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IToaunsepsl, obsamamliue MOJYIPOBOJIHNKOBBIMU CBONHCTBAMH, HAULIH
npuMeHeHHe B 3jekTpodororpadun B KauecTBe (POTOUYBCTBUTENLHBIX CJIO-
eB. DTH NOJWUMEpPB! HCIIOAB3YIOTCS B BUIe TOHKUX IJIEHOK, HAaHECeHHBIX Ha
MeTaJlIHYecKHe NOAJ0KKH.

B npouecce mosyueHus U 3KCNJAyaTalHH 3THX MJIEHOK B HUX BO3HHKAIOT
BHYTPEHHHE HaNpPSIKEHUs] Pa3/IHIHOTO POJAA, KOTOPble MOTYT CHABHO BIAMATDH
Ha Ka4ecTBO NIOKPBLITHA M Ha €ro ajaresuio K nmojiaoxkam. Orcioga sicHO, 4To
VUYCT BJAHUAHHH BHYNPCHHUX HampsKeHUH HeoOXOMUM IIPH OLIeHKE KauecTs
(POTOUYBCTBHTENBHBIX TIOKPBITUII.

Kpowme Toro, anst ssnekrpodororpadui oueHb HYKHBI 3JaCTHURBIC POTO-
UYBCTBHTCJbHbBIE ITOKPBITHSI, KOTOpble MOIJIH Obl HAHOCHTHCS HA THOKUE T10/L-
J10xkKH, CJefoBarenbHo, HeOOXOAUMO ObIIO HAlTH NapaMeTpEl, M03BOJA0-
IHE OLCHUBATb 3JaCTHYHOCTh CHHTE3HPyeMblX Ha Kadeape TeXHOJOIHH OC-
HOBHOI'O OPraHiiucCKoro CHHTe3a (POTOMOJMYMPOBOLHHKOBLIX I10/1HMEDOB.

M3ayueHuio BHYTPEHHHX HampsiKeHWH, BO3HWKAIOWIMX B IpOLCCCe  3KC-
nIyaTtalnii OTOUYBCTBUTEbHBIX CJI0CB, M ONPEIC/ICHUIO HEKOTOPHIX MeXa-
HIUECKHX XapPaKTePHCTHK TOJHMEPHBIX NOKDHITHII M Obljia TOCBsLLCHA JaH-
Has pabora.

[TpH monyueHuy NMOJMMEPHBIX TIOKDBITHH Ha TBEPIbIX IMOMJIOKKAX H3
pacTBOpa MOJMMepa B IIEHKax MO Mepe BLICHIXaHHs PacTBOPHUTENs, pacTyT
pacTATHBAIONIHE BHYTPEHHHE HAMDSIKEHUs!, NPHPOAY BO3HUKHOBEHHS KOTO-
peix ycranosua B. A. Kaprun [1]. Kpome Toro, snauunrenbHble BHYyTpeHHHe
HalpAKeHUsl B MOJIUMEDPHBIX NOKPHTUAX Ha MeTajje MOTYT BO3HHKATH U3-3a
GobIIOH pasHHIUB B KO3 QUIMEHTE TENJOBOro pacllipeHud (Cxkatus) y mo-
JUMEpPOB H MeTaJ/0B, y TOJHMEPOB OHH, KaK NPaBUI0, BO MHOTO pas OoJlb-
ule. JJocTaTOYHO BBHICOKHE BHYTPEHHHE HaNpPSKEHHs B MOKPHITHH MOTYT OTO-
DBATb €r0 OT MOJJIOKKH M, €CIH ajAre3us K MOJIJIOXKKe BBIIUE KOTE3UH IJIeH-
KH, pa3pylIUTh ero.

CyliecTByeT HECKONBKO METOLOB H3MepeHHsl BHYTPEHHHX HanpsKeHui
B [IOIMMePHBIX TOKPEITHAX. B paborax B. A. Kapruna u ero corpyaHukos [2]
OleHKa BHYTPEHHHUX HATPAXKEHUH NPOH3BOAMJAACH MO [BEJHYHHE Dpamuyca
KPUBU3HBI MeTaJJnuyecKol (osbrH, H30THYTOH NOJUMEpHOIl IVIEHKOH, HaHe-
CeHHOIl Ha OAHY CTOPOHY MeTaJjiuuecKod ¢oabru. PacnpocTpaHeHHBIM Me-
TOZOM fABJsIeTCH ONpejiesieHHe BHYTPEHHHUX HalipsizKeHHH IO BeJlMyHHE ABOH-
HOro JiyuenpesJOMJIEHHs Ha I'DaHHlle NOJHMep — nojjoxka [3]. O6a sTux
MeTOAA He AAIOT KOJUUECTBEHHEIX 3HAUCHHI BHYTPEHHHX HANPSKEHHH B IO-
KPBHITHSAX.
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BuyTpeHHHE HANpAXKeHHsI B MOJWMEPHBIX ICHKAX MOMKHO olpenensiTh
MO MeTOLY OTKJOHEeHHst CBOOOJHOTO KOHILA KOHCOJBHO 3aKpelJeHHOH mnJja-
cTHEKH [4] mo dopmyae

hEt3 hE, (t+-of
g= 1 + 2( + ) s
3 2(t+at)at 12

rlle 0 — BHYTPEHHHE HaTIPSIKeHUS,

h — oTkJIOHEHUEe CBOGOIHOTO KOHLA [/1aCTHHKH:

Ey 1 Ey — MOLyNH HOPpMAJIbHOH YOPYIOCTH MdTepHana MOAMOKKH H [0-
KDPBITHSI, COOTBETCTBEHHO;

{ — IAYHA NJAaCTHHHL

{ — TOJIIUHA NOJJIONKKH;

ol — TOJIIHHA MOKPHITHS,

IToxkasano [4], yTo BTOpO# uien ypaBuenus (1) cocrasnisieT okoso 1%
OT BEIHYMHBI IIepBOro uiena. [losromy MBI onpefensiiu BHYTPEHHHe Hamps-
JKCHHUS TIC 3HAUNTEbHO GoJiee NPOCTOMY YpaBHEHHIO

’lE1t3 (())
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Kyla He¢ BXOJAUT 3HadeHHe MOAYJS YOPYTLOCTH NOKpPLITHS Ey HEH3BeCTHOro
I/ 60JbUIMHCTBA HCCAELYEMBIX OJUMEPOB.

Hurepecno, uro u3 ypasHenus (1) BBITeKaeT BO3MOMKHOCTb ONpelee-
HHUST KOCBEHHbIM TyTeM MOAYJA YNPYrOCTH pacTsizkeHHs E, IOJMMepHOro mo-
KpuiTHA. Ec/in B3ATL ZBe OAHHAKOBBIE NOMJIOKKH, PasHYAlONIHECs TOMbKO
MO TOJIIMHE, ¢ HAHECEHHBIMH HAa HAX OAMHAKOBON TOJMIUHHBI TOJHMEDPHEIM
NMOKPBEITHEM, TO AJS KaXKI0H NIaCTAHBI MOXKHO 3aliicaTh: :

0,
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Pelast cicTemMy aBYyX ypaBHEHHH ¢ JBYyMs HEH3BECTHBHIMU OTHOCHTEb-
HO Ej, MBI TONYUH/IH CAEAYIOLIEE BEIPaKeHHe:

b £y [fa (it Aty 13— (tot-81) 1] )
27 3B (LAY AMAIK (A —ha (4 +A0)]

BooGuie roBops, MOXHO H3MEHSTb He TOJAbKO TOMLIHHY NOAIOKKH, HO
H €e LJIHHY, 4 TaKXKe U TOJLUHHY MOKPHITHSA, B 5TOM CJyuae OYIYT NOJY4aTh-
Cfl Apyrue BbIPAKeHHs, HO BedHunHa Fy He JIOKHA MeHAThCS.

BeruncieHHbiMU 3HaueHHsIMH Fy MBI OLEHHBAJH 3JaCTHYHOCTH NOIYYA-
€MbIX IOKPBITHH.

IMoayuenHpie 3HaueHHsT MOmyJeit YIPYTOCTH AJdsi TOHKHX MOJHMEPHBIX
JIOKPBITUH HeJb3si CONOCTABAATH C MOLY/IAMH yIPYTocTH 6/10Ka MOJHMEpOB,
TaK KaK JOKasaHo [5], uTo cTpykTypa mosmMmepa B TOHKHX IJIEHKAX, HaHe-
CEHHBIX 11a Pas/HYHBIC NOJIOKKH, OTIHYAeTCA OT CTPYKTyPH HOIHMepa
B 6s10Ke,

JKCnepuMeHTadbHAas YacTh

HMsmepenns TepMHUECKHX BHYTPEHHMX HampsKeHHI TIIPOBOAUJHUCL cJe-
AaywouiM o6pa3oM: Ha JaTyHHblE HOAJOKKH TOAWHHOA0,2;  0,15: 0,09 wmwMm,
AJMHOH 9 oM M IupuHOH 1,5 ¢M HaHOCHIM CJI0l IOoJHMepa TyTeM IMOJHBA
‘M3 pacTBOPA U BBICYLIHBAJH A0 TOCTOSIHHOTO Beca. BbiCylIeHHblE NJ14CTHHKH
C MOJMMEPOM KOHCOJIBHO 3aKPEIVIAIHCh B CIELHAaJbHOM 3aKUMe, BMECTE ¢
3aRHMOM [OMEIANACh B CYIIHbHDIH WKad co cTekasHHOl aBepuelt. [Ikad
HappeBascsa A0 TeMNepaTypbl PasMArueHus MOJHMEPHON NIeHKH W NOATOX-
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Ka C IJEHKONl oxJiaKmaJjgach BMecTe co mKahoM co ckopoctbio okoano 3°C
B MHHYTY IO KoMHaTHOH TeMnepatypbl. C moMompilo xaretomerpa KM-6
yepe3 KaxK/Jble 5° onpezensach BbCOTA NOAHSATHS CBOOOMHOTO KOHIA TIa-
ctuHbl. Ha puc. 1 1 2 noxasana npaduueckas 3aBUCHMOCTb HAPACTaHUS BHYT-
PCHHHX HaNpsKeHWH B MOKPBITHAX NPH UX oxJaxJeHun. B taba. 1 mpuse-

Ta6auua l
MaxcuManbHble BHYTPEHHHWE HATPSMEHWS W MOLYJM YNPYroCTH

Moausepn /fzcc - ,5018‘
[Moausuunmakapbasoa (IIBK), oauromep 12,0 1,8
TIBK cycnedsHonHBIH 94,5 5,0
[IBK Teaomep 50,2 2,0
Momusunnanudennaavun (B IDA) 448 1,0
NBJIDPA + 5,23% I1BK 5,0 1,0
3 CITIBK oanromep 16,0 1,6
1IBIIDA 4 409% [IBIK 5.5 1,3
3-C1 TIBK noJsmmep 86,7 4,7

JleHbl 3HAYEHHST MAaKCHUMAJbHbBIX TEPMHUECKHX BHYTPEHHHX HaNpPsKCHHI H
BbIUHC/AEHHBIE 10 opMyJ/e (4) MOZY/IM YIPYTOCTH MOJHUMEPOB.

Hccenenosanics psaj noluMepoB, XapaKkTePUCTHKA KOTOPLIX NPHBeJEHA
B pabore [6].

O6cyxKaeHHe pe3yabTaTos

Mopyan yupyrocrit (tadsa. 1), moaydenHsle sl HCCA€LYCMBIX TOJIIME-
DOB, NOBOJLHO BblcOKH (kpome IIBJA®A u ero conosumepos ¢ IIBK) 1o
CPABHCHHIO ¢ MOAYJAAMH DOJBUTHHCTBA TePMOIJACTHUHBIX noauMepos. Takic
BBICOKME MOJIYJH YINPYTOCTH MOTYT ObITh y TMOJHMepPOB, 006/J3AaI0LIUX Ype3-
BbIYAIiHO KECTKHMH, HEeCHOCOOHBIMU K BBICOKO3JACTHYECKHM JAehopManusiM
Maxkpomoaekyaamu. Mccnegyemple nonnmMepbt o6nanalor HEKOTOPBIMH TOMY-
IIPOBOJHUKOBBIMH CBOHCTBAaMH, H TaKHe BBICOKHE MOAYJH YIPYrOCTH XOPOLIO
COrJIacyloTcs ¢ NpeAnoJoKeHHeM, YTO B UX MAKpPOMOJIeKyaax CYLIeCTBYET cO-
npsKeHue yepe3 Kap0a30JbHLIC paAUKaJbl, B pe3yapTaTe yero ¢opma Mak-
POMOJIEKYJT CTAHOBUTCS 2KeCTKO (pHKcHpoBaHHOH. OTClOAa U M/10Xast 31aCTHY-
HOCTB IVIEHOK 3THX TIOJUMEPOB.

Hcnonb3yeMulll 1as1 onpejeleHdss MOLYJAEH VIPYTrOCTA METOX HMeer
PAA NpeHMyLIecTB IHepeld OOBIUHBIMH MeXaHHYeCcKMMH MeTonamu. OH upes-
BbIYAHHO MPOCT 110 alapaTypHOMy oQOpMJIEHHIO, 1103BOASIET B OJHOM OIIbITE
ONPEeJeJUTh MOAYJAb YIIPYTOCTU TpH JMIOOBIX TeMIepaTypax B 3aJaHHOM MH-
TepBaJe, T. €. MOCTPOUTh TpaduyecKylo 3aBHCUMOCTb MOAYJISL YNPYTOCTH OT
TeMIepaTyphl, YTO MOXKET JaTh HEKOTOpble NaHHBIE O TepMOMeXaHHYECKUX
CBOHUCTBaX TIOJUMepa.

Ha kpuspix 3 u 4 puc. |, noKasp/BaloLIero HapacTaHHe TepMHUECKHX
BHYTPEHHHX HAmNpPSIAKEHHH NPH OXJaXKIeHHH IVIEHOK, BHAeH Teperu6 mpH
temuepatypax 110—90°C, 3ror neperu moJXKeH COOTBETCTBOBATH TeMIle-
parypam crekaoBanus IIBK u 3-Cl TIBK, rak kKak ymeHblleHue TOIBHXK-
HOCTH CETMEHTOB MaKpOMOJIEKYAADHBIX Lemnell AOAXKHO YMEHBIIHTE CNOCOG6-
HOCTh MAKPOMOJIEKYJASPHBIX Lened K pelakcalusM BHYTPeHHUX HampsiKe-
HHH, 4TO M TIOKa3blBaeT yBeJiMYeHHe KPYTH3Hbl KpHBHIX. [TneHKH Tesomepa
[IBK (xpuBas 5) mnpu oxnaxkKJeHMH DACTPECKHBAJIHUCh PH BeJMYHHE BHYT-
peHHHX Hanpskesuil 50,2 kr/cM?, clemoBaTENbHO, 3Ta BeJIHUWHA SIBJASETCS
npeaesoM INPOUYHOCTH IJIEHOK TeqoMepa Ha paspeiB. Cmam Kpusoit § noxa-
3bIBACT CHSATHC BHYTPEHHHUX HANPSLKEHHWIT B pe3y/abTaTe pacTPeCKHBAHUS
UJACHKH.
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Puc. 1. Hapacranue TepMuueckHX BHYTPEHHHX Ha-

npaxenni: 1 —TIBK oanromep, 2 — 3-Cl TIBK oan-

romep, 3 —TIBK cycnensnonnpii, 4 — 3-Cl [IBK no-
auMepuszanponnmit, 5 — NBK rtenomep.
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Puc. 2. Hapacranne TepMuueckux BHYT-

pennux nanpskesui: | —[IBIDA, 2 —

NMBA®A+5,2% TIBK, 3—TIIBJPA+
409% TIBK.

BriBoabl

1. Tlo meToay oTKnOHeHHs CBOGOJHOrO KOHUA KOHCOJBHO 3aKperlJeH-
HOM NTACTHHKH ONpeJeNeHbl TePMHUYECKHE BHYTPeHHHE HAMpSKEHUs HEKOTO-
PEIX GOTOUYBCTBUTENbHBIX JIOJAMEDPHBIX [IOKPHITHIL

2. Ilonyueno BbipakeHue, NO3BONAIONIEE PACULTHBIM IIyTeM IO H3MeHe-

HUIO BHYTPEHHMX HaNpsiKeHHI BBIYAC/IATL MOILYJIH YMNPYTFOCTH TOHKHUX [10-
JHMePHBIX TOKPBITHI.
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