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Jlpyea wacmuna cmammi npucesiuena mpuboi02iuHUM NPOYeCam, siKi CynpoBooNCYIOmy 3MIHU 6 meepoill [ pio-
Kill (hasax mamepianie NONIMEPHUX HAKIAOOK, 3 MEMOIO 3HUNCEHHS eHePeOHABAHMANCEHOCME MEMANIONONIMEPHUX
nap mepms CmpiuKo80-KOL00KOBUX 2abM 1e0i00K OYposux ycmanoeok. B mamepianax cmammi 0emanibHO anai-
3YI0MbCsL eeKMPOMeEPMOCHUMYIbOBANT NOTAPUZAYIUHT | 0eNnOAPU3AYIIHI NPOYecU 8 NOBEPXHEBUX WAPAX elleMeH-
mie mepmsi MemaionoNiMepHUX Nap, siKI BMOHMOBAHI Y 2albMi6HI wiKieu Oyposux aebiook. Ilpoananizoeano npoye-
cu, wo 8i00Y6AIOMbCsL 3 KOMNOHEHMAMU NOJIMEPHUX MAMepIanie npu 3MiHl eleKMPUYHUX NOJ6 Ma NPU 83AEMOOI
OLIAHOK MEeMALONONIMEPHUX AP MEPMsi CMPIYKO80-KOA00K0BO20 2anbMd. [JOCACHYMO 3HUNCEHHS eHEPLOHABAHNA-
JHceHOCmi MeMaLoOnOIMEPHUX NAp Mepmsl 3aNPONOHOBAHOI KOHCMPYKYIL CMPIYKOBO-KOIOOKOB020 2aNbMd HA PI3HUX
pedicumMax ix Ha8aHMadiCeHHsl, Wo 00360UN0 eKCIIYaAMY8amu GPUKYIUHI HAKIAOKU 2albMa 30 NOBEPXHEGUX MeMne-
pamyp, nudicue donycmumux ons ix mamepianie. Lle 003601uno He MiibKu 3MeHWUmMU CUiu mepms, dne i
cmaobinizyeamu  3HOCO-QPUKYILIHI XAPAKMEPUCTMUKYU (QPUKYIUHUX 8V3/1i6 CMPIUKOBO-KOIOOK06020 2aibmd. J]oci-
02iCeHO 36 'SI30K NONAPUIAYIUHUX NPOYECi8 MEMAIONOTIMEPHUX NAP MePisi CIMPIYKO80-KOIOOKOBUX 2aibM NeOi00K
06YPOBUX YCMAHOBOK 3 HANPYIICEHICTNIO NOJISL, WO 2EHEPYEMbCA HA NISAMAX MIKPOSUCHYNIE NAp Mepmsl.

KirouoBi cioBa: CTpiYKOBO-KOJIOIKOBE rayibMo, (PpHUKLIHHMIT By30I1, MOJIMEpPHA HAKIaIKa, MOJSIPU3ALiNHI 1
JIETIONSIpU3allii MPOIIeCcH, eEKTPOTEPMOCTUMYIIbOBaHA TONISIPU3ALLisl, EIIEKTPHYHE M0JIe, HAIIPYXKEHICTh €IeKTPUIHO-
'O IOJIA.

Bmopas yacmv cmamvu noceésujena mpubonocutecKum npoyeccam, ConpooICOAIOUUM UIMEHEHUS. 8 meep-
00l U HCUOKOU (ha3ax Mamepuaios NOJUMEPHBIX HAKAAOOK, C Yeabl0 CHUNCEHUSI IHEPZOHASPYIHCEHHOCMU MEMAILIO0-
NOMUMEPHBIX NAP MPeHUsi IeHMOYHO-KOLO0OOYHBIX MOPMO308 1e6e00K OYPOsbIX YemaHno8oK. B mamepuanax cmamou
0emanbHO AHATUBUPYIOMCSL JIEKIMPOMEPMOCIUMYIUPOBAHHbLE NOIAPUIAYUOHHBIE U OeNOTAPUSAYUOHHbIE NPOYECChl
8 NOBEPXHOCMHBIX COSAX INEMEHIMO08 MPEeHUsl MEeMANIONOIUMEPHBIX NAP, 6MOHMUPOBAHLIX 68 MOPMO3HbIE UWKUGbI
6yposwvix nebedok. Ocyujecmeiner anaius npoyeccos, KOmopble RPoUCXo0sim ¢ KOMNOHEHMAMU NOTUMEPHBIX Mame-
PUANIO08 NPU USMEHEHUU INEKMPULECKUX NOJLell U NPU 63AUMOOEUCMEUU YHACTNKO8 MEMAIONOIUMEPHBIX Nap MpeHus
JIEHMOYHO-KOIOOOUHO20 MOPMO3d. JJOCMUSHYIMO CHUJICEHUE IHEPSOHASPYIHCEHHOCIU MEMAIONOIUMEPHBIX NAp
MpeHust NPEONONCEHHOU KOHCMPYKYUU JIEHMOYHO-KOJIOOOYHO20 MOPMO3d HA PA3HBIX PEACUMAX UX HASPYICEHUS,
YUMo NO360UM IKCHIYAMUPOBAMb (PPUKYUOHHBIE HAKIAOKYU MOPMO3A NPU NOBEPXHOCHHBIX MEMNEPAMYPAX, HUNCE
0ONYCMUMbIX O/l UX MAMEPUANO8. DMO NO36OIUNO HE MOALKO YMEHbUUMb CULbL MPEHUs, HO U CIAOUTUSUPOBATND
USHOCO-PPUKYUOHHBIE XAPAKMEPUCTUKY QPUKYUOHHBIX V3108 JIeHMOYHO-KOA0004H020 mopmosa. Hccaedosana
C6513b NOJIAPUSAYUOHHBIX NPOYECCO8 MEMALIONOIUMEPHBIX NAP MPEHUsT IeHMOYHO-KOIOO0UHbIX MOPMO308 1e0ed0K
06YPOBbIX YCHAHOBOK C HANPSINHCEHHOCHIbIO NOJISL, KOMOPOE 2eHePUPYemcs Ha NAMHAX MUKPOBLICIMYNO8 NAp MPEHUSL.

KitroueBble cioBa: JICHTOYHO-KOJIOOYHBIH TOPMO3, (DPUKIIMOHHBIN y3eII, MOJMMEpHAas HaKIaaKa, MoJIIpUu3ali-
OHHBIE U JENOJSIPU3ALMOHHBIE MPOLECCH, MEKTPOTEPMOCTUMYIMPOBAHHAS MONSIPU3ALMS, 3JIEKTPHUECKOE IOJIE,
HaIpPsHKEHHOCTD 3JIEKTPUYECKOTO OIS,

The article deals with the tribological processes which accompany the changes in the solid and liquid phases
of the polymer plate materials in order to reduce the energy loading of the metal and polymer pair sections of the
drilling rig drawworks belt and drum brakes. Electrically and thermally stimulated depolarization and polarization
processes in the surface coatings of the metal and polymer pair frictional elements that are installed into the
drawworks brake drums were analyzed in detail in the article. The analysis of the processes that happen to the
polymer material components when the electrical fields change and elements of the metal and polymer friction pair
sections of the drawworks belt and drum brake interact was conducted. Reduction of the energy loading of the metal
and polymer friction pairs of the developed belt and drum brake design at different modes of loading was achieved.
It made it possible to utilize frictional brake plates at face temperatures that are lower than the acceptable ones for
their materials. It allowed not only to reduce the friction force but also to stabilize the deterioration and friction
characteristics of the friction nodes of the belt and drum brake. The interrelation of the polymerization processes of
the metal and polymer friction pairs of the drilling rig drawworks belt and drum brakes with the field density that is
generated on the microelevation spots of the friction pairs was studied.

Key words: belt and drum brake, friction node, polymer plate, polarization and depolarization processes,
electrically and thermally stimulated polarization, electrical field.

Beryn. Ilepma wactMHa CTaTTi IMpHCBSIYEHA
3HIDKEHHIO EHEePrOHaBaHTAXKEHOCTI METaIO-TO0Ji-
MEpHHUX Tap TEPTS CTPIYKOBO-KOJIOAKOBUX TallbM
OypoBux nebinok. JletasbHO MpPOaHATI30BAHO
MPOLIECH 1 SIBUIIIA HAHOTPHUOOIOTTYHOI'O XapaKTepy

B MOBEPXHEBHX 1 MPUIIOBEPXHEBHX MIAPaxX METANO-
MOJIMEPHUX Map TepTs raibM. Po3pobienuii i 3a-
MPOMOHOBAHUI TMPHUCTPIH  E€IEKTPOTEPMOCTHMY-
JIbOBAHOI JICTIONSIPHU3allli MOBEPXOHb IUISHOK Me-
TaJONOJIMEPHUX Map TEPTS rajibMa Ha OCHOBI
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BMOHTOBaHWX B 00iJ] MIKiBa OIMONSPHUX (QPHUKIIIH-
HUX eJIeMEHTIB. BUKOpHCTaHHS OCTaHHIX B TajbMi
JI03BOJTMIIO €KCIUTYaTyBaTH HAKIAAKA PPUKIIHHHX
BY3JIiB 32 TMOBEPXHEBHX TEMIIEPATyp HIDKYHX 32
JnonycTuMi Ui ix MatepiaiiB. Kpim Toro, 1e mo-
3BOJIWJIO HE TUTBKH 3MEHIIMTH CHIIM TEPTS MiK
GPUKIIHHUME €JIEeMEHTaMU, alie 1 cTa0lIi3yBaTH iX
3HOCO(MPHKIIIHHI BITaCTUBOCTI.

AHaJi3 cy4yacHHX 3aKOPAOHHMX i BiTUM3-
HSIHUX J0CaiKeHb i myOJikaniil. UucneHHi ekc-
nepuMeHTaNbHi aaHi [1-5, 8] mokasanu, mo 3a Bia-
CTHBOCTSIMH IIiJi YacC IPOIIECIB EICKTPOTEpPMOME-
XaHIYHOTO TEPTS MONIMEPH MOKHA TIOAUIUTH, Ie-
PEBAIKHO, Ha JIBI TPYIIH: «TPUOOXIMIYHO aKTHBHI»,
TEPTS SKUX CYMPOBODKYETHCS HECTIHKUMH 1 He-
CTaOUTPHIMH 3HAYCHHSAMH JTMHAMIYHOTO Koeillie-
HT& TEPTsS B PE3YJBbTATI NMPOTIKAHHA HA TOBEPXHI
CKIIQIHUX CTPYKTYPHHX IIPOLECIB, 1 «TprbOCTADI-
JBHI» TONIMEpH, TUHAMIYHI KOe(DIllIEHTH TepTs
AKUX 30€pirar0Th CTAOUILHICTD IIPOTATOM TPUBAIIO-
ro 4yacy B IIEBHOMY TEMIICPATypHOMY IHTEpBalli y
pe3ysbTaTi MPOTIKAHHA MNpPOLECiB AecTpykuii. B
CTPIYKOBO-KOJIOJIKOBUX TaJlbMax OypoBHX IeOioK
3aCTOCOBYIOTBCS TOJIMEpHI MaTepianu mepmioi

rpyIu.

Mera poGoTn — nOCIIIKCHHS MPOLECIB i
SIBUIILL eﬂeKTpOTepMOCTI/IMyJIBOBaHOI HOJ'ISIpI/I?,aHll 1
JIeoNApH3allii BITHOCHO MPSAMHX 1 3BOPOTHUX Map
TEPTS METAJIOMOIIMEPHUX EIEMEHTIB CTPIUYKOBO-
KOJIOZKOBOI'O TajibMa OypOBOi JICO1AKH.

TpudoximiuHi npouecu, siki CynpoBoIKyIOTh
TBepAy i piaky ¢a3m mojgiMepHUX HAKIATOK

OnHi€ro 3 OCHOBHMX 3a/1a4 IABUIUIEHHA 3HO-
COMPUKLIHHMX BIACTHBOCTEH MONIMEPHUX HAKIA-
JIOK € BBEJICHHS 10 CKIIaay ii MatepiaiiB eleKTpo-
JNOHOPHHUX TpyI. Bimomo, mo npu po3risai Tpubdo-
CHUHTE3Y fAK THIIOBOI MEXaHOXIMIYHOI peakilii He-
O0XiZlHO MaTH, NpHHAHMHI, JBi (YHKIIOHATBHI
TPYIH PI3HOT'O THITY B MOJIMEPHHUX JIAHIFOTAX i
qac TepT4.

KinneBumu rpynamu moni)eHUIXiHOKCATHHY
e enexkrtpoHogoHopHi NH, rpymu. Teprta 1mporo
TOJIIMEpPY XapakTepu3ye HOro sk TepMOpPUKIIHHO
CTaOlTBHUIA MoniMep. BBeeHHS B MAKpOMOJIEKYITY
NOMI(EHINXIHOKCANMHY  €TE€KTPOHOAKLENTOPHUX
KapOOHUILHUX TPYIl NPU3BOIUTH JI0 PI3KOro 3pOC-
TaHHs (PUKIIAHOT aKTHBHOCTI BXKE€ 332 KIMHaTHHX
TeMIIepaTyp, MPHIOMY HecTabUIbHICTh 3pocTae 3i
30inbmeHHsIM Kinbkocti C'—(O rpyn 3rigHO 3i
CXEMOI0, HaBeJeHOIO Ha puc. 1.

TepTAa

C=O+N2H } HZO

Pucynoxk 1 — Cxema XiMiYHHX NepeTBOpPEHb
nig yac TepTa

C=N

HaiiBaxxnuBimmMu peakiissiMi B Ta3oBiid ¢asi,
[0 MalTh 3HAYEHHS JUIS aicopOIiiiHuX, abcopO-
iHUX, COpOIIMHNX, AeCOPOIIHHNX, AUPY31HHUX
TIPOLECIB 1 iX MOOIYHNX €(EKTIB, € HACTYIHI peak-
I

- JUcoIiallis BOASHOI Mapy Ha BOJCHb 1 KH-
CCHb 1 3BOPOTHA PEAKI[isi CHHTE3Y BOIH

2H,0< 2H, +0,,
- CMHTE3 aMiaky 0e3 BOJHIO 1 a30Ty
3H,+ N, & 2NH,,
- peaKIisi TeHEePaTOPHOro rasy
H,O0+CO < H,+CO,.

CTpinky y pIBHSHHAX YKa3ylOTh Ha Tepeoir
MPOIIECiB B 000X HaNpsMax.

3 morunsaay TpuOOXiMii MmMij| BIUTMBOM TeMITepa-
Typu BiIOyBaeTbcsi mporec (OpMyBaHHS HOBHX
A30METIHOBHX 3B's3KiB (puc. 1), B pe3ysbTaTi sIKO-
rO Ha TOBEPXHI YTBOPIOETHCS TEPMIUHO OULIBII
CTiHiKa CTPYKTYpa, IO MiIBHIIYE CBOIO CTIHKICTH 31
3pOCTaHHM TEMIIEpPaTypH TEPTS.

EnexTpoTrepmMocTUMYJ/ILOBaHI MOJsIpU3aniiini
i femossipu3auiiini npouecu B NnoBepxXHeBUX
1Iapax eJ1eMeHTIiB TePTsI MeTAI0NoJIiMePHUX map

Honsipusaniiiti Npoueck B MOBEPXHEBHX A~
pax pO3IVISIHEMO BiIHOCHO MpPSAMHUX 1 3BOPOTHHX
METAJIONOMIMEPHUX Map TEePTH. IIpsivoro  maporo
TEPTs HA3MBAETHCSA TaKa Iapa, B AKii MeTalleBUU
CIIEMEHT TEPTS 00EPTAETHCS, a MONMIMEpPHA HAKJIa -
Ka Hepyxoma. SKIIO MeTalleBUN €JeMEHT TepTA
HEpYXOMHUH TNpHu pyxoMiil (ppuKIiiHIA Hakmami,
TO MaeMO 3BOPOTHY Mapy TePTsl.

OnHi€ero 3 HAMOLIBII BaXKIMBUX BJIACTUBOCTEN
JeTeKTPHUKIB (TMOMIMEPHUX HAKIIAZOK) € eIeKTpH-
YHa MOJIAPHU3Allis, 0 BUHUKAE I JI€I0 EICKTPH-
YHOT'O IOJISA B PE3y/IbTaTi TEPTS KOB3aHHS 3a paxy-
HOK e(eKTy eJIeKTpmaui'l' B npomy Bumaaky mae
MiCIIE €NEeKTPOIHYKIIIAHA MONsApU3alis, MO Bill-
OyBa€eThCs MIA JIEI0 30BHIMIHBOIO EJIEKTPHYHOrO
OJISA 3 SJIEKTPUYHUMH 3apsiiaMy YaCTUHOK, 3 SIKHX
CKJIAJIA€ThCSI TIOBEPXHEBUH IIap MoiiMepHOl Ha-
KIaaKkd. BHACIIIOK LBOTro mijx AI€r0 CIICKTPHYIHOTO
nonst £ BiilyBa€ThCs 3CYB 3apsiay 3 PIBHOBaXKHOIO
crany x. Ilpu npomy B nomMepHOMy MaTepiaii
IHAYKYETbCS CIEKTPUYHUN AUITOIBHUNA MOMEHT

N
M, = zqixi >
i=lI

ne N — umcio 3apsAaXkeHuX 4YacTHHOK JaHOro I10-
BEPXHEBOTO0 1Iapy MOJIMEPHOI HAKIaaAKH;

q; — €NEKTPUYHMI 3apsl [-TOI YACTUHKH.
O06'eMHa TyCTHHA EIEKTPUIHOTO MOMEHTY Ha-
3UBA€ETHCA MOSIPU30BAHICTIO
M
P= Ve ,
ne V — o0'eM MNONSPU30BAHOTO TIOBEPXHEBOTO
mapy noJiMepHOI HaKIaIKH.
OnuHUICI0 BUMIPIOBAHHS BEITMYWHH EIIEKT-
PUYHOTO AMIIONBHOTO MOMEHTY € «KYJIOH-METpP»:
2
[M,]=[Kn -m], a [P]= [Kn/m"] — rycTHHA TIOBEpX-
HEBOTO 3B'3KOBOTO 3apsily Ha CICKTPOAL, TOOTO

MOJIAPU30BAHOI TOBEPXHI IOJIMEPHOI HAKIIAIKH
(puc. 2 a).
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Pucynok 2 — MakpockoniyHauii onuc e1eKTpHYHOI noaspusauii B Meragonoaivepuux npamvux (I)
i 3BopoTHuX (II) mapax TepTa Npu NOTPANJIsIHHI iX NOBEPXHEBHX i NPUINIOBEPXHEBUX LIAPIB
y pi3Hi eHepreTHYHi 30HU

CryniHb  TONAPU30BAHOCTI  MMOBEPXHEBOI'O
mapy mojiMepHOi HaKIIAJAKH 3aJIeKUTh SK BiJl 3Ha-
YEeHHS eJIEKTPUYHOTO TIO0JISL, TaK i BiJl CTPYKTYPHHUX
0COOJIMBOCTEH 1 XIMIYHOTO CKIJIaJy MOBEPXHEBOT'O
1apy moxiMepHoi Hakmaaku. O4eBUIHO, 110 MO~
pHU30BaHICTh TUM OiNlbllla, YMM BHILE HAIpPYy)Ke-
HICTh ENEKTPUYHOTO TONS, SKa BH3HAYAETHCH 3
Bupazy E=U/I, ne U — enexTpuvHa Hampyra, Mpu-
KJIaJIeHa JI0 MOBEPXHEBOT0 IMIapy HAKIAJKH TOB-
muHoIo /5 [E]=[B/M].

3arajnom 3anexHicTs P(E) Moke OyTH CKIIaj-
HOo (pHC. 2 0), alie B HAIIOMY BHITAJKy IPH HEBe-
JIMKOMY €JICKTPHYHOMY MO 3B'SI30K MK P 1 F
MOXKHA BBaXATH JITHIHHUM:

P=¢,-x-E,
&, — €NeKTpUYHA NocTiiiHa, @;
K — JieJeKTpUYHa CIPHHHATINBICTS.
KpimM BekTOpa MOISPU30BAHOCTI s OMUCY
ENIEKTPUYHOI MOJIPU3ALLIT BBOAUTHCS 1€ OJMH T1a-
pamerp — eneKTquHa THTYKITist:
=gkE +P. 2)

(1

ac

[nykuis mae Ti x OI[I/IHI/IIII BUMIPIOBAHHS, IO
i monapusoBanicts [D]=[K/m’] i Takok Xapakre-
PHU3YETHCS TIOBEPXHEBOIO TYCTHHOIO EIEKTPUYHOTO
3apsily Ha MOBEPXHI METAJIEBOTO EIEMEHTa TEPTH.
SIKINO KOXKHUUN 3 €IEMEHTIB MOJATH Y BUIJISAAL 10-
NBIMHUX ENEKTPUYHUX MIapiB, TOOTO SIK €INEKTPHY-
HUH KOoHJeHcaTop (puc. 2 B), TO eNEKTPUYHA 1HY-
KIlisl XapaKTepu3yBaTUMe MMOBHUM 3apsiy] Ha 00KJIa-

JMHKaX IbOro KoHAeHcatopa D = p , Tomi sk

MOJISIPU30BAHICTh P XapaKTepu3yBaTUME TUTBKH Ty
YaCcTUHY IMMOBHOTO 3apsjy, fKa 3B's3aHa 3apsuamMu
MPOTHUIIGKHOTO 3HAKY, MPWICTIHUMH JI0 TOBEPXHI
HOJISIPU30BAHOTO IIAPY HAKIIAIKH

— -1
P=p,(1-¢"),
n€ pp — TYCTHUHA IIOBEPXHEBOI'O CICKTPUYHOI'O
3apsIy Ha eIEKTPoaax («IoiMep-MeTany).
[lapamerp & BBOAUTBCS K KOSDILIEHT IPOIIO-

PLIHOCTI €IEeKTPUYHOI IHAYKIT 1 HaIpyKEHOCTI
TOJISE

D=¢g¢gE. 3)

( 87
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Be3posmipHuii mapamerp € — BiTHOCHA Jlielte-
KTpUYHA TPOHHUKHICTB, SIKa MOB's3aHa 3 JIieeKTPH-
YHOI CIPUAHATIMBICTIO K  CIIBBIIHOIICHHSIM

& =1+xk.
Y CHUIBHMX €NEKTPUYHHX TIONSX MPOCTi Ji-

HiliHi cniBBinHowenns (1) i (3) TIOPYLIYIOThCH,
OCKUTBKH CTa€ iCTOTHOIO JiCNIEKTpUYHA HEIiHiH-
HicTh (pHcC. 2 2) € = &(E), uepe3 Kk =k(E). Y 6i-
JBIIOCTI TONIMEPHHUX MaTepialiB HETiHIHHICTH
HE3Ha4YHA | MOXKE BPAXOBYBATUCS TUIbKH IpPH [l
Ha IOBEPXHEBHH 1ap MOJIMEPHOI HAKIAIKH 0-
CTaTHbO BEIMKHX EJEKTPHYHMX IIOJIB (10%-10'%)
B/Mm (Tomi sk CIICKTPHYHA MinHicts E,, TBE JX
noniMepHuX Matepianis menme E,, = (10 -10%)
B/m). Takum unHOM, B OGULIBLIOCTI HOMIMEPHUX Ma-
TepianiB eneKTpHuHui Npolii BinOyBaeThes paHi-
ie, HK B HAX MorJia O TIOMITHO BUSIBUTHCS HeJi-
HIHICTB.

3BepHEMO yBary Ha Te, IO HAIpPyXEHICTh
SNEKTPUIHOTO OIS £, MONSApU30BaHiCTh P 1 enek-
TpHYHA 1HAYKIIsE D — BEeKTOpHI BelnnunHH. B 3BU-
YaifHUX 130TPOITHUX TMOJIMEPHUX Marepianax BeK-
topu D, E 1 P € xonineapaumu. Ha puc. 2 e noka-
3aHUH 3B'I30K BUIIE3raIaHAX NApaMETPIB B EIEKT-
pUYHOMY KOHJIGHCATOPi 3 TMapaMu TepTs «MeTall-
MeTal», [0 MICTATh IUTIBKHM 3 MOJIMEPHOr0 Mate-
piainy.

CropsiMoBaHiCTh BekTOpiB D, £ i P B aHi30T-
pOITHOMY TIOTIMEPHOMY Matepiaii pizHa. Bigmnosi-
JTHO 10 BEKTOPHOT'O CIIBBITHOIIICHHS MaEMO:

D=¢gyE+P. 4)

SIKwo moniMepHUi MaTepiain i30TPONHHUH, TO
sl BEKTOPHA CyMa BI/IOBia€ CyMi JTOBXKHMH BEK-
TOPIB, OCKUIbKU HANPSM BCIX TPHOX BEKTOPIB 30i-
raeTecs. HaBmaku, B aHi30TPOITHOMY MOJIMEPHOMY
MaTepiali eleKkTpu4He rmose, 30y/pKeHe 3apsuiamMu
Ha OOKJIaJIMHKAX KOHJEHCAaTopa 1 CrpsIMOBaHE Iie-
PHEHAMKYIISIPHO J0 IUX OOKIaauHOK (puc. 2 e),
THIYKYy€e MOJSApU3aIlilo, HANPIMOK SKOI 3aJeKUTh
BiJl 0COOJIMBOCTEH TPYXKHHUX 3B'SI3KIB ENEKTPUIHUX
3apsiiiB 710 aHI30TPOIHOI MOJIMEPHOI HaKJIaJKH,
TOMY BEKTOp P He napasenbHuii BeKTOpy £.

CyMapHuil BEKTOp €NEKTPHYHOI iHmyKuii D
TaKOXK BIIPIHAETCS 33 HANPSIMOM Bil BekTopa E,
BHACIIZIOK YOTO JIieJIEKTPUYHA TPOHUKHICTh, SKa
xapakrepu3ye 3B'130Kk Mk D 1 E (D = € g E), BU-
SIBIISIETBCSL OCOOJIMBHUM TMapaMeTPOM, IO 3aJISKUThH
BiJl HAIIPSMY.

[Ipomecamu BHYTPINMIHBOT penakcarii 3apsay B
MOBEPXHEBOMY Iapi MOMIMEPHOI HAKIAJKH Kepy-
I0Th SBHINA MPOBiIHOCTI. OCTaHHI BH3HAYAIOTHCS
TAaKUMHU XapaKTEPUCTHKAMH: PYXJIMBICTIO HOCIIB i
X KOHIICHTpAIII€I0; YMOBAMHM 1HXKEKIIii 3apsiB Ha
IJIsIMaxX KOHTAKTY 1 T.1.

Y monimMepHHMX Matepianax, sAKi 30aTHi TpUBa-
Ui 9ac yTPUMYBATH 3apsiil, PUCYTHI LCHTPH 3a-
XOIUIEHHs HOCIIB, PYXJIMBICTb AKMX 3MEHILYETHCS
nporecamu 3axorieHHs. OCTaHHI YHHATH BIUIMB 1
Ha [POLIECH MPOBIAHOCTI.

Kpim BracHux HOCIiB 3apsily B IOBEPXHEBOMY
wapi MmoniMepHOi HaKJIaJKu MPUCYTHI I CTOPOHHI
HOCIT — ENIEKTPOHH, SKi IHKEKTYIOThCS B TiIO BU-
CTYITY KOHTAaKTy METaJIONOJIIMEPHOI ITapH TEPTSI.

[Tix yac qocmimkeHHs KOHTaKTHOI IPOBIAHOC-
Ti Ha IUIAMI B3a€MOJIT HEOOXIHO BIAPI3HATH Iie-
PEXiaHI MPOLIEeCH Bif CTauiOHapHMx

lle BUKIMKAHO TUM, IO IiJ 4ac BHBYEHHS
MPOBIXHOCTI ab0 PYXIMBOCTI HOCIiB HE BIAETHCS
3IIMCHIOBATH OJJHOYACHHWH KOHTPOJIb 32 PO3MOIi-
JIaMH 3apsijiiB K B MOBEPXHEBOMY WIapi molimep-
HOI HaKJIaJKH, TaK 1 Ha ii pobouiit moBepxHi. [Ipo-
OJieMa MPOBIIHOCTI OBEPXHEBOI'O MIAPY MOJIiMep-
HOI HaKJIaJIKM MOB'A3aHa 3 BIJCYTHICTIO HOTO CTPY-
KTYPHOI OZIHOPIHOCTI 1 YUCTOTH.

Ha pyxnuBicTb HOCIiB 3apsity B IOBEPXHEBO-
My IIapi MONIMEPHOI HAKJIAAKKM ICTOTHO BIUIMBAE
HAsBHICTH B HHOMY p13HI/IX CTaHiB — BUIbHHUX (JIe-
JIOKAJTi30BaHUX) 1 3B'I3aHUX HA TOBEPXHEBUX 1
TITMOOKKMX PIBHAX 3aXOIJICHHS, 1[0 PO3TAIIOBaHI 32
TOBIUMHOK HaKJIaKH. Pyx ioHiB 3 eHeprieIo mo-
0M3y MOBEPXHI IUISIMM KOHTAKTY (30HH MPOBiAHO-
CcTi) siBIIsiE cOOOI0 KBaHTOBO-MEXaHIUYHE TYHEINIO-
BaHHS MK JEJOKATi30BAHUMH CTaHAMH, IO PO3-
TaIlIOBaHI 3a IIKAJIOK CHEPrii BHUIINEC MEXI PyXJIH-
BOCTI.

Leit npouec BinbysaeTbest 6e3 Oyab-sKoi Te-
PMIYHOI aKTHBALil i PyXIMBOCTI 3apsiAiB, sKi Bil-
MOBIIal0Th HOMY, BHSABJIAIOTHCA BITHOCHO BHCO-
knmu — 6mmseko 10 em?/(B-c) [6]. ds pyXy 3aps-
Jly, 3aXOIICHOrO MOBEPXHEBUM PIBHEM, SIKHii PO3-
TAIOBaHNIl 33 IIKAIOW CHEPril HUKYC 33 MEKY
PYXJIMBOCTI, HEOOXiZHA NEBHA KUIBKICTb TEIIOBOI
CHEprii, epPeTBOPEHOI 3 EICKTPOIMITYIIbCHOI CHEp-
rii B mpoueci reprs. IIporec pyxy Takux sapsiiis
CTa€ TEPMOAKTHBALLIMNHUM 1 3BOAMTBCSA 10 MOCIIi-
JIOBHUX CTPHOKIB MK JIOKQJIi30BAHUMH CTaHAMH.

B III)OM¥ BHITA/IKY PYXJIMBICTD 3aps/iiB HIKYA
[6m3bko 107 cMm /(B ¢)|. Yac 3axomieHHs1 HOCIiB
Ha TIIMOOKOMY PiBHI BUSBIAETBCA JYXKE BETHKHM,
a ix pyXJ'II/IBICTL IIP7 1EOMY CTae Ha/I3BUYAHO HH-
3bKo10 [10 cM”/(B-c)].

v GaraTbox MOJIMEPHUX MaTepianax, M0 He
MICTATh E€HEPreTHYHO CHIIbHUX HOCIiB, X MOXHa
CTBOPUTH 32 JOMIOMOTOI0 IHXKEKIIii 3 METaJeBOro
eNleMeHTa TepTs dYepe3 IUIIMY KOHTakTy. SKio
MPUTIK HOCITB YHACIZAOK 1HXKEKIIIT MEePEBHIILYE T10-
TIK YaCTHUHOK, SIKi IIEPEHOCATHCS Yepe3 ILTIBKY I10-
niMepy HAaKIaJKW, TO BiIOYBA€ThCS OOMEKEHHS
CTPYMIB MOJIEM NPOCTOPOBOTO 3apsiiy, IO YTBO-
proeTbest. Bennunna cTpymy BU3HAYa€ThCs iHTEH-
CHUBHICTIO IHXEKI[II 3 METaJeBUX ILIIBOK IUISIMH
KOHTaKTY.

Meronu BuMiproBaHb TpodiiiB 3apsay yce-
penuHi TOHKUX TUTIBOK, 10 ()OPMYIOTBCSI Ha TIOBE-
PXHSIX MOJIMEPHUX HAKJIAIOK (10 JOMYCTUMOI Te-
MIIEpaTypH HAKIANoK), Oynu po3polieni 30Bcim
HemonaBHo [7]. BoHM 3acHOBaHI Ha BU3HAYCHHI
3MiH Yy BEJIWYHMHI MOTEHIIATy poOOoY0i MOBEpXHi
MOJTIMEPHOT HAKJIAJKH, SIKi BUHUKAIOTh MPH JIii Ha
TUTIBKY IMITYJIBCIB CTPYMIB HOPMAJBHOI CHIIH 1 Te-
TUTOTH.

[T1iBKOBHUI €1EKTPET MICTUTh MOCTIHHI AMITO-
JIi 1 POCTOPOBI 3apsiiy, IPUYOMY OCTaHHI epedy-
BAIOTb y CTaHi HEPYXOMOCTI 1 iX HeHTpamizamis
00yMOBJICHA TIIbKU MPOBIIHICTIO MarepiajiiB Ha-
KIagkd. B3aemomist miisiM KOHTAKTiB MIKPOBHUCTY-
IIiB METAJIONOMIMEPHHX Tap MiJl 4ac EIETPOTEPMO-
MeXaHIYHOTO TepTs GOPMY€E HA HHUX IOJS CTPYMiB
IMITYJTbCHAX HOPMAJBHUX CHJI 1 TEIJIOTH JUIA 3a-
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Pucynox 3 — IToasipu3auisi po60o4oi moBepxHi mogiMepHoOl HaKIATAKU
npu ,,uBUAKUX” (a) i ,,MoBiTBLHUX" (0) yacTOTAX MpoLEciB

Oe3eYeHHs.  3aps/IHOTO  TEPMOCTUMYJIbOBAHOTO
PO3psIAY IUIIBKOBHX ENEKTPETIB.

HasiBHiCT CIIOHTAHHOI nonslpmaui'f TOOTO
ENIEKTPUMHOTO JUIIONBHOIO MOMEHTY y BiICYTHOC-
Ti ENEKTPUYHOrO TOJIsl, € OCOOIMBICTIO MIPOETEKT-
pukiB. OcoOMUBICTh OCTAHHIX TOJISATA€ B TIOPIiBHS-
HO JICTKil 3MiHI BEJIMYMHH €JICKTPUYHOT'O JUIIOJb-
HOT'O MOMEHTY IIiJl BIUTHUBOM IMITYJIbCHHX, THHAMI-
YHHX, IEKTPHYHMX 1 TEIUIOBUX cTpyMiB. Ilix gac
HarpiBaHHS METaJcBOro (PHUKIIHHOIO eleMeHTa
CIIOHTaHHA TONSAPH3alis, K TPaBHIIO, 3HUKAE 3a
TeMIIepaTypH, o A0piBHIOE Touni Kropi. V Bka3za-
Hill Toulll BinOyBaeThest (a3oBUU Tepexin 3 mods-
pHOro crany (oJisipHOi (a3n) B HEMOJApHY (mapa-
SNEKTPUIHY) (a3y.

Hepexm B IOIAPHY (asy MOKe OyTH BHKIH-
KaHuH a60 3CYBOM IOHIB, 1110 IPU3BOAUTE 10 3MiHH
CTPYKTYP, a00 BIIOPS/IKYBAHHSAM OpIi€HTALIi eNeKT-
PUYHUX JHIIONIB, IO ICHYBalM 1 B HEMOJSAPHIii

dopmi.

3B's130K nmoJisipu3aniiiHux npouecis
3 HANPY?KEHICTIO eJIEKTPUYHOTO MOJs

JienekTpuuHi BTpaTd B TIPUIIOBEPXHEBOMY
mapi MOJIIMEPHOT HaKJIaIKH, 0 3HAXOJUTHCS B
3MIHHOMY €JIEKTPUYHOMY TIOJI TIiJl 4ac TEPTH, sB-
JISIIOTh COOOI0 PO3CISTHY MOTYXKHICTh, TOOTO eHep-
Tif0, 110 TEHEPYETHCSA ENEKTPUYHUM IOJIEM.

PO3pi3HsOTE  [Bi NPUYMHM HE3BOPOTHUX
BTpAT €Heprii eNeKTPUYHOro IMOJisi B MPUIIOBEPX-
HEBOMY IIapi MOJIMEPHOT HAKIIAJKH 33 PAXYHOK:

- HarpiBaHHs CTPyMaMH HACKpPi3HOI MPOBiJ-
HOCTI;

- CITOBUIBHEHUX BH/IIB MOJISIPH3ALIIL.

3riguo 3 3akoHOM JbKOynsi-Jlenua nporikanHs
CTPYMY HACKPi3HOi MPOBIIHOCTI TPUBOIUTH JI0
BUJIUICHHS TEIUIOTU B TIPUIIOBEPXHEBOMY LIapi Ha-
KIaJK{d, MPH [OMY MalOTh Miclle HE3BOPOTHI
BTPATH €HEPTii 30BHIIIHBOTO OIS

Sxmo mnonspu3aimiiHi MPOIECH BCTUTAIOTh
pearyBaTH Ha 3MiHY 30BHIIIHBOTO TIOJS, TO 3CYB
(a3 Mix HampyxXeHICTIO o £ i monsipu3oBaHic-
TI0 P BijicyTHil (puc. 3 a). B npoMy BUNaaKy mpo-
TATOM MEPIIOi 4ETBEPTi MEPiofy IONe OpIiEHTYE
3B'13aH1 3apsAIM 32 HANPSIMOM, 3IIHCHIOKYH POOO-
Ty. Hanpsimu monst £ 1 eneKTpuaHoro JMIIOILHOTO
MOMEHTY  30irarotbesi. KiHeTnuna eHepris 3B's13a-

HUX 3apsiiB 30UIbIIYETHCS, IO PIBHOZHAYHO MiJ-
BUIIEHHIO TEMIIEPaTypH, TOOTO HATpiBAaHHIO MpPHU-
TOBEPXHEBOTO IIAPY MOXIMEPHOT HAKIIAIKH.

Y mpyriii uerBepti mepiogy HanpsM nons E
3aJTUIIAETHCS nonepez[mM a momsipu3anis P 3me-
HIIYETHCSI, TOOTO 3B'13aHI 3apsiiu 3a paXyHOK 3Me-
HIUEHHS F MOYMHAIOTh IOBEPTATUCS B IIOYATKOBHIA
CTaH, BiJIal0YM HAKOMHMYEHY KiHETUYHY EHEpTilo,
IO MPHU3BOJUTH JI0 TIOHIKEHHS iX TeMIeparypH,
TOOTO OXOJOPKEHHSI TIPUTIOBEPXHEBOr'O APy II0-
JMEpHOT HaKJIa/IKH.

[Iporsrom BKa3aHWX TIEPIOAIB HArpiBaHHS
KOMITEHCYETBCSl OXOJIO/DKEHHSIM 1, TAKHUM YHHOM,
HE3BOPOTHI BTpaTh eHeprii BijcyTHi. Takuil cran
MPHUIIOBEPXHEBOTO IIapy TMOJIMEPHOT HaKJIaIKH
Ma€ Ha3By YCTaJEHOr'0 32 PaxyHOK IIBUIKOI TO-
JIsIpu3artil.

Y BUnNaaKy ,,MIOBUIBHKMX BHJIB MOJSpHU3AL]
CIIOCTEpIraeThess BIIACTaBaHHs MOJIAPU3AIll Bix
3MIHH 30BHIIIHBOrO 1ojis (puc. 3 6). 3a paxyHOK
3cyBy (pa3 Mk HanpysKeHicTio £ 1 nossipu3saiieto P
Yyac HarpiBaHHsS IPUTIOBEPXHEBOTO IIapy MoJiMep-
HOi HAKIIAJKK CTA€ BENUKMM (TPHBAIMH PEKUM
rallbMyBaHHsT), TOOTO 4Yac HAKONUYCHHS KiHETHY-
HOI eHeprii OubIIe yacy ii BigBeeHHS B eIeMEHTH
METaJIONOTIMEPHOT apH TEPTH.

st GinbInocTi aienekTpukiB 3 ¢ =2,0-8,0 i

ﬁz% (ne

[0 BPaXOBYE B3a€EMOJIII0 JHUIIONIB OIHOTO 3 JIPY-
rUM 1 OOYMOBIICHHH OCOOIMBOCTAMHU CTPYKTYPH
KPHUCTana) He 3aIeKHUTh Bl IMIyJIbCHUAX CTPYMIB
MEXaHIYHOTO, ENIEKTPUYHOr0 1 TEMJIOBOTO HaBaH-
Ta)XEHHS, 2 JI0 POOOIO JTieNIeKTPUKA.
[Monspusanis mieeKTpyKa NPU HaKIaJACHHI
CTPYMIB €JEKTPHUYHOIO TIONIsi BiOYBAa€ThCS HE
MUTTEBO, a TPOTATOM MEBHOTO Yacy 7 (4ac penakx-

— YHHHUK BHYTPIIIHBOTO TIOJI,

carii).
v 3MIHHOMY CIIEKTPHYHOMY o1
E =FE,sinot; ue npu3BomuTh IO BiJCTaBaHH:

MOJISAPU3AIT P:R)sin(a)t—cS) Bix mons E.
3cyB a3 O 3ajdexuTh Bil CHIBBIAHOMICHHSA T i
T=2n/w (ne T, @ — nepiox i yacTora mpole-
ciB); T <T (®w<<1/7, Hu3bki yacToTH) Hampsm
P 3miHI0€TBCS TIPAKTHYHO OJJHOYACHO 3 E , TOOTO
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$iBukOo-TexHiUYHi nNpobjieMy TPaHCHIOPTY

Ta 36epir'aHHsS eHepr'oHociis

0 =0.Tlpu 7 >>T (BHCOKI Y4aCTOTH) MOJIAPH3a-
Ilisl HE BCTUTAE 33 3MIHOIO CIEKTPUYHOrO mojst E ,
OCKUIBKU O —> TT .

Eneprito, Hakonmu4eHy rajlbMIBHHM MeXaHi3-
MOM, MOYKHA PO3TIISIATH SIK CHEPTii0 eNeKTPUYHO-
ro IOJIsI, HI0 3HAXOAUTHLCSI MK OOKIaIuHKAMM
KOHJIeHCaTopa. B cTpiukOBO-KOJIOAKOBOMY TajibMi
OypoBoi J1eOinKM OOKJIaqUMHKAMU KOHJCHCATOpa €
«3OBHIIIHS MTOBEPXHS 000712 raJbMIBHOIO IIKIBa —
po0ouYi MOBEpXHI MOJIMEPHUX HAKIAI0K». Ejexr-
pHUYHE TMOJIe BUHUKAE MK POOOYUMH MOBEPXHAMH
CNIEMEHTIB TEepPTS METaJoNOoNIMEpHOi TapH, 1o
3HaXOJUTHCS K B 3aMKHEHOMY, TaK 1 B pO3iMKHe-
HOMY CTaHi.

VY ¢opmyBaHHI MIKPOKOHJIEHCATOPIB y MeTa-
JONOIMEPHUX Tapax TepTS ICTOTHY pOJb Tpae
BUHUKHEHHS TIOABIMHUX ENEKTPUYHUX [MIapiB
(TTEII) B miama3oHi TemIiepaTyp HHXYE i BHIIE 32
JONYCTHMY TEMIIepaTypy Uil MaTepiaiiB HakJa-
TIOK.

[Nongiitauii eNEeKTPUIHU 1Iap, 0 YTBOPHBCS
noOJIM3y TBEpIOIl TOBEPXHI METANEBOr0 eJIeMeHTa
TepTs, AKa Ma€ HCraTHBHHUIA 3apsij (-gm) 1 hopmye
HOro IMOBEPXHEBY TYCTHHY Oy (IIOTCHLIANOyTBO-
proounii 1ap), € 30BHINIHBOIO [HIIHIPUIHOIO
IJIACTMHOK KOHJCHCATOpa, a 10HM (KaTiOHH), IO
3HaXOAATHCS B 00'€Mi IPUTIOBEPXHEBOTO APy Ha-
KJIaJIKA, YTBOPIOIOTh BHYTPIIIHIO HWIHIAPUIHY
TUTACTHHY TPOTWJIGKHOTO 3HAKy (ancopOriiHa i
nudysiiiHa YacTWHI TOABIHHOTO ENEKTPUIHOTO
mapy). Ilpu mpoMmy TpuOOCHCTEMa BUSBISETHCS
3arajioM eJIeKTPOHEHTpaIbHOIO

-O'M:O']+O'2, (5)
JIe 0] Ta 0, — TYCTHHU 3apsaaiB aacopOoBaHOrO i
nudysiitHOTO mapis.

AOCOITIOTHI 3HAYEHHS 3apsiB 3 Pi3HUX OOKiB
MOJBIHOTO EIEKTPUYHOTO APy, IO € MUITIHIPHU-
YHUM KOHJICHCATOPOM 3 MOJICKYJISIPHUMH OOW4aii-
KaMH, piBHI MK cobOor. [lomspuzanis o0'eMHOro
3apsifly CYNPOBOUKYETHCS 3aXOILICHHSAM 3apsifDKe-
HUX HOCiiB Ha MeXi po3ainy $as B pesynbrari ix
BUIbHOTO po3psny. Lle cripusie 3MiHI KUTBKOCTI HO-
ciiB Ha oOHMuaiikax, M0 OOYMOBIIOE TMOJSPU3AILII0
(memomnspusanio) 06'eMHOro 3apsay MOABIHHOTO
CICKTPUYHOrO LIapy IpPH NPUKIAaHHI [0 #Horo
o0r4aioK 30BHINIHBOI Pi3HULI MOTeHianiB. Bona
3'IBISIETECA B PE3YNBTATI KOHTAKTHO-IMITYJIBCHOT
B3a€MOJIii MIKPOBHUCTYIIIB MOBEPXOHb B MpoIeci
TepTs. B WX yMoBax KOHTaKTYIOYi PEUOBHHH B
pisHEX (a3ax He OOMIHIOIOTBCS 3apsaaMu, a BCS
SHEeprisi 30BHIITHBOTO IEKTPHYHOTO OIS, M0 BH-
POOJISIETECSL B PE3YIbTaTi KOB3aHHs IIOBEPXOHB
TePTs rajibMa, BUTPAYA€TbCs HA 3apsij| MOABIHHHX
CJICKTPHYHKX IIAPiB, PO3TALIOBAHNX Ha 30BHILIHI
i BHYTpILIHIA MOBEPXHI HUIIHIPUIHUX MIKPOKOH-
JICHCATOPIB.

VY oMy Bumajaky Mictkicte C; MOIBIHHOrO
SNEKTPUYHOTO [Iapy BH3HAYAETHCS 3TITHO 3 3alie-
KHICTIO

2rg, L
Ci=—"-, (6)
In(R, / R,)
Je & — eIeKTpUYHA CTalia;

L — ycepenHeHa MHpHHA TTOBEPXOHb METAO-

MOJTIMEPHUX Tap TepTs;

R,, R, — paniycu poOoUHX MOBEPXOHBb MeTalie-
BOI'O €/IEMCHTA TEPTsI 1 TIOTIMEPHHUX HaKJIaJ0K.

KoHTakTHO-IMITy/IbCHA B3a€MOJL MIKPOBHC-
TYIIiB TIOBEPXOHb TEPTS METAIONONIMEPHHUX TIap B
CTPIUYKOBO-KOJIOJIKOBUX TallbMax B IHTEpBali IO-
BEPXHEBHX TEMIIEPATyp BHILE 3a JOMYCTHUMY JUIS
MaTepiaiiB QPUKIIHHUX HAKIAJIOK Ma€ XapakTep
eNeKTpoxiMiuHoi cucTteMu. Ha HUX BinOyBaroThes
06op0THi KaTOIHO- aHOZ[Hi MPOIECH, a X THMYACco-
Bi 3apsAHO-PO3PAIHI XapaKTEePUCTUKM aHAJIOTIYHi
CICKTPOXIMIYHIM IHIIHAPHYHIM KOHICHCATOPAM.

€MHICTh B OCTaHHIX CTBOPIOETHCS MOJBIHHIM
CNEKTPUYIHUM [IAPOM, SKUH yTBOPIOETHCS MK (a-
30BOI0 MEKEIO «METAJ-TIOTIMEP.

YTBOpPEHHS MOABIMHOIO €IEKTPUYHOrO IIapy
BiOyBaeThCsl Ha MibK(a3Hid Mexi JBOX cepeno-
BUII 3 PI3HUMH XapaKTEPUCTHKAMH €JIEKTPOHHOL
(MeTaneBuii eneMeHT TepTs) 1 i10HHOI (IOBEepXHe-
BUH 1 MPHUIIOBEPXHEBHU IAapy HAKIJIAJKH, IO 3Ha-
XOIATBCS B PI3HUX TEPMOJMHAMIYHHMX CTaHaX)
MPOBIHOCTI.

[ToBepxHeBwHii 1 MPUITOBEPXHEBHUIA IAPH TTOJTi-
MEpHHUX HAKIAJO0K € 0araTOKOMIIOHEHTHUMH CTPY-
KTypamH, TOOTO TeTepOreHHOI0 CUCTEMOIO, B SIKIH
pO3MJIAA X Mojeneld HeoOXiTHO BECTH 3 IMOIJISAY
XIMIYHOT KIHETHKW KOJMBAHHS peakiliil. XiMIuHUH
MOTEHITIa 3aJIKUTh BiJl KOHIICHTPAIlil KOMIIOHEH-
TIB y HaKJTaIIi.

Bcranosieno, mo XIMIYHHHA moTeHIian 30i-
JBIIYETHCS B 30HI TEMITEPATyp, IO MEPEBUITYIOTh
JONYCTUMY JJIsS MaTepially HaKIaJKu, OCKLIBKH Ha
ii TOBEpXHi € TUIAMHU €IeKTPONiTy. B boMy BuIIa-
Ky €MHICTh C, HMOJBIHHOIO EICKTPUYHOTO IIapy
BHU3HAYAETHCS 32 3AJISKHICTIO

2re, L, S
C = 2 ™
n(R,/R,) d
ne & — JieNeKTpUYHa MPOHHUKHICTh mapy [ enbm-
TOJIBIIA, 32 SIKYy NPUHAMAIOTh JieNeKTPHYHY TPOHU-
KHICTh €IEeKTPOIiTy (Or0 pO3YMHHUKA);

L, — ycepeaHeHa MHMPHHA MOBEPXOHb TEPTS
METaJIONOIIMEPHOT MapH;

S — akTHBHa IUIONIA POOOYOI MOBEPXHI METa-
JIEBOTO eIIeMEHTa TePTS;

d — TOBIIMHA TOABIHHOTO EIEKTPUYHOrO IIIa-
Py eNeMeHTa TepTsl.

MixdazoBa Mexa Ha ONOKYyroUiii oOWYaiili,
SAKOI0 € poboua MOBEPXHS METAIEBOTO eJIeMEHTa
TEpTs, HE MPOMYCKAE 3apsad B JIBOX HaMpsMax.
diznyHa nprpoja MHOTO MPOIIECY MOJISTAE B TOMY,
mo (GopMyBaHHS MOJIBIHHOTO EIEKTPHYHOTO APy
BHKJIMKAHO CIEHM(IUHOIO aJICOPOIIi€r0, TTOBEPXHE-
BHMHU TEPETBOPEHHSIMH 1 T.JI., a HE TIEPEXOJIOM 3a-
psmy depe3 camy Mexy. [lonBiiiHuid enexTpuaHnR
map Ha OJIOKYrOUill oOMYaidlli € CBOEPITHUM MOJIe-
KYJSIDHUM KOHJICHCATOPOM, 3apsiid sIKOro Ha Ti
TNIOBEPXHI BUKIMKaHI MEPEPO3IOALIOM EIEKTPOHIB
abo 3aps/UKCHNX TOYKOBUX NE(PEKTIB HA MOBEPXHI
METaJIEBOrO €IEMEHTA TEPTS i I0HIB B ENEKTPOIITI
MOBEPXHEBOr'0 MIapy MOTIMEPHUX HAKIIAJIOK.

OCKiIBbKM TOBIIMHA d TIOABIMHOIO €IEKTPUY-
HOT'O MIapy He3HauHa (TIOPSAJOK CKJIallae JEKinbKa
mbkaromuux Bincrauneit), o Bin (IIELI) Bomopie
BHCOKOIO €MHiCTIO Ha OIMHHLIO MOBEPXHI
(20-50 Mx®/cM®), 10 3HAYHO MEPEBHUILYE BiMOBI-
JHY BEIUYMHY B TPaJMIIHHUX KOHJEHCATOpaX
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(mienexTpuk Mae ToBmMHY (5-7)-10° MixaTOMHHX
BIJICTaHEH ).

Pozauienns 3apsaaiB Moxke OyTH BHKJIMKAHO
PI3HUMH PUYNHAMH:

- TIEPEXO/IOM EJIEKTPOHIB 3 O0MYaiku B pO3-
YUH CIEKTPONITY ab0 HaBIAKH, NMPH LBOMY YTBO-
PIOETBCSL ENEKTPOHHHN TOABIMHUM eNeKTPUIHUN
miap;

- 3apsM OTHAKOBOT'O 3HAKY YTBOPIOIOTH 10HM,
SKI TIEpEHIIUTA B PO3YMH, a CNEKTPOHH, SIKi 3aJIU-
HIMJTHCS, YTBOPIOKOTH 3apsiJl IPOTHIISKHOTO 3HAKY;

- crenudikorw aacopOiii Ha MOBEpXHI 0OH-
Yaiiku BiJl 10HIB OJHOTO 3HAaKy, IPU ILOMY CIIO-
CTepiraeTbcsi ancopOidHuK e(eKT MOoaBIHHOrO
EIIEKTPUYHOTO 1Wapys;

- OpIEHTALIEI0 MOJAPHUX MOJIEKYI (HAIpH-
KI1aJl, MOJIEKYJl BOu) Oinst po60uoi moBepxHi me-
TAJIEBOTO EIEMEHTA TEPTsl, BHACIIIOK 10r0 BCi MO-
JIEKYJIM 30PIEHTOBaHI JI0 BKA3aHOI BUIIE MOBEPXHI
OJIHIEIO 1 TIEI0 3K CTOPOHOIO, B I(bOMY BHIIAIKy
MPHUCYTHIN Opi€HTAIIHHUI epeKT MOABIHHOTO erne-
KTPUYHOTO LIapy.

Sk mpaBuIiI0, Pi3HI BUIY BUHUKHEHHSI TIO/IBil-
HOT'O €JIEKTPUYHOIO [Iapy Peani3yloThCs OJHOYAC-
Ho. [Ipy 1IbOMY BiH 3aJIMIIAETHCS EIEKTPOHEHTpA-
JTHHHAM.

OcHOBHI J1aHi po Oy0BY MOABIHHOIO €IEKT-
pPHUYHOTO Imapy ojepkaHl 3a HaCIHiJIKaMd BUMIpIO-
BaHb EMHOCTEH 3a BiJICYyTHOCTI IepeHeceHHs 3apsi-
TiB uepe3 MiK(pazHy MEKY.

B peanbHEX yMoBax poOOTH MeTanonoiimep-
HUX TIap TEPTS CTPIYKOBO-KOIOAKOBUX TajibM Jie-
0i0k OypOBHX YCTaHOBOK JOCIHI/DKEHHS YCKJIal-
HIOKOTBCSl, OCKUIBKH NPUCYTHE SIBULLE [IEPCHECCH-
HsL 3apsiliiB 32 PaXyHOK EIEKTPOXIMIYHOI peaKuii,
ioHI3aIil a/ICOPOOBAHNX YACTHHOK abo 3MiHH 3a-
psily TIOABIHHOTO €JIEKTPUYHOrO Mapy MpH 3CyBi
MOTEHITIATY.

[Tpu nboMy 3MipsiHa MICTKICTh € BXKE HE TUTb-
KH MICTKICTIO TIOJIBIITHOTO IIapy, BOHA XapaKTepH-
3y€ 3MiHY 3apsily elNeKTpoja 1 IHTeHCHBHICTD MPO-
TIKAHHS EJIEKTPOXIMIYHHMX peakiii. 3aMmipsHy B
TaKMX YMOBax €MHICTh Ha3WBAIOTh IOJIAPHU3alliii-
HOIO EMHICTIO 200 TICEBJJOEMHICTIO.

IcHyBaHHS TMOABIMHOrO EJICKTPUYHOI'O IIapy
Ha MbkgasHii MeXi IBOX cepenoBHil («poboya
MOBEPXHSI METAJIEBOI'0 €lIEMEeHTa TepTsd — poboda
TOBEPXHsl TMOMIMEPHOI HAaKIaJKi»), a TaKoX Ha
raps4iil i XOIOAHIA MOBEPXHSX MPHUIIOBEPXHEBOrO
mwiapy MOJiMEpHOI HAKIAAKU Bilirpa€ BaXIMBY
pOJIb HE TLNBKH B IOHHOMY OOMiHI MK MOBEPXHSI-
MU TepTs, aje i B aacopOuii ioHiB y HuX. Hass-
HICTb MOJBIHHOrO ENEKTPUYHOrO Wapy iCTOTHO
BILJIMBA€ Ha €JIEKTPONIOBEPXHEBI MPOIIECH: TIPOBI-
HOCTI, MOJSApU3aIli TUCIIEPCHUX YaCTHHOK, Maco-
MIEPEHECEHHs 1 EHEepromepeMillieHHsT depe3 3apsi-
JDKEHI1 JMCIIEPCHI CUCTEMHM, EICKTPOCTaTHYHY B3a-
€MOJIII0 MIXK 3aps/PKEHUMH YacTHHKam# 1 T.1. [Ipu
IOMY €JIEKTPOIIOBEPXHEBI MIPOIIECH € CKIIaJOBUMH
CNMICKTPOKIHETUYHUX SIBMIL, II0 MalOTh MiCIE B
MPHUIIOBEPXHEBHUX MIapaxX TMOJMIMEPHUX HAKIIAJI0K
raJIbMiBHUX MEXaHI3MIB.

OTKe, NPUIIOBEPXHEBUHA AP MOTIMEPHOI Ha-
KJIa/JIKH HArpiBaeThes, 1 B HHOMY CIIOCTEPIraioThest
HE3BOPOTHI BTPAaTH CHEprii 30BHIMIHBOIO IO
Brpatu eHeprii Ha opieHTaIlil0 3B'I3aHUX 3apsIiB

PIBHOCHJIBHI TOMY, 110 B TOBEPXHEBOMY ILApi Mpo-
TIKa€ aKTUBHHU CTpyM, OOYMOBIICHHH MOJSpU3a-
HIHHAMH MTPOIECAMH, IO BiJCTAIOTh Bij 3MiH 30B-
HIIIHBOT'O TIOJISL.

BucHoBku

TakuM YHMHOM, MPOLTIOCTPOBAHA EICKTPOTEP-
MOCTUMYJIbOBaHa TOJSPU3aIlisA JUITHOK METajo-
MOJTIMEPHUX Tap TEPTS CTPIYKOBO-KOJIOAKOBOTO
ranpMa OypoBoi nebifKH, sika CrpsiMOBaHa Ha TI0-
CHJICHHSI Ha 1X TOBepXHAX Tpuboedekty. OOrpyH-
TOBAHO 3HIKEHHS OCTAHHBOI'O 33 PAXyHOK METO/IIB
13ac006iB IEMONAPU3ALLIT IUIAM KOHTAKTIB MiKPOBH-
CTYILiB METAJIONONIMEPHHX [P TEPTsl, BUXOIYH 3
CHEeProHaBaHTAXKEHOCTI 1X TIOBEPXHEBUX MIAPIB.
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