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JTOCJII)KEHHS EJJEKTPOIIPOBIJTHOCTI TA TEPMOJE®OPMAIIMHUX
BJACTHUBOCTEMW KOMITO3UTIB MOJIIBY TUJIMETAKPHJIAT - TOJITAHLJITH

Ilpoananizoeano pe3ynvmamu UEUEHHS eIeKMPUYHUX A MepMOo0edOPMAYitiHuX 61ACMUBOCEN NOTIMEPHUX Mame-
pianie Ha OCHOSI mepmonaacmuyHol norimepnoi mampuyi nonioymuimemaxpunamy (IIBMA) ma enexmponposionozo
HanoeHiogaua nonianininy (I1AH).

Toxazano, wo KOHYeHMpayitiHa 3a1eNCHICHb RUMOMOL e1eKMPONPOGIOHOCIE 810 BMICHY HANOBHIOBAUA MAE NEPKO-
JAYIUHULL XApaKmep 3 HU3LKUM «NOPO2OM NEPKONAYILY, PO3PAXOBAHO KPUMUYHI NApamMempu eneKmponpogionocmi, sKi
61IACMUBT YIMBOPEHHIO HECKIHYEHHO020 KIacmepa npogioHOCHI.

3’acoearno, wo xapaxmep 63aemo0ii misxc nonimeproro mampuyero I[IEMA i nonimepnum nanosuiogawem THAH npo-
AGTAEMBCA Y 3POCMAHHI MIKpomeepoocmi npu emicmi HanogHiweaua 0o 10% mac., i 6ionogiono, ywinvHenHi 3paskis. [Ipo
63AEMOOTI0 KOMNOHEHMIB C8IOUUMb MAKONHC XAPAKMeED MEPMOMEXAHIUHUX KPUBUX. SHAUeHHS numoMoi npogioHocmi 0o6pe
V32002CYEMBCA 31 IMIHAMU MIKDOBEPOOCT, U0 € NIOMBEPOHCEHHAM NIOCUTIOIOU020 XAPAKmMepy 83A€MO0Ii KOMNOHEHMIE
npu ghopmyeannui komnozumy [IEMA—TIAH.

Kntouosi cnosa: nonimep-nonimepni KoMnosumu, NOLIMepHA Mampuyi, Nepronayiting 3a1excHicmy, MiKpomeepoicma,
MONEKYIAPHA MACA KIHEMUYHO20 Ce2MeHMA.
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INVESTIGATION OF ELECTRICAL CONDUCTIVITY
AND THERMODEFORMATION PROPERTIES
OF POLYBUTHYLMETHACRYLATE —POLYANILINE COMPOSITES

The results of the study of the electrical and thermal deformation properties of polymer materials based on the
thermoplastic polymer matrix of polybuthylmethacrylate (PBMA) and conducting filler polyaniline (PAN) were analyzed.
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1t has been shown that the concentration dependence of specific electrical conductivity on the content of fillers has a
percolation character with a low «percolation thresholdy. The critical parameters of electrical conductivity, which are
characteristic for the formation of an infinite conductivity cluster, are calculated.

1t was found that the nature of the interaction between the PBMA polymer matrix and the polymer filler (PAN) is
manifested in the growth of microhardness at a filler content of up to 10% by mass, and accordingly, compaction of
samples. The nature of the thermomechanical curves also testifies to the interaction of the components.

The value of the specific conductivity is well consistent with the changes in microhardness, which is a confirmation of
the strengthening nature of the interaction of the components during the formation of the PBMA-PAN composite.

Key words: polymer-polymer composites, polymer matrix, percolation dependence, microhardness, molecular weight

of the kinetic segment.

JlocsrHeHHs Cy4acHOT1 HayKH B raiysi (i3uko-
XiMil HamOBHEHHX IIOJIIMEPIB 3YMOBHJIN PO3BH-
TOK HOBITHIX JOCHI/IKEHb, CKEPOBAaHUX HA TIOLIYK
HOBHUX TMOJIIMEPHUX KOMIIO3MIIIMHUX MarepiaiB
3 TIOKpalleHMMU MEXaHIYHUMH, TepMOMEXaHiy-
HUMHU, 3axucHuMU mapameTpamu (Li S.2010).

3a TakuX YMOB O0COOIHMBHI IHTEPEC CTAHOBISATH
KOMITO3UTH Ha OCHOBI JiCJIEKTPUIHUX TTOTIMEPHUAX
MaTpullb 3 EJIEKTPOIPOBIIHUMHU TOTIMEPHUMHU
HAIOBHIOBAaYaMHM, M0 BHPI3HAIOTHCS I[IKAaBUMH
(13UKO-XIMIYHUMH BJIACTUBOCTSIMHU.

B poGori HaBemeHi pe3yabTaTd BUBYCHHS
(h13UKO-XIMIYHUX BJIIACTUBOCTEH, a came eJIeKTpo-
MPOBITHOCTI, MIKPOTBEPIOCTI Ta TEPMOMEXaHid-
HUX KPHUBHUX TMOJIMEP-MOTIMEPHUX KOMIIO3HTIB
Ha OCHOBI TEPMOIUTACTUYHOI ITOJIIMEPHOI MaTPHIIi
nonioytunmetakpunary (IIBMA) Ta enexrpomnpo-
BiJTHOTO HamoBHIOBa4a nomianininy (ITAH).

Bubip momimepHoi marpuii OyB 3yMOBIEHUI
KOMITJICKCOM BaX\IMBHX (Di3MKO-XIMIYHUX BIIac-
TUBOCTEH MOMOyTHIMETaKpUiIaTy, SKUH IIHPOKO
BHUKOPHCTOBYETHCS Y BUPOOHHIITBI TaKMX Marepi-
aliB K KJei, Jaku, B’sHKy4dl pEUOBUHH y BUPOO-
HUITBI IIapyBaTUX IUIACTHKIB, emyibcii. Po3-
yiuH [IBMA B opra"iuHuxX po34MHHUKAX IIHPOKO
BUKOPHCTOBYIOTH TIPH pPECTaBpallii KUBOIIUCY,
MpEeAMETIB  TPUKIAAHOTO MHCTenTBa. [LmiBKH
I[IBMA xapakTepu3yloThCs IMiJBUIICHOI 0i0-,
CBITJIO- 1 XiMiYHOIO CTiMkicTio (EHIMKI. momim.
1972-1977). HamanHusa TakuM KOMIIO3UTHUM Mare-
pianaM eneKTPOIPOBITHOCTI Ta MEXaHIYHOI CTii-
KOCTi MOKE CYTTEBO PO3IIUPUTH iX (QYHKITIOHATBHI
3acTocyBaHHs. [Ipu 1bOMy Ny’Ke CYTTEBO 3HAWUTH
OIITMMAaJIbHE CITIBBIIHOIIEHHS KOMIIOHEHTIB, SIKe O
3a0e3neunsio sk Xopoili (i3MKo-MeXaHiyHi Biac-
TUBOCTI, TaK 1 EJIEKTPOIPOBIIHICT YTBOPEHUX
KOMITO3UTIB.

Hus onmepxanHs kommo3uTiB [IBMA-TTAH
BHUKOPHCTOBYBAJIM OpPTraHIYHUN MOJIMEPHHI Haro-
BHIOBaY — Mojianinin, nerosanuii H,SO,, cunre-
30BaHUH y BUIVISIAI IpiIOHOMMCIIEPCHOTO TOPOIIKY
METOZIOM OKHCHOI TOJiMepHu3allii mij Ti€r0 OKHUC-
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nuka (NH,),S,0, y 0,5M cynbdarHiiit KHcioTi npu
temneparypi 278K (AkcimentbeBa O.1. 1998).
PiBenn neryBanus — 48 mon. %, nuroMa mpoBif-
HicTh 0 = 3,0-10°0Om ~cm'. Po3mip yacTHHOK, 32
JaHUMH CETUMEHTALIHHOTO aHamizy — 1,5-2 MkM
(AkcimentbeBa O.1. 2003).

Sk MarpuyHUN TONIMEp BHUKOPHCTOBYBAIH
[IBMA y Bumisaai mucnepcii 3 cepemHiM po3Mmi-
POM YaCTMHOK ~ 5 MKM (3TiHO JaHUX ONTHYHOT
Mikpockorii). 3pa3ku kommo3utie [IBMA-TTAH
y BUIVISAJII BUCOKOUCTIEPCHUX TTOPOLIKIB €JIEKTPO-
MPOBITHUX TOJIMEPIB, UCIIEPTOBAHUX Y MATPHIIL
[IBMA, roryBaJii METOIOM IpPECyBaHHS Tij
tuckoM 150 xr/cm? 1 Temmepatypi 343 K (Vkpai-
Henb A.M. 2009, Maptusrrok [.B. 2018).

[TutoMy  €NIeKTPONpPOBIAHICTE  MPECOBAHUX
3paszkiB kommo3uTiB [IBMA-TTAH Bu3zHauanu 3a
CTaHJAPTHUM 2-X KOHTAKTHUM METOJIOM IPU TEM-
nepatypi T =293 K.

[TutomMuit  omip po3paxoByBaH,
3 opMyu:

BUXOOAYN

R=(px)/s, (1)

ne S — mola MomepeyHoro nepepisy IHIiH-
JIPUYHOTO 3pa3Ka, cM’; / — BUCOTa, cM; R — BUMi-
psiHe 3Ha4yeHHs omopy, OM; p — HmUTOMHUH orip,
Om-cm.

[Tutomy 006’e€MHY MpOBIIHICTH (G) BHU3HAYAIU
K BEJIMYUHY, OOEpHEHY 10 MUTOMOrO onopy. Bia-
HOCHA TMMOXMOKa BW3HAYEHHS (0) Ui cepii mapa-
JEeIbHUX BHMMIpDIOBaHb He IepeBuuryBana 5 %.
(Maprusiok I'.B. 2004).

MikpoTBepaiCcTh Ta TPAaHUYHUYHY MIKPOTBEP-
JICTh BHM3HAYaJIM BHKOPUCTO-BYIOYM KOHCHUCTO-
MmeTp Xemmuiepa, BUXOJSYU 3 HNPOHUKHEHHS (S)
KOHYCOIIOZIIOHOTO CTEPIKHS B 3Pa30K IiJI TIEBHUM
HaBaHTA)KEHHSM 1 pO3PaXOBYBAJIH 32 PIBHSAHHAM:

¢ 4ot
- @

5 mok

ze F] ~— MikpoTsepaicts, H/M?, npu maHOMy
HaBaHTaxeHHI G, H; S — moma onopHoi moBepxHi

o=



[Ipobnemu ximii Ta cranoro po3Butky, Bum. 1, 2023

3aHYPEHOT0 Y 3pa30K KOHyca, M%; i1 — TITUOUHA Ipo-
HUKHEHHs, M. (3akopaoHcekuii B.I1. 1988).

TepMomexaHiYHI ~ BJIACTUBOCTI  KOMITO3HUTIB
IIEMA — ITAH BuMiproBaJIuCh IPU OJTHOYACHOMY
HarpiBaHHi (2 Tpaa/xB) Ta aii HaBaHTaKeHHS (1KT).
(3akopnoncekuit B. II 1988, VYkpainenr A.M.
2004).

Ha puc 1 nonana xpuBa 3ajekHOCTI Jorapudma
MMUTOMO] TIPOBIAHOCTI () BiJl BMICTY TTOJIMEPHOTO
HATIOBHIOBaYa I NOJIIMeP-TIOJTiMEPHUX KOMITO3H-
tiB [IBMA-TIAH. (Maptuniok I'B. 2015).

g—m—E—E—E—H
_m—
L]

121 ./
.I/
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4 6 8 10 12 14
w, % (00.) ITAH

Puc. 1. 3anexnicTs JJorapugmMy muToMoi
npoBigHocti komno3utie IBMA-TIAH
Bil BMiCTY €JIeKTPONPOBITHOT0 HATIOBHIOBAYA.
Iopir nepkosiuii —2,5 06. %.
(Maptuniok I'.B. 2015)

BcraHoBiieHO, 1m0 KpHBa 3aJI€KHOCTI TTHTOMOT
MPOBITHOCTI MOJTIMEPHUX KOMIIO3UTIB Ha OCHOBI
I[TBEMA Bix 06’€MHOTO BMICTY MOJIIMEPHOTO HAIo-
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BHioBaua [TAH (puc. 1) xapakTepu3yroThcs mep-
KOJIALIIMHOIO 3aJICKHICTIO 3 HEBEIMKHM ITOPOTOM
NepKoJIsLii, 1o cTaHOBUTH 2,5% 00. Buxopucro-
BYIOYM CKEWIIHroBHiA 3ak0H (Mozaens Kipkmnarpika)
3a HaXWJIOM KPHBHX 3alIKHOCTI Igo — Ig(p — ¢ )
11go — Ig(p, — @) 1O 1 micas MOPOTy MEPKOMALIT
BiJINIOB1/THO, OyJ10 BU3HAYCHO KPUTHUYHI TapaMeTPH
npoBigHOCTI «s» 1 «t» (Aksimentyeva O.1. 2021),
SIKl CTAHOBWJIM BIAIMOBITHO «s»—0,67, «t» = 5,28.
TunoBi 3a1eXHOCTI HABE/ICHI Ha PUC. 2.
3’scOBaHO, IO PO3pPAaxOBaHE 3HAYCHHS KpH-
TUYHOTO TIApaMeTpa «s» IS IOCIIIPKyBaHUX KOM-
no3utiB [IBMA-ITAH cranoButs s = 0,67, mo
Y3rOJDKYIOTBCSL 3 YHIBEPCAJIbHHUMHU 3HAYCHHSIMH
s = 0,67-0,76. HatoMicTh 3Ha4YCHHS KPUTHYHOTO
iHAeKca «t» = 5,28 CyTT€BO BIAPIZHIETHCA Bij
YHIBEpPCAJILHOTO 3HAYEHHS, 1110 MO)KHA TOSICHUTH
OCOOJIMBOCTSIMH B3a€MOJIii TOJIMEPHOT MaTpHIli
3 MoJliaMiHOapeHOM, yMoBamMH  (hopMyBaHHS
HECKIHUYEHHOTO KJIacTepa MPOBiIHOCTI JIJIsl KOMITO-
suty [IBMA-TTAH (Aksimentyeva O.1. 2021).

Ha oOCHOBI eKcrepuMEeHTaNbHO BHU3HAYEHUX
KPUTUYHUN TapaMeTpiB MOXKHA CTBEpPIIKYBAaTH,
0 iCHy€ IyXe By3bKa KpUTHYHA OO0JacTh, 1€
BUKOHY€ETBhCS CKCHIIIHrOBe piBHSAHHS. Bennumnna
[[OTO KPUTUYHOTO TIPOMIKKY 3aJIe)KHUTh Bij
TUIy Ta ($a30BOr0 CKJIaay MOJIMEPHOI MaTpuIl,
a TaKoX EJNEKTPOIMPOBITHOCTI  HAMOBHIOBaYa
(Aksimentyeva O.1. 2021).

HacTynmHuK KpOKOM Yy HamIUX JOCIHIHKEHHIX
OyB aHaJIi3 BIUTMBY BMiCTy KOMITOHCHTIB Ha TEPMO-
nedopmMariiitHi BIacTUBOCTI MOJTIMEP-TOTIMEPHUX
kommo3uTiB I[TAH ta monmimeproi marpuii [IBMA.

lgo

-04 02 o0 0.z 06 L R]

0.4
lgld-4,)

Puc. 2. Jlorapnpmivna 3aeKHICTh MMTOMOI €JIEKTPONPOBIAHOCTI Bi BMicTY
eJIEKTPONPOBiIHOro HanoBH0Ba4a 1Jis1 koMno3utie IBMA-TIAH;
(a) 10 1OCSITHEHHS MOPOrY NMepKoJsuii; (0) micjs J0CATHEHHSI MOPOry NMePKOJISALIL
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Ha puc. 3 HaBeneHO 3aieXHOCTI MIKpOTBEp-
nocti 3paskiB (F) Big HaBaHTaxeHHs (G) s
PI3HHX CHIBBiIHOIIEHh KOMITOHCHTIB TIOJIMEp-
HUX KOMITO3iMiB. SIK BUIHO, 3anexHICTh F —f(G)
BBIXO/IUTh HAa JIUISHKY «IUIaTO», JI¢ CIIocTepira-
€ThCsl TPAaHUYHA MIKPOTBEPAICTh F00 IPU IIEBHOMY
HaBaHTaxeHHI. (Maprtuntok I, 2020).

AHai3 onepkaHuX pe3yJbTariB CBIAYUTH, 110
3pOCTaHHS BMICTy HAalOBHIOBAa4Ya MPU3BOAMTS 1 J10
3pocTaHHs MiKpoTBepaocTi. Tak, MiKpOTBEPIICTh
1t yrcroro nojiimepy I[IBMA cranosuts 4,51-10°
H/m? (puc. 3, kpuBa, 1). A BBeICHHS HAMOBHIOBaYa
ITAH 306inbmrye mikporBepaicts 10 7,5-10° H/m?
3a 15% BMICTy cTpyMOIpOBiAHOTO TONiMepy. BBe-
JICHHSl TIOJIIMEPHOTO HAIlOBHIOBAaYa CIIPHYUHIOE
3pOCTaHHS MIKpPOTBEpAOCTI, THM CaMUM Biirpa-
I04M POJb MIJICHIIIOI0YOT0 KOMIIOHEHTa B KOMIIO-
3uti [IBMA-TTAH. Iloeananns nuux nBOX mojime-
PiB IMOKpaIlye MEXaHiuHi BIACTUBOCTI KOMITO3UTIB,
MOKJIMBO, BHAC/IIOK MIXKCEIMEHTAJILHOI B3a€EMO-
Ji1 MIXK HaITOBHIOBAYEM 1 TIOJIMEPHOIO MaTPHIICHO,
110 IPU3BOIUTH A0 YIIUIbHEHHS KOMIIO3UTY, 301J1b-
IIyI0YM HOTO MIKpOTBEepAICTh Maiike y 1,7 pasm.
(Maptunmok I. 2020).

Jis xommosutiB [IBMA-TTAH Oyno mociti-
JOKEHO BIUTMB TPUPOAM 1 BMICTY €JIEKTPOIpO-
BITHOrO MOJIMEPHOTO HANOBHIOBa4Ya Ha TEPMO-
MeXaHIYHI BJIACTMBOCTI B YMOBax OJHOOCHOTO
CTHCHEHHS IMJIIHIPUYHHUX 3pa3KiB MPH OJHOUYAC-
HOMY HarpiBaHHi 1 aii HaBaHTaXeHHs. bynu oxep-
KaHl TEPMOMEXaHIYHI KPHWBI y BHUIISAII 3aJICK-
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Puc. 3. 3anexHicTs MikpoTBepaOCTi
BiJl HaBaHTaKeHHA JJI KOMIIO3UTIB
IIBMA-TIAH npu pizdHoMy BMicTi moJjiiMmepHoro
HanoBHOBa4a % mac.: 1-0; 2— 2; 3—3; 4-5; 5-7;
6—10; 7-15 (MapTuniok I. 2020)

o, %

15

HOCTI BITHOCHOT JiehopMariii BiJi TeMIiepaTypu Jyist
kommno3uTiB [IBMA-TIAH, sxi monani Ha puc. 4.
(Yxpainens A.M. 2009, Maprunrok I. 2018). Ha
il OCHOBI PO3PaXxOBaHO MOAYJb BHCOKOEIACTHY-
HOCTI Ta MOJEKYJSIPHY Macy KiHETHYHOTO Cer-
menTa (Mc) st [IBMA-TTAH.

OpneprkaHi KpUBI MalOTh BUINIS, XapaKTePHUN
JUIsl JTIHIMHUX MoJIiMepiB 1 3a masoro BMmicty ITAH
(2 %) noni6Hi no uncroro [IBMA (puc 3, kpusa 2).
ITpu Bmicti I[TAH 10% 1 15% (puc 4., kpusi 5, 6)
YITKO BUIAUISIOTHCS TPU XapaKTEPHI MUITHKA IS
3anexHocti ¢ = f(T): obnactb CKJIOMOAIOHOTO,
BHCOKOEJIACTUYHOTO 1 B’3KOTEKY4Oro crany. Tem-
neparypuuii intepsaii 40—60°C Bigmosinae cTpyk-
TYpHOMY TIEPEXOy KOMIIO3HUTY i3 CKJIOMOIIOHOTO
y BHcokoenactiuunuii ctan. [Ipu T> 80°C — mepe-
Xi/1 KOMITIO3UTY 10 B’SI3KOTEKY4oro craHy. Baprto
3a3HAYUTH, 110 JUIS 3pasKiB, 1o MicTATh 1% Ta 5%
I[TAH o6nactb BHCOKO- €JacCTUYHOCTI HE BH3Ha-
yaeThcs. B Tabnuii 1 HaBeeHI OCHOBHI XapakTe-
PUCTHUYHI TeMIepaTypH NepeXO/iB sl KOMIIO3UTIB
[TBMA-ITAH.

AHaI3yr04uu pe3ysbTaTd, nofani B Tadmumi 1,
MOXKHA BIJI3HAQUWUTH TIPO OYEBHJIHWN BILJIUB TIOJTia-
HUTIHY Ha TEPMOMEXaHIYHI IOKa3HUKH YTBOPEHUX
KOMITO3UTiB. OCOOIMBO 1€ TIOMITHO AJISi TEeMIIe-
parypu TeUiHHS, BHOKOEIACTHYHOI nedopmariii
1 HE3HAYHO ISl TEMIIEPATYPH CKITyBaHHS.

[TopiBHIOFOUN pe3ysbTaTH, HaBEJICHI
B Ta0muii 1, caix BiA3HAYWUTH, IIO ITiABUIIEHHS
BMICTy CTpyMOIpOBigHOTO HamoBHIOBaya IIAH
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Puc. 4. TepmomexaHiuHi KpUBi KOMIIO3UTIB
IIBMA-IIAH 3a pi3Horo BMicTy nosjiMepHoro
HanoBHBa4a % mac.: 1-0;2-1;3-5;4-7;
5-10; 6— 15 (Ykpainens A.M. 2009)
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Tabmums 1
OCHOBHI XapaKTepUCTHYHI TeMIlepaTypH
nepexoiB s komno3utis IBMA—-TIAH

Bwmicr Tcrnye, | Tmeu, Mc, Foo- 107,
IMAH,% C C r/MOJIb H/m?

0 44 46 - 4,514+0,10
5 42 45 - 5,53 +£0,10
7 39 87 - 6,23+0,10
8 41 85 510 -

10 45 80 360 7,22+0,10
15 46 85 310 7,52+0,10

oinbine 7%, MPU3BOAUTE 10 30UTBIICHHS MOIYJIS
BHCOKOETacTUYHOCTI  (MikpoTBepaocTi)  (Foo)
1 3MEHIIEHHS MOJIEKYJISIPHOI Macu MiXKBY3JIOBOTO
(kineTnyHOrO) cermenra. (M). 3HWKEHHS mnapa-
meTpa M, CBITYMTBL NpO 30UIbIIEHHS MiXKMOJIEKY-
JSIPHUAX KOHTAKTIB, HACIIIKOM YOTO BilOyBa€ThCS
YTBOPEHHsI OIbII MIUIBHOI CITKH KOMITO3UTY,
By3JlaMH SIKOT € MoJsieKy/IM HanoBHioBaua (Freund
M.S. 2007). CTBOpEeHHSI Takoi CITKH MPH3BOIUTH
710 OOMEXEHHS PyXJIMBOCTI KIHETUYHUX CETMEHTIB
MOJIIMEPHOT MaTpulIli, i € PaKTOPOM SKHA 3yMOB-
JIFO€ 3pOCTaHHS TeMIIepaTypy TEUiHHS.

OTpuMaHi pe3yabTaTiu 100pe y3TOHKYIOThCS 31
3MiHaMHU €JIEKTPONPOBITHOCTI B 3aJJaHOMY 1HTEp-

Baji koHmeHtparii (puc. 1) Ilokazano, mo mpu
3pocTaHHi BMIcTy HamoBHIoBaua 10 10% cmo-
CTEepIraeThbcs 3HAYHE 3POCTAHHS MPOBIIHOCTI, IO
O0OyMOBJICHO 3HAYHHM TIOKPAICHHSM KOHTAKTY
MK YaCTHHKaMHU €JIEKTPOIIPOBIIHOTO HANOBHIO-
Baua BHACTIIOK YUIUTbHEHHSI komro3uty. (Maptu-
Hrok I. 2018).

Ha ocHOBI BuBYEHHs Tepmoaedopmaliii-
HUX 1 €JEKTPUYHUX XapaKTEPUCTHK KOMIIO3HTIB
IIBMA-ITAH BcTaHOBIIEHO, IO MK TIOJIIMEPHUM
eJIeKTponpoBiaHUM HanoBHIOBaYeM [TAH i repmo-
TUTACTUYHOIO JieNekTpuyHoo marpuiero [IBMA
ICHY€ TIoJTiMep-TIoJIiMEpHA B3a€EMO/Tis, sIKa MPU3BO-
JUTH 10 30UTBIIEHHST MIKMOJEKYJISIPHUX 3B’SI3KiB
1 BIAMOBIHO YIIUTBHEHHS YTBOPEHUX KOMITO3H-
TiB. A 1€ B CBOIO YEPTry 3yMOBIIIO€ TIOKPAILIEHHS iX
MEXaHIYHUX BIACTHBOCTEH.

Hna orpumanux xommosutie [IBMA-TIAH
3pOCTaHHs TMPOBITHOCTI J0Ope Y3TOKYEThCS 31
3MIHOIO MIKpPOTBEPIOCTI Ta MOJEKYISIPHOI Macu
KiHeTHYHOTO cermenta (M). Bkasani 3axoHOMip-
HOCTI T0Ope KOPENIoITh 3 MEXaHIYHUMH, TePMO-
MEXaHIYHUMH Ta E€JIEKTPUYHHMHU BIIACTHBOCTSIMH
kommo3uTiB Ha ocHoBi ITAH ta TIEMA, mo nae
3MOTy PO3IMHUPUTH Chepy BUKOPUCTAHHS TaKUX
koM1o3uTiB (Maptusiok . 2018).
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