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MATEMATHYECKOE MOIEJIMPOBAHWE TEPMOMEXAHHYECKOIO
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KBASWYCTAHOBUBIIMXCH 311 EKTPOMATHUTHBIX TIOJISX
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Gachkevich AR, Mithomatical modellling of thermomechanical bchavior of
eleciroconductive bodics lo the pxieraul quasi-sicady eleciromagnetic flelds.

Dwpwgpywd E Ywoglhewgdwi h phbnwgdwi mwpphbnp
FwwynipiniliGhp niibgnn Lihwpwhwnnpyhy YwpdhpEGbpnod
I:lhhmpwﬁmq-ﬁhumumﬁ,zhpdm;hﬁ I Bhjuwbhlwlwg nuwzinbph
Pwlwlwlhwi Glwpwgpdws whunipiwmi wwppbpwl:Ripywd Ei YnGlypl
dwpdhGEbpnd nhwwplyng fuwpwmbinh pl@mipwgphph miuntdGwuhpdwi
upnintlipbbpy Ywhdwd Giniph Eibywpwdhahlwlwe fwnlnipiniGGhphg:

Haaomen napuont teopun KOAMMECTECHOID OMHEANHA DACKTPOMATHHTHEX, TaM-
NCPATYPHEIX W MCXQIINECKHX OaeT o MCRTRONPOBONIME TEAAX PALINUHGH CHocofiacTH
K ORAMACIHYHBATINN W NOS9pian i, ITpHECREUW [e3yauTaATI HOCTENOBA HI
XAPAKTEPHCT HE PACCHMATPHEACMIAY "NOACH 1 KOUKPOTHME TEnOX & FABMCHMOCTH OT
snexTpopHARGNCCRHX cRoficTn WX sMaTEpHann

B ceasu ¢ pacmupsiomnmes NETOALIOBAHWCM BO MHOTHX OTPACARX
NPOMBIUITCHHOCTH JTCKTPOMATITHTHIX NoackH IO8 OCYMCCTBACHMA PASAHYHES
TEXHOTOIHYCCKNX TIPOLCCCOR, B MOCACIHCE BPCMA BOIPACTACT METCpPEC K Ma-
TECMATHUHCCKOMY MOACAMPOBAHIIO, OBYCADBACHHLX TaKuMKu BO3NCHCTEHAME
pusHHCcKHx gEACHIT B achopuupyemux tenax  [1-8 l- B craree wanomcuu
PE3YABTATH MO AaAbHCHWCMY PASBHTHI MODCALHEX NPCACTABACHUEA o
TCPMOMCXAHHMECKOM NOBCACHUMN HE CpPPOMATHRTHLN X HCOONAPHIY CMELX
2ACkTpanposoannx rTea [1,3), naxoasmmnxcs N0A BO3ACHCTBHEM KBasWycTa-
HOBMBUIMXCH DACKTPOMATHHTHWX MoACi,Ha CAYYAR INCKTPONPORONHWME Tei,
cnocabunx K HIMATHHUMBIHHIO W NOAAPHIAUHH, BasawumMocsain
FACKTPOMATHHTHHEX, TCMJAOBHX H MCXOHHUCCKIHX NPOUECCOB OCYMICCTRARETEY
AKOYNCBRM TCNTOM M TCHAOBMACICHHSMM BCACACTEHE HAMAPHWYMBANEL i TT0-
JAAPH3AUNH NOHACPOMOTODHEIMM CHAIMMN, 1 TAKRKE TEPMOYIPYTMM PACCEAHHEM
SHCPram,

l.Oocmanoara zadaun. Craeures samawa  ob UTREeneaHNH
JACKTPOMATHHTHOrO, TCMOCPATYPROTD 1 MEXAHHYECKHX NOJCH B yIpyrux Te-
AAX PasANUHON SACKTPONPOBOTHOCTH M CHOCOGHOCTH K HOMATHHMHBIHHID H
MOAHPHIAUNH, KOoTAa B ofaacTH BHE Teaa JAA0HE KBI3HYCTAHOBHBLIMNECT
JACKTPUYCCKUE TokK [3]
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iP%, r)y=Re ' , 1 y=Re |jmtr ytYexp(iwi)l (1)

AMITINTY a0 jl:m{T' T } KOTOPWMX OTHOCHTCABHO MAJA0 MAMCHHACTCH BO BPCMCHH

2m
Ha mepuoae xKopchanus f1 = —, * TAK uTO BHMOAHACTCH YCAORHNE

| 8200 | ccw [15@¢rn .

B wmaremaruvcckdl cXCMo peleHWE 3aJ0MB OpHMOeM, 4TO
INCETPOMATHHTHOC TIOJC TI0 ODTHOUICHWIQ K TEAY WBASCTCH BHCUWIHHM BO3IACH-
CTBHCM W CTO BJAHAHNC HI MPOUCCCH TEMJOTPOBOAHOCTH M JcdopmMauuy ocy-
WECTEASCTCH MOCPCACTEOM TCMNAOBWICACHWH M TOHICPOMOTOPHIX CWI
[1,3,6,7] Toraa vcxoaHas 3434M3 B NPUNATOM npulaMscHUY ONHCHEBEICTCY
HIRECTHEIMY YDOABHCHUAME DJJCKTDOAMHAMBKY A7 ofaacT Tead o BHEWHEH
cpeaw [3 ], o rawse auHamuucckoW tepaoynpyrocte [1,3] npH coorBeTeT-
BYIOUWMX PACCMATPHHACMOMY CAYUID HAIUYUANLHHEX M TPAHHUHHEX YCAOBMAX HA
JACKTPOMATHHTHOC TOAC, TEMTCPATYDY M HANPAXKCHHOC COCTONHME.

CHCTCMA YPARHCHIH JACKTPOAWHAMNMKY 3AMMKACTCH GCHOMOHOAOTHUCOKH -
MM COOTHOLWCHMAMH, CEUSHEIIOWHMH XAPAKTCPUCTHKYN Noas Mexay coboil u
C ﬂ,.'ll:KTPJ!'-iCEHI-IMH TQEAMIT,

Bygcsm PACCMATPHERITE WHHOKO DACMPOCTPAHCHHIC WIOTPONMHME CPCAOH,
BCKTOPA HHIYKUWT Des ;. Bas, B KOTOPWX COOTBCTCTBCHHO. MAPAAACALHL
HCKTE}I:IJ..'-‘I: H:'J'I'IFIHXCIIiIUETEﬁ JACKTPUHCCKDOTO Eis W MATHHTHOTO H-- H{JJ’.IL".;I
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DI- = D-- {E-o }EH ¥ E-- - H-- I::Hn }'E” “.3}
E.. Hous
Zaces = P € = i - CANHUYMHEC OPThH B HAMPABACHHAX
BekTOpos Eee , Hoes Ews | Dues = npocxunu ecxkropos E.. |, D..
Hi [OOA0MHTCABHOE HANPARACUNS BCRTOPI Eae , 8 Hee H  Fue - BCK-

TOPpOR H.: # B.. HI MOJCKHNTEILHAC HAARIBEIACHHE BCKTORD H s
E}-‘II,LTM nﬂC}lﬂﬁpC—THTh BJOHAHHCM TOIBHAHOCTH CPCALl Ha AJCETPHMUMCCKHE
TOKH, TO CCTh 3IAKOH Omn MPHMCM CACTYRIULHMS

jl:- =0E" {1.4}

rae o ~KoohduUHCHT ICETDONPOBOIHOLTH,
Coornowenus (1.3) MOMHO TAKXE 3AMMCATE B BHAC

Dia -==:E I:.E-:- jE:: 1 Btt =|" I:H" :ll'I-r “.5)
3nech
1 e R )
E(E..}:TZEG'i'HE [:E:-}
B [H o
M {Htr} = H{-: :I = ,”Q + ﬂ'” {H tv]
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~A0CONMTHHE AUIACKTPHUCCKIR M MITHHTHIR NPpOHRUDCMOCTH TCA4,
K g o Ky - a0CONWOTHWME JACKTPHUCCKAA M MITHHTHIR BOCHPHHMMHBOCTH
Egp ., M ~OIWIACKTPUHMCCKAN M MATHHTHAS NPOHIEICMOCTH BAKYYM.

Oaa ofaacTn  BHCWHCHE cpelW COOTHOWCHHMA, CBAIBHBHIINC
CAPIKETCPHCTHEYN JJCKTPOMATHHTHOrO TOAH, TPHHUMANTCH TAKHMH X0, KK
M ang makyyma [9]

DW= ¢, 8@, BW =410 ® (1.6

Ias paceMATPUBACMME TCO NpH RO3ACHCTBHH KBASHYCTAHOBMBIICTOCH
JACETPOMATHUTHOrO MONA AWIJACKTPHUCCKAA € H MATHHTHAR T
NPOHHUACMOCTH ONPCACAHKITCS , B OCHOBHOM, DJICKTPOHUIMUCCKHMM CBOMCT-
BEMHM MATCPHINA PICCMIATPHBAEMOrD TEAd W XIAPAKTCPHCTHRAMH
JACKTPOMATHUTHOTO Ro3aciicreid. [JLag HenoaspuayeMux HeQCPPOMaraHTHRX
IMEKTPONPOBOIHLIN TCI ofWMuUHO NMOAATHT, YTO E H i HE 3ABMCHAT OT
Fae v Hae , Ana HCOOAAPWIYOMMX (PCDPOMATHHTHHX - HTO £ HC SOBHOHT
0T Eea , a i = p({H) , ang ucdeppoMITHHTHRX NMOAMPH3YEMEX = UTO
£ = €e(E«) , apn #He sasucut of H.«. .B cOOTBCTCTBUM € ITHM BHACIAUM
CACAYWNC THANW JACKTPONPOBEOIHEX TCA: HCPCPPOMATHHTHREE Heno-
AHPHAYCMBIC, (CPPOMATHUTHME HENDIAPHAVEMWME W HCQCPPOMATHHTHEC HH3-
KO aackTponposoauMocTd. [locTponm PacuCcTHWMC CXCMB A0 KIXIOTO H3
BLIACTCHHBX THMNOE TCA Hil OCHOBC XAPIKTCPHHX JJ% WHX 30BHCHMOCTCH MCOXK-
Y MHAYVELHIMHE 0 HANPHMCHWOCTHMI JACKTPHHCCKOTO W MATHHTHOTO MOACH,
4 TAKXKC COOTHOMCHW JICKTPOINHIMUKI W RLIPARCHIT TCRAOBMACACHHE O .
H TNOHICPOMOTOPHEX CHa Fi ucped XUPAKTCRPUCTHEH ToaAcH. pu arom
peWcHNE 3A0AMM COCTONT W3 aRyvx otanon., Ha moprom  oTanc M3 ypasHCoHMI
SACKTPOAMBAMUKY ONPCACAMOTCH WANPERKCHIOCTH INEKTPHYECKOTO H MOTHHT-
HOrO NOACH B KBAZUYCTAHOBMAWCMEH NPHAINKCHI Hi OCHOBE NPEIAGMCHHDIX
AHATNTHYCCK X ﬂl‘ll‘l[:lﬂit{,‘.i[;-‘[é'lu,lll:"[ E{IBIICIIMGCTEE HG)RJ}' IIHﬂ}'KLT,H'F[MH H
HANpAXMOCHHOCTHEMRI :'J,'ICKTplﬂI{.:I:'Kﬂ!"D H MATHHTHOO !'!{L'lcﬂ A1l KOHEDPCTHOrGQ
runa teaa, [Mocae Jroro 3anuCcHBIKTCY COOTBCTCTBYIOWIWE BHPAXCHHSE TCO-
AOBWACACHWA ¥ nonicpoMmoropHnx cun, Ha sTopom Dranc peocmaercs 3amaqa
ANHAMHYCCKOH TCPMOYOPYTOCTH, B KOTOPON MCTOMHUKAMY TEnad u o0BCMHLI-
MU CHAOMH B MCXOAHWX ypasuenu#x [3] cocTe HafiacHHMC HA OepBOM 2Tang
TEONAGBELACTCHNE W NONACPOMOTOPHWME CHIH,

2. Hedeppomgznumitit e nenoaspuiyesmsie meng. Jaa Takux Tea deuome-
HOAOPMHYCCKHE COOTHOWCHUS JACKTPOAMHIMMKY, T YUYCTOM BLILICCKAZAHHQID,
MPHHHMATOT CACTYIOWINMH:

Piae wa gy e Eas Ba = jig fi=s Has jor = o E .- 2.1}

M
Frog &€« = E_ §i e = ,”_ = OTHOCHTCALBHRC OHIJICKTPHYMCCKAA H MITHHTHAR
[ (4]

MPOHHUACMOCTH TLAD, KOTOpHC cuntaloTcd nocrosuumsir [9]. Tlpu atom
CHETEMI MCXOIHLY YpasHeHul Makcaesnd npueoauTes K CHCTCMC W3BCCTHIX
PASPCIUAIOWMY YPaRHCHNH aan PyHKuui E.. wan B.. [3,9], a sanaua

nepsoro oTana ( JACKTPOIMHAMMKMN ) (OPMYIHPYCTCA TOAHOCTRID OTHOCH-
Teasuo awbol w3 aTux QyHxuni,

EFHCM HCXOOINTD "3 TOTO,MTO H:l-.ﬁ'ﬂﬂ]‘lﬂ PCWCHNC Ad3dYH
JACKTPOAMHAMMEY npn 3aaauuux yenosunx (1.1),(1.2) 1 onpeneseHM Kom-
NOACKCHEIC ITHHPHKCHIIDETH :lﬂC'KTPH'-IEEKCIFU H MATFHHTHOTrO nﬂ.ﬂl:ﬁ B TCHOC

E'{r"rsz'{r‘fjf-’iwr,H-{I‘,I]=H-{I‘,f]ﬂhu!_
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Toraa' swpamcwns oA VYOCHBHON MOUIHOCTH DROyACRA TENMJd
Q.= j..E.. = ¢ E.. E.. v ¥IcABHON NIOTHOCTH NOHICPOMOTOPHIY CHA
F,.=upj.. s H,, = pio E,. x H,, npumyT BHI

Q.=0W + o0& | F. =M 4 F@ 2.2

3necn

=”T’"- [E (ry)xH (ry) + E (r)XH (r,)]

i = gu

TfE,_XH. +E, Xﬁ.}

= SRei [ Bifv, 4 1 O H(RY, Byl g2t

3HAKOM " - " OBOIHAUCHM KOMNICKCHO - CONPAXKCHHHC BCAHUMHE. COCTHAB-

AHHLIHEC Q“} g FA s MAAOWIMCHAKWHCCA BO BPCMCHM HA Tepuonc
T

fi = = hyuxunw, o Q”} T o L KRIZHYCTOHOBHBIIHECH.

B coorseteTemMM  co  cTpyKTVpol (2.2) AXOYACEWX TCOAOBLIZCACHHN
W NOHACPOMOTOPHMWX Cpa, Temneparypy T M TCH3OP HANpaXcHMIl & onpe-
ACAsicM B BHOC

T o= g . T= ) 4 42 (2.3)
rae hyHELHM vl f g (/= 1,2) ynomncTeopaisT ypaPpHCHUSM CEf-
BAHHON TepMoynpyrocTH aaa 0. = Qm w F, =F TTEH CODTECTCTRY-

WIMNE HIYANBHEX M rFpaunuyHmx vesosusx., Cocrasaziomme T2 u 560
HAXOOHM B KBASHCTOTHUCCKOH NOCTOHOBKC, npoHclperas CEY3AHHOCTLI no-
At acopMauMM M TCMOCPATYPH,d QVHKILNN 7w Py KBI3HYCTa-
HoBHBIICMCH mpepcrasacaum [3].

BunoAHCHHEC B TAKOH NOCTAHOBKC MCCAGADBANMS MOKIZAAM [3,7]1 , uro
B OKPCCTHOCTH YACTOT JACKTPOMATHHTHOTO noag

1 . ‘ g «
@ap =35 @n (n=1,® ) racey -cobCTECHHNC YACTOTH TEPMOYIpY-

THX KoncOanuit TCAd, 3HAMHTCALHO YBCAHMMBIIOTCS YPORHH KBAZHYCTAHORH-
BHXCA COCTABAAKIIMY TCMOCPATYDPW M HATIPSMCHMIE W CTAHOBSTCS
COM3MCDHMBIMM C KBAIHCTATHUCCKMMH, TO CCTh HMCIOT MCLTO PLIOHAHCHBIC
apacHud. [lpw OTOM BHCOKHE YPOBHM KRAZHYCTAHOBHBIINXCH COCTABASHOUINX
TCMOCPATYPH O0YCAOBACHE CENIANHOCTLI NOJACH AcdhopMaumm M ToM-
nepaType. C yBEAMUCHMCM HOMCPD PCIOHAWCHON UYACTOTH AMIANTYIM KHA-

ANYCTOHOBHBIIWXCH COCTABAMIONINY T{zj H 5{2) YMCHLUIAKYTCH.
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B cuAy MOJOCTH NMapaMCcTpd CESSAHHOCTH moJcH ncdopMauwm W TEM-
NCPATY P AAS METANAMMCCKHX MATCPUAA0S (2.0 << 1) [(3l.xaxpaa u3
coGCTBCHHMX MACTOT TCPMOYIPYrRX Koncbannit @ p MPaAKTHUCCKM PABHA CO-
oTBeTCTRYOUCH cobcTecHEOR wacToTe koacbanuwi Mccacayemoro Tead.

OkpeCTHOCTE PC3OHANCHON HaCTOTH (BCANNWHA OTKAOHCHWA Aw ) uac-
TOTH & OT MNCPEON POIOMAHCHOWR @ ), B XOTOPON MIKCHMANBHOC IHIUCHHE

nanpaxcHni & 2 cocrasaset ne Mewee 10%  wanboasmero swaucHus AU
B YCTAHOBMEBIICMCH PCEXHMC, HC 3IABWCHT OT XAPAKTCPHCTHE
JNCKTPOMATHHTHOrD NMOAN M NBARCTCA yakoh (MPAKTHYMCCKH OHA  MCHBINC
0,1 % or swavcHus uactoTw ). B OoTOoN OKPCCTHOCTH MAKCHMANBHEE Be-
anvnnn cocranasiomnx T2 1w 7@ obycaoracks NOHACHOMOTOPHIMH CHAAMM
(AAMAHNE AMOVICBMX TCNAORMACACHWA nperclpexisMo MAA0 ) M HEIHAYM-
TEARNO IABHWCHT OT KpHTCcpus Buo. BHe pc3oHaHcHWX okpecTHOCTCH
ONPEACAKIOWEE RANSHME HA TCPMOHINPHACHHOC COCTOSHIG HMCIOT AXOYAChN
TENAONMACACHNE, YCPCAHCHHWE MO NCPHOAY DACKTPOMATHHTHON BOAHM.

3. Qeppomaziiimne nenoaspuavesmme meaa JLag takux ten GeHoMeHo-
JOTrMMEcKke COOTHOIMIEHNUS IJEKTPOAHNIMHKH, B COOTBETCTBHH C
Bhipaxkenusanmu (1.4 ) | (1.6}, npumem caeavioummm:

D!#'Iﬂl’i B , B--=H--(‘H--}L‘”—-',Il[H--}H--
joiﬂﬂ' Eoln {3-13

HeanHeiinyo 308ucnmMocTh B.ee = HBao( H +o) GyacMm onucHBaTh THHAMMN-
YECKOR MeTACH THCTCPE3INWCA, AHAAWTHYCCKOC BHPAXCHHC KOTOpoR mnpw
NCPHOIAHYECKON RO BPCMCHH HIANPENKCHHOCTH MOITHMTHOrO noas
( Hee = €C coswi + D sinwt ) moxno sanwcate 8 suae [10]

Bau = ppH + farcigal (3.2)
3acch

o= e R = ﬁ—'";—f’

¥ = g:. npt  Hae = Hp

= fr_; npu Huw > Hpy
He - xu:}puu-r'unuaw cuan; Ho u  Hpy - BCANNUNE HANPRACHHOCTH

MATHHTHONO MOAK HA NMOBCPXHOCTH TCAQ W COOTBCTCTBYHOMAN FHCTCPCIHCHOMY
Hacowcenwe, npiudem Ho 8 cuay yeaosui (1.2) CHMTICTCS NMOCTONHHOR

2x 2 Ho
HA ncpuoae f. = = g = 3 Bs; a=(py - 1) B ' B = Ha=-
MAALHAN OTHOCUTCABHAS MATHHTHAS NMPOHHUACMOCTE MaTepuasa; By -  Be-

AMUNHA MHAYKUMR Hacwwenng, B caywae y = 0 coorwomcuue (3,2)
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ONMHUCHBAET OCHOBHYH KPHEVIO HAMATHUMMEAHWH, 3 TAKXC IABEHCHMOCTE
Mexny B.. # H,.. Bresax, npakTHUcCKN He ofnaiammux rYcTepesHcHOR
KEPHBOR HAMACHHWiBAaHHA { Marantomarkwe tena ) . Ormerum, uto anawn-
THUECKSS IABACHMOCTh Meway B.. w H,. , XapaxTepHas IOJI8 MANHX
AMUAMTYA H BHCOKWX WICTOT CHNEAYET W3 cooTHowcHua {(3.2) npw
Bg = o u QOyaer

P = OFf »»
Blaw = S0 pnt {‘.’}_l - ;;;1 Ha = % a1

(3.3)

[Mpeacrasue dyuxkumo B,,( H.. ) B BUAC AHHCHHON ¥ HeauHEeHHON co-
CTABJAAIOWNY, TO ECTh

B. = Ba+ B. (3.4)
rae
Ba=popc H |, B.=B( Hy— Ba=p (1l —p)H
+ B arclg e i
=k
Me = 14 & 2y =1)arcigd®, e=(aHy)

H3 ypasdHenawid Maxceeasa npuaeM k¥ TAKOW CHCTCMC MCXOAHBX KBAIHIH-
HEfHHX YDABHOHMHA SACKTPONMHAMUKN AH hyrkunw H .

AH .. — grad divH .. — o pp pe % = g ﬂ;}!,'

divH=— ug! 1.7 divB . (3.5)
roe

H= Hey , B, = [ps(1—p:) H + ParcigaH ley

Hna onpencnenna dynkuwn H,., (pewewns sagauu NMePROTO 3Tana) Mce-
DOABIYEM MCTOA MOCACHAOBATCAbBHWX npubawxenuii. B kauecTne nmepsoro
npubnuxenna BHOKMpacM pemcHEue cucTeMu (3.5) npw B, =0 n 3anammaux

TPAHMYHHX ycnoruax., [locacaywmne npubAuxeHns onNpeacascM u3
YPaBHEHMI

AH ss{ 0} = gl"ﬂd I‘lI'II-U' H ..{ “:I - o iy He 'ﬂl‘ia# -
_ dB J(H «sta=1)
- gt (3.6)

div Hoy =~ pg ' p” "div Bu(H wigy-1y ), (n=17, =)

B xpaanycTaHoBuBmEMEH npubANKEHIN, € HCHOABIOBIHHCM COOTBCTETRY -
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ownx  pazaoxeunit s psawm  @ypne no BPCBMLCIIH, hyHELHHN
Hy.. # E.., dTokxeB.. ging o5 NTCPILME MOXHO 3a0MCHTH B BHIE

W AT t) =2 REY (o giwy (5 1) 0xp (264 Vot ] 3.7
k=0

rae g = [ Hag BaeyBas ] oy {0y 2k+ | - OTHOCHTCALHO MIA0 MIMCHAKLIHECH
BO BPCMCHIt HA NOPAAKE [, QVHRUNM.

ITpn MIRCCTHON HONPNXCHHOCTH MATHNTHOrO noas  H =x  OROVACEN TCHO-
AoBBACACHNA YA00HO BHPA3nTH dopMyaoil

Q= = (rotH. )° (3.8)

Qfe=

Cunosoe BO3aCHcTRIC NCKTPOMOrIHTHOMO TAAS HA JACKTPONPOROTHOE
(PeppPOMATHHTHOC TCAD XAPIKTCIUSVETOY NOHACPOMOTOPHEME cHaamu [1,11]

F. = F? 4+ p
riae
FP=rotH o xBu , F™ =47 ' (oM YYB ot M % rofB .. | (3.9)

d TAKXKE MOMCHTOM cun 8§ = M % B...

3gces FP g ] AL CIL BOFACHCTEIR NOAH COOTBCTCTECHHO HO TOKM
NPOBOAMMOCTH it MoaAckyaspHue, M = B., — jgg H,.. - HSMATHHYCH-
HOCTL. B cuay npunwtoro ycaowsma MAPIATACALHAOCTH BCEKTOPOR
M #n H.. noayuum, uto § = 0.

Boneacrsne erpy«Typul smpameniit (3.7), TenA0BMACACHHS {3.8) s nmon-
dcpomoTapHiad cuaa (3.9 npeactaBnsoTes B OHUAC CUCETPO MOOACHHOHIMO-
HAKUHXCHE BO BPRPCMCHM M KRAIHYCTOHOBHBIIHXCH COCTIOBIT WO WM X, B
COOTBETCTRHM C ITHM TCMMCPATYPY M HANDPHXCHHA HI BTOPOM JTaNC
NOCTPOCHHA PeliCHMA DVOCM HAXOINThE B RitaQ

w= w4+ we (3.10)

rae W= [T,d |. Meaacnnon3MeHsiomnecs mo BPCMOHH COCTARAHIOWHE TOM-

neparypuoroe neas T Hanpsxeuuin gl KK W paWee Ans He-
(PCPPOMATHHTHEX TCA ONPCACANCM B KBAIHCTATHYCCKOLN NOCTAHOBKE,
npewebperags CRA3IHMOCTLI HOACH ACHOPMAUNKE H TCMUCPATYPH, 2

T 5 F@a KONV TAHORH B EMO Y CHHME, TO COTL  MMCIDLLHMU
A p
CTPYKTY DY
WiA = 2F Reipwkd ) Anwe (310

=1

[Ipu stom, cncays pesyastaTam paborm  [11], mpunusmacs, 410 KBazi-
YETAHOBHBUIMCCS COCTABASIOUINE TCMICPATYPHOTO MOAS 3 HANPRAK CHILH ofye-
AOBACHE KRASUYCTAHOBMEBILHMMCH KOMOOHCHTIMH NOHACPOMOTOPHON CHIL.
Keasuerarnucckne X CoCTABAMIOUNE BWIBAHL KIK MCOACHHOWIMOH SEO T H -
MUCS RO BPCMEHI KOMIOHCHTIMM IMOYACHD TEMAN M MOHLCPOMOTOPHOMN CHAN,
TaK W A0NOTHUTEALHLUMI TCTLIOBWACACHUSIMHE, BOSHHKIIIWMMH BCACICTEINN
BCPEMATHUMHBAHKA, YACABHAS DAOTHOCTL KOTOPHX MOCAC VCPCAHCHHS MO
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NepHoOaY JACKTPOMATHHTHION BOAHEM [, = %Ey:mr
: B
4B,
g,._er..du,u vj]!,.—a--f— di (3.12)
]

[TpoBCACHHKWC C WENOABIDBAHMEM ONHMCAHHON MOTOOHEW YMCJACHHBLC HWCC-
acgosanns [10,11] noxasann, uro ans eppOMATHHTHOrG TEAd MMOKTCS A0~
MOMHUTCALHME TO CPARHCHWIO ¢ HedcpOMATHUTHMM CHCKTPH PCICHIHCHWX

G R
MACTOT INCKTPOMOTHUTHONO MOAS & am = = m = 2, OKPCCTHOCTH

Ay PCIOHAACHEWX YACTOT 3ABHUCHT OT BCAMUNHW AMIIHTYIHOTO 3HAUCHHA
HATIPHXCHHOCTHH MarwuTHOTO nons Hg u npw fB.. = B . aHAUUTCABIO
pacwupsaetca (Goabiuc weM HA NOPHAIOK) MO CPABHCHHIO C JHANOTHYHOH  AJH
FenAd M3 OKBHBAJCHTHOPMO HedeppOMATHHTHORD MarTcpuana (MMewWers
pe = 1)

3HAUCHNA XAPAKTCPHCTHK HCCACAYCMBX MPOICCCOB CYUICCTBCHHO JABMCAT
ot napasdcrpen g u ¥ Ipu x = 0,05 MAKCHMAABHWEC TCAAOBBICTCHIA
BCACACTBHC MEPCMATHHMHBIHMA CTAHOBATCR COMIMEPHMLL C axoyncemMi.aflas
MATCPHANOR W Toaci, npi keropux ¢ > 100, KBAINCTATHUCCKNC COCTAR-
AAWNWHE HARPARCH I, ofyCNOBACHHMWE MCAJCHHOMIMCHAWMHUMHCE RBO
BEPCMCHH KOMNOHCHTAMI NOHACPOMOTOPHON CHAM, OAHOTO NOpHAKa C andna-
FHYHEMHE OT AXOYACBMX TCHAOBHICTCHM,

4. Teana umaxod onexmponpocodumocniu. K TakMM TeadM OTHCCCM He-
GepPOIACKTPHNECKNC TCAD, KOTOPHC NO CBOHM TOASPHITLHOMIHIM CROMICTRAM
GAMIKM K AMDACKTPUKAM U uMewT KodhdUUCHT JACKTPONPOROAHOCTH
a = 100 ex . ODag orux  rtea  PeHOMCHOJZOTMMCCKHNC COOTHOWCHMA
anckpoausHaMuxn @yayvr

D s Dir[E-ﬂ }EE: r.l;f_. ul:lE-c

B..

uo e Haw . jae = @ E o (4.1}

Iaa veranoracwus suna dyukuun D (£ -+ ) ByAcM HCXOOAWTH K3 CAe-

H}’!ULU.QT'Q H3IBCCTHOTO NMPCACTAORJICHNH BCKTOPRA nmoaapu3aaumy
P=Du‘—!oE.. Eg]

rac Py , Pp ~COOTBCTCTBCHHD BCKTOPW MrHoBcHHON {(ympyrad ) ®
PCAIKCAUMOHHON HOASPHIAUMIN, KOTOPHC CBRIAHW C HINPAKCHROCTLIO
E .. COOTHDWEHMAMH

ﬂPi} &n J:I, E-“. — FP
Py =eghpEan Fri Tp (4.3
3neccn Eaxr o Kp - AMINCKTPHYECKHE NpOHHUICMOCTH,

XAPAKTCPHAYWMIHCE MTHOBCHHYO W PCANKCAUHOHNYIO TOAAPHIIWIH, Tpo-
gpems peaakcaini, C yUCTOM COOTHOWCHIR {4,1)-(4.3) 30BHCHMOCTE MCKIY
uuavemHein De. 0 HATPSHCHOCTLIO E .. a8 HAYAADHO HECOOAHPHIOBAHHOTD
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TLAD HH3KOH 2JCKTPONPOBOIMMOCTH NPHMET BUI

D..(r;t)=(1+xp)egBu (r,1)

1
= i'=1
+£uxprp|_[E..{r.f}uxp{r—P'}dr' i4.4)
0

Caeays paGore [3] u ncnoan3ys ypasHenus Makceeana, MOXHO NOKA34Th,
YTo ecau CHOBOAHWEC 3APAAM B TCAC B HOMIJHHLI MOMCHT BPCMCHH OTCYT-
CTEYIOT, TO MX ofnemuas naorTHocTs (W npu 3aBucumocTax (4.3)) pamsua HY-
AR ® B NPOH3BEOABHEI MomcHT Bpemcan (Q = 0).

l
Ins KBa3uyCTAHOBHBINETOCH JJCKTPOMATHUTHOrO MOJR NMPH @ << ——, 4
P
TAKKC 019 MOHOXDOMATHYCCKOrD BO3NCHCTEMA, mHcxogs M3 (4.4), MoxHO
BECCTH KOMMOACKCHHC amnautyawm E (r,f) , D (r,!) HANMPpEKCHHOCTH
IACKTPHMCEKOTD MOAA B JACKTPHUCCKOH MHAYKUMM, CBASIHHWC COOTHOWCHM-
oM

D {r,1)=2¢ep5elE (rt) {4.5)
rac £, = £" — (g - KOMOJCKCHIS AHIACKTPUUCCKIS [POHHUACMOCLTE,
’ K . g T
ole iy t—SE | gvm KPUTP .69
|+{WTP:| H +{{UTP}

SapucumMoct (4.6 ¢ W £ 0T HACTOTH, CACAYHWWHE M3 30K0HA
peaakcaunu (4.3), ana GoAbWIMHCTEL TCA HU3KOW JACKTPONMPOROAHMOCTH
YOOBACTEOPHTCALHO ONUCHBRIOT AUCTCPCHID AMIACKTPHMECCKOR
MPOHKIACMOCTH £ € uacToToli. Uaniko oTH 3aBUCHMOCTH MOTYT Grte yora-
HOBJICHE B HCOGCPCACTBCHHO W3 OKCHCPUMEHTI ¥ YUTCHH B BHPIACHUHN
(4.3),

TMpu dGeHoOMCHOJOTHYCCKOM COOTHOWEHUH (4.5) U3 ypaBHCHHMH Maxceea-
qd, © YMOTOM YCNOBMA KBAIHYCTAHOBICHHOCTH H{ HANPAXCHHOCTH
JACKTPUHMECKOrD M MATHHTHOTO AOACH ,AHAJOTHUYHNEX (1.2¥,n Tero, 4ro
Q=0 , npuacs ¥ CACAYIOUWCH CHCTCME YPBHCHHH HI (QYHRUHI
E (r.,i) ‘B obaacty Toaa;

AE ¥ k*B =0, dwE =0 4.7
i
k% =y w leg we' — i (0 + €g " w ]

Ormerum, uTo coorHomeHHe (4.3) COOTBETCTBYCT IAAMNTHYCCKOW 3ABM-
CHMOCTH MCXAYV HHIVELHCH o HANPSKCHHOCTRI JACKTPHYECKOTO MOJIH.

Mpn HANACHHNX KOMNMCKCHBIX HANPAMCHHOCTAX ICKTPHUCCKOTO W MIAT-
HHTHOTO TMOACH BHPAXKCHHS A4 TCMJIOBMACACHMA B Toac (AMOYACBHX o

oGYCAOBACHHMWX TONAPHIALNCH) ¥ NOHICPOMOTOPHHX CHJ 3aTHINYTCH
[12,13]

Qu==0Qu + Qp i Fx =Py + Fyu (4.8)
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g
Qn =0 [Re(E (r,1)el =" 2
Qp = weye’ [Re(E {r..r}r.-”’" J*

NAGTHOCTH THOVIACHBEX M MOAAPHIAUHOHHEWY TCMJOBRIICACHMN

1

D ..
Fy=(F V)E.. , Fu=(gE.. + ﬂT Y g H .

-CHAL BOSACHCTENS HA aAwnoad (cwap KeawBuHA) M TOKW, B TOM MHCAE
NOTAPHIAUNMOHNBIC (cuad Amnepa).

Oas  wauwaanHe nosspusoBaHHHBX TCa W B caywae P}l E., mncofxo-
AUMO YYNTHBEAITH TAK®KE MoMCeHT cua [13 1, a4 opu @ = 0 - 0 cway sos-
aeiicTeua Ha aapsaw F. = E.. divD .. (cuny Kynona )

Oas paccMaTpuBACMEX TCA HUAKOH JICKTPONPOBDINMOCTH NPCACTABACHHS
TCONOBMWACACHIE W NOHICPOMOTOPHEX CHA N0 CTPYKTYPC aHanoruunm (2.2)
- TToaToMYy TEMTEPaTY Py M KOMMOHCHTH TCHIOPA HANPUMKCHNI HAXOANM B BH-
e ta),

BLITOAHCHAWE HA DCHOBC MOACAM HHCICHHHEC MCCACAOBAHNS TOKA3AAM
[[2],4To ApH paamMepax TCAQ 3HAMHTCABHO ML‘HI:I.I:IDJII.THHI:I Magar e

IMCKTPOMATHUTHON BOAHBM A . =¢gf,,rae ¢g= (2 fig) B XOPaKTCPHCTHREM
FACKTPOMATHUTHOrND 0OAS PICNPCICIHCHE PABHOMCPHO, 4 NPH paiMopax
nopaaka w Goasmwic ANMHE ROAHK WX PACAPCACACHHC HCPABHOMCPHD, H4MTO
TPHBOANT K 0GPA30BAHNK MO TOAWMWHEC 30H GOACC CHMALHMX W CAADLIX Teo-
AosuaciacHni. [Ipu COBNAICHIN OZHOrO W3 Pa3MCpOB Teaa © MOJTYIAHHHON
BOJIHE, OMpeneaacMoll YyacToroll SHCIWHCID BOSTCHCTBIN, HMCOCT MCCTO IHA-
HHTCABHOC YHCAWVCHHC HANPEXCHHOCTCH JACKTHWHMCCKOrD M MATHITHOTD [IO-
aci Kok cacacTeue, B OKPCCTHOCTHYX TIKHX WICTOT DOCTHIAKT DONRIIHY
AHANMCHUE W YPOBHU TCMACPATYPHW W HANPAMXCHMIL

HMewoT MecTo pe3oHaHcHWC 9BACHMY, ol Y CAORACHHBIC HEPHOTNMCCKNM
XKADAKTCPOM M3MEHCHUH BO BPCMCHM TCMUIOBWACICHHI W MOBICPOMOTOPHMX
CHA, GHINOTHYHMC KOK W a8 HOMCppoOMIrHUTHR Y HENOASPHIVEMHEK Tea. Tlpn
ITOM BAHAHMC TNOHACOOMOTODHMX CHJA HI pPCIOHAHCHEHC ABTCHHA
NpencOpenMo MIAG N0 CPABHCHUID € BANSHMCM TCHAOBBIICTCHII,
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