MEMIAJICS MAPHUP, 0KA3aJI0Ch, YTO YacThb Y3JI0B B KOHTAKTHOH 30HE NMEPEMECTHIUCH
B HANPABJICHHH IIPOTHBOIOJOKHOM OOIMMM MNEpeMEIICHmsIM 00010uku. TO ecTh
0Ka3a5I0Ch, YTO YACTh 3JICMEHTOB BBINIIA M3 KOHTAKTa. [IpOBEpUTH 3TO yTBEpKIC-
HHC MO’KHO, €CIIH PACCMOTPETh M3MECHCHWE HOPMATHHBIX HANPSDKCHUI BIOID ITH-
HUM KOHTAaKTa. B 1aHHOM Cilydyae B BBIOPAHHOM CHCTEME KOOPIMHAT HOPMAIbHBIMHA
SIBILTFOTCSI HANPSDKEHUSA G, rpauK 3HAYCHHH KOTOPBIX B ICHTPAX KOHTAKTHBIX KO-
HEYHBIX 3JIEMEHTOB NPECTABICH HA CIICAYIOIEM pUcyHKe. M3 rpaduka BUIHO, YTO
B KOHTAKTE IPH AC(OPMUPOBAHUH OCTAFOTCS TOJBKO KpAifHUE 3EMEHTHI, B Y3IaX
JPYTHX KOHTAKTHBIX 3JIEMCHTOB HOPMAJNbHBIC HANPSKCHHUS PABHbI HYJIO, T.C. B
npejenaax 3THX JIEMEHTOB HOce Ae()OPMHPOBAHHA O00JIOYKA H KOJIbLIO HE KOH-
TaAKTHPYIOT.

B nenoM cieayer OTMETHTb, UTO IPOBEACHHBIM aHANIU3 CBUACTEIBLCTBYET O
BO3MOXXHOCTH TIPHMCHEHMS IporpamMmuoro komruiekca SPACE-T nma amammza
KOHTAKTHOTO /1e(pOPMUPOBAHIS OCECHMMETPHIHBIX TOHKOCTCHHBIX TEJ BPAICHH.

Cnncok qurepatyphl: 1. bamvicun FO.B., Jlasunckuii B.J{. MarHuTHO-AMIyabcHasi 06paboTka TOH-
KOCTEHHBIX MeTaiioB. — XapbkoB: MOCT — Topnano, 2002. — 288 ¢. 2. Fonoape C.B., 3ybamui C.C.,
Kuprau B.H., Jlasuncxuii B.J. Tlporpammubii komiuieke SPACE-T s permenus TepMoynpyToiia-
CTHYECKWX KOHTAKTHBIX 3afau // J[nHamMuka W TpouHocTh MamuH. — 2000. - NeS7, C. 24-34. 3.
M.Lashkari, Ph.D. COSMOS/M User Guide. Stress, Vibration, Buckling, Dynamics, and Heat Transfer
Analyses (Release Version 1.52).-S.R.A.C.- Santa Monica, California, 1988.- 231p. 4. Camyne B.J.
OCHOBBI TEOPUH YIIPYTOCTH H IUIACTUUHOCTH. — M.: Bpict. mkoia, 1982, — 264c¢.
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YUYET BIASTHHASA MPOYHOCTHEIX XAPAKTEPHCTHK
MATEPHAJIA TIPH DJIEKTPOB3PEIBE TOJICTEIX
MPOBOJHHUKOB

I[IpuBeneHa OHOBUMIpHA 3a/1a4a SICKTPUUHOTO BUOYXY I HAPUUHHUX IPOTHH IIPH HASIBHOCTI IAPIB 3
PI3HOCTIPSIMOBAHMMH CTpyMaMH. 3a KpUTepill pyHHYBAHHS NPUHHITO AWHAMIUHWH edopMariiiHmit
KpHUTEpill MIITHOCT.

C pa3BUTHCM HOBBIX HAMPABICHHH B COBPCMCHHOM TCXHHKS, OOJBINOH HHTC-
pec MPEACTABIIECT NPHMCHEHHE SBJICHUS 3JICKTPUUCCKOTO B3PHIBA IPOBOJHUKOB
(©B) [1,3]. HecMoTps HA HATMYHC AOCTATOMHOTO KOIMYMCCTBA TCOPHIL H OOJIBIIOTO
YHCIAa 3KCICPHMEHTOB, (pr3uKa sABicHAI DB MPOBOAHHUKOB BCE CHIE HEAOCTATOYHO
TOJHO HM3Y4YCHA, OCOOEHHO M1 TOJCTHIX IPOBOAHUKOB. JTO HE IO3BOJLICT BBHIOH-
paTh ONTUMATIBHBIC TAPAMETPHI TEXHOJIOTHUCCKHUX MPOLIECCOB.
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Hccrmenosarms ToncTeIX (aumerpoum 0,5 MM w fotee) MpOBOAHWKOB B JIHTEPA-
Type BCTPEHYACTCA AOCTATOYHO PeaK0. XOTS MHOTHMH ABTOPAMH OTMEYAETCA, YTO
HEKOTOPBIC TMPEATIONOKCHIS, MPUHIMACMBIC U1 TOHKUX MPOBOJHHKOB, MPUTOTHbI
JUTA pacyueTa TMapaMeTPOB MPOBOJHWKOB OONBINMX AWAMETPOB, OZHAKO OB Takmx
MPOBOIHUKOB BCE KE MOMJICKHUT OO0JICE TIMATEIFHOMY TCOPSTHIECCKOMY M SKCIICPH-
MECHTATIbHOMY HCCICAOBAHHIO.

CornacHo oaHOI W3 Teopwit [4, 5], MPUUMHON 3MEKTPHYECKOTO B3PbHIBA SBILICTCA
B3aUMOJCHCTBHE CJIOCB C NMPOTHBOIOJOKHBIM HAMPABJICHUEM TOKOB. BO3HMKHOBCHHE
TAKHUX TOKOB OOYCIIOBJICHO TEM, YTO B MPOIIECCE IUIABJICHHUS IPOBOIHIK IOABEPracTCs
BIMSHHUEO HCYCTOMYHMBOCTCH PA3IHMHOTO Xapakrepa (THHI-3()(CKT, CHIBI TOBSPXHOCT-
HOTO HATSDKCHHS W APYTHE YCIOBHS HA TIOBSPXHOCTH TIPOBOJHWKA W B €10 00beme). B
pe3yabTaTe MONY4acTCd HEOTHOPOAHAA MEXAHMYCCKASA CHCTEMA, PA3BHBAMOMIAACA BO
BpeMeHH. [Ipu 3TOM MaTepran B COSIX C IMPOTHBOTIOJIOKHBIM HAITPABICHHEM TOKOB HA-
XOZMTCS B PA3HBIX (PA30BBIX COCTOSHISIX: BHYTPEHHHECE CJIOH - TBEPIOE TEIIO, HAPY KHBIC
- B COCTOSIHUH TIIABJICHHA W HCHAPCHUA. BOZHMKHOBECHHME HAPABICHHBIX NMEPICHAUKY-
JSIPHO TOBEPXHOCTH OOBEMHBIX CHII OTTAJKUBAHIL PHBOJUT K HAPYIICHHIO CIIIOIIHO-
CTH CTPYKTYPBI MPOBOJHUKA IO TPAHULIAM CIIOCB.

ITockompKy BpeMs pAcIPOCTPAHCHHA TOKA MO MOBEPXHOCTH (B CKHH-CIIOE)
B0JIb OCH MPOBOJHUKA HAMHOTO MECHbBIIC BPEMCHHU MUY (y3HH, TO MOKHO CUHTATD,
YT0 B KAKIOM CCUCHHH OJHOPOJHOTO [UITHHHOTO MPOBOJHWKA MU(P(y3mua TOKa Oy-
JIET MPOTEKATh OJMHAKOBO. JTO JACT BO3MOXKHOCTb PACCMATPHBATh OJHOMEPHBIH
Tpo1EeCC.

JuddepernimansHoe ypapHeHue AA(Qy3HMH TOKA B JUIMHHBIA IVUTHHIPHUIC-
CKHH MPOBOJHUK BBITTEIAAT CACAYIOMHM 00pa3oM [4]:

0’ J, 19/ 9/ M
8r2 ror —Ho a

[Je j - TUIOTHOCTh TOKA; ¥ - PAAMYC MPOBOAHWKA; { - BPEMS; I, S - COOTBETCT-
BEHHO MAaTHUTHASA MPOHUIAEMOCTh M MPOBOJMMOCTS MATCPHAJIA.

3amauy OyaeM permars C HyJICBBIM HAYAIBHBIM YCIOBHEM

Jjr,0)=0mpu 0 <r<aq, 2

TZIe 4 - HAYAIILHBI PATHUYC MPOROIHUKA,

['panrmaHBIE YCAOBUS BBIOWPAOTCS W3 3ABHCHMOCTH IS CPeIHEH MIOTHOCTH
TOKA B MOMEHT {; PA3BUTHS HEYCTOWUHBOCTEH, TAKOH, MPHU KOTOPOM B MOBEPXHOCT-
HOM CIIO€ BOZHWKACT TOK OOPAaTHOTO HampaBicHWs. B oTmawume ot paboTsl [4], roe
IJIOTHOCTh TOKA ONPEACTAIACh YCPSAHCHHEM IO BCEMY CCYCHHIO MPOBOJHUKA, B
JTAHHOM CIIyYac HCII0JIb30BAJIOCh YCPEIHCHHUE IO TOIIMHE CKUH-CJIOS B HAYAIBHBIH
MOMEHT BPEMCHH.

Takum o6pazom C = I/pad, 6 =(2/wupyc) ', Tae § - TONMMIHUHA CKUH-CIIOS, () -
YacToTa TOKA; / - TIOJIHBIN TOK Pa3psaa HA HAYAILHOW CTAHH 3JICKTPOB3PHIBA, KO-
TOPBIH COBMAJACT C TOKOM KOPOTKO3AMKHYTOH LCTIH:

I(t) = 1, *sin(@ 1) -
rae lp=UyZy Zp= (L/CO)I/2 - BOJTHOBOC COTMPOTHRBICHHE, (= (LCO)'U2 -
24
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OUKIAYECKAA YaCTOTA.
C y4eroM 3THX 3aMEUAHUH TPAHUYHBIC YCIOBHA IPHHUMAIOT BH;
j@ D =Cupu0<t<tl,ja,t)=-Coput=tl, 3)
Pemenue ypaBHeHusa (1) ¢ Ha4aJIbHBIM YCIOBHEM (2) W IPAHHYHBIMH YCIIO-
BUsIMH (3) TONy4aeTcs NMPHMEHEHHWEM mpeoOpaszoBaHus Jlamuraca mo BpeMEHH H
pasnoxeHueM B paa Pypee - beccenst mo paguanbHOM KOOPAMHATE »* HA HHTEPBAIE
[0; a], n B Oe3pa3MEPHBIX BEIHMUHHAX BRITJLTANT CIICAYFOIIAM 00Pa30M:

j(gf) _ 1_2EMQ—B£T
n=1 BnJI(Bn) , opu 0 < 7 < T7; “4)

J(C ) 14 22 ( r/a) BﬁT(zeﬁﬁT _1)
B./i(B, . mpu 7T,

rae Jo, 1; - pyukunn Beccens nepsoro poa, P, - kopuu ypasHeHus Beccens
TIEPBOTO POJA HYJIEBOTO MOPAAKA, T = t/)LGa” - 6e3pa3MEPHOE BPEMSL.

Penrenne raHHOW 3312491 OBLITO UCTIOIB30BAHO IS YHCICHHOTO HCCJICIOBAHI
COOTBETCTBYIOIINX IIPOIECCOB B MEAHOM LHIMHAPHYCCKOM IPOBOJHUKE THAMET-
pom 107 m ¢ mapamerpamu: 1= 1,3-10°Tr/Mm, 6= 58-10° (Om/m)”

Ha puc. 1 nmpuBencHa 3aBUCUMOCTD IUIOTHOCTH TOKA OT BPEMEHHU (B MKCEK) B
PA3THIHBIX CJIOAX MPOBOAHHUKA A0 H IOCJIC MOMCHTA BO3HHUKHOBCHHA 06paTHOFO
TOKa. BHOHO, YTO B HAYAIBHBIA MOMEHT BPEMEHH TOK IPHUCYTCTBYET TOJIBKO B
CKHH-CIIOC M C TCUCHHEM BPEMECHH PACIPOCTPAHACTCS BIOIb PAgMyca K LCHTPY
nmposoaHuKa. Ha puc. 2 n3obpasken mpouecc aqud(y3uu TOKa BriayOb IPOBOTHAKA B
PA3THIHBIC XAPAKTCPHBIC MOMCHTBI BPECMCHH, HAYAJI0O KOOPAWHAT IMOMCHICHO HA
MOBEPXHOCTH TIPOBOAHMKA. BHIHA KapTHHA Pa3BHTHUS CIOSI C OOPATHBIMH TOKAMH
HAYMHAS C MOMEHTA ;. B BEIMHCJICHHAX MOMEHT #, MPHHUMAIICA PABHbIH 107 C.

t i T

1] 2.00 4,00 &.00 B. 0D III.I.I:I.EIiﬂllll iz.oo ‘-\14.00 15.00
ls "~ \

Puc. 1. BpeMeHHOC pacipeaciieHe INIOTHOCTH TOKa B CJIOAX ITPOBOTHHUKA
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Puc. 2. PajmansHoe pactipejielieHre IIOTHOCTH TOKa

Hammune croes ¢ 00paTHBIM HAMIPABICHACM TOKA BBI3BIBACT CHJIYy OTTAJIKHBA-
HUS C JABJICHUEM MEXIY CIIOSIMH PaBHBIM COTJIACHO [4]:
T wilr.1) i
P —{ p Oj(r,t)rdr dr | (5)
[JIC T | T - TPAHHUIA CIOCB, ONPEICIIEMAs B IMPOILIECCE PAacUeTa.
OICKTPOB3PHIB, KAK HAPYIICHHC CILIOIMHOCTH CTPYKTYPHI MATCPHAJA IO ITH-

JUHAPHYCCKON MOBEPXHOCTH 7 = 7| HACTYNACT B MOMCHT, KOTAA JABJICHHE P mpe-
BBICHT JHHAMHYCCKHU Mpeaei MPOYHOCTH MaTepHaia

on-vdin = Gvsll:l_ (81 /D)%:I s (6)

[1C Oy - CTATHYCCKHI PEIeT MPOYHOCTH MATCPHANA; €; - HHTCHCHBHOCTD CKO-

poctu aedopmar;, D, 1T - MUHAMAYCCKHS TPOYHOCTHBIC TAPAMETPBI MATCPHANA
B cooteeTcTBHE ¢ padoToii [2]:

KNP @

WHTEHCHBHOCTH CKOPOCTH Ac(OpMAIMy PH 00PA30BAHKHE TpermmH ¢, ~10° ¢
1, aD u n A1 MeIu COOTBETCTBEHHO PABHBI 5,5+ 10°c! u 6.5.

B MOMEHT, KOTAa HAPYIKHBLA CIOH HAYHET OTACIATBCS, TOK NEPEHAET B Cle-
JYIOLMHA CIOM MPOBOAHHMKA M MPOLECC MOBTOPHTCH, A0 MOJHOTO JICKTPOB3PHIBA
BCEH MacChl MPOBOTHHUKA.

B3peiBHOH TpoIIeCcC, Pa3BUBAOIIMICS MO 00BEMY HMPOBOJHHKA, ITPOMCXOIUT
3a BpeMs MOPAAKA:

uoag ¥1077
e ®)
15

Kpurepuit 3B mo rumorese OTphiBa CIOEB C MPOTHBOMOIOKHO HAIPABICHHbI-

26



MH TOKaMH TIO3BOJLICT ONPEICIATh MHHUMAJIBHOE 3HAYCHHE TOJHOTO TOKA, HE0O-
XO0OHUMOC OJIA 5B NPOBOAHHKA C 3aJAHHBIMU TCOMCTPHICCKUMHA U JUHAMHAYCCKUMHA
MPOYHOCTHBIMHM XAPAKTCPHCTHKAMH C y4eTOM (a30BOTO COCTOSIHHS MaTepHana
MPOBOJHHUKA. TakuM k¢ 00pa30M IPOM3BOJUTCS ONTUMHUBAIMS TOKA TIPH peam3a-
WA MPOLCCCA MATHUTOMMITY TBCHOH INTAMMOBKH (pa3dgada TpyO, KOICH) M 3JICK-
TPOB3PHIBHBIX MPONECCAX COCAWHCHHUS KOHCTPYKIHOHHBIX 3JIEMCHTOB (3JICKTPO-
B3pBIBHAA CBAPKA U MAKa).

Cnncok smurtepatypsl: 1. Bypyes B.A., Kamnun H.B., Jlyuunckuit A.B. DNeKTpUUECKHH B3PBIB MPO-
BOJTHHKOB H €70 IPAMEHEHHE B HISKTPOPHUINUSCKIX YCTaHOBKaX. — M.: DHeproatommsaart, 1990. — 288
¢c. 2. Bopotiwes FO.C., Konoosoenwii A.B., Cesproxos B.1., Awomun E.I. CkopocTHOE neopMupoBa-
HHE DJIeMeHTOB KoHCTpykimi. — Kues: Hayk. mymka, 1989. — 192 ¢. 3. Cmonosuu H.H. Daextpo-
B3pbIBHBIE TIpeobpaszoBaTenu >Heprud. - Mu.: Hayka u Texumnka, 1983. - 151 c. 4. Exploading Wires.
N.Y. Plenum Press, 1959, v.1. mepeBon: BapriBatommuecs mpoBojouk / mof pen. A.A. Pyxamaze. — M.:
H371-BO HHOCTP. JIAT., 1963. — 341 c. 5. DnekTpuuecKuii B3pbIB TIPOBOTHAKOB / onT penl. A.A. Pyxame u
WN.C. Inurens. M.: Mup. - 1965. - 354 c.

Hocmynuna e pedxomnezuio 05.04.02

YK 531
B.M.I'PHI[EHKO, xaun. TexH. Hayk, A.€. TPYHIH.

BUKOPUCTAHHA Cl'[‘.‘JIAI‘/‘IHIB TA CHEKTPAJBHOI'O AHAJII3Y
JJA AITIPOKCUMAIII HECTAIIIOHAPHUX TMHAMIYHUX
MPOLECIB B MAIIUHAX

3anpoloHOBaHO AITOPHTM allPOKCHMAITii Ha OKPEMHUX JISHKAX HECTallilOHAPHOTO MHAMIYHOTO TIPOIe-
cy B MammHax. [Ipu mpoMy mis “TIOBUTBHOI” CKITaJIOBOT BHKOPHCTOBYETHCS CILTANMH-aMpPOKCHMAITIS, a
UL “IBUIKOI” — TUCKPETHE NepeTBOpeHHs Dyp’e.

Jnsa KOHTPOO BiIOPOAKTHBHOCTI Ta JUHAMIYHOI SKOCTI MAIMWH y O1TBIIOCTI
BHITAJKIB € JOCTATHIM BHKOHATH aHATI3 BIOpAiHHNX CHTHAJIIB, 0 BUHUKAKOTH MPH
ix po0oTi. MeTox YacCTOTHOTO aHAMIZY € OAHHM 3 HAWOIIHIN C()EKTUBHHUX, ale 3BH-
YAWHO BHUKOPHCTOBYETHCS TUIBKH U1 CTAIOHAPHUX ITpoueciB. Ha mpakTumi BuHE-
Kae moTpeda BH3HAYATH HABAHTAKCHHA NPH HECTAWIOHAPHHX A00 MEPEXimHUX pe-
JKHMAX, SIKI B 0araTboX BHITAZKAX € HOPMATbHEMH PEXXUMAMH POOOTH BAXKKHX Ma-
IIFMH, B TOMY YHCII 3 JBUTYHAMH BHYTPIIHBOTO 3ropauus ([IB3). [TpuaoMy Hecra-
LIOHAPHWUH AMHAMIYHUM IPOLEC IO CYTI € IHTETPAJIbHUM, B SIKOMY HAa OCHOBHHH
PYX MEXaHI3My SIK CHCTEMH TBEpAMX TLIT (,,IOBUTBHHH IIPOLEC) HAKIAAAETHCS
e(exr psay BIOpamiifHUX CKIATOBUX (,,IIBUAKHI PyX), SIKI TIOPOPKCHI MPY>KHICTEO
JAHOK MAINWHH, T4 AKTHUBI3YIOTHCS 1 3HUKAIOTH JIMIIC IPH IIEBHUX YMOBaxX. B Taki
MOMCHTH Ma€ CCHC BHPA3: ,,pe30HAHCHHUH (YCTAJICHHI) PyX CHCTCMH HA HOCTALIO-
HApHOMY pexkuMi”. BuHuUKae moTpeda y BH3HAUCHHI B TAKUX BHIAAKAX CIECKTPAJb-
HOTO CKJIAAY ,,IIBHAKHX CKJIAJOBHX, TOOTO MPAKTHYHC BH3HAYCHHA ,,MHTTEBOTO
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