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B pabome paccmompena zadaua obecneuenus mennogozo KOHMAKMA MeHcOY 3NeMEHMAMU KOH-
CmpyKuuY Ha npumepe mennosvix mpyb y3n060z20 modyas Poccuiickozo cezmenma Meucdynapoonoti
Kocmuueckou cmanyuu. Onucana mexHonozus <Xonoo0H0zo» 2a300UHAMUYECK020 HANLINEHUS MeNno-
npoeoOdH020 NOPOWK06020 MAMEPUANa Mexcdy mpybou u kopnycom. Ha namu sxcnepumenmanvroix
06pasyax paccmompensvl pasnuiHvle cxemvl Pacnoioicenus menionposoonuix weos. Onucan nopsadox
aKcnepuMeHmaIvHozo uccredoeanus obpasyos. llpusedenvt pesynvmamot SKCNEPUMEHMANLHOZ0 UC-
credosanus. [Ilposeden anarus cmoukocmy noOPoOUK08020 CL0S NPU UCNONLI0BAHUN PAIIUNHBIX CXCM.
IIpoeedeno cpasHenue 3HaAUCHUS UHMEZPATLHOU XAPAKMEPUCTRUKY MENIONepedaiu 01 NOPouKo60zo
COSL C ANATOZUMHOU BETUNUHON, NOTYUEHHOU 05 00HOZ0 U3 MENIONPOBOOHBIX KIACEE — KAEs-2ePMEMUKaA
mapxu <Inacun». Iokasana 603mMoIcHOCY UCTIONLI06AHUSA <XON00H020» 2A300UHAMULECKOZ0 HANDBL-
NIeHUs. MEenioNpPo8o0H0Z0 NOPOWUKOBOZ0 MAMEPUANRA 0N 0BECNEYeHUSs MENN060Z0 KOHMAKMA MENCOY
INEMEHMAMU KOHCMPYKUUU.

Kntoueevie crnoea: meniosoit KOHMAKM, 2a300UHAMUYECKOE HANBIIEHUE, NOPOULKOSbIE MAMEPUAT.

ON THE FEASIBILITY OF USING «COLD» GAS DYNAMIC SPRAYING
OF A HEAT-CONDUCTING POWDER TO PROVIDE
THERMAL CONTACT BETWEEN STRUCTURAL ELEMENTS
Basov A.A.!, Klochkova M.A.!, Makhin 1.D.?
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The paper discusses the problem of providing thermal contact between structural elements
using the heat pipes in the node module of the Russian Segment of the International Space
Station as an example. It describes the process for gas dynamic spraying of a heat-conducting
powder between the pipe and the primary structure. lllustrated by five experimental samples are
various layouts for heat-conducting joints. It describes the procedure for experimental study of
the samples. It provides the results of the experimental study. Powder layer durability with the
use of different layouts was analyzed. It compares an integral characteristic of heat transfer for
the power layer with a similar value obtained for a heat conductive adhesive — adhesive sealant
Elasil. It demonstrates the feasibility of usingfas dynamic spraying of a heat-conducting powder
to provide thermal contact between structural elements.

Key words: thermal contact, gas dynamic spraying, powder material.
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Beenenune

3agada obecrieyeHuss TEINNOBOIO KOHTAKTA
MEK/Ty JIByMsS IIOBEPXHOCTSIMH YACTO BCTPEUALTCS
npu paspaboTke cucTeM OGECTIEYEHHsT TETLIIOBOTO
pexnmMa (COTP) pasawuabix usnenuii. 970, Ha-
IpUMEp, KOHTAKT MexAy nmpubopom H Tepmo-
CTAaTUPYEMOH IIOBEPXHOCTBIO, MEKAY ABYMS 3Be-
HBAMH IIENIOYKH TEIUIONEPETAIONHX 3JeMEHTOB,
MEeXy TeIlJIONepeNalonuM JIEMEHTOM U pajua-
IIHOHHOW NIOBEPXHOCTHIO U T. 1.

Criocobp1 obecrieueHnst TeNnoBOTO KOHTAKTA
MOXKHO yC/I0BHO pasbute Ha aBa Tuna. K mepso-
MY OTHOCATCA CocoOBl, 00eceynBaioIte TOUYCY-
HBIA TEIUIOBOM KOHTAaKT, HAlPUMEp, CBAPHOE WJIH
6oanToBOE CoeaMHEHNs. B Takux ciydasx momyue-
HA€ XOPOLIET0 TEeIUIOBOIO KOHTAKTa OOYCTOBJIEHO
B T. Y. BBICOKOH TeIJIONPOBOJAHOCTHIO MAaTEpHAIOB
(B TaHHOM CJTyYae MeTasijioB), KOTOPhIE UCIIOJIb3Y-
10TCA JU1sA coeunenns. OfHAKO IpH HeOOXOMUMO-
CTH ODEecTevenusi XOpoIuel TEelIOBOi CBS3H MeK-
Ay ABYMS TOBEPXHOCTAMH OTHOCHTEIEHO GOIbIIOH
TUIOINA/IM MCTIONB3YIOTCS CIOCOOBI BTOPOTO THIIA,
TaK¥e Kak K/IeeBoe COeMHeH e, IPUMEHEHHE pas-
JIMYHBIX TEIVIONPOBOAAIINX TPOKAAAOK U Ap. Ilpn
9TOM TEIVIONPOBOAIINE TPOKIAMKH WM TIACTHI
HCIIOJIB3YIOTCS B COYETAHUM € HEKOTOPBbIM Habo-
POM CHJIOBBIX 3JIEMEHTOB, KOTOPBIE TIPH 3TOM HE pe-
AT 3a7a4y oOecreYeHns TENIOBOIO KOHTAKTA.
HenocratkoM ¢11ocoG0B BTOPOTO THIA SIBIISETCSI
HH3Kasl TEIUIONPOBOHOCT MCIONB3YEeMBIX MaTe-
pHaJIOB — Gosee ueM B 50 pas HIKe 110 CPABHEHUIO,
HaIPUMEP, C TeTIONPOBOTHOCTHIO AJIOMUHHS.

3anaua oGecnieyeHHs TEIVIOBOrO KOHTAKTA
MEKTy KOPIIyCOM Y3J0BOr0 MOAYAs
H TEIJIOBOii TPyOOH

ITono6nas 3ajaya pemanach B Xoze paspa-
GOTKM CHCTEMbI 0GECTIEYeHHST TEIIOBOTO PEKIMA
ysnosoro moayisa (Y M).

Y3080l MOAYJIb, UMEIOIMUN IIECTh CTHIKO-
BOYHBIX TIOPTOB, J0JIKEH OBITH JlocTaBIeH K Mex-
AyHapoaHo#t kocmuueckoil cranmuu (MKC) n
INPHUCTBIKOBAH K HAJIMPHOMY TOPTY MHOLOIeJIe-
BOTO J1a00PAaTOPHOTO MOJIYJisi B Ka4eCcTBe MHOTO-
LieJIeBOro ajzanrepa ana moayseil Poccuiickoro
cermenta MKC crenyiomntero mokosnenus. Moxyns
¢ repMeruyHbIM obbvemoMm 19 M* u ycosepmen-
CTBOBAHHOM cHCTeMOil obecledyeHnus TeIIoBOro
pexuMa mMeeT cdepryeckuil KOpmyc anaMeTpoM
3,3 M, OCHAIIEHHBbIH AKTHBHBIMHU 1 afalTHBHBIMHI
CTHIKOBOYHBIMH y3iaMu [1].

Ha sranme npoextrpoBanus Gpuia BeIOpana
naccusnasg COTP, nocrpoernas ¢ IpuMeHEHUEM
TEIJIOBBIX TPYG AJIST epefayn Teria Mo KOPILyCy
monyas. Dopma Mmoayns, 6nuskas K cdepnde-
CKOM, Haju4gue OOJIBIIOTO KOJIWYECTBa 3JIEMEH-
TOB, YCTaHAaBJIMBAEMBIX CHADY KU MOJIYJISA, A TaKkKe
Olpe/ie/ieHHble C IOMOIBLIO TETJIOBBIX PacyeToB
OUTUMATTbHBIE TPACCH TIPOKJIA/IKH TETUIOBHIX TPY6
00yC/IOBINBANY HEOOXOAMMOCTD HUCIOIb30BAHMS
TEIIOBBIX TPY6 Kpyrioro mpoduns [2]. B atom
ciy4ae obecTieuennie TENIOBOTO KOHTAKTA MEXKY
Tpy6oit M KOpIycOM HEBOSMOKHO GBLIO OCyIie-
CTBUTH CTAaHJAPTHBIMH METOZAaMH, KakK AJsi TpyO
Q-obpasHoro npodus.
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B xagecTBe OQHOTO M3 BO3MOKHBIX BAPUAHTOB
obecrieuenns HeOOXOANMOTO TEIJIOBOTO KOHTAK-
Ta OBII paccMOTpeH crnocob «XOM0MHOro» ras3o-
AMHAMUYIECKOr0 HaIBIJIEHUA TEILIONPOBOIHOTO
[IOPOIIKOBOTIO MaTepHaJIa.

Cymuocts criocoba «X0J0AHOTO» Ta30/HHa-
MHY€CKOT0 HallBLIEHHMSA COCTOHT B TOM, 4TO Me-
Ta/i/In9eCKie YacTHIbl, PAa3OTHAHHBIE IIOTOKOM
rasa go ckopocts 500...1 000 M/c u HaxoAAIHECS
B HEPACIJIABJIEHHOM COCTOSIHUMM, TIPUA CTOJKHOBE-
HUH C TIPETPajioil UCIBITHIBAIOT CUNbLHYIO Aedop-
MallMIO ¥ 3aKPEIIAITCA Ha I0BEPXHOCTH, obpa-
3y ToJicToe noKpsiTHe [3]. B O6HuHCKOM 1IeHTpE
nopoiuikoBoro Hansiienuss (OILITH) 6nuio pas-
paboTaHo CHENHATU3NPOBAHHOE OGOPYAOBAHUE
[umMer, pefHAa3ZHAYEHHOE /IS PYYHOrO W aBTO-
MATHYECKOTO HAHECEeHUsl PSfa METALTHYECKHX
TIOKPBHITHH [4].

[MonobuBl cnocob HANBUIEHWUS MeTaJlinde-
CKWX TIOKPHITHIT IMAPOKO TIPUMEHSETCS AJIsl TIPO-
BEJICHUS] PEMOHTHBLIX PaboT, B YacTHOCTH, A/
BOCCTAHOBJIEHUS W3HOIMEHHBIX WM HOBPEKICH-
HBIX YYaCTKOB IIOBEPXHOCTEN ¥ YCTPAHEHHSI TEYH,
a TakKe — IPH HAHECEHHH 3JIEKTPONPOBOIAMINX
[OKPBITHH, CO3JaHHH AaHTHKOPPO3HOHHOH 3ali{H-
THl, BOCCTAHOBJIEHHH MOAIMMHITHHKOB CKOJIbKEHHA
HT. A [5].

Ilpn pabote ¢ YM 6blio NpHHATO penieHue
TIOTIBITATHCS UCIIOIB30BaTh MOPOMIKOBBIN CI0H B
KauecTBe MaTepHaa [ CO3aHuA MOBEPXHOCT-
HOTO TEIJIOBOTO KOHTaKTa MEXAY KOPIYCOM MO-
Ayns U TemnoBoi Tpyboil. B kauecTBe cHIOBBIX
9JIEMEHTOB MCIOIb30BANNCH XOMYTHI, OTCTOSIIHE
Apyr ot apyra He Gosiee yem Ha 500 MM.

O6pa3up! 15 SKCIEPUMEHTAIbHBIX
HCCeJOBAHNN

Jlnsi 060CHOBAHUA BO3MOXHOCTH TIPUMEHE-
HHS BBILIEOIUCAHHOTO c1oco6a 6BII0 POBEEHO
DKCIIEPUMEHTANBHOE TMOATBEPKIECHUE CTOMKOCTH
TIOJIYIHBINENCS TENIOBOH ITPOKIAAKA K BHENTHUM
Bo3feiicTeuAM. Takxke TpeboBamoch IpoOBeCTH
CpaBHEHUE MEXAY PasIMYHBIMH CXeMaMH HaHe-
CEHNS TOPOITKA.

Jlnst aToro GBITM CO3AAHBI HKCIEPHMEHTANb-
Hble 06pasIibl, O3BOJISIONINE IIPOBECTH TIPOBEPKY
Ha CTOMKOCTh K CTAaTMYECKUM H JHHAMUYECKHM
HarpyskaM, XapaKTe€PHbIM [IJI5 Pa3/InYHBIX STaloB
akcmyatamun ¥ M.

O6pasisl npeacTaBisiin co6oii MOpamIoMu-
HHEBbIe IIACTHHBI CIIENHAAbHOW (GOpPMBI ¢ Me-
XaHWYECKH 3aKpellJIeHHBIMH Ha HHX aJlOMHHHE-
BbIMH TpyOKamu ammHOi 520 MM. 3a30pBI MEKLY
obpasyionieit TpyOKH U TOBEPXHOCTHIO IIACTHHBI
COCTaBJAIM /Ul PasHBIX 00OpPas3loB BeIWYHHY
0,5..2 Mm.

BeLno n3roToBiieHo nsith 06pasIos.

Ha o6pasmax Ne 1, 3, 4, 5 6m10 naneceno
TEIJIONPOBO/SAIIEE IIOKPBITHE, CO3/aBAEMOE C
IIOMOIIBIO IOPOIIKOBOTO MaTepuajia Ha OCHOBE
AOMAHUA U NIHHKA, /L7151 IpeioTBpale s Kop-
po3uH, 00yCI0BIEHHOW HANMYKMEM B IIOKDPHITHN
LMHKa, BCA [IOBEPXHOCTb MOKPHITHS 0OpabaThiBa-
J1ach IIOPOMIKOBBIM MaTepHaioM, COCTOAIAM U3
YHCTOre ajioMuHMA, Ita 06paboTKa co3zapaia
TOHKMII CJI0# IJIOTHOTO aJMIOMWHHEROTO TIOKPhI-
TS, He JOIYCKAIIero MPOHUKAHUS KUCIOPO/a
K OCHOBHOII Macce TTOKPLITHS.

O6pasen Ne 1 cosepkan ceMb OJHOCTOPOH-
HUX IBOB JJTMHOM 50 MM Kax/bIii, paciolioxeH-
HEIX BILIOTHYIO APYT k Apyry. O6pazern; Ne 3 co-
Aep:Kan TPU JBYCTOPOHHHX IIBa AJMuHON 50 MM
kaxabrit ¢ marom 100 mm, O6pasen Ne 4 conep-
JKaJI TPH ABYCTOPOHHHUX HIBa A/nHHOH 70 MM Kax-
apiit ¢ marom 70 mm. O6pazsen Ne 5 comepaxad
TPH OAHOCTOPOHHUX mBa AjauHo# 100 MM Kax-
Ablil, PACTIONOKEHHBIX BILTOTHYIO APYT K APYTY.

Taxum obpasom, cpaBHEHHE MEXKAY Pasaud-
HBIMM CXE€MaMH HaHCCEHHA IMOPONIKA ¢ TOYKH
3pPEHHs MPOYHOCTH MOXKHO OBIJIO TPOBECTH IIO
CAELYIONIAM KPUTEPHAM:

* 10 JJIMHE IUBa IIPH UCIOJb30BAHUH OIHO-
CTOPOHHHMX IIIBOB, PAaCHOJIOKEHHBIX BILIOTHYIO
apyr k apyry (obpasus Ne 1 u 5);

* IO OTHOMIEHWIO JJIMHBI IIBA K IATY MEKLY
HIBAaMM 1IPH MCIOJIb30BAHWN BYCTOPOHHUX IIBOB
(obpasisr Ne 3 u 4);

* 10 MCNOJIb30BAHUIO OJHOCTOPOHHUX WJIH
JABYCTOPOHHUX INBOB IIPH PaBHBLIX BeJHYMHAX
IJIOLa/in KOHTAKTa /10 ucnblTanuit (06pasimsr Ne 3
nJ).

Ha o6pasue Ne 2 66110 HAHECEHO TOKPHITHE,
obecnieynBamniee NOCAEAYONYI0 Haiiky cooT-
BETCTBYIOIUMH TipunosaMu. [leperiit mopcaoi
AAHHOTO MOKPHITHS TIPEeJCTABASLET COOOM OPOII-
KOBBIH MaTepHal Ha OCHOBE MEAW U KOPYH/A,
BTOPOIi — OJI0BAHHBIH NPUNIOI B BH/E CHIEITAb-
HOTO NOPOINKOBOTO cocTaBa. [[aHHOE IOKpBITHE
6b1JI0 HAHECEHO 110 BCE JInHEe TPYOHI.

Texnonorns HageceHHs IopoimkKa

l'asosmHaMuIeckoe HalbUIEHHE TOPOITKOBOTO
MaTepuasia OCyIecTssIoch Ha 6aze OLIITH.

Jlnsi namecenusi MOKPBITHA MCIOIB30BAIOCH
obopymosanue [umer-404 w npe3aUTHAS Ka-
mepa II3K-C5. B xavecTBe MCTOYHHKA CKATOTO
BO3/[yXa HMCIIOJb30BAJAaCh CTAllMOHAPHAsi Tpacca
OIIITH. Onucanune pabots! 06opynosanus Jumer
npusezieHo B [6], cxema obopynoBaHus npejcTas-
JieHa Ha pHuc. 1.

7151 Hanecenys1 TIOACIOEB 0] TAWKY MCIOJH30-
BAJICS aBTOMATU3MPOBAaHHBIN Komiieke /[umer-C5,
obeclednBaloNInil ABTOMaTHYECKOE TIepeMele-
HHE HAIBUIMTE/IBHOTO COIIA HAJ MOBEPXHOCTHIO
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obpabareiBaemMoit metann. sl OYMCTKH BO3-
nyxa pabodeit 3oHbl (NBLIE3ANIMTHON KaMephl)
HCIIOJIB30BAJIOCh CTallMOHapHoe o6GopynoBa-
Hue OIIITH.

¥ CrepxaByKoBOe
COILIO

[lopomiok

Harpesaresnn
BO3/IyXa

Puc. 1. Cxema pabomn obopydoeanus oA <xonodnozos>
2aA300UHAMUMECKO20 HANBIAEHUR

O6pabaTeiBaeMast leTaab pasMellaaach B I bl-
JesamuTHOM Kamepe. HaHecenne noKpbITHii OCy-
IECTBJISAJIOCH PYYHBIM CIOCOOOM C y4E€TOM BJIM-
suust GOpMBI AeTajiell ¥ UX COYETAHUSA Ha aspo-
IMHaMUKY HallbUIAIONIENH CBEPX3BYKOBOM CTPYH.
CnenyajsbHol NOATOTOBKHM /LI HAHECEHUS MO-
KpbiTus He TpeboBanochk. Ha pwc. 2 npoummio-
CTPHUPOBaHa 0COOEHHOCTh HAHECEHUS TTIOKPHITHSA
Ha Y4aCTOK COTIPSKEHNS TEIJIOBOM TPyObI U nia-
CTHHBI.

Puc. 2. Hanecenue nopowxosozo mamepuana: 1 — menio-
sas mpyba; 2 — conno; 3 — naacmuna; 4 — CA0HE ROPOWKOB0OZ0
Mamepuana

JuHaMuueckue ¥ craTHYecKHe
HCTIBITaHUs 00pas3ioB

Ha 6aze PKK «DHeprusi» ObiH NpOBENEHBI
IMHAMHUYECKHE W CTaTHYeCKHEe MCIBITAHUS 00-
pasioB.

Aunamuveckue HCIILITAHNA BKJIIOYATH B ceOs:

* ynapeble ucnbitanusg (2 500 ymapos s
KakJIOTO U3 OCEBBIX HallpapiieHwil, He Gosnee 120
yZlapoB B MUHYTY C yCKopeHueM 9g);

*  BuOpalMOHHBIE UCTIBITAHUS (CIEKTPATbHBIE
mioTHOCTH BuUGpoyckopenuit 0,002...0,050 g°/Tix
B auanazone vyactor 20..2 000 I'm, AnuTenbHOCTD
zeiicteuga o 480 c);

*  AKyCTHMYE€CKHE HCHBITaHWA (CyMMapHBIH
YPOBEHb aKycrudeckoro Harpyskenuws 146 ab,
purenbHocTh gerctBus 120 c).

Cmamuyeckue UCTIBITAHNS TTPOBOIUINACH JIJIS
MAaKCHUMAaJbHBIX MECTHBIX SKCITyaTallMOHHbBIX
HaTpy30K, JOCTUTAEMBIX TIPH KeJIe3HOA0POKHOM
TPAHCIOPTUPOBAHNK. VICHIBITANMSA TIPeACTABISA-
au coboii HaTpy:KeHHe 0Opa3I0B CO CKOPOCTHIO
10 xrc/c pacTATHBAIOIHUM YVCHIMEM 10 BEJIWYH-
Hbl 2 000 Kre ¢ BeIIepKHBAHUEM MaKCHMAJIbLHOTO
yenaus He meree 120 c.

PeaynbraTel
SKCNEPUMEHTAILHOTO HCCIEJ0BAHNSA KauyecTBa
HaHEeCeHHOTO NOPOIIKOBOr0O CIOs

Ilocne puHAMHYECKUX UCTIBITAHUIN OBLI TIPO-
BEJICH BU3YAJBHBIH 0CMOTP 06pas1ioB, Ha OCHO-
BaHUU KOTOPOro Obljia IOATBEPKAEHA LEIOCT-
HOCTh KOHTaKTa Mexzay Tpyboil M niacTHHOI:
TPEIIMHDb], OTCJauBaHUs W pPas3pylleHHs BU3Y-
aJibHO 0OHApYKeHbl He OBLIN.

ITocne craTnyecknx MCHBITAHWH OB TaKKe
NpoBe/eH BU3yalnbHBIH OCMOTpP, W TIOATBEPX-
JieHa TEeNOCTHOCTh KOHTaKTa Mexay Tpy6Goil u
IJIACTUHOM a5 obOpasunoB Ne 1, 2, 3. B obpasie
Ne 5 na mBax 1 u 3 nmocJsie cHATHS Harpy3ku 06-
Hapy>XeHBl HHUTEBHIHBIE TpeIlHHBI (pHC. 3, a).
B nponecce HarpyxeHusi obpazma Ne 4 oTme-
JaJuCh XapaKTepHbIE INIOTPECKUBAaHUSI, U IPH
OCMOTpE BBLISIBJIEHbl HapyIIEHHsI COeINHEeHWH:
npu Harpyske 1 500 krc obpasosasace CKBO3-
Has TpelrHa B miBe 3, yepes 5-7 ¢ MIpH HATpy3Ke
1 600 krc obpa3oBasach CKBO3Hasi TPEIHHA B
mBe 2 (puc. 3, 6).

Puc. 3. HNonepeunoe ceuenue mpy6or 1 CI0R HOPOUIKOBO-
20 mamepuana: a — obpasey Ne 5, woe 1, 6 — obpasey Ne 4,
woe 3 (creea — 6ud do ucnvimanuti, 6 yenmpe — eud nocie
OUHAMUYECKUX UCTbIMAHULL, CNPABA — 6Ud NOCAE CIMATNMUYECKILY
UCHBIMAHUIL)

IIpumevanue. A — muxporpenmia, b — nonocts, B — Tpenmina.

Ha caexyiomenm aramne 661710 IPOBE/IEHO TOMO-
rpacupoBanue ob6pasios Ha 6aze 3A0 «39M».
Kaxkaprit o6pasen TomorpadupoBancs OTAeIbHO
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A0 Irl(‘-IIbIT&HHﬁ, nocJje NHHAMHYECKHX HCIbITA-
HHIH W [OCJie CTATHYECKUX WMCTbiTanuil. Paspe-
Mmanas cnocobHOCTb MOMYIEHHBIX TOMOIPAMM
cocrasssier 0,07 mm. K coxxanenuio, pesy/nra-
TeI ToMOTpadupoBanusa obpasna Ne 2 He Moram
OBITH NPOAHAIH3UPOBAHBI, TIOCKOIBKY HaHECEH-
HOE IIOKPBITHE COJEP/KHT 3JIEMEHTHI IKpaHu-
PYIOILETO BEMIECTBA.

Tomorpadmposanue 06pasuos nokaszano Ha-
JIUY¥E TPeX BUAOB HAPYHIEHUS IIEJOCTHOCTH T10-
KPBITHS: I0JIOCTH, MEKPOTpeInuHs! (10 0,1 MmMm) u
Tpemunb! (0T 0,1 Mm). Ha obpasne Ne 3 menocr-
HOCTB TIOKPBITHSA He HapymleHa, obpaserr Ne 1 co-
J€PXKUT MUKPOTPEIIUHY MAaJION JIMHBL, 00pasiibl
Ne 4,5 copepkaT TOJOCTH, MUKPOTPEHIMHBI H
TPEMUHEI (B T. 4. CKBO3HBIE Ha 0b6pasite Ne 4).

Ilo pesynpratam ToMorpaduposanns obpas-
IIOB BH/IHO, UTO 0Opa30BaHNe KPATHYHBIX TPEINH
Ha obpasmax Ne 4 (mBet 1 u 3) u Ne 5 (mos 1)
HMEET IIPUYMHOM Ha/IMYue I10J0CTENR B HAIBLICH-
HOM CJIO€, NOABMBIIMXCA Ha JTane HaHECEHUs
MOPOIIKA.

Borunciienne Beanynnbl TEILVIOBOTO KOHTAKTa

Kaxnas cxema HaHeCeHHs TIOPONTKOBOTO CJIOS
XapaKTepU3YeTCA CAeNYIONUMY BeTHIYMHAMU:

$;, M — JJIMHA OJIHOTO y4YacTKa IOPOINKOBOTO
CJI0ST;

S,, M — PaCCTOSIHME MeXKY YUaCTKaMU;

n, IT. — KOJHIECTBO YYacTKORB IIOPOIIKOBOTO
CJI0S;

a, M — HIMPHHA yYacTKa IMOPOLIKOBOTO CJI0S;

F . M*— cymMMapHas IUIOINAAb MOTEPSHHOTO
KOHTaKTa Ans oOpasina (ZaHHas BeJMYMHA pac-
CUMTBIBAETCS 110 Pe3ysbraTaM TOMOTpaduIeCcKoro
VICCJIE/IOBAHMS).

Tabnuya 1
PeaynsraTsl ToMorpadupoBaHus U pacuera J0JH
COXPaHAEMOro TEeIIOBOr0 KOHTAKTA
ans obpazuos Ne 1, 3, 4,5

Obpasen Nel | Ne3 | Ned | Ne5

Annna msa s, M 0,05 | 0,05 | 0,07 | 0,10

Amina mara Mesry mBamu s,, M 0,00 ( 0,40 | 0,07 | 0,00

Konmuecrso meos n, mir. 7 3 3 3
Tupuna mea a-10%, m 6,13 | 12,30 | 12,30 | 6,13
Fl 107, m* (2o mensrranmii) 0,00 | 0,00 | 0,04 | 0,18
F . -10% m*

s
(nocse THHAMUYeCKHX HCITBITaHHiT)

0,00 ( 0,00 | 042 | 0,19

A
T 10w | 003 | 000 | 256 | 120
(nocae cTaTHaeckiX MCITBITANMIL)

3HaueHusa YKa3aHHbIX BEJIHYHH I KaoKoit
CXeMbI HaHECEHHSI IOPOIIKOBOIO CJIOS IIPHUBEIEHBI

—_—

B Tabn 1. B nell Takke npuBeaeHbl 3HAYEHUS
IJIoIaied TOTepPH KOHTAKTA, BBLIYMCIEHHBIEC IO
pesynsrataM TOMOTpadMpoBaHMsA 10 Hayana HC-
HBITAHUN W IIOCJE TPOBENACHHUSA AMHAMUYECKUX
ucnpiTanuil. CxeMbl HaHECEHHHA IOPONIKOBOTO
MaTepHajia U pe3yJIbTaTel TOMOTpadUpPOBAHUS 115
o6pasnos Ne 1, 4, 5 nipezicTaBsiens Ha puc. 4.

Uy

Puc. 4. Pesynvmambt momozpadpuposanus o6pasuos nocue
CMAMUMECKUX U DUHAMUHECKUX UCHLIMANUIE: a — obpasey
Mo 1; 6 — obpazey Ne 4; 8 — obpasey Ne 5 (creea — aud do uc-
numanuil, 6 yenmpe — 6ud nocie OUHAMUNECKUX UCTLIMAHUL,
CRpasa — 6ud NOGIE CMAMUMECKUX UCTIOIMAHULL)

Tpumenanue. A — vuxporpenna, B — nonoers, B — rpenmuna.

Jlns npoBenieHus aHAIM3A PESYJIBTATOB IKCIIE-
pUMEHTa HEOOXOAMMO BBIYMCIAUTH UHTEIPATbHYIO
XapaKTepHCTUKY TEIUVIOBOH CBs3M k, TO3BOJISIO-
IIYI0 I[IPOBECTH CPaBHEHWE Pa3JUYHbIX CIOCOOOB
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O BO3MOKHOCTH UCIIOJIb3OBAHMA TEXHOJNOTHH «XOJOAHOI'O» TASOJAMHAMUYECKOIO HATIBLJIEH WS

obecreyenysi TEIIOBOTO KOHTAKTA TIPH OMHAKOBOM
3a30pe MEXKAY TEIJIOBOH Tpyboii u Kopiycom YM

k=xa, L (sn)/(sn+s,(n—1)),

H s TT

rae A, [Br/(m-K)] — xoadbdunuent renno-
IIPOBOJAHOCTH HallbLJIEHHOIO CJIOS;
L. =2,5M — cpeansisi JAidHA TEMJIOBOH TPY-
651 Ha YM. Bennunna a, TpeJcTaBnseT coboii
SKBUBAJIEHTHYIO IMMPUHY yYacTKa KOHTaKTa C
YYETOM TIOTEPH KOHTAKTa I10CJe HMCIBITaHmi
1 BBIYHCISIETCS 110 hopMmyie

am( = (FB T FHK)/L!

rae F, = La, M* — 6a30Bas TJI0mMaAk KOHTAKTa /10
NPOBEJIEHNA UCIbITanuil; L = s,n, M — cymMmmapHasa
JJIMHA YIaCTKOB IIOPOIIKOBOTO CJIOSL.

Cornacuo [3], pasMep YacTHIl TOPOIIKa CO-
crapisier 1..50 MM, ¥To cymecTBenHOo Gompime
pPa3sMepOB MOJIEKYJI MCXOAHOTO MaTepuaja. Ta-
KuM 00pa3soM MOXKHO NPUHATH, 4TO Tenaopnusu-
YeCcKHWe XapaKTepPHUCTHKH IOPOIIKOBOIO CJI0A
OyAyT OTAMYATBCH OT XaPAKTEPUCTHK HMCXOJI-
HOIO MaTepHaja Tak xe, Kak eJIuHHIa oO0beMa,
3all0JIHEHHOTO IapaMu, OT CIJIOIMHOTo 00beMa,

4qTO COCTaBJ/IdAeT %Siz 0’5 Torma TENJAOIPO-

BOJIHOCTH IIOPOIIKOBOIO CJIOS COCTaBUT IOJIO-
BUHY TEIJOTPOBOJHOCTA MCXOJAHOTO MaTepHa-
Ja, W, IPHHAMAs BO BHUMAaHWE, UTO B COCTAB
HAIBJIEHHOTO CJI0A BXOAST aNiOMUHHN W IUHK,
A7 pacyera <«Xy/liero» (HaMMeHEE TEIJIOIPO-
BOAHOTO) caydas Obino mpusato A, = 0,54, =
=30 Br/(m:K).

O6cysK/enne pe3yabTaToB
TEXHOJIOTHYECKOT0 KCIIEPUMEHTA

bouto nmposeneHo cpaBHeHHe 3HAUEHUS] YKa-
3aHHOM MHTErPAJbHON XapaKTepHCTUKHU IS TI0-
POLIKOBOTO CJI0S C AHANOTHYHON BEeNIUUWHOMN,
NOJNYYEHHOI# A8 OZHOTO W3 TEMNIOTPOBOHBIX
KeeB — KJesS-TeDMETUKAa MapKH <«JJacuis,
uMelomero Ko3(G@uiMeHT TEIJIONPOBOLHOCTH
1,6 Br/(M-K) 1 HaHECEHHOTO CIJIOIIHBIM CJIOEM
110 BCEH IFTMHE TEIIOBOi TPYyOblI.

B T1abs. 2 mpuBeseHbl 3HAYEHUS WHTETpPaslb-
HOH XapaKTEPHCTHKH TEIJIOBOW CBS3HM, OTHO-
menve 6a30BON IUIOmMAAX K IVIOMAAM IIOTEPH
KOHTaKTa, a TakXe OTHOLIEHUEe MHTEerpajbHbIX
XapaKTePUCTHK TEIJIOBON CBA3M AJg obpasia 1
KJiest « Dnacuis.

Jna wm3BectHOi, 06ycnoBnenHoil dopmoii
ceyeHMs TPYOBI, 3aBHCHMOCTH BEJIMYMHEL 3230-
pa Mexay TpyOOl M IUIOCKOCTBIO OT MONEpeYHoiH
KOOPJAMHATEI CeYeHHs], IPUHAMAIONICH 3HAYEHHS
0T HyZAs 70 auamerpa Tpybs1 D, koabduIueHT
TEIJIOBOM IPOBOAMMOCTY BBIMHCJISIETCS CJIEAYIO-
KM 06pasoM:

1 a2 4
Sy

rae §, i = 1, ..., n — xycouyno-nuHeliHasA QYHKIMS,
alIPOKCUMHUDPYIOMAsA YKa3aHHYIO 3aBUCHMOCT.
Tabauya 2

XapaKTepHCTHKA TEIUIOBOH CBSI3H
Meskay Tpy6oii H KOPIycoM y310BOro MO/LYJIst

O6pazen Netl | No3 | Ned | Ne5 |«Dmacuns

Hurerpansnas
XapakrepHeruka remnosoi | 0,453 [ 0,394 10,002 | 0,158 | 0,049
ceazu k, Br-m/K

HDOU.G'}I‘THOB OTHOIIEHHE

TUOTa/ TIOTEPH KOHTAKTA) 4 4 9oz | ,0% |99,7% 65,5%

F,,, ¥ Basoroii momaimn

KOHTaKTa F,

OTHOIIEHHE HHTETPATTBHEIX

XapakTePUCTHK TEIIOBOI

cBaA3M 18 obpasia 9.2 8,0 0,0 29 1,0

M KJIeS-TEPMETHKA
«DIACHI

I3 tabia. 2 BUAHO, 9TO XYM SABISETCS 00-
pazen; Ne 4, umetommii moutu 100% norepu koH-
takta. Obpasen; Ne 5 nocje UCHBITAHUI TOTEPSLI
2/3 KOHTaKTa, OHAKO Oyarofaps BHICOKOW Te-
IJIONPOBOZIHOCTH TIOPOIIKOBOTO MaTepHaja Be-
MWYAHA WHTETPAJIbHOW XapaKTEePUCTHKH TEILIO-
BOIi CBSI3U BCe K€ B TPH pasa Oojblle, YeM IpU
MCIIOJIb30BAHMH KJies «Daacuii». Toabko obpaselr
Ne 3 He HMeeT MOTepH KOHTAKTa, TPUMEHEHHE Ta-
KO cxeMbl B BOoceMb pa3 s dekTHBHEE, 4eM Ha-
HeceHue CIUIOmHOTO ciost Kies. Ob6pasen Ne 1
uMeeT HeGOJbIIYIO IOTEPI KOHTAKTA, OJHAKO 3a
cueT KOH(UTYPALUK CXEMbI TEILIOBOM KOHTAKT B
9TOM cJiyyae Ha 15% ayunie, ueM y o6pasia Ne 3,
1 6osiee YeM B JIEBATH pas Jydllle, YeM B CIydae
IIPUMEHEHUSI KJIest « DJacuI».

Ilpu cpaBHEHUH cXeM HAHECEHHS IOPOIIKO-
BOT'O CJIOSI 110 KPHTEPHSIM, NPUBEJEHHBIM BBILIE,
MOJKHO CJIeJIaTh CJIeAYIONIe BHIBOIBI:

* MNpPH HCIONb30BAHUHM  OJHOCTOPOHHHX
IIBOB, PACTIOJIOKEHHBIX BIVIOTHYIO APYT K APYIY,
BBl MEHBIIEH ATHHBI ABAAIOTCS 60J1e€ TPOTHBIME
(o6pasis: Ne 1 u 5);

* NpH  HCHOJb30BAHUM  JBYCTOPOHHHUX
IIBOB MEHbIIEEe OTHOLIEHHE JUJIMHBI IIBA K IIary
MEXKAY LIBAMH MPUBOAMT K JYYITUM TIPOYHOCT-
HBIM XapakTepucTukaM (06pasis Ne 3 u 4);

* NpH PaBHBIX BeJINUYMHAX IUIOMAAU KOH-
TaKTa [PHOPUTETHBIM SBJAETCA MCIOJIb30BaHUE
ofHoCTOpOHHUX MBOB (06pasip: Ne 3 u 5).

M3 Tabn. 1, B cBOIO OYepemb, BHAHO, HUTO
Gosbiasi HoTEpss KOHTaKTa y 0b6pasioB Ne 4 u 5
obycJsioBJIeHa HaJMYHEM TOJOCTENR B II0OPOIIKO-
BOM CJIO€, IIOSBUBIIMXCA TPH OCYLIECTBJIEHHU
HallblJIEHUSL.
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Bacoe A.A., Knoukosa M.A., Maxun M./,

CrenmyeT Takke OTMETHTh, YTO BOTIPOCH BO3-
MOKHOCTH BO3HHKHOBEHWUA 2JIEKTPOXUMHYECKOM
KOPPO3HH HATIBLIAEMBIX CJIOEB M paboTrocnocob-
HOCTHM COeJMHEHWS IPH IHKJIHYECKHX TeMIlepa-
TYPHBIX Harpy3Kax MoTyT ObITb IPEAMETOM HaIb-
HEHIIHUX HCCIeN0BAHUH.

Brisoap!

[To pesynbraTaM NPOBEIEHHLIX MCIIBITAHUIN
MOKHO CKa3aTh, YTO OMNBIT IPUMEHEHHS «XOJIO0]1-
HOTO» Ta30JMHAMHUYECKOr0 HATILLIEHN /1151 obec-
NEYEHHS] TEIUIOBOTO KOHTAKTA MEXKAY DJIEMEHTA-
MH KOHCTPYKIIMHM OKa3ajcsd VCNEmIHbIM. Tpu u3
YETHIPEX MCCIEAYEMBIX OOpPa3lOB MOKa3aaM pe-
3yJBTAT JIy4llle, YeM TPU HCTOJIb30BAHUM KjIes-
repMETHKa «Dyacki». 1Ipu norepe KOHTaKTa [0
15% mnox meilicTBHeM BHENIHMX HAIPY30K COXpa-
HSOTCA MPEAMYINECTBA Ta30ANHAMHYECKOTO Ha-
npiiennsi. boJjbnye norepu KoHrakra obycnos-
JIEHBl Ha/IWYUEM IIOJOCTEH, IOABUBIIMXCH IIPH
OCYLIECTBJIEHHH HATTBLICH S

B 3akiioueHne CIEIYET OTMETHTb, 9TO IS
YCHEITHOTO BHEJAPEHNST METO/Ia TIOPOIIKOBOTO Ha-
TTBUTEHNS B KaYeCcTBe crocoba obecriedyeHns Temio-
BOIO KOHTaKTa HeoOXOJMMLI, BO-TIEPBLIX, pa3pa-
60TKa METOZIa KOHTPOJIS 32 OTCYTCTBHEM TIO/IOCTE
BHYTPH HAIBIIEHHOTO CJIOSI M, BO-BTOPBIX, paspa-
60TKa U BEIMYCK HOPMATHBHOM JOKYMEHTAIIMH 110
MPOBEAEHHIO <XOJIOJHOTO» Ta30ANHAMHYECKOTO
HATIBIICHHS,
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