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BceraHoBieHO B32€MO3B 30K MiX CTPYKTYpOIO, €IEKTPO(I3MYHHMH 1 CEHCOPHUMH BiacTHBOCTAMH KM B
cucremi [IBX — TPI'. IToxa3aHo, 10 I CHCTEMa Ma€ OJHH HOPIr MepKoJsinii. st mporuo3yBaHHS 3HAUCHB Py Bif
Bmicty TPI" 3anpornonoBaHo Bupa3, TUIOBHI a1 Teopii nepkoii. Onepxano cepiro KM na ocnosi [IBX i TPI' 3
HINPOKHUM CIIEKTPOM eNeKTpodi3uyHuX BiactuBocteil. EnekrporpoBinni marepiamu 3 Bmictom TPI' 0,06 — 0,15
00’ €MHOI YaCTKH 3alIPOIIOHOBAHO JUIsl CTBOPEHHS CEHCOPIB, Yy TJIMBHX IO Jii ra30MoAiOHNX CIIONYK.

Cmammsa nocmynuna oo pedakyii 10.05.2005; npuiinama 0o opyky 15.11.2005.

Tepmoposumpennii rpadit (TPI) — yHikamesHUI
BYTJICIIEBUI KOMITOHEHT JUIsI CTBOPCHHS KOMITO3UIIHHUX
Mmatepianie (KM). Ha BigmiHy Big iHmImX Qopm
mucniepcaoro  rpadity  4actuakn  TPT  maroth
yepBenoaiOHy QopMy Ta HOPUCTY, CTHUILHHKOBY
CTPYKTYpy moBepxHi [l, 2]. 3aBOsgku CTPyKTypHHM
ocobmmBocTsiM wactTuHkd TPIT muactmuni, tomy TPT
JEerKo  repepoOnseTbess  y  BUpoOM  (IpecyeThes,
NpOKAaTyeTbest y  (ONbBry), JIETKO CyMillaeTbes 3
noxiMepamu [1 — 7].

3 kommno3uuiiinnx wmarepianie (KM) Ha ocHOBI
nonimepiB i TPI" ogepxyroTh BUpOOH 3 aHTHCTATHIHIMH

i eIeKTPHIHIMHA BIIACTUBOCTSAMU (emexTponw,
PE3UCTHBHI ~ €JIEMEHTH  HAarpiBadiB), VHIKaJIbHIMH
NPYKHBO-IUITACTHYHUMH XapaKTEePHUCTHKAMHU (IIPOKIAIKH,
CabHWKHW,  TOTHMHA4Yi  BiOparii),  choemiaasHUMHU
TEIUIO(I3UIHUMH BIIACTUBOCTSMH (Temmo3axucHi
eKpaHu, TETJIO0OMIHHUKH), Pi3HOMaHITHI
KOPO31MHOCTIMKI AeTal il XIMIYHOT MPOMHMCIIOBOCTI [ 1
— 7). OcraHHIM 4YacoM HaMH 3alpOIOHOBAHO

3actocyBaHHs KM, mo MicTaTh mosimMepH (IOMieTHICH
(ITE), monirerpadropermnen (IITDE), noniBininxmopug
(ITIBX)) i TPI" nnst crBopenHs uyTinuBuX eneMeHTiB (UE)
CEHCOpiB I imeHTU]IKAI]l Tra30MoMiOHNX CIONyK [8 —
12]. Mpote, psx TMUTaHb, IO CTOCYIOTHCS CTPYKTYPH,
eNeKTpO(I3MIHUX Ta CEHCOPHHX BiacThBocTer KM Ha
ocroBi IIBX 1 TPI' ma ceoromui He 3'gcoBani. He
BCTaHOBJIEHO 3akoHOMipHOCTI BBy TPI' Ha mpornecu
ckinyBanHs [IBX B KM; He 3’scOBaHO SKHM UYHWHOM
npouecu  ckiayBanHs B [IBX  BrumBaroTh  Ha
enekrpodisuyni  BiactuBocTi KM; He BH3HAYEHO
B3a€MO3B 30K MiX CTPYKTYpOIO KM,
KJIaCTEPOYTBOPEHHSIM fioro KOMITOHEHTIB Ta
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eNeKTPO(I3MYHIMHU 1 CEHCOPHUMH BIACTHBOCTAMH KM
Ha ocHoBi IIBX i TPT.
Meta poOOTH: BCTAaHOBHTH B3aEMO3B SI30K MiXK

CTPYKTYPOIO,  €JeKTPOI3UYHUMH 1  CEHCOPHHMH
xapaktepuctukamu KM Ha ochoBi IIBX i TPT,
BU3HAUUTH  KOPEJLIMIHHY  3aJIeXHICTh ITUTOMOTO

00’eMHOT0 eJIeKTpUIHOTro onopy (pxm) Bia BMmicty TPT.

s iHTepmperallii ofepKaHUX pe3yabTariB B [3]
3alpONOHOBaHa po3po0iieHa HaMM KOHLEMIis, MI0
IPYHTY€TbCS Ha KJIACTEPHOMY MIIXOJi i BHKOPHCTaHHI
SBUII HepKoAuii 10 (GOpMyBaHHS  IOJIMEPHHUX
komnosumiitanx cucrteM (IIKC), mpurnmmax momiOHOCTI
Ta caMomomiOHOCTI  KiacTepiB, YSBICHHAX IO
YTBOpeHHs CTPYKTyp ¢pakranis [TKC.

Hdns onepxanas KM, gymmBux 1o anxcopOmii
ra3omnoaioOHuX CHOMYK, K €JIeKTPONPOBITHUI
kommoHeHT ob6paHo TPI' mapkm T'AKB-2 (HacumHa
ryctuHa 8 Kr/M’, cepeiHiii posmip uactok 0,475 MM,
mutoMa moBepxHs 30 MY/T), sk cromyune — IIBX
npomuciaoBoro Bupoouuirea. KM Ha ocHosi [IBX i TPT'
0JIep)KyBaJlM BUKOPHCTOBYIOUH ITOTIEPEIHE 3MilTyBaHHS
KOMIIOHCHTIB Y BHIJIAI IOPOMIKIB 3 IOJATBIINM
NIPECYBaHHAM 3a TpaauLiHOIO TEXHOJIOTIETO.
Konnenrpanito rpagity B orpumanux KM BapitoBam
Bix 0 mo 100 macoBux % (mac. %), IO BiAMOBizmae
BMmicty TPI Big 0 mo 1 06’emHOi (00.) gactku. ToBnriHa
3paskiB ckaagana 0,5 + 0,03mm.

Xapaxkrepuctuky TPI' Bu3Hawamm sk onmcaso B [13].
st oninku crpyktypu KM BUKOpPHCTOBYBaIM ONTHYHY i
€JIEKTPOHHY MiKpOcKoIito npu 30inbienHi B 10 — 120 i
500 — 5000 pa3iB BiamoBigHO, aHajoriyHO 5K B [8]. dus
BiBueHHs BBy TPI' Ha Temmepatypy ckimyBanus [1BX
3aCTOCOBYBAIN METOJ| AW(EPEHLIATbHOTO TEPMIYHOTO
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agamizy (ATA). Kpusi JHATA peectpyBamm Ha
nepuBarorpadi mapku Q-1500 (MOM, bynanerur).
IIBuzkicTs Harpisamms cknagana 2 °C 3a | xBuimHy B
iHTepBam Ttemmepatyp 20 — 150 OC. Sk eramon
BuKopuctoByBainu Al,Os.

[Muromuii 0o0'eMHMI  enekTpu4HUA omip  (Pxm)
enekTpornpoBinHux KM B HanpsiMKy napajieabHOMY
omyHi  3pa3ka Bu3Hauamu 3a [OCT 6433.14-71.
EnexTpoomip  BHCOKOOMHHMX  3pasKiB  BHMIpIOBAIN
tepaommerpoM E6-13A. Yyrtmueicte KM nmo nii mapis
ra3omoNiOHUX CIIONYK BH3HAYAIM Ha CHCMiaJbHHX,
po3pobieHnx Hamu MakeTax. Cxoka KOHCTPYKIIist
ceHcopiB ommcana B [8, 9]. [us igeHTHbIKAIT TEBHOT
razoBoi CIIOJIyKH ra30CeHCOpHUM Marepiain
pO3TaloOBYBald MDK  enekrpomamu, (GikcyBaid B
€JIEKTOI30JSIIHHOMY  YTpHMYBadl 1 pO3MillyBajiu B
Kamepi (ra3oKOHTPOJIHLOBAHOMY 00'emi). Sk
indopMarliiHi mapaMeTpu IS IHIMKAIii pPOIECiB
agcopOii — gecopOmii Ta30moiOHMX CHONYK OOpaHO
Takl IMOKa3HUKU: Ry — MMOYaTKOBHMH eNEKTPUYHMI OIip;
Rx — enexrpumunmii omip 3a meBHoro uacy; ARy —
3HadeHHs 3MiHH enekTpoomopy (Rx — Rp); Rpax
€JIEKTPOOITip, IO BiAMOBiTa€ MaKCHMAaNbHIN amcopOrii
razoBoi cmomykn; ARy/Ry — BimHOocHa  3MiHa
eleKkTpoormopy; t — dWac nii Ta30BOi  CHONYKH;
d(ARx/Ry)/dt — mBHAKICTP 3MiHH  BiZHOCHOIO
enekTpoonopy. Ilepex mowarkoM momadi B Kamepy
ra3oBoi CIOJIyKH MpPOBOAWINM BUMIp 1 KOMIIEHCALIO
MOYAaTKOBOTO OIOpPY [0 HYJIBOBOTO 3HA4YCHHS 3a
noromororo mMocta YIIMII-60M (3a temnepatypu 22+1
°C i Bomorocri moBitpst 65+5 %). Jlaii moaBaiu ra3oBy
CIIOJIYKY 1 peecTpyBaJIu 3aJIEKHICTh 3MiHHU €JIEKTPOOIIOPY
(AR,) Bim wacy mii ra3zomomiOHOi cmomyku (t) 3a
JONIOMOTOI0  IBOKOOPAWHATHOTO  CaMO3aIHCYI0Y0Tro
nipuctpoto. [1icis KocATHEHHS MaKCHMaJIbHOTO 3HAUCHHS
azcopOuii mapiB 3a1aHOT ra30BO1 CIIOIYKH 1X BUAAISUIHN 13
KaMepH TPOIYyBOM CYXOTO TOBITPS 1 peecTpyBaIH
nporec aecopomii (cmag ARx = f(t)). JIns Bu3HAueHHS
BIUIMBY HACHYEHHMX NapiB ra3onoAiOHHX  CIOJIyK
(aueToHy, TOyOIIy, €THIOBOTO CIHUPTY Ta amiaky) Ha YE
CeHCOpa BHMKOPUCTOBYBaJM 3pasku KM 3  pisHuM
Bmictom TPI'. B pesynbrari onmepkaHO cepil0 KpHUBHUX
azncopOuiiiHoro Binryky (ARx = f(t)).

I. Pe3yabTatn Ta ix 00roBopeHHs

Opnepxani JaHi JIOCITIKEHHS CTPYKTYpH,
eJIeKTpO(I3NYHUX 1 CEHCOpHMX BiacTHBOCTEi cepii KM B
cucremi [IBX — TPI" HaBeneno na puc. 1 — 6. Ha puc. 1
MpeCTaBIeH] TepMorpamu HeHarmoBHeHOro [IBX ta KM
Ha Horo ocHOBI 3 pizHUM BMicTom TPI'. Ha pmuc.2
TIPEACTaBICHA 3CNICKHICTh BEIMYMHU Pxy OACPKAHUX
KM Big sBwmicty (®) TPI. Ha pumc. 3 HaemHo
MikpodoTorpadii MakpoCTpyKTypH TOHKMX IuIiBok KM
(10 mMkm). ®ororpadyBaHHs HIPOBEAEHO y CBITII , HIO
NpOXOANUTh 4Yepe3 3pa3ok. Ha puc.d — 3anexHIiCTh
esiekTpoonopy (R) Bin Hampyru eneKTpHYHOTO CTpyMy
(U) nns 3paskie KM 3 pizaum Bmictom TPI'. Ha puc.5 —
3aJeXHICTh enekTpoonopy R Bin temmneparypu (T) ms
3paskiB (KM) 3 pisaum Bmicrom TPI. Ha puc.6 —
ceHcopHi xapakrepuctuki KM 3 pisanm Bmictom TPT.
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Jus  mocmimkeHHA — (QI3MYHHX — TIEPEXOIiB B
mojiiMepax IoctaTHbO iHGopMmatuBHuM € meron JTA
[14]. Sk BigHO 3 puc. 1 TepMorpaMa HEHANIOBHEHOTO
[IBX xapakTepu3yeTbcs HasBHICTIO HEBEIIMKOTO 3THHY B
obmacti Ttemmeparyp 74 — 84 , w0 BignoBigae
Temrneparypi Horo ckmyBanHsa (T,). 3rizHo 3 pobotamu
[14] Bennuuna T, BU3HAYa€TLCA K TEMIIEPATYpPa, 3a KO
BiZI0OYBA€THCS BIIXWIICHHS KPUBOi HAa TepMOrpamMMi NpHU
3pocTaHHl Temmeparypu. B oOmacti Temmeparypu
CKIIyBaHHs, $Ka BHM3HAYA€ThCS IMOSBOIO PYXOMOCTI
CETMEHTIB MOJIIMEPHIX JIAHIIOTiB B aMOPPHHUX 001acTIX
MOJIiMepy, CIIOCTEPIraeTbcs 3MiHA TEIUIOEMHOCTI, IO
NPOSIBISIETHCS HA TEPMOIpaMi IoJliMepa y BUIJISAL 3CyBa
OCHOBHOI Tepmorpadiunoi mimil. OTxke, mepexid, IO
CIOCTEPIraeThcsi Ha TEPMOrpaMi € Mepexia APYroro poay
i BinOyBaeTbcsi 0Oe3 3MiHM EHTaJbIii, ane 3 Ppi3KoIo
3MiHOIO  mUTOMOI  TeroemHocTi.  Temmepatypa
CKIIyBaHHS ~ 3QJIeKUTh  BiX  JEKUIbKOX  (haKTopiB:
MOJIEKYJISIPHOI MacH II0JIiMEpY, BHYTPIIIHIX HalpyXeHb
i, B MeHII wMipi, Big mBuaKocTi HarpiBy. Hamm
BCTaHOBJEHO, W0 mpu BBemeHHi 5 — 20 % TPT
TeMIlepaTypa CKIyBaHHS 3HAXOMMThCs B Mexax 74 °C.
Ipouec ckIyBaHHs 3akiHuyetbes mpu 84 — 88 °C Ta
Maibke He 3anexuTh Bim koHmeHtpamii TPI. 3a ymoBm
Bmicty 30 — 50 % TPI" TemnepaTypa cKiyBaHHS 4iTKO HE
HPOSBIISIETHCS.

Cnin 3a3HaunTH, mo B Jyitepatypi [14, 15] mHemae
€1uHol IyMKH cTocoBHO 3HaueHb T, IIBX. Tak, 3a
naanmu Ku [14] T, vermactudikosanoro I[1BX nexuts B
o6macti 82 — 88 °C. 3riHoO 3 pe3yIbTATOM JOCIIIKEHD
Comepa 1 Pemimi  TtemmepaTypHOi — 3aieXHOCTI
JUHAMIYHUX 1 MJIETCKTPUYHUX BIIACTHBOCTEH 3pa3KiB
[IBX TemnepaTypa ckiyBaHHs Biamoimae 74 °C [15],
o 100pe y3roKyeThesl 3 OACPKAHUMH HAMH JaHUMH.
Bmme  mporeciB CKIyBaHHA — HAa  TEMIIEpaTypHi
3aNIe)KHOCTI  IHTOMOTO  €JEKTPOONopY pxm  OyzAe
MIOKa3aHO HaMH B TTO/IAJIBIIOMY.

Po3srisiHEMO BIUIMB TPOIECIB  KJIACTEPOYTBOPEHHS
KOMIIOHEHTIB Ha MaKpOCTPYKTYpYy Ta elleKTpo(di3nyHi
BiacTuBocTi onepkanux KM. Sk BugHo 3 puc. 2
3aJIeXKHICTh 3HAa4YeHb pyy 3pa3kiB KM Big Bmicty TPIT
Mae CTpHOKONOAiOHMH XapakTep. 3TifHO 3 0Jep )KaHUMHU
Hamu ganuMu cuctema [IBX — TPI' mae ogmH mopir
nepkoysnii @ = O¢ 0,04 o6’emnoi yactku TPT.
YTBOpEHHS HENEpPepBHOTO HECKIHYEHOro KiacTepa
(HHK) TPI' mob6mu3y mopora mnepkoisnii (@ > Oc)
BUKJIKA€ CTPHOKOMOAIOHE 3MEHIICHHS 3HAYeHb pPyy Ha
IeKinpka mopsnkis. Lle sBume 3a epexToMm il momiOHe
110 (ha3oBOTO MEPEXOay APYTOro poay, Xod Gpa3oBUX 3MiH
B TPI' He BimOyBaeThcs, a JHIIE YTBOPIOETHCS HOTO
HelepepBHa CTpyKTypa. Sk BumgHO 3 puc. 3 3a
koHnentpauii TPI' 0 < ® < O¢ crpykrypa KM cucremn
IIBX — TPI' sBnse co0Ol0 MaTpWIIO 3 KiIacTepiB
noJiimepy 3 BrmoueHHsmMu TPIT (puc. 3a). 3a ymoBu © >
®c yrBoperns HHK 3 TPI' cynpoBomxyeTbes
sankHeHHsM HHK 3 I1BX i npu Bmicti TPI O < ® <1
icaye nmume HHK TPT i i3omp0BaHi kimactepu mosimMepy
(puc. 30).

Jnst cTBOpEHHS ENeKTPONPOBITHUX T'a30CEHCOPHUX
MaTepialliB BaXJIMBO BH3HAYUTH HAWOULTBII IMOBIpHI
MEXaHI3MH TIEPEHOCY CIEKTPUYHHUX 3apsIiB B CHCTEMIi
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[IBX — TPT'. JIng 1p0r0 MpOaHANi30BaHi BOJIBT-aMIICPHi
XapaKTEepUCTHKH 1 3aleXHOoCTi enekTpoornopy (R) Bix
Hanpyru enektpuaHoro mois (U) g mHMxX CHCTEM.
Bcranosneno, mo 3a ymoBu BMicty TPI" 7 —10 macoBux
% (® = 0,05 — 0,07 06’emHoi yactku) 3anexxHocti R(U)
3pazkiB. KM MaroTh HuU3Najgalouuidl  xapaktep, IO
CBIIYUTh TNIPO MOXKJIMBICTH TYHEJIOBAHHS EJIEKTPOHIB
yepes 3a30p Mik yactkamu TPI (puc. 4) [8]. 3a ymoBH
30inbiienns BMmicty TP (@ > 0,1 06’emMHOi 4acTkH)
sanexHicTh R(U) Mae mineliHuit  xapakrep. lle
MOSICHIOETBCSL THUM, IO EJIEKTPOIPOBIIHICTE B 3pa3Kax
KM 3 takum Bmicrom TPI' 3mificHIOETBCS 3a paxyHOK
0e3mnocepeIHbOTO0 KOHTAKTY MixK yacTkamu TPT .

Hdus KM, mo wictate 15 macoBux % (0,106
06’emHoi yactku) TPI' i Oinmblie, HA KOPUCTH TAKOTO
MeXaHi3Ma eJIeKTPONPOBITHOCTI CBIMYUTH TOU (aKT, 110
Ha 3anexHocTasx R = f(T) cmocrepiraeTscs Bim eMHUMIA
TeMIepaTypHuil koeQillieHT enexTpoornpopy (puc. 5)
aHaJoriyHo, K 1 jis 3pazka TPI' (6e3 momimepy). Tum
He MeHu, B obnacti Bmicty TPI" 7 — 10 macoBux %
MOXJIMBE ICHYBaHHA JIByX MEXaHi3MiB IIPOBITHOCTI
HOCIIB  enekTpuyHHMX 3apsiniB B KM sk yepes
OesmocepenHid KOHTaKT MDK 4YacTKaMH, TaK 1 IO
TyHETBbHOMY MeXaHi3My. TakuM YHHOM, MeEXaHi3M
npoBigHOCTI B KM 3aneXuTh BiJl BMICTy KOMIIOHEHTIB.
AHanoriYHMi BUCHOBOK 3po0yieHni B poboTtax [4 — 6,
13] Ha OCHOBI JAaHMX HOCHIHKCHb EIEKTPODIZUIHUX
BrnactuBocteid KM B iHmmx cuctemax moiimep — TPT.

Ha Bigminy Big KM, mo mictsats 10 — 15 % TPT, ans
3paskiB 3 KoHIeHTpamiero rpadity 7 — 10 % 3apxau
CIIOCTEPIraeThest MO3UTUBHUI TeMIIepaTypHUL
koedimieHT exekrpoonopy (puc. 5). Lle sBuiie mos s3aHo
3 tum, mo [IBX mae Temnepatypy ckmysanus 74 °C (3a
JaHUMH  AU(QEepeHLiHHOr0 TepMIYHOTO aHawiizy). 3a
YMOBH TIiJBUIICHHS TEMIIEpaTypH 30UTBIIYETHCS 3a30p
Mik dactkamu TPI' i, Sk Hacmimok, 30UTBIIYETHCS
3radenHs R. [Ipo npomecu nepedynoBu B cTykTypi KM
CBIIYMTh  HASBHICTh  TICTEPE3UCY  Ha  KPUBHX
sanexkHocreit  R(T) 3a  ymoBm  Garatopas3oBoro
muKToBadHA 3pa3kiB KM. ®opmMa KpHUBHX THCTEPE3UCY
3anexurs Big BMmicty TP B KM Ta rpaHuuHOi
TEMIIEpaTypH, 10 Kol HarpiBanu 3pa3ok. Tak, 3a yMOBH
Bmicty 10 % TPI' B KM BinOyBaeTbcs 30i7bLICHHS
€JIEKTPOOIIOPY B NPOLECI TEPMOLMKIIOBAHHS, aje BXKE
micnst  ApYroro LUKy — 3HAYeHHS  [TOYaTKOBOT'O
enekTpooropy 3paska KM  crabimizyerscs. [licns
HACTYIHOI CTafil MUKIOBaHHA (HarpiB mo 80 OC, BUILIE
3a TEeMIIepaTypy CKJIyBaHHs) 3HAa4€HHA R, 3ammmaeTrscs
He3MiHHMM. DakT MOXIHMBOI 3MiHH €JIEKTPOOIOPY B
mporieci HarpiBy HEOOXiIHO 3aBXKIM BpPaXOBYBAaTH IIPH
MiATOTOBII A0 AocmimkeHHs rasoceHcopHnx KM. Tomy
nepeJl BU3HAUSHHSM TI'a30CEHCOPHHUX XapaKTEPUCTUK MU
3aBXKIM TPOBOAMIM OaraTtopa3oBe IMKIIOBaHHS JUIs
crabumizauwii BUXIZHUX  XapakTEPUCTHK  Marepialis,
YyTJIMBHX JI0 Aii Ta30M0IOHUX CIIOJYK.

Ha ocHoBi ananizy xapakTepy 3ajiexxHocTedd pxu(®)
3paskie KM B cuctemi [IBX — TPI' 3 mo3wumii Teopii
nepkosmnii [3 — 6, 16, 17] HaMu BCTaHOBJIECHO, IIO B
obnacti Bmicty TPI' Oc<@<1 cnpaBemanuBuii BHpa3
BUTIIALY:

pim (©) ~p2 (O—O¢) ", (1)
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prm (©) =" (O —O¢) ", ()

e p, — TUTOMUH 00 €éMHUH eNeKTPUYHUN OIIip
enextpomnposigHoro kommnonenta (TPI'), ® — noBibHO
obpaHa KOHIEHTpalisl, ®@c — KpUTUYHA KOHIICHTpAIIis 3a
SKOI0 BUHHKAaE EJEKTPONPOBIAHICTh B 3pa3ky KM, t —
KPUTUYHHUN 1HJIEKC, 00 — KOE(DILIEHT, 110 HaOIMKYEThCS
Jo 1.

3 oleprKaHUX JaHMX BU3HA4eHO, 1o t = 1,54 + 0,04.
Take 3HAYCHHS KPUTHYHOTO IHJCKCY XapaKTepHE IUIs
CHUCTEM 3 OJHHM IOPOTOM IEPKOJAIMI{ i 3HAXOAUTHCS B
Mexax Big 1,5 mo 1,8 mis mozmenell TpHBHMIPHHUX TPATOK
[l6, 17] i ™MopmenpHHX CHCTEM TMONiMEep —
€JICKTPOIPOBITHUI KOMIIOHEHT, JOCTiIKEHUX PI3HUMH
apropamu  [3 - 7, 16, 17]. BigxuneHas
eKCIICpUMEHTANBHUX ~ JaHUX  BiA  3HAYCHb Py,
oiepKaHUX 3a BupasoM (2), He mepeBunrye 7 %, ToMy
BHpa3 (2) 3anpoNnOHOBAHO AJS IPOTHO3YBaHHS BETUYUHU
CJIEKTPUYHOrO Omopy Juis cuctem mojimep —TPIT 3
OJIHUM TIOPOTOM TIEPKOJIALII.

B mnonamsmomy opepxani enexTponposigHi KM
BUKOpHCTaHO I dyTiuBux enemeHtiB (YE) cencopis
s imeHTH(iKamii Ta30MOAIOHMX CHOJYK (aIeTOHY,
TOITyOJIy, €THJIOBOTO CHHPTY Ta amiaky). [Hpopmarmiro
CTOCOBHO MaTepialliB, YyTIMBUX OO il Ta30momiOHuX
CHOJIYK, CIIOCOOIB 1X OJICpIKaHHs, KOHCTPYKIIiH
Cy4JacHHX CeHcopiB HaBexeno B [8 — 12, 18, 19]. B
pobotax [8 — 11] HaMu MMOKa3aHO, MO MEPCIEKTUBHUMHU
ra3oceHCOpHUMH MaTepiasiamd € KM Ha OCHOBI
nosimepis i TPT.

PosrnsiHeMo BIUTMB  Ta30MOAIOHMX CHOJIYK Ha
estekTpuuHi xapakrepuctiuku KM Ha ocHosi [IBX i TPT.
S BugHo 3 puc. 6 onepxani KM Biapi3HsIOTHCS
IHAWBITyadhbHOIO BHOIPKOBOIO 3/aTHICTIO 1O pPi3HUX
cnonyk. KokHa KprBa 3aJI€KHOCTI €IeKTPHYHOTO OMOPY
Bix yacy (ARyx = f(t), abo ARx/R¢ = f(t)), mo Bimnosigae
mporiecaM azacopoOmii-gecopbuii ra30mogiOHNX CIOMYK,
XapakTepHa TUTBKH IS aHOi CIIONYKH 1 BIAPI3HAETHCA
Bil IHIIMX CHOJNYK TaKWUMH IIapaMeTpaMH: dYacoM,

HEOOXimgHMM  JyIi  aj;copOuidiHoro  BiATYKy  (to),
NIBUJKICTIO 3pPOCTaHHS EJICKTPOOIOPY, 4YacoM JUIs
JMIOCSATHEHHS PIBHOBAXHOTO 3HaueHHI Ry = Ry

(HacudeHHs), 3HAYCHHSIM R, (BelWYMHA E€KBiBaJICHTHA
afcopOIIii mpu HACHYCHHI), YaCOM JIeCOpPOIIii Ta 1HITHNMH
XapaKTEePUCTHKAMH.

AHami3 ceHCOpHUX XapakTepucTuk KM Ha OCHOBI
[NBX i TPI' cBigunTsh, mo meit KM HaiiOLIbpII Iy TIHBHIA
no il amerony. Ilpu mpoMy 32 YMOBH OZHAKOBOTO Yacy
nii mapiB (Hampukmanm 2 XB.) LUUX CIHOIYK 3HAYCHHA
ARx/Rg 3MEHIIIy€eThCSI B TAKOMY TOPSAKY JUIsL PsILy mapiB
PO3YMHHHMKIB: alleTOH —> TOJYyOJ — €THJIOBUH CIIUPT —
amiax.

[Tpu nocmimxenHi 3anexHocTi BenmuuuHu ARx/R, Bif
Bmicty TPI' crnocrepiraeTbcss Taka 3aKOHOMIpPHICTB:
30inpmenHs Bmicty TP B obmacti ®¢ < © < 1
MPHU3BOJNTE 10 3HIDKEHHs 3HadueHb ARy/R, mpm
ajcopOmii BCIX PO3MISHYTHX Ta30MOMIOHMX PEYOBHH.
Orxe, HalbOiIbma YyTIOMBICTH  ceHcopHHX KM
CIIOCTEPIraeThCs MOOIM3Y OPOTa MEPKOIAIIT O.

AHami3 KpUBUX aAcOpOIHOTO BIATYKY CBiITYHTH
mpo O0OOpOTHICTh TpomeciB ancopOmii — mecopOmii
ra3ononioHux crmosryk Ha moBepxHi KM, mo € o3HaKomo
¢hizmuHOi agcopOmii mux cmomyk [20]. Ockimpku mpH
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Puc. 1. Tepmorpamu HenanoBHeHoro [IBX (1) ta KM ma Puec.2 3anexHicte Jorapupma muTOMOro 00'€MHOTO

1oro ocHOBI, o Mictate 10 (2), 15 (3) ta 50 (4) macoBux % enexrpuanoro onopy (lgpxm) Bin BMicty TPI (O, 06'emHOT

TPT. YacTKM) [UIS TIPOB3LOBXKHBOTO HAmpsAMKy 3pa3kiB KM
cuctem [IBX-TPT

Puc. 3. Ontuuni mikpodororpadii Tonkux miiBok 3pazkie KM, mo mictsats 0,015 (a) ta 0,106 (6) 06’emuoi yactku TPT'
(306inpmenns — 100:1).
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3mini Bmicty TPI' B KM BinOyBaeThcs 3MiHAa BHUTIISIY
KPHUBHX aJICOpOLIHOrO BiAryKy, 3HaueHb ARyax/Ro Ta
IHIIMX ~ CEHCOPHUX  XapakTepPUCTHUK, TO  MOXKHA
MPUITYCTUTH, IO Ta3010AI0HI CIIOJTYKH a1copOyIOTHCS HE
TIIBKK Ha enekTpornpoBigHoMy kommnoneHti (TPID), ane
i Ha [IBX.

Po3riisiHeMO OCHOBHI MPUYMHK 3MiHU €JICKTPOOIIOPY
B jpocimimkeHnx KM mpum naii Ha HUX Ta30momiOHMX
crniosryk. Enextpoorip enekrponposigHoro 3pazka KM B
obnacrti Bmicty TPI" ®¢ < ® < 1 MOXHA NPEACTaBUTH B
TaKOMY BUIJISI:

Rim=R; + R, +R3, 3

ne R, — cymapnmit enexrpoomip gactok TPI, R, —
omip, 3yMOBIICHHH Oe3mocepeaHiM KOHTAKTOM YacCTOK
TPI' mikx coboro, R; — omip, skuii BHHUKaE MpH
NPOTIKAHHI ENIEKTPUYHOIO CTPYyMy depe3 3a30p Mik
yactoukamu TPT.

3rilHO 3 EKCNEePUMEHTAIbHUMH JIaHUMH B 00JIacTi
koHneHtpamiii TP ® >> @¢ 3HaYCHHA ENEKTPOOIOPY
3paska KM Rgy ~ R;. B npomy Bunaaky uytiausicts KM
J0 4l raszomofiOHMX cronyk Oynae  BH3Ha4aTHCS
MEPeBAXHO  B3aEMOJIEI0O  Ta30MOMIOHMX  CIIOIYK 3
nankamu TPI', poszramoBanumu Ha moBepxHi KM. B[5]
MOKa3aHo, IO eNeKTponpoBigHicTs B TPI™ 31ilicHIOETECS
3a paxyHOK EJEKTpPOHIB Ta Hipok. Tomy amcopOrmiitHa
B3aEMOIIA BUKIIMKa€  3MiHy  KIIBKOCTI HOCIiB
eJeKTPUYHMX 3apsaniB Ha moepxHi TPI" Ta ix pyxomocrti
3a paXyHOK BI/ITsDKKM €JIEKTPOHIB 3 MOBEPXHi ab0 3MiHK
CHIBBIHOIICHHS KOHIICHTpAIll €JeKTPOHIB 1 mipok. B
HACJIIJIOK [[LOTO BiIOYBA€THCS 3MiHA KOHI[EHTpALIil HOCITB
CNIEKTPUYHUX 3apsAiB B oxuuumi o60’emy TPI, mro
NPUBOJMTH A0 3MiHM enekrpoonopy 3paska KM. Cumig
3a3Ha4nTH, WO 1pu Beaukomy BMmicti TPT' B KM 3pasku
MAlOTh HU3BKHIA TUTOMUMA eneKkTpoorrip (pyy ~ 10 ~ _10
% OM *M) i 3MiHa €IEKTPOONOPY 32 PAXyHOK B3a€MOJii
razormoniOanx Monekyn 3 TPI' e HeBemmkoro. Tomy
yyTiuBicte KM B obunacti konuenrpaniii TPT” © >> O¢
npu xii razononioanx KM — HU3BKA.

Hafieuma ugyrtimmBicte KM cmoctepiraetbcs B
obusacti KoHIEeHTpalid Oc < ® << 1 (mobmm3y nopora
nepkouii), ko Ryy >> Ry 1 Rgy ~ Ry + R;. MidicHo,
HaKOLTBIT CYTTEBO BETMYMHA KOHTAKTHOTO
enektpooropy R; 1 3azop Mk  QpakTamsHIMH
crpykrypamu TPT" npu nii razonojiOHHX PeYOBHH MOXeE
3MiHIOBatucs, koiu yrtBoproerbcs HHK 3 TPI, mo
MPOXOAUTE Yepe3 yBech 3pazok KM, ToOTo mobamsy
nopory mnepkomsiuii. Ileli ¢akT TnOsICHIOE CyTTeBe
30UIBIICHHS IIBHIKOCTI HApOCTAaHHS  €JIEKTPUYHOIO
oropy mo6sm3y nopory npkossii (0 > Oc¢) 3paskis KM
npu nii rasonofiOHux cnonyk. [Ipore pizHOMaHiTHI
ra3onofiOHi CHOJyKH MOXYTh HO-pi3HOMY IisITH SIK Ha
mojliMep, Tak i Ha ENeKTPONPOBITHMA KOMIIOHEHT B
3aNIe)KHOCTI B XapakTepHCTUK KOMIIOHEHTIB KM, ix
XiMigHOT TIPUpPOOM Ta XIMIYHOTO CKIAAy Ta30BOi
crionykd. BaxnuBy ponb Bigirpae ximis 1 (¢izuka
noBepxonb KM [8 — 12, 20].

o crocyetbest cenekTuBHOI 3aaTHocTi KM npu ait
ra3ornoiOHNX CHOJYK, TO BOHA B 3HAYHIN MIpi 3aJ1€XKHUTh
BiJl CIOPIMHEHOCTI IHX CIOJYK J0 TMojimMepy abo
CJICKTPOIIPOBIHOTO KOMIIOHEHTa. Bimomo [8], 1m0
aIleToH 1 TOJyOJI MarOTh BHCOKY criopinHeHicTs a0 [IBX i
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Puc. 6 3ayiexHiCTh BIIHOCHOTO ENEKTPUYHOTO OIOopy
(ARx/R¢) Bim uacy BIUIMBY HACHYEHHX MapiB pPi3HUX
razonoaibuux cronyk it KM Ha ochosi TIBX 1 TPT.
Bwmict TPT' 10 mac. % (® = 0,068 00’emHOi yacTKH).
lNasononiOHi crmosyku: 1 — ameToH; 2 — Toiyorn;, 3 —
€TaHoJI; 4 — aMiaK. | — OYaTOK MPOIECy AeCOpOLii.

IIBX Hecrifikuii 10 mii 1ux po34nHHHKIB. [IpoTe maHumii
MoJiMep CTIHKUE 10 BOJAHOTO PO3YMHY amiaky 1
€THUJIOBOTO CITUPTY.

OTmxe HaWOUIBII WMOBIPHO, 1O OUIBIIA YYTIUBICTH
KM mo nii mapiB ameToHy, L0 CIIOCTEPIra€ThCs IMPH
manomy Bwmicti TPI, mnoB’s3anHa came 3 BEJIHMKOIO
cnopigaenictio [IBX 1 ameromy 1 3yMoBIeHa
a/1copOIi€l0, BHUKIIMKAHOIO B3A€EMOJIEI0 THITYy JUIONb-
JIUIIONb alleTOHY 1 MOJIEKYJISIpHUX JaHIoriB B [IBX.

Ockimpkrn  [IBX €  enekTpoizonaropoM,  TO
agcopOmiifHa  B3aemomist 3 Kkiactepamu  [IBX,
po3ramioBanumMu  Ha ToBepxHi KM, He Moxe

0C3I0CePEAHPO 3MIHUTH EJIEKTPOOIp 3pa3ka. TUM He
MEHII, MO)XHa IPHUIYCTUTH, IO Ui B3aEMOXIA
3MPUYMHIOE HEBEJIWKUI TEIUIOBHH e(QeKT 1 TeruioBe
pPO3LIMPEHHsSI  MPUIOBEPXHEBOrO  IApy  MOJIMepy.
3aBIsKH BUINE3e3HAYCHOMY €(heKTy 301IbIIy€EThCS 3a30P
MDK (paKkTalbHUMH CTPYKTypaMH Ta 3MEHIIYETHCS
[UIOIIAa KOHTAKTHOIO II'siTHa MK vactuHkamu TPI'. B
pe3ynpTaTi  IBOTO  SBHINA OyAe  CIOCTepiraTucs
30UTBIIIEHHST KOHTaKTHOTO omopy R; i R, Ta 3HaueHs
RKM-

Orxe, 3arampHuil Bimryk YE cencopa mpu nii
ra3oMo/i0HNX CIHOJYK 3aJIe)KUTh Bil CyMapHOTro BKJIAIy
BCIX KOMIIOHEHTIB, mo BxomaTh B KM, ix Bwmicry,
CIIBBIJHOIICHHS, XIMIYHOI MPUPOIHU, @ TAKOK XIMIYHOTO
CKJIaJly ra30noiOHUX CHOIYK.

Takum unHOM, HaMu ojeprkana cepiss KM Ha ocHOBI
IMIBX i TPI'. Lli marepianu MaroTh LIMPOKUHA CIEKTP
eseKTpodi3nIHmX BIIACTUBOCTEN (Pxm MOXKe
sminroBarucs Big 10 P Om*M mo 10 ~ 3 OmM*Mm).
EnextpomnpoBinHi MaTepiaiy, mo MaloTh Py B Mexax 10
2 — 10 ~ % OM*M 3ampoNOHOBAHO JJisi CTBOPEHHS
Tra30CeHCOPHHX  MarepiaixiB. BoHm  MamTh  dHac
MOYaTKOBOTO BiryKy MeHIie 1 ¢, Majuii yac agcopOrii —
JecopOuii 3a ymMOBH 0Oararopa3oBoi ekcrulyaralii 3a
HopManbHEX Temmepatyp (+10...+30 °C) ta BinGipkosy
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CEHCOpHA 3/IaTHICTH 0 MEBHUX CITONYK. EnextpomnpoBigai marepianu 3 BMictom TPIT 0,06 —
0,15 06’eMHOI YacTKW 3ampOIIOHOBAHO HJISi CTBOPEHHS
BHCHOBKHU CEHCOPIB, Yy TJIMBHUX 10 Jii ra30M0AiOHUX CHOJYK.

1. Opepxano cepito KM Ha ocuosi IIBX i TPT' 3 Cemko JLC. — a.r.H., Incturyr ximii mosepxmi HAH

IIAPOKUM CHEKTPOM eJIeKTPODI3NIHUX Vkpainu;
BJIACTUBOCTEH. Kpyuex A.1. — acnipanrt, IXII HAHY
2.  BcraHoBneHO B3a€MO3B'SA30K MDK CTPYKTYpOIO, Ilegnaxoe FO.A. — x.¢i3.-Mar.H., c.H.c., IXIl HAHY
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KM B cucremi IIBX — TPT. TlokasaHo, mo ust  Fopéux ILIL — n.¢i3.-mat.H., npos. H.c. IXII HAHY

CHCTEMa Ma€ OJMH NOPIT MEPKOJIALIL. Yyiiko 0.0. — 1.X.H., akanemik HAHY
3. Jlis mporHO3yBaHHs 3HAYeHb Py Big BMicTy TPI
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Intercoupling between structure, electro-physical and sensory properties of the
composition materials based on polyvinylchloride and thermo expanded
graphite
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The intercoupling between structure, electro-physical and sensory properties of the composition materials (CM)
based on polyvinylchloride (PVC) and thermoexpanded graphite (TEG) are determined. This system has only one
percolation threshold. For prediction of the resistance values dependence on TEG concentration, a typical for the
percolation theory equation is proposed. A series of CM based on PVC and TEG with wide electro-physical
properties are produced. For the sensors producing, electro conducting materials with the TEG contains 0.06 — 0.15
volume part are proposed.
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