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NMNO3APABJIAEM AKAOEMUKA KY3bMUHA
MUXAUJIA UBAHOBWU4YA C 70-JIETUEM!

IOBUJIEAHBIE OATbI

_

Muxann KMBanoBnu KysemuH popuaca 20
nroHa 1938 ropa B ropope Mockse. TpypoBas pes-
TeAbHOCTE ML.M.Ky3pMuHa Hadyarach B 1960 ropy
IIOCA€ OKOHYAHMSI TeOAOTHUYECKOTO (PaKyAbTeTa
MOCKOBCKOI'0O TOCyA@PCTBEHHOI'O YHUBEPCHUTETA
B HWucturyre reoxumumm CO AH CCCP (r.
WMpKyTCK) B AOAKHOCTH CTapliiero AaDopaHTa-uc-
caepoBaTeAd. B 1966 ropay OH 3aIITUTUA KaHAUAQT-
CKYIO ACCepTanuio, a B 1982 ropy moAydma AUTI-
AOM AOKTOPA I'eOAOT0-MUHEPAAOTUYeCKUX HaykK.
B 1977 ropy ObIA n30paH 3aBeAyIOLIUM Aa0OpaTo-
puel pernoHaAbHOU TeoxuMuM, B 1988 ropy - au-
pekTopoM MHucTuTyTa reoxuMmum nmenu A.I1.Bu-
Horpaposa CO PAH. B 1991 ropy M.1.Ky3eMuH
CTaHOBUTCSI UYAeHOM-KoppecnoHpeHToM PAH mo
CIIeITMaAbHOCTU «['€OAOTHS TBEPABIX MOAE3HBIX
HWCKOIlaeMbIX». HauaB cBOM MyTh CO CTapIIEro Ad-
OOpaHTa-UCCAEAOBATEAST U MAAALIEr0 HAayYHOTI'O
COTPYAHUKA, Muxaua lIBaHOBUY B HacCTosIlee
BpeMs IBASIETCSI AOKTOPOM reOAOTO-MUHEPAAOTH-
YeCKUX HaykK ¢ 1982r., mpodeccopom 1o Kadeppe
re03KOAOTUH U IpukrAapHoun reoxumun ¢ 2000r.,
aKapeMukoM Poccuickom akapeMuu HAyK C
2003r., ¢ 1988 ropa aumpekropoMm MucTtutyTta. C
2002 r. Ky3smun M.U. Bo3raaBageT VIpKyTCKU
HayuHbl 1tenTp CO PAH.

OAHMM 13 OCHOBHBIX HAalIPaBAEHUM UCCAEAO-
BaHuM M.U. Ky3pMUHa ABAETCS TUIIU3Al WA Mar-
MaTUUYECKUX TTOPOA U CBA3bh UX T€OXMMUIECKUX
ocobeHHOCTEM ¢ GOPMUPOBAHUEM B OIIPEAEAEH-
HBIX TEOAMHAMHUYECKUX 00CTaHOBKaX. M3yueHne
MarmMaTu3Ma B Pa3AUYHBIX CKAQAUYATHIX MOsICaX, a
TaK’)Ke COBPEMEHHBIX aKTUBHBIX 30HaX 3EMAM I10-

3BOAUAM YCTQHOBUTH, UTO Ka>KAOU TeOAWHaAMU-
YeCcKOoM 0OCTaHOBKE CBOUCTBEHEH CTPOTO OIpe-
ACAEHHBIM HAaOOp THUIOB IIOPOA, @ UX I'€OXUMMU-
YyecKuil 0OOAUK He 3aBUCHUT OT Bo3pacrta. Mcrou-
HUKaMU BellleCTBa MarMaTU4YeCKUX IIOPOA U CO-
MTPOBOXKAAIOIINX UX PYAHBIX 0Opa30BaHUU SIBAS-
10TCsI AMTOC(hepa, BKAIOUAst KOHTUHEHTAABHYIO 1
OKeaHUUYeCKYIo KOpYy, acTeHoc(epa u OoAee TAY-
OMHHOE BeIleCTBO HEUCTOIeHHONW MaHTUU.
VIMeHHO reopAMHaMUYECKHE YCAOBUS OIIPEAEAL-
IOT COOTHOIIIEHUE 3TUX UCTOYHUKOB U XapakTep
BeIIleCTBa, BOBAEKaeMOoTro B popMUpOBaHue Iep-
BUYHLIX MarM. AaHHOe TOAOKEHUEe COCTaBASET
OCHOBY ITaA€OTEKTOHUYECKUX PEKOHCTPYKIINHY,
METaANOTEHUYECKOTO aHaAu3a M OIIPEAEAseT
BO3MOJKHOCTh IITUPOKOTO HPUMEHEHUSI TeOXU-
MUU B TEOAOTUUECKUX UCCAEAOBAHUAX. DTU UC-
caepoBanuga M. Ky3bMHHA ITO3BOAMAU 0O0-
OCHOBATh HOBOE HallpaBAEHUE B TE€OAOTUU « XU-
MHUYecKass TeOAMHAMUKa», KOTOPOe ITOAAEPIKU-
BaeTcsd IPOrpaMMOM Hay4YHBIX ITKOA Poccumn.
M.N.Ky3bMUH - OAWH U3 BEAYIIUX CIIeIua-
AUCTOB B OOAAQCTU TEOXUMUU, TE€OAMHAMUKU U
nerpoaoruy, asrop 350 nmedaTHBIX paboT, Oyo-
AMKOBAHHBIX B OT€UECTBEHHBIX U 3apyOe’KHBIX
U3AAHUAX, B TOM uncAe 16 moHorpaduii. Boaee
70 paboT OIyOAMKOBAHBI 3@ IOCAEAHUE 5 AeT.
Paa monorpaduil, OAyYMBUINX WIUPOKYIO KU3-
BECTHOCTh, OTPa>kaloT OCHOBHbIE HaydHble Ha-
npaBaeHUsa uccaeposanui M.M. KyssMuna. 9T0
pabora «I'nobanbHas TEKTOHUKA, MarMaTU3M U
MeTaarorenusi», M., «<Heapa», 1976r., orryOAuKO-
BaHHas1 coBMecTHO ¢ A.Il. 3oHeHmanHoOM u
B.Il.MopaaeBwIM; MOoHOTpadua «['eoxmMusa mMar-
MATUYECKUX ITOPOA (PAHEPO30UCKUX ITOABUIK-
HBIX ITosgcoB», HoBocubupck: Hayka, CO, 1985r..
M.N.Ky3bsMuHBIM coBMecTHO ¢ A.Il. 3oHenman-
oM u A.M. HaTanmoBsIM TpoBepeHa OOABIIIAs pa-
0OTa II0 aHAAU3y TEOAOTUYECKOI'0 CTPOeHUs
CCCP ¢ no3unuii TeKTOHUKU IIAUT, IIPEACTaB-
A€HHAs B ABYXTOMHOM MOHOTpaduu « TeKToHuKa
auTocdepHbIX NAUT Teppuropun CCCP», M.,
«Heppa», 1990r. MccaepoBaHUA IO TAYOMHHOU
reopAHaMMKe C UCIHOAB30BaHUEM TeoXUMHYec-
KMX AQHHBIX 110 BHYTPUIAUTHOMY MarMaTu3My
npusean M.U. Kyspmuna u ATl 30HeHIIalHa K
BBIBOAAM O CBSI3U 3TUX MarMaTU4eCKUX COObITUM
C TOPAYUMHU TOASIMU 3€MAHU, TPOSIBAEHUE KOTO-
PBIX OOYCAOBAEHO IIPOIEeCcCaMy, IIPOUCXOAAITH-
MU Ha IpaHuIe «gppo-maHTua» («Ilareoreopu-
"Hamuka», M., Hayka, 1992). 3a mccaepoBare-
ABCKYIO paboTy II0 TAyOMHHOM reopAMHAMUKe
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M.W. Ky3bMUHY B COCTaBe KOAMMEKTHUBA YUYEHBIX B
1997 ropy ObIra IIpUCy>RAeHa ['ocypapcTBeHHAsa
npemust PO B 06AaCTH HAYKU U TEXHUKU.

M.W. Ky3bMUH IPDUHUMAA y4aCTUE B IKCIIe-
AMIVN IO U3YYEHHUIO YPAAbCKOTIO ITaA€O0OKCAaHa,
IIPOBOAUA MCCAEAOBAHUSA B MyTrapskapax, TAe UM
OBIAW NCCAEAOBAHEI IIOAYIIIeUHbIE AABBI U AdMiKa 1
AOKa3aHO UX POpMHUPOBaHUE B MeKAYIOBOM Oac-
celiHe; y4acTBOBaA B MeXKAYHAapOAHOU OPHUOAN-
TOBOU DJKCHepAuMIUM II0 Ypaay B 1968 roay;
coBMecTHO ¢ A.T1. 30HeHIIaTHOM SIBASIETCS @BTO-
poM KHUTH «TeKTOHMKA IAUT TeppUTOPUU
CCCP», B KOTOPOM eCTb pa3peA «YpParbCKUu
MOSIC», OCBAIIEHHBIU Pa3BUTHUIO YpaAa C MO3U-
UMY TEKTOHUKU AUTOCEPHBIX IIAUT.

M.N.Ky3bMUH B HacTosllee BpeMsi pyKOBO-
AMA paboTaMu 10 nporpamMMme «I'AoOarbHBIE W3-
MeHEHUS IPUPOAHOU CpeAbl M KAUMATa Ha OCHO-
Be KOMIIAEKCHOI'0 U3yUYeHNUs 0CaAKOB 03.batikan»
M BO3TAABAYIEeT KOOPAWHAIIMOHHBIM KOMUTET
Me>kAyHapoAHOM TIIporpaMMbl  «balikaa-Oype-
Hue». [Top ero pykoBOACTBOM Ha 03.balikaa OBIAO
[IPOBEAEHO HECKOABKO 3MMHUX 3KCIIEAUIINH, UTO
II0O3BOAUAO NPOOYPUTH HATH KYCTOB CKBA’KUH
npu rayomHe BopHOU ToAIM 200-1400 M, poCTHUT-
HYB MAKCHMAABHOU I'AyOUHBI IIPU OypPEeHUH AOU-
HBIX OCaAKOB o3epa B 600 M. MHTepnpeTanus
DAHHBIX OypeHUs IIO3BOAWAA IIOAYYUTH HeIlpe-
PBIBHYIO ITAA€OKANMATUYECKYIO 3aIINCh AN LleH-
TPAAbBHOU A3UU 3a IEPUOA 8 MAH. A€T U CBA3ATh
M3MeHeHHsl KAUMaTa KakK C BapualusiMu opOu-
TAABHBIX IIapaMeTpPOB 3eMAH, TaK U C KAaHO30U-
CKHUMHM T€OAOTUYECKMMU MPOoIeccaMu, IPOUCXO-
MUBIIIIMU B IIpEeAEAax BCero A3uaTcKOro KOHTH-
HeHTa. Kpome TOro, aHaAnu3 OCaAOYHOI'O KepHa
II03BOAUA YTOUHUTE PSIA BOIIPOCOB, CBI3aHHBIX C
paszBuTueM barikaAbcKoOTo prudTa 3a MocAepHue 8
MAH. A€T.

Hayunble pe3yAbTATHEI IPOEKTA OBIAM OCBe-
IIIeHB] B CIIeIJMaAbHOM BBIIIYCKe KypHaAa «I'eo-
Aorus u reopusukar», 2001, Tom 42, Ne 1-2. I'pea-
CTaBAE€HHBIE CTAaTbU AQHHOTO BEIITYCKAa OXBAThIBA-
IOT IIUPOKUU KPYT IIPOOAEeM IporpaMMmel «baii-
Kan-Oypenue». 60 paboT, o pe3yAbTaTaM UCCAE-
AOBAHUM 110 IIporpaMme «balikaar-OypeHue» C eTo
y4acTHheM, OITyOAMKOBAHBI B MEKAYHAPOAHBIX U
OTe4eCTBEeHHBIX JKypHaAaX U IINPOKO M3BECTHEL
reoAOrnYecKoMy cooO1iecTBy. MHOroAeTHUE pa-
0oTBl 1O MeRAYHAapOAHOMY HOpoeKkTy «baii-
Kan-OypeHHe» OBIAM  IIOADOOHO  OCBEIEeHBI
M.MN.Ky3bMUHEIM B HAy4YHO-IIOIYAIPHOM H3AQ-
Hum «Bo Appax Batikaaa» (2001r.).

B 2000 ropy M.M.Ky3pMUH BO3rA@BUA KOA-
AEKTHB aBTOPOB, ONyOAWKOBABIINX y4yeOHO-Me-
TOAUYECKOoe IocoOue, IIpepHa3HaueHHOe AAS
CTYAEHTOB reOAOTHUECKUX (DAKYABTETOB r'OCyAQ-
PCTBEHHBIX YHUBEPCUTETOB II0 CIIEIMAaABHOCTIM
«'eonornyeckas CbeMKa, NMOWCKM U Pa3BeAKa
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MEeCTOPOKACHUY TOAE3HBIX UCKOTaeMbIx». OHO,
0e3yCAOBHO, IIOAE€3HO U AAS QCIIMPAHTOB, M3yda-
IOLIMX UCTOPUUECKYIO I'€OAOTIHIO, TeOTeKTOHUKY,
TEOAOTHIO AHA MOPeM U OKeaHOB, METAAAOTEHUIO.
[Tocobue craro obobiIaroiielt paboToM Mo TeK-
TOHUKE AUTOC(EPHBIX IIAUT, TEOXUMUU U TEOAU-
HaMUKe A CTYAEHTOB.

M.M.Ky3bMHUH TpPOBOAUT OOABIIYIO Ha-
YYHO-OPTaHU3aIlMOHHYIO paboTy, aBAIACH [Ipea-
cepateneM Ilpesumpnyma Mpkyrckoro Hayunoro
nerTpa ¢ 2002r., uaenoM Ilpesmpmyma Cubup-
ckoro otaerenuss PAH ¢ 1997 r., mpeacepaTereM
Crnenuarm3mpoBaHHOTO YYEHOTO COBeTa IIpU
WucturyTte reoxumuu um. A.Il.Bunorpaposa CO
PAH c 1990 r. u uanenoMm CrienimaAM3aupoBaHHOTO
Yuenoro coBeTa npu O0beAUHEHHOM UHCTUTYTE
reoaroruy, reodpusnku U MmuHeparoruu CO PAH
(r.HoBocmOupck) ¢ 1989 r., npepcepaTereM CeK-
uuu «MuHeparbHBIE PECYPCHL U I'eOAOTMYeCKUe
KaTtacTpogei» B CoBeTe 1ipu TryOepHaToOpe
Hpkyrckou obractu ¢ 1990 r., urenom CoseTa u
pepKoarerum >KypHana «l'eoxmmma» ¢ 1989 r.,
unreH CoBeTa peAKOANEI MU JKypHaAa «['eororud u
reousmuka» - ¢ 1993 r., a UreH PEAKOAAETHUH - C
2000T.

M.N. Ky3pMHUH IMeeT CTaK IeAArOrnueCcKOn
paboTEl B BBICIINX Y4YeOHBIX 3aBEACHUSAX: B
M pKyTCKOM TOCyA@PCTBEHHOM YHUBEPCUTETE - C
1988 r. mo 1996 r.; B IpKyTCKOM rocypapCTBEH-
HOM TeXHHYEeCKOM yHuBepcurere - ¢ 1993 r. o
HacToslllee BpeMs (YUTaeT KypC AeKIUH II0
«VicTtopum reonormm U reompobreMaM» Ha ga-
KYABTETE T€OAOTHUH, Te€O3KOAOTUU U TeOMHAPOP-
MaTHUKH).

M.M.Ky3bMUH HarpakpAeH TI'OCYyAapPCTBEH-
HBIMU HarpapaMu U HarpapaMu MIpKyTcKol 00-
AQCTH: MEAAABIO «3a AOOAECTHBIU TPYA. B o3Ha-
MmeHoBaHue 100-areTus co pAHA poskpaeHud B.1.Ae-
HUHA », 06.04.1970 r.; Meparbro «BeTepan Tpyaa»,
- 28.09.1987 r.; F'ocypapcTBenHoM ipemueit PO B
oOnaacTty Hayku u Texuukm 1997r., - 10.06.1997 r;
[ToueTHoM rpamorou I'yGepraropa VpkyTckou
obaactu, - 11.01.1999 r.; opaeHom IloueTa,
05.04.1999 r.; 3HaK OTAMYHUSA «3a 3aCAYTU IIepep,
Hpkyrckou obaacTero», - 07.10.2003r.

3a BBIAQIOIUECS 3aCAYTH B OOAACTU HAYKY,
00pa3oBaHMs U TOATOTOBKM BHICOKOKBAAMPUITN-
POBAHHBIX HAayYHBIX KAAPOB, OXPaHbl OKPY’Kalo-
el cpeAbl, obeclieueHns 9KOAOTHUECKOU 0e30-
MaCHOCTH M MEeXXAYHApPOAHOI'O COTPYAHUUYECTBA,
CIIOCOOCTBYIOIINE Pa3BUTUIO ropopa VpKyTCcKa,
MIOBBIIIIEHUIO €r0 POAU M aBTopuTeTa B VpKyT-
crot obracTth, Poccutickont Oepepanium Muxan-
Ay UBanoBuuy Kyssmuny B 2007 roAy IpUCBOEHO
noueTHOe 3BaHUe «lloueTHBIN Ipa’kpAaHUH rOpo-
Aa VIpkyTcka».

Pepkoanerus
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K MEXATPOHUKE

XomeHnko A.I'l., EnniceeB C.B., 3acsaako A.A.

OoT AMHAMUKU YNPABJIAEMbIX CUCTEM

YAK 656.001

AOCTaTOUHO IIMPOKUM KAACC TEXHUUYECKUX
O0BEKTOB — MAHUNYASIIMOHHBIE CUCTEMBI, BUO-
PO3AIUTHBIE YCTPOUCTBE, BCIOMOTATEABHBIE
TEXHUYECKME CPeACTBa B TUOKHX IIPOU3BO-
ACTBEHHBIX CHCTeMaX (BUOpATOpPHLI, MUTATEAH,
HaAKONUTEAU U AP.) — MOXKeT OBLIThb OTHECEH K
YIIPaBAIE€MBIM MEXaHUYECKUM CUcTeMaM. M3yye-
HUe UX AUHAMUYECKUX CBOUCTB HEOOXOAUMO AAS
OITeHKHU I1eAeCOO00Pa3HOCTU IIOCTPOEHUS TIAU
BBIOOpPA HY’KHBIX ITapaMeTpoB. [Ipu aToM dacTo
OOBEKTOM MCCAEAOBAHMSI CTAHOBSITCSI OCOOeH-
HOCTH B CIIEKTpe AUHAMMWUECKUX CBOWCTB, CBS-
3aHHBIX C BBEAEHUEM PA3AUUYHBIX AOIIOAHUTEAD-
HBIX CBsI3el, pearr3yeMbIX Ha OCHOBe pa3Any-
HBbIX MEeXaHU3MOB, 9A€MEHTOB T'HAPO-, THEB-
MO- U SAEKTPOaBTOMAaTUKHU. B KauecTBe OCHOB-
HOW MOAEAU AMHAMHYECKHUX IIPOIEeCCOB ecTec-
TBEHHBIM 00pa30M BBICTYIIAeT CTPYKTypHAas cxe-
Ma 00beKTa C COOTBETCTBYIOIIUMU 3aAadaM Me-
TOAAMM aHaAW3a u cuHTesa [1—3].

OCHOBOI CTPYKTYPHBIX METOAOB SBASIETCS
BO3MOJKHOCTb OTOOpa’keHUs (B CUAY psipa lipa-
BUA) MEXaHUYECKUX YIIPYTUX CUCTEM S5KBUBAAEH-
THBIMHU B AUHAMUYECKOM OTHOIIEHUU CUCTEMaMUu
aBTOMaTHU4YeCcKoro yipasaeHus. Cucremaruye-
CKO€ pa3BUTHE TaKOTO IIOAXOAA TTO3BOAMAO Pa3-
paboTaTh AOCTATOUHO TMOKMM amnmapaT AAS 3a-
A4 3alIUTH OOBEKTOB OT BUOPAIIUK 1 YAQPOB U,
B KOHEUHOM UTOTEe, PeaAu30BaTh UAEU aBTOMATH-
3UPOBAHHOTO UCCACAOBAHUS U IPOEKTUPOBAHUS
BUOPO3AIIUTHEIX CUCTEM [4].

I. AAd cuHTe3a BUOPO3all[UTHBIX CUCTEM Pa3-
BUTHI METOABI @HAAMTHUUYECKOTO KOHCTPYHUPOBaA-
HUS ONTUMAABHBIX PETYAITOPOB, IOAYYEHEL pe-
3yABTaTHI, 00O0OIAIOIIVe pelleHue 33aAa4 Ha
CAyYa¥l TOCTOSHHO AEMCTBYIOIIUX BO3MYIIle-
HUM, pa3paboTaHbl METOABI CHMHTE3a yIIpaBAe-
HUM, UCIIOAB30BaHNE KOTOPHBIX MO3BOASIET BHI-
OupaTh paljioOHaAAbHBIE TapaMeTPhl CUCTEM.

B obiieM cayuae BUOpO3aluTHAsA CUCTEMA
IPEACTaBASIET COOOM TBEPAOE TEAO, COEANHEHHOE
C OCHOBAHUEM YVIIPYTOAEMII(UPYIOIIUME IIOABE-
CaMU; MICTOYHUKOM BO3MYIIIEHUM IBASIOTCSI 00b-
eMHBble KOAeOaHHUSI OCHOBaHUSA. YpPaBHEHUS
ABVDKEHUS 00beKTa UMeIOT BUA,

A4 +Bg+Cqg=-A6(t)+U,
TA€ g — 6-MepHBIN BEKTOP 0000IIEHHBIX KOOPAH-
HaT (OTHOCUTEABHBIX CMellleHul); 6 (tf) — 0-mep-
HBII BEKTOP BO3MYIIEHUU; A — 6x0-AUaroHanb-
Has MaTpulla MOMeHTOB uHepiuy; C — 6x6-maT-
puiia KoapPUITMEHTOB KeCTKOCTH; U — 6-MepHbIH
BEKTOD YIIPABAFIOIINX CHA.

Ilop 3apauelt KOHCTPyHMpPOBaHUS BUOpO3a-
muTHOM cuctembl (B3C) oT aeTepMUHUPOBAH-
HBIX BO3MYIII€HUM TOHUMaeTcs onpeAerenue U(
q,q, t), Bu C, MUHUMU3UDPYIOUINX KPUTEPUM Ka-
yecTBa

J =;gli;1(q10q +ulﬁu)dt.

3aech Q,R — TMOCTOSTHHBIE TTOAOKUTEAD-

HO-OIIpepAeAeHHbIe 6x6 MaTpuIllbl. [lepBas yacThb
dyHKIHMOHAAA COOTBETCTBYeT YMEeHBIIEHUIO ra-
OapuTHbIX pazMepoB B3C, BTopas — CHU>KEHUIO
AVMHAMWUYECKUX BO3AEUCTBUU CO CTOPOHBI OCHO-
BaHUA. AN CAYUYAMHBIX BO3MYIEHUU IIPEAIIO-
AaraeTcsd, 4TO @, BXOAdllee B ynpaBaenue (U),
ONIpeAeAsieTCsS
6 =—Pz,

raAe P — mocTtosiHHasd, 6x p— MaTpula; Zz
—PpP-MepHBIM CAYYaUHBIM CTAIlMOHAPHBIU OTrpa-
HUYEHHBIU IIPOIleCC, ONUCHIBAEMBIM APOOHO-pa-
ITMOHAABHBIMU CIIEKTPAABHBIMU ITAOTHOCTSIMU.

Pa3zpaboTaHbl aATOPUTMBI pelleHUusA 3a-
pad cuHTe3a B3C TBepAOTO TeAa B CAydae, €CAM
3aA@Hbl KOOPAMHATHEI TOUEK KPEeIAeHUs IMOABe-
COB, B TOM YUCAE AASI OLIEHKM IIPEAEABHOTO Ka-
JecTBa BUOPO3AIUTH], €CAU BO3AEUCTBUE HOCUT
rapMOHMYECKUN WAU YAAPHBIM XapakTep. OTO
TTO3BOAUAO CPOPMUPOBATH MOAXOA K TOCTpOe-
HUIO IPOTPAMMHBIX; CPEACTB AAS pPelIeHUs Tak
Ha3blBaeMbIX TUIOBBIX 3aAau [J].

BBepeHne B KoaebaTeAbHBIE CUCTEMBI AO-
TTIOAHUTEABHBIX CBA3€U B BUAE MEXaHU3MOB AAST
IpeoOpa30BaHUs ABUKEHHUS I03BOALET Cylljec-
TBEHHO U3MEHATh CBONMCTBA CUCTEM, YTO OTKPHI-
BaeT BO3MOSKHOCTH ITIOCTPOEHUS HOBBIX AUHAMM-
YeCKUX racutenei Korebanuu [6].

Pa3zpaboTaHbl METOABI AMHAMUYECKOTO CUH-
Te3a CUCTEM C AOIIOAHUTEABHBIMHU CBA3AMHA. [1o-
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L=

Ka3aHa BO3MOJKHOCTH IIOCTPOEHMS MeXaHW4ec-
KUX (PUABTPOB MOAUTAPMOHWYECKUX BUOpAIUi
Ha OCHOBE YIIPYTUX U AOIIOAHUTEABHBIX UHEPIIH-
OHHBIX 3A€MEHTOB, paboume 4acTOTHl KOTOPBIX
He 3aBUCAT OT UHEPIIMOHHBIX XapaKTePUCTUK 3a-
HINIIaeMbIX OO HEKTOB.

BeigBA€HBI  OCOOEHHOCTHM MHOTOMEPHBIX
CUCTEM IIpU AETEPMUHUPOBAHHBIX U CAYYAUHBIX
BO3AEMCTBUAX. Tak, UHEPIITUOHHBIE U ITaPaAAEAb-
HO COeAVHEHHBIEe YIIPYTHe dAeMEHTHI II03BOASIOT
MIOAYYaTh MHBAPHAHTHBIE AMHAMUYECKHNE CHUCTe-
Mbl OTHOCUTEABHO IIOAWTapPMOHUYECKHUX BO3MY-
LIIeHNY; U3MEeHATh CBS3aHHOCTb MeXKAY Ilapliv-
AABHBIMM IIOACUCTEMAMU U B OTIPEAEAEHHOM AHa-
IIa30He YacCTOT YAYYIIaTh BUOPO3AIIUTHHIE Xa-
PaKTEPUCTUKU CUCTEM.

[Tpocreitmii puUALTp BUOpaIui oopasyeT-
Cs1, HAIIpUMeDP, IPU YCTaHOBKE OOBEKTa Ha OCHO-
BaHUe [IOCPEACTBOM IIaPAaAAEABHBIX YIPYTHUX U
WHEePIIMOHHBIX 9A€MEeHTOB. B cAydae 1ienHoM cuc-
TeMBl MOJKHO IIOAYYUTH (PUABTP HMOAMTapPMOHU-
yeckux BuOpanuu. [Ipy KuHeMaTUu4eCKOM BO3-
MYILIeHUU AAS IIPOCTENIIero UAbTpa BUOpaui
AMIAUTYAHO-YACTOTHAS XapaKTEpPUCTUKA OIIpe-
AEeAsIeTCs

(c—Lan)2 +k’0’ i

[c—(L +m)oo2 ]2 +k’0’

Alw)=

rAe m — Macca oO0'beKTa 3alluTel; L — mnpuse-
AEHHas Macca WHEepPIUOHHOTO 3AeMeHTa; ¢, k—
KO3(PDUITUEHTH >KECTKOCTU M AeMIPUpPOBa-
HUS.

YacToTa AWHAMHWYECKOIOo TrallleHus IpU
3TOM He 3aBHUCHUT IIPSAMBIM 00pa3oM, eCAU He
VUYUTBEIBATH CHUABl TPEHMS, OT MAcChl OOBEKTA.
OpAHaKO IIpU U3MEeHEeHNH YaCTOThl BO3MYIIeHUs
3(pdpeKTuBHOCTL PUABTPA CHUKAETCI. B CBS-
3H1 C 3TUM pa3paboTaHa IpUHIMIHAABHAA CXeMa
IIOAHACTPOMKM Pe’XUMa AMHAMUYECKOTO Trallle-
HUS B OIIpEA€A€HHOM AUAIla30Ha 4YaCTOT, YNCAEH-
HBI€ MCCAEAOBAHUSI KOTOPOI'O IPU NepeMeHHBIX
BO3MYIIEHUAX Ha 3aAaHHOM MHTEpPBaAe BpeMe-
HU II0 AMHEMHOMY U KBAAPATUYHBIM 3aKOHaM
IIOATBEPAUAH, I11eAecOOOPa3HOCTh BBEAEHUS
9AeMeHTOB ylpaBAeHusa [7]. [loBepeHue u-
ABTpPa FapMOHUYECKUX BUOpAIUN N3y4eHo IIpHU
HaAWYNM YAQPHBIX, @ TAKJKE CTAITMOHAPHBIX BO3-
MylleHn. Kak IIOKazaan HCCAeAOBaHUA (pu-
ABTPOB IIOAMTI'aPMOHUYECKHUX BHUOpaLui, nMeeT-
Cs1 BO3MOYKHOCTh co3paHusa B3C npu nmepeMmeH-
HBIX WHEPIIMOHHBIX XapaKTEPUCTUKAX OOBbeK-
TOB.

MEXAHVKA. TPAHCMNOPT. MALLUMHOCTPOEHWE

O)

Hcnoab3oBanue (hUABTPOB BUOpAIU B TEX-
HUYECKUX TPUAOKEHUSAX IIPEeAlloAaraeT pac-
CMOTpPEeHNEe MHOTOMEPHBIX pPACUETHBIX CXEeM.
V3y4yeHBI, B 4aCTHOCTH, BO3MOJKHOCTH MHOTOO-
IIOPHOM NTAQT(OPMEI, TAE AOTIOAHUTEABHBIE UHEP-
IIMOHHBIE DAEMEHThI BKAIOYAIOTCS B MeXaHW4ec-
KYIO CUCTEMY AAS 0Opa30BaHUS CBSI3€U B OTHO-
CUTEABHOM ABUJKEHUU HE TOABKO MEXAY O0B-
€KTOM 1 OCHOBa@HMEM, HO M MeKAY OIIOPaMU; Ha-
PSIAY C pPe’KMMaMHM AWHAMUUYeCKOI'o TIallleHUs
OIpeAeAeHbl 0COOEHHOCTU B3aUMOBANSHUS TIap-
IIUAABHBIX IOACUCTEM; IOAYYEHBI OOAEe TTOAHBIE
YCAOBHS pa3Ba3KU KoaebaHu. B o0o01IeHMe Ta-
KOM MOAEAU pacCMOTpPeHa n -onopHas nAaTgop-
Ma Ha >KeCTKOM U yIIPYyroM OCHOBAHUM IIPU Ae-
TEPMUHUPOBAHHBIX W CAYYAWHBIX BO3MYIIEHUIX;
OIIPEAECAEHBI YCAOBUS UHBAPUAHTHOCTU AAS KOAE-
0aTeAbHBIX CUCTEM C AOTIOAHUTEABHBIMU NHEPIIN-
OHHBIMHU SAE€MEHTaMU.

HeamHeliHOCTH B CHCTeMe ONIpPEAEAEeHHBIM
o0pa3oM U3MeHSI0T BUOPO3allIUTHBIE CBOMCTBA U
AMHaMuueckue 3p@eKkThl. boaee moppoOHBIE
cBepeHUs 0 cBoMcTBax B3C ¢ HeAMHEMHOCTIMU
IpH YAQPHBIX-IIEPUOAUYECKUX BO3AEHUCTBHUSX
IpUBEAEHBI B paboTe [7] mpeoOpa3oBaHUsd ABU-
SKeHUs.

INpocTpancTBEHHBIE CUCTEMBI BHOPOU30A-
uum TpeOyroT OOAee CAOJKHBIX IIOAXOAOB, Ccode-
TAIOIIMX MaTeMaTUYeCKUe MOAEAU B BUAE OOBIK-
HOBEHHBIX AU((PepeHIINaAbHBIX YPaBHEHUU C
METOAOM KOHEUHBIX JAEeMEeHTOB, KOTAa pedb
uAeT o Ooree AeTAaAbHBIX CBOMCTBAX CHCTEM 3a-
IIUTHI OT BUOpAIUi.

II. 3apauu noctpoenusa B3C c npepeAbBHBIM
KaueCTBOM CB43aHBI C pa3pabOTKON CUCTEM
AAAQIITUBHOTO YIPABAEHUSA (PYHKIUSAMHU aKTHB-
HOTO BA€MeHTa. B 3TOM CMBICAe OIpeAeAeHHBIN
WHTepeC MPEACTABASIOT KOHIENIIUU IIOCTpOe-
HUS OEeCHIOMCKOBBEIX CaMOHACTPAWBAIOIIUXCI
CHCTEeM C HacTpanBaeMOU MOAEABIO 3aMKHYTO-
O KOHTYpa CUCTEMBI; B HUX, KaK IIPaBUAO, HC-
MIOAB3YeTCS IPUHIIUI YIPABAEHUS II0 OTKAOHE-
"uio (Puc. 1). AAs 3TUX 1jeaeli Hap0 IpeABapU-
TEABHO OIPEAEAUTh HeOOXOAMMOe 3HaueHUe
ImokasaTeas KayecTBa J,(t) KoTOpoe 3areM
CPaBHMBAETCH C €Tr0 TeKyILIUM 3HaueHueM J(t) c
IIOCAEAVIOIIMM PAacYyeTOM PAaCcCOTAACOBAHUA
AJ(t)=J,(t)-J(t). TloryueHHOE paccoraacona-
HUE UCIIOAB3YETCI AAS BO3AEUCTBUSA HAa BEKTOP
YIpaBA€HUS UAU BEKTOP apaMeTpPOB YIIPaBAS-
IOIIEero YCTPOMCTBA B IPEATIOAOKEHNH, UYTO BAM-
dHWEe BO3MYIIeHNU MO>KeT ObITh KOMIIEHCHUPOBa-
HO IIepeCTPOMKOU IapaMeTPOB aKTUBHOTO JAe-
MEHTa.
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Puc. 1. O0o01meHHas pyHKIMOHAaABHAI CXeMa
apanTuBHoM B3C ¢ 5TaAOHHOM MOAEABIO.

Kak BuAUM, IpOIleCcC apAalTalliK SBASETCS,
II0 CYILIeCTBY, aBTOMATHYECKON I[IOAHAAAAKOM
porecca peryAupoBaHusa aKTUBHOTO SA€MeHTa
UAM AOIIOAHUTEABHOTO YCTPOMCTBA, @ yIIPaBAe-
HUe OPTaHU3yeTCs TAKUM 00pa3oM, 4TOOBL CBeC-
TH BeAnunny AJ (t) K MUHUMYMY.

Ans pacuera apantuBHOM B3C MOKHO BOC-
IIOAB30BATBECA IIPAMBIM MeTOAOM AfAIyHOBA [9],
[I03BOASIOIINM OIIUCEIBATH CTPYKTYPY CUCTEMEI,
3aBEAOMO  YAOBAETBOPSIOIIYIO AOCTATOYHOMY
YCAOBHIO YCTOMUYHUBOCTU. PacueT B AQHHOM CAy-
yae COCTOUT W3 ABYX IIPOILIEAYP.

1. Tloanyuenue au(pepeHIIMarbHOIO ypas-
HEHWs, ONMMUCHIBAIOIIETO OIIUOKY MEKAY 3TAaAOH-
HOM MOAEABIO ¥ CUCTEMOU YIIPABACHUS, BKAKOYA-
Iolen B cebs1 0OBEeKT 3aIllUThI.

2. PacyeT TakMX ypaBHEHUN HACTPOWKU I1a-
pPaMeTpoOB aKTUBHOI'O YCTPOMCTBA, KOTOPLIE Ta-
PAHTUPYIOT YCTOMYUBOCTD [IOAYYEHHOT0O pAUdde-
PEHIIMAaABHOTO YPaBHEHUS.

AAsT DTOTO HEOOXOAWMO 3alUCaTh OMpeAe-
AEHHO-TIOAOJKUTEABHYIO (DYHKIUIO ASIIYHOBQ,
YPaBHUBAIOIIYIO OIIMOKY, W BBIOpATh ypaBHe-
HUe MeXaHW3Ma HAaCTPOMKHU TakK, YTOOBI MPOU3-
BOAHAS II0 BpeMeHM (PyHKIUU AdnyHOBa ObIAa
OIlpEAEAEHHO-OTPUIIATEABHON, UTO FapaHTUPYeT
ACUMITOTUYECKYIO YCTOWYMBOCTH (PYHKIIMU
OLIUOKMU.

O003HauuM AMHeNHble AUPEepeHITuaAb-
HbIE€ OIIepaTOPhLI AEBBLIX 4YacTen AuddepeHnn-
AABHBIX YPaBHEHUM, ONHCHIBAIOIINUX IIPHUBOAA
aKTUBHBIX ycTpoucTB B3C m paTymku, COOTBe-
TCTBEHHO 4epe3 L,, L,u L, a IpaBBIX 4acTeu ye-
pes F, F, u F,; IIpuMeM TaKKe
X, =8Xx, =8;,X,=f,y=1,. Tornha MOXHO 3amu-
CaThb CUCTEMY YPaBHEHUH, ONIMCHIBAIOIIUX HECTa-
IIMOHAPHBIM OOBEKT 3alUTH], B OOIIleM BUAE

Lix, =Fx,; L,x; =F,X,;L,y =Fx;. (1)

Hcrarouum u3 (1) mpoMesKyTOUHBIE KOOPAU-
HATHl X, U X,, UCHOAb3ys [10] ypaBHUBaromue
oneparopuiU, nU,:

U*L,x,=U*xF,x,;U,*Lx, =U,*Fx,.(2)

VPKYTCKWI FOCYLOAPCTBEHHbBIV YHUBEPCUTET MYTEN COOBLLEHMUA

e i

Ecau BeIOparts ontepatopel U, n U, Tak, 4To-
OBl
Uy*L, =U*F,, (3)
TOTAQ
U*L,x,=U,* Fx,. (4)
BBepem 0003HaueHUd:
L,x,=U,*L, F,=U,* F,; nepenuitieM (4) B BUAe

L;x; =F;x, (9)
U IIOCA€ IIOACTAHOBKY B (1) HalipeM
Ly =F,x;; Lyx; =F;x,; (6)

MCKAIOYUM M3 DTOU CUCTEMBI ImepeMeHHYIO X3:
Us* Ly =Uy* F,x;; U, * L3X3 +U, * Fx,. (7)
Omnepatopsl U, u U, BEIOUpaeM Ipu 3TOM U3

YCAOBHS
U,*L,=U,*F,,

TOTAQ
Uy L,y =U,* Fyx, (8)
WA
Lyy =Fx,, 9)
rpel, =U,*L,, F,=U,*F,.
[Tycte AumHelHBIe AUPdepeHarbHBIE

OIlepaTOpPhI B CUCTEME YPaBHEHUH (1) UMeroT BUA,
L =a,p"+..+a,p+a,; F, =b,p" +...4+b,p+b,; (10)
L, =c,p'+.+c,p+c,; F, =d, p*+..+d,p+d,.

BrIpaszum KoadpuIneHTH 011epaTopos L, F,
yepe3 Kos3(duimenTsl oneparopos L,, L, F, F,.
AN paBeHCTBa OIIepaTOPOB B BhIpakeHuu (3) He-
00XOAMMO COOAIOAEHNE PABEHCTBA UX IIOPSIAKOB
n Koa(pdunmentos. [Torarag mopsaAOK omnepa-
TopaU,, paBHBEIM V, a oneparopa U,=|, ToAydnuM

L+n=v+k, (11
YTO BO3MOYKHO IPU V =1, L = k. OB03HAUUM TTOPSI-
AOK uepe3d r =v+k =p+n. [lpupaBHuBasg Koap-
(PULIMEHTHI IIPU OAMHAKOBBIX CTEIIeHSX B Ollepa-
Topax (3), HOAyYUM I +1 aATeOpanuecKux ypaBHe-
HUU.

O06o3HauuM
Uy =at,,p"+..40 p+dygiU, =By, P+ 4B D +Boy
U IIOAOXKHUM o, =1, TOTAQ cucTeMy aAreOpaunyec-
KUX YPaBHEHUM MOJKHO 3allMCAaTh B BUAE

OC1o]\]([)xq _B20N5q+"'+a N((;—nq -
_B2KN][(}q Z_Nr?q'
raeq =012...;
L
Ng =Yl pd, -k N =Y e p
A=0 A=0

Pemrenme cucremul ypaBHeHuu (12) nosso-
AseT OIIPeAeAUTh Kod(puiineHTH U ypaBHU-
BaloLIUX onlepaTopoB U U,, a 3aTeM HAUTH BEI-
paxeHusa pad L m F,. ECAM IDUHATD, 9YTO IPUBOA,

aKTHBHOI'O DA€MeHTa ONMNCHIBAETCS YpaBHEHUEM
BTOPOTO TIOPSIAKA, a Tpollecc (POPMUPOBAHUS

1(n-1)

(12)
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L=

YCHAMSA Ha OOBEKT COOTBETCTBYET YPaBHEHUIO
IIepBOTO MOPSAKA, TO

L, =a,p® +a,p+ay;F, =b,p+by; (13)
L, =c;p+cy(t);F, =d,.

B cooTBeTCcTBUU C M3AOKEHHBIM BLIIIIE BhI-

pa’keHHeM AAd YPaBHUBAIOIIUX OIEPaTOpPOB
[IPUMYT BUA,
2 .
U =oa,p" +ta, pta,; U, =B,. (14)
Hatiaem Bripaskenust amnst N [Z u N fq, COCTaB-

AdIOIINE CUCTEMY aATeOpandyeCKUX YpaBHEHUU:
o . o __ .
Ng, =d i Ny, =d p+d, ;
o _ 2 . B _
N3, =d,p"+2d, ,p+d, ,; Ny, =a,.
CocTaBuUM CHCTEMY aAreOpandecKuX ypas-

HeHUM:
2
doot g =By +dyo,, p=—d,p”,

d,o,y —a,By +(d,p+dg oy, Z—dlpz -2d,p.

d,0—ayBy Hdyp+d, oy, =—d2p2 —2d,p+d,.

(15)

C y4yeToM TOTO, YTO IIPU BCEX 3HaUeHUAX [ >0
umeeMm d;, =0 u d,p’ =0 mpu j=12..., Tak Kak
d, =const, cucreMa ypaBHeHUH (15) mpumeT BUA,

do0yy =Py =0, (16)
dooy; =By =0,
a,B, =d,,
OTKYAQ
Oy =0y /azvau =, /0(2,(112 =1,
B=d, /a,.

HatiaeM Temephb BhIpa>keHUS AAS OIepaTo-
poB L, u F,, MOAB3YSACH IPABUAAMU ACHICTBUY HAA
AVMHEWHBIMU AP epeHITuaAbHBIMA OllepaTopa-
MU U YYUTHIBAsI, YTO ¢, =const:

_ 3 2
Ly=L,c,p” +(a,¢, +0,,¢0)p" +

(17)

Hot o€y +0uy,¢ +200,,Cp)P + (18)
T 4Co +0‘11C0P+0‘12COP2?
Fy; =By (b,p+by). (19)

[MoacTaBassa 3Hauenus o u fus (17) B (18) u
(19), moayuum
Ly =(12C1p3 +(a, ¢, +a,c, )pz +(a,¢, +a,¢, +2a,c,p)p+
+a,C, +a,Cop+a,c,p’; (20)
Fy =dy(b,p+b,). (21)
BepnemMmcs Tenepb K paCCMOTPEHUIO CUCTe-
MBI ypaBHeHUH (6); OyAeM CuMTaTh, YTO AQTYUK
MDA U3MEPeHUs YCUANS ONTMCHIBAeTCS YPaBHEHU-
eMm nmepsoro 1opspka L,y =F,x,, 1Ae
L, =e,p+e,; F, =1,. BeipazumMm Ko3PpUIIMEHTE
oneparopos L,, F,,L,,F, ,BBOAA IPEABAPUTEABHO
0003HaueHUs:

MEXAHVKA. TPAHCMNOPT. MALLUMHOCTPOEHWE

@_‘—

hy =a,c, +a,c,p+a,c,p’; (22)
h, =a,c, +a,c, +2a,c,p;
h, =a,c, +a,c,; hy =a,c,.
C yueToM 000O3HAUEeHUMN:
Ly =h,p®+h,p* +h,p+h, u F,=d,+(b,p+b,)
YPaBHUBAIOIIME OIEPATOPHLI AASI CUCTEMBI IIPH-
MYT BUA
U, =i Us =0 3p* +0 5, p” +ot g ptog, (23)
a Koo PUIMeHTHI IPY HEM3BEeCTHBIX o 1 f3:
Ngo, =1, Ny, =1,p+1,,,

N3, =1,p*+2l,_,p+1

q-2"
N§, =1,p°+31,_,p* +31_,p+1,_,,
N§, =h,.

q
C yuerom TOrO, uTO I, =0 IIpM BCEX 3HAUYEHUAX
i=12,..u p" =0 npwu i=12,.., Tak Kak I, =const,
CHCTeMa aAreOpandeCcKrX yYPaBHEHUU 3alUIIeT-

Ccda
lyou _hoB4o =0, lyou s _hoB4o =0,

g0t 3y —hoBuyy =0, Iy =hoB,.
C COOTBETCTBYIOIIIMMU PEIIeHUAMUN:
a4 =h, /h3va31 =h, /hav
o, =h, /hng4o =1, /h3v a4 =L

Hatipem L, 1 Fy BCOOTBETCTBUHU C yPABHEHU-
eM (9). Arg L, uMeeM

(24)

L,=U,+*L, =U,L, +%L4p+
2 ap (25)
+1% 4 2 +1%L4p3‘
2 dp? 6 dp®

Tak Kak KO3(PUIMEHTHI e olleparopa
L, =e,p+e, mocTosiHHL], TO p'e, =p'e, =0 1pu
Bcex [ =1,23... ¥ BEIpa)KeHusd A L, 1 F, IpUMyT
BUA,

4 3
L, =h,e,p” +(h,e, +hye,)p” +
2 .

Hh,e, +h,e,)p” +(h,e, +h,e,)p+h,e,;

Fy=1y(b,p+b,)d,.

HatipeM Tenepb ypaBHeHUE OIINOKU MEKAY
STAAOHHOU MOAEABIO U CHUCTEMOM YIpaBAEHUS.
[TycTh aTanOHHAsA MOAEAb PEAAM30BaHA M BUAE

Oe3BIHePIIMOHHOI'0 3BeHa C KO3 (PUIITMEHTOM ITe-
pepaun K, ; 0003HAYMM ero yepes omeparop £, .

(26)

Toraa ypaBHEeHMe, OTUCHIBAIOIEe BEBIXOAHYIO KO-
OPAMHATY MOAEAM, OyAeT

Ym= FMS' (27)
d CUCTEeMEBI YIIPDABACHUSA —
Ly=FS, (28)

rae L, nu F, - rnuHeliHBle AU depeHIarbHBIE
OIlepaTOPhl, OMCHIBAIOIINEe CUCTEMY C HeCTallu-
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OHapHBIM OOBEKTOM 3alIUTHl, @ TAaK)Ke YyCTPO-
MCTBA ONTUMU3ALINH 1 00pabOTKU MHPOPMAIIUU.

YpaBHeHUe OIIMOKU B OOIIEM BUAE 3allu-
HIeTcd Kak

E=Yy Y. (29)

YMHO>Kasd Ha L, AeBYIO U IIPABYIO €ro YacTH,
U [IOACTaBASIS 3HAUEHUA y ,, Uy u3 (27), (28), nno-
AYUUM

Le=L,*F,S-FS
UAU
Le=F.S,

rpael. =L, F. =L *F, -F, F, =np+n,.

B xoneunom urtore ypasHeHue (30) ¢ yueToMm
Toro, uro pF,, =0, npumeT Bu,

(30)

Z d748 Z d738+Z d28+Z @+Z eE=
Yart Cart rarr 0

d*s d3s d*s
:KM[Z4 i +z, e +z, e + (31)

ds
HKyz, —, )E-F(KMZO -1, )S.

TAe

z, =h,e,,z, =h,e, +hye, z, =

+h,e, +h,e,,z, =h,e, +he, z, =hye,.

AarbHeHIas 3apada CBOAUTCS K OTIpepene-
HUIO 3aKOHA HACTPOMKU  AKTUBHOTO  YCTPO-
WCTBQ, KOTOPBIA O0ECIIEYUT YCTOUUYUBOCTE CUC-
TeMbl YIpPaBA€HUS IIPU OIINOKe MeXKAYy MO-
AEABIO I CHCTEMOM, OIIMCHIBAEMOU ypaBHEHUEM
(31).IIpu S = const (31) yIpocTUTCI K BHAY
e(t)=A(t)e(t)+U(t),

rAe
0 1 0 0
0 0 1 0
A(t)=[0 0 0 1,
_Zy Zy Zy Zy
Z4 Z4 Z4 Z4
0
oo
e
gty=| >0 ut)y=| 0
&;(?) K 4
e, (1) AmZo Mo
Z4

AAS AAABHENIIIETO TTOMCKA aATOPUTMA U3Me-
HeHUS yIIPaBASIOILIEro BO3AEUCTBUS MOJKHO II0-
CTPOUTH HECTAITMOHAPHYIO (DYHKIUIO AAIYHOBA
1 HAUTHU COOTBETCTBYIOIIYE BEIPAJKEHUS A KO-
3PPUIUEHTOB; TPU HACTPONUKE OHU 3aBUCIT OT
BPEMEeHH, YTO TeXHUUYECKU TPYAHO PEAAU3yeMo.
Boaee npueMAeMEbL TaKKe IOAXOABL, KOI'AQ UMeeT-
Cs1 BOBMO>KHOCTB BBIOPATh CTAIlMOHAPHYIO (PYHK-
ouio AdIyHOBA, HAIIPUMEDP, B BHUAEL

V(e)=e"Be +yy°,

VPKYTCKWI FOCYLOAPCTBEHHbBIV YHUBEPCUTET MYTEN COOBLLEHMUA

e, VT

Vi

rae ¢ — TPAHCIIOHMPOBAHHAS MATPHUIAE ;| B —
CUMMETPUYHAS MATPHIIE; ), - TOAOKUTEABHASI IT0-
crosaHas; Y =(K yZ,-n,) / 2,
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CMOCOB MNOArOTOBKM YMOPHbIX
CYNb®UAHbIX 30/I0TOCOAEPXXALLIUX
PY[ K BbILLIENAYUBAHUIO

Baknasa 3apada 30A0TOAOOBIYM HA COBpe-
MEHHOM 3Talle — palrMoOHAAbHOE UCIIOAb30BaHIEe
OeAHBIX 1 YIIOPHBIX PYA 30A0Ta.

OcHoBHas Macca 30A0Ta B Mupe (80 % 3ana-
COB) IPEACTaBAEHA COOCTBEHHO 30A0TBEIMU PYAQ-
MU KOPEHHBLIX MeCTOPOXKAeHUM, 18 % TpuxoAuT-
Cs1 Ha 30A0TOCOAEPIKAlllNie PYABI IIBETHBIX METaA-
AOB (30A0TO B KOTOPBIX UI'PAET POAb IIOIYTHOTO
IIEHHOTI'0 KOMIIOHEHTAa) U 2 % - Ha PYABL POCCHIII-
HBIX MECTOPOKAEHUM (TTeCKn).

haBHBIMU HAIlpaBAEHUSIMU Pa3BUTUSI PYH-
AAMEeHTAABHBIX 3HAaHUM B 0OAACTH oOoralleHUus
MIOAE3HBIX MCKOIIAaeMbIX SBASIOTCS: H3y4eHUe
B3aWMOCBS3U CTPYKTYPHOT'O, BEIIeCTBEHHOTO U
$a3z0BOro coCcTaBa MPUPOAHOTO U TEXHOTEHHOTO
CBHIpbSA C (PU3UYECKUMU, PUIUKO-XUMUUECKUMU
U TeXHOAOTUYECKUMHU CBOUCTBAMU MUHEPAAOB;
codyeTaHWe METOAOB (PU3UKO-XMMHUUYECKOTO MO-
MAEAUPOBAHUS C OKCIIEPUMEHTAALHBIMU UCCAEAO-
BaHUAMM OCHOBHBIX IIPOIIECCOB PAa3AEAEHUT MU-
HEPAaAOB, CO3AAHUE YCAOBUUM MHTEPTPAHYASIPHO-
ro paspylleHuss MUHEepPaAbHBIX KOMIIAEKCOB U
MeXaHH3Ma WHTEHCUBHOI'O BCKPBITUS YIIOPHBIX
pyaA. OAHO M3 IPUOPUTETHBIX HAIPABAEHUU —
CO3AQHME HOBBIX DJKOAOTMUYECKU Oe30NaCHBIX
MIPOIeCCOB  KOMIAEKCHOM mepepaboOTKu U
BCKPBITHS TPYAHOOOOTATUMBIX PYA M IPOAYKTOB
oboraleHnss Ha OCHOBE KOMOMHUPOBAHHEBIX CO-
BpPeMeHHBIX METOAOB 0OOTaIleHNs, TUPO- U THUA-
POMETAAAYPIUM, MUCIOAB3YIONIUX AOIOAHUTEADB-
HBIE DHepreTUudYecKyue BO3AENCTBUS.

['eOXMMUKO-TEXHOAOTUUECKHE HKCCAEAOBA-
HUs, KaK Hay4YHO-IIPUKAAAHOE HallpaBAeHUe B
oboralleHuHn U nepepaboTKe MOAe3HBIX MCKOIIa-
€MBIX, ITI03BOASIET pa3dpabaTheiBaTh HauboAee 3g-
(PeKTUBHBIE TEXHOAOTUYECKNE CXEMBI U3BAEUe-
HUS 30A0Ta U3 YIIOPHBIX PYA.

B TexHOAOTMYECKOM OTHOIIIEHUU BaKHEU-
UMY TPU3HaKaMU, OTIPEAECASTIONINMHY XapaKTep
30A0TOCOAEPIKAIIUX PYA, ABASIOTCS:

- HaAWYHe B PyAAX HApsAY C 30A0TOM APYTHX
MMOAE3HBIX KOMIIOHEHTOB, MMEIOIIUX IIPOMBIIII-
AEHHOE COAEep KaHue;

- COAEprKaHUe B PyAAX OKMCAEHHBIX MUHe-
ParoB II0 CPABHEHUIO C CYAb(OUAHBIMHU, T.e. CTe-
TIeHb OKHUCAEHUS PYA;

- HaAMYMe B PyA@X KOMIIOHEHTOB, CYIIlec-
TBEHHO OCAOJKHSIOUINX TeXHOAOTHIO IlepepaboT-
KY;

- XapakTep 30A0Ta B PyAaX, B IIEPBYIO oue-
PeAb, KPYIIHOCTD 4aCTHULI,

C TeXHOAOIMUEeCKUX MO3UIUN AAST IIOAHOIO
BBICBOOOKAEHUS IIEeHHOTO DA€MeHTa UAU KOMIIO-
HEHTa 13 IOPOABI UAU PYABI HEOOXOAUMO BBHISIB-
AeHUe He TOABKO BceX (DOPM UX HaXOKAEHUS, HO
4 BO3MOJKHOCTEM WX H3BAeYEeHUs, 4YTO Ollpe-
AEASIeTCSI CUAOW UX CBSI3U C ADYTMMU JAEMEeHTa-
MM 4 KOMIIOHeHTaMu. Hanpumep, B IUpUT-apce-
HOIIUPUTOBBIX PYAAX 30A0TO CTOAb TECHO CBS3a-
HO C MBIIIIBIKOM B @pCEHOIUPUTE, UTO AN UX PA3-
AeAeHUs1 TpeOyeTcs IOAHOE Pa3AO’KeHHE OTUX
MHHEPAAOB C IIOCAEAYIOIIUM U3BAEUEHUEM 30A0-
Ta. B cBA3M C TeM, UTO YyCTOMYMBOCTH XAABKO-
(PUABHBIX COEAUHEHUMN 30A0Ta B apCEHOIUNPUTE
3HAUUTEABHO Chralee, ueM MX MHHEPAaAOB-HOCHU-
TeAel, IIOCAe IIOAYYEeHUS KOAAEKTHBHOI'O CYAb-
dprAHOTO KOHIIEHTpPaTa HEOOXOAUMO ITOABEPTaTh
€ro IpOorpeBy IpU TeMIepaTrype He Ooaee
250-300°C. B pesyAbTaTe OCHOBHOE KOAMYECTBO
COeAVHEHUN 30A0Ta PACHajAeTCs C BEICBOOOIKAE-
HHEM MeTaAAOB B CAMOPOAHBIE (ATOMapHBIE, TOH-
KOAUCHEPCHBIE U AP.) POPMBL, KOTOPbIE AOASKHBI
VKPYIIHUTBCS 3@ cueT 00beAMHEeHUs Pa3pO3HeH-
HBIX YacTull. [Top0OHBIE 3KCTIEpUMEHTHI HEPEAKO
IIPOBOAAT MUHEPAAOI'M ITIPYU U3YYEHUH B IIAU(pax
TOHKOAWCIIEPCHOTO 30A0Ta. TaKMM IIPOCTEeNIINM
CIIOCOOOM MO>KHO Pe3KO YBEAUYHUTH B 30A0TOCO-
AEPIKAIUX YIIOPHBIX PYAAX KOAMUECTBO CBOOOA-
HOTO 30A0Ta, AL U3BA€UEHUs KOTOPOTO Cyliec-
TBYeT HECKOABKO MeTOAOB, B YaCTHOCTH, LIMaHU-
poOBaHUeE, XAOPUPOBaHUE U AP. B cayyae oGkura
30A0TOHOCHBIX KOHIIEHTPATOB (OOBIYHO IIPU TEM-
nepatype Ao 600-700°C) 3HaUMTEALHASE YACTh 30-
AOTa IEPEXOAUT B Ta30BYIO a3y BMECTE C TEAAY-
POM, MBIIIBIKOM, CEPOYM U CEACHOM.
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B Oamrkamne roasl OyAyT IPOUCXOAUTE U3-
MEHEHUS B CTPYKType AOOBIYM 30A0TA — IOBBI-
IIIeHNe AOAW PYAHOI'O U COKpallleHHe AOAU POC-
CBIIIHOTO. Y CKOPEHHOEe OCBOeHUe HauboAee I1ep-
CIIEKTUBHBIX, C 3KOHOMHYECKOU TOYKU 3PEHUS
KOpPEHHBIX MEeCTOPOXKAEHUU OIPEeAEAeHO Kak
CcTpaTerndyeckoe HallpaBA€HHE Pa3BUTUS 30A0-
TOAOOBIBAIOIIEN OTPACAU.

OpHAKO BOBA€UeHHe B IIepepabOoTKy KpyII-
HBIX KOPEHHBIX 30A0TOCOAEPIKAIIUX MECTOPOK-
AEHHUU CONPSI’)KEHO C IIPEOAOAEHUEM TeXHOAOIH-
YeCKUX TpyApHOCTel. [lepBuUYHBIE KOpEHHEBIE
PYABI SIBASIIOTCSI YIIOPHBIMHY, ¥ K OCHOBHBIM (DaK-
TOpaM, XapakKTepU3YIOUIUM «YIIOPHOCTBH» 30A0-
TOCOAEPIKAIIUX PYA U IIPOAYKTOB MX oOorallle-
HUS, CAeAyeT OTHEeCTU HaAuuue:

® AMCIIEPCHOTO 30A0T@ C OTHOCUTEAB-
HO IIMPOKUM AMANAa30HOM AUCKPETHOCTH pac-
[IpeAEAeHUs B MUHEPaAax-HOCHUTEASIX — OT OT-
MEABHBIX @TOMOB B COCTaBe MUKPOMHHEPAAOB,
IIPUPOAHBIX CIIAABOB, OPTAQHUYECKUX COEANHEe-
HUU A0 MOHOIAEMEHTHBIX KAACTEPOB pazMepaMu
opsiAka HaHOMETPOB;

e QHTUMOHHUTA U TEAAYPHAOB, pPacTBO-
PUMBIX B IMaHUAE MUHEPAAOB, COPOIIUOH-
HO — aKTUBHOI'O OPraHUUYEeCKOTO YTAEPOAQ U TAU-
HHUCTBIX KOMIIOHEHTOB;

® TJIEPBHUYHBIX IIN€HOK TUAPOTHUPOBAH-
HEBIX OKCHAOB JXeAae3d Hd 30AOTHHAX;,

e IIOBBIIIEHHOI'O COAEP’KaHUSI  MBIIIbS-
Ka (>2 %) B KOHIIeHTpaTaXx, YTO AeAdeT X Hellpu-
TOAHBIMU K IlepepaboTKe IIAABKOM Ha 3aBOAAX
IIBETHOM METAAAYPTHH.

B KoHeuHOM UTOre, TEXHOAOIMYEeCKasl yIIop-
HOCTB 30A0TBIX PYA UAHM IIPOAYKTOB OOOTallleHUs
YKa3bIBaeT Ha CAAOYIO CIIOCOOHOCTH X K ITUAHU-
POBaHUIO, PE3YALTATOM Yero SIBASIeTCS OYeHb
HHU3KOe H3BA€UYeHUe 30A0Ta B IIPOAYKTHUBHBIN
pacTBoOp.

B 3apy0e’kHOM IpakTHKe ITOAOOHBIE PYABI
IepepabaThIBalOT II0 I'PaBUTALIMOHHO-(AOTALIN-
OHHBIM CXeMaM C TOCAEAYIOIIUM M3BAEUEHUEeM
30A0Ta U cepeOpa OAHUM U3 TPEX METOAOB!

® OKMCAUTEABHBIMN OG)KI/II‘-L[I/IaHI/IpOBa-

HUE€;

® aBTOKAQBHOE BBIILIleAQUUBaHUE-II1a-
HUPOBAHUE;

e OakTepuUarbHOE OKUCAEHUe-1IMaHupPO-
BaHUe.

OpAHaAKO BCe ONUCAHHBIE pPaHHEe TEeXHOAO-
I'MM YHEProeMKH U TpeOyIOT OOABIINX 3aTpaT Ha
AE3MHTErpaluio 1 BCKpuITUe pyA. Hazpena HeoO-
XOAUMOCTB U3BICKAHUS HOBBIX 9KOAOTUUYECKHU Oe-
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30TIaCHBIX U 3JHeprocOeperamonux MeTOAOB
BCKPBITHUSA 30A0TOCOAEPIKAIINX CYAB(DPHAOB.

WM3BAedeHMe pAMICTIEPCHBIX (hOPM 30A0Ta Tpe-
OyeT IIpepABAPUTEABHOTO U3MeHEeHUSI MHUKPOC-
TPYKTYPBI UX MUHEPAAOB-HOCUTEAEHN (B EPBYIO
ouepeAb, TOBBIIEHUS TOPUCTOCTU U (POPMUPO-
BaHMI CETU MUKPOTPEIIUH) U MUKpoarperanmumn
ATOMOB AE€MEHTOB-IIpUMeCen.

AAs 3TOTO UCTIOAB3YIOTCS Pa3AUYHBIE METO-
ABl (pU3MUEeCcKOro BO3AEUCTBUSA Ha KPUCTANAU-
YeCKYIO pellleTKy MUHepaAoB, Hauboaee sdpdek-
TUBHBIMU M3 KOTOPHIX IBASIOTCS IAEKTPOPA3PSA-
HBIE W 3AEKTPOMMIIYABCHBIM  (pa3paboTka
NITKOH u P3O PAH).

SHAUUTEABHBIU IPOTPECC B THAPOMETAAAYP-
Iy, NOBHIIeHNE ee 3PPEKTUBHOCTU AOCTUTHYT
B IOCAEAHNE AECATUAETHS, TA@BHLIM 00pa3oM, 3a
cueT pa3pabOTKM U BHEAPEHMSI HOBBIX METOAOB
BBEIAGAEHUS METAAAOB M3 PACTBOPOB U IIYABII,
OCHOBAQHHBIX Ha [OpUMEHeHHe HOHOOOMEHHOU
COpOITUU M JKUAKOCTHOMW 3KCTpaKIuu. B ToO ke
BpeMs, B IIeAOM, IKOHOMHUKA TUAPOMETAANYPIH-
YEeCKOTO TPOM3BOACTBA OTIIPEAEASETCS IIPEKAE
BCero HanmboAee BLICOKUMM 3aTpaTaMu, IIPUXOA-
IIMMUCS Ha BBITOAHEHME 110 CYIIECTBY ITIOATOTOB-
AEHHBIX Ollepallui U3BAE€YEHUS METAAAOBCKPHI-
TUS U BBHINIIEAQUMBAHUS IIeHHOTO KOMIIOHEHTa. B
KOHEYHOM CueTe, UMEHHO OHU U OIIPEAEATIOT U3-
BA€UYeHNUE IIOCAEAHUX B TOBAPHYIO IPOAYKITHIO.

OTHOCUTEeABHAsS AOAS 3aTpaT Ha 3TU ollepa-
1IUM elje OOAee YBEAMYUAACH C BHEAPEHHUEM HO-
BBIX 3(P(PEKTUBHBIX METOAOB COPOIIUM METAANOB
13 pacTBOPOB. [ToaTOMY AAS AQABHEMIIIETO TOBBI-
IeHud 3KOHOMMWUYECKOU 9P PEKTUBHOCTHA
THAPOMETAANYPTrUYeCcKON IepepaboTKu pyA H
KOHIIEHTPATOB, HEOOXOAMMO, B IIEPBYIO OYEPEAD,
HOBBINNAThE 3PPEKTUBHOCTh TOAOBHBIX OIllepa-
nui. [IyTh pelieHus 53TUX 3apa4 — WHTeHCUu(U-
Kalys MPOIIeCCOB BCKPBITHSA U BHIIIIEAQUUBAHUS.
U 3apava 3Ta CTAHOBUTCS OAHOM M3 TAABHBIX AAS
IIOCAEAYIOIIEero Pa3BUTUS TUAPOMeETaANypPrudec-
KMX IpOoIeccoB. B OOABIIMHCTBE CAyYaeB IIyTH
WHTEHCU(PUKAIIUN BBIIIEAQUUBAHUA HCXOAHOTO
CBHIPBSI OIPEAEATIOTCS XapaKTepoM KHUHETUKU
mpoliecca CKOPOCTHU BBIIEAAUMBAHNS, KOTOpas
MO>KET KOHTPOAUPOBATHCS BHEIIHEHN, BHYTpPEH-
Hel Au(ys3men mAU CKOPOCTBIO XMMUYECKOTO
B3aMMOAEUCTBUSA PACTBOPUTEAS C pearupyrollei
TOBEPXHOCTHIO. [T0O3TOMY B Ka’KAOM KOHKPETHOM
CAy4Yae HAINpPaBA€HUS MHTEHCHU(MUKAIIUU BHIIIE-
AQUUBAHUS OIIPEAEATIOTCS KOHTPOAUPYIOIeHN
CTAAMEN ITPOoIiecca.

PazBuTue nccaepoBaHmMM 110 MHTEHCUUKA-
IUU TUAPOMETAaAYyPrudecKux IIPOoIjecCcoB B Ha-
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CTOSIIIee BpeMs UAET B HECKOABKUX HallpaBACHU-
gax. B obracTu nHTEeHCU(PUKAIIUU BhIIIIeAaUMBa-
HUS HaubOoAee INPOKOe pacIIpocTpaHeHure B o-
CAEAHTE TOABI IIOAYUYUAU CAEAVIOINIUE METOABL:
BBHINIIEAQUUBAHUE B KUTISAIIEM CAO€; BUOPAIMOH-
HOe BO3AEUCTBUE; IIYABCAIIMOHHOE BO3AEUCTBUE;
VABTPA3BYKOBOE BO3AEMCTBHE; BO3AENCTBUE
YIPYTUX KOAeOAHUM 3BYKOBOTI'O AUANIa30Ha; BO3-
AEUCTBYE UMIIYABCAMU SACKTPUYECKOU DJHEPTUY;
IAEKTPOXMMUYECKOE BO3AEUCTBUE; COPOITUOH-

HOe  BBEIIIeAAUYMBaHME,  MeXaHOXMMHUYEeCKOe
BO3AENCTBHUE; OAKTEepUAABHOE BHIIEeAaUMBAHUE
U AP.

[MTopaBagroniee OOABIIMHCTBO METOAOB, Ka-
CalomMUXCcsad OOAACTU IIPEOAOAEHUS BHYTPU- U
BHEITHeAUDPY3UOHHBIX OCAOSKHEHUH IIponecca
BBIIIIEAQUUBAHUS 30A0Ta, OTHOCUTCS K UHUCAY HO-
BBIX METOAOB. DBEICTpelilllee BHeApDEHHE HUX B
IIPAKTUKY IIMAaHUPOBAHUS CIIOCOOCTBOBAAO OBI
3HAUUTEABHOMY POCTY MHTEHCU(UKAIUU 3TOTO
polecca.

OAHMM M3 TA@BHBIX IIyTEU ITOBBIIIEHUS (-
(heKTHUBHOCTHU IIPOI]eCCa BhIIIeAQUHBAHNS 30A0Ta
— HHTeHCU(dUKauusg cCOOCTBEHHO XMMUYECKOTO
BO3AEUCTBUA 30A0Ta C HUAHUCTBIMU PaCTBOPaAMU
IIpeACTaBAEH BCEro AMIIL ABYyMsI MeTopaMu. K
TOMY >Xe aBTOKAABHBIM CIIOCOO AO HACTOLIIEro
BPEMeHHU He HAllleA ellle TpUMeHeHUd B AQHHOU
obaacTtu uHTeHcu(ukanuu nponecca. I lpuunnaa
— HeoOXOAUMOCTB IIPMMeHEeHUsI CAOKHOM, AOPO-
TOCTOAIEN amnnapaTypbl, TPYAHOCTBH OCYIIe-
CTBAEHUS NIPOIlecCa B HeIIPEPHIBHBIX YCAOBUSAX U
BBICOKAsi CTOUMOCTD MCIIOAB30BAHUS U3BECTHOI'O
cnocoba. 3aMeTHEIe NIPeUMYyIecTBa IIepep HUM
UMEET, B 3TOM MAAaHEe, SAEKTPOXMMUUYECKUU Me-
TOA: He3HauWTeAbHble KalluTaAbHBIE 3aTpaThl,
BBICOKAs YIPaBAIeMOCTb IIPOIIeCCOM, OTHOCH-
TEeABHO HEeBBICOKHE 9KCIAyaTalMOHHbBIE
3aTpaTHI.

[TpuMeHeHVE 3AeKTPOXUMHUYECKOI'O CIIOCO-
0a IMaHWPOBAHMY, TaK)Ke KaK M UCIIOAb30BaHMEe
COpPOIIMOHHOTO METOAQ, CHOCOOCTByeT Ooaee
OBICTPOMY OTBOAY IPOAYKTOB XMUMHUUECKOU PeaK-
LI PaAcCTBOPEHUS 30A0Ta, UHTEeHCU(UIIUPYET U
3Ty AUMUTHUPYIOIIYIO OOAACTh IIpPOIlecca BHIIIe-
AQUUBAHUS.

Takum oOpa3oM, B 00AACTH MHTeHCU(UKA-
U1 COOCTBEHHO XUMUUECKOU peaKIIuu PacTBO-
peHUs 30A0Ta B TUAHUCTHIX PACTBOPAX SAEKTPO-
XUMHUYECKUM CIIOCOOOM IIMaHMPOBAHUS SIBASET-
cs1 HanOoAee [IepCIeKTUBHBIM, TpeOyeT AaAbHEel-
IIIero U3y4eHNs U COBEPIIEHCTBOBAHUS.

[TpeumymiecTBa 3A€KTPOXUMHUUYECKOTIO Me-
TOAQ LIMAaHUPOBAHUS 3aA0KEeHBl U B CAMOU CYIII-
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HOCTH €ro OCYIIECTBAEHUS: COBMEIEHUE B OA-
HOM aInapare IIOAyYeHUs OKUCAUTEAEN U CAaMOU
onepaluu pacTBOpeHUs 30A0Ta. [Torydyaemble
3TUM CIIOCOOOM OKHCAUTEAM OOA3AAQIOT K TOMY
>Ke MOBBIIIEHHON PeaKIMOHHOMN CIIOCOOHOCTHIO.
HecoMmHeHHO, 4TO 3(p(PpeKTUBHOCTE 3TOTO METOAQ
MO>KeT OBITh ITOBLINIIEHA COBMEIIleHUEeM ero Ipu-
MEHEHUS C APYIMMU HHTEHCUPUIUPYIOIUMUA
MeTOAaMU CaMOM T'MAPOMETaAypPruuecKom CTa-
AUU TIpoliecca. B mepByIo odepeAb 3TO KacaeTcs
€ro COBMECTHOTO IIPUMEHEHUs C HOBBIMU METO-
AaMU UHTEHCU@UKAIIUM TepeMellnBaHus, Ha-
MpPaBAEHHLIMM Ha 3HAUYUTEABHOE CHUKeHUe
BHeITHeAU(DPY3UOHHBIX COIIPOTUBAEHUYN ITPOTE-
KaHMUIO Ipollecca paCTBOPEHMS 30A0TaA.

Taxske MIMPOKHE BO3MOXKHOCTU U IPEUMY-
11eCcTBa MPUMEHEHUS dAEKTPOXUMUIECKOTO Me-
TOAQ 3aA0JKEHBI B OCHOBY MCIIOAB30BAHUS €r0 B
00AQCTU TIOATOTOBKM IPOIIECCOB AAST BCKPBITUS
30A0Ta B CYyABPUAAX TyTEM IAEKTPOXUMUUECKO-
IO OKMCAEHHSI UX B IIEAOYHBIX PacTBOpPax.
HccaepoBaHUS 9TOTO HAITPABAEHUS SIBASIETCS Ca-
MOCTOSTEABHOM OOAAQCTBIO M3Yy4YeHUsI pa3BUBae-
Mol B HutuackoM purmare UI'A CO PAH.

B nmocaepnue ropst 8 UTIKOH PAH nposo-
AT UCCAEAOBAHUS IO MCIIOAB30BAHUIO JHEpre-
TUYECKUX BO3AEUCTBUU AAS MHTEHCUPUKAITUU
BCKPBITHS 30A0TOCOAEPFKAIINX CYAB(DUAHBIX PYA
(9AEKTpOXMMHUYECKUEe, 3JHEpPrusi YCKOPEHHBIX
sarekTpoHOB 1 CBY-Harpes).

Ecau panee 3T MeTOABI Ka3aAUCh DK30THU-
YeCKHMH, TO B HACTOsIllee BpeMs B CBSA3U C IIPO-
MBIIIIA€HHBIM BBIIIYCKOM 3A€KTPOXHMUYECKUX
KOHAUIIMOHEPOB, AMHEWHBIX YCKOPUTEAeN u
CBY-11Aa3MOTPOHOB IMOSIBUAACH BO3MOJKHOCTh
pearn3alu HOBBIX TEXHOAOTHUM B TPOMBIIIAEH-
HOCTHU. YIOMSIHYThIE METOABI MOTYT YCHEITHO CO-
4eTaThCs C KyYHBIM BHIIIeAaUMBAaHNEM OAATOPOA-
HBIX METAAAOB, BCAEACTBUE 3TOTO ITOBBIIIAETCS
9KOHOMUYecKas d3(pdekruBHOCTL KB.

Qusnueckre U XUMUIECKHEe METOABI dAEK-
TPOAKTUBAIIMOHHOTO BBLII[€AQUUBAHMUS, B 4Yac-
THOCTU SAEKTPOPA3PSIAHOTO U SAEKTPOUMILY-
ABCHOTO, IPOoBOAUANCE BO BHUNMXT 1mmop pykoBo-
actBoM akap,. A.H. CCCP B.H. AackopuHna, pabo-
TBI, BEIDOAHeHHBIe A.M. FKOTKUHBIM, B OBIBIIIEM
CpeaHasrumnpoliiBeTMere B AabopaTtopum [.IT.
depoToBa, B II'A KazaxcTraHa.

Xopomre pe3yAbTaThl B AQHHOM HallpaBAe-
HUU IIOAYYEeHBI IIPU IIPOBEAEHUN UCCAEAOBAHUN B
NITKOH PAH coBMeCTHO C UHCTUTYTOM PaAN03-
AekTponuku (B.A. Hantypusa, 1U.OK. Byrausn, B.A.
AyuuH) u komnauuu B Caukr-IlerepOypre (H.I.
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l'\uHMH 1 Ap.), @ TAK)Ke HECKOABKUMM 4aCTBIMU
koMmmanusmu B CIIIA.

BakTeprarbHO-XUMUUECKOE BCKpBITUE
YIIOPHBIX 30A0TOCOAEPIKAIIUX PYA U KOHIIEHTpa-
TOB, K&K METOA IIOATOTOBKHU UX K IITMaHUPOBAHHUIO,
OTHOCHUTCS K YUCAY HAaUOOAEEe «MOAOABIX» TEXHO-
AOTUYECKUX pa3paboTOK B 30A0TOAOOBIBAIOIIEN
MIPOMBIIIA€HHOCTH. MeTOoA OCHOBAH Ha HUCIOABL-
30BAHUM AABHO YCTAHOBAEHHOI'O (PaKTa, 4TO B
IIPUCYTCTBUU MUKPOOPIaHU3MOB, B YaCTHOCTH,
aBTOTPOHBIX OakTepuil Tumna «TrobaruAryc
deppookcupeHc» [Thibacillus ferrooxidans, T.f.]
30A0TOCOAEPIKAINE CYAB(PUABL JKeAe3a OKHUCAS-
IOTCI AO KOHEUHBIX XUMWUECKUX COEAMHEHUU
(cyabdat mAu apceHaT JKeAae3a, CepHas KMCAOTA)
0e3 IpuMeHEeHUSs BBICOKUX AABACHUU U TeMIIepa-
Typ. OcBOOOKAAIOLIIeeCs IIPKU 3TOM 30A0TO CTa-
HOBUTCS AOCTYIIHBIM AAS BBIIEAQUMBAHUA ITHa-
HUCTBIMH pacTtBopaMu. OCHOBHBIM pa3spa-
OOTYMKOM OHNOTMAPOMETAAYPIAYECKON TEXHO-
AOTUU TIepepabOTKU NUPUTHBIX U MBIIIBIKOIHU-
PUTHBIX PYA (KOHIIEHTPATOB) 3@ PyOesKOM SBAS-
eTcst Koproparus «A>xeHkop», FOAP.

B 1986-1992 rT. mocTpOeHbI 1 BBEAEHEI B 9KC-
MIAYaTallMIO IIepBble NPOMBIIIACHHBIE U OIBIT-
HO-IIDOMBIIIIAEHHBIE OMOTHUAPOMETAANYPTHUYEC-
KUe YCTaHOBKH II0 IlepepaboTKe MBIIIbIKCOAEP-
>KaIX 30A0TBHIX KOHIIEHTPATOB U PYA B IIECTH
crpaHax (FOAP, CIIIA, Kanapa, ABctpaausd, bpa-
3UAUSA, 3MM0a0Be), OTHOCAIINUXCA K YACAY OCHOB-
HBIX IIPOU3BOAUTEAEM 30A0Ta B MUPeE.

OcCHOBHBIE  pe3yAbTAaThl  UCCAEAOBAHUM
HWprupepaMera 1o OMOTHAPOMETAANYPTUYECKOMY
BCKPBITUIO U BEIIIIEAQUMBAHUIO YIIOPHBIX 30A0TO-
CopeprKaluX MUHEPAAOB, KOHIIEHTPATOB U PYA,
BBIIIOAHEHBI HWHCTUTYTOM B paMKax IIpOeKTa
«broreoTexHOAOIMS 30A0Ta U cepebpa» rocyaa-
PCTBEHHOM HAYYHO-TEXHUUYECKOM MIPOTpaMMbI
«Hogeilimme MeToabl OMOUMHKEHEPUM» B ITIEPUOA,
1988-1993 r.r. buoxumMuueckoe BCKPBITHE 30A0-
TOCOAEPIKAIIUX CYAB(PUAOB (IMPUT, apCEHOIIU-
PUT M Ap.) C HCIHOAB30BAHUEM aBTOTPOQHBIX
cepy- U JKEAE300KUCAJIOIMUX OaKTepuul TUIlla
Thibacillus ferrooxidans (Th. ferr.) B HacTosIee
BpeMsI pacCcMaTpUBaeTCsd B KaueCTBEe OAHOTO U3
HanuboAee d3(PPEKTUBHBIX CIIOCOOOB MOATOTOBKU
YIIOPHBIX 30A0TBIX PYA U KOHIIEHTPATOB K IIOCAE-
AVIOIlel TUAPOMeTaANyPrhudecKol nepepaboTKe
IMaHupoBaHueM. DPPeKTUBHOCTL AQHHOTO IIPO-
Iecca MOATBEPI)KAEHA ONBITOM PabOTHI HEKOTO-
peix npeanpusaTtuii FOAP, CIIIA, Bpa3zuauu u Apy-
I'MX CTpaH. be3yCAOBHBIM MHTEpeC TEXHOAOTUS
OaKTepuanbHOe BhIlleraunBaHue (bB) — nimanm-
pOBaHUE MIPEACTaBASIET U AAST OT€UEeCTBEHHOM 30-

AOTOAOOBIBAIOITEN TIPOMBIIIIAEHHOCTU B CBSI3U C
OOABIINM OOBEMOM IIepepabOTKU YIIOPHOTO 30-
AOTOPYAHOI'O CBIpbsl. B 3TOM IIAaHe BBIIIOAHEH-
Hble B Mprupeamere u HutuaCcKoM hburnane VII'A
CO PAH pabots! 1o npobaeMe OHOTHAPOMETAA-
AYPrUYeCcKOro u3BAeUeHNs 30A0Ta U cepebpa U3
VIOPHBIX PYA UMEIOT OIIpeAeAeHHOe HayuyHoe U
IpakTUYecKoe 3HaueHue.

AArst obecnieueHUMsT aKTUBHOM AESITEABHOCTH
OaKTepuil, 0cCOOeHHO B HaYaAbLHBIN ITePUOA O100-
KMCAUTEABHOTO MIPOIeCcCa, B BHIIIEAQUHUBAIOITYIO
CpeAyY BBOAAT CEPHYIO KUCAOTY, TUTATEABHBIE AO-
0aBKU U KUCAOPOP, (BO3AyX). Ilnonepom B wacTu
UCTIOAB30BaHUsA 0apOOTHMPOBAHUS BO3AyXa MIPU
OCyIIeCTBAeHUU npoljecca BB 3on0Tocopepika-
LIMX KOHIIEHTPATOB sIBAsIeTCsI pyAHUK DelipBbio,
NIPUMEeHSIOIINY AQHHYIO TEXHOAOTHIO yKe OoAee
10 aer.

B mocaepHmEe TOABL ICCAEAOBAHMS ITO OMOXU-
MHYECKOMY BCKPBITHIO VIIOPHBIX 30A0TO- U
cepebpocoapep>RalliuX pya (KOHIIEHTPATOB) WH-
TEHCUBHO IIPOBOAATCS KpoMe «Mprupeamera» B
nHctutyTax LIHWT'PU n Apyrux Hay4YHO-UCCAE-
AOBaTeALCKUX IeHTpax Poccuu u ctpan CHI'.

O06o00111as1 BhITIEe CKa3aHHOe, MOKHO CAEAATh
o0lee 3aKAIOYeHHE, YTO OaKTepUuaAbHOE U (Pu-
3UKO-XMMHUUYECKOe OKHCAEHUEe 30A0TOCOAEpIKa-
IMX MUHEPAAOB, PYA M KOHIIEHTPATOB AOAYKHO B
IIEAOM OKa3bIBATh OAQTOIPUITHOE BO3AEHUCTBUE
Ha YIIOPHBIE 30A0TOPYAHBIE MaTePHUAABI.

OCHOBHBIMU ITPOOAEMAaMU U3BACUEHUS AWC-
IIEPCHOTO 30A0Ta U3 PYA ¥ TEXHOTEHHBIX OTXOAOB
IIPU UCIIOAB30BAHUM XUMUUYECKUX CIIOCOOOB 00-
oralleHus IBASIOTCA: oOeclleueHUe K HEMY AOC-
TyTIa BBIIIEAQUUBAIOIEr0 pacTBoOpa 3a cueT hop-
MUPOBAHUSI B KPUCTAAAAX MUHEPAAOB-HOCUTE-
AeM AOCTATOYHO Pa3BUTOU CUCTEMBI TOABOASIITUX
MUKPOTPEIIUH U ITOP; BEIOOP 3P PEKTUBHOMN CUC-
TEeMbI OKMCAUTEAEU U KOMIIAeKCOOOPpa3oBaTeAeH,
HapyllaouX IIepBHYHBIE XUMUYECKHUe CBS3HU
Me>XKAy aTOMaMM 30A0Ta U MHHeparooOpasyro-
MU aTOMaMH, a TakKe POPMUPYIOIMIUX C HUM
OOAee yCTOUYWBBIE CBA3U B CPABHEHUU C TEMU
SAeMeHTaMH1, C KOTOPBIMU OHO CBS3aHO M3Ha-
YaAbHO B MUHEPaAbHOM MaTpUlle; pellleHre BOIl-
POCOB C MOCAEAOBATEABHBIM U ITPOAOAKUTEAD-
HBIM BBIXOAOM 30A0Ta B JKUAKYIO (ha3y, 00yCAOB-
AEHHBIM Pa3AUYHBIMU (POPMaMM €ro HaXOJKAe-
HUS, @ COOTBETCTBEHHO PA3ANYHBIMU YCAOBUSAMU
€ro paCTBOPEHM U IIepeoCa’)KACHUEeM 4YaCTH pac-
TBOPEHHOTO B IIepBble MUHYTHI MeTaANd Ha MUHe-
panbl- COPOEHTHI.

AAd moBwINIeHNA 3(PPEKTUBHOCTH U3BAECYE-
HUS AMCIEPCHOrO 30A0Ta HeoOXopAuMMO olecrie-
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YUTh PEAAM3AIUI0 KOMIIAEKCA B3aMMOCBS3aH-
HBIX TIPOIIeCCOB, HalTPaBAEHHBIX Ha pellleHue OT-
MEeUeHHBIX BbIIlle IIPpoOAeM, a WMMEeHHO: Ipo-
[IeCCOB OKUCAUTEABHON TOATOTOBKHU ITYABITBI, AO-
KAABHOT'O (IIA€HOYHO(PAa3HOIO) ITMaHWPOBAHUI,
MIPeABapUTEABHOMN COpOIUYM IIpUMecel 30A0Ta U
OCHOBHOM COpOIUM 30A0Ta.

AAs pellleHus NMOCTaBAEHHBIX 3aAa4 TBOP-
yeckKas Ipylmna yd4eHbIX UUTHHCKOro (huamasa
UT'A, CO PAH o0beprHMAA TEXHOAOTUHN KIOBET-
HOT'O ¥ KyYHOTO BBHIIIEAQUUBAHUS C NCIIOAB30Ba-
HUEeM pa3AWYHBIX IIPOIEeCcCOB aKTuBanmu. Ha
OCHOBAHUM ITPOBEAEHHBIX MCCAEAOBAHUU aBTO-
pamu: CekucosbM A.T"., Pesunkom IO.H., ITymu-
arosou A.B., KopoaeBsim B.C., Konopesou T.T'.,
ObIAa pa3paboTaHa anlapaTypHO-TEXHOAOTHYEC-
Kas CcxeMa OIBITHO-TIPOMBIIIAEHHOMN YCTaHOBKU
KIOBETHO-KYYHOTO BBIIIEAQUUBAHUA MeTaAAd C
KOMOMHUPOBAHHBIMU  METOAAMU  OKHUCAEHUS
CYABUAHBIX 30A0TOCOAEPIKAIIUX PYA C AHUC-
IIepCHBIMU (pOpMaMHu 30A0TaA.

DparMeHT TeXHOAOTUUYECKON CXeMBI KIOBET-
HO-KYYHOI'O BBIIIEeAQUUBAHUSA PYA C AUCIIEPCHEI-
MU pOpMaMM 30A0Ta IIPEACTABAEH Ha puc. 1.

[TepepaboTKa pPa3AWYHBIX THUIIOB CYABMDUA-
HBIX 30A0TOCOAEPIKAIINUX PYA CO CMEHHBIMU OAO-
KaM{ ABOMHOTO OKWCAEHUSI OCYIIECTBASIETCS IIO
CAEAYIOIIUM BapHaHTaM: CAOKHOCYAB(PUAHBIX
NUPUT-XaAbKOIIUPUTOBLIX M CYAB(MHUAHO-COAE-
BBIX DPYA C HENPOAYKTUBHBIMHM BKAIOUEHUSIMU

YTAUCTOTO  BellecTBA —  (POTOIAEKTPOXU-
MHUYECKOe U OMOOKHUCAEHUE; CYAb(OUAHO-CYABb-
(POCOAEBEBIX (OAEKABIE DYABI) — (DU3UKO-XUMU-

YyecKoe U OMOOKHCAEHWE U CYAbPUAHO-CYABGO-
COAEBBHIX C BKAIOUEHHSIMU 30A0TOCOAEPIKAIIEro
YTAMCTOTO BeIllecTBa — (POTOXUMHUYECKOe U
9AEKTPOXMMHUYECKOe OKUCAEHNE (PHC. 2).
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B 3aBucMMOCTU OT BelleCTBEHHOI'O COCTaBa
PYABI KIOBETHO-AaKTHBAIIMOHHOE BHIIIEAQUMBAHUE
C ABOMHBIM OKHMCAEHUEM U COPOITUEeN OCYIIECTBAS-
eTcs C TIPUMEHEeHMEeM Pa3AMYHbLIX ITOAUpeareH-
THBIX KOMIIAEKCOB.

OpAHUM U3 IIyTel IOBBIIIEHUS HU3BACUEHUS
AUCTIIEPCHOTO 30A0Ta IBASIETCSI HCIIOAB30BAHHE
COYEeTaHUS ITOATAITHOM aKTUBAITMOHHOM 00paboT-
KU IIYABI, CYIJHOCTH KOTOPOM 3aKAlOuaeTcs B
CAEAYIOIIEM.

Ha mepBoMm sTame 3a cYeT MCIOAB30BaHUS
SAEKTPOXUMUYECKOM 0OPabOTKHU C MAABIM 3HaUYe-
HUeM HalpsS>KeHUs Ha IAeKTPOAAX (B UHTEepBaAe
5-20 B, B 3aBUCUMOCTU OT BUAA NMPUMEHSIEMBIX
MCXOAHBIX PEAreHTOB) U OOAy4YEeHUS IPUAHOAHOU
30HBI YABTPA(UOAETOBBIM CBETOM (DOPMUPYIOT
KOMTIIAEKCHI aKTUBHBIX UOH-PAAMKAABHBIX COEAM-
HEHUU KHCAOPOAA ¥ BOAOPOAA.

ITpu aTOM B IIpMaHOAHOM YacCTH, €CTEeCTBEH-
HO, OyAyT IIpeoOAapaTh MIPOTOAM3UPOBAHHBIE
(KMCAOTHBIE) KOMIAEKCHI, @ B IPUKATOAHOM Yac-
TU - TUAPOKCUABHBIE (1lerouHble).Ha BTOpoOM
3Talle OCYIeCTBASIETCS OOBbeAUHEeHUe IIOpLUM
IIYABIIBI, TPOIIEAIITNX aHOAHYIO U KaTOAHYIO 00-
paboTKy UAu chOPMUPOBAHHYIO Ha ODa3e COOTBe-
TCTBEHHO @aHOAWTA U KQTOAUTA.

B 30H€ 00BepAHEHN S TYABIIBI TOABEPTatOTCS
MATKOMY, TACIOIIEMY SAEKTPOPa3paAy, KOTOPHIN
UHTEeHCUPULUPYET PeakIIuu Me>XKAY IPOTOAN3H-
POBAHHBIMHU U TUAPOKCUABHBIMU KOMIIAEKCAMMU.

NuaTencudukranys 3TUX peakiiuii B OCHOB-
HOM O0O'beMe IIYABIIBI 00eCIIeYnBaeTCs CBETOBBIM
U YABTPA(PUOAETOBBIM U3AYUEHUEM, NCXOAIILIUM
OT pa3psIAHBLIX KaHAAOB.

[TocKOABKY IPOTOHBI (MOHBI BOAOPOAQ) SB-
ASFOTCSI HOCUTEASIMU TOAOKUTEABHBIX 3AEKTPHU-
YEeCKUX 3apsA0B, @ TMAPOKCHUA-UOHBI - OTpUIIa-

Pyda 3aboliHoll kpyriHocmu
Kknacc -300 mm

3-x cTagmanbHoe fpobneHne

LpobreHas pyda
knacc -3 mm —70 %

KioBeTHOe aKTBU3alWOHHOe BhbiljenadneaHue

(CO CMEHHBIMW aKkTUBU

LUMOHHBIMYK BriokamMm)

OnekTpocopbums

\ 4

Ha rmgpoupknoHupoBaHue (ppakymoHNpoBaHue)

Xeocmbl nepguyHoUl
nepepabomku

Cmona
(HacbiUieHHBIU yeorb) ¢

Ha SnneposaHne

Puc. 1. @®parMeHT TEXHOAOTMYECKOH CXeMbI KIOBETHO-KYYHOTO BhIIIEAQYUBAHUS PYA C AUCIEPCHBIMH (hop-

MadM4 30A0Ta.
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| CynbbuaHas 3010TOCOeprkalia s pyaa MKl IPOAYKTHI €€ mepepadoTKu |
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CroxHocynbduaHas Cynbdunno-cynbdoconenas
(nuput+ (Briexsbie py/Ibl)
+XaTbKOMUPHUT) CuzAsS;+CusSbS;

FeS,+CuFeS+
+PbS+ZnS

Cynbpupno-conenas ¢
HENPO/y KTHBHBIMH
BKJTIOUEHUSIMU YITTHCTOTO
BEIIECTBA

Cynsdunno-cynsdpoconenas
(cynbdu gHO-YIIHCTAN) C
BKITIOUCHUSMH
30J10TOCOEPIKALIUX YITIUCThIX
BEIIECTB

| N

Dus-xum-+61o

KioBetnoe
AKTUBAIMOHHOE

BBIIIC/IAYUBAHUEC

DoTtosnekrpoxumM+omo

€O CMCHHBIMU
Gnokamu
JIBOMHOTO
OKHCIICHUS U

copbuuu r

DOTOXUMTBIIEKTPOXUM

~
iy

| Ky'JHOC BBIIICIIAYMBAHUC XBOCTOB nepnuql—mﬁ " RTOpI/ILIHOl?‘I ncpepaf)(mm |

| JIByxcTauitHoe copOIMOHHOE IMaAHMPOBAHHE |

HBIMMA ME€TOAAMHU OKHUCAEHUSI.

TEABHBIX, TO TIPU XMMHUUYECKOM B3aUMOAEUCTBUN
CoApepsKaIIUX MX KOMIAEKCOB OYAYT BO3HUKATh
AOKAAbHBIE ABYX3apSAHBIE MUKPOTOKY, @ COOTBe-
TCTBEHHO CAOJKHBIE 110 CTPYKTypP€e CUAOBBIX AU-
HUM lIepeMeHHble MarHUTHBIE MUKPOTIOAs. Haxo-
MSATITUECS B )KUAKOM (pa3e TMAPaTUPOBaHHLIE pea-
reHTHBIE KOMIIAEKCHI 110 CYIIECTBY SIBASIOTCS MO-
AYASITOPAMU AN TAKUX IIOAEH, &, CAeAOBATEABHO,
OKa3bIBAIOT BO3AEUCTBME HA aTOMbI DAEMeH-
TOB-IPUMECEN B KPUCTAAAWYECKOMN peIeTKe,
aHaAAOTHUUHOE 10 CBOEU IIPUPOAEL IAEPHO-MarHuT-
HOMY Pe30HAaHCY. B pe3yAbTaTe aTOMBL OAQTOPOA-
HBIX METAAAOB, HAXOAAIINECS B KPUCTAAAMYEC-
KOHU pelreTke, OyAyT U3MEHATh 4aCTOTy KoAeba-
HUM, COOTBETCTBEHHO MOBHINIAETCS BEPOSATHOCTD
pa3pbiBa UX CBA3€M C aTOMaMU KPUCTAAAMYEC-
KOM pelleTKH U TBeppodasHou apnddysuu. [Tpu
HAaAUYUM AOCTATOYHO PA3BUTOM CHUCTEMHI ITOP U
MUKPOTPEIINH, @ TaK)Ke COOTHOIIIEHMS TTAOIIaAU
1 oObeMa caMOTO MUHEPAaAbHOTO 3epHa, obecIie-
YMBaeTCd BO3MOKHOCTH HAKOMAEHUS aTOMOB
IpuMecell y BHENIHUX U BHYTPEHHUX IOBEp-
XHOCTeU paspera ¢as (ctpykrypa LHorTku).
CAepOBATEABHO, B UTOTE MOBHIIIAETCSA U BEPOST-
HOCTb B3aWMOAENCTBUS ATOMOB OAATrOPOAHBIX
METAAAOB C peareHTHBIM KOMIAEKCOM U UX IIepe-
X0 B JKUAKYIO (pa3y. Ilpu 3ToM cCylllecTBEeHHO
cHU>KaeTcss d(PdeKT mnepeoca>kAeHUsS PacTBO-

V
Au

Puc. 2. MoaeAb nepepadoTKy Pa3ANYHBIX THUIOB CYAB(MUAHBIX 30A0TOCOAEPIKAINX PYA C KOMOMHAPOBaH-

PEHHOT'0 30A0Ta HAa COPOIIMOHHO-aKTUBHEIE MEA-
KHe 4aCTULBl TAWH, CAIOA, YTAUCTOTO BellleCTBa.
TakuM 06pa3oM, TEXHOAOTHS KIOBETHO-KYy4-
HOTO BBIIIeAQUMBAHUSA 30A0Ta CO CMEHHBIMU aK-
THUBAIJMOHHLIMYU OAOKAMU aAAlTHPOBAaHA K TUITY
PYABI M1 €€ TEXHOAOTUYECKOM YIIOPHOCTHU M ITO3BO-
ASeT MOBBICUTH 3(P(PEKTUBHOCTh U HW3BACUEHUE
30A0Ta IIpU I[epepaboTKe Pa3AUYHBIX TUIIOB
CyAbPUAHBIX Py 60Aee yeM Ha 20 %.
PaspaboTaHHasg TeXHOAOIMS KIOBETHO-KyU-
HOTO BHIIIIeAQUMBaHUS UMeeT OOAbIIINe [IepCllekK-
THUBBI IIpU IlepepaboTKe YIOPHBIX 30A0TOCOAEP-

JKAIIUX PYA.
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OAVHAMUYHECKOE rALLUEHUE YIMNPYITUX
KONEBAHUU UCMNONMHUTENbHDbIX
MEXAHU3MOB POBOTOB

OAHOU M3 aKTyaABHBIX IIPOOAEM CO3AAHUSA
MIPOMBIIIIAEHHBIX POOOTOB SBASIETCS ITpOoOAeMa
OTpPaHUYEHUsI YIPYIUX KOAeDAHWU UCIOAHU-
TEeABHBIX MEXAaHU3MOB B IIE€PEXOAHBIX PEKUMax
paboTel [1]. [TepclieKTUBHLIM ITyTEM ee pellleHNs
SIBASIETCS UCIIOAB30BaHUE AMHAMUUYECKOM B3au-
MOCBS3aHHOCTU ABUJKEHWU IIO0 OTAEABHBIM CTe-
IIEHSIM ITOABUJKHOCTU HCIIOAHUTEABHOI'O MeXa-
HH3Ma B IIpollecCe peaAu3alluy yIIPaBASIEMOTO
ABWKeHU4. [Ipy 3TOM BO3MOKHaA pearnsalius pe-
KMMOB AMHAMWYECKOTO rallleHns yIIPyTruX KOAe-
0aHUU 3a CcueT, HAIIpUMep, KOPUOAUCOBBIX CHA,
BUOPAIIMOHHOTO PErYAMPOBAHUS ITyTeM OpPTaHM-
3aIM¥M BBICOKOYACTOTHBIX BO3AEUCTBUM Ha I1apa-
MeTpPhl KOAeOATEeABHBIX CHUCTEM II0 OTAEABHBIM
CTeIleHSIM IIOABUYKHOCTHU CO CTOPOHBL ADYTI'UX CTe-
IeHel, yIpaBAsIeMOro, B TOM YHUCA€ CKauKooO-
Pa3HOTO, U3MEHEHNUS YIIPYTUX, UHEPIIMOHHBIX U
AVICCUTIQTUBHBIX XapPaKTEPUCTUK UCTOAHUTEAD-
HBIX MEXaHM3MOB. B HacTod1el CTaThe UCCAEAY-
IOTCI BO3MOJKHOCTH 3TOTO CIIOCO0a aKTUBHOU
KOMIIEHCAIIUN YIIPYIUX KOAeOAHUU WCIIOAHU-
TeAbHBIX MEXaHU3MOB POOOTOB.

Kak Onino mokazaHo B paboTe [1], Koaeba-
TeAbHBIE ABHJKEHMS IO OTAEABHBIM CTEIleHSAM
MOABVKHOCTU HCIIOAHUTEABHBIX MeXaHU3MOB
POOOTOB OKAa3bIBAIOTCS CHUABHO CBSI3aHHBIMU
Me>XKAY COO0U Aa’Ke B pe’kuMe MO3UIMOHNPOBAa-
Hus. CBA3aHHOCTh 3TUX ABUKEHUU BBI3bIBAETCS
WHEePIIMOHHBIMU M YHOPYTUMU cuAamMu. Hampu-
Mep, B poOOTax C TpeMd NOCTyIIaTEABHBIMU ITapa-
MM UAU ABYMS IOCTYIIATEABHBIMU M OAHOM Bpa-
IIaTeABHOM ITapol U3MeHeHUsT KOOPAUHATHI BbI-
A€Ta UCTIOAHUTEABHOTO MeXaHM3Ma HPUBOAAT K
W3MeHEHUSAM ITPUBEACHHOW MacChl, Ko3dduiim-
€HTOB JKeCTKOCTU U AeMndupoBaHusa. B poboTax
C OAHOM IIOCTyHaTEeABHOW U ABYMS BpalllaTeAb-
HBIMU ITapaMHu yKa3aHHble KOIDPUITUEHTHI OKa-
3BIBAIOTCS 3aBUCUMBIMU HE TOABKO OT KOOPAWHA-
TBI BEIAETQ, HO M OT KOOPAMHATEL IOBOPOTA PYKHU
BOKPYT TOPU30HTaABHOU OcH. Ellle OOABIIIasa B3a-
MMOCBSI3aHHOCTb MEKAY KOAeOATEeABHBIMU ABU-
SKeHUSIMU HaOAIOAQETCSI B UCTIOAHUTEABLHOM Me-

XaHU3Me poOoTa C TpeMs BpalllaTeAbHBIMU ITapa-
MU.

HccaepyeM BO3MOSKHOCTH AMHAMUUECKOTO
ralleHuss YOPyTuX KOAeOaHUM IO KOOPAWHATE
IIOBOPOTA UCIIOAHUTEABHOI'O MEeXaHKU3Ma po60Ta.
YpaBHEeHUSI YNPaABASIEMOIO ABWJKEHMS IIO 3TOU
KOOPAVHATE UMEIOT BUA

m,q5AG, +2m,q .44 5Aq, +(3EJ1 /Q-3 )Aql =
=_m3q'23q-1 —2m,q 5G9 (1)
(Jz +J +m3q.23)q'.1 +m3q?3A‘j1 +

+2m3q.3q'.3(q.1 +Aq1):0v (2)

rAeq., - KOOpAUHATA IIPOTPaMMHOTIO ABUJKEHUS B
HaIpaBAEHUU HOBOPOTA UCIIOAHUTEABHOTO MeXa-
HU3Ma pobOTa;

g .; - KOOPAMHATa TOPU30HTAABHOTO IIepeMe-
OIeHUS UCIIOAHUTEABLHOTO MeXaHN3Ma;

Agq, — yupyraga pepopManus UCIOAHUTEAb-
HOTO MeXaHU3Ma B HallpaBAE€HUU II0BOPOTQ;

m, — IPUBEACHHAA Macca 3BeHa 3 UCIIOAHU-
TEeABHOI'O MeXaHU3Ma;

E — MOAYAB yIPYTOCTH MaTepHand PyKY;

J, - 0ceBOM MOMEHT UHePIINUA CeUYeHUs PYKU
OTHOCHUTEABHO F'OPU30HTAABHOU OCH;

J, — MOMEHT NHepIINU BePTUKAABHOU KOAOH-
HBI;

J,, — MOMEHT MHepIUHN NIPUBOAA IIOBOPOTA
UCIIOAHUTEABHOrO MeXaHusMa [1].

B mHauane paccMoTpuM CBOOOAHBIE KOAeDa-
HHS UCIIOAHUTEABHOI'O MeXaHMu3Ma 0e3 yueTa ux
B3aMMOCBS3U C IIPOIPAMMHBIM ABUKEHUEM U KO-
PHOANCOBOM CUABI MHEPIUU.

C 5TOl LleABIO IIpUBEAEM ypaBHeHUe (1) K
BUAY YpaBHeHHU Martbe [3]|, Ipeapnonaras, 4To
KOOpAMHATA BBIAETA q ., U3MEHSIeTCs 10 FapMOHU-
YeCKOMY 3aKOHY OKOAO CPEAHETO ITOAOKEHUS

q.5 =qq +acospt, 3)
TA€( 5, - IOCTOSTHHOE 3HA4YeHHe KOOPAUHATHL; d, P
- aMIIAUTYAQ ¥ 9acTOTa KoAeOaHUM.
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C yueTtoM (3) ypaBHeHUe (1) IpUMET BUA

L pgic0.

AG, +
: m,(q, +acos pt)®

[Tonarag aMIAUTYAy a KOaeOaHUN BeCcbMa
MAaAOM II0 CPAaBHEHUIO C BeAMYNHOMH @, Ipeodpa-

3yeM COMHOXXMTEeAb KOOPDAUHATEL Ag, K CACAYIO-
1IeMy BUAY

3EJ,
m,(q,, +acos pt)®
3EJ,

T — g
m,(q 3, +3aq;, cos pt)

_ 3EJ, [1_3acosptj
m,qs, q 30

ITopcTaBasigs BeIpakeHue (5) B (4), Oyaem

UMeTh
AG, + 3EJ; (1_3acos ptqu1 _o. (6)

m;q s q3

[Tepexops kK Oe3pa3MepHOMY BpEMEHHU T

(2t = pt) c yueToM TOTO, 4TO

d’Aq, _p* d’Aq,

dt’ 4 dt’

BMeCTO (0) MOAy4YMM ypaBHeHHe Marbe B CTaH-
AAPTHOU popMe

~
~

2
ddTAqu+(n—28 cos 2t)Aq, =0, (#)
12EJ, 18aEJ,
TAe M= 7 3 €7 2 4"
m3p gz m3;p g3
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e, VT

Vi

KoaddunueHTs N U €, BXOAAINE B yPaBHe-
HUe (7) W XapaKTepHusylolle COOTBETCTBEHHO
OTHOIIleHWe COOCTBEHHOM YaCTOTHl KOAeDaTeAb-
HOW CHUCTEMEI IIPU CpeAHEM 3HAUeHUU llapaMeT-
pa K 4acToTe M3MeHeHUs IlapaMeTpa U CTelleHb
U3MeHeHUs 3TOro llapaMeTpa, IIOAHOCTBIO Olipe-
AEASTIOT YCTOWYUBOCTL ABHJKEHMdI. 3HaueHUS
3THUX IIapaMeTPOB MOTYT OBITH BBIOPAHBI C IIO-
Mo1Ibio TabAuI, ArtHca-CTpeTTa, TPUBEAEHHBIX,
Hampumep B [4].

INoka>keM, 4TO ITyTEM BUOPAITMOHHOTO U3Me-
HEeHMs KOOPAMHATHI q.,BBIAETA PYKHU IO 3aKOHY
(3) MO>KHO OCYIIIeCTBUTH rallleHre YIIPYTIuX KoAe-
OaHul Ag, 110 KOOPAMHATE ee II0BOPOTa B PEFKU-
Me IO3UIIMOHUPOBAHUA.

[MpumeM chepyrolllie 3HaUeHUS IapaMeT-
poB: m, = 35kr; E=2,1-10"H/M*; J,= 0,6-10"m"; q,,
=1,0m.

Ilpu 3TMX napameTpax cOOCTBEHHAs 4acTo-
Ta YIPYruX KoreOaHUM COCTaBUT

®, =3EJ, / myq3 =3286c".

CBoOOAHBIE KOAEOAHUS MCXOAHOM CHUCTEMBI
0e3 IIpaBou 4acTh, OYAYT OIIPEAEAATHCS HauaAb-
HBEIMH YCAOBUSMM ¥ UMETh He3aTyXaloIuh Xa-
pakrep. Mi3sMeHeHNe )Ke KOOPAWHATHI § .,,COTAAC-
HO (3), IO3BOASET CHU3UTD @MIIAUTYABL U IIPOAOA-
JKUTEABHOCTh yIPYyTuUX KoaebaHul. B KauecTBe
UAAFOCTPAIIMU, Ha puc.l mpuBepeHBI Tpapuku
VIPYTUX KOAeOAHUU II0 KOOPAWHATE IIOBOPOTA
PYKHU Ag,, TOAyYEeHHBIE IPU HaYaAbHBIX YCAOBUSX
Aq,(0)=001m; Aqg,(0)=0, 3HauYeHHMH YACTOTEL
p=20, u amnaurypax a=0,00Im (puc.l,a) u
a=0,002m (puc. 1,0).

0.015 oo S R R :
001 e - — 1

0.005 {-{i-1}+

0,005 JEHAL |

-0.01

0.015 i i i i j
o

0)

Puc.1. I'padukn cBOGOAHBIX KOA€OaHUI IIPU BHICOKOYAaCTOTHOM U3MEHEHNH BbIAETa PYKH.
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Puc. 2. I'pauku cBOGOAHBIX KOA€OaHM IPY MTHOBEHHOM N3ME€HEHHHU BhIAETa PYKH.

PaccmoTpyuM BO3MOSKHOCTB rallleHus yIIpy-
Ir'uX KOAeOAHUM IT0 KOOPAUHATE II0OBOPOTA PYKHU C
MIOMOIIbI0 CKAYKOOOPa3HOTO M3MEHEeHUS KOOp-
AWHATHL q ., BBIAETA. ABUJKEHHE 110 3TOM KOOPAU-
HaTe IOAUMHUM CAEAYIOIIUM 3aKOHaM:

q., =09 ecau sign(Aq, -Aq,)>0; (8)
q., =10 ecau sign(Aq, -Aq,)<0;

q., =08 ecau sign(Aq, -Aq,)>0; 9)
q., =10 ecau sign(Aq, -Aq,)<0.

I'pacbuku ynpyrux KoreOaHUM PyKHU IIPU TEX
JKe HaYaAbHBIX YCAOBUSX M U3MeHEHHUSIX KOOp-
AWHATHI g .,, COTAACHO BeIpasKeHU (8) u (9), npu-
BEAEHBI COOTBETCTBEHHO Ha PUC.2,a U puc.2,0.

W3 rpacpukoB caepyeT, YTO MTHOBEHHOE U3-
MeHeHNe KOOPAWHATHI G ., BBIAETA PYKU IIPHUBO-
AUT K 3aTyXaHUIO YIIPYTUX KoAeOaHuM Ag, 110 KO-
OpAUHATe ee MOBOpoTa. [IpuueM, 3To 3aTyxaHue
TeM MHTeHCUBHee, YeM OOABIlle BeANYNHA U3Me-
HeHUus BbIAeTa (puc.2,0).

Kopunoancosa cuaa HHEPIIMU CIIOCOOCTBYET
AEMII(PUPOBAHUIO YIPYTUX KOA€OQHUN PYKU B
HaIpaBAeHUU ee IOBopoTa. 'pachukm ynpyrux
KOAeOaHUH , IOAYYEHHEBIE HA OCHOBE YPABHEHUS
(1) npu Tex ’Ke HAYAABHBIX YCAOBUAX U CKOPOC-
TSIX, COOTBETCTBEHHO pAaBHBIX (., =00 M/c u
g ., =10 m/ ¢, moka3aHbl Ha pucyHke 3,au 3,0 COOT-
BETCTBEHHO.

Kaxk caepyeT U3 rpaUKoOB, yBeAnUeHUE CKO-
POCTHU BEIABUIKEHUS PYKH (., CIOCOOCTBYET 3aTy-
XaHUIO YIPYIuX Korebanuu (puc. 3,0). Takum 00-
pas3oM, yIpaBA€HHEe BEAMYMHOMN CKOPOCTH (.,

BBIABIJKEHMS PYKH IIO3BOASIET TOAYYHUTH 3(-
deKT, aHAAOTUYHBIU 3PPEeKTy AUHAMUUECKOI'O
raiieHus, peaAnu3yeMoro myTeM IepeMeleHus
AOTIOAHUTEABHOM MaCChI BAOAB PYKH [J].

HccarepyeM BAUSIHHE B3aMMOCBSI3aHHOCTH
MIPOTPaMMHOTO U KOAeDATEeABHOTO ABUKEHUU Ha
UHTEHCUBHOCTE TallleHns: Koaebanui. [Ipu saTom
ypaBHeHu4 (1), (2) 6e3 yueTa BAUSHUSI KOPUOAU-
COBOM CHABL UHEPLUU IPUMYT BUA

m3q.23A('j1 +(3EJ1 /q'3 )Aq1 =—m3q.23q.1; (10)
(Jz +J +m3q'23)éf'1 +m3q'23ACf1 =0. (11)

CooTtBeTrcTByIONNE rpaUKU IIPU CKAYKO-
00pa3HOM H3MEHEHUU BBIAeTa PYKH, COTAACHO
3akoHaMm (8) u(9), mpu J, = 6 kr-m’, J, =10 kM’ u
HAYaABHEIX yCcAOBUAX: q.,(0)=0, Ag,(0)=0001 mm,
npuBeAeHBl Ha puc.4,a u 4,6. CpaBHeHUe 3TUX
rpaduKoB C TpaduKaMu, TPUBEAEHHLIMU Ha
PHC.2, TOKa3bIBAET HEKOTOPOE YXYyAlleHue 3(-
(PeKTUBHOCTH TrallleHUsA KOAeOaHUM IIpU ydeTe
B3aUMOCBSA3aHHOCTH IMPOTPaMMHOTO U KoAaeba-
TEABHOTO ABUJKEHUM IO KOOPAMHATE IOBOPOTA
UCTIIOAHUTEABHOTO MeXaHU3Ma.

OAHOBpPEMEHHBIN yUET B3aUMOCBSA3aHHOCTHU
MIPOTPaMMHOTO U KOA€DATEeABHOT'O ABV>KEHUN 110
KOOpPAUHAaTEe ITOBOPOTA PYKU U KOPHUOAUCOBOU
CHABI MHEPIIUH, COTAACHO YpaBHeHUAM (1) u (2),
IIPUBOAMUT K ellle OOABIIEMY CHUKeHUIO 3 dek-
TUBHOCTU TallleHUsI KOAeOaHUM 3@ CYeT CKayKo-
00pasHOro m3MeHeHHs BbIAeTa PyKU. CooTBe-
TCTBYIOIIUE rpadUKU IIPU CKAYKOOOPA3HOM M3-
MeHeHUU BbIAeTa IT0 3aKoHaM (8) u (9) mpu Tex ke
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TH ABHJKEHHM.

HAYaAbHBIX YCAOBHSX IIPHUBEAEHBI Ha pHUC.5,a U
5,0.

B To >)Ke BpeMs 10 CpaBHEHUIO CO CBOOOAHBI-
MH KOAeDOAHUSIMHU MCXOAHOM CHUCTeMBI KoAeba-
TeAbHbIe ABU)KEHUS NCIIOAHUTEABHOI'O MeXaHU3-
Ma UMeIOT 3aTyXaolui XxapaKTep.

Ha ocHOBe AMHAaMHYECKOTI0O B3aUMOBAUSIHUS
ABVJKEHUM UCIIOAHUTEABHBIX MEXAHU3MOB POOO-
TOB MOTYT OBITh PEaAU30BaHbI U APyTHe IIpUEeMEI
AKTUBHON KOMIIEHCAIIUU YIPYTUX KOAeOaHUM.
Hampumep, 3a c4eT CUABHOM CBI3aHHOCTHU ABU-
SKEHMU IIAOCKOI'O ABYX3BEHHOI'O MaHUIIYAITOPA
A@Ke B pekKmMe TO3UIIMOHWPOBAHUI UMEEeTCS
BO3MOJKHOCTb IIOAQBACHUS VIPYIUX KOAeOAHUMI
OAHOTO U3 3BEeHbeB IIyTeM COOTBETCTBYIOIIUX
ABUJKEHUM Apyroro 3BeHa [1]. Kpome Toro, B ma-

0.005§-H-

-0.005 - A{- -
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Puc. 4. I'paduku ynpyrux koredaHu Npu MTHOBEHHOM N3MEHEHNN BbIA€Ta PYKH U yueTe B3auUMOCBSI3aHHOC-

HUNYASILMOHHBIX POOOTaX, pacloAarariiux co-
OTBETCTBYIOUIUMU OPUEHTHUPYIOUIUMU CTeleHdI-
MU TOABUXKHOCTHU, UMEEeTCSI BO3MOJKHOCTBH MC-
TTOAB30BaHUSA [TeA€HATIPAaBAEHHBIX ABUJKEHUM pa-
00UYNX OPTaHOB (CXBATOB C I'Py30M UAM paboyero
UHCTPYMEHTAa) AAd oOeclieueHus, HallpuMep, ak-
TUBHOT'O AWHAMWUYECKOTO TallleHus YIPYTUX KO-
Ae0aHMM UCIIOAHUTEABHBIX MEXaHU3MOB B HYXK-
HOM HamnpaBaeHUU. OUEBUAHO, UTO IPU AOCTa-
TOYHOM OBICTPOAEUCTBUM NPUBOAOB IIpOTpaM-
MHBIX ABUJKEHUM CYILIeCTBYeT IPUHITUINAAbHAS
BO3MOJXXHOCTh peaAu3aliiu 3a CYeT B3auMOCBSI-
3aHHOCTU OTAEABHBIX ABUXKEHUMN UCIIOAHUTEAB-
HBIX MEXaHU3MOB POOOTOB.
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VPKYTCKWI FOCYLOAPCTBEHHbBIV YHUBEPCUTET MYTEN COOBLLEHMUA

Tronuu B.H.

YAK624.13.54

BINAHUE BUBPOOUHAMWYECKOIO
BO3AENCTBUA OABUXYLLEIOCH
NMOE3AA HA YCTON4YMNBOCTD OINOP
KOHTAKTHOU CETU N BE3ONMACHOCTDb
NMEPEBO30O4YHOI'O NMPOLIECCA

CopeprKkaHre OMOPHOTO XO3SIMCTBa >KEAe3-
HBIX AOPOT COIPSIPKEHO CO 3HAUUTEABHBIMU TPYA-
HOCTSIMU M 5dKOHOMHWYECKUMU 3aTpaTaMu. Kpome
TOI'0, CBOEBpEMEHHOe pellleHre IpoOAaeMbl o0ec-
IeYyeHUsI yCTOMYMBOCTH OIIOP KOHTAKTHOU CeTH U
BO3AYIIHBIX AMHUU 9A€KTPOCHAOKeHUs obecIie-
YyyBaeT HeOOXOAWMBIM YpPOBeHb 0e30IaCHOCTH
IPU ABUKEHUU TTOE3A0B.

B paboTtax [1,2] ykazaHo, YTO OCHOBHOM IPU-
YMHOU HEYCTOMYUBOCTU OIOP KOHTAKTHOM CETU
SIBASIETCSL  IIYYUHUCTOCTH  CE€30HHO-MEP3ABIX
I'PYHTOB. ABTOPBI CUUTAIOT, YTO UMEHHO CEe30H-
HBIE ITPOIeCCHl MMyYeHUs M OCAaAKM I'PYHTOB, I10-
BTOPSIIOLIMECS U3 T'OAQ B I'OA, BBIIIYUYUBAIOT (IIO-
CTelleHHO BBIAABAUBAIOT M3 I'PYHTA) OIIOPEI KOH-
TAKTHOM CeTU C IIOTeper UX YCTOUYUBOCTHU, YTO
IIPUBOAUWT K UX ITAAEHUIO. 3AECh JKe aBTOPHI 'OBO-
PAT O TOM, UYTO 3KCIAyaTallMOHHBIE HArpys3kKu
YCKOPAIOT MOTEPIO0 YCTOUYUBOCTH OIIOP.

OaHaKo, B IA@HE BBLITYYUBAHUS OIOP KOH-
TaKTHOM CeTU UMEIOTCS HEeKOTOphle BO3payke-
Hus. HabAtopeHMs 3a CTOAOAMU M OTIOpaMu HaXo-
AAIMMUCT B HUTUHCKOM oOAacTu (rayOnHa ce-
30HHOT'O ITPOMEP3aHusl 'PYHTOB AOCTUTaeT 4 M)
BAAAU OT >XEAe3HBIX AOPOT ITOKa3aAM, YTO OHU
KaK IIPaBUAO He BBINTYUMBAIOTCS U U3 TOAQ B TOA,
HaXOAATCI B CTAaOUABHOM, YCTOUYHUBOM COCTOSI-
Huu. Bmecte ¢ TeM Ha 3a0aiKaAbCKOU JKEAE3HOU
Aopore TOABKO B 2004 T. BEITIPaBAEHO U 3aKpeliAe-
HO 2415, a 3aMmeHeHO 335 o1op KOHTAaKTHOU CeTH,
Ha 4TO IOTpeOoBaroCh 1196 OKOH B ABUKEHUU
MOEe3A0B 001Iel ITPOAOAKUTEABHOCTBIO 2631 yac
— 30% OT mPOAOAKUTEABHOCTH ToAa. B 2005 1.
KOAWYECTBO HEYCTOMYUBBIX OIOP YBEAWUYUAOCH
[2].

[TpuBeAeHHBIM aHaAM3 IIOKa3an, 4TO Ha
YCTOMYUBOCTh OIIOP KOHTAKTHOM CETHU CyIIlec-
TBEHHOE BAUSIHUE OKa3bIBaIOT JKCIIAyaTallMOH-

Hble Harpy3ku — BHOpPOAWHaAMUUYECKOe BO3Ae-
UCTBUE ABVIKYIIIUXCS ITOE3A0B.

LleAbio HACTOSAIEN CTAaTbU SBASIETCSI OIIpe-
AeAeHue CTeTIeHU BAUSHUSA BUOPOAMHAMUYECKUX
Harpy3okK Ha yCTOMYHUBOCTHL OIIOP KOHTAKTHOM
CeTH, YCTaHOBAEHHE 30H AeNCTBUS ITOE3AHBIX Ha-
IPY30K BOAM3H OIOP, & TAK)KEe KPUTEPUS YCTOM-
YMBOCTHU OTIOP.

Hatypuble HaOAopeHUS U (PU3UKO-TEXHU-
YeCKUU aHAAW3 B3aMMOAEWCTBUS MHOABUIKHOTO
CcoCTaBa MO3BOAUA pa3paboTaTh MeXaHU3M BO3-
AEUCTBUS TOABUIKHOTO COCTaBa Ha OAAAACT, 3eM-
ASTHOE TIOAOTHO ¥ OCHOBAHMeE, KOTOPBIN 3aKAIOYA-
€TCSI B PaCIIpOCTPaHEeHUU BOAH pAedopmanuii oT
ABIDKYIIIUXCSI KOAEC. DTO COIPOBOJKAAETCS Tpe-
HUEeM MeJKAY dYacTuiamu IneOHd B Oaanacre,
YIOAOTHEHHEM 3€MASHOTO IIOAOTHA BEPTUKAABHO
BHU3 U CMeIlleHWeM 3eMASHOTO MOAOTHa TOpU-
30HTaABHO BOOK. [ Ipo1iecc cMmelieHUsI 36 MASTHOTO
IIOAOTHA BOOK, TPY HAAMYUN ONOPHI KOHTAKTHOM
CeTH, CO3AAET MEeKAY IINAaAOM U ONOPON 30HY
yIIAOTHeHuUs (puc.l). 3a onopol co3paeTcs 30HA
«KaBUTAIMU» C PA3yNAOTHEHHEM B 3TON 30HE
3€eMASHOTO ITOAOTHA. 30HA YIIAOTHEHMS BEIAABAM-
BaeT BEPXHIOI 3arAyOAEHHYIO YacCTh OIIOPHI, 00-
ecreunBasl ee HAKAOH OT >KeAe3HOAOPOKHOTO
IyTH. 30Ha «KaBUTAIIUM» 00pa3yeTcd 3a CYeT ro-
PU30HTAABHOTO CMEIEeHUs 3€MASHOTO ITOAOTHA
OT KeAe3HOAOPOKHOTI'O IIyTH BHE OIIOPHI (pUc.1).

BHauane ompepeAVM BeAMYUWHY HampsyKe-
HUS CO3AABaeMOro BOAHOM pedopmaniuii B Oan-
AQCTe, 3eMASTHOM TTOAOTHE Y OCHOBAHUU TOA Ae-
UCTBUEM ABUIJKYIIIErocsl Koaeca Mo peabcy. Cor-
AAcHO [3] uH>KeHepHasa (hopMyAa pacueTa BEAU-
UMHBI CKMMAIOIIEero HalPSIyKeHUs UMeeT BUA,
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Puc.1. CxemMa K oOpa3oBaHHUIO 30H AedopMaluil 3eMASHOTO IOAOTHA BOKPYT OIOPbI KOHTAKTHOM CETH.
1-peasbc, 2 — mnaasl, 3- orlopa KOHTAaKTHOM ceTH, 4- 30Ha YIIAOTHEHUS, 5 — 30Ha «KaBUTAI[MU».

0.5
mv?

b, +4mg[ R? +b? O'S—R}
o(r)=| =R ( ) ()
CDGKTﬁ +®3KT3 @ 3

+—%1r
E E E

6 3 0

TA€ m - Macca 4aCTU JKeAe3HOAOPOKHOTO BaroHa,
MEUCTBYIOIIEN Ha AQHHOE KOAECO; L - CKOPOCTh
IIOCTYIIaTEeABHOTO ABMJ)KeHUs Koaeca; m=3,14; R
— papmMyc Koaeca; b, — mmpuHa mnaael; @ - mo-
KasaTeAb AeOPMUPYEeMOCTH 6aaracTa; E - Mo-
AYAb YIIPYTOCTH FOPHOM HOPOABI Oaanacta; @, -
MoKa3aTeArb AePOPMUPYEMOCTU 3€MASHOTO IIO-
AOTHQ; @, - MOAYAB Ae(POpPMaLU 3€MASHOTIO I10-
AOTHQ; T —PACCTOsSTHUE OT KOHTAKTa KOAe-
CO-peAbC A0 paccMaTpuBaeMoi Touky; @, - MoKa-
3aTeAb Ae(POPMUPYEMOCTH OCHOBaHUd; E, - MO-
AYAb YIPYTOCTA OCHOBAHWS, K, - OTHOCHUTEAD-
HbIe 3aTpaThl 9HEPTUU Ha TPeHHe B OaA-
AACTe; K;, - OTHOCHUTEABHBIE 3aTPATHI
9HEPruu Ha TPeHUe B 3eMASTHOM TTOAOT-
He, g- yCKOpeHue CBOOOAHOTO ITapAeHNs.

YupoiieHHas popMyAaa pacuera Be-
AVMUMHBL CKUMAIONIUX HAMPSIKEeHUMN C
y4eToOM CPEeAHUX BEAWUYUH ITapaMeTpOB
n koHctanT (n=3,14, R=0,5m, b,
=025, g= 98 wm/c’, E, =510IIq
E, =310"ITa, Ky =7, Kp3=2, @ =300,

@, =1) umeeT BUA
0.5

016mv? +23m

)
0 |3

o(r)= (2)
108107 +

0
OnpeperrM YHCAEHHO BEAUYUHY
o(r)B BepXHEM M HI)KHEM Y4aCTKaX 3a-
IrAyOAEHHOM 4acTu onopsl (puc.2). Pac-
CTOSIHHE OT PeAbCa AO BepXHel 3arayo-

AEHHOM 4aCTHU ONOPHI paBHO I = 3,5M, AO HUYKHEN
r="7,0M. PacueTsl o popmyae (1) uan (2) npm
m=10"kr, v=20 m/c, ®,=1, E,=10" Ta (mep-
3ABIM CYTAWHOK) ITOKA3bIBAIOT, YTO AASI BepXHeU
3arAyOA€HHOM YacCTH OIOPBI CKUMAlolllee Ha-
IpsKEHNEe COCTAaBASeT G([) =38-10°ITa. Apst HU-

JKHEl 4acTH OIOPHL - GH(I)=1,3-105HCZ, yTO B 3

pasa MeHbIIle, YeM AN BEPXHEN.

OueBUAHO, UYTO BTO U SIBASIETCS OAHOU M3
IIPUYUH HAaKAOHA OIIOPBI B CTOPOHY OT JKEeAe3HO-
AOposkHOTO ITyTH. CAepAyeT TaKKe OTMETUTD, YTO
COIIPOTUBAEHUE 3€MASHOI'O IIOAOTHA B BEPXHEU
3arAyOA€HHOM 4aCTU ONOPBI CO CTOPOHBI OTKOCA
OyAeT CyIIeCTBEHHO MeHbIlle ueM HU)KHeH. OTO
CBS3@HO C YTAOM €CTEeCTBEHHOTO OTKOCA 3€MA-
HOrO IIOAOTHA (puc.2) . HaTypHBle HaOAIOAEHUS
BAOAB JKEAEe3HOAOPOJKHOI'O IIYyTU PACIOAOKEH-
Horo Ha Oepery o3epa KeHoH B r. HuTa, B palioHe

-

>\\>:‘7:'7 =77 7<%

Puc.2. Cxema K pacueTy BeAMYNHbI COKUMAIOIINX HAIIPSKEeHUN
B BEpPXHEM U HUKHEM y4YacCTKaX 3arnyOA€HHOM YaCTH OMOPBI.
1-omopa, 2- mnaaa, 3- 0aanact, 4- HanpaBAeHHE AENCTBUS
BOAH AehopManuii.
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6190 kM moKazaam caepytollee. M3 20 omop co
CTOpPOHEI Oepera 13 (65%) HAKAOHEHBI B CTOPOHY
o3epa. boaee ypareHHBIN OT Oepera psja OIOp
nMeeT HaKAOHHBIMHU 6 oniop (30%) m3 20. OTo yKa-
3BIBAET Ha CYIeCTBEHHOE BAUSHNE BUOPOAWHA-
MHWUECKOTO BO3AEUCTBUSA U PACIIOAOKEHUST OTKO-
Ca 3eMASHOTO IIOAOTHAa Ha YCTOWUYMBOCTHL OIIOP
KOHTAKTHOM CETH.

Ba’kHO OoIpepAeAuTh KPUTEPUM YCTOMYUBOC-
TH OTIOP KOHTAKTHOU ceTu. OUeBUAHO, UTO €CAU
IIEHTP TSJKECTU OIOPHI IIPU €€ HaKAOHE BHIUAET
3@ IAOCKOCTH OCHOBAHM4, TO OIOpa OyAeT He-
YCTOMUYMBOY, TaK KakK B IIpOIlecCe AAABHEUIIIEro
ee HaKAOHA IPUHUMAET yUacThe oTeHITuaAbHAasd
SHEePrus rpaBUTAIIMU ONOPHI (puc.3).

Onopa OyaeT yCTOMYMBOU B TOM CAydYae,
€CAU BeAWYMHA OTHOCUTEABHBIX AedopMalimii
OonpeAeAseTCs U3 BhIpasKeHUs

€< é, (3)
h
rAe A- BeAWYrHa nepeMellleHus Omophl B 00K, h-
ITUPUHA 30HBI «KKABUTAIIUI»,
C ApPYTOU CTOPOHBI BEAWUYMHY OTHOCHUTEAB-
HBIX AePOpMaIlnii MOJKHO OIIPEACAUTD II0 U3BeC-

THOU popMyAe

3n
[ToMuMoO 3TOro, U3 reoMeTpUIeCKUX COO0pa-
KeHUM (puc. 3) MO>KHO COCTaBUTh ITPOIIOPIINIO
A R, 5)
H, 05L,
rae H, - rAyOuHa yCTaHOBKY OIIOPEL, R - AnamMeTp
OIIOPBI B HUJKHEUN 4acTH, L - BBICOTA OIOPEHL.
Comnoctasagga (3), (4) u (5) HOAYYMM KpUTe-
PHUM YCTOMYMBOCTU OTIOPHI KOHTAKTHOU CETU

[G(r)]<2E HR,

To ecTh, BeAMYMHA C’KUMAIOIEro HallpsiKe-
HUS OT BUOPOAMHAMUYECKOTO BO3AENUCTBUSI ABU-
JKYIILErocs Ioe3pa He AOAJKHA IIPEBBIIATh BEAU-
UYKWHBI B IPAaBOU 4acTH (6). C yBeAUUeHUEM MOAY-
Ad pedopMalliil 3eMASHOrO IIOAOTH@, I'AYOUHEI
YCTQHOBKHU OIIOPHL M €€ papuyca IOoe3pHBle Ha-
IPY3KHU MOJKHO YBEAWYUBATH Oe3 IIOTEPU YCTOMU-
YUBOCTU ONOPHL. UHCAEHHBIE pacdyeThbl IIOKAa3bl-
BAIOT, YTO YCTOMYMBOM OIlOpa OYAET IPY CoKUMa-
IOIIleM HANPSI)KEeHUM CO3AaBAEMBIM ITOABUKHBIM
cocTaBoM paBHOM He 6oaee 6-10° [Ta. DTo Ha 11O-
PSAOK OOABIIIE, YeM pacueTHasl BEAUUUHA G(I) OT
AEUCTBUS IIOABUI)KHOI'O COCTaBa, TO €CTh OIopa
ycTronumBa. BeanuwnnHa G(I IIOAyYE€HA IIpH
E, =310"Tla, Hy,= 4m, R,= 0,25M, h=2,0m,

(4)

(6)

§ [/

R.

Puc.3. CxeMa K onipeAeAeHnI0 KpUTEPUs yCTONYUBOC-
TH OIIOPbI KOHTAKTHOM ceTHu.l — omopa, 2- 30Ha «Ka-
BUTAIANY.

. =10M. OpHAaKO MHOIOKpPATHOCTb BO3A€-
VCTBUS KOAEC IIOABUIKHOT'O COCTaBa YBEAUUYNBAET
o(r)3a cueT CyMMUPOBAHUS HAIPSKEHUE U, KaK
IIPaBUAO, IIPUBOAUT K IIOCTEIIEHHOMY HAKAOHY
OITOP KOHTAKTHOM CETH.

AHaAW3 TOAYUYEHHBIX PE3YABTATOB IIO3BOASI-
eT TPEANOKUTH PSIA TEXHUUECKUX pelieHud 1o
TOBBINIEHUIO YCTOMUMBOCTUA OIOP KOHTAKTHOM
cetr. Ciopa OTHOCUTCSI TAYOUHA YCTaHOBKH OIIO-
PBI B 3aBUCUMOCTHU OT YIIPYTUX CBOUCTB OCHOBA-
HUS, U3MeHeHNe (PU3UKO-TeXHUUEeCKUX CBONCTB
3eMASHOTO TIOAOTHA 30HBI «KaBUTAIIAM», YCTa-
HOBKAa MEXKAY IIIIIAAOU U OIIOPOM MaTepPUAaAOB C
0COOBIMU (PUBUKO-TEXHUUYECKMMU U TeOMEeTPU-
YeCKUMHU ITapaMeTpaMu.
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AJITIOPUTM ®OPMUPOBAHUA
FTAPMOHUWYECKOI'O 9JIEMEHTA B
MOOAETMPOBAHUN KOJTEBAHUA

TOHKOW NNACTUHDI

AAsg pacueTa Ha CTallMOHApHBIE TapMOHU-
YeCKHe BO3AENCTBUSA CTEPKHEBBIX KOHCTPYKIIMMI
M3BeCTeH MeTOA AMHAMUUECKUX IIOAQTAUBOCTEH,
OCHOBAHHBIM Ha AHAAMTHUYECKOM BBIPA’KEHUU
AMIIAUTYA AMHAMWUYECKUX PEAKIIMU B Y3AOBBIX
CBS349X B 3aBUCUMOCTSIX OT BEAMYNH aMIIAUTYA
Y3AOBBIX IlepeMellleHUN II0 BO3MOJKHBIM Ha-
npaBAeHUAM. Ha oCHOBe oIlpepeAeHnd TaKUX 3a-
BHCHUMOCTEMN OCYIIeCTBASIETCI (POPMUPOBAHUE
YpaBHEHUIN AMHAMHYeCKOI'0O PaBHOBECUS B coe-
AVHUTEABHBIX Y3AaX 9A€MEHTOB I10 HallpaBAEHU-
sdM BO3MOJKHBIX IlepeMelleHn Y3A0B [1].

B pa6ote [2] Ha ocHOBe pa3BUTUI METOAOB
AUHAMHUYECKOU IIOAQTAUBOCTH  Pa3pabOTaHEI
AUCKPETHO-KOHTUHYAABHBIE MOAEAM, BKAIOYAIO-
mue OeCKOHEUYHOMepPHBIE M3rndaeMble SAeMeH-
TEI (0AAKH), MaTepUaAbHBIE TOUKH, TBEPABLE TeAd
U npy>kuHBL. CO3paH NPOTPAaMMHBIN KOMIIAEKC,
PEaru3yIOIIUM MeTOA pacyeTa CUCTEM, BKAKOYA-
IOLIUX IIPOU3BOABHBIE KOMOMHAIIUM TAKUX DAe-
MEeHTOB Ha CTallMOHApHble FapPMOHUYECKHE BO3-
AEMCTBUSI.

AHCaMOAb OAAOUHBIX TAPMOHUYECKUX HAe-
MeHTOB (I'ad) popmupyercsa myreM AeKOMIIO3M-
IIUU UCXOAHOM AMHAMUYEeCKON CUCTeMbI Ha U3TU-
OaeMble OAHOMEPHBIE KOHCTPYKTUBBI, OTPaHU-
YeHHbIe KPAeBBIMU y3AaMU. AAST TaKUX SAEMEH-
TOB OCYIIIECTBASIETCSI pa3pellleHre Y3A0BBIX AU-
HaMHUYeCKUX peaKul 1 KoreOaTeAbHBIX (DOPM B
nporecce TakK HAa3bIBAEMOTO TapMOHUYECKOTO
CKaHMPOBAHUSA CBA3EU IIPU PA3AUYHBIX AOITYCTH-
MBIX BapUaHTaX KpPaeBbIX YCAOBUM, 3aAaBaeMbIX
B I'PQHUYHBEIX COEAMHUTEABHBIX y3AaX dAeMeH-
TOB. MeTop, nnoctpoeHus 6arounoro I'ad B cooT-
BETCTBUM C IPUHIUIIAMU AMHAMUYECKON MOAAT-
AMBOCTH OCHOBAH Ha AaHAAUTHUYECKOM BEIpa’ke-
HUU BEAMYVH AMHaMU4YeCKUX PeaKI[Uui B 3aBUCHU-
MOCTH OT Y3AOBBIX 'ApPMOHHMYECKUX llepeMellle-
HUM 10 BO3MOJKHBIM CTEIIEHIM CBOOOABI Y3AOBBIX
TOUEK DAEMEHTOB KOHCTPYKIIMY, B KOTOPBIX OCY-

IIECTBASIETCSI «CINMBKA» pENIeHUM aHCaMOAs
rapMOHUYECKUX DAEMEHTOB.

Ha ocHOBe nIpuMeHeHUs IPUHITUIIA AMHAMU-
YEeCKOU MOAATAMBOCTUA B COUETAHUU C METOAOM
rapMOHHNYECKOTO CKaHMPOBaHMS CBS3eM BO3-
MO>KHO TaK>ke IIOCTpoeHue OeCKOHEeUHOMepPHHIX
n3rubaeMblX TapMOHUYECKHUX SAeMEeHTOB B BUAE
TOHKHUX MAACTUH, IPUTOAHBIX AAS BKAIOUEHUS B
AUCKPEeTHO- KOHTUHYAAbHbIe AUHaMU4YecKue Mo-
Aean. OOIIass MeTOAMKA AQHHOTO IIOAXOAA ObIAa
npuBeAeHa B paboTe [5] , B KOTOPOU OBIAO MTOKa-
3@HO, UTO B OTAMYHE OT OAAOYHBIX FapMOHUYEC-
KUX DAEMEeHTOB [2], AWHaMHWYeCKUe peakIluu B
y3AaX IIAOCKUX SA€MEHTOB He YAAETCS Olpepe-
AWUTH B @HAAUTUUYECKOM BUAE. AAS ITHUX Ileael
IIPUXOAUTHCSI UCIIOAB30BATh IIPUEMEL AlIIIPOKCH-
Malluy, CXOJKHe ¢ KOHeUHOodAeMeHTHbeIMU. OpHa-
KO, B OTAWYME OT KAACCUUECKUX KOHEUHOIAEMEH-
THBIX MOAEA€eH, IPA TAKOM IIOAXOAE YAQeTCS U3-
Oe’KaTh NPOLEAYP AUCKpeTH3alui WHEPIHUOH-
HBIX ITapaMeTPOB MNAAaCTUHBI.

Ang octpoennda I'ad mpaMOyTroOABHOM MAAC-
THUHBI PACCMOTPUM BapHaHT IapaMeTpUuYecKon
CIIMBKU pelIeHUs B y3AaX, PACIOAOKEHHBIX B
BepIINHAaX YTAOB HEKOTOPOM KOHEYHOU IIPSIMOY-
TOABHOM OOAAQCTH TOHKOM IINACTHUHBL VICIIOAB3Y-
eM IPUHIIUT CKaHUPOBaHUsd cBsa3el [2]. AAsd 3TO-
rO HAAOKMM Ha BO3MOJKHBIE IIepeMeleHus
Y3A0B CBSI3H, OoOecleuuBarole KUHeMaTudec-
KYIO Y3AOBYIO HEIOABWKHOCTH H3ruOaeMoro
IAQCTUHYATOTO 3AeMeHTa (puc. 1).

B kaxgom y3re HeoOXoguMmbl mpu CBA3U;
OgHA AUHEeUHAsA — NO HANPABAEHUI OCU Z W ABE
YTAOBBIX — B IINOCKOCTAX ZoX u ZoY. Takum o6-
pasomM, cTeleHb KWHeMaTUUYeCKON MTOABUKHOCTHU
SAEMEHTa, KOTOpasi OIPEeAeAsieT Pa3MepHOCTHb
IIapaMeTpPUYeCKOro IIPOCTPAHCTBA (PYHKIIMY, UH-
TEPIIOAUPYIOIIel IIOBEPXHOCTh IlepeMelleHuN
g(x,y) paBHa ABeHaAaTu [3,4].
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Puc. 1. PacueTHas cxeMa TOHKOCTEHHOU NAacTuHsbl. 1,4,7,10 — HOMepa AMHEWHBIX CBs3eH, 2,5,8,11 — HoMepa
YTAOBBIX CBSI3€M B IIANOCKOCTSIX ITapaAAeAbHbIX Z0X, 3,6,9,12 — HOMepa yIAOBBIX CBSI3€M B IIAOCKOCTSIX ITapan-
A€ABHBIX Z0Y.

YeCKOro saeMeHTa IIPSIMOYTI'OABHBIX IIAACTHUH C (4)

SKeCTKUM 3aKpernAeHneM. AAst 9TOro cpopMupy-

eM WHTEepIIOAMPYIOIINE TIOAMHOMEI AAST Gasuca o - -
TPAHUYHBIX YCAOBUY, OIMPEAEAEHHOTO BO3MOXK-
HBIMA BapWaHTaMM ITOOYEPEAHBIX EAMHUIHBIX 0 -1 0
repeMenieHuH Y3A0BBIX CBI3€EH. 0 0 -1

S I e

VI3A0KHMM aATOPUTM TIOCTPOEHUsI TAPMOHU- v _{V“ Vlz}
- 1

oS O © O

AAs BapraHTa BO30YKAEHUS IIEPBOU CBSA3U
uMeeM: 0 -1 0

g(xy)=A(x,y) A, (1) 0 0 -1

rae
A(va):(leIYVXZVXy'yzvX3v (2) r 1

x*y, xy* y* x7y, xy?).

Al :(a1v azv a3r a4v (15, agv

o O © O

A€ MHAEKC BeKTOpa KO3 (PUITMEHTOB OIIPEAEAS-
€TCsI HOMepOoM IepeMelllaeMoy CBSA3U.
[Tepememias mepByIO CBSA3b Ha €AMHUYHYIO
BEAUUMHY U PUKCUPYS BCe OCTaAbHEIE B HYAEBOM
IIOAOJKEHUY, OIIpeAeAsseM SAeMeHTHI BeKTopa A,
IIyTeM pelleHUsI CUCTEMBI YPaBHEHUM:
V-A, =(1,0,0,0,0,0,0,0,0,0,00)", (3)

rae V- MaTpuna y3A0BBIX YCAOBUM IIOAS IlepeMe- vV, =
LIeHun [5].

3A€eCh b, € - pa3Mepsbl IPSIMOYTOABHOTO 3Ae-
MEHTA II0 OCSIM X U y COOTBETCTBEHHO. Bbruncaas
3HaUYeHud PYHKIUM A(X,y )1 €€ IPON3BOAHBIX B L -
Y3AOBBIX TOYKAX, MMeeM PAa3BEPHYTYIO 3allUCh
MaTpPUIbI V:

S O ©O O O O

0
0
0
Az, Qg Qgy Ay Qe Ay )Tv V12 - 0
0
0
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b® b’c bc? c? b3c bc*? b3 b2
3b? -2bc —c? 0 -3b*’c -* :23 1 0 _23 -1 0
g _| 0 b -ape -3t b -3bc? bye be b be
2 = : v - 0 — 0 =
b* 0 0 0 0 0 Vo =| pe? bc c b
3b* 0 0 0 0 0 o o6 0 0 0 0
L B B . b’c b’c b’c b’c
BrinmoaHs4 onepaliuio oOpaleHus MaTPUIbI -2 0 -1 2 0 -1
V, umeeM MaTpuIy: | bc® bc?  be? be? |
vfl — v11 v12 (5)
vV, V| CTOAOIIEI MATPHUIIEL (O) ABASIOTCA KO3Pu-
rae IIMeHTaMU IMIOAWHOMOB ((X,y), WHTePIOAMPYIO-
m 0 0 0 0 O mUX (PYHKIIMU — TIepeMelleHNd MOBEePXHOCTHU
IIAQCTUHBI IPHU COOTBETCTBYIOIIUX BapHaHTaX
o -10 0 0 0 3aAaHUS TPAaHUYHBIX YCAOBUM (BapUaHTax Iepe-
0 0O -1 0 0 O MellleHUs Y3AOBBIX CBI3€el).
vV - 23 2 0O 0 0 O Hampumep, npu nepemelieHny IepBOU CBSI-
n= b* b ' 31U BEKTOpP KO3((PUIUEHTOB NOAMHOMA HUMeeT
r 1 1 1 1 BHA:
T Al
bc ¢ b bc c 2 27"
c b b oc afroo2t sz 32 2 2]
-— 0 - = 0 - b* bc ¢* b’ b*c bc® ¢® b’c bc®
L ¢ c c C_
‘0 0 0 0 0 0 CoOTBeTCTBYIOUINY NHTEPIOAUPYIOIINH II0-
AWHOM IIPEACTaBAEH B BHAE!
0 0 0O O 00O
0 0 0 0 00 g(X,y)=1+;—§X2+;—lxy+_fy2 +bix +
v _ C c (5]
Ve=[0 0 0 0 00| . ) - (6)
- 0 —— 00 G e
bc c bc
3 1
— 0 - 0 00 Nmest paBeHCTBO (6), MOJKHO AAT cOOPMU-
-¢ - POBaHHBIX FPAHUYHBIX YCAOBUM OTPEAEAUTH aHa-
AUTHUYECKHNE BBIPA)KEHUSI PeakIui B Y3AOBBIX
© g | - cBa3aX. CKOMIIOHYEM AAS OTOTO BEKTOD Aedop-
5 T 0 0 0 0 MaIui u3ruda MAACTUHBI B BUAE:
3 2 3 2 T
= 0 - = 0 = . 7
b%c bc b2c bc {X} (XX Xy Xxy) (7)
3 2 3 1
o o 0 The b 0 The o'y o' g o' g
V = ' ]_"Ae % = — ' = — , X :—2 -
B 2 0 _1 2 0 _1 x ox’ ky oy* Ky 0x 0y
3 2 3 2
¢ 9 | ¢ 5 | ¢ BEAWYMHBI KPUBU3HBI M3TH0A W CKPyYUBAHUS
- 5 0 - T 0 MIAQCTHUHBEL.
b2C b c { b2C b c { B AaHHOM CcAyuae BeKTOp AedpopMariuil u3-
— 0 0 ruba mpuMeT BUA,;
L bc® bc*>  bc® bc? |
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_6(b -2x)(c-y)
b’c

6(c—2y )(b—x)

bc®
2, _6y(c -y) _6X(b -X)
bc c’ b?
MMl OTIpeAeAeHUst  BeKTOpa MOMEHTOB

{M}=(M, M, M )T UCIIOAB3y€eM PABEHCTBO:

(M}=Gix}, )

rAe AN N30TPOITHOT'O MaTepraAd IMTAACTUHEBL

I p O
G=D-p ¢ 0 | pn-roadpdunuenr [Iyaccona,
0o l7H
2
3
p=_ Eh"
12(1—u2)

Brimoansist mpeob6pa3oBanme (9) C UCTTOAB30BaHM-
eM (8), moayuuM

6(c-y)b-2x) 6u(b-x)c-2y)]
bic bc?
Eh* |6(b-x)c- 2y) 6u(c—y )b -2x)
12(1-p?) bc® b*c '
(r -1 6x(b—x) +6Y(C—Y)_1J

bc [ b? c’

(M} =

(10)

AN OIIpepeneHUs peaKIUM B CBA3SX BOC-
IIOAB3yeMCs YCAOBUSIMU PABHOBECHUS IAEMEHTap-
HOTO y4acCTKa IIAaCTUHEL [5,7]:

0Q
E x,y)=0, 11
P ay (x:y) (11)
oM
oM, +—>-Q, =0, (12)
0x oy
oM
oM, +—>-Q, (13)
ox oy

[ToacTaHOBKA HAMAEHHBIX BEIPA’KEHUUN KOM-
nonenT Bekropa {M}s (12) u (13) mossoaser
ONPEAEAUTh BEAWUYUHBI Tepepes3bIBaloNIuX CHUA

Q. Q,:
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Eh® (z(c y) (c 2y )(2u 1)}

@ = 2(1 u) bc®

o, - 2(11511; )((b 2x) 2(ZC X)J

YcaoBue paBHOBecus (10) BeIOAHSIETCS Ha
pacyeTHOU OOAACTHU IIOUTH BCIOAY 38 UCKAIOUEHU-
€M Y3AOBBIX TOU€EK, B KOTOPBIX BeAUYHHEL Q, Q,
UMeIOT Pa3phbIB B CHAY TOTO, YTO B 3THUX TOUKAX
BO3HMKAIOT peakIui B AWHEMHBIX CBA3AX. AAg
Y3AOBBIX TOUEK CIIPaBEAAMBEL YCAOBHUS PaBHOBe-
CHS B BUAE!

Q,+Q, +r1,, =0, (14)
rAe [ - HOMep AMHEeNHOU CBHBI/I B KOTOpOU (op-
MHUpPYeTCsI peaKlus OT eAUHUYHOI'o IlepeMellle-
HUS IepBOU CBS3Y,

12(1-p”) (15)
6(b 2x)+12(c— y) 12(b—x)+6(c-2y)(2n -1)
b’c bc® '

BeAnunHbl AMHEWHBIX PEAKIUN I, I, I;,,
Iy, OIPEAEASIIOTCS U3 paBeHCTBa (15) mpu moA-
CTAQHOBKE COOTBETCTBYIOIIMX KOOPAMHAT Y3A0-
BBIX TOYEeK.

Belpa)keHHsd peaklUd B YTAOBBIX CBS34X
OIIPEACASIOTCSI AHAAOTUYHELIM 00Pa3oM M3 YCAO-
BUU pPABHOBECHS MOMEHTOB B Y3AOBBIX TOUKAX:

M +M, , I

xi,1

M+M +r

yi 1

=0, (16)
=0. (17)

To ecTb u3 (16) HAXOAMM BEAWUNHY peaKIui
B YTAOBBIX CB434X 2,5,7,11 B mrockocTu ZoX, a u3
(17) —B cBa3ax 3,6,9,12 mrockocTu ZoY.

[loryueHHbIE BEAMMUHBL I}, I, ,, I}, | OpMU-
PYIOT IEPBBIM CTOADEI MaTpUIbl R eAMHUYHBIX
peaxiui, ollpeAeAeHHbBIX IIPYU [IOMOIIIY [IapaMeT-
POB BeKTOpa A,, BBIpPa’)KEHHBIX B CBOIO OUYepeAb
Jepes: reoMeTpHUYeCcKHe ITapaMeTpshl h, b, ¢; mexa-
HUYecKue IlapaMeTpbl m, E, i IAaCTUHEL.

CdopMupoBaHHbIE KOMIIOHEHTHEl MaTPUIB
R He y4YuUTBHIBAIOT BAMGHHUS pacIlIpepeAeHHOMN
MHEePIMOHHON Harpy3Ku ®” mhg(x,y ). AAsi ee yue-
Ta BOCIIOAB3yeMCs TeOPEeMOM O B3aUMHOCTH pa-

00T [6], corAacHO KOTOPOM paboTa II0 IIPEeOAOAE-
HHWIO BHEIIHUX CHUA IIpU IIepeMellleHUU CBS3U
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L=

paBHa paboTe, COBEPIIEHHOW IMOBEPXHOCTHOU
Harpy3KoOM IIpU IPOrudax NAACTUHHL.

Hcxoas U3 TOro, 4TO IpU IlepeMellleHUM Uc-
MOAB3YIOTCS CBS3U C HOMEPOM [, IOAYUYUM:

r" % So’mhg®(xy)
L l=|dx| ——dy. 18
{ [— y.  (18)

2

Takum 00pa3oM, OKOHYATEABHO AUATOHAAb-
HBIN 5AeMeHT (OPMUPYeTCS B BUAE CYMMBI

0

z _ m
L =L +1;"

(19)

@opmupoBaHUe BTOPOTO CTOADIIA MATPHUILLI

R ocyiiecTBAseTCS @aHAAOTHYHO IIPU €eAUHUYHOM

IlepeMellleHU BTOpoH cBA3U. CucTeMa ypaBHe-

HUM (3) IpK 3TOM UMeeT BUA,;

T

V-A, =(0,10,0,0,0,0,0,0,0,00)", (20)

[TocaepoBaTeAbHOE pellleHHe CUCTeM ypaB-

HeHUU BUAA (3) ¢ Oerylei eAMHUIIEN B IpaBOU

4YaCTU PABHOCUABHO OOpallleHUIO MATPUIIBL Y3A0-
BBIX YCAOBUM V, II0O3TOMY CIIPAaBEAAUBO:

V!i=A, (21)
rae A=(A,A,,...A,).
Beimoanenue oneparuii (7) — (19) ¢ mocae-

AOBATEABHOM MOACTAHOBKOU CTOADIIOB MaTPUIIbI
A B BelpakeHue (1) dopMupyeT MaTpUIly AUHA-
MHUYECKUX JKEeCTKOCTeHN (aMIAUTYA €ANHUYHBIX
AVMHAMHUYECKUX PeaKIuu ) R, 4TO MO3BOASIET all-
[IPOKCUMHUPOBATH aMIAUTYAHBIE COCTOSHUS CTa-
ITMOHAPHBIX KoAebaHUM u3ruba ITOCPEeACTBOM
Y3AO0BBIX COOTHOILIIEHUY BAAQ!

R-U =F, (18)
rae U - BEKTOP aMIAUTYA OOOOIIEHHBIX Y3A0BBIX
IepeMelleHn, a FF - BEKTOP aMIIAUTYA Y3AOBBIX
CHA.

MaTpuiia aMOAUTYA €AWHUYHBIX AWHAMU-
YeCKHUX peakiui R, cTalluOHapPHBIX MOHOTapMO-

MEXAHVKA. TPAHCMNOPT. MALLUMHOCTPOEHWE

O)

HUYECKUX KOAeOaHUM IPIMOYTOABHOIO N3rubae-
MOTO DJAeMeHTa C >KeCTKUMU 3aKpelAeHUSIMU
(MaTpulla TrapMOHHWYECKOIO IIPSIMOYTOABHOIO
SA€MEeHTa TAACTUHBI) IMOAYYEHAa B aHAAUTHUYEC-
KOM BHAE U ITpeACTaBAeHa B Tabaute 1.

Takum oO6pa3oM, IPeALOKEHHBIN aATOPUTM
pearn3aluy rapMOHNYECKOT0 dIAeMeHTa obecIie-
YMBaeT yCTPAaHEHWeEe IIPOIEAYP ANUCKpPeTHU3aluu
WHEePLIHWOHHBIX [IapaMeTPOB IINACTHUHEL U CBSA3aH-
HBIX C HUMU IIOTPelIHOCTeN pacyeTa. B aaroput-
Me CYIIIeCTBOBAaHMeE MOIPEITHOCTEN OOYCAOBAEHO
AUIIb HAAWYMEM IIPOIIEAYP alIIpOKCUMAIuU
>KeCTKOCTHBIX CBOMCTB IIAQCTUHEI, TaK’kKe HeU3-
Oe’KHBIX B AUCKPETHBIX MeToAaX. [lapameTpnl
MOAEAU OCTAIOTCS PACIPEASAEHHBIMU, @ UCXOA-
HOe ypaBHeHUe B YaCTHBIX IIPOM3BOAHBIX He 3a-
MeHSIeTCsI CUCTEMOM OOBIKHOBEHHBIX AU epeH-
IIMAABHBIX YPaBHEHUM AWHAMUWKM, ONHCHIBAIO-
X KOoAeDaHMs MaTepUaAbHBIX TOUEK AUCKpe-
THU3UPOBAHHBIX B Y3AaX aHCAaMOAS 3A€MeHTOB.
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EFFECTS OF SURFACE COATS ON THE
MECHANICAL AND PHYSICAL
PROPERTIES OF CARBON FIBERS

Introduction.

Carbon fiber has excellent mechanical and
thermal-physical properties. It is widely used to
reinforce composites, such as carbon fiber
reinforced carbon composites (C/C composites)
and carbon fiber reinforced silicon carbide
composites (C/SiC composites) [1]. Chemical
vapor deposition (CVD) is a versatile deposition
technique; it has become one of the main
processing methods for the deposition of
amorphous, single-crystalline, polycrystalline
thin films and coatings for a wide range of
applications [2]. Forraising the properties of such
composites, it needs to improve the combine
condition of interface between fibers and matrix.
In order to get steps degree layers between the
carbon fiber and the matrix, the classical way is to
deposit a thin layer carbon or silicon carbide in
the fiber surface in advance [3]. The structure and
texture of C/C or C/SiC composites were
observed to study the effect of fibers on the fiber/
matrix interfacial bond. However, research about
these changes has been scarcely reported. Here,
surface  structure  observation, isotherm
absorption and tensile test of carbon fibers were
carried out before and after CVD. The effects of
CVD on the properties of the carbon fibers are
also discussed in this paper.

1. Experiment.

Carbon fibers were produced by Toho
Chemical Industry Co., Ltd. (High Tension
Annealing (HTA), 3K). After
removal of the resin, the carbon
fibers were washed and dried for
preparation (sample A). Carbon
was then chemical vapor
deposited on the fibers (sample
B) ina CVD furnace at 1173K for
6h, using propylene as the

While SiC depositions (sample D) were carried
out at 1273K for 2h with SiH3-CCl3 as the SiC
source gas, Ar as the dilute gas and H2 as the
carrier gas. The fibers before and after CVD were
observed by SEM using a JSM-6360LA. In
addition, the N2 isotherm absorption was carried
on at 77.35 K with Static State Volume Absorption
Instrument (Aut-osorb-1, QUANTACHROME
Company, America). The tensile strength and
Young's modulus of the fibers were tested with a
Filament Mightiness Instrument (YGOO1A-1,
Taicang Textile Equipment Company, Jiangsu
Province, China).

2. Results and Discussion.

2.1 The morphology of carbon fibers coated
and uncoated.

Fig.1 shows the micro-morphology of high
tension annealing (HTA) fibers observed by SEM
before and after CVD. As shown in Fig.1, the
surface of the HTA fibers after CVD becomes
smooth, which shows that CVD C or SiC
essentially repairs certain surface defects of the
carbon fibers, such as micro-pores and cracks.

2.2 Isotherm absorption properties of the
carbon fibers coated and uncoated.

Fig.2 shows the N2 isotherm absorption
curves of coated and uncoated CFs at 77.35 K.
With the increasing of the absorption pressure,
the absorption quantity of each sample increases.

By analyzing the isotherm absorption curves
of different carbon fibers, it has got the

carbon source, Ar as the dilute Fig, 1. The SEM morphology of HTA fibers before and after deposition(a)
gas and H2 as the carrier gas. Removed resin CF, (b) CF after Coated C and (c) CF after Coated SiC.
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Fig. 2 Isotherm absorption curve of the coated and uncoated carbon fibers.

relationship curve of BET surface area (TSA) and
the BJH accumulate pore volume (BPV) with the
time, as shown in Fig.3. The values of TSA and
BPV of removed resin CF are the largest for the
processing of CVD can make the number of big
pores reduce and the micro-pores disappear, as
shown in Fig.1

2.3 The mechanical properties of carbon
fibers coated and uncoated

The results of the mechanical properties of
the HTA fibers before and after CVD were
obtained wusing a Filament Mightiness
Instrument, as shown in Table 1. According to
these results, Fig.4 can be obtained by taking the

treatment methods as the abscissa and the tensile
strength and Young's modulus as the ordinate.
As shown in Fig.4, the tensile strengths are
affected greatly by CVD, especially after CVD
SiC. The tensile strengths of the fibers after CVD
C and SiC are reduced by 2.5% and 14.9%,
respectively, while the Young's modulus are
decreased slightly by only 0.4% and 3.0%,
respectively. The repair the surface defects of the
carbon fibers by CVD would increase the tensile
strength of the fibers [4]. However, the results
obtained here show the reverse effect due to the
thermal expansion coefficients of the carbon
fibers and the mismatch between CVD C and SiC.

Moreover, the difference in the thermal
10
o 400025
08 ITSA
0.8 2 BPY Jicoes
% °
Eoe | s Jooots E
P :
05 - - m
R 1 P + 0.0010
03 ' 5
4 00005
02 \
0.1 \ 0.0000
RemovedresinCF CF Coated SiC CF Coated C
Type of treatments
Fig. 3 BET surface area and total pore volume of the coated and uncoated carbon fibers.
CoBpemeHHble TexHonoruu. CuctemHolin aHanus. MogenupoBaHune 37



I

VPKYTCKWI FOCYLOAPCTBEHHbBIV YHUBEPCUTET MYTEN COOBLLEHMUA

e, VT

VAT \—

with a coverin the process of CVD C or SiC, which
ensure the contrast samples, have no chemistry
deposition while immersed in the eclipse
atmosphere. It shows that the deposition
atmosphere really has influence on the fibers; the
atmosphere of depositing SiC makes the tensile
strength and Young's modulus descend 19.2%
and 5.3%, respectively. While that of deposition C
only 13.1% and 5.1%, respectively. That is to say,
the former atmosphere eclipses the CF more
seriously. So if the corrosion of deposition
atmosphere is considered, the mechanical
properties of CF are improved by the repair
process of CVD. The tensile strength and Young's
modulus are increasing with different degree.
The repair of CVD C can make the tensile
strength of the fibers rise 12.1%, the Young's
modulus rise 5.0%, respectively, while the repair
of CVD SiC is 7.2%and 9.0%, respectively.

3. Conclusions.

(1) CVD C or SiC can be used to "repair”
defects such as micro-pores and cracks on the
surface of carbon fibers, resulting in a smoother
morphology.

(2) The CVD coatings can change the surface
pore structure of CF, make the number of big

Table 1
Mechanical properties of carbon fibers before and after coating treatment.
Mechanical Samples of different treatment methods
properties A B C D E
Tensile
strength/GPa 3.329 3.244 2.893 2.834 2.644
expansion coefficients between CVD SiC and the
carbon fibers is larger than that between CVD C . -
and carbon fibers. As a result, tensile stress occurs [2] Tensile strength
in the direction of the fibers when cooling. Jd N O 5551 Young's modulus o
Indeed, the tensile strength of the fibers is more s | | | 11 &
reduced after CVD SiC. In addition, corrosion of & | O e | | 2
the fibers by micro-content impurity elements Ea | 5 % 1 8
such as O, S, Ca and Cl in the CVD atmosphere, z ] | ' %
also contribute to the reduction of the tensile = j } 3
strength [5]. For uncovering the real reason, the k2 1 - 160
carbon fibers as contrast samples (sample C and
sample E) were placed in the Graphite crucible 5 : -
A L™ Ly =

5]
Treatment methods

Fig. 4 Effect of Coat treatment on the mechanical
properties of carbon fibers (CF).

pores reduce, the micro-pores disappear, the TSA
decrease and the BPV reduce.

(3)Atmosphere inside the CVD stove would
damage the carbon fiber, but because of the
repair function of SiC or the C coats, the tensile
strength and Young's modulus can raise with
different degree.
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SHAKING TABLE TEST OF A 1/5 SCALED
INTEGRATED MASONRY-IN-FRAME

SYSTEM MODEL

1. INTRODUCTION.

In recent years, it becomes increasingly
popular nationwide to add more stories to the
existing buildings due to its particular
techno-economy advantages such as investing
little, occupying no more land, beautifying the
cities' appearance, shortening the construction
duration, sharing the infrastructure and
extending the service life of existing buildings,
etc. Especially, story-adding suits the China's
situations because of excessively more people,
relatively less land and the underdeveloped
economy, which plays an important role in
mitigating the pressure of needing for more
building sites, improving the residential
conditionJ7expediting the upgrade and
modernization of the cities' shabby zones. The
integrated masonry-in-frame system is often used
in practice, but its seismic performance and
seismic design methods are not clear for lack of
experimental and theoretical research. This sort
of structural systems, therefore, are not
encouraged to be employed currently in the
Chinese Code: Technical Specifications for the
Story-adding of Existing Masonry Structures
(CECS?78J€96). Consequently, underlying
problems maybe endanger the safety of those
buildings of their type constructed or to be
constructed in the seismic regions, since no

Eitemal longitudinal beam

relevant building codes to follow in the design
and construction, which in turn affects its wide
application to the practice. Based on the above
background, model test was carried out for the
first time, to investigate into its seismic behavior
and calculating model.

2. SEISMIC DESIGN CONCEPT
PROPOSED.
The innovative design concept to be

presented originated from the upgrading of the
Teaching Building of a college (Gao Jianping et
al. 2003). That is, the new and old structure are
separated from each other in elevation, whereas
in the horizontal direction, they are connected by
junctions to resist lateral force together,
simultaneous with the seismic retrofitting of the
masonry building. A new-style junction designed
plays a key role in realizing the design concept.
As shown in figurel, the external columns on
either side of the masonry building, erected
closely against walls, are connected to the two
rows of internal columns that break through slabs
at the center corridor. Two thin beams that
sandwich the internal wall panel are linked by
shear keys, which will help transfer horizontal
forces between the two structural systems. The
holes are designed to be 50mm deeper than the
height of thin beam and shear key to permit the
free settlement of the frame structure. In the
mean time, both sides of some transverse walls

Il

Fxtomal longitodinal wll P K nternal longitadinal wll | Interual ongiodinal beams
Frame column ' . Frame column
Extermal lngiodial b | ) Exvoal lngidinal wll  Thinbeam  Tnoonl Jongiodinal wall 7| | Prme olunn
Frans eolum |«
Shear key Totemal transverse wall || Internal longitudinal beam

Fig. 1. Junction between new frame column/beam and existing masonry at floor level.
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are thickened by 100mm-thick
concrete with steel meshes bolted to
the walls.

3. OUTLINE OF THE TEST

3.1 Design of the Model.

Considering the capacity of the
shaking table to be used, a 1:5 scale
2-bay 2-story RC frame that spanned
the 2-story brick masonry built
earlier was constructed according to
the similitude requirements. The
plan and elevation of the model were
shown in Figure 2. The story height
of the masonry and frame was
580mm, 620mm, respectively, and
the total height of the model was
2.72m. The dimension of the model
brick was 48x38x24mm, its compressive strength
was 7.5 MPa. The compressive strength of the
cement mortar was 7.5 MPa. The floor slab was
40mm thick, with concrete strength of 20 MPa.
Similar to the prototype, the model was
transverse wall load-bearing, and continuity
beams were cast at the second story. The
reinforcement of the columns and beams were
constructed according to the Chinese practice of
seismic detailing. A reinforced concrete slab of
80mm thick was cast, on which the 2-story
masonry was anchored. The elevation of column
root was the same as that of the base slab of the
masonry. To prevent the masonry {rom
overturning or sliding, a bottom beam of 300
x150mm was cast around the original masonry
building model, and 8 bars of 20mm in diameter
were anchored into the bottom beams (2 bars
each side). The physical parameters derived from
similitude requirements were showed in Table 1.

3.2 Imnstrumentation and Experimental
Setup.

The test was carried out at the Structural
Testing Laboratory of the Harbin Institute of
Technology, Harbin, China. Displacement
transducers and accelerometers were used to
measure the lateral displacement and
acceleration at each story. Figure 3 shows the
experimental setup and instrumentations for the
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Plan view ofthe first and second story Section plane of -1

Fig. 2 Plan and elevation (Unit: mm).
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Fig. 3. The test model on the shaking table.

shaking table test. The instrumentation was
confined to only Axis-2 due to the limitation in
the number of available channels. The
experimental results were interpreted, assuming
that the behavior of Axis-2 represented that of the
whole model structure in earthquake simulation
test. This model was then subjected to the
shaking table motions simulating Taft N69W,
El-Centro N21E and Tianjin, respectively. The
earthquake motions were input along the

Table 1
Physical parameters according to the similitude requirements
Stress Acceleration Time and Period
Dimension Modulus Frequency ! ! '
0.2 1 1 2.236 5 0.447
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transverse direction. The three time-history
records were adjusted by adjusting the PGA and
compressing the time scale by the factor of J5
according to similitude law. Therefore,
compensation for the difference in the mass was
artificially made by adding iron blocks. The
effective weight of the model with iron blocks was
estimated to be 130.6 kN while the weight ideally
required by the similitude law was 140.1 kN. The
error was approximately 7%.

4. RESULTS OF EARTHQUAKE
SIMULATION TESTS AND INTERPRETATION.

4.1 Global Responses.

From these tests, the natural frequencies and
damping ratios of the model were obtained by
using the Fourier transform method. Table 2
showed that natural frequency tended to
decrease and damping ratio tended to increase as
the model experienced higher levels of ground
motions. The fact that damping ratios were about
5JI' accorded with the actual condition of RC
structures and masonry buildings.

As shown in figure 4, the first modal shape of
the upper two stories was of typical shear mode at
elastic stage. The modal shape of the lower two
story was a little steep. Obviously, it was the brick
panels that contributed to the greater stiffness. At
the transition floor, the lateral curve of the first
modal form still assumed continuity, indicating
that the modal shape could be considered as a
shear mode as a whole.

4.2. Crack Development and Failure Mode.

As the excitation increased from 0.15g to
0.4g (El-Centro), four diagonal cracks at the walls
were observed to extend to the column edge from
the first to the second story at 1-axis and 3-axis
(Figure 5). During this stage, only a slight change
of dynamic characteristic (natural frequency) was
found, which indicated that the model performed
from elastic state to a slightly cracked state. No
cracks were visible at the internal walls of 2-axis
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(Taft), the shaking table system was motivated by
itself, which caused the stretching and widening
of the original cracks. Except for few minor cracks
noticed, no other big cracks occurred. Diagonal
cracks developed at the walls under the lateral
force and vertical load, which could be attributed
to the deficient shear resistant capacity of brick
masonry. While the typical shear failure mode
indicated that the vibration model was inter-story
drift model. During the whole run of the
excitations, there were no horizontal cracks
observed at the walls, the frame columns did not
show any apparent cracks, too. The model did not
show serious damage even after the excitation
increased and reached the target PGA at the run
of EL-Centro (0.6g), Taft (0.76g) , Tianjin (0.88g).

4.3. Displacement and Acceleration
Response.

Typical measured time history of absolute
displacement and acceleration of each story was
shown in figure 6. The acceleration response
increased as the excitation increased, each story
shifted along the same direction at the same time.
The maximum acceleration amplification factors
increased with the floor as shown in figure 7,
however, which decreased after the model
cracked, owing to the
degradation of stiffness
and increase of damping 4 .
ratios resulting from the
occurring of cracks. The

acceleration 8 7
amplification factors of j
the top story ranged > ;| U
from 1.3 to 2.5. Figure 8 2
showed that the _
distribution of shear 14 &

forces was of a ladder
shape, indicating the
behavior of the model
was governed mostly by
the first frequency. The

o \easur ed
04 —*—Predi ct ed

Fig. 4. Measured vs

and other external longitudinal walls. As the time history of the floor Falcmated Ist  modal
amplitude of the excitation increased to 0.4g displacement of each orm.
Table 2
Natural frequency and damping ratio

Identification of test Natural frequency Damping ratio(%)

After El-centro 0.3g 7.5415 0.46

After El-centro 0.6g 7.2482 0.50

After Tianjin 0.45¢g 7.8168 0.47

After Tianjin_0.6 g 7.7800 0.55
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Fig. 8. Measured story shear envelopes.

story was of typical inter-story mode, and
acceleration response was maintained in the
shape of an inverted triangle approximately.
From the profiles of measured inter-story drift
indices in Figure 9, it could be noted that the
inter-story drift changed abruptly at the
transition floor (the third story) as well as the
adjacent floor (the second story). The
relationship between the top displacement and

Taft Jems™
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Fig. 6. Time histories of absolute displacement and acceleration for TAFT (PGA=0.4g).
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Fig. 7. Maximum acceleration amplification factors.
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the base shear was shown in Figure 10, in general,
the model behaved linear-elastically under the
design ground motion.

A time-history analysis program was
developed using the inter-story drift model, the
MATLAB language, and the Higher-order Single
Step B-Method (Wang Huanding et al 1999), a
numerical integration method with higher
accuracy. The calculated time history of
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Fig. 11. Measured vs Calculated Time History of Acceleration For the Top Floor Level.

acceleration for the top floor agreed well with the
test results, as shown in Fig.11, which proved it
appropriate to adopt the inter-story drift model as
calculating model.

5. SUMMARY AND CONCLUSIONS.

1.The seismic response recorded, modal
shape identified and crack pattern observed all
come to the conclusion that the vibration model
and failure pattern is inter-story drift model.

2. The transition floor as well as the floors
adjacent to it may be the weakest story.
Therefore, attention should be paid to control the
rigidness of inter-story within a reasonable range
when designing this type of building.

3.Test and analysis results show that the
brick masonry building of brittle failure can be
remodeled into ductile frame-structural-wall
system, using the upgrading and story-adding

method proposed herein, while the seismic
potential of existing building can be better
utilized and the seismic performance of the
complex structural system can be improved
accordingly.
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TRIBOCHEMICAL STUDY OF TWO
TRIAZINE DERIVATIVES AS ADDITIVES IN

RAPESEED OIL

1. Introduction.

Rapeseed 0il(RSO) is traditional
environmental friendly lubricants and posses
good lubricating property, high-biodegradability
and well-recycled performance. And it's extreme
pressure and ftribological behaviors can be
increasing by adding lubricants. The
N-containing heterocyclic compounds, such as
benzotriazole, imidazole, triazine, etal, have been
reported as excellent multifunctional lubricating
oil and grease additives.

In the lubrication area, it is well-known that
zinc diallkyldithiophosphates (ZDDP) are very
commonly used excellent multifunctional
lubricating additives, but use of these additives
has been brought into question on account of
problems of toxicity, waste disposal, filter
clogging, pollution, etc. The recent AW and EP
additives technology for both automotives and
industrial applications is based on ashless
sulphur-phosphorus chemistry. It will increase
the extreme presuure and antiwear property by
introducing the thiophosphate group into
N-containing heterocyclic compounds. Amino
takes on some extent alkalinity, it can control the
corrosion wear by S and P in tribological process.

In the paper, we synthesized two novel
ashless S-P-N type lubricating oil additives,
2,4-bis-dibuthylamino-6-(O,O’-dibuthyldithioph
osphate)-s-1,3,5-triazine  (code as  BuBT),
2,4-bis-morpholinyl-6-(O,O'-dibuthyldithiophos
phate)-s-1,3,5-triazine (code as MoBT). The

Z,

N

|
C1 Cl)\\N R

tribological behavior of synthetic triazine
derivatives and a commercial ZDDP as additives
in rapeseed oil were evaluated with a four-ball
machine. The tribological mechanism was
discussed by analysis of Solid film structure of
rubbed surface wusing Xray Photoelectron
Spectroscopy (XPS) and Scanning Electron
Microscopy (SEM).

2. Experimental details.

2.1 Lubricating oil and additives.

A commercial RSO product, made by Xi'an
Jiali Oil and Grease Factory of China, was used as
the lubricating oil without any further treatment.

The triazine derivatives were synthesized
according to the pathway outlined in Scheme 1.

These products were characterized by IR,
'"HNMR and elementals analysis. The results of
elemental analysis listed in table 1 are in good
agreement with the required values within the
limits and experimental error of lubricating oil
additives.

2.2 Specimens and testing apparatus .

The wear properties of these novel triazine
derivatives in rapeseed oil were evaluated with a
four-ball machine at a rotating speed 1450 rpm,
test duration of 30 min, loads of 98, 196, 294, 392,
490, 588 N, and room temperature about 20°C.
The balls used in the tests were made of GCrl15
bearing steel (AISI52100) with an HRC of 59 —61.
The load-carrying capacity of the additive was
obtained according to GB3142-82, similar to
ASTM D-2783. An optical microscope was used to
determine the wear scar diameters
of the three lower balls with an
accuratereading to 0.01 mm. Then,
the average of the three wear scar
diameters was calculated and cited

0C,H,
/\ as the wear scar diameter reported

R = [o] N——(MoBT) ; R= N(C,Hy), (BuBT) . . c e
in this paper. The f{riction
coefficients were recorded

Scheme 1. Reaction pathway of novel compounds.

automatically with a self-recording
apparatus with the four-ball tester.
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Table 1
The elemental analysis result of the synthesized compounds.
Compounds Elemental analysis [Found / Calcd]
C H N S P
MoBT 46.88/46.44 7.09/6.92 13.09/14.26 13.88/13.03 6.65/6.31
BuBT 55.97/56.35 9.61/9.39 11.89/12.17 11.59/11.13 5.71/5.57
Table 2
The maximum non-seizure load (P, value) of the
RSO and RSO containing 1.0wt% additives.
Additives BuBT MoBT ZDDP RSO
P, value(N) 1490 1127 980 686

For comparison, the lubricating performance of a
commercial ZDDP, which was produced by
Lanzhou refinery, was evaluated at the same time.
Before each test, the specimens were cleaned in
petroleum ether, then dried.

2.3 Worn surface analysis.

X-ray photoelectron spectroscopy (XPS) was
conducted with a PHI-5702 X-ray photoelectron
spectrometer. The upper ball used for XPS
analysis was washed ultrasonically with
petroleum ether and dried after testing at
additive concentration of 1.0 wt.% under load of

294 N for test duration of 30 min. The MgKa
radiation was used as the excitation source at pass
energy of 29.35eV, and the binding energy of C1s
(284.6eV) was used as the reference. The wear
scar morphology was  visualized  with
JEM-1200EX Scanning electron microscopy at
voltage 20 kV, to study the rubbed surface
morphology and the S, P and N elements
distribution in the rubbed surface film.

3. Results and discussion.

3.1. The maximum non-seizure load (PB
value).

The maximum non-seizure load (P, value) of
the base oil (RSO), and 1.0 wt% additives/RSO
were shown on table2. The results show that the P,
values of the two compounds are much higher
than that of base oil and ZDDP. This indicated
that these synthesized compounds have excellent
load-carrying capacity. The P, value of BuBT is
higher than that of MoBT, and it indicates that the
containing alkylamine triazine derivative
possesses excellent load-carrying capacities than

that of containing cycloamine triazine derivative
in RSO at same weight concentration.

3.2 Friction-reducing Performance.

The friction coefficient of synthesized
compounds and ZDDP in seven different
concentrations and different applied load at the
additives concentrations 3.0 wt% are shown in
Figl. The friction coefficient decreased with the
applied load increasing, and BuBT is lower than
that of ZDDP and that of MoBT is higher than that
of ZDDP at same condition. It means that the
alkylamino-containing triazine additives possess
excellent friction-reducing behavior than
cycloamino-containing triazine additive at long
range applied load.

The friction coefficient of the RSO was 0.12
under the applied load 392N, but it was reduced
24.1 to 0.0910f BuBT and 11.7% to 0.106 of MoBT
by the addition of 0.5 additive to the base stock.
As the adding BuBT amount reached 2.0%, a
39.1% reduction of friction coefficient was
observed, and 29.6% for ZDDP. With the higher of
additives concentration, the friction coefficient
increased when additive concentration is more
than 2.0 wt%. The decrease of friction coefficient
can be attributed to the formation of adsorption
film and/or reaction film by the additive on the
rubbing surface'. The more novel additive is
added, the more molecular layers within the
adsorption film and more reaction products are
generated to prevent the asperities on the
rubbing surfaces from direct contact, and the
lower the friction coefficients become. When the
concentration arrives at some degree, the
adsorption process tends to be saturated, it will
not add the adsorption of additive. According to

COBpeMeHHbIe TexHonormn. CucteMHbiii aHanuns. MOHeﬂMPOBaHVIe

45



VPKYTCKWI FOCYLOAPCTBEHHbBIV YHUBEPCUTET MYTEN COOBLLEHMUA

AL

0 3
—v— BuBT 01 —v—BuBT
0.204 —— NMoBT —— NMoBT
\ —»—7ZD0P 012+ —»—Z0DP)
0184 —* RO
A 0.11-
£ 016] . 5 N
-8 ‘O
£ 014 \' £ 010, \’\
g 0.12-\<§‘ 2 0wl T ]
= = & >
B T —_
ic 0.10 ,,—’\ 2 \P\-\\’/
0.08 \ 0081
— v-\_\v/' v—"
006 : 007 . : . :
BN 198N 2N 3DON 490N 58N 0 1 2 3 4 5
Applied load (N) Additives Concertration (W%)

Fig. 1. The Friction coefficient of various applied load and additive concentration.

the lone electron part of amino, morpholine and
triazine of MoBT can form a big p bind, it effect
the additive adsorption to the metal surface. The
alkylamino is easy contact to metal surface than
cycloamino, and the reaction film tends to
completely separate the asperities, therefore, the
reduction tendency of friction coefficients
decrease.

3.3 Antiwear performance.

Fig.2 gives the wear scar diameter (WSD) as
the function of the additives concentration at the
applied load at 392N and applied load at the
additives concentration 3.0% in rapeseed oil. The
results indicate that the additives exhibit good
antiwear properties in a wide range of applied
load. The wear scar diameter increases slightly at
an applied load from 196N to 588N, it is similar to
that of ZDDP. The MoBT possesses excellent
antiwear behavior than others additives at lower
applied load.

It can be seen that the addition additives in
base stock significantly reduce the wear scar
diameter, this results indicates that the novel S,
P-containing triazine additives have excellent
antiwear properties. The low WSD is reached at
an additives concentration 2.0 wt%. When the
additives concentration are more than 3.0wt%,
the wear scar diameter heighten with the
increasing of additives concentration. With the
increasing of additives concentration, the Sand P
content are increased, the corrosive worn are
increased. For BuBT, the performance is most
outstanding in these additives. However the
antiwear property of ZDDP is slightly better than
that of those synthesized additives at lower
concentration. It is due to the protective film
formed by the additives and its decomposers on

the sliding surface wunder the
tribological conditions.

3.4 A discussion of tribology mechanism of
novel additives.

The enlarged SEM photographs is shown in
Fig.3. It indicate that severe scuffing occurs with
lubrication of rapeseed oil alone, taking on grain
abrasion characteristic, for MoBT, it takes on
grain abrasion pattern, but it is slighter than that
of RSO, while only slight frictional tracks appear
with lubrication of BuBT, assuming the
characteristics of corrosive worn. It maybe the
novel Sand P elements had reacted with the metal
surface during the friction process, generating
chemisorption. And it is generally accepted that
the tribological behaviors of the additives are
closely related to the performance of the
protective film formed by physisorption,
chemisorption and tribochemical reaction during
the process.

In order to explore the lubricating
mechanism of these additives in RSO, XPS
analysis of the worn surface was carried out, and
the analysis results are shown in Fig.4.

For the N element of MoBT, the binding
energy of N, is 400.5eV, existing in a organic
nitrogen chemical state, which means that there
is a just absorbed organic nitrogen on the steel
ball surface and does not take part in
tribochemical reactions.

The spectrum of S, of MoBT illustrates the
existence of peak at 168.8eV, which corresponds
to sulfate on the worn scar, showing the
tribochemical reaction that occurred between the
additive with the metal surface during the sliding
processes. The Fe, peak appearing at binding
energy 710.6 eV corresponds to iron oxide and/or

boundary
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sulfide, indicating that the lubricated steel
surface is liable to oxidize or sulfurize in the
friction process. The O, peak corresponding to
iron oxide appears at 530.2 eV. The binding
energies of P, is 133.9eV, which correspond to
POf’, and means that it had occurred
tribochemical reaction between the additives and
steel ball surface during the lubricating process.

Surface analysis results demonstrate that the
synthesized  additives  molecules  maybe
decomposed to produce (RO),PS(S)H (or other
SH compound), and amino-containing triazine
group, so a stable lubricating film can be formed
on the rubbed surface. This lubricating film is
complex and consists of reaction layer and
adsorption layer. The reaction layer originates
from the tribochemical reaction of S, P elements
contained in the dibutylthiophosphate group,
which can easily interact with the freshly metal
surface to form extreme pressure and antiwear
surface film" which containing FeSO,,(and / or
FeS) and PO,”. Products of tribochemical
reactions between additives and metal surface
can be transformed to an adherent antiwear
surface film, which can prevent the direct contact
of metal and metal, to reduce the metal stock
abrasion. With such stable reaction and
adsorption layers, the novel additive can
effectively decrease the friction and wear, and
possesses excellent tribological performances.

4. Conclusions.

From the above results,
conclusions can be drawn:

1. Three synthesized triazine derivatives as
additives in RSO show excellent load-carrying

the following

capacity and improve the antiwear and
friction-reducing behavior at appropriate
concentrations. The BuBT has excellent

friction-reducing performance and load-carrying
capacity than that of ZDDP and MoBT. The MoBT
has better antiwear property than that of BuBT.
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2. The friction-reducing and antiwear
behavior of these additives are sensitive to weight
concentration and applied load.

3. Through the SEM and XPS analysis
results, the synthetic additives function to reduce
friction and wear of steel-steel sliding system by
chemical adsorption on and tribochemical
reaction with the steel surface. The protective
film formed during sliding processes contributed
to the increase in the wear resistance and friction
reduction
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MAGNETIC-ASSISTED MICRO-OZONE
APPLIED TO OXIDIZE METHYLENE BLUE
DYE SIMULATED WASTEWATER
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1. INTRODUCTION.

The aromatic hydrocarbon and the heterocyclic
compound are mainly taken as a matrix in the
dying and printing wastewater. It has the colored
groups and bases (for example -N=N-, -N=0)
and the polar groups and bases (for example
-SO,Na, -OH, -NH,). If the dye molecules contain
many groups and bases (-SO,H, -COOH, —OH)
which can form the hydrogen bond with water
molecule like dyes and so on, then dye molecules
can absolutely dissolve in the wastewater; If the
dye molecules contain no or little hydrophilic
groups and bases (-SO,H, -COOH, —OH), then
dye molecules exist in the wastewater in the form
of suspended particulate. If dye molecules
contain few hydrophilic groups and bases but the
molecular weight is very large or does not contain
the hydrophilic groups and bases, the dye
molecules usually exist in water as colloid form.
Presently, the hydrophobic or water-fast dye
wastewater decoloration has basically been
solved, but many hydrophilic or water-soluble
dye wastewater is difficultly decolored"’.

At present, the chroma and COD_, of dyeing
wastewater is usually removed by physical
method, chemical method, or physical chemical
method, and biological method, but above
methods have their insurmountable
shortcomings. This article takes methylene blue
dye solution which is commonly used but
difficultly biodegraded as the breakdown
products, micro-ozone is the oxidant and
magnetic field is the sur-field. The effect and
efficiency which magnetic-assisted micro-ozone
oxidation system degrades methylene blue dye is
explored, the coordinated oxidizing mechanism
is preliminary researched.

2. EXPERIMENTAL.

2.1 Instruments and Reagent.

Micro-ozone denerator (Shanghai,China),
KC-70C permanent magnetizer (Shanghai,
China), SXG-1B teslameter (Shanghai, China),
UV-265 spectrophotometer (Japan).

Methylene blue dye solution, the soluble
starch is the analytical purity, the other are
chemical purity.

2.2 Experimental procedures.

2.2.1 Ascertain the dosage of ozone
production.

Appropriate amount of O, was aerated into
500mL KI solution in a graduated cylinder under
normal temperature, for a certain time, the ration
of oxidized solution (V, ) was taken to titrate with
the Na,S,0,, then the productive quantity of
ozone was calculated *

The ozone productiv equantity =

— CNa25203 X VNaZSZOS X48X500 .
6xV,, xQxt
In the formula: Q and t respectively expresses the
ozone current capacity (L'min"') and reaction time
(min).

2.2.2 Ascertain the factors of the removal
rate chroma of methylene blue dye simulative
wastewater.

500mL simulative wastewater, regulates
solution pH value, aerates the ration O, under the
normal temperature, reacts for a certain time, the
absorbency of simulative wastewater is
determined, computes the decolorization rate.

Decolorization rate = [l —jj x100% .

0

In the formula: A /A respectively expressed
absorbency of methylene blue dye simulative
wastewater in the highest absorption peak place
before and after treatment. Magnetic-assisted
micro-ozone oxidation experiment as the same to
normal oxidation experiment, the difference lies
in which the methylene blue dye simulative
wastewater in the graduated cylinder is put in the
magnetic field in the magnetic-assisted
micro-ozone oxidation experiment.

The factors which affect the removal rate of
chroma are studied. These factors include the
time of aerating O, pH value, intensity of
magnetic field, magnetization time.
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Table 1

The quality of raw wastewater.

Concentration mg-L"

Chroma times pH value

50

600 6

2.2.3 The quality of raw wastewater and

chromophore of methylene blue dye.
The chromophore of methylene blue dye is

C=N- group.

3. RESULTS AND DISCUSSION.

3.1 The factors of the removal rate of
chroma of methylene blue dye.

3.1.1 The aeration time of ozone choice.

The pH wvalue is 10, 500mL simulative
wastewater, the density of aerated ozone is
1.167mg-L"h", at room temperature. The effect of
ozone aeration time on the removal rate about
chroma of the simulative dyeing wastewater has
been investigated.

From Figurel, it can be seen that the chroma of
simulative methylene blue dye is removed in a
certain degree when ozone is aerated into this
reaction system, and the removal rate of chroma
increase with the aeration time of ozone
increasing. The removal rate of chroma reached
97.8% when the aeration time of ozone is 30min.
The removal rate of chroma reached 99% when
the aeration time of ozone is 35min. According to
the practical application, the best aeration time of

o1

ozone is 30min.

3.1.2 Reaction pH value choice.

500mL simulative wastewater, the density of
aerated ozone is 1.167mg-L"-h", the aeration time
of ozone is 30min, at room temperature. The
effect of pH value of the solution (use thin vitriol
or sodium hydroxide to regulate) on the removal
rate of chroma of the simulative dye wastewater
has been investigated.

From Figure 2, it can be seen that the
oxidization effect is best under the alkalinity
condition (namely pH 10). The methylene blue
dye wastewater is a kind of industrial wastewater
which is difficultly degraded by biochemistry
method. The general chemistry method very
difficultly oxidized it. Ozone directly attacks
organic matter by molecular form under acidity
or neutral condition, moreover the molecular
ozone response has the greatly strengthened
selectivity. It only reacts with the unsaturated
aromatic compound either the aliphatic
compound or certain special groups and bases
response. But the reason which the removal rate
of chroma enhanced under the alkalinity
condition is that ozone produces ‘OH. It has
stronger oxidation ability and is only inferior in

100
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. BO - m
&
[
=
S B0 u
iy
[}
—
]
Z a0 4
A
]
[uh]
= 20
=
a
[
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reaction time(min)

Fig. 1. Effect of the aeration time of O, on colority removal.
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Fig 2. Effect of pH value on colority removal.

fluorin Thus those difficultly biodegraded
organic matter can be effectively degraded. First,
the passive groups -NO,,-SO,of dye molecules
were substituted by ‘OH, it made aromatic rings
active. Then the aromatic rings were decomposed
and generated low fatty acid compounds. At last
they were turned into CO,and H,O.

3.1.3 Sur-magnetic fields magnetizations
time choice.

pHvalueis 10, 500mL simulative wastewater,
the density of aerated ozone is 1.167mg-L"*h", at
room temperature. The effect of aeration time of
ozone on the removal rate of chroma under
374.1mT magnetic intensity is investigated.

The removal rate of chroma reached 97.8%
needs 24min when the intensity of sur-magnetic
field is 374.1mT. It is 6min shorter than without
magnetic field. But with the magnetizations
reaction time increasing, removal rate of chroma
in intensity of magnetic field being 374.1mT was
close to which without magnetic field. The result
showed that the productive rate of hydroxyl
radical was improved, but the productivity of
hydroxyl radical was not improved.

3.1.4 Intensity of sur-magnetic field choice.

The pH wvalue is 10, 500mL simulative
wastewater, the density of aerated ozone is
1.167mg-L"h", at room temperature, with the
aeration time of ozone 30min. The effect of
intensity of sur-magnetic field on the removal
rate of chroma is investigated.

From Figure 4, it also can be seen that the
removal rate of chroma by different intensity of

sur-magnetic field at the same reaction time was
different. The greater intensity of sur-magnetic
field was, the more removal rate of chroma was.
But with the magnetizations reaction time
increasing, the removal rates of chroma in
different intensity of magnetic field were close to
each other. The result showed that the
sur-magnetic field enhanced productive rate of
‘OH from micro-O,/OH system truly, but has not
enhanced its productivity.

3.2 In magnetic field ozone oxidize active
blue dye response dynamics.

When pH wvalue is 10, 500mL simulative
wastewater, the density of aerated ozone is
1.167mg-L*h", at room temperature, every two
minutes take a sample until 40 minutes.
Determine absorbency in the 600nm, the results
are listed on Table 2.

According to data in the table, the relation
between y and A is simulated in first-order
kinetics equation under the magnetic field
condition, the obtained correlation coefficient of
linear equation above 0.99. It shows that the
decolority response which micro-ozone oxidizes
methylene blue dye simulative wastewater
conforms to first-order reaction kinetics in the
magnetic field .

3.3 Preliminarily reaction mechanisms
research.

It has been very early discovered that the
magnetic field has the obvious response to the
free radical, free radical response is main
response in the micro-O,/OH oxidation system,
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Fig. 3. Effect of magnetic-assisted reaction time on colority removal.

The relation between A and reaction velocity.
t/min A y/min”
2 0.797 0.159
4 0.544 0.092
6 0.380 0.071
8 0.270 0.042
10 0.195 0.026
12 0.143 0.021
14 0.105 0.017
16 0.081 0.009
18 0.062 0.007
20 0.048 0.006
22 0.036 0.005
24 0.026 0.004
26 0.019 0.003
28 0.013 0.003
30 0.009 0.002

Y ——

Table 2
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Fig. 4. Effect of intensity of magnetic field on colority removal.

therefore extrapolates the magnetic
field/micro-O,/OH’ oxidation system associated
technology enhance the oxidation decomposed
velocity of pollutant. It does not consume extra
electrical energy like the supersonic and
ultraviolet ray (may produce magnetic field by
permanent magnet), is advantageous for
application.

Under not sur-magnetic field condition, a
magnetic field which being from the molecular
interior (is called partial magnetic field) could
provide the magnetic moment for the change of
the spinning condition of the free radical. Under
sur-magnetic field condition, the Larmor
spinning velocity of the spinning vector of the
freeradical can be changed. The difference of the
spinning velocity of two spinning vectors (Aw)
can be expressed by the formula

AguBH
Amz(guhoji(al —a, )l

In the formula, Ag =|g,-g,|, g, g, respectively
notes the g value of two free radicals alone
electron, g value is related with the system
nature, p, is a Bohr's magneton, h is the Planck
constant, H, is the intensity of sur-magnetic field,
a,, a, are ultra fine coupling constants of two free
radicals, I is the nuclear spin quantum number.
The transformation speed which the two spinning
vectors of free radicals from S state to T, state is
decided by Awm value. According to above

formula, the above transformation speed can
increase with Ag or Ho enhancing'. Speaking of
the methylene blue dye simulative wastewater,
Agis a definite value in the microscopic structure,
therefore the difference of the Larmor spinning
velocity (Am) is only decided by the intensity of
macroscopic sur-magnetic field. According to Ag
mechanism, the bigger H, the shorter
transformation  time and the  quicker
transformation speed from S state to T, state will
be. Namely the more little-singlet state total, the
smaller possibility of re-combination and the
quicker rate of chemical reaction will be. This is
the degeneration process mechanism of
magnetic-assisted micro-O,/OH system.
4. CONCLUSIONS.
4.1 Ultraviolet visible spectrum of the
sample before and after treatment respectively.
Before treatment, the sample has the obvious
absorption peaks in the ultraviolet visible range.
After magnetic-assisted oxidation treatment,
there are not absorption peaks in the visible light
area. It shows that the color groups and bases are
completely destroyed. At the same time the
300nm scan line also obviously reduced. It shows
that the benzene ring is partially oxidized by the
hydroxyl free radical and produced chain
framework. Curve 2 (reaction time was 24min)
dashed lines denotes the ultraviolet visible
spectrum of sample which is oxidized by

or
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magnetic-assisted oxidation system. Curve 3
(reaction time was 30min) solid line denotes the
ultraviolet visible spectrum of sample which is
oxidized by only oxidation system. The two
ultraviolet visible spectrums are extremely
approximate (reaction time is obviously different,
dashed line is add-on shows difference). From
Figd we can see that the productivity of ‘OH
under sur-magnetic field was the same to no
sur-magnetic field. It shows that the sur-magnetic
field did not enhance the productivity of ‘OH.

4.2. Conclusions.

1. When 500mL simulative wastewater, pH
value is 10, the density of aerated ozone is
1.167mg-L"-h", the intensity of magnetic field is
374.1mT, the removal rate of chromaticity
achieved 97.8% after oxidizing 30min without
magnetic field. Comparatively, the removed rate
of chromaticity achieved 97.8% after oxidizing
24min under the presence of magnetic field.

2. According to first-order reaction kinetics, the
relation between y and A is fit in first-order
kinetics equation under the magnetic field
condition, the obtained correlation coefficient of
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linear equation above 0.99. It shows that the
response fits in first-order kinetics, the kinetics
equation is y=0.19246A.

3. The sur-magnetic field enhanced ‘OH
productive rate of micro-O,/OH system, but has
not enhanced its productivity.
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MECHANICAL PROPERTIES
MEASUREMENT AND SOFTWARE DESIGN
OF VACUUM CIRCUIT BREAKER

1. Introduction.

With the rapid development of railway
electrification transformation the vacuum circuit
breaker which possess a lot of advantages such as
high current interrupting capabilities, long life,
safety, reliability, small noise, working under bad
environment and operating frequently, has been
used widely in the railway system'’. As the main
switch of electric locomotive, the reliability of
vacuum circuit breaker is directly related to the
reliable movement of electric locomotive. It
needs inspecting, adjusting and maintaining
frequently in the operation. So it has the
extremely vital practical significance to
strengthen the examination and diagnosis of
vacuum circuit breaker.

But existing measuring devices have many
defects. The measuring devices in China have
many problems such as small applicable scope,
inaccurate test data and inferior antijamming
ability, bad human-computer interaction, and
poor ability to storage, inquiry the result. The
imported measuring device (PROGRAMMA
Company TM1600/MAG1) has good
performance, but it has high price and it is
inconvenient for Chinese to wuse English
operation surface. Furthermore, the software
function of measuring device is simple, it is
extremely inconvenient to query and search the
mass data, and it can not meet the needs of the
circuit breaker measuring nowdays. So in order to
solve these problems, a high precision,
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input device, the touch screen with
operation control interface is responsible
for receiving the wuser instructions.
Simultaneously as output device, the touch
screen is also responsible for the displaying
of human-machine interface during the

entire examination process. The miniature

Fig. 1. Appearance of vacuum circuit breaker.

intellectualized, networked vacuum circuit
breaker tester for vacuum circuit breaker should
be designed and realized to meet the
requirements of increasing reliability and safety
in railway. The device provides the intelligent
terminal for the railway informational
management and can meet the needs of circuit
breaker measuring.

Fig.1 is Vacuum Circuit
appearance and its position
locomotive(between A and B).

2. The Device Hardware Design.

Using Embedded technical grade mainboard
EC3J-1547CLDNA(B) as the system core,
combined with storage device DiskOnChip 2000,
touch screen, sensor and micro-printer, the
hardware platform of microcomputer system for
test and control is constructed. Platform control
and process ability enhances largely compared to
which has taken the Single-Chip Microcomputer
as the system core. Touch screen and miniature
printer enables this instrument to have the
excellent human-computer interaction.

The embedded mainboard which integrates
CPU, SDRAM and so

Breaker's

on electric

printer will print the examination
parameters and results. The network
function realizes uploading the

examination result to the upper data center.

The IDE equipment may be the host hard

disk or the DOM equipment, which is

mainly used to copy the entire software
system from the host to the target machine in the
developing period. The mouse and keyboard is
also used in the debugging period.

Fig.2 is the device's hardware sketch .

3. The Device Software Design and
Realization.

The device's software functions mainly
depend on embedded Linux system, MiniGUI
and MySQL database. The software realizes as
follows: Regarded the PC which has installed Red
Hat Linux 9.0 as the host machine, Embedded
Linux operation system is constructed by cutting
down from standard Linux-2.4.18 Kkernel,
constructing subminiature root file system and
seting GRUB etc. Then MiniGUI running
environment is disposed and MiniGUI software
package is installed in host machine. Then
MiniGUI is used to write the graceful control
interface which has a good performance in
human-computer interaction. After that MySQL
database is installed in host machine, MySQL is
used to write program which realizes test result's
storage and inquiry. The test result can be
transferred to data center by program. It is

on is the core of
Hardwa-re platform, Winiature Printer 1ISE Devise
responsible for the T 3
control of the test and T MR jppenins | S o
data pl’OCQSSiIlg. As : Paralle] Interface USE Interface :
storage device, DOC | Dsk On Chip | 1 i 1 1| Touch
2000 Pl DOC Interface (=3 0 VoA Interface e Bcreen
2000 stores embedded i Integrates N3 (X1 300bHz CPU :
Linux operatin ' I S 855304 Chi :
.p g FPower d:; Powrer Interface = tegates tpset o MNetwork Interface  Kosd  Metwork
system  which is , Integrates 6B SDRAM and so on ;
i . -1 i a— m!
reduced according to I Iouse IC-IJi PSi2 Interface |5 i IDE Interface c;:a' IDE I
the system actual | H ' . '
. | Keyhoard I ! v Device |
demands, qperatlon b [ { Fmbedded Mainboard ) P
control interface L B
programme and
examination data. As Fig. 2. Sketch map of the measuring device's hardware.
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convenient to inquire and analyse data in the
future. The designing process will be introduced
in details in the following.

3.1 Construct Embedded Linux OS.

This device's operating system is
constructed with embedded Linux. Constructing
a miniature embedded Linux operating system
can be divided into three parts approximately:
cutting down Linux kernel, constructing
subminiature root file system and seting GRUB".

According to the system actual demands,
some unnecessary function modules have been
deleted. Thus it not only reduces the system
kernel length, but also reduces system resources
which these modules occupy. Simultaneously
some function modules are created to support to
the storage device DOC 2000 and graphics
engine FrameBuffer and so on.

GRUB is chosen as system bootloader for
this device. The GRUB decides which kernel
should be started according to the configuration
files .The configuration files menu.lst can be read
by GRUB in the root file system directory
/boot/grub/ when the syetem is starting'. This
system equips the corresponding configuration
files according to the system hardware.

3.2. Graphics User Interface.

3.2.1. MiniGUI Introduction.

MiniGUI, developed by Beijing Feynman
Software Technology Co. Ltd.,originates from a
world famous free software project which is
initiated by WeiYongming. MiniGUI aims to
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provide a fast, stable and lightweight graphics
user interface (GUI) support system for real-time
embedded systems.MiniGUI has been widely
used in handheld terminals (mobile phones and
PDAs), set top boxes, industry control systems,
industry instruments, portable media players,
and so on. Nine years have passed since MiniGUI
was launched at the end of 1998, MiniGUI has
become the de-facto standard in the field of
embedded graphics middleware ",

3.2.2. Design of the Device Function Based
on MiniGUI.

Adopting the event triggering mechanism,
this device's application software is mainly
composed of following modules: system
administration module, system entry module,
user administration module, parameter load
module, record inquiry module, record print
module, graphical display module, network
transmission module, movement test module and
so on. The device's function structure is showed
in Figure 3.

Fig. 4 is the corresponding main interface of
vacuum circuit breaker.

On the main operating interface of
measuring device, users can realize the module
function by clicking corresponding buttons on
the control panel. The user management module
may manage the system wuser names and
passwords, setting normal value of the circuit
breaker's parameters. By clicking corresponding
buttons in the user administration module, user

Lidd Teer Ivlodule

—r| ser &Administration vIodule

—.| Giraphical Display Ielodule |

Delete User Ivlodule ‘
Llter Password Ivlodule ‘

Eecord Print Ivlodule |

]
]

Savve Flesult Ivlodule |

Cery by Tirne ‘

——| Metwork Transruission Invlodule |

Cery by Circnit Breaker

& drairdstration
Tvlodule

Swrstern

Initialization -

Fecord Inguirs Ivlodale

Cery by Tester Muarnber

Ivlovernent Test Dlodule |

Crormbined Cuersr ‘

Lowr Woltage Test IvIodule |

T
I

The &1l Fecords ‘

Resistance Test vloduale |

Entry Filodule

| Inpndt the Tester Nuamber ‘

AN I

Parareter Load Ivlodule

Inpnt the Circuit Breaker

Fig. 3. Frame of the measuring device's function.

Ingntt the Vehicles Tupe ‘
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Fig. 4. Main interface of vacuum circuit breaker.

can be increased and decreased, and user
passwords can also be changed or set. In order to
manage safely, this module has the wuser
authentication function. Only the administrator
has the manage privilege. The parameter load
module is mainly responsible for inputting the
tester name, the vehicles type and the circuit
breaker number and so on. After the setting
finished, the user can click the save button, the

system receives various parameters and
displaying on screen immediately.
The historic record module is mainly

responsible for inquiring the record in the
database. The system provides five inquiry
ways including inquiry by the start-end
time, the tester number and the circuit
breaker number and so on. The system
searches the MySQL database according to
the inquiry way. It creates the list of the
records satisfying the inquiry

3.3 Realization of Data Process Module
Based on MySQL.

The MySQL database is a client/server
system that consists of a multi-threaded SQL
server that supports different backends, several
different client programs and libraries,
administrative tools, and a wide range of
application programming interfaces(APIs)".It
hasbecome the world's most popular open source
database because of its consistent fast
performance, high reliability and ease of use. This
system manages the device's data with MySQL
database. The device manages MySQL database

Select Quety ways

condition. The user can query and delete

r
| Quety by Titme

¥ ¥y
| Quety by Tester | Query by Cirouit ‘ | Combined Query |
k.

the selected record. Figure 5 is the record

Al Records

¥ L

inquiry module flow chart.
Fig. 6 is the corresponding record

Inpat the Start
and End Time

Gelect Tester Inpat  Circuit Tupnat the Ahove
Breaker Number Quiety Conditions

inquiry interface.

The system can display the data by
graph in the graphical display module. It is
convenient for user to analyze and process
the data. It can upload the record result to

! ! ! { v
i

Create the Record List

1

the data center through the network

| Open Record

h b
| Open Graph | |Delete Record | | Quit |

transmission module. This device can also
preserve and print the result freely. These
functions are not only convenient for user to
understand circuit breaker active status,

l |

but also useful for maintenance man to Fig. 5. Flow chart of record inquiry module.

repair the vacuum circuit breaker.
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Fig. 6. Record inquiry interface.

in graph through MySQL C API based on
MiniGUI". This method which primely meets the
system needs is convenient for user to manage
and maintain the MySQL database.

There are six steps to realize the database
function using the MySQL API

(1) Using mysql_init(&mysql) function to
establish the MySQL object and its initialization

(2) Using mysql_real_ connect() function
connect  server.The mysql_real connect()
function prototype isJemysql_real connect
(MYSQL *mysql, const char *host, const char
‘user, const char *passwd, const char *db,
unsigned int port, const char *unix_socket,
unsigned long client_ flag), it include host name,
user name, password, database name and so on.

(3) lock the database

(4) request to the MySQL database server by
mysql_query()

(5) unlock the database

(6) Using mysql_close() function to close the
database

Inforrm Operation
Failed

2. Karim Yagbmour [M].

3. WANG

7. George

Fig. 7 is the UML activity graph of
operating MySQL by MySQL C APIL.

4. Conclusion.

The tendency of embedded
development is using the latest embedded
technical in the industry product which has
outstanding man-machine interface. This
system combines MySQL with MiniGUI
under Linux operating system, realizing a
high precision, intellectualized, networked
vacuum circuit breaker tester. The device has
lots of advantages such as small volume, high
reliability, low cost of hardware resources,
free of software, good human-machine
interface, simple operation. So it has high
practical value.
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TRIBOLOGICAL STUDY OF A TRIAZINE
DERIVATIVE AS LUBRICANT IN RAPESEED

OIL

YAK 621.89

1. Introduction.
During the past 20 years, there has been an

increasing interest in  “environmentally
acceptable” lubricants in Europe and North
America. Vegetable o0il are  potential

replacements for mineral oil as base stocks for
environment friendly lubricants because they
have high biodegradability, low toxicity and their
residues can be recycled. Meanwhile extensive
effortis being made to find suitable additives that
can be used in biodegradable lubricants . Zinc
dialkyldithiophosphate (ZDDP) as a traditional
EP and AW additive contains Zn, S and P
elements which can erode the metal and result to
the deposition. The research also indicates that
N-containing heterocyclic compound can absorb
on the surface of metal and reduce the erosion.
Now we design a sort of ashless additives
containing S, P, and N elements, which may have
good EP, AW capacity and low erosiveness.

In this paper, a triazine derivative which
containing active elements such as S, P and N was
synthesized, and the tribological behavior as
additive in rapeseed oil (RSO) was determined
using a four-ball tester.

2. Experimental details.

2.1. base oil and additive.

The base oil in the experiment was the RSO
made in Jiali Lipa Co. Ltd.Xi'an, P. R. China. The
novel S-P-N type additive were synthesized by
the following chemical reaction equation (see the
scheme 1). The compound was further confirmed
by IR and elemental analysis. The tribological

N(C2oHs)2 .

| OCsH17 EuN
+2us—pPL ’

Cl

N“ °N

c1)\\ N/lk

Scheme 1. Chemical reaction equation of the compound DEOP.

S | S
— s Hy7CgO_ || S/\\ * OCgH+7
OCgH17 Sp— N g— ”/

capability of ZDDP as additives in RSO was also
determined as comparison.

2.2. The evaluation of their tribological
properties.

The load carrying capacity of the compound
in RSO was determined according to Chinese
GB3142-82, similar to ASTM D2783. was used to
evaluate the maximum non-seizure load,
conducted at a rotation speed of 1450 rpm for a
test duration of 10sec at room temperature. The
friction and wear tests at ambient temperature
were examined on a four-ball test machine made
in Ji nan Testing Machine Factory of China,
conducted at a rotation speed of 1450rpm and
different loads for a test duration of 30min. All test
balls (Z12.7mm) used in the test were made of
GCr15 bearing steel (%C 0.95-1.05, %Si 0.15-0.35,
%Mn 0.20-0.40, %P <0.027, %S <0.020, %Cr
1.30-1.65, %Ni <0.30, %Cu <0.25) with a hardness
HRc of 59-61. A microscope was used to
determine the wear scar diameters (WSD) of the
three lower balls with an accuracy £0.01mm.

2.3. The surface analysis of worn surface.

-At the end of the four-ball test, the upper
ball were cleaned in petroleum ether (60-90 and
then the worn scar was analyzed by XPS while the
lower one was analyzed by SEM. XPS was
conducted using a PHI-5702 electrometer. The
radiation source was Mg Ka line with pass energy
of 29.35eV and the binding energy of C,_
(284.6eV) was used as a standard value. SEM was
conducted by a JEM-1200EX electrometer.

N(CoHs)2

H4-Cg0O”
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3. Results and discussion.

3.1 Load carrying capacity.

The maximum non-seizure load values (P,
value) of the additive in RSO are shown in table 1.
It can be seen that DEOP possesses good load
carrying capacities in RSO. The P, value of the
sample containing 1.0 wt% DEOP is 95.5% higher
than that of RSO, and about 48.6% higher than

that of ZDDP.

Table 1
Maximum non-seizure load (P, value) of RSO
and RSO containing 1.0wt% additives.

DEOP
1456.4

ZDDP RSO

744.8

Samples

P,/ N

980

3.2. Wear and friction properties.

Fig.1 presents the relationship between the
wear scar diameter (WSD) and the additive
concentration. It can be found that DEOP have
better antiwear property than RSO, and the WSD
of oil only containing 0.5wt% additive is about
75% of that of RSO, while the effects don't change
much when the concentration changes from
0.5wt% to 5.0wt%.

The relationship between WSD and friction
coefficient as a function of load are shown in
Fig.2.

The antiwear performance of DEOP are
similar to that of ZDDP, and much better than that
of the RSO. Under load 98N, all WSD is similar,
but that of the oil containing 2.0wt% A is worse
than others. Despite this, the WSD of lubricating
oil containing additive is only about 2/3 of that of
the base oil.

The friction coefficient of RSO is much
higher than that of oil containing additives, but it
becomes lower when the load is more than 490N,

08

—u— RSO
—e— ZDDP
—e— DEOP

06- . /‘ /

-
0.4 /A/ . )
Lo

02

WSD (mm)
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Fig.1. Wear scar diameter (WSD) as a function of
additive concentration (Load: 392N).

while that of oil containing additive is more
stable, and waves in a range, and it means that the
novel S-P-N type triazine derivative has reducing
friction property.

3.3. The analysis results of the worn surface.

Fig.3 is the electron micrograph of the wear
scar. It shows that there are many furrows in the
wear scar only with RSO, while it becomes
smoother when lubrication with RSO containing
1.0wt% additive DEOP. The elemental
distribution on the wear scar of steel ball in the
later experiment was detected using SEM. From
these figures, it also can be seen that the surface
film contains S and P, and the abundance of S is
higher than that of P.

Table 2 is the XPS spectra determining the
chemical valence of the typical elements on the
worn scar of the upper ball with 2.0wt% DEOP in
RSO under 392N applied load for 30min. It is seen
that the binding energy of S2p is 168.8eV which
corresponds to SO,*, the binding energy of N1s is
407.5eV which corresponds to NO,, and the
binding energy of P2p is 134.4eV which
corresponds to PO,”. This is also supported by the

-1—-RO
—o—ZCP
—e— DEOP

0134

012

0114

010

o
S

009

I\.\

008 :ﬁ

A e e
Load (N

Fig.2. Wear scar diameter (WSD) and friction coefficient as a function of load (concentration: 2.0wt%).
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Fig.3. The micrograph and S, P distribution of the wear scar (294N, 30min, 1450rpm) (Left: RSO; right: RSO
with 1.0wt% additive DEOP).

Table 2

Binding energy (e€V) of S2p, P2p, N1s and Fe2p elements obtained from worn scar.

Binding enerqgy (eV)

Cils S2p P2p Nlis Fe2p Ols
284'27é8226'4' 168.4, 161.6 134.4 4075 | 7102 533.0

binding energies of O1s being around 533.0eV. It
was also found that there is FeS according that the
binding energy of FeZp is 710.2eV while the
binding energy of S2p is 161.6eV. The binding
energy of Cls is 284.7eV, 286.4eV and 288.8eV,
which correspond to C-H, CO-, COO- existing in
the additive and RSO.

According to XPS data, tribochemical
reactions occur between the additives and metal
surfaces during the sliding process. The mainly
binding energy of Nls is about 400eV, which
correspond to C-N bonds and Fe-N bond[10],
which indicates that the N element in the additive
structure also reacted with the metal face when it
was chemisorpted and/or physisorpted in the
metal surface. All of these FeS, sulfate,
organosulphur compound, phosphate and
N-containing compounds contribute to the
formation of the complex boundary lubrication
film which improves the tribological behavior of
the base oil. It is also supposed that the formation
of the compounds containing active elements in
the boundary film on the rubbed surface is one of
thereasons that DEOP as additives in RSO exhibit
good load carrying capacity, good antiwar and
friction-reducing properties.

4. Conclusions.

(1). DEOP possess excellent load carrying
capacity even much more than traditional
lubricating oil additive ZDDP at some condition
in RSO.

(2) Under boundary lubrication condition,
DEOP possesses excellent antiwear property

similar to ZDDP. In addition, DEOP has reducing
friction property when load is lower 490N.

(3) DEOP as oil additive could form a
boundary film, in which the main states of active
elements are SO,”, PO,", to provide excellent
antiwear function and load carrying capacity.
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VPKYTCKWI FOCYLOAPCTBEHHbBIV YHUBEPCUTET MYTEN COOBLLEHMUA

LTymuaroBa A.B.

KINACCUNOUKALUUNA

YAK 622.342.(575.1)

30J/IOTOCOAEPXKALLMX PY[], C
OUCIMEPCHbIM 30/10TOM MO
TEXHOJTOMMYECKOM YNIOPHOCTH

MacmTabbl IPOMBIIIAEHHOI'O HCIIOAB30Ba-
HUs U HAYYHBIX UCCAEAOBAHUU B 00AACTH 0OOora-
IIeHUs IIOAe3HBIX MCKOIIaeMbIX HeIlpephIBHO
BO3pacTaroT. B HacTosdlllee BpeMsd IIOTEPU IjeH-
HBIX KOMIIOHEHTOB Ha CTapuU oOoraleHud II0-
A€3HBIX NCKOIIaeMBbIX COCTaBASIIOT 50-80% o01mx
[IoTepb B TIOPHO-METAAAYPIUYECKOM IIPOU3BO-
AcTBe. KoMIIaeKc IponeccoB oOoraljeHus CTaHO-
BUTCSI KAIOUEBBIM B PEIIEeHNN Ba)KHEUIIHUX I'Op-
HOTEXHUYECKHUX IIPOOAEM PaljMOHAABHOTO WUC-
IIOAB30BAHUS MUHEPAABHBIX PECypCcoB, CO3Aa-
HHUS MAAOOTXOAHBIX IIPOU3BOACTB, pa3paboTKu
3HeprocOeperarmIuX TEXHOAOTUN U Ap. Bcé aTo
IIPUBOAUT K HEOOXOAUMOCTY UCKATh HOBBIE ITYTH
WHTeHCU(UKAIIUU [IPOLIeCCOB U3BACUEHUS IIeH-
HBIX KOMIIOHEHTOB, B TOM YHCA€E 30A0Ta U3 PYA.

Pa3zBuTue MuHEpaAbHO-CHIPLEBOM 0a3kbl 30-
AOTOAOOBIBAIONE! IIPOMBIIIAEHHOCTH Ha COBpe-
MEHHOM 3Talle CBS3aHO, TAABHBIM 00pasoM, C
MacCIITaOHBIM BOBA€YEHHEM B Pa3pabOTKy pPyA C
paccessHHLIMU (AMCIIEPCHBIMU) OopMaMMU Ha-
XO>KAEHUSI 30A0Ta B KPUCTAANUECKOU pelleTKe
MWHEPAAOB-HOCUTEAEMN.

[TongaTtre «AUCIEPCHOE 30A0TO» SIBASIETCS
OAHUM M3 CaMbIX HeOIIPEAEAEHHBIX B I'eOAOTH-
YEeCKOU M TEXHOAOTMYECKOU TEOPUU U IPAKTHUKE.
ABTOp A@HHOUM PabOTHI IPUAEPIKUBAETCSI MHe-
HUs OOABIINHCTBA OTeUYeCTBEHHBIX U 3apyOeik-
HBIX T€OAOTOB U TIOA, K AUCTIEPCHBIM 30A0TOM» T10-
HUMaeT TOABKO €ro PACCesTHHYIO B KPUCTAAAAX
MHHEPAAOB UAU B YTAUCTOM (OPTaHUYECKOM) Be-
1ecTBe (hopMy BEIAEAEHUS, He OOHapy’KuUBae-
MYIO COBPEMEHHBIMHU 3AEKTPOHHO - MHUKPOCKO-
INYEeCKUMU MeTOAAMU NCCAEAOBaHUS (B CBSI3HU C
9TUM TOHSTHE «AUCIEPCHOE 30A0TO» MOJKET
OBITH OIIPEAEAEHO KaK BEIAGAEHUSI 30A0Ta C OTHO-
CUTEABHO IIMPOKUM AMANAa30HOM AMCKPETHOCTH
paclpepereHUsl B MUHepPaAaX-HOCUTEASX - OT OT-
MEABHBIX QTOMOB B COCTaBe MUKPOMHHEPAAOB,
NIPUPOAHBIX CIAABOB, OPraHWUYECKUX COeANHEe-

HUU A0 MOHODAEMEHTHBIX KAACTEPOB pa3dMepamMu
TIOpsIAKa HAHOMETPOB).

W3 HaHOOO'BEKTOB CAEAYET BBIAGAUTH KAAC-
Tepbl — O0Opal3oBaHUs, COAEpKalllie A0 COTeH
TBICIY aTOMOB. KAacTephl METAaAAOB 3aHUMAIOT
IIPOMESKYTOUHOE MMOAOKEHNE MEeXKAY aTOMaMU U
MaCCUBHBIM METAAAOM U IPEACTABASIIOT €TI0 0CO-
0oe cocTosTHUE C U3MeHeHHBIMU (PU3UKO-XUMU-
YeCKUMM TapaMeTpaMu. [losToMy mpu reonoro -
TEXHOAOTMUECKOM MCCAEAOBAHUU PYA HEOOXOAUMO
VUUTBIBATh B KOMIIAEKCE OOIIWMN MUHEpPAAbHBIN
COCTaB PYA, OTPEAEATIONIUN CBSA3b AMCIIEPCHOTO
30A0Ta C KOHKPETHBLIM HOCUTEAEM U IIPOSIBACHUE
COPOITMOHHLIX CBOMCTB, BAUSIONIMX Ha Iiepe-
OCa’kAeHHe PacTBOPEHHOTO TIPU ITUaHUPOBaHUU
30A0TQ, COAEPIKaHUEe BAEMEeHTOB-IIpUMecel, ac-
COLIUMPYIOIINX C 30A0TOM, COAEP KaHUe dAeMeH-
TOB - TOTEHITMAABHBIX (PMKCAaTOPOB 30A0Ta B MaT-
pulle (MBIIIBIK, TEAAYD, CEAEH, CYPBMQ, YTAEPOA,
JKeAe30, BOAOPOA).

UpesBhiuatinoe pa3HooOpas3ue BellleCTBeH-
HOT'0O COCTaBa CAOJKHBIX 30A0TOCOAEPIKAITUX PYA,
UX IIUPOKAas PpacIpOCTPaHEHHOCTh B IPUPOAE, a
TaK>)Xe CyIlecTBYyolIe TpeOOBaHUI MaKCUMaAb-
HO 5P PEeKTUBHOTO HUCHOAB30BAHUSI MHUHEPaAb-
HBIX PECYPCOB BBI3BIBAIOT HEOOXOAUMOCTE BBIAE-
AEHUSI TAKUX PYA B OTAEABHYIO KaTeropUIo yIIop-
HOTO 30A0TOCOAEP>KAIIETro ChIPhSI.

YacTuiibl TOHKOAUCIEPCHOTO 30A0Ta pac-
IPOCTPaAHEHbI 3HAUUTEABHO OOAee IIUPOKO, 4eM
BUAMMBIE 30AOTUHBL. OHU IIPUCYTCTBYIOT BO BCEX
PYAHBIX MECTOPO>KAEHUIX HE TOABKO 30A0Ta, HO U
MHOTHX APYTHMX METAAAOB, TA€ BUAMMOE 30A0TO
He BCTPeuYaeTcs, a Tak’kKe PacCesHbl B OOABIINX
Maccax TUAPOTEPMAAbHO WM3MEHEHHBIX ITOPOA.
BeposaTtHo, He OypeT IpeyBeAMUYeHHEM YTBep-
KAQTh, YTO 2Ta (popMa HaXOXKAEHUSI CAMOPOAHOTO
30A0Ta B 9HAOTEHHBLIX MECTOPOKACHUSIX SIBASIETCS
YHUBEPCAABHO pacnpocTpaHeHHoi. CooTBe-
TCTBEHHO BEAUKM OOIlIue KOAWYEeCcTBa «pac-
OBIAGHHOTO» 30A0Ta.
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Ha ocHoBe mpoBepeHHOTO aHaam3za GopM
HaXOJKAEHUS AUCIIEPCHOTO 30A0Ta B MUHEpPAaAb-
HOM U OpPTaHMYECKOM BeIeCTBaX TBOPUYECKOU
rpynnol yuéunix Yutuackoro ouananra UII'A CO
PAH Pe3nukom IO.H., Cexucoseim A.T"., Ilymu-
aoBom A.B., Kornopésoit T.I'., MOKHO CAEAATH BbI-
BOA O TOM, UTO OHO BCTpPeYaeTCd B TpeX NPUHIIN-
NMAABHO PA3AWYHBIX II0 XapaKTepy CBA3eM ¢ MU-
HEeparooOpa3yIolIUMU 3A€MeHTaMUu: B opme
NPOCTBIX M KOMOMHUPOBAHHBIX COEAWHEHUMN;
KOMIIA€KCHBIX COEAVHEHUM C HECKOABKHUMHU dAe-
MEHTAaMH, 0Opa3yoIIUMU CBOeOOPA3HbIE AMTAH-
ABL.

Khaccudukammuonnas cxeMa (popm AucIiep-
CHOTO 30A0Ta B MUHEPAABHOM U OPTaHWYECKOM
BelnlecTBax (puc.l), ocHOBaHHasd Ha 3TOM IIpU-
3HaKe BBIAGAEHMS, CAEAYIOIIAs:

1. AucnepcHoe 30A0TO B OpMe IIPOCTHIX CO-
eAVHEeHUM C OAHUM U3 BAEMEeHTOB HeIllocpe-
ACTBEHHO, B TOM UHCA€ MeTaAAaMU: MeTaAAa-
MH-aHaAOTaMU M MeTaAAaMU, UMEIoIIMU Doaee
CAOKHYIO CTPYKTYPY SIAPa aToMa, YeM Yy 30A0Ta;
HeMeTaAAaMU; METAaAAOUAOM - CTUOHUTHI.

2. AucrepcHoe 30A0TO B (popMe KOMOUHU-
POBAHHBIX COEAUHEHUN, B TOM UUCAE: CEAEHUABI;
TEeAAYPUABL;, CYpPbMSIHBle COEAUHEHUs; CypbMs-
HO-TEAAYPHUAHBIE COEAUHEHUS.

3. AucnepcHoe 30A0TO B pOpMe KOMIIAEK-
CHBIX COEAMHEHUN: Ha OCHOBE JKeAe3a; Ha OCHOBEe
AAIOMUHUS; C OPraHUYEeCKUMU AUTaHAAMU; C Ce-
pOM 1 METAaAAAMU - METAAAOCEPHUCTHIE; C KpeM-
HUEM U KHCAOPOAOM — KPEMHEKUCAOPOAHBIE CO-
€AUHEeHUs; CYPbMSHO-TEeANYPUAHO-CEPHUCTHIE
COEeAVMHEeHNS.

Ha nporsoxkenuu Ooaee CEMUAECATH AeT
YUE€HBIE CTPEMATCA CO3AATh EAUHYIO KAACCUDU-
KaIlUI0 30A0TOCOAEPIKAIIUX Pyp, KoTopas Obl
YBS3BbIBaAa BeIlJeCTBEHHBIN COCTaB PYA C UX TeX-
HOAOTUYECKUMU CBOMCTBAMU.

YuuThiBasg aBTOPUTETHOE MHEHHe OoTeuec-
TBEHHBIX YUYEHBIX - AOKTOPOB TEXHMUYECKMX HayK
B.B. Aopermukosa (Mprupeamer), I'.B. CeperbHuko-
Bou (LIHMIPU) m B.M. 3eaeHOBa, IO BOIPOCY
KAQCCU(PUKAIIMKU  30A0TOCOAEPIKAIIUX PyA IO
VIIOPHOCTH, CAEAYET OTMETHTh, 4TO 3THU PAaOOTHI
UMEIOT OOABITIOe TpPaKTUIEeCKOoe 3HaueHue IIpu
OIlpeAEAEeHHBIX YCAOBUSX.

Tak B.B. AopeMIINKOBBIM, B KaUeCTBe TAaB-
HOT'O PA3AEAMTEABHOTO KPUTEPUS IIPU TEXHOAO-
TMYECKOU KAACCUPUKAIINU 30A0ThIX U cepebps-
HBIX PYA IIO YIIOPHOCTH, TPUHUMAETCSA KO3 Pu-
IVeHT u3BAedeHUI Au 1 Ag Ha CTAAMU ITMAaHUCTO-
I'0 BBIIIIEAQUUBAHUS , BEIpA’KaeMbIU yepes Koag-
dunreHTH pusudeckon (DA), XUMUIECKOU AeTI-

MEXAHVKA. TPAHCMNOPT. MALLUMHOCTPOEHWE

O)

peccun (XA) 1 COPOIIMOHHON aKTUBHOCTHU PYABI
(CA).

YKazaHHble KOIPPUIUEHTHI B COBOKYITHOC-
TH XapakKTepHU3YIOT CTelleHb TeXHOAOTHYECKOU
YIIOPHOCTU PYABL B IMAHUCTOM IIpOliecce, a Kak-
ABIY 113 HUX B OTA€ABHOCTU — IIPUYKHY YIIOPHOC-
TH PYABI, CBSI3@aHHYIO C OCOOEHHOCTSIMU Belllec-
TBEHHOI'O COCTaBa MCXOAHOTO CEIPbS M OIIPEAEAS-
IOLIYIO B KOHEUHOM HUTOTe BEIOOD PalliOHAABHOMN
CXeMBbl U3BACUEHUS 30A0Ta.

OCHOBBIBASICh HA AQHHOM IIPUHIIUTIE U OIH-
pasich B U3BECTHOM Mepe Ha UMeIOlIecs pe3yAb-
TaThl UCCAEAOBAHUM APYTHX aBTOPOB, @ TAK Ke Ha
CYIIECTBYIOIIYIO IIPAKTUKY IepepabOTKU PYAHO-
T'O CBIPBS, BCE 30A0THIE U cepeOpsaHbIe PyARL B.B.
AOAEHIINMKOBEIM PEKOMEHAYETCSI IIOAPA3AEAUTH
Ha IPOCTHIE, T. € AeTKOIIMaHUpyeMble PYABI (TeX-
HOAOTUUYECKUU TUII «A») 1 YIIOPHEBIE (TPYAHOIIA-
HUpYyeMble) PYABl, KOTOpPble B CBOIO OUYepeAb
BKAIOYAQIOT TPU TEXHOAOTHUECKUX TUTIA:

B — pyABI ¢ TOHKOBKPAIIAEHHBIM 30A0TOM U
cepebpoM (usmueckas AeNpeccus 30A0Ta B
ITMaHUCTOM IIpoliecce);

B — pyapl, muaHupoBaHue KOTOPHIX COMPO-
BOJKAQETCSI XUMUYECKOM Aelpeccuer 30A0Ta
MHUHEPAAbHBIMU KOMIIOHEHTaMU — IIPUMECIMH,
IIPOSBASIONIMMHU BOCCTAHOBUTEABHBIE UAU «1THA-
HUCUAHLIE» CBONCTBA,

I' — pyABI, XapaKTepu3yIoIuecs [IOBBIIIEeH-
HOU COPOITMOHHOM aKTUBHOCTDIO 110 OTHOIIIEHUIO
K PAaCTBOPEHHBLIM B ITUAHUAE OAATOPOAHBIM Me-
TaAAAM.

AerkonuaHupyeMble PYAbl (TEXHOAOTHUYEC-
KUY TUI «A») PEKOMEHAYeTCS Pa3pAeAUuTeAb Ha
TPU OCHOBHBIE TEXHOAOTMUECKHUE PA3HOBUAHOC-
TH: KBapuesbie (Ay), CyAbpuUAHBIE Ay, ¥ OKHUC-
AeHHBIE (A, ) B 3aBUCUMOCTH OT IIPEOOAAAAHUS
B HUX COOTBETCTBYIOIINX MUHEPAAOB — HOCHUTEe-
A€H PYAHOTO 30A0TAa: KBaplla (CUAMKATHBIX ITO-
Poa), CYABDUAOB (IUPUT, APCEHOIIUPUT) U OKCH-
AOB JKeaesa (AUMOHUT U Ap.).

BripeneHMEe TEXHOAOTMYECKHX PA3HOBUA-
HOCTeU W3 YIOpPHBIX pya («Bb-I'») mponssepeHO
UCXOASl U3 TOTO, KaKie KOMIIOHEHTHI SIBASIIOTCS
KOHKPETHOU NPUYUHON YIOPHOCTHU 3THUX PYA B
IIMAaHKUCTOM IIpoliecce.

OAHAKO OIIBIT OTeYeCTBEHHOW U 3apyOerk-
HOY 30A0TOAOOBIBAIOIEN TPOMBIIIIAEHHOCTHU T10-
Ka3bIBAET, 4YTO B 0OPAbOTKY 4aCTO BOBAEKAIOTCI
PYABL, codeTaroliye B cebe ABa MAU HECKOABKO
MIPU3HAKOB TEXHOAOTHMYECKON YIOPHOCTH PYA:
DA+ XA, DA+ CA, OA+XA+CAuTA. Borom
CAy4Yae OTHECEHUE PYABL K OIIPEAEAEHHON KaTe-
TOPUU (TUII, PA3HOBUAHOCTD) TPOU3BOAUTCS, HUC-
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XOAS U3 IpeobAaAarolelt POpPMbI TEXHOAOTUYEC-
KOM YIOPHOCTM B IIMAHUCTOM IIpOIlecce,
onpeAeAsdeMol aOCOAIOTHBIMU 3HAUEHUSIMU KO-
3P PUITMEHTOB PUINUECKON 1 XUMUUECKOU AeIl-
peccuy, a Takyke COpOIUOHHON aKTUBHOCTH.

BecbMa pudpdepeHIMpoBaHHAsd TEXHOAOTH-
yecKasd TUNM3ALIUSA 30A0TOCOAEPIKAIIUX PYA
IpepAOsKeHa B.1.3eAeHOBBIM. Bripenenue
OCHOBHBIX THUIIOB PYA B AAHHOM CAy4Yae peKOMeH-
AY€ETCSI TPOU3BOAUTEL UCXOASA U3 HAAWUMS B HUX,
KpOME 30A0TQ, APYTHUX II€HHBIX KOMIIOHEHTOB,
HEOOXOAUMOCTH U3BACUEHUS KOTOPBIX, IO MHe-
HHUIO aBTOpPa dTOW CHUCTEMBbI, IBASIETCI TAABHBIM
(aAKTOPOM, OMPEAECASIONIUM BBIOOP TEXHOAOTU-
YeCKOU CXeMbl OOPabOTKHU PYABI.

B cooTBeTCTBUU C yKa3aHHBIM HPUHIIUIIOM,
BCe 30A0TOCOAEPKAIIHe PYABI IOAPA3AEAEHBI Ha
BOCEMb OCHOBHBIX TUIIOB: | - 30A0THIE; IT - 30M0-
To-tmpuTHele; III - 30n0TO-MepHBIE; IV - 30n0-
TO-MBIIIBAKOBEIE; V - 30A0TO-CypbMsHEBIE; VI -
30A0TO-ypaHoOBEIe; VII - 30A0TO-ypaHOBO-TIMPUT-
moie; VIII - 30A0TO-TIOAMMeTaAAmdecKre. KasKALIH
THII PYABI BKAIOUAET IIOATUIIB], PA3AMYAIOIIIecs 110
CTeleHd OKUCAEHHOCTU MUHEPAAOB; B K&YKAOM TIOA-
THUIIE, B CBOIO OUEPEAD, BHIAGAEHBI TEXHOAOTUYEC-
KyUe Pa3HOBUAHOCTU PYA, XapaKTepusyroluecs
Pa3sAMYHOM KPYIHOCTBHIO 30A0Ta ¥ HaAUYHUEM
KOMIIOHEHTOB-IIPUMECEM, OCAOKHSIIOIINX TeXHO-
AOTUIO U3BAEUEHUS 30A0TaA.

PaszpaboTtannas B.M.3ereHOBBIM Kaaccudu-
Kallus SIBASIETCSI CBOETO poAa 0000IIeHeM paHee
BBIIIOAHEHHBIX B 3TOM HallpaBACHUU UCCAEAOBA-
HUM APYI'UX @BTOPOB U IIPEACTABASIET COOOU II0-
NBITKY OOBEAVHUTH B €AUHYIO CHUCTEMY BCe Xa-
paKTepHBIE IIPU3HAKM 30A0TOCOAEPIKAIINX PYA,
OITpeAEASIoNIe BO3MOKHOCTHA WX OOOTalieHus,
HEe3aBUCHUMO OT TOTO, KaKue IPOIeCChl U CXEeMBI
AOAKHBI A€Yb IIPY 3TOM B OCHOBY TEXHOAOTHH I1e-
pepaboTKM yKa3aHHBIX pyA. CAEACTBHEM TaKOTI'O
MOAXOAA SIBUAACH TPOMO3AKOCTH ITPeAAaraeMou
CHUCTEeMbI TEXHOAOTUUECKOU THUMU3AIUNU 30A0TO-
copeprKalux pya. B odment croskuoct B.M. 3e-
AEHOBBIM BBIAEACHO 25 TEXHOAOTHUYECKUX Pa3HO-
BHUAHOCTEH pya,. DTa Indpa MOKET BO3PACTHU 11O
KpalHel Mepe BABOE 3a CYET APYTUX TUIIOB 30A0-
TOCOAEPKAIIUX PYA, He HALLIEAIITNX OTPaskKeHUs B
PEKOMEHAYEeMOM KAACCU(PUKAIIUU (HAIpUMeED,
30A0TO-CcepebpsaHble, 30A0TO-BUCMYTOBBIE, 30A0-
TO-BOABPPAMOBEIE U AP.), @ TaKXKe BBIAEACHUS
BHYTPHU Ka’KAOTO TUIIA AOIIOAHUTEABHBIX IIOATH-
OB U TEXHOAOTUYECKUX PAa3HOBUAHOCTEU PYA B
3aBUCHUMOCTH OT CTEIIeHU UX OKMCAEHUS U KPYII-
HOCTH 30A0Ta.

MEXAHVKA. TPAHCMNOPT. MALLUMHOCTPOEHWE

O)

B mayuneix nyoamkanuax I'.B. CepeabHu-
KOU, TEXHOAOI'US I1epepabOTKU PyA paccMaTpu-
BaeTCcd NPUMEHUTEABHO K UX TeXHOAOTMYECKUM
Tunam. [IpuBOAATCS 1IECTh OCHOBHBIX TEXHOAO-
TMYEeCKUX TUIIOB 30A0TOCOAEPIKAIIUX PYya, KOTO-
pble BEIAEAEHEI C y94eTOM IIPOMBIIIIACHHON 3HaUU-
MOCTH ITIOA€3HBIX KOMIIOHEHTOB, (DOPM HaXOKAe-
HUS M KPYITHOCTH 30A0Ta, CTEIIEHN OKUCAEHHOC-
T MUHEPAAOB, HAAWUUSA OCAOSKHAIOIIUX TpUMe-
cell U OTAMYAIOTCS PA3AUYHBIMU TEXHOAOTHUSAMU
epepabOoOTKHU PYA.

K 3TUM TEXHOAOTMYECKUM TUIIAM PYyA OTHO-
CATCSA: 30A0TOU (30AOTO-KBApPLIEBBIM, 30A0TO-
CYAB(UAHBIN) CO CBOOOAHBIM M ITUAHUPYEMBIM
30A0TOM; 30A0TOM (30A0TO-MBILIILIKOBBIM) C TOH-
KOBKPAIIAEHHBIM 30A0TOM B CYAB(UABL U APpYTUE
MHUHEPAABI; 30A0TOCEPEOPIHBIN; 30A0TOIIOANMETaA-
AWYECKUU (30AOTO-MEAHBIN, 30A0TO-CBUHIIOBOIWH-
KOBBIU U AD.); 30A0TO-CYPBMSIHBIN; 30AOTOHOCHBIE
KOPBI XUMHYECKOT'O BLIBETPUBAHMS, OKMCAEHHBIE
PYABIL.

Ilo oTHOIIEHNIO K OCHOBHOMY CIIOCOOY M3-
BA€UEHHUS 30A0Ta U3 PYA - LIUAHUPOBAHUIO 30A0-
TOCOAEPKAIEe PYABI ITOAPA3AEAIIOTCI Ha Aer-
KoobOoraTuMble (CO CBOOOAHBIM 30A0TOM M B
CPOCTKaX - UAHUPYIOTCS XOPOIIO), CPepAHEe000-
raTUMbIe (CO CAOKHBIMU MUHEPAAbHLIMU (popMa-
MU METAAAOB - IIMAHUPYIOTCA HE MOAHOCTBIO) U
TPYAHOOOOTaTUMEBIE WA YIIOPHBIE (C TOHKOBKPAII-
AEHHBIMU MEeTaAAaMU U BPEAHBIMU IPUMECSIMHU -
OUAHUPYIOTCSA IIAOXO).

AeTarbHBIE HCCAEAOBAHMA «YIIOPHOCTHI»
KapAamHCKUX pyA (CLLHA), npoBepenHble Hausen,
Robinson, Bucknam, Casparini u Ap., TO3BOAUAN
YCT@HOBUTH, UTO CYIIIEeCTBYET ABE TPYINHI IIPHU-
YMH HU3KOT'O M3BACUEHUS AWCIEPCHOTO 30A0Ta
IPU IMAaHUPOBAHUU — YCAOBHO «(pu3muecKas» u
«XUMHYECKasI.

ITpobaeMBI HU3KOTO W3BACYEHMS 30A0Ta U3
VIIOPHBIX PYA OOYCAOBAEHBI CAEAYIOLIMMU IIPH-
POAHBIMU (DAKTOPAMU:

INepBag rpynna «opuduH PU3NIECKON YIIOP-
HOCTH» BKAIOU@ET CACAYIOIINE CAYYaU:

a) 30A0TO TTOKPBLITO OOOAOUKOM, COCTOSIIEN
13 HETIPOHUIIAEMBIX AASI ITMAHOBBIX PACTBOPOB MU-
HEPAaAOoB;

0) 30A0TO HAXOAUTCS B BUAE CIIAQBOB;

B) 30A0TO MOKPHITO (M3HAYAABHO UAU B IPO-
Imecce OoOpabOTKM) IMAEHKAMU, OAOKUPYIOUIWMU
AOCTYII K HeMY IIUaHUAOB;

T) PYA@ COAEpP>KUT COPOIIMOHHOAKTUBHBIN
AASI 30A0TA@ KOMIIOHEHT - TAMHUCTBIE MHUHEPAABI
WAU YTAUCTOE BEIeCTBO, INOTAOILIAOIINE ero U3
pacTtBopa, OBICTpee, UYeM TEXHOAOTMYECKHe CO-
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POEHTHI (aKTUBUPOBAHHBIM YTOAb WAW HOHOOO-
MEHHBIE CMOABI).

Bropasa «xuMmuueckas»
YIIOPHOCTH:

a) pyA@ COAEP>KUT HEPACTBOPUMEIE B ITHa-
HOBBIX PAaCTBOPAX TEAAYPHUADL

0) pyAa BKAIOYAeT MUHEPAAbl M OpraHUuecKue
COEAVHEHMs, aKTUBHO B3aWMOAENCTBYIOUINE C
KOMIIOHEHTAaMU TEXHOAOTUYECKOTO PacTBOPA U 30-
AOTO-LIMAHOBBLIM KOMIIAEKCOM - CYAb(PUAHBIE MU-
HEPAaAbI, TPOAYITUPYIOIIHE POAQHUABL M TIOTAOIIA-
IOIIIFe PACTBOPEHHBIM KUCAOPOA, TYMUHOBBIE KHC-
AOTBI, PYHKIIMOHAaAbHbBIE TPYIIIBI KOTOPBIX B3au-
MOAEHNCTBYIOT C 30A0TOCOAEPKAIIMMU COEANHEHN-
SIMH.

PaccmoTpennass kaaccuukamusg —IpPUYNH
YIIOPHOCTHU PYA, C AUCIIEPCHBIM 30A0TOM, IIPEAAO-
>KeHHas aMepUKaHCKMMU TeOAOTaMHU, Oe3yCAOBHO,
SIBASETCS Hay9HO OOOCHOBAHHOM M NPAKTHUYECKU
NIPUMEHNMOM. BMecTe ¢ TeM y4uTEIBas BCe MHOI'O-
oOpasue TreHeTUYeCKUX THUIIOB MeCTOPO’KACHUU
PYA, COAEPIKAIIUX AUCIEPCHOE 30A0TO B PA3AMY-
HBIX hOpMax, UCIIOAb30BaHNe MHOTOCTYIIeHUaThIX
TeXHOAOTMYECKUX CXeM UX IlepepaboTKy, HeoOXo-
AAMO OpPMEHTUPYSACh Ha BBIAGACHHBIE ITPUYMHBI
VIIOPHOCTH, IIPOBOAUTH T'€OAOTO-TEXHOAOIHMYEC-
KYIO OLIEHKY PYA MCXOAS 13 KOHKPETHBIX YCAOBUM.

[TpuBepeHHBIE BBINIE TPUMEPhl HATASAHO
IIOKAa3bIBaEeT, UTO pa3paboTKa eAWHOMN (YHHBEP-
CaAbHOM) KAACCU(PUKALUM 30A0TOCOAEPIKALITUX
PYA, B OAMHAKOBOM CTelleHU YAOBAETBOPSIONel
CIIEIIMAaAVICTOB Pa3AMUYHOTO NPOQPUAL, IBASETCI
BeChbMa CAOJKHOM 33pauel, K pelleHUI0 KOTOPOU
MOXXHO IIOAXOAUTH C  CaMBIX Pa3AUYHBIX
HO3UINH.

ChaepyeT OTMETUTB, 4TO IIPU pa3paboTKe CHUC-
TeM KAACCU(MUKAIIUM 30A0TOCOAEPIKALIUX PYA,
€CTb IIPUYMHEL YIIOPHOCTH, KOTOPBIE YaCTO He YUU-
TBIBAIOTCS:

1) B mporecce IIMAaHUPOBAHUSA IIPU Kyd-
HOM BBIIIIEAQUUBAHUN UAYT KOHKYPUPYIOLINE IIPO-
IIeCChl COpOITMM KUCAOPOAA KalAdMM peareHTa
NP 3MMUTEPHOM (KAlleABHOM) OPOIIEHUU U €T0
Aerasaluy pu (PUABTpaly pacTBOpa B MaTepua-
Ae Kyuy;

2) HaAMYMe TIOKPOBHBIX TAEHOK («py0a-
IIIEK», «<HAKAEIIOK» U T.II., KOTOPBIE COPOUPYIOT pe-
areHT ¥ OCTAHABAWBAIOT IIpoliecc AU dy3un ero B
MHWHEPAABHOM MaTpulie).

AHaAM3 pe3yAbTaTOB, IPOBEAEHHEBIX HMCCAE-
AOBAHUM, COIIOCTaBA€HUE UX C IIPOMBIIIACHHBIM
OIIBLITOM M3BAEYEHUS 30A0Ta M3 PYA CAOKHOTO
BEeIeCTBEHHOI'0 COCTaBa, IPAKTUYECKHU BCEX U3-
BECTHBIX B MUP€e Pa3HOBUAHOCTEHN 30A0TOPYAHO-

IpynIa NIpUYUH

VPKYTCKWI FOCYLOAPCTBEHHbBIV YHUBEPCUTET MYTEN COOBLLEHMUA

e, VT

AL

TO CHIPBS, IPUBEAU @BTOPA K BEIBOAY O IIEA€C000-
Pa3HOCTH BBIAEAEHUS YIIOPHBIX 30A0TOCOAEPIKA-
LIIUX PYA C AUCIEPCHBIM 30A0TOM B OTAEABHYIO
KaTeropuio MUHEPAAbHOTO CHIPbSl M BHIPAOOTKM
Hay4YHO-OOOCHOBAHHBIX KPUTEPUEB AAS BBEIOOpPA
PalOHAABHOU TEXHOAOTUHU UX llepepabOTKU.

B cooTBeTCcTBHU C LleAeBOM HAllpPaBAEHHOC-
THIO HAY4YHOM pabOTHI aBTOPA, OCHOBHBIMU O0b-
eKTaMMU PacCMOTpeHUusd B pa3pabOTaHHOW KAac-
cuUKAINY, IBAIIOTCH CYAb(PUAHBIE 30A0TOCO-
AeprKallie PyAbl UAU IIPOAYKTHI UX ITepepaboT-
ku. TexHoArormss oOpabOTKUA yKAa3aHHBIX MUHe-
PaAbHBIX OOBEKTOB XapaKTepHU3yeTcs pPsIAOM
O0LIMX IIPU3HAKOB. ['AaBHBIM M3 HUX SBAIETCSH
HUCIIOAB30BaHWEe IMAHWUCTOTO CIIOCO0a HM3BAEUe-
Husg 30A0Ta. YIcxoas u3 3Toro, pa3padoTaH Bapu-
QHT TEeXHOAOTMYEeCKON KAACCU(UKAIIUU 30A0-
TOCOAEPFKAIIUX PYA C AUCTIEPCHBIM 30A0TOM IIO
TEXHOAOTHUYECKOMN YIIOPHOCTHU PYA, OCHOBAHHBIN
Ha OTHOLIEHMU 3TUX PYA K IIpolleccy IHaHU-
pOBaHuA.

B xraccudukanyum TEXHOAOTUUECKUE TUIIBI
BBIAEASIIOTCSL II0 YPOBHIO M3BA€UEHUS IIpU MC-
IIOAB30BAHUM CTAHAAPTHBIX CXeM COPOIJMOHHOI'O
IIMAaHUPOBAHMS, @ HMOATUIIEI — II0 XMMHUYECKOM
AKTUBHOCTU M KOHIIEHTPAIIMH, HCIOAB3YEMBIX
IIPH TEXHOAOTMYECKOM TeCTUPOBAHUY OKMCAUTE-
Ael Tiepep IIMaHNPOBaHuEM (OT TUIIOXAOPUTA Ha-
TpHUs AO IIEPEKUCHO-IIIeAOYHOU ceTH) — Puc.2.

Bce 30A0TOCOAEpIKallIie W KOMIIAEKCHBIE
PYABL C AUCIIEPCHBIM 30A0TOM B 3@aBUCHMOCTH OT
IIOKAa3aTeAsl M3BA€UEHHUS B HHUX MeTaaha IMpU
CTAHAAPTHOM ITMAHUPOBAHUM OOAee MAU MeHee
80% AeAsiTCsI COOTBETCTBEHHO Ha mpocThie (1) —
AETKOIIMaHUpyeMble (He YIIOPHBIE AW AETKO- U
CpepHeOoOOTaTuMEBIE) M YIOPHEIE (Y) — TPYAHO-
IMaHUPYEMBIe (TPYAHOOOOTaTUMELE).

B cooTBeTcTBHUM C pa3pabOTaHHOM KAACCHU-
duranuemn pyabl, y KOTOPBIX N3BA€YEHHE 30A0Ta
B JKHAKYIO (pa3y Ipu UCIIOAB30BAaHUU aTOMHO-a0-
COPOLIMOHHOIO METOAA aHaAM3a COCTABUAO Me-
Hee 80%, OoTHeCeHHBI K YIIOPHBIM pyAaM. B cBoio
O4YepeAb YIIOPHBIE DYABI B 3aBUCUMOCTH OT XUMMU-
YeCKOM aKTUBHOCTHU U KOHIIeHTPAaIlUuH, UCIIOAB3Y-
eMbIX IIpU TeXHOAOTMYeCKOM TeCTUPOBAaHUU
OKHMCAWTEAEH Tlepe) TUaHUPOBAHUM, ACAITCS Ha
TPHU I'PYIIILL PYABL C PU3NUECKUMU IPUINHAMUA
YIIOPHOCTH, PYABI C PU3UKO-XUMUYECKUMU IIPU-
YMHAMU YIIOPHOCTHU M PYABI C XUMUYECKNUMU IIPHU-
YMHAMU YIOPHOCTHU. Ka>kpas W3 BHINIE yKa3aH-
HBIX IPYIIII IIOAPA3AeAsieTCcs Ha PSA TUIIOB.

Pyapb! ¢ husnyeckuMy IpuIUHAMHA YIIOPHOC-
™ (DY) KraccuuImpyoTcs Ha YeThIpe TeXHO-
AOI'MYECKMX THUIIA!
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— TexHoaormueckud tun I1DY — 30n0-
TO ITOKPBITO 00OAOUKOM, COCTOSIIEN U3 HEITPOHM-
IIaeMBbIX AAS ITUAHUCTBIX PACTBOPOB MUHEPAAOB;

— TeXHOAOTHYeCKUHd Tun 2@Y— 30A0TO
HAXOAUTCSI B BUAE CIIAQABOB;
— TexHoAormuecku tun 3PY — 30n0-

TO IIOKPBITO (M3HAUYUTEABHO AU B IIpolecce 00-
paboTKM) IAeHKaMU, OAOKUPYIOLIUMHU AOCTYII K
HeMY IIMaHUAOB;

— TexHonroTmueckun Tun 4QPY — 3o0no0-
TO HAXOAUTCS B MUHEPAAbLHOM MaTpulle B (popMe
HaHodacTull (n'10°M-m-10°M) ¥ OKTOYACTHI]

K pyaaM ¢ @pU3UKO-XUMHUYEeCKUMHU IPUYNHA-
Mu yriopHOCTHA (PXY) OTHOCUTCS TEXHOAOTHYEC-
kuti Tun [ DXY, T.e. pyAbl, KOTOPHIE COAEPIKAT
(PAOTOAKTUBHEIE U COPOIIMOHHO-aKTUBHBIE KOM-
[IOHEHTHI - TAUHUCThIE MUHEPaAbl AU YIAUCTHIE
BellleCTBa, YCAOXKHSAIOIIUEe IIOAydYeHHue (AOTO-
KOHIIeHTpaTa 30A0TOCOAEPIKAIUX MUHEPAAOB
1/UAM TIOTAOIIAIONINE 30A0TO U3 PacTBOPa, ObIC-
Tpee, UYeM TEeXHOAOTHYEeCKHe COpPOeHThl (aK-
TUBUPOBAHHBIM YTOAbL UWAW HOHOOOMEHHBIe
CMOABI).

PyABI ¢ XMMUYEeCKMMU IPUYMHAMU YIIOPHOC-
Tu (XY) DOAPa3AEAdIOTCS Ha ABa TEXHOAOTHUYEC-
KUX TUTIA:

— TexHoAorndeckumm tun I[XY, — pyab
CcopeprKaT HepaCTBOPUMEIE B IIUAaHUCTOM PACTBO-
pe TeAAYPUABL;

— TexHOAOrHueckum thUn 2XY — pyab
BKAIOYAIOT MUHEPAABI U OPTAHUYECKHUE COEANHEe-
HHS, AaKTUBHO B3aUMOAEMNCTBYIOIIHE C KOMIIO-
HEHTAMU TEXHOAOTMYECKOTO PAacTBOPAa W 30A0-
TO-IIMAHOBBIM KOMIIA€KCOM-CYAB(HUAHBIE MHUHE-
PaABl, IPOAYLUPYIOIIE DOAQHUABL U IIOTAOIAKO-
e PAaCTBOPEHHBIM KUCAODPOA, TyMUHOBBIE KUC-
AOTBI, DYHKIMOHAABHBIE IPYIIIEI KOTOPBIX B3au-
MOAEUCTBYIOT C 30A0OTOCOAEPJKAIIAMU — COe-
AVHEHUSIMHU.

AAsT BEIOOpa ONITUMAABHOI'O BapUaHTa Ilepe-
pabOTKH 30A0TOCOAEPIKAIleT0 MUHEPAABHOTO
CBIPBS BHYTPU Ka’KAOI'O TEXHOAOTMYECKOTO THIIA
BBIAEASIIOTCSI IIPOMBILIAEHHBIE COPTa PYABL IIO
YIOPHOCTH B 3aBUCUMOCTH OT COAEPIKAHUS 30A0-
Ta — OoraTele, pIAOBBIe, OepHBIE U IO YPOBHIO
AUCIIEPCHOCTH I[€HHOT'O KOMIIOHEHTa.

B nacrosiee Bpems B Poccun 80 % KopeH-
HOTO 30A0Ta AOOBIBAETCS U3 MECTOPOKAEHUU C
AETKOOOOTraTUMBIMU PYAQMU (HE YIOPHBIMU -
AETKOIIUaHUPYeMBIMH), K KOTOPBIM OTHOCSTCS
PYABL 30HBI OKWUCAEHUSI M 30A0TO-KBaplieBOU
dopmanmu (cMm. Puc.2).

MEXAHVKA. TPAHCMNOPT. MALLUMHOCTPOEHWE

O)

Ha ux poAto mpuxoauTcs O0oAee TTOAOBUHBI
3armacoB 30A0Ta. MeCcTOpPOKAeHUS C OoraThbIMU
pyramu (cpepHee copepskanue 3oa0Ta 10-40 r/T)
u 3anacamu 10-50 T, KoTophie 5>PPeKTUBHO 00-
OTalllalOTCS IO HMPOCTOM TEXHOAOTUU (IpaBUTA-
11 UAU TpaBUTAIUS + IIMaHMPOBaHUeE) C U3BAE-
yeHueM 30A0Ta 92-98 %, IpeACTaBASIOT HaOOADL-
LI MHTEPEC A MHBECTUPOBAHUS.

K cpepHeoboratumMbelM pyaaM, B COOTBe-
TCTBUU C pa3paboTaHHOU KAracCUUKAIMeM, OT-
HOCSTCS CMeIIaHHbIE (OKMCAEHO-CYAB(HUAHEBIE) U
cyabupHBIe. Haanume B 30A0TOCOAEPIKAIUAX
PyAaxX CAOKHBIX MUHEPaAbHBIX pOpM cepebpa,
IpuMecel, a TaK)Ke KOMIIAeKCHBIN XapaKTep Pya
YCAOSKHSIOT TEXHOAOTHUIO UX NepepaboTKu. Ard
oOorallleHNs 30A0TOTEANYPHUAHBIX PYA IPUMEHS-
IOT KOMOMHUPOBAHHBIE CXeMbl, OCHOBaHHBIE Ha
COYETaHUU MNPOIeCCOB rpaBUTAUU, (PAOTAIIUY U
nuaHupoBaHUsA. KOHIIEHTpAaThl HAABAT UAU O0-
SKWTAIOT, @ 3aTeM ITUaHUPYIOT.

MHOTOKOMIIOHEHTHOCTb ~ 30A0TOCOAEPIKA-
VX PyA OOYCAOBAMBAET HEOOXOAMMOCTD ITPUMe-
HEHUS AOBOABHO CAOKHBIX TEXHOAOTUYECKUX
cxeM oOorallleHUsl U IepepaboTKU KOHIIEHTpa-
TOB, BKAIOYAQIOIINX IIPOIECCH TOHKOTO U3MeAb-
YeHUsI W MHOTOCTaAMaAbHOM KAaCCUPUKAIIWU,
rpaBUTAIUU, (PAOTAIIUM, UHOTAQ TMAHUPOBAHUSI
XBOCTOB (DAOTAIIUHU, TAABKH IIOAYYEHHBIX KOH-
LIeHTPATOB. DTO YAOPOKaeT CTOMMOCTD Ilepepa-
OOTKH PYyA U CTABUT 3aAa4y CO3AaHUS HOBBIX 3(-
(PEKTUBHBIX TEXHOAOTHM Ha OCHOBE MCIIOAB30Ba-
HUA POTOMETPUYECKON U PEHTIeHOPAAMOMETPH-
YeCKOM COPTUPOBKU, KOAOHHOM (pAOTaIIMM, OMO-
XMMHUYECKOTO, @BTOKAABHOTO U AEKTPOXMMUYE-
CKOTO  OKHCAEHMHY, HOBBIX  CEAEKTUBHBIX
(PAOTOpPEareHTOB U PACTBOPUTEAEH.

BTopoe MecTo 110 3amacaMm U TpeThe IO Mpo-
THO3HBIM pecypcaM IIOCAe AeTKOOOOTaTUMBIX 3a-
HUMAIOT YIIOPHEIE PYABI (TPYAHOIIMAHUPYEMEIE -
TPYAHOOOOTATUMEIE): CYAB(OUAHO-CYAB(OCOAE-
BBle, CYAB(PUAHO-YTAUCTBIE, CYABPUAHO-COAE-
BBI€ C YTAUCTBIMU M OPTAHWYECKUMU BeIleCTBa-
MU. OTU PYABL B HacToslllee BpeMsl IPaKTUUYeCKU
He BOBAEKAIOTCSI B IepepabOoTKy M SBASIIOTCS
OCHOBHBIM pe3epBOM YBEeAUUYEHUT AOOBIUU 30A0-
Ta B Poccun.

MecTOopo>XAeHUS YIIOPHBIX PYA IIpEACTaBAE-
HBI 00BbEKTaMU CPeAHEero U KPyIHOTO MaciITada.
[TouTn BCce OHU PACIOAOKEHEBI B pallOHax C He-
OAQronpugaTHBIMU Teorpadpo-3KOHOMUYECKUMU
ycaoBuamu: Hesxxpanmuckoe, Kroutocckoe B Pec-
nyoauke Caxa (Akytmg), Maiickoe Ha UyKOTKe,
OaumMmnimapuHckoe B KpacHosipckoMm Kpae, Uta-
KuHCKoOe, Aeabmaumk, breicTpuHcKo-LIupuH-
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ckoe, Kyaprymmuckoe, ABIOBIKCMHCKOe, Taaa-
Tyrckoe, Huxe-KaroueBckoe u Ap. B 3abalika-
ABCKOM Kpae.

OpHOU M3 TAABHBIX NPUYWH, IO KOTOPBIM
CAEPIRUBAETCS OCBOEHUE ITUX MECTOPOKAEHUM,
HAa3bIBAIOT OTCYTCTBUE 3PPEKTUBHOM U SKOAOI' M-
yecKu 0e30MacHOM TEXHOAOTUU ITIepepabOTKU.

OpHaKO 3a py0e>koM MeCTOPOKAEHUS YIIOP-
HBIX 30A0TOCOAEPIKAIIUX PYA YCIIEIIHO 3KCIIAYa-
TUPYIOTCSH. AN "BCKPBITUA' 1 U3BACUEHUS TOH-
KOAUCIEPCHOTO 30A0Ta TPUMEHSIOT B OCHOBHOM
TPpU CIIOCO0a: OOXKUT, aBTOKAABHOE U OMOXUMMU-
YyeCcKoe OKHCAeHNE C TOCAEAYIONIUM ITUaHNPOBa-
HMEeM B MPUCYTCTBUU AKTUBUPOBAHHOTO YTAS
(mpomecc "yroab B IIyAbIIe").

C LeAblO YCKOPeHUs BOBA€UEHUS B 9KCIIAYa-
TAIIUIO KPYIHBIX MECTOPOKAEHUN YIOPHBIX 30-
AOTOMBIIIBSKOBEIX PYA C AUCIEPCHBIM 30A0TOM,
HEOOXOAUMO AOBECTHU AO IIPOMBIIIIAEHHOTO BHEA-
peHus HauboAee SKOHOMUYECKU PeHTaOeAbHBIN
U DKOAOTMYECKM Oe30macHBIM cOoco0 Iepepa-

MEXAHVKA. TPAHCMNOPT. MALLUMHOCTPOEHWE

O)

TexHOAOTMS KIOBETHO-KYYHOTO BBIIIEAQUU-
BaHMUsI 30A0Ta CO CMEHHBLIMM aKTUBAITMOHHBLIMU
OAOKaMM aAQIITUPOBAH K TUIY PYABI U €€ TeXHO-
AOTUYECKOM YIIOPHOCTH, W TTO3BOASIET YBEAUYU-
BaTh WM3BAEUEHUE AUCIIEPCHOTO 30A0Ta OoAee,
yeMm Ha 20% U MOBBICUTH 3(PPEKTUBHOCTDL U HUH-
TEHCUBHOCTD IIpOIlecca BHINIEeAQUMBAHUS, UTO B
CBOIO OYePEeAb pellaeT Ba)KHYIO 33aAa4y 30A0TO-
AOOBIYM Ha COBPEMEHHOM 3Talle — palfuOHaAb-
HOe€ MCIIOAbB30BaHMe OEAHBIX U YIOPHBIX PYA,
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HABJTIOOAEMOCTDb U YINPABJTIAEMOCTD
B 3A0AHAX AKTUBHOU BUBPO3ALLINTDI

[Tpu co3paHuU MeXaTPOHHBLIX CHUCTEM pas-
AMYHOTO Ha3HAUEHMs, B TOM UUCAE U AAS 3aAa4
BHOPO3AIIUTEl U BUOPOU3OAAIINY, MOJKHO OTMe-
TUTh, YTO AEUCTBHE AFOOOTO U3 DAEMEHTOB CUCTe-
MBI (FaCUTeAsl MAU aMOPTHU3aTOpa, K IpuMepy)
4alle BCero CBOAUTCSA K POPMUPOBAHUIO AOITOA-
HUTEABHBIX AUHAMWUYECKUX BO3AEHCTBUM, oOec-
MeunBaloINX He0oOXOAMMOe U3MeHeHre BuOpa-
ITMOHHOTO cocTosTHUs [1]. B aTOM cMBICAE, 3apaUa
BUOPO3AIIUTHI MOKET PaCCMaTPUBATLCS KaK 3a-
Aada yIIpaBAeHUs ABU>KeHHeM 3allluillaeMoro 00-
bEeKTa (MAU CUCTEMBI), @ AMHAaMUYeCKoe BO3Ae-
VICTBUE, BBI3BIBAIOIIlEe COOTBETCTBYIOIIEE U3Me-
HeHUe [IapaMeTPOB — KakK «yIIPAaBACHUEY.

AVMHaMU4ecKre BO3AEUCTBUSA, (PopMHUpPYye-
Mble BHUOPO3AIIUTHBIMU YCTPONCTBAMM M pac-
cMaTpUBaeMble KakK CUAOBBIE UAM KMHEMaTUu4Iec-
KHe, B CBOIO oUuepeAb, IPUBOAATCS K OOIIel cxe-

Me BHEIIIHEr0 BO3MYIIEHUs, UTO PACCMOTPEHO, B
YacTHOCTH, B paboTe [2].

B 3apauax OneHKM AMHAMHWYECKOrO COCTOSI-
HUS OOBIYHBIX CHUCTEM 3alllUThl OT BHUOpAaIui u
YAQPOB, UCIIOAB3YIOTCS N-MepPHBIe [elHbIe (AU
MIPUBOAVMEBIE K HUM) AMHeapHU30BaHHBIE MOAEAH,
KOTOPbIE ONUCHIBAIOTCS MATPUUYHO-BEKTOPHBIMU
YPaBHEHUSIMU BTOPOTO IIOPSAKA BUAA

0¢p+ Bo+Go = F(t), (1)
TA€ (@ — N-MepHBINM BEKTOP 0OOOIIEHHBIX KOOP-
AuHAT; 0, B, G — cuMMeTpHUYecKHe (n x n) MaTpH-
b, COOTBETCTBEHHO WHEPIIMOHHAs, AWCCHUIIA-
TUBHasg U yupyrasg, F(f) — n-MepHasd Bek-
TOP-PYHKIIVA BHEIITHUX BO3AEUCTBUN.

AyHaMU4YecKUe CUCTeMbl MHOTUX MalllUH 1
arperaTos, HAIIpUMeD, CUAOBBIE II€PeAQYH, MOy T
paccMaTpUBaTBCA KaK CUCTEMBI C MAAOM AUCCH-
nanuen [3,4].
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Bo MHOTHX cAydagx MaTpuiia 0 aBAsIeTCS AU-
aroHaABHOM, @ B TeX CAydYasx Koraa 0 mmeer
CTPYKTYPY, OTAMYHYIO OT AMArOHAABHOM, BCETAQ
MO>KHO TTOCPEACTBOM HEBBLIPOSKACHHOTO, MOAAAD-
HOT'O IO OTHOIIEHUIO K UCXOAHOU MHEPIITUOHHOMN
MaTpulle IpeoOpa3oBaHusd, TPAaHCPOPMUPOBATH
cucremMy (1) K BUAY C AMarOHaAbHOM WHEPIUOH-
HOU MaTpUIlen.

Ecam B 3apauax aKTUBHOU BUOPO3AIUTHI,
BUOPOM3OASIUN HAM YIIPaBA€HHE AMHaAMUUYeC-
KUM COCTOSTHHEM OOBeKTa BBOASATCS aKTUBHBIE
9AEMEHTHI, CBSI3aHHbIE C BHEITHUM MCTOUYHUKOM
9HEPTUHU, TO AMHeapu30oBaHHasd N-MepHas MOAEAb
CO CBA35IMU HAITPAaBAE€HHOTO AeMCTBUS [5] ONTUCHI-
BAEeTCsI MAaTPUUHO-BEKTOPHBIM AU P epeHITuaAb-
HBIM ypaBHeHUEeM [IePBOTO IIOPSIAKA B HOPMaAb-
HOU (hopMme

x =Ax + F(t), (2)

A€ X — N-MEePHBIU BEKTOP COCTOIHUS (Pa30BhIX
KOOPAWHAT) MOAEAH;

A — BelllecTBeHHAS UAY KOMIIAEKCHAS (11X 1)
MaTpHLla IPOU3BOABHON CTPYKTYPBHI;

F(t) — n-mepHas BeKTOP-QYHKIIMI BHEIII-
HHUX BO3AEHUCTBUM.

Be3ycnroBHEBIE, B BBIYUCAUTEABHOM IIAQHE,
MIPUHITUIINAaABHOE OTAMUNE MoapeAel (1) u (2) 3a-
KAIOUAeTCsl B CTPYKTYPHOM XapaKTepe MX Ilapa-
MeTPUYECKUX MATPULl: y IEeNHBIX MOAEAEU MaT-
puurl 0, B, G — cuMMeTpUYecKue, a y MOAEAel C
HaIlpaBAE€HHBIMU (aKTUBHBIMU) CBA3IMHU MaTPU-
1Ia A xapakTepu3yeTcsi IPOU3BOALHOM, B 00IIeM
CAy4Yae HeECUMMETPUUECKOU U He IIPUBOAUMOM K
CUMMeTPUYECKON CTPYKType. B Tex cayuadax,
KOTAQ CHCTeMa HOCUT OOAee CAOKHBIU XapaKTep,
TO eCTh CHCTeMa He IBASEeTCS IeOYHOU, MaTpU-
bl B 1 G MOTyT CTAHOBUTBCS aOCOAIOTHO IIAOT-
HBIMU.

I. [Tpu pa3zpaboTKe aKTUBHBIX BUOPO3AIIUT-
HBIX cucteM (AB3C), OTHOCHMMBIX K yIIpaBAsie-
MBIM AMHAMHWYECKHM CHCTeMaM, IIpeAIlloAaraeT-
Cs1, Kak IIPaBUAO, IPEACTaBAEHUE dTUX MOAEAEN B
IIPOCTPAHCTBE COCTOSHMM. PaccMOTpUM B Kauec-
TBE IIpUMepa MeXaHUYeCKyI0 KOAeDATEeABHYIO
CHUCTEMY C AKTHUBHBIM 3A€KTPOMeXaHUYeCKHUM
npeoOpa3oBaTeAeM THUIIA IAEKTPOMeXaHUUeCKO-
ro BubOpaTopa.

PacueTHas cxeMa OAHOOCHOTI'O YIIPaBAsIEMO-
ro BUOPOU3OASTOPA, TPEACTaBAEHHAd Ha puc. 1,
uMeeT 00BbeKT 3aiuThl (O3), CBA3aHHBIN C BUO-
PUPYIOIINM OCHOBAHHEM IIO 3aKOHY y(i) uepe3d
AEMII(PUPYIOIMIUN IIOABEC M CEPBOCBA3b B BHUAE
nopABr>KHOM Katyiuku (1K), momeleHHOM B 110-
CTOSSHHOE MarHuTHOE IIOA€.

VPKYTCKWI FOCYLOAPCTBEHHbBIV YHUBEPCUTET MYTEN COOBLLEHMUA
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Puc. 1. PacueTHas cxeMa OAHOMEPHOI BUOPO3alluT-
HOM CHCTEMBI C SAEKTPOAMHAMNYECKUM CEPBOIPU-
BOAOM.

YnpaBaeHME CEPBOCBA3BIO OCYIIECTBASIETCS
IIyTeM U3MeHeHus HanpsaskeHusa U(f), mocTymaro-
mero Ha I'1K. B cooTBeTCcTBUU C pacueTHOMU CXe-
MOM Maable KoaeOaHUSI OOBEeKTa 3alfUuThI, KakK
TBEPAOIO TeAd, MOI'YT OBITh OIMCAHBI CUCTEMOU
YPaBHEHUN

mX +bx +cx =k i +by+cy,

L kU k(5 3
—+Ri=U-k, (x-y),
di 1 y

rae x(f) — KOOpAMHATA, XapaKTepuayroas abco-
AroTHOe nepemelrieHue O3; i — Tok B Henu [1K,
y(t) — KoopAVHATa IepeMelleHns OCHOBaHU (B
AAHHOM CAy4Yae — 3TO KMHEMATHUYeCKOe BO3MY-
mweHnue); U(f) — HanpsokeHue Ha 3akumax [1K;
m — npuBepeHHas macca O3; b — KoapPUITMEHT
COIIPOTUBAEHUS (BI3KOTO TPEHUS); ¢ — KO3IPpu-
IIUEHT IIPUBEAECHHOM >KEeCTKOCTU YIIPYIHUX 3Ae-
MeHTOB; k, = Bl: B — MarHuTHas MHAYKIMA B 3a-
30pe, I — pamHa TpoBoaa B ITK; R — akKTMBHOE CO-
npotuBAeHue B 1enu [1K; L — WHAYKTHBHOCTH
I'K, k;, — KO3dOPUIUEeHT MAarHUTHOU HHAYKIIUU
(k; =k,).

YpaBHeHUEe (3) B AAABHEUIIIEM UCIIOAB3YETCS
AL CHHTEe3a YIIPaBASIEeMOro BUOPOU3OASITOPA;
YTO CBOAUTCS K TOCTPOEHUIO AUHaMHUUECKOTO pe-
TYASITOPa, 00eCIieunuBaloIero Heo0OXo0AUMOe 3Ha-
yenue HanpsokeHus U B 3axkuMax [1K mpu onpe-
AEAeHHBIX TTapaMeTpax m, b, ¢, L, B, 1. TlepsuuHoM
nH(popMaIel, Ha OCHOBE KOTOPOU AMHaAMU4YeC-
KHU peryAdaTop (popMUpPYeT yIIpaBAdollee Ha-
npskenue U(f), MOJKeT CAY’KUTb CUTHAA OO OTHO-
cureArbHOM epeMelieHun O3 x . =k'(x —y), TAe
k' — KpyTM3Ha CTaTUYECKOU XapaKTepPUCTUKHU
AAQTYMKA IePBUYHON MH(POPMAIUN.

CTpyKTypHas cxeMa yIpaBAIeMOIro BUOPO-
U30AITOPA ITOKa3aHa Ha PUC. 2, OTKYAA CAEAYET,
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Puc. 2. CTpyKTypHas cxeMa OAHOMEPHOTO YIIPaBASIEMOTO BUOPOM30ASITOPA.

YTO BUOPOU3OAITOP COCTOUT U3 ABYX MapIiarb-
HBIX IIOACUCTEM, UMEIOITNUX MEeKAY COO0M HECUM-
MeTPUYHBIE CBSI3U B3aUMOAEUCTBUS.

Ecau nnpeanionarats, uTo U=0, TO CTPYKTYP-
Had cxeMa Ha pHuC. 2 npeoOpa3yeTcs K BUAY, IIO-
Ka3aHHOMY Ha puc. 3. B 3ToM caydae aneKTpoMe-
XaHUYeCKUe CBSA3KU 00pa3yroT AOIOAHHUTEABHOE
3BEHO, BKAIOUAEMOe MapaAAeAbHO B YIIPYTO-AEeM-
ndgupyrolen cea3ke saneMeHToB C U bp, 94TO OT-
pakaeT CyILIeCTBYIOIIYe B CUCTeMe TaK Ha3bIBa-
eMble BHYTPEeHHUE UAU «KOHCTPYKTHUBHBIE» AO-
TTOAHUTEABHBIE CBSI3U, BEI3BAaHHBIE CIleluryec-
KHUMHU OCOOEHHOCTSIMU KOHCTPYKTUBHOM pPearm-
3aITUU CEPBOITPUBOAA.

[MepepaTouHast PyHKIUS CUCTEMEI Ha PUC. 3
UMeeT BUA

X (C+bp)(Lp + R)

W=== .
y p’Lm+ p*(Rm+ Lb)+ p(CL+ bR-k,k)+CR

(4)

YTO MO3BOASET ONPEAEAUTH YaCTOTHBIE CBOMCTBA
CHCTEeMBI TPU 3aA@HHOM BHEIITHEM BO3AEMCTBUU.

Vudopmanueir, pas QPOPMUPOBAHUSA pery-
ASTOPOM YIIPaBASIONIero Hanps>keHus U MosxkeT
CAYKUTh CUTHAA 00 OTHOCUTEABLHOM liepeMellie-
Huu O3, Hanpumep, U =k'(x —y) rae k' — umeet
CMBICA KPYTU3HBI CTaTUYECKOMN XapaKTEPUCTUKU
AATYNKa NePBUYHON NH(pOPMAIUu.

Ecan npussate, utoU =k'(x —y), To oOpaTHas
CBSI3b CO 3BEHOM, UMEIOIUM IIepeAaTOYHYIO
dyurnuo W =k, p, I3MEHUTCS U IepeAaTOYHAS
dyHKUIMUA 3BeHa npuMeT Bup W =k, p+k’ c cooT-
BeTCTBYIOIIUMH U3MEHEeHUSIMU B CTPYKTYPHBIX
cxXeMax Ha pHUc. 2,3 1 BeIpakeHuu (4).

II. Tlpomecc HOpPOEKTUPOBAaHUS YIIpaBAse-
MBIX AMHAMUYECKHUX CUCTEM IPEAIIOAATAET IIPEA-
CTaBAE€HHE 3TUX CUCTEM B IIPOCTPAHCTBE COCTOS-
HUM. B CBSA3U C 3TUM pacCMOTPUM OCOOEHHOCTU
TUIOBBIX MOAEAeM KMHeMaTHueCKHUX BO3MYyIlle-
HUM, TPUHUMAaEMBIX 4allle BCero Kak AeTEpPMUHU-
POBaHHBIE TAPMOHUYECKUE U Y3KOIIOAOCHBIE CTa-
IIMOHApPHBIE CAyYaliHble KoaeDaHusa. MO>KHO T10-

AQraTh [5], 4TO KUHeMaTU4YeCKrUe BO3MYIeHU ¥,
y B ypaBHeHHU (3) UMeIOT (PU3NYECKUU CMBICA
(a30BBIX KOOPAWHAT BUOPHUPYIOLIETO OCHOBA-
HU4, IIPOCTON MeXaHU4eCKOU MOAEABIO KOTOPOTO
paccMaTpuBaeTcsa ocuAAITOp. [ToaToMy rapmo-
HUYeCKOe KorebaHue

Y =Y, cos(mt+a) (5)

MOXHO IIPEACTABUTH KAK PEeaKIUI0 HEeKOTOPOTro
OCHUANITOPQ, OIIMCHIBAEMOTI'0O YpaBHeHNUEeM

y+oy=0 (6)
nupu HAYAABHEBIX YCAOBUSAX y(t=0)=y,,
y(t=0)=y(0).

Pemenne ypaBHeHU4 (6) npuHuMaeT GopMy
y(t) = y(O)cosoo[HMsincoft (7)
f
UAM TIpeoOpa3syeTcs K BUAY (9), TAe
. 2 .
Yo =,[¥(0)° +Y(02)  tgo = 8)
oy O Yo

TakuM 00pa3oM ABUKEHUeE y({) C 4aCTOTOU ®
MO>KHO CPOPMHUPOBATh C IIOMOIIbIO OCIIUAASATO-
pa (6), ecAr AAST TIOCA€AHEer0o B MOMEHT BpeMeHU
t=0 obecneuynTb COOTBETCTBYIOIIE HAaUaAbHEIE
ycaoBu4 y(0)u y(0). ITpu aTOM BEIOOP YUCAEHHBIX
3HAUeHUY HAYaAbHBIX YCAOBHUH OIIPEAEAdeTCs

kkp
Lp+R

=l

1
mp?

C+bp

1

Puc. 3. PacueTHas cxeMa yIIpaBAsieMOTo BUOPO-
M30ASTOPA IIPH OTCYTCTBHH yIIPaBASIOIIEro Ha-
NPSKEHUSI.
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AL

e, VT

cooTHolIeHUAMH (8). I'lTpu puKkcrpoBaHHOU Yac-
TOTE ® 3TU COOTHOIIEHUS YCTAHABAMBAIOT CBA3b
MeJKAY aMIIAUTYAOU ¥, U a30i o MOAEAUPYe-
MOT'0 KoAeDaHUs (5), C OAHOM CTOPOHLBI, U 3HaUe-
HUSMU HaYaABHBIX YCAOBUY (HAYAABHOI'O COCTOS-
Hud) y(0)u y(0), c Apyroi ctoponsl. [IpeacTaBum
MOAEAB OCIUAAATOPA (6) B IPOCTPAHCTBE COCTOS-
HUM. AN 3TOTO BBEAEM HOBBIE IepeMeHHEBIEe

zZ, =Y.z, =Y. 9)
Vicnonb3ysa mepemeHHBIE (9), BMECTO CKa-

ASIPHOTO YpaBHEHUd (6) MOKHO BBECTU BEKTOD-
HOe ypaBHeHUe BHAQ

z=Az 2z(t=0)=z0) (10)
rAe
0o 1
2=, A=, . (10
Y2 —o; 0

YpaBHeHue (9), Kak 1 ypaBHeHUe (6), ONIUCHI-
BaeT CBOOOAHBIE KOAeDaHMS TapMOHHUYECKOTO
OCITUAASITOPA, BO3HUKIINE B MOMEHT BpeMeHU
t=0 wm3-3a HavanbHEIX ycaoBui z,(0)=y(0)
z,(0)=y(0). Takum oOpa3oM, BeKTOp z({) ONHUCHI-
BaeT ITOBEAEHUE OCIIMAAITOPA B oOAacTu ¢ > 0.

[TpuHuMasg BO BHUMaHWeE, UYTO HaAYaAbHOE
ycaoBue z(0) ypno0HO BBECTH B CaMO ypaBHeHUE
(9) OTAEABHBIM YAEHOM (IO (PU3UIECKOMY CMBIC-
AY DKBUBAACHTHOU BHEIUIHEU CUAON), IIOAYYUM

z=Az+ 2(0)5, (11)

I'A€ BEKTOD Z 1 MaTpulia A OIIpeAeAseTCss COOTHO-
meHusamMu (10), ad(t) — uMOyAabcHasd (PyHKITUA.

Bripaskenwne (11), TakuM 0Opa3oM, BBOAUTCS
U SBASIETCSI YPaBHEHHEM COCTOSIHUSI rapMOHU-
YeCKOT'0 OCIIUAASITOPA KaK PUABTPE, POPMUPYIO-
IIero KMHeMaTU4YeckKoe BO3MylleHHe Buaa (9).
ITpu 3TOM NapamMeTp ® POpPMUPYIOIIETO (PUABTPA
OIIpEeAEAdeT YaCTOTy CUTHAAA (9), a HOAAHHBIE Ha
BXOA, (PUABTPA UMIIYABCHEL padMepa z,(0)=y(0)u
Z,(0)=y(0) obecnieunBarOT, B COOTBETCTBUU C (8)
AMIIAUTYAY U a3y 3TOTO KOAeOaHUS.

III. AocraTouyHO YacTo OOIIed MOAEABIO
Y3KOIIOAOCHOI'O  CTAIJMOHAPHOI'O  CAY4YaMHOI'O
[Ipoliecca IBASETCS ero IpeACTaBAeHUe, CBI3aH-
HO€e C KOPPEASdIIUOHHON (PYHKIIMEN, allllPOKCH-
MHUPyeMOU BEIpakKeHNeM

n

k, :cze’“‘r‘(coskn+isin\r\), (12)

YMCAOBBIE 3HAUEHUS G ~, L U A OBBIYHO OIIPEACAS-
FOTCS IIyTEM CTAaTUCTUUYECKOU 0OPabOTKU peanb-
HBIX 3alKicel KoAeOaHWM BUOPO3ANIUTHOM CHC-

TEMBEI. I_IpI/I 3TOM G2I/IM€eT CMBICA AHCIIEpCHUU
mpoinecca, U u A — IIapaMeTpPhI, OIIpeAeAdIonie

CBOMCTBA CAy4YarHoro npouecca. KoagpduimeHt
L XapaKTepu3yeT OBICTPOTY YOBIBAHUS KOPPEAS-
IMOHHOM 3aBHCHUMOCTH MEKAY OPAUHATAMU CAY-
YyalHOro IIpoliecca: ueM OOABIIIe |1, TeM ObICTpee
yOBIBaeT KOPPEAIIIUOHHAs CBA3b. JHAUeHUe OT-
HOIIIEHUS % XapaKTepusyeT «CTelleHb Hepery-

AAPHOCTHU IIpomecCa»: IMPpru MAABIX % OpPAHATBI

IIponecca, B3sAThIe depel3 IIPOMEe)XXYTKHU BpeMeHU

21
7, OKa3bIBAIOTCS CUABHO KOPPEAUPOBAHHLIMU,

U pearmn3saliusd Ipoliecca CTaHOBUTCS TOXOXKeM
Ha CUHYCOUAY; IPY OOABITINX 3HAUEHUSIX % repu-
OAUYHOCTB C YaCTOTOU A CTAHOBUTCS MaAO3aMeT-
HOW.

CaAyualHBIM IIponiecc y(f), YAOBAETBOPSIO-
WM KOPPeAIIIMoHHOU (pyHKIUH (12), MOXKHO 3a-
AQTh B BUAE BBIXOAHOT'O CUT'HaAa AUHaMUYECKOU
CHCTEeMBbI, BTOPOTO OPSIAKA, Ha BXOA KOTOPOM T10-
CTymaeT OeABIH IITyM:

y+2hy+ o,y =k, (13)
rae h, o, k, IIOCTOSTHHBIE BeAMYMHBI (h>0,
k, >0, ®, > h), ac(t) — OeABIl IIyM CO CIIEKTPAAB-
HOU IINOTHOCTBIO S (®) = S =const. AeiCTBUTEAD-
HO, CIIeKTpaAbHasd MTAOTHOCTb BHIXOAHOTO CUTHA-
Aa cucTteMbl (13) onipeaeasieTcst BRIpa>keHueM

kZ
Sy (@) = - 7 9.(0) =
. N2 . 2
‘(]o)) +2hjo+ cof‘
k%S
(0° —o?)+4h*e

(14)

YMHO>Kag YUCAUTEAD U 3HaMeHaTeAb (14) Ha
2nh®’ ¥ BBOAS 0603HAUYEHUS

2 nkfzs 2 2
c° = , uw=h A=+/®; —h", 15
TTOAYUYUM
262 242
S, (0)=""1. = (16)

T ((1)2—7»2—}12)2+4p.2002.

OTMmeTuM, 4TO BhIpakeHue (16) AAsT criek-
TPAABHOM IAOTHOCTH S (®) COBIIaAAeT C mpeos-
pasoBaHueM DOypbe KOPPEAIUOHHON PYyHKIIUN
(12).

Takum 06pazomM, MOJKHO IOAATaTh, UTO AUHA-
Muyeckas cucrema (13) gaBasgeTrcs (PUABTPOM,
dopMUpPYIOIIUM CAyYalHOe KOAeDaHUe, yAOB-
AETBOpSIOIlee KOPPEeAIIMOHHOU (pyHKIUU (12).
B 3TOM cAy4ae IIpy 3aAaHHBIX TapaMeTpax G -, |,
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A KOPPEeASIUMOHHOM (DYHKIIMU U 3aAQHHOU UH-
TEHCUBHOCTHA S BXOAHOTO O€AOTO IIIyMa, Itapa-
MeTphl h, ®,, k, dopmupyromero guaprpa (13)
MOAOMPAIOTCSI B COOTBETCTBUM C BBIpa>kKeHUEM
(15).

ITpepcTaBUM MOAEAB POPMUPYIOLLETO (PU-
ABTpa (15) B IpOCTpaHCTBE COCTOSTHUM, BBOAI T1e-
pPEMeHHBIe Z, =Y, Z, =Y, TOIAQ BMECTO CKAASIPHO-
ro ypasHeHus: (13) BTOporo nopsipka MO>KHO 3a-
MCaTh COOTBETCTBYIOIee BEKTOPHOE ypaBHe-
HUe IIEPBOTO MMOPIAKA

Z=A,z+Fo, (17)
rAe
z, 0 1 0
7Z = ' Al = 2 1 =
z, -, —2h k,

YpaBHeHUe (17) XapaKTepu3yeT COCTOSTHUE
AVHAMHUYECKOU CHUCTEMBI BTOPOTO Hopsapka (13)
KaK QPUABTPAE, (POPMUPYIOIIEr0 CAyYaHOE KUHe-
MaTHUUYeCKOe BO3AENCTBUE V() KOPPEAIITUOHHAI
DYHKIWSI KOTOPOTO YAOBAETBOPSIET BEIPA’KEHMUIO
(12). I'Tpu aTOM napamMeTpsl GPOPMUPYIOLILETO PU-
ABTPA M IIapaMeTphl, XapaKTepu3ylolllne Koppe-
AAIMOHHYIO (PYHKIWIO, YAOBAETBOPSIOT COOTHO-
ureHuam (15).

IV. llepetipeM K pacCMOTpPEHUIO IIPOCTpaA-
HCTBA COCTOSTHUU C HCIOAB30BaHUEM AWHaAMU-
YeCcKOU MOAeAU (3), BBOAS HOBLIE TTepeMeHHbIe

X, =x,Y, =y, n=i
X, =x,Y,=y
1 0003HaUeHUI

hzil k, :ﬂ, k| ziv
2m m L

(012 :S’Tl :£’k2 :ﬁ_
R L

C yueTtoM 0003HAUYeHUN BMECTO (5) MOXKHO
3amnncaTh

X=A,X+An+FY,

(18)
n=AX+An+k,U+F)Y,
rae
T T
X:[Xl,Xz] ,Y:[Yl,YZ]
A 0 1 A 0| 0o 1] 19
"leep =20 k| |ep  2h[' (19
1
A, =[0 -k, A, =—T—;F2=[O k,]
1
YpaBuenue (18) omnuchIBaeT COCTOSTHIE

YIIpaBAsIEeMOM BUOPO3alIUTHON CUCTEMEI C y4e-
TOM IIpOIlecCcoB, npoTrekatomux B I'1K npu n3sec-
THOU MOAeAM BOo3MyleHud y(t). CucreMa ypas-
HeHn# (18) MoOKeT paccMaTpPUBATBHCS 3aMKHY-

MEXAHVKA. TPAHCMNOPT. MALLUMHOCTPOEHWE

@_‘—

TOU, €CAU K Hell IPUCOEAVHUTH YpaBHeHUE (hu-
ABTPQ, hopmupytouiero y(t) T.e. ypaBHeHue (11)
uan (17). Takum oO6pa3oM, 3aMKHyTasd CUCTeMa
YPaBHEHUM, ONIUCHIBAIOIIASA COCTOSTHUE YIIPABAS-
eMou cuctembl (Puc. 1,2), B IpOU3BOABHBIU MO-
MEeHT BpeMEeHU UMeeT BUA

X=A/X+An+FY; X(t=0)=X(0)#0;
A=A, X +An+k,U+EY; n(t=0)=n0)%0, (20)
Y =AY +o; c=Y(0)1).

CucreMa ypaBHeHuM (20) XapakTepusyeT
COCTOSTHME PACITUPEHHOUN CUCTEeMbI «BUOPOU30-
ASTOP + MCIOAHUTEABHBIM MeXaHU3M + (popMu-
pyromuii GUABTP». TaKyro MOAEAB YIIPABASIEMO-
ro BUOPOU3OASATOPA ITeAeCOO0Pa3HO MCIIOAB30-
BaTh B TOM CAyd4ae KOTAQ BO3HUKAeT HEOOXOAM-
MOCThH ydeTa BAUSHUS BSAEKTPOANHAMUYECKOMU
IIOCTOSHHOM BpeMeHU T, BUOpaTopa Ha Ipoliec-
CBI, TIPOUCXOASAIINE B BUOPO3AIUTHOU CUCTEME.

B psipe cayudaeB T, OBIBaeT AOCTATOYHO MaAd
U ee BAUSHUEM MOJKHO IIpeHeOpeyub, TOTAQ BBOAS
0003HaueHUs

h, =k, /mR, 2h'-2h+h,, k'=k, /mR, (21)
BMecTO (20) 3anuiieMm
).(:AX+Bu+FY, (22)
Y=AY+o,
rae
, |0 1 |0 |0 0
—o; -2k k| o 2|

OrMmeTnM, 4TO ypaBHeHUe (21) ommceIBaeT
pacIIupeHHYIO0 CUCTEMY, COCTOSTHUE KOTOPOU Xa-
pakTepusyeTcsa paciIupeHHbIM BEKTOPOM
[XY]T = [X,X,y,}'f]T.

[MTpu peuieHun 3apau IPOEKTUPOBAHUS AU-
HaMUUEeCKHUX PeryAdTOpPOB B yIIPaBAIeMbIX BUO-
PO3AIIUTHEIX CHUCTEMaX HEOOXOAWMO PacIOAd-
raTb HEKOTOPOUM M3HAYaAbHOU MHOpMaIuen o
COCTOSTHUU pacIiupeHHoU cucTeMbl (20) uau (22).
XoTd Takasg nHPOpMalus, Kak IIPpaBuAO, ObIBAET
OrpPaHUYEHa, CUTHAaA OO0 OTHOCUTEABHOM IIepeMe-
LIEHUN MOJKET OBITH IIOAyYEeH 0e3 OCOOBIX yCH-
AU

u' =k'(x-y). (23)

B mpocTpaHCTBE COCTOSTHUNM MOJKHO TIOAA-
raTh, AOCTYIIHBIM M3MEPEeHUI0 CUTHAA Z IIPeA-
CTaBAsIeT COOOM AMHEMHYIO KOMOMHAIIUIO KOOP-
AWHAT X U Y, XapaKTepU3YIOIUX COCTOSHUE CO-
OCTBEHHO BHOPOU3OAITOPA U COCTOSHUE Pu-
ABTPa, (popMUpYIOLIEro KUHeMaTU4ecKoe BO3-
MyllleHUe, II03TOMY (23) IpUHUMAaeT BUA
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z=C,X+C,Y, (24)

rae
z=u',C, =k' 0, C,=]-k" 0. (29)
YpaBHeHUe (24) MOKeT OBITH Ha3BaHO yPaB-
HeHUeM HaOAOAEHUS AN PACHIUPEHHOU MOAEAT
YIIPaBASIEMOM CUCTEMBI, @ MaTPUNHL (25) — Mart-
punamMu HaOAIOAeHUs. B o0mieM caydae CUTHaA
U3MepeHus Z, KpoMe IIOAe3HOM HHpopMaluwy,
MOJKET COAep’KaTh 1 noMexy. [lpu aToM BMecTo
(24) moayumm

z=C, X+C,Y+3, (26)

rae 9 — cKandgpHas mmoMexa, SIBASIONIAascs, Kak
IIPABUAO, CAYYAMHOU (PYHKIMEN BpeMeHN.

V. VmopaBasieMOCTh U HaOAIOAAE€MOCTH
AB3C. PaccmatpuBaeMble 3pech AB3C 1mpea-
CTaBASIFOT COOOMW yIIpaBAsSieMble AMHaMUYeCKUe
CUCTEeMBI, pacIIupeHHasi MOAEAb COCTOSTHUS KO-
TOPBIX B OOIIIEM CAyUYae IIPEACTaBASIETCS ypaBHe-
HUEeM

X =AX + Bu+Gw, (27)

rae X — BEKTOP COCTOSHUSA; U — BEKTOP yIIPaBAe-
HUS; W — BeKTOp OeABIX ITyMOB; A — MaTpula
COCTOSTHMS; B — MaTpulla lepepadyy yIIpaBAEeHN;
G — MaTpula nepepauy OEABIX IITyMOB.

MudopManusa 0 COCTOTHUM PACUIMPEHHOU
AB3C ompepeasieTcsi OpuU TTOMOIITU AATUYUKOB
nepBuuHOMN mHpopmanuu. Ha ocHOBe aTOM MH-
dopmanmu MOKeT OBITE C(DOPMUPOBAHO YpaBHe-
HUe HaOAIOAEHUS BUAQ

z=CX+9, (28)

TA€ BEKTOp HU3MepeHUs Z UMeeT Pa3MepHOCTD,
MEHBIITYIO Pa3MePHOCTH BEKTOpa COCTOSTHUA X, a
CTPYKTypa MaTpunbl HaOAopAeHUS C Oonpepend-
€TCSI COCTaBOM ITEePBUYHBIX U3MEePUTEAEH.

PaccmaTtpuBaembie AB3C ABAGIOTCA yIIpaB-
ASEeMBIMM AMHAMWUYECKUMU CUCTEMAMU C o0Opart-
HOMU CBA3b10. [ Ipy IpOEeKTUPOBaHUU TAKUX AUHA-
MHWUECKUX CUCTEM Ba)KHOE 3HaUeHNe UMEIOT CBO-
VICTBA YIIPABASIEMOCTH ¥ HaDAIOAQEMOCTH, KOTO-
pble MOTYT OBITh U3y4eHBbl Ha HAYaAbHOM 3Talle
MIPOEKTUPOBaHUs, HAaIpuUMep, C IMOMOIILIO KPU-
TepueB P.KaaMaHa: AMHeNMHasa n-MepHas CucreMa
BHAQ (27) TIOAHOCTBIO YIIpaBAsIeMa TOTAQ U TOABKO
TOTAQ, KOTAQ MaTpulia

P=[B AB A’B A" B], (29)
Ha3bIBaeMasl MaTpUIeN YIPaBASIEeMOCTH, UMeeT
PaHI, PAaBHBIM 1! AAS TOTO, YTOOBI AWHEWHAas
n-MepHas cucteMa Bupa (27), (28) Obira IMOAHOC-
THIO HaOAIOA@EMa, HEOOXOAMMO M AOCTATOYHO,

4TOOBI MaTpHUIlA

VPKYTCKWI FOCYLOAPCTBEHHbBIV YHUBEPCUTET MYTEN COOBLLEHMUA

e, VT

AL

Q=[cTATcT(AT)*CT..(AT)"'CT].  (30)
HasbIBaeMasl MaTpullell HaOAIOAAEMOCTH, UMeAd
paHT, paBHBIU N1 [5] . [TOCKOABKY BOITPOCHI YIIPaB-
ASIEMOCTH M HaOAIOAQE€MOCTH CBSI3@HBL CO CBO-
victBaMu map matpurll (A, B) u (A, C), cooTBe-
TCTBEHHO, TO B CAydYae IIOAHOW YIIPABAIEMOCTHU
WA IOAHOU HAOAIOAQEMOCTH TOBOPAT 00 yIIpaB-
Asemoit mape (A, B) uau HabAtopaeMol mape (A,
Q).

INpy CIOAB30BAHUM MOAEAEM COCTOIHUSA U
33Aa4ax CUHTEe3a aATOPUTMOB ylipaBaeHus AB3C
QHAAM3 CTPYKTYpBl B3amMopelcTBua B3C c
BHEIITHEMN CPepAOU (KMHEMAaTHUYeCKUMU BO3MYIIle-
HUSAMHU), OIPEAEATEMOU CBOMCTBAMU YIIPAaBAde-
MOCTU U HaOAIOAQEMOCTH, II03BOAsIeT M30e>KaTh
HEKOPPEKTHOCTH ITOCTAHOBKU PelllaeMbIX 3aAay.
Tak, ecA1 OTHOCUTEABHO U3MePSIEMOT0 BBIX0OAQ Z
(28) AB3C He sgBAsSeTCS TOAHOCTBIO HaOAIOpae-
MO, TO 3TO O3HAUYaeT, YTO Pe3yAbTaT PYHKIHO-
HUPOBAHMI HEHAOAIOAQEMOU MMOACUCTEMBL IBAS-
eTCsl HEKOHTPOAMPYEMBIM. YIIpaBA€HHE TAaKOU
IIOACUCTEMON BO3MOJKHO AWIIB II0 PA30MKHYTO-
My KOHTYpPY. Ecan AB3C He 9BASIeTCSA HOAHOCTBIO
YIPAaBASIEMOM, TO 3TO O3HAYAeT, UTO CUCTEMA CO-
AEPIKUT IIOACUCTEMY, U3MeHeHUe COCTOSHUS KO-
TOPOM He 3aBUCUT OT YIIPABAEHUS.

YHpaBAIeMOCTh U HaDAIOAQEMOCTD SIBASIIOT-
Csl CTPYKTYPHBIMM CBOMCTBAMHU MOAEAEN B IIPO-
CTPAHCTBe COCTOSIHUM. B 00111eM caydae IIpH 3a-
AAHHBIX TTapax (A, B), (A, C) 3T CBOUCTBA UAEH-
TU(PUIUPYIOTCA C IIOMOIIBIO PAaHra MaTPUIBL
yupasasgeMocTH P (29) u MaTpunbl HaOAIOAGEMOC-
™ Q (30). EcAM 3apaHa MaTpuIa CUCTEMBI A, pas-
MEPHOCTH YIIPABASIEMOTI'O MOAIIPOCTPAHCTBA 3a-
BHCHUT OT MaTPHUILI BXOAOB B, a pa3MepHOCTE Ha-
OAIOAQEMOIO IIOAIIPOCTPAHCTBA — OT MaTPHUIILI
BBIXOAOB (HabOAropeHUA) C.

PaccmaTrpuBaemas Hamu AB3C TakoBa, 4TO
yIIpaBAsIEMBIY BUOPOU3OAATOD SIBASETCS AUHA-
MHUUYECKOM CHUCTEMON C OAHMM YIIPaBASIOUINM
BXOAOM, XOTS B O0OA€e CAOKHBIX BUOPO3aIUTHBIX
CHCTeMaX YIPaBASIOIIUX BXOAOB MOXKeT OBITh
HECKOABKO.

Pemenne 3apauu mpoektupoBaHus AB3C
TpeOyeT U3ydyeHns KaK CBOUCTBA YIIPABASIEMOC-
TH, TaK M CBOMCTBa HabOAIOAQEMOCTH. DTU CBO-
WCTBA MOTYT OBITH IPOBEPEHBI HEIIOCPEACTBEH-
HBIM BEIYHCAEHHUEM MaTPHUIILL YIIPaBASIeMOCTH P u
MaTpuIlbl HabAropaeMocTu Q. BmecTe ¢ TeM, Tipu
CHHTe3e aATOPUTMOB YIIpaBA€HUS YAOOHO IIO-
ABb30BaThbCd KAHOHWYECKUM IPEACTaBAEHUEM
CTPYKTYPBI, B KOTOPOM CHUCTeMa I10AAraeTcs II0-
AHOCTBIO YIIPABASI€MOM C IIOMOIIBIO0 OAHOTO BXO-
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pa. HamomHMM, 4TO KaHOHMYeCKas CTPYKTypa
MaTpul, A U B AAS IIOAHOCTBIO YIIPaBASIEMOM
n-MepHOM AMHEWHOM CUCTeMEI (27) UMeeT BUA,

0 1 0o - 0 0
0 0 | 0 0
A= ... .. . .. .. |:B=|],
0 0 o - 1 0
-, -0, —0, -, 1
rAe ocv(\/:(m) — KO3(PUITMEHTH XapaKTe-

PUCTUYECKOTO MHOTOUYAEHA MAaTPHUITHI A:
n-1
det(SI-A)=S"+> o, S".
V=0
AASI OLIEHKU YIIPaBASIEMOCTH W HaOArOAae-
MOCTUA VIIPABASIEMOTO BHOPOM30AITOPE, BOC-
MOAB3yeMCS YpaBHEHHEM COCTOSTHUA (22) 1 ypaB-
HeHueM HaOAIOAeHUS (24).
CHayana OIleHUM CBOUCTBO YIIPABAIEMOCTH.
CoraacHo BbIpaykeHusMm (22), (8) u (23) cocros-
HIe BUOPOM30ASATOPA ONTMCHIBAETCS YPABHEHUEM

X =AX+Bu+g, (31)
rAe
X 0 1 0 0 0 0
X -0’ -2h'" o 2h . 0
X = ;A = ' B = ! 0= 8.
y 0 0 0o 1 0 ¥(0)
V7 0 0 -o 0 0 7(0)

3aMeTHuM, U4TO OlleHUBAeTCsd YIIPAaBASIEMOCTh
COOCTBEHHO BUOPOM30AATOPA, @ He BCeU pacIlIu-
peHHOM cucTeMbl. CBOMCTBO YIIPaBASIEMOCTU
3AeCh OyAeT OIIPeAEeAsITHCS BEPXHUM AeBBIM OAO-
KOM MaTpullbl A 1 BepXHUM OAOKOM MaTpHUIHL B.
IIpu 5TOM BepXHUM A€BBIU OAOK MATPUIIBI UMEET
KQHOHUYECKYIO CTPYKTYPY U, CA€AOBATEABHO,
BHUOPOM3OASATOP IBASIETCS YIIPABAIEMBIM 110 CBO-
UM IIepeMeHHBIM COCTOSHUA X U X. KpoMe TOTrO,
BEepPXHUU MPaBBIN OAOK MAaTPUITEI A, XapaKTepu-
3YIOLIMY [Iepepavy BO3MYILIEHUN y U y Ha BUOPO-
HU30ASTOP, TAK)Ke UMeeT KaHOHUYECKYIO CTPYK-
Typy. OTO 3HAUUT, YTO IIPU HAAWUYUM HUH(GpOpPMa-
Iuu 00 3THX BO3MYIIEHHSX OHU MOTIYT OBITh
CKOMIIEHCHPOBAHH!I 3a CUeT POPMUPOBAHUS CO-
OTBETCTBYIOIIETO YIIPABASIOIIETO BO3AEUCTBUS
u. TakuM 0Opa3oM, IIpU OLleHKe CBOMCTBA yIIPaB-
AJeMOCTHU YIIPAaBASIEMOTO BHUOPOU30ASITOPA HET
HEOOXOAUMOCTHM BBIYUCAATH PAHT MaTPUIIBI
yupasasgeMocTu P (29).

[Tpu m3ydeHMU CBOMCTBAa HAaOAIOAQEMOCTH
YIIPaBASIEMOTO BUOPOM30AITOPA BMECTO YpaBHe-
HUug (31) AOCTATOYHO pPacCMATPUBATE OAHOPOA-
HOe ypaBHeHUe

MEXAHVKA. TPAHCMNOPT. MALLUMHOCTPOEHWE
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X =AX, (32)

TAe MaTpuila A UMeeT Ty >Ke CTPYKTypy, 4TO U B
ypaBHeHumn (32). K ypaBHeHuro (32) pobaBuM
ypaBHeHUe HaOAIOAEHUS

7=CX, (33)

TAe
C =[k'0-k'0]. (34)
3AeCh OTMETHUM, UTO AASL OOecTIeueHUsI JKeaa-
eMoM 3(P(PeKTUBHOCTU TallleHus KuHeMaThudec-
KHMX BO3MYIII€HUM pacCMaTPpUBaeMbIM BUOPOHU30-
ASITOPOM HEOOXOAUMO pacnoAaraTh HH(OpMaIlu-
el, 0 IOAHOM PacCIIUPEHHOM BEKTOPE COCTOSTHUSA
X. TI'losaToMy HeEOOXOAMMO HM3ydaThb HaOAIOAQe-
MOCTh PacUIMpPeHHOMN CUCTeMHBI (32) mo m3Mepe-
Huto (33).
Yto0bnI cuctema (32), (33) Obira MOAHOCTBIO
HabOAIOAaEeMa, HEOOXOAMMO U AOCTATOYHO, YTOOKRI

rankQ = rank[CTATCT(AT)*CT(AT)*C"] =4. (35)

HemocpeaCTBEHHBIM BBIUMCAEHUEM IIPOBeE-
psieTcd, 94To yCAOBHeE (34) BBIIOAHSAETCSI. DTO 3HA-
YUT, YTO MU3Mepss CUTHaA, IPONOPIHOHAABHBIN
OTHOCUTEABHOMY IlepeMellleHHu0 X, =X-Y,
MO>KHO BOCCTAHOBUTEH [5] (IpM IIOMOIIM acuM-
NITOTUYECKOTO HMAEHTU(UKATOPA) BECh PACIIM-
PEeHHBIN BEKTOP COCTOSHUS U OIIPEAEAUTHCS C I1a-
pamMeTpaMu AUHaMHUUYECKOTO PEryAsITOPaA.
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VPKYTCKWI FOCYLOAPCTBEHHbBIV YHUBEPCUTET MYTEN COOBLLEHMUA

e, VT

AL

CUCTEMAX

Yueips P.IO., Aoryros A.C., [Tepmsakos M. A.

CNEUNDPUYECKHUE PEXXMDI 3
B AMHAMUWKE BA30BbIX MOOEJIEN
MEXAHUYECKUX KOJIEBATEJIbHbIX

YAK 665.01

Vicnoab3oBaHUe TA@BHBIX KOOPAUHAT B PSIAE
CAy4YaeB MO3BOASIET CAEAATh AOCTYIIHBIM H3yde-
HUe 0COOEHHOCTEeN CBOMCTB MeXaHWYeCKHX KO-
AeDaTeAbHBIX CUCTEeM IIPU BBEACHUHU AOIIOAHU-
TeABHBIX CBs3eM. HekoTopbie 0COOEHHOCTU AO-
MMOAHUTEABHBIX CBSI3€M PaCCMOTPEHHBI B paboTax
[1,2]. IlycTh MCXOAHAs MeXaHHWUecKas CuCTeMa
OIIMCHIBAETCSI CBOOOAHBIE ABV)KEHUS YPaBHEHNU -
MU BUAQ:

a,y, +a,y, ¢y, +€, ¥, =0, (1)
Ay Y, +Ay Y, +Cy ¥, +Co Y, =0,
YTO COOTBETCTBYET KMHETHYEeCKON M IIOTEeHIU-
aABHOU HEPIUIM

1 . .. .
T =—(a11yf +20,, V.Y, +a22y§),
2 (2)

1 2
HZE(CMYf +2C12Y1Yz +C22Y2) '

TAC Oy =0y, Cpp =Cyy.
V3 CBOWCTB ONPEAEAEHHOCTH U IIOAOIKH-
TEeABHOCTU KBAAPATUYHEBIX (DOPM (2) caepyeT psap,
YCAOBUM
2
a,, >0,a,, >0,q,,a,, —a,, >0,

: 3)
¢, >0,c,, >0,c,,c,, —c;, >0.
YpaBHeHUEe 4acCTOoT, MoAydaeMoe u3 (1) ume-
€T BUA

(C11 _a11k2)(czz _azzkz)_(clz _(112]{2)2 =0. (4)

Kopuu ypaBuenwit (4) k! wu k]
(k, < k, )OTIDEAGASIIOT YAaCTOTHI CBOGOAHBIX KOAE-
Oannti [3], k, u k, AONKHBL OBITH IOAOJKUTEABHEL,
B IIPOTUBHOM CAydYae OHU OYAYT MHUMBIMU UAU
KOMTIAEKCHBIMHA ¥ TIOAOKEHHOE B OCHOBY ITPEA-
CTaBA€HHE O CBOOOAHBIX KOACOAHUSIX B BUAE

v, =A, sin(kt+B),y, = A, sin(kt+8), (5)
BLIpa’KeHHOe  Yepe3  TPUTOHOMETpPUYeCKHe
PYHKIIUY MHUMOTO UAY KOMIIAEKCHOTO apryMeH-
Ta, TIOKa3aA0 Obl HEOTPAaHWUEHHOEe BOo3pacTaHue
0000IIIeHHBIX KOOPAWHAT.

YactoThel k;, 1 k, ABAAIOTCS 4aCTOTAMU CBO-
OOAHBIX KOAEOQHUM CHCTEMBI; COOTBETCTBYIO-
e 3TUM dYacToTaM KoAeOaHUsS Ha3bIBAIOTCS
TAABHBIMU KOA€DOAHUSAMU CUCTeMEL. MeHbITyIo 13
YaCTOT HA3bIBAIOT OCHOBOM, @ IIepBOE T'AaBHOE
KoAeDaHMe, nMelollee 3Ty 4aCTOTY — OCHOBHBIM
KOAeDaHUeM.

W3 gacToTHOTO ypaBHeHU (4) MOJKHO HAUTHU
k, m k, v onIpepAeAUTh

mn :_C11 _a11k12 :_Clz _a12k12

1 Cia —(1121{12 Coo _azzk12 (6)
mn :_C11 _a11k22 :_C12 _a12k22 )

’ ¢, —a k; Cyy —Up k;

BeAmunHBI U, U [, , IPEACTaBASIONIE COOOM
OTHOIIIeHHEe OOOOIIEeHHBIX KOOPAWHAT WAU aM-
IIAUTYA KOAeOAHUU B Ka’KAOM U3 TAABHBIX KOAe-
OaHMM, XapakKTepu3yioT (POPMBI TAABHBIX KOAE-
0aHUM U HA3bIBAIOTCA KOd(PPUIIMEeHTaMUu pac-
npepererus [3]. I3 BeIpaskeHUs (6) BUAHO, UTO
OpMBI TA@BHBIX KOA€OAHUM He 3aBUCAT OT Ha-
YaABHBIX YCAOBUM, TAKJKe KaK M 4aCTOTHI KOAeDa-
HUI.

OO11ee pelleHHe CUCTeMbl ypaBHeHUHU (1)
UMeeT BUA

v Lo 2) A
Yi=Yi +Y:, =A Sln(k1t+B1)+
(2) .
+A, sm(k2t+ﬁ2 ), &
_v) (2 _ (1) &
Yo=YV Y, =HA Sln(k1t+B1)+
2 .
+u, AP sm(k2t+B2 ),
rac AV, AV B, B, OIPEACASIFOTCS U3 CACAYFOLITUX
HAYaAbHBIX YCAOBUM!
nput=0
Yi=Yi0r Y2 =Y Y1 =Yi00 Y2 =Y a0- (8)

Paccmorpenue oO1ero pelreHus (7) moka-
3bIBAeT, YTO Ka’KA0e U3 KOAeOaHUU B OTAEABHOC-
TH SIBASETCS NPOCTBIM rapMOHUYECKUM Koaeba-
HUEM, a Pe3yABTHPYIOIee ABUJKEHUE ITPEACTAB-
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L=

AsieT cOOOU CAOJKHOE ABUXKEHME, KOTOPOE SIBAS-
eTcda pe3YAbTaTOM HANOXEeHUA APYT Ha ,A,pyra
TFA@BHBIX KOAeOAHUM Pa3sAMYHBIX YaCTOT, ITO3TO-
MY Pe3yABTHPYIOINee ABUJKEHHE He SBASEeTCS
HpOCTBIM I'apMOHI/IquKI/IM KOAe6aHI/IeM, OAHAKO,
CYIIeCTBYeT PsIA YaCTHBIX CAydYaeB IIPU TaKOM
TIOAXOAE.

II. Kak y>ke OBIAO OTMEUYEHO I'AaBHBIMU KOOP-
AWHATAaMU MeXaHUYeCKOU CUCTEMBI Ha3bIBAIOTCS
00O0OIIleHHBIEe KOOPAWHATHEI, BEIOPAHHBIE TAKNUM
00pa3oM, 4TOOBI BBIPA*KE€HUS KUHETUUYECKOU U
IIOTEHIIMAABHOU SHEPrUM COAEpP’KaAU  AUIIb
KBaApPATHl OOOOIIIEHHBIX CKOPOCTEU M KOOPAU-
HaT. O003HAYMM I'AaBHBIE KOOPAUHATEL Uepes Z,
U Z,,, TOTAQ

T =1(a1z'f +a,73 ),
2 9)
T :;(clzf +czz§),

rae a,, a,, ¢,, C, - HOBble KOO(PUIUEHTHI NHED-
U1 ¥ JKECTKOCTH, OTAMYAIOIINECS OT BBEASHHBIX
B(1)a,, ay ¢y Cop.

3aBUCUMOCTb MeXKAY 00OOIIEeHHBIMU KOOP-
AWHATaMU Y, U y,, BBIOPAHHBIMU IPOU3BOABHO,
Y TA@BHBIMHM KOOPAUHATAMU Z, U Z, MOJKHO 3allu-
caTh B popme

Yi=2, %2y, Y, =2 tHyZ,. (10)

Aenast COOTBETCTBYIOIINE ITIOACTAHOBKH, I10-

AYUHUM

T =;((a11 +2a, 1, +a22uf)z'f +
+2( @y, +apy (g Ry ) Fap by )77, +
+ (a11 +2a,,1, +a22p§)z'§ )
IT =;((C11 +2C,,1, +622pf)z'12 +
+2(cyy +ep (1 Ry ) FCp by, )22, +
+ (c11 +2¢,,1, +c22u§)z'§).

(11)

YuuTeIBas CTPYKTYPY BhIpa’keHusd (9), Haui-
AEM
a;; Tap, (PH +U, )+a22“1uz =0,

(12)
Cip TCoy (PH +U, )+C22“1H2 =0,

49TO COOTBETCTBYET OIIpepAeAeHuro |, u |, U3

KBAaAPATUYHOI'O YPABHEHU A

2 +C11a22 —Q;,Cyp _ a;,Cpp =4y Cyy

=0. (13)

A15Coy —AxCy A15Co —UxCy

MEXAHVKA. TPAHCMNOPT. MALLUMHOCTPOEHWE

O)

Takum oO0pa3zoM, AASL OTIpEAEAEHUs MIpUBe-
AEHHBIX IIapaMeTpOB B BbIpakeHuM (9) MOKHO
UCTIOAB30BATh COOTHOIIIEHUS

— 2,
a, =a;; +20,, 1, +ApH5 5
- 2,
Ay =0y, +20, 0, +ayp s
_ 2,
Cp =Cyy +2C, 1, +Cpl 5
_ 2
Cy =Cyy 20,10y +Copyl5.

B raaBHBIX KOOpAWHATAX ABUKEHUE MCXOA-

HOM CUCTEeMBI OIIMCHIBAETCS YPaBHEHUIMU
a,z, +c,z, =0, (15)

a,z, +c,z, =0,
OO11lee pellleHue KOTOPBIX Ipu k, #k, #0

nMeeT BUA
z, =C, sm(klt+oc1),
z, =C, 5111(k2).‘+0c2 ),
rae C,,C,, 0,0, - OIPEAEASIIOTCS U3 HAYAABHBIX
YCAOBUU:
nput=0
2y =291 Zy TZog1 Zy TZyg1 Zy T Zyg-

(16)

(17)

Cob6cTBeHHEBIE YaCTOTHL k; 1 k, KOAeOaHMHA
CHACTEMBI B TAABHBIX KOOPDAMHATAX ONPEAEASIOT-
¢ 1o popMyram

k, = /C—1,k2 =[S
a1 a2

Takum oOpa3oM, Ka’kpasd TAaBHAsS KOOPAU-
HATa Z, " Z, U3MEHSETCS II0 TaPMOHUYECKOMY 3a-
KOHY C YaCTOTOM, COOTBETCTBYIOIIIEN OAHOM M3
YacTOT TAABHBIX KOAeOaHUM paccMaTpuBaeMoOM
cucteMsl. Ecamnput=0:z,, =0uz,, =0, Toz, =0
BO BCe BPeMS ABUYKEHUS, TO €CTh CUCTEMA COBEP-
LIIaeT [IepBoe r'AaBHOe KoAebaHue

z, =C, sin(k,t+a,). (19)

Ecamnput=0:z,,=0uz,, =0, oz, =0BO BCe
BpeMs ABHUXKeHHUsS. B 3ToM cayuae cucrema co-
BeplllaeT BTOpOe F'AaBHOe KoAeDaHue

z,=C, sin(k2t+oc2 ) (20)

Ilpy pelreHNM KOHKPETHBIX 3aAd4, 49acTO
ObIBaeT 3aTPYAHUTEABHBIM OIIPEAEAUTH Ilapa-
MeTpH], IBAFIOLINECS IAABHBIMU KOOPAWHATAMU
cucTteMsl. [JoaTOMY, BEIOpaB 3a 0000IIIeHHEBIE KO-
OPAWHATHI BEAMUNHBI, OIIPEAEASIONIe IIOAOKe-
HUe CHUCTeMBl, AOCTATOYHO IIPOCTO BBIYMCASIOT
4aCTOTHI TAABHBIX KOAeOaHUM kK, U k, IIpU ITOMO-
IV YyPaBHEHUS 4acToT (4), a 3aTeM 110 POpPMyAaM
(6) HaxOAAT KO3 DULIMEHTHl PaclIpeAeAeHUs [,
U, . Ecan npuHATE, 4TO

Yi=2,+2y, y, =4Z) U, Z,,

(18)

TO
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D Tl 72 AT 70 £ £ (21) (m+2L)Z, +2bz, +(r+2r,)z, =0,  (25)
! n,—u, : W, —u, TA€Z =Y, +tY2:1 2, =Y~ Y2
W3 ypaBHeHusa (24) caepyet, uto npu b =0

OTMeTI/IM, YTO BBE€AEHHe T'AdaBHBIX KOOPpAU-
IIepBoe rraBHoOe KoAeDaHUe OoIrpeApensieTCsa 4ac-

HAT He YIIPOIlaeT BbIYMCACHNA, OAHAKO, IIOHATHE

0 TAABHBIX KOOPAUHATaX UMeeT Ba’KHOe TeOPeTH- ToTon

YyecKoe 3HaueHue IIPU M3y4eHUU BhIHYKAEHHBIX k, = I (26)
KOAeOaHUM CUCTEMBI U OIleHKe TeX BO3MOXKHOC- m

Tel n3MeHeHUs AMHaMHNUYeCKHUX CBOMCTB, KOTO- YTo KacaeTcsi BTOPOro TAaBHOTO KOAeOaHUs,
pble TPUBHOCSATCS BBEAEHUEM AOIIOAHUTEABHBIX TO IIPU €ro U3yUYeHUU IOSBASETCS PsIp 0COOeH-
cesazei [1,2]. "ocrei. Ecaub =0, To cOOCTBeHHAs 4aCTOTa T'AaB-

HOTO KOAeOaHUST UMeeT BUA
III. PaccMOTpUM CUCTEMY C ABYMs CTEIIeH- kK - r+2r, 27

MU CBOOOABI, UMEIOIIYIO AOIIOAHUTEABHYIO CBI3b 2 m (27)

[1], xkak mokazaHo Ha puc.l.

[Tpumem 3a 0000IIIeHHbIE KOOPAMHATHI 3TOMU
CUCTEMBI TOPU30HTAAbHbIE OTKAOHEHMS O0BHeK-
TOB OT U3 PABHOBECHBIX IOAOJKEHUU Yy, U Y ,, TOI-

INpu L =0, BeIpaskeHue (27) cOBIIaAAeT C U3-
BeCTHBIMHU pe3yabTaTamu [3]. OpHako, ecau L =0,
TO IIPU ONIPEAEAEHHBIX YCAOBUSAX YaCTOTHI FAAB-
HBIX KOA€OAHUW MOTYT CTaTh PABHBIMH, UTO, K

Ad 1 | | , [IPUMEPY, MBI IOAYYHUM IIPU COOTHOLIEHHUSIX KeC-
T=—my;+-my;+-L(y,~y,) TKOCTEN
2 2 2 mr.
Ir_ . 2 ) r= Ll . (28)
HZ—[I’)Q +I1(Y1 _Y2) +I'Y2], (22)
2 TOTrAQ
1 . . N\2
P =-2b(¥,=72) " k, =k, :\E. (29)
rae @ - pyHKIUS paccenBaHus Penest. [Mpumewm, uto k., =ak,, Toraaus (29) crepyer
Hcroap3yst ypaBHeHUE AarpaHika 2-To PoAg, o or4or
HalAeM YpaBHEHUS ABWKEHUS IIPU OTCYTCTBUM —=—1 (30)
BHEIITHUX BO3MYIIIEHUM: m m+2L
my, +Ly, —Ly, +1y, +1,y, — (23) BBepem koapdurimeHT y u nepenwuiiem (30)
-1y, +by, -by, =0, B PIAS I
my, +Ly, —Ly, +1y, +1,y, - (23)) 1+27 31
-1y, +by, —by, =0. OL_l—i-Z}/. 1)
CkrapbIBast ¥ BerauTast (23) u (23'), moaydum
mz, +1z, =0, (24)
Lp®
—L
bp
in|
-
d m h m r
~/ VW

Y Y
> —>
Puc.1. PacueTHas cxeMa MeXaHN4YeCKO KoAeDaTeABHOM CUCTeMbI C ABYMS CT€IeHSIMU CBOOOADI, TAe IPUHSI-
TBI CAeAyIoliye 0003HauYeHMS: I, I, - ’)KECTKOCTH IIPY’KUH, M - Macchbl 00bEKTOB, b - KO3 (DHULUEHT CONIPOTUBAE-
2

aus (bp - Aemrgep, p = %), L- mpuBeAeHHast Macca yCTPOMCTBa C mpeoOpa3oBaunemM ABrkenus [1] (p 2 _ ;1?).
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L=

T, n L
Ecama =1, oy ="t uau -1 == To ecTb paBe-
r r m

HCTBO YaCTOT I'AaBHBIX KOAeOAHUM MOJKeT OBITh
AOCTUTHYTO TIPW BBIIIOAHEHUW COOTHOIIEHUS
Me>KAYy WHEPUVOHHBIMU IlapaMeTpaMM M JKec-
TKOCTSIMU B BUAE
rrm=rL. (32)
B o0miem caydae 3aBUCUMOCTB 0L IIPU 3aAaH-
HOM I, / I, KOTOPYIO MO>XHO O003HauUUTh 4yepes A,
uzMengioimieecd oT 0 A0 © ONIPeAEAUTCs
1+2A
o= .
1+2y
'padpmK 3aBUCHUMOCTH 0L OT Y TPU PUKCUPO-
BaHHBIX A IIPUBEAEH Ha puc.2.
M3 aHaAu3a 3aBUCUMOCTEM, IIPUBEAEHHBIX
Ha PUC.2 CAEAYeT, 9YTO BBeAeHUE AOTOAHUTEAB-
HbIX cBa3er ipu b =0 (L # 0) cuctema npuodbpera-
€T AIOOOIIBITHBIE CBOMUCTBA: IPU OIPEASACHHOM
BbIOOpe L (TO ecTh 3HAueHUs IIPUBEAEHHEIX
WHEPIIMOHHBIX CBOUCTB YCTPOMCTBA AAS IIPE00-
pas3oBaHusl ABUKEHUM) BO3MOJKHO, B AOIIOAHE-
HUe K U3BECTHBIM CBOMCTBaM [3], AOOMBATHCA pa-
BEHCTBa COOCTBEHHBIX YAaCTOT T'AABHBIX KOAeba-
HUU, @ TAK’Ke BO3MOJKHA «POKUPOBKa» 4acToT. B
OTAWYUE OT U3BECTHBIX YCAOBUM k, > k,, MOJKHO
IIOAYYUTB U k., < k,, UTO IIOKa3aHO Ha PUC.2.
Touku nepeceyeHn IpaMor a = 1 C KDUBBI-
mu 1,2,3,4,5 onpepeAsdtoT 30HBL: BepxHId - a >1
ITPY COOTHOINIeHUIX JKeckoctelr 1 = 1,2,3,4,5 co-
OTBETCTBEHHO, HUJKHSISI @ < | IPY COOTHOTIIEHUSIX
xeckocTter 1 = 1,2,3,4,5 COOTBETCTBEHHO IIPOKUC-
XOAUT POKHUPOBKA 4aCTOT.
TakuMm 00pa3oM, BBeAE€HHE AOIOAHUTEAb-
HOM cBsA3W TUNa Lp” [1,2] HO3BOASET yIPaBAATh

AMHAMHWUYECKUMU CBOMCTBAMHU MCXOAHOM CHCTe-
MBI (puc.1), BYaCTHOCTHU pe>KUMaMM OMeHNs, KOT-
Ad HEOOXOAMMO AOOUBATHCSA COAMIKeHUS 3Haue-
HUM 9aCTOT TA@BHBIX KOAeOaHUMN.

(33)

IV.Ecan L =0, a b # 0, TO MBI IOAYYHM CHUCTE-
MY YPaBHEHUU

(34)
(35)

mZ, +r1z, =0,
mz, +2bz, +(r+2r,)z, =0.

Bropoe ypaBHeHUe (35) IpUBEAEM K BUAY

.. - 2

Z,+2n,z, +k,z, =0. (36)

1. Ilpun, <k, ToO eCTb B CAy4ae MaAOTO COIIPO-
TUBACHUS, ABMJKEHHUE II0 TAABHOU KOOPAMHA-
Te IPEACTABAsIeT COOOM 3aTyXalolllue KOAe-
Oanus.

MEXAHVKA. TPAHCMNOPT. MALLUMHOCTPOEHWE

O)

alyim
al¥)(2)

104 . _alr)o)

4

Puc.2. I'payku 3aBUCUMOCTA ¢ OT HMHEPIHOHHBIX
apaMeTpoB Yy IPU Pa3AUYHBIX COOTHOIIIEHUSX JKeC-
TKOCTel IpPY>XuH A, TAe Kpusbie 1,2,3,4,5 cooTBe-
TCTBYIOT 3HaueHusm 1= 1,2,3,4,5 coorBeTCTBEHHO.

2. Ilpu n, >k,, TO eCTb B CAy4ae OOABIIIOIO CO-
IIPOTUBAEHHUS, CHUCTeMa OyAeT COBeplIaTh
alnepruoAnYecKre ABUKEHUS.

3. Tlpun, =k, - pearusyercs IpeAEAbBHBIN CAY-
4yail allepUOAUYECKOIO ABUKEHHUS.

3aTryxaronye Koaebanud. Ilpu n, <k, o06-
1iee pelieHue (36) UMeeT BUA

z, =Ae™ sin(,/k22 —n? -t+B, ) (37)

3pech A U [} OIPEAEASIIOTCS 10 HaYaAbHbBIM
YCAOBUSIM

A = ZZ +ZZO+HZ2O.Cth _ZDt20+H2220
= _— i ———

2 20 2 2 5 2
k; —n, ZyAl Ky — 1,

ABIH>KeHNe II0 TAaBHOU KOOPAUHATE Z, UMe-
eT KoAeOaTeAbHBIN XapaKTep, TaK Kak Z., IBASeT-
Csd ITIepUoANYEeCKOU (DyHKIIMEeN BpeMeHU {. MHO-
JKUTEAb e "' ¢ TeueHneM BpeMeHU YMEeHbIIIaeTCsl.
[Tepuop, 3aTyxaromux KoreOaHUY OIIpeAeAdeTCs
1o (popMyAre

. (38)

- 22" _ = 2n _. (39)
\/kz —n, K- n,
kZ

AOCOAIOTHASI BEAMYMHA O - OTHOLIEHUE ABYX
OCACAOBATCABHLIX HAUOOABLIINX OTKAOHCHUH
CUCTEeMBI OT TTOAOKEHUS PAaBHOBECHUS, OCTAETCS
HEeU3MEeHHOU BO BCe BpeMsI KOAeDATEABHOTO ABU-
JKeHusd
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T
S=e 2, (40)
a HaTYPaAbHBIM AOTapU(M 3TOTO OTKAOHEHUS Ha-
3bIBAeTCs AOTapPU(PMUUYECKUM AeKPEMEHTOM 3a-
TyXaHUS.
Ecam L #0, TO AAS OLIEHKHW BAMSHUS COIIPO-

TUBAEHHUS, MOJKHO MCIIOAB30BaTh YypaBHEHHE
(25). B aTom cayuae
k? :ﬂ, (41)
m+2L
n, =0 (42)
 m+2L
[To cpaBHEeHMIO C ypaBHeHUEM (35), TAe
n=L ax2 -t (43)
m m

Ycaoug no il (n, < k,) or BBepeHus L He
M3MEHSIOTCS, HO 3HaYeHus k, u n, OyAyT MeHb-
11e. BBepeHIe AOTIOAHUTEABHOM CBSI31 Lp2 nsMe-

HSeT COOTHOIIIEHHE MeKAY COOCTBEHHOM 4acCTO-
TOM IIePBOI'0O TA@BHOTO KOAeOaHUs kK, U 4aCTOTOMN
BTOPOTO TA@BHOTO KOAeOaHu4 k., .

Aneproapndeckoe Apvkenwe. Ilpu n, >k,
oO0l1lee pelleHrue UMeeT BUA

z, =Ae ™ sh(\/ng -k -t+[32).

YTO COOTBETCTBYET alephOAUIEeCKOMY ABUKe-
HUIO CUCTEMHI.

[TpepenbHOE allepUOAMYECKOE ABUJKEHUE.
ITpu n, =k, oOuiee peuleHue ypaBHeHUu:a (395)
UMeeT BUA

(44)

7, =e " (Ct+C,), (45)

YTO TaK>Xe COOTBETCTBYET alepuoAuYecKOMY
ABM>KeHMIo. OO XapaKTep 3TOTO ABUKEHUS
II0 BTOPOM TAABHOU KOOPAMHATE OIPEAEAIEeTCS
TeM, YTO IIPU BO3PaCTaHUU 'AaBHAsd KOOPAMHATA
Z, CTPEMHUTCS K HYAIO.

[TorydyeHHBIE ypaBHEHUS ABUJKEHUS IIPU
L #0, b #0 110Ka3bIBaIOT, YTO B 3TOM CAyYae ABU-
JKeHUe MeXaHW4YeCKOU CUCTEMBI (puc.l) MOKHO
paccMaTpuBaTh, KakK HAAOKEeHHWe APYT Ha Apyra
rapMOHMYECKOIO U 3aTyXalollero KOAeOaHUM.
OTU KoAeOaHUsg UMEeIOT I'AaBHbIe YaCTOTHL k, n k.,
KOTOpPbIE MOTYT COOTHOCUTCSI TIPU OIIPEAEAEH-
HBIX YCAOBUSX TAaK’Ke, KaK U B PACCMOTPEHHOM
BhIlIe caydae L =0, b =0.

V. B cayuae (L #0, b =0) cBOOGOAHBIX KOAeDa-
HUM OBIAO MOKA3aHO, YTO IIPU OIIPEeAEAE€HHBIX
YCAOBHUSIX YaCTOTHI TA@BHBIX KoAeOaHu k, u k,
MOTYT COBIIAAATh (k, =k, =k), mo3TOMY
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z, =C, sin(kt +a., ),
7, =C, sin(kt+a, ).
OCOOEHHOCTh 3TOTO CAy4Yas 3aKAIOYAeTCs B
TOM, UTO TPOU3BOABHO BEIOpaHHbIe 0000IIeHHbIE
KOOPAMHATEL y, Uy, U3MEHSIOTCS II0 TAKOMY JKe
3aKOHY. AeNCTBUTEABHO, M3 YPaBHEHUS 4YaCTOT

(4) BUAHO, UTO B CAy4Yae, KOTAQ
Cll _ CZZ

(46)

_Ci2
alZ

(47)
all a22

AuddepeHIIuarbHbIle ypaBHeHUsI cucteMbl (1)
IIPUHUMAIOT CAEAYIOIINU BUA

a11(5i1 +kZY1)+a12 (YZ +k2y2)=0,

a, (Y1 +k25’1)+a22()72 +k2Y2)=0'
OTKyAQ

(48)

(a11a22 _a122 )(Y1 +k2Y1) =0,

2 .. 2
(012 —0, Ay )(Y2 +k Yz):O-
Tak Kaxk a,,a,, —a;, #0, TO U3 3TUX ypaBHe-

(49)

HHUY HaHAEM

¥, +k*y, =0, (50)

v, +k’y, =0.
Takum ob6pazom, 000OITeHHbIE KOOpPAWHA-
THI, BBIOPAaHHBIE MPOM3BOABHO, TAaKyKe M3MEeHS-
IOTCS IO TaPMOHUYECKOMY 3aKOHY C OAHOM dac-

TOTOM k
v, =A, sin(kt+a,),
y, =A, sin(kt+oc ) )
B aToM cayyae, aMOAUTYABI U (pa3el Koaeba-
HUM OMPEAEASTIOTCS HE3aBUCUMO AAST Ka>KAOM 13
KOOPAMHAT 10 HAYAaAbHBIM YCAOBUSIM.
VI. B ToM cAydae, KOTAQ OAHA M3 YaCTOT 'AAB-
HBIX KOA€OAQHUM CUCTEMEI pABHA HYAIO, UMeeM

c c
i; k; :i:O(L—> ).

(51)

k, =

Tak kak a, #0, To ¢, =0 U BBEIpa’KEHUA AAA
BBIUYHMCAEHUSI KUHETUYECKOU U IIOTEHIJUAaAbHOMU
SHEPIUU B TAABHBIX KOOPAWHATAX UMEIOT BUA

1, . .
T =E(alzf +a2z§), (52)

m=1 c,z;, (53)
2
TO TAKOMYy CAY4YalO0 COOTBETCTBYEeT pacyeTHas
cxeMa Ha puc.l. Ecam npumare b=0, 1, =0 u
yOpaTh IPY’KUHY C JKeCTKOCTBIO I' (caeAaTh I =0),
OTPAaHUUMBAIOIIYIO ABWJKEHHE II0 KOOpPAWHATe
Y 5+ TO TAQBHAsA KOOPAWHATA Z, B 3TOM CAydYae He
BXOAUT B BEIpa>keHwue (53), a, CAeAOBAaTEABHO, U B
BBIpaskeHue KMHETUYeCKOTO MOTeHITUaAd

80
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L, =T —1II, TO eCTb AIBAIETCSI HTUKANIECKOU KOOP-
puHatou. AuddepeHIInarbHBIe YPAaBHEHUS ABU-
>KeHUS B 3TOM CAy4Yae MPUHUMAIOT BUA

z, =C,sin(k,t+a,);
z, =C,t+C,.

Taxum oOpa3oM, rraBHasg KOOpPAUHATA Z, Oy-

DET OIIPEAEASITH TapMOHHYECKHe KOAeOaHUSA C
yacToTon k,, a Apyras rraBHas KOOpAUHATA Z,
“AU OyAET OCTaBaThCs IIOCTOSSHHOU (1pu ¢, =0),
UAM OyAET HEOTPAaHWUYEHHO YBEAWYUBATHCH IO
aO0COAIOTHOU BEeAWYUHE IIPOIOPLUOHAABHO Bpe-
MeHU. TOT UAU WHOU U3 pacCMaTPUBAEMBIX CAY-
4YaeB BO3MOJKEH B 3aBUCHMMOCTH OT HAYaABHBIX
ycAaoBUM. Ilpn MpOM3BOABHO BBEIOPAHHBIX 0000-

IIeHHBIX KOOPDAMHATaX y, ny, npuk, =0 nuMeem
_Cy Ciy

(54)

B, = == (59)
Ciz Co
AN
Cia :i\lcnczz . (96)

B KauecTBe mpuMepa pacCMOTPUM MeXaHU-
YEeCKYyI0 CHUCTEMY, YAOBAETBOPSIOUIYIO 3TOMY
YCAOBHIO, AASI KOTOPOU

¢, #0,¢c,, #0,c,, =0.

Kunetnueckas U HOTeHIIMAAbHAs JHEPrus
3TOM CUCTEMBEL OIIPEAEAUTCS CACAYIOIINMHI BbIpa-
SKeHUSIMU

1 . Lo )
T:*(a11Y1 +2a,,¥,5, 105 Y, );
2 (57)
1 2
IT==c .
5 Y1

AnddepeHITuarbHBIE YPaBHEHUS ABUKe-
HUS 3TOU CUCTEMBI UMEIOT BUA,

a,y,+a,y, +¢,y, =0;

; 3 (98)
a,y,+a,y, =0
HAM [TOCAE TTPpeoOpa3soBaHus —
.. a ..
Va =—aiy1:
2 (99)
a, ..
a, -2 Yit+euy, =0,
a,,
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v, =C, sin(k,t+,);

OTKYA@ CAEAYEeT pellleHue

a (60)
Y2 Z_LYH +C,t+Cy,
2
npeobpasyeMoe K BUAY
v, =C, sin(kt+p);
(61)

Vv, =—Zic1 sin(k,t +p, ) +C,t+C,.

22

Takum oOpaszoMm, npu c, #0 o00oO1eHHad
KOOpAMHATA Y., II0 aOCOAIOTHOM BEeAUUHHE C Te-
JyeHWEeM BpeMeHU HelpephIBHO Bo3pacTaeT. Ho
3TO OOCTOSITEABCTBO He HapyllaeT YCAOBUS Ma-
AOCTH KOA€OAaHUU OKOAO ITOAOJKEHUSI paBHOBEe-
CHs, TaK Kak 00OO0IIeHHAasA KOOPAWHATA ¥, SIBAS-
eTCsI IUKAUYECKOM KOOPAWHATOM, & COCTOSHUEe
YCTOMYMBOI'O PAaBHOBECHUSI CUCTEMBI Oe3pa3And-
HO TI0 OTHOIIIEHUIO K ITUKAUYECKON KOOPAWHATE.
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THE TECHNOLOGY RESEARCH ON IMAGE
SMOOTH AND MEDICAL ORGAN’S
3D-RECONSTRUCTION BASED ON
ANISOTROPIC DIFFUSION

1. Introduction.

The noises existed in the digital image
should been eliminated through image mean
filtering, median filtering, Gaussian filtering,
open operations ,closing operation and so on, but
the main effect of these methods are to remove
the high-frequency components of the image.
Some details of the image existed in the
high-frequency part ,which keep the edge
characteristics information have been filtered in
the same time. So we need a processing method
of smoothing homogeneous neighborhood
without destroying the image edges .

In recent years ,the application of partial
differential equations model in the image
processing technology get a significant
developments .And the application of the theory
actually develop steps of uniformity linear
diffusion, non-uniformity linear diffusion,
nonlinear diffusion ,anisotropic diffusion and so
on.

The filtering method which based on the
diffusion equation is a new medical image
filtering technology. It is arising from the diffuse
phenomena of physics. That is to solve the
equation of nonlinear thermal diffusion in which
the initial value is the input image. In the
diffusion equation ,by introduction of image
features, design of appropriate diffusion
coefficient ,it control the action of the diffusion
equation. It is not only to smooth image but also
to preserve and even enhance the image edge
feature, It can be used for the coarse image
segmentation practically.

In 1990, Perona and Malik put forward the
anisotropic diffusion equation which based on
the partial differential equations. In the nonlinear
scale space, the different diffusion coefficients of
images determined by the direction of the
gradient.the smooth noise and retaining details of

the performance was advanced, its equation is as
following :

ou . 2

— =div[c(|Vu|* )-Vu].
ot

Here, 'div' is the divergence operator, ‘u' is

the gray scale of a image's pixel, 'Vu'is the
gradient, 't' is the time which expending on
process of diffusion caloric in physics ,which is
expressed by the iterative steps in designing
program ,c is the diffusion coefficient ,which is
the non-negative and monotonic decreasing
function of the'Vu'. Perona and Malik
recommends two forms, as follows :

1
C(|Vll|2 ): 2 U
147

c(|Vul* )=exp[-""/ ]

Through the experiment, taking the fast and
stability into account ,the test adopting the
diffusion coefficient to this:

2 1
ellval®) 1+k|Vu|*

Among them, kis a parameter of the diffusion
coefficient, which controls the intensity of the
diffusion.

Adopting different diffusion coefficient in
different direction, so it is named anisotropic
diffusion equation. Because the anisotropic
diffusion equation apply the gradient of the
monotone decreasing function in different
directions of the image,in homogeneous (the
same organ) region, where the change of value of
the gray scale is little ,also is the gradient, it can
smooth the noise in homogeneity region
effectivly as its diffusion coefficient is big .But in
edge of theimage, the value of gray scale changes
rapidly, and the gradient is larger ,and the
diffusion coefficient is smaller, so that the edge of
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the image information can been retained, in the
whole, it can autocontrol its diffusion action.

2. Designing the image smoothing
algorithm in anisotropic diffusion.

Considering diffusion algorithm of the
gradient in four directions of top, bottom ,left and
right, the steps as following :

The first step: Calculating the gradient in the
step n iterations of four points ,supposing a point
asf, (i, j)so calculating the gradient as following:

[ £t 1) ]
G, (i j)=sgrt -[fn(i,j)—fn(i.j—l)]{

£, j) =1, (i1, ]]
The second step : Calculating the diffusion

coefficient in the step n iterations of four
neighbor points.

)

fn(i'j)_ .
—1,(i-1,)

1
1k|GL )
The third step : Calculating the value of gray
scale after the step n iterations.

[ clij)+e,(i-1j) ]

2 u,(i-1))+
+[cn(i.j)+2cn(i+1'j)].un(z’+1,j)+
et ),

Ui 0] =, (L)) A0 Jen () +e, (BT +D] oy

2

4e, (1) +c, (i=1])+
+c,(i+Lj)+c, (i,j-1)+
+c,(1,j+1)

2

u, (1])

Here, At is the size of step, u, (i, j) is the value
of gray scale in the step n iteration of point (i, j).

The fourth step :Judging the iterative
process ,if it was finished ,the process would exit
;If not, it will continue to the first step in next loop.

With the number of iterations increasing,
anisotropic diffusion's smoothing effect will be
better in the homogeneous region. Although the
more the number of iterations and the better the
results, the processing time for images will
extend longer . The number of iterative should be
25 as the best one after a lot of experiments
testing. With the increasing of diffusion
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coefficientc's parameters k , anisotropic
diffusion's smoothing effect will be worse in the
homogeneous region. Generally, k is 0.08. With
the increasing of step At's size, anisotropic
diffusion's smoothing effect will be better in the
homogeneous region. Generally, Atis 0.16.

3. Designing the improved image
smoothing algorithm in anisotropic diffusion.

On above ,we introduced the gradient of
anisotropic diffusion in four directions, but in
practice, We will involves 45 degrees, 135
degrees, 225 degrees and 315 degree's brink
during the processing dealing with images.
Therefore, we adopt the gradient in eight
directions to calculate the intensity of a point's
transformed valve. Fig. 1 shown the eight
directions' anisotropic diffusion .

LS o

=17

el

N

LU o o

Fig.1 Image smoothing sketch in 8 directions
anisotropic diffusion.

Correspondingly, the same third step in the
process of iterative formula should be changed to:

u,,,(ij)=u,(ij)+At
Letre iz ] (o), [eatbD e, )]
2 2
e, (ij)+c, (ij-1]
2

u,(i+Lj)+

u, (L,j-1)+

+[Cn(ivj)+20,,(i.j+1)]

[c, (i.j)+c,(i-1j+1)]
2

+[cn(z’,j)+cn(i+1,j+1)]
2

+[Cn(ivj)+0£(i—1.j—1)]

+[Cn(ivj)+cn(i+1.j+1)]
2

8c,(i,j)+c, (i-1j)+c, (i+1])+

‘u, (i,j+1)+

+

u, (i=-Lj+1)+

‘u, (+1j+1)+

, (i-1,j—1)+

u, (i+1j-1)-

+e, (Lj=1)+c, (i j+D)+c, (i+Lj+1)+ o
O S /2-u, (i)

+c, (i-Lj+)+c, (i-1j-1)+

+c, (i+1,)-1)

Under the conditions of

n=25k=008 At=016,the smoothing effect as

Fig. 2 showed ,its smoothing effect is better than
the four directions anisotropic diffusion which
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shows in figure 2 in the same conditions of
parameters.

4. Designing the image edge enhancement
algorithm in anisotropic diffusion.

Anisotropic diffusion smooth the noise
effectively while it retain the edge. Under some
conditions, we hope that anisotropic diffusion at
the same time ,the edge can been enhanced, also
the details been focused on. In this paper we
choice different edge-enhanced according to the
different of the gradient values ,edge will be
enhanced in the bigger gradient ,and will have
little change in the smaller gradient areas.

Using the following iteration format to get
the result of enhanced edge:

u'(i, j)=min(255max (0, round(u(i, j)+ power-[4-
u(h, j)—u(i =1, j)—u(i+1, j)=u(i, j=1)-u(i j+1)]))).

(d)mean filtering+FCM

diffusion +FCM

n=25k=008Ar=0.16
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(e)median filtering+FCM

(g) four direction anisotropic  (h) improved eight direction
anisotropic diffusion +FCM

n=25k=008Ar =016

Vi

Here, u'(i, j) is the value of gray scale after
being changed, u(i, j) is the value of gray scale
before being changed.

With the enhancement coefficient '‘power’
increasing ,both edge and noise are enhanced .In
this way, while the edge is enhanced ,at the same
time the noise was enhanced. Noise gradient
becomes much greater and the effect of
smoothing becomes worse. Considered all of
these ,we can improve the image quality by
taking improved eight direction anisotropic
diffusion at first, then applying edge
enhancement ,only by this procedure we can
solve the conflict effectively .With the
enhancement coefficient '‘power' increasing ,the
edge was enhanced but the noise not, smoothing
effectis the bestin homogeneousregion. Fig. 2 (i)
show the image processing effect by improved

Now the results of all kinds of image preprocessing results are compared as followings:

(f) Gaussian filtering +FCM

(i)edge enhanced improved eight
direction anisotropic diffusion
+FCM

n=25k=008Ar=0.16, power=1.6

Fig.2. Compared image effect in different processing methods.
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eight direction edge enhancement anisotropic
diffusion.

5. Compared results in different image
Pretreatment methods.

The above results show that the
gray-opening operations eliminate the some
small bright details, retain the holistic gray-level
and big size bright region unchanged , eliminate
the small objects,and smooth the edge of the
larger objects at the same time; gray-closing
operations eliminate the dark details of the
image, retain bright region do not be affected
relatively, filled the objects’ small hollow and
smooth its borders at the same time .It does not
significantly change their area; Mean and median
filtering for noise filtering and edge information
without distinction, eliminated a certain level of
noise and made the edge become blurred;
Gaussian filter is the proliferation of the isotropy,
use the templates to the original image
convolution operation, noise eliminated, edge
blurring, and the overall image is gray;
anisotropic diffusion smooth the noise efficiently
and maintain the edge's information; eight
direction anisotropic diffusion is better than four
direction anisotropic diffusion; Eight direction
anisotropic diffusion with Edge enhancement not
only eliminated the noise in homogeneous region
but also strengthened the edge. Edge
enhancement of anisotropic diffusion's effect is
better, it can adjust the edge enhancement factor
to strengthen the edge largely, when the edge
enhancement factor is taken as a small negative
absolute value , edge will become fuzzy.

After image was smoothed, {following
process is to separate the different parts of the
organs, the aim of taking gray image
segmentation is to separate the image's regions
into several parts which have some uniform
properties by analysis ,extracting and
identification. In this paper, K-means clustering
and fuzzy-means clustering (FCM) algorithm can
gain more accurate and reasonable classification.

By analysis of the experiments of the medical
images processing ,we concluded that under
normal circumstances, organ and tissue are
separated into four categories for bone, muscle,
subcutaneous tissues and background
preferably. The initial cluster center of gray
values would be taken approximately 230,130,50
and 0 as a better choice. Different image
preprocessing will produce different effects of 3D
reconstruction. Fig.3is the reconstruction effects
of the slice images which was preprocessed in
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different way then further processed in 3D
reconstruction.
Item (e) and (f) are results of reconstruction

after preprocessed every slice in the parameters

ofn =25k =008, At =0.20. Comprehensive
analysis, gray-opening operations, mean filter,
median filter, Gaussian filter, anisotropic

diffusion and improved anisotropic diffusion
filter the noise in varying degrees ,but improved
anisotropic diffusion in eight direction is the best
one. Edge enhancement of anisotropic diffusion
filter eliminate a part of noise, but also bring into
other noises, this is because the part of edge was
strengthened through edge enhancement ,which
make the gray value of edge leaping promotion
and the boundary of edge become clearer , but
perhaps some parts of edge were easily separated
into other organs, which will be conducive to the
goal of two-dimensional image segmentation and
recognition.

The hardware and software environment of
the operation of procedures are: Windows 2000
operating system, Delphi 7 development
platform, mainframe is PIV 1.81GHz512MB
memory. The following table is time
(milliseconds) compared about the consumption
of all kinds of image reconstruction after
pretreatment.

6. Conclusion.

Experiments show that the 8 direction
anisotropic diffusion method takes diffusion
effects in 8 directions into account , which is a
better one to get the image smoothing effect than
the way of 4 direction anisotropic diffusion. The
anisotropic diffusion technology should be used
flexibly according to special requirements and
situations in image smoothing and
three-dimension reconstruction. The parameter k
of diffusion coefficient C and edge enhancement
factor can be adjusted to achieve better
reconstruction results than that of the generally
used image preprocessing methods. The
impurities suspended in spatial objects have been
reduced reconstructed objects become smoother
. The better filtering method is the pre-condition
of significant reduction in the number of triangles
of a 3D model. It enable procedures to reduce the
demands on hardware configuration, reduce
costs, improve the accuracy of reconstruction. It
is worth noting that all the existing image
filtering and the anisotropic diffusion image
smoothing technology focus on 2D planar
images. If we consider spatial 26 directions in
anisotropic diffusion equation in the image
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(d)Gaussian filter (e) four direction anisotropic diffusion (f) improved eight direction
anisotropic diffusion
Fig.3 Compared reconstruction effects with different processing methods.

Table 1
Reconstruction consumption time of all kinds of image pretreatments.

P_rre;:jt o/1 G/o/o | ean | Median Gi‘ﬁfziran AD/A/D | 1/8D/A/D
N/G 29938 20047 33156 25562 18391 19812 16453
K/G 26484 33078 26891 37547 35453 23438 21641
F/G 34359 32406 25625 22171 16859 29313 27719

O/Ifor original image.

4D/A/D for four direction anisotropic diffusion.

1/8D/A/D for improved eight direction anisotropic diffusion.
G/0/0 for gray-opening operations.

N/G for not grouped by classification.

K/G for grouped by the K-means clustering.

F/G for grouped by Fuzzy-means clustering.

processing technology. Spatial objects will be BIBLIOGRAPHY
smoother in homogeneous materials without
borders undermining in the 3D segmentation, We 1. Jiang Xiangang. The Technology Research

are conducting further researches in this on Image Smooth and Segmentation Based on
regarding. Anisotropic Diffusion And K-means [J]
Computer Application, 2007,1:190- 193.
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SPPEKTUBHOE COMNMOCTABJIEHUE
N30BPAXXEHUN B UHOPPAKPACHOM
N ONTUYHECKOM CIMNEKTPAJIbHbIX
ANATMA30OHAX C UCINMOJIb3OBAHUEM
CTEPEOTIAPDI «TEMJTOBU3OP —

BUOEOKAMEPA»

BeeaeHue.

Nudppakpacuaa (MK) tepmorpadgusa urpaer
Bce OOAee BaKHYIO POAb B TEXHUUYECKOM OOCAY-
SKMBAHWU SHEPTETUYECKOTO, TEIIAOBOTO TEXHOAO-
rAYeCKOro 00OPYAOBAHUSA MIPEANIPHUATHM Ha dTa-
Ie OINpEeAeAeHUs MX TeXHUUYECKOTO COCTOSHUS.
OTOT MeTOA MOAYUYEeHUsI N300pa>keHuM (TepMor-
paMM) B HEBOCIPUHUMAEMOM TAA30M TEIIAOBOM
W3AYUYEHHNHU, UCITyCKaeMOM OO0'beKTaMU, II03BOAS-
eT TaksKe 0e3 COIPUKOCHOBEHUS C 000PYAOBaHU-
€M BBISIBAITE €e Ype3MepPHO Pa30orpeThie MeXaHu-
YyeCKHe U JAEKTPUYECKHE Y3ABI, UTO HEPEAKO
IIpeAllleCTByeT OTKasaM. lVI3MeHeHUe KapTHUHBL
TENAOBBIX UBAYUEHUM CBUAETEABCTBYET 00 N3Me-
HEHUU peXuMa pabdoThl HAM TEXHUYECKOTO
COCTOSTHUS AeTarel W y3A0B MammH. Mx mepe-
IrpeB MOXKeT OBITh CAEACTBUEM Pa3BUBAIOIINXCSI
AedekToB.

CoBpeMeHHBIE TepMoOorpauyecKue CHUCTe-
MBI Ha Oa3e MNOPTATMBHBIX KaMmep OOAaAQioT
PYHKIMIMHU 3aIIUCU U300pa’keHn, cbopa u xpa-
HEeHUS AAHHBIX U KaAUOpoBKU. [TporpaMmel aHa-
AM3a TepMOU300pPa’keHUM MO3BOASIOT CPAaBHU-
BaTh pPe3yAbTAThl TEKYIINX CHeMOK C paHee Ha-
KOTIA€HHBIMU AAHHBIMH, OOecreumBasi IIOAAEP-
JKKY aHaaM3a TPeHAOB. KpoMe Toro, TepmMoKame-
PBI, HUCIOAb3yeMble AAS PUKCAUM H300parke-
HUM 1 cOopa AQHHBIX, 00eCIIeYnBalOT MTHOBEH-
HBIU IlepecueT BCeX HAOAIOAAEMBIX TEPMOYPOB-
HeW C I1eAbI0 KOMIeHCAIluU TaKUX (PaKTOPOB, Kak
KOAeDaHUS TeMIlepaTyphl OKPY’KaIollel CPeAH!,
U3MeHeHNe PACCTOSHUSA OT KaMephl AO OOBEKTQ,
U3MeHEeHNEe U3AYYaTEeABHOU CIIOCOOHOCTH IIOBEP-
XHOCTEeU MAllluH.

Tepmorpadusa y>xe NpUMEHSETCA AA Id-
(PEeKTUBHOTO KOHTPOASI 3AEKTPOOOOPYAOBAHUS
paboTaroInX MAIIMHHBIX arperatoB, U B 3TOM
OHA YAQUHO AOIIOAHSIET BUOPOKOHTPOAB, II03BO-
Add ONPEAEASITh He OXBaueHHbIe ITOCAEAHUM
SAEKTpUYecKre Ae(eKThl, a TaKXKe Ae(eKThI
CMa3K| U nepepad. Kraccudukranusa repMonpu-
3HAaKOB B COYETAHUU C Khraccuduranueu BUO-
POIIPHM3HAKOB Ae(eKTOB 000OPYyAOBaHUS MIO3BO-
AT BBIIBUTH II€TIOYKY TPUYNHHO-CAEACTBEHHBIX
CcBaA3er AePEeKTOB, 4TO CIOCOOCTBYeT PaHHEMY
oOHapy>XKeHUI0 AeEeKTOB. BBUAY CAOKHOCTU
pacro3HaBaHUg HETEePMOKOHTPACTHBIX AE€TaAek
Ha SAEKTPUYECKUX COOPKAxX C OOABIION IIAOTHOC-
THIO MOHTA’Ka, AAS ITOBBIIIIEHNS AOCTOBEPHOCTU U
ITPOM3BOAUTEABHOCTU TEIIAOBU3UOHHOTO
KOHTPOAS IPEAAATAeTCSI CUHXPOHHAA POTO- TeP-
MOPETrUCTPAlug C IMOCAEAVIOUIEN COBMECTHOM
00paboTKOM (hOoTO- TePMOU300Pa KEeHMIM.

B oOmeMm caydae, 3apava COTOCTABAEHUS
U300pa’keHUN pelraeTcss KAACCUMUYeCKUM CIIOCO-
OoM - Ha O0OOUX M300pakKeHUIX AOCTOBEPHO
ONPEAEATdIOTCSI COOTBETCTBYIOIIHE APYT APYTY
SAEMEHTBHI, IOCAE Yero 110 KaKOMY-AUOO0 aATOPUT-
MY OCYIIeCTBASeTCs IIpeoOpa3oBaHUE OAHOI'O
n300pa’keHns K ApyTOMY TaKMM 00pa3oM, YTOOBI
AOCTOBEPHO COIIOCTaBAEHHBIE SAEMEHTHI COBIA-
A, @ YYaCTKU MeKAYy HUMU OBIAU IIpeoOpa3oBa-
HBI AAST AOCTUJKEHUS MaKCUMAAbBHOTO KadyecTBa
comocTaBaeHus [1,2]. B 3Toi1 TpakToBKe, COIOC-
TaBAE€HME U300pa’keHNM, IOAYYEHHBIX C UCIIOAD-
30BaHMEM CTepeolaphbl, B U3BECTHOM CMBICAE,
pemlaeTca Tpolle — [OCKOABKY B3aWUMHOE
IIOAOJKEHHME KaMep M3BECTHO TOYHO, BEPOATHOE
TTOAOJKEHMEe MCKOMOTO OOBeKTa Ha CcpaBHUBae-
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e, VT

MOM C 3TaAOHHBIM H300pa>keHWU OrpaHUUYeHO
HEKOTOPOU AOCTATOYHO HEOOABIION OOAACTHIO.
HeonpeaeAeHHOCTE B OIIPEAEAEHUN TTOAOKEHUS
00BEeKTa OCTaeTCsd, BBUAY IIPUCYTCTBUS TAYOUHBI
cieHBl. Aanee, B CTaTbe OYAeT IIPEANOKEH
3PPEeKTUBHBIM AATOPUTM COIIOCTABACHUS H30-
Opa’keHUM, UCXOAS M3 OTPaHUYEHUU CTepeola-
PHI.

1.icioab3yeMasi TEPMUHOAOTUS U OCHOB-
HBbIE COTAANIIeHNS.

[TpepBapuUTEABHO HEOOXOAMMO AAQTH CAEAY-
IOIIYe OIIpEAEAEHUs, KOTOphIe 3aTeM OyAYT HC-
IMOAB30BaHbI B TeKCTe. MicxopHoe n3obparkeHue,
KOTOpoe MBI OyAeM CUYUTATh ITAAOHHBIM IIPU
CpaBHeHUH, Ha30BeM 6a30BbIM. CpaBHUBAEMOE C
HUM 1300pa’keHue CO BTOPOU KaMephl CTepeolia-
pBl OyA€M Has3blBaTh KOHMPOAbHbIM. ABYMepHEBIe
npeoOpa30BaHusd, BEIIOAHSIEMBIE Hap N300pake-
HUSIMU KakK IIeABIMH O0BbeKTaMHu, OypaeM 0003Ha-
JaThb O0IIIUM TepMUHOM romorpagus. O4eBUAHO,
4TO KaK YaCTHBIM CAydal, roMmorpaduein Mo>KHO
CUMTaTh a(uHHBIE, TPOEKTUBHBIE U T.A. IIpe-
00pa30BaHMA.

AAd coTTocTaBAeHMS M300pa>keHUN MTOAE3HO
MMOAB30BATHCS COOTHOIIIEHUSIMHU SNUNOAAPHOU Te-
omempuu. I'lycts CuC' - mapa KaMep C TOUeIHOU
aneprypoi. TorpAa mum’ - IPOEKIINU Ha IIAOCKOC-
™ m3obpakeauti [ u I' kamep C u C' TOUYKM B
TpeXMepHOM IIpOoCTpaHcTBe M cMm. puc. 1.

Torpa OCHOBHOE COOTHOIIIEHUE BIUIIOAIP-
HOU reOMeTPUH ITPEACTAaBAEHO B BUAE

m'” Fm=0 (1)

MAS BCeX Map COOTBETCTBYIOUINX TOoUeK. MaTpu-
na F HasweiBaeTca ¢pyngamenmarbHOU Mampuuet
[3].

dDyngamenmarbHAA MAMpuUya — 3TO MaTPHU-
1a 3*3, UMerolad panr = 2, IpoeIupyIoIas Tou-
KM Ha IIAOCKOCTHU [ B AMHUU Ha IAOCKOCTHU [’ 1 Ha-

M

Puc. 1. OCHOBHBIE COOTHONIEHUS YIINMOASIPHON Teo-
MeTpumM.

ob6opoT. Tak, ecau m - Touka Ha I, ToFm =1 - snu-
noaapraa npamasa Ha I'. Torpa u3 ypasaeHu4 (1.1)
m'” I'=0. To ecThb, AF0Gast Touka m’, COOTBETCTBY-
Iolasg m, AOAKHA AeKaTh Ha SIIUIIOAIPHOU IIps-
MoM Fm.

Takxe AT DyHAAMEHTAABHOM MATPHUITEL CY-
LIeCTBYyeT I1apa TOYeK e U e', IpuHapAeskamux I u
I', AASI KOTOPBIX BBHIITOAHSETCS COOTHOIIIEHNE

Fe=0=F"¢, (2)

rae 0 — HyAeBOM BEKTOP. OTU TOUYKM HA3BIBAIOT-
cd snunoArocamu. '’hxaBHOe CBOMCTBO 3IIUIIOAIOCA
— MPUHAAMNEKHOCTb BCEM JMUIOAIPHBIM IIPS-
MBIM IIAOCKOCTU M300pa’kKeHusl.

3MeCh U Aanee IIpeAlloAaraeM, CIocoO BI-
YHCAeHUSA (PyHAAMEeHTAaABHOM MaTPUIILI U DIIUIIO-
AIOCOB HaM u3BecTeH. [loppobOHee, cM. [4].

2. MeToAMKa MOKOOPAWHATHOIO BBIPABHU-
BaHUS SIUAIOASPHBIX IIPSMBIX.

ComoctaBaeHUE  HM300pa>keHUM  MOJXKHO
IIPEACTABUTH KaK IIPoIlecc IpeoOpa3oBaHUs SIIK-
IIOAIPHOM T€OMETPUH COIOCTaBASIEMEIX M300pa-
KeHUU B HEKOTOPYIO KAHOHNWYeCKYIO hopMmy. To
€CTb, IPUMEHUB IIPDOEKTUBHBIE IIPE0OPA30BAHUSA
(mpeobpa3oBaHUsA roMOrpadun) AN KasKAOTO U3
COIIOCTaBASIEMBIX M300pa>keHu, MBI TTIOMECTUM
UX SMUIIOAIOCHL B 3apaHee OIIpeAeA€HHBble HaMU
Touku. [lycTh TakKo TOYKOM OyAeT ToOYKa
i=[100]", Aexkamasi B 6€CKOHEYHOCTH, COOTBE-
TCTBEHHO (DYHAAMEHTAAbHAs MaTPUIlA AAS TAKUX
U300pa’KeHu OyAeT OlpepereHa CAEAVIOLUINM
COOTHOIIIeHUEM [I]

00 0
F=[i],={0 0 -1|
01 0

OO6o3HaueHue [i], O3HAYaeT AHTHUCUMMET-
PUYHYIO MAaTpHUIly, IIOAYYEHHYIO BeKTOPHBIM
MIPOU3BEAECHUEM i.

COOTBETCTBEHHO,  MOXXHO  OIPEAEAUTH
OCHOBHBIE ITPABUAQ, KOTOPHIE OYAYT BBIIIOAHSATE-
CS AASL TIOAYUEHHBIX M300pa>keHuN:

1)Bce snumoAsgpHble AWUHUU IlapaAAEAbHBI
ocu OY;

2)COOTBeTCTBYIOIE TOYKM HMEIOT HAEH-
TUYHBIE 110 ocu OY KOOPAWHATHI.

IMycts H u H' - romorpaduu, npeobpasyio-
e uszobpaskenusi I u I' K KaHOHMUYECKOU Gop-
Me, INOCTYAMpPOBaHHOU BhIIIe. IlycTte mel u
m' e ' - mapa COOTBETCTBYIOIIUX TOUEK, YAOBAET-
BOPSIOIINX OCHOBHBIM 3aKOHOMEPHOCTAM
SIUNOAIPHOU TeoMeTpuu. Torpaa 3TUM TOUYKaAM
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COOTBETCTBYIOT TOUKM M M M’ Ha U300Pa’KeHUIX B
KaHOHUYECKOU PopMe TaKuX, 9YTO
m=Hmum'=H'm'"

OueBUAHO, YTO, TIOCKOABKY IIOAyYE€HHBIE
TOUKM TaKKe YAOBAETBOPSIIOT COOTHOLIEHUSIM
romorpaduu, To

m'” Fm=0,
m'"H'"FHm =0.
F

OKOHUYaTeABHO, PyHAAMeHTaAbHas MaTpUIlia

MOJKeT OBITh ITOAYY€eHa U3 BbIPpasKeHUI

FzH”[ﬂji (3)

®akTHuecKy, TaKUX MaTpul romorpacgpuu H
1 H' MO>XHO oIpepeAuTb MHOJKEeCTBO, HAC HMHTe-
PECYIOT AUIIB Te, KOTOPBIE OYAYT YAOBAETBOPSTH
OIIPEAEAEHHBIM 3aAaHHBIM KPUTEPUIM.

OnpepeanuM U, VU W KaK IIpAMble AWHUY, 3a-
AAHHBIE KOO(MPUIIMEHTAaMU B CTPOKAX MATPHUIIBL
romorpadwuu H Tak, uro

T

u u, u, u,
—_— T —_—
H=|v' |=|v, v, v_| (4)
T
w w, W, W,

AHaAOTMUYHO, OIIpEAEAUM IIpsAMEBle U, V' 1 W'
Kak ctpoku MaTpunbl H'. [To onpeaereHUIo, AnS
[IOAYYEHHBIX IPSIMBIX BEPHO COOTHOIIIEHNEe

He =[uTe vie WTe]T =[1 0 O]T.

OTO 03HAYAET, YTO IPSAMBIE V U W AOAKHBI
IIPOXOAUTH Yepe3 3IIUIOAIOC € (COTAACHO OCHOB-
HBIM COOTHOILIEHUSIM roMorpaduu). AHaAOTUYHO,
V' 1 W' AOAJKHEI IPOXOAUTH Yepe3 APYTOM dIHUIIO-
atoc ¢'. Kpome Toro, v u v, a Takkxe w u w'
SIBASIFOTCSI COOTBETCTBYIOIIUMU SIIUIIOASIPHBIMU
npaMbiMu.  OOoO3HaUYeHHBIE 3aKOHOMEPHOCTU
AETKO IIPEACTaBUTE B rpadhueCcKOM BUAE (pHUc.2).

AAd TOTO, 9TOOBL OIIPEAEAUTH UCKOMBIE MAT-
puLBl roMorpaduu, MUCIOAB3YeM METOA UX Ae-
KOMITO3UIIMM Ha OOAee TIPOCTHIe MaTpHUIlbl. Kak-

Puc.2. I'paduueckoe oToOpakeHnue 3AeMEeHTOB MaT-
puy romorpaguun.

MEXAHVKA. TPAHCMNOPT. MALLUMHOCTPOEHWE

O)

MBIV KOMIIOHEHT OYAET ITOAYUYEH OTAEABHO, TIOCAE
Yero uToroBasd MaTpulia GYAQT HCUYHCAEHAa IIepe-
MHO>XEeHHEM IIOCAeAHUX.

[Mpexxkpe Bcero O4eBUAHO, UTO WHBapHaH-
THas K MaCLITaOMPOBAHUIO MaTpuUIla rOMOrpa-
duu MoKeT OBITHL TPeACTaBAeHa B popMe

u, u, u,
H=|v, v, v, (5
w, w, 1

AEAEHHEM Ha IIOCTOSHHYIO W .. AHAAOTUYHO, Pa3-
pAeauM H' Ha w'_. OTH AeHCTBUS HE MOIYT BHI-
3BaTh 3aTPYAHEHUN, IIOCKOABKY W ., W' . He paB-
HbI 0, B CUAY TOAOSKEHNM HadyaAa KOOPAWHAT.
OmnpepeanM pekommosutiuio H kak
H=H_H,,
rae H, - mMaTpuila mpoeKTHBHOTO IIpeolOpa3oBa-
nug, H, - marpuna addurHOro npeobpasoba-
Hudg. TakuM oOpa3oM HaAeM, UTO
1 0 O
H =0 1 0f (6)

w, w, |1

W3 ypaBHeHnut (1.5) u (1.6) crepyeT, 94TO

u, —uw, u,-uw, u,
—HH =
H, =HH =\v,-v.w, v,-v.w, Vv _| (7)
0 0 1

Omnpepenenue prsiH' I/IH’p OCYIIEeCTBASIETCS
aHAAOTMUHO.

Aanee, IOAYYHUM BBIPa’KeHUS AAST BBIUUCAE-
HUS Ka)XAOTO KOMIIOHEHTa MaTPHUIThl TOMOT'pa-
duu.

3.IlpoeKTBHAas1 KOMIIOHEHTA.

Martpuns H, u H' ) moAHOCTBIO XapakTepu-
3YIOT IPOEKTUBHBIE KOMIIOHEHTHI MATPUILL TOMOT-
paduu. OTu Ipeodpa3zoBaHuUs IPOELUPYIOT 31I1-
IIOAIOCHI € U €' B TOUKHY, PACIHOAOKEHHbIE B 0€CKO-
HeuHOCTH (wW-KoopauHaTa paBHa 0. IlTo ormpe-
Aenaenuio, H , 7 H’ p OIIPEACASTIOTCSI IPSIMBIMU W 1
W' - COOTBETCTBEHHO.

AMHUN W 1 W' He IBASIIOTCSI He3aBUCUMBIMMU.
[TycTh cyliecTByeT HeKOTOpas mpsMast Ha ITAOC-
KocTu n3obpakenusiz=[A p 0]", Toraa MOKHO

OIIPEACAUTDh, YTO HEKOTOPLBIE ITPpAMEIE W 1 w' CBsI-
3dHbI BEIpa’>KeHrueM

Wz[e]XZI/IW’zFZ. (8)

OTO COOTHOIIIEHUE CAEAYET U3 TOrO, UTO IIPs-
MBble COOTBETCTBEHHBI U SIBASTIOTCS STIUIOASIPHBI-
Mu. TakuM 00pa3oMm, Atoboe Z OoTIpeAeAsieT Tapy
SIUIIOAIPHBIX TPAMBIX. HeoO6X0AMMO BBIOPATH Z
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TAaKMM, YTOOBI MUHUMU3UPOBATH YCAOBUS, CPOP-
MYAMPOBAHHBIE HIUKE.

T
Mycts p, =[p,, P;,, 1] - Touka ma mcxop-
HOM H300pakeHMH. Torpa 3Ta TOYKa OyAeT
TpaHcdopmMupoBaHa mpeobpasoBanueM H =B
pi,u pi,V
w, W,

1 L

TOUYKY C KOOpAWHATAMU 1| c Becom

w. = prl. . EcAu Beca AAd BCceX TOUEK U300pake-

1

HUA OyAyT UAEHTUYHEI, TO IIpeoOpa3oBaHue BhI-
poauTcss B adduHHOE. OTO BO3MOXKHO, €CAM
MIOAIOC AEWCTBUTEABHO OKa)keTcd B OeCKOoHeu-
HOCTH. 3aAaAMMCS IIEABIO MAKCUMAABHO IIPUOAK-
3UTh UCKOMOE IIPOEKTUBHOE ITpeoOpa3oBaHme K
appuHHOMY, TOHUMAs, KOHEUHO, UTO ITPEAEAD-
HBIU Pe3yAbTaT HEAOCTUIKUM.

4. ITocTaHOBKa 3apayyl MUHUMH3all KOH-
TPOABHOTO COOTHOIIEHUS.

PaccMoTpuM MHOKECTBO BCEX BECOB AAS
Ka’KAOU TOYKM N300paskeHus. OnpepeArM COOT-
HOIIleHWe MUHUMHU3AITUU Pa3AUIMs 3HaUeHUY Be-
COB OTHOCUTEABHO Beca IIeHTPAALHOTO TTUKCEAS],
KakK

| )

i-1 w.

rAew, =w'p,,TAED, _1L " D; - TIeHTPaAb-
n

HBIU IMKCeAb. MUHUMU3UPY4 cooTHOIIeHue (9),
HauAeM uCcKoMyto Matpuny H .
OueBUAHO, YTO MOXKHO HPEACTaBUTH BHIpa-
>xeHue (9) B BUAE
T
Z w (pz _pc)

T
i=1 W P,

2

UAU B MATPUUHOU (popMe -
T T
WT PP TW ' (10)
W p.pPW
rae P aBasieTca MaTpurien
pl,u _pc,u pZ,u _pc,u pn,u _pc,u
P: pl,v _pc,v pZ,V _pc,v pn,V _pc,v
0 0 0
AmnanoruuHo onpepeadrorcs p' . uP’ ang apy-
roro u300pa>keHusl.
W3 cooTHoteHud (8) aaga oboux uszobparke-
HUU MOYKHO TTPeACcTaBUTH (10) Kak
A
—_—— A’
——
2"[e]'PP"[e] z ,TFTPPTFz
X X +
2'[e] p.pife] 2 2 F'pcpcFz
X X ——

B’

B
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AL

HAH, YIIPOIIAs -
z" Az N z'A'z

T T
z Bz z' Bz

, (11)

rae A,B,A'uB' - maTpuiisl 3*3, 3HaUeHUSI KOTOPBIX
3aBUCSAT OT Habopa Touek p;, u p';. [TOCKOABKY
W-KOOpAMHATA AAS Z paBHa 0, 3HAUUMBIM SIBASIET-
CSI TOABKO BEPXHUU A€BBIN OAOK 2*2 AN KaXKAOU
u3 matpuil. CArepoBaTeAbBHO, MOJKHO ITPeACTa-
BUTL Z = [7» u]T .

ITockOABKY paHee OBIAO IIPEATIOAOKEHO, YTO
paccMaTpuBaeTcsl BeCb HaDOp TOueK

oy =[ J 1]
rae 1=0,---,0-1m j=0,--- h-1, 3pecbou h — mmu-
PHHA ¥ BBICOTa N300paskeHus I, IIeHTP KOTOPOTro
PAaCIIOAOKEH B TOUKE C KOOPAMHATAMU

o [t h—11T
L2 2 '

CoO0TBETCTBEHHO, HEeTPYAHO IIOAYUUTH CAe-
Ayrolnre COOTHOIIIeHUA

o’ -1 0
PP’ =‘f§ h*-1 0
0

(o-1)’
1
popl =4 | (0-1)(h-1)
2(0)—1)
HVcnoab3yd 3TU  pe3yABTATHI,
A,B,A'uB' B dopmaTe 2*2.
5. PemmeHue 3apayy MUHUMUA3AIUN.
IMockoabKy z=[A p]" ompepeaeHa c TOUHOC-

(o-1)(h-1) 2(o-1)
(h-1)"  2(h-1)|.

2(h—1) 4

BBIYMCAUM

TBIO AO IIOCTOSIHHOM MacCIITaOUPOBaHMUS, MOJKHO
YCT@HOBUTH, 4TO U =1. MuUuHMMH3ausa BbIpake-
HUS AOCTUTAETCS, ECAU IIepBasi IPOU3BOAHAL 11O A
pasHa 0. Arg apdekTuBHON MuHUMU3amuu (11)
HEOOXOAMMO OTIPEAEAUTH HauaAbHOE 3HaUeHUe.
HatipeM ero caepyromum oOpa3oM: MUHU-
MHU3HUPYIOTCI OTAEABHO 00a parMOHAABHBIX BBI-
pPaskeHUsI ZTAZTBZ u ZTA%B,Z. OTO IO3BOASET

OIIpEAEAUTb ABa PA3AUYHBIX 3HAYeHUS Z, KOTO-
pBle MOJKHO OOO3HAUYUTh Z, U Z, . VIX cpepHee 3Ha-

VY
yeHUe (e A””)/ HCIIOAB3yeTCSI KAK Ha4aAbHOE

3HaueHUue AT MUHUMU3AITUN BCEM CYMMBI.
T
MuuuMuzanuga 2 » ZTBZ S9KBUBAAEHTHA MaK-

T
CMMHU3AINU BhIPa’KeHUS * BZT ., 0003HAYMM ero

f. TIOCKOABKY A SABAETCI CUMMETPUYHOU U
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IIOAOJKATEABHO-OIIPEAEACHHOM, MOKHO HCIIOAB-
30BaTh (pakTopH3anuio Xoaerckoro, A =D'D.
BBepem HOByIO nepemMeHHyI0 y =Dz Torpa f(z)
MO>KHO IIpeoOpa3oBaTh
T-T -1
f(y):w'
yy

[TOCKOABKY y OIIpeAeAeH C TOYHOCTBO A0 KO-

s¢dunmenta MacmTabupoBaHus, f(y) MOXKET

OBITh MaKCHMH3HMPOBAHA, KOTAQ Y PaBeH CO-
6CcTBeHHOMY BeKTOpy Marpunsi D' BD ™, cooTse-
TCTBYIOIIETO MAaKCHUMAAbBHOMY COOCTBEHHOMY
3HAYCHUIO. OKOHYATEABHO, z=D"y.

AHarormyHas IporeAypa MOKeT OBITh HCIIOAB30-
Ta
BaHa AAS MUHUMM3AIMN * * 7

2B’z

6. A (puHHBIE TPEeoOpa3oBaHUs.

B BeIpaskenuu (7) Oblra OIpeAeAeHa MaTpH-
1a aouHHOrO npeobpasoBanusd. PaccMoTpuMm Ba-
PUAHT ee AeAbHEUIlel AeKOMIIO3UIINKU C IeAbIO
WHTEePIIPEeTaIluU ee SAeMeHTOB Yepe3 U3BeCTHHIe
BEAWYUHEI.

ITycTb BeIpaskeHue (7) MOJKeT OBITH IIPEe00-
Pa30BaHO TakK, YTOOBI IBASATHCS MPONU3BEACHUEM

ABYX MaTpul] — IIpeoOpa3oBaHUSA IMOAOOUS U
pacTskenus o ocu OX:
H,=HH,,
TAE
v,-uw, v.w,-v, 0
Hr = Va _VcWa Vb _Vch Vc (12)
0 0 1
u
Sa Sb Sc
H =0 1 0
0O 0 1

[TockoabKy MaTpuiia H nCIOAB3yeTCs TOAB-
KO AAS TpaHcopManuu BAOAB ocu OX, oHa MO-
KeT ObITh OTOpOIIIeHa C TeM, UTOObI AaAaee BOC-
IIOAB30BATHCS UHBIMU METOAAMU COIIOCTABAEHUS
n300pa’KeHNN.

Berire moay4eno, ¥ro matpunsl H uH' | BEI-
IIOAHSIFOT CABUT 3IIMIIOAIOCOB B TOUYKM B O€CKO-
HeyHOCTH. C HCIIOAB30BaHMeM matpuii H, u H',
HeOOXOAUMO OCYIIeCTBUTE BpallleHHe C TEM, UTO-
OBl TOUKM COOTBETCTBOBAAM BEKTOPY HallpaBAe-
uus i=[100]". Takum 06pa3oM, GYAET MIOAYYEHO
COOTBETCTBUE AMHNM HAallPaBA€HHBIX [IapaAAeAb-

HO ocu OX Ans Kaskaou Touky ocu OY AAsT 00omuX
n300pa’KeHNN.

MEXAHVKA. TPAHCMNOPT. MALLUMHOCTPOEHWE

O)

[TocKOABKY ypaBHEHUS IPAMBIX W X W' IIOAY-
4YeHBI BBIIIe, BBIPA3uM KO3 OUIIUEeHTBLV , 1V, U3
BbIpaykeHud (12)

F=H'T[i]_H=
X
’_ 1 f_ 1 '_ ’
VW, TV W, VW, VW, VW, V| (3
_ [ [ [
=V, W, VW, V,W,-V,W, V.W,-V,
v, —v.w vV, —v.w V.-V

I/ICHOABSYFI IMIOCAEAHIOIO CTPOKY 3TOI'O MaAT-
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OKOHUYATEABHO, AASI IIPeoOpPa3oBaHUS U30-
Opa>keHUuM HeOOXOAUMO MCIIOAB30BaTh TPOU3Be-
Aenne matpury H H, uH' H' .

PesyabTaT npuMeHeHUS AQHHOM METOAUKU
IpeACTaBAEH Ha puc.3.

7. MeToANKa COIIOCTaBAEHHS TOYEK KOH-
TPOABHOTO U 0@30BOT0 N300pa keHun.

Ilocre mnoayueHUss MaTpun, romorpaduu,
TpeoOpa3younuX n300pa>keHus TaKUM 00pa3om,
4TO AIOObIE TOUKU B COMNOCTAaBUMBIX OOAQCTIX
U300pa>keHUN UMEIOT OAUHAKOBbIE KOOPAUHATHI
o ocu OY (C TOYHOCTBIO AO ITOCTOTHHOM CABUTA),
HEeOOXOAUMO OIPEAEAUTH KOOPAUHATHI COOTBE-
TCTBYIOIIUX TOUEK 110 ocu OX.

AAS B3TOTO NPEANOIKEH CAEAYIOIIWM aAro-
pUTM:

eIIpeABApUTEABHAsA 0O0OpaboTKa u3o00pake-
HUM C IIeABI0 UX MaKCHUMaAbHOU aAQNTAlluU AAS
aBTOMATU3UPOBAHHBIX AATOPUTMOB aHaAM3a U
BBIUYMCAEHUY;

eOlIpeAEeAeHUEe  BEAWYUHBI  ITOCTOSHHOU
CABUTA OAHOTO U300pa>keHUusT OTHOCUTEABHO
APYTOTO;

®IIOMCK OIIOPHBIX TOUEK Ha 6@30BOM HM300pa-
SKEeHUMU;
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VPKYTCKW FOCYOAPCTBEHHbBIV YHUBEPCUTET MYTEN COOBLLEEHMA M
2_ Ve

eme—
a) OpuruHaabHbIE H300paKeHHs 10 MpeoOpa3oBaHUs, pasmep 19* 160 1 1200* 1600 nukc.

|

Puc. 3. Il puMmeHeHNE METOANKH TOKOOPANHATHOTO BRIPABHUBAHUS SIIUIOASIPHBIX IIPSIMBIX.
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e(hOPMUPOBAHUE CTPYKTYPHI CBA3EU MEKAY
OTIOPHBIMU TOYKAMHU ITyTeM MOCTPOEHUS TpUaH-
ryasauum AenoHe;

®II0VICK TOUEK-KAaHAUAATOB HA KOHTPOABHOM
U300pa’keHunn;

eBEIOOP HaUOOAEE TTOAXOAIIIUX KAHAMAQTOB
C TOYKU 3pEeHUsT MUHUMU3AINU SHEPTUU TPaHC-
dopMaInu CTPYKTYPHI CBSI3€N IO CPAaBHEHUIO C
0a30BBIM N300pa’)KEHUEM.

PaccmorpuM MeTOAMKY OOAee TTIOAPOOHO.

7.1. IlpepaBapuTenbHas o0padoTKa n3oodpa-
JKEeHUMN.

Heo0xopuMOCTE IIpepBapUTEeABHOU 0Opa-
0O0TKM U300pakeHnM OO0BICHSIETCS, IIPeKAe Bce-
ro, CyIIeCTBEHHBIM Pa3AWdYMeM Me>KAY THUIaMUu
CEHCOPOB, KOTOPHIE IOAYYAIOT TEIIAOBU3UOHHOE
n3obpakeHrue m QPoTorpaduio B OINTHUYECKOM
AMara3oHe.

TennoBU3MOHHOE N300paskeHne POPMUPY-
eTCsI C MCIIOAB30BaHUEM MUKPOOOAOMETpUYec-
KOU MaTpHUIbI U IIPEACTaBAIEeT COOOU AByMepHOe
IIOAe, Ka’KAQsl TOYKa KOTOPOTro 00AAAdeT STPKOC-
TBIO TAYOMHOM 8 OUT. ABTOMATUYECKHU apAANITUPY-
eMbIN AMAala30H APKOCTeN AMHAMUYECKU MeHS-
€TCSI B 3aBUCHMMOCTH OT TeMIIepaTyphl CaMOro
TEMAOTO ¥ CaMOTO XOAOAHOTO OO'BEKTa B Kajpe.
Takum oOpa3oM, Ha M300pa>kKeHWM B MPOCTEMU-
I1IeM CAy4Yae caMble XOAOAHBIE YUACTKHU ABASIIOTCS
YepHBIMY, & cCaMble Topsg4yre — OeAbIMU. Mexxay
HUMU [IPON3BOAUTEAD IIPEAYCMOTPEA HECKOABKO
BUAOB TeMIIepaTypPHBIX IIIKaA, OTAWYAROLIMXCS
CUHTE3MPOBaHHBIMU IPOME>KYTOUHBIMHA
IIBeTaMU, IIpeAHA3HAYEeHHBIMU TOABKO AAT YAYU-
menus BocrnpusaTus. @OakTudyeckud, HamboAee
(PYHKIIMOHAABHO MCIIOAB30BaTh M300pa>keHue B
Irpapanusax ceporo IIBETa.

Onrnueckoe n300pa’keHnue MMOAYYEHO C KUC-
MOAB30BaHUEM (POTOMETPUUECKUX AQTUYUKOB U
0aliepOBCKOM CXeMBI MMOAYYEHUs IIBETOB. Kak-
MBI UTOTOBBIM TUKCEAb M300pa’keHusl, B PE3yAb-
TaTe, UMeeT OAMHAKOBYIO TAYOHMHY IBeTa AAA
Ka’>KAOT0 U3 TPeX OCHOBHBIX IIBETOB. Kpome Toro,
IIBETOBOE IIPOCTPAHCTBO QAANTHPOBAHO IOA TO,
KOTOPOE BOCIIPUHUMAET CPEeAHECTaTUCTUIECKUY
YeAOBEK.

TakuMm ob6pa3oM, HauboAee KOPPEKTHO WC-
IIOAB30BAaTh TAKYI0 XAapPaKTEPUCTUKY, KaK sp-
KOCTBb OTAEABHBIX YU4aCTKOB M300pa>keHusd, a Tak-
>Ke KOHTPACTHOCTb 3TUX YUaCTKOB.

E1te opAHUM CyIIIeCTBEHHBIM OTAUYNEM SIBAS-
eTCs U3AydaTeAbHass U OTpa’kaTeAbHasl CIIOCOO0-
HOCThb HaOAIOAQEMBIX IIOBEPXHOCTEM, KOoTopasd
CYIIECTBEHHO 3aBUCUT OT AAWHBI BOAHBI (DUKCH-
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PYyeMOro 3A€KTPOMArHUTHOTO H3AY4YEeHUd. OTO
3HAUUT, UTO B O0IIIeM CAyUYae IPeAMETHI BEITASIAILT
OTAUYHO APYT OT Apyra B 00OMX AMANa30HaX, C
TOYKU 3PEHUST TPAANMEHTOB IPKOCTU U BEAUIUHBI
KOHTpPACTa. DTO 3HQUUTEABHO CHU>KaeT 3Ppdek-
TUBHOCTb COTIOCTABAEHHUSI M300pa>keHuul U Tpe-
OyeT HeKOTOPBIX TOATOTOBUTEABHBIX TPeoOpa3o-
BaHMUU Ilepep 3allyCKOM aATOPUTMA COIIOCTaBAe-
HUS U300pa>keHun.

[TpepnrosKeHO UCTTOAB30BATh CAEAYIOIIHE aA-
TOPUTMEL.

1) Memog KonmpacmuHo OrpaHu4eHHOU
aganmuBHOU 5KBAAU3AQUUU (BbIPABHUBQHUSA) T'UC-
morpammbl (CLAHE).

AAHHBIN MeTOA OCHOBAH Ha MCCAEAOBAHUU
AAST KaXKAOTO IMMHUKCEASI TUCTOIPAMMEBI €T0 OKpec-
THOCTM U KOPPEKIIUN ero SPKOCTHOM XapaKTe-
PUCTUKM IIyTeM H3MeHeHHs KOHTPAacTa TaKuM
00pa3oM, KakK ONpPeAeAeHO B XapaKTepUCTHUKAaxX
dyukrumnu. TecToBoe nN300pa’keHUE A0 U IOCAE
OpUMeHEeHUsI MeTOAA TPUBEAEHO Ha puc.4,5.

2) AOKaAbHBLU qUANA30H U300PAKEHUA.

MeTop HCIOAB3YETCSI A BBIAGAEHUS AO-
KaAbHBIX TPAHUIT Ha M300pa>keHUH U COCTOUT B
BBIUMCAEHUN AOKAABHOTO AHWAla3oHa SAPKOCTH
(MakcuMarbHOE MUHYC MHUHUMaAbHOE 3HaUeHUe
SPKOCTHU) Ha y4aCTKe BOKPYT UCCAEAYEMOTO MUK-
cend. Y4acTOK MOYKHO 3aAaBaTh, NCIIOAB3YS Mac-
Ky, MUHUMaAbHBIM pa3Mep y4acTKa, OYeBHAHO,
3'3 nukceas. VMzobpakeHue Ha puc.5, ob6pabdo-
TaHHOE C HCIOAB30BAHHWEM TaKOM (PYHKIIUH,
IIPEACTaBAEHO Ha PUC.6.

B pesyabrare, o6paboTaHHBIE TAKUM OOpa-
30M M300pa’keHusd, UMeIOT OOABITYIO BepOsT-
HOCTb KOPPEKTHOTO COIIOCTABAEHMS TOYEK, 4eM

OpUTYMHAABHBIEC.

Puc. 4. icxopHO€e TeCcToBOe u3o0paskeHue.

COBpeMeHHbIe TexHonormn. CucteMHbiii aHanuns. MOHeﬂI/IPOBaHVIe




Puc. 5. TectoBoe n3o6pakeHue MoCAe SKBaAu3anuu
TUCTOrPaMMBI.

7.2. OnpeapenreHNle BEAUYUHBI ITOCTOSTHHOM
CABUTra.

Kaxk BupHO n3 puc.3 y n300pa>keHui, AAI KO-
TOPBIX ITOKOOPAUHATHO AA ocu OY BHIDOBHEHBI
STUTIOASIPHBIE TPSIMBIE, COBIIAAQET pa3pelieHne
IO 3TOM OCHU, TO €CTh AIOObIe COIIOCTaBASIEMBIE
TOYKHW HMMEIOT OAMHAKOBYIO OopAMHATY. OAHAKO
cyujecTByeT CABUT 110 ocu OY, KOTOPBIU HEOOXO-
AUMO BBIIBUTH, IIOCKOABKY COIIOCTaBASI€eMEBIE
n300pa’kKeHNs IIOAYYEHBl YCTPOUCTBAMHU, UMEFO-
UMY 3HQUUTEABHYIO PA3HUITY, KaK I10 YTAY 3pe-
HUd, TaK U 10 paspelleHUI0 PeTUCTPUPYIoIlel
MaTpPHUIIBL.

OTOT 3Tal IMPEAIIOAATaeT BMEIIaTEeABCTBO
olepaTopa B IPOIECC ONPEAEAEHUST MOCTOSH-
HOM. Aanee, IIOAyYeHHOe 3HaueHUe OyAeT HC-
MIOAB30BATHECSI BO BCEX BBIYMCAEHMIX aBTOMATH-
YECKHU.

AAd oTipepAeAeHN s TOCTOSHHOM CABUTA TPEA-
AOJKEH CAEAYIOIINYU aATOPUTM.

1.McnoAb30BaTh Kak IIO3UTOBHOE, TaK U He-
raTuBHOE M300pa>keHue TepMOTPaMMBbI.

2.AAg Ka>KAOTO BapHaHTa PaCcCUMTATh BEAU-
YUHY HOPMHPOBAHHON KPOCC-KOPPEAIIUH.

3.Mcnonb30BaTh Cra@KUBaHUe IIOAYYEeHHOHR
MMOBEPXHOCTU METOAOM CKOAB3SIIET0 CPEAHETO.

4.CpaBHUTE 2 TOAYUYEHHEBIE TIOBEPXHOCTH, 110
pe3yAbTaTaM BU3YAaABHO OIIPEAEAUTH, KAKOM Ba-
PHUAHT (IPAMOM UAU HETATUBHBIN) TEPMOIPAMMBI
OoAee Bcero COOTBETCTBYET ONTHUYECKOMY U30-
Opa’KeHHUIo.

5.01npepeAnTs IOCTOSHHYIO CABUTA.

@opmyAaa A BBIYUCACHUSI HOPMUPOBAHHOU
KPOCC-KOPPEAIIIUN UMeeT BUA

Puc. 6. BeruncaeHue AOKaAbHOTO Aaria3oHa AAS TecC-
TOBOTO M300pakeHus.

’Y(U,V)Z
Z[f(x,y)—fuvv][t(x—u,y —v)—E]

S[rxy)-£, ] X[tex-uy -v)-i] |

3A€eCh [ — N300pa’keHue, X, ¥ — COOTBETCTBYIO-
1IMe U3MepPeHUs], COAEPKUT UCKOMBIN YUaCTOK { C
KOOPAMHATAMHU U, V. [ - CpeAHee M0 UCKOMO¥ 06-
Aacty, £, , - cpeaHee oT f(x,y) I0 0GAACTH, COOTBe-

' “u,v

TCTBYIOIIEN NICKOMOMY YYacCTKY.

PesyarTaT comocTaBAaeHUS ABYX OOOIOAHO
UHBEPCHBIX I'padrka, OTOOpa>karoliux BEAUUM-
HY KOPPEeAsIuH, IPUBEAEH Ha pHUC.7.

[MoAryueHHBIE PE3YABTATHl AEMOHCTPUPYIOT
HEOOXOAUMOCTh UCHOAB30BaHUSA HeraTUBa Tep-
MOT'PaMMBbI B AAALHEUIIINX BEIUUCAEHUSAX. B cooT-
BETCTBUM C KOOPAWHATAMW MHUKA KOPPEASIUHu
ONpeAeAdeTcs INOCTOSTHHAsA cABUTa y_offset =
137 ukc. ComocTtaBAaeHUE U300pa>keHuM C BhI-
OpaHHBIM CABUTOM AQET Pe3yAbTAT, N300pa>keH-
HBIM Ha pHUC.8.

[MoAryueHHas BeAMUMHA CABUTA UCIIOAB3YeT-
Cs1, YTOOBI U3 MCXOAHOTO KOHTPOABHOTO M300pa-
KEHUSI BBIAGAWTH YYaCTOK IIMPUHOMN, COOTBe-
TCTBYIOILeHU MUPUHE 0a30BOT0 N300PAKEHUA.

7.3. I1oucCK OTIOPHBIX TOYEK Ha 0a30BOM U30-
opakennu. @DopmupoBaHUE CTPYKTYPHI CBSI-
3en.

Ormepartius ToncKa OTTIOPHBIX TOUEK SBASETCS
BeCbMa Ba>KHOU AAS PAOOTHI AATOPUTMA B IIEAOM,
IIOCKOABKY IIPABUABHBINM BBIOOD II03BOASIET C
OOABIIIEN BEPOSITHOCTBHIO OOHAPYKUTH AAHHBIE
TOYKU Ha KOHTPOABHOM n300pakeHuu. [loaTomy
TTONUCK KOHTPOABHBIX TOUEK BHITIOAHSIETCS AAS Oa-
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Puc. 7. Craa’KeHHbIe THCTOTPaMMBbI AAS ITO3UTHBA (a) u HeraTusa (6) TepMOrpaMMBI.

30BOT'0 U300pakeHus, 00pabOTaHHOTO METOAOM
CLAHE u ArokanbHOTO AManasoHa. Pesyabrar —
TOYKM C HaMOOABIIIMM KOHTPACTOM, CTaHOBSTCS
MaKCUMaAbHO YAAQAEHHBIMHM APYT OT Apyra B
peAeAax n300pa>keHusd.

AAs TIOAYYEeHHOTO Habopa OIIOPHBIX TOYEK
CTPYKTypa CBsi3el (popMUPYyeTCs C UCIIOAB30Ba-
HUeM TpuaHryaanuu Aenrose. Tpuanryaanusa Ae-
AOHE TIO3BOASIET HAWUTH OAMIKAMIINX COCeAer

Puc. 8. ConocraBaeHre CHUMKOB II0 pe3yAbTaTaM BbIYUCAEHHUS
HOPMHUPOBAHHON KPOCC-KOPPEASIHIH.

Ka>XAOU TOUYKU TaKUM 00pas3oM, UTO OIMcaHHas
BOKPYT AIOOOTO TPEYTrOABHHKA OKPY’KHOCTH HE
COAEPIKUT APYTUX OIOPHBIX TOUEK.

B pesyabTaTe, 6a30BOMYy U300pa’keHMIO CO-
OTBETCTBYET MacCHUB HEOOXOAMMOTI'O KOAMYECTBA
KOHTPOABHBIX TOUEK U TomorpaduuecKue AaH-
Hble, II03BOASIIOIIYE IIOCTPOUTH TPUAHTYASIIUIO
AenoHe, KaK ITOKa3aHo Ha puc.9.

Ha pucyHKe OIOpHBIE TOYKH BBIAEAEHEI
KpacHBIMH  3Be3paMy, CBSI3U —
SKeATBIMU TPSMBIMU.

7.4. TIoucK TOYEeK-KaHAHMAATOB Ha
KOHTPOABHOM M300pa’keHumn.

[ToCKOABKY BBIlIIe OBIAO IIOKAa3aHO,
YTO BCE COOTBETCTBYIOIINE TOUKHU COMOC-
TaBASIEMbBIX U300pa>keHUN UMEIOT OAU-
HAKOBYIO OPAMHATY (C TOYHOCTBIO AO UC-
Ka)XeHus, BBI3ZBAHHOTO HecoBepIie-
HCTBOM ONTHUYECKOMN CXeMbl OObEKTHUBA U
oTAmMumeM ero oT pinhole-kamepsl), He-
00XOAMMO MaKCUMAAbHO OTPAHUYHUTD
TaK>ke 3HaueHue abcrucchl. [ToCKOABKY
ONITUYECKasd CXeMa MCIIOAB3YEeMOU CHC-
TeMBI TTaphbl CEHCOPOB HE MEHIeTCs, TaK-
Ke He MeHSeTcsi W COOTHOIIeHue
3MUNOAIOCOB U HAITPaBACHUE DIUIIOASP-
HBIX IPAMBIX. CAeAOBaTeABHO, IOAYYEH-
HO€e AASI OPAMHATHI COOTHOIIIEHUE OYAET
BBITIOAHSTBHCSI BCETAQ, BHE 3aBUCHUMOCTH
OT (PUKCUPYEMOU CIIEHBI (3@ MCKAIOUe-
HUEeM BapUaHTa, KOIAQa TOYKAa, IIPUCY-
TCTBYIOINasl Ha OAHOM CHUMKe OYAeT 3a-
KPBITa ADYTUM IIPEAMETOM CII€HBI BBUAY
rapasnrakca CbeMKU Ha BTOPOM CHUMKE).

AAd abcrucchl, B 00111eM CAy4Yae, 3TO
He BepHO. Hamboaee mpocTo¥M BapuaHT
— ImpeoOpa3oBaHue M300pa’KeHUU ad-
COAIOTHO IINOCKHX CIIeH — B 3TOM CAyYae
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Puc. 9. CTpyKTypa CBsi3eil OMOPHBIX TOYEK 0a30BOT0
n300pa’keHusl.

0a30Boe n300pa’keHre MOKHO IIpeoOpPa30BaTh B
KOHTPOABHOE, IIPMMEeHUB IIpeoOpa3oBaHUe IO-
Morpaduu. AAS CIIeH C BBIPa’KEeHHOUN Tpexmep-
HOCTBIO IIPEAMETOB TaKOU CIOCOO He ITOAXOAUT,
CAEAOBATEABHO, YHUBEPCAABHOI'O COOTHOIIEHUS
MeXXAy abcuuccamMu 6a30BOTO U KOHTPOABHOTO
N300pa’KeHUU YCTAHOBUTD HEAB3S.

PaccmarpuBag 3TOT HamboAee OOIIUM CAY-
yam, NIPepAOKHUM aATOPUTM, KOTOPHINU OBI II03BO-
AMWIA PELIUTH IPOOAEMY COIOCTaBAEHMS M300pa-
SKEeHUU.

AAST Ka’KAOU OMOPHOM TOUYKU Ha 0a3z0BOM
n300pa’kKeHNN HeOOXOAUMO ONIPEAEAUTH MaCCUB

TOYeK-KaHAMAQTOB (puc. 10). AAST 3TOTO UCIOADL-

3yeM  MeTOpA  IIOMCKa HOPMUPOBAHHOM
KPOCC-KOPPEASTIIUU.  SIPKOCTh  M300pa’keHust
HOPMUPYETCSI C  WCIOAB30BaHMEM  METOAA

CLAHE. BokpyT Ka>XpAO¥U OIIOPHOW TOYKYU BHIOM-
paercsa obaacTb pasMmepoM (height b/10, 10)
nukKceaen, rae height b — BEepTUKAABHBIU Pas-
Mep 6a30BOTr0 N300pa>keHUsI B INKCEATX.

C BCIIOAB30BaHMEM IIPEABBIYMCAEHHOU KOH-
CTAHTHI CABUTA ¥ _ offsel IOKMCK OCYIIeCTBASIETCS B
KOHTPOABHOM H300pa>keHuu B OOAACTU paszMe-
pom (height b/ 10 + 10, 80) B cAy4ae, ecAu olpe-
AEASeTCs IIOCTOIHHAA X_offset - CABUT IIO OCH
abcIrce, XxapaKTepu3yIoni 00Ul CABUT 6a30-
BOrO  H300pa>keHUss  OTHOCUTEABHO  KOH-
TpoAbHOTO. [TapameTp x_ offset Mo>KeT OBITH TaK-
JKe OIpeAeAeH C MCIIOAB30BaHEeM HOPMUPOBAH-
HOU KPOCC-KOPPEAAIIUU. BHITTOAHAETCS BEIUNCAL-
HUEe ABYMEDHOTO TIOASI, XapaKTepHU3YIOIIero
KPUTEPUU CXOKeCTH 0a30BOU OOAACTU U y4aCTKA
KOHTPOABHOM C HMCIOAB30BaAHHEM HOPMHPOBAH-
HOU KPOCC-KOPPEeAdINH. 3HaUYeHUS [TOAYYEeHHO-
TO MacCHUBa CTAQKMBAIOTCSA C HUCIOAB30BaHUEM
MeTOAQ ABYMEPHOTO CKOAB3SIIIET0 CPEAHETO

.o m
jt—

Zz‘ corr(u,v)

u=i-— V—j—E
2 2

m-n
[Tpu 5TOM 3HaUYEHMS, OTHOCAIIMECS K KPalo
TTOAST 3HAUEHU I KOPPEASIIUY, TpupaBHUBarOTCst 0
B AMamia3oHe
corr__sred(l,width_b/2)=0,

.on
i+—

corr__sred(i, j) =

Puc. 10. BeiOpaHHbIe TOUKH-KaHAUAATHI Ha KOHTPOABHOM U300paskeHun.
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L=

corr_sred(width _c+width_b/2width_c+

+width__b)=0,

corr __sred(1,height_b/2)=0,

corr _sred(height__c+height_b/ 2,

height _c+height__b)=0.
rae height_b, height_c, width_b, width_c coot-
BETCTBEHHO BBLICOTHI U IITMPUHBLI 0a30BOTO U KOH-
TPOABHOTO M300pa)keHUu. VcKAOueHMe Kpaii-
HUX TOUYEK MOASI TIPOUCXOAUT M3 BEPOSITHOCTU He-
KOPPEKTHOT'O COIIOCTaBAEHUS 0a30BOI0 U KpaeB
KOHTPOABHOTO U300pa’keHnM; B 3TOU CUTyalluu
IpU ONpPEAEAEHHBIX IapaMeTpax KOPPeAInus
MOJKET OBITb 3HAUUTEABHOM, CBUAETEABCTBYS O
3aBEAOMO AOKHBIX COBIIAACHUSX.

YcTraHaBAMBaeTCsI BeAWYMHAa MacCHUBa ToO-
YyeK-KaHAUAATOB. Aanree, W3 IIOAT 3HauyeHUU
(DYHKOUN KOPPEeAdlMU BBIOMpaeTcs 5 IIepPBHIX
TOUYEK M ONPEAEAdIOTCS COOTBETCTBYIOIIVE UM
KOOPAMHATHI TOUEK.

AaHHasg IIPoIleAypa BBIIOAHSETCS AAST KasK-
AOU OIOPHOM TOYKM 06azoBOTO M300pa>kKeHUS.
Ecau Touek onpepereHo N, a KaHAUAATOB M Ans
Ka’kKAOU, TO BCETO B pacyeTax UCIoAb3yeTca N*M
TOUEeK.

AATOpuTM BBIOOPA ONTUMAABHONW KOH(MUTY-
paliiy COCTOUT B Tiepebope BCeX BO3MOIKHBIX
KOH(UT'YypAIUU TOUYEK-KAHAMAQTOB C TE€M, YTOOBI

MEXAHVKA. TPAHCMNOPT. MALLUMHOCTPOEHWE
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BEIOPATH TOT, AASI KOTOPOTO CTPYKTypa CB43en
OyAeT MaKCHUMAABHO COBIIAAATH CO CTPYKTYPOU
0a3oBoro nzobpaxxeHus. bAok-cxema arropur™ma
IpeACTaBAeHa Ha puc.11.

Aanee, BBIIIOAHSAETCSA KyCOYHO-AMHENHOE
npeoOpa3oBaHie KOHTPOABHOI'O HM300pa’kKeHus,
y3AaMU Ipeo0pPa30BaHUs CAY KAT PACIO3HAHHbBIE
Touku. CTPYKTypa CBsA3el 0a30BOrO U300pake-
HUS A KOHTPOABHOTO IIpeACTaBA€Ha Ha puc.12.
[ToAyueHHBINU pe3yABbTAT IIOCAE IPUMEHEHUS KY-
COYHO-AMHENHOTr0 IpeoOpa3oBaHUS B CpaBHEe-
HUU C OPUTMHAABHBIM M300pa’keHueM, IIpeA-
CcTaBAeH Ha puc.13.

8. BBIBOABI.

AATOPUTM COBMeIIleHHUs B IJeAOM IIOKa3bIBa-
€T YAOBAETBOPUTEABHBIN pe3yAbTaT. HeboAbIION
CABUT A€BOTO HUJKHEI'O yI'AQd IIPOU3XOAUT BCAe-
ACTBHE OTCYTCTBHUS B €r0 OKPECTHOCTH TOUEK AN
KOppeKInu. B 11eAoM Tak’Ke 3aMeTHO HCKaXke-
HIUe reOMEeTPUH N300pa’keHns, XapaKTePHOe AT
AUCTOPCUU - IBA€HUS UCKa KeHUs N300paKeHUs
B OOBEKTUBeE.

INMoaydyeH aATOPHUTM, TO3BOASIONINY 3P ek-
THUBHO COIIOCTABASTH U300pa>keHus Pa3sAUYHBIX
AAVH BOAH IIyTeM HCIIOAB30BaHUSI METOAUKY IIPO-
eKTUBHOU TpPaHC(OPMAIUM C IeAbI0 ONITUMHK3a-
MU TeOMETPUUYECKUX IIapaMeTpOoB, a TakKe COo-
IIOCTaBA€HUSI KOHTPOABHBIX TOUYEK IIyTeM MUHU-

Ll [N kaxzaow onopHoOM ToUKK

"

Ona kaxaoro kaHanzaTa

—

Matchsum = TpuaHrynaums(points_coord, trimesh)

v

Energy = abs(Basesum — Matchsum)

8

- —

H/\/\ Energy < MIN \\\

\\[/ —
Ja
A J

MIN = Energy

# END

Puc. 11. bBarok-cxemMa aAropuTMa NOMCKA ONTUMaAbHON KOH(PUTypaliii TOYEK-KaHAUAATOB.
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MM3aIluy S9HEePTUU CBsI3el Touek, chopMupoBaH-
HBIX TPUAHTYAALIMENU AenroHe.

AAABHEUIINMHA IIaTaMu 110 Pa3BUTHUIO METO-
AUKU SIBASIIOTCS YCTpPaHeHHe HCKa’KeHUN AMC-
TOPCHUM B OOBEKTUBAX KaMep, OoAee paBHOMED-
HOe paclipepeAeHre OIIOPHBIX TOYeK II0 KaApy,
ONITUMMU3AIINS CIHOUCKA TOUYEeK-KaHAMAATOB C
IIeABIO TTOBBIIIEHNS CKOPOCTU BEIUMCACHUN U UC-
NIOAB30BAHHE AATOPUTMOB OOAee TAABHOM (Ha-
IpuMep, COAAMHOBOM) allIpOKCUMALUMU A 0O-
Aee 3PEHEeKTUBHOIO COBMeIleHUus 0a30BOTO U
KOHTPOABHOTO N300pa>keHnH.
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YAK62-501.12; 533.6.013; 629.7.022

CUCTEMHbIV AHANTN3 ANHAMUKU

QKPAHOIJIAHOB

Haero MopepHHU3AIIY BOAHOTO TPAHCIIOPTa
Y IIOBBIIIEHUSI CKOPOCTH CYAOB IIPU MHUHUMAaAb-
HOM B3HEeProBOOPY’KEHHOCTU IPOIIaraHAUPOBAaA
BEAMKHNU PYCCKUU y4eHBIU UM MH)XKeHep Poctuc-
raB  EBrenneBnu  AnekceeB. [lop ero py-
KOBOACTBOM B 60-e TOABI ITPOIIIAOTO CTOAETHS
OBIAW CO3AAHBI IIepBbIe B MUPE CyAa Ha IIOABOA-
HBIX KpPBIABAX. BOAOM3MEIAIoNIui KOPIyC V
3TUX CYAOB IIOAHUMAACS Hap, BOAHOM ITIOBEPXHOC-
TBIO U COIPOTUBAEHUE ABUKEHUIO B BOAE CO3AA-
BaAU TOABKO TTIOABOAHBIE KPBIABS, TIAOIITAAL KOTO-
pBIX OblAa 3HAUYUTEABHO MeHbIle OMbIBAIOIMIEN
IIOBEPXHOCTH BOAOM3MeIarolero Kopiyca. Ta-
KUM 00pa3oM, COIPOTUBAEHME CyAHA YMeHbIIa-
AOCH B HECKOABKO pa3. Ho raaBHOM ocobeHHOC-
TBIO CYAOB Ha IIOABOAHBIX KPBIABIX OBIAO TO, UTO
OHHM CO3AaBaAM CHUCTeMY, OOAQAQIONIYIO CBO-
UCTBOM caMocCTabuAn3anuu. To ecTh, yIpaBAITh
KPBIABSIMU IPU U3MEHEHUN CKOPOCTU ABUKEHUS
CyAHA He OBINO HEOOXOAMMOCTH, TaK KaK KPBIABS
HaXOAMAUCH HA HEeOOABIIONW 'AyOHWHE OT IIOBEep-
XHOCTHU BOABI, U 3a@ CUET U3MEHEHUs ITOU IAyOu-
HBI IIOTPY>KEHUS CO3AABaAU IlepeMeHHbIe AeM-
ndupyrommue CUABL 1 MOMEHTHI, 0araHCUPYIO-
Ij¥e BCIO CUCTEMY BMeCTe C CYAHOM.

OAHAKO Cypa C MAAOIOIPY>KEHHBIMHU IIOA-
BOAHBIMHM KPBIABSIMH UMEAM OrpaHUYeHue II0
MaKCHUMAaAbHOU CKOPOCTH ABUKEHUS M3-3a BO3-
HUKAIOMIero KaBUTAIMOHHOTO peXkuMa Ha
KPBIABSIX ITPU OIPEAEAEHHOM CKOPOCTHU U, KakK
CAEACTBUE JTOTO, pPe3Koe TMapeHme ITOALEMHOM
CHABI U TOPMO>KEHHe CyAHaA.

ChaepOBaTeAbHO, AT YBEAWUEHUS CKOPOCTHU
HeoOXOAUMO OBIAO UCKAIOUUTEL AIOOOM KOHTAKT C
BOAOU. Tak ITOIBUACS HOBBIM KAQCC CYAOB — IK-
pPaHOIIAAHBI, KOTOPEIE He UMEeIOT KOHTaKTa C BO-
MO, HE UMEIOT OrPaHNYEeHUN IT0 CKOPOCTHU U 00-
AQAQIOT PSIAOM 3aMedaTeAbHBIX IPEeNMYIeCTB 110
CPaBHEHUIO C CYILIeCTBYIOIIUMU BUAAMU TPAHC-
nopra. Vipaes IOAHATHA KOPITyca CyAHA Hap BOAOU
HAlIAA CBOIO PEaAU3alUIo TAK)Ke B CKEI'OBBIX CY-
AAX U Cypax Ha BO3AYIIHOM IIOAVIIIKE, KOTOPHLE,
Kak U CIIK (cypa Ha TIOABOAHBIX KPBIABSX), UMe-
IOT OTPaHUYEHUS 110 MaKCUMaAbHOM CKOPOCTH.

[TepBBIMU 3KpaHOIIA@HAMU ITPOMBIIIAEHHO-
T'0 MPOM3BOACTBA OBIAU DKpaHONAaHKI PocTucAa-

Ba AAeKceeBa. ITO 93KpPaHOIAAHBI K OPAEHOK» —
140 T. a 3aTeM 2KpaHOIAaH «/\yHB» — 450 T.
B3AETHOTO Beca. B panbHeteM B Poccuu ObIAn
TMMOCTPOEHBI M WCIHBITAHBI  YKPAHOIIAAQHBI
«AKBaraaup», «MiBoara», «Boara —2» u ppyrue. B
MUPOBOU MPAKTUKE M3BECTHBI DKPAaHOMAAHBI A.
Annnuiia X—112, X—113, X—114. Bce skpa-
HOIIAQHBI OBIAM BBITOAHEHBI IO «CAMOAETHOM»
cxeMe. V3BeCTHBIM ABYXMECTHBIM 3KPAHOIAAH
I. I7Iopra OBIA BBEITIOAHEH TI0 CXeMe «TaHAeM», HO
OH AeTaA Ha CBEPXMAaABIX PACCTOSHUSAX Haj BO-
AOU (MeHBIIIe OAHOMU AECITOM XOPABI KPBIAQ).

B 1990-e roan! cnernuarucTsl pupMbl «bo-
UHT», TPOaHaAUu3UPOBaB IEPCIIeKTUBHOCThL WC-
TTOAB30BAHUS SKPAHOIIAQHOB, TIPUIIIAU K BEIBOAY
0 3HauuTeAbHOM oTcTaBanuu CIIA ot Poccuu B
00AQCTM JIKPAHONAAHOCTPOEHMSI, U KOHIPecc
CIIA co3pan CcHenmaAbHYIO0 KOMMCCHIO, TpU-
3BaHHYIO pa3paboTaTh MAAH AEMCTBUMN ITO AMKBU-
AALIN «PYCCKOro npopbiBa». Komnanwusa «bo-
WHT» HayaAa paOOTHI HaA TUTAHTCKUM DKpPaHOAe-
TOM « YABTpa» 152 M. BaAnHy 1 106 M. B IIUPUHY.

B 1964 r. mBennapckuii nH>XeHep X.Bel-
AQHA, TOCTPOHMA CAMOXOAHYIO IIMAOTHUPYEMYIO
MOAEAb DKpaHomnAaHa « Manabiit BeliaaHA» 10 CXe-
Me «TaHpaeM». B mepBoM ke rmoaeTe Ha o3epe CoA-
TOoH B KarudopHuu MOAEAb AOBOABHO AOATO Ae-
TeAa Ha BBICOTE OAHOTO MeTpa, 3aTeM HeOKHAQH-
HO B3MBbIAA BBEPX U yIlaAa Ha BOAY. [ IpuunHa aBa-
PHUH B TO BpeMsI OKOHUYATEABHO He OBIAA YCTaHOB-
AeHa. Takas JKe y4acThb IOCTUTAA M IIEPBBIM 9Kpa-
"HonraH P.ArekceeBa CM-1 BBITOAHEHHBIW II0
«TaHAEMHOM» cxeMe B 1962 roay. Anmapar ca-
MOIIPOU3BOABHO B3MBIA BBEPX U YIIaA Ha A€A. DTO
sBAEHIEe «yXOA Ha KaOpupoBaHUe» OObCHSAETCS
IIOTeper S3KPAaHOIIAGHOM CXeMBbl «TAHAEM» CTaTH-
YeCKOU YCTOMUYUBOCTH.

IlosToMy B 001IIEeM CAydYae, B 3aAa9aX U3yde-
HUSA CBOOOAHOM AMHAMUKU 3KPAHOIAAHOB peyb
MOJKET UATH O CO3AAHUU TaKOM KOMIIOHOBOYHOM
CXeMbl U BHIOOpE TaKUX IMapaMeTpPOB, KOTOPHIE
oOecrieurAr OBl SKPAHOIAAQHY 3aAaHHBIE AMHA-
MUYecKUue XxapakTepucTuku. OCHOBHOE OTAMYNE
TAaKOM 3aAaUH OT OOBLIYHOM 3aAaUX OIITUMAALHOT'O
YIIPaBAE€HUSI COCTOUT B TOM, UTO B 3TOM CAyYae B
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KauecCTBe YIIPaBASIIOIIero BeKTopa U BBICTYyIIaeT
BEKTOP TeOMEeTPUUYECKMX pa3MepoB TOM WAU
WHOU KOMIIOHOBOYHOM CXeMbl — BEAUUYNHA, IBHO
He 3aBHUCAINAs OT BpeMeHMW [ W BEeKTopa CO-
CTOSIHUSA X. Peltennre mopo0OHBIX 3aAa4 BO3MOJKHO
WAM CTOXaCTUUYeCKuMHU MmeTtopamu [3] (To ecThb
MCKaTh ONITUMAaAbHOE pellleHre Ha aHcaMOAe pea-

AW3aluM CAy4alHOT'O BEKTOpa X C X ), UAH, B CAY-
Jyae AMHEMHOTO BEKTOPHOTo AndpepeHITmarbHO-
rO YpaBHEHUS, 3Ty 3aAa9y MO’KHO MHTEPIPETH-
pOBaTh KakK 3aAauy MaKCHUMHM3alUU IO MOAYAIO
AEUCTBUTEABHOM YaCTH KOPHS XapaKTepUCTH-
YeCKOro IOAWHOMA.

[To MHeHUIO 3apyOe>KHBIX UCCAEAOBATEAEN
npobaeMa obecrieueHUsE HEOOXOAMMOU DKCIIAYa-
TAIlMOHHOM YCTOMYMBOCTH IIOAETA 3KPAHOIIAGHA
IIOCPEACTBOM MOAOOPA reOMEeTPUYEeCKUX pa3Me-
PEeHUM KOMIOHOBOYHOU CXEMBI IBASETCS IIOYTU
HepaspelmuMod. OTO MHeHUe, II0-BUAUMOMY,
00BACHSETCS, C OAHONU CTOPOHBI, HEOOBIYaWHOM
CAO’KHOCTBIO TPOOAEMEL, & C APYTOU - TeMU He-
yAa@uaMM, C KOTOPBIMHM BCTPEYaAUCh 3apyOesK-
HBle 5KPAHOIAQHOCTPOUTEAH, HaIlpuMep,
A.Yopuep, WU. Tpoenr, Y. Beiranp, L. Dupo, I'.
Wopr u apyrue.

CylilecTByIOlIYe 3KPaHOIIAAHBL ¥ SKPAaHOAE-
ThI, HAIIpUMeEP, S9KPAaHOAETHL A. AMNIINIIE, 2Kpa-
HonAaHbl ¥ 3KpaHoAeThl LIKB o CTIK Huskaero
Hosropopaa u skpanoaeTsl B. KoaraHoBa, BCe BhI-
TIOAHEHHI TI0 «CaMOAETHOM» cxeMe U He 00Aapa-
IOT CBOMCTBOM CaMOCTaOMAM3AIUuU. OTHU DKpa-
HONAGHBI HEOOXOAMMO HOCTOSTHHO OanaHCHUPO-
BaTh, @ Py4YHOoe yIIpaBAeHUe Ha MaAbIX BBICOTAX
00AapaeT ONpPeAeAeHHBIMU TPYAHOCTSMHU, TakK
KaK TpeOyeT OOABIION KOHIIeHTPAlui BHUMAHUSI
npu nuAaotupoBaHuu. [IpobaemMa 4yacTHUHO pe-
IIaeTcsd yCTAaHOBKOM Ha HUX CUCTeM aBTOMa-
TUYECKOI'0 YIIPaBAEHUS.

Ha paHHel cTapum HOPOEKTHUPOBAHUSA
5KPAHOIIAGHOB Pa3pabOTUYUK AOAKEH UMeTh Ma-
TeMaTU4eCKrle MOAEAU, IIO3BOAGIOLINE OIlpeAe-
AATH ero AMHaMHUuYecKue xapakTepuctuku. He-
COMHEHHO, OKOHUYaTeAbHbIe XapaKTepPHUCTUKHU IK-
PaHOIIAGHA MOJKHO OYAET OIIPEAEAUTH TOABKO B
[Ipoliecce UCIBITaHUY, HO B IPEA3CKU3HOM IIPO-
€KTUPOBAHUM 3HaHMe O0IINX AMHAMUYECKUX I1a-
pPaMeTpoOB IIPOEKTUPYEMOTO 3KPaHOIIAGHA Kpali-
He HeOOXOANMO.

B paborte [1] A.H.IlaHueHKOB HCCAEAOBaA
33Aa4y OITHMMAABHOTO IIPOEKTUPOBAHUS ITyTEM
Habopa rnapaMeTpoB KOMIIOHOBOUYHOMU CXeMbI AA,
00ecleunBaOIINX €My YCTOMUUBBIN [IOAET Ha 3a-
AAHHOM BBICOTE OT ITOBEPXHOCTH 3€MAU. JTa 3a-
Aava pellarach BBEAGHUEM B PAaCCMOTPEHUE AO-

KAABHBIX (DYHKITMOHAAOB, U3 YCAOBUI MUHUMYMa
KOTOPBIX OIIPEAEASIACSI OITUMAABHBIM BEKTOP
MMPOEKTHRIX TapaMeTpoB. Ho mpu sToM HeBO3-
MO>KHO OBIANO OIPEAEAUTH 'PAHUITY 30HBI YCTOM-
YMBOCTA KOHKPETHOMW KOMIIOHOBOYHOM CXEMBbI
SKpPAaHOIIAaHA.

Apyroit MeTop HMCCAEAOBAHUSA ITPOAOABHOU
YCTOMYUBOCTH OCHOBAH Ha TPAAUIIMOHHOM B AU-
HaMUKe CaMOAeTa MeTOAe H3yUeHHs yCTONuu-
BOCTU CTalTMOHAPHOTO ABU>KeHUsa AA Ha 6aze xa-
PaKTEpPUCTUUECKOTO YPaBHEHUSI OAHOPOAHOU AMI-
Heapru30BaHHOU CHCTeMBI AMddepeHITnaAbHBIX
YPaBHEeHUM IIPOAOABHOI'O ABUKEHUS C IIOCTOSIH-
HBIMU KO3 PUITMEeHTaMHA.

AAsT DKPAHOIIAGHOB — adpPOAMHAMHUYECKHUE
CUABI U MOMEHTHI, BO3HUKAIOIINE Ha KPBIABIX,
3aBUCAT HE TOABKO OT YI'AQ @TaKU O.; OTHOCUTEAB-
HO BeKTOpa Haberaromiero IoToka, HO U OT Hapa-
MeTpa OTCTOSHUS 3aAHEeN KPOMKHU KPBIAA OT 9K-
paHupyloIel MoBepXHOCTH h, . B o6miem caydae

KHHeMaThu4eCKUe IlapaMeTpel Kpelaa b, 1 o, Mo-

TyT MEHITBhCS BO BPpEMEHH II0 AIOOBIM 3aKOHAaM.
[lpu n3MeHeHUN 3TUX HAaPaAMETPOB LIEHTP TIXKeC-
™ (LIT) sKpaHOomAaHa coBepIIaeT IOCTyaTeAb-
Hoe ABuskenue V =V (t)u H = H(t). Bce ocTarb-
Hble arperaThbl 3KpPaHOIIAa@HA, HAaXOASICH B TAKOM
e, Kak 1 LIT nmocrynaTeAbHOM ABUYKEHUU, KPO-
Me TOTO, COBepIIaloT BpallleHue BOKpyT LIT c

y do
YTAOBOM CKOPOCTBIO O, T BepTukanbHas
¢ t

CKOPOCTB, C KOTOPOU ABUJKETCSI KPBIAO, U3MEHUT

YIoA aTaKu 3TOT'O  KpbIAAd Ha BeAUWYNHY

Ao =H X, +X,, )lgAi ;i? , TAe X, - OTHOCHUTEAD-
Y

Hasi KOODAMHATA HOCHKA CPEeAHeN aspOAMHA-
MHECKOHN XOPABI Kphira oT LIT, X, — oTHOCH-
TeAbHas KOOpAUHATa POKyCa KPbIAa A CPeAHEHN

2apOAMHAMUUYECKOU XOPABI, W=
pSib,,

CUTeAbHAd IINOTHOCTE S9KPAaHOIIAAHG, bAi — CpeA-

— OTHO-

HSAS al’poAMHaAMMUYecKas XopAa KaKoro-Aubo
KpbIAA OTHECEHHasd K XOpPAe OCHOBHOTO. BepTu-
KaabHOe IepeMelieHue LT s3kpaHoIIAaHa CO CKO-

dH
POCTBIO a TaK’Ke BbI30OBET U3MEHEHNUE YTAQ aTa-
t

KU KPBbBIAA. OTO U3MeHeHHne YI'Aa aTaKu AN BCeX

KPLIALEB OyAeT OAHO W TO JKe, M PpaBHO
1 dAH

Ao =——=-. B o011eM caydae HecTallMuoOHapHOe
Tl

U3MeHeHUe yTAa aTaKu AAS KPbIAA 3allUIIeTCs B
BUAE
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b, dAS 1dAH
wodt opodt
a HeCTallMOHAPHOE BO3MyI[€HHEe OTCTOSHUS
Kpelra  Ah(t), =AHb, (X, £1)AS,. Bsepenue
STUX HEeCTaIllMOHAPHBLIX 3HaueHuH Ars Aal(t) u

Aa(t), =Aa (X, i)?ml )

Ah(t)B HCXOAHYIO CUCTEMY YPaBHEHUH IIPOAOAD-

HOTO ABVJKEHUS HEe MEeHSeT Pa3MePHOCTH MCXOA-
HOW CHUCTEMBI (U3MEHSIOTCS TOABKO KO3 duim-
€HThl MATPULIBI), UYTO SIBASIETCS [IOAOKUTEABHBIM
(haKTOPOM U ITO3BOASIET HCCAEAOBATH HOBYIO CHUC-
TEeMy YpaBHEHUHN Ha YCTOWUYUBOCTE 110 KPUTEPU-
aMm Payca-I'ypBunia. Kpome Toro, B ypaBHeHUIX
MOSABASIFOTCS  AeMII(UPYIoIe MOMEHTHI, 00-
YCAOBAEHHBIE BpallleHeM 9KpaHOIIAaHa OTHOCH-
TeABHO ITonepevHor ocu OZ ., U OTIAAAeT HeOoO-
XOAUMOCTDH MCKYCCTBEHHOI'O BBEAEHUS ero, Kak
3TO AeAaeTcsd B AMHaMuKe AA.

AAST 9KPAHOTIAGHAOB XapaKTEePHBIM Pe’Ku-
MOM ABUIKEHUS SIBASIETCS IIOAET Ha 3aAaHHOM BbI-
COTe C >KeCTKUMU OIPaHUYeHUSIMHU Ha 3a0poc 1a-
paMeTpoB ABMKeHHUS O(AS) u §(AH ) Pearmaa-

[V TAKOTO PE’KUMa BO3MOJKHA UAU TyTEM OCHAa-
IIeHUsI 9KPaHOMAAHOB CUCTeMaMM aBTOMaTUu4ec-
KOM CTabuMAM3alMM UWAM MOyTeM CO3AaHUI
5KPAHOIIAQHOB CAMOCTAOUAN3UPYIOIINUXCI CXEM.

ITop camocTabuaM3anyen NoApa3yMeBaeTcs
CIIOCOOHOCTL dKPaHOIIAaHAa COXPAHATh OaraHCH-
POBOYHBIE PEKUMBI ¥ YCTOMUYUBOCTH ABHMIKEHUS
0Oe3 BMeNlaTEeAbCTBA OPraHOB YIIPABAEHUS BO
BCEM AMAlla30HE TOAETHBIX CKOPOCTEU HpU Ae-
WCTBUM IIXPOKOTO CIEKTPa IKCIAYaTallMOHHBIX
BO3MYILIeHUN.

3apada  OIpeAeAeHUsI  TreOMeTPUYEeCKHX
pasMepeHnN CaMOCTAOMAM3UPYIOIIEroCsa 3Kpa-
HOITAQHa KOMIIOHOBOYHOU CXEMBI «yTKa», 0OAa-
MAAQIOIIET0 YCTOMUUBBIMU PEeKMMaMHU Ha BCEX BHI-
COTax IIOAETA Hap dKPaHOM, IPUBEAECHA B IaTEH-
Te Ha u3oOpeTrenue [4]. [IpuBepeHHEBIN B IaTEHTE
IIOAMHOM

S, =(0598417 +059237 x L, +0138457 x L)'

CBA3bBIBAET COOTHOIIIEHHEe HAO]l[aAefI KPBIABEB

= S
S, =—% Cc mAeYaMU LIeHTPOB AABAEHUS KPBIABEB
1
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po LIT L, =L—2 U AeAuT obracTb S,~ L, Ha ABe
1

4acTU: OOAACTb YCTOMYMBBIX 3HaUeHU S, u L,

AASI DKpaHOIIA@HA — CAeBa OT KPUBOU M OOAACTH
HEyCTOMUYMBBIX 3HQUEHNUN — CIIPaBa.

B 3akArOUEeHTE MOJKHO CAEAATH CAEAYIO-
1I111€ BHIBOABI:

— IIpepAOSKeHHass MeTOAMKA ydyeTa HecTa-
ITMOHAPHOCTU U3MEeHeHUsI KUWHeMaTUUYeCKUX Ia-
paMeTpoB Aa(t)u Ah(t) He YCAOKHSIET, @ YTOUHS-
eT UCXOAHYIO CUCTEMY YPaBHEHUU ABUIKEHUS;

— Ppe3yAbTaThl UCCAEAOBAHMU IIaTeHTa [4]
AAIOT Ppa3paboTumKaM HJKPAHOIAAHOB CXEMBbl
«yTKa» MEXaHU3M, IT03BOASIONINY BEIOPATH pas-
MepeHMs YCTOMUMBOI'0 9KPAHOIAGHA HAa PaHHEN
CTaAUU TPOEKTUPOBAHMA.
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ONnA CUBUPU

AemenTtbeB B.I1., KopaeBa A.B., CepnusnonB A.l.,
Yepuak C.C., ITo3pees B.H., Tyxxuauna A.B., ®arsko H.B.

PENIbCbl MOBLILUEHHON
3KCMYATALMOHHOWN CTOMKOCTH

YAK621.7.93.001.5

OAHOM M3 BaKHEUININX 3aAa4 ITOBLINIEHUST
SKCIIAYATAIJUOHHOMN CTOMKOCTHU PEABCOB B YCAO-
Busax Cubupu u Kpatinero CeBepa, SBASIETCS
pa3paboTKa ONTUMAABHOM TEXHOAOTUU WM3TO-
TOBAEHUS PEABCOB, 00OECHEeYNBAIOIINX HAAEK-
HOCTb M AOATOBEUYHOCTb B 3KCTPeMaAbHBIX
ycroBusagx Cubupu u CeBepa. OAO
«HOBOKY3HEIIKMI METAaAAYPTUYECKHUM KOM-
OuHaT» coBMeCTHO ¢ VpKyTCcKUM Trocy-
AAPCTBEHHBIM YHUBEPCUTETOM IIyTel Cc000-
meHuss u BocTouHo-CubupcKoU >Xeae3HOoU
poporout (BCOKA), mpoBOAAT pabOTHL IO U3BIC-
KaHHUIO OIITMMAABHOI'O XMMHUECKOI'0 COCTaBa u
KOPPEKTUPOBKE TEXHOAOIMUECKOI'O IIPOIlecca.
B xoae paboTEI OBIAM U3TOTOBAEHBI U OTIPOOOBA-
HBI PEABCHI C AOIIOAHUTEABHBIM MOAUQPUIINPO-
BaHUEM PEeAbCOBOU CTAaAW XPOMOM, BaHAAUEM,
HHUoOmeM, O0POM, IIEAOYHO3EeMEABHBIMHU U PEA-
KO3eMeAbHBIMU MeTaaramu (LL3M u P3M).

[ToAuroHHBIEe UCIIBITAHUS PEABCOB Ha M3HO-
COCTOMKOCTH IIPOBOAMAUCE B YCAOBHUAX BCIOKA,
Ha IIepeBaAbHOM ydacTKe MpKyTcK-CAIOATHKS,
KOTOPBIN, XapaKTepU3yeTcs 3aTIKHBIMU ITOABe-
MaMHM U CIIyCKaMH (0T 4 9/, A0 25 9/ ) C OOABIIUM
KOAMYECTBOM KPUBBIX MAAOIO papuyca (MeHee
300 M - 12%, 6oree 300 M - 38,5% ).

V3MeHeHHe TeXHOAOTHMUECKOTO IIpoliecca
IIPOM3BOACTBA CTAAM, 3aKAIOUAOIIEECs B Ilepe-
XOA€ Ha IAEKTPOAYTOBBEIE II€Yl, B KOMIIAEKCE C
HelIPpepbIBHON PAa3AMBKOM CTaAd, 3HAYUTEABHO
YAYUIIaeT CTPYKTYPY, KOMIIAEKC MeXaHWYeCKUX
(cpeanme mokasareau: o, = 1310 Mlla, ,,=980
MIla, 5-12%, y=35%, KCU=0,43 MAX/M
(+20°C), KCU = 0,30 MAX/M" a0 60°C) 1 3Kc-
[IAyaTallMOHHBIX CBOMCTB.

3a nmocaepnme 10 aetr OAO «HoBoky3Hell-
KAU MeTaAyprudecKui KoMOmHaT» Ha BCOKA
OTTrpy3uA 00Aee 40 TOHH OIIBITHBIX PEABCOB Pa3-
AugHOM Mopudukanum: CB-TepMoynpouHeH-
Hble U3 MapTEeHOBCKOU CTAaAU MOBBLIIIIEHHOU
YHUCTOTHl IO HEMETAAAMUYECKUM BKAIOYEHUSM,

KaAbIIMMCOAEpIKaIue, AeTUPOBAHHBIE Ba-
"HapueMm; HM peabch HH3KOTeMIIepaTyp-
HOM HaAE’XHOCTH M3 MAapTeHOBCKOM CTaAH,
MHUKPOAETUPOBAHHON BaHAAMEM U HUOOUEM;
H3 peAbcBl HM3KOTEeMIOEepaTyPHOM HAAEK-
HOCTH M3 3JAEKTPOCTaAW, MUKPOAETMPOBAHHOMN
BaHapuem u HmobueM; K - 14 (3) - peAbCch u3
SAEKTPOCTAAU, PACKUCAEHHOW CUAMKOKAABIIH-
eM U CUAUKOMAapraHlieM, MUKPOAETHPOBAaHHOU
BaHaAUEM C HelIpePBIBHOU Pa3AUBHOM CTaAMN.

[lpoBepeHBl HabOAIOAEHUSI HA AOpPOTE IIO
OIIPEAEAEHUIO HU3KOTeMIIepaTypPHOM HapeX-
HOCTH U YMEHBIIEHUIO YAEABHOIO OOKOBOT'O U3-
HOCAa ONBITHBIX peAbcoB mudpos HO, M, CB, O u
P65-K, 9TO IO CpaBHEHUIO C ADYTUMU PEABCAMU
YAEABHBIM OOKOBOM M3HOC B KPUBBLIX PAAUYyCOM
MeHee 350 M, peAbcoB P65-K Ha 1 MAH. T KM OpyT-
TOo coctaBasgeT 0,058 MM, peabcax mmcppa HO -
0,088 MM Ha 1 MAH. T KM/Op., B peAbcax Hudpa
CB, M, 3, 9A, M, -0,118 MM Ha 1 MAH. T KM/OP.
[TpoBepeHHBIE HAOAIOAEHUS TTOKA3aAU, YTO PEAD-
cel mmdpa P65-k Oonee M3HOCOCTOMKUE, YEM
peAbcHl Apyrux mudgpos M, M3, A, DA, noato-
My AaAbHeMIIee HCCAeAOBAHME IIPOBOAITCS 110
peabcam mudpa HO u P65-k.

CoraacHo TY P65-K, peAbCHl U3 3AEKTPO-
CTaAM, IIOBBIIIEHHON U3HOCOCTOMKOCTU U KOH-
TaKTHOU BRIHOCAMBOCTH, TEPMOYIIPOUYHEHHEBIE TIO
BCeM AAWHe, IIpeAHA3HAUYEHBl A YKAGAKU B Ha-
PY’KHBIE HUTU KPUBLIX PapuycoM 650 M 1 MeHee.
Bcero nmoctynuao Ha popory B 2003-2006 ropax
193 peanca.

Beixop peabcoB P65-kK o pedpekTam He Ha-
OAropancd. B mytu aesxat 81 peabc. PEABCHI CHATEL
CO CpeAHMM OOKOBBIM u3HOCOM 13,3 MM U cpea-
HUM IIPONYIIeHHBIM TOHHa)XeM 196,3 MAH. T KM
OpyTTO, AQHHBIE OOMepOB IIPUBEAEHEI B Ta0A. 1.

Peancol P65-K, B HacTosllee BpeMs A€KaT B
KPUBBIX II0 AWCTAHIIUM IIyTU Ha Yy4YacTKe
HpkyTck-CaropgdHKa U o UyHCKOM AMCTaH-
nuu Ha yuacTke Taprus-Kereso. C 2003 ropa Ha
AOPOT'y IOCTYIIQIOT HOBBLIE PEABCHI M3 3AEKTPO-
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Taoa.1
MN3HO0COCTOMKOCTD OMBITHBIX JKEAE€3HOAOPOIKHBIX PEABCOB.
CHATHI
Koanugec
prgoHa- Peabchr
MPSIyREH- RO C
- aTa yK-
T4 | Ileperon "Hocte | [lyTh Kpusag, km 1K Papuyc yroxen- | Aatay C IpOIyIeH
HBIX AAAKH OOKOBBIM '
MAH T KM TOHHAa)XeM,
PeARCOB HM3HOCOM
Op B rop " | MAH. T KM
P65-x MM
op.
Fry6okas- 5263nk3 + 22- nk8+ 26 307 20 2.11.04r 12 171,3
8 | Auppuanos 107,5 2
5272nk3 + 47-k8 + 16 394 13 1.08.03r 10,2 172,4
cKast
9 AHTacoAKa- 107,5 2 52991k 5 + 70-uk7 + 90 319 9 4.07.03r 13,6 194,4
CaropsiHKa 5300mk6 +68-5301mk1+83 | 310 18 4.07.03r 13,2 194,4
10 CAIOASIHKA- 104,1 5315n1K9 + 46-53161K3 + 48 314 19 4.07.03r 14.6 224,6
YTyAuK 5316nk3 + 65 53161K6 + 91 300 12 15.07.03r 15 211,3
5316mK9-5317nk2 + 31 304 21 1.07.03 14,4 205,7

craru mmcppa HI. CpaBHeHHe KaueCTBEHHBIX
XapaKTEepPUCTUK peAbcoB P-65k ¢ peabcamm
mudpa HO npeacTaBAeHO B TaOA. 2.

CpepHUl yAEABHBIM OOKOBOM M3HOC B KPU-
BBIX C peabcaMu P65-K coctaBua -0,058 MM/ MAH. T
KM Op., a B peabcax H3- 0,088 MM/MAH. T KM 6p.

AAs pacueToB OBIA IPUHAT y4acTOK IpKyTCK
- CAropsgHKa: II0 2 IyTH CPeAHSS TPy30HAIpsi-
>KeHHOCTBb cocTaBAasieT -106,8 MAH. T. OpyTTO. 3a
rop IIpUPOCT OOKOBOT'O M3HOCA COCTABAJIET B
peAbcax:

P65-xk - 0,058x106,8-6,19 ~mMm; HO -
0,088x65,3 =9,57 MM; CPOK CAY>KOBI PEABCOB, T.€.
MO AOCTM>KeHUS UMU OOKOBOro u3Hoca 18 MM, co-
cTaBUT: P65-K - 18/6,19=29 ropa; HO - 18/9,57
=1,9ropa.

TakuM 00pa3oM, CpPOK CAYKOBI PEABCOB
P65-k yBeAnunBaeTCs 10 CPAaBHEHMIO C PEeAbCaMU
H39na (2,9-1,9) = 1 ropuan 12 mecs1ieB; 3aTpaThl
Ha cMeHYy peabcoB HO — 5,534,8/1,9=2913,05
TBEIC. PyO.; 3aTpaThl Ha CMeHY PeAbCOB P65-K —
5,534,8/2,9=1908,55 TrIC. PYO.

OKOHOMUYECKHU 3(PdEeKT OT BHEAPEHUSI
OTIBITHBIX PEABCOB P65-K Ha 1 KM B rop COCTaBUA
1005 TwIC. pyOAel, Bcero 191 peabc uAm 4 KM
775M. DroHOMUYECKUU IPGPEKT OT BHEAPEHUS
ONBITHBIX peAbCcOB P65-k coctaBua 4 MAH. 798
TBIC. PyOAEeT.

PeMOHT Iy TH BBITIOAHSIETCS B OCHOBHOM 10
IA@BHOMY XOAY HOBBEIMU peAbcaMy, a 1o CeBep-
HOMY HAIIPDABAEHUIO — CTAaPOTOAHBIMU peAbCa-
Mu. CpeAHsad rPy30HANPIyKeHHOCTD [0 TAQBHOMY
xopy (1 m 2 mytn) cocTraBasieT - 65,3 MAH. T. KM
OpyTTO. 3a rop IpUpoCT DOKOBOI'O U3HOCA COCTAa-

BUT B peabcax: P65-k -0,058x65,3=3,8 mm; HO -
0,088x65,3 =15,7MM; CpPOK CAYy>KOBI PEABCOB, T.e€.
AO AOCTUMIKeHUSI MMM OOKOBOTrO M3HOca 18 MM -
ompepeasieTcst aast P65-K - 18/3,8=4,7 ropa; HO
-18/5,7=3,2ropa. CAepAOBATEABHO, CPOK CAYKOBI
peAbcoB P65-K yBeAmuYMBaeTCsa 10 CPABHEHUIO C
peabcamu HO Ha 4,7-3,2=1,5 ropa uau Ha 18 me-
CAIeB; 3aTpaThl Ha CMeHy peAbcoB HOI -
5,634,8/3,2=1729,6 TeIC. py0.; 3aTpaTHl Ha CMEHY
peabcoB P65-k - 5,534,8/4,7=1177,6 TeIC. pyO. B
[IEAOM 3KOHOMMUYECKUU 3PPEKT OT BHEAPEHUS
ONBITHBIX PeAbCOB P65-K Ha 1 KM B T'OA COCTaBAS-
eT 552 TrIC. pyo.

YYuTHIBas €5KeropAHyIo CMeHy Ha AOpore Ho-
BbIMU peAabcamu oT 250 A0 300 KM, YKAGAKY B KPH-
BbIe 110 pAopore 45% nuan 150 KM, 5KOHOMUYECKUHN
3(pPeKT OT BHEAPEHUS OMTLITHBLIX PeAbCOB P-65K B
TOA Ha AOPOTe COCTAaBUT 83 MAH. pyOAeH.
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Taoa. 2.
CpaBHHTEeABHAas BEAOMOCTh HAOAIOA@€MbIX OIBITHBIX KPUBBIX, HA KOTOPBIX YAO’KEHBI OIIBITHbIE PEABCHI ITO
mudpam P65-k u HD.
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HpxkyTck-Tlaccaxupckuii - Kas
5188mK2 + 76-5189 150606
ITK - IIK
1 -6,7 P 23.11.2 49,7 2 1,41 ,061
0-+86 (13.35 35) 338 | -6,7 | Nexxars | P65k | 23.11.2006 9 3 0,06
OyTHA
B-Ayr - Pacccxa
523 +9,8

2 22 27.09.0 H 24.11.2 107, 129,2 12, ,

nKS +65-5231nk2 + 34 9 8,6 09.05 2 006 07,5 9 63 0,098

C'Ayboxkast - AHApeaHOBCKast

11.01.05 | HD \ 29.08.2006 \ 107,5 \ 1752 \ 15,11\ 0,087

5267HK5+46-HK8+55‘ 2 ‘ 308 ‘ -7

AnApeaHOBCKas - AHTaCOAKA

7.08.03
5274 k6-11K9 + 22 1 294 1125'59/ Aesxkar B | P6OK 08.12.2006 49,7 168,1 11,8 0,07
My TH
22.10.04
75_3?)(1)(2184; 22) 2 307 | -159 | AeskarB | P69k 28.11.2006 107,5 21518 9,92 0,049
IyTH
52830kl +27-nk5+19 | 1 305 11,7 | 15.09.05 | H3 28.11.2006 49,7 56,7 4,49 0,08
52830K5 +42- k9 + 74 303 | -10,2 | 13.09.04 | HDS 28.11.2006 49,7 108,1 9,19 0,085
Taprus - Kemiero
19.06.03
83,71 2 349 1 AesxkaTr B | P6OK 23.11.2006 23,5 4,52 0,054
IyTH
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HEKOTOPbIE 3AJAMU BUEPALLUOHHOM
HAOE>XKHOCTU TEXHOJIOTUYECKUX

CUCTEM

Bakneiiiienr mpoObAeMoOU AAS O0ecIedeHus:
HaAEKHOCTU PAOOTHI MAIIMH B YCAOBUAX UHTEH-
CHUBHOTO BHOPAIJMOHHOI'O HArpy’KeHUs CTaHO-
BUTCS IIOUCK M OIJ€HKA BO3MOJKHOCTEM yIIpaBAe-
HU UX AMHAMAYECKUM COCTOSSHMEM U obecrieye-
HUe AOBEAECHNUA [I0KA3aTeAE COCTOSAHUS AO YPOB-
H$I, OIIpeAeAeHHOTO HopMaTuBaMu. [Ipo1ecc co-
3AQHM4 MAIIWH Pa3AUYHOMN TEXHOAOTMYECKOM Ha-
IIPABAEHHOCTU AOAJKEH COAEPIKATh, €CAU UMETh B
BUAY CTAAUM NPEAIIPOEKTHBIX UCCAEAOBAHUMN U
BBIOOpPA KOHCTPYKTHUBHEIX peIeHMuM, COOTBe-
TCTBYIOIIE PAa3AEABl, CBA3aHHBIE C OIEHKOU
YPOBHS BO3MOYXKHBIX BHEIITHUX BO3AEUCTBUM, UTO
AOCTUTaeTCd IIyTeM IMPeABapUTEABHOIo cOopa
nH(popManuu 00 YCAOBHUM PAOOTHI TEXHOAOI'H-
YEeCKUX CUCTeM. Ba)KHBIM BOIIPOCOM CTAHOBUTCS
1 BO3MOJKHOCTB ITPOBEPKU 3(P(PEKTUBHOCTU ITPU-
HATBIX KOHCTPYKTUBHO-TEXHUYECKUX PEIIeHNH,
CBSI3aHHBIX C BLIDOPOM TOM UAU UHOM CXEMBI IPO-
BEPOK HMAU TeCTOB, TPeOyIoIIUX pPa3pabOTKU B
CAydae HeOOXOAMMOCTH, M CHEITUAABHBIX TEXHO-
AOTHUY UCIIBITAHUS U BOCIIPOU3BEACHUS BHEIITHUX
BO3AENCTBUI C TOM WAM HHOM CTelleHbIo
npubAm>keHus [1].

CucreMBl yOpaBA€HUS AWHAMUYECKHM CO-
CTOSSHUEM CAOKHBIX TEeXHUYECKUX OOBEKTOB B
IIOCAEAHUE TOABI CTAaAU OOBIYHBIM IIPOSIBACHUEM
MIOHMMAaHUs HeOOXOAMMOCTH KOHTPOAUPOBATh U
HOPMHUPOBAThL CTEIlIeHb BHEIIHEI0 BO3AEUCTBUSA
Ha Y3ABL U arperaTbl MAIUH, COAEPIKAIINX, TaK
UAM MHAYe, SAeMEeHTHI 3alllUThl, HaCTpauBaeMble
Ha BO3MOXHOCTE 3D(PEKTUBHOU PabOTHI.

PaszBuTHe TEXHOAOTMU UYMCAEHHOI'O 3KCIIe-
pUMEeHTa CTUMYAMPOBAAO PA3BUTHE HAIIpaBAe-
HUM NCCAEAOBAHUN, OPUEHTUPOBAHHBIX HA METO-
ABl MATEMATUYECKOI'O MOAEAUPOBAHUL, Popma-
AM3AIUIO IIPOIECCOB COCTABACHUSA MaTeMaTH-
YeCKUX MOAEAeN M aBTOMAaTHU3aIlUuI0 MCCAEAOBA-
Hus. [TocarepHee HAIIAO OTpa’keHUe B pa3padoT-
Ke U UCIOAB30BAHUU PA3ANYHBIX IIAKETOB IIPU-
KAQAHBIX IIpOrpaMM. B unmcae mepBBIX KPYIHBIX
IPOTPaMMHEIX Pa3pabOTOK, 3aBepIIEeHHEIX B Ce-
pepuHe 80-X rOAOB, XOTEAOCH OBl YIIOMAHYTH pa-

00TH], BEITOAHEHHEBIE B MpkyTckom BLl CO PAH
[2,3,4].

B AoCTaTOUHO MHOTOUMCAEHHBIX NCCAEAOBA-
HUSAX pacCMaTPUBAAUCH PA3AWYHBIE ACIIEKTHI
YIIOMSHYTBIX BBIIIE IPOOAEM, CBI3aHHBIX C yTOY-
HeHMeM MaTeMaTUIeCKUX MOAEAEeN, BBepAeHUEeM B
KOAeDaTeAbHBIE CUCTEMBI AOTIOAHUTEABHBIX CBS-
3eif, B TOM 4YHCAe, Ha OCHOBE UCIOAB30BaHUSA
BHEITHUX UCTOYHUKOB 3HEPIUM U NMPUMEHEeHUST
SAeMeHTOB aBTOMATHKU. CyIlleCTBEHHOEe Pa3BU-
THe B AUHaMUKe MallIiH ITIOAYIUANU METOABL U TIOA-
XOABI, OTUPAIOIINEeCcss Ha aHAaAUTHUYECKUU arra-
paT TeOpUHU CUCTEM U TEOPUU aBTOMATUUYECKOTO
YIIPAaBAEHUS, BKAIOYAST U METOABI IIPSIMOTO yIIPaB-
AEHUSI AWHAMWUKOMU TPOIIECCOB C MCIIOAB30BaHU-
€M CPEeACTB BLIUMCAUTEABHON TEXHUKU [I].

CoBpeMeHHBIe TexXHHYecKue OOBEeKTHI, B
CHUAY Pa3AWYHBIX IIPUYMH I[OABEPraroTCa Ae-
VCTBUIO UCTOUHUKOB BUOpAUU 1 YAQAPOB, HAXO-
AAIINXCA BHEe 00bEeKTa 3alllUTHI, a C APYTOM CTO-
POHBI, CAMU TeXHUYEeCKHe OOBEKTHI 3aIIUTHI IB-
ASIOTCSI MCTOYHMKOM BO3MYIeHUM. B mepByro
OUYepeAb, 3TO CBS3aHO C pabOTOM BXOAAIINX B CO-
CTaB MAIIIMH arperaToB U B3aMMOAENCTBHUEM II0-
CAEAHUX MeXXAYy COOOM, OCHOBAHMEM M pabouen
cpepoil. XapaKTepHBEIM IIPUMEPOM MOJXKET CAY-
KUTh AWHAMHUUECKOe B3aUMOAEUCTBUE ABUXKY-
IIerocss AOKOMOTHBA U JKEA€3HOAOPOSKHOTO IIyTH
UAM paboTa BUOPAIMOHHOIO O00PYAOBAHUA (I'PO-
XOTBI, TPAHCHOPTEPHI), HUCIOAB3YIOIIETOCS AAS
TIOTPY3KHU U Pa3rpy3KU CHITYUYUX IPY30B.

OT paccMOTpeHUs OTAEABHBIX AMHaAMU4ec-
KHMX 9BAEHUWU U IIPOIECCOB HAMETHUAACHh BIIOAHE
OIIpeAeAeHHad TEHAEHIUS IepexoApa K Hu3yue-
HUIO BUOPAITMOHHBIX COCTOSTHUM 0OBEKTOB, Op-
MHUPOBAHUIO U MCCAEAOBAHUIO BUOPAIMOHHBIX
IOAeN, crocobaM yIpaBA€HUSI AWHAMHUYECKUM
COCTOSTHMEM MAIIINH, TOUHEee, B3aUMOAEUCTBUEM
Me>KAY S9A€MEeHTaMU MallluH.

Or1leHKa HAAEKHOCTU TEXHUUECKUX CUCTEM
Pa3sAMYHON CAOKHOCTH, UCHBITHLIBAIOITUX AWHA-
MHUYeCKUe Harpy3KU B BHAE BUOpaIui, B 3HAUM-
TEeABHOM CTeIleHM, OCHOBAaHa Ha aHAAM3e CAyJYal-
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HBIX BBIOPOCOB KOAE€DATEABHBIX IIPOIECCOB, U
CBSI3@HHBIX IIPOIleCCAMU HAKOIIAEHHUS ITOBPEIK-
AeHUM. 3HaUUTeAbHAasI YaCTh BO3AEMCTBUM TeXHO-
reHHOT'O ITAQHa MOJKET HOCUTH AOCTATOYHO YIIO-
PSAOUYEHHBIM BO BpEMEHU XapakTep, HallpuMep,
Ha >KeAe3HOAOPOJKHBIX MOCTaX MAU B JKEAE3HO-
AOPO>KHBIX TOHHEASIX [6], TOCKOABKY 3TO CBS3aHO
C rpadUKaMu ABWIKeHHUS moe3poB. OAHAKO, Ta-
KUe CAOJKHbIe TeXHHUYEeCKHe OOBeKTHI BpeMs OT
BpPeMEeHU IIOIIaAAIOT B YCAOBUS, OLIPEAEAsieMble
IPUPOAHBIMU IIPOIleCCaMi, YPOBEHb AHAMUYEC-
KUX BO3AEMHCTBUM KOTOPBIX MNPAKTUYECKU He
npeackasyeMm [7]. Bo Bcex paccmaTpuBaeMbIX
CAydadgx BHeIIHHe BO3AEMNCTBUS Ha TeXHUYeC-
KYIO CUCTEMY MOTYT OBITH 0003Ha4€eHbI KaK COBO-
KyIIHOE BO3AENCTBUE YAAPHBIX M KOAeOATEABHBIX
BO3AEUCTBUM, B KOTOPHIX BUOPAITMOHHAS COCTaB-
AIOITas MOKeT OBITh 3a(PUKCHUPOBaHa B CUCTEME
MOHMUTOPHHTA U €€ IIOCAEACTBUSI OTHECEHEI K CO-
OTBETCTBYIOLIUM (PaKTOPaM BAUSHUS, OIIPEAEAS-
IOIIUM pecypc HaAEKHOCTH pabOThl TeXHUYEC-
KOM CUCTEMBI U BO3MOYXHOCTD IIOSIBAEHHUS OIIpe-
MAEAEHHBIX CAYYAWHBIX COOBITHM, B TOM YHUCAE
OTKAa30B.

[ToAHyIO0 MAM YACTUYHYIO yTPATy TEXHUYEC-
KON CHCTEMOM CIIOCOOHOCTH BBIIIOAHSATH BO3AO-
JKeHHble Ha Hee (DYHKIIMH Ha3bIBAIOT OTKAa30M
[8], ¥TO MO>KHO paccMaTpPUBATh U KaK Pe3YAbTAT
pa3BUTHA Ae(PEKTOB, UMEIOIIUXCSI B CUCTEME K
HayaAy 3KCIIAyaTalluM, TaK U Pe3yAbTaTOM Ha-
KOTIA€HUS TTOBPEXKAEHUM M HeOOpaTUMBbIX U3Me-
HEeHUU B Ipollecce 3KCHOAyaTanmu. HadaabHOe
pacupepenreHue Ae(peKTOB, YCAOBUS IKCIIAyaTa-
VU M B3aUMOAEMNCTBUSA C OKPY KAIOIer Cpepoit
HOCSIT CAYYaMHBIM XapaKTep, IMO3TOMY OTKa3bl
CAEAyeT PacCMaTpUBATh KaK CAy4YaWHBIE COOBI-
tig [9,10]. B Teopum HaAEKHOCTHU PA3AMUYAIOT
BHe3allHble M IOTeHIMaAbHble OTKa3hbl, CBS3aH-
HBIe C TIOHMMAHMEM TOTO, 4YTO ITIpEeRAE, 4YeM
YyeMy-TO CAYUMTHCS, Pa3BUBAIOTCS OIIPEAEAeH-
HBIE TIPOIIeCChl, TapaMeTphl, KOTOPble, B KOHEU-
HOM UTOTe, 00513aTeABHO IPOSBAIIOTCA.

[ToaTOMy B MpPOCTPAHCTBE HAAEKHOCTU MO-
KeT OBbITh PaCCMOTPEHO MOBEAEeHUEe HEKOTOPOU
CHCTEMBI IPY BHEIITHUX BO3AEUCTBUIX C UCTIOADL-
30BaHUEM YIIPABAEHUSI

Lu=f, (1)

rAe f - DAeMeHT u3 IIPOCTPAHCTBA BXOAHBIX ITapa-
MeTpoB F; u - 5AeMeHT U3 IPOCTPAHCTBA BXOA-
HBIX TapaMeTpoB U, L - onepaTop CUCTEMEL.
[TpocTpancTBO U TO3BOAIET OXapaKTEPU30-
BaThb AI0OOOE HY>KHOE AAST PACCMOTPEHUS] COCTOS-
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HUe W Ha3bIBaeTCd MPOCTPAHCTBOM COCTOSHUS.
Ero sBOArOIIMSA BO BpeMEHU ONMCHIBAETCS (DYHK-
UUIMU u(t), yeMy B IIPOCTPAHCTBE COCTOSHUIO U
OyAeT COOTBETCTBOBAThH OIIPEAEAEHHAsd CUCTeMa
TpaeKTopul. KauecTBO CCTEMBI MOJKHO OTITUCATH
BBEAEHUEM CIIe[MaAbHOTO IPOCTPAaHCTBa. [1ycTh
Ka’KAOMY Ka4eCTBY CUCTEMEBI COOTBETCTBYET dAe-
MeHT VeV, a BpeMd t UT'paeT POAb ITapamMeTpa.
Toraa KaXkpoi TpaekTopu u( 1) B MPOCTPAHCTBE
U 6ypeT cOOTBETCTBOBATE TPAEKTOPUS V(t) B IIpO-
CTPAHCTBEe KadecTBa V. OAeMEeHTHl 3THUX IIPO-
CTPAHCTB U TPAEKTOPUM B HUX MOJKHO IIPEACTA-
BUTH B BUAE OIIePATOPHOTI'0 COOTHOIIEHUS

V =MU, 2)

rae onepaTop M MOJKeT 0Ka3aThCs, B YaCTHOCTH,
TOJKAECTBEHHBIM OIIEPAaTOPOM, @ B HEKOTOPHBIX
CAYYasX IIPOCTPAHCTBO V OKAa3bIBAETCS IIOAIIPOC-
TpaHcTBoM oT U.

B oOmem caydae, MHO>KECTBO COCTOSTHUH,
COOTHOCHMBIX C OIIeHKOM KauecTBa, 00pa3yeT B
npocTpaHcTBe V 00AACTh AOIYCTUMBIX COCTOS-
HUM (), TPAHUIILEI KOTOPOM COOTBETCTBYIOT IIPEA-
€ABHBIM COCTOSHUSAM. DTy TPAHUIY MOXKHO Ha-
3BaTh NPEeAEAbHOM NOBepXHOCTHIO ['. EcAau V e Q,
TO TTapaMeTphl KaueCTBa CUCTEMbBI COXPAHSAIOTCS
B YCTAaHOBAEHHBIX AOITYCKaX, a IepBoOe IIepeceye-
Hue Tpaekropueit V(1) MpeAeABHO# TOBEPXHOC-
Ty I’ B HallpaBA€HUM BHEIIHEW HOPMaAU COOTBe-
TCTBYeT OTKa3y CUCTEMBI.

E1te oAHMM IPOCTPAHCTBOM TEOPUU HAAELK-
HOCTH [11] MOKET OBITH BLIOPAHO AMATrHOCTHYEC-
KOe (IPOCTPaHCTBO IIpU3HAKOB) W, uTo TpebyeT
HaOAIOAeHUSI M (pUKcAIUU PgAa apaMeTpoB
W (1), KOCBEHHO XapaKTepU3YIOUIUX KauecTBO
CHCTeMEI. BeKTOp IPH3HAKOB W (¢ ) CBA3aH C BeK-
TOPOM KauecCTBa V(t) OTlepaTOPHBLIM COOTHOIIIE-
HUEeM

W =NV, (3)

rae N- onepaTop, OTpaskarolui HEIIOAHOTY WH-
dopManuy, Haanuyre IIyMOB B CUCTEMe U3Mepe-
HUS U T.A.

BBoaAUMEBIE TOHATHUS TPUOOPETAIOT OITPeAe-
AEHHYIO HarAsiAHOCTB, €CAW CHUCTeMa SIBASIeTCS
KOHeuHOMepHOU. B sToM caywae F,U,V,uW
MOJKHO PAacCMaTPUBATh KaK €BKAUAOBBI ITPO-
cTpaHcTBa. Ha puc. 1 cxemaTuyeckKu noKa3aHbl
COOTBETCTBYIOIITAE TPAEKTOPHUH £(t),

E(t),?(t) u W(t), rae Q' u I'" - IpeACTaBASIOT CO-
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Puc. 1 ITpocTpaHcTBa TEOPUHU HAAEKHOCTH.

0011 00pa3bl AOITYCTUMOM 00AACTH () M TIPEAEAD-
"o toBepxHocTu [' B ipocTpancTee W.

B Teopuu BUOpPAIMOHHOM  HAAEKHOCTHU
OOABIIIast POABL OTBOAUTCS (PYHKITUU HAAEKHOC-
TH. OTa PYHKIUA CAY’KUT OCHOBHOM XapakTe-
PUCTUKOM HAAEKHOCTH, OIIPEAEASIONTEN C10CO0-
HOCTb CUCTeMHI K 0e30TKa3HOM paboTe Ha 3aAaH-
HOM OTpe3Ke BpeMeHU. [TyCcTh BHellIHee BO3pe-
ticreue f(t)wu (MAM) OmIEPaTOp CUCTEMBI L SABASI-
IOTCSI CTOXaCTU4YeCKUMU. Toraa TpaeKTOpUUu V(t)
B IIPOCTPAHCTBE KadecTBa V OYAYT Tak’kKe CTO-
XaCTUYEeCKHUMH, a OTKa3 — CAYYaUHBIM COOBITH-
eM. OyHKIMS HaAEKHOCTU olpepersieTcs: [11]
KaK BEpPOSTHOCTh IIpeOLIBAaHMSI dAeMeHTa V(I) B
AOTIyCTUMOM obOaacTu () Ha OTpe3Ke BpeMeHU

[0.t]:
P(t) =P{V(‘E) eQre [O,t]}. (4)

OnpepereHre (QYHKIIUA HAAEKHOCTU B
dopme (4) Aerko 0O0OIIaeTcda Ha CAyYal, KOTAa
AOITYCKAIOTCSI IIOBTOPHBIE OTKAa3bl, IIpPeAycMarT-
PUBAIOTCS PEMOHT, BOCCTaHOBAEHUE U T.1I.

B paborax [7,12] paccMoTpeHa CAOJKHAd
CHUCTEMa B3aMMOAENCTBUS PA3AWUYHBIX YPOBHEN
obecrieueHUsT O0E30HAaCHOCTH CAOSKHBIX CHCTEM,
HAAEKHOCTh JKCIAyaTalud KOTOPBIX AOAKHA
MTOAAEPIKUBATHCS AN ODecIieueHts HellpephiB-
HOCTHU MCIIOAHEHMS OCHOBHBIX (DYHKIIUM TPAHC-
MMOPTHOM CUCTEMBI.

Poab napametpa (t) MOXKET UrpaTh He TOAb-
KO (u3mueckKoe BpeMs, HO U HapabOTKa, YUCAO
LIIMKAOB HUAU APYIHe IIOAXOASIIVE AAT AQHHOTO
THIA CUCTeM TapaMeTpbl. OOAACTh AOTTYCTUMBIX
COCTOSTHUM MOJKET OBITh CTOXaCTUYECKOM, Ha-
[IpuMep, MOXKET CAY4YalHO MeHSThCS IIpU Ilepe-
XOA€ OT OAHOTO BAeMeHTa aHCcaMOAS CHUCTeM K
Apyromy. EcAm cToxXacTWueckme CBOMCTBA CHC-
TEeMbl U BHEIIHETO BO3AEMCTBUS XapaKTepH3iy-
IOTCSI KOHEUHBIM YKHCAOM CAYYaMHBIX IIapaMeT-
POB, TO 3aAauy OIpeAeAeHMd (PYHKITUU HapeK-
HOCTH IleAeCcOO0PAa3HO pellaTh B ABa 3Tamna. Ha
[IepBOM 3Talle, PpACCMATPUBAIOT CUCTEMY C (PUK-
CHUPOBaHHLIMU ITapaMeTpPaMu, AASI KOTOPOU CTPO-

MEXAHVKA. TPAHCMNOPT. MALLUMHOCTPOEHWE

uTCA PyHKIUA HAAESKHOCTH. OTa (DYHKIUA IIPEA-
CTaBASIET COOOM BEPOSITHOCTh NPeOLIBAHUS CUC-
TeMbl B AOIIyCTUMOM OOAACTH IIPU YCAOBUHU, UTO
rmapamMeTphl CUCTEMBL I' 1 BO3AENUCTBUS S PUKCH-
POBAHBL:
P( t|r,s) =P{V(‘C|I’,S) € Q(r); Te [O,t]}.

I'lo amanoruu ¢ yCAOBHOU BEPOATHOCTBIO Oy-
A€M Ha3bIBaTb (PYHKIIUIO P( t|s,r) YCAOBHOU
dyHKIIMEN Hape)KHOCTHU. Ha BTOpoM 3Tame mpu
IOMOIIIY POPMYABI IIOAHOU BEPOATHOCTH MOJKET
OBITE BEIYMCAEHA (DYHKIINS HAAEKHOCTHU AAST BbI-
OpaHHOUW HaAyTap CHCTEMBI, HIPUHAAAEKAIEeU
AQHHOMY @HCAMOAIO, B BO3AEUCTBHUA:

P(t) =”P( t|r,s)p(r,s)drds.

3aech p(1,5) - COBMeCTHasi IAOTHOCTh Bepo-
SATHOCTHU A TIapaMeTPOB I' 1 S.

K XapaKTepHUCTHUKAM HAAEKHOCTH OTHOCST-
Csl TaK)Ke BEPOATHOCTL OTKA3a CUCTEMBLI Ha OT-
peske [O,t], BBIUMCASIEMasi KakK Q(t) =1 —P(t);
IIAOTHOCTH PaclpeAeAeHHs (4acToTa) OTKAa30B
f(t):—P’(t); WHTEHCUBHOCTH OTKA30B — IIAOT-
HOCTb BEPOSTHOCTH OTKA30B Ha MHOJKECTBE CHC-
TeM, He OTKa3aBIIMX AO MOMEHTa BpeMeHH [:
X(t) =-p' (t) /P(t). OyHKIMSI HAAEKHOCTH W UH-
TEHCUBHOCTE OTKA30B CBA3aHbI (hOPMYyAOH

P(t) =P(0)exp| [ 1(x)ds | 5

O11eHKa AOATOBEYHOCTU HAAEKHOU PabOThI
TEeXHUYECKOM CUCTeMBI CBsI3aHa TakykKe C Y4eTOM
BpPeMeHHBIX (PaKTOPOB. AAS OII€HKU BpeMeHU A0
IIepBOro 0OTKAa3a (CPOK CAy>kKObI) T yacTo paccMmat-
PUBAEeTCSa KaK CAydalHasd BeAnYnHa ¢ (DyHKIUen
pacrpepeAeHus

E(T)=1-P(t) /..,
IIPU 3TOM CPEAHUM CPOK CAY>KOBI OIIPEAEASTETCS
Kak:

<T >=TTF'(T)dT =TP(t)dt. (6)

Takum 00pa3oM, XapaKTEePUCTUKU AOATO-
BEUHOCTHU COAEPIKaTCd B MYHKIUU HAAEKHOCTHU
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P(t). Y4eT peMOHTa, BOCCTAHOBAEHUS, IPOMEXKY-
TOYHOTO KOHTPOAS U T.Il. TPeOYET BBEAEHUS CIIe-
IIMaAbHBIX TTOKa3aTeAel AOATOBeUHOCTH [13,14].

B 3TOM CAy4Yae AAST CAOJKHOI'O TEXHUYECKOTO
OOBEKTa, HAXOAAIIETOCH IOA AENUCTBUEM AWHA-
MHYeCKUX (PAaKTOPOB, YCAOBUE HAAEKHOCTHU CHUC-
TeMBbl UMeeT BUA,

P(t)=P.(t) te[0T] (7)
rAe P.(t) - HOpMAaTMBHAs HAAEKHOCTH (BOOOLIE
ropops, yHKIUa BpeMeHu); T. - HOpMaTUBHBIN
CPOK CAYXObI. OOBIUHO ycAoBHe (7) CTaBUTCA
npu t =T.. O603uauas P.(T.) =P., nepermmem (7)
B BUAE P(T. ) >P..

Bo MHOrmx IpakTH4eCKUX CAy4YasX (PyHK-
VS HAAEKHOCTH AOITYCKAET CTaTUCTUUECKOE KC-
TOAKOBaHUe, a CTaTUCTUUYeCKHe 3HaueHus ycTa-
HaBAMBAIOTCA IIyTeM CTATUCTHUYECKOTO aHaAW3a
Ha OCHOBE AQHHBIX DKCIIAYaTaIlUuMN.

ApyTrou IyTh MOJKET OBITh OCHOBAH Ha IIOAY-
YeHUN HOPMAaTUBHBIX 3HAUEHUM, IOAYYaeMBIX C
HCIIOAB30BAHUEM BepPOSTHOCTHO-ONTUMU3AIIN-
OHHBIX IIOAXOAOB, B KOTOPBIX HOPMAaTHUBHBIE 3HA-
YEeHUS OIIPEAEASIIOTCS U3 YCAOBUS MUHUMYMa Ma-
TeMaTU4eCKOI'0 OKMAQHUS HEKOTOPOU (DyHKIINU
MIOTePh, CBA3AHHOM C OTKA30M.
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METOOWKA BEKTOPHOIO OUEHUBAHUA
CUCTEMbI MOXXAPHOWU BE3OIMNACHOCTU

NMPEOINPUATUAR

Or1meHKa cHUCTeMBl OOeclledeHUsI MOKapHOU
0e30MaCHOCTU IIPEAIIPUITHS — OAHA U3 BA)KHEU-
IINX U aKTyaAbHEUIINX MPOOAEM TPOPUAAKTUKU
Ype3BBIYAMHBIX CUTYAIlNM, CBA3aHHBIX C ITO>Kapa-
MH. B Hacrogdmiee BpeMs NPOBEPKY IIPOTHUBOIO-
SKapHOTO COCTOSTHUSA MPEANPUATHN U OpTraHM3a-
nui B Poccuu oCyIeCTBASIOT OKOAO 15 THIC. CO-
TPYAHUKOB I'OCYAQPCTBEHHOTO MOKApPHOTO HAA-
3opa. Ilpu stom cnenuarucramu MYC Poccun
oTMedaeTcsd HEeBO3MOJKHOCTbh UMEIOITUMUCS CH-
AaMM 00ecreunTh HeOOXOAUMBIN YPOBEHB HAA30-
pa. CaepyeT IpHU3HATH HEOOXOAUMOCTE PA3BUTHUSA
CHCTEMBI 3KOHOMMYECKUX CTUMYAOB, BBIHY)KAQ-
IOIIUX IPEATPUATUSA K CAMOCTOSITEABHOMY COBEP-
LIEHCTBOBAHUIO COOCTBEHHOM CUCTEMBI MOXKap-
HOU Oe3omacHoCcTU. OAHUM U3 TAKUX CTUMYAOB
AOAKHO CTaTh IIPOTUBOIIOKApPHOE CTpaxoBaHUe,
HOPMBI OTYUCAEHUU IO KOTOPOMY OYAYT OIIpeAe-
ASITBCSI CTPAXOBLIMU KOMIIAHUSIMU Ha OCHOBE ay-
AUTOPCKUX OIIEHOK COCTOSTHUS HPOTHUBOIIOXKAp-
HOM 0e30TaCHOCTU MPEATIPUSITUN U PUCKOB BO3-
HUKHOBEHUS IT0JKapOB Ha HUX. B HacTodamiee Bpe-
M YTBEP>KAEHO BpeMeHHOe ITOAOKeHHe O CUCTe-
Me He3aBUCHUMOM OIleHKM PUCKOB B OOAACTHU HO-
>KapHOM 0e30IIaCHOCTU, TPa*kAQ@HCKOU OOOPOHBI
U 3alUTHI HACEAEHUS U TEPPUTOPUMN OT UpEe3BHI-
YaWHBIX CUTyaIU¥ MPUPOAHOTO U TeXHOTE€HHOT'O
xapakTepa [1].

['To muenuto sxkcneproB MYC Poccun, moBHI-
CUTb 3PPEKTUBHOCTb CUCTEMBI Oe30IIaCHOCTH
MIO3BOAUT CO3AQHME UHCTUTYTa HE3aBUCUMBIX
OpPraHMU3alU, KOTOPBIe OYAYT OCYIIECTBASATH
OILIeHKY YPOBHS 0€30IIaCHOCTU OOBEKTOB HAPIAY
C WCIIOAB30BaHMEM UM COBEPIIEHCTBOBAHUEM
¢dopM U METOAOB PAbOTHI HAA30PHBIX OPraHoB. B
paMKax CO3AaHUS CUCTEMBI HE3aBUCHUMOM OIleH-
KU PUCKOB Ha I'OCYAQPCTBEHHOM YPOBHE IIPEAAA-
raeTcsd yCTAHOBUTH KPUTEPUM AN MACHTU(PUKA-
UM OOBEKTOB, BKAIOYAEMBIX B Cepy ee PyHK-
LIMOHNUPOBAHNS; YCTAHOBUTE IIPOIIEAYPHI ee IIPO-
BeAEHUSI, BKAIOUas TpeOoBaHUS K YPOBHIO 0e30-
MMaCHOCTHM OO'BEKTOB, 00I3aHHOCTHU M OTBETCTBEH-

HOCTB CTOPOH; @ TaK’Ke COAeNCTBOBAThL POPMUPO-
BAHWIO PHIHKA HE3aBUCUMOM OlleHKU PUCKOB ITy-
TeM COBePIIIeHCTBOBAHUS MIPOIEAYP AUITEH3UPO-
BaHMUA U CO3AAHMA MH(POPMAIIMOHHBIX 0a3 AaH-
HBIX [2].

Brioanne oueBUAHO, UTO AAST OOBLEKTHUBHOM
OIleHKM PUCKOB HEOOXOAUMO YMeTh KOAWYeC-
TBEHHO OIIPEAEAITh 3HQUEHUTI KPUTEPHUEB TEKY-
II1ero COCTOSAHUS 0e30IMacHOCTU OOBEKTOB. A
9TUX IleAel MOJKHO HCIOAB30BATh IKCIIEPTHBIE
TEXHOAOTUU [3 - 5] U CUCTEeMHBIN TOAXOA,. OMBIT
MIPUMEHEHMs] CUCTEMHOTO TTOAXOAQ AASI PeIlIeHUs
OpraHU3alMOHHO-yIIpaBA€HUYECKUX IIPOOAEM IIO-
>KapHOM 0e30TacHOCTU AAMUHHCTPATUBHO-TEP-
PUTOPHUAABHBIX €AMHUI] U OOBEKTOB PA3ANYHOTO
Ha3HaueHUd II0Ka3aA IIOAOKUTEAbHBIE Pe3yAbTa-
THI [O, 7].

Coraacuo I'OCT 12.1.004-91 «ITo>kapHas Ge-
3onacHOCTh. O01mue TpeboBaHUA» ITIOKapHas oe-
30TIaCHOCTL TIPEAIPUITUN AOAKHA obecreum-
BaTbCS CUCTEMAMM IIPEAOTBPAIeHUs Io’Kapa u
IPOTUBONOKAPHOM 3aIlUTHl OTAEABHBIX OOBEK-
TOB, B TOM UHCA€ OPTaHU3aIIMOHHO-TEeXHUUECKU-
MU MeponpuATuaMU [6]. CUCTEeMHBIN aHAaAU3 CO-
AEPSKaHUA ITOKApHOW 0e30IacHOCTH OOBEKTOB
Pa3sAMYHOIO Ha3HAUEeHU s, BXOASAIIUX B IIPEATTIPUS-
THA (TAQBHBIM YPOBEHb MepapXuy) IIOKa3aa, 4To
Ka’kKAQsl CUCTeMAa BKAIOYAET IOACHUCTEMEI, IleAe-
Bble U PYHKIIMOHAABHBIE SAEMEHTHBI, CIIOCOOHBI U
COBOKYITHOCTb MEPOIPUATUN (HUKHUU YPOBEHbD
uepapxuu). CucTeMbl TOKapHOM 0e30MacHOCTH
AOAKHEI XapaKTepPU30BaThCSA YPOBHEM obecIieye-
HUS MMOKapHOU 0e30MaCHOCTHU AIOAEU Y MaTepu-
AABHBIX IIE€HHOCTeHN, a TaKyKe KOHOMUUYECKUMU
KpUTepusMmu 3(PPHEeKTUBHOCTU 3THUX CHUCTEM C
YUeTOM BCeX CTapUN >KM3HEHHOTO IIUKAA IIPeA-
NPUATHS U BBIIIOAHATE OAHY U3 CAEAYIOIIUX 3a-
AA4: NCKAIOYATh BO3HUKHOBEHME Io’Kapa; obec-
IIeYnBaTh IIOKAPHYIO 0e30IIaCHOCTh AIOAEH; 00-
ecIleurBaTh IOKApHYIO 0e30I1aCHOCTb MaTepH-
AABHBIX II€eHHOCTel; o0eclieuyuBaTh ITOKapHYIO
0e30MacHOCTDb AIOAEM UM MaTepPUAAbHBIX II€HHOC-
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Tell OAHOBpeMeHHO. B HacTogmiein paboTe 3T
CHCTEMBI, PacCMaTPUBAIOTCS KaK TAaBHble IIpU
oOeclieueHUH IIOKAPHOM Oe30IIaCHOCTH IIPeA-
npuaTui. PaccMoTpuM UxX copepsKaHue IOCAEAO-
BaTEALHO, UCIIOAB3YS METOABI CUCTEMHOT'O @HAAN-
3a B OCHOBHBIX AeTaAfX, BKAIOYas BXOAdINeE B
HUX MOACHUCTEMBI O0Aee HU3KUX YPOBHEH, IieAe-
Bble U (DYHKIIMOHAABHBIE 3AEMEHTHl U CIIOCOOBI
X peaAru3aliuu.

CucreMa IpeAOTBpallleHUs II0Kapa BKAMO-
YaeT IIOACUCTEMY CIIOCOOOB 0O0eCIIeumBaloOIINX
IIpeAOTBpalleHre 00pa30BaHUS TOPIOYEN CpEeABI
U IIOACHUCTEMY CIIOCOOOB IIPeAOTBPAlaloIIX 00-
paszoBaHUe B TOpIOUel CpeAe (MAU BHECEeHMd B
Hee) NCTOYHUKOB 3akuranusd. CopepKaHue CHUC-
TeMBbI IIPeAOTBPallleHUs I10Kapa 10 YPOBHAM He-
papxuu, IieaeBble U (PYHKIMOHAABHBIE DAEMEH-
ThI, BXOAAIIYE B HUX, M COOTBETCTBYIOIIHE CIIOCO-
OBl X peaAn3alluy IPeACTaBAEHHI B TaOA. 1.

CucreMa IPOTUBOIIOKAPHOMN 3alUTHL BKAIO-
YaeT MOACUCTEMBI 3aIJUTHl IePCOHAAA U MOACUC-
TeMBI 3allIUTHl TEXHOAOTUH, 3AaHUM U COOpYyKe-
Huil. COOTBETCTBYIOIIME IleAeBble U (PYHKIUO-
HaAbHBblE SA€MEHThI U COBOKYIIHOCTH CIIOCOOOB
X pPearn3aliy IIPEACTABACHEL B TAOA. 2.

CucreMa  OpPraHM3allMOHHO-TEXHUYECKUX
MEPOIPUATHI BKAIOYAET IIOACHUCTEMEI AeSTEAb-
HOCTH aAMUHHUCTPAIIUU IIPEATPULTHS, IIOACHUCTE-
MBI A€SITEABHOCTH PaOOUUX 1 CAY KAIIUX, IIOACHUC-
TEMBl AESITeABHOCTU IIOJKAPHOM OXpPaHBl IIPeA-
npuaTtusa. CopepsKaHue MOACUCTEM IIPEACTaBAE-
HO B TaOA. 3.

B HoOpMaTHBHOM AOKyMeHTe [6] oTMeuaeTcs,
YTO IlepeueHb U TpeboBaHUSA K 3P(PeKTUBHOCTHU
9AEMEHTOB KOHKPETHBIX CUCTEM MOKapHOU 6e30-
[IACHOCTU AOAJKHBI YCTa@HABAUBATHCS HOPMATUB-
HBIMU 1 HOPMATUBHO-TEXHUYECKUMU AOKYMeHTa-
MM Ha COOTBETCTBYIOIINE BUABI OOBEKTOB.

/Aerko 3aMeTuTh, YTO IIOKapHasd Oe3omac-
HOCTh IIPEANPUSATHN paccMaTpUBaeTCs KakK ue-
papxudeckas cucteMa. [IprueMm mccaepoBaHUS,
IIPOBEAEHHBIE C IPUBAEUEHNEM 3KCIIEPTOB, ITOKA-
3aAH, YTO BKAGA KA’KAOU U3 OOPA3YIOIIUX ee IIOA-
CHCTEM, a TaK)Xe IJeAeBBhIX M (PYHKIMOHAABHBIX
SAEMEHTOB U CIIOCOOOB UX pPeaArm3anu B obecIre-
YeHHEe TIO’KAapHOM 0Oe30MaCHOCTU IIPEANPUITUS
pasAnudeH. OTO O3HadaeT, YTO IIPU pa3paboTke
METOAVMK KOAMYECTBEHHOU OIl€HKU YPOBHS IO-
KApHOM Oe30IaCHOCTU NPEANPUSATUS CAEAYET
BBOAUTH COOTBETCTBYIOIE YUCAOBbIE HHAUKATO-
PBI, OTpa’karoljye UX BKAAA B OOlllee COCTOSTHUE
CUCTEMBI. OTO OTHOCHUTCSI KO BCEM YPOBHSM He-
papxun. B poaHHOM paboTe Beca YCTAHOBAEHEI Ta-

YMNPABJIEHVE B TEXHUHECKUX CUCTEMAX

KHM 00pa3oM, 4TOOBI UX CyMMa B COOTBETCTBYIO-
IIUX I'PYIIax IOACUCTeM OblAa paBHA eAUHUIE.

ByaeM cumTaTh, YTO OCHOBHOM IIeABIO He3a-
BUCHUMOMN OIeHKM MOXXKapHOU ©0e301MacHOCTH
NIPEeAIPUSATHS IBASIETCS BEICTaBAEHUE (OIIpepene-
HUe) UHTEI'PAABHOI'O KpUTepus. TpapuIMOHHBIE
METOAVKM TaKOI'0 OIIeHMBAHMI OCHOBAHBI Ha I10-
AYYEHUM AMHEWHBIX CBEPTOK, PE3YABTATOM KOTO-
PBIX SIBASIETCSI €AUHCTBEHHOE YUCAO — HMCKOMBIHN
IIOKa3aTeAb. DTO YMCAO Aaree MOXKeT MHTeplIpe-
THUPOBATHCS KaK CTEIIeHb COOTBETCTBUS IPEAIIPH-
ATUS HOpMaM ITOKapHOU Oe30nacHOCTU. CBEPTKY
MO>KHO IIOAYYMThb KaK CyMMY IIPOU3BEAEHUY II0-
Ka3aTeAel TOTOBHOCTU Ka’KAOW MOACUCTEMBI Ha
COOTBETCTBYIOIINM BeCOBOU KoapdunueHT. [1o-
KazaTeAb T'OTOBHOCTH IIOACHUCTEMBI BepPXHEro
YPOBHSI UePapXUU ONpPEAEAsieTCd CBePTKaMU IO
MIOACHUCTEMAM HUJKHErO YPOBHS BIIAOTE A0 (DYHK-
LMOHAABHBIX HAU IIeAeBBIX JAEMEHTOB. 3ajpada
ayAUTOPOB OII€HUTH TOABKO CIIOCOOBI pearu3sa-
IIUYM DAE€MEeHTOB HUJKHETO YPOBHS NEPAPXUMN.

O11eHUB COCTOSTHHE 10 KaXKAOMY U3 PYHKIIU-
OHAABHBIX MAU IIEeA€BBIX DAEMEHTOB, 1 3Has BECO-
BBbIe KO3(P(pUIIMEHTHI BCeX MMOACUCTEM, AETKO II0-
AydaeM UTOTOBYIO CBEPTKY — OIIeHKY ITOKasaTe-
Ad TIOJKApHOU 0e30TIaCHOCTU NPEAIPUATHI. DTO
NIepBLIU HanboOAee MPOCTOM CIOCOO OIeHKH II0-
>KapHOM Oe3omacHOCTH npeAnpusatus. Hepocrat-
KOM AQHHOTO ITOAXOAQ CAYKUT HU3Kasa MH(opMa-
TUBHOCTb IIOAyYaeMOM oOIleHKH. Ha ee ocHoBe
MO>KHO CKa3aTb TOABKO O TOM, HACKOABKO Peanu-
30BAaHBI BCe HEOOXOAUMBIE MEPOIIPUATHSA.

B pabote nipepraraeTcsa METOAUKA, ITO3BOAS-
oilag 0oree MHPOPMATUBHO XapaKTepU30BaTh
CTelleHb IT0KapHOM 0e30I1aCHOCTH (BTOPOM CIIO-
cob — c1ocob BEKTOPHOU OIleHKH). B 0cHOBY Me-
TOAUKU IIOAOJKEHO IIPeACTaBAEHHE O TOM, UTO AO-
0oe gBAeHUEe MOJKeT OLLleHUBATHCSA C ABYX CTOPOH:
TIOAOSKUTEABHOW M OTPUILATEABHOM, IPUYEM 3TH
OLIeHKU CYUTaeM He 3aBUCSIINMU APYT OT APYTa.
WHaye roBops, BEICTaBASIEMbIe OLIeHKU SIBASIOTCS
BEeKTOpPHBIMU. Hampumep, B cAydae OIleHMBaHUAI
CIIOCOOOB pearn3alnuu (PYHKIMOHAABHBIX 3JAe-
MEHTOB IIOAOJKUTEABHAs OlleHKa II0Ka3blBaeT I10-
AHOTY peaAmM3alluy Ka’kporo crocoba (ueM Io-
AHEee OH PeaAn30BaH, TeM MOAOKUTEABHAS OIleH-
Ka BBIIIe), a OTPHULlaTEeAbHAas — KQueCTBO ero pea-
AM3aIUM (4eM OOABbIle 3aMedyaHUN K KadyecCTBY,
TeM OTPHUILATEeABHAs OleHKa BbllIe). llTkara 3Ha-
YeHUM AN Ka’KAOTo KoMnoHeHTa — [0, 1]. Takon
(ABYXaCIIeKTHBIN) MOAXOA ITO3BOASIET OOAee TIO-
AHOIIEHHO OTPa3UuTh COCTOsIHIE AeA. Kpome Toro,
OH IIO3BOASIET BO3AEP’KATbCS OT BBbIHECEHUS
OlleHKH, eCAM HeoOxoAuMasa nHPOopMalusad OTCy-
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TcTByeT (BeKTOp (0; 0); CKaAIPHBIM IIOAXOA 3TOTO
He AOIycKaeT). AAd oOAerdeHUusT TPaKTUIeCKOTro
UCTIOAB30BAHUS METOAUKU IIPEAAATAOTCS ABa
MHO’KeCTBa 3HAQUEeHUU MOAOKUTEABHBIX UM OTPU-
IIATEeABHBIX OLICHOK: { <IIOAHOCTELIO PEAAU30BAHO»
— 1, «xgacTUIHO pearn30BaHO» — 1/2, «He peaArn30-
BAHO MAM HeT AaHHBIX» — 0} 1 {«He peaarnsoBano
WAUM eCThb Cepbe3Hble 3aMeuaHusi» — 1, «ecThb OT-
AEeAbHBIEe 3aMedaHus» — 1/2, «HeT 3aMeuyaHu¥ UAU
HeT AaHHBIX» — 0}, Hampumep, Bekrtop (1; 1/2)
O3HayvaeT, YTO CIIOCOO pearm30BaH ITOAHOCTHIO,
HO K KaQUeCTBY €ro peaArns3allui eCThb OTAEAbLHbIEe
3ameuanus. Bektop (1;0), — uTo cmocob pearn3o-
BaH ITIOAHOCTBIO U 0Oe3 3aMeuanuii. Bektop (0;1),
YyTO crtocob He pearnsoBaH. Bektop (1;1), uTo cmo-
co0 peaamn3oBaH IMOAHOCTBIO, HO C Cepbe3HBIMU
3ameuanusmu. Bektop (0;0) o3HauaeT OTKa3 OT
OLIEHUBAHUSA (HET CBEACHUM HAU OTCYTCTBYET
MmHeHure). I Tak panee. OlleHKa BBICTaBASIETCS
3HAKOM («KpecCT», «raAOuKa» M T.II.) Ha ayAUTOP-
CKOM KapTe. 3auepHeHHbIe SYeUKU He 3alOAHS-
foTCsI T.K. orieHKa (0;1/2) — «cmoco6 He peaArnso-
BaH ¥ UMEIOTCS OTAEAbHBIE 3aMeUYaHusI» AUIeHa
CMBICAQ, a o1feHKa (0;0) moppazyMeBaeTcs «aBTO-
MaTUYECKH» B CAydae He IIPOCTaBACHMS 3HaKa Ha
KaprTe.

[TpuMepsl 3allOAHEHUSI ayAUTOPCKUX KapT
IpUBeAeHbl HU)Ke. Hampumep, oreHka «cmocoo
He peaArn30BaH» BBITASIAUT Tak (1):

X
I
I

OrneHKa «crnoco0 IOAHOCTBIO pPeaAn30BaH,
HO eCTh Cepbe3Hble 3aMevYaHusi» (2):

YMNPABJIEHVE B TEXHUHECKUX CUCTEMAX

OreHKa «CIocob YaCTUYHO peaAn30BaH U
eCTb cepbe3Hble 3aMevuanus» (3):

X

Or11eHKa «CIoco0 4aCTUUYHO peaAn3oBaH Oe3
3aMedaHum» (4):

I
I X

OneHka «Croco0 IIOAHOCTBIO PEaAn30BaH
0e3 3aMedaHu» (9):

W Tak panee. Kak y>ke rOBOPUAOCH, HE 3@IIOA-
HeHUe KapThl 03Ha4aeT OTCYTCTBUE UHPOPMaIUn
UAU OTKAa3 OT OIleHUBaHUSI.

Ha ocHOBe KapT (opMUPYIOTCS BeKTOpa
OIIEHOK AASl Ka)KAOTO crmocoOa. Hampumep, anrsa
nepBol KapThl 2T0 (0;1), Arst BTOpoH (1;1), Ars
Tpetben (1/2;1), arsg gweTBepToii (1/2;0), Arg ISTOU
(1;0) uT.A. ITocae 3TOTO, AASI TIOAYUEHUS UTOTOBOM
(MHTErpaAbHOM) OIleHKU BCEM CUCTEMBI B IIEAOM
BBITIOAHSIETCS OTIMCAaHHAs paHee CBePTKa 0 TTOA-
cucTeMaM, HO OTAEABLHO AAS TIO3UTUBHBIX U HeTa-
THUBHBIX COCTaBASIONIUX. TO €CThb, TOAyYaeMast
WHTEeTPaAbHas OIleHKa TaKyKe MMeeT BEKTOPHBIN
xapakTep: (a'; a@ ). 3HaueHUs KOMIOHEHTOB a' 1
@ TIOAYYUBIIETOCSI BEKTOPA IPUHAANEFKAT OTPe3-
Ky [0, 1].

JAarbHeNIre yIIpaBAeHUEeCKUEe pellleHNsI MO-
I'yT IPUHUMATBLCS B 3aBUCUMOCTH OT IIOAOKEHUS
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3HaueHud BeKTopa B KBaapare [0, 1]x[0, 1] (Aunuu
pazouenus 3pech BeIOpaHbl B Toukax 0.33 u 0.66
IO TTO3UTUBHOMY W HETaTUBHOMY acIieKTaM BeK-
TOPA).

1 4 7
— (meratuBHas
OLIEHKA) 2 5 8
3 6 9
+ (IO3UTHBHAS OLIEHKA)
3AeCh:

- mo3unusa 1 — cucreMa NPOTUBOIIOKAPHOMN
0e30I1aCHOCTU Ha IPEAITPUATUN OTCYTCTBYET;

- IO3UIUU 2 U 3 — CBEACHUS OTCYTCTBYIOT UAU
MaAOAOCTOBEPHEI;

- mo3unud 4 — cucTeMa He 3aBepllleHa U eCTh
Ccepbe3Hble 3aMeYaHus;

- IO3UNUA 5 — CUCTeMa He 3aBepllieHa U eCTh
OTAEAbHBIE 3aMevaHus;

- mo3unusA 6 — cucTeMa He 3aBeplleHa, 3aMe-
YaHWM HeT UAM OHU He CYIIIeCTBEHHEL;

- IO3ULUs 7 — CUCTeMa 3aBepllleHa, HO eCTh
cepbe3Hble 3aMedYaHusd;

- 103ulu4 8 — cUcTeMa 3aBeplileHa U eCTh OT-
MEABbHBIE 3aMeYaHusd;

- mo3unus 9 — cucTeMa IeAMKOM 3aBepIIeHa,
3aMeYyaHuM HeT.

3AeCh IPUBEAEHO AOCTATOYHO MPOCTOE Pas-
OueHmne. ET0O MOKHO YCAOKHUTB, AOIIOAHUB HO-
BBIMU OOAQCTSIMHU, & TAKKE CAEAATh CETKY pa3oue-
HUs HePaBHOMEPHOMU.

Ans 6onee YTAYOAEHHOTO @aHAAM3a CUCTEMBI
IIO>KapHOU 0€30TIIaCHOCTUA MOTYT UCIIOAB30BATHCS
CAEAYIOIIYe UNCAOBEIE IOKA3aTEeAN!

em(a = a - a — IIOKA3aTeAb
pearu3aluy CUCTeMbl; OH NIPUHUMAaeT 3HaUeHus
or—1p0 + 1, 7aAe —1 0O3HaUYaeT, YTO CUCTEMA He pe-
AAM30BaHa, @ + 1, 94TO pearn3OBaHA I[EAMKOM;
3HaueHue OAu3Koe K 0 O03HauaeT HeoIlpeAeAeH-
HOCTh, KOTA@ HEeT IIO3WTHBHbIE U HeraTUBHBIE
(haKTOPHI YPABHOBEIIUBAIOT APYT APYTQ;

e 1,(@) = min(a’, a ) — MOKa3aTeAb IIPOTUBO-
PEUYMBOCTH pPeaAu3alyy; OH IIPUHUMAET 3Haue-
Hug oT 0 p0 1, rae 0 03HAUaET HEIIPOTUBOPEUYUBYIO
OLIeHKY, KOTA@ CUCTEMAa PeaAl30BaHa KaueCTBEeH-
HO U IIeAMKOM, AM0O He pearrn30BaHo BOOOIIe, a 1

O3HayYaeT, UYTO CUCTeMa PeaArru30BaHa B IIOAHOM
o0beMe, HO C Cepbe3HbIMU 3aMeYaHUSIMU;

e 1. (a) max(a’, a ) — TIOKa3aTeAb
IIOAHOTHI OIIeHUBAHUS; OH IPUHUMAET 3HaUeHUs
ot 0 po 1, rae 0 o3HavaeT oTCcyTCTBHE MH(MPOPMaA-
MU AAST OITeHMBAHUS, a 1 — ee UCUepIThIBAIOIIYIO
IIOAHOTY

e u,(a) = max(a’, a )-min(a’, a ) — mokasa-
TeAb KaTerOPUYHOCTU OIEHKW; OH NPHUHUMAET
3HaueHue oT 0 A0 1, rae 0 03HaUYaET HEOIpeAEAeH-
HYIO CUTYyalluIo, a 1, YTO cCucTeMa UCuepIIbIBatolle
pearr30BaHa, UAM UCUEPIILIBAIOINEe He pearn3o-
BaHa (AAM pacueTa [,(a) MOJKHO HMCIIOAB30BATh
Tak)Ke BhIpaKeHHe |a'—a| pesyabTar OGyaer
UAEHTUYHBIM).

ITockoaBKy 001Ias OIleHKA FOTOBHOCTH CUC-
TEeMBl OIIPEAEASIeTCs TOTOBHOCTBIO (PYHKIINO-
HaABHBIX DAEMEHTOB (CBEpPTKa IO MOACHCTEMaM
CAEAYIOUIVX YPOBHEN HepapXWU BBIIIOAHSIETCS
AOCTATOUHO IIPOCTO), AASL TIpPUMEepa pacCMOTPUM
OIleHMBAHMWE COCTOSHUSA (PYHKITMOHAABHOTO 3Ae-
MeHTa «VICKAIOUEeHMe Iroplodyero BeljecTBa». Kak
cAepyeT U3 TaOAUINEL 1, cCOCTOSHUE AQHHOTO dAe-
MEHTa OTIPEAEASIEeTCS BBHITOAHEHUEM CAEAYIOITNX
MEePOIIPUATUN:

1) «MaKCUMaAbHO BO3MOXXKHOe MpUMeHeHUe
HETOPIOUUX U TPYAHOTOPIOUMX BeIIeCTB U MaTe-
PHAAOBY;

2) «MakCcUMaAbHasd MeXaHU3allusd U aBTOMa-
THU3aIUsl TEXHOAOTMYECKUX IIPOIIEeCCOB, CBSI3aH-
HBIX C OOpaleHrueM roproumnx BeIecTB»

3) «ycTaHOBKA IT0KapOONacHOIo 000PyAOBa-
HHUS TI0 BO3MOXXHOCTU B M30AUPOBAHHBIX ITOMe-
IIEHUSX UAU Ha OTKPBITHIX MTAOITaAKAX»

4) «mpuMeHeHNe YCTPONUCTB 3allIUTHI ITPOMN3-
BOACTBEHHOI'O OOOPYAOBAHHS C TOPIOYMMH Be-
LIIeCTBAMU OT IIOBPE)KAEHUN M aBapuii, yCTaHOB-
Ka OTKAIOYAIOIINX, OTCEKAaloIUuX ¥ APYIHUX
YCTPOUCTB»

[TycTb, Aanee, ayAUTOPEI BEICTABUAU OL[€HKU!

- «MaKCHMaAbHO BO3MOJKHOe HpHMeHeHHe
HEroproumnx M TPYAHOTOPIOUMX BEIIeCTB M MaTe-
puanroB» —(1; 0) (crmocob pearn30BaH ITOAHOCTBIO
u 6e3 3amMeuaHuli), BecoBou KoagduiiueHT 0.63;

- «MaKCHUMaAbHas MeXaHM3allys U aBTOMaTHh-
3aIs TEXHOAOTUYECKUX TPOIIECCOB, CBA3aHHBIX
c obpartienueM roprounx Bemects» — (0; 1) (cmo-
cob He peann3oBaH) , BeCOBOU Koa(dumueHT
0.16;

- «yCTaHOBKa I0KapOoONacHOro 000pyAOBa-
HUS 10 BO3MOJKHOCTU B M30AWPOBAHHBIX IIOMe-
IIeHUSAX UAU Ha OTKPBITHIX MAOITapaKax» — (1/2;
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1/2) (cnocob pearn30BaH YaCTUYHO C HEOOABIIIHN-
MU 3aMeuaHUusIMH), BecoBoM KoaduiireHT 0.05;
- «IIpUMeHEeHMe YCTPOWCTB 3alIUThl IPOU3-
BOACTBEHHOTO OOOPYAOBaHMS C TOPIOYUMM Be-
IIIeCTBAMHU OT IIOBPEKAEHUMN M aBapui, yCTaHOB-
Ka OTKAIOYAIOIIUX, OTCEKAIoIIuX W APYTUX
ycTpoiicTB» — (0; 0) (0O0crepOBaHME He IIPOBOAU-
AOCB) , BecoBoM KoadduiiueHt 0.16.
@opMupysl B3BeIIeHHLIE CyMMBI OTAEABHO
AASL TIO3UTUBHOT'O U HEraTUBHOI'O KOMIIOHEHTOB,
[IOAyYaeM:
(0.63-1+0.16-0+0.05-1/2+0.16-0;
0.63:0+0.16-14+0.05-1/24+0.16-0) =
=(0.655; 0.185).

[ToayunBIINNICS pe3yAbTAT IIOIIAAAET B 0O-
AQCThb 6 — «(DyHKIIMOHAABHBIN J9AE€MEHT He 3aBep-
IIIeH, 3aMeYaHud He CYyIleCTBeHHBI». [lokazaTreAun
MASL 3TOTO 3HAUEHMs BEKTOPA PABHBL

w(a) = a" —a = 0.665-0.185 = 0.48;

w,(a) = min(0.665, 0.185) = 0.185;

n,(a) = max(0.665, 0.185) = 0.665.

Hcnoab3yss 3TU M QHAAOTUYHEBIE 3HAUEHUSI
BEKTOPOB AAS KaKAOT0 M3 (DYHKIJMOHAABHBIX Ae-
MEHTOB, HECAOJKHO IIOAYYUTH OOIIYIO OLIeHKY I'O-
TOBHOCTH BCeM CHCTEeMEI II0’KapHOM Oe30I1acHOoC-
TH B IIeAOM. TakuM oOpas3oM, IpepraraeMast Me-
TOAUKA BEKTOPHOU OLIEHKHU TEKYILLEr0 COCTOSTHUSA
IIOJKapHOU 0e30IIaCHOCTH IIOKA3bIBAeT He TOABKO
IIOAHOTY peaAu3alliy Ka*kKAOro criocoda (ueM Io-
AHee OH Pearu30BaH, TEM IIOAOKUTEABHAs OLleH-
Ka BBIIIE), HO U KQUeCTBO €ro pearn3aluu (dem
OOABlIIe 3aMeuaHul K KaueCTBY, TeM OTpUIlaTeAb-

YMNPABJIEHVE B TEXHUHECKUX CUCTEMAX

Had OIlleHKa BhIlIe). [I[prueM MeToAMKA AOITYCKa-
eT paclIupeHre MHO>KeCTBa (PaKTOpPOB, BAUSIO-
X Ha IIO3UTUBHBIM U HEraTUBHBIN aCIIeKThI
OLIEHWBaHUs. OTO IIOBHIIIaeT OOBEKTHUBHOCTD
OIleHWBaHMUS MOXXKApPHOU 0e30macHOCTH OOBEeK-
TOB.
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YAK 519.714

METOOUKA NMPOrHO3NPOBAHUA
HECTALUMOHAPHbBIX MPOUECCOB B
CTPYKTYPHO HEYCTOUYUBDbIX

CUCTEMAX

CoBpemMeHHBIEe OOABININE CUCTEMBI Heo0O03-
PUMBI U3-3a CAOJKHOCTHA BHYTPEHHUX B3aUMOCBSI-
3el U B3aUMOAEUCTBUS OOABIIOTO YuCAa (PAKTO-
POB, IPEAYCMOTPETH U YIECTh BAUSIHIE KOTOPBIX
He BCerpa MPEeACTaBASeTCS BO3MOJKHBIM. [Ipm

9TOM CHUCTEMBI MOTYT MEHSATb PE’KUM (IIAAHOBO
UAM CAYYaWHBIM 00pa3oM), CTPYKTYpPY dAeMeH-
TOB, UTO OIIPEAEASIET UX HOBbIE COCTOSHUSA, Kauec-
TBEHHO OTAMYAIOIINECS OT IPEABIAYIINX, U MIPU-
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BOAUT K HECTAaOUMABHOMY M HeCTallMOHApPHOMY
Pa3BUTHIO BCEX BHYTPEHHUX IIPOIECCOB.

WM3BecTHO, UTO CBOMCTBO HECTAITMOHAPHOCTU
B TaKUX CUCTEMAaX MPOSIBAIETCS B ABYX aCleKTax
[1]:

- BOBHMKHOBEHHe TPEeHAOB, XapaKTepUusylo-
mIMXCcad PyHAAMEHTAABHBIMU 3aBUCUMOCTSIMU B
CUCTEME;

- TIOSIBA€HME HEeKOTOPBIX CKAuyKOB, HeCTa-
OUABHBIX IIO0 3HAKy U aMIAUTYAE, UCTOUHUKAMU
KOTOPBIX SIBASIOTCS CAy4aliHbIe BO BPEMEHU CO-
OBITUS.

HanboAee HarAAHO 3TU aCIeKThl OTpa’ka-
IOTCd B rpadrKax MaKpPOIKOHOMMHYECKUX IIPO-
neccoB. Ha puc.1 nokaszaHo uaMeHeHue IleHbI Ba-
AtotHoro kypca EUR/USD Bo BpeMmeHU.

[TpoBeAeHHBIN aHAAM3 TTOKAa3aA, UTO ABUXKe-
HHe MaKpOdKOHOMUYECKOMN CHUCTEMHI B 00IIeM
CAydae BKAIOYAeT TPU COCTABASIOIIHNE: TPEHAO-
BYyIO (Y,), XapakTepU3yIOIIyIO HallpaBACHUE Pa3-
BUTHSI MaKpPOIKOHOMUYECKOMN BEAMYUHBI, BHYT-
PEHHIOK NEPUOANYECKYIO COCTaBAAOMYIO (Y,),
OIIpEAEAdEMYIO TIyOAMKAIlMEd INepPUOANYECKUX
HOBOCTEM, TAAQBHBIX MHAMKATOPOB MUPOBOMN KO-
HOMMKM U ONPEAEAdIONTyI0 KoreOaHue IeHbl Ha
PBIHKE B CHAY CYIIECTBYIOIIUX ITPOTHUBOIIOAOK-
HBIX MOMEHTOB CIIPOCA U IIPEAAOIKEHUS, U CAY-
YalHYIO0 COCTaBAdOIIyIo nporecca (Y.), BO3HU-
KAIOIIYIO U3-3a PA3ANYHBIX HEIIPEABUAECHHBIX CH-
Tyallull Ha PHIHKE:

Yug =Y, +Y, +Y., (1)
rae Y, - ©CXOAHBIe 3HAUEeHUS IePEeMEHHOTO PIAd
MaKpPO3KOHOMHUYECKOTO ITOKA3aTEA.

[Tpu a3TOM Ka>kpasd U3 TPeX COCTAaBAIIONINUX B
CUAY CTPYKTYPHOU HEYCTOUYHUBOCTU MAaKpPOIKO-
HOMMYECKOU CHCTEMBI COAEP’KUT B cebe COBO-
KYIIHOCTb Pa3ANYHBIX KOMIIOHEHT, UMEeIOIUX I1e-
PEeMEeHHBIN COCTaB, KOTOPhIe, HAKAQABIBASICh APYT
Ha APYTQ, AQIOT B [IEAOM CAOJKHYIO KAaPTUHY U3Me-
HEeHUS NCCAEAYEMOTO IIOKa3aTeAs.

3apada MOBBINIEHUS aA€KBAaTHOCTU MOAEAU-
poBaHUA M 3(PPEKTUBHOCTU IIPOTHO3UPOBAHUI
TAKMX MPOIECCOB IIPUOOpeTaeT BCe OOABIIYIO
[IPAKTUUYECKYIO aKTYaAbHOCTh. B To>Ke BpeMd Cy-
IIEeCTBYIOIIUN MaTeMaTU4YeCKUU allapaT UMeeT
OTPaHUYEHHBIE BO3BMOKHOCTH AAS €€ PeIleHN .

B cBs13u € 53TUM BakHOEe 3HaUeHUe Ipuoodpe-
TAIOT METOABI aHaAM3a U MOAEAMPOBAHUS IIPO-
IIeCCOB B CTPYKTYPHO HEYCTOMYUBBIX CUCTEMAX.

AASI BCCAepAOBAHUS TAKUX CUCTEM HEOOXOAU-
MO UCTIOAB30BaTh METOABI, KOTOPhLIE paboTaloT Ha
IepeMeHHBIX BpeMeHHBIX UHTePBaAaX, TO3BOAI-
IOIIVX XapaKTepHU30BaTh CUCTEMY, KaK KBa3HCTa-
LIMOHAPHYIO U COOTBETCTBYIOIIYI0O HEKOTOPOMY

BEKTOPY TEKYIUX COOCTBEHHBIX AMHAMUYECKNX
CBOMCTB. OTU METOABI AOASKHBI O0OAAAATH MaAOM
WHEePLUOHHOCTBIO, YTOOBI He IIPOIIYCTUTD «CMEeHY
TEHAEHIIUN», U CIOCOOHOCTBIO K Pa3A0KEHUIO
HCCAEAYEMOT'O OOBEKTA Ha OTAEABHBIE CTPYKTYP-
HBIE COCTaBASIONIHE AAS BO3MOJKHOT'O peIlleHus
3aAa4 TPOTHO3MPOBAHUS C UCTIOAB30BaHUEM TPU-
HITUIIa QAAUTHUBHOCTH.

OAHUM U3 NEePCIEeKTUBHBIX METOAOB HUCCAE-
AOBaHUS AMHAMUKU IIPOIECCOB, OOAAAQIONINX
CAOKHOU IIePEMEHHOU CTPYKTYpPOM, SBASAETCS
MeTOA, OCHOBAQHHBIN Ha CHUHTYAIPHOM Pa3A0Ke-
HUU UCXOAHOU BBIOOPKU.

CyTh MeTOAQ 3aKAIOUaeTcsl B IpeoOpa3oBa-
HUM OAHOMEPHOM BBEIOOPKH HECTAlMOHAPHOTO
Ipoliecca B MaTpUILy Pa3BEPTKYU C IIOMOIIIBIO OA-
HOIlapaMeTpU4YeCKOU CABUI'OBOM IIPOIEAYPHI dAe-
MEHTOB BPEMEHHOTO PSIAd U CUHTYAIPHOTO Pas-
AOJKeHUS 3TOU MaTpunsl. M3 noayyeHHOrO HAOO-
Pa TAABHBIX CHUHTYASIDHBIX YHCEA II0 YCAOBUIO
3HQUUMOCTHU (II0 YOBIBAHUIO MOAYAS) BBIOMPAIOT-
CSl TaKMe KOMITOHEHTHI, IT0 Ka*KAOM U3 KOTOPHIX C
AOIIYCTUMOM OIINOKOM MOYKeT OBITb BOCCTAHOB-
AeHa OAHA U3 COCTABASIONIUX UCXOAHOTO PSAQ.

TakuM 06pazoM, C TIOMOIILI0 METOAA CUHTY-
ASPHOTO PA3A0SKEHUI NCXOAHYIO BEIDOPKY HeCTa-
IIMOHAPHOTO BPEMEHHOTO Psiaa MOKHO Pa3AEAUTh
Ha TPOM3BOABHOE YHCAO AAAUTHBHBIX KOMIIO-
HEHT, KOAMUYECTBO KOTOPHIX OIPEAEASETCI AAM-
HOM MaTpUIILI pa3BepTKu A (mapametrpom M) [2].

B paboTe npeproskeHa MeTOANMKA TTPOTHO3HU-
POBaHUSA HECTAITMOHAPHBIX IIPOIECCOB C UCIOAB-
30BaHUEM MOAUMUIMPOBAHHOTO CHUHIYASPHOTO
pa3rokeHusd ¢ TpUMeHeHNeM KpUTepueB Kavec-
TBa Pa3pAEAeHMI UCXOAHOTO CUTHAAQ Ha KBa3UCTa-
IVOHAPHBIE COCTaBAJOIIME. AAT TMOSCHEHUT
CyTH MOAU(UKAIIUM PACCMOTPUM PE3YAbTATHI
CUHTYASIDHOTO Pa3A0KeHUsI BBIOOpPKHU (puc.l),
BBIIIOAHEHHOTO TPAAUITMOHHBEIM 00pa3oM.

OTH pe3yAbTATHl IPUMEHUTEABHO K BELIOOPKE
mpoliecca  U3MeHeHHs  BAAIOTHOIO  Kypca
EUR/USD (pwuc.1), uCTopusi KOTOPOT'O COAEP>KUT
100 HepeAbHBIX 3HAUEHWM, MPEACTaBAEHBI Ha
puc.2.

CyMMapHBIM psIA, BOCCT@HOBAEHHBIM C UC-
MIOAB30BAHUEM IIPEAAOKEHHOTO METOAQ, II0 BCEM
CUHTYASIPHBIM KOMIIOHEHTaM AAA IIOTPEIIHOCTD,
onpepereHHy10 10 MHK OTHOCUTEABHO HMCXOA-
"o BBIOOPKU B 0,07%.

V3 npepCTaBAEHHBIX TPA(PUKOB CAEAYET, YTO
IIepBOe CHHIYASIDHOE UHCAO XapaKTepusyeT
TPEHAOBYIO COCTABASIONIYIO psApa (puc. 2a). Bro-
poe CUHTYASIPHOE YHUCAO OIIPEAEASeT HEPETYASIP-
HYIO TAPMOHHUYECKYIO COCTABAAIONIYIO (pucC. 20).
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Puc. 2. Pgp, pa3ao>KeHHBIN 10 6 CHHTYASIPHBIM KOMIIOHEHTaM.

TpeTbe 1 ueTBepPTOe CUHIYASIPHBIE UMCAQ XapaK-
TEepPU3yIOT OAHO-, ABYXYaCTOTHBIE TapMOHHWYEC-
KHEe COCTaBASIOIIMMHM MCXOAHOTO pSpa (pHUC. 2B
u 2r). Ha puc.2e cOBOKYITHOCTb OCTaBIINXCS CUH-
I'YASPHBIX YHCeA B OOABIION CTelleHU OTPa’kaeT
OINMCAHME CAYYaNHOU COCTABALIONIEN.

OpHakKo, IIOAyYeHHbIe KOMIIOHEHTHI He Xa-
PaKTEepPU3YIOTCA UAEAABHO IIPOCTEUIINMU THUIIO-
BBIMU (QPYHKIIMAMHM (HAIIpUMeEp, PUC.2A), 3KCIO-
HeHIMaAbHBIE TPEHABI HE OKOHYATEABHO Pasje-
ASIOTCSI C HHM3KOYaCTOTHBIMM T'apMOHUYECKUMU
COCTaBASIIOIIIUMU Psipa (puc.26) u rapMoHUYec-
KHe COCTaBASJIOIINE HMEIOT MEeHIIONUIYIOCS aM-
nAUTYAY. IToaTOMYy HEOOXOAUMO AOIIOAHUTEABHO

UCCAEAOBATh OCOOEHHOCTU NIPUMEHEeHUI MeTOAA
CUHTYASIPHOT'O PA3A0KEHUS C [IEABIO TOBBIIIEHUS
Ka4yecTBa pa3peAeHMsd Ha KOMIIOHEHTHI M yCTpa-
HEHUs COCTaBASIONIUX ABV)KEHUS, He OTBeuaro-
X TpeOOBaHUAM KBa3UCTAITUOHAPHOCTH.

Ha ocHoBe anaamsa duryp, oOpasyeMbIX B
IIPOCTPAHCTBE COOCTBEHHBIX BEKTOPOB CHHIY-
ASIPHOM MaTPUIILI pa3BepTKu (puc.3), popmaru-
30BaH Irpa@uueCKul KpUTEPUU AN OTIPEAECACHUS
COOTBETCTBUS BLIAEASIEMBIX CUHTYASIPHBIX KOM-
IIOHEHT MAEAAbHOMY I'apMOHWYECKOMY CHUIHAAY.
[Tpu aTOM CTEeneHh OAM30CTH ITUX (PUTYP K KPYTY
(pmc.3a), onpepenasgeMas IO OTHOIIIEHUIO CTOPOH
OI'PAHUYMBAIONIETO IIPSIMOYIOABHUKA, XapakKTe-
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Puc. 3. Tpaduku, o6pa3zoBaHHbIE IapaMu COGCTBEHHBIX BEKTOPOB: a) BBICOKOE Ka4eCTBO Pa3A0KeHus; 6) HI3-
Koe KauyeCTBO Pa3A0’KeHHSsI.

pHU3yeT ypOBEeHL COOTBETCTBUS KOMIOHEHT HAE- - KpUTepUH YpPOBHSA COOTBETCTBHUS KoAeba-
AABHOMY FapMOHMYECKOMY CUTHAAY (PUC.2T). "usaMm C:
BLIIBAGHO, UYTO KAUeCTBO BBIACASIEMBIX KOM- C =max(AA, ):i=11-1, (3)

TMO3UIINM Pa3A0KEeHUs OIIPEAEAsdeTCs BapUaTUB-
HBIM TapaMeTpoM M (AAMHA CTPOKM MaTPHUITHI
pa3BepTKH), KOTOPBIN 3aAaeT IMIPOCTPAHCTBO WC-
CAEAOBaHMS TPAEKTOPUH MHOTOMEPHOM AOMaHOM
AWHUMN.

AN OITeHKM BBIAEASIEMBIX TPDEHAOBBIX U rap-
MOHUYECKUX COCTABASIOININX MTPEAANOKEHBI CAe-
AyIOlllyie KpUTepuu:

- KPUTEPUM YPOBHS TAAAKOCTH H:

rae AA - mpupallleHue aMIAUTYABl A ABYX CO-
cepHUX KoaebaHui (puc.40), I - KOAMUeCcTBO KOAe-
OaHuUu.

[TpeproskeHHBIE Tpaduyeckrue KpPUTEPUU
(puc. 3 1 4) TO3BOASIOT KOHTPOAMPOBATEH Kadec-
TBO BBIAEASIEMBIX CHUHIYASIPHBIX COCTABASIONINX
(puc.d5). 3T0 OOCTOATEABCTBO IIOAOKEHO B OCHOBY
MOAM(UIIMPOBAHHON METOAVUKN CUHTYASIPHOTO
Pa3A0’KeHUs, TTO3BOALIIONIETO PA3AEAITh MCXOA-
HBIM OPOIeCC ONTUMAABHBIM 00pa3oM (A0 3apaH-
HOI'O YPOBHS aMIIAUTYABI OCTATOYHOM CAYyYaUHONU
COCTaBASIONIEN, puc.2e) u n3beraTb MOAYYEHUT
rAe B - YroA mpupalneHus], XapaKTepU3yIoui HerapMOHUYECKUX KOMIIOHEHT ABUJKEHUSI
n3MeHeHHe 3HaUeHMs MIPOU3BOAHOU B I-OU TOUKE (pHC.2A).

HecTallMmoHapHOU BLIOOPKU (pUC.4a) BpeMeHHOT0 [IpeproskeHHAss MeTOAMKA MOAMPUITMPO-
PSAQ, COAEPIKAIIlero n 3HaueHU!; BAHHOT'O CUHTYASIPHOT'O @HAAM3a (PUC.6) TO3BOAL-
€T BBITIOAHSTE Pa3AoKeHre BPeMeHHOT0 Psipa Ha

H =max(, ):i=Ln-1, (2)

a) 6)

Puc. 4. OnpepereHne 6a30BbIX MMAPAMETPOB: a) AAS KPUTEPHUS YPOBHS TAAAKOCTH; 6) AASI KpUTEPHUS YPOBHS
COOTBETCTBHS KOA€OAHUSIM.
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Puc. 5. Pgp, moAy4YeHHBIN 10 MOAN(DUIITPOBAHHON METOAUKE C NCIIOAB30BaHUEM IIPEANOKEHHBIX KpUTEPHEB

Ka4veCTBd PA3A0KEHUS.

HavaJao

3aaHHC aMILIUTY,ABL OCTATOMHO Cl1y -
uaiHOM COCTABMAIOICH (7, U MAKCH-
MaNbHBIX 3HAMCHUH YPOBHH INIAAKOCTH
H,, ¥ ypoBHS OTKIOHCHHA KoeOaHmit Ky,

TNocacaoBarcabHOC yBCAMUCHUC NAPA-
merpa M, noka aMIuMTY1a OCTATOYHOM
C1y4ailHOH COCTABNMIOCH HC YMCHb-
LIMTCA A0 BEMUUIMHEL 3aganHo#, VI
[CPCCTAHY T BbLACATHCH COCTAB-
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Puc. 6. bAoK cxeMa METOANKU MOAU(DUIIUPOBAHHOIO
CHUHTYASIPDHOTO Pa3A0’KeHUSI UCXOAHON BBIOOPKHU C
HCIIOAB30BaHUEM rpaguuyecKux KpUTepHeB Kadec-
TBa.

KOMIIOHEHTBI, XapaKTepU3yrolluecs TIPylIllaMu
ABVDKEHUM, OIIPEAEATIOIINXCSI TPDEHAOBBIMY, rap-
MOHMWYECKUMHU U CAYUAWHBIMU COCTABAAIOIUMMU.

[IpuMmeHeHne rpapruecKux KpUTEpPUEB Ka-
YeCTBa MO3BOASET IMMOAYYATh ONTHUMAABHBIU CO-
CTaB KOMIIOHEHT, UMEIOIIUU IPOCTOe MaTeMaTH-
YecKoe OIIMCAHUe U IIPEACKA3yeMBIM XapakKTep,
YTO HOBBIMIAET 3(PPEKTUBHOCTL NTPOTHO3MPOBA-
HUS HEeCTAIIMOHAPHBIX IIPOIIECCOB, IIPOTEKAIO-
IINX B CAOKHBIX CUCTEMaX.
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A COMPARISON OF SPECIFICATIONS
BETWEEN SEVERAL FORMAL METHODS

1 Introduction. Formal method is a software
development method on a strict teaching basis. In
the entire process of software development, from
the demand Analysis, specification explanation,
designing, the programming, system integration,

testing, the document generation to its
maintenance stage, only if it adopts strict
mathematics language, it has accurate

mathematic semantics, to be called formalized
method.

One of the most important research content
of Formalized method is formal specification
explanation - - - - detailed program functional
description written with accurate semantic formal
language - - - - evidence to show program true or
false as well. Formalized method needs support of
formal specification language. Formalized
specification language provides a so-called
symbol system of programmed domain and target
collection of semantic domain, and a series of
rules defining which target system satisfies the
clarification rules. The following are three
Specification Languages:

Model oriented method.

Fundamental principles of model-oriented:
to construct state characteristics and behavior
characteristics for target software system with
Abstract Algebra. Such as VDM, Z notation, B, are
model oriented method.

Algebra’' method. It provides a set of special
mechanics for specification of target software
system, structuring target software system
description, and supports the reuse of public
element in the target software system. CLEAR,
OBJ ,OBJ-2 are most ordinary algebra' method.

Process Algebra

Process Algebra provides description of
abstract conception, method of inter-process
connection and inference as well .

Based on the fundamental principles and
content of model-oriented method, we conduct an
analysis of its drawbacks and advantages on three
formal language and methods. At last, a
comparison between the formal language is done.

2. Three formal language and methods

2.1 VDM. In 1969, VDM and Z. VDM arose
from work done in formalizing the semantics for
the PL/1 compiler in the IBM laboratory in
Vienna. VDM is a functional structure of the
technical specifications; it adopted an order
predicate logic and the established abstract data
types to describe the computing function or
functions. In the early 1990s, this method has been
widely applied in Europe and the United States
many universities or research institutes.

VDM technology is the basic idea of using
abstract data types, mathematical concepts and
symbols to provide computing function or
functions, and such a provision is the process of
the structure and its aim is to signify its main
function of the software system briefly and clearly
before completion of the system. This formal
specification used in the mathematical symbols
and abstract data type, which allows the software
described in the function of the system on the
level of abstraction and also free from the full
realization of the details, provides a lot of
flexibility to software compilers. In addition, the
formal specification provides the basis for
accuracy to procedures. Application of VDM
technology systems development includes a
formal specifications, procedures and processes
to achieve accuracy in the following three parts.

Three distinct advantages of using VDM to
provide formal specification: only tell the
computer what to do; provide proof of correctness
of the procedure; concise description of the
specification precisely.

Apart from these three obvious advantages,
the use of VDM trains designers to establish the
gradual decomposition of the development of
top-down thinking, using strict system developed
by the method in the whole process of
development, which guarantees the correctness
of the procedure. However, for VDM, there are
also some limitations:

Because of the abstract data type definition
of the computing in advance, and some
user-defined types in the specifications
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description doesn't need so many operations,
resulting redundant computing.

VDM is still unable to establish a set of
description mechanisms, unable to describe the
relationship between these computing by
dividing a large computing systems.

The use mathematical symbols and abstract
data types, VDM formal specifications are not too
formalized to be understood, but this may realize
its software by misunderstanding forms to the
wrong specifications.

2.2 Z notation. Z notation, on the basis of
classical set theory and first-order predicate logic,
provides a model structure, as a description to the
state space and operation of specification. Z
specification is made up of a series of models;
each model defines of an abstract object or
operation, and gives operation of the semantic
constraint to a new object by using predicate
description. Zmode can be combined into anew Z
mode, which inherits all attributes and constraints
of its components. Thus, the Z mode software
system specifications can be given a certain level
of the structure. For the use of model specification
provides a calculus to compose large the system
specifications by mini-units.

Based on the first order predicate and the
formal set theory specification, language Z use
patterns and model calculations to describe the
structure of the target software system and
behavior characteristics, including descriptions
of state mode and target mode operation on the
target system characteristics of the structure. This
is a kind of the characteristics of effective formal
methods, but there are still shortcomings of Z
languages are as follows:

Zlanguage of large modular system capacity
is insufficient. In the Z language, the target
software system structure and features are
described by the model, with the increase of
system, modes will become more and more, and Z
language have no more effective mechanisms to
manage these models, which eventually led to Z
specification difficult to read.

Itis difficult to identify a particular impact on
the state of all the operating modes. Z notation, as
a computing language, a mode of operation could
involve more than one state model, in order to
identify the specific impact of the state of all the
operating modes, it is necessary to inspect each
mode of operation from all part of the statement,
which is not practical for large-scale software
system specification.

YMNPABJIEHVE B TEXHUHECKUX CUCTEMAX

Z notation can not support the reuse of
specification. Z language did not provide reuse
mechanisms.

Z language cannot be dealt with directly the
computer. Because in the design of Z language,
considering the Z language as a means of strict
description and does not take into account the
application of computer-assisted language to Z,
so many Z language symbols in the computer
language do not have corresponding button, it is
difficult to input specifications and to conduct
automated processing.

In order to overcome these deficiencies of Z
language, the late 1980s and early 1990s have seen
some Z language expansion programme, but also
carry out some standardization work, in the early
1990s, the international community combined
formal methods and object-oriented method.
Although there are some development, but the
lack of tools to support commercialization and
many other related reasons, it can't be put into
practical applications, which needed further
refinement.

2.3 B. Outline. B is acronym of B technology,
methods and tools set in the computer-aided
software engineering, B (including B, B tools, tool
box B) is a sound practice-oriented software
process based on the mathematical theory of
technology; method B and the symbol used to
support most of the software process: demands
analysis, specification, software design,
implementation and maintenance, software
layered structure accompanied by the gradual
step-by-step validation and verification, method B
is the guiding principle; B Tool Box includes a
large number of tools, all the tools are in a
window-based integrated software development
environment, these tools can be integrated to run
automatically, and supported use of B means
during the entire software development process;
B software tools support the progressive
structure, which validation process can be static
analyzed, using simulation techniques to conduct
dynamic analysis, using the integrated theorem to
prove its correctness.

B Method. With a simple method of
pseudo-programming language to describe
demand model, the interface, and intermediate
design and implementation, this language is B
LANGUAGE (abstract machine symbols), B
LANGUAGE support the specification of the type
of dynamic verification, Mathematical proof to
ensure that the design process is correct.
Step-by-step development of large-scale software
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development can reduce the complexity of the
multilayered approach that can achieve a high
level realization to the lower standards, the
development is a complete implementation of the
norms - gradually realizing the process of
standardizing the implementation process —
Implementation of the lowest rank can be
achieved from pre-reusable component library to
be, the High multiplexing can also be continued
expansion of new components to support the
entire development process, each layer is the
realization of the process will standardize the
translation = which  could safeguard the
independence of source code and compiled
executable instruction process. B language, in the
structure of the mechanism, like other
object-oriented methods, enhanced information
hiding and data package, the tight control
interface components to ensure that a large-scale
development of the independent development of
various components .

B Software Process. B gives a strict control
of the entire software process management, in the
early software development of specification stage,
the developerswill control the user needs to verify
the model test system demand consistency. In
every phase of the development, each design will
be described and consistent to its specification
document. The lowest level design components
can be assembled from pre-defined and reliable
components, and translated into executable code,
reliable pre-defined component reuse through
tests or production (many components have now
Collection of tools for the application B), the new
low-level components can be further added, these
components can be added through the existence
of reliable components development, and to be
tested to get their attributes.

Characteristics of B method. Simple
and familiar symbolic representation. The
symbolic representation use broad replacement
to show the state switching from specification to
compiling. The uniformed form reduced the
learning difficulties. "Mathematics program
designing language" makes us use a very specific

specification form, and also benefits software
engineers.
Modular structure. Support of

substantial practical tools. Substantial practical
tools support all phases of B method software
development, including animation and document
complement, while other formal methods do not
have similar tools.

Successful tool application. B language
and method has been successful applied to many
industrial fields, including real-time, information
processing and engineering.

3. Comparison between B, Z and VDM. In
comparison to former language (such as Larch,
OBJ), B, Z, VDM are formal specifications based
on model methods.

VDM is one of the oldest computing
languages, it is not only a language, but also
development method. Mathematic symbols do
not build on public collection theory instead of
predicate logic, it also uses three-valued logic
(true, false, undefined), but VDM do not present
assembling/decoding specification and specific
mechanisms.

Z is the main explanation method in
description specifications, and constructed on
collection theory without clear defined public
theory description. Although Z provides a so
called model structure, layer structure of model
forms a systematic specification according to
creator's aim, inter-model connections must be
explained with certain informal text.

Like Z, VDM use pre/post conditions defines
dynamic switching of specifications, under those
circumstances, we must point out the unchanged
parts.

B is the latest language, covering all
development method from specifications to
compiling. On the basis of Zermelo-Frankel
collection theory, B contains a “abstract machine"
structured mechanism which builds on
mathematics theory, including broad
replacement, specifying, layer system structure
theory. Dynamic definition of system constructed
on switching of predicate logic basis, not on
pre/post conditions.

Comparison the B-Method, Z and VDM. We
have chosen the following points of comparison:

(1) Underlying Logic. Z and B are based in
the same underlying set theory. VDM has its own
3-valued logic, which allows treatment of
undefinedness not explicitly treated in Z or B.

In addition, the semantics of B is based on
Abrial's Generalized Substitution Language
(GSL) and an associated calculus, an extension of
Dijkstra's guarded commands.

(2) Syntax. The semi-graphical schema
notation of Z is not used in B; it is keyword-based
as is VDM. Also like VDM, there are two
definitions of the notation, one in ASCII, the other
in mathematical style.
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(3) Specification Style. B is based on a
predicate-transformer style of specification,
which means that whereas in VDM you would
write a pre and post condition, in B you write the
state change as a substitution.

e.g. VDM: insert(elem:TYPE) = wr
var:set(TYPE) pre~(elem : var) post var = var' \/
{elem}

B: insert(elem) = PRE elem:TYPE & elem /:
var THEN var : = var \/ {elem} END

The post condition in B looks like an
assignment, giving the specification a
pseudo-programming look. In fact its semantics is
as a substitution on the state, and Abrial has
proved that it is exactly equivalent to the
PRE/POST condition style of VDM.

In B, non-determinism is always explicit. e.g.

VDM: sort =wr list:seq(TYPE) pre true post
is_sorted(list) & is_permutation(list,list)

B: sort =ANY newlist WHERE
is_sorted(newlist) & newlist : perm(rng(list))
THEN list : = newlis END

You are not usually in any doubt as to when
you are using non-determinism in B.

(4) Preconditions, Invariants and Proof
Obligations

Z, VDM and B each have a different
treatment of preconditions and invariants. In Z,
the precondition is not explicitly stated; it has to
be calculated from the delta schema definitions.

In VDM and B the preconditions are explicit.
The redundant act of explicitly stating a
precondition allows consistency checking: is the
real precondition of the operation covered by the
stated one?

Where B and VDM differ is in their treatment
of the invariant. In VDM it is assumed also to be an
implicit part of every pre and post condition. The
effect of this that the only proof obligation you
have to discharge with respect to an operation is
one of feasibility - usually a large existentially
quantified expression which is rather intractable.

In B, the statement of the invariant is also
redundant; its presence or absence does not
change the meaning of the operations; it is not
assumed to be part of the post condition of
operations.

This means that operations have to be
defined in such a way that they preserve the
invariant. Now, because of this redundancy, it
becomes necessary to prove that every operation
preserves the invariant, whereas in VDM it must
be so by definition.

YMNPABJIEHVE B TEXHUHECKUX CUCTEMAX

However, the nature of this (typically large)
number of additional proof obligations is very
different from the feasibility proofs. Most of them
are small and universally quantified, and much
easier to discharge.

(5) Notation Coverage. Z remains rather
strictly a specification notation.

VDM and B are "wide-spectrum”, in that they
have imperative programming constructs as part
of the notation.

B hasasmall imperative language as a subset,
consisting of 6 constructs, and in which all
data-types are encapsulated in Abstract
Machines. This allows refinement down to code
within the same semantic framework.

(6) Structuring Specifications and
Implementations. B has much stronger
structuring constructs than VDM, and very
different from the schema calculus of Z. B is
object-based; information hiding of various kinds
is enforced, so that encapsulation of state by
operations is the order of the day. There is no
proper concept of inheritance or polymorphism,
so it stops short of being object-oriented.

Particularly strong is the B-Method's notion
of layered development, which allows a complex
development to be decomposed in a rich variety of
ways using a small number of basic constructs.
This makes the refinement of industrial-scale
systems practical.

(7) Tool Support. B/B seems to have a
considerable advantage at present in terms of the
tool support available. Commercial quality tools
such as the B-Toolkit exist in a unified framework
for type-checking, animation, proof-obligation
generation, automatic and interactive proof, code
translators, document mark-up facilities and a
comprehensive development environment
supported by method-sensitive configuration
manager.

3. Concluding. We briefly introduced the
three language, its methods, and its drawbacks,
advantages, making comparisons and analysis. As
a conclusion, table 1 will make further
comparisons:

From table 1, in comparison to language Z
and VDM, B is much superior, with the support of
business tool, it has been implied in British,
America, and France. But it's still insufficient. We
will conduct further research on B language
expansions, hoping B language and its method
can be explored in our country.
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Table 1
Comparison between language B, VDM and Z.
Attributes VDM z B
Basis Partial functions, Predicate computing, Weak Preconditions,
collection theory collection theory, model collection theory
Expresses Key word Form Language
Development Spec1f1§at10ns, Specifications Spec1f1.cat10n.s, design,
phase design impletion
stvle Pre/post conditions, Model symbolic Strict programming design
Y functions implications, relations language
Tool support Specification phase Specification phase All development phase
Training Books, curriculum Books, curriculum Practlca.l research,
support curriculum
REFERENCES 2. Yuan Xiaodong, Xu Hao, Comparison of

1. Yuan Xiaodong, Zhenguoliang. COOZ:
COMPLETE OBJECT-ORIENTED
EXTENSION TO Z. Journal of Software,
1997(9): 694~700

COMPLETE OBJECT-ORIENTED
EXTENSION TO Z. Computer Science,
1997(3): 58~61

3. Lano K. The B Language and method.
Springer- Verlag London Limited, 1996. 511p.
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BblIAEJIEHUE CEHCOPHbIX 3JIEMEHTOB
B CUCTEMAX TATOBOIro
QJIEKTPOCHAB>XXEHUA

BBepeHue. Ha sAeKTpO3’HepreTUYeCcKyro
cucteMy (OCC) B mpoliecce PyHKIIMOHUPOBAHUA
AEUCTBYIOT pas3AanyHble Bo3MyllleHus [1]. K HuM
MOJKHO OTHECTH M3MEHEeHMs aKTUBHBIX M pPeak-
TUBHBIX MOIIHOCTEH IeHepaTOpOB M HArpy3oK
BKAIOUEHUS M OTKAIOUEHMS AUHUU U TpaHcdop-
MaTOPOB, YIIPABASIOIINE BO3AEHCTBUS PETYAUDPY-
IOIIUX YCTPOMUCTB, HAIIpUMeED, YCTPOMUCTB YIIPaB-
A€HUS YCTAHOBKAMU IIPOAOABHOU U NOIIePeYHOU
KoMIleHcanuu. KpoMe mnepedyucAeHHBIX BO3MY-
IIeHUH, KOTOPBIE MOJKHO OTHECTH K Pa3psAy Ma-
ABIX, B D39C BO3MO>KHEI BO3ACHUCTBUS 3HAUNTEADL-
HOM WHTeHCUBHOCTU. Hanboaee MOITHBIMU U3
HUX SBASIOTCS KOPOTKHE 3aMBIKQHMS B BBICOKO-
BOABTHBIX CETSIX.

Peaknusa 99C Ha nepedyncAeHHbIE BO3MYIIe-
HUS IPOSIBASIETCS B BUAE M3MEeHeHNe ITapaMeTpPOB
pe’kumMa: MOAyAeH U (pa3 HAIPS)KEHUM B Y3AOBBIX
TOUYKaX CETU U MEePETOKOB MOUTHOCTH IO BETBAM
cucTeMHl (puc. 1).

Ansa obecnieueHUsa 9 PEKTUBHOTO (PYHKITHUO-
HupoBauusa D9C HeoOXoAUMa OObLEeKTUBHASA WH-
dopMaIyg 0 YyBCTBUTEABHOCTH IapaMeTPOB pe-
xkmuMa OOC K BHEITHUM Bo3MyleHuaMm [1...3]. Ta-
Kag umH@POpMAIUgd MO’KeT OBITh IIOAy4YeHa Ha
OCHOBE BBISIBA€HUSI CEHCOPHbIX 3AeMeHTOB D3IC.
CoraacHo onpepereHUI0 paboThl [1] ceHCOpHBI-
MU Ha3bIBAIOTCS TaKue sAeMeHTHl DOC, napaMeT-
PBI KOTOPBIX B HAMOOABIIIE CTelleH! BapbUPYIOT-
Cs1 TTIPU U3MEHEHUSTX HaTPY30K ¥ TOTIOAOTHUY CETH.

' Ocoboit HeCTAaMOHAPHOCTBIO OTANYAIOTCA SACKTPOTATOBBIE HAIPY3KHW MAIrICTPAABHBIX JKEA€3HBIX

AOPOT.
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Puc. 1. Boamymenus u peaknuu B D9C.

ITocTaHOBKA 3aAa4yMl 1 METOABI €€ PelIeHN .
AAd cucTeM TATOBOTO dAeKTpocHabkeHud (CTOI)
nmpobAeMa BBIAEAEHUS CEHCOPOB AO HACTOSIIETO
BpeMeHU He CTaBUAACh, XOTS ee pellleHre M03Bo-
AUT 60Aee 0OOCHOBAHHO MOAXOAUTH K BOITPOCAM
YCHUAEHUS SAEKTPOTATOBLIX CeTel, pa3MelleHUIO
YCTPOMCTB KOMIIEHCALIMU PeaKTUBHOW MOIIIHOC-
@ u FACTS’. Crhenududeckre 0cOGEHHOCTU
9AEKTPOTATOBEIX CETEN COCTOSIT B PACIIPEAEAEH-
HOCTU HArpy3okK, IlepeMellleHUu WX B IIPOCTpa-
HCTBE U HAAUUMU YYaCTKOB C HAMOOABIIINUM DAEK-
TponoTpeOAeHMeM Ha 3HAYUTEABHBIX YKAOHAX
npoduag nyTu. PazMelneHne yCTpOUCTB KOMITEH-
carmuu 1 FACTS nauboaee 3ppeKTUBHO B CeH-
COPHBIX Y3AaX, TOATOMY ITPOCTOE UMUTAITUOHHOE
MoAeAupoBaHue pabotel CTO He paeT oTBeTa Ha
BOIIPOC OIITUMAABHOTI'O pasMelleHUs YCUANBAIO-
WX YCTPOUCTB.

W3-3a mepeMelneHNs SAEKTPOTITOBBIX Ha-
I'PY30K B IIPOCTPAHCTBE BBIAEAEHE CEHCOPOB B
CHCTeMaX TATOBOI'O dAeKTPOCHAOKeHus TpelOyeT
HECKOABKO HHBIX IMTOAXOAOB TIO
cpaBHeHUio ¢ D3C o011ero Ha-
3HaQUeHMs, TaK KaK U B CTPOTOoH

YMNPABJIEHVE B TEXHUHECKUX CUCTEMAX

HO-OAHO(A3HBEIMY, UTO TpeOyeT Iepexopa K as-
HBIM KOOpAMHATaM.

Ha ocHoBe mMeTOAOAOTHM, TPEANOSKEHHOMN B
pabote [5], 1 AATOPUTMOB CIIEKTPAABHOTO U CUH-
T'YASIPHOT'O Pa3A0OKEeHUH, pa3paboTaHHBIX B pabo-
Tax [1, 2], BO3MOXXHO pellleHUe NPOOAEMBI CEH-
CcopHBIX y3A0B CTO. YpoileHHasd MEeTOANKA BbI-
AEAEHUS CEHCOPOB MOYKeT OBITh CHOPMYAUPOBA-
Ha CA€AYIOIIUM 00pa3oM.

1. AAd paccMaTpruBaeMOUW CUCTEMBI TATOBOTO
3AEKTPOCHAO’KEHMS C YUETOM BHEIIHEMN CEeTH 3a-
DAETCS YCAOBHBIN (MACAABHBIN) IPOMUABL ITYTHU C
HYAEBBIM YKAOHOM.

2. TlpeanonaraeTcs, 4To IO paccMaTpuBae-
MOMY YYaCTKY ABHMJKETCS OAMH ITOe3p, (MAU ITaKeT
TMOEe3A0B) C IIOCTOSTHHOM CKOPOCTBIO HPU HEU3s-
MEHHOM Ha BCEM ydYacTKe MOTpebAIeMOM TOKe
I=const.

3. Ocy11ecTBASIETCSI UMUATAIUOHHOE MOAEAN-
poBanue pexmma CTO, Ha OCHOBe KOTOPOTO
CTPOUTCA Tpa(pmK M3MeHeHUs HAIpSKeHWd Ha
TOKOITPUEMHUKE HAEKTPOIOABUKHOTO COCTaBa
(OIIC) U,pe =U ;¢ (5); HaubOABIIIIE OTKAOHEHUS
U, OT HOMUHAABHBIX 3HaUeHUU OyAYT OTBe4aTh
CEHCOPHBIM y3AaM.

4. TIpou3BOAUTCA COBMECTHBIU aHaAU3 pe-
aABHOTO TOKOBOTO NPOMuAs [ =I(S)=var U MOAY-
YeHHOU 3aBUCUMOCTH. [IpoBepsgeTcsa ycAoOBHUe Ha-
AWYUS B TATOBOU CETH TOUEK, OTBeYalollne TuKe-
TaMm S,, AASL KOTOPBIX MUHMMYMBI HAIIPS>KeHUS
U, COBIIAAQIOT C MAKCUMyMaMH IIOTpebAseMo-
T'0 TOKa (MOILITHOCTH):

HSI"I(Si)z‘[max'USHC(Si)zUmin' (1)

OAeMeHTHI TATOBOU CeTH, OTBeYaloIle YCAO-
BUIO (1), TPeOYIOT IEPBOOYEPEAHOTO YCUACHUS.

Pe3yabTaThl MOAEAUPOBAHUA. AAS TPOBEP-
K1 2(Q@deKTUBHOCTU NOpepraraeMol MeTOAUKU
BBISIBA€HUS CEHCOPHBIX DAEMEHTOB B CHCTeMax
TATOBOTO BAEKTPOCHAO>KeHUsI IPOBEAEHO KOM-
IBIOTEPHOE MOAeArpoBaHue peskumoB CTO npo-
CTOU CTPYKTYpHI, CXeMa KOTOPOU IIOKa3aHa Ha
puc. 2. CxeMa BKAIOUAET YeThIpe TATOBBIX ITOA-
CTaHIIUM, TUTAIOIIUXCS OT AUHUU 3AEKTpoIepe-

IIOCTAaHOBKE TpeGYQTCH pac-

Insmiine —1®

CMOTpPEHUeE 33734 3HAUUTEABHOU
pasmepHoctu. Kpome  ToOrO,
SAEeKTPOTATOBEIE CETU lIepeMeH-
HOTO TOKAa SBAGIOTCSA Tpexdas-

¢ T

Puc. 2. UcxopHas cxeMa CeTH.

¢ T2

T3 N4

*FACTS — ruGKue CUCTEeMbI IIePeAavYr SHEPIUH IePEMEHHOT0 TOKa [4].
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NpI'YTICe [6]. PacuerHas
D cxeMa, CcpOpMHUpPOBaAHHAN
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CpeACTBaMU IIPOTPAMMHO-

Puc. 3. PacueTHas cxeMa.

paum HanpsokeHueM 110 kB. AHaau3 CTPyKTypEI
CTS no3BoOAsIET CAGAATE BBEIBOA O TOM, UTO B CXe-
Me UMeeTCsI CEHCOPHBIN y3eA (CAaboe 3BeHO), KO-
TOPBIN PacloOAaraeTcs B CepeprHe MeKIIOACTaH-
IMOHHOU 30HBI MesKAY TT12 u TTI3. Moaeanposa-
HHe OCYIIeCTBASIAOCH Ha OCHOBE IIPOTPAMMHOTIO
kommaekca FAZONORD, paszpaboTaHHOTO B

280 - Tox, &
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PeaneHuf ToKCBHE npodHIE \
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Puc. 4. TokoBsIle Ipopum.
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5351
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5377
5399
5402
5415
5477 |-
5440

Puc. 5. 'papuKu 3AeKTPOIIOTPEeOAEHU .

ro KOMIIAEKCa, ITOKa3aHa Ha

puc. 3.

YCAOBHBIU U peanb-
HBIM TOKOBBIE IIPOPUAU
IIpeACTaBAEHBl Ha puc. 4.
'pacbukn n3MeHeHUA ak-
TUBHOM W  peaKTUBHOM
MOIITHOCTEN,  IMOTpeOdAse-
Mbix OIIC, mokazaHbl Ha
puc. 5.

PesyabTaTel  MOpAEAU-
POBaHMUSA AAS YCAOBHOTO U
PeaAbHOT'O TOKOBBIX TPO(UAEl TPEACTaBAEHBI Ha
puc. 6. V3 aHaamM3a IIOAYYEHHBIX PE3YABTATOB
MOJKHO CAEAaTh BBIBOA O TOM, YTO Ha OCHOBE
pepfraraeMoy METOAUKU BO3MOJKHO BBISIBAEHUE
CEeHCOPHBIX 3AeMeHTOB B CT3 >XeAe3HBIX AOPOT
TepeMeHHOTO TOKa.

C noMo11bio nHGPOPMAIYU O CEHCOPHBIX JAe-
MEHTAaX BO3MOJKHO peIlleHHEe CAEAYIOIINX aKTy-
AABHBIX TTPAKTHUYECKUX 3apa4, BO3HUKAIOIIUX
[IpU IPOEKTUPOBAHUY U 3KcIAyaTanuu CTO:

e pa3paboTKa METOAOB U CPEACTB YCUAEHUSI
CHCTEMBI SAEKTPOCHAOKeHUd NPU yBeAnde-
HUM Pa3MepoOB ABUIKEHUS,;

e OIpeAeAreHUe PAIlMOHAABHBIX MeCT YCTaHOB-
KM YCTPOMCTB IPOAOABHOU U IIONEPEYHOU
KOMIIEHCAIUY;

e BBLIOOP 3aKOHOB PEI'YAUPOBAHUS AAS YCTAHO-
BoK FACTS;

e pa3paboTKa CTpaTerui yIIpaBA€HUs CUCTEMa-
MU TSITOBOT'O dAEKTPOCHAOKEHUS.

4

T T T T T
Hanpaxenne va Toxonpuemunxe, kB
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Puc. 6. IaMmeHeHNne HaNIpSI>)KEHUSI HA TOKOIIPUEMHUKe
JIIC.
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3aKAueHue.

1. TIpeproskeHa METOAVKA BBIIBAEHUSI CEH-
COPHBIX 3AE€MEHTOB B CHUCTEMAaX TATOBOTO BAEK-
TPOCHAOKEHUS MaruCTPAAbHBIX >KeAe3HBIX AO-
poOT IIepeMeHHOTO ToKa. MeTopuKa OCHOBaHa Ha
UMUTAIIMOHHOM MOAEAMPOBAHUU PEKUMOB CHUC-
TeM IIPU pearbHOM M yCAOBHOM (I=const) Toko-
BbIX TIIPpOoPuAdx. OTAUYUTEAbHBIE OCOOEHHOCTHU
METOAVKM COCTOSIT B UCITIOAB30BaHNM (Pa3HBIX KO-
OPAMHAT M KOPPEKTHOM y4eTe BHEITHEN CETH.

2. Pe3yabTaTBl KOMIIBIOTEPHOTO MOAEAUPO-
BaHMUA MOKa3aAl NPUMEHUMOCTb METOAUKU AAST
BBLIAGAEHUSI CEHCOPHBIX IAEMEHTOB B CHCTeMax
TSAATOBOI'O DAEKTPOCHAO KEHUS.

3. Nludopmalniugd O CEHCOPHBIX JAEeMeHTax
CT3 mo3BoAUT 000CHOBAHHO MMOAXOAUTD K perlie-
HUIO [IEAOTO PSIAQ AKTYAABHBIX 3aAa4 TPOEKTUPO-
BaHUS U DKCIAyaTallUU CUCTEM TSATOBOI'O JAEK-
TPOCHAOKEHUS.
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NMOCTPOEHUE CUCTEMATUKHA
XENE3HOOAOPO>XXHOIO nogBm>XHOro
COCTABA HATIPAMEPE TrPy30BbIX
BATOHOB-IMJTAT®OPM C MOMOLLbIO
METOAOB KJIACTEPHOIO AHAJIN3A

N CAMOOPIrAHU3YIOLLNXCAH KAPT

KOXOHEHA

B mocaepHme ropbl Ha OCHOBE CHCTEMHOIO
IIOAXOAQ U KOHIIEIIINY CAaMOOPTaHU3aluy BEAET-
€ IIOCTpPOeHHe CUCTeMaTHUKU TPAHCIOpTa. YKe
UMeeTCs PSIA Pe3yAbTAaTOB 3TOM PAOOTHI: TaK Ha

0ase Teopuu rpadoB U PPAKTAABHOU IeOMETPUM
pa3paboTaHbl METOALI AEKOMIIO3UITUN U arperu-
poBanusa [1], ¢ UCIIOAB30BaHMEM KOTOPBIX IIO-
CTpOeHa 00111ad CUCTEMaTUKa TPAHCIIOPTQ, a C 10-
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e, VT

AL

raTeAab, IapoBasg MalllMHa W T.A.
(puc.1). Arg mpeoOpa3oBaHUSA CAO-
BECHOI'0 (HOMMHAABHOI'O) OIIMCAHUSA
OOBEKTa B MaTeMaTh4YeCKue KOOPAU-
HATHI, IPOMU3BEACHO HOPMHPOBAHUE

oceq, T.e. IYyTEM PAHXUPOBAHUSA
CBOUCTB CAEAQH IIepexop OT HOMU-

A 4

2 HAALHOM IIIKAABI K IOPSIAKOBOI [6].
Teneps, umesa mopo0OHOe MaTe-
MaTH9YeCKOoe OTUCaHWe TTOABUVIKHBIX

\4
@)

RO I
“%
S R N

© 110

Puc. 1. KoopauHaTHas1 0Ch «KABUTaTeAb»: @ — HOMHUHaAbHas IKAAQ;

0 - IIOPSAKOBAA IMIKAAA.

MOIIIBIO (PpaKTAaABHONM Pa3MepPHOCTU IIPOU3BEAE-
Ha e€ olleHKa [2]; pazpaboTaHa CUCTEMATHUKa JKe-
A€3HOAOPOSKHOTO IIOABUYKHOI'O COCTaBa, YAOBAET-
BOpPSIOIas IeAsIM KoAUpoBaHu [3,4] u paccMOT-
PEeHBl €€ TIPUKAAAHBIE acIeKThl [3-5]. Bo Bcex
YIIOMSIHYTBIX TPYAAX Ka’KABIY TPAHCIIOPTHBIU MO-
AYADb 3aHOCHUTCSI B OOBEMHO-MAaTpUYHYIO (QOpPMY
CHUCTEMBI BPYUHYIO, T.€. TOABKO Ha OCHOBAHUU Te-
OpeTUYEeCKUX U AOTMYeCKUX OOOCHOBAHUMN aBTO-
pa. [ToaToMy OTCYTCTBYIOT KPUTEPUU AAS OLJ€HKH
Mep CXOXKeCTH U Pa3AMuUsa MeXKAY dAeMeHTaMH,
COTAAQCHO KOTOPBIM MOJKHO A€AATH BEIBOABI O BO3-
MO>KHOCTHU (POPMUPOBAHMS TONM UAWU UHOMU CUCTE-
MaTU4YeCKOW eAUHUIIBL. KpoMe 3TOro, Ha CeropHs,
He pa3paboTaHbl KOMIIBIOTEPHBIE IIPOTPAMMBI,
KOTOpPBIe OBl aBTOMATUYECKN OTHOCUAU OO'BEKT K
TOMY UAU HHOMY TaKCOHY I10 IIPABUAAM AeKOMIIO-
3UIUM U arperupoBaHusgd. OAHAKO B TEOPUU CHUC-
TEM HMeEETCS MHOYXeCTBO APYIMX MEXaHM3MOB
aHaau3a AAHHBIX. CaMbIMU IIepCIeKTUBHBIMU
CUMTAIOTCS aATOPUTMEI Ha OCHOBE HelpoceTel, a
TaK>Xe METOABI KAACTEPHOT'O aHAAM3A.
OCHOBHBIM OTAMYMEM HACTOALILEN pabOTHL OT
BCeX YIIOMSHYTBIX BBIIIE SIBASETCS TO, UTO 3AeCh
COBOKYITHOCTB ITOABMJKHBIX €AWHUI] paCcCMaTpy-
BAeTCsl B BUAE MHOJXKECTBa TOYEK, PACIIOAOXKEH-
HBIX OIIPeAeAEHHBIM 00pa3oM B I — MepHOM da-
30BOM (IIPU3HAKOBOM) IIPOCTPAHCTBE, IIPUYEM
Ka’kKAQsl TOYKA MMeeT MaTeMaTudeCKHue KOOPAU-
HaTbl. AN OpUEeHTAlluM B YKa3aHHOM IIPOCTpa-
HCTBe BBEAEHBl AMHHY, KOTOpPBIE OIMCBHIBAIOT
CBOMCTBA MHOABW KHBIX €AWHUI (TATa, Ha3Haude-
HUe, (opma, KOAMUECTBO OCeH, MO].LIHOCTL)I.
ITpu3Haky Ha 3TUX KOOPAMHATHBIX AUHHSAX pac-
ITOAATAIOTCS TI0 MPUHIIUITY «OT IIPOCTOTO K CAOIK-
HOMY», HAIIpPUMeED, 110 OCH «TAra» CHa4daAa IIoMe-
IIIeHO OTCYTCTBUE TAI'M, 3aTeM MYCKYAbHBIN ABU-

Nt ---—-——-+

epmHUIL (TabA. 1), MOJKHO oOcCylle-
CTBASITb KOAMYECTBEHHOE CPABHEHUE
HA IIePBBI B3TASIA HECPABHUMBIX 00-
'BeKTOB. KpuTepueM AN OLleHKU Mep
CXO’KeCTHU U PA3AUYMSA MeKAY TPAHC-
MIOPTHBIMU MOAYASIMU B HACTOSAIIEU paboTe BBI-
OpaHO eBKAMAOBO PACCTOSIHUE, A ABYXMEPHOTI'O
IIPOCTPAHCTBA, BEIUYUCASIEMOE II0 POPMYAE:

D, =lx, —x,) +(y, -y,)" (1)
[IpeobOpa3zosaB cooTHOIIEHNUE (1) AAS IECTHU-
MepPHOr'0 IPOCTPAHCTBA, IIOAYYaeM:

D:\/(al —a, )2 +(b1 _bz )2 +(C1 —Cy )2 +—

(2)

— Hd, —-d,) +(e, —e, ) +(f, —f,)".

[To dopmyae (2) paccuuTaHbl U B HOPSAKE
BO3pacTaHus, U300pa’keHbl Ha PUC. 2 eBKAUAOBHI
PacCTOAHUSA MeXAY 4-OCHOU YHUBEPCAABHOU
naaT@opMon (0OBEKT 2 3 TabA. 1) U ApyTUMU Ba-
TOHaMHU.

Anaan3upyd paHHbBIE IPeACTaBAeHHOU Auar-
pPaMMbl, MO>KHO CKa3aTh, YTO OAMKE BCETO K 00B-
€KTy 2 pacIOAOKeHBI OOBeKTHI 3,4,5, U COOTBe-
TCTBEHHO U3 HUX MOJKHO C(OPMUPOBATH OAHY

2.5 1

2

CCKUO06bL paccmosanus

00veKmbl

Puc. 2. AuarpamMMa eBKAUAOBBIX PaCCTOSIHUM MEXAY
YHHUBEPCAABHON 4-0CHOM NAAT(OpPMON U APYyruMu
BaroHamm.

! KoanuyecTBO AMHUY MOXKET MEHSITHCS B 3aBUCUMOCTH OT ITOCTaHOBKU 3dAQ4 CUCTeMaTu3alnuu
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YMNPABJIEHVE B TEXHUHECKUX CUCTEMAX

Taoa. 1.
HauMmeHoBaHuS 1 MaTeMaTU4eCKHe KOOPAMHATHI JKeAE€3HOAOPOKHBIX BaroHOB-nAaTgopmM.

= o 2

S HaUMEHOBAHHE flE| & g ¢l B
: 2 E Sl g g o
2 = 5 s

o
1 ]2-ocHas miatgopma YHUBEpCaIbHAS 0]1.2]09] 0.7 10.5] 0.96
2 |4-ocHas mwiatThopma YHUBEpCATbHAS 0]1.2]091 07| 1 | 216
3 J4-ocHas wiaTgopma ¢ METALTMUSCKAUMH 60 pTaMH 0]1.2]09]11.05] 1 2.1
4 |4-ocHast maTdopma ¢ METATTHISCKAMHA 60 pTaMA 011.2]09]1.05] 1 | 1.89
5 |4-ocHas wiathopma YHHBEpcaTbHAs ¢ HAPACHHBIMA GOpTaMu 011.2]09]1 1411|216
6 |4-ocHast maTdopma U JIECHBIX TPY30B 011.2]09] 2.1 |1 ] 1.81
7 |4-ocHas maTdopma U JIecoMATSpHANIOB JNIHHOU OT 4,5 710 20,5 M 011.2]09] 2.1 1 1.68
8 |4-ocHas miathopma s JECOMATSPHUATIOB 011.2]09] 21| 1 | 204
9 J4-ocHas wiatdopma, o6opyaoBanHas croiikamu BO-118 011.2]09] 21| 1 |204
10 J4-ocHas iatdopma Ui Jieca U XJIBICTOB 0]1.2]09] 28 | 1 | 1.83
11 J4-ocHas wiatdopma Juisi KOHTEHHEP-TTUCTEPH 0]1.2]09135 | 1 |2.16
12 J4-ocHast Iatdopma I KpYTHOTOHHAKHBIX KOHTEHHEPOB, KoJecHoM Texuukd | 0 1.2109| 3.5 | 1 | 2.19
13 J4-ocHast IaTdopma I KpYTHOTOHHAKHBIX KOHTCHHEPOB 0]1.2]09135 |1 1.8
14 J4-ocHast IiaTdopma I KpYTHOTOHHAKHBIX KOHTCHHEPOB 0]1.2]091 35| 1 | 213
15 J4-ocHas wiaTdopma 1o KOHTEHHEPHI NI heppOCIIABOB 0]1.2]09135 | 1 |216
16 |4-ocHas mwiaTdopmMa ST MEPEeBO3KH ABTOMOOHIICH ¢ HOTyIpHUIICHAMHI 0112109142 ] 1 ]0.9
17 |4-ocHas IBYXbsipycHas IWATHOpMA U JeTKOBBIX aBTOMOOHIISH 011.2]09]142] 1 0.6
18 |4-ocHas mwiaThopMa BT KOJSCHBIX Map 0]11.2]09]1 491 1 2.1
19 |4-ocHas mwaTdopMa JUTI CIUTKOB U KBAJIPATHOH 3aTOTOBKH 0]1.2]09]1 4911|216
20 |4-ocHas mwiaThopma B TSHKSIOBECHOM 00pe3n 011.2]09]1 491 1 |3.24
21 |4-ocHas wiaTdhopmMa ¢ HECHEMHBIM 000 PYIOBAHHEM JUIS JIATHIX CISIO0B 011.2]091 4911|204
22 J4-0CHbIH BaroH Jyisi EPEBO3KH XOJIOJHOKATAHOH CTajIn 011.2]09] 49 1 1.95
23 |6-ocHast miatdopma s TpaHcGopMaTopon 0]11.2]09] 49 J1.5] 2.79
24 J4-ocHast iatopma I TEXHOJIOTHUESCKUX NEPEBO30K rOpsIYeH 3ar 0TOBKH 0]1.2]09) 56| 1 3
CUCTEMATUUYECKYIO EAWHUIY - «IIAQT(OPMBI C HHUe IIapaMeTphl CETU MOA KOHKPETHYIO 33aAauy.

oopTamMm».

Tenepsb, UMed KpUTEpPUHN OIleHKU Mep OAU-
30CTU MeKAY IAeMEeHTAaMU CUCTEMBL, MOJKHO CAe-
AQTh ITOIBITKY aBTOMATU3aIUH IIpoliecca II0CTPOo-
€HUSI CUCTeMaTuKU. AAS 3TOU IeAu OypeM HC-
IIOAB30BaTh HEUPOCETEBOU aATOPUTM CaMOOpPra-
Hu3yromuecs KapTel KoxoHeHa.

HeliponHble ceTn y>Ke MOAYYMAU LIMPOKOE
pacnpoCTpaHeHUe B TAKUX OOAACTAX KaK aBTOMA-
TH3allUsg IIPOLIEeCCOB PACIO3HABaHUs OO0pPa3oB,
QAANTUBHOE  YIPAaBAEHME,  ANIIPOKCUMAIUA
(PYHKIIMOHAAOB, IIPOTHO3UPOBAHMUE, CO3AAHUE
SKCIIEPTHBIX CUCTEM, OPraHU3alusa acCONUATUB-
HOM IIaMATH U BO MHOTUX Apyrux cdepax. C ux
IIOMOIIIBI0 MOYKHO IIPOTHO3UPOBATH IIOKA3aTEAU
OUP>KEBOTO PBIHKQA, BBINIOAHATH PACIO3HABAaHUE
ONTHUYECKUX UAY 3ByKOBBIX CUTHAAOB, KOHCTPYH-
POBaThL CAMOOOYUAIOIeCs CUCTEMBI, CIIOCOOHBIE
QHAAM3UPOBATH OOBEKTEI U BBIABAATH 3aKOHO-
MEPHOCTH UX IIOBEACHUS.

OTAMUUTEABHON YepPTOM HEWPOHHBIX CeTeU
OT APYTUX MHCTPYMEHTOB QHAAU3A AQHHBIX SBAS-
€TCs TO, UTO Ilepep MX UCIOAB30BAHUEM HY’KHO
IPOBECTU OOydYeHUe, UAU OACTPOUTH BHYTPEH-

AAs Xxopolilero o0y4eHUsI Hy>KHO BBIOPATh TaKoe
MHO>KeCTBO BXOAOB, KOTOpOe Hauboaee CUABHO
BAUSET Ha BBIXOAHBIE (IPOTHO3UPYEMBbIe) 3HaUe-
HUs. ECAM BXOABI A@MICTBUTEABHO BAMSIOT Ha BHI-
XOABI, TO HEMpoCceTh OYAeT paboTaTh OTAUYHO U
AABaTh IPABUABHEBIE TPOTHO3EL. [ lop00OpaTs onTu-
MaAbHBIE BXOABI OUeHb CAOKHO. OOBIYHO 3TO Ae-
AQeTCsl MeTOAOM IIPO0 M OIIMOOK, T.e. TPOCTHIM
nmepebopoM pa3AUYHBIX KOMOWHAIINM UHAMKATO-
POB U AQHHBIX [7].

CamoopraHusymooliuecs KapTbl — 3TO OAHA
13 Pa3HOBUAHOCTEN HENPOCETEBBIX aATOPUTMOB,
OCHOBHOM OCOOEHHOCTBIO KOTOPOM SIBASIETCS Ca-
MOOOY4aeMOCTh, TO €CTh PE3YAbBTAT OOy4eHUs Ta-
KOM CEeTU 3aBUCUT TOABKO OT CTPYKTYPhI BXOAHBIX
AAHHBIX M HET CPAaBHUBAHUS BHIXOAOB HEHMPOHOB
C DTAAOHHBIMM 3HA4YeHUSIMU. TaKasg CeTh YUUTCH
IIOHUMATh CTPYKTYPY AQHHBIX. E€ oOyueHne co-
CTOUT U3 IIOCAEAOBATEABHOCTU KOPPEKIIMU BeK-
TOPOB, IPEACTABASIOIINX COOOM HEMPOHEL. B mpo-
Iecce IIO3TATHOM IIOAQUM HA BXOA CeTH 00ydaro-
LIUX IPUMEPOB OIIPeAeAseTCsl «HeHPOH-1100eAU-
TeAb» (HEMPOH Y KOTOPOTO CKaAsIpHOE IIPOM3Be-
AeHUe BeCOB M ITOAQHHOTO Ha BXOA BEKTOpa MUHU-
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Puc. 3. KoppeKTupoBKa BeCOB HEMPOHHON CEeTH Ha
npuMepe AByMEpPHOTro BeKTopa.

MaAbHO). OH CTQHOBUTCA IIEHTPOM IIPU IIOA-
CTPOMKE BECOB Yy COCEAHUX HeUpoHOB. [locae
TOr'0, KaK HaUAEH TaKOU HEWPOH, IIPOU3BOAUTCS
KOPPEKTHPOBKAa BeCOB HelpoceTu. [lpu sTom
BEKTOP, OTIUCHIBAIOIUN «HEUPOH-TTOOEAUTEAD» U
BEKTOPHI, ONHUCHIBAIOIINE €r0 COCeAet B CEeTKe,
repeMellaloTcd B HalTPaBA€HUM BXOAHOTO BEKTO-
pa. OTO MPOUAAIOCTPUPOBAHO HA PUC. 3 AT ABY-
MepHOro BeKTopa. Takoe MOpaBUAO OOydYeHUS
MIPEATIOAATaeT «COPEeBHOBATEAbHOE» O0ydeHHe C
Y4eTOM PACCTOSTHUS HEUPOHOB OT «HENPOHAa-IIo-
OepuTeAd», KOTOPOE OOBIYHO BLIYUCASIETCS B €B-
KAMAOBOM IIpOCTpaHcTBe [8,9].

ApxureKkTypa KapT KoxoHeHa, B OTAMYUU OT
MHOT'OCAOMHOU HEMPOCETH, OUEHb IIPOCTA U IIPEA-
CcTaBAsIeT cOOOM OAMH eAMHCTBEHHBIM CAOM Hel-
POHOB, KOTOPHLIY OPTAaHM30BaH B BUAE AByXMep-
HOM wMatpuilbl. [loab30oBaTeAlo HEOOXOAUMO
OIIPEAEAUTH AWIITH pa3Mep 3TOU MaTPUIIH, T.€e. KO-
AMYECTBO HEUPOHOB MO HIMPUHE U KOAMYECTBO
HENPOHOB IO BHICOTE.

Kaprtel KoxoHeHa AQIOT BU3yaabHOE OTOOpa-
>KeHre MHOTOMEPHBIX BXOAHBIX AQHHBIX. [1o HUM
QHAAU3UPYIOTCSI HE TOABKO BBIXOABI HEWPOHOB
(KaK B cAy4dae OOBIYHOU HEUPOHHOU CETH), HO TaK-
>Ke Beca HEMPOHOB U pacIpepereHus TPUMepPOB
Mo HerMpoHaM. Tak Kak KapTa KoxoHeHa opraHu-
30BaHAa B BUAE ABYXMEPHOM PEIIETKH, B Y3AaX KO-
TOPOU PACHOAATralOTCSd HEMPOHBL, TO €€ OYeHb
yAOOHO OTOOpa’kaTh Ha IIAOCKOCTHU B BUAE «Kap-
TBI» C PACKPACKOM, 3aBUCHIIEN OT BEAUUNHBI aHAa-
AM3UPYEMOro napamerpa HelpoHa. VIMeHHO 3a
CXOJKeCTb M300parkeHuss HeWpPOCeTHu C TOIorpa-
(pHUUYeCcKUMM KapTaMHd OHU TOAYYHMAU Ha3BaHUE
KapT KoxoHeHa.

HelipoHHbIEe ceTr AQHHOT'O TUIIa YaCTO IIpPU-
MEHSIIOTCI AASI PellleHUs CaMbIX Pa3AMUYHBIX 3a-

WPKYTCKWIM FTOCYOAPCTBEHHbINA YHUBEPCUTET MYTEN COOBLLEHMA

234, CPeAUd KOTOPBIX MOAEAUPOBAHNE, IPOTHO3U-
poBaHUe, IIOMCK 3aKOHOMEPHOCTEU B OOABIINX
MaCCHUBaX AQHHBIX, BEIIBA€HUE HAOOPOB He3aBU-
CHMBIX IIPU3HAKOB, C)KaTUe UH(POPMAIUU U Ap.

[Ipm Bcex OTMEYEeHHBIX AOCTOMHCTBAX HeU-
POHHBIE CceTH He pabOoTarT C HOMUHAABHOU WUH-
dopMmanuen. ITosToMmy Ipeskpae 4eM HCIOAB30-
BaTh KapThl KOXOHEHAa AAT IIOCTPOEHMS CUCTEMa-
TUKU TPAHCIOPTa HEOOXOAUMO IIPEACTaBUTH
Ka’KAYIO eAMHUIY JKeAe3HOAOPOJKHOTO ITOABUIK-
HOT'O COCTaBa B BUAE MaTeMaTHMYeCKOI'o DKBUBA-
A€HTAQ, 4YTO IIPOAEMOHCTPUPOBAHO B IIEPBOM Yac-
TU HacTosIe paboTbl. IMes mMaTeMaTUuyecKoe
OIIMCaHMe IOABUJKHBIX €AMHUI], MOJKHO IIPUCTY-
aTh K CO3AQHUIO U OOyUYeHUIO HEMPOHHOM CETH,
KOTOpoe OyAeM IIPOM3BOAUTH B @HAAUTHUUECKOM
nakete Deductor.

B kauecTBe BXOAHBIX AQHHBIX HCIOAB3yeM
TabAuIy 1, KOTOPYIO, AAS TIOCTPOEHUS KapThl Ko-
XOHEHa, KonupyeM B npuaoxkenue SOMap
Analyzer (Self-Organizing Maps B mepeBoAe
O3Ha4YaeT CaMOOPTaHM3YIOIINeCcsd KapThl). 3aTeM
B IIOILIArOBOM PEe’KHMMe IIPOU3BOAUTCS OOydeHUe
CeTH M HaCTPOMKa IlapaMeTPOB BU3YaAU3aAlUH.

Ha nayanpHOM 3Tarie Hy>KHO CAEAATh BEIOOD
IIOAEM IO KOTOPBIM OYAET IIPOU3BOAUTCSA O0yue-
HUe, B HAllleM CAy4Yae 3TO IIOASI — ABUTATeAb, Ha-
3HadYeHne, (OpMa, PasHOBUAHOCTb, OCHOCTH,
MOIITHOCTb. Ha caepyrolieM I1are BBIIIOAHSETCS
HACTpOMKA BCeX IlapaMeTpOB OOydYeHUs KapThl
(puc.4).

[Tpomecc oOyueHUsa AeANTCI Ha ABe ha3bl —
rpyOyIo U TOYHYIO IOACTPOUKHU. Ha aTane rpybon
IIOACTPOMKHU IIPOUCXOAUT I'pydast KAacTepusa-
nua. Aag aToM (pa3bl XapakKTepHa AOCTATOYHO

Macrep ofyuenua - CHC {llar 3 uz 6)

Napamerpu ofiysenus
DnpeasnsioT Kakun 06pasom GYIeT NPOMIBOAHTECH OGYISHWE KaDTEI, T.8
NOICTPOI#.A BECOB HEADOHHOA CETH

Kommecreo anow

puBod noacTpoKks 40000 = T o4HO6 NoACTPOiKM 40000 _:.

CropocTe ofiyuerun

Mpu rpydod noacTpoike |02 TPy TOMHOR NOACTPOMKE 0.05

Pagwyc obysersin

B Havane ofiyseHin 10 B KoHue ofyyeHus 1
MoaupKauHa CropocTH oSuueHMa D 6paTHO-NPONOPUHOHaNTEHaA w
Wrsimanuaaiun sacos Coayuatifsiba 3HANEHWAMIA v

["] Hoprauposars & equriered sexTop

|_ MpoctoTp AakHHEN | | < Hazag H Nanes > | | Orrena ]

Puc. 4. BpiOop mapamMeTpoB 00y4YeHHUSI HEHPOHHOM
ceTH.
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Macte p ofiyye A - CHC (llar 4 w3 6)

MNapameTpe BU3YaNH3 UMK
Onpenenseor Kax GYIET BoiIrNARETE OOYYEHHEE KADTLI - DA3MEDE, POPMa
FeRI, UBET..

Pastep kaprei Orofpaxars Ha kapre | Marcumanswos B suelne w
Mo ropusonTam 20 3: .
Popeda ueek Ll ecTuyronsssmm |
Mo BepTikand 20 3 3
leerosan nammpa U eeTHan namTpa v

Mok aSEIBaTE MPaHHLE! KNacTEpos Bua kapret

[C] Craamuears usera kaprei

B Custom .. v

|

Konusectso knactepos |1 =

Puc. 5. Bb16op napaMeTpoB BU3yaAu3anuu KapTbl Ko-
XOHEHa.

Uset pova

Paarep auesr

[ < Hazan ” DNanee » | I Omrazna J|

OOoAbBIIIas KOPPEKIIUI BECOB HEMPOHOB CETU II0
MMPOXOKAEHUHU KaKAOU anoxu. Ha atame TouHoOMU
MOACTPOYKU BeAWYMHA KOPPEKIINU 3HAUUTEABHO
YMEHBIIAeTC . DTO CBA3@HO C TeM, 4YTO B Hadane
paauyc o0ydeHUsa OOABIION, & K KOHITY 00Oy4YeHUs
OH yMeHbIaeTcs. KoanuecTBO 310X IpyOo¥ H
TOYHOM TTOACTPOMKU BhiOepeM paBHoM 40000 (pe-
KOMEHAOBAHO, YTOOBI OHO OBIAO B 100 pa3 6oAbIIe
yeM KOAMYEeCTBO HEMPOHOB Ha KapTe).

Papnyc o6yuenmnda onpeaeaseT, CKOABKO Hel-
POHOB KpOMe HeMpOHAa-IMoOEeAUTEAT YIaCTBYIOT B
oOyueHnu. B Hauare 0OydeHUS OH COU3MEPUM C
pa3MepaMu KapThl (OOBIYHO paBeH ITOAOBUHE
MEHBIIIEro 3HaUeHNd pa3dMepa KapThl AMOO 3TOMY
3HAQUYEHMUIO), I0O3TOMY IPUMMHAEM ero paBHBIM 10,
a B KOHIIe - AOCTQTOYHO MaA (yCTaHaBAMBaeM 1).

CKOpPOCTh 00y4eHNSI KOHTPOAUPYET BEAUUN-
HY I11ara IIpY UTEPAOHHON KOPPEKIIUN BECOB U

Macre p obyue Hua - CHC (llar 6 uz 6)

O 6yuenwe ceTu
PesyneTarom ofiy4eHsia CETH ABNAETCA NOCTPOSHHAA KapTa.

O

BlanmuaHa KoppekLpii

0.0

0.0001
0.00001
0.00000
3noka Kopperuss o f ol
[crim ) (oo ] [Covma ]

Puc. 6. ITponecc 00yyeHus1 HENPOHHOM CETH.

YMNPABJIEHVE B TEXHUHECKUX CUCTEMAX

ABASIETCS YIIPABAAIOIIUM IIapaMeTpPOM aATOPUT-
Ma OOy4eHUs HeMPOHHOU ceTu. AaHHAas XapaKTe-
PUCTUKA U3MEHSETCS B 3@aBUCUMOCTHU OT pa3Me-
POB KapThl ¥ KOAWYECTBA 3110X. OOBIUHO OHA IIPU-
HuMaeT 3HaueHud oT 0,2 po 0,05. TTapametp “"Mo-
AUPUKAIUS CKOPOCTH OOy4YeHHUsS" OIIpeAeAsierT,
110 KAKOMY IIPABUAY 3Ta CKOPOCTh OYAET MEHSTh-
cs1. B HacTosmiet paboTe palijioHaAbHEe UCIIOAB-
30BaTh OOPATHO-IPOIOPIMOHAABHYIO 3aBUCH-
MOCTBH NIPU MOAUMPUKAIIUN CKOPOCTU OOy4YeHUH,
IIOCKOABKY OHA AQET OOAee ITAABHOE U3MeHeHHe
BECOB HEUPOHOB, YeM AWHENHO-yOBIBAIOIIad
PyHKIA.

Muunuaansanysg BecoB OyAET IPOU3BOAUTD-
CSI CAYYaUHBIMUY 3HAQYEHUSIMMU.

Ha cheayromem sTalle BBEIOMpAIOTCS IIapa-
MeTphbl BU3YaAU3alluU IIOATOTaBAMBAEMOM KapThI
(puc. 5): pa3zMep KapThl 110 BEPTUKAAU U TOPU30H-
Tarum — 20; oTOOpakaTh HA KapTe — MAaKCHUMaAb-
HOe B g4yelike; popmMa 4eeKk — IIeCTUYTOAbHUKH;
IIBETOBas IMaAUTpa IIBETHAsI, pasMep sue-
ek — 20.

Ha narom mare SOMap Analyzer npepraraeT
IPOBEPUTH IMIPABUABHOCTH HACTPOEK IIepep, To-
CTpOEeHUeM KapThl, U MepeUTH COOCTBEHHO K eé
00y4eHHU!0, IIPOLeCC KOTOPOTO IIPOUAAIOCTPHUPO-
BaH Ha pHUC. 6, a ero pe3yAbTaT M300pa’kEH Ha
puc. 7.

WTak, AAS OIleHKH Mep OAM30CTH MEJKAY Pas-
AMYHBIMU JKEAE3HOAOPOKHBIMU TAAT(POpPMaMH,
noctpoeHa KapTa KoxoneHa. Ha aToit KapTe BUA-
HO, 9TO OOBEKTHI 2,3,4,5 pacoAOKeHbI AOCTATOY-
HO OAM3KO APYT OT APYra, ¥ UX MOJKHO OOBbepu-
HUTb B OAHY CHCTEMATHUUYECKYI0 EAVMHUILY
«mAaToOpMEI ¢ 6opTamMu». TOTHO TaKOU Ke pe-

UMatrix - KomMnoHeHTa

0.000
3.414 —

575 I 2

Puc. 7. Kapra KoxoHeHa «MaTpuia pacCTOSHUN
MeJKAY BaroHaMu-naAaropMamMm».
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3YABTAT OBIA IOAYUYEH B HaUaAe HacTodllel pabo-
THI IPW @HAAM3€ €BKAUAOBBIX PACCTOSHUMN. DTO
YKa3blBaeT Ha IIPAaBUABHOCTb M OOBEKTHBHOCTH
BLIOPAHHBIX aATOPUTMOB CUCTEMAaTU3ATAN.
AHAAOTMYHO MOJKHO CIPYHNIHUPOBATH OOBHEK-
Tel: 0,7,8,9,10,11,12,13,14,15 Kak «OAaT@OPMHEI,

00opyAOBaHHbIE KpenAeHusaMu»; 16,17 — «maaT-
(dOPMEI AAST aBTOMOOUAEM»; 18,19,21,22 — «mAaT-
(OpPMEBI AAd MeTu30B»; 20,23,24 — «TS)KeAOBO3-

HbIe TAATPOPMEI». Aaree, pacCUUTaB IEHTP KaK-
AOTO Cc(POPMMPOBAHHOI'O TAKCOHA, MOJKHO IIPO-
AOAKATH CTPOUTH HOBBIE KAPTHI M IPYIIIMPOBATH
OOBEKTHI ITOKA OHU He OOBEAUHSITCS B OAHY 00-
IIYI0O CUCTEMATUYECKYI0 €AMHUILY «KeAe3HOAO-
PO>KHBIE TAAT(POPMEI».

Ha npuMepe >kere3HOAOPOKHBIX TAATHOPM
MOKa3aHo, YTO C MOMOIIbI0O HEUPOCETEBHBIX aATO-
PUTMOB MOJKHO @aBTOMATU3UPOBATH IIPOIleCC MO-
CTPOEHUSI CHUCTEMATUKU JKEAE3HOAOPOIKHOTO
IIOABUYXKHOrO cocTaBa. CaMoopraHusyooluecs
KapTel KoxoHeHa B AQHHOM CAyYae, C OAHOM CTO-
POHBI, IOMOTAIOT YBUAETH IIPOEKIINIO IIIeCTUMED-
HOTO IIPOCTPAHCTBA Ha IIAOCKOCTb, & C APYT'OM I10-
3BOASIOT OIIEHUTH PACIIOAOKEHNE B HEM ITOABUIK-
HBIX €AMHUI] OTHOCUTEABHO APYT APYTa.

Takum oOpaszoM, IpPeACTaBUB BCIO HOMEH-
KAQTypPy >KeAe3HOAOPO’KHOI'O IIOABUKHOTO CO-
CTaBa B BUAE COBOKYITHOCTHU TOUEK Pa30BOT0 IIPO-
CTPAHCTBE, MOJKHO IIOAYUYUTH BO3MOKHOCTB CPaB-
HUBATh CaMble Pa3AWYHBIE IAEMEHTHI U (POPMU-
POBaTh U3 HUX CUCTEMaTUYeCKIe eAMHUITHI Ha 60-
Aee BBICOKOM YPOBHE KauecCTBa.

ABTOMATHU3UPOBAHHBIU IIPOIlECC IOCTPOe-
HUS CHUCTEMATUKU CIIOCOOCTBYET AOCTU KEHUIO
Oonree OOBEKTUBHEIX PE3yABTATOB, 4eM pydYHasd
00paboTka MH(POpMAaIUN.

Kpome aToro, cucremMaTrka, Kak 3 PeKTUB-
HOE CPEeACTBO YIIOPIAOUYEeHMd WH(OpManuu Mo
MHO>KeCTBY Pa3HOPOAHBIX SAE€MEHTOB CTPYKTYP-
HO CAOKHOM CUCTEMBI, MOJKET TPUMEHSTHCS B pe-
IIEHUW MHOTOUMCAEHHBIX 3apa4. B Ka>kp0M KOH-
KPEeTHON 3apaue CTelleHb Ba>KHOCTH TOU HWAU
WHOM KOOPAMHATHOW OCH pasanyHa. [lostomy,
BBOAS COOTBETCTBYIOIIYE KO3IPPUIIMEHTEl BasK-
HOCTH, MO>KHO KOPPEKTHUPOBATh AQHHBIE U TTOAY-
4YaTh A€MCTBUTEABHO MTOAE3HBIE PE3YABTATHI CHUC-
TeMaTHU3aluu.

BUBAMOTPAOMA

Kopoabskos B.I'l. O nocTpoeHnn YHUBEPCAAb-
HOM cucteMaTtuku // Tpancnopt. Hayka, Tex-
HUKQ, yupaBaeHue. CO. 0030pHOM MHPOpPMa-
mum. — 2003. Ne10. — C. 37-44.

Komapos A.B. Pa3zpaboTka CHHEpPreTu4eCcKo-
ro ONMCAHUSA CTPYKTYPHI TPAHCIIOPTHBIX CHUC-
TeM Ha IIpUMepe >KeAe3HOAOPOKHOTI'O TPaHC-
nopra: ABToped. AUC. ..KaHA. TEXH. HAyK:
05.13.01 / VpKyT. UH-T UHKEH. K.A. TPAHCIL.
— UpkyTck, 2002. — 23 c.

Kopoarvkos B.I1., Komapos A.B., CoroMsH-
HbBIU C.B. CucreMaTnKa AOKOMOTHBOB KakK CO-
CTaBASLIOIAd YHUBEPCAABHOM CHUCTEMATHUKU
JKeAe3HOAOPOIKHOTO MMOABMXXHOTO cocTaBa //
CoBpeMeHHbIe TeXHOAOTUM. CUCTEMHBIN aHa-
an3. Mopeauposanue. UpI'YTIC. — 2005. Ne2.
— C.68-75.

Kopoabskos I'l.b. Pa3zpaboTka epAMHOU CHUCTe-
MBI KOAUPOBAHMS IIOABUJKHOI'O COCTaBa JKe-
AE€3HOAOPOJKHOI'O TpaHcmopra: AsToped.
AWC. .. KaHA. TexH. HayK: 05.13.01 / MIpkyT. roc.
YH-T IyTel cooOmenus. — Vpkyrck, 2006. —
24 c.

Kopoaskos B.IT., Komapos A.B. O cucreme
KOAMPOBaHUS MOABMXXHOTO cocTaBa // 7Ke-
AE3HOAOPOKHBIM TpaHcmopT. — 2004. NelO.
— C. 46-48.

Conomaunbiii C.B. OcHOBBEI MaTeMaTU4eCKO-
IO MOAEAUPOBAHUS CUCTEMATUKU JKEAE3HOAO-
PO>KHOTO IOABHWJKHOro cocraBa // Hayka.
Texuoaorunu. ViHHOBanuu: Martepuanbsl Bce-
POCCHUMCKOM HAyYHOM KOH(PEpeHIUU MOAO-
MBIX YUEHBIX B 7-MH1 YacTAX. — HoBocubupck:
Wzp-Bo HI'TY, 2007. — Yacte 1. — C. 98-100.
T. Kohonen, «Self-organized formation of
topologically  correct feature  maps»,
Biological Cybernetics, Vol.43, pp. 59-69,
1982.

INauncpuros I1., OctpoyxoB M. HelipoHHble
cetu: Kaptel KoxoHeHa // BaAlOTHBIN CIIEKy-
AgaT. — 2000. Ne9. C.18-24.

TuxouoB A.B., KorecaukoB A.FO. AHaAus u
00paboTKa AQHHBIX C IIOMOIBE0 CAMOOPIraHu-
3yromuxcs KapT KoxoHena // Hayka. TexHo-
aoruu. MMHHOBanmm: MaTepuaabl BCEPOCCUN-
CKOM HAYYHOM KOH(EPEHIIUU MOAOABIX y4é-
HBIX B 7-MU 4acTax. — HoBocubupck: M3a-Bo
HI'TY, 2007. — Yacts 1. — C. 94-97.

136 CoBpemeHHble TexHonoruu. CuctemHolin aHanus. MogenupoBaHue




YMNPABJIEHVE B TEXHUHECKUX CUCTEMAX

CanabuukoBa M.K., I'epacumenko K.B., Makapeunko f.H.

YAK519.714

AHANMN3 SPPEKTUBHOCTU METOA OB

CMNEKTPAJIbHOIO "

CUHT'YNAPHOIO

PA3J1I0>KEHUA B 3AOAYHAX
NMPOrHO3NPOBAHUA CUTHAJIOB C
NMEPEMEHHOW CTPYKTYPOU

B pa6oTe npoBoAUTCS cpaBHEHHE TTIOAXOAOB
K IPOTHO3MPOBAHUIO HECTAITMOHAPHBIX IIPOIieC-
COB, IIOCTPOEHHBIX HA MCIOAB30BAHUU METOAOB
CUHTYASIPHOTO pa3AoykeHUs U aHaausza Oypbe, B
NIPEATIOAOKEHUH, YTO UTOTOBBIM IIPOTHO3UpPYeE-
MBIU psA POPMHUPYETCS KaK CyMMa IIPOrHO30B
IIPOCTEUIINX CUIHAAOB, IIPEABAPUTEABHO IIOAY-
YEeHHBIX IIyTeM COOTBETCTBYIOIINX Pa3A0KEHUN.

CrekTpaAbHBIN aHaAn3 psipoB Oypbe m03BO-
AsleT YBUAETH CTPYKTYPY CUTHAAOB, OIIpeAeAsie-
MYI0 (pU3nuUeCcKOU IPUPOAOU SIAEMEHTOB, COCTAB-
Agromux cucteMy. CyTh aHaAM3a COCTOUT B pas-
AO’KEHUHU UCXOAHOTO (CAYYalHOTO) CUTHAAA B PSIA,
o (PUKCUPOBAHHOU CHUCTeMe Oa3uCHBIX (DYHK-
WM C YCAOBUSAMHU UX YaCTOTHOM U30MpPaTeAbHOC-
T U IPUMEHUMOCTH K KOAeOATEeABHBIM IIPOIlec-
caM. AN MCCAEAOBAHUS YAaCTOTHOM CTPYKTYPHI
CAYYaMHOTO [Ipoliecca IPUMeHS 0T ero OCHOBHOM
rapaMeTp — CHeKTPAAbHYIO IIAOTHOCTH MOIITHOC-
TH, KOTOpas UHTEPIPETUPYETCI KaK PaclIpepeAe-
HHe CpepHero KBaApaTa aMIAUTYABL IIpoliecca I1o
yacToTam [1].

OpHakoO 00AACTh OpPUMEHEHUs aHaAu3a
Oypbe orpaHuYeHa CAEAYIOUIMMHU TpeOboBaHUS-
MMU:

- MCCAeAyeMasl CHUCTeMa AOAKHA OBITH AU-
HEWHOU M CTAllMOHAPHOWM;

- QAAMTUBHAs IoMeXa, AeHCTBYIOIasl Ha BHI-
XOAHOU CUTHAA CUCTEMBI, HEe 3aBUCHUT OT UCCAEAY-
€MOTO CHUTHAAd M IIPEACTaBASIET COOOM CAydai-
HBIM CTAllMOHAPHBIN IIPOLECC;

- 3@ CYeT OIrPaHMUYEHHOCTU AAMHBI BEHIOOPKU
PEarbHBIX BpPEMEHHBIX PSAOB BOCCTAHOBAEHUE
MIPOUCXOAUT C TOTPENTHOCTHIO, BEAWUMHA KOTO-
PO 00paTHO NIPOIOPIIMOHAABHA 00 beMY BBIOOD-
K1 Kak v N.

NccarepoBaHmuss B 0OAACTU “AMHaMUYECKOTO
CIIEKTPAABHOTO aHaAu3a" ("AMHAMWYECKHU aHa-
A3 Oypwe”, 'clieKTparbHO-BpeMeHHOe KapTH-

poBaHue" [2] ¥ T.II.) YaCTUYHO CHUMAIOT YKa3aH-
Hble mpobAeMEl. [Tpu TakoM ciocobe paccMoTpe-
HUS 3aAQ4U, BeChb MHTepBaA HAaOAIOAEHUS U3y4ae-
Mot dynkiuu f(t),te[0,T] pasbusaercs ma N

PaBHBIX YaCTeUru AANHBIL tN = NH 3dTeM Ha Ka>KAOM

U3 TOAYYEHHBIX HMHTEPBAAOB CTPOUTCS CIEKTP
Oypre ¢, (®). TloaydaeTcs KBasuAByMepHOe
CIIeKTPaAbHO-BPEMEHHOe IIPeACTaBA€HHEe IIPO-
neccaf(t). OpAHaKO BO3HUKAET TPYAHO (DOPMAAM-
3yeMas npobOaeMa BBIOOpA ONTHMAABHBIX AAWH
WHTEepPBarOB pa3bueHus h. HeobxopuMO HCKY-
CCTBEHHO IpuberaTh K Pa3AUYHBIM IpUeMaM AAT
TOTO, YTOOBI UMETh BO3MOKHOCTb 0OpabaThIBaTh
pearbHBIE IIPOIECCHl, AAMHA KOTOPBIX BCeraa
OorpaHWYeHa KOHEUHON BBIOOPKOM CTATHUCTHUYeC-
KUX AQHHBIX, B TO BpeMs Kak Dypbe-aHaAn3 TTOA-
pasyMeBaeT Haauuyhe OECKOHEYHOM OO0AaCTH
OIlpeAEAeHHUs CUTHaAd. Takyke IIpU HUCCAeAOBa-
HUM PEAABHBIX IIPOIECCOB MCKa’kaeTcss UHPOP-
Manus 0 )a30BOM CIIEKTPE, 3a CUeT 4ero uMeeT
MeCTO HeTOuHoe (popMUpOBaHUE KOPPEASIINOH-
HOM (DYHKIIMH, YTO BeAET K 3HAUUTEAbHOMY HCKa-
SKeHUI0 POPMEI U ITapaMeTPOB BBIAEASIEMBIX Tap-
MOHUK CHUTHAAQ.

Kpowme Toro, ucronb3oBaHue AAS IPOTHO3U-
POBaHUS CYMMApHOTO CHrHaAd OEeCKOHEUYHOTO
YMCAQ DAEMEHTAPHBIX COCTABAIIOIIUX, IIOAYYEH-
HBIX pasaoskeHreM Oypbe, 3aTPYAHEHO B CBSI3H C
He0oOXOAUMOCTBIO COXpaHeHnd Pa30BBIX CABUTOB
Me>XAY 3TUMHU COCTAaBAJIOIIMMU B IIpoOIlecce UX
00OPAaTHOT'O CAOKEHUS.

Hpesa «AMHAaMHUUEeCKOI'O CIIEKTPAABHOT'O aHa-
AM3a» HAIlIAA CBOE IPOAOAKEHNE B BeMBAET-aHa-
Amse [3]. B oranune OT TpapAUIMOHHO IIPUMEHse-
MOTO IIpHM aHaAu3e AQHHBIX IIpeoOpa3oBaHUdg
Dypbe, pe3yAbTaThl, MOAYYEHHBIE C TTOMOIIBLIO
BEUBAET-aHAAN3a, 3a49aCTyI0 OOAAAQIOT OOABIIEN
UHPOPMATUBHOCTBIO M CIIOCOOHBI HeIocpe-
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ACTBEHHO BBISIBAITH OCOOEHHOCTU UCCAEAYEMOTO
IIpoIecca, KOTOPHIE IIPU TPAAUIIMOHHOM IIOAXOAE
aHAAM3UPOBATh 3aTPYAHUTEABHO.

BetiBaeT-ipeoOpa3oBanme OAHOMEPHOTO
CUTHaAA COCTOUT B €r0 Pas3sAO’KeHHU ITo 0asucy,
CKOHCTPYUPOBAHHOMY M3 OOAQAQIOLIEN OIIpeae-
AEHHBIMM  CBOMCTBAMH  COAMTOHO-IIOAOOHOM
(PYHKIIMU (BeMBAETA) ITIOCPEACTBOM MACIITaOHBIX
W3MEeHEHUM U IePEHOCOB.

[Ipu sTOM AASL BelBAET-aHaAW3a HAWOOAB-
liee 3HaUeHNe UMEeIOT ITapaMeTpPhl CABUTA U Mac-
mraba, HeJKeAM 4acToTa KaK B CAydYae aHaAM3a
Oypbe. TakuM 00pa3oM, A@HHBIN MeTOoA OAMYKe K
CUHTYASIDHOMY aHaAmu3y. AAd TOTO, YTOOBI Mac-
ITAOHBIM MapaMeTp MOT MHTePHPEeTUPOBATHCS
KaK 9acToTa, He0OOXOAUMO, UYTOORI MCXOAHAS Bel-
BAET-PYHKIIUA \V(t) oOAapana HEOOXOAUMBIMU
CIIEKTPAALHBIMU CBOMCTBaAMMU, T.e. UTOOHI €€ Ipe-
oOpazoBanue Dypbe MOKHO OBIAO paccMaTpH-
BaTh KakK "CIIEKTPAABHYIO AMHUIO" .

PesyabTaT BelBAeT-IpeoOpPa30BaHUSA €CTh
Pa3nO’KeHHe CHUTHAAd II0 CeMeMUCTBY (DYyHKIIUU
BeUBAeT-0a3uca, 0O0pa30BaHHOMY M3 €AMHCTBEH-
HOU (DyHKIUU \y(t) C IIOMOIIbIO IEPEHOCOB b BO
BpPEeMEeHM U PACTSKeHMM a TaKyKe BO BPEMEeHM.
BeiiBaeT-ipeoOpa3oBaHue MOJKHO HPEACTABUTH
KakK HellpephIBHBIM OAOK OKOHHBIX ITpeoOpa3oBa-
" Oyphe C pa3sAUIHBIMUA OKHAMU AAST Ka’KAOU
YaCTOTHI.

BeliBaeT-aHanmn3, Oaaropaps HOABUXKHBIM
YaCTOTHO-BPEMEHHBIM OKHaM, OAMHAKOBO XOPO-
110 BBIABASET KaK HU3KOYACTOTHHIE, TaK U BHICO-
KOYaCTOTHbIE XapPaKTEPUCTUKU CUTHAAOB. ITO
CBOMCTBO AQET OOABIIIOE IIPEUMYIIECTBO IIPU aHA-
AM3e MPOIIeCCOB, TaK KaK OBICTphIe Bapualiuu
CUTHAAOB (BBICOKOYACTOTHBIE XapPAKTEPUCTUKM)
XOPOIIIO AOKAAU30BaHbI, @ AAS BBIIBAEHUS MEA-
AE€HHO MEHSIOIINXCS XapaKTEePUCTUK AOCTAaTOUYHO
XOPOIIEro HU3KOYaCTOTHOI'O pa3pelleHus.

OAHAKO BeMBAET-aHaAW3 He AMIIeH HeAO0C-
TaTKOB. B yacTHOCTU peaAmnsanyis BCeX CBOMCTB
BEMBAETOB UHOTAAQ CAEP KUBAETCS 3HAUUTEABHBIM
00BeMOM HEOOXOAMMBIX BBIUMCAHUM K CAOK-
HOCTBIO MaTeMaTUUYeCKOTO amlapaTra, KOTOPLIMN
o0opaurBaeTCss HU3KOU CKOPOCTBIO 0OpabOTKU
AAQHHBIX.

CuHryagpHoe npeoOpa3oBaHUe MOJKHO TaK-
JKe NPeACTaBUTh B AByXIlapamMeTpudecKou gop-
Me, eCAM paCcCMaTpUBaTh UHPOPMAITMOHHYIO MaT-
PHUIy Pa3BEePTKU COBMECTHO C IapaMu COOCTBEH-
HBIX BEKTOPOB CUHI'YASIPHBIX YUCEA 3TOM MaTpu-
unl [4]. Poab HaOopa 6a3MCHBIX PYHKITUU BBITIOA-
HseT HaOOp COOCTBEHHBIX BEKTOPOB (OPTOHOPMHU-
POBaHHLBIN). [Ipn 3TOM MeTOAMKA CHUHTYASIPHOTO

Pa3roKeHU pPa3AeAseT IPOoLeAyPy ABYMEPHOTO
pasro’KeHUd Ha ABa dTana. Ha nepBoMm sTane cur-
HaA IIePeBOAUTCS B ABYMepHOe IIpeACTaBAeHUe C
NPAKTUYEeCKNW PAaBHOMIPABHBIMM KOOPAWHATAMH,
Ha BTOPOM IIPOM3BOAUTCS CHHIYASIPHOE PA3A0-
JKeHHe 3TOr0 ABYMEPHOro IIPEeACTaBAEHUS II0
ABYM CHUCTeMaM OPTOTOHAABHBIX (PYHKITUH.
WNuTepnpeTranug Habopa 3TUX QYHKIIMYU He IBAI-
eTcs >KECTKO (PUKCHUPOBAHHOM, KaK B BeH-
BAET-aHaAM3€e, a OTIPEAEAIETC s TapaMeTPOM pa3-
AOKEHUSI U OCOOEHHOCTIMH CaMOTO MCXOAHOTO
curtHanra. AHaAM3, BBIIIOAHEHHBIM aBTOpaMu, Mo-
Kazan, 4To B CAydYasxX OTCYTCTBUS MAU UCKAIOYe-
HHUSI MEAAEHHBIX TPEHAOB, TTOAYYAETCS Pa3AoiKe-
HHe, AOCTaTOYHO CXOXKee C BEWBAET-IIpeoOpaso-
BaHMEM, a AASI CTPOTO TIEPUOANYECKUX CUTHAAOB
U IIPU COOTBETCTBYIOIIeM BLIOOpe IlapaMeTpoB
CUHTYASIDHOE pa3Aro’keHue (PAaKTUYeCKU OcCyllle-
CTBAsIET pasaoskeHue B psp Oypoe.

TakuMm oOpa3oM, Ha OCHOBAHUM IIPOBEAEH-
HOTO CPaBHEHUSI MOJKHO OTMETUTH CAEAYIOIIe
IPENMYIeCcTBa CUHTYAIPHOTO PAa3AOKeHUs Ie-
pea MeTopaMU CIIeKTPAABLHOTO aHaAU3a.

1. Habop dyHKIUNM pasr0’KeHUs MOPOXKAA-
€TCsI caMOM MCCAepyeMOoU (PYHKIIMEN IIpollecca
f(t) 1 AAMHOU OKHa.

2. AAMHA CTPOKM (OKHA) CUHTYAIPHOU MaT-
PHUIBI pa3BEePTKU MTO3BOASIET AETKO BapbUpPOBATH
KAQ4eCTBO U COCTAB BBIAEASEMBIX COCTABASIOIINX.

3. BO3MOXHOCTB yIIPaBAIE€MOTO BOCCTAHOB-
A€HUSI UCXOAHOTO IpoIlecca 0 MHTepIpeTupye-
MBIM KOMIIOHEHTaM, B OTAUYHE OT IIPAaKTU4YECKHN
OAHO3HAUYHBIX KOMIIOHeHT QDypre- u BeliBaer-
npeoOpa3zoBaHMM.

4. OTCyTCTBHE AAS PEAAbHBIX BPEMEHHBIX
PSAOB TPAHUYHOTO 3(hpeKTa 1o NapaMeTpy CABH-
ra, OIPeAeAsieMOro, HallpuMep, >KeCTKOM huKca-
el Habopa BeUBAET-PYHKIININ.

5. I'lpeacTaBAeHUE OTAEABHOU COOCTBEHHOU
CUHTYAIPDHOU (DYHKIIMM B BUAE AMHENHOTro (pu-
ABTpPA ITOKA3bIBAET, YTO OH 0OAAAAET He KOMIIAEK-
CHOU, Kak B cAaydae Dypwe, a AeHUCTBUTEABHOU
YaCTOTHOU XapaKTEPUCTUKOM, YTO CHUMAET MIPO-
OAeMBbl, CBSI3aHHBIE C MOAEAVPOBaHMEM (Da30BhIX
CABUTOB MEJKAY COCTaBASIIOITUMU.

OAHO M3 CYIIECTBEHHBIX OTAWYMU MeETOAA
CUHTYASIPHOTO Pa3AO’KeHHSI COCTOUT B CIIOCOO-
HOCTH OCYIIeCTBASITH MHOTOBapHUaHTHBINM IIPO-
THO3 (BOCCTAHOBAEHHME HCXOAHOTO CHUTHaAa Ha
O’KMAQEMOM HMHTEpBaAe BPEMEHHU), COTAACOBaH-
HBIY C OAHUM U3 BApUAHTOB PA3A0OSKEHMS Ha aAAY-
THUBHBIE DAeMEHTapHble KOMIIOHEHTHI. B To ke
BpeMs METOABI CIIEKTPAABHOTO aHAAM3a OPUEHTH-
POBaHBI Ha OAHO3HAYHOE BBEISIBAEHUE COCTaBASIO-
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Puc. 1. CpaBHeHne METOAOB CHUHT'YASPHOTO PA3A0KEHUsI C METOAAMU CIIEKTPAABHOI'O dHAAM3d IIPUMEHHU-
TEABHO K 3dAd4aM IIPOTrHO3UPOBAHUA (B OAOKax IMACOM OTMEUYEHBI npenmMyuecrsa METoAd, MUHYCOM — He-

AOCTaTKH).

IINX, COOTBETCTBYIOIINX (PU3UYECKON NPUPOAE
curHana. Tak>ke CTOUT OTMeTUTh, 4TO Beir-
BAET-aHaAAM3 M3-3a allPUOPHOU AOKaABHOCTHA Ha- 1.
Oopa 0a3uCHBIX (PYHKIWUHN IPAKTUYECKU He IPU-

CIIOCOOAEH K IOCTPOEHHUIO ITPOTrHO3a (pHuc. 1.).

TakuM 00pa3oMm, U3 Pe3yAbTaTOB ITPOBEAEH-
HOT'O @HAAM3a CAEAYET, UTO ITPU KOPPEKTHOM IIPH-

MeHeHUWHN allllapaTa CHUHI'YASIDHOT'O PA3AOKeHUS

KOHEYHBIM eTr0 UTOTOM OyAeT HabOop 3KCIIOHEeHITH-
AABHO 3aTyXaloINX CUHYCOHWAAABHBIX CUTHAAOB,
Ka’KABIM CO CBOEU aMIIAUTYAOU U 4acToTou. [Tpnu
3TOM IIPEAIIOAAraeTCs, YTO UCCAepyeMasi CUCTeMa

AVHeapu30BaHa HWAM IIPOIECC KBa3WCTAI[MOHA-
peH B 0OAACTH HEKOTOPOTO KBA3UIIOCTOSTHHOTO

3.

CpeAHero 3HaueHUsl U AAMHA OKHA, ONPEAEASTIO-

IIero pa3MepHOCTh MaTPUIlLI Pa3BepTKH (KOC-

BEHHO — AU PepeHITUaAbHBIN TOPIAOK HUCCAEe-
AYEMON AMHAMWYECKOM CHCTEMBI), UMeeT OITHU-

MAABHO€E 3HAaUYeHHue.
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NAPAMETPbI TAFOBOU PEJ/IbCOBOW
CETU N YCTONYUBOCTb PABOTDI
MPUBOPOB BE3OMACHOCTMU

PeabcoBas ceThb Ha MaruCTPaAbHBIX KEAE3-
HBIX AOPOraX MCIIOAB3YETCS KaK AASL IIPOITycKa
OOpAaTHBIX TATOBBIX TOKOB, TaK U AAS IIPOITyCKa
CUTHAABHBIX TOKOB IPMUOOPOB 6€30I1aCHOCTH. JTa
CeThb SBASETCS XOPOIINM paCIpeAeAeHHBIM 3a-
3eMAUTEAEM, II03TOMY K Hel IIOAKAKOUYAIOTCS
Ieny 3a3€MAEHUS OIIOP KOHTAKTHOMN CETU U APY-
X KOHCTPYKIIUU. BAMgHNE TATOBBIX TOKOB M UX
rapMOHUK Ha CAA@OOTOYHHIE IIeIr TpruOOpPoB Oe30-
IIACHOCTU SIBASIETCS OAHUM U3 OCHOBHBIX (DAKTO-
POB, OIIPEAEASIONINX YCTOMYNBOCTb PYHKIMOHU-
pOBaHUA 3TUX NPUOOPOB. Hanpumep, Ha ceTu A0-
POT CTPaHBI IPOUCXOAUT B HACTOIIlee BpeMsd A0
1000 cboeB aBTOMATU4€CKON AOKOMOTHUBHOM CHUT-
Haanzanuu (AACH) B CyTKH, B 3TO KOAUYECTBO
pacTteT BTop Ha 4 — 5%. Hauboaee ocTpo 3Ta Ipo-
OAeMa CTOUT Ha y4acTKax >KeAe3HBIX AOpPOr C

AAEKTPOTATOU ITepeMeHHOr0 TOKaA.

CrerneHb BAUSTHUS OOPATHBIX TATOBBIX TOKOB
Ha IIpUOOPHI 6€30IIaCHOCTU 3aBUCHUT OT BEAUYU-
HBI UX aCUMMETPUHU ITIOA AOKOMOTHUBHBIMU ITPUEM-
HBIMU KaTymKaMu AACH, B ceKIusX OCHOBHBIX
O0OMOTOK APOCCEAb-TPAaHCHOPMATOPOB PEABCO-
BBIX Ilellel, pa3AeAeHHBIX U30AUPYIOUIUMU CThI-
KaM¥, U B PeAbCOBBIX HUTSAX B MeCTaX ITOAKAIOUE-
HUS K HUM alllapaTypbl TOHAABHBIX PEABCOBBIX
menen. 9Ta aCUMMETPHS B CBOIO OUepeAb 3aBUCUT
OT BEAUYMH IPOAOABHOU U ITOIIEPEYHOM aCUMMET-

PUU COIIPOTUBAEHUSI PEABCOBBIX AUHUU.
[TpopoABHAS aCUMMeTPUsI PeAbCOBOM AMHUU
MOSIBASIETCSI IIPY HEPABEHCTBE COIIPOTUBACHUN ee
PEABCOBBIX HUTEM, KOTA@ B HUX HEOAWHAKOBHI
CyMMapHble COIIPOTUBAEHUS TOKOIIPOBOASIINX
CTBIKOB U APOCCEABHBIX IlepeMblueK. [lomepeu-
Hasd aCHUMMETpHUsI PEeAbCOBOM AWHHWH, TO €CTh
aCUMMeTPHs COIPOTUBAEHUN ee PeAbCOBBIX HU-
Tel II0 OTHOLLIEHUIO K 3eMA€, II0IBAIETCS TaM, TAe
ONIOPBI KOHTAKTHOW CETU M APYTHE KOHCTPYKINHT

3a3eMASIOTCS Ha OAHY U3 PEABCOBBIX HUTEM.
[Tpm aHaAu3e BAUMSHUSA OOpPATHBIX TATOBBIX
TOKOB Ha NpPUOOPHI 0e30IIaCHOCTH PEABCOBEIE

HUTHU PEABCOBBIX AUHUM YAOOHO IIPEACTABASATH B
BUAE ABYX OAHOIIPOBOAHBIX SAEKTPUYECKUX AU-
HUMN PEAbCHl — 3eMAd. OTH AMHUU C paclipepe-
AEHHBIMU TapaMeTpaMu SBASIOTCS HEeAUHEWHDI-
MU M HEOAHOPOAHBIMU. HeAarHeMHOCTh onpepe-
ASIETCSI TeM, UTO CONPOTUBAEHUNE PEAbCOB 3aBU-
CHUT OT BeAUYUHBI TPOTEKAaIoIero B HUX Toka. He-
OAHOPOAHBIMU 3TU AMHUU IBASIOTCS IIOTOMY, 9YTO
CONPOTUBAEHUE PEABCOBBIX HUTEU CO COOPHBIMU
PEABCOBBIMU CTHIKAMM MEHSeTCSd II0 UX AAUHE
U3-3a Pa3AuuUUsd B IAEKTPUUECKUX COIPOTUBAE-
HUSX 3TUX CTHIKOB. COMPOTUBAEHUE PEABCOBBIX
HUTEM 10 OTHOIIIEHUIO K 3€MAE TOXKe U3MEHSIeTCs
KaK M3-3a Pa3AuuUsI HAEKTPOUBOASIIIMOHHBIX
CBOUCTB OaanracTa Mo UX AAMHE, TaK U U3-3a pas-
AWYUSA BXOAHBIX COITPOTUBAEHUM IeNel 3a3eMAe-
HHS OIIOP KOHTAKTHOMW CETH U APYTUX KOHCTPYK-
IIUH, MOAKAIOUAaeMbIX K peabcaM. CoOCTBeHHOe
COTIPOTUBAEHUE PEABCOB U OCOOEHHO UX COIPO-
THUBAEHME 10 OTHOIIEHUIO K 3€MAe U3MEeHSIOTCS
HanboAee 3aMeTHO NPU IIePEeXOAEe TeMIIEePATyPHhI
OKPY’KaIoIel CPEABI U3 IIAFOCOBOU 0OAACTH B MU-
HYCOBYIO.

M3meHeHUne TEpPBUYHBIX TapaMeTPOB OA-
HOIIPOBOAHBIX AUHUM PEABCHI — 3€MAS IPUBOAUT
K U3MEHEeHUIO U UX BTOPUYHLIX TapaMeTPOB - KO-
s PuUIMeHTa PaCIIPOCTPAHEHMS BOAHBI, BKAIOYA-
IOIIeTro B Ce0s1 KHAOMETPUUYECKUN KO3PPUITUEHT
3aTyXaHUsd U KUAOMEeTpUYeCKHUU Koa(unueHT
da3bl, a TakK)Ke BOAHOBOTO COTIPOTHUBAeHUS. [1pu
3TOM C POCTOM TArOBOTO TOKa yactorou 50 I'n B
peabcax oT 0 Ao 300 A BTOpUYHBIE TTapaMeTpPhl
paccMaTpUBaeMbIX OAHOITPOBOAHBIX AMHUU pac-
TyT B 1,24 — 1,27 pas.

[Mpu mpoTekaHuM TOKa IO IENU PEeAbC —
3eMAsl llepeMeHHOe MarHuTHOe IIoAe, oOpasye-
MOe BOKPYT Ka’KAON PeAbCOBOM HUTHU, HABOAUT B
cocepHel 1enu, oOpa3oBaHHOU BTOPOU PEABbCO-
BOU HUTHIO, IAEKTPOABVIKYIIYIO CUAY B3aUMOWH-
AyKIUM. B3auMHasgd MHAYKTUBHOCTh 3TUX Ilelleil
ABASIETCS KOMIIA€KCHOW BEAWYMHOW, MHUMas
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4acTh KOTOPOM OTpa’kaeT IOTepHu B 3eMAe. B pe-
3yAbTaTe YAEAbHOE COIIPOTHBAEHHE PEeAbCOBBIX
HUTEeN KaK 3AE€MEeHTOB OAHOIIPOBOAHBIX IIelel
PEeAbC — 3eMASl YBEAWYHBAETCS 110 CPABHEHUIO C
WX YAEABHBIM COIIPOTUBAEHUEM B PEALCOBOM I1€T-
Ae [1].

Pazanune B BeAMUYUHE IIOAHOTO YAEABHOTO
COTIPOTUBAEHUSI PEABCOBOM METAM C PeAbCaMu U
TSIKEAOTO ¥ AETKOT'O TUIIOB cocTaBAsieT 20-25% Ha
HU3KUX 9yacToTax 1 10-12% Ha BLICOKMX 4aCTOTaX.
ApryMeHT 3TOT'O COIIPOTUBAEHUS HU3MEHIeTCS B
3aBUCHMOCTH OT THUTIA PEABCOB B ITpeaerax 2°. Pas-
AWYYE B BEAWUWHE 3TOTO COMMPOTUBAEHUS TPU M3-
MEHEHUU TeMIlepaTyphl B Auana3zoHe ot + 50°C
A0 - 50°C TpOoSIBASIETCST TOKE OOABIIIE TTPU HU3KUX
yacToTax (A0 20%) 1 MeHBbIIIe IPU BEICOKUX 4aCTO-
Tax (9%). OOBsACHIETCSI 3TO TEM, YTO IIpU DOAee
BBICOKMX YaCTOTaX BHYTPEHHSS UHAYKTUBHOCTD
PEAbCOB, 3aBUCAIIAd OT YaCTOTHI TOKA, COCTABAI-
€T MEeHBIIIYI0O OTHOCUTEABHYIO YaCTh BO BCEU UH-

AYKTUBHOCTU PEABCOBOU IIETAU.

ARTUBHOE CONIPOTUBAEHNE PEABCOB 3aBUCUT
OT OTHOCUTEABLHOM MarHUTHOW MPOHUII@EMOCTH
PEeAbCOBOM CTaAu. B 30HAaX MaAOTO HACHIIEHUE
OTHOCHUTEABHAsd MarHUTHAS IPOHUIIAEMOCTH YBe-
AMYUBAETCS C POCTOM TOKA B PeAbCax, a IOCAe
AOCTVDKEHHUS MaKCUMyMa ITPU AAABHEHNIIIEM POCTe
TOKa yMeHbIaeTcsd. MakCuMyM OTHOCHUTEABHOU
MarHUTHOMN IIPOHUIIAEMOCTH COOTBETCTBYET Be-
AMUMHE TepeMeHHOoro ToKa yacToTou 50 't oT 450
A po 670 A B 3aBUCUMOCTU OT COPTa PEAbCOBOM
CTaAH, T. €. IIPU TOKE B OAHOU PEABCOBOU AMHUU
BeanmunHOM oT 900 po 1340 A [2]. Takue 3HaueHUS
TOKOB TIPEBBINIAIOT paboure TOKU B PEABCOBBIX

YMNPABJIEHVE B TEXHUHECKUX CUCTEMAX

HUTAX AdKe ITPU ABUKEHUU TAXKEAOBECHBIX IT10€e3-

AOB II0 TOPHBIM YYaCTKaM.

I'lo paHHEBIM [2] € pOCTOM IEPEMEHHOTO TATO-
BOI'O TOKA B peAbcax oT HyAsd A0 300 amIiep yAeAb-
HOe aKTUBHOE COIPOTHUBAEHNE PEABCOB PACTET B
1,6-1,8 pa3. OTHOCUTEABHAsd MArHUTHAs IIPOHU-
11aeMOCTb MaTepuaAd peAbCca 3aBUCUT OT Hallpsi-
SKEeHHOCTH IIOASl Ha ero II0OBEPXHOCTHU. Y OoAee Ts-
SKeABIX PEABCOB ITIEPUMETP CeUYeHUS OOABIIIE, IT03-
TOMY YBEAWUYEHUe TATOBOTO TOKa B HHUX MeHbIlle
CKa3bIBaeTCd Ha POCTe aKTUBHOI'O COIIPOTHUBAE-
HUS peAbCcOB. CUMTAETCS, UTO BHYTPEHHAI NUHAYK-
TUBHOCTb COIIPOTUBAEHHUS PEABCOB COCTABASET
75% OT X aKTUBHOTO collpoTuBAeHMI. CAaep0Ba-
TEABHO, C POCTOM aKTHUBHOI'O COIIPOTHUBAEHUS
PEAbBCOB IPUMEPHO B TAKOM >Ke IIPOITOPIIUM pac-

TEeT U TOAHOE UX COTPOTUBAEHUE.

M cocraBadgiomias yAEABHOTO COIPOTUBAE-
HHE PEeABbCOB, M COCTaBASIIONIAs YAEABHOTO CO-
IIPOTUBAEHUS IIeIId PEAbC — 3€MAS, OIIpeAeAsie-
Masi B3aMMHOU WHAYKTUBHOCTBIO C APYTOH, ma-
PaAAAEABHOM I[eIIbI0 PEABC — 3eMAS, UMEIOT WH-
AYKTHUBHBIM XapakTep. [ToaToMy ¢ pocToM 4acTo-
TBI IEPEMEHHOTO TSITOBOTO TOKa WAU €ro TrapMo-
HUK YAEABHOE COIIPOTUBAEHNE PEALCOBBIX HUTEH

pacrer.
ConpOTUBAEHUE PEALCOBBIX HUTEU YBEAU-
YUBAETCS 3@ CUET COIMPOTUBACHUMN TOKOIIPOBOAS-
IIUX CTBIKOB. B cooTBeTcTBMM C TpebGOBaHUSIMU
I'OCT 9.602-2005 compOTUBAEHNSI TOKOIIPOBOAS-
IIIUX CTBIKOB HE AOAJKHBI YBEAMYUBATH COTPOTUB-
A€HHEe DPEeAbCOBOM HUTH OOAblle, yeM Ha 20%.
HM3MepeHUs: B 9KCIAYaTaITUOHHBIX YCAOBUSX I10-
Ka3zaam, 4To Hauboaee BepOSITHOE yBeAndeHUe
COTIIPOTUBAECHUSI PEABCOBOU HUTH 3a
CUeT COIPOTUBAEHUS TOKOIIPOBOAS-

HIUX CTHIKOB cocTaBasieT 10 % .

Zra, A A 0} 0
Ontat 7 XapakTep BBIUUCAEHHBIX C yue-
20 P TOM OTMEUEeHHOTO U AQHHEIX |1, 2] 3a-
2 BUCUMOCTEH OT YaCTOTHI TOKA 3HaUe-
16 80 HUU MOAYASL Z,, U AQpPTyMEHTa YAEAb-
// /// HOTO COINPOTUBAEHUS PEAbCOBOU
12 P> 7 78 HUTU C peAbcaMu Tuna P65 mpu BeAn-
/ <] YMHE TSITOBOTO TOKA W €TI0 TapMOHUK
76
8 //’ 1 20 100 A BupeH us puc. 1.

4 ol 74 YaeAbHOE COTIPOTUBAEHUE PEeAb-
I L~ COBBIX HUTEMH 10 OTHOIIIEHUTO K 3€MAE

L
> usmensiercss or 0,5 po 18,0 OM « KM.
0 100 200 300 400 500 600 700 800 900 1000 7, Tu BxoaHBIE COTTPOTUBACHUS WHAUBUAY-

Puc. 1. 3aBuUCUMOCTH MOAYAS 1 aPryMeHTd COIIPOTUBAEHUS PEAb-

COBOM HUTHU OT 4YaCTOTHI TOKA B HEM.

AABHBIX Ilelled 3a3€MAEHMS Ha PeAb-
CBI OIIOP KOHTAKTHOW CeTH U APYTUX
KOHCTPYKIIUM AOAJKHBI OBITH He
Mensbllle 100 Om no ycaoBussM obec-
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[IeYeHUS BEIIIOAHEHHS IITYHTOBOT'O U KOHTPOABHO-
rO PEeXUMOB pPeAbCOBBIX Ilenen [3]. Ilpu sTom
YAEABHOE COIIPOTHBAEHHE BCeX Ilellel 3a3eMAe-
HUs, IPUCOEANHSIEMBIX K PEABCAM B IIPEAEAAX OA-
HOTO KMAOMETpPA IIYTH, AOAKHO OBITh HE MEHBbIIIe
6,0 OM *KM, T.e. Ha 1 KM IIyTH AOIIYCKAETCH IIOA-
KAIOUaTh HaTAyXO0 K peAabcaM He Ooablle 16-17 3a-
3eMASIOIIUX YCTPOUCTB, UMEIOIIUX COIIPOTUBAE-
HUe B [ell 3a3€eMAEHUS AN CUTHAABHOTO TOKA
ooablize 100 OM [4]. DTy HOPMY MO>KHO IPUHATE U

MAST TSITOBOTO TOKA, ¥ €Tr0 TAPMOHUK.

CAepyeT OTMETHUTh, YTO KOHTPOABHBIE U3Me-
PeHUs COMPOTUBAEHUS PACCMaTPUBAaEMbBIX ITeTIel
3a3eMAEHUsT U3-3a AOCTATOYHO OOABIION TPYAO-
€MKOCTU 3TUX PabOT MPOBOASTCS B HACTOSIIEe
BpeMs OAMH pa3 B 9 AeT. 3a TaKOM OOABIIION CPOK
BEAWYNHA AQHHBIX COITPOTUBAEHUM MOJKET CTaTh
B HECKOABKO pa3 MeHbIIle HOPMBI, YTO OTPHUIIa-
TEeABHO CKa3bIBaeTCsd Ha YCTOWYMBOCTH PaOOTHI

PEABCOBEIX Ileneil B ycTpoucTB AACH.

[TepeMeHHBIU TATOBBIN TOK CTEKAET U3 PEAb-
COB B 3eMAIO. [ToaTOMYy ero BeAm4yrHa B peAbcax
II0 Mepe YAQAEHUS OT DAeKTPOBO30B, HAXOAAIINX-
cs B paboueM pe’KuMe, YMEeHBIIaeTCs 110 3KCIIO-
HEeHTe WAM IO 3aBUCUMOCTH, OAM3KOM K DKCIIO-
HeHTe. C pOCTOM COIIPOTUBAEHUS PEABCOBBIX HU-
Tell UHTEHCUBHOCTHL CTEKaHUsd TITOBOTO TOKA B
3eMAIO pacteT. Ha ydacTkax, oOOpyAOBaHHBIX
PEABCOBBEIMU [ENIMU C APOCCEAb-TPaHcdOpMa-
TOpaMM, COIPOTUBAEHUS OCHOBHBIX OOMOTOK
3TUX APOCCEAb-TPAHC(POPMATOPOB YBEAWUNBAIOT
MIPOAOABHOE COIPOTUBAEHNE PEALCOBBIX HUTEH,
OTYEero CTeKaHUue TATOBBIX TOKOB U UX TAPMOHUK
13 PEABCOB B 3€MAIO YCUAMBAETCH.

XapakTep BAUSIHUSA COIIPOTUBAEHUSI OOMO-
TOK APOCCeAb-TPaHC(OPMaTOPOB, yCTaHaBAUBae-

»>

Ir() Iy A

MBIX BO3A€ U30AUPYIOIIUX CTHIKOB, @ TaKKe CO-
NIPOTUBAEHUU Iellel 3a3€MAEHUSI ONOp KOHTAK-
THOU CeTH U APYI'MX KOHCTPYKLMU, IIOAKAIOUae-
MBIX K peAbcaM, Ha UHTEHCUBHOCTH CTEKaHMUS B
3eMAIO TITOBOTO TOKa dacTtoTou 50 I'm BuaeH u3
rpacpukoB Ha puc. 2. 'padpuKu OTHOIIIEHUS BEAU-
YUHBI TATOBOT'O TOKA B peAbcoBolM HuUTHU [.(I) Ha
pacCcTogHuU ] OT HyA€BOM TOYKU K BeANYHHE TOKA
B HayaAe PeAbLCOBOM AMHUHU [ C peAbcaMy THIIA
P65 mocTpoeHbI AAST PEABCOBLIX ITellel AAMHOM 1,5
KM TIPpU YAEABHOM COIPOTUBAEHUM PEABCOBBIX
HUTEU OTHOCUTEABHO 3eMAU, paBHOM 0,5 OM * KM.
3a HyA€BYIO OTMETKY Ha I'paduKax IPUHATO MeC-
TO BTEKAHUS B PEABCHI TATOBOTO TOKA 9A€KTPOBO-
3a.

Kpusas 1 mokaseiBaeT CTelleHb YMEHBIIIEHU
BEAWYUHEBI TATOBOTO TOKA IO AAMHE PEAbCOBOM
HUTH, KOTAQ BAUSHIEM OOMOTOK APOCCEAb-TPAHC-
dopMaTOPOB MOJKHO IIpeHeOpedb. DTO CIPaBeA-
AMBO AAS PEABCOBBIX Ifelel 0e3 M30AMPYIOIINX
CTBIKOB, UAM KOTAQ TATOBBIN TOK B BEIXOAHOM AAS
TATOBOTO TOKA KOHIIE PEABCOBOM HUTHU HACTOABKO
MaA, 4TO OTPa’KeHHOM OT HECOTAACOBAHHOM Ha-

I'Py3KH BOAHOM TOKa MOKHO IIpeHeOpeysb.
YBeAuueHue TPOAOABHOTO CONPOTUBAEHUS
PEAbCOBOM HUTHU 3a CUET COIIPOTUBAEHUN OCHOB-
HBIX OOMOTOK APOCCEABL-TPaHCPOPMATOPOB BHI-
3bIBaeT DOAee OBICTPOe CTeKaHUe TATOBOTO TOKA B
3eMAIO, UTO BUAHO U3 KPUBOM 2, TOCTPOEHHOU AAS
Apocceab-TpaHchopmaTopoB Tuma AT-1-150 uau
AT-1-300. A ecAr IpU 3TOM YMEHBIIIAETCS COIIPO-
TUBAEHUNE PEAbCOBBLIX HUTEU OTHOCUTEABHO 3eM-
AU 3@ CUeT I1elel 3a3eMAeHUs Ha PeAbChl pa3AUy-
HBIX KOHCTPYKILUM, TO TATOBEIM TOK CTeKaeT B
3eMAIO elrle ObIcTpee. DTO BUAHO IT0 KPUBOU 3, TI0-
AY4YEeHHOHN IIpM CPeAHEM COIIPOTUB-
AEHUMU 1leTied 3a3eMAEHUS Ha PEABCHI
OTIOP KOHTAKTHOM CEeTH, PaBHOM 58

OwmM.

Kpusele 4 u 5 Ha puc. 2 moctpoe-

0.8

HBl AAS TPEThEU U CEeABMOU TapMo-

HUK TSATOBOT'O TOKA IIPXU YCAOBHH, 9TO

0.6
N\

OOMOTKHM APOCCeAb-TpaHcdopMaTo-

v

POB He BAUAIOT Ha YCAOBUS pacCTeKa-

0.4
N

HWA 110 peABCOBOﬁ CeTHu 3TUX rapMmo-

<

HUK U K PacCMaTPUBaeMOU PEAbCO-

~J
02 ~]

BOY HUTH 3a3€MASIOIINE YCTPOUCTBA

——t

—S—

———]

. He ITIOAKAIOYAIOTCA. BI/IAHO, 9TO POCT

0 0,3 0,6 0,9 1.2

1,5

>

[,kM  9aCTOTHI TapMOHUWKU TATOBOT'O TOKa
YCKOp4AeT CTeKaHue 'rapMOHNYeCKUX

Puc. 2. 3aBUCUMOCTh OTHOCUTEABHOM BEAUYHHBI TATOBOTO TOKAa B

peABCOBOfI HUTH OT PACCTOSAHUS A0 TOYKHU €ro BTEKAHUS B PEABCHI.

COCTABAAIOIINX M3 PEABCOB B 3€MAIO.
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PaccrosHme, Ha KOTOPOM TSTOBBIN TOK 4aCTO-
To1 50 ['1] B peAbCOBOM HUTH C peAbcaMy Tuna P65
IIPY CONIPOTUBAEHUU PEABCOB IO OTHOIIEHUIO K
3eMae 0,5 OM * KM ymeHbl1aeTcs B 10 pas3, paBHO:
- 1,98 KM AAT PEABCOBOM HUTH, €CAM K HEl 3a-
3eMASIOIINEe YCTPOUCTBA He IIOAKAIOUAIOTCS;
- 1,83 AAS pEABCOBOM HUTH, €CAU K HEU 3a-
3eMASIONIHAE YCTPONUCTBA TIOAKAIOUEHEI, B PE3YAb-
TaTe Yero rnornepeyvyHasi aCUMMeTPHsI COITPOTUBAE-

HUSI PEABCOBOU AMHUU CTaAd paBHOU 4%:

- 1,4 AAS peABCOBOM HUTH, PAa3AEA€HHOU ye-
pe3 1,5 KM H30AUPYIOIUMHU CTBIKAMU C APOC-
ceab-TpaHcopmaTropamu TunoB AT-1-150 uam
AT-1-300.

DTO pacCcTosiHuEe B peAbCOBOM HUTH, KOTAAQ Ha
YCAOBHSI PACTEKaHMS TSATOBOTO TOKA HE BAUSIOT
HU 3a3eMASIONINe YCTPOMCTBE, HHU  ApOC-
CeAb-TpaHCc(OPMATOPH], paBHO 1,2 KM AAS TPETh-
et rapmoHuKku yactorou 150 T'it m 0,81 KM Ans
cepbMOM rapMOHUKM yacToTou 350 I,

W3 puc. 2 BUAHO, YTO TATOBBIU TOK B CEKIIMSAX
OCHOBHOM OOMOTKH APOCCeAb-TpaHcdopMaTopa
Ha BXOAHOM KOHIIe PEABCOBOM IIeIIH, CACAYIOIIEN
IO XOAY 3@ TOM, IT0 KOTOPOU ABUYKETCS TOAOBHOM
9AEKTPOBO3 MOE3Aa, PacTeT 10 Mepe TPUOAMIKe-
HU{ 110€3Aa K BXOAHOMY KOHILY 3TOM PeAbCOBOM
Lleny, T.e. II0 Mepe YMeHbIIeHUsI PacCTOSHUs 1.
OTO IPUBOAUT K POCTY MEIIAIOIero BAUSHUSA 00-
PaATHOTIO TSATOBOI'O TOKA Ha allllapaTypy PeAbCOo-
BOU IIeIIH, OIIPEAEASAIONIYIO [TIOKA3aHUA CBeTO(O-

pPa, K KOTOPOMY ABUIKETCS TIOE3A.,

AAST KOAMYECTBEHHOTO aHaAM3a OCOOEeHHOC-
Ter pacTeKaHUS ITePeMeHHOTO TITOBOTO TOKAa 110
PEeAbCOBOM CETH MOYKHO MCITOAB30BaTh MOAEAH Ha
0a3ze TeopUH YEeTHIPEXTTOAIOCHUKOB UAW ABYXIIO-
AIOCHUKOB C ACTHUYHOM (IlemHOM) cxeMou [9].
[Mo pe3yabTaTaM MOAEAMPOBAHMS C UCIIOAB30BA-
HUEeM TeOPUU YeTHIPEXTIOAFOCHUKOB HAaA€HO, UYTO
OCHOBHasI YaCThb TITOBOTO TOKA (A0 85% 1 60Aee) B
IMEPETOHHBIX  PEABCOBBIX IelsgxX C  ApOC-
ceAb-TpaHCcOPMAaTOpaMu MPU YAEABHBIX COIIPO-
TUBAEHUSX ITEPEXOAOB PEABCHI — 3€MAS, OAM3-
KHMX K eT0 MUHMMaAbHOMY 3HaueHuto 0,5 OM ¢ KM,
CTeKaeT B 3eMAIO 110 AAMHE TOM PeAbCOBOM ITeITH,
Ha KOTOPYIO BCTyIaeT TOAOBHOM 9AEKTPOBO3 I0O-
e3pa. CaepOBaTEABHO, B A€THEE BpeMs OOpaTHBIN
TATOBBLIM TOK HauboAee CUABLHO BAUSET Ha arllla-
patypy AACH u annapaTtypy nepBoi CBOOOAHOM
BIIEPEAU TI0 XOAY TT0e3Aa PeAbCOBOM menu. B rop-
AOBHWHAX CTAHITUH, TA€ AAWHA MHOTUX PEABCOBBIX
nenel oO0bIYHO He mpeBbiliaeT 200 — 350 M, aTO

YMNPABJIEHVE B TEXHUHECKUX CUCTEMAX

MeInaollee BAUSHUE MOXKeT OBITh CYIIeCTBeH-
HBIM B HECKOABKHUX PEABCOBBIX IIIIAX, TPUMBIKA-
IOIUX BIIEPEAU TI0 XOAY TT0e3Aa K TOU, B PeAbCO-
BYIO AMHHIO KOTOPOU BTEKAET TSATOBBIN TOK IAEK-

TPOBO3a.

BEIXOAOM M3 pPEABCOBOU LU A YTEKaro-
IIIero BIIEpeA 0 peAbcaM TATOBOTO TOKAa IBASIETCS
CpepHsSs TOYKA OCHOBHOM OOMOTKU ApPOC-
CceAb-TpaHcOpPMaToOpa, yCTAHOBAEHHOI'O Ha 3TOM
KoOHIle. CONIPOTUBAEHUS CEKLIUW OCHOBHOU OO0-
MOTKM TaKOT'O ApOCCeAb-TpaHcopMaTopa Urpa-
IOT POAb OAQAAACTHBIX COIIPOTMBAEHUU, 3@ CUET
Yero TOKU B PEAbCOBBIX HUTIX Ha BBIXOAHOM KOH-
I1e PeAbCOBOU IIeTIU B OIIPEAEAEHHOU CTEII€HU BhI-
paBHUBAIOTCI. B TO Xe BpeMs acUMMeTpPHUS CO-
MIPOTUBAEHUM APOCCEABHBIX IIepeMbIueK, C TIO-
MOIIIBIO KOTOPBIX CEKIIMU OCHOBHBIX OOMOTOK
IIOAKAIOYAIOTCS K PeAbCcaM, MOJKeT YBEeANUYNBaTh

aCUMMETPHUIO 3TUX BXOAHBIX COTTPOTUBAECHUM.
CpeaHsisi TOYKa OCHOBHOM OOMOTKU APOC-
ceAb-TpaHchOpMaTopa, YCTAaHOBAEHHOTO  Ha
BXOAHOM KOHIIE PEABCOBOU TeNH, SBASIETCS Ha-
YaABHOM TOYKOMW pPacTeKaHUs IO PEeAbCOBBIM HHU-
TSIM OOPATHOTO TATOBOTO TOKA. ACUMMETPHS TSITO-
BOTO TOKA B CEKITUSIX 3TOTO APOCCEAb-TpaHCchOop-
MaTOopa OKa3bIBaeT Mellaolnee BAUSHYE Ha allTia-
paTypy peAbCcoBOM Ilenn Ha 3ToM KoHIle. Compo-
THUBAEHUS CEKITUM OCHOBHBIX OOMOTOK B OTIpeAe-
AEHHOU CTelleHU BBIPaBHUBAIOT BXOAHBIE COIPO-
TUBAEHUS PEABLCOBBIX HUTEU AASI TITOBOTO TOKQ,
pacTeKaroIierocss U3 ApPOCCeAb-TpaHcOopMaTo-
pa, AO MOMeHTa BCTYIIA€HUS Ha PEAbCOBYIO Ilellb
9AEKTPOBO3a. [locae BCTYyTIAEHUS SAEKTPOBO3a Ha
PEABCOBYIO IIellb APOCCEeAb-TpaHC(OpMaTOp Ha
BXOAHOM €€ KOHIIe IIYHTUPYeTCs KOAeCHBIMH I1a-
pamu. [ToaTOMy COTpPOTHMBAEHWE OCHOBHOU 00-
MOTKH PaccMaTPUBAaEeMOTO APOCCEAb-TpaHChOop-
MaTOpa HMKaK He BAMSET Ha CTelleHb Mellarole-
T'O BAUSTHUST OOPATHBIX TATOBBIX TOKOB HA AOKOMO-

THUBHYIO annaparypy AACH.

[MoprAtOueHUE K OAHOU U3 PEABCOBBIX HUTEU
Imenel 3a3eMAFIOIMUX YCTPOMCTB BBI3BIBAET
YMeHBbIIIeHNe COIPOTHUBACHUS 3TOM PEABCOBOU
HUTH TI0 OTHOIIEHUIO K 3€MAe W yMeHbIIeHUe
BXOAHBIX COTPOTUBAEHUMN AAS TSATOBBIX TOKOB,
BTEKAIOIINX B HEE OT IAEKTPOBO3a UAU U3 CEKITUU
OCHOBHBIX OOMOTOK APOCCEeAb-TpaHCcHOpMaTo-
poOB. B pe3yabTaTe pacTeT BEeAWYMHA TOKQ, BTEKa-
IOIIETO B 3TY PEABCOBYIO HUTh, M YBEAUUMBAETCH
ACMMMETPUS TATOBBIX TOKOB U B PEAbCAX IOA Ka-
TymkaMu AACH, u B ceKIJusgX OCHOBHBIX 0OMO-

COBpeMeHHbIe TexHonormn. CucteMHbiii aHanuns. MOHeﬂMPOBaHVIe

143




I

WPKYTCKWIM FTOCYOAPCTBEHHbINA YHUBEPCUTET MYTEN COOBLLEHMA

AL

e, VT

V4 BY O A

0OMOTOK ApOCCeAb-TpaHcdopMa-
TOPOB, TIOAKAIOUEHHBIX B KOHIIE
PEeAbCOBOM TIelH, UMeeT BHUA, TTOKa-

A 0
®,

1,75

70 3aHHBINA HA puc. 3. ['paduKu moAy-

A

YeHBI AAS PEABLCOBBIX Ileled AAU-
HOM 1,5 KM IpU TATOBOM TOKE 4Yac-

1,25 /
/

50
toTot 50 I't], peabcax Tuma P65 u

YACABHOM HX COIIPpOTHUBACHUU II0

0,75

1
LA/
Jé/fl
_—-—‘i

30 oTHoOIIeHMIO K 3eMAe 0,5 OM * KM.

KpuBag 1 moka3biBaeT, Kak U3-

MeHs1eTCAd MOAYABL BXOAHOI'O COIIPO-

0,25

10
THUBAECHUA ANA TATOBOI'O TOKA YaCTO-

0 0,3 0,6 0,9 1,2

Puc. 3. XapakTrep nu3MeHeHUs 10 AAMHE PEAbCOBOM IIeI MOAYAS U
apryMeHTa BXOAHBIX CONPOTUBAEHUI PEAbCOBBIX HUTEH B PEABCO-

BbIX IIeIdax C ApOCCQAB-TpaHCd)OpMaTOpaMI/I.

TOK ApOCCeAb-TpaHchopMaTOpoB. Kak carepcTBUE
3TOT'0 PACTET YPOBEHBb ITOMEX OT OOPATHBIX TATO-
BBIX TOKOB Ha AOKOMOTHBHYIO annaparypy AACH
Y Ha allapaTypy PeAbCOBBIX Iemel, TOAKAIOUEH-
HBIX K AOIOAHUTEABHBIM 0OMOTKaM ApocC-
CeAb-TpaHC(hOPMaTOPOB.

Ho TaroBeili TOK U cTeKaeT UHTEeHCUBHEE U3
PEeAbCOBOUM HUTH, K KOTOPOU MTOAKAIOUEHBI e
3a3eMAeHUs1. B pe3yabTaTe B CEKITUSAX OCHOBHBIX
0OMOTOK APOCCEAB-TPAaHCPOPMATOPOB, YCTAHOB-
AE€HHBIX HA BBIXOAHBIX AAA TATOBOT'O TOKA KOHIIAX
PEAbCOBBIX TIeTled, aCUMMeTPUs TATOBOTO TOKa
MOJXXEeT OTCYTCTBOBATL UAU TSITOBBIM TOK MOJKET
AasKe TPeobAAAATh B CEKITUU, MTOAKAIOUEHHOU K
PEAbCOBOM HUTH, HE COEAUHSIEMOU C HEeIsIMU 3a-

3eMAEHUS.

AcuMMeTpus TITOBBIX TOKOB B PEABCOBBIX
HUTAX oA Karymkamu AACH paBHa acummer-
PUU BXOAHBIX COITPOTUBACHUM AASI OTUX TOKOB OT-
PE3KOB PEAbCOBBIX HUTEH, AeKAIUX Mepep To-
AOBHBIM SAEKTPOBO30M TT0e3Aa. DTU BXOAHBIE CO-
IIPOTUBAEHUST SIBASIOTCS (PYHKIIUSIMH IIPOAOAB-
HBIX U TTOTIEPEYHBIX COMPOTUBAEHUMN PEABCOBBIX
HUTEN. B peAbCOBBIX TEIISIX, pa3AeAsIeMbIX N30AU-
PYIOIIUMU CTBIKaMU C APOCCeAb-TpaHCc(OopMaTo-
paMu, AaHHBIE COTTPOTUBAEHUS STBASIOTCS TaKyKe
PYHKIIUSMH PACCTOSTHUS AO CpeAHed TOUYKU
OCHOBHOUM OOMOTKHU APOCCEAb-TPaHCHOPMATOPa,

MMOAKAIOUEHHOTO B KOHIIE 3TOU PEABCOBOU ITEIH.
XapakTep W3MeHEeHUs BXOAHBIX COIPOTUB-
AE€HUU II0 AAVHE PEABCOBBIX HUTEHN Z,, B PEABCO-
BBIX IETISIX, BEIXOAHBIM KOHITOM KOTOPHIX TIO TSTO-
BOMY TOKY SIBASIIOTCSI CPEAHME TOYKU OCHOBHBIX

> Tout 50 I'1l 1o AAMHE pPEeAbCOBOM
kM  HWTH, B KOTOPOH 3a3eMASIOIIUe
YCTPOMCTBA K PeAbCaM He IIOAKAFO-
YaloTCsI, @ MO0 KOHIaM PeAbCOBOM
Llell¥ BO3Ae HU30AMPYIOIIUX CTHIKOB
CTOSIT APOCCEAL-TPaHCPOPMATOPHI
AT-1-150 uau AT-1-300. KpuBast 2 moKa3biBaeT
XapakTep HM3MeHeHUSI MOAYAS BXOAHOI'O COIIPO-
TUBAEHUS AASI TITOBOTO TOKa B TOM Ke peAbCOBOM
ey, HO AAS BTOPOUM PEABCOBOU HUTH, K KOTOPOU
MTOAKAIOUEHBI ITeNMd 3a3eMAEHUS OIOp KOHTaK-
THOM CETU CO CPEeAHUM CONpOTUuBAeHUEeM 58 Om.
BxoaHBIe COTTPOTUBAEHUS PEABCOBBIX HUTEM AAS
TATOBOTO TOKA PACTyT 110 Mepe IIPUOAUSKeHUS I'o-
AOBHOTO 3A€KTPOBO3a K BEIXOAHOMY KOHITY PEeAb-
COBOM 11emnu. Pa3zAuuns B BeAUYMHAX 3TUX BXOA-
HBIX COIIPOTUBAEHUY OIIPEAEASIOT yPOBEHb ACUM-
METPUHU TITOBOTO TOKa B PEABCOBOM AMHUU TIOA

1,5

>

Katymkamu AACH.

ApryMeHTBI BXOAHBIX COITPOTUBACHUU PEAb-
COBBIX HUTEN MaAO 3aBUCSIT OT BEAUUYMHBI UX CO-
IIPOTUBAEHUS 110 OTHOIIIEHUIO K 3eMA€E B BLIOPaH-
HOM TOYKe PEeAbCOBOU Ilenu. XapaKTep U3MeHe-
HUS apryMeHTa BXOAHBIX COIPOTUBAEHUM pEeAb-
COBBIX HUTEY 110 AAMHE PEABCOBOM IIeIIU AASL pac-

CMAaTpKUBAaeMOI'O CAydasi UMeeT BUA KpHBOﬁ 3.
MOAeAI/IpOBdHI/Ie IIOKA3adA0, YTO KOAMYECTBO
AeKallluX BIIepeAr PEeAbCOBBIX ueneﬁ IIpu He-
OOABIIIITX YAEABHBIX COIIPOTHUBACHUNAX MEXAY
peABCOBOﬂ HUTBIO U 3eMAel MaAO CKal3bIBaeTCs
Ha BeAWMYMHE BXOAHBIX COHpOTI/IBAeHI/Iﬂ PeAbCOo-
BBIX HHUTEH B PEeABCOBEIX IHellsdX C  ApOocC-

ceAb-TpaHCc(OpMaTOPaMU.

Takum o6pa3oM, HaAeHbI KOAMYECTBEHHBIE
3aBUCHUMOCTH MEKAY IlapaMeTpaMu OAHOIIPOBOA-
HBIX AMHUH PEeABChI — 3€MAd U CTeIIeHbIO Mellla-
IOIIero BAUWYGHHUA TATI'OBBIX TOKOB B peALCOBOI;II
CeTHU Ha IpUOOpHI 6€30MaCHOCTH.
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K BblbOPY YNCJIEHHbIX AJITOPUTMOB
OMPEAENEHUA OOCTATOYHOCTMU
APMNPOBAHUA XXEJIE3OBETOHHbIX
KOMMNMO3UTOB B YCJTOBUAX
OVNCKPETHbIX MOOEJIEU

ITpu pacuere >Xere300€TOHHBIX KOHCTPYK-
WM CylLIeCTByeT HeOOXOAMMOCTH OIIpEeAeAeHUs
KOAMYECTBA apMaTyphl U ee pPacloAO’KeHHe, 00-
eclleuynBarolyie HeOOXOAUMEIE YCAOBUS DKCIIAYa-
TalluU 3AAHUU U COOPY KEeHUU.

B HacToglee BpeMsl IPUHATA CAEAYIOIas
TEXHOAOTHUSI pacyeTa KeAae300eTOHHBIX KO-
HCTPYKIUM. MI3HaUaAbHO MaTepUaA COOPY KeHUs
CYUTAETCSI U30TPOITHBLIM, CIIOCOOHBIM PabOTaTh
Ha C’KaTue U pacTsakeHue. [Ipy 3TOM HCIOAB3Y-
IOTCS KaK AMHEeMHbIe, TaK U HeAnHeMHble MOAEAH.
B pe3yabTaTe pacueTa COOpPYy>KeHUSI C UCTTOAB30-
BaHMWEM AOIYIIIEHHOTO IIPEAIIOAOSKEHUSI OIIpeAe-
ASIOTCS YCUAUS HANPSKEHUM U AedOpMalluil B
9AeMEeHTaX KOHCTPYKIIUU. Aaree 10 HaUACHHBIM
HaNpsOoKeHUIM U AeOpMallusaM OMPEAEASIeTCS
HeoOXOAUMOe KOAMYECTBO apMATypPHhI U CITOCO0 ee
PacIoAOKeHUs, 00eCIedyuBaroliuii HOPMaTUB-
HBIE YCAOBUS 9KCIIAyaTaIuH.

[Tpomepypa onpepereHUsT TapaMeTPOB ap-
MaTypbl Ha3bIBAeTCSI KOHCTPYKTUBHBLIM PacueToM
U UCIIOAB3YeT B CBOEM OCHOBE HECKOABKO pa3pe-
AOB MEXaHUKU: TEOPUIO KOMIIO3UITMOHHBIX MaTe-
PHUAAOB, TEOPUIO MPEAEABHOT'O COCTOSIHUS U TEO-
puto paspyuenuti [1,2,3,4]. Ha ocHOBe 3TuUX Teo-

peTudyecKux pas3paboTOK B CepejplHe U KOHIle
ABAALIATOTO CTOAETUS pa3paboTaHa TeopHUsl pac-
yeTa jKeAe300eTOHA, MMO3BOASIOIIAACSI C HEKOTO-
PO CTelleHbIO AOCTOBEPHOCTH OTBETUTH Ha BOII-
POC O AOCTAaTOYHOCTHU apMaTypPHOTro o0eclleueHns
MM COXpaHEHMd JKCIAYATAIlMOHHBIX CBOUCTB U
HaAEKHOCTHU COOpPY’KeHud [3, 4] npu 3apaHHBIX
rapaMeTpax Halps>KeHHO-Ae(OpMUPOBAHHOTO
COCTOSIHUS 3A€MeHTOB KOHCTPYKIUM.

KoHCTpyKIIMKM COOpPY’KEHUsS, B IIOAABASIO-
uieM OOABLIMHCTBE, IIPEACTABASIOT COOOU 4ypes-
BBIYAMHO PAa3HOPOAHBIE BA€MEeHTHl, OTAUYAIOIU-
ecsd pa3MepaMM, MeXaHWYeCKHMU CBOMCTBAMY,
criocobaMM MOAEAWPOBAHUS U COEAWHEHUs, a
paccuuTbeIiBaeMasi 00AaCTb UMeeT CAOKHBIE U pas-
HOpPOAHBIE TpPAHUIBI OOAacTer. OTU OOCTOAT-
E€ABCTBA OIIPEAEASTIOT CIIOCOOBI HH>KEHEPHOTO
aHaAM3a U pacuyeToB HANPSyKeHHO-AeDOPMUPO-
BAHHOTO COCTOSTHUSI KOHCTPYKIUN COOPY KeHUM
IPYU PA3AMYHBIX HOPMATUBHO OOYCAOBAEHHBIX
COUETAHUSIX HArpy30K; PacyeThl BLIIIOAHSIOTCS
IIpX IIOMOIY KOMIIBIOTEPA C MCIOAB30BaHUEM
CIIeIIMaAN3UPOBAHHBIX MPOTPAMMHBIX CPEACTB,
PEearn3yIoIINX YUCACHHBIE METOABI, OCHOBAHHBIE
Ha AUCKpeTH3alluy KOHCTPYKIUM.
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Mo>kHO Ha3BaTh HEMHOTOUUCAEHHBIE TPO-
IrpaMMHBIE IIPOAYKTEI, IPUMEHSIEeMBIEe B pacueTax
CTPOUTEABHBIX COOPYKEHUU 1 UMeIolIie OTeuec-
TBEHHYIO HOpPMaTHUBHYIO 0a3y. Bce OHU MCTTOAB3Y-
IOT MEeTOA KOHEYHOT'O 3AeMeHTa, B KOTOPOM HC-
XOAHBIE YPaBHEHUS MaTeMaTU4eCKON (PUu3uKu
CBOASTCSA B IIPOIlecce pellleHus K CUCTeMe AUHeN-
HBIX pa3peniarolux YpaBHEHUM, COCTaBAEHHBIX
OTHOCUTEABHO KOHEUHOTO YHCAA TOUEK, AUCKpe-
TU3UPYIOLUINX PAacCUUTHEIBaeMble 00OAACTU OOBEK-
TOB.

Crnenudurka KOHEUHOIAEMEHTHBIX METOAOB
pacueTa HaIPSKEeHHO-AePOPMUPOBAHHOTO CO-
CTOSAHUS HaKAAABIBaeT HEKOTOpPBLIe YCAOBUS Ha
AATOPHUTM ITOCAEAVIOIEr0 KOHCTPYKTUBHOTO pac-
yeTa U ero IPOrpaMMHYIO peaAmr3aliuio, a UMeH-
HO.

1.MeTopaVKa KOHCTPYKTUBHOI'O pacueTra AOA-
>KHA OBITH OPMEHTHPOBAHA Ha apMaTypHoe obec-
rneuyeHre KOHEYHOTO 3AeMEeHTa, MUHUMAaAbHBIM
00pa3oM MCIIOAB3YS CBOUCTBA U CHEINPUKY aH-
CaMOASI OKPYKAIOIUX €TI0 SAEeMEHTOB.

2.MeToauKa pacueTa AOAKHA OBITH B AOCTa-
TOUYHOM Mepe 00OCHOBaHa OOUIMPHOM 3KCIIEPU-
MEeHTaAbLHOM 0a30l1 Teopun Keae300eToHa, KOTO-
past AOAKHA OBITH (pOpMaAM30BaHA U apAalITUPO-
BaHA B YCAOBUSIX KOHEUHOIAEMEHTHOM alllpOK-
CUMAITUU COOPY KEHU4.

3.HucAeHHBIE IPOIEAYPHI pacueTa AOAKHBL
BKAKOYATh B ceOs HOpMATUBHBIE TPeOOBaHUSA U
AOTTYCKaTh BO3MOYKHOCTh IIPOCTOTO UX PEAAKTHU-
POBaHMS TPU U3MEHEHUN HOPMaTUBHOMU Oa3bl;

4.Pa3MepHOCTb PEAABHBIX KOHEUYHOJIAEMEH-
THBIX 3aAa4 U HeM30eKHOCTh IPUMeHeHUs UTe-
PAITMOHHBIX TTPOIIECCOB MPEABIBASIOT TTOBBIIIIEH-
HBIe TPeOOBaHUSA K 3(P(PEKTUBHOCTU YMCAEHHBIX
IIPOIIEAYP ¥ BO3MOJKHOCTU UX IIPMMEHHUMOCTH K
HEKOTOPOU TPYIIe 3AeMEeHTOB, c(OPMHPOBaH-
HOM II0 COBOKYIIHOCTH YCAOBHM AOCTQTOYHOTO ap-
MUPOBaHU;

5.ITponeaypbl pacueTa AOAKHBI OBITh AOCTa-
TOYHO YHUBEPCAABHBIMH, IIO3BOASIONIMMHU MX
NIpUMEHEHNE AAST PAa3HOPOAHBIX KOHCTPYKTHB-
HBIX 3A€MEHTOB, HaXOAAIIUXCS B YCAOBUSX IIPO-
U3BOABHOTO HANpPS>KeHHO-Ae(POPMUPOBAHHOTO
COCTOSTHUA.

PaccMoTprM OCHOBHBIE YCAOBUS U HBIHE CY-
IIeCTBYIOIIHE TeOpeTUdeCcKue IPEeAIOCHIAKY, Ha
0a3e KOTOPHIX BO3MOKHEI TAKHE peaAn3aliiu Ko-
HCTPYKTUBHBIX pacueToB. JKene300eTOH Ipea-
CTaBASIET COOOU CAOKHBIU KOMITO3UIIMOHHBIN Ma-
TepuaiA. CaM 1o cebe 6eTOH He CIOCOOEeH BhIAEP-
SKMBATH OOABIIINE HArPy3KU Ha C’KAaTHe U PacTs-
>xkeHue. [To3ToMy AAT IIpeAOTBpAllleHus II0sSIBAe-

HUS TPeIuH U AAABHEWIIEero pa3pylleHus KO-
HCTPYKIIJUHU HEOOXOAMMO IIPUMEHEHUE IIPOIeAY-
PBl apMHUPOBaHUSA. ApMaTypHbIe CTEPIKHU COEAU-
HSIIOT OTA€ABHBIE IIOAOCHI OeTOHA B eAUHOM CHCTe-
Me M IPEeAOTBPAIIAOT TPeIMHOOOpa3oBaHUe MU
paspylleHre KOHCTPYKIUH. MeXaHUKOW TaKUX
CAOJKHBIX MaTepPHUaAOB, COCTOSIINX U3 ABYX U 00-
Aee KOMIIOHEHTOB, 3@HMMAaeTCsd MeXaHUKa KOM-
[IO3UIIUOHHBLIX MaTepUaNOB.

KoMnosur, 1o onpepeseHuo, IpeACTaBAIET
Cco0OM HEOAHOPOAHBIN CIIAOIITHON MaTepHan, Co-
CTOSAIINY U3 ABYX UAU ODOAee KOMIIOHEHTOB, Cpe-
AU KOTOPBIX MO>KHO BBIAGAWUTH apMUPYIOIITE SAe-
MeHTHI, oOeclleunBalle HeOOXOAUMBIE MeXa-
HUYeCKHe XapaKTepUCTUKM MaTepuaAa, U MaTpu-
11y, 00eCIeunBalolly0 COBMECTHYIO paboTy ap-
MUPYIOIIUX 3AeMeHTOB [1]. MexaHudecKkoe 1oBe-
A€HIEe KOMIIO3UTAa OIIPEAEAIETCSI COOTHOIIIEHNEM
CBOMCTB apMUPYIOIIUX 3A€MEHTOB U MaTPUIIHL, a
TaK)Ke ITPOYHOCTBIO CBA3U MeXXAy Humu. Baxk-
HBIM IIPEUMYIIeCTBOM KOMIIO3UIJMOHHOI'O MaTe-
pHrana SIBASETCS ero BBICOKAsd IPOYHOCTDh Ha eAM-
HUIIy Macchl. B pe3yabTaTe cOBMellleHUSI apMUpPY-
IOLIMX 3A€MEeHTOB U MaTpHIbl 00pa3yeTcss KOM-
IIAEKC CBOMCTB KOMIIO3UTQ, HE TOABKO OTPa’Karo-
MM UCXOAHBIE XapAKTEPUCTUKHU €r0 KOMIIOHEH-
TOB, HO M BKAIOYAIOLINM CBOMCTBA, KOTOPBIMU
HU30AMPOBAHHBEIE KOMIIOHEHTHI He 00AapaioT. B
YaCTHOCTH, HaAWUYMeE TPAHUI] Pa3jperd MeXAY ap-
MUPYIOIIUMU 3AeMeHTaMU U MaTpulled cyliec-
TBEHHO IIOBBIIIaeT TPEIMHOCTOMKOCTE MaTepua-
AQ.

AOCTOMHCTBA M BBICOKME MeXaHUYeCKHe Xa-
PaKTEPUCTUKU KOMIIO3UTOB HauOOA€ee TIOAHO pe-
AAM3YIOTCS B OPMEHTUPOBAHHBIX MaTepPHAAaX,
ApPMUPOBAHHBIX ITAPAAEABHBIMU BOAOKHAMY, T.€.
B TaK Ha3bIBaeMbIX OAHOHAIIPABAEHHBIX CAOSIX, U3
KOTOPBIX ITyTEM YKAQAKHU B PA3ANYHBIX HAlIPABAE-
HHUSAX O00pa3ylTCd CAOUCTBIE KOMIIO3UTHI (CM.
puc. 1). HecmoTpsa Ha OoAbIIoe MHOTOOOpasme
CTPYKTYP, KOTOPHIE OIPEAEATIOTCI YHCAOM CAO-
€B, UX TOAIIMHOMN 1 B3aUMHOMU OpUEHTAaIIueN, CBO-
MCTBA TAKMX MaTEePUAAOB OIIPEAEASIOTCS CBO-
VICTBAMU OAHOHAIIPABAEHHOTO CAO4. AMarpaMMBbl
Ae(POPMUPOBAHUS BCEX OPUEHTUPOBAHHBIX KOM-
MIO3UTOB IIPU PACTSI)KEHUM U C’KATUU BAOAB BOAO-
KOH, B NepBOM NIPUOAM>XEHUHU, MOKHO CYHUTATH
AMHENHBIMU BIAOTH AO Pa3pylleHUs MaTeprasa
[1]. ITpu monnepeyHOM HArpy’>KeHUU U, OCOOEHHO,
IIPU CABUTE B IIAOCKOCTH apMHPOBAHUSA MHOTAA
HaOAIOAQETCS HEAMHEWHOE ITOBeAEHNe MaTepua-
Aa. OpAHAKO KeCTKOCTH IIpU MOIIEPeYHOM Harpy-
KEeHUU U CABUTE 3HAUUTEABHO MEHBIIIE TPOAOAD-
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PacueTt Hecyte crioco0-
HOCTU (OPEAEABHOT'0 COCTOS-
HUS) >KeAe300eTOHHBIX M3Ae-

AMM OBIA pa3paboTaH COBET-
CKUMHU YYeHBIMU. B pe3yabTa-
Te OOTITUPHBIX UCCAEAOBAHNH,

IIPOBEACHHBIX COBETCKHUMMN

yueHBIMU (A. @. AoaeT, A. A.

I'Bo3peB U Ap.), B Hauare 30-x
TOAOB OBIA pa3paboTaH METOA,

VUUTHIBAIOIIVM YIIPYTOIIAAC-

ﬁﬁz
6, a}

Puc. 1. DAeMeHT OAHOHAIIPABAECHHOTO CA04 (a) m caomcToro KoMmmosura (0).

HOM, U B CAOUCTOM IIaKeTe OTMeUYeHHAasA HeAUHEeN-
HOCTB, KaK IPABUAO, IPOABASIETCS CAADO.

Vicueprianue HecCylleld CIIOCOOHOCTU Mare-
pHara IpU IIPOAOABHOM PACTS>KeHUU IIPOUCXO-
MUT B PE3YAbTATe pa3pblBa BOAOKOH, a IIPU CKa-
TUU — B Pe3yAbTaTe II0TePU YCTOWUMBOCTHU BOAO-
KOH UAM 00pa30BaHUs TPeLIWHB], TapaANeAbBHOMN
BOAOKHAM. Pa3pyllleHne IpU pacTsa)KeHUHU IIolIe-
PEK BOAOKOH U IIPU CABHUTE€ CBSI3aHO, KaK IIPABUAO,
C paspyllleHrueM MaTpullbl (HapylleHue Koresu-
OHHOU IIPOYHOCTH) MAU C OTCAOEHHEM MaTPHUIIbL
OT BOAOKOH (HapylleHHe aATe€3MOHHOU IIPOYHOC-
™). PaszpylneHune npu c’KaTuu IONePeK BOAOKOH
IIPOUCXOAUT B Pe3yAbTaTe CKOAA MaTepHuana oA
YTAOM K HAIIPaBAEHUIO HArpy’keHus. Paspyie-
HHE KOMIIO3UTOB A@’Ke IIPM HMPOCTOM Harpy’Ke-
HUU IBASIETCS BeCbMa CAOSKHBIM IIPOIIECCOM, TeO-
peThuYecKoe OINCaHue KOTOPOTO CBA3aHO C OOAb-
IINMHU TPYAHOCTSIMH.

OpHOHAIIPaBAEHHBIU CAOM, paboTas B COCTa-
Be MHOTOCAOMHOTO MaTepuaAd, Kak IIPaBUAO, UC-
IOBITHIBAET BO3AEMCTBHE HOPMAABHBIX W Kaca-
TEeABHBIX Hanps>keHu!. [losToMy HeOOXOAWMO
MMeTb KPUTEPHUU IIPOYHOCTH, II0 KOTOPOMY MOK-
HO IIpeACKa3bIBaTh Pa3pylleHUe MaTepuara Ha
OCHOBE HMEIOINUXCA AGHHBIX O PAa3pylLIeHWU U
CBOMCTBAX KOMIIO3UTQ, IIOAYYEHHBIX IIPU IIPO-
CTBIX OMNBITaX (PacTsS’KeHUU, COKATUH, CABUTeE).
Cy1ecTByIoOle KPUTEPUH IPOYHOCTHA UMEIOT B
OCHOBHOM (DEHOMEHOAOTHMYECKUU XapaKTep, T. €.
[IPEeACTaBASIIOT COOOM QHAAMTUYECKYIO alllpPOK-
CUMAIINIO 9KCIIEPUMEHTAABHBIX PEe3yABTATOB [J].
B cBA3M € TeM, UTO Takas allIPOKCUMALUASI MOJKET
OBITH OCYIIleCTBA€HA HEOAHO3HAYHO, a CTeIleHb ee
COOTBETCTBUS 3KCIIEPUMEHTAABHBIM pe3yAbTa-
TaM, HMMEIOUIUM, KaK [IPABUAO, 3HAUUTEABHBIU
pasbpoc, OeHUBAEeTCa CyOBEKTUBHO, CYIIECTBY-
€T MHO>KeCTBO TaKUX KPUTEPHUEB.

TUYECKHEe CBOMCTBA JKEeAe30-
0eToHa, KOTOPBLIN OBLIA BKAIO-
YeH B HOPMBI IPOEKTHPOBA-
HUSA JKeAe300eTOHHBIX KO-
HCTpyKuuu B 1938 1. [2].

[Top mpepeAbHBIM TOHUMAIOT TaKoe COCTOSI-
HIUe KOHCTPYKIIUH, IIOCAE€ AOCTHUKEHHS KOTOPOTO
MAABHeMNINas 9KCIAyaTallus KOHCTPYKIIUYU CTaHO-
BUTCS HEBO3MOJKHOM, BCAEACTBUE IIOTEPU CIIO-
COOHOCTH CONPOTHUBAITECS BHEIITHUM HAarpy3Kam
WAU TIOAYYEHUSI HEAOIIYCTHUMLIX IepeMellleHUH
WAM MEeCTHBIX IIOBpeXXKAeHUN. KOHCTpyKIus B Me-
TOAE IPEAEABHOTO PaBHOBECHS PACCMAaTPUBAETCS
KaK CHCTeMa 3A€MEeHTOB, KOTOPHBIe IIPU OIIpeAe-
AEHHBIX 3apaHee U3BEeCTHBIX YCUAUSIX UAU coue-
TAHUAX YCUAUU AOCTUTAIOT IIPEAEABHOI'0 COCTOS-
HUS, T.e. Pa3pylIaloTCd UAW IPUOOPETAIOT CIIO-
COOHOCTB CUABHO Ae(POpMUPOBATHCA Oe3 uame-
HeHUS BeAUUYMHBI AeMCTBYIOIIUX Ha HUX CHA.

Teopusa npepAeAbHOTO paBHOBeCHUs, chopMy-
AMPOBAHHAYA B TEPMUHAX CTPOUTEABHOU MeXaHU-
Ku A. ATBO3AeBEIM, OCHOBaHA Ha ABYX TeOopeMax:
1. Teno BBIAEPIKUT BHEIIHVE HAaTPY3KU, €CAU BO3-
MOJKHO IOA€ YCHUAMY, IIPU KOTOPOM B TEAE HUTAE
He HapyLIaTCsl YCAOBUS PaBHOBECHS U yCAOBUS
NPOYHOCTHU. 2. Tero paspylIUTCsd, eCAU IIOAe Ae-
dopMalmii YAOBAETBOPSIET YCAOBUSAM COBMEC-
THOCTH, IIPU KOTOPBIX MOIIHOCTH BHEIIHUX CHA
OOABIIIe MOIITHOCTU BHYTPeHHUX cUA. [TlepBas Te-
opeMa II03BOASIeT HaXOAUTh HUJKHIOIO, @ BTOpad
— BEPXHIOIO OIIeHKHU HeCyIllel ClIOCOOHOCTU KO-
HCTPpYyKIu# [2].

Teopus npepeAbBHOTO PABHOBECHS HE CTABUT
IIeABIO ONpeAeAeHUne AedOopMaluii KOHCTPYK-
umu. OHM HaXOASTCSI AUIIL C TOUHOCTBIO AO HEN3-
BECTHOI'O MHOXXUTeAS. AN IIPOBEPKU IIPOruboB
KeAe300eTOHHBIX KOHCTPYKIIUM OKa3aA0Ch He-
0OXOAMMBIM YUYECTh HaAW4He TPeIuH, KOTOPHIe
00pas3yroTcsd 3HAQUWTEABHO paHbllle HUCYepllaHusd
Hecylel cnocobHocTu. Ito npuseao B.M.Mypa-
IIeBa K CO3AQHUIO TeopuU Ae(pOpMUPOBaHUA U3-
rubaeMbIX >KeAre300eTOHHBIX 3AEMEHTOB, OCHO-
BAaHHOM Ha I'MIIOTe3e O paclipepeAreHun Aepopma-
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IWM B TPEIUHAaX U Me>XKAY HUMU. [IpeproskeHHag
B.11 MypalieBbsIM TeOpHus pacyeTa CTEeP’KHEBBIX
SAEMEHTOB C YUeTOM TPelIUH OblAa 3HAUUTEABHO
pazButa H.U. Kapmenko, C.A. AMUTpPUEBHIM,
.M. HemupoBckuM u Ap [3].

Beron mpeacTaBageT cobO0OU rpy0O HEOAHO-
POAHOE TeAO. 3epHa 3allOAHUTEAd U IleMeHTHBIN
KaMeHb, 00Aapasd CYIIEeCTBEHHO PAa3AWYHBIMU
YIPYIUMU CBOMCTBAMU, ACMCTBYIOT APYT Ha APY-
ra, Kak (haKTophl, BO3MYIIAIoIIe IIOAe HallpsiKe-
Huti. KpoMe Toro B 6eTOHE UMEIOTCS MOPhI pas-
HOMW KPYITHOCTH, 3aIIOAHEHHBIE BOAOU, BOASHBIMU
rmapamMu U BO3AyXOM. Ecam OeTOH mmopBepraercs
C>KQTHUIO B OAHOM UAU B ABYX HAllPaBAEHUSAX, TO
Ha IIAOIIAAKAX, TAe TeOpeTUUYeCKU BOBCe HET Ha-
NPSKEeHNM, BO3HUKAIOT PaCTATUBAIOIINE, CKHU-
Marolllyie ¥ CKaAbIBaOIIYe HAIIPSKeHUS, BbI3BAH-
HBbIe HEOAHOPOAHOCTBIO MaTepUaAa.

TpemuHKM OTPHIBQ, BO3HUKAIOIIWE IIPHU
C>KaTUHW, BHaYaAe PAcCIpPOCTPAHSAIOTCS AUIIL Ha
O4YeHb HeOOABIIIMEe IIAOIIAAKH: BEAb IIOAE HAIIpS-
>KeHUM, BBI3BAHHOE HEOAHOPOAHOCTBIO, OYEHb
nectpo. O6pa3oBaHue 3TUX TPEILINHOK IIOBLIIIA-
€T HEOAHOPOAHOCTb U IIPUAAET el B M3BeCTHOU
Mepe OpUEeHTHMPOBAHHBIM XapakTep. Bo3HUKaro-
IIYe TPEeUIMHKU U3MEHSIOT CUAOBOE IIOAE U IIOA,
BAUSHHEM IIPOUCXOAAIINX M3MeHEHUU HaIlps-
>KEHHOT'O COCTOSTHUA U Ae(pOpMaIni MOA3YUECTH
OHHU MeCTaMU PACKPBIBAIOTCS, @ MEeCTaMM 3a’KU-
MAIOTCs, NIpHUYEeM COIIPUKACAoLInecs YaCTUIIbI
OKa3BIBAIOT APYT Ha Apyra PaCKAMHUBAIOIEee Ae-
victBue [3]. DTO BEAET K AAABHENIeMy Hapylle-
HHUIO CTPYKTYPBI, COIIPOBOJKAQIOLIEMYCS KaxKy-
IIUMCSI YBeAnueHHeM oObeMa TeAad. [Ipu opHO-
OCHOM C>KaTHU IIPOIleCcC HapylIeHUsI CTPYKTYPHI
AOBOABHO OBICTPO 3aKQHYMBAETCS TEM, YTO MUK-
POCKOIIMYEeCKHe TPEeLINHKN COeANHSIIOTCS, oOpa-
3ys BUAUMEIE TPEILIMHEL C IIIePOX0BATOM IIOBEP-
XHOCTBIO, OOIllee HallpaBA€HUE KOTOPBIX UMEET
CAAOBIN HAKAOH IIO OTHOILIEHUIO K HAITPAaBACHUIO
VAU K HAIPaBAEHUSM AENCTBUS COKMMAOLINX
cuA. HakoHer, TpOMCXOAUT pa3pylleHune.

[Tpu ABYXCTOPOHHEM CKATHUM HAAWYHUE CIKU-
MAIOLIUX HANPS)KeHUN He TOABKO 3aAep KUBAaeT
BO3HUKHOBEHUE TPEIIUHOK OTPHIBA, HO CTPEMUT-
CsI CHOBA 3aKPBITh X, KOTAQ OHU 00pPa30BaAMCH, @
IpU COAMPKEHUU OeperoB TPeIUuHbI MEJKAY HUMU
BO3HUKAIOT CHABI, IIPENATCTBYIOIIUE UX OTAEAe-
HUIO APYT OT ApyTa. DKCIIepUMeHTaAbBHBIE HCCAEe-
AOBAHUS PA3ANYHBIX aBTOPOB YOEAUTEABHO AOKA-
3BIBAIOT, UTO IIPU ABYXCTOPOHHEM CKAaTUU IIPOUC-
XOAUT yBEAUYEHMEe TPOYHOCTHU OETOHA.

PazanyaroT TpenuHbI ABYX TUIIOB: TPEIINHBI
CKBO3HbIE U TPENTUHBI CKOABKeHU [4]. TpelniuHa

IIepBOTO THUIIA TIPEACTaBASIET COOOU TIOAOCTD,
OAHO M3 M3MEpPEHUN KOTOPOM BeChbMa MaAnO IO
CpPaBHEHUIO C ABYMsI ApyIuMu. Koraa Takas Tpe-
IIIMHA IIepepe3aeT TEeAO, OHO Pa3AeAsieTCd Ha ABe
4acTu. TpelHbl CKOABKEHUSI He 00Pa3yroT MycC-
TOT B TBEPAOM TeAe; TIPOTUBOIIOAOKHEIE Oepera
TPEIINH CKOABLXEHUSI COMKHYTHI, TaK YTO TIpPH
TAHTeHIIMAaABHOM B3aUMHOM CMeIeHUHU 3TUX Oe-
peroB BO3HUWKAIOT KacaTeAbHbIE CUABI TPEHUS.
[MTocaepHVME TPEIUHEL YaCTO PEAAU3YIOTCS B KOM-
MMO3UTax Ha TPaHulle Pa3AUYHBIX CPEA B BUAE pac-
CAOEHUMU.

CKBO3HBIE TPEIINHBI 00Pa3yIOTCA IIPU ABYX
BHUAAX HANPSI)KEHHBIX COCTOIHUM: «pacTIke-
HUe-pacTsKeHue» (00a TAaBHLIX HaIPS>KeHUS
SIBASIOTCSI ~ PACTATUBAIONIMMHU) U «PaCTIKe-
HUue-c)XaTHe». B mepBoM cayuae BO3MO>KHO oOpa-
30BaHHE ABYX CXeM TPEIINH: HellepeCeKalonX-
Cq M nlepecekaromuxcda. Bo BTopoMm caydae obpa-
3YIOTCSI TOABKO HellepeceKarolluecs TpeluHbI
[4]. AvHusa TpeluHbI TPEACTaBASIET COOOU HEKO-
TOPYIO 3Ur3arooOpa3Hyio KPUBYIO, @ HE IBASIETCS
IPSAMOM, Ad’Ke Ha HeOOABIIOU AAMHE, U YTOA Ha-
KAOHA TPEIUHBI K OCU — 3TO YCPEAHEHHBIU YTOA
HaKAOHA TpPEIINHbBI B MOpeAeAdxX XapaKTEepPHOTO
5AE€MEHTA (TaK Ha3bIBAE€MBIU YTOA CIIPSIMAEHHOU B
MaAOM TPENIUHEI).

C oOpazoBaHueM HelepeCceKaroluxcs Tpe-
1I1H OeTOH Pa3jAeAdeTCs 10 OAHOMY U3 HallpaBAe-
HUU TPeLIVMHaAMU Ha OTAEABbHBIEe OAOKHM (IIOAOCHI
OeTOHa Me’KAYy TpellHaMu), IPOHU3aHHLIE ap-
MaTypPHBIMU CTEeP’KHSIMU. ApMaTypHble CTeP>KHU
TOCA€ TPeNIMHOOOpa3oBaHUsI He TePIIAT pa3phbiBa
U TaKUM 00pa3zoM COEANHSIIOT OTAEAbHBIE TTOAOCHI
OeToHa B eAUHOU CUCTeMe (CM. PHUC. 2).

CoBMecTHOe pAepopMUPOBaAHUE TAKOM CUC-
TeMBI O0EeCIIeUNBAETCS 3a CUET CIIeIACHUS (CBA3HU
II0 KOHTAKTy) apMaTyphbl C OETOHOM MEJXAY Tpe-

Puc. 2. OGpa3oBaHue TpeuuH B jkeae3oberone (1 -
apMaTypHble CTepP>KHH, 2 - MOAOCHI O€TOHa MEeXXAY
TPeIuHaMM).
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muHaMu. KacaTeAbHbIE HAIPSKEHUS T, IIPHUBO-
MAT K U3MEHEHWIO HOPMAaAbHBIX (OCEBBIX) HAMIPS-
JKEHHUU ©, apMaTypbl 3AeMeHTa Ha ydacTKax
Me>XKAY TpellmHaMu [4]. 3a cUeT CHUA CIelIAeHUd
IIPOMCXOAUT IIOCTeIlleHHas Iiepepada YCUAMU C
apMaTypsl Ha OeTOH U BOBAeUeHNe II0AOC OeToHa
B pabOTy KOHCTPYKIIMH.

B MoMeHTEI, OAM3KHE K Ha4aAy OOpa30BaHUd
TPelLyH, MOT'YT ellle COXPaHATHCS HEKOTOPkIe Oe-
TOHHBIE CBA3U MeXXAY KpassMU TPeIuH (B BUAE
OeTOHHBIX MOCTHKOB). IIpm ompepereHHOM Ha-
IIPaBAEHUU CABUTA OeperoB TpeluH OeTOHHBIE
MOCTHUKH OyAyT paboTaTh Ha BHeIeHTPeHHOe
C’KaThe W BOCHPUMHUMATH HEKOTOPhIE YCUAUL B
TpelluHe.

[Toaocsl OeTOHA MeSKAY TPelUHaMU BBIIIOA-
HSIOT AB€ BaskKHble PyHKIIMU. C OAHOM CTOPOHHI,
13-3a CllelAeHusd OeTOHAa C apMaTypoOU OHU NIPHU-
BOAAT K YMEHBIIIEHUIO CPEeAHUX HAIpsDKeHUN U
AedopManui apMaTyphl Ha y9aCTKaX MeKAY Tpe-
IIMHAMHU; C APYTOM, BOCIIPUHUMAIOT YCUAUS, Ae-
WCTBYIOIINE Ha IIAOIaAKaX, HOPMAAbHEIX K Tpe-
IIMHAM, U OIIPEAEAdIOT IIPU HellepeCeKarouxcs
TpelruHax AepopMaIuy 3AeMeHTa BAOAD TPellly-
HBI; IIPU IIepeCeKAIoINXCS TPEIUHAX IIOCAEAHTE
(DYHKIUY TEPSAIOTCS U OCTAIOTCS AUIIE [IePBLIe.

PaccMoTpeHHBIEe TeopeTHuecKHe IIPEAIIO-
CBIAKHU ITIO3BOASIOT CYAUTH O CAOSKHOCTH IIPOYHOC-
THOTO U Ae(pOpPMAllMOHHOI'O pacueTa >Keae300e-
TOHHBIX KOHCTPYKILUY IIPYU Pa3AUYHBIX BUAAX Ha-
rpy>keHus. Hambonree 0OOCHOBAHHON Teopuen
pacueTa AepOpMUPOBAHUA JKeAe300eTOHaA C Tpe-
IIMHAMU [IPU IIAOCKOM HAIIPS’KEHHOM COCTOSTHUU
aBTOPHI cunTaioT Teoputo H.M.Kapnenko, Haubo-
Aee TTOAXOAAIEN AN IPUMEHNS AUCKPETHBIX Me-
TOAOB.

CoraacHO MeTOAY KOHEUYHBIX Pa3HOCTEeN KO-
HCTPYKIIUSI pa3bUBaeTCs pa3HOCTHOM CETKOM, U
AU depeHInaAbHBIE YPABHEHUS IIPUBOAATCS C
IIOMOIIIbI0O KOHEYHO-PA3HOCTHLIX BbIpa*KeHUN
[3].

B wacTHOCTH, (pu3ndecKre ypaBHEHU, OK-
ChIBAIOIIME IIOBeAeHUe >KeAe300eTOHHBIX IIAOC-
KOHAIIPSKeHHBIX ITAACTHH C TPelJMHAMU, COTAAC-

HO [4] UMeIOT BUA!

|3x | |C11C12C13 | |Nx |
€y Z‘C21C22C23 e Ny ' (1)
|ny| |C31C32C33| |ny|

TA€ €,,€,,Y,, - OTHOCUTEAbHbIE Aredopmarum u
casuryu; N N Y,N w - HODManbHBIE M KacCaTeAb-
HBIE CHABL; C; - [€pPeMeHHBIe K02 PpUITEeHThI
MaTpUIIbl >KEeCTKOCTH, 3aBUCAIINE OT YCUAMU B
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IIAACTHUHKE, YTAOB HAKAOHA TPEIINH, MOAYAEH Ae-
dopmanmy apMaTypsl U O€TOHA B APYTUX (PAKTO-
pOB.

CucreMa ypaBHEHMU pellaeTcsd IOIIaro-
BO-UTEPAIlMOHHBIM MeTOoAOM. [loaaraeTcs, 9To B
Ipoliecce IOIIAroBOr0 Harpy keHus MaTepuan B
OTAEABHBIX TOYKAaX IIAOCKOTI'O JA€MEeHTa IIpeTep-
IIeBAEeT CAEAYIONINE CTAaANU Ae(DOPMHUPOBAHUS:

¢ YHPYTIYIO;

e VIPYrOIIAQCTUYECKYIO  0e3  TpeluH
(IIpu 3TOM YUMTEIBAeTCs Pa3BUTHE HEYIIPYIUX Ae-
dopmarinii B 6eToHe);

e VIPYrOIAACTUYECKYIO C TpeljuHaMu
- XPYHIKOYIPYTOIIAACTUYECKYIO (IIOCAEAHSS CBS-
3a@Ha C pa3BUTHEM IIAACTUUECKUX AepOpMali B
apMarype B TpeluHax).

AAST pacno3HaBaHUA CTapul aepopMUpPOBa-
HHUS aHAAU3UPYyeTCd ClellMaAbHasd ChCTeMa orpa-
"Huuyenuti. OOmias cucreMa (1) cumraercs crpa-
BEAANBOM AAS BCceX cTapub. M3aMeHsSIoTCS AU
3HaUeHUs] KOO(PUIMEHTOB C; MaTPHUIbl >Kec-
TKOCTH. PacueT KOHCTPYKIIUM MOJKET IIPOU3BO-
AUTHCSI BIIAOTH AO Hadana pa3pylIeHUsT OTAEAb-
HBIX ee 00AaCTel, UTO TO3BOASET 110 AQHHBIM pac-
YyeTa OIleHUBATh TPEIUHOCTOMKOCTD, JKECTKOCTD
U IPOYHOCTE.

AAS pacueToB METOAOM KOHEUYHBIX dAeMeH-
TOB KOHCTPYKITUS IIPEACTABASIETCS B BUAE CUCTe-
MBI OTAEABHBIX KOHEUHBIX dAeMeHTOB [4]. Onpe-
AEAUB TIO U3BECTHBIM HATPSKEHUSIM MaTPUIIHI
YIPYTOCTH U COOTBETCTBEHHO JKeCTKOCTHBIE Xa-
PaKTEPUCTUKU KA’KAOTO U3 KOHEUHBIX SAeMeH-
TOB, OOpPa30BaHHAsA UMU CTAaTUYECKU HEOIIpeAe-
AMMaZ CHUCTeMa pellaeTcsi OTHOCUTEABHO Iepe-
MerteHmn. [1pu a3ToM oOpa3oBaHue TPEIINH B JKe-
Ae300eTOHe MPUBOAUT K 3HAUUTEABHOMY YMeHb-
IIIEHUIO ero KEeCTKOCTU W IlepepacipeAeAeHUI0
HAIpsSPKeHUM, 4TO U3MeHseT YCAOBUSI 00pa3oBa-
HUS MOCAEAYIOIINX TPEIUH.

ITo 5To¥ mpuUYMHE He MOJKET CyleCTBOBATh
OAHO3HAYHOM CBSI3M HaNpsDKeHUN u Aedopma-
Ui, He 3aBUCSIIEN OT NPEAbBICTOPUN Harpy’Ke-
HUS, KOTOpPAas oIpeAeAsieT pacIOAOKeHue U Ha-
NpaBA€eHNeE TPEINH a TaK)Ke NHTEHCUBHOCTD ap-
MHUpPOBaHN4, 00eCcneYynBawIly0 3TU ITapaMeTpPbI
B HOpMaTUBHBIX Ipepeaax. CucTeMa ypaBHeHUN
TaK>ke pellaeTcsl MeTOAOM ITOCAEAOBATEABHBIX
Harpy>KeHMui (I1IarOBO-UTEPAIIMOHHEIM), MOAEAM-
PYIOLIUM IIO0BeAeHNEe KOHCTPYKILUM IIpK BO3pac-
TaloIeM BHEITHEM BO3AENCTBUU.

[To mpepBapUTEABHBIM IPUKHUAKAM ITPOU3BO-
AUTEABHOCTE M PECYPCEI COBPEMEHHEBIX CPEAHEY-
POBHEBBIX BHIYUCAUTEABHBIX CPEACTB IT03BOASIOT
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3@ MpUEMAEMBIN IIPOMEKYTOK BpEeMEHHU Pearn-
30BaTh TaKHE AATOPUTMBI IPU KUCIOAB30BAHUU
AOCTATOYHO MAAOTO IIIara UTepalui, odbecrnedu-
BaIoOIero HeOOXOAMMYIO TOYHOCTh BEHIYUCAEHUM.

BUBAVOIPAOUA

1. Bacuabes B. B. MexaHuKa KOHCTPYKIHUU U3
KOMIIO3UIIMOHHEIX MaTepuaroB. bubanoTreka
pacuetuuka /B. B. CemenoB. — M. : Marnu-
HocTpoenue, 1988. — 270 c.

2. T'Bo3peB A. A., Pacuer HecyIet cnocOOHOCTH
KOHCTPYKIMU II0 METOAY IIPEAEABHOT'O paB-

HoBecus / A. A. I'Bo3peB. — M. : CTpoiiu3saar,
1949. — 280 c.

3. I'Bo3peBA. A., HoBoe 0 TpoYHOCTH JKeae300e-
ToHa / A. A. I'Bo3peB, C. A. AMUTpues,
C. M. KpBIAOB U Ap. ; TIOA 006111, pea. K. B. Mu-
xariroBa. — M. : Ctpontuspat, 1977. — 272 c.

4. Kapnenko H. V. Teopusa aedopMupoBaHUS
>Kene3o0eToHa ¢ TperuHamu / H. M. Kapnien-
Ko. — M. : Ctporiu3pat, 1976 . — 208 c.

5. Cenpenku AK. MexaHMKa KOMITO3UITMOHHBIX
MaTepuaroB / AK. Cenpeniku (Kommosuriu-
OHHBIE MaTepuanabl ToMm 2) — M. : Mup, 1978.
— 566 c.
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YAK656.1:658.5

NMPOIrHO3 CMNMPOCA HA NMACCAXUPCKHUE
NMEPEBO3KWN C CEFMEHTUPOBAHUEM
MO TUNMAM ABTOTPAHCITIOPTA

[TepBOHAUaAbHBEIE IIPOTHO3BI CBOAATCS 00-
BIUHO K 3KCTPANOASIIMU TeHAeHIuH. [Ipm sTom
MOTYT UCIIOAB30BAThLCS PA3HbIEe METOABL B 3aBUCH-
MOCTH OT HCXOAHOU HHpopManuu. [Ipuemsr,
OCHOBAHHBIE Ha CPEAHUX ITOKA3aTeAsdIX AMHAMMU-
KH, IleAeco00pa3Hbl IPU HEAOCTATOUHOM UHAOP-
Mallu{ Pa3BUTUSA IBA€HUS. AHAAUTHUUECKHE Me-
TOABI OCHOBAHBI Ha MPUMEHEHUM MeTOAA Hau-
MEHBIINX KBAAPATOB K AMHAMUUYECKOMY PSAY U
NIPEACTABACHUN 3aKOHOMEPHOCTU PA3BUTUS SB-
A€HUS BO BpEMEHU B BUAE YPaBHEHUI TPEHAQ, T.€.
MaTeMaTU4eCKOU (PYHKIIUN YPOBHEN AVHAMUYEC-
KOTo psiaa OT hakTopa Bpemeny y = f( ). Vicmoan-
3ysl COOTBETCTBYIOIIYIO KPUBYIO POCTA, MOJKHO
AATh KPATKOCPOYHBIN IIPOTHO3. AAQIITUBHBIE Me-
TOABI MCIIOAB3VIOTCS B YCAOBHAX HepaBHOMED-
HOCTHU YPOBHEU AMHAMUYECKOI'O PSIAQ U IIO3BOASI-
IOT VUUTBIBATH CTENEeHb BAUSHUS NPEABIAYIITUX
YPOBHEN Ha IMOCAEAYIOIIVE 3HAYEeHUsT AWMHAMU-
4eCKOoro pgaa. K TakuM MmeTopaM OTHOCATCS METO-
ABI CKOAB3SIUX U 9KCIIOHEHITUAABHBIX CPEAHUX,
MeTOA FapMOHMYECKHUX BECOB, METOABI aBTOpPET-
PECCUOHHBIX IPe0Opa30BaHUN.

APYTYIO TPYyIIy METOAOB IIPEACTABASIOT Me-
TOABI CTQTUCTUUYECKOTO MOAEAVWPOBAHMSI, KOTO-
pble AEAITCS Ha CTaTUYeCKUe U AMHAMUYeCKUe.
Takoe peneHUe CBSI3aHO C XapaKTePOM UCCAEAYe-
Mol wuH(popManuu. CTaTUCTUYECKHE MEeTOABI

BKAIOYAQIOT METOABI PEIrPECCUH, C ITIOMOIIIBIO KOTO-
PBIX MOAEAVMPYEMEBIN OOBEKT IIPEACTABAEH B BUAE
MaTeMaTU4YeCKOM (PYHKIUU OT psAd (PaKTOpPOB:
y =f(X1 Xy X, ,). CAO>KHBIE IIPOLIECCHEl MOI'YT
ONMCHIBATHCA CUCTEMOM B3aMMOCBI3aHHBIX YPaB-
HEeHUU:

Y :f(YZvY3vX1vX2 )v
Ya :f(Y1vY3vX3vX4 )v

Ys :f(Y1VYZvX3vX4 )

[TpuMeHeHUe 3TOM I'PYIIBI METOAOB B IIPO-
THO3UPOBAHUM TIPEANIOAAraeT WHEPIIMOHHOCTD
nporneccoB. KagecTBO IPOTHO3a MOAEAMPYEMOTO
00BEeKTa 3aBUCUT OT PEaAbHOCTH MPOTHO3a ak-
TOPOB. AWHaMUYeCKHe MEeTOABI OCHOBAHBI Ha II0A-
POOHOM M3yYeHHM BPEMEHHBIX PSAOB. YPOBHU
AUMHAMMYECKOT0 psiA@ PaccMaTpUBAlOTCS  Kak
(YHKOUS TeHAEHIUY, [IepUOAWYeCKUX (Ce30H-
HBIX) M CAYYaUHBIX KOAeOaHuM. [Iporuos crpout-
CSI KaK QAAUTUBHAA UAU MYABTUIIAMKATUBHASA MO-
AEAb 3TUX KOMIIOHEHTOB AUHAMUKU.

Ha npakTuke npu IpOrHO3UPOBAaHUU OUYEHb
YaCTO METOABI IEPEIIAETAIOTCS MEKAY COOOU: Me-
TOABI CKOAB3AINEN CPeAHEN AOIOAHAIOTCS ypPaB-
HeHHeM TPeHAQ, aBTOperpeCcCHOHHBIMHU IIpeobpa-
30BAHUSAMU; SKCTPANIOAIIINS TEHAECHIIMU AOIIOA-
HSETCSI aBTOperpecCHuel OCTAaTKOB; ypaBHEHUE
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YMNPABJIEHVE B TEXHUHECKUX CUCTEMAX

MeTtoapl
AKCTPAITOIANN
TeHASHIUI

[Ipremsl, ocHOBaHHBIE
Ha CPCAHUX MMOKa3aATCIAX
JTMHAMHAKH

AHaTNTHYECKHE METO/IbI
(KpuBbIE pOCTa)

AJanTUBHEIE METOMDI,
YIUTBHIBAIOIINEC CTEIICHD
yCTapeBIIUX AAHHBIX

Puc. 1. I'pynnsl METOAOB 3KCTPANOASIIINN TEHAEHIIAN.

perpeccum MO>KeT BKAIOYATh IOKA3aTEAN TEHAECH-
LMY Pa3BUTUSA OOBEKTA U T.II.

PaccuutaeM cpepHee AMHeENHOe, CpepHee
KBaApATH4YeCKOe OTKAOHEHHE M AUCIIEPCHUIO KO-
3¢ punyenTa HaTOAHEHUA AN MaplIpyTa Ne 7 ro-
poaa AHrapcka. AaHHBIe IPUBEAEHEL B Ta0A. 1.

CpepHee OTKAOHEHUEe COCTABUT:

g D |x, —x|f,

=t "1 —1397 ven.
2
Aucnepcus (KBaApaT CpPeAHEro KBaApaTH-
YeCcKOT0 OTKAOHEHMUS):
-

X
o’ = D 2675,
2t
CpepHee KBappaTUueCKOe OTKAOHEHUE:!
c =1635uen.

CpeaHee AMHENHOe U CpepHee KBappaTuuec-
KO€e OTKAOHEHHUS II0KA3bIBAIOT, Ha CKOABKO OIIBIT-
Has BeAMYWHA OTAWYAETCS OT pacuyeTHOU.

X" f

CpeapHee KBappaTHUYECKOe OTKAOHEHHUE II0
BEeAWUYUHE BCcerpa OOAbIle CpepHero AMHEWHOTO
OTKAOHEHUS; COOTHOIIIeHe ¢ M d 3aBUCHUT OT Ha-
AWYMS B COBOKYITHOCTH PE3KUX OTKAOHEHUH.

AAS OIleHKU MHTEHCUBHOCTU BapHalluu MC-
IIOAB3YeTCSa KO3(h(PULMEeHT BapUalluy, KOTOPHIU
MTPEeACTaBASIET COOOM OTHOCUTEABHOE KBaApaTH-
YyecKoe OTKAOHEeHUe:

v=2.100%.
b'¢

AAd Hamero caydasg Ko3uiueHT Bapua-
LMY COCTABUA V =34,68 %, 4TO CBUAETEALCTBYET O
cpepHeld KoOAeOAeMOCTU Tpu3Haka. [Ipu ucmoan-
30BaHUM ITIOAMHOMOB Pa3HBIX CTeNeHeM oIlleHKa
I1apaMeTpPOB IPOU3BOAUTCS 110 METOAY HaUMeHb-
mmx KBapparoB (MHK). B Taba. 3. mpuBeaeHBI
OCHOBHBIE CTATUCTHUYECKHUE XapPaKTEePUCTUKU
SKCIEePUMEHTAABHBIX AQHHBIX, NIPUBEAEHHBIX B
TabA. 2.

IMapaMeTpbl, XapaKTepHu3yomue K03 HUIIeHT HalloOAHeH!sI TPAHCTIOPTHOTO MapuIpyTa. faoa- 1.

Yucaro Kosqa(bHuHeIiT Cepeanna |Xi _§| = »

[aCCa’kKUpOB Ha | HANOAHEHUs, % niTepsana, (x ) ®—a714) x, —x|f, x, -x|"f,
Mapupyre (£,)

Ao 20 0,9 10 37,14 33,43 1241,44
20 — 30 16,5 25 22,14 365,31 8087,96
30 — 40 24,6 35 12,14 298,64 3625,54
40 — 50 18,8 45 2,14 40,23 86,09
50 — 60 154 55 7,86 121,04 951,41
70 — 80 12,5 75 17,86 223,25 398%,25

80 u 6oree 11,3 85 27,86 314,82 8770,83

Htoro 100 - - 1396,72 26750,52
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Taoa. 2
Koa¢dpuimieHT HAaIOAHEHUS AASI MapUIPYTOB.
MapupyT 1 2| 3| 4|56 |7 | 8 9 10 | 11 | 12 | 13
Esiii’gggsiz 100 | 100 | 80 | 85 | 75 | 80 | 80 | 100 | 100 | 100 | 90 | 55 | 65
Taoa. 3
OCHOBHbBIE XdPAKTEPUCTUKHU SKCII€EPUMEHTAABHBIX AAHHBIX.

t y t2 t? t! yt yt? A N
1 100 1 100 100 300 20
2 100 4 8 16 200 400 320 320
3 80 9 27 81 240 720 640 -125
4 85 16 64 256 340 1360 515 490
5 75 25 125 625 375 1875 1005 35
6 80 36 216 1296 480 2880 1040 1440
7 80 49 343 2401 560 3920 2480 -780
8 100 64 512 4096 800 6400 1700 200
9 100 81 729 6561 900 8100 1900 -1010
10 100 100 1000 | 10000 1000 10000 890 -3840
11 90 121 1331 14641 990 10890 | -2070 | -6035
12 55 144 1728 | 20736 660 7920 3065
13 65 169 2197 | 28561 845 10985

»=01 1110 820 8281 | 89271 7490 | 65550

Hapsiany ¢ mporHo3upoBaHUEM KadeCTBeH-
HBIX ITOKa3aTeAed NCTIOAB30BaHUS TaCCa*KUPCKO-
r'0 aBTOTPaHCIIOPTa:

— KO3 PUIIUEHT HATTOAHEHNS;

— KO3 punreHT 000pauynuBaeMOCTH

Ba’KHOM 3apaued SIBASIETCSI TPOTHO3WPOBa-
HIe UCXOAHBIX, HearpeTuPOBaHHBIX aCCa*KUPO-
TIOTOKOB C Pa3peAeHneM 10 KaTeropusm TpeboBa-
HUH.

C 3TOM 11eAbI0 Ha OCHOBE 00PabOTKU AQHHBIX
CTaTUCTUYECKOM OTUYETHOCTH O BEAWUYHHE TIacca-
SKMPOIIOTOKa pa3paboTaHa MeTOAMKAa ITPOTHO3a
IMacCa>kKUPOIIOTOKOB IO KATETrOPUSIM TOPOACKOTO
TPAHCIIOPTa 110 YacaM pabodero AHs.

KoAndecTBO OTIpaBAEHHBIX ITaCCa’kKUPOB B
TPaHCIIOPTEe Pa3AUMYHBIX KaTeropui Mo yacam pa-
00Uero AHS Kak AOAS OTTIPaBAEHHBIX ITaCCa’KUPOB
AAQHHOM KaTeropum OT OOIero KOAMYecTBa OT-
IIPABA€HHBIX IIaCCa’KUPOB 3@ COOTBETCTBYIOIIUMN
Jac o

Al =yl Al =18,

np?

(1)
rae \Vlk — AOAS OTIIPABACHHLIX IIACCAa’>XMPOB B

TpaHcOoopTe k-O¥ KaTeropwuMu B i-1 paCuyeTHBIN Uac,
A}, — TPOTHO3HOE KOAWUYECTBO OTPABACHHBIX

[IaCCa’kKUpPOB B [-1 paCyeTHHIN Yac.

ANS OIIpEeAEAEeHUST AOAU OTIIPABAEHHBIX HaC-
Ca’KUpPOB B TPAHCHOPTeE k-0l KAaTeropuu B i-U pac-
YeTHBLIW YacC MIPU TOMOITU MOAMHOMUAABLHOU artl-
IPOKCUMAIUM ITOAYYEHBI YPaBHEHMS AOAS ITacca-
SKUPOIIOTOKA KaTeTOPUH «aBTOOYCHI», HAIIpUMep,
Asia, Kosmos, ¢ unncaroM MecT 36-40

vy =05888+0011x, —00021x7; (2)

AOALA TIACCA’KHUPOIIOTOKA KATEeropruu «TakCmu»
v, =(137136+147.533x, —42909x, +

+2194x7 +0434x, ~0031x7)10";

AOAST TIACCA’KUPOIOTOKA KATETOPUU «TOPOACKOU
saeKkTpudeckuit TpanconopT» (['OT), mampumep,
MYHUIIMIIAABHBIE aBTOOYCEI

v =(45.909 +188405x, —23616x, +

+0554x; +0157x; ~0006x. )10,

TA€ X, — HOMEep pPacueTHOro 4aca.

AAST oTIpeAeAeHMsT BEeAUUUHEI ITaCCa’kKupPOoTIIo-
TOKa KaTeropuu «MapUIPpyTHOE TaKCU» C YUCAOM
MecCT A0 15 mpepraraeTcsa AByX(aKTOpHAasa MOAEAD
IporHo3upoBaHusd. OAHUM M3 BAUSIOMUX (DAaKTO-
POB sIBASIETCS 00lllee KOANYECTBO OTIIPaBAEHHBIX
IIaCCa’KUPOB II0 4yacaM B TeueHUe pabouero AHsS
A', BTOPBIM — BeAMYHHA I1aCCa’kKUPOINOTOKA Ka-
Teropuu «aBTobyCch» — A .
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BeanurHa 1acca’kMpoONOTOKAa KAaTErOpHUu
«MapUIPyTHOE TaKCHU » II0 YacaM B TeueHue pado-
Yero AHS:

Al =1886-10" +0.299A" +0045A! .  (5)

OpHUM K3 Ba)KHEUIINX ITyTel IIOBBIIIEHUS
KayecTBa OOCAY’KMBAHUS ITAaCCa’*KMpPOB HA aBTO-
MOOMABLHOM TPAHCIIOPTE B COBPEMEHHBIX YCAOBU-
X gdBAsdeTcsl oOeclledeHre MaKCHUMAAbHOTO YAOB-
AETBOpPEHMeE CIIPOCca Ha IepeBO3KH, B TOM YHCAE U
CIIPOCA Ha KaTeTOPUIO MECT B TPAHCIIOPTE.

OTOT acCleKT OpraHu3alluy [acCa’KUPCKUX
IIePeBO30K MMeeT U Ba)KHOe 3KOHOMUYECKOe 3Ha-
yeHUe, TaK KakK pellleHre AQHHOM 3874y ITO3BOAUT
MMOBBICUTH KOHKYPEHTOCIIOCOOHOCTE aBTOMOOUAB-
HBIX [IaCCA’KUPCKUX [1ePEBO30K, IIPUBAEUET Ha aB-
TOTPAHCHOPT AOIIOAHUTEABHBIN 00BEM IacCa Ku-
POB C APYTHUX BUAOB TPAHCIIOPTA, @ TEM CAMBIM ITPH-
BeAEeT K IIOBBIIIEHUIO AOXOAHOCTH I1€PEBO30K.

C 1meAbo BBEISIBA€HHUS CIIPOCA Ha MeCTa aBTOT-
PaHCIIOPTa PAa3AMYHBIX KAaTeropui Ha OAHOM U3
HAIIpaBAEHUM I[TPOBOAMAOCH MOHOI'paduuecKoe
HaTypHOe 00CAeAOBaHUE.

AHaAW3 TTOAYYEHHBIX PE3YABTATOB ITO3BOAWA
IIPOM3BECTH CErMEHTUPOBAHME IaCCa*kKUPOIIOTOKA
II0 Pa3AWYHBIM KaTeropusiM aBTOTPAHCIOPTa B
3aBUCUMOCTH OT PACCTOSAHUS CAeAOBaHUA. AAG
yAOOCTBA paCcyYeTOB, HCCAEAYEMOE PACCTOSTHUE
pasAeAeHo Ha oTpe3KH, paBHbIe 500 M.

Ha ocHOBe A@QHHBIX Pe3yAbTATOB IIPOU3Be-
AE€H pacdeT CIpOCa Ha aBTOTPAHCIOPT Ka’KAOU
KaTeropuu Kak AOAU OT 00111ero o0beMa IaccakKu-
POB, CAEAYIOIINUX Ha OIIpeAeAeHHOe PAaCCTOSHUE.

DyHKIUM CIIpoca Ha KaTeTOPUH aBTOTpaH-
CIIOPTa B 3aBUCUMOCTH OT AAABHOCTH CAE€AOBAHUSI
UMeOT BUA;

«TAKCU» €, =00071X+0016% (6)
«MapUIPYTHOE TaKCH»
€ m =0.25091In( X) +0.239%; (7)
«aBTOOYCBI»
£, =00016X* —00594X +0.5305; (8)
«['OT»
g, =05642e %%, 9)

X =0002L, rae L — pacueTHOe pacCTOSHUE.

Copoc Ha aBTOTPAHCHOPT IIOBBIIIEHHOMN
KOM(POPTHOCTU OIIPEAEASIETCS KaK AOAS OT 00111e-
o KOAWYEeCTBa HacCa’kKUPOB AQHHOM KaTeropuw,
CAEAYIONTHUX Ha olpepeAeHHoe paccTosinve. OyH-
KITWST CITPOCa Ha aBTOTPAHCIIOPT ITOBBIIIIEHHOMN
KOM(OPTHOCTU AAS TTAaCCa’KUPOIIOTOKA KaTero-
puu:

«TaKCH» ¢, =00957In(x)+07668; (10)

«MaplUIpyTHOE TaKCH»

Q \m =0.20831n(x) +0.51885; (11)

YMNPABJIEHVE B TEXHUHECKUX CUCTEMAX

«aBTOOYCBI»

Q 4 =0.26891n(x) +0.2988. (12)

[ToaydyeHHBIE QYHKIIMU COPOCA MOXKHO UC-
MMOAB30BaTh TIPU PEIIeHUU 3aAau ONTUMU3ALUUN
TAaHa POPMUPOBAHUS TTACCAKUPCKOTO aBTOTPAH-
CIIOPTa C y4eTOM CIIPOCa 10 KaTeropusaM, a TakKe
MASI OIIEHKH YAOBAETBOPEHHS CIIPOCa Ha IIepeBO3-
KY.

BbIBOABI.

1. Ha ocHoBe AAHHBIX CTATUCTUUYECKOM OT-
YEeTHOCTU BBHIOPAHBI METOABI IIPOTHO3UPOBAHUSA
acCa>kupPOIIOTOKOB. Pe3yAbTaThl IPOBEPOYHBIX
pacueToB IO BEIOPAHHBIM MeTOAAM OAU3KHU K pe-
AABHBIM AQHHBIM M HAUAYUYLIMM OOPa3oM YAOB-
AETBOPSIOT YCAOBUSIM AOCTOBEPHOCTU M 3HAUYU-
MocTu. Tak, AAS pellleHus 3aAad IPOTHO3MPOBa-
HUS TTaCCa’KUPOTIOTOKOB C ITeABIO pacueTa pa3me-
POB ABM)KEHUS XOPOIIIMe Pe3yAbTAaThl AQeT HIpHU-
MeHeHMNe MEeTOAA KOPPEASIIMOHHOTO aHaAu3a, Ha
OCHOBE KOTOPOT'O BIEpPBBLIe pa3paboTaH METOA
MIPOTHO3UPOBAHUS TACCa’KUPOIOTOKOB TI0 KaTe-
TOPUAM NMacCa>XMPCKOTO0 aBTOMOOUABHOT'O TPAHC-
nopTa.

2. Pe3yAbTaThl HATYPHOTO OOCAEAOBAHU I10-
3BOAMAW NPOU3BECTH CETMEeHTHMPOBaHUe IMacca-
SKUPOTIOTOKA MO KaTeropusM MacCa>kKUPCKOro aB-
TOTPAHCOOPTA U II0 PACCTOSHUIO CAEAOBAHUS.
[MToAyueHBl (DyHKIIMK CIIpOCca Ha MeCTa pa3Aud-
HBIX KaTeTOPUM B 3aBUCUMOCTU OT AAABLHOCTH TI0-
€3AKH. YCTaHOBAEHO, YTO C YBeAWYEeHUEM PACCTO-
SHUSI CAEAOBAHMS ITOBHIIIAETCS CHPOC Ha Ooaee
KoM@OpTabeAbHBIM aBTOMOOUMALHBIN TPAHCIIOPT.
Tak, yHKIUM CcOpoca KaTeropuu «TaKCH» U
«MapUIPyTHOE TaKCHU» B 3@BUCHUMOCTU OT AAAb-
HOCTH ITOe3AKM NMpuHUMAaroT 3HaueHus ot 0,0184
A0 0,0974 u ot 0,2622 p0 0,8691 cooTBETCTBEHHO.
I'lo cripocy Ha CKOPOCTB CA€AOBAHUS ITOAPA3AEAL-
eTCSI TAaCCa*kKUPOIOTOK KATeTOPUU  «TaKCHY,
«MApIIPYTHOE TaKCHU», «aBTOOYCHI», MPUYEM C
YBEAWUYEHUEM AAABHOCTH CAEAOBAHUS 3HAUYEHUS
(PYHKIIUM CIIPOCA HA CKOPOCTHb AQHHBIX KaTETOpUH
NPUOAVIKAIOTCS K EAUHUIIE.

BUBAVOTPADUA

1. Crartuctuka. Yuebuuk / [Top pea. mpod. .U,
Eauceesoit — M.: OOO «BUTPOM», 2002, —
448 c.

2. MeToponOTHUECKME TIOAOJKEHUS IO CTaTUC-
TiKe. — M.: Aoroc, 1998. 237 c.

3. TI'pemminos A.A., CrakyH A.A. MaTtemaTuyec-
KHe MEeTOABI ITOCTPOEHUsS TTPOTHO30B. — M.:
Papmo u cBsi3p, 1997, — 112 c.

COBpeMeHHbIe TexHonormn. CucteMHbiii aHanuns. MOHeﬂMPOBaHVIe

153




I

WPKYTCKWIM FTOCYOAPCTBEHHbINA YHUBEPCUTET MYTEN COOBLLEHMA

AL

e, VT

Dunorenko 1. A., Dunoreunko B.I1.,
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METO[ BNTO>KEHHbIX JINMHEWHbIX
CBEPTOK OJ17 OLEHKU KAHECTBA
300POBbA HACEJIEHUA

BBepeHmne. PaboTta mocBglilleHa npobiaemMam
MMOCTPOEHUST UHTErPaAbHBIX MOKa3aTeAel Kauec-
TBAa 3A0POBbI HAa OCHOBE CUCTEMHOTO aHAAW3a U
CKaASpU3alluy BEKTOPHOTO MOKa3aTeAsI KauecTBa
HCCAEAYEMOTO 00 BEKTa METOAOM BAOKEHHOU AU-
HEeWHOU CBepPTKHU. AeKOMIIO3UIIUSI OCHOBHBIX Xa-
PaKTepPUCTUK OOBbEKTa U IOCTPOeHUe ero CTPyK-
TYPHOM MOAEAU IPOBOAUTCS B BUAE HEKOTOPOH
HepapXu4ecKou CTPYKTYPHI (rpada).

3apada MOCTPOEHMS KOMIIAEKCHOM OIleHKHN
COCTOSTHUS OO'BEKTOB UAUW IIPOIECCOB SBASIETCH
AKTYaABHOU AAS PA3AWUYHBIX OTPACAEM 3HAHUU
(3KOHOMUMKH, DKOAOTHMH, MEAUIUHbI). Takue
OITeHKM AOAKHBI OBITH HMPOCTHI B IIPUMEHEHUH,
YYBCTBUTEABHBI K U3MEHEHUIO T€X UAW UHBIX Xa-
PAKTEepPUCTUK OOBbEeKTa U yUWUTHIBATH UX 3HAUU-
MOCTb U BAUSIHME Ha COCTOSHUE OOBEKTa, KakK
€AMHOTO IIeAOTO.

C MaTeMaTU4eCKOU TOYKU 3PEHUs IOCTpOoe-
HHe MHTEerPaAbHBIX ITOKa3aTeAel OTHOCUTCS K 3a-
Aa4aM MHOTOKPUTEPHMAABHOTO aHaAu3a uepap-
XWY, MO3TOMY II€PBBIM IIATOM IIPU NOCTPOEHUU
WHTETPAABHOTO TIOKa3aTeAsI SIBASIETCS AEKOMIIO-
3unUsa 00BbEKTa Ha COCTaBASIONINE ero 4acTu. Ta-
KYIO AEKOMIIO3UIIMIO YAOOHO IIPEACTABASTH B
BUAe rpada.

BTopbIM aTanoM pelreHns 3apauil IBASETCS
onpepeAeHre OTHOCUTEABHOM 3HAaUYUMOCTU Xa-
PAKTEPUCTUK OOBEKTAa Ha PA3AMYHBIX YPOBHIX
nepapxuu. Y, HakoHell, cAepyeT BEIOpaTh CIIoCo0
YIOPSIAOUEHUSI UAM CPABHEHMS COCTOSHUN O0b-
eKTa. Bcropy B AaapHeMNIIeM cocmosHue 00beKTa
OyA€eM Ha3bIBATh €70 KauecmBOM. MBI NICXOAUM U3
TOTO, UTO KaueCTBO 00BbEKTa AOAJKHO OIleHUBATh-
CS1 KOAMYECTBEHHBIM I10Ka3aTeAeM, KOTOPBIN 3a-
BHUCHUT KaK OT aDCOAIOTHBIX HE MTOAAESKAIITUX U3-
MEeHEeHMIO IToKa3aTeAer Pa3AUUHbIX XapaKTepuc-
THUK 00BEKTa, TaK M OT IKCIIEPTHHIX OI[€HOK 3Ha-
YUMOCTH 3TUX XapaKTepucTuk. [Ipu aTom «abco-
AIOTHBIE ITOKa3aTeAn» XapaKTePUCTUK CYTh BEAU-
YUHBI, 3aA@HHBIE alIpUOPH, B TO BpeMs KaK Kauec-
TBO BCETO OO'BEKTA OIIeHUBAETCS YCAOBHBIM ITOKA-

3aTeAeM, IPEACTABAIIONIUM COOOU Mepy OTKAO-
HEeHHUSl XapaKTepUCTUK OOBeKTa OT «HOPMBIY.
Xapaxmepucmuku o0beKma IOHUMAIOTCS B IIH-
POKOM CMBICAE, KAK HEKOTOPbIe MHO>KECTBAa, a UX
aOCOAIOTHBIE TIOKA3aTeAUW WHTEPIPETUPYIOTCH,
KaK KOAWUYEeCTBa SAeMEHTOB B 3TUX MHOJKeCTBaXx.
Toraa KauecTBO OOBEKTa MOJKET OBITH OIIpEAEAe-
HO, Kak BEKTOP aDCOAIOTHBIX ITOKa3aTeAel Xapak-
TEPUCTUK OO'BEKTA.

OTMeTHM, 4TO 3apa4a YIIOPIAOUEHUS U CPaB-
HEeHMd KaueCTBa 3aKAI04YaeTCsd B BELIOOpe OTHOIIIe-
HUU AOMUHUPOBAHUS Ha MHOJKECTBE COCTOSTHUMN
HnccaepyeMoro oovekra. OpHa U3 OCHOBHBIX IIPO-
OAeM MHOTOKPUTEPUAABHOTO @aHaAM3a COCTOUT B
TOM, YTO UCIIOAB30BaHWEe OMHAPHBIX OTHOLIEHUN
YACTUYHOT'O IIOPSIAKA MOJKeT IIPUBOAUTH K II0SB-
A€HMIO HeCPaBHUMBIX COCTOSHUM oO0beKTa. OHa,
KaK IIPaBHAO, pellaeTcsd METOAAMM CKaAIpu3a-
UM BEKTOPHOTO KpUTepus KauecTBa. [IpocTeii-
IITUU U3 HUX — METOA AMHEWHOM CKaAIpPHOU CBEeP-
TKHU C UCIIOAB30BaHUEM BeCOBBIX KO3 UITUEH-
TOB 3HAUUMOCTH XapaKTEePUCTUK OOBeKTa. Ho u
Ha 3TOM IIyTU TpeOyeTcs pelluTh psp 3apau. He-
00XOAMMO BBECTH ITKAAY BECOBBIX KO3 PUITUEH-
TOM, OIIPEAEAMB IIPHU 3TOM CTelleHb (DOpMaAn3a-
UMY IIpepraraeMoro IIOAXOAd, M 0DOCHOBATh
CBS3b MEKAY KaueCTBEHHBIMU I'DApAlUAMU U CO-
OTBETCTBYIOIIVMU 3HAUEHUAMM KOAMUYECTBEH-
HBIX ITOKa3aTeAeld KaueCTBa.

B aaHHOU paboTe IIpepAaraeTcsd MeTop, Hue-
papxuuecKoi AeKOMIIO3UIINM OCHOBHBIX XapakK-
TEPUCTUK HCCAEAYEMOTO OOBEKTa, IIOCTPOEHUSI
UHTEIrPAABHOU OII€HKM KaueCTBa OTAEABHOI'O 00-
'BEKTQ, @ TakK’Ke I[IPOBEAEHHS CPaBHUTEABHOI'O
aHaAM3a KaueCTBa ABYX U O0oAaee OOBEKTOB.

CraTha COCTOUT U3 ABYX YaCTel M 3aKAIOYe-
HU4.

B mepBoli 4acTH ONUCHIBAIOTCS HEKOTOPHIE
OWHapHBIE OTHOLIEHUS YaCTUYHOIO IOpPSAKA M
vepapxuueckue CTPYKTYpPhbl XapaKTepUCTUK MC-
CAepAyeMOTO OOBbeKTa B 00IIIeM BHAE, IPEACTABAS-
roIpe cCoOOOM YaCTHBIN CAy4Yal 0OIero MaTeMaTH-
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YeCKOro MOHATHd — rpada (cM., Hanpumep, [1]).
3aTeM TPUBOAUTCS ITPABUAO MTOCTPOEHUST UHTET-
ParbHOTO IIOKa3zaTeAd KadecTBa OOBeKTa  Ha
OCHOBE METOAA BAOJKEHHBIX CKAASIPHBIX AWHEN-
HBIX CBEPTOK.

Bo BTOpOM yaCcTH pa3dBUBaeMbIU ITOAXOA, ITPU-
MEeHSIeTCS K OIIMCAaHUIO METOAUKU NCCAEAOBAHUSI
KayecTBa 3A0POBbSI HaCeAeHUsA. PaccMOTpeHBI
CAyYaM C AByMs BUAAMHU XapaKTepPUCTUK: IPYIIIIBL
AHIL C PA3AUYHBIMU YPOBHAMU PUCKOB OCHOBHBIX
obmenaroaorndeckux cuHapomos (POOC) [2] u
camu POOC ¢ cOOTBeTCTBYIOIIMMM KOAWYEC-
TBEHHBIMM TTOKa3aTeAsaMU. [Ipepnraraercs u o0-
OCHOBBIBAETCS CIIOCOO TpapalliM KadecTBa 3A0-
POBBS HACEAEHUd IO IIKAAaM 3HAUYEHUM HWHTET-
PAABHBIX IIOKa3aTeAel, PACIIOAOKEHHBIX MeKAY
HYAEM U eAUHUIeH.

B 3aKAOUEHUM NPUBOAWUTCS KOHKPETHBIN
[IpuMep UCCACAOBAHUN.

1. CTpyKTypHast MOAEAb KauecTBa 00 beKTa.

1.1. BuHapHbIE OTHOIIEHWS YaCTUYHOI'O I10-
pdAKa. AAS TIOAHOTHI M3AOJKEHMS MPUBEAEM He-
KOTOpBle MOHATHS OWHAPHBIX OTHOIIEHWM 4Yac-
TUYHOT'O NTOPAAKA (cM., HarpuMep, [3]). Ilycte M
— TIPOU3BOABHOE MHOYKeCTBO. /AI0o00e TOAMHO-
>KeCcTBO R n3 pekapToBa npousBeperuss M \d7M
Ha3bIBAeTCSI OUHAPHBIM OmMHOWeHUeM. BuHapHoe
OTHOIIIeHue R Ha3bIBAaeTCSI OMHOWeHUeM Yacmuy-
HOTO NOpAgKA, €CAU BBIIOAHSIOTCS CAEAYIOIIHE
CBOMICTBA:

1. (x, x) € R (pechreKCHBHOCTE);

2. Ecan (X, y)eR " (y, X)eR, TO X=y
(QHTUCUMMETPUYHOCTS);

3. Ecam (X, y)e Ru (y, z)e R, TO (X, z)e R
(TPaH3UTUBHOCTB).

B sTOM cayuae muiiyT xRy M rOBOPSAT, 9TO X
He IIPEBOCXOAUT (IIOAYMHEH) V, @ Y AOMUHUPYET
Hap X. [IpuMeHUTEeABHO K IOHATHUIO KadeCcTBa Oy-
AEM YIOTPEOAATH TaK)Ke TEPMHUHBI «XyXKe» U

YMNPABJIEHVE B TEXHUHECKUX CUCTEMAX

IPOCTPAHCTBa OypaeM 0003HAuaTh X = (X1 P X, )

y=(¥s---1 ¥, ) Ha MHOKecTBe Bcex Tap BeKTO-
POB YaCTUYHBIU TOPIAOK MOKET OBITH OTIpEAEAEH
CAeAyIOIIUM 00pa3oM. byaeM roBOpUTh, 9YTO BEK-
TOP X IOAYUHEH BEKTOPY ¥, ECAU AT BCeX HHAEK-
coB [ =1, ..., n BEIIIOAHAETCA X; <Y,. Takyro yIo-
PSAOUYEHHOCThL OypeM Ha3bIBaThb NOKOOPGUHAM-
HOU. AN TOKOOPAUHATHOM YIIOPSIAOYEHHOCTH BO
MHO>KeCTBE BCEX BEKTOPOB MMEIOTCS HeCpaBHU-
MBbI€ DA€MEHTHI, T.€. BO3HUKAIOT CAy4YaH, KoTpa He-
AB34 CKa3aTh, YTO BEKTOP X AOMUHUPYET HaA BeK-
TOPOM y UAM HA000pOT. CyIeCTBYIOT pa3ANYHBIE
METOABI «CKAASIPU3AIIUN» 3aAaUM CPaBHEHMs, 110-
3BOASTIONIHE 3aMEHUTH BEKTOPHBIU KPUTEPUIM Ka-
JeCcTBa Ha CKAAIPHBIN. MeToa AuHeliHoU cBepmKu
cocTout B caepytomeM. ITycts a =(a ), .., o, ) —
HEeKOTOPBIM PUKCUPOBAHHBIY BeKTOP. CUMBOAOM
<o, x> 0003Ha"YaeTCqa CKaAIpHOE NIPOU3BEACHUE
BEKTOPOB A U X:
<o, X>=0,X,+.. 40, X, .

ByaeM moaaraTh, 4TO BEKTOPHI X 1 y HAXOAAT-
Cs1 B OTHOIIIEHUH R, (BEKTOD X IOAUNHEH ), €CAU
<o, x><< 0,y > OyHKIua f(X) =<0, X > Ha3bIBa-
€TCS AMHEMHOU CBePTKOMN. BUHAapHOEe OTHOILIIEHWEe
R, He 06nrapaeT yyKe CBOMCTBOM aHTUCUMMETPUY-
HOCTH, HO COXPaHsIeT ABa ADYT'MX CBOMCTBa U He
UMeeT IIPU 3TOM HeCpPaBHUMBIX 3AeMeHTOB. Ta-
Kye OMHapHbIE OTHOIIIEHNS Ha3bIBAIOTCS YaCTHUU-
HBIM KBa3UMNOPSIAKOM. Kak IIpaBUAO, AAS OTIpeAe-
AEHUSI AMHEUHBIX CBEPTOK BeCOBbIe KO3(PPUITU-
€HTHI 0i; BEIOMPAIOTCSA HEOTPUIIATEABHBIMU U Ta-
KMMH, 4YTO OBl CyMMa HUX PABHAAACH €AWHMUIIHL
ITocarepHee TpeboBaHUE AAS HAC CYIIECTBEHHBIM
He IBASIeTCH.

1.2. Mepapxndeckue CTPYKTYpHL. [lycTts X,
0003HaUaeT OCHOBHYIO XapaKTepUCTUKY Kaudec-
TBa UCCAeAyeMOoTro o0beKTa. OHa UMeeT KOAWYeC-
TBEHHBIU IIOKa3arTeAb X, . [Tpeanorosxkum, uro X,
pacrapaeTcsa Ha HECKOABKO HellepeCeKaruxcs

CKAyUIIe». OAeMeHTHI N-MEePHOIr0 BEKTOPHOI'O MHOXECTB X21' X22' TakK, uTOo
Xi, x;
OL]:1
X21’ x21 EEEEENEEENEEEEEEER X2k) x2k
Y Oy oy—=1
_l_ Xa), x3) _| - ........,_ X Xin _l
S . AL . S o - A =/ Rt S
va]; xp] T )(Pq! qu amnmm X;;m, xpm samEm Axfpd, xpd ammEm )(ph; x’ph
Olpr eessssesnssenanes Olpg tessesessssen Ol sesesessssereses Olpa cesssseneses aph:]
Puc. 1. CTpyKTypHas MOAeAb KadecTBa.
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X, =X,, UX,, U.... ByaeM roBOpUTb, YTO 3TH Xa-
PAKTEPUCTUKU OOpPa3ylOT BTOPOM YPOBEHBL Ae-
KOMTIO3UIIMHA OO0BeKTa. Kaykpoe M3 MHOXKECTB

X, X . B CBOIO OUYepeAb MOI'YyT UMeTh Hellepe-

gpt
CeKarolyecs COCTaBALOILIMe, KOTOphle 00pasy-
IOT TPETHUM YPOBEHDb AEKOMIIO3UITUY U T.A. [TOAY-
YEHHYIO TaKUM O0Opa3oM KOHCTPYKIMIO OyAeM
Ha3bIBaTb CMPYKMYPHOU MOgeAbl0 Kaiecmsd
(CMK). X, A6éKOMIIO3UPYeTCst Ha 4acTh X; C [T0Ka-
3aTeASIMU COCTOSTHUS X, , KOTOPBIE PACIIPEAESACHBL
no Bcem ypoBHaM CMK. Ka>KABI YPOBEHb BHOCUT
CBOM «BKA@A» B KQUeCTBO Bcero o0beKkTa. CxeMa-
tnuHo CMK oObekTa mpepcTaBA€HaA Ha puc. 1.

BekTop mnokaszaTeaeill XapaKTepUCTUK HU-
>xHero ypoBHs CMK oObekTa OypeM Ha3bIBATh
€ro COCTOSIHMEM (KaueCTBOM), KOTOPOE U MOAAE-
SKUT CPAaBHUTEABHOMY aHaAu3y. MO>KHO CKa3aTh,
uto CMK 1mipepcTaBasieT COOOM B3aMMOCBS3aH-
HBIY HAOOp MepapxXull XapakKTepPUCTHUK OO0HEKTQ,
Ka’kKAQsl M3 KOTOPBIX AEKOMIIO3UPYETCS Ha COo-
CTaBASIIOIIIVIE ee YaCTU A0 CaMOT'0 HUJKHEro YPOB-
Ha CMK. OTMeTuM caepyioliee:

1. Bce xapakrepuctuku CMK o0Opa3oBa-
HBI 13 OAHOPOAHBIX DA€MEeHTOB OCHOBHOM Xapak-
TEPUCTUKM (MHOJKECTBAa). DTO BaXHO C TOYKHU
3peHNd CpaBHEHHUS 3TUX XapPaKTEePUCTHUK.

2. CymMma mHoOKasaTeAed KauecTBa Xapak-
TEPUCTUK AIOOOIO YPOBHS paBHa CyMMe IIOKa3a-
TeAel XapaKTepPUCTHUK AKOOOTO BBIIIECTOSIIErO
YPOBHS U, B YaCTHOCTH, OCHOBHOMY ITOKa3aTEAO
BEpPIIUHEL X .

3. XapakTepuUCTUKU OAHOI'O U TOIO JKe
ypoBHa CMK mnonapHo He mepeceKarlTcd. JTO
O3HAYaeT, YTO OAUH M TOT Ke aOCOAIOTHBIN ITOKA-
3aTeAb He OyAeT UCIIOAB30BAThCS ABA’KABI B UH-
TerpaAbHBIX OIleHKaX KadecTBa ypoBHer u CMK
B IIEAOM.

1.3. BecoBrle KOO(PDUIIMEHTEL. AAST TOAYUYE-
HUs HHTETPAAbHBIX I[IOKa3zaTeAel KauecTBa AAL
Ka’KAOU XapaKTEePHUCTUKHN BBOAITCS BECOBBIE KO-
3¢ punmenTs. 3apa4a BEIOOPa BeCOBBIX KO3 du-
LIMeHTOB He MOJKeT OBIThb (POPMaAU30BaHA IIO-
AHOCTBIO. POAL CyOBeKTUBHBIX (DAKTOPOB B pellie-
HUM MHOTOKPUTEPUAABHBIX 38Aa4 OIleHWBAeTCd
[10-pas3HoMy (cM., Hanpumep [3-5]). BecoBble KO-
3(hPpuUnKeHTH ONIPeAEATIOT OTHOCUTEABHYIO 3Ha-
YUMOCTB OTAEABHBIX XapaKTEPUCTUK OOBEKTA AT
OIleHKM ero KadecTBa. OHU ONPEAEAdIOTCS 3KC-
IIEPTHBIM IIyTeM, U B 3HQUUTEABHOM Mepe 3aBUCAT
OT ONIBITHOCTHU 1 KBAaAM(PUKAIINU IKCIIEPTA, a TaK-
>Ke OT CUCTEMBI eT0 UHAUBUAYAABHBIX IIPEATIOUTE-
HUM U Habopa npuopureToB. Ho 0 HeKOTOPHBIX

ITpaBUAaX BLIOOPA BECOBBIX KOIPPUITMEHTOB I1e-
Aeco00pazHo AOTOBOPUTHCS.

1. IpakTuka moOKa3bIBaeT (cM. [5]), dYTO
9KCIEePTY He CAeAYET OAHOBPEMEHHO CPaBHUBATh
Oonee pAeBATH OOBEKTOB. [loaToMy jeaecoobpas-
HO OTPAHUYUTHCA 3HAUEHUSIMHU BECOBBIX KO3(-
pUITMEeHTOB, HaTlpuMep, B npeaerax oT 0 po 1 ¢
mtaroM 0, 1. T.e. 3HaUeHNS BECOBBIX KO PUITUEH-
TOB OyaeM BbIOMparts u3 MmHOXectBa 0, 0,1, 0,2, ...,
09, 1.

2. AomycKaeTcsi paBeHCTBO BeCOBOTIO KO-
3¢ punyenTa HyAr0. B cooTBETCTBUN C METOAOM
BAOJKEHHBIX AMHEUHBIX CBEPTOK (CM. HUXKe)
MAABHEUIas AeKOMIIO3UIINS XapaKTePUCTUKU C
HYA€BBIM BECOBBIM KO3((PUIITMEHTOM IIpeKpalia-
eTCs.

3. Uem OoABIlle BAUSET XapaKTepPUCTU-
Ka Ha yMeHbIIIeHNe KaueCcTBa OOBbeKTa, TeM OOAB-
IIINY BeCOBOM KO3(P(PUITMEHT el TPUIINCHIBAETCS.
Ha ka>xpoM ypoBHe CMK caMol 3HAUMMOU B YKa-
3aHHOM CMBICAE XapaKTePUCTUKE IIPUTTHUCHIBAET-
cst Koo duriment 1.

4. llepBeit  ypoBeHb (BepmmHa CMK)
nMeeT BeCOBOM KOO(PPUITUEHT PABHBIN €AMHUIIE.
CpaBHeHMe XapaKTepUCTHUK OOBEKTa 10 IIpUBe-
AEHHOU BEBIIIE IIIKaA€ OCYILECTBASIETCS IO TOPHU-
3oHTaAdM CMK, T.e. B mpepenrax Ka>kKAOT'O OTAEAb-
HOT'O YPOBHSI.

Llear paccTaHOBKU BeCOBBIX KO3 DUITUEH-
TOB COCTOUT B OIPEAEAEHUN OTHOCUTEABHOM 3Ha-
YMMOCTHU BCEX XapaKTEPUCTUK OOHEKTa AAS eTo
KavyecTBa. CunTaeM, 4To, IPUAEPIKUBASACH, IIPa-
BUA 1-4 3KCIEPT MOJKET PYKOBOACTBOBATBLCS Ka-
KUMHU-TO AOTOAHUTEABHBIMU COOOpa>keHUSIMH,
HO M CYOBEKTUBHOCTH JKCIIepTa AOAKHA MMETh
uMeeT CBOU I'paHUIlbl. OH AOAKEH OBITH Paluo-
HAABHBIM, YUMTHEIBATh HOPMATHBHBLIE UAU HHBIE
TpeObOBaHM4, CTaTUCTUYECKUE AQHHBIE U T.II., AAS
TOrO, YTOObBI MMETh BO3MOXKHOCTH OOBSICHUTD
BCEM 3aUHTEPECOBAHHBIM CTOPOHAM MOTHUBHI CBO-
ero BLIOOPA.

1.4. MeToA BAOJKEHHBLIX AMHEUHBIX CBEPTOK.
OOBIYHYIO AMHENHYIO CBEPTKY MOJKHO UCIIOAB30-
BaTh, €CAM UYMCAO KPUTEpUEeB KauecTBa OObeKTa
(XapaKTepUCTUK AEKOMIIO3UITUN) DAEMEHTOB He
BeAMKO. Toraa UX AeTKO PaH>XMPOBATH 110 3HAUM-
MocTHu. EcAn JKe KpuTepreB MHOTO ¥ OHU pacipe-
AEAEHB] [10 YPOBHSIM MepapXuK, TO BO3HUKAET 3a-
Aada PaCCTaHOBKU BECOBBIX KOI(PPUIIMEHTOB He
TOABKO IT0 ropu3oHTarasM CMK ¢ yueTroMm 3HauU-
MOCTHU XapaKTePUCTUK OAHOI'O YPOBHS, HO U pac-
NIpPOCTPaHeHNe BECOBBIX KO3(@PUIIMEHTOB IO
BEPTUKAASM OT BBIIIECTOSAIUX YPOBHEM Ha HU-
JKeCTosilre II0 COOTBETCTBYIOIIUM HepapXusM

156

CoBpeMeHHble TexHonorun. CuctemMHolit aHanus. MogenupoBaHue



AEKOMIIO3UIUU XapaKTePUCTUK 00 beKTa. VIHbIMU
CAOBaMH, HY’KHO YUUTHIBATDH «BKAAA» OTAEABHBIX
uepapxuii u ypoBHelr CMK B 11eAOM B KaueCTBO
HCCAEAYEMOTO OOBEKTA.
[TpepnraraeTcs CAEAYIOIIUU METOA AOCTUIKE-
HUS 3TOU 1leAr. BHauaae pacCcTaBASIOTCSI BECOBBIE
KO3 PUITUEHTHI AAT BceX XapakTepuctTuk CMK c
Y4eTOM UX OTHOCUTEABHOU 3HAUYUMOCTH II0 YPOB-
Ham CMK. 3areM Ha caMOM HUJKHEM YpPOBHE
CMK cTposgTcs AMHelHbIe CBEPTKU AAST AEKOMIIO-
3UNUN Ka>KAOU XapPAKTEPUCTUKU ITPEABIAYIIIETO
YPOBHS. DTU CBEPTKU CAY’KaT KOMIIOHEHTaMU AU-
HeMHBIX CBEPTOK Ha BHILIECTOSIeM YPOBHE U T.A.,
[ToAydyeHHYIO B UTOTe CBEPTKY Ha CAMOM BEPXHEM
YPOBHe, OyAeM Ha3bIBAaTh BAOJKEHHOU AMHEUHOU
CBEPTKOM AASI BEKTOPHOI'O KPUTEpHUs KadecTBa
Bcero o0beKkTa. O4eBUAHO, OHA MMeeT BUA CKa-
AIPHOTO IIPOM3BEAECHUSI BEKTOpa IIOKa3aTeAel
(X1, X,, ) XapAKTEePUCTUK HUXKHETO0 YPOBHS
CMK 1 HEKOTOPOTO BEeKTOpPa BECOBBIX KO3 PU-
IIMEeHTOB (oc 1Oy, ) B KOTOPBIX YYUTHIBAETCHI
3HAQUUMOCTE (BECOBOM KOI(MPUIIUEHT) KaKAOU
XapaKTepUCTUKU Ha BBIIIECTOAIIUX YPOBHSIX
CMK.
J(o, x) =0, X, +00, X, +... (1)
Buuz mo Beprukargam CMK 3HauuMoCTb
Ka’>KAOU XapaKTePUCTUKU PAaCIPOCTPAHIETCS TO-
CPEACTBOM YMHOJKEHHUS ee BeCOBOTO KO3 PHUITH-
€HTa Ha BeCOBbIe KOA(P(PUITUEHTHI BCEX COCTaBAS-
IOIIXX ee YacTed, a MMEeHHO: IIyCTb X, — j—asxa-
pakTepucTrka Ha i —oMm ypoBHe CMK c BecOBBEIM
KoaduimeHToM o ;. IIpeanmoroxum, 49TO Ha
(i+1)-om ypoBHe 3Ta XapaKTepHUCTHKa AKOMIIO-
3UPYeTCs Ha COCTaBAfMOIIME ee 4YacTu X, .,

Xi.1,1 --» C BECOBBIMU KOI(PMDUIUEHTAMU O, ;,

Oy o --- OHM YMHOKAIOTCSI HA 0L ; ¥ AAST CACAYIEO-

11ero (i +2) ~TO YPOBHSI A€KOMIIO3UIIMU XapaKTe-
puctuku X, ., X, ;... PACCMATPUBAIOTCST yKe C

Koo(ppunueHTaMu a0, ,, @;o;,,,;.... [llocrepo-
BaTeAbHOE BBIIOAHEHUE ATOM oIlepaliuu Mo BCek
CMK, HaumHasg C BepXHETO YPOBHH, IIO3BOASIET
IIOAYYUTH BeCOBble KO3(D(PUILIMEHTEl B Pe3YABTH-
pYIOIel BAOKEHHON CBepTKe B (popMyAae (1).

ChAepyeT OTMETUTh, 9YTO KAUYeCTBO ABYX AO-
OBIX 00BLEeKTOB A U B Bcerpa cpaBHHUMO TI0 CBep-
TkaM J , nJ ;. KauecTBo B Xy>Ke KauecTBa A, eCAn
3HaueHUe CBEPTKU AN 00beKTa B O0oAbIle 3Haue-
HUS CBEPTKU AAS OOBEKTa A.

1.5. VIlHTerpaAbHBIN MOKAa3aTeAb KayeCcTBa.
OObBIUHO TpebyeTcs, YTOOBI HUHTETPAABHBIN ITOKA-
3aTeAb (o, X) KauecTBa NPUHUMAA 3HAUEHUS B
npeaperax oT 0 Ao 1, 1 KaUueCTBO CYUTAAOCH ObI TEM

YMNPABJIEHVE B TEXHUHECKUX CUCTEMAX

Ayuine, gyem | (oc, X) OAMIKE K eAUHUIIEe. DTO AeTKO
AOCTHUTaeTCs, €CAM IIOAB30BATHCSI POPMYAOU

I(a, x) :1_7J(a, X)

XX

rae J(a, X) — BAOXKEHHAs AMHe#Has CBepTKa
CMK, x =(X,, X, ...) — BEKTOp IIOKa3aTeAei Hu-
sxHero ypoBHsa CMK.

(2)

Bompoc o rpapanuu kauectBa 00beKTa B 3a-
BHCHUMOCTH OT 3HaQUE€HUU MHTEIPAABHOI'O TTIOKAa3a-
TeAs PACCMATPUBATHCS 3KCIIEPTOM C YUETOM CIIe-
muduky 3apaun. OT™MeTuM, 4To hopmyaa (2) mo-
3BOASET MPUAATH UHTETPAABHOMY IIOKa3aTEeAIo
ONIPEAEAEHHBIU COAEP>KATEABHBIM CMBICA U He-
(OpMaABHO PEIINTh 3TOT BOIIPOC MPUMEHUTEAD-
HO K KQUeCTBY 3A0POBbsl HACEeAEeHUS.

2. HuTerpanbHBIM II0OKa3aTeAb KaudecTBa
3A0POBBS HaceAreHHs. O0BbeKTaMu HCCAEAOBa-
HUS IBASIOTCS TPYIIIBI AIOAEN C Pa3ANYHOM, BO-
0o0111e TOBOPSI, YMICA€HHOCTHIO.

2.1. CMK 1o TdKecTu 3a00AE€BAaHUU C yde-
ToM KpaTHOCTH POOC. OCHOBHOM XapaKTepUC-
TUKOU X, CUMTAIOTCS AMIA C PA3AUYHOU CTe-
nenbio POOC.

Bropon ypoBers CMK 00pa3yroT xapakTe-
puctuku X,,, X,, 1 X,; OOABHBIX C BeAUUMHAMH
POOC (R), Aexamumu B  IPOMEKyTKE
0,75<R<0,95 (Auna co cpepHuM puckoM), R< 0,75
(IpakTU4YeCcKM 3A0pOBEIe) U BeanunHamu R >095
(YCAOBHO OOABHBIE) COOTBETCTBEHHO. DTO BTOPOH
ypoBeHb CMK. XapaKkTepucTUKaMU TPEThHEero u
IIOCAEAHETO YPOBHSA ABASIOTCS AWUIA CO CPEAHUM
PHUCKOM U YCAOBHO OOABHBIE C PA3AUYHBIMU KpaT-
HOCTSIMM PUCKOB, ¥ KOTOPBIX YCTaHOBAEHO 1, 2, 3,
uAu 4 u 6oree POOC (MHOTOKpaTHBIE PUCKU). Xa-
pakTepucTtuka X,, (IpakTUYECKU 3A0POBBIE) He
AEKOMIIO3UPYETCs, TaK KakK ee BeCOBOU Koa(hdu-
IVEeHT IPUHNUMAETCS PABHBIM HYAIO M IIO3TOMY ee
IIOKAa3aTeAb He U3MeHseT 3HaUeHUsI BAOJKEHHOM
cBepTKU. Ho OH BAUSET Ha MHTErpPaAbHBIN ITOKAa-
3aTeAb KauecTBa Bcei CMK B 11eanom. CMK 1 Be-
COBBIE KO3(P(PUITMEHTHI IPEACTAaBAEHEI Ha PUC. 2.

I[Npumeuanue: R — BeanmunHa POOC, X; —
OTHOCUTEABbHBIEe YHCAEHHOCTH IPYIII, BbBIPa>keH-
HEBIE B IIPOIIEHTAX, O.; — BECOBBIE KOIDPHUIIHEH-
I, KP — kparHoctu POOC;

BAoskeHHas AMHelHas CBepPTKa pacCUnThIBa-
€TCs 110 (POpMYyAe:

4 8
1 _
J ((x,X)—(XZIZOL3,.X3I- +a232a’31’X31"
i=1 i=5

NHaTerparbHBIN MOKa3aTEAb KaueCTBa UMEeT
BUA,

I'(o,x)=1-J" (a0, x) / x,. (3)
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2.2. CMK 1o yacToTe 3a00A€BaHUYU C YIETOM
dopmer  POOC. OCHOBHOM XapaKTEPUCTUKOU

CMK saBasitorcss POOC, kak TakoBble. Bropoit
ypoBeHb CMK o0Opa3sytor POOC ¢ BeAmuynHaMH,
Aexxamumu B uHTepBane 0,75-0,95 u BeanunHaMu
oonee 0,95. Tpetuii ypoBerb CMK o6pa3syroT 11
POOC, npunusiteie B Meputinte. B poaaHoM paboTe
OHU pacIpeAeAeHEl B 5 I'PYIIII 10 KAaccaM 3abone-
BaHuM. Bce mokazaTeAn pacCUYMTaHBl B KOAMYEC-
TBax POOC OTHOCUTEABHO TPYHIIbI YMCAEHHOC-
Tet0 B 100 yenroBek. CMK mnpeacTaBreHa Ha
puc. 3.

[Mpumeuanue: R — Beanuuta POOC, X, —
koandecTBa POOC OTHOCUTEABHO T'PYIIIBL AWI]
IUCAeHHOCTBIO 100 4eroBeK, o, — BeCOBbIe KO-
sadppunmuents;; CCC — puck 3aboAeBaHUM cep-
AeuHo cocypuctou cucteMbl, [ 1C — puck 3aboae-
BaHUM nullleBapuTeAbHOU cuctembl, HC — puck
3ab0oAeBaHMM HepBHOM cucteMbl, O, — pHUCK 3a-
OoaeBaHUU OPraHOB AbIxaHUsd, [T — pUCK Tpounx
3a00AeBaHUIM.

BAo>kenHasa cBepTKa:

5 10
2 _
J (o x) =0y Zamxm 0y Za3iX3i'
io1 i=6

0,75 <R <0.95 R>095
x,=100%
I ypoBeHb
v & :1 A A
2 X2 X3 II yposeHb
az =05 o= a1
h 4 h 4 ) 4 h 4 h 4 h 4 v
X31 X3z X33 X1 X35 X3 X37 X3z III yporeHs
a;; =02  a3;,=04 a3~0,8 a34=1 a3 =02 az=04 a37=0,8 azs =1
KP=1 KP=2 KP=3 KP>4 KP=1 KP=2 KP=3 KP>4

Puc. 2. CMK no ts>xectu 3a00aeBaHui ¢ yuerom kparaoctu POOC.

VHTerpanbHBIN TOKA3aTEAD!
I*(a,x)=1-J%(a,x) / x,. (4)

2.3. 'papaniyisi KauecTBa 3A0POBBLS MO IITKa-

AaM 3HAYeHUN MHTErpaAbHBIX HOoKazaTeArer. Ha
MHO>XeCTBe BcCeX I/ICCAe,A,yeMbIX rpyHH AI—O,A,ef/Il

MO>XHO BBeCTH OMHApHOE OTHOIIeHWe 3KBUBA-
AEHTHOCTH — pe(AeKCHBHOE, CUMMETPUYHOEe U
TPAH3UTHUBHOE. ABe AIOOBIE I'PYIIEI CYUTAIOTCSH
SKBUBAAEHTHBLIMU (PABHOILI€HHBIMU) C TOUKU 3pe-
HHUS Ka4ecTBa 3A0POBbS, €CAM OHU UMEIOT OAVH 1
TOT K€ MHTETPAAbHBIN ITOKa3aTeAb KAUeCTBa 3A0-
poBbs. TakuM 00pa3oM, 3HaUeHUE UHTErParbHO-
ro IOKa3aTeAsl OIIpeAeAsieTCs OAMHAKOBO CpPas3y
MAS IIEAOT'O KAACCa 9KBUBaAreHTHOCTH. C 3TUX 1O-
3ULMUU KaXXABIU KAACC IIOAHOCTBIO OIIPEAEASIETCS
AIOOBIM CBOMM KOHKPETHBIM IIPeACTaBUTEAEM
(rpymmoit). AHaAu3upyd QOpMyAY (3), 3aKArOUa-
eM, 9TO MHTEerpaAbHLIN OKa3aTeAb I' uMeeT cae-
AYIOIIUN CMBICA: OH npegcmasAsem cobotl wacmsp
(B goaax om eguHUUbL) NPAKIMUYECKU 3§OPOBbIX
AUY, CUMBOAUYECKOU IPynnel, cocmoawel u3 gyx
yacmell — npaxkmuuecku 3gOPOBbIX U YCAOBHO
OOABHbBIX AUY C MHOTOKpAmMHbIMU puckamu. Takue
CHUMBOANYECKHE I'PYIIE], pacCMaTpUBaeMble KaK

0,75 <R <0.95 R>0.95
X
I yporenn
oy =1
Xn X22 II ypoBens
ay; =0,5 az=1
A \ 4 h 4 h 4 h 4 A 4 A 4 h 4 h 4 h 4 I
OBCHB
X31 X32 X33 X34 X35 X36 X37 X38 X39 X310 P

az; :0,4 A3z :0,5 sz :058 G3q :0=9 a_?j:]

o]l I1 I1C HC cce

on

a; =04 a;y=05 a=08 a=09 a;,=1

II Ic HC CCC

Puc. 3. CMK nio yacroTe 3ab0oAaeBaHmii ¢ yueToM popmbl POOC.
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TcTByeT yactora POOC B rpymnne aAut,
BCE PUCKU AN KOTOPBIX SIBASIIOTCSI CPEA-
HUMU U IIPeACTaBA€HBI PUCKaMU OoAe3-

HHU3KOE cpentee BBICOKOE Hell OPraHOB AbIXaHUs. 3HaueHu:o I > =0

PS ° ° @ COOTBETCTBYET 4acToTa IVDOOC B IpyIIIe,
IIOAHOCTBIO COCTOAIEN U3 YCAOBHO

0 <I'< 0,5 <I'< 0,75 <I'< 1 OOABHBIX AMIT C pUCKaMUu 3aboAeBaHUU

Puc. 4. Illkanra KauyecTBa 3A0POBbS 10 TSI)KECTU 3a00AeBaHUM.

MIPEACTaBUTEAM CBOUX KAACCOB, ITOAHOCTBIO
ONIPEAEASdIOT BCe BO3MOJKHBIE paBHOIEHHBIE
Me>KAY COOOU IPYIITBI AFOAEN CO 3HQUEeHUSIMU NH-
TerparbHOro nokazaTreas oT 00 1. I'Tpu aToM 3Ha-
gyenuto I' =1 COOTBETCTBYeT KAACC SKBUBAAEH-
THOCTH, COCTOSIINM M3 €AMHCTBEHHOW TPYyIIbI
IPAaKTUYEeCKU 3A0OPOBLIX AMII, a 3HaueHuto I' =0
— W3 €AWHCTBEHHOU I'PYINIIBL YCAOBHO OOABHBIX C
POOC kpatHOCTH HEe MeHee 4. DTU PACCyKAEHUS
TIO3BOASIIOT BBECTH IITKAAY KaueCTBa 3A0POBbS IO
IoKa3aTeAto I' ¢ MCIIOAb30BaHMEM ero YKa3aHHO-
rO BBIIIE COAEP’KATEABHOTO CMBICAQ, @ MMEHHO:
OyAeM cuuTaTb, 4YTO KaueCTBO 3A0POBbSI Ka-
KOM-ANOO TPYyHIbl HU3KOE, €CAM AN €e HUHTerT-
PAaAbHOTO TIOKAa3aTeAsl BBIIOAHIETCS HepaBe-
HcTBo I' < 0,5. Takas rpymmna paBHOIeHHA HEKOTO-
POU IpyIIIIe AIOAEH, B KOTOPOM He OOoAee ITOAOBH-
HBI ATOAEM TPaKTUUeCKU 3A0POBhHI, @ OCTaBIIASACT
YaCTh — YCAOBHO OOABHBIE ¢ KpaTHOCTAMU POOC
He MeHee 4. CpepHee KQueCTBO OIIPEAEANM 3Ha-
yeHreM mokasareas 05<[' <075. I'pynmna ¢ Ta-
KUM IIOKa3aTeAaeM KaueCTBa pPaBHOLIEHHA TaKOMU
I'pyIllle AFOAeM, B KOTOPOU OT IIOAOBUHEI AO TPeX
yeTBepTel AWIl TPAaKTUIEeCKA 3A0POBHI, @ OCTaB-
I1aCS 9aCTh — YCAOBHO OOABHBIE. BBICOKOE Ka-
4eCTBO OIIPEAEAUM 3HaueHueM [ '>075 c aHano-
TUYHBIM CMBICAOM. [lIKanra KauecTBa 3A0POBBS IO
TSIKeCTH 3ab0AeBaHUM ITpeACTaBAeHa Ha pHUC. 4.
Anaan3 ¢GopMyABl (4) TO3BOASET YTBeEP-
JKAQTh, YTO CMBICA MHTETPAABHOTO TIOKa3aTeAs [
COCTOUT B CAEAYIOLIEM: AAS YCAOBHOI'O MHOJKEC-
TBa yacToThel POOC, cocTosA1ero u3 AByx dacrey,
OAHA M3 KOTOPHIX HauboAee OAArompusaTHA (CpeA-
HHEe PUCKU C MUHUMAABHBIM BECOBBIM
KO3 @OUIIMEHTOM BO  BAOXKEHHOM
CcBepTKe, paBHBIM 0.2), a Apyrasg — Ha-
nboree HeOAATONPUATHA (YCAOBHO
OOABHBIE C MaKCHUMaAbHLIM BECOBBIM

CEepAEYHO-COCYAUCTOM cucTeMbl. [IIkara
KavyecTBa 3A0POBbs IO YacTOTe 3aboAae-
BAHUU IIPeACTaBAEHA Ha PUC. d.

HNTak, MBI MMeeM TOKa3aTeAUu TSI>KeCTH BO3-
MOJKHBIX 3a00A€BaHUM Y OOCAEAOBAHHBIX AUIL U
[I0OKA3aTeAr 4YaCTOThl CAy4YaeB BO3HUKHOBEHUS
POOC. B anupeMMOAOTHUY IIIUPOKO PacIpocTpa-
HEHHBIM SIBASIETCS WCIOAB30BaHUE OOIIUX (CHUH-
TETUYECKUX) [OKa3zaTeAel, HalpuMep IIpU U3-
yueHuU 3a00AeBaeMOCTH UAU TPaBMaTHU3Ma pabdo-
TaoImero HaceaeHusa (gpopma Ne 9—t (7-TBP)).
CHU)KeHMe IMoKa3aTeAsl 4aCTOTHI ellle He O3Hayva-
€T TIOBBIIIEHUsS KauecTBa 3A0POBbSA. AAS 3TOTO
HaAO0, YTOOBI CHU3UACS TaK)Ke TOKa3aTeADb TS KecC-
TH. BcaeacTBHME 3TOTO BBEAEM OOMINHY ITOKa3aTeAb
KauecTBa 370pOBbda. OH IpepcTaBAdeT coOOM
Ipou3BeAeHNe (MYABTUIAMKATUBHYIO CBEPTKY)
COOTBETCTBYIOIIMX IIOKAa3aTeAel KadecTBa IO
nepsoi u Bropo CMK u no3BoasieT paThb OoAee
TOUHYIO OII€HKY BO3HMKIIEH CUTYalluu U IIOAY-
YUTH OTBET Ha BOIIPOC O PA3AUYUU KauyeCcTBa 3A0-
poBB4. VicOAB3YyS IIKAABL AAS TTOKAa3aTenel [ "u
I*, MOKHO NIPEACTABHUTD IMIKAAy OOILIEro ImoKasa-
Tead I u3 caepyromiux coodopaskeHuit. [Tpousse-
AeHHe 3HaueHui ans I' =05u I? =04, onpepens-
IOIUX HU3KOe KadeCTBO, AACT OlleHKy [ =02
HU>Ke KOTOPOM KAa4eCTBO 3A0POBbSI CUUTAETCH
HU3KUM. [Ipou3BepeHMEe CpeAHUX 3HauyeHUM
I' =075u I* =06 OTIPEACAUT CAEAYIOLIYIO TPaAa-
U0 KauecTBa IO OOIIeMy IIOKa3aTeAro [, Kak
cpepHIO0. EIl COOTBETCTBYET CpepHee KaueCTBO
no nokazateasam I' u I°. Aaree TakuM ke obpa-
30M OIIPEeAEAsieM KaueCTBO BRIIIIE CPEAHETO IO T10-
KasaTeAro I. EMy cOOTBeTCTByeT CpepHee Kadec-
TBO [0 OAHOMY M3 TIOKa3aTeAetli I' uau I* 1 BBICO-

KauecTBo 300p0BbsI

HHU3KO® cpenHee BBICOKOE

KO3 PUIUEeHTOM, paBHBLIM 1) uUHTEr-

PAAbHBIM IIOKA3aTeAb NPEACTABAIET @ @ @ 9

COO0OU OTHOCHUTEABHYIO AOAIO II€PBOU

YacTH B 0OOUeM KoAWdyecTBe wactor 0 <T < 04 <I'< 06 <I'< 08

POOC. 3nauenuto I°=08 cooTBe- Puc.5.IIkara Ka4ecTBa 3A0POBbs 110 YACTOTE 3a60A€BaHHIL.
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e, VT

AL

KO-IIPOPUNAKTUUECKHUX U O3A0POBUTEND-
HBIX MEPOIIPUATHM.

B 3akAroueHMU OTMETUM, YTO IIpeA-
AOKEHHBIU B AQHHOM CTaThe IIOAXOA MO-

Puc. 6. Illkara o0uiero mokasareAs 3A0pPOBbSI.

Koe 110 ApyroMy. U, HakoHell, BEICOKOe KaueCTBO
o 00IlleMy MTOKa3aTeAl0 OIIPEAEAUTCS OAHOBpe-
MEHHO BBICOKMM KauyeCTBOM II0 0OOMM ITOKa3aTe-
Aasm I' wm I?. Illkara OOIIEro IOKa3aTeAst
IIpeACTaBAEHA Ha puc. 6.

3akArouyeHne. Bocrioab3yeMcs ONMCAHHOU B
pazpene 2 METOAMKOM AN @HaAM3a KauecTBa 3A0-
POBBSI peaAbHOM TPYINBI - HACEACHUSI OAHOTO U3
parioHoB MpKyTcKoU 0OAACTH, B KOTOPOM 3ape-
IUCTPUPOBAHBl HU3KHE YPOBHU aHTPOIIOTEXHO-
TeHHOT'O BO3AEUCTBUS, COITMAaAbHO-O9KOHOMU-Yec-
KOTO pPa3BUTUSA U 0O0Iei 3aboreBaemMocTu. [lo
AAQHHBIM aBTOMAaTU3UpPOBaHHOM olleHku POOC
AOAS TPAKTUUECKU 3A0POBBIX AUI] CpeAUu 0OCAe-
AOBAHHOTO HaCeAeHUs COCTaBUAA AWML 44,9% [6].
Haamune B 0OCA€AOBAHHOW IpyNIlIE TAKOW JKe
AOAW AW, OTHECEHHBIX K I'PYIIIIe IIOBBIIIEHHOI'O
PHCKa (C BepOSITHOCTBIO OoAee 0,95), MOJKeT IIpu-
BECTU UCCAEAOBATEAS K HEBEPHOMY 3aKAIOUEHUIO
0 OAaromnpusiTHOM KaudeCTBe 3A0POBbsI HaceAe-
HUS.

PacueTbl MHTETpaAbHOTO ITOKa3aTeAs, BHI-
MMOAHEHHBIe Ha ocHOBe nepBoit CMK no Tskectn
3aboaeBanui ¢ yaeToM KpaTHOCcTH POOC, noka-
3aAU CPEeAHUY YPOBEHb 3A0POBbs (OAMKE K HU3-
KOMy) 06CAeAOBAaHHOTO KOHTHHTeHTa: I' =0541,
PacueTs! MHTErPaABHOTO TOKA3aTeAST, BRITTIOAHEH-
HBIe Ha ocHOBe BTOpoit CMK no gacToTte 3abone-
BaHUU C yuyeToM pas3HbIx popMm POOC, nokazaru
TaKylo e curyanuio: I ° =0,366 (Hu3Kull ypoBeHb
3A0POBbS, OAMIKe K cpepHeMy).O000I1eHHEIH 110-
KazaTeAb KauecTBa 3A0POBbsl HaCEeAEHHUS palioHa
coctaBuA I =0198. CAepOBaATEABHO, KAYECTBO 3A0-
POBBbI HaCEAEHUSI B COOTBETCTBUU C BBEAEHHOU
IIKAAOW HU3KOe (HaXOAUTCS NPUMEPHO Ha HU-
>KHEM YPOBHE cpepHero). TakuM o0pa3oM, MOXK-
HO CcAeAaThb 00OCHOBAHHOE 3aKAIOUEHUE O TOM,
YTO HEOOXOAUMO HEOTAOKHOE BHEAPEHUE MEeAU-

HHA3ZKOC cpe,u;[-[ee BEIIIC cpem{ero BEICOKOC

° ° ® . °

0 <1<0,2 <I< 045 <I< 06 <I< 08
I=*xTI

KEeT SIBASITBCS METOAOAOTMYECKOMN OCHO-
BOU AAS OIIEHKM KadecTBa 3A0POBbS Ha-
cenreHUsl, HEOOXOAUMOMU AAS TIPUHSTUS
VIPaBASIOIINX PpelleHuN B 00AaCTHU
3ppaBooxpaHeHusd. IIponeaypa OIleHKH
KaueCcTBa 3A0POBbSl COCTOUT U3 CAEAYIO-
WX 11aroB: IIPOBEAEHUE MaCCOBBIX
CKPUHUHTOBBIX OOCAEAOBAHUN HAaCEAEHUS; IIOAY-
yeHNe KOAnYeCcTBeHHEBIX 011eHOK POOC ¢ UCIIOAD-
30BaHMEM aBTOMATU3UPOBAHHOU CUCTEMBI; TIO-
ctpoenue CMK 3A0pOBbS HACEAEHUS 10 TSIJKECTHU
U 4aCTOTEe PUCKOB 3a00AeBaHUN; PACCTAHOBKA Be-
COBBIX KO3((PUITMEHTOB; BLIYMCAEHUE WHTEr-
PaAbHBIX TTOKa3aTeAelM KauecTBa 3A0POBbS; ITKa-
AMPOBaHNE YPOBHSI KaueCTBa 3A0POBBS I10 3HaUe-
HUSM UHTETPAABHBIX ITOKa3aTeAel.
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rOCYOAPCTBO - OTKPbITAA
HEPABHOBECHAA AUHAMUWYECKASA
CACTEMA. CUHEPTETUHECKUA

ACNEKT

Tepmun “cuHepreTuka' OBIA IIPEAAOKEH B
70-x ropax HeMenlkuM pusukoM . Xakenom. Tep-
MUH "CHHepreTUKa" MPOUCTEKAET OT I'PeuecKOoro
“sinergeia", COBMeCTHOE A€UCTBUE, COTPYAHUYEC-
TBO, UAY YUEHBIE O B3aUMOAEUCTBYH [ 1, 2]. B AaAb-
HeMIlleM Kpyr OpoOAeM, KOTOpHIe pacCMaTpUBa-
AUCH B paMKaxX CHMHEPreTHuKU PacCIIUPHUACSH, HO, B
MIEPBYIO OUepeAb, U3yUYaAuCh OOIHe MOAXOABI K
U3y4EeHUIO YHUBEPCAABHBIX CBOMCTB, KOAEKTHB-
HBIX, KOOTIEPAaTUBHBIX 9(p(PEKTOB B OTKPHITHIX He-
PaBHOBECHBIX CHUCTEMaX U 0COOEHHO IPOIleCCh
CaMOOPTaHU3aIUuU B HUX.

Hwu>xe peun norpeT o0 OTKPBITHIX HEPABHO-
BeCHBIX cucTeMaX. YTo 3To Takoe? ITOCKOABKY
peub IMOUAET O TOCYAAPCTBAX, TO BCIKOE TOCYAQ-
PCTBO IIPEACTABASIET IIpeKAe Bcero cucreMmy. Cuc-
TeMa (rped. — Ijeaoe) — YIIOPSIAOUYEHHOE MHOKEC-
TBO B3aWMOCBSI3@HHBIX IAEMEHTOB, OIIPEAEAEH-
Has [eAOCTHOCTD, IPEACTAaBALIONIASACI KakK HEUTO
€AMHOE II0 OTHOIIEHUIO K APYTMM OOBEKTaM MAU
BHEIITHUM YCAOBUSIM. OUEBUAHO, UTO B AQHHOM CAY-
yae IIpuMeHeHMe 3TOro TepMMHA B KOHTEKCTe pac-
CMaTpUBaeMOU IPOOAEMBI BIIOAHE OIIPABAAHO.

OTKpBITBIE CHUCTEMBI — CHUCTEMBI, KOTOphIe
MOTYT OOMEHUBATLCS BEI[eCTBOM, SHEepruen 1 uH-
dopMareil ¢ oOKpyKarollen cpepoi. Kak BHUAHO,
BCSIKOE TOCYAQPCTBO BIIOAHE IIOAXOAWT IIOA OIIpe-
AeAeHue "OTKphITas cucreMa'.

[Touemy HepaBHOBecHBIe cucTeMbl? [loTomy,
YTO B HUX IPOIIECChl HEOOPAaTUMO MOTYT IIPOTe-
KaTh TOABKO B OAHOM HaIlpaBAEHUU, KOTAQ CKO-
POCTH NIPOIIECCOB O OAHOM HAIpPaBAEHUU CYIIeC-
TBEHHO IIPEBHIIIAIOT TAKOBBIE B 0OPATHOM HAIlPaB-
AEHUU (MAM HeOoOpaTHUMBbIEe IIPOIIECCHI IIPOTEKAI0T
3HAYUTEABHO OBICTpee, yeM oOpaTumble). VIMeHHO
HeOoOpaTUMOCTL SBAJIETCS OAHMM M3 aTpUOyTOB
Pa3BUTHUS HEPABHOBECHBIX CHUCTEM, KOTOPHIE MO-
I'yT CYILIIeCTBOBATh TOABKO IIPU IIOCTYIIA€HUHU B HUX
U3BHE BeIleCTBEeHHO-3HepreTU4eCKUuxX IIOTOKOB,
YTO M oOeclieyrBaeT B UTOTe HEOOPATUMOCTh MX
PasBUTHL II0 " CTpeAe BpeMeHU".

B HEKOTOpBIX CHHepreTMYeCKHUX MaTeMaTu-
YECKMX MOAEASX TAE OCYIECTBASIETCS MOAEAUPO-
BaHNe DHBOAIOIUM COLMAABHBIX U 3THHYECKUX
CHCTEM, 3@ OCHOBY TaKMX MOAeAel IPUHUMAAOCH
PaBHOBECHOE COCTOSHHE Takux cucreM. [Ipmme-
HUTEABHO K OTKPBITOM COITUAABHOM CUCTEME, K KO-
TOPOM B HallleM CAy4ae OTHOCUM I'OCYAApCTBO, Ta-
KOU IIOAXOA He IIpaBOMepeH. A MMeHHO: CUCTeMa
HaXOAAIIASICS B PABHOBECUU He OOMEHUBAETCS C
OKpY’Karolllel CpepOM BelleCTBOM U 3HEpPIuew,
SHTPONMS CUCTEMBl IIOCTOSHHA UM MaKCHUMaAbHQ,
MM TIOAAEPSKaHNS paBHOBeCHd He TpeOyeTcs 3a-
TpaT CBOOOAHOW DHEPruy M, HAKOHEI, caMoe
IrAaBHOe TakKas CUCTeMa He CIIOCOOHAa coBeplIaTh
paboTy IPOTUB BHEIIHUX CHUA, CKOPOCThH IIpOIiec-
COB B OAHOM HAITPABA€HUM PaBHA CKOPOCTHU UX B
oOpaTHOM HamnpaBAeHUU. OAHO 3TO Iepedurche-
HHe He II03BOAdeT PacCMaTpUBaTh 'OCYAAPCTBO B
KaueCTBe PaBHOBECHOM CUCTEMBL. BAN3KOM K peanb-
HOCTHU SIBASIETCSI CUCTEMA, HaXOAAIIAsICS B CTAlNO-
HapHOM COCTOSIHMU. AAS TaKUX CUCTEM XapaKTep-
HBI CAEAYIOIIYe MPHU3HAKKW: HelIpephIBHBIM 0OMeH
BEIIeCTBOM U 3HEPIHelr C OKPY’KAaoIIeld CPeAOH,
MASL TIOAAEPIKaHUS CTAllMOHAPHOTO COCTOSIHUS He-
00XOAMMBI ITOCTOSTHHEIE 3aTPAaThl CBOOOAHOM 3HEP-
MY, CUCTeMa HeoOpaTUMa — CKOPOCTBh IIpoliec-
COB B OAHOM U3 HAlIPABAEHUU OOABIIIE, YEM B ADY-
rom. Takum 0Opa3oM MMeHHO CTAallMOHAPHOEe CO-
CTOSHNE B IIOAHOU Mepe OTBeYaeT KpUTEePUIM I10-
A00Us IIpM KBaAM(pUKAIMU rOCyAapCTBA KakK OT-
KPBITOM HEPAaBHOBECHOU CHUCTEMBI, HAXOASIIENUCS
B CTAllMOHAPHOM COCTOSHUMU.

T'ocypapcTBO U coodmecTBa rocypapcTs
KaK OTKpPbIThie HepaBHOBECHbIEe ANTHAMHUYeC-
KHe CUCTEeMBI.

B ncropuyecku o603pumMoe BpeMs B Macce ye-
AOBEUYECKOI'0 COOOIIeCTBa 3aPOKAAAUCEH, PYHKIIN-
OHMPOBAaAW U OTMHUPAAU OTKPBITbIE HEPABHOBEC-
Hble CHCTeMBbIl: KHSKeCTBO, XaHCTBO, 11apCTBO, KO-
POAEBCTBO, MMIIEpUM U T.A. U T.II., B KOTOPBIX
CTPYKTYpPBl HU3IINX HepapXuil (POAbI, TAeMeHa)
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OOBEAUHANNCH B CTPYKTYPHI,
BBIIIIE.

CaMbIM TPYAHBIM B IIpUMeHEHNU CUHEPreTH-
KM K @HAAU3y MIPOIECCOB B YEAOBEUECKHUX COO0O0-
IIeCTBaX, BO3HUKIIIUX Ha 3THUUECKUX WAU WHBIX
[IPUHIUIAX, IBASETCS [IOMCK OOIIUX YepT IIPUCY-
IINX M MUKPO M MakpocucreMaM. CoOAtopeHTe
NPUHIINTIA TOAOOUS TPU aHAAU3E IITUPOKOTO CIIEK-
Tpa OTKPBITHIX HEPABHOBECHBIX CUCTEM, OTHICKAa-
HU4 OOIINX YePT UX Pa3BUTUS IPEACTABAIET OIIpe-
AEAEHHYIO TPYAHOCTBh. Ho ycranus OBIBAIOT OIpaB-
DAHBL, KOTAQ YAQETCS HAUTHU YMCTO HAa DEHOMEHOAO-
IrM4eCKOM YPOBHe 00II[1ie 3aKOHBI ¥ IPUHITUIILI Ta-
KUX PA3HBIX IO CBOEM CYTHU NPUPOAHBIX U COIIM-
AABHBIX CHUCTEM.

Bo3Bpalnasich K rocypapcTBY KaK OTKPBITOM
CHCTEME U MCXOASA U3 NIPEACTAaBAEHUM O pe’kMMax
MAUTEABHOTI'O COXPAHEHUS CTAIlMOHAPHOTO COCTO-
STHUSI OUEBUAHO, UTO €CAU CBECTU ITOHATHE CBOOOA-
HOM 9HEeprum K (pMHAaHCOBO-TIPOMBIIIAEHHBIM T10-
TOKaM (A@ IIpoCTAT Hac pusuku!!l!l), To MBI TpUXO-
AMM K CTApPOMYy KaK MUpP IIOHSTHIO yCTOWYUBOTO
Pa3BUTHUS AFOOOT'0 rOCYAQPCTBA: 9KBUBAAEHTHOCTH
9KCIOPTa U UMIIOPTQ, IOAATas, YTO OHU 3aBUCAT OT
BHYTpeHHEN 3Hepruu cUucTeMbl. Hapyienue sTo-
ro IIPUHIMIIA IIPUBOAUT K HAPYIIEHUIO CTAI[UO-
HApHOTO COCTOSTHUSI TOCYAQPCTBA U IIEPEXOAY €T0 B
HOBOeE CTAIlMOHAPHOE COCTOSHNME. Tparn3m Takoro
Ilepexopa 3aKAI0YaeTcss B TOM, YTO OH OCylle-
CTBASETCSI CKAQUKOM Ha CPaABHUTEABHO KOPOTKOM
BpPEeMEeHHOM MHTepPBaAe, IOCAE Yero CUCTeMa Irepe-
XOAHUT B HOBOE CTalfMOHAPHOE COCTOSTHUE. AN AFO-
00ro rocypapcTBsa Iiepexop U3 OAHOTO CTaljioHap-
HOTO COCTOSTHUS B APYTO€ ITPOIeCC MyUYUTEABHBIH, a
33@4acCTyIO U TParmdeCcKuil. OTO PEBOAIOINY, CMEeHa
5KOHOMUYECKOT'0 YKAGAQ, PACIian 3THOCOB, TUOEAD
OAHMX TOCYAAPCTB U 00pa3oBaHNe HOBBIX.
HMaAnrocTpanmelr 3Toro Te3nuca MOKeT OBITh pac-
nap CCCP um Tak HasblBaeMas 'TiepecTpouka’,
MpUHecIIas AIOAIM OIPOMHBIe cTpapanHms. Haubo-
Aee IledarbHa CUTyalns, KOTAQ IIePeX0A M3 OAHOTO
CTAIIMOHAPHOTO COCTOSIHUS B APYTO€ 3aTATUBAETCI
Ha AMUTEABHBIN IIepruop BpeMeHUu. CyAd 10 SMIIN-
pHUYEeCKUM AQHHBIM ITKOA V. TTpuro>kuna n I'. Mo-
poBuIia (3), eCAM B CTAIlMOHAPHBIX YCAOBUSAX IIO-
CTOSTHHBIM U MHTEHCUBHBIN IIOTOK YHEPruu Ipo-
XOAUT Yepe3 OTKPEBITYIO CUCTEMY, TO OH IIepeBO-
AUT DTy CUCTEMY B COCTOSHUE, AASI KOTOPOTO Xa-
PaKTepHBI OOAee BBICOKMU YPOBEHL CBOOOAHOM
SHeprum U OOAee HU3KUU YPOBEHb OJHTPOIINM.
Ecau coomnecmu cBobogHylo 3Hepruio ¢ obwum
SHepremu4eckuM NOMEHUUAAOM CUCmEeMbl, d 39H-
mponuro ¢ Mepol He PAUUOHAALHOIO PACCESHUS
5Hepruu, KOmopylo HeAb3s 3ampamump HA NPOU3-

epeyrucAeHHbIe

CUCTEMHBI AHANU3 U MEXXAUCLIUMIIMHAPHBIE MOAX0Abl B UCCNEAOBAHUAX

BOgCmMBO pabombl, TO OYEBUAEH U PSIA BaXKHBIX CAE-
ACTBUM, a UMEHHO:

* IOTOK JHEPrHH, MOCTYHAIOUIMU B TOCYAQ-
PCTBO, OOYCAABAMBAET HApacCTarolllee CTPYKTYPH-
pOBaHNEe CUCTEMBI U POCT CBSI3HOCTH MEJKAY ee
KOMITOHEeHTaMU;

* BO3pacTaeT "eMKOCTh' CHCTEMBI (TOCyAa-
pCTBa) MO CIOCOOHOCTHU IIPOITYyCKAaTh depes cedd,
HUCIIOAB30BAaTh U XPAaHUTDh BCe HAapPaCTAOIINN ITOTOK
CBOOOAHOM 3Hepruu. ECAM OTORAECTBUTH TOHATHE
"cBOOOAHAS SHEPIrus’ ¢ PUHAHCOBO-IIPOMBIIIIAEH-
HBIMU [TIOTOKAMU IIOCTYIIAIOIIUMU B TOCYAQPCTBO
13-3@ €ro MPEeAEeAOB, TO MTPAaBOMEPHOCTh COIOC-
TaBAEHUS II0 3TOMY KPUTEPHUIO TOCYAAPCTB C OT-
KPBITBIMH CUCTEMAMU CAeAyeT IIPU3HATh AOCTa-
TOYHO TTPaBOMEPHBIM;

* YBEAWUEHHNE CAOKHOCTH CUCTEMBI U YPOB-
HeM ee OpPraHM3alluy IIOBHIIIAET €€ BAPUAHTHOCTD
B OTHOIIIEHUU TMOTAOIIEHUSI CBOOOAHOM 3HEPTruH,
TeM CaMbIM CHIKAas ee MOTepU, BhIpa>kKeHHBIE B
TEePMHHAX YAEABHOU JHTPOIMH, TO €CTh "Mep-
TBOM" 3HEPIuU He CLIOCOOHOU K COBEPIIEHUIO pa-
OOTHI.

Buoaoruueckue OMBITHI O OTKPBITBIMU CUCTE-
MaMH ¥ @HaAN3 AMHAMUKY OTKPBITHIX CUCTEM BOOO-
11e TIOATBEPKAQET OAWH TAQBHEMININM BBIBOA CH-
HEepreTUKU: YeM WHTEHCUBHEM IMOTOK CBOOOAHOM
SHEPIuHU 4epe3 OTKPBITYIO CUCTEMY, TEM Pa3HOOO-
pasHee U CAOJKHee BO3HUKAOIIMe B Hel CTPYKTYPbI
U, YTO CaMoe BayKHOe — CUCTeMa AOAKHA OBITH MHO-
TOBApMAHTHOM, YTOOBI NpPHU KPU3UCE KAKOU-TO
OIpEAEAEHHOM CTAIlMOHAPHOU CUCTEMBI UMEThH pe-
3ePBHYIO BO3MOJKHOCTH HaXOAUTLCS OOAee ueM B
OAHOM AMHAMMWYECKOM CTAllMOHAPHOM COCTOSHUMU.
WHBIMEU CAOBaMH, AAI COXPAHEHUS ILEAOCTHOCTH
OTKPBITOM HEPAaBHOBECHOU AMHAMUYECKOU CUCTe-
MBI (TOCYAQPCTBA) OHA He AOAYKHA OBITH CTPOTO Ae-
TEPMUHUPOBAHA, @ UMeTh BO3MOKHOCTh 0e3 0Co-
OBIX DHEPTreTUYECKUX MIOTEePh IIEPEXOAUTH Ha HO-
Bble IIyTU Pa3BUTHUS, UAU BbIPAKAsICh SI3bIKOM CU-
HEepreTUKU TaKasd CUCTeMa AOAKHA OBITh MYABTUC-
TaOUABHOM. VIMEHHO B TaKMX YCAOBUSAX BO3MOKHA
KOHKYPEHIIUSA U €CTEeCTBEHHBIN OTOOP CTalloHap-
HBIX COCTOSTHUM TaKUX OTKPBITBIX CUCTEM, KOHEU-
HO, IIPY YCAOBMH, YTO Ha IIEPBLIN ITAQH He BCTYIIaeT
NIPUHATHE BOAEBBIX PEIIeHUN IaBOU TaKOI'o TOCY-
AApCTBa. B Takoy cuTyanuu cucteMa MOJKeT OBITh
HallpaBA€HaA I10 TYIIMKOBOMY ITyTU Pa3BUTHUS, B ITAA-
He KOTOPOro Hem30e>KHBI OuypKalusa, Aerpapa-
1M U pacraj, CUCTEMBL.

B KoHTeKCTe CITOCOOHOCTH OTAEABHO B3SITOTO
rocypapcTBa 3(PEKTUBHO NOTPEOASATH ITOTOKM
CBOOOAHOW DJHEPruM OTYETAMBO IIPOSIBASIETCS
rAaBHast 0COOEHHOCThL —- ITIOTOKYM CBOOOAHOU 3HEP-

COBpeMeHHbIe TexHonormn. CucteMHbiii aHanuns. MOHeﬂMPOBaHVIe

163




I

WPKYTCKWIM FTOCYOAPCTBEHHbINA YHUBEPCUTET MYTEN COOBLLEHMA

AL

e, VT

TMIH BBICOKOM IIAOTHOCTH B IIOAHOM Mepe MOT'yT yCBa-
UBATbCSI CAOKHO IIOCTPOEHHBIMM MHOI'OBapHaH-
THBIMU CTPYKTypaMu, UOO IIPOCTBIe AMHAMU4ec-
KHe CUCTeMBI (IPUMUTUBHO IIOCTPOEHHEIE TOCYAQ-
pCTBa) HE B COCTOSHUM PAIlMOHAABHO yCBAWBATh
IIOTOKU CBOOOAHOM 3Hepruu. VHBIMU CAOBaMU
“MeeT MeCTO IIPUHIIUII COOTBETCTBUS [IEHCUU I10-
TAOIIIEHUSI CBOOOAHOU 3HEPIMU TOCYAAPCTBOM II
CTEIIeHBIO CAOJKHOCTH €ro CTPYKTYpPhI. Ecan rocy-
AAPCTBO He 00AAQAQCT CAOKHOU MHOTOBAPUAHTHOM
CTPYKTYPOH, CHOCOOHOM yCBauBaTh U llepepabaThI-
BaTb CBOOOAHYIO SHEPIHIO, TO CKOABKO OBI HE IIPO-
KQuMBAAOCh 4epe3 Hero CBOOOAHOU 3Hepruu (Ha-
npuMep (PUHAHCOBO-IIPOMBIIIAEHHEIE IIOTOKU),
3((peKT OyAeT MUHUMAABHBIN UAM AQKe OTPHUIa-
TeAbHBIU. VAU KaK TOBOPUTCS B U3BECTHOM IIOCAO-
BUIle — He B KOII KOPM.

CAepoBaTeABHO, AF0OOE TOCYAQPCTBO B PaHTe
OTKPBITON CUCTEMBI IIPEFKAE BCETO AOATKHO COBEP-
IIEHCTBOBATHL CTPYKTYPHYIO OPraHU3alluIo, CO3Aa-
BaTb CBOeOOPa3HbIe CETU A YAABAUBAHUA CBOOOA-
HOU sHepruu. B 3ToM nmhane ocoboe 3HaUeHUe IIpu-
oOpeTaeT NOHUMAaHNe 3aKOHOB YCTOWYUBOCTHU TO-
CyAapCTBa IIpU  AeCTaOMAM3HPYIOLIEM BAWSHUU
OKpYy>KaroIlel Cpeapbl (APYTHX TOCYAQpPCTB), MOO
4yeM BBIIIE CTPYKTYPHAs OPraHU3allusg OTKPBITOM
CHUCTEeMBI, TEM BBIIIIe ee CIIOCOOHOCTL K IIPOTUBOC-
TOSTHUIO AeCTaOUAU3UPYIOIUM DaKTOPaM.

OreHrBasg (PyHKIMOHAABHYIO CYIITHOCTE TOTO
KM MHOI'O TOCYAQPCTBa, UAM X COOOIIECTB], LeAe-
COOOpa3HO IpUMeHeHWe IIOHATHS CHHepru3Ma.
CyTb 3TOTO TEPMMHA 3aKAIOYAETCS B TOM, YTO B AQH-
HOU CUCTEME KayKABIM U3 OTACABHO B34THIX (DaKTOPOB
He MOJKeT IIPUBECTH K 0’KHAQEMOMY pe3yAbTaTy 0e3
BO3AEUCTBUS APYTOT'O MAM APYIUX (PAKTOPOB. VHBI-
MM CAOBaAMU, B 3TOM CAydYae pearnu3yeTcs CHHepre-
TUYeCKU 3(@EeKT KOONepaTUBHOIO B3aUMOAE-
WUCTBUA BO BCcel cucreMe. [ lorATHE CHEPIU3Ma BXO-
AUAT COCTAaBHOU KOMIIOHEHTOU B TEOPHUIO yIIpaBAd-
FOLIIMX TTapaMeTPOB MAY MOA,".

Yrupapagmoniyue napaMerpbl, rOMeoCTa3uc,
opraHu3anusg ¥ caMOoOpraHu3aIus.

CocrosgHue AT000M OTKPBITOM CAMOOPTraHU3Y-
IOIIENCsl CUCTeMBl, B TOM YHCAe U IOCyAapCTBa,
oIpeAeAsieTcss HaOOPOM lTapaMeTPOoB, KOTOPHIE 00-
€CIIeunBaloT ero paspurre. OAHUM U3 AOCTHKe-
HUM CHUHEPreTUKU SBASIeTCSI BBepeHHoe . Xake-
HOM TIOHATHE 'TlapaMeTphl MOPSIAKa' UAM "MOABI".
CyTb 3aKAIOYAETCS B TOM, UTO MCXOAS M3 BBEACHHO-
ro I'. XakeHOM IIpUHITUIIA TOAUMHEHNS, B paccMarT-
pUBaeMbIX HAMU CUCTEMaxX CYIeCTByeT HepapxXus
TIepeMeHHBIX, OIIPEAEATIONIasd COCTOIHIE AQHHOMN
cucTteMbl. [lapaMeTphl TOPSAKA OIPEAEASIOT CO-
CTOSIHME CHUCTEeMBI, a IlepeMeHHble Doree HU3KUX

PAHTOB IIPUCHIOCAOAUBAIOTCSA K HUM M (DYHKITMOHU-
PYIOT B 3@8BUCUMOCTH OT HUX. OTO OOCTOATEABCTBO
II03BOASIET OIIUCHIBATH MAKPOCUCTEMBI OIlepUPYS
IepeMeHHBIMH, OTHOCUMBIMM K IIapamMeTpaM II0o-
PSAKQ, YTO CYILIECTBEHHO YIIPOIIAeT PelleHne 3a-
2aun. ITo3TOMY AAST KAJKAOM CUCTEMBI OIIPEACACHUE
IIapaMeTPOB IIOPSIAKA 3aKAAABIBAET PEAAbHYIO
OCHOBY AASI €e PACCMOTPEHHUS C UCIIOAB30BAHUEM
HeOOABIIIOT0 YUCAA IlepeMeHHbIX. Hampumep, B
COILIMOAOTUM MHAEKC Pa3BUTHS YEAOBEUYECKOTO I10-
TeHirana (MPYIT), BkatogaeT Bcero Tpu mokasare-
ASL: IPOAOASKUTEABHOCTD JKU3HU, AOXOA Ha AYIIY
HaceAeHUs U YPOBeHb 0Opa30BaHUs.

AAST AFOOOTO TOCYA@PCTBA, KaK M AASL BCIKOU
OTKPBITOM CUCTEMBI, OTPOMHOE 3HAaUYeHUE UMEIOT
oOparHble CBA3U. Tak, HApUMeEpP, €CAU IOCyAd-
PCTBO B AUIle IIPABUTEABCTBA U ADYTHX BAACTHBIX
CTPYKTYP CTPEMUTCS YAYUIINTE KU3Hb HAPOAQ, TO
QAEKBATHO MIPOSIBASIETCS U OOPATHAS CBA3b HAPOA
OyAeT IIOAAEPIKUBATH TAaKOe PYKOBOACTBO B AlO-
ObIX cuTyanusax. OOpaTHas CUTyaIusa CO CAAOBIMU
OOpaTHBIMU CBA35IMU NPUBOAUT K CHUYKEHUIO
YCTOMNUYMBOCTHU CUCTEMBI U €€ AeTPaAalHn.

[TpobareMa OOpaTHBIX CBI3€l B TEOPUM CU-
HepreTHUKU 3aHUMaeT ocoboe MecTo. Kak m3Bec-
THO COCTOSTHUE OTKPBITOM HEPABHOBECHOU CHUCTe-
MBI MO>KHO BBIPa3UTh U Yepe3 CpaBHeHUe MOIIHOC-
Tel ITIOTOKOB Ha BXOAE 1 Ha BBIXOAE, & TaKyKe U CTe-
IIEHBIO B3aUMOAEUCTBUS IIOTOKOB B CAaMOM CHUCTe-
Me. B TakoM cAayuae Mepa B3auMOAEUCTBUSA MOJKET
XapaKTepu30BaTh BEAWUYMHY OOpATHBIX CBd3€el.
AAs paccMaTpUBAEMOU HAMU MOAEAH, TAE B Kadec-
TB€ OTKPBITOM CUCTEMBI BLICTYIIaeT FOCYyAaPCTBO, B
paMKax oOpaTHOM CBSI3U MOJKHO OLIeHUTh KaK CUC-
TeMa BAMSET Ha COOCTBEHHEIE YIIPABAGOIINeE IIa-
pameTrpsl. HanpuMmep, B TeX CAy4asX €CAU AOA-
CKMe, dHepreTuuecKre MAM (PUHAaHCOBO-IIPOMBIIII-
AeHHBle IIOTOKU BHYTPHU I'OCYAQPCTBa IIPU KOolle-
PATUBHOM B3aUMOAEUCTBUU APYT C ADYTOM XapakK-
TEPU3YIOTCSI BLICOKUM YPOBHEM 3HEPIreTUUeCKOro
B3aUMOAENUCTBUS, TOTAQ OO00IeHHbBIEe CUABI BEIPA-
JKQIOTCSA KaK (PYHKIUHU ITOTOKOB. CTelleHb B3aUMO-
AEUCTBUS IIOTOKOB B IIOAHOM Mepe BAMSET Ha
yIpaBAsiIOllle IlapaMeTpbl CUCTeMbl. B Takom
CAy4ae A OTAEABHOI'O F'OCYAQPCTBA KaK OTKPBI-
TOM CUCTEeMBI COOTHOIIIEHNE CUAOBBIX IIapaMeTpPOB
IIOTOKOB Ha BXOA€ M Ha BBIXOAE XapaKTepusyer
CTelleHb SHepreTUYeCKOTro IIpeo0pa3oBaHus [I0TO-
KOB BHYTPU CHCTEMEBI, @ OTHOIIIEHWEe MOIIHOCTEeN
IIOTOKOB HAa BXOAE M BBIXOAE HAUMHAET BBICTYIIATh
B KauecTBe IlapaMeTpa IIOPSIAKE, OIIPEAECATIOIIEero
COCTOSIHUE BCeM CUCTeMEL B IlearoM. [1o cytu peaa,
3TO CBOEOOPA3HBIM KO3 PUIIMEHT TpaHChopma-
1Y CBOOOAHOU SHEPIMU B HEPABHOBECHOU CUCTe-
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Me, IIUTAeMOM Ha BXOA€ NOTOKAMU BeIlecTBa M
9HEPIruH, U U3 KOTOPOU 3TOT OTOK 3aTEM BEIXOAWT.
WMHbIMU CAOBaMU, UCXOAS M3 CUHEPTeTUYECKUX MO-
MEAel, KOTAQ TOCYAAQPCTBO PACcCMATPUBAETCS Kak
OTKpBITasi HepaBHOBECHAas CHUCTeMa, MBI ITPUXO-
AAM K IIPOCTOMY BBIBOAY: Ka’kKpOe I'OCYyAQpCTBO
KaK OTKpBITas CUCTeMa IPEACTaBAIeT CBOoeoOpa3s-
HBIU IIpeoOpa3oBaTeAb SHEePrum — TpaHcdopMa-
TOp. OTCIOAQ CAEAYET BaKHBIU BBEIBOA — COCTOS-
HIE CHUCTEMBI B IIeAOM OYAET OTIPEeAEAdThCS CTe-
MIEeHBIO TpaHCHOPMAaIUU 3TOU 3HEPTUH, B CTOPO-
HY ee [OBBIIIeHNS UAU IOHU)KEHHS., YTO B UTOI'e
COOTHOCUTCH ¢ 0011elr 3(p(PeKTUBHOCTHIO (PYHK-
IIMOHUPOBAHUS TOCYAAPCTBE, CIOCOOHOTO BOC-
NIPUHUMATh W YMHOXXATh IIOTOKH CBOOOAHOM
SHEePIuy, UAH, B XYALlleM BapuaHTe, IIOTAOLIATE 1
OMEPTBASATH 3TY 9HEPIHUIO, UTO OYAET BEIPasKaThCI
B POCTe SHTPOIINU TAKOW CUCTEMHI.

AHaAU3UPYsI COCTOSIHUE I'OCYAQPCTBA He CAe-
AyeT 3a0bIBaTh M O TOMEeOCTa3nce OTKPLITHIX HepaB-
HOBeCHBIX cucteM. OOAaCTb roMeocrasmuca (cra-
OMABHOCTH) HEPABHOBECHOU CUCTEMBI IIPEACTABAS-
€T TaKoe MHO>KECTBO COIPS>KEHHBIX ITapaMeTpoB,
KOTOpble B IIEAOM O0eCIeurBalOT HAAEKHOCTH
(PYHKIMOHMPOBAHNI HEPABHOBECHOU CUCTEMHI (4).
Koraa mop HapAeKHOCTBIO ITOHUMAaEeTCsI ee CIIoco0-
HOCTBb BBITIOAHSITH OIIPEAeAeHHbIe (DYHKIIMU U CO-
XPaHUTh CBOE KQa4eCTBO (OCHOBHBIE XapPAKTEPUC-
THKH) B HEKOTOPOM AMAlla30HEe yCAOBUU. B ompe-
MAEAEHHOM Mepe TaKoe OIpeAeAeHUe OTBedaeT
CHOCOOHOCTH OTKPBITOY HEPABHOBECHOW CUCTEMBI
IPOTHUBOCTOATH BHEIITHEMY BO3AENUCTBUIO. VIHBEIMU
CAOBaMU, 110 @aHAAOTMU COOTHOCS OTKPBITHIE CUCTe-
MBI C OTAEABHBIMU TOCYAQ@PCTBAMHU, BIIOAHE OITpEAe-
AEHHO MO>KHO TIOAATaTh, YTO CTPEMICH COXPAHUTH
COCTOsIHHE rOMeOoCTa3nca rocyAapCcTBO B [IeAOM OYy-
AeT IIPOAYLIIPOBATh BHYTPHU ce0si MeXaHM3MEL IIPO-
IIeCCOB, HAIIPAaBAEHHBIX Ha OcCAabAeHMe IIpoliec-
COB, CTPEMMAIINXCSA NPUBECTU €e B MHOe Kadec-
TBeHHOe cocTosiHue. OOpaTuMcsi K IpUMepaM.
Buemnga yrposza arpeccuu MOOMAM3YeT BCe
CTPYKTYPBI FTOCYAQPCTBA ¥ BKAIOUAEeT HOBBIE MeXa-
HM3MBbI II0 OPraHu3aliui OTIIOPY TaKOU arpeccuy,
IleAb KOTOPOY TIOKOPUTH TOCYAQPCTBO U IepeBeCcTHr
€T0 B MHOe Ka4eCTBEHHOe COCTOSTHUE. APYyTOU IIpH-
Mep. Haxopschb B COCTOIHUY yTIaAKa IPU SIBHOU i
pO3e uCcue3HOBEHUs, TEM He MeHee B CBOel OCHOB-
HOU Macce Hapop U TOCYAAPCTBEHHBIE CTPYKTYPHI
B Pa3HOU Mepe IMPOTUBOAEUCTBYIOT PAAUKAABHBIM
PEBOAIOIIMOHHBIM ITIPpe0Opa3oBaHusIM, MO0 UM MIPU-
BBIUHEN HaXOAUTHCSI B COCTOSTHMUM T'OMEOCTa3HUCq,
TA€ BCe IIPUBBIYHO U 3HAKOMO, YeM IIePEXOAUTH B
WHOEe KaueCTBEHHOEe COCTOSTHUE, TAe BCe HEBEAOMO
U [IyTarollle He3HaKOMO. B 3TOM 3aKArO4aeTcs oIIpe-
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AEAEHHBIM KOHCEPBATHU3M OTKPBITHIX HEpPaBHOBEC-
HBIX CUCTEM — 130 BCEeX CUA IPOTUBOCTOSATH BhIBE-
AEHUIO UX U3 COCTOSHUS FOMEeOCTa3nca, MO0 TaKon
IIEPEXO0A, COIPSKEH C CUABHBIMU 3HEPreTHYeCKHU-
MU UAU BOAEBBIMU BO3AEUCTBUSIMHU, UTO 110 OTHOLLIE-
HUIO K 4eAOBeYeCKHUM COOOIeCcTBaM II0 CyTH OAHO
U Toke. Tparm3M CUTyaIuM 3aKAIOYaeTCs B TOM,
YTO B AOCTQTOYHO KOHCEPBATHBHBIX CHCTEMAax
CTpeMAeHUe COXPAHUTLCS B COCTOSTHUU I'OMeOCTa-
31ca BEIAMBAETCI MHOTAA B (popMUpOBaHUe T9eeK 1
CTPYKTYp HAIIPaBAEHHBIX Ha OOpPBOYy C CHAAMY,
CTPEMSIIIVMUCS BBIBECTH CHUCTEMY M3 COCTOSHUS
roMeOoCTa3uca Ha HOBBIN OOAee BBICOKUM IIYTh pa3-
BuTHsA. [IpuMepoM TOMY CAy’>KaT peAWTrHO3HbIE U
CelapaTUuCTCKUe TIPYIINPOBKU 3KCTPEMHUCTCKOTO
TOAKQ, IIPOTUBOOOPCTBYIOIIME HOBBIM IIPUHIIUIIAM
U METOAAM YIIPaBAEHUS CAOJKHBIMU T'OCYAQPCTBEH-
HBIMU CUCTEMaMH Ha CTAAUM AOMKHU I'OMeOCTa3uca
U IIepeX0Aa B HOBOe CTallMOHapHOe COCTosiHue. Bes
HUCTOPUSI YeAOBeueCTBa SIPKUM NPUMep PaccMOT-
PEHHOIO HAMU Te3UCa O CTPEMAEHUU YeroBedec-
KHX COOOIIeCTB K COXPaHEeHNIO COCTOSTHUS TOMEOC-
Ta3uca Ha AAUTEABHOM ITyTH BOCXO>KAEHMS 110 CTY-
TIEeHSIM COBEPIIEHCTBOBAHUS CTPYKTYP Y 9HEPreTH-
YeCKUX IIapaMeTPOB YeAOBEYECKUX COOOIeCTB
COOTHOCHUMBIX C IIOHATHEM — "TOCYyAQpPCTBO".

I'. XaKeH aKlleHTUpyeT BHUMaHUe Ha OTAUYUN
ABYX CHUTYallMH: OpraHWU3alys W CaMOOpPTaHM3a-
uyst. OpraHnu3alyst CUCTeMEBI IIOAPa3yMeBaeT BO3-
AEMNCTBYIOIIEro OPraHnU3yIollero Hauana Ha CUCTe-
My M3BHe. B cayuae caMoopraHm3alnuu BHEIHee
YIIOPSAOUYMBAIOLIEe BO3ACUCTBHE OTCYTCTBYeT. B
AIOOOM CAyYae O4eBHAHO, UTO IIPOILIeCChl CaMoop-
TaHWU3aIUM TOBBIIIAIOT CTPYKTYPUPOBAHHOCTH M
BAPUAHTHOCTB CUCTEM, & CAEAOBATEABHO U BO3Pac-
TaeT UX YCTOUYMBOCTD.

HapesXHoCTh (DYHKIMOHMPOBAHMUS OTKPBI-
TBIX CUCTEM-TOCYAApPCTB.

AHaAn3upysl CUHEpPreTUYecKre MOAEAU MBI
Hen30e>KHO IIPUXOAUM K (DyHAAMEHTAABHOMY II0-
HATHIO O HAAEKHOCTH SIAEMEHTOB, CAATAFOIINX AQH-
HYIO CTPYKTYPY UAU CUCTEMY. AeHCTBUTEABHO, I10-
KyIlasi HallpuMep TeAeBHU30P, Bl IPEKPACHO OTAQ-
eTe cebe OTYeT O TOM, UTO HAAEKHOCTD ero pabOThL
OIIPEeAEASETCS IPEFKAE BCEro He TOABKO KOHCTPYK-
[IMer TEAeBU30Pa, HO TA@BHBIM 00Pa30M KaueCTBOM
AeTarel M3 KOTOPhIX OH coOpaH. B paBHOM mepe
3TO OTHOCHUTCS M K F'OCYyAQPCTBY, MO0 ero CoCTosi-
HHE IIPEKAE BCEro OIIPEAEASIeTCs KaueCTBOM Ha-
CEeASIOILINX eT0 AIOAEH U B IIEPBYIO OUepeAb Kadyec-
TBOM M HAAEKHOCTBIO 'OCYAQPCTBEHHEBIX CAy’Ka-
IMX, 00ecreynBaronx PyHKIIMOHUPOBAHUE OT-
AEABHBIX CTPYKTYp CTpaHbl. B uymcao rocyaap-
CTBEHHBIX CAY KAIIIUX BXOAAT BCe, KTO paboTaeT B
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WPKYTCKWIM FTOCYOAPCTBEHHbINA YHUBEPCUTET MYTEN COOBLLEHMA
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TOCYAAPCTBEHHBIX OpTraHaX, BKAIOYAsS BOEHHHBIX,
IIOAUIIAIO, CYA€M, PAOOTHUKOB IIPOKYPATypPHI 1
AP. MUPOBOM ONBIT TOKa3bIBAET, UTO UMEHHO HaA-
€KHOCTb PYKOBOAAIIIETO, TAAQBHBIM 00pa3oM, CpeA-
HETO 1 BBHICIIIETO 3BeHA YIIPABAEHIIEB, Ha Oa3e BHI-
COKO OPraHM30BaHHBIX, AMCITUTIAUHUPOBAHHBIX U
HPABCTBEHHO OOTaThIX HAPOAHBIX MAaCC SIBASIETCS
3aA0TOM BBICOKOU YCTOMYMBOCTH U HAAEKHOCTH
AIOOOM COIIMAABHOM cucTeMbl. Hanboaee HarAsIA-
HBIM ITIPUMEPOM B 3TOM OTHOIIIEHUU IBASeTCS Amo-
HUg. AeUCTBUTEABHO, BeChb MUP IIOMHUT, KOTAQ
CIIyCTS 3 AHS ITOCAE Pa3pPYyIIUTEABHOTO 3€MAETPI-
CEeHUsI MIP OAHOTO U3 SAMOHCKUX TOPOAOB TTOKOH-
YUA C COOOM, MOTUBUPYS 3TO TEM, UYTO HE B CHAAX B
IIOAHOM Mepe IIOMOYb CBOUM corpaykpaHam. [lpu-
MEpPHO B 3TO Ke BpeMs M3P CUOUPCKOTO TOPOAKA
Yerb-KyT, HaceaeHMe KOTOPOrO OCTAaAOCh 3UMOM
0e3 TellAa U CBETQ, BMECTO TOTO, YTOOBI HAAAAUTH
OBIT TOPOJKaH, yeXaA OTABIXATh Ha KypopT B Coun.
BoT 3p€Ch TO MBI U IIePEXOAUM B HECKOABKO UHYIO
MIAOCKOCTBH TPOOAEMBI IIOHMMAaHMsI BBICOKOW Hpa-
BCTBEHHOCTH ATOAEH, KAK OCHOBBI X HAAEKHOCTH.
BcnomuHaro nporyaky mo TOKHMO C AIIOHCKHUMU
yueHbIMH. OOXOAMM HMIIEePATOPCKUM ABOpel,
ATIOHITBI KOMMEHTUPYIOT yBUAeHHoe. UM 3pech 4
BOCIIUTAHHEIN 1 BeIpocmi B CoBeTckoM Coro3e,
I'Ae MHe C MaAbIX AeT BHYIIIAAACh MBICAB, YTO [JApU U
UMIIEPATOPHI U ITPOYast apUCTOKPATHS IIPesKAE BCe-
rO yTHeTaTeAW, KPOBOIMUIIEI M TIAPa3UThI, 33AaA
BOIIPOC, IIOBEPTILIMM MOMX KOAAET B LIOK. Bompoc
3By4aA AOBOABHO OeCTaKTHO — KakK BBI, IEPeAOBast
CTpaHa, TOPAUBIIAACI CBOUMU AOCTM)KEHUSMU BO
BCeX cpepax 4eAOBeYeCKOU AeITEABHOCTU UTUTE
TaKOM TEepe’KUTOK IPOIIAOTO, BepHee aHaXpo-
HM3M, KaK MMIIepaTop W MMIepaTopcKas CeMbs?
SIMOHIIBI yCTaBUANUCEH HA MEHS C YAUBACHUEM U C He-
KOTOPBIM COXKaAeHUeM, B KOTOPOM CKBO3UAO AeT-
Koe 1npe3peHue. OTBeT ObIA KOPOTOK U TOYEH. —
HMmnepaTop 3TO CUMBOA Hanuu. YeaoBek abcCo-
AIOTHOM 4EeCTHOCTH, KOTOPBLIM He OOMaHeT W He
yKpaaeT. U 3pech 1eaas IIellb aCCoUaliiy U MbIC-
A€l TTPOHECAACh B MOEM rOAOBE U MHE CTaAO CTHIA-
HO, 1 U3BUHUACS U AAA€e K PAAOCTHU SIIOHIIEB IIOAE-
AMIACSI C HUMM CBOMM "OTKpbITUEM'. IcTOpUKU U
dprArOCOdBI CYUTAIOT, UTO BO BCe BpeMeHa HOCUTe-
ASIMU HPABCTBEHHOCTH SBASIAUCH aPUCTOKPATHS U
KPECTBhSIHCTBO, ¥ KOUEBBIX HAPOAOB apUCTOKPATUS
1 KOYEeBOU IIPOCTOM AIOA. B caMble TpyaHBIE Bpe-
MeHa U3 PSIAOB apUCTOKPATUN BEIXOAVAY AFOAU BhI-
COKOT0 AyXa U IBASIS COO0M 0Opa3sel; BLICOKOM Hpa-
BCTBEHHOCTH yYBA€KaAU 3a COOOU HApOA U CIIacar
noAosKeHue. [ IpiMepoB TOMY B UCTOPUHN HET YHUCAQ.
M HaoOOpOT, pasro’keHue apuCTOKpaTHUM, MHaje-
HIe HPABCTBEHHOCTHU B €€ CPeAe, TPUBOANAO K THU-

Oear W MCYEe3HOBEHMIO TOCYAApCTB. [Ipmmeposn
TO’KEe MHOJKECTBO — 3AeCh U ApeBHuit PuMm, u Ku-
Tal, ¥ cTpaHbl Manot A3un, u BusaHuTust 1 MHOTHUE
Apyrue. C ApPyrodl CTOPOHBI, UMEHHO M3 CPEABI
APUCTOKPATUU BHIABUTAANCH HOCUTEAU AYXQ, 3AECH
(POPMUPOBAAUCE 3aKOHBI PHIIAPCTBA M OAAropo-
ACTBQ, IIOHATHE AOATA M 4eCTH. HepapoM y MOHTOAOB
B 210Xy YnHTM3-XaHa 1 N03AHee CAMbIM CBUPENBIM
00pa3oM Kaparach U3MeHa, KaK BhICIIee IIPOsiBAE-
Hue Oe3HPaBCTBEHHOCTH. VIcTopuyecKull aHaAU3
MIOKA3bIBAET, UTO HECMOTPS Ha BCe N3AEeP KKHU abCo-
AFOTM3MQ, BO BCE BpeMeHa TOYHO rak ke KakK TOH-
KW 030HOBBIU CAOM MPeAOXPaHsgeT BCe KUBOE Ha
3eMAe OT I'yOUTeABHOTO YAbTpaduroreTa COAHIIG,
TOHKUM CAOM apUCTOKPATUU - HOCUTEAEN BBICOKOU
HPaBCTBEHHOCTU oOeperaa 3THOCHL M F'OCYyA@pCTBa
OT OpWMYaHUSA U Aerpapanuu. M 3To OTHIOAL He
CTpeMAeHUEe MAEAaAN3UPOBATh BAACTh PA3AWUYHBIX
KOPOA€eY, Iapew, IIIaXx0B U UMIIEPATOPOB, @ KOHCTa-
Tarms dpakTa.

XX Bek, npuxoA B Poccun K BAacT OOABIIIEBH-
KOB.

B 1918 r. Ha 2-M CcBe3Ae KOMMYHUCTHYECKOMN
MOAOAEKU AeHHHa CIPOCHAM, YTO TaKoe Hpa-
BCTBeHHOCTHL? [locaepoBan orBeT — HpaBcTBeH-
HOCTB TO, YTO UAET Ha IIOAB3Y IIPOAETAPCKOU PEBO-
AIOITUH, TOOEABI HOBOTO OOIIEeCTBEHHOTO CTPos. 1
HAYaAOCh (PU3MUECKOe YHMYTOKeHUe HOCUTeAeH
BBICOKOU HPABCTBEHHOCTHU — APUCTOKPATHM, WH-
TEAMUIeHIINY, PEAUTHO3HBIX AesdTeAel, KPeCThbsH U
BOOOI1Ile BCeX CAMOCTOSITEABHO U KPUTHYECKU MBIC-
AITUX AtopAel. B cTpane mMeHyemon COBETCKOU
Co0103 TOCIOACTBOBAAU CTPaX, AOKb, XaHKEeCTBO U
auneMepue. U ctpanbl EBpasuy BO3HUKILIKE IIOCAE
pacmapa Coro3a YHACAEAOBAAU AFOAEH POAUBIIINX-
C41 ¥ BBIPOCIIINX B 3TUX YCAOBUSAX. YJKe He TOBOPS O
[IaCCUOHAPUSX, B HAIIIMX CTPAHAaX sIBASIETCS IIPOOAe-
MOM HaWTH 4YeCTHOI'O U IIOPSIAOUYHOTO YeAOBeKa Ha
TOCYAQPCTBEHHYIO CAYKOY, U TeM OOAee PYyKOBO-
AUTEAEN PA3AUYHOrO paHra. [loaTomMy npeskae ueM
TOBOPUTH O POCTe SKOHOMMKY, COCTOSHUU (pUHAH-
COB, YAYYIIIEHUN OAQTOCOCTOSTHUS ATOAEH B TIEPBYIO
o4yepeAb HEOOXOAMMO TOBOPUTH O BO3PO’KACHUU
HPaBCTBEHHOIO IIOTeHIIMara HapOAOB IOCYAApPCTB
BXOAAIITUX B cocTaB EBpazum. 6o caepysa AH. T'y-
MMAEBY MMEHHO BBICOKMU HPABCTBEHHBIN IIOTEH-
LMaA 3THOCA II03BOASET €My IIPEOAOAEBATH TPYA-
HOCTH, BO3POXKAQTHCA U IIPOTUBOCTOSTH AHOOOMY
BBI3OBY H3BHe. [IpuMeHUTEABHO K rOCyAapPCTBEH-
HOM CHUCTeMe HPaBCTBEHHOCTH M HAAEKHOCTD ABAS-
IOTCS CMHOHUMaMU. OCO0YI0 IIeHHOCTD AAS AFOOO-
IO TOCYA@pPCTBa IPEACTABASIOT BBICOKOIIOPSIAOY-
HBIE ATOAYM, B KOTOPBIX YeCTHOCTH U TOPIAOYHOCTD
3aA0’KeHa Ha I'eHeTUYeCKOM YPOBHE U yCHAeHa
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BOCIIMTAHUEM B CEMBSIX, XapaKTepPHU3yeMBIX BBICO-
KOM HpPaBCTBEHHOCTHIO. K cojkareHmnto KoHel XX U
Hauano XXI Beka IIpeAllounTaeT AFOAEU C APYTUMU
KadyecTBaMU: 0OOPOTUCTOCTD, CTPEMAEHME K BBITO-
A€ ATOOBIM ITyTeM, ATOAEU CKAOHHBIX KO AJKU, KOp-
PYMIIMPOBAHHEBIX U AUIleMEpPHBIX. TaKkue AIOAU He
oOpeMeHeHbI UHTepeCcaMU rOCyAAPCTBa, a AyMAIOT
1 ACUCTBYIOT TOABKO AMIIB BO Oaaro cebe. Ecrec-
TBEHHO, UYTO 3TO AFOAY HM3KOI'O KaueCTBa ¥ Ha HUX B
TPYAHYIO IOPY He OYAET HaAeKABI HU Y HApOAQ, HU
Y TOCyA@PCTBA.

Aro0Oble XOPOIIIO apryMEHTUPOBAHHEIE U IIPO-
CUMTaHHLIE CUHEepPreTuiecKue MOAEAU MpUMeHU-
TEABHO K TOCYAQPCTBEHHOMY YCTPOUCTBY HE MOTYT
OBITh IPUMEHUMBI K TOCYAQPCTBaM C HU3KUM Ka-
YeCTBOM CAAralolIUX ero CTPYKTYPHBIX SA€MEHTOB,
COCTOSITINX U3 ATOAEH.

CUCTEMHBI AHANU3 U MEXXAUCLIUMIIMHAPHBIE MOAX0Abl B UCCNEAOBAHUAX

Bce BhIllIeckazanHoe ellfe pa3 MOATBEPKAAET
TE3WC O TOM, UTO CUHEPreTHKa YUYUTHIBAET KOOIIe-
paTUBHBIE B3aUMOAEMCTBUS B CUCTEMaX, KOTAQ B
COIIMOAOTHMUECKHUX MOAEASIX "KauecTBO' AIOAEM SIB-
ASETCSI OAHUM U3 YIIPABASIONIUX IIapaMeTpOB.
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N'YMAHATAPHAA KYJIbTYPA B CUCTEME
TEXHWYECKOIO ObPA3OBAHWUA

AKTYaABHOCTE IIPOOAEMBI OOyCAOBAEHA CO-
BOKYIIHOCTBIO COBPEMEHHBIX COIIMaAbHO-3KOHO-
MHWUYECKUX IPUYNH U YCAOBUH, UMEIOIINX B CBOEN
CYyTH CHUCTEeMHBIM XapaKTep U II03TOMY BAUSIO-
WX Ha BCe CTOPOHHBI JKM3HU YeAOBeKa U o0IIec-
TBa B IleAoM. Ocoboe 3HaueHure mpodAeMa COOT-
HOIIIEHUS TYyMaHUTAPHOW, TEXHUYECKOU U O0IIen
KYABTYPBl AMYHOCTU IIpHOOpeTaeT B IIpoljecce
TMOATOTOBKU CIIEITUAAMCTa BBICIIEW KBaAUPUKa-
WY, KaK dAeMeHTa oO0Iei cucTtemMbl oOpa3oBa-
Hug. «[IIkora — By3 — IIOCAEBY30BCKas IIOATO-
TOBKAa U IMEePEeIroATOTOBKA KaApPOB». DTa cUCTeMa
IPeACTaBASIET COOON eAMHOEe TaPMOHUYHOE U T10-
CTOSIHHO pa3BUBalolileecsd Ijeroe, PyHKIIUOHUPY-
[o1Tee B 00IeCcTBe B COOTBETCTBUU C TPUHATHIMU
OOIEeKYABTYPHBIMU II€HHOCTIMM, HAEaAaMUu U
NPUHIIUIIAMU XU3HU. [To3TOMYy HEOOXOAUMEI 110~
CTOSTHHBI MOHUTOPUHT U KOPPEKIINS Pa3BUTUSI
He TOABKO AAHHOM CHCTEeMBI KaK IIeAOTO, HO U
Ka’>KAOTO COCTABASIOIIErO ee dAeMeHTa AAS TOTO,
4TOOBI CaMO 3TO Pa3BUTHE OBIAO YCTOMYUBBLIM M
ITPOTPECCUBHBIM, HauboAee TTOAHO OTPa’karoiiuM
MOTPEeOHOCTH COBPEMEHHOTro OOIecTBa M €ero
BO3MOJKHOE IIOCTyTIaTeAbHOE ABUKEHUE.

B Hacrogilee BpeMsi B HayKe CYIeCTBYeT
OOABIIIOE KOAMYECTBO ONPEAEAEHUM r'yMaHUTap-

HOM KYABTYPHL. [Ipu 3TOM NpakTHUueCcKu BCe yue-
HBI€ IPUAQIOT 3TOMY MOHATHIO HIMPOKUU, MUPO-
BO33peHuYecKuu cMbICA. B.M. LllyOuH oTMeuaeT:
«'ymMaHuTapHasi KyAbTypa eCTb KYAbBTHBUPOBa-
HUe TaKUX [JeHHOCTeM, KOTOphble OPUEeHTUPOBAHBI
Ha Pa3BUTHE U CAMOPA3BUTHE CyOBEKTQ, T.e. Ca-
MOTO YeAOBEKa. DTO CIIOCOOHOCTh K CAMOPAa3BU-
THIO, CaMOOOpeTeHUIO, K CAaMOCOBEPIIEHCTBOBA-
HUIO 4YeAOBeKa IyTeM (DOPMUPOBAHUS IPAKAAQH-
CKUX KQ4eCTB, HDAaBCTBEHHBIX OII€HOK, IPABOBBIX
HOPM, 3CTeTUUYECKUX BKYCOB, MHTEANEKTYaAbHBIX
U MO3HABATEABHBIX clTocoOHOCTelN» [1]. Mccaepo-
BaHWE COOTHOIIEHWU OOIed U I'yMaHUTAapHOMU
KYABTYPBI IIPEACTABAECHO TakKke B paborax B.C.
lepmyrckoro, AA. CTenalllko U APYTUX HUCCAe-
AOBaTeAeH.

B cBOIO 0uepeAn, HaM IIPEACTABASIETCSI HeOO-
XOAUMBIM AQTh OOAEe UeTKOe U CJKaToe OIIpeAene-
HHe IOHATHIO «TYMaHUTapHasd KyAbTypa» U COOT-
HEeCTH 3TO IOHATHE C IPOOAEMaMU COBPEMEHHOTO
00pa30BaHUA.

'ymMaHuTapHas KyAbTypa — COBOKYIIHOCTH
AYXOBHBIX II€HHOCTEN, 3HAHUM U HOPM IIOBeAe-
HUs, BEIPaOOTaHHBIX AMYHOCTBIO AU UCTOPUYEC-
KU OIIpeAeAeHHBIM COOOIeCTBOM Ha OCHOBE IIO-
3HAHUS COIMAABHBIX IIPOIECCOB, BBHICTYHAIOIUX
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B BUAE PETYAITHUBHBIX (DOPM >KU3HEAEATEABHOC-
TH YeAOBEKa.

WHBIMU CcAOBaMU, TyMaHUTApHas KyAbTypa
XapaKTepus3yeT cOO0M UCTOPUYECKHN OIIPEAEAEH-
HBIe (POPMBI OTHOUIEHUU YeAOBeKa K OKPY’Kalo-
IIeMy €ro MUpY (IPUPOAHOMY U COIIMAABHOMY),
BBIpAOOTAHHEIE B IIPOIleCCe ero MO3HaBATEABHOM
U TPAKTUUECKOU AEITEABHOCTH.

W3 paHHOU (POPMYAMPOBKU HOHATUS T'yMa-
HUTAPHON KYABTYPBI CAEAYET PsiA BEIBOAOB:

1. OcHoOBO, 6a3UCHBIM IA€MEHTOM I'yMaHU-
TAPHOMN KYABTYPBI IBAGIOTCSI AYXOBHBIE II€HHOC-
TH, BBIPAaOOTAHHBIE YEAOBEKOM UAM AQHHBIM CO-
00I1IeCTBOM U OTpa’karoljyue cCoO0M UCTOPUUECKH
OIIpeAeAEeHHBbIe TYMaHUCTUYECKIE UAEAABl U CO-
OTBETCTBYIOIINE UM HOPMBL IOBEASCHUST ANYHOC-
TH: 4eCTh, IIpaBa U CBOOOAQ AUUYHOCTH, €€ AOCTOHU-
HCTBO U T.A. 'yMaHUTapHad KyAbTypa XapakKTepu-
3yeT He IIeHHOCTHU CaMHU 1o cede, KaK HedTO 00b-
€KTHBHOeE, a OTHOIIIeHNe YeAOBeKa 1 o0IlecTBa B
IIeAOM K OIIPeAEAeHHON CUCTeMe IIeHHOCTe!, BbI-
paboTaHHOE B IIpollecce MO3HAHUSI COITMAABHBIX
[IPOIIeCCOB.

2. SIApOM I'yMaHUTapHOU KYABTYPEI, OIIpeae-
ASIOIIUM ee CIIeU(PUKY, IBASIETCS CUCTeMa 3Ha-
HUM 4YeAOBeKa O CBOEW CYIIHOCTH HWAW, TOBOPI
croBamu IiepBoro rymanucra ®Opanuecko Ilet-
papK¥, 3HAHUU O TOM, «KTO MBI, OTKyAQ U KyAa
UAEMD”.

3. HopMBI IOBepAeHUS YeAOBeKa SABASIOTCS
BQ’KHEUIIeN  COCTABAAIOLIENM TI'yMaHUTApPHOU
KYABTYPBI Y4EAOBEKA, B KOTOPOM TeOpeTHuYeCKue
3HAHUS M AYXOBHBIE IIEHHOCTU IIOAYYAIOT CBOE
IIPaKTUYeCKOe 3aBepIlIeHre U BoIAoIeHne. Hop-
Ma [TIOBEAEHHS YeAOBeKa B CAMBIX PA3ANYHBIX, I10-
POM CAOKHEMIINX U HelIpeABUAEHHBIX OOCTOST-
€ABCTBAX CBUAETEABCTBYET O TOM, HACKOABKO AY-
XOBHBIE [[€HHOCTHU U I'yMaHUTApHbIe 3HAHUS CTa-
AU AEUCTBUTEABHO YOEXKAEHUSIMU M XapaKTepu-
3yI0T COO0M YPOBEHBb €TI0 TYMaHUTaPHOMN KYABTY-
PHL.

DopMupoOBaHue MUPa AYXOBHBIX IJeHHOCTeH
yeAOBeKa 3aBHCHUT OT oOpasoBaHusd. [lpu sToMm
op 0Opa3zoBaHUEM MBI IOHMMAaeM He TOABKO Ha-
KOIIA€HHEe OIIPEAEACHHOU CYMMBI 3HQHWUU, yMe-
HUU K HaBBIKOB, HO, IIPE’XKAE BCero, AyXOBHOE,
KYABTYPHOE, WHTEAAEKTyaAbHOe pa3Burtue. B
3TOM CMBICAE TTIOKa3aTeAbHO BbICKa3biBaHue M.C.
Il'epmryHnckoro: «MimeHHO oOpa3oBaHUWe NMPUHIU-
[IHAABHO paboTaeT Ha OyAylllee, IIPEAOIIPEAEATT
AMYHOCTHBIE KauyeCTBa Ka’kKAOTO YEeAOBEKQa, €ro
3HAHUS, YMEHUS U HaBbIKYU, MUPOBO33peHYeCcKue
U IOBeAeHUeCKHe IPUOPUTETH], CAeAOBATEABHO, B
KOHEYHOM HTOre, — OJOKOHOMUYECKHU, Hpa-

BCTBEHHBIM, AYXOBHBIM IIOTEHIHAA OOIIECTBQ,
ITUBUAU3AIIIU B IleAOM» [2].

B cBs3u € 3THUM, B3aUMOOTHOILIIEHNE TyMaHu-
TAPHOU KYABTYPBI U COBPEMEHHOI'0 OOPAa30BaHUA
MIPEeACTaBAsIeTCSI HaM B HEOOXOAMMOM UHTEHCHUB-
HOM Hpoiliecce rymaHmutapusanuu. CAepyeT cKa-
3aTh, YTO OOO3HAUYeHHAasa IpoOAeMa B CBETE eCTeC-
TBEHHO-HAyYHBIX M TEeXHWYeCKUX 3HAHWUM pac-
cMaTpuBaAuCh B Tpypax B.C. bapyauna, B.H. Au-
MoBa, A.H. Koueprusa, f. [Tonkosa, B. XoropHO-
ro u Ap. OCHOBHBIE TPOOAEMEBI 'YyMaHUTAPU3aALUHT
00pa30BaHMUsd ITOAYUMAU AOCTATOYHO TAYOOKMM
UCCAEAOBATEABCKUU aHaAU3 M CUCTEMATU3UPO-
BaHHOe ocMbIcAeHUe. Ho, TeM He MeHee, BOIIPO-
Chl, CBsI3aHHBIE C (POPMUPOBAHMEM AUYHOCTHU
CIIeIIMaANCTa B IIpollecce r'yMaHUTapuU3alluy, ero
AYXOBHOTO ¥ HPABCTBEHHOTI'O HaUYaAd — M3y4eHBl
TMOKa HeAOCTaTOUHO.

Kak m3BecTHO, 00pa30oBaHHOCTL He 00s3a-
TEABHO BeAEeT K POCTY KYABTYPHI, MHTEAAUTEH-
THOCTHU, HPABCTBEHHOCTH, @ (popMarbHOE TIPHUOO-
LIleHNe K 3HQHUIO He CIIOCOOCTBYeT IIpodeccro-
HaAU3My U, TeM OoAee, AyXOBHOMY BO3BBIIIEHUIO
JyeAoBeKa. A0 CUX ITOP AOMUHHUPOBAHUE KpariHero
TEeXHOKpaTU3Ma IOPOKAQET U MOATTUTHIBAET Iie-
AYIO TABIOY TpOOAEM, pellleHre KOTOPHIX AaAee He
MO>KEeT OTKAQABIBAThLCS. YUeHble He pa3 oOpalia-
AW BHMMaHMe Ha TO, UYTO, HECMOTPS Ha HaAWUYMUe
KOHIIeNIIWIN yKa3aHHOM IIpOOAeMBl KaK ecTec-
TBEHHO-HAYYHBIX, TaK U TEXHWYECKUX 3HAHUM,
OHU IIO-TIPE’KHEMY OCTAIOTCHA Ha IMO3UIUAX TEX-
HOKpaTH3Ma. BOABIIMHCTBO MCCAeAOBATeAEeH I'y-
MaHUTapU3alM 00pa30BaHUSA yTBEPKAAIOT, UTO
3TOT TPOIECC IPOXOAUT ITOKa «abCTPAKTHO» U
BCA€EIYIO. AeUCTBUTEABHO, CETOAHSI MOJKHO KOH-
CTaTUPOBATh, UTO B BBICIITUX YUEOHBIX 3aBEACHU-
gIX, 0COOEHHO B TEXHUUECKUX, CYIIIECTBYET UAAIO-
30pHOE MIPEACTABAEHME O HEUTPAABHOCTH eCTecC-
TBEHHBIX U TEXHUYECKHUX HAyK 110 OTHOIIEHMIO K
IIEHHOCTSM YeAOBeKa U COIyMa.

I'ymanuTapusanusa oO0pa3oBaHUs CIOCOOHA
U AOAJKHA CTaTh CIIOCOOOM TIPEOAOAEHUS Pa3phl-
Ba MeXXAYy eCTeCTBEHHO-Hay4YHbIMU, TeXHUYECKU-
MU U TYMAaHUTAPHBIMU 3HAHUSAMU, TO €CTh MeXa-
HU3MOM U CIIOCOOOM INepexopda OT TeXHOKpPATH-
YeCKOU MOAeArn Oo0Opa3oBaHUSA K OOpa3zOBaHUIO
«KYABTYPHO-Harpy>KeHHOMY», KyABTYPHO-AETep-
MHUHUPOBAHHOMY.

[Tpu 3TOM CAepyeT OTMETUTh, UTO 3a4aCTyIO
CMBICA CaMOTO TepMHHA TPAKTyeTCsd He COBCeM
BepHO. HaIlle Bcero oH NOHUMAETCS B Y3KO IIPEA-
METHOM OTHOIIIEHUM, MPEAIOAATaroIeM TOABKO
yBeAndYeHHe KOAWYeCTBa 4acOB Ha I'yMaHUTap-
Hble AUCITUTIAMHBI. Ha camMoM >ke pene, paccMar-
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puBaeMoOe TIOHATHE
YCHUAEHHOE IIpellopaBaHue I'yMaHUTApPHBIX AUC-
IUOAVH C UX (PAKTOAOTUYECKOM CTOPOHBI, HO U
(bopMUPOBAHNE CHCTEMBI AYXOBHBIX IIeHHOCTEN B
WHAUBUAYAABHOM M OOIeCTBEHHOM CO3HaHUMN.
Opyaunus, kak orMmeuaeT B.H. CaraToBckuii, «He
3aMEeHUT NTPOHUKHOBEHNE B AYyX I'YMaHUTApPHOC-
TH, TO €CTh OPTaHUYECKOe IIPUHATHE IIeHHOCTEH,
Ae’KallluX B ee ocHOBe» [3]. Peub AOAKHA UATH O
«BO3MO>KHOCTH CMEeHBI C TOMOIIIbI0 0O0pa30BaHUA
Ka4yeCTBa JKU3HEAEITEABHOCTU» [4], CMeHHI IleH-
HOCTHBIX YCTaHOBOK.

TakuM o6pa3oM, ryMaHUTapU3aIio o6pas3o-
BaHM, Ha HAIIl B3TASIA, HEOOXOAUMO UHTEPIIPETH-
poOBaTh ¥ AHAAU3UPOBATH KaK (POPMUPOBAHUE
MHPOBO33PEHUYECKON U METOAOAOTMYECKOU KYAb-
TYPBI OYAYIIUX CIIEITUAAUCTOB, IIEHHOCTHBIX OPH-
€HTHUPOB, 3HAHUA CYILUIHOCTH YeAOBEeKa, 3HAuu-
MOCTH caMOpeaAu3aliii UHAUBUAQA B Tpodeccuo-
HAABHOM M MHBIX cepax AeITEeAbHOCTH, B IIPO-
Ilecce OCBOEHUS AFOOOU OTPACAM 3HAHUU.

OTuacTu AaHHAA IeAb B IOCTIEpPeCcTpoeu-
HBIN ITepuop ObAa AocTUTHYTA. Ho dhopME], B KO-
TOPBIX MPOUCXOAAT AAHHBIE HpPeoOpa30BaHM,
IIOPOM He COOTBETCTBYIOT Ad’Ke AOIEePeCcTpoed-
HOM 3II0X€ U [IO3TOMY B 3HAUUTEABHOMN Mepe TOp-
MO34T cO0OOM 0O0Ilye IpoIecchl TyMaHUTapu3a-
nun. [lop BUAOM yBeAMYEeHNS BpEMeHU Ha U3yde-
HUe PUAOCODUH, COLTUOAOTUU, UCTOPUU AO YPOB-
HsI Me>XXAYHApOAHBIX CTaHAApPTOB (170 yacoB Ha
uzydeHre pruAoCcodrm) IPOU3OIIAO B TOCAEAHIE
oAbl (haKTUYeCKOe CHUJKeHHEe 4acoB B 2,5 pasa
(72 yaca Ha purocoduto). Micuezam mHOTHE (DOP-
MBI KOHTPOAS: IPOME>KYyTOUHBIE 3@4eThl, dK3aMe-
HBI II0 HEKOTOPBIM AUCIIUIIAMHAM. MOJKHO CO
BCeM ONPEeAENeHHOCThIO 3asiBUTH, UTO MPOBOAU-
Masgd MOAEPHHU3alusd I'yMaHUTApHOIo oOpa3oBa-
HUS B TEXHUUECKUX By3aX BEAET K eTr0 AePyHAA-
MEHTAAU3AlUN.

[Tpou3zoiina yTpaTra ONPEeAEAeHHOCTU B Ca-
MOM TYMaHMTAPHOM 3HAHWM, YTO TAKKe UMEEeT
PSIA HETaTUBHBIX IIOCAEACTBUU B €ro IperopaBa-
HUM. OTO OOYCAOBAEHO IIPEXKAE BCEro TeM, 4TO
CaMO TIOHATHE «TyMaHUTApHBIE AMCIUIAWHLI»
HeoIlpepeAeHHO. MHorpa cospaeTcsl BIedaTAe-
HHe€, YTO B 3TOT KAACC YUeOHBIX AUCIIUIIAUH OTHO-
CAT BCe TO, UTO He SIBASIeTCS HPOPUAUPYIOIIUM
3HaHUEM, B YaCTHOCTU — TEeXHWUYECKUM U ecTec-
TBEHHO-Hay4YHBIM. HO TaKOU MOAXOA OUEHBb AAAEK
OT MCTUHBI, U €T0 peaAn3alius B paKTUKe Iperno-
AAaBaHUs IIpHU3BaHa CKPLITh OTMEUYEHHOE BBIIIe
CHWJKEHIE YacOB Ha M3y4YeHHe IMOAAMHHO I'yMa-
HUTAPHBIX AMCITUTIAMH.

IIpeAplioraraeT He IIPOCTO

CUCTEMHBI AHANU3 U MEXXAUCLIUMIIMHAPHBIE MOAX0Abl B UCCNEAOBAHUAX

HayuHoe 3HaHUe B IIeAOM HMMeeT CAOKHYIO
CTPYKTYPY U He AeAUTCS TOABKO II0 AUXOTOMUYEC-
KOMY HOPUWHIIMNY T'yMaHUTapHOe — eCTEeCTBEeH-
HO-Hay4HOe (nAu TexHudeckoe). He Bce 3HaHUME O
YEeAOBEeKe SIBASIETCS TyMaHUTApHBIM, XOTS 3TO
3HaHNUe MOJKeT U AOAKHO OBITh I'yMaHUCTUUHBIM,
KakK, HalpuMep, MepAuIlnHa. ['yMaHUTapHOEe — 3TO
TaKoe 3HaHWe, KOTOPO€e, YUUTHIBAs AOCTU KEHUS
OMOAOTMUECKOM U IICUXOAOTO-IIEeAATrorudyecKom
HayK B MO3HAHWU IIPUPOABI YeAOBEKa, aKIeHTH-
pyeT BHUMaHHE Ha €ro COIIMAaABHOU CYIIHOCTH.
Takoe omnpepereHUe SBASETCS HE COBCEM TOU-
HBIM, HO OHO MOJKET CAY’KUTh HEKOTOPBIM ITpaK-
TUYECKUM OPUEHTUPOM AAS YCTAHOBAEHUS UC-
TUHHOT'O BpeMeHH, OTBOAUMOI'O Ha U3y4eHue I'y-
MaHUTaPHBIX AUCITUTIAMH. HaM Ka>keTcs, 9YTO AN
3TOU IIEAU XOPOIIO ITIOAXOAUT HE3aCAY>KEeHHO 3a-
OBITOE MOHATHE «OOIIeCTBEHHBLIE» (MAU «COIU-
AABHBIE») HAYKMU.

YacTas cMeHa CTaHAAPTOB M ITOAXOAOB K IIpe-
MMOAABAHUWIO TYMAHUTAPHBIX AWCIUIAWH TaKKe
BeAET K yTpaTe UX OIPEAEACHHOCTU U HUBEAUPY-
eT caMoO TIOHSTHE CTaHAApPTa, ero mpepHa3Haue-
HHYe. 3a KaKALIM CIIEIIUAaANCTOM, KaK M3BECTHO,
TSHETCS MIAeNd KappOBOTO 0OeclieueHus, MeTO-
AVYECKUX MATEePUAAOB, YUYEOHUKOB U yUeOHBIX
TOCOOMM, KOTOPhIE CO3AAIOTCS U OCMBICAUBAIOTCST
B Te4eHNE OIIPEAEAEHHOTO BpPEMEHH CYIIeCTBOBA-
HUS HapapAUurMbl MbIIAeHUS. ONBIT pepopMupo-
BaHUS (UAW MOAEPHU3AIUM) TYMaHUTAPHOI'O 00-
pa3oBaHus (Kak U 0Opa30oBaHUS B IIeAOM) B Ha-
IIe cTpaHe yOeAUTEABHO CBHAETEABCTBYET O
TOM, UTO CYyIlJeCTBOBaHIe OIIPEACACHHON IIeparo-
TUYEeCKOM TTapapurMbl HelleaAecoOOpa3HO AeAaTh
MeHee 10-12 AeT, TO eCThb IIUKAA IITKOABHOTO 00pa-
30BaHUd. HacTadgd cMeHa KOHIlennul oOpa3oBa-
HHUSI BeAeT K MapaAurMarbHOMY PEASITUBU3MY,
KOHCEPBATU3M JKe B KOHIIENTyaAbHBIX OCHOBAX
00pa30BaHMs CBI3aH C AOrMaTU3MOM, OCOOEHHO B
Ir'yMaHUTapHBIX HayKaxX. Peub B AQHHOM CAyuae
UAET He O TOM, YTOOBI 3aKOHCEPBUPOBATHL COAEP-
>KaHue O00pa3oBaHUS HA AAMTEABHBIN IIEPUOA
BpeMeHH, OHO AOAKHO U3MEHSATLCS, Pa3BUBATLCS
IIOCTOSIHHO, BIIUTHIBATH B ce0sI IIOCAEAHUE AOCTH-
KeHUsA HayKu. CyllleCcTBOBaHUE OIIPEAEAEHHOU
TMepAQrOTUYEeCKOU TTapaAUTMbI B TeUeHUe HEeKOTO-
pOro BpeMeHU CBsI3aHO, IIPe’KAe BCero, ¢ KOHIIe-
TYaAbHBIMU OCHOBaMM 0OOpa30BaHM4 Kak oOlile-
IEeAArormuYecKrM, COIIMAABHO-2KOHOMUYECKUM 1
IIOAUTUYECKHM CHUCTEeMHBIM KauecTBOM. He cae-
AyeT 3a0bIBaThb U CYOHEKTUBHYIO CTOPOHY He-
ONPEeAEAeHHOCTH, @ TouHee — HedIPPEeKTUBHOC-
TH IPEeNoAABaHUsI T'YMAHUTAPHBIX AUCIUIIAWH.
OMBIT MIOCAEAHUX AET II0Ka3aA, YTO MEeAKHe AeK-
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IIMOHHBIE CIIEIKYPCHI MaAO 3 heKTUBHEBL. K ToMy
JKe, 3TH CHEeIKypPChl UAYT IIO0 BBIOOPY CTYAEHTQ,
KOTOPBIN He BCerAa PYKOBOACTBYETCS IIPUHIIU-
IIOM IIOA€3HOCTH, AQ OH allpUOpPU U HE MOJKET
WHOTAQ OIPEAEAUTH UCTUHHOE 3HaUeHHe COBep-
1IaeMOro UM BbBIOOpa. DTOT BEIOOP OOAee IIeAeco-
00pa3Ho AeAaTh Ha OCHOBE PEKOMEeHAQIINU Kypu-
PYIOIIEN UAU BBIITYCKAIOIel KadeAphl, HO U OHU
4YacTO OBIBAIOT CAMU AAAEKM OT aKTyaAbHBIX IIPO-
OAeM r'yMaHUTapHOI'O 3HAHUS.

OmBIT TOKA3bIBaET, YTO CYIIECTBYET OIIPEeAe-
AEHHOE, IOPOTOBOE BpeMs «BKUBAHUA» CTyAEHTa
B y4eOHYIO AUCITUIIAMHY. OMIINPUYECKU MBI ITIOAQ-
raeM o prUAOCOPUM IOPOTOBOE BpeMs He MeHee
cemecTpa. ONTUMaABHOE BpeMsa — ABa CeEMUHAapa
IpU eXeHeAeAbHOMW AeKIMU ¥ CEMUHApCKOM 3a-
HSATUU C COOTBETCTBYIOLIMMU CEMECTPOBBIMU 3a-
yeTaMM U KYpPCOBBIMHM 3K3aMeHaMHU. TOABKO B
KOHIIe TIepBOr0 ceMecTpa AOOPOCOBECTHBIN CTY-
AEHT HauMHaeT TOBOPUTD UTO-TO OCMBICAEHHOE T10
prroCcOPUHU U 3aKPENASIeT 3Ty OCMBICAEHHOCTD B
nocaepytonieM. [ToaToMy, Ha HaAII B3TASA, DAEK-
TUBHBIE CIIEIIKYPCHl HY’KHO IIPOBOAUTH He CaMu
1o cebe, a Ha 6aze OCHOBHOTO, ODOAee 3HAUMMOTO
[0 BpeMeHM Kypca KaK ero yrAyOAeHHBIN pa3peA.
AnbO caM dAEKTHUBHBIU CIIEIIKYPC AOAJKEH OBITH
3HAYUMBIM, YTOOBI OBITH 3P PEKTUBHBIM.

HacTtano Tak>ke BpeMs BepHYThCS K UTOTOBO-
My 3K3aMeHYy (TOC3K3aMeHy) IO TyMaHUTAapPHBIM
AUCLIUIIAMHAM, UAU JKe BKAIOYATh COOTBETCTBYIO-
WM TYMaHUTAPHBIU Pa3pAeA B AUIIAOMHBIN IIPO-
€KT. OTO ITO3BOAUT OOAee TIOAHO BOIIAOTUTH IPU-
HITUII TyMaHHU3Ma B CUCTeMe TeXHUYeCKoro oopa-
30BaHusA. 'yMaHuTapHOe 3HaHUe He eCThb HeuTo
BHEIITHee 10 OTHOIIEHUIO K TeXHUUEeCKOMY 00pa-
30BAHUIO, A FIBASIETCS €r0 CYIIeCTBEHHBIM 3SAe-
MEHTOM.

HeobxopuMO TaK>ke CKas3aTh, YTO HPU AIO-
0oM mpodure 0OpazoBaHUSA OAHOCTOPOHHOCTD,
Pa30pPBaHHOCTE MBITIIAEHUS CIIeITMaAuCTa CHU)Ka-
IOT YPOBEHb, PAa3HOCTOPOHHOCTE €I'0 3HaHUM, AU-
11agd UX MUHAMAaAbBHOU YHUBEPCAABHOCTH, YMAAII
TBOPYECKUM IIOTEHIIMAA YeAOBeKa, comuyMa. M
«IYyMaHUTApUU» U «HEeI'YMaHUTapUU», IIOAT'OTAB-
AMBaeMble TaKMM 00pa3oM, HeM3MeHHO OKa3bIBa-
IOTCSI TEXHOKPATaMH, XOTS Ka)KABIM Ha CBOU Ma-
Hep. U Te, u Apyrue He MOTYT Pearnu30BaTh ce0s
IIOTOMY, YTO I'YMAHUTAPUU He 3HAIOT OCHOB eC-
TeCTBEHHO-HAayYHOMN KapTUHBI MUPAQ, @ HEr'yMaHU-
TApPUM — YEAOBEKQa, «HAYK O ero Ayxe». Ayarusm
KYABTYDP BBEIPa>kaeTcsd U B TOM, 4YTO CyOBEeKTHI
Ka>KAOU M3 HUX HE TOABKO MBICAST, HO M JKUBYT
AUIIb B OAHOM M3 ABYX OTPAQHMYEHHBIX ITOAYMU-
POB KYABTYPBI — TeXHUYECKOM U I'yMaHUTapPHOM,

TA€ pa3beAuHEeH NCKOHHO IIeAOCTHBIM MUP MBICAU
U KYABTYPHL.

A.C. AnxauyeB CUMTAaA, UTO MEKAY €CTeCTBeH-
HBIMHU U TyMaHUTapHLIMM HayKaMU HeT IPUHIIN-
NMAABHOU pas3Hunbl: «HeT HM O0pHOU TAyOOKOM
METOAOAOTUYECKOM OCOOEHHOCTH B I'yMaHUTap-
HBIX HayKaX, KOTOPOU OBI B TOM UAM UHOM CTelle-
HU He OBIAO B HayKaxX HeryMaHUTApHBIX» [5]. ITo
yrBepKAeHuI0 M.M. baxThHa, «T'yMaHUTApHBIE
HAyKU — HayKH O YeAOBeKe, ero crienjiuduke, a He
0 Oe3rracHOM Belly, ee eCTeCTBEHHOM SIBACHUU.
YeAOBEK B €ro 4UeAOBeUeCKOU clieluUuKe BCerpa
BbIpa’kaeT ce0s1 (TOBOPUT), TO €CTh CO3AAET TEKCT
(xOTs1 OBI MTOTEHITUAABHBINM). TaM, TAe YeAOBEeK 13-
y4aeTcsl BHE TEKCTa U He3aBUCUMO OT HETO — 3TO
y’Ke He I'yMaHUTapHble HayKu» [6]. C aTuX nosu-
UMY, IO HallleMy MHEHMIO, TaK)XKe CAeAyeT pac-
CMAaTpUBATh BOITPOCHI, CBSI3aHHBIE C peaArr3aliuen
CYIIHOCTH T'yMaHUTapU3alluu 00pa30BaHUA.

[TocTaBAeHHAs B HACTOALLEM cTaThe IIPoOAe-
Ma, TaKUM 00pa3oM, AOAJKHA OBIThH HallpaBAeHa: 1)
Ha paclIupeHne 'yMaHUTapHOW COCTaBASIOIIEN B
IIA@He KOAWYeCTBa YaCOB MAU MHTEerpalliy Hayk;
2) co3panmre BO3MOKHOCTEHN AAST TBOPUECKOM pa-
OOTHI IpETIOAABATEAS.

B npeane, rymaHuTapusanusa oOpa3oBaHus B
TEeXHUUYECKOM By3e — 3TO IIPOIleCC paclIupeHus
BO3MOJKHOCTEMN AAS PA3HOCTOPOHHETrO Pa3BUTUSI
AMYHOCTHU OYAYIIIEro CIenuaAucTa, ero caMoco3-
HaHUg U caMopeaAmusanuy, (HPOpMHUPOBaHUE Y
HEero ryMaHHUTapHOT'O MOAXOAA B JKM3HEHHOM ca-
MOpeaAm3alluy, a, 3HAUUT, W IIPOEKTUPOBaHUE
(opM COIMAABHBIX OTHOIIEHUMN. DTO IIYTh K O4e-
AOBEUYUBAHUIO BCEM CUCTEMbI OOIIeCTBEHHBIX OT-
HOIIIEHWUM, COBEPIIEHCTBOBAHUIO KYABTYPHOTO,
AYXOBHOTO OOAMKA AWYHOCTH; 3TO BOCHUTAHUE
MOAOAEYKH B AyXe BBICIINX UAEAAOB U IIeHHOCTEH;
NIPEAOCTaBAEHUSI UM BO3MOXKHOCTEM CaMOCTOS-
TEABHOTO AOCTH>KEHM yCIleXa B HOBBIX PEAAUsIX.

TakuM 00pa3oM, IpobAaeMy I'yMaHUTapU3a-
uuyu oOpa3oBaHUs B TEXHUUECKOM By3e Heo0Xo-
AVMMO pemnlaTh KOMIIAeKCHO. K, mpexkae Bcero,
CAeAyeT OCO3HaTh, KAaK y>ke OBIAO OTMedYeHO
BBIIIIE, UTO TYMaHUTapHOE 3HaHue 1 00pa3oBaHue
He BCeraa SIBAJIOTCS TyMaHUCTUUECKUMHU I10 CBO-
el CyTH ¥ IO CBOUM IeAsaM. « ['yMaHUTapu3M», KO-
HEYHO ’Ke, CBSI3aH C UAESIMU I'yMaHM3Ma, HO caM
1o cebe OH He BASETCSI HEOOXOAUMBIM M AOCTa-
TOYHBIM YCAOBUEM (POPMUPOBAHUA COOTBETCTBY-
IOIIIETO MBIIIAEHU. 3a49aCTyI0, Kak OBIAO OTMeue-
HO BBIllle, T'yMaHUTApHble HAYKM OCTAIOTCS 3a-
AOKHMKAMHU TEeXHOKpPAaTu3Ma, BOABHO HAM He-
BOABHO BOCHPOU3BOAS €r0o MPpUOpUTETHL. Bece aTO
CBUAETEALCTBYET O TOM, YTO MHOT'ME IIAACTHL I'y-
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MaHHUCTUYECKOTO MUPOBUAEHUS HE TaKHe YK U
OeccrnopHEBIe, TO €CTh TpPeOyIoT (PUAOCOPCKOTro
OCMBICA€HUS U aHAAU3A.

HeobxopuMO, 4TOOBI B YCAOBUAX U3MEHSIO-
Ierocs oo0IecTBa Ha BbIXOAE M3 UHCTUTYTA AIO-
0Ooro npoduAs OKa3zancsd He IIPOCTO CIIeIUAAUCT,
OBAQAEBIINU  ONpPEAeAeHHBIM O00BbeMOM  Ha-
YYHO-TeXHUYECKUX 3HAHUU U YMEHUM, HO HOCH-
TeAb 'YyMAaHUTAPHOU KyABTYpPEL VIMeHHO Ir'yMaHu-
TapHas KyAbTypa AQeT OyAyIleMy CIeIUaAucTy
IIOHMMaHWe JKU3HU KaK [IeAOTO, BUAOU3MEHSIET
€ro OTHOIIIeHNe K caMoMy cebe, CBOUM IIeAsIM U
IIOCTyNIKaM. YeAOBeK BBICOKOW TI'yMaHUTApPHOU
KYABTYPBI Ka’KAO€ CBOe AeNCTBUE, Ka’KABIM CBOM
IIOCTYIIOK COOTHOCHUT C TE€M, KaK OH OIIPEAEATET
CBOIO CYLIHOCTb. OH BCErA@ CBHUAETEABCTBYET O
caMoM ce0e He3aBUCHUMO OT TOTO, BUAAT €ro APY-
rve MAU HeT. OTO CBUAETEABCTBO OIIPEAEASETC
TeM, KaKylo IleAb CTaBUT YeAOBeK KaK IleAb CBOeH
SKU3HU U PEeaAbHBIMU yCIIeXaMU B ee AOCTHIKe-
Hun. ['lo cyTH, oBA@A€HME TYMAHUTAPHOU KYABTY-
pOM — IIpolecC TBOPYECKUU, KOTOPBIM AONKEH
COCTOSATh M3 IIpeBpallleHuss O0raTcTBa U OIBITa
YeAOBeuUeCKOM MCTOPUU BO BHYTpeHHee Oora-
TCTBO Ka>KAOM OTAEABLHOM AMYHOCTH. boraTrcTso
>Ke 3TO, B CBOIO OUepeAb, AOAKHO OBITH HallpaBAe-
HO Ha IIpeoOpa3oBaHue ACUCTBUTEABHOCTHU U Ca-
MOTO YeAOBeKa.

Vcxops 13 BeIIIECKa3aHHOTO, MOJKHO YTBEP-
JKAQTh, UTO LleAbI0 00pa30BaHUsA B TeXHUYECKOM
By3€e AOAJKEH CTaTh YeAOBEK, CIIOCOOHBIN 3aHATH
I'YMAQHUTAPHYIO IIO3UIUIO B PAMKaxX CBOEM IIPO-
deccum UAU CHeUAaAU3alluy, YMEIOIIU IIpo-
deccruoHaAbHO paboTaTh ¢ uUHGOpMaluewn, uc-
MIOAB3Y$ COOTBETCTBYIOIINE CIOCOOEI ee ITOAyUe-
HUS U WHTepIpeTanuu, IOTOBBIM AEMCTBOBATH,

NIpPUHUMAasA «T'yMaHUTApPHBIE PEIIeHuI» B paMKax
CBOeM KOMIIeTeHIIMY, OCYIeCTBAITh I'yMaHUTap-
HOe IIPOeKTUPOBaHUE, IKCIIePTU3y u Ap. Mitorom
peaAmns3aliu aArToOpUTMa paccMaTpPpUBaeMoOTo IPO-
1mecca oOpa3oBaHUg AOAKHA B KOHEUHOM HTOTe
OBITH TOATOTOBKA KOMIIETEHTHOT'O TpodpeccruoHa-
AQ, CyOBEKTa COITMAABHBIX OTHOUIEHUW U COIU-
AABHBIX AEUCTBUM, I'yMAHUCTA B MBICASIX M IIO-
CTYIIKaX.
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OUNOCOPCKO-METOAONOIMMYECKHUE
MPOBJIEMblI COOTHOLUEHUA
ECTECTBEHHOIO U UICKYCCTBEHHOI'O

WHTEJIJIEKTA

q)I/IAOCO(bCKO-MeTOAOAOI‘I/l"IeCKI/IMI/I OCHOBAHMU-
SIMHA HpO6AeMBI COOTHOIIIEeHMd eCTEeCTBEHHOI'O 1 ¥IC-
KYCCTBEHHOI'O KOMIIOHEHTOB UHTEANEKTA SIBASIETCSL

CyIlIeCTBEHHOEe pa3Andue MeKAy NPUPOgHOU U
KyABIMYPHOU COCTaBASIFOLIMH B 4eAroBeKe. Kpome
TOTO, OOHAPY’KUBAETCS KOPPEAIIUI MEKAY Kap-
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WPKYTCKWIM FTOCYOAPCTBEHHbINA YHUBEPCUTET MYTEN COOBLLEHMA
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AVMHANBHBIMHA HpO6AeMaMI/I Pa3BUTHA NCKYCCTBEH-
HOTO MHTEAAEKTA U (PpAaKTAaABHOM HayYHOU KapTH-
HOM MHPa, B OCHOBE KOTOPOM AEKUT MPEeACTaB-
AEHUS O eAUHCTBE MPOCTPAHCTB PA3AMYHOU pas-
MepHOCTH. DUAOCOPCKOE OCMBICACHNE TPUHITH-
[INAABHO HOBBIX MOMEHTOB, BHOCHUMBIX HCKY-
CCTBEHHBIM WHTEAAEKTOM B pa3AWYHBIE ODOAACTH
YEeAOBEUECKOM AEATEeABHOCTH: IIO3BOASIET OCO3-
HAThb HEeIIPeACKA3yeMOCTb COIMOKYABTYPHBIX I10-
CAEACTBUM AA HAYYHOI'O M TEXHOAOTMUECKOTO
OCBO€HUA MUPA METOAAMM MCKYCCTBEHHOI'O WMH-
TEAAEKTa ¥ BMECTE C TeM, OTUYACTH, IIPEABUAETD 3TU
IIOCAEACTBUA.

MNHTeANeKT yeroBeKa. [Ipeskae Bcero, caepy-
€T YeTKO OIPEAEAUTH ITOHATHE UHTEAAEKTa. Beab
MIOHUMAaHWEe WHTEAAEKTAa PAa3AMYaeTCs B 3aBUCH-
MOCTH OT KOHTEKCTa HAyYHON AUCHUIIAUHEL - OAHO
AeA0 (PUAOCO(CKIUI KOHTEKCT, APYTOe AEAO - KOH-
TeKCT nHdopmaTuku. B durocodckom croBape,
ITIOATOTOBAEHHBIM KOAEKTHBOM aBTOPOB BO TA@BE C
N.T. ®poAOBBIM, UHTEAAEKT OIPEAEASIeTCsT Kak 00-
UM YMCTBEHHBIN ITOTEHITUaA YeAroBeKa. OH «BbIpa-
>KaeT BCe YMCTBeHHBbIe PYHKIINN YeAOBEKa, BCIO CO-
BOKYITHOCTb €TI0 II03HaBATEABHBIX YMEHUM: OIy-
IIeHWsI, BOCHPUSATHE, TaMdaTh, HIPEeACTaBACHUeE,
MBIIIIAeHUE, BooOpaskeHue» [1]. Baaropapss uHTeA-
AEKTY Y4eAOBeK ODOAQAQeT CIIOCOOHOCTBIO CPaBHU-
BaThb, OH BhIpabaThiBaeT abCTPaKIINK, 0Opa30BhIBa-
€T IIOHATHUS, CY>KAEHUS, TPOU3BOAUT YMO3aKAIOUe-
HUA.

M3BecTHO, 4TO CyllleCcTByeT B3auUMHas He3a-
BHUCHUMOCTB CHOCOOHOCTH K OOYUEHMIO U COOCTBEH-
HO MHTEAAEKTA (CIIOCOOHOCTH K CY’KAEHMIO), T.e.
HeINIPaBOMEPHO CMEIINBATh CIIOCOOHOCTE K 00y4e-
HUIO C UHTEAAEKTOM (HMJ)KE B 3TOM CMBICAE OYAET
UATU peyb 00 O0Oy4YeHUN CUCTEM HCKYCCTBEHHOTO
UHTeAAeKTa). [ToCKOABKY O0OBEM U CTPYKTypa
3HAHUU 3aBUCAT He TOABKO OT CIIOCOOHOCTHU K 00-
VUEHUIO MAW UHTEPECOB YEAOBEKa, HO U OT COIU-
AABHOU CPEABI, IIOCTOABKY AASL OIIEHKM €TI0 MHTEA-
AEKTa (YMCTBEHHBIX CIIOCOOHOCTEN), UCIIOAB3YEeTCS
MHO>KECTBO pa3zHo0Opa3HbIX KpuTepues. « Cyiiec-
TBYIOT He IIPOCTO OOABIIINE UAW MEHBIIINE CTeIIeHU
Pa3BUTHSA YMCTBEHHBIX CIIOCOOHOCTEH, - OTMeda-
eTI1.C.T'ypeBuy, - a HeKoe r'AyOOKO YKOpPeHeHHOe
«ApeBO», 00BbepUuHsAIoIlee B cebe MHOTOUYMCAEH-
Hble U pazHooOpa3Hble criocobHocTu [1]. Durroco-
Bl U3AaBHA CTABUAU BOIIPOC: CYIeCTBYeT AU CIIO-
COOHOCTH K Pa3HOHAIIPAaBAEHHOMN peaAu3aliiu co-
OCTBEHHOTO IToTeHITaAa BooOI1e. DeHOMEeHOAOTHS
WHTEAAEKTA (YMCTBEHHBIX CIIOCOOHOCTEMN) OTAWYA-
eTcst GOABIINM pa3HooOpa3ueM. HekoTophlie Atoan
OBICTPO CXBATBHIBAIOT CYIIECTBO Bompoca» [1].

OaHaKO TTOAOOHOTO POAA TMOKOCTE OTHIOAL HE STBASI-
eTcs 0003HaueHneM OAeCTAIINX YMCTBEHHBIX CIIO-
COOHOCTEH, TaK KaK MpaKTUUYeCKask CMBIIIAEHOCTD
U aOCTPAKTHBIN MHTEAAEKT He SIBASIOTCS TOXKAEC-
TBEHHBIMU. BoAee TOro, HeAOCTaTOUHO TOABKO OOAA-
AATh CIIOCOOHOCTBIO K CY’KAEHUIO, HEOOXOAUMO
elje IpruOaBUTh K 3TOMY CIIOHTAaHHOCTD I HaAUUMe
UHUTTUATUBBHL.

B nepaBHO BhImeariem «CaoBape puaocod-
CKUX TEePMMHOB» TOA MHTEAAEKTOM ITOHWMAaeTCs
«IICUXUYECKasd CIIOCOOHOCTh K CO3HaBaeMOMY He-
CTEPEOTUITHOMY IIONCKY M Y3PEHUIO aA€KBATHBIX
copepkaHnioo GOpPM MBIIIIAEHUS W ITeAecoo0pas-
HBIX CIIOCOOOB MOBEAEHUS], OCHOBAHHBIX Ha OIIBITE
U 3HQHUSX U B TO JKe BpeMsI UMEIOITUX TeHACHIIUIO
K OIIepe’KeHUI0 COOBITUU U OnbITa» [2].

MHTeArNeKT B TAaKOM CAydYae IIPeACTaBAdeT
CcoOOM KOHKpeTHYIO (OpMYy €AMHCTBA PpPaljuo-
HAABHBIX CO3UMAAQTEABHBIX CIIOCOOHOCTEW U OPY-
MUY MHTEAAEKTYAABHOU AEATEABHOCTH, BKAIOYA-
IOIUX B ce0d MaMATh U UHTEAAEKTyaAbHbIE OPY-
A TPyAQ (TeXHUYeCKHe M UHPOPMAIMOHHBIE
CpeACTBa, METOAWKM, HaydHble TEOpPUM U AP.).
VIHTeAAEKT AEUCTBYET B KOHTEKCTe aAe€KBATHOU
€My KyABTYPHOU CpeAbl, BHE 3TOM CPEABI eT0 CO-
3UMAQTEABHBIM IIOTEHIIMAA He pPeaAusyerca u
WHCTPYMEHTaAbHBIE CPEACTBA TOIAA AUIIL (DOP-
MaAbHO COOTBETCTBYIOT UHTEANEKTYAaABHBIM OPY-
AUSIM. «YPOBEHb MHTEAAEKTA XapaKTePU3YeTCH:
0OraTcTBOM CIHEeKTpa acCOLUAlluM, NIPUMEHSIO-
HIMXCS B IpoIlecce TOUCKa pellieHu; ObICTPOTOM
U  TOAHOTOM  HOPOPabOTKU  BO3HUKAIOUIUX
AAbTEPHATUBHBIX  IMMOAXOAOB;  CIIOCOOHOCTHIO
KPUTUUYECKU OPUEHTUPOBATHCSI B HEKOPPEKTHO
3aAa@HHOM TPOOAEMHOM HOA€e. IHTEAAEKT IT0 CBO-
€My IPOUCXOKAEHUIO ¥ (DYHKIIMOHNPOBAHUIO 3a-
BHUCUT OT MHOTHX IICUXWYECKUX (PYHKIIMH, B 4ac-
THOCTH, OT apPEKTOB 1 UHTYUITUH, OT CBSI3U S3bI-
Ka M MBIIIAEHUS» [2].

Heo0xopuMO oOTMeTUTBH, UYTO cekuac pac-
MIPOCTPAHEHHBIM SIBASIETCS TOAKOBAHUE WHTEA-
A€KTa KakK CHHOHUMaA MBIIIIAEHUST, IPUYEM B OTAU-
yre OT COOCTBEHHO MBIIIACHUS, KOTOPOE eCThb
MIPOIecc, UHTEAAEKT eCTh KaueCTBO 3TOTO IIPO-
necca. KpurepusaMmu KadecTBa BBICTYIAIOT 3-
(PEeKTUBHOCTD, MPOCTOTA B ITO3HABATEABHOMN Aes-
TEABHOCTM ¥ CIIOCOOHOCTH K HAXOKAEHUWIO He-
CTAHAAPTHLIX pelileHuY [3]. KOHCTPYKTUBHEIM U
TIAOAOTBOPHBIM SIBASIETCSI TPEeACTaBAeHUEe 00 MH-
TEeAAEKTe, KOTOPOe OCHOBBIBAETCS Ha HeUpodu-
3UOAOTUUYECKOM MeXaHU3Me IpepcKa3aHusd, WC-
caepoBasiieMcsa [1.K. AHOXUHBIM M Ha3BaHHOM
UM aKIeITOPOM pe3yAbTaTa AeUcTBU4. Elle opAHO
U3MepeHNe A UHTEAAEKTa CAeAyeT U3 (DOPMYALL
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- «OT MHCTHUHKTA 4Yepe3 YCAOBHBIE PedAEKCHl K
nHTeAareKTy» (A.C. Beirorckuit). B maane mpea-
CTaBA€HHOTO UCCAEAOBAHUS CYIIECTBEHHBIM SB-
ASETCSI TO OOCTOSATEABCTBO, COTAACHO KOTOPOMY B
UCTOPUU (PUAOCO(DUHU ITOHATUE UHTEANEKTA UMe-
€T CIEeKTP 3HAYeHUM, OCHOBHOE U3 KOTOPBIX -
CIIOCOOHOCTH K pallMOHAaABHOMY HO3HaHMIo. He
MeHee Ba’KHBIM SIBASIETCS CAEAYIOIINE YCAOBUSI
NCCAEAOBAHUSA  UYEAOBEYECKOTO  MHTEAAEKTA:
«HTEAAEKT He MOJKET IIOAHOIIEHHO WCCAEAO-
BaThCS U30AUPOBAHHO OT €T'0 IIPOUCXOKAEHHUS, OT
YCAOBHUM W AMHAMHMKM €0 CyliecTBoBaHusd. Ilo-
IBITKA pacCMaTpHUBaTh MHTEAAEKT caM IIo cebe
IIPUBOAAT K €T0 «MCYE3HOBEHUIO» M BEIBOAY O €T0
HEeCYILIeCTBOBAHMUU. AKTHUBHOCTH HHTEAAEKTA
IIPOTEKAEeT B OTKPBITOU CpeAe, HETUIINYHOCTD
NPOIBAEHUU MHTEAAEKTa AOAKHA WHTEpPHpeTH-
POBATHCSA KaK IIepPMAaHEHTHOE IIPOAOAKEHUE ero
cTaHOBAeHUS. ITHTeANEKT He MOJKeT OBITh 00bsC-
HEeH VAU BEIBEAEH HEIIOCPEACTBEHHO U3 CBOMCTB
Moara. Ero (popMupoBanue HanpsMyto CBS3aHO C
TBOpPYeCTBOM. VHTEAAEKT (popMUpyeTCsa B IIPO-
Iecce CTAHOBAECHUS UHAMBUAYYMA B KOHKPETHOM
COIIMyMe U 3aBUCHUT OT COITUAAM3AITUN AMYHOCTU»
[2].

[NpuBepennbie durocodcKkue AepUHUIINU
WHTEAAEKTA OTHOCATCS B IIEPBYIO O4ePeAb K MH-
TEeAAEKTY YeAOBEKQ@, & 3TO 3HAUUTEABHO OT'PAaHU-
YMBaeT UCIOAb30BaHNUE AQHHOI'O OHATHUSA B aHA-
AU3e IPOOAeMBI UCKYCCTBEHHOTO UHTEAAEKTA.

B coBpemenHo nungopmaTrKke, TEOPUM pac-
NIO3HaBaHUsA OOPAa30B, UCKYCCMBEHHOM UHMEA-
AeKme KaK Hay4Hou obaacmu uccAegoBaHUU U
MEexXHOAOTUU WCIIOAB3YyeTCsa 0OoAee IIUPOKOe
OIIpEAEAEHUE NHTEAAEKTA - OOOOIIEHHOIO MHTEA-
AEKTa, OXBAThLIBAIOIEro cOOOM eCTeCTBeHHBLIN U1
WCKYCCTBEHHBIN MHTEAAEKTH, OCHOBOU KOTOPHIX
SABASIETCS IIPUPOAQ U KYABTYPA.

«[Ipupopa npeacTaBAageT cOOOM, - OTMeUYaeT
B.I'. FOpuH, - OOBEKTUBHYIO PEAABHOCTD, CYIIlec-
TBYIOIIYIO BHE U HE3aBUCUMO OT cO3HaHuA. OHa
He UMeeT HU HadaAd, HU KOHIIQ, OeCKOHeYHa BO
BpPeMeHU U IIPOCTPAHCTBE, HaXOAUTCS B HeIlpec-
TAHHOM ABIJKEHWH U N3MeHeHun. VIHoraa mpupo-
AOM HA3BIBAIOT AUIIEL €€ YacCTh - Ouocgepy Hallleu
nAaHeThl. VIMEeHHO OHQ, IOPOJKACHHAS IIpEeAlleC-
TBYIOIIUM PAa3BUTHUEM IIPUPOAON, CO3AAAA YCAO-
BUS AASI BOBHUKHOBEHUS 4YeAroBeKa. [ lo3HaBas 00-
BEKTUBHBIE 3aKOHOMEPHOCTH IIPUPOABL BO3AE-
VICTBYS Ha Hee C IIOMOIIBLIO CITeITHaAbHO CO3AaBae-
MBIX OPYAUN U CPEACTB TPYAQ, AFOAN UCIIOAB3YIOT
BellleCTBa U JHEPIUI0 IIPUPOABL AT IIOAYUYEHUS
HeOOXOAUMEIX YeAOBEeYeCKOMY OOIeCTBY MaTe-
PHAABHBIX OAar. TeM caMBIM eCTeCTBEHHAs Cpepd

CUCTEMHBI AHANU3 U MEXXAUCLIUMIIMHAPHBIE MOAX0Abl B UCCNEAOBAHUAX

OOUTaHUA AOIIOAHAETCSH WCKYCCTBEHHOM, KOTO-
pas MpeACTaBAsieT COOOU TaK Ha3bIBAEMYIO «BTO-
PYIO IIPUPOAY», T. €. COBOKYITHOCTD Belllel, OTCYy-
TCTBYIOIIUX B IIPUPOAE B TOTOBOM BHUAE U CO3AA-
BaeMBIX B TpoIlecce OOIIeCTBEHHOTO IPOU3BO-
acTBa» [1].

3AECh CYIIIeCTBEHHBIM IBASIETCS TO OOCTOST-
€ABCTBO, YTO YEAOBEK CYIIIECTBYET U OCYIIIE€CTBAL-
€T CBOIO AeSITEeAbHOCTb B €CTeCTBEHHOU U HCKY-
CCTBEHHOU cpepe, Ecam ecTeCTBEeHHBIM KOMIIO-
HEHT MHTEAAEKTa YeAOBeKa OOyCAOBAEH TEM, 4TO
YeAOBEK IIPEeACTaBAdeT COOOU YaCThb IIPUPOABL, TO
HCKYCCTBEHHBIY KOMIIOHEHT MHTEAAEKTA BBIPAC-
TaeT Ha OCHOBE KYABTYPHI, KOTOpasd cama IO
cBOEN CyTH ABASIETCS HAAIIPUPOAHBIM,
HCKYCCTBEHHBIM OOpa30BaHUEM.

B pAaHHOM cAydae CyIIeCTBEHHO TO, YTO UH-
TEeAAEKTYaAbHBIE CHCTEMBI €CTECTBEHHOI'O U UC-
KYCCTBEHHOI'O IIPOUCXO’KAEHUS C IIOAHBIM IIpa-
BOM MO>KHO OTHECTU K KaTerOPUU CAOKHBIX CHUC-
TeM M MCIIOAB30BaTh AASI UX UCCAEAOBAHUS 00-
IIYI0O TEOPHIO CUCTEM, KOTOpasi oIupaeTcs Ha
MIPUHITUIIHE CUCTEMHOTO TIOAXOAQ.

«C TO3UIUU CUCTEMHOT'O IMOAXOAA UHMEeA-
AeKm (B IIMPOKOM CMBICAE HTOTO CAOBA) MOXKHO
paccMaTpuBaTh Kak OAHY U3 CYLIECTBEHHBIX Xa-
PaKTEepPUCTUK BBICOKOOPTaHU30BAHHOM CUCTEMBI,
OTPa’KaroIyIo ee CIIOCOOHOCTH K ITOAAEPIKAHUIO
AOCTATOUHOM CTEeIIeH! aAeKBAaTHOCTU CTPYKTYPHI,
(PYHKIMN U [eAed CUCTEMBI OKPYJKAIllel ee
cpepe, UX COTAACOBAHHOCTH, UAU MHaUe, CIIOCO0-
HOCTB K AOCTUJKEHUIO TPeOyeMOoU cmenenu Corad-
COBQHUs CUCTEMBI CO Cpepot» [4].

Kpowme Toro, caepyeT uMeTh B BUAY, UTO AQH-
HBI€ O UAM OTCYTCTBUU UHTEANEKTA Y CUCTEMEI U O
€ro YpOBHE MOJKHO IIOAYYUTH IIyTeM CpaBHEHUS
paccMaTpuBaeMOM CUCTEMBI C 3TAAOHHOM CHUCTe-
MoH. Haille Bcero B Ka¥eCTBe 3TAaAOHHOM CUCTEeMEI
paccMaTprUBaAETCI YEAOBEK.

Hccaepys mo3sr, Y. Duidu NPEeprOKUA B Ka-
YeCTBe CTPYKTYPhI 3TAAOHHOMN CUCTEMBI PaCCMaT-
PHUBATh CTPYKTYPY YABTPACTAOMABHOU CHUCTEMEL,
obecrieunBarollell yCTOMYMBOCTE CBOEro (DyHK-
IVMOHUPOBAHUS K M3MEHEHMIM OKpYyrKalolllen
cpepnl [5]. B cBoio ouepeab H. HepumMeH Ha3BaA
TaKyI0 CUCTeMY 0000WeHHOU, IPUYEeM OHA SIBAS-
€TCs 3aMKHYTOM CUCTeMOM, KOTOopas OCTaeTcs 3a-
MKHYTOU BO BCEX BO3MOKHEIX cpepax. CoraacHo
3TOMY OIIpEAEAEHMIO, KaK OBl He U3MEHSIAACh Cpe-
A, 0000IIeHHasI CUCTeMa BCerAa IroToBa K 3THUM
U3MEeHEHHUSIM U OHAa AOIIOAHSIET cebsl B cpepe A0
3aMKHYTOU CUCTEMBI HEAOCTAIOIINMHU OO BEKTaMU
UAU UX MOAEASIMU [6].
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OcHOBOI OOOOLIEHHON YABTPACTAOUABHOU
CHUCTEMBI 110 Y.OuIbu [5] ABAIETCA ee pearupylo-
1asg 4acTb, KOTOpas AOMOAHSIETCS 3AeMeHTaMUu
HEeKOTOPOU 3aMbIKaIoOIel yacTu. 3apauel pearu-
PYIOIIEeN YaCTH, UMeIOIel B CBOEM COCTaBe HEKO-
TOpbIe TIOACUCTEMBI, IBASIETCSI oOeclieyeHre He-
00XOAMMBIX peaKIu¥ (OTHOIIeHUM), aAeKBaTHBIX
OKpY’KaIolllel cpepe TOABKO B IleAoM, 0e3 ydeTra
ee aKTYaAbHBIX U3MEHEeHUU. 3aMBIKAIOIad 4acThb
IIPEACTABASIET COOOM HAACTPOUKY HAA pPearupylo-
1Iel 4YacThio, 00eCIeYyuBaroONIyi0 MIPUCIOCOOU-
TeAbHOE 3aMBIKaHMe CHCTEMBI (BBIOOD ¥ HACTPOU-
Ky OAHOM 13 UMeIOIINXCS [IOACUCTEM pearmupyro-
I1ey 4aCTU AU POPMUPOBAHNE HOBOM €€ TOACUC-
TeMbl 4yepe3 apanTaliuio, pa3BUTHE) IO OTHOIIIe-
HHUIO K U3MEHEHHUSIM OKpY’Kalolllel CpeAbl U B
uTore OOAee BBICOKYIO CTelleHb aAeKBAaTHOCTH
CUCTEMBI U3MEHIIOIeNCcs cpepe. 3aMBIKAIOIIyIO
YaCTh CUCTEMBI HA3BLIBAIOT TAK)KE MEXaHU3MOM
aAaITalluU (CaMOOPraHU3aIuu) CUCTEMBI.

Pearupytomniag u 3aMbIKaroIas 4aCcTu CUCTe-
MBI B3aUMOAEUCTBYIOT KaK C BHEIIHEU CPeAOH,
TaK U APYT C APYTOM. B3anMopeincTBue pearupy-
IOIer YaCTU CUCTEMBI CO CPEAOM Pearr3yeTcs C
MIOMOIIBIO IEPBUYHOM OOPATHOM CBSA3U, AENCTBY-
IOIIEeN HeIPEePhIBHO U C BLICOKOM CKOPOCTHIO, 4e-
pe3 CeHCOpHBIE U ABUTaTeAbHbIe KaHaAbl. C 1mo-
MOIITBIO 3aMBIKAIOIEeN YaCTH B CUCTEME PEarnu3y-
eTCcsl BTOpUYHas oO0paTHas CBA3b, ACMCTBYIOIIAd
MIPEPHIBUCTO U C TOPa3A0 MEHBIIEeW CKOPOCThHIO.
BropuuHasg o6paTHas CBSA3b CO3AAET YCAOBUS AT
aHaAW3a OKpy’Karollen CpeAbl, (phopMHUpOBaHUA
AAEKBaATHBIX MOAEAel ee 0OBEKTOB 1 COTAACOBaH-
HOTO C HUMM U3MeHEHUs T[apaMeTpoB
pearupyrouiei 4acTu CUCTeMbl IPU W3MEeHeHUN
[IapaMeTpPOB OKPYIKAIOIIEN CPEABI.

C TOYKM 3peHUus KUOepHETUKH, 0000IIIeHHasa
CHCTeMa MOJKeT PacCMaTPUBATHLCS KakK NepapXu-
YyecKass CaMOHACTPAWBAIOIasCad U CaMOOPTaHU-
3YIOLIAsiCS YIpPaBASIOIlass CHUCTeMa, HMelolast
CBOIO CTPYKTYPY U (DYHKIIMU, He 3aBUCHIIUE OT
cybcTpaTa, Ha KOTOPOM pPeaArM30BaHa CHUCTEMA.
«O0O001IeHHBIE CUCTEME], PACCMAaTPUBaeMBbIe KaK
HEKOTOPBIM KAACC B COCTaBe CAOKHBIX CHUCTEM,
BKAIOYAIOT B €051 BBICOKOOPTaHM30BaHHLIE CHC-
TeMbl €CTeCTBEHHOTO ITPOUCXOKACHUS (OpraHu-
3aIIMOHHBIE U OMOAOTMUECKUE) U UCKYCCTBEHHO-
T'O TPOUCXOXKAEHM (TeXHUYEeCKNe CUCTEMBI C HC-
KYCCTBEHHBIM MHTEAAEKTOM, @ TakKKe KOMOWHMU-
POBAHHEBIE CUCTEMEL)» [4].

XapakTepHOU 4epTol 0000IEeHHBIX CUCTEM
SABASIETCS HAaAWUME FeHeTUUEeCKUX CBSA3eN MeXXKAY
HUMM, T.e. MOPOKAEHHE HOBBLIX OO0OOIIEHHBIX
CUCTEM OCYIIEeCTBASIETCS IIyTeM HACAegOBAHUS

cBolicmB y>Ke CYIIeCTBYIOIINUX OO00IeHHBIX CUC-
TeM, B TOM YHCAEe CO CMEeHOMN IIPUPOABI UX CYO-
cTpaTa. ApyTuMu CAOBaAMU, IIOPOJKAEHHE CUCTEM,
TPUOAMIKAIONIUXCS TI0O CBOUM CBOMCTBAM K IIPEA-
€ABHO Pa3BUTOU OOOOIEHHOU CUCTEME B ITPOIleC-
Ce pa3BUTHS B eCTECTBEHHOU Cpepe, TPOUCXOAUT
IyTeM HaCAeAOBAHUSI CBOUCTB y>Ke CYIIEeCTBYIO-
IMUX B HEM OOOOIIEeHHBIX CHUCTEM, T.e. MOXXHO
CKa3aThb, YTO 0000IIeHHasd CUCTeMa IPOUCXOAUT
OT APYTO¥ 0000IIeHHON CUCTEMBL.

B pamMkax cBoero >KM3HEHHOTO IIMKAA 0000-
IIeHHasd CUCTeMa MPOXOAUT PSA ITANOB (Ipeod-
pa3oBaHUl), T.e. OHA SBASIETCS 3BOAIOIIMOHHOM
cucteMol. B mpoiiecce 3BoAIOIIUYU 0000ITEHHBIX
CHUCTEM IIPOMCXOAUT COBEPIIEHCTBOBAaHUE WX
CTPYKTYPHBIX U KaUeCTBEHHBIX CBOMCTB, BO3pac-
TaeT aAeKBAaTHOCTb CTPYKTYPHI, (PYHKLUUU U Ie-
A€’ OTAEABHOM CUCTEMBI OKPY KAIOIIeN ee Cpeae,
B KOTOPYIO BXOAAT Apyrue o0O0OOIIeHHEBIe
CHUCTEMEI.

JTO AAeT OCHOBaHMeE YTBEPKAATH, UTO B IIPO-
1ecce 3BOAIOIIMU OOOOIIEHHOM CUCTEMBI NPOUC-
xogum yBeAUYeHUe Mepbl ee UHMEAAeKMd.

TakuM 00pa3oM, UHTEAAEKT, B IIUPOKOM IIO-
HUMaHUU ITOTO CAOBQ, MPEACTaBASIET COOOM UH-
merpamuBHOe CBOUCIMBO CUCIMEMbL, B OIIPEAEAEH-
HOM CMBICAE SIBASIOIeecs MHTeIPaAbHON XApPaK-
mepucmuKol BCeX OCTaAbHBIX ee CBOMCTB U om-
AudumeAbHOU Yepmoti 000OIEeHHBIX CUCTEM.

B pesyabTaTe MOXXHO IIOAYUYUTH CAEAYIOllee
onpeAeAeHHe MHTEAAEKTa, UCIOAb3yeMoe B Ha-
yKax 00 UCKyCCTBEHHBIX CHCTEMaX:

«Mnmearekm - 5mo cnocoO6HOCMb 3AMbLKAIO-
welli wacmu o0606uleHHOll cucmeMbl BblSBASIMb
npobaAemHble cumyauyuu, CmMABUMb AOKAAbHBLE
ueAu, cmpoumb MogeAu 00beKMOB BHEWHel cpe-
gbl, ageKBamHble 3muM AOKAAbHBIM UeAsIM, U ¢hop-
MupoBamb ynpapAsioujue Bo3gelicmBus HA pearu-
PYIOWYIO 4acmpb cucmeMbl C KOHEeUHOU (TA00aAb-
HOU ) yeAbto obecnevuenus ycmouiuBoro (Coraaco-
BAHHOI0) pa3BUMUs CUCmeMbl B yCAOBUAX U3MeHS-
rowjetica BHewHel cpeghbly» [4].

B 3aBucmMocTH OT (PU3NYECKOU IIPUPOABI
CHUCTEMBI-HOCUTEAST UHTeAAEKTa U BHeNTHe! cpe-
Abl, B3aUMOAEMUCTBYIOIEN C AQHHOWU CHUCTEMOMN,
OOBIYHO MTPOBOAAT Pa3AWdNe MEXXKAY €CTeCTBEH-
HBIM 1 HUCKYCCTBEHHBLIM HHTEAANEKTOM.

MHTeAreKT KakK oblilee CBOMCTBO pa3BUBalo-
IIUXCSI CUCTEM BeCbMa peAbedHO BhIpa>keH, Ipe-
KM€ BCEro, B CUCTEMAaX, KOTOpPbIe 00pa3yioT KuU-
BYyIO IIpUpoAy. VIX MHTeAAeKT apeKBaTeH ecTec-
TBEHHOM, KUBOM CPeAEe, Pa3BUBAIOIIENCH IO 3a-
KOHAaM 3BOAIOIIMU IPUPOABI, COOTBETCTBYET 3TUM
3aKOHAM M II0 IIPOMCXO’KAEHHIO, U II0 YPOBHIO
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pazBuTtusg. OOIIeNPUHATO, YTO HOCUTEAEM eCcTec-
TBEHHOTO MHTEAAEKTA JKUBOTHOTO SIBASIETCS MO3T,
MOAYUYAIOIINUIM HanOOABIIIee pa3BUTHE Y YEAOBEKA.
[TosToMy cTpyKTypa M (PYHKIIMU MO3Tra COBpe-
MEHHOTr0 YeAoBeKa (homo sapiens) BBICTyHaloT B
KaueCTBe OJTAAOHA AAS OLEHKM UHTEAAEKTY-
AABHBIX CIOCOOHOCTEN MHBIX CUCTEM

Tak, COrrnaCHO KAACCHUUYECKOMY TecCTy Thbro-
PUHTa, CYUTAETCS, UTO CUCTeMa OOAaAaeT UHTEA-
AEKTOM, €CAM YeAOBeK, KOHTPOAUPYS CBOU IIPO-
11eCChl B3aUMOAEUCTBUS C HEN U CPaBHUBAS UX C
aHAAOTUUHBIMU MPOITeCCaMM B3aWMOAEUCTBUSA C
APYTUM 4YeAOBEKOM, He CMOoXem Haumu cyujec-
mBeHHOro omAudua mexgy numu. OpAHAKO HeoO0-
XOAMMO CUMTATh HEKOPPEKTHBIM YyTBEP KAEHHUE
CIIeIJMAaANCTOB B OOAAQCTM HCKYCCTBEHHOI'O WH-
TEAAEKTa, COTAACHO KOTOPOMY «Pa3AnuUe B yPOB-
He pa3BUTHSI UHTEANEKTA YeAOBeKa U IPEACTABU-
TeAel OTAEABHBIX BUAOB JKUBOTHBIX OO'BSICHSAETCS
pa3HUIler B OPraHW3allui HEPBHOU TKaHU (HEM-
POHHOU ceTHr) Mo3Ta» [4]. AaHHOe pazAndue 00b-
SICHSIeTCS TAK)Ke U TeM, UYTO YeAOBeK (popMupyer-
Csl B paMKaXxX KYABTYPHI, X IIO3TOMY OH OOA@AQEeT
KaK eCTeCTBEHHBIMM, IIPUPOAHBIMH, TaK WU
KYABTYPHBIMU CBOMCTBaAMHM, 4YTO OIPEAEATIET
crelfu(PUKy ero UHTEAAEKTa.

HeobxopAUMO OTMETUTH, YTO B HayKe A0 CUX
IIOp HEeT CBOEr0 YeTKOTO PeIIeHUs NPOOAEMEBI
[IPONCXOKAEHUST KYABTYPBI. 3AeCh NMeeTcs Iie-
ABIM Beep TunoTes, 00bsICHAIONINX BO3HUKHOBE-
HUe [PUCYIIEr0 TOABKO YeAOBeKy (heHOMEeHa.
Ilpe>xkpe Bcero caepyeT OTMETHTH KOHIIEIIHIO
aAQIITUBHOI'O XapaKTepa TIeHe3Huca KYAbTYPH,
C(hOpPMYyAMPOBaAHHYIO aMePUKAHCKUM YUeHBIM O.
XapTtoM. OH IPOCAEKUBAET UCTOPHUIO BO3HUKHO-
BEHUS 4eAOBeKa U CMeHY ero (popM OT aBCTPaAO-
NUTEKa A0 «TOMO CAlleHC» M OTMedaeT, UYTO BCI
HUCTOPUS «TOMO» OBIAA MCTOPUEN KYABTYPHL, CMe-
HUBIIIEN B KOHIle KOHIIOB UCTOPUIO OMOAOTHYUEC-
KO sBoaronuu [7]. KyabTypa ke o0s3aHa CBOUM
CyIIeCTBOBAHMEM U CBOEN UCTOPUEN CIIOCOOHOCTH
YyeArOBeKa aAANTHPOBATBCA K AFOOBIM HM3MEHSO-
IIUMCSI YCAOBHAM, KOTOPAs IIPUCYIILA TOABKO YEAO-
BeKy. O. XapT Ha3bIBaeT ee «IIPOMEeTeeBCKUM Tre-
HOM», NIPUOOpPETEHHLIM YEAOBEKOM B pe3yAbTaTe
TPOEKPATHOTO YBEeAWYEeHMsI ero Mo3ra II0 CpaBHe-
HUIO C IIpepKOoM. KyApTypa, KaK U3BeCTHO,
repepaeTcs He nyrem OUOAOTHYECKOTO
HACAEAOBAHUS, & MOCPEACTBOM OOIIEHUS MEXKAY
TTOKOAEHUSIMU.

Ecau paccMaTpuBaTh HAIITY TAGHETY Kak BCe-
OXBATHIBAIOIIYIO CUCTEMY, TO ITPAaBOMEPHA IIPEA-
[IpUHUMaeMas Celyac IIONbITKA IIOHATh KYABTYPY
c ObrocepHOM TOUKM 3PeHUs, T. €. CAeAyeT YUu-

CUCTEMHBI AHANU3 U MEXXAUCLIUMIIMHAPHBIE MOAX0Abl B UCCNEAOBAHUAX

TBIBATH TOT MOMEHT, YTO KYABTYPOTE€HE3 IBASETCS
€CTEeCTBEHHBIM IIPOAOAKEHHEM OUOAOTHYECKOU
9BOAIOIMU. B OMOAOTHY pa3ANyYaloOT ABa BUAA 3HA-
HHUM O BHEIIHEM MUPE - 3HaHWe BUAOB COOCTBEH-
HOM 3KOAOTUYECKON HUNIN U 3HAHWEe UM COCEA-
HUX HUII; TPUYEM B XOAE 3BOAIOIINU OUOChepHI
HEKOTOPHIE CAOKHBIE HAAKAETOUYHBIE CTPYKTYPHI,
00AAAAIOIINE BBICOKOM DBOAIOIITMOHHOM IAACTHY-
HOCTBIO, CMOTAM OBICTPO IIPOHUKHYTH B ApyTUe
apaANTHUBHBIE 30HBI [8]. VMIMEeHHO dYeAOBeuecKuu
BHA OKa3aACsd CIIOCOOHBI COBEPUINTH ITPOPHIB B
HOBYIO @AAIITMBHYIO 30HY U OAaropaps Audde-
peHIupyeMol BHYTpU Cce0s1 KyABType MOAYUYUTD
IpeACTaBAeHHe O Omocdepe B IIeAOM, UYTO
IIO3BOASIET YEAOBEUeCKOMY BHAY BBDKUTL B
U3MEeHSIONIEeNCs CpeaAe, aAQIITUPOBATLCS K Hell.

B Hacrosmiee BpeMs MOAYYMAO IIpaBa rpax-
AAHCTBA IIPEACTaBAEHE 00 @HAAOTUU 3BOAIOIIUN
KYABTYpP (XOTS ¥ Ha MHOM YPOBHe) OMOAOTHYEC-
KO 3BOAIOIUU. HeAb3sl He COTAACUTBLCS C BBICKA-
3bIBAHUEM aMepUKaHCKOIo KYABTYPOAOTA
I'1.Purc-MapAaoy, 94TO «IOAOOHO OMOAOTHYECKOMY
BUAY, KQKABIM BHUA KYABTYP CA€AYeT pacCMaTpu-
BaTh KAK YHMKAABHYIO XPOHUKY IIONBITOK IPU-
CIIOCOOUTBCS K BEUHO MEHAIOIIENCS OKPY’Karo-
11eM cpeAe, U MPUoOPeCcTU B HEM SHepreTuiYecKue
npeuMyllecTBa Hap Apyrumu» [9]. Takon Ha-
VUHBIN IIOAXOA B U3YUEHUU KYABTYPHI IPU3HAIOT
CTOABb Pa3Hble MBICAUTEAU, Kak AopeH1], CKuH-
Hep, AOKUHC U OPUKCOH B CUAY TOTO, 4TO €My
NPUCYI, OOABIION 3BPUCTUUECKUN TOTEHITUAA.

OTOT IOAXOA, IIOKA3bIBAET, UTO KYABTypOTe-
He3 CBS3aH C 3BOAIOIIUEN MO3Tra TOMUHUA, AOCTHUT-
11ero HauboAbIIIero o0beMa y 4eAOBeKa. JBOAIO-
IIUIO0 MO3Tra TOMUHMA B IIAEUCTOIEHE PaCcCMaTpu-
BalOT B KauecTBe BeCcbMa 0COOOro IMpoliecca, Mo
KpaWHelu Mepe, II0 ABYM IIPUYUHAM.

Bo-1iepBhIX, OAaropaps ee memnam: 3To OAVH
13 HanboAee OBICTPHIX MPOTEKAIOITUX ITPOIEeCCOB
MaKPO3BOAIOIIUY B UCTOPUU ITO3BOHOYHBIX.

Bo-BTOpHBIX, OAaTOAAPS €r0 PeHOMEeHAABHBIM
nocaegcmauAM: TIPOIleCC IpUBEA K BO3HUKHOBe-
HUIO TAKOT'O YHUKAABHOTO B JKUBOTHOM MUPE 5IB-
AEHHIO, KaK YeAOoBeuecKas IICUXNKA, HeOTheMAe-
Mad OT KyABTYpEL [ loaToMy Bo3HUKaeT IpobAeMa
OOBSICHEHUSI OCOOEHHOCTEMN IICUXUKU M UHTEeA-
A€KTa 4eAOBeKa U COOTBETCTBEHHO KYABLTypOTe-
He3a.

[IpeacTaBAgeT MHTEpPEC CTOXACTUYECKasd MO-
AEAb KYABTYPOT€He3a, BBIABUHYTAs OAHUM U3
TOHUAUIIUX MBICAUTeAerd XX Beka C. AeMoM, B
KOTOPOM peyb UAET O PU3NIECKUX, OMOAOTHYEC-
KUX U COIJMAABHBIX AeTepPMUHAHTaX KYABTYPHL
[13].
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CoraacHO 3TOM MOAEAU, MCXOASIIEN n3 To-
HUMAaHUS KyAbIYPbl KAK UrPbl, KYABTYPA BO3HU-
KaeT notomy, 4to [Ipupopa ABAgGETCS «apeHO»
BO3MYIIEHUNM U HEAATOPUTMUYECKUX (HEeIpeA-
CKa3yeMblX) M3MeHeHUN. ODBOAIOIUSA - 3TO He-
NIPEeCTaHHBIU IIPOIlecC, IpUYeM Ka’KAAsd 3BOAIO-
[IMOHAs CTPATErui SIBAIETCS OAHOBPEMEHHO He-
OTIPpEAEAEHHON U KoMIOpomuccou. Kommpomucc,
IPOAUKTOBAHHBIN HEOITPEAEAECHHOCTHIO BUAOBBIX
pelleHnu U TeHAEeHIIuel K MUHUMU3AIluN, KOTO-
past HaBsi3aHa OTOOPOM, OCYIIECTBASIETCSI B paM-
KaxX OMIIOASIPHOM aAbTepHATUBBL. OpraHu3Mbl MO-
T'yT «BOCIIPUHUMATHL» U3MEeHEeHNe YCAOBUU CPEABI
KaK IIepeXOAHOE UAU KaK AAUTEABHOE, IIPU 3TOM
pasanune MeXAy (PAyKTyanuen W CTaljMoHap-
HBIM COCTOSIHMEM HEeBO3MOKHO HPOBECTH.

BoT nmoyemMy OHU pearupyroT Ha U3MeHeHHe
Anb0 obpamumbiM cnocobom ((PEHOTUIIUYECKU),
AnOO0 HeoOpamuMblM (TEHOTUTINYECKU).

OAHAKO 3BOAIOIMOHHBIN MPOIECC IBASETCI
OAHOBPEMEHHO IPUOOpPETEHNEM U ITIOTEPEN, PUC-
KOM U BBIUTPHIIIEM. UTOOBI pellluTh AQHHYIO AU-
AEMMY, DBOAIOIUSI MCIOAB3YEeT OCOOBIU HpHeM,
Ha3bIBaeMbIN HelimpaAu3ayuell OpraHu3moOB: Ha-
XOASCH B KAEIllaX PEHOTUIINYECKOU HEAOCTATOU-
HOCTU ¥ T€HOTUIINUYECKOU HeoOpaTUMOCTH, 3BO-
AIOIIUSI HAXOAUT HOBBIM KOMIIPOMUCC - CO3AAEeT
OpTaHU3MBbl, CUABHO A€TEPMUHUPOBAHHbLIE TEHO-
TUNIHUYECKU, HO BeCbMa ITAacThUYecKue PeHOTUIIN-
YeCKU. DTUM KOMIIPOMUCCOM U IBASIETCS, - TUIIET
C. Aewm, - mo3r, 100 OH, OOYCAOBAEHHBIN T€HOTH-
INYeCKY, yCUAUBaeT (PeHOTUIINUECKYIO aAQIITUB-
HOCTB» [10]. iIMeHHO MO3T 4eAOBeKa B KOMMYHHU-
Kaluu ¢ cebe IOAOOHBIMU CO3AAET KYAbIMYPY KAK
cmpameruiro BbUKUBQHUS, KOTAA BUA MOXKET
MEHITh CTpaTeruy, He Tepss IPU ITOM CBOEM
reHOTUTIIUYECKON UAEHTUUHOCTH.

Ha anTpomnoaornueckoM ypoBHe CTpaTeru-
YecKue pelleHus «IPUHUMAIOTCS» y>Ke He Ha
YPOBHE HACAEACTBEHHOI'O MaTepuand, a B KyAb-
TypHOU cucreMe. KyAabTypa AeraeT BO3MOKHBIM
TO, UYTO OMOAOTMUECKU HEBO3MOKHO - OHA CO3AAET
CTPAaTernm OAHOBPEMEHHO PEBOAIOIIMOHHBIE U
oOpaTuMele, OAArOAApPsl YeMYy IIOSBASIETCS BO3-
MOJKHOCTBH IlepecMaTpuBaTh pelleHUuss U Ipeod-
Pa30BBIBATH CPEAY B TeMIIE, HEAOCATAEMOM AASI
HACAEACTBEHHOTO MaTepuana. Beab mpoucxops-
11ad B 9TOM HAaCAEACTBEHHOM MaTepuraie Audde-
peHIManusa TpeOyeT MHUAAMOHOB AeT. [To MeHb-
IIIe Mepe MUAAMOH AeT TOTPeOyeTCs AN 9BOATO-
LMOHHOI'O YyIIPOYEeHHUs HOBOI'O OHMOAOTHUYECKOTO
BUAQ. B KyabType crnenyaamsanus, uau pudde-
peHIuanus, ITPOUCXOAUT MAKCUMYM 3a TBICAYY
AET, B CAy4ae YCKOPEeHUs KyAbTYpOIreHe3a AN ca-

MBIX KPYIIHBIX CTPATerudeCcKux Ipeodpa3oBaHun
AOCTQTOUYHO HECKOABKO AECATKOB AeT. Takoro
poAa MUAAHMOHOKPATHOE YCKOpeHHe TeMIIOB
SBOAIOIIMU Ha HAllleW IIAaHEeTe ITOPOKAAET
Pa3sAMYHOIO POAA OIACHOCTH, YTO OOYCAOBAEHO
IIpaBUAAMU TEOPUU UTP U TEOPUU HEAMHEWHOTO
NpPOTPaMMUPOBAHUS, KOTOPBHIM IOAUMHSIETCS
3BOAIOITHA.

KyabTyporeHe3 HeOTpBIBEH OT CTOXACTHY-
HOCTH MUpA U CYLIEeCTBYIOIIUX B HeM OudypKa-
IVMOHHBIX MEXaHU3MOB, CBI3aHHBIX C HeoIlpeae-
AEHHOCTBIO MHPOBOT'O 3BOAIOIIMOHHOTO IIPOIleC-
ca. buocdepa B cBoeM pa3BUTUU ITIOPOAUAA YEAO-
BeKa C ero KyAbTypou M OOIIIeCTBOM: €e MeCTO B
raobanabHOM aBOAIOIIMYM H. H. MouceeB onpeaens-
eT caepyronuM obpa3om: «Ha HekoTopoM aTame
pa3BuTus BceneHHOU KaK €eAMHOM CUCTEMBI OHA
HadaAa C ITIOMOIIILIO Y4eAOBeKa, ero PazyMa mmo3Ha-
BaTh cebg M oOpenra CHOCOOHOCTH IleA€HAIpPaB-
AEHHO BAUSTH Ha XOA COOCTBEHHOTO Pa3BUTUS»
[11].

CaM KyABTypOTeHe3 eCTh PE3YABTAT HeoOpa-
TUMOU 3BOAIOIUU OUOCHEPHI, AAUTEABHOT'O IIPO-
Iecca B3aUMOBAUSHUS OUOAOTUUECKON M COIIM-
AABHOM 3BOAIOIINH, IPUYEM NMEHHO YeAOBEK BhI-
CTyIlaeT €AWHCTBEHHBIM CYOBEKTOM KYABTYPHI,
OAHOBPEMEHHO CO3AaBast ee U (POPMUPYSCH IIOA
ee BO3AEMCTBUEM.,

Mup KyAbBTYypEI TECHO CBSI3aH C IIPOLLECCOM
TOMUHU3AIINY, C TPOI[ECCOM MePexoAa OT JKUBOT-
HOTO K YEAOBEKY, OAHUM M3 aclleKTOB KOTOPOTO
ABASIETCS Nepexog Oom onpegeAeHHbIX UHCMUH-
KMUBHbIX, pephAeKMOPHbIX peaKyull XKUBOMHOIO
HQ MUp K HeonpegeAeHHOCMU YeA0Be4eCKOro 3Ha-
Hus [12].

TOABKO YeAOBeK HaXOAUTCS 3a4acTylO B CHU-
Tyallu¥, KOTAQ €My A€UCTBUTEABHO HEHW3BECTHO,
YTO OH AOAJKEH AeAaTh. TaKMM 00pa3oM, Y 4eAo-
BeKa IOSBUAACH MOTPEOHOCTh B MPUHATUU HAA-
€KHOT'O peIlleHUs U OIPEeAEAeHMS 3TONM HaAeK-
HoCTHU. VIMeHHO 3Ta TOTPeOHOCTH 1 A€JKUT B OCHO-
Be KyAbTyporeHesa - IIPOMCXOKAHUU MUGOAO-
'Y, PEAUTNH, UCKYCCTBa, HAyKU 1 (purocoduun. B
pe3yAbTaTe KyAbTypOreHe3a YeAOBeK IIpHUoOpen
apCceHaA Pa3HOOOPA3HBIX (PU3UYECKUX U AYXOB-
HBIX TEXHUK, UAW, COOCTBEHHO, KyALMYPY.

KyAbTypa I103BOASIET UeAOBEKY BHICTPAUBAThH
CBOe€ IIOBEAEHUe Ha OCHOBE IIPeACKa3aHusa OyAy-
WX, ellle He CYILIeCTBYIOIMUX COOBITHUU IOCpe-
ACTBOM PA3AWYHBIX cTpaTeruili. KyabTypa mMmeert
AT (HOAOCY CBOOOABI) B OTHOLIEHUHU [ IpUpPOAEL,
YTO OOBSACHSAET CYIeCTBOBAHNE YUCTO KYABTYPHO
n3MeHdI9eMBIX POpM B CMBICAOB. O0 aTom C. Aem
nuieT Tak: «CToxacTudyeckasi MOAEAb KYABTYPO-
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reHesa IIPeAIOAATAEeT, YTO II0OA0CA CBOOOABL, KOTO-
PYIO MUP OCTaBASIeT B PacIIOpsi>KeHHe 3BOAIOIINO-
HUPYIOIIEro o0IeCTBa, Y7Ke BHIITOAHUBIIIETO AOAT
aAAITaIUN, TO eCTh HAa0Op HeNIpeMEeHHBIX 33Aa-
HUH, 3a0AHSIETCS KOMIIAEKCAMU ITOBEACHUH, 110-
Hayany cAydarHbIMU. OAHAKO CO BpeMeHeM OHH
3aCTBHIBAIOT B IIPOIleCCaX CaMOOPTraHM3aluy U Iie-
pepacTaroT B TakKue CTPYKTYPbl HOPM, KOTOPHIE
(OpMUPYIOT BHYTPUKYABTYPHBIU oOpasern, «de-
AOBEUYECKOU IIPUPOABI», HaBA3LIBAsI €My CXEeMBbI
AOASKEHCTBOBAHMHM U IIOBUHHOCTEM. YenoBek
(0ocoOeHHO B HaUYaAe CBOEr0 UICTOPUYECKOTO Iy TH)
BCTaeT B CAYUYaWHOCTH, KOTOPHIE U PelLIatoT KaKOB
OyAeT OH M ero nmuBuAnsanuga. OToOop arbTepHa-
TUB IIOBEAEHU - B CYITHOCTH AOTEpEes; HO 3TO He
3HQUUT, YTO CTOAL K€ AOTepelHa KOMIIO3UIIUI
TOTO, UTO TOAYUUTCSA» [13]. IHBIMM CAOBaMM, 4YEAO-
BEK B NCXOAHOM IIYHKTE BBICTYIIQ€T
AKCHUOAOI'MUECKU HEUTPAABHBIM CYIIIeCTBOM, 1 €TI0
UHTEAAEKT 3aBUCHUT OT KOAQ KYABTYPbI, KOTOPLIN
pa3AnYeH B PA3HBIX IMBUAU3AIUAX.

B coBpeMeHHOII HaykKe OOOCHOBAHO AOCTa-
TOYHO YOEAUTEABHO IIOAOJKEHHEe O TOM, YTO IIpU-
POAQ YeAOBEKa HOCHUT CAOJKHBIM, MHOTOMEPHBIN
xapakTep [14]. Ha ocHOBe aHaAn3a MHOTOAETHUX
KYABTYPOAOTHUECKUX U IICUXOAOTUYECKUX UCCAE-
AOBAHUM yCTAaHOBA€HA IPUHIUIIUAABHATA HEAO-
MIYCTUMOCTD PEAYKIIUY IICUXUKU YeAOBeKa K pas-
ymy. «[Icuxmka nop0OHa MUpaMUAE, IIpUYEM AOC-
TyIIHAa UCCAEAOBAHUIO TOABKO BEPIINHAE, & «OCHO-
BaHMe» TepdgeTcsa B TAyOmHax Kocmoca» [195].
Takoro popa METOAOAOTHYECKAS YCTAHOBKA CBU-
AETEABCTBYET B IIOAB3Y COLIMOOMOAOIMHU, COTAAC-
HO YyCTAHOBKaM KOTOPOM B HCCAEAOBAHUU
COIIMAABHOI'O ITIOBEAEHMI YeAOBeKa HeOOXOAMMO
[IPUHUMAThL BO BHUMaHUE ero OMOAOIMYECKYIO,
reHeTUUeCKyI0 CTOPOHY.

Kputnueckuit aHaAn3 TPAAUITUOHHBIX IIPEA-
CTaBA€HUM O NPUPOAE UYEAOBEKA, HOBBIX IOAXO-
AOB 3apyO€e’KHBIX YUeHBIX 1 HaYUYHBIX KOHIIeITUN
u runore3 B.M. Bepraapckoro, H.H. Mouceesa,
B.Il. KasHaueeBa, /A. CTeBeHCOHA U APYTHX OTe-
YeCTBEHHBIX U 3apyOesKHEBIX BCCAepoBaTenelt [16]
[17] mo3BOAgeT caeraTh (PyHAAMEHTAABHBIN BbI-
BOA O TOM, YTO MPHUPOAA YeAOBeKa HEAWHENHaA.
OHa npeAcTaBAsieT cOOOM B3aUMOAENUCTBUE CTU-
XUWHOI'O, XaOTUYEeCKOI'0 U YIOPSAOYHMBAIOIIErO
HayvaA, TAe AeCTPYKTUBHBIE apPeKThl HENTPaAn-
3YIOTCS IIPU ITOMOIIY PA3AUYHOTO POAA «KYABTYP-
HBIX CKpem». B ¢BA3U ¢ 3TUM BO3HUKAIOT BOIIPOCHI
O COOTHOIIEHWU TPUPOAHOTO U KYABTYPHOTO
HadaA B YeAOBEKe.

[Ipupopa yeroBeKa IpeACTaBAsIeT COOOU dap-
KWW TIpUMEep TaK Ha3bIBAEMOU XaOPpAUYECKOU

CUCTEMHBI AHANU3 U MEXXAUCLIUMIIMHAPHBIE MOAX0Abl B UCCNEAOBAHUAX

cucteMbl. TepMUH «XaopA» BBEAEH B HAy4YHBIN
000pOT HEAABHO, OH IPEACTaBASIET HEOAOTU3M,
NOAYUYEHHBIM U3 COYETaHMd AQHTAUWCKUX CAOB
«chaos» (xaoc) m «order» (MOPSIAOK). MM ommcHI-
BAIOTCSA CAOXKHBIE CUCTEMBI, KOTOpPble 0OAQAQIOT
CIIOCOOHOCTBLIO TepepabaThiBaTh HHGOPMAIINIIO
AASI OCYIIIECTBACHHUS AAQNITAIIMOHHBIX U 9BOAIOIU-
OHHBIX U3MeHeHuM [18]. OTo 03HavaeT, 4To CHUCTe-
Ma AOAKHA OOAAAATH OIIPEAEAeHHOM CTelleHbIO
YIIOPSIAOUEHHOCTH U OpraHU3allny, TOTAA KakK ee
YacTU - aBTOHOMMEH, CBOOOAOU U TMOKOCTBIO,
yTOOBI aA€KBaTHO pearvpoBaTh Ha WHHOBAIIUM,
TpeAOTBpaliast Ae3uHTerpalinuio CUCTeMbI. Xaop-
AWYeCcKas CUCTeMa HUCIIOAB3YeT aBTOHOMUIO CBO-
WX 9aCTeH, UAU «MSTKYIO», THOKYIO ITOAIIPOTPaM-
MY AESTEeABHOCTH, AT 00pabOTKM UH(MOPMAIULY,
KOTOpasd B MeHee I'MOKOU cucTeMe OAOKHpYeTCd
HEKUM OPraHOM IE€HTPAAM30BAHHOT'O KOHTPOASL.
[MpuMepoM TaKUX CHUCTEM SIBASIOTCS YeroBeuec-
KHUM MO3T, MUPOBAas ITOTOAHAS CUCTeMa, MUPOBas
9KOHOMUKAE, VMHTepHeT, AeHe)XXHas cucteMa o00-
mectBa u Ap. [lpupopa uyenoBeka apeKBaTHO
ONUCHIBAETCS C  TO3UIMM  XaOpPAUUYECKOU
CHUCTEMBI, YTO AGeT BOBMOKHOCTb PACCMATPUBATH
Kak eAuHOe 1eAoe KOCMUYECKHUH,
OMOAOTHMUYECKUM, IICUXUUYECKUMN, COIIMAABHBIN U
KYABTYPHBIM aClIeKThl YeAOBEYECKOU TPUPOADI.

«B rpeane Ka>kKABIM 4eAOBEeUEeCKUMN UHAUBUA
IIPEACTaBASIET COOOU KOHKPETHYIO CaMOIleH-
HOCTB, KOTOpPasi B CBOUX TBOPUECKNUX BO3MOKHOC-
TsX 6€CKOHEYHQa, 00 ero CyIIHOCTh 3aKAI0YaeTCd
B IIOTEHIIMAABLHOM CIIOCOOHOCTH CTaTh COOCTBEH-
HO 4YeAOBEKOM. Ka’kKABIM YeAOBEK - 3TO AMHaMMUU-
Hasl CUCTeMa, IIPeACTaBASIONIast CoOOM Hencuep-
[IaeMbli KOHTUHYYM UYHCTBIX BO3MOJKHOCTEH.
OpAHAKO ero CylUIHOCTb OTKPLITa, He3aBepIIeHHa],
MO3TOMY KOHKPETHO-UCTOPUUYECKHEe YCAOBUS CY-
11IeCTBOBAHMUS OOIECTBa, IPOTUBOPEUYUBOCTE CO-
LIMAABHOTO, HAy4YHO-TeXHUYECKOro IIporpecca
OTPAHUUYMBAIOT BO3MOYKHOCTU CaMOpeaAr3aliuu
WHAWBUAQ. HpaBCcTBeHHOE OTHOIIIEHWE K YeAOBe-
Ky MPEAINIOAATaeT BUAEHUE B Ka*KAOM KOHKPET-
HOM YeAoBeKe «oOpasa 60ora», T.e. IOTEeHITUAABHO
OEeCKOHEUYHOTO COBEPIIEHCTBE, UYTO CAYKUT OCHO-
BOU TYMaHUCTUYECKOU COCTABASIOIIEN KYABTYPHI
KakK [IPOTUBOBeca KpalHeMy TeXHUIIU3MY U CIIU-
€HTHU3MY. 3AeCh peub UAEeT He O KAACCUYeCKOM aH-
TPOIOIEHTPU3Me, KOTOPBIHA TOMeIlaeT B IeHTP
MHPa UCTOPUYECKU OTPAHNUUYEHHOTO YeAOBEKQ, a
CaMOIIeHHOCTU WHAWBHAA KaK YeAOBeKa B
HeucyeprnaeMoM KOHTHHYyM€ BO3MOJKHOCTEM»
[19].
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PE3EPBbl N MEXAHWU3MbI NMOBbILLEHUA
KAYECTBA NMrPOAYKUUN. BUPTYAJIbHOE
NMPOU3BOACTBO U CALS- TEXHOJIOINUA

CoBepllleHCTBOBaHUE KaudecTBa IeAecoo00-
Pa3HO BBIOAHATH C IIOMOIIBIO CTaTUCTUIECKUX
MeTOAOB — OCHOBHBIX MHCTPYMEHTOB BCeOOIeTo
KavecTBa (TQM).Opnum u3 npuHnnos TQM 4gB-
ASIETCS TO, YTO B OCHOBE IIPUHSITUS PELIEHUN AOA-
JKHBI OBITH TOABKO (PAKTHI, @ He UHTyuIusA. ['Aas-
Hble TPUYUHBI TPYAHOCTEN, BO3HUKAIOUINX IIPU
CO3AQHUU M oOeclieueHNH KauecTBa — AOXKHBIE
IIPeACTaBAEHUS U OIIUOOYHBIE AerCcTBUS. UTOOBI
Pa3sAMYUTD, UYTO AOJKHO, @ YTO OITUOO0YHO, HYKHO
OpraHm30BaTh MPOIleCcC Moucka PaKkToB, TO eCThb
CTaTUCTUYECKOI'0o MaTepuara. Kpome Toro, HeoO-
XOAUMO KOPPEKTHO (pOPMUPOBATHL MOAEAY UCCAE-

AOBaHMS IapaMeTPOB KauecTBa, B TOM UHCAE,
BUPTYyaAbHbIE MOAEAU.

[TorgTue «BUPTYaAABHBIN» YIOTPeOAseTCs
MM XaPAKTEePUCTUKHU OO'BEKTa, KOTOPBIH, OyAydn
HEPEaAbHBIM, «KaXKYIIUMCS», CYLIeCTBYeT B
CMBICAE OKAa3bIBAeMOTO UM AeMcTBUd. B obracTn
MIPOMBIIIA€HHOTO TPOU3BOACTBA TEPMUH «BUPTY-
AABHBIN» BCe Yallle yIIoTpeOAseTcs AAd 0003Haue-
HUS KOMIIBIOTEPHBIX MOAEAEN IIPOeKTUPYeMBIX
U3AEAUY, MOAEAEM TeXHOAOTUUECKUX U IIPOU3BO-
ACTBEHHBIX IIPOIIECCOB.

[lpumeHeHUEe HSTOrO0 TepMHHA SBASIETCS
ompaBAAHHBIM. B camMoM Aeae, KOMITBLIOTEpHas
MOAEAb U3AEAUS He CYIeCTBYeT KaK (PU3NYeCKUMi
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OOBEKT, OAHAKO BOCIPUHUMAETCI KOHCTPYKTO-
paM¥, TeXHOAOTaMU U APYTMMH CIIellUaAuCTaMu
KaK HeuTO pearbHOe. Haanune MOAeAM U3AEAUd
ABASIETCSI HEOOXOAUMBIM YCAOBHEM AAS Pa3Bep-
THIBAHUSI MTPOIIECCOB TTIOATOTOBKM TTPOU3BOACTBA,
T.e. OKa3bIBaeT BAUSHME Ha PEAAbHO ITPOUCXOAS-
e AercTBus. [103TOMYy 4acTO MOAEAD U3AEANT
UAM AETAAW HA3BIBAIOT BUPTYAABHBIM OOBEKTOM
[1].To >ke camoe MOKHO CKa3aTh O TEXHOAOTHYEC-
KHUX IIpolieccax. Hampumep, KOMIbIOTEPHOE MO-
AEAVPOBAHME IIPOIECCOB TOpsgYel MITaMIIOBKH,
AUTBSI M3 TAAQCTMACC M AP. U UX UCCAEAOBaAHUE C
nomotibio CAE-cucTeM, pearncTUYHaAsg UMUTa-
1us (MOAEAUPOBaHME) IPOIeCCOB 0OOPabOTKU Ae-
Tarel Ha cTtaHkax ¢ YUITY m MopeanpoBaHUe MX
PaboTEL. AHAAN3 BUPTYaAbHOTI'O TEXHOAOTMUECKO-
ro mpoillecca MO3BOAIET TEeXHOAOTY IPUHUMATh
peanrbHBIE ONTUMAABHBIE pellleHud. [Iponsso-
ACTBEHHBIe IIPOIeCChl yIIpaBAeHUS TakKe MOTyT
CYIIECTBOBATh B BUAE MOAEAeM, HampuMep KOM-
NBIOTEPHBIE MOAEAU IIOTOKOB IIPOM3BOACTBEH-
HBIX 3aAaHUM.

TakuM o6pa3oM, TOAHOMACIITaAOHOE NCIIOAD-
30BaHUE KOMITBIOTEPHBIX TEXHOAOTHUU TTPUBOAUT
K TOMY, 9TO BC€ IIPOEKTHEIE K OPraHn3allMOHHbIE
pelieHus Ha TPEeATIPUSATAYN TPUHUMAIOTCS CHava-
Aa Ha ypoBHe MopeAel. [1pu aToM pearbHbIE 00B-
€KTBhI M IIPOIeCCHl CTAHOBATCS CBOETO POAA OTO-
Opa’keHueM «BUPTYaAbHBIX» OObeKTOB U IIPOoIiec-
COB BO BHEIUIHIOIO Cpepy. OTO II03BOASIET I'OBO-
PUTH O BUPTYyaAM3alluM COBPEMEHHOTO IIPOU3BO-
acTBa [1].

CALS-TeXHOAOTUN MOPEACTaBASIIOT CcOOOM’
CTPATEruio IIPOMBIIIIAEHHOCTH, HANIPaBAEHHYIO
Ha 5QPPEeKTUBHBIN CHUHTE3 IIPOU3BOACTBEHHBIX
CUCTEM, CO3AaHUe, yIIpaBA€HHE U UCIOAB30Ba-
HHe 3AeKTPOHHBIX 6a3 AQHHBIX, OIIPEAECASTIONINX
PYHKIIMOHUPOBaHNE OOBbEKTa Ha BCEM >KM3HEH-
HOM ITUKAE M3AEAUS IIPHU YCAOBUM IIPUMEHEHUS
Me>KAYHapPOAHBIX CTaHAQPTOB KayecTBa
ISO-9000, BHEApPeHMEe HOBBIX MHPOPMAITMOHHBIX
TEXHOAOTHUM, PEOPTaHU3aIuU IIpeAllpUHUMAaTe-
ABCKOM AeSITeABLHOCTU

CALS-TexHoAroTHUU 0a3UPYIOTCSI HA AOKAAb-
HBIX pelleHUdX, Pa3paboTaHHBIX U PEeaAnM30BaH-
HBIX Ha MIPEABIAYILIMX 3TalaxX pa3BUTHS UHEMOP-
MaIlMOHHBIX TeXxHoAoruti- (CATIP, ACY, ACVYTIT,
BITMO wu Tp). Pa3zBuTue KOMNOBIOTEPHBIX CeTeM
CAEAAAO0 BO3MOJKHBIM CO3AaHNE TaKUX NH(POpMa-
OWOHHBIX CUCTEM, KOTOpble 00ecleunBarOT Oes-
OyMa>kHYIO TEXHOAOTHUIO B3aUMOAEUCTBUS MEK-
Ay OPraHM3alusaMU, 3aKa3bIBAIOIIUMHU, TPONU3BO-
MAITUMU U 9KCIAYATUPYIOLUIMMH, OXBATLIBas BCe
STAIlbl JKU3HEHHOI'O IJUKAA IIPOAYKTA - OT MapKe-

CUCTEMHBI AHANU3 U MEXXAUCLIUMIIMHAPHBIE MOAX0Abl B UCCNEAOBAHUAX

TrHra A0 yruausanuu|1,3]. I'lpepmerom CALS aB-
ASIETCS CO3pAaHME eAUHON UHTEeTPUPOBAHHOU MO-
AEAU TIPOAYKTA U €0 JKU3HEHHOTO ITUKAQ, OTIUCHI-
Baronier 0ObLEeKT HACTOABKO IIOAHO, YTO 3Ta MO-
AEAb MOJKET UCTIOAB30BAThCS KaK eAUHBIN UCTOY-
HUK MHPOPMAIIMU AASI AIOOBIX BBITTOAHSIEMBIX B
XOA€ JKU3HEHHOTO ITUKAA NpoleccoB. TakuM 00-
paszom Ar00O0M MpoIlecC (MapKeTUHT, IIPOEeKTUPO-
BaHMe, MAA@HUPOBaHMeE, TPOU3BOACTBO U T.A.) SB-
ASeTCsI KaK MICTOUHUKOM, TakK M MOTpeOuTeAeM NH-
dopmarmu Anst CALS cuctem. CALS-TexHoArOTHM
OTKPBIBAIOT HOBBIE BO3MOXKHOCTH MHQOpPMAIIU-
OHHOTO B3aUMOAEUCTBUS HECKOABKUX IIPEATTIPUS-
T, TO3BOASIS UM CTPOUTH KOOIIEPAIHUIO B (hopMe
"BUPTYaABHBIX' NIPEATIPUATHIN HE3aBUCUMO OT UX
reorpauuecKoro MOAOKEHUSI M HallMOHAAbLHOM
IPUHAANEKHOCTH.

Yamie Bcero CALS paccMmaTpuBaeTcs Kak
CTpaTerusi BBDKMBAHUS B PBIHOYHOU Cpeae, TOo-
3BOALIONIAsA, B TOM YUCAE, 00eCIIeunTh 3aAaHHOe
Ka4eCTBO IIPOAYKIIMY B UHTETPUPOBAHHOM CHCTe-
Me IIOAAEPIKKYU JKU3HEHHOTr'o I[TUKAA IIyTeM JAEeK-
TPOHHOI'O AOKYMEHTHPOBAHHUS BCEX BEHIIIOAHSE-
MBIX IIPOIIECCOB U IPOIleAyp. B aTOM caydae co-
3paeTcs PYHKIIMOHAABHASA MOAEAB CUCTEMBI 00-
eclleyeHMss KadecTBa IIPOAYKLIWM, B COOTBe-
TCTBUU C TpeboBaHusMu cratpapToB MCO cepun
9000.

DyHKIMOHAABHAS MOAEAb CUCTEeMBl Kauec-
TBa IPOAYKIIMHU ONIMCHIBAET IIPOIleCcChl obeclieye-
HHS KaueCTBa TPOAYKITUN M UX UHTEeP@ENCHI, CBI-
3aHHBIE C HUMM O093aHHOCTH, IIOAHOMOYHS, IIPO-
LIeAYPEL ¥ PeCYpPCHI, paclpejpeAeHre 00s93aHHOC-
Tel U [IOAHOMOYMHU ITOAPA3AEACHUN U IIepCOHAAd
npeAnpuaTusd. MoAeAb TaK)Ke COAEPIKUT CCHIAKHT
Ha BCe HOPMATUBHBIE AKTHI, TPEOOBAHUS KOTO-
PBIX AOAKHBI OBITH YUTEHBI TPU CO3AQHUU CHUCTe-
MBI KQueCTBa.

Haamune yHKIIMOHAaABHOM MOAEAM IIO3BO-
AdeT BBIIBUTH AOTUYECKHe OIIMOKU, AOLYyIeH-
HBIE TIPY IOCTPOEHUM CUCTEeMbI 00ecleueHusI Ka-
4YeCTBa, YTOUYHUTH PAclIpeAeAeHe IOAHOMOYNUH U
OTBETCTBEHHOCTH, aBTOMATUUYECKU TeHepupo-
BaTb OTYETHBIE AOKYMEHTHI [0 CTPYKTYpPe CUCTe-
Mel. [IpenMyIiecTBOM TaKOM CUCTEMEI OOecIede-
HUS KayeCTBa $BASETCS TaKKe aKTyaAbHOCTH
BCcel nHpopManuu. ApyruM IpenuMyIeCcTBOM IB-
AdeTCsI MUHUMM3Aallus 3aTpaT Ha BBOA MHGOpPMa-
UM, TaK KaK OHa OepeTcsa M3 APyrux MHpopMa-
LIMOHHBIX CUCTEM M AOCTYIIHA BCeM IIpoljeccaMm

C ToOuKM 3peHHsT OOecHeYeHMs KauyecCTBa,
paccMoTpeHHble MHGQOPMAIIMOHHBIE TEXHOAOTUH
- 3TO TaKue >Ke TeXHOAOTUH, KaK, HalpuMep, Tex-
HOAOTHM MAUIMHOCTPOEHUS, II03TOMY obecliede-
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HIUe KQ4eCTBa NPOAYKIIMU UAU YCAYT 3@BUCUT OT
Ka4yeCcTBa (TOYHOCTH U COOTBETCTBHUSA) KOMIIBIO-
TEPHOI'0 IIporpaMMHOro obecrieueHus. Cucrema
oOeclieueHNs KaueCcTBa AOAJKHA 3TO IIPU3HABATE.
OyHKIUeN oOecliedyeHUs KaueCTBa SIBASIETCS Ta-
PaHTHUPOBaHME TOTO, YTO pPa3pabOTUMKU IIPO-
IrpaMMHOr0 obecliedyeHUsI BBIPaOOTaAl U IIPOBO3-
TAACUAU IPABUAQ, IO KOTOPEIM OHM OYAYT pabo-
TaTh, U YTO OHU IIPUAEPKUBAIOTCSA 3TUX ITPABUA.
ObecrieueHne KauecTBa C UCIIOAb30BaHUEM KOM-
NBIOTEPHBIX IIPOrPaMM, B 3HAUUTEALHOMU CTelle-
HU, AOCTUTAETCS TEMHU JKe CPEACTBAMU, UTO U 00-
eclieyeHNe KadyecTBa TPAAUIMOHHBIMU MeETOAA-
MH, TO €CTh: OTBETCTBEHHOCTD CO CTOPOHBI AFOAEH,
IIPOBEpPKa U YTBEP’KAEHUE, KOHTPOAL 3a Iepe-
cMOTpoM U pacnipoctpanenueMm. CALS - TexHOAO-
I'MU - 3TO HOBeNIIINe KOMIIbIOTePHBIEe TEXHOAOTUY,
obecrieuynBarole CO3AaHNE eAMHOU MHEPOpMa-
IIMOHHOU CpEeABl AAS IIPOIECCOB IIPOEKTUPOBA-
HUs, IIPOMU3BOACTBA, UCIIBITAHUY, IOCTaBKU U 3KC-
IIAyaTalluy IPOAYKIMH.

CALS-cucTteMbl, B 3HQUUTEABLHOU Mepe, KOp-
PEAUPYIOT C UACOAOTHEN BCEOOIIEero yIIpaBA€HU
KauectBoM (TQM). ApyruMu croBaMu, IPUHIIU-
el TQM y>ke 3an0skeHEL B mpeororun CALS-cuc-
TeM. [ToaTOMY BHEApPEHME Ha IPEANIPUATHSAX WH-
TEeIrpUPOBAHHBIX UH(MOPMAIJUOHHBIX TEXHOAOTUN
O3HauaeT aBTOMATHUUYECKYIO PeaAn3alyio IpH-
HIIMIIOB BCEOOIEro yIpaBA€HUI Ka4eCTBOM.

O06ocHoBanueM BHeppeHUusa CALS- TeXHOAO-
Ui SBASIeTCS TOT (PaKT, 4TO Ha OOABIINHCTBE
NIPOMBIIIAEHHBIX HOPEANPUATUN AENCTBYIOIINE
CUCTEMBI OOeclledeHHsI KadeCTBa He COOTBe-
TCTBYIOT TpebOoBaHUsAM cTaHpAapToB MICO cepun
9000 1 Maro3PPeKTUBHEL.

OCHOBHOM NIPUYUHOM 3TOTO ABASIETCSA OTCY-
TCTBHE Ha IPEeAIPUATHSX:

1. KoMIIAeKTa HeOOXOAUMOM AOKYMeHTAlluH;

2. COBpPEMEHHBIX CPEACTB aBTOMATH3aluMN
mpoiteccoB cOopa U aHaAnM3a UHPOPMAIUU O Ae-
deKTax 1 0TKa3ax B IIpoliecce U3rOTOBAEHUS, UC-
NBITAHUA U DKCIIAyaTallul IPOAYKITUH;

3. COBpeMeHHBIX NHPOPMAIIMOHHBIX TEXHO-
AOTUU, HEOOXOAUMBIX AAS Pearr3aliuid BCeX dAe-
MEHTOB CHUCTeMBl KaueCTBa, IIPeAYCMOTPEHHBIX
cranpapramu MCO cepuu 9000;

4. 5AeMeHTOB CHUCTEeMbI KaueCTBa, HEOOXOAN-
MBIX AASL OOeclieueHus rapaHTUPOBAHHOIO U3I0-
TOBAEHUS BBICOKOKAUYeCTBEHHOM IIPOAYKIINH.

[TpepnpuATHAM, IPETEHAYIOIINM Ha IOAYYE-
HUe cepTu(UKaTa Ha CUCTEeMYy KayecTBa, B Ilep-
BYIO OUYepeAb, IPUXOAUTCS pellaTh 3aAa4uU, CBS-

3aHHbIE C THPOPMAITMOHHBIM OOecriedeHrueM Ka-
YeCTBa IIPOAYKIIMH Ha BCEX ITAllaX €€ JKU3HEHHO-
IO IIUKAQ.

[Tpobaemy Takoro MHGPOPMAIMOHHOTO 00ec-
IIeYeHNsI YAAAOCh PElIUTh Ha OCHOBE IIpUMeHe-
HUS MEeTOAOAOTMM aHaAmu3a IIPOLeCCOB, IIPeA-
YCMOTPEHHON Me>KAYHAPOAHBIMHU CTaHAAPTaMU
IDEFO, myteM pa3pabOTK{W TUIOBON BSAEKTPO-
HHOU MOAEAU 00eCIIeYeHNs KaueCTBa IIPOAYKIINHA
Ha BCeX dTallax ee JKU3HEHHOTo IIuKAa. KoMIinekc
IPOTPaMMHBIX CPEACTB, C OAHOU CTOPOHEI, OIpe-
Aensdercda TpeboBaHussMu crtaHpaptoB CALS, a ¢
APYTOH - IIOAHOCTBIO COOTBETCTBYET TpeOOBaHU-
sm ctaHpapToB MCO cepuu 9000.

Vcxopst w3 M3A0KEHHOTO, BUPTyaAbHOE
IpeAlpUsaTHe — 3TO IIOCTOSHHBIN ITOMCK Hanbo-
Aee BBITOAHBIX U HAAEKHBIX IIaPTHEPOB AASL IIPO-
U3BOACTBA HY)KHBIX H3AeAUU. BupTyaabHBIE
NPEAIIPUATHAS MOTYT IIOCTOIHHO II€peCTPauBaTh
CBOIO KOH(UIYpAaLIMI0 M CTPYKTYPYy IPOH3BO-
ACTBEHHBIX IIPOIIECCOB TaK, 4YTOOBI COXPAHATH
MaKCHUMaAbHYIO 9 PEeKTUBHOCTE. baaropaps cBo-
€l CIIOCOOHOCTH CO3AaBaTh W MCIOAB30BAaTh Ca-
Mble HOBATOPCKUE MAEH [IPU MEeHBIINX 3aTpaTrax
u B OoAee cyKaThle CPOKM OHM CETOAHS, B PA3BU-
TBIX CTPAHAX, y’K€ COCTABASAIOT CEPHE3HYIO KOH-
KYPEeHIIUIO KPYIIHBIM TPAAULMOHHBIM IIPEAIIPUSs-
THAM.

CospaHue U PyHKINOHUPOBAHUE BUPTYaAb-
HBIX IPEANpHUSATHN KaK OpraHU3allMOHHBIX
CTPYKTYP BO3MOJKHO TOABKO IIPH YCAOBHU HC-
NIOAB30BAHUS COBPEMEHHBIX MH(POPMAIMOHHBIX
TEXHOAOTUU (CETEBBIX CPEACTB M TEXHOAOTHUU
KOMMYHUKauu — cpeAcTB Internet/Intranet),
MEeTOAOB KOMIIbIOTEPHOT'O TPOEKTUPOBAHUSI U MO-
AEAVPOBAHUS IIPOILECCOB H3rOTOBAEHMS, KOM-
[IBIOTEPHOM IOAAEPIKKE BCeX 3TAIlOB JKU3HEHHO-
ro IUKAQ U3AEAUN U YAOBAETBOpeHUe TpeboBa-
HUM, OIPeAEAeHHBIX CTaHAQPTOM KauecTBa- MICO
9000-2001.
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CUCTEMHBI AHANU3 U MEXXAUCLIUMIIMHAPHBIE MOAX0Abl B UCCNEAOBAHUAX

Zhao Xiaojing

YAK 681.3

DEVELOP A SENSE OF OWNERSHIP, AND
INNOVATION DISSEMINATES

1. Introduction.

This paper will relate innovation theory to the
on-going EFL innovations in East China Jiaotong
University (ECJTU') in an attempt to illustrate the
key factors of management expertise that the
writer perceived as contributing to the success of
change in this project. Being one of the teaching
staff as well as a board member of the project in
ECJTU, the writer of this paper was personally
involved in the promotion and the design of the
project during the preliminary stage, thus has a
full understanding of the context of this particular
project.

In the following second section, this paper
will explore the nature of change process
illustrated in the diffusion literature and identify
the key factors that has been known to be
influential to diffusion of innovation; the third
section will give an introduction to the context
and the framework of the project being conducted
in ECJTU; Section Four will shed light on the
management expertise perceived as contributing
to the success of this on-going innovation project;
some practical strategy will be put forward in the
final section.

2. My perception on the nature of change.

Areview of the diffusion literature indicates a
consensus that change is not a professional
concept, but a natural part of the human
condition. People are always reluctant to change
in that, firstly, the impact of change in anyone's
life is immensely complex. Change in one area of
life is likely to have unexpected effect on other
parts. As a result, people's reaction may often
have little or nothing to do with the actual change
itself, but may be conditioned by apparently
unrelated factors. Secondly, the features of
change are always disruptive, which poses a
potential threat to people's established life
format. (Hutchinson 1992:4)

My perception of people's inactive attitude
towards change is that of psychological needs.
People have a tendency to cling to what they have
already been accustomed to. Any form of change
is likely to be perceived as a challenge to those
they are familiar with. In other word, people are
afraid that change will break the balance of their
life. If such balance broken, they feel that they
lose control of their own life, that is, they feel a
lack of ownership.

However, another side of the story is that
change is manageable. A carefully-designed
innovation may avoid depriving people of their
needs for ownership. If one innovation is tailored
to help people to build up a sense of ownership,
chances are people will make great efforts to fulfil
it, thus the innovation disseminates.

The essence of management, therefore, is to
build up a sense of ownership among its adopters,
orrather, a feeling of control of their own life. The
rest of this section will give brief analysis to some
diffusion theory which I believe to some extent is
associated with the understanding of meeting
people's psychological needs for a control over
life.

Rogers (1995)'s research on the attributes of
innovation, which is based on a cross-disciplinary
analysis of 1,500 innovation studies and is most
influential in the diffusion theory, list five
attributes of innovations. They are (1) relative
advantage, (2) compatibility, (3) complexity, (4)
triability, and (5) observability. I consider all
these five attributes as related to the fulfilment of
human psychological needs:

The first element relative advantage takes
into consideration the basic human needs of
well-being. It is natural that people will be more
willing to adopt things that have potential
benefits to them, either in the form of economic
profitability, or social prestige, or other way. Since
different people may have different perceptions

' East China Jiaotong University, the university where the writer is teaching in.
? Some researchers distinguish the term “change” from “innovation", claiming that the former occurs
spontaneously, while the latter involves deliberate alteration (White 1988). This paper, however, decides to use

them as synonyms.
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on the same things, itis up to the change agents to
identify the potential benefits for those adopters.
Compatibility refers to the human needs of being
remain secure and stable. Human tend to accept
something that is more familiar. They can only
add a limited amount of novelty to their
established life format. Any innovation that is
regarded as incompatible to the existed values or
ideas will be perceived as a threat to their normal
life will be refused, either overtly or covertly. All
the other three features, including complexity,
triability and observability, have something in
common. Among them, complexity is negatively
related to the rate of diffusion, while triability and
observability are positively related to the rate of
diffusion. Whatever parts they play, they refer to
the same aspect of innovation - people's
perception of feasibility and operability. If an
innovation is perceived as more comprehensible
and operable, people will be more confident in
adopting it. The reason may be that once people
successfully finish something, chances are that
they will have a kind of self-fulfilment, an
important feeling that certainly meets their
psychological needs. Any innovation that is
perceived as too complicated for them to control
may add uncertainty to their existing life and
certainly pose threats to their sense of ownership.

Another framework worthy of mentioning
here is that of Markee (1997)'s theoretical
framework for understanding innovation,
including who adopt what, where, when, why and
how? It points out the different roles played by
different participants (who); it divides adoption
into four evaluative phases of decision-making -
people need firstly knowledge about the
innovation, then the value of the innovation
should be clarified, after which preliminary and
final decisions will be made(adopt); it provides a
definition of curricular innovation and point out
that basically, innovation is a managed process
(what); instead of positing culture as a separate
variable, it suggests a variety of interrelated
culture (where); it presents a diffusion curve
concerning a quantitative definition of diffusion
time, indicating that there are five different
adopters - innovators, early majority, late majority
and laggards (when); it gives an explanation to
reasons why the adoption behaviours vary (why);
it gives respective evaluation to five different
approaches to effecting change, including the
strategies of change, and the leadership style that
are typically associated with them (how).

My perception of Markee's framework is as
follows: the first task a change agency must bear
in mind is to recognize people - the participators
of the innovation (who). The next step is to
analyze their social status and the roles they will
play in the innovation. The main task for an
innovator at this stage, is to remind people the
potential benefits the innovation will bring to
them. If people perceive the change as beneficial
to them, they will be more willing to adopt
change. I relate this point to Rogers' relative
advantage. The strategy is to trying to understand
people and satisfy their needs. With this in mind,
the aspect of what, where and when become more
perceivable. People's perceptions toward change
are different, so is their reaction to change. Some
people may adopt change earlier than other
people. Besides other possibilities, the different
social-cultural context (where) may account for
such difference. As is pointed out above, it is the
change agents' responsibility to identify the
relevant situation, and add meaning to the
following change in order to effect innovation.

Markee (1997)'s analysis on the five diffusion
models is more revealing: The Social Interaction
Model attaches much weight to communication.
Once the knowledge of innovation spreads, either
from person to person or from community to
community, diffusion will happen.

Center-periphery Model makes use of a
"power-coercive" strategy of change. Instead of
creating initiation from people, change agents
adopt a "mechanistic” leadership style and tend
to force rapid change with sort of position power.
The doomed failure of such approach lies in the
fact the lack of ownership may induce covert
resistance which prevents the diffusion from
long-lasting and self-sustaining.

Research, Development, and Diffusion
(RD&D) Model has acquired much prestige in
educational and social science. Based on the
change agents' status as experts, this model relies
on an “open-mechanistic" leadership style. The
disadvantage of this approach is that it mistakenly
assumes that rational argument to be sufficient to
persuade potential users to accept change and
ignore the more important factors such as
social-cultural constrains, systematic and
personal factors and attributes of innovation etc.

Problem-solving Model considers change as
bottom-up rather than top-down phenomenon. In
this approach, the ownership enables teachers to
act as change agents, in other words, teachers are
encourage to use their own experience to critique
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what happens in their classrooms and diagnose
how they want to solve it. Such change, derived
from the change in ideology, will be long-lasting
and sustainable.

The Linkage Model advocates "situational
leadership”, which means change agents should
take the specific context into consideration and
adopt a proper approach to promote change.

All these analyses point to the same direction
that an ideal model is one that tries to turn its
adopters into change agents. In this way, a sense
of ownership is build up. The more they feel a sort
of ownership, the more teachers' initiation will be
aroused and the more effective the diffusion will
be. Once again this analysis confirms the
importance of meeting people's psychological
needs, thatis, to build up a feeling of ownership or
to promote a control over their own lives.

In the next section, I would like to give a
detailed introduction to the background of the
on-going EFL innovation in ECJTU with a
purpose to identify the diffusion model of it.

3. The diffusion model of the EFL
innovations in ECJTU.

Nowadays in  China, there is a
widely-accepted dissatisfaction that the EFL
courses and teaching methodology is out of date.
Looking back on the educational history, Chinese
government attached much importance to the
improvement of people's foreign language
proficiency. Large sums of money were invested
in training EFL teachers and establishing
technological equipments in educational units of
all levels. English was required as a compulsory
course all through the educational years, that is,
English was a credit course from the third year of
primary school to post-graduate education.
However, all these efforts and investment didn't
achieved expected results. The outcome of
teaching English as a foreign language, as is
pointed out by educators and learners, is deviated
from the objectives of FLT educational system! A
case in point is that a typical Chinese student,
after having received formal instruction of
English for more than ten years, simply failed to
communicate with English native speakers’. As a
result, there are strong pressures from society
calling for EFL reform, and demands for

something significant to happen. It was high time
for curricular innovation.

Consequently, Chinese Education
Department (CED) issued a document with regard
to a nation-wide collegiate EFL curricular
innovation. Four prestigious Chinese EFL
publishing houses were entrusted with the
promotion of this large-scale reform. Teaching
materials were developed to promote a heuristic
style of learning as well as student involvement;
electronic versions were produced to encourage
the use of multimedia equipments in the
classroom teaching, i.e., the use of computers,
microphones and slides projectors; web-based
EFL learning platforms were presented to
facilitate students' autonomic study. In the
beginning of 2004, 108 colleges and universities
around the country' voluntarily designed the
innovation projects of their own and were finally
accepted by the Educational Department as the
pioneer participators of this reform.

The qualification of ECJTU as one of the
pioneers, was actually approved by Higher
Education Press (HEP), one of the four publishing
houses mentioned above. Consequently, ECJTU
automatically became a customer of HEP and
would make use of the teaching material and
web-based learning platform developed by HEP.

Here I place the innovation model in ECJTU
into RD&D Model. The characteristic of this
modelis that it involves a division of labour, with a
clear separation of roles and functions, among
which the role of the consumer's role is seen to be
a passive one’ (White 1988). One thing I must
point out here is that the diffusion model here
reminds me the diffusion of notional-functional
syllabus in the late1970s and 1980s. In diffusing
notional-functional  syllabus, tasks were
sequentially carried out by different groups of
specialists. (Markee, N. 1997). Likewise, in
defusing this computer-based language teaching
curricular, expert material writers were
committed to compile new textbooks; computer
specialists took the responsibility of developing
complementary  software and  web-based
autonomic learning platform; finally the task of
implementing these new materials was handed
over to teachers.

3 .

They may have a good command of English grammar and structure.
“ This amount accounts for approximately one fourth of the universities in China.
* This point will be referred to again in the following section.
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Another aspect indicates that this diffusion
model resembles that of notional-functional
syllabus is that they both rely on eminent
publishing houses to disseminate the innovation.
The enormous commercial interests, the
over-whelming needs for curricular innovation,
plus the established successful model to follow,
seem to guarantee that this time Chinese EFL
curricular innovations will be effective and
fruitful. But will they?

Being a teacher in ECJTU, a university
located in a backward province, I am not informed
enough to provide detailed evaluation on the
nation-wide innovation. Instead, I will devote the
following of this paper to the evaluation of the EFL
innovation project being conducted in ECJTU
with the purpose of presenting it as a miniature of
the whole programme.

4. My perception of management expertise
contributing to the success of ECJTU project.

The prestige of the on-going innovation
project in ECJTU is obvious: the textbooks and
the complementary teaching facilities are
developed by specialists. Therefore, it is
reasonable to assume that these products are
theory-based and of high quality; considering that
there is a general demand both from teachers and
from students on an EFL reform, my assumption is
that they are all ideologically prepared for a kind
of change; the support from the Chinese
Educational Department indicates that the
innovation is authorized and irresistible.

Here I place the innovation model in ECJTU
into RD&D Model. Despite the advantages listed
above, there are some disadvantages of this model
which are open to criticism. Dissatisfaction comes
from the fact that this model, like
center-periphery one, relies on top-down
approach and simply impose the change on
people. Such “user-proof"® approach, as is
suggested by Fullan (2002), typically result in
feeling of anxiety, discomfort and struggle
(Fullan 2001:30). Will such lack of ownership
block the diffusion?

In ECJTU, diffusion seems to spread without
any obstacle. Materials are purchased and put
into use in the classroom; computer-assisted
teaching takes place of the traditional instruction
with the application of chalks and blackboard;
classroom instruction hours are cut down and
students are encouraged to carry out web-based

*Markee 1997:66.

autonomic study after class. But does all this
indicate that the innovation disseminates well? [
suspect that this is not necessarily the case. The
problem is that the lack of ownership will result
the lack of initiatives.

I would like to refer to Doukas (1998 )'s
framework on the levels of change in education in
order to have a deep insight into this case. Doukas
(1998)'s framework points out that pedagogical
innovation involve change at three levels: (a)
change orrevision of teaching materials, syllabi or
curricular; (b) changes in teacher behaviour, e. g.
new techniques, approaches or activities; (c)
changes in beliefs and principles underlying new
materials and approaches. He insists that change
must occur at all three levels to make a great
difference in the classroom and on students, or
else the chances of achieving the expected
outcomes of the innovation will become
drastically reduced.

Admittedly, the RD&D model works well on
level (a) and level (b). Changes do happen on
revision of teaching materials, curricular and
teacher behaviour, it seems that the lack of
ownership will not affect the diffusion of
innovation. But beside all these tangible things,
what about the most important level, the change
of teachers' beliefs and principles underlying
them? Do teachers' beliefs and values change as
well? Considering the top-down nature of RD&D
model, I may draw a  conclusion that without
further efforts made by the change agents,
chances are Level (c) change of innovation will
never happen in ECJTU. Without the Level (c)
change, the innovation will remain superficial and
will never become a long-lasting and sustainable
one.

Referring back to Markee (1997)'s framework
reminds us that teachers are key players in
educational innovation whose role is by no means
ignorable. Sarason (1990, cited in Doukas 1998) is
right when he points out that there is a naive
assumption on the part of curriculum developers
and policy makers that a change in policy
automatically leads to a change in practice.

Demand from teachers on  further
educational reform doesn't mean that an
innovation with good purpose will diffuse
automatically. Teachers' expressed attitudes
towards change may not confirm to their actual
action. In fact, according to Kennedy C. and
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Kennedy J. (1996), teachers' expressed attitudes
towards change may be contradictory to their

actual behaviour! Although teachers have
positive attitudes toward change, there are
various factors that deter them from actually
adopting it.

As far as teachers in ECJTU is concerned,
they must attitudinally in favour of the EFL
innovation for the following reasons: they
understand that the existed methodology and
curricular are out of date, as is indicated above;
they are looking forward to something inspiring in
the classroom, i. e. new teaching style; the
introduction of computer-aided teaching and the
decrease of instruction working hours per class
will certainly help to liberate them from too much
workload about which they always complain.
However, the positive attitude does not
necessarily reflect their action. When the
innovation is put into practice, it may suffer
various practical problems: those who are familiar
with the old textbooks may complain that they
have to spend much more time preparing the new
material; some may think they lack the skills and
knowledge to operate the new equipment; some
may doubt the effectiveness of web-based
autonomic study; some may even think that the
introduction of computer-aided teaching is a
threat to the teaching position they hold! There
will be a long list of dissatisfactions they express,
in spite that the hidden cause of all these
complaints may be that change is destroying their
established life style and threatening their control
over life!

Without proper management, too many
obstacles will most probably form a destructive
power to override any positive attitude, a
phenomenon that has been pointed out by
Kennedy C. and Kennedy J. (1996). Likewise,
Doukas (1998) point out two possibilities of
teacher's behaviour, one is that teachers exhibit a
token adoption whereby they profess to have
changed their practice but in reality carry on as
before. The other is that teachers wholly or partly
resist or reject or transform the innovation.

Once again, I must point out that change is
manageable. As a change agent, one must be
aware and sensitive to these factors and prevent
the duplication of such problems. With the
particular case in ECJTU, to effect change, one

must promote a kind of ownership among the
teachers. But how?

5. Strategies to promote ownership
ECJTU.

The features of RD&D Model plus the
centralized educational system seem to indicate
that the role teachers in ECJTU play have to be a
passive one. It is true that through this approach,
most teachers are not entitled to make the critical
decision on whether to adopt the innovation or
not. Some chief teachers, including the head of
the English Department and the other four board
members of the project made the decision of
adopting the innovation and help to design the
process of change. They are quite confident of
what is going to happen. There may be no
ownership problem for them. But for the rest of the
teachers, as is pointed out, change is imposed on
them and they have no access to the detail of the
innovation. Such painful unclarity’ will result in a
feeling of insecurity, a loss of ownership and
worse still, a kind of covert resistance to change.

In order to ensure a long-lasting and
self-sustainable innovation, the change manger,
in this case, the head of department and the board
members have to make every effort to build up a
sense of ownership. The first strategy I may
suggest here is concerned with teacher training.

in

Teachers should be entitled to a full
understanding of the objectives and principles of
the innovation and the means of its

implementation (Doukas 1998). In doing so,
teachers will feel a control over what is going on.
This is also a way to reduce people's perceived
complexity of the innovation. In the on-going
innovation project in ECJTU, teacher training
must also include the operation of the equipment.
Only when teachers become skilled and confident
in using a new idea and new technology will a
sense of ownership develops (Huberman and
Miles' 1984, cited by Doukas 1998).

Another strategy deals with Rogers' relative
advantage. The change managers in ECJTU must
reinforce the idea that the adoption of the
innovations will bring about with them a sense of
well-being. One point is that people may have
different conception of the state of well-being. In
ECJTU, some of the staff attach more weight to
financial gain; some may be afraid of the
increased workload; some may need a kind of

" This term is pointed out by Fullan and Steigelbauer (1991, cited by Doukas 1998). Another term is false clarity,

which is also a source of non-change.
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"psychological rewards" of group membership
(Blackler and Shimmin 1984, cited by Hutchinson
1998). In fact, innovation in ECJTU has been
designed to meet the needs of various people:
workload has been reduced but the salary remain
the same®; the help of computer has helped to
reduce teachers' workload and enable them to
spend time on research; most of the chief teachers
in the department are in favour of the innovation
and are personally involved. To participate in the
innovation certainly results in a kind of group
membership. It is up to the change mangers to
identify the particular needs of particular people
and reinforce such ideas of relative advantage to
them. If an innovation is believed to contribute to
the individual benefits of the teachers, it will
become an innovation of their own. Such beliefs’
will certainly be transferred into a power strong
enough to push the innovation into a continuous
one.

The final strategy, maybe the most important
one, is to allow people to make decisions during
the process of its implementation. One possibility
is that teachers will assemble regularly to discuss
about the problems they encounter during the
process in an attempt to find some solutions. As is
pointed out by white (1988), it is important to
recognize the widely observed tendency of
innovation to be modified during the
dissemination and adoption process. This
strategy encourages the teachers to participate in
the problem-solving process, which I believe is
the best way to promote a sense of ownership.

6. Conclusion.

So far, this paper has shed light on why and
how people are unwilling to change. Some
diffusion theory and innovation framework has
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been illustrated to explain my perception on
innovation management. One aspect of people's
psychological need is regarded as the most
important factor to promote change, that is, to
develop a sense of ownership among adopters. I
analyse the diffusion model of ECJTU and put
forward some management strategies to build up
the sense of ownership and to effect changein this
particular project. Finally, I would like to
conclude this paper with my conviction that with
the careful design and a skilful management, the
on-going EFL innovation in ECJTU will develop
into a meaningful and sustainable one.
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THE BASIC CONCEPTION OF RAILWAY
CREDIT TRANSPORTATION AND ITS
EVOLUTIVE VARIETIES

INTRODUCTION.

In international trade or domestic trade, no
matter which, there is a contradiction usually:
seller persisting in to send out goods after
receiving payment, meanwhile buyer persisting in
to send out payment after receiving goods. In
international trade, especially in Chinese foreign
trade, in order to solve the problem, L/C (letter of
credit) pattern is adopted often, although its costs
(capital and time) are very high. In Chinese
foreign trade with Russia, because of the link
difficulty between banks of the two countries, L/C
pattern is adopted rarely. It is a serious problem
that can't be evaded—-how to come to a trust each
other. In domestic trade, owing to the divergence
of sending out payment at first or sending out
goods at first, the examples (negotiations coming
to a deadlock and drafted businesses to be
canceled) can be seen often. Sometimes relative
persons even are drawn into complex law
litigations, expending much energy and time to
recover payment or goods after send out goods or
send out payment.

In order to settle the widespread question,
railway department could attempt to adopt credit
transportation.

1. THE BASIC CONCEPTION OF RAILWAY
CREDIT TRANSPORTATION.

The basic conception of railway credit
transportation is that buyer and seller sign
commerce contract, in which railway department
is appointed as the carrier and the middleman of
commerce business. Buyer pays in advance part
cargo payment to railway department as
performance guarantee. Generally, the guarantee
is received temporarily by the station that cargo
arrives at (in buyer's place), then, the station at
that cargo is sent out (in seller's place) notifies
seller that the guarantee already is received.
Further, seller sends cargo to station so as to
transport it. When cargo arrives, buyer must pay
all other cargo payment at first to the station that
cargo arrives at, then he can pick up the cargo.

Meanwhile, in commerce contract it is stipulated
that seller should offer some performance
guarantee to the station from where cargo is sent
out, to ensure that seller will send out cargo as
agreement.

As carrier and middle man of commerce
trade, railway department guarantees for seller
that before receiving all payment cargo will not be
allowed to go (unless seller allowing cargo to go),
meanwhile, guarantees for seller that after
receiving all payment and to let cargo go, all
payment will be delivered to seller as soon as
possible. On the other hand, railway department
guarantees for buyer that after receiving all
payment cargo will be allowed to go of course,
meanwhile guarantees for buyer that all payment
paid in advance will be returned to buyer if seller
not sending cargo, further, buyer can get
performance guarantee of seller through middle
man. If seller sends out cargo after agreed time
and buyer is willing to receive the late cargo,
railway department detains part performance
guarantee of seller turning over to buyer. If buyer
doesn't take cargo over without suitable reason,
his performance guarantee will not be returned,
but to be used for cargo management afterwards
(reselling cargo and compensating seller's loss).

2. THE BENEFICIAL CONDITIONS OF
RAILWAY DEPARTMENT TO DEVELOP
CREDIT TRANSPORTATION.

2.1 the Beneficial Conditions of Chinese
Railway Department to Develop Domestic Credit
Transportation.

Because of its strict rules and regulations of
financial management, its advanced means of
internal information delivery, its excellent society
trustworthiness, Chinese railway department
owns full conditions to serve as middle man of
commerce trade between seller and buyer, so as to
promote the completion of domestic commerce
trade. The railway web that is being improved day
by day and the national economy increase of high
speed provide ideal base for the development of
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railway credit transportation. The need for trade
trust and financial trust of all society is strong
catalytic promoter to develop railway credit
transportation.

2.2. The Beneficial Conditions of Chinese
Railway Department and the Railway Departments
of Other Counltries to Cooperate to Develop
International Railway Credit Transportation.

China had already joined <Agreement of
international railway through transport> (its
members including Russia, China, etc.) in 1954.
There is pleasant cooperation relationship among
the members for a long time. Some content of
credit transportation may be increased into
<Agreement of international railway through
transport>. Continent bridge transportation
could become the hotbed of the development of
credit transportation. It is possible for China -
Kyrgyzstan railway and China - southeast Asia
railway (pan Asia railway, existing three plans -
eastern, middle and western plan) to be
constructed and to be put in use before long term,
so, credit transportation could be developed in
larger scope. If the situation of eastern Europe
could become more stable and the relative
countries of Europe and Asia could revise and
merge the two international railway cargo
transportation law systems - <Agreement of
international railway through transport> and
<Convention concerning international carriage
of goods by rail> (its members including western
Europe countries and part countries of the Middle
East and northern Africa, etc.), the advantages of
railway transportation across Eurasia will become
more obvious day by day (shorter way, faster
speed, not to wait for shipment, not to change in
port, no sea storm, lower transportation fee and
other fee, etc.). The European Union already
become largest international economy and trade
cooperation partner of China. After Russia joins
WTO, its relative rules and regulations will link to
international standard further. So, the conditions
are becoming more and more ripe for Chinese
railway  department and other railway
departments of many countries to cooperate in
credit transportation field.

3. THE EVOLUTIVE VARIETIES BASED ON
THE BASIC CONCEPTION OF RAILWAY
CREDIT TRANSPORTATION.

3.1 Domestic Through Credit Transportation.

If through transportation (including railway
transportation in it) is adopted in domestic cargo
transportation, railway department could develop
domestic through credit transportation with other

departments of ocean transportation, of inland
river transportation, of aviation transportation, of
highway transportation together as general
carrier.

3.2 International Railway-Ocean,
Railway-Aviation Through Credit Transportation.

When Chinese railway transportation is
developing at a amazing speed, some Chinese
ocean transportation corporations and aviation
transportation corporations is leaping to super
corporations of the world quickly. Ocean
transportation  corporations and  aviation
transportation corporations of other countries
grasp opportunity to expand business in China
too. Similar to Chinese railway department, many
large ocean or aviation transportation
corporations of China or other countries with
excellent honor own huge invisible wealth—the
trust by all society and the rather perfect
management mechanism. In many through
transportation, the land, ocean and aviation
carriers could wunite together to develop
international railway-ocean\ railway-aviation
credit transportation as general carrier. The
perfect financial management mechanism of

large ocean and aviation transportation
corporations, the expansion of the scale of
international multimodal transport, the

perfection of dialogue channels among countries,
the demand for diversification of international
trade settlement, the mixed management trend of
transportation agents, all above will become the
powerful catalysts to develop international credit
transportation.

3.3. Railway Credit Transportation with the
Reduction of Performance Guarantee or with the
Reduction of Cargo Payment Defrayed in Advance.

If seller is fully trusted by buyer, it is possible
for seller to be excused all or part performance
guarantee that should be delivered to carrier in
the basic conception. If buyer is fully trusted by
seller, it is possible for buyer to be excused all or
part cargo payment that should be delivered to
carrier in the basic conception before cargo to be
sent out. If seller and buyer are fully trusted each
other, it is possible for seller and buyer both to be
excused all or part performance guarantee or
cargo payment that should be delivered to carrier
in the basic conception before cargo to be sent
out.

The kind of railway credit transportation (in
which the performance guarantee or cargo
payment paid in advance is excused or isreduced)
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could fit the reality of strong buyer's market or
strong seller's market.

After performance guarantee or cargo
payment that should be defrayed in advance to be
excused or to be reduced, the promises and duties
of carrier (he is middle man of commerce trade
also) will be excused or reduced the same degree
also. Carrier will not control the breakage of
contract by means of performance guarantee or
cargo payment defrayed in advance. The duty of
carrieris only to transport cargo and to take in and
to defray cargo payment as agent.

3.4. Buyer Railway Credit Transportation.

Usually, conventions should be adopted in
railway credit transportation, to pay freight in
advance and by seller (the man send out cargo).
The seller should go to carrier to commit railway
credit transportation (the way of seller railway
credit transportation). But, in some situations, the
way to pay freight after cargo already arriving
destination could be adopted, the buyer should go
to carrier to commit railway credit transportation
in advance, to pay freight when cargo is picked up
(the way of buyer railway credit transportation).
Because cargo (as well as performance guarantee
and part of cargo payment) is controlled by carrier
of railway credit transportation, the risk of carrier
in railway credit transportation is not very large.

3.5. The Railway Credit Transportation in
Which the Relative Rights could be Transferred.

If buyer wants to transfer cargo, the railway
credit transportation in which the relative rights
could be transferred and the transportation
documents with transfer function can provide
relative convenience. The transfer could be
carried out by means of special endorsement or
blank endorsement. The party transferring cargo
receives part of cargo payment (generally, about
the part delivered to carrier in advance by buyer),
then surrenders transportation document that
already is endorsed. The party receiving cargo
should pick up cargo after paying else payment to
carrier.

If it is necessary, seller could transfer his
rights (to get cargo payment in railway credit
transportation) to other side. The way could be
used as a method of settlement or debt clearing
off.

3.6 Railway Credit Transportation in Which
the Relative Rights could be Mortgaged.

If the transportation time is too long,
meanwhile, seller want to quicken capital
turnover, the rights (to get cargo payment in
railway credit transportation) could be mortgaged

to some financial institutions or other enterprises,
to realize capital facility. Similar, when buyer
wants to quicken capital turnover, the rights (to
pick up cargo in railway credit transportation)
could be mortgaged to some financial institutions
or other enterprises, too.

3.7. Railway Credit Transportation in Which
the Relative Rights could be Discounted.

When seller need cash urgently, the rights (to
get cargo payment in railway credit
transportation) could be discounted, seller get
cash which should be deducted service charge
and interest already and the rights to be turned
over to financial institution who should pay cash
for the rights.

3.8. Railway Credit Transportation with
Commodity Certification.

When seller is asked to provide commodity
certificate, the carrier in credit transportation
could transfer commodity certificate to buyer, as
one of the exchange conditions of carrier to getall
payment. Commodity certificate could be
delivered as the appendix of transportation
documents together with cargo. Compared the
way to post or to deliver commodity certificate to
buyer directly, the advantage of the way to deliver
commodity certificate by carrier is that seller
could provide commodity certificate to other
buyer at suitable time, to make separate
arrangement to sell cargo, if buyer refuses to
defray cargo payment and refuses to pick up
cargo. As middleman, carrier will not give out
commodity certificate (but the copy of
commodity certificate could be give out) before
all cargo payment is defrayed.

3.9. Double Directions Credit Transportation.

In international barter trade, the two parties
involved in trade sometimes adopt the manner of
counter letter of credit. But, there is rather
limitations: sometimes: bank requires to frozen a
certain number deposit of issuer as issue
condition; sometimes bank asks for issue
mortgage (to mortgage a certain marketable
securities or intellectual property, like bond,
patent, trade mark, etc., in particular cases); issue
procedure is very complicated; the course of trade
and exchange settlement is very slow. In that case,
the manner of counter letter of credit could be
replaced by double  directions  credit
transportation. After signing contract, importer
and exporter send out goods each other. One of
the duties of general carrier (to be consisted by
Chinese and foreign railway, ocean, aviation
departments together) is not to collect cargo
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payment for consignors as agent, but is to
guarantee for two consignors (as well as
consignees) at two ends of double directions
credit transportation. The content of guarantee
includes: if consignor at any end of double
directions credit transportation sends out goods
as agreement, he will be allowed to pick up the
goods which is sent out by another party at
another end. Generally, it is necessary to bind
consignors at two ends by performance guarantee
or part of cargo payment, but the money needed is
less than the money needed in the manner of
counter letter of credit.

If conditions are suitable, it is possible to
develop domestic double directions credit
transportation as a trial.

4. THE BANEFITS OF RELATIVE SIDES
FROM RAILWAY CREDIT TRANSPORTATION.

4.1. the Benefits of Railway Department in
Credit Transportation.

As carrier of credit transportation, railway
department will get some reasonable
intermediary fee apart from common freight. By
intermediary business, railway department could
enlarge transportation quantity. Transportation
business and intermediary business both promote
each other.

4.2. The Benefits of Cargo Owner in Credit
Transportation.

4.2.1. The Benefits of Seller
Transportation.

Seller could avoid the bad debt lose caused
by another party in trade (the buyer) who maybe
encounter insolvency, difficulty of capital
running and difficulty of getting import license,
who maybe meet with exchange control, who
maybe owe money evil. Also, seller could save
commerce credit investigation fee, could save
time of managing financial procedures, could
remove the harsh demand for bills of exchange
settlement, could take up more business with less
capital in shorter time.

4.2.2 The Benefits of Buyer
Transportation.

Buyer could avoid the cargo payment lose
caused by another party in trade (the seller) who
maybe refuse to dispatch cargo, maybe to
dispatch cargo less than agreement, maybe to
dispatch cargo later than agreement. Also, buyer
could save commerce credit investigation fee,
could save time of managing financial
procedures, could remove the harsh demand for
bills of exchange settlement, could take up more
business with less capital in shorter time.

in Credit

in Credit

4.3. the Benefits of Other Sides in Credit
Transportation.

Commerce bank could obtain relative
interests by providing credit security for credit
transportation carrier (he is middle man of
commerce trade also), by lending more trade loan
easefully (preventing social capital to be
stagnated in bank), by reducing bad debts, by
reducing the risk of bank warranty, by mortgage
loan based on transportation bill of railway credit
transportation, by allowing seller to discount the
rights and interests of obtaining cargo payment,
by other financial measures.

Especially, comparing with L/C, D/P, D/A
manners of international trade business,
commerce bank will not undertake the duties to
take in or out cargo payment, but will appropriate
cargo payment as the instruction of carrier only.
The income of single settlement business maybe
reduce somewhat (risks and working quantity to
be reduced too), but because of the smooth of
trade channels, the increase of general trade
amount, the speeding up of capital turnover, the
general income of commerce bank in
international trade settlement will raise.

Buyer could insure the credit risk of seller
and seller could insure the credit risk of buyer too.
Also, both could ask insurance companies to
secure the credit of self to the other side.
Insurance companies could enlarge ocean, land
and aviation transportation insurance business
and anticipated profit insurance business by
credit transportation. Because carrier owns
powerful means to control default, the credit
insurance indemnity of insurance companies is
reduced too.

The income of tax and fee of many
departments (customs, commodity inspection
and quarantine bureau, tax bureau, arbitration
organ, store, telecommunication bureau, etc.) will
increase as the raising of trade scale. In credit
transportation, central bank could control the
desire and amount of discounting cargo payment
by adjusting service charge and interest of
financial institutions, thus to adjusting social
money circulation quantity at some degree. Here
railway credit transportation provides a
supplementary macroscopic economy adjusting
means for countries.

4.4 Credit Transportation and the Whole
Benefits of National Economy.

Credit transportation is favorable to reach
the state of all cargo circulating as need, is
favorable to raise employment rate, is favorable to
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reduce the idleness of production ability, is
favorable to cut down storage of goods, also, is
favorable to strengthen and accumulate the
commerce consciousness of all nationals to think
highly of contract and to keep word.

5. THE LAW RELATIONSHIPS AMONG
RELATIVE SIDES IN THE BASIC CONCEPTION
OF RAILWAY CREDIT TRANSPORTATION AND
ITS EVOLUTIVE VARIETIES.

In the basic conception of railway credit
transportation and its evolutive varieties, apart
from signing pure transportation contract with
cargo owner as carrier, railway department also is
involved into special law relationships as middle
man of commerce trade (such as to ensure for
consignor that not to let cargo go before getting
all payment, to ensure for consignee that to let
cargo go after getting all payment, etc.).

The quality of transportation documents to
be used in railway credit transportation is unique.
Generally, they should be considered as
documents of part title (because consignee has
paid already part of cargo payment, so, part
proprietary of the cargo belongs to consignee).
Only all cargo payment to be defrayed, can the
transportation documents to be used in railway
credit transportation and its evolutive varieties
become document of complete title.

Because of exchange control on capital
account, it is necessary for carrier to manage
exchange cargo payment that is received in
international railway credit transportation
according to the national relative exchange
management regulations.

6 CONCLUDING REMARKS.
The basic conception of railway credit
transportation and its evolutive varieties

represent a new development direction. To
develop the basic conception of railway credit
transportation and its evolutive varieties need not
to invest much capital to build hardware like
railway lines, warehouses, stations and
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communication apparatus etc. Only to make use
of existing conditions, by the dual status (the
carrier and the middle man of commerce
business), to dig tremendous (but to be ignored)
invisible resources and potential (the trust of all
society, the efficient financial settlement web and
information delivery web, etc.), can railway
departments (as well as many other partners) of
many countries get very considerable economical
efficiency. It could be expected that the basic
conception of railway credit transportation and its
evolutive varieties which concentrate
transportation, trade, finance three businesses to
one will be paid close attention to by all society
because of its inherent rationality, superiority,
originality, also, it could be expected that the
basic conception of railway credit transportation
and its evolutive varieties should be perfected
progressively, should get extensive application
meanwhile.
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KOHKYPEHTOCINMOCOBHOCTb U _
PEHTABEJIbHOCTb NMPEANMPUATUU NPU
BHEAPEHUU CUCTEM MEHEO>KMEHTA

KAYECTBA

MeskayHapoAHas OpraHu3aliusd Mo CTaH-
paptusanuu (MCO) onipepeasieT KaueCTBO Kak Co-
BOKYIIHOCTH CBOMCTB U XapaKTE€PUCTUK IIPOAYK-
LMY UAU YCAYTH, KOTOPble IIPUAQIOT UM CIIOCOO-
HOCTH YAOBAETBOPSTE OOYCAOBAECHHBIE UAU ITPEA-
rnoaaraeMule noTpebHoCTH. TpeOoBaHNA K Kadec-
TBY Ha Me>XAYHAPOAHOM YPOBHE OIIpeAEAeHEl
craupaptamu MCO cepun 9000. OpHOM 13 Tpo-
OAeM COBpPEMEHHBIX MPEAIPUSATHN SIBASIETCS CO-
3MaHMeE CUCTEMBI MEHEAKMEeHTa KauecTBa, T03B0-
AdIOleN 00ecIleyuTh IIPOM3BOACTBO KOHKYpPEH-
TOCIIOCOOHOU TPOAYKIIMU. CylllecTByeT IpaMas
3aBUCHUMOCTDL MEXKAY CUCTEMOM YIIPaBAEHUS Ka-
YyeCcTBa, OCHOBAHHOM Ha BHEApPEHHE CTAaHAAPTOB
MNCO-9000, u cucremou obecrnedyeHUs AUHAMU-
YeCKOI'0 Ka4eCTBa, KaK COCTABASIOIIESHN BCeH, 1C-
XOAHOM CHCTEMBI, MPOTHO3UPOBAHUEM M AMar-
HOCTHUKOU oOeclieueHUs1 CUCTeM KadecTBa [1].
OTa 3aBUCHUMOCTD, IPEKAE BCETO, OIIPEAEASIETCS
BLIOOPOM KpUTEpUEB KaueCTBa, YAOBAETBOpeHUe
KOTOPBIM SIBASIETCS HeOOXOAMMBIM YCAOBHEM
HOPMaABLHOTO, KOHKYPEHTOCIIOCOOHOTO CYIIlec-
TBOBAHUSI M DJKCIAyaTallUW PacCMaTPHUBAEMOTO
Ipou3BOACTBA. OU4EeBUAHBIM CTAHOBUTCS HEOOXO-
AVMOCTBH Pa3pabOTKU CUCTEMHOI'O IOAXOAQ, BhI-
IIOAHEHWE aHaAM3a TeXHWYEeCKOTO COCTOSHUS U
YIIpaBA€HUSI AVHAMUYEeCKUMU IlapaMeTpaMU CUC-
TeMBbI, TT03BOASIIONIEN 00ecednuTh 3aAaHHbIE T10-
KazaTeAu ee KadyecTBa. PazpaboTka cucTeM Me-
HeAKMEeHTa KauecTBa, obeclieyeHUe KadecTBa
IIPOAYKIIUY, BKAIOYAs HOBU3HY, TeXHUYECKUHN
YPOBEHb, OTCYTCTBUE Ae(EKTOB IpPU MCIIOAHEe-
HUU, HAAEKHOCTb B OJKCIIAyaTaIlUM SBASIOTCS
OAHUM M3 BAKHEUIINX CPEACTB KOHKYPEHTHOM
OOpBOEL, 3aBOEBAHUSA U yAEpP KaHUS NMO3ULUMN Ha
perHKe. ObecrieueHre KayecTBa SBASIETCSI TIPO-
OAeMOM, pelllaeMOM Ha YPOBHE BCETO IIPEAIPUs-
TUS U IIEPCOHAAQ, YTO COOTBETCTBEHHO TpebyeT
CHCTEMHOTO TIOAXOAQA K ee pelnieHnto. Opranusa-
IMOHHBIE OCHOBHI (DOPMHUPOBAHUS TAKOTO MeXa-
HHM3Ma 3aA0KEeHbBI B MEXKAYHAPOAHBIX CTAHAAPTAX

N CO cepuu 9000, ormpepeATroniux TpeboBaHUI K
CHUCTEMaM MeHeAKMeHTa KadecTBa. B ycroBmax
COBPEMEHHOT'0 PHIHOYHOTO MPOM3BOACTBA, B KO-
TOPOM KOHTPOAb KaueCTBa IIPOAYKIIUM U YCAYT
OCYII[ECTBASIIOT NOTPeOUTEAN, KOHKYPEHIUS yCH-
AMBAeTCH, @ NUKA IPOAYKIIUK CTAHOBUTCSI KOPO-
ye, MEHSIOTCS OTHOIIIEHUS K BXOAHOMY U MHCTPY-
MEHTAaABHOMY KOHTPOAIO M OOOCHOBAHUIO BHEA-
peHUsI CUCTEM MeHeAKMEeHTa KaueCTBa.

Ang oOecnieueHNs KQUeCTBA U3BAEAUN IPOU3-
BOAUTEADL AOAKEH MPEeABSIBUTH AOKA3aTeAbCTBa
TOTO, YTO €T0 MPOAYKIUS COOTBETCTBYET BIOAHE
ONIpeAeAEHHBIM TpeOoBaHuAM. [ Tpu BEIXOAE IIPO-
U3BOAUTEAS Ha PHIHOK, HEOOXOAUMO 00eCTIedynuTh
MIOATBEPIKAEHME KaueCTBa MPOU3BOAUMOM IIPO-
AYKIIMY, IpUYeM B TOM BHAE, KaKOM Hamboaee
yCTpauBaeT MOKyIlaTeAs. [To3ToOMy NIpOHM3BOAU-
TeAb AOAJKEH 3HaTh, KaKMe AOKYMEHTHI, 3aKAI0Ue-
HHUS KaKUX OPraHoB OYAYT HEOOXOAMMBL U AOCTa-
TOYHBI AN TTOTpeOuTead. CepTudHUKaT Ha IIPO-
AYKIVIO He AQeT IIOTPeOUTeA0 rapaHTHUIO TOTO,
YTO BCE IIPOU3BOAUMOE Ha 3TOM IIPEATIPUATHM OY-
AeT nMeTh obellaHHOe KauyecTBO. FIMeHHO I103To-
My IINPOKOE pacCIpoCTpaHeHHe IIOAYUYUAU BO
BCEM MUpe BHEApPeHUe U AaAbHeMIas cepTUudu-
Kalu4 cucTeM KadecTBa. [ToaToMy DUpMEBI yAeAd-
I0OT 0c0O0e BHUMaHUEe OOECIIeYeHUIO BBICOKOTO
KauecTBa IPOAYKIIMH, YCTaHAaBAWBAs KOHTPOAB
Ha BCeX CTAAUSAX MPOU3BOACTBEHHOTO IIPOIIECCaq,
HauMHasA C KOHTPOASI KaueCTBa MCIIOAB3YEMBIX
CBHIpbS ¥ MaTePUAAOB U 3aKaHUYUBAS OTIPEASAEHU-
€M COOTBETCTBUS BBINMYIIEHHOTO MPOAYKTa TEeX-
HUYEeCKUM XapaKTepUCTHUKaM M llapaMeTpaM He
TOABKO B XOA€ €r0 UCIIBITaHUM, HO U B 9KCIIAyaTa-
IUU, @ A CAOJKHBIX BUAOB OOOPYAOBaHUSA — C
IPEAOCTaBAEHUEM OIPEAEAeHHOTIO0 TapaHTHUNHO-
ro CpoKa IIOCA€ YCTAHOBKU OOOPYAOBAHUS Ha
NIpeAllpUATHY 3aKa3uuKa. [loaToMy ylipaBAeHUe
KaQ4eCTBOM MHPOAYKIIMU CTAAO OCHOBHOW YaCThIO
IIPOM3BOACTBEHHOTO IPOIleCCa U HAIPAaBAEHO He
CTOABKO Ha BbISIBA€HME Ae(DEKTOB UAU OpaKa B I'o-
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TOBOU IIPOAYKIIMH, CKOABKO Ha ITPOBEPKY Kadyec-
TBa U3AEAUS B IIPOIlecce ero u3roTOBAEHUS.

CepTudukaT Ha CHUCTEMY KadeCTBa AA€T
NIPEATIPUATHIO [IEABIN PSAA NPEUMYIIEeCTB, OH Xa-
paKTepu3yeT CIOCOOHOCTb MPEAIPUSITHS CTa-
OUABHO BBIIIYCKaTh I[IPOAYKIIMIO HaAAe’Kalllero
Ka4yeCcTBa, BIIOAHE MOJXKET PAacCMaTPUBATHCSA KakK
OAWH 13 (PAKTOPOB MOBHIIIEHNST KOHKYPEHTOCIIO-
COOHOCTH, AOKA3bIBaeT ero HapAeKHOCTh ITapTHe-
paM 1o 6u3HecCy, B TOM YUCAe KPEAUTHBIM Opra-
Hu3anmusaM, OaHKaM, KOTOpBIE OXOTHee IIpeA-
OCTaBASIOT KPEAUTHI (pupMaM, UMEIOIIUM CHUCTe-
My MeHepKMeHTa KadecTBa. CTpaxoBble (GUPMEL
OTAQIOT IIPEAIOYTEHUWE TaKUM IIPEANPUATHAM
IIpU CTPAXOBAHMU OT yllepOa 3a HeKauyeCTBEeH-
HYIO IIPOAYKIIUIO. 3allaAHble 3KCIIepPThl OTMeda-
IOT, YTO Ha €BPOIIEMCKOM PBLIHKE B OAMIKaMlliee
BpeMs A0 95% KOHTPAKTOB Ha IIOCTaBKYy OYAYT 3a-
KAIOYAThCS TOABKO IIPU HAAWYMU y OCTaBIIVKA
CcepTU(PUITMPOBAHHOM CHUCTEMBI KadyecTBa. Bce
3TO TOBOPUT O TOM, YTO YIIPaBA€HUE KadeCTBOM
SIBASIETCSI HOBBIM IIIarOM B Pa3BUTHUU IIPEATIPHUS-
Tui. V1 3TO He TPOCTO BHEAPEHUe KaKUX — TO CIIO-
COOOB, IPUEMOB AU CXeM, COBpEMEeHHOe YIIPaB-
A€HUe KaueCTBOM — 3TO HOBBIM IIOAXOA KO MHO-
MM BOIIpOCaM, HOBOe IIOHUMaHUe CYTH IIpoliec-
COB, (hmrocodugd KauecTBa.

BHeapeHMe cucTeM MeHepAKMeHTa KauyecTBa
IIpeAllonaraeT CyIeCcTBOBaHHE MHCTPYMEHTOB
KauecTBa. Hapsipy ¢ TpapUIIMOHHBIMU HHCTPY-
MEHTaMM KayeCTBa pPa3BMBAIOTCSA CTATUCTUYEC-
KHe MHCTPYMEHTHI KQa4eCTBa METOABI ITPOTHO3U-
POBaHUS, B T.4U. METOABI, OCHOBAHHBIE Ha aHAAU3E
TPEHAOB. 3ajAada IIPOTHO3UPOBAHMUI — IIPEACKA-
3aHUe OyAyIIUX 3HAUEHUM BPEeMEeHHOTO psjpa Ha
OCHOBAHWM MIPOIIABIX HaOArOpAeHUU. [To BUAY pe-
IIIaeMOM 33Aa4M YIIPaBAeHUS U oOeclieueHUs Ka-
YyeCTBa IPU IPUMEHEeHUN METOAOB MaTeMaTHu4ecC-
KOTO IIPOTPAMMHUPOBAHUSA BBIAEATIIOT CAEAYIO-
II1e TIOAXOABL: AMHENHOe IIporpaMMUpPOBaHUeE,
HeAmHeWHOoe NIporpaMMUpOBaHUe, CTOXacTUdec-
Koe mporpammupoBaHue. CyIIeCTBYIOT TakKyKe
METOABI, KOTOPBIE IIPU PEelleHNN 3aAau ONTUMMU-
3alUM YYUTHIBAIOT CHEeIM(PUKY 3TUX 3apad. Ta-
KHe METOABI ITPEBOCXOAAT IO 3(P(PEeKTUBHOCTHU
O0IITe aATOPUTMBL U UX BBIAEASIIOT B OTAEABHBIN
KAQCC METOAOB AN PEIIeHNd 3aAa4 CIIEIIUaAbHOMN
CTPYKTYPbl. MO>KHO BBEIAEAUTH CAEAYIOIIUe pas-
MEABL:  IIeAOYUCAEHHOe  IpOorpaMMHpOBaHUE,
KBaApPATUYHOE, reoMeTpudYecKoe MporpaMMUpO-
BaHUe, centlapabeAbHOe, ADOOHO-AUHEWHOE.

B HacTosg1iee BpeMs B 9KOHOMUKE HabOAIOAQ-
€TCsI TEHAEHIIVS, IPY KOTOPOM TaKOM ITOKAa3aTeAb
KaK Ka4eCTBO UI'PaeT OAHY M3 BEAYIIUX POAEU B
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YIIPaBAEHUU IPOU3BOACTBOM IIPOAYKIIMH U €€ I10-
CAeAyIOLlero ABM)KeHHs. B pasBUTHIX CTpaHax
yIIpaBAeHMEe KaueCTBOM Ha IIPEAIPUITUU IIPUTS-
ruBaeT 0co00e BHUMaHUE BCEX MOAPA3AECAECHNIH,
KOTOphble BAUSIOT Ha KauyeCTBO BBIITyCKaeMOM
NPOAYKIIUU HWAU IIPEAOCTABASIEMOU YCAYTH. AAd
AYUIIIETO B3aUMOAENCTBUS U, CAEAOBATEABHO, AAS
Oonee 3(P(PeKTUBHOTrO pe3yAbTaTa pa3padaTeIBa-
IOTCSI Pa3AUYHBIE IOAXOABI K YIIDABAEHUIO Kauec-
TBOM. ECAU TOBOPUTH O MepCleKTHUBax, TO 3TO -
ocBoeHUe HOBBIX cTaHpapToB MICO cepuu 9000,
CorCKaHue EBPONENCKON IIpeMUU II0 KadeCTBY,
3aBOeBaHUEe HOBBIX BBICOT B KaueCTBE IMPOAYK-
nuu. [ TonuManme He0OXOAMMOCTU BBEACHUS CUC-
TeM KauecTBa CEropAHs OBICTPO pacTeT B OTeuec-
TBEHHOU MPOMBIIIIAEHHOCTH M HaOAIOAQEeTCS aK-
TUBHOCTDL UX BHepApeHUs. [ Ipeskae Bcero aTo Kaca-
€TCSI CUCTEM II0 MEKAYHAPOAHBIM CTAaHAAPTaAM
NCO cepuu 9000. Vicrmioab30BaHUE TPUHITUIIOB
TQM, mopeaun «IIpeBocxoacTBO 6u3Heca» EFQM
— «Business Excellence» u kputepues EBpomneti-
CKOM TIpEeMHUHU KAaueCTBa» MO3BOASIIOT MPEAIPUs-
THSM y4aCcTBOBATh B KOHKypcax Ha npemuu [1pa-
BUTeAbCcTBa PD B oOAacTm KauecTBa. M3BecCTHO,
YTO PA3AWYHMSI MEKAY IIOAXOAAMU CUCTEM MEHEA-
JKMeHTa KauecTBa cemericrtBa MCO 9000 u mope-
ASIMHU COBEPIIIEHCTBA 3aKAI0YAeTCI B MX 00AACTIX
npuMeHeHmnd. Cta"HpapThl ceMerictBa MCO 9000
copeprsKaT TpeboBaHMA K CUCTEMaM MeHEeAKMeH-
Ta KaueCTBa ¥ PeKOMEHAQIIUH 110 YAYUIIeHHUIO Ae-
SITeABHOCTH; OlleHUBaHUE CUCTEM MeHeAKMeHTa
Ka4yeCTBa YCTAHABAMBAET BBIIIOAHEHUE 3TUX Tpe-
OoBaHUM. MOAEAU COBEPIIIEHCTBA COAEPIKAT KPU-
TepUU, TMO3BOASIONINE TTPOBOAUTL CPaBHUTEADL-
HYIO OIIEeHKY AeITEeABHOCTU OPTaHM3aluu, U 3TO
MIPUMEHUMO KO BCEeM BUAAM AEATEABHOCTH U KO
BCEM 3aMHTEpPeCcOBAHHLIM CTOpPOHaM. Kputepunu
OITEHKU B MOAEASIX COBEPIIIEHCTBa 00eCIIeunBalOT
OpraHU3allul OCHOBY AASI CDAaBHEHUS ee AeSITEeAb-
HOCTH C AeSITEABHOCTBIO APYTUX OpPraHU3alui.
CoBepIlIeHCTBOBAaTh KaueCTBO MOJKHO C IIO-
MOIIIBIO CTaTUCTUUYECKUX METOAOB — OCHOBHBIX
WHCTPYMEHTOB BceoOulero KadectBa (TQM).
OpruM u3 npuHnunos TQM gBageTcs TO, 4TO B
OCHOBE NPUHSTHUS PEIIeHUN AOAKHBI OBITh TOAB-
KO (paKThl, a He HMHTyUlMd. ['AaBHBIE IIPUYNHBI
TPYAHOCTEM, BOZHUKAIOIIUX IIPU CO3AAHUU U 00-
ecIleueHUU KaueCTBa, — AOJKHBIE TPEACTaBACHUS
U OIIMOOYHBbIE AeUCTBUSA. YTOOBI pa3AUYUTh, UTO
AOJKHO, @ 4TO OIIMOOYHO, HY’KHO OpPraHu30BaTh
Ipoliecc noucka PakToB, TO €CTh CTaTUCTUUYECKO-
ro maTepuana. Cam 1o cebe CTaTUCTUUECKUU Ma-
Tepuai, 0e3 00pabOTKM U aHAAU34a, HE TIO3BOASIET
PelLInThL BO3HUKIIYIO IIpobaeMy. Bonpocamu c6o-
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pa, 0OpabOTKM U aHaAM3a Pe3YABTATOB 3aHUMAET-
Cs MaTeMaTHh4ecKasg CTaTUCTUKQE, KOTOPas BKAIO-
yaeT pa3AuYHbIe METOABL, IOAXOABL, IIPUHIIUIIEL. B
COOTBETCTBUHU C TEPMUHOAOTHEN MEKAYHAPOAHO-
ro cragpapra ISO 9000, mpomecc — COBOKyII-
HOCTh B3aMMOCBS3aHHBIX PECYPCOB U AESTEAb-
HOCTH, KOTOpas IIpeoOpa3yeT BXOAAIIe SAeMeH-
THI B BEIXOAAIIIME. 33Aa49a TPEHAOBOTO IIPOTHO3M-
POBAHUSA, KaK PAa3BUTHUSA MHCTPYMEHTOB KQ4eCTBa.
IIpepCKa3aHue OyAYILINX 3HaUeHHUN BpPeMeHHOTI'O
psiaa Ha OCHOBAHUM IIPOIIABIX HaOAtopAeHUH. [Tpu
3TOM, MOJKHO BBIAEAWTH ABE PA3HOBUAHOCTH
pelllaeMBbIX 3apa4:

- HeAeTepMUHHUPOBAH OOIIUH 3aKOH U3MeHe-
HUS IPOTHO3UPYEMOTO IPOIECCa;

- 001U 3aKOH U3MEHEeHUs IPOTHO3UPYEMO-
ro IIpoljecca U3BeCTeH, OAHAKO HeU3BeCTHHI Xa-
paKTepu3yrolye ero napaMeTphl.

[Tporao3mpoBaHue C IOMOILIBIO TPEHAOB —
OAVH U3 METOAOB CTAaTUCTHUUECKOTO IIPOIHO3UPO-
BaHUA. [Ipu IpPOrHO3UPOBAHUU TPEHA, B OCHOB-
HOM, MCIIOAB3YIOT AT AOATOBPEMEHHBIX ITPOTHO-
30B. TOYHOCTb KPATKOCPOUYHBIX IPOTHO30B, OCHO-
BaHHBIX TOABKO Ha IOAOOPAHHOM KPUBOM TPEHAR,
KaK IIpaBUAO, HEAOCTATOUHA. B caydagx, Korapa
onpepeAeHue KOOPPUITMEHTOB AMHENHOTO TPEH-
Ad TI0 MeTOAY HAaWMEeHBIINX KBAAPaTOB He A3eT
XOPOIINX PE3YABTATOB, IIeA€CO00PAa3HO BOCTIOAD-
30BaTbcs ROBUST-aaroputMamu. Aad IpOBEPKU
COTAQCHUS IIOCTPOEHHON AMHUU TPEHAA C Pe3YAb-
TaTaMU 5KCIepUMeHTa OOBIYHO BBOASAT CAEAYIO-
IIIMie YNCAOBBIE XapaKTEePUCTUKM: KO3(ppuiimeHT
KOppeAdlny (AMHEeNHasa 3aBUCUMOCTB), KOPPEeAs-
LIMOHHOE OTHOIIIeHNe U KO3(MPUIIUEHT AeTepMU-
HUPOBAHHOCTH.

[lepeunicreHHBIE WHCTPYMEHTBI KOHTPOASL
KauecTBa— HanbOoOAee Ba)XHas COCTABASIONAS
KOMIINEKCHOM cucTeMbl KOoHTpoAas TQM. Ilpu
5TOM pellaeTcd 3ajada IIPOTHO3UPOBAHUS —
IpeACKasaHue OyAyIIMX 3HAYEeHUW BPEeMEeHHOTO
PsAa Ha OCHOBAHUU IIPOLIABIX HAOAIOASHUH.

[Tpu cTaTUCTHYECKOM aHaAW3€e, BpeMeHHOMN
PSA PA3AEATIIOT HAa ABE€ KOMIIOHEHTHI: AeTEPMUHU-
POBAHHYIO U CAYUYaNHYIO[2],

x(t) = X(t) + a(t),
rae X(t) — AeTepMUHUPOBAHHAS COCTABASIOIIA,
3A€MEHTBI KOTOPOM BEIUUCASIOTCS 110 OIIPEAEAEH-
HOMY IIPABUAY KaK (PyHKIUSA BpeMeHH t;

o(t) — cayualiHasg, UAU UppeEryAsdpHas Co-
CTaBASONIAd. B DKOHOMHYECKHUX U TeXHUUYECKUX
NIPUAOJKEHUIX AETEPMUHHUPOBAHHYIO COCTaBAL-
IOLIYIO PAa3sjAEAsiioT Ha TPU KOMIIOHEHTHI: TPEHA

Tr(t), ce30HHYI0O KOMIIOHEHTY S(t) U IUKAWYEC-
Kyro KoMInoHeHTy C(t), To ecTb
X(t)= Tr(t) + S(t) + C(t) .

[Top TpeHAOM ITOHUMAETCS MAABHO M3MEHSI-
IOIIAdacsd, He ITUKANYEeCKass KOMIIOHEHTA, OIMCHI-
BaroIllasd YMCTOE BAUSHIE AOATOBPEMEHHBIX (pak-
TOPOB, 3P(PEKT KOTOPHIX CKA3hIBAETCS IOCTETIEeH-
HO. B ynipaBaeHny, oOpa3oBaHuU, MEHEAKMEHTE,
9KOHOMUKE K TaKUM (PAKTOPaM OTHOCST:

- POCT HacCeAeHUs], U3MeHeHUe CTPYKTY-
PBI KOHTUHTEHTa aOUTyPUEHTOB 1 CTYAEHTOB;

- B HWHJ)KEHEPHBIX, TEeXHUYECKUX 33Aa-
YaxX K TaKUM (PakKTOpaM MO>KHO OTHECTH, HallpH-
Mep: YBeandeHmre apPeKTUBHON BUOPOCKOPOCTU
Ha IIOAIIMITHUKOBOM y3A€ BCAEACTBUE AOATOBpe-
MEHHOT'O HaKOIIACHUS ITIOBPEXKACHUU (M3HOCA).

[Tporuo3mpoBaHue C IMOMOIILIO TPEHAOB —
OAWH M3 METOAOB CTaTUCTUYECKOT'O IIPOTHO3UPO-
BaHMuA. AN MOAYYEHUS aAE€KBATHOTO IMPOTHO3a
HeOOXOAUMO BBIIIOAHEHUE CACAVIOIINUX YCAOBUM!

- BpEMEHHOM HHTEpPBaA, AAS KOTOPOTO IIO-
CTPOEH TPEHA, AOCTaTOYEH AN OITPEAEAEHNUS TeH-
ACHITUH.

- @HAAU3UPYEeMBIN IIPOIecC YCTOMYUB U 00-
AAAQeT MHEPIIMOHHOCTHIO;

- He OJKMAQeTCS CHUABHBIX BHEIIHUX BO3AE-
WCTBUU Ha U3y4aeMBbIU IIPOIiecC.

T.o., IOAyYEeHMe IPOTHO3HBIX 3HAUEeHUU M3-
Y4aeMOoTO IIPOIecca OCYIIeCTBASETCS ITyTEM IOA-
CTAHOBKMU B YpaBHeHUe TpeHAa X(t) =Tr(t) 3Haue-
HHUS He3aBUCHUMOM IIepeMeHHOM {, COOTBETCTBY-
IOler Iepuopy yupexaeHus (t) . [ToayueHHBIN
TIPOTHO3 SIBASIETCS CPeAHEM OIeHKOU AASI TPOTHO-
3UpyeMoro HuHTepBara BpeMeHHU. OTAeAbLHBIE
(rakTHUuecKre HaOAIOACHUS, KaK TPAaBUAO, OTKAO-
HSIOTCSI OT PACUYETHBIX, CAEAOBATEABHO, IIOAO-
OHBle OTKAOHEHUS OYAYT IPOUCXOAUTD U AAS IIPO-
rHo3a. [ToaTomMy onpepeasgeTcsa oOAACTh, B KOTO-
POU C OIpPEAEAeHHOU 3aAaHHOM BePOSITHOCTBIO
CAeAyeT OJKUAAQTH IIPOTHO3KMPYyeMoe 3HaueHue, TO
€CTb, BEIYHUCASIETCS AOBEPUTEABHBIN MHTEPBAA.

Takum 00pa3oM, IPEACTABASIETCS OUYEBUA-
HBIM, YTO CTAHOBSATCS aKTyaAbHBIMU aHAAU3 3(d-
(PEKTUBHOCTH TPUMEHEHUsI CYIIeCTBYIOMINX
MHCTPYMEHTOB KaueCcTBa U, BEIpAabOTKa oIlpepe-
AEHHBIX KPUTEpHEeB KauecTBa U YAOBAETBOPEHEe
UM, TIpPe’KAe BCEero Ha MAIIMHOCTPOUTEAbLHBIX U
CTPOUTEABHBIX IPEATPUATUSIX.

Kak pa3BuTre HHCTPYMEHTOB KQueCTBa CAe-
AyeT paccMaTpUBaTh IpUMeHeHue MeTOAOB MaTe-
MaTHUUeCKOT0 TPOTpaMMHUPOBaHmd. B ocHOBe Ma-
TEeMaTU4YeCKOTO MPOTPAaMMHUPOBAHUA AEKUT Ma-
TeMaTUUYeCKUY anmnapaT pelieHus 3apad OTITUMU-
3alu¥. BOABIIMHCTBO TPAKTUUYECKUX 3aAay, CBS-
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3aHHBIX C OITUMHU3AlLMEeN KaueCTBa CAOKHBIX 00-
'BEKTOB, XapaKTepU3yITCsd MHOTUMU KPUTEPUs-
MM, IpHUYEeM BbIOPATh U3 HUX OAMH KakK IleAeBYIO
(PYHKIIMIO, & OCTaAbHBIE PACCMATPUBaTh, KakK
OTPAaHUYEHUS He BCeTAQ ypaaeTcs. TpyAHOCTH 00-
YCAOBAEHBL IIPOTUBOPEUUBOCTBIO KPUTEPUEB, UX
(pHU3UYECKUM pa3AUdMeM, HaAMUNEeM CAYYauHBIX
(haKTOPOB, a TAKKE OTPAHUYEHHOCTBIO UAU OTCY-
TCTBUEM MH@OPMAILMU O CTPYKType OOBeKTa M
ero (PyHKIIMOHAABHBIX BHYTPEHHHUX B3aUMOCBI-
3ax [3].

Hcxopst U3 U3A0KEHHOI'0, aKTYaAbHBIM 1 He-
OOXOAVMMBIM CTQHOBSTCS  pellleHne TpodAeM
BHEAPEHUS CUCTEM MeHEeAKMeHTa KaueCcTBa, IPo-
rHO3UPOBaHMe, ONTUMU3AlIUId WHCTPYMEHTOB U
AMATHOCTUKa obecrieueHUsI CUCTEM KadyecTBa.

OOmui 3aKOH M3MeHeHHs IPOTHO3UPyeMO-
ro mpollecca U3BeCTeH, OAHAKO HEeM3BEeCTHHI Xa-
paKTepuayrolire ero napamerpsl. [lepBeiil THUI
3aAa4u  IleAecoo0pa3Ho pellaTb OpU  OMOIIH
TPEHAOBOTO IPOTHO3UPOBAHMS, BTOPOM — IIpuU
IIOMOIIY MUHUMU3AIUU [JeAeBON (DYHKIINH, OIIU-
ChIBalONIeM 3aKOH M3MeHeHMs Iipollecca C HC-
MMOAB30BaHUEM CHEeIMaAbHBIX aATOPUTMOB. Ta-
KHM 00pa3oM, CTAHOBATCS aKTYaAbHBIMU aHAAW3
3((PEeKTUBHOCTH IIPUMEHEHUs CYIEeCTBYIOIINX
WHCTPYMEHTOB KaueCTBa, BIpab0TKa OIIpeAeAeH-

CUCTEMHBI AHANU3 U MEXXAUCLIUMIIMHAPHBIE MOAX0Abl B UCCNEAOBAHUAX

HBIX KpUTEpHeB KaiueCTBa U PA3BUTHE HOBBIX
UHCTPYMEHTOB KAa4eCTBa, IpeAHA3HAYEHHDBIX ANST
3dAAd4 IIPOTHO3UMPOBAHUSA M OLIEHKU COCTOAHUA
CHUCTeM MeHeAKMEeHTa KaueCTBa.
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NPUHUUIMbI PASBUTUA MUPOBOW
TPAHCIMOPTHOU CETU HA

NMEPCIEKTUBY

B cBSI3U c m3MeHeHUeM NOAUTHUYECKOM 00-
CTAaHOBKM B MUPE, BO3HUKAU HOBBIE TPAHCIIOP-
THBIE CBSI3H, @ 9TO, B CBOIO OUepeAb, OKa3aA0o 3Ha-
YUTEAbHOE BAUSHUE Ha IPUHIIUNLI Pa3BUTUA
MHPOBOM CETH )KEeAE3HBIX AOPOT HA IIepPCIIeK-
TUBY. B HOBBIX YCAOBUAX CO3AAAACH OAATOTIPUST-
Hasi BOBMOJKHOCTBb MCIIOAB30BaHUSI TEPPUTOPUU
ctpad CHI B 11easix oOecrieueHUst TOBBIIIIEHHBIX
[IepeBO30K TPAH3UTHHIX I'Py30B IO cyile. Tax,
Ipu nepeBo3kKe no TpaHCcCUOMPCKOM MarucTpa-
AU TPAH3UTHBIX I'PYy30B U3 KuTasg B cTpaHBI
3amapaHOM EBpOIIBI, BMECTO MOPCKOTO TPAHC-
nopTa BOKPYT A3MHU, AAABHOCTH UX CAEAOBa-

HUsg cokpaiaercs Ha 15-20 Tweic. KM. [Ipu aToM
OyAeT AUKBUAWPOBAHO IIO ABe TEXHOAOIUYEC-
KMX OIlepallMM, CBA3aHHBIX C Iepepauvel
IPY30B C >XeAe3HOAOPO’KHOI'O TPAHCIIOPTa Ha
MOPCKOM M 0o0paTHO. B pe3yabTaTe pe3koro co-
KpallleHus npobdera TPaH3UTHBIX TPY30B COKpa-
1IaeTCs CPOK UX AOCTaBKMU.

B HOBBIX YCAOBHUSX CTABUTCS 33apada CO3AA-
HUS Me>KAYHAPOAHOU KEAe3HOAOPOKHOU
TPAHCIOPTHON CEeTH, CBA3BIBAIOIIEN B €AUHOE
IleAOe BCe OCHOBHBIE 4acTU cBeTa: EBpomy —
Aznto — Adpuky — Amepuky. PapoM aBTOpOB
MIPEAIIOAQTAeTCsl, YTO OpTaHM3aIlusl TPAaHCIIOP-
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THOM JKEeAe3HOAOPOSKHOM CBA3U 4yepe3 bepuHros
MIPOAUB MO3BOAUT 00€CIEeYUBATH BBHIIOAHEHUE
rpy3oobopora 6oaee ueM B 100 MAH. TOHH B TOA,
[4]. Tlpu a3TOM mpepraraeTcsl UCIOAB30BaTh:
Tpanccu6, BAM 1 cOepAMHUTEABHYIO AUHUIO C
Kuraem. OpHAaKO, A@HHOE IPEATIOAOKEHU e BhI-
3bIBaeT, B CBOIO OuYepepb, pPsp IAOOAABHBIX
BOIIPOCOB, HAIIpUMeEP: KAKOU AOAKHA OBITH
NPU3TOM HIMPUHA KOAEH HOBOM KEAe3HOAO-
POSKHOM AMHWM, IIPOXOAMAIIEN MO0 TEePPUTOPUU
pspa CTPaH; BO3MOKHBIM MOPIAOK PAbOTHI CTHI-
KOBBIX IIYHKTOB, I'A€ OyAeT OCYIIeCTBASATHCS IIe-
peCcTaHOBKA KOAECHBIX ITap BAaroHOB C KOAEU B
1435 MM Ha KoAero B 1520 MM 1 oOpaTHO.

KpomMme TOrO, AQHHBIN IIyTh Pa3BUTUSA MUPO-
BOY TPAHCIIOPTHOM CETH He YUYUTHIBAET PAAA TEX-
HOAOTHMYECKUX (PaKTOPOB, KOTOPhIEe OKa Ky T BAU-
dHUeE Ha AaAbHEUIIe SJKOHOMHUYEeCKe ITIoKa3are-
AU Pa3BUTHUS CTPAH MUPQ, B YaCTHOCTH.

1) 3A0KeHHBIM IIAAH He Y4YHUTHIBAET,
YTO B MHUPOBOMN IIPAKTHUKE AAS OTAEABHBIX
CTPaH UMeeTCs HeOAMHAKOBas IIUPUHA JKeAe3-
HOAOPOXXHOM KOAeHU. Tak, B CTpaHax 3alapHOU
EBponel, AMepuke, KuTae mupuHa KOAEH CO-
craBageT 1435 MM, a B ctpa"ax CHI mmpuHa xe-
AE3HOAOPOKHOMU KoAeu - 1520 mm. [Tpu aToM cae-
AYyeT yuecCTh, YTO OOABIIIasi YaCTh HOBLIX JKeAe3-
HOAOPOXXHBIX AMHHM, B NepCHeKTHUBe, OyAeT
IIPOAOJKEHaA I1o TeppuTopuu crpad CHI'.

2) B 1mpeacTOgmuX IIAQHAX —paccMaTpu-
BAIOTCS NIPEUMYIeCTBEHHO TPaH3UTHEIE I'PY30-
IIOTOKU B IIUPOTHOM HallPaBAEHUM MEKAY CTpa-
Hamu 3anapHoM EBponbl u KutaeM, a Takke u
AMepUKaHCKUM KOHTUHEHTOM. B TO )Ke BpeM#,
3HAQUUTEABHAS 4aCTh I'PY30IIOTOKOB OYAET CAEAO-
BaTh C ceBepa Ha Ior.

3) Pa3amuHBIe YYaCTKHM CeTH JKEAE3HBIX
AOPOT, @ TaK)Ke OTAEAbHbIe YaCTH TEPPUTOPUU
Poccuun, pacnoroxeHHBle B IIeHTPAAbHOMU
YaCTHU CTPaHbl U HAa OKpanHax, OyAyT UMeTh He-
OAMHAKOBYIO 3aIPY3KYy.

4) B cBsI3U C uM3MeHEHHEM B IOCAEAHUE
AECSATUAETUS KAUMATAa Ha IIAAHeTe U 3HAUUTEeAb-
HBIM YMeHbIIIeHHeM AeA0BOTO MoKpoBa B CeBep-
HOM /AeAOBUTOM OKeaHe, B IePCIEeKTUBe, OyAeT
BCTYIIaTh B AelicTBUEe CeBepHBIM MOPCKOM IIYTh.
[TogBuTCa BO3MOKHOCTE OOA€e PAIlTMOHAABHOT'O
KOMIIAEKCHOTO HCIIOAB30BAHUS MOPCKOTO U CY-
XOITYyTHOTO BUAA TPaHCIIopTa cTpaH CeBepHOTO
MOAYIIIapus. B HOBBIX YCAOBUAX CTAHOBUTCA I1€e-
AecOoO0Opa3HbIM COEAUHUTH JKEAE3HOAOPOIKHOMN

ceTbi0 TPaHCCUOUPCKYIO MAarucTpaAb C HOBBI-
MU mopramMu Ha Oeperax CeBepHOro /AepOBUTO-
I'o OKeaHa.

Ha ocHoBaHUM BHIIIIEN3A0KEHHOTO, B HACTO-
dllled CTaTbe CTAaBUTCS 33apada OLleHKU BO3-
MO>XHOW IIMPUHBl KOAEUW IIPU CTPOUT-
€AbCTBE HOBBIX J>XeAe3HOAOPO’KHBIX AWHUMY,
BBI3BAHHOM YBeAUUYEeHUEM IIePCIeKTUBHBIX 00be-
MOB IIepeBO30K Ha KOHTUHeHTe EBpomna — A3ug,
a TaK>Ke C y4eTOM AAAbHEMIIIero COeAuHeHU JKe-
Ae3HOU poporout Poccuu u CIITA yepes bepun-
I'OB IIPOAUB.

Ha pannoHaABHBIM HOPSAAOK PA3BUTUA
CeTH ’KeAe3HBIX AOPOT KOHTHHeHTOB EBpomna
— A3usa — AMepuKa UAU B IIeAOM MUPOBOU CHUC-
TeMBl PA3BUTUSA CTPAH MUPA, 3HAYUTEABHOE
BAUSIHUE OKa3bIBaeT XapaKTep BaroHOIOTO-
KOB, KOTOpPBIEe OyAYT QYHKIIMOHUPOBATH HA KOH-
THHeHTe EBponia — A3us, Cc yueTOM IIepCIIeKTUB-
HOT'0O Pa3BUTHUS CTPAH MUpa.

AASI TepCIeKTUBLI HEOOXOAUMO OOPaTUTh
BHUMaHUeE Ha CAeAYIOoIue (paKTOPhI IIPU yCUAe-
HUM MHUPOBOM TPAHCIIOPTHOM CETH, C YIE€TOM BO3-
MO>XHOI'O Pa3BUTHUS 3KOHOMHUKU B ILIEAOM BCeX
CTPaH MUpa:

A) BOABIIMHCTBO CTPAH MHUpPA PacIoAOXKe-
HO B CeBepHOM IOAYIIAPHUH, & 3TO B COBOKYII-
HOCTH COCTaBAgeT A0 70 IPOIIEHTOB CYIIU B Ile-
AOM AASL BCero 3eMHOro 1apa. I'lpu 3ToM Kpome
I'peHA@HAMN, CEBEPHBIX W BOCTOYHBIX PalOHOB
Poccum u Kanapbl, O0OABIIasg 4acTh TEPPUTO-
puu CeBepHOTO IOAYIIAPUS UCIOAB3YeTCs pa-
IIMOHAABHO, HAa Hel B 3HAYHUTEABHBIX 00BbeMax
(DYHKIUOHUPYET IPOMBIIIAEHHOCTh U HMeeTCs
Pas3BUTOE CEABCKOE XO3SNUCTBO.

B) Oxono 90 % HaceAreHUs TIAQHETHI IIPOKU-
BaeT B CeBepHOM NTOAYIIAPUH, TA€ HauOOAee pas-
BUTa 3KOHOMHKA. [To3TOMY B IlepcrieKTuBe He0O0-
XOAUMO OOABIIYIO YacCTh MaTepUaAbHBIX
CpPeACTB HAaIPaBASATh Ha OCyIllleCTBAeHUE 0O-
Aee TeCHBIX TPAHCIOPTHBIX CBSI3el Me’KAY pas-
AWYHBIMU 4acTaMUu TEPPUTOPUU CTpaH
CEBEPHOI'O ITOAYIIIAPHA.

B npomaom, Mmopckue npocTopbl CeBepHOTO
AepOBUTOTO OKeaHa OBIAM CKOBAHBI ABAOM B Te-
yeHue OOABIIIEN YaCTU ropa. AaHHAsA TEPPUTOPUS
IIPUAETAIONINX MOpEH, 3a UCKAIOUeHneM bapen-
IeBa MoOps, OBIAQ HeCYAOXOAHOU. Boabmias
YacTh CeBEepHOU Teppuropuu KaHapB u
Poccuu okazanracb HeocBoeHHOU. [ToaTOMY B
npeperax CeBepHOro AepAOBUTOrO OKeaHa A0
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HACTOAIero BpeMeHU TI'PY30I0TOKH IIPaKTH-
YeCKU ITOAHOCTBIO OTCYTCTBYIOT.

B niepcriekTuBe, B CBA3U C YyBeAUUEHHEM UUC-
AEHHOCTHM HaCeAE€HUS CTPaH MUPQ, & TAK>Ke C Io-
TpeOHOCTBIO Pa3pabOTKKU HOBBEIX MeCTOPOKAe-
HUM [IOAE3HBIX HCKOIlaeMbIX, BCTaAa 3aAava I10-
CTEIIEeHHOTO OCBOEHUS CEBEPHBIX TEPPUTOPUH, a
3TO B CBOIO O4epeAb, BEI3bIBaeT HEOOXOAU-
MOCTb CTPOUTEABCTBA HOBBIX >XEAE3HBIX AO-
POT, C IJeAbIO BOBAEUEHHUS B XO35HUCTBEHHEIN 00-
OpOT CTPaH MUpA.

[lepcniekTuBHBIE TPY30MOTOKU XapaKTe-
PU3YIOTCSI OCOOEHHOCTIMHU, KOTOPbIE HEOOXO-
AVIMO VUYUTHEIBATH B 3PEKTUBHOCTU Pa3BUTHUS
TPAHCHOPTHOU ceTu cTpaH CeBepHOI'0 IIOAY-
mapusg. KpoMe CymecTBYIOIUX ITOTOKOB,
3pech OYAYT HaaaraTbCsg HOTOKHM T'PY30B,
KOTOpble C MOPCKOTIO TpaHCIOpTa CTaHO-
BUTCH IIeA€COOOPAa3HBIM IIepeAaBaTh Ha JKeAes-
HOAOPOSKHBIN.

B mpakTmueckoM AeATEeABHOCTH OKa3aA0Ch,
YTO BCAEACTBHE MMEIOIIUX MeCTO Pa3ANuYHBIX
KAMMAaTUYeCKUX 30H 3HQUUTEAbHAsI 4YaCTh I'Py-
30B C OAHOU YaCTU MOAYIIapUd HAIIPaABAIETCS B
Apyryto. Tak, rpys3sl € ceBepa (K IpUMepy Aec),
HAIIPAaBASIOTCS B OTPOMHBIX KOAMYECTBAX Ha IOT,
IA€ TaKOBBle OTCYTCTBYIOT. OOBIYHO M3 OAHOU
30HBI, TPY3Hbl HE CAEAYVIOT B AQHHYIO 30HY.
Tak, rnec He caepyeT B OOABIIUX KOAHWYEC-
TBAX M3 PavoOHOB SIKyTCKa B MECTHOCTH C
OOABIIIMMM 3allaCaMU Aeca, HAllpuMep B 3allaj-
Hyto Cubupsb.

B cBg3u c uMewIIMMUCSA 3aKOHOMEp-
HOCTAMU B HAIIPABAEHHHU IIePCIeKTUBHBIX
I'PYy30II0TOKOB OYAET UMeTh MeCTO HeOAUHAKOBas
CTelleHb 3aTPy3KU MaruCTPAAbHBIX JKeAe3HOAO-
PO>KHBIX AMHUMN, PACIIOAOKEHHBIX B Pa3AUY-
HBIX 9aCTAX MUPOBOU TPAHCHOPTHOM CETH >Ke-
Ae3HBIX popor. Tak, TpaH3UTHBIE IPY30II0TOKH,
CAEAYIOIHE C CeBepa Ha IoT U C 3alapa Ha BOC-
TOK, OyAYyT llepeceKaThCd B IIeHTPAAbHOU re-
orpauuecKou 4aCcTu KOHTUHeHTa EBpomna —
A3znga. AaHHBIM reorpauyecKuil MeHTP KOHTU-
HeHTa PaclloOAOKeH B palioHe KpacHospcka —
HoBocubupcka — Ypaaa u oxKHee, B Kazaxcra-
He. [lepcieKTHBHOe IlepeceyeHue IOBBIIIEHHBIX
IIOTOKOB I'PY30B B [IeHTPAAbHOMN YaCTH KOHTUHEH-
Ta EBpomnta — A3ug noTpebyeT HaAWUMS pe3ePBOB
MOIIJHOCTU TPAHCIOPTHBEIX AMHUM, IIO CpaBHe-
HUIO C OKpanHaMH, 0COOEHHO PACIIOAOKEHHBIMU
B OTAQAEHHBIX MAaAOOCBOEHHBIX PAaOHAaX.
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Kpowme Toro, crepyeT yuecTh, UTO B ITIepClieK-
THBE, C Iepepaueri 3HaYUTEABHOM YaCTU IPy-
30IIOTOKOB C MOPCKOTO TPAaHCHIOPTa Ha JKe-
AE3HOAOPOJKHBIN, BO3PACTET NOTOK TPAH3UTHBIX
I'PYy30B B II€HTPAABHOU reorpauueckon 4acTu
KOHTHHeHTa EBpona — A3zug. AaHHOe IIOAOJKe-
HUe IPUBEAET K TOMY, YTO C IIeAbI0O OCBOEHUS BO3-
pacTarolinx O0BEMOB IIEPEBO30K TpPaH3UTHBLIE
IIOTOKM TIPy30B, MePeAaBaeMBIX C MOPCKOTO
TPAHCIOPTa Ha JKEA€3HOAOPOSKHBIM CTAHOBUTCS
IIeAeCOOOpa3HbIM IIPOITYCKATh IIO IJ€HTPAAbHOM
JaCTU KOHTUHEHTA.

ChaepyeT TakKe OTMETUTh, UYTO AAHHBIN
IIEHTP, PaCIOAOKEeHHBIN B palioHe TpaHccubup-
CKOU MarmucTpaAu 1 HECKOABKO I0JKHee, UMeeT 60-
Aee OAQronpUSATHBIE KAUMATHUYECKHE YCAOBUS,
IO CPaBHEHMIO C CeBepPHBIMU, OOAEe CYPOBBI-
Mu paroHamum Cubupu u AarpHero BocToka.
[TosTOoMy, B IIeHTPAABHOM YaCcTU KOHTUHEHTAQ,
OYAYT MeHblINe 3KCIAyaTallMOHHBIE pacXo-
ABI, CBI3aHHBIE C IPOITYCKOM HOBBIX ITOBHIIIEH-
HBIX TPAH3UTHBIX TPY30MOTOKOB. CAeAOBaTEAD-
HO, OCHOBHYIO AOAIO 3aTPAT, CBI3aHHBIX C 0CBO-
eHMeM BO3pacTalolluX HOBBLIX ITOBBIIIEHHBIX
00BbEMOB II€PeBO30K, IleAecoOOpa3HO HamlpaB-
AITh B II€HTPAABHYIO YacThb KOHTHHEHTQ, T.K.
UMeHHO 3)A€eCh, 3aTPaThl OYAYT A@BaTh OOABLINH
3 (PeKT OT MepeBO30YHOTO MPOIlecca JKeAe3HO-
AOPOSKHBIM TPAHCIIOPTOM.

B cos3paBiierics oO6CTaHOBKeE, AAST OCBOEHUS
HOBBIX MECTOPO’KAEHNM, PAaCIlOAOKEHHBIX B Ce-
BepHBIX parioHax Poccum n Kazaxcrana, caepyer
CTPOUTH HOBBIE JKEAE3HOAOPOJKHbIE AMHUU B Ha-
MpaBA€HUU OT OCHOBHOU TpaHcCcHOUPCKOU Ma-
TUCTPaAM Ha ceBep. HoBbIe papmarbHBIE AWHUU
AOASKHBI 3aKaHUYMBATHCSI OKpanHaMU KOHTUHEH-
Ta — B AQHHOM CAyYae B MOpcKux roprax Cesep-
HOro /AepAOBUTOrO OKeaHa. Tak, Ha ceBep MOTYT
OBITh HAlIPaBAEHBL CAEAYIOIUe KeAe3HOAOPOIK-
Hble AMHUU: OT AOarakoBo A0 Mrapku Ha ceBep
BAOAB Enunced; ot ctanmuu PenteTsl Ha KapaOyaa
U AaAee Ha ceBep, a Tak)Ke OT CTaHIUM /AeHa Ha
ceBep. OT SIKyTCKa AMHUIO HY>KHO HAaIIPaBUTh AQ-
Aee Ha BOCTOK A0 MarapaHa.

Takue papumarbHbBle AUHUU oOecredar
OCBO€HUE, B IPOMBIIIIA€HHOM OTHOIIIEHUH, AeC-
HBIX OOTaTCTB ¥ MECTOPO’KAECHUMN ITOAE3HBIX HC-
KOIlaeMBIX M caMoOe TAaBHOe — OHM obOecredaT
YCTOWUMBYIO CBSI3b BCEX TPAHCIIOPTHBIX Marwuc-
Tparer KOHTMHEHTOB EBpona — A3usa, AMepuru
c moptamu CeBepHoOro AepAOBUTOTO OKeaHa. B
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AAHHOM CAy4Yae 3HAYUTEABHO COKPATHUTCH
npober rpy3oB HIpM UX TPAHCHOPTUPOBKE II0O
Cyllle Me>XAY CTpaHaMU KOHTHUHEHTA.

ChrepyeT OTMETHUTH, YTO HAAWYMeE pPas-
AUYHOW IIMPUHBI KOAEM Ha IOTrPAHUYHBIX
CTaQHIVSAX BBI3BIBAET PE3KUN POCT IKCIIAyATaIH-
OHHEIX pacxopoB. [lpum »TOM 3HAUYUTEABHO
yMeHbIIIaeTCsI IPONyCKHAasA CIIOCOOHOCTD IIYH-
KTOB IIepexXoAa C OAHOU CTPaHBI B ApPyTYyIo. [1oa-
TOMY, C IIeABIO YAYUIIIEeHUS YCAOBHU IPOITyCKa
MIOE3A0B U PE3KOTO IPUPOCTa MPOIYCKHOU CIO-
COOHOCTH B CYMMe AAS IIapaAAeAbHBIX JKeAe3HO-
AOPOJKHBIX AUHUM, HEOOXOAUMO CTPOUTEABCTBO
HOBOM ABYXIYTHOU JSAEKTPUPUIIMPOBAHHOU
KEeAE3HOAOPOKHOU AMHUU €BPONENCKON KOAeH
B 1435 MM nmapaareAabHO TpaHccuOy, HalTpaBAEH-
HYIO, OT 3allaAHOM rpaHulbl Poccum Ha BOCTOK,
MDA COepATHeHUd ¢ KruTaeM 1o y3KOM COBMECTHOU
rpasulie B AATaliCKOM Kpae.

HoBast >KeAe3HOAOPOKHAsT AMHUS MOJKET
OBLITH TIOCTPOEHa HO OoAee TIPIMOU Tpacce, MO
CPaBHEHUIO C CYLIeCTBYIOen TpaHCcCUOUPCKON
Maructpaabio [1. 2]. [Ipu 3ToM OyAyT cOoKpa-
IIaThCAd YAEAbHBIe KallUTaAbHBIE 3aTpPaThl B
€e CTPOUTEABCTBO, TaK KaK IIPU 3HAUYUTEABHBIX
pe3epBax MOITHOCTHA AOKOMOTUBOB HOBas AUHUSI
MO>KeT OBbITh IIOCTPOEHa B CAOKHBIX YCAOBUIX
BOCTOYHBIX PAIOHOB CTPAHBI C OOABIIEN BEAN-
YUHOW PYKOBOAMIEro yKAOHA U C MeHblIel
NPOTSAKEHHOCTBIO TPACCHI, II0 CPABHEHUIO C pa-
Hee IIOCTPOEHHBIMU — C OOABIINM KOAMYECTBOM
KPUBBIX Y4aCTKOB IHyTH, Halpumep TpaHccu-
OMpCKasg MarucTpaAb.

BrInloAHEHHBIE pacueThl II0Ka3aAH, YTO AOC-
TATOYHO B IJeHTPe KOHTUHEHTAQ, C 3aaAa Ha BOC-
TOK, IIOCTPOUTH TOABKO OAHY AOIIOAHUTEABHYIO
MEe>KAYHAPOAHYIO ABYXITYTHYIO 3A€KTPU(PUIIIPO-
BaHHYIO >KEAE3HOAOPOKHYIO AMHUIO y3KOHN KO-
AeH, KaK MOJKHO OyAEeT IIPaKTUYeCKU IIOAHOCTbIO
obecrieynBaTh NIOTPY3KY I'PY30B C AFOOOM CTaH-
nuu 3amapHoOM EBPOIIBI M HATIPABASITE €€ B ATO-
Oyro Touky KuTtasg 6e3 AONIOAHUTEABHBIX Ilepe-
CTAHOBOK KOAECHBIX IIap BAaroHOB Ha IIOIIYTHBIX
MOrPaHUYHBIX CTAaHIUAX [2].

CTpOUTEABCTBO HOBOM JKEAE€3HOAOPOIKHOM
AMHUM OYAET AABATh 3HAUUTEABHBIN 3EKT, B

IIEPBYIO O4epeAb OT COKpallleHud nmpobera rpy-
30B, KaK 10 CPaBHEHUIO C CYI[eCTBYIOI UM Ba-
pPUAaHTOM, TaK U IO CPABHEHUIO C UCTIOAB30Ba-
HUEM MOPCKOTO TpaHcmopTa. AaHHBLIN 3¢ deKT
MOJKeT OBITh IIOAYUYeH B IlepBble F'OABLl 9KCIIAYa-
Tauu AAQHHOU >KEAe3HOAOPOSKHOM AWHUU
Ccpa3y C MOMeHTa 3aBeplIeHusT ee CTPOUT-
€AbCTBa, B YaCTHOCTH, Ha KOPOTKUX y4aCTKax
OyTHU (HAIPpUMep OT 3alIapAHOM 'PaHUIBL AO
MocCKBHB UAU Aaree A0 HoBocubupcka).
[ToAaydeHHBIN B IepBHIE TOABI 3(p(PeKT OT 3a-
BepIeHNsI CTPOUTEABCTBA CKOPOCTHOM >KeAes-
HOAOPOSKHOU AMHUM EBpomna — KwuTall cokpaTur
NOTPeOHOCTh CyMMapHBIX KallUTAABHBIX 3aTparT,
CBSI3@HHBIX C IIOCAEAYIOIIUM CTPOUTEABCTBOM HO-
BOU >KEAEe3HOAOPOSKHON AMHUM B CYPOBBIX YCAO-
BUSIX CeBepa, HallpuMep uepe3 bepuHTOB IPOAUB.
B mocaepyromeM mocae Hadara COEAUHEHUS
3amapHou EBponbl ¢ KutaeM, CTaHOBUTCS IeAe-
COOOpa3HBIM, OCYIIECTBASITH  CTPOUTEABLCTBO
ABYXIIyTHOU JKE€AE€3HOAOPOKHOU AMHUU y3KOU
KoAaeu BOAU3M Tuxoro okeaHa u3z Kurasg B pa-
oH MarapaHa u paree Ha BepUHTOB IPOAUB.
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CUCTEMHBI AHANU3 U MEXXAUCLIUMIIMHAPHBIE MOAX0Abl B UCCNEAOBAHUAX

Zhou Liping

YAK 378

AN ACTION RESEARCH ON HELPING
STUDENTS OF SPECIAL MAJORS
BECOME AUTONOMOUS LEARNERS
THROUGH FORMATIVE ASSESSMENT

1. Introduction. “Action research is a very
effective way of helping teachers to reflect on
their teaching and to come up with their own
alternatives to improve their practice" ( Tsui 1993:
173 ). Action research encourages teachers to
investigate their own teaching problems that they
may not be aware of before, and engages teachers
in a process of development and reform beyond
merely making impressionistic judgment in class.
Furthermore, action research integrates teaching
and teacher's development, curriculum
development and evaluation, research and
philosophical reflection into a unified conception
based on reflective practice, which is very helpful
for teachers to improve their teaching reasonably.

The problem this article is working on
involves how to encourage students of special
majors to become autonomous learners through
formative assessment. From the previous teaching
experience, the author knows that many college
students majoring in some special disciplines
such as art, design and physical education
(hereinafter called PE students ) are passive
toward to their English learning and the English
teaching efficiency for this group students are not
optimistic in the colleges. The reason for this
result is: Firstly, because they have comparative
poorer English foundation than other college
students, the requirement for their college
entrance is lower than students with other majors.
Secondly, the teaching and assessment model and
content for them are not suitable for their real
situation. They have to be taught and tested
according to the university's unified curriculum
and evaluating system as other major students,
which is not reasonable and practical for them.
Because the students of special majors have much
poorer principal knowledge, Such testing
contents and system require much more than
their real level. These tests can't reflect the
students' real progress and achievement they

make during their study. Students' motivation for
English study can not be stimulated accordingly.
Cradually, they loss their interest and
autonomous intention in English learning.

In order to improve English teaching and
learning for students of special majors, it is
important for teachers to design creative teaching
activities to let students be motivated in learning
and to adopt proper assessment methods to
evaluate and ensure students improvement and
progress they make during their studying
process.

This article describes the implementation of
an action research conducted by the author with a
class of college students majoring in physical
education, trying to seek and explore a new
English teaching and learning way for students of
special majors. In this action research project,
various  teaching-learning  activities  and
assessment methods have been designed to
practice. students’ autonomous and creative
learning abilities have been developed a lot and
both the students and the teacher get benefit from
the new type of educating.

2. Term Explanations.

2.1 Action Research. Since the 80s, a new
type of research conducted by teachers has come
into educational area. It is called class teaching
research. Action research as one of class teaching
research methods has been accepted by many
teachers.

Action research is the research of
practitioner. During the process of action
research, teachers are the designers, conductors,
evaluators and users of the research. It advocates
that teachers should wundertake systematic
observation and self-reflection for their own
teaching action, should try to find out problems
and determine measures to solve these problems.
Teachers will examine and analyses datum,
evaluate the effect, consequently find and point
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out problems. Finally we can reach the aim of
improving teaching method and teaching effect.
Meanwhile, teachers can foster new teaching
ideas and develop their teaching professional
skills. Such research method has close link with
teachers' teaching. Teachers can adopt general
and practical methods on the base of their actual
environment and conditions.

"Action research is a form of self-reflective
enquiry undertaken by participants in social
(including educational) situations in order to
improve the rationality and justice of (a) their own
social or educational practices, (b) their
understanding of these practices, and (c) the
situations (and institutions) in which these
practices are carried out.” ( Kemmis &
McTaggart,1982:5).

Action research frameworks reveal several
common features. Kemmis and McTaggert (1988)
suggest that the fundamental components of
action research include the following:

-Developing a plan for improvement;

-Implementing the plan;

-Observing and documenting the effects of
the plan;

- Reflecting on the effects of the plan for
further planning and informed action. New
knowledge gained results in changes in practice.

2.2 Formative Assessment and Summative
Assessment. Summative assessment judges
students' learning ability and teaching quality
mainly by exam grades. It takes exam grades as
the final judging standard. To some extent, it
exaggerates mark's function. Obviously, this
assessment is not a satisfied assessing method for
training students' abilities of English learning and
practicing. And in a great degree, it leads students
to pay much attention to memorize and recite
separate language knowledge, but ignore
language application and communicative
abilities. This assessment system also affects
English teachers' initiation and creativities to
seek ways of improving and reforming their
teaching content and methodology.

Students' English learning abilities are
various. We can't judge them just by marks.
Comparatively, formative assessment has its
advantage. It focuses on students real studying
activities and tasks, such as communicative
activities of written and spoken English, skill of
problem solving and abilities of autonomous
learning.

Formative assessment is carried out during
the learning and teaching process. It evaluates

students' conduction for the purpose of guiding
and improving the process of teaching and
learning. By formative assessment, we focus on
the real existed learning process and the learning
performance behavior, reflect our learning and
teaching frequently and then make more
achievement. Formative assessment records
students' completed process of their learning and
progressing, which will offers feedback to
students to improve their study, help teachers get
to know students learning conditions and then
make their next-step teaching plan as well as
students learning plan.

Formative assessment can be engaged in
many forms such as symposium, interview,
observation, judge and comment on student's
studying report, analysis on test result, etc...

3.Description of The Teaching Situation and
Planning Action.

The class engaged the action research
consists of a group 40 sophomores majoring in
physical education (PE) in East China Jiaotong
University (ECJTU). They come from various
parts of China and were admitted by ECJTU after
they took the mnormal national entrance
examination for college. Because their majors aim
at physical education, and they are required
superiority in some certain sports items.
Relatively, their levels for other subjects are
lower, especially for English. As a common
situation in China, their entrance standard for
college are lower than other normal disciplines.

So compared with other major college
students, many students’ English basic
knowledge are poorer. Their English learning
skills are also much weaker. Besides, PE students
are more energetic, vigorous and active in their
characters. and can't be so concentrated on class
learning. So they are not used to the conventional
English teaching models and hope English
teaching and learning can be more flexible and
the assessment can be more practical and
acceptable vise to traditional way.

In such situation, we can't treat them the
same way as other major students. Otherwise, we
can't get satisfied learning results. We should
take practical way to teach and assess these
special major students so as to motivate them in
English learning. Under such background, a class
of PE students has to be chosen to implement the
action research.

After making some preliminary
investigations such as classroom observation,
interviews with teachers and administrators,
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questionnaire to students, the action plan begins
to bein design. Firstly, a practical book is selected
and then some learning strategies training
assisted by specific instructions have been planed
in action to help students build up their
confidence in learning. Tasks based on the
principles of fostering cooperative learning
spirits, cultivating self-study capabilities, and
developing competence in language use are also
designed. At the same time, formative assessment
is applied to the English teaching systematically,
which would hopefully motivate the students
intrinsically, and most important of all, help them
to become autonomous learners.

The action plan is implemented in 12 weeks
for a sophomore PE students. 10 kinds of activities
are arranged to be undertaken throughout the 12
weeks to help students on their way to become
autonomous  learners  through  formative
assessment. See (Tabl.1)

4. Reporting on Implementation of the
Actions. Based on the action plan, the activities
are implemented in a period of 12 weeks.
Throughout the action research process,
obtaining students' opinions, monitoring
teacher's actions to meet their needs are the
consistent procedures to achieve the goals of
teaching . During the whole period, all students'
performance and conduction will be recorded and
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evaluate accordingly and finally come into their
main grades. The following are descriptions of the
actions taken and the discussion of the results.

4.1 Collecting Opinions. Opinion Collecting
is the first step of the action plan. Students'
opinions on the English teaching are important
for improving teacher's working and they need to
be encouraged to be more actively involved in
reflecting on the learning process. This is part of
an essential quality of autonomous learners.

Some good suggestions are adopted and
feedback is sent to students about the revised plan
in accordance with their advices. Students get the
hint that their opinions count, teacher would pay
much attention to what they have suggested and
would try to make the atmosphere in and out of
class become more active and positive. Students
are looking forward to participating in the coming
teaching and learning reforms.

4.2 Oral English Practice. Speaking is the
principal skill for students' English learning. Also
it's the first step for mastering and applying
English freely. Some activities to train students
speaking ability are arranged in the action plan.
Beginning from the simple information telling,
activities for oral practice are carried out
throughout the whole action research. 2 kinds of
oral practice are mainly performed - one is daily
oral practice and another is topic oral practice.

A 12 week Plan on helping the PE students on their way to
become autonomous learners through formative assessment.

Tabl.1

Week
Planned action

10 11 12

Opinion collecting

Oral English practice

Practical writing

Writing short thesis

Creating portfolios

English films

Interview practice

Making testing

Teaching assistants

* * * * * * * * *

Speech contest

* * *

Date collected

Students' suggestion for English teaching, students' short thesis,
writings, portfolios, daily working records
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At beginning of each class, 15 minutes for
students to exercise oral practice are parted.
During this time, students are encouraged to
express their ideas or communicate daily
information in English freely. The forms of
practice are flexible. Students are very active and
interested in participation. More or less they will
try to say something in class and gradually their
speaking ability has been improved much.

Students are also encouraged to organize

some group talking on some topics which have
something to do with the passages and also they
are interested in topics such as sports events,
pollution problems, continuing education,
campus living, etc. They will make good
preparation before talking. They have to collect
relevant information, exercise words and
sentences concerned and look up dictionary for
some words and terms. Through such practice,
students’ autonomous learning abilities have
been improved.
4.3 Practical Writing. Writing has been regarded
as one of the most difficult skills for improvement
among all the four skills. The main purpose of it is
to provide a wide and imaginative space for
students to communicate and thus to improve
their language ability through writing in English.
In the action, practical writing is arranged once
every 2 weeks and some principles are followed as
well:

(1) Devising interesting and practical writing
tasks, which can attract students attention and
arouse their interest, and may also help them
enjoy the process of language learning (Grant
1987:104).

(2) Connecting with the text books, assigning
more authentic or semi-authentic writing tasks in
order to get students to write with various style,.

(3) Suggesting 2-3 topics for students to write
about and giving them more freedom to write on
the topic they like.

(4) Giving encouraging comments while
marking students writing exercises, providing
quick feedback about students’ writing, selecting
some good works from students exercises and
letting students to read and explain in class.
Students can benefit a lot from the self-reflection
and peer comments.

4.4 Writing Short English Thesis. Students
are assigned to write a short thesis during the
whole action plan. No limit for topics, they can
choose whatever they are interested in. They are
encouraged and guided to collect information

from medium resources to support their thesis

findings
Gradually students get to know more and
more websites and can gather relevant

information they need. Thesis writing also make
the students think and discuss problem actively.
More important that through the thesis writing,
students know the format and structure of a
research theses and know how to study
themselves and how to collect data and
information which lays bases for their future
research or study.

4.5 Creating Portfolios. " Portfolios are
collections of relevant work that reflect students'
individual efforts, development, and progress
over a designed period of time" ( Spandel &
Stiffins, 1990:6.9).

As formative assessmentisintroduced to the
teaching. Dealing the writing assessment,
students are guided into compiling and
organizing their own portfolios.

The procedure employed in using portfolios
for writing are as the follows:

(1) Sharing with the students some samples of
the portfolios and brainstorm with them what they
are going to do on their own

(2) Assigning a writing work to students
every 2 weeks, mainly relating to the text and
practical topics, allowing different writing styles
and choices.

(3) Requiring students to finish their first and
second draft before compiling their own
portfolios.

(4) Teachers' comments, peers’ comments
and self-reflection are integrated into the
formative assessment. Also the portfolios is
submitted for summative evaluation at the end of
the semester.

Students' portfolios have truly demonstrated
their great potentials, creativity, responsibility of
their own learning, when they can be fully
motivated and properly assisted if provide proper
opportunities.

4.6 English Films. Seeing English films is
regarded as a popular and effective way for
learners to improve their listening ability,
contribute to the understanding of West culture,
broaden their vision and raise their learning
interest, etc. Connected with our text learning,
some interesting and meaningful English movies
are arranged every 3 weeks for the students. Each
time after they see the film, an assignment is given
to students: try to write a report or list some other
more information about this film. Seeing films
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does not only arouse students' interest and make
classroom teaching vividly, but also provide
students a stage to present themselves and
consequently benefit from it.

4.7. Interview Practice. Interview is available
everywhere in our daily lives. To practice and
master interview skill is quite helpful for students.
So an Interview practice is arranged for the
students in the action. Some foreign teachers and
students who have studied in America are invited
towork as the panel, students are supposed to ask
questions and communicate with the panel freely.

From the interview, students' motivation of
learning English is stirred, they see the practical
usage of learning English. They feel proud and
excited when they can express their idea to
someone in English.

For good efficiency from such interview
practice, we should firstly make good
preparation. Secondly teachers should lead the
interview to some topics which are relevant to
students lives and interests, and which they like to
talk about.

4.8. Making Testing. In order to strengthen
students' understanding to a test and get the first
hand knowledge of designing a paper, Students
are assigned to make an exam paper themselves
in groups. They are encouraged to collect
relevant materials and to recall or note down what
they have learned and what are key points which
should be tested, and how to design the paper
with creative ideas.

Then a completed examination paper is
made from students’ papers for mid-term exam.
When students do their own produced exams
papers, they are experiencing an interesting exam
and getting the idea about a paper design.

4.9 Teaching Assistant. For the purpose of
encouraging students' participation and initiative
in classroom activities, the teacher conducts
tactics of teaching assistant. All students have
chances towork as the teacher's assistants in turn.
Their responsibility is to assist the teacher and
their classmates to carry out and fulfill the week's
teaching and learning. Teaching assistants will
make preparation for the week's duty in advance.
They will get familiar with the teaching content
and discuss with teacher the teaching and
learning methods. During the process of practice,
their initiative studying abilities have been
improved. Meanwhile, all the students show their
harmonious coordination and understanding to
the teaching assistants. Studying environment is
also stirred alive.

In this way, students' interest for taking part
in English class has increased greatly. Their final
reports for their work also take an important part
in teacher's evaluation for the class.

4.10 Speech Contest. In the end of the
semester, there is an English Speech Contest held
for students majoring in arts, design and physical
education in our university. To meet this
competition, we first have a ftrial in class in
advance. Everyone in class should participate and
perform in class first.

After several weeks' oral English practice of
the action research, the students have better
language sense and are brave enough to open
their mouths in public. So they take an
enthusiastic passion into this activity. They recite
and practice speech materials in groups, improve
their performance and pronunciation time by
time.

The trial is a success. All the students in class
take part in the activity, among which 5 are
selected to represent the class to contest in school
speech competition. Throughout the weeks
before the competition, the whole class are
buzzing with preparing for the trial and the
competition. Many students make rapid progress
through the practice. All the students have
opportunities to present themselves and
appreciate others in a formal way.

5. Reflections and Conclusion. Through the
investigation and planned action, the teacher has
improved his ability of solving problems in
teaching students with special majors and the
students have made considerable progress in
many aspects in learning. In the action research
plan, many new ideas have been tried in building
up students' confidence and strategies in
learning. Also the teacher has tried to develop
students’ competence in using the language
rather than on the memorizing the language
points. Their sense of self-esteem increase and the
need for extrinsic rewards has given way to the
development of intrinsic motivation. Many
students are full of confidence to design their
future plan.

Obviously, during this period of learning,
with formative assessment, the students are
stepping onto the road to become autonomous
learners. They are taking responsibilities for their
own learning by identifying the objectives,
deciding on the content, reflecting on the process,
and choosing methods of their own learning.
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As a teacher, through this year teaching and
research practice, he has realized that learner
autonomy and teacher development have much in
common. Having shared with responsibilities with
students, both the students and the teacher
benefited from the process. The objective of
learning in the second language classroom has
changed from language form to language use and
development (Janice, 1987). As qualified
teachers, “we should be able to motivate the
students both on a daily basis by designing good
tasks" (Wang, 1999) and in a long run by helping
them set up meaningful and achievable long-term
goals. For these students who have special majors,
teachers should especially have the duty to study
the learners characteristics and features, adopt
proper methodology and attitude toward the
teaching.

So when implementing the formative
assessment, teachers should be very sensitive to
the characteristics of the students, as their
different cognitive, affective, social and physical
experiences are not so mature. It will be damaging
and unrealistic to demand all the students to

perform at perfect conditions and compare them
with one another. Therefore it is necessary for the
students to understand their individual nature, set
up their own learning goals in relation to
curriculum objectives so that they develop their
learning strategies accordingly. Directed
properly, they will respond positively to a
systematic formative assessment.
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ON RECIPROCAL SIGNED DOMINATION IN

GRAPHS

1. Introduction. We use Bondy and Murty
[1] for terminology and notation not defined here
and consider simple graphs only.

Let G = (V,E) beagraph, ifve V(G) then N
(v) denotes the open neighbourhood of vin G, and
N; [v]= Ng (v) Y{v} for the close one. For
simplicity, sometimes, N, (v) and N, [v] are
denoted by N(v) and NJv], respectively. If
S c V(G) then GJS] denotes the subgraph of G

induced by S..5(G)and A(G)denote the minimum
and maximum degree of G, respectively.

In recent years, some kinds of domination in
graphs have been investigated [2-7].
T.W.Haynes, etc.[2~-3] surveyed the major
research accomplishments on domination theory.

Let G (V. E) be a graph, a signed
domination function (SDF) of G is a function
£:V(G)— {~1+1} satisfying > f(v)=1 forall

veN[u]

vertices ue V(G ), and the signed domination
number of Gis defined asy,(G) = min{ Zf(v)f is
an SDF of G}. veV(G)

In this paper, we initiate the study of a new
graph parameter by changing > to <<= in the
definition of signed domination function. Now we
introduce a kind of new domination parameter as
follows:

Definition 1.1. Let G = (V, E) be a graph, a
function f: V — {-1,+1} is said to be a reciprocal
signed domination function (RSDF) of G if

Zf(v) <1lholds for every vertex u € V. The
veN[u]
reciprocal signed domination number of G is
defined as v, (G) = max { Zf(v) }f is an RSDF
of G}. veV(G)

If fbe a RSDF of a graph G, andS < V(G), for
convenience, we write f(S) = Zf(v).

veS

204

CoBpeMeHHble TexHonorun. CuctemMHolit aHanus. MogenupoBaHue



By the above definition, we have the
following
Lemma 1.2. Let Gbe a graph of ordern, then

(I)y,(G)=nifandonlyif G =K ;

(2) For any two disjoint graphs G, andG,,
V(G YG,) =7, (G )+Y (G )

(3) YIS(G) (m0d2)-

In this paper we obtain mainly some upper
bounds of y,(G) for general graphs, and
determine the exact values of v, (G) for some
special classes of graphs G such as the complete
graphs K, paths P, cycles C, and complete

bipartite graphs K,  etc.. In addition, we pose
some open problems and conjectures.

2. Some bounds of reciprocal signed
domination number

In this section, we give some upper bounds of
Y, (G)for general graphs G.

Theorem 2.1. For any graph G without isolate

vertex, iﬂV |—n then
Vs(G)<n+2-2 Vi+n |
And this bound is sharp.
Proof: Let f be such a RSDF of G that
f(V(G))=y, (G). Define
| A_{veV(G)|f( )=11,
B= {VeV |f(v) =sand|B|=t.
Obviously, s+t = nandy (G)=s-t=n-2t.

Since §(G)>1, each vertex of A is joined to at
least one vertex of B, it  implies
|{uv € E(G)|u eAveB }|2 s. Thus, there exists a

vertex v e B so that|N(v)IA| > [ ? ] by Deinition

1.1 v is joined to at least [ 5 ]—2 vertices of B,

n-t n—t
]

—_— |11,
t t
t> +2t—n >0, it implies t > —1++/1+n, note that t is

l+n

v, (G)=n-2t<n+2-2/ 1+n | (2.1)

Next we construct a graph G such that
¥.(G)=n+2-2 l+n |

Lett= l+n

s+t=n. Note that n>2 and hence ¢2=1. Since
t> +2t—n>0, that is, t(t+1)>n—-t=s, thus, we
construct a graph G as follows: Let G be the graph
obtained from K, by adding exactly s
pendant-edges such that each vertex of K, adds at
most t+1 pendant-edges. Clearly,
[V(G)=s+t=nWe define a function
£:V(G)—> {~1+1} as follows:

that is , t=|B>[ ? ]-1=[

1+n
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-1 when veV(K,);
f(v)=
+1 when veV(K,).
It is easy to see that f is a RSDF of G. Thus
v, (G)2 {((V(G))=n-2t, combining with (2.1) , we
have vy _.(G)= I+n | this proof is
complete.

Theorem 2.2. For any graph G without isolate

vertex, if |V J=n and |E(G)=m, then
7, (G)<
Is - 5

Proof: Let f be such a RSDF of G that
f(V(G))=r, (G).  Define A={veV(G)f(v)=
B={ve V(G)f(v)=-1} : |A|=s an
|B| =t,obviously, s+t =nandy, (G)=n-2t. And let

E(A,B)={uve E( G)|ueAveB}
As each vertex in A must be joined to at least
one vertex in B, it implies

|E(A,B)>s=n-t. (2.2)
For each vertex v e B, |N(v)IB| >|N(v)IA| -
so we have
s <|E(A,B) =Y [N(v)IA|< ) (N(v)IB|+2)=
veB veB
= 2|E(G[B])| +2t,
thus we have
EGE]| > 52 -3t (2.3)
Combining with 2.2 and (2.3), we have

m>|E(A, B +|E(G[B]) = 3”2‘5t,
So, t> 3n;2m and hence,
Y.(G)=n-2t< 4m—n. The proof is complete.

Theorem 2.3. For any graph G of order n
(n=2) in(G)| =m then
A— 8+2
G
VslG)= A+o+2
Where A and & denote the maximum and

minimum degree of G, resp..
Proof: Let f be such a RSDF of G, that

f(V(G))=y, (G )Deflne
A—{veVG)f } B= {vev =—1}
|A|—s and |B|—tobV1ously, s+t n and
Y, (G)=s-t. So, we have

We know from the definition 1.1 that
f(N[u]) £1holds for every vertexu € V(G), thus
Zf(N[u]) < n, thatis,

ueV(G)
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> (d(u)+)f(u) < n.

ueV(G)
> f(u)=y,(G) thus
ueVv(G)

> d(u)f(u)+ Y d(u)f(u) < n—-y,(G) it implies

ueA ueB

Note that

3|A|-AB|<n-y,(G) By (2.4) we have

O(n+y,(G))-A(n-y,(G))<2An-v,(G)) and
henceyrs(G)Swn.
A+3+2

We have completed the proof of Theorem 2.3.

The following statements are immediate from
Theorem 2.3.

Corollary 2.4. For any k-reqular graph G of
ordern, theny (G)<—.
k+1

3. The Special graphs. In this section, we give
the exactvalues ofy . (G)for some speciall graphs,
such as the complete graphs K , paths P, cyclesC,

and complete bipartite graphs K,
-(=1"
2

aetc.. Itis easy

1
to check that y . (K,)= holds for all

integersn >1.
Theorem 3.1; If n>2 is an integer, then

n
Yrs(Pn):n_Z[ 5 ]

Proof: LetV(P,)={v, v, A AV,} and
E(P,)={v,v,,|0<i<n 1 define a function
f: V( )= {~1+1} as follows:

Casel.l, When n =1(bmod3); let f(v,)=-1and

wheni<n-1,
-1, when i=2(mod3)

f(v,)+£(v,)<0. Analogously,
f(v,_,)+f(v )<O Thus, wehave

)
V., (P)=HV Zf (N[vy. D)=

=(3k +1)-2(k +1)=n-2[ = 31

Case 2.3. Whenn=3k+2(k>1), Note that
f(v,)+f(v,)<0, we have
k
Vs (P ) =EH(V(P, SZf(N[V3[+1])Sk=
=(3k+2)-2(k+l)=n— 2[ —]

Combining with 3.1, we have completed the
proof of Theorem 3.1.

Similar to the proof of Theorem 3.1, we can
obtain easily the following

Corollary 3.2. If

V4(C,)=n-2[ g !

Theorem 3.3. If m>2 and n>2 are two

n=>3, then

D" +(-1)" -2
integers, theny,S(Kmyn)z( ) +(2 ) .

Proof let f be such a RSDF of K, , that
AV(K, )=, (K, WriteV(K,, ,)=V,YV,,
where|V |=m and |V,|=n. We define

V' = ueV|f =+1},
V, ={ueV|flu)=-1} (i=12)

Case 1. If V" ¢ and V, #¢; for any vertex
ue V" by Definition 1.1, we have f(N[u]) <1, and
hence, |V2+|—|V2’| <0, note that |V2+ +|V2’|=n,

f(v,)= N N o (=Dt -1
(v:) {H Otherwise: which imply |V2 —|V2 |S . Analogously,
Case 1.2 Whenn =0,2(mod3); For each integer | N |
e |V1 —|V1 |S7. So, we have
i(1<i<n) let 2
fv) {—1 when i=2(mod3),
Vil= . N o\ _
+1 Otherwise. v, (K n):|V1+ —‘V1‘|+|V2* —|V2“s( D™ +(-1) 2‘
It is easy to check that fis a RSDF of P, and Case 2 If V* 4V B 2 V-
hence , we have ase . #¢pand V, =¢; ForanyueV,,
v (P)2 £V(P,)=n—2] 2] ‘ 3.1) then f(N[u])<1, |V;'|-|V/[€2  note that
3 Vi |[+|vi |=m and 2n>5-(-1)", S0
On the other hand, let f be sucha RSDF of P, . "
that £(V(P,)) =y, (P,) Vi |vi < 2-2E0 e have
Case 2.1. When n = 3k(k 21); 2
Yr.( mn)=‘/+ Vi |-V, |
v, (P)=H(V ZfN[V31+2])<k n- 2[*] ’ ' m| : | 1l | 2|n
i=0 32—1_(_1) —ns(_l) +(-1)" -2
Case 2.2, When n=3k+I(k>1), Note that 5 o
f(N[v,])=1f(v,)+f(v,) <], it implies
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Case 3. If V" =¢ and V, #o; It is similar to

Case 2.

Case 4. If V' =0 and V' —o;
— _ _1 m + _1 n _2
'Yrb (Km,n):_|V1 |_|‘/2 |:—m_ng( ) (2 ) .
Sum up the above Case 1-4, we have
—1 m +(—1 n -2
1) <R 3)

2

On the other hand, we can partition easily
V,=AYA,andV, =B,YB,, so that1>|A1|—|A2|>0
andl >|B,|~|B,|>0. Define f:V(K,, ,)—> {~1+1} as
follows:

m

") -1 when ve A, YB,;
V)=
+1 when ve A,YB,.
It is easy to see that f is a RSDF of K, so,

Ve (Kpn)2 f(V(Km‘n):(—Um +(2—1)“ -2

Combining with 3.2,, we have completed the
proof of Theorem 3.3.

4. Some open problems and conjectures.

In this section, we pose some open problems
and conjectures. Although some upper bounds of
Y,.(G) are obtained in this paper, it seems more
difficult to give a good lower bound for the
reciprocal signed domination number of G, we
have the following

Problem 1. Determine the exact value of
g(n)=min{y (G)‘G is a graph of order n} for every

positive integer n.
Conjecture 2. For any graph G of order n,

theny,s(G)>—§.

CUCTEMHBI AHANU3 U MEXXAUCLIUMIIMHAPHBIE MOAX0Abl B UCCNEAOBAHUAX

If true, the lower bound is the best possible.
For example, Let G be a graph whose every
component is K,,. By Lemma 1.2 and Theorem

3.3, we have v, (G) :—;|V(G)|.

Problem 3. Is it true that y_(T)>0 holds for

all trees T? If true, characterize the trees T
satisfying y . (T)=0.
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Fan Yong, Zhang Xuan

YAK 681.3

AN EMPIRICAL STUDY ON
CONCENTRATION RATIO IN CHINA’S
SECURITIES TRADERS

Among the framework of industrial structure
theory, concentration ratio is regarded as a main
criterion to measure the market structure. Since
the change of concentration ratio will directly
reflect the competition status in market,

a A ),

comprehensive analysis of it will reflect the
distribution of inner-industry business and
competition in the market. The most common
criterion is concentration ratio (CRn, see Formula
an index refers to the proportion of
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accumulated amount or quantity of relevant
values (including production, sales and assets) of
several (indicated by i) biggest businesses in a
certain industry to that of the whole industry. In
the formula, n is usually the number 5 or 10.
Generally, the bigger the value is, the more
intensive monopoly exists within the industry.
Moreover, the formula reflects that the number of
businesses and the size distribution are two
important aspects of market structure. Therefore,
the formula is highly persuasive.
N

CRn=3Xi) Xi.
i=1 i=1

Note: n refers to the number of businesses in
the industry;

Xi refers to the relevant values of a certain
business.

I.Concentration Ratio in China primary
market. Recent years has witnessed a high
business concentration ratio in China's securities
industry. In 2005, there are 13 companies who
acted as main underwriters for the issue and
allotment of the new shares. In terms of monetary
value, China Finance Company ranked first with
its amount accounts for 87.64 percent. Compared
with the percentage in 2004(58%), this figure
increased by 30%. Such an increase has improved
the level of the whole industry.

China's concentration ratio is ascending
rapidly. The market share of the first ten securities
traders has increased from 58.61 in 1997 to 87.64,
indicating that the underwriting market is
developing from a situation of low-intermediate
oligopoly market to an intermediate one. In other
words, the number of securities traders
dominating the market is decreasing and that
monopoly becomes more and more of higher

level. Considering that the top traders in the
ranking lists vary each year, it is not easy for the
major securities traders to keep its absolute
competitive prestige and the competition must be
intensified.

In addition, although the total amount of
market financing is decreasing year after year, the
amount occupied by the major securities traders
is rising. The gradual increase of concentration
ratio has posed great danger to the small and
medium-sized securities traders - to them, the
negative effects exerted by market depression, by
the underwriting risks or by the intensifying
competition would be much greater than to those
major securities traders. Another defect for the
smaller traders is financing difficulty in primary
market. The major traders are likely to gain their
market share by their substantial funds.

Concentration ratio also, to some extent,
outlines the competition pattern among the
securities traders. Among those first ten securities
traders that have underwritten the biggest
amount financed, there are five traders on the list
all through the three years. Furthermore, some
traders, including CICC(China International
Capital Corporation Limited), CITIC Securities
Co., Ltd, Guotai Junan Securities, Haitong
Securities and Guoxin Securities, are on the list
from the beginning to the end. This indicates that
they are gaining a firm foothold in this field, while
the small and medium-sized traders are of little
competitive strength. Even when the regional
traders have been entitled with the underwriting
qualifications by China's Securities Regulatory
Commission, they are not competent enough to
contend against those major traders in terms of
aspects such as funds strength, research abilities,

Table 1
Concentration Ratio of Primary Market in China
Securities Corporation (from 1997 to 2005) Unit %.

Project 1997 1998 1999 2000 2001 2002 2003 2004 2005
CR1 9.88 12.77 10.46 9.29 12.50 36.30 17.36 19.34 59.14
CRS5 38.57 43.83 40.59 35.85 38.42 52.93 48.37 51.19 78.76
CR10 58.61 68.34 53.84 | 54.48 56.6 67.29 72.61 67.80 87.64

Source: values from 1997 to 2001 were derived from the yearly "Ranking of Securities Traders
Achievement" issued by China Securities Industry Association; values from 2002 to 2005 were derived by
calculating the statistics revealed in yearly “Financial Analysis Report of Securities Company"” by Accounting
Department, China's Securities Regulatory Commission.
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business technology, innovation, service quality

and creditworthiness. Therefore, the human
resources and financial resources invested in such
smaller traders would only produce limited
returns. That is, there exist serious wastes in the
resources within the majority of small and
medium-sized securities traders. For a transitory
securities trader, a trader who 1is not
comprehensive trader but is endeavoring become
one, such waste becomes conspicuous.

The international market in 2004 showed that
in American stock underwriting market, the
concentration ratio CR5 is 58.9% and CR10is 82.8
percent. The primary market, accordingly, was
classified as intermediate oligopoly market.
Meanwhile, we must be aware that the reason why
China's primary market is taking on the pattern of
intermediate oligopoly market is derived from the
rigid examination and approval system
concerning the securities traders' qualification
for underwriting. Such system would result in
disadvantages such as a high entry barrier, a
comparatively smaller number of new listed
companies per year and a limited financing scale.
In consequence, the market depth and
extensiveness are limited. A constructive advice is
that China's major securities traders must attach
great importance to improving the research level,
service quality and brand, business technique and
innovation. Otherwise, once international
investment banks enter China, the present market
structure would be easily broken and they could
not contend against the foreign traders. Chances
are that their market share would be occupied by
foreign banks.

II. Concentration Ratio in Secondary
Market. As is indicated by the above table, during
the period between 1997 and 2001, the
concentration ratio has risen rapidly which

CUCTEMHBI AHANU3 U MEXXAUCLIUMIIMHAPHBIE MOAX0Abl B UCCNEAOBAHUAX

indicates the securities brokering business began
to center on big company, an initial indication of
brand effect. However, from 2002 till now, the
market concentration ratio tends to decrease. A
financial analysis report of a securities company
shows that the total amount commission charge of
the first ten securities companies added up to
4521,000,000, or 45.21 percent of the total income.
This may indicate that the market share of the
economic work tends to be highly concentrated -
more than 45.21 of the total commission is
charged by nine percent securities companies.
The stock brokerage is in a low concentration
stage and the competition within the business is
highly intensive. The main reason is that all the
securities traders are running the same business,
thus over-competition arises. If one looks at this
from a developmental standpoint, one may find
that from 1997 to 2005, CR5 and CR10 tend to
increase to a certain extent every two years. Such
a tendency indicates a constant increase of
market dominance and the gradual improvement
of market structure.

For most of the securities traders in China,
the major source of income is the brokerage
business. It is estimated that for most small and
medium-sized dealers, the brokerage accounts for
over sixty to seventy percent; for integrated
securities traders, more than forty percent. For
the sake of scale economic effect, those large
powerful securities traders tend to attract
institutional clients with their favorable
discounts. Such measures not only intensified the
price war but also decreased the benefit ratio of
brokerage.  Therefore, most small and
medium-sized dealers, especially those rely solely
on the business of brokers, are confronted with
heavier and heavier pressure of competition since
their market share tends to shrink increasingly. It

Table 2
Concentration Ratio in Secondary Market by China
Securities Company Unit: %.
Project 1997 1998 1999 2000 2001 2002 2003 2005
CR1 8.36 8.37 12.2 12.47 13.36 8.33 7.89 9.48
CRS 35.72 39.82 48.21 53.24 53.33 28.35 27.8 31.11
CR10 57.79 60.65 68.11 76.33 75.47 40.64 39.51 43.58
The source of this table is the same as that of Table 1.1.
The brokerage includes the transaction amount of stocks, funds and bonds.
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is undeniable that the current situation are likely
to fluctuate due to the fact that the operating
environment for the brokerage business is
undergoing a fundamental change, thus it
becomes more and more difficult to survive. The
following paragraphs will shed light on the
reasons.

Firstly, the contradiction between rigidity of
supply and flexibility of needs has formed a week
basis for the traditional brokerage. At present, to
increase capital and shares or to recombine and
reorganize with each other is common practice for
the securities traders; new operating sections are
about to open. All these means that the supply of
the business is expanding but the needs
comparably stabilizes. Such contradiction would
undoubtedly aggravate the competition between
securities traders.

The second impact on the securities industry
is related to brokerage. The reasons lie in the
following three aspects: firstly, compared with
those world-renowned traders, stocker traders in
China has much more to improve in terms of
service quality, credit, sales techniques and the
clients relations management; secondly,
brokerage is the platform of all the securities
business which involves stiff competition within
the industry. Once foreign capitals are allowed to
enter thisindustry, the first field they will compete
for is brokerage industry; thirdly, foreign traders
have an advantage of low cost.

Furthermore, the marketization and
reduction of commission has become a tendency.
The reduction of commission will have a profound
impact on those small and medium-sized
securities traders who depend on brokerage and
lack advantageous business. The maketization of
commission will put an end to the period during
which brokerage business brings high profit. Thus
equalization of profit becomes prevailing trend.

In brief, all the change will exert great
influence on the brokerage business. The increase
of the risks and the decrease of the traditional
profits development will change the competition
structure of brokerage. Consequently, the
development of concentration ratio in the
secondary market will be deterred. It is urgent for
domestic securities traders to adapt themselves to
the change of the external environment and
improve their competitive strength.

ITI. Concentration Ratio of Operating
Sections. The operating sections of China's
securities traders show regional concentricity.
Among the 31 administrative districts in China
(Hong Kong, Tai Wan and Macao are not
included), the five districts, including Shanghai,
Guangdong, Beijing, Jiangsu and Zhejiang
owned almost 50% operating sections (See Table
3). An investigation into the North-western area
(Shang Xi,Gan Su, Ning Xia, Qing Hai, Xi Zang
and Xin Jiang will find that the operating sections
amount to only 4.5%, with Shang Xi sections
account for 45%. In 2004,

Table 3

An Analysis of the Number of Operating Sections (OS)
Located in Eastern Areas and Northwestern Areas in China.

Eastern Areas Western Total Percentage of OS Percentage of

Areas OS

Year ]

No. of OS No of OS No. of OS in Eastern Areas in Western
Areas

2001 1418 2942 48.19

2002 1515 3072 49.32

2003 1194 119 2649 45.07 3.94

2004 1348 139 2972 45.36 4.68

2005 1401 143 3058 45.81 4.68

2006 1475 143 3145 46.9 4.55

Source: Web: www.weihai.com.cn
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sections
development of securities transaction market in
the northwestern area lagged behind that in the
eastern area. The reasons are self-evident. The
five eastern provinces (including Shanghai, the

uneven distribution of operating
is resulted from the fact that the

municipality directly under the Central
Government) are economically advanced areas
with a strong element of investment and high
population density there. Surely the securities
traders would take those elements into
consideration when choosing the location of their
subsections. The inland area, with its low
population density, undeveloped economics and
conservative ideas, is not an ideal place to build a
large number of stock business branches from the
angle of cost analysis. However, one thing that
should be noticed is that the above-mentioned
developed area is saturated with operating
sections for securities. A case in point is that
Shanghai has 528 operating branches, accounting
for one sixth (17.2%) of the total. No matter how
developed an economic area is, there is still a
limited capacity for establishing new operating
sections. Building too many subsections in the
same area would lead to over-competition or a
reduction of profit potentials. Thus it will be a
waste of resources. Moreover, the financial
economical perspective encourages us to foretell
capital market. Firstly, with the national capital
investment in constructing northwestern area,
some projects in this area will gradually
developed to such an extent that they will apply

for financing. This is certainly an opportunity for
the investment department of securities traders to
run business there. Another stimulation for
investment is that with the deepening of West
Development, the income of the local citizens
would improve. Therefore, it is highly
recommended that, after careful investigation,
more operating sections be constructed there and
the service be improved. This would also produce

advantageous  interactivity = between  the
development of West Development and
northwestern capital market.
REFERENCES
1. Smirlock, M. Gilligan,T.and Marshall,
W.(1984) Tobin's q and the structure-
performance relationship. American

Economic Review, 74,1050-60.

2. Xiao Dawei, Industrial Histology M, Fudan
University Press,1994.

3. Yao Qin, A empirical study of structure of
China's stock market and its performance,
Leading Newspaper in Stock Market,

2003,(2).
4. Fang Fang and Fu Changwen. The impact of
concentration ratio and scale on the

performance of China's stock market [J],
Financial Study, 2004, (1).

5. Wang Chong, A study of the cost system in
China's stock market - with regard to the SCP
analysis structure of China's stock market,
Thesis for Doctorate, 2006.

Kopoatok N.C., Koropun B.C., CannkoBa O.K.

YAK 621.01(07)

MOHUTOPUHI U AUATHOCTUKA
CUCTEM KAHECTBA NPEONPUATUA

B ycAoBUSX COBpEMEHHOTO PHIHOYHOTO ITPO-
M3BOACTBA, B KOTOPOM KOHTPOABL KauecTBa IIPo-
AYKIIUM U YCAYT OCYIIECTBASIOT NOTPEOUTEAH,
KOHKYPEHIIUS YCUAMBAETCH, a IJUKA IPOAYKIUU
CTA@HOBUTCSI KOpOue, MEHSIOTCS OTHOIIEHUS K
BXOAHOMY U WHCTPYMEHTAABHOMY KOHTPOAIO U
000CHOBAHUIO BHEAPEHUS CUCTEM MeHeAKMeHTa
KavecTBa. [TpeATTpusTASI 1 KOMITAaHWUY OTKa3bIiBa-
FOTCSI OT UCITOAB3YEeMBIX UMW OPTaHU3aITMOHHBIX
W ONeparuoHHBIX TPUHITATIOB, TPAAUITMOHHBIX

CTPYKTYpP U CTPeMsATCS paljMOHAAU3MPOBATh,
YIPOCTUTL AEWCTBYIOIIWE TIPOM3BOACTBEHHBIE
CUCTEMBI. DTO TTO3BOASIET UMETh MEeHBIYIO I0-
TPeOHOCTb B KOHTPOAE, YPEryAUPOBaHUY, YITPaB-
AEHWHU, YTO COOTBETCTBYeT W3BECTHBIM 14 mpu-
HITUTIaM AeMUHTa. A KOpIiopaTuBHAas CTPYKTypa -
Ooaee TMOKOM, TBOPUECKOM U HOBATOPCKOMU, UTO
MTO3BOASIET MOBBICUTH W ITPOU3BOAUTEALHOCTD, U
3P PEKTUBHOCTD AEATEABHOCTH IIPEAIIPUATHUN U
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KOMIIaHUM, UMeIOINH IIeHHOCTL AAST TTIOTpebuTe-
ASL

3ajauaM yIIpaBAeHHUS KaueCTBOM IIPHUAQEeTCS
OOABIIIOe 3HaueHHMe BO BceM Mupe. locyaa-
PCTBeHHAas MTOAAEPIKKA TPEATPUATUN, BHEAPSIIO-
IIUX y ce0s1 CUCTeMbl KQueCTBa, CTAHOBUTCS I10-
BCEMECTHBIM SIBAeHHEeM. DKOHOMUYEeCKUe Ipeu-
MYIIIeCTBa IPEAIPUITHMN, UMEIOIUX CUCTEMY Ka-
yecTBa 1o MMCO 9000, mOATBepP>KAAQIOTCS CIIeIH-
aAbLHBIMM HCCAEAOBaHUSIMU. Bce 3TO TOBOPUT O
TOM, 4YTO yIIpaBA€HNe KaueCTBOM SIBASETCS HO-
BBIM IITaTOM B Pa3BUTUU NIpeAnpusaTuii. M aTo He
IIPOCTO BHEApPeHNe KaKuX —TO CIIOCOOOB, IIpue-
MOB MAU CX€eM, COBPeMeHHOe yIIpaBAeHUe Kadec-
TBOM — 3TO HOBBIM ITOAXOA KO MHOTMM BOIIPOCAM,
HOBOe IIOHUMaHMe CYTH IIPOoIeccoB, (purocodus
KauyecTBa.

OpuH 13 0a30BBIX NIPUHITUIIOB yIIPABAEHUS
KaueCTBOM COCTOUT B IPUHSATUU peIIeHUuUd Ha
ocHOBe (pakToB. HanboAee TTOAHO 3TO peniaeTcs
METOAOM MOAEAUPOBAHMS ITPOITECCOB, KaK MPO-
W3BOACTBEHHBIX, TaK U YIIPABACHYECKUX UHCTPY-
MeHTaMM MaTeMaTUu4eCcKoM cTaTUuCcTuku. OAHAKO,
COBpeMeHHblIe CTaTUCTUYEeCKUEe METOABI AOBOAL-
HO CAOSKHBI AASI BOCTTPUSITUS Y ITUPOKOTO TPaKTU-
YeCKOI'0 UCIIOAB30BaHus 0e3 yrAyOAeHHOU MaTe-
MaTU4YeCKON IIOATOTOBKM BCEX YUYACTHUKOB IIPO-
necca. K 1979 ropy Co103 AaIOHCKUX YUYeHBIX U MH-
>xeHepoB (JUSE) cobpan BOepAMHO CceMb AOCTATOU-
HO TIPOCTBIX B UCIIOAB30BAHUU HATASIAHBIX METO-
AOB aHaAlM3a IPOIEeCCOB.

MOHUTOPUHT TEXHUYECKOTO KauecTBa — 3TO
OTCAEKUBaHME KaueCTBa KOHKPETHOU IIPOAYK-
IIUY, TpepraraeMoM MPOU3BOAMTEAEM HAM IIO-
CPEAHMKOM ITOTPEOUTEAO, 3@ KOTOPYIO ITOTpedu-
TeAeM IIPOU3BOAUTCSA OIAATA, COOTBETCTBYIOIIA
LleHe KyIAU-IIpoAasky [1].

KauecTBO co3paeTcst Ha BCeX CTAAUSTX ITPOM3-
BOACTBa. He MoskeT OBITH KaueCTBEHHLIM TOBAap,
KOTOPBIN, XOTSI U COOTBETCTBYET BCEM TeXHHUYEC-
KUM TpeOOBaHUAM U clleu(PUKALUIM, He Hy )KeH
notpedbuteato. OcHOBa KauecTBa TOBapa — 3TO
onpepeAeHUe oTpeOHOCTel noTpedbuTtens. Kon-
TPOABb 3@ KQUeCTBOM U3IOTOBAEHUS NPOAYKIIUU
paccMaTpuBaeTCsd KaK YIIPABASIONIAs CHUCTEMA,
UMeIOIIasi EeAbIO IIPOrpaMMUPOBaHNE U KOOPAU-
HAIlWIO YCTAaHOBAEHUS, IIOAAEPIKAHUS U YAyUIlle-
HHS KaueCTBa TPOAYKIIMU ITPU HanuboAee SKOHOM-
HOM YpPOBHE 3aTpaT, HEOOXOAUMBIX AAS IIOAHOTO
YAOBAETBOPEHUS TPeOOBAHUM ITOTpeduTend [2].

YpoBeHb KauecTBa IPOAYKIIMU B 3KCIIAyaTa-
UM (IOTPeOAEHNM) XapaKTepU3yeTCd CAEAYIO-
IITUMU TTOKa3aTEASI MU

- Koa(ppuireHT AePEKTHOCTH;

- 3aTpaThl Ha YCTPaHeHUe U IIepepeAKy Opa-
Ka, OOHapy’>KeHHOTO BO BpeMsd TEeXHHUYeCKOTO
KOHTPOAST;

- PacxXxoAbl Ha YAOBAETBOpPEHUE IIPeTeH3UU
MMOTpeOuTEeAeM B CBSI3U C BBIIBAEHUEM AeDEKTOB
WAM HEAOCTATKOB B IIpollecce 3KCIAYaTalluy UAT
MOTpeOAEHUSI TOBAPOB.

[TokazaTeAn KauecTBa MOTYT XapaKTepU3o-
BaThCS HETPEPHIBHLIMU UAW AVCKPETHBIMU BEAU-
ynHaMu. OHU MOTYT OBITh @OCOAIOTHBIMHU AU OT-
HOCHUTEABHLIMU. 3HAUEHMNS BEAWUYNH 3aBUCSIT OT
YCAOBUM M METOAOB UX onpepereHus. [lokazaTe-
AU Ka4yecTBa IIPOAYKIIUM YCTaHABAMBAIOTCSH O0B-
€KTUBHBIMU METOAAMHY, @ TaKyKe 3KCIIePTHHIM ITY-
TeM M paCCMaTPUBAIOTCS IPUMEHUTEABHO K YCAO-
BUSM CO3AQHUSA U dKCIAyaTalluu (IOTpeOAeHUs)
npoaykiuu. [TokazaTeab KauecTBa IPOAYKITHH,
XapaKTepU3YyIOIIUN OAHO ee CBOMCTBO, Ha3bIBa-
eTcs eAUHUYHBIM, ABa U O0OAee CBOMCTB — KOM-
IAEKCHBIM.

[Tpu olleHKe YpPOBHS KadyecTBa IIPOAYKLMNU
HUCHOAB3YIOTCS KaK TeXHUUECKUE, TaK U 9KOHOMMU-
yeckue AaHHble. OOoCHOBaHMe BbIOOpa HOMEH-
KAQTyphI TOKa3aTeAel KaueCTBa MPOU3BOAUTCS C
Y4eToM:

- HA3HAQYEHMI U YCAOBUN MCIIOAB30BAHUI
IPOAYKITUY;

- aHaAM3a TpeOOoBaHUM NOTPEOUTEAS;

- 33Aau yIIpaBAE€HUS Ka4eCTBOM IIPOAYKIINH;

- COCTaBa W CTPYKTYPHI XapaKTepPU3yeMBIX
CBOMCTB;

- OCHOBHBIX TpebOOBaHUMU K ITOKa3aTEASIM Ka-
YyecTBa.

OnruMun3anus METOAOB U TTapaMeTPOB KOH-
TPOAsi. BUOPOMOHUTOPHUHI U1 BUOPOAMAr{HoCcTu-
Ka. OAHOM 13 IEPBOOYEPEAHBIX 3aAa4 O TUMU3a-
ITUU CUUTAEeTCsI BLIOOP BUAA TEXHUUYECKOTO KOH-
TPOASI B 3aBUCUMOCTHU OT Ha3HAUEHUST TEXHOAOT -
4eCcKOro mporuecca. K BupaM TeXHUYeCKOro KOH-
TPOASI OTHOCSIT HEeIIPEePBLIBHLIM, TePUOANUYECKIH,
AETYyUYNU KOHTPOAb TEXHOAOTMUYECKHUX OIlepalriui,
a TaK>)Ke CIIAOITHOU 1 BBIOOPOYHBIN KOHTPOAD Ka-
yecTBa IIPOAYKINY, IPEABSIBASIEMON OTAEAY TeX-
HUYEeCKOTO KOHTPOASI. OT IIpaBUABLHOCTH BhIOOPa
KOHTPOASI 3aBUCST TEPUOAUTHOCTL U OOHEM BHI-
TIOAHEHUS KOHTPOABHBIX OIepalinii, a CAepoBa-
TEABHO, UX TPYAOEMKOCTb, YUCA€HHOCTb ¥ KBaAU-
JuKaluss KOHTPOAEPOB, OCHAIIEHHOCThL Ollepa-
WU CPEeACTBAMU KOHTPOAS, IPUMeHsIeMble MeTO-
ABI KOHTPOAS, AOCTOBEPHOCTb U TOUHOCTh TEXHU-
YeCKOTO KOHTPOAS.

K 4uncay mMHOKecTBa 33Aau ONTHMU3ALUH
KOHTPOABHBIX MPOIECCOB OTHOCSTCS ONTUMM3a-
Mg II0 3KOHOMUYECKOMY KPUTEpPHIO pasMelle-
HUSI KOHTPOABHBIX OTIePAaNii BHYTPU TEXHOAOTHU-
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YeCKOro IIpOoIlecca, ONTUMM3alus CTPYKTYPHI
KOHTPOAS ¥ T.II.

MHO>XeCcTBO METOAOB ONTUMHU3AIIUN Ollepa-
UM TEXHUYECKOTO KOHTPOASI TIPUHAAAEKUT K
MHOJKECTBY 3aAa4 OIITUMU3AIIUY IIPOIIeCCOB KOH-
TPOASI KauecTBa.

K mamboaee Ba>kKHBIM METOAAM OIITHUMM3a-
WU IIPOIIeCCOB U ONepanui TeXHUUYEeCKOro KOH-
TPOASL CAeAyeT OTHeCTH OOABIIYIO IPYIIy CTaH-
DAPTHBIX METOAOB CTAaTUCTUYECKOI'O PEeTyAUPOBa-
HUSI TEXHOAOTUUECKHUX MPOI[eCCOB, CTAHAAPTHBIX
METOAOB CTATUCTUUECKOTO MTPUEMOYHOTO KOH-
TPOASI U pa3BUBAlOIleecs HallpaBAeHUe — IIpU-
MeHeHUWe MeTOAOB AMHEMHOTO M MHOKEeCTBEeHHO-
ro KOPPEAdIUOHHOTO aHaAW3a B TEeXHUYECKOM
KOHTPOAE AASL pellleHUs 3aAau 10 (PaKTOPHOMY
aHaAM3y NPUYUH Opaka, B3aMMOCBSI3M KBaAUTE-
TOB KOHTPOAUPYEMBIX A€TaArel U KBaAU(PUKAIIUN
KOHTPOAEPOB U AN PSIAQ APYTHX 3aAad.

[lpeBpaliieHrie B MalllMHAX W MeXaHW3Max
OAHVX BUAOB 3HEPTUU B APYTHE, TpeoOpa3oBaHue
hbopM ABMIKEHUS, OCYIIeCTBACHNE pabo4ynXx IIpo-
11eCCOB Hen30eKHO CBSI3aHO C TOsIBACHUEM Iiepe-
MEHHBIX CUA U MOMEHTOB, IIOPOJKAQIOITUX BUOpa-
nuio. OHa OTPUIIATEABHO BAUSIET Ha IIPOYHOCTDb U
M3HOC U3AEAUM, Ha HAAESKHOCTL U 0e30IIacCHOCTD
MallIWH, HeCYIUX KOHCTPYKIIUN, COOPYKEeHUU u
OKa3bIBaeT BpeAHOe BAMSIHUE Ha (PU3NOAOTHYUEC-
KOe cocTosgHue AtoAel. [lpu pocTurkeHUu orpe-
AEAeHHBIX 3HaUeHUN BUOpAaIius MOJKET BLI3BATh
HapyllleHne paboyux IPOIecCoB, IIPUBECTU K
PaccTpoMKe CHUCTEM YIPABACHUS U PETYAUPOBA-
HU, UCKAQ)KEHUIO IOKA3aHUU NPpUOOPOB, YCUAECH-
HOMY M3HOCY KMHEMaTU4YeCKUX Tap, MOAOMKaM
AeTanel u aBapugam Maind. CTaTUCTUKA TOKa3bl-
BAeT, YTO B OOABIIMHCTBE CAydYaeB IIOAOMKH M
aBapuu MalIWH IIPOUCXOAAT IO IpUYUHe BuOpa-
IIUY, BO3HUKAIONIENW IPU OTKAOHEHUU MoKa3aTe-
A€l peskuMa pabOThI MAIIMH OT AOITYCTUMBIX 3HA-
JeHUU, n3MeHeHuu POPMbI U B3aUMHOTO TIOAO-
KeHUS AeTarel, OCAaOAeHUU KPelIAeHU ! U IToca-
DOK AeTanel, TOIBACHUM 3HAUYUTEABHOU HeypaB-
HOBEIIIEHHOCTU ABWKYIUXCA YacTel. B HacTos-
Ilee BpeMs CHU)KeHMe BecorabapuTHRIX XapaKTe-
PHUCTHUK, HOBBIIIIEHUE CKOPOCTHU U MOUTHOCTU Ma-
IIUH IIPUBOAUT K YBEAMYEHUIO BHOPAIMOHHBIX
Harpy30K Ha UX A€TAAU U Y3ABL. OTO IPHUBOAUT K
HEeOOXOAUMOCTU KOHTPOASI BUOpAIMU MAaIlnH.
CBs3b BUOpAUU C KQUeCTBOM M3TOTOBACHUSI U
CcOOPKU MAIlINH, U3HOCOM UX A€TAAEU U Y3A0B, pe-
>KUMOM pPabOThI, HAAEKHOCTBIO U 0€30IIaCHOCTHIO
IIO3BOASIET MCIIOAB30BaTh €€ XapaKTePUCTUKU
AAST OIT@HKU TeXHUYECKOTO COCTOSIHUS COCTABHBIX

CUCTEMHBI AHANU3 U MEXXAUCLIUMIIMHAPHBIE MOAX0Abl B UCCNEAOBAHUAX

JacTel MAlIWH, IPOrHO3UPOBAHUS UX pecypca U
ONITUMM3AITUM peskuMa paboTHI [3].

AAsT oTpaHUYEeHMS BUOpAllUU B Pa3AUYHBIX
00AACTAX TEXHUKU YCTAHABAWBAIOT TPEOOBAHUA
U HOPMBI AN ee peraameHTanuu. [Toa TpeboBa-
HUSMU II0APa3yMeBatoT IIPpeAEAbHO AOIyCTUMBIe
YPOBHU BHOpAINU, KOTOPBIE HEOOXOAUMBI AAS
IIOAHOTO YAOBAETBOPEHUS YaCTHBIX YCAOBUM Oe3
ydueTa UX BBIIIOAHEHUS B AQHHBIY MOMEHT BpeMe-
HU. [Top HOpMamMu OOBIYHO ITOHUMAKOT YCTAHOB-
A€HHBIE C TOMOIIbIO CTATUCTUYECKUX METOAOB
PEearbHO AOCTUJKHUMBIE MUHUMAAbHBIE YPOBHU
BUOpAaInK, BEIITOAHEHUE KOTOPBIX IBASETCS 004-
3aTeABHBIM. B OOABIIMHCTBE CAy4YaeB HOPMBL
YCTaHaBAUBAAUCH C Y4eTOM BCeX HauboAee BaK-
HBIX YCAOBUH. [TOCKOABKY OHU He MOT'YT B PAaBHOU
CTelleHU YAOBAETBOPATH BCeM TpPeOOBaHUAM,
HOPMBI IBASIIOTCS PE3YABTATOM KOMIIPOMUCCHOTO
penieHusda. CHU>KeHMe BUOpAaIMM MallluH U 00-
OpPYAOBAHUS HUYKe OIIPEAEAEHHOI'0 3HaUeHUSs OT-
pa’kaeTcs Ha APYTUX ee II0Ka3aTeAsdx, B TOM UuC-
A€, Ha CTOMMOCTHU U CPOKaxX M3TOTOBAEHUS U pe-
MOHTAQ, BeCOrabapUTHBIX XapaKTepucTukax. [1pu
YCTaHOBAEHUM HOPM BHOpaIuy MalluH HeoOXo-
AVIMO UCXOAUTH U3 TPeOOBAaHUM 00ecliedeHus He-
00XOAUMBIX ITOKa3aTeAel HAAEKHOCTH (HapaboT-
Ka Ha 0TKa3, Pecypc A0 KallUTaAbHOI'O peMOHTa 1
Apyrumu) u 6e3omnacHocTy. CylecTByOIMUe HOP-
MBI U TpeboBaHUA IO OTPaHUUYEHHUIO BUOpaIuu
MallTH MO>KHO TOAPA3AEAUTD!

a) HOpPMBI, peraaMeHTHUPYIOIHe BUOPOaK-
TUBHOCTB ¥ KQUECTBO U3TOTOBAEHNS (MOAEPHHU3a-
1Y, PEMOHTA) MalllnH;

0) SKCIAyaTallMOHHBIE HOPMBI AOIIYCTUMOM
BUOpAIny;

B) CAaHUTAPHO-TUTMEHWUYeCKUe HOPMBI BUO-
paiuu (TpeboBaHUsd);

T') HOPMBbI Ha BUOPOCTOUKOCTE ITPUOOPOB, Ma-
IINH U CTPOUTEABHBIX KOHCTPYKIIUM IIPU BO3Ae-
VCTBUU BHEITHEM BUOpaInun.

CucreMbl HEIIPepPhIBHOW MOHUTOPU3AIUN U
AVIATHOCTUKU (CTAllMOHApHBIE) TPUMEHSIOT AAS
HanboAee OTBETCTBEHHBIX MallIWH, OTKa3 KOTO-
PBIX MOKeT IIPUBECTH K 3HAUUTEABHOMY CHUJKe-
HUIO BBIITYCKa IIPOAYKILMH, K AOPOTOCTOSIIUM pe-
MOHTaM, IOBBIIIIEHNIO OTACHOCTU AAS JKU3HU U
3MOPOBbs paboTaroNIMX U HaceAeHus. M3-3a BhI-
COKOM CTOMMOCTHU OAHOTO KaHaAa BUOpAIMM KO-
AMYECTBO TOUYEK Ha OOBEeKTe KOHTPOAS YacTo
OTPAaHUYMBAIOT U, CAEAOBATEABHO, OUeHb CAOKHO
pearr30BaTh IOAHYIO ero AUarHocTuky. [Tostomy
3Ty CUCTeMY OOBIYHO AOIIOAHSIOT IIOAYCTAIlMO-
HAPHOM CUCTEMOM.

BOABIIMHCTBO OCHOBOIIOAATAIOINEN MHDOP-
Mallud M TeXHUYeCKUX/padboumx TpeOOBaHUM K
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YCAOBHUSAM PabOTHI MAIIMHBI AOAJKHO IIPEAOCTAB-
ASTBCS IPOU3BOAUTEAEM MAlIUHLBL. Kpome 3ToTO,
cucTeMa MOHUTOPHUHTA UAM 10 KpalHel Mepe pe-
KOMEHAYeMbIe AQTUYUKU AAST AMATHOCTUKM, AOA-
SKHBI OBITh BKAIOYEHBI B KOHCTPYKIIUIO BCEX PO-
TOPHBIX MAIIIVH.

MoHUTOPUHT pabOTHI MAIlIMH U TE€XHOAOTH-
YeCKUX ITapaMeTpoOB AOAKEH HCIIOAB30BaTh Ha-
OAIOAEHMS 3a U3MEHEHUSIMU [IOBeAeHUsI BUOpa-
OUY MaluHbl. PaboTa Mallmmiabl — MeHSIONINUNCS
IIpoIlecc, U AaHHBIe 00OPabOTKU AOAKHBI BKAIO-
YaTh AUHaMHUUYeCKUe KOMIIOHEHTHI HaOATOAQEeMBIX
BeAnurH. VMi3mMeHeHus B mpoliecce pabOTHI UAU
AOTIONHUTEAbHBbIE CBEAEeHUS (U3MeHeHUs TeMIle-
PaTyphbl IOAIIUIIHNKA UAM TOKA HArpy3KH JAeK-
TPOABUI'ATEAS) MOTYT IIDEACTABAATE IIepBhIe Tpe-
BOJKHbI€ CUTHAABI HACTYIAIOUIUX IIPOOAEM, BbI-
3BIBAIOIIUX ITOBBIIIEHHYIO BUOPAIUIO.

B HacTosliee BpeMsi B 3BKOHOMHUKE HAOAIOAQ-
€TCs TEeHASHIUS, IPU KOTOPOM TaKOM II0Ka3aTeAb
KaK KaueCTBO UI'paeT OAHY U3 BEAYIIUX POAeH B
YIIPaBA€HUHN IIPOU3BOACTBOM IIPOAYKIIMU U ee I10-
CAEAYIOILIero ABM)KeHHs. B pasBUTHIX CTpaHax
yIIpaBA€HUEe KaueCTBOM Ha IIPeANIPUSTUN [IPUTS-
ruBaeT 0co00e BHUMAaHUE BCEX MOAPA3AEAEHUH,
KOTOpble BAUSIOT Ha KaueCTBO BBIIIYyCKaeMOU
NIPOAYKIIUU UAU IIPEAOCTABASIEMOMN YCAYTU. A
AYUIIIErO B3aUMOAENCTBUS U, CAEAOBATEABHO, ANS
Ooaee 3(p(peKTUBHOrO pe3yAbTaTa pa3padaThiBa-
IOTCSI Pa3AMYHBIE IIOAXOABI K YIIPABACHHIO Kauec-
TBOM. ECAM TOBOPUTH O MepCreKTUBax, TO 3TO -
ocBoeHUe HOBBIX cTaHAApTOB MCO cepuu 9000,
COMCKaHue EBPONENCKON IpeMUuu II0 KadeCTBY,
3aBOeBaHUe HOBLIX BBICOT B KaueCTBE IIPOAYK-
nuu. [ TounMaHre HeoOXOAUMOCTY BBEACHUSI CUC-
TeM KauecTBa CEropAHs OBICTPO pacTeT B OTeuec-
TBEHHOM ITPOMBIIIIAEHHOCTU Y HAaOAIOAQETCS aK-
TUBHOCTBb UX BHeApeHUs. [Ipeskae Bcero 3To Kaca-
eTCs CHCTeM II0 MeKAYHApPOAHBIM CTaHAApTaM
NCO cepuu 9000. Vicrioab3oBaHUE TPUHITUIIOB
TQM, mopean «I'TpeBocxoacTBO Ou3Heca» EFQM
— «Business Excellence» u kputepues EBpomneri-
CKOU IpPeMHU KAauyeCTBa» ITO3BOASIIOT IIPEAIIPHSI-
THUSIM Y4aCTBOBATh B KOHKypcax Ha npemuu [1pa-
BuTeAbcTBa PD B oOAacTu KauecTBa. V3BecTHO,
YTO PA3AUUMS MEXKAY IIOAXOAAMU CUCTEM MEHEeA-
JKMeHTa KauecTBa cemerictBa MCO 9000 u moae-
ASIMU COBEPIIIEHCTBA 3aKAI0OUAETCSA B MX 0OAACTSAX
npuMeHeHus. CtanpapTel cemetrictBa MICO 9000
copeprkaT TpeboBaHUA K CUCTEMaM MeHeAKMeH-
Ta Ka4eCTBa ¥ PeKOMEHAAQIINHU 10 YAYUIIIEHUIO Ae-
SITEeABHOCTH; OIleHUBaHUEe CUCTEM MeHeAXMeHTa
KaueCTBa yCTaHaBAWBAaeT BBLIIIOAHEHME 3TUX Tpe-
OoBaHUM. MOAEAU COBEPIIIEHCTBA COAEPIKAT KPU-
TEepUM, IMO3BOASIONIUE MPOBOAUTHL CPABHUTEADB-

HYIO OIIeHKY AeITEeABHOCTU OpPTaHu3alluu, U 3TO
MIPUMEHUMO KO BCeM BUAAM AESITEABHOCTU U KO
BCeM 3aMHTEepPeCOBaHHBLIM CTOpPOHaM. Kputepun
OITeHKM B MOAEASIX COBEPIITeHCTBa 00eCIIeunBaioT
OpraHu3aIuu OCHOBY AAS CPABHEHUS €€ AeITEeADb-
HOCTH C AeSITEeABHOCTBIO APYTUX OpraHu3anmii[4].

[lo pe3yabTaTaM MOHUTOPMHTA (DOPMYAUPY-
eTCSI aATOPUTM AMATHOCTUKU, OCHOBAHHBIM Ha
TOM, YTOOBI M3 MHO’KECTBA BO3MOIKHBIX COCTOS-
HUN AMATHOCTUPYEMOTO OOOPYAOBAHHUS BBIAE-
AUTH OAHO, HauboAee BepossTHOe. CAepAOBaTeAb-
HO, 3aA@4a AMArHOCTUKM 110 COBOKYITHOCTH AHAr-
HOCTHMUYECKMX IlapaMeTpoOB OIIpepereHa Kak
UAEHTUPUKAIUSA MHOKECTBEHHBIX CBSI3eM MEeXK-
Ay CTPYKTYPHBIMU XapaKTEPUCTUKAMU X, X COOT-
BeTCTYIOLIMMHN AMArHOCTMYECKUMHM IapaMeTrpa-
MH S, YTO OOyCAOBHUAO IIDUMeHeHue AUArHOCTHU-
YeCKMX MaTpull. AMarHoCTUYecKass MaTpulla
NIPEACTABASIETCS B BUAE ABY3HAQUHOWU AOTMYECKOM
MOAEAHU, ONIPEAEATIONIel CBI3U MeXKAY CTPYKTYP-
HBIMU ¥ AUATHOCTUUECKUMMU IlapaMeTpaMu IIpu
AOCTHIKEHUM MMHU AOIIYCTUMOMW BeAW4WHEL [Ipu
5TOM, TOPU30HTAABHBIE CTPOKU MaTPHUITHI COOTBE-
TCTBYIOT BBIOPAHHBIM AMArHOCTHYECKUM pado-
TOCIIOCOOHOCTh OIPeAEAeHa COIIOCTaBACHUEM
3TOTO IlapaMeTpa C HOpMaTUBOM. KaskpAoMy BUAY
AedekTa X, IOCTaBAEHO B COOTBETCTBHE OIIpeAe-
AEHHOe COYeTaHUe AMArHOCTUYECKUX IlapaMeT-
POB S, a IIpU AOCTU)KEHUU AMAarHOCTUUYEeCKUM IIa-
paMeTpoM HOPMATHMBHOTO 3HAUEeHUSI BO3MO’KEH
OMMH WAU HECKOABKO AeEeKTOB OOBeKTa Auar-
HOCTUKMU.
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CUCTEMHBI AHANU3 U MEXXAUCLIUMIIMHAPHBIE MOAX0Abl B UCCNEAOBAHUAX

HuJunnan, Xu Xiaoyang
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DIVIDEND POLICY OF LISTED COMPANIES

IN CHINA

Introduction.

The dividend policy is an integral part of the
company's financial management, affecting the
company's earnings distribution, investment
decisions, financing decisions, stock price, etc.
From 1990, Chinese stock market has taken great
changes, such as the stock market scale
continually expanding, companies increasingly
maturing, investors becoming more rational and
supervision growing standard. But compared with
the securities markets of developed countries,
Chinese securities market is still very immature.
Irrational dividend distribution of listed
companies is a serious obstacle to the
development of Chinese securities market.
Therefore, how to regulate the dividend policy of
listed companies becomes currently a very
important topic in China.

1. Problems of listed companies' dividend
policy in China.

1.1. High non-distribution' percentages.

Before 1994, the listed companies that didn't
distribute profit were few in China. However, from
1994 to 1999, the percentage of non-distribution
companies increased as follows: 10.81%, 19.69%,

29.96%, 50.60%, 56.59% and 60.45%. In 2000,
because the Chinese Securities Regulatory
Commission took distributing cash dividends as a
necessary condition for listed companies'
refinancing, the non-distribution percentage
dropped to 35.8% that remained high. Moreover,
table 1 shows an wupward ftrend in the
non-distribution percentage between 2001 and
2005. This situation isn't very conducive to
fostering investor confidence and regulating the
operation of Chinese listed companies.

1.2. Prevalent sending shares’.

In China the listed companies have loved
sending shares for a long time. From 1994 to 1996,
the percentages of listed companies sending
shares were: 21%, 23% and 34%. After 1997 the
percentages of listed companies sending shares
reduced. In 2001 the percentage reduced to the
lowest point 1.05%. Table 2 shows between 2002
and 2005, the percentages of listed companies
sending shares remained around 3%.

Sending shares proportionally increases the
number of shares each shareholder owns. After
sending shares, a shareholder's proportional

Table 1
Dividend policy of listed companies in China, 2001-2005.

. 2001 2002 2003 2004 2005
Dividend
policy Numb  Percen | Numb  Percen | Numb  Percen | Numb Percen | Numb  Percen

er t er t er t er t er t

Non- 40.29 44.53 47.71 43.65 51.66
distibution | ¥7 % Wy, 614 o, 601 o 4y

o 59.71 55.47 52.29 56.35 48.34
Distribution 680 9 679 % 673 9, 776 % 668 o,
Total 1139 100% | 1224 100% | 1287 100% | 1377 100% | 1382 100%

'Non-distribution isn't includes stock dividends and transferring from the “Capital contributed in excess of par

value" account to the “Paid-in capital” account.

’ Sending shares includes stock dividends and transferring from the "Capital contributed in excess of par value"

account to the "Paid-in capital" account.
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Table 2

Number of listed companies sending shares in China, 1994-2005.

Number of listed companies sending

Year Number of listed companics Percent
shares
1994 61 297 21%
1995 73 321 23%
1996 192 570 34%
1997 133 732 18%
1998 116 815 14%
1999 60 922 7%
2000 17 1093 2%
2001 12 1139 1.05%
2002 38 1224 3.10%
2003 45 1287 3.49%
2004 27 1377 1.96%
2005 38 1382 2.75%

ownership in the firm and the stock market value
of a firm remain unchanged. But because the total
earnings remain the same, the increase in the
number of shares results in the reduction in the
earnings per share and the market price per share
of stock. That is to say, after sending shares a
stock is in a lower, more popular trading range
that may attract more buyers. Therefore, many
listed companies send shares to attract more
investors to purchase their stocks. The increase in
investors may raise the market price per share of
stock. So the listed companies may achieve the
goal of gathering the wealth. Under these
conditions, the market price per share of stock is
easy to be distorted, resulting in the increase in

the stock  market speculation. It is
disadvantageous to attract the long-term
investors.

1.3. Low dividend payout ratios’.

What level the dividend payout ratio should
be determined, the firms need to consider many
factors: profession, scale, growing speed and so
on. The dividend payout ratio of U.S. corporations
is about 50%. The dividend payout ratios of and
the Japanese corporations are relatively low (45%
for the Germanic corporations and 35% for the
Japanese corporations). But in China the
important characteristic of listed companies'
dividend policy is the low dividend payout ratio
(about 30%) and the insufficient payment of cash
dividends. Table 3 shows that during the period of

1994 to 1999, the listed companies paying cash
dividends declined in China. Especially, in 1996
the percentage of listed companies paying cash
dividends fell to the lowest percentage (17.89%).
Afterwards, because in 2000 the Chinese
Securities Regulatory Commission required that
the payment of cash dividends was a necessary
condition for the listed company refinancing, the
percentage of listed companies paying cash
dividends increased sharply to 50.78%, even in
2001 reaching the highest percentage (53.64%).
Since 2001 the number of listed companies paying
cash dividends has fallen. Only in 2004 as a result
of the Chinese Securities Regulatory Commission
definitely linking the refinancing of listed
companies with cash dividends, alittle upsurge of
paying cash dividends arose (about 44.22%).
Although the number of listed companies paying
cash dividends increases to a certain degree, the
companies paying symbolic cash dividends also
are increasing. For example, in the two high
percentage years: in 2001, among 611 listed
companies paying cash dividends, the listed
companies whose dividend per share was less
than J®0.05 accounted for 33% of listed
companies, there were 120 listed companies
whose dividend payout ratio was below 25%; in
2004, there were 23 listed companies whose
dividend per share was less than J@0.1 and 93
listed companies whose dividend per share was
less than Jx0.2, these listed companies paid only

° The dividend payout ratio is annual cash dividends divided by annual earnings.
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Table 3

Number of listed companies paying cash dividends in China, 1994 — 2005.

Year Number of listed companies paying cash Number. of listed Percent
dividends companies

1994 134 297 45.11%
1995 100 321 31.15%
1996 102 570 17.89%
1997 170 732 23.22%
1998 206 815 25.28%
1999 286 922 31%

2000 555 1093 50.78%
2001 611 1139 53.64%
2002 537 1224 43.87%
2003 466 1287 36.21%
2004 609 1377 44.22%
2005 510 1382 36.91%

less than 10% to 20% of earnings to the distribution aren't consistent. The dividend

shareholders.

Moreover in recent years while paying cash
dividends the listed companies implemented
financial plans, such as rights offerings, issuing
additional stock, sending shares and so on. This
indicates that the dividend policy of listed
companies is one method of equity financing in
China. For one thing, some companies whose net
assets is higher, reduce the net assets by paying
cash dividends, thereby increasing net income to
net assets ratio to meet the relative requirements
of the Chinese  Securities Regulatory
Commission. For another, some major
shareholders gain and take back their investment
quickly from paying high cash dividends.
Because in China some shares hold by major
shareholders can't be negotiable, while equity
financing these shareholders may abandon
subscribing for additional shares without
worrying about their right removed. On the
contrary they can gain from the net asset's
appreciation  resulted from outstanding
stockholders subscribing for shares at a premium.
Medium-small shareholders not only don't
receive the ideal reward, but also are forced to
participate in the process of refinancing and bear
the loss of stock price fallen. So the whole stock
market is in the doldrums.

1.4. Variable dividend policy.

In China, listed companies distribute
dividends with a great degree of randomness. The
dividends payout ratio and the form of dividend

payout ratio is sometimes high and sometimes
low. The forms of dividend distribution sometimes
pay cash dividends and sometimes send shares.
From 1996 to 2000, the number of the listed
companies that continued paying dividends for 4
years accounted for 4.5% of the total listed
companies. From 1997 to 2000, the number of the
listed companies that continued paying dividends
for 3 years accounted for 7.44% of the total listed
companies. The number of the listed companies
that continue paying dividends for 4 vyears
increased during the period 2002 — 2005 (Table 4),
but it amounted to only 29.21% of the total listed
companies. Moreover, the annual dividends that
the listed companies that continue paying cash
dividends distribute are unstable (some years
high and some years low). The variable dividend
policies of listed companies send investors the
variable operating information, inducing
investors to worry about the business risk of listed
companies. Consequently the market price per
share of listed companies' stock is influenced
greatly by the variable dividend policy.

2. Analysis of reasons.

2.1. Macroscopic factors.

2.1.1. Securities capital market' inefficiency.

The Chinese securities market starts after the
securities market of western developed country. It
belongs to the weak form of capital market
efficiency, not yet achieving semi-strong form of
capital market efficiency. There are many
imperfections in some aspects, such as
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Table 4
Number of listed companies continuously paying dividends in China, 2002 - 2005.
. Paying Paying Paying Paying No Total
C:;Zecutlve dividends for 1 dividends for 2 dividends for 3 dividends for distribution
Y year year year 4 year for 4 years
Number 178 158 188 364 358 1246a
Percent 14.29% 12.68% 15.09% 29.21% 28.73% 100%
*Selected Shanghai and Shenzhen Stock Exchange-listed stocks.
non-negotiable stock, stockholder's equity Regulatory Commission, the State Asset
structure, governmental intervention, Management Commission and the Ministry of

information disclosure and so on. The efficiency
of the Chinese securities market is low. The stock
market is often treated as the financial place of
listed company, instead of the place of realizing
resource allocation optimization. These are
disadvantageous to guiding listed companies to
formulate the rational dividend policy.

Firstly, the reformation of stockholders'
equity division is hard. By the end of 2004, the
total shares of listed companies had been 714.9
billions shares in Chinese stock markets. The
454.3 billions shares that accounted for 64% of the
total listed companies’ shares couldn't be
negotiable. Because the percentage of
non-negotiable shares is very high, the
shareholders who hold non-negotiable shares can
take advantage of their control of the corporate
governance to manipulate the payment of listed
companies' cash dividends. So the payment of
cash dividends becomes a strategy of these major
shareholders obtaining cash. However compared
with  these  non-negotiable shareholders,
negotiable shareholders only obtain negligible
profits. In order to enable Chinese listed
companies to have a long-term healthy
development and protect the long-term interests
of investors, the State Council put forward the
reformation of stockholders' equity division to
change the unreasonable stockholders' equity
structure of Chinese listed companies in 2005. By
August 28, 2006, in Shanghai and Shenzhen stock
markets, the listed companies that carried out the
reformation of stockholders' equity division had
amounted to 1145, accounting for 85.2% of the all
listed companies that should carry out the
reformation of stockholders' equity division. But
the reformation of stockholders' equity division is
not easy. Chinese stock markets inevitably
encounter some problems, such as: the
reformation of stockholders' equity division is
still in the policy aspect of the Securities

Finance, without formally entering the legislative
track; the securities market lacks the pricing
principles; the volatility of listed companies'
performance influences the stability of the
securities market; the diversity of investors
impacts on the securities market; the Government
is eager for quick success and instant benefit,
neglecting the quality of the reformation of
stockholders' equity division; and so on.

Secondly, the Government intervenes. China
is a country switching the planned economy
system to the market economy system. The stock
market is in the condition that demand exceeds
supply. The Government excessive intervention
affects the dividend policy of listed companies to
a certain degree, distorting the information of
dividend policy conveying. As a consequence, the
trend of stock markets is divorced from the
national economy.

Finally, the information disclosure isn't
standard. In China the dividend policy of most
listed companies aren't consistent. When the
profitability of a listed company doesn't change,
the listed company frequently changes the form
and quantity of dividend payment without
disclosing any reason. This inevitably misleads
the investors and reduces the efficiency of market
resources allocation.

2.1.2. Economic environment influence.

State macroscopic economic environment
has a great influence on the dividend policy of
listed companies. During the initial period of
Chinese stock market developing, Chinese
macroscopic economy grows speedily due to the
reform and open policy. Chinese listed
companies' operation also obtains the high-speed
growing power, especially real estate, electrical
appliances, computer and finance developing
rapidly. These industrial listed companies rapidly
expand their capital stock in a short time by
sending shares and rights offerings. However,
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when China enters the economic adjustment
time, for adapting economic adjustment, many
listed companies either don't distribute dividends
or carry out the dividend policy of not expanding
the capital stock.

2.1.3. Laws and regulations imperfections.

In order to protect investors' interests,
Chinese "Company Law" and "Negotiable
securities Law" all lay down some restrictions on
the dividend distribution of listed companies,
such as capital impairment rule, insolvency rule,
undue retention of earning rule. But because
there aren't the detailed rules of paying
dividends, listed companies can decide the form
and quantity of dividend distribution at will. That
is to say, it isn't illegal that the board of directors
decides not to pay dividends. Since the dividend
distribution right of medium-small shareholders
can't be upheld by law, the investors' enthusiasm
and the development of listed companies are
influenced greatly. Moreover, so far the
Government hasn't legislated for the reformation
of stockholders' equity division. The reformation
of stockholders' equity division is upheld only by
some policies issued by the Securities Regulatory
Commission, the State Asset Management
Commission and the Ministry of Finance. Thus,
the supervision methods of Chinese securities

regulatory department lag, often being
administrative means instead of laws.

2.2 Microscopic factors.

2.2.1. Imperfect corporate governance
structure.

The imperfect corporate governance

structure is an important factor of listed
companies' irrational dividend distribution. First
of all, because the reformation of stockholders'
equity division is still in progress, the
optimization of listed companies stockholders'
equity structure will be faced with many problems
that urgently need solution. Second, independent
directors are difficult to play their role. Because
the manager level and board of directors appoint
the independent director are virtually controlled
by major shareholders. Furthermore the
percentage of independent directors in the
corporate board of directors is very small, so they
are difficult to impact on the decision of the
corporate board of directors. In addition, the link
between the independent directors' rewards and
the corporate operating performance shakes the
independence of independent directors. Third,
listed companies lack the effective mechanisms

for selecting managers. In most state-owned listed
companies, managers are still appointed by the
government. The government administration
doesn't completely separate from enterprise
management. Fourth, there are some obstacles to
the staff participating in corporate governance.
For example, although the "“Company Law"
reflects the principles of staff participating in
corporate governance to a certain extent, most of
provisions are difficult to operate and limit the
trade wunion to participate in corporate
governance.

In China, listed companies improve their
governance mainly under the pressure of the
regulatory department. Therefore the
improvement of corporate governance is in form
more than in substance. According to " The
evaluation report of Chinese top 100 listed
companies' corporate governance in 2006"
released by the corporate governance center
under the Chinese Academy of Social Sciences,
we can see that the management level of Chinese
listed companies has generally improved, but the
degree of improvement is very small. Even the
evaluation report shows there are some decrease
in some aspects, such as the rights of shareholder,
the responsibilities of the board of directors and
the role of stakeholders.

2.2.2 Corporate operating condition.

The operating condition of Chinese listed
companies has great influence on their dividend
policy. To begin with, the majority of Chinese
listed companies are in growth stage. Owing to
great demand for funds, these listed companies
don't pay dividends or pay a few dividends. So
they may retain a great amount of earnings to help
finance their growth, reducing the financing costs
and external financing needs. Next, because
many Chinese listed companies invest on
speculative purpose, without the perspective of
the overall enterprise. So after investment the
listed companies can't control funds effectively. A
large number of funds are occupied without
economic benefit. The unstable income and high
risk from investment result in the variable
dividends policy of listed companies. Third, in
China the number of loss-making listed
companies is increasing year by vyear. The
percentage of loss-making listed companies also
shows an upward trend. Although some listed
companies don't suffer losses, their profits don't
form cash flow but showing accounts receivable.
These loss-making or low-return listed companies
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are unable to pay dividends. In addition, as a
result of the poor liquidity and continuity of
profit, many listed companies lose the basis of
consistent dividend policy in China.

2.2.3 Shareholders' preference.

In Chinese stock market, many
medium-small shareholders buy the shares as a
speculation instead of investment. They concern
only about the speculative gains from stock price
differences, instead of the investment profits from
the dividend distribution. Therefore, the
medium-small shareholders prefer sending shares
and stock dividends. Meanwhile, the major
shareholders of listed companies have the control
of making decisions. In order to avoid taxes and
the control dispersion, the major shareholders
prefer retaining more earnings to paying more
cash dividends. Whereas the high cash dividends
often are taken as the means of refinancing.

3. Measures to regulate listed companies’
dividend policy in China.

3.1. Regulating the securities market.

In order to raise the efficiency of the
securities capital market and guide the listed
companies to formulate the rational dividend
policy, Chinese government should take
following measures to requlate the securities
market.

Firstly, the reformation of stockholders'
equity division should proceed in an orderly way
and step by step. To begin with, the process of
revising and perfecting the regulations relative to
the whole stock's negotiation should quicken.
Such as: the implementation rules of the whole
stock's negotiation, the rules of share repurchase,
the regulations of the state-owned shares'
negotiation, etc. National People's Congress
should legislate for the reformation of
stockholders' equity division as soon as possible.
In the second place, a reasonable price for the
whole stock's negotiation should be determined,
in order to balance the interests of every aspect
and steady securities market. The key to the
reform's success is to prevent interests from being
transported by insider dealing and avoid the loss
of state assets. In addition, several rounds of
consultation between negotiable shareholders
and non-negotiable shareholders about specific
reform programs should be allowed, to protect the
interests of negotiable shareholders and ensure
the smooth implementation of the reformation of
stockholders' equity division.

Next, the Government should lessen
intervention and strengthen supervision. For one
thing, the guiding ideology of the securities
market must be adjusted, from the direct
administrative intervention to the indirect
intervention by economic and legal means. The
Government must try to do everything in the
internal laws of economic activities. For another,
the state regulatory department should not only
perfect the operation rules of securities market,
but also strictly supervise the behavior of listed
companies. When a listed company ignores the
rules and disrupts the market order, the state
regulatory department must promptly punish it.

Finally, the information disclosure of listed
companies' dividend distribution should be
regulated. If a listed company doesn't distribute
dividends, it should disclose the reasons for
non-distribution in their annual reports in detail.
When a listed company applying for rights
offerings declares its plan of rights offerings, it
should announce the details of project's
feasibility research report and the use of previous
rights offerings' funds. Moreover a listed
company that adopt sending shares, should
disclose the wuse of distributable profits
transferred to the capital stock. So the dividend
policy of listed companies will be regulated by law
and supervised by society.

3.2. Perfecting the dividend distribution law.

The Government should perfect legislation
and strengthen enforcing the law to crack down
on insider dealing and illegal operation,
regulating the conduct of market participants
according to the law. First, the protection of the
right to request dividend distribution should be
strengthened. The right to request dividend
distribution is the right that shareholders can
request companies to distribute dividends to
them according to their proportional ownership.
The Chinese government should learn from the
foreign dividend distribution law. For instance,
under certain conditions, the court can interfere
in the dividend distribution of listed companies to
let medium-small shareholders assert their
dividend distribution right according to laws.
Next, due to particular ownership structure of
Chinese listed companies, the protection of
medium-small shareholders' interests must be
emphasized. As an example, the Government
should lay down restrictive regulations on
unreasonable and excessive dividend distribution
of listed companies, stipulating definitely the
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conditions of listed companies' non-distribution.
Moreover, the Company Law should also increase
the detailed and workable rules of dividend

distribution, such as the procedure of dividend
distribution, the profits level of paying cash
dividends, the conditions of paying stock
dividends, the dividend payout ratios at different
profit level, and so on. In short, in order to protect
the interests of medium-small investors and guide
the listed companies to realize the dividend
policy' rationalization, the Government should
regulate the dividend distribution of listed
companies by legislation.

3.3 Maintaining the consistency of dividend
policy.

The consistent dividend policy not only helps
investors expect the future earnings, but also
avoids major shareholders damaging the interests
of medium-small shareholders by dividend
distribution. Therefore, on the one hand, when
listed companies determine dividend policy, they
should take into account the operating condition
of earlier and later period. No matter what kind of
dividend policy a listed company determines, it
should maintain the policy for a long period, so as
to strengthen the investors' confidence. On the
other hand, the supervision departments should
regulate the consistency of listed companies'
dividend policy through some non-administrative
means, such as requiring listed companies to
pre-determine the target of dividend payout ratio,
creating the dividend credit mechanism of listed
companies, and so on. These means can guide
listed companies to work out a workable dividend
policy according to their actual situation and
carry out this policy in a certain period.

3.4. Raising the enthusiasm of paying cash
dividends.

For many vyears, in order to raise the
enthusiasm of listed companies paying cash
dividends, Chinese Securities Regulatory
Commission has formulated some relative
policies that play a certain role in impelling listed
companies to paying cash dividends. For
example: a number of regulations on
strengthening the protection of the public
shareholders' interests" issued in 2004, definitely
links the financing qualifications with paying
cash dividends; “the management measures of
listed companies issuing securities (draft)" issued
in April 2006, requires that a listed company
which publicly issues securities distributes the

last 3-year-cumulative profits not less than 20% of
the last 3-year-average distributable profits. In
addition,  Chinese  Securities = Regulatory
Commission also should definitely stipulate the
minimum dividend payout ratio, requiring a listed
company to pay out a certain percentage (for
instance 40%) of earnings to shareholders in cash
before refinancing, so as to keep the financing
order of securities market.

3.5 Improving the corporate governance
structure.

In order to improve the corporate governance
structure, specific measures are as follows:

Firstly, the Government should continue to
advance the reformation of stockholders' equity
division and promptly improve the necessary
stipulations and policies, so as to conform to the
market condition of the whole stock's negotiation
and create the conditions for market every aspect
positively  participating in the corporate
governance structure.

Secondly, the independent directors system
must be perfected, such as: solving the
independent director's nomination, inspiration
and supervision questions, definitely stipulating
the specialized qualifications of a independent
director, and ensuring the independent director
fulfilling corresponding function by laws and
regulations. Of course, now Chinese government
also is conscious of these problems and tries to
perfect the independent directors system. For
example, New “Company Law" issued in 2006,
explicitly stipulates that the independent director
should be nominated by the negotiable
shareholders together with Securities Regulatory
Commission (not by the major stockholder at
will), and the listed company should form the
convention that the independent director hire
auditors periodically.

Thirdly, the market mechanism of manager
resources disposition should be established. That
is to say, taking the market as the foundation, and
taking manager's talent and synthetic quality as
the criterion, the corporate board of directors
legally, publicly, transparently selects the
manager according to the corporate actual
demand.

Fourthly, the status and function of the
shareholder in the corporate governance
structure should be enhanced. The Government
should safeguard the shareholder right through
every method and channel, such as: changing the
assessing rules of the state-owned capital,
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protecting the owners' rights of the private
company, improving the legal aid system of the
medium-small shareholder, perfecting the
relative lawsuit system, and so on. In March 2006,
Chinese Securities Regulatory Commission
promoted "Listed Companies Direction" (revised
edition) and "Shareholders' Meeting Rules of
Listed Companies ", which play a certain role in
enhancing the status and the function of the

shareholder in the corporate governance
structure.

Finally, the mechanism of the staff
participating in the corporate governance

structure should be established. The law should
define the right of the staff participating in the
corporate governance structure and the
percentage of the staff in the board of directors
and the supervisor office. The listed companies
can also learn from the foreign corporate
governance experience. For example, in order to
make staff have all kinds of experience and

ability, listed companies may carry out
non-professional experience road and have the
various departments staff rotate work

periodically. Through this method the staff will
have the whole management idea. Namely, the
staff can communicate the vertical department
management and the horizontal quality, cost,
product management, to achieve the purpose of
the total quality management.

Conclusions.
This paper has counts the dividend
distribution data (2001-2005) of all listed

companies (over 1300) in Chinese stock market,
according to statistical yearbook and listed
companies’ handbook. Combining other
material's statistical data (1994-2000), this paper
adopts the trend analysis method to analyze the

status quo and consequence of dividend policies
in China. Furthermore, from macroscopic and
microscopic angles this paper analyzes reasons,
including: securities capital market' inefficiency,
economic environment influence, laws and
regulations imperfections, imperfect corporate
governance structure, corporate operating
condition, shareholders' preference. In
concluding, in order to regulate the dividend
policy of listed companies in China and raise the
efficiency of the Chinese securities capital
market, this paper proposes specific measures as
follows: regulating the securities market,
perfecting the dividend distribution law,
maintaining the consistency of dividend policy,
raising the enthusiasm of paying cash dividends,
improving the corporate governance structure.
These measures can strengthen the investors'
confidence in Chinese securities market and help
Chinese securities market develop healthily and
orderly.
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OPTIMAL BOOSTER DISINFECTION IN
WATER DISTRIBUTION SYSTEMS

Introduction.

With the further research of toxicological
indicators and improvement of detection level,
there are more than 2000 organics having been
detected, some of which are carcinogen and
dubious carcinogen. At present, the developed
countries adopt many measures to decrease the
subsidiary products of chlorination such as
controlling chlorine usage, choose a better
injection point or search substitutes.

The traditional chlorination is at the effluent
of the water plant that will cause a high chlorine
concentration in the network near the water plant
and unfavorable taste and odor. Furthermore the
chlorine residue concentration of every node
fluctuates rapidly in the whole network. If area of
the municipal water supply network is large and
the water age is long, the chlorine residual
concentrations of some network areas will not be
enough. This problem can not be solved by
adding more chlorine to the effluent for larger
dosage will increase disinfection byproducts such
as halogenated hydrocarbon. Furthermore, the
chlorine addition to the effluent may cause long
retention time of chlorine in the network that will
increase DBP concentration. As aresult it needs to
find a better chlorine addition method and one
effective method is booster chlorination.

1 The meaning of booster chlorination.

Booster chlorination is also named
intermediate chlorination that is to add more
chlorine at a certain node in the network such as
the booster station or water storage tank station.
When the delivery pipe is long, this method can
not only ensure the disinfection effect, but also
minimize the DBP value. There are mainly two
reasons for decreasing the chlorine dosage. One is
small dosage will cause small average
concentration of chlorine in the network. The
other is booster chlorination can give full use of
the retention time and velocity of the water in the
network that when the dosage falls the contact
time will decrease and DBP formation will be
reduced.

2 The development at home and abroad.

The research of secondly chlorination in
networks started in the end of 90" in last century
in developed countries. The research key is how
to optimize the chlorine addition point and
determine the dosage. The optimization is to
make booster chlorination station as few as
possible in a certain hydraulic cycle and minimize
the total dosage based on a demand of water
quality with a restraint condition that is making
chlorine residue of monitoring node in a certain
range. The research did not started early in
developed countries, but developed rapidly.
According to the recent investigation on 4000
water companies, there are 15% water companies
adopting booster chlorination method[1].

At present, our country has begun to enter
this field. Although some water companies adopt
this chlorination method, the determination of the
addition point and dosage is mostly based on
experience.

3 Optimization of chlorination locations in
network.

At the beginning of 90" in last century,
Professor Byoung H.Lee[2] had proposed an idea
of using a maximum water quantity node
coverage method to optimize the selection of
monitoring point. The method of this idea is to
find out a downstream node which can reflect
water quality of upstream node in the network in a
certain condition while the sum of the upstream
node water quantity is maximal. In a large degree,
the optimization of booster station locations is
same to that of water quality monitoring point.
The difference between them is: the latter one is to
find out a downstream node which can reflect the
upstream node with maximum water quantity; the
former one is to find out an upstream node which
can reflect the downstream node with maximum
water quantity[3].

According to this idea and combining with
the theory using water quantity node coverage to
optimize water quality monitoring point, the
mathematical model for the booster chlorination
point can be deduced[4] , which supposes the
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decay of chlorine residue in water is first stage
reaction. It is shown as follows:
Objective function:

maxz Zd yl

k=1 i=

(1)

Constraints:
3x, <NS 2)
YIR'(CC), Ik, —y! >0, 3)
i=1
Y d' (i)exp(—k T' (jd))z!
7, =1 . +TC! +x, TRChI, (4)
D.d'(ji)
j=1
Cmin S Zil S Cmax ' (5)
D [R™(CC), ;1x, —y" >0, (6)
i=1

d" (jii)exp(=k T" (j.i))z]

7, = . +TC" +x,TRCHI, (7)
24" (jid)
j=1
Cmin Ssz = Cmax U (8)
Lj=12 ... q,
NS- maximum number of chlorine injection
point,
d, - flow of node i,
n - number of node,
R(CC) - demand coverage matrix,
k - number of wvarious hydraulic
conditions(1,......m),

k - decay coefficient of chlorine residual ,

z,- chlorine residual concentration of nodeji,

X, y, - 0-1 variations, x, =1 represents node i
that is booster station location; y, =1 represents
node i that is coverage point.

TRChl- booster chlorination concentration:

C... C,.. - allowed upper and lower chlorine
concentration bounds respectively.

In this model, the key is to solve demand
coverage matrix R(CC). It needs to notice there
should be two indicators: one is water demand
coverage criterion which is named Water Cri; the
otheriswater age of two nodes that is named Time
Cri. For example, when water quantity of the
upstream node j excesses the Water Cri, the water
will flow to node i and then the water age between
the two nodes should larger than a certain

standard value(T). Only when the two indicators
are both satisfied, water quality of node j can
reflect water quality condition of node i.

4 Booster chlorination to optimize dosage.

When the injection point of booster
chlorination is determined, it then needs to
optimize the chlorine usage. The objectives of
dynamically optimization of chlorine usage are
shown as follows[5]:

- remain the chlorine residual of monitoring
nodes in a certain range;

- minimize the total chlorine dosage.

When the locations of the booster stations are
determined, n, is used to represent the number of
the stations. Minimization of total chlorine
dosage rate is realized by time continuation
method. This objective function is considered as a
method to minimize the quantity of DBP and
chemical cost. For the decreasing quantity of DBP
can not be quantized here, the kinetic factors
affecting the formation of DBP can not be
understood comprehensively. n_ represents the
number of monitoring point. The intermediate
disinfectant mass injected can be expressed with
time discrete optimization model.

Objective function: (minimize the chlorine
injected mass in a certain period)

mlnhmi u; eAt, 9
u K-ow K+ 1;“2: ( )
Constraint
Con <Cl(W)<C,ij=ln,im=M,...,, (10)
Cl'(u)= a" uf; (11)
i=1k>0
u‘M/T-subject to kAt<t<(k+l)At the

injected mass in injection point i;
u- vector expression for injected mass u*;
AY(T) -injection time interval;
n, - number of chlorine injection station;
n_ - number of monitoring point;
C"(u) - the chlorine concentration of
monitoring point j at m At M/L’
At - time interval for monitoring;
K -integer;
C. .. C,.. -allowed upper and lower chlorine
concentration bounds respectively;
aijl““ - coefficient of discrete kinetic response
function.
Here, the key is how to obtain discrete
coefficient ai].k'". This coefficient can be calculated
by the following formulation:
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a" =oct /ouf [(M/L')/(M/L)].

(12)

This coefficient is used to reflect the impact
on monitoring point j when the disinfectant mass
of injection point i is u at time mAt_. When there
are many injection points, the impact on point j
can be obtained by linear superposition.

5 Application example.

5.1 Network topological graph is illustrated
as follow: Node 1 is water source.

Considering comprehensively, select NS=1
as a chlorine injection point except for water
source point. Here, water cri is 60% and time cri 5.
Then the chlorine residual decay can be

expressed by the following generalized model:
Cilf =—k,C+k ,C")-k_ C

—kC—k,C". (13)

Fig. 1. Network topological graph.
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The result of the formulation through
programming is maximal water demand coverage
isatnode 7 and then thisnode can be selected as a
booster chlorine injection point. The upper and
lower bounds imposed on concentrations are
respectively C,_ =4.0mg/Land C_ , = 0.2mg/L.
When there is one chlorine injection point
calculated by the programming, in order to
guarantee lower concentration bound
C,.2 0.2 mg/L of each node in network, the
chlorine injection mass of node 1 can be
calculated as 1.0mg/L. When there are two
injection points, the chlorine injection mass of
node 1 can be calculated as 0.3 mg/L and that of
node 7 0.6 mg/L using the same method.

5.2, Comparison between booster
chlorination and traditional chlorination.

Figure 2 illustrates changes of chlorine
residual concentration of each node in the
network by one chlorine source or two sources.

Note chlo! represents the condition in one
chlorine source and Averl is the average chlorine
residual concentration in the network; chlo 2
represents the condition in two chlorine source
and Aver?2 is the average chlorine residual
concentration in the network.

5.2.1 Analysis of water quality security.

The above figure shows when there is only
one chlorine source (chlorine injected at the water
source), in order to maintain a concentration
constraints C_ >0.2 mg/L for each node after in a
stable network, the chlorine mass in node 1 must
be 1.0 mg/L. When setting a booster station in the
network that means to simultaneously inject
chlorine at nodel and node 7, with the same
concentration constraints, the chlorine mass in
node 1 is calculated as 1.0mg/L, that of node 7 is
0.6mg/L and total chlorine mass is
0.9mg/L which is lower than that in one
chlorine source. Furthermore, in one
chorine injection network maximal
chlorine residual concentration of node is
1.0mg/L, minimal concentration 0.2mg/L

|

—— chlol
—— chlo2
i Aver]
—— Avcr2

and an average concentration 0.73mg/L.
This will cause large spatiotemporal

Chlotine residual soncentrationmeL

COOCOOO00OO0 0O
O=NWhOTON®O© =
1

1 4 7 10 13 16 19 22 25 28 31 34

Node

Fig. 2. Changes of chlorine residual concentration of each

node in the network with one chlorine source or two sources.

concentration fluctuations. However, the
fluctuations are lower in two chlorine
sources with maximal chlorine residual
concentration 0.6mg/L, minimal
concentration 0.2mg/L and an average
concentration 0.44mg/L.

For chlorine residual concentration
of each node is small with a booster
chlorine station in network, the DBP is
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relatively low. Furthermore, this model will has
balanced chlorine residual concentrations in the
whole network. Those will contribute to water
quality security largely.

From practical perspective, booster chlorine
injection can effectively control regrowth of
bacteria and reduce the formation of DBP.
Furthermore, the complaints from residents about
water taste and odor will decrease.

5.2.2 Economical analysis.

From the perspective of chlorine mass,
booster chlorination can reduce 0.1mg/L chlorine
mass. If average water supply amount is
3800m’/d, this method can save 0.38 kg/d that is
10% of traditional chlorination. As a result,
booster chlorination can get many economical
benefits.

6 Conclusion.

Booster chlorination can reduce chlorine
mass and chlorine residuals and simultaneously
decrease spatiotemporal concentration
fluctuations of chlorine residual concentrations.
Optimization of chlorination can not only reduce
harmful substances such as halogenated
hydrocarbon in water, improve water quality and
decrease chlorine consumption, but also
scientifically control chlorination process which
will bring many social and economical benefits.

Generally, by increasing the number of
booster stations built in the network, total
chlorine mass will be less and chlorine residual
concentration of the whole network will be more
homogeneous. As a result, the formation of DBP
will be reduced and water quality security

improved. However, booster chlorination is
system engineering and needs to
comprehensively consider social and economical
factors. The locations for chlorination not only
depend on shape, arrangement and flow of
distribution network and water quality variation,
but also depend on construction conditions,
safety and O&M. As a result, water companies
should make further research on applying this
technology according to their own situations.
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Pazpen 1
MexaHuka. Tpancnopr. MamumHoCcTpoeHue

YAK 656.001

XomeHko A.IT., Eaucees C.B., 3acspko A.A. OT AMHaMUKU YIIPaBASIEeMbBIX CUCTEM K MeXaTPOHUKe
// CoBpeMeHHBbIe TexHOAOTUHN. CucTeMHBIY aHaAan3. MopaeampoBanue. MpI'VYTIC. - 2008. - Ne2(18).
C.10-14.

PaccmaTpuBaeTcs KOHIENIUA IOCTPOEHUS BUOPO3AIIUTHLIX CUCTEM, KaK 3apada IIOCTPOeHUs
YIIpaBA€HUS B AMHAMUUYECKOM cucTeMe. B IiepBOM cAyuae, IIOAXOA OCHOBAH Ha pellleHUU CUCTeMBbI
A PepeHIINaABHBIX YPABHEHUN B UX CTPYKTYPHOU NHTEPIIPETAIINY B BUAE S9KBUBAAEHTHBIX CUCTEM
aBTOMATUYECKOI'O YIIPABAEHUS; BO BTOPOM — CHUHTE3UPYETCS COOTBETCTBYIOIIUM PETYASATOP.

Haa. — 1. Buba. — 10 naum.

YAK 622.342.(575.1)

Pe3nuk I0.H., [llymuaosa A. B. Crioco0 IIOATOTOBKY YIIOPHBIX CYAB(MUAHBIX 30A0TOCOAEPIKA-
IIUX PYA K BblllleAraunBaHuio // CoBpeMeHHbIe TeXHOAOTUN. CUCTEeMHBIN aHaAn3. MoaeAupOBaHue.
NpI'YTIC. - 2008. - Ne2(18). C.15-20.

Basknas 3apada 30A0TOAOOBIYM Ha COBPpEeMEHHOM 3Tamne — paluoHaAbHOE MCIIOAB30BaHUe OeA-
HBIX U YIIOPHBIX PYA 30A0Ta. B cTaThe npepcTaBAeHa pa3paboTaHHAs TEXHOAOTUS KIOBETHO-KYYHOI'O
BBII[eAQUHUBAHMS, KOTOPas uMeeT OOABIIINe IIePCIeKTUBEL IIPHU IlepepaboTKe YIIOPHBLIX 30A0TOCOAEP-
KAIUX pya. AaHHAgd TEXHOAOTHUS CO CMEHHBIMU aKTUBAITUOHHBIMHU OAOKAMU aAAIITUPOBAHA K TUITY
PYABL M €€ TEXHOAOTUYECKOMN YIIOPHOCTHU M MO3BOASIET TOBBICUTH 3P(HEKTUBHOCTE U U3BACUYEHUE 30-
AOTa IIpU NTepepaboTKe Pa3AUUHBIX TUIIOB CYAb(PUAHBIX PYA Ooaee ueM Ha 20 %.

Hana. — 2. Buba. — 4 Haum.

YAK 621.01:534

Ky3nenos H.K., Ky3nenosa O.C. AmHaMu4ecKoe ralieHue yIpyrux KoaeOaHUN NCTIOAHUTEAD-
HBIX MeXaHu3MoB po6oToB // CoBpemeHHBIe TexHOAOTHU. CHUCTEeMHBIN aHaAn3. MoAeAnpOBaHAe.
MNpI'YTIC. - 2008. - Ne2(18). C.21-25.

ITpobaeMa orpaHUUEHUS YIIPYTUX KOA€OAHUN NCIIOAHUTEABHBIX MEXaHU3MOB B IEPEXOAHBIX pe-
KMMaxX pabOTHI IBASIETCS OAHOM M3 aKTyaAbHBIX MPOOAEM CO3AQHMS IPOMBIIIAEHHBIX POOOTOB. B
CTaTbe UCCAEAOBAHBL BO3MOKHOCTH AMHAMHUYECKOI'0 TallleHus YIIPYIUX KOAeOaHUM II0 KOOPAWHATE
[I0OBOPOTA UCIIOAHUTEABHOT'O MeXaHU3Ma poO0Ta, BO3MOKHOCTE I'allleHus YIPYTUX KOAeOaHUU 110 KO-
OpAMHATE IIOBOPOTa PYKHU C ITOMOIIIBIO CKAYKOOOPAa3HOI'o M3MEeHEeHNsI KOOPAWHATHI BHIAETA, a TakyKe
BAVSHNE B3aWMOCBSI3aHHOCTHU MPOTPAMMHOTO U KOA€OATEABHOI'O ABMKEHUU HAa MHTEHCUBHOCTD T'a-
HIeHUsI KOreOaHUM.

Haa. — 5. Buba. — 6 naum.

YAK 624.13. 54

TronuH B.H. BAusgHue BUOPOAVMHAMUYECKOTI'O BO3AEMCTBUS ABMIKYIIErOCsd IT0e3Aa Ha YCTONYH-
BOCTB OIIOP KOHTAKTHOM CeTH M 6€30T1aCHOCTE ITepeB0o30YHOro nporecca // CoBpeMeHHbIEe TEXHOAO-
ruu. CucteMHbBIY aHaAn3. MopeaupoBanue. UpI'YTIC. - 2008. - Ne2(18). C.26-28.

PaccMoTpeH MexaHMYeCKUM IPOliecCc BUOPOANHAMUYECKOI'0 BO3AEHCTBHS ABUIKYILErOCs I10e3-
Aa Ha YCTOMYUBOCTH OIIOP KOHTAKTHOU ceTHU. [loaydueHa TeopeTrnueckas GOpMyAd A OIIPEAECACHUS
KPUTEPUsI YCTOMYUBOCTHU OIIOP. AQHBI TEXHUYECKHNE TPEANOKEHHUS II0 TTOBBIIIIEHNUIO YCTOMYUBOCTH.
PaboTa HanpaBAeHa Ha TOBBIIIIEHNE YPOBHS 0€30MaCHOCTH ITPU ABUJKEHNHU TTOE3A0B.

Haa.-3. Buba.- 3 Haum.

YAK 621.06

Co6oaes B. 1., Yepnurosckasa T.H. Axroput™m (popMUpPOBaHUS rTapMOHNUYECKOT'0 SAEMEHTA B MO-
AEAVPOBAHUM KOAeOaHWM TOHKOMW MAacTuHbl // CoBpeMeHHBIe TeXHOAOTHU. CUCTEMHBIN aHAAMS.
MopeanpoBanue. MpI'VTIC. - 2008. - Ne2(18). C.29-35.

Ha ocHoOBe nnpuMeHeHus 0OIell METOAUKY IIOCTPOeHNs OeCKOHEUHOMEePHEIX U3IM0aeMbIX Iap-
MOHUYECKHUX IAEMEHTOB B BUAE TOHKUX IIAQCTUH, IPUTOAHBIX AAS BKAIOUEHUS B AUCKPETHO- KOHTHU-
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HyaAbHBble AWHaMHYeCKUe MOAEAU M3A0KEeH aATOPUTM pearr3alluy FapMOHUUYECKOTO 3AeMEeHTa.
[MTpuBeAeHBI TIOCAEAOBATEABHOCTD 1 Pe3YAbLTaThl DOPMUPOBAHUI MATPHUIILI AMHAMUYECKUX KeCTKOC-
Tel (AMIAUTYA €EANHUYHBIX AUHAMUYECKUX PEeaKIIui).

Haa. — 1. Buba. — 5 Haum.

YAK 620.22

Xu Xianfeng, Xiao Peng, Xiong Xiang,Huang Boyun Effects of surface coats on the mechanical
and physical properties of carbon fibers // CoBpemenHbIe TexHOAOTrHM. CHUCTEeMHBIN aHaAn3. MopeAur-
posanue. MpI'YTIC. - 2008. - Ne2(18). C.36-38.

[Tocae cHATHS pe3MHOBOro NOKPHITUA C [TAH-HUTH yTA€pPOAHBIX BOAOKOH, BOAOKHA OBIAM IIO-
KPBITH KAPOUAOM UAU KapOUAOM KpPeMHUS IIyTeM XUMHUYeCKOro napodasnoro ocaxxpenus (XI10), u
IIPOBOAUAOCH MCCAEAOBaHUE BAUSIHUA AQHHBIX XITO-IIOKPBITHI Ha MeXaHUu4YecKue U (pusndeckue
CBOMCTBA YTAEPOAHBIX BOAOKOH. OOHApPY’KUAOCH, UTO IOBEPXHOCTHAsA MOP(OAOTHSA napoda3HbIX
KPEMHUEBBIX AU KaPOUAHO-KPEMHHUEBMX IIOKPBITUM BOAOKOH OOA€e TAQAKQ, UEM CHATASA YTAEBOAO-
POAHAs pe3uHa. YITAeBOAOPOA, IIOKPHITHIN KapOUAOM UAKU KapOMAOM KPEMHUS, MOXKET YCUAUTH IIAO-
maab nosepxuoctu bOT (moaHasa naomaab nosepxHocTu) u BJH-meTop HOpoBOTro o0beMa

Han. — 4. Buba. — 5 naum.

YAK 693.15

Gao Jianping, Yin Hongyan Shaking table test of a 1/5 scaled integrated masonry-in-frame
system model // CoBpeMmeHHBle TexHOAOrHM. CucTeMHBIN aHaau3. Mopeauposanue. VIpI'VIIC. -
2008. - Ne2(18). C.39-43.

VHTerprpoBaHHasa cCUCTeMa KUPIIUYHOM KAQAKM Ha paMe 4aCTO UCIIOAB3YEeTCS TPU HAACTPOMKE
STa’kel U PeKOHCTPYKIIMU KUPITUUYHOM KAapKHM. Kak Obl TO HU OBIAO, ee celicCMUYeCcKHe XapaKTepucC-
TUKU U CeliICMUYeCKOoe IPOeKTUPOBaHKe IIOHUMAIOTCS HesICHO M3-3a HeAOCTAaTKa 'AyOOKUX U CUCTe-
MaTUYeCKUX NCCAeAOBaHUM. LleAsiMu HCCAeAOBAHMS IBASIETCS N3yUeHNe CeCMUUeCKOTO IOBeAeHUS
Ha IIpUMepe MHTETPUPOBAHHOW BBIUMCAUTEABHON MOAEAU YETHIPEXITA)KHOU KUPIIMYHOU KAAAKHM B
pame.

Haa. — 11. buba. — 2 naum.

YAK 621.89

Liu Hong, Xiong Liping, Zhou Xiang, He Zhongyi, Zhang Shaoming Tribochemical study of
two triazine derivatives as additives in rapeseed 0il // CoBpeMenHbIe TeXHOAOTMH. CUCTEMHBIN aHa-
an3. MoaeanpoBanue. MpI'YTIC. - 2008. - Ne2(18). C.44-48.

CHUHTe3upOBaHbBl ABa IIPOM3BOAHBIX TpUA3uHAE, 2,4-O0mc-aMup0-6-(0,0'-pubyTuspuTrodoc-
dar)-c-1,3,5 - TpuasuH. OneHnBaeTcsa UX TPUOOAOIMUECKOE IIOBEAEHME B KaueCTBe A0OABOK K pPaIlCco-
BOMY MAaCAY C UCIIOAB30BaHMEM YETHIPEXIITaPUKOBON MAIIMHEL. TpUOOAOTHYECKUY MEXaHU3M COCTO-
UT B TOM. 4YTO IIOATOTOBAEHHOE XMMUYECKOe COeAHEeHNe B KaueCcTBe A0OaBKU POPMUPYET 3aIUTHYIO
IIAEHKY, COAEPIKAIIYIO CYAb(HA JKeae3a, CyAbdaT Keae3a, OpraHnueckas cepa U COeprnHeHUs opra-
HUYEeCKOT'0O HUTPOTreHa Ha IIPOPe3UHEHHOM [I0BEPXHOCTH.

Han. — 5. Buba. — 3 naum.

YAK 541.18.041.2

Lu Xiuguo, Liu Xuemei, Liu Yan Magnetic-assisted micro-ozone applied to oxidize methylene
blue dye simulated wastewater // CoBpeMeHHBIe TexHOAOrUH. CUCTeMHBIN aHaru3. MoaeAauposa-
Hue. UpI'YTIC. - 2008. - Ne2(18). C.49-54.

B pasHOU paboTe n3ydaeTcsa oO6paboTKa METUAEHOBOTO CUHEr0 KPACUTEAST MAarHUTHO-CTUMYAU-
PYeMBIM MUKPOO30HOM. BBIAM NUCCAEAOBAHEI OIITUMAABHBIE YCAOBHS; KPATKO YIIOMSHYTa TEMa MeXa-
HHU3Ma yXYALIEeHUS XapaKTepUCTUK. Pe3yAbTaThl II0Ka3aAl, YTO CTelleHb UCUe3HOBEHUSI XPOMAaTHU4-
HOCTU AOCTHUTaAA 97,8% ITOCAE TPUALIATUMUHYTHOU OKCUAU3ANYN O0€e3 BO3AEMCTBUSA MAarHUTHOT'O ITOA.
CpaBHUTEABHAS CTEIIEHb XPOMATUYHOCTH AOCTHUTAA 97, 8 % mmocAae 24-X-MUHYTHOU OKCUANU3AIINY TIOA
BO3AEUCTBMEM MAarHUTHOTO MTOAS. Pe3yAbTaT IToKa3aA, 4To BO3AENCTBHE MAarHUTHOT'O ITOAS YBEAUUNAO
CKOpPOCTh Ipou3BoACTBa -OH u3 03 1 yBeAnunAa 3PeKTUBHOCTb OKCUAU3AIUN.

Hana. — 5. Buba. — 4 Haum.

YAK 621.311

Yang Feng-ping, Zhang Bi-wu, Feng Chun-hua Mechanical properties measurement and
software design of vacuum circuit breaker // CoBpementbie TexHoarorur. CUCTEMHBIN aHaAKU3. Moae-
auposanue. UpI'YTIC. - 2008. - Ne2(18). C.54-58.

BuuMaHWIO ynTaTeAEH IPEACTABASIETCS allllapaTHas cXeMa MeXaHUIYeCKUX CBOMCTB BAKYyMHOTO
aBTOMATHUYECKOTO BBIKAIOUATEAS, @ Tak’Ke CIPOEKTHPOBaH HAOOp MPOrpaMMHOro obecredeHus,
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NIpeAHA3HAYEeHHBIN AN cUCTeM n3MepeHns. CucreMa NOAYYeHNA U 00pabOTKU AQHHBIX CIIPOEKTUPO-
BaHa C UCIIOAB30BaHMeM MaTeprHCKOM nAaTel DOC 2000, ¢ ceHCOPHBIM 3KPaHOM, MUKPOIIPUHTEPOM
U KapTol coopa paHHBIX (DAQ). OnepalmoHHas cucTeMa yCTPOUCTBAa CKOHCTPYHPOBAHA C ITIOMOIIBIO
Red Hat Linux 9.0. [ToTtoMm, C 11eABIO CO3AaHUSA APY’KEeCTBEHHOTO IIOAB30BATEAI0 UHTep(elica, B IIpO-
rpaMMme ypasaeHusa nHTepdeiica ncnoab3osad MiniGUI. Hakoner;, MySQL ncnoab3yeTcs pAASL Ha-
NMCAaHUA IPOTPAMM, PEAAU3YIOINX HAKOIIAEHME PEe3YABTATOB TECTOB, 3aIIPOCOB U ITIEPEBOAOB. V3Me-
PUTEAbHBIE TPUOOPEI MOTYT CTATh 3(p(PEKTUBHBIM HHCTPYMEHTOM AAS M3MEPEHUs U PEMOHTA BaKy-
YMHOTO @BTOMATH4eCKOI'0 BEIKAIOUATEAS.
Han. — 7. Buba. — 8. naum.

YAK 621.89

He Zhongyi, Xiong Liping, Lu Jinliang, Ren Tianhui, Zhang Shaoming Tribological study of a
triazine derivative as lubricant in rapeseed oil // CoBpeMenHble TexHOAOTTU. CUCTEMHBIA aHAAWS.
MoaeaupoBanue. UpI'YTIC. - 2008. - Ne2(18). C.59-61.

CunTe3upoBaH 2-3TUAAMUAO-4,6-(O,0'-pAuoKkTHAG AUTHOGOChAT)-5-1,3,5-Tpuaszun (DEOP). B
AAHHOM paboTe IIPOU3BEAEHA OII€HKA ero TPUOOAOTHYECKOTO ITIOBEAEHUS B KQUeCTBE IIPOTUBO33aAND-
Hol nnpucapku (EP) u mpotuBomsuocHor (AW) B panicoBoM Macae (RSO) ¢ momomnibio 4eThIpexIapu-
KOBOM MalIWHEL. TpuOOAOrHUeCKUM MeXaHU3MOM IBAIAACH TPHOOXUMUUECKas peaKIlusg MesKAYy CUH-
TE3UPOBAHHBIMU COEAUHEHUSIMU 1 MEeTAaAANUEeCKMMU [IOBEPXHOCTSIMU B TeUeHMe IIPOIjecca CKOALXKe-
HUS C IeAbI0 POPMUPOBAHMSI KOMIIAEKCHOW NMMAEHKHU C OTAMYHON CUAOBOU €MKOCTBIO U IIPOTUBOU3-
HOCHOCTBIO.

Haa. — 3. Buba. — 3 naum.

YAK 622.342.(575.1)

ITymuaosa A.B. Kraccudukanysa 30A0TOCOAEPIKAILIUX PYA C AUCIIEPCHBIM 30A0TOM ITO TEXHOAO-
ruyeckor ymopHoctu // CoBpeMeHHBIe TexHOAOIMU. CHCTEeMHBIM aHaAu3. MoAeAnpOBaHHUeE.
MpI'YTIC. - 2008. - Ne2(18). C.62-69.

[TpeacTaBAeHa KAACCUDUKALIES 30A0TOCOAEPIKAIIUX PYA C AUCIIEPCHBIM 30A0TOM 10 KPUTEPUIO
TEXHOAOTHUEeCKON yIIOpHOCTH. C 1eAbl0 YCKOPEHHSI BOBAEUEHUS B 3KCIIAyaTallMi0 KPYIIHBIX MeCTo-
POKAEHUY YIIOPHBIX 30AOTOMBIIIBSIKOBBIX PYA C AUCIIEPCHBIM 30A0TOM, HEOOXOAMMO AOBECTHU AO
IIPOMBIIIIAEHHOTO BHEAPEHUSI Hauboaee DKOHOMUYECKU PEeHTAOEeAbHBIM UM DKOAOTHUYEeCKU Oe3omnac-
HBIU cII0CO0 IepepalboTKu. B KauecTBe TaKOro ciocoda NpeaM0’KeHO KIOBETHO-KYUYHOe BhIIleAaurBa-
HUEe 30A0TOCOAEPKAllero MUHEPAABHOTO ChIPbs, padpaboranHoe B HutuHckoM dpuruare UT'A CO
PAH cosMmecTHO ¢ PITPY.

Hana. — 2. Buba. — 3 Haum.

YAK 621.317

3acsapko A.A., Hacaukos A.H. HaOAropaeMoCTh 1 yIIPaBASIEMOCTD B 3aAa4aX aKTUBHOM BUOPO3a-
muthl // CoBpeMeHHBIe TexHoAormu. CucTeMHBIM aHaaui. Mopeauposanue. UpI'YIIC. - 2008. -
Ne2(18). C.69-75.

[Tpo1ecc TpOeKTUPOBaHUA YIIPABAIEMbBIX AMHAMUYECKUX CUCTEM IIPEATIOAATAET IIPEACTAaBACHUE
9TUX CUCTEM B IIPOCTPAHCTBE COCTOSTHUMU. B CBSI3U C 9TUM, B CTaThe PaCCMOTPEHbI 0COOEHHOCTH THUIIO-
BBIX MOAEAeM KMHeMaTUueCKUX BO3MYIIeHUH, IPUHUMaeMbIX dallle BCero Kak AeTepMUHUPOBaHHLIE
rapMOHMYECKNE U Y3KOIOAOCHBIE CTAllMOHAPHEBEIE CAy4YaliHBle KOAeOaHuUd. PaccMmaTpuBaemass B
CTaThe aKTUBHAsd BUOPO3alUTHAd CUCTEMA SIBASETCI AMHAMUYECKON CHUCTEMOU C OAHUM YIIPABASIO-
UM BXOAOM. OIleHeHbl CBOMCTBA YIIPAaBAIEeMOCTH M HAaOAIOAQEMOCTHU IIPEAAAraeMOT0 BUOPOU30AS-
TOpa.

Hana. — 3. Buba. — 5 Haum.

YAK 665.01

Yusips P.IO., AoryHoB A.C, ITepmsakos M.A. Crierfuuueckue pe>kuMbl B AUHaMUKe 0a30BBIX
MoAeAer MeXaHUUYeCKUX KoaebaTeAbHBIX cucTteM // CoBpeMeHHbIe TeXHOAOTUH. CUCTeMHBIN aHa-
am3. MoapeaunpoBanue. VIpI'YTIC. - 2008. - Ne2(18). C.76-81.

B cTaThe paccmaTpuBaeTcs 3apa4a BBIIBAEHUSI OCOOEHHOCTEN CBOMCTB MeXaHUYeCKUX KoAaeba-
TeABHBIX CUCTEM IIPHU BBEAEHUU AOTIOAHUTEABHBIX CBSI3€l, B CAydyae PaCCMOTPEHUS CUCTEMBI B TAAB-
HBIX KOOpAMHaTax. ABTOpaMHU ITOKa3bkIBAETCS, UTO ITPU OIIPEAEACHHOM BbEIOOpEe IPUBEAESHHBIX UHEP-
LIIMOHHBIX IIapaMeTPOB AOIIOAHUTEABHOMN CBS3M, BO3MOKHBI CAy4al PaBEHCTBA YaCTOT COOCTBEHHBIX
KOAe0aHUH, @ TaK)Ke BO3MOKHOCTh UX « DOKMPOBKM», UTO, B CBOIO, OUE€PEAD, ITO3BOASIET YIIPABASITH AV-
HaMWUYEeCKUM COCTOSTHUEM UCXOAHOM CUCTEMBEI.

Han. — 2. Buba. — 3 Haum.
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YAK 614.8

Jiang Xian-Gang The technology research on image smooth and medical organ's
3D-reconstruction based on anisotropic diffusion // CoBpemeHnHble TexHOAOTHUHU. CUCTEMHBIN aHa-
an3. MopeaunpoBanue. VIpI'YTIC. - 2008. - Ne2(18). C.82-86.

PaboTa nocagiieHa NCCAEAOBAHUAM IIOHM>KEHUSI YPOBHS IIIyMa MEAUITMHCKUX CHUMKOB METO-
AOM aHu30TponHou pAuddysun. [ ToryueHHBIe HA OCHOBE @aHU30TPOIIHOMU Teopuu Au(pPy3nun, 4acTrUy-
Hble AudpdepeHIIaAbHBIe YPAaBHEHUS, Y KOTOPBIX BXOAHBIE AAHHBIE N300paskeHUIN TPaHC(HOPMUDPY-
I0TCSL B QOpPMAT Pa3HOCTU U PEIIalOTCs UTePAIJMOHHBIM CIIOCOOOM AASL IIOAYUEHUS PUABTPOBAHHBIX
Pe3yABTATOB. YOHpas IITyM, Ba’KHO ITIOAAEPIKUBATh TPAHUITY BCTABKU U OCHOBHEBIE AOKAABHEIE ACTAAMN.
Ha 6a3e annzoTponHoi pAuddy3un aBTopaMu IIpepAaraeTcsl BOCbMUHAIpaBAeHHAsA aHN30TPOIInYecC-
Kas AU dy3us U TEXHOAOTHS paclIupeHud rpaHull. [lIoaydeHHBIN pe3yAbTaT OKa3blBaeTCS YAOBAET-
BOPUTEABHBIM. OOpaboTaHHBIE CAOU AQAEE IIOBEPTratOTCA TPEXMEPHOU PEKOHCTPYKIIUM ITyTEeM KAAC-
TEPHOTO IPYNIINPOBAHUS M IIOKA3BIBAIOT YAYUIIIeHHBIE PE3YABTATHL.

Haa. — 1. Buba. — 1 naum.

YAK 681.518.54+620.19

Kanyctun A.H., F'apudyaun B.1O., [Tepeabiruu B.H., AykpsiHoB A.B. ¢ deKTuBHOE COTOCTaB-
AeHMe U300pa’keHn B MH(pPpaKpacHOM U OIITUYeCKOM CIIEKTPAAbHBIX AMalla30HaX C MCIIOAB30BaHU-
€M CTepeoIlaphl «TEIIAOBU30P — BuAeoKaMepa» // CoBpeMeHHbIe TeXHOAOIMHU. CUCTEMHBIN aHaANS.
MopaeanpoBanue. MpI'VIIC. - 2008. - Ne2(18). C.87-98.

B paHHOM cTaThe onucaH MeTop 3(pPeKTUBHOI'O COIIOCTAaBACHUS N300pa’KeHUN Pa3AUYHBIX AAUH
BOAH B TEPMO-OIITUYECKOM CHCTeMe Hepa3pyllatollero KOHTPOAS, ITyTeM UCIIOAb30BaHUS METOAUKHU
MIPOEKTUBHOU TPAHC(HOPMAIINU C [EABIO ONITUMU3AIINYU F'eOMeTPUYECKUX ITapaMeTPOB, & TaKKe CO-
MOCTaBAEHM KOHTPOABHBIX TOUEK IIyTeM MUHUMM3AIUM YHEPTIUU CBI3ei ToueK. MeToa OCHOBAH Ha
[IpUMeHeHuU IIpeoOpa3oBaHUM roMorpaduu AAS KaXAOI'O M3 COIIOCTaBASIEMBIX HM300pa’KeHUH.
Vicnoab3oBaHMe IPEeABAPUTEABHOM 00PAa0OTKU N300pakeHUN OOBSACHAETCS CyILleCTBEHHBIM Pa3Au-
yreM Me>XKAY TUIIaMU CEHCOPOB.

Haa. — 13. buba. — 5 naum.

YAK 62-501.12; 533.6.013; 629.7.022

Cypsxuk B.B. CucTeMHBIN aHaAU3 AUHAMUKM 3KpaHomnAaHoB // CoBpeMeHHble TeXHOAOTHU.
Cucremusbiit anaaus. MopeanpoBanue. VIpI'YTIC. - 2008. - Ne2(18). C.99-101.

B cTaTbe KOPOTKO OIrcaHa UCTOPHS CO3AAHNS OKPAHOIIAAHOB U AQHBI PEKOMEHAAITHUH 110 BEIOOPY
reoMeTprIecKrUX pa3MepoB CAaMOCTaOUAM3UPYIOMINXCS KPAHOIAQHOB CXEMBI «yTKa» Ha CTaAUU
OIpeAeAeHUs IPUHIUIINAABHBIX KOHCTPYKTUBHBIX pellleHHH.

Bbuba. — 4 naum.

YAK 621.7.93.001.5

AemvenTtnes B.I1., Kopuesa A.B., Cepnuganos A.U., Uepuaxk C.C., ITozpees B.H., Tyxuauna A.B.,
®anbko H.B. PeAbChbl IOBBIIIIEHHON 3KCIAYATAlMOHHON cTOMKOCTU aAg Cubupu // CoBpeMeHHbIe
TexHoAoruu. CucreMHbI aHaanu3. Mopeanposanue. UpI'YTIC. - 2008. - Ne2(18). C.102-104.

[TpeacTaBAEHBI pe3YABTATH PAOOTHI IO M3BICKAHUIO OITUMAABHOT'O XUMUYECKOT'0O COCTaBa U KOP-
PEKTHPOBKE TEXHOAOTUYECKOI'0 IIPOIecCa N3TOTOBAEHHUS PEABCOB AAS IIOBBIIIIEHNUS UX 9KCIIAyaTallu-
OHHOU CTOUKOCTHU B ycaoBuAx Cubupu u KpaniHero Cesepa. [TpuBepeHEBI pe3yAbBTATH IOAUTOHHBIX
HWCHOBITAHUI PEABCOB, C AOIIOAHUTEABHBIM MOAM(UIIMPOBAHUEM PEABCOBOU CTAAM XPOMOM, BaHAAM-
eM, HuobueM, 0OpOM, IIEAOYHO3eMEABHBIMU 1 peAKO3eMeAbHBIMHU MeTaaramu (LL3M u P3M), B ycao-
Bugax BCOKA, Ha nepeBarbHOM yuacTKe MpKyTcK-CAIOASHKA, XapaKTepU3yIolleMcs 3aTSKHBIMU
IIOABEMAMU U CIIyCKaMU (0T 4 %0 A0 25 %0) 1 ¢ OOABIIINM KOAWYECTBOM KPHUBBIX MAAOTO Papryca (Me-
Hee 300 M - 12%, 6oaree 300 M - 38,5% ).

Taba. — 2. buba. — 2 Haum.

YAK 62.031

AbsiueHKO A.A., MockoBcKkux A.O., ITepmakoB M.A. HekoTopble 3apauil BUOPAITMOHHOMN HaAEK-
HOCTU TeXHUUYeCKNX 00beKTOB // CoBpeMeHHbIe TeXHOAOTUN. CUCTEeMHBIN aHaAn3. MoAeAupOBaHue.
MpI'YTIC. - 2008. - Ne2(18). C.105-108.

B cTaTthe ipeacTaBAEHBI BAPUAHTHI OIIeHKM HAASKHOCTU TEXHUUECKUX CUCTEM PA3AMYHOU CAOK-
HOCTH, UCIIBITHIBAIOIINX AUHAMUYeCKre Harpy3KU B BUAe BUOpAIlU, OCHOBAHHEIE HA aHAAU3E CAY-
YaUHBIX BEIOPOCOB KOAEOATEABHBIX IPOLLECCOB M CBA3aHHBIX C HEM IIPOLLeCCOB HAKOIIACHUS ITIOBPEK-
AEHUN.

Haa. — 1. Buba. — 14 naum.
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YAK 614.842.83

Apuminackuii A.B., 3unesnu C. B., Yaunaos B. Il. MeToarKa BEKTOPHOT'O OII€eHUBAHUS CUCTEMBI
nmoskapHoU 6e3omacHocTy ipepnpusatus // CoBpeMeHHbIe TeXHOAOTUU. CUCTEMHBIN aHaAnu3. Moae-
auposanue. UpI'YTIC. - 2008. - Ne2(18). C. 110-119.

B paboTe npepraraeTcs KOHIENITyaAbHAsd MOAEAB CUCTEMBI ITI0JKapHOM 0e30I1aCHOCTH IIPEAIIPHU-
Tut. [lokazaHo, 4YTO CUCTeMa SIBASIETCS nepapxuueckol. PaccMOTpeHO copepsRaHue CUCTEM IIPeAOT-
BpallleHUs IToKapa, MPOTUBOIIOKAaPHOM 3aITUTEL U OPTraHM3alTMOHHO-TEXHUYECKUX MEPOTIPUSATHH, a
TaK>Xe MX MOACHUCTEM, IIEeAEBBIX M (DYHKIIMOHAABHBIX 9A€MEHTOB U CIIOCOOO0B peaam3anuu. [Ipeanro-
>KeHa BEKTOpHAasd METOAVKA OITeHKU CUCTEMBI, TTO3BOASOIIAS HE3aBUCUMBIM 00pa30M OIleHUBATh KaK
ee IIOAHOTY, TaK ¥ KaueCTBO.

Taba. — 4. buba. — 7 HauM.

YAK 519.714

AoitaukoB A.H., CaapHukoBa M.K., Kaaunun M.II. MeToarKa TPOTHO3UPOBaHUS HECTaIlMo-
HapHBIX IPOIIECCOB B CTPYKTYPHO HEYCTONUMBLIX cucteMax // CoBpeMeHHble TeXHOAOTUU. CUCTEM-
HBIU aHaAu3. Mopeauposanue. UpI'YTIC. - 2008. - Ne2(18). C.119-123.

[TpeproskeHa MeTOAVKA IPOTHO3MPOBAHMWSA HECTAIIMOHAPHBIX IIPOIECCOB C HCIOAB30BAHHUEM
MOAM(UIIMPOBAHHOT'O CUHTYASIPHOTO PA3AO’KEHUs C IPUMEHEeHNEM KPUTEPUEB KadeCTBa pa3pene-
HUS UCXOAHOI'O CHUTHAAA HA KBa3WCTAIlMOHAPHBIE COCTaBAsOUIVe. Pe3yAbTaThl pa3AOKeHHsT pac-
CMOTpPEHHI Ha Tpapukax MaKpOIKOHOMUUYECKUX MPOITeCCOB, B YaCTHOCTH, Ha IpuUMepe U3MeHeHUs
neHbl BaatoTHoro Kypca EUR/USD. TlpeanroskeHbl rpaduuecKue KPUTEPUU, TTO3BOASIONINE TOBBI-
CUTBH 9(pPEKTUBHOCTH IIPOTHO3UPOBAHMS ITPOIECCOB, MPOTEKAIOIIUX B CAOKHBIX CUCTEMAX.

Haa. — 6. Buba. — 2 Haum.

YAK 004. 82: 510: 65: 510. 662

WANG Sen A Comparison of specifications between several formal methods // CoBpemenubie
TexHoAOornu. CucteMHBIN aHarn3. MopeanpoBanue. VIpI'VTIC. - 2008. - Ne2(18). C.124-128.

B paHHOU paboTe KpaTKO OCBEILIAIOTCSA TPU Ba’KHBIX (DOPMAABHBIX SI3bIKOBBIX ¥ METOAUYECKUX
XapaKTepUCTUKU. AHAAU3UPYIOTCS U CPABHUBAIOTCS UX IPEUMYIIeCcTBa U CAaOble MeCTa, IPUBOAUT-
Csl CDABHUTEABHBIN aHAAU3 PA3HALINXCSA SA€MEHTOB: AOTUKA, CHUHTAKCUC, CTUAD XapaKTePUCTHK.

buba. — 3 raum.

YAK 621.311

3akapiokuH B.I1., Kpiokos A.B., AGpamoB H.A. BoipereHUe CEHCOPHBIX 9AEMEHTOB B CUCTEMax
TSITOBOTO 9AeKTpocHabxenus // CoBpeMeHHBIe TeXHOAOTUHM. CUCTEMHBIM aHaAn3. MoaeAmpoBaHue.
NpIl'YTIC. - 2008. - Ne2(18). C.128-131.

l'IpeAAo>KeHa MEeTOAWKA BBEISIBA€HUA CEHCOPHBIX SA€MEHTOB B CUCTeMaX TSATOBOT'O 3AeKTpOCHa6-
SKeHUSI MaruCTPaAAbHBIX JKeAe3HBIX AOPOT MepeMeHHOro Toka. OTAMUYNTEAbHbIE OCOOEHHOCTHU METO-
AVKM COCTOST B UCTIOAB30BaHUU (PA3HBIX KOOPAMHAT M KOPPEKTHOM yueTe BHelllHeU ceTu. Pe3yabTa-
ThI KOMIIBIOTEPHOT'O MOACAMPOBAHUA ITOKA3AAW IIPUMEHNUMOCTb METOANKU AN BBIACACHUA CEeHCOP-
HBIX 9A€MEHTOB B CUCTEMaxX TSATOBOTO dAEKTpocHabO keHus1. MugopMalinsa 0 CEeHCOPHBIX dAEMEeHTax
CT3 no3BOAUT OOOCHOBAHHO MOAXOAUTE K PEIIEHUIO [IEAOTO PSAA AKTYAaAbBHBIX 3aAa4 IPOEKTUPOBA-
HUSI U DKCIIAYyATallu CUCTEM TAT'OBOT'O 3A8KTpOCH8.6}KeHI/IH.

Haa. — 5. Buba. — 6 naum.

YAK 001.18.8

Coaomsaunsiil C.B., Kopoabkos B.Il. [TocTpoeHnure cucTeMaTUKH KEA€3HOAOPOKHOT'O TTOABUIK-
HOT'O COCTaBa Ha IIpUMepe IPy30BbIX BaTOHOB-IIAAT(OPM C ITIOMOIIIHI0 METOAOB KAACTEPHOTO aHaAM3a
1 camoopranuaytommxcs kKapT Koxounena // CoBpeMeHHBIe TexHOAOTUHM. CUCTEeMHBIN aHaAn3. Moae-
auposanue. UpI'YTIC. - 2008. - Ne2(18). C.131-136.

[TpuBepeH aHaAU3 pe3yAbTATOB IIOCTPOEHMS CUCTEMATHMKU TpaHcHopTa. [lokazaHa BO3MOXK-
HOCTB ITpeo0pa30BbIBATH CAOBECHOE OIIUCaHue OOBEKTOB B MaTeMaThU4eCKre KOOPAUHATHL. BeIOpaH
KPUTEPUU AN OLIEHKU Mep CXOJKeCTU U Pa3ANYUsd MEeKAY dIAeMeHTaMU TPAaHCIIOPTHON CUCTEMBI, KO-
TOPBIM MO3BOAIET CPAaBHUBATH Ha ITEPBBIY B3TASIA HeCpaBHUMbBIE OO BEKTHI. PaccMOTpeHBI HelpoceTe-
BBI€ QATOPUTMBI, KaK MepPCHeKTUBHBLIM WHCTPYMeHTapuil pa3paboTku [IpopeMOHCTpHUpOBaHO IIO-
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CTpOeHNe CaMOOPTraHU3yIoIencsa KapTel KoXoHeHa, KOTOpas IO3BOASET aBTOMATHU3MPOBATh IIPO-
IleCC MOCTPOEHUS CUCTEMATUKU. [I[poBeAEH pe3yAbTAaTOB PAOOTHI, CAEAAHBI BEIBOAHI.
Han. — 7. Buba. — 9 Haum.

YAK 519.714

CaapHukosa M.K., I'epacumenko K.B., Makapenko SI.H. Anaaus sppekTuBHOCTH ClIEKTPAAb-
HOTO U CUHTYASIDHOT'O Pa3A0’KeHUs B 33Aa4aX IPOrHO3UPOBAHUS CUT'HAAOB C [IepeMeHHON CTPYKTY-
port // CoBpemeHHBIe TexHoAormM. CucTeMHBIM aHaau3. MopeaupoBanme. VMpI'YIIC. - 2008. -
Ne2(18). C.137-139.

PaccMoTpeHBl OCHOBHBIE IIPUHIIMIIBI CUHTYASIPHOTO Pa3A0KeHUs 1 aHaan3a Dypbe ¢ yuyeTom
OTpPaHUYEHUN B 00AACTH IpuMeHeHUs. [I[poBepeHO CpaBHEHHE MOAXOAOB K IIPOTHO3UPOBAHUIO He-
CTallMOHAPHBIX [IPOIIECCOB HAa OCHOBE ABYX MeTOAOB. Tak’ke pacCMOTPeHbl OCHOBHbBIE UAEU AUHAMU-
YeCKOT'0 CIIeKTPAaAbHOI'O aHaAU3a U BeliBaeT-aHaau3a. OTMeueHbl OCHOBHBIE IIPEUMYIIIeCTBa U OTAU-
YU CUHTYASIPHOTO PA3AOSKEeHUS.

Haa. — 1. Buba. — 4 naum.

YAK 656.259.21:621.351

IITamanos B.I1., Cypos B.IL., Tpodumos FO.A., AremeukuH FO.A. [TapaMeTphl TITOBOM PEAbCO-
BOM CETH M YCTOMYMBOCTE Pab0THI puOopoB 6e3omnacHoct // CoBpeMeHHble TeXxHOAOTHH. CUCTeM-
HBIU aHaAu3. Mopeanposanue. pI'YTIC. - 2008. - Ne2(18). C.140-145.

[TpuBeaAeHb! pe3yAbTaThl aHAAN3a OCHOBHBIX KOAUYECTBEHHBIX CBI3eM MEXKAY SIAEKTPUUECKUMU
IlapaMeTpaMu OOPaTHOM TATOBOM PEAbCOBOM CETU U PACTEKAIOUIUMUCS II0 Hell IIepeMeHHbIMU TIro-
BBIMU TOKAMU C TOYKU 3PEeHUSI UX Melllalolllero BAUSHNSA Ha IPUOOPEI O€30IaCHOCTH.

Haa. — 3. Buba. — 5 naum.

YAK. 624.046

Eamucees C.B., Coooaes B.U., 'papo6oeB A.B. K BEIOOPY UMCAEHHBIX @ATOPUTMOB OITPEAEAEHUS
AOCTATOYHOCTH apMUPOBAHUS KeAe300€TOHHBIX KOMIIO3UTOB B YCAOBUSIX AUCKPETHBIX MOAeAer //
CospemeHHble TexHoAoTuU. CucTeMHBIM aHaau3. MoaeaupoBanue. VIpI'YIIC. - 2008. - Ne2(18).
C.145-150.

B cTaThe paccMOTpPeHBI TeOpeTHuYecKue IIPEAIIOCHIAKY IIPOBEAEHNS KOHCTPYKTUBHOTO pacueTra
>KeAe300eTOHHBIX 9A€MEHTOB Ha OCHOBE TEOPUU KOMIIO3UIIMOHHBIX MaTEPHUAAOB, TEOPUH IIPEAEAD-
HOT'O PaBHOBECHS U TEOPUU TPEIUH, a TaKKe U3A0KeHbI OCHOBHBIE ITOAOSKEHUS AATOPUTMHUYECKOTO
obecrieyeHNs pacueTa HeOOXOAMMBIX ITapaMeTPOB apMUPOBAHUI KOHCTPYKIUM B 3aAQHHBIX YCAOBU-
SIX HANIPSI>KEHHO Ae(DOPMUPOBAHHOTO COCTOSHUA.

Han. — 2. Buba. — 5 Haum.

YAK 656.1:658.5

ITamkosa A.C., UBankos A.H., I'o30enko B.E. [Iporuao3 crupoca Ha nacca’)KupCKUe IepeBO3KU C
CerMeHTHMPOBaHUEM II0 THIIaM aBToTpaHcnopTra // CoBpeMeHHbIe TeXHOAOIMU. CUCTEMHBIN aHaAUS.
MopaeanpoBanue. MpI'VTIC. - 2008. - Ne2(18). C.150-153.

B cTaTbe paccMaTpUBaETCS OAWH M3 Ba’KHEMIINX ITyTeM HNOBBIIIEHUS KauyeCcTBa OOCAY>KMBAHUI
IIaCCa’kupPoOB Ha @aBTOMOOUABHOM TPAHCIIOPTE B COBPEMEHHBIX YCAOBHAX, 3aKAIOUYAIOIIEerocs B obec-
IIeYeHNM MaKCUMaAbHOTO YAOBAETBOPEHME CIIPOCA Ha NTEPEBO3KH, B TOM UYHCAE U CIIPOCA Ha KaTero-
PUIO MECT B TPaHCIIOpTe. DTOT aclleKT OpraHu3alluu I1acCa>kKUPCKUX 1epeBO30K MMeeT Ba’KHOe 3KO-
HOMUYEeCKOe 3HaueHMe, TaK KaK pellleHre AQaHHOY 33Aa4H II03BOASIET IIOBBICUTH KOHKYPEHTOCII0CO0-
HOCTb aBTOMOOMABHBIX IIaCCa)KUPCKUX IIePEBO30K, IPUBAEYET Ha aBTOTPAHCIIOPT AOIIOAHUTEABHBIN
00BEeM ITaCCa’KUPOB C APYTUX BUAOB TPAHCIIOPTA, @ TEM CAMBIM IIPUBEAET K ITOBBIIIIEHNIO AOXOAHOCTH
epeBO30K. Pe3yAbTaThl HATYPHOTO OOCAEAOBAHUS ITO3BOAUAUN IPOMU3BECTU CETMEHTHPOBAHME Tac-
Ca’KMPOIIOTOKA ITO KaTeTrOPUAM IIaCCa’KUPCKOr'0 aBTOTPAHCIIOPTA U ITO PACCTOSTHUIO CAepO0BaHu4. [1o-
Ay4eHBl (DYHKIIMU CIIpOCA Ha MeCTa Pa3AMYHBIX KaTeTOPUU B 3aBUCUMOCTH OT AQABHOCTU IOE3AKHU.
YCTaHOBAEHO, YTO C YBEAMUEHUEM PACCTOSHUS CAEAOBAHUS IIOBLIIIAETCS CIIPOC Ha OoAee KoMdopTa-
OeABHBIN aBTOMOOKUABHBIN TPAHCIIOPT.

Haa. — 1. Buba. — 3 naum.

YA K681.3-167/168:616-056.22

®dunorenko N.A., ®Dunoresnko B.U., Apsikopud M.I1. MeToA BAOJKEHHBIX AMHEWHBIX CBEPTOK AAS
OIIeHKM KaueCTBa 3A0POBbs HacereHus: // CoBpeMeHHBIE TexHOAOTHH. CHUCTEMHBIN aHaAn3. Moae-
ampoBanue. UpI'YTIC. - 2008. - Ne2(18). C.154-161.

[TpearosKeHO U alTpOOMPOBaHO IPUMEHEeHNEe METOAA BAOJKEHHBIX AMHEUHBIX CBEPTOK AAS OIeH-
KM KaueCTBa 3A0POBbI HaceAeHNs. B Xoae MaCcCOBBIX CKPUHUHTOBBIX NCCAEAOBAHUY ObIAA MCIIOAB30-
BaHa aBTOMATU3UPOBAHHASI CUCTEMa KOAMUYECTBEHHOM OIIeHKU PUCKA OCHOBHBIX OOIIENaTOAOTHUYEC-
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KMX CUHAPOMOB. Ha OCHOBe ITOAYYEHHBIX AQHHBIX O PAaCIPOCTPAaHEHHOCTH PHUCKOB OCHOBHBIX O0IIe-
MAaTOAOTUYECKUX CUHAPOMOB C IIpUMeHeHNEeM MeTOAOB MHOTOKPUTEPHUAABHOTO aHAAN3a PACCUNTAHBI
WHTEeTpaAbHBIE ITOKAa3aTEAN KaueCTBa 3A0POBbsl HACEAEHUS OAHOTO 13 PalioHOB VIPKyTCKOM 0OAQCTH.
O6ocHOBaH €1Ioco0 I'papallvy KauyeCcTBa 3A0POBBS IO IIKAAAM 3HAUYEHUU MHTETPAAbHBIX IOKa3aTe-
A€l, PACIIOAOKEHHBIX MEKAY HyAEM U eAUHUIIEN.

Haa. — 6. Buba. — 6 Haum.

Pa3zaen 3
CucreMHBIN AHAAN3
1 ME>XXAUCIMIIANHAPHBIE IIOAXOABI B NICCAEAOBAHUSIX

YAK 321.01

AeTtHUKOB @.A. '0CypapCTBO - OTKPBITAsl HepaBHOBECHAs AMHaMudecKasi cucreMa. CuHepreTu-
yeckut acrekT // CoBpemeHHBIe TexHOAOTUM. CUCcTeMHBIN aHaAu3. MoaeaupoBanue. UpI'YTIC. -
2008. - Ne2(18). C.162-167.

B cTraTbe upeT peub 00 OTKPHITEIX HEPAaBHOBECHBIX CUCTEMAX, TaK KaK BCIKOe I'OCYAAPCTBO IIPeA-
CTaBASET, IPEe’KAE BCEro, CUCTEMY, T.€. YIIOPIAOUEHHOEe MHOKECTBO B3aMMOCBSA3aHHBIX IAEMEHTOB,
OIIpeAeAeHHad IIeAOCTHOCTD, TPEACTABASIONIAICSA KaK HEYTO eAHOE [0 OTHOIIIEHUIO K ADYTUM 00Bb-
€KTaM UAHM BHEIITHUM yCAOBHUSIM. OUeBHUAHO, UTO B AQHHOM CAyUYae IpUMeHeHHe 9TOTO TepMUHA B KOH-
TEKCTe pacCMaTpUBaeMOU IIPpOOAEMBI BIIOAHE OIpaBAaHO. KpoMe TOro, OTKPBIThIE CUCTEMEL - CUCTe-
MBI, KOTOPBIE MOI'yT OOMEHUBATHCS BEIlleCTBOM, SHepruei u nHPOPMAIlMel C OKPYKAIOIel CpepOH,
U 3HAQUUT AF0OOe TOCYyAQPCTBO BIIOAHE IIOAXOAUT IIOA OIIpepereHUe "OTKphITasg cucrema'.

buba. — 4 naum.

YAK 378

Ocumnos B.E., Kynieako H.IO. ['ymanuTapHag KyAbTypa B CUCTeMe TeXHUYeCKOTo 0O0pa3oBaHUs
// CoBpeMeHHBIe TexHOAOTHH. CUCTeMHBIN aHaAan3. MoaeampoBanue. VIpI'VYTIC. - 2008. - Ne2(18).
C.167-171.

B cTaThe onpepenreHO OHATHE «TyMaHUTApHAsA KyAbTYpa». PaccMOTpeHBl OCHOBHBIE BOITPOCH],
CBsI3@aHHBIE C IIPOOAEMON Ir'yMaHUTapHU3aiy 00pa3oBaHUsl B TEXHMYECKOM By3€, @ TaKKe IIPeACTaB-
A€H aHaAM3 COBPEMEHHOI'0 COCTOSIHHS I'YMaHUTAPHOM COCTaBASIONel B 00pa3oBaTeAbHOM IIpoliecce.

Bbuba. — 6 naum.

YAK 159.9:004.8

CrenaneHko A.C. ®urocodcko-MeToporormdecKre IPOOAEMBI COOTHOIIEHMS €CTeCTBEHHOTO U
HCKYCCTBEHHOTO UHTeANeKTa // CoBpeMeHHBIe TeXHOAOTUU. CUCTEeMHBIN aHaAu3. MoapeArpoBaHUe.
HpI'YTIC. - 2008. - Ne2(18). C.171-178.

[NpeacTaBAeHO PUAOCOPCKOE OCMBICACHUE TPUHITMIUAABHO HOBBIX MOMEHTOB, BHOCUMBIX MC-
KyCCTBEHHBIM HMHTEAAEKTOM B Pa3AWYHBIE OOAACTH YEAOBEYECKOMU AESATEABHOCTH, YTO IO3BOASIET
OCO3HATh HEIIPEACKA3yeMOCThb COIIMOKYABTYPHBIX IIOCAEACTBUAM AASL HAYYHOTO U TEXHOAOTMYECKOTO
OCBOEHHMS MHPA METOAAMHU MCKYCCTBEHHOI'O MHTEAAEKTa M BMeCTe C TeM, IIPEABUAETH 3TU IIOCAe-
ACTBHS.

buba. — 19 naum.

YAK 621.01(07)

Pe3nuk [0.H., Koropun B.C,, I'yrrapy P.A. Pe3epBbl 1 MeXaHM3MbI TOBLIIIIEHUS KQUeCTBa IPO-
AYKIVH. BUPTYaAbHOE ITPOU3BOACTBO U cals-TrexHoaoruu // CoBpeMeHHbIe TeXHOAOTUU. CHCTEeMHBIN
anaams. MoaeaupoBanue. VIpI'YTIC. - 2008. - Ne2(18). C.178-180.

O0cy»)paeTcs IpoOAeMa BBEAEHHU S IIOHATHS BUPTyaAbHOE IIPEAIIPUSATHE KaK CUCTeMbl KOMIIBIO-
TEePHBIX MOAEAEU U3AEAUN, TEXHOAOTUUECKUX U ITPOU3BOACTBEHHBIX TPOIeCcCOB. B 3TOM IAaaHe KATO-
4yeBble NTO3UINU 3aHMMaioT CALS-TeXHOAOTHU M CBSAI3aHHBIE C HUMU (DYHKITMOHAABHBIE MOAEAH, I10-
3BOASIIONIE MUHUMU3UPOBATD 3aTPAaThl Ha COOP U BBOA MH(POPMAIIUN.

buba. - 3 naum.

YAK 681.3
Zhao Xiaojing Develop a sense of ownership, and innovation disseminates // CoBpemMeHHEBIe
TexHoAoruu. CucTeMHbIN aHaAu3. MoaeaupoBanue. Mpl'YTIC. - 2008. - Ne2(18). C.181-186.
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PaboTa mocBsllleHa NTHHOBAIIMOHHOW TEOPUM TEKYIIINX HOBOBBEAEHUU B OOAACTHU @HTAUNCKOTO
s3bIKa KaK MHOCTPAHHOTrO B BocTouHO-KHuTalickoM yHUBepCUTeTe ITyTel cooO1eHnd. B KauecTBe UA-
AIOCTpalUl IPUBEAEHBI HEKOTOPHIE aClIeKThl TeOpUn AU Py3Un 1 MHHOBAIJMOHHBIE PAMKH, & B KOH-
I1e M3AararoTcsl HeKOTOpPhble CTPATeT .

Buba. — 4 naum.

YAK 339.5:656.2.073

Liu Xian The basic conception of railway credit transportation and its evolutive varieties // Cos-
peMeHHble TexHoAoruu. CuUcCTeMHBIY aHaAui3. MoaeampoBanue. MpIYIIC. - 2008. - Ne2(18).
C.18%-191.

KpeauToBaHue >KeAe3HOAOPOSKHBIX IIEPEBO30K UMeeT CBOe COOCTBEHHOE NOHATHE. AASI pa3BU-
THSI KPEAUTOBAHUS IIePEBO30K Ha JKEA€3HOAOPOIKHBIX (PUAMANAX CO3AAETCSI MHOKECTBO OAAromnpu-
SATHBIX yCAOBUH. Basupytoieecs Ha OCHOBHOM ITOHATUH, KPEAUTOBaHME JKeAe3HOAOPOKHEBIX ITIePeBO-
30K MOJKET pa3BUBaTh MHOKECTBO 3BOAIOIIMOHHBIX BApUAHTOB. Pa3BUTHEe OCHOBHOTO TTOHATHUS Kpe-
AUTOBAHUA JKEA€3HOAOPOXXHBIX ITEePeBO30K U €I'o0 3BOAIOIITMOHHBIE BAPUAHTHBI MOI'YyT OBITL BBITOAHBI-
MM BO MHOTHX ACIIeKTaX. MQ}KAY COOTBETCTBEHHBIMH CTOPOHAMM B OCHOBHOM ITOHATHUUN KPEAUTOBA-
HUS JKeAe3HOAOPOIKHEIX IIEPEBO30K U €TI0 9BOAIOIIMOHHBIX BAPUAHTOB CYIIeCTBYIOT OCOObBIE IOPUAH-
yeckue oTHoIIeHUusI. OCHOBHOE IIOHITHE KpepAuTOBAHUA JKEAE3HOAOPOXXHBIX IIEPEeBO30OK U eIro 3BO-
AIOITMOHHBIX BAPUAHTOB IIOAPa3yMeBaeT HOBOe HallpaBA€HME B Pa3BUTUM.

buba. — 6 naum.

YAK 621.01(07)

Aounux I1.A., Eaucees C.B., I'ytrapy P.A. KoHKYypeHTOCIIOCOOHOCTEL U peHTa0eAbHOCTh ITPEeA-
NPUSATHY TIPU BHEAPEHUN CHUCTEeM MeHepXKMeHTa KadecTBa // CoBpeMeHHBIe TexHOAOTHHU. CHUCTEM-
HBIU aHaAu3. Mopeanposanue. pI'YTIC. - 2008. - Ne2(18). C.192-195.

[Tpomecc BHeAPEHHMS CUTEM MEeHEAKMEHTa KaueCTBa pacCMaTPUBAETCI KaK KOMIIAEKCHAs IIPo-
OAeMa, 0ObeAUHSIONIasl IIPOTHO3UPOBaHUe, OIITUMU3Al[UI0 UHCTPYMEHTOB, U AUAarHOCTUKY oOeclie-
YeHMsI CUCTeM KauecTBa. [TpeprararoTcss peKoMeHAQIIUHU 110 BEIOOPY MEeTOAOB IIPOTHO3MPOBAHUS Ha
OCHOBe (POPMAAM30BAHHBIX ITOAXOAOB.

Buba. - 3 naum.

YAK 504:621.6.033(98)

Avurpesnko A. B., 3a6ao0Ba U. B. [TpuHIUIIBE pa3BUTHS MUPOBOM TPAaHCHIOPTHOM CeTH Ha Iep-
cuektuBy // CoBpeMeHHBIe TexHOAOTHU. CHCTEeMHBIN aHaan3. MoaeanpoBanune. pI'VIIC. - 2008. -
Ne2(18). C.195-198.

B nmepcrniekTrBe, B CBA3U C YBEAUUYEHHEM YHUCAEHHOCTU HACEAEeHUs CTPaH MHUpPQ, & TaKXKe C II0-
TPeOHOCTHIO Pa3pabOTKU HOBBIX MECTOPOIKACHUU IIOAE3HBIX HCKOIIaEMBIX, BCTAAQ 3aAa4a ITIOCTeIleH-
HOT'O OCBOEHMS CeBEePHBIX TEPPUTOPHM, a 3TO B CBOIO OUePeAb, BLI3bIBAET HEOOXOAMMOCTb CTPOUT-
eAbCTBAa HOBBIX TPAHCIOPTHBIX CUCTEM, C ITEABIO BOBACUEHUS B XO3SMCTBEHHBIM 000OPOT CTPaH MUPA.
B craThe BBIpEAEHEI (PAKTOPEI, Ha KOTOPbIe HEOOXOAMMO OOpaTUTh BHUMAaHME IIPU YCUAEHUN MUPO-
BOY TPAHCIIOPTHOM CETH.

Bbuba. — 4 naum.

YAK 378

Zhou Liping An action research on helping students of special majors become autonomous
learners through formative // CoBpemenHble TexHOAOTUU. CUCTEMHBIN aHaAu3. MoAeAnpOBaHUE.
MpI'YTIC. - 2008. - Ne2(18). C.199-204.

OnuceIBaeTcs 3KCIIepUMeHTaAbHOE UCCAEAOBAHNE Ha TEMY ITOMOIITY CTYA€HTaM HECTaHAAPTHBIX
CIIeIIMaABHOCTEN B @BTOHOMHOM OOy4eHMH yTeM (DOPMATUBHOM OIleHKH. B KadecTBe IpuMepa Npu-
BOAMTCSI TPYIIIIa CTYAEHTOB, 00y4aloUInXCs 10 clielinarbHOCTY «Du3ndecKasi KyAbTypa» 1 OIIUCHIBa-
€TCs [IPOLLeCC U Pe3yAbTaThl IPMMEHEeHUsI AAHHOT'O METOAQ, @ TAKJKe - IIPOIleCcC pa3BUTHS 00ydaeMoC-
TU CTYAEHTOB.

buba. — 3 naum.

YAK 519.218.2
Baogen Xu, Li Deng On Reciprocal Signed Domination in Graphs // CoBpeMeHHBIe TEXHOAO-
ruu. CucteMHBIN aHaAn3. MoaeaupoBanue. MUpI'YTIC. - 2008. - Ne2(18). C.204-207.

[Tycts G = (V, E) - rpacduk, a pyukrus f:7 — {—1,1} - pyHKIIMsI B3aUMHO OAHO3HAYHOTO AOMUHU-

poBanus rpaduka G. Ecan z f(v) <1, uTo cipaBEAAUBO AASI AFOGOM BEPIIUHEL U € V', YMCAO B3aUMHO
veN[u]
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OAHO3HAYHOTO AOMHUHUPOBAHWUSI OMIPeAeAsieTcs Kak ¥ (G)=max { Zf(v) — (pyHKIIMSA B3AUMHO OAHO-
3HAYHOTO AOMUHUPOBaHUsi Ast G} . B aaHHOM paboTe BoAblIeil Yaeito IOAYYEeHBI 3HaUEHNS BEPXHUX

TPAHUIL Y ys(G),A,AfI 0o0mux rpauKoOB U OIIpeAeAeHbl TOUHBIe 3HaueHud rpadukos G. K Tomy xe, 3a-

TPOHYTHI HEKOTOPHhIE OTKPBITHIE BOITPOCHI U TUTIOTE3HI.
Buba. — 7 naum.

YAK 681.3

Fan Yong, Zhang Xuan An empirical study on concentration ratio in China's securities traders
// CoBpemenHbIe TexHOAOTUHM. CUCTEeMHBIN aHaAn3. MoaeanpoBauue. UpI'YTIC. - 2008. - Ne2(18). C.
207-211.

MHAyCTpUA e HHBIX OyMar UrpaeT HeMaAOBaKHYIO POAB HAa (DOHAOBOM pEIHKe KuTas 1 B €ero 9Ko-
HOMUYECKOM IIPOABUIKEHUU. B 3TOM CBSI3U B 3TOM 00AACTH TpeOyeTcs CUCTeMaTUdecKoe U FAyOoKoe
paccaepoBaHUe. AaHHAg paboTa aHaAM3UPYeT PHIHOYHYIO CTPYKTYPY MHAYCTPUHU IleHHBIX OyMar Ku-
Tasd, UCIIOAB3YS ITIOAXOA U3YUEHHUS TOKa3aTeAel KOHIIeHTPAIuU IePEeAOBBIX OTPACAeN UHAYCTPHUAAb-
HOM 3KOHOMUKHU. Pe3yAbTaThl AQHHOTO aHaAM3a OYAYT IPEACTABAATH OOABIITYIO Ba)KHOCTB AASL OIITH-
MM3aIluU U MOAEPHU3AIUN UHAYCTPHUAABHOMN CTPYKTYPHI LIEHHBIX OyMar, a TakKe - AAL (DOPMYAUPO-
BaHUS 1 BHEAPEHUSI TOCYAAPCTBEHHOU IOAUTUKH.

Buba. — 5 naum.

YAK 621.01(07)

Kopoaiok N.C., Koaropun B.C., CAurkoBa O.K. MOHUTOPUHT U AMAaTrHOCTHUKA CUCTEM KauecTBa
npepnpusitus  // CoBpemeHHBIe TexHOAOTHU. CHCTEeMHBIN aHaAan3. Moaeamposanme. MpI'YTIC. -
2008. - Ne2(18). C.211-214.

[MpeanraraeTcst cucTeMa HeIPEePBIBHOT'O MOHUTOPUHTA U AUATHOCTUKU MPUMEHUTEABHO K Hanbo-
Aee OTBETCTBEHHBIM MAlllMHAaM, OTKa3 KOTOPBIX HeJKeAaTeAeH. [1o pe3yabTaTaM n3MepeHn CO3Ma€eT-
CS1 AATOPUTM AMATHOCTUKUIIO3BOASIONINM PeaAr30BaTh palilioHaAbHOe pelleHne. AMarHocTuyecKkas
MaTpULla IPEACTABASIETCS B BUACABY3HAUHOU AOTMUECKON MOAEAU.

Bbuba. - 4 naum.

YAK 336.01/02

Hu Junnan, Xu Xiaoyang Dividend policy of listed companiesin china // CoBpeMeHHBIe TeXHO-
aoruu. CucteMHBIN aHaan3. MoaeanpoBanue. VIpI'VTIC. - 2008. - Ne2(18). C.215-222.

B paboTe aHaAN3UPYIOTCS CYIIEeCTBYIOIIUE IPOOAEMBI IOAUTUKHI AUBUAEHAOB B KuTae ¢ yueTom
MAHHBIX I10 pacnpeAeAeHnto AuBUACHAOB (2001-2005) Bcex AMCTUHTOBBIX KOMITaHUM (0KOoAO 1300) Ha
KUTanCKOM (pOHAOBOM pBIHKE. [ TOTOM, B COOTBETCTBUU C IPUUYMHAMU, BHI3BABIINMU 3TU IPOOAEMHI,
aBTOPHI IPEAAATAIOT IPUHATH KOMIIAEKC CIIeIUPUIeCKUX Mep II0 YPeTIyAUPOBAHUIO IIOAUTUKU AUBU-
AEHAOB AUCTHUHTOBBIX KOMIIaHUM Kurtas.

Taba. — 3. buba. — 4 naum.

YAK 621.357

Tong Zhengong, Li Liling Optimal booster disinfection in water distribution systems // Cospe-
MeHHBIe TexHoAoruu. CucteMHBIY aHaAu3. Moaeauposanue. UpI'VIIC. - 2008. - Ne2(18). C.223-226.

OOBIYHO Ae3UH(PUIUPYIONINE CPEACTBA AOOABASIOTCS TOABKO HA BOAOOYHNCTHBIX COOPY KEHUIX,
4YTO MOJKET IIPUBECTU K Karo0aM NMoTpebuTeAel, JKUBYIIINX OAM3KO K UCTOYHUKY, HA BKYC U 3allax
BOABI. Takske 3TO MPUBOAUT K OCTAaTOYHBIM KOAeDAHUSIM IIPOCTPAHCTBEHHO-BPEMEHHOU KOHITeHTpa-
UM Ae3MHQEKIINU 10 Bcel ceTu. Hauayuninii cnocob AOCTUYb MUHMMAABHOTO XAOPHOTO OCTaTKa Ha
BCeX YPOBHSIX OTBETBAEHUM CETU — 3TO NPUOEraTh K OyCTEPHOMY XAOPUPOBAHUIO. DTO rapaHTUPYET
Oonee OAHOPOAHBIN MPOCTPAHCTBEHHO-BPEMEHHOM OCTATOK A€3MHMUIIUPYIOIIEro CPEACTBA, TIOHU-
KaeT TpeOyeMyo OOIIYIO MaCcCy Ae3MH(PUIIUPYIOIIEro CPEeACTBA. B AaHHOM paboTe IIpepraraeTcs aa-
TOPUTM ONITUMHU3AIUY MECTOHAX0KAEHUS OyCTepHOM YCTAHOBKY U OIIpeAeAeHU s CTelleH! AO3UPOBa-
HUS BIIPBICKA U CO3AAETCS IIPpOrpaMMa AN eT0 peaAr3allui. B KOHIle HAAIOCTPUPYETCS Pa3Hulla MexX-
Ay 0€30TIacHOCTbHIO BOABI B TPYOOIIPOBOAE U CPAaBHUTEABHAS SKOHOMUS C IPUMeHeHUeM TPaAUIIuOH-
HOTO M OyCTEPHOTI'0 XAOPUPOBAHUS.

Han. — 2. Buba. — 5 naum.
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Part 1
Mechanics. Transport. Machine Engineering

UDK 656.001

Khomenko A.P., Eliseev S.V., Zasyadko A.A. From the dynamics of controlled systems to
mechatronics // Modern Technologies. System Analysis. Modelling. ISURE. — 2008. - #2(18).
P.10-14.

The concept of vibroinsulation systems construction is regarded as a problem of management
construction in dynamic system. In the first case the approach is based on the solution of a system of
differential equations being structurally interpreted as equivalent systems of automatic control. In the
second case the corresponding regulator is synthesized.

Fig. — 1. Ref. — 10.

UDK 622.342.(575.1)

Reznik Yu.N., Shumilova L.V. The way of preparation of refraction sulphidic gold ores to
leaching // Modern Technologies. System Analysis. Modelling. ISURE. — 2008. - #2(18). P.15-20.

The important problem of gold mining at the present stage is a rational use of base and refraction
gold ores. In article the developed technology of ditch-compact leaching which has the big prospects
while processing refraction gold ores is presented. This technology with replaceable activation blocks
is adapted for type of ore and its technological refraction, and allows raising efficiency and gold
extraction at processing of various types of sulphidic ores for more than 20 %.

Fig. — 2. Ref. — 4.

UDK 621.01:534

Kuznetsov N.K., Kuznetsova O.S. Dynamic damping of elastic vibrations of the robots' process
execution modules // Modern Technologies. System Analysis. Modelling. ISURE. — 2008. - # 2(18).
P.21-25.

The problem of limiting of elastic vibrations of process execution module in transitive operating
modes is one of topical issues of the creation of industrial robots. In the article the possibilities of
dynamic damping of elastic vibrations on the coordinate of the turn of the robot's process execution
module, the possibility of the damping of elastic vibrations on the coordinate of a hand's turn by
means of discontinuous change of the start coordinate, and also the influence of program and
oscillatory movements' coherence on the intensity of vibration damping are analyzed.

Fig. — 3. Ref. — 6.

UDK 624.13. 54

Tyupin V.N. Influence of vibrodynamic impact of a moving train on the contact net support and
transit process safety // Modern Technologies. System Analysis. Modelling. ISURE. — 2008. -
#2(18). P.26-28.

The mechanical process of vibrodynamic impact of a moving train on the stability of a contact
network support. The theoretical equation of stability supports' distinguishing is obtained. Technical
suggestions for stability increasing are given. The research is aimed at the security level during the
train movement.

Fig. — 3. Ref. — 3.

UDK 621.06

Sobolev V.I., Chernigovskaya T.N. Algorithm of harmonic element forming in design of thin
plates vibrations // Modern Technologies. System Analysis. Modelling. ISURE. — 2008. - #2(18).
P.29-35.

On the basis of general method application of the bent harmonic elements construction as thin
plates suitable for including in discrete-continuous dynamic system, the algorithm of realization of
harmonic element is expounded. A sequence and results of dynamic inflexibilities matrix formation is
resulted (amplitudes of single dynamic reactions).

Fig. — 1. Ref. — 5.
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UDK 620.22

Xu Xianfeng, Xiao Peng, Xiong Xiang,Huang Boyun Effects of surface coats on the mechanical
and physical properties of carbon fibers // Modern Technologies. System Analysis. Modelling.
ISURE. — 2008. - #2(18). P.36-38.

After removal of the resin from PAN-carbon fibers, the fibers were coated with C or SiC by chemical
vapor deposition (CVD) and the effects of these CVD coats on the mechanical and physical properties of carbon
fibers were investigated. The surface morphology of the CVD C or SiC fibers was found smoother than removed
resin F by SEM. CF coated C or SiC can increase BET surface area (TSA) and BJH method cumulative adsorption
pore volume (BPV). The tensile strength and Young's modulus of the fibers are decreasing with different extent
after CVD because of the damage of CVD atmosphere, but are higher than those of contrast samples because of
the repair of CVD C or SiC coats.

Fig. — 4. Ref. — 5.

UDK 693.15

Gao Jianping, Yin Hongyan Shaking table test of a 1/5 scaled integrated masonry-in-frame
system model // Modern Technologies. System Analysis. Modelling. ISURE. — 2008. - #2(18).
P.39-43.

The integrated masonry-in-frame system is often used in story-adding and upgrading projects of
existing masonry structures in practice, however, its seismic behavior and seismic design method are
not well understood because of lack of in-depth and systematic research. The objectives of the
research are to investigate the seismic performance, calculating model of a 4-story integrated
masonry-in-frame model.

Fig. — 11. Ref. — 2.

UDK 621.89

Liu Hong, Xiong Liping, Zhou Xiang, He Zhongyi, Zhang Shaoming Tribochemical study of
two triazine derivatives as additives in rapeseed oil // Modern Technologies. System Analysis.
Modelling. ISURE. — 2008. - #2(18). P.44-48.

Two triazine derivatives, 2,4-bis-amido-6-(O,O’'-dibuthyl dithiophosphate)-s-1,3,5 -triazine were
synthesized and their tribological behavior as rapeseed oil additives were evaluated using a four-ball
tester in this paper. The tribological mechanism was that the prepared compound as additive forms a
protective film containing ferric sulfide, ferric sulfate, organicsulfur compound and organicnitrogen
compound on the rubbed surface.

Fig. — 5. Ref. — 3.

UDK 541.18.041.2

Lu Xiuguo, Liu Xuemei, Liu Yan. Magnetic-assisted micro-ozone applied to oxidize mathylene
blue dye simulated wastewater // Modern Technologies. System Analysis. Modelling. ISURE. —
2008. - #2(18). P.49-54.

On the basis of general method application of the bent harmonic elements construction as thin
plates suitable for including in discrete-continuous dynamic system, the algorithm of realization of
harmonic element is expounded. A sequence and results of dynamic inflexibilities matrix formation is
resulted (amplitudes of single dynamic reactions).

Fig. — 5. Ref. — 4.

UDK 621.311

Yang Feng-ping, Zhang Bi-wu, Feng Chun-hua Mechanical properties measurement and
software design of vacuum circuit breaker // Modern Technologies. System Analysis. Modelling.
ISURE. — 2008. - #2(18). P.54-58.

A hardware scheme of the mechanical properties of vacuum circuit breaker is introduced, and a
set of software is designed for the measuring system. A data acquiring and processing system is
designed by using technical grade mainboard, DOC 2000, touch screen, micro-printer and data
acquisition card (DAQ). The device's operation system is constructed with Red Hat Linux 9.0. Then in
order to get a graceful and friendly human-computer interface, the control interface program is
realized by using MiniGUI. Finally MySQL is used to write program which realizes test result's
storage, inquiry and transfer. The measuring device will be the efficient tool for measure and repair of
vacuum circuit breaker.

Fig. — 7. Ref. — 8.
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UDK 621.89

He Zhongyi, Xiong Liping, Lu Jinliang, Ren Tianhui, Zhang Shaoming Tribological study of a
triazine derivative as lubricant in rapeseed oil // Modern Technologies. System Analysis. Modelling.
ISURE. — 2008. - #2(18). P.59-61.

2-ethylamido-4,6-((O,0-dioctyl dithiophosphate)-.s'-1,3,5-triazine (DEOP) was synthesized and
it's tribological behavior as extreme pressure (EP) and antiwear (AW) additive in rapeseed oil (RSO)
were evaluated using a four-ball tester in this paper. The tribological mechanism was that
tribochemical reaction occurred between the synthesized compounds and metal surfaces during the
sliding process, to form a complex film which has excellent load-carrying capacity and antiwear
ability.

Fig. — 3. Ref. — 3.

UDK 622.342.(575.1)

Shumilova L.V. Classification of gold ores with disperse gold on technological refraction //
Modern Technologies. System Analysis. Modelling. ISURE. — 2008. - #2(18). P. 62-69.

Classification of gold ores with disperse gold by criterion of technological refraction is presented.
To accelerate the operation of major fields refraction gold-arsenical ores with disperse gold, it is
necessary to apply the most economically profitable and safe way of industrial introduction
processing. As the example of such a way ditch-compact leaching of gold mineral raw materials is
offered. It was developed in the Chita branch of Mining Institute of the Siberian Branch of the Russian
Academy of Science together with Russian State University of Exploration and Mining.

Fig. — 2. Ref. — 3.

UDK 621.317

Zasyadko A.A., Nasnikov D.N. Observability and controllability in problems of active
vibroprotection // Modern Technologies. System Analysis. Modelling. ISURE. — 2008. - #2(18).
P.69-75.

Problems of vibration control in the electromechanical system, solving problems of
vibroinsulation and vibroprotection are considered. Authors suggest the mathematical models,
allowing constructing operating influence according to the controlling function. The estimation of the
situation within the framework of the observability and controllability problem is suggested. The
correlations defining the possibility of realizing the operating influences are given in the article.

Fig. — 3. Ref. — 5

UDK 665.01

Upyr' R. Yu,, Logunov A.S., Permyakov M.A. Specific regimes in dynamics of base models
mechanical vibratory systems // Modern Technologies. System Analysis. Modelling. ISURE. — 2008.
- #2(18). P.76-81.

In paper the problem of detection of features of properties of mechanical vibratory systems is
observed at introduction of additional ties, in case of system consideration in the principal
coordinates. By authors it is displayed, that at certain sampling of reduced inertia parameters of
additional ties, chances of equality of frequencies of an eigentone, and also possibility of their
“castling”, that, in the, the turn, allows to operate a dynamic condition of a prototype system.

Fig. — 2. Ref. — 3.

UDK 614.8

Jiang Xian-Gang The technology research on image smooth and medical organ's
3D-reconstruction based on anisotropic diffusion // Modern Technologies. System Analysis.
Modelling. ISURE. — 2008. - # 2(18). P.82-806.

This paper researches the medical image denoising by anisotropic diffusion method. Based on
anisotropic diffusion theory, a partial differential equations, of which the initial value is the input
images, is transformed into difference format and is solved in iterative way to get filter results. It is
important to maintain the key edge and important local details while removing the speckle noise
efficiently. On the basis of anisotropic diffusion, we put forward the eight-direction anisotropic
diffusion and edge enhancement technology, and get a satisfactory result. These processed slices are
further processed in 3D-reconstruction by the cluster grouping, and the reconstruction and show the
better effects.

Fig. — 1. Ref. — 1.
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UDK 614.8

Kapustin A.N., Garifulin V.Yu., Perelygin V.N., Luk'yanov A.V. Effective comparison of images
in infrared and optical spectral ranges using the stereomate “warmvisor - videocamera" // Modern
Technologies. System Analysis. Modelling. ISURE. — 2008. - # 2(18). P.87-98.

In given article the method of effective comparison of images of various wavelengths in
thermo-optical system of nondestructive check using projective transformation techniques to
optimize geometrical parametres, and also to compare control points by the minimization of point ties
energy. The method is based on application of homography transformations each of the compared
images. The usage of image pre-processing is explained by the essential distinction between sensor
types.

Fig. — 13. Ref. — 5.

UDK 62-501.12; 533.6.013; 629.7.022

Surzhik V.V. System analysis of ekranoplans' dynamics // Modern Technologies. System
Analysis. Modelling. ISURE. — 2008. - # 2(18). P.99-101.

The history ekranoplans' creation is briefly described in this article. Recommendations on the
choice of geometrical sizes of self-stabilized canard layout ekranoplans at a stage of definition of basic
constructive solutions are made.

Ref. — 4.

UDK 621.7.93.001.5

Dementyev V.P., Korneva L.V, Serpiyanov A.L., Chernyak S.S., Pozdeev V. N., Tuzhilina L. V.,
Fal'ko N. V. Rails of increased operation durability in Siberia // Modern Technologies. System
Analysis. Modelling. ISURE. — 2008. - #2(18). P.102-104.

The results of work on the research of an optimum chemical compound, correcting the
technological process of rail manufacturing to increase their operation durability in Siberia and the
Far North are presented. The results of rails' ground tests, with a rail steel being additionally modified
by chrome, vanadium, niobium, boron, alkaline-earth and rare-earth metals (AEM and REM) in
East-Siberian railroad, at the Irkutsk-Slyudyanka site characterized by long liftings and descents
(from 4 %0 to 25 %0) and with a lot of small radius curves (less than 300 m - 12 %, more than 300 m - 38,5
%) are shown.

Tabl. — 2. Ref. — 2.

UDK 62.031

Dyachenko A.A., Moskovskikh A.O., Permyakov M.A. Some problems of vibration safety of
technical objects // Modern Technologies. System Analysis. Modelling. ISURE. — 2008. - # 2(18).
P.105-108.

The variants of safety estimation of technical systems with various complexity during the
vibrational dynamical stresses are represented in the article. These stresses are based on the analysis
of random outbursts of vibration processes and damaging processes due to this.

Fig. — 1. Ref. — 14.

Pazaen 2
Control in technical systems. Modelling

UDK 614.842.83

Arshinsky L.V., Kubarev A.S., Udilov V.P., Usolov E.V,, Zinevich S.V. The methodics of
fire-safety system vector evaluation at the enterprise // Modern Technologies. System Analysis.
Modelling. ISURE. — 2008. - #2(18). P.110-119.

The paper suggests the anti-fire system conceptual model of enterprise. It is shown that the
system is hierarchical. The content of fire-preventive system, anti-fire defence system and
organization and technical measures, and also of their subsystems, target and functional elements and
realization methods are considered in the paper. Using of vector evaluation methodic helps to
evaluate independently either fullness or quality of these systems.

Tabl. — 4. Ref. — 7.
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UDK 519.714

Dojnikov A.N., Salnikova M.K.Kalinin M.P. Technique of forecasting of non-stationary
processes in structurally unstable systems // Modern Technologies. System Analysis. Modelling.
ISURE. — 2008. - #2(18). P.119-123.

The technique of forecasting of non-stationary processes with use modified singular
decomposition with application of criteria of quality of division of an initial signal on quasistationary
components is offered. Results of decomposition are considered on schedules of macroeconomic
processes, in particular, on an example of change of the price of rate of exchange EUR/USD. The
graphic criteria, allowing raising a forecasting effectiveness of the processes proceeding in difficult
systems are offered.

Fig. — 6. Ref. — 2.

UDK 004. 82: 510: 65: 510. 662

WANG Sen A Comparison of Specifications between several formal methods // Modern
Technologies. System Analysis. Modelling. ISURE. — 2008. - #2(18). P.124-128.

This paper introduces briefly three influential formal specification languages and methods. We
analyze and compare their advantages and weaknesses, and provide a comparison of differences:
underlying logic, syntax, specification style, etc.

Ref. — 3.

UDK 621.311

Zakaryukin V. P., Kryukov A. V., Abramov N. A. Distinguishing the sensor elements in traction
power supply systems // Modern Technologies. System Analysis. Modelling. ISURE. — 2008. -
#2(18). P.128-131.

The methods of distinguishing sensor elements in traction power supply systems. The distinctive
features of the method are in using different phase coordinates and in the correct consideration of
external network. The results of computer modeling showed the applicability of the method for
distinguishing sensor elements in traction power supply systems. The information ob sensor elements
will allow solving a number of topical issues of projecting and operation of traction power supply
systems.

Fig. — 5. Ref. — 6.

UDK 001.18.8

Solomyannyi S.V. ,Korol'’kov B.P. The construction of systematization of a railway rolling stock
by the example of cargo cars-platforms using methods of clustered analysis and Kohonen's
self-organizing cards // Modern Technologies. System Analysis. Modelling. ISURE. — 2008. -
#2(18). P.131-136.

The analysis of the results of transport systematization construction is given in the article. The
opportunity of transforming the verbal description of objects into mathematical coordinates is shown.
The criterion for estimating measures of similarity and distinction between transport system elements
which allows comparing objects that are incomparable at first sight is chosen. Neuronalnetwork
algorithms are considered in the paper as a perspective toolkit of a construction development of
Kohonen self-organizing cards which allows automating the process of construction's
systematization. The results of work are carried our, the conclusions are drawn.

Fig. — 7. Ref. — 9.

UDK 519.714

Salnikova M.K., Gerasimenko K.V., Makarenko J.N. The analysis of efficiency spectral and
singular decomposition in problems of forecasting of signals with variable structure // Modern
Technologies. System Analysis. Modelling. ISURE. — 2008. - # 2(18). P.137-139.

Main principles singular decomposition and analysis Fure taking into account restrictions in a
scope are considered. Comparison of approaches to forecasting of non-stationary processes on the
basis of two methods is spent. Also the basic ideas of the dynamic spectral analysis and the
velvet-analysis are considered. The basic advantages and differences singular decomposition are
noted.

Fig. — 1. Ref. — 4.

UDK 656.259.21:621.351
Shamanov V.P., Surov V.P., Trofimov Yu.A., Aleshechkin Yu.A. Parameters of a traction rail

network and stability of work of devices of safety // Modern Technologies. System Analysis.
Modelling. ISURE. — 2008. - #2(18). P.140-145.
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The results of the analysis of the basic quantitative communications between electric parameters
of aback traction rail network and variable traction currents spreading after it from the point of view of
their stirring influence on safety devices are represented.

Fig. — 3. Ref. — 5.

UDK. 624.046

Eliseev S.V.,Sobolev V.I., Gradoboev A.V. To the choice of numerical algorithms of definition of
sufficiency of reinforcing of ferro-concrete composites in the conditions of discrete models // Modern
Technologies. System Analysis. Modelling. ISURE. — 2008. - # 2(18). P.145-150.

The article describes the theoretical grounds of rational design for reinforced concrete structures
based on theory of composite materials, theory of limiting state and theory of cracks. The article also
discloses main statements of algorithmic description of necessary factors for concrete composite
reinforcing in specified conditions of deflected mode.

Fig. — 2. Ref. — 5.

UDK 656.1:658.5

Pashkova A.S., Ivankov A.N., Gozbenko V.E. The forecast of demand for passenger
transportations with segmentation on types of motor transport // Modern Technologies. System
Analysis. Modelling. ISURE. — 2008. - #2(18). P.150-153.

In the article there is one of the major ways of passengers' service quality improvement for motor
transport in the modern conditions, consisting of maintaining the maximal demand satisfaction for
transportations, including the demand for a place category in transport is considered. This aspect of
the organization of passenger transportations has the important economic value as the solution of the
given problem allows raising competitiveness of automobile passenger transportations, will involve
additional volume of passenger transits on motor transport, and this will lead to the increase of
transportation profitableness. The results of natural inspection have allowed making segmentation of
a volume of passenger traffic in categories of passenger motor transport. Functions of demand for
places of various categories are obtained depending on range of a trip. It is established that with
increase of the following demand for more comfortable motor transport grows.

Fig. — 1. Ref. — 3.

YA K681.3-167/168:616-056.22

Finogenko I.A.,Finogenko V.I., Djakovich M.P. Method of nested linear convolutions for
estimating the population's health // Modern Technologies. System Analysis. Modelling. ISURE. —
2008. - #2(18). P.154-160.

The use of the method of nested linear convolutions to estimating the population's health quality
have been suggested and tested. In the process of mass screening the computer-aided system
intended for quantitative estimation of risks of main pathological syndromes among population have
been used. Using the methods multicriterial analysis the integral estimates the population's health
quality based risk prevalence of main pathological syndromes at the one of Irkutsk region's territories
have been constructed. The technique of gradation of health quality by scaling the values of
integrated criteria (rated within O to 1) is suggested and proved.

Fig. — 6. Ref. — 6.

Part 3
System analysis and intersubject
approaches in researches

UDK 321.01

Letnikov F. A. State as an open non-equilibrium dynamic system. Synergy aspect // Modern
Technologies. System Analysis. Modelling. ISURE. — 2008. - # 2(18). P.162-167.

Open non-equilibrium systems are discussed in the article, as, first of all, any state represents a
system, i.e. the ordered set of the interconnected elements, a certain integrity is shown as something
uniform related to other objects or external conditions. It is obvious that in this case application of this
term in a context of the considered problem is quite justified. Besides, open systems are systems which
can exchange substance, energy and the information with environment, and it means that any state
can quite be defined as an "open system".

Ref. — 4.
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UDK 378

Osipov V.E., Kutsenko N. Yu. Humanitarian culture in the system of technical education //
Modern Technologies. System Analysis. Modelling. ISURE. — 2008. - #2(18). P.167-171.

In the given article the concept of humanitarian culture is defined. The basic questions of a
problem of education humanitarization issue in technical college are considered. The analysis of the
current state of a humanitarian component in educational process is also presented.

Ref. — 6.

UDK 159.9:004.8

Stepanenko A.S. Philosophy and methodological problem of a correlation of natural and artificial
intellect // Modern Technologies. System Analysis. Modelling. ISURE. — 2008. - #2(18). P.171-178.

The philosophical comprehension of essentially new moments brought by an artificial intellect in
various areas of human activity is represented in the article. That allows realizing the unpredictability
of sociocultural consequences for scientific and technological development of the world by methods
of an artificial intellect and at the same time expecting these consequences.

Ref. — 19.

UDK 621.01(07)

Reznik Yu.N., Kolodin V.S., Gutgarts R.D. Reserves and mechanisms of quality production
improvement. Virtual manufacturing and CALS-technologies //Modern technologies. System
analysis. Modelling. ISURE. - 2008. - #2 (18). P.178-180.

The problem of introduction of a ‘virtual enterprise’ concept as a system of computer product
models, technological and industry processes is being discussed. In this plan key positions are
occupied by the CALS-technologies and functional models connected with them, allowing
minimizing expenses for information gathering and input.

Ref. — 3.

UDK 681.3

Zhao Xiaojing Develop a sense of ownership, and innovation disseminates // Modern
Technologies. System Analysis. Modelling. ISURE. — 2008. - #2(18). P.181-186.

This paper relates innovation theory to the on-going EFL innovations in East China Jiaotong
University (ECJTU). Some diffusion theory and innovation framework have been illustrated to explain
the perception on innovation management and some strategies are put forward in the end.

Ref. — 4.

UDK 339.5:656.2.073

Liu Xian The basic conception of railway credit transportation and its evolutive varieties //
Modern Technologies. System Analysis. Modelling. ISURE. — 2008. - #2(18). P.187-191.

Railway credit transportation owns its basic conception. To develop credit transportation railway
departments possess many beneficial conditions. Based on its basic conception, railway credit
transportation can develop a lot of evaluative varieties. The development of the basic conception of
railway credit transportation and its evolutive varieties can produce benefits in many aspects. There
are special law relationships among relative parties in the basic conception of railway credit
transportation and its evolutive varieties. The basic conception of railway credit transportation and its
evolutive varieties mean a new development direction.

Ref. — 6.

UDK 621.01(0%)

Lontsikh P. A., Eliseev S.V., Gutgarts R. D. Competitiveness and profitability of the enterprises at
introduction of quality management systems // Modern Technologies. System Analysis. Modelling.
ISURE. — 2008. - #2(18). P.192-195.

Process of introduction of quality management systems is considered the complex problem
uniting forecasting, optimization of tools and diagnostics of systems quality maintenance.
Recommendations for the choice of forecasting methods on the basis of the formalized approaches are
suggested.

Ref. - 3

UDK 504:621.6.033(98)

Dmitrenko A. V., Zyablova I. V. The prospective principles of the development of world transport
network // Modern Technologies. System Analysis. Modelling. ISURE. — 2008. - #2(18). P.195-198.

In the long term, due to the increase in a population of the countries of the world, and also due to
the requirement of working out of new mineral fields, there has arisen a problem of gradual
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development of northern territories, and it, in turn, causes the building of new transport systems to
involve them in world economic circulation. The factors to which it is necessary to pay attention while
strengthening the world transport network are emphasized in the article.

Ref. — 4.

UDK 378

Zhou Liping An action research on helping students of special majors become autonomous
learners through formative // Modern Technologies. System Analysis. Modelling. ISURE. — 2008. -
#2(18). P.199-204.

This article states an action research on helping students of special majors become autonomous
learners through formative assessment. It takes a class of college students majoring physical
education as the example and describes the process and results of the action implementation as well as
the process of students' learning abilities development.

Ref. — 3.

UDK 519.218.2

Baogen Xu, Li Deng On Reciprocal Signed Domination in Graph // Modern Technologies.
System Analysis. Modelling. ISURE. — 2008. - #2(18). P.204-207.

Let G = (V, E) be a graph, a function f: V— {-11} is said to be a reciprocal signed domination
function (RSDF) of G if f(v)<1 holds for any vertex ue V, the reciprocal signed domination

veN[u]
number of G is defined asy  (G) = max { Z f(v)}. In this paper we obtain mainly some upper bounds
veV(G)

for general graphs, and determine the exact values of for some special classes of graphs G. In addition,
we pose some open problems and conjectures.

Ref. — 7.

UDK 681.3

Fan Yong, Zhang Xuan An Empirical Study on Concentration Ratio in China's Securities Traders
// Modern Technologies. System Analysis. Modelling. ISURE. — 2008. - #2(18). P.207-211.

Securities industry plays an essential part in China capital market and its economic
advancements. Hence a systematic and in-depth investigation into this business is called for. This
essay, by taking the approach of studying concentration ratio in mainstream industrial economics,
analyzes the market structure of China securities industry. Its findings will be of great significance for
the optimization and upgrade of securities industrial structure as well as the formulation and
implementation of government policies.

Ref. — 5.

UDK 621.01(0%)

Korodjuk I.S., Kolodin V. S., Slinkova O.K. Monitoring and diagnostics of the enterprise quality
systems // Modern Technologies. System Analysis. Modelling. ISURE. — 2008. - #2(18). P.211-214.

The system of continuous monitoring and diagnostics is offered, with reference to the most
responsible machines, the failure of which is undesirable. According to the results of measurements
the algorithm of diagnostics allowing realizing the rational decision is created. The diagnostic matrix
is represented as a two-digit logic model.

Ref. —4.

UDK 336.01/02

Hu Junnan, Xu Xiaoyang Dividend policy of listed companies in China // Modern
Technologies. System Analysis. Modelling. ISURE. — 2008. - # 2(18). P.215-222.

This paper analyzes the existent problems of dividend policy in China through counting the
dividend distribution data (2001-2005) of all listed companies (over 1300) in Chinese stock market.
And then according to the reasons that induce these problems, this paper proposes specific measures
to regulate the dividend policy of listed companies in China.

Tabl. — 3. Ref. — 4.

UDK 621.357

Tong Zhengong, Li Liling Optimal booster disinfection in water distribution systems // Modern
Technologies. System Analysis. Modelling. ISURE. — 2008. - #2(18). P.223-226

Conventional practice adds disinfectant only at the treatment plant, which may cause taste and
odor complaints by consumers who are close to the source and consequently receive higher
disinfectant concentrations. Also, it leads to disinfection residual spatiotemporal concentration
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fluctuations all over the network. The best way to achieve minimum chlorine residual at all levels of
branching in a network is to carry out booster chlorination. This will also assure more uniform
spatiotemporal disinfectant residual, lowering the required total disinfection mass and less risk of
DBF formation throughout the distribution system. This text proposes an algorithm to optimize the
location of booster station and identify their dosage injection rates and makes program to reality it. At
last, it gives us an example to make difference from the safety of the pipeline's water quality and the
economy between the conventional chlorination and the booster chlorination.
Fig. — 2. Ref. — 5.
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BepcuTeTa nyTeun cooOIIIe NS, TeA.
(+7913)4710776

AorHnKoB ArekcaHAP HukoaaeBudy, A.T.H., IIPO-
deccop bparckoro rocypapCTBEHHOI'O YHU-
BepcuTeTa, TeA. (3953) 36-63-72

ApgaxkoBuuy Mapuna IIuaxacoBHa, A.0.H., IIpo-
deccop AI'TA, Tea. (3951) 55-75-46, email:
imt@angarsk.ru

AbsiueHKO AHaToOAMN AAeKceeBHY, HaYaAbHUK
CAY’KOBl KAIIUTAABHOT'O CTPOUTEABCTBA Boc-
TOUHO-CHUOUPCKOMN >KeAe3HOU AOPOTH, TeA.
(3952) 40-22-96

Eaucees Cepreii BuktopoBuy, A.T.H., ipodeccop,
ucn. pupekrop HMM CoBpeMeHHBIX TEXHOAO-
TUY, CUCTEMHOI'O aHaAKW3a U MOAEAUPOBAHUS

HMpKyTCKOIO IOCyAapPCTBEHHOIO YHUBEPCHU-
TeTa IyTel cooOueHus, Tea. (3952) 59-84-28

3akapiokuH Bacuauit IlanTeaeliMOHOBHUY,
K.T.H., AOTIeHT VI pKyTCKOTro roCyA@pCTBEHHO-
IO YHHUBEPCHUTETa IIyTel COOOIIeHUsd, TEeA.
(3952) 63-83-45 email: zakar@irk.ru

3acsapKo AHaToAUN AAeKceeBHUY, K.T.H., AOIIeHT,
3aM. [IepBOro IpopeKkTopa MpKyTcKoro rocy-
AAPCTBEHHOI'0 YHUBepCUTeTa IIyTeH Coo00-
meHusd, Tea. (3952) 63-83-26

3uneBu4 Cepreli BAnapAuMupoBHY, 3aM. HaUaAb-
"Huka ['Y MUYC Poccuu o TromeHCKOU 00-
Aactu, couckateab BCM MBA, Poccuu, Tea.
(3452) 31-35-91

3sg0nr0Ba UpuHa BasuechraBoBHaA, actiupaHT Tari-
KEHTCKOT'O MHCTUTYyTa UH>KEHEPOB KeAe3HO-
AOPOSKHOTO TpaHCIOpTa, TeA. (998 71)
299-04-51

HNBankoB Arekcent HukoaraeBuY, K.T.H., AOIIEHT
KadeAphl «YIIPaBA€HUE 3KCIAYATAllMOHHOU
paboToit» HpPKyTCKOTO TOCYA@PCTBEHHOT'O
VHUBEPCUTETA ITyTel COO0IIeHnsd, TeA. (3952)
63-83-10

KaarunuH MakcumMm Ilerposuy, acnimpaHnT bpar-
CKOTO T'OCYAQpPCTBEHHOI'O YHHBEPCUTET],
TeA. (3953) 32-53-57

Kanyctun AaTon HukoaaeBud, K.T.H., CTapIINHI
HayuyHbIM coTpyAHHUK BHHWIVDKT, email:
kapustin@ocv.ru

Koaopun Bukrop CeMeHOBHY, A.3.H., IIpodec-
cop BallKanbCKOro rocypapCTBEHHOIO YHU-
BepcUTeTa OJOKOHOMUKU WM IIpaBa, TeA.
(+7914)9246188

Kopuea Aapuca BUKTOpOBHAQ, 3aB. METAAAOTD.
Aaboparopuu LIKAK KMK r.HoBoky3Helk

Kopoawk Urops CrenmaHoBud, A.3.H., npodec-
cop BallKarbCKOro rocypapCTBEHHOIO YHU-
BepcUTeTa OJOKOHOMUKU WM IIpaBa, TeA.
(+7914)8879696

Kopoabkos bopuc ITerpoBuy, A.T.H., mpodeccop
VpKyTCKOrO roCypapCTBEHHOTO YHUBEPCHU-
TeTa myTel coobuieHus. email: korp@irk.ru

KprokoB AHppen BacuabeBud, A.T.H., npodec-
cop MIpKyTCKOI'o rocypapCTBEHHOTO YHUBEP-
cuTeTa INyTeld cooOlleHus, TeA. (3952)
63-83-45 email: and_kryukov(@mail.ru

KyOapes Anartoanii CepreeBmd, IepBBHIM 3aM.
HavaAbHUKA AAABHEBOCTOYHOI'O PEruOHaAb-
"oro 1eaTpa MUC Poccuu, couckareab BCU
MBA, Poccun, Tea. (4232) 228070

Ky3nennoB Hukoaain KoHcCTaHTHHOBUY, A.T.H.,
npodeccop MpKyTCKOro rocyAapCTBEHHOI'O
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TEXHUYECKOTO YHUBeEpCHuTeTa, TeA. (3952) BepcuTeTa OyTed cooOIjeHud, Tea. (3952)
40-51-48 63-83-61

Ky3Henosa OAasbra CepreesHa, M.H.c. Pe3nuk IOpuit Hukoaraesuy, A.T.H., mpodeccop,

HUMXNWMMALILIL Tena. (3952) 41-03-36

Kynenko Hapesxpa FOpbeBHa, acliupaHT Kagea-
pel «Durocodum U COILUAABHBIX HayK»
VIpKyTCKOro rocyAapCTBEHHOI'O YHUBEPCHUTE-
Ta InyTeu coodOmeHua Tea. (3952) 41-07-31,
email: kucenko_ny@irgups.ru

AeTHUKOB PeAnkc ApreMbeBUY, akapeMuK PAH,
3aB. AabopaTopueit UHCTUTyTa 3€e MHON KOPBI
CO PAH, email: syznv(@crust.irk.ru

AoryHoB AnekcaHAp CepreeBud, acCHOUpPaHT
VIpKyTCKOIro rocyA@pCTBEHHOI'O YHUBEPCHUTE-
Ta myTel coobinenus, email: 1984@mail.ru

Aonnux IlaBear AOpamoBudy, A.T.H., IIpodeccop,
3aB. Ka(epapou «YIpaBAE€HUSI KA4eCTBOM U
MexaHuKu» VIpKyTCKOro TOCyAQpPCTBEHHOI'O
TeXHUYECKOTO YHUBEpCHuTeTa, Tea. (3952)
40-51-79

AyKbsiHOB AHaToAnr BarepuanoBuy, A.T.H., IIPO-
deccop MpKyTCKOro rocyAapCTBEHHOTO YHU-
BepcUuTeTa NyTerd cooOlmieHud, Tea. (3952)
36-97-97

Makapenko fIkos HukonraeBny, aciupaHT bpart-
CKHUM TOCYAAPCTBEHHBINM YHUBEPCHUTET, TEA.
(3953) 32-53-57

MockosBckux AnekcaHAp OaeroBmd4, acIIMpPaHT
VIpKyTCKOIro roCyA@pCTBEHHOT'O YHUBEPCHUTE-

Ta nyTeu CcoOoOIIIeHNs, email:
sk.arcada@gmail.com
HacunkoB Amurpuii HumkKoraeBUY, acIupaHT

HMpKyTCKOro rocyAapCTBEHHOTO YHUBEPCUTE-
Ta yTeun COOOIIIeHNs, email:
nasnikov_ dn@irgups.ru

Ocunos Bacuamuit EBpokumoBnY, A.QC.H., IIPO-
deccop Kadeapsl «Drurocopuu U COIUAAD-
HBIX Hayk» VIpKyTCKOro rocypapCTBEHHOI'O
YHUBEPCUTETA IIyTel coo0IeHnd, TeA. (3952)
22-61-41

ITamkoBa Amnacracus CepreeBHa, AacCIUPaHT
HMpKyTCKOro rocyAapCTBEHHOTO YHUBEPCUTE-
Ta IIyTeu coolIeHus, Tea. (3952) 63-83-47

ITepeabirun Brapumup HukoaaeBuY, aClIMpaHT,
3aB. Aabopartopuent kKadeapsl «TeopeTuuec-
KON U IIPUKAGAHOM MeXaHUKW» MpKyTckoro
rOCyAQPCTBEHHOI'O YHHUBepCcUTeTa IIyTel Co-
obmenud, email: pereligin_ vn@irqups.ru

ITepmaxkoB Muxana AreKCaHAPOBUY, ACTIUPAHT
HMpKyTCKOro rocyAapCTBEHHOTO YHUBEPCUTE-
Ta ITyTey coobuienns, email: perm84(@mail.ru

ITo3peeB Brapumup HukoaaeBud, K.T.H., IIpPO-
deccop Kadeppsl «IlyThb M myTeBOe XO034-
#cTBO» VIPKYTCKOTO rOCyAQPCTBEHHOI'O YHU-

peKkTop YUTHHCKOTO F'OCYAQPCTBEHHOI'O YHU-
BepcuTeTa, TeA. (3822) 41-64-44

CanrpHuUKOBa MapuHa KoHcTaHTUHOBHA, K.T.H.,
AOIIeHT BpaTCcKOoro rocypapCcTBEHHOTO YHU-
BepcuTteTa, TeA. (3953) 36-63-72

CepnusinoB AHApelt IBaHOBUY, CTapIINI PEeBU-
30p BocTounO-CubupCcKOU >)KeAe3HOM AOpPO-
m

CaunkoBa Oabpra KoHcTaHTHHOBHA, A.9.H., TIPO-
deccop BpaTrckoro rocypapCTBEHHOIO YHU-
BepcuTeTa, TeA. (3953) 32-53-95

Co0oneB Brapumup MIBaHOBMY, A.T.H., IIpodec-
cop MpKyTCKOro rocypapCTBEHHOI'O TEXHU-
YeCKOI'0 YHUBEPCUTET], TeA. (3952) 51-03-58

Coaomannbiii Cepreit BaapuMupoBudY, acmu-
paHT Kadeppbl YOP HMpkyTckoro rocyaa-
PCTBEHHOTO YHUBEpPCHUTETa IIyTel cooOIe-
Hud, email: ajaguz@yandex.ru

CrenaneHKo Anekcenn CepreeBu4, AUPEKTOP
HMpkyTrckoro (¢uamanra TrocypapCTBEHHOU
aKapeMuu ImpaBocypus Tea. (3952) 68-88-37,
61-24-44

Cypsxuk Buraarnit BuraarbeBud, 3aB. Aab0OpaToO-
puenn kageppsl YTC MpKyTCcKOTO rocyaa-
PCTBEHHOTO YHUBEpPCHUTETa IIyTed cooOIle-
Hud, Tea. (3952) 63-83-10

Cypos Baaepuii IlerpoBu4, K.T.H., AOII€HT, 3a-
MeCTUTeAb AMpeKTopa KpacHosSpCcKOro WH-
CTUTYTA >KEeAe3HOAOPOIKHOI'O TPAHCIIOPTa

Tpodumos IOpuit AHaTOABEBUY, K.T.H., AOIIEHT
KadeApsl «ABTOMATHKa U TeAeMeXaHUKa»
HMpKyTCKOI'O IOCyAapPCTBEHHOTO YHUBEPCHU-
TeTa nyren CcoOOIIIeHNs, email:
trofimov_ y@irgups.ru

Ty>xuanHa Aapuca BUKTopoBHa, K.T.H., AOIIEHT
Kageppsl «[lyTh U myTeBOe XO3SHUCTBO»
HMpKyTCKOro rocypapCTBEHHOTO YHUBEPCHU-
TeTa myTeu cooOlIeHus, TeA. (3952) 63-83-65
email: tujilina_ lv@irgups.ru

Tronua Brapumup HukonraeBuy, A.T.H., IIpodec-
cop 3a0aUKaAbCKOI'O MHCTUTYTa NHKEHEPOB
JKEAEe3HOAOPOIKHOI'O TPAHCIIOPTA, TeA. (3822)
21-47-22

Yaunos Bacuanii IlerpoBuy, A.T.H., ipodeccop,
3aM. HauaAbHHUKA BocTouHO-CHUOUPCKOTO UH-
crturyra MBA Poccun no yue6HOM paboTe,
TeA. (3952) 410055

Yubips Poman IOpbeBuy, actiupaHlT M pKyTCKOTO
rOCyAQPCTBEHHOI'O YHUBEpPCUTeTa IIyTel Co-
o61enusi, email: msxp@list.ru

Ycoaos EBrennii BUKTopoBuY, HauaAbHUK yueO-
"oro neHTtpa [TIC MYC Poccun no Tiomen-
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CKOM obaacTtH, couckaterb BCHM MBA, Poc-
cuu, TeA. (3452) 20-48-48

®darbko HaTarbs BarapuMupoBHa, WH>XEHEDP MO
KaapaM MpKyTCKOro rocypapCTBEHHOTO YHHU-
BepcuTeTa NOyTed cooOmeHud, Tea. (3952)
63-83-84, email: nober@irgqups.ru

®unHorenko BsuyechraB UMBaHOBHMY, acTUpPaHT
NACTY CO PAH, Tea. (3952) 51-01-40, email:
fin@icc.ru

duHoreHko VIean AHaToAbeBUY, A.(D-M.H., CTap-
IINY HAYYHBIM COTPYAHUK, 3aB. OTAEAOM
HUACTY CO PAH, Tea. (395 2) 42-71-00,
email:fin@icc.ru

XomeHKO AHpperi ITaBaoBuy, A.T.H., mpodeccop,
pekTop VMpKyTCKOTO roCcypAapCTBEHHOTO YHU-
BepcHuTeTa IyTel cooOuleHus, TeA. (3952)
63-83-11

Yepuurosckada TarbssHa HuKoAaeBHa, acIUpPaHT
HVpKyTCKOTro roCyAapCTBEHHOTO YHUBEPCUTE-
Ta IIyTel cooO1IeHnd, Tea. (3952) 63-83-47

YepHak Caya CamyuaoBud4, A.T.H., IIpoceccop
HNpKyTCKOro rocypapCTBEHHOT'O YHUBEPCUTE-
Ta IyTel cooOleHns

IMMTamanoB BukTtop VUTHHOKEHThEBUY, A.T.H., IPO-
dreccop, 3aB. KapeApou « ABTOMATHUKA U TEAe-
MeXaHuKa» VIPKyTCKOTO TOCyA@pPCTBEHHOI'O
VHUBEpPCUTETa IyTed cooOlleHusd, email:
shamanov_v@irgups.ru, Tea: (3952) 63-83-51

IIMymuaroBa Aunpusa BrapuMuposHa, K.T.H., AOK-
TOpPaHT YUTUHCKOI'O I'OCYA@PCTBEHHOTI'O YHU-
BEPCUTETA, 3aM. AUPEKTOpa 1o y4eOHOM pabo-
Te OI'OY CI10O 3abariKarbCKUM TOPHBIM KOA-
AeAXK, TeA. (3822) 41-69-08

Baogen Xu, Professor, Department of
Mathematics, East China Jiaotong University,
Nanchang, China, email: baogenxu@163.com

Fan Yong, Associate Professor, School of
Economics and Management, East-China
Jiaotong University

Feng Chun-hua, School of Electrical and
Electronic  Eng.,East China Jiaotong
University,Nanchang, China

He Zhongyi, Postdoctor, Professor, Shool of Basic

Science, Eastchina Jiaotong University,
Nanchang city, Jiangxi Pro,
Tel:0086-791-7046337, Email:

zhvhe@ecjtu.jx.cn
Hu Junnan, Department of Economics and
Management, Jiaotong University of East
China, Nanchang Jiangxi, China. email:
hjn_hjn92@163.com
Huang Boyun, State Key Lab.

for Powder

Li deng, Department of Mathematics, East China
Jiaotong University, Nanchang, China

Li Liling, College of Adult Education of East
China Jiaotong University , Vice president
and Associate Professor, 1110469@ecjtu.jx.cn ,
tel: 13979149113

Liu Hong, Associate Professor, School of Basic
Science, Eastchina Jiaotong University,
Nanchang  city, Jiangxi Pro, Tel
0086-0791-7046537, email:
liuhong_ 8716@ecjtu.jx.cn

Liu Xian, vice-professor of School of Economic
Management of East China Jiaotong
University.  tel:  13970800291.  email:
liuxian6401953@126.com

Liu Xuemei, College of Civil Engineering of East

China  Jiaotong  University,  Jiangxi
Nanchang

Liu Yan, College of Civil Engineering of East
China  Jiaotong University, Jiangxi
Nanchang

Lu Jinliang, master, School of chemistry and
chemical engineering , Shanghai Jiao Tong
University, Shanghali, tel: 0086-21-54747118,
email: lujl@sjtu.edu.cn

Lu Xiuguo, College of Civil Engineering of East
China  Jiaotong University, Jiangxi
Nanchang

Ren Tianhui, Professor, School of chemistry and
chemical engineering, Shanghai Jiao Tong
University, Shanghali, tel: 0086-21-54747118,
email: thren@sjtu.edu.cn

Tong Zhengong, School of Civil Engineering and
Architecture Departments of East China
Jiaotong University , Associate Professor, tel:
13970871808, email: zzggtt@ecijtu.jx.cn

Wang Sen, Associate Professor, teacher of East
China JiaoTong University, Nanchang city,
Jiangxi Pro,China. tel:13707091751, email:
wangs@ecjtu.jx.cn

Xiao Peng, State Key Lab. for Powder
Metallurgy, Central South University,
Changsha

Xiong Liping, Associate Professor, teacher of
East China JiaoTong University, Nanchang
city, Jiangxi Pro, tel: 0086-791-704633%,
email: xionglp@ecjtu.jx.cn

Xiong Xiang, State Key Lab. for Powder
Metallurgy, Central South University,
Changsha

Xu Xianfeng, Jiangxi Nanchang, Han, Lecturer
of East China Jiaotong University, email:

Metallurgy, Central South  University, xu-xianfeng@163.com
Changsha
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Xu Xiaoyang, Department of Economics and
Management, Jiaotong University of East
China, Nanchang Jiangxi, China

Yang Fengping, School of Electrical and
Electronic Eng., East China Jiaotong
University, master degree, tel: 0791-2814066,
13607083331, email: yangfp@4y.com.cn

Zhang Bi-wu, School of Electrical and Electronic
Eng.,East China Jiaotong
University,Nanchang, China

Zhang Shaoming, Professor, PetroChina Lanzhou
Lubricating Oil R & D Institute, Lanzhou City,
Gansu Pro, tel: 0086-931-7935252, email:
zsm(@luberdi.com.cn

Zhang Shaoming, Professor, PetroChina Lanzhou
Lubricating Oil R & D Institute, Lanzhou,

CBEJEHMA Ob ABTOPAX

_

Gansu Pro, tel: 0086-931-7935252, email:
zsm@luberdi.com.cn

Zhang Xuan, Lanzhou Jiaotong University,
School of Economics and Management,
Lanzhou Jiaotong University

Zhao Xiaojing, Associate Professor, School of
Foreign Languages, Eastchina Jiaotong
University, Nanchang city, tel:
0086-791-7045358, email:
0791lucy@163.com

Zhou Liping, Associate Professor and Deputy
Director, International School, East China
Jiaotong University, tel: 86-791-7045357,
email: zlp12@yahoo.com.cn

Zhou Xiang, master of East China JiaoTong
University, Nanchang city, Jiangxi Pro, tel:
0086-791-7046337, email: zhoux@ecijtu.jx.cn
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