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HCCJHENJOBAHHE 3JNEKTPHYECKUX H MEXAHHYECKHX
CBOMCTB KOMIIAYHIA HA OCHOBE UHUKJOAJIU®ATHYECKOM
INOKCHIAHOHN CMOJIbI

0. H. II¥YMHJIOB

{(Ilpeacrapiena HayyHbiM ceMunapom kadgenpm SUKT)

B nocaennne roxnt 3a pyGexoMm u B Coserckom Colose co3man HOBBIN
KJlacc [UKA0aMU(paTHIECKHX 3MOKCHAHBIX CMOJ, He COodepkKaumux HeHodbHBIX
KOJIel. DTH cMOJ/Ibl 06/1a/1a10T BBICOKOH CTOHKOCTBIO K TeNJIOBOi AeCTpYKIHH,
¢J1ab0 MOMBEpKEHbl BAHAHHIO YIbTPadHOJIETOBOTO OGJAYYEHHS H TIO3BOJSIOT
CO3/1aBaTh KOMIAYH/bl C BBICOKOH TPEKHHTOCTOHKOCTLIO.

Nsyuenne 3/1eKTPO(H3HIECKHX XapaKTEPHCTHK KOMIIAYHAOB Ha OCHOBE
UHK1021H(ATHIECKUX CMOJ MpeACcTaB/sieT Go/IbLUIONH HHTEPeC KaK ¢ HayUHOI,
TaK M C TEXHHYeCKOH TOYKH 3peHusi. B nacrosmeli paborte npuBeness peayib-
TaThl UCCAENOBAHHUS JIEKTPHUECKOH H MEeXaHUYeCKOH MPOYHOCTH HEeHAalOJJHeH-
HBIX KOMNAYyHJIOB Ha OCHOBe UHKJOA/NH(paTHYecKofi cMonsl CY =180, npous-
BoncTBa pupMel Llni6a, HlBefinapus.

Cmona CY=180 npeacraBiasietr cMeCh 2-X KOMIOUEHT:

. Cmonbt Apanpur CY=175 (30%), umewowell cTpykTyphywo dop-
MyJay:

o o 0

N XY

0

2. CMouaHl cllenyionero XuMHueckoro coctaBa (70%).

R, .

I

( >— 0 Ch, CH — CH,
I .
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P

0

Inokcuanoe uucjo cmoasi CY=180 6n1o paBno 21,8, M 3NOKCHAHBI
3KBUBaJeHT — 192,5,

B kauecTBe oTBepaHTEJel HCMONb30BAJHCh TeKCarHApodTasaHeBblil aH-
runpun, (HHPA), xaopenpux auruapug (HET) um ux cmecH, BasThie ¢
Pa3JHYHBIM NPOLEHTHEIM COOTHOLIEHHEM.

T'excarunpodranuessiit anruapuy (HHPA).
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XaropeHAHK AHTHAPHA B KayecTBe OTBepAHTead Obli BoiOpaH H3 cie-
Aywomux coobpaxenni. ITo HameMy NPeANoiOKEHHIO, HEKOTOPOEe KOJHYECT-
BO XJ0pa, BBEJIEHHOTO B MOJEKYJAPHYIO lleflb KOMIAayHAa BMecTe C OTBepIu-
TeJeM, MOXKeT MPHBECTH K YBEJHUEHHMIO CHJI MEXKMOJEKYAAPHOTO B3aHMO/IEN-
cTBUS 32 cueT o6pasoBaHUS TPOUHBIX cBfizedl (y3JI0B) MeXIy COCEAHHMH
3BeHbIMH M MOJIEKYJSIPHBIMU ILeNnsMH TNOoJHMepa. ITO MOXKeT BbI3BaTh
yBeJHUeHHe Mpelena NMPOUHOCTH NPy XPYIKOM DpaspylIeHHH H POCT OTHO-
CHTEJILHOTG YIJIMHEHUS NPH BHIHYXKAEHHO-3J1aCTHUYeCKOH JedOpMallHu [OJIH-
mepa [1, 2]. Kpome »3Toro, 3akpemjieHHple B CTPYKType KOMIayH1a
3JI€KTPOOTPHIATEeIbHBIE aTOMBI XJIOPA MOTYT NPHBECTH K POCTY KOHILEHTpa-
LHH JOBYLIEK AJSi 3JEKTPOHOB IPOBOAHMOCTH, NOSBJASIOMWIMXCH B THIJIEKTPH-
K€ NpPH HalPSXKEHHOCTH 3JEKTPHUECKOro [10Jifi, COOTBETCTBYIOUIHX 06/acTH
BHIIIOJIHEHHS] 3aKoHa [lyasi u ®penkeas [3, 4]. YBennuenne KOHLEHTpaiuuH
JIOBYLIEK MOKeT MOBLICHTb CTOHKOCTb KOMTNayHfa K 0GpPasoBaHHIO APeBO-
BHAHBIX N06EroB-AeHAPHTOB, SBJSIOLUIUXCA HauaJbHBIMH CTaJUAMH paspy-
UIeHHS] 3MOKCHAHOH H30JSLUH TP AJUTEJbHOM BO3AEHCTBHH IepeMeHHOro
Hallpsi>KeHHSI.

IlpumMeHenre XJIOpeHAUK AHTHAPHAA TIPHUBJIEKAeT TAKXKe C TOUKH 3PeHHs
BO3MOXKHOCTH TIOBBIIUEHUSI HArPEBOCTOMKOCTH ¥ YJyuyIleHHs YAeJbHOro
o6bemMa CONPOTHUBJEHHS 3MOKCHAHOrO KommayHaa [5, 6, 7]. Kpome storo,
3()TeKTHYECKHH CIJIAB XJOPEeHAHK aHrHipu/la ¢ rekcaru/podraueBbM
ABJASETCS XKHUIAKHM IPH KOMHATHOH TeMmmeparype, uTto obaeruaer padory ¢
YKa3aHHOH CMeChl0 OTBepIHTeJeH.

B ta6s. | npuBefeHbl peLeNnTypsl HCCACAYEMBIX KOMMAyHAOB ¥ PEXUM
AX OTBepKAEHH.

[Tpu uaroToBJieHHH 00pas3lLloB CMech He BakyymHpoBaJacb. Ilocsae ot-
Bep/eHusi B TeueHHe 24 yac. oOpasubl H3BJIEKAJHCh M3 JHTbeBBIX (POpPM H
JOOTBEPKAAJHUCh B TeueHue 76 uac. npu Temnepatype 100°C.

Ilasi cpaBHeHHS CBOHCTB HCCJEAYyeMbIX KOMNAyHJOB 2KeJaTesbHO OplaI0O
HMeTb o0pasipsl ¢ OJu3KOH cTeneHblo oTBepxkiAeHHst. [lostomy B Kauecte
nepBoro 3Tana pa6oTel HaMH OblJIH NPOH3BEAEHB HCCAEN0BAHUSE KHHETHKH
OTBEpK/JeHHs KOMIAayHAOB C LeJbl0 BhOOpa peXuMOB MOJMMEPH3aLHH,
obecreynBalOMKX GJH3KYI CTeleHb NMPOCTPaHCTBeHHOH cmHBKH. KuHerHka
H CTeleHb OTBEepKIEHHA 00paslOB OLEHHBANaCh C MOMOUILIO ONpeJeseHHUst
B Tpoluecce OTBepKJIeHHA HH(MpPaKpaCHBIX CHEKTPOB B [Mala3oHe BOJHOBBIX
yrcea 910 cu~!, NO3BONSIIOMHX TIPOCJAEIHTh HCYE3HOBEHHE 3MOKCHAHBIX
TPYMI B Ipolecce OTBEPKAEHHA S3MOKCHAHOH CMOJBL. DBlIO veTaHoBsieHo,
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Temcn-4,
. Besuncrore, 53

wm—— Tatbauuwa |

Peuentypa M peXum OTBEPXKIEHMS MHCCIAEAYEMBIX KOMNAYHIOB

Ne

n. n. | - Peuenrypa xommayuios PexuM OTBEpKIEHHY
180 100 B. 4.
1 HHPA 72 B. u. (0) 5 vac, npu 100°C+ 18 wac.
HET — npu 150°C
180 100 B. 4.
2 HHPA 64 B. u. : 24 yac. npu 100°C
HET 19,2 B. u. (10%)
180 100 B. u.
3 HHPA 55,6 B. u. 24 vac. npu 100°C

HET | 384 B. u. (20%)

180 100 B. u. OTBepxieHne NpoUcxo-
4 HHPA — IHT BO BpPEMS CMEIIEHHUS
HET 153 B. u. (80%)

I pUuMeYaHHNE B ckoGKax YKa3aHo CcojepiKaHHe XJIOPAHIHK aH-
THAPHAA B CMeCH B NpPONEHTaX OT pacdye€THOro CTEXI/IOMETPH‘leCKOFO cooT-
HOILIeHHA.

UTO BHANMMOE H3MeHeHHe UHCJa 3MNOKCHAHBIX TPYIN NPH JNaHHOM pexume
OTBeP:KAEHHSA TNpeKpauaercsa nocte ciaedyromux spemen: 100 uwac. mas pe-
yentypsl 1; 100 wac. ans peuentypel 2; 20 gac. aas penentypsl 3 U 2 uac.
aqas peuentypol 4. Cuutas, yTo Nocje yKasaHHbIX BpeMeH jaJbHelillee OT-
BepiK/eHHe KOMNayHA0B NPOHCXOAUT BecbMa MeAJeHHO, Mbl BHIOpaJIH BpeMs
oTBepxkaeHuss paHbiM 100 uyac. Aasf Bcex peuentTyp, U CUMTaJNH, YTO B ITOM
cayuae NpHBEJEHHBI B Tab6a. 2 TeMnepaTypPHBIH peXHUM JaBaj BO3MOXKHOCTb
nosyuath. o0pasupl ¢ Hanbosaee 6AH3KOH CTENEHbIO OTBEPIKAEHHS.

[Tose3HO OTMETUTb, YTO B JAHHOM CJyuyae XJIOPEHAHK AHTHAPHU[, UTpas
pPOJIb YCKODHTEASI PeakUHH OTBePKAEHHUS.

Jast uccneoBaHUN 3JEKTPUUECKOH NPOYHOCTH HCHOJb30BAJHCL 3JeK-
TPOABI 2-X THUIIOB: OCTPHE — MJOCKOCTh U cepa — MJIOCKOCTb., s 3jeKT-
POJOB OCTpHE — IJIOCKOCTb PaJMyC 3aKPYILJIEHHS OCTpHs Obl B INpelenax
15—78 MmukpoH v paccrosinne Mexnay suaekrporamu 0,1—0,8 mm. das snékr-
ponoB cdepa — MIAOCKOCTb paanyc coeprl paBHHﬂCﬂ 7,5 MM 1 paccTosinue
Mexay 3snekrpogamu 0,3 mam.

Hamepenre 3JeKTpHYECKOH NPOUHOCTH HpOBOﬂHﬂOCb B cpele TPAHC-
¢opmMaTOpHOro Macsia pH KOMHATHOH TeMnepatype. Hanpsikenue yactoToit
50 ey nMoABOANJOCH IJIABHO 10 npoéoﬂ CO CKOPOCTbIO 2 K8/MUH. B KauecTBe
3JIEKTPOJIOB HCNOJb30BAJICS CJAOH akBajara.

Ha puc. 1, a npusefeHs pe3yibTaThl U3MEPEHUS 3JEKTPHUECKOH MpOu-
HOCTH KOMIIayHJa B 3aBHCUMOCTH OT BECOBBHIX HacTeH XJIOPEHIHK aHTHAPHIA
B 3)TEKTHYECKOM CIJaBe OTBepauTeseir. M3 npuBeIeHHOro pHCYHKA BHIHO,
4TO CpejHee 3HAUEHHE 3JIEKTPHUECKOH MPOUYHOCTH KOMINAYHAOB BO3paCTaer
C yBeJHUYEHHEM IPOIEHTHOIO COAEPXKAHHS XJOPEHAHK aHIHAPHAA B CMECH..
MaxkcuManbHOe 3HaueHHe cpefHell 3JeKTpUUeCKOH NPOYHOCTH TNPHXOJUTCS
Ha KoMIayHA, cofepxaiui 38,4 BecoBbix yacTH (B. u.) aurugpuna (20% ot
CTEeXHOMEeTPHUYECKOTO COOTHOUIEHHS), IpHUYeM MAJSI 3JeKTPOJOB OCTPHE —
HJOCKOCTh 3JIeKTpHUecKasi POYHOCTb Bo3pacTtaeT B 2,5 pasa, AJs 3JEKTPO-
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Jop chepa — NJ0CKOCTs — npuMepHo B 1,7 paza. Taxum o6pasom, nobasie-
Hue B peuentypy komnayHaa 20% XJoOpeHIHK aHTHAPHIA MDPHBOAUT K
3aMeTHOMY YBeJMUEHMIO 3JeKTPHYECKON NPOUHOCTH KaK B Pe3Ko HepaBHO-
MEpPHOM, TaKk H B ¢/1a00 HePaBHOMEPHOM 3JEKTPHUECKOM IOJe.

[lapangenbHo /s 9THX »Ke COCTABOB [POH3BOAHJOCH OTpefeseHHe
MeXaHHYeCKHX XapaKTePHCTHK IPH KOMHATHOH TeMmepaType: npejena npoy-
HOCTH IIPH PACTS2KEHHH O, Ipefiesa I[POYHOCTH NPH H3rHOE o, H OTHOCH-

TEIbHOrO YAJIHHEHH:A e. [IpH onpefefeHHH YKa3aHHBIX XapPaKTePHUCTHK AJs
Kaxoro o6pasua 3anucblBajach IHarpamMma «ycHJaHe-1eqpopMalHss.

Ha puc. 1, a npusenennr cpefnne 3HaueHUs YKa3aHHBIX XapaKTePHCTHK,
COOTBETCTBYIOUIHX H3MEPEHHsIM, BBHINOJHEHHBIM Ha 5—7 ob6pasnax. M3
puc. 1, a BUAHO, YTO NpH yBeNHYEHHH COAePKAHHS XJOPEHAMK aHIHAPHAA
BO3pacTaloT G, ¢, H e IlpuueM Tak xe, Kak W B CJAyYae 3JeKTPHUECKOM
NPOYHOCTH, TepeurC/eHHble XapaKTePHCTHKH HMEIT MaKCHMyM IpH CcojJep-
XKauuu anruapuga HET 20%,
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Puc. 1. 3aBHCHMOCTb 3JEKTPHYECKHX M MEXAHHUYECKUX CBOHCTB
KOMNaynia OT HpPOLEHTHOro COASP:KAHHA XJAODEHIHK AHTHAPHIAA:
a) 1 — 3JekTpolbl «chepa—IIocKOCTbY; 2—3/1eKTPOAbl «OCTpPHE—

IJIOCKOCTb», 3 —Ipefeda NPOYHOCTH NPH PACTAXKEHHH; 4 — hpe-

JeJ NPOYHOCTH NMpH H3THOe; 5 — OTHOCHTE/BbHOE YHJIMHEHHE IpH

paspoiBe, 6) 6 — cBA3b PMEXKNY 3JEKTPHUECKOH H MeXaHUUECKOH
IIPOYHOCTBY KOMIAYHAA '

XapakTepHo, 4TO TIPH CONOCTABJIEHHH 3JEKTPHUECKOH H MeXaHHYECKOMH
NPOYHOCTH HCCJEAYEeMBbIX pPeUeNTyp MOXKHO 3aMeTHTb TeHIEeHLHI0 pocTa
3JIGKTPHUECKOH TIPOYHOCTH € yBeJHYeHHeM MeXaHHYeCKOH MPOYHOCTH
(puc. 1,6). :

MuKpocCKoNHuecKHe HCCJAelOBAHUST NMOKA3aJH, YTO B KOMHNAayHJIE, COMAep-
KameM 96 B. 4. XJOpeHAHK aHTHAPHIA, HMeeTcsd GOJbLIOE KOJHYECTBO Ta-
30BBIX [10P, KOTOpPble OCTaNuCh B OBICTPOTBEPAEIOLIEM KOMINAyHIE TOC/e 3a-
JUBKH B (popMbl. O4eBHIHO, NPHCYTCTBHE Ta30BbIX TOP SIBHJIOCH OCHOBHOMH
NPHYAHOM CHHXKEHHS 3JEKTPHYECKON M MeXaHHUeCKOH IPOYHOCTH KOMMayH-
na npu 60JbIIOM COJAepKaHHH XJOPEHIHK aHTHAPHAA.

M3 nurepaTypbl H3BeCTHO, UTO NPH JJIHTEJbHOM BO3AEHCTBHH TepeMeH-
HOTO HaNpsiXKEeHHsI C OCTPBIX YIJIOB 3aJHTHIX MeTaJJIHYECKHX 3IJEKTPOJNOB H
€ TOBEPXHOCTH HOHH3HPYIOIIHX ra30BbIX BKJIOYEHHI HayHHaeTcs fpopacra-
HHe AEeHADPUTOB — IOJIBIX TPYyGOYeK, 3aM0/JHEHHBIX ra3oM H 06pa3yroUIHXCcA
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B pe3ysbTaTe MHKPOCKONMHYECKHX npo6oeB AH3JEKTPHKA B 0671acTh JIOKAJb-
HBIX MAKCHMaJbHbIX HalpsKeHHOCTeH 3JeKTPHYECKOTOo IO/ [3, 4]. Pocr
JIeHAPUTOB TPHBOAHT K CHHIKEHHIO JAJMTeNbHON 2JeKTPHUECKOH MPOYHOCTH
u 3aBepuiaercs npoGoeM H30JSIUH. Poct [eHADPUTOB HAMH H3yyaJcs B
3JeKTPOjlaX OCTpHE — IIJIOCKOCTh MyTeM HabJ/IOeHHsT 32 MOMEHTOM MosBJe-
HUS JEHADHTA W €ro POCTOM uepes CrelHaJbHOE omnTHYECKoe TpHcnocobie-
iue. BBUIO yCTaHOB/IEHO, uTO JoOaBjeHHe XJOPEHIHK aHrUApHIA HU3MeEHseT
xapakTep ¥ ¢opmy 06pasyrouuxcest AeHApUTOB ¥ INPHUBOAMT K 3HAUMTEJb-
HHOMY YBeJHYeHHIO JIeHJPUTOCTOHKOCTH KOMMayH/a.

Takum o6pasom, A06aBjeHHe XJOPEHAHK aHrHIpUAA K LHKJIoaNHPa-
THYECKOH cMOJie MPUBOAUT K YCKODEHHIO CKODOCTH OTBEPXKIEHUS H yJaydia-
eT 3JEKTpHYECKHe H MeXaHHYeCKHe CBOMICTBA KOMTayHJAa, H3yueHHble TpH
KOMHATHOH Temmeparype.
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