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Auu;tiz itttq.'.tt.crttt:o no.-tt 6 6a:amotuapoeux ueoduoltiduux cepedoeuul(L\ ttn.u(.iueuti utr ().H()6t Hani6aua.tirnuq-
uttx.t lctt todirsi,s,:acntr lct 'auttua' l tnpuito.t t ielzo-vto,:eui la4i i l i0. la6L|.3HLt|1tHHntroigu'. /eHntu|D:I10pa'ventp
doeuula, ctdrtur;6i.tutlt npodtxmueuuv e cmlapeHua adereantuux do o6'cxntu 5a,:omotuapoeux.troc)e-teti nta ix
n'pn.\ |equC'i l06e'vode]kX]auu2,t ' lcxi. t t , t i t {npt| l |bo' | I) , i t 'ute.t t t l l t t , t t teicntuposzlar) l .axdttc] l l , i

eux nptt4e(ie, npoHLrRHeHHA lto.tn 6 ro:tttuuit utap i c (epe()oeuule e uito.trt,. ITpaxntuuue emiteuu, maKux.r4etno-
dir;  npa,ttn,:o.1'todelnlouHn noe'a.zaue't  ueo1xiduicmn no5ydoeu.uoi)et i  peantuoto o(t 'exmay le.tuKarryt yactu-

nt u6 i t s LtK op L! cftt ctHHfl.r t tt V t t u t 1 m ti a r t nr) i it t t oc nt i tt o.itn.

Knroqoei cf loBa: 6araroulapoei cepe4onraula, SepoMarHirHi ocepgn, neoguopi4Hi npoBiAHr4Kt4, MoAefltoBaHHs
iunynucHoro nonR.

Anall'sis qf lhe pulsed./ield insicle o.i'the multi-lq:er nott-unifornt mecliu i,; possihle b1'semi-anafi,tical method at
u.sing the 'htnnogeni:ution" 

principle for equivalent pLffanxeters of'tnetlia. but the building oJ adequute multi-
la.vcr mctdet und intmediate numericol simulution is nntch more productiye due to possibilirt, to tuke into cansicJ-
ei'trtion hollr di/{usictn and v,rn'e processes of'./ield penttrution inlo each lat'er and il,hole mediun. Implemenla-
lion n/ such direc't sintulation is connecieci vt,ith nece,ssiht lo rcalize the rcul objcct in large scule on the hu,se ctl
the li e i d sint i I ur itt' pr i nc, ipl es.

Keywords: mult i- layer media, ferromagnetic cores, composite conductors, pulsed f ield simulat ion.

Bcrl:n

More,rroearlr.rl iMrryJIiicHI,IX erTeKlpoMatniTnrx
npoqecin y SararomapoBrrx Heo-qnopi4urrx cepe.qo-
Blr rua\  - tac 3\4or)  npoaHar i r l  earu ncpc6i r  npol lcc iB
-r r rd. r1 ' : i i  r roJrr r .  a  iHo- t i  i  xB14, tb()Bux npor lec is  )  ra-
KUX CepeIOBnu]ax.

llporpauHi :aco6u Inr MogenloBaHH;r ul{x [po-

Uec iB rro Bl.rHHi :allonoltHrrt I c l I e I lia,.rbHi BHMoI- rr.
I lo-trepure, po3,ll iJrhHa 3,tar uicn, rJporpaMH rrpll

creopenHi po3paxyHr(osoi l\,ro.{eni rroBrrHHa 6!,Trt
j locrarlrboro i lJrfl ni4oSpanrerurn i lpocropoB(')t 'o
\ ' laclrrraoy i leo]lHopi,$locrei{ MoAeJlhoBaHofo 06'€K-
Ta. Ufo tsr{Nronr sa Heo6xigt+ocri MoxHa 3aIoBo.lb-
Hr{Trr Ut J.tr{xo N{ 3acrocyBaHHt Teo p i i noli6socri.

flo-Ap-vre, e nporpaiui uae 6yru liepejl6aqeHa
illo)KJrHl3iclb BBe.rlelt ltr .qaHl.rx i lpo rre:rinii iHi Bnau-
'frrRocl"i nrapiB. rrl0 v'fBoproto-uh l\,roneJrb, a n pari
Bn l i opnc  l aHHr  vccpc - l l r enn \  r rapave rp ie  l nap iB  -

ule I1 lasux rtpo aHi3orpofiilo ulrx tsxacrrrBocreii.
Kpilr rclro" Bax,'ruBoro ncpctsafolo Ie-rrKr.rx npo-

rpaNr € rvrolc;rnnicrn 3a;IaHH-f, lleu;Ixocri nignocHolo
flcpeNrlrrleH[ur c]LraloBr,rx qacTHH (a6o urapiB)
nrole:ri.

I{e rrepen5arreHo rarero He B Ko)KHir"r lporpavi.
Y ra6l. I Hasej{erro nopierrxlsrri ; laui lrpo uai-r-

nounpcHiru i  i  sa i r rocrr  nuiur i  nporpavHi  naKcrH
xonepuii iuoro xapalirep]' (Comsol. QuickField.
Elcut^ FlexPDE rorqo). ua ni4craai sKt{x Nto)Ktra
c)"ql{rr.r fipo ilprr.farHicrb urr\ nporpaNr ilirfl
po3B' g3aHH.rI 3a.{aq TaKoro KJIac\:.

l]o nar16i,rrru xapaKrepHrn rexniqsux 06'eKriB
NroAe.trloBaHHrr : 6ara"lclrlapoBoro ueollrropi11rroro
crpyKlvporc N{oxiHa siAHecrr Ipi6Horuuxroeaui
$eponrarHirHi ocep4r (r rorulunolo tuapiB arwopS-
nor-o rlepouarHerlrKa l2 ...24 NrxNr. Halrecetoro Ha
no,rinepry ocHoB)' ToBlurdHolo 4 ... 6 uru). u1o :a-
crocoBylo'rbcrr B iHnvKrc)pHnx cldcrcr\rax irilyrcuiii-
HI4x npucKopronauin c;rexrpouiu i r iun-vnrcuux
rpauc$oprraropax tnr  HaHoccK) HAHIrr  i  u ixpocc-
t ( )  r t . 1HH\  i v r r l L r sc i r .  a  raKo ' iK  xon r r ro ln r r r i  ( 6a r  a ro -
ruapoei) nponi4uunlr Ax.f, 3acrocytsaHHrr B arraparllri
xo l r r  rar l i l '  BeJ ' rHK14\  c ' r  pyrr in .

Odlr4na K.'racu o6' eKtis MoAc,.lloBaHHrI xapaKTe-
pH3yloTbc f, qac or,t I]poHr]KH eHH.rr e.TeKTpo Maf H iTHo -

ro rtoJLrI e lraltti'lonponi4 a5o crp-v.-norrpclnil.
cninpo:nripHrrNf 3 rpr{BilTicrro po6ovoro iunyrscy. y
38'x3Kv 3 arnlr BrruuKac rIr.TrArJnrr rrpo etl lexrrlBHicrb
B t tKopuc raHHf l  nonepc r lHu r  ncpcp i r i n  l r a ru i ronpo -
Bo.rl iR a6o crpynoupono;1ie.

Bjlnoei,xr Ha ue nr{raHHrr N{oxe 6vru lasa sa
ocHoni qr4ceJrbHoro NroAenr.oBaHux npoqccir scra-
HoBrel rHf l  ro. r f l  B o6cs: i  n i -1noni .1Hrrr  cJrer \ rcHTiB 3
ypaxytsaHHrlr neriHir"rHocri s"rac'rasocrcil rbepo-
N{arrrerura a6o He:riuii.rrloi e"rtex'rporrponi4lrocri rua-
pie 1' pa:i i.x po:irpinaHH.fl i^rr)'xbcHHNI crpvN{ol\,r.

I locraHonna sa.qaqi M oAennBaHH r npo Hr{KH eHH.rr
Ilolt B lpi6uourlrxroeani t-rccplr lua 3al'arbuoro
BLIra.qKV po3rnfl4' npoqecin ancfl'riT fionrr cilinbHo 3
vpax\rBarrltsM xBltrrboBnx rBrrxJ s o5'cui MoAeJrlo-
HlqLrfo cepeAoBr{rrla :liiicHrcerlca Ha ocHori pin-
HrHHr iugyKl-tii B HopMoBaHiii Sopui.

O B. T. 9eueptrc. I .  O. Eopo.r ih. I ' .  e .  Mapuuueulio. 2012
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3a ylronn ua,roi rpunalocri iuny:rtcts c'rpyMv.
rqo :6.v4xyrorr n,tarHirHe rloire, npoqe4l'pa iioro
niArorosru go nnpiueHHrl rlocraBneHoro 3aBraHH.g
noir.rrrac B orpuMaHui xpurepii'r noni6nocri, stci
Bc ralloB,rllolors ei4nonignic'rb Iuix rutltqacoRntnul i
npocropoBrlMr{ Macrrrra6aur.r nore,ri i pea:rtuoro
o6'cxra.

V euxi.Inoruy pinmuHi inlynuii moxyrr 6yrtt
esfii Ao yBarlr ue ri:nxu ,uu$ysifiHi i xen,'Irosi
rlporleclr. a,re ii ruro;N,'rHnicrb siJluocuoro nepeui-
ILleHnn a6o ei6paui i  uapin : i  r ; rRu. lrc icrro rr  :

A

, \H = __(po H) +
ot

Tyr pt i o - .'roxa,rbui 3uarreHHr rcoe$iqienrie
l'tarHirsoi npoHnKHocri i e:rexrponpori4nocri cepe-
jIoBHUra ni:Inonilso.

fxrqo BBecrh 5e:po:lr,riprrufi .rac r : t I T uepez
5a:ucHptri qac Z. rnr.ri gopinHloe rpuBanocri iu-
nyxbc), lloJrt. a sx SagHcHr rlnn4xicrr, uplrfiruru
Be-rIHuHHy u : ,Y lT , Ie X -- xapaKrepHuil posrrnip

n lo :c , r i .  inpunrcrnru .  uo  i lapa t \ le rpu  l l  io  Herur in -
Hi s rvexar ToBUTHHH J'loKa-rbHH\ Lrapis. rori pie-
IItI{Ht ilr;1yrcrqii B HopMoRallnr :nisHrx rricrr.rrr lea
xprrepii noAi6socri ( Re^, i &,,, ):

t H =

Ty Re',, = l.[o ?o X -- Hraruilrre qnc:ro Peii-
T  |  - .  t  - -

Ho.rrblca, IJ = l' | 01, ; A - oneparop ,rlau.uaca ra

0 e3po:rM lp [II4 r\{ r4 3['1IHH]IM H

( i = . x / I .  - i = , 1 , / . \ - ,  j = : , ' . \ ' ) ,  K n  : 7 ' l l t ' 2 ,

,  . . _ 1

i1e v = (!.ro) l l ,Ha rBr{AKicu poano-

BCIoAiI{eurLl erefilpoManri'r'nux xBl{,rb (ro6ro e 4a-
Hor l r  ruapi  cepc: ,oeuura) .

Kpnrepifi Kr Bu3Harrae silnocHzii BruIrIB
xBr.ur,c)BHX npoqecie.

Haii6ilr,ru rrpocrafi nilxia Ao rloAeJnoBar{}rt{ Iro-
Jl-gra€ ts 3acrocvBagHi uero.qv <ronroreHisauii> cc-
pe.4oBr4[la Ill, oco6rrnBo B ro]\{\r BHrranKv. KoJrH
poxb xBltJ,'rLoBH;r [pouecie npu BcraHoBJTeHHi norrq
He3Hai{Ha. Tori .q:r.s .upiSHouraxroBaHoro cepelo-
nurqa uar tieana-'r jru.rHuMr.r r{elojlal{n ltoxyrs 61,-ru
eneileni ensisa:rerrlrri naparrerpn rranriruroi nponil-
xuocri i e:rcnrponpoeillrocri Ll--lj. i :ta-ui ,x,rs sfi-
piuleunr 3aBAarrlr s npo rllr$vsixt rroJrr :turlplrfla€'Tbcr
:rifi c trx t'n,r,racurla6\, nal{r rr na ruMqac oeiii oc i. rqo6
npnBecrn 1 e i lnosi :Hicrs :a: laH1 rpuea-r icr r  iu-
nyJrbcy 3 MoxJIHBocrrr\IU l\to4eJTxrloqoi nporpaNllr.
llpH eu:uaueuui exnisa'reurHoi varrrirroi npoHtrK-
nocri uoxua na6nnxcuo (ro6ro &lr ycepeAHeHlitx
napauerpin cepeAoBr.{ua) rpaxy'aarrz se:riHiiisicrr'
xpunoi  r  rarrarHiqv eaHu,r  $epolrar-HerHNa.

Ei-rrlrl npo:l) K rlrBH uti rter o-l po3 B' {3aHrul 3aAar{l

rlpo po3llori:r no,rq e rlSc.sti :piSHotuuxroBaxoro

ocep.qt rloJr-rlfa€ o no51'loni po3par) HKoeoi N{oAeni

6ararourapoBoro cepeAoBu[Ia. a-{ennarsoi BrrxlJ{-

Hony o6' eHry. 3 IIacryIrI{I4r'I ypax} BaHrltllvl neninifi-

nocri HrarHirHr{x Bracrl,Ieocreit }' Ko)KHoM,v oKpe-

uorrlv iuapi dreporurar-uernra. TaxHfi rriAxil rtorpe-

6ye :acrocyBaHHrl nporpaMHlrx gaco6is 3 Aocprrb
BI4COKOIO [pO.4,VKTHBHiCtm pO:e'-r3yBanbHoro np]i-
crpolo, npore eirr llo3Borse yHI{KHyrH tla6:ruxertoro
niaxol), ,qo orliHrlr cKBiBa[eHrHrrx rrapaMerpie ce-
peAoBHUla. IIpu qnonav BHHHKa€ npo6:relta npocro-
poBoro Naacrrr raSreauHs po;pax1'Hxosoi  l to j le . t i .

-f,xr4o BBegeHHrr ralrHx rrpo N{oi1eJrb B}trory€'rbcu 3a

rotrol{ororc rpacf iu uoro pcAaKropa. por4lrrua :4ar-
nicrr qroro o6nrexena qacrxaMn ui,ninterpa. goao-

illrrbcrr :o6paxaru po3paxyl{KoBy MOleJrh, u1o ,uic-
THTr, [rapn lrinpouuoi ToBUrHHrr. ts cHJrbHo sSirlue-
Hor\rv r\{ac[rra6i. i o6fpvuroeyBarn vNIoBr.{ noli6-
Hocli ruiN orpuMalrl4r\r pirueutlan't i pezlrrunu

o6'cK't 'ola.
3acrocynauns lrerorie reopii no4i6nocri npn

MoAeJ'rmBaHui qpi6nocrpyKTypHrrx cepeAoBllrq B

eJreK'rpoNraruiruouy rro.ui. Vtuoen ro4i6Hocri irvr-

n)---nLcHHx rllarnirultx ncl,nin npu po:rrn4i ix y lioop-

AHHaTHHX cirxax : pi:uulr Nracrrrra6ol{ MoxHa
c{roprul':rronarn }{a ocsoni po3l'JTf,x) pinruuua ;1n-

{rr':ii naarnirHoro noJrrr B HopMoBaHiii $oplti:

^ l

r o t l ( t  o t t ' .  H ' * l  h t t u \ .
- l -

It.,, IdF + ror|.i ' Hll * x,, t4" l c .  L  l l  " ? r -

rle 1-) : (ti o')-'

I  loJ l8.

OqesPrrFro.

po3rnq,rarn xx npurcpifr no,ri6socri Kaprr4H po3lro-
ri;I)' injlt'ttuii n rpoqeci ;1ra$1':ii tro,rx. flnuto itltercc
<l> o6paruk ulst xapaKrepncrnKlr rlapaNterpir pe-
aJrr,Horo o6'enra. a iurexc <..2> Alx iioro po:paxvn-
xoroi uo4e:ri, 1-rtroea noei6socri NIae BHrntA

D, !-)= = D, !+
Y, .\-:

f lpocr iLrc u,  unnl , ru 
" rno^t to.  

f l  J ; t f l  exs iea-

JreHTHr4-\ naparterpin /),.ou : D2.o" <rorroreHi:osa-

IIO|O) Cepejl0Bnllla, ul() BI'I3lIaqaK)TbC-s qepe3 yce-

pe;1ueHi :a scinra uapaMn 3Haqerrnlr\{H p.o i o.^".
Jlxruo N ilrapvBare cepe.{oBr{ule }'TBopeHe Liep-

lvBaHlrfl M ruapin r re.l i n il"rr loro $eporurarllernxa i r tl a-
pin r::o,rxr1ii s He:MiHHuMll BJrau'r'rlBocr-nMl4. Kpure-
pia nogi6uocri lroxe 6y'rn nomllpeuufi BrrHtrnoBo
Ha ruapr{ $epouarHerrrKa 3a yMoBu. uo cnissiAHo-
ueune - foBUrHrr  urapin.  l r lo  Bl43l raqac exeiga. l teurHi
ilapar{crpn p.*" i 6."o. :6epiraerrc.f, oAHaKoBHM B
uoAe:ri i n pea,rrHouy o6'erri.

U= rL  o i - .
O T  , Y -

- rcoetliiqierrr i1u$l':rii uarutirrtoro

uto Bc,.rH,n4H\ D' : D+ uolKHa

i i,,i iillilitiii:iii,iri: lifl iiiiii:iliir',r;r ltt,iriiiiiiririilliiirlill i,
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KolH 4oro t\ATbcs npuhuta'lt,t B po3pa\\ uxt)eir'r
rro.le,ri sagrarrerirt elr:HaqeHi crplKrvporo \lofe-
.'k)K),toi [pofpaMa 3HaqeHHt ltac[rraduux BCJI4TIIIH
iianprlK.raA, 7"2 : 1 a6a X2: 1), 4orpnMaHrur \t\roR

.ro-li6Hocri n,toxe 61'rH la6esrreqelre He ,'rfirile ul.rrr-
iorr slriHpr .racy iurerpyBaHlrJr npoqecy fi a5o xa-
'-rrrKrepHoro pO'rrtlip1,' vCr;1e,ri ,\, arle fi UrrrsxoM srri-
.itt sItXiAHHX 3HaqeHb eneKTpoN{afHirsrs napaMer-
rir ruapie Seponrarnerura p a6o o.

Peari:aqin raKoro li:{xojll R}rxorraHa aBTopaN,rH
l BHKopi4craHHrM rraxerie ELCUT (npu eunucuni
,r-rHonnnripHux npoqecin ,rrz$y:ii no"nx) i FEI\,ILAB,
aOMSOL (rrpu nNrveuui leonnlriplrr{x KaprHH po3-
lojli,ry no,'rx).

B iuay-xuiiiHur npucxopnBaqax elerrponie
npoMncxoBoro ilpruHaqeHHt cepcAgs non-xHicrt
nvaiKa e.rreKlponir raoxre Aocnrilt'r.r 50 ... 100 xBr.

{,rr crnopeHHrr npucKoproruqoro noxr ryT 3a-
JTocoByrorbcrr iHrlyxropiri cHL-TeMn. ruo [ra]orr,
ralrxrryri (xi;ruqeei) dtepouarrrirui ocep4x Aocurr,
Bc.rHKoro uol lepeLl tur  o nepepi : r .  e i l t -oroe,reHi  :  eH-
JoKorracrorHoro crpiurionoro anrop$Horo $epouar-
i ieruKa Metglas (CllXA) a6o Melta (Pocir).

Oeo6 , r r ze iu  r  r u  i r r r r r , : r uq r r r  r r a ru i r r rn r  r ro - r i s  r
npHcKoploBaqax cncKTpoHis. ,tx i n ilrry,rtcHlrx
rpauc$opuaropax. € lisii.iua :MiHa s uaci crp.vul'
ttavalui'rynarrur. Ocxi,rrnu ftpr,rcKopro]oqe uo.rre
JrBoploerbcr v Br4rn.qAi cepii Kc)porKr{x inrrr\,rscis.
ueo6xiSHo :a6esneqHru npoHHKHeHHrr uarnirHoro
no,rrfl B o6'cu oceplr 3a qac rpnaa,rocri irrryllcy.

B  u i xpocex )  r [ lHo r \ r )  . l i a r ra toH i  rp lea t roc r i  i r r -
ln'.rrcis npu nnpiureHHi qtoro 3aB,qaHHrr trox,ua o6-
\ Iei{czr}rcr po3rrurAol,t ;1lr$y:ii no.rrr B 6ararourapoRe
,'epe,loBl4lrle" 3;L.ll{ilIalgqu 6e: r,saru xnransoei ttpg-
uecu B ocepAi.

!epe: He,riuiilHicrr npnnoi Hal,rarniq..naHnx $c-
LroMar'[rernKa Hel,ro)ru]HRo qlnxolr NopeNTHo BBecrH
e reiea,reHrni r raparierpu ro BC bol\,r\ o6' c nrr- oceplll.
Porparl'uolt KaprnHH po:no4i:ry nrarniruoi iHll'rcuii
BllitoHyerbcr ia :ac'rrJct'aaHlrnlr r\lerr)4ir reopii [o/li6-
rrocri rra 6ararouraporif i po:pax-vsxosifi uo.' lclri :
B eiluKr.r\r :5 i,r urueHurrN{ npocropoeoro uacrura6y.

11pzua4 po3pax\lrKv ogrronulliprror' 4n$y:ii no-
.rs Ha r6i,rrslleriii.i lrogc:ri nolia3an() Ha pHc. 1 (nnreo-
HaHo B nporparvi Elcut v 5.7 prof.).

JIiuiiirry :rinirrv crpynrl uauaruivyRarlrr 6)'-rro sa-
.taHo IuJurxor.r sSirbrueurrr pi:uHqi rpall.rqHux 3Ha-
ireHb BexropHot-o norcHlliarv- nponopqiiigo qac.v

rHrer-p)'RaHnr. .sK uaBeJleso n ra6"rr. 2.
Po:lpunu lirrir"r po:rroqirry in41,xqii rra przc. I ui;1-

ncei - larcrs r r i r . ' r l ro  3Ha\oAxcHHn scuarHirHHr ico-
--irorcqtax npourapxix.

Buxopucronvxtuz uacexeHi cninniluoruerrHn
rro4i6nocli, pe3vJrbrarr4 po3pax-vHK,v Mo?xHa BnKo-
pucrarrl Ha Br{naIoK MaJ'lr{\ ToBruHH $epouarueru-
Ka. rqo nnuiprorcrrcq llec.srKolr ruircpouerp in.

{r 1 ,} ._t r : f:i T *r :} l;i II
JlonxrrHa nepep_ir1 uo-fe,ri. cv

Puc. I. ilponurueHHg il.trrvlucHoro lrami'rsoro nols
n 6ararourapoBe ocepnt

ToSttuun

PirHnrlq rpauuqHnx 3HarreHr,
BeKTopHor-o uo'resuia.ily A,4

3aJrelKHo BiiI '{acy inlcr-pyraHur (ao puc. l)

)

Porpaxvuxn npoqecie au$ysii rrorr{ 3a ronoNro-
roro nBoBuMiprurx r,ro;1elefi npu:eonflTb l1o 6iltur
:N t i c t c l s t rH \  pe ;1  " r ru ra r  i n .  ocK inbKr l  an rs , rq ro ru  i c -
TOTHV pOXb IIp(-lHHKHeHHri flO,rtrl B JIHCTU milXTORKU

He rLrI6KI4 rro ropr{rx. ane i rrtr BcboMy nepr{Merpy
ixnix rrepepi:in.

lla pnc. 2 i 3 noaano pe3yJrbrara MoAenroBaHHt

4eonullipHoi 4ra$r':ii rroJTr B 6ararourapoBr.rx ocep-

5ax (nuxouar{o B trporpanri Fenrl,ab r,.3. I ).
Bs.qHo. Luo B qeHTpa"rtniii qacruui trr!{xroBanoro

rraKera rrprl 3alarrux noe$iqicrrlax 4ra$r':ii nore sa
qac rpltBaJlocri po6ouur-o iuly.ir;c1 rre Bcr-l4ra€ Brz-
pieH.nrucx no Bcbol{y fieperaHy naxera.

V pa:i :6lnruienHi eiAHocHoi ToBLur,rHH nncriB
cpepcluaruernKa B .no.Xarox .fto rroKa3alroi xaprrzHi
3 qBrq€rbcfl seoAHopiAuicru pornogi,'rf iu"al'xuii no
roequFri Ko)Knoro Jlucra (npora.r rroccpenuHi i
cnlecKr{ rroilq Ha norepxli Ko'drut)ro Jrucra ).

f{ocrri lxelrrrq BrlrrrrBv xBr.rrrboBux npoqeuia ua
IlcraHoBJeHHrr rlor-lt e 6araromapoBor\rv nareri 51':ro
I lpo Be:]e l ro aRTopar\{H 1. 4eoeul,riprrollv u a6, r u',resHi

[5] Ha npux.'ra4i i4eatrunoro natrircl. l ie-rcKrp]lKa 13
3acrocvBaHHrrN{ naxera Comsol r '.3.-1.
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r )  t l i  1 l )  l 1 : r  t i r  i r 5  l n  l ?  i ] f  i l 3  l
Bj lcr aHb ) l rpoloBx rronepe.rHoi oct ocepi l t  ( tsuHoB. )

Prrc. 2. 3pocrauru i po:ruogi,'reHur in4yrqii no;tn
' ta  uac po6ouoro ivry, ruc1

(u anpn u xy' I to [cpeK IIrIL\roBKI.I ur apie $epouat'ueruxa )

i  3 . i 1 5  0 1  c l :  i l l  { : i  i r ;  c : e r  i . t 4

Bi lcru:r  )npo:orx uapin $epovat r tcfrNr (Bt{h al lNlerpt i  t rnxela} {BuiEoE )

Pnc. 3. 3pocraHH-a i portto.ui-uenHl in4t'rqii rto:u
n urapi rfepol.tat-nernKa 3a r{ac po6ciuoro irotrry,rtcl'

B ccperHbor\ r )  nepepir i  naKer i t

Ilpu ur,olr1, 6y:ro orpuuaHo BHcIIoBKII AocHTb
jarar . rbHofo \apaKTcp\-  3r- i - rHo 3 TKHMH po3Mip f lo-

nepeqrrofo nepepi::1' ocep1tr He IIoRHHeH IlepeBl4tqy-

Barl4,lOBntIlHy [ULtlXy, il]o lIpoxOAu-I'F, eJIeK'tpOMaI-

uirlra xRu:rR 3a r{ac rpr4Ba;rocri po6ororo iln1,ucy.

Mo^ c;rlosaHlrs KolrraKTIIrIx rIpoqeciB npu

nporixanni e.[enTpr{rrnolo crpvMy qepeS IIpo-

Birxe cepeAoBIIue 3 dararourapoBoro HeoAHopiA-
rroro cJre KTponpori4 nicrro. Il,'rev enra KoI ITaxTIIHX

3'eAHaHb. oco6JurRo po3'€MIIHX. sxi 3acrocoBylorb-

cfl B excxTpHrrHHx ycraHoBr(ax Anr{ Kol\{yraIlii serH-

nl.rx crpynrin (i{o ueraaN.InepHl{x ee;rrunH). uact'o

\apaf i lepn3) ror  bcr  Heotr topi , lHL\ru ereNr ponpoeir -
gicrnr c;rexrpogin B o6iracrfix, Irpnner.lnx Ao IroBe-

pxHi Konranr-J. Tani HeolHopirHocri lroxyrt 6yru

elzKnuxaHi AlrioyneBuM po:i rp ieona npon i4tmxin a6o

Moxvrb 61 rn crnopeHi i t(oHcrp)t{ruBHt4x Haiprr'-

BaHb AX-S nOninUrenru xapaKTepHcrrrK KoHTaKry. y

nor)')KHHX crpyMollpoBoAax )' 3oHax surlrHl" liHiii

crp)'M)' a6o s tt,rotuntti KoHraKn 3 crpyl{oBlllBe-

IeHHsM ga:nnqaii BHHHKalorb 3oHH KoHlleHrpaqii

rycrHHH crp)/Nry. ulo 3\'\ioB.Thrkrrb .ToKtulbutlii ue-

pe rp i s  i - l o . t a r xon i  N , texaH i ' { t l i  Ha l l p \  lH .

l l i  lnuula f iocHJt lotorbet  B nepexiaut , r  ra i rv-

nyirr,cHr4x pexHNrax. O,qnur,t s rtero,lis sanooiraHHt

se6axanoi Korruelrrpaqii crpr rr1' rto;re 6y'rru sacro-

cvBaHHrI npoei;HHxir : Hct'l-lHopi-1uoro (:otcpelra,

Sararouapouorcr ) c.rcxrponpou i:H i crrt- '.
.f lruqo e:terrportat' l t i-ttt l t\t r lpouecaM -"- 6araro-

[IapoBLIx HeoguopilHur .tie.rcr.rpIr.IHltx cepeAoBll-

uax )  rcopcru,ru i l i  L ' - rcKtp() rc \Hiur  paHiLuc npn: i -

ilflIracfl. reBHa yBara \; 38 -sili\ ir ;anllanHsllu Kollcr-

pyroBalur.fl xBrureBoiliB [6'1. ro rrpoxor;tteHHs c'rpyMy

s oararotuapoBl{)i HeulHopi^tHhr npoai,lultKax He

BllBrla.{oct s reopii HacTinLKI{ AeranLHO. i rolty ryr
por'Ib NrareMa'rllqHoro MO.qeJInBaI{Hq IleSanepeqHa.

Y roii qac, gK aHaniTl4qHe ,{oclti,lxenHx nporixaunR

il,ruy:rscnoro crpyM,v r nponigunrax pi:Hoi xoHrpi-

rypaqii : 6ararottlapoBclo Heo.quopilHoto enelopo-

lpoei4nic-rro BnKJTI{Kae rrenui rpyAnouli. uerorn

NtaTeMaTLIl{HOfO MOnCJfIKIBaHH' .qO3BOJI'IOTL 3HaXO-

allru piruenHt Airt Aoculb cK,'IaIIIIHX routlriryparlifi .
Ha ocHosi BnKopl{craHttx xiurlcuo-eneveHrtloi

uo4e;ri B par\{Kax IIaKera ('lomsol nepcii 3.5 Hauu
61'mr uunueHi oco5,'Iusocri nporixaHHr iuny,:rtcHo-
ro crp)'M,v qepe3 KOHIaKTH)' IIapV, yTBoperry nBolvla

crp,vMorrpoBoAaMl,I (uo lrarort, xoerliqieHr anSysii
no,rx D1) 3 pyxoN{o}o flepcMuqno}o ruiN ulluu (uo

lrae xoe$iqieur 4urfr,v':ii tto"rl I)2).

Ha puc. 4 tto.laso pe:tv.rt],r'trrfi po3B't3KV laraui

npo BcraHOBreHHJr iun5i:rlclroro crpyMy r :oui py-

xor\,rolo KonraKTy rtprl Aocrartlro sucoriii niAttoc-

u i i i  ruer{ lxocr i  e . terrpr ' ' - t ie  r '  .

5

Pnc.  4.  I lo , r inrueHttq pornoalr l  crpvr \ t )
B p)xolroMy xorrraxri npu uapiaUii xoe$iqieurir
rrr$l ri i  norr B noBepxlreBtrx ruapar e,'renrpoair

I Ir puc. -1. a noaepxuesi utapn c,rerrpo4ie
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lo'rb raKv )K eJleKTporrponi4uicrs. rr i ocrJoBrll"r
Macr{B KoxHoro eflexTpoAa oKpeMo. flpu nepeso-ri
Lrcpe3 Nrcx) pyxor\roro i Hepyxolloro e,rcxrpoJis
cnocrepiraerbc;l 3HaqHa KoH I IeHrpar{i,a,riHiii crpv-
n'ry, rro6;ut:y ryroroi roqnr.{ KoHraKry.

IIa plrc. 4. r., xoxc'rl r c,rcxrpo4ie r\rar' roAarxoni
I I tapx J eneKfporrpr)n i . t l r icr ro,  u lo 3r \ re l { i l rvcrucr  s i . , r
uapy - to uap\  B Hanprr \ r r \  rpaHrruHoi  noecprHi
KoHTaNT)'. uo .fo3Boir.q€ locrrrrd noMiTHoro srrpin-
HroBaHrur uli:nuocri crpvl,rv rro KoHTaKTniii no-
repxui rpu olHaKosiii ei.qHocniil mnl.rlxocri i oa-
HaKoBoN{y noBHoM}' crpvlri, uro nporixae qepe3

KoHTaf('fr{y lrapy.
flpone4ene uauu,' locrri, i IXerrnJr rroKa3aJlo, rt lo

u"'trxol{ Ha-rrexHoro ur6opy xoedriuienrin 4ud:y:ii
IIoJIt ts ilpnrpaHurrHfix o6,'Iacrqx MoxHa 3nLr3v'trr
KoHIleHTpaIIiro c rp.vvir B Kv'r'oBllx -r'oqKax KoHTaKTy
i no:rinurm:u po:nogi,r rvcrrHrr crp)'rr\r rro KoH-
raxrsiii nonelrxHi.

BncnosoK

Peav,rnlar:n qlrcerbrrofo MoAeirloBal||ul pyxoMo-
ro KoHraKr\ nirrsepaxq rcrrb orpr{Nraui pauiue rco-
perrrqHril{ rrrJrf,xoil,r [7: 8l nncHoRKu rrpo c]yrrlaueu-
t aJrlrry 3aJterffIric 16 po'rrio21i:r1' ryc rllHlr crp) N,Iy
B:uoB;x norraxrnoi norepxui ni.q cniseilHouleHH-r
xoc{iuicrrie :nSyrii rroJrfl B uarcpia,ru e,rcnrpo-fie
nottraxruoi rapr.r.

3a Marcr \4arr r r rHur\ r ' rn icrov xorraxtHi  ca laqi
rexuixr'r BeJrxKrD( crp,vuin 5;ruuri .qo 3aAarr aH{-v:ii
peqoBnHu B rlrapvBa'llrx or-pyKTypax [1], rrpore lla-
ro rs  i  c1  r r cn i  n i . t r r iHuoc  r i .

l\{ateuarlr.rHe r{oreruoBaHHrr 3aAaq npo Hccrarli-
cluapHnir posro.qi:r crpyMv B KoHTaKTlrrrx crICTeMax,
Brrrol Iar lrix i: gacroc\,eanHr m 6araro[IapoB lrx HeoA-
uopigHnx nponigHurin. BKa3y€ Ha npHHuIInoBy
vox;uusicrr. icrorno 3Hr{3urrr KoHrIeHTpaui rc r1'crlt-
HH CTpVNty B Kpr4THglilrx TOqKaX KOHTaKly.
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