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WCCJEJIOBAHUE N3HOCOCTOMUKOCTHU
YIOPOYHSIOIIUX MOKPHITUN HA U3EJIUAX U3 CILJIABA 16T

Joxm. mexn. nayx, ooy. HBAIIEHKO C. A., acn. KOHJIA C. T.

benopycckuii nayuonanvHulll mexHuiueckutl yHugepcumem

OmHa W3 OCHOBHBIX TIpoOieM, oOmas s
BceX 00acTeil TEXHUKH, — MOBBIIICHUE HaCKHO-
CTH U JOJITOBEYHOCTU MAILIMH, MEXaHU3MOB U NPH-
6opoB.

I'maBHOM MpUYMHON BBIXOJA M3 CTPOS MAIVH,
COKpAILlEHHUsI CPOKa HMX CIIy>KOBI SIBISETCS W3HOC,
MO3TOMY OOJBIIMHCTBO 3a/1a4, PEIIAEMBIX C IIETBI0
NOBBIIICHAS HAJEKHOCTH M JOJTOBEYHOCTH Ma-
mKH B OOJBIIECH MM MEHBIIEH CTETEHH, CBI3aHO
C YCTpaHEHHEM H3HOCA.

TpaauMoOHHBIE METOABI YIPOYHEHUS JeTanen
(TepMmgeckas U XMMHUKO-TepMUUeckas 00paboTka,
mIacTHIeckoe AehOpMHUPOBAHUE ITOBEPXHOCTH) B
psine cinydaeB HE 00eCHEUMBAIOT CYIIECTBEHHOI'O
TIOBBIIIICHUS HM3HOCOCTOMKOCTH pabodnx MOBEpX-
HocTeil. B mepByro odepellb 3TO OTHOCUTCS K W3-
JeNusiM U3 ayCTEHUTHBIX CTajel, CIUIaBOB Ha OcC-
HOBE M€ W ATIOMHUHHA. B CBSI3U ¢ 3TUM 0CO0YIO
aKTyaJIbHOCTh MPHOOpETaroT paboThI, HAMpaBJIECH-
HbIE Ha IMOWCK IyTeH M3TOTOBJIEHHUS JeTajeid, 00-

30

JafaloMKX KOMIIEKCOM CIELHANbHBIX CBOWCTB
(BBICOKasi KOPPO3WOHHAs CTOMKOCTb, TEIJIOCTOU-
KOCTh, HEMarHMTHOCTb U JIp.) U UMEIOLINX BBICO-
KM€ JKCIUTyaTallMOHHBIE XapPAKTEPUCTHUKHU: Majblil
H3HOC, OCOOCHHO B YCJIOBHUSIX TpeHHs 0e3 cMa3ou-
HOTO MaTepuaia, UCKIIOUEHHUE SBJICHHUS «CXBaThI-
BaHUs», XOPOILIYI0 NPUPAOOTKY CONPSHKEHHBIX IO-
BEPXHOCTEM, JOCTATOYHYIO CTOHKOCTh B YCIOBHSX
arpeccUBHBIX Cpel M TOBBIIMICHHBIX TEMIIEpaTyp.
OueBuaHO, HanboJee MEPCHEKTHUBHBIM Harpasiie-
HUEM CO3JaHHs TOBEPXHOCTHBIX CIIOEB C YIIy4-
LICHHBIMH 3KCIUTYaTallHOHHBIMH CBOWCTBAMHU SIB-
nsercs GopMUpOBaHHE HAa pabOYMX MOBEPXHOCTSIX
W31EJIUI YIPOYHSFOIIUX TOKPBITHN.

B mporecce skcrutyatanuu Jetaneid MalluH
B 30HE CKOJIb3AIIEr0 KOHTAKTAa IPOUCXOAUT KOM-
IIeKCe (PU3UIECKUX, PU3UKO-MEXaHUIECKUX, HIICK-
TPOXUMHUUYECKUX, AKyCTUYECKUX M APYIHX SBIe-
HUM, KOTOpBIE BIUSIOT Ha MPOLIECCHl TPEHUS U U3-
HOCa METaJIJIOB [2].

BectHuk BHTY, Ne 6, 2008
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®dopMHUpoBaHUE HM3HAINIMBAEMOW TMOBEPXHOCTH
MPOUCXOANT B pe3yiabTaTe CYMMHPOBaHHUS paz-
JUYHBIX TI0 MHTCHCUBHOCTH M BHJAM 3JCMEHTap-
HBIX aKTOB pa3pylICHHUS W U3MEHCHHH MEXaHU4e-
CKUX U (DUBUKO-XMMHUYECKHUX CBOMCTB MaTepuaia
T0JT BO3/ICHCTBUEM BHEIIHUX (DAKTOPOB.

BeposTHOCTHBIN XxapakTep MapaMeTpoB U3HO-
COCTOMKOCTH 00YCIIOBIMBAET METOAUYECKUE TPY/I-
HOCTHU UX UCCJICJIOBAHUSI.

PaznuyaroT crnemyromnyie o0me METOABI OIpe-
JIeJICHUsT M3HOCA JeTaje MammH Ha ocHoBe [1]:
MUKPOMETPHUPOBAHHUS;, B3BCIINBAHHS, O0OTAIICHUS
CMa304HOTO Macja eJIe30M, OMPEACIIEMOro XH-
MHUYECKHM aHaIu30M; OOOTaIIeHrs Maclia paguo-
aKTUBHBIMH MPOAYKTaMU W3HOCA JETajei; MeTo/a
PaIMOaKTUBHBIX HW30TONOB; mpoduiorpadupona-
HUSl C TIOMOIIBI0 OOBIYHBIX W CHEIHABHBIX IIPO-
¢unorpadoB; ompeneneHus M3HOCA METOIOM HC-
KYCCTBECHHBIX 0a3.

Meroa ucnbITaHUNH Ha U3HOCOCTOMKOCTBH HOJ-
JKEH YYUTHIBATH CIEIUPUKY paOOThI Maphl TPCHHUS,
KOTOpasi ONpeeNseTcss COYeTaHHeM XapaKTepH-
CTHUK KOHTAKTHPYIOMIHMX TeJ, YCIOBHAMU KOHTaK-
TUPOBaHUS U OTHOCHUTEIBHOTO MEpPEMEIICHUS, Ha-
JUYMeM MEXKOHTAKTHBIX areHToB u T. m. llpum
HCIIBITAHUSIX HAa W3HOCOCTOMKOCTh M3JEIHUH C Io-
KPBITHEM HEOOXOIMMO YYUTBHIBATH HE TOJIBKO YC-
JOBUSL pabOTHl Maphl TPEHHS, HO U (PUIHKO-
MEXaHUYECKUE CBOMCTBAa CaMUX IOKPBITHHA U OCO-
OCHHOCTH TEXHOJIOTUU UX (hOPMHUPOBAHUSI.

B pabote mcciienqoBanuch H3HOCOCTOMKOCTh M
(DPUKITMOHHBIC XapaKTCPUCTHKU Pa3IUYHBIX YII-
POYHSIONINX TOKPBITHIA TPU TPEHUU CKOJIBKCHHUS
0e3 cMazogHOro Marepuana. B kagecTBe 00Opasros
WCTIONB30BAIMCH TUCKUA aAuameTpoM 50 MM U BBI-
coTOM 35 MM, HM3rOTOBJICHHBIC W3 AITIOMUHHUEBO-
ro crutaBa 16T (ucxomnast mepoxoBatocTh Ra =
=0,11-0,14 MKM) C pa3TUYHBIMH YIIPOUHSIOIINMHI
nokpbiTusiMA: HUTpUI TUTAHA TIN  (Anoxpumms
= 2,5-3 MKM), yTJIepOaHAas aJIMa301I000HAsT TUICH-
ka (YAIII) (Ayoxpmms = 1—2 MKM), aHOZHOE M XH-
MHYECKOE OKCUIUPOBAHMUE (Mnouprimns = 30—40 MKM).
B kauectBe KOHTpTENa — KOJNBIEBBIE 00PA3IBI, H3r0-
TOBJICHHBIe W3 civiaBa J[16T u 3akameHHOW cTaiu
X115 (HRC-58-60) ¢ aHATOTMYHBIMA TTOKPBITHSIMUA
¥ IUTOMIAJIBIO TOPLEBOM OBEPXHOCTH 610 MM’

Omnpenenenne U3HOCOCTOWKOCTH W (YPUKIIMOH-
HBIX XapaKTePUCTUK MPOBOWIOCH JUIS Pa3TUIHbIX
COUYETaHWH MaTEPHaJIOB KaK C YIPOYHEHHBIMHU, TaK
U C HEYNIPOYHCHHBIMH MIOBEPXHOCTSIMH HA MAIlIMHE

BectHuk BHTY, Ne 6, 2008

Tperust MOT-1. Ilepen HavyaaoM HCHIBITAaHUN TIPO-
M3BOJMIIACH €€ TAPHPOBKA IO MOMEHTY TpeHHs. Bo
BpeMs pabOThI MaIIWHEI [TOJT HATPY3KOH B TIOCKO-
CTH KOHTaKTa 0Opa3loB BO3HHUKAIOT MOMEHT CHII
TPEHHUsSI W TPOTHUBOIOIOXKHO HAIpPaBICHHBINA €My
KpYTSAIIUI MOMEHT, KOTOPBIA IepeIaeTcss HeBpa-
maronieMycsi Bary. HaXuMHOH pbIryar HeBparia-
IOIErocsl Baja NpPU TOMOIIM  CHEIHaIbHON
MOJIBECKH HArpyXajcs CheMHBIMU Tpy3aMH yCTa-
HOBJICHHOTO Beca, BBI3bIBas Je(OpPMAIUIO YIIPYTO-
ro DJIeMEHTa WHAYKTUBHOTO natdnka. CurHam c
JaTYWKa TIepeAaBalicsi Ha CaMOITUCEIl, Ha JICHTE
KOTOpPOTO 3alKChIBAIACh JUarpaMma W3MEHCHUS
MOMEHTa TPEHHS BO BPEMEHH. TapHpOBKa MPOU3-
BOAWJIACH TPU TPEX Pa3IMYHBIX TOJOKCHHSIX Ha-
YKUMHOT'O phlyara Ha yIpyroM 3JeMeHTe HHIyKIIH-
OHHOTO JaT4rka. VI3MeHEeHHeM 3TOro IMOJIOKEHUS
MOXKHO OBLIO BIOCHEJCTBUY BIUATH Ha UyBCTBH-
TEIHHOCTh IaTYHKA.

[Mpu ompeneneHnn (GPUKIUOHHBIX XapaKTEePH-
CTHK HMCCIEAYEMbIX MaTepHUajOB JUCKOBBIH 00pa-
3ell YCTaHaBIIMBAJCS B HEBPAIIAIOIIUNACS IITHH-
JieNb TIOJIBMKHOW KapeTKW MAIlMHBI TPeHHS Ha
mapuk 910 MM, KOTOpBIH obecrieuyuBal IUIOCKO-
CTHOM KOHTAakT TpyLIuXcs nosepxHocred. OT mpo-
BOpauMBaHus o0Opa3lia B IIMUHAEIE BO BpeMs pa-
OOTBI CITy’KWJT IITH(PT, 3aIPECCOBAHHBIN B IIIIHICITH
W BXOJISILIMI B OTBEPCTHE, IPOCBEPIICHHOE B 00pasLIe.
KosbrieBoit oOpazerr ycraHaBIMBaJICS BO Bpamiaro-
NIWCS MITUHIETb MallMHBI TPEHHUST Ha MITHQT, CITy-
YKAIWH TS TIepeIadu KpyTSIIero MOMEHTA.

[locrme yctanoBkm 00pa3noOB MOJIBMKHAS Ka-
peTKa TMOABOAWIIACH MPH TOMOINA MAaXOBHKa C
BUHTOM K BpalllaloleMycs Baly JI0 CONPUKOCHO-
BEHHsI TpPYIIMXCS TIOBEpXHOCTEH oOpa3ioB. Ha-
Tpy’KE€HHE OCYIIECTBISLIOCH C TOMOIIBI0 TTHEBMa-
TUYECKOT0O MEMOpPaHHOTO MeXaHU3Ma, YCTaHOB-
JICHHOTO Ha INOJABI)KHOM KapeTke. Bennuuna
YAETHHOTO JABJICHUS OTpeNesiach 10 MOKa3aHH-
SIM MaHOMETpa U TaPUPOBOYHBIM Tpadykam, MpH-
JIO’)KEHHBIM K MAcTOPTy MAIIWHBI TPEHUS C yUETOM
IIOMIAM KOHTAKTa MMOBEPXHOCTEH TPEHUS.

HccnenoBanne (pUKIIMOHHBIX XapaKTEPUCTUK
MIPOM3BOIIIIOCH ITPH CIEIYIOIINX PEKUMaX:

e CKOPOCTh OTHOCHUTEIFHOTO CKOJIBKEHHS —
0,1-1,0 m/c;

o ynensHOE mapnenue — 0,1-1,0 Mlla.

HccnenoBanach HM3HOCOCTOMKOCTh BaKyyMHO-
TIa3MEHHBIX TOKPHITHHA TPU Pa3IUYHOM COYETa-
HUU MaTepPHAaJIOB Map TPEHHS:
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16T — J116T
J16T + aH. okc. —
— 16T + aHn. okc.
J16T + xum. oke. — 16T + YAIIITI - 16T +
16T + xum. okc. + VAIIIIL
J16T — 16T + TiN 16T + YAIIII — IIX15

JU6T + TiN — JI16T + TiN
JU6T + TiN — ILIX15

M3HOC 00pasmoB ompenemsuics mpoduorpa-
¢upoBaHreM KaHaBKM TpeHHs Ha mpoduiorpade-
npodunomeTpe Monxenu 252. M3mepeHus mnposo-
numuck yepes 3, 10, 30, 60 MuH mocne Havana uc-
MBITAHUHN U Jajiee — 0 TOJHOTO Pa3pymIeHus Mo-
KpBITHS (KaTacTpOPUIECKOT0 M3HOCA) Uepe3 Kaxk-
JbI MOCNIENYOUINI Yac HCIBITAHUSl C 3alliChIO
npoduIorpaMMBl TIOBEPXHOCTH TpeHus. Kpurepu-
€M 3aBepIICHHUS JKCIIEPUMEHTA CIIy>KHIIO PE3KOe
yBEITMUEHHE MOMEHTa TpeHHs, (UKCHpyeMoe Ha
JICHTE CaMOIIKCIA, YTO CBUAETEIHCTBYET O HaJase
KaTacTpo(UIeCKOro M3HAMIUBAHUS TPYUIUXCS TIO-
BEPXHOCTEH.

UccrnenoBanne H3HOCOCTOMKOCTH —00pa3loB
MOKa3ajio, YTO Tapa TPeHHs U3 HEYNPOYHEHHBIX
matepuanoB 16T — 16T npu pabore 6e3 cma-
309HOTO MaTepuana C yJEeNbHBIM [aBJICHHEM [0
0,2 MlIla 1 OTHOCHTEITHLHOW CKOPOCTBIO CKOJIbIKE-
Hust 0,2 m/c oOjamaeT KpaiiHeE HHU3KOH M3HOCO-
CTOMWKOCTBIO. Y’K€ TOCJie MEPBBIX 3—5 MHH HCIIBI-
TaHUKA HaOMIOAAIOCh KaTacTpo(UUECKoe H3Ha-
MIMBaHUE TPYILIMXCS TOBEPXHOCTEH, XapaKTepu-
3yromieecsl TIIyOOKMMH PaBHOMEPHBIMH CIIeaMU
n3zHoca (0,08-0,3 MM) 1o Bcell MMOBEPXHOCTH Tpe-
Hus (puc. 1a).

Puc. 1. Buemnnit Bug o6pasmos u3 cmmasa J[16T nocne uc-
TIBITAHHUS Ha U3HOCOCTOMKOCTE: a — 0e3 MOKPHITHS; O — C aHO-
HBIM OKCHJIUPOBAHHBIM MOKPBITHEM

UcnbiTanue 00pas3oB U3 aTIOMUHUEBBIX CILIa-
BOB J[16T, yIpOYHEHHBIX aHOAHBIM ¥ XUMHUECKUM
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OKCHIMPOBaHUEM, TAKKe MOKa3alo HU3KYIO pado-
TOCIIOCOOHOCTh JaHHBIX Map TpeHus. Karactpo-
(buueckmii w3HOC HabMIOMANCS depe3 15 MuH HC-
IBITaHUS.

XapakTep U MHTEHCHBHOCTH M3HOCA paccMaT-
pHUBAaEeMBIX Map ONpPENEIIAIOTCS B OCHOBHOM CXBa-
TBIBAaHUEM, T. €. IPOUCXOIT UHTEHCUBHOE yrae-
HUE U TMEpeHOC MeTauia ¢ 00euX MOBepXHOCTEH
Tpenust. [lpu yBenmueHnr mox MUKPOCKOIIOM BUJ-
HBI SIBHBIC CJIEJbl BBIPHIBOB M HAJUIIAHUS YacCTHUI]
MeTajula ¢ «IIpornaxuBaHuem» kanaBkd. [llepoxo-
BaTOCTh KOHTAKTUPYEMBIX MOBEPXHOCTEH MPaKTH-
YEeCKM HE OKa3blBaeT BIMSHMS Ha XapakTep U HH-
TEHCUBHOCTb M3HAIIMBAHUS BBy WHTEHCUBHOI'O
n3HOca map TpenHwus (puc. 10).

Bornee BBICOKYIO M3HOCOCTOHKOCTH MMEIOT 00-
pasipl C BaKyyMHO-IUIA3MEHHBIM IIOKPBITHEM M3
nutpuzaa turada TiN. IIpomomxurensHoCTs pado-
1ol mapsl Tpenus 16T + TiN — 16T + TiN mo
YaCTUYHOI'O pa3pyllIEeHUs] IOKPBITHS COCTaBHUJIa
6onee 180 muH (puc. 2a).
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Puc. 2. 3aBUCUMOCTb TUHEHHOTO U3HOCA OT BPEMEHU UCIIbITA-
Hui i map tpenws: a — J16T + TiN — J16T + TiN;
60— 16T + YAIIIT - 16T + YAIIIT

B npouecce ucnpiTaHui U3HAITMBAHUE MOKPbI-
THS HE COMPOBOXIAIOCH 3aeJaHWEM TPYLIUXCS
noBepxHocTed. CrnenyeT OTMETUTh NPAKTHUYECKHU
JTUHEHHOEe yBENWYEHNE M3HOCA MOKPBITHA U3 HUT-
puna tutana. O4eBHIHO, TBEPAOCTH M TOJIIIMHA
MOKPBITHS MPU NAHHBIX PEKUMAaX UCHBITAHUS He-
JIOCTATOYHBI il o0ecrieueHust OoJiee BBICOKOU
m3HococTokocTH. Hactymnenwme karactpodude-

BectHuk BHTY, Ne 6, 2008
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CKOTO M3HOCA JUIS 3TOW Mapbl MaTepUAIIOB IPOUC-
XOJIUT BCIICACTBHE MPOJABIUBAHUS U Pa3pYIICHUS
TOKPBITHUS TIPU TIOCTH)KEHUH KPUTHYECKOTO U3HOCA
W3-32 HEJIOCTATOYHOW TBEPIOCTH MaTepHajia OCHO-
BbI 00pasioB (puc. 3a). M3HOCOCTOMKOCTh 00pa3-
1oB ¢ mokpeiTHeM u3 TiN Bo3pacraer B 2—3 pasa
NPY UCIIOJIb30BAHUM B Ka4eCTBE MaTepualia OCHO-
BHI 3aKasieHHO# cTtanu [1IX15.

a

Puc. 3. BHemnmii Bug 00pa3ioB I0ociIe HUCIBITAHHS HA
HM3HOCOCTOMKOCTB: a — okphITHe TiN; 6 — 0 xxe YAIIIL

Haunbonee paboTocnocoOHBIMU NPU MPUHSATHIX
pEeKUMax UCHBITAHUI OKa3aJuch oOO0paslbl U3
cmiasa J[16T ¢ MOKpHITHAME U3 YTIICPOAHON aaMa-
3onoio0Ho# wienku (Y AIIID). [lpu nznammBanun
JAHHBIX TOKPHITUH Mocjae NpUpaObOTKH (TIEpBBIE
60 MUH WCHBITAaHWA) HAOIIOMAETCS JTOCTATOYHO
MPOAODKUTENBHBIN (Oomee 150 wmuH) nepuon
YCTaHOBUBIIIETOCS M3HAITNBAaHUS (puC. 20).

3aaupel Ha TIOBEPXHOCTU TPEHUS B 3THUX Mapax
NPOUCXOST TOCe pa3pylIeHUs 3HAYUTENBHBIX
YYaCTKOB TIOKPBITHSI W3-32 CXBATHIBAHMS MaTepHa-
JIOB TMOJUIOXKEK, & TaKKe 3a c4eT oOpa3oBaHHS B
30HE TPEHUS MUKpoaOpas3uBa U3 MPOAYKTOB M3HA-
TUBaHUs MOKPHITHS (pHC. 30).

IIpu Tpenun oOpa3noB ¢ NOKPHITUIMU U3 TiN
u YAIIl mo KOHTpTeNy W3 3aKaleHHOW CTaau
[IIX15 Habmromanioch HaTUMaHUE MaTepuaia KOH-
TpTeNa Ha MOBEPXHOCTH 00paslia ¢ TIOKPHITHEM B
BUJIC HaJIETa KOPUYHEBOI'O IIBETA, YTO CBUAECTEIb-
CTBYeT 00 OKHCIHTENILHOM XapakTepe W3HAIlKBa-
Husg  KoHTprena. llpomecc  TpeHms — compo-
BOXKAAJICSI 3HAYMUTENFHBIM KOJe0aHHeM MOMEHTa
Tperus (puc. 4), pe3KuM 3ByKOM U BHOpammen 00-
pasmoB. I'paduk nuHEHHOrO WM3HOCA M JTaHHBIX
nap TPeHHsl MOCTPOUTHh HE yJaloch, TaK Kak Ka-
HaBKa TPEHUS MOJIHOCTHIO 3aMOJIHEHA MPOAYKTaMH
H3HOCA MaTepuasa KOHTpTena.

BectHuk BHTY, Ne 6, 2008

3HavueHUs KOAPPUIIHNEHTA TPCHHS CKOJIBKCHUS
WCIIBITAHHBIX MaTEepPUAIOB TPHUBEICHH B Tabm. 1.
Koaddumuentsr TpeHus psga map, Harnpumep
H16T + xum. okc. — 16T + an. okc. u np., ¢ A0-
CTaTOYHOW CTENEHBI0 TOYHOCTH ONPEICIUTh He
yaJIoCh, TaK KakK cpasy ke MOocje Hadajia UCIbITa-
HUH 53TUX MAaTEpHaJOB IPOUCXOJWIN 3acHaHue
TPYIIUXCS TIOBEPXHOCTEH M KaTacTpouueckoe
W3HAIUBaHHUE TIOKPBITHH.
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Puc. 4. 3aBUCHMOCTb MOMEHTA TPEHMsI OT BPEMEHH MCIIbITa-

HUH U crioco6a ynpodHeHus: 1 — 00e IOBEpXHOCTH Mapsl Tpe-

HUS YIPOYHEHBI MOKpbiTHeM TiN; 2 — oxHa U3 OBEpXHOCTEH
napbl TpeHus! ynpoyHeHa mokpsitrem TiN

Tabauya 1
3HaueHus K03(pGUIHEHTA TPEHUS CKOIbKEHUS
HCIBITAHHBIX MATEPHAIOB

Ilapa Tpenus Kosppuunent
TPEHUS

A16T — 16T 0,8-0,93
J16T + an. okc. — 16T + an. oxc. 1,08-1,24
J16T + TiN — I16T + TiN 0,4-0,52
J16T + TiN — ILIX15 0,21-0,31
J16T + YAIIIT - 16T + YAIIIT 0,18-0,34
J16T + YAIIII - IX15 0,2-0,35

BBbIB O 1 bl

1. ®opMupoBaHHE YHPOYHAIOIMIUX BaKyyMHO-
TUIA3MEHHBIX TOKPBITHA Ha W3IENUSIX W3 CIDIaBa
J116T obecneunBaet cymiecTBeHHOe, Ooiee yem B 10
pa3, YBEIMYCHHUE H3HOCOCTOMKOCTU W3ICTUl TpHU
TPEHHH CKOITKEHHs 0€3 CMa30YHOr0 MaTepHaa.

2. M3HammBaHWe map TpPEHUs, YHNPOUYHEHHBIX
VAIIIl u TiN, HOcHT aOpa3WBHO-YCTaJOCTHBIH
XapakTep, 4TO B 3HAYUTEIHLHON Mepe 00yCIOBIEHO
BBICOKOM TBEPAOCTBIO U TE€TEPOTCHHOM CTPYKTY-
PO 3THX TOKPBITHH.

3. M3HOCOCTOMKOCTh BaKyyMHO-TIJIa3MEHHBIX
MOKPBITHI OIpeenseTcs TBEPIOCThIO MaTepHuaia
OCHOBBI.
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