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Abstract. Performing hemostasis
increases surgery time and blood loss during
surgery. The Paton Welding Institute had
developed a method of cutting biological tissue
with simultaneous hemostasis by electrosurgical
clamps in the 90s. Hemostasis is carried out due
to vascular spasms, which persists after the end of
the cutting. There are the glutinous coagulation
biomass and thrombus in the lumen of the vessel.
This composition provides reliable hemostasis in
vessels of different diameters. It is necessary to
know the mechanical stresses, displacements,
deformations, temperature, and current density,
electrical voltage gradient in the tissue to study the
cutting process and design tools. Experimentally
determine these values is difficult or impossible

because of the rapid flow of processes and a small
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AHoTauisi. BbInosHEHHEe TemocTasa
YBEJIMUYUBAET BpEMs ONlEepaliui U OTEPH KPOBU
IIpU XUpYypruueckoil onepanuu. B 90-x romax
Wuctutyt snexkrpocBapku um. E.O. Ilarona
pazpabotan crnoco0 pe3Ku OUOTOTHUYECKOM
TKAaHM C  OJHOBPEMEHHBIM  T'€MOCTa30M
ANIEKTPOXUPYPrUUECKUMU 3aKUMaMHU.
I'emocTa3 ocymecTBisercs 3a CYET CIa3MOB
COCYZIOB, KOTOpBII  coOXpaHsieTcs  IOcIe
OKOHYaHUs pe3khu. B  30He  cBapHOro
COEIMHEHUS cocyzaa oOpazyertcs
KJIeiikooOpa3Hast KoaryJsiHoHHas Ouomacca H
TpoMO B TpocBeTe cocyda. JTa KOMITO3UIUS
ofOecrieunBaeT HaI&XHBIH TreMocTa3 B COCyJax
pasnuuHoro nuamertpa. IIpu usyuenun npouecca

pe3aHnua U HOPOCKTUPOBAHUA HUHCTPYMCHTOB

HCO6XO,Z[I/IMO 3HATh MCXaHUYCCKUE HAIIPSAKCHUA,
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volume of tissue. Therefore, the most convenient

way is computer modeling. 3-D model of a bipolar
clamp was created in the SolidWorks
environment. The cutting of muscle tissue with a
thickness of 5 mm was simulated. The greatest
mechanical stresses occur in branches, the stresses
in the tissue are significantly less. The elastic
deformation of the branches stabilizes the
pressure of the electrodes on the tissue. The
greatest deformation of the tissue occurs in a plane
perpendicular to the compression force,
contributing to its separation. The addition
ElectroMagneticWorks (EMWorks) is used for
the study of electrical and thermal processes. It
allows simulating processes at direct and
alternating currents. The built-in materials library
contains electrical and thermal parameters of the
main human organs. The voltage of 200 V heats
the tissue under the electrodes to 1000 C in 0.5 s.
The temperature is higher in the middle of the
tissue. The decrease of the compression force of
the branches causes an intense boiling of the
liquid that separates the tissue. The current passes
not only between the planes of the electrodes, but
also branches off the sides, contributing to the
formation of blood clots in the cut vessels. The
greatest voltage gradient is near the electrodes,
favoring tissue destruction. High temperatures
and contact with blood contaminate the
electrodes. The COMSOL adhesion simulation
showed that stainless steel electrodes produce the

greatest adhesion
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IJIOTHOCTh TOKA, TPAAUEHT JJICKTPUYECKOTO
HalpsDKEHUsST B TKaHW. DKCIEepUMEHTATBHO
OTpEACIUTh OTH BEJIWYUHBI  CIOXKHO  HIIU
HEBO3MOXXHO H3-32 OBICTPOTO  MPOTEKAHHS
MPOIIECCOB W HEOOJBIIOr0 00bEMaA TKaHHU.
[TosTomy Hambonee ymOOHBIM MYTEM SIBISETCS
KOMITBIOTEPHOE  MojenupoBanue. B cpexe
SolidWorks 6wuta  cosgmana 3-D  mopens
OMIOJIAPHOTO 3aKUMa C IIUPUHOM 3JIEKTPOIOB
2MM.  MopaenupoBajaoch PE3aHHE MBIIMICYHOMN
TKaHd  TommmHOM 5 mM.  HaubGomnbmme
MEXaHWYECKUE HANpsHKEHUS  BO3HUKAIOT B
OpaHIIax, HampsDKEHUS B TKaHU CYIIECTBEHHO
MeHbIle. Ympyras gedopmarus  OpaHiiei
CTaOMITM3UPYET JABJICHUE DJICKTPOJIOB HA TKaHb.
HaubGonbmas nepopmanus TkaHU TPOUCXOAUT B
TJIOCKOCTH, TEPIEeHIUKYIIPHOM CHIIe CXKaTus,
crocoOcTBys e€ paznenenuro. g uccnenoBanus
NIEKTPUICCKUX |

TCIIJIOBBIX mponeccoB

HCIIOJIB3YCTCA JOIIOJTHECHUEC
ElectroMagneticWorks (EMWorks), kotopoe
IIO3BOJIACT MOACIINPOBATDH IIPOLECChI npu
MMOCTOAHHOM M INICPEMCHHOM TOKaX. BCTpOGHHaSI
ombnmmoTeKa

MaTcpHralioB COJACPIKUT

DIIEKTPUYECKUE W TEIUIOBBIE  IMapaMeTphl
OCHOBHBIX OpraHoB uenoBeka. [Ipu HampskeHUH
200 B wuwepe3 0,5 c TkaHb HarpeBaeTcs IO
ANEKTPOJAMHU 10 100° C. B CepeMHE TKaHU
temriepatypa emé Oombiie. [lpu ocmabieHuun
YCHIIUA CKaTusl OpaHIlled, CHUXKAETCS JaBlIeHUE
BHYTpU TKaHHW, YTO BBI3BIBAET WHTEHCUBHOE

KHUIICHUEC XUJKOCTH, pa3bCANHAIONICC TKAHb. Tok
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Tok IPOXOAUT HE TOJNBKO MEXAY IUIOCKOCTIMH

AJIEKTPO/IOB, HO U OTBETBIIAECTCS CTOPOHBI,
crocoOCTBYsT ~ 00pa3oBaHWI0O  TPOMOOB B
pa3pe3aHHbIX cocyaax. HauOombmmii rpaaueHT
HANPSDKEHUST HAXOIUTCS BOJW3U  DIIEKTPOJIOB,
ONmaronpusTCTBYs pa3pylIeHHI0 TKaHU. Peska
MIPOM3BOJUTCS MPHU MOBBIIICHHBIX TEMIEpaTypax
Y KOHTAKTE JIEKTPOIOB C KPOBBIO M )KHIKOCTSIMHU.
OTO CcrOCOOCTBYET 3arpsi3HEHUIO 3JIEKTPOJIOB H
NPWINNIAHUIO TKaHU. MoJenupoBaHue aJire3uu B
nporpamme COMSOL MoKa3aso, 4TO
HanOoJIbIIee MPHUIMIIAHUE CO3JAIOT DIIEKTPOIbI

u3 HEp KaBeIOIIEH CTaJIH.

Keywords: cBapka KHBBIX TKaHEW, dJIEKTPOXUPYPIHs, OUIOJSPHBIE HOKHHIIBI, MOJICITHPOBAHHE,
SolidWorks, Comsol.

Section: Physiological Systems Modeling

Introduction. MactutyT snekrpocBapkn HAH Ykpanns ¢ Hadano 90-X To10B 3aHUMAETCs CBApKOU

)51 pGSKOI;’I JKUBBIX TKaHEH C OMTHOBPEMCHHBIM I'€MOCTAa30M COCYIOB 3JICKTPOCBAPOYHBIM 3a’)KUMOM (PI/IC 1,

2) [1-2].

Puc. 1. Pacceuenue MbIlII rpyTHOM CTEHKH 3JIEKTPOHOKHUIIAMH CO3JAET TEMOCTA3 COCY/IOB U

KalnmnuJusipoB
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Puc. 2. OrcyTcTBHE KPOBOTEUEHHUSI T1OCIIE Pa3pe3aHHUsl.

I'emocTa3 ocymecTBisieTcs 3a CUET Ca3MOB COCYJZIOB, KOTOPBIA COXPAHSIETCA IMOCIE OKOHYAHUS

pe3ku. B 30He cBapHOro coeqMHEHUs cocyla o0pa3yercsl KIeHKooOpa3Has KoaryJsiuOHHas Ouomacca
n A "
JJHK — mpoTenH — accouuupoBaHHbBIN ayTOOHOKIEH" U TPOMO B MPOCBETE COCyAa. DTa KOMITO3UIUS

obecrieunBaeT HaJAEKHBII reMocTa3 B cocyaax pasiudnoro quamerpa (Puc.3) [3-4].

Puc. 3. U3mcHeHus B ApTCPUAX MBIIMICYHOI'O TUIIA ITPU UCITIOJIB30BAHUU METOda

BU-pa3benunenus: a) 000JI0YKH COXPAaHEHbI, IPOCBET CMELIAHHOTO TpoMoOa; 0) Koaryisiuus OeIKOBBIX

Macc B MBIIIIEYHOM 000J109ke. OKpacka reMaTOKCUIIMHOM U 203UHOM. Y Benmuuenue % 200.

OnrumannHas IIpHrHA 3JICKTPOda 3aBUCHUT OT THIIA TKAHU U €€ TOJIIIMHBI U U3BMEHSETCS B npeaciax

ot 1 10 3 MM, opma 3IeKTPOIa YaCTO AeTaeTCsA KIAMHOBUIHOM [5].

Copyright: © The Authors Licensee: This work is licensed under the Creative Commons Attribution License
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Objective. Lenpto pa®oTbl OBUIO CO3/aHHE KOMIBIOTEPHOH MOJEIH 3JIEKTPOXUPYPrHYCCKUX

HOXXHHUII, IMPOBEACHUA CTATHUYCCKOI'O, JJICKTPHUYCCKOI0O MW TCIUIOBOI'O aHaln3a, a TaKXKC aHalii3da Ha

AQHTUIPUTAPHOCTD U ATE3UI0 JIJIS ONpeIelIeHHs] ONTUMAIbHOTO MaTepHalia 3JIEKTPOo/ia U pexruMa pe3aHusl.

Materials and methods. Tlpu u3yueHun mporecca pe3aHusi U MPOSKTUPOBAHUS HHCTPYMEHTOB
HE00XO0IMMO 3HATh MEXaHMUYECKUE HANPSDKEHHs, epeMenieHus, AeGopManuu, TeMuepaTypy, IIOTHOCTh
TOKa, l"paI[I/IeHT BHCKTPI/I‘-IGCKOFO HaprI)KeHI/IS[ B TKAHU. 3KCHepI/IMeHTaJ'H>HO OHpeI[CJII/ITB 9THU BCIIMNYUHBI
CIIOKHO MJTH HEBO3MOKHO H3-3a OBICTPOTO MPOTEKAHHMS ITPOLIECCOB M HEOOIBIIOro 00BEMa TKauu. [TosTomy
HanOosee yI00HBIM IyTEM SIBIISICTCS KOMIIbIOTEpHOE MozeaupoBanue. B cpene SolidWorks 6suta coznana

3-D monens Ounonspaoro 3axuma (Puc. 4).

Puc. 4. 3-D mopaens 6unonsipHoro 3axxuma Juist 66CKpOBHOTO pa3pe3aHust KUBON TKaHU

Z[J'DI YCKOpPEHHA BPEMCHU MOJCIIMPOBAHUA U3 KOHCTPYKIIUN 3aKNUMa OBLIH MCKJIIOYCHBI 9JICMCHTHI,

KOTOPBIC HE BJIUAKOT HA MMPOUCCCHI B TKAHU: KOJIbLIA U CKPYTJICHUA (PI/IC 5)

Copyright: © The Authors Licensee: This work is licensed under the Creative Commons Attribution License
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Puc. 5. Yopoménnas 3-D Moaens OunomnsipHoro 3axxuma Jyuist 06CKpOBHOTO pa3pe3aHusi >KUBOM TKaHH

Jlins MofenupoBaHus ObLIa ceana cOopKa U3 3aKMMa U MBIIIEYHON TKaHU TONIIHHON SMM (Puc.

6).

Puc. 6. [Tonoxenue QJICKTPOAOB IO OTHOHMICHUTIO K TKaHWU B HAYAJIC PE3aHUA

MaxkcuManbHble HanpsbkeHuss 76,65 MPa ucneitbiBator Opanmu (Puc. 7).  Hanpsoxenus B

HECKOJIBKO pa3 MEHbIIIE IIPEJIENa IPOYHOCTU HepkaBerolel cranu 399 MPa.

Copyright: © The Authors Licensee: This work is licensed under the Creative Commons Attribution License
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won Mises (N/mm*2 (MPa))
7.655e+001
7.017e+001
. 6.379e+001
- 5.741e+001
- 5.103e+001
- 4.465e+001
3.827e+001
- 3.190e+001

- 2.552e+001

- 1.914e+001
1.276e+001
6.379e+000
4.721e-006
Puc.7. Dmropa HanpspkeHU# 1pu cxkatuu OpaHiei ¢ cunamu 1 H
MaxkcumanbHble HanpspkeHus B Tkanu 0,0077 MPa cyiiecTBeHHO MEHbIIE HAPSDKEHUN B 3aKUMeE

U mpejena IpoYHocTH Mblll Ha pacTspkenue 0,1-0,3MPa (Puc. 8). [Toatomy Mexanuueckoe pazpe3aHue

TKaHH 3aKMUMOM HCBO3MOXHO.

von Mises (N/mm A2 (MPa))
7.655¢-003
7.017e-003
L 6.380e-003
- 5.7426-003
. 5.1056-003
_ 4467e-003
3.8306-003
| 31926-003
_ 2.5556-003
- 1.917e-003

1.280e-003

I 6.422e-004

4.721e-006

Puc. 8. Hanpsbxenus B TKaHu npu cxxatuu 6pan ¢ cunamu 1H

HawuGonpmive nepeMerneHus 6,12 MM poucxXoIsaT Ha KOHIAaxX Opanmieii (Puc. 9).
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URES (mm)
6.118e+000
5.6086+000

| 5.0%e+000

. 4.588e+000
Makc:| 6,11 4
\, - 3.569e+000
o 3.059e+000
i T.KXDE-USD
L 2.549e+000
| 2.03%e+000

L 1.529e+000

1.020e+000
5.098e-001
1.0006-030

Puc. 9. Dmropa nepemenienuii mpu cxaTuu Opanmei ¢ cunamu 1H

W3ruber OpaHmieii paboTaOT Kak MPY)KUHBI, TOJIEPKUBAsI MOCTOSIHHON HY)XKHYIO CHIIY CXKATHS.

[lepemerienust TKaHu 1O JIMHUU pa3pe3aHus usmeHstorcs ot 5,75 no 4,7 mm (Puc. 10).

URES {mm)

£1182+000
5.608e +000
L 5.058e+000 ¥aen
_ 4.588+000 Mectonoaoxerie ¥, ¥, Z: 5.
- 4.07%+000 3HadeHne;
_ 3.569:+000
l 3.05% +000
2.5496+000

- ¥sen
- 2039000 MecTonososerme ¥, ¥, Z:| 1,126-007,-5.59e-008,62.1 mm
- 1.5292+000 IHaUEHME! 4,7112+C00 mm
1.0208+000
I 5.058e-001
1.000e-030

Puc. 10. Ilepemenienus Tkanu npu cxatuu Opanieit ¢ cunamu 1H

Ha PE3aHUC TKAHW OKa3bIBACT BJIMSAHUC eé I[C(bOpMaI_[I/I}I, KOTOpasa OIpCACIACTCA OTHOCHUTEJIbHOU

BennunHO ESTRN, KoTOpas nmokaspiBaeT OTHOCUTEIHHOE U3MEHEHUE pa3MepoB. Hanbonbiiee nu3meHeHme

pa3MepoB TKaHU MPOUCXOIUT B TUIOCKOCTH, MEPIICHAUKYIIsIpHOU cuite cxkatust (Puc. 11 — 13).
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EPSY
1.770e-001
l 5.592e-002
L -651Ge-002
- -1863e-001

- -3.074e-001

- -4.285e.001

5.4950-001
-6.707%-001 P 4
17700001 o
-7.918e-001 e o |
_ 81286001

-1.03de+000
-1,155¢+000
-1.2768+000

Puc. 11. [ledopmariust TKaHU TIO OCH CXKATHSI

EPSY

6885¢-001

l 5.2472-001
- 3.610e-001

_ 1.973e001

_ 3.358e-002 ! .

13016001 —— BB 5] 5.289e001
-2,939.001 |
-4576e-001 v A

52130001

- -7.850e-001
-9.487e-001
-1.112e+000

-1.276e+000

Puc. 12. Jlebopmanus TKaHU B IIIOCKOCTH, MIEPIICHNKYIISIPHON HATIPABICHUIO CHKATHS

ESTRN

118064000
I 1485000
L 9.01e-001
8.911e-001

- 7.R1e-001
_ 6910001 N

s.2a7e001 L e, —- 1.189¢+000
4.9 100
L smrea0
_ 2100001
1,900.001
S0
2286011

Puc. 13. DxBuBanenTHas nedopmanus TKaHU MPH ckaTuu Opanmiei ¢ cunamu 1H

s uccrnenoBaHus SJCKTPUUECKUX M TEIUIOBBIX MPOIECCOB HCHONB3yeTcs nomnoinHeHue EMS,
KOTOpO€ MO3BOJIIET MOJEIMPOBATh MPOIECCHl MPH IMOCTOSHHOM M IMEPEMEHHOM ToKaX. BcrpoeHHas

OuOMOTEeKa MaTepPHAaIOB COACPIKUT FIEKTPUICCKUE U TETUIOBBIC ITAPaMETPhl OCHOBHBIX OPTaHOB YeJIOBEKA.
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B Oubnmuoreke BMECTO TMOCTOSIHHBIX BEIMYMH BO3MOXHO HCIOJB30BaHUE TpapHUKOB, HaIpUMED

3aBUCUMOCTH IIPOBOAUMOCTHU TKaHHU OT TEMIIECPATYPHI.

3a 0,5 cexyHabl TKaHb 1o daeKkTpoaamu HarpeBaetcs a0 100 C. B cepenune TkaHu TeMieparypa
emi€ 6ompiie (Puc. 14). IIpu ocnabnenun ycumus cxkatus OpaHIel, CHIKAaeTCs JaBJICHUE BHYTPH TKaHH,

YTO BBI3BIBACT MHTCHCHUBHOC KHUIICHUC KUJIKOCTHU, Pa3bCANHAIONICC TKAHDb ITOA 3JICKTPOAaMHU.

Model Hame Céopral
Study Nee Stady 1

Plot name. Tempemtuse - | [ 89999821 sec] ( Resubnt )
Tisse Stap 51 (0.500000 sec)

Ol Rarg, -2 5338165364001 To 3 $7295525e4002

DMod] Name: Coopral
Study Name: Study |

Elot name: copy[0] Temperature - 1 ( Resultant )

Time Step: 51 { 0.500000 sec)

Globel Range: -2, 53381633001 To 5 87208828+002

T
587208828e-+002
[ Ji—
4785209462-+002
4241320054002
3 69743064c-+002
315354123002
2.60965 18264002
2065762414002
1.52187300e+002
©.779835936-+001
.4 ——

1097052274001

b

Puc. 14. Temneparypa B Tkanu 4yepes 0,5 ¢ npu Hanpspxkenuu pesku 200B: A) nonepeunslii paspes; b)

MPOAOJIBHBIN pa3pes

Tox IpoXoaAuT HE TOJBKO MEKAY IIJIOCKOCTAMHU OJICKTPOJAOB, HO MW OTBCTBIACTCA CTOPOHBI,

CIocoOCTBYs1 00pa3oBaHKi0 TPOMOOB B pa3pe3anHbix cocyaax (Puc. 15).

Iods!] Mame: Coopral
Study Name: Study 1
Plot name: Cutent Density - L ( Resultant )

Global Range: 0.00000000e-+000 To 639799

gy

639790029c+004
. 5.81635476c+004
5.23471928+004
4.65308381c+004
407144833c+004
3.48981286c-+004
2.90817738e+004
2.32654190e+004
174400 643c+004

1.16327095c-+004

0.00000000e+000

Puc. 15. [InoTHOCTH TOKA Npy HanpskeHUU pe3ku 200B
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HauOonpimmii rpaiueHT HanpsHKEHU HaXOIUTCS BOJIM3H AJIEKTPOIOB, OJaronpusTCTBYS

paspyienuio Tkanu (Puc. 16).

Mods] Name: Céopsnl
Study Mame: Stucly |
Plot name: Electric Field - 1 ( Resultant )

Model Nusse: Coopsal

Study Neme: Study |

Plot e copyDiEictnc il | (Rensunt )

Gl Resge: 0 0000000¢-5000 To 1 76740063¢+005

Electrig Field (E)
Vi

1.55531250c-+005

. 1.41392045¢-+005
1.27252841e+005
1.131136362+005
©.BO744318+004
B.48352273e-+004
70660227e+004
5.65568182e+004
424176136004
2.82784091e+004

. 1.41302045e+004.

0.00000000c+000

A =)

Puc. 16. I'paguent noreHuuana npu HanpskeHuu pe3ku 200B: A) nonepeunslii; b) npo1onbHbli pazpessl

Pe3ka IMPOU3BOAUTCH IIPpU IIOBBIIICHHBIX TEMIICPATYPAX M KOHTAKTC JJICKTPOAOB C KPOBLIO U
KUIKOCTAMMU. 9To0 CHOCO6CTByeT 3aIrpA3HCHUIO JJICKTPOJAOB H IIPHIIMIIAHHIO TKAaHU. YcnoBusa aare3uu

yoOHO uccienoBaTh ¢ momoisko mporpammbl COMSOL.

o Ttemmepatypsl 97°C  3IEeKTPOMPOBOMHOCTh MBIIIEYHONH TKAHM JIMHEWHO 3aBUCHUT OT

TEMIIEpaTyphl:

0(T)=00[1+ks(T—To)]

Tl O — JIEKTPOIPOBOIHOCTD,
0o — DJIEKTPONPOBOJHOCTH MpH Temneparype T, = 36,6°C; oy = 0.04
ks = 0,02 — remnepaTypHbIit KOO DUIHEHT.

Ot Temnepatypsrl 98°C 1o 102°C nponcxXoIuT HCITapEeHNe KUIKOCTH B TKAHH, B PE3YJIbTATE YETO

3JEKTPONPOBOAHOCTH OMOJIOTUYECKON TKAaHU PE3KO YMEHbIIAETCS

0(T)=0,[1-100 (T—Ty)]

Copyright: © The Authors Licensee: This work is licensed under the Creative Commons Attribution License
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IMocne 102°C u no oOyrnuBaHuS OWOJIOTMYECKOM TKAHU BIIEKTPOMPOBOJHOCTH OCTAETCS

IIOCTOSIHHOM.

[TponomkutenbHOCTh cBapku — 30 CEKyHJ C IIAaroM B 5 CEKYHJI, AICKTPUUYCCKUN MOTSHITHAT OBbLI

B3sT 150B, yactora 440k] 11, HayasibHas Temneparypa Tkanu 36,6°C.

Takxe OblIa WCHONB30BaHA (DYHKIMS TETUIOBOTO TOBPEXKICHUS OMONIOTMYECKOH TKaHH U

ycranoBieHo 3Hadenue 150°C (Puc. 17).

¥ Parameters

Darnage temperature:

Tan 32315[K] K
Damage time:

Lah  30[s] 5
Mecrosis temperature:

Ton 42315[K] K

Puc. 17. ®yHKIKA TEIUIOBOTO MOBPEXKICHUS OMOIOTHUECKON TKAaH!

[To nmanno¥ (yHkIMel mikama OyAeT OTHOCHUTEIBHOHM, TO €CTh, TJe TeMIlepaTypa TKaHU OyAeT
coctaBiATh 50°C — 310 0, rne remnepatypa gocturaeT 150°C u coctoutest kapOoHU3aIus OMOI0rMYECKOM

TKaHu — 1.

9KCHepI/IMCHTH ObLIH MMPOBEACHBI JIA 3 PA3JIMIHBIX MATCPUAIIOB SJICKTPOAOB: MC/Ib, HCPIKABCIOIIAA

CTajb U MIaTHHOMpHUaneBbIi cruias (Puc. 18 — 20).
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Graphics  Convergence Plot 2 Convergence Plot 1 -
QRaRE LrwkkdonBERO & =
—F i
Time=30s
0.9
0.8
0.7
0.6
0.2
~ 0.4
| ‘_1 0.3
¥
Puc. 18. TToBpexeHus: OMOIOTHYECKON TKAHHU IPU MEITHOM 3JIEKTPOIE
Graphics  Convergence Plot 2 Convergence Plot 1 -
aaflE L-ikkceonEDRO @ =
C—
Time=30 s

Puc. 19. TloBpexieHuss OMOIOTHIECKON TKAHU IPH JIEKTPOJIS, CISTTAHHOM M3 HEeP)KaBEIOIeH CTalln
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Graphics  Convergence Plot 2 Convergence Plot 1 -
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Puc. 20. IloBpexxaeHus OMOIOTHYECKON TKaHU TPH JIEKTPOJIE, CACTAHHOM H3 IUIATHHO-UPHINEBOTO

CIljlaBa

MOXHO yBHIETh, YTO TKaHb IO/ 3JIEKTPOJOM, M3TOTOBJICHHBIM W3 HEP)KABCIOIIEH CTaiu ObLia
MOBPEXX/ICHA OOJIBIIIE, YeM IO IPYTHMHU ABYMs MaTepuaiaMu. Me/b U IIaTHHO-UPUIMEBBII CILIaB Aaf0T
NPaKTUYECKH UICHTHYHBIC PE3yJIbTaThI.

Besikuit pa3 nmpu NPHIOKEHUM CXKUMAKOIIAX YCHIIUH JUIS CIPECCOBBIBAHUS PA3HECEHHBIX B
IPOCTPAHCTBE TeJI, OHU OyayT J1e(OpPMHUPOBATHCS B MECTE MEXAaHMUYECKOTO KOHTAKTa JIJIS JOCTHIKECHUS
IUTOTHOTO TIPUJICTaHus 110 TPAHKIIaM KOHTaKTa. ECiu Je pacTsaruBath 1Ba 00bEKTa, TO OHU Pa3beAHMHSITCS
U KOHTaKT MeXAy HuMmH nponaaér. Jlanuele 3(dekTsl MOryT OBITH pPAacCYMTAHBI MPH TOMOIIU
KJIACCHYECKOTO MOJICIMPOBAaHUS KOHTAKTOB, noctynmHoro B COMSOL Multiphysics. Eciu sxe 00beKThI
OCTaIOTCS CHETIJICHHBIMU BMECTE, TO 3TO CBHJIETEIHCTBYET O TOM, YTO HA HUX YTO JICHCTBYET CHJIa aAre3un
[6].

YcnoBue Adeesuss CTAaHOBUTCST JIOCTYITHBIM TIPU BBIOOpPE B KayeCTBE METOJa MOICIIMPOBAHUS
KOHTAaKTHOTO B3aUMOJEHCTBUS Memooa wmpagHulx ¢yukyuti (penalty formulation). B nanHoi
GbOopMyITUPOBKE KOHTAKT MOXKHO HHTEPIPETHPOBATH KaK >KECTKYIO, OJHOHAIMPABICHHYIO MPYKUHY,
COEUHSIONIYIO JBe rpaHuibl. Korma 1Be MOBEPXHOCTH JaBAT APYT C APYTOM, MEKIY HUMH BO3HHKAET
BUPTYaJbHBIA TOHKHI ynpyruid cjoud. [Ipum 3TOM B pexuMe «CUEIUICHUS» TPYKMHA CTAHOBHUTCS
JIByHANpPaBJICHHON, W TOSBJISICTCS KacaTelbHas XECTKOCTh. ECIM Ha TpaHUIlE €CTh CHEIHATbHBIN

aJIre3MBHBIN CITOM, €ro ®ECTKOCTh MOKHO 3a/1aTh Ha OCHOBE peabHBIX CBOMCTB [5].
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VYcnoBue 3ajaHus aKTUBALMK AT €3HOHHBIX 3P PEKTOB ObUTO YCTAaHOBICHO MPH JOCTUKCHUH

ouosorudeckoit Tkanu remmeparypsl 70°C (Puc. 21)

o Initial Values 1 I Override and Contribution
4 29 Contact 1 . o
o5 Freel * Adhesive Activation
£ Adhesion1 Activation criterion:
= Fixed Constraint 1 -
Prescribed Velocity 1 User defined T
@ FPrescribed Displacement 1 T=70{degC] 1
Prescribed Velocity 2
B Clecdries Coermmbe Fmel » Addhaociva Stiffnacc

Puc. 21. YcnoBus anresnu

Tak ke ObII0 3a/1aH0 (PYHKIHMIO pa3beAMHCHUE BepXHel OpaHmm rmociie 30 CeKyH Il CBapKH.

Bpemsi cBapku ycraHOBiIEHO 35 CEKyHJ W, Ha ONpPEIEICHHUE JIYYIIEero Marepuana 3JeKTpoJa,
AIIEKTPUUYECKUI MOTEHIIAT ObUI MOJ00paH TakuM 00pa3oM, 4TOOBI Ui JBYX pPa3IHMYHBIX MaTEpUAIOB
IPUIMIIAHUS OMOJOrMYEeCKON TKaHM NMPOU3OILIO, a JUIsl TpeThero HeT. B pesynbrate npu 47B aaresus
IIPOUCXOIUT IPU IEKTPOJE U3 HEPIKABEIOIIECH CTAJIM U IIaTUHO-UPHUIMEBOTO CIUIaBa, a IPU MEJHOM

aNeKTpoie aare3ust orcyrcTByet (Puc. 22 — 24)

Time=35s Surface: von Mises stress (N/m?)
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Puc. 22. AIITCSI/ISI IIpU SJICKTPOAC, CACITIAHHOM U3 IIJIATUHO-UPUJUCBOTO CIIJIaBa
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Time=35s Surface: von Mises stress (N/m?) J
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Puc. 23. Axresus npu 371eKTpojie, CACTAaHHOM U3 HEp)KaBeIOIeH cTanu

Time=35s Surface: von Mises stress (N/m?)

40 mm

Puc. 24. Anres3ust npu MeHOM 3JIEKTpOJIe

C pucyHkoB 21 — 24 MOXHO YBUI€Th, YTO JIYUIIINM MaT€PHAJIOM DIIEKTPO/A SBISETCS MElb.

Conclusions. MoaenupoBanue pe3ku 3axuMoM B cpeae SolidWorks mo3sossieT onpeaenutsb
MCXaHHUYCCKHNEC HAIIPSAKCHUA, ICPEMCIICHU A, }le(l)OpMaHI/II/I, TEMIICPATYPY, INIOTHOCTDb TOKA, U T'PAJUCHT
noTeHIraza. MakcuMabHbIe HAMPSKEHUS B TKAHU CYIIIECTBEHHO MEHBIIEe HAMPSIKEHUH B 3a)KUME.
Hawubomnbinas aedopmMariusi pOMCXOAUT B TKAHU B IJIOCKOCTH, TIEPIICH AUKYIISIPHOM cuiie cxatus. J[o

HanOoJbIIel TeMIepaTypsl TKaHb IPOrPEBAETCS MEXKTY DJIEKTPOAaMHU.

[Mporpammusrit maker COMSOL mo3BostsieT ucciie1oBaTh aare3uto TKaH! C SJICKTPOIAMH.

Haubonpmee MPUIIHUITIAHUE TKAaHU MMPOHUCXOJUT K DJICKTPOJaM U3 HepxcaBe}omeﬁ cTaJiu.
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