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JlaH1 jiex1ii OpieHTOBaH1 HA CTY/JICHTIB BUIIMX HaBUAJbHUX 3aKJIa/I1B 32 CIEL1aIbHI-
ctio 141 ,,EnexkTpoeHepreTrka, eleKTPOTEXHIKA Ta eJIeKTpoMexaHika” BCixX ¢(OpM HaB-
YaHHS 1 MICTATH 1HPOpPMALIIO 3 Kypcy ,,EleKTpoTexHIuH1 MaTepianu’”.

CydacHe eleKTpOeHEepPreTUYHE Ta eJIEKTPOTEXHIUHE YCTaTKYBaHHS, JIHIT eJIeKTpo-
nepeiadl BUCOKOI Ta HU3bKOI HANPYTH, €NEKTPO(DI3UUHE 1 €IEKTPOTEXHOJIOTIYHE 00IaI-
HaHHS, TPUCTPOI €NEKTPOHIKH, PaTlOTEXHIKH, aBTOMATHKU 1 TEIeMEXaHIKH HE MOXYTh
OyTH SIKICHO CIPOEKTOBAHWMHU 1 CKOHCTPYHOBAaHMMHU 0€3 BUKOPUCTAHHS €JIEKTPOTEXHIU-
HUX MaTepiaiiB 1 He MOXYTh €(DEeKTUBHO BHPOOISATUCS Ta €KCIUTyaTyBaTHUCs 0e3 3HaHHS
BJIACTUBOCTEH 1 0COOJIMBOCTEH 3acTOCYBaHHS MUX MaTepianiB. OCHOBHI 3aBJaHHS Cydac-
HOT'O €JIEKTPOTEXHIYHOTO MaTepialo3HaBCTBA: PO3POOJIATH HOBI 1 MIJABUIIYBATH €EKTU-
BHICTh BHKOPHCTaHHS ICHYIOUHX E€JIEKTPOTEXHIYHHX MaTepiaiiB B €JIEeKTPOSHEPIeTHII,
€JIEKTPOTEXHILI Ta €JIEKTPOMEXaHilll, 30KpeMa 3a paXyHOK IMIJBUIIEHHS MUTOMOI MOTYX-
HOCTI eJIeKTPO0OIaJHaHHS, 3SMEHIIIUTH BTPATH €JIEKTPOCHEPTii MpH ii mepenadi B mOBITPs-
HUX 1 KaOeJNbHUX JIHIAX 1 IpH poOOTI €IEKTPUYHUX MAIIMH 1 IPUCTPOIB, 3a0€3MEeUUTH
0e3aBapiifHICTH 1 O€3MeKy poOOTH MPU 0OCITYTOBYBaHHI €JIEKTPOYCTATKYBAaHHS.

BuBuenns gucruriing "EnekTpoTexHiuH1 MaTepiann" CIpusi€e pO3yMiHHIO TPoIie-
CiB, 110 BiIOYBAIOTHCS B €IEKTPOTEXHIYHUX MaTepiasiaX 1 JomoMarae BU3HAUUTH MOXKIIU-
BOCT1 BUKOPUCTaHHS MaTepialiiB B €IEKTPOCHEPIEeTHIIL, €IEKTPOTEXHILII 1 EJIEKTPOMEXaHiIll
Ta e(heKTUBHICTH (PYHKIIIOHYBaHHS 1 €KCIUTyaTalliiHy HAJAIHHICTh e1eKTpoobIagHaHH. 3a-
CBOEHHSI KpUTEPIiB BUOOPY €JIEKTPOTEXHIYHUX MaTepiaiiB B 3aJ€KHOCTI BiJ] MPUHIMUITY
poOOTH, KOHCTPYKIIii 1 yMOB BUKOPUCTAHHs 00JaHaHHs, popMmye (axiBIls, 37aTHOTO BH-
KOHYBaTH poOOTY JOCIITHUKA, KOHCTPYKTOPA, TEXHOJIOra Ta eKCIUTyaTallliHUKA €JIeKTPO-
€HEPreTUYHOTO, EIEKTPOTEXHIYHOTO, EJIEKTPOMEXAHIUHOTO, eEKTPO(I3UYHOTO Ta BUIPO-
OyBasbHOTO 00aTHAHHS AJIs1 BUPOOHUIITBA, IIEPETBOPEHHSI, TPAHCTIOPTYBAHHS, PO3ITOILTY
Ta BUKOPUCTAHHS €JIEKTPUYHOI eHeprii, 3a0e3meuyouu B Ipoleci IPOeKTyBaHHS 1 BUPOO-
HUITBA BUCOKY SIKICTh LIbOT'O 00JIaJHAHHS, a B TPOIIEC] eKCIlTyaTalii eeKTUBHE BUKOPU-
CTaHHS, KBai(hiKOBaHE TEXHIYHE 0OCIYTOBYBaHHS Ta HAIIMHICTb.

Hucnurnina "EnextpoTexHiuni MaTepiain" € 000B'13KOBOO TIPH MiATOTOBIN Oaka-
JaBpiB JJIs1 pOOOTH B raiy3i eeKTPOCHEPTeTHKH, EIEKTPOTEXHIKH Ta €JICKTPOMEXaHiKH, a
TaKOX B CYMDKHHUX TaTy3sX.

B mporieci BUBUEHHS KypCy CTYJCHT ITOBHHEH:

— 3acBoiTh Kiacudikamiro € /1 € K T P O T eaxteHidini¥ 34 WpHGHAYCHHSM, BIaCTH-
BOCTSIMH 1 CKJTaJIOM, a TAKOX 32 OCOOJIMBOCTSIMHU MPOIIECY IXHROTO BUPOOHUIITBA;

— 3100yTH 3HaHHS PO (I3UYHI MPOLIECH, IO BiI0OYBAIOTHCS B €IEKTPOTEXHIYHUX Ma-
Tepiajax i BILTMBOM €JIEKTPOMArHITHUX IOJIiB, BCTAHOBHUTH 3B’ 30K BIACTHBOCTEH eie-
KTPOTEXHIYHUX MaTepiaiiB 3 XIMIYHUM CKJIA/I0M, CTPYKTYpPOIO Ta PEKUMaMHU TEXHOJIOT14-
HO1 0OpOOKHM, BUBUUTHU 3aJIEKHICTh BIACTUBOCTEH, XapaKTEpUCTHK 1 TapaMeTpiB MaTepia-
JiB B TeMIepaTypH, XapaKTEpPUCTUK HAMPYTy Ta HANPY>KEHOCTI MOJs, MEXaHIYHUX Ha-
MpY>KeHb, TUCKY, BOJIOTOCTI, Jii pajiallii, XIMIYHUX Ta 1HIITUX 30BHINIHIX ()aKTOPIB;



— HaABYUTHUCS OI[IHIOBATHU 3a €JICKTPOPI3MUHUMH, MAaTHITHUMU, TEII0(P13UIHIUMHU, Me-
XaHIYHUMH, XIMIYHUMHU Ta (PI3UKO-XIMIYHUMHU XapaKTEPUCTUKAMH MPUIATHICTh MaTepia-
JIB /17151 3aCTOCYBAHHS B €JIEKTPOCHEPIETHUL, EIEKTPOTEXHIII, EIEKTPOMEXaHilll, EIEKTPO-
Hilll, MpUIaA00yaAyBaHHI, IXHIO B3a€EMO3aMIHHICTb;

— O3HAMOMHUTHUCS 3 METOJaMU BUIPOOYBaHb Ta BUMIPIOBAaHb OCHOBHUX CJIICKTPUIHUX,
Mar”iTHUX 1 ()13UKO-MEXaHIYHHUX MTapaMeTPiB eIeKTPOTEXHIYHUX MaTepialiB;

— 3aCBOITH KpUTEPIi PaLllOHATIBHOTO TEXHIKO-€KOHOMIYHOTO BUOOPY €IEKTPOTEXHIY-
HUX MaTepialliB MPU KOHCTPYIOBaHHI 1 PEMOHTaX €JIEKTPOTEXHIYHOTO Ta €IeKTpOeHepre-
THYHOTO 00JIaTHAHHS;

— 3acBOITH KpHTepii 3a0e3neueHHs epeKTHBHOI eKCITyaTallli 06JaHaHHs, B IKOMY
BUKOPHUCTOBYIOTHCSI €JIEKTPOTEXHIYHI MaTepiain, 3 BpaXyBaHHAM Jlii HA HbOT'O €KCILTyaTa-
[IHHUX Ta 30BHINIHIX (aKTOPiB.

ITpu BuBUeHHI Kypcy "EnekTporexHiuHl MaTepianu", 0COOIMBO Ha IEPIIOMY Kypci,
y 3B’SI3KY 31 3HMKEHHSIM PIBHS BUKJIaJAaHHs (I3UKH B IIKOJI1 HAHCKIaAHIIIUMU JJI 3aCBO-
€HHS BUSIBJISIOTHCS PO3JIUIN, B IKUX OMUCYIOTHCS PI3HOMaHITHI TEOPETHUYHI acTIeKTH (Di3u-
YHUX MPOIIECIB, IO BIAOYBaIOThHCS y MaTepianax. BaxnuBo po3idparucs y ¢pi3uuHii cyTi
KOXKHOTO SIBHIIA, SIKE BUBYAETHCS, HE 0OMEXYI0UHUCh (POPMAIIBHUMU B1IOMOCTSIMU MPO Ta-
pameTpu MaTepiaiiB Ta iXHIO 3aJI€KHICTh Bl 30BHINIHIX ¢akTopiB. Lle nonmomosxe B mpo-
reci nmpodeciiftHol MisMBbHOCTI €()eKTUBHO EKCIUTyaTyBaTH €JICKTPOOOIaIHAHHS, IpaBH-
JILHO OLIIHIOBATH HOT0 TEXHIYHHUN CTaH Ta NPUIIMATH ONTUMAaJIbHI PIIIEHHS BIIHOCHO MPO-
JIOB’KEHHS MOT0 eKCIuTyaTallii, BUBEJCHHS B PEMOHT Y CIIHCAHHS.

CryneHTy OBHHHI 3aCBOITH KiacudiKaIiio MaTepiamiB (3araibHy Ta OKpeMy s
KOXKHOI TPYIIN), @ TAKOK YCBIIOMUTH (Di3UKY SBHIIL, 1[0 CIIOCTEPITAIOTHCSI B OCHOBHUX T'PY-
nax MaTtepiaiiB MpH Jii Ha HUX 30BHIIIHIX (AKTOPIB (EIEKTPUYHOIO Ta MArHITHOTO MOJIIB,
TEMIIEPATYPH, THCKY, BOJIOTOCT1, MEXaHIYHUX HANPYKEHb, XIMIYHO arpeCUBHOTO CEepeo-
BHUIIA, PaJ10aKTUBHOTO BUIIPOMIHIOBaHHS TOLIO). [Ipy BUBUEHHI KOHKPETHUX TUIIIB MaTe-
pianiB, HEOOXiHO 3’sICyBaTH, TIEPII 32 BCE, SIKOIO MIpPOIO iXHI BIACTUBOCTI MOXYTh OyTH
MIOSICHEH1 paHillle BUBYCHUMH 3arajJbHIMH 3aKOHOMIPHOCTSIMH, a KOJTM BUMAraroTh 1Moja-
JBIIOTO KOHKPETHOTro po3rsiny. CTyAeHTH MaroTh HaBUYUTHCS TMOSICHIOBATH (PYHKIIIOHA-
JIbH1 3aJI€KHOCTI TOTO YM 1HILIOTO apaMeTpa MaTepiay BiJl IHTEHCUBHOCTI Jiii 30BHIIIHIX
¢dakTopiB, BUXOAIYH 3 (i3UIHHUX YSBICHB MPO BiMOBIIHI MPOIIECH.

PexomeHnyeThCsl B 3arallbHOMY BHITQJKy IOTPUMYBATHCS CHCTEMHOTO TiIXOIY.
[Tpu BuBYEHHI 5K (PI3MUHUX OCHOB €JIEKTPOMATEPiaIO3HABCTBA, TAK 1 BIACTUBOCTEN KOHK-
PETHHUX EJIEKTPOTEXHIYHUX MaTepialiB HOTPiIOHO HABUUTHUCS BPaXOBYBATH IO €KCILTyaTa-
HidHUX (PaKTOPIB HA €JNEKTPOTEXHIUHI MaTepiajid y CKJIaJl BUPOOIB Mija yac QPyHKI[IOHY-
BaHHS OCTaHHIX, a TAKOX (PAaKTOPiB 30BHIMIHBOTO CepeAOBHUIIA, HAOIP SKUX 3aJ€KUTh BiJl
YMOB €KCIUTyaTallli ik BUpoOiB, Tak 1 MaTepiaiiB y HuX. Heob6xiqHo yCBiIOMUTH, 1110 Bia-
CTHBOCTI €JEKTPOTEXHIYHUX MaTepiaiiB, 10 BUKOPHCTOBYIOTHCS, OOOB'I3KOBO MOBHUHHI
BIJIMOBIAATH BUMOTaM, siKi c(QOpMyIbOBaHi y BIAMOBIIHUX J€PKaBHUX CTaHAApPTaX.

[ToTpibHO HA OCHOBI (HYHKIIIOHATBLHOTO MIAXOAY JO BH3HAUYEHHS KJIAcy MaTepialiiB
migiopaTy psa MPUKIAAIB 3aCTOCYBaHHS €JIEKTPOTEXHIYHMX MaTepiaiiB IJisi BHUKOPHC-
TaHHS y BIATOBIIAX TPH €K3aMEHAI[IHHUX Ta 3aJIIKOBHX ICITUTAX.



CamocriitHa po0OoTa 3 JIITEPaTypPOr0 — OCHOBHUM BU POOOTH CTYyACHTA 3a04HOT  (o-
pPMU HaBYaHHS, aji¢ BOHA HAJ3BUYAHO BaXKJIMBA 1 IJIs CTYACHTIB IeHHOI dhopmHu, 60 dop-
MYE€ 3JJaTHICTh CAMOCTIHHO PO3B’sA3yBaTH NPAKTUYHI 33]1a4l B ITpolieci NpodeciifHOoi Aislib-
HOCTi. [Ipy BUBYEHHI TEKCTIB JICKIIH YU Oyab-SKOTO MiAPYYHUKA 31 CIHCKY JITEPaTypu
HEOOX1JIHO CKJIACTU KOHCIIEKT, B SIKOMY CIIiJl 3a(iKCyBaTH 3aKOHU U (HOpMyJH, IO B1AO-
OpakaroTh Il 3aKOHH, OCHOBHI BJIACTHBOCTI €JICKTPOTEXHIUYHUX MaTepiamiB 1 (pi3uuHi ma-
paMeTpH, 110 XapaKTepU3yIOTh 11 BIACTUBOCTI, @ TAKOXX OCHOBHI METOJY BUMIPIOBAHHS
[IUX TIapaMeTpiB.

baxxano, 3BnuaitHo, BUBYUTH CKIaAH1 (HOPMYITH, 1110 OMUCYIOTh MPOIIECH B €IIEKTPO-
TEXHIYHHUX MaTepiaiax, CTPyKTypHI (OpMYIIH BUCOKOMOJICKYIIPHUX CIOJYK (ITOJTIMEpPIB), a
TaKOK XIMIYHUI CKJIa/l HEOPraHIYHUX J1EJIEKTPHUKIB, aje 000B’sI3K0BO NOTPIOHO 3HATH MPH-
poay Ta OyJOBY peYOBHH (HEUTpAThHUX, IMOJSIPHUX Ta 10HHUX ), (DI3UKY SBHIII, TEPMiHOJIO-
Tit0, pO3paxyHKOB1 (popMynH, iX QI3UUHUNA 3MICT, HOPSAAOK 3HAYEHb J11€IEKTPUYHOI IPOHU-
KHOCTI, TUTOMOTO OTIOpPY, TAHTE€HCA KyTa JIIeJIEKTPUIHUX BTPAT, €JIEKTPUYHOT MIITHOCTI, Ma-
THITHOT MPOHUKHOCTI Ta IHIIMX TEXHIYHUX MTapaMeTPiB eIEKTPOTEXHIYHUX MaTepiaiiB.

VY mporeci BUBYEHHSI KypCY CTYACHTU Ul IPUAOAHHS MPAKTUYHUX HABUYOK I10-
BUHHI BUKOHATH JIa0OpaTOpHI poOOTH Yy mependauyeHoMy poO0YOr0 MPOrpaMoro 0ocs3i, a
TaK0X JOMAITHIO KOHTPOJBHY pOOOTY /JIsi CTY/ICHTIB CTAIlIOHAPY Ta KOHTPOJIbHY POOOTY
Jutst 3a04HUKIB. [licns oopmiteHHs 3BITY Mpo J1abopaTopHi pOOOTH IPOBOAUTHCS CIiBOE-
ciJla BUKJIaJaya 31 CTyJEeHTaMH, OCHOBHOIO METOIO SIKOi MOBHHHA OYTH TEpeBipKa po3y-
MIHHS IOCTAaHOBKH 1 X0y IPOLIECY JOCIIPKEHb, a TAKOK 3aKOHOMIPHOCTEH, OTPUMAHHX B
iX pe3ysbTarti.

BuBuenns nucuuruiing "EnexTpoTexHiuHi Marepianu' 0a3yeTbcs Ha OTPUMAHHUX
paHilie 3HaHHSX 13 3arajJbHOOCBITHIX 1 IHKEHEPHHUX IUCIUILIIH, 30KkpeMa po3aiiiB "by-
nosa atoma", "llepioanuna cucrema", "Tunu xiMiYHUX 3B’S3KIB y pedyoBuHi", "3aranpHa
XapaKTepucTUKa XiMiuHuX eneMeHTiB", "Teopis kopo3ii MeTaiiB i mOJIMEPHUX MaTepia-
miB" 3 kypey "Ximisa"; "OCHOBH MOJIEKYJISIPHOI (PI3UKH Ta TepMOauHaMiKu'", "3aKOHU U-
¢y3ii", "TermonpoBiaHIiCcTh 1 BHYTpilHE TepTs", "EneMenTtu ¢i3uku TBepAOro Tina" 3 Ky-
pcy "®i3uka"; "3aranbHi MOHATTS 1 3aKOHM Teopii elekTpoMardiTHoro nojis", "HYacToTHi
BJIACTHBOCTI €JIEKTPUYHUX K11 1 pe30HaHCHI edekTn" 3 Kypcy "TeopeTudHi OCHOBH €JIEeKT-
poTtexHiku" abo "3aranbHa enekTpoTexHika". Ko TMCIUIUTIHA BUBYAETHCS paHillle, HIXK
CTYICHTU MO3HAHOMMIIKMCS 3 BIAMOBIAHOIO 1H(OPMAIIEIO MTPU BHUBYEHHI MEpepaxoBaHUX
JTVCIMILIIH 3TiTHO HABYAJIHHOTO TUIAHY, 110 Ha )KaJlb TPATUIIETHCS, TO Oa’KaHO CaMOCTIHHO
NO3HAMOMHUTHCA 3 HEI0 a00, y KpaiHbOMY BHIIAJKy, OOMEXUTHUCS KOPOTKHMH BiJOMOC-
TSIMU, HABCACHUMH B TEKCTI JICKIIIH.

[Ipu BUBUYEHHI BIACTHUBOCTEH ENEKTPOTEXHIUHUX MaTepialiiB HeoOX1aHO, mepul 3a
BCE, CBIJIOMO HamaraTucs MOJO0JaTH MCUXOJOTTYHIN MUKIUCUMIUTIHApHUHN Oap’ep, SAKuii
YacTo 3aBa)a€ CTYJIEHTaM BHUKOPUCTOBYBATH 3HAHHS 13 CYMDKHUX qucIUIuIiH. Kpim Toro,
Jy’e BaXJIMBO YCBIIOMUTH 1 TOTPUMYBATHUCS HA MPAKTUII TOJIOKEHHS, 1110 3HATH HaBYa-
JBHUN MaTtepial — 11e 100pe, aje 3HaHHs 0e3 po3ymiHHA Hiuoro He Bapte. [lo-mepiie, B
qacu iHpopMaIiiTHUX TEeXHOJOTIH X014l HOC1T iHpOopMaIii HikoMy He TOoTpiOH1, TOTPiOHI
CIIEMIAIICTH, SIKI 3HAIOTh 1 PO3YMIIOTh, K BTUIMTH 1H(OpMaIliI0 B peaibHi cipaBu. [1o-
Jpyre, po3yMiHHA MPOOJIEMH 103BOJISIE BUOPATH B HEOCSHKHOMY MOpi iH(popMattii B iHTep-
HET1 MOTPiOHY 1, 1110 HE MEHII BAKJIMBO, SIKICHY 1H(oOpMarliro. B Tol ke yac moTpiOHO TaKOXK
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BPaxOBYBAaTH, 1110 PO3yMiHHS 06€3 MEBHOro 0araxy 3HaHb TeK HeMoxJuBe. OcoOIMBY yBary
CJIIJT IPUJIUTATH 3aCBOEHHIO (DI3MYHOT CYTI OCHOBHHMX TEPMIHIB 3 €JIEKTpoMaTeplaio3HaBCTBA
1 IXHIX BU3HAUY€Hb, 0€3 YOro BUBYCHHS JUCIUILUIIHU B 3HAUH1H Mipl T030aBJICHO CEHCY.

Heo06ximHO BpaxoByBaTH, III0 BUBUECHHSM Jii pi3HUX (DAaKTOPIB HA PEUOBHHY, B TIiM
YHCIII 1 €IEKTPUYHUX Ta MArHITHUX IOJIIB, 3aiiMalOThCS TAKOXK CIELIANIICTU 3 €IEKTPOHHOT
TEXHIKU. AJie B LIGHTP1 yBaru paaioeJeKTPOHHOTO MaTepialo3HABCTBA 3HAXOSATHCS MEPII
3a BC€ fABMILA, 1110 BIAOYBAIOTHCS B MajoMy 00’eMl mMaTepiaiay B CIA0KUX E€IEKTPUYHHX,
MarHiTHUX, MEXaHIYHUX, TEIUIOBUX 1 ONTHYHHUX MOJSAX B aKTUBHHUX JIEJEKTPHUKaX (cer-
HETO-, II’€30- 1 MIPOEIEKTPUKU) , HANIBIPOBIAHUKAX (P-N mepexis, KOHTaKTHI SBUINA,
MOJIbOB1 XapaKTEPUCTUKH TOIIIO) 1 MAaTHITHUX MaTtepianax. B Toi ke yac B eJ1eKTpOTEXHIIT
OCHOBHA yBara npuAUISIETbCA MOBEAIHII MaTEPIaliB B CUJIBHUX €JIEKTPUYHHUX 1 MArHITHUX
MOJISIX 3 BpaXyBaHHSAMHU OJHOYACHOI i HA HUX 1HITUX (PaKTOPiB.

Ockinpku guctumiiHa «EnekrporexHiudi Matepianu» 0a3yeThes B eIy Yepry Ha
SIEKTPO(I3MUHUX BIACTUBOCTSX JiCJIEKTPUKIB, HAITIBIIPOBIIHUKIB, POBITHUKIB 1 HA Mar-
HITHUX BJIACTUBOCTSIX MarHeTHKIB, TO OCHOBHI MOJIOKEHHS (P13UKU BIMOBITHUX MaTepia-
JIiB, BPaXOBYIOUH IIIO BIATIOBIAHI KypCH BIiJICYTHI B HaBYAJIBHUX IUIaHAX CIEIiaIbHOCTI,
HIMPOKO 3aCTOCOBYIOTHCS 0€3 1€TaJIbHOr0 OOIPYHTYBAHHS MPU MOSICHEHH] SBUIL, 1110 BiJI-
OyBalOThCs B €NIEKTPOTEXHIYHUX MaTepiasiax. 3a paxyHOK I[bOTO YTBOPIOETHCS MEBHUH 3a-
nac 3HaHb JJIS BUBYCHHS TAaKUX AMCLUILTIH, K « TeXHIYHA MIarHOCTHKA €IeKTPooOIaI-
HaHH», «Teopis HaIIMHOCTI» Ta THITUX.

EnextpoTexHiuHe MaTepialio3HABCTBO MOCTIHHO PO3BUBAETHCS, PO3POOISIOTHCA
Moaudikallii BITOMUX MaTepialiB 3 KpAIIMMH XapaKTePUCTUKAMH, CTBOPIOIOTHCS HOB1 Ma-
TepiaJivi 3 YHIKaJIbHUMU BIACTUBOCTSAMHU, @ TOMY MOTPIOHO 3HATH OCHOBHI HAIIPSIMKU PO3-
BUTKY €JICKTPOTEXHIYHOTO MaTepiaJo3HABCTBA Ta HOrO MOTEHIIANbHI MOMJIMBOCTI, 110
BIJIKpUBAIOTHCS 3aBJISIKM BUKOPUCTAHHIO CYYaCHUX MaTepialliB.
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BpaxoBytouu, mo enekrporexHiydi matepianu (ETM) posrmsimaioThest 3apa3 Ha
MEepIIOMY Kypci, TOOTO IIPH iX BUBYEHHI MO>KHA BUKOPUCTOBYBATH TUIHKY MIKIJIbHI 3HAHHS
3 XiMii 1 (i3UKH, K1 HeIOCTaTHI JUIsl BUBUCHHS JUCIUILIIHU, PO3TIITHEMO X04a O (pparme-
HTapHO OCHOBHI MOHSATTS 3 €JIEKTPUKH, 0€3 SKUX HE OOIUTUCH MPU PO3TIIAJIL EIEKTPOTEX-
HIYHUX MaTepiamiB.

[Ipn BUBYEHH] AMCLMILIIHA HEOOXITHO MaTH HA yBa3i, 10 B IPUPOJL ICHY€E YOTUPH
(GyHKIIIOHATIbHI BUIN B3a€EMO/TIN:

— C 1 a @Bu3@ayae B3aeMOJIiI0 MiXK €JIEeMEHTAPHUMHU YaCTHHKAMHM Ta TXHi B3ae-
MH1 IEPETBOPEHHS);

— C W N kMBeariciie B aTOMHUX Spax);

— rpaBi Taui MHa;

— eneKTpoMmMar HiI THa

B enexTpoTexHii MU MaEMO CIIpaBy caMe 3 €JIEKTPOMATrHITHUMU CUIIAMH.

HaBenemo BH3HAYEHHS OCHOBHUX IMOHSTH, MMOB'A3aHUX 3 €JIEKTPOMArHiTHOIO B3ae-
MO/JII€10, TAKUX SIK €JIEKTPOMArHiTHE MoJie, PI3HOBUIHOCTI 1 XapaKTEPUCTUKU €JIEKTPHUY-
HOTO TI0JIs1, BUM €TIEKTPUYHOTO CTPYMY, a TAKOXK MArHIiTHE TOJIe 1 HOTO XapaKTePUCTHKHU.
[{i Bu3HAaUEHHsI, SIK 1 BC1 1HIII, III0 BUKOPUCTOBYIOTHCS B MOJIAJIBIIIOMY, HABEJICH] Y BIIO-
BimHOCTI 10 JlepkaBHuX cranmapTiB Ykpainm JICTY 2843-94, JICTY 2815-94, ICTY
2725-94 1 inmux (monaxa 30 ICTY npucBsiueHo TepMiHaM 1 BUBHAYEHHSM B 00J1acTi eJeK-
TPOTEXHIKM) Ta peKoMeHaIliit MixkaapoHoi enekTpoTexHiunoi komicii (MEK).

ExexkTpomarHitHe mone 1T U e BwWupg wMaTtTepi T, wo BwU
ABOMaAa BEeKTOPHWUMU BenuMUYMHaMum, HGKIi xapa
punyHe none" i "MarHi THe none", [ UYUHMU
3anexHy Bi A T X wWBMAKOCTI [ enNnekKTpPUYUYHAQ

EnexTtpuunemoie— 0O f, Ha 3 ABOX CTOpPIi H enexkTp
pPM3IyeTbCcd L[iI € Ha eNeKTPUUYHO 3apapxeH
yacTKM®N i He 3anexHow BIi A4 T 1T WBWUWAKOCTI

3

K T €

T b

D

B 3anmexHOCTI BiJl yMOB €JIEKTPUYHE ITOJIC MOXKE BUCTYIIATH B OJHOMY 3 TaKUX Bapi-
AHTIB:

— J dzj € Is te ts M Isf Gdsdgg npklzgnate mose HepyXOMHUX 3apsIKEHUX TiT TIPH Bi-

JICYTHOCTI B HUX €JIEKTPUYHUX CTPYMIB,;

- MOy tsjz@jcUdg tdf dsugdgiekrprune mose eneKTPUYHUX CTPYMIB, IO HE

3MIHIOIOTBCA B Yaci, IPH YMOBI HEPYXOMOCTI MIPOBIIHHKIB 31 CTPyMaMH;

- BJLod4gtzid |p tddsugdgjexrpuune none, B skomy porop! HanpyxkeHocT
eJIEKTPUYHOTO TOJISI CKPi3b JOPIBHIOE HYIIIO;

Portop — 11e BeKTOpHA BeNMMYWHA, IO XapaKTEPHU3y€e 3aBUXPEHICTh €IEKTPOMArHiTHOTO OIS 1 BiMiHHA BiJ HYJIS
TUIBKW TP HASBHOCTI 3aMKHEHHMX CHJIOBHMX JIiHIH mojs. BoHa moB'sizye MiX cO0OI0 OCHOBHI XapaKTEpUCTHUKH

CJICKTPUYIHOI'O 1 MAar"HiTHOT'O IOJIB 3Ir'IHO 3 P1BHSAHHSAMU MakcBemia rot E = lJB i rotB F _B , A€ EiB-

HAMPYKEHOCTI ENEKTPUYHOrO Ta MArHITHOTO MOJiB, D — eexkTpuyHa iHAYKLis, | — TyCTHHA CTPYMY IPOBiTHOCTI.
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— 9 ( n tgjtsdzjj € Is tdf dsuggiexrpuane moste, B sKOMyY pOTOp HAIIPYKEHOCTI elte-
KTPUYHOTO IOJISl HE CKPi3b OPIBHIOE HYJIIO;
— ' dzH 2 § [ ez Gzl tafdtsuddgdiexkTpuune moe, 1m0 MOPOHKYETHCS 3MIHHUM B

yaci MardiTHUM ITOJIEM.

TakuM 4MHOM, €IEKTpPUYHE 0JIE€ MOKHA PO3IJISIIATH, K MPOCTIP, B KOXKHIN TOYLI
SKOT'O Ha 3aps/UKEHY 4acTKy i€ cuia. L{g cuia BU3HauaeThes HANPY>KEHICTIO €JIeKTpUY-
HOTO HOJIS.

1 Of telzy j dz' Misydetgaiag CHsttmf TOpHA BEeNMYMHAZ
HOWEeHHKW cunun, A1 04Ol Ha 3apdaaXeHY 4Yac
Ha 4Y4acTKy 3 MNO3WUTMWBHMAWI &8,a psKkda Mg ige. Har o
3apasag)E=Fq.

T K )
001 C

OanvmHmnuya sBuMi/gEBoaikbrd MmeT p)

3 (i3UKH BIIOMO, 110 €JIEKTPUYHE MOJIE MOXKHA XapaKTepU3yBaTH KPiM HaIPy>KEHO-
CT1 €JIEKTPUYHOTO TOJIS €IEKTPUYHOIO 1HYKII€0 D.

EnexTpuuHa inaykuis (ejJiekTpuuHe 3mimesns) D—c Kk anapHa Ben
Pi BHIE HOPManbHI W cKnNnagemiol OF B @ A vy Sl

Myu
ian e

OavHuusa BuMidPoKgmmway mMmeTp

B 3aranpHOMY BUNA/Ky €IEKTPUYHA 1HIYKLISA 1 HAIPYKEHICTh €IEKTPUYHOTO MOJIS
JUIS KOHIEHCATOPA 3 TUIOCKUM TTI0JIEM 3B’ s13aH1 JIHIHHOIO 3aJICKHICTIO

Ds = ee=@ae s,

ne & — abCoNI0THA JIieTIEKTPUYHA MPOHUKHICTh, & — eNeKTpUYHa cTana (abcoioTHa fie-
JIEKTPUYHA IPOHUKHICTh BAKYYMY), & — BIIHOCHA JlieNIEKTPUYHA IPOHUKHICTh. B HEoTHO-
PIIHOMY TOJIi TAKOXK MOKHA MEPEHTH 10 B1IOOPAKEHHS KOXKHOI TOUKH MO B 00’ €Mi, 110
PO3TIIAAAEThCS, 3 JOoMoMorow d 3aMicTh €, BBaXkaro4W, IO € BiJAMOBiJa€ HOPMaJbHIK
(TOOTO MepneHAUKYISpHIN A0 MOBEPXH1) CKIAA0BIM I'YCTHHH BUIBHOTO MOBEPXHEBOTO 3a-
psy Ha eNeKTPoiax, sika O JaBaia Take K 3HAYCHHsI HAMPY>KEHOCT] eIEKTPUIHOTO TOJIS B
JaH1i TOYI[l y BUNAAKY OJHOPITHOTO TOJIS.

AJe, SIK IPaBUJIO, B EJICKTPOTEXHIII €IEKTPUYHE OJIC 3aBXK/IU 33a€ThCSI HAIIPYKe-
HICTIO TIOJIS.

Enextpuune moste, 3aaHe yepes HAMPYyKEeHICTh, € © | § IS tS teAdrdiidio moxHa
3amatr ik ) & O dz"idaddz jiomomororo J dzj € Isted ydzese s ff sls j dzy*’

EnexTpuynuii moreHuiag ¢ 1 cKajlsgpHa XapaKTEpUCTUKA €IEKTPUYHOIO IO B

O dzk

JaHii TOYII, 110 JOPIBHIOE L O P i B H OE Bi QHOWEHHI NOTeEeHLUI I

Ti Wano 3HauveHHAg GiaWd. 3apsany

OavHunuysa BuMi(BwoeaHH A

Ha mpakruiii, 3 BpaxyBaHHSM BiICYTHOCTI IPUPOTHOTO HYJS €HEPTii, sIK MPaBHIIO,
BusHavaroTh t6° L dzd y¥ ( J dzj € Is tc d udgappiruioe itnisijjeaaupr@idz
NOTEHI[iaNIiB 1aHOi 1 1HImoi, OBUIEHO BHOpaHoi Touku. [lpuitHATO, IO pHU BU3HAYEHHI
CJIEKTPUYHOTO TIOTEHITIay 3a TaKy, JOBIJIbHO BUOpaHY TOUKY BUOMPAIOTh HECKIHUEHICTD,
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00 Ha HECKIHYEHHOCTI MOTEHIIIHHA €HEPTisd 3apsSHKEHOr0 TiTa JOPIBHIOE HYMMIO. TakuM 4u-
HOM, NPY BU3HAYECHHS €JIEKTPUYHOTO MOTEHITIATy MOBa Hle PO MEePeHECEHHS 3 JaHOT TOUKU
Ha HECKIHYEHHICTh TUIA 3 MO3UTHUBHUM 3apsA0M, TOMY IO PI3HULS NOTEHIIANIB Ma€ Pi3HI
3HAKH B 3aJICKHOCTI B/l HAMIPSIMKY PYXY.

[ToTeHuian 0THOBUMIPHOTO €JIEKTPUYHOTO IOJIs 3B'I3aHUM 3 HOT0 HANPYKEHICTIO
X

crisBimHomennsam / (X) = 1] €)X

ol

Enextpuuna Hanpyra (tc* L dzd yv § BUs juczxpisfiasenaunna, pisaa
JTHIHHOMY THTErpaly HapyXEHOCTI eICKTPUUHOTO MOJIS Y3/I0BXK 3aJaHOTO IIISIXY Bij TO-
gk 1 10 TOUkH 2.

OamHnuya BuMi(BoBIadHH A

Busnauaetbcs enexkTpuuHa Hampyra 3a (opMysor0
W,

r2 r2 rl
U,=fEd = E§l- Edipfd, -0 —=2 .
rl - o - o

ne dl — HeckiHYeHHO ManuWit eneMeHT HULIXY; 1l i r2 — pamiycu-BekTopu To4ok 1 i 2

alE

L
(puc. 1). (Mexaniunuii aHanor: po6ora A=nF Oc)
L
F=Eq TakuM 4YHMHOM, eJIEKTPUYHA Ha-
npyra— e podoTa o nepeHeceHHIo oau-
HUYHOIO MO3UTHUBHOIO 3apsly Mi:K TOY-
kamm 1 i 2. Ilg poboTta He 3aleKUTH BiJ
q NUIAXY, IKAM pyXaBcs 3apsjl, 00 eJeKTpH-
T YyHe MoJie € MOTeHUiliHuM, T06T0 — TIO-
JeM, y IKOMy po0oTa 1Mo epeMiIieHHIo 3a-
Py XapaKTepPU3YETHCS HE3AIEKHICTIO Bijl
BUOOPY NUISIXY 1 BUBHAYAETHCS TUIBKU TIO-
YaTKOBOIO 1 KIHI[EBOIO TOUKAMH.

Puc.1.1. BuznaueHHs pi3HHULI €IEKTPUUHUX
MOTEHIialiB

Enexrpopywmiiina cuia EPC — ckanspHa BelnurHa, U0 XapaKTepU3ye 3JaTHICTh
CTOPOHHBOTO TOJIS 1 IHAYKOBAHOTO EJIEKTPUYHOTO MOJISI BUKJINKATU €JIEKTPUYHUN CTPYM.

OanvHunuysa BuMi(BwoeaHH A

Crig gitko po3aimstu nousatrsa dzOf ez e d  °  j dzd € Islipisdigolzifarni? dzts
CTpyMY BiiOyBa€Thcsl MOCTIHA HEMTpamizamis 3apsAAiB MPOTUIIEKHOTO 3HaKy. s Toro,
1100 MiATPUMYBATH CTajle 3HAUCHHS CHUJIM CTPYMY MOTPIOHO BECh Yac 3HOBY PO3AUIATH 3a-
PSIIN — 10 IHOTO 3BOAMTHCS MPOIIEC TeHEPYBaHH eleKTpoeHeprii. Po6oTy mo po3ainenHio
3aps/iiB BUKOHYIOTb B JKEpEl HANpYyr (CTpyMy) CTOPOHHI CHUJIM HE €JIEKTPOCTATHYHOTO

12



MOXO/[KEHHS, 3yMOBJICHI XIMIYHUMH TIpoliecaMu (aKyMyJIaTOpH, OaTapelku, MajJvuBHI eJe-
MEHTH), TU(y31€10 HOCIIB 3apsiIy B HEOTHOPITHOMY CEpeIOBHUIII (€IEeKTPOCTaTUYHI TeHe-
paTopH, pn — Nepexoan ), SMIHHUMH B 4acl MarHITHUMU NOJIIMU (€1EKTpUUHI TypOo-, Iij-
porenepatopH). BoHu 3acTaBisitoTh MO3UTUBHI 3apsa/id PyXaTHCS MPOTH €JIEKTPOCTATHY-
HOT'O MOJISl BCEPEIMHI JIKEpesia HaIpYry 1 TaKUM YMHOM MIITPUMYIOTh iX HETEepepBHUI
pyx (puc. 2,a). [loBHa poboTa B 3aMKHEHOMY €JICKTPHYHOMY KOJIi JOPIBHIOE poOOTI came
CTOpOHHIX cunl (puc. 2,0), a cyma poOIT €IeKTPOCTATUYHOTO MOJs B CEPE/IUHI JKepena
HaIPyTH 1 B 30BHIIIHHOMY KOJIi JIOPIBHIOE HYJIIO BHACTIOK MPOTUIIC)KHOTO HATIPSIMY PYXY
HOCIIB 3apsiAy B BIANOBIJHO PI3HHUX 3HAKIB po0OTH (poOOTA — MCEBAOCKAIIAP).

¢l ¢2 >
@
> I H @3
ch Fen
Ql>@2
“o—<6 <@
a 6

Puc. 1.2. Pyx no3uTHBHUX 3apsiB B JKepelll HAapyTy 3a paXyHOK CTOPOHHIX CHJI 1 B 30BHIIII-
HBOMY KOJIi BHACIIIOK JIii €ICKTPOCTATUYHUX CHJI: & — IPH MPOTiKaHHI CTpyMy; O — Hanpsim
CTOPOHHIX 1 €IEKTPOCTaTHYHUX CHII 1 pyXy 3apsiliiB B JKEPEJl HApyTu

[Tpu xii enexTpUyHOTO MOJIS Ha 3apsKEHI YACTHHKU B BaKKyMi a00 B PEUOBHUHI I1i
YaCTHHKH MOXKYTh PYXaTHCh i CTBOPIOBATH CIICKTPUYHUI CTPYM.

EaexkrpuyHuii ctpyMmi HanpaB/1eHUN pyXxX 3apsapgxeH-r

Cunacrpymy—-3 ap a4, WO N p O X Ongenprebp iy3e peerse KAT
OAVMHMWLI Yacy.

4 tod HdZ L dzOyJ dzt®/t. d dzd MmMistclz A3z

[ dlls® 9 L dzOyj dedgv yf dededn nfrplsetd Zaodglzo ¢ 71 3
H o—il=dQ/dt.

OavmHnya B n-Mi( pPAMEIEHH A

n X
apHmL

Pi

[Tpu poMy, B 3aJI€XKHOCTI B/l XapakTepy 3MIIIEHHS [TUX YaCTUHOK PO3PI3HAIOTH:

1 s dzd 2 -plstepuiddpenuunna, mo piBHa cyMi €IEKTPUYHOTO CTPYMY MPO-
BIJTHOCTI, €IEKTPUYHOI'O CTPYMY 3MIIICHHS 1 €JIEKTPUYHOTO CTPYMY MEpPEHECEHHs Kpi3b
JTaHy TIOBEPXHIO.

[ dzi SIsted yded 2 Mmls tc 2z ggunif da@a@osamoc® SyR)yl$insHux HOCITB
eJIEKTPUYHOTO 3apsily B pEYOBHHI a00 B MOPOKHEUI, 1110 KITBKICHO XapaKTePU3y€EThCS CKa-
JISIPHOIO BEJTMYMHOIO, PIBHOIO TOX1/IHIN 32 4aCOM BiJ €JIEKTPUYHOTO 3apsy, 110 MEPEeHO-
CUTHCS BUTBHUMU HOCISIMH 3apsily 4epes3 JaHy MOBEPXHIO.
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CtpyM MPOBITHOCTI BUSHAYAETHCS 3aTHICTIO PEUOBUHH ITPOBOJUTH T JI€IO €ie-
KTPUYHOTO TIOJIs, [0 HE 3MIHIOETHCS B Yaci, CIIEKTPUUHUI CTPyM, 1 Xapakrepusyetbesa §f d -
Sy J dzj § Isted Y dzts 400 dpceriseoro iH kzinfgiew f J IS BSE s | |
stedydzse s i stok

[ dzj Slsted yded2 Mmistedzylk ymn ih g daslz2ve nek TpuswHoOT
B NOPOXHEUYiI | enexkTp W HMHKOIBKIOHO XaphKIcyubyyrbcsAickn- 9 P V
JISIPHOIO BETMYMHOIO, PIBHOIO MOX1/IHINA 32 YaCOM BIJ] IOTOKY €JEKTPUYHOIO 3MILLEHHS Ye-
pe3 IaHy MOBEPXHIO.

([ dzj Slsted yded 2 Mmistclz B3 L dpunfe jmidndetexrprunor®rora iz |d3”
BaKyyMi, IO KIJTbKICHO XapaKTEePU3Y€EThCS CKAISPHOIO BEIMYMHO, PIBHOKO TOXITHINA 3a
9acOM BiJl TOTOKY ENEKTPHYHOTO 3MIIIEHHS B BAKyyMi 4e€PE3 TaHy IIOBEPXHIO™,

[ dzj Slsted yded 2 Mls tc izl i$:0z%sesafiux QapsmKeHIX YacTh-
HOK B JIIEJIEKTPUKY IPH 3MiHI HOTrO MOJSIPU30BAHOCTI, II0 KUIBKICHO XapaKTEpU3YEThCS
CKaJISIPHOIO BEJIMYMHOIO, PIBHOIO MOXIHIN 32 4acoM BiJl CyMH aOCONIOTHUX 3HAYEHD elie-
KTPUYHUX 3apsI/liB YACTUHOK, IO MEPETHHAIOTD JaHy MOBEPXHIO MPH 3MiHI MOJISPH30Ba-
HOCTI JIeIeKTPHUKA.

[ dzd Stz 2 Mistclz &3 1 gntagpazguih) grpdadzsilicnioBanuii nepe-
HECEHHSM EJIEKTPUYHUX 3apsJl1B MAKPOCKONIYHMUMH TUIaMH, KIJIbKICHO XapaKTePU3YEThCS
CKaJISIPHOIO BEJIMYMHOIO, PIBHOIO TIOX1HIHM 32 4aCOM BiJl €IEKTPUYHOTO 3apsiy, 110 Tepe-
HOCHUTBCS TUTAaMH Yepe3 TaHy MOBEPXHIO.

EaexkTpuynuii 1umoab —C Y K YN HIi CTb ABOX YacCcTMUWHOK,
oOooHOT Ha Bi gcTaHiI, 6araTto 6i fbwWOMY Ppp3M
BI 4 YaCTMUHOK O TOYOK cnocTepex@hHmm, [inoOlL
CONWTHOMY 3 H auUse/HeH®, i as3fae 3MHPaoKTO M

EnekTpyYHMi MOMEHT €JIEKTPUYHOI0 IUNOJIS — I L N
BeKTOpHa Be/IWYUHa, pl BHa 3_:9 > 0 NI
YeHHSHA OAQHOTO I3 3apdapgi B ¢ O nNT
Mi X YacCTUHKAaAaMu, Wwo YyTBOPpL [ C

. Puc.1.3. CxemaTuud
BI1 A 4yacCcTWHKMNU 3 HerlraTWMWBHMU ¢ Cxe © y a (

- 300paKE€HHS U0
SUNTUBHUM B=qpla(puo.M.:
OanHNLA BuMdpogyVmMeim Ha mMeTp)

EjiexTpuuHa mojsipu3anisi —C TaH PevYoOBUHMU, npun | 4
MEeHT Ui €T pevyoBUHMN, wo AJAOoOpi BHIWE BeK
yacTMUWUHOK, wo BXopgAaTb po i CKnapys -
NWETbLCA enNekKTPUUYHaAa nongapusaui 8 BHacI
3apdani B B gaHOMYy Ti ni abo opi eHTa AUl T

! CTtpyM 3MIIIeHHS B JieNEKTPUKY BHU3HAYAETHCS 3MIMICHHAM 3B'SI3aHUX 3apAHiB B €NEKTPUIHOMY IIOJI, aje CTPyM
3MIIIEHHS y BaKyyMi, BBE/ICHUH B €JIEKTPOANHAMIKy MaKcBeIoM, He CyNPOBOKYETHCS 3MIILICHHSIM YOTr0-HeOy b, a
3YMOBJICHUH €JICKTPOCTATUYHOIO B3a€MO/IIEI0 3apsi/IiB Ha eIeKTpo1ax. MoKHa IPUITYCTUTH, BpPaXOBYIOUH, 1110 BTPATH
eHeprii B iZleaIbHOMY KOH/IEHCATOPi AOPIBHIOIOTH HYJIIO, IO B JaHOMY BHIIAJIKy MOBa #Jie PO 3MIIIEHHS 3apsaiB
B3JIOBX €JICKTPOIiB, IEPIECHANKYIISIPHO HAIIPYKEHOCTI €IEKTPUIHOTO MOJIS IIPH 3apsiii KOHAEHCATOPA.
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EnekrpuyHuii MOMeHT Tijia (00'eMy pe4oBUHM) -B € K TOPHa Benwu
OMETPUYHI K CcyMI €ENeKTPUYUHMX MOMEHTI B

cKknapy UuUuboT O Tindﬁzé.oﬁ.'elvly pevYyoBUHN) :
i=1

OanHNLA BuMidpagyamoeim Ha MeTp)

Y N H

EnekTpuuHa moJsipu30BaHicTb —B € K T O P HIAH a8, NI4G X ap a
eNnekKTPUUYHOT nongpun3auii peyvyoBUHU, piB
nos'

. 5 4P
PO3Mi pM ULbOT O enemeHTyPedV.emy NnpsaMYyIOT

OavHuusa BuMidPoKgmmway mMmeTp

A3aHOITo 3 eNnNemMeHTOM 06' €My pPeyvYyoBUWHU,

MarnitTHe mote—0 fHa 3 ABOX CTOpPi H enexKkTporl
3YyeTbCcA Ai €0 Ha eNnNekKTPUUYHO 3afmpdoze Hf G
fiotstf sStey' 2 dats® LOWHE y' ' [ QOipsHdedd fif s
F=qvH]Y, 3 @akow MarHi THe nondOtnt@s dajadz®P y
Cklssdd His dzOf oW &3l HtalmbE: My BfelxdrdaSpdi or o g o
CTi |1 HanpyxXeHOCTU MEBSH ] THM®BI dz¢a OlBdg ) i

Mvar
51 R (
tc j Oz
X" OH\
Oy T

Po3pi3HAI0TH:

— B3O G dz' Is ts ) IS Oddeymretzgie mone HepyXxOMUX HAMarHiYeHHUX Tif;
- Mis Oy ' tsdpd ¢ dzjlf ldsddgyaraiTae mose eneKTPUYHUX CTPYMIB, IO HE 3Mi-
HIOIOTHCS B Yaci, MPH YMOBI HEPYXOMOCTI MPOBITHUKIB 31 CTPYMaMHU;

— ' dzH 2 € t5® O dzjff I4stdgyaraiTHe mose, 10 HABOAUTHLCS 3MIHHUM B Yaci elie-
KTPUYHHUM ITOJIEM.

MarniTHuii 1unoan» —6 y MK i1 € M e H Toabp HEYeAT B O g BBE2 /1 U
yn opi B3ISOHPHDI3 M i Epia A TMAAHT AHXIN O Hi &, H TMIa4THHei TH O
eNeMEHTIOPHPIEWI EK TPUHPY MO M.

MarsiTHHI MOMEHT MarHiTHOr0 AUNOJISA — BEKTOPHA BEJTMYMHA JJI1 MarHiTHOTO
JTUTIOJSL, IO ACOIUIOETHCS 3 IEMEHTAPHUM KOHTYPOM E€JIEKTPUYHOTO CTPYMY 1 JIOPIBHIOE
NOOYTKY 1IbOT'O CTPYMY Ha MOBEPXHIO, 1110 OXOIUTIOETHCS KOHTYPOM CTPYMY, IPUUOMY Ha-
IpsSIM MarHiTHOTO MOMEHTY HOpMaJIbHUH (TIEPIIeHANKYISIPHAN ) IIONIHHI KOHTYPY U 3B'sI-
3aHHM 3 HAMPSIMKOM CTPYMY B KOHTYp1 ITPaBUIJIOM IIPABOXOI0BOTO I'BUHTA.

OaunHuUa B u-MiAdfosnaHedpr Ha mMeTp

HamarniyeHHs1 — CTBOpEHHS B pEUOBHMHI HAMArHI4€HOCTI.
MarniTHHIT MOMEHT Tij1a — BEKTOpHA BEJIMYMHA, 110 JIOPIBHIOE T€OMETPUYHIH cCymi
MarHiTHUX MOMEHTIB BCIX MarHiTHUX JMIOJIB B JAHOMY TiJIl.

OaunHuUsa B u-MiAdfosnaHedpr Ha mMeTp

! Bexkropuuit mobyrok [VH]="1 (vyH; — v;Hy) +j (vxHz - v.Hy) + K (viHy - wHy), me "1, 7j, “K — optu (oguan4HI
BEKTOpH ), HanpasJeHi o ocsix 0X, 0V i 0Z, a HwkHIH iHAEKC 0111 3MIHHOT 03HAaYa€e MPOESKIIit0 3MIHHOT Ha BiJIOBITHY
BiCh.
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HamarniyeHicTh — BEeKTOpHA BEJIMUYMHA, 1[0 XapaKTepU3ye MarHiTHUI CTaH pedo-
BUHU, pIBHA T'PaHUII BIIHOIIEHHSI MArHITHOIO MOMEHTY, [TOB'S3aHOI0 3 €JIEMEHTOM 00'eMy
pPEYOBHUHH, 10 00'€MY IIBOTO €JIEMEHTY, KOJU 00'€M 1 YC1 PO3MIPH I[LOTO JIEMEHTY MPSIMY-

—_dm - _.0 —

FOTh J0 HyJIs: M = v m=g m,ae Mi M — MardiTHi MOMEHTH 00’ €MY 1 YaCTHHOK,
i=1

110 BXOJATH 10 HHOTO.

OanHuUus B u-Mi/phaSMHEHPT Mme T p

MarniTopyuwiiiHa cuiia (BI0BK KOHTYPY) — CKaJsIpHA BEJIMYMHA, 110 JIOPIBHIOE
JTHIKHOMY 1HTETpaay HaIlpy>KEHOCTI MarHiTHOTO IMOJs Y3/J0BX KOHTYpY, IO pO3TJsiia-
€THCA, 1 piBHA TOBHOMY CTPYMY, IO OXOILTIOETHCS IIUM KOHTYPOM.

OanmHnya B n-mi( pPAMEIEHH A

CraasipHuil MATHITHUI NOTEHIIAN — PI3HUII CKATSIPHUX MarHITHUX MOTEHITIAIB
JTAaHO1 TOYKH 1 1HIIIO1, TOBUIBHO BHOPAHOI.

OavmHnuya B n-Mi( pPAMEIEHH A

EnextpomarniTHa iHAyKIifl — sIBUIIC BAHUKHEHHS €JIEKTPOPYIIIITHOT CHUIIN B KOH-
Typ1 P 3M1HI MAarHITHOTO MOTOKY, IO 3YIILTIOETHCS 3 HUM.

MarsniTHa iHAYKIIifl — BEKTOpHA BEJIMYMHA, 10 XapaKTepU3ye MarHiTHE IMOJIE 1 BU-
3HaYa€ CUIy, IO A€ Ha PyXOMY YaCTHHKY 31 CTOPOHU MAarHiTHOTO TOJIS.
OavmHnuya Buwidpfosama)

MarniTHa IHAYKIIS YUCETHHO JOPIBHIOE BIIHOIICHHIO CHJIH, IO JII€ HA 3apsSHKeHY
YACTUHKY, 10 JOOYTKY 3apsay 1 MIBUAKOCTI YACTUHKU, SKIIO HAIMPSM IIBUAKOCTI TAKHA,
IO 111 CHJIa MaKCUMaJibHa, 1 Ma€ HAMpsAM NEePIEeHIUKYISIPHANA 10 BEKTOPIB CHIIM 1 HIBU-
KOCTI, SIKMI CIiBIIaJa€ 3 MOCTYNAIBHIM PYXOM IIPABOTO TBUHTA MpH Horo obepTaHHI Bix
HANPSIMKY CHJIM JI0 HAITPSIMKY IIBHIKOCTI YACTHHKH 3 TIO3UTUBHUM 3aPSIOM.

Hanpy:xeHicTh MArHiTHOT0 10JIs1 — BEKTOPHA BEJIMYMHA, IO JTIOPIBHIOE T€OMETPHU-
YHii (BEeKTOPHII) pi3HHUIII MAarHiTHOI 1HAYKIIi1, MOAIEHOT HAa MarHiTHY CTaly, 1 HAMarHive-
HOCTI.

OanHwnuya B u-mMi/ddevaiepd meT p)

BekTopHuii MarHiTHUii MOoTeHIia] — BEKTOpPHA BEITUYHHA, POTOP SKOI JIOPIBHIOE
MarHiTHIN 1HIYKII.

PisHuUSA CKaAAPHUX MArHiTHUX moTeHuiajgiB (3O G dz' Is st lz h)'- Skalz®d
pHAa BEJIMYMHA, 10 JOPIBHIOE JIHIMHOMY 1HTErpaly HAIpYKEHOCTI MarHiTHOTO MOJI MiX
JIBOMa TOYKaMH BJIOBXK BHOPaHOI MUISTHKH NUIAXY, IO MPOXOIUTH B 00IACTi, I TYCTHHA
eNIEKTPUYHOTO CTPYMY JOPIBHIOE HYIIO.

OanHuysa Bu-Mi(pPAwEIepmH I we MPC BuUuMI)p OB

KpiM Bu3Ha4YeHb, MOB'A3aHUX 3 €JIEKTPOMArHITHUM I0JIEM, HABEIEMO 1€ OJHY Xa-
PaKTEPUCTHKY PYXY YACTHHOK — PO3MOJILJ IX SHEPTiid 32 3HAYCHHSIM.
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Po3noais BoabliMaHa BUKOPUCTOBYETHCS B TUX BUIIA/IKaX, KOJIM MOBA e Mpo Tep-
MOAKTHBOBaH1 MPOIECH, TOOTO MPOLIECH, 110 B1I0OYBAIOTHCSI BHACIIIOK MOTJIMHAHHS TETIO-
BOI €Heprii 1 Iepexoil B CTaH 3 OUIbIIOK E€HEprielo abo Mpo MOAOJaHHS €HEPreTUYHHX
Oap’epiB, IO BIIUISIFOTH PIBHOBa)KHI MOJIOKEHHS YaCTUHOK B PEUOBHHI. SIK B1JIOMO 3 KiHe-
TUYHOI TEOpii ra3iB, YACTUHKU ra3y 3aBXKIU 3HAXOJSATHCA B XaOTUUYHOMY Pyci, OOMIHIOIO-
YHCh TPU 3ITKHCHHSX IMITYJIBCOM 1 €Hepriero. BHACTIIOK 11bOTO, TIPH JaHIi TeMIiepaTypi
rasy, sika € MipoI0 CEpeHbOI KIHETUYHOI €HEeprii HOro 4YaCTUHOK, YACTUHKU a3y MOXKYThb
MaTH Pi3HY iHIUBIAyaIbHY €HEPrifo. Y KIacH4HIN (i3uili KiTbKICTh YaCTHHOK, o d30 & IS
jdzj e s OL Y L ' o dziso Oy detskauadsrisdgipipiy@detbiats ¥ U

IMaHa:

o . .0
n( Uexpd UK kK T) .
B xBaHTOBI (131111 3 BpaXyBaHHSIM KBaHTOBHUX €(EKTIB PO3MOI1T YACTUHOK 32 €He-
PrisIMU 3MiHIOE BUTJIA 1 U1l PepMIOHIB, YACTUHOK 3 HAIIBIIUIMM CIIIHOM (BJIaCHUM MeXa-

HIYHUM MOMEHTOM), HAIIPUKIIA]] €IIEKTPOHIB, CITIH SIKMX JOPIBHIOE >/2, BAKOPHCTOBYIOTh
posnojia ®epmi-Jlipaka

n( U/AFexp(i (Ve)/ kT)) ,

a 111 0030HIB, KBAHTOBUX YACTUHOK 3 I[IJTUM CIIIHOM (SIK TIPaBUJIO 11€ KBa31YaCTUHKH, SIKi
BIJIMTOB1IAfOTh TAPMOHIKaM IPH PO3KJIaIaHH] PEabHOTO MPOIECY B Yaci B Psij, TAKUM SIK
dboTonu, poHoHH 1 T.11.) — po3noaij bo3e-Enmreiina

n( U/(dzexpi(i¥) / kT) ),

Jie € — pIBeHb XIMIYHOT'O MOTEHI[ialy, TOOTO €HEpPreTHYHUI piBEHb, IMOBIPHICTH 3aMOB-
HEHHS SIKOTo AopiBHIOE 0,5.

1.2_ 1% . . | . _ X . , ~ X X s o . q o s

B nporeci BUBYEHHSI KypCy TIOCUTh 4acTO JIOBEJEThCSI MaTH CIpaBy 3 Pi3HOMAaHIT-
HUMU KJacu@ikarisiMu, ToOTO pO3MOAIIIOM TUX YU IHITUX 00’ €KTIB Ha KJIACH, TPYIH B 3a-
JISKHOCTI BiJl CIUIBHUX 03HaK. OJIHA 1 Ta %K CYKYITHICTh 00’ €KTIB MOKe OyTH Mo/iJIeHa Ha
pi3H1 KJTacu B 3aJIEKHOCTI BiJ KpuTepito kinacudikarii. Takum 4uHOM, MOBa PO OYyIb-5IKY
Kkjacu@ikallilo MOBUHHA MOYMHATUCA 3 KpUTepito Kiacudikaiii. s eaeKTpoTexXHIYHUX
MaTepiaiiB KpuTepieM Kiacudikailii € 0co0yimBi (0CHOBHI) BacTuBoCTI: 10 J Oz € IsStetsis |
dz' ydzd » BOI Higdtsdr'lss toj ytsoddzd, M5 dBB3OE Is! tsME
Cltedyudetsets, BOCdz Isdesets sO Jj dzj € IstcsifiOcidz’ dsteda®
9 Odzde" &3 ydnr o d&zOMiIsdo sMmisg 2 .
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~ 7 1 y 7 X - . ~ 1 n ~ ~ 1 W ~ v 11 y
1.2.1- ;

[4 4 [4 - +

EnexTpoTexHiuHI MaTepiajid JUISITh HA YOTUPH KJIaCH 32 OCHOBHOIO BJIACTHUBICTIO:

30ATHICTH MOJSPHU3YBATHCS B eJeKTpHY-
HOMY HoJit

[ - ddzj Sisted

e €JEKTpPOoTEe-

XHIYHHH MaTe- | cyjibHA 3a/I€KHICTh  eJIEKTPONPOBiAHOCTI
piajl,  OCHOB- | iy 30BHIIIHIX (pAKTOPIB.

o HOI0 BJIACTHBI-
1650 M dd ¢ cpio sxoro e

[ Ocdzjisd ¢ 31aTHICTHL HAMArHiYyBaTHCS.

LOf " oafftetso

3)IaTHiCT]> NMpoOBOANTH eJ'leKTpl/I‘lHl/Iﬁ CTPpYM.

Hagenena knacudikaiiist TICHO OB’ si3aHa 3 3aCTOCYBAHHSIM €JIEKTPOTEXHIUHUX Ma-
TepiajiB B €JIEKTPOCHEPreTHIll, SICKTPOTEXHIIll, EICKTPOMEXAHIIll, CJICKTPOHHINA TEeXHIIT
Ta MpUIaa00yayBaHHI.

Cnin 3BepHytr yBary Ha © © H dgtsfdzd 2 ~ Otc OC lgayeimani® wz@iiod W * €
BHOIO BiiacTuBicTIO, skafMif e © 9 J H dzd 8 Odzts tc dy® dz'd dzch diaktzndzitsreo-
BOIO O3HAKOO JUIS 3arajbHOI Kiacudikaii eaeKTpoTeXHiYHuX Martepiamis € ixue f to L dzO -
U J Oz@EiHO 3 BIIaCTUBOCTSIMH, 3aBASKH SKMM BOHH BUKOPHUCTOBYIOTHCS JIJISI KOHKPETHOT
MmeTH. Lleit kputepiii MMPOKO BUKOPUCTOBYETHCS TaKOX MPHU PO3TISLAl OKpPEeMHX KJIaciB
€JIEKTPOTEXHIYHUX MaTepiaiiB.

I M H ° J dega&misoe gofsefi3ariii 301IbIIYIOTE EMHICTh €IEKTPOTEXHIYHIX
MPHUCTPOIB, a TOMY X MOKHa BUKOPHCTOBYBATH K KOHJCHCATOPHI Marepianu. Mana mu-
TOMa eJIEKTPUYHA MPOBIIHICTH, JO3BOJISE 3aCTOCOBYBATH iX TaKOXK SK €JICKTPOI30IAIIHHI
Marepiaju.

1 4 0z' dz' 2 dz HehiegTpdifrdsitg apfkdprcTrku skux 3anexath Bij ma-
paMeTpiB 30BHIIIHBOTO €IEKTPUYHOTO MOJIS Ta IHIINX A1F0YNX (PAKTOPIB, 3aCTOCOBYIOTHCS
SK aKTHBHI J1eNIEKTPUYHI MaTepiaiu /Uit IePEeTBOPEHHS MEXaHIYHOT Ta TEIUIOBOI EHEPTii B
€JICKTPUYHY Ta HABMAKU 1 KEPYBAHHS €JEKTPUYHUMHU CUTHAJIaMU B €JEeKTpOo(i3ulll Ta B
CIICKTPOHHIN TEXHIIT.

] tets9 ' HMARGIK 3fauHy MUTOMY €JIEKTPOIPOBIAHICTh | BUKOPHCTOBYIOTHCS B
CNIEKTPOTEXHIYHUX MPHUCTPOSAX SK CTPYMOIIPOBIIHI MPOBITHUKU E€ICKTPUIHOTO CTPYMY
(0OMOTKM eJeKTPUYHUX MAIMH 1 anapaTiB, KOHTAKTHI BY3JIH, CTPYMOITPOBIIHI €JI€MEHTH
NPUIAIB, XKUIA MPOBO/IB, KaOeiB 1 T.11.), 800 MOTEHII1aJIbHI €IEMEHTH €JIeKTPOTEXHIYHUX
KOHCTPYKIIiH 1 BUPOOiB (EMEKTPOCTATUYHI €KpaHH, OOKIaJMHKN KOHEHCATOPIB TOIIIO).

! IInst BusHauenns nienextpuka B JJCTY 2843-94 "Enextporexnika. OcHOBHI noHATTA. TepMiHu i BU3Ha-
4yeHHSA" BUKOPUCTOBYETHCS HU3bKA €NIEKTPONPOBITHICT AieneKkTpuKka: "JlieneKTpuk — pedoBHHA, IO MOTaHO MPOBO-
JUThH eJIEKTPUYHHI CTPYM i nuTOMUIA omip sikoi ctaHoBuTh 108 — 10Y OM-M", alle Take BU3HAYEHHS BUMArae yTou-
HEHHS "IIpY HOpMaJIbHUX yMOBax" 1 3HAXOAMTHCA B MIPOTUPIYYi 3 BUSHAYECHHSM, 1110 JaeTbcss MixkHapoaHoto Enexr-
porexuiunoto Kowmiciero (MEK), a Takox HaBoauThces, Hanpukian, y JCTY 2815-94 "EnekrpuuHi i Mar#itHi Koia
Ta puctpoi. TepMinu i BU3HaUEHHS".
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1 Of ' o { te ts® nurodEGo LK TPOIIPOBIAHICTIO 3aiiMAIOTh MPOMIKHE MicCIie
MDK MPOBITHUKAMU Ta JieJIeKTpUKaMU. BpaxoBytoun OCHOBHY BJIACTHBICTH HAIiBIIPOBII-
HUKIB — CUJIbHO 3MIHIOBATH €JIEKTPOIPOBIIHICTD M1 A1€I0 30BHIIMIHIX (DAKTOPIB — iX BUKO-
PHUCTOBYIOTH JJI1 BUTOTOBJICHHS] aKTUBHHX €JIEMEHTIB €JIEKTPOHHOI TEXHIKHU (HAIIBIPOBi-
HUKOBI 11011, TPAH3UCTOPHU, TUPUCTOPH, IHTETPAJIbHI CXEMU TOILO, B IKUX BUKOPUCTOBY-
IOTHhCS HENMHINHI (3a7IeXKH1 BiJl HAIIPY>KEHOCTI €JIEKTPUYHOTO TI0JIsST) BIACTUBOCTI HAITIBII-
POBIIHUKIB, JIIsl OOMEKEHHS IIEPEHAIPYT 1 IEPETBOPEHHS COHSAYHOI 1 TEIJIOBOI EHEprii B
CJICKTPUYHY B €JIEKTPOCHEPTETHIll, a TAKOX JaTYMKIB JJIsl IEPETBOPEHHS HEEJIEKTPUUHUX
BEJIMYMH B €JIEKTPUYHI B IPUIA100yJyBaHH] Ta aBTOMAaTHII.

[ OG dz] |ssyfpismfiroThCs BIACTHBICTIO MiACHIIOBATH a00 IMOCIa0II0OBaTH MarHi-
THE I0JIE, B IKOMY 1X PO3MIIYIOTh, B 3aJIEKHOCTI B1J IPUPOAN MarHiTHOro MOMEHTY pe-
yoBUHHU. Hailimupiiie BUKOPUCTaHHSI B €JIEKTPOTEXHIIll 3HAUIUTH ()ePOMArHETUKH, a B eJie-
KTPOHHIN TexHill Takox Geputu. Lli MmaTepianm MaroTh BENUKY 1 HEMIHIIHY BITHOCHY Ma-
THITHY POHUKHICTH 1 BAKOPUCTOBYIOTHCS B MAarHITHUX KoJlaX (MarHiTHI Ocepasi, MarHiTo-
IPOBOJM, MAarHiTHI MiJICUIIOBaY1), a TAKOXK, BPaXOBYIOUM HasIBHICTb 3aJIUIIKOBOT 1HAYKIIII,
JUIS BUTOTOBJIEHHS MOCTIHUX MArHiTiB.

Kpim 0co6iMBHX BIACTUBOCTEH B €NEKTPUYHUX, MATHITHUX Ta €JE€KTPOMArHiTHUX
MOJISIX, BPaXOBYIOUHU c(epy 3aCTOCYBAHHS 1 yMOBH POOOTH €1EKTPOOOIaHAHHS, EJIEKTPO-
TEXHIYH1 MaTepiajy MOBUHHI B 3araJIbHOMY BUIAJIKY 33JJ0BOJIbHATU TAaKUM BUMOTaM:

1. Matu 1o6py TEXHOJIOT14HICTh, TOOTO MOPIBHSHO JIETKO Ta MIBUAKO 00poOIsi-
THUCh, JOITYCKaTH MacOBE BUTOTOBJICHHS JIeTaJICH.

2. HopmanbHo mpaitoBaTd B IIMPOKOMY Jiana3zoHl TeMIepaTyp, KM BU3Haya-
€TBCS PEKUMOM POOOTH EIEKTPOOOTaTHAHHS.

3. Maru gocTaTHIO MEXaHIYHY MILHICTb (TP pO3TAraHHI, CTUCKaHHI1, yaapi 1 iH-
IIMX BUJIaX MEXaHIYHOTO HaBaHTAKEHHS).

4. Maru cTabulbHI eKCIUTyaTaliiHi XapaKTePUCTUKHU B Yaci IPU KOMIUIEKCHIH il
eKCIUTyaTallliHUX Ta 30BHIIIHIX (aKTOPIB.

5. Martu 1ocTaTHIO CTIMKICTB J0 A1 HABKOJHUIITHBOTO CEPEAOBHIIA, BOJIOTO- Ta BO-
JOCTINKICTh, XIMIYHY CTIMKICTh Ta CTIMKICTb JIO pajliarii.

- (9 (4

ArperaTHUl CTaH 1 BiTHECEHHSI PEUYOBUHU JIO OJTHOTO 3 KJIACIB €IEKTPOTEXHIUHUX
MaTtepiajiB TOCUTh JKOPCTKO PEriaMEeHTOBaHI, 32 BUKIFOUCHHIM TBEPJIOTO CTaHYy.

SIKII0 peYOBHMHA BiTHOCHUTHLCS J0 ra30MOAi0HOr0 CTaHy, TO BOHA, SK MPaBwWwio, H © J -
dzj ¢ Is tbuofdsiu cepen HUX BUAUISIOTH Taki, 1[0 MarOTh BiIacTuBocTi B30 G dzj Isd ¢ * o

PedoBuHa, 1110 BITHOCHTHCS 70 PUIKOrO cTany, skimo BoHae Y d MiIs ts&  totem d dzts
eH " J dzJ € IsAgeSpimxdinaniBnpoBinnukom. Asne skmo ne tesL f dzOo d3j Is O«
tesL yddz Mmtsdzj 2 , ro wzkegebamup f € & ) 'dzts dzd ¢

Muasmaetl 89 ' H dAd cEicudBiuanm aMOInoONIIpHUM (PYXOM B OJTHOMY Harpsi-
MKY €JIEKTPOHIB 1 MTO3UTUBHUX 10HIB B €IEKTPHYHOMY IIOJTi) XapaKTepOM MPOBiIHOCTI.

TBepaa peyoBHHA MOXE BITHOCUTUCA H 5 BSH et L yYtslksdto! tsn
- Oz' Y dzebpianigig@anexnocTi Big THIY XiMiYHOTO 3B’SI3KY.

19



S 1 n ] . ~ ~ e AN ” ~ W 1 ] ~ I y ~ ~ ~
1.23s | 0

XiMIYHUH 3B’SI30K B PEYOBHHI TICHO TIOB’SI3aHUM 3 BIACTUBOCTSIMU E€JIEKTPOTEXHIY-
HUX MaTepiaiiB.
XiMIYHUH 3B’SI30K Y MOJIEKYJIaX MOAUISIETHCS Ha:
— K 0 B a N e (#eTioasiprii abo MOIAPHKIA) — YTBOPIOETHCS 3@ PAXyHOK CITUTBHUX
eneKTpoHHuX nap (puc. 1.4);
—~ 1 OHAWIAB OpP KBEPTALXCYRHYO/KO H | BB3CAbEKMWODT JHii i3 H O i M €OH H U
H a M(pug. 1.5, 1.6);
- MeTangeegenoe KT M@PHOH O H N 16 B eByr &0 Mpud. 1.7);
—~ BOAHEéEB AN C H3IKPEAT XbYGHOOHK IO HL H 10)

Puc.1.4. Monekynu 3 KOBaJIGHTHUM 3B’S3KOM: a — HETIOJSIPHUM; O — TOJISIPHUM

[Tpu KOBaJTEHTHOMY HENMOJIAPHOMY 3B’S3KY MOJICKYJIH YTBOPIOIOTHCS TP PIBHOMY
BKJIa/li €JEKTPOHIB Bix S H dzO § @ ygolnx aTOMIB B €lIEKTPOHHI 3B’s3yBalibHI MapH,
K1 yTBOPIOIOTh MOJIEKYJISIpHI opOitani. Hampukian, Monekynu a3oTy, KUCHIO, XJIOpY Ma-
I0Th TaKy €JIEKTPOHHY KOH(]Irypariro:

H:H :Cl:Cl: 0:°0 "N :*N"

Mix aToMaMy HapHCOBaHI CIUIbHI TAPH €IEKTPOHIB (HOPHI KPY>KEUKH), 1K1 3yMOBIIIO-
I0Th 3B’s130K. Ko)keH aToM BOITHIO 1 XJIOpY BiJZIa€ MO OTHOMY €JIEKTPOHY Ha 3B’SI30K, KUCHIO
— 10 /IBa, a30Ty — IO TPH eNeKTpoHH. HaltMIIHIIIO0 € MOJIeKyITa a30Ty 3 MOTPIHHIM MIKMO-
JICKYJISIPHUM 3B’SI3KOM, HalCTIa0IIMMK — MOJIEKYJTH BOJHIO 1 XJIOPY 3 OTUHUYHUM 3B’ SI3KOM.

JIsist Ta30BOTO CTaHy 3 HEMOJSIPHUM KOBAJICHTHUM 3B’SI3KOM a00 MpH KOHJEHCAII]
OJTHAKOBUX aTOMIB MalOTh MiCIle KOBaJICHTHI PEYOBHHU 3 HYJbOBUM €JICKTPHIHAM MOMECH-
TOM TIPH BIJICYTHOCTI TOJIsI, XapakTepHi s H © j dzj § lOteydsfinangy tBepaux peyo-
BuH—f tesMisd~ dz2Of ".oftcso " Hdzd & ' o

KoBajieHTHHIi N01PHMIA 3B’ 30K YTBOPIOIOTH €JIIEKTPOIIO3UTHBHI 1 €JIeKTpOHETa-

TUBHI aTOMH. Y 1IbOMY BHUMAJKYy €JEKTPOMO3UTUBHUN €JIIEMEHT YaCTKOBO OTOJIAETHCA 1
OTPUMY€E TIO3UTUBHUHN 3apsijl, B TOM Yac SIK eJIEeKTPOHETaTUBHUI — MepeTarae Ha cede ene-
KTPOHHY XMapy 1 NpuiiMae HeraTUBHUH 3apsii. BHaci10K Takoi HECUMETPUYHOT B3a€EMOJIIT

mosiekyma otpumye § dzj S Isted ydzd 2 H d § tendezropiasiide o3ts d3j dzls
p=ql
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ne | — BigcTanb Bix LEHTPY MO3UTHBHMX 10 LEHTPY HETATUBHUX 3apsAdiB, (] — 3apsj, II0
Moske OyTH ApOOOBUM IO BIIHOIIEHHIO J0 3apsily €IeKTPOHA, B 3aJIEKHOCTI B1Jl TOTO, Ha
Ky YaCTUHY €JIEKTPOH MPOBOIUTH OLIbIIE Yacy OIS eIeKTPOHETaTUBHUX aTOMIB. SIK mipu-
KJIaJl, HaBeJIeHA CTPYKTYpa MOJIEKYJI XJIOPUCTOTO BOJIHIO, OKCHUY KaJibliito, HITpUIy Oopa:

H - CI - Ca L] O = B L] N
I'a3zomoni0Hi i KOHAEHCOBAHI PeYOBUHH, 110 CKIIAAIOTHCS 3 MOJAPHHUX MOJIEKY.JI,
TOOTO € EJEKTPHYHHMH IMITOISAMH 3 CICKTPUIHAM MOMEHTOM, IO HE JIOPIBHIOE HYJIIO,
OynyTh BigHOCUTHCS 10 H | dzj § IKisafi&utHdi monspHuii 38’ 130K MOKE MaTH Mi-

cie Takok y 2O ° o f tc 5 pd3QHeddA4SISA0-E O - .

JlOHOpPHO-aKIeNTOPHMI 3B’ 30K Ma€ 6araTo CHUIBHOTO 3 MOJISPHUM KOBaJIEHTHUM
3B’SI3KOM, aJi€ BIAPIZHIETHCS BiJ HHOTO THM, 110 YTBOPEHHS CIUJIBHUX Nap €JEeKTPOHIB Bi-

NOYBaETHCS HE HA PIBHOMPABHIN OCHOBI, a €JIEKTPOHETAaTUBHUM €JIEMEHT BiJJIa€ Ha CTBO-

PEHHS CIUIBHKUX Tap OUIbIIIE eIeKTPOHIB, HI’K €JICKTPOITO3UTHBHUN, BHACIIIIOK YOTO 3011-
HIOETHCS €JIEKTPOHAMH 1 HA0yBa€ MO3UTUBHOTO 3apsiny. TakuM YMHOM, yTBOPIOETHCS 3BO-
potHuii munons3 J dzj € Is tc salzzf R IslfOtcW H s dzO j dzj € IstgHs-{f tSL ¢
IPSIM 1 3apsil, SIKOTO BiJIPI3HSIOTHCSA B1Jl 3HAYEHb, XapAKTEPHUX JJIS ITOJIIPHOTO KOBAJIEHTHOTO
3B’s13Ky. [Ipu 11bOMY He MPaIOIOTh 1 3BUUAiiHI YSBJICHHS PO BAIEHTHICTh, 110 XapaKTEPHO,

nepm 3a Bee, 1 dzO ¥ * o f tetso ' H'UAY fe'n & m S afrdxkoxpt © J dzj S @ C
BB sOdzsf sH ' B dzd » MY 5 zizeSkutegeteyri Buchydzaghim popBgiisi@ dz' o
SK YOTUPHUBAJICHTHI, YTBOPIOIOUM CIOJIYKH 3 OJHAKOBOIO KUIBKICTIO €JEKTPOHETaTUBHUX 1
eJIeKTPONIO3UTHBHUX aToMiB. HaBenemMo mpuKiIaqu TOHOPHO-aKLIENTOPHHUX 3B’ SI3KIB ST MO-

JIEKYJT OKCHJTy BYTJIELIFO Ta apCeH1ly rajiito, 10 UTIOCTPYIOTh CKa3aHe:

:Cir O :Ga:r As

Tonnwmii 3B’430K € OJIHI€I0 3 TPAHMYHKEX MK To- ~ aTOM  OH atom  ioH
JAPHOTO KOBAJIECHTHOTO 3B’SI3KY, KOJIM €IEKTPOH Bi[ (1_’92A — . 133A
eJIEKTPOIIO3UTHBHOT'O aTOMa TTOBHICTIO TIEPEXOAUTH 0 ol A @ 0';5;/'\ F"
eJIEKTPOHETATUBHOTO 1 YTBOPIOIOTHCS ABa 10HU. loHHI ' '

MOJIEKYJIU TIOJIAPHI, ale Ha BIMIHY BiJl HONAPHUX [UE- 4 44 A o 107 A 144 A
JIGKTPHKIB JIUTOIBHAN MOMEHT 10HHOT MOJICKYJIH TIPO- A ’ N cl’ or
HOPIIHIN TTOBHOMY 3apsiay enekrpona. Ll i I o ° y ‘ :
XYyTb OYyTW Hea3 awdekyH bMIB,a 197A ) 198 A
. . . 1,06 A 0.6 A ’
JTOHI BCbKOI B3aeMOogl I ,INOT ’ b
. Ca Qg o y
NP KOHJICHCAIlii TPUBOATH 10 yTBOpeHHs - 1S dzdzd ~
dzj € Is tc Bp&priTs yBary Ha CIiBBIIHOIICHHS PO3Mi- i . 174 A
1,27 A 0,88A 1,07 A ’

piB aTOMIB 1 10HIB MeTaJliB 1 HeMeTamB (puc. 5). Knacu- .

YHUW TIPUKIIA]] IOHHUX JIENIEKTPUKIB — KyXOHHA Ciib. ,.fﬂ Fg y y
ATOMU METaJIIB MatOTh OUTBLI pO3MIpH, HIXK HEMETAJIIB,
a 10HU HaBMaKW, OO MPU YTBOPEHHI MO3UTUBHOTO 10HA
pO3Mip HOTO CTa€ B MIBTOPA -/1Ba Pa3y MEHILIUHA PO3MIPY
aToMa, a Py YTBOPEHHI HETaTUBHOTO — 10H Ma€ po3Mip,

Puc. 1.5. 3mina po3mipiB eneKkTpoHera-
TUBHHX Ta EJIEKTPOIIO3UTUBHUX aTOMIB
MpU yTBOPEHHI 10HIB.
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1110 OUTBIIMIA 32 PO3MIp aToMa.

ATi‘M HaTpito loH Haipiro /37 —
+ “
9 @ [ 7
ATOM Xn10py loH Xropy J_ _J/

Nay+ ;€I — Na' :Cl:| — Nacl

|
|
g

Puc. 1.6. CxemaTtuuHe 300pa)K€HHsI yTBOPEHHS 10HHOT'O 3BA3KY

J1o pe4OBHH 3 10HHOIO CTPYKTYPOIO BITHOCSTBHCS TaKOK OKCHIHI HAMiBIIPOBIAHUKU

Ta MarHeTHUKH.
MeraneBuii 3B’130K XapaKTepHHUIi Ul MeTalliB. Floro ocobIuBicTIo € Te, 110 #0ro
MOJKHA PO3IJISAATU SIK JAPYry KpalHIO MEXY KOBAJEHTHOI'O 3B’SI3Ky — 0araToleHTpOBHIA
iOHU KOBAJICHTHHM 3B’S30K, 110 3’€IHYE OJHIEI0 MOJEKYISp-
P HOIO OpOITa/UTF0 BCI aTOMH, SKi HajJeXaTh JI0 JTaHOTO
00’emy. B cyuacHiil Teopii MeTaniB us cynepopOitaib

HaszuBaeTbes noBepxHero Depmi. Came 3aBAsSKH 1IN Cy-
nepop0OiTai e1eKTPOHHU B MeTalax MOvYyBatOTh ceOe BUIb-

HUMH 1 MAIOTh MOXKJIMBICTh PyXaTHCS MO BCbOMY 00’ €My
pEeUoBHHU MOBepXHE Depmi.

MertaseBuii 3B’ 130K MOXHA ONUCYBATH KJIACHYHOIO
monertto Jlpyne-JlopeHiia, B sikiii pedyoBHHA PO3TIIsIa-
€ThCS SIK KPUCTATIYHA TpaTKa 3 TTO3UTUBHUX 10HIB, BIAIITO-
BXYBaHHS SIKUX KOMIICHCYEThCSI BUIBHUMH €JIEKTPOHAMH,

€NeKTPOHM

Puc. 1.7. Cxematuune 300pa-

JKEHHS METANEBOTO 3BA3KY 110 3HAXOISITHCS B METAJIl Y BUTJISIII CBOEPITHOTO Ta3y. Ls

MO/IeJTh 33JIOBUTBHO MPAIIOE B IHKEHEPHUX PO3paxyHKax, 1
came ii MU OyAeMO BUKOPHCTOBYBAaTH MpH PO3IJIsi/l MPOBIAHMKIB. MeTaneBuid xapakTep
3B’SI3Ky Ma€ MICII€ y IPOBITHUKAX Ta MarHeTUKaXx.

BoaneBuit 3B’ 130K IPYHTY€ETbCS Ha TOMY, 10 10H BOJHIO € €JIEMEHTApHOIO YaCTHUH-
KOK — IPOTOHOM, 10 Mae po3mipu B 10° pa3 MeHmi, Hix Oyab-AKuii iHIIKH i0H, a TOMY
MO’K€ BUKOHYBATH, O/I1I0HO /10 €JIEKTPOHA, PYHKIIIT 3B’ A3Ky MK MOJIEKYJaMHU B OpraHiy-
HUX pedoBUHax. Yepes OUTBII po3Mipu MPOTOHA BiH 3HAYHO 1HEPTHIIIMMA, HIXK €JIEKTPOH,
a TOMY BOJIHEBUH 3B’ 30K 3HAUYHO CIAOKIIIUHI 3a €IEKTPOHHHUI, 1 Ma€ Miclie, B OCHOBHOMY,
B OPTaHIYHUX JieTIEKTPHUKaX.

[Ipu yTBOpEHH1 KOHJIEHCOBAHOI PEYOBUHU MOKE MaTH TaKOX MOJEKYJISIPHUHN 3B's-

30K. MOJIEKYISIpHH 3B’ 30K Ma€ MicIle PU YTBOPEHHI PEYOBHH 3 MOJIEKYI, 1[0 HE BTpa-
TUJIU CBOET IHAMBIYyAIBHOCTI. MI>KMOJIEKYIISIpHA B3a€EMO/IISI MOXKE HOCHTH OplEHTAI[IHHUMA
(Z1B1 TIONIAPHI MOJIEKYJIM, PO3TALIOBaH1 JiHIIHO YU MapajienbHo), MOMspu3aiiiHui (Tos-
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pHa 1 HEMOJIApHA MOJICKYJIM) Ta AUCTIEPCIMHUHN (JIB1 HETIOJSAPHI MOJICKYJIH, IO B3aEMOIi-
I0Th SIK MUTTEBI JMMOJI) XapakTtep. Ha BiAMiHY BiJ €IEKTPOHHOI B3a€MOJIl, KOJU CHJIa
B3a€MO/I11 0OEpPHEHO NMPONOPIIiiiHA KBAJAPATy B1ICTaHI M)XK YACTUHKAMU, MI)KMOJIEKYJIIpHA
B3a€MO/IiSl BITHOCHUTHCS JI0 CIA0KUX 1 11 criia 00epHEHO MPOIOpITiiiHa MIOCTIH CTEMeHi Bijic-
TaH1 MK MoJieKyJIaMu. MoJeKyJIIpH1 KpUCTAIU BITHOCATHCS, SIK IPABUJIO, 10 T1€JIEKTPHUKIB.

HasBHicTh MepiouyHOI CTPYKTYPH Y BUTIISIIL OJHOTO 3 230 KpUCTaIiYHUX KIIaciB,
10 BITHOCATHCS JI0 OJHIET 3 7 KPUCTANIYHUX CUHTOHIN, 4 ii BIICYTHICTh (aMOpHUl cTaH
PEYOBMHH) Ha BJIACTHUBOCTI, a BIIMOBIIHO 1 HA KJIacH(iKaIliio eIeKTPOTEXHIYHUX MaTepia-
7iB (puc. 2), BIUIMBA€ HE3HAYHOIO MIPOI0, a TOMY J1all el (akTop JeTaabHo He Oyae po3-
risgaTucs. KpucraniyHa CTpyKTypa pe4OBUHH BasKJIMBA JIJIs1 aKTUBHUX J1€JIEKTPHUKIB 1 Ha-
MIBINPOBIAHUKIB, 110 BIIHOCATHCS 10 MaTeplaliB €IEKTPOHHOI TEXHIKH, 1 IIPO SIK1 OyIe KO-
POTKO CKa3aHO Y BIAMOBIIHUX PO3/IiIax.

SIKI1110 MiABECTH MiICYMKH, TO M1 arperaTHUM CTaHOM, OYJI0BOIO 1 HAJIEXKHICTIO pe-
YOBHH J0 TOT'O UM IHIIIOTO KJIACy eNEeKTPOTEXHIYHUX MaTepiaiiB, Mae MicIle Taka BiAMOBI-
nHicThb (puc 1.8).

1. ArperaTHHii cTaH pEUOBUHHU:

— Ta3onomiOHuM — MiEeNEKTPUKH, MATHETHKH Y,
— IUIa3Ma — NPOBITHUK;
— PIAKUMN: YUCTI plauHu — JIIETIEKTPUKH, HAIIBIIPOBiTHUKH®,
PO3YHMHHM JYTIB, KUCIIOT 1 COJIeH Ta iXH1 pO3IJIaBU — MPOBIAHUKY;
— TBepAUH — BC1 KJIACH €JIEKTPOTEXHIYHUX MaTepialliB.

a3 Ak npasuno, dienekmpukK. |HKONKW cepeg rasis BUAINAIOTL TaKi, WO
| MatloTb B/IAaCTUBOCTI MA2HEeMUKis.
T Pi,EIVIHa Yucra piguHa - gienekTpuK, ayKe piako HaniBNpoBiaHWK
:IE Po3nnas, 44 PO34YMH CONIEM, NYriB, KUCNOT — MEPEBAYKHO MNPOBIAHMK.
(&)
bh KpucTaniune ||
s (mae micue ganbHiM nopagok atomis) .
- Moske BigHOCUTUCA
™ AMOPCPHe — po 6yab-AKOro Knacy
© © (TiNBKKM BAMMKHIM NopAAOK) .
Iq-, ] - eNeKTPOTEeXHIYHNX
ol TBeppe g: MonimepHe maTepianis B
b Tino lz, (cknapaetbea 3 6araTbox OAHAKOBMX NAHOK) 3aN1eXHOCTi Big TMRY
< KomMnoauTHe XimiyHOro 3BA3Ky
(cknapaeTbea pisHux das)
MNnaama pogidHUK i3 cneundiyHMm ambinonAapHMM (ogHOHaNpPaBNeEHUM ANA
lMposid 6
€NEKTPOHIB | NO3UTMBHUX iOHIB) XapaKTepom MpPoBiAHOCTI.

Puc.1.8. Knacuikarist eeKTpOTEXHIYHAX MaTepialiB 3a arperaTHUM CTaHOM.

2. bynosa i xapakTep XiMi4YHOTO 3B 13Ky B TBepaoMy Tini (Tadum. 1.1).

! Jlo manoro TuIy BiJHOCUTHCS HE3HAYHA KiIBKICTH PEYOBUH
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Tabmuus 1.1. B Oy10Bu 1 TUIY XiMIYHOTO 3B’s13Ky Ha BiaactuBocti ETM

bynosa Ximiuynuii 38’5130k | Kimac ETM
' s dzdzO 10HHHH JEJICKTPUKHA, MarHeTUKH, OKCHJIHI 1 CKJIaJH1 HaIiBIIPO-
BITHUKU

Ols ts d@3dzO | kOBaJieHTHUIT He- | JIENEKTPUKH, MPOCTi HAIMIBIPOBIIHUKH, PIIKO IMPOBIJI-
NOJISIPHUM Ta II0- | HUKU

JAPHUAN
JIOHOPHO-aKIIeTl- | HAMIBIIPOBIHUKOBI XiMivHi crioyku tuity A'B™, mienek-
TOPHUI tpuku (N+mM=8)
a3 Is ©Odzj 9 meraneBuii MIPOBITHUKH, MAarHETHKH
B3ts dzj € &z d BogHeBwmi JlieneKTpuKu
MOJIEKYJISIpPHUI JlienexkTpuku

1 OWoedz Mis: fJ o' ts5HypmyskBoHO) 1280 Rfurdsalzidenak
KJIACIB, IO BIAHOCATHCS /10 OJIHIEL 3 7 KPUCTAIIYHUX CUHTOHIM, YM 11 BIACYTHICTh
(O d3ts to W «lagf PeuyoBunM) Ha BIIACTHBOCTI, a BiAMOBIIHO 1 HA KiIacUdiKaIliio eje-
KTPOTEeXHIYHNX MaTepiaJjiB, BIUIMBA€ HE3HAYHOIO MIPOIO, a TOMY Jaji el pakTop
JeTanbHO He Oyze posrasaaTucs. KpucraniyHa CTpyKTypa peuOBUHU BaKJIMBa JJIs
AKTUBHMX JI1€JIEKTPUKIB 1 HAIlIBIPOBITHUKIB, 110 BIJHOCATHCS 10 MaTepiaJiiB eJie-
KTPOHHOI TeXHIKH, 1 PO 5K Oyie KOPOTKO CKa3aHO Y BIAMOBITHUX PO3/iIax.

1 3 ~ 1 y ” X . ~ ~ ] 7 W n " ~ ]
. - >

(4 4 (4 - Ay 1

Jlist kimacudikariii e1eKTpOTEXHIYHUX MaTepiaiiB, 0COOIMBO HAIIBIPOBITHU-
KiB, 1 aHaJI3y iX eNeKTpO(I3UYHUX BJIIACTUBOCTEH YaCTO BUKOPHUCTOBYIOTH KBAH-
TOBO-MEXAHIYHY 30HHY TeOPil0 eJIeKTPOHHOI eHepreTH4YHOI CTPYKTYPH pedo-
BHHM a00 KopoTko — L Sdzdzz s j ste’ ¥ | IP@rjsisemosiGesrs dspo-dzO
IIEHO BUTOKH 1 OCHOBHI TIOJIOXKEHHSI I1i€1 TEOPIi.

[Mpu dopmymoBaHHI 30HHOT Teopii BHKOpHCTaHi (QyHAameHTanbHI & 8 O dz-
Istsedyj ~ Odz" ydz' EwWodzj dzdgv: f tets BRZHBOEZ tj yts

1. B 3arasibHOMY BUNAJKy KBAHTOBO-MEXaHIiYHUH CTAH €JEKTPOHA Xapak-

Tepusyetbes U IS B0 € o Odals s d i3y d ) dzO &3

— I_0 /1 0 B A W@ Pmo Bu3HaUae eHeprito eJIeKTPOHA B aTOMI;

—0p6i T alFO.H(A L), ske npornopIliiiHe MOMEHTY KUIBKOCTI PYXY;

—Mar Hi Tnl-l=v0 N N mporopuiliEuM mpoeKItii MOMEHTY KilbKOCTi pyXy Ha J10-
BUJIBHHI TTPOCTOPOBUNA HATIPSM;

— cni H M@ INM /ud BU3HAYAE YHCTO KBAHTOBY BEJIMUMHY CITiH — BIACHHH MO-
MEHT KUIBKOCTI PYXY, a B 3B'I3KY 3 PyXOM 3apsi1y 3yMOBIIIO€ i BIACHUI MarHITHUA MOMEHT
€JIEKTPOHA.

2. 3rigHo 3 nepmum nocryiaarom H. bopa 10 cTtanioHapHuX eHepreTH4YHUX pi-
BHIB €JIEKTPOHIB B aTOMAaX BiIHOCATHCS Ti, IJIs IKUX MOMEHT KUJTBKOCTI PyXY €JIEeKTPOHA
JOPIBHIOE HiJIoMY uncity cranux [lnanka
mv, 1, = n<,

nn
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Jie M — Maca eJIeKTPOoHa, In, Vh — paiyc 1 MIBUAKICTh PyXY €JIEKTPOHA HA €eHEPTEeTUYHOMY
piBHi 3 HOMepoM N, K — crana ITnanka.

3. [IpuHOMIT TOTOKHOCTi BCTAHOBIIOE aOCONIOTHY TOTOXHICTh 1 HEMOXKIIUBICTh
BIJIPI3HUTH 3 JOTIOMOT'OI0 HE TUIBKH PEAIbHUX, ajie 1 yIBHUX €KCIIEPUMEHTIB JIBl OJTHAKOBI
MIKpPOYACTHUHKH, 1110 3HAXOSATHCA B OJJTHOMY KBAaHTOBOMY CTaHi B JJaH1M CUCTEMI.

4, Mlpunoun [Mayni (mpuHUIMI 32a00pOHM) BUILIMBAE 3 MPUHIIMITY TOTOXKHOCTI 1
3YMOBJICHHI HETIAPHICTIO XBUIILOBO1 QYHKIII. 3Tr1IHO 3 HUM, B aTOMI1 Ha OyIb-sKiil aTOM-
Hil opOiTam MO)Ke 3HaXOAUTHUCS HE OUIbIIE IBOX €JIEKTPOHIB 3 PI3HUMHU CITIHOBUMH YHC-
namMu (IPOTUIICKHUM HAMPSIMKOM MOMEHTIB KIJTBKOCTI PyXY).

5. IlpyHuuN MiHIMyMY eHeprii BU3HAa4Ya€ MOPSAOK 3aCEIEHHS aTOMHHUX Op-
OiTaJsiel, 1110 MalOTh Pi3H1 €Heprii. 3riJHO 3 MPUHIUIIOM MIHIMYMY €HEprii, eIeKT-
POHM B OCHOBHOMY CTaH1 3aiiMaloTh MiPiBHI, 1[0 MAIOTh HAMEHIITY €HEeprito, TOOTO
B TakoMy mopsiaky: 1s; 2s;2p; 3s;3p; 4s;3d; 4p; 5s;4d; 5p; 6s; 4f 25d;
6p; 5f 96d ...

6. IIpaBuio XyHnaa BU3HaUae, 10 3alIOBHCHHS OpOiTaliel, Mo BiTHOCATHCS 0 OJ1-
HOTO 1 TOT'0 K EHePreTUYHOTO IMiIPIBHS BiIOYBAETHCS TaK, 00 CyMapHHUH CHiH ycix eJie-
KTPOHIB B aTOMi 0yB MAaKCUMAJILHUM, 2 TOMY ITOYHHAETHCS TTOOTMHOKHMH SJICKTPOHAMHU
3 apajieIbHIMH (OJJHAKOBUMH T10 3HAKY) CITIHAMH, 1 JIUIIE MiCIIs TOTO, SIK MOOIUHOKI eJie-
KTPOHHU 3aiiMyTh yci opOiTaji JAHOTO MiJIPiBHS, TOYHEThCS 3alIOBHEHHS OpOiTayiel eJek-
TPOHAMHU 3 MPOTHIICKHUMU crliHaMu. CaMme eTleMEHTH 3 HalOIbIIOI KIJTBKICTIO Hecmape-
HUX €JICKTPOHIB, IO BIAHOCATHCS /10 MEPEX1THUX, MAIOTh HAMOLITBII BUPa)KeH1 MarHiTHI Biia-
CTHBOCTI, ITOB’sI3aHi1 3 IHAUBIAyaTbHUMHA MarHITHUMU MOMEHTaMH HECTIAPEHUX €JIEKTPOHIB.

SIKIIO B3SITH IO yBard MPUHIIMIT TOTOXHOCTI 1 mpuHnmn [laymi, To §f te ds o Us tc j dzdz’
Bsdzj € zdz " CBdzH j &z Oy T tjuysedded o ddzdC O°
te G J Is d ydzd = .3faH0R tprinArdaM EOTOKHOCTI BCi aTOMH JaHOTO XIMIYHOTO €Jie-

MEHTa MalOTh OJIHAKOB1 EHEPTreTUYHI PiBHI, B TIM YHCIII 1 3aII0BHEH1, 2 TOMY IIPH YTBOPEHHI
JIBOXaTOMHOI MOJIEKYJTH Ha KOKHOMY 3 3alIOBHEHUX I1IPIBHIB MOTEHIIIHHO Oy/e 3HAX0/11-

THUCS TI0 YOTHPH €IIEKTPOHH, 10 He Bianoigae npunnumny [laymi. [le npotupivyus 3HiMa-
eTbcs THM, oz t6j L Zdz! ISOIs* 3" Y Olstsdidzets’ (3" X ' Bdzdzts
' HBlIzo Bfsish jnif dyjiegdzd "0 j dzj C Istesdzdzd = jradgjute® j Is
pO3TalllOBaHI MiJIpiBHI, BHACIIOK YOT'O 3aMICTh CUHIJIETHUX (OJIMHUYHUX) MIIPIBHIB MpU
00’eTHaHHI TBOX aTOMiB YTBOPIOIOTHCS AyOseTHI (MOABIIHI) MiAPiBHI, TPHOX — TPUILIETHI
(MOTpiiiHI) 1 T.1., @ IPU KOHJEHCAI[ll PpEUOBUHU — MYJIBTUIUIETHI, 1110 CKJIaJa0ThCs 3 M-

piBHiB 3 kpatHicTio © 10?! — 10?2 o 1 1 pevosunnm (puc 3), iL O 3" Mils' tsH d dzd Y
o tjytsoddz BEleowtes ‘Is! MW § tcOS Isd yskisransg vy tc j
piBHsAMu eneprii 1071° — 1022 ¢B.

[Tpu posrasai enextpodiznunux xapakrepuctuk ETM 1 ix knacudikariii BUKopuc-
TOBYIOThCS TpH 30HH (puc.1.9.):

— BaJICHTHA 30Ha;
— 3a00pOHEHa 30Ha;
— 30Ha MPOBITHOCTI.
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Haitrmwkya 3 Hux, 8 O dzj dzls dz@reoprdstdz©3 piBHs, 1110 BiAMOBiAa€ BalCHT-
HOMY (HaMOLIBII BIIJIaJIEHOMY Bifl Si7jpa) €AEKTPOHY (EIEKTpOHAM).

SIK110 Ha BaJICHTHOMY PIBHI 3HaXOJIUTHCS HETApHA KUIBKICTh €JIEKTPOHIB, TO B & /1 € -
HTHa 3 0Ha 3 an o0 B Hstb@NeuycaIassHHIOTE BHAIGTHIH30H] BUTBHUX
€HEpreTUYHUX PIBHIB, Ha SIKI MOXKYTh EPEXOAUTH EIEKTPOHU MPU MIHIMAJIBHUX €HEpre-
TUYHUX BUTpaTax. Taka peyoBHMHA XapaKTEPHU3YETbCS BUCOKOIO €JIEKTPOHHOIO MPOBIiJIHI-
CTOiBi QHOCUTbLCHA .O NPOBI AHUKI B

30Ha

. npoBigHOCTI
He3alHATI piBHI

3abopoHeHa

30Ha
BasieHTHa
30Ha

3anHATI piBHI

——— =

O

i T R

L 5dz0
1amom 2 arnumu kpucmarn OienekTpuk  HaniBnpoBigHWUK mMeTan HaniBmeTan

Puc. 1.9. YTBOpeHHs eHepreTHUHUX 30H. 311iBa HAIIPABO: PO3ILICIUICHHS PIBHIB MpU 301MKEHH1
aTOMIB 1 yTBOPEHHI €HEPreTUYHUX 30H B PEUOBHHI, A1€TEKTPUK, HATIBIPOBITHUK, METAI,
HamiBMeTal

[ dzj € stotsdzdzO Hntas@Y siadezjfids’’ 2 o Odzj dzlsdy 3@m0-L 15 dz
BHCHII BaJieHTHIN 30H1 § dz] § IS te 5 dzd dzEiAnOmpinunByl@ydd BHacTi 10K Bi-
JCYTHOCT] BUTbHUX €HEPreTHMYHUX PIBHIB, HA SKI BOHH MOIJIM O MEPEXOAUTH BHACIIIOK
30UTBIIEHHS €Heprii IpH NPUCKOPEHHI B €IEKTPUYHOMY MOJI.

30Ha, YTBOpPEHA 3 TEPIIOro HE3alIOBHEHOTO CHEPTETUYHOIO PIBHS B aTOMI, Ha3WBa-
etbesi L Sdzts ¥ ff to Slds'naspda®iplsna s tum, mo 8 L sdz'  f totsSp dzHtdats f
GJlsdydz tc, BBadz ok woro dztkO@OHN MpH MoONaaaHHI Y 30HY MPOBIIHOCTI
OTPUMYIOTh MOXKJIMBOCTI JUIsl IEPEXOIB Ha BUILI EHEPreTUYHI piBHI IpU HAOyBaHH1 €Hep-
ril BiJ TIOJISL 1 MOXYTh BUIBHO TMEPEMIlIyBaTUCS HA BIAMIHY BiJl €EKTPOHIB 3alIOBHEHOT
BaJICHTHOI 30HH, 3a0e3meuytoun J 0z C Istetsdzdzlz f tetso " Hdz' Mis! 5 |

3BijcH sicHO, 1m0 sk © Odz] dzls dzO@ L sdzO § jtoj Stcdo O, Is!
TopeuoBnHa € H SB to  d3 | dzj € Is tc 5 dzdzgiodgapdfktepB® ishiczdfif, H1e3
KOX JIEIKUX KapOi/iB 1 HITPUAIB IEPEXITHUX METAJIIB, IO TAKOXK BiTHOCATHLCS JI0 MPOBiJI-

HUKIB.

VY psiai pedoBUH pO3MUBAHHS €HEPTETUYHUX PIBHIB HEJAOCTATHE /ISl TIEPEKPUBAHHS
Jiana3oHy HECTal[lOHapHUX PIBHIB MK BaJCHTHHUM 1 MEPIIMM HE3alOBHEHUM PIBHIMHU, a
TOMY BaJICHTHA 30Ha ¥ 30HA MPOBITHOCTI PO3/IIJICHI HEJOCTYIHOIO I €JIEKTPOHIB B CTa-
ioHapHOMY cTaHi L OB 5 6 s dzj dz@aki peuoBmEBETHOCATHCS 10 HAMIBIPOBIIHHU-

KiB IIpH IIUPUHI 3200pOHEHOT 30HU 110 3 €B a00 /10 JieNeKTPHUKIB pH OLbLIii 11 mupuHi.

VY 1boMy BHIAJIKY, 00 €JIEKTPOHU 3MOTJIH B3SITH Y4aCTh B €JIEKTPOIPOBITHOCTI, TM
nortpibHoL © t6On zdzs¢ L BBods Ndzg' = HYJ ] dz @emsokW dziz
y camomy Marepiami dizZOH Ols d jhdig tdfcj' wj,o dh h jdets] dzlzuns d2B ,
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caMHM, TMEPEKUHYBIIM iX 13 BAJEHTHOI 30HH B 30HY MPOBIAHOCTI. 32 paXyHOK TaKOTO Tie-
pekumanHa yL 8 dz' ftetseo " Hdzsmis' o d dzd sysdbsacuyiidapdsds ts dzdz
BaHUM PYXOM MEPEKUHYTUX EIICKTPOHIB.

1ted ¢ J4ted € dH O dztranenguaizpiu lssttg wgosbinoctilz 9 O dzj dzls d
L Sdz LOWO dzw ¥ Is! W 9o ' ,dza sold moxyTezTimeiapist iaq@dnny t6° 9
enepriio Binnonsa, f jtoj nsHdIsd jdzj Clstetsdad o Odzj dalswits’™ L
JBHSIOYU IIPU LIBOMY CBOi €HEpreTHYH1 P1BHI, 110 CTAIOTh JOCTYITHUMU JJIS IHIIUX €JIEKT-
poHiB. BHaci1ok Takoro «ecTad)eTHOTO» pyXy €JIEKTPOHIB BaJCHTHOI 30HH KOXHA CHEP-
reTUYHA BAaKaHCisl, M0 YTBOPHIIACS MPH TEPEXOJIi EICKTPOHA B 30HY IPOBITHOCTI, pyXa-
€ThCS B HANPSAMKY, IPOTHICKHOMY HAmpsIMKy pyxy einekTpoHiB. Ockineku B d Mz o Ols
telzn tHJded Ydatst dz®@ Qée® dzflz] ¢ " § dz' 3 toHr&mkaen®@ G Ols
BUHUKHEHHSIM BaKaHCii, TO JIJIS CIIPOIICHHS PO3IISATY €JICKTPOIIPOBITHOCTI pyX BaKaHCIl
110 BaJICHTHI{ 30H1 aCOIIIOBANIU 3 PyXOM (pOPMaJIbHOrO 00’ €KTa — KBa314aCTUHKH, Ky Ha-
3BaNIK «fipkoro». Takum unHoM, dzs ) * eBzL Ot csyj M’ J &z Clstetsy
dz dzlsdz' 2 L sdz ‘ H' 6¢ 0O, 9" HY 59 . BpdaByroun naff) Is tc Iz
npsSIM PYXY JAIPKH B €JICKTPUIHOMY IT0JTi, T TpUITUCAIIN TIO3UTUBHUHN 3apsiji, PiIBHHIA 32 Be-
JHYMHOIO 3apsy €IeKTPOHA, a TAKOK e(PEKTUBHY Macy, sSika BU3HAYAETHCS SIK IPyTa IMOXi-
JTHA TIO IIBUIKOCTI BiJl KIHETUYHOI €HEPrii.

Taxum yrHOM, KIJTBKICHI KpUTEPil KiIacudikailii TBEpAUX TiJ HA MPOBIIHUKH, Jie-
JIEKTPUKH i HAIBNPOBITHMKY NMPH HOPMAJIBHUX YMOBAX, 3T HO 30HHOI TEOpii, MalOTh
TaKi 3HAYCHHS:

— mupuHa 3a6opoHeHoi 30Hu MeHia 3a 0,017 eB — npoBiHuky;

— mupuHa 3a00poHeHoi 300U Oinbiia 3a 0,017 eB, ane menma 3a 3 eB — HaniBmpo-
BIJTHUKWU;

— mupuHa 3a00pOHeHO1 30HU Oinbiia 3a 3 eB — gienekTpuku.

Cnmig 3BepHyTH yBary HaTe, mo lz tc O 3¢ On L sdzdets™ s H j dz d
dzy SIsted € d & Cn tydas daizgxdspke iy Mixk HUME HOCUTB KITBKICHUHN Xapa-
KTEp Y BIJIMOBITHOCTI 3 MIMPUHOIO 3a00POHEHOT 30HHU.

upuHa 3a00pOHEHOI 30HU MOB'sI3aHA 3 EJIEKTPOMPOBIIHICTIO €IEKTPOTEXHIUHUX
matepianiB. Habnmxkena ix kBamiikaiiis 3a mHTOMUM onopoM HaBeaeHa pa puc. 1.10.

FTuTOMWUIA onip, OM-M
10" 10™ 10® 10° 10* 10% 10° 10° 10° 10° 10° 10" 10” 10" 10"

NpOBIgHWKM HanisNpoBiAHWUKN [ienekTpyKm

Tyronnaeki MetanonogioHi
CNOMNyKu

Puc. 1.10. Knacudikanis e1ekTpoTeXHIYHUX MaTepialiB 32 TUTOMUM OIIOPOM
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JIEKIIIA 2.

JlieJileKTpMYHiI MaTepiajJM € OCHOBHUM BUJOM €JEKTPOTEXHIYHHMX MaTepiajiB, 3
SKUMU JTOBEJETHCS 3yCTPITUCS HA MPAKTHUII MAOYTHIM 1HXKEHEpaM-CIeKTPUKAM.

[ Jdzj et e nek TpoTexXHiIi YUHMA mMaTepian,
3gatTHi cTb nonapumayBaTucsa B €NeKTPUUYHOMY
[ " jdzj SdspteduSoBMHA, WO NOraHoO NPOBOAUTbL ¢
onip skoi &T18'OmB mTb 10

Bci mienexkTpuku MoaiistoThCS Ha TAaCHBHI Ta aKTHUBHI.

[MacuBHi nmienektpuyHi Matepiamu (puc.2.1) ® J dzj Slstetslsy ~dz' Yy :
B s My " Lsdzvy' W Mmis tc Rad@dixfse  wi@isyls-d dz dj dgjSsS IS te tt
JUISl 3a1I00ITaHHIO IEPETIKAHHIO EJIEKTPUYHUX 3aps/liB MK €JIEeMEHTaMH KOHCTPYKIIIT 3 pi-
3HUM €JICKTPHYHKUM MoTeHIanoM IS © H dzv  dzOSC s d yJ dedz? L OteW H Iz

{ lMacuBHiI gienekTpukm \

4 A 4

Bﬂ Pigki
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KoHaeHcaTopHi matepianu

Puc. 2.1. Knacudikamis nacMBHUX Ji€JIEKTPUKIB

! JACTY 2815-94 "EnexrpuyHi i MartitHi Kosia ta npuctpoi. TepMinu i Bu3HayeHHs".

2 . . . .
JACTY 2843-94 "EnextporexHika. OCHOBHI MOHSATTA. TepMiHM 1 BHU3Ha4yeHHA'", Take BHU3HAUYECHHS BHMAarae
YTOYHEHHs "IpU HOpMalbHUX yMOBax".
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JJ1s1 eJIeKTPUYHOI i30J111ii BUKOPUCTOBYIOTH TaKl PI3HOMAHITHI TUIIN 1€JIEKTPH-
KiB 3 mUTOMHM oniopoM 1oHas 108 OM-M: moBiTps B NiHIfAX eneKTponepenad i elekTpoarna-
patax; Ha()TOBI 1 LITY4YHI Macia B TpaHc(opmaTopax, kabemnsx, BUMUKadax 1 BBOAAX; TBE-
pIi IieNeKTPUKHU B Kabelsax, TpaHcpopMaTtopax, eIeKTPUIHUX MallWHAX, 130JATOpax Io-
BITPSIHUX JIHI{, BBOAAX, YCTAaHOBIIOBAJbHUX BUPOOAX 1 KOpPITycax arapariB i T. II.

B koHaeHcaTOpax BUKOPHUCTOBYIOThH a00 MICIEKTPUKH 3 MiABUIIEHOIO BITHOCHOIO
JIEJIEKTPUYHOIO TPOHUKHICTIO (B OCHOBHOMY TUTAHATHY KepaMiKy), a00 MoIiMepHi jiese-
KTPUKHU, 3 SIKUX MOXXHA BUTOTOBJIATH TOHKI IUTIBKM 3 BEJIMKOIO IJIOLICIO MOBEpXHi. s
TEpPMOCTAOTPHUX FepMETH30BaHuX | IS O dzts datzgHeéaTopiB HEBETUKOT EMHOCTI SIK JTi-
€JICKTPUK BUKOPUCTOBYIOTh BAKYYM UHU a30T, BITHOCHA JIEJIEKTPUYHA MPOHUKHICTh SIKUX
HE 3aJIeKUTh a00 TyKe caabo 3aJeXUTh Bl TEMIIEpaTypH.

AKTHBHI ieJIeKTPUKHU BUKOPUCTOBYIOTh B €JICKTPOHILI /I TeHEPYBaHHS, MOYJISIIIi
Ta MEPETBOPEHHS CUTHAIIIB, a TAKOXK JUIsl KEPYBaHHS HUMHU 3a JOIIOMOT'OF0 30BHIIIHIX (PAKTO-

PiB, TAKHX SIK €TIEKTPUYHE a00 MarHiTHE MOJjIe, TeIUI0Ta, MEXaHIYHe HAaBAaHTAXCHHS Ta 1H.

1 tod € tsdzMmls wakits apQroz&zrpo06is, npusHadeHUX 11st pOOOTH B €ICKT-
PUYHOMY I0JTi, TOOTO TipH BUKopuctanHi ETM, dz] 5B = * H dzts Y |, ssiGifsuedz Vv 9 dz
BifOyBatoThCs B Matepiami, W € o f oz a0@itumit 3OIs jJ 6 Odz dzO@ tesL IS C
teWH L dzdd3 d3OIlsj to' Odzd *° dzO to fyBotBylsukeni 3a plebyehe Y C
NEePEepo3MOAUTY €IEKTPUYHOIO MOJsl, TEPMOMEXAHIYHUX HAIPYKEHb, (PI3UYHOT YU XIMid-

HOT B3a€MO/Iii MK PI3HUMH MaTepialaMH TOIIIO.

} tod € tsdzMmls wakits apQrozcizrpo06is, npusHayeHUX 17151 pOOOTH B €IICKT-
puuHOMY 101, TOOTO MpH BuKopucTanHi ETM, dzj 5B n ° H dzts ', sd8iGifduedz W o dz
BiZOyBatoThCs B Matepiani, W € o f oz, a0@itmmit 3OIs J 6 Odz dzO@ teisL IS C
teWwH L dzdd3 d3OIsj o' Odzd * dzO to ty Botwylsueni 3a whatypie Y C
NEepepo3MoALUTYy €IEKTPUYHOIO MOJIsl, TEPMOMEXAHIUYHUX HAIPYKEHb, (QI3UUHOT YU XIMid-

HOT B3a€MO/JIii MK PI3HUMHU MaTepiajlaMy TOIIIO.

Came ¢1314H1 YMOBH, B IKMX TOBHHHA 3HaXOIUTUCA 1 PYHKIIIOHYBATH 1307151115, Ha-
KJIQJaf0Th MI€BHI BUMOTH Ha Teruio(i3nyHi, MexaHiuHi Ta (Hi3UKO-XiMi4HI TapaMeTpu Ma-
Tepialy, 0OMeXYI0Uur MOKIUBI TUIIU BUKoprcToByBaHux ETM. Uepes 1ie He0OX11HO Bpa-
xopyBatn dzj Is' dz' €d Jjdzj SlstetsW ' L d ydzaki sie HO tojO IS Idctef dm
ftesded Cdz' Mls' , Jjdzj Slstesfteseo " Hdz Mis! H' J dz I
st ¢ ' dzG tHrfridsbiy@ &ne it iHmII Pi3HOMIAHOBI XapaKTEPUCTUKH JTi€ITCKTPHIHIX
MaTepiaiB:

— 34 =~ O dziminpAZTH i Bara mMatepiany, MIilHICTh Ha CTUCKYBaHHS, pO3pUBaHHS
a0o0 3ruHaHHA 1 iHII1 BUAM Jedopmarlii, B'I3KICTh 1 T.1.,

—Isd  dztsW ' xapsknp&E THKK: TEMIONPOBIAHICTD, TEIIOEMHICTh, HArpiBOCTIM-
KiCTb, TEIUIOCTIHKICTh, TOPIOYICTH 1 T.1I.,

— W' LS~ Wde'OC Is | tedfifydsiacsiitkicTs, BonorocriiikicTh, BOJIOTOM-
POHUKHICTB, PO3YMHHICTH TOIIO.

YacTo yciM BUMOTaM OJHOYACHO B JIaHIi KOHCTPYKIIIi HEMOXIIUBO 33 J0OBOJIHHHTH,

TOMY TOTpPiOHE SICHE PO3YMIHHS YChOTO KOMILIEKCY MPOLIECiB, 0 BiAOYyBatOThCs npu ¢y-
HKI[IOHYBaHHI TMPHUCTPOIB, MO0 OIIHUTH 3HAYYIIICTh KOXKHOI 3 BUMOT 1 3pO3YMITH, 5Ki 3
HUX, Y KO)KHOMY KOHKPETHOMY BUTAJKY, € TOJIOBHUMH, & K — JPYTOPSAHUMH 1 HUMHU
MO>KHA 3HEXTYBATH.
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EJIEKTDI/I‘{Ha HOJIHDI/BaIIiH —CTaH p e4yoB
CYMapHUN eNnekKTPUYHUIN MOME
Mi HHe Bi o Hy”nsa.

BcranoBntoeTbes eneKTpUuHa MOJSPHU3allisl BHACIIIOK OOMEXKEHOTO 3MIIICHHS

I

3B’SI3aHMX 3aps/IiB B JAaHOMY TiJIi @00 opi€eHTallli HOTO MOJSIPHUX MOJIEKYH (AUMOJIB) i

T ANS pgaHoOTr

1 pa.

JIE€I0 €NIEKTPUYHOTO OIS,

Crigpigpisuatu f sdzW e dsaxPigtsy J i & M isfOszzo teirf] Ldmbp@OgEEs ¢ tS

IpoIieci 3MIIICHHS 3B'I3aHUX YACTHHOK UM OPI€HTAIll] TTOJISIPHUX MOJICKYJ, 1 K JOCITHY-
tuii npu iboMy M IS O dz  tc | 3pisMingdzdin Hy1s eekTpuaHIM MOMEHTOM. B3arai,
CIICKTPUYHUN MOMEHT MOKE OyTH TUTOJIBHUM, KBAJAPYIOJBHUM i T. II., aJIe TP TOJISPHU-
3aI1ii OCHOBHY pOJIb BiJ[irpa€ came AMIOIbHUIA MOMEHT, MO H St ' o dz¥ HESB Iz
i dzj 4 H eripasmdntomy came Bin Oyme MaTHCS Ha yBasi.

B nporeci monsipuzarntii aieJekTpruka BHACTIAOK 3MIMICHHS 3B'SI3aHUX 3PS KEHUX
YaCTUHOK JIieJICKTPHKa, BiH HaOyBa€ HAINPABJICHOTO MPOTH MPHUKIIAJACHOTO TOJS SICKTPH-
YHOTO MOMEHTY

M =aMmlA= aNAgA
ne N — ymcio 3B’s13aHUX YaCTUHOK B A1€JIEKTPUKY, & — MOJISPU30BHICTh YACTUHOK PEUo-
BUHHU IIiJ] €0 MOJIS HAMPYXKCHICTIO [ , — BiJicTaHh MIX HEHTPAMH 3MIIIEHUX i Ji€l0
MOJIS 3aps/IiB MPOTUIICKHOTO 3HAKY 3 a0COIFOTHOIO BETUYHMHOIO (], HE 00OB'SI3KOBO KpaT-

HOIO 3apsiTy €JIeKTPOHA.
EnexTpuunuit MOMEHT OAMHMII 00'€EMY PEUOBUHU

P = M/ W SAWNAgAnAgA
Jie N — KOHIIEHTpallis YaCTUHOK, 1110 TPUIMAaIOTh y4acTh y NnoJisipu3aii (KUIbKICTh YaCTH-

HOK B OJIMHUIII 00'€EMY).
SIKII0 BpaXOBYBATH TIMBKU 3apsi1 Ha BiAMOBITHUX MOBEPXHSIX 00'emy, To d = U, i

t = @S =

TOOTO €JIEKTPUYHHIA MOMEHT OJAMHUII 00'€My PEUYOBUHH JIOPIBHIOE MOBEPXHEBIH T'yCTHHI
HOJISIPU3ALIITHOTO 3aPATY S mx.

Came 11t 3apsi1 BU3HA4Ya€ 3HAYSHHS BIJTHOCHOI IIEIEKTPUIHOI TPOHUKHOCTI &, sIKa
B CBOIO U€pry BXOJUThH B KOE(ILIEHT MPOMOPIIOHATBHOCTI MIXK HAMpPYKEHICTIO €JIeKTPH-
qHOTO 1oJis E Ta enextpuunoro inaykmieto D (ska JOpiBHIOE CyMi TYCTHHH 3apsiiy Ha eJie-
KTpOAax JJIsl BAKYYMY Sr 1 MOJSIPU3aLiiHOT TYCTUHH 3apAy Sz, 3yMOBIECHOTO MOJISIpH3a-
II€I0 JTICTIEKTPUKA).

B BakyyMi ju1st KOHJIEHCATOpA 3 OJTHOPITHUM TIOJIEM:

Do = sy = WE.

SIKII10 3aIIOBHUTH KOHIACHCATOP IlieJ'IeKTpI/IKOM, TO:
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D=sy+sg.—@E+naE =& (1+na/le)E=a(ltc)E=aeE=a k ,

ne &= 8,85:10"12 ¢p/m — enexTpuuna crana (abCOMOTHA MieIEKTPUYHA IIPOHUKHICTH BaKYy-

yMy), € — AleJIEKTpUYHA CIIPUIHATIUBICTD, &y — a0COIIOTHA Ji€IeKTPUYHA POHUKHICTh
JlieJIeKTpUKa.

. . . . . o o
TakuM YUHOM, U1 BIZHOCHOI Ii€JEKTPUYHOI MPOHUKHOCTI MaeMo @ = W/ oldbo
gyepe3 MoIIPU30BHICTh @ = 1 + G. 3BijicH MOKHA Oa4MTH, 110 3aBXIU & > 1 1 TUTbKU IS
Bakyymy @ = 1.

3a BU3HAUCHHSIM:

AOCOJIOTHA JlieIeKTPHYHA MPOHUKHICTL € —K O € (Pi L1 €EHT N Ppor
HanpyXeHi CTH eNeKTPUUYHOro nonsa Ta ene

D=actk.
BigHOoCHA TieJeKTPHYHA MPOHMKHICTL €& —~B i A HOWEHHSA abcon
HOT MNPOHWKHOCTI PEUYOBMUHIMPHH NKHD/THEH A

BinHocHa mieneKkTpuyHa MPOHUKHICTh BUKOPUCTOBYETHCS SIK OCHOBHA XapaKTepHC-
THKa MOJISPU3AIIHHOT 3TaTHOCTI Al€JIEKTPUKA.

Posrnstnemo mpotiec mosisipu3sailii 3 eHepreTHIHO1 TOYKH 30DY.

[Ipu nogaui Hanpyru U Ha enekTponu, 110 3HAXOIAThCA Y BaKyyMi, JUKEpEIo Ha-
IPYTH PO3MIIIYE Ha €NEKTPOAax 3apssl Qo 1 CTBOPIOE MIXK €JIEKTPOJIaMH T0JI€ HAMIPY>KEHi-
ctio [ V/d, d— BiacTanb M eleKTpoaMH, 1110 HeoOXiIHa IS BUKOHaHHS poboTr A=U(
IpH MEepEMIIIeHH] 3apsiay ( MiXK enekTpoaamu (puc. 2.2, a) .

i - + - 1 —
+|— +|- - + |
e - + - 3 —
+|— +]- -+
+ - + — + - It
|- +|- -+
& - + - 4 —
+|— +]|- -+
- - + = T —
+|—  +|- -+
+ - + = = —
0 0 le U
U )

- %
“ .

Puc. 2.2. Peakis mxepena Hampyry Ha TMOJISIPU3AIIIIO JIETCKTPUKA:
a — BaKyyMHUH KOHJIEHCATOp, O — KOH/AEHCATOP 3 AIETIEKTPUKOM, 0 MOISPU3YETHCS, B — JIie-
JIEKTPUK B EJIEKTPHYHOMY TT0JIi 6€3 KOHTAKTY 3 €JIEKTPOIaMH, T — B3a€EMHE PO3TAIIyBaHHS €M-
HICHOTO 1 OMIYHOTO CTpyMiB Ha (ha30Biil niarpami

SIK1Io Terep BCTaBUTU MiXK €JIEKTPOJAMH JICIEKTPUK, TO BHACHIIOK MOJSpU3aIii
JieNIeKTpHUKa B HOT0 MPHUENEKTPOAHIM 00acTi 3’ IBISIFOTHCS 3B s13aH1 3apsian d, U0 eKpa-
HYIOTh BUIbHI 3apsu (o HA €JIEKTPOAAX 1 3SMEHIIYIOTh HANPYKEHICTh MOJISI B A1EIEKTPUKY,
BHACJIIZIOK 4OT0 po00Ta 3 TIEPEeMIIlIEHHS 3aps/IiB B AICICKTPUKY TIEPECTAE BiMOBIAATH Ha-

npysi mkepena. 19 KOMNDEeHCalui Te  /BeBK TAp3oapHYLK WeHEeE ACAU /B
npyrm 36i NbWYy€e NOBRPXHEBAY A A4 B BiMESNEBER-K T P (

peHIo BeauunHy HanpykeHocTi moss [ = U,/nd Oyna y Bakyywmi (puc. 2.2, 0).

31



ToMy TBepaKeHHS, K€ 4acTO MOKHA 3yCTPITU B HAaBYAJIbHUX MOCIOHMKAX, 110 Ha-
IPYXEHICTh €IEKTPUYHOTO TOJISI B IIEJIEKTPUKY B @ pa3 MEHIIa, HIK y BAKyyMI, CIIPABE/I-
JIUBE TUTBKU JJI BUIAQJKY 130JbOBAHOTO Ji€JIEKTPUKA B €ICKTPUIHOMY T0J1 (PiKCOBaHHMX
3apsaniB (puc. 2.2, B). Y BUMAJKY, KOJHU JICIEKTPUUHUNA MaTepial MiAKIIOYEHUHN 10 JIKe-
pena Hanpyru (IKUH YacTilie Ma€e MICIIe B €JIEKTPOTEXHIYHUX MPUCTPOSX) HAMPYKEHICTh
MOJISI B TICJICKTPUKY TaKa K, K 1 y BAKyyMi, 1 HE 3aJIe)KUTh BiJl & JieJeKTpUKa.

SIKIIO AieNIeKTPUK 3 HAHECEHUMH €JICKTPOAaMH PO3TIISIATH SIK KOHICHCATOP, TO 3a-
PSI Ha €NEKTPOJIaX IOPIBHIOE:

Q=p+q= aU,
1ie Qo — 3apsii KOHAEHCATOpa MPH YMOBI, 110 HOTO OOKJIAJKU PO3ILIISE BAaKyyM; Cd — 3apsi,

10 3yMOBJICHHI MOJIIPU3AIIEIO TIETIEKTPUKA; H — EMHICTh KOHIEHCATOPA.
3Bijcu BUIUIMBae, MoMN O N ApmM3ayi 49 CynpoBOLgXYETbHLCHA

AeHcaTopi B Ta A1 enNeKTPUUYHUX KOHCTPYKLUI I
KOHAEeHCcaTopi B Ta KOHCTpPYIKCipigpaz:Bi onoBi gHOI
+
E:gz—QO Qd:1+%:1+&:1+(5 =

G Q@ Q QG r

1€ Hd — EMHICTb, 110 3yMOBJICHA TUIBKH MOJISIPU3AIII€I0 TICICKTPHKA.

o cTocyeThcsl MPOTIKAHHS CaMOTrO MPOLECY MOJSpU3alLlli, TO MOTPIOHO 3BEPHYTH
yBaryHaTe, MON O 1A pPMU3 alli 9 € ynopAaagKOBaAaHWUM 3 Mi WeH
M 0 .MHa BigMiHy BiJ CTpyMy MPOBIJHOCTI, IPU SKOMY BUIBHI 3aps/PKE€HI YaCTUHKH pyXa-

IOTHCSI HACKPI3HO BiJI €NIEKTPO/Ia A0 €IEeKTPOa, Y BUTIAJIKY TOJIsIpr3aliii MU MaeMO B U M a [ O K

OOMEeXeHOT O BHAaIYWwTHL OipiB wWa®@i , 3Mi UWeHHSa 3B
[Monsipu3aniiiauii CTpyM € OCHOBHEM Ipr 3 & P A 4 | K O HBiH@ena aeaIk npap |

BIJIO, EKCTIOHEHITiabHO. [Tpu 3MiHHI# Harpy3i Ha KOHACHCATOpiN O /1 A P U 3 a L i NApHOW-

Ti Kae 4Yyepes3 KOH/L®&HE BCTU@IIOoBH CEIT 3eryxery) BIHo0mepion

cTpymy T MEHIIIHH MOCTIHHOT Yacy 3aTyXaHH, | Ha3MBA€ETbLCA EMHI CHMUI
3 caMoro BU3HAYEHHS €EMHICHOTO CTPYMY BHUILIUBAE MOTO MEPHIEHANKYISIPHICTD 110

B
7

nanpyru. JliiicHo, sxmo ic=COU/dt To mpu U=Uo@&n(wt), BpaxoByroun, 1110 TOXiIHA Bij
sin(wt) topisaioe W@0s(Wt), maemo ic=C@@oOG0s(Wt)ato, 3riaHo 3 GopMymnor0 mpuBe-
nenns, i=C@Qo@EINn(Wt +), Yoo eMHicHHMII CTpyM B ineanbHOMY KOHIEHCATOPI, B
SKOMY HEMa€ CTPyMY €JICKTPOTPOBITHOCTI, 32 BU3HAUYECHHSIM €MHICHOTO CTPYMY BHIIEpE-
JpKae Harpyry o ¢asi Ha =/, 2ToMy BTpaTH MOTYKHOCTI €JIEKTPHUYHOTO TIOJIS B 1/1€aI1b-
HOMY J1€JIEKTPUKY JAOPIBHIOIOTH HYJI0. B TOif e Jac cTpyM MpPOBIAHOCTI CHIBIAJAE 1O
¢a3si 3 mpukIiaeHo Hanpyrot (puc. 2.2, ), 60 nopisaroe ir=U sin(wt)/R.

V Bunazaky j dzj € Is to d Y dztsionspiszaniss gedexrpukiB MoKe BUKOPHCTOBY-
Batmcs H dzv  sy' dg€ d [srjnengxopy ARG A8 i Ti) HST @k R ECe ek T-
PUYHUX BUIIB CTApiHHS JICIEKTPHKIB, SK OKUCHEHHS, SIKE MPUBOJIUTH IO 3POCTaHHS €M-
HOCTI 130711111, UM MEXaHIYHOTO PYHHYBaHH, HAPUKJIIAJ PO3MIapyBaHHS 1301111, 110 Cy-
MIPOBOJIKYETHCS 3MEHIIICHHSM i1 €MHOCTI.
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Jlia knacugikanii BUAIB MOJIIpU3aLlili BAKOPUCTOBYIOTh TaKl KpUTEPIT SIK:
— THUI 3B'I3aHUX YACTHHOK, III0 MPUAMAIOTh Y4acTh B mojspu3aii (puc. 2.3),
— Xapakrep ix 3mimenHs (puc. 2.3),
— (bakTopu, 1110 3yMOBJIIOIOTH MOJIsIpu3alito (puc. 2.4).
Bzamexnoctio " H Isdifkz Lo' wL Odzed ~

’ « -— (4 - 4 [4 1

L O to velps syodzClz  CtayC

mMd¥ ' CkoPdyS$ I840ts dzdzlz , H d {f, sSmsidel 1o l8sGro, 1 IS dzdz K T p U
Ha HenonNnApHI , (pAcR/HHAPHI Ta | OHHI
IIpu knacudikamiiL © R OOCIsjtesdy L &3 h jdedgw o dH ' dzwt

(tej zOS MOy " 2 dzlz Brasipiy slxWifigefiuii@apaxtep. 3a3Budaii OmMycKarTh, a

TOMY TEpMIHH € /1 € K T P O H Hagl,M N i0 GBHEHBICErbCs 10 MPYKHUX BHIIB MOJISPH-

3arlii, X04 AUMOJbHY MOJISIPH3AIII0 YacTO OIYCKAaTh, 00 PO3IIIUTH ii Ha MPAKTHII 3 eJIe-
KTPOHHOIO BaXXKO, a 1l U M O JPKEHI@ K C a L i-piei/ag K d DLWHIHIDH a-p & N &Ki-e
C a U i BUIH MoIspu3allii — 10 HEIpYyKHUX.

O3Haka
knacudpikauii

Monspusadisa nig BNIMBOM
eneKTpU4YHOro nonsa

Xapakmep 3B's3aHNIA BinbHuit
3apsidy L |
Pyx 3MiLLEeHHs OpieHTauis  3MmileHHs
' | |
Xapakmep pyxy [MpyxHWiA HenpyxHun HenpyxHuii  HenpyxxHui
3apsioxeHi EnektpoHu 3B’s3aHi Cnabko- Cna6bko- MonsapHi EnekTpoHu,
yacmuHKU B Moriekynax, (o317 3B’A3aHi 3B’sA3aHi MOSEeKynu iOHM
aTtomax, ioHax iOHM €neKTPOoHU |
lNonspusayis EnekTpoHHa loHHa loHHO-  EnekTpoH- [OunoneHo-| | MirpauinHa
(MexaHi3m) penakca- Ho penak- penakca-
LinHa cauinHa uirHa
CnoHTaHHa CnoHTaHHa 3anuuwkoBa
iOHHa OunonbHa  enekTpeTHa
Puc. 2.3. Knacudikaris eneKTpuyHUX BUJIIB TOJSpU3aLii
l—{ EnekTpuyHa nonspusauis }—l
IHaykoBaHa ' ' 3ymoseneHa IcHytoua |
€neKTPUYHUM nosemM | HeenekTPUYHUMHU 6e3 gil
02 v dakTopamm 30BHILLHIX
MiKpocxonqua‘ ‘ MaKpocKonqua\ : dakTopis
y v A
MpyxHa Penakca- =
(nedopma- uinHa z T _||= =
.y = I (=~ | T
uinHa) (Tennosa) © T3 & | ©
N 8| |Sqll2F|(28
& e s = E‘ @ g
® o] I = g Q= T =
I T © © cZ|(|E3|IEQ I || o
T T T I 8T |5 =2 T | a
o|l ® Ol ®f| & = ed|CElex EE
o A o o = = o > = ) 1) E: e o
=l = E|l|l Z(| © © mn (8 RPIES o| @
3 |8 3|2 | E o = 256 &l lia
= = = ©
i} all = E E

Puc. 2.4. Knacudikariist BUAIB MOISpU3AIIii B 3AJI€KHOCTI BiJl YHHHHUKA
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O3Haka

g, HienekTpuk
knacudikauii I I |
36’5130k KoBaneHTHui [OHHWIA HoHopHo-
| aKLenTopHUN
Enekmpuy4Hutli mo- : ' .I ! . .
el e [opieHioe He gopiBHIoE [opiBHtoe He pnopiBHioe He gopisBHioe
. p}{ P HyI0 HYJ0 HyI0 HYI0 HYI0
HOI 0OUHUUj I I ] | |
Cmpykmypa AmopdHa, AmopcHa,  KpucraniyHa KpuctaniyHa KpuctanivyHa AmopdHa,
PEYOBUHU KpucTaniyHa KpucTaniyHa 3 WiNbHUM 3 HELWiNbHAM  HeLEeHTpo- KpuctaniyHa
nakyBaHHAM  MakKyBaHHSIM, CUMETpUYHA
amopHa I
lMonspu3sauis EnektpoHHa EnektponHa+ EnektpoHHat EnektpoHHat EnekTpoHHa+ EnekTpoHHa+
OUnNonbHo- ioHHa iOHHa+ ioHHa+ OUNonbHO-
penakcauinHa iOHHO-penak- IOHHO-penak- penakcaujiHa+
caujiiHa cauinHa+ CrMOHTaHHa
CMOHTaHHa |
Tun HenonsipHuin  MonspHui |oHHWIA 3 loHHWIA 3 loHHUI 3 MonspHwit
dienekmpuka WiNnbHUM HEeLWiNbHUM NOMsIPHOLO ene-

nakyBaHHsSIM MNakKyBaHHAM, MEHTapHO
amopdHUA  KpUCTaniyHo
rpaTkoto

Puc. 2.5. Cxema, 110 MOSICHIOE 3B’ 130K MK THUIIOM JTI€IEKTPUKIB 1 BHIOM MOJSPU3ALIii.

Kpim nepepaxoBaHUX OCHOBHHMX BHIIB MOJISIPU3aLlii B JiCIEKTPHKAX MOKIMBI T & K |
cneuyundi 4yHI B WU ACYN OMHOT [l peraBoRTKETHES 3aspak yHOK B3a€MO/IIT
YaCTHHOK PeYOBUHM (IOHIB YM AMIIONIB), M1 I P a b BMEHI®AE 32 PaxXyHOK HAKOIIH-
YEeHHsI BUTbHUX 3apsA/KEHUX YaCTMHOK Ha MeXKax o0JacTeil 3 pi3HUMHU 3HAYCHHSIMU &P B
HEOJHOPITHUX JIETEKTPUKAX, @ TAKOK € J1 € K T pa@ B a1 O P O IIBIHIZALLIS, 1110
MIEPETBOPIOE JICIEKTPUKIB B aHAJIOT MOCTIHHOTO MArHITY.

B 3aranbHOMYy BUNAAKy MOJISIpU3allisi MOYKE BCTAHOBIIOBATHUCS MPHU il HE TUIBKU
€JICKTPUYHOTO TIOJISI, a 1 IHIITMX YMHHUKIB, TAKUX K MEXaHI4Ha JedopMallist B I'€30€TeKT-
pHUKax, rpajileHT TEMIEPATYPH B MIPOEIEKTPUKAX, OCBITIICHICTh — IPH (pOTOMONSIpU3aLlii.

- .o -
[Tpu npy>xHOMY 3MIIIICHH] 3aPSHKCHUX YACTHHOK ITi]T Ii€10 NIEKTPHYHOTO TIOJISI BH-
HUKa€ MOBepTarya cuia, ika MpONopIliiiHa BiIXUICHHIO BiJ ITOJIOKEHHS PIBHOBATH:

F=T1 kx,

ne K — koeirieHT, sKiif XapaKTepuU3ye KOPCTKICTh 3B 13Ky YACTUHKH (TI0 aHAJIOTIi 3 MeXa-
HIYHOO TIPY)KUHOIO); m — 3MIIIICHHS YaCTUHKH BiJl TOJIOXKEHHs piBHOBary. 1ili cuiti Bifmo-
BiJla€ TIOTEHIIIAHA EHEPTis

W = kx?/2,

TOOTO Yy BiICYTHOCTI TIOJIsl BOHA Ma€ BUTJIsLA napadonu (puc. 2.6). [Ipuknanene nosie gae
CBI1¥ BKJIaJ] B TOTEHI[IAJIbHY €HEPTit0

W=7 qE&,
1€ ( — 3apsl YaCTUHKY; [ — HAMPYKEHICTh €JIEKTPUYHOTO MOJIS.
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Ile mpuBoauTh 10 nedopmailii mapa®oau 1 3MIMIEHHS MIHIMyMY €Heprii B HOBE T0-
JIOKEHHSI pIBHOBATH, 110 1 3yMOBJIIOE TOJISIpU3allito. BennunHa 3MIIeHHs 3HaXOAUTHCS MTPH-
PIBHIOBAHHSM IOX1/IHOT B1JI CyMapHOi MOTEHLIAIbHOI €HEprii 1o X Hy/ 0. BoHa nopiBHIOE

W/\ . Lﬁ

Ye

1, TAaKAM YWHOM, 3aJCKHUTh BIJ HAIPY>KEHOCTI
MPUKIAEHOTO 10 JIeJeKTpuKa nois. [naykoBa-
HUH (HaBEJICHU ) TUTIOTFHUN MOMEHT IIPH IIbOMY
‘ JIOPIBHIOE

b’ X = aRe /K

L P

% x

a MOJISIPU30BHICTh NPU €JIEKTPOHHIN MOJISIpU3aIiii

Puc. 2.6. [ToTeHmiiina enepris 3aps- a; = ¢flk.
JDKEHOI YaCTUHKY TpH Oe3iHepuiiHii

HpysKHii HoAspH3aIi [Ipy BUMKHEHHI JpKepesa Hampyru Bi0y-

BA€THCSI MPAKTUYHO M U T T @iBHEBIICHHS Mapa-
dbominoBepPHEHHSA A0 NonepenH bm®obiacTi Eulb@IHuycTod € 3
npuKIaaeHoi Hanpyryu. Tineku B 06aacti ontruaux yactot (1012 — 10%° ') mpu npyxHmIx
10HHIH Ta eEKTPOHHIN MOIAPHU3aLisIX OyIyTh CIIOCTEPIraTUCs PE30HAHCHI BTPATH €HEprii.

EjexkTpoHHa noJsipusaitisi. SIKiio 4acCTUHKYA peYOBUHU HETOJSIPHI (aTOMH,
10HU, MOJIEKYJIM 3 CHMETPUYHOIO OYJIOBOIO) 1 Y BIZICYTHOCTI €JEKTPUYHOTO TOJIS X~
Hill eJIEKTPUYHUN MOMEHT JOPIBHIOE HYJIIO, TO TMOJISIPU3AIlis 3BEICThCI IO H | W 1S 16 -
B3Oy " Y edipsigdeta O’ dtsdetsets L d3' b j dgdey f sL dIsd
' dzj GOIsdo dzs L OtW H Y J dzd B ejgedpidadsiicrisdadagfic: St
MaTH MicClle eJIeKTpOHHa nojspu3ailis (puc. 2.7, a).

[ ) CtesdzdzO v cdL Oy wC BOBOL s dziizOls &

E30BH
<.--------.E..BEZTP ...........
== S + = S .
JONVO-N I (€ OF G OFl
= = + = = =
EEOBH a
<.--------Esm°.----._ .....
, + 2 . ‘e —
+ - + o S + - + S
+ - < - | —
+ ‘ ﬁ =
g ' -
6
6e3 nons 8 308HIUWHBLOMY efIeKmPUYHOMY MosTi

Puc.2.7. Cxemarudne 300pakeHHsI €IIEKTPOHHOI (a) Ta i0HHO1 (0) mossipu3altii.
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I " HdzsMdzO H ' jdzj SIsted ydzO ¢ totsdzd ¢ dz' Hntiste * of deed’

e=1+nale.
JI71st Ta30moIiI0HUX AIETEKTPUKIB TIPH HOPMAITBHUX YMOBAX
e=1 + 3Y03A10

ne a= 4)R3—C]’IOJ'I}IpI/I30BHiCTB YACTHUHOK.

B ¢i3umi miedeKTpuKiB iHOI KOPHCTYIOTHCS T€OMETPHYHOIO ITOJIIPH30BHICTIO D =
ale, sxa js HenoapHux yacTuHok ckiaanae 4 3R10°%0 M3 — 102° M%), mwo B 3 pasu 6i-
JIBITIE 00’ €My €IeKTPOHHOT 000JIOHKH, TOOTO MOJISIPU30BHICTS PEUOBUHH Y Ta30IIOAI0HOMY
CTaH1 MOKe€ OyTH BUKOPHUCTAaHA JUIsl OLIHKH PO3MIPIB aTOMIB 1 MOJIEKYII.

L

JI1st MieJIeKTPUKIB 3 €JIEKTPOHHOIO MOIsIpHu3aliiero Mae micie dzO B dzd ¥ § dz@ to ' ¢

9 ' HzsMmdats’ H' jJdz SIlsted ydzts® ftoetsded ¢ dztsmIs

@ ~ 32, IKy MOKHA BUKOPUCTOBYBATH /ISl OLIHKH CTYIIEHS TIOJIAPHOCTI PEYOBHHM.
HenonsipHi ienekTpuky, Ui SIKUX XapaKTepHa TUIbKM €JeKTPOHHA MOJSpU3allis

(HampuKIazd, NoJieTUIIeH, pToporiacT-4, MOMICTUPOIL, napadiH, Cipka Ta 1H.) MalOTh IPU

HOpMaJbHUX YMOBaX THUITOBI 3HaueHHs & = 1,9... 2,7.

IoHHa moasipM3anisi, o 3yMOBIIECHAN PY XH U M 3 Mi WLeHHAM pi

HMUX | OHI B 8 Uziga Ox dzis G S(puf. B. tz®,Mde GEcRY, pazom 3 enekT-
POHHOIO, B 10HHHUX JTICJICKTPUKAX 3 IIIJILHOI YITAKOBKOIO 10HIB, @ TAKOXK YaCTKOBO B 10H-
HUX JIIeJeKTPUKaX 3 HEIIUIbHUM MaKyBaHHSAM 10HIB B KpUCTaJII4Hii rpatii

wisdedz® H' jdzf CltedSd L N ([ Hza dzfs ickapn A Fits
cmogaTain.),Bakux € dzj S IstetsdzdzO s © ' tovepoEOrunipeissdzvetsie @

Co 0O

9 ¢ts
oy

= 4...10, a kpucTaH, 110 MICTATH IOHU TUTaHy MOKYTh MaTH & HaBitbB * dz' N .j 100

KpiM TOro nopyuryeTbcs BianoBigHicTs & = 32, Tak, Hanpuknan, mis NaCl g = 5,85,
a V2 =237, mis CaCogz BigmoBinHo 6,1 12,78, ms TiO2 — 1141 7,3.

J171s1 10HHUX J1ENIEKTPUKIB 3 HEIIUIBHOI YIIAaKOBKOIO & 3HaXOJIUTHCS B TOMY XK Jlia-
Ma30HI, ajie B HUX MOXKJIMBA TaKOXK pellakcalliiiHa mossipusaiiisi, 1o 301IbIIYye 3HAUECHHS &.

AMnoJibHA MoJISIpU3alLisi B YMCTOMY BHTJIS/I B TBEPIAUX JIeJIECKTPUKaAX CIIOCTepira-
€TBCS P1JIKO. 371e01TBIII0T0 MPOd 1T 3a7EKHOCTI MOTEHITIATLHO1T €HEePrii BiJ KyTa TOBOPOTY

JTUTIONSL HE BiNMOBiae mapabosi, a TOMy JUIOJIbHA TMOJSPHU3aIlis B 3arallbHOMY BUIIAIKY
HOCHTb HEIIPY)KHUHN XapaKTep.

’ ’ ’ >

221/[vv ” oo °o v oW v ~

’ [4 - 4 (4 -—

OcHOBHa MOJIENB, III0 BUKOPUCTOBYETHCS /TSI PO3TJISLY OCOOIMBOCTEH penakcariii-

HOI MOJIsApU3allii, BKIIOYae HasBHICTh H 8 S5~ t6' 9 datsy ' dzdzd - L J dzj tcG
tetsLH' dzj dzgd = Y tslsj dzy’ Odz' dzd d3 B @ i@ cyrHodsi dpeuifts dzts 3

HBOT'O MOJISA JIJIsl YaCTUHOK, 10 IPUAMAIOTh y4acTh Y 1ii nonspu3arii (puc. 2.8)1ls | t6 d3ts -

OCIsdo Oy" 2dzd 2 r O taOfadsojntsioxfriistpipHeBEH B ir1Ie, 1110 3/ikic-
HIOIOTBLCS 32 PAXYHOK €HEPril TEIIOBUX KOJIUBAHbL. 3MOIEIIOBATH PEIAKCALIHY MOJISPH-
3aI[iF0 MOYKHA, AKIIO CUIIY B3a€MOJIii 3a1aTH y BUIJISAII
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F =17 )%+ kx,

ne i K — korcranTu. BiamosiaHa moTeHIlifiHA eHEPris Mae BUIJISA KPUBOI 3 IBOMA PO3/Ii-
JICHUMHU MaKCUMYMOM ITOTEHITIAIbHUMH SIMaMHU

W =cx¥47 kx?2.

B 30BHIIIHBOMY €JIEKTPUYHOMY TOJI1 HA CUMETPUYHY KPHUBY 3aJIEKHOCTI IMOTEHI1a-
JIBHOI €Hepril BiJl KOOPAWHATH - HAKJIaJa€ThCs OTCHIlIaIbHA CHEPTisl 3apsHKEHOT YacTH-
HKY, 10 AopiBHIOE We=1 QEX, BHACIIJOK 4YOTr0 CUMETPUYHICTh KPHUBOI MOPYIIY€EThCS 1
0JIHA 3 MOTEHIIAJIbHUX SIM cTa€ MnoIo0. Yac nepeOyBaHHS YACTUHKH Yy TOMY YU 1HILIOMY

MOJIOXKEHHI PIBHOBArv BU3HAYAETHCS 3T1THO 3 €KCIIOHEHTOI0 bobliMaHa BUCOTOIO MOTEH-
1iaJpHOTO Oap'epy 1 JOPIBHIOE

t=t exp(W/ksT) ip=3U 2,

Jie 3 — 9acTOTa BJIACHUX KOJIMBaHb YacTUHKH, Ks I cTanma Bonbimana. Bin crae B enekrpu-
YHOMY TI0JIi HEOJIHAKOBHM, 110 CIIPUUMAETHCS K 3MIIIEHHS CEPETHBOTO MOJIOKESHHS Yac-
TUHKH, TOOTO MOJIApU3AILis.

TakuM YMHOM Ma€ Miclle TePMOAKTHBAIIMHUAN XapaKTep Mepexo/liB Ha BIAMIHY BiJ
MPY>KHOI MOJISIpU3aLlii, PH AKIHM 3MIIIEHHS YaCTHHOK 31MCHIOETBCS 0€3M0CepeTHBO i T1€10
ENIEKTPUYIHOTO TTOJIS, 1 TUTHKU MEPEBAYKHUI HAMPSM [IUX MIEPEXO/1iB BUZHAYAETHCS TIOJIEM.

ToMy npH BHMKHEHHI 30BHIIIHBOTO
Wt MOJIsL 3MIMIEHHSI YaCTUHOK HE 3MOXKE 3HUK-
HYTHU 3pa3y, sK NpU NpYKHIA mojspusanii, 1
HAJJIAIIOK €HEePTii, [0 CTBOPUBCS MPH pPellak-
caiiiiHii monspuzalli, Oyae po3citoBaTHCS B
TENEKTPUKY Y BUTIISAI IIEJICKTPUYHUX BTpaT,
MPUBOASYM 70 HarpiBaHHs HieliekTpuka. B
3MIHHOMY €JIeKTPUYHOMY TIOJIi BHACIIOK 3a-
MI3HEHHS pelaKcalliiHol Moaspu3ailii BiAHO-
CHO (ha3u HampyTu TakoX OyAyTh MaTH MicCIe
JeJeKTPUYHI BTPATH, 3aKOHOMIPHOCTI SKHUX

Puc.2.8 ToreHiiiHa eHepris 3apsmKeHOT OyAyTb PO3IIISIHYTI HAXKYC.
YAaCTUHKH MPH peslakcalliiiHii nonspusanii

1
(]
1
[}
[}
1
)
)
)
[}
A}
[}
1
)

EnexTpoHHO-pesakcaniiiHa noisipusallisi Mop's3aHa 3 HENPYXKHUM 3MIIICHHIM
c11abo 3B'I3aHHUX €NEKTPOHIB 200 JIIPOK, a B IESKUX 10HHHUX J1€JIEKTPUKAX — IEBHOTO BUIY
CTPYKTYpHHX Ae]eKTiB — "ueHTpiB ¢papOyBaHHA", 1110 OB’ sA3aHi 3 pO3TAITYBAHHSIM €JIEKT-
POHIB 3aMiCTh HETATUBHUX 10HIB Y BY3JlaX KPUCTAJIYHOT TPATKH.

lonHO-penakcauniiiHa MOJsIpU3allis CIOCTEPIra€ThCs B iIOHHHUX JlieIeKTPUKAX 3 He-
ITHHOI YNaKoBKOIO ioHiB Ta O 3 to W 'daf dedzd =  H ' ji dog’sB3alsate gefip@ia
HUM TIEpEeMIIIEHHSIM CJ1a00 3B’ sI3aHUX Y JIOMIIITKOBUX 10HIB M1 JIBOMA JIOKaJTbHUMU Jede-
KTaMH, a TAKOK OPI€HTAII€I0 KBA31UIOIIB, 1[0 YTBOPEHI 10HOM B MIXKBY3JIi 1 BAKAHCIEIO.
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Tumosi 3HaueHns & H dzv ' s dzdzd ~
OdssteW dzd -
dzts* , -6 jmHAALH Oy 2 dzts’
CUTaJIH, CKJIO Ta JesKl BUIM Kepamiku), Bif S... 15 mo 30... 40.
JIMnoJbHO-peaKcaliiiHa moJasipu3alLis. 1 5dzv to dz'

JTUIOJISIMU 3 BIZIMIHHMM BIJl HYJISI €JIEKTPUYHUM MOMEHTOM. B enekTpuyHOMY 1o, KpiMm

nedopmariii mpocTopoBoOi 3apsAI0BOI CTPYKTYPH, MOJICKYIH OYIyTh MiIaBaTUCS OpIEHTA-
LIAHIN 11 Tapu CWI, IO JiI0Th HAa MPOTHIICKHO 3apsAKEHI YaCTUHU JUIMOJISA, BHACTIIOK
qoro Mojiekyna oynetetsL o j tels Olsd mw o J dagnirosudaptpozisidyize-
HUW B3a€MOJIIEI0 3 CYCIAHIMU MOJIEKYJIaMU M TPyIaMH, 1 IPUBOJSYH, B CEPEAHBOMY, J10
nosisipu3artii (puc. 2.9).

I d§ s dte jdaz0O € ) @oyspridadeaxapakrepHa 1Isl TiCICKTPUKIB 3 MOJISIPHUM
KOBaJICHTHUM 3B'si3koM. Y Bunaaky §f s dz° d3j tedzd =  Huingnsag-fesareadifna
NOJIIpU3allisl POSIBISETHCS B OPIEHTALll] B €JIEKTPUYHOMY T10JIi CErMEHTIB aMOpP(HOi MO-

WY j dzj ClsedS s miGsse dzj *
' ts dadzd Amrs MKUXjxaEgxepaiteiek&aizver j dzj € Is to s dzdzts
s Ocz Q) et s ettt Ban sy to d L

i dzasgatu dzdf

f tsd

JIEKYJIH IIPH TEMIIEPATYpax, BUINUX 3a TeMIIeparypy ckiyBanHa Um— H d § s difj jdgtslzj dz-

s Odz! dzO { ts dafotadfistpr@rpy¥ i GIYHHUX BiAraayKeHb MOJCKYJI, III0 MOXKYTh

CIOCTEpiraTHCs 1 MPU HIDKYKX UmTemnepatypax, —H d §f sdg'tadztdf tso © f 5dew to d

MOJIIPHUX TPYII, 10 3yMOBIIOIOTH JUINOIBHO-PETIAKCAIliiHY MOJISIPU3AIIII0, BITHOCATHCS
atomu abo rpynu aromis: -Cl, -F, -OH, =CO, -COH, COOH, -NH3, -NO3, -O-O-, -CHs ta

1HIII1, III0 MAIOTh NOCTIHHUHA JUIIOJILHUIA MOMCHT.

anBH ~
Cd
<.--------.E.PEZTP ...........
+ —
* X
~ - * x
+ : / —_
+* I :
/ e e 3 - a + —
: . i X - |
y X
* + .
-~ - ‘\' - +
+ —
6e3 nons 8 308HIWHbLOMY €1eKMPUYHOMY osi

Puc.2.9. CxemartuuHe 300pa’keHHS JUIOJIbHO-PENIAKCAIIMHOT MOJISpH3aLtii.

]l sdzW tedz® H'
MOy ' mdglsanii (manpukiaa, moaiaMiau, GpeHoso-hpopMaIbaeTigHi CMOJIH, MOMiBi-
HUIXJIOPUJ, €TIOKCHJIHI CMOJIM Ta 1H.) MalOTh TUIIOBI 3HaUeHHA & = 3...7, Xx0oua OKpeMmi pe-

YOBHMHHM, HAIIPHKJIaJ, Boaa, MaoTh & © 80.
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Kpim HaBeIeHUX BUIIB TOJIspHU3aliii B peuoBrHiI MOXyTh Mat Miciie ) 5 dzls O dzdzC
B3’ ¢ tc Op'j Axz® Is torjoslapdz@iii

CrnioHTaHHA MoJsipu3ailisi. BiabIIicTh MieTeKTPUKIB (32 BUHATKOM IT'€30- 1 CETHe-
TOEJIEKTPUKIB) XapaKTePU3YIOThCS JIHIHHOIO 3aJI€XKHICTIO 3MIIIEHHS BiJl HAIPY>XEHOCTI

CJICKTPUYHOTO TIOJISI B JIENCKTPUKY. B HEmHIMHUX JieleKTpruKaxX (CEerHETOCIEKTPUKH,
I’ €30€JIEKTPUKH, MIPOEIIEKTPUKH) MIPU TEMIEpaTypax, HUxK4e TemrepaTypu Kropi, kpim
HaBEJCHUX BHIIB Mojspu3alii cnocrepiraerbes M s dzls O dzdzO® () @odgiukats © * d
1141, sIKa BUHUKA€ BHACIIJOK MDKYACTUHKOBOI (MIKIOHHOT, MIXKAUIOJIBHOT) B3a€MOJIT TIpU
BIJICYTHOCTI €JIEKTPUYHOTO T10J11. HasBHICTH i1 — HACTIJOK 0COOIUBOI HEIICHTPOCUMETPH-
YHOI MIKPOCTPYKTYPH LIUX A1€JIEKTPUKIB.

l1ted MY Sdzls Odzdz' 2 nictfielsrpriyte ff LdLY\§ 'O Is ¢ sG] g |
ydzsdtf tedL 59 Odz 9 fJjodzsd3dz O oW i3S 2z tSBKoedzO M Is
MEHH y BiJICyTHOCTI mojist opieHToBani mix 90  a6o 180  oauH BiIHOCHO OJHOTO, aje
PE3yNbTYIOUUI eIeKTPUUYHUNA MOMEHT JieJeKTpHUKa MOopiBHIOE HYIt0. [Ipu mpuknaneHHi
10JIsL IOMEHHU 32 PAXYHOK MepeOy0BH OPIEHTYIOTHCS 3a MOJIEM 1 JIENEKTPUK MOJSIPU3Y-
ethes (puc. 2.10, a).

Hna dzj dz' dz' 2 ded =  H3' MjfdxjdgldsOaigdgts o  § fsxiztetagfun®O y * °
IPOHUKHICTH MOKe JocaraTu 3HaueHb 102 ... 103, a B TemMmepaTypHUX MakCHMyMax I10 I1O-
PANKY BeJMYMHU HaBiTh © 10°,

Mirpauiiina moJssipusauis (puc. 2.10, 6) 3ymMoBieHa Ha BiIMIHY BiJl BCI1X PO3TJIf-

HYTHX PaHillle BUMIAJKIB HE 3B’ 3aHUMH, a BUILHUMHU HOCIsIMU 3apsiy. BoHa BUHUKae npu

YMOBI, IO B IIENIEKTPUKY € 00IACTi 3 PI3HOIO CTAJIOIO YaCY JTiEICKTPHUKA (U C@EJ} v), a0
HAa EJIEKTPO/IaxX € MEePENIKOIN JUIsl HeUTpai3alii i0HiB. B mepimomMy BUNaAKy Ha TPAHUIISLX
o0nacTeil HAKOMUYYIOTHCS BUIbHI 3PS, 3MIHIOIOUN PO3IOALT HAMPYKEHOCTI MOAsST BiJ
PO3MOITY IO 0 no posmoginyno Jv(8B 0 ° d3dzO d3° G 6 Oy ). Pz@hssifots dzv tc
CT1 TIEPENIKO/ IJIsi HeUTpasi3allii 10H1B MOOIN3Y eIeKTPOaa HAKOMUIYIOThCS BUIHHI 10HH 1
Bunukae f to d j§ dzj € Is te s H dzQ Cipym,dzid tgpdrika® npu BéTaHOBICHHI Mirpa-
LiHHOT MoJIsipy3allii, HA3UBAETHCS A0COPOIIHHUM CTPYMOM 1 Oyzie PO3TISHYTHH Y B1IIIOBI-
JTHOMY PO3JiIi.

Sk Ha MekaxX 00JIacTel 3 PI3HUMH BIACTUBOCTSMH, TakK i B IPUEICKTPOIHUX 00JIa-
CTSIX piBHOBAra J0CATa€eThCs TO1, KOMH MU y3idHUI CTpyM, 3yMOBIICHUH I'PaJi€HTOM KOH-
LEHTpallii 1 HanmpaBJIeHUM MPOTH CTPYMY €JEKTPOIPOBIAHOCTI, 1O 1HILIIOETHCS MPUKIIAIE-
HOIO HAMPYTOIO0, 3pIBHIOETHCS 3 HAM.

EaexTperna moasipusanis. [1lnsxom nmonsipusaiiii e1eKTpuyHUM TojieM 6e3 Horo

BUMKHEHHS 32 OJIHOYACHOI 3pOCTal04o0i, a MOTIM CHaJarodoi aii iHIUX (aKkTopiB (TeMIie-
paTypu, ONpPOMIHIOBaHHS, YACTKOBUX PO3PSIIB TOIO) MOYKHA CTBOPUTH 3 & MO P O X Ee H Y
nakKcaui nHY 41N MIi I sraoHaBaBadTHCy € JT € K1 T [0 éprecH2al00 Bioi
JUTSL SIKOT XapakTepHa TMOsiBa HABKOJIO JIEIEKTPHUKA TIOCTIHHOTO €JIEKTPUYHOTO TIOJIs, 110

30epiraeThCs NPy BUMKHEHH1 30BHILITHBOTO TIOJIS MICIIs 3aKiHYeHHs ossipu3artii. Lei ene-
KTPUYHUI aHAJIOT MMOCTIHHOTO MarHITy HA3UBAIOThH €J1eKTPETOM.
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Puc. 2.10 Cxematnune 300paxeHHs NOJSPU3ALIii: a — CIIOHTAHHOI; O — MIrpariifHoi B ABOIIAPO-
BOMY IOJISIPHOMY JIi€IE€KTPHKY; B — €IEKTPETHOT

’ (4 (4 [4 - 4 (4 1

O6MmesxeHe 3MIIIEeHHS 3B'I3aHUX 3apsAHKEHUX YaCTUHOK Y MPOIleci MoJsipu3aliii mo-
TpeOye MEBHOTO Yacy, a TOMY BKJIaJ KOXXHOTO MEXaHI3MY B IIPOILIEC MOJISIpU3aliii MOKIIH-
BMI1 JIMIIE 0 IEBHUX 9ACTOT, IIPU AKKMX 3B'A3aHUM 3apsi BCTUrae ClIiJKyBaTH 3a 3MiHAMH
30BHIIIHBOTO €IEKTPUYHOTrO ToJist (puc. 2.11).

3MiHa & B 3aJIEKHOCTI BiJl YACTOTU HA3UBAETHCS JIICIIEKTPUYHOIO TUCIIEPCIEI0 TaK
camo, SK 1 YaCTOTHA 3aJIeXKHICTh KoedillieHTa 3aJOMIICHHS, 3 SIKUM IOB’si3aHa BiJIHOCHA
JieJeKTPUYIHA TPOHMKIUBICTS (U1 HEMOJIAPHUX JieNeKTPUKIB & = v?). ToMyipu N Py X H i 1
nNongapuma@maidpie 30O HaAaHCHA Al €1 enpuapiVEACTHO@TKYBPOG N € P
Ta€, 0CATaE MAKCUMYyMY, MOTIM CHaJa€, MPOXOJUTh Yepe3 MIHIMYM, 1, HAPEIITi, 3HOBY
3pOCTae, MPSMYIOYH 10 HOBOTO CTAJOr0 3HAYEHHS, 10 BiANOBiTaca H O MA@ N W A M C N
NMOKa3HNWKa . 3ae scomosnenmi y stizj C Istctsdzdets’ nifxsdanmis L Oy
6mu3bko 1071 ¢. ToMy BoHa IIpOSBISETECA Ha BCiX wacToTax, ax g0 104,101 ',

OsHaka LNienekTpuk

Knacudikauii | I I I |

Tun HenonapHui MonsapHui loHHMM 3 [OHHWIA 3 HeLinb- Cernerto-
J U.LiﬂbHMM HUM NakKyBaHHAM, eNieKTpuK

dienekmpuka y §

nakyBaHHAM amMopdHui
lNonspusayis EnekTpoHHa EnektpoHHa +  EnekTpoHHa + EnektpoHHa + CnoHTaHHa
; OVNOSbHO- iOHHa iOHHa +

(mexatiism) | penakcauiviHa | iOHHO-penakcauiiHa

Yac ecma- 107 107 107 10‘“”,10"3, 10™,10™,

HoGno e & 0-4 _ 10-10 10-13 " 10-15 -4 10-10 101 ~ 106

& | €, €, €
Xapakmep
4yacmommHoi
3anexHocmi
g f Ig f g f
15 4..10 15

12.13 15 4.10 12.13 15 4 1012 15

Puc. 2.11. CxemaTnyHe 300pakeHHs YaCTOTHHUX 3aJICKHOCTEH & I PI3HUX BUJIIB JTICJIICKTPHKIB.

Mix 4acoBOIO 1 YaCTOTHOIO XapaKTEPUCTUKaMH IPOLIECY iCHY€e OJHO3HAYHA BiANOBIAHICTb, L0 BiJOOpaskaeThes,
HAaIpUKJaj, TPsIMUAM i 3BOPOTHHUM IiepeTBopeHHsM Dyp'e.
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Amnanoriuno i S dzdzs e 5 d3j -~ O dz', maxEpaxtepsudtwuie giene®ry ©
PUKIB 3 I0HHOIO OYTOBOIO, YaC BCTAHOBJICHHS MOJISIPU3AIlii 10 MOPSIKY BETMYMHU CKIIAIA€
1013 ¢, wactoTHuit gianazon — xo 103 I'm.

[Tpu pemakcaniiHiil moyspu3alii moJasprU30BaHICTh AleNeKTpuKa Py 3MeHITyeThCs 3
4acoM, SIK 3aBXK/IH P peJlakcallii, 32 eKCIIOHEHI[1aTbHUM 3aKOHOM

Ps =Paexpit / U) ,

ne U— crana gacy mienektpuka. Lle mpuBoAUTH 0 BIAMOBIIHOT MOHOTOHHOTO criany & 3i
301IBIICHHSIM YaCTOTH J0 HOBOTO CTaOLILHOrO 3HAYEHHs, aHajoriuno dzts tc dz30 dz! dz' 2

fjtits OL dd ¢ O L (Ddntsi dgelyadzazy nucnepcii @ Bimnosigae yacrora
noJjis 3 MIBIOEpPIOJOM, WO JOPIBHIOE MOCTIMHIMA Yacy pejakcaliiHol Moisipu3arii
t = toexp(W/KT) Tomy obsacTh HOpMaIBLHOI TUCHEPCIi 3MINIYETHCSA B 00JaCTh BHIIUX
YacTOT MPHU MIJBUIICHH] TEMIIEPaTypH.

[ dzj € Is tots flztiz® C ) @ouspuaniz@cranosmoerses 3a yac 102...107 ¢, ya-
CTOTHHMIA Tiana3oH icHyBanHs 10 107 '

w ts dzadzjs dzO & ) @oysipridadsOnpu HopMaTEHIX TeMIIEpaTypax Ma€ yac BCTa-
HOBJICHHS B 3aJIGKHOCTI BiJl TeMIIEpaTypH Ta CTpyKTypu mienekrpuka 104...107% ¢, mpo-
ABIIAETHCSA BOHA B 4aCTOTHOMY Jianasosi go 10% — 100 ',

Yac BCcTaHOBIICHHS AMMOJbHO-PeJaKCaAiifHOT TOIIpU3allii A1 MOJISAPHUX JTieJIeK-
TpUKiB 3HaX0AUThCA y Mexkax 107 ... 108 ¢, uactornuii nianazon — 10* — 108 I'n. ¥ Buna-
JIKY TIOJIIMEPIB MPH MiIBUILIEHH]I TeMIiepaTypu (4aCTOTH) MAaKCUMYMU JTUTIOJIEHO-CETMEH-
TaJbHOI 1 IUMOJIBHO-TPYIOBOI MOIspU3aIliil 30IMKYIOThCA 1 B 00J1aCTl BUCOKUX TeMIepa-
Typ (4acTOT) 3JIMBAIOTHCS.

g ff sSdzls OdzdzO  Gip@¥siEcfHCIAPHOIN3HO B TOMY %K 4aCTOTHOMY Jiia-
Ma3oHi, MO W 10HHO-peNlakcaliitHa abo JUMoJbHO-peNaKcalifna nonspusaiii. Ane 00-
nmacTh aucrepcii (sactotHoro crmany) U He 3MintyeTses 3i 3MiHOI0 TeMIIEpaTypH, a TeMIie-
paTypHUl MakKCHUMyM U — 3i 3miHOM0 YacTOTH, IO i BUKOPUCTOBYIOTH JJIsl BUBHAUEHHS
MeXaHi3My MOJspU3allii — CIIOHTaHHA YM pellaKkcalliitHa.

[ ' @ to O yrondpdz@iis npoTikae qyxe MOBIIBHO 3i cTanoo yacy gienexrpuka U
= rféj), [0 MOYKE CKJIaJIaTH JECATKU CEKYHJ[ 1 CHJIBHO 3aJIC)KUTh BiJl YaCTOTH B 00JIacTi
Hu3bkuX (Hkde 100 I'n) yactor. Yac BCTaHOBIIEHHS MirpaliiiHoi noJisipu3arii A7 pi3HUX
JieNeKTPUKIB 3HaXOAUThCA y mianazoni 1074...10% c. Chax mieaeKTpuYHOi IIPOHMKHOCTI
JUISL MITpariiiHOT ToJisipu3allli CroCTepIracThCs y BIJMOBIIHIN HU3bKOYACTOTHIN 001acTi
(10%...10 I').

JlocuTh MOMITHUM BKJIaJ B MIrpaliiiHy MOJISPHU3ALiI0 A€ 3BOJIOKEHHS, a TOMY,
SKIIO BIJHOIIEHHS €MHOCTEH, BU3HaueHnX Ha dyactorax 2 1 50 I'm, C2/Cso > 1,2 — 1,3, TO
poOUTHCA BUCHOBOK MPO HEOOXIIHICTh CYIIIHHS 130J1s11i. AHAJIOTTYHO BUKOPUCTOBYIOTh
BifiHOIIIEHHsT eMHOCTEH Ha yactoTi 50 't mpu temmepatypax 70 C i 20 C, sike st cyxoi
130u1s11i{ MOBMHHO OyTH MeHIIUM 3a 1,1.
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TemnepaTypa HaBKOJIHMITHHOTO CEPEIOBHUIIA CHIIFHO BILUTUBAE HA MIPOIIEC TOJISIPH3a-
il B gienexktpukax (puc. 2.12).{ J OS¢ y' ¥ H® Jjdzj CSlstedC O dzO L 3 «c
WIsts nOtOSCIsjtedLEzoOlsd Isj @3 j cOlsktedzddz S 54 W °
Mmis ' @ uxTpuit npu naxiii Temnepatypi T ITOpiBHIOE
J =,
1 &,

S e

a0o0, KO U S BU3HAYAIOTh rpadyHUM METOJIOM M0 JOTUYHIN, TPOBEACHIN 10 3a-
. . . ¢ . 0
aexuocti @( T) o s tepympumu sHauenasmu @(T2) 1 U(T1), B39TUMH Ha 1OTH-
YHIM pu TemnepaTtypax T21 T1, TO

J £rll  Erd
1% o777
1 tod J dzj € Istctsdzdz’ sdmasifuzarorony Lp@mypipeHH0 MpH 1TiBH-
mieHHi remnepatypu & © dz € ° Mis’ | ari @mypsregidziede SHJdzd ys zesg o
L d3d dz" o @IS ifgzts fdzO@ H ' j dzj € Is tead y dz@ ts f) 15 ts dgd B gz 3 I
Bw fzdy o Olsdm:! ftodesdzdLdts L O dz' dg' 2dzedd3 L OC 1
V pumanky © S dzdzts ' @ ddy 6 dj ngBiafo 3B's13aHKMX DpOTHIIEKHO 3apsi-
JKEHMX 10HIB B KpucTamiuii rpatniL totsils @ 5! L Zdz' IsOIs’ tesL " d te,
s &zO IO f§ftsMmddzj dzdz? S tsdzd o Oder ' s digii odhexzusm-Iz L dz(
JSETHCST OUTBIIT 3HAYHUM, HIK 3MEHIICHHSI KOHIICHTpAIlli YaCTHHOK Y Pe3yJIbTaTi Terio-
BOro posmmmpenHsa 19 © H dzsfmdzO H ° J dzj € Is tad y de@ MiflstistsinizdsS dit fig
L B' dz' h & jlsdstffnjwic Ols Iz tc dzd 2 @ § isqmyvsumyrky fdsls d Is da ded 2

KO MOCTIMHUHN y HMIMPOKOMY Jialia30H1 TeMIeparyp.

OsHaka BnnuB Temnepartypu Ha AieNeKTPUYHY NPOHUKHICTb
Knacudpikauii | I I I |
lNonspusauis EnekTpoHHa loHHa |loHHO- [unonbHo- CrnoHTaHHa
(MexaHiam) penakcauiiHa penakcaduinHa

Brinue memnepa- MowmeHT Big Pocte nonspu- 36inbwyetbca  3MiHIOETHCS [o makcumymy
mypu Ha Hasede- Temneparypu 30BaHHICTb KOHUEHTpaLis  34aTHICTb nonerwyeTbes ne-
HUL enekmpuyHULl HEe 3anexuTb 3B’3aHOr0 3B'A3aHOr0 3B'A3aHOr0 penonapusaulis
MOMEHM 3apsay 3apsagy 3apsgy OOMeHiB, nicns

OpiEHTYBATUCA YOro BiabyBaeTbCs
PYWNHYBaHHS CMOH-
TaHHOI nonspuaawii

& Tie g, TKe, g, TKe, g, TKe, g, TKe,
s T . 8[
Xapakmep . g / &
3anexHocmi i
8i0 memnepamypu TKe, /ﬁz
T T T T
| I, | | TKe,

Puc. 2.12. CxemaTuuHe 300paXeHHsI TEMITEPATYPHUX 3aJICKHOCTEH & JJ1s1 pI3HUX BUIIB MOJISIPU3AITii
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Ipu posrisipi HA f Sdg jddOC MOy ' 2 dzats, symdpiBabivotdetfiani@rny |
HOJISIPHUX MOJIEKYJI B €ICKTPHYHOMY TI0JIi, TOTPiOHO BpaxoByBaTH, 1m0 J dzj € Is to d y dzd 2
BB dzls Lo OVwWLOdd- ©® Wdsdzy € kzadz' LOteWH 9 f,80¢C1Is
TOMY CJIEKTPHYHUN MOMEHT PEYOBMHU BH3HAYAEThCS B OCHOBHOMY St ' * dzls Oy "' * ©
Rz OtWH" " 8 LO dOftWwdhsds Lsodz Ndz! sets  s5dzv

[Tpu HU3BKUX TeMIlepaTypax €Hepris MOJSIPHUX MOJEKYJ HEAOCTATHS JJIS MOJ0-

JaHHS NOTEHUIaIbHUX 0ap’€piB 1 MOJIEKYIH, OPIEHTYIOUUCH NPY>KHO, pOOJIATh HE3HAUYHUI
BHECOK B TOJISIpU3allifo. 3 3poCcTaHHsAM TeMIepaTypu CHIIH 3B 3Ky MOJICKYJI TIOCIa0Iro-
I0ThCS, IO CHpUsIE TOJIApU3aIlli PEYOBUHU: BITHOCHA JI€JICKTPUYHA MPOHUKHICTH PEUO-
BUHH 301b1TYyeThCS. OIHAK MPHU MOAATBIIOMY ITIBUIIICHH] TEMIIEPATypH €HEPris TEIIo-
BOT'O (XaOTHUYHOI'0) pyXy MOJIEKYJ MOCIa0II0€ OPIEHTYIOUY JII0 E€JIEKTPUYHOrO MOJs, B
pe3yabTaTi YOro BiTHOCHA JTieJICKTPUYHA MPOHUKHICTD, 110 BU3HAYAETHCS CTYIICHEM Opi€-
HTAI[ll TOJSIPHUX MOJIEKYJI B PEYOBHHI, 3MEHIIY€EThCSA. TakuM YMHOM, B 3aJIEKHOCTI BiJ
temmepatypu, ® - H dztshdzO H ' j dzj € Is teyeh mula@sudfptertscclad igiitdaiom Is ¢
mipmaiiff esa BH IS yYJtedL dOSC MJd A3z d3

[TomiOHuMIF XapakTep MalTh 1 TeMIIepaTypHi 3aJekHOCTI mpu = S dztg® J dzj G Is
tc ts datizs zOC MOy " 2 dz' 2 xoffamadzy ‘totfdzd®@y ' ¥EJMIsOdzd L dzj
9 OdzdzVw d3 f dz@a ceMmiparfpdk, HIDKUNX TemIiepaTypu MakcuMymy @, a ToMy
JUIs @ criocTepiraeThes TUbku Q2O H dz' dz' 2 dzgts L tesMmis O yO Cted o O

CrioHTaHHa MoJspU3allisl CIOCTEPITaeTbcs B OOMEXEHOMY Jliara3oHi TeMIleparTyp.
lted fJjtejmatsH'® Yd igsdgre miamezpHg enogfepiraBpeatzo H S ] 6" f
dz' ydzj L dadekjudzdztclz 2 dzlz 9 Odzdzw d3 M tsdzls O dzdzts ™ ff 5 dz

H 5 - Y ds datiafs {f-ts fzz @ALs fr) Oswyrexndicdgis Tuny cerneroenekrpuka. Certe-
TOCJIEKTPHK MPH [[LOMY MEPEXOUTh B MAPACICKTPHUYHHUN CTaH, XapPaKTCPHUM JJIS SIKOTO €
came rinepOomiyHMi chaja @ Bix Temmeparypu 3rigHo 3 L OG 5 dzts d3l JSR2ufed
e = u-Ugf, e & — crana Kriopi-Beiica, U¢— Temmneparypa Kropi.

2 —_ ’ J— 2

228!~ T o T R . T .

YacTo Ha MPaKTHIll BUHUKAE HeoOXiAHicTh G S L tesB &  dBOIsj to' Odz' o
YJ dedz disd 9 ' H dzts mdats’ H' j dg, Susdord sudpmicTosffole.teyzd ¢ dz
MIIII JieIeKTpuKiB. BiTHOCHA MieNeKTPUYHA MPOHUKHICTE & Y IIbOMY BHUIIAJKY PO3paxo-

ByeTbcsiL O ZL OG Odz! dzj dets - IsY EHAS GIE dztisO
ack =ci@aik + co (kK

Je C11 C2 — KOHIIEHTpaIlli KOMIIOHEHTIB; @1 1 @2 — BIIHOCHI JIIeJIEKTPUYHI MPOHUK-
HOCT1 KOMITOHEHTIB; K — KoediIieHT, 3HaYeHHS SKOTO 3aJIKUTh BiJl CTPYKTYPHHUX OCOOIH-
BOCTEH KOMITO3UIIIIHUX MaTepialiB.

MoykHa BUIIIUTA OKPEMI BUMAAKH JUIsl MIAPYyBATOrO JieNEeKTPHKA 3 MapayieIbHUM
(k =+1) i mocnigoBauM (K = — 1) moeaHaHHAM IIapiB, @ TAKOXK I APIOHO — JUCIIEPCHHUX
cymimreit K =0, konu piBHSHHS TpUitMae TorapuMIdHUN BUTIIST

Inec=ciln @1+ ¢ lna..
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Icaye Oararo iHmMX GhopMyn A7 PO3paxyHKIB @ s AIeTEKTPUKIB 3 pi3HOIO (op-
MO0 YaCTHUHOK, aJie BCl BOHM JAIOTh 3HAYEHHS @, 10 3HAXOJUTHCS MI)K MaKCHMaJbHUM
3HAYEeHHSM, sike aae ¢popmyna Jlixrenekkepa mpu K = 1:

a.=c;(B + CzC"bz,

1 HaliMeHIuM, 110 Bignosimaec K = — 1:
la.=c:/a: + ¢ X/a.
53
‘10

0 0,2 0,4 0,6 0,8
C, 9 HOz tsH

Puc. 2.13. Po3paxyHkoBa 3ajexHicTh &(c2) 3a hopmyoro JlixTeHekepa JUIs pi3HUX 3HaUYeHb K
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BigHocHa miesleKTpUYHA MPOHUKHICTH € MOXXe OyTH BU3Ha4YCHA SIK B | L H O WWe H |
EMHOGKIOH@QeHCaTOpa, B SAKOMY nNpPpOCTIi p MiX
Al enNneKTPUUYHMUM MaTepianom, wo BUNPOOBOBYE
TOoOpa, ane 3 BakKyymMomM Mi X enekTtpopgamun C

U =C,/Cs.

[Tpu BU3HAUEHHI1 € 32 HABEJCHOIO (POPMYIIOI0 MOXKHA 3aMIHUTH MIXKETICKTPOIHY €M-
HiCTh B BakyyMi Cp Ha MIDKEJIEKTPOJIHY €MHICTh Yy moBiTpi Cp 3 BpaxyBaHHSM, IIO
en=1.00053.

[Ipu eMHICHUX BUMIPIOBaHHSIX HEOOXITHO BPaXOBYBAaTH MOXKIUBICTh CHCTEMAaTHY-
HOT MOXMOKHU 32 paxyHOK Mapa3UTHUX €MHOCTEH €JEeKTPOJIHOT CUCTEMH 1 EMHOCTI Mifd'€/l-
HYIOUHMX IPOBO/IIB, IO MOXKYTh JaTH CYTTEBUMN BKJIAJ Y BUMIPIOBaHY BEIMUMHY IPU MATTHX
eMHOCTAX. {7151 11 yCyHEHHS pO3paxyHKOBHUM IIJISIXOM BUKOPUCTOBYIOTH MOJBIHHE BHUMI-
PIOBAHHS: MEPIIUI pa3 BUMIPIOIOTh EMHICTh KOHJICHCATOPA 3 IIEICKTPUIHUM MaTepiajiom,
JIPYTH pa3 — 3 HOBITPSHUM MPOMIKKOM TaKoi ) TOBIIMHU. (puc.2.14).

@dakTHyHI BUMIPIOBAHHA 3 BPaxXyBaHHAM JOJATKOBOI €EMHOCTI €JIEKTPOIHOTO MPH-
cTpoto Crp, 10 BKIIOYEHA [TAPAJIEIIBHO EMHOCTI JleJeKTpUKa, JaayTh
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H1= 8 ¢@lsSO 2® ¢y i
€MHICTb €JIeKTPOJHOTO MPUCTPOI0 MOKHA BUKIIOYUTH, BU3HAYAIOUH
Dd =7 wb= @ dy.
Jlani noTpiOHO OOYUCITUTH EMHICTD MOBITPSIHOTO KOHACHCATOPA
C, =00, s
— 312
ne €s°1l, € = 88500 D/m; IpU BUMIPIOBAHHI 3 JIUCKOBHMHM €JIEKTPOAAMMU

— 2 . .
S =pd* / 4— nnoma BuMiproBansHoro enekrpona; d — miamerp enekrpoaa; h — ropmuHa
3pa3ka Marepiany.

|

|
= 13 s
O

a §)

Puc.2.14. Jlo npakTu4HOro Bu3Ha4YeHHs & C1— €MHICTh KOHJIEHCATOPa 3 AICJICKTPHKOM 1 Ia-
pasuTHa eMHicTh (a); C2 — EMHICTB MOBITPSHOTO MIPOMIXKKY 1 ITapa3uTHA €EMHICTH (0)

SIkio 3pa3ok mMae GpopMy IIIIIHAPA JOBXKHUHOK | 3 HAHECEHMMH Ha BHYTPIIIHIO [Ti-
ametpoM 01 1 30BHiIIHIO HiameTpoM J2 TOBEPXHI €ICKTPOJIaMHU, TO

C.=2p ¢ JéIn(d, /d)

Tenep 3Hau€HHA BIAHOCHOT A1€JIEKTPUYHOI MPOHUKHOCTI MOKHA BU3HAUYMUTHU 3a (o-
PMYJIOI0
O =L {C =1+,

o crocyeTbes MeToAiB BUMiptoBaHHS (puc. 2.15), To ciija 3HaTH, 110 BOHU BIIpi3-
HSIOTHCS JJIS TOCTIMHO] 1 3MIHHOT HANPYTH Pi3HUX YacTOT. B 06macTi mpoMUCIOBUX YaCTOT
HaOIIBII TOMUPEHUM METOJOM € MOCTOBHUH.
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MeTonn BUMIPIOBAHHA TENEKTPHYHOI MPOHHKHOCTI

Ha nocrifinomy crpymi Ha sminHoMy cTpymi
1
I I ]
HH3bKOI 4aCTOTH BHCOKOI YacTOTH HAABHCOKOT 4aCTOTH
| | | | | | | . 1
BanicTHUHOTD . . .| |3 koakcianenor| | 3 00" eMHIM
° CHIIOBI MOCTOEI Pe30HAHCHI el -
rajJLBaHOMeTpa MHIEH KOHTYPOM
MeTo enincoiga korryp LC | [ xonryp RC
eJIeKTPOMArHITHHI I 1 I 1
ENEKTPOMETP HepPe30HAHCHI || pe3oHaHCHI METOI MeTon MeTon
MOCTH MOCTH JaMILIEHHA OHTTA JACTOTHHH
eNEeKTPOCTATHYHMIT| | 1 ] I

ENEKTPOMET] 'lUT[«1].]bU.‘(I'IJ'I€'ﬁ T—[]F.I..'J.iﬁl!i

Puc. 2.15. Knacudikariis MeTo1iB BUMIPIOBaHHS JI€JICKTPUIHOT POHUKHOCTI

Mo>kuBi 1 1HIII, KpiM BUKOPUCTAHHS BiAHOIIEHHS €MHOCTI KOHIEHCATOpA 3 JieNIeK-

TPUKOM JI0 EMHOCTI KOHJIEHCATOpa 3 BAKYYMHHUM IIPOMIDKKOM, BapiaHTH BU3HadYeHHs &. Ha-
MIPUKJIA, SKIIO 3apPsIAUTH KOHACHCATOP 3 IETEKTPUKOM, a MOTIM, BIIKIIFOUHUBIIN HOTO BiJ
JOKepesia Hanmpyru 0e3 po3ps/HKaHHS, BAMHATH 3 KOHJICHCATOpa JTieJIEKTPUK, TO HAIlpyra Ha

KOHJICHCATOPi 3pocTe B @ pa3, 1110 TaKOK MOXKHA BUKOPHUCTATH I BU3HAUCHHS &.

MoskHa HaBeCTH TaKOX CIoci0 BU3HAYECHHS @, KUl BaXKKO peaii3yBaTH Ha Mpak-
TUIIi, 110 MOB'SI3aHUMN 3 BIAIITYBAHHAM MPOPI3iB B AICNEKTPUKY B3A0BXK MO, B IKOMY MO-

’KHA BU3HAYUTH [ , 1 MONEPEK Mo — Juid Bu3HaueHHs D, mo6 notim 3Haiitu @5y a yepes

HBOTO 1 &.

2 2 10 ~ W v ~ . 7 ] ~ ~ ~ ~ ] ~ ”

OcTaHHIM YacOM y TEXHilli BCE IUPIIE 3aCTOCYBaHHS 3HAXOATh JIiCJICKTPUKH, 3/1a-
THI TeHEPYBaTH, IEPETBOPIOBATH a00 MOCHIIIOBATH €JIEKTPUYHI CUTHAIU B €IEKTPUIHOMY
kouti. i mienexTpuku Ha3UBaKOThCS AKTUBHUMU.

BracTuBOCTI akKTUBHUX JII€NIEKTPUKIB HAA3BUYAHHO pi3HOMaHITHI. OCHOBHA BiJIMiH-
HICTb aKTUBHHX JI1CJICKTPUKIB BiJl MTACUBHUX TOJISITAE€ B TOMY, 1110 TIOJISIpU3allisi B HUX MO-
MJIMBA 1 y BIACYTHOCTI 30BHIIIHBOTO EJIEKTPUYHOTO IOJIS 1 3yMOBJIEHA HEEICKTPUIHUMHU
dakTopamu (OKpiM CETHETOENEKTPUKIB, B AKMX MOJIAPU3allisi 3yMOBJIEHA BHYTPIIIHIM eJie-
KTPUYHUM TIOJIEM, a B TACUBHUX — 30BHIIIHIM). AKTHBHI JICJIEKTPUKU PEaryloTh Ha eje-
KTPUYHI, MarHITHI, MEXaH14YH1, TETJIOBI Ta CBITJIOBI BIUTUBH (Tab. 2.1), mpu 11boMy B O1Tb-
IIOCTi BUITAJKIB Ma€ Miclie 1 IpsiMa 1 3BOPOTHA PEAKIIisl.

VY HaiOnbIl BXXMBAHUX AlEJEKTPUKAX 3 HELIEHTPOCHMETPUYHOI KPHUCTAIIYHOO
I'PATKOO TOJISIPU3ALLis, TOPST 3 MOISPU3AITIETO, KA MA€ MICII€ Y 30BHIITHLOMY €JIEKTPHY-
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HOMY MOJ1 (1HAYKOBaHa), MO’Ke BUHUKATH 1 3MIHIOBATHCS TIPH JIii TAKUX BHYTPIIIHIX (ak-
TOPIB K IHTGHCHBHA B3a€MOJIisl MK 10HAMH YW JUIIOJSIMH Y BIJICYTHOCTI 30BHIIIHBOTO
€JIEKTPUYHOTO TOJIs (CErHETOENEKTPHUKH), Ta TAKUX 30BHIIIHIX (aKTOpIB, sIK AehopmMariis
(1’ €30€eKTPHUKH ) Ta TPATIEHT TEMITEpaTypH (MPOCTCKTPUKH).

[TapameTpu akTHUBHUX MIEICKTPUKIB Ta ixHs kiacudikamis (Tadn. 2.2) BU3HAUA-
IOTBCS Y TIEPITY Yepry 30BHIMIHIM (PaKTOPOM, KM € MPUYNHOI0 BUHUKHEHHS a00 3MiHU
noJisipu3atlii, TOOTO KEPIBHUM.

BracTuBOCTI IbOTO sy aKTUBHUX J1€JIEKTPUKIB BU3HAYAOTHCS:
— 3MIHOK MOJSPHU3AIlii HEMEHTPOCUMETPUIHUX KPUCTAIIIB MPU 30BHINITHEOMY BIUTHBI,
3B’SI3aHOI 3 aHI30TPONHICTIO JAepopMallli e1eMEHTapHOT KPUCTAIIYHOI I'PATKH;
— 3MIHOI0 JIMMIOJBHOTO MOMEHTY €JIeMEHTApHOI KPHUCTANIYHOI I'PaTKu M eneKTpud-
HOTO MOMEHTY KpHCTaJIa B ILIIOMY;

— IOPYIIESHHSIM PIBHOBArv Mi>K TIOBEPXHEBUM TOJISIPU3AIIIHHUM 3apsS0M Ta KOMITCH-
CYIOUHMMH HOTO 3apsiIaMHu, 3aXOIUICHUMH 3 30BHIITHHOTO CEPEIOBUINA i aJcopOOBaHUMU
Ha MTOBEPXHi.

Tabmuus 2.1. OcHOBHI €eKTH B aKTUBHHX JT1€IEKTPUKAX

Binryk
Bnius Mar HIi . 3Mi Ha on
EnexkTpl o Me x a H I Tenno
HINM Bn1acCcTWB
IHonsapu3zaris Enexrpo- . Enexrpo- Enexrpo-
Enex-t prsati, .1PO” OGepHenut PO~ po”
EIeKTPUYHUA | MarHiTHUN . KaJTIOpUIHHHA OITUYHUN
YHe 1 n'e30eeKT
CTpyM edexT edeKT edeKT
. Maruiro- Hamarwi- . Marsiro- Marsito-
Mar HI . Maruito- . o
CNEeKTPUIHHIHA YyBaHHS . KaJTIOpUIHHHA OITUYHUN
none CTPHUKIILA
edeKT eeKT eexT
. IT'e30- IIpyxHO- doto-
Me x a H [Ipssmuii o . PYIKHO? .
, MarHiTHui | Jledopmaririst TEIIOBUMI TIPYKHUH
Hanpy meoedpekrt
eexT eeKT eeKT
ITipoenexTpu- Tepmo- . Tepmo-
P KIP pMO™ Tepmiune po3- Tennoem- pMo=
Tenno YHUH MAarHiTHUH ) OITUYHUN
ITUPEHHS HICTH
eexT edexT edeKT
dotomar- .
. dortoBobTA- . N doto- IHornmuuanus 3ajoMIIeHHS 1
CBi T4 .. HITHUH ) ) )
TyHMA epekT CTPHUKITis CBITIIa BIIOUTTS
edekr

Cerneroenexkrpuku. Iomspusanist ) § 6 dzj Is 5 ] dzj36sisteidosty momi po-
3BuBacThes Ha oui M f S dzls O dzdzts * |, stEdrd deafiie@aganoi B 06’ emi pedo-

BUHH BHACIIJJOK CKOOPJWHOBaHOI opieHTaIii foMeHiB. Bona monsrae y f J t6J Bz H 59

d3J dzdgts’tc iz € |ss@isteuofrui po3mipiB THX JOMEHIB, O BUSBHIUCH GLIBIIT OPIEHTO-
BAaHUMH 32 MOJIEM (KYT MK CYCiIHIMU IOMEHaMHU CTaHOBHTH 3BHYaitHO 90° abo 180°) 3a
pPaxyHOK CYyCIJIHIX.
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Tabmuus 2.2 — Knacudikarist akTUBHUX J1€TEKTPUKIB

Tun pienekTpuka Kepyrounii Brius Peakuis

Mi p oenek T |3miHa Temneparypu B 4aci ['enepartist €JIEKTPUYHOT HATIPYTH

['eneparist eEKTPUYHOT HANIPYTH /TIPSI-

M’ e30enekK]|] Mexaniuga Hampyra .
pyr MUl 11’ e30edext/

Enextpuyna Hanpyra Hedopwmartist /3BopoTHuii 1’ e30ehexT/

Cer HeToene| Enekrpuuna Hampyra 3MmiHa JAiEIeKTPUYHOI TPOHUKHOCTI

EnekTpeT| MexaHiuHe 3MIIICHHS 3MiHa eIEKTPUIHOTO OIS

EnexTtpuune Ta MarniTHe |3MiHa KOe]illieHTa MPO30POCTI Ta 3aJ10-

Pi gki Kp Wi .
I10JIs1 MJIEHHS /OIITUYHHAX BIIACTUBOCTEN/

ONTUMWYHO akKTMWM

puKUMI/ Hiagopo p u
BHiNeMEeHTMU

CgitJo0, enexTpuyHe nojie,| [ eHeparrist CBITIOBOTO BHIIPOMIHIO-
MOTiK YaCTHHOK BaHHS

1 tmistsd3 dzO{ tc EippycdrtpdpiscuTanii f®wkiiB mocuoeThCs, Ipu
IIOMY CTa€ MOXJIMBOIO NIEPEOPIEHTALIIS LIIJIMX JOMEHIB, sIKa CYIPOBOIKYETHCS KIallaHHAM
bapkrayseHna, a koyu Maike BCi JOMEHH 30pieHTOBaHi 3a mosem, dzOMis O dZzOmd yd c

Bucoxke 3HaueHHS @ CErHETOENEKTPUKIB Ja€ MOKJIMBICTh BUKOPUCTOBYBATHU X 5K
MACUBHI J1€JIEKTPUKH 1 BUTOTOBJISATH 3 HUX HHU3bKOYACTOTHI K€paMivuHi KOHJAEHCATOPH 3
BEJIMKOIO TUTOMOIO €MHICTIO, III0 BUKOPUCTOBYIOTHCS SIK B €JIEKTPOTEXHIIIl, TaK 1 B €NIEKT-
poHHiii TexHimi. OcHOBHUM e(deKToM, 10 A03BOJsie BUKopuctoByBatu ) J G dzj Is 5] dzj
tc d Ca€ axrtuBHi mienekTpuky, € dzj dz° dz' 2 dz' mls A dz s H' J dzd
TOOTO ricTepesucHa 3anexuicts D(E) (puc. 2.16) i 3anexuicts @=f(E).

CTBOpEHHSI MOCTIHHOTO €IEKTPUYHOIO MOJISl B CETHETOCNIEKTPUKY 3MIHIOE CTaH PiB-
HOBaru B 01K BIIMIHHOT BiJ] HyJIsl oyisipu3aliii. BusHaueHa y ibomMy BUMAAKy MpU OJHOYA-
CHOMY IoJiaBaHHi 3MiHHOI Hanpyru t6 § © J tefyd © dzO H ' j dz]j f§ dseesefmg dzO
€THCSI MEHILIOIO, HI)K MPHU BIJICYTHOCTI NOCTIMHOIO 3MIILIEHHS.

CunpHa 3aJ€KHICTh PEBEPCUBHOI @ BIJ] HAMPYKEHOCTI 3MIHHOTO Ta MOCTIHHOTO
notiB f03Bosisie peanizyBatn © Ote S sdzH d ( € J tetso Odz C sdzH j dzf¢
t{f, Micdzgjlstsjdzj CSIstcf Upiztc O Sis i dzess @ gtz s Bt d
tc s dzdz' , thprigf MgafiuBicTs, HanpukiTaa, kepyBaru eHepriero HBY, BuroroButu mo-
BHICTIO KepaMiyHUil pajaionpuiimay, Tougo. KpiMm Toro, noisipu3oBaHi CerHeTOEICKTPUKU
BUKOPHUCTOBYIOTD SIK IT'€30- 1 IPOCIIEKTPHUKH.
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Puc.2.16. Iletns ricrepesucy cerneroesnekrpuka D(E) — a), 3anexnocti eekTHBHOI €
kepamiku BK-2 Bin BeMuuHU HANPYKEHOCTI 3MIHHOTO €IEKTPUYHOTO OIS IPH PI3HUX Yac-

TOTax —0) Ta peBEpPCHBHA € B 3aJIS)KHOCTI BiJl HAIIPY>KEHOCTI TIOCTITHOTO eNEKTPUYHOTO TTOJIS
IIPY JIBOX HAIPYKEHOCTSAX 3MIHHOTO IOJISl — B)

II'ezoenexkTpuku. 1 tod H' °  j dzj € Istecd ydzts 6 tenodfrdpicky  dz(
etbes d2° dz' 2 dzd 2 L 9 s te (S Iswdmgpydra, nifmde/iena o oGk ek n’e3o0ee-
MEHTa, TOPOHKYE BIAMOBIAHY it Aedopmartiro. Kpim 3BopoTHOTO m'e30edeKTy B IT'€30€I1e-
KTpUKax crocrepiraetbest Takoxk f oW d3d 2 ff 6,'mp Mg MicgeBalslzj -~ O dz' ydats’
Ha T’ €30€JIeKTPHK 1 oro fAedopMaliii 1 BUKIMKAE TPOMOPIiHY ii Hanpyry. HasBHicTh
IPSIMOTO 1 3BOPOTHOTO M'€30€(EKTIB 3yMOBIIIOE HASIBHICTh YACTOTHOTO M'€30pE30HAHCY, B
MPOIIEC] SKOTO & IT'€30€JEKTPUKA MOXKE MPUIMATH HABITh BiJ'€MHI 3HaYEHHS, TOOTO B Iie-
BHOMY J1alla30H1 YacTOT A1eJIEKTPUK MOKHA BUKOPUCTOBYBATH SIK 1HTYKTUBHICTb.

[T’ e30enekTpruKn 3aCTOCOBYIOTHCS Y BUIJISA/I IATYMKIB TPUCKOPEHb, BIOpaIliil 1 TUCKY,

3BYKO3HIMauiB, MiKpO(OHIB, BUIIPOMIHIOBAYIB 1 MPUIMaYiB yIbTPa3BYyKY, a TAKOXK B I €30T-
pancdopmaTopax (puc. 2.17), n’e3ope3oHaropax, i’ €30 uIbTpax, I’ €30/IBUTYHAX TOIIIO.

2| )
u, \ "
I Pl ———P U...
|

Puc. 2.17 — YMoOBHa cXxeMa IT €30€JIeKTPUIHOT0 TpaHchopmMaTopa

IMipoeaekTpuku. Y mporeci HarpiBanus §f © to 5 ] dzj &a l#deockke@ponax Bu-
HUKAa€ PI3HULIS MOTEHITIATIB, BEJIMYMHA SIKOT MPOMOpIIiiiHa rpaiieHTy Temnepatypu. [lipoe-
JICKTPUKH BUKOPUCTOBYIOTH SIK 1HJUKATOPU 1 BUMIpIOBayl BUIIPOMIHIOBaHb: aeTekTopu [U

BUIIPOMIHIOBAHHS MaJIoi IOTYKHOCTI; JIETEKTOPH (POPMH U TOTYKHOCTI KopoTkux (107 —
10! ¢) iMmysBCiB BUIIPOMIHIOBAHHS; YyT/IMBI JATYMKHU B CIIEKTPO- U PAIiOMETpii; mipome-

TpH.
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EsekTpern. B neskux KepaMidHHX 1 MOJiMEpHHX aiedekTpukax f sdzW ted L Oy " &

N dz0 " L O d3ts intpumgTis dfiékTprynmii aHaor MoCTIHHOTO MarHiTy, 110 Ha3uBa-
etbesa § Oz € Is te Eisxspeiu kinacudikyroTs 3a criocoboM hopMyBaHHS Ha TaKi TPYIIH:

— T €ep MO e Jl e puNyeTE HarpiBaHHIM IIi]] HAIPYTOO J0 TeMIepaTyp po3m'-
SAKIICHHS UM TUIABJICHHS (CMOJIU 1 BICK), TEMIIEpaTypH CKIIyBaHHS (TOJIMepH) abo 10 TeM-

neparypu 150-200 C (Heopraiuni HieJeKTpHKH) 3 BUTPUMKOIO JUIS BCTAHOBJIEHHS JH-
MOJIbHO-PETaKCalifHOT UM MIrpaIiifHoi moJisipu3altii 1 0X0J0PKSHHSIM i HalpyToro, 110
JTa€ MOKJIUBICTh 3a(iKCyBaTU HAOYTY MOJSPHU3ALII0 Y 3B'SI3KY 31 3HAUHUM 301IBIICHHSAM
Jacy pesakcarlii moJisipu3artii;

— 0O T O e N1 e K eHePrer, HeOOXITHA IS MIrpaliftHoT TOoISIpU3allii OTPUMYEThCS
3a paXyHOK OCBiTJIeHHs. [lepemireni 3apsapkeHi YaCTUHKHU "3aXOIITIOIOTHCS MacTKaMH 1
3YMOBJIIOIOTH €JIEKTPETHUI €eKT;

— TP W6 O e n eywsdDPDOTECHIIPH TEPTI ABOX TICIEKTPHUKIB 3 PI3HOI POOOTOO
BUXOJY;

—eNekKTp o e emopyxodsTsalB pe3yabTarTi IHKEKIIIl 3aps/IiB i A€ Yac-
TKOBUX PO3pSIB B ra30BOMY ITPOMIKKY MIXK JIEJIEKTPUKOM 1 €JEKTPOIOM;

— papgi 0e N e KomiHierd eMeKTPOSICKTPETIB, TUIBKH 3aps/HKCHI YAaCTHHKH 1H-
KEKTYIOTbCA B J1EJIEKTPUK IPU ONIPOMIHEHH1 IOTOKOM 3apsIPKEHUX YaCTUHOK.

B mepmmx nBox BUMaaKax B JICIEKTPUKY O1JIT 000X €JIEKTPOJIB HAKOIMHUYETHCS

3apsii TPOTUJICKHOTO 3HAKY IO BIAHOIIEHHIO JI0 3HaKa €JIEKTPOAa, SIKU Ha3UBAETHCS Te-
TepOo3aps0M, B IBOX OCTAHHIX — 3apsj B JICICKTPUKY BIAMOBIAA€E MOJSIPHOCTI EICKTPOIa
1 HA3UBAETHCSI TOMO3aPAJIOM, X04a B OCTAHHROMY BHUIMAJKY JUIsl TOHKUX TUTIBOK 1 BEJTHKOT

eHeprii (keB) 3apspKeHnX YaCTHHOK MOJKIIMBE BCTAaHOBIICHHS reTepo3apsny. Enxexrperu 3
roMO03apsI0M Ha3UBAaIOTh MOHOEJIEKTpeTaMu. BoHM HecTabuIbHI Yepe3 MIBUAKY KOMIICH-

CaIlito 3apsay B JIEIEKTPUKY 3apsaMu 3 HABKOJUIITHHOTO CEPEIOBHUIIA 1 3 4aCOM MEepPeX0-
JISITh B CJIICKTPETH 3 TETEPO3aPSIOM.

EnexTperHuii cTaH HEpIBHOBAXKHUIM, BIH pElaKCye, a TOMY, HAIIPUKIIAJI, TeTepoerie-

KTPET 3 YaCOM MOKE 3MIHIOBATH NOJISPHICTH (puc. 2.18). 3mMiHa MONSPHOCTI B1AOYBAETHCS

HabaraTo MBHUIIE, HI’K 3MEHILEHHS 3apsly enekTpera. Yac penakcariii 3aJIIIKOBOTO 3a-
psAny OUTBIIUE ISl MOHOENEKTPETIB 1, HAPUKIA, sl (proporiacty-4 Moxe cAraT co-

TEHb POKIB.

EnexTpern BUKOPUCTOBYIOTH B MIKpO(OHAX, €IEKTPOMEXaHIYHUX IEePETBOPIOBA-

qax, egexTpodororpadii, pinpTpax, 103UMETpii, METUIMHI TOILO.

[ 5 OSIsdoeadzdrs H' § dzj € Istecdet "HE " d3ts huda@ubpls@anizif ] )

BITOPSIKOBAHUMH B’ SI3KMMH PiTUHAMH 200 pO3YMHAMHU, 110 MICTSTh JiHIIHI MOJIeKynu. 3a

CTPYKTYPOIO iX TMOIUISIOTH Ha:
— He MaT ¥ HpaaelIbHIM PO3TalllyBaHHIM XaOTHYHO 3CYHYTHX Y ITO30BIXK-

HbOMY Harpsimi Mosexyn (puc. 2.19, a);

— C M€ K T-V8HIdpyBaTOI YIIOPSIKOBAHICTIO B HAIIPSIMI, IEPIICHANKYISIPHOMY 10
oci monekyi (puc. 2.19, 6);

— X O J1 € CYH e PBUSIOTH COOO0 IAPOBiI CTPYKTYPU 3 HEMAaTHYHO YIIOPSIKOBA-

HUMU, OPIEHTOBAaHUMH TApaJICIBHO OCI MOJIEKYJ, TBUHTONOAIOHO MMOBEPHYTHUX OJ[HA BiJI-
HOCHO 0oj1HOT (puc. 2.19, B).
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Puc. 2.18 3anexHicTb 3apsay eleKTpeTa Bij yacy:
1 — cTopoHa JieNneKTprKa, 0 IPUISATAE IO HEraTUBHOTO EJICKTPO/Ia; 2 — CTOPOHA JieNIEKTPUKA ,
10 MPUJIATAE JI0 TIO3UTUBHOTO EJICKTPO 1A

I/:”/
({IAIJI'r I)/

Pucynok 2.19 — CxemaTtuune 300paxeHHs1 OyI0BU PIAKAX KPUCTATIB!
O— cMeKTUYHI; B — HEMAaTUYHi; ® — XOJIEeCTePHUHI1

CuibHa acUMETPIst CTPYKTYPH PIIKUX KPUCTAJIIB € MPUUUHOIO 3HAYHOT aH130TPOIIi
iXHIX €JIeKTPUYHUX, MATHITHUX 1 ONTHYHUX BiacTUBOCTEH. [IpakTuuHuii iHTEpEeC cTaHO-
BUTb, TIEPII 32 BCE, 3aJI€KHICTh ONTHYHUX XapaKTEPUCTHUK P1IKMX KPUCTATIB (MPO30PICTh,
KOJIIp TOIIIO) BiJ Jii €IEKTPUYHOTO i MarHiTHOTO TOJIIB, III0 BAKOPUCTOBYIOTh B €KpaHax,
CBITJIOBHUX Ta0JIO 1 T.II.

Jliominopopn 2 3OS j o’ Odzd HdzW G J dzl telzo Odzdz? € t5¢
d3* dz¥ o © mzdig¥paxTepHimumu npeacraBaukamu S Isd ydzs OC Isd 9 dzd -
C " mpyroi rpynu. Y 1roMiHOQOpax reHepyeThCs CBITIO BHACIIIOK peKOMOIHAIIIT eleMeH-
TapHUX 30y/KE€Hb, BUKIIMKAHUX 30BHIIIHIMA HETEIJIOBUMH (aKkTOpamu (CBITIOM, MOTO-
KOM €JICKTPOHIB, EJICKTPUIHUM TIOJIeM 1 T.11.). MaTepianu ais reHepyBaHHsS KOT€PEHTHOTO
Ja3epHOro BUIIPOMIHIOBaHHS MalOTh METacTaOUIbHI PIBHI €HEPrii, Ha KX MOXKJIMBE Ha-

IpOMaJKeHHS 30yKEHUX €JIEKTPOHIB 3 HACTYIHUM JIAaBUHOIOAIOHUM 1HIyKOBAHUM TIe-
PEX0I0M X 10 OCHOBHOTO CTaHy.
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EnexTponpoBiiHICTh MOBSI3aHA 3 HACKPI3HUM PyXOM BUIBHHMX HOCIIB 3apsly depes
JENEeKTPUK. 32 BUZHAUEHHSIM, CIIPABEJIMBUM JUISI BCIX €JIEKTPOTEXHIYHUX MaTEpialiB:

ExexTponpoBignictb —B 1 aCTUBI CTb peyoB W HIR LNdp ougdesa
o yYyom' Jdzj CSstedquyudzsets sdzv dzj L &3 dzdzd?2 9 | YyOf

B nienektpukax Iiedi CTpyM BCTAHOBIIOEThCS michs 3akinueHus J € M sdzj dzy’
My OHOY ydra ffoodzvtedL Oy’ 2 dztsG 5, ulse Guuuel) iR " 2
nicas nojayi Hanpyru (puc.3.1). B yuctoMy BUTISI1I €NEKTPOMPOBITHICTD A1€IEKTPHKA
MIPOSIBIISETHCS TUTBKHU IICIS 3aKIHYCHHS ITUX CTPYMIB, KOJIH 4epe3 JieICKTPUK MPOTIKae
HeaMiHHUM Buaci zZOMC o' L dzgd 2 Mlstwckdz J dzj S stesf tcts9 ° H dzts
1 tsdzv to d L @pyvium ez enekrponHiit
1 10HHIM Toysipu3anii He BHAEThCS 3adiKCcyBaTH
npuinagamMu  depes ixuro N o d H € B dzd dzdz'
BpaxoByroun, mo toj &zOS mMOyY' 2 dz
i tsdzW toc d BcfAmgBmOIOTECS 3a Yac, IO
: CKJIaJIa€e JI0JIl CEKYHAM, 1X MOXKHA 3aikcyBaTH 3
f nonomoroto, Hanpukmaa sy d dzts.c s OW O
: 1 tod 4 so ' dzdztizg d2OY " 2
nonspuzanii O B ) 5t B yrpyMudz3mimeHHs
Puc.3.1. YacoBa 3anexHicTh - mdziz ¢ Is feslsY et Isits d o ¢
a6CopOLIHHOrO CTPYMY 1 CTpyMy 3a0€3MeuyroTh MOXJIUBICTh 1X peecTpalii He
€JIeKTPOIPOBITHOCTI, 1110 MPOTIKAIOTh  TIABKH ocuuorpagom, ane 1

HCpe3 JUCJICKTPUK NPH MIAKIOUCHHL  gagomikpoamnepMeTpamu.  Came abcopOuiiiHi
J10 MIOCTIMHOI HAIpyTu .

i A
Ieum

1xe. t

CTPpyMH,  sKI  BHU3HAYAIOTBCS  MIKpo- 1

MaKpPOHEOTHOP1THICTIO JIEJIEKTPUKIB,
BUKOPUCTOBYIOThCA IS H © O G dzgtsMislz o Odzdzgy Isj mdz' ydzse s Mmis Oc
3ppaxyBaHmsiM Mistcz dz3z oz des™ ' tPOS NHOP'B Mdzts B

Mistelz i3z s O dpjlsScdzteliiy ctso ' HdzsMis ' o IS 'df Gazdgis ¢ Mmls
Jo dB g o Juj wdtigs mhk gu
Jns yHidikamii 1 3a0e3nedeHHs] MOKIMBOCTEH MOPIBHAHHS pe3y/bTaTiB BUMIPIOBaHb,

10 TPOBOJTHCA PI3HUMH aBTOPAMH B PI3HUX YMOBAaxX, BIUIIK HACKPI3HOTO CTPyMy TMpH
BUMIPIOBAHHSX ONOPY JieJIEKTPUKA Ta OMOpY i30Jsiii mpoBouThes yepe3 S H dzz - 8 d dz

' mdzv ' HP G he@Drzdzy na gre3.1.

Hocii 3apsiay 3Bu4aifHO MPUIMalOTh y4acTh HE TUIBKUBH t6 J 2 W 59 sd3lz  telz

tclz " , hts oadCdzd S Oded 2 Handisslsj tzirS b t5 (fRydated )
BUIA/IKaX MIBUAKICTH TETJIOBOTO PYXY HOCIIB 3apsiay, HAMpUKJIaa B Ta3ax, Moxe OyTu Ha
KiJIbKa TMOPSIKIB BHUIINOK, HDK MBUAKICTH ApeiidoBoro pyxy, ame ) j to j H dz’ L dzO

hodHCBMIs' Isjfdseoset ©kRbk HEet' od‘  dalz dzs |
Hicj 2% 5o 5° ,moud xosissdg byio.
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VY cnabkux Nojsix cuiia CTpymy
I .,
L I, T —
m, iwmy A2 40«
7€ } —rycTuHA 3apsay; N1 KOHILIEHTpaLis 3apsKEeHUX YaCTHHOK (HOCIIB 3apsny), g — ix
3apsij, V — MBHAKICTb HOCITB 3apsiy.
SIK110 BpaxoBYBaTHU TUIBKU CTPYM E€JIEKTPOIPOBIIHOCTI, TO Or0 rycTHHA

jitE ;¢85 =00 =g @ @ =g&.
ne V=UCE, U — pyXJuBicTh HOCIiiB 3apsy, TOOTO cepemHs apeiihoBa MIBUAKICTH HOCITB
3apsiiy y 1OJi 3 HanpykeHicTio [ = 1 g- hwfrodj enexTpudHa mpoBiaHICTb.

IIuToMa eJleKTPHYHA _NPOBiAHICTL — K 0 € (pi Ui € HT npon
HanpyXeHi CTH NONMPY MY ITyCTUHOLI
g ===qg0Qu. (3.1)
F
OavHuusa BUMCpGrB(aGIHMIEHIEM H M LA e NekKTPpo

nopi BHYoe a OO M

Ha nmpaktumi i  XapakTepUCTUKM — 3[aTHOCTI  JIIEJEKTPUKA  MPOBOJUTH
€JIEKTPUYHUI CTPYM BUKOPHCTOBYIOTH MOPSA 3 NUTOMOIO MPOBIJHICTIO NMTOMMIA omip
AieJ1eKTPHKA, 10 € 00EPHEHOIO JI0 Y BEIMYUHOIO

p=1/g

OAVMHULS BUMDNAIMMB aHHS

o p U

npo

Bukopucranus ¢opmynu (3.1) nmae moxkiauBicTh 3aMinutH O dzO dz' L

91 «

Lsodzg Nz 7 WOCKktE' o dzO {§ dlstssiglti Mooz prHserd y dzlz

eKcrepuMeHTanbHo, O dzO dz' L s d3 ~ Bayrpilfaildadkpoxoniumdz@pakrepuctrku

—kodde ' Mls: ' ¢ dpyj dibaefy' ¢ dztsf)' T e L OV H L
t znddg'eo " Mdetsf)' * o nopms@itcWsH ix Ctsj W' y' ' dals stz r

croiBBigHomenusM U = D/KT, 1o m103Bosse BU3HaYaTH OAHY (i3UYHY BEIMUYUHY depe3
1HIITY HE3aJIE)KHO BiJl 0COOJIMBOCTEN €JIEKTPONPOBIAHOCTI, X0Ua HA TPAKTHII e 3B'SI30K
BUKOPHUCTOBYETHCS, K MPABUIO, B OCHOBHOMY IIPU PO3IJISAI HEPIBHOMIPHOTO PO3MOALTY
3apsiiB, KoMK AUQY31HHUNA CTPyM BPIBHOBaXYE Iperi(oBuii.

KitouoBe mnuTaHHA TpU BUBYEHHI EINEKTPONPOBITHOCTI B JlIEJIEKTPUKAX —
YTBOPEHHS 1 MPUpOJAa BUIBHUX HOCIIB 3apsiiay. Bona Bu3HavaeThCcsi (a3o0BUM CTAHOM,
CKJIaJIOM Ta OYJOBOIO JieJIEKTPHUKA.

B 3aranpbHOMY BUMagKy MOKHA BHIUIMTH Taki 034 ~ Odz' L d3d klse s
detsf' " ® LOWWHEZ ©® H' jdzj SltedC OR
— 1 OHIi BB N AKT P UKW HBK/ACMOEBK HIEX P3DKpeMa paiamiero 3emii,
KOCMIYHUM TPOMIHHSAM, YJIbTpagioseToM, TOIIO, B pPE3yJbTaTi $KOi YTBOPIOIOTHCA
HEPIBHOBAXKHI MTO3UTUBHI 10HH, €JIEKTPOHU 1 HETaTUBHI 10HU, a B KOHJCHCOBaHI peYOBUHI1
KpIM TOTO 3apsiixKeH1 JedeKTu;

! Judy3is — pyx 4acTUHOK, 3yMOBJICHUH IPaJiiEHTOM iX KOHIIEHTpaIlli (HampuKiIaa, MOMUPEHHS
3araxy B 3aKpUTOMY MTPUMIILICHH])
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—TEepMi M@ Re p-a WaiGiapin 3aralbHU [POIEC TeHepamii TepMidHO
tc' o dzts o '@y deef ~das{d¥ dp dzj € Is t€ tsi dz' feBBOB)IeHMIT KOHIEHTpalic0 HA
JaHId YacCTUHIIl TEIUIOBOI €Heprii BHACHIIOK 1i (IyKTyalliid 3riHO 3 EKCIIOHEHTOIO
BosbiiMaHa, y TaHOMY BHTIAJKY B CTOPOHY 30UIBIICHHS, B PE3yJIbTaTi YOTO 10H IMOKUIAE
pPIBHOBa)XXKHE IMIOJIOKEHHS 1 MEPEXOAUTh B CIAOKO3B’s3aHMI cTaH, ab0 HEWTpalibHa
JacTHUHKA 3a3HAa€ JAUCOINaIlli Ha 10HM UM 10H 1 €JIeKTPOH, a0 €IEKTPOH MEePEeKUIAETHCS 3
BaJICHTHOI 30HU B 30HY NMPOBIJHOCTI, CTAlOYM HOCIEM 3apsy;

—eNnNekKTpPOo /QINTIUYLH g3dan Moaekysl (0COOIUBO MOJIEKYI AOMIIIOK B
plAMHAX) HA 10HM BHACHIJOK CYMICHOI il MOJSPHUX MOJIEKYJ, €IEKTPUYHOIO MO 1
TEMIIEpaTypH 3 yTBOpeHHsM 16 * o dzts © @njiscizd -

—y dapHa i BNEYBAETHCS IPU HENPYKHOMY 3ITKHEHHI PO3ITHAHUX MOJEM
CIICKTPOHIB 3 10HAMH, aToOMaMH 4YH MOJICKYJIaMH B CHJIbHUX (TIepeAnpOOUBHUX)
CIIEKTPUIHUX TIOJISIX, TIPU SIKOMY YTBOPIOIOTHCS BUThHI 02 16 ° 9 dztBrex@pyHuzra ioHy,
110 3yMOBJIIOIOTh CHJIBHY HEJIIHIMHICTB €JIEKTPOIPOBIIHOCTI;

—PoTOr eHeEzp B o czts st dagsidy BHACIIZOK MOTJIMHAHHS CHEPTii
(GOTOHIB 3 JIOCTATHBOIO CHEPri€l0 10HAMH, aTOMaMH YM MOJICKYJIaMH Ta iX 10Hi3alii B
pe3yabTaTi HOTO MPOIIECY;

— 1 _HXe kdzgjjited o dzts en€kypolzif Giipok) 3 MeTaIeBUX €JIEKTPOIIB a00 10HIB
3 €JICKTPOJIITHUX EIEKTPOIIB B JICNEKTPUK B CHIBHUX CICKTPUIHUX TTOJISX;

— T Y H € N 10,B3AvHBHCAC KBAaHTOBO—MEXaHIYHHM MPOCOYYBAHHSM EJICKTPOHIB
Yyepe3 HaxWJICHY CJICKTPUYHHUM T0JIeM 3a00pOHEHY 30HY 0e3 MiABHUIIEHHS €HEeprii, 1o

MO’K€ MaTH MICII€ B TOHKUX JII€JICKTPUYHUX TUTIBKAX B CHIIBHUX TOJISX.

HeoOxigHO 3BepHyTM yBary Ha Te, IO JesKi 3 Ha3BaHUX IPOLECIB €
HaWXapaKTepHIIIMMH JUIsl TIEBHOTO arperaTHOTO CTaHy PEYOBHMHHU: 10HI3allis Mia JIEr0
paaioakTUBHOrO abo ynbTpadioNeTOBOrO BUIIPOMIHIOBaHHA — Uil Ta3odaszHoro,
EJICKTPOIITUYHA JUCOITIAIlisS — ISl PIAKOTO, TEPMOTEHEPAIlisi — JJI1 TBEPOTO TOIIO.

] L Odzy q desfyls” 9" H Isdfk IsO siadguz eudzdfadks Mls §

3B’SI3aHMX YACTHHOK B JICIICKTPUKY po3pi3HA0Th Taki® d Hd J dzj Clstesf totso ' +

— 1 _O H H 8CHOBHHMHA Ui JICJICKTPUKIB BHJ CJIICKTPOIPOBITHOCTI B 00JACTI
HOpPMAJIbHUX TEMIIepaTyp, 3yMOBJICHHH PYXOM BIIACHUX YU JOMIIIKOBUX ITO3UTHBHO
3apsKEHUX KaTiOHIB, HETATHBHO 3apsA/KCHUX aHIOHIB UM MPOTHIIEKHO /0 3apsy 10HIB
3apsPKEHUMH 10HHUMH BaKaHCIsIMH 3 BpaxyBaHHSM TOTO, IO MIMPUHA 3a00pOHEHOT 30HH
utst HUX nepesuinye 3 eB, mo exBiBanienTHO 34800 K, 1 my1st mepekuaaHHs €1eKTPOHIB 3
BAJICHTHOI 30HM B 30HY MPOBIAHOCTI MOTpiOHA TemmepaTrypa 3HAYHO BHINA, HIXK
HOpMaJIbHa;

— MO 1| O-HMA€AMICIIE Yy PIAKHX JiCIEKTPHKAaX 1 3yMOBJCHA IEPEHECECHHSIM
€JICKTPUYHUM TOJIEM MO3UTUBHUX (KaTadope3) uu HeraTuBHUX (aHa(Ope3) MOJIEKYISIPHUX
10HIB, 3apSKEHUX TPy MOJIEKYI UM 3apAKEHUX MaKPOCKOMIYHUX YaCTUHOK;

1 4. . . . .y

PiBHOBa)kHMMH, 200 TEPMOIMHAMIYHO PIBHOBa)XHHUMH, HA3UBAIOTHCS YACTHHKH, AKi NMepeOyBalOTh B TEIUIOBIH
PiBHOBA31 3 pE4OBHHOIO, TOOTO MAIOTh TY K TEMIIEPATYpPY 3TiHO 3 po3noiyoM boblmMaHa, 1110 1 YaCTUHKH PEYOBUHH.
HepiBHOBa)XHI YaCTWHKHM MalOTh BIIXWIICHHS 3HA4€Hb CHEPrii, HANpHKIAl, 3a paxXyHOK OTPHUMAaHHS JO0AATKOBOI
€Hepril BiJ] eJIEeKTPUYHOTO T10JIs1, BiJl 3HAUEHBb, 1110 XapaKTePHI IS TEIUIOBOI eHepril JaHoi pe4OBUHHU.
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— e NNe KT p-GwoéBEHa pPyXOM €JIEKTPOHIB a00 iX BaKaHCIH (IipoK), IO MPHU
HOPMaJIbHMX YMOBAaX Ma€ MiCIle B TICIICKTPUKAX MPH 1HXKEKIIIi HOCIiB 3apsaay 3 eJIeKTPOIiB
ab0 mpu yHapHid 10HI3AIIl y TOJISIX BHCOKOI HAMPYXEHOCTI, a TaKOX IS JESIKUX
JIIeTIEKTPHUKIB, 110 MAIOTh €JIEKTPOHHY MPOBIAHICTh (TUTAHATH, HITPUIU TOIIIO);

— N O 19 PO BIISKTPOHHA YU JIIPKOBA MPOBITHICTD, 110 YCKJIAJHEHA CHJIHHOIO
B32€EMOJIIEI0 [UX YACTHMHOK 3 PEUYOBHMHOIO, BHACIIJOK YOIO BOHM PYXalOThCS Pa3oM 3i
30ypeHHsIM 00J1aCTl A1€JIEKTPUKA 1 TOMY iX PYXJIUBICTh aHOMAJIbHO HU3bKA.

Ha enekTponpoBigHICTh BIUIMBAa€E TAaKOK MeXaHI3M IepeHeceHHs 3apsay B
HieJIeKTPUKY, B 3aJISKHOCTI BiJl SKOTO MOYKHA BUIIIUTH TaKi BUAM CICKTPOIPOBITHOCTI:
— A P e W (ooHBBAWIT THUII SICKTPOIPOBITHOCTI B ra3ax i piHHaX, IPHU SKiil HOCIH
3apsily Ma€ MIBHIKICTh 3HAYHO MEHIIY TEIJIOBOi, MPHU LOMY OUIBIIY YaCTUHY 4Yacy
BUTpadYa€e Ha pyX, a MEHIITY Ha 3iTKHCHHS 3 HACTYITHUM 3aXOIUICHHSIM Y1 PO3CIFOBaHHSM;
— C T P W 6, kepMPARTHBOBAHA €JICKTPOIPOBIAHICTD, 10 3MIHCHIOETHCS BHACIIIOK
NEepeIIryBaHb HOCIIB 3apsAny uepe3 0ap’epu, 110 BIAAUIAIOTh MIHIMyMH MOTEHIIAIBHOI
eHeprii B BYy3Jax, MDKBY3JISX, BaKaHCIAX, JOKAJ30BaHMX EJIEKTPOHHHUX CTaHaX B
3a00pOHEHIH 30H1 32 paXyHOK (DIIYKTyalliid TEMJI0BOI €Heprii YaCTHHOK JieIeKTpuKa. BoHa
MO3K€ MaTH MiclIe SK JJI 10HHOT, TaK 1 JJI MOJISPOHHOI €JIEKTPOIPOBITHOCTEH Y TBEPAUX
nienexktpukax. [Ipu cTpuOKOBii TPOBIAHOCTI HOCIH 3apsiay OCHOBHUM 4dac mepeOyBae y
JIOKaJTi30BaHOMY CTaHI 1 TUIBKM HEBEJIMKY YaCTHHY Yacy BUTpaAvae Ha MEPECKOKH MIX
MOJIO)KEHHSIMU 3 MIHIMyMaMH MOTEHL1aJIbHOI €Heprii;
— Ny APEp € H K- @efidiitHa ICKTPOIPOBIIHICTh B CUJIBHUX €ICKTPUUHUX TIOJIAX,
110 BIAOYBA€ETHCA 3a PAXyHOK 3HMKEHHS MOTEHIIAJIbHUX Oap’epiB JIJIs MEPEXO/IiB HOCIIB

3apsily B CUJIBHOMY €JIEKTPUYHOMY TI0JIi;

— AW Py 3 indinHB&I3aHa 3 BUPIBHIOBAHHIM KOHIICHTpAIlii HOCITB 3apsy, KOJIH 3
obOnacTeil 3 OLIBIIOID KOHIICHTPAIIEID 32 PAaXYHOK XAOTHYHOT'O TEIUIOBOTO PYXY BOHHU
NepexoasaTh B 007acTi 3 MEHIIOK KOHIIEHTPAIEI HOCIIB 3apsay, 4YacTo MPOTH
€JIEKTPUYHOTO TTOJISI.

KonuenTpaiiisi HOCIiB 3apsiay 1 3HAYEHHS EJIEKTPOIPOBITHOCTI 3ajexkaTh BIJ
MEXaHi3MIB TeHepalii 1 NMEepeHEeCeHHsA, a TOMY OYyIyTh pO3TIIANATUCS IS KOXKHOTO
arperaTHoOro CTaHy OKpeMo.

. —_ ’ S
~v v A N ¥ A W ~ n 1 ) - Ty an R W W ~ A
3 1 2 >

C L C (4 A

(dzj Sstesf etso " Hdz' Mis! G OLspipsEeeToca BZHOBHOMY
nporecamu ' 1S dz' 1as® njpesyabrari:
— A 1370 B H ii DI X3 (p 30K M XYDAMIBHI, pEHTTeHIBCHKI Ta YIbTpadioneTosi
IPOMEHI, pai0aKTUBHE BUIPOMIHIOBAHHS IPUPOTHOTO YH IITYYHOTO MOXOKEHHS);
— T e n n @ B nosiTps remnepatypu Buine 4000...6000 K);
— AieinekKTp m® Koacob CHILHHUX TOJIB).

B pesynbrari nux npouecis B rasi yreoprooteea f 5L dIsd o dz' 1 s dzd ,
Jdzj Clstotsdzj cOlsdodzedr G OLOR ' dzgjcOlsdedz
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VY NOBiTpi IIpH HOPMaIbHUX YMOBaX YTBOpIOeThesa B cekyHAy N = (4-8)-10° map
3apsKeHUX 4acTUHOK B 1 M°. ko Bpaxysaty, mo §f tStcW H L ‘BifoglBActnd@ iy * * ¥
3BOpoTHHI Tmpomec — t6J € S 3B ' (dpOgc’ WeitTpamizaiii MO3UTUBHUX 10HIB
CJICKTPOHAMH YW HETaTUBHUMH 10HaMH), TO 3POCTAHHS KIJIbKOCTI 10HIB OOMEXY€ETHCS 1 3
YacoOM YCTaHOBIIIOETHCS JiesiKa PIBHOBAXKHA KOHIICHTpPALlisl HOCIIB 3apsay.

Jlnst oBiTpst ipu atMocepHOoMy THCKY t6° 9 dzts 8 Oy dzO € imcida3apalzls tc O Y
cranosuth 1P T 240°f Otc ' *mliiziodi fapgay IpuBOIATH 1O HE3HAYHOI €IEKTPUIHOT
TIPOBIHOCTI B ra3ax, 1o ckiaaae npubmmsHo 1074 — 103 Cvor™,

[Ipu omiHIll BKJIaAy 10HIB 1 €JIEKTPOHIB Yy €JIEKTPOMPOBIAHICT MOTPIOHO
BpaxoByBaty, Mo te z 7 dzd & * Mis! jdzj Sltetsdzs &1 AdFte@L O ' di'te
L O ', ts dpeBzHaBiTh He3HAYHA KIIBKICTH C€IEKTPOHIB Oyae CHIBHO BIUIMBATH Ha
3HA4YEHHSI TUTOMOTO OIOpY.

SIkmo MK JABOMa eNEKTpOoAaMH, A0 SKUX MPUKIAJeHA Hampyra, 3HaXOIUThCS
ra3onoiOHMI JIeNeKTPUK, TO HOro BOJbT-aMIIEpHA XapaKTEPUCTUKA MAa€ B 3arajJbHOMY
BUTIAAKY Takuii BUTISA (puc. 3.2.) 1 Moxke OyTH po30uTa Ha TPU JUITHKH:

[-mamiti minsaaio d Csdzglz * s+ mw, L O
CTpYM MPONOPHIHHUN Hampy3i. [HTEHCHBHICTH
NIEPEHECCHHS 3apsHKEHUX YaCTUHOK Ha eJIEKTPOIH
Jy’Ke HU3bKA 1 HE BIUTMBAE HA 1XHIO KOHIEHTPAIIIIO
/ B MPOMIXKY. LIst AuIsgHKa qy’ke By3bKa 1 TPUBAE 10

| Il 1l HaIPY>KEHOCTI €IeKTPUIHOTO 1Mo 6au3pko 0,57 1
' U 1 /.43
In - eofm' LOteW HY J dg" sxi YO
YTBOPIOIOTBCS ~ BHACHIAOK  [Jii  30BHIMIHIX
Puc.3.2. BOHLT-aMnepHa iomisyrounx  ¢akropis, f j t6j dztsfw s+ fyw
SO €l beudn. L O] & (2 @k
OCIsOdizd ', dzamis@nge odOMEKyOUUM
daktropom,Mistczdz L Odzy ¥ dls+ Is" dz2 €d o " H ' dzlsj dzmd o &
(wodhj dzO fijlgfromp dzplalifuicTs rasiB Ha I AUISHII 3HHXKYETHCT 3
HiBUIICHHSIM HANpyry (HaIpyXeHOCTI MOJIs).

glstolzds dzO id\N@D dzam¥kuts Bix BiacTami Mk enextpomamu. s
TMOBITPSAHOr0 MPOMiXKY B 1 cM BiH Oyzae nopiBHroBatu mpubmuszo 6Q07° A/M? mpu
HanpykeHocTi enexkrpuyHoro nous 0,6 B/M. Taka enexTpudHa MpoBiIHICTh ACOLIIOETHCS
30zd MO d3ts M ls's2 dedfeamiads

-9 d dzd € dzj dzadz" bk H PdziAsIs tots @z Oytc” L € jmalL tots
npaktuni mpu E > 10° B/M). B rasax mig Ji€ro CHIEHOTO €IEKTPUYHOTO MOJS €JIEKTPOHH
HaOyBalOTh HA TOBXKMHI BUIBHOTO 10HI3aI[IITHOTO MPOOITY €HEePrito JOCTATHIO IS 10HI3aI1
HEUTpabHUX YACTUHOK (yAapHa 10Hi3a1lis), eNEeKTPONPOBIIHICTh €KCITOHEHIIIIHO 3pocTae
suanpyxkeniconona iff ted f jodzedrn EkZdi3sce Or MWMO@EMis " Bded g3
Mk etso sH Y k2° Is4 ) Wxuilf Olgits RIABTTHNE GOk ez
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EnexkTponpoBiiHICTh PIAKUX TIENEKTPUKIB BUSHAYAETHCA iX CKIJIAJOM 1 MOB’s13aHa 3
OyZI0BOIO MOJIEKYJ piMHU. SIK 1 B Ta3ax, BEJIMKY POJIb B YTBOPEHHI BUIBHUX HOCIIB 3apsay
BIJITPalOTh 10HI3YIOUl BUNpOMiHIOBaHHA. lIlnAXoM ekpaHyBaHHS JHMCTOBUM CBHHIIEM,
MO>KHA, HANpUKJIaJ, MiABUIIATH TUTOMHUH OIIp pPETENbHO OYHUIIEHOTO 1300KTaHa 0
3102 Cm-m?! (came ToMy BU3HAYEHHS JieJEKTPHKIB Yepe3 BUCOKHMI IIUTOMHI OMip He
NPUIHATHE B Till penakiii, B skii BoHo HaBoauThbes B JICTY 2843-94 "EnekrpoTexHika.
OcHoBH1 noHATTA. Tepminu 1 Bu3HaueHHA". J[01aTKOBUM 1 JJOCUTh CYTTEBUM MEXaHI3MOM
YTBOPEHHsI BUIBHMX HOCIIB 3apsay, IO 3YMOBIIOIOTH €JIEKTPOMPOBITHICTh PIAKHX
TIEEKTPHKIB, € SIIEKTPOITUYHA JUCOIiaIis (po3nagaHHs, PO3IIICHHS ) MOJICKYJI TOMIIIOK
Ta MOJIEKYJ CaMOoro JieJieKTpruka Ha 10HH (puc. 3.3), a B CWIIBHUX MOJIAX TAKOX 1HXKEKIIIS
CJICKTPOHIB UM JIIPOK 3 EJICKTPO/IIB.

1 Odzj 3 dz' Mis! s tc iz d3k
&> O o2y j dzts g fidcux ficsedzpurax

@ no nieBHoi Benuunbu (~0,1 MB/mM)9 ' HY 59 ' H
@ @ L OC B dzlz. B [piB@x naienekrpukax 3
l BUCOKMM  CTYNEHEM  OUHIIEHHS  MOXKe
@ CIIOCTEpiraTucs HEBEIWKa TOpPU30HTAIbHA
@ @_@ @ I[i‘J'IHHKa HACHUYCHHS, aHaAJOrIyHa TiH, 110 Mae
@ MiCIle y rasax, aje IpH 3HAYHO BHIIUX

HATMPYKEHOCTSX TOJIS.

Jani cnocrepiraerbes pi3ke 3pOCTAHHS

Q CTPyMYy 3a PaxyHOK ITiIBUIIEHHS PYXJIUBOCTI
@@ 10HIB, a MpH LI OUIbIIINA HAMPYKEHOCTI MOJIS

@ — ynapHoi ioHi3aiii enekrponamu (puc.3.4).
KinbkicHoro XapaKTEPUCTUKOIO

, _ . 3/IaTHOCTI PEUOBUHU JIUCOINIIOBATH HA 10HU, €
Puc.3.3. MexaHi3M elneKTpoIITUYHOT . . . e
A ) . CTYIMIHb EJIEKTPOJITUYHOI aucomiamii U 1o
JMCOTIAIii: MOSIPHI MOJNEKYITH PiAUHH

"pOSpI/IBaIOTI)" MOJIEKYITY Ha ioHHU JAOP1BHIOE€ BIAHOMICHHIO 4YHCJIa MOJICKYII, IO

JIMCOLIIOBAIM Ha 10HHU, 10 3arajibHOr0 4Yhcia
MoJieky. I 10HOT€HHOI JOMIIIKA B HETMOJSPHUX PiIUHAX U sminroerses Big 0 s
HEPO3YMHHUX PEUOBUH J10 | Mpu MOBHIM AUCOIIAII].
Cryninb aucorriailii € TepMOAKTUBOBAHOIO BETUYMHOIO 1 €KCTIOHEHIIIAIHO 3POCTAE
3 I IBUILIEHHSAM TEMIICPATYPH

o %O = exp(-W / KT)

a TOMY IIUTOMA MPOBIIHICTh Ta MUTOMUH OIIP PIAKUX JiCIEKTPHKIB

W W
2 =0 e—>xX =
o kTp ] =4l e?Tem

ne W — enepris aucomianii, d» 1 J» — §  Is 5 d3° ftcseo ' Hdg'dmIOB M'ts dzs
Isj B JtcOlskzte' , hts oW @epuirstidaie Wajyh).¢ ' dzyj des s’
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SKI0 eIeKTPONPOBIAHICTE PITUHU 3yMOBJICHA JOMIIITKOBUMH 1 BJIACHUMH 10HAMH,

TO 3aJeKHICTB 11 Bl TeMIEpaTypd BH3HAYAETHCA CYMapHOIO  ITHTOMOIO
€JIEKTPOIPOBITHICTIO

W W,

_ ! 2

g= 0., exp¢t _kT) +g,,expet KT

L1s 3asexxHiCTh BiloOpaskeHa B QyHKIIOHATEHUX Koopaunaatax |gy=f(1/T) na puc.3.5.

I9(Y)
| 10*
10°
10°
10?
10*
10°
10°

-10

E«p E 00015 00020 00025 00030 00035 1/T

Puc. 3.4. BoasT amnepna Puc. 3.5. Banexuicts Igy Bix 06epHeHOi aOCOTFOTHOT
XapaKTePUCTHKA P1IKUX TEMIIepaTypy TPH IBOX 3HAYCHHSX eHeprii akrusaii 0,5
TIENEeKTPUKIB eB mis momMimkoBux ioHIB 1 2,7 €B 1 BTacHUX 10HIB.

VY By3bKOMY IHTEpBaJl TEMIIEpaTyp €JIEKTPONPOBIIHICTh PIAKHUX J1€JIEKTPUKIB
MO>KHa OTIMCATH TaKOK €KCTIOHEHIIIAIbHOIO 3aJISKHICTIO BiJ] TEMIIEpaTypu

g= g exp@td,

ne g — mpoBimHicTh pimkoro mienextpuka npu 0 C (Ha BiAMiHY Bijl HaBeJEHHX BHILE
dbopMyI1, Jie mepeAeKCIIOHCHIIIHHUN MHOXKHHK BIATIOBIIAB Yo 1 Px); & — MOCTIKMHA BEIMUKHA
JUISL JaHOTO PIZKOTO AieneKTpuKa; t— remMmeparypa.

glskzq " dz HdMtsy® Oy" ’ Besdz) C2dz 6" HEBGEEBE H
ts fp dats 0 dzts ' H tied3 'H.\g@laffcoriroe, a Takoxk 3 TeMIIEpaTypoOIO, MO MPUBOIUTH JI0
BIJIMIOBITHOTO TAJIHHS MUTOMOTO ONOpPY NpH MiABHIIEHHI TemmepaTypu. [Ipu npomy,
CJICKTPOMPOBIIHICTh ~ PIAKOTO JiEJCKTPUKA 3aJIeKaTh TaKOX BIJ HAMPYXKEHOCTI
eNIEKTPUYHOTO TOJNSl B JICJNEKTPUKY, 3pOCTal0YM Npu 1i 30UIbLICHHI B pe3ynbTarti
M1BUIICHHS €()eKTUBHOCTI JUCOITAIII].

] dzi f 5 dzV tc dzdue cxiaiamirkfsdz@aeTHHOK, B AKMX IIEHTPH OJHAKOBUX
32 BEJMYMHOK MO3UTHBHHUX 1 HETATUBHUX 3apsJiiB 3a BIJICYTHOCTI €JICKTPHYHOTO TOJIS
cmiBmagaoth, H d sy 8 & Is ! dzd h j dzj GHUwdig{dddg) t§ds'tc sdgtic s ' H
sOCdr t' Hddze L OdzjydIls! o wthdsodsdkdkz o  H ¢
o tsdzisc d

lted Istcde Odz' 2 ngpSnfytankiatdso@nupreAHnX TOMIIIOK Y PiIKHX
HETIOJIIPHUX  JIieNIeKTpUKax BimOyBaetbes J Ozj C Istetsdz’ Isd ydzO ! HAAdffRs y
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stec Odz' ydzd ~ C d mazimdepuniics BO iBIYNGraTi TEPMOOKUCIIIOBATBLHOT
JECTPYKIIii caMoi pEYOBUHHU, 1[0 TIPUBOIUTH JI0 3HWKCHHS TUTOMOTO OTIOPY JTieJICKTPHUKA.

t OW ' dztfcaaphdro oumineHi BiJ JOMIMIOK) HEMOJSPHI PITUHU MAIOTh JAYXKE
HU3BKY MIPOBiAHICTh (10 107 Cv-MY), H dzW  Is j A dz' Y dzd Biaxes juidndsgmkits dzd -
MITOMA eJIeKTPOTPOBIHICTh 3HAUYHO HIDKYA i 3HAXOAUTHCS B Mexkax 10710 — 10 Cvor2,

) i 5 dzV tc dzd HieHtepy HoGICZENEX | HEraTUBHUX 3apsiB YACTHHOK 3a
BIJICYTHOCTI €JIGKTPHYHOIO TOJIsI HE CIIBMAJAr0Th 1 3HAXOMATHCS Ha BIJICTaHI OJWH Bif
OJIHOTO, YTBOPIOIOUM JHUIMOJb) — EJIEKTPONPOBIAHICTh BU3HAYAETHCS HE TUIBKHU
JUCOIIAIIIEI0 MOJICKYIT TOMIIIOK, ane i IS | te d3' y dgisdzj @dlz’ Is d ydzts® H d Mt
MoJIeKyn camoi pimmuau Ha ionu. Cryminp mucomiamii ff & dzW te dzd - L tads frHsdOdz
LB ' dzr h jdedzv o5 j dzj Clsted ydetsc ts . dfimalgynogls dmconiagts dzj €
BJIACHUX MOJIEKYJI OJISIPHI P1IMHU MAIOTh OUIBIILY MPOBIJHICTh HIXK HETIOJSPHI.

Sx mpaBuI0, OpraHiuHi KHCJIOTH, ()EHOIHM, aMiHH, JCsAKI HEOpPraHidHI KHUCJIOTH,
OCHOBH 1 COJIl € CTAaOKUMU €JIEKTPOJIITaAMU 3 HU3bKUM CTyNeHeM aucouianii. Boga npu
KIMHATHIH TeMmIepaTypi TeX Ma€ HH3bKHH CTYIIHb EJIEKTPOJITHYHOI JHUCOIiamii

U= 2@0, ane npu Harpisanri 10 100 ~C Bin 3pocTae Ha JBa MOPSIKH, IO POOUTE & S H Iz
fOCIsduydets o' Hf s HOMz! detss¥ L O Jdzj SlIstesf tctso '

stsdzyj dzlstcOy' v o' dz'tadpdsnj dz! tidis off teEfProjsdedf - otc ' |
dzOB OG Olsts , Bk dg' Befdaspuux, TOMYy TONAPHI PIiAKI Ji€IEKTPUKA
BUKOPHCTOBYIOTh B €JICKTpOi3oismikinii texmimils * dzt € d W ¢ CtsdzH j dzOIs ts
KOJIM HEOOX1JHa EJeKTPUYHa 130JIALis 3 MIABUIIEHOI0 MICJICKTPUYHOIO MPOHHUKHICTIO
(cusoBi Ta IMITYJIBCHI KOHICHCATOPH Ta 1H.).

[ dzv s j R dz' Y dachixuxtfnisndz¥piecteduFomuii onip cknanae 108 — 101!
OMOy, mo3HauHO A3} dzh | da' Y H dzv Is j ;A deinxypdachRxrpukis 5 dzV to dz

Hacikom 1oMiIKkoBoi i0HHOT IIPOBIAHOCTI piakux gienekrpukiB e ix sy d i j dadzw ¢
Htsd3 MhpB §puBanomy mpomyckaHHi MOCTIHHOTO EIEKTPHYHOTO CTPYMY (EIEKTPHUIHE
OUUIIICHHS) 32 PaXyHOK IMEPEHOCY BIIBHHUX 10HIB JIO €IEKTPOJIIB 1 iX HelTpamizarii, 1o
NPUBOJNTH 0 MiaBHIICHHS oropy. Tomyyf tetsyJ M’ ftesls’® C Odzdzy Mmiste
dzO § tedire CriocTepiraTucs MPOIEC YCTAHOBICHHS CTPYMY B Yaci.

ExcrniepuMeHTanbHI pe3yabTaTi CBiI4aTh, o Tbku ® f Ste' o dz¥ dzts My dzO
(E < 100kB/cwm ) B pinkux mgienekTpukax nepeBakae = 15 dzdzO f to 13 otc dH df' Shifys[* dz
i ts dj¥ nepmmii mian Bucrymae j dzj € Is to 5 dzdz©@ | d3 mdpkyWnyxe cuiSHO IS S H
BIUIMBAIOTH MTOBEPXHEBI mapu Ha enekTponi. Tak, Hanpukian, Mistcz d3 Ek  1pis dzlz &
IUTATHHO-IPHU/IIE€BUX ellekTpogax BB Y J L d3' dz¥ 9 Olsdmw dzO ' W Is!
sts6 5, OHMtsteB 59 Odz dzO j dzj S(tsders wijsumyetpodory € d fr
BUXOY, BOJCHB — 3HIKYE) (puc. 3.6).
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B konoimuux! pigmHax mopsa 3 10HHOK €IEeKTPOIPOBIJHICTIO MOXKE iCHYBaTH
MO /11 O eleKEOoNnpoBIIHICTh, sKa TMOB’s3aHa 3 TEPEMINICHHIM 3apsHKEHUX
makpodactuaok H d M | thapdaipaniens, 3epeH, MUIMHOK 1 T.11.), 0 Ma€ 3HAYCHHS &
BiAMiHHE Bix 3HadeHHs wiei BenmmuumHu Uit H d M§ | tc ) cepeztsingats Came
dzOWw o dz' Mmis® LOteWHE E HYfY J tadbpbeddre Oy By dztif
f swWfMmdgs " Ist Mw Mis OB * dtimdreplyis thaza fp rigifna peuoBmia) i
j o3lz dz{afiptiepcna dasa — piaumHa, w0 Hepo3unHHA B qucrepciiiuiil pigumi). Skmo U
MaKpOYaCTHHKH MEHIIA, HK PIAMHHI, TO BOHA 3apPSAIKAETHCS HETaTUBHO, B IIPOTHIIC)KHOMY
BUIIAJIKy — MO3UTHUBHO.

-lgl, A
6

B enexrpuuHOMYy MOl MOJIIOHU
PYXalThCSA Y BIATOBITHOCTI 3 JIIOYUMU
Ha HHUX 31 CTOPOHHU EJIEKTPUYHOTO TIOJIS
/2 CWJIaMH, TIPUBOASIYA JI0 TIEPEHECEHHS

JUCHepcHOl (a3u Ha eNeKTpOaH, SIKe

/ / CYMPOBODKYETHCSI  3MIHOIO  BITHOCHOT

9 / KOHIeHTpauii 1i€i ¢azu B 00’emi. Taxe
1

weodhj SHdsYyOmds ¢ s
/ LOodMmdzts’ toj ymssasdedzeh |

12 — Jdzj ClstotsW. B|tc@ L tsadd H d3° dzlz
jJdzj Ctosgpdzjlf Istets W tsldg j L
0 100 300 SOO\IE(B/CM)” mMzftcsosHy 2’ Is! Mv Eklse s

tej ysoddz L3 dzeOd3d =~
Puc. 3.6. BosbT-amMIiepHa XapakTepUCTHKa sMmdso dzsets H' jJdzj SIsted €
TOJIYOJIY TPH TUIATHHO-IPUIIEBUX EIEKTPOJIaX, B maii6Ginem mommpeHiit Mopeni
Ha AKUX ancopboBanmii kucens (I) i Bomens (2).  enekTponpoBigHOCTI PIIKHX

JIENEKTPUKIB JJIsl TIOSICHEHHS  OIOPY
NpUIMAEThCS, 10 10HW a00 MOJIIOHU PYXalOThCA B PIMUHI 3 TEPTAM. 3TiTHO 13 3aKOHOM
Crokca cuiia TepTs JOPIBHIOE

F = 60090,

ne  — auHamivHa B’sA3KicTh piaunu; I — paaiyc yacTuHkM; V — MIBUIKICTH ii pyxy.
Toni, BpaxoByrouu, 1o F = gE, | = O Bbvaemo e nyv

2 =qogq(AnAA Ar Ad) ,

TOOTO PYXJIUBICTh u=qg/(6 A )Ar Ad

3 piBHsHHS Uit O BUIUMBae, mo 3" 3 J dzj S Istecsf tets9 " Hdz' Mmilss °
H' jdzj Slsted C OR Btsy j A fydansd @ymmfuio [liecadpierciRdTo —
Banbnena), sikuii AificCHO Ma€e MicIie B IEBHUX TEMIEPAaTypHUX IHTEpBajax.

MoutioHHa MPOBIAHICTH BIACTUBA PIIKUM JIaKaM 1 KOMIIayH/1aM, 3BOJIOKEHUM OJIisIM
Ta 1HIIUM PiTUHAM.

! Konoinua peYOBHHA MICTUTH B COO1 JOMIIIIKH y BUTJISIII OKPEMUX BKpaIIeHb TBEP101 (CycIeH3ii)
abo pigkoi (emynbcii) dasm.
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Enextpodope3 BUKOPUCTOBYIOTH JJI IOKPUTTS METAJIB KAy4yKOM 1 CMOJIaMH 3 iX
CYCTICH31¥, 3HEBOJHEHHSI PI3HUX MaTepialiB B €EKTPUYHOMY TIOJI1 TOIIIO.

Cnig 3a3HauMTH, O HABEAEHI 3aKOHOMIPHOCTI €JIEKTPONPOBIIHOCTI B pIAUHAX €
JaJIeKo0 HEe BUYEPIMHUMHU. EKCIIepUMEHTaNbHI JlaHi PI3HUX aBTOPIB Cylepedarh OfHI
IHIINM, 1 3aBEpILIEHA KapTUHA €JIEKTPONPOBIIHOCTI B pIIMHAX B1ICYTHS.

J— —_ J—

v v 7y AN ¥ AN o~ u I y o~ v oA v v v
313:

Blso jtcHda H' JjoelzjdpNsutsidi€ ydéax eaekTponpoBigHICTh HOCUTh
3pebinpmoro - ts dzdzd 2 n, Otiar® Bd6epntdiyeTbess TOMIMIKOBUMU 10OHAaMH B
HEMOJIIPHUX JIEJIEKTPUKAX Ta TOMIIIKOBUMHU 1 BIaCHUMH 10HAMH — B TIOJISIPHUX 1 I0HHUX.
Cnig mam’statu, mo 9 dzO fntz® dzdzO ftcso ' Hdz Mis! f tod
mMftecsosuy k' Is! Mw § ited dzgj M dedzv &3 d3OIs j 8 d rezlz
tclz 2 dzkz 9 O dzdzW Ha joo] Sidaciergfu&n®O3 MOMITHOIO BJIACHOI 10HHOIO
CJICKTPOIPOBIIHICTIO HA MTOCTIHHOMY CTPYMI HE BUKOPHUCTOBYIOTb.

[IpyunHOIO MOSBM BUIBHUX HOCIIB B TBEpAUX MI€NIEKTPUKAxX, y BIAMNOBIAHOCTI 3
HABEJICHUM Y BCTYITHIM YaCTHHI JICKIIii TepeIikoM, MOXKYTh OYTH TakKi MPOIECH:

— 1 _O H i 3BAadmack [aii 4YacTOK BHCOKOI €HEprii, HampuKiIag KOCMIYHOTO
BUIIPOMIHIOBAHHS Ta pajiaiiHoro ¢Gony 3emui;

— AW C O U I apgriecd po3naay MOJICKYJ Ha 10HH TPH TEIJIOBUX 3ITKHCHHSX,
Gi3UYHIN YK XIMIYHIN B3aEMOIIT;

— T €epPMOT e HEIMEmOIAIs JOMIIIKOBUX MOJCKYJ Ha I0HH YU YTBOPCHHS

c1a0Ko 3B’s3aHUX BIIACHUX 10HIB BHACIIJIOK MEPEXOAY X B MIXKBY3JIOBUHU;
— 1 _H X e K BRKO/DACHHS CIICKTPOHIB (JIIPOK) 3 €IEKTPO/IIB B JICICKTPUK. Y BHIAAKY
CIICKTPOJIITHUX €IIEKTPOIIB MOXKE MaTH Miciie Takok = Oz) Y ‘S Wis deenekTpomiB.

B TBepamx mienekTpukax MpH HOPMAJbHUX YMOBAaX HOCIi 3apsiy, SIK MPaBHIIO,
NOBsI3aH1 3 tepeKTaMu CTPYKTYpH MaTepiary. OCHOBHUM TUIIOM JIe(hEKTiB B Ai€IEKTPUKAX
IIpY HOPMAJIBHUX YMOBAX € 10HHI 1e(DEeKTH, sIKI pEKOMEHY€EThCs KIIacu(PiKyBaTH 3a TpbOMa
TpyTIaMH.

Mepwa T pyna:
— nedekT — 10HM, MO YTBOPWIMCH BHACIHIMIOK TIOBHOI 10HI3amii JTOMIIIKH,
KOHIICHTpAIlisl SIKUX HE 3aJeKUTh Hi BiJ TeMIepaTypu, Hi BiJl CKJIaTy HaBKOJIUIITHHOTO

cepenosuiia. Boun MoxyTh OyTu AedexTamu BIpoBaKeHHS 1 3aMmimienHs (puc. 3.7, a,0).
[Tpu uboMy Mae Miciie ciadka 3aj1eKHICTh eIEKTPONPOBIIHOCTI B/l TEMIIEPATypH;
Apyra rpyna:

— npedexTn 3a ®penkenem (puc. 3.7, B), KOJIH 10H 3 By3Ja BUXOJAUTb y MIKBY3JIA 1
YTBOPIOETHCA TMapa i0H B MDKBY3J 1 BaKaHCisl y BY3J1 KPUCTAIIYHOI I'PATKH, IO TAKOX
MOXYTh PYXaTHUCS B €JIEKTPUIHOMY TIOJI;

— BJacHi aepextu rparkm no WMorrki (puc. 3.7, T), KOIKM 10H BUXOJUTH Ha
MOBEPXHIO KpHCTaja 1 TaM BOYIOBYEThCSI B KPUCTATIUHY I'PATKy, a B 00’ €M 3aJIMIIAETHCS
NPOTHJICKHO 3aps/KeHA BaKAHCIA, 110 MOXe NMPUIMATH y4acTh B €JIEKTPOIPOBIAHOCTI;
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— aedexkTH, 10 BUHHMKAKTHL NpPH Hepexoai “mopsiAok — Xxaoc” Ta iHui,
KOHLEHTPAaLisl IKMX BU3HAYAETHCA CTPYKTYPOIO JieJIeKTPUKA Ta TeMIIEPATYpoIo, ajie
Maii’ke He 3aJ1eKUTh Bi/l CKJIaly HABKOJMIIHLOIO cepel0BUIIA.

JInst 1€l Tpynu XapakTepHi E€KCIOHEHINHA 3aJIe)KHICTh €JIeKTPOIPOBITHOCTI Bij
TEeMIIepaTypH 1 JIiHIITHA — B1J] €JICKTPUYHOTO MOJIS;
TpeTtTa rpyna:

— nedeKTH, KOHIEHTPALiA AKHUX JY:Ke 3aJeKUTh BiJl TeMIepaTypH JieJIeKTPUKa
Ta TeMNepPaTypH i CKJIaay HABKOJMIIHbOIO cepe0oBUINA, 30KpemMa JedeKT, 00yMOB-
JIEHl HECTEeXIOMETPUYHICTIO (BIAXWJIECHHAM BIJ (POPMYJIBHOTO CKIaay) MAl€JIEKTpUKA,
Tuy31MHUMHA Ta 1HXEKIIHHUMH TIpollecaMH, IO 3YMOBIIOIOTH 3HAYHY HENTIHIHHICTH

BOJIT-aMIIEPHUX XapaKTEPUCTUK J1EIEKTPHKA.

EnekTponpoBiHiCTh HENMOJSAPHUX TA IOHHUX JieJIEKTPUKIB 3 IMIJIbHUM MaKy-
BAHHSIM TIPU MOMIPHUX TEMIIEPATypax 3yMOBIIOETHCS, B OCHOBHOMY, TEPMOAKTHBOBA-
HUM PYXOM JOMIIIKOBHX iOHIB M0 MisKBY3JIsIX.

EnexkrponpoBigHicTh mNOJISApPHUX | IOHHHUX [JieJIEKTPUKIB 3 HeEWJIbHUM
NAKYBAHHAM (CIOJU CJIi BiAHECTH 1 aMOp(HI 10HHI JICICKTPUKUA) — TOMIIlIKOBUMH Ta
BJACHHMH i0HAMH, 30KpeMa 10HHMX TICIIEKTPUKIB — MO3UTUBHUMH KaTioHamu (Ag* s
AgCl, AgBr), neraruBanmu anionamu (Cl ~, Br - ms BaClp, Bay), karionamu i aHioHaMu

(Pb*, I ~ mns Pbly).

r)

Puc. 3.7. Tunu nedexTiB B I0HHUX KpHUCTalax: a) — BIPOBAHKEHHS, 0) — 3aMIIIEHHS, B) — IO
®penkento, 1) — 1o HloTTki.

EnNeKTpPOHHaA e Jl e K Moo B PoBiHDD Mébke CMATH Miclle B
ClteOd ydzedm H" jJdzj Slsted S On "L ,o g3 fgdsids ¥ | dzjOWAS te
—yBumaaky H ' jJ dzj SIsted € " 9 Isdfk dz IstcdH ' od3jHstOED ols
9 J iz C 58 o Odzj dzlsdz' mise dzO f tc pimdaGre, enexepdsm s d iy

(mipkoBa) EJNEKTPONPOBIAHICT, TPU 3BHYAHHUX YMOBaX XapakTepHa s ACSIKUX

CErHETOCJICKTPUYHUX MaTepiajiB Ha OCHOBI TUTAHATIB 0apito, Kajibllito, CTPOHII0. YacTo
SK HOCIT 3apsily B TaKMX PEYOBHHAX BHCTYMNAIOTh €EKTPOHU HE OCHOBHOI PEUOBHHH, a
€JIEKTPOHU JIOMIIIOK 1 Je(EeKTiB, 3yMOBJIEHUX HECTEXIOMETPUYHICTIO [1€JIeKTPHKA.
Hanpuknan, y THUTAaHOBMICHHUX CETHETOCNIEKTPHKAX TaKUMHU JAe(peKTaMH € KHUCHEBI
BaKaHCIi, [0 BUCTYMAIOTh K HKEPENO TiPOK.

Inoni B dzfstec Odz" ydzd = € ts9 Odzj dzlsodzthishy nokisa gimdagn€ Is tc d
enekTponiB & dzOMdz" HisSC  jtoj mn SHE H 5 dghopuixtspsdis; sxij dzj
po3TanioBaHi MoOIM3y JHA 30HU MIPOBITHOCTI, B 30HY MPOBIAHOCTI 328 paXyHOK (IIyKTyawin
TETIJIOBOT €HEPTii.
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MMpuo d M€ JJRBY J cOlIsztce O~ J dzj Selerepsmbetz@iicth mwepisd S 9 C
TECKTPUKIB MOXe OyTH 3ymoBicHa IS | te 35 G j dzjrd610© Hepexofiom 10 BiaacHOl
€JIEKTPOHHOI IPOBITHOCTI BHACIJIOK IM1JIBULLICHHS TEMIIEPATYPH 1 IEPEKHUIaHHS €JIEKTPOHIB
3 BaJICHTHOI 30HM JI0 30HM MTPOBITHOCTI 3a PaXyHOK ()IYKTYyaIliii TETIOBOI €HEPrii.

B mddz' dzd ~ J dzj € Is tc pqidpgrmia nffoSE¢TE B TBepamMX
JiCIeKTPUKaX BUHHUKA€ BHACTIIOK Z H O te dzts pis €zkuen@hx| ‘enexkTpoHiB 3
MOJIEKYyJIaMH, aTOMaMH, Y4 10HaMH J1eJIEKTPUKa 1 IEPEXOAY €JIEKTPOHIB 3 BaJICHTHOI 30HU
JI0 30HH TIPOBITHOCTI IIPU YMOBI, III0 OTPUMAaHa BiJl €JIEKTPUYHOTO MOJISI eHEePris eJIeKTPOHA
IpH 31TKHEHH1 OUIbIIA 32 LIMPUHY 3a00POHEHOI 30HU.

’, ’ s
3]1 ~ n oy vy ~ = n AT ~ [ |

BpaxoByrouu, 1o &z dzts o s ¥ tc' aodzso ©Ocd Jdzj Slstcsdz’ o |
SHdROSCBe ] L dOyjddzy ~ Rdz' 7 1o B'dD dz' on Mosiglaty digts]
YEeKaTH, 10 B HACTYIHI MOMEHTH MICJIS NMPUBEIEHHS METally 1 JIeJIEKTpUKAa B KOHTAKT
MOYHETHCS TIEPEPO3TOILIT 3apsI/IiB MiXK HUMH. XapaKTep IIbOTO MEPEPO3TOALTY 3aJICKUTh BiJl
tc' L dzd y' tctsiRKTplsHiB 8 METUIR ¢ 2= 2...6 €B) i1 mienexrpuka (f 1=2...8 eB).

Skimo etsB BISO o drtsHEZ Jdzj Glistdz » O L tc sl tslOfiziz

H' J dzj € l5ig doSe@kTponn 3 mieJeKTpUKa MEPEXOMATh y METaa JOTH, JOKH HeE
yrBopuThes & S dzls O s dzO t6' L dzd, Y9 O tslsg dizy” O ®dzed y'
C B3 § dzM¥ ‘mpuenekTpoaHomy 1mapi B JieneKTpuKy yTBOpuThcst L B ° H dzj dz(
Jd dzj € Is to ts dz@pagd 3.8")(B@UIBHNX MOIAX TIETECKTPHUK, SIK MPABUIIO, MA€ BIACHY
€JIEKTPOHHY TpPOBIAHICTh (N — THm). ToMy 30igHEHHWI Mmap Mae MIABUIICHUN omip i
HasuBaeThest L Of ° tolaagfxadgst (emicis) HEOCHOBHUX HOCITB — JIipOK, 1[0 Ma€ MicIle B
[[OMY BUMAJIKYy, HE MOKE KOMIICHCYBATH PICT OMOPY BHACIIJOK BiIXO/y €IEKTPOHIB BiJ
IUTONMHY KOHTAKTY Y 3B's3Ky 3 TUM, mots iz » dzd ® " MiIs! H' tes¢ E H ' | dz
tclz n dzd gj ‘dif 1€ Is teMsS1EHMY BunaaKy iHXKEKI[SI €IeKTPOHIB MOKE MaTh MicIle,
SKIIO TI0JIE MAa€ BIJIMOBITHUM HAMpPsM 1 JOCTATHE, 00 3a0€3MeUnTH 3HUKEHHS 0ap’ €py Ha
MEX1 eNeKTPOA—IICNIEKTPUK 1 MOMIJIMBICTh TEPEXOJly EJNEKTPOHIB 3 eJeKTpoja 0
JeJIeKTpUKa YM HACTUIBKM HAaXWJIMTH €HEepPreTHYH1 piBHI, 1100 3yMOBHUTU TYHEJIIOBAaHHS
€JICKTPOHIB 3 €JIEKTPOJIa B T1eIEKTPUK.

kmo tesBtsls©O odrtsHEZ Jjdzj Clstetsdz’ © L d3y, lso0 dzlz
CIIOCTEPIraeThCs 1HXKEKIIA eNEKTPOHIB y AienekTpuk (puc. 3.8 6). [Ipuenexrpoaumii map
30arauyeTbcsi OCHOBHHMHU HOCISIMH, 1 HOTO OMip 3HMXKYEThCs. Takuil map Ha3MBa€ThCS
O dzls d L O {. EntaxdzefiplgBiaHicTs AieekTpruKa y [bOMY BUIAIKY 3POCTAE 32 PAXYHOK
BUHHUKHEHHSI 1THXXEKIIIHOTO CTPyMY.

I[Mpu * dzy 4 € y' RapziadBilznposigHocTi BONBT-aMIIepHa XapaKTEPUCTHKA
JieNeKTprKa cTae HemiHidHop: & 8 OH e Ols d Y dats © f tod ©H dabsciiss dzv 6
3apsry, a TAKOXK TaKOIo, IO BKIIFOYAE KPiM KBagpaTnuHoi i G 2 B ° Yydzgz L Odzj y dz' fr
9 ' H dOftekzecd fHftod Hotfftsdvtcds 2 " dayjSy'’

1 . o .. o . . .. . . . .
TepmoauHaMiuHMI XIMIYHUH MOTEHLIAJI TOPIBHIOE 3MiHI BHYTPIIIHBOI eHepril TepMOIMHAMIYHOI CHCTEMH IIPU

3MiHI YMCJIa YAaCTMHOK y HiH Ha OAHY. Y BHUIAAKy MeTaly BiH JIOPIBHIOE MAaKCUMaJbHiH €HEpril eJeKTPOHIB NpH

a0COJIOTHOMY HYJII TEMIIEPATYpH, a AJIs JieJIeKTpUKa — SHEprii, 110 BiJNOBiae cepearHi 3a00pOHEHOT 30HU.
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Meman  fienekmpuk ~ Meman ,~ t _$_(Po
A A E
w ¢ w
w( i 3n. |Pa
P L S
Hu Y Ha My
a 6

Puc. 3.8. Cxemarunune 300paskeHHs PO3MOILIY €HEeprii eIeKTPOHIB Ha KOHTaKTI MeTall—/ieJIeKTPUK:
a— Qu < Qn, 0— Qu > Pp.

OpHak, BpaxOBYIOUM HEBEIMKY KOHTAKTHY PI3HHUIIO MOTEHIIAIIB 1 3HA4YH1 HAIPYTH,
IpU SKUX TPAIOIOTh JIEJIEKTPUKH, 1[0 BUKOHYIOTH POJIb €JIEKTPUYHOI 130JIS1Ii1, BIJIUB
KOHTAKTHHX SIBUII HA peajbHI XapaKTEPUCTUKH JIICTCKTPUIHUX KOHCTPYKIIA He3HATHHA.
BoHu akTyanbHi 1J11 BUKOPUCTaHHS Ji€JICKTPUKIB B €JIEKTPOHHINM TEXHIIII.

> 2 o - 2 o s . 2 k] o

3.157 ' 7

3a HOpMaJIbHUX YMOB TIUTOMMIi OMip JienekTpuka Mae 3HaueHHs noHaz 108 OMOL.

~

Jns TBepauX MICNEKTPUKIB BIH BKIIOYAE JIBl CKIAM0BI — MUTOMHUN 00'eMHHI /v Ta
MIUTOMUI TOBEPXHEBUH /'S ONIOPH.

Ilutomuii mnoBepxHeBuii omip wMarepiany, Om, N O 3HaAaYeHHKHK
NoBEeEpPXHEBOMY onopy NnAoOCKOTI A1 NAHKMU
CoOHWWE® dztedsts G Iz N PoOTIi KAaHHI HackKkpi 3

NPOTMUNEXHUMU CTOPOHAMMU ULLOTO KBapgparTy:

bs = 4
ne Rs — moBepxHeBuii omip 3pa3zka Marepiany. Skio 3pa3ok Mae popmy npsiMOKYTHHKA 31
CTOpOHaMHU a (mapajeibHa HaMpsAMKY CTpyMy) i b, To

R =14,

o |T

Turomuii 06'eMumii omip matepiany, OM®,3 a 3 Ha4Ye€HHSM o0
sfstcz SkBO L Iso jLicHidsjeeapdy jldrpdd s cd @@ HiI  H
(nocTiMHaAa cKnaposBa) Mi X A BOMa .Miproboxyl
CTPYM, IIIO TIPOXOUTH IO MTOBEPXHI MaTepialy HE BPaXOBYEThCS:

RS

h
ne Ry — o0’emHMil omip 3pa3ka matepialy mocTiiHOMYy cTtpymy, Om; S — moma
€JICKTPO/IIB, IO 3HAXOSTHCS B KOHTAKTI 13 3pa3KoM, M2 h — ToBITMHA 3pa3ka, M.

b
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[ToBHMIA omip 1301111
JIOPIBHIOE
-~ RR®
Lo R, +Rs
. 1 Ha MPaKTHUIN IS OI[IHKH
a 6 omopy  130JIAMii  YacTo

Puc. 3.9. Po3ramyBaHHs €1€KTPOAIB MPU BUMIPIOBaHHI BUKOPHCTOBYIOTh CaM€ II¢
MMOBEPXHEBOTO — a) 1 00’ €MHOTO OTOPiB — 0). 3HAYEHHS, BiJpaxoBaHE Ha
60-i1 CEeKYH/II micas

MIPHUKIJIaIaHHS HATIPYTH.
Crin BiI3HAUUTH, IO 00’ €MHUMN 1 TOBEPXHEBHUI OMOPH BUMIPIOIOTHCSA B OMax, ajie
NUTOMHIT 06’ €MHUIA i MUTOMUIA TIOBEPXHEBHIA OTIOPH MAIOTh Pi3HY po3MipHicTh: OM® i OM
BIANOBIAHO. TOMy HE MOXKHa OOYMCIIIOBAaTH €(PEKTUBHUN MUTOMHUI OMip 3a TIEHO XK
dbopmyioro, mo i1 moBHUH omip. Komu MoBa B3aram ¥ije mpo MUTOMUI OITip JieTeKTPUKA,
TO, SIK MPABUJIO, MAIOTh HA yBa3l MUTOMMM 00'eMHMI1 Omip, PO3paxoBaHUil 3a 3arajlbHUM

OTIOPOM JTiEJIeKTPHKA.

1 d 8BR ' Hdz Mmlis: 99 J HJ dzdgVv offiogfylssipudpsedatium e o § to
MOBEPXHS JIEIEKTPUKA MOKE PO3TIISAATHCS K CYHUIbHUHN 1epeKT — 00pUB KpUCTATIYHOT
I'PaTKH, KpPiM TOTO, Ha ipakTuili Hatf 59 | tc n dz’ H Jdzj SIsted S O L,09 Y
10 YTBOPUJIUCSA B HABKOJIUIIIHBOMY CEPEIOBUILII M1 I1€10 10H13yI0UOTO BUIIPOMIHIOBAHHS,
MOJIEKYJIM BOJM Ta IHIIMX 3a0py/IHEHb, M0 3MEHIIYIOTh MOBEPXHEBY MPOBIIHICTH Y
nopiBHsHHI 3 006’eMHOr0. Oco0imuBO 3Hauna © © H d3' dzdz’ fAleZz] o ftso Jst©® B
J dzj C Istetsi tc tosvae mictgsMAS Cknsnoi Ta kepamiuHOi 30BHIMHBOI = L SdzW Y
ftso ' Istewdzdrm dz' dz' 2npujnpayomyssieiroikeHHe i Ho&XpxHI goIIEM,

KOJIM TOBEPXHEBA MPOBIIHICTh 3MEHIIYEThCS HA TOPSAIKUA, a 00’€MHA MPAKTUYHO HE
3MIHIOETHCS, 00 CKJIO 1 TJIa3ypOBaHa KepaMika MPAKTUYHO HE MOTIUHAIOTH BOJIOTY.

w ntsyo MO d3j L o Sdztsy § dzdzw ' L OB tclz H dzj
Jdzj Clstetsf tetseo ' Hdz Mmis: otOntsolzy yd " m L OcC
L OBtlzH dzt 9 Odzsfls H' Jdzj SIsted € O, f o Jtcn ST IB
~nOtOCIsjtdMmisd ¢ s

HOma ' Ho dh j dadzw fdlstsiisc ts i ee@TpoisoratZfHAXES G 1S
KOHCTPYKIIifl 3anme:kHO Bix Buay jqienektpuka f SCtcd o O Is! 256t
odzsesmils’® 2 ¢ dd3qd zO ¢ Od3d , G dzOL 2" & OB s i
ftcsd3d o O Is! Cdy dzw yts¥ w#d mlgfdals che’ Gdetls + o HfHe d
Isj 3 4 OIlskz.tc’ Istsh ts

>

. ’ ’
3 ] 6 L V4 ~ oW ~ n ] r” 1 N A ~ n v o~ v y A
’

[4 - [4 N [4

Sk Oyno cka3zaHO BHILE, EIEKTPONPOBIAHICTh TIEICKTPHUKIB XapaKTEPU3YETHCS

TakuMu (Di3MuHUMHU xapaktepuctukamu, 9k f d Is 58 30 | dzj fStdstseod’ uHdgg ofm Is ¢

JOPIBHIOE BIJHOIICHHIO TYCTUHU HACKPI3HOTO CTPYMY /O HANPYKEHOCTI €IeKTPUYHOTO
nost, Y W  Issdzd 2 j dzd € Is &5 gfeupdzafia? oGesidfua ri@romiii enexTpuuHiii
HPOBIAHOCTI, 10 * smdzso dzgd dz IsJ mdz” ydzddz f OtcOd3] Istets d3
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KU XapakTepu3ye 30aTHICTh JlIeJIEKTPUKA MPOBOJAUTH EIEKTPUUHUHN CTpyM. TOMY BILIUB
30BHINIHIX (PaKTOPIB Ha €IEKTPONPOBIAHICT Ai€IEKTPUKIB OyIeMO PO3IISIIATH 3 TOUKH
30pYy IXHBOI'O BIUIMBY Ha KOHLIEHTPAIIIIO BUILHUX HOCIIB 3apsy Ta PyXJIUBICTh OCTaHHIX y
JIIeTIEKTPUKY.

BnuinB TemMnepaTypu Ha eJ1eKTPONPOBUIHICTD JAieJIeKTPHUKIB

Haii6inpm L dzO Yy d d3’ WOCIssted L tso dzind elzantmigTss nafyj to
MUTOMY MPOBITHICTH TBEPAUX JieaeKTpUKiB — IS | (3 j te Olstk @ @ dzts G . Bpsw |
3MiHIOIOTh K € 15 dzy J dzls idn®ryxX HOCIiB 3apsiay B Mi€ICKTPHKOBI M, Tak i IXHIO
tc z = dzd &, 'BHRdsifiok voro

FIATHA(TH=9TH).

PosrnsiHemo  Ounbll  A€TaqbHO BIUIMB  TEMIEPATypu 1 3BOJOKEHHS Ha
CJICKTPOIPOBITHICTH JTICICKTPHKIB.
30UIbIICHHST TEMIIEpaTypy TMPUBOAUTH 10 EKCIHOHEHIIAJbHOTO 301IbIICHHS

KOHIICHTpallli BIIBHUX HOCIiB 3apsay BHACIIJOK 3POCTaHHS I1HTEHCHBHOCTI 1X
TEPMOTEHEPAIlil UM CTYINEHs AUCOLIaIliil 3riHO 3 po3noaiioM bornsiimana

n(uv) TWy/ETH te(
ne Wy — eHeprist aktuBaiii npouecy iz Is 9 5 t¢ gisdaa¥ Hocis 3apsiay, i 10 3pocTaHHS iX
PYXJIUBOCTI

u(uv) TWI/KTEH te(

ne Wt — enepris aktuBaiii nporecy f J t6 J dai®ifjizogHoro nmososkeHHs piBHOBaru B
1HIIIE B PIAKUX 1 TBEPIAUX J1EIEKTPUKAX.

BpaxoByroun 1e, TemmepaTypHa — 3alIeKHICTh IMUTOMOI EJIEKTPOIPOBIIHOCTI
JIeJIeKTPUKA 3 OJTHUM TUIIOM BUIBHHUX HOCIB 3apsiAy OMHUCYETHCS PIBHSAHHAM

g=pmexpi (Wg+W) / € oplexpfF(We/ Cv) ] ,

ne Wo— eHeprist akTuBallii Mpoiiecy eIeKTPOIPOBITHOCTI (€JIEKTPOIIEPEHOCY).
TemmeparypHa 3aJe€KHICTh MPOBIIHOCTI TBEPAOTO JiCICKTPUKA, IO MIiCTUTH K
THUITIB HOCI1B, OITUCYETHCS (HOPMYJIIOIO:

2 ( :Té g,.exp(-Wg [KT)

i=1

e Woi= Wy + Wi — eHepris akTuBallii eJIeKTPOIPOBIAHOCTI 3a PaxyHOK i-T O [TEILy
10HIB.

1 © dzdL ' € dn Is gnalgtpojipisEDiisidzetc Matepiany 3B’s3aHa 3
Hisd3' b € tso d datfis skuts W @idromy Wo= Wi, aGo aucomiariero MOJIEKyII, 10
MAalOTh HU3bKY CHEPTit0 3B’ 3Ky, HAPUKIIAJ MOJICKYJI JIOMIIIIOK, a TOMY €HEpris akTHBaIlil
enekrponposigaocti Hiwk4da. } tod f ' H e d M j dzdz' crdspjodgifcy se&isrstc
TepMOTEHepallii BJIACHUX 10HIB UM JUCOIIIAI] BIACHUX MOJIEKYN 1 €JIEKTPONPOBIIHICTh
JieNeKTprKa mepexoauth y 8 dzOMmdzz ' tsdzdzz J dzj S stetsff tetso ' H dz' |
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3aNeXKHICTh EJICKTPUYHOI MPOBITHOCTI BIJ TeMIepaTypd dYacTo OyaAywTh Yy
HariBorapugmiuaux koopaunarax |INd = f (, kud gde)MoxuBicTh TpHU CcTamiii eneprii
aKTHBaLii BigoOpaxaTu ii y BUIIIAl IpsAMoi nrimiil.

3a HaXWJIOM MPSAMOI MO’KHA BU3HAUNTH €HEPTil0 aKTUBAIlT €IEKTPONPOBITHOCTI. SIK
npaBuio, rpadik INd = f ( thaé AB) oOyacTi 3 pI3HOIO CHEPri€l0 aKTUBAIlli, OAHY 3
MeHIUM 3HadyeHHSM W B 007acTi HM3BKUX TeMIlepaTyp, IO BIAMOBIZA€ TOMIMIKOBIH
MpOBIAHOCTI, 1 JApyry, 3 OumplmuM 3HaueHHsM W, 110 BIANOBigae BiIacHIA
eJICKTPONPOBITHOCTI, B 00siacTi BUCOKUX Temmeparyp (puc.3.9). BucokoremmneparypHa
yacTMHa rpadika OUTII CTAaOUIbHO BIATBOPIOETHCS, B TOW dYac, SIK Ha XiA
HU3BKOTEMIIEpAaTypHOI YaCTHHH BILITMBAIOTH MPUPO/IA 1 KOHIICHTpaIlis JoMitku. HaiGiab1me
3HWKYIOTh TUTOMUM OIIp OJHOBAJIEHTHI 10HU JTYKHUX METAJIIB, 0COOIMBO HATPIM.

B enexTpoizonsiiiiHiil TEXHIMI 1HOII AJI HEBEJIMKOTO IHTEPBATY TeMITepaTyp, K 1 I
PIIKHX JIeNIEKTPUKIB, BAKOPUCTOBYIOTH JUISl TUTOMOI €JIEKTPUYHOI TPOBLAHOCTI (hOpMYITY

2 5,0 eXp{

7ie Q0 — TUTOMA eNeKTPHYHA MPOBiAHICTh IpH t = to (Ie pa3 3BepHITH yBaTy Ha BiAMIiHHICTE
MepeACKCIIOHEHIIITHOrO0 MHOKHHKA Y AaHii GpopMyIIi BiI OMEpeIHbOI, 10 0a3yeThes Ha
excrioHeHTi bonpiivana), O— ii TemmnepaTypHUiA KOediIlieHT.

[TutoMuii omip 1OHHHUX MICNEKTPHKIB 3QJICKHUTHh Bl iX CTPYKTypH. [l 10HHHX
JENEeKTPUKIB 3 HIUIbHUM YINAKyBaHHSAM I'PaTKU (HANpUKIIAJ, KBapLOBE CKIIO, KOPYHIOBA
Kepamika, coia) Bin gopisHioe 10 — 101 OM®, 11t aMOphHUX i KPUCTaTiYHUX IOHHUX
TENEeKTPUKIB 3 HEIIIJIbHUM IMaKyBaHHSIM MUTOMHUUN OMip Habararo HIWKYUHN 1 CKJIamae
Tineku 108 — 100 OmG.

Jusafis te d B & texiBIGMS eeKTPOHHOT POBITHOCTI AICTCKTPUKIB MPH 3MIHHIM
JOBXXHMHI CTpUOKA IO JIOKAJIBHUM pIBHSM, PO3TAlIOBaHUMH TMOONHM3y piBHSI Depwmi,
30epiraeTbcsa TEPMOAKTUBALIMHUAN XapakTep, aje TeMIepaTypHa 3aJIeKHICTh TPOBIAHOCTI
JIEIIO 3MIHIOETHCS 1 onucyeTbes Gpopmynoro Mortra:

3 =,9 eé_?(é

Il mddz desdzz  § dzj SnsdipdiotirtpeRbny depssdzp’ep ns HociiB
3apsiy, 10 YTBOPWJIMCS BHACHIJOK TEIUIOBOI TeHepallii 301IbIIyeThCsl, W 3TiTHO
®OpeHkeno cTpyM B A1€TIEKTPUKY CTA€ PIBHUM

VE
=

|- OOOz

5 &
exife B, Bt
¢ T ¢

e d , ;- xoHceanTH.

1 Crip 3ayBaxuTy, 010 MOAiGHMI NPUIHOM 3aCTOCOBYHOTE, KOJIM HAMAralOThLCS T 1i6path GopMyIty ast Bijo-
OpaXeHHs1 CKCIICPUMEHTAIIbHUAX JAHUX: MPU LbOMY OyayroTh rpadik y T @ K 3 BaHU X @QYHK LI oHannb
HamiBrnorapudmiuHoMy, monBifiHoMy norapudmivnomy (Y = & Any=Inat+ninx), obepuenomy (y =X/ ( aXx + ¢ )
= a + ¢if.X), moku He migbepyTh QyHKUiOHANBHMIT ‘MacuiTab, B A K O MY e€eKCcnepuMeHTanNnbHa
€ T b. 8i/filI0BiTHA BUXiIHA (GOPMYIIa i ONTUCYE EKCTIEPUMEHTAIBHI JTaHi.
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[HKOMM ORI TOYHI 3HAYEHHS CTPYMy B MICICKTPUKY B 3aJIEKHOCTI BIJ
HAMPYKEHOCTI eJIEKTPUIHOTO 1ot ga€ Gopmyna [lymaw of ~nW ( ¢ [ ) .

BnJinB B0JIOTHM HA eJIEKTPONPOBIIHICTD Jlie1eKTPUKIB

JpyruM cyTTeBUM (DakTOpOM, IO BIUTUBAE Ha €ICKTPOINPOBIIHICTh JICIEKTPHKIB, €
HOT0 3BOJIOXKEHHSI, SIKE 3aJICKUTh BiJl CTPYKTYPH 1 TYCTHHHM MaTepialy, a TaKOX XapakTepy
B3a€EMO/IIT MaTepiaty 3 MOSIPHUMHU MOJICKYJIaMHU BOJIH.

l §f dzd & @aBKAZBIGIEOTO cepeOBUINA HA SIEKTPOIPOBIIHICTD JIICIEKTPUKA
3yMOBIIO€ThCs ) 18 B Y ‘(HOT¥iMHAHHSIM) BOJIOTH MTOBEPXHEIO Ta 00'€MOM TBEpOro Tija.

l s jterndz] 90 MBsteB Yy' ¥ ocabmrziyaghents @ HoEREXiS Bragepidiy)
MOJICKYJISIPHOI TUTIBKM BOAM 1 JMCOIAIis i1 MOJIGKYJ, MPUBOIATH H 15 LB dz hj
fso jton dzj o t5° wmadfefidsyg a B EzZE MEHzO Mtstes y'BY df' OBjts t ¢
sB' ' dzdzlz { tcBpooranHadzpomiisocTi BinOyBaeThes BHacHiIoK sk H d sy ® Oy
Mostekyt Boau Ha ionn H  ta OH, takite 5L Y d dzj dzdz“ra vHatsdg' pitsainrpyiika

B BO/II ITPH 3HAYHOMY 3BOJIOKCHHI.

14 oy dagCIlsieds d dai L o3tS oMy nispuifipWns moitenecs &
HABKOJIMIIIHBOI'O CepeoBHIa Maibke dz] 9 HBJdO O Ist w dZz0 ' -
sBO" gdz' 2 fYtetseo ' HdAsMmisw

1 sdzv tcdz' H' Jdzj Clsted € di ramgismytzts dsj BN dzp @ dgcizO
ftetso ' Hdz MIs+ o L dzOydz 2 d3a dsr nosepXBax ¥a&Pisitenp.o © H

1028 ' dh ykldds* HSE otdzsed H' J dzgofuls te(d ¢
SKUX HE TUIBKH 3BOJIOKYIOTHCS IMOBEPXHEBO, & i MOXYTh IMOTJIMHATH BEJIUKY KUIBKICTh
oy 3aBsiku € O * dzW tc gzl o nigmérp monexynu Boau (0,276 HM) MEHINIHUH,

HDK HaWpiOHIII OpHU B JieNeKTpUKy (Tadm. 1.5).

[Ipy BUKOpPHUCTaHHI TakuX TiAPOPUIBHUX TMOPUCTUX TBEPAMX, a TaAKOXK
riIpoQUIBHUX PIIKHX EIEKTPOTEXHIYHUX MaTepiaiiB HeoOXiqHo 3abe3neuntn ix L O d M s
9 ' H Lotz fFdgdgy dzOf tcdC dzOH, Htotsmtsyj dedatss ¢
o Sdzts G sdzj 1 1615 dadffiflaiat=delss @ 5 ofts=if@s Is W .

wtsdzdzg H' Jdz SstedSd L d@3gsykze s mv o9 tsHBE SO
dz'° 2, sz "~ Jjdzi Sstesftetse " Hdz Mis! HsmdIs!
fmJ to JH tO€ame Bomora € OCHOBHOK NPUYMHOK HEMOMKIMBOCTI BHKOPUCTAHHS
BOJIOPO3YMHHUX 10HHUX J1€IEKTPHUKIB B €IEKTPOYCTATKYBaHHI.

1§ dzd oremmeparypu  dzO

Tabaung 1.5 Po3mip nop y fienekTpukax 3posiockeHmii H ' j dzj € Ispis di%
Marepian P(E)I:Mlp T1/IBUIIICHHI YCKJIQIHIOETHCS

op, HM . n
Topn B Kepamimi 102 105 | HasBHICTIO ‘H 9 Sn ¢ ts dz,Q. Z tol
Kaninspu y BOIOKHAX LETI0N03U 100 ftesyd M 9 L dZC[ A d dadz
ITopu B CTiHKaxX BOJOKHA 1-10 9 dzO M dz'lsH eSi3ts 6 § dzj Oy’
MixMoreKyspHa TIOPHCTICTh 1-5 L OtcW H Iz ‘ f " Hodh jc
pI3HUX MaTepialliB o dzOMdz' HisC f.° Hfxz D Iz ¢
BHyTpilIHEOMOJIEKYJISIpHI TOPU 1o 1

NpaBUJIO, TOEIHAHHS I[HMX  JBOX
NPOIIECiB MPUBOIMUTH JI0 HABHOCTI EKCTPEMYMIB B TEMIIEPATYPHii 3a7I€KHOCTI OMOPY IpH
HarpiBaHHI 1 TICTEPE3UCy MIPH 3BOPOTHOMY XOJI1 TEMIIEpaTypH (OXOJIOKEHH1), KOJIU OIip
y TMOPIBHAHHI 3 MPSIMAM XOJIOM 3HaYHO 301IBIITY€ETHCS.
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317 o . b . e o oA ~ « v v o
Ha mpakTuiii BU3HAYWTH MUTOMHUA OO0 ’€MHUM UM MUTOMHM TIOBEPXHEBUH OMOpHU
JCNIEKTPUKa MOJYKHA, SIKIO BigoMi 3HaueHHsA BB ' ° d3dzfast® j @ dzj 9o sG55 dz

M Is tc z. @308 3 THM, IpK BUMIPIOBAHHIX HE CIIi 3a0yBaTH PO Te, M0 y JiCTEKTPHKAX
OKpiM HAcKpi3Horo cTpymy, W & d 2 dzj L d3° dztmoxigrh ifpdtikam L OMMOE y
3 4YacOM CTPYMH, 3YMOBICHI pyxoMm 3B's3anux 3apsmiB: Mls te z d3d L d3" h j da
B MtsteB y' 2 dzflxmdiylsrdgiiuegf ymoBax Ha Matepial HeMae BKa3iBOK PO yac
BUTPUMKH 3pa3ka MaTepiajay IijJi Hampyrow MpH BHUMIPIOBaHHI, TO BUIIIK 3HAYCHHS
CTPYMY, SIK BXKE TOBOPHUIIOCS, CIIiJl poOuTH Ha 60-i1 CeKyH/I1 MiCs TPUKIAJaHHs HAPYTH.

Hnao d ts€ toj dpdracremymy crpymitsB ' * dgdets™ SO f tso j ton o
npu BHU3HAYCHHI MTUTOMHEX OTIopiB PEKOMEHIYETHCS BUKOPHUCTOBYBAaTH
Iste! 5n g dzd SIstetsH dzd 2 o d d3', t&¢ msebdae wrchRomy itaahfy) I8 tc* 2
3pa3Ky BU3HAYaTH MUTOMUN 00'€eMHMI Ta MUTOMUI NoBepxHEBUM onopu. Haituacrime i
napamMeTpHu BU3HAYAIOTh Ha IIOCKUX 3paskax (puc. 3.10), mo MarTh GopMy Kpyra.

SIKII0 OXOPOHHUI €IeKTPOJ BIACYTHIN, TO MPHU MOJAHHI €NEKTPUYHOI HAPYTH Ha
3pa3zok 1 yepe3 3azeMITror0uMit enekTpoj 2 Oyle MpOTIKaTH 3aralibHuii cTpyMm lo, sikuit
CKIIagaeThes 3 00'eMHoro |y Ta moBepxHeBoro |s crpymis. Lli cTpymMu JeTKO pO3aUIATH 1
BUMIPSATH HApI3HO 32 JIONOMOIOI0 BHMIPIOBAJIBHOIO EJNEKTPOAYy 3 Ta  KIJIbLEBOIO
OXOPOHHOTO €NEeKTpoay 4, 3a3eMIIIOI0YM iX MOOJMHII abo pa3oM yepe3 BUMIpIOBaJbHI
npuiany (TrabBaHOMETPHU, TEPAOMMETPH TOIIIO).

SAxmo Biomi 3HaYeHHS 00'eMHOTO |v Ta MOBEpXHEBOTO | s CTPYMIB, M BiIIOBITHO
o0'eMHoro Ry Ta nmoBepxHeBoro Rs ormopis, TO MUTOMUI 00'€eMHUIT OMip SISl ONUCAHOTO
BUIIAJIKY JIOPIBHIOE

o2 el
l, 4h 4h

ne U — npukianeHa Hampyra, a TMTOMUAN OBEPXHEBUN OMIp

__.li'(2d1+d_)D2 ’1‘

S . 20,d) 2, -dy

Puc.3.10. Enextpoau s BumiproBanHs 00'emHoro |y Ta moBepxHeBoro |lscrpymis: 1 — 3pa3ok
TIENEeKTPUKA; 2 — 3a3eMITIOI0UNI; 3 — BUMIPIOBAIBHHUI; 4 — OXOPOHHUI €NeKTPOaH; |o — MOBHUIA,
lv — 00’eMHuuit, |s— moBepxHeBHiA cTpyMH, 1 — AiaMeTp BUMIPIOBAILHOTO eeKTpoaa; O —
JiaMeTp OXOPOHHOTO eJIeKTpoa; h — ToBIIMHA 3pa3Kka JieJIeKTpUKa.
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HesBaxkatoum Ha 4YyTIHBICT 10 pi3HUX JedekTiB cTpykrypu, OB s dz¥ IS oz
9 J dzd yd dzO© 3 tvifrtads ZiiarnocTyBaHHS —~TEXHIYHOIO CTaHy OOJaJHAHHS
9d¢ tsted Mis tso kz, o6lsdnify) & inTdepansHOdSXapakTepucTHKOO, 1m0 Oz Yz Is dzd o
H S zs € Odz ddse ts L o' ded yJ dzdzv ¥ ©do =xEORISUOMB Sh
COlOMmMstesY " Yydes™ o." HABSOd, WwWE¢ ftese' 2

B Toi ke uac, posnogineni nedekT, HanpUKIIa, 3arajibHe 3HIKEHHS OTIopY Yepes
3BOJIOKEHHSI UM OOBYTJIFOBAHHSA, TAKOX MOXYTh MaTH MICIE B 130JIS1Ii1, IPUBOJAYU JI0
HarpiBaHHS 1 MPUCKOPEHOTO TEIJIOBOTO CTAPIHHS, @ YaCOM HaBiTh JI0 TEIJIOBOTO MPOOOIO.
Tomy, HanpukIa, AJis 00EPTOBUX €IEKTPUUYHUX MAIITUH BBOJSATHCS MIHIMaIbHO MOXKJIUBI1
3HAYCHHS OTOPY, 3aJIeXKH1 BIJI MOTYKHOCTI 1 po0040i HAapyru MamuH. {1 eIekTpuaHux
MalIMH MOTYkHICTIO 10 10 MBT omip 13051ii cTaTOpHOi OOMOTKHM NOBHUHEH OyTH HE
meHmuM 0,5 MOwm/kB, mist 6inbm noTyxHux — 1 MOM/kB.

Habararo iHpoOpMaTHUBHIIINM € BUMIPIOBaHHS BITHOCHHMX XapaKTEPUCTHK OIOpY,
cepen IKMX HaiJacTillle BAKOPUCTOBYIOTh OMiuHUH KoedirieHT abcopoOiii Ka= Red/R1s, 1110
JIOPIBHIOE BiTHOIIIEHHIO OMOPY, BUMIpSHOTO Ha 60-1 CEeKyH/Ii, 10 OTOPY, IO BUMipIOBABCS
Ha 15-% cexynmai. Jlns cunoBux TpaHchopmaTopiB moTyxkHicTIo MeHme 10 MBA i1
Hanpyrow Hiwk4ve 35 kB, 110 BBOAATECS B eKCILTyaTaito, Ka moBuHeH Oyt Oinbmmm 1,3,
JUIsL OUTBIIT TTOTY)KHUX 1 BACOKOBOJIBTHUX — HE MeHIme 1,5 — 2.

Ha ocHoBi mocBigy poOOTH 3 TBEPAOKD EIEKTPUYHOIO 130JIAIIEI0 MPUUIILIH 0
BHCHOBKY, 110 00JlaqHAaHHS 00OB’S3KOBO TOBHHHO OyTH BHBEICHHUM 3 CKCILTyaTallii i
130JIA11is TiJ/IaHa BUCYIITYBaHHIO, KO Ka MeHIe 1,2.

[Ipu Bukopuctanui koedimienta abcopOilii K MIarHOCTUYHOTO TapameTpa CIif
MaTH Ha yBasi, Mo Ka Mae ekcTpeMalbHUN XapakTep i1 mpsMye 10 1 1 y BHMAAKY JyKe
3BOJIOKEHOT, AePEeKTHOT 1301111, 1 Yy BUMAJKY i7eanbHoi 13oisii. Tomy, B 3araibHOMY
BUIIAJIKY, JIJISl IPUHHATTS PIlICHHS PO BUBEACHHS 00JIaJIHAHHS 3 €KCILTyaTallii moTpioHo
BIIEBHUTHCS B TOMY, IO PIBEHb EJIEKTPUYHOTO OMOPY 130JIA1I11 HU3bKUH, 00, B IPUHIIHUIIL,
11eanpHa (oqHOPIAHA 1 6e3nederTHa) 1305111t Oyae MaTh OMIYHUN KoedirieHT abcopoIrii,
piBHU# 1, TOOTO MEHIIIe HABEJCHOTO KPUTUIHOTO 3HAaYeHHS 1,2, alie BUCOKUH Orip, 1 HisIKe
BTpYy4aHHS B ii poOOTY He Oyze noTpiOHUM.

Jlnst po3paxyHKy e(eKTHBHOI €JIEKTPOMPOBIIHOCTI MEXaHIYHOI CYMIIIl JIBOX
JeNeKTPHKIB, 1[0 MAIOTh HE3HAYHY BIAMIHHICTH B MUTOMIiM 00’€MHIH 4K MOBEPXHEBIN
eJIEKTPOITPOBITHOCTI, MO’KHA BUKOPUCTOBYBATH (hopMynu JlixTeHekepa, 1110 HaBOAUIHCS
JUIS BIIHOCHOI Ji€NEeKTPUYHOI MPOHMKHOCTI, 3aMIHUBIIM MPOHUKHICTH HAa 00’ €MHY YU
MOBEPXHEBY €JIEKTPOIPOBIIHICTb.
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4-1. ’ N > ~ > - x 7 T q ° Ay x 7 x T
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1 - ~ n ~ 7 y v A 11 y 7 v v v y ~
4 . 1 . +

Sk roBopwiiocst Bume, $ ZIls L Mkzealkz WOL d ¥ dzOftckzGtse
H' J dzj €Isted € 592, mo wifsitsing agérd peakTHBHIN NOTY)KHOCTI 0€3 BTparT.

1 sWe O J fodg € ds'teHsdzte M) Is
| . tj Odz' dats sk H' J dag €5t
g ; ! BIJIIOBIZAa€ CKJIAQJOBIH CTpyMy, sKa
’ CHIBIIAJa€ 3a HAMPSMOM 3 HAIpPYToo,
PUBOAUTE 10 HEOIXITHOCTI OymyBaTH

MOBHUH  CTPyM,  SK  JiaroHaib

® = 90° (p IPSIMOKYTHOTO napasesiemninena,
K’ R % = CTOPOHAMHM  SIKOTO €  pEaKkTHUBHA
U I a, u (emHICHA) CKJIaJ0Ba CTPyMY (OpAMHATA)

a 6 1 aKTHUBHA CKJIaJI0Ba — CTPYM €JIEKTPO-

npoBigHocTi  (abcumca). Bnacmigok

. Puc. 4.1. ®a3oBa niarpama ZleTCKTpHKa: & — MOSBH CIPYMY  €JIEKTPOIPOBLIHOCTI,
imeanbHOro; O — 3 BTparamu; | — KyT 3CyBYy (a3

MK TIOBHHUM CTPYMOM i Hampyroo, d — KyT cur(asHoro 3 Harpyroto, ®  H "Isjtedfy €
JieNeKTPUYHKUX BTPAT. ’ C b & dodzds o IsfctOlis e >
desfis® , M s dzOL dsotg@fsus ! fi
dzd &3 9 Is tc @ lsu@xd3zgrropom
TIOBHOT'O CTPYMY 1 EMHICHUM CTPYMOM 3'sBIsieThcs §& 2 1810 HasuBaethes § Z IStSd3 H ° J
Isted yded ~ o69(fs1¢ct@ JsTakum ynuHOM,

Kyr nienexTpuunux Brpar d -K Yy T, 4 QOO B H 10/eRyoo 3 Cy BYH (&
MOBHUM CTPYMOM I Hanpyr ot

HienekTpuuni BTpatTHu —a K TUBHAa e€e/1eKTpuyHa nNOTYKHI
BUT nNAapi Tenna B Al eneKTpPpUKY. npu Ai i |Ha

JIo mieeKTpUYHUX BTpAT 3apaxoByroTh sk uucto OC Isd o dzz  {f ts.lsubo ) dz'
BUHUKAE B JENEKTPUKY BHacuijok J dzj S Iste S tefs@k HE@ASdEs dzz M dz
o] ZOEMOY"' 2 dzd »  ough signoinad 3dsdR¢HIGEPYX O3R|A3aHNX 3aPIHKCHIX
YaCTHMHOK uepe3 Oap'ep MK PIBHOIIPABHUMHU y BIICYTHOCTI TOJISl TTOJIO’KEHHSIMU PIBHOBATH,
PIBHOTIPABHICTD SIKMX MOPYIIYETHCS MOJEM, MO BiIHOLICHHIO /10 HAIIPYTH.

AKTUBHY TIOTY)XHICTh B JII€JIEKTPUKY MOXKHa 3amucatd udepe3 {gd, mo AopiBHIOE
BITHOIICHHIO AaKTHUBHOI (PE3UCTHBHOI) CKJIAI0BOi MOBHOTO CTPyMYy JO PEAKTUBHOI
(eMHICHOT)

Pa= Ula= Uwcog@iwWilyd. = P

3amucaHa B TaKOMYy BWIJISI/i, BOHA HA3MBAETHCS TIOBHUMH JIiCICKTPUYHUMH
BTPaTaMU 1 XapaKTepU3y€e BTPATU B CIIEKTPUYUHIN 130141111 €1eKTPOOOIaHAHHS.

OueBuano, mo tgd nopiBHIOE BIIHONICHHIO AKTUBHOI CKJIag0BOI Oyab-sKOT
KOMIUIEKCHOI XapaKTEepUCTHKH [ieNeKTpUKa, B TEPIIy 4Yepry TMOTY)KHOCTi, a TaKOX
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CTPYMY, HAIIPYTH, OTIOPY, IPOBIIHOCTI TOMIO 10 peakTuBHOI. Haiimpocrimii Bupasu s tgd
Jla€ pO3paxyHOK 3a aAUTUBHUM (IO JOJAETHhCS NPU YTBOPEHHI OJHIET CUCTEMHU 3 JBOX
MIJICHCTEM) TTapaMeTPOM.

JUig XapakTEpUCTUKH BJIACTHBOCTEW [IEIEKTPUKAa MOKHA BUKOPUCTATHU MUTOMI
JeTIEKTPUYHI BTpaTH

pa = Po/V = L2AAG 0S/d)d g ud)t Bw o g U .

B it popmyni HanpyKeHHICTh [ 1 YacToTa W eNeKTPUYHOTO IOJIS € 30BHINTHIMHU
dakropamu, a Ui tgll — xapakTepuCTHKH CaMOTO JTieIeKTpruKa. MHOXHHK lthgCl MTOBHICTIO
XapaKTepHU3ye JTieICKTPUYHI BTpaTh B JaHOMY Matepiaii i HasuBaeTheaw OC IStstes d3. 9 Is te

Onnak, BpaxOBYIOUH, IO B JIIHIMHUX Ji€IEKTpUKaX Ha l:l, a BIJMOBIIHO 1 HA EMHICTD
JUIS TIOBHUX JIIETIEKTPUYHUX BTPAT, CJ1A0KO BIUIMBAIOTH 30BHIIIHI ()aKTOPH, 3MIHIOIOYH iX
Ha OJIMHUIII — JIE€CATKH BiJICOTKIB, B TOM 4ac, sk tgU Moke 3MiHIOBATHCS B JIECATKH — COTHI
pasiB, BenuuuHy tgd 4acTo BUKOPHUCTOBYIOTH JUIS SIKICHOI OI[IHKM BTpAT €JICKTPUYHOI
MOTY)KHOCTI SIK Y JIIeJIEKTPUKY, TaK 1 B 0OJIalHAaHHI, 1 JUISI XapaKTEPUCTUKH 3aJIEHKHOCTI
IHTEHCUBHOCTI LIbOTO MPOLECY B1Jl TEMIEPATypH, YaCTOTH Ta 1HIIKUX (PakTopiB. (€auHUN
BUHATOK — 11€ YAaCTOTHA 3aJIEKHICTh JIEJIEKTPUYHUX BTpAT Ha €JIEKTPOIPOBIIHICTD, KA
Oyne po3msiHyTa Ti3Hime. Y 1boMy BUNAAKY 1go € rinepOoaidyHo cragaydoo GyHKIIE
BiJI YaCTOTH, a JIICIEKTPUYHI BTPATH — HE 3aJIe’KaTh BT HET).

B ¢izumi gienekTpukiB st Oyab-sSKOTO THITY MOJSPHU3AIii BBOAUTHCS MOHATTS
KOMILJIEKCHOT J1€IEeKTPUYHOT TPOHUKHOCTI U=0+ 0‘, A 0 BIJINOBI/Ia€ YUCTO MPYKHIN
nomspmsanii 3 0 = /2, a U Bino6paskae aktuBHy cknanoBy momspusarii 3 ( = 0. Toxi tgl
= U/ U, To6T0 10piBHIOE BiAHOIICHHIO aKTHBHOT cKiTa0B0i U 10 peakTuBHOI.

Caix BiI3HAYUTH, IO B paaioTexHili 3amicTh tgd 4YacTo BHUKOPHCTOBYIOTH
noOpotHicTh Q a7 XapaKTepUCTUKH BTPAT B 130JI0ii, KOHAEHCATOPAaX, KOTYIIKaX
IHIYKTHBHOCTI TOIIIO, siKa 3B’s13aHa 3 tgdobepHenoro 3anexnictio Q = 1/ tgd

[Ipu BUBUYEHHI A1€NEKTPUYHUX BTPAT MEPLI 3a BCE CIiJ 3BEpPHYTH yBary Ha Te, 1110
BOHH BIJIHOCATBCS JIO AKTHBHOI TOTYXXHOCTI, 1 IO 3aBXJIH CYIPOBOIKYIOTHCS
HarpiBaHHSM JlIeJIEKTPUKA. 3aJIeKHO BIJI 1X XapakTepy pO3pI3HSIIOTH Taki OCHOBHI BHIH
AieJIEeKTPUYHHUX BTPAT:

— Hae /1e KT pPOonNnp 6 BIOTYKHIATE CNCKTPUYHOTO IOJII BUTPAYAEThCS HA
NepEeHECeHHs BUTRHUX HOCITB 3aps/y, sIKi IPU 31TKHEHHSX MEePealoTh EHEePriio, OTpUMaHy
BiJ] 1TOJIS, 3B'sI3aHUM YaCTHHKAM Ji€JIEKTPUKA, HATPiBAKOUX HOTO;

— penak cemp aifmadz0s Iy’ Mousjp dzOdgtstc d30 dz'deO'H Py s’
d € Mt s dg dblsdz)) ¢ IsHeddztterryxHiCTh €TeKTPUIHOTO OIS BUTPAYAETHCSI
Ha HENpy)XHE 3MIIICHHA 3B S3aHUX 3apsAAiB 1  OpIEHTAIII0 JUMONIB, OOMEXeHe
nepeMillleHHs] BUIbHUX HOCIIB 3apsiay y mporueci GopMyBaHHS MITpaliiftHOi mosisipusarii

TOIO, 5K B PE3yibTaTl MIJBUINEHOTO Yacy BCTAHOBIICHHs MOJSApHU3AIlli BIJICTAIOTh Bij
HAmpyrd 1 HE BCTUTAIOTh BiAJaBaTH HAKOMMYEHY EHEPTil0 B JKEpeNo Hampyrd, a
PO3CIIOIOTH 11 B JAIEIEKTPUKY, HArPIBAIOUH HOTO;

— pe30HaHCcpHIiP U B dzO fiPlstzts B3O dzf date S diEE Miste | d3kz d3O«
H' J dzj S IsHodf[frgfdgis e tc z Y tets Azv tc d- moDyyHicTs eaekTpruYHOro mosIs
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BUTpAYaeThCs HA  HaANIHIAHE  3pOCTaHHA  aMIUIITyId  KOJHMBaHb  YaCTUHOK
(crocTepiraroThes 3BMYaifHO Ha YacToTax, Bumux 3a 10%° I'n,);

—BTpawHWanepenonsammue d&it'btwd * L 5] dzj &dsuc gfrfatu o
BU3HAYAIOThCA MUI0MIeko et rictepesucy D(E), 110 BuHHKae B pe3ynbTaTi HE CHHXPOHHOT
3minu D i E;

— 1 _OHI 3BTP @ATHMYKHICTb €JEKTPHYHOIO [0S BUTPAYAETHCS HA 10HI3ALIII0
ra3y B pi3KO HEOJHOPIJHOMY MOJI1 a00 y BHYTPIIIHIX Ia30BUX MMOPOKHUHAX Y JIEIEKTPUKY
Ta B Ta30BUX MOPOKHUHAX MPOMDKKY AIEIEKTPUK — €JIEKTPOJ (CIOCTEepIraloThCs TIIbKU

IpHU HANpyrax, sKi MEPEeBUIIYIOTh HANPYTy BUHUKHEHHS YaCTKOBHUX PO3PAIIB B ILHX
ra30BUX MOPOXKHUHAX).

BpaxyBaHHS OCHOBHUX HpPOLECIB, sSKI B1IOYBalOTbCA B JAIEJNEKTPUKY IIIJ dYac
NPUKIAJACHHS 70 HBOTO €JEeKTPUYHOI HAIpPYTH, JA03BOJSIE BU3HAYUTH JIOMIHYIOYl BUAU
BTpaT y KOXKHiM rpymi matepianis (puc. 4.2.).

4.12*° " 7 77 R ) oot . T .
3HavYeHHS JT1CJIEKTPUYHUX BTPAT 3aJICKUTh B OCHOBHOMY BiJ] TAaKMX 30BHIMIHIX (pak-
TopiBsk IS | d3tf 4 tc Os@MelOsIs © Oy tclzy § dz' Mis+ j dzd CIste

Jliis anaizy TeMrepaTypHOi 3aJIeKHOCTI XapaKTEPUCTUK CYKYITHOCTI MPOIIECB, 110
CYNIPOBO/DKYIOTHCSI ~ BTpaTaMd  €HEprii y  peaJbHOMYy  JIieNeKTPHKY, MOKHA
BUKOPUCTOBYBATH MPUHIUII CYNEPIO3UIIIT JieaeKkTpruuHux BTpat. Ha puc. 4.2 306paxeHo
TEMIIEPATYPHI 3aIekKHOCTI tgd 1JIsi OCHOBHUX KIJIACiB JICNICKTPUKIB 3 BPaXyBaHHSIM THITY
MPOIIECIB, [0 BUKJIUKAIOTH J1€JIEKTPUYHI BTPATH.

' 4 dzy Slsted ydz olstcOIsd dz@mognarsliTimitans ttHepEi® W H C
HAa MepEeMIIIeHHs BUIbHUX HOCI1B 3apsiy, TOMY TEMIIEPATypHi 3aJeKHOCTI 1eIEKTPUIHUX
BTPAT i €JIEKTPONPOBITHOCTI B IbOMY BHITAJKy OMUCYIOTHCS OJHAKOBHUMH 3aKOHAMH. Y
HIMPOKOMY J1ana3oHi TEMIIEPATYP

tgd=Bexpi(Wd Cuv) ] ,

ne Wo— eHepris akTuBallii eJeKTpOIpOBIAHOCTI.

vy B JtcOlskztedzO L Odzj 3 dz' Mis' siggace@Eime@mgy 2 dzd
3B’s3aHUX 3apsjiiB, M0 OCpyTh yYacTh Y HENPYXKHOMY 3MilleHHI. Y Bumaaky ' S dzdzts
ey ZOC MOyY" 2 dats’ nifissugziaic d re@mgpatypun  OPUBOAUTH 0
eKCTIOHEHITIAIbHOTO 3pOCTAaHHS KOHIICHTpAIlii 3B’S3aHUX 3apslliB, MO OEpyTh y4acTh Y
npoIieci moisipu3arliii, ToMy iOHHO-peNIaKcailiiHi BTpatu yacto Takox J & M sdzj dzy ' C
L to ts M ls @ fulpékomy mianazoni Temmeparyp.

VeumagkyH d §f Sdg jddO € MOy ' 2 dztsoieneifrjsraai's tpafi naky3ani
3 BTpaTaMH eJICKTPUYHOI €HEeprii Ha OpIEHTAIil0 MOJSIPHUX MOJEKYJI. 3a HHU3BKHX
TEeMIepaTyp, KOJIU MOJIEKYJIH HE MOXKYTbh HEIIPYKHO OPIEHTYBATUCH B €IEKTPHYHOMY IO
yepe3 HecTauy eHeprii, JAIeNeKTpUYHl BTpaTH Maii. 3 MiJBUIIEHHSM TEIJIOBOi €Heprii
BHACJIIJOK TEPMOAKTHBAIIIMHOTO XapaKTepy MpOIEeCy 3pOCTae HMOBIPHICTh MEPEXOAy
MOJIEKYJI HaJl TOTEeHIIAIbHUM 0ap’€poM MK IMOJIOKEHHSIMHU PIBHOBAr, a 3 MIABUIIEHHSIM
3JJATHOCTI MOJIEKYJI OPIEHTYBATHUCS 3POCTAIOTH 1 TIENIEKTPUYHI BTpaTH. AJe, KOJIM TETIOBa
EHEepris cATae PiBHA, 110 BIAMOBIIAE MIHIMAIBHIN €Heprii y MEHII TTU0O0KiH MOTeHIIaTbHIN
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siMi, TO TIOCTIA0MIOEThCS (DIKCYrOUMid BIUUB O6ap’epa. Tojii HMOBIpHOCTI IEPEX01y 3 OJHOTO
TI0JIOKEHHS PIBHOBATH B 1HIIIE Pi3KO 3pOCTAIOTh 1 IOYMHAIOTH 3PiBHIOBATHUCS, 1110 IIPUBOUTH

JI0 3MEHUIEHH Yacy 3alli3HEHHS MOJsIpr3aLlli Ta 3SMEHILIEHHS 1IEIEKTPUYHHUX BTPAaT.

O3Haka Bnnue TemnepaTtypu Ha AiieneKTpUYHi BTpaTu
knacudikauii | I I I I |
Tun Henonsip- MonapHuin IoHHWIA 3 loHHUI 3 CerHeto- MakpoHeopn-
dienek- HUM WINbHAM  HELiNbHUM  enekTpuK HOPIAHWI
mpuka nakyBaHHAM MaKyBaHHAM
Buod Ha enekt- Haenekrt- Haenekr- Haenekr- Tictepe- Ha enektpo-  loHi3a-
dienekmpuy-  POMPOBIA-  ponposia-  ponposia-  ponposia- 3UCHI NPOBIAHICTb,  LilHI
HUX empam HiCTb HIiCTb, penak- HICTb HiCTb, penak- penakcauiviHi,
cauinHi cauinHi MirpaLivHi
Temnepa- tgd tgd tgd tgd tgd tgd tgd
mypHa w, w, w, U>Uu,
3anexHicms /i P % w, / ’
w.

tgd d 1P ; ’
(Wz > W1) / / ’/

T T i T T i T
HacmomHa  |tgd tgd tgd tgd tgs tgd tgd
3arnexHicms T UsU,

T 2 !
;%6 >T) § \ A — k\T T
2 1
T,\ £ T, T R
w w W w w W

Puc.4.2. Knacudikanis aieneKTpUUHUX BTPAT B Al€JIEKTPUKaX

TakuM dYMHOM Ha TeMmIepaTypHii 3amexHocTi tgd y BHUmaaKy IUIOIBHO-

penakcaniifnoi monspu3anii MOBMHEH cmocrepiratucs t6j dzOS MOy "' 2 dzd 2

TeMIepaTypHE TOJI0KESHHS IKOTO BU3HAYAETHCS MEePi0JI0M BIACHUX KOJUBaHb [o, BACOTOIO
6ap’epa W 1 4acTOTOIO 3MIHHOTO CTPYMY W BIAMNOBIIHO 110 GOopMyIn

Tm = WI(K In(ts)).

Mpuf{ tsdzls Odzdz' 2 faldoEridicna@® WrieTeKTpHYHI BTPATH BHOCATh
MPOIIECH TIEPEToJIApu3allii JOMEHIB y CUITY iX TiCTepe3ucHoro xapakrepy. L1 BTpaTu, sk 1
JUIOJBHO-PENIaKCcalliiiHi, y 3aJeKHOCTI BiJf TEMIEpaTypy MalOTh MAaKCUMYM, TOJOXKECHHS
SKOTO0, offHaK, He L O dzy ¥ d Is ! Is B IS epuxsrg@i Hanpyru.

TemneparypHa 3anexnicts = Sdz' L Oy ' 2 fgagorsunmkdris Qs Hanpysi,
BUINIA 3a Hampyry BHHUKHEHHS 4YacTKOBUX po3psniB  (U>Us ) 3ymoBieHa
Isd di3f J cOlsztcdzed di3d La®dzjj Medetsigldsy &g J dzj S Isted & O
GOL Iz 9. Ll Bdc'Om S, tecffosyfedux i3 30BHINIHIM CEPEAOBHIIEM MOpax
croctepiraethesa L totsMils O dzdz L Oy 2 dzopszane slssta@dsnsm mpoouBHOI
HANpyru 3 MIBUIICHHSIM TeMIepaTypu. U LOCtdIs d,naxmd BitgiGcHa
JieJIeKTpUYHA TPOHUKHICTh JIEJIEKTPUKa HE 3aJeKHUTh B TeMIlepaTypH, 1OHi3alliiiHi

o

Is ©

prparu § 8 OC Is d ydzts daj L o5 dz¥ ¢ IS uefpy nesanexsigridgoum@ils 2 tc

HAMpYyTH ra3y BiJ TACKY B TePMETHYHOMY 00'emi, OB t5 X L d3' dg® ¢ Is+ Mmw
HE L egtz@HAf tcMprizhaunmx 3MiHax @ aielIeKTpUKa 3 TEMIIEPATYPOIO.
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YacTtoTHa 3aJE€XHICTh AIENEKTPUYHMX BTpPAT BHU3HAYAETHCA IHEPUINHICTIO THUX
IPOLIECIB Y IETEKTPUKY, SIKI CIPUUMHSAIOTH iX BUHUKHEHHS.

BinnpaBHUM MyHKTOM MIpKYBaHHS PO YaCTOTHY 3aJI€KHICTb 1I€IEKTPUUHUX BTPAT
€ BUpa3 JJIs NTUTOMUX J1eJIEKTPUYHUX BTpAT y MaTepiai:

Pn = E2a@wtgd.

VY Bumagky BTpaT TUIBKM Ha €JIEKTPOIPOBIJHICTh MOXHAa BBa)KaTH, IO 3MiHA
YaCTOTH €JIEKTPUYHOIO TOJIs HE MPUBE/IE 10 3MIHU KOHIICHTpAIlli BITbHUX HOCIIB 3apsiay B
maTepiani. ToMy nuToMmi aienekrtpuysi BTpati Pn =gE? Bin uactotu He 3anexars. Toxi,
NPUPIBHIOIOYH MTPaBi YACTUHU BHPA3iB JJIs MUTOMHX BTPAT, 3HAXOJIMUMO, IO TAHTEHC KyTa
TEIeKTPUYHUX BTPAT Ha €JEKTPONPOBIAHICT 3 POCTOM YaCTOTH MOBHHEH 3MEHIIIYBAaTHUChH
3a rinepOoIIYHUM 3aKOHOM:

tgd= gl(eaw),

3BepTaemMo 1€ pa3 Bally yBary Ha Te, 10, MUTOMa IMOTYXXHICTh BTpaT Ha
CIIEKTPOITPOBIIHICTD , SIKa MPOMOPIliiiHa T00yTKy WMAQA, He 3aJIeXKKUTh BiJl YaCTOTH, IO i
BiJI3HAYAJIOCS BUIIIE.

Il fdzde yoOmlssilsd dzO H ' gp dagefpdsiior]micias y mardpiteid Is d
MO>KHA OIIHIOBATH, BUKOPUCTOBYIOUH Pi3HI Miaxoan. YacTo 11e muTaHHs BUpIIyeThes L O
Hsf sdise s f OlcOdzj dz' dzgts™ OB ff sMmdz' Hieamaso j ¢
MmaTtepiany (puc. 4.3).

[Tapanensny cxemy 3aminieHHs (puc. 4.3, a,0) MOXHa pPO3IJISIAATH SK MOJIENb
TeNeKTpUKa, B SKii MpoIiec MpyKHOI MOJSpHU3allii MOJEITIOETHCSI EMHICTIO Hy a MPOIIeC
€JIEKTPONPOBITHOCTI — PE3UCTUBHUM onopoM R. BpaxoByrouw, mo cTpymMu MHpy>KHOT
noJisipu3allii 1 eNeKTPONPOBITHOCTI MPOTIKAIOTh MapaliebHO, €MHICTh 1 KOHJEHCATOp
TaKOX BBIMKHEHI mapasenbho. s odunciaenns tgd y maHoMy BHMAaIKy BUKOPHCTAEMO
aIATHBHY €JICKTPUYHY MPOBIIHICTh. BiHOIIEHHS aKTUBHOI MpoBinHOCTI pe3uctopa 1/R
JI0 peakTUBHOI KOHIeHcaTopa WGy wiae

tgd= 1WCs R = /8 y@wy = 100'8(fe ) ) ,

TOOTO TiMepOOIIUYHY 3aJIeKHICTh BIJ YaCTOTH, IO MIWCHO CHIBHAJA€ 3 BIAMOBITHOIO
3aJISKHICTIO JIJIS1 BTPAT Ha €JIeKTPONPOBIIHICTb.

[TocnigoBHa cxema 3amillieHHs JieJeKTpUKa 3 BTpaTamMH Morja O MOJENoBaTH
MirpaliiiHy mnonspu3amito, aje B Hill TUIBKM YacTKOBO BpaxXOBYIOTHCS I1HEpPLiHHI
BJIACTUBOCTI MITpaliitHOl moJyigpu3aiii i MPakTUYHO BOHA € (OPMAIBHOK CXEMOIO, 1110
MOX€ BHMKOPHCTOBYBATHCS Ha TOYATKOBIA AUISTHII pe30oHaHCHOi aucmepcii . Jms
MOCIIITOBHOI CXEMH 3aMIICHHS JieJIEKTPUKA 3 BTpaTaMy aJMTUBHOIO BEJIMYUHOIO € OTIip,
a Tomy tgd mist Hel JOPIBHIOE BiIHOMICHHIO PE3UCTHBHOTO OMOPY e 0 EMHICHOTO OTIOPY
1/ wCc, ToOTO

tgd =wCs fy

10 Ja€ JiHidHO 3poctarounii tgd3 yacroror. JSIkmo Bpaxysatu, mo tgd Bim cxemu
3aMiIIEeHHS HE 3aJICKUTh, TO JUIS HAIIPYTH JAHOI YaCTOTH MapajieibHa i MOCIiJOBHA CXEMU
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3aMileHHs OyIyTh 1aBaTh OAHY # Ty K HOTYKHICTh BTPAT IIPU MaJIKX 3HaUYeHHsAX tganpu
ymoBi, mo Cy = Cye, a R = Ine / tg%d

11
1
I
I o _
L R
— 1—

Puc. 4.3 Cxema 3aminieHss i pa3oBa aiarpama JieeKTpHKa 3 BTpaTaMy Ha
CJICKTPOIIPOBITHICTb.

VY rasonoaiOHUX AieJeKTpHKaX, HANpHUKIaa y TOBITpi, tgd mis mienekTpuvHuX
BTpAaT Ha EJEKTPOIPOBiAHICTH Mae 3HadeHHs Ha piHi 107 — 108, i He moxe OyTu
BUMIPSIHUN Cy4aCHUMU TIPHUIIaJIaMHU.

JlieneKTpuyHi BTpaTH Ha €JIEKTPOIPOBIAHICTh XapaKTEpHI JUIsl JIEJIEKTPUKIB 3
MOJICKYJISIPHOIO CTPYKTYpor0 (Ha(TOBI EIEKTPOI30JIAIINHI Macia, TOBITps, mapadin
TOIIO) i IOHHKX JieTeKTPHKIB 3 IIJILHUM YaKyBaHHAM (KBapll, CII0/a, KOPYH][ TOmo). 1x
MOKHA CIIOCTEPIraTi Npy HU3bKUX yacToTax (10 10° '), mpu 6inpmumx yactorax tgd crae
nech 1o mnopaaky BemwumHH 107* 1 menme. Jlis pimkux i TBEpAMX HEHONISPHHUX
nienekTpukiB tgd Ha MPOMMCIOBIH 4acTOTi 3HAXOAUTLCA B Mexkax 10 npu HopManbHUX
yYMOBaXx.

JInst BCIX 1HIIUX THITIB JIICIEKTPHYHUX BTPAT, SK YK€ BiA3HAYANIOCs, ITOBEIIHKA
HOTYXXHOCTI BTpaT i tgdonHakoBa, a TOMY PO MOBEAIHKY TiCIEKTPUIHAX BTPAT MOYKHA
CYAMTH TI0 3anexHocTi tgdBin maHoro gakropa.

(' idkzjSltedyuds olteOld §tod Boda®Gch@ydki? dz

BUJIN:
— eJ/le KT PEHIHBX C adMamiriHMIcIie 30KpeMa B JieJeKTPUKaX 3 IOHHUMH
BAKaHCIisIMH, 3aIIOBHEHHMH €JIEKTPOHAMH;

— |_O HpHEOs1 @ K C ard|mpoMBHSIOTECS B I0HHUX aMOPPHUX ab0 KPUCTATIYHHX 3

HEIIIJIbHUM YIaKyBaHHSM 10HIB B KPUCTATIUHIN TPaTI i€ICKTPUKaX;

—~ AVNOJ/NEHI@K C ampi oGnecTepiraloTbesi B MOAAPHUX  TiEIECKTPUKAX
MOJIEKYJISIPHOI Oy10BH.

— Mi I palIBiTipHiTuw MamOTh Miclle B HEOAHOPIAHHMX ieJEKTPHKaxX i

MPOSIBIISTIOTHCS B 001aCTi OLIIBIIT HU3BKUX YaCTOT, HIXK PellaKCaIliifHi.

[ dzd € Is tots fzdZ®C MOy ' 2 dz' B @dsrieo@isitinux  matepiamax
3YCTPIYalOThCS PIKO, JUIST HUX XapaKTepHI Ti K OCOOIMBOCTI, IO 1 JUIS iHITUX BUJIIB
penakcaiifHuxX BTpaT, 1110 PO3IIISIHYTI HUXKYE.

V Bumagky ' S dadgsdzOC MOy' 2 dzd - -tol|p @&zO HigGs'd2 dizfsn
dzdL + €dna YOdMBIsIs@d L Otsw H d. sdgeff)Is dlais@ 9 Ols d My
L3 Misdlsdmw ' H H' ‘ ¢33 ugcdmgnfiisitgofmyrdz st ot okzw
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KOJINBaHb, TOMY JicieKTpuuHi BTpatd HU3bKi. Omgnak f ted L tetsMmis O dzdws- Y O
HIITHBOTO EJIEKTPUYHOTO IOJIS A0 YACTOTH pellakcallii 3B’ 13aHOTO0 3apsay 1 JeU10 BUIIE Hel
30BHIIIHE €JIEKTPUYHE T0JIE BUTpadyae BCe OUIbIIY YACTUHY €HEprii Ha opieHTalliio ado
3MIIIICHHS 3apsfdiB, y pesynbraTi woro H ' j dzj € Istcd ydz 9 Is tc Qs d
MaKCHMYyMY, a 3a BHIIUX YacTOT HE BCTUTAIOTh BCTAHOBIIOBATHCA 1 tQQ 3MeHIIyeThCS 3
pocToM 4YacTOTH. /{151 0JHOro BUAY PENAKCYIOUUX JUIIONIB MpU (DIKCOBAHIN BEIMYMHI
0ap’epa MiXK pIBHOBKHUMH TIOJIOKEHHSIMH YaCTOTHA 3aJeKHICTh tgd Mae BUTIIA

tgl = @i B)/(O+ By2B),
ne t =to m tes((KW — uac penakcarii.
151 3aJ1e)KHICTh Ma€ MAKCUMYM TIpA ¥ [ = / % . Y pasi 3poCTaHHs TeMIIEPATypH

MakcuMyMm tgd 3mimnyetbess B OiK BHINMX YacTOT y 3B’S3KY 13 3MEHIICHHSIM Yacy
penakcarii mpH ImaBUIICHHI TEMITEpaTypH.

[Mpu penakcariiinux Brparax tgd cyrTreBo BHIN, HDK TMpPH BTparax Ha
eJIeKTPOIPOBIIHICTB, 1 cararots 107 — 1072,

B sdz' dzd tedzd = ff 5 dzW tc daduars Mciie jptzpsiis tanfidner
penakcaniiaux BrpaT: H  §f 5 dg' talizdf 59 ° , 1o dgMekndsigyxIIMBICTIO TOISIPHUX
rpyn amopgHOro moiximepa abo moiMmepa, MO KPUCTATi3yeTbes, MPU TeMIlepaTypax,
HIDKYUX Temrepatypu ckiayBanHs T<T., a takox H d ff s difj jdgt=izj dzls O dz! ¢z’ €
OB’ s13aH1 3 PYXJUBICTIO CETMEHTIB MOJISKYJISIPHUX JIAHITIOTIB B aMOp(PHUX 00IacTsX.

B momspuux mienektpukax H d f SdB jddO S MOy ' 2 dz' moxyodsls tc O
crocrepiraTucs B LIMPOKOMY 4YacToTHoMYy iHTepBami g0 10° — 10%° I'u. o takmx cammx
4acToT crocTepiralothes = S dadzgisdzO ¢ MOy ' 2.dz2' o9 lstcOls

Yacto pemakcaliiiHi JieeKTpUYHI BTpPATH HAKIAJAlOThCS HA BTpaTH Ha
€JICKTPOIMPOBIIHICTH 1 TOJ1 3AJICKHICTh JIETIEKTPUYHUX BTPAT MA€ BUTJIA, MMOKA3aHUN Ha
puc. 4.2.

[ ddzy Slstedydz olstcOIlsd { terotovproTiscdeeatiyelzy 2 H
3aJIeKHICTh BiJl YaCTOTH, OJIHAK MOJOKEHHS MaKCUMYMY B IIbOMY BHIIAJKYy HE 3aJICKUTh
BiJl Temmneparypu. Xoya pPEe30HAHCHI BTPATU CIIOCTEPIraloThCs 3BUYAHHO HA 4YaCTOTax,
punwx 3a 10%° I'u, oxgHak pict tgd Moxe posnouarucs Bxke Ha 9acToTax 0am3pko 107 '
1 JUTsI MOJIEITFOBAaHHSI ITOYATKOBOI AUITHKA aHOMAJIBHOT TUCTIEPCii &, SIK BKa3yBaJIOCs BHIIIE,
MO’KHA BUKOPUCTATH MOCTIIOBHY CXeMY 3aMIIICHHS JieeKTPHKa 3 BTpAaTaMH.

it J L 5dzOdzindd B néxdseteefdrinikax, mo 3HauHow Miporo f 59 O W L Odz
o dzzIstc’ h dz' d¥ndsigpizdsotbdgs 00macTi HU3BKUX YACTOT, IIPH BOMY B AESKHX
BUIIQ/IKaX @ B 00J1aCTi pe30HAHCHOI Tucepcii MoXke MpUMaTH HaBITh Bil’€MHI 3HAaYECHHH,
0070 f 0 ' Lisjdzj SlstcdC "dEsE S s RO - OOGsijite s
BUKOPHUCTOBYBATH HOTO SIK 1HAYKTUBHICTb.

wsdz' L Oy ' 2 dws'ssaiils ta@Hexfivu po3psaaaMu B IMPOKOMY Jiana3oHi
4acToT, K OyJe MOoKa3aHO MpU PO3IJIsiAl 10HI3alIHHOTO MpoOOoIo, JIIHIHHO 3pOCTAalOTh 3
4acTOTOIO.
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r' Jddzj Slsted ydz olstcOIsd o W' HECdA Iso j toH
sB dzOMIs® dedL ' € dr dzOf tclz G, irtEkn npuQaryNe@lasx moas, H d
npu skux Mae micue J w J S Is  -A tzjda2C jmdz%amkye Bucoty Oap'epa Mik
PIBHOB&)XHUMHM TIOJIOKEHHSIMHM, 1 ymapHa ioHizamis, tgd mouwmnae j € M sdzj dzy "
LiesMIsOIsd L dzO { tc Epugl dzl), ks ¥ enelfrpoEdsinnicts. OmHaue,

JENEKTPUKH, SIK TIPABUIIO, B 111i1 00J1acTI HE BUKOPUCTOBYIOTHCS.

tgd B Toii ke wac B Pi3KO HEOAHOPITHUX
OIIAX O GOL On ‘ ) GOL ts9d
so jtecHdnA H * JpicEgr& foisighy rpio
[EBHINI MIBUILICHIH HaIpy>KEHOCTI
CJIICKTPUYHOTO IOJIA, 10 Ha3UBAETHCS
HAIIPYXKCHICTIO BUHUKHEHHS YaCTKOBHX
.

pPO3PSIIB [ o wte MOXYTh  CIOCTEpIraTUCS
YyomksCtso ' tetsL teW H (, h 5
" tsdz' L Oy ' 2 ddduiamiiniseipdis npu
Pric. 4.4. 3pocranns tgd 3 Hanpyroro  HAIPYTaxX, OUIBIIMX [ o s MOXKHA ~ONKCATH
1714 10HI3aIiHUX BTpaT THIHHOIO (YHKIIIEI0 YacTOTH 1 CTENEHEBOIO
(GYHKITERO HATTPY>KEHOCTI MOJIS:

U

P = Af(Ei Eo 4B,

ne ¢ — koedilieHT, mo 3aJICKHUTh BiJl BUAY MaTepiany, KOHCTPYKTHBHUX OCOOJIMBOCTEH,
FEOMETPUYHUX PO3MIPIB 1 1e(PEKTHOCTI [ieNeKTpUKa; Eg y-pHAMpyKeHICTh MOs, 3a AKOi
CTalOTh MOKJIMBUMH 10HI3aI[1{H1 ITpo1iecH; M — eMITipUYHUI KOeIIi€HT, AJIs BTPAT B razax
M = 3, I Y4aCTKOBHUX DPO3PAJIB y TBEPIMX MI€NEKTPUKaX MpU 3MIHHIN Hampys3i JUis
HEBEJIMKOI TOPOXHUHU 3 OAMHUYHMM YaCTKOBUM DPO3PSAOM TEOpeTHdHO M = 1, s
OUTBLINX 1 PO3MOJUICHHUX 32 PO3MIPOM NOPOKHUH M = 3...8, npu noctiitxiit —m = 10...14.

IIpu E > § ywtgd ~E™? ToMy 10 peakTHBHA MOTYXHICTh mpomopuiiina E2 a
MOTYXXHICTb, 1[0 BUTPAYAETHCSA HA YaCTKOB1 po3psiau npornopiiiaa [ ™. st mopoxHUHY 3
onuHUYHUM po3panom P~E i tgd~E™

YOmIsS tso tetsL W Hd °,mo nisstani OmymMu 2npaBoases [gots O IS
tclz2 dzz oHO dgdd?j C stcd C O ? 5G 5 i 6iBzIcra@Ay ix2n0gBaG 5
JUENEeKTPUKHU OyAYyTh PO3TISHYTI Y BIANOBIIHOMY PO3ILIi.

>

415 77 fwgd -

c -

TanreHc KyTa aieneKTpudHUX BTpaT tgd € Oimblil YyTIHMBOIO XapaKTEPUCTUKOIO TS
JIarHOCTYBaHHS TEXHIYHOTO CTaHy €JeKTPUYHOI 130JALii eJeKTpooOaJHaHHS, HIXK
BIJIHOCHA JIiCJICKTPUYHA MPOHHUKHICTh &, TOMY IO tgQ3MIHIOETBCSA B 3HAYHO MIMPIIUX
MeXXax MpH 3MiHi 30BHIIIHIX (PaKTOPIB.

3mina 3HaueHHs tgd'B mporieci ekcruTyaTailii J03BOJISIE CYUTH PO BUCYIITYBAHHSI,
3BOJIOXKEHHSI 1 OOBYTJIIOBAHHS EJICKTPUYHOI 13011111, BTpaTy IuiacTudikaropa, MOsSBY
HOJISIPHOT YW TPOBIAHOI JOMIIIKH, YTBOPEHHS IMyXHPIIB Ta3y B PIAKHX JieTIEKTPHUKAX,
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TPIIIMH Y4 TIOP B TBEPAMX TOLIO. J{JIs1 IbOTO BUKOPUCTOBYIOTH SIK a0COJIIOTHY BEJIMYUHY
tgd Tak i fioro 3a1eXKHICTh Bijl TEMIIEPaTypH, YaCTOTH 1 HATIPYTH.

HaitGinpmmmM HeIoaiKOM BUKOPHCTaHHS tQd sSK MiarHOCTHYHOTO Mapamerpa, €
IHTETpabHUM, ycepeJHEHUH 110 BChoMY 00’ €My XapaKTep Horo 3HaUeHHs, 1110 Ma€ MicIe 1
JUIs 0araThbOX 1HIIMX HEPYHHIBHUX €1EKTPO(I3NYHUX BETUYHH, KI BUKOPUCTOBYIOTb JUJIS
JIarHOCTYBaHHS 130JIAI11, HANpUKIA[ IS €MHOCTI, omopy i3oismii. s Ouibmoi
KOHKpETH3alii JiarHocTu4HOl iHdopmarii, Hanpukian iHpopmamii mpo 3pocranus tgd
JIOIIBHO BHKOPHCTOBYBaTH pI3HUI Xapaktep 3anexHocted tgd Big dwactotd i
TEMIEPATYpH MpHU AICJIEKTPUYHUX BTpaTax Ha E€JIEKTPOIPOBIIHICTH 1 HA pejakcaliiHy
nojsipusaiiiro. B mepmomy Bumaaky tgd Oyme B Oyab-sKOMy pasi 3pocTaTtd 3
TEMITEpaTypPOIO 1 CITAIaTH 3 YaCTOTOIO, B IPYTOMY, Bce Oy1e 3aekaTH BiJl TOr0, Ha TiaHoM1
Yd Ha CHajai pellakCalliifHOro MaKCUMyMy 3HaxoauThest tgadl Asie HaBiTh, SKIIO
penakcaniiinuii tgd Mae oxHaKoBY MOBEMiHKY 3 tgd Ha eIeKTPOIPOBIAHICTh, KPUBU3HA
3ajiexHocTel tgd st nux sBuI Oye pi3HoIo.

1028 " dz2h jJWJClIlsdo dzd d3 mucdr®BonmHTHOC W oiH ) Aarzi® O dzd
qsac' o dCtsted Mls Odzdaw " tsdz L Oy, dradaRux HaackaymE s to
po3psagamu. B jmeskux BUAax i30JAI0i1, HAMPHKIAT 9 f Of-ptztgzd | OMIsC 59 °
tetsL W HJ dzi HHsEizifpk s@tpoSyBafpWIX Hampyrax. B 1ibomy Bunamky
BU3HAUEHHS HANpPYTrd BUHUKHEHHS YaCTKOBUX PO3PAIIB 1 BIAMOBIIHUNA BHOIp poOoUOi
HaIlpyTrd TapaHTye HaJiiHy poOoTy obOiiamHaHHA. B iHIMMX BHIax 1301l B IpoIieci
eKCIUTyaTalli MOXXyTh OyTH YaCTKOBI PO3PsAIU NEBHOT IHTEHCUBHOCTI, 1 caMe ii 3pOCTaHHS
€ O3HAKOI0 pYHHYBaHHS 130151111

’ .
2 1 ~ 11 ? y 7 ~ ~ < A N A W
4 . . -

IIpoGiii —AaBMLULE YTBOPEHHSA B LI eneKkTpuKy, n
eneKTpuMWYHOrNro nonsqa.

ITepm 3a Bce, 3ayBaKUMO, IO TIPOOIH — 1€ MPOIEC MEePEX01y BiJl CTaHY 3 HU3BKOIO
€JICKTPONPOBIIHICTIO 10 CTaHy 3 BUCOKOIO eNeKTpomnpoBigHicTIO. [Iporec mpoTikaHHS
CTaILlOHAPHOTO CTPYMY B JIEIEKTPUKY 10 YH MiCIs MPOOOI0 HA3UBAETHCS PO3PSAOM.

Pi3HMIIA B €€KTPONPOBIAHOCTI JieIEeKTPHKA 10 IPOOOIO 1 MPOBITHUKOBOTO KaHAITY,
0 YTBOPUBCSA B JiEJEKTPHKY BHACTIJOK HpoOoro, Moxe ckimagati po 10 pas, 6o
€JIeKTPONPOBIIHICTh JieNeKTPHKiB 3a Bu3HaueHHAM MeHie 10® Cm-m, a nposiguukis
omseko 107 Cv-ml. SIkmio BpaxyBaTw, IO TEIUIOBAa INBHAKICTH HOCIIB 3apsmy IpH
KiIMHATHi} TeMIepatypi s ioHiB Mae BennauHy nopsaky 103 m/c, ms enexrponis — 10°
M/C, a MaKCHMMalbHO IOCSKHAa MBHAKICT 3-10% m/c, To 3 QopMymu s mATOMOI
eNIEKTPUYHOI MPOBITHOCTI g = (NU CcTa€e 3pO3yMiINM, 0 3a0€3MEYUTH TaKe ii 3pOCTaHHS
MOJKHA TUJTBKHU 32 PaxXyHOK 30UIbIICHHS KOHIIEHTPAIlil BUIBHUX HOCIIB 3apsiay.

Tomy, mpu BHBUYEHHI MPOOOIO, MEpII 3a BCe HEOOXiAHO BcraHOBHTH O3] - O dz'

L
LB dz hj dzdzy C teirj dzEBOWREM' ' o L OB#eximd g  H'
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IPUPOJIH TIPOIIECIB, 1[0 3yMOBIIIOIOTh YTBOPEHHS MPOBITHUKOBOTO KaHay, B JiTepaTypi
pospisustioTh Taki ®  H  f:totsB t5¢&

—eNexkKTpPMYHNIN

—TennoBuUm

Y

—NoOBepxXHeBUMN
— 1 OHIi 3@auUi WHWMNK
—eNnNekKTPOXi Mi YHU K

—eneKkTpomMexaHi YHNNR
Taka knacudikaiis, sk Oyae MOKa3aHO HUXKYE, HE 30BCIM TOYHA 3 (P13UYHOI TOUKHU
30py, aje BoHa 3adikcoBana B pekomeHaamisx MEK, 1 Tomy ii He0OX1AHO JOTpUMYBaTHCS
B IHXKEHEPHIN TISJIBHOCTI.
ltesBi'Y2) | BStctse tsang rort, audosiji BinOyBcs, Hampyra moBUHHA
TIEPEBUIIYBATH TICBHE TTOPOTOBE 3HAYCHHSI.

Mi Hi ManbHa Hanmnpyr a, npum a9Ki n Bi o6y
ftocsBdo dzs¥ akzOf ckzgtss |
Mi Hi mMmanbHa HanpyXeHIi CTb ogHOpPI AHO

r

jdzj Stedudetss &3 ydz Mlss W' jdzj Slted S O.

Take BU3HaUeHHS POOUTH €IEKTPUYHY MIIHICTh OJJHO3HAYHOIO XapaKTEPUCTUKOIO
JieNIeKTpUKa, B TOW dYac SK NPOOMBHA HAmpyra XapaKTepU3ye eJIEeKTPOI3OJALiNHY
KOHCTPYKLIO. 3B’S30K MDK HHMMH B OJHOPIAHOMY IIOJII OMNHCYETHCA 3BHYANHOIO
dopmynorw: Egwe = Uyl MiniManbHy HampyXeHICTh CIEKTPUYHOTO TOJs B

HEOJHOPIJHOMY IOJI, IO IPUBOAUTEL A0 MpoOOKX, B CHIy 1i HeomHo3HauyHocTi & e O j

zOL d offCdstsfB d © dztsé  dzOf telzy j dz2' Milse  f tsdzw

a ¢

Cutiz 3ayBaXKUTH, IO B TEXHII BUCOKUX Hanpyr J dz C Isted ydztse d3' ydz

ZOL d o OBBY M d B3Oatp dgbs B L o Oz gz dzOf ek, h s

‘L s dzWrg Bigmifiy Bind dzj S Isted ydats® 3" y dzgmib)dapakrepusygridzy € Is t
3" dz' B3O dzt detst f tesB do dets¥ dzOf ehkzy j.d2' Miss f 5dzw

] tesBH 2 J dzj € Isetc go&ritimdmy abo 3MIHHOMY €JICKTPUYHOMY IOJIi

nop's3yloth 36" L S dd3 dzj MlsOyY' sdzOtcdad d3 L tetsfls O dadza” o3

xapaktepuctuku 4, ge  audepeHuiaibHa
MIPOBIIHICTH [ QM Osin’emHa, i 5, 1e CTpyM
B JIENEeKTPUKY o0OMexXyeTbCs OnopoM
30BHIIIHBOTO KOJIA.

[IprunrHa iXHBOTO 3POCTaHHSA IIOJIATAE B

pi3koMy 301IbIIEHH] KOHIEHTpAIlil HOCIIB 3apsLy

U BHacHmigok abo  yaapHoi  ioHizamii, abo
po3irpiBaHHsl  JlieJeKTpUKa. BigmoBigHO 10
Puc. 4.5. BosnpT-amnepHa xapaxre- MeXaHi3My 30iIbLIEHHS KOHIEHTpalii HOCIiB

pucTHKa IPOGOIO. 3apsay PO3PI3HSIOTH EJIEKTPUYHY U  TEIJIOBY

dhopmu ipoboro mienekTpukiB. KpiMm Toro, npooiit
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MO>K€E TIPOXOJIUTH 110 MEXI1, IO BUIAUIAE JICIEKTPUKHU B PI3HUX arperaTHUX CTaHaX, Yd IO
MEXI MDK JieIeKTpHKaMH B pIi3HUX (a3ax, Toal BIH HA3UBAETHCS ITOBEPXHEBHUM.

1 59 J ton dz) 9 iRmpafuteotscde’” X dzts o d H dz2' Milss | dzj.C Isted ydzts
IMpu posrmsmi J dzj € Is to d Y dzts 6 tmeoOXinidmts pdRdByBaTH, 110 BiH
Bu3Havyaethess B3O C Md d3O dz! dets® 2O oz J dz'° M s tipu 3hidEpMy IS tc d
CTpyMi BimOyBa€eThCS NMPU MaKCHMAaJIbHUX 3HAYCHHSX HANPYrH, B Toi yac sk Is | f dztso d 2
ftetsB ' 2 L Zd3s o dzj dzd 2, sm Takor, Bito BimE@iffats ta GifspiBanHsa
nienekTpuka. Po3psaHuii cTpyM B IPOBIAHMKOBOMY KaHall MpH MPo0O0i 0OMEXYyeEThCsS

TUTBKH OIMOPOM 30BHIIIHBKOTO MO BIAHOIIEHHIO 0 J1EJIEKTPUKA KOJa.

Xowa B JiTeparypi BHUKOPHCTOBYIOTH MOHATTS mnpo — Sdz' L Oy ' 2 dac
Jd&zj Slstetsn ' d3 ydzd,Yonuax, i ipaBuifotcymxtsinagkax A3 © 2 H |
Mils Ote’, dadffo miaroroBuyi mpormecd, IO NPUBOAATH JIO  TMOTIPIICHHS
CIIEKTPOI3OISIIMHNX BiacTUBOcTel Martepiany. Cam ke i to S BB ®&Hmi mporecy
YTBOPEHHS JACHIPUTY (MOPOKHUCTOTO YU IMPOBIIHUKOBOTO KaHally), CKOpIIIE BChOTO,
BiOYBAE€THCS 3a OJHKUM i3 OCHOBHHX MEXaHi3MiB rpo0Ooto, mBuire 3a Bce j dzj € Is te ¢ y dzd
3a BUHSTKOM BUMAJKY, KOJU B I0HHOMY J1€JIEKTPUKY BHACTIAOK €JIEKTPOIII3Y YTBOPIOETHCA
METaJIeBUI MPOBITHUKOBUIN KaHaJ, 110 3aKOPOUYYE EIEKTPOIH.

JIMCKYCIHHUM € MHTaHHA 0po MoximBocTi J Oz S Istetsd3j -~ Odz' ydzts G
MoJIiMEepiB, MOB'I3aHOTO 3 HECTAIlIOHAPHOIO Jlepopmariiero B enexkTpuunomy noiti. Crpasa
B TOMY, IO MPOOIii IIe eIeKTPUYHE SBHIIE, 32 BU3HAUCHHSM IOB'sI3aHe 3 Iz IS © 516 J dzdzW
ftotso ' Hdzd C Bo, mESe QP wRO IzIZ d3j - Odz' Yydzse s  tetsB
HJWtBstedgOy' v H' J dzz§ B®dzS Qdzj , steclz 2ydpizso xrylzaday
CJICKTPUYHUM TPOOOEM, KOJIM TOBIIMHA JIIETIEKTPUKA 3MEHIIUTHCS HACTUIBKH, IO
NpUKJIAJIeHa Hampyra cTaHe JopiBHIOBaTH npoOuBHIA. Ha wHam norisa, Taka
HecTallloHapHa jaedopmMariis MoJliiMepiB, cepel AKX € JOCUTh KOPCTKI, HE MOXJIMBA 1
eJIEKTPOMEXaHIUHUHN TPOO1 NPy HOPMAJLHUX YMOBAaX HE pealli3y€eThCs.

MOoXIuBO, SIK €IEKTPOMEXaHIYHU MPOoOid 10HHUX 1 KOBAJICHTHUX Ji€NEKTPUKIB
MOJKHA PO3TJIS/IaTH TOBEPXHEBUH ENEKTPUYHUI MpoOiil Ha JyXe KOPOTKUX IMITyJIhcax
HamNpyrd, KOJM KaHal po3psAly 3ariuOJIo€eTbcs B TBEPAMH  JTICNEKTPHUK, IO
CYNPOBOJIKYETbCSI MEXaHIYHUM PYHHYBAaHHSAM Ji€JIEKTpUKAa BHACIHIJOK MEXaHIYHOI Mii
KaHary mpoOoro MpH HOro po3UINpPEeHH], aje 1€ MUTaHHS JUCKYyCiliHe.

) L Odzj ) detsfls* o' H Mzl j d¥rsmar@osk t's 9 dag ) Is
KOJIM KaHall Mpo00i0 MPOXOIUTh Bija eaekTpoaa a0 enekrpoaa, dzj f ts 9 et kanan
npobor He jocsrae iHmoro eiaekrpoga i Y O M ls § txend Rin oOMmexeHuit 001acTIO
MiBUIICHOI HANpyrd B PI3KO HEOJHOPITHOMY Tojii abo po3MipaMud  BHYTPIMIHIX
HOPOXKHUH Y JT1€TIEKTPUKY.

[Ipn BUBYEHHI MPOOOIO AIENEKTPUKIB PEKOMEHIYEThCS KEPYBATHCS CXEMOIO, 110
300pakeHa Ha puc. 4.6.
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O3Haka BTparta enekTpoi3onsauinHMuX BNacTMBOCTEN
Knacudikauii |

Xapakmep MexaHivyHe YTBOPEHHS NPOBIAHMKOBOrO KaHany
PyUHy8aHHs Kpuxke nig Aieto enekTpuyHoro nons
1
lMpupoda I !
Hocisi EnekTpoHu EnekTponun loHM
3apsi0y | ] |
MexaHi3m . -
MEODEHHS YnapHa YnapHa TepmoreHepalis Tepmoaucouiauis
Y0P .. ioHizauis ioHi3aLis 3a paxyHok gie- 32 paxyHok Jie-
SUABHLEE HOGHG NEKTPUYHUX BTpaT NEKTPUYHUX BTpaT
3aps0y |
O6nacme lasy Mosepx-  OG'em a3o.i O6'em  [MoBepx- 06’em MoBepx-
po3euUmKy TpiLLMHaX HS OfIHOPIA-  opox- HS HS
oGO0 aienekT- HOMO Aie-  Jyum
P puka nekTpuka

l . I .—I—.

MexaHiam Enek-  TpekiHr Enek- loHiza- Tenno-  TpekiHr Enekt-  loHiza-  TpekiHr
TPOHHO- TPUYHUIA  LiNHUA BUW pOXiMi4-  LiHWIA
npoboio Mexa- lMosepx- HIAiA
HIYHUI HeBuUmn
Puc. 4.6. Kinacudikariisi OCHOBHUX BHJIiB IIPOOOIO JICNIEKTPHUKIB
4292y " S~ R e oW A " - ¢ A 0w A 9w « v v o~

Crig 3a3HauMTH, 10 YSBIEHHS MPO MPOOIi SK SIBUIIE, MMOB'A3aHE JIHUIIE 3 PI3KUM
3pOCTaHHSIM CTPYMY (CaMme Taka yMOBa YacTO BHUCYBA€ETHCS SK KPHUTEPidl MpoOoro mpu
TEOPETHYHOMY PO3DJISANI TpoIecy), € He MoBHUM. MOt OC Is | tc dzts & ted Mtse
dzj MIs Oy BdzOtedzd 2 ~ ie @Polsrguist nify lsiteiizadyEyru Ha 13011,

TOOTO HAsSBHICTh HETAaTUBHOI JAUISHKH BOJIbT-aMIIEPHOI XapakTEepPUCTHKU. ToMy mpu
npotoi, Cto' d3 ftetsyjmMkz, o Hieo HOMz detsets L O dzOt
ftetsyd M, hts LOBjLY jyk H' 8 i 5L ts§ B dats dzts d
ftesdz .y Ckz

Sx QopmanbHa MOAENH ENEKTPUYHOTO TNPOOOI0 MoOke OyTH BHUKOPUCTaHUI
HiJICHIIIOBaY 3 JOJATHUM 3BOPOTHUM 3B’si3koM (puc. 4.7), ctpym | Ha BUXOJI SIKOTO
3B’s3aHUN 3 BXITHUM CTPyMOM W, KoedilieHTaMH MiJCHIIOBaHHS K Ta 3BOpPOTHOIO
3B’S3KY g CHiBBITHOIIECHHSIM

w ok /[ g(ki1)].

YMOBOIO HEOOMEKEHOTrO 3pOCTaHHS CTPyMy, IO Ha MPAKTHUI OOMEXKYEThCS
OTIOPOM 30BHIITHBOTO KOJIa, a00 TMepexoay A0 pexumy reHeparii (ToOTo mpoOorw) €
BUKOHaHHS piBHOCTI 1=gKi 1).

I3 111€1 aHamOT11 BUTIIIUBAE, 10 MPOO1H MOXKIUBUH, SKIIO ICHYIOTh:

1) f syOlsCtso d? ‘o fglsitdifzraaneamii npomec, mo 3abe3meuye
€JICKTPONPOBIIHICTh JIENEKTpUKA 1 3yMOBJIEHUN HAsBHICTIO BUIBHUX 3apsIKEHUX
YaCTUHOK B OyAb-KOMY Ii€NeKTPHUKY, MOSBa SIKUX TOB’S3aHA 3 €0 Ha JIEIEKTPUK
30BHINIHIX 10HI3YIOUUX (PAKTOPIB, a TAKOXK 1HXKEKIIIE€I0 HOCIIB 3apsy 3 €eKTPOIiB, TOOTO,
e pa3 MiJKPECITI0EMO, IICIeKTPUK, IO TMPOOMBAETHCS, HE MOXE HE MPOBOIUTH
CJICKTPUYHUI CTPYM;
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B - koepiyieHm / BUX o
riocuneHHsi

y - KoegbiuieHm
380POMHBLO20
38’53Ky

Puc. 4.7. ®opmanibHa cxema sSBUIIA TPOOOIO

) ®jROd LB Lisf
Cdzpyj delsteOy' °  desfp'

NEPBUHHUI Tpoliec, 110 3a0e3neuye
HiJICHIICHHS. CTPyMY B pO3PAIHOMY
POMIKKY 3r1JIHO 13
cruiBBigHOmEeHHsIM = & K, me Kk —
KOe(ILIEHT 3pOCTAHHS CTPYMY;

3) d3d m Odz' L d3 L
L © 0 W erbplzaHMil mporec, 1o, K
NPaBWIIO, 3BOAWUTHECS N0 3alli3HEHOi
pereHepariii HociiB Ha 3MIHY TUM, L0
NepeHeceH] ToJIeM Ha eJIeKTPOAH, 32

paxyHOK MPOLECIB HA KaTo/l 1 B 00'eMi J11€TIEKTPUKA;

dzdzv ' dals | defd o dats f,ls

44 j o daj M 99" Hdetsh §

K€ BUPAKAETHCS YMOBOIO MPOOOIO.

HaBenena  mMojenp  moOJErmiye  po3yMiHHS — 3aKOHOMIPDHOCTEH  PO3BUTKY

CJICKTPUYHOTO MPOOOI0 Ta 3aJIEKHOCTI MPOOUBHOL

HaIrpyru BiI[ THUCKY raszy, BCIWMYNHU

MDKEJIEKTPOAHOTO MPOMIKKY (3akoH llamena), Temneparypu, ¢dopMmu mosisi (KOpOHHUMN

po3psim).

Jlns HagiiHOT poOOTH enekTpuuHoi Bomamii s sB 5 YO dzOf tckzc O

3 dzh s8¢ L O, st @sdzmRiiinnx i3omsaTopis Ha 10 kB npobuBHa Hampyra
oumpma 80 kB, stsBlsts S 8] W' y 3a edglsgpuuno®d tmiddiptto i3omsmii, 1o

nopisatoe Un f Up o,guts i3omstopie B © dzt h. d 2

8

[Tepm Hi>k BuBYaTH OKpemi (hopmu MPOOOIO NOIIHHO PO3TISHYTH BCI OCHOBHI
IPOLECH, SIKI MOXKYTh BIAIrpaBaTH pOJib 1HILIIOBAJbHUX, NEPBUHHUX 1 BTOPUHHUX IPHU

po0oi eNEKTPUIHOT 13011111

18p8c8 .~ " 77 i

THiniroBaJLHI Ipoecu

9 BBl

oded

A~ - ¢ A ¢ A W A W=

[HiIIFOBaIBHI MPOIECH, 1110 3yMOBIIIOIOTH TTIOYATKOBY MTPOBIHICTH 1 MOB'sI3aH1 3 TI€I0

10HI3yIOUUX BUIPOMIHIOBAaHb HA JICIEKTPHUK, OYyIIH

PO3TJISIHYTI B PO3/ii, IPUCBIYCHOMY

enexTponposigHocTi. I1le pa3 3Bepraemo Bamry yBarynadzj] §f ted f s d d3* Mmils+ o
dzj ftotso,sHYIs yjj dag € d

H' jdzj SBEdEPuUuSoadded, hH s
9 W '.UIkpajiie Mano Micie Ha TPaKTHII, TO

B JIIEJIEKTPUKAX, 10 HE MPOBOIATH

€JICKTPUYHUI CTpYM, HE MIT OM PO3BHUBATUCS H1 €JIEKTPUYHUHN, HI TEIJIOBUI mpoOiii. B

TaKOMY BHIIAJKy MOKHa Oyn0 O TOBOPUTH TPO 3HAYHE 3MEHIIEHHS pPO3MIpiB
eJIEKTpoOoOIaIHaHHSA, MOJIMBO HaBiTh MPO MiKpoenekTpoeHepreTuky. Hacmpasni, Bci

JeNeKTPUKU MPOOMBAIOTHCS, @ 3HAYUTh MAIOTh MOYATKOBY €JIEKTPOIPOBITHICTh. TakuM
YHHOM, Ie pa3 Harosomyemo, mo 8 f ted dzyd ff ° dzj &3O’ tc J HUdsdzdff dz
Jd dzj € Is te d ydzd 2romymisotckoalgiare BUIpPOMIHIOBAaHHS, TEIUIOBA T'€HEPAIlis
ne(dEeKTIB 1 eMicis 3 eNeKTPOiB B OyIb-IKOMY MICIEKTPUKY MPU3BOIATH 10 YTBOPEHHS

BUTLHUX HOCI1B 3apsy.
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3anexHo Big GopMu i MaTepially eNeKTPOIiB 1 XapaKTepUCTUK razy MpOTIKaHHS
CTPyMYy B Ta30BOMY IIPOMDKKY 1 Horo mnpo6iii MOXyTh OyTH OOYMOBIICHI pPI3HHM
CHOJYYCHHSM €JIEeMEHTAPHUX MPOIIECIB.
Jo' dz' y' ¢ onfwde¢irdzdaFaaprHOMY BHITAKy MOXHA BiTHECTH HACTYITHI:
— 1L OHI agMH Yl H IO MIE HifiiMMeT 10HI3YFOUUMH BUIIPOMIHIOBAaHHSIMU,
— BT OpP WV HHEH/DE KT BWMH KA 1 ;
— aBTOEe€e/ekKeTMp OCH HAg;
— PoTOEe MINEIKST PKOaHTI BA a ;
—TepMoeewi ecKiTAPOHI B,
—TepmMmii'oHad AAWG GIUNM @alE Ky N ;
—Ki HeTBMMHEHIEBEAHHIAT PO & T @GiAc@abITbHIMU a00 HEHTPAITEHUMHU
YacTKaMH 3 BEJIMKOIO MIBUAKICTIO;
~ 1 OHIi ManemMy3amMTNBEHEMN,;
- Xi MinpwiLecwu.
3ayBaxuMo, 1110 MOBa i€ caMe PO YMOBU BUHUKHEHHS ITPO0O0I0, @ HE BUJI PO3PSLY,
KU BCTaHOBIIIOETHCS MicCls MPOOOI0, TOMY B IMEPENiKy elIeMEHTapHUX IPOIECiB Mpu
po00i HaCYTTeBIII (DaKTOPH, SIKI MAIOTH MiCIIE TTPH MPOOOT, MOCTABICH] HA MEPIII MICLIA,
1 came ix My OyaeMo aHaMI3yBaTH OUIBII JETATBHO MPH PO3TIIAAl TPOOOIO MTICICKTPHUKIB B
PI3HUX arperaTHUx cTaHax.
[HiIFOBaIBEHI MPOIECH CYITPOBOIKYIOTHCS TEHEPAIIIEI0 HOCIIB 3apsay 000X 3HaKIB,
a TOMYy BKJIIOYAlOTh SK 10HI3allll0, TaK 1 pEKOMOIHAIIIO 3aps/IPKEHUX YAaCTUHOK, 1, MPU

BIJIMOBITHMX YMOBAX, BCTAHOBJICHHS PIBHOBaXHOT1 KOHIICHTpAITii.

[Ile omgHe 3ayBa)keHHsI BIIHOCHO 1HIIIIOBAJIBHUX TpolieciB. [lo3uTuBHI 10HH, 110
YTBOPIOIOTHCS B Ta3i MpH 10HI3a1lii HOTO 10HI3YIOUUM BUIIPOMIHIOBAHHSIM, TIOMAJAl0YU Ha
KaToJ 1 HEUTpai3ylouuch Ha HbOMY, T€HEpYIOTh (OTOEIeKTPOHHU. Lli eneKTpoHH, TaKoxX
MOXYTh OYTH BiIHECEHI JI0 IHIIIFOIOUMX 1 BIATIOBIIATH 32 TIPOOIif.

B xonneHcoBaHux (piAKHUX 1 TBEPAUX ) IE€IEKTPUKAX K 1HIIII0I0U1 IPOIIECH MOKYTh
BUCTYMATH TMPOIECH EJIEKTPOJIITUYHOI JUCOIlialli, TepMOreHepallii 10HIB 1 €JIEeKTPOHIB,
eMicii 3 €eNeKTpPOJiB B CHWJIbHHMX €JEKTPUYHUX TOJAX, SKa BIIOYBA€TbCS 3HAYHO
IHTEHCHBHIIIE, HDK B Ta30MOAI0OHUX JTICICKTPUKAX, BHACHIIOK 3HIKCHHS pOOOTH BUXOTY
B KOHJICHCOBAHUH JTi€TIEKTPUK B & pas.

IlepBuHHi npouecu
[lepBuHHI nporiecu, TOOTO MpoiiecH 301IbIICHHS KUTBKOCTI HOCIIB 3apsy, HIIKOM

MOB'SI3aHi 3 JIIeTIEKTPUKOM. J[0 HIX BiTHOCSTHCS, HACAMIIEpPE]] TaKi:
—yjgapwai e AEgKApPOHAMMU
— N POCT jpooreod O Hia3vgaLpi3sp A4 4 0 M
—TepmMii ‘DHAI AEFAN C 0 UM @/UE Ky N
— T € p MO e Hie xm@rtepHa, SK IPaBHUJIO, JUTS KOHICHCOBAHUX PEYOBHH.

U H Ot dzO ' tsmexTpbHEMY * BMIOyBaeThCS NP 3ITKHEHHI EJIEKTPOHIB,
IPUCKOPEHHUX CHJIBHUM EJIEKTPUYHUM IIOJIeM, 3 HEHTPAJbHUMHU YAaCTHHKAMH Ta3zy 4Yd

pimuau. J{ns Toro, mo6 ymapHa ioHi3amis BimOymacs, eleKTpOH MOBHHEH OTPUMATH Bij
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TOJIsI @HEpTito, IO JOPIBHIOE a00 MEPEBUIIYE CHEPrito 10HI3aIlli HeHTpaTbHOT YaCTUHKH,
TOOTO €Heprito 3B’sA3Ky eJICKTPOHA B HIH.

V CtsdzH | dzffs o Odzd »  odiopc ysmntsiaadipd®O B H O te dzlz " Bdg
3aJIMIIAIOTHCS B OCHOBHOMY Ti JK, aJie 3aMiCTh 3BUILHCHHS €JICKTPOHIB MOBa ijie Tpo ix
fjtoj CdH Odada L 9 Odzj dzls dzts L Bmdegitky enexrpots dzlz
NIPUCKOPIOETHCS B CIIEKTPUYHOMY ITOJIi, TYOJITYM HE3HAYHY YacTKy CBO€1 eHeprii mpu
NPYXHHUX 31TKHEHHAX 1 BIIJAIOYM 11 MPAKTUYHO MOBHICTIO NMPU HENPYKHOMY 31TKHEHHI,
BHACJIIJTOK SIKOTO B 30HY MPOBITHOCTI EPEKUIAETHCS ITI€ OJIUH CIIEKTPOH.

Y Bepmux timaxL Od3' MiIs! YL dlsdoedzdrs " d2 o ftd °
III0 TAKOK MOXKYTh OpaTH y4acTh y TIEpEHOCI 3apsay. Xo4a pyX MipoK (aKTUIHO 3BOJAUTHCS
110 ecTadeTHOTO PyXy €JIEKTPOHIB, IPU TEOPETUUHOMY PO3TIISAIL IPKH JAOLUILIBHO YSIBISATU
YaCTUHKAMHU 3 IO3UTUBHUM 3apsioM 1 BHU3HAYCHOK 3a MPUCKOPCHHSM e(EKTUBHOIO
Macoro, K IPaBWIO OUIBIIOI €PEKTUBHOI MAacH eNeKTpoHa. Yepe3 MEHILy pyXJIUBICTh
TIpKA HaOyBalOTh B €JEKTPUYHOMY IIOJII MEHINY KIHETHYHY €HEpril0 B TOPIBHSHHI 3
enextponamu. Omnak 2 Md dz' dedr  j dzj Slsted yded e f tsdzv 7 yw
HsMisOIsdz! 58 HozW EZHOds ' sd LOyYy" ' H' B Od

VHOtedzO ' sdz' L Oy v 9 C ts dztegetzimt®oy Orglzisaglz )
peuouan i t6  © tSH ( @BopenHsatyia nuraxy npoxomkenHs yaBuad f SISz )y dzts G t
sB' ' gdzs e 5 § 5L d Bodyondzispiis, yepeOrts¥my iy 0 [OTo 3apsay,

1o BTsrye enekrponn, ZOQo  dzO h o dH S 5 f j toj Is o(fsie Hikds); ufgwW o
€ TIPAKTUYHO HEHTPATbHUM IIJIAa3MOBHM KaHAJIOM 3 BUCOKOIO MPOBIAHICTIO, 1, MO-ApyTe, 2
Gdz" 9¢d Milsted dzd 6 O, hts RO L dzOydzts d3j dz" d 2
Mdzzy dls! Mo’ o' Hdzd &3 f tesHSO ) j dgdg" &3 C OlssH O
sB dzOMIs! " Hoadh jdes™ dzOftelzy j detsiyls®  tsczv, ht
i to 5, 1KO® BUHUKHEHHS 3BOPOTHOTO CTPUMEPA, 110 MOYKHA PO3MIISIATH SIK MTPOSB

H'  oltteddzzdn ftesyjm' o.

ABSIss’ tsdz' W&y 'fv) tc o d sledzdish, ndfipatsay,ly dyminn rasis npu

HAsBHOCTI y JIEIKUX aTOMIB 200 MOJICKYJ 3BUYAHUX 30y/PKEHUX CTaHIB 3 €HEPTI€l0, 110

MEePEBUIIYE CHEPril0 10HI3aIlli IHIIMX OKPEeMHX KOMIIOHEHTIB mienekTpuka. Jlns
doToioHizamii HeoOXxigHE yIbTpadiosieToBe BUMPOMIHIOBAHHS 3 JIOBXKUHOK XBHII1
1,234-10* G+ mxwm, e (- — enepris ioHizamii.

doroioHizalis, 110 BUHUKAE MPU HEMTpasizalii MO3UTUBHUX 10HIB 1 €JIEKTPOHIB B
JaBHHI, BUIUICHHI (OTOHA 3 €HEpri€lo, MO JOPIBHIOE €Heprii 10Hi3allii, 1 MOTIMHAHHI
b0ro (OTOHA IHIIOK HEUTPATBFHOIO MOJIEKYJIOI 1 ii 10HI3alli€l0 TMBKH MEPEHOCHTH
10HI3AIlII0 €JIEKTPOHOM B I1HINE MicIle, 3aMiHIO€ ii Ha i1oHi3aIio (OTOHOM, 1 MOXKe
MONIMPIOBATH JIABUHY, MPUBOJUTU JI0 YTBOPEHHS JOYIPHBOI JIABHHH 1 CTPUMEPHOTO
npoOoro. Anie B pe3yabTaTi (poToioHi3alil, MOB’I3aHOI 3 HEHUTpami3allic€lo eJIEKTPOHIB 1
NO3UTUBHUX 10HIB B JIaBHMHI, KUIBKICTh YTBOPEHHX B IpOILECi MPOOOI0 ENEKTPOHIB HE
3MIHIOETHCS, TOMY BOHA HE MOXK€ OyTH BiJHECEHa J0 MEePBUHHHUX IMPOIIECIB, 1 OCHOBHUM
IpoIecoM, IO 30UIBIIYE KOHIICHTPAII0 HOCIIB 3apsAy NMpHU €IeKTPUIHOMY Hpoboi €
yaapHa 10Hi3a1lis.
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U tod3ts’ s dBundary ME tctso SG 5 o suateiiiok EosirpighunsH 2z ¢ d
ra3y eJeKTpOHaMU ¥ 10HaMM MPH BHUCOKIM T'yCTHHI CTPyMY, II0O Ma€ MICIle MPU TaKUX
po3psigax, TeMIepaTypa razy Moxe JocsiraTu 10cuth Bucokux 3HadeHs (T > 6000 K), npu
SKMX OCHOBHOIO cTacls jdgts ' sdz! L Oy' W

1 20y dzts dzd ¥ U Isagpeizify jctadis -z tacsfui rpaxycie Kenbpina)
notpibui H dzVv  Is J tc d3ts dogiidzjae@ § 'S SdzH | dzemts e Odzed ». Tdyy te j H
pO3IrpiBaHHS KOHJEHCOBAHOI'O [IEJIEKTPUKA B CHUJIBHOMY €JIIEKTPUYHOMY IIOJ1 MOXKeE
BUKJIMKATH pi3Ke 30IBIICHHS KOHIIEHTpaIlli HOCIIB 3apsay 1 TPUBECTH 10
HECTAI[IOHAPHOT'0 3POCTaHHs CTPYMY, LII0 MAa€ MICLIE IPHU TEIJIOBOMY IPOOOi.

1 OGte' 9 OdzdzV & tsdzH J dzf) SEn@eESEtSBHadio)f aRgubHIKtE d & (
BTpaT €Heprii { , 3yMOBJICHUX y IOCTIHHOMY enekTpuuHomy ot § dzj S Istetsf tctso® ' H
a B 3minHOMy — J Oz Cstetsff tctseo ' H dz' Mmis® 2 toj .dxOsfa®y © 2 C

MOCTIWHOTO IO

t =31
e O— IMUTOMa MPOBIAHICTH AIENEKTPUKA, a JJIsl SMIHHOTO

t wOdy %gd

o

ne W — uyactora Hampyru; U — BiHOCHa [ieNeKTpUYHA MPOHHUKHICTH 130JISIIIIHHOTO
matepiany; (b — ienexTpHuHa NPOHUKHICTH BaKyyMy (eIeKTpudHa cTana); tgll — TaHreHc
KyTa JieJIeKTPHYHHUX BTpaT.

[lpu Isj tedBSOCIsdo Oy’ 2 dzts djkzdzj G- IOUCOL sty daauendats i ls
€JICKTPUYHOI MPOBIAHOCTI HA TOCTIMHIA Hampy3l, sK OyJo MOKa3aHO Yy po3Aiii
«Enexrpuuna npoBigHicTh», § € MY sdzj dzy' Odz! dzts L tec twiftyilsctprka s tc d
pe3ynbTari 30UIbIIEHHS KOHIEHTpalii HOciiB, a 1HKonu 1 pyxiuBocti. Lle, sk Oyne
TOKa3aHO HIDKYE, ITPH IMEBHUX YMOBax Moxe OyTu npuurHow IS | f dzso SGts ff tetSB |

SIKo B ieNeKTpUKY B 00J1aCTi KIMHATHUX TEMIIEpaTyp MepeBa)xaroTh JAUMOIbHO-
penakcarliiiHi BTpatd, TOo t QripoXoauTh Yepe3 MakcumyM. SIkmo mMakcumym t g ayne
HesHauHwid, TO IS | f dzs o d 2 (ASBdzRC LHM Mde@ gDy 2 dzd - 9 |
dzj d3tsy dzd moxfidgie 3pocTyTh BTpaTH Ha €IEKTPONPOBIIHICTH HACTIIBKH, IO
BII0Y1€ThCSl IOPYILIEHHS TEIUIOBOI PIBHOBATH, PO 110 JAETajbHIlIe MOBa Oy/e Mi3HIlIe.

Tomy, BianoBigHo 3 BH3HadeHHsM, g0 § J t6© d dzdzd - Baffrtc dSmyobufry THIBKH
BUMAJ0K pO3irpiBaHHsA  JielekTpuka BHacaimok H ° J dzj € Isted ydzd - 9 I
J dzj ¢ Is te'tsH dg'tsfig Is SO tj zO® MO y'ddalfr ¢ acle{ti@BIO dzO A
ZY§ OC k& o.COpdrtyegTicss na t g Wipn BHOOpPI CTIMKUX 1O TEIUIOBOIO MPOOOIO

f sdzv tcdzd = H ‘mHgmpjol Isted & * o

1 OL 9 ¢ epfOBUx po3psaaax koedimieHT Tepmoionizamii @r<< litsdzts o dzz te
2 LB' dz M j dzdzg Cdgyj dzlstc Oy " ° dz, fgHagn® pinmeOytc W H L
cymimax razig,w Slsts’ sdz' L Oy' W

BTopuHHi npouecu
Sk Oyno Bke BinsHadyeHo, HasBHiCTh 8 ISBted dzgdzd » f tesyj Mm' o, h
9  Hmn ' H desfy' " © L Odbo’ mmdrme da®Ryun,j dhgsfclsyiots v @4 * L dz'
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G J dzj tc @ujiB Yapsimy B JiCNEeKTPUKY 1 IX HAsIBHICTH HE3aJC)KHO BiJ 30BHIIIHIX
10HI13aTOPIB, € HEOOXITHOIO YMOBOIO MATPUMAHHS 1 CTAI[IOHAPHOCTI CTPyMY MPoOOIO.
J10 BTOPMHHUX MPOLECIB BITHOCSATHCS:

— BT Op Vi HHHHEH/DE K T [ OMH BKAaAT 0 A4 a ;

— PoTOE INE®IKST PKOEHTI BA a ;

—Ki He TBAMHMHIEBEA/HEHKAT P10 & T @iAc@a0iIbHUME a00 HEHTpaIbHUMHU
YaCTKaMU 3 BEITUKOIO MIBUKICTIO;

— L OHI Manemy3amMT NBEHEMN ;

- Xi MinpwiLecwu,;

— BT OP VBH HT &K HMEEHTHaAC T a GIT/OBMHIMBE 1 € K Y N1 ;

— 1 OHI BRAMME' € B A P AMHTEBHUX I0OHIB Ta CICKTPOHIB, B TIM YHCII
aBTOCJICKTPOHHA EMICisl 3 KaTo/1a;

— TEepmMOaBTOEe€ /®aMK PPIPIELIH RO3PATHIM CTPYMOM KaTOa il JI€0
TIOJIS1 TIO3UTUBHOTO 00'€MHOTO 3apsiy, 0 HAKOITMYCHUH O1JIs KaTo/1a B IPOIIECi PO3psay.

Haii6inbm cyTTeBUM BTOPHHHUM TmporiecoM € 9 IS tSte d dzdzG®j dzj € dzdatds dzd
J d3° ,fyToMy posrisiHeMo Ti OLIbIN IeTalbHO.

l Iststcd dzdzOj dzjEdsdidds dzdz@pu yadgx KifieWiannx eHeprisx ioHIB
3yMoBJIeHa W SIS t5 J d3iipi)dii Hatkaron (oToHa, 1110 YTBOPUBCS Y IpoIIeci HeWTpati3ailii
TIO3UTUBHOTO 10HA EJICKTPOHOM 3 BaJICHTHOI 30HH METally KaToj[a, BUXiJ[ IKOTO ITOB’sI3aHUIA L
flsjdey 2dedds odtcd o Odade” d3 j dzgiC 5 sz 9 | dzj Cdg @
O dzOMmMszf dztse W s 5gziz? 1F)tc © dzmod@mgiord i8Hg Ha katoni. [Tpu
Oske-HeiTpanizalii eleKTpoH pPOOWTh TYHENbHHIA Tepexif Ha BiIMOBIMHHI pPIBEHb 10HA,
3aJMIIAI0YM Y BaJICHTHINA 30HI PEYOBUHM €JeKTpoja AipKy. Jlipka 3alOBHIOETHCS OJHHUM 3

eJIEKTPOHIB 3 BEPXHIX 3allOBHEHUX PIBHIB 3 eHepricto Wyy, y pe3ysbTaTi 4oro yTBOPHTHCS
. o . . .
doron 3 eneprieto U Wy T /m Skio s eneprist nepeBuIye podoTy BUXOY €JIEKTPOHIB 3
KaToJia, TO MPH MOTJIMHAHHI ()OTOHA MOYJIMBA EMICISl €JIEKTPOHIB.
3 HaBEICHOTO OMKCY BWILIUBAE, IO
<—@ Pyx ioHa & en. noni ftod Jdajd? Istc O dzabuueyy ymosy
MOKJIUBOCTI ~ 10HHO-EJIEKTPOHHOI  eMmicii
@ OcidaHHsi Ha kamoOi . ]
MO>kHa 3anucaTt y BUTISAIl W 22/ ux, TOMY
BupueaHHs enexkmpoHa 10 CJICKTPOHHMM TIepPeXiJl MPU HeUTpati3allii
7€ 3 kamody, Helimparizaujs JipKH BiZOyBa€eThCS Y 3BOPOTHOMY HANPSAMKY,
@ , TOOTO B CTaH i3 GIIBLIOI EHEPTIEIO 3B'A3KY 3i
AR BudineHHsi pomoHa 3 hv = ¢, . . . .
CTaHy 3 €Hepriero, 61u3bpKoi 10 piBHS Depmi
@ ®omoenekmpoH, i 5o pobotu Buxomy. BpaxoByrouwu, 110

= RESEEESGE po6oTa BUXOy 3 MeTaliB ckiagac 2 — 6 eB, a

eHeprisi ioHizamii moBitps 13,6 eB, moxHa
Puc. 4.9. BropuHHa 10HHO-€JIEKTPOHHA BaBa)kaTH, WO i npu poToewmicii, i npn Ozxe-
eMicis HeWTpanizaimii BTOpPUHHA 10HHO-EJIEKTPOHHA
eMICif B ra3ax MOK€ MaTH MICIIE.
Koe i i e HT B FEO/PEVMKHTHPOOI H H JOBI HiHGDAWAHES POBPSTHOTO
cTpymy Ha ctabimpHoMy piBHIYf S ddzj dz 9 ' Hf s ' HOIsd Edktse '

of Bi 1) =1,
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TooroteSL W H © Htetsyjm' Westodlzeo Odadz?y ¢ OdzO dzlz
9" dz MOd3 BkzH] LOBjLYJjykzeoOlsd MmMlsOtwlsse Iz
‘tsdz' L Olstste’ 9.

[Tpu mpo6oi piTMHHUX AIENEKTPUKIB YaCTO OCHOBHUM BTOPHMHHUM MPOILIECOM TaKOXK
BBA)KA€THCSI BTOPUHHA 10HHO-EJIEKTPOHHA €MICIS, XOU B JIESIKUX BHIIAJKaX BPaxXxOBYETHCS 1
eMiCisl eJIEKTPOHIB 3 KaToja Ta JIPOK 3 aHOJa, IHTEHCUBHICTh SKO1 B TOPIBHSAHHI 3 ra3aMu
3pOCTa€E B CHIILHUX EJIEKTPUYHHX MOJISIX BHACIIIOK 3MEHIIICHHS! POOOTH BUXO/Y EJIEKTPOHIB 3
METaJly B PIIMHY.

[IuTanHs Mpo XapakTep BTOPUHHUX IPOLECIB MpU MPoOO0i TBEPAUX JI€TEKTPUKIB
IpoIpalboBaHi 3HAYHO MEHIIIE, 1 B TEOPIsX eNIEKTPUYHOro MpoOOI0 BOHU, SIK MPaBUIIO, HE
BPaxOBYIOTHCA.

IIpounecu B fie1eKTPUKAX Mic/asi NPo0o10

Ctpym B cdopMOBaHOMY KaHaill Mpo0O0 OOMEXYEThCS (PAKTUYHO OMOPOM
30BHILIHBOTO KOJIa, @ TOMY HACiIKOM IPoOOI0 MOKe OyTH BUMKHEHHS HAlpYTy 3aXUCHUMHU
3aco0amM, pyWHYBaHHS UM 3arOpPaHHs €JIEKTPOTEXHIYHOI YCTaHOBKH, pyWHYBAHHS MEPEXKI 1

T.1. Hacnmigkn mpo6oro 3aiexaTs BiJ TOro, HACKUIBKM TOYHO OYJIM BpaxoBaHi MpaBuia
0e3MeYHO]1 eKCIUTyaTallil eJeKTPOYCTaTKyBaHHS IPU MOT0 MPOEKTYBaHHI.
ltotse " Hdzd € 59 i@ yreSp@az@idze GOL s sH"' Bdzd =

H' jJdzg SIsted € On, tpar chrMKHESIHI HadpgfrE €hacmimok pexkomOGiHarii
PI3HOMMEHHO 3apsKeHUX YaCTUHOK BiJIOBITHO O CITIBBITHOIICHHS
n
n=-—72__
1+n,b,t

it
¢ tsd

e No — MOYaTKOBA KOHIIEHTpallis; b, — koedirieHt pexkomoOinarii,iJ dzj € Isted ydzO o3’

t

H dzts 9 dziyxelsisufi®, 3a yac MeHIIMIA 1 MKC TCIIS 3HATTS
Hanpyru. Tak, qus rasis mpu No~10**c Mi 4=10°c B ,acoHuenTpauis HOCIB 3apsay B

TaKuX JICICKTPUKIB 9

KaHalll MPOOOI0 3MEHIIUTHCS BJBIYl 3a 108 ¢. Takum umHOM, eJeKTpUYHA MIIHICTh
ra3onoioHoi a0 PIMMHHOI 1304111 IIBUAKO BIIHOBIIOIOTHECS ITCIS MPOOOI0, SKIIO
BIIKJTFOYUTH HAIPYTYy.

B Toii sxe yac nipo6iit TBepaoro mienektpuka f tod & tSH d Is ¢ HE 2:BG S
HBOMY YTBOPIOETHCS HACKPi3HMIA IPOIJIABICHHI KaHaJl, IPU [IbOMY, K Ipasuio, to © L dzad yw

b odaunblOdzOdz Hdzw to' L ded Mz o I, 166 @ dlpteymmsts &

BHACJIII0OK PO3PsIy EMHOCTI JIEJNEKTPUKA 1 Mapa3UTHOT EMHOCTI KOJla Yepe3 HbOTO.

[Tpu moBTOpHI# MOAAYi HANIPYTH HAa TBEPIAUH JIENIEKTPUK KaHa MpoOoro abo 30BCiM
He TpuMae ii y BUMAAKY OpPTraHIYHHMX JIEJCKTPUKIB, KOJIW IOBEPXHS KaHaIy MpoOOoIo
MOKPUBAETHCS CAXKOI0, [0 YTBOPUIIACSA BHACIIIOK MipoIi3y (PO3KiIagaHHs 0e3 OKUCHEHHS)
MaTepiany, abo NpoOMBAaEThCS KOXKEH pa3 BXKe NpU 3HAYHO HIDKYIA Hampys3i IS
HEOPTraHIYHUX MIeNEKTPHUKIB, SKIIO IOBEPXHS KaHaly TpoOOI0 HE TMOBHICTIO
MeTami3yBanacs Tpu mpodoi. TakuMm YHMHOM, SIKIIO EIEKTPOI3OJSIiAHI BJIACTUBOCTI
ra3onoiOHMX 1 PIAMHHUX JIIEJIEKTPHUKIB BITHOBIIOIOTHCS P BUMKHEHHSI HAIIPYTH, TO JJIs
TBEPIUX JICIEKTPUKIB MPOOiil € KaTaCTPOPIIHUM SBUIIIEM.
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Posbs 0ocHOBHOTO 1HIIIFOBAILHOTO MPOIIECY MPH MPoO0i ra30moai0HUX JTieIECKTPUKIB
BIJIIpae 1OHI3alis Ta3y pajiamiero 3emii, KOCMIYHUMHU BUIIPOMIHIOBAaHHSIMU,
yinbTpadioneroM Tomo. L1 sk mporiecu 3yMOBIIOIOTH €IEKTPOIPOBIIHICTh Ta30MOIIOHUX
JIETIEKTPUKIB 1 OyJIM IETaIbHO PO3TISHYTI y BIMOBITHOMY PO3JILIL.

OCHOBHUM ITEPBHHHUM TIporiecoM € Z H O t6 dz0O " Vmaiaia ioHDsayiis o’ s3ana
3 TUM, IO B €JIEKTPUYHOMY MOJ1 (3rajjaiiTe BU3HAUYCHHS MOJIsI!) €NEeKTPOHU MOYHUHAIOTh
nepeMinryBaTrucs, HabyBaroUu IpH I[bOMY Ha JOBKHHI 10HI3AI[IHHOTO BIILHOTO MPOOITY
JIOIATKOBY €HEPTIIO:

Wo= g /,

ne / — noBxuHA 10HI3AIIITHOTO BUIBHOTO TpoOIry, E — HampyXeHHICTh €IEKTPHYHOTO
moJist, J — 3apsija enekTpona. Koy 115 eHepris craHe piBHOIO a00 BHIIOK €HEprii ioHi3allii
aTOMIB YW MOJIEKYJ Tra3y 4u piauHu (Tabi.1), eneKTpoH MpHu 31TKHEHHI 3 HEUTPaJIbHOIO
JaCTUHKOIO 10HI3YE Ti.

Crnin pospisustu noxuny ff tolz ) des cdsj f tolz 3 dzidzs 5 O 19" Xaztsidsts
i tctsBeheemponis. } tod § tolzy dzd = wickipoE dignaze@ickyni un atomy
Tineku M/M < 5@0* yactuny cBoei eHeprii (M — Maca enekTpona, M — Maca MOIeKyIu uu
atoma), a Tomy Hts dzgl fteky dzse s yd "'dz2' L Oy’ 2 dztsets
Hid Mvip&E dz' i tailzxkyedBd3 ~moBxuHOWO BinbHOTO TPOOIry /, (Tabdm. 5.1),
MOCTYTOBO 30UJIBIIIYIOUH €HEPTIIO.

Tabmuus 5.1 Koncrantu ¢ ul s po3paxyHky koedirienra &

T'a3 Enepris A, B, Ob6nactn o, 108 m
iomizanii W+, | map ionis / B/m I1a 3actocoBHoCTi | 15, 10° ITa
eB m-Ila E/p, B/m1la
H> 15,4 3,76 97,74 110-450 11,77
N2 15,5 9,02 257,14 75-450 6,28
CO; 13.7 15,04 350,38 375-750 4,19
IToBiTpst — 11,28 274,44 75-600 —
H20 12,6 9,77 218,04 110-750 4,18
HCI - 18,8 285,71 150-750 4,44
He 24,5 2.26 25,56 15-110 18,62
Ne 21,5 3,01 75,19 75-300, 13,22
Ar 15,7 10,53 135,34 75-450 6,66
Hg 10,4 15.04 278,2 150-450 —

[Tpu HenpyXHUX 3ITKHEHHSX €HEpris, Ha0yTa eJIeKTPOHOM Ha JoBkuHI 8 ' dz! dzfs G
ftetsB' Gz HdzVv dzj {\bzmoezdrio nepeialscadagosiav un Moekynam
nienekrpuka. [Ipu 1bomy Moke BimOyBatucs L B Iz H ¥ jaoada’ un momexyn, ff tc d
GO jdedz' WECBGEH ¢ J dijeas tols nfipBusniii tkdads ded § tc ts d3' dz®
me ' Is dzts
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[Tpu ananizi mpo6oro ci1ij BpaxoByBaTH, IO TETUIOBA KIHETHYHA €HEPT sl €JICKTPOHIB
0,025 eB, a enepris ioHi3a1ii — KiJIbka €B, ToOTO enekTpruyHe MmoJje npu Mpoodoi MOBUHHO
OyTu AocuTh cuiabHUM. [Ipu mocTaTHIN HampyXEHOCTI €EKTPUYHOrO MOJs, €IEKTPOH
MO3K€ OTPUMATHU BiJl HbOTO €HEPTil0, TIOCTATHIO JJIsi «BUOMBAHHS» €IEKTPOHA 3 MOJICKYIU
4i atoma, To0To IZ H O te'dAsdz’ , B @3yibTarTi sikoi i po3BuBaeThes f totsB * 2

W S dZG1oTh JOBXHHY BUIBHOTO MpOoOIry B 4 pa3d MeHINy, a MpH MPYKHUX
31ITKHEHHSX BTPAvyaroTh MOJOBUHY CBO€I eHeprii. ToMy BOHU NpU HAIPYKEHOCTI MOJIs, 110
JOPIiBHIOE MPOOUBHIM, HAOMPAIOTH EHEPTiI0 3HAYHO MOBLIbHIIIIE, HIXK eeKTpoHu, iz Yy O mis
9 kZHOtdz 2 " td LOYy' ' fted Jdzi Slstedydzsdzz f tot

B pesynapTaTi ymapHoi ioHi3alii €JIEKTPOHOM 3 HEUTpPadbHOI YaCTHHKHU
YTBOPIOIOTHCS MO3UTUBHUM 10H 1 €JIEKTPOH. JlaJll B €IEKTPUYHOMY I10JI1 PO3TaHAIOTHCS 1B
CJICKTPOHM, IICPBUHHUH 1 YTBOPESHHH B Pe3ysIbTaTl yIapHO1 10HI3aIi1, TICIsA TOTO, IK BOHH
o0OuaBa 31MCHATH yJapHY 10HI3allil0 — YOTHUPH, 1 TaK Aajll B T€OMETPUYHIN Mporpecii,
yepes 110 KaHal npo0oro, 1o GopMYy€EThCs, HA3BalI €JIEKTPOHHOIO JIABUHOIO, (JOPMYBaHHS
AKO1 MMoKa3aHo Ha puc. 5.1.

Ilix miero cwiu, 1Mo A€ Ha

A

s R €JIEKTPOH 3 OOKY €JIEKTPUYHOTO MOJIS
5 E . .
e —%@ Pyx enekmpoHa F=eE a =% v,=at 1 TOP1BHIOE
mv,’
AW, = —5* F =eE
@ e—@ lNepwa ioHizauis
@ €JICKTPOH pyXaeThes
e : . .
PIBHOIIPUCKOPEHO 31 MBUAKICTIO
e ——
@ @ [MpuckopeHHs va=eEt/m
e o .
" @ @ ne Vd — ApeiidoBa MIBUIKICTH, t — yac
@ 3 pyxy, Horo kiHeTHm4Ha eHepris Ex
3pOoCTaE  3a PaxyHOK BHUKOHAHHS
5 [I0JIEM HAJl ENIEKTPOHOM pobotn ¢ =
@ e——> Ilasuna, Jd A [ lAH'%)I/I Va>>Vi (Vt — TEIUIOBA
e —> Opyea ioHi3auis . .
e HIBUJIKICTh) CTa€ PIBHOIO
e—>
@ 3 e Ex = € E?t?/ (2m).
e —
e Komn npu [ e[ §6—
€JICKTpUYHA MIIIHICTB) TUTS
Puc. 5.1. CxemaTuune 300paxxeHHs KIHETHYHOI eHeprii, 1o 3pocTae,

YAapHOL 101341l CTaHe BUKOHYBATUCS HEPIBHICTh

Ek= J@€W (5.1)

(& — nmoBkuHa BUIBHOTO i0OHI3amiHOTO MpoOiry, Wi — eHepris ioHi3aiii), BiOymeThCs

10HI3aI1is1 HEUTPAJIHHOI MOJIEKYJIM YW aToMa, B PEe3yJbTaTi SKOI YTBOPATHCSA MO3UTUBHUMN

10H 1 1Ie OJMH €JEKTPOH, AKUI TaKOX MOYHE MpUIMaTH y4acTh B yAapHIN 10HI3alil 1, SIK

BXKE BiJI3HAYAJIOCS, KUIBKICTh HOCIIB 3apsay Oyze 3pocTaTu B TEOMETPUYHIN MpOTpecii.
Hacnpasai, Tomy mo Ht59 ) d dz©@ o' dz! dztsets ' tmde nduddoy " 2 d

enmektpona & d f OH € B89 O, ® 3h drgfrijidyde@munny mu ii mpuiimaemo, 60

KOPUCTYEMOCh CEpEIHIM 3HAYEHHSM, pO3CIIOBaHHS SKOTO 3rIIHO 3 CTAaTUCTHKOLO,
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HabaraTo MEHIIN, HIXK 1HAMBITyalbHUX 3HAYEHb JOBKHHHU BIIBHOIO Mpodiry, L t6 s ls O dzdz
Mistclz sz ff totsB t5¥ mHem reomBrmenid plsrpedijiva j € MY s dzj. dzy ' 2 dats

Kinekicno * dzls j dzfnd o dz' fls ! i tctsyj M Rapaxiepus@eis.cets
CJ W 'ddp'sd3 BkHOtcdz®, skuit HpEiEHe Gy  eIeKTPOHIB, CTBOPEHUX
MOYaTKOBUM €JICKTPOHOM Ha OJMHUIIO TOBXUHH MPOOIry B CICKTPUYHOMY MOMi. Y
BIJIMOBITHOCTI 3 €KCIIEPUMEHTAIbBHUMU JaHUMU

U =/)éxpiW /7)1 (5.2)

PiBHsIHHSI 301TBIIIEHHS KUTBKOCT1 HOCIIB 3apsTy y AICIEKTPUKY B pe3yibTaTl yaapHOi
10H13a1l1 MO>KHA 3alUCaTH Y BUTIISII
dn _ -
—=Ur
dx

Jie N — KOHIIEHTpAIlis eJIEKTPOHIB, 110 YTBOPUIIUCS B pe3yJIbTaTi 10HI3allii.
SJkmo € OIS tsHESd, L O tt0OnkzdtsC dif? 5 is@adrantOng

HHOMY, B TIM YHCJI i BHACHIJIOK IX PyXy MiJ €I eJIeKTpu4yHOro mois, © dzOMdz' H

9 Is tste d dadztsj dzj' SSlshgimsdzdzts©  J d3'ofndz’ yJ o3 B - ISt @ph G 15 to

aHoJia Ha BijicTaHi d BiJl KaTo/ia KUIbKICTh €JICKTPOHIB y TIPOMIKKY JIOCSTHE BEJIMUMHU, IKY

MOJKHA 3HANTH IHTETPYBAHHSM IOIIEPEIHBOTO PIBHSAHHS 110 N Bif No 10 Ng 110 X Bix 0 g0 d

n, =n,(e”°- 1) (5.3)

3BiZICH BUILTUBAE, IO KOSQIIIEHT POSMHOKEHHS EJIIEKTPOHIB MPU €NEKTPUIHOMY
Ud
e -1
Enepris omHOpa30Boi i0HI3aIlii aTOMIB XIMIYHHX €JIEMEHTIB JIGKUTh B IIUPOKHUX
Mexax Bin 3,86 eB ans nesiro 1 10 24.58 €B j1s reniro, MOJNEKYISIPHUX Ta3iB y BY)KUHUX —

npo0oi ra3iB 10piBHIOE

B 9,5 eB ana NO nmo 15,8 eB mst N2, [lns moBiTpst po3paxyHKOBa €Heprisi ioHizarlii
cknagae 13,5 eB. OckiabKky MOBTOpHA 10HI3allisl 10HIB BUMAarae npuOIM3HO B JiBa pasu
Oinpioi eHeprii, To mpu TPoOOi Tra30moOMIOHUX JIEIEKTPUKIB YTBOPIOIOTHCS TUIBKH
OJIHOKPATHI 10HH.

AHani3 eKCIepuMEeHTaJbHUX pe3YyIbTaTiB, OTPUMAHUX B MPOIECI JTOCIHIKEHHS
IHTEHCHBHOCTI yJapHOi 10Hi3alii mpu mpoboi B razax, mokasye, mo ® * H Y 59 * H dzg' Ml
Jdzjte "8 " tsdz L Oy’ 2 ' odzls | dzfn d, acadmo fplspitientz H O to
PO3MHOXCHHS B TOMY BUTJISIZ, B IKOMY MU HOTO 3amicaliy, He cripaiboBye. Lle mos’s3aHe
3 ICTOTHHM BIUTMBOM Ha pyX ejlektpoHiByraziV © d if © ¢  to d, cx6frdf 36 olzakzitng
€JICKTPOHIB MOJIEKYJIaMU 3 YTBOPEHHSM HECTAaOUIbHUX HETaTUBHUX 10HIB.

(WJd SIsde dz’ Mis! cff ted dzd § Odzdzv e ~nOOCIs |t
i tc d dzd {f MdedrypiBHIOE KITBKOCTI 3aXOMICHUX €IEKTPOHETATHBHUMH MOJIEKYJIAMH
Y1 aTOMaMU €JIEKTPOHIB Ha OJMHUITIO TOBXKUHU 1 3pOCTAE 31 301TBIIICHHSM CIIOP1AHEHOCTI
MOJIEKYJl Ta3y 10 €JEeKTPOHa, OOMEXYIOUH OBKHHY BUIBHOTO MpPOOIry eleKTpoHa i
3HIKYIOYH 1HTEHCHUBHICTH 10H13aIIi1.

Bimznaunmo, 1mo MeTogaMM  CTaTHCTUYHOI  TEPMOAMHAMIKH — MOKIIMBHIMA
HaOMMKEHUH TEOPETUYHUN pO3paxyHOK KoedillieHTa ymapHOi 10Hi3allii, SKIIO Bigoma
(GyHKIIST pO3MOiTY €eKTPOHIB Y Ta3i 3a HepTisAMHU 1 mepepi3y MPYyKHUX 1 HENPYKHUX
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B3a€EMOJIIN €NEeKTPOHIB 3 MOJEKyJlIaMHu Ta3y. 3pOCTaHHS KOHIIEHTpallii eJEeKTPOHIB B
MPOMDXKKY 3 BpaXyBaHHSIM «IPHIIMIIAHHS» TTOBUHHO 0YJ10 0 3amucyBaTHUCS SIK
— @-d) d )
ng =n, (e 1
)
ne U — TeopernuHe 3HaueHHS KoedilieHTa ymapHOi 10OHi3amii, ajae mpu
BUKOPUCTaHHI WOTr0 €MMIpUYHUX 3HauyeHb (Tabn.l) BHpazu g N 1 Ng 3aIUIIAIOTH Y
HaBEJICHOMY JICIIO BHIIE BUTJIAI 0€3 SIBHOTO MOCUJIaHHS Ha KOe(IIIEHT MPUITHIIaHHS.
Ha nmpakrtuiii, yepe3 BUMAIKOBUIA XapaKTep &1 BIUTUBY €IEKTPOHETATUBHOCTI razy
Ha 3Ha4YeHHs KoediuienTa U, mpo 1o MoBa Oyae WTH TPOXH HUXKYE, JIJIS HOro po3paxyHKy
BUKOPHUCTOBYIOTH €MITIpUYHE CITIBBITHOIICHHS

Y = Aexpge —
P ¢ B+ (5.4)
Emnipuuni napametpu A 1 B Ui nesikux rasiB HaBeJeH1 B Ta0u. 1.
B 3anmesxHOCTI Bix BUAy po3psay, 1o chopmyBaBes micis mpoboro, sk 9 IS ts te d dzdz’
i tc 5y gpiepodoi razomoniOHUX TiCNEKTPUKIB MOKYTh BUCTYIIAaTH BTOPHHHA 10HHO-
CJICKTPOHHA eMicis (TJIII0Uni po3ps), aBTOCTIEKTPOHHA eMICis 1 TePMOETIEKTPOHHA eMiCis
3 KaToja (IyroBHM po3ps).

’ r s 2 2> ’ 2> _—

’ -
5 ] 2 N v 7 7 - ~ " ~ 7 ] ~ ~ 1 ] 7 ~ ~
’ L

AY (4

Haii6inb1 xapakTepHUM U1 ra30N010HUX J1EIEKTPUKIB € eIEKTPUYHUIN Mpooiil —
TOOTO TpOOIN MieNeKTpUKa, IO 3YMOBJICHHUH YAAapHOIO 10HI3AIIE€I0 EJIEKTPOHAMU,
NPUCKOPEHUMH B €IEKTPUYIHOMY TIOJi.

Enextpuunuii npo0iii ra3iB € HAHOLIBII OMMCAHUM 3 SIBUII TPOOOIO, 1[0 BUBYAETHCS
3 1698 poky. IIpore 10 MOBHOI SICHOCTI B OMUCAHHI ra30BOT0O MpOoOOIO IIe JIaleKo, 110
MOSICHIOETHCS HAJ3BUYANHOIO CKIQIHICTIO SIBUINA W 3aJCKHICTIO 3aKOHOMIPHOCTEH
NPOTIKAHHS €JIEMEHTAapHUX MPOLECIB Y HhOMY BiJl BEJIMKOI KIJIBKOCTI (phakTopiB. JlocuTh
CKazaTH, 110 JoTenep HemMae €uHoi kinacudikailii po3psiiB y ra3ax.

3aranbHe YsBIEHHS Mpo NpoOiil razy B MPOMDKKY HpPH HU3ZBKUX THUCKax Ja€
y3arajbHeHa BOJIbT-aMIIepHa XapaKTePUCTHKA ra30BOro po3psay (puc. 5.1).

U

np

e i e i i S i

|
I
|
|
|
|
|
I
|
|
|
|
|
1
|
|
I
|
|
|
I
|
|
|

/

Puc. 5.1. Y3araiibHeHa BoJIbT-aMIIEpHA XapaKTEPUCTHKA Ta30BOTO po3psany: 1 —
HECaMOCTIWHUMN; 2 — THXUH; 3 — KOPOHHHM, ICKPOBHIA; 4 — TIIIOUHIA; 5 — aHOMaTBHUHN TIIOYHUI;
6,7 — TyroBHUiA.
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MoskHa BHAUTATH HACTYITHI HAMOUIBII BaXKIIUBI JJIS €IEKTPOI30IAIIHHOI TEXHIKH,
dbopMH po3psIiB y razax:
CranionapHsi:

— T W X WréMHMi, TAYHCEHIIBCKHIA) PO3PSAA — BUHHMKAE TPH MaIMX THCKaxX rasy B
PIBHOMIDHOMY €JIEKTPUYHOMY IOJII. XapaKTePU3YEThCS CIIA0KUM CBITIHHSAM, MO0
BEJIMYMHOIO CTPYMY, BIJCYTHICTIO MyJbcCalii CTPyMy, Majo0 IIUIBHICTIO 00'€MHHX
3apsiiB;

— K O P O HaspaiB pi3K0 HEPIBHOMIPHOMY €JIEKTPHYHOMY TIOJI — CIIEIU(pIYHIMH
O3HAaKaMM SIKOTO € BHUHUKHEHHS HOTO B MICHAX HaWOLIbIIOI HANPYKEHOCTI MOas M
JIOKai3amisi CepelIHhOro abo CHIIBHOTO CBITIHHA B Oe3mocepeqHid OJM3BKOCTI Bij
€JIEKTPO/IB, 110 POPMYIOTh HEOAHOPIAHE NoJe. [[J11 KOPOHHOTO PO3pALY XapaKTepH1 YacTl
IMITYJIBCH CTPYyMY 0€3 MEPEKPUTTS MPOMIXKKY, Olbllla TYCTHHA OO0'€MHHMX 3apsaiB, sKi
IpoTe€ HE YK€ CHJIbHO [OJAaTKOBO CIOTBOPIOIOTH ICHYIOYE HEPIBHOMIpHE MOJE B

MIPOMIXKKY;

— H O P Ma JTHIH Woipotpsit mpu mpo6oi ra3y Ipu HU3bKOMY THCKY — 3 BUCOKHM
(coTHI BOJNBT) 1 MaiikKe HE 3aJIeKHUM BiJl BEIIMYMHU PO3PATHOTO CTPYMY NaHAIHHSIM
MOTEHIay MOoONM3y Karoda (KaTOAHE TMajiHHs), sSKe 3a0e3ledye BTOPUHHY 10HHO-
CJICKTPOHHY €MICiI0, TOPIBHSIHO CIIA0KMM HEOJHOPITHUM 110 JOBXKHHI IPOMIKKY
CBITIHHAM 1 CTalllOHAPHUM CTPYMOM, IIIO CHOYATKy MPOXOJUTh MO TOHKOMY KaHamy, 1
3pOCTa€ 3a PaxXyHOK PO3IIMPEHHS JlaMeTpa MPOBITHUKOBOTO KaHANy 1 IUIOLI KaToja,
OXOIIJICHOI PO3PSAOM, MPH CIpodax MiABUINECHHS HANPYTH, SKa 3aJUIIAE€THCS CTaJO,

TIOKH PO3PSIIT HE MOKPHE BECHh KATO;
— a H 0 Ma JT H1TH UOP0IPsift — XapaKTEpU3y€EThCS CTPIMKUAM 3POCTAHHSIM HATPYTH

Ha MPOMIXKKY IICIIS TOTO, SIK PO3PsiJ] OXOMUB BECh KATO/I, 10 BEJIMYWH, 1110 1HKOJIU MOXYTh
NEPEeBUILYBATHU MEepUTy TPOOMBHY HAIPYTy, MICJISI YOr0 BIAOYBAETHCA APYTHUd, OCTATOUHUI
npo0iit MPOMIKKY 31 3BYKEHHSIM KaHAIy pO3psAy 1 IEPEeX0IoM JI0 AYTH;

— O Y T OpB3psLil — AU IKOTO XapaKTepHi KOHTPAryBaHHsI (CTUCHEHHSI) PO3PSAIHOTO
KaHajy, rajaioya BOJIbT-aMIIepHa XapaKTePUCTHKA, SICKpaBe CBITIHHS, KaTOJHE IMaJiHHS
MOTEHI[Iany, OJTHAK 3HAYHO OUIbII HU3bKE, HDK Yy TIIIOYOMY pPO3psiii, 1 MOPIBHSAHHE 3
MOTEHIIIAJIOM 10Hi3aIlli rasy, aBTO- Yd TEPMOABTOCIEKTPOHHA €MiCis, K BTOPUHHUU
nporiec.

Bimznaunmo, mo 0dz0 9 ®OdRflg tcdz' 2 - O tc Gifoboy teadidn ispd
HU3bKOMY THCKY € H 8 H  &z2vwdzg€ d L dzj e OIsd o datst H@fuu] tcj
ftcd fJitejmnBBH' 9" H Isdn~ Nt —te 5 IH tc YOrldis d30tHz! datz G Hs
H 8 Iz ¢ ts. 481 BuHOM, npH BiAMOBIIHOMY OOMEKeHHI CTpyMy, G OL 59 2 ff tefs ¢
ftced dzedL S8z IsdmMEE sy J, npaoisydocrafoiesiBngolsig 2 "
NOB'SI3aHUI 3 IEPEXO0JIOM JI0 TyTH.

[Tpu miaBuIeHH1 100YTKY B1ICTaH1 MIXK €JIEKTPOIaMH Ha THCK (11ei JOOYTOK 3T1THO
3akony llamena BU3Hauae MpOOMBHY HANPYTy Ta30BOTO MPOMIXKKY) 00JACTh TIIOYOTO
po3psny 3ByKyeTbes i npubausno npu pd > 1000 mm pr.cT.©OM a6o 1,33-10° mm-Ila
3HHKA€E. Y IbOMY BUMAAKY 3pa3y K MIiCIsI MPOoO0I0 Y MPOMIKKY BCTaHOBIIIOETHCS PEKUM
JyTOBOTO PO3PSINY.
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Bigzmauumo, h 5 9o MOy sdzOtcdetsdzz  tetsL oW H ' h
f smis' 2 dz' 2ne Mzi@dfetedz & dacom po3moaia oIS, a TAKOK 00'€MHHUX 3apsIiB,
TEMIIEPATYPH, IHTEHCUBHOCTI €JIEMEHTAPHUX MPOIIECIB.

[ B dgj MsOyY' sdzOtcdedrn tiSLteWH"  © o' HdesMW Is! f

— pPO3 pPEPBMM I HHINKHY 3 b KBOW C HKACIT O T ;

— I MOYNPOBRAPWOPOT K O UTARCUHKOINBYRETHOHYIT U ;

— 1 C K pp 8 8 jaim AajiyacTiire Ma€e MicIle B HCOAHOPIIHOMY IIOJIi i IPUBOIUTH
0 KOPOTKOYACHOTO TMEPEKPUTTSI PO3PSATHOTO MPOMDKKY MPOBIAHHUKOBUM KaHAJIOM, IO
SCKpPaBO CBITUTHCS 1 3'IBJISETHCS MICISA TUXOT0 a00 KOPOHHOI'O pO3psAAy MPH IiJIBUILEHHI
Halpyrd Ha TPOMIDKKY, a TaKOXX BHHUKAE 1 B OAHOPITHOMY IOJi, SKIIO MOTYXHICTh
JOKEpelia HeIOCTaTHS JJIsl MIATPUMKH PEXUMY TI1I0UOT0 a00 TyTOBOTO PO3pAY.

— K_O B 3pHOM3IpP ®KAOBHIL po3psi, Mo po3BuBacThea IS 5o | @ gatdzj G, Istcd
KU 9aCcTO BUAUISIOTH B OKpeMy (opMy.

J1J1s1 TOBHOT'O MPOOOI0 Ta30BOT0 MPOMIKKY MPH TUIABHOMY MiAHOMI HAIPYTHU PO3PST
MOBMHEH MPONTH KUIbKA CTalllil po3BUTKY. B ofHOpiTHOMY MO LI CTaAli NPOXOAATHCS B
HacTynmHoMy mopsaky: Isd - d 2 tdkCQevdhdzdzd 2 T [z iclzR©dz! dzd 2 Is &
oL GO 3O dz! dzd 2 s d2T H g 6 Dy xudsxtEasdaetioHbopmu po3psLy, IO
MarOTh MiClle TIIBKH IPH HHU3BKMX THCKaX), a B HeomHopimHomy: dzO o  dzdz® 1€ tSto!
Misted d3d e dz@ ' MiS tictsde@ ? H LSO oW H

3anexHo Bij KOH(Iryparllii mossi, JOBKHUHU MPOMIKKY, TUCKY Ta3y W MOTY>KHOCTI
JOKEpesia OKpemi cTajli pO3BUTKY MPOOOI MOXYTh OyTH BIACYTHIMH, a00 YMOBU B

MIPOMIKKY MOXKYTh HE 3a0€3IeuyBaTH CTalllOHApHOTO XapakTepy muX (GopMm po3psay.

» »

313" ~T T R T T v Yoo e
Jamexno 8 ' H My sdzzyj dedzr d2 y' v o Oz ded B, o J

3MIHIOIOTBCSI M 3aKOHOMIPHOCTI MpOOOI Tra30BHUX MPOMIXKKIB. 3apa3 BHAUISAIOTH, B

OCHOBHOMY, Tpu (opmu mpoboro B razax: dzO o d dzdzlz , Mistcd d3j todzlz  ° (
| ©Oo d dzdzd 2 xdpdeispeivii 211 razie f teddzd L ! € d - , Igogfn € O A
CKCIIOHCHITIAJIbHE 3pOCTAaHHS CTPyMy 3a0e3neuyerbes Z H Otodzts® " tsdzg' L Oy ' ¢

ftesyd Md ¢ 9’ W pAdA.2). BrumBo® OBMHHR dgpsaiB Ha NMpOTiKaHHS
JTABUHHOTO TPOOOI0 MOKHA 3HEXTYBATH.

Ipu Ot ® d MESE d = rdsytB fiRdEE@IAII0 3aMKITAETHCS TTCIA MPOXOHKCHHS
JaBMHHM [MOOIM3y aHoma crBoproethest N ' dz! dzd 2 fsLdlsdodzd 2 motsB '
eKBIBAJICHTHO "MpocyBaHHIO" aHoza B mpomikok. Lle npuBomute H 8 f ° H My d dzj dzdzv
dzOo d dzts ¥ 2 1 Scitmmosidyo B mpuaHoaHii obmacti. [lpu mpoxomkeHHi
eJIEKTPOHIB Yepe3 00acth o0'emuoro 3apsaay sy dzd o © toj S sdzB * dzOy* v
Jd dzj € Is tg mudzieram BrcokoeHepreTnuHuX W 1S IS tS.cMepes pesoHaHCHMIT XapakTep
NOTJIMHAHHS TakuX (DOTOHIB BOHM TOIVIMHAIOTHCA TMOOMU3Y XMapu O00'€EMHOrO 3apsy,
IOHI3YIOTh Ta3, MmO CympoBomKyeThes MIS Otclstsdz o Iststed dzdzd - dzOo d c
ftcOCIsdudets yddz' degnted ydetsets € OdzgOdzlz, sifimisikiets,L o d ¢
1110 TIEPEBHIILYE IBUIKICTL PyXy enekTpoHie ' dzOL d 9 O° Is+ MW O dgeai5dpd d3

cShts M dzr dg' Mls tsB ' ‘Odsddyc tsH dzWO tolW dedz gk dedsy fi
TOJTIBKOIO JIABMHU i aHomoM H 5 d30 dzd -, ndcsaa@ngsj n@z npoxomKeHHi mepiioi
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JaBUHHM B cepeauHi mpoMikky, To L M J to J H d dzdroxd redag npppodzaTu
COsBBHMzd?2 .Misted o34 te

+

Puc. 5.2. EnextpoHHa naBuHa Puc. 5.3. Ilepexin n1aBUHU B aHOJHUHN CTPUMED B
OJIHOPITHOMY TOJIi i B KATOJHUM MPHU KaTOJli — BICTPI.

Komuff dzOL dzgso d 2 & O dzO dzTorsisojduEoeata o&idors dsemiim
OMOpOM, IO 3AJUIIMIACS IICIsA MPOXOPKCHHS IMEPBHHHOI JIABUHU 3HHUKAE, CTPYM Y
HPOMIXKKY Pi3KO 3pOCTA€, CBITIHHS KaHATY ITiICHIFOETHCS, KaHaIT IBUIKO MIEPETHHAE BECh
npomikok. Pospsin mepexomuts 2 MIs OH ' ¢ | Ciipydu ty SipotsyG sikuit yac

niaTpuMyeThes 2 H O te dzts "tsdz' L Oy "o a Iuiffatadf @@ Ratmnaydz’ 2
sBisie coboo H SB 16§ f tetso | mamEEs nfrem@anydzdzakiii 10CUTh HHU3BKE.
3ane)KHO BiJl 30BHINIHIX YMOB YCTaHOBIIOETHCS pekuM, mo 8 ° HYf S9 " H O’ Is c

tesL oW HEZ -jLdzj € Is tiztztzdats & JB M L CBEFEWmE,
Oo Is 5] dzsaxfgropustinm sBuIEM.

[Tpu6Iu3HO 3a TaKOI kK CXEMOI0 po3BHBaeThes dz° H j todzd 2 tetSL teW H
R zdz Mdz© € stets dzO, ~ HYyoOmilsd?2 (tetsL G Odzlz
tesL 6 Odzlz H ) j dadzv d3( , G ts dzts 9 dzd 2 Pistei%il meréuHianig mi S tc s
XMaporo i 3emiero npu 6muckasi carae 108 B, msuakicTs migepa — 3-10° m/c, ctpym nigepa
— 200 -300 A. IIpu 3BOpOTHOMY yaapi HIBHJKICTh MOIIMPEHHS aKTHUBHOI 30HU PO3PSLY
3poctae 110 0,05 — 0,5 mBUIAKOCTI CBITIIA, @ CTPYM CKJIAJa€ IECSATKH Kimoammep. [Hkomu Bin
BUCOKHX OO'€KTIB Ha 3eMJIi Ha3yCTpid Jiaepy Moxke po3BuBatucs L Iz mls to *° yjdpgfoi dz'
PO3psIIA PO3BUBAIOTHCS B 00MIBA OOKH BiJI TOUKH 3yCTpPidil MPSIMOTO 1 3yCTPIUHOTO JIi/IEPiB.
binbir neranbHO 3aKOHOMIPHOCTI JIIZIEPHOTO MPOOOI0  PO3MIIAAAETHCS B TEXHIII BHCOKUX
HAIpyT.

3 TeXHIYHOI TOYKU 30py MaKCHMAaJIbHHUI IHTEPEC CTAHOBUTH 3AJICKHICTh MPOOUBHOT
HANpyryd Opu 1poOoi Ta30BOTO MI€TIEKTPUKA BiJl XapaKTEPUCTHK Ta30BOTO MPOMIKKY,
KOH(QIrypanii, Matepiajly 1 CTaHy MNOBEpPXHI €JEKTPOIiB 1 (OpMHU MAiF0YOi HAMpPYTH.
PosristneMo i mUTaHHs OUIBII IETAJIbHO.

’ - J—
~ A 2 ~ ~ n < ~ t - ~ ] E

3.14. v

[IpobuBHa Hampyra ra3oBOro NMPOMDKKY, SIK BXXE BiJ3HAYanocs, 3aJeXHTh BiJ
KOH(Iryparii elekTpoiB, 110 BU3HAYAE€ PO3MOJLIT MOJI B MPOMDKKY, a 4epe3 HbOro i
IHTEHCHBHICTh NEpBUHHHX TporueciB. [ H dzS t6 ' H dpjsxoMy tRalgyyxenicTs y Beix
TOYKaxX OJHAKOBa, MOYKHA CTBOPUTH MIX €JIeKTpoaaMu crerianbaoi dopmu (J dzj € Istc B H

i 56 5o fj)’ HaoBuskdse m0 ommopimHoro — wmik § dzsm € d d3d Jdzj CIste
95



LOCtlkzce dzj dzd d3d € tc OW d3gfinctam Bix trmy cymiphiaj3 teregehnu

chep abo MeHIIa 3a HUX. YMOBa Ipo0oro y dhopmi

de” - 1)=1 (5.5)

CTpaBeNINBa TUTBKH JUISI CTATHYHOTO MPOIECY 3 OJHOPITHUM IOJIEM.

[ dzW tSH dztstc’ sl ydzdsie ripoooto teidaY migcTanoBku B Hel hopMynn ajs
Koe(lli€HTa yJIapHOi 10HI3alli, NEpPEeTBOPEHHS, MOABIMHOrO JIorapu(pMyBaHHS 1
HACTYIIHOI'O IIEPETBOPEHHS MOXKHA ojep:katd w B tc d3lz dzlz 1 -O hagjaxia
CHIBBIIHOIIEHHS, 10 OMHMCY€E 3aKOHOMIPHOCTI 3MIHM MPOOMBHOI HANPYIW 3aJIEKHO BiJ
JOBXUHH TPOMDKKY d i THCKY ra3y P B HbOMY:

_ Bpd
np
n Apd

?n‘1+ g‘li | (5.6

ne A1 B — koHCTaHTH U1 TaHUX YMOB IPOo00I0; Y — KOedili€EHT BTOPHHHOI 10HHO-
€JICKTPOHHOI eMiClii.

Kpugi [Tamena ajis Aesikux rasiB B IIMPOKOMY iHTepBaii pd gaHi Ha puc. 5.4.

3 ¢dopmynu [amena suumBae L O € tsdz 1, @dfiijedaPokye, ' 5 f totsB d o
ZOftczc O cOLBoBE otz Sk L Odzj dg® * 9 ‘IsH fgds €
3" 4 dzj § I8 teBane®RugdBin K0KHOTO 3 IMX (AKTOPIB OKPEMO, III0 € OTHUM 3
PI3HOBHIIB 3aKOHIB 101i0HOCTI. Bin mo3Bossie BBect L O d3° M ls ! Hotsm WOCI
oL Ez Hiso Y dded 11U tEts dg' yBllddsptsi@daeH sefndanny npobusHOi

HaAIpyru razy.

U

UB

lNosimpsi
1000

800
600
400

200 Pd,
2 4 6 8 10 12 14 Kllacwm

Puc. 5.4. Kpusi Ilamena ny1s mpo6oro B OAHOPITHOMY TIOJTI.

BianosinHo 3 ¢popmynoro Ilamena nmpoOvMBHA Hampyra razy Ma€e MiHIMaJlbHE
3HA4YEeHHS, IO JIOPIBHIOE

Unp min=B(pdnin (5.7)
(pd),, =55 B1+5%)

B

pu

Jie € — OCHOBa HaTypaJIbHUX JIoTapudMmiB.
MiHiMyM B 3aJIeXKHOCTI MPOOUBHOT HANIPYTH Bij P, 1110 Ma€ MicCIIe 3T1THO 3 KPUBOIO
[TarieHa, MOSICHIOETHCS HACTYITHUM YHHOM.
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Cropaa Big (pdmwin f tod LB ' dz hj dzdz 9 ' HMIs Odpu a3
dikcoBanomy THCKY f o8B d 9 dzO dzO{ tc Iz ¢ @iand®ixez no2pdpBym Ugts i ls O
Eupd, BpaxoByroum, mo eJeKTprIHa MIIHICTh 3TiHO 3 YMOBOK YIapHOT 10HI3aIT [ np =
Uion/ j&-1pH cTAIOMY THCKY BiJ BIACTaHI B OJHOPITHOMY ITOJIi HE 3AJI€IKUTh.

Slkmio 3adikcyBaTu BifcTaHb MiXk elnektpomamuiL B~ dzt h 29 Olsd Isdm¢
LB ' dz hjdadzgy yd iwecd dafts)dz] Siz6sthe’ mdgtnnysaTcs nosxuna
BUIBHOTO IIPOOITY, @ BpaXOBYIOUH, 10 JIOBKHHA BUIBHOTO TPOOIry 00€pHEHO MpomnopiiiiiHa
TUCKY &= a9/ t@raemo, N 5 j dzj CSIsted ydzO 3" ydz' fmls: ' f otsB
&' &2 2des L tetsMisOlsd fted ' Ho dh j dads sdm¢

Tenep, sxmo L ggdzh o Olsd o " HMIs Odz 3"y Jdzj Clstets
Is d M,Sr&zipu pd = (pd)nin  HacTymae mMoMmeHT, ko © © H M ls O dz! a3’ 3 4 dzj
Ltc" adzt “ Is! qw L o3 dz' B3O dz' dzts¥  H, Bempdrdstspurefijdt s to d
JIbo0a moBunen Mictutu 2-107 3apsmxenux uyacTuHOK. Ilpomosxkyroun L d3j dz" z o Ols
9 ' H ) ImiGk dziexTpomamu, My moBuHHI Oyaemo w Stefiz o Ols d |, 36imaR OO Y * ¢
HANpYXEHICTh MOJIsA, 00 JOBKMHA 10HI3aLIMHOTO BUIBHOTO MpOOIry 3MeHIIyBajacs 1
10HI3aIlis BigOyBajacs yepe3 MEHINY KIIbKICTh MPYXXKHUX 31TKHEHb, IIPH IIbOMY [ g B Z H |
L tc 5 M ls s dincrani mixk enekrpomamu 0,005 mm, Hanpukiaa, Enp moBiTps gocsrhe
3naueHHs1 70 MB/m (tipu BiacTaHi nopsiaky 1 cM BoHa CTaHOBUTH 3 MB/M).

Komu 9 ° H Mils O dz a3’ N Jdzy ClstesH OB MlsOdzj tc
f oz dzts G 5 {fotc BiB'cREEIHE nepecTaHyTh MaTH 3ITKHEHHS 3 HEUTpaIbHUMHU
MOJICKyJIaMH, 1OHi3ariss B3aram 3uHukHe 1 J dzj € Isted ydzd 2 ftetsB ' 2
dzj d3ts ¥ dzdiBa€fidgroun Hanpyry nami, My IiiiIeMO 10 HAMPY>KEHOCTEH MOJIs, MPH
SKUX TIOYHETHCS aBTOEJIEKTPOHHA €MICis 3 KaTo/a 1 MoyHe popMyBaTHUCs MpoOiil Bakyymy,

10 Oy/ie pO3TIISIHYTUN HUXKYE.

BadikcyBaBmu BimcTanb Mixk enektpomamu i L d3j dzh ¥ yd Jsmifgsx & O
npuiiemo a0 curyarii, komn ® - H MisOdz 3" ¥ J dzj SIstetsH Od3d Mlis (
Htso Y ddzd ftolzy dztsG ts o' dzt desets f tojsdz] Cletcsda
Bsdzj C zdzOdzd o' Hf B9 ' H dzfs, EHOtdzO ' tsdz' L
tctsL 9 d9.0lsd mw

Takum uuHOM, L to ts ) ls O dzdzw f tctsB d o datsn minida®Y tplsaid L
[Mamena mosicHIO€eThess TUM, mo & dz! € Mis Besdzy C2dz e OLE Mmlis
Zlse tstej dzaptizdi steas'G.s & O dzO dziz

Ha nmpakTuuHo BayKIMBiM AUISHII cripaBa Bij MiHIMyMY KpuBoi Ilamena npoOuBHa
Hampyra B 3aJIS)KHOCTI Bl THCKY 1 TeMIepaTypu NpH JaHOMY 3HaudeHHI O HaOImKeHO
JOPIBHIOE

ne Unpo — Ipo6KBHA Hampyra 3a HopManpHuX yMoB; 4= 2 , 39 A, 1PS tuck rasy, Ila,
T — Temniepatypa rasy, K), mist HopmansHux ymoB 0 = 1.

JIist IpakTHYHUX PO3pPaxyHKIB MpaBy riIKy KpuBoi [lamieHa 4acTo anpoKCUMYHOTh
BUPA30M THITY

Unp=Aad+B\/E’ 58)
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ne s npomikkis Big 10T — o 10 em A= 22,22 kB/cm, B = 6,08 kB/cm®® ; d — nosskuna
PO3PSAHOTO IPOMIXKKY B CM.

BimHocHa moxmOka pO3paxyHKOBUX 3HAYEHb IIOJO CKCIEPUMEHTAIBHUX IPU
BUKOpPHUCTaHHI HaBeeHnX koedirieHtin 0,2%.

Cnig Bimuaunmth, mo 9 ¢ St d Mis O dzdzw sdmcEkz o W st 3z
‘Miststed ydzd 2 fsistefzisd e3¢ o ' Hf s ' H O H bo2ufigdzts d3iz
po3rasaaT npoOiid razy B repMETUYHOMY 00’ €M, TO MPH MIABUIIEHHI TEMIIEPATypH THUCK
3TiIHO JI0 PiBHSHHSA cTaHy razy PV = RTOyne 3pocTaTu npomnopiiiifHo i, ajne mpoOuBHA
Hampyra He 3MIHUTBCSA, TOMY IO 'yCTHHA MOJIEKYJ, 1, BIAMOBIZHO, JTOBXHHA BUIBHOTO
ioHizariiiHoro mpoGiry He 3MmiHOIOTECA. | J L Odzj ) dz2' Mis! f tetsB d o dats”’

9 G J ted3] Is oy dpmiesizat miBne npunaiivaHi H 8 IS | A3 J cOlsztc {f St
%4, npyu AKHX 3 SABISETHCA MOMITHA TEPMOEMICiS €NIEKTPOHIB 3 KaToja i, IK JOJaTKOBUM
IHILIOBAJILHUM MpOIIec, TOYMHAE BIUTMBATH HA MTPOOUBHY HAMIPYTY.

[Ipu HOpMaJIBHUX YMOBAaxX Ha BEJIMUMHY €JIEKTPUYHOI MIITHOCTI T'a3iB BIUIMBA€E Maca
1 €JICKTPOHETATUBHICTh MOJIEKYJI, YAM BOHH OUIBIII, TUM OUIbIIA MPOOMBHA HAIIpyTa rasy.
Hamnpukian, moTeHIian ioHi3arii a30Ty 1 BOJHIO MPAaKTHYHO oHAKoB1 (~15,5 eB), ane Eqp
BoaHIO ckinanae 0,6 Big Enp a3oTy. IIpoOuBHA Hampyra aToMapHUX ras3iB 3HaYHO HUXKYA,

HDK MoJieKysipHuX. BigHocHa Erp remito mpu Wi=24,6 eB no BigHomeHnH0 10 Eqp a30Ty
Bcboro 0,06, 110 4aCTKOBO MOB’S3aHO 3 PI3HOIO €JIEKTPOHETaTUBHICTIO.

MiHiManpHe 3HAaYeHHS MPOOWMBHOI HAMPYTH JJI MOJEKYJISIPHUX Ta3iB JEKUTH B
nianaszoni Big 280 B myst Hz 1o 3260 B nst mepdropdenantpena, 1yt HOBITPS HA 4acTOTI
50 'y B otHOpiTHOMY eleKTpruaHOMY 1ol — 326 B. Atomapsi razu MatroTh Unp min3HAYHO
MEHIIIe, 0COOJIMBO B CyMIIIIl 3 MapaMu Ty>XKHUX MeTaniB. Hanpuknaz, ams aprony Unp min=
195 B, a 3 nomimkoro napiB Harpito — 95 B.

[Ipn HU3BKUX 1 cepeaHiX TUCKax 3akoH [lamieHa, sk 3aKkoH MoAiOHOCTI, JoOpe
HiATBEPIKYETbCS EKCIEPUMEHTATbHUMU pe3ylbrataMu. [Ipu THCKax, [0 3HAYHO
NEPEBUILYIOTh aTMOCPEPHUIA, CIIOCTEPITAE€THCA JesIKE 3HUKEHHS MPOOUBHOI HAIIPYTH, SIKE
3B’SI3YIOTh, 3BUYAIHO, 3 MOPYIICHHSIM OJHOPIAHOCTI MO MPOCTOPOBUMH 3apsaMu MPU
OUTbIIMX TycTHHAX ra3y. [loje B MPOMIDKKY NpU LBOMY MiJICUIIOETHCS, 301IbIIYETHCS
e(eKTUBHICTh YAapHOI 10HI3aIlii, 10 i MPUBOAUTH 10 3HUKEHHS MPOOUBHOI HATIPYTH.

1 tod ° o3 2 dzv ) datsyelgddii rifoiccsasotsl lamena fyls © 8 Is " Mmistsisc
2 " dz' y' ¥ 9 O dzxapEkrepufriats axyx e BxomaTh SIBHO B yMOBY mpo00I0.
[IpoOuBHa Hampyra MpH IOMY 3aJIEKHUTh BiJl TOYATKOBOT'O CTPYyMY 3TiIHO hopmyti

U,,° A- Bi,

1€ io— CTpyM IHII[IFOIOYHX EICKTPOHIB.

ltotsBdo dzO dzOff tclz ¢ @pu &gkesdyix i gucdkuxGritkax MuyaiiHo
fjtejBlzo @ o ' dalsj tco QEDY tods'c P dyftf-tc tsEEfdnsitad:agd
JOPIBHIOE CyMi TPOOMBHUX HANPYT Ta3iB, IO 3MIIIYIOTHCS, IPU THCKAX, 10 BiANOBIIAIOTh
napIiiaJbHIM THCKaM Ta3iB y CyMIiIlIi.

Opnak, B 0071aCT1 3HMKEHUX TUCKIB, a TAKOX MPU HASBHOCTI B CyMIIlli KOMITOHEHTA,
eHepris 30Yy/DKEHHS SKOTO TIIePEBHUINYE CHEprilo 10Hi3alii JIpyroro KOMIIOHEHTa,
CIIOCTEPITAEThCS ICTOTHE 3HIKEHHS TPOOMBHOI Hampyru (puc. 5.5), K, HAPUKIAA, IJs
cyMiIni HeoHa 3 eHeprieto 30ymkenHs 16,6 eB 1 aprona, morenmian ionizaii sikoro 15,7 eB.
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Puc. 5.5. Kpusi [lamena uis aeskux rasiB i cyMmimiei rasis.

[Tpu po3riisiai NEPBUHHUX MPOIIECIB BI3HAYAIOCS, 1110 HAHOUIBIIT ICTOTHO BILIMBAE
Ha IXHIO IHTCHCHBHICTh NPWIMIIAHHS €JIeKTpoHiB. [l koedilieHTta npuaunaHHs b
cupasemnuBe criBpigHomeHds O/p = f(E/p), romy 3akon [lamena 6yae BUKOHYBATHUCS 1 B
CJICKTPOHETATUBHUX Ta3aX, SKIIO TUTHKH BIUIMBOM 00’ €MHUX 3apsi/IiB MOYKHA 3HEXTYBATH.

[Ipununanss, ogHaK, MPUBOAUTH 0 ICTOTHOTO MiJABUIICHHS MPOOWBHOI HANIPYTH
(Tabn. 5.2). BBeneHHs 10 ra3iB TakUX €JEKTPOHETATUBHUX E€JIEMEHTIB, K XJIOp 1 pTop
3HAYHO MIJBUIIYE CICKTPUIHY MIITHICTh T'a3iB.

Enextpruyna MiHICTH PTOPOBMICTHHX Ta3iB 1 Mapu MpU HOPMAIBHOMY TUCKY Ma€
TOM e MOPANOK, M0 1 PiAKI MieTEeKTPUKH, aje BOHU MAalOTh MEHIIY TYCTHHY, BHIIY
HArpiBOCTIHKICTh 1 CTIMKICTB 0 cTapiHHsA. Hemonikowm iX € BiAIlIenIeHHS y>Ke aKTUBHOTO
XiMigHO ¢TOopy. B 11IbOMY BiJHOIIIEHHI BHAUISETHCS €JIeTa3, SIKUW Mayio MiITA€ThCs Jii
CJIEKTPUYHUX pO3PSAIB 1 HIMPOKO BUKOPUCTOBYETHCS B KOMYTALIMHIA TEXHILl Ta
KOMIUIEKTHUX PO3MOAUTEHUX MPUCTPOSIX.

Tabnuis 5.2. BigHocHa eeKTpUuyHa MIIHICTD IEIKUX Ta30MOAI0HUX IeIEKTPUKIB

HaitmenyBanus razy Monekynspua | Temmneparypa E, rasy
Mmaca kuninusa, C E, pioitps

Ieniit 4 —268,8 0,06
Bonensn 2 —252,6 0,6
Byrnekucnuii ras 44 —78,3 0,9
A3sot 28 -195.,6 1
®peon 12 129 -30 2,4
Eneras 146 -63,8 29
I'ekcadroprimkinoOyTan 162 -5 3,9
JlexadTopHUKIIONEeHTaH 250 22 4,3
IlepdropaiOyrinrerpariapodypan 416 101 6,3
[lepdropaimMerinnukiIOreKcan 400 101 8,5
Ilepdropdenantpen 624 205 10,0
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BrmiuB 00’eMHMX 3apsAiB Ha 3aKOHOMIPHOCTI NpOOOI0 Tra3iB y IOPIBHSHO
PIBHOMIPHHX TOJIIX 00roBoproBaBcs Buiie. e 0TI CHIIBHO TIPOSBISETHCS 1€l BIUIMB
y Pi3kKO H € 0 [ H O PrioJj, HKO BABMKAE MK IBOMa BiCTPSIMH, BiCTPSIM 1 IUIOIIHUHOIO,
MDK TIPOBOJIaMH JIiHIT eJIeKTpornepeaadi, Mk chepUuIHUMHU TTOBEPXHSAMHU MPH BIJICTAHI MIXK
HUMH 3HAYHO OLIbIIIN JlaMeTpiB 1aHuX cdep.

I mMseBdzdoe Mis¥ fwsBBs cOLEZ 9 dzj SHdziste’ H dat

tesL W HE E 9 dvdcda¥, He nanf ketdcssarLisa nocsrae KpUTUYHUX 3HAYCHD,
L YsHOd hdd3 ttptefn-BHSAS BGis o dipu spictmunictnpyra:
[Ipo6iit B HEOAHOPITHOMY IOJIi BUHUKAE MPU MEHIIN Hampy3i, HK B OJHOPIAHOMY, a
NpOOMBHA HaNpyra 3HW)KYETHCS TIPU MO3UTUBHIN MOJSIPHOCTI BICTps (puUc. 5.6), 0co0IMBO
B €JICKTPOHETaTUBHUX Ta3ax.

SIxo BicTps nmepeOyBae MiJ HETATUBHUM IOTEHINIAIIOM, TO JaBUHA abo CTpuUMep,
3apOJKYIOUHCH BiJl EMITOBAHUX KaTOJOM €JIEKTPOHIB, IIBUJIKO 3aracaroTh MPH MOIMUPEHH1
B 00J1aCTh €1a0KOTO MMOJIS, A€ HANIPYKEHICTh MOJIs HEOCTATHA U1l yAapHoi 10H13amii. Tam
€JICKTPOHM MPWIHUIIAIOTH 10 MOJIEKYJI Ta3y, YTBOPIOIOYM HETATUBHI 10HH, IO €KPaHYIOTh
1oJie MO3UTUBHUX 10HIB, PO3TAIlIOBaHUX OIS KaTona-BicTps. HampyxkeHnicTe mons Ouis
KaTo/a 3HIDKYETHCS 710 BEJIMYMH, MEHIIHUX MMOYAaTKOBOi, 1 po3psia racue. Ilicns raciHHs
pO3psay BiIOYyBa€ThCS MMOBHA HEHUTpaIi3allisi IO3UTUBHUX 10HIB Ha KaTO/1, 1 HAIPYXKEHICTh
noyist Jocsirae MiHiMymy. IIoTiM y pe3ynbTaTi 3CyBy HEraTHMBHHX 10HIB BiJ KaTroja B
o0acTh cabKoro TMOJS B HAMPSAMKY /10 aHOJA HAMPYKEHICTh MO Ha KaTOMAi 3pOcTae i
MOK€E JIOCSITTH TIEPBICHOTO 3HAYEHHSI, IPU SIKOMY 3HOBY 3alaJIIOETHCS PO3PSIL.

Criz 3a3HAYUTH, 110 Yepe3 MyTbCalIHUN XapaKTep MPoIEecy PO3BUTOK CTpUMEPA 3
HEraTUBHOTO BICTPsl YCKIAIHEHUH, a PU KOPOTKHUX IMITYJIbCAaX — B3aralli HEeMOXKJIMBUIA.

XapaxkTepHHil MaKCUMYM y

U,, kB, makc 3aJIeKHOCTI TPOOMBHOT HANPYTU BiJ] TUCKY

196 L OpU TO3UTHMBHIM MOJSIPHOCTI Ha BICTPI,

5655 ks 2 HOSICHIOETBCSI THM, L0 B MPOMDXKKY 3 PI3KO
HEPIBHOMIPHHUM IOJIEM B 001aCTi 3HIKEHHUX

oy TUCKIB Halpyra BHUHHKHEHHS KOPOHHOTO

60 pO3psiy HUXKYa MPOOMBHOT HaNpyru. Ko

40 |- L HiIBUIIYBaTH HANPYTy HA MPOMIKKY MICIIS

ol /\- BUHUKHEHHS KOPOHHOTO  PO3psAy, TO

C .o, o, Mia JIABUHU ¥ CTPMMEPHU 3MOXKYTh MPOCYBATHCS

05 10 15 20 Ha OiIbIIy BiZCTaHb, i TIPH TEBHIN Hampysi

Prc. 5.6. 3anexHicTs mpoGHBHOi CTa€  MOMIHBHM iXHE TOHIMPEHHS Yepe3
HAIPYTH y BUIAJIKY EIEKTPOJIIB BiCTps— BECh  IIPOMDKOK, 1O  HPUBOAUTHL N0
IUTOIIMHA TP TTo3uTHBHIiH (1) i HeraTuBHiii  3aBEpIIEHHS IPo0or0. TakuM 4HHOM, B Pi3KO
(2) nonsipHoCTI BicTpst HEOJITHOPITHOMY TIOJII MpPH TMO3UTHUBHOMY

BICTpI BHMHUKAa€ TI€BHA pI3HULSA MIXK

HaIpyro BUHUKHEHHS KOPOHM 1 MPOOMBHOO Hampyroro (Tadu. 5.3).
[TigBuIIEHHS] TUCKY TPHUBOJIUTH O TOTO, IO HANpyra BUHUKHEHHS KOPOHHOTO
poO3psily 3pOCTae 1 MpU TIEBHOMY THCKY cTae€ piBHOW mpobuBHiN. [Ipu 1mpomy

100

H E



BIJIHOBJTIOETHCSI MOHOTOHHA 3aJICKHICTh MPOOMBHOI HAMPYTH Bl THUCKY, IO BiAMOBIIAE
JEeSKOMY yCepeTHCHOMY 3HAaUeHHIO Koe]illieHTa yAapHOi 10H13aIlii.

VY HepiBHOMIPHOMY MO KOE(ILIEHT yAAPHOI 10H13aIlil 3aJI€KUTh BiJl KOOPJIUHATH
y3JI0BXK TOJIs. TOMY YHCIIO MEPBUHHUX EJICKTPOHIB MOXKHA 3HAWTH, 1HTETPYIOUYH HOTO, 1
yMOBa Ipo0oIo MpHuitMe BUA

e & [07]
géexpfp () dx- 1q1=1 (5.9)
e Co g’

[Ipu cTpumepHOoMy xapaktepi mpoGoro Ilik 3amporoHyBaB YMOBY IIPOOOIO
3anucyBaTu y BUrIsAl Eos=E a6o

“a(x)dx _

T KE, . (5.10)
P

ne d — moBxkuHa NUIIXy JaBuHU; E — mone mkepena; &; — koedilieHT yaapHOi 10Hi3allii,
SAKUU BIJMOBIIA€ TTOJTIO B TOJIBII JJaBUHH; Eo 5 1Tosie 00’ €MHOTO0 3apsiy TO3UTUBHUX 10HIB.

3Ha4YCHHS BEJTMYMH HANPYT'd BUHUKHEHHS KOPOHH 1 TPOOHUBHOI HAIIPYTH MPOMIKKY
BICTpS — IUIOIIMHA JJI1 HEUTPAIBHUX 1 €JIEKTPONO3UTUBHUX Ta3iB 3 JIOMIIIKAMU KHCHIO
HaBeseHi y Tabn. 5.3. Boun orpuMani as nmpoMikky 3,1 — 4,6 cM npu atMochepHOMY
THUCKY.

53Q0 "a,exp

Ta6muis 5.3. [Ipo6usHi Hanpyru (KB) 115t IpOMIKKY BICTpS — TIJIONIMHA JUTSI IESIKUX Ta31B

[lo3uTHBHA NOJISPHICTD HeraruBHa nosisipHicTh
Bun razy KOpOHa icKkpa po0iit KOpOHa po0iit
H2 3.5 10 18 2.6 —
H2+0,1%G 5 8 — 4.2 —
N2 4,8 11 20 3.7 14
N2+1%0, 4.8 12.5 20 . 9.5 —
Ar HEMae HEMae 3,5 HEMae 3,5
Ar+1%N; 3,5 4.6 4,6 3.9 —
Ar+0,4%0, 4.5 — 7 3 24

HanpyxeHocTi BUHUKHEHHSI KOPOHHOTO PO3psily B OJHOPIAHOMY TIOJIi HaBEJCHI B
Tabi1. 5.4 115 nedakux ras3is npu arMmochepHomy Tucky i temneparypi 0°C. i pe3ynbratu
OTPUMAaHi1 EKCTPAIOJISIIEI0 JO OJHOPITHOTO MO, SIK BUAHO 3 TaOJIHIll, HAPYKEHOCTI
BUHUKHEHHS KOPOHHOTO PO3pSAAY B OJHOPIAHOMY TMOJII YacTo OIbIIl 3a MPOOUBHY
HANpyry B OJHOPIAHOMY IOJIi, @ TOMY KOPOHHUH pPO3psA Ul BIANOBIAHMX Ta3iB B
OJIHOPIJTHOMY TIOJI1 HE CITOCTEPIraeThCsl.
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Tabmuns 5.4. ExcrpanonboBaHi HaPY:KEHOCTI BAHMKHEHHSI KOPOHHOTO PO3PsAY B OJJHOPITHOMY IO

ExcTpanonbsoBana ExcrpanonpoBaHa
Bup razy HaIpy>KEHICTh Bun razy HaIpy>KEHICTh
BUHUKHEHHS KOPOHH, BUHUKHCHHSI KOPOHH,
kB/cm kB/cMm

MOBITPS 35,5 Byriekucinii raz C Q 455
BoJeHb H2 15,5 amiak NHs 56,7

remiit H e 45 meran C H 22,3

meor N e 45 monoxjaopmeran CHsCl 45,6

apron Ar 7,2 auxsiopmeran CH.Cl 126
kucenb Op 29,1 tpuxsopmeran CHCls 162

azot Nz 38 YOTHPUXJIOPUCTUH BYTJICIIb 204

CCly
Sstsde? " cktcOyY' W, MisOdz  ts9 j ton dz 2 BOIs | t

9 j dzd yd dzlz { tc ts B thMy dztscame wa@ §f Hara GydnpoOoro raszy mpu HU3BKHX
1 HOpPMaJbHUX THUCKAaX BHM3HAYAIOTh 3HAYHOIO MIPOIO IHTEHCHUBHICTH IHIIIIOBAJIILHUX 1
BTOPUHHMX MPOIIECIB.

B 3aranbHOMy BHMaJKy npoOiif ra30Boro NpoMiKKY BiZIOYBa€ThCs 3a 4ac, 3a KU
PO3PSAIHUN CTPYM JIOCSTAaE BEIMYMHHM, IO BIJIMOBIJAE 3MiHI 3HaKa JAudepeHIiaIbHOL

NPOBIAHOCTI g, :ﬂE' Yac ¢opmyBaHHs MpoOOI0 MICTUTH y €001 4ac CTATUCTUYHOIO
M

3aMi3HEHHS, PIBHUN I1HTEpBally 4acy BiJl TOJa4l HAMpyrd N0 TMOSBU B TPOMIKKY
NPUJIATHOTO 1HIIIIOBAIBHOIO €JIEKTPOHA, 00 HE KOKHUW €JEKTPOH MOXE CIHPUYMHUTH
dbopMyBaHHs JIaBUHM, 1 BIaCHE Yyac (OpPMYBaHHS PO3PSTHOTO KaHAITY, IO BIIPAXOBYETHCS
BiJIl MOMEHTY TOSIBU 1HILIIOBAJILHOTO €JIEKTPOHA JO JOCATHEHHSI PO3PSAHUM CTPYMOM
KPUTHUYHOI BEJIMYUHH.

wdz' y' v 9 Odzr dzg' ftosyj md MlsOs Is odL d&zOyodz
dzOMmls ' dz' € duo dathembxky ®oxHa cTBOpUTH O€3 MPOOOIO0 CHIIBHE CICKTPUIHE
oJie, TOCTaTHE JJis IHTCHCUBHOI y/apHO1 10H13aIli. Y I[bOMY BUIAJKY CIIOCTEPITAETHCS
L dzOydzj MlsOlsdMmisdydzai L Of ' croczgnaadstenryf nimng@isifialz 1 t
manpyru (puc. 5.7) i * s sls dzj tesL ' ¥ 9 Odadz" (puf. 618)B o dzd -
3MEHIIYETHCSI TPU ONMPOMIHEHHI MpOMiKKY. HasiBHICTH (hakTOpiB, IO IHTEHCH(]IKYIOTH
HIIIFOBAJIBHI MTPOLIECH — JIIETEKTPUIHUX 3a0pyIHEHB (pUc. 5.6), 30BHIIIHIX 10HI3aTOPIB (PHC.
5.7) 1 T.11., 3MEHIIIy€ CTATUCTUYHUH Yac 3aIi3HIOBaHHA i PO3CIFOBaHHS MPOOWBHUX HATIPYT.

Yepes niro 3a3HaueHUX (HaKTOPIiB JOCUTH CKIIATHO BUPIMIUTH MUATAHHS MPO BIUIHMB
MaTepianry eleKTpOiB Ha BEIMYMHY MPOOMBHOT HAMIPYKEHOCTI Ta30BOTO MPOMIXKKY, X0ua
J S Jted d3j dzls Odz! dz', me Gadzsxku ilroncuikp@ils itiniroBanbsHIX
IPOILIECiB MPH TOTIPIIECHH] sIKOCTI 00poOKu moBepxHi enektponiB §f te 5B 8 d&z0 dzO
Lded k2.5 fyw

[Ipo BIUIMB CTAaTHCTHYHOTO Yacy 3ali3HEHHS Ha BEIMYMHY TPOOWUBHOI HANpPYyru
MOKHa CYIUTH 3a JaHUMH, HaBEJEHUMHU Ha puc. 5.7 — 5.8, KO BpaxyBaTH, IO
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NPUKIAJICHHS HAOmpyrd 10 MPOMIXKKY Ha Yac, MEHIIMN 4Yacy 3ami3HEHHS, HE MOXKe
MIPUBECTH 110 TIPo000. Yac CTaTHCTUYHOTO 3alli3HEHHS 3MEHIIYEThCS TIPU iHTeHCcU(iKkarii
IHILIIOBAJIBHUX MPOIIECIB 1 3pOCTaE 31 30LIBIICHHAM POOOTH BUXOY €JIEKTPOHIB 3 KaTo/1a.

)
o 60F
S 1 275
S S
=40 £ 50
g x
Qo
= S
* + + b : : + @ 0 2 : . UMM’ kB
0 20 40 60 80 100 120c 80 90 100 110
Puc. 5.7. Po3noxin yaciB 3ami3HIOBaHHSI Puc. 5.8. Posnoain npoOUBHUX HATIPYT
st crtbHO (1) 1 cmabko oxucieHux (2) IPOMIKKY TOBKHHOIO 3 CM MiXK KYJISIMU
BOJIb(PAMOBHUX €ICKTPO/IIB. niamerpom 12,5 cM mpu onpoMiHEHHI.

[HTEHCHBHICTH OTIPOMiHEHHS 3HUKYETHCS 3
POCTOM iH/AEKCY HPSAMOI.

Skmro yac popMyBaHHS po3psay MO3HAYUTH [ 1 BpaxyBatu, 1o d=Vel, a Ve = /1E,
TO, BPaXOBYIOUM YMOBY Ip0o0oto o TayHCeHly ofepKUMO

t = ﬁ?n(u g

Qo <~

o ~-1 ~ o ~

s aa EQ ; EQ au Q

z‘q)=é%nzp6§ ?n(1+gl)=fQ §=fg 46
aE

Q

a
TIpH 1bOMY BpaxoByemo, mo /71p ° const B = f

O

3rilHO MPUBEJACHUM OIlIHKaM TMpU CIpaBemIuBOCTI Teopii TayHceHaa MOBUHHA

iCHyBaTH y3arajbHEHa 3aJICKHICTh MPUBEICHOT MPOOMBHOI HATMPYXKEHOCTI ——  Bij

no0yTKy pf. Lle monoxxeHHs AIMCHO MIATBEPIKYEThCS €KCIIEPUMEHTOM (puc. 5.9).
[Ipu crpumepHOoMy TmpoOOi JlaBHHA

g s ERCH MOBUHHA MTPOATH 1uIsiX d, 106 nepeTBopuTHCS

B CTpPUMEp, IIBHUIKICTH PYXY SKOTO 1CTOTHO
o [\ BHUILE, IO JIO3BOJSE 3HEXTYBAaTH 4YacoM

\ PO3BUTKY CTpUMEpa y TMOPIBHAHHI 3 YacoM
N PO3BUTKY JIaBUHM 1 JUIA OIIIHKK  dYacy

1 N OpPMYBaHHS IPOOOI0 MOKHA CKOPHUCTATHUCS
~—_ yB
=~ TUM caMuUM BHUpa3oM. OJIHAK, PU TIEPEXO/I1 BiJl

10°  10° 10" Ila

JaBUHHOTO  pO3pAAYy 10  CTPUMEPHOTO

CIIOCTEPIraeThC 3MEHIIEHHS] Jacy

Puc. 5.9. Y3aranpHeHa BOJIBTCEKYHIHA (bopMyBaHHS pO3psAy Ha MOPSIOK — JBA, YOTO
XapaKTePUCTHKA ra30BOro npoboro HaBezieHa POpMyJia HE MOXKE MOSICHHUTH.
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3azBuuaii  Mammii Y O M W tstedzlz 9 O dzdzw n Is tc qudggniedzis G ts
doToemiciero 3 KaToAa MpH Jii Ha HbOTO (DOTOHIB, IO YTBOPIOIOTHCS MPHU HEHTpastizalii
MO3UTUBHUX 10HIB eliekTpoHamu. OJIHAK, JIOBXKMHA BUIBHOTO MpoOiry st QOTOHIB 3
CHEpricro 10HI3alii ayXe Maia 1 Mpy MIABHIICHUX THUCKaX IIeW mpolec He Moke OyTh
e(peKTUBHUM. SIKIO IHTETpaJlbHO BPAXOBYBAaTH BTOPUMHHY 10HHO-EIEKTPOHHY EMICIlo,
00YMOBJICHY PO3PIIKEHOI0 XMapor TMO3UTHBHUX 10HIB, SIKI 3aJUINAIOTHCS JaBUHOIO B
pO3psAIHOMY IIPOMIKKY, Todac w Stedi3lz o OdzdzV ttsL t6W H dztsG 5 ISY O @dzO d
tcOBRE OF Isj tstc 33 opuyddodz j dzH O
K, 8L, ko100
*T ad,-k el k-1iltye’ (.11)
1- Mg +———"
ad.(k-1) gk k i, q

ne k=g(expfpdx- 1) — koediuienT ioHi3auiiiHOro HapocTanHs; Oc— MPOMiKXHUIA MEPeTUH

PO3PAAHOrO KaHaTy, Y SKOMY CTPYM JIaBHHH Jocsrae 3HaueHHs i(tg), mpu skomy
BCTYMAIOTh Y JII0 MPOCTOPOBI 3apsau; lo — Mo4aTKOBUH (HOTOCTpyM, O — KOCQIIi€HT
yIapHOI 10H13aIlii.

[pu xoedimienTi ioHizamniHOrO HapocTanus k >> 1

i(t
adctec?nl(_—*)
t, = b
T ()
ad, +?n|(_—‘*)

IO
J€ Tec — YaC MPOJILOTY ENEKTPOHIB a0 mnepeTrHy Jc , a skmo g0 toro x IN(i(ty)
lig)>>ad, To

(5.12)

3BiicK BUIUIMBAE, M0 TpPHU JOCUTh BEIUKUX IMEpEeHanpyrax dac (GopMyBaHHS
JABUHHOTO pO3psiny i 6e3 BpaxyBaHHs (poToemicii MOXke OyTH OJIHOTO MOPSAKY 3 4aCOM
IpOJbOTY €JIEKTPOHIB, @ HE MO3UTUBHUX 10HIB, SIK 1€ MPHUIMAEThCS B paMKax Teopii
TayHcenna.

Yepes HEOOXITHICTh JOYEKATUCS MOSBU 1HILIIOIOYOTO €JIEKTPOHA 1 3aTPaTH 4Yacy Ha
¢dopmyBaHHs KaHalmy HpoOoro mpu MpoOoi Ha IMITYJIbCHIN Hampy3i mpoOWBHA HAmpyra
MIOBHHHA TI1IBUIIYBATUCS 31 3MEHIIICHHSM JOBKUHU IMITYJIbCY.

3aneXHiCTh MPOOMBHOI HANMPYXEHOCTI MOJSA Bi TPUBAJIOCTI IMIYJIbCY MpH
IMITYJIbCHIA HAmpy3l XapakTepHU3yeTbCAd KOEPIIEHTOM IMIYJIbCY, SIKUH JTOPIBHIOE
BIJTHOIICHHIO NMPOOMBHMX HAMPYKEHOCTEW MOJIS MPH IMIYJICHOMY Mpo0OO0i 1 MOCTIHHIN
Harpysi, 0 BUKOPUCTOBYETHCS B TEXHIII BUCOKHMX HAIpPyT I KOOPAMUHAIIT 1301111,
TOOTO BUPIBHIOBAHHS KOE(DIlLI€HTIB 3amacy 1Mo eIeKTPUYHIi MIIIHOCTI 130JIS1i{ TPH Pi3HUX
BUJAX HANpyT, 0 JIIOTh Ha HEl.
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VY nomepenHix MIPKYBaHHSAX Majocs Ha yBasl, IO MpPH IMIYJIbCHOMY Hpo0oi
IpUpoJa eIeMEHTapHUX MPOIECIB Taka Xk, AK 1 MpH Mpoboi nmoctiiiHoo Hampyroto. Ilpu
po0oi ra30BUX MPOMIXKKIB IIPU 3MIHHIN Harpy3i B 00JaCTl BACOKUX YAaCTOT BU3HAYaJIbHA
POJIb MO’KE MEPEXOANUTH JI0 THIIUX IpoleciB. PO3risiHeMO TpOXyU JOKIAHIIIE 11€ TUTAHHS.

3aranbHUIM XapakTep 3aJ1€KHOCTI NPOOMBHOI HANpPyrW NpU 3MIHHIA HaAmpys3l BiA
JacTOTH, a 3HAYMTh 1 BiJ TPUBAJIOCTI Mepioay BUMPOOyBanbHOI Hampyru (puc.5.10)
ICTOTHO B1IMIHHHMH B1J] 4aCOBOI 3aJIEXKHOCTI IPOOMBHOI HAIPYTH IPU IMITyJILCHOMY ITPO0Oi1
(muB. puc. 5.9).

BiaMmiHHICTh OSICHIOETHCS HacaMIiepe ] 3MIHOIO TIOJIIPHOCTI HANIPYTH B MPOMIKKY
IPOTATOM KO>KHOT'O MEPI0Ay, Y 3B'A3KY 13 UMM KOKHUUN €JIEKTPOJ IO Yep3l BIAIrpae pojb
TO KarojJa, TO aHOJa, a HampsAM pyXy 3apsAPKEHUX YacTOK II0pa3 3MIHIOEThCS Ha
3BOpOTHMM. JIokHM nepioa BUIpoOyBalIbHOT HAIIPYTH 3HAYHO OUIBIINHN Yacy MPOJIbOTY 10HIB
1 eTIEKTPOHIB Yepe3 MPOMIKOK, IOTH 3MiHA TOJISIPHOCTI MPUBOIUTH TIILKH J0 JOJIATKOBOTO
CUMETPYBAaHHS YMOB Y IPOMIKKY M 3HUKHEHHIO €()eKTY MOJSPHOCTI.

Sk TiMBKM TBMIEPiOJ HAMPYTH CTa€e

UanaKc, B CHIBBI/IMlpHI/IN{ .3 JacoM lepo.HBOTy
—— MO3UTUBHUX 10HIB 4Yepe3 IMPOMIXKOK, TO

2,0 AN BOHM HE BCTHUTalOTh 3a II€M 4yac AIUTH 10
15 j Karoga, 1 B TPOMIKKY  TIOYHMHAE
’ N | HAaKONUYYBATHUCA MO3UTUBHUN 00'€eMHUMN
1,0 3apsa.  BHachmigok  MOpYIIEHHS — UM
0.5 33.,p$II[OM PIBHOMIPHOCTI o H(?J'ISI
H1JCHIIIOETHCS MTPOLIEC YAAPHOI 10H13aLli B

0 : = = = NPUKATOAHIM  00nacTi, a  BEJIMYMHA
1 10° 10 10 10% 1, 'y .
IPOOHMBHOI HAIIPYTH 3HUKYETHCH.

Puc. 5.10. 3anexHicTs MpoOUBHOT HAIIPYTH Leit cmax mpoOuBHOI Hampyru

BiJ 4acToTH. CIIOCTEpIraeTbCss B IEBHOMY Jllala3oHi

yactoT. [lpu mnopanpIioMy mMiABUIIEHHI

YacTOTH (3MEHIICHHI TepioAy) 3HAYCHHS

MpOoOUBHOI HAMMPYTH CTAOLTI3YETHCS BHACIIIOK TOTO, IO KYJOHIBChKE PO3IITOBXYBaHHS 1
TQy3ist MepemKoKAI0Th HAPOCTAHHIO TYCTHHH 00'€MHOTO 3apsiy.

OnHak, KOJIH MiBIEpio 1 BUMTPOOYBaIbHOI HATIPYTH 3PIBHAETHCS 3 4aCOM TPOJIBOTY
eNIEKTPOHIB MIXK €JEKTPOAaMH, OCTAaHHI TaKOXX HE BCTUTAIOTh BHHUTHU 13 MPOMIXKKY 1 MPH
3MiHI TMOJIAPHOCTI BUCTYMAalOTh B POJi iHiMitoBaNbHUX. [Ipu 1pboMy crocTtepiraerscs
NOCWJICHA 1OHI3amisl, 1 MpoOMBHA HANpyra 3HMXKYETHCS NOTH, JOKM HAKOMUYIYBaHHS
CJICKTPOHIB HE YPIBHOBAXUTHCS IXHBOIO NU(DY3i€r0 13 MPOMDKKY 1 HelTpamizauiero 3
no3uTuBHUMHU ioHamu. [loTiM mpoOMBHAa Hampyra 3HOBY HE 3aleXKHThb BiJ] MEPiOdy
NPUKIAJACHOT Hampyrd. | TNBKM KOJMW TEpioj] HANpyrd CTa€ MEHIIE Yacy BUIHHOTO
10HI3aIIHOTO TPOOIry, €JIeKTPOHH HE BCTUTAIOTHh 3IMITOBXYBAaTHCS 3 aTOMaMH Tasy,
IHTEHCHUBHICTB 10H13aIlii 3HIKYETHCS, a TPOOMBHA HAIIPyTa 3pOCTaE.
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B enexTpoi30isuiiHuX KOHCTPYKIISAX Npo0ii MOXKe MPOXOAUTH B3/I0BXK IOBEPXHI
TBEPJIOTO JICICKTPUKA B T'a3l YU B PiIUHI, TOA1 HOT0 Ha3WBAaIOTh TOBEpXHEBUM. HasBHICTH
y Ta30BOMY IPOMDKKY TBEPAOTO IieNeKTPHKa, IO MAa€ KOHTAKT i3 ENeKTPOJaMH,
XapakTepHa s 0araTboX eIeKTPOI30JAIMHIX KOHCTPYKITH (130JI9TOPH, PO3MIPKU B Fa30-
1 OJINBOHANIOBHEHUX KaOensax 1 T.1.). KoHCTpyKiis B LbOMY BUIAAKY pO3PaxOBYETHCS
TaKMM YHHOM, 1100 MpoOiit BigOyBaBcs B rasi, a HE B TBEPIOMY JICIEKTPUKY, IS IKOTO
BTpaTa €JEeKTPUYHOI MIIHOCTI IIPpH Npoboi € HeoOopoTHO. ToMy 130J5TOpaM HaAAIOTh
Taky hopmy, 100 ICKPOBHUI pO3ps/I IPOXOJAHB B IIapi MOBITPs AKOMOTA JIajli B/l MOBEPXHi
130515TOpa (TpHbOK, OOYCUKa).

Ha nuTanss, yu 3MiHIO€ThCSI MPOOKBHA HAIIpyra ra30BOro MPOMIXKKY ITPH BHECEHH]
TBEPJIOTO JTICJICKTPUKA, CKCIIEpUMEHTAIbHO Oylla OTpMMaHa BIAMNOBIAL, IO 3MiHA
NPOOMBHOI HAIPYTH ra30BOI0 MPOMIKKY CIIOCTEPITAETHCS TO/1, KOJIM BHECEHHS TBEPJIOTO
TENEeKTpUKa CYMNPOBO/KYETHCSI  BUKPUBICHHSM  TIOYAaTKOBOTO  PO3MONITY  MOJS
3apsAKEHUMH YaCTUHKAMH Ha TOBEPXHI1 J1€JIEKTPUKA.

BukpuBneHHs 1oJIsI TBEpAUM JIEISKTPUKOM TUM OiNIbIlle, UM O1JIbIIIa BOJIOTICTH
ra3zy i 4uM OUIbIIA T1eIEKTPUYHA TPOHUKHICTH J1€IEKTPHUKA, TOOTO MEHILIEe KpalloBHHl KyT
3MouyBaHHs. Hanpukitan, mpu Hanpy3i vactotoro 50 ['11 3011b1eHHs BITHOCHOT BOJIOTOCTI
3 60% 1o 90% 3HWXKYye pO3pAIHY HANPYTY Uil KepaMIYHUX 130JsATOpiB B 2 pas3u. Lle
3HI)KEHHSI TIOB’SI3aHE, Yy TIEpIIy 4Yepry, i3 IUIBKOIO BOJIOTM Ha TIOBEPXHI MiEIEeKTpHKA,
TOBILMHA SIKOT 30UIBIIYETHCS 3 POCTOM 3a3HaueHUX (pakTopiB. TOMy B OTHOPIAHOMY TOJII ITPH
rapHOMY KOHTAKTi €JIeKTPOJIB 3 JIeNEKTPUKOM 1 BojorocTi He Ouibine 10% BUKpUBICHHS
PO3MOALTY MO He3HauHe i MpoOMBHA HaMpyra MPaKTUYHO He 3MIHIOEThCS (puc. 5.12).

3 poCcTOM BIJIHOCHOI BOJIOTOCTI Ha TIOBEPXHI TBEPIOTO JIENEKTPUKA YTBOPIOETHCS
TOHKM{ CYIUIBHUM IIap BOJOIW, 110 Ma€ 3HWKEHUH omip. B pesynbrari mpoTikaHHS
MiIBUIIICHUX TIOBEPXHEBUX 10HHUX CTPYMIB OLIsl €EKTPO/IIB HAKOMUYYIOTHCS 3apsid, IO
BUKPUBIISIOTH TIOJIE i 3HIKYIOTh IPOOMBHY HAIpyry. Uepes morany BiATBOPIOBAHICTH SBHIIA
YTBOPEHHS CYIUIBHOI TUTIBKM E€KCIIEPUMEHTAIbHI JJaHI MaloTh B 00JIACTi MEPEXOy BEIHKE
po3scitoBanHs (puc. 5.13).

[Iponec yTBOpeHHS MOBEPXHEBOT'O 3apsly JOCUTh IHEPIIIHMIA, TOMY IIPU Hampyrax
yactoToro noHaja 100 k' mpobuBHA Halpyra ra30BOro NPOMiXKKY IPU HasIBHOCTI B HbOMY
TBEPAOTO JlieJICKTPUKA HE 3aJIKUTh BiJl BIIHOCHOI BOJIOTOCTI ¥ OnM3bKa 10 MPOOUBHOT
Hanpyru Taszy. [leske 3HWKEHHS MPOOMBHOI HANMPYTd y I[bOMY BHIAIKy MOXE OyTH
NOB'sI3aHE 3 PO3MOB3aHHIM 3apsAy Ha €JIeKTPOAax, 0 KOMIICHCYE MONIIpU3alliiiHe 1oJie B
TBEPJIOMY AIEICKTPUKY, 1 JIOKAIHHUM 30UIBIICHHSIM HAMPYXEHOCTI TMOJS B Ta3l y MiCIl
KOHTAKTY KParo JIIEJIEKTPUKA 3 €IEKTPOJIOM.

BukpuBieHHS pO3MOALTY TMOJII B MPHCYTHOCTI CHIBHO 3BOJIOKEHOTO TBEPOTO
JieNIeKTpUKa MOKe OyTH TMOB'sI3aHE HE TUIBKH 3 HArPOMADKEHHSIM TTOBEPXHEBUX 3apsIIiB,
asie i 3 HepIBHOMIPHICTIO MiJICUXaHHSI TOBEPXHI, 1110 IPUBOAUTD 10 YTBOPEHHSI TOKAJIbHUX
o0mnacTeil 3 MiIBUIIIEHUM OTIOPOM.

Ieit MexaHi3M € OCHOBHHMM TIPH MIEPEKPUBAHHI TBEPAUX JICIEKTPUKIB IO MOBEPXHI
B yMOBax O€3MepepBHOTO 3BOJIOXKEHHS, HAMPHUKIAA MPU JOIIi, KOJU PO3MOILT OIS
B3JIOBX MOBEPXHI BU3HAYAETHCS IMAJIHHSAM HANPYTyd HA JaHIN AUISHIN JieTEKTPUKA MIPU
MPOTIKaHHI CTPYMY BHUTOKY.
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BuainenHs TemnoTu mpu MpOTiKaHHI CTPYyMy MO IUIIBII BOAM HPUBOAUTH O
BUIIAPOBYBAHHS BOJIOTM 3 TIOBEpXHI JieJeKTpuKka. BumapoByBaHHsS BiIOyBa€eThCs
HEPIBHOMIPHO uepe3 (IyKTyallllo TOBIIMHHU IUNIBKM BOJIOTM, HAsBHOCTI 3a0pyJHEHb
nmoBepxHi Tomro. Omip AUISTHKHA AieIEKTPUKa 3 TOHIIOK IJIIBKOK BOAM ab0 MiACyIIeHOT
TUISTHKY BUIINHN, TOMY 3 YpaxyBaHHIM 3aKOHY IIOBHOTO CTPYMY, 3T1JHO SIKOTO CTPYM y Oy/Ib-
SIKOMY TIepepi3i MOCIIOBHOTO KOja OJHAKOBHM, HA HhOMY BHJIUISAETHCS OLIbIIa YacTUHA
HOTYKHOCTI, IO MPUBOJUTH /0 1€ OLIbII IHTEHCUBHOI'O BUIIAPOBYBAaHHS 1 10 YTBOPEHHS,
y KIHIIEBOMY MIJICYMKY, CyXUX IUITHOK a00 cmyT. [Toganbiimii po3BUTOK MPOIIECy 3aJEKUTh
BiJl BEIMYMHN HANPYTH, MPUKIAICHOTO 10 MPOMDXKY. Llst Hanpyra y BUIIaAKy YTBOPEHHS
CyX0oi CMYTU BUSIBISETHCS MPUKIAICHOIO JO HEl, TOMY MOKJIHMBO JIOKAJIbHE MEPEKPUTTS
JIENIEKTPUKA B CyX1i 00J1aCT1 1 YaCTKOBI AY>KKM a00 HaCKpi3HUN MPOOIH.

U,,, kB makc. U,,, kKB makc.
120
5 / 2
/3 0

N/

40
0 0 50 100
0 5 I, cm10 8i0HOCHa goriozicms, %
Puc. 5.12. 3anexHicTb IpOOUBHOT HANIPYTU Puc. 5.13. 3anexHicTb MPOOUBHOT HANIPYTH
0 TIOBEPXHI JIEJICKTPUKA BiJl JOBXKUHHU 10 TIOBEPXHI CKJIA BiJI BIITHOCHO1 BOJIOTOCTI
npoMixky: 1 — mapadin; 2 — nopuensHa; 3 — HOBITPs: a — MOJIipOBaHi; b — MaToBi; ¢ —
TypOOHIT; 4 — nmapadiH, MopIeIsHa, TypOOHIT TTOKPUTI JIETEKTPUKOM EIEKTPOIN

IpY NOTaHOMY KOHTAKTi; 5 — MOBITPs

Y pe3ynbTari MOBEpXHEBUX NPOOOIB, IO MOBTOPIOIOTHCS, a00 TMOBEPXHEBUX
PO3PSIiB IO MOBEPXHI MIENEKTPUKIB, OCOOIMBO OpPraHIYHHUX, YTBOPIOIOTHCS OOBYTIIEHI
MPOBIJIHI CJIIJIK, SIKI TOTIPIIYIOTH €1EKTPO130JIAIIHHI BIACTUBOCTI KOHCTpYKIii. Lle siBuie
HaA3UBaEThCAIT P E€ K I.HT O M

CTIHKICTh OpTraHIYHUX J1€EKTPUKIB O TPEKIHTY TUM O1JIbIIa, YUM O1JIbIIIE KOKCOBE
YiCcao (BiAHOIIEHHS MAacd TBEPJOTO 3aJHIIKYy TEPMIYHOTO PO3KIAJaHHSA 0e3 IOCTYMy
KHCHIO 200 Y BaKyyMi JI0 TTIOYAaTKOBO1) JJIsl JAHOTO MaTepiany.

337 . <. ¥y ¥

OCHOBHI TpyIHOLI TMpH TOACHEHHI MpOoOOI0 BakyyMmMy MOJSATalOTh y TiM, IO B
MIPOMDXKKY BiJICYTHSI pEUOBHHA, & TOMY IIEPBHHHI ITPOIIECH HEMOXKITUBI. 3pOCTaHHS CTPYMY,
y IIbOMY BUTIAJIKY, TIPY 3POCTaHH] HAIIPYTH, TPUKIIAJACHOI 10 TPOMIXKKY, 3yMOBJICHE TiITHKA
POCTOM 1HTEHCHUBHOCTI IHIIIIOBAJIBHUX TMPOIIECIB, OCHOBHUM 3 SIKHX € XOJOJHA eMicCis
eNeKTpoHiB 3 Karonxa. [Ipu perenpHili 00poOIl 1 TpeHYBaHHI €IEKTPOJIB BaKyyMHHIA

IMPOMDKOK JIOBXKMHOIO 1 MM Moske BUTpuMyBatu Hanpyry nonaa 100 kB, nponyckatouu
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3HaYHUH cTpyM (10 10 KA) 6€3 mepexoay 10 HECTAI[IOHAPHOTO PEKUMY, TOOTO 10 PEKUMY
31 CMaJHOI0 BOJIbT-aMIIEPHOIO XapaKTEPUCTHKOIO, sika 1 € 0e3mocepeHhOI0 O3HAKOI0
po0oro.

VY nepmux Teopisx mpoOoro BaKyyMy aBTOPH HamMaraiucs o0iiTrcs 6e3 TepBUHHUX
IpoueciB. 3riAHO IHUX, TaK 3BAHUX OOMIHHUX TEOpIH, 1HILIIOI0Yl €IEKTPOHH, TPUCKOPEHI1
CJICKTPUYHUM T0JIEM Y BaKYyMHOMY MPOMIXKKY /10 BEJIMKUX €HEpTiid, BUOMBAIM 3 aHOJA
no3utuBH1 1oHW. Lli 10HM, TOTpamIAOYM HAa KaToJ, BUOMBAIM HOBI EJIEKTPOHH,
3a0e3neuyroyn, TaKUM YUHOM, 3BOPOTHHI MO3UTHUBHUIM 3B's130K. 1I[00 onmucanuit mporec
CTaB TaKUM, 1110 CaM MiITPUMYETHCS, a TOTIM 1 HECTAI[lOHAPHUM, 3T1IHO 3 YMOBOIO POOOI0
MOTpiOHO 3a0e3MeunTH BUXIJ BTOPUHHUX €JICKTPOHIB OJWHUIA 1 OiJbINE HA OJUH
IHILIIOIYUM  eneKTpoH. OJHaK, EeKCIEPUMEHT Ja€ BEIWYMHY BHXOJAY BTOPUHHHX
eleKTpoHiB y Bakyymi MmeHmel03, mo cripocToBye 0OMiHHI Teopii.

VY cydacHuX Teopisix mpoOOr0 BaKyyMy OCHOBHMI Harojoc poOMThCA Ha MEXaH13Mi
MOSIBH Y BAKYYMHOMY TIPOMIKKY PO3PIPKEHOT0 Ta3y B pe3yibTaTi 1ecopOirii 3a0pyTHeHb
13 TOBEpXH1 €JIEeKTPOAIB abo0 BHUIAPOBYBAaHHS MarTepialy aHojAa MpU HarpiBaHHI
eJICKTPOHHUMHU MyYKaMH, a TaKOX MPU BIAPHUBI MAKPOUACTUHOK BiJl aHOJA, MPUCKOPEHHS
iX B eJIEKTpUYHOMY ToJii U ynapi o0 moBepxHIO kKaroga. Ha KOpuCTh Takoro miaxony
CBITYUTB T€, 1[0 MEXaHIYHE 3MIIIHCHHS €JIEKTPO/IiB IPUBOJIMIIO JI0 301JIBIIICHHS TPOOMBHOT
Hanpyru B 1,8 pa3. Takox 3011b11ye MpOOKMBHY HANPYTY TPEHYBAHHS €IEKTPOIIB TI1I0OUUM
po3psigoM abo TOCHiIOBHUMH MpoOosiMu. IlosiBa po3pimkeHOro rasy B IMPOMIKKY
JTIO3BOJISIE TOJATH B CXEMY MPOOOI0 BaKyyMy yJapHy 10HI3AIlI0 SIK TIEPBUHHUNA MPOIIEC.
Pons BTOpMHHOrO mMpoIiecy, MOXJIUBO, BiJIrpace i0HHO-CICKTPOHHA €MiCis, a TaKOX
eJICKTPOHHA eMICisl 3 KaToa 3yMOBJIEHA YIbTpadi01eTOBUMH, a IHKOJIU 1 pEHTT€HIBCbKUMHU
dboToHAMHU, IO BUIPOMIHIOIOTHCS AHOJOM TMPH yaapax o0 HBOTO EJIEKTPOHIB,
npuckopenux 1o eneprii W = eU, ne U — noBHa Hanpyra, NpuKIiIaaeHa 10 TPOMDKKY. AJe
B IIIJIOMY Ha CbOTOJIHI MOKHA KOHCTaTyBaTH, 1110 TEOPisi BAKYYMHOTO MTPOOOIO IIIe TI0CUTh
JlarneKa Bij] 3aBEpILECHHS.

JIo OCHOBHHMX eMIipuYHHUX (DAKTIB, MO0 MOBMHHI OyTH BpaxoBaHi Mpu MOOYIOBI
Teopii MpoOOoI0 BaKyyMy BiJTHOCSTHCS HACTYITHI: MaJIMi yac popMyBaHHs IPOOOI0, AKUH Yy
PSAIl BUTIAJKIB CKJIQ/Ia€ OJTMHMIII HAHOCEKYH]I, PO3BUTOK PO3PSAY 3 KaToJia, IEPEHECCHHS
Marepiajgy aHoJa Ha Karoj, MosiBa OYropkiB Ha MOBEPXHI E€JIEKTPOJIB, IO CIPHUSIOTH
aBTOEJIEKTPOHHIN eMicii, cranaxu 01 MoBepxHi KaToaa 1 aHoAa, e(eKT MOBHOI HAIPYTH,
BIJICYTHICTh MPSIMOI MPOMOPIIHHOCTI MK JOBKHUHOIO MIKEJIEKTPOAHOIO MPOMIKKY M
BEJIMYMHOIO TPOOUBHOT HATIPYTH.

Bennuuna npo6usHoi Hanpyru Unp BaKyyMHOT'O TPOMIKKY 301TBIIYETHCS 3 HOTO
JOBKUHOO d BIAMOBIAHO 0 €MITIPUYHOT 3aJI€KHOCTI

Unp=cd 0 5€0.6

K 1 TIPU TETJIOBOMY TIP0o0Oi.

[Tpubnu3HO Taka X 3aJeXKHICTh, ajle TPOXH HENiHIHHIIIA, Mae MiCIEe TpU MPoOoi
BaKyyMy Y3JI0BXX TIOBEpXHi AiefiekTpuka. Ha po3BUTOK MpoOOI0 B I[bOMY BHIIAJKY TyXKE
BIUIMBA€ PYHHYBAaHHS [ICIEKTPUKA aBTOEMITOBAHUMH EJIEKTPOHAMH, BHACIIOK SKOTO
MOTIPIITYETHCS BAKYYM Y IPOMIKKY.
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75

604

257

cmarnb
nonipoeaHa

10° 10’ S, MM’

Puc. 5.14. 3anexHicTh MPOOUBHOT HAIIPYTH
BaKyyMHOT'O IPOMDKKY BiJl TJIOIII €JIEKTPOIIB 3
PI3HOIO MIKPOTEOMETPI€IO.

Ha pOOUBHY Hanpyry
BAaKyyMHOI'O IPOMIKKY TaKOX JyXe
BIUIMBAE MIKPOTE€OMETPISl MPOMIKKY
(puc. 5.14). 31 30i7ABIICHHSAM YHUCTOTH
MOBEPXHI EJIEKTPOAIB poOuBHA
Hanpyra Bakyymy Unp3pocrae.

[lepexing Big MOYATKOBOI CTafli
BaKyyMHOro Ipo0oOl0 10 JAyrd, 3a
CyYaCHUMHU YSBIICHHSIMH, MOB'SA3aHUI 13
nporecamu Ha KaTo/i, 110
3a0€3Meuyl0Th JIOCTATHIO MIUIBHICTh
wiasmMu. LlumMu  mpouecamMu  MOXYTb
Oytu  BUOyxM  MikpoBicTep  alo
3anajaroBaHHs JYT'H MK HEMETaTIYHUMU

JOMIIIKaMHU ¥ KaTOJIOM 3 BUIIAPOBYBAHHSM MeTaiy. [Ipu ropiHHI AyrH crnocTepiraerbes
epo3ist KaTo/ia, 0COOIMBO CUIIbHA, KOJHM KaTOJIHA IJIsiMa JYTH, 10 3aBXIU NepedyBae B
pyci, mepeminryeTbesi moBUTbHO. [Ipu 1IbOMY 1HOJI CHOCTEPITAETHCS BUKHUI IIBUIKUX
(v~10° figl3/) &ypymenis meTany.
30UTBIIICHHS] TUIOMII €JIEKTPOMAIB TMPUBOAUTH A0 3HWkeHHS Upp B pe3ynbTaTi
30UIBIICHHS] YMCJIa aKTUBHHUX IeHTPIB. MakcumanbHa Unp criocTepiraeThesi, KOJIu aHO.
Mae popmy BicTps. Komu karox € BicTpsiM, Unp TPOXHW HIDKYA, HIXK TIPH aHOI-BICTpI, alie
BHUIIIA, HIXK ISl MPOMDKKY IUTOIIMHA-TUTONIMHA, HA BIIMIHY BiJ Mpo0OIO ra3is.
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6.17 7 . o« . T LS T o
6.1.1;"'VL"' ""'”’“" o ot T

VY psnl BUCOKOBOJIBTHUX HMPHUCTPOIB (TpaHcpopmaTopu, KOHAEHCATOpH, Kalen,
OPOXIJAHI 130JTOPU M T.II.) BUKOPUCTOBYIOTHCS, SIK 130JISLS, TOPSIA 3 IHIIMMHU
CIIEKTPOI3OMIAMIMHMMY  MatTepiamamMu 6 ° H § H ' J Geped lsitexd Gaigpinbiine
nommpenus oxepxkanun ¢ OB j dz' dzO, Is tda@idAEmn W B tc B j dzh Ols ts
(BUPOOIAIOTHECS 13 HAPTH TPHU 3pOCTAIOUOMY CTYIEHI OYHUIIECHHS), a TaKOX CHHTCTHYHI
pimmEn: 6 HE ' GCtoj dzde’ 2 Btec Odzg' ydzdz' sz’ & sigjctsth ¢ O dzts
Is d §dgF160, Gs(F10)20, (GFe)N,dzd L * S s dzy SEdzw tcdzd 2 o * dz

ltecsBdo dzO dz0Of tczc O to' ¢ of Gz’ & @pilmtdeldz pinkadzO Y (
1307141111  1THTEHCHBHIIIE BIJBOIUTH TEIIOTY, IMOJIMIIYIOYH THM CaMHUM EHEpPreTHYHI
XapaKTePUCTUKH YCTATKyBaHHS.

OpnHak, HE3BaKAIOYM HA 3HAYHE TMOMIMPEHHS PIAKUX JIeIeKTPHKiB, (i3uuHi
MPOLIECH, L0 BiIOYBAIOTHCSI B HUX Y CHJIBHUX €JIEKTPUYHHUX TOJISX, BUBUEHI AYyXKe CIa0Ko,
0cobmuBO 3 TeopeTHuHOi cTOopoHH. OCHOBHA TMPHUYMHA TMOJSTae B TOMY, IO JO
tenepimuporo yacy f e OC Isd ydets dzg " mdzlz L OC ', deyigudiiso’ Is J

CTaTUCTHYHOI Teopii ra3iB abo 30HHOI Teopii kpucTaiiB. KpiM TOro, XxapakTepuCTHKH

30BHIIIHIX 1 BHYTPIIIHIX (DakTOpiB mpu mpodOoi B pigumHi, Taki W ¢ W St 3O Y
ZOf clzGc d, Isj &3 J € OIskO, sdmS o "' Hddz , ’
J dzf WG o dzOMdzed s Ctsdzdo Odz' , Isj s J OBkZEEO ° j daj
tesL yddej dzdr e0OL "9 ° '8 ftdtesH O, slgdilegrtes Odz

BEJIMKOIO CKJIQJHICTIO 1 CHJIBHOIO 3AJIEXKHICTIO B/l CTYIEHS 3a0pyIHEHHS PIIUHH.

1 59 dzf COwlsd dzGsL e H &z d ISeDOEi2O 'datsf dzy dzO Is' 2,
tetsL G dzV dzlz Is © makEz¥nocEefdriaTi i cTpruMepHY KOPOHY, 1 ICKPOBHI po3psij, i
ayry. Omnak, L OH B89 " dzt dzO bk dRtseo O f tetsB 8¢  H data BigsiinyH d dz
Big razis, 8 OdzOdz' sdydesdzgz o d ¢ dzv H ' dz! dgjo @dEOseuky B Iz Is
KUTBKICTh (JaKTOPIB, IO BIUTMBAIOTH HA PO3BUTOK IMPOOOIO B PiJIUHI.

Ha panmii wac mpwuiiHsto, mo f tesB ' 2 te' Hddz o d&zOMmdz' H
Istc Odzidzw y ' 2 dzts” (fsmiskzf Odz! dzts” ) Mmisj 4 dz’ me
LOGCOdZ degse s 'L BB SE3dic O J t6 H d Bzic Wotoxetm § Is to
YaCTUHOK 3a(iKkcoBaHe.

letseo " Hdz Mlis! tc' Hddz I mMdzOB € d ~ f sdzv -
odf tesd3’ dz¥ o O dadz™ Is @ H d fi) sy Hatksiexowaefagaposs B tc [z |
KOCMIYHOTO BUIIPOMIHIOBAaHHS B (DOPMYBaHHI €JIEKTPOMPOBIIHOCTI PIIUH MOXKHA OAUNUTH
3 TAKOTO MPUKJIAAY: MPOBIIHICTh PETEIBHO OYMIICHOTO N — FeNTaHy 3MEHIIYEThCS Bix 2
100 1o 91U02?° Cm-ecm? npu expanyBaHHI BUMipIOBAIBLHOIO 00°€My IIAPOM CBHHILKO
TOBILUHOIO 6 CM.

L Mddz dzd miniKBABKEEYCIRKTPOHN (IPKK) MOXYTh MOCTABIISTHUCS TaKOX
Oo9 Istsj d3TolT0 BuptiBaHHAM CHJIBHUM €JICKTPUYHUM II0JIEM €JIEKTPOHIB 3 KaToAa 4u
mipok 3 aHoma, OB 5 d3' M ° o BpxtBigISHEKeHHS poOOTH BUXOTY €NEKTPOHIB
(mipok) 3a paxyHok aii mois. Ilpu mpoMy moTpiOHO MaTh Ha yBasi, mo tGtSB SISO 9 d A

110



J dzi € stetsdz oJ 10 Lts " dzhcptEEiAY BOxoAy enexTpoHiB (1ipok) BG OL S SH ' B
H' J dzj SalsoteydeEoemicis HOCITB 3apsay 3 €leKTPOIiB MOXKE BiOyBaTHCS ITpU HabaraTo
HIDKYIH HAMpY>KEHOCTI OIS 1 € 3HAYHO €(PeKTUBHIIIO, HIXK B Ta3ax.
MmOtOCIsjte fijtoddededrs ftotsydjm' @ Hted G tetsE
LOdzj ¥ dils! 9" H Y MpsdsdsepurhcrpoHrgh dzgens yrctoTu piguH:
— 0 C 0 6 NpMEBTOE /1@ ‘H IO LL| @aH jicra3oBaHi, OIS SKHX MOXKE MaTH MiCIe
SICKTPUIHHUHN TIPOOIH 3 yIapHOIO 10HI3AIlI€I0, SK TIEPBUHHUM TIPOIIECOM;

— T € X H iYW K, aue IpakTHYHO HE MAIOTh €MYJIbCIHHOI BOJIOTM Ta MEXaHIYHHUX
JOMIIIIOK, JJIS SIKUX OLIBIN XapaKTEpHHUM, SK MEPBUHHUN TPOIEC, € TepMOTreHepalls i
TEIUIOBUM MPOOI;

— 3 a6 py,mel McHITE EMYJIbCIHHY BOAY Ta TBEpAi MEXaHIYHI JOMIIIKH, IPOOiii
SAKUX 3yMOBJIEHHH 10H13aI[IHTHUMU NpOLECaMU B IyXUPISIX ra3y, Ta yTBOPEHHSIM MICTKIB 3
Kpariejib BOJH 1 TBEpUX JOMIIIOK, III0 CIIOTBOPIOIOTH ITOJIE 1 MOJIETIIYIOTh TTPOOIH.

Poinb 3B0opoTHOrO 3B'13Ky (9 Is 56 d dzdzd = ) Moste/is @igifpasaau § tcsy Jj M d
Zlso stej dzdzv | dzifj Btsd@dsd L Py L dlsdeadzdr ' s
" tSdigdazj CstesdzdzO j i3 M W) OB jJd3 M Jdzj CIstets
fsLdlsdeo dzf Po Istsgztizyg C Iste)isdzdzO® J 3" " W

> ’ ’ ’ > > [— > [—

6 2~ A N A ~ " ¢ A t - 11 y ~ ”r v
-1.

Hait6inenr #imoBipaum ff j te o  dzdzd d3 | dzj d3J dzls Gstopdzadndgo {f to t
OUMIIICHUX pITUHAX MOXKHA BBAXKATU pPI3KE 3POCTAHHS KOHIEHTpAIil EJIeKTPOHIB Yy
PO3PSITHOMY MPOMIKKY B pe3yipTaTiz H Otedzts ™ . ' tsdz' L Oy'’

[ dzy § Istcd yazOm sl Mg d n H  Jdzd SIsted €' o fwd o
Hi Mvip&& dz' tc O, ik 9a3ig93d & Or Z dzts ¢ fBte diB' dzdfta"dzts o 1 (
ckfmisded o' HY s ' Hdzts, d3d dzgh 5° H B9 ) d ¢&dl0’am),dz’ dz
BHACIiIOK yoro motpibHa L dzO Y dzts gl20dktciz j dz' Mis Jdzj Clsted
ZH Otcdzts’ . Haipdgian, @myrazononionoro gorupuxiopuctoro Byriemto (CClg)
maemo Eqp =1 8 , 6 , A Hyp/pidgoro CCls ckmagae npubamsao 4 79 [ 1 /[ o3

Ha BigMiHy Bij ra3iB y piquHaxX e€JIEKTPOH INPHU 3ITKHEHHSIX BUTpAdyae €HEpTii0 Ha
30y/UKEHHSI KOJIMBaHb B3JOBXK XIMIYHUX 3B'SI3KIB 1 BiOpamii Mosiekyn. SAkmo ais
30y/UKeHHS KOJIMBaHb XIMIYHHX 3B'A3KiB oTpiOHa enepris 0,11 — 0, 37 eB, Ha 30ymkeHHs
aTOMIB 4 MOJIEKyJ pinunu 2 — 7 eB, to ans ionizaiii monekynu — 10 — 24 eB. Takum
YUHOM, JUISI JOCATHEHHS €JIEKTPOHOM 3a PaxyHOK IOJsl €Heprii, o JOPIBHIOE 10HI3aIil
MOJIEKYJI pIIUHU, MOTPIOHI IyKe CUIIbHI eJIEKTPUYHI1 MOJIS.

JInst peTenbHO OYMIICHUX PIIUH MOXKHA BCTaHOBUTH psia 3BSBBKIB MK Unp 1

MOJICKYJIIpHUMH ~ Xapaktepuctikamu. Upp L teSMis O L LB dz hj dz
sy B3 j tOIskzted Sdi ' dadzv, Bsdzj ¢ 2 dzv todzts o 06 d,
ftso jtorndzj otsets deOlswelz to' Hdde * Ldady k' Is! mMw L

Takum uywHOM, SK i y BHmaaky rasiB, Unp pimun BusHauvaethes © f j toh &2y
~OtcOCIsjtedmisd ¢ OB " Y BsMokkuko.da¥ ordeisHe 3 Tam, D GBS |
caMme BOHA BM3HAYA€ BTPATY €HEPTil €IEKTPOHOM, IPUCKOPEHUM Y EICKTPUIHOMY TOJIi.

1 © 9 Jj dzdwpugetzizpink (puc. 6.1) nocuts ictotho® §f dzd @ ©°  Is j a3 j
9 dzOMdz' H8¢ L dglexizd Gos daylgszlgOy* °  desfp' " & L Ote

111



totsL ' ¥ 9 Odade? ftod ftodMCtstcj dadz’ IsO L. B ®wafigdsoO dzdz
TEMIIEpaTypH 3MIHIOIOThCA Takoxk G Z Misd dz®@ to' H d dzd , O Jsimd¢ sy
NPUBOANTE H 15 L d&3° dzd tolz 7 dzd o Befiyis: 3nauemtsifiyioxxe marura@ote W H Iz
LB ' dz hjdadzgv o' H dztsfpidetsiciis nigsmEientylseknepdr{pu tracminok
3MEHIIICHHS WOro po3unMHHOCTI. [IpM BEIMKHUX CTpyMax MOXKE CIIOCTEPIraTucs
BUITAPOBYBAaHHS a00 PO3KJIaJIaHHs PIAMHHU ¥ YTBOPEHHs OyIh0aIIok rasy, y SKuX MOTIM
posBuBaeThes mpoGiii. Ilpum mpomy, Yy d3 o dh O Isj 3 jcOkztc® ¢ (
Isj f dzsls©O o dff Otctso zo Odadzy, Isdd3 B' dzr N O j dzj CIst

L tejIsd dz dzs HJ G Qudigo QdF d2) te[ IsH .o wilpilsuefiin ¢ Iz
‘ tesL yddzj dzd2 npf O o d fistis’ IS ' MwU L Is d fg@rcds.2). | dzdz
HaiiGinpm iMOBIpHUM TOSCHEHHAM 1€l 3anexuocri e f * Ho d M j dzadgv tetsL yd dz
te' Hddz ' fYtse' teh jdzdzw Bk d3so H daVwiiilrpa soisHaignaizdzY
THCKY, a TaKOK L B ' dz! h jp dz@e¥ teotlbynsbamkax. Jlesky poib MOXKe BigirpaBaTu
il 3MiHa PIBHOBa)XHOTO CTaHY aJCOpOOBaHOI Ha KaTOAl IUIIBKU Ta3y, IO 3 POCTOM THCKY
MIOBHHHA PO3YHHSITHCA.

[Tpu mpo0oi peTeapbHO OYMIIECHHX PIAHH B OofHOpimHOoMy momi ix J dzj € Isted yd
&3’ ydz' g lsxiy BEmagky enexTpuynoro npodoro razie, dzj L Odzj Yy dIs! 9 " H
ftesd'lyy fted =~ ° L ddgldz" J dzdzL BHEZ Y& st v, w ¢ h
d3d dzh(paic. 6.3). Lleit epexT Moxke OyTH MOSCHEHMI a00 ICHYBaHHSAM OISl €IEKTPO/IIB
obnacreld 00'eMHOro 3apsiay, abo, 3a aHAJOTIEI0 3 Ta3aMM, 3HIKCHHSAM €(PEKTHBHOCTI
yapHOi 10H13a1li] 31 3SMEHILIEHHAM JOBXHHH IPOMIXKKY.

E,. MB/cm E.. kB/cm E,, kB/cm
2,5 / 400 /
\
. 1,9
2,0 / 300 //
/ : / 1,8\
2 \\
1,5 —— 200 7 17
A | / AR\
— 100[7 16—\ 1
71 ,25 ’ 2
1.5 3
10 L 0 2 4 6 |
30 35 40 45P, Mlla litg 1 2t MKc
Puc.6.1.3anexHicTh Puc. 6.2. 3anexHicTh Puc. 6.3. 3anexHictb Enp rexcany
€JIEKTPUYHOI MILHOCTI PIAKUX €JIEKTPUYHOI MILIHOCTI B1Jl TPUBAJIOCTI IMITYJIbCY MPU
JeNeKTPUKIB Bl 00epHEHOT OJIMBH NapadiHOBOrO JOBXHHI MPOMIKKY 1 — 50.8 MKM;
TeMrneparypu: | — nenrany; 2 — pAdY BiJ THCKY. 2 — 63,5 mxM; 3 — 85,9 MM

OKTaHy.

1" Headh j dadgw | dzj € Isipemgmiasipomisgkaxyaztsifidsapyru, sk
1 B Ta30moAiOHMX  JIeNIEKTPUKAX, HA3WBAIOTh EJICKTPUYHUM  3MIIHCHHIM 1
~nOtcOCIsj ¥ Isy ' * dzls 5 Hpu ol BpeFd Madr Ha yBasi, 1m0 Egp
NOJISIPHUX PiMH 3pOcTaE 3i 3MeHIeHHsM npoMikky N © d H N Bjiacainok mporo mpu
iMmmynecHiN Hanpysi d3s Y J  f J toj oydejdtss[dzvitcdzd = t6' HC gi& H '
MIPH TIOCTIMHIN HAMPy31 MaIOTh BUIIY TPOOHBHY HAIMpYTYy.

Yac npo6oro Maux MPOMIKKIB MeHIIIe 1 MKC, IO CBITYHUTH PO ENEKTPUUHY hopMy
po0OIO PIUH MIPU TAKUX YMOBaX.
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B perenpbHO oOuMIEHMX piAMHAX TOPSA 3 YTBOPEHHSM MO3UTHBHHX MOXYTh
YTBOPIOBATHCS 1 HETaTHWBHI 10HW BHACIIOK MPUJIUIIAHHS €JIEKTPOHIB 0 HEUTpaTbHUX
aTOMIiB YH MOJIEKYIL. ) otcOnlzo Odzdzy d3 1 toc d dzgf tFeQpddpdztpodojo dzj & |
pETENbHO OUHMIIeHUX piguH W Ste 3z dzz H dzWw M ls te Iz d3lzB sxme ocuibpgadz! dac
poJib B 1po0Oi BIIBOAUTECS ynapHiit ioHizamii, L O d iz ¥ Is! | o crAsdagaez’ H °
(bopMyII0r0 IS IEPEATPOOUBHOTO CTPYMY B Ta3ax IMPHU HASIBHOCTI MPUITHTIAHHS

N h
a:?henga' N oog—_—

E=1- ag_ah(expga -h ng)

e ‘o — MOYATKOBHMH (iHIIIIOBAJIBHMI) CTPYyM, 0 — Koe(illieHT ymapHOi ioHi3ali, 1 —
KOe(ILUIEHT MPWIMIAHHA,Y — KOEQILIEHT BTOPUHHOI emicii, 0 — BIACTaHb MIXK
eJIEKTpOaMH. Y MOBa IIPOOOIO BIATOBIIHO MPUIIMA€E BUTIISI:

ag_—a/ﬁexpga- H oglg?

[dzv ' Heda H' jdzj Clsted S rampuxnisiH ogQEiHB (56 S
LieMIsO L L B ' dzuxé gpezeztrzio sudziimdsms daepxinn BinbHOTO
npobiry, atakoxx L d3j dzh z* s+ mw L U, mwo eripammiygradaveagienmsm
poOOTH BUXOAY €JIEKTPOHIB 3 KaTOy, 30UTbLICHHSAM J1€IEKTPUYHUX BTPAT B N1€JIEKTPUKY
1 IPUBOJUTH J0 TEIJIOBOTO MPOOOIO PiJIHH.

[Ipu TenmoBoMy po06oi piIUH €IEKTPUYHA MIIHICTh 3@ OJHIEI0 3 TEOPiit

A FVE (T o] +

ne ¢ — crama, f,— 4ac, Ha MPOT#A31 AKOTO PiTMHA 3HAXOIWIIACSA B 00JIACTI MaKCHMaJIbHOI

HanpyxeHocti nost, V — 00'eM piguay, fiz— TEIIOEMHICTb, Uc ¢ f TEMIIepaTypa KHUITiHHS,
Qy — TeruIoTa MApOyTBOPEHHSI.

r dzv f s sftso ' WL Oded?2 L dzOwW o dg' Milste o Isjn
G O Lixlzngdopmariiero (po3TAryBaHHsSM) i BUHUKHCHHSIM yJIapHOI 10HI3aIlii Ha TOCTPHUX
KIHIISIX TYXUPIIIB, TEOPETUUHY €JIEKTPUYHY MILIHICTH OI[IHIOIOTH 32 (OPMYIIOI0

3y . w2 W2

1 F24p {2,e ,)epd v, oo

E, .= I e_oeJ 1 60 U
&- & r e4¢2Be g

ne U, 8 — BigHocHi mienexTpuuni MpOHUKHOCTI pimuay i rasy, U — IMOBEpXHEBHIA HATST
pIAMHY, I — MOYATKOBUHM pajJilyc MyXHUPLIB, [ 0 — HANPYKEHICTh MOJSA B myxupui, Vp —
Hafpyra Ha MyXUpIIi.
PesynpTatn excrnepuMeHTiB i3 BusieieHHs © f dzd o 2 d3OIs j 6 Odzz

9 J dzd yd dzlz 1 tc s B pifnandeke cyndp@utfivia EMD:&fia 3poOuTH BUCHOBOK, 110
OCHOBHa NpHUYHHA PO30DKHOCTEH monsrae B pisHomy Mis z § § dz’ sBtetsB € d

4 dzj § Is tdimmprknan, exekTpruyHa MIIHICTh TeNTaHy i OSH30Ty 3aJIe)KHO BiJl CTYIICHS
noJIipyBaHHsS H Jerasariii eJxekTpoaiB Moxe 3minroBatucs Big 100 go 1700 xB/cm. A W
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LOdzy ¥ dgpfgls'H HZ Ctetstej dz2 " Wk 2 €' dz2 €sMls’™ OH Mt
ofdzdo dBOIsjte" Odzz Jj dzd S IstetsSH " ©

KpiMm Toro, pons kaToja pi3Ha 1 3aJ€KHUTh B1Jl TOTO, AKUI NPOILIEC BIIITPAE OCHOBHY
poib. SIKIO B MOMsX, IO BiAMOBiZarOTh mpoOoro, mMae micue  dzls j dzmd o dz©@ [
"Bdz L Oy v, " Lo dlktsl fttsBtsE SBBRBIYEZT. &
I, HaBmaku, SKIIO CIOCTEPIraeThcsl 1HTEHCHBHA €Micis 3 KaToja MpH ClIaOKid ymaapHii
10H13alli B 00'eMl piIMHU, TO caM€ YyJapHa 10HI3alis CTae OOMEXYIOUUM (PakTopoMm
mpo0oIo0 1 MaTepiall KaTojia BXKe He I'pa€ MOMITHOI POJIi.

OTxe, AKII0 CTBOPUTH YMOBH AJIs IHTEHCUBHOI yAapHOI 10HI3allli B IPOMIXKY IIpH
MOPIBHSHO CIIA0KMX TIOJSAX Ha KaToJli, TO MOKHA BHSBHTH BIUIMB Marepially Karoja.
JlificHO, y MPOMIXKY BICTpSl — IJIOIIMHA, KOJU KAaTOJAOM CIIYKUTh IUIOLIMHA, @ aHOJIOM
BicTpst, Unppn—rekcany H dzZWOlsd t6* Odz' 9 GC OIStsH O L ° L ctEAJIs OB -
— 425 Cu—-441i Cr—458eB)30° o' HYtso ' Hdzs L terpipdss@® y j
BizcTani Mk enekrpomamu (puc. 6.4). c S hts 3 o' Mistew dUntc' HEIsSH |, O
LOdzd ¥ dlIs! 9" m3saxds®OaspisoToRERARI.

[ dzw " Hodh jedzae€ d AU H ' jeixppudsoleyeh§ ‘fosC tod Islsw
CTPYMOIIPOBIAHMX 1 MOTCHIIATBHAX MeTaleBHX eneMeHTiB " Qtetsd3 H * j dEjpp®& Is tc d
3amo0IrTH OCIJIAaHHIO BOJM 1 INIAaMY Ha €JIEKTPOJax, M0 CTBOPIOIOTH MICIS JOKATBHUX
nepeHanpyXeHb, a TaKOX BCTAHOBJIIOIOTH IS ® j t6H ' H' J dzj € Isstepinrjitz’ l
130711111, 110 3aBa)KaIOTh YTBOPEHHIO MICTKIB 3 BOASHHUX Kpamelb a0o BOJOKOH. Taki
3axoau garoth MoxmBicTE ] * HO d N ghtz@ TRBG% o L Odzj  desfls” 9’
© yYyofmlsslsd ftods dzOH J dets’® O telzc d.

Onnak,tetsL G dzW dzlz Is * Is | 5@ juismhoqriziol Habiis e algtzridai kux
JICNIEKTPHKIB, SIK 1 1HIII, HE PO3TJITHYTI HAMU Teopil, Ha kanp, dz) L s ' d3 kL G s
L f tcOF oMy ®irnsHemMo OLIBII JOKITATHO EMITIPUYHI 3aKOHOMIPHOCTI MTPOOOI0
PIAKUX IENEeKTPUKIB, SIKUMHU MOXKHA KOPUCTYBATHCS Ha TPAKTHII NMPU BUKOPUCTAHHI
PIIMHHOI 130JIA1111.

OpienroBauii po3paxyHok Unp IS tc O dzi W tstc 5@ dzf et L d3' dzdz’ 2
1 HOpMaJIbHUX YMOBax JUIs €JIeKTpoaiB © ' ) 19t6 Wi Istdex¥ta mpoBoauTh 3a hopMyIioro

Unp =39,4d¢
a ms mpomikky © ¢ B Hzts b d dzO
Unp=18,7d"> npu 3¢d¢2 0 fmds
Unp =26,6%* npu 30¢d¢8 0 3.

l etsB d o dz dz0O §f tptvekeax seTpsHithaanna, sk 1 y BUNaaKy rasis,
LOdzy ¥ Olsy o' H izt dzedfls Olsg s s @V {f ts daeiprts M ls
NO3UTHBHINA, BHACIIJOK €KpaHyloouoi il mpuenekrponHoro ob'emHoro 3apsagy. Cumin
3a3HaunTH, o J S e Odzzs yO H' W B' " 3dzdr L OtWHB & L
NOPIBHSIHHI 3 KPaHYIYOI0 Ji€ro y razax Y J 6 J L to zercuntaomy dfictaguunomy
noni. Ha cmiBBigHOIICHHS MPOOMBHUX HAmpyr BIuMBae Takox ' Ozls jJ dzid o dzO@
J dzj CIlstetsdg' ' ofpls @0 HeraTuBHil monspHOcTi BHacmigok L dzd ¥ j dats’ tcts
o dnBHE | dzpifulsi ieoiglzin®3 ra3oBum qieIeKTPUKOM.
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[ dzj Slstcd ydzO d3° ydz' flsdepessynss dgamingezdasis, piatinHng dz
TBepauX mienekTpukiB L dzO Yy dzts dzd ¥ 4O, dz°' ¥ dgxlsignpmknazE., s yd
sydh j dzse 5 s tc O dzfsiiAad iy @f@OBWEzs. . 25 B f L / Byd®j da
9 ! &G fs I hodgnpku Tpoxu Ouibiie, HIXK PU TPOOOT TOBITPSL.

SIK TOKa3yrTh OCIIIHKEHHS 3 JOTIOMOTOK0 IIBHIKICHOI (hoTOpeecTparltii, mepes
npoboeM ® BBH dztstc’ H dpis dylzriitnifii SuelzrinzpkodacToTHIN Hanpy3i y piauHi
(bOpMYIOTBCS HHUTKOMOMIOHI ONTHYHI HEOJHOPIAHOCTI, IO, MOXKIIHUBO, € PE3yIbTaTOM
YTBOPEHHS ra30BUX Oyib0aIIOK B PE3yJIbTATI TEIUIOBUX MPOLIECIB, BUKIMKAHUX CTPYMaMu
CJICKTPOHHOI eMicii 3 KaTo/Ja, CTpyMaMHu HACKPI3HOi MPOBITHOCTI 1 abcopOirii, a Takox
aBTOIOHI3AII€I0 MOJIEKY piguHu. Takum unHOM € mifcraBu BBakatu, mo f to d Istcd o O«
H' dz@f ek pinki agienektpuku B Hux MoxomBud MYy jJ ydw ° ydzd 2
sjfdzsotsets flosB S8

lted bkjfdzsetsdkz §totsB s’ rae' maMinti sk § S fzdz] @ ldz
CeOf jd&zr € otHCJ, 9 5 dztsifoda@mustfoddfi p tddrsax Haiiblesiu®@ dzd dz
HEOJHOPITHOCTI MOJIs, YTBOPIOIOTH JIAHITIOKKH 3a yac He Outbie 1 ¢. AKIIo 11 JTaHI0XKKH,
0COOJIMBO 3BOJIOYKEHI, TTOBHICTIO MEPEKPHUBAIOTH MPOCTIP MIXK €JIEKTPOJaMU, TO 0 HUX
NpPOTIKAE€ TMIJBUILEHUNH CTPYM, pO3IrpiBalOYM pIIAMHY 1 YTBOPIOIOYM B HIM Ta3o0Bi
Oynp0amky, Mo SKUX 1 MPOXOJWTHh KaHaJI MPo0Oor0 mpu OUTbIN HHU3bKIKA Hampysi. Ilpo
HMOBIPHICTh TAKOTO MEXaHi3My MpoOOI0 MO MICTKAX, YTBOPEHUX KparisiMd BoAM abo
BOJIOKHAMHM, TaKOXK CBIAUUTH MiABUIIEHHS Unp IPH NIEpeMIilIyBaHHI PIIKOTO JTIEIEKTPHUKA
B IIpoLeci mpoooro.

ltesBdo dzO dzOff telz 6 O Is j igreleiozpasmiteg d fAls f &S tetdsd H df
dzO {f teilzsGicghury yepry, Bin TpuBanocTi ii npukinanenss (puc. 6.5). Pict Unpnpu t < 10
MKc nosicHioeThesa M IS Ols d Mis d ydzd d3 L Of ' L @pociQuzdassadgx W He S B 1S
Bcturae copmysarucs). | dad ¥ j daglatpu t102 ¢ noacuoetsca o f dzd o sd3 H 5B

BinmoBigHo 10 4yacoBoi 3anekHOCTI L tetsfis@miis slsd  § sdzv | dz
3" ydz' Mils! Isjrdg ydes ydmlsdes t©° HEda H' jodzj Clst

U, kB U, ym.00. E,.. kB/cm
i 2
8 / 1 3 \\ 260 // N
\
—
° d/ﬂ?’ 2[—N ™~ 180 / il h
¥~ b 7 —
2 ! \‘\ 100 A
~_| v
4% 8 x0°m O G- —qor T ioT.c 20 40 60 80¢t°C
Puc. 6.4. Binus marepiany Puc. 6.5 3anexHicts Puc. 6.6. TemneparypHa
€JICKTPO/IIB Ha MPOOWBHY HAMPYTY  MIIHOCTI paHchopMaTOpHOT 3aNexXHICTh Enp
N —Trekcany: 1 — amominiii, 2 — Miap, 3~  OJIMBHU BiJ Yacy: 1 —macno3  TpaHCc(hOpMaTOPHOI OJIHBH
XpoMm CJ‘Ii,Z[aMI/I BOJH; 2 - Oo4yHulIcHa HpI/I KOHHCHTpaHi.l' BOJU:
OJInBa 1-0,002;%, 2 - 0.01%, 3 -

0.05%. 4 -0.1%
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1 028" dzt N " Mistsisdzd 2 9 Hpdad a1 dedp@uro engnazehnyx] dziz
TUITY TpaHCc(hopMaTOpHOI OJIMBHU, MAKOTh IOMiTKH. HalmmomupeHimow aoMimkorw €9 SH O
Boma moxxe nepebyBatn © tetSL Y d dz] dabsaiziona s Odzils s ls dzts  ap,f dzd ¢
abolz o dc dzv H,C Sjaflz &z el € ¢ Is 2O Hd3' Is dzd 2

Unp TpaHchopMaTOpHOi OJMBH PI3KO 3HIKYETHCS 31 30UIBIICHHSIM BMICTY
eMylbropanoi Boau (puc. 6.6). 1 tetsB ' 2 L 9 t5dzts ypyude sinomazdca d
OLHBoY (]t tedo dmdhaehMopadr©UiAR® th [ dz'o,B18 yrOpE®IETHCS
1 OpIEHTYIOTBCSI MiJ BIUIMBOM eJeKTpUYHOTO moJig. [Ipu 1poMy, BHACHIOK 3HAYHO
OUIBIIIOT BITHOCHOT JIIEIEKTPUYHOT MPOHUKHOCTI BOJIM, HAIPY>KEHICTh MOJIsl B OJIUBI, L0
3HaXOJUTHCSA MK KpamelbKaMU BOJM, P13KO 301IBIITYEThCS (A1 TMOCTIIOBHO 3'€ THAHUX
mapiB €r1E1 = grE2), 1110 1 IPUBOIUTE 10 MEpEeIYaCHOTO MTPOOOIO OJUBH.

3 1i€i K MPUYUHU 0COOIMBO pizke 3HMKEHHs! Unp cliocTepiraeThesi pyu HAIBHOCTI B
mMacii IS® JtcHdm G ' HietSW ' . ddpudid ssonoxedHi) Isugp dats: Qviciie npu
HasIBHOCTI €MYJIbI'OBaHOT BOJH B TpaHC(OPMATOPHIN OJIUBI, & TBEPAUX YACTUHOK 3pOCTAE,
BOHM I[IOYMHAIOTH Y3TOJDKEHO OPIEHTYBATHCS B EJICKTPUYHOMY TIOJ, MPU IHOMY
YTBOPIOIOTHCSI TEPEBAHTAKEHI B EJIEKTPUYHOMY BIJHOLIEHHI MPOIIAPKH OJUBU MIXK
gacTUHKaMH. Yepes 111 MpomIapku 1 BiAOyBa€eThCs Mpooiit TpaHCHOpMATOPHOT OJIUBH.

[Ipo 3HauHMi BIIMB TBEPAMX TIAPOQIIPHUX YACTUHOK HA MPOOMBHY HAmNpyry
CBITYMTH TaKWi MpHUKIaA: Mpu 301IbIIeHH] KOHIIeHTpallii Boau 10 0,01 mac.% ii BrummB Ha
Unp TpancopmMaTopHOi OJIMBU HE3HAYHUH, ajle MPU AO0JaBaHHI 1O TPaHC(HOPMATOPHOIO
macia 0,002 mac. % Boau i 1,1@0°6 mac.% BoIOKOHIIIB, HOTO Unp 3HmKyeThes Ha 15 %.

L' L § BB dz] t6' o dapazenterdztsndiiz reefpaisdiinku po3diratoThes
BiJl €JIEKTPOJIa, YTBOPEHHS MICTKIB ycKiIafaHioeThes, 1 @ §f dzd ® L OB t6 lgpHedz)L de'ts
L dzd ¥ & ‘. Bisicynita sanexuicts Unp Bif CTYIICHS 3a0pyIHEHHS TaKOXK MPH IMITyJIbCax
HAIPYTH, KOJIU MICTKH HE BCTUTAIOTh CTBOPIOBATHUCS.

~ « s
@ 8¢ N , . N - . -
[N 4

4 . -
77 N n ~ 1 ~ n ~ 1 ] < A N A W ] ~ v ~

621, "~ 77

TBepaa enexTpuyHa 130JAIis € OJHIET 3 HaWmomupeHimux B TexHimi. e
MOSICHIOETBCSL 11  BUCOKOIO  €JEKTPUYHOI0  MIIHICTIO, a TaKOX MOXJIHUBICTIO

(4 (4 (4 +

BUKOPHUCTOBYBATH ii SIK KOHCTPYKLIMHMI MaTepian, TOOTO A CIPUHHATTS MEXaHIUHUX
HaBaHTAXKCHb.

PosrnsiHemo 3akoHOMIpHOCTI MPOOOIO TBEPAOI 130JIA111 3a 3arajabHOI CXEMOIO:
JoKepera HOCIiB 3apsiiy B CIHaOKHX MOJIAX, MPOIECH 30UTbIIEHHS iXHBOT KIJTBKOCTI B
CWJIBHUX TIOJISIX, BTOPUHHI TIPOIIECH i KpHUTEpii MpoOoro.

Sk 1y BUNAKy ra3iB i piAMH A TBEPAUX JICIIEKTPHUKIB 3 KOBAJICHTHUMU 3B'I3KaMH
nosiBa BUIBHUX HOCIIB CTPyMy 3yMOBJIEHA 1OHI3aI[l€l0 KOCMIYHUMU MPOMEHSIMH,
TEPMOTEHEPALI€I0 1 HAsBHICTIO AOMIMIOK 1 AE(PEKTIB CTPYKTYpH, IO MOJETUIYIOThH
TepMoTreHepanito. HocisMu cTpyMy € B OCHOBHOMY iOHM # €JNEKTPOHH, SKIIO HE
BpPaxOBYBaTH JIOMIIIKOBOi €JNEKTPONPOBITHOCTI, SKa IEpeBaKHO 10oHHA. B i1oHHHX
KPUCTAJIIYHUX JIeTIEKTPUKAX, Ha BIAMIHY BiJl MOJICKYJSAPHHUX, OCHOBHHH BHECOK B
€JICKTPOTPOBITHICTh TAIOTh 1I0HU B MDXKBY3IIsIX a00 i0HHI BakaHcii. KoHIeHTpallis HOCIiB
3apsay B JI€JIEKTPUKAX BU3HAYAETHCS, K 3BUYANHO, (POpMYII010
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n~Nexp({ W/KT)

ne N —aucno atomis B 1 cm®;, W — enepris akTusaii.

VY cuIpHUX TOJNSAX IO 3a3HAYCHUX IPOIIECIB T'eHepallii HOCIiB MOXKHA JOTYYHTH
TaKOX EJICKTPOCTATHYHY 10HI3alllI0 B JIEJIEKTPUKAX 3 BY3bKOIO 3a00pOHEHOIO0 30HOIO,
TEPMOCIICKTPOHHY eMicito 3a DpeHKeIeM i XOJ0AHY eMICIIO 3 €IeKTPO/IIB.

> — o ° —_ 2 —_

¢ A N A y o~ v oA v v v oy

6.22. -7~
b
L. C N C

 dzj Slstcedydzd?2 ftetse® 2 dBBO" sO¢ "’ ~n Ot OCIsj tod
~BUCB®HAYERARBR T PWI YuHHOB @ maipiBai 108 — 109 B/M, 1110 mosicHio-
IOThCS BHUCOKOIO MIUIBHICTIO TAaKyBaHHS TBEPAUX MICJEKTPUKIB 1 BIJCYTHICTIO
TPaHCIAIIWHOI CTEIeH1 CBOOOIH;
- Manuipwae mpio\\ene 10° ), ane ny 8 10 — 100 pasis Ginbmuii, Hix
JUTSI TIOBITPS1) 3yMOBJICHUH IIBUAKICTIO (POPMYBaHHS JIABHHO-CTPUMEPHOTO MPOOOI0;
—He3HaBWPHWeC T &HHBH ONaEWBbLRA@MMIE P AT I¥MIeparyp,
ommbkux g0 0 C, i eKCHOHEHI[HHMI Chaj TpU BHUIMX TEMIEparypax, 3yMOBJICHHI

0COOIMBOCTSIMU PO3CIFOBAHHS €JICKTPOHIB KPUCTAIIIYHOIO IPATKOI0, X0Ua, HE BUKIIFOUEHO, 110
B 1111 00JIaCTI TEMIIEpATyp MU MaeMO MEPEXiJl Bl eNEKTPUYHOI (popMu MPoOOkO A0 TEIUIOBO;

—nNpakTHesanenB cTaobB WP § K1 @k 10— 20M K Mipu
YMOBI BIZICYTHOCTI A1l 00'€éMHUX 3aps/liB €JIEKTPOHIB, €MITOBAHUX KaTOJIOM 1 3aXOTICHUX

€JICKTPOHHUMHU TACTKaAMU B J1CJIEKTPUKY;
— pi 3ek/ee K T p3uvHi HUEHTEHH OIB WK in € 20 — 20 M K ,MI0B’s13aHe 3
YCKJIaJIHEHHAMH 3 (OPMYBaHHSM JIABUHU Yepe3 OpaK HEUTPaIbHUX YaCTUHOK, aHAJIOTIYHO
TOMY, II0 MaJIo Miclie TpH nMpo0oi ra3iB Ha JiBiH Tl kpuBoi [lamena;
—3anexXxHiFIiMB /1 b HNOSCKTYI BCATHPHYSAK T & P @ M &HITe /BE K T P U
10 B CBOIO Yepry 3aJIe’KUTh BiJ XIMIYHOTO CKJIaay 1 OyJOBH JlieJIEeKTpUKa
Posrmstmemo yOMtseo d2  jtod B' 6 | dxp Spsdsadfi weztsaiis

kyxoHHOi coii NaCl. 3riqHo 3 eKcnepuMEHTaIbHUMH JaHMMH Ha TIOYaTKOBIMA cTafii

npo0O0 B KPUCTAII B pe3yibTaTi MPOXOJDKEHHS TMEPBUHHOI JIABUHU YTBOPIOETHCS
fJtejtcdodmisd?2 GCOdzOdz H' O dggnis teme3c ) lde) dgO 1M Isd
L otsfls ©®7 18° / 2t30in anona noumnnae npopocratu 10 Karoga f tetsif dzO e dzj ©
C O dz@admono sikoro crocrepiraetbes Mo " IS’ dzdz?" L BEZHY J dzgiKens H '
KaHaJl JOXOIUTh 10 KaToja, TO dYepes3 Iiei KaHam moynHae tetsL oW H Y Olsdmw  § O
‘ d3dz' fipisOysactecatelz 2 dzlz @ Odzdz?y H ' j dzj Clstcd € O

v Cted Mis OdzO A C OdzO dzd opifutmimsi tStfo  offiday &3
Kkpuctanorpadiuaux Hampsmkis, 9 O d3isucah dlafdmls

Cnig 3a3Hauntu, ' 85 W sted3O C OdzOdzkz f tesB 58  dzgj By
ofMlsOdetso dzj dedzy W stcdzdd ftoetsBts®, Bt WistedzO ¢ OdaC
npu mpoOoi Majo 3alekuTh Bix Gopmu mpoborw, a ® d L dzOyOBistcmi sdg * d3d
H' jdzj SIstedC O f OtcOL d Is dzts” " digdetsmlis Yd ted L
LOBBI ¢ Odzdzy o Ctsdz' .

Sktsmdeso dzed 2 ftesyjm L B' dz! opyjeskgpyrandy igmod s ) ls
posrisimaetecsi Z H Ote dzO@  ° tsdz' L Oy Tedpii gietapusiHsris ipez@odgefpamx
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JIIeTIEKTPUKIB, 10 IPYHTYIOTHCS Ha PO3TJISAAl TUIBKK yJIapHOI 10HI3aIlli 0e3 BpaxyBaHHS
1HIIIFOBAJIbHUX Ta BTOPUHHUX IPOIIECIB, BIAPI3HAIOTHCA KPUTEPIAMU TIpo0or0. OTHUMH 3
nepiux Oymu chopmynboBani § te d Is j t6° " 1S s ‘dafidf flz@w

0=1 s

1 @ppboriixa
¢ =1 e,

ne ¢ — eHepris, Ky eJIeKTPOH OTpUMYE Bif noisi 3a 1 ¢, ] — BTpatu eHeprii elekTpoHa mpu
B32€MO/I11 3 KOJIMBAHHSIMH KPUCTAIIYHOI IPATKH 32 TOM ke yac, ¥ — MaKCUMaJlbHa 4acToTa
ONTUYHUX (3YCTPIYHUX) KOJIMBAHb IPATKU, W €HEpPrisl 10HI3allll AieJIEKTpUKA.

Bignosigno no S ted Is j to ' & TS dfdf jjipdi MokIMBHIT 32 YMOBH, IO
KOXXHUU BUTBHUN €JEKTPOH, MPUCKOPIOIOYHICH B €IEKTPUYHOMY MOJ1, 37100yBa€ €HEPTiio,
noctaTHO A f BH B dzZOdzdzY 6 Odz! dilz o ©elzdZ® M S tc OO &S d d&30 dz
Mloro BUKOPUCTAaHHS Ja€ 3aBUIIEH] 3HAYEHHs NPOOHBHOI HATIPYTU TBEPUX JieTeKTPHKIB.

Il " HYitse ' Hdzts HB C tewpddiji Gr0yBacTACHH TASWBIIAIQY), KOTH
s dz2 €d h o dHESC, mo jrackxg CHspeits, dzopisusuny 3 enepriecro ionizarrii
nienexTpuka, MoXyThl j o] B Btotsls d 6 Odz' diime 60 ddadse npantarOdsst ts &
JTIO3BOJIUJIO JICIIO 3HU3UTH 3aBUINEHI 32 XIMIelIeM 3HaYeHHs TPOOUBHOT HATIPYTH.

k] _ —_— 2

623xv\'¢v\\~ o ¢ A W A ° ) o~ v A v v v 7y oA ’r

vjfdzsead?2 s 2, dzO 9 Hd3 dzlz o " Te,mg lzj C Is
JTEpaTypi HA3UBAETHCS TEOPISIMU TEIIOBOTO Mpoboto, € mmie IS J Ste” W d3d ff steklz
Isj §f dztso 5° tc' odzgso Ocd &' Y H' Jdzd Clsted ydzd d&3d ¢
Isj f dztslstss , h s o' HoO tSH ddsigzndpikony Helotsma. dz' " dz' € ts dzt

K010 HEOTHOPITHICTIO BU3HAYAETHCS JIOKAJBHE MicCIe MPOOOI0 ILIOMICI0 B IO
MM?, HAIIPUKIIaJ1, IIPH IPo60i KOHIEHCATOPa 3 IIONIEI M2; K (JOPMYEThCS KaHa PO6OIo,

0 € OCHOBHOIO O3HAKOI MPOOOI0 3TiAHO 3 BU3HAYEHHSM; SIKI MPOIECH, IO 3aiisHI B
HbOMY 3YMOBIIIOIOTh Bi’€MHY Tu(epeHIiaIbHY MPOBIIHICTD, KA TAKOXK € HEB1 €MHOIO
03HAKOIO TIpU OYyIb-sKiK hopmi MpoOOI0; SK 3aJEKUTH CTPYM MPOOOI0, came Tpodoro, a
HE CTpyM, WLIO BIJINOBIJAE KPUTUYHOMY pEXKHUMY TEIUIOBIANAYl, BIA BIICTaHI MIXK
eNIeKTPOJaMH 1 4acy; sika TeMIlepaTypa pO3BUBAETHCS B KaHali MpoOOK — Mpo Iie B
ICHYIOUHX TEOpIsiX «TEIUIOBOr0 MpoOOr» HIYOoro He roBoputhes. Tak mo Mis o sSte | dzdz
sj ste’ ’ IsJ § dzts® gt 5 O aif Gc s dg B B wokiigpdzkTtCE S TenepimHix
CTYICHTIB 3pOOHTH IO CIpaBy. AJie B JIEKIIsIX MU OyIeMO JOTPUMYBATUCS MPUHHATOT
TEPMIHOJIOTIi 1 Ha3MBaTH ICHYIOYl Teopii MOPYIIEHHS TEIUIOBOI pPIBHOBAarM MIXK
JeNeKTPUYHUMHU BTpaTaMd Ha EJICKTPOMPOBIAHICT 1 TEIJIOTOI0, IIO BiJBOAWUTHCS B
HABKOJIMIITHE CEPEIOBUIIE, TEOPISIMH TETIOBOTO MPOOOI0.

Po3rnsineMo HaWmpoCTiMiA BapiaHT Teopii TEIIOBOI piBHOBaru. ANpPOKCUMYBAaTH
JIeTIEKTPUYHI BTPATH Ha €JICKTPONPOBIIHICTH MU OYAEMO JISHIO CIIPOIIICHUM BUPA30M, IO
CIpaBe/UIMBUN y BY3bKOMY IHTEpBall TEeMIIepaTyp, aje Ja€ MOXXJIHUBICTb CIPOCTUTH
pO3IJIsA 1 IHTEpIpEeTalLio Pe3yIbTaTiB,

P, =U’wCtgd, exp(a(t -t)
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a BiJBEZIeHY B HABKOJIMIIIHE CEPElOBUIIE TEIUIOTY 3riAHO 3akoHYy HbioToHa mpuiimMaTu
PIBHOIO
Q=aS(h -t

ne U — xoedilienT TemmoBimaui Bix MOBEepXHi JieNeKTpHKa; S — IUIoma MOBEPXHi
JieneKkTpuka; ty — TemmepaTypa IOBEpXHi; t — TemmepaTypa JielekTpuka; to —
TEMIIEpaTypa, pH sKiil BuzHauascs tgd; ez TeMmepaTypa HaBKOJHUIIHBOTO CEPEAOBHIIA.

Crnouatky 3BezieMO 00MJIBa BUpA3H, 5Kl BIAPI3HAIOTHCS TEMIIepaTypaMu, 10 OJJHUX
sMinHuX. OCKUIbKH, lo — TemmepaTypa, npH sikiii Bu3HauaBcs tgdh, a tem Temmeparypa
HABKOJIMIIIHBOTO CEpPEIOBUIA, TO MOHA JOMOBHUTHCS, IO MOYATKOBI JICJICKTPUYHI
BTpaTH OepyThCs pH YMOBI, 110 to = tezmHigknx oOMexxeHb Ha TEOpiro, KPIM Y3TOKEHHS
BUOOpY TeMIepaTyp, pu IKUX OepeThes 3HaueHHs tgdh, e He Haksaaae. Jlernio cKiaaHie
3 TemmepaTypamu ty i t, KO MU IX IPHPIBHIOEMO, TO HEXTYEMO TIEpEafioM TEMIIEPATyp
B 00’ €Ml JlieNIeKTpUKa 1 Aetio 3aBUITyeMO Uyp, alie Ha 11e JOBOJIUTHCS UTH, 100 OTpUMATH
CHCTEMy JBOX PiBHSHB 3 IBOMA HEBiIOMHIMH, i TOMy ImpuitmMaemo ty =t .

3 BpaxyBaHHSIM NPUHHATHX HAOIMKEHb BUpa3u 11 Py 1 Q MaroTh BHTIISI:

P, =U’wCtqd, exp(a(t -t )
QzatS(ﬂ 't;)c_

I'padiku 1mx xapakrepucTuk 300paxeHi Ha puc. 6.7. [ienextpuuni BTpatu Pqg
MOKa3aHi /Ui TPhOX HANPYT — IOKPUTUYHOI, KpUTHUYHOT 1 3aKpUTHYHOI. [Ipu qokputnyHi
Harpy3i kpuBa Py mepetuHaeThes 3 psiMoro Q, 110 xapakTepu3ye BiBEIEHHS TEIUIOTU B
HABKOJIMIITHE CEPEOBUIIE, B JIBOX TOUYKAX PIBHOBATH tis fi i dzie Pd = Q.

I[Tpu BBiMKHenH] HanpyTH ty = ta5Q =0, a Pa=Pq(t, ), TermoBuainenns nepeaxac
TEIJIOBI/IAYY 1 AI€JIEKTPHUK HATPIBAETHCA 10 TOUKHU CTINMKOI piBHOBATH tic

SAxmo nienexkTpuk Oyae mneperpiTuii
TUMYacOBO JI0 OUIBII BUCOKOI TEMIIEPaTypH,
Pa Q ’ HIK TeMmIeparypa CTiiikoi piBHOBaru, He 3a
2 paxyHOK TETeKTPUIHUX BTpaT, a

30BHINIHIMU JKEPEIaMU TEIIJIOTH, HAITPUKIIA]
3a paxXyHOK /DKOYJIEBUX BTpAT B OOMOTIII MTPH
CTPYMOBOMY  TI€pEBAaHTXKEHHi, TO TMpH

NPUNUHEHHI HOro il TeMriepaTypa 3HOBY
MIOBEPHETHCS B TOUKY li ) BILTANIAIOUUCH Bif
TOYKU HECTIMKOI piBHOBArH lig oz

B Toii ke yac, micns mepexony 4epes

]
:
]

Ve 1
? ) .
! TOYKY 1wz 32 PaXyHOK 30BHILIHIX JHKEPEI
0 0 cen

s Lig . | eHeprii MMOYHETHCS HEKOHTPOJILOBAHE

t(]

) ) o31rpiBaHHsA 1 IpOOIA JieJIEKTpHKa, TOOTO

Puc. 6.7. 3aneKHICTh TEIIOBUAIEHHS posirp p a1 P ’

(1,3,4) i reruoBignadi (2) Bix )

TemiepaTypu TOMY TOYKa ti dz1 HA3HUBAETBCA TOYKOIO
HECTIMKOT pIBHOBAry.

TeMIiepatypa 3HOBY Oyjie BiAamsaTucs Bif t ¢z
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[Tpu migBUIIIEHHT HATIPYTH TOYKH PIBHOBATH 30JMKYIOTHCS 1 B KpUTUYHOMY PEXKUMI
3NUBAIOTHCS B OJIHY HEBIIOMY KPUTHUHY TeMmeparypy l¢ ¢ TakuM 4nHOM, B KpUTUUHOMY
PEXHMI € TUIBKH OJIHA TOYKA TEIUIOBOI PIBHOBArH, 1 caMe Liel peKUM BBAKAETHCS TAKUM,
o BifmoBigae mpo6oro. BiamoBigHo, HAMPyTa, MO BiJAMNOBIIa€ KPUTHIHOMY PEXKUMY, €
HalMEHILIOI0 HAMNpPYrol, II0 BHUKIMUKAE NPoOiid, TOOTO € MNPOOMBHOIO HAMPYTOIO
JeJeKTpUKa 32 BU3HAYCHHSIM. B 3aKpUTHUHOMY PEXHMI 3aBXKIU OyJe CIOCTepiraTucs
TIJIbKA HEOOMEKEHE pO3irpiBaHHs JlEIEeKTpUKa 1 Horo mpooii.

J1J1s 3HaXOJIKEHHS IBOX HEBIIOMUX BEJIMYMH NOTPIOHO /Ba piBHsAHHA. [lepiie 3 HUx
BIZINOBiIa€ YMOBI KpUTHYHOI piBHOBaru Pq ¢ Q¢ a Apyre BumimBae 3 Toro (akry, mo
npsMa Q¢ B KpUTUYHOMY PEKUMI € TOTHIHOIO 10 KpUBOi Pd ¢.t

TakuM 4MHOM, MA€EMO CUCTEMY JIBOX HEIIHIMHUX PIBHSAHB 3 IBOMA HEB1JIOMUMH, sIKa
Mae sIK pileHHs mpoOuBHY Hanpyry Uy kil BiAmoBigae KpUTHIHA TeMIiepaTypa l¢

Pd K t& J - J ©
ap =a ..
IIpu po3B'sa3aHHI CHCTEMH PiBHSAHB, TTOIUIMBIIH MEpIe PIBHAHHS Ha ApyTe, OyIeMo
MaTH JIJIs1 KpUTHIHOT TEMIIEPATYPH

4 4+ 1/ 0.

[lincTaBuBIIM Ll 3HAYEHHS B MEpII€ PIBHSAHHSA 3HAiIeMO NPOOUBHY HAIpyry
JieJIeKTpUKa

a,sS

U,=.]——
e awat,

np

a00, SIKIIO MiJCTAaBUTH B PO3TOPHYTOMY BHUTJISI BHUpa3 Ui €MHOCTI IUIOCKOTO 3pa3ka
JIIeTIEKTPHUKa, 110 BIJIJaJIEHO MOXKE CITYTYBaTH 3a JIEJCKTPUK 3 OJHOPIAHUM TOJIEM, TO

a.h

Uu,=|—t
e a%\ertgdH C

np
ne h — ToBiMHA AieaeKTpHKa.

TennoBuii mpo6iit Mae psg 0cOOTMBOCTEH, KI MU PO3TIITHEMO OLIBII AETATBHO.

3 mepmroi opMynu BHILTUBAE, IO TPHU TETLIOBOMY IP0o0O0i TeMIepaTypa MOBEpXHi
JeNeKTpUKa TEePEBHIIYE TEMIIEpaTypy HaBKOJIUIIHBOTO cepexoBuma Ha 1/Q ne O —
TeMmrepatypuuii  koedimient tgadl i, BuUXOASYM 3 MPAKTUYHOTO JOCBiLY, MOXKHA
CTBEPJUKYBATH, IO TEIUIOBHI IPo0iil MoxkmBHii, sikmo O° 1072, 60 3Ha4Hi neperpiBaHHs
JeNeKTpUKa 1032 HEOJHOPITHICTIO, B AKid QopMmyeTbcs NpoOid, Ha MNpPaKTHUIl He
CIOCTEPIraroThCs.

3rigHo npyroi ¢gopmynu nmpobuBHa Hampyra aienektpuka Upp Mpu TemioBomy
npo0oi TMM BHIIA, YUM Kpallla TEIUIOBiAlada B HABKOJIMIIIHE CEPEOBHIIE, 1 TUM HUXKYA,
yuM OLIbIII 3HAYEHHS MaroTh {QdizmuacToTa, U S 1@ §eMHICTD..
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3anexHicTh Uyp BiJl YMOB TEIUIOBIIIaY1 IPUBOIUTH 0 TOTO, 10 Hi Unp, HI Enp HE €
HE TUIbKM XapaKTEePUCTUKAMU JieJeKTpUKa, ajie ¥ KOHCTPYKIli, 60 Unp 3a7eXHUTHh BiX
Koe(illieHTa TEIJIOB11aul B HABKOJUIIIHE CEPEIOBUIIE BiJl MOBEPXHI J1€IEKTPUKA, SIKAN 3
JIOTIOMOTOF0 BEHTHJIATIIT MOKHA T ABUIIUTH, & 3HAYUTH MIABUIUATH Unp 1 Enp B 2 — 2,5 pasm.
Came ToMy, Ha €JIEKTPOTeHEPYBALHUX MIAMPUEMCTBAX HAUMWIbHIIIA yBara IpUIIsS€ThCS
KOHTPOJIIO CUCTEMH OXOJIOJKEHHS TiApOo- 1 TypOOTreHepaTopiB, B SIKii BUKOPUCTOBYETHCS
NPUMYCOBa KOHBEKIIisI BOJIHIO, 10 € HAHKPAITIM OXOJIOKYIOUNM Ta30M.

I mie omHe cyTTeBe 3ayBakeHHs, mpoOuBHA Hampyra Uyp 3amexuts Bim tgdm
HaBKOJIMIIIHBOTO CEPEIOBHIA, TOOTO HOro MOYaTKOBOrO 3HAYCHHS, a He tgd mocsaruyTim
B MPOIIEC PO3IrpiBaHHS JiCICKTPHUKA, K MOKHa Oyio uekatH. Lle o3Hayae, mo mpoOuBHa
Hampyra I@pd TEIJIOBOMY Hpo0O0i € EKCHOHEHIINHOW (yHKIIE€ TeMiepaTypu
HABKOJIMIIIHBOTO CEPEIOBUINA 3 CHEPTI€I0 aKTHBAIlli, IO JOPIBHIOE TIOJOBHUHI €HEprii
akTuBaIlii e1eKTpuIHOT MPOBITHOCTI Wanpos = Wanpos/2, 1110 MOXE CITY)KHTH KPUTEPIEM IS
BHOOpPY hopmu mipoOoro.

SIk BiZIOMO, Ha HHM3BKHX YacTOTaX Ha BeaWuuHy t{Qgd TMOMITHO BIUIMBAIOTH
3BOJIOXKEHHS, peiaKcalliitHi # abcopOiiiini nporecu. OaHak, MOTPIOHO MaTH Ha yBa3i, 110
BenmurHa tgd He 3aBXKIM MOXKE CITY)KUTH KPUTEPIEM CTIHKOCTI TICIEKTPHKA JIO TEIIOBOTO
npo6oro. B Teopito 3akiaaeHo, 1o TEIIOBHIA Mpo0ii JieJeKTpUKa Bu3HaYaeThes tgd Ha
CIIEKTPOIPOBIAHICTB. L{e 03HaUae, 110 OIIHIOBATH CTIHKICTH 10 TEIUIOBOTO Mpoboio o tgd
npu 20 C MOXKHA TIBKH I8 IOHHHX 31 IMUIBHAM YyIAaKyBaHHSIM a00 HEMOJISIPHUX
JieNneKTpuKiB. BBaxkaTu, 110 3BOJIOKEHA W HEOJAHOPIAHA 130JIS1is1 MEHIIT HaJiiHI a0o 110
poOUBHA HAMpyTa MOJSPHOTO AICICKTPUKA Oy/1€ MEHIIOI0, HI’K HETIOJIIPHOTO, HE 3aBXK/IU
MO3KHa, 00 32 paxyHOK JieIEKTPUYHHUX BTPAT 3BOJIOKEHA 130JI11is1 B €JICKTPUYHOMY MO
TIPY TOCTYIIOBOMY ITiIBUIIICHHI HATIPYTH MiICUXA€ 1 HArpiBaHHS 11 3SMEHIIIYEThCs, a tgd pu
penakcamiiHii 1 MIrpamiiHiil nonsipu3amisix MPOXOJUTh Yepe3 MaKCUMyM 1 Jali
TENeKTPUK aBTOTEPMOCTAOLTI3Y€EThCA 1 MOro mMpobiif 3a paxyHOK pellaKCalliifHUX BTpaT
CTa€ HEMOKJIUBHM.

[Ipn HasgBHOCTI BTpaT Ha EJEKTPOIMPOBIAHICTh 1 pelaKCaliiHUX BTpAT MPHU
HOPMaJbHHAX YMOBax TeMIepaTypHa 3alexHicTe tgd MoXe MaTH MaKCHUMyM, IO
3YMOBJIEHHI MaKCUMYMOM peiaKcaliiHuX BTpaT, 1 MIHIMyM, 3yMOBJICHUI HaKJIaJaHHIM
Ha CIaj pelaKkcaliiHUX BTpaT 3pOCTAIOUMX BTpPAT Ha EJIEKTPOIPOBINHICTh. B Takmx
BUIAJKaX TEIUIOBUNA MpoOiii BiAOyAETbCS NpH KPUTUYHIA TemiepaTypl MoOIu3y
TeMIepaTypy MiHIMyMa AieJIeKTpUYHUX BTpaT. JleranbHO 1el (akTop B JiTeparypi HE
aHaJi3yBaBcs, aje MOTPiOHO MaTH HOTO Ha yBasi.

[Tpu 3MmiHI TemmepaTypH HaBKOJHUIIIHBOTO CEPEOBHUIIA 3aCTOCOBYETHCS MTOYATKOBE
3Ha4YeHHS tQd) ¢ sIKe BIIMOBIIae HOBIM TeMIeparTypi, i BiAmoBiaHo 3MiHI0€ThCs Uy OHaK,
aHaJIOT14Ha 3aJIKHICTh BiJl TEMIIEPATypH CIIOCTEPIraeThes i P eIEKTPUIHOMY MTPO0OT y
obnacti Temmneparyp Bumie HynIs 3a DpboiixoM, 3 BpaxyBaHHSM TOTO, MO MPHU
eNIEKTPHYHOMY IIPOO0T BBAKAETHCS, 1[0 TEMITEPATypa TieIeKTPUKa JOPiBHIOE TEMIIepaTypi
HaBKOJIMIIHBOTO cepenoBuina. Tomy 3HMKEHHS Un 3 pOCTOM TeMmIepaTypy HE MOXKHA
BBA)KAaTH XapaKTEPHOIO 03HAKOIO TEIIOBOTO MPOOOI0.

3BHYAiHO TEIUIOBUI TpOOii XapaKTepu3yeTbes 3anexHicTio Un Bi 4acToTH i
dbopMu BUIIPOOYBAJILHOI HANPYTU Ta YMOB BiJIBeJIeHHs TemoTH. KpiM Toro, TemnoBuit
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po0iif BIAPIZHAETHCA BEJIUKOIO 1HEPTHICTIO. BCTaHOBIICHHS pIBHOBAXXHOTO CTaHy 1 HOTO
MOPYILIEHHS MOXYTh TPUBATH XBWJIMHAMHU, a 1HOJII i TOIMHAMH, 11O 3aJI€KUTD B1J TETIOBOT
CTaJIOl JIEJEKTPUYHOI KOHCTPYKIi, Ha BIAMIHY BIJ €JIEKTPUYHOIO MpoOOI0, Jie yac
dbopmyBanHs npoboro ckinanae menmie 1 mkc. [Ipu TemnoBomy mpo6oi crocTepiraeThes
HenmiHidHicTh Un €d). PO3BUTOK TEmIoBOro mpo0O MpH MOCTIHHINA Hampy3i 3BHYAHO
MOB’S3yIOTh 3 HECTAOUIBHICTIO 10HHOI MPOBIAHOCTI dieNeKTpuka. ToMmy y OLIBIIOCTI
KOBaJEHTHUX 1 MOJEKYJApHUX O€30MIIIKOBUX MI€NIEKTPUKIB MOBUHEH MaTH MicLe
CIEKTPUIHHUHN TIPOOIH.

[Ipn TemoBomy npo6oi Ugp 0OepHEHO NpomopIiiiHa KOPEHIO KBaJApPaTHOMY 3
yactotu. lle MokHa BHKOpUCTATH MJIs BaXKJIMBOTO 3 BPaXyBaHHSM MOXIUBOCTI
30BHIIIHBOTO BIUIMBY Ha BEJIMYMHY NPOOMBHOI HANpyrd MpU TEIJIOBOMY MpoOoi
MPAKTUYHOTO BU3HAYECHHsI (OopMHU MPOoOOIO AienekTpuka. SKio nmpoOWBHA Hampyra Ha
NOCTIMHIN Hampy3l 1 3MiHHIM Hanpy3i yactororo 50 ['m (mpu 3MiHHIA Hampy3i Mu
BUMIPIOEMO 10Uy HAIPYyry) OJHAKOBa, TO MPOOil TEIJIOBUM, SKIIO MPOOMBHA HAMpyTa
npu 3MIHHIA Hampysi MeHITa mpubIH3HO B \2 pas, TO ENCKTPHYHMH, 60 mpoGiii
PO3BUBAETHCS MTPU MAKCUMATHbHOMY 3HAYEHH]1 HATIPYTH.

3anexHICTh Bl €MHOCTI 3a MEXaMHM oOJacTeil aucmepcii He3HayHa 1, PiAKO
BPaxXOBYETHCS MPU PO3PAXyHKAX.

B niteparypi, HaBITh B MIAPYYHHKAX 1 HaBYAJbHUX IMOCIOHMKAX, IPHU PO3TISAAL
POCTOI MOJIeNi TPOOOIO HE PO3TIIAAETHCS MUTAHHS PO BIUITMB CTOPOHHIX JIKEpE eHeprii
Ha MPOOMBHY HAMpyry dielieKTpuka. B Tol ke dYac, Taka CUTyallis Ha MPaKTHIl
3YCTPIYAETBCA JOCUTH YacTO, HAMPHUKIAA 1301 KaOeNro MigirpiBaeThCs BHACTIIOK
MPOTIKAHHSA CTPYMY IO KU1, 1301l CTaTOPHOI OOMOTKHM OOEPTOBHX EIEKTPUUYHUX
MaIuH — 10 0OMOTIII, @ TAKOX TETUIOTOXO, 110 BUJILISIETHCS B pe3yJbTaTi MAarHITHUX BTPAT
tomo. [lns BpaxyBaHHS CTOPOHHIX JKepel €Heprii B JBY 4acTuHy (opmynu s
TEIJIOBOTO OallaHCy J0/JaMO HE3aJeKHE JDKEPEIO IOTYKHOCTI [ er, IO IMJITpIBa€E
JIENEeKTPUK, 1 BUKOHAEMO MPAKTHMYHO Ti * cami Jii HaJ cucremorw. B pesynbrari
orpuMaemo 115t Unp hopmymy

a.s aP
U = |[—t=  explt =7
" \/e awat & atS)

3rigHO K01 Upp €KCTIOHEHIIAIBHO 3HMKYETHCS B 3aJIS)KHOCTI Bl HOTY>KHOCTI CTOPOHHIX
JoKeped TEIUIOTH, IO TMOSICHIOE aBapli Ha BUPOOHMUITBI y BIACYTHOCTI CYTTEBHX
nepeHanpyKeHb B 13011

Tax BUTIIA1aI0Th OCHOBHI 3aKOHOMIPHOCTI, III0 BUIIJIMBAIOTh 3 HAUIIPOCTIIIOT Teopii
TEIJIOBOTO MPOOOTO.

binpm geranpHa 1 HabaraTo JOCKOHAJIIIA TEOpPis TEMJIOBOTO MPOOOI TBEPAMX
nienekTpukiB po3BuHyTa Poxom, Bamprepom i CemeHoBUM. OCHOBHI MOJIOKEHHS MIi€i
Teopii B OCHOBHOMY BiJIIOBIalOTh MPUHHATUM JUIs HaWmpocTimoi Teopii. JJomaTtkoBo
BPaxoBYBaJIOCA, IO BiJIBEJICHHS TEIUIOTH BiJl MiCIEKTPUKA B HABKOJIUIIHE CEPEIOBUIIC
3IIHCHIOETBCS Yepe3 eIEKTPOIH.

Po3B’s30k  nudepeHiianbHOrO pIiBHSAHHSA, 1[0 ONUCYE TEIUIOBUM OajaHC y
JeNeKTPHUKY, Aa€ 3 YMOBU HOTO MOPYIIEHHS TSI IFIOCKOTO 3pa3Ka
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ne kK — xoedimieHT TerutonpoBiaHOCTI AienackTpuka; U ( € ¢pyHKIis Big C :Z’ ne d —

ToBIIMHA i30smii; / — Koe(dilieHT TEIUIOMPOBIAHOCTI O0JACTI MK Mi€ICKTPHKOM 1
eNIEKTPOIaMH.

Oyukuis U ( Maf Burisa, mokasanuii Ha puc. 6.8 (kpuBa @1(c) BiAMOBigaE OLIBII
TOYHINA TeOopii, B K1 BPaxoBYeTbCs MEPEPO3NOALT MO, OB’ I3aHUM 3 TeMIIEpaTypHUM
IPaJIIEHTOM B JIICTIEKTPUKY)

JUtd UMIIHAPUYHUX 3pa3KiB

s k . r
U, =19a0’ W (c) C_/?n—rl
Tk

Teopis ®oka-Bansrepa-CemMeHOBa fa€ pe3ydbTaTH, JOCUTh OJM3bKI O pealbHUX

Ipy [EBHOMY BHOOpPI MapamMeTpiB 1 B LIbOMY BHUMNAJAKYy ii MOXKHAa 3aCTOCOBYBAaTH IS

TeXHIYHUX PO3pPaxyHKIB BUCOKOBOJIBTHOI 130JISII11. AJte, CiIij] mam'TaTH, 1110 BOHA TAKOX €

TIJIbKA TEOPIEI0 MOPYIIEHHS TEIUIOBOI PIBHOBATM MDK JIEJEKTPUYHUMHU BTpAaTaMH Ha

CJIEKTPOIPOBIIHICTH 1 TEIJIOTOO, 110 BIIBOJIUTHCS B HABKOJIMIITHE CEPEOBUIIIE, 1 10 B Hil

TaKOXX HE BPAaXOBYETHCS BIUTMB CTOPOHHIX JDKEPEN HArpiBaHHS Ha MOPYIIECHHS TETUIOBOT
piBHOBArH.

(©
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Puc. 6.8. ®ynkuig ¢(c) mo teopii Poka-Bansrepa-Cemenona

Ha mpaxTtumi MoxiuBa CHUTYyalisi, KOJHM MIeNeKTPUK B PE3yJbTaTi HarpiBaHHS
JENeKTPUYHUMHU BTpPAaTaMU i CTOPOHHIMH JDKEpeJaMH TEIJIOTH Oyae OOBYTIHOBATHCH,
IUTaBUTHUCS, a00 pO3KJIamaTHCS 1 BTpayaTH eJEKTPOI30ALINHI BIACTUBOCTI 0e3
dbopmyBaHHs KaHay poOoro. Taka cuTyallisi HA3UBAETHCS TEIUIOBUM ITPOOOEM JPYroro
pomy, 1 mOTpiOHO MaTHM Ha yBa3i 1 TaKy MOXJIMBICTE B TMPOIECi eKCIuTyaTarlii
€JIEKTPOOOIIaIHAHHS.
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[IpoOuBHa Hampyra TBEpAMX MJICJEKTPUKIB 3BUYAHHO pO3PAXOBYETHCI 3a
dbopmyIoro

Unp:Enpd

[Tpuyomy Enp GepeThes 3 TOBITHUKIB MO €IEKTPOI30NAMINHNX MaTepianax. OgHak,
IIpU LIbOMY BapTO BpaxoByBaTH, 0 Unp TBEp01 1305151111, SIK 1 Ta30BO1 1 PLAKOI, 3aJIEKUTH
B1J1 KOH(Iryparlii eeKTpoIiB, CTaHy, CTPYKTYPH 1 TOBIITUHU MaTepially i GOpMHU HANPYTH,
1o JIl€ Ha MaTepial.

Hamnpukian, MinHICTh JUTOI €MOKCHIHOI 130JIAIi1 B CUCTEMi €JIEKTPOIiB Pi3HOI
KoH(irypaIrii 3aJ1eXuTh BiJl TOBIIMHH, K HaBEICHO Ha puc. 6.9., 1 Mo)ke 3MIHIOBATHCS J10
2 — 3 pa3 B 3aJIXKHOCTI BiJl ()OPMHU €IEKTPOJIiB. A TOMY IIpY KOPHCTYBaHHI JOBITHHKAMH
MOTPiOHO 3BEpTaTH yBary Ha Te, IPH SKiM ¢Gopmi €IeKTPOJIB 1 TOBIIMHI MaTepiary
BU3HAuajacs eJEeKTPUYHA MILHICTh KOHKPETHUX J1€JIEKTPHUKIB.

Sk 1y BUMaaKy rasiB i piauH, MiHiMalIbHE 3HaYeHHS Unp Mae Miciie IS IPOMIKKY
BICTpS—IUIOIIMHA TPU TO3UTHUBHIN momsipHocTi BicTps. Kpim Toro, y pi3ko
HEPIBHOMIPHOMY ITOJIi MOPYIIY€EThCs ponopiiiiHicTs Mixk Unp i d (puc. 6.10)

AHaJOT14HI 3aJIeKHOCTI CIOCTEPITalOThCA W NJIsl 1HIIMX TBEPIAUX J1EIEKTPUKIB.
[Tprdomy 4uM OijIbIie iXHS HEOHOPIAHICT, TUM OlNIbIIIe BUpaXkeHa 3anekHicTh Unp Big d
1 piBHOMIpHOCTI mons. Tak, Hampuknan, Unpp MNOpHENSHU PpI3KO 3HUKYETbCA 31
301IBIICHHSM JIOBXHUHH 1Op Ha 1 MM 3pa3ka (puc. 6.11).

3anexHictb Unp Bl GopMu Hampyru, 110 BIUIMBAE€ Ha MaTepiall, YK€ YacTKOBO
obrosoproBanacs. Ilpu temnoBomy mpo6oi Unp ~ f 05 TIpu enexrpuunomy Unp He
3aJI€KUTh BiJl 4acTOTH 10 9acToT nopsaaky 104 'u. OxHak, gk i mpu npo6oi rasis i pigus,
y BUNAAKY JyXE€ KOPOTKUX IMIOYJIbCIB B HEOJHOPITHOMY IIOJI CIIOCTEPIraeThes
301mbIieHHsT Unp, 00yMOBIIEHE CTATHCTHYHUM XapaKTepoMm mpobdoto (puc. 6.12, a).

E, ., kB/cm U, kB U, kB
e & n 60 1 / A 280 |
w ¥ 3 4 250 |
60 F n 40 s =— 220 [
\} /,;/"I'/ LT 190 |
40 P v 20 ! 5 ______ e 150 [*
_Y_ T === | 6 130 [
L S ——— 0 100 ! > .
012 3 4586 7 89dmmv 0 01 02 03 04 d, MM 100 140 180 220 d, MM
Puc. 6.9. 3ayexHICTh €EKTPUIHOT Puc. 6.10. 3anexHicTh Puc. 6.11. 3anexHicTh
MIITHOCT] €TIOKCUIHUX KOMIIayH/lIB ~ MPOOMBHOI HAMPYTH CKJIa Bij poOUBHOT HAIIPYTH
B1JI TOBIIWHU JIEIEKTPHUKIB Y BiCTaHl MK INIATHHOBUM TIOPIICJISTHH BiJ] IOBXKHUHU
HEOIHOPITHOMY ITOJTi, HHXKHIH IpoToM niameTrpoM 1 mm (2), nop
enextpon 3azemnenuit. Haitmenma 0,3 mwm (3), 0,1 mm (4), 0,03
MIIHICTh Ma€ MicCIe IS MM (5) 1 IJIOMIUHOKO.
MTO3UTHUBHOI MOJISIPHOCTI BICTPS 1 — ogHopinHe mone; 6 —

MIHIMAJIbHI 3HAUYEHHS
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JInsi HEOTHOPIMHUX MICJIEKTPHUKIB B 00J1acTi OUIBINOI TPUBAJIOCTI [1i HANPyTH
CIIOCTEPIraeThCs I OJHA 00JIACTh 3HMKCHHS SJICKTPUYHOI MIIIHOCTI BHACHTIIOK BIUIUBY
nedeKTiB, MPOCTOPOBHUX 3apsaiB, po3irpiBanus Tomo (puc. 6.12, 6).

U, kB
90 U, kB
1 50
\ 40 L
- \ 30 2
| AN
3 ———— _::==___.__ 20 3 \

%0 \\ 2 \\\\
5\\\\ ’\4— 10 ‘\\
6————.:::::-- (S

30 107 10°  10° 10" 10 T, ¢€

10°® 107 10° 1, ¢ ’

a) %

Puc. 6.12. 3anexxHicTh MPOOMBHOT HANIPYTH CKJIA BiJl TPUBAJIOCTI iIMITYJIbCY B
HeonHOopinHuX (a): 1,2,3 — ToBmMHA 4 MM, 4, 5, 6 — 2 MM, 2, 5 — OYaTKOBI HANPyTH (KOpPOHA),
3, 6 — mpobuBHa Hanpyra nipu 50 'y i ogHOpigHKX (6): ToBIMHA 1 — 0,05 MM, 2 — 0,1 MM, 3 —

0,15 MM, 4 — 0,2 MM — OIAX

30UTbIIIEHHS] TUCKY 3BHYAHO CIIA0KO BIUIMBA€E HA MPOOiil TBEpAMX HICIEKTPHUKIB.
CrnocrepiraeTbCsi He3HAUYHE MIABULICHHS TPOOUMBHOI HAPYTH, 3yMOBJIEHE 301IbIICHHIM
TYCTUHU JieJIeKTPUKA.
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3a BusHaueHHsM, H 8YOMIsC s9 d n tcsSL W H' 9 dzO dzj| q O
LOS stesylze Is! wsMmdetse dz'  j dzj € Is tc B8 H GhopdaeOpiePrdztsyds o

ra3oBUX MOPOKHUHAX B TBEPAUX UM PIIKUX J1€IEKTPUKAX TOIIO).

YacTKoBI po3psiau MOKHA KilacudikyBatn HaL 59 dz' h dz' sO o dzzlstc" '

1 S50 dz' Ofigls ¢ 39 ¢ oo MOHME mienekTpukax MOXKINBI B PI3KO
HeogHopimHoMy momi 2 o d 6 dzW H C 5t Badpozisag 1 aposxL JIEM a0l
HIMHAX PO3MOAUTFHHUX MpHCTpoiB. [1i X miero moxke criocrepiratucs z Is © ste j dzdzgW
OCIsdo dzd m ff tc S H & lgoTim mKzMBGE @LMBaOTh Ha 130JIAIiI0 a00
CTPYMOBEIYYl €JIEMEHTH.

KpiM TOro, 30BHIIIIHI YaCTKOBI PO3PSIA MOXKYTh po3BuBatTucI Brazi ff 5 f 59 j to -
seojJteHdm H' Jdzj SIsted S’ o 9. dtmio nickeSrpudzjptbvieptiziii,teo H dzt
BOHHM NPHUBOIATH 10 ZIs o Btc ] dadzw ff tctsts * w #©2 © [ 8§ pfpsBurom stRux
3akiHuyeTbess § 59 J ton dz] 9 d d3BoHj tads@ktSpyitgyoTh HamiBIPOBIIHUKOBI
HOKPHTTS, 110 3aCTOCOBYIOTHCS JIJISl BUPIBHIOBAHHS MOJIS B JTIHIHHUX 130JIATOPAX.

l &z Istc' h dg' YOmles tsots B tdgts Lot HiAz dziso Odz' 2 6
L 5 dzWunyikaroTs y HaiOinem HampyxkeHux wmicisx, © d € dzd € O yd tetsL €
' HEBGE S5 H .Y pdzynfrdsitizdsCo@s tc ¥ * IS, urh) $trouad k) po3unHsIeTHCS B
piAKOMY Mi€NEeKTPUKY, a TIOTIM, MICJIS IEPEBUIICHHS MTOPOTY PO3YMHHOCTI, 30MPA€ETHCS B
OynpOamku, y sikux © d dzd € O Isfd d dzls j Gztcd Isd ydz' ,u@miadk tso
CJICKTPUYHA MIIHICTh a3y 3HAYHO HIIKYA €JIEKTPUYHOI MIIHOCTI pinuan. [1ig aiero mux
KPUTHYHHUX YACTKOBUX PO3PAIIB 130JIALli MPOOUBAETHCS 3a MOPIBHAHO KOPOTKUN yac —
THKHI, micsmi. Takum ugmaom, YO HB fiosB st el BE's ' LR dvia
“dels j ded o desfyls®  tesLtWH' &8, odL dZ2OYyO' Is!t v " dz
G O L1io §TBOPIOOTHCS MPH BILUTUBI TOYATKOBUX YaCTKOBUX PO3PSIIB.

v Iso J teH d A H' Jdzj SIsted € On o gz Istc' h dg' RO
fso' Istew dzd n OB s G O B didtro {ri®peotedhoszdsdaeiieci

BUTOTOBJICHHSI a00 ekcruryartarii. B ocTanH1i 4ac BHACIHIIOK MOJIMIICHHS TEXHOJIOTIi

PO3MipH MOPOKHUH B MOJIMEpHiH 130ismii piako mepeBUIyroTh 50 MKM, IIO CYTTEBO
3HIKYE IHTEHCUBHICTD 1 pYHHIBHY 110 YaCTKOBUX PO3PSIIB.

Kpim toro, f t6d dzOf telzy j s iIs® Ry Cdkpls € so tctSL W H
oddd ¢ OIsd ' o Yod &BjtOa, Mt dzj & Mlswiss {5
L Otc Wnpu emicii eIeKTPOHIB (IIPOK) 3 3aroCTPEeHb Ha ENEKTPOJAaX, UM 3 JIOKAIBHUX
nedekTiB, M0 BHUKIMKAIOTh TMEPEHANpPY>KEHHSA, B MICISIX 3HAXO/PKCHHS CTOPOHHIX
BKJIIOYEHb, TAKUX SK MPOBIIHUKOBA UM TIEJIEKTPUYHA YACTUHKA 3 1HIIOIO JIEIIEKTPHUIHOIO
NPOHUKHICTIO, JIOKaJIbHI OOBOJHEHI BKIIOYeHHs (Bomumii Tpiinr) Tomo * dzOMlis & § dzd
ftosBts” 9 o food .*sB' ' BB~ L OtGWH' 9

Xo4a BHYTPIIIHI YaCTKOBI PO3PAIM MAIOTh Maly MOTYXKHICTh (€HEPTis MPUOIN3HO
1010 — 10 Ik, tpusanicts 10°... 10 ¢), BoHM BuKIMKAIOTH AeCTPyKLi0 (pyHHYBaHHS
NOJIMEPHUX MOJIEKYJ) 1 epo3ito (pyHHYBaHHS MOBEPXHi) MONIMEPHUX iCIEKTPHUKIB Y
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MICIIl KOHTaKTy 3 KaHaJIOM PO3psAy Ta YTBOPEHHS MOPOKHUCTUX PO3TATYKEHUX KaHATIB
B 00’eMi JieleKTpuKa — JACHAPUTIB, 1HOMI B TyMi 3 MPOBIIHUMH CTiHKamu. Lleii mporec
HA3MBA€ETHCS TPIIHIOM.

Cave bz 2dz odg® H' W YOMlsCsodr tGLEGYWH & o'

sB 34 M 4 dzdz’ yomk guéoigpsazird® Is @ogimMeproi  i30swsii,
TpaHc(HOpPMATOPHOI OJMBH Ta IMANEPOBO-OJIMBHOI 130JsIii g0 mpoboro §f tod tetsB 51
o telzL ', s fijtejodhiz’ RO tezclz o ddzd ¢ dzj dzdz

1 0 dzj st Odzg’ ydzgz 'L sdzvy' 8 yYyoOmbsitse' tofsLt
odmMesCdna Y Dips®Ip@iFpisatoun 11 BHACTIIOK TICNICKTPUUHUX BTpaAT, IO
moxke Mf tedyddedisd Isj ted3ssdzj » Odz' ydzg dzOrEpaMiaynk dzdzv
JIIEJIEKTPUKIB, 0COOJIUBO KOHJIEHCATOPHUX.

) Zd3se dzf dzd 2 tsdz’ L O,uuo ynpopasyiotf mtrgi f@spd
y Ta30BUX MOpPOXXHHHAX mienekTpukiB, f tetsB ' 2 IlsdzGnwd o 'Ofs dz. Bm@rme' 2 dac
kakyan, dzZOL 9 O ¢ ' sdz' L Oy 'ul ezebidi xoffetat®m®, 68 Yz J toj yd L
9 dL dzOyJ dzdzssax ipdadsyBytEBdpeHHsT TPOBITHUKOBOTO KaHATY B JICICKTPHUKY.
HacmpaBni, mig Ji€f0 9acTKOBUX PO3PSAIIB W€ CTapiHHS JieICKTpHKa, 3HIKCHHS HOTo
€JIEKTPUYHOI MIIHOCTI, 1 4epe3 NEeBHUM wyac mpu poOouiil Hampy3l BinOyBaeThCs
CIICKTpUYHHUI a00 TerioBHi poOii. Takum unHom, H dzW " tsdzg' L Oy ' 2 degs G 5
ftcsB do dzts’ &zOof sz d, dz’ Jdzjy Clsted ydzts’ 3" ydz
N d Is Is Wak 1ie mMae wmicie s BCIiX IPOILECIB CTapiHHSA — IOCTYIOBOI'O IOTIPIICHHS
BJIACTUBOCTEW Marepialny MiJ [Ai€l0 eKCIUTyaTalliHUX 1 30BHIIIHIX (akKToOpiB 10
KPUTHUYHOTO PiBHSI.

3BicHo, B dzO Hted2 dzv Isd L O (tipic ismEsausidaly npdfoitf tc Iz
RO ez lz o dded & daj dzdzv , Oy Oy Isck! 5% @ftdZ s b © dzezY & H
po3misaatu sk mporec (GOpMyBaHHs MPOBIIHUKOBOTO KaHaly B Hbomy §f 5 O dzO dzts ¢
Isd §f dztso d d3 , ffuls wxerts pd®iit Texx mMoxauBui Ttk f ¢ fpdzv  tetsL T Gt
H' Jdzg SIsted SO, wWCj. LO2®BO" HJijodzd?2 yoOm

Ha marmn morisia, cuTyaliisi y IUX JBOX BHITAJKaX BiJPi3HAEThCS TUM, 1o caMm f o5y J M
totsL ' G’ 90dadz" H' jdzj SltedC O dzgf MkzfttsosHyEZ'Is
nOteOCIsjtedmisd S, iHku Azl BikH@u 10 HACTaHHS TEIJIOBOTO
npo0or0, TO XapaKTEPUCTUKH JIeJIEKTPUKa BIIHOBIISITHCS HA MMOYATKOBOMY piBHI. B Toli ke
qactf o H '’ Yomls gemoust M BHISFHCHEO Is! Mw  dzj L o 5t
~nOOCIsj tcdMmisd € , sexpeyadzgukelsnts qifo@@BHOI Hampyru. AHaloriyHa
CHTYyaIlisl Ma€ MiCIe 1 IIPU eNEKTPOXiMIYHOMY Mpo6oi. Tak mo kpame Oyno 6 posrisiaTu
"Bsdz LOY' Ydmf Elstetsa &3 ydzed?2 ftetse " 2, we sy
tclz 2 dzlz o O dzdz" o3 , migangmyzErKalscgafoSoeM. Aste Mu OyeMO po3rIaaaTy ix y
BiAnoBigHOCTI 10 Knacugikamii MEK, sk Buau mpo6oro, B TOMy 4mci 10HI3aiiHU Mpooii,
SIK TaKWH, TII0 3yMOBJICHHH JTI€F0 YACTKOBUX PO3PSIIB.

3HIKEHHS dYacy 10 Npo0O0r0 130JAIil MpH HAABHOCTI YACTKOBHX PpO3PSIiB
XapakTepHEe JUIsl BCIX TBEPAUX JICICKTPHUKIB, aje€ OCOOJHMBO ICTOTHO MJis TOJiMEpIB.
Maroun mani U =27 5i tgd= 10*7 103, enuky enextpuuny minsicts (10 200 — 300
kB/mMm), f sdz' d3j tc dz H' jdzj SIstedSd Hted o HMizlsdats
ftcOyr 9 0Isd ftd oJjdzdsdm J dzj ¢ Isted ydzd Hacrided o O

O3PSI CKOPOYYIOTh HWOTO0 B COTHI pa3iB, OOMEXYIOUHM THM CaMHM MOXJIMBOCTI
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OpraHivyHO1 130J1111i. 3 OTJIANY Ha T€, IO 10H13aIliHHUM TTPoOii € OCHOBHUM (aKTOPOM, 110
00MeXy€e MOXJIMBOCTI OpPraHIuyHO1 130JIAIii 1 HAa BaXKIWBICTH MPOOJEM ITiIBUIICHHS
po00Y0i HAIPYTH 1 TEPMIHY CITY>KOU MOJTIMEPHOT 130151111, & TAKOK HE TOCUTH KOPEKTHUM
pO3MIISAOM 3aKOHOMIPHOCTEH 10HI3aliifHOTO TpoOOK B HABUYAIBHIN JiTeparypi,
PO3IIISTHEMO MOT0 OUTBII JOKIAIHO.

gls' 2¢C" Mis! fdz RBJtdedrs H' jJdzj SIstedG ' & HB
" dzls § dzm d o dzts M) IsOcuonsiiyils & priTHKaMu, 1110 BUKOPUCTOBYIOTH IS
OLIIHKM 1HTEHCHUBHOCTI BHYTPIIIHIX YacTKOBMX po3psaaie, € dz@tclzc © o d dzd €
Yyomlsetsadn tesLteWH" 9, YomlsslsO ftsolststej dzdgw
f slskzy dz' Mmis+ Yyomls ¢ sasdizs L @ yd PBdzdh@ewris ogHoro tumy
YSIBHUH 3apsiJi 3pOCTae 3 POCTOM pPO3MIpIB MOPOXKHHUH, a 4yac A0 MpoOor 00epHEeHO
MPOMOPIIAHUM  CEepEeIHbOMY CTPYMYy YacTKOBUX po3psaniB. LI 3akoHOMIpHOCTI
BUKOPHUCTOBYIOTHCS JIJISl TIarHOCTYBAHHSI €NIEKTPUYHOT 130J1S1111.

Crin BII3HAYUTH, 1O MOJTIMEPH1 AICJICKTPUKU CYTTEBO BIAPI3HAIOTHCA MO CTIMKOCTI
JI0 YTBOPCHHS JCHAPUTIB: (TOPOIIACTOBA IUTIBKA MiA JI€0 YaCTKOBUX PO3PSIiB
NEPETBOPIOETHCS HA CUTO 3 0ararbmMa HaCKpI3HUMHM JA1pOYKaMU, HaHOUIbIIA 3 AKUX 1 CTa€E
MIPUYIHHOO TTPO0O0IO, HA MOJIETUIICHOBIM — BUHUKAE epo3is y BUTIIsIAL iryp JlixTenOepra,
0 3MCHINYIOTh TOBIIMHY iCICKTPHUKA, TTOKU MPHKIAJICHa HAIpyra HE CTaHE PIBHOIO
poOWBHIH, TOJMICTHPOJIbHA TUTIBKA MPH YaCTKOBUX PO3psax B3araji HE Mae 30BHIITHIX
NOIIKO/KEHb, MOKHAa OayuTH TUIBKM KaHald Ipo0O0, IO YTBOPHUBCS BHACHIAOK il
YaCTKOBHUX PO3pAiB. Tak 10 BBaXKaTH, IO B YCiX BHUIAJKaX camMe JICHIPUTOYTBOPEHHS,
TOOTO YTBOPEHHS MOPOXKHUCTUX KaHAJiB, € OCHOBHMM B TPOIECI CTapiHHA MiJ JI€I0
YaCTKOBHUX PO3PSJIiB, HAa HAITY AYMKY, HE 30BCIM KOPEKTHO.
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Yy OfMmiIs ¢ tso ' Btadpaxtettan gierextpukis §f sy d dzOe Is+ mMw L O L
O clzc © dzO ndfsmtstsayednd dwH Stc” 9 dz¥ ° H tesBdodz'.2
lted S dZOH j &2O HEts " Lsdvwy' ' dOftekzeO, fted W& 2
f stesy dgd dzOr d2OL do O’ Is! Mw dzOf tckz ¢ 5. Banapimeh ¢ dzj
Ha MOCTIHHOMY i 3MIHHOMY CTpyMax, TOMY IO INOCTiifHa Hampyra po3MOIiUIIETHCS 3a
NPOBIJHOCTSAMH, a 3MiHHA — 3a JICJICKTPUYHUMHU TPOHUKHOCTAMH. SIKIIO MPOBOIUTH
CKCIIEPUMEHT Ha MOJENSX 3 BiIOMUMH & i h, To MOXHa BCTaHOBHTH, IO MPOOHBHA
Hanpyra Unp Ta3y y mOpoXHHHI puOIM3HO Taka k abo Ha 10-20% Bumma HiX 1u1g ra3y
MDK METaJIeBUMH €JIEKTPOJIaMH aHAJIOTTYHOT KOH(ITypaIrii.

JUiss po3risy yMOB BHHHMKHEHHSI YAaCTKOBHUX PO3PSIIB MOXKHA CKOPUCTATHCA
HAWIPOCTIIIOK €KBIBaJCHTHOI CXEMOIO JieJICKTPUKA 13 MOPOXKHUHOKO (pHc. 7.1).
ExBiBasieHTHa cxema JlieJIEKTPUKa MICTUTh TOCTIAOBHO 3’ €HAHI EMHICTH 1 OMip ra30BO1
NOPOXXKHUHHM H 1, R1 1 €MHICTB 1 omip AieeKTpUKa MK TTOPOKHUHOIO 1
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T enexktponamu Cp, Rz , a Takox mapaneiabHO iM
R, il BKJIFOYCHI €MHICTH 1 omp Oe3aedexTHoro
R, C - )
H 4 - nienexrpuka Cz, Ra.
l Jlns  BU3HAUYCHHS HANpPYrW BUHUKHEHHS
R, — pO3pAIIB TpU TOCTIMHIA Hampy3l JOCTaTHbO
T PO3TJISTHYTH PO3IO/ILT HAMPYTH 3a JAHIFOKKOM C1—

R1, C2—R2, HexTyroun mrynTyBanbHoO 1i€ro Cz 1 Ras.
Puc. 7.1. ExBiBasieHTHA cxema ﬂKH_IO HpHﬁHHTH 0 yBaru, IO IIpU HOZ[aLIi

nienexTpuka i3 nopoxuuHamu: Cu, R1 pocrijinoi Hanpyru BoHa criodaTky po3moiIseTbes
— EMHICTb 1 omip nopokHuHH, C2, R2 1

. 324 €MHOCTAMH, a IIOTIM €KCIIOHEHI[IAIBLHO
Cs, Rz — Te x ans gienekrpuka

MIEPEXOIUTH B PO3IIOJILI IO OTIOPAX, TO ISl HATIPYTH
Ha ropokarHI U1 MOJKHA 3armicaTH

A o

e R 4C R B8 at ¢
U =Uges—5 e < ®Pee —— C
eR+R cG+C R B = ¢ f,,,-
ac Uo— BenmnunHa IMPUKIAACHO1 IIOCTIMHOL HAIIPYTH, ¢ ¢ & ( ) — CTajla 4acy

R+R

3apsiHKaHHS TOPOKHUHHU.

Koxu B mpouect 3poctannsa Hanpyra Ha nopoxkHuHi U1 nocsirue 3naueHsst Unp, TO
BiJIOYIETHCS TIEPILINI O3PS/, HANIPyTa Ha MOPOKHUHI B PE3yJbTaTI 3apsiay MPOTUIC)KHUX
MOBEPXOHb TOPOXHUHHM PI3HOMMEHHUMH 3apsiiaMd 3HU3HUTHCS A0 HANpPyrd TaciHHSA
poO3psNly, SKa PI3HUMHU JOCITIIHUKAMHU TpUAMaeThesi piBHOIO Bif HYmO A0 0,8 Uyp, i
po3psan mpunuHATECA. [licis po3psay Oyae mpoaoBKYBATHUCS €KBITUCTAHTHE 3POCTAHHS
HATNPYTH 3TiHO 3 TpadiKoM HAPYTH HA TIOPOKHUHI 0 HOBOT'O MPOOOI0, A%k MOKU PI3HUIISL
HaIpyr Ha MOPOKHUHI HE CTaHe MEHIIIe MPOOUBHOI.

Konn wanpyra Ha mopoxHuHI Oyne 3Haxoautucs B Mexax Ugi — Unp, Oyne
BiI0yBaTHCS TIOCTYNOBE 3POCTAHHS HANPYTHU HA HiMl BiJ HYJS 10 MPOOWBHOI BHACIIOK
penakcarii 3aps/iiB, 1[0 OCUIM Ha MOBEPXHI MOPOKHUHH, 1 3apsKaHHA NOpoKHUHU. [eit

[ 2 o]
npotiec Oyse npoxoautu 3i cranoto yacy v = WU} . Bimeom nosepxuesoro sapsy,
IO OCIB Ha CTIHKax MOPOKHUHHU, Ha CTally 4acy 3apsKaHHS €MHOCTI MOPOXKHUHH,
BPaxOBYIOUHU TOBUIMHY J1€JIEKTPUKA, MOYKHA 3HEXTYBATH.

Jljist peanbHUX JieNeKTPUKIB l‘; ¢ GraHOBUTH JECSTI AOJI — JECATKU CeKyHI. Tomy
IpU TOCTINWHINA HAMpy31 YaCTKOB1 PO3PSIU BIIOYBAIOTHCS Iy’KE€ PIJIKO, 1 TUIBKM Ha CTafll
3apsily €EMHOCTI JIIEIEKTPUYHOT KOHCTPYKIIii, KOJH MOCTiifHAa Hampyra 3pocTae, po3psan
OyayTh BIIOYBATUCS JEIIO YaCTIIIIe.

YacToTy MOBTOPEHHS YaCTKOBHUX PO3PAIIB MOKHA BH3HAUUTH 3 YMOBH, IO TIPH
po3psiai

by

_ e R a&a¢ R o8at ¢
u-=u, Y,6e—— s—— @( _p
1 p OéRi-F% q +g R R = ?I‘A E

3BiJICcH TS 4acy MK IBOMa po3psigaMu U, 3HAXOAUMO

129



R
U,-U o=
np B
T=t,In — R+R
U a C, R
BqQEl'|'(:2 R +R ]

3aranbHHUM XapakTep 3aJeKHOCTI HAIPYI' Ha MOPOKHMHI B1J 4acy HaBeJIEHUN Ha
puc. 7.2., a 3anexHocTi tp Big [ Ha puc. 7.3.

Puc. 7.2. Cxema UP Ha nocTiiiHiil Hanpy3i: & — HaNPYKEHiCTh MPUKIIAJACHOro mouist; 6 —
HANPYKEHICTh MOJIS TIOBEPXHEBOTO 3aps/y; B — pe3ylbTyi0ua HaIPYKEHICTh TTOJIS

3BUYAHO YaCTOTa MOBTOPEHHS YaCTKOBHUX
PO3pSIZIiB TEPEBUIIYE PO3paXyHKOBE 3HAYCHHS.
Haii6inp11 iMOBIpHOIO TPUYUHOIO LIBOTO € TE, 110
MOTIEPEYHHI PO3MIip KaHATY YACTKOBOTO PO3PSILY

MalTh OUIBIY IJIONLY, MOXYTb PO3pSAIKATUCS

HE OJHUM, a KUIbKOMa po3psaaMu, Xoda,
MOXJIMBO, Ha YacTOTY IMOBTOPEHHS YaCTKOBUX

: yacto MmeHue 0,1 MM, a TOMy NOPOXXHUHH, IIO

1 1,58 UU,  pospsmie BmmBae i HemoBHut  pospss

MOPOXXHUHU.  BpaxoByrYM  HEJOCTYIHICTH
Puc. 7.3. 3anexHicTs uacy Mix TMOPOKHUHU 1  MOXJIUBICTh  BUMIPIOBaHHS
pospsiaamu Bix HAPyru. Upqp — XapaKTEPUCTUK TPOIECIB, M0 CYMPOBOKYIOThH
Harpyra BHHUKHEHHS HaCTKOBUX YaCTKOBHUM PO3PsJI, TUIbKH y 30BHIIIHBOMY KOJTi,
po3psiiB . . .
BU3HAYUTH, SKUH 3 mHUX (DAKTOPIB Mae MicIie,

IPAKTHYHO HEMOXKIIHBO.
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Sk BiA3HAYATIOCS, YaCTOTa TOBTOPEHHS (YMCIIO YaCTKOBUX PO3PsIiB B 1 )
n=1k

€ OJHIEl 3 XapaKTEPUCTHK IHTEHCHUBHOCTI YaCTKOBHX pO3pANIB. [HIIMMHM HalOUIbII
BXKMBAaHUMH XapaKTEPUCTUKAMU IHTEHCUBHOCTI YaCTKOBHX PO3PSAIB € ysiBHUI 3apsan DQx
1 BITHOCHA IHTEHCHBHICTh a00 CEPEIHIN CTPYM YaCTKOBHX PO3PAIiB |x.

VsBHUI 3aps] — 1€ Mipa HalOUTBLIOrO 3apsly, [0 KOMIIEHCYEThCS Y 30BHIIIHBOMY
KOJI1 IIPY OJJMHUYHOMY YaCTKOBOMY po3psiai. HeliTpaizaiis HAaKOMM4eHOTo Ha MOPOKHUHI
3apsany UnpCi exBiBajieHTHa momadi Ha TOpOKHUHY cximyactoi Hampyru (— Unp).
BpaxoByroun, 110 po3ps Mae Majly TPUBAJIICTh, BIUIMBOM OIOPIB MOKHA 3HEXTYBaTH U
PO3TJIAaTH YUCTO EMHICHY €KBIBJIEHTHY CXEMY JI€JEKTPHUKA 13 MOPOKHUHOIO. 3 Hel
BUIUIMBAE, 0 HEUTpaJIi3aLlis 3apsly Ha HOPOKHUHI IPUBEIE 10 3HIKEHHS Harpyru Ha Cs
U,..C,
C,+C,
3HIDKEHHSI Oy/ie CipuiMaTHCS SIK BTpaTa TieIeKTPUKOM 3apsany, sikuil mpu ymoBi C3 >>Cy
i1 Cz, 110 3aBX /11 BUKOHY€ETHCS, IOPIBHIOE

(abo Ha enmekTponax) Ha BenuuuHy DU = . [Ipu 11bOMy, B 30BHIIIHBOMY KOJIi 1I€

a C,C 8., C:
—gu°u,C,=U
DQ gg C+C2_ Bqt C

CepenHiil cTpyM 4acTKOBUX PO3PSIIB JOPIBHIOE 3apsiiy, IO HEHUTpPai3yeThCs B
JieneKTpuky 3a 1 ¢, To6To

| x—=N @X,

a MOTY>KHICTh YaCTKOBUX PO3PSIIiB

’
7 ] 3 q 1 3 V7R NN ~ AN ~ ~ - ~ - y ~ ”

c - c .

[Ipn 3MiHHIFN Hampy3i BIUIMBOM PE3WCTUBHUX OIOPIB EKBIBAJICHTHOI CXEMHU
JEeKTpUKa 3 TOPOXXHUHOK Ha PO3MOJiJ HANPYrd MOXKHA 3HEXTYBAaTH. TOJi 3TiJHO
TPHOXEMHICHOT €KBIBAJIGHTHOI CXEMH, IO 3aJUIIMiacs, IJs IIapyBaToi (CKIAACHOI,
HAMOTaHOT) MOJEII 13011 3 TOPOKHUHOK y hopmi miinuHu, g skoi h1 i ha = const,
JUTST. MaKCUMAaJIbHOTO 3HAYCHHSI HANPYrd BUHUKHEHHS YaCTKOBHX PO3PSAIB 3 YMOBHU
Uim=Unp maemo

U C1+Q

U =
mB u p npc
2

a _h
+J
Y

a Q a h
U,,zU, &+ /2 =(A+Bh g+ —2
T & o b | Ty

e el
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[Ipu5 0 wM&hme 6 0 0 @=«0/45 kB, 1 =31 xB/cm (st ¢ 1 HaBenei giroui
3HAYCHHS HAIIPYTH).

JIiist eKCTpyI0BaHOl 130Js11ii 3 (HIKCOBAaHOIO TOBIIMHOIO h 1 3MIHHOIO TOBIIHHOO
NOpOXXKHUHU N1, M0 301TBIIYETHCS 32 PaXyHOK 3MEHIICHHs Ny,

& hoh G 81 h
U,.=(A B £N 5(a By 1500 -4
c eZhl - ¢ £ 2h?
TaKI/IM I'H/IHOM, B SaraHBHOMy BI/IHaI[Ky MOKHaA 3aIimucatTu

°
U,.=(A Bh)za 2
¢ h

Hanpyra BUHMKHEHHSI 4aCTKOBHX PO3psiB MOHOTOHHO 3pOCTa€ 3i 301IbIICHHAM

TOBIIMHU JICIEKTPHYHOTrO mapy hz, po3TamoBaHOr0 TOCHIIJOBHO i3 MOPOXXHUHOIO, B

HEepIIOMY BHIIAAKY 1 3arajbHOI TOBIIMHH i30SIl — B APYroMy, i MPOXOIUTH Yepes3
MIHIMYM [IpH KPUTUYHINA TOBIIMHI TOpOXHUHH (puc. 7.4.).

_abA B

th - 0
P ¢ gB o
IPUYOMY

U, = (VA +/bE)

U ¢ Jns  BuBemeHHs  GopMynad s

25 YacTOTH TOBTOPEHHS YACTKOBUX PO3PSIiB
)

BpaxyeMo, IO Halpyra Ha TOPOKHUHI B
/ IpOIeCi YaCTKOBUX PO3PSIIB MPU 3MIHHIN

> V Harnpy3i Ma€ Takui BUTIsiA (puc. 7.5).
CnouaTky Hampyra Ha IOPOXXHHHI
15 _4 3MIHIOETBCS, K 1 [pHKIageHa  3a
)

CUHYCOIJJaJIbBHUM 3aKOHOM, 10kH1 U He cTraHe
piBHUM Unp. Tlpu U = Unp BiaOyaeTbes

2,0

1,0 /’ npo0iii mopoxxauHU. HackpizHa mpoBigHICTS
JeNeKTpUKa AyKe Majla B MOpPIBHAHHI 13
100 200 h, &3¢ NPOBIJIHICTIO TUIa3MHU  PO3psiTy, TOMY B

mpoleci po3psAay 3apsau  OCSAAyTh Ha
Puc. 7.4. 3anexHiCTh HaIPYTd BAHUKHEHHS  CTIHKAX HNOPOKHUHH. Y pe3yabTaTi Mmojie B
YACTKOBHX PO3PSIiB: 1 — Bi/l TOBIMHN pPO3pSATHOMY KaHajl, IO JOPIBHIOE CyMi
TeNeKTPUKA MIPH CTaTii TOBIIMHI . o .
i IOJIIB JDKEpena W IIOBEPXHEBUX 3apsliB
TTOPOKHUHM; 2 — BiJ] TOBITUHU ITOPOKHIHH 5

TIPH TIOCTIHHii TOBIIMHI JieeKTpHKa cTa”e Onu3bKuUM 10 Hyns. Po3psn 3rache.
[Ticna 3aTyXaHHsA YaCTKOBOI'O
po3psay ToJie Y MOPOKHUHI BHU3HAYAETHCS MOJIEM JDKepelia W mojieM aacopOOoBaHHMX
3apsiIiB, IKE MOYKHA BBAXKATH MOCTIMHUM 4Yepe3 3HAUYHY BEJIMUMHY Yacy ix penakcarii (1 —

100 ¢). Tomy mpu moAaNbIIOMY MiABUIICHHI MPHUKIAJCHOI HANPyTH, Hampyra Ha
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MOPOXKHWHI 3MIHIOETHCSI €KBITUCTAHTHO Til CHHYCOIfl, 1m0 Maja O micie, SkOu po3psy
OyB BIJCYTHIH, TPOXOASYN HUXKYE 11 HAa MOCTIHHY BemmuuHy Unp. Sk Tinbku Hanpyra Uim
cTaHe 3HOBY piBHOIO Unp, BiAOYAE€THCS HOBUI PO3PsIZ 1 BCE TOBTOPUTHCS CIIOYATKY.

Jlst arcna po3psAiB 3a MiBIEPio ] Ha MiACTaBl puc. 7.5 MOKHA 3aMucaTH BUpa3

20Uy A, 8 AU 0
U ®) 0 "o 9

np (; np - (; BUYp +.

N\—P

TO,I[i AJI1 9aCTOTH ITOBTOPCHHA YaCTKOBUX pOSp}IIIiB 3d CCKYHIY MaeEMO

d 3 BpaxXyBaHHAM TOI'O, 10

~

& C2 @

=U,C,=U
mx np~2 qu 1+C2§

A CCPCIHBOTO CTPYMY YaCTKOBUX pOSpi[I[iB MOKHa 3aIIicaTu

. C?
l.=n 42 (U U -
X CQQ C1+CZ( Bu)p

1,2
0,9

0,6 / /‘/ \‘\\
0,2 Z/ /lf/-\\ \ 1
NN
-0,6 &

0 N

-1,2

LCIC
=
=

0 04081216 2 24283236 4 44485256 6 646,8 t
OV

Puc. 7.5. 3mina Hanpyru Ha MOPOXKHUHI MPU YACTKOBUX PO3PsAax MpU 3MIHHIM Hampy3i

[Ipn KOXHOMY pO3psiAl y TOPOKHHMHI BUIUISIETbCS E€HEPTisd, IO JOPIBHIOE
2
(Cl + Cz)U np
2
BTPAT NOTYKHOCTI. [I0TYXHICTB, 1110 BTpava€ThCs MPH YACTKOBHUX PO3PsiIax TOPIBHIOE

. ToMy BHHHMKHEHHS YaCTKOBHUX PO3PAIIB CYMPOBOIKYETHCS 3POCTAHHIM

o oGO, AU E+C) . C} ¢

2 ®..,' 02 Cror (prm WU
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PeakTuBHa notyxHicTh ~U2, TOMy, IPH YaCTKOBUX PO3pANaxX B OJHIN HEBENUKiH
HOPOKHUHI, TOMY 3aJICKHICTh tgd SK BiIHOMICHHS aKTUBHOI MOTYKHOCTI 10 PEaKTHBHOI
BiJl HAINpyrd, Ky YacTO HAa3WBAaIOTh KPHUBOKO 10HI3allii, B MPUKIAJCHOI IO 130JIAIIil
HAIIPYTH MA€ TaKUW BUTJISIT

tgd=const(Ui Us )#J?,

T00TO tgd'™Mae MakcuMyM 3aiexxHo Bif Hanpyru mpu U=2Up yte

Axmo B 130711l € 6araTo MOPOKHUH PIZHUX PO3MIPIB, TO BCl XapaKTEPUCTHKU
IHTEHCUBHOCTI YacCTKOBHUX PpO3pSAIB OUIbII CKJIAJHUM YHHOM 3ajieXkKaTh Bl HaIlpyru.
3okpema DQx — 3pocTae, a N i W CTal0Th HAATIHIHHUME (DYHKIISIMA HAPYyTH:

n~(Ui Us Y&, Ui g 9. (

3pocrarouoro dyrkiriero Hanpyru ctae itgd ~(UT Us Y&, men © 3.

TakuM 4MHOM, JJIs1 TIOPOYKHUH BEJIMKOTO PO3MIPY 1 JUIsl YACTKOBUX PO3PSAIB Ha
Kpasx €JICKTPOJIB UM MK €JICKTPOJaMH 1 JICICKTPUKOM MPH HENIIILHOMY IPHISTaHHI
MakcuMyM B 3asexHocTi tgd(U) moxke OyTH BiACYTHIM.

Jlo 1oHI3auiifHOrO NMpoOoI0 nyXe MOoAIOHMN MpoOil MOJIMEPHUX 1ENEKTPUKIB Y
pe3yNbTaTi YTBOPEHHS 1 MPOPOCTAHHSA 3allOBHEHOT'O BOJOK PO3TalyKEHOr0 KaHally
(BOOHUHM TpIIHT), SKUM CIHOCTEPIraeThbCs MpH EKCIUTyaTalii HOJIMEpPHOi 130Jsli y
BOJIOTOMY CEPEIOBHIII, 0COOIMBO Y MOPCHKIiH BOJII a00 B pO3UMHAX €JIEKTPOJIITIB. B manmit
4yac pO3pPI3HAIOTH JBAa OCHOBHI BUJIM BOJHHMX TPIiHTIB — TUIy "OaHT", [0 BUHUKAIOTH B
TOBII 130JsM0ii, 1 Tumy "Bisl0" Ha BHUCTYNax METAJICBUX YM HAMIBIPOBIIHUKOBHX
€JIEMEHTIB KOHCTPYKIIi.

3a3HauMMO, IO BOJHUM TPIIHT HE MOXKe OyTH 3BEJICHHH 10 EJIEKTPOJITHUYHOIO
CTapiHHs, 00 pO3BHUBAETHCA 1 3a 3MIHHOI Hampyru. [IpopocTaHHS BOJHUX TPIIHTIB HE
CYMPOBOJIKYETHCS EICKTPUUHUMU PO3PSIaAMHU, SIK1 3'SIBISIOTHCS TUIBKU TO1, KOJIH BOJHUI
TPIIHT MEPEPOCTAE B €JNEKTPUYHUI. MexaHi3M pO3BUTKY BOJHOTO TPIIHTY OCTaTOYHO HE
BcTaHOBJNIeHWA. OJHIEI0O 3 TPUYUH TPOPOCTAHHS BOJAHUX TPIIHTIB MOXe OyTH
€JIEKTPOOCMOC.

711)(\.“,\ A t ©° u ¢ ~ woom P 1 A N (v ot o« oA

[4 1 - [4
’ > —
~ ~ .- ~ ~
1 y VZAERNN ~

¢ ; . - c

B nponeci BUBYEHHS 10HI3alIHHOTO MPOOOI0 BUHHUKIO PSAJ TEOpid pyHHYBaHHS
NOJIIMEPIB YaCTKOBUMHU PO3pPSIIaMU, IO IPYHTYIOTHCS HAa BU3HAHHI OCHOBHMM TOTO YU
IHIIOTO PYHHYBaJIBbHOTO (haKkTopa:

1. PyifHiBHA [Iisl YACTKOBUX PO3PSIiB 3yMOBJICHO XIMIYHO aKTUBHUMHU MPOAYKTAMHU
ra30BOT0 PO3PsLY, TAKUMHU SIK 030H, OKHCIIH a30Ty U T.11. ( 'onbaman). L{ro HaiinaBHIITY TOUKY
30py MOKHA BBA@KaTW CIPABEUIMBOIO JUIi  LIENIOJO3HUX MarepiamiB, aje He Ui
CHUHTE30BaHUX MOTIM MOTIMEPHUX JIIETEKTPUKIB (TIOTIETUIICH, TTOIICTUPOI, (PTOPOIUIACT 11H.).

2. PyiiHyBaHHS mMoOJiMEpiB MpH BIUIMBI YaCTKOBHX PO3PAIIB y BUIISAAL epo3ii
3YMOBJICHO BUIIAPOBYBAHHSM J1€JIEKTPUKA y MICII KOHTAKTY HOIro NOBEPXHI 3 PO3PSAIHUM
kaHanom (Meiicon). OnHak, epo3ist He CHOCTEPIraeThCs MPH BILTUBI YACTKOBHUX PO3PSIIB
3a BIJACYTHOCTI KHCHIO 1, KpiM TOro, BIJICYTHIA 3B’SI30K MDK HarpiBOCTIHKICTIO #
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KOPOHOCTIMKICTIO MOJIIMEpiB (Yac A0 MPOoOOI0 MOJICTUPOIY 3HAYHO BHIIHMM, HDK IS
¢dToporacta, Xoua HarpiBOCTIMKICTh (PTOpoIIacTa 3HAYHO MEPEBUIIYE HATPIBOCTINKICTh
MOJIICTHPOJIA).

3. BiamosigHo g0 rinmoTe3u Tomaca eposis MieNeKTPUKIB MPHU BIUTUBI YaCTKOBUX
pO3psAiB OOYMOBJIEHA TUM, IO €JIEKTPOHHU, sIKi OOMOApAYIOTh Ji€IEKTPUK, 1 TO3UTHUBHI
10HM MarOTh pi3HY ITMOMHY pOHMKHEHHs. OTHaK, BIICYTHICTh €po3ii B IHEpTHUX ra3ax,
30KpeMa B PETEIbHO OYHUILEHOMY a30Ti, HE MOKE OYTH MOSICHEHA LI1€I0 TEOPIELO.

4. bepyuu 10 yBaru To# (hakT, IO €po3is JAieJIEKTPHUKa CIIOCTEPIraeThCs TUIBKU B
oOnacTi 0e3mocepeHbOr0 BIUIMBY PO3PALY B NPUCYTHOCTI KHCHIO, XOYI'€H BHCYHYB
rinoresy Mpo Te, W0 €epo3id € HACIHIIKOM paAuKaIbHO-JAHIIOTOBUX pEaKIii
MIKpOpPaIUKaJiB, 1110 YTBOPIOIOTHCS B PE3YJbTaTl €IEKTPOHHO-I0HHOTO OOMOapa1yBaHHs
JeIEeKTPUKa, 3 HECTaOITbHUMU IPOIYKTaMH Ta30BOTO PO3PAIY.

s rinote3a 6ymna ob6rpynTtoBana C.M. KoiikoBuM. OHaK, 3BOUTH PYHHIBHY A110
pPO3psAIIB TUIBKKM 10 OKHUCHOI JNECTPYKIii W eposii HemomiibHO, 00, HANpHUKIAI, MpU
YaCTKOBHUX PO3PsIIax B @30Tl €po3is MOBHICTIO BIACYTHSI.

5. e *x 3ayBa)keHHS MOXHA BIAHECTH i 10 Tinore3u MakmaroHa i [lepkinca mpo
€JIEKTPOMEXAHIUHUN XapakTep pyHHyr4oi Jii YacTKoBHX po3psaiB. /[liiicHo, y
MPUCYTHOCTI KUCHIO MPH BIUTMBI pO3PSAIB HA MEXaHIYHO HAIIPY>KEHUH MOTIETHIICH Ha HOTO
MOBEPXHI YTBOPIOIOTHCS TPILIMHHU, A€ MPU CTapiHHI B 1HEPTHOMY Ta3l TPILIMHU HE
YTBOPIOIOTHCS HaBITh Y CUIILHO HANPY>KEHOMY MaTepiai.

6. 3 ypaxyBaHHSAM BiJI3HAYEHUX HEJOJIKIB ICHYIOUMX TINOTE3 CIIBPOOITHUKAMU
KIII Inpuenkxo M.C. 1 Kupunenko B.M. Oyna 3anpornoHoBaHa TirnoTe3a npo pajauKaibHO-
JIAHITIOTOBHI MEXaHi3M PYHHYBaHHS JI€JICKTPHUKIB YaCTKOBUMHU PO3PSAAMH, 1110 BKIIFOYAE
OKHCHIOBAJIbHY JIECTPYKIIiIO, SIK OKpeMHid BUMaIOK. LI rimoTe3a rpyHTyeThCs Ha MUPOKi
aHaJorii B HAcHAKax BIUIMBY Ha MOJIMEPU YACTKOBUX PO3PSAIIB 1 YACTUHOK BHUCOKHX
CHEPTIH 1 JI03BOJISIE MOSCHUTH OUTBIIICTH (PI3UKO-XIMIYHUX IIPOIIECIB, 10 BiOYBAIOTHCS B
noJiiMepax MpH YaCTKOBHX PO3psiax.

Yac g0 mpoOoro,l[0 € OCHOBHOIO XapaKTEPHCTHKOIO 10HI3aliiHOro Mpobor B
3araJbHOMY BHUIIQJIKy MOKHA BU3HAUUTH SIK:

ne ¢ —dac 70 BiIMOBH JieleKTpuka; R — pecypc, To6TO yac pobotu mij Hampyrow; | —
KOe(IIlieHT PO3MIPHOTO Y3TO/DKEHHS, P — XapaKTepHUCTHKAa IHTEHCHUBHOCTI YaCTKOBUX
PO3psIiB.

3aJie’Ho BiJ] TOTO, 1110 00paHO 3a KpUTEPIH AJ OLIHKH pYHHYBAJIBHOI J11i YaCTKOBUX
pO3psiIiB: TTMOWHA €po3ii, BTpaTa Bar, BEJIMUYMHA Ta30BUIUICHHS, Yac 10 MPoOoro H T.1.,
yac 10 npoOoro JAieNIeKTpUKa 1 HOro BIAHOCHA CTIMKICTh O YaCTKOBUX PO3PSiB OyAyTh
pi3HI1, a pecypc CTIHKOCTI JJ0 YaCTKOBUX PO3PAIIB Oyae MaTH pi3HUHN (i3UIHHIA 3MICT.

BpaxoByroun eMrnipuyHy 3aJIeKHICTh IHTEHCUBHOCTI YAaCTKOBUX PO3PAMIiB, 3T1THO
SKOi BOHA € CTENEHEBOIO (DYHKII€IO0 PI3HHUII JiI0Y0i HANPYTH 1 HANPYrH BHHUKHEHHS
JaCTKOBHUX pPO3PSAIIB 3 IMOKA3HUKOM CTEIMEeHlI OUIBIIUM OJWHHUIN, Yac J0 MpoOOro
JIeJIeKTpUKa 3TiJHO 3 EKCIepUMEHTAIPHUMHU JaHUMU MOXe OyTH BigoOpakeHui
¢dyHKIiero Hanpy>XeHOCTi 1mois ("KpUBOIO KUTTS"):
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U = iBE{)
ne ] — KoHcTaHTa I JaHOTO THITY JieIeKTpuKa, M = 4 — 8 It 3MiHHOT Harpyru; m = 11
— 14 nns nocTiHOI HANIPYTH.
[TpuiimMaroun 10 yBaru, mo CTEHiHb M 3MIHIOETHCS BiJ 4 10 8 MpH Jii YaCTKOBHX
pO3psAIB Ha JIECNEKTPUK 3 33JaHOI0 MOPUCTICTIO NpH MIABULIEHHI [ 1[ o yto/lakiH
3aMpoINOHYBaB eMIIPHYHY (HOPMYITY

___A W- HE -F)
‘“TE B PP T’

dopmyna ajs 9acy 10 MpoOO y TaKoMy BHIJISAAI Onu3bka 10 (GOpMYJH, IO
BuBenieHa [npuenko M.C. 1 Kupunenko B.M. Ha ocHOBI aHasorii Mix Ai€l0 Ha MOJIIMEPHI
JIEeTIEKTPUKHN YaCTKOBUX PO3PSIIIB 1 PaliOaKTUBHOTO ONMPOMIHEHHS
CW )
el = ¢ jpge)

ne Oe— 3apsy enektpona; W — Maca JieiekTpuka;

[ =

. e a 0 . :
e=2,5@0‘2é21+33lg$g:2—5+44$ — CepeIHsl EHEepris eNeKTPOHIB, M0 OoMOapayIOTh
é ¢ U

JEEKTPHUK;

4feS .
| = 113 B,— cTpyM 4acTUHOK, 1[0 OOMOAapAYIOTh A1€IEKTPUK;
DE —_ U - UB Y

2 I |

h,
5Q0"fDE,e e, :

Dk = — KpUTHUYHA 1032 €HEeprii, 10 NepeaacTbCs AIEIEKTPUKY

| r(h, - hy)
npu oro 6oMOapIyBaHHI €JIEKTPOHAMH TIiJ] 4ac Jii 4aCTKOBOTO PO3PSIIY.
3rizHo 3 excrepumenToM Dk = DwoeX{—BCE ) ExcrnepuMeHTanbHi 3HAYCHHS
napametpiB Dko, b HaBeneni B Tabuii 7.1. HaBeneHi 1aHi MOXXHa BUKOPUCTOBYBATH VIS
OpIEHTOBHUX PO3PAXYHKIB Yacy 10 MpoO0I0 BUCOKOBOJIBTHOI MOJIMEPHOT 130JIA111].

Ta6mums 7.1
[Tomimep IgDwo, bdo®, gD, (e
( ¢ M°P H E=40«k B
[TonieTnnen 21,6+ 0,6 1.0 £0.8 21,0
[Tomictupon 22,3+ 0,6 1.8 £0.6 21.2
[Tomikapbonar 22,2+0,9 1.2+0.8 21,4
[Tomerunentepedranar 22,5+1.0 1,6 £0.9 21,5
®dTtopomnact-4 22,9+1.4 23+1,5 20,6
[Tominponinexn 23,7 4.7 21
Tpwuarnerat nenoyo3a 20,3
ComnoniMep eTHIIEH-TIPOIICH 20.9
[MoniBirinxnopun (E=23 kB/mMm) 20.4
dToporutact-3 20,7
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J171s1 BUKOpUCTaHHS TIOJIIMEPHUX JI€JIEKTPUKIB K BUCOKOBOJBTHOI 130JIAII11 BETTUKY
pOJIb BiZliTpae MOXKJIMBICTD MABUIIICHHS Yacy /0 ii mpo0oro MpH Jii YaCTKOBHX PO3PSIiB.

VY 3arajibHOMY BUIIAJIKy, 3 YpaxyBaHHSIM 3aKOHOMIPHOCTEW CTapiHHS MOJIIMEPHOI
130711111 TpH /111 YaCTKOBUX PO3PSAIiB, MOKHA BU3HAYUTH HACTYIHI CIIOCOOM TT1IBUILICHHS
yacy 0 ii npo0oro:

1. 3umwxenns podounx Hampyr 10 U<Us yto

2. YJocKOHaJeHHS KOHCTPYKINT i TEXHOJOT1] BUTOTOBJICHHS 3 METOI0 YHUKHYTH
YTBOPEHHS T'a30BUX MOPOKHUH a00 3MEHIIUTH IXHIO KUIbKICTh, 3HU3UBIIU THM CaMUM
IHTEHCHUBHICTh YaCTKOBHX PO3PS/IiB.

3. Po3poOka OiibI CTIMKKX 10 PO3PAIIB BUAIB MOJTIMEPHUX MaTepiaiiB, 30KpeMa
3MIATHUX TOJIIMEPIB, COTIONIMEPIB, MPUBUTHUX MOJIIMEPIB TOIIO.

4. TligBUIEHHS CTIMKOCTI 0 il YaCTKOBHUX PO3PSAIB MOJIMEPHUX JICICKTPUKIB
IUIIXOM BBEJCHHS CTIEIIAIbHUX JTOMIIIOK.

5. BuxopucraHHs HeopraHiYHUX [JI€JIEKTPUKIB K Oap'epiB Ha NUIAXY
MPOPOCTAIOYNX KaHAIIB.

[Tepmmit cmoci0 xo4ya W 3HAXOAUTh IIMPOKE 3aCTOCYBAHHS, BTpadae CBOIO
eKOHOMIUHY TpPHUBAOIUBICTh, TOMY IO HOTO BUKOPUCTAHHS IMOB’S3aHE 3 MiJBUIICHOIO
BUTPATOIO 130JIS11ITHOrO MarTepiany, 30UIbLIEHHSIM Baru, radapuTiB, a IHKOJIHU 1 BUTPAT Ha
eKCILTyaTaIlito.

Hpyruii cnoci6 TmoB’s3aHU 3 OCOOJUBOCTSIMH TEXHOJOTIYHOTO XapakTepy
BUPOOHUIITBA €JICKTPOTEXHIYHUX MaTepialiB 1 PO3TIIAIaTHCh HE Oy/e.

Tpertiit cniocid peamnizyeTbes XiMiKaMH-OpraHIKaMH 1 TIOKW 1[0 HE peajli3oBaHUi B
MIPOMHCIIOBOMY MacIiTabi. Aje ¢y BIA3HAYNTH, M0 MUITXOM “3IIMBAaHHS" TOJICTHIICHY
0— BUIIPOMIHIOBAHHSIM Ha TMOBITPi, BAAJIOCS IMiABUIIUTH TEPMIH CIIY>KOU HOTO PUOIH3HO
B 3 pasu. 3 pOCTOM JI03H1 OIIPOMIHEHHS TEPMIH CIIY»KOU pocTe, OJIHaK mpu go3ax moHax 0,2
MJIX/KT TOYMHAETHCA JIeSKE 3HIDKCHHSI MEXaHIYHUX XapaKTePUCTUK MOTIETUIIEHY.

UeTtBepTuii cmoci0 OCHOBaHUN Ha TiM, IO CTIMKICTH J0 YaCTKOBUX PO3PSIIB €
crenu(ivyHOI BJIACTHUBICTIO TMOJIIMEPY, aHAJOTIYHOI CTIMKOCTI a0 il pamiamii. Sk
JIOMIIIKM MO>KHa OpaTu T1 PEUOBMHH, L0 BXKE 3apEeKOMEHIyBalIu cebe sk a H T U pya 4 n
pamiamiinaii ximii: N-tmkmorekcnn — N *denin — n-dpeninenmiamin, N-gudeHin — n-
deninenmiamin, Qenin — g-aprunamin, genin — b-uHadTHnamin, ionos, tumon, 1,4-
HapTOXIHOH, &-HadTuiIaMiH, OEH30HHA KuCIOTa, &-HadTOoid, nu(eHUITIOCeYOBUHA, 8-
OKCUXIHOJIH, AU(eHi 1 1HII peHUH i aMiHu.

Jocniau, nposexaeni B KI1I, i3 BBeneHHs a@-HadTHaaMiny, QeHiT —H-HapTHIaAMIHY
i1 OeH30HHOI KHCIIOTH B TOJIETHJICH MOKa3alH, 10 MPU [bOMY BIAETHCS ITiIBUITUTH
TepMmiH cinyx6u B 1,7- 3,1; 2,2 — 3,4 1 4,4 — 5,6 pa3u, BIANOBITHO, NMPU KOHIIEHTpAIii
nobaBku 10 1%. BpaxoByrouu, 1o crapiHHS TOB's3aHE 3 BHUTPATOK J00aBOK, TO 3
MiBUIIICHHSIM 1X KOHIIEHTpAIil eeKT 3pocTae, ajie MpU [bOMY MOXYTh IOTIpITyBaTHCS
BJIACTHBOCTI MOJTiMeEpa.

CribHUI BIUTMB JAOMIIIOK 1 OMPOMIHEHHS HE Ja€ JTOJaTKOBOTO e(eKkTy, TOMYy 110
JIOMIIITKY 3aXUIIAI0YX TIOJIIETHIICH BiJl “31IMBAaHHS MPU ONMPOMIHEHHI BUTpavyaroThes. [Ipu
[IbOMY 3aXHCT BUSBIIIETHCS MEHII €()EKTHBHUM, HIX MPU PO3AUIHBHOMY 3aCTOCYBaHHI
JIOMIIIIOK 1 OTIPOMIHEHHS.

137



[T'sTuit cnoci6 BigmpaiboByBaBcs B 70—80 pokax MUHYJIOTO CTONITTS, a 3apa3 Horo
JOCIIHKEHHSI PAKTUYHO TMPUTTUHEHO.

Buxopucranus 6ap'epiB yCKIIaJHIOE TEXHOJIOT1I0 BUTOTOBJIEHHS BUCOKOBOJIBTHUX
kKa0eliB 3 TIOJIMEPHOK 130JIAIli€l0, ajieé 3HAXOAUTh IIMHUPOKE BUKOPUCTAHHS Y
BHCOKOBOJIbTHIH 13011111 €IEKTPUYHUX MAIIUH, JI€ SIK 0ap'ep BUKOPUCTOBYETHCS CIIOJA.

Crnig BiI3HAYUTH, IO MOJAIBIN JOCTIIKEHHS HEOOXITHO BECTH B HampsIMKax
YTOYHEHHSI PECypCiB CTIMKOCTI 1O YAaCTKOBUX PpO3PSAAIB JJIS PI3HUX MOJIIMEPHHUX
JEJEKTPUKIB B yMOBAX, 1110 BIAMOBIJAIOTh CyYaCHUM METOAaM BUKOPUCTAHHS MOJTIMEPHOT
1307151111, TOLIYKY HOBUX OUIbII €(EKTUBHUX JIOMIIIOK, 0 MOIIM O 3aXMILATH MOJIIMEp
BiJl il YaCTKOBUX PO3PSIIB Ta PO3POOKH MIKPOCKOIIYHOI Teopii pyHHYBaHHS W 3aXUCTY
HOJIIMEPHUX J1€JEKTPHUKIB HACTKOBUMU PO3PSAIaMHU.

7 ] 5// ~ 1 ] ~ 1 ] VAR NN ~ AN ~ ~

BpaxoByroun pisHOMaHITHICTb SIBUIIL, 1[0 CYITPOBOIXKYIOTH YACTKOBI PO3PSIH, IS 1X
peecTpallii peani3oBaHO UMK psaa MeToAiB. Halimmpiie BUKOPUCTOBYIOTh €1EKTPUYHMIA
METO]I, 1110 TPYHTYETHCS Ha IMITYJIbCHOMY XapaKTepl YaCTKOBUX PO3PSIiB, 3 BAKOPHUCTAHHSIM
JaBayviB, 1110 MAIOTh €JICKTPUUYHUNA KOHTAKT 3 00'€KTOM BUMIPIOBAaHHS, a00 aHTCHHU.

JlaBau y BUIJISIII pe3UCTOpPa BUKOPHUCTOBYIOTH, SIKIIO HEOOXIAHO CIIOCTEpiraTu
IMITyJTbC YAaCTKOBOTO PO3PSAAY MAaKCUMAIBHO OJM3BKUM 10 HOTO MIACHOTO BUTIISATY, IJIS
4oro MHOTpiOEeH ay’Ke IIMPOKONOJOCHHH peecTpyrouuii npuctpiii (~ o 108 MI'm).
BukopucranHs mapajenbHOTO 3'€IHaHHS PE3UCTOpa 1 KOHAEHcAaTopa OOMEXYe 3BepXy
TIOJIOCY TIPOITYCKaHHS peectpaTopa Ha piBHI (Pf ~ lofo (3NR@ye BUMOTH 10
peeECTPY0UYOTOo MPUCTPOr0. MOKHA TAKOXK 3aCTOCOBYBATH SIK JaBad PE30HAHCHUH KOHTYP,
10 00MeXye 1 3HU3Y 1 3Bepxy mosocy nponyckanHs Ha piBHI 0,707 U j B okoui f = fig j.,
JlaBau BMUKaeThCcsi Oe€3MOCEepelHbO B 3a3eMJieHHS o00'ekTa, a00 K B 3a3eMJICHHSA
KOHJIeHcaTopa 3B's13Ky (puc. 7.12.). Sk npaBuiio, TAKUM YMHOM OTPUMYIOTH 1H(OpPMAIIi0
PO IMIIYJIBC CTPYMY, IO MPOTIKAE€ Yy 30BHIIIHBOMY KOJII MPU YAaCTKOBOMY pO3psiii B
MOPOKHUHI JII€JeKTPUKA.

Z, R R
p— — 0+ 3}
Co Cy—— 0) | |
— L |
22 C B)
Z | |
’ ||
a) c D

Puc. 7.6. CrnpomieHna cxema peecTpallii 4aCTKOBUX PO3PAIIB 3 10IaTKOBUM KOHJAEHCATOPOM
3B'SI3KY JUIS CTBOPEHHS IIIAXY JUIS IPOTIKAHHS CTPYMY YaCTKOBHX PO3PSAJIIB: & — 3arajibHa cXema
(Z; — 3axucHwuii onip, Co — mogaTKoBH KOHIEHCATOP, Cx — 00'€KT BUMIPIOBAHHS YaCTKOBUX
po3psmiB, Z, — naBad curuany); 6 ,  —BvQKIHBi BapiaHTH Zj.
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[Tpu BiamOBIIHOMY rpayrOBaHHI CXEMH BUMIPIOBaHHS Ha OCHOBI PE3yJIbTaTIB HOTO
BHUMIPIOBaHHS MOXXHA OTPUMATH JlaHi MPO 3HAUEHHS YSIBHOTO 3apsay (fQx 4acTKOBOIO
pO3psily, IO BUMIPIOETHCS HalyacTille, OCKUIBKM BOHO JA€ YSBJIEHHS PO PO3MIpU
MOPOXKHUH 1 1X MOBEIIHKY B Ipolieci ekcruryaraiii. [lapanenbHo Mo)KHA BU3HAYATH TaKOXK
YaCTOTy MOBTOPEHHS YaCTKOBUX PO3PSAIIB N, MO Ja€ MOXJIMBICTh NMPU OJHOYACHIN
dikcarrii qiQx po3paxoByBaTH CEPEIHIN CTPyM M.

Peanizanis Ha mpakTHIll €IEKTPUYHMX METOIB PEECTpallli YaCTKOBHX PpO3pPAIIB
BUMAra€ 3acTOCYBAaHHS PI3HMX METOJIB 3MEHIICHHS BIUIMBY IEPEIIKOJ BiJi KOPOHH 1
CTOPOHHIX pO3pSAIB: BHUKOHAHHS HEKOPOHYIOUOi OUIMHOBKM, BHUMIPIOBaHHA B IIE€BHI
IHTEpBAJIH MEPiOly HAPYTH, BUKOPUCTAHHS MOCTOBHX CXEM, €KpaHYBaHHS ITPUMIIIECHB 1 T.1I.

B npomeci TeXHIYHOrO  JI1arHOCTYBaHHS  €JIEKTPUYHOI  130JI4L1i  4acTo
eKCIIEPUMEHTAIbHUM IUISIXOM KOHTPOJIOIOTH JOMYCTUMI 3HAUeHHS (Qx, sIKI HE MOBUHHI
MEPEBUIIYBATUCS JIJIs1 HAJIAHOT pOOOTH 130141111 B TPOILIEC] eKCILTyaTalli.

72 ° 1 T N

[ dzj Clstetsrn * 3" yardupoOiitf IgMOBIEHIZET XiMIYHUMU MIPOLIECAMH, 11O
NPUBOASTH 10 TOCTYIOBOTO MOTIPIICHHS IiENEKTPHYHUX BIIACTUBOCTEH 1 3HIDKCHHS
poOHMBHOI HAIIPYTH 0 MPUKIaAeHOI. BiH TOB'sI3aHUM 3 €JIEKTPOII30M 1 CITIOCTEPITAETHCS
IpU MOCTIMHIN Hanpy3i B 10HHUX JIEJEKTPUKaX 1 B IPOCOYEHIN MarepoBiil 1301l npu
HAsIBHOCTI B Hilf KOMIIOHEHTIB, III0 MOXYTh PO3KJIAaTUCS HA 10HH.

[IprunHOIO €NeKTPOXIMIYHOTO MPOOOI0 B TBEPAMX JIEJIEKTPUKAX € 3POCTAHHS
nedeKTHOCTI Ta 10HHOI MPOBIAHOCTI JIENEKTPUKA, 10 CYNPOBOKYETHCS €IEKTPOII30M.
lonHa TPOBIAHICTE MPUBOIUTH 10 3POCTAHHS KOHIICHTpAIll 10HIB Y MDKBY3JSX OIS
eJIEKTPO/Ia, 3HAK HANPYTH Ha SIKOMY IPOTHJICKHUN 3HAKY 3apsily 10HIB, 110 3yMOBIIOIOTh
€JIEKTPONPOBIIHICTh. Bisii MPOTUIIEKHOIO €IeKTpoJia HAarpOMaKYIOThCS BaKaHCli MpHU
SJICKTPOIPOBITHOCTI, III0 3yMOBJICHA OJTHMM THIIOM 10HIB, 200 10HH MPOTHJIC)KHOTO 3HAKY.
B ny)XHUX 10HHMX KpHUCTANIUYHUX JI€JIEKTPUKAX MNpPH TPUBAJIIN €IEKTPOIPOBIAHOCTI
MOJKYTh YTBOPIOBATHCS METAJIEB1 IEHAPHUTH, SKi 3aKOPOUYIOTH EIEKTPOJIH.

VY npocoyeHiil manepoBiil 130JA11i1 ENIEKTPOXIMIYHE CTapiHHS CIIOCTEPITaEThCs 3a
migsumenux Ttemmepatyp (Bume S50 °C), mIpUCKOpIOIOUYMCH 3 POCTOM HANPYTH.
BBaxkaeTbcs, 110 OCHOBHY pOJIb Yy [bOMY TMpOLECi BIIrparoTh 10HU BOJHIO, SIKI
BUJIUIAIOTHCS TIIJI Yac TiAPOJI3y IEII0JIO3M Ta CKYyM4YyHThcs Ot karoma. OcoOiauBO
HeOe3MeyHi BOHU y BHIIAJIKY XJIOPOBAHOTO MPOCOYCHHS — YTBOPIOETHCS COJISTHA KUCIIOTA 1
BiTOYBAETHCS KOPO3isl €JICKTPOIiB, IO CYIPOBOKYETHCS 3POCTAHHSAM y 30H1 IPOCOYCHHS
KOHIICHTpAIli{ 10HIB MeTaly, sIKi KaTATITUYHO CHPUSIOTH PO3KJIAJAHHIO 130JIS1I11.

3a3HauMMoO, M0 JJIs  eJNeKTPOXIMIYHOTO, SIK 1 JJIsS 10HI3aliifHOro mpo0oro, 4Jac
(dbopMyBaHHSI MOXKE CATATU KUTBKOX POKIB, @ TOMY, SIK BJK€ BIJJ3HAYaJIOCS, YaCTO TOBOPSIThH
PO 10HI3ALIMHUIA Ta eIEeKTPOXIMIYHUN MEXaHI3MHU CTapiHHs, a HE MPO 10HI3alIWHUN Ta
eNIeKTPOXIMIYHUHN MPOOil A1ETEKTPUKIB.

(dzj € Istets d3d r OWEAS BdZByRo Bcranosneno B.J[. Kyuinum, npu ayxke
KOPOTKUX iMmyibcax, Unt AN JIy)KHO-TAJIOIATHUX KPHUCTANIB TEpPecTae 3ajekaTH Bil
TEeMIIepaTypH, 10 CYNEePEUUTh TEOPISIM 1 €IIEKTPUIHOTO, 1 TeIJIOBOTO Mpoboro. Kpim Toro,
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Crapkom 1 I'eproHom Oyna BcTaHOBjeHa aHayoris B 3MmiHI Moayis lOura i Un g
OTIPOMIHEHOTO TOJIICTHJICHY TIPH MiABUIIEHHI TEMIIEPATyPH.

Ile no3B0IMIIO IM CHOPMYITIOBATH IIIOTE3Y PO EIEKTPOMEXAHIYHUN TPOOIH, 3T1THO
AKIM TIpH Ay*e KOPOTKHUX IMITyJIbcaxX HAMpyTH Ha J1eNEKTPUK Jli€ yAapHe HaBaHTaKECHHS,
10 MOK€ MEPEBUILUTH HOT0 MEXaHIYHY MILHICTh. JlJI1 oJaiMepiB, 110 MatOTh HOPIBHSAHO
Manuit Mmoaynb FOHTa, Mpu CTUCKYBaHHI €IEKTPOCTATUYHUMU CUJIaMU AepopMallis MOKe
JIOCSITTH TaKOi BEJIUYMHH, IO 3pa30K CTaHE MEXaHIYHO HecTiMkuM. B obmacTi BUCOKUX
TEMIIEpaTyp MpH 3a3HAUYCHUX MPHUIYHIEHHSX MOKHA JICTaTHU KUIbKICHE Y3TO/DKEHHS 3
EKCIIEPUMEHTOM.

TakuM ynHOM, BBaXKAETHCS, 110 MPU AYKe KOPOTKOMY Yaci Jii IMIyJIbCHOT HAIIPYTH,
KOJIM MpOOMBHA HANpyra MOMITHO 3POCTa€, MOXKE CIIOCTEPIraTUCS €IEKTPOMEXaHIYHHUI
npoOili, TOB’sI3aHUN 3 TOIIKO/PKEHHSIM JIIEJIEKTPUKA MEXaHIYHUMU 3yCHJUISIMH, IO
BUHUKAIOTH ITi/1 BILTABOM €JICKTPUIHOTO TOJIA. Y IIbOMY BHUIAJIKy KaHAJ MPOOO0 TaKOXK
YTBOPIOETHCS, aJIe BXKE IMICIIsSI pyHHYBaHHS JII€JIEKTPHUKA, IO TITHKH YACTKOBO BIIIMOBIIAE
BU3HAYEHHIO MPOOOI0.

Ha nymky aBTOpiB MOCIOHWKA, €JIEKTPOMEXaHIYHMK MPOoOid MaJIOWMOBIpHHM, 3a
BUHSATKOM BHIAJIKiB, KOJJU MU MaEMO CIIPaBy 3 MTOBEPXHEBUM MPOOOEM, KaHA SKOTO MPU
MaJIiii TPUBAIOCTI IMITYJIbCHOT HAIPYTH 3aHYPIOETHCS B TBEPAMM JieeKTpuK. BHacTimok
IIBUIKOTO PO3IMIMPEHHS PO3PSIHUN KaHAI Ji€ HA JTICICKTPHK K yaapHe HaBaHTaXKCHHS 1
pyHHY€E MOT0 MEXaHI4HO, SIK BiJ[3HAYATIOCS BHILE TIPH PO3TIISAl TOBEPXHEBOTO POOOIO.
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[Ipyn BUBYEHH1 3a3HAYEHHX MUTaHb CJiJ] BUXOJUTH 3 CHCTEMHOIO MiJIXOAy Ta
po3rasagaTy TeriodizuyHi, (I3MKO-MEXaHIYHI M XIMIYHI BJIACTUBOCTI J1€JIEKTPHUKIB,
BpPaxOBYIOYM iXHIN B3a€MHHH BIUIMB 1 BIUTMB Ha eJeKTpodi3uuHi BIacTUBOCTI. OCcOOIMBY
yBary ciiiJ] 3BEpHyTH Ha IapaMeTpy MaTepialiB, 10 XapaKTEPU3YIOTh IXHIO CTIHKICTh 10
Jii BHCOKMX 1 HHU3BKHX TEMIIEpaTyp, MEXaHIYHMX HaBaHTKCHb, pajiailii, XIMIYHHUX
peYoBHH 1 01010T1YHUX (HAKTOPIB, BOJIOTH, TOMY 1110 CAM€ BOHM BU3HAYAIOTh MOKJIUBICTh
BUKOPHUCTAHHS JIEIEKTPUKA Y BUpOOaX IS piI3HUX KIIMATHYHHUX 30H.

> ’ 4 > > > —_

8 X v ¥ v = - " ~ ry e A I ’” - ~ o~
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Ten1onpoBiAHICTh.

OnHi€er0o 3 OCHOBHHMX 3ajay JIEJEKTPUKIB, KpiM 3a0€3MEeUeHHS  EJIEeKTPUYHOI
1307141111, EMHOCT1 KOHJICHCATOPIB 1 PYHKIIIOHAILHUX IEPETBOPEHD, € BIIBEACHHS TETUIOTH,
10 BHUJUISETHCS BHACHIJOK MICJIEKTPUYHUX BTPAT B 130JM11, JKOYJEBUX BTpaT B
CIICKTPOMPOBITHUX  €JeMEHTaX  eJNeKTpooOJagHaHHS Ta MAardHiTHHX  BTpaT B
Mar”iTornpoBOJax  €JIEKTPUYHUX MAaIluH, TpaHcpopMaTopiB M IHIIKMX amapariB B
HABKOJIMIIIHE CEpPEJOBHUINE dYepe3 Iap ieekTpuka. UumM MeHmuM Oyae mnepemnai
TEMIIEpaTypH B AICIEKTPUKY, YUM 1HTEHCUBHIIIUM OyJie BIABEACHHS TEILJIOTH 3 1307141111 B

HABKOJIMIIIHIA TPOCTIp, TMM MeHIIO Oyae ii TemmepaTypa, a 3HAUYUTh MEHIIUMHU
3HaueHHS ¢ 1 tQa] OUIBIIOI0 eNeKTPUYHA MIIHICTD [ f toMiCJIEKTPHKA, BHACIIIOK YOIO0
13071111151 3MOXKE TPAIFOBATH MPU OLIBIINA MUTOMIN MOTY>KHOCTI.

[lepeman Temmeparyp B  i30iAMii BHU3HAYA€ThCA 11  TEIUIONPOBIAHICTIO.
TemmonpoBinHICTH MaTepiaiB KUTBKICHO XapaKTepHu3ylTh fdlstditss
Isj f dztstf totso /,H dd 493 (fud3 BKasye, sike KiNbKICTh Terma MpOHIIIA depes
OJIMHMITIO TIJIOII 3a OJIMHHMITIO Yacy MpH IpaaieHTi Temmnepatypu B 1 K/m:

/ -_bR
dT

—DS
dl

ne PR — moTyXHICTh TEIUIOBOTO MOTOKY 4Yepe3 IUIOMHUHY (P S HOpMalbHY /0 TOTOKY
tertotn, dT/dl— rpanient temnepatypu.

TemnonpoBiHICT, — aHAJIOr eJEeKTPOIPOBIAHOCTI, uepe3 Hel BHUpaKaeTbCs
TerioBuit omip o6’ekra Ry (s / 1 im)pykinaa MieNeKTPUYHOT CTIHKH TUIOIICIO S i
TOBIIMHOIO h

_1h

)
KU 103BOJISIE 3aNMCaTH TEIJIOBUM aHasor 3akony Oma

DT =RP
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ne o T— pi3HuLsg TeMmmepatyp Ha MOBEPXHSAX CTIHKM (aHAJIOT Hampyru), Pt — TemioBa
MOTY)KHICTH (aHAJIOT CTPYMY).

BinHOCHO TemIONpOBIIHOCTI ra3iB MOTPIOHO 3pOOUTH 3ayBaXKEHHS, 1110 BOHU MAIOTh
HaJ3BUYAIHO Maly MOJEKY/IAPHY TEIUIONpOoBiaHicTs, mopsaxy 0,05 — 0,5 Br/(m®), sxa
NPOSIBIIIETECS B YMOBAaX, KOJM MOJIEKYJIM Ta3y HE MOXYTh MNpHUIMaTH yd4acTb B
YIIOPAAKOBAaHUX MAKPOCKOIIIUHMX PyXaxX, HAMPUKIAA B 00’ eMax MeHIe 1 mmC,

TennonpoBiIHICTh PIAKUX A1€JIEKTPHUKIB 3HAX0AuThes B Mexax 0,08 — 0,7 Bt/(M®),
Boam Bin 0,56 Br/(M®) mpu 0 10 0,68 B1/(M&) mpu 100,

3uavensst | 11 GLIBIIOCTI TBEPAMX CIEKTPOI3OMAIIMHAX MaTepialiB BU3HAYAETHCS
0 H 0 H terordaposianictio (tada. 8.1.). Ilpu 3iTKHEHHI i0HIB, aTOMIB YU MOJIEKYJ
3MIHIOETBCS XapaKTEP iXHBOTO PyXY, & 3HAYUTh 1 CHEKTP KOJIMBAaHb, TOOTO HAO1p (POHOHIB,
0 OMHUCYIOTh PyX. TakuM YUHOM, MOXHA TOBOPUTH MPO 3HUKHEHHS (3MEHIICHHS
IHTEHCUBHOCTI PYXy YaCTUHOK PEYOBHMHM) 1 MOPOIKEHHS (30UIbIIEHHS 1HTEHCUBHOCTI
PYXy YaCTHHOK pe4OBHHH) (DOHOHIB O€3 MOCUIIaHHS Ha XapaKTEPUCTUKH PEATHHOTO PYXY,
1 pO3MIsiaTh NPOLEC NOLMPEHHS TEMJIOTH, IO CYNPOBOJKYETbCA 3POCTAHHIM
IHTEHCUBHOCTI KOJIMBaHb YACTHHOK PEUOBHMHU B 00JIACTI, KY/IU MOIIUPIOETHCS TEIUIOTA, K
mpoiiec TermioBoi qudy3ii GOHOHIB.

TemnonpoBigHICTh TBEPAMX TICICKTPUKIB 3aJICKUTH BiJ 1X CTPYKTYpH, CKIany i
OynoBu. IlomiMepHi Ji€IEKTPUKH MArOTh TEIUIONMPOBIIHICTH HA PIBHI JECATUX YACTOK
Br/(M®), mmacTMacH — Ha piBHI JecATMX uYacTok — oauuuis BT/(M®), Heopramiumi
TIETEKTPUKHU — B OMUHUILH JIO JECATKIB 1 AYKE PIIKO BiJl IECSATKIB IO COTEHB BT/(M(]§I),
K, HaNpUKiIam, g kKepamiyHux okcumiB meraniB (Al.Os, MgO, BeO). Ilepexin Bix
aMOp(HUX A0 KPUCTANIUYHUX PEYOBUH MPUBOAUTH JI0 3POCTAHHS TEIUIOMPOBIIHOCTI.

Ta6muus 8.1. Iutoma TemmonpoBignicTs | mesxux matepianis, Br/(M®)

[ToBiTps (MoONEKyIsIpHA) 0,05 [TnaBnennii kBap, SiO2 1,25
bitym 0,07 CreaTuTt 2,2
[Mamip 0,10 Kpucraniunuit kBapi, SiO2 12,5
JlakoTkaHuHa 0,13 okcun amoMiniro, Al2O3 25-30
I'etnHakc 0,35 oKcuI MarHiro, MgO 36
dapdop 1,6 okcup Oepuiito, BeO 218

TBepai mopucTi AieTEKTPUKH Yepe3 HU3bKY MOJIEKYJISIPHY TETIONPOBIIHICTh Ta3iB
B iX MOPOKHWHAX MAlOTh TAaKOXX HHU3BKY TEIUIOTPOBIIHICTh, HA PiBHI COTHX — JECATHX
yactok Br/(M®). IIpu mpocoueHHi mopucTux MaTepialiB, HANPUKIAL B KOHAEHCATOPaX,
X TEIUIONMPOBITHICTH 3POCTAE.

JIJi IpakTUYHOTO BU3HAYEHHS TEIJIONPOBITHOCTI BUKOPUCTOBYIOTH CTAI[lOHAPHI 1
HECTalllOHApHI METO/HM, 10 B CBOIO YEPry MOXYTh OyTH aOCOJIIOTHHUMH Ta BiTHOCHHMHU.
CrairioHapHi METOJIU XapaKTePU3yKThCA CTAOUIBHICTIO PO3MOIIY TEIMIOBOTO TOJIS, IO
BUKOPUCTOBYIOTh IS PO3PaxXyHKy & B JieNeKTpUKy. Hanmpuknaza, Ui miockoro 3paska
JieJIeKTPUKa y BUTIISIII KpyTa YU IPSIMOKYTHHKA 3 TOBIIHHOK h MeHIoro 0,1 Haitbinbioro
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THIIIOTO JIIHIKHOTO PO3MIipPY, HAMMPUKIIA AlaMeTpa, IPH TeMIIepaTypax CTIHOK U11 U2 3T1THO
3 IPUBEJICHOIO BUIIEC (POPMYIIOI0 MAaEMO

Ph
(Tl' Tz)S_

JUis miIBUIIIEHHS TOYHOCTI BUKOPUCTOBYIOTh a0COIIOTHUM METOJ IBOX 3pa3KiB, B IKOMY
HarpiBad po3TalllOBaHUI MK JBOMa, OJHAKOBUMH 3a BIIACTUBOCTAMH Ta pPO3MIpaMu,
3pa3KkaMu JAieJeKTpUKa. Y [IbOMY BUIIAJKy

P-P

t H

/ =
(OT/h +

ne [we — BTpPaTH TEIUIOTH B HABKOJMIIHE CEPEAOBHINE, IO BH3HAYAIOTHCS 32
TEMITepaTyPOIO TIOBEPXHI JieIeKTPHKa 1 Koe]iIieHTOM TeIIonepeiayi.
VY BiZHOCHOMY CTaIliOHAPHOMY METOIi A BUMipIOIOTh JUIS 3pa3Ka, 10 PO3TaIlIOBaHH

DS

MK ~ JBOMa  CTaJOHHMMH  3pa3KaMW,  Hampukiax 3  MOJTIMETHIAKpUIATy
(2= 0,198 Br/(M®)), BUMipIOIOTh MajiHHSA TeMIepaTyp Ha pobodoMy (P i eTaJoHHHX
P @ 1s3pa3kax mMarepiajiB i po3paxoByOTh &3a (OPMYJIO0

*x= j@pgé g

OCHOBHMMH HEIOJIIKAMU CTAI[lOHAPHUX METOJIB BHU3HAYEHHS 8 KPIM CKIIaTHOCTI
CTBOPEHHS OJIHOPIIHOTO TEIUIOBOTO TOJs, KOMIIEHCAIl BTpaT TEIUIOTH B HEPOOOUHMX
HampsIMKax, [0 € TPUTAMaHHUM JJIs BCIX METOJiB, € 3HA4YHI BUTPATH dYacy Ha
BHUMIPIOBAHHS Ta BEJIMKA KIJIbKICTh TEpMONap JJIs1 BAMIPIOBAHHS TEMIIEPATypH MOBEPXOHb.

HecrarmionapHi MeTou Jal0Th MOXIIMBICTh OTPUMATH 1HPOPMAITiIO HE TITBKU MPO
9 a i mpo TEIJIOEMHICTh, TYCTHUHY 1 TEMIEpPaTypONpPOBIIHICTh, ajle BOHU CKJIAJHIII B
peastizariii i TOMy po3risiiaTucs He OyayTh.

BinBeeHHS TEIIOTH Bijl MOBEPXHI JIICIEKTPUKA XapaKkTepu3yeThes & S W °
sjfdzsoa:’ HHOY'

a=|/

ne U — TOBIIMHA MOTPAHUYHOTO APy, MOPSIOK PO3PaXyHKY SKOTO MPUBOJHUTHCS B
HiApYYHUKAX 3 TeIUIoNepeayi.

Tennonepenaya Moxe 37iiCHIOBaTHCS B TPhOX BapilaHTax: MOJEKYISpHA,
KOHBEKTHBHA 1 TEIUIONepeaua BUITPOMIHIOBAHHSIM.

MonekynsipHa TeIUIOBiJAadya MOXJIMBA B YMOBaX, KOJIH B HaBKOJUIIHHOMY
CEpEeZIOBHIIII HE MOXXYTh YTBOPIOBATHCS KOHBEKTHBHI MOTOKH, HANPUKIAA Y BY3BKHX
npolIapKax rasy, a TeMIeparypa MOBEpXHI JIeNEKTpUKa HEAOCTATHS Ui BUHUKHEHHS
IHTEHCUBHOI TeIuIonepeadyl BUPOMIHIOBAaHHSIM.

[Tpu yMOBI, 1110 B HABKOJIMIITHBOMY CEPEIOBHUILI BUIBHO YTBOPIOIOTHCS KOHBEKTHBHI
MOTOKU B PE3yNbTaTi MOr0 HArpiBaHHs MOBEPXHEIO JieNEeKTPUKaA, 3HaYeHHS KoedilieHTa
Temyonepeaadi y MOBITpi 3HaxoauThcs B Mexax 8-30 Br/(M?®). Ilpu BuMymeHiii
KOHBEKIii, TOOTO MpH MPOAYBaHHI MOBITPS BEHTWIATOPOM YU KOMIIPECOPOM B3IOBXK
TOBEPXHI JieJeKTpHKa, KoeillieHT Teronepeaaui Moxe gocsratu 10 — 500 Br/(m*®).
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KonBekTuBHU#M Koe(DilieHT TeIUionepeaadi Bij AieJeKTpUKa B PiAUHY, HATPUKIIA]
BOJy, 3 TOBEPXHI JIeIEKTPUKIB MPU BIIbHIM KOHBEKIli Moxke craHoBuTu 100 — 1000
Bt/(M*®), a ipu BuMymesiii — Bix 500 10 20000 Br/(M?®). HaitinTeHcHBHIIIE BiBeCHHS
TEIJIOTM Ma€ MiCIle MpU IUTIBKOBIA KOHJEHCAIlll BOJASHOI MMapu, KOJH KOE(Ill€HT
Temonepenaui ckmagae 4-10% — 10* Br/(M*®), a npu kanenbHiit HaBiTh 4-10* — 10°
Bt/(M?®). Bracnifok 36imbIeHOro koe(ilieHTa Teruionepenavl piaki AICICKTPUKU
IITUPOKO BUKOPHUCTOBYIOTHCS SIK OCHOBHA 13071411151 B TpaHChOpMaTOpax i ICSIKHUX araparax.

TenjoeMHICTD.
TennoeMHICTh AIENEKTPUKIB MOXKE OYTH MOJIPHOIO TMPHU CTAIOMYy THCKY Hig

Jx/(mons®), MonspHOIO TIpH cTanmomy 06 eMi dy, Jx/(Mons®), a60 TPOCTO MUTOMOIO
MacoOBOIO UM 00'€MHOO TeIUIOEMHICTIO f) 3ayBa)kMMo, 110 PiI3HHIS MiXK H1 Hy € TUIBKH
JUISI Ta3011011I0HUX JTIETIEKTPHUKIB, JUIS PIAKUX 1 TBEPAUX J1€JIEKTPUKIB BOHA HE CYTTEBA.

[Tutoma macoBa 1 mUTOMa 00’ €MHA TEIJIOEMHOCTI BU3HAYAIOTHCSI TIPU BIATIOBITHUX
yMOBax

c= H(DTO  c= H(DTY

i Bupaxaernes B JIx/(kr®) ado Jix/(M3H).

OpieHTOBHI 3HaUY€HHS MaCOBOI MUTOMOT TEIJIOEMHOCTI:
— kepamika, ctexina — 700 — 1200;
— opraniyHi nonimepu — 1200 — 2200;
— HadToBi enekTpoizonsmiitai macna — 1800 — 2500;
— Boga — 4200 JIx/(xr@).

TemMneparyponpoBiiHicTh
BenmuuuHoto, sika TICHO TOB’si3aHa 3 TEIUIOMPOBITHICTIO 1 TEIJIOEMHICTIO €

TEMIIEPATYPOIIPOBIAHICTH:

O = oMy fp, A }),

1€ } — rycTuHa JieleKTpuka. TemMneparyponpoBiIHICTh XapaKTEpU3ye CITiBBIAHOMICHHS
MK 3aTHOCTSAMHU JieJIeKTPUKAa TMPOBOAWTU TEIUIOTY Ta aKyMyJIOBaTH ii, BH3HAYaE
HIBHJIKICTh MPOTPIBAHHS UM OXOJOKEHHS JIIeJIEKTPUKA 1 pO3ITO/Ii TEMIIEpaTypH B HbOMY.

B enekrpooGnanHaHHI pi3HI JAI€NEKTPUKH YacTO BUKOPHUCTOBYIOTH pa3oM,
HATIPHUKIIA]T TTOJTIETHIIEH, SIK 130JIAII10, 1 TOJIIBIHIIXJIOPU, SIK 3aXUCHY 000JIOHKY Kaberto,
a00 B KOMOiHaIlii 3 MPOBITHUKOBUMHU MaTepiaiamMu — MigHa abo aldroMiHIEBA JXKuia 1
NOJIIETHIICHOBA 130111 Kabemo, (appopoBe UM CKISHE 130JAMiHE TiJO 1 YaByHHA
apMaTypa B i30JATOpax TOIIO. B Takux Bumaakax s HaJiitHOI poOOTHM 0ONamHAHHS

CyTTeBE 3HaUCHHS (30O o d dzd € dzj dzdzv Is | tc d3ts dzguédc,ndz prepded -

TEIJIOBOTO PO3IIMPEHHS MaTepiadiB, IO MOXKE MPUBECTH JO iX aedopmarlii 4u HaBITh
PO3TPICKYBaHHS y BHITAIKy HEOPTaHIYHUX JICIEKTPHKIB.

TemneparypHuii KoeilieHT JIiHITHOTO PO3IIMPEHHS.
TennoBe po3mUpeHHsT ICNEKTPUYHUX MaTepialiB BHU3HAYa€ TEIUIOCTIWKICTh

o

JieJeKTpUKiB 1 1X cTilikicTh 10 TepmoynapiB i ominoerees IS j A3 J 6 Ols Iz to
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Ctsj W' y' tzdzties dasic tsd to JHKEBZVK !, axuii xapakTepusye BigHOCHE

MOJIOBXEHHS 3pa3ka npu HarpiBanni Ha 1 K

vs [ ta=1/)Ad/dr),

ne | — morxuHa BHITPOOYBAIEHOTO OpYyCKa, M.

3navenHss TK miHIHOTO poO3MUpEeHHS HEOOXIMHO 3HATH TMPU KOHCTPYIOBaHHI
eNIEKTPOYCTaTKyBaHHS, IO MpAIfo€ B IIUPOKOMY Jiama3oHi TemmepaTryp. Y IbOMY
BUITQJIKy TOOMPAOTh MaTepiaiy 3 MpUOIN3HO ogHakoBUMH TK JHIHHOTO po3IIUpEeHHS,
mo0 3ano0IrTH TEPMOMEXAHIYHUM HANpyXeHHsAM, albo mependavaroTh creniaibHi
KOHCTPYKTHUBHI 3aX0JI1 JIs iX 3MEHIIICHHS.

JUie ~ HEOpraHi4YHUX  JIENEKTPHUKIB  IHKOJM  JIOBOJAMTHCS ~ KOHCTPYKTHUBHO
3a0e3rneuyBaTH MOXKIIMBICTh BIIBHOTO PYXY KOHTAKTHHX JieTajlei, sK, Halpukiaa, B
HiBICHUX JIHIAHUX 130J5TOpax, JAe oOOepHeHe KOHIYHEe 3’€JHaHHSA 3abe3neuye
MEPETBOPEHHST PO3TATYIOUMX 3YyCUJIb, IO BUHUKAIOTH Y CTPWXKHI TPH MiJBIIIYBaHHI
IPOBOAY, B CTUCKAaIOUl 1 BUIbHUN KOB3HHUM pyX BEpXHbOI KOHIYHOI YaCTUHU CTPUKHS B
TOJIOBIII 130JIATOpa IIPH 3MiHI TEMIIEpPaTypH 130JATOpa.

Marepianu 3 manum 3HaueHHsM TKJIP wmarote Oinbmn Bucoky Mils ™ 2 €' Mmis
Is j tc d3ts [z (a@niclZ2), sxy MoXkHA oXapaKTepH3yBaTH IIEPEMagoM TEMIICPaTyp, IO
MO’K€ BUTPUMATH J1€NEKTPUK 0e3 pyHHYBaHHS:

S
DT =%—X L
ae\cr

ne K — KOHCTaHTa; Si— po3pUBHA HAIpyra Ipu posTarysanui, MIla; aj — TKJIP, K1, E—
MoAyib TpyxkHocTi, MIla; / — Ttemmonposimnicts, Br/(MJ); ¢ — TemnoemHicTs,
kJIx/(kr®); 7 — ryctuna kr/m°,

CTilKIiCTh A0 TepMOYJapy TUM BHILA, YUM O1bIIa MEXaHIYHA MILHICTh MaTepiany
1 Horo TemmepaTyponpoBiiHicTh Ta 4uM HIk4i Moayib FOnra i TKJIP. Tomy Bucoky
CTIHKICTB IO TEPMOYAapy MarOTh OpPraHiuHi TEPMOILJIACTUYHI MaTepiaind. 3 HEOPTaHIYHUX
JEeKTPUKIB MOJKHA Ha3BaTH KBapIl, HITPUJ KPEMHIIO, OKCHJI OEPHIIIIO Ta iH.

Ha mpaxTuii cTifikicTh A0 TEPMOYyAapiB BU3HAYAETHCA JUIsl KPUXKHX MaTepialliB
HUIIXOM iX pi3KOro HarpiBaHHs a0o oxosomkeHHs. Hampuknazn, miHiiHI 13018TOpH
TIOBHHHI BUTPUMATH TPHOXKPATHE HArpiBaHHs i OXOJO/HKCHHS NUISXOM 3aHYpPCHHS B
KpIKaHy BOJy Oe3 TMOTipHmIeHHS CBOIX BJIACTUBOCTEH, MpPO IO TMOBUHHI CBITYUTH
pe3yabTaTH HACTYITHHUX OTJISIIB i BUMPOOYBaHbh BUCOKO Hampyrow. Temmeparypa i gac
HarpiBaHHs 3aJIeXaTh BiJl Macu BUPOOiB.

Ta6muns 8.2. TKJIP neskux matepianis & Q0°, K

Heopraniuni Opraniuni
Kgapriioe ckiio 0,55 Enokcuaui cMoimn 55
dapdop 3,5 [Inactmacu 55-70
Crearur 7 [MoniterpadgroperuneH 100
CuitikaTHi cTexia 9,2 TTomerunen 100- 145
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B mpomeci pobotu JieIEKTPUKH MOXYTh HArpiBaTHCS IO PI3HOMY: IIBHIKE
HArpiBaHHS JO BHUCOKHX TeMIeparyp, [IOCUTh TpHBajda poOOTa MpU MiABHILIEHUX
TeMIeparypax, pi3Ke OXOJIOPKEHHs Tolo. ToMy Al HUX B 3aJIEXKHOCTI BiJI XapakTepy
HarpiBaHHd TOTPIOHO BpaxoByBaTH Taki TEMJIOQI3MYHI  XapaKTePUCTUKH, 5K
Isj di3f J 6 OIskztc O totsL 39 &E § b QZDE Gy §f Ois'j dizde”y tc Ols [z t
f dzO o dzj dzdzv , s i3 J OIkztc® SCtednmnCBMIs’ | Is J o3
M OzO= Iz f Otclz, Isji i3 J tOIskzte© L O2 d30 dzdz” , Is
n Sz H sMis' VEOGlS ‘o sdn@ * 2 ¢ " Mis!

TemnepaTypa po3m’sikilieHHsI 0ITyMiB, BOCKY Ta JIEIKHUX BHIIB TEPMOILIACTUYHUX
KOMITayH/I1B BU3HAYAETHCSI METOJIOM «KUIBIIS 1 KyJ1» 3a TEMIEPATYPOIO, IPH AKIH CTadbHa
KyJlbKa JiaMeTpoM 9,5 MM MpOXOIUTh 4Yepe3 KiJbIle, 3allOBHEHE BUIPOOYBATHLHUM
MaTepiajioM MpU HArpiBaHHI B CEPEAOBHILI TEPMOCTATYBAJIbHOI PiAMHU (BOAA, TIIILIEPUH

tomro) Bix 5 C 3i mBuakictio 5 £0,5 C/xB. BapiaHToM HEOr0 METOA € METOJ PTYTHOTO
iapy, KOJW PTYTh HAJIMBAETHCS TOBEpPX JieNIEKTPUKA 1 MPU HArpiBaHHI HOro Mpu
TEMIIEpaTypi, AKa MPUHMAETHCS 3a TEMIEPATYPY PO3M'AKIICHHS, TPOJIABIIOE A1EIEKTPUK 1
MEPEXOIUTh HA JHO TMOCYIUHH.

Jliia TutacTMac TeMmrieparypa po3M’SIKIICHHsS BU3HAUAETHhCS 3a MeTojoM Bika mpu
MiBUIIIEHH] TeMItepaTypu 3i mBukicTio 5 C/XB, SIK TeMIieparypa, IpH sikiit iHgeHTop (Tijo,
110 BJIABJIIOETHCS B JIaHY PEUOBHHY) Y BUTIIAI IMUTIHApA giameTpom 1,13 MM 1 JOBKHHOIO 3
MM Tia Aiero HaBanTaxeHHsa 10 abo 50 H nmponukae B Matepian Ha TIUOUHY 1 MM.

[Hmmit MeTo BU3HAYEHHS TEMIIEPATypH PO3M'SKIIEHHS IJIACTMAC 3BOAMUTHCS /10
¢ikcauii mpu HarpiBaHHi 31 WBKUAKICTIO 2 K/XB TeMmniepaTypu nedopmaiiii po3MilieHOro Ha
JBOX omopax jaienekTpuka noBxuHOow 110 mm, Bucotoro 10 MM i mupuHOWO 4 MM
BEPTUKAIBHUM CTPIKHEM 3 IIWIIHAPUYHUM 3aKPYTJICHHSIM 3 MM IMiJ JI€0 OJHOTO 3
HanpyxeHb 3ruHannas 0,45; 1.8; 4,9 a6o 7,4 Ila na Benuunny 0,33 mMm. Temmepatypy
PO3M'SIKILIEHHS IJIacTMac MOXHa BU3HAYaTH TaKOK METOJIoM MapreHca.

Jns  uepesuny, mnapadidy, O30KEpUTy TOIIO TeMIepaTypa pO3M SKIICHHS
BU3HAYAETHCS METOJIOM KaryienaAiHas Y 00enoe, sk TeMnepaTrypa KamjienaaiHHs, To0To
SK TeMIlepaTrypa MaJiHHS MEepIIoi Karuli peYOBMHU 3 JIATYHHOI YalllKK 3 JIPKOI0 y JIHI
JiaMeTpoM 3 MM TIpH il HarpiBaHHi B TEPMOCTATYBaIbHIN piguHi 31 mBuakictio 1 C/xB.

TemnepaTypy IJIMHHOCTI, JIABJIEHHS, CKIYBAHHSA | KPUXKOCTIi. (BuzHauaroTscs
JUISL TIOJIIMEPHUX JI1eTIEKTPHUKIB).

[Ipu Temmeparypi IUIMHHOCTI Ups TMOJIMED TOBHICTIO BTpayda€e MpYKHY
nedopMallito, 3alIHMIIAETHCS TUIBKK IJIAaCTHYHA. B 11bOMy cTaHi BiH NepepoOseThes:
JUIETBCS, TIPECYETHCS, (POPMYETHCS, EKCTPYAY€ETHCS TOLIO. TemmepaTypa IJIaBICHHS Uns
KPUCTAJIIYHUX YTBOPEHb (KPHUCTAJIITH, C(HEpoiliTH) B MOJIMEPHUX HIEIEKTPUKAX MOXKE
OyTH HIKYOI abo BHIIOK TemmepaTypu IumMHHOCTI. Hampuknan, d¢ropornnact-4
wiaBuThCst mpu Temmepatypi 327 C i cyGmimyerbesi (MEpeXOauTh 3 TBEPAOTO [0
razornofioHoro crany) Tineku mnpu 415 C, ane npu bOMY 30BCIM HE IEPEXOIUTH Y
B’SI3KOIUIMHHUH CTaH.

[Ipu 3HMKEHH1 TeMIlepaTypu HIDKU€ TeMIIepaTypu CKIyBaHHSA U KPUCTAIIYHHM
HoJIiMep MEePeXOANTh y TBEPAUH 1 KPUXKUI CTaH, BTpayaro4d IUTACTUYHY JedopMarliio,
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ajie MOXKe eKCIUTyaTyBaTHCS 1 IPU HUKYMUX TeMIepaTypax ax 0 TeMIepaTypu KPUXKOCTI
Ukpx, KOJIM HOTO MEXaHIYHA MIITHICTh CTAa€ HE3aJ0BLIHHOIO.
Pi3HUIA Ue | Uxkpx BU3HAYAE TEMIEPATYPHUI IHTEpBAINM P U MY C OB OT e fnac

Uum BoHa OisbIlIa, TUM IIHpIIE TEMIIEPATypPHHUH 1HTEpBaJ €KCILTyaTallii MmojaiMepy 1 THM

Outbll LIHHUM € monaimep. Lleil TemmepaTypHuil i1HTEpBaj 3pocTae 31 30UIBIICHHIM
BEJIMYMHU CETMEHTa MOJICKYJSIPHOTO JIaHILIOTA. SIKII0 BiJ Ue 3aJEKUTh BEPXHS MeExkKa
po00OYOro TEMIEpaTypHOTO 1HTEpPBANy MOJIMEpPA, IO E€KCIUTyaTYeThCS B CKJIOBHIHOMY

CTaHI, TO Ukpx Y 0araThoX BHMaJAKax BU3HAYAE HOTO HIHKHIO MEXY (Tabi. 6.2).

Tabnuis 6.2. 3Ha4eHHS TEMIIEPATYPHU CKITYBAHHS Tc, KPUXKOCTI Typx 1 TEMIIEPATYPHOTO IHTEPBATY
MIPUMYCOBOT €1aCTUYHOCTI T¢ — Typ JCSKUX MONTIMEPIB

Ioximep Ue,°C Uipx,°C Uz;,;C
[TomicTupon 80-90 —40 120
[TonimeTnnmeTakpuiat 100 10 90
[ToniBiHLTXIOpHUA 81 -90 170
['yma HeHaroBHEHA Ha OCHOBI:

— HartypanpHOro kayuyyky HK —62 -80 18

— OyrazgienoBoro kayuyky CKC -39 -112 73

— Oyragien—ctupoibHoro kayuyky CKC — 30 —49 -135 86

TemnepaTrypa 1JiaBJeHHsl JICICKTPUKIB, TICHO TIOB’Si3aHAa 3 EHEPTIEI0

MDKMOJIEKYJISIpHUX 3B’ s13KiB. HaliHMKul TeMiiepaTypH IUIaBi€HHs Y JIHIHHUX HOJIMEpiB,
o OOMeXye iXHIO TepMOCTiiiKicTh. I[IpocTopoBi moniMepu HeMIaBKi W MOXKYTb
eKCIUTyaTyBaTUCSl 3a BHINUX TemrepaTyp. Heopraniuni Marepiaau, ocoOJIMBO 3
KOBaJICHTHHUM 3B'S3KOM, B I[bOMY IUIaHI IEPEBAXKAIOTh OpraHivHi.

TeMmueparypu cnajaxy i 3aiMaHHA.
JInsg  piAMHHUX TOPIOYMX PEYOBHH YK€ BaXKIMBUMH EKCIUTyaTalliiHUMU

xapaktepuctukamu € Is | a3l | tc GrjdflCaidme B | &Y | tc Q20 degdvis U

BU3HAYCHHS TEMIIEPATypPH Clajaxy piiMHy HarpiBaroTh Y BIIKPUTOMY THUTJII 31 IIBHIKICTIO

10 C/xB o temmeparypu (Uen — 40) C, e Uen — OYiKyBaHE 3HAYCHHS TEMIIEPATYPH
crayiaxy, MOTiM 3HIKYIOTh MIBHIKICTh HarpiBauust 10 4 C/xB, npu Temrepatypi (Uen —
10) C wma sBincrami 10 — 14 cM Bim MOBepXHi pPITUHKA MPOBOIATH TOIYM SIM
3aragroBaIBHOTO MPUCTPOIO BiJl OHIET CTOPOHM THIJIS O 1HIIOI 32 2—3 ¢, MOBTOPIOIOYH
1110 omeparrito uepe3 koxkHi 2 C. 3a TeMmeparypy crajiaxy NpuiMarTh TEMIIEPATYPY, IIPH
SKIM HaJ| TOBEPXHEIO PIAUHY MEPIIUH pa3 3 IBUTHCS TOIYOE MOTyM s

JIns BU3HAYCHHSI TEMIIEpaTypu 3aliMaHHS MPOJOBXKYIOTh HArpiBaTh piAMHY i
i THOCUTH MOJIyM s uepe3 koxHi 2 C. Temmepatypy, npH sIKiii 3aropuThCs cama piuHa i
Oyze mpoAOBKYBATH TOPITH HE MEHIIE 5 C, BBAKAIOTh TEMIIEPATYPOIO 3aiiMaHHS.

Cain po3yMmiTH, 1O MIJBUILEHHS TeMIIepaTyp chajiaxy 1 3aiiMaHHS OPUBOASTH JI0
3MEHIICHHS HE0e3MeKHu TMOXKEeXi, ajleé He 3MEHIIYIOTh TMOXKEXKHOI HeOe3nekn
TpaHC(HOPMAaTOPHOTO MaCIa, 1110 TOPUTh.
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X0J1010CTIHKICTD.

VY 6aratbox BUNAJKAX JJIS 130JIA1I11, HAMMPUKIAI, JIHIN eJeKTporepenadi 1 3B'I3Ky,
BIJIKpUTHUX MIJCTAHLIN, JITAKOBOTO €JEKTPO- 1 paAloyCTaTKyBaHHS 1 B 1HIIMX BHITaJIKaxX
BOXKJIMBA XOJOJOCTIWKICTh, TOOTO 3JaTHICTh EJIEKTPUYHOI 130JIAIii HE 3HUXKYBaTH
eKCILTyaTaliiHOl HAXIMHOCTI IPU HU3BKUX Temrieparypax, Hampukiaa — (60 — 70) °C i
OB HU3BKUX (KPIOTEHHUX) Temneparypax. [Ipu HU3bKUX Temmeparypax, siKk IpaBuio,
€JIEKTPUYHI BJIACTUBOCTI 130JSLIMHUX MaTepialiB MOJINIIYIOThCS; OJHAK Oararo
MaTepialiB, THy4YKi W eJacTHYHI B HOPMaJbHUX YMOBAaX, MPH HU3BKUX TeMIlepaTypax
CTalOTh KPUXKUMHU 1 TBEpJMMH, 110 CTBOPIOE BIAMOBIAHI YyCKiIaaHeHHs. Hampukian,
MOJIIETUJICH TP TEMIIEpaTypi pIIKOTO a30Ty CTa€ HACTUIBKU KPUXKHMA, 1110 MOTIETHIIEHOBA
IUTIBKA PO3TPICKYETHCS M1 JA1€10 HABITH MAJIONOTYKHUX YAaCTKOBUX PO3PSIIIB.

[Ipn BunpoOyBaHHSIX Ha XOJOJOCTIMKICTh BH3HAYAIOTh 3HAUYEHHS OJHIET 3
MEXaHIYHUX XapaKTepUCTHUK, HANPUKIaMd, Ae(opmarllito npu JaHOMY HAaBAHTAXKEHHI MPHU
HOpMaJIbHIN Temneparypi lu 1 mpu moOHMKeHIH Temmeparypi ln, a moTiM KoedilieHT
XOJIOJOCTIHKOCTI pO3PaxOBYIOTh K BiHOMICHHS Kx = In/ |y, {71 mOTIMEpHUX JTieIeKTPUKIB
XOJIOJIOCTIMKICTh MOYKHA OITIHIOBATH IO TEMIIEpaTypi KPUXKOCTI.

[TepeBipky eneKTpOI3OIAIIMHUX MaTepialiB 1 BUPOOIB 3 HUX HA XOJOJOCTIUKICTh
HEPIJAKO 3IMCHIOIOTH MPHU OJTHOYACHOMY BIUIMBI BiOpalliii, OCKUIBKH camMe JUHaMIYHA JTis
MEXaHIYHUX (PAKTOPIB € BU3HAYAJIBHOIO y IUX OOCTaBUHAX.

HarpiBocriiikicTe nienexkTpukiB Oyzae po3rissHyTa B posfini  CrapiHHs
JIIETIEKTPUKIB.

MexaHiuyHl BIACTHUBOCTI [IIENIEKTPUKIB 3a0€3MeuyloTh 3JaTHICTh MaTepiany
BUTPUMYBATH [IiF0 30BHIIIHIX MEXaHIYHUX HABaHTaXeHb O€3 HENMPUIHATHUX 3MiH
MOYaTKOBUX PO3MIpIB 1 POpMHU, TOOTO BUCTYNATH Y POl KOHCTPYKUIHHUX MaTepiajiB.

Sx 3a3Havanocs paHimie, Tra3omoMiOHI ieNEeKTPUKHU, SK TPaBUIIO, HE
BUKOPHUCTOBYIOTHCS SIK KOHCTPYKILIIHMHI MaTepiaiu.

B's3KicTh.

BaxxnmBoro MEXaHIYHOIO XapaKTEPUCTUKOIO pi AKWKNX A1 ene
(eTEeKTPOI30NIALIHHUX MacCell, JIaKiB, 3aJTUBANBHUX 1 MPOCOYYBATIBHUX KOMIAYHIIB 1 T.11.) €
9 "' WL C Tl ls%s3kicTio po3yMilOTh BHYTPIIIHE TEPTS, MIO TPOSBISETHCS MPH
BITHOCHOMY pPYCl CYCIJIHIX IIapiB PiIMHU OJHOTO BIJTHOCHO IHILIOTO, SIKE 3aJie’KHE BIJ
MOJICKYJISIPHUX CHJI 34eTyieHHs. BoHa Bu3Havae, HApUKIa, 34aTHICTH JIAaKiB MPOHUKATH
B OOMOTKYy Tmpu 1ii TMpOCOYyBaHHI Ta KOHBEKIII0 Macjia TpH eKCIuTyaTaiii
TpanchopmaTopiB. Po3pi3HAIOTH B'SI3KOCTI TUHAMIUHY, KIHEMAaTH4YHY i YMOBHY.

[ d dzOd3" ou d#@ € A flxdediienTom BHYTpIlIHROTO TepTs piauHu. B
omurnnax Cl muHaMiuna B'S3KicTh (M2/C) BUMIPSAETBCS POTALiHMMM BiCKO3IMETPaMu Mixk

JIBOMa KOAKCIaJbHUMM LWIIHIpPAMH, 30BHIMIHIA 3 SKUX HEPYXOMHH, a BHYTpIIIHIN
obepTaeThes M AI€I0 IBUTYHA Ui TATaps. [[MHaMivHa B'SI3KICTh PIAMHU 3HAYHO 3aJICKHUTh
BiJl TEMIIEpaTypH Ta 3 ii 30UTBIIICHHSIM 3HUKYEThCS €KCIIOHEHITIaThHO

h= ¢ JIWIET),
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ne ¢ — crana Ui JaHOTO BICKO3UMETpa 1 JaHOi piauHu BeauunHa, W — eHepris akTUBaIlii,
10 JOPIBHIOE POOOTI TMEpPexoy MOJEKYIU PIIUHH 3 OJHOTO CTIMKOTO PIBHOBAXHOTO
NOJIOKEHHS B 1HIIEe. Haragyemo, 110 eHepris akTuBalli B'SI3KOCTI MPUOJIM3HO JOPIBHIOE
eHeprii akTHUBaIlii eJEeKTPOIMPOBITHOCTI 1 TOMY IS PIAKUX JICJICKTPUKIB B TIEBHOMY
iHTepBaJIi TeMIepaTyp Mae micie npaswio [IucapkeBcbkoro — Banpaena d J= const

S ' dzi 3O Ilod Wde@n( @‘HopiBHIoe BITHOIEHHIO JUHAMIYHOI B'A3KOCTI
10 ryctuau d piguHu:

n= hl/d

1 Bu3HauvaeTbcs U-mOMIOHMMHU  CKISSHUMHM — KalmUIIPHUMHM ~ BICKO3UMETpamHu  3a
rpajyloBaJIbHUMU KPUBUMHU.

L d3ts o alZlzW L CeuMipledTe 32 HOMOMOror0 KyabKOBHX ab0 YHIBEpCATbHHUX
Bicko3umeTpis, miviku H/IIJIK, Bickozumerpa Enrnepa it iH. YMOBHa B'S3KICTh B Ipagycax

Enrnepa ( E) B mepmomy HaOIMKEeHHI MpONOpIiiiiHa KiIHEMaTHYHIN B'sI3KOCTI N.

Y TBepAOMy TUTl MpU CTaTUYHOMY BUIPOOYBAaHHI Ha PO3TATYBAHHS i Ji€I0
30BHIIIHHOTO HABAHTA)XCHHSI BUHUKAIOTh HAITPY>KEHHS ¥ teopmairis.

Me:ska IPYKHOCTI TA MeKa IJIMHHOCTI
1 Of oz p dzdguaBantakenns (cuia) P, BigHeceHa 0 MOYATKOBOI ILIOIII
nomnepevHoro mnepepizy Fo 3paska:

s=1/Fo.

Y cucremi opunnip Cl cuny t Bumiprorots y H, mnomty Fo y M2, MitHicTs MaTepiany
npu po3TAryBaHHi S y [la.

[ 4 W B tc ds@apMmiia popmu i po3MipiB TBEpAOTO TiJa ITiJT Ti€F0 30BHIIIHIX CHJII
ab0 B pe3ynbTari (I3UYHUX TMPOIECIB, IO BUHUKAIOTH y TUIl NPU MEXaHIYHUX
HaBaHTaXEHH:X, (a30BHX MEPETBOPEHHSX, ycaami i T.1. [edopmaris mpu cTaTHUHUX
BUIMIPOOYBaHHSAX HA MEXaHIYHY MIIHICTh MOXe OyTH M P Y X H-OBHHa 3HUKA€ Mmicis
3HSATTS HABAHTAXKEHHS, 1M /1 & C T YBOHH FepiraeTbes MICHs 3HATTS HABAHTAXKCHHS.

Jlnst xapakTepuCTUKU Jedopmallii BBOISITH TaKi XapaKTEPUCTHKU sk O34 3 O
i tc z ) dztsiisipyxenns, npu skoMmy 3amumikoBa aedopmamis ckiaagae 0,05%
MOYaTKOBOI JOBKHMHU PoO0YOi YacTHHM 3pa3ka matepiany, Ta 034 Y © {f dzd dzdzts n
Hanpy>KeHHs, TpU sKOMy 3anumkoBa aedopmaris csrae 0,2% mnpu He3MIHHOMY
HaBaHTaxeHHI. [Ipu 3pocrarouomMy HaBaHTaXEHHI MpyxHa nedopMarlisi, sK TPaBUIIO,
NEePeXOANTh Y MIACTUYHY, 1 1Al 3pa30K PyHHYETHCS.

Haii6inb111 MOBHY XapaKTepUCTUKY Mpoliecy pyHHYBaHHs Jlae giarpama nedopmariii,
T00TO Tpadik 3anexxkHOCTI nedopmariii 3pa3ka BiJ MIFOYOTO HA HHOTO HABAHTAKCHHSI.
[Tnoma mix rpadikom Pl ( BH3jagae podoTy, 1m0 Oyiaa BUTpaueHa Ha AchOpMyBaHHS
3pa3Ka, SIKII0 HOTPiOHO, TO aX 10 pyHHYBaHHS.

MoayJjb NpY:KHOCTI TP PO3TATYBaHHI, CTUCKYBaHHI Ta 3THHAHHI BUBHAYAETHCS 32
bopmynaMu:
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— (Fz - Fl)IO
" A®D, - 1

— (Fz' Fl)hO
STADh - B
E,= (Fz' F1)|3

4bi’(z,- 2)

ne F1i F2 — naBantaxkenss, H, 1o BUKIMKAIOTh BiITHOCHE MOIOBKEHHS (CTUCKYBaHHS) YU
nedopmariro 3paskiB Ha 0,3% i 0,1% Bigmosiguo; Al2, Ali, Ahz, Ah1 — momoBxeHHs
(cTHUCKYBaHHSI) 3pa3KiB MPHU BIIMOBITHHX HaBaHTAXKEHHsX, lo, No — movaTkoBi po3mipu
3pa3ka, | — BijicTaHb MiX oropamu O6anku, b i h — mmpuna i BucoTta 0anku, Z» i Z1 — MPOTHUH
3pa3ka, MM, IPY BIIHOCHIM nonepeuHii nedopmariii 3paska Ha 0,3% 1 0,1% BiamoBiaHO.

B 3aranpHOMYy BHMAJIKy MeEXaHIUYHI XapaKTEPUCTUKH TBEPAUX J1€JIEKTPUKIB
IUIATBCS HAa CTaTHYHI, KOJIM HaBaHTA)KEHHS 3pOCTa€ IUIABHO 3 3aJlaHOI0 HIBHJKICTIO,
JUHAMIYHI, IPU SIKOMY HAaBaHTAXXEHHS PI3KO 3MIHIOIOTHCS 32 3HAYEHHSM, 1 3HAKO3MIHHI,
KOJIM HaBaHTAXEHHS 3MIHIOETbCA 3a HampsMKoM. Jlo mepimux BiIHOCATHCA Taki
XapaKTepUCTUKU SAK pYHHIBHE HampyXkeHHs (MeXa MILHOCTI) MpU PO3TIATYBaHHI,
CTHUCHEHHI 1 3TMHAHHI, Me)Ka IIMHHOCTI, BITHOCHE TI0JIOBXKCHHS MPU PO3PHBI 1 BITHOCHA
nedopMallis Ipyu CTUCHEHHI, MOAY/b npyxHocTi (FOHra) ta iHmi, A0 Ipyrux — yaapHa
B’SI3KICTh, JI0 TPETIX — CTIMKICTH 70 BiOpaiid. [Ipu BUKopucTanHi TieIeKTPUKIB HEOOX1THO
BpaxoOBYBaTH TAKOX Takl apaMeTpu MaTepiany sk TBEPAICTb, THYUKICTb, €TACTUYHICTh Ta
TUTACTUYHICTb.

MiuHicTb — 3/1aTHICTh MaTepiay, He pyHHYIOUHCh, YNHUTH OIip 30BHIIITHIM CHUJIaM.
L{fo BIaCTUBICTh MaTepialy XapaKTepU3yIOTh 3HAYCHHSIMUA M € X | MiMm@EmWCTI

PO3TATr (85 bpfFe,i

CTWCK Y®=a Wik,

3T UH@HHIW=1,l/(40V) = 1,50,0/(b ®?),

ne {p, e 13 — Haii0inmbIe HaBaHTaXEHHS, MO0 TEpeNye PYWHYBAaHHIO 3paszka IpHU

CTaTUYHOMY pPO3TATYBaHHI, CTHCKYBaHHI ¥ 3rMHaHHI BianoBigHO; Fo — mIoma
HIOTNIEPEYHOT0 Tepepizy 3paska 10 BUNpoOyBaHHs; [ ; — MOMEHT 3ruHaHHs, W — MOMEHT
onopy (MOMeHT onopy s npaMokyTHoi 6anku W = bh?/6, | — nopxkuna 3paska Mix

onopamu; b — mmpuna; h — Bucora 3paska). MinHicTh Half9acTile BUPa)aroTh y KIc/cM?
a60 B oquaunax CI — Tla (1 krc/cm? © 0,1 MITa). YacTo npu BUIIPOOYBAHHAX HA CTATHYHY
MIIHICTh 3aMiCTh MII[HOCTI BHKOPUCTOBYIOTH IS d d3y O M s 8 bR saxuit himtssinace
HalO1IBIIIOMY HAMPYKEHHIO, 110 TIEPEIyBaJIO PYHHYBAHHIO 3pa3Ka.

Meska MIIHOCTI MPU AMHAMIYHOMY 3TMHAaHHI BH3HAUAETHhCA HA 3pa3Ky marepiainy
nepetuHoM 10x15 mMm 1 noBxkunorw 150 Mmm mapameTpom

Q= G(hl'll hz)/So,

ne G — Bara cTanpHOTO MasTHHKA, KI; So — mepeTuH 3paska, hi, h2 — Bucorty, Ha siky OyB
HiHATAN MasTHUK Mepesl BUIPOOYBAaHHSM 1 Ha SIKY BiH 3JIE€TIB MIiCHIA pyHHYBaHHS 3pa3Ka.
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Crif BII3HAYUTH, IO JISI OTPUMAHHS XOPOIIOi BIATBOPIOBAHOCTI 1 TOCTOBIPHOCTI
Pe3yNbTATIB AJI1 MEXaHIYHUX BUMTPOOYBaHb JIEIEKTPUKIB BUKOPUCTOBYIOTh 3pa3Ky MEBHOT
dopMH y BUIJISAI «BICIMOK», CTPIUYOK, TPYOKM UM Kuiblig (rymMa) — MpU BU3HAYEHHI
MIIIHOCTI TPHM PO3TATYBaHHI, 0aJOK UM IMITHAPIB — MPU BUIPOOYBAHHSIX HA 3THHAHHSA,
OpsiMOi  MPU3MH, LMWIIHIpA, MapajnenorpaMa 4 TpyOKH — Ipu BHUIPOOYBaHHSAX Ha
CTHUCKYBaHHS 1 OaJIOK — MPH BUMPOOYBaHHI Ha yJIapHY B’SA3KICTh. 3pa3Ku BUTOTOBIISIOTH
METOJIaMU MIPECYBAHHSL, TUTTSI M1/l TUCKOM, €KCTPY31i, MEXaHIYHOI 0OPOOKH TOLIO.

VY nienexTpukiB (HEOpraHiyHI CTEKJIA, KepaMika, MJIaCTMacH U 1H.) Sty K MPaBUIIO,
Habararto Oijble, HiXk Sp i S; (HAIPUKIA, y KBApHoBOro ckia S¢ © 2A0° MIla, a Sp © 50
MlIIa), ToMy iXHIO MEXaHIYHY MIITHICTb (3aJI€’KHO B1J BUY MPUKJIAICHOTO HABaHTAKCHHS )
OIIIHIOIOTh 3HAYCHHSIMHU Sp, Sm Si, a B pAAl BUMAAKiB me d3j 3 J ¥ a3’ ydztsmlis
M¢ oz ylsa Odzdz

Jl;1st MatepiaiiB aHI30TPOMHOI OY/10BH (IIapyBaTUX, BOJOKHUCTHUX 1 T.I1.) 3HAYCHHS
MEXaHIYHO1 MIITHOCT1 CHJILHO 3aJIeKaTh BiJl HANIPSIMKY MPUKIIAJEHOTO0 HABAHTAXKEHHSI.

MexaHiyHa MIIHICTh IETEKTPUKIB 3aJCKHUTHh BIJl TEMIEpaTypu H 3 i1 pocToM
3MEHIIYEThCA.

[Ipu BuMiprOBaHHI Sp MOXHAa OJHOYACHO BU3HAYMTH 3HadueHHS 9 = H dzts f) dzts
f SHESo Y §dztB0Qly/lo, %, i0 ' Hdztsdzets ¢ S5y = WEORh/gd'n e p e 4
P O 3 P WABI 6 BKIMBUMHU TCXHIYHUMH XapaKTEpUCTHKaMu Matepiany, ne Al, 1 Ahp —
TIOJTOB’KEHHS 1 3MCHILIEHHS TTOTIEPEYHOr0 pO3MIpy 3pa3ka Ipu pylHHyBaHHi, lo 1 ho — fioro
MOYaTKOBI PO3MIpPH.

B'sA3KicTb.

[lpu oM HaAaMI UYHNX H amBraicrsl Madkpiatied oliiXoTs §  Is s i35 ¥
EHOdts ¥ 9 S k/Gx/MINB % 9 3 K- 3maTHicTE MaTepiadiB YMHUTH OIIp
yIapHUM HaBaHTaXCHHsM. L[5 BIacTHBICTh — MPOTHICKHAK P U X K O C T |

BuMmiprooTe BETUUHMHY St wHA MPAKTHUII METOJOM MasTHHUKOBoro kompa Illapmi 3
6OIKOM y BUTIISIII KIIMHA 3 KyToM npu BepmuHi 30 i pagiycom 3akpyrnenns 2+0,5 mm. Ha
TIOYaTKy BUIPOOYBaHHS 3pa3oK y BUTIAL Oanku 0e3 abo 3 mpsaMokyTHUM (2/3 ho) um
tpukytHuM (0,8 ho) Haapi3oM KiaayTh Ha BI ONOpH. MasSTHUK Barow [ 3 3aJaHOK0 HOMY
noyaTkoBoto eHepriero Bix 0,5 10 50 JIx magae Ha 3pa3ok 3 BUCOTH N2, pyiiHYE HOTO 1 IO
IHepIl MiJHIMAETBCS HA MEBHY BHCOTY hi. 3a pI3HUIC0 MOYATKOBOI 1 KIiHIICBOI BHCOT
BU3HAYAETHCS 3 TOUHICTIO 110 2% eHepris, 110 Millia Ha pyWHYBaHHS 3pa3Ka:

sy,q:P(IQ '1}

Crin Big3HAYMTH, 110 JUTS TAKUX MaTepiajiB, sSIK NOJieTHIIeH, (PTOpOIIacT-4 Ta AesiKi 1HIIi
noniMepu Sy giepesumtye 100 kJIx/M? i He MOke OyTH BU3HAYEHO ICHYIOUMMH METOIAMHU.

I[lpy 3 HAaKO3 MiIi HHMUX HMANBISr# MaACH ®1IH HXEAKTSPUIYIOTH
CTIMKICTIO /10 BiOpalliii (MIIIHICTIO 1O BTOMJICHOCTI) — BEJIMUMHOIO HAHOLIBIIOT HAIIPYTH,
10 MOKE BUTPUMATH MaTepiai 6e3 pylHyBaHHS IIPH 33IaHOMY YHCITi 3MiH HAaBaHTAXCHHS
(LMKITIB) 13 33JaHUMU aMILTITY/I0K0 TIPUCKOPEHHS, M/C?, liana30HOM 4acToT, 11, 1 iHmuMu
xapakrepuctukamu. [licnsi BH3HAUE€HOrO0 B CTaHAApTI YW TEXHIYHHX YMOBax dYacy
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BUMPOOYBaHb TIEPEBIPAIOTH BIACYTHICTh MEXAHIYHUX IMOIIKO)KEHb, TMOPYIICHHS
TrepMETUYHOCTI TOIIIO, & TAKOXK KOHTPOJIIOIOTh EIEKTPUYH] BIACTHBOCTI 130JIS1I1].

JIns  psjgy  JISNEKTPUKIB  BaXIUBHUMH — XapakTtepuctukamu € IS9 jJ teH ' Mmls -
f zOMmlilsd ydz' mls . Jd d&zOMmiIsd ydz' mls

TeepaicTh — 1€ 37aTHICTh MaTeplagy YMHUTH OMip IPOHUKHEHHIO B HHOTO OLIBII
TBEPJIOTO TiNa. 3ajekHO BiJl MPUPOAM MIIEICKTPUKA TBEPAICTh BU3HAYAIOTH PI3HUMU
ctaTiuHUMU MeTtojgamu (o bpinemmo, Poxsemty, Bikkepcy, Ilompai, IHopy 1 Ha
MIKPOTBEP/IICTh) 3a IJIOMICI0 a00 TJIMOWHOK BIIOMTKA 1HACHTOpA, IO 3AIUIIAETHCS B
MaTepiai Mmcis BUIpoOyBaHb. SIKIIO BUKOPUCTOBYETHCS 1IHAEHTOP Y BUIIIAI KYJIbKH, TO
TBEPAICTh BU3HAYAETHCA SIK BIHOILIECHHS MPUKIAAeHoi cuin F 10 moBepxHi chepuyHoro
BinouTka H = F/(,U d, ne d — miamerp xyneku, h — rnubuna ii BaaBmosanud. Ilpu
BUKOPHUCTaHHI IMHAMIYHUX METO/IB TBEPIICTh BU3HAUAIOTh 32 BUCOTOIO BIICKOKY KYJIbKH
(KpuXKi MaTepiaam) 9M 4acoM 3aTyXaHHS MasTHHKA (TJTIBKU €JIEKTPOI30JIAIINHUX JIaKiB Ta
eMajei).

Psin gienexTpukiB Mae MIACTHYHICTD — 3AaTHICT, HEOOOPOTHO neopMyBaTucs 6e3

pYHHYBaHHS MiJ JAI€I0 30BHIMIHIX CWJ. 3 NIABUIICHHSIM TEMIEpaTypH IUIACTHYHICTh
3pocTae, 0 MOYKE CTaTH MPUUUHOIO YTBOpPEeHHs JedekTiB. Jlesaki MaTtepianu (Hanpukiaz,
[IT®E) 3natHi nepopmyBaTHCs NpU TPUBAJIOMY BIUIUBI HEBEJIUMKOIO MEXAaHIYHOTO
HaBaHTAKEHHs HaBITh IPU TeMIepaTypax, OJM3bKUX 10 a0COJIOTHOTO HYIS; 1€ SIBUILE
HA3WBalOTbX O TO A HOMN/TMHHI CT IO

EjgacTuuHicTh (IPY)XHICTh) — 1€ BJIACTUBICTh, MPOTUIIEKHA IIACTHYHOCTI. BoHa
XapaKkTepu3ye 3JaTHICTh MaTepialy MPOSBISITH MPYXHY (3BOPOTHY) nedopmariiro 6e3
pyWHYBaHHS IiJ BIUIMBOM HEBEIUKHUX 3yCHIIb, a MICHASA 3HATTA 30BHIIIHIX CHJ —

BIJTHOBJIIOBAaTH CBOIO KOJIMIIHIO (OPMY.
JUigs  marepiaiiB  PyXJIMBHUX KOHTAKTIB  BaXJIMBOIO  XapaKTEPUCTHKOI €
3HOCOCTIMKICTh — OMip 3HOLITYBAaHHIO i JII€0 MPOIIECIB TEPTHI.

8.1.3s i " ~ ~ . ~N e v v g m R v v~ v
(4

BaxmBUMU XapaKTEpUCTHUKAMHU JICICKTPUYHUX MatrepialiB € ix - d3' ¥ dzO
Mo ' Isdztse O Mmlsuis M&rcpifiis,’ mo ekcrmayaTyroThCst B yMOBax IiABHIIEHOT
BOJIOTOCTI 1 TeMIlepaTypH, Ime i cTiikictb g0 mBimi — ISte S * § 5 f ISTIpR fodof Is
TBEPJMX JIICJCKTPUKIB y KOHTAaKTI 3 piAMHAMH HEoOXigHO 3HaTH ixHIO © L O djdzkz
tesL yddzdz' mMls! ° LHOILd Mis! tesL yddgvisd

[Ipu excrutyartanii eneKTpoi3oALIMHUX MaTepialiB y MICIIEBOCTI, 110 3ara3oBaHa

XIMIYHO arpeCUBHUMH PEUOBHHAMH, a00 B XIMIUHO arpeCUBHii peuoBUHI HEOOX1IHO, 100
[l MaTepiaii JOBTOCTPOKOBO ¥ HAJIWHO MpalloBajid, HE PYHHYIOUHUCh, TOOTO Maju
OCTaTHIO - = O3' Y dzlz i Baxsiido ‘TdRds; 1mo0 mieIeKTpUKH HE BUKIMKAIA
KOpPO31I0 MeTajiB, 3 SKMMH BOHM CTHKaioTbca. Hanmpukinazn, HadToBe TpaHncpopmaTopHe

MAacJI0 3 MiJIBULIEHAM KMCIOTHMM 4UCIOM! MOKe BUKIIMKATH KOPO31l0 METaIE€BHX YACTHH
TpanchopmarTopa.

s d f dzts Is dzjpkayeckdpnZiRpariro BUTbHUX KHCIOT Y Macli; BOHO BU3HAYAETHCS KUTBKICTIO MilTirpamiB
inxoro kaniro KOH, sika HeoOXinHa Uit HeHTpai3anii BCiX BUIBHUX KUCIIOT B 0JHOMY rpami 3paska (mr KOH/1 r).
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ITpu pob6oTi y BiAKpuUTIii aTMOChepl aKTyadbHOIO XapaKTEPUCTHUKOIO J1eJIEKTPUKIB
e Mo ' Is dzts nls ~ Ppakrudgds ériiikicts €neKTPOI3OIAMIMHUX MaTepiaaiB a0 ii
yibTpadionieToBUX npoMeHiB. [lig 1i€r0 CBITIOBOTO OMPOMIHEHHS €Kl Marepiaiu
(HampwKIad, TYMH) BTpavyarOTh €IACTHYHICTh, HEOOXIIHY MEXaHIYHY MIIHICTh, Y HUX
3'SIBJISIIOTHCS TPIIIMHY, JIAKOB1 TOKPUTTS B1ICTAIOTh BiJI MiAKJIA/IOK.

vtesl ' € s Isxap@kfepudpelsipanesnaTHicTh TiCICKTPHYHHX MaTepialiB y

paiionax i3 tpomiuauM kiaimMatoMm (Ve © 100 %, v © 3040 °C). Ilpu tpuBamiii poboTi
eJIEKTPOYCTAHOBOK Y TeruioMy Bosioromy TioBiTpi (¥e = 98-100 %) enextpuyHi
XapaKTEePUCTUKU 0araTb0X OpraHiyHUX MaTepiaiiB ICTOTHO MNOTIPIIYIOThCS.

VY TpomiuHOMY KJIiMarTi, /e Ha JieJIeKTPUK OJHOYACHO JIIOTh BOJIOTA 1 MiABUIIECHA
TeMIIepaTypa, Ha OPraHigYHUX JICICKTPUKAX MOXKE PO3BUBATHCA L, B i, MO/ CBOIO Yepry
OPUBOJUTH JO 3HAYHOTO 3MEHIIEHHS IMHTOMOTO TOBEPXHEBOTO OMOPY, POCTY
TIETIEKTPUYHUX BTPAT, 3HIDKCHHIO E€JIEKTPUYHOI MIITHOCTI, pyWHYBaHHS IIEJICKTpUKA 1
KOpPO3ii MeTalleBUX YaCTHH.

Haiimenmn cTiiiki 10 yTBOpPEHHS LB — MaTepiajii Ha OCHOBI IIEJIOJIO3U, Y TOMY
YUCIII MPOCOYEHI CMoJIaMH (T€THHAKC, TeKCTOmIT). Haibinpmr cTiiiki — HeopraHiuHi
JeNeKTPUKH (CTEKIIa, KepaMika, Ciroja), KpeMHIHOpraHiyHi i IesKl OpraHiuyH1 MaTepiaiu
(emoKCHUIHI CMOJH, MOJITETPadTOPETHIICH, ITOTIETHIICH, TTOTICTUPOIT).

Jlienextpukun MoXyTh Oyt G ' G tetsME S ‘odpdzdcdgd Ols d Ta
o sdzts ¢ s i te ts(ddt€ s g O Is 1) j B J Elpoudatmiilzr) nponnkuenHs

BOJIOTH 4epe3 ApiOHI MOpPH MOKHA CYIUTH 332 PO3MIPOM MOJIEKYJIU BOJU, AlaMETp SIKOT

cknagae 2,5:10° M. OCHOBHOIO TPHUYMHOIO 3BOJIOKEHHA € B3a€MOJis Marepiany 3
BOJIOTMIM TOBITPSIM.

[Mpu anamizi L ® tsdztsy J dzdzV H Togptrio Splepises€u’ adcomoThy i
BITHOCHY BOJIOTICTh MOBITPS, @ TaKOX PO3YMITH, IO Mdisl BOJOTH Ha JIEIEKTPUKHU
BU3HAYAETHCSA B OCHOBHOMY BIJHOCHOIO BOJIOTICTIO, OJIM3BKICTIO ii 3HAYECHHS J10
KOHIICHTpAIlii HACUYEHOT MapH, MPH MEPEBUIIECHHI SIKOT MOYNHAETHCS KOHICHCAIiST BOJU Y
BUIIISINI  Kpamenb. Boga y KOHAGHCOBAHOMY CTaHI BIUIMBaE Ha eNeKTPodi3zuyHi
XapaKTePUCTUKH JI1€IEKTPHUKIB 3HAUHO CUJIbHIIIE, HXK PO3YMHEHA BOJIA.

¢ BMtsdze IsdzO® aideidpis € nefrMsca BoasHOI mapu B omuHHI 00’ €My
MOBITPS, IO MOKE KOJHMBATHCA B JOCHUTh IIMPOKHX Mexkax. KoXKHOMY 3HaueHHIO
TeMIIepaTypH BiJIIOBi/1a€ EBHE 3HAYCHHSI MAaCH HACHUEHHSI BOASHOIO MAapOI0 MOBITPSI, TUM

Oinblie, yuM Oiblna Temmeparypa (tadi. 8.4). Sk

Tabmuust 8.4. AOCOmOTHA BONOTICTB  [paBuiI0 aOCONIOTHA BOJIOTICTh ONU3bKA JIO
TIOBITPSI IPH HACHYEHHI My, JUTS PI3HUX

HacudeHoi mnpu jgom. [lpm  mepeBulleHHI
3Ha4eHbp Temmeparypu 1 mpu p=0,1

HacuueHOl a0COJIFOTHOT BOJIOTOCTI BOJA IMOYMHAE

Mlla
KOHJICHCYBATHCH.

T°C | my, /M8 T.°C | my, T/M° SIKIIo 1pw 3amaHiit aGCOMOTHIM BOIOrocTi
10 215 50 895 3HIKYBAaTH TEMIEpaTypy, TO TpU TaK 3BaHid
0 436 60 1313 | T eMneparT yspuiumos 8000k BUIIajiae
10 94 70 2000 | pbocoro  Ha HAaBKOJIMIIHI  TmipeaMetd,  abo
20 17.3 80 2050 | hopmyeTbcs TymaH, mpu SKOMY BOJIOra, IO
30 28,9 90 4250 | HepeBMIly€ HACHYEHY, BMIUIACTbCA Y BUIIIAIL
40 50,6 100 600 JIp1OHKUX 3aBUCIUX Kpareiab BOIM.
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Ha mpakTuiii KibKiCTh BOJSHOI ITApH Y MOBITP1, TOOTO BOJIOTICTH MOBITPSI, 3BUYANHO
OIIHIOIOTh BIJIHOCHOIO BOJIOTICTIO Js, TOMY IO E€KCHEPUMEHTAIbHO BU3HAYUTH ii
IpOCTilIe, HIXK a0COIIOTHY BOJIOTICTh M. BiJHOCHY BOJOTICTh MOBITPS )z BAMIPIOIOTH 32
JIOTIOMOTOIO CIeIiaIbHUX MPUJIAiB: TIFPOMETPIB, ICUXPOMETPIB 1 T.11. BoHa mopiBHIOE

M aome=—P— aom
m-l acundy pH acuny
AOcomoTHa ¥ BIIHOCHA BOJIOTOCTI MOBITPS 3ajieXkaTh BiJ TeMmmeparypu 1 31
30IBIICHHSM TeMIlepaTypu 3pocTaioTh (puc. 8.1). Orxe, TOMy camMOMy 3HAYCHHIO
BIJIHOCHOI BOJIOTOCTI TIOBITPS Vs, BUMIPSHOMY TIpH pI3HIH Temmeparypi, OyayTh
BIJIMOBIIATH PI3HI 3HAYEHHS a0COJIIOTHOI BOJIOTOCTI M. 3HAIOYM BIJHOCHY BOJIOTICTH

Y =

B

HOBITPSL Ve, MOXHa 3a JOMOMOIOI0 HaBeIEHUX (OPMYJ BHU3HAYUTH BIANOBIAHY i
abCOIOTHY BOJIOTICTh M (TIpU THX K€ 3HAYCHHSIX TeMIlepaTypu W THCKY). Hampukian,
SIKIO MPUWHSTH, 110 BIJIHOCHA BOJIOTICTh MOBITPS Vo = 70 %, TO abCoOFOTHA BOJOTICTh
pu 10 ~C 6yze mopisaioe m = (9,400)/ 100 = 6,58 r/m%, mpu 20 C —m = (17,3 (¥0)/ 100
= 12,11 r/m3, mpu 30 C m = 20,23 r/m3.

SIKII0 B MOBITPS 3 BIIHOCHOIO BOJIOTICTIO J/s TIOMICTUTHU J[BA 3pa3KH TOT'O CaMOTO
MaTepiany, OAWH 13 SKUX CyXWUW, a IHIIMI BOJIOTMH, TO MEPIIMA 3pa30K MOYHE
3BOJIOXKYBATUCA, a APYTUM miacuxatd. Bosjoricte 000X 3pa3kiB MpoTAroM yacy [ Oyne
ACUMITTOTUYHO HAOTUKATHUCSA JIO IESIKOT PIBHOBAYKHO1T BOJIOTOCTI Yt IO BIJAMOBIAE AaHIN
Yo (puc. 8.2). Kpim Toro0, 31 30UIBIICHHSM TEMIEPATYPU Y B JTICICKTPUKY 3HUKYETHCS.

m, \‘/M3
2. %)
50 25 f'/
/
40 VA 20 3
4 /.
= e PV 7k
. pyaaVé4
20 10 g 7 e
/1 / >
10 20% Wi b i o ey 5 2 ] A
o7 p’ 6 B
15 25 35 45 T, °C 1 0 20 40 60 80 ¢%
Puc. 8.1. AGcomroTHa BoOJIO- Puc. 8.2. 3mina B vaci Puc. 8.3. BanexHicTb piBHOBOKHOT
TICTh MOBITPS MIMPU HOPMA-  BOJIOTOCTI 3pa3KiB MaTe-  BOJOTOCTI BOJOKHUCTUX MaTepialliB
JBHOMY aTMOChepHOMY TH-  piaiy Bosororo (1)icy-  Bia BiTHOCHOT BOJIOTOCTI MOBITPSL: —

CKy ¥ pI3HHMX 3HAYEHHSX HOTO  XOro (2) Ipu HE3MIHHMX  BICKO3HHH IIOBK; 2 — HATYPATbHUIM
BiJTHOCHOI BOJIOTOCTI )/ SIK 3HAYEHHSAX Y5 i U HABKO-  IIOBK; 3 — OABOBHSHE BOJIOKHO; 4 —
¢bynkuii Temnepatypu T JMIITHBOTO TOBITPS alleTaTHU I0BK; 5 — KarpoH; 6 —
TIOJTIBIHUTXJIOPUIHE BOJIOKHO; 7 —
nosieTuineHTepedTanaTHe BOJIOKHO;
8 — MOJTIETHIIEHOBE BOJIOKHO

154



Lls piBHOBa)KHA BOJIOTICTH Vit 1O SIKOI Marepiayll mparHe 3BOJOXKHUTHCA abo
H1JICOXHYTH, IIPU JaHIM BOJIOIOCTI OBITPS Y 1 TEMIIEPATYP1 B PI3HUX MaTepiajiB pi3Ha. Y
NOJIIPHUX MAaTepiaiiB MPH OJHIMN 1 TIH e BIIHOCHIN BOJIOTOCTI MOBITPSI, HAIPUKIIAL Yy =
80 % 1 omHi 1 Tiif k€ TOPUCTOCTI PIBHOBAXKHA BOJIOTICTh /1B IEKIJIbKA pa3iB OUIbIIE, HIXK
y HemoJispHuX. JIJIs pi3HUX MaTepiadiB 3HAYCHHS PIBHOBA)KHOI BOJOTOCTI MPH TOMY
caMOMY 3HA4€HH1 BIJIHOCHOi BOJIOI'OCTI MOBITPS MOXYTh OyTH Ayxe pi3Hi. Ha crymiHp
3BOJIO’KEHHS ICTOTHO BILJIMBA€ HASIBHICTBH 1 PO3MIp KAMUIAPHUX MOP. Y CUIBHOIOPUCTUX
MaTepiaiiB, 0COOIMBO BOJIOKHHUCTUX, V't BUILE, HDK y MaTepialliB IIUIbHOI, CYLLJIbHOT
oymnosu (puc. 8.3).

[Ipu BucylIyBaHHI O1J11 NOBEPXHI JIEJIEKTPUKA CTBOPIOETHCS MEBHA KOHLEHTPALIis
BOJIY, 110 OyJe MepelKkoKaTh 1HIIUM MOJIEKYJIaM BOAM BUXOAMTHU 3 Aienekrpuka. [Tpu
MPOJIyBaHHI CYXOTO TOBITPS HaJ TMOBEPXHEIO JI€JIEKTPUKA IHTEHCHUBHICTH BUCHXAHHS
3pocTtae. TakuM YMHOM, CYIIIHHIO CIIPUSIIOTh KPIM 3HMKEHOI BOJIOTOCTI HABKOJIUIITHBOTO
CepelloBUIIA 1 BEHTUJIALISA MOBITPS, AKa OOYMOBIIIOE 31ITKHEHHS 3 MTOBEPXHEI0 Marepiary
HOBHUX 00’€MIB CYXOro MOBITPS, 1 MIABUINCHHS TEMIIEPATYPH, 110 3MEHIIIYE PO3UYUHHICTh
BOJIU B JICJICKTPHUKY.

[ling ' 6 tets & tsifatepiady (yipIsKomy 3HaUEHHI IIHOTO CIOBA) PO3YMIIOTh
piBHOBaXXHY BOJIOTICTh Y Tipu 20 °C y moBiTpi 3 Vo ©100%. SIkmio BiHOCHA BOJOTICTH
noBiTps Yo = 65% (T=20°C), Toue § ts dzH d 9 'SHxiz@mMatkplaty.

[Tutomuii o0'emHuii omip } opraniuHoi i30Juii, a0 IIacTMac i3 HEOpraHIYHUM

HAIOBHIOBAYEM, aJieé OPTaHIYHUM 3B'SI3yBaJBLHHUM, IICIS JEKUIBKOX 00U mepeOyBaHHS B
noBITPi 3 ¥ © 100 % abo y BOIi 3HMKYETHCS Ha MOPSAIOK 1 OlbIne, tga3pocTae B KiibKa pasis,
a [ ¢ @HIWKyeThes B 1,52 pasu i Outeine (puc. 8.4 — 8.6).

X E.,. MB/M
p. OM M tgd w
!
110
0,02}
2
2 70 |
0,01 -
/
, : s 30 L : .
0 2 4 6 8r1.a6 0 10 20 30 1,n1i6 0 10 20 7,100

Puc. 8.4. 3anexHicts r
CITFOJICHITIB Bij yacy t
nepeOyBaHHsI B MOBITP1 3 Y 5 =
95-98% 1T 20°5°C:
1 — CKJIOCTIOICHIT Ha KPEMHIH-
OpraHi4HOMY JIaKy; 2 —
CJIIOJICHIT HA OITYMHO-
OJMBHOMY 1 3 — Ha riidraneBo-
OJIUBHOMY JIaKy

Puc. 8.5. 3anexnicts tgd
(gacrota 50 I'm) momakpuiIaTHOL
TUTIBKHU BiJl 9acy U 3BOJIOKEHHS
mpu 20°C: 1 -y moBiTpi3 Yy =
95-98 %; 2 —y Bomi
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Puc. 8.6. 3anexHictb Enp
MOJTiaMi/IHOT TUTIBKH Bij
yacy t 3BOJIOXKEHHS IIPU
40°C: 1-yBomi; 2—y
noBiTpi 3y = 100 %



KpiMm Toro, ciij BiI3HAUWTH, IO TMOTIPIICHHS EJNEKTPUYHUX XapaKTEPUCTUK B
OpraHIYHUX JIeJIEKTPUKIB y BOJOTOMY TOBITpI, SIK BUIUIMBA€E 3 JIaHWX, HABEJCHUX Ha
puc. 8.4 — 8.6, BinOyBaeThCs IHTEHCHUBHIIIE, HIK 32 TAKUH K€ 4ac Ipu 0e3M0cepeTHbOMY
KOHTAaKTI MaTepiany 3 BOAOK.

Lleit (akT MOSCHIOETHCS TUM, IO Mapyd BOAM OUIBII aKTUBHO INPOHUKAIOTH Yy
MIKPOIIOpPH ¥ MIKpOTPIIIIMHY 3 HACTYITHOIO KOHJICHCAIIIEI0 ycepeanHi MaTepiany. Boma x
y PLAKOMY CTaHi 4epe3 MOJIEKYJISIPHY B3a€EMO/IIO 1 HASBHICTh KpallOBOT'0 KyTa 3MOYYBaHHS
(puc. 8.7) mpoHUKA€E B MIKpOIIOpH 3 OUTHIIIMM YIOBUTbHEHHSAM. KpaitoBuii KyT 3MO4yBaHHS
B kparuii BOJaM, HAHECEHOI Ha MOBEPXHIO Tijla, XapaKTepU3ye 3MAaTHICTh TBEPAOTO Tijia
3MOYYBaTHCS BOJOIO (00 1HIIOK PiAMHON). YuM MeHIne 3, TUM CHIIBbHIIIE BHUpaKeHA
3MOYYBaHICTh MaTepiaiy; IUIsl IOBEPXOHb, AKI 3MOuylOThes, B < 90 ° (puc. 8.7, a), ans
He3mouyBaHux 3 > 90 ° (puc. 8.7, 0).

Po3uunHICTE 1 KOediieHT nudy3ii BOOU B MOJIMEPHUX MaTepialiaX 3aJIeKUTh BiJ
iXHBOIT IPUPOJIN, BITHOCHOI BOJIOTOCTI i TEMITepaTypH MOBITPS.

h‘
B
P )

e N Jlo BakyyMm-
‘ HOI'0 Hacoca

a) 6) ol ————

Bona BonoronornuHay
Puc. 8.7. Kpamuns pinuau Ha 3MouyBaHii (a) i Puc. 8.8. Cxema ycTaHOBKH I
He3MouyBaHii (0) MOBEpXHIX BU3HAYEHHS BOJIOTOMPOHUKHOCTI

Konmn matepian 6e3nocepeqHbO CTHKAETHCS 3 BOJIOIO, TO B I[bOMY BHUMAJAKYy BIiH
xapakrepusyeTrbes 9 S H S i S ¢ dzdTuzGrolzelzibod3niist BinkpuTHX YCTaHOBOK, IO
MIAIAI0ThCs Jii aTMOC(EpHUX OMajiB, 130JAIs €NEeKTPUYHUX MAIIUH 1 amapaTiB Ha

KOpalJIsiX, y BOJISHUX Hacocax 1 T.11.

Marepianu aHI30TPOINHOI OyJOBM BCMOKTYIOTH BOJIOTY B PI3HUX HampsMKax 3
pi3HOIO MBUAKICTIO. Tak, IepeBo CKOpille YCMOKTY€E BOJIOTY B3JIOBX BOJIOKOH, TOOTO 3
TOPLIEBOTO 3pi3y CTOBOYpa; MIapyBaTi MJIACTHUKM — B3JIOBXK ILIAPIB, MK K1 MPOHUKAE
Bosora. CHJIBHO TIOPUCTI MaTepiaad, 30KpeMa BOJIOKHUCTI, MAaiOTh Oijblie
BOJIOTIOTJIMHAHHSA, HIX MaTepiaid UIUIBbHOI, CyIIbHOT OyaoBu. BomomornuHanHs
MaTepianiB, MPAaKTUYHO MMO030aBIECHUX MOpP (HAMPHUKIAL, CTEKOI), MOXKE OyTH TIIbKU
TIOBEPXHEBUM: BOJIOTA, IO MTOTIIMHAETHCS 3 HABKOJIUIITHHOTO CEPEIOBUINA, HAKOTUIYETHCS
y BUIJISIII TOHKOI TUTIBKM Ha TOBEPXHI MaTepiaiy, ajie He IPOHUKAE BCEPEIUHY.

Sk1110 e1eKTPOoi30AIIiNHI MaTeplaau B3a€EMOIII0Th O€3MOCepEIHBO 3 BOAOIO, TO CI1T
BPaxoBYBAaTH, IO BOJA € CHJILHO TIOJSIPHUAM JIEIEKTPUKOM 3 HU3HKUM MUTOMUM OTIOPOM
(10%..10* Om@). Ilpu nomajaHHi B MOpPM JiedeKTPHKIB BOHA 3HAYHO 3HIDKYE iX
eJIEKTPHYHI BIACTUBOCTI.

] " ctetsMC st ydz' Mlis! ne ninkevitsiHomssdSEcc tzof oz @ockzdzsiix
3MiH EJICKTPUYHUX BIACTHBOCTEH €IEKTPOI30IISIIIIITHOTO MaTepialy IPH 3BOJIOKEHH1 uepe3
edeKT mepKoJIsIil (MPOHUKAHHSA).
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SIko morjaMHeHa BOJIOTA 37aTHA YTBOPIOBATH yCepeauHl 13071l KaHamu abo
IUTIBKH, K1 MOXKYTh MPOHU3YBATH BECh MPOMDKOK MiX €lIeKTpojaaMH (a00 3HaYHY 30HY
[[bOT'O MPOMIXKKY), TO HaBITh AYy»e MaJll KUTbKOCT1 MOTJIMHEHOT BOJIOTH MPUBOJISATH /10 TyKE
PI3KOTO TIOTIPIICHHS €IeKTPUYHUX BIACTUBOCTEH 130JIAI1T BHACTIIOK MEPKOJISIIIii. K0
K BOJIOTa PO3NOAUIIETHCA 3a 00 €MOM EJEKTPOI3OJSALINHOIO Marepially y BHUIVIAIL
OKpeMHX, He 3’€THAaHUX MK cO00I0 MaJMX BKIIIOYEHb, TO BIUIMB BOJIOTH Ha €JIEKTPUYHI
BJIACTHBOCTI MaTepialy MEHII CYTTeBUM. TOMy BIUIMB BOJIOTM Ha MOPHUCTI JT1EIEKTPUKU
3HAYHO CWJIBHIIINHI, HI’)K Ha MOHOJIITHI. Tak, HalpuKIIaa, TUTOMUH omip nanepy 3 3%-to
BoJIOricTIO IpuOaM3HO B 10 pa3iB MeHIIUH, HiXk a0COJIFOTHO CyXOro namnepy, y Toil Jac siK
3BOJIO’KEHHS KaydyKOBUX MaTepialliB 3 HalIOBHIOBAYaMM BUKIIMKAE JIUIIE AYXKE HE3HAUHE
3MEHIIEHHS iX }v. s marepianiB, siKi HE 3MOYYIOThCSI, SMEHILIEHHS Ps IPU BUTPUMIIL Y
BOJIOTOMY CEpE/JIOBHUIIII HE3HAYHE, TOMY IO BOJIOTA HABITh y BUTJISMI POCH YTBOPHUTH
OKpeMi Kpallli, a He CYyLUIbHY BOJASHY IUIBKY. Bojoricte aie B mepury yepry Ha
MOBEPXHEBUN OMIp AICNIEKTPUKIB, @ TOMY JUIsl 3aXUCTY BiJl 3BOJIOKEHHS iX TMOKPHUBAIOTh
JaKaMH, 110 He 3MOYYIOThCS BOJIOTOIO.

JIms  OIIHKK  SIKOCTI 3aXHCHHUX TIOKPUTTIB  (JIAKOBI ~TIOKPUTTS OOMOTOK
CJICKTPOMAIIIMH, IIJAHTOBA 130JIAMis] KaOeniB, KOMIMAayHJHI 3ajJuBU W T.N.) BEIHUKE
NpakTH4YHe 3Ha4YeHHS Mae 9 B dzts G 5 i to ts dueiék ikl Isl' s dzts 6 s ff tots dzd €
XapaKkTepu3ye 3JaTHICTh MaTepialy MpomycKaTtu 4epe3 cede Bojory. HasBHICTH HaBITH
IpiOHOT TOPHUCTOCTI, IO € TPUCYTHBOI Yy OLIBIIOCTI MarepiaiiB, poOUTH ix
BOJIOTOMIPOHUKHUMH. TiTbKM CTEKJa, BUIAJCHA TJa3ypoBaHa KepaMika W MeTand
BOJIOTOHEIIPOHUKHI.

StsiWw ' y' ° dzls 9 s dztslc iffrdpilBigdzgrendatefada '3 ocHoBHOrO

PIBHSIHHS BOJIOTONIPOHUKHOCTI

[ =01it2)san, (8.1

ne [ — KUTbKiCTh BOJIOTH, KT, IO MPOXOJIUTH 3a Yac £, ¢, Kpi3b JUISHKY MOBEPXHI

3paska Martepiany miomero S, M2, i TosumHow0 h, M, i gicro pisHumi THCKIB T 111 2, [Ta 3
000x cTopin. Bemnuumna [ € pi3HHMIICI0 Bar MOCYAMHH 13 BOJIOTOIOTJIMHAYEM JI0
BuripoOyBaHHs i uepes yac t (puc. 8.8). B onununsax CI1 BumipsieTbest B ceKyHIax.

PiBusiHHA (8.1) popmanbHO noai6He 3akoHy OMa, pu LIbOMY PI3HMIIS TUCKIB { 11 [ 2
aHaJOTIYHA PI3HMIN TOTeHIaniB, BigHomenus [ /t — cum crpymy, h/(} § -
eNIEKTPUYHOMY OIOpY Tija; KoedilieHT ] — nmuTomii 00'€MHIH MTPOBITHOCTI.

VY nienekTpuYHMX MaTepialliB BelWyMHa KoedilieHTa ] 3MIHIOEThCS B AyXke
mupokux Mmexax (tabm. 8.5). Takum uYMHOM, MOXKHA 3pOOWUTH BHCHOBOK, IO
BOJIOTOTIOTJIMHAHHS, BOJOTONMPOHUKHICTh 1 BIUIUB BOJOTH Ha  eIeKTpodi3udHi
XapaKTEepPUCTUKNA BHU3HAUYAIOTHCS MOJSPHICTIO Ta CTPYKTYpOIO AieneKkTpuka. Bomna, sk
HaWOIIBII TIOJSIPHA piAMHA, IIBUAKO JHUCOLIIE Ta CHpPHUAE AHWCOLIAIll MOJEKYJ
JeNeKTPUKiB, TOMY YTBOPEHHS Ha TIOBEpPXHI [i€JIEKTPUKAa IUIIBKM  BOJIOTH
CYIIPOBOKYETHCSI 3HAYHUM 3HIDKEHHSIM IMUTOMOTO MTOBEPXHEBOTO OIOPY, a MOTIHHAHHS
il 00’eMOM JielIeKTpUKa CYHPOBOKYETHCSI POCTOM MHUTOMOI 00’€MHOI MPOBIAHOCTI,
penakcaritHuX 1 JieJIeKTPUIHUX BTPAT, 3HIDKEHHSIM €JIeKTPHYHOI MIITHOCTI.

BuHATKOBO BenMKUII BIUIMB Ma€ BOJIOTa Ha €IEKTPOQI3UYHI XapaKTePUCTUKH
BOJIOKHUCTHX MaTepialiB i MaTepiaiiB 3 BIAKPUTOIO MOPUCTICTIO (Tabi. 8.6, 8.7).
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Taonuus 8.5

HaijimenyBaHHs1 MaTepiaiy Koediuient Bos1oronponuksoctil , ¢
napadin 1,5(00°1
TIOJTCTHPOT 6,2Q01°
TpHUALETAaT HEI0N03HU 2,101

Ta6muist 8.6. [ToBepxHEeBe 3BOJIOKCHHS A1CICKTPHKIB

Tun Xapakrep B3a€Mo/ii 3 BOJIOT 010 3MiHa /s
HieJIEKTPpHKA
Hemnomsipauiit | He 3MouyeThes 1 HE pO3UUHSIETHCS [IpakTH4HO HE 3MIHIOETHCS

[TonspHuit | 3MOuyeThCs, ajle HE PO3UUHAETbCA | 3MEHIIYEThCS, 0COOJIMBO NP HAsBHOCTI
IIOBEPXHEBOI'0 3a0pyIHEHHS

lonnuit 3MOYY€ETHCS 1 YACTKOBO 3MEHIIYEThCS THM OlIble, YuM OiTbIa
PO3YHHSETHCS PO3YMHHICTH

Tabmuus 8.7. O6’eMHE 3BONOKEHHS Ti€JIEKTPUKA

OcobauBocTti |(OcHoBHUI MexaHi3M  |BoJsiorompo- 3minu g, tg d, e 3mina

CTPYKTYpPH  |BOJIOrOBOMpPAHHS HHUKHICTH €JIeKTPUIHOI

JieJIeKTPUKa MIiLIHOCTI

besnopuctuii |[Andysiiianit Hyxe HU3BKA [IpakTHyaHO BiICYTHI [oBinbHO
3MEHIIYE€ThCS

[opucTwnit [pu 3akpurtiit Benuka, ocoonmBo |3poctanus: momipae npu |Pi3ko

abo MTOPUCTOCTI — TUPy- TIPH BiJIKPUTIH 3aKpUTiH TOPUCTOCTI, 3HIKYETHCS

BOJIOKHUCTHH |31HHWH, KaiIIpHANA MTOPUCTOCTI BEJIMKE — TIPH BIAKPHUTIN

Kommo3su- Hudysiitamii, ocMoTry- |Husbka Pict, ocobnuBo mipu [MomiTHe

HiAHIH HHUU IIPU BOJIOPO3- OCMOTUYHOMY 3HUKCHHS

YMHHOMY HallOBHIOBaui 3BOJIOJKEHHI

3 npo0sIeMOoI0 3BOJIOXKEHHS TiCHO ToB’si3aHa t6 5L Y d dzdési dndstiBicTs
BXKJIMBA IS MiAOOPY PO3YMHHHUKIB JUIS CMOJI, JIaKiB M 1H., @ TaKOX JJIS OILIHKH
CTIAKOCTI €JEKTPOI30JIAIMHNX MaTepiaiiB 10 [ii PI3HUX PIAWH, 3 SKUMH IIi
MaTepiaiy MalTh KOHTAaKT B TMPOIECI BUTOTOBJICHHS 130JIA1lli (HAMpPUKIA, MPU
MPOCOYEHHI JlakaMu) 1 B eKkcrutyatamii  (130J11is  OJIMBOHAIIOBHEHHX
TpaHchOpMaToOpiB 1 T.11.).

Po3unHHICTh TBEpAMX MaTepiaaiB MOXKHA OLIHIOBATH 3a KUJIBKICTIO MaTepiaiy,
10 TEPEXOUTh Y PO3YUH 3a OJMHUIIO Yacy 3 OJMHUII MMOBEPXHI MaTepiaity, 110
KOHTaKTYy€ 3 PO3UMHHHUKOM, a00 3a Ti€I0 HANOUIBIIO KUIBKICTIO PEUYOBHUHH, IO
MOke OyTH pO3YMHEHAa B JAHOMY PO3YMHHHUKY (TOOTO 3a KOHIEHTPALIEIO
HACUYEHOTO PO3UHHY).

Sk npaBuio, TBEpAI MaTepiaid Kpallle pO3YMHSIOTECSA B THX PIIUHAX, 3 SKUMHU
ONU3BKI TTO CBOIH XiIMIYHINM npupoi. Tak, MoJsipHI PEUOBHUHH KpaIlle PO3UYUHSIIOTHCS B
MOJISIPHUX ~ piavHAaxX (HAMpuKiIaj, KaHiponab y CHOUPTI, MOJIMETUIMETAKpUIAT Y
,[[I/IXJ]OpeTaHl) HETOJISIPHI PEYOBUHU — Y HEMOJSPHUX PO3YMHHUKAX (HATIPUKIIA,
napadiH 1 KaydyK y PIIKAX HEMOJSPHUX BerIeBOI[HHX) JlinifiH1 momiMepu
PO3YHMHSAIOTHCS Kpatlie. 31 30UIbIIEHHSIM MOJIEKYJIIPHOT MacH 1 pO3BUTKOM MPOCTOPOBOL
CTPYKTYPH PO3YHHHICTH OJIMEPY 3HIKYETHCS, IPH HArpiBaHH] — MOJIMIITYETHCS.
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CydacHa TEHJEHIlS 0 MiHIMI3aImii BUTpaT Ha BHUTOTOBJICHHS W EKCIUTyaTalliio
CJICKTPOTEXHIYHUX 1 PAIIOCICKTPOHHUX TMPHUCTPOIB BeI€ [0 MIJBUILECHHS MUTOMOI
MOTY)KHOCTI  elekTpoobnamuanus. [Ipu 1boMy crmocTepiraerbes iHTeHCH]iKaIisa
HarpiBaHHS €JEKTPUYHOI 1307111 K BHACIIJIOK JICJICKTPUYHUX BTPAT, TaK 1 HKOYJIEBOIO
TEIUIOTOI0 B OOMOTKAaX €NEKTPUYHUX MAIIHH, KWiIax kadeniB Tomo. Lle HebaxaHe saBuiie,
TOMY ILI0 CaM€ HAarpiBaHHS € OJHUM 3 I'OJIOBHUX (PAaKTOPIB, IO 3YMOBIIIOIOTH CTApiHHS
130711111 Ta i1 pyiHYBaHHS.

[TpakTHYHO BakJIMBI MOKA3HUKH €JICKTPUUHOI 130JIs1Ii1, Taki IK Pv, tga, Eqp TOIIO,
Opv MIABULICHH] TEMIIEpaTypH, SIK MPaBUIO, MOTIPHIYIOTbCS. ToMy BHUHSATKOBOTO
3HaueHHs Ha0yBa€ MHTAHHS TMPO 3JATHICTH 130JAIi TPUBAIMA Yac BUTPUMYBATH
HiBUIIEHY TeMIlepaTypy 0e3 3HAYHOI'0 3HMKEHHS eKCIUlyaTalliiiHoi HaaiiHOCTI, TOOTO
MUTaHHS PO HAWBHINY JOMMYCTUMY POOOYY TEMIIEpaTypy Yd HArpiBOCTIHKICTD i30J1511il,
hts "OLOCIsjtedL 2° LHOIsdz Mmis! BOIsJ tc' Odzz

9 d¢

sj B jteOlskted O feslswL' YoMk, §te' o da¥ dedzts

j dzj SlstetstsB dzOH dz0O dadz™ .

Marepian, CTIMKMI 1O HarpiBaHHs, NOBHHEH MAaTH 3HAYHY E€HEPIiio 3B’S3Ky MIXK
aTOMaMM Ta MOJIEKYJIaM{, 1100 MiABUIIEHHS TEMIEPATYpPH MOMITHO HE 3MIHHIIO HOTO
XapakTepucTuku. HeopraHiuHi AieNEeKTPUKH, SIK MPABUIIO, BIJ3HAYAIOTHCS BUCOKOIO
CTINKICTIO 10 HAarpiBaHHS. [3 HUX BUIUISIOTHCS KOBAJICHTH1 JII€IEKTPUKHU — IEPCTICKTUBHUN
MaTepia JUis 3aCTOCYBaHHS B eKCTPEMAIbHUX YMOBAX.

CrilikicTh 10 HarpiBaHHsI MMOJIMEPHUX JIEJIEKTPUKIB 3HAUHOIO MIPOI0 BHU3HAYAETHCS
CKJIaJIOM 1 0Y/I0BOIO MOJIEKYJIIPHHX JIAHIIIOTIB 1 CTPYKTYPOIO peuoBUH. Tak, kapOoIaHIIIOroBi,
B SIKUX OCHOBHHI JIAHIIIOT MOJIEKYJH CKIIQIA€ThCS 3 aTOMIB BYTJICLIIO, ITOJIMEPH, SIK MPABUIIO,
MaroTh HU3bKY CTIHKICTb /10 HarpiBaHHs BHACIIAOK CXMJIBHOCTI 10 OKHCJICHHS. BUHATKOM €
JIMIIIIC Ti TTOJIIMEPH, B SIKUX aTOMH BOJTHIO 3aMIIIYIOTHCS TaJIOTEHAMH, HAITPUKIIa ] (PTOPOTLIACT.
3pocTae CTIMKICTh [0 HarpiBaHHs JHHIMHUX TOMIMEpiB 13 30UIBLICHHSM JOBXKHHU
MaKpOMOJIEKYJI 1 CTYMEHS KPUCTATIYHOCTI TojiMepa. BBeneHHS B OCHOBHHMIM JAHIIOT
MaKpOMOJIEKYJIM apOMAaTUYHUX JIAHOK YM 1HIIUX €JIEMEHTIB (IeTepOJIaHIFOTOBl MOJIMEPH )
TaKO 3HAYHO IMiJIBHIYE CTIMKICTh MaTepiaty 0 HarpiBaHHSL.

HarpiBocCTIHKICTh KOMIO3HUIIIMHUX MaTepiajiB 3HAYHOIO MIPOI0 BH3HAUAETHCS HE
TUTBKH TIPUPOJOIO 3B'S3yBaJbHOI PEYOBHHM, a W HANOBHIOBadeM. J[JIs mMmiIBUIIECHHS
HArpiBOCTIHKOCTI KOMIAyH[IB, JIAKOBAaHMX MaTepialliB, IIapyBaTUX IUIACTHKIB, Tpec-
KOMTIO3UI[IN SIK HAITOBHIOBAaYi BUKOPUCTOBYIOTh HEOPTaHIUHI MaTepiain — CIIOIY, KBapIl,
TaJIbK, CKIIOBOJIOKHO, a30€CT, CKIIOTKAHUHHU.

3 ormsny Ha 3HAYHWN BIUIMB TEMIIEPAaTypH Ha EKCIUTyaTalliiHi XapaKTePUCTUKU
130JSILIMHUX MaTepiaiiB, Oyna MpoBeleHa Kiacuikaiis HaWMOUIMPEHIIINX MaTepialiB 3a
HarpiBocTiiikicTio i BcranoBieHo & dzOfMd dzOG o’ 9o s s koRuOMS fy laKux
BIIMOBIIa€ CBOS HAMOUIbIIIA JOMycTUMa TeMIlepaTypa, MpH sKiii marepian 30epirae CBOi
eKCILTyaTallilHi BIaCTUBOCTI B 3aJaHMX MEXKax MPOTAroM 3aaaHoro yacy (6massko 2Q0% rox,).
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Knacu HarpiBoCTIHKOCTI mO3HAYaIKCs JTATHHCHKUMH JriTepamu (Tabm. 9.1), ane 3
po3poOKO0 1 Jedayi  IIMPIIMM  BIPOBAHKEHHSM  JICJEKTPUKIB 3  BHCOKOIO
HArpiBOCTIHKICTIO, KJIACH, IO BIiAMOBIIaOTh Temmneparypam BummM 3a 200 °C, cramm
MO3HAYATH MIPOCTO BiANOBIIHOIO TeMieparyporo uepe3 20—30 °C.

Ta6mums 9.1 Knacu HarpiBoCTIMKOCTI 130JIS1I11

Kiac tmax.
HarpiBo- | . °C Marepiaju, 10 BIZTHOCATHCS 10 JaHOT0 KJIACY HATPIBOCTIKOCTI
crilikocTi

Marepian 3 HENPOCOYEHUX 1 HE 3aHYPEHUX Yy PIAKHA TIeTEeKTPUK
BOJIOKHHUCTHX MaTepiajliB Ha OCHOBI LIEJIOJIO3U (JIepeBUHA, TaIlip, KapTOH,
Y 90 ¢i0pa, OaBOBHJIHE BOJIOKHO, TiAPATIEIIONO3HE ¥ AalETHIILENION03HE
BOJIOKHO), HATYPaJbHOTO IIOBKY 1 MOJIiaMifiB, a TAKOXK MOMIBIHUIXJIOPHL 1
BYJIKaHI30BaHWH HATypaJbHMH KaydyK, a TaKOXX iHIII Mmarepiaqu Ta ix
KOMOiHaIli1, 110 BIANOBIJAIOTH JAHOMY KJIACy.

Ti  BOJIOKHHCTI MaTepiajid, aje NPOCOYCHI MAaCITHUMH, MAaCJSHO-
CMOJITHUMHU ¥ IHIMUMHU JlakaMud abo 3aHypeHi B HadTOBY onmBYy abo
CHHTETUYHUHN DIOKUH JIETeKTPUK, a TaKOX 130JISIisl eMaIbOBaHUX
MPOBOJIIB Ha TMOJIiBIHUIALIETAJIEBUX JIaKaX, e(ip IEI0I03H, MoTiaMiaHl
CMOJIH 1 TUTIBKH, JIEPEBUHHOIIAPOBUI TUIACTHK, & TAKOXK 1HIII MaTepiaan Ta
ix KoMOiHallii, 10 BiNOBIIal0OTh TAHOMY KJIacy.

A 105

CHHTeTHYHI BOJIOKHA, IUTIBKH, CMOJM, LIApyBaTi IJIACTHKU ( TE€THHAKC,
TEKCTOJNIT) 1 TUIACTMAaCH Ha TEPMOPEAKTUBHHUX 3B’3yIOUUX (EMOKCHIHI,
noJiiedipHi, MONIypeTaHOBI CMOJM Ta KOMIAayHAM), sKi 3a0e3meuyroTh
BIJIMOBIAHY HAarpiBOCTIMKICTb, 130JIS11is1 €MalbOBAHHUX IPOBOJIB Ha
eMOKCUIHUX JIaKaX, MONiKapOOHAaTHI IUTIBKH, a TAKOK 1HILI MaTepiaiau Ta ix
KoMOiHaIli1, 10 BIAMOBIIAIOTh JAHOMY KJIacy.

E 120

Heopraniuni Martepiaiu: TOKOJEHa CIioAa, a30ecT, CKIOBOJIOKHO B
MO€THAHH1 3 OpraHIYHUMU 3B'A3yIOUMMU Ta IPOCOYYIOUMMHU PEYOBUHAMH, A
B 130 | Takox iHIII MaTepiand Ta iX KOMOiHallii, 110 BiMOBIAAIOTh JAHOMY KJacy
(CKJIOTKaHUHU, CKJIOTEKCTOJITH, EIOKCUIHI KOMIIAyHAU 3 HEOpraHIYHUMU
HaINOBHIOBAYaMH, MIKaHITH, TOJITPUPTOPXJIOPETHIIEH 1 iH.).

Ti > matepianu, o i 10 Ki1acy B, ajne sk 3B’43y10ui BUKOPUCTaH1 OpraHivHi
PEYOBHHMU 3 M1IBUILIEHOIO HArPIBOCTIMKICTIO: KpEMHIHOpraHiuH1, eMOKCUIHI
= 155 i TepMOpEaKTHBHI CMOJIH, a TaKOXX 130JIAIisl €MaJIbOBAaHUX IMPOBOJIIB Ha
noJiedipiMiTHUX 1 mojiedipluaHypaTHUX JlakaxX, IHII MaTepianu Ta ix
KoMOiHamii, MO BIAMOBIMAIOTh JaHOMY Kiacy (MIKaHITH Ha OCHOBI
CKJIOBOJIOKHA).

Martepianu Ha OCHOBI CHIOAM, a30ecTy Ta CKIOBOJIOKHA, IO
3aCTOCOBYIOTHCS B CIIOIYYCHHSX 3 KPEMHIMOPTraHIYHUMHE 3B’ I3YFOUHMH Ta

H 180 MPOCOYYBATHHIUMH PEYOBHHAMH, a TAKOXK KPEMHIHOPTraHiuH1 eacTOMIpH Ta
1HIITI MaTepiaiy Ta iX KOMOiHaIlii, 10 BIAMOBIAAIOTH JAHOMY KJIacy.

200 200 | Heopraniuni mieneKTpukm, Taki K CITI01a, KBApII, a36ecT, 6e3TyXHe CKIIO,

220 220 | okcup  aMIOMIiHIIO TOMIO, JUIi MPOCOYEHHS a00 CKIICIOBAHHSA SKHX
BUKOPUCTOBYIOTHCSI HEOpPraHIYHI pPEYOBMHH, CIOJU K BITHOCATHCS

250 250 ¢roportact-4 1 momiiMigHI Marepianu (IUTIBKM, BOJIOKHA, 130JIALA

€MaJIbOBaHUX MPOBOJIB), a TAKOX 1HIIN MaTepiaau Ta iX KoMmOiHaIlii, 1o
BI/IMOBITAfOTH JAHOMY KJIacy.
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HaBenena xknacudikaiiss TE€BHOIO MIpOd yMOBHa (Xo4ya 1 BH3HAYa€ThCSA
BIJIMOBITHAM CTaHAapTOM), TOMY IO JIesIKi MaTepiaiu 3ajeXKHO BiJ YMOB poOOTH (IOCTyI
BOJIOTH, KHCHIO) MOTPIOHO BIJIHOCUTH J10 pi13HUX KiaciB. BoHa mMoxe OyTH mokiajgeHa B
OCHOBY IIPH KOHCTPYIOBaHH1 BUCOKOBOJIBTHUX BUPOOIB, SKIIIO MTPH I[OMY HE 3a0yBaTH PO
YMOBH €KCIUTyaTallli, TEXHOJIOTTYHY i eKCIUTyaTalliHy CyMICHOCTI MaTepiaiiB. OcTaHHIM
JacoM CTBEpIMJIacs TEHJEHIlISI XapaKTepHU3yBaTH KJac HArpiBOCTIMKOCTI 130JIIii, IO
CKJIQJA€ThCA 3 KUIBKOX JIEJIEKTPHUKIB, B IIUIOMY 3 BpaxyBaHHSIM 3a3HauyeHUX (haKToOpiB.
TakuM 4YMHOM, HarpiBOCTIMKICTh 3apa3 4YacTO BHUCTYIAE K XapaKTEPUCTUKA CUCTEM
eNIEKTPUYHOI 13071111 eIeKTPOYCTaTKYBaHHSI, 1[0 XapaKTePU3yIOThCA CKIAJ0M 1 yMOBaMH
BUKOPHUCTAHHS.

Kpim Toro, 3BeicHHSI €JIEKTPOI30IISIIIIHHUX MaTepialliB Yy AUCKPETHI KJIACH 4Yepe3
HEPIBHOMIPHUM PO3MOALT HArpiBOCTIMKOCTI MPHUBENIO O TOTO, IO Yac, SKWA IMOBHHHI
BUTPUMYBAaTH MaTepiajid MpHU BIAMOBIIHIA TeMIepaTypi BiApi3HA€ETbCA Aech Ha 25% (Big
18400 mo 24600 ro.), M0 BHOCUTH JesAKYy HeBU3HAUCHICTh KiIacuikallii.

binbur o1HO3HAYHY OLIIHKY HarpiBOCTIMKOCTI €J1€KTPOI30JSLUIHHOTO MaTepiany Jae
Isj &3 j tc Ols &z tc dzdfiRkuucenelzs gorisfigoe TemmepaTypi, 3a IKOi CTPOK CITy:KOH
MaTepiany cTaHoBUTH 20 THCSY roJuH. BUKOPUCTOBYIOTH TeMNEpaTypHUU IHIEKC IS
JIAKOBOI 130JIA1111 0OMOTKOBHUX TPOBOJIIB.

Ille moBHIIIA XapaKTEPUCTHUKA HArpiBOCTIHKOCTI. 3abe3meuyerbes § oS W
dzO G tc* 9 tsM,ls ax@iC #EfodpakaeTbess CYKYIHICTIO TpbhOX TeMIlepaTyp, IO
BIJINOBIAAIOTh cTpokaM ciryx0u 20000, 5000, 500 roaun 3a iiMoBipHOT HaxilHOCTI 0,95.
TemneparypHuii iHIEKC 1 Mpodiib HATPIBOCTIMKOCTI ENEKTPOI3OISIINHUX MaTepiatiB
BU3HAYAIOThCSI 3BHYAWHO 3a pe3yslbTaTaMH TMPUCKOPEHHX, 3aBISKH ITiJBUIICHHIO
TEMIIEPATYpPH, BUIMPOOYBaHb, IMUIIXOM EKCTPAIMOJAIil 10 MOTPIOHOTO 3HAYEHHS CTPOKY
CIykOH, 110 BUMara€e HE3MIHHOCTI MeEXaHi3My TEIJIOBOTO CTapiHHS HpH 3HUKEHHI
TeMIepaTypH.

[Ipu HarpiBaHH1 BIACTUBOCTI 130JIA1111 3BUMAIHO MOTIPIIYIOTHCSA: 3pOCTAI0Th BTPaTH
eHeprii B Hil, 3HUKYEThCSA OMip 1 MPoOMBHA Hampyra. IMOBIPHICTh €lEKTpUYHOTO abo
TEIJIOBOTO MPOOOI0  130JISII[ii MpU BHUIAJKOBUX 30BHIMIHIX a00 KOMYyTaIliHHUX
nepeHanpyrax 3pocTae.

3MEHIyeThbCsl M MexaHi4Ha MILHICTh. [IJIsi TepMOIUIaCTMUHUX MaTepialliB IpH
HarpiBaHHI IUIMHHICTh MOXXE 3pOCTH HACTUIBKHU, IO BiAOYIETHCS 3CYyB CTPYMOBEAYHYOl
qacTuHU. [Ipy 1IbOMYy BUHUKHE HECTIPUSATIMBHUNA PO3MOMALT TMOJS i 3pocTe WMOBIPHICTH
po0Ooro.

Henpuemni Hacminku mnpu HarpiBaHHi, 30KpeMa Ta30BHUIUICHHA B PIIKUX
JieNeKTPUKaX, MOXYTh BUKIIMKATH BUHUKHCHHS YaCTKOBUX PO3PS/IiB.

OpHak, HaWOUIBII ICTOTHUM HACHIJKOM HarpiBaHHS € MPHUCKOPEHHS XIMIYHHX
peaxiiiii, o BeayTh 10 HE3BOPOTHOTO MOTIPIICHHS BIACTHBOCTEH EIEKTPUYHOT 130JIA1Ii1.
Hacammepen, me BIZHOCHTBCS [0 OKHCHIOBAJIbHUX TmpoueciB. KuciotHe uwncio
TpaHc(hOpMaTOPHOI OTMBH, HAITPHUKIIA]], HETIPUITYCTUMO IIBUAKO 3POCTAE MTPH TEMITEPaTypi
nopsaaky 100 °C (puc 9.1, a). HacTinpku 3K MIBHAKO 3pOCTa€ TMPOBITHICTH
TpanchopmaTopHoi onusu (puc. 9.1, 0).
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a 0
Puc. 9.1. 3anexHicTh KUCIOTHOTO YKcia (a) i mpoBigHOCTI (0) TpaHCPOPMATOPHOT OJIMBH BiJl
qacy CTapiHHS IPH PI3HUX TeMIepaTypax

VY noniMepHUX MaTepianax Mpu HarpiBaHHI MOPsJ 3 OKUCHIOBAHHSM PO3BUBAIOTHCS
peakuii JgenojiiMepu3allii, 3MIMBaHHs, a, MOYMHAIOYM 3 JESKOi TeMIlepaTypH, Mipoi3
(TepmiuHe pO3KJIalaHHs IPU HECTauyl KUCHIO) CTA€ HACTLIBKU IHTEHCUBHUM, 1110 MOKJIMBE
HaBITh BUIJICHHS YUCTOTO BYTJICLIO.

Haii0inpie mOBHO BHMBYEHE TEpMIUyHE CTapiHHS IICNIOJIO3HUX MaTrepiaiB.
VYCcTaHOBIIEHO, 110 OCHOBHUM IIPOLIECOM € MOJIEKyJisipHa AecTpykuis. Ilpu nectpykmii
Bunusitoteess H20, CO2 1 CO y npomnopiiii 10:2:1. [HTeHCHBHE pOo3KIiIalaHHs TOYUHAETHCS
npu temmeparypax 140-150 °C. HasBHICTh KHCHIO TPOXH MPHUCKOPIOE CTAapiHHS, aie
TIJIbKY HAa TIOYATKOBOMY eTarti. JJOCUTh He3HAUYHUI BIUTMB KUCHIO B MIOPIBHSHHI 13 BIUIUBOM
TEeMIIepaTypH JJIs IIETI0JI03HUX MaTepialiiB MOSICHIOETCS TUM, [0 CaM MaTepiall MiCTUTh
JIOCTATHIO KUIBKICTh KUCHIO. Lle miaTBepaKyeThCsl MOPIBHSUIBHUME JJAHUMU TTOTiPIISHHS
MEXaHIYHO1 MILIHOCTI THamepy, HPOCOYEHOTO MAacjiOM Y KHCHI M a30TI Opu pi3HHUX
temneparypax (puc. 9.2). V 1ol ke yac HasBHICTh BOJIOTH PI3KO MPHUCKOPIOE CTAPIHHS
narepy BHACIIOK Tiaposi3y (puc. 9.3).

OxucHIOBaJIbHA JACCTPYKIliS 3BUUANHO TIEpEeBaKA€E y BUMAJAKY TaKUX MaTepialliB K
rymMa, KpeMHiMopraHiyHi #  (eHonbHI  CMOJIM,  TOJIETUJIEH,  MOJICTHUPOII,
noJyieTuieHrepedranar, momikapboHar, mominpomniied. [ns nmeskux warepiamiB, B
OCHOBHOMY, JIaKiB, MOK€ CIIOCTEPIraTUCs OKUCHIOBAJIbHE CTPYKTYPYBaHHS (3IIMBAHHS) —
YTBOPEHHS TOMNEPEYHUX 3B’SI3KiB, IO CYNPOBOIKYETHCS BTPATOI0 EJIACTHYHOCTI.
Jenonimepusaliis  mepeBakae  MNpU  TEPMIYHOMY  CTapiHHI  MOJIXJIOPBIHIIY,
NOJIMETUIIMETAKpUIIATy, MOJii300yTHIIEHY, CEUOBHHO — 1 MenamMiHO(OpManIbAeriiHuX 1
CTIOKCUHUX CMOJ.

TennoBe cTapiHHS €NEKTPUYHOI 130JIA1lIT CYITPOBOIKYETHCS, HACAMIIEPE], 3MIHOIO
MEXaHIYHUX XapakTepucTUK. CHIBHIIIE BChOTO 3MIHIOIOTHCS BiIHOCHE TOJAOBXKCHHS TIPU
pO3pUBaHHI ¥ MIIHICTH HA yJapHE BHUTMHAHHA. TpoXW MOBUIBHINIE — MILHICTh Ha
po3puBaHHs. EnexTpruHi XapaKTepUCTUKH 13011111 IPH TETIJIOBOMY CTapiHHI 3aJI€KHO BiJl
MOYATKOBOTO CTAaHY 130JALii 3MIHIOIOTbCS YacTille B CTOPOHY 3MEHIICHHS 1 pialie —
301IBIICHHS.
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1000 T, dHi

T, OHi
Puc. 9.2. 3mina MexaHi4HO1 MIIIHOCTI nanepy Puc. 9.3. 3mina MexaHiYHOI MIITHOCTI
B IIPOLIEC] TEMJIOBOTO CTApiHHSA 3BOJIOKEHOTO Nanepy y MpoLeci TerIoBoro
CTapiHHSA

JInst 3BOJIOKEHOI 130JIAIIiT MOJKE CIIOCTEpIraTUCS MaiKe CTajiCTh BEIWYUH
SNEKTPUIHOT MPOBIAHOCTI ¥ 1gdi3 3MiHOO TemIepaTypu abo HaBIiTh IXHE 3MCHIIICHHS, 10
MOB'sI3aHE 3 BUCXAHHAM 130711111 MPY HarpiBaHHI. SKIIO 130141115 cyXa, TO i IPOBIIHICTH
i tgdpocTyTh 3 YacOM BUTPUMKH IIPH TiIBUIICHIN Temiiepatypi. EjdekTpudna MilHiCTh 3
4acoOM 3MIHIOETbCS HEOJITHO3HAYHO. [HOJI MOXKE CIIOCTepiraTucs AesKe MiABUIICHHS ii 31
30UTBIIEHHSIM Yacy BHUTPUMKH 130JiLii MpU MIABUIIECHIM TeMIiepaTypl BHACIHiJIOK
BI/IMAJIIOBAaHHS MEXaHIYHMX HAmpyr B 130JIAMii, 11 MiJACYIIyBaHHS, AEToJiMepu3alii y
BUIAJKY MOJIMEpHU3ALIHHUX JIaKiB 1 KoMnayHAiB. [lpu TpuBasioMy cTapiHHI eleKTpuyHa
MIIHICTh 3HIKYETHCS, X0Ua 1HO/II ¥ Y IbOMY BUTIAAKY 3HM)KCHHS] HE3HAYHE.

Takum 4YMHOM, TUIBKK 3BOJIOXKEHHS 13011111 BiOMBa€eThCA O€3mOCepeHbO Ha 1l
eJIEKTpOI3UUHUX XapakTepucTukax. OKHCHIOBaJTbHA JECTPYKISI W TEPMOIECTPYKIIis
BIUIMBAIOTh OUIBII ICTOTHO Ha MEXaHI4YHI XapaKTEPUCTHKHU 130Js11i, B MOPIBHAHHI 3
enekTpuyHUMH. [lpu 1IbOMY TpuBaje CTapiHHS TpPHU MiABUINCHIA TeMmmepaTypi MOXe
NPUBECTH J0 HACTUILKM 3HAYHOTO TOTIPHICHHS MEXAaHIYHUX XapaKTCPUCTHK, IO CTaE
HEMUHYYUM MTOBHE 200 4aCTKOBE PYHHYBAHHS 130JIA1I11 MPU MEXaHIYHUX HABAaHTAKECHHSX,
SKUM BOHa MIJJA€THCS B Tpolleci ekcruryaraiii. YacTkoBe MeXaHIUHE YIIKOJKEHHS
3BHUYAHO 3HAYHO MOTIPIIYE €JIEKTPUYHY MIIIHICTb 130JIS1I11 B pe3yabTaTi MOSBU YaCTKOBUX
PO3PSAIIB 1 YTBOPEHHS CIA0KUX JI0 3BOJIOKEHHS 1 B €IEKTPUYHOMY BITHOIIEHH1 1e(EKTHUX
Miciib. CaMe BHUSBIICHHS IHX CIA0KUX MICIb 1 € METOI IITHMPOKO PO3IMOBCIOKEHUX
npodUTaKTUYHUX BUIPOOYBAHb 130JIALI1 M1IBUILIEHOK HAPYTOIO.

Jlnist 3aranpHOi XapaKTePUCTUKU CTIMKOCTI €IEKTPUYHOI 1301l JO TepMIYHOTO
CTapiHHS BUKOPUCTOBYIOTH MOHSTTSA JOBTOBIYHOCTI. J[OBTOBIUHICTH MPU TEPMIYHOMY
CTapiHHI IIe Yac, 3a SIKUH MeXaHI9Ha MIIHICTb 130JISII11 3HIKYETHCS 10 3HAYCHHS, HUKIOTO
HDK eKCIUTyaTalliiiHi MeXaHiuHI HaBaHTKCHHS. 3BUYAHO 3aJIe)KHICTh JOBTOBIYHOCTI BiJJ
TEMIIepaTypH 3aUCYEThCS Y BUIIIAI EMITIPUYHOTO 3aKOHY ApeHiyca:

t = Aexp(B/T)
a 1151 BY3bKOTO Jllalia3oHy TeMIiepaTyp
t = aexpff b(ti t,)],

ne O, b ;- xo#tTanTHBIISA JaHOTO JieIEeKTPHKA B TJaHUX YMOBaX HOr0 BUKOPUCTAHHS.
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OpieHTOBHUI PpO3PaxyHOK JOBTOBIYHOCTI MOJKHA MPOBECTH 3a (HOPMYIIOI0
ApeHiyca, BHKOPHUCTOBYIOUHM CEpEIHI 3HAUYEHHS KOHCTAHT JUIS BIAMOBIAHOIO Kiacy
1305151111 (Tabm. 9.2).

Tabmuus 9.2
3HaYeHHS KOHCTAHT B Kaac narpiBocriiikocTi
¢opmyJti Apeniyca [0) [ ] F 1 o
—In(A) 14,1-19,3|14,3-15,1 | 13,4-15,5|18,9-19.7 | 23,8-24,2| 21,8
10415 09-115| 0,985-1 | 0,9-1,02 |1,23-1,27 | 1,53-1,55| 1,55

Crnig BiA3HAYMTH, IO TaKUM PO3pPaXyHOK Ja€ JOCUTHb MPHUOIU3HE YSBJICHHS IPO
pecypc 130JsL1i, OCKUIBKM KOXHOMY KJacy HarpiBOCTIMKOCTI BIJNOBIAA€ CBOS
JIOBIOBIYHICTB TPH BIAMOBIIHIN JaHOMY KJIacy TeMIIepaTypi, 0 MOKe BIIPIZHATHUCS BiJl
JIOBTOBIYHOCTI 1HINTUX KJIACIB, K yXe Big3Havdanocs, Ha 25%—30%.

[Ilo6 onmepkatu ysBICHHS PO BIUIUB TEeMIEpaTypu Ha IIBUIKICTh CTapiHHI,
HaBEIEMO BEIUYMHY TEMIIEpPAaTypHOTO IHTEpBady, IO BIAMNOBIA€ 3MEHIICHHIO
JIOBTOBIYHOCTI BJIBiYl JUISl IEIKUX KJIAciB HAarpiBOCTiMKOCTI: kimac A — 8°, kimac B — (8°—
10°), xkmac H — 12°. TakuM 4MHOM, YUM BUIIHMN KJIAC HATPiBOCTIHKOCTI MaTepiaiy, THM
MEHIII YyTIUBUHN BiH /10 3MiHU TeMIIepaTypH. Y TOM ke Yac HaBeJIeHI OI[IHKHU CBiA4aTh Mpo
ICTOTHUW BIUIMB TEIUIOBOIO CTAapiHHA Ha EKCIUTyaTaliiHy HaAliHICTh I1€IEKTPUYHUX
Marepiajis, 110 MOTPiOHO BPaxOBYBATH MPU KOHCTPYIOBAHHI €JIEKTPOTEXHIYHUX BUPOOIB.

y 7 ~ wooom < [ " TR SRS NN "
9.1.2-

c - c ¢ e . ¢
VY mporeci ekcruryartailii eIeKTpHYHAa 1301l HEMUHYYE MiJIA€ThCSA BIUIUBY
MOCTIHHOTO a00 3HAKO3MIHHOTO MEXaHIYHOTO0 HaBaHTakeHHs. lle HaBaHTa)KeHHS MOXe
MaTH TEXHOJIOTIYHE ITOXO/DKEHHS a00 BWHUKATH BHACIIJIOK BIIIEHTPOBUX €(EKTIB,
€JIEKTPOAMHAMIUHHUX 3yCHJIb, TEIJIOBOTO PO3IIMPEHHS, BiOparii i T.11.

[Tig niero BeMMKOTo HAaBaHTAXKEHHS MaTepiall MOXe PYWHYBATHUCS, OCOOIUBO SKIIO
nepes UM BiH JOBTHI Yac MijaBaBcs BIUIUBY KHCHIO a00 TEIJIOBOMY cTapiHHIO. [Ipu
TPUBAJIOMY 3MIHHOMY HaBAaHTA)KEHHI, HAaBITh JUISI HACTUIBKH EJIACTUYHHUX MaTepialis,
SKUMHU € TePMOIUJIAaCTUYHI TOIMEPH, CIIocTepiraeTbest eekT yroMu. Martepian BTpadae
CBOIO MEXaHIYHY MIlIHICTh, Y HbOMY YTBOPSTHCS TPIIIUHHU.

Jly’ke IHTeHCUBHO pPO3BUBAIOTHCS TPIIIMHU B HAMIPY)KCHUX TOJTIMEPHHUX MaTepianax,
SKILO OJIHOYACHO HA HUX BIUTMBAIOTh YACTKOBI PO3PSAIHN B MPUCYTHOCTI KUCHIO.

SIKI110 HaBITh IEKTPUYHA 13011151 HE TPA€ OJHOYACHO POJIb MEXAHIYHOTO €JIEMEHTa
KOHCTPYKIIii, yTBOPEHHS TPIIIKMH CYPOBOIKYETHCS PI3KUM POCTOM IMOBIPHOCTI MPOOOIO.
Lle moB's3aHe 3 MOJETIICHHSIM PO3BUTKY MIPOOOIO y3/10BXK TPIIIKH.

TernoBi aedopmariii 3BUYAHO NPUBOJATH A0 PO3IIAPYBAHHS KOMIO3HIIITHOT
(TBepmoi mpocoueHoi W CKIEEHOI JIaKOM) 1301l EJNEeKTPUYHUX MAIIWH Yepes3
HeBianoBigHicTh U d. Came 1o co0i 1ie po3iapyBaHHs, K i 00yYMOBJICHE HUM 3HUKCHHS
MEXaHIYHOI MIITHOCTI, HE € peallbHOI 3arpo3or. OIHaK po3IIapyBaHHS IOJICTIIYE
MPOHUKHEHHSI KUCHIO 1 BOJIOTH B 00’€M 130141111, a TAKOX CIPUSE PO3BUTKY YACTKOBUX
PO3psAiB U BUCOKIN Harpy3i. [IpupoaHo, cTapiHHs 130141111 TPU IOMY TPUCKOPIOETHCS.
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OcHOBM  CTaTHUCTMYHOI  TeOpii MexXaHIYHOI MINHOCTI Oynm  3akiajeHi
C.H. Xypxosum 1 A.Il. AnekcanapoBum. B ocHOBY 11i€i Teopii MOKJIaieHe YSABJICHHS TIPO
T€, 1110 Y TBEPAOMY TUJI1 € BEJIHMKA KIJIbKICTh Je(EKTIB, 10 Y P13HIM CTENEH] BIUIMBAIOTh Ha
MEeXaHIYHYy MIIHICTh. MIIHICTH Tija, MPU IbOMY, BU3HAYAETHCS HAMBAarOMIIIMMH 3 HUX.

C.H. XKypxkoBum 0Oyno0 moka3aHo, 110 IPH TPUBAIOMY HAaBaHTaXXEHHI JePEeKTH
MOXXYTh YTBOPIOBATHCS ¥ y cmoyaTky Oe3nepekTHHX TuTax. YTBOpPEHHS Ae(eKTiB
MOB’SI3y€ThbCsl 3 TepMOQUIYKTyalliiHUMU —mpolecaMu. B pe3ynbrari  BUIIAJIKOBOT
KOHIICHTpAIIlil TeIJIOBO1 €Heprii y MeBHUX TOYKax TBEpAoro Tija ((urykTyarriii) mocTiiHO
BIJI0YBaIOTHCS PO3pHUBH 3B's3KIB. [li1 yac BiICYTHOCTI MEXaHIYHOTO HAaBAHTA)XEHHS Ma€e
MiCIle peKoMOiHaIls, TOOTo ‘3amikKoByBaHHS po3puBiB. Uepe3 aedopmaliiro Tina mpu
MEXaHIYHOMY HaBaHTAXXEHHI peKOMOIHAIISl pO3pUBaHb YCKJIaIHIOETHCS, BIIOYBA€THCS IXHE
HarpoMaJDKEHHS i yTBOPEHHS 13 yacoM MakpozedekTiB. Yac 0e3B11MOBHOI poOOTH £, TOOTO
IHTEepBaJI yacy BiJl MPUKIAJCHHS HABAHTAXXCHHS N0 PyWHYBaHHS, MOXKHA BH3HAUUTH 32
dbopmynoro XKypkona:

t =t exise 94

¢ KT +

ne fo — cTana, 4MCeNbHO piBHA Mepiofy TemIoBux konupanb aTomis (10712 — 1023 ¢ s

HEOpraHiyHUX JieJeKTpHKiB 1 mopaaky 108 ¢ — s opraniunmx); Uo — eHepris akTuBaii

pO3pHBaHHS 3B'SI3KY IIiJI Yac BIJCYTHOCTI HaBaHTaKEHHs, O — MEXaHIYHE HAIPYKCHHS,

gK(pTi q) — cTpykTypHO uyTIauBHi KoedillieHT MaTepiany (Pi (— eMIipyUyHi TapaMeTpu
marepiany); K — crana bonbimana.

Benmuunna Up Onusbka 110 eHeprii cyOmimamii juis MeTaiiB 1 10 eHeprii
TEPMOJECTPYKILIi JJi1 MOJIMEPIB 1 HE 3aJIeKUTh BlJI CTPYKTYPHUX 3MIH MaTepialiB, 1110
BIUTMBAIOTH TIJILKHM HA BEIMUMHY KoedilieHTa g. BimoBiHO 10 MOJI0KE€Hb CTATUCTHYHOI
Teopii MIIHOCTI Yac O0e3BiAMOBHOT pPOOOTHM BHU3HAYAETHhCS PYHHYBaHHSM oO0NacTi 3
MiHIMaJbHUM 3HAYEHHSM CTPYKTYPHO-UYTIHBOTO KOEPIIlieHTa Ghin.

Excnepumentanshi gani (puc. 10.4, 10.5) no6pe moromxyroThCs 3 MOJI0KECHHIMU
TepMO]IIyKTYyaIiitHoi Teopii.

MexaHiuHi Hanpy>KeHHs BIUTMBAIOTh 1 HA Yac 10 MPOOOI0 MOJIMEPHUX A1€JIEKTPUKIB
npu il 4aCTKOBUX PO3PAIIB, IPUIOMY B 00JIACTI MIABHIEHUX MEXaHIYHUX HANpPYKEHb
KpUBI 4acy 10 MpoOOI0 TMOJIeTUIeHY, IO BIJIMOBIAAIOTH PI3HUM 1HTEHCUBHOCTSIM
YaCTKOBUX PO3PAIIB, 37MBAIOTHCS B OAHY KpHUBY (puc. 64), 1110 TOBOPUTH MPO BiJICYTHICTh
AIUTUBHOCTI IBHUAKOCTI CTapiHHA. BBeeHHS NTOMIIIOK, IO 3MEHIIYIOTh MIKIJIUBY 10
YACTKOBUX PO3PSIiB, MPUBOJUTH O YTBOPEHHS 30HHW HEYYTIMBOCTI TMONIETHIIEHY [0
MEXaHIYHUX HaBaHTAKCHb.
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Puc. 9.4. 3anexHicTh yacy Puc. 9.5. 3anexHicts Puc. 9.6. 3anexHicth yacy
0e3BiIMOBHOI pOOOTH BiJl gacy 0e3BiIMOBHOI 0e3BIIMOBHOI POOOTH Bif
MEXaHIYHOTO HABAHTAXKEHHS  pOOOTH BiJ MEXaHIYHOTO  MEXaHIYHOTO HaBAHTAXECHHS IS
JUTS IOJIIMEPHUX MaTtepiais: HaBaHTAXEHHS JUISL: MOJIIETHIICHY, LIO TTi/1JaBaBCsI
1 — monmiMeTUIMETaKpUIIATY; 1 — mamepy; 2 — BILJIUBY YaCTKOBHUX PO3PAIiB
2 — TIOJIICTHPOITY; JIepeBUHH; 3 — IEMEHTY;  3pOCTaryvoi iHTeHCUBHOCTI (1 —
3 — TpHAaIeTaTICIIONIO3H, 4 — CKJIOIUIACTUKY 3), a TaKOX MOJIETHIICHY 3
4 — monieTHIIeHY; nomimkamu (4,5)

5 — BicKO3H; 6 — KapTOHY

Hapeneni mani 13 crapiHHS 130JA01i TPH CHIUIBHOMY BIUIMBI MEXaHIUYHHUX 1
CICKTPUYHUX HAaBaHTA)KECHb, MEXaHIYHMX HAMNpPYXKEHb 1 YaCTKOBUX PO3PSIIB, 5K 1
BUKJIQ/ICHI BUIIIEC PE3YIBTATH 13 €JIEKTPOXIMIYHOTO CTAPIHHS IIPH PI3HUX TEMIIEpaTypax, 3a
CIIJBHUM BIUTMBOM KHCHIO M TEeMIIEpaTypH, BOJIOTH i TeMIIepaTypH ¥ 1HII, CBIAYaTh PO
T€, 10 IIBUIKICTh CTapiHHS HE aJWTHUBHA, a TOMY JOCII/DKEHHS 3aKOHOMIPHOCTEH
CTapiHHS 130JIAMii MPH OJHOYACHOMY BIUIMBI JEKUIHKOX (DaKTOPIB € MEepPHIOYEPrOBUM
3aBJaHHSAM B 00J1aCTi HAAIHHOCTI €IEKTPUIHOT 130JISIITH1.

~ ~ ] A W [ n ~ 1 ] ~ n n CEREE SN V4
9- 1-3 >

N [ [ - 1 (4 - [4 - ’ c

Sk BiOMO, €NEKTPOMPOBITHICTD 13011 MOKE HOCUTH SIK C€IIEKTPOHHHH, TaK i
10HHUI XapakTep. B ocTaHHBOMY BMIAJKy MPOTIKAHHS CTPYMY IOB'I3aHE 3 MEPEHOCOM
pEYOBHHU. SIKIIIO 10HHA MPOBIJIHICTH JOMIIIKOBA, TO OMIpP JIEIEKTPHUKA 3POCTAE 3 YaCOM
BHACIIIJIOK OYMIICHHS BiJl JOMIIIKOBUX 10HIB. Y BHIIQJIKy BJIACHOI 10HHOi MPOBITHOCTI
JieNIeKTpUKa TEPEeHEeCeHHsI 10HIB Ha eNeKTPOJAM 3BUYANHO MOB'S3aHE 3 MOPYIICHHSM
CTPYKTYPH TBEPJIUX TUI 1 €JEKTPONI30M PIAKUX JI€IEKTPUKIB. BHaAcHI0K MOCTIHHOTO
YTBOPEHHA JC(PEKTIB €JEKTPUUHI BIACTUBOCTI JIIEIEKTPUKIB MPH IBOMY MOTIPIIYIOTHCS.
[MoripmeHHsT BIACTUBOCTEH 130JAMii MPH BIUIMBI CTATHYHOTO EJIEKTPUYHOTO OIS
HA3UBAETHCS  CNEKTPOXIMIYHUM  cTapiHHAM. Jlnsg  imocTpamii  3aKOHOMIpHOCTEH
€JICKTPOXIMIYHOTO CTapiHHS, PO3IJITHEMO CTapiHHsS MPOCOYEHOro Marepy, pyTHIOBOI 1
CETHETOEIEKTPUIHOI KepaMiK, a TAKOXK JIY)KHO-TaJIOiJTHIUX KPHCTAIIB.

VY nmpocodeHii manepoBid 130JA11i 10HHA EJEKTPONpPOBIIHICTh OO0YMOBIIEHA
JMCOIIIHOBaHOIO (TOOTO Takoro, 1o po3mnaiack Ha ionn H' i OH") Bosororo abo iHmmmMu
JUCOIIHOBAHUMH JTOMIIIKAMHU. 3BUUAWHO €JICKTPOXIMIUHE CTApiHHS MPOCOUYEHOT 1301111
cTae moMiTHUM mipu Temreparypax Bume 50 °C. 3 pocToM Hampyru CTapiHHS TaKOX
IPUCKOPIOETHCS.
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BBaxkaeThcs, 1110 OCHOBHY pOJIb MPHU €JIEKTPOXIMIYHOMY CTAapiHHI BIAITPalOTh 10HU
BOJTHIO, 1110 30MPArOThCs O KaTo/ia TIPH T1APOIi3i, Yepe3 X BEIUKY XiMIYHY aKTUBHICTb.
Oco0auBo HEOE3MEUH1 BOHH Y BUIIAJKY XJIOPOBAHOTO IPOCOYEHHS, TOMY 1O BIAPUBAIOThH
BiJl MOJIEKYJI MPOCOYYBAIBHOI PEUOBUHU aTOMHU XJIOPY M YTBOPIOIOTH 13 HUMHU COJISIHY
kuciaory. CossiHa KHUCIOTa BUKIMKAE KOPO31I0 €NEKTPOJIB 1 CHpus€e 30UIBIICHHIO
KOHIICHTpAIIlil 10HIB MeTaJTy B 1301111 1 TUM CaMUM TOTIpIISHHS i1 XapaKTePHUCTHK.

KpiMm Bonoru Benuky HeOe3neKy AJid MPOCOYEHOI 130JA11T ABISAIOTH (PIrOCcH IS
MalK 3 COJITHOIO KHCJIOTOIO, KaH1(oJuTto, OITYMHI KOMIIAYHIH, IO 3aCTOCOBYIOTHCS IS
repMeTusaiiii BUpoOiB, ypaKe€H1 THUTTSM BOJIOKHA €JIEKTPOKAPTOHY Ta 1HIII 3a0py/AHEHHS.
OpmHak mpu BUCOKIN KyJIbTypl BUPOOHMIITBA iXHBOTO BIUIMBY Ha CTPOK CIY>KOHW 130JIAII11
MOJKHA YHUKHYTH.

SKII0 MpUIYIIEHHS MPO ICTOTHY POJIb BOJHEBUX 10HIB IPH EJIEKTPOXIMIYHOMY
CTapiHHI CIIpaBeIJIMBE, TO, MPU BBEACHHI B 130JIA1I1I0 aKIIENTOPIB BOAHEBUX 10HIB, MOXKHA
3aragpMyBaTH Horo. JlilicHO, MocmiaM 13 BBEJACHHSAM a300€H30y W aHTpaxiHOHY B
MpPOCOYEHY XJIOpHATaTiHOM KOHJICHCATOPHY 130JISI1I0 TOKa3aldH, IO MPU LbOMY
CIIOCTEPITa€ThCs MABUINICHHS CTPOKY CIyKOM KOoHJeHcaTopiB B 3—10 pa3iB 3ajekHO Bij
TEMIEPATYPH CTApIHHS.

Jlesiki  TOCHITHUKH BBaXKalOTh, IO 3aXMCHA [isl I[MX PEYOBHH TOB's3aHA 3
YTBOPEHHSIM 3aXMCHOI TUTIBKH Ha enekTpoaax. [[miBka ycyBae Kopo3ito i KaTaliTUUHY 110
CJICKTPO/IIB HA MIPOJITUYHE PO3KIadaHHs 130siii. Ll rimore3a MeHI mpaBaoIo/ioHa,
HDK TTOTIEPETHSL.

[Tpu enextpoximiunomy ctapinai monokpuctaiiB KCl, KBr, TiO2, BaTiOs, SrTiOs,
a TaKOX TUTAHBMICHHUX CTaHATHHUX 1 IUPKOHATHUX KepamiK HaHOUIbII XapaKTEpHUM €
3pOCTaHHS CTPYMY HPOBIAHOCTI 3 yacoMm. Lle 3pocTaHHs 3BUYAliHO 3aKIHIYETHCS TTPOOOEM.

VY mpoteci cTapiHHS TUTAHOBMICHHX KepaMmik, SIK 1 'y BUIMAJKY JY>KHO-TaJOITHUX
KPHUCTAIIIB, BEJIUKY POJb BIJIrpae 1HXKEKIlis eIeKTpoHIB 3 katona. IIpo picrt ii BmimuBy
FOBOPUTH 3MIHA BOJBT-aMIIEPHOI XapaKTEPUCTUKH KEpPaMIYHUX 3pa3KiB y Ipolect
CTapiHHS BIIMOBIIHO /IO CIiBBITHOIICHHS

i= A(UT Ug)"O,
ne Uo — e.p.c. momspu3aii; N = 1— 2, mo BiANOBiAa€e IHXEKIIHHIN BOJbT-aMIICPHIH
XapaKTEePUCTHIIL.

Ha BigmiHy BiJ JIy)XKHO-TaJIOITHHX KpHUCTadiB, y Kepamimi Ha ocHoBi BaTiOs
CIIOYATKy PO3BUBAETHCS MPOIEC y TPUAHOIHIN 007acTi (Ha mepiomMy i Apyromy eramax
CTapiHHS), a IOTIM 1 B IPUKaTOHIN (Ha TpeTbomy). [lnst kepamiku 3 T-80 npuenexTpoaHi
IPOIIECH PO3BUBAIOTHCS MapayiebHO. ToMY TpeTiil eTan Maiike BiACYTHIM.

[Ipo ponb iHXEKIIi €NeKTPOHIB 3 KaToAa 1 JIIPOK 3 aHOJa B MPOIECI CTapiHHS
CBIUaTh TAaKOXX pE3yJbTaTH EKCIEPUMEHTIB 13 BHJAJICHHS MPHEICKTPOAHUX IIapiB
3iCTapeHoi KepaMiKH, ajie MeXaHI3MH MPOIECIB eNEKTPOXIMIYHOTO CTAPIHHS KepaMiKH 10
TENEePIIIHHOr0 Yacy HEe MOKHA BB)KATH MOBHICTIO BCTAHOBIICHUMH.
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c c . ¢ ¢ ;e
t OH" OMIs? &O - g lstaTHiCTE MaTepiaiB MpaIOBaTH, HE MOTIPIIYIOYH
CBOIX OCHOBHHUX BJACTHMBOCTEW B yMOBaX IHTEHCHMBHOT'O 10HI3yIOUOI'O BUIIPOMIHIOBaHHS
a0o micist Horo BILIUBY.
J10 10HI3yIOUUX BUIIPOMIHIOBAaHb 3BUYAHHO BITHOCATH
—O0-—4YacTM NHKHAEH a C N pAgABPAI MW | 10
— B-4YyacT VNEH/KEeMK, T JecHHep N 0 p soMiex B/ ;
— NIpPpOTOHW,
~HENTPOHMU;
—V=4YacCTVUHAMKY C OKOEHEPMETTUHHHNIM;
—peHTremRnppomeMi ;
—ynbTpadi oner
Bci pedoBHMHM MOMNIMHAIOTH 10HI3YIOU€ BHUIIPOMIHIOBAHHS, 3MEHUICHHS WOIo
IHTEHCHBHOCTI 3 TOBIIMHOI BiIOYBa€eThCs BIAMOBIAHO 3 3aKoHOM byrepa-Jlammepra
W sJwk e (h, )le UW— IHTEHCHBHICTH ITy4YKa 10HI3yF0UOr0 BUIPOMIHIOBAHHSI, HOPMAJIEHOTO
MOBEPXHI pEYOBHMHU; W— IHTCHCHBHICTH pajiallii Mmcls MPOXOHKEHHS IIapy PEeYOBHHHU
TOBIIMHOWO N; © — miHiiHKUN KoedimieHT ocinabiaenHs. OUeBUIHO, IO MPH MPOXOHKEHHI
yepe3 Imap MaTepiany ToBIMHOW Nj = 1/ 8 M, IHTEHCHBHICTh 10HI3YIOUOTO
BUIIPOMIHIOBaHHSI 3MCHIITYEThCS B J pa3. Ha mpakTuili mpu BUKOPUCTAHHI MaTepiaiB s
3aXHCTY BiJ 10HI3YIOUOTO BHUIIPOMIHIOBAHHS, HAMpPUKIaJ pPOOITHUKIB aTOMHHUX
CIIEKTPOCTAHINH, KOPUCTYIOThCS TOBIIMHAMHM JBOX- N2 um jmecsatukpatHoro hio
ocnabaeHHs, sKi HAXOAATh 3 yMOB Wh=uj - &) i wh=uj A &Ll). 3ayBakumo, mo
3MEHILEHHS 1HTEHCUBHOCTI 10HI3YIOUOTO BHIIPOMIHIOBAHHS € MYJIbTHUIUIIKATUBHOIO

(MepeMHOKYBaHOI0) BEJIMYMHOIO, TakK [0 MaTepian ToBIIMHOK 2h10 ociadiroe
IHTEHCUBHICTb 10HI13y1040ro BUNpoMiHioBaHHs B 100 pas.

JliniitHuit koedimieHT ocnabiieHHs 10H13allIHHOTO BUIIPOMIHIOBAHHS MPOTIOPIIIHHUHT
TYCTHHI MaTepiajly, TOMY 3aMiCTh HbOI'O MOKHa BHUKOPHUCTATH MAacOBHMH KoeQilieHT
ocnabieHHs 9s= O /, N&/KT, 0 He 3aleXUTh BiJ IyCTHHM MaTepialy i JOpiBHIOE HOJi
MOHOXPOMATHYHUX 7Y-KBAaHTIiB, IO MNOIIMHAKOTECS LIAPOM TOBHIMHOK 1 Kr/m?, ane
3aJIeKHICTh Sis BiJl €HEPTii 10HI3YI0UOr0 BUIPOMIHIOBAHHS 3aJTUIIIAE€THCA.

Jlito  10HI3yI0YOTO0 BUIPOMIHIOBAaHHS Ha €JEKTPOTEXHIYHI MaTepiaiu, 10
NpPaLO0Th, HAIPUKIIA, B 3a0pyIHEHIN 30HI aTOMHOI €IEKTPOCTaHIIi, XapaKTepU3ylOTh
TPaHUYHO JOMYCTUMOIO JT03010, OJICPKABIIHN SKY AiCISKTPHYHUI MaTepiall 3HIKYE X0o4a O
OJIHY 31 CBOIX OCHOBHHUX €JIEKTPUYHHUX 200 MEXaHIYHUX XapaKTepUCTHK Ha 25% 1 OinbIe.
Panianiiiny CTiMKiCTh JUIsi MEpUIMX YOTHPbOX 10HI3YIOUHMX (DAKTOPIB BHUPAXKAIOTh
KPUTHUYHOIO TIoTTMHEeHow eHepriero Wip, I'p/c (I'peit B cekyHay, MO Te kK came, IO i
BT/KT), 118 HEWTPOHIB — (QIIOCHCOM, HEMTPOH/M?, — 3araJIbHUM YUCJIOM PaioOaKTHBHHX
YaCTOK, II0 MOMaNal0Th Ha OJUHUINO IO MaTepianxy 1 BUKIUKAIOTh MOTIPIICHHS HOro
OCHOBHHX XapaKTEPUCTHUK.

[Ipu po3rnsal NMUTaHHA TPO CTIMKICTH MIEICKTPUKIB A0 il PajioaKTUBHOTO
OTNPOMIHIOBAHHS CIIiJl PO3PI3ZHATH €(PEeKTH, IO CIOCTEePIraloThCs TUIBKH Y TMpoIleci
OTIPOMIHIOBAaHHSA BHACHIJOK 10HI3yr0o4oi nii pamiamii (picT MPOBIAHOCTI, CTBOPEHHS
00’€eMHUX 3apsAmiB 1 T.N.) Ta MOCT-€EKTH, Ti, IO 3AIUMIAIOTHCS MICIS NPUIHHEHHS
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OTIPOMIHIOBAHHS 1 BU3HAYAIOTKCS, Y TIEPILY YEPTY, pOCTOM JIe(peKTHOCTI MaTepiany, ToOTO
HOTO CTapiHHAM.

3 [ieNeKTPUKIB HAaOUIBILY CTIMKICTh MAalOTh HEOPraHiuHI MaTepiain: KBapll, CI0Aa
i T.I., HaiMEHIITY — opra”ivyfi nmomimMepu. Pamiamis ocobmuBo Hebe3meyHa il TUX I0-
JiMEpIB, B SIKUX IpPH ONPOMIHIOBaHHI IEPEBa)XKalOTh IMPOLECH AECTpyKUii. Ane U y
3IIMBHUX TIOJNIMEPIB MpH TMEpPEeBUILIEHH] TMEBHUX J03 OINPOMIHIOBAHHS BIIACTUBOCTI
HOTIPIIYIOTHCS.

HaituyTnmuBin 1o pamiaiii y mporiieci ompoMiHIOBaHHS e€leKTpo(di3uyHI XapakKTte-
PUCTHKH, a MNOCT-€EKTH CYNPOBOKYIOTbCS 3HAUHMM IOTIPIIEHHSM MEXaHIYHUX
XapakTepUCTUK. | TUIbKH, KOJM MEXaHIYHO [IeNIEKTPUK T[OYMHAE pPYHHYBaTHUCH,
CIIOCTEPIraloThCcsl HE3HWKaWi 3MiHU P, &, 90, Enp. Skmo B3stu 3a xpurepiit 25%
MOTIPIIEHHS MEXaHIYHUX XapaKTEPUCTHK, TO pajialliiiHa CTIHKICTb MOMICTUPOIY CKIIaIae
4Q07 T'p, momnieruneny — 1,5Q0° I'p, a momiterpadroperuneny (proponnacry-4), akuil y
IHIITMX BIHOIICHHSX MaiKe iealbHUN JIEIEKTPUK, BCHOTO 4Q03 I'p, ToOTO paniamiitna
cTiliKicTh (TOpomIacty-4, IO BiJHOCHTHECS 10 AECTPYKLiMHMX momimepis, B 10* pas
MEHIIIa, HI’K TOJIICTUPOIY, IO CTPYKTYPYETHCA.
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[30514111s1 B 3a7€KHOCTI BiJ ii arperaTHOro CTaHy MO’K€ MNpalioBaTH B MOBITPi, B
IPYHTi, B aTrMocepi pi3HHX rasiB, y piAKOMY JieleKTpuKy. HalOimbln HecnpUsTIUBI
YMOBH Tpu poOOTI y BiikpuTiit atmocdepi. [Ipu nbomy Ha 130811110 A1FOTh KUCEHB Ta 1HIII
arpecuBHi rasu (030H, aMiak, OKHCJIH a30Ty, CIpKH), IO 3'SBISIOTHCS B atMocdepi B
pe3yabTaTi 3a0pyaHEHHS 11 BUPOOHUYOK JISIBHICTIO JIFOJUHU, TBEP/Il YaCTKH (30KpeMa
MPOMUCIIOBHI THWJ), BOJIOTa, YiAbTpadiolieToBI ¥ KOCMIYHI TPOMEHI, pPaJiOaKTHUBHE
BUIIPOMIHIOBAaHHS 3eMJli, TPU3YHHU, OaKTepii, UBUIb 1 T.1I.

dctcj Md o dz' G OL ts 9 naBkonfntegh Sodpgndeisuch ocodmuso
HeOe3MeyH1 B CIIOJYYEHHI 3 BOJIOTOI0, KOJIM BOHHM YTBOPIOIOTh KMCIOTH abo iyru. Tomy B
pailoHax i3 CHUJIBHO PO3BHUHYTOIO MPOMUCIIOBICTIO JTIOBOJUTHCA yaBATHUCA A0 3aXHCTY
1307111111 B1J TaKUX BIUIUBIB ((papOyBaHHS, 3aXUCHI MOKPUTTS U T.IL.).

Ha BjacTuBOCTi 0JIMB 0C00JIMBO BILUIMBA€ OKHMCHIOBAHHSI BHACHIJIOK JUQY3ii
KHCHIO B OJIUBY B ITPOIIEC] eKCIUTyaTalii. ¥ pe3ynbTaTi OKUCHIOBAHHS 130JIS1IIHOTO Macia
YTBOPIOIOTHCSI HECTAO1IbHI IEPEKUCH, [0 KATATITHYHO JIIOTh HA MPOIEC OKUCHIOBAHHS.
B pomi karamizaTopa OKHMCHEHHS MOXE BHCTYNAaTH TaKOXX MeTal enekTpoaiB. Ilpum
OKHCHIOBaHHI YTBOPIOETHCS BOJA, IO PI3KO TOTIPIIYE XapaKTEpUCTUKU onuBHU. [lpn
BEIMKIM  KOHIIEHTpAlii TMPOJAYKTIB OKUCHIOBAaHHS OJIMBH  CIIOCTEPIraeTbcs  iX
noyliMepu3allisi ¥ yTBOPEHHS TBEPAOro HLIamMy (3acMOJICHHS oyiuBH). sl KUTBKICHOT
XapaKTePUCTUKH CTYIEHS OKHUCHIOBAaHHS OJINBH BUKOPHCTOBYIOTh KHCJIOTHE YHCJIO
(ximpkicTs MutirpamiB KOH, HeoOxigHa a1 HeMTpanizalii BIIbHUX KUCJIOT B 1 T 0JMBH).
s cBixkoi TpancopmaropHoi onuBu BoHO noBuHHE Oyt ¢ 0,05 mr KOH/r, kabenbHOi
it kougencaropHoi ¢ 0,02 mr KOH/r, ans onuBu B excrunyarariii g0 0,4 mr KOH/T.

OpnHak, 3apa3 BCTaHOBJICHO, II0 OKHMCHIOBAJIBHHUI MPOLEC y OJIMBI HACUIYETHCS, 1
BUMIpSIHE KHUCJIOTHE YHUCJIO HE Ja€ YSBICHHS MpO CTYHiHb 3aCMOJICHHS OJHBH.
BpaxoBytoun, 1110 HassBHICTh TBEPIUX JOMIIIOK TAKOXK ICTOTHO BIUTUBAE Ha BeUIUHY Unp,
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BBEJICHUI MPsIMHI KOHTPOJIb 3acMojieHHs. Kinbkicts nniamy nmosuana oytu ¢ (0,15 —
0,2)%. AIe 1 KOHTPOJIb 3aCMOJICHHS HE Ja€ MOBHOTO YSBJICHHS MPO CTaH OJUBHU, 00, X0ua
KUIBKICTh TTaMy ¥ 30UIBIIYETHCSA B TpOIIECi eKCIUTyaTailii, HEesICHO, K YypaxOByBaTH
1aM, o0 BUTIaB B OCa.

[HOi 17151 OLIIHKY SIKOCT1 OJIMBH 3aCTOCOBYIOTH JIaHi PO Beanuuny tgdado y. OqHaxk,
SKIIO MiABUIICH] 3HAYCHHS IIMX XapaKTePUCTUK OJHO3HAUHO CBITYATH MPO TMOTIPIICHHS
€JIEKTPOI30JISILITHMX BIACTUBOCTEN OJIMBH, TO Maji — HE 3aCBIAYYIOTh il BUCOKOI SIKOCTI.
TakuM 9YMHOM, TOBHICTIO OO0'€KTMBHHMM KpPUTEpIH IJIs OIIHKKA CTAaHY OJMBU B IpoIieCi
eKCIUTyaTalli 111e He BUpPOOJIEHUM.

Jlnst TBepaoi OpraHivyHOl 130JISII(ii HAMOUIBII YYyTJIMBUMU JO OKHCHIOBaHHS €
MEXaHIYH1 BJIACTUBOCTI. 31 30UIBIICHHSIM CTYMNEHS OKMCHIOBAHHS BITHOCHE TMOJIOBXKECHHS
IIpU PO3pHUBaAHHI JUIsl OUTBIIIOCTI OPTaHIYHMX MaTepialiiB 3MEHINYEThCS Ha TMOPSIAOK i
Ounplie. 30UTBIIEHHS TBEPAOCTI NMPU OKUCHEHHI MaTepially 3arpoXkye pO3pHUBaHHIM
130711111 TTpU HarpiBaHHI a00 OXOJIOMKEHHI B pe3ybTaTi BUHUKHEHHS TePMOMEXaHIYHUX
3ycuwib. KpiM TOro, MexaHiyHa MIIHICTh MOJIMEPIB B Pe3yJbTaTl OKUCHIOBAHHS TAKOXK
ICTOTHO 3HWXKYEThCA. [l IETI0N03HMX 1 ToJaMigHUX (KampoH) MaTepialiB MOXe
crocTepiratucs MoBHa BTpaTa MIIIHOCTI. YyTJIMB1 10 OKUCHIOBAHHS TaKOX MOJIIPOILICH
1 momizo0yTtuieH. Haibinpmry cTidKicTh MaroTh mojiedipHi mMaTepiand, (TOpPOIIACTH,
NOJIIBIHUIPTOPH I, TIOJIICTUPOJ, MOTIMETHIMETAKPUIIAT, KPEMHIMOPTaHiuHI MaTepialiu.

Enextpuyni xapakTepuUCTUKH TIONIMEPIB MEHINE 3ajiekaTh BIiJ CTYHEHS
OKHCHIOBaHHs. HaiOinpll dYyTIMBOIO XapaKTEPUCTHKOIO Yy BUMAAKY HEMOISIPHUX
noJiiMepiB € tgd BennuuHa SIKOro MponopiiiHa KinbkocTi nmomsapaux rpym (C = O). s
NEeSKUX TOoJiMepiB (romionedinu) MpU OKUCHIOBAHHI CIOCTEPIraeThCs 3HAYHUM PICT
NPOBIIHOCTI. [[71s1 IHIIKX eJIeKTPUYHI XapaKTePUCTUKHU 3MIHIOIOTHCS HE3HAUHO.

[TpakTU4HO BC1 AieNEKTPUYHI MaTepiaiy 3aTHI TI€I0 YU 1HIIOKO MIpOI0 MOTJIMHATH
rasm npu eKcIUTyaTaiii B ymMoBax Jii HaBKOJHUIIHBOTO CEpPEIOBHUINA. 3BUYAWHO HAaBITh
JIETa30BaHU Marepian i3 yacoM BHacHioK nudy3ii HacuuyeTbes ra3zoMm. SIKimo ras
IHEpTHUN MO BIJHOMIICHHIO 70 JAHOTO JiE€EeKTPUKA, TO HACHUYCHHS ra3oM ICTOTHO HeE
MO3HAYAETHCS HA BIACTUBOCTAX Marepiany. HasBHICTh ra3y MOYMHAE MPOSBISTUCS TUTBKU
IIpU HasIBHOCTI IOPOKHUH B MaTepiali, ado TO1, KOJIM BiH, HAIPUKIIAJL, Y Pe3yJbTaTi 3MIHU
TEMIIEPATYPH PIAKUX Ji€IEKTPUKIB, 30UpaeThcst B OyNb0OaIIk, Y SKUX MOKYTh BUHUKHYTH
qacTKOBI po3psau. [Ipu 1IbOMy MOXe CIOCTepiraTucs 3HaYyHEe MPUCKOPEHHS CTapiHHS i
3HWKEHHS MPOOMBHOT HANIPYTH 13071111, SIKIIO MOPOXKHUHU BIACYTHI, TO 1udy3is ra3zy B
JieNeKTpUK HeOe3MeuHa TIAbKU MPU HAasgBHOCTI B MOTO CKJIa/l arpeCUBHUX CKIIAJIOBHX 1,
HacamIiepel, KUCHIO. BIJIMB KMCHIO BU3HAYAETHCS TEMIIEPATYPOIO M CKIIAZIOM JII€IeKTPUKa
1 HaWOLIbII ICTOTHUN y BUNAAKY OpPraHiyHUX MaTepiaiiB. Y CEpeloBHIII, L0 MICTUTh
KHCEHb, MOXYTh NPOTIKATH peakiii nerizparanii 3 BUAUICHHSIM BOIHM, YTBOPEHHS
kapOoHUTbHUX 1 KapOokcmipHEX (C = O) rpym, HacmiKoM 4oro € 3pocranHs tgd i
YTBOPEHHSI TPOCTOPOBOI CTPYKTYypH 3a jgomomoror mnepekucHux (-C-O-C-) micTkiB.
Peakuii  kapOoHi3amii  MOXYThb  CYNPOBOJDKYBATHUCA  JAECTPYKUIE  (pPO3PUBOM
MOJIEKYJISIPHHX JIAHIIOXKKIB).

Jlns TBepAMX JIENEKTPUKIB IIBUAKICTH OKHCHIOBAHHS YacTO KpPiM PpEaKIiiHOi
3IaTHOCTI 0OMexkeHa nudy3iero KUCHIO B 00’ eM. ToMy 31 3MEHIIIEHHSIM TOBITMHY 130JIS1111
HIBUJAKICTE OKHCHIOBaHHS 3pocTae. Pi3ko 3pocTae IIBHUAKICTH OKHUCHIOBaHHS 3
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MIIBUILCHHSIM TEMIIEpaTypH 3a paxyHOK 3pocTaHHS KoediiieHTa audysii KUCHIO B
TIIeTIEKTPUK.

31 HIKIJUIMBUM BIUIMBOM KHCHIO Ha OpraHiyHy 130JISLII0 NpU eKCIuTyaTaulii y
BIIKpHUTIHi aTMocepi MokHa OOpOTHCS BBEACHHSAM y Marepial TaK 3BaHUX
AHTUOKCUJIAHTIB. 3a 3BUYail 11€ — aMiHU ¥ ¢eHoau. OKUCTAIOUNCH CaMi, BOHU 3aXUILIAI0Th
OCHOBHHUU MaTepiasl BiJi OKMCHIOBaHHS. HailOunpm edeKTUBHUMH aHTHOKCHIAHTAMH €
NN=mudpeHin—n—penunenaiamia, 4—TpeT—OyTHIMIPOKAXETHUH, N—OKCUAM(EHIIAMIH,
¢denin—bH-HadTunamid i i.

[Topsia 3 KUCHEM BaXkJIMBe Miciie cepell atMochepHHX (akTopiB 3aiimae 9 15 dzts ¢ O
Bornora 3 noBiTps Moxe azcopOyBaTUCS Ha MOBEPXHI 130JIA1111, a TAKOXK AUPYHIYyBATH B 1l
00’eM. I3 4acoM yCTaHOBIIOETHCS PIBHOBAXKHE 3BOJIOKEHHS 130JIAL1i1, BETMYUHA SKOTO
3aJICKUTH BiJ] BIACTHBOCTEH MaTepialy i BOJIOTOCTI HABKOJHMIITHHOTO CEPEIOBHIIA.

CuipbHOMY BIUTMBY BOJIOTOCTI MMijaaeThes IS t6 O dzi W (S to dzddisis tgdatpu
3pOCTa€ MpH 3BOJIOKEHH] OUIBILI HIXK HA MOPSIIOK, P HA 6—7 MOpSAAKIB, € — NpUOIU3HO B 2
pa3u, Enp— Ha mopsaok.

[Ipn HasiBHOCTI TBEPAMX TIrPOCKOMIYHUX JTOMIIIOK BIUIMB BOJOTH Ha BJIACTUBOCTI
OJIMBH 11I€ OLIBIINA.

Jeski Is9 j toH '’ d3 O(Iscjots nofdielAghia, cmroma, asdect, ¢GTOpOILIACT,
MOJIICTUPOJI, TIONMIETUIICH Ta 1H.) 3BOJIOKYIOTHCS MPH €KCIUTyaTallli B HaBKOJUIIHHOMY
CepeOBHIII HAA3BUYANHO Malio, 1HII (0COOIMBO BOJOKHHUCTI LIEIIOJIO3HI ¥ TToNiaMiaHi, a
TaKOK OUTBIIICTB JIaKiB) — Jy’K€ CHIIBHO.

3BOJIOKEHHS ~ CYNPOBOJKYETHCS  PI3KMM  MOTIPIIEHHSM  €JIEKTPUYHUX
XapaKTEePUCTUK 130JA1lii. {Qd 1eTroNMo3HuX 1 MoliaMiqHUX MaTepiaiB Mpu 301UIbIICHH]
KUTBKOCTI BOJIOTH 110 2% 30UTBIITY€ETHCS HA MIBTOpa-IBa TMOPSIKU, IPOBIIHICTH 3pOCTAE HA
5-7 1 Oinpiie mopsakiB, € 3poctae B 2—3 pasu, Uy 3HUKYeThes B 5—7 pasis. [lpu
3BOJIOXKEHHI 3HIKYETHCSI B KUIbKA pa3iB 1 MEXaHIuYHA MIIHICTh [IUX MarepiamiB. Ajie s
NESIKUX, HaNpPUKIAA JUIs Tanepy, CIOCTEPIraeThCss MAaKCUMYM MEXaHIYHOI MIITHOCTI B
3aJIEKHOCTI B1Jl CTYNEHS 3BOJIOKEHHS.

[Ipu 3BOJIO’KEHHI MOXKHA KOHCTaTyBaTH, IO, B 3arajJbHOMYy BHUIAJAKY, 00’€M
KPUCTAJIIYHUX MaTepialliB 3MIHIOETbCSI Majo, B TOM K€ yac i JAESIKUX aMop(HUX
JIeNIEKTPHUKIB CIIOCTEPIra€Thest HA0OYXaHHA, TOOTO 301IBIIEHHIM 00’ €MYy.

VY 3aranbHOMY BUITQJIKy MOKHA 3pOOUTH BHUCHOBOK, IO (i3uuHa abcopOIlis BoaU
CYIIPOBOIKYETHCS 3MIHOIO €NEKTPUYHUX XapaKTEPUCTHUK i30iLii. SIKo Boga BCTynae B
XIMIYHY B3a€MOJIiI0, TO Ma€ MICI€ TIOTIPIICHHS 1 MEXaHIYHUX BJIACTUBOCTEH.

JUnist 3aXMCTy TBEpAMX 130JSALIMHUX MarepialiB BiJl BOJIOTH, IO MICTHTBCA Y
HaBKOJIMIITHBOMY CEpEOBHUII, 3BHYAHO BUKOPHUCTOBYIOTH NMPOCOYCHHS X OJIMBaMH,
napaginom, nakamu i T.11. [IpocouyBasibHi pe4OBUHH 3aTIOBHIOIOTH BEJIMKI MOPOXKHEU1 i
3MEHIIYIOTh MOBEPXHIO MPOHUKHEHHS BOJIOTH B 00’ eM. IIIBHIKICTh 3BOJIOKEHHS 1301111
IpU IIbOMY 3MEHIIYETHCS. AJle 13 4aCOM BCTAHOBIIIOETHCS TOM e PIBHOBAXHHUM CTYIIHB
3BOJIOXKEHHS, 10 W 0e3 mpocodeHHs. [HIN KOHCTPYKTHUBHI 3axoau (HAMpPUKIA,
repMeTH3allis) TAKOXK HE 3aBXKIU MPUBOJAATH 1O IOBHOTO YCYHEHHS BITUBY BOJIOTH, TOMY
IO JIOCUTh YacTO BOJIa € MPOAYKTOM PO3KJIaJIaHHS 130JIAMIMHOTO MaTepiany B mporieci
ctapinHs. OHaK MIBUIKICTh 3BOJIOKEHHS MPU LIbOMY CHJIBHO 3HM)KYETHCS, 110 J103BOJISIE
CYTTEBO MiABUIIUTH TEPMIH CITYKOH 130511,
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] Jdztse U, Qify Isidraelesd B 3a0pyaueniit atmocdepi, mpu ocigaHHI Ha
MOBEPXHIO 130JIAIi1 30UIBIIYIOTh TTOBEPXHEBY MPOBIAHICTH, OCOOJHMBO TMPH HASIBHOCTI
BOJIOTH, P13KO CIIOTBOPIOIOTH PO3MOALUI NOJIS, CHPUSIOTh PYHHYBAHHIO MTOBEPXHI 13011111
CTpyMaMU MPOBITHOCTI ¥ MOBEPXHEBUMH po3psiiamMu. BusButu 3a0py HEHHS TOPIBHIHO
JIETKO, X04a BUAAINTH iX HE 3aBXKIH MPOCTO, OCOOJIMBO TP HASIBHOCTI IIEMEHTHOTO TTHITY
i 1HImMMX 3a0pyJIHEHb, IO MIIHO 3YIIUTIOIOTHCS 3 MOBEpXHE. Tomy A 30BHINIHBOT
13071511111 3aCTOCOBYIOTBCS CHEIiajbHl KOHCTPYKTHBHI 3aX0/I, IO I03BOJIIIOTH 3MEHIIIUTH
BILTUB 3a0py/JHEHb Ha Mpale3/1aTHICTh KOHCTPYKIIIi.

[lin miero 4acTMHOK MICKY MOXIJIMBa aOpa3uBHA i HAa TBEPJIl €JIEKTPOI30JIAIINHI
MaTepiajy, Mo TaKoX HeoOX1THO BpaXOBYBAaTH MPHU KOHCTPYIOBaHHI 30BHIIIHBOT 130JISIT11.

t tsdz fted totsH dzd = , @afiifide wEgpadizsnierd@aa, 3B0auThCS, B
OCHOBHOMY, /0 aKTHBAIlll OKHCHIOBAIBHUX TiporeciB. OKHCHIOBaJbHA JIECTPYKIIis
eslacTomMepiB (FyM) 1 HOJIIMEPIB MPHU BIUIMBI COHSIYHOT pajialii IPUCKOPIOETHCA B KUIbKA
pasiB. Haifbinbm mpocTuii crocid 3aXHCTy CKIAAa€ThCsS B JIOJaBaHHI JO Marepiany
OapBHUX MITMEHTIB, 10 MOTJIMHAIOTH YIbTpadioiaeToBe BUIIpOMiHIOBaHHA. Haifuactimie
3aCTOCOBYETHCS Ta30Ba Caxa.

BrnuB npupoaHuX 10HI3YI0OUMX BUIIPOMIHIOBaHb HA J1€JIEKTPUKU HE3HAYHUM.

3B' sdztsc ' ydaets 0OF Is duasdpguiinboto @8pdsidsiaia Maiidiapry
HeOe3MneKy SABJSAI0Th LBUIb 1 OakTepii. ['pubku B mpoieci KUTTEAISUIBHOCTI BUAUISIOTH
KHCJIOTH, 10 IIKIJUTMBO BIUIMBAIOTH OCOOJIMBO Ha IEIIOJIO3HY Ta IMOJiaMiIHYy 130JIAIIIIO.
bakTepii 1HO/II BXKUBAIOTH 130JIA11110 K XapyoBUi MpoaykT. [loinaroTs 13051411110, 0cOOINBO
Ha OCHOBI IEJTIOJIO3H, 1 IESIKI KOMaxH, cepe]l sSIKUX HaitHeOe3MeUHIUMU € TEPMITH.
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Tpaauuiitna no6ynosa po3auty "/lienekTpuyHi MaTepiaan' IPyHTY€EThCS Ha 3arajibHii
KIacudikallii JIeTEeKTPUKIB 3a arperaTHUM CTaHOM, CKJIajoM (OpraHidyHi, HEOpraHiyHi,
KOMIIO3UIIIIHI) Ta MPU3HAUYEHHM (€JIEKTPOI130JIALIINHI, KOHEHCATOPHI, aKTUBHI).

[Ipy po3risai OCHOBHHUX BJIACTUBOCTEH Ta30MOAIOHUX [IeTEKTPUKIB HEOOX1THO
3BEpHYTH yBary Ha B3a€MO3B’S30K MDK OyJOBOIO MOJIEKYJTU rasy (MOJISIPHICTIO) Ta
CJICKTPUYHOIO MIIHICTIO, O3HAHOMHUTHUCS 3 EJIEKTPOI3OJISIIHHUMU BIACTUBOCTAMHU
HaWO1IBII MMPOKO 3aCTOCOBYBAHMX Ta30MOAIOHUX JIICIEKTPHKIB.

VY nporieci BUBYEHHS PIAKUX J1€IEKTPUKIB HEOOX1THO 3aCBOITH IXHIO KJIacU(IKAIIiIO
Ha MPHUPOJIHI Ta IITY4YHI, 3HATH OCOOJMBOCTI IXHIX BJIACTUBOCTEH, BMITH 3a YHUCIOBUMHU
3HAUCHHSMH JICJICKTPUYHUX XapPaKTEPUCTHK — YCTAHOBUTH HAJIEKHICTh PIiJIKOTO
JieJIeKTprKa 10 HEUTpaabHUX a00 MOISPHUX, @ TAKOK OIMIIHUTH MOYKJIMBOCTI Ta CIIeU (iKY
iX MpaKTUIHOTO 3acTocyBaHHsI. OCHOBHY yBary CIiJl IPUIUINTH BUBYCHHIO BIACTHBOCTEH
TpaHcopMaTOpHOi, KaOeapHOI Ta KOHJCHCATOPHOI OJMB, KPEMHIMOpPraHidYHUX 1
(dTOpOpraHiYHUX PiJIUH.

3HauHl YCKIAJHEHHS BUHUKAIOTh MPH BUBYEHHI TBEPAUX ICNEKTPUKIB dYepes
PI3HOMAHITHICTh MaTepiajiB, SIKI HaJeXaTh O HUX, 1 BEJIMKUX BIAMIHHOCTEH XIMIYHOT
OyI0BH, CTPYKTYpH Ta BIIACTUBOCTEH IIMX MaTepiaiB.

[ToTpibHO 3BEepHYTH yBary Ha BIJMIHHICTh BJIACTUBOCTEH EJEKTPUYHOI 130JISII11,
BUTOTOBJICHOI 3 OJIHOTO ¥ TOTO caMOro MaTepiaiy, 110 OB’ s3aHa:

a) 3 po3MmipHuUMH edeKkTamu (IUTIBKOBA 130JIA111s1 KOHACHCATOPIB MA€ 3HAYHO BUIILY
€JICKTPUYHY MIIHICTh MOPIBHSHO 3 EJIEKTPUYHOI MIIHICTIO 00’€MHOTO Marepiainy —
eKCTPYJOBaHOI 130JIA111 MPOBO/IIB 1 KaOeiB; MEXaHiuHa MILIHICTh MOJTIMEPHUX BOJIOKOH Y
Oararo pa3iB MEPEBUIIY€E MIIHICTh JJUCTOBOTO a00 0JI0YHOT0 Marepiaiy i T.I.,

0) 3 TepMOOOpPOOKOIO, IO CYMPOBO/KYETHCS 3MIHOK arperarHoro CTaHy Ta
YTBOPEHHSIM KPUCTAJIYHOI YU TPOCTOPOBOI CTPYKTypH (MIOKPAIICHHS MieIEKTPUYHHUX
BJIACTHBOCTEM JIaKiB, KOMIIAyH/IIB, eMaJjieil Mpu TBepJHEHH], Kay4yyKiB MPH BYJKaHi3allll,
MoJIIMEPIB MIPH KPHCTaNi3allii Ta 31IKMBaHHI 1 T.11.);

KpiM TOro, HeoOXigHO B3STH 10 yBard MOXJIMBICTH IMOMITHOTO MOKpAUICHHS
BJIACTUBOCTEN MOJIMEPHUX JI1€IEKTPUKIB:

— nwIsixoM Mojaudikarii XiMiyHOI OylOBH Ta CTPYKTYpH Marepiany (IiJBHILEHHS
CTIMKOCTI 10 HAarpiBaHHS NP BBEJCHHI 3aMiCHUKIB BOJIHIO, IIUISIXOM YTBOPEHHS PUBUTHUX
a00 3MIUTHUX MOJIIMEPIB),

— CTBOpPEHHS MarepiaiB 3 IIMPOKOID TraMOI  BJIACTUBOCTEH  crocobaMu
miacTudikaiii, CriHIOBaHHS, BBEJICHHS HAIOBHIOBAUIB, CTa0113aTOPIB, AHTUOKCUIAHTIB,
AHTHPAJIB 1 T.I. B MOJIIETUJICH, MOJTICTUPOJ, MOMIBIHIIXJIOPU, TOTIKapOOHAT, TOIiMII,
noJyiiypeTtaH, (PTOpOIIacT Ta 1HIII MOJIIMEepH,

— HAJaHHA NOTPIOHUX TEXHOJIOTIYHUX, TEXHIYHHUX 1 €KCITyaTaI[iiiHIX BIACTHUBOCTEH
KOMIAayHJAaM [OUIIXOM  J1000py  B’SDKYYOro, 3aTBepKyBadiB, HAIlOBHIOBAYiB,
MIPUCKOPIOBAYIB, TIACTU(IKATOPIB 1 T.1I.

[Ipy BUBYEHHI OKpPEMHX [ICIEKTPUYHUX MaTepiajiB HEOOXiJHO 3acBOITH
iHdopMaIliio mpo ckiaaja, OyJAoBYy Ta CTPYKTYPYy OCHOBHUX PI3HOBHJIIB MaTepially, HOro
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eNeKTpodi3uyHi, TEIJIOB1, MEXaHI4H1 i (hi3UKO-XIMIUHI BIACTUBOCTI, CIIocobu Ta cdepu
3aCTOCYBaHHS.

Cnig 3a3HAYUTH, 1[I0 MOKJIMBOCTI YUCTUX MaTepialliB BXKE 3HAYHOIO MIpPOIO
BUKOPHUCTAaHI 1 33JTOBOJILHUTH 3pOCTAI04l BUMOTH HAYKOBO-TEXHIYHOT'O MPOTPECY B HOBUX
MaTepiajiax MOKHAa TUIBKM IUIIXOM CTBOPEHHS KOMIO3MIIMHUX MarepiaiiB, Kl
MOETHYIOTH 3aJ1aHl, YaCTO CYMepeyHi, BIACTUBOCTI.

Tomy ocobnuBy yBary ciiJi NPUIIIUTH KOMIO3UIIMHUM MaTtepiajiaM, YTBOPEHUM
IpU MEXaHIYHOMY TepeMIlllyBaHHI OpraHIYHUX 1 HEOpPraHIYHUX KOMIIOHEHTIB 3
HACTYITHOIO TEXHOJIOTTYHOI0 00p0oOKOoI0. [0 KOMITO3UIIIHUX MaTepiaaiB MOXKHA BIAHECTH
OUTBIIIICTP BUKOPHUCTOBYBAHMX Ha TMPAKTHUIll ICIEKTPUUYHUX MaTepialliB Ha OCHOBI
OpraHiYHUX B'SDKYYHX: TUIACTMACH, JJAKOTKAHWHU Ta MIApyBaTi IUIACTUKH, KOMIAYyH[IH,
naky, emani Tomo. OcTaHHIM 4YacoM SK B'SKydi BCe MIMPIIE BUKOPUCTOBYIOTHCS
€JIEMEHTOOPIaHIuHI Ta HEOPraHiuHI PEYOBUHHU.

JUis o3HalloMJIEHHsT HaBeAeMO NPUOIM3HY KIAacU(DIKAIII0 EJIEKTPOTEXHIUHUX
MaTepiajiB 3a MpU3HAYCHHSM.
1. fOlsjte’" Odzd Hdzw jdzj Sbstetslsjrndzg’ ydedms dBON d

— Ta30mo/Ii0HI — MOBITPS, a30T, €JIeras, BOJICHb;

— plaki — HaQTOB1 Ta POCIMHHI OJIMBU, KPEMHIHOPraHiyHi Ta PTOPOPraHiuHi piANHM;

— TBEpJi OpraHiuyHi 1 KOMITO3UIIMHI — IMOJIIMITH, Tarmip, €ICKTPOKAPTOH, T'e€THHAKC,
TEKCTOJIIT, IIPeC-MaTepiain, JAKOTKAHUHH, TPOCOUYBAJIbHI Ta 3aJIMBAJIbHI KOMIIAYHH, JIAKH,

— TBepJi HEOPTaHiuHI Ta KOMIO3HUIIiHI — dapdop, CKIIo, clto1a Ta MaTepiainy Ha ii
OCHOBI — CITIOJIOTIANIEPU, MIKAHITH, CITIOIOTIIACTH, MIKaJIEKC Ta 1H.

2. [ dz S stets’ L sdzvw y ' 2 dg’ BOIsj t6' Odzd H dzw az'
CdaW stz Yyt

— Marepiajy Ajs TOBITPSHUX JIHIA eJeKTporepenaad — JepeBo, OETOH, MOBITPA,
MOpIIEJIsHA, CKJIO, CUTAIIN, CKJIOIIJIACTHKY;

— Marepianu s KaOeJlbHUX JiHIHN eleKTponepead — MoJieTHIICH, TOiBIHUIXIOPHUI,
ryma, KaOenpbHu# narip, kabelbHi OJMBH, eJIeras3, a30T, O1TyMHI KOMITayH/IH;

— MaTepiand IS 1307111 MPOBOAIB Ta KaOeNiB — IOMIETHIICH, IMOJIBIHUIXJIOPHU/I,
NOJIICTUPOJ,  ModiTeTpadTopeTusieH,  MOJi1300yTUJIIEH, noJiieTuiaeHTepedranar,
NoJIiypeTanu, TyMH, Tamip, JaKu, eMalli, BOJIOKHA,

— MaTepiand sl MiAKIaJ0K APYKOBaHUX IiaT — (DOJIbroBaHi T€TUHAKC, TEKCTOJIIT,
CKJIOTEKCTOJIT, KepaMidHi MaTepiajiu, CUTAIH.

3 [ Oljt’ Odzd H &zv [ Mls Odesmwdsn|ydamiopounalkdpadzia)y ©
CKJIO, CUTaJIH, MiKaJieKc, PToporuiacT, memnak, e00HIT, OypIITHH.

4.1 Olsjte’" Odzd Hdzw tetsB BIsd 9 — qkcEmdIgDRBAz! dzd -
BeO Ta in.) Ta 6e3kucHeBa (SisNa, AIN Ta iH.)kepamika.

5] Olsjte" Odzd Hd&zW CtsdzH J dzMOIsstc’ o

— CJICKTPOJIITUYHUX — Marip, OKCUIHA 130JISII1s;

— HHM3BKOYACTOTHUX — TMamip, KOHJEHCAaTOpHAa OJIMBA, CIIOJA, TOJIMEpHI IUTiBKH,
TUTAHOBMICHA KepaMiKa;

— BHCOKOYACTOTHHX — KOHJIEHCATOpPHA KepaMika.

6.0SIsdods H':jdjCltedSd
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— T'€30€NEKTPUKH JJIsI PE30HATOPIB, T'€30€TeKTPUUHUX (PLIHTPIB, IBUTYHIB — KBapII,
MOJISIpU30BaHa CerHEeTOKepaMika (IIMPKOHAT — TUTaHAT CBUHIIIO, HIOOAT CBUHIIIO, Hi00AT
Oapiro, kepamika T-1700);

— CETHETOENEKTPUKHU JIJISl YNPABIiHHSA BHCOKOYACTOTHUMH 1 HAJIBUCOKOYACTOTHUMU
CUTHAJlaMU — CErHETOBa Culb, aurigpodocdaTr Kalio, TUTaHAT Oapio Ta Horo TBEp.l
PO3YHMHHU 3 IHIIUMH TUTAHATAMU;

— MIPOENIEKTPUKH, K JaTYUKHU U BUMIPIOBAaHHS TEMIIEPATYPH Ha B1JICTaHI;

— CNEKTPETH Uil MIiKpOQOHIB, nomimepu  (roporuiacr,
noJlieTHIeHTepedTanar Ta iH.);

— ONTHYHI MaTepiayii JJIi aKTUBHUX EJIEMEHTIB Jia3epiB: pyOiH, ITpifaroMiHi€B1
rpaHaTH, ajlOMiHAT ITPil0, HATPIAIAHTAHMOJIOAAT, MOJNIOAEH Ta IIEENIT, JIETOBaHI
HEOAMMOM, (DITFOOPHT 3 AUCIPO3iEM Ta iH.;

IaTYUKIB — BICK,

— JIOMIHO(OPH B cCUCTEeMax 1HIUKAIT — Cylb(i]] IIUHKY, BUIEMIT, BOJIACTOHIT;
— PiJAKi KpUCTAJM B CHCTeMaX 1HAMKAII 1 BioOpakeHHS.

PTIBC 1 _ ., T T T T e
l"azonomiOHI AieNeKTPUKH BUKOPHUCTOBYIOTh, 3BHYANHO, SK EJICKTPOI30JISIIiHHI
MaTepiaju.
Jlo iX mepeBar BIIHOCSATHCS HAJI3BUYAMHO BUCOKI 3HAYEHHS EJIEKTPOQI3HUHUX
BIacTuBOCTeM npu HU3BKKX (70 1000 B) Hanpyrax:
— Jy’e BUCOKUI muTomuii enexrpuunuii omip (101 — 101 Om-m);
— MaJie 3HaY€HHs BiTHOCHOI JTieNeKTPHIHOi MpoRMKHOCTI (~ 1) i mysxe mammii tgd (<107°);
— MaJia TyCTHHA, 1110 0COOJIMBO BaXKJIMBO JIJIsi OOPTOBOI arapaTypH.
— J1lo OCHOBHHX HEJOIIKIB Ta30MOA10HO1 130JI1111 MOXKHA BITHSCTH:
— HU3BKY eJIeKTpU4Hy MilHIcTh (3 — 7,8 kB/MMm);
— BIJICYTHICTh KOHCTPYKIIWHUX BJIACTHUBOCTEH, TOOTO MOXIJIMBOCTEH CIpUAMATH 1
BUTPUMYBATH MEXaHIYHI HAaBAaHTAKCHHS,
— HEOOXIJIHICTh repMeTu3allii (KpiM MOBITPS IPpH aTMOC(HEPHOMY THUCKOBI);
— MJIBHIIEHA BAPTICTh (KPIM MOBITPS, sIKE MPAKTUYHO OE3KOIITOBHE).
OCHOBH1 XapaKTepUCTUKH Ta3iB, [0 BHUKOPUCTOBYIOTHCS SK €JIEKTPOTEXHIUHI
matepianu, HaBeneHi B Tabxd. 11.1.

Tabmur 10.1 IMopiBHsUTEHA TAOTUIIS BIACTUBOCTEH ra3iB

I'a3 BigHocHa Hienex- BigHOCHI 10 XapaKTEepUCTHK MOBITPs 3HAYEHHS
TyCTUHA TpUYHA Enextpuuna | Temonpo- | Temmo- | Koedimient
MIPOHUKHICTh MILHICTb BIJIHICTE €MHICTb | TEIUIOBiamaui
[ToBiTps 1,0 1,00057 1,0 1,0 1,0 1,0
A3zoT 0,97 1,00058 1,0 1,08 1,05 1,03
Bonens 0,069 1,00026 0,6 6,69 14,35 1,51
Erneras 5,03 1,00191 2,4 1,25 0,6 —
®peon — — 2,6 — — —

] 59 ' Isterfoproe cymyTHIO i30JIAIiI0 B JHISX €IEKTPHUHUX MEPEXK, M0 i€
napajeinbHO 3 TBEPAOK 130JIAIli€l0, SKAa MPEACTaBIIEHA MiABICHUMH a00 MITHPHOBUMU
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1301sTOpamMu. Ha BIIacCTHBOCTI TOBITPS 1 HOTO B3aEMOII0 3 TBEPIAOIO 130JIAIIEI0
eJICKTPUYHUX MEpeX HalOlIblle BIiuBae Bosiora. [1oBITps 3aBKIU CYIIPOBOIKYE POOOTY
€JIEKTPOTEXHIYHOT'O Ta €JIEKTPOECHEPTETUYHOI0 00JIalHaHHA, 1 TYT OCHOBHUM HENIOJIIKOM
MOBITPS € OT0 XiMiYHA aKTUBHICTh, 3yMOBJICHA HAsIBHICTIO KUCHIO.

OCHOBHi BIIACTUBOCTI MOBiTps: rycTuHa — 1.293 Kr/M>, eleKTpUdHa MilHICTH —
3 kB/mmM; TermmonposianicTs — 0.0257 B1/M-K; Temmoemuicts 1.01 JIx/kr-K; xoedirtieHT
PO3BUHEHOI KOHBEKTUBHOI TerioBigaayui 10 Br/m%-K.

¢ L tSime BmacTMBOCTI, OJU3BKI J0 BIACTHBOCTEH MOBITPs, aj€ BiA3HAYAETHCS
XIMIYHOIO 1HEPTHICTIO, @ TOMY BHUKOPHCTOBYETbCS i ,,a30THOIO  3aXHCTY
TpaHcPOPMATOPHOI OJUBH, IO TOMEPEAHHO BAKYYMYETbCS 1 3HEKHUCHIOETHCS, Ta IS
3alTOBHEHHS T'a30BUX KOHJICHCATOPIB.

]l 5 H jmdgBaxaroun Ha Te, 110 HOTO eJeKTpUYHA MIIHICTh cKiagae Bcyoro 0,54
BiJl €JIEKTPUYHOI MILHOCTI TMOBITPS, Ma€ HAA3BUYAaHO BHMCOKI Terio(i3nyHi
XapaKTEPUCTUKH — HOTO TEIJIOEMHICTB B 14,35 pa3, a TemionpoBigHicTh B 6,8 pa3 OuIbIIi,
HIK Yy moBiTps. BpaxoByroun 30UIbLIEHHST TPOOMBHOI HANpyrd TBEPAOI 130JAL1i MpHU
TEIJIOBOMY Mpo0oi npu 301UIbIIeHH] Koe(diIieHTa TEIUIOB11/1a4i, BOJEHb BHKOPHCTOBYIOTh
JUI  OXOJIO/DKEHHS B EJICKTPUYHHX MAaIlMHAX BEIMKOI MOTYXHOCTI. Kpim Toro,
BUKOPHUCTAHHS BOJHIO 3MEHIIY€ BTPATH MOTYKHOCTI HAa TEPTS POTOpa B rasi 1 BHACIIOK
BIJICYTHOCTI KHCHIO MNPHUBOJUTH JI0 YIOBUIBHEHHS TEIJIOBOTO CTAapiHHS OPTraHIYHUX
CKJIQJIOBUX 130JIA1111. AJie BpaXOBYHOYHM TOPIOYICTh 1 MOXKJIUBICTh YTBOPEHHS TPUMYYOTO
razy, B MallMHI BeCb 4Yac HEOOXIJHO MIATPUMYBAaTH HAJIUIIKOBUI THUCK, IO MOXKHA
BiJTHECTH JI0 HEJIOIIKIB BOJIHIO.

[ dz] G@irpudHuii ra3) — mecTuTOpPHUCTA CipKa Ma€ EICKTPHUYHY MILIHICTH B 2,9
pasu BUINY HIX MOBITPs, K 1 iHII (PTOPOBMICHI Ta3u, IO MEpPEeBaKAIOTh TOBITPS 3a
eJIEKTpUYHOIO MilHIcTIO 70 10 pa3. Ha BiaMiHy BiJ IHIIMX CHOJYK (TOpPY BIH He
TOKCUYHHI, BUTPUMYE [0 JYyTd 1 Ma€ XOpOIi AYroracHi BIACTUBOCTI, BUTPUMYE 0Oe3
poskiananss Temmnepatypy A0 800 °C. Enera3 BUKOpHUCTOBYIOTh, IPUMMAOYU O YBAaru
000B'SI3KOBY HEOOXiNHICTh TepMeTH3allii, Mpu HaAJUIIKOBOMY THUCKOBI 10 2 MIla B
BHCOKOBOJIFTHUX KOHCTPYKIIISIX, OCOOJMBO B HEOJHOPITHUX IMOJIAX, Y BUMHUKadax, B
repMETH30BAHUX PO3MOAUIBHUX MPHUCTPOSX, B Ta30HANOBHEHUX BHCOKOBOJBTHHUX
Kabesx.

A 16 | Sz BumapoByBanmbHHII OXOJIO/DKYBad B  Majora0apuTHUX OOpPTOBUX
TpaHcopMaTopax, B XOJOAWIbHUX MamuHax. [Ipu BukopucTtanHi ¢ppeoHy HEOOXiTHO
BpPaxOBYBAaTH, 110 BiH BUKIIMKA€E KOPO3iI0 AEIKUX TBEPIUX OPTaHIuHUX JiCIEKTPHKIB.

p 1-[ 8 G ” N ’ - N ! . bl - b) - x ” T bl T x AN S

Pinki pgienekTpuku 3a0e3MeuyroTh  130JALII0  TpaHchOpMaTOpiB, MACISHUX
BUMHKAYiB, PEaKTOPiB, PEOCTATiB, KOHIEHCATOPIB, OJMBOHANIOBHEHUX KabemiB Ta iH. Ix
TaKOK 3aCTOCOBYIOTH SIK IPOCOYYBAIBHUI MaTepiasl. BoHM MalOTh €J1EKTPUYHY MIIHICTD,
110 B 3 i OUTBIIIE Pa3iB MEPEBUILYE EIEKTPUUHY MILIHICTh Fa30MOAIOHUX TiENIEKTPHKIB, 1 10
30 pa3iB BUIILy TEIJIONPOBIIHICTH B TOPIBHSAHHI 3 TazaMu, [IpocouenHs manepoBoi 130511111
KOHJICHCATOPIiB 1 KaOenmiB pPIAKUMHU Mi€JICKTPUKAMU 3HAYHO MiABHUINYE i1 EICKTPUUHY
MILHICTb.
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Pinki gienexTpuku MOIIISIOTHCS Ha:
~—NPUPp @YW IN € B dafiTBBE OBHBH, 1[0 BHKOPHCTOBYIOTHCS SK 130JIAIIIHHI,
OXOJIOJKYBaJIbHI Ta MPOCOYYBAJIbHI PIIUHUA, Ta OOMEXEHO 3aCTOCOBYBAHI B HAIll 4ac
POCIMHHI OJ1ii — pULIMHOBA (/17151 IPOCOYYBAHHS MANEePOBUX KOHACHCATOPIB);
— C W HT e Txpewrill— Ta TOpopranivHi piInHYU, a TAKOXK MTYYHO CHHTE30BaHI
BYTJICBOJIHEB1 OpTaHiuHi PIIHUHU.

10.3.1°"’“~‘ T ommy o T ~

HadrtoBi onmuBM OTpuMYyIOTH B pe3yiabTaTi (pakiiiiHoi MeperoHku HapTH i
HACTYTHOT'O OYMILEHHS NEPIIOi MAaCsHOI (Ppakiii HUISIXOM MOCIII0BHOI 0OpOOKH CipYaHOIO
KHCJIOTOR0, JIYTOM, BOJIOI0, aficOpOeHTaMH 1 BUCYIITyBaHHS. YUM TTIHOIIIE OYHUILIEHHS OJIMBH,
TUM CBITJIIIHMHA KOJip BOHA MA€ — BiJl TEMHO-)KOBTOTO J10 Maixe 0e30apBHOTO.

B 3amexxHocTi Bij ponmoBuia HadTOBI OJWBH CKIAJAOTHCSA 13 CYMIII PI3HHUX
BYTJIEBOJIHIB TapadiHOBOro (METaHOBOTO), HAPTEHOBOTO Ta apOMATUYHOTO PSIIB, IS
MOKpAIIEHHs eKCIUTyaTalliiHUX BJIACTHBOCTEH 10 HUX JOJaeThes A0 1% mpucanok, 1o
M1IBUIIYIOTH X CTIMKICTH JI0 TETUIOBOTO Ta €EKTPUYHOTO CTapiHHS IMiJ AIEI0 YaCTKOBUX

PO3pPSIiB.

napadgi HoB I Ha PT eHOBI
H H H CH2 CH
| | H.C CH- HC A C-
H-C-C-.—C-—H
| H: CH; HC H
’H H H CH; cn S

[TapadinoBi onMBU MarOTh JOOPY XiMiIUHY CTAOUIBHICTH (MaJI0 OKUCHIOIOTHCS), €
HAaCUYEHHUMH CIIOJyKaMH, BMICT Ha()TEHOBUX OJIUB B HAPTOBUX — 110 85%, a apOMaTUYHUX,
HASIBHICTD SKUX 3HIKYE OKHCHIOBAHICTh HATOBUX OJIUB, 110 15%.

3a xapakTepoM BUKOPUCTaHHS HAQTOB1 MiHEpaJbH1 OJIMBU MOAUIAIOTH HA TaKI:

—0NIUBMWBNCOKOBUOPRHKB WO P VBN MIPK 884 i B ;
- kKabeampumsu,
— KOHAEeHCo/TWBIWH.I

1032 . noov oA ~ u Yy A [ T B N 1 N A~ h rr
N ~ ? ~

(9 s C

< 2

HadroBa TpancopmaTopHa ONIMBa, IO € HEMOJSAPHOK PEUYOBHUHOIO, O
3QJIMBAHHS B €JICKTPOOOJIaJHAHHS Ma€ TaKi TEXHIUYHI MOKA3HUKH.

[y ¢ T wpamdopmaToproi omusu 0,850...0,900 xr/m® nmpu 20 C (me
HOPMYETBCS, 3pOCTa€ 31 BMICTOM apOMaTHYHUX BYTJEBOAHIB), TeMIIepaTypHUN
xoe(imient rycrunu 0,00065 K2,

Ki HemMaTuyH a vamlull sasieK3HageAHH, CpUsie KOHBEKTUBHOMY
BIJIBEJICHHIO TEIJIOTH BiJi 0OMOTOK 1 MarHiTOMpoBOy TpaHcopmaTopa, a TaKOK
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raciHHIO IyTH Y BUCOKOBOJIGTHUX BUMHKauax. Bona cranosuts 17 — 18,5 mm%/c npu
20 Ci6,5—6,7 mm%c mipu 50 C.

TemMneparTy pEHagad XCRONEPHEINCUHICTh TPaHCHOPMATOPHOL
onusH i cranoButh 135 — 150 C myst cyxoi cBixkoi omBu. [Ipu excrtyararii Bona
HE TOBHHHA 3HW)XYBaTHUCh Oulbll, HDK Ha 5 °C Bl MOYATKOBOTO 3HAYCHHS, 1
3aMmIaTUCs Ha piBHI He HIkde 135 C.

TemMnepaTypa TRBR@MUAGPEHOANSN BaXINBA MPU pOOOTI
oOnaHaHHS B pallOHaX 3 HU3BKOIO TEMIIEPATYPOIO B3UMKY. JIJIs 3BUUaliHUX MapoK
BoHa cTaHoBUTh —45 C. [lns apkruaaux mapok Tam, T-750, ATK i MB — minyc 50,
55,601 70 C BigmoBigHO.

T ennonp ompaachepimataed onuBu ckianae 1 Br/m K, mo B 25...30
pa3 OuIblile, HIXK JIsl TOBITPs (ITPU BUIbHIN KOHBEKIIT), TeI0eMHICTh 1,5 JIx/kr-K.

Bonor o g% ir/€) Ty cBikiii omuBi gomyckaerbess 0 0,001% s
TpaHchopMaTopiB 3 IUIIBKOBHUM a00 a3oTHuM 3axuctom 1 0,002% — 06e3
CHEIaJIbHOTO 3aXUCTY.

Kunc n ot KiicomMHbuucio CBiXKOT OJMBH MOBUHHO OyTH He Oinbiie 0,02
mr KOH / 1r onuBu mns ob6nagHanHg Ha Hanpyru 10 500 kB Bkmatouno 1 0,01 mr
KOH / 1r onuBu Ha Bumii Hanpyru. Jias macia, 1m0 3HaXOAUThCS B €KCILTyaTarlii
KHUCIIOTHE YUCJIO HE TTOBUHHE MEPEBUIIYBATH TPAaHUYHE J0MycTUME 3HadeHHs 0,25
mr KOH/1r onuBH, mpu HOTO TIOCATHEHHI OJIMBAa PETeHEPYETHCS (JUB. HUKYE).

Me x aHi Y Hi. Peyprnmaniy KM ocaay ab0 B 3aBHCIOMY CTaHi B
TpaHc(OpMaTOpHIN OJIUBI BI3yaJbHO MOBHHHI OYTHM BIJICYTHIMH MpH poOOUld
Harpy3i obnaaHanHs 10 750 kB BkiItouHO.

Oi enekKTpwnyH aTpaughbapmaropadi omeBd topisHioe 2,2...2,3. 3
POCTOM TeMIIEpPaTypH BOHA MOBIILHO 3MEHIITYETHCS BHACIIIOK PO3IIUPEHHS OJIUBH.

NMnTOoMMNI 0 6 ' esmuxbimibes ® mdxpx 10°..108° Om@. B
eKcIuTyartarlii TpaHcopMaTopHa OJIMBA BBAKAETHCS HEMPUIATHOIO MPU MTUTOMOMY
onopi mermie 2Q0° OmM®.

TaHreHc «kyTa Ai emedsikdd ol WX TevBIEPaPyRL T
90°C tgd'¢ 0,022 nns obnagHanHs Ha podody Hanpyry 10 500 kB BKimouno, Ha 750
kB — 0,005. B ekcrutyaranii rpanuuHo fomyctumi 3HadenHs tgd 0,026 1 0,007
BIIIIOBIIHO.

EnekTpunyHa  tpancqQppMATEpAOb OJMBH  BU3HAYAETHCS B
CTaHJapTHOMY OJIMBHOMY PO3PSTHUKY 3 BIJICTAHHIO MK €JEKTpOJaMH 2,5 MM.
Bumoru 10 i mpoOWMBHOT Hampyrd B CTaHIAPTHOMY OJIMBHOMY PO3PSIHUKY B
3aJIeKHOCT1 BiJl poO0OYOi HAMpPYTrH eJIeKTpoOoOaJHaHHS HaBenaeHi B TaOm. 11.2
(mepiie 3HaYECHHS — MPOOWBHA HAMpyra OJWBU JI0 3aJIMBaHHS B OO0JIalHAHHA, B
JTy>KKaX — TICIIsl 3] TMBaHHA).

Ta6muns 10.2

PoGoua Hanpyra 750 —
o namanix, B To 15 15 35-150 | 220-500 | 7=
Unp OZIMBH B CTAHIAPTHOMY | 55 o5y | 35(30) | 60 (55) 70 (65) 70
PO3PSITHUKY
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dlsOtc wigdelio df jIssHd tyudh jdzdzv SO t6 64 daj O
B mpomeci ekcryartarii TpaHcopmaTopHa OJiMBa CTapi€, TOOTO MOCTYIOBO
BTpaya€e CBOI €KCIUTyaTallliiHi BIACTUBOCTI, 110 MOXE MPUBECTHU 0 BiJIMOBU OJIMBHUX
TpanchopmaTopiB uu anapariB. CtapiHHs oauBH OaratodakropHuil nmporec. Lle mepmr 3a
BCE MPOIIECH TEIUIOBOTO CTAPIHHS, BHACIIJOK SIKOTO OJMBAa OKHUCHIOETHCA, 3POCTaE il

KUCIIOTHE YHCIIO, B'SI3KiCTh, TeMIlepaTrypa 3acTUraHHs, tgd] yTBOPIOIOTHCS MEPEKUCHI
3B'SI3KU, IO POOJATH MOXJIMBUM IOJIIMEPHU3ALI0 OJUBU 3 YTBOPEHHSM KOJOiJHUX
YaCTHHOK 1 TBEpAOi a3y — 1uiamy, 110 OCiarodi Ha 0OMOTKAaxX 1 CTIHKaxX Oaka 3MEHIIye
BIJIBE/ICHHS TEIUIA, 3HMKYEThCS TEMIEpaTypa Clajaxy, a TaKoK BHACIIJJOK CIIOTBOPEHHS
NOJIST KOJIOTTHUMHU YaCTUHKAMH 1 IIJTJAMOM 3MEHIIYEThCS EICKTPUYIHA MILHICTh, MOXYTh
YTBOPIOBATHCS BOJA 1 rasu, 10 cJIa0KO BIUIMBAIOTh HA XapaKTEPUCTUKU OJMBH MOKU
3HaXOAATHCSI B PO3UYMHEHOMY CTaHl 1 PI3KO 3HIXKYIOTH 11 XapaKTEpUCTHKH, KOJIU
BUIISIOTBCS B OKpeMy jucrepcHy ¢asy. Iligsumienns temmeparypu Ha 10 C
NPULIBUALIYE CTApiHHS B 3aJICKHOCTI B1Jl MapKu oJiuBHU B 2 — 4,5 pasu. Ilpu nipomy BapTo
nam'saTaTH, 1o MNPSIMHUN KOHTAKT OJIMBH 3 MIJII0 HeOakaHUi, 00 MiJib BUCTYMHAE y POl
KaTaji3zaTopa OKHCJICHHS. Taky K poib MOXKYTh BiJIirpaBaTH COJIi OPTaHIYHUX KHUCJIOT 1
MeTaiB 3MiHHOT BasieHTHOCTI (Fe, CO Ta iH1i), po34rHEeHi B OJIHBI.

Jpyrum ¢pakTopoM CTapiHHS € 30BHINTHE CEPEIOBUIIE, 1110 MICTUTh KHCEHb 1 BOJIOTY
1 CIpusi€ TEIJIOBOMY CTApPIHHIO 1 3BOJIOKEHHIO ONMBU. J[J1s1 3aXuCTy Bif J1i 30BHIIIHHOTO
CepeIoBUIIa BUKOPUCTOBYIOTh a30THUH a00 IIIBKOBUI 3aXUCT OJIMBH.

Tperili ¢akrop — eJNeKTpUYHE IMOJI€ 1 YAaCTKOBI pO3PSAM, SIKI 3yMOBIIOIOTH
PO3KJIaIaHHs TPAaHC(POPMATOPHOT OJTMBY 3 BUIJICHHSIM BOJIU 1 ra30Moi0HUX MPOAYKTIB, B
3B'3KYy 3 UMM BBEJICHA TaKa XapaKTEPUCTHUKA OJIMBU K Ta30CTIMKICTh. ['a30CTIHKICTh
3pOCTa€ 3 BMICTOM apOMaTHYHUX BYTJIEBOJHIB, OJJHAK BOHU 3HUKYIOTh BOJOTOCTIMKICTB,
a TOMY iX KOHLIEHTpallisl HOBUHHA OyTH ONTUMAIbHOIO.

Jljis 3aXUCTy BiJl CTapiHHA TpaHC(HOPMATOPHOI OJIMBH BUKOPUCTOBYIOThH MPUCATKY
10HOJTy, He MeHIe Hix 0,2 mac.%. BpaxoByrouu, 1110 10HOJ € 3aXUCTOM TUIy 'kepTBa",
TOOTO BUTPAYAETHCS B MPOLIECI 3aXUCTY, PEaryloyH 3 KUCHEM, IOBOJUTHCSI KOHTPOJIIOBATH
HOro BUTPATH 1 IOTIOBHIOBATHU HOr0 KUIBKICTh, KOJIM BOHA cTae MeHie 0,1 mac.%.

[Tpu crapinHi Macio cTae OUIBII TEMHUM 32 PaXyHOK MPOYKTIB XIMIYHHUX PEaKIIii,
30UIBIIYETHCSL HOTO B’ SI3KICTh.

OnHiero 3 nepeBar HaTOBUX OJIUB € MOXKIIUBICTh BITHOBJICHHS 1X €NEKTPO(I3HUHUX
1 IHIIIMX XapaKTePUCTUK. J{JIs HOTO IPOBOISATH MEPIOIUIHUN KOHTPOJIb TEXHIYHOTO CTaHy
OJIMBU IIIIXOM BHU3HAUEHHS MPOOUBHOI HAIIPYTH y CTAHAAPTHOMY OJTUBHOMY PO3PSIHUKY,
OJIHaK B CHJIOBHX TpaHc(opMaTopax noTyxHicTio 10 63 kBA nanpyroro 10 kB macno e
BUIIPOOOBYIOTH, @ 3aMIHIOIOTh 32 OpaKyBaJbHUMH MOKAa3HUKAMH, 110 KOHTPOJIOIOTHCS B
IpoIieci eKCITyaTallii, Ta 3a pe3yJIbTaTaMu NPOoPUIAKTUIHUX BUIPOOYBaHb 130JIA1I11.

Jlns OesmepepBHOT pereHepaltii 130JAIHHOT OJHMBH CIYXHTh T € P MO C U 0O H |
i N bimopacTocoByeThCs Ha TpaHchopMmaTopax 3 noTyxkHicTio He MeHme 100 kBA, a
TaKOX B CUIbCHKHX €JIEKTpOMepexax (JApyra Ha3Ba —OTJIUHAIbHI TATPOHH).

Jns  TpaHcdopmaTopiB, M0 HE MalOTh TEPMOCH(POHHUX (QUIBTPIB, Macio
BUMPOOOBYIOTh HE PIJIllIe OJHOTO pa3y Ha PiK; B IHIIMX BUIMAIKaX Macjo OepeThCcs Ha
aHami3 TMiJ 4Yac KamiTadbHOrO Ta TOTOYHOrOo peMoHTiB. [lpm BumpoOyBaHHAX
TpaHCc(HOPMaTOPHOI OJIMBU BU3HAYAIOTH J11F0U€ 3HAYEHHS IPOOMBHOI HAIIPYT'H IPU 4aCTOTI
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50 Tu, tgd i iumi xapakrepuctuku. TpaHchOpMATOPHY ONUBY, OAMH 3 OpaKyBaIbHUX
rapaMeTpiB SIKO1 BUMIIIOB 3a IOMYCTUMI MEXI, IiJAaI0Th BiTHOBICHHIO 32 OJJHUM 3 TPHOX
Croco0iB.

Cnocodu oYMIIEHHA:

1.B i A C3}ilicHioeThCS B CyXOMY OIAIIOBAHOMY IPUMIIIEHH] 3 YUCTHM MTOBITPSAM
JUTSI 3SMEHIIICHHS KOHIICHTPAITii KOJIOiTHUX YaCTHHOK Ta MIIaMy.

2. LUe HT p v dy.rlicmpdgyra BiZoKpeMIIIOE BOAY Ta IOMIIIKHA TIIbKA B
rerniii omusi (+45..+55 C). IIpu +70 C mouumHaeThCsl MAPOYTBOPEHHS BOIH Ta
IHTEHCUBHE CTapiHHS Macla.

3. ®i Nb T py Blposomasbes npu Temneparypi +20 C. Ilpu Oinbrmiit
TeMIlepaTypl TMajae TIrPOCKOMIYHICTh (DUIBTpYIOUOTO KapToHy. DUIbTpyBaHHS
BUKOPHUCTOBYETHCS MicIs HEHTPUPYTyBaHHA. 3aCTOCYBAaHHA y (QUIbTpIIpEcax CUIIIKAre 0
a00 BIIOUTIOIOYUX TJIMH TAKOX PI3KO 3MEHIITYE KUCIOTHICTh MacJa.

Cnoco0u cyminHs.

Haiinockonamimmii crocié cymidas — p 0 3 N U np@& wednaparypi 60..70 C B
O0ak, B skoMy miarpuMyeTbcs Bakyym 60...100 MM pT.cT. MOXHA CYIIUTH OJUBY B
aT MO C pe prpu sakgy®iT5...180 mwm pr.crT.

[Ipu HeoOximHOCTI TpaHCHOPMATOPHY OJUBY CyIIaTh Y BIacHOMY Oaky

Tparchopmatopa H ar p i B @oH temueparypu 70..80 C crpymMamMu HYJIbOBOI
MOCJIIIOBHOCT1 a00 3a paxyHOK BTpaT y TpaHchopmMaTopi.

Perenepauis.

HaiiOinmpim moOBHE BIIHOBJIEHHS MOKA3HUKIB SAKOCTI OJHWBU 3IIMCHIOETHCS
per eH e @@i)dueomiiieHHsM). PO3pi3HAIOTE Taki BUAM pereHepaltii:

Apac op @enarpity g0 temmneparypu 80..90 C onuMBY mNepeMilIyroTh 3
afcopOeHTOM, MOTIM NPOBOAATH BiACTIH, ¢iIbTpyBaHHA. lleit cmoci0 Ha3MBaKOThH
KOHTAaKTHMWM.

Me p K 0 N 4 wpi WeevM§ criocobi Harpity onmuy (80...100 C) mpomyckaroTh
yepe3 TOBCTUH Iap ajacopOeHTy (amopdHe BYriUIf, CUJIKareib, BiAOUTIOKOYI TIWHU,
aKTUBOBAHU OKHC aJTFOMIHIIO).

LOWIstso © € tsdzH | dzin @issis tpelzanHo tsodatfien€d 1 neraszosana,
CIIY’)KATh U1l TIPOCOYYBAHHS MANepoOBUX KOHJEHCATOPIB, IIO JO3BOJISE 30UIBIINTH
€JICKTPUYHY MIIHICTh Mamnepy, HOro BITHOCHY JI€IEKTPUUYHY HMPOHUKHICTb, a 3HAYHUTh
30UIBIIUTH ~ THUTOMY  €MHICTh  TANepoBUX  KOHJAEHCATOpiB. Y  MPOCOYEHOTO

KOHJIEHCATOPHOIO OJIMBOIO Mamepy 3apa3 MPaKTUYHO HEMA€ KOHKYPEHTIB Y IKOCTI 130JIS1I11
CHJIOBHX KOHJIEHCATOPIB. Ii XapaKTepHCTHKH JeI0 Kpalli, Hi’ TpaHcOpMaTOpHOI: €
=2,1...2,3; tgd = 0,002 (mpu temmeparypi 20 C i wacroti 1xI'n); t | omsq#5 C,
npoOUBHA HAMpyra B CTAHAAPTHOMY OJMBHOMY pO3pAIHUKY Oinbmie 50 kB.

]l OL | dz'odzts svdd xapakTepuCTHKH, OMU3BKI 10 XapaKTEPUCTHK HAPTOBOI
onuBH, anle 3 TeMmmeparypoio 3acturaHHs — 5 C Ii iHKOAM BHKOPHCTOBYIOTH s
POCOYCHHS MANePOBUX KOHACHCATOPIB, 110 MPAIIOIOTH B ONMATIOBAHUX MPUMILICHHSX.

Mmkzstcts 9 Odz i tctsH,zhds gk MHshWsidadz' ‘dziz figtso9s melz
BUKOPHCTOBYBAJINCS JIsl IPOCOYCHHS MTATIEPOBUX KOHICHCATOPIB 3 MiABUILCHHAM €MHOCTI
Ha 50%, BUSBWINCA KAaHIEPOTCHHHMH pPEUYOBHMHAMH, 3apa3 3a00poHEHI 1 He
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BUKOPHUCTOBYIOTHCSI B €JIEKTPOTEXHIIll, X04a KOHJIEHCATOPU 3 HUMH JOCI 3HAXOASTHCS B
eKCInTyaTaIli.

LOWIstse O ¢+ 620 B itsddre] a0OnHenaBHROrO Oyna OXHUM 3 OCHOBHHUX
KOMIIOHEHTIB 130JIs1lii BHCOKOBOJIbTHMX CHJIOBUX KaOejiB, ajie 3apa3 BUTICHSIETHCS
3IIUTUM T0JIIeTUIeHOM. BoHa Bipi3Hs€EThCS Bl NONEpPEAHIX OUIBIIOI B’SI3KICTIO, SIKY
3abe3neuye ao/aBaHHs KaHioyii a0 CHMHTETHYHOro 3arymiyBada. HadrToBa kabenbHa

onuBa noBuHHa Matu Uy gie menmie 50 kB, tgdmpu 100 C ue 6inbire 0,003, Temmepatypy
cmanaxy He Hmkde 200 C i remneparypy 3acturanss He pumie 30 C.

JUia mpocoyeHHsl ManepoBoi 130JiMil CHWIOBHX KaOeniB Hampyrowo 1o 35 kB
BHKOPHCTOBYIOTh KaOeJIbHY OJIMBY 3 KiHeMaTuuHOwo B's3kicTio mpu 20 C He Oinbiie
37 mm?/c ( <9,6 mm?%/c mpu 50 C), a I ONMBOHAIIOBHEHUX KaOelliB BUCOKOTO THCKY (110
1 MIla) manpyroso Bix 110 go 500 kB — He 6ibme 800 mm%/c 1pu 20 C i He 6inbime 50
mm?/c ipu 50 C.

> —_ > ~ ’ 4 > k]
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VY Tux BuMajakax, KOJU MOTPiIOHA BUCOKA MOKEKOHEOE3MEUHICTh, BAKOPUCTOBYIOTh
CHHTETHUYHI JIeJIEKTPUKH — KpeMHIHOpraHiuHi, ¢TopopraHiuHi Ta BYTJICBOIHEBI.

St i dgdz’ 2 tstc G O dzinoymdzexaris o HiggnMigroopraHiuHuX pEeYOBHH, B
OCHOBHOMY MOJIEKYJIIPHOMY JIaHIF031 MAalTh TOCIITOBHO 3'€HAHI aTOMH KPEMHIIO 1
KHCHIO (CHJIOKCAaHOBHH 3B's30K). B 3anexxHocti Bim paaukany (OOKOBOi Tpymu), IO

NpHUETHAHUN 10 aTOMYy KPEMHII0 pO3pi3HAIOTH monimetwmicuiokcanosi (IIMC, rpyna —
CHs), momietuncunokcanoBi (IIEC, rpyma — C;Hs) 1 momiMerundeHiIcHIOKCaHOBI
(IIM®C, rpynu —CHz 1 —CgHs) kxpemHiiiopradivHi piauHH.

3a paxyHOK BHUCOKOI eHeprii 3B'sI3Ky KpeMHil—kuceHb (374 xJx/mMomb)
KPEMHIHOpraHiudi piJMHU MOXYTh TpaioBatd 10 Temrepatyp 250 C. Bonu maroTh
MOPIBHSHO BHUCOKUW MHUTOMHU omip [/ =102 Om®, manmii tgd = 0,0001...0,0003,
NPAKTUYHO HEMOoJIApHI — npu yacToTi 1 kI'n €=2,5...3,3, HU3bKY TrpOCKONIYHICTh, MATy
3aJIeKHICTh B’SI3KOCTI BiJl TEeMIEpaTypH, aje OJHOYACHO HE JYXKE BUCOKY EJICKTPHUHY
MILHICTD [ mp = 14 — 18 kB/MM. Uepe3 BUCOKY BapTiCTh BUKOPUCTOBYIOTh X 0OMEXEHO
JUIA TIPOCOYEHHS KOHJEHCATOpiB, IO TPU3HAYCHI MPAIIOBATH TMPH IMiJABHIIECHUX
TeMIeparypax, 1 HoJsipu3alii 1M'€30e1eKTPUKIB.

ToproBa mapka, i SIKOIO BUITYCKAIOTHCSI KpEMHIMOpraniuHi piguHu — "kanopis'.
Jlo HenoMiKiB, KpIM BHCOKO1 BapTOCTI, IO B JECSITKA — COTHI pa3 BHIIA, HI)K BapTICTh
Ha(TOBUX OJIMB, MOKHA BIJHECTH JIETKY 3alMUCTICTh KPEMHIHOPTaHIYHUX PiIUH.

Alststetste G O dz' wilgiocsaries ne gapddnaHiioroBux Croiayk 3 Gpropom y
OOKOBHX BiAranyxeHHsx. Bouu Hemomsipui € =2,2...2,5, marots Manuii tgd = 0,0001 —

0,0002, mutomuii omip 7 =10% — 10'* OM®, eneKTpUUHy MILHICTb [ np = 12 — 19 kB/MM,
IPaHUYHO MaJy TirPOCKOIMIYHICTh, BUCOKY HArpiBocTiikicTs (10 300 C), Many B A3KiCTh,
MOBHY HETOPIOYiCTh, BUCOKY IYTOCTIMKICTb, aJie TAKOXK BUCOKY ( B TUCSUY pa3 AOPOXKUi 3a
HadTOBI oONMBH) BapTicTh. [lpum BUKOpUCTaHHI (TOPOPTAHIYHUX PIAMH HEOOX1THO
BpPaxXOBYBATH TAKOX iX J[iF0 HA TYMY 1 B3aEMOJIIIO 3 MIJIJIFO 1 OKUCOM 3aJTi3a, 0 IPUBOIUTH
710 IXHBOT'O 3a0pyTHEHHS 1 3HHXKY€E XapaKTEePUCTHKH.
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HU3bkUM cTyneHem (10 — 20) momiMepu3ariii, IO MarOTh Kpaili eleKTpodi3uyHi
XapaKTEPUCTUKH, MIABUIIEHY CTIHKICTh J0 TEIJIOBOTO CTapiHHSA 1 ra30CTIMKICTh, HIXK
Ha(TOBl OJMBH, TOYMHAIOTH BCE IIUPIIE BUKOPUCTOBYBATUCS JJIsi MPOCOYYBAHHS
NanepoBHUX KOHAEHCATOPIB.

104% . 7 v ., T ox T e X

Bci TBepi nienekTpuKy MaroTh Ha/l Ta30T0II0HMMU Ta PITMHHUMHE TY TIepeBary, 1o
MOpsAZT 3 CIEKTPUYHHM HABAHTAXKCHHSIM BOHH MOXYTh BUTPHUMYBAaTH 1 MeEXaHIYHI
HaIpy>KeHHS, TOOTO BHUKOHYBAaTH MapayeIbHO POJIb KOHCTPYKIIIWHHUX MarepiajiB, IO
CYTTEBO CHPOIIYE BUKOHAHHS EJIEKTPOI3OJALIMHOrO oOJagHaHHA. 3 1HIIOTO OOKYy iM
MpUTAaMaHHUM 1 Jy)Ke€ CepHO3HHMM HEIOJIK — MOBHA BTpaTa CJICKTPUYHOI MIITHOCTI MpH
CJICKTPUYHOMY MPpOo00i, B TOM Yac K ra3onofiOH1 Ta PiKi MIEIEKTPUKU TYXKe IIBHIKO
BIIHOBITIOIOTH ii. BHACIIOK IIbOTO MOTPIOHO NP BUKOPHUCTAHHI TBEPIUX IICICKTPUKIB
JTy’K€ BIAMOBIJAIBHO BITHOCUTHCS 0 BUOOPY poOOUOT HAMIPYTH 1 HAMPY>KEHOCTI MOJIS.

TBepal mieIeKTpUYHI MaTepiaar MOKHA PO3IITUTH Ha TPH BEJIMKI TPYITH:

—O0praHi YHi
—HeopraHi YHI
—KOMNDO3MUi WHI

OpraniyHi TBepAl MieNEKTPUKU TMEPII 32 BCE € KOBAJIEHTHUMHU HETOJSIPHUMHU a00

CTa0OTONIIPHUMH BYTJICBOJIHEBUMH JIAHITIOXKKOBUMH, PO3TATY)KEHUMHU a00 KUTbYaCTUMHU

cnoiaykamu. Jlo iX ckiiagy MOXXYTh BXOJUTH aTOMHU BOJHIO —H, ByrieBoaHeBi rpynu —
CH3s, —C2Hs, 6en3onbH1 kil —CeHs Ta 1X mmoxigHi, I'STH- 1 miecTHwieHH! KUTbIs —CsHog,
—CsH11, a Takox aromu xyopy, ¢TOpy, KHUCHIO, a30Ty, ¢ocdopy TOIIO.
HuspkoMomekyIsipHI OpraHiuHi PEYOBHHH, IO MAalOTh B MOJeKyai Big 2 10 50 atomiB
BYTJIEIIO 1 MOXYTh IepedyBaTh B Ta3onoAiOHOMy, PIAMHHOMY Ta TBEPIOMY CTaHi,
HA3MBAIOTHCS MOHOMepaMu. Piki Ta TBep/il OpraHiuyHi PeUOBUHU, MOJIEKYIIH SIKUX MAlOTh
y cBoeMy ckiazai aeck 10 1000 aToMiB BYIJICIIO 1 JIJISl IKUX, KOJIM BOHU 3HAXOASATHCA Y
TBEPAOMY CTaHi, XapaKTepHa TUIBKKM TpyxkHa nedopmariisi, sika 3HUKAE TPU 3HATTI
HaBaHTAXKCHHS, HA3WUBAIOTHCS OJIITOMEpPaMH. SIKIIO MOJEKYIH OpPraHidHUX pPEYOBHH
CKJIAIAIOTHCA 3 GiIBIIOT KiMbKOCTi aToMiB Byriemo (1o 10°) i s Hux mae micue kpim
OpyXHOi Ie W miacTuyHa (3aJumkoBa) aedopmainis — e nodiMepu. binpuiicte
HOJIMEPHUX JIEJIEKTPUKIB BITHOCATHCS J0 IITYYHO CHHTE30BAHUX CIIOIYK.

B 3anexHocTi Bij cKiIaly 1 CTPYKTYpH OpraHiuHi J1€IeKTPUKU MOKHA MOJLTUTH Ha
BOCKOTIO/I0H1, €IEKTPOI30JIAIIHHI CMOJIH 1 OITYyMHU, JIAKH 1 eMali, ToJIMEPH, eTaCTOMEPH,
TUTaCTMACH.

Kpim opraniyHuX MOMIMEpPHHUX AIETIEKTPUKIB SIK AI€TICKTPUKH BUKOPHCTOBYIOThH
YHCTO CHUHTETUYHI E€JIEMEHTOOpPTraHIuHi, HAMpPUKIAJ KpEeMHIMOpraHiuHi, 1 HEOpraHiyHi
CHOJYKH.

Jlo HEeopraHiuHUX J1€JIEKTPHUKIB BITHOCSITHCS OKHCIIU 1 CHCTEMHU OKHUCIIIB METaJIB Ta
METaJOIiB 3 TMOJIIPHUM KOBAJICHTHUM a00 10HHUM 3B'i3KOM. BoHM MOXyTh OyTH B
KpucTajgiyHomy (ciroga) i amopdHOMy (CTEKJIa) CTaHi, a TAaKOX MPEJICTABISATH COOOI0
Oararoda3zHuii MaTepian — KepamiKy. 3a CTIHKICTIO 710 Jii OUTBIIOCTI 30BHIIIHIX (akTOPiB
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HEOpPraHiuHI MIeNIeKTPUKU TEePEeBAKAIOTh OPTaHivHI, aje BOHM KPUXKI 1 TEXHOJIOTiS
BUT'OTOBJICHHS 130JIS111 3 HUX OUIBII CKJIaHA.

Kommno3zuiniini 1ieneKTpUKy CKIIaIal0ThCs 3 KUTBKOX PEUYOBHH, 1110 30€piratoTh CBOi
BJIACTHBOCTI, aje B CyMI JalOTh MNPOMDKHUN BapiaHT. YacTo B KOMIIO3UTax st
CKJICIOBAHHSI KOMIIOHEHTIB BUKOPHUCTOBYIOTh CMOJIH, MOJIMEPH 1 CKIIO.

10 4 1 ~ - s n n ~ ~ ~ y ~ n 1 ] ~ ~ ~
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BockonomioHi gieieKTpUKHN

Jlo BOCKOMOAIOHUX [IEJIEKTPUKIB BITHOCSATHCS OpraHiyHI KpUCTaJIIYHI
PEYOBMHH, MOJICKYJIM SIKMX BKIIIOYAIOTh KiJbKa JECSATKIB aTOMiB ByTJelo. Bonu
JIETKOTIJIaBK1, MalOTh JOOP1 €IEKTPUYHI BIACTUBOCTI, BUCOKY BOJIOTOCTIHKICTb, aJie
HU3bKI MeXaHiuHl napametpu. [Ipu mepexosi 3 piKoro cTaHy B TBEpAHMM JalOTh
Benuky ycaaky (mo 15...20%), ToMy Oulbllla YyacTHHA O0’€MY 3aJIUIIAETHCS Y
BUTJISIL TOPOXKHUH, 3aIIOBHEHUX MOBITPSIM, [0 TPUBOJAUTH IPH BUCOKIM HaIpy31 10
BUHUKHEHHSI YaCTKOBUX PO3PSI/IIB Ta 3HUKEHHSI €JIEKTPUYHOI MIIIHOCTI MaTepiaiy.
Jlo ocobamBOoCTEM  OUIBIIOCTI BOCKIB  BIJHOCHUTBCS HE3JAaTHICTb 1O
IUTIBKOYTBOPEHHS.

BockonomiOHi  Ji€EKTpUKHM  MalOTh  OOMEXKEHE  3aCTOCYBaHHS B
€JIEKTPOI30JIALIIHIN TEXHII1, 30KpeMa IPU BUTOTOBJIEHH]1 KOHJIEHCATOPIB MOCTIHHOT
Harpyru g0 1000 B i 3minnoi 1o 300 B, a Takox y kabenbHOMY BUPOOHHUIITBI. Y
BHCOKOBOJIbTHIA TEXHIIll BOHM BHUTICHSIOTHCS PIIKMMH Ha HAMIBPIIKUMU
IPOCOYYBAILHUMH OJTBAMHU.

BickOypae N P U P ORM T YIY H WA .

[ L 5C j(ted] Istec ' € Idpidponaa’xdndinia 3 HahTOBUM 3a11aXOM CXO0XKa
Ha O/KoNMHMN BicK. 3 moyaTky XIX CTONITTS MHUPOKO 3aCTOCOBYETHCA B METUIIMHI
1 floro 3amacu B JaHMI 4Yac y CBITI MPAaKTUYHO BUYepnaHi. O30KEPUT € CYyMIIIIIIO
TBEPJIUX BYIJIEBOAHIB MapadiHOBOrO PSAY 3 ACSIKUM BMICTOM CMOJIMCTHUX PEUOBUH,
a TOMy MOXE€ MaTu J0 JecATka Moaudikaiiiii B 3aJ€KHOCTI BiJl POJOBHUIIA
Po3zunHsieTbess B O€H30J1, TOJMYOl, XJOpOo(opMi, CIpKOBYTIICI, 3MIIIYETHCS 3
JakaMHM, CMOJaMHd Ta BOCKOM. B  eleKTpoTexHill 3acTOCOBYBaBCS s
POCOYYBaHHS OaBOBHSHO — TalepoBUX OOIJIETEHh MPOBOJIB Ta KaOemiB.
Enextpuuni Bnactusocti: 7 =10 O MM ; d101;E, 7225 Kk BeEM/m.2,8.
3apa3 BuTicHeHUH tapadiHoM.

1 Ote O W¥ueno@sspuumii gienexktpuk). OTPUMYIOTh 3 TUCTHIATY napadiHucToi
HaTU LUISXOM HArpiBaHHs Ta BUMOPOXKYBaHHs. Tpoxu KupHUil Ha goTuk. Ha
3J1aM1 Ma€ KpUCTAIIYHY CTPYKTYpy. Po3unHsieTbest B 0eH3011, O€H3UHI, MiHEpaTbHUX
Maciiax, ajie B CIUPTI Ta Y BOJ1 HE pO3UMHAEThCA. [IpakTHUHO HE TIrpOCKOTIYHUM.
[Tpu HOpManbHII TEMIEpaTypi Ma€ BUCOKY XIMIUHY CTaOUIbHICTB, asie npu 130...140
C B TOBITpi JIeTKO OKHUCIIOEThesA (omip 3HIKyeThed B 100 i Ginmbmie pas). He
YTBOPIOE TUTIBOK, TOMY HE MPUJATHUHN JJIsI BATOTOBJICHHS JIAKiB.

3aCTOCOBYIOTh JUIsl TIPOCOYYBAaHHS TIAepOBUX KOHACHCATOPIB HU3BKO1
HaAlpyru, JEpeB’sHUX JeTaliel, eJNeKTpokapToHiB. I[IpocouyioTh MeTo0M
npoBaproBaHHsa a0o mij Bakyymom. J[yisg kaGesiB, 3 METOI 3aXHUCTy BI1J THUTTS,
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BUKOPHCTOBYIOTh B CYMIlll 3 O30KepUTOM. EnexTpuuHi Ta (Pi3UKO-XiMiuHI
BractuBocti: 7 =100 MM ; dt §..7)10% Enp= 20 . 3ez1,9%.B2; MM ;
d=0, 85.531th,0:49.64C. M

A J t6 j LCefmimr TBepaux ByriaeBOOHIB MeTaHOBOIO psmy. Binm mapadinis
BIJIDI3HSIETHCS  CHUJIBHO PO3BUHYTUMHM JIAHIIO)KKAMU ~ BYTJICIICBUX  ATOMIB.
Po3pi3HsIOTH:

— O30KEPUTOBMI — MPOIYKT OYMCTKH 030KepuTy. Enexrpuuni Bmactusocti: r =10%
OmOx; tgd = (7...8)10%; Enp= 15...20 xB/mm; e =2,1...2,3; d=0,88...0,92 r/cm®; ycaaxa
5...7%; tums= 57...80 C;

— CHHTETUYHMI — HOPOAYKT, L0 OTPUMYIOTh IPU BUPOOHUUTBI CHUHTETUYHOIO
6ensuny. Enexrpuuni Bnactusocti:r = 10 OmGx; tgd = (5...9)10%; E;p=14...18 xB/Mum; €
=2,3...2,5; d=0,89...0,9 r/em®; ycanxka 5...7%; tums= 95...103 C;

[lepe3uH, 3aBIAKU IPIOHOKPHUCTAIIIYHIN CTPYKTYP1, YTBOPIOE 3 OJIMBAMM CTINUKI
HEPO3/IIJIbHI CyMIIlll, YTBOPIOE TOHKY IUIIBKY, III0 HE TPICKAETHCA. 3aCTOCOBYETHCS
JUISi TIPOCOYYBAHHS METaJoNanepoBUX KOHJEHCATOPIB, BOJOKHUCTOL 130JISAI1
ka0eniB 3B’s13Ky. Hajmae rymi CTIHKOCTI O COHAYHOTO CBITIA.

1 O dzts 9 (XErduuHmil TOSIPHUE TiCJICKTPUK, 0 CHHTE3YETHCS ILISIXOM
xsiopyBanHs Hadraniny (CioHsg), 1514 4oro uepes po3iuiaB HaTalliHy B IPUCYTHOCTI
XJIOPHOTO 3aJ1i3a (KaTaixi3aTop) MpOIyCKaTh XJIO0p.

PozunnseTbes B O€H3UHI, HE PO3YMHSETHCS B CIIUPTI Ta BoJi. Jla€ MOXKIUBICTD
Ha 20...25% 30UIBIIMTA €MHICTH MaNepoBUX KOHJEHcaTopiB. EnexrtpuyHi
BractuBocTi:/ =10 O MM ; d+0¢3;E, + 8 . 1 Oe=45B.%,5md#]1,55...1,7
r'cMKMUCNOTHE 4Yucihepsdd,.DBAC MT KOH/ r

Henomnik: TOKCUYHICTH, 0COOIUBO B PO3ITPITOMY CTaHI.

l OL | @xmidgrBepaux i piAKKX BYIJICBOIHIB, MOMIOHKMX 0 mapadiHy, 10
orpuMani 13 Haptu. Ilpu HOpmanbHI Temmeparypli — HamiBpiaka Maca.
3acTOCOBYEThCSl JJII MPOCOYYBAHHS NANEpOBHX KOHJEHCATOPiB. EnekTpuyHi
BractuBocTi:/=5A0?ONMM np nuC t@OGM n p n Ct. 5d=0,002npn
t=20C;Ep,5x 20 KsB#2M-M60C .t

XapakTepuCTUKH BOCKiB HaBeaeHi B Tabuiri 10.3.

Tabmuus 10.3

JiesiekTpuk
XapakTepHcruka Osokepur | ITapadin Hevpe3I/IH | Tanopaxe | D3¢
030KEPUTOBUH | CHHTETHYHUIN TH
p,OM - (20 C) 10 10% 10%° 10% 104 5-10%
& 2728 | 19272 21-23 2,3-25 45-55
tgd (20°C) 001 |(37)10* | (7-8)-10* (5-9)-10* 0,03 0,02
Emp, K B/ MM 25 20-30 15-20 14-18 8-10 20
tw, C 49-54 57-80 95-103 110-130 | 27-60
dr /% wm 0,85-0,9 0,88-0,92 0,89-0,9 155-17
Kdmr K O} 0,02
¥canka pu 5-7 5-7
TBEPJiHHI, %
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PeyoBHHM OpraHiyHOro MNOXO/KEHHS, M0 MarTh amoppHy OyaoBy. Bonu
MOILISFOTHCS
— 3 @ O X O [ X EHb I{pIPMIHI Ta CHHTETUYHI;
—3aB/1acT VB OHA TrepmbmtiacTUYHI (MIpH  HarpiBaHHI Ta HACTYITHOMY
OXOJIOJPKEHHI BJIACTUBOCTI iX HE 3MIHIOIOTHCS 1 BOHU 30€piratoTh IJIaBKICTh 1 PO3UUHHICTD

B TUX YW IHIIMX PO3YMHAX) Ta TEPMOpPEAKTHBHI (IIPW HArpiBaHHI JO JIOCUTh BUCOKOI
TEMIIEPATYPH TPOTATOM TPUBAJIOTO Yacy, BOHH BTPAdYalOTh BJIACTHBICThH IJIABKOCTI Ta
PO3YHUHHOCTI).

IIpupoani cmoJn:
s Odz' W ©axyoTs TepMiuHOIO OOpOOKOIO CMOJ XBOWHUX JEpeB TMICIIS
BIITOHKK BOJM Ta CKUNUAapy. AMopdHa pedoBHHA BiJ CBITJIO-IMMOHHOTO J10 TEMHO-

MIOMapaH4YOBOr0 KOJIHOPY (UMM TEMHIIIE, TUM OiIbIIE AOMIIIOK, TUM TIpII €IeKTPUIHI
BJIacTUBOCT1). PO3unMHHA B cUPTI, alleTOH1, CKUMKUAapi, O€H3MH1, HAQTOBUX 1 POCIMHHUX
OJIMBAaX, ajie HEPO3UMHHA Y BOJi. 3aCTOCOBYIOTH JJIsi MTPOCOYYBAHHS MANepOBOT 1301111
kabeniB, y BUPOOHHUITBI JIaKiB, Macio-kaHiponbHUX KommayHAiB. KaHidonb, mo npu
Temmnepatypi 150 C i Bume 106pe po3uuHsAe OKUCIH Mifli, BAKOPUCTOBYIOTH SK (hIIIOC IS
nasHHs Mifli Ta ii crnasis. Enextpuuni nactusocti: /=100 MM ; @1 0@5; En 510...12
KB/ em2, 7. .. 3, 55t,866.17009 1/ cw™

Z 1 dzO@nepxxyrOTh MPU OYMIICHHI TyMiJaKy, 10 BUAUISIOTh KOMaxH Ha TiJTKaX
TPOMIYHUX JepeB. PoO3UMHSETBCI B  ETUIOBOMY CHHPTi. 3aCTOCOBYETHCA  SIK
MpOCOUYyBaJbHUN Marepian y BUPOOHUIITBI CIIOASHUX BUPOOiIB. BukopucranHs B
eJIeKTPOTEXHILli Ha choroaHi ooMesxene. EnexTpuuni Bnactusocti: /=10 O MM ; d'%
0,008 001;Eny 20. .. 293 x B/ mth=>1, ,50100...020 € ™

1 Iz teh Is Tydzumaski cMon, BUKOIHI MTPOIYKTH A€PEB-CMOJIIOHOCIIIB. Po3unHHi
TUIEKH y pO3ILIaBIEHOMY BUIIIsii, Ilutomuii 06'emunii omip 6ypmrury 10 — 101 Om M,
nuToMuii mosepxueBuii — 1017 Om. Uepes BUCOKY BapTiCTh 3aCTOCOBYIOTH OOMEKEHO ISt
BBOJIiB B €JIEKTPOBUMIPIOBAIBHHUX MPUCTPOSIX, & TAKOXK AK JTOAATOK /IO OJIHUX JIaKiB.

TepmMopeakTHBHI | TEPMOILIACTHYHI CHHTETUYHI CMOJIH.
B TepmopeakTuBHUX mojiMepax, sk BXKe 3raayBajocs, IpH NMEepIIoMy HarpiBaHHi B

NPUCYTHOCTI PEYOBHHU-OTBEP/KYBaua YTBOPIOIOTHCS IMOMEPEYHi 3B'SA3KH 1 BeCh 00'eM
MaTepiary MepeTBOPIOETHCS B OHY MOJISKYITY. B IesIKMX cMoax mporiec 31ruBaHHSI MOXKE
NPOXOJAUTH TAaKOX 3@ PaxyHOK peakuii BIacHUX OOKOBHX Tpym. Take 3IIMBaHHS
MOJICKYJIIPHUX JIAHIJIOTIB TPH MiIBUIICHIA TeMIepaTypi Ha3HBAa€ThCS TapsdauM
TBEpIIHHAM. B TOH ke yac € CMOnH SIKi MOXKYTh 3IIMBATUCS NIPHU KIMHATHIN TemmepaTypi,
TOOTO 11 HUX XapaKTEPHE XOJIOAHE TBEPIIHHSI.

SIk mpaBWIIO, BCl TEPMOPEAKTHBHI CHHTETUYHI cMonu moJisApHi. s HamaHHS
TEpPMOTIIACTAM TIEBHUX BIIACTUBOCTEH B HUX BBOJATH CIeliaibHI JOOABKH, TakKi SK
ctabinizaTopH, miactuikaropy, HAMOBHIOBAY1, MITMEHTH.

A ] dzts dzts W S t6 d3O dz!  H- sipeayxi iziikoressmiiizGpeaxiii yrBopeHHs 3
BUIUIEHHSAM T1o0igHOrO mponaykTy — Boau) ¢enony CsHsOH 1 dopmampaerigy
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(mypamuaoro anpaeriny) CH20O 3 monexynspaoro Macoro 1500 — 2000.  VYTBopeHHs
MOJIIMEPY 3 OJITOMepy BiIOYBA€ThCA B MPOIECI BUTOTOBJICHHS BHUPOOY. 3aCTOCOBYIOTH
dbenonopopManpaeriqHi  CMOJIM MpU  BUPOOHUITBI  MPEC-TIOPOLIKIB, BOJOKHITIB,
mapyBaTuX IUTacTMac, KOMIAyHIIB, KJIEiB 1 JjakiB. BupoOu 3 HUX BiJ3HAYAIOTHCS
MEXaHIYHOIO MIIHICTIO, TEIUIOCTIMKICTIO, BOJO- 1 KUCIOTOCTIMKICTIO, a KJI€i XOpPOIIOI0
aare3i€ro 10 METaJiB, CKJIa, IEPEBUHU TOIIO.

B 3amexHOCTI Bil peXuUMy 1 KaTajizaTopiB (peHOJ0POpManbAEriHl OJIIrOMepH
MOJKYTh J1aBaTH Ha BUXOAI T € p MO p e ak T UBHI p e 8pa massimodTi H{ O a K
MeH1ie 1 Monst popmManpaeriny Ha 1| Moiab peHoy 1 1y’)KHOMY KaTajizaTtopi (aMiak, OKCHJ
Oapito Ta aMOHII0) a0 T e p MO N 1 a C T N Y, HKIo (peioB Patuay HHIAUIIKY 1
3acTocyBaTH kuciaotHui katanizarop (HCI), cmomnu.

Enextpuusi B1acTHBOCTIP € 3 0 b H ¢ b a € M as/RI0YQ MM ; a4 0025
—005En 10. . . 84560 MMm;

Pe3onpHI cMONHM 3aCTOCOBYIOTH SIK JOJATOK MpPH BUPOOHUIITBI IUIacTMacC 1
OakeniToBUX JakiB. He pekoMeHIyeTbcs BHUKOPUCTOBYBATH PE30JbHI CMOJU B
eJICKTPUYHUX arapaTtax, TOMY 10 BOHHU JIETKO OOBYTIIIOIOTHCS 1 YTBOPIOIOTh HA TIOBEPXHI
130151111 CTPYMOTPOBIAHI MICTKU IIPH 11 MOBEPXHEBUX PO3PSIIB.

L5 9 15 dzO \ dzvaroth) migSedzpfiuni BIacTHBOCTI HIDKYI BiJ PE30JIbHHX Yepes
HasBHICTh 3aJIMLIKIB KHUCJIOTHOTO KaTali3aTopy. 3acTOCOBYIOTH [UIsl BUPOOHUIITBA

IUIACTMACOBUX BUPOOIB B HM3bKOBOJIBTHIM amaparypi. Enexrpuuni Binactusocti: /=100
OMM; d3005- 0,;Enx 10. . . 245Kk MM;

St L tsdzsW st di3O dz!, mojmeEHin HotzpHi, fipkEisrdaifrosi i HoBomayHi,
BHACJIIZIOK HAasABHOCTI BYIJIEBOAHEBOI OOKOBOI TIpynH, OTPUMYIOTH aHAJOTIYHO

dbenomodopManbAETiIHUM, ae 3aMicTh (EHONY SK BUXIJHY PEUOBHHY OEpyTh Kpe3oi
CHs— CeHsOH.
O dz'° dz' dzs W st 3O dz! H jumdiywr dgonnentpaisadigfny CsHsNH2 i

dbopmanpaerily e MEHII TOJISIpHI HDK ¢deHono- 1 Kpe3onodopManbaeriaHi CMOIU

BHACJI10K MeHIo1 nmossipHocTi rpynu — NH2 B mopiBHsHHI 3 rpynoto —OH, Gi1bIn oMBo-
i gyrocriiiki. B pe3ynbraTi 18 anininHopopmansaeriqaux cmoi tgad'= 0,004 npu gactori
1 MTI', muromuit omip 7=10% O MM i Bogonornunanss 0,01 — 0,08% 3a 24 roaunu. o
HEJOJIKIB aH1TiHO(QOpPMAaNBIETiAHIX CMOJ BiIHOCSATHCS HU3bKa HArpiBOCTiMKiCcTh (90 _C)
1 TPYIHOIIII 3 TIepEePOOKOI0 y BUPOOH.

] dz" WilsOdzi 9 ' I Bis-dpByagrdfr feakziii jrofikotgie@caii riminepuny
HOCH2-CHOH-CH,0H Ta ¢ranesoro anrigpuny CeHa(OH).0 npu temmneparypi 220 C.
BUKOpUCTOBYIOTBCS 3 CHKAaTHBaMH a00 JUISHOK OJIMBOIO  SIK OCHOBA JIAKiB JIIs

BUPOOHHMIITBA  CIIOAAHOI  i30y14awii. Emextpuuni  Bractusocri:/=10%20 MEA dt g
=0,003..0,03E,#15. . . 28=4&.B./.mM;; 8 =%k ,ux8om/HeNK OHE no
CMONWM.

] | dzls OW Is ©Odzj 9 npodyicl teaztfucarii nearaepitputy C(CH20H)s 3
¢draneBum anrigpugoM. MoxHa MOaM(iKyBaTH HE TiIIbKM BHUCHXAIOYMMH, a 1 HaIliB- 1
HEBHCHXaIOYMMH OJIMBAMHU, L0 HAJAIOTh JIAKaM 1 €eMajIsiM Ha OCHOBI MeHTadTaneBux cMoI
BUCOKY €JIaCTUYHICTb.
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] sdz' 9 ' dz dzOu i Is Odojuspri  nmiefigicgimdz,d .pesynprar  peakiii
MOJIKOHACHCAIlI  MOJIBIHIIOBOrO CHUPTY 3 anpjaerizamu  (popManblaeriiom) B
MPHUCYTHOCTI Cip4aHOi abo0 COJITHOI KHCIOTH. BHKOPHUCTOBYIOTH IJIsi BUPOOHUIITBA

eMalbJIaKiB 1y 00MOTyBaIbHUX MPoBoiB. Enexkrpuuni Bnactusocti: /=100 MM ; d+t ¢
0,008..001Fr# 80. . . 1684.88/ Mmm;

[ " Odztso ' | f 5 Oakepekyotz nustigdziedrduencartii enixmopriapuny
3 JTUOKCUIU(DEHUIMPONAHOM y MPUCYTHOCTI JIYTy. XapaKTepHOIO O03HAKOI EMOKCHUIHUX
CMOJT € HasIBHICTh B MaTepiai €MOKCUIHUX TPYII

a F Al
N
o]

Jlo miaHOBUX €MOKCHIHHMX CMOJI BIAHOCITHCA cMosin Mapok Bia EJI-24 (piauna 3
HEBHMCOKOIO B'SI3KICTIO 1 MOJIEKYJIsipHOIO Macoro 350 — 400) no E/[-4 (TBepaa pedoBuHa 3
MoJIeKynsipHOI0  Macoro  (15-70)-10%). 3acTocoByIOTbCS SK OCHOBA 3aJMBATLHHX
KOMIMAYH/IIB 3 I0JIaBaHHSM 3aTBEPKYBayiB rapsayoro (aHriIpuan MajieiHoBoi Ta (raneBoi
KHCJIOT) Ta XOJOJHOTro (TeKcaMeTHJICHaMiH, IieTHICHTPHAMIH, IOJICTHICHIIOMIaMiH
Toio) TBepaiHHA. O0’eMHa ycajaka MpH TBEpAIHHI enokcuaHux cmodn csrae 0,5...1,5%.
Enextpuuni Bmactupocti: /=100 MM ; ot ¢0,001..0004E,716. . . 28e KB
=3, 5. .. 3, 3 pgpamdrerdnpuZremitepaiyps i 0 [0 C+130

EmokcuiHi ¢MOJM BHKOPHUCTOBYIOTBCS SIK EJIEKTPOI3OJISAIINHI Ta TepMEpH3yIOUl
Marepianau, s BUTOTOBJICHHS KJI€iB, JakKiB 1 KOMIAYHAIB 3 BHUCOKOK MEXaHIYHOIO
MIIIHICTIO, XIMIYHOIO CTIMKICTIO 1 CTIMKICTIO JIO /il 30BHINIHKOTO cepeaopuina. Ciig MaTu
Ha YyBa3i, ILI0 EMOKCHJHI CMOJU 3 OTBEp)KyBayaMU MOXXYTh BHUKJIMKATH UIKIpHI
3axXBOpPIOBaHHs. B 3aTBep/iioMy cTaHi BOHU BTPAa4arOTh TOKCHYHICTb.

KpiM niaHOBHX 1HKOJIM BUKOPHUCTOBYIOThH IIMKJIO0ATi(haTUYHI €MOKCHUHI CMOJH, SKI
MalOTh Kpallli XapaKTePUCTHKH, OCOOJMBO CTIMKICTh JI0 YacCTKOBUX pO3pSAIiB. Ale
uKJI0aTihaTUuHI CMOJIM Ha TOPSIAOK JTOPOKUI JIIaHOBHUX.

E i e 1 1o /BOEOMUATECS 10 TEPMOIUIACTUYHUX CHHTETHYHUX MaTepialib.
Cama MoseKyJia HEeN0I031 MICTUTh TPU TAPOKCUIIBHI TPYIH, a TOMY € JIy>K€ TOJISPHUM 1
TirPOCKOIIYHUM JiEIEKTPUKOM.

B mpoctux edipax 1eat0103u aTOMH BOJHIO B T1IPOKCUIIBHUX TPYyMaXxX 3aMIlIyHOThCS
BYIJICBOJHCBUMH 3aJIUIIIKAMK, HANpPUKIAL, B € T U /1 U, e /hadoemuanlyi rpyny —CoHs.
ETunmentono3a Mae BUCOKI €MEKTPOI30JIALINHI BIACTHBOCTI 1 XOPOIIY XOJOJOCTIHKICTh
(36epirae rayukicts 10 — 50 C).

Cxutagai edipu HENIOI03H MICTITh KUCIOTHI 3JIUIITKA: HITPOIIEIIONI03a — 3aTTUIIIKU
azotHol kucinothn —NOp, amnerunnemronoza — 3aaumika oinroBoi kucioty —CO-CHa.
Hitponeniono3a cuibHO roprova i Moxe OyTH HaBiTh BHOyXOHeOe3meyHO. 3aBIsSKd
3aMiHI CWJIBHO TOJISPHHUX TiJPOKCHUIBHUX TPYN HAa MEHII TOJISAPHI KUCIOTHI 3aJHIIKA
epipy [ETONO03M MaOTh Kpalll  eIeKTPOI3ONALIMHI ~ BJIACTUBOCTI 1  MEHIIY
TITPOCKOIIYHICTh, HIXK LIEJTI0JI03A. [x HemOMiKOM € HU3bKA HArpiBOCTINKICTb.
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Bitymu

I'pyna cnaGo mnonspHuX aMoOpdHHX [ICTeKTPHUKIB 3 CYMIIll BYTJEBOJIIB 3
noMimkamu. Po3pi3HA0Th:

—npunp6pnmn amparsTn), 3 IKUX 3aCTOCOBYIOTEN € Y € p aakckayglk M H C b K
GiTyMH /IS BATOTOBJIEHHS €IEKTPOi30 A HIX TOKPHBHUX NaKiB (tp o #.50...220C ) ;

—WT Y YHadTOBI), IO € BAKKUMH MPOTYKTAMH MEPETOHKH HA(TH. 3aCTOCOBYIOTH
JUTSL BUTOTOBIICHHS TIPOCOYYBATBHHX JIAKIB.

Enextpuuni Baactuocti: £=10%% — 10" OMM ; d ¢ 0,008...0,2;E: 7 10...25
K B/ wew2,2...3,0;

v v 7y A W oW v o u ~ r [ ~
10.4.3 .,

Jlaky BUTOTOBJISIOTBCS HA OCHOBI OpPraHIYHMX PO3YMHIB CMOJ, OITYyMIB Ta
BUCUXAIOYUX POCIUHHHUX OJIUB, IO € IUIIBKOYTBOPIOIOYMMM PEYOBUHAMH, SIKI IICISA
3BITPIOBAHHS PO3YMHHMKIB 1 XIMIYHHMX pEakUid YTBOPIOIOTh €1acTHUYHYy IUTBKY. Jlis
JOCSTHEHHsI OLIBIINOI €JaCTUYHOCTI IUNBKA B JIaK JOJAlOTh M /1A C T N PI KUART O P
NPUCKOPEHHS CYIIIHHSI — C W K a T(RATAIBATOpU XIMIYHHMX MpPOLECIB TBepAiHH:A). Jis
po30aBieHHs JaKiB, IO 3aryCTid, BBOAATH P O 3 Y U H HOM BiIPI3HIIOTECS Bij
NEPBICHUX P O 3 Y U HOHIHAIKIOBIBHPHUM BHUIIAPOBYBAHHSAM. 3BEpPHITH yBary, IIo JIaKu
BUKOPHUCTOBYIOTh Y PIIKOMY CTaHi, a eKCIUIyaTylOTh y TBEpAOMY, TOOTO IPU BUKOPUCTAHH1
arperaTHUi CTaH MaTepiany 3MIHIOETHCS.

JIaku MOAUISAIOTHCS HAa TPYIH 38 TAKUMU KPUTEPISAMU:

1. 3a npu3HaYCHHAM:

- npocoyyBanbHI ;

— NDOKPUBHI ;

—Knewui ;

— Cc n e ui(asmeMatdBaHHS 0OMOTOYHHX IPOBOJIIB).

Ile He cTporuii mojis, Tak SK OJAWH 1 TOW XK€ JIaK MOX€ BUKOPUCTOBYBATHCH SIK
POCOYYBaJIbHUH 1 MOKPUBHMIA, 00 SIK MOKPUBHUM 1 KJICIOUUH.

2. 3a cknaznom:

—0oNni WHI ;
—0Ni-BHOY MHI ;
—CMONAHI ;

— KpeMHI Mompir.aHi YHI

3. 3a cnocoOOM CyIIIHHSA:

— X 0 N1 0 A Hi@irpOHOro) — YTBOPEHHS IUTIBKM NpH KIMHATHIM Temmeparypi
(menauHi, edip 1eII0JI03H1). 3aCTOCOBYIOTHCS P PEMOHTHUX poOOTaX;

— [_a p 5 @1@HOr0) — mporec MPOXOAUTh IpH TemmepaTypi Bix 70 C i Bume. B mux
JaKax 3acTOCOBYIOTh TEPMOPEAKTHBHI IUIIBKOYTBOPIOIOYI pedoBHHHU (Tiipranesi,
pE30JIbHI Ta 1HII CMOJIM), TOMY BOHM BUMararoThb YMOB JJIS TTOJIiMepH3allii. Y HUX BUII
MEXaHIYHI Ta eJeKTPUYHI XapaKTEePUCTUKU HIXK Y JIaKiB XOJIOAHOTO CYIIIHHSL.

l s Uz 9 ©dz nde" npocd®PEantfiss TOpUCTOT Ta BOJOKHHUCTOT i30SIl
(mamepy, KapTOHY, TKAHUHH, 1307151111 0OMOTOK eJIeKTpoariapartis 1 enekTpoManiut). [Ticis
POCOYYBaHHS TOPU 3aTIOBHIOIOTHCA JIAKOM, a HE TMOBITPSAM, IO 30UIBIIYE EIEKTPUUHY
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MIIIHICTh, HArpIBOCTIMKICTh, BOJOTOCTIMKICTh Ta TEIUIOMPOBIAHICTH 130JIAIii, a TaKOX
€MHICTh MaNepoOBUX KOH/IEHCATOPIB.

Bumoru miist mpocodyBagbHUX JIAKiB:

— n1o0pa mpocodyBajibHa 3AaTHICTh (BU3HAYAETHCS 3a KUIBKICTIO MMPOCOYCHHUX IapiB
Oaructy 3a 15 XBUINH);

— BIJICYTHICTb IIKIIJTMBOTO BIUIMBY Ha 130JIA111F0 TIPOBITHUKOBUX MaTepialliB;

— BHCOKI €JIEKTPO130JIA1IiI1HI BIACTUBOCTI;

— no0pa BOJIOTOCTIMKICTh, XIMIYHA CTIHKICTh, HATPIBOCTIMKICTD;
JIOCTATHS MEXaHIYHa MIITHICTB;
JI0JIaTKOB1 BUMOTH 11010 PO3YMHHUKIB, OJIUB, CTIHKOCTI O MIKpOOPTaHI3MiB.
Jlo mpocovyBaNBbHUX JIaKiB BITHOCITBCA KpeMmHidopraniuni (KO-921, KO-910),
onuBHO-0iTymMH1 (BT-980, BT-987), onmuBHo-rmidTanesi (I'®-95). BykBu BHU3HAYAIOTH
OCHOBY JIaKy, nepia nudpa 9 roBOpUThH Mpo Te, 110 JaK eICKTPOIZOIALIMHIM, 1HII TUPPU
— TIOPSIKOBUIM HOMEp JIaKy Yy TPYIIi.

] 5¢ t6d 9 danyxaOnGiadyTBOpeHHsT MEXaHIYHO MIIlHOT, TITaKo1, OIHCKYYOT,
BOJIOTOCTIMKOI TUTIBKM Ha IMOBEpXHI TBepAoi (abo MmomepeaHbO MPOCOUYEHOI MOPUCTOI)
13071s1111i. BOHM MIABUIIYIOTH MOBEPXHEBUU OMIp 1301111, 3aXUINAIOTH i BIJ BOJIOTH,
XIMIYHHMX peuoBUH. [IOBMHHI MaTH BUCOKY JIMNIKICT, —a 4 T € 3 1 0.

Jlo mOKpUBHUX BiAHOCATH KpeMHidopraniyHi jnaku (KO-928, KO-938B Tomo),
noniyperanoBuii (YJI-1), omuBauit (Macnsamit) (MJI-1) mnomiamigamii (AJ[-9113),
nomimigauit (ITAK-1) maku, a Takox eMmanp—Iak Ha MojiBiHUIaeTaneBid ocHosi (BJI-
941).

sdzj& y' 3de@EOKfT0Th IS CKIICIOBaHHS MDK €000  TBEpIUX
EJICKTPOI3OISIIIHHIX MaTepiaiiB ado I MPUKJICIOBAHHS iX O METally, a TaKOX IpHU
BUPOOHUIITBI MIKAHITIB (€JIEKTPOI30JIAIIMHII MaTepiall Ha OCHOBI Cit0/11). BoHM MOBUHHI

MaTH J00py anresiro, HE PO3M’SKIIYyBaTHCh Npu poboduiil Temmeparypi, OyTu
BOJIOTOCTIMKMMU Ta MaTH BUCOKI €JIEKTPOI30JIAIIHHI BIIACTUBOCTI.

Jlo KJerunx JakiB BiTHOCSTHCS KIei Ha OCHOBI (eHorIo(opManbaeriqHOI CMOTH
(B®-2, Bd-4 i bd-6), noniyperanoswuii ket (I1Y-2), enokcuanuii rapsaoro (EI, EITP) i
xosnoaHoro (BP) TBepiHHA, enOKCHAHO-KpEeMHIHOpranigyHuil xonogHoro TBepAiHHs (KO-
400) Toto.

OcHoBa Jlaky — CMOJISIHa, OJIUBHA, OITyMHA, OJMBHO-CMOJISHA, OJMBHO-OITyMHAa,
e(ipoIeNIoio3Ha TOI0 — BHU3HAYA€E HWOTO EJICKTPOI3OJISIINHI 1 1HIN BJIACTUBOCTI. B
3aJIeKHOCTI BiJI CYKYMHOCTEH BIACTUBOCTEW JIAKW BUKOPHCTOBYIOTH JJISI TUX YW IHIIMX
notpe0. PosrisHeMo Oinbln AeTampHO TPOIECH TBEPIAiHHS Ta BHUKOPHUCTAHHS JIAKiB B
3aJIEXKHOCTI BiJ IX OCHOBH.

g 3ts dzW_dz' paxtle@§ edkonoiqHuME po3uMHAME MIPUPOJHUX a00 CUHTETHYHHUX
cMoJl. TBepAIHHS CMOJISIHOTO JIaKy IMOJISTae y BUMAPOBYBaHHI PO3YMHHMKA 1 POpMyBaHH1

71aKoBOi TUTiBKH. OCHOBHI THUITM CMOJISTHUX JIAKiB HACTYTIHI:

— 0akeniToBl — PO3YMH OaKemiTy B COUPTI BUKOPUCTOBYIOTh K MPOCOYYBaJbHI Ta
KJICI04i JIaKd. 3aCTOCOBYIOTh HpPU BUPOOHMIITBI T€THHAKCY, TEKCTOJITY, 130wl s
BUCOKOBOJIBTHOT anapatypu. CXUIbHI 10 TEMJIOBOIO CTAPIHHS;
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— rhidrameBi — po3unH TidTaIeBUX CMOJ B CIUPTI Ta PIAKAX BYTJIEBOJAX.
TepmopeakTuBHI. BUKOPHCTOBYIOTH IJ1s1 KJICEHHS MiKaHITiB. BOJOTOCTIMKICTh HUXYa HIXK
y OaKeIITOBUX;

— KpPEeMHIMOpPraHiyHI — BHMAararTh Tapsdoro CYyIIiHHS, YTBOPIOIOTH HarpiBo — Ta
BOJIOT'OCTIHKI IITIIBKH,

— TOJIBIHUIXJIOPHUIHI — CTIHKI 10 1ii OCH3MHY, Macja Ta XIMIYHO aKTUBHHX PEYOBHH.

.

1 ' Is Iz d3dz’ xondz@fo ¢yurinas € mpocTo po3unHOM 6 | T Y BVIOPTBHIYHUX
pO3uyMHHUKAaX. BOHM AEMIEBIN 1 MEHII TTrPOCKOIMIYHI B TOPIBHSHHI 3 OJIMBHUMU JIAKAMU,

ajJle MEHII eJIaCTUYHI, PO3M'AKIIYIOTbCS NPU HarpiBaHHI, JIETKOPO3YMHHI, a TOMY HE
NpUATHI AK eJIeKTPOi30MAIiiHMI MaTepiad. IX BHKOPHCTOBYIOTH SIK AHTHKOPO3iifHi
3aco0u.

[ W' tetsy i dz¥ datenomdeiro cyr@ifisdic po3unnu eipiB HETIOI03H, 3 IKHX
HaWOlIpIIIe 3HAYEHHS MAa€ PO3YMH HITPOLETIONO3M B AalleTOHI YW eTWIaleTari —
HITPOIICITIONIO3HUHN JIaK, SKHH Ja€ MPH HASIBHOCTI IUIacTH(IKaTOpiB (pHUIIMHOBA O,

nuOyTriTanaT) MeXaHIYHO MIIIH1, BOJIOTOCTIHKI, 3 TOTAHOIO are31€10 0 METaTy TUTIBKH.
3acTOCOBYIOTHCS JIJIsl 3aXUCTY T'YMOBOI 130JISI1111 BiJ] 030HY, Macell, OCH3UHY.

[ dz' 2 dz' wmawdz® §choBoro BucHxaroui omii — JUISIHY, TYHroBY. BucuxaHHs
OJIIMHUX JIAKiB TIOJIATA€E HE Y BUAAICHHI PO3UMHHHUKA, a € pe3yJbTaTOM IOTIMEPH3allii, 110
3yYMOBJICHA PO3KPUBAHHSIM TOBIMHUX 3B'S3KIB B MOJIEKYJIaX OJIii, YOMY CIIpHUS€E KUCCHb,
oo € Yy TOBITpi, TeMmIeparypa, CHKAaTHB (KaTamizaTop) Ta [is iH(pauyepBOHOTO
BUNPOMiHIOBaHHs. [IIBHAKICTH CYIIIHHS 3aJ€XHUTh BiJ BMICTy cukatupy. [limBumieHa
KUTBKICTh HOTO JI03BOJISIE 3aCTOCOBYBAaTH XOJIOJHE CYIIIHHA, ajié OTPUMaHa TaKuM
crmocoOOM TUTIBKa MIBUAKO CTapi€, pO3TPICKYEThCS. |51 BUCOKOSIKICHOT €IeKTPO130JISIIIT
JIAKW BUTOTOBJISIOTH 3 MAJIOKO KIJTBKICTIO CHKAaTHUBIB 1 TMPOBOIATH Tapsue CYIIIHHA.
3aCcTOCOBYIOTh /JIi BUTOTOBJIEHHS! CBITJIMX JIAKOTKAHWMH, JAKONamepiB, MPOCOYYBaHHS
0OMOTOK MaIlIMH 1 amapariB, 130JIAIi1 JIMCTIB MarHiTOMPOBOIY €JIEKTPOMAIINH (rapsue
cyminns © 500 C)

[ dz' s dzW dz' — ncz@OBd koMmo3uilii Ha OCHOBI BHCHXAHOYHX OJiH i
MPUPOJTHUX T CHHTETUYHUX CMOJIL. [IIMpoKo 3acTOCOBYIOTHCS AJIs MPOCOYYBaHHSI 0OMOTOK
OJINBOHATNIOBHEHUX TpaHC(hOpMaTOpiB, 0OOMOTOK amapatiB, 110 3a3HAIOTH il MapiB KUCIOT

1 XJIOpy, JJIsl TIOKPUTTS 130111, 0 Mae (eHonohopManbIeTriiHI CMOJIU, NI 3aXHUCTY
JTPYKOBAHOTO MOHTaXYy Pajiio00KiB. MO)KHA BIA3HAYUTU OJMBHO-TIII(TANIEBHM JIaK, 110
Mmae HarpiBocTifikicts 70 130 C i XapakTepH3YEThCS 3HIKCHOIO TIrPOCKOIMIYHICTIO i
MacIIOCTIHKICTIO.

[ dz' 3Bdztds Iz dzdz’  ( yisM@d iz My marel(® Cedfiii ocHOBI BHCHXar0Ui OJIii.

3aiiMaloTh MPOMDKHE MOJOKEHHS MK YHMCTO OITYMHHMMHM 1 YMCTO OJIHHUMH JIaKaMH.

[TopiBHSHO 3 OMIMHMMHU JAKaMU MAlOTh Kpalli €JEeKTPUYHI BIIACTUBOCTI, aje MEHII
€JIACTHYHI Ta HarPIBOCTIMKI, POZUMHSIOTHCS B OJISX, X04a 1 MEHIIIE, HIK YUCTO OITYMHI.

SIKIIO B MOKPHUBHUI JIaK BBECTH MIrMeHT (OapBHHUK), TO OTpUMaeMo € Ma b N i Y
4ymn MOBI TP A H 05k OrirM@H{ UBUKBPHCHOBYIOTh HEOPTaHiuHI PEUYOBHHH,
TOJIOBHUM YMHOM, OKCH/IM LIMHKY, TUTAHY, 3aJI13HUNA CYpUK. Y MPOLIECi BUCUXAHHS eMaei,
MITMEHT BCTYIA€ B XIMIYHY PEaKIIiio 3 JIJAKOBOIO OCHOBOIO 1 YTBOPIOE HIUTHHI TOKPUTT.
BBenenns nirMeHTy 3011b11y€ TBEPAICTD MOKPUTTS, HATPIBOCTIMKICTH, BOIIOTOCTIHKICTD Ta
JYTOCTINKICTB.
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[ d3O-dzO SEKOPHCTOBYIOTH s 13011111 €MalbOBAHUX MPOBOJIIB Ta JUCTOBOT
CJIEKTPOTEXHIYHOI CTaJll; MIrMEHTOBaHI emMai (IMIrMEHT — BYTJIEIb (Caka)) 3aCTOCOBYIOTh
B JIOOOBHX YaCTHHAX BHCOKOBOJBHTHHMX CICKTPHUYHUX MAIIHMH I MOKpaIieHHS (hopMu
SIIEKTPUYHOTO TOJIS IIITXOM BUMYIICHOTO HOTO MEepepo3moIiTy.

Komnaynau

3a CKJIaIOM KOMIAyHAM MOXYTh Oyt T € P M O N /1 a C Halo8HeBI MrmiB,
BOCKOIOAIOHMX JTIETICKTPUKIB Ta TEPMOIUIACTUYHHUX CMOJ 1 TIONIMEpiB, a TaKOXK
T EepMODp e aK IKimoBIHs X MUrOTOBIECHHS BUKOPUCTOBYIOTh €TIOKCH/IHI, TOMiedipHi
Ta IHIIUX CHHTETUYHI TEPMOPEAKTUBHI CMOJH. OCHOBHOIO BIIMIHHICTIO KOMIIAyHJIIB BiJ

JAaKiB € BUICYTHICTb PO3YMHHHMKIB. MOHOMITHICTH KOMIIAYyH[IIB TICHS TBEPIIHHSA
3a0e3MeIyeThCS THM, 10 TEPMOIIIACTUYHI KOMITAYH/IA Y BUX1THOMY CTaHI 1 B CKJIa Il 130JIs11ii
TBEp/Il PEYOBUHH, ajie MPU BUKOPUCTaHHI PO3IrPIBAIOTHCS /10 TUIABJIEHHS, 2 TEPMOPEAKTHBHI
MOJTIMEPU3YIOTHCS B TPOIIECI BUTOTOBIEHHS 130Ms1ii. TakuM YWHOM, KOMOAyHAU Tepen
BUKOPHUCTAHHSIM CIIOYATKY MOTPIOHO HArpiTH, 1100 PO3IUIABUTH TBEPAY OCHOBY KOMIAayH/IA.
[Tpu ox0n0mKeHHI BCl KOMITAYHIM TIEPEXOAATh B TBEP/IUil arperaTHUiA CTaH.

Kommaynn wmoke MaTtu B CBOEMY CKJIAAi OTBEp/KyBad, SKIIO Ui HOTO
noyriMepu3alii moTpioeH 3MIMBarOYMi KOMIIOHEHT, HEOpraHiuHI HAaIOBHIOBadl (KBapIlOBE
OOpPOLIHO, TAJIbK, MEJIEHA CJII0/IA TOILO) JUIs MiABUILEHHS €1eKTPO(DI3NIHUX 1 MEXaHIUHUX
BJIACTUBOCTEH, MIacTU(IKaTOPH Ta iHIINI PEYOBHHHU B 3aJICKHOCTI Bl TUITY KOMITayHJa i
HOT0 BUKOPHUCTAHHS.

3a npu3HaYeHHSIM KOMITayH/IH MOAUISIOTHCS Ha!

— N POCOY Y BCHOBHIM i3aCTOCYBaHHSIM SKHX € TIPOCOYCHHS OOMOTOK
€JICKTPOMAIIIMH 3 METOIO IIEMEHTAIII1 BUTKIB 1 3aXUCTY BiJl BOJIOTH Ta 10HI3aIli1 MOBITPSI MIXK
BUTKAMH;

— 3 a 1 i RJH 3aJIMBaHHS BUCOKOBOJIBTHUX BBOJIIB, KAOCIHHUX MY(T Ta BOPOHOK;
— 0 6 M a 3y -BrasmGmasyiBaHHg J0OOBUX YACTHH OOMOTOK €JICKTPUYHHUX MAIIIHH;
— K a 6 e,/11H0H BUKOPHCTOBYIOTHCS JUIS MPOCOYYBAHHS MArepoBOi  130JIsii
€JIEKTPOKaOeiB (3aCTOCOBYIOTh CYyMIIll MiHEPAJIbHOI OJIMBH 3 KaHI(OJUIIO, M0 JOA€ThCS
JUTS 301TTBITICHHS B SI3KOCT1 OJIUBH).
Jlo xomMnayH/1iB BUCYBAIOTh TaKi BUMOTH:

a) MIMPOKHI Temreparypuuii gianason podotu (—45 C ... +60 C);

0) mobpa aaresis;

B) BOJIOTOHETIPOHUKHICTB;

I') BUCOKA €JIeKTPUYHA MILIHICTb 1 MaJji JA1eeKTPUYHI BTPATH;

1) Mana ycanaka B giamasoni —45 C .. +100 C.

B pesynpTari KOMnayHAyBaHHS 30UTBIIYETHCS ENEKTPUYHA MIIHICTh 130JIA1Ii],
3MEHILYIOTHCA N1eIeKTPUYHI BTPATH, 1301511151 CTa€ OUIBII CTIMKOIO MPOTH il OTOYYIOUOT0
CEpEeIOBUIIIA, ITiIBUIITYETHCS TEIIONPOBIAHICTB, 1 BIAMOBITHO TEIIOBi1a4a.

[Ipu mpocodeHHi i307AIil KOMMIAyHIOM 4YacTO JOBOAMTHCS BHKOPUCTOBYBATH
BaKyyMyBaHHs Ta KOMIIpecito. Sk MpHKman, po3risHEMO MpoLec KOMMAayHIyBaHHS
OOMOTOK €JIEKTPOMAIIMH BUCOKOI HAIPYI'H, 110 CKIAJA€ThCA 3 TAKUX TEXHOJIOTTYHHUX
orepartiu:

— CyIIiHHSI 0OMOTOK MPH aTMOC(HEPHOMY THCKY B KOTJII;
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— CyIIiHHSI 00MOTOK y BakyyMi (45...50 MM pT.cT.);

— CYIIIHHSA 0OMOTOK IpH aTMOC(HEpHOMY THUCKY, aJie TIPH MiBHUINCHIN TemMmeparTypi;

— BIyCK KOMIayHy npu Bakyymi 15...20 MM pT.cT. mpotarom 1...2 roauH;

— KOMIayHyBaHHS MpU TUCKY 7...8 aT™ 3...5 roiuH;

— BUIIYCK KOMIIayHly 3 poO0YOro KotJa.

TpuBanicTe KOMHayHIyBaHHS OOMOTOK €JIEKTPOMAIIMH BHUCOKOI HANpyru
CTAHOBUTH BiJl 6 70 26 TOJIMH B 3aJ€XKHOCTI BiJ poay i13oismii. Takuil TeXHOIOTTYHUI
mpoiiec 3a0e3nedye He3HAUYHY yCaJKy KOMITayHJa, 10 3a0e3neuye MOXKJIMBICTh OUTBIII
TOYHOTO BHUTOTOBJICHHS 130111, 1 HE3HAYHY MOPHUCTICTh, IO MIJBUILYE CTIUKICTH 0
YaCTKOBHUX PO3PSIIB.

JInsi HaHEeCeHHsT TOHKOIO 130JSLIMHOrO IMIapy Ha IMOBEPXHIO BHKOPHUCTOBYIOTH
B U X P O B/fee HHMARHOMEeHOro KOMIAayH/a B MMOCYIWHI 3 TIOPUCTUM JTHOM, Yepe3 sKe
IPOJYBAEThCSI CTUCHEHE MOBITPS, 1O MiJHIMAE 1 3aBUXPIOE MOPOUIOK, YTBOPIOIOYH TaK
3BaHUU KUIUIAYMN 1map. B 1iell miap BHOCATH Harpithii Bupi®. YacTHMHKH TOPOIIKY
IPWIKIAKOTH JI0 FapsA4y0i MOBEPXH1, yTBOPIOIOYH MOKPUTTS. [Ipr HE0OX1IHOCTI HaHECEHU I
map Moxe OyTH ITiITaHAH TepMOOOPOOIIi.
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JIo BHCOKOMOJIEKYJISIPHMX OpraHIYHUX JI€JEKTPUKIB BIAHOCATHCA IOJNIMEPH,
wiactMacu (moaiMepu 3 go0aBkaMu), enacToMepu. Uil MiBUINEHHS XapaKTEPUCTHK,
HEOOXITHUX JUISi BUKOPHUCTAHHS BHUCOKOMOJIEKYJISPHUX OpTaHIYHUX ICICKTPHUKIB SK
130JISIIMHUX YM KOHJEHCATOPHUX MaTepialiB, B HUX BBOJSATH y HEBEIMKUX KUIBKOCTSAX
BIJIMOBIIHI J100aBKHU: CcTa0LIi3aTopH, IutacTHdikaTopu, OapBHUKH TOIIO. BpaxoByrodu
PI3HOMAHITHICTh XapaKTEPUCTUK 1 HANpPSMKIB BHUKOPUCTAaHHS BHCOKOMOJIEKYJISIPHHX
OpraHIYHUX JICTEKTPHUKIB iX KiIacudikallis JOCHTh IMHpoka. PosrasHemo i1 OLIbII
JIETAJIbHO, BPaXOBYIOUM KpUTepii KiIacudikaii.

3 d 0 X 0 [ X @a3pkBrsiidIb:

— N P WP QEIeBHHA, SKI JIIOJUHA Oepe y MPHUPOIH, JOOYMINAKYM 1X, TaKi sK
JiepeBrHAa, 0aBOBHA, IIOBK 1 T.I.
— WTYYMAT € p,iu@d OPUMYIOTh IIIIXOM XIMIYHOI OOPOOKH MPUPOIHHUX

BHCOKOMOJIEKYJIIPHUX PEUOBHH, K HAIPUKIIA, ehipH IETIOI03H;
— CUHTW®HBIW C OKOMO /Ie eyl %K [y i otaThCs MaTepial, sKi B
NpUPOJII HE ICHYIOTh, a CHHTE30BaHI JIOJWHOI INTYYHO, HAMPHKIAA TOJIMEPH,

miracTMacu, €JacToMCpu TOLIO.

3a XapakTepoM TexXxXHONOTliYyHoro npouyuecy

NONi Me p.n® grepprodothbds B mporeci 00'eTHAHHS MOJIEKYJ MOHOMEpa B
MOJIEKYJTy TMOJIIMepa 32 paxyHOK PO3KPUTTS MOJIBIMHMX 3B'SI3KIB 0€3 yTBOPEHHS MOOIYHUX
npoAykTiB. CxemMaTHMyHO TMpoliec MoJjiiMepu3alii Moke OyTH BIJOOPaKEHUH TaKOIO
CXEMOIO

T¢- 107079 .- ( @)
Je M— CTyMmiHb NoJiMepHu3alii.
1 sdz' d3d 't LoPoljec 3’emHAHHS MOJIEKYJT Ta30MOAIOHOrO YH  PiJKOTO
MOHOMEpa B BEJIMKY MOJICKYIY, B PE3yJIbTaTi SKOTO €JICMEHTAPHHUN CKJIaJ]] PCYOBHHU HE

3MIHIOETBCS. SIK MPUKIIaJ] pO3TASHEMO YTBOPEHHS MoJicTHpoiy i3 ctupoiy (Cs Hg), mio €
PIIKOI0 PEUOBUHOIO:

H>~CesHs H 5 .

KinpkicTh MoJieKyn MoHOMEpa, IO OO0'€qHAIUCA TPH YTBOPEHHI ToJiMepa
HA3WBAIOTh CTyNeHeM mnomiMepu3aiii. s momictupory Bona moxe csrata 6000, s
nonietuneny — g0 108,
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] sdz' € tsdzH j dmpp@ey) 'yMopeHHS BHCOKOMOJEKY/ISPHOI PEYOBHHH 13
MOHOMEpIB 3 OJHOYACHHM BUIUICHHSIM BOJM, BYIJIEKHCIIOTO ra3y, KACJIOTH Ta I1HIIUX
noOIYHNX MPOAYKTIB. [lomiKoHAEHCAIIWHI IEIEKTPUKH MAalOTh EJIEKTPOI30JISIiiHI
BJIACTUBOCTI HWK4Yi, HDK TMOJIMEpHI, BHACTIJOK 3aJUIIKIB MOHOMEpIB IPH JIOKAJIbHIN
HECTEX10METPUYHOCTI KOMIIOHEHTIB Ta MOPUCTOCTI CTPYKTYpPH, 1110 3yMOBJIEHA BUXO0JIOM
MOOIYHHX MPOAYKTIB 3 ICIEKTPHUKA B MPOIEC] HOTO OTPUMaHHS.

[lomimepHuil cTaH 3 TEPMOJMHAMIYHOI TOYKHU 30py HepiBHOBaxHUWM. Ilpu meBHuX
yMoBax (TIBUINICHA TeMIIepaTypa) MO)KE BHHHUKATH OOCpHEHA PEaKIlis, TMOJIMEp MOXKe
JIETIOTIMEPHU3YBATHICS — PO3KIACTHCH HA PEYOBHMHHM 3 MEHIIIMM CTyTeHeM mofiMepu3artii. Leit
NPOIIEC BiI0YBAETHCS MPHU TEIUIOBOMY CTapiHHI MOJIIMEPIB.

3a 6y nomiBepuHIOIUISIOTH HA TPU TPYIIH:

— i H F MoHekyJId MalOTh BUTJISIT JTAHIIFOXKKIB (BIHOIICHHS JOBXUHU MOJICKYITH
1o ii monepeunoro po3mipy ~ > 1000);

— PO3T aJ/ly X KWAHOBHOTO MOJCKYJISPHOTO JIAHIFOTA BIiIXOAATH OOKOBI
JIQHITIOKKH TOTO K CKJIAJy, 110 1 OCHOBHMIA JIAHITIOT;

— NPOCT qP@PBI0 X B+ MuiOTB POBBNHYTY CHCTEMY BHYTPIIIHIX 3B'A3KIB
(3MMBaHb) MK YaCTUHAMH OJHIET 1 Ti€l K 1 IHIIMMH MOJIEKYJIaMH, BHACTIJIOK YOTO MaTepia
MIEPETBOPIOETHCS (PAKTUYHO HA OJTHY BEIMYE3HY MOJICKYITY.

BractuBOCTI MHIAHUX 1 MPOCTOPOBUX IMOJIMEPIB CYTTEBO pi3Hi. JIiHINHI moaiMepu
— amopdHi 200 amopPHO-KpHUCTANIUHI TEPMOIUIACTUYHI PEYOBUHH, THYUKI Ta €JIaCTHYHI,
IIpH MABUIICHIN TeMIepaTypi po3M’ IKITYIOThCS 1 TIABIATHCS, 3/1aTHI PO3YMHIOBATHCS Y
OJMM3BKHX 3a TMOJIAPHICTIO PO3YMHHHUKAX, aje HE y BOJIl, MaJIO TIrPOCKOIIYHI, MalOTh, SIK
MpaBUji0, HU3bKY TeMIepaTypy CKIyBaHHS, BCl JHIAHI TONIMEpPH, KpiM
noiTeTpaTOPETUICHY 1 MOJIIMIIIB TOPATH.

J1J1st BAPOOHHIITBA HETOPIOYOT 130JIS1i1 B HUX BBOJATh & H T U M | pPu@BHHU, 1110
IOpU TOPIHHI BHUIUISIOTH BEIUKY KUIBKICTh HETOPIOUMX Ta30MOAIOHMX MPOIYKTIB, IO
3HIDKYIOTh KOHIIEHTPAIIIF0 KUCHIO B 30HI TOPIHHS JI0 TaKUX 3HAYEHb, NMPU SKUX TOPIHHS
CTa€ HE MOXKITUBUM.

[TpocTopoBi — KOPCTKIIII, pO3M’ IKITYIOTHCS TIPU 3HAYHIN TemrepaTypi, a 4acTiiie
OOBYTJIIOIOTHCS UM 3rOPAIOTh, MPAKTHYHO HE PO3UMHSIIOTHCS.

3a peaxKkui ew:Ha Harpi sBaHHS4A

— T epMOnNn N a-<€ TuiBdiEsEs MpU HArpiBaHHI, NMPH OXOJOPKEHHI 3HOBY

TBEPJiIOTh, aJie He BTPAYalOTh Ii€] BIACTUBOCTI IPU MOBTOPHUX ONEPALIisX.
— TepMopeaK PRBHKIT O N/ Ap@ THMPIBaHHI OJIMEPU3YIOTHCS B
IPOCTOPOBUI TOJIMEp 1 BTpayaroTh 3AaTHICTH MOBTOPHO IUIABUTHCS 1 po3unHsATucs. o

TEPMOPEAKTUBHUX IMOJIIMEPIB BIAHOCUTHCS OUTBIIICTh PO3TIIIHYTHX PaHille cMOJl (KpiM
LEJTIONIO3H).

3a X apaxea ke pwaaiomioHi, BACOKOSIACTHYHI Ta B'SI3KOTUIUHHI.

3a peackKkuyi €10 Ha BHCOROBICKYNIPHY HCBCKTTHIO IIBITHCS HA
HOJISIPHI 1 HETIOJISIPH.

PosrnssHemMo ~ BIacTHMBOCTI  HAaWOIMBII ~ BXHBAaHUX  BHCOKOMOJICKYJISIPHUX
nienexktpukiB. CiiJ po3yMiTH, II0 KO)KHOMY MaTepialy MpUCBSUYIOTh MOHOTpadii, a ToMy
Oyne HaBeACHO TUIBKM TOW MIHIMYM iH(MOpMaIii, IKUi Ja€ ySIBIECHHS PO BUKOPUCTAHHS
MaTepiay B €I€KTPOTEXHILII.
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] sdz' | Ispetppizimii, vacTkoBO Mpo30puil TEPMOIIACTUYHHI MaTepiall, 110
OTPUMYIOTh MOJIMEPHU3AIlIEI0 Ta30M011I0HOT0 MOHOMEpPA — €THIIeHY. MollekylsapHa maca
Bin 8:10* mo 3,5-10°. Mae BHMCOKY BOJOCTIHMKICTh, HE PO3UMHSETHCA NPH KiMHATHIM

TemnepaTypi, npu Temmeparypax Buie 70 C po3uMHA€TbCA B KCHIONI i iHIIUX
XJIOPOBAHUX 1 ApOMATUYHUX PO3ZUYNHHUKAX.

[TonieTunen BUPOOJAIOTH 3 YHUCTOrO €THIICHY Npu B U C O Kickax (IIEBT) —
1470...2500 atm, 180... 270 C; abo 3 karamizaTopamu ipu C € p e @IBATX- 34...39
atMi 150 CiH 1 3 brkckax (IIEHT) — 3...5 atm, 70...80 C i oTpuMyIoTh MaTepian 3
ausbkoro ITEHT (910 — 930 xr/m®) i Bucokoro ryctunoro IEBT (Bix 950 1o 960 kr/m® s
ITEHT i Bix 960 no 970 kr/m® mys IIECT BinnosigHo).

[IEBT mae MeHmy TIyCTHHY, MOPCTKICTb, MEXaHIYHY MILHICTh 1 CTEMiHb
kpuctaniunocTi, Hbk [IECT i IIEHT, uepe3 Oinblny KijgbKicTh O0KOBHUX BiranyXeHb (10
36 na 1000 maHOK MOJIEKYNH), aje Kpaill eJeKTpodI3udHI XapaKTEPUCTHUKH uepes
BIJICYTHICTh 3aJIMINKIB KaTajai3aTopiB 1 OUIBINI MHUTOMY YAApHY B'S3KICTh (ICHYIOUHMH
METOJIaMU HE BU3HAYAETHCS) 1 CTIMKICTh 10 TEIJIOBOTO CTapIHHS.

TemmepaTypu CKITyBaHHS 1 KPUXKOCTI JUIS TTOTIETHUIICHY OJIM3bKI 32 3HAUCHHSIM OHA
JI0 OJHOI 1 MOXYTh 3MIHIOBATHCS B IIMPOKHX MEXaxX BiJl -70 C (ITECT) nmo — 150 C
(ITEHT). [onietunen noOpe ropuTh, TOMY JUISl 130151011 3 TOJIETUIEHY B 3aJI€KHOCTI Bij
NpU3HAYCHHS MOXKe OyTH MOTpiOHMM 3axucT Bix ropiHHsA. Ciif Bi3BHAYUTH , IO
Temnepatypa miaiaenHs IIEBT 105 — 108 C. Tomy ans i307s1ii BUCOKOBONBTHHX
Ka0eJiB 3aCTOCOBYIOTh 3IIMTUNA pajialifiHO abo XIMIYHO, 3 JOIMOMOTO TEPEKUCIB,
TmoTieTHneH, mo Mae HarpiBocTiiikicTh 105 C, a KOpPOTKOYAacHO MOKE BHTPUMYBAaTH
Temmepatypy a0 200 C.

Enextpuuni BIacTHBOCTI momietunerny: / =10 — 10 O M8 mpu 20 C; tgd =
0,0001...0,0005; En p= 10 60 K B/ npmuanpysi 50 I'mi toBmmai 1 M o 250 K B/
npu ToBmwmHI, MmeHmmmi 0 , 1 awi@?2...2,4; remneparypuuii maiama3od Big —/0 C 1o
+(55...60 ) C, 3mmroro o 105 C.

MexaHiuHI XapaKTEpUCTHKHU: MeKa MIIHOCTI npu po3raryBaHHi 10 — 33 Mlla,
BiTHOCHE MoA0BXkeHHs nepen pozpuBom 200 — 800 %.

3aCcTOCOBYIOTh TOJIETUIICH IS 13071111 BHUCOKOBOJIBTHHX KaOeliB 1 MPOBOIIB,
OOKJIaIMHOK  KOHJEHCATOpiB,  JJII  BUTOTOBICHHS  TEPMOYCAaTHUX  TpPyOOK
(BUKOPHUCTOBYIOTH €(eKT mam'ati popmu, Koiu 1ehopMOBaHa pajialliitHo 3muTa TpyoKa
MIpU HarpiBaHHI BITHOBIIIOE MOTEPEHINA PO3MIp).

] sdz' Mmls ¢ tarsod®kr monimepusanii ctupony (BiHLIOEH3011y), TBEpIHii
amopdHuuii mpozopuit (mpomyckae g0 90% BuaMMOro CBITIA) Martepial 3 BHCOKHUMU
EJICKTPOI30JISIIITHUMU BIACTUBOCTSIMH, CTIKUHN 10 030HY, KUCIIOT, JIYTiB, COJIEH 1 CIUPTIB.
Po3unHs€THCS B YOTUPUXJIOPUCTOMY BYTJIeli 1 O€H30:1, HeCTIMKHUM 10 11T anmipaTUYHUX,
apOMAaTUYHKX 1 XJIOPOBaHMX ByrJIeBoAHIB. ['ycthna momictuponyl1 050 . . . %1 0 7

BUroToBisiloTh B 3aJ€KHOCTI Bl OCOOJHMBOCTEH TEXHOJIOTII OJOKOBHH,
CyCIEH31HHUI, eMyJbCIiHMI Ta 3 BHUKOPHCTAHHSM KaTaji3aTOpiB 130TaKTUYHHAN
MOJTICTUPOI.
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Jlo mepeBar mMOJICTUPONY BIAHOCHTHCS CTaOILIBHICTh HOTO eJIEKTPODIZUIHUX
XapaKTePUCTUK. BOHM IIPaKTHYHO HE 3aJI€KaTh BiJl 4aCTOTH HAIPYTH B iHTepBaii Big 102
10 10° ', Temnepatypu — Big — 80 10 90 “C i BiZ BOJIOrOCTI HABKOJIMIITHHOTO cepeIoBHIIIA.
3HauYeHHS IIUX XapaKTepHCTHK Taki: / =104 — 10 O Ml mpu 20 C; e=2,4...2,6; tgl =
0,0001...0,0003; En = 25—-35k B/ mpmuanpy3i 50 ['mitoBmmHi 1  MréMyepaTypHUit
niamason Big —60 C mo +(65...80) C.

JIo OCHOBHHX HEIOIIKIB MOJICTUPOJY BITHOCSATHCS HEBHCOKA HATPIBOCTIMKICTH,
CXWJIBHICTh JI0 YTBOPEHHS TPIIIMH 1 KPUXKICTh. YJapHa B'S3KICTh MOJIICTUPOJY Csrae
BChOro 16 — 22 kJIk/M?, BiTHOCHE TOJI0BKEHHS TIepe]] po3puBaHHsIM — 1,5%.

J171s1 miIBUIIIEHHS] HATPIBOCTIMKOCTI B OJIICTUPOJ BBOAATH 710 30% KBapI1ioBoro ado
CIIOJIHOTO OopoImHa, 01701 caxi (KpeMHI€Ba KHCIIOTa), TalbKy TOIINO, apMYIOTh
CKJIOBOJIOKHOM. 3HIKEHHSI KPUXKOCTI JOCATAIOTh COIMOJIMEPHU3AIlIEI0 TMOJICTUPOIY 3
KayaykoM (110 8%), 1110 1a€ MOKJIMBICTb MiABUILIUTH yAapHY B'3KicTh 10 30 — 60 kJIx/M?
(ymapoMiItHu# moJICTHUPO).

3acTOCOBYIOThH TOJIICTUPOI AJIS 1307151111 BUCOKOYACTOTHUX KaOeiB, BUTOTOBJICHHS
JaKiB, KOMIAyH[IB, KapKaciB KOTYLIOK I1HIYKTUBHOCTI, MaHENEH €JIEKTPOHHUX JIaMII,
130JI9TOPIB  JIUIL  €JIEKTPOBHMIPIOBAIBHUX TpiIamiB. JIIst  130JAMi1  €JIEeKTPUYHUX
KOHJCHCATOPIB BUTOTOBJISIIOTH JIBOOCHO OPIEHTOBAHO MOJICTUPOJIbHY IUIIBKY —
ctupoduiekc TOBITUHOIO B 6 10 200 MKM (3BHYaHO 710 50 MKM).

¢ 1 df dzO M Is dofonimep akpuoHiTpHITY, OyTamieHy i CTHpOITY (Tepiri OyKBU
KOMIIOHEHTIB BHUKOpHCTaHi y Ha3pi). Bin wmae Bumy Ha 10% HDK TOJICTHPOT
HarpiBOCTIHKICTb, XOPOIY T€PMOCTAOLIBHICTh 1 XIMIUHY CTIMKICTh, yIapHY B'A3KICTh Ha

pisHi 70 kJIx/M?, ane ripun exexTpodisuyHi xapakTepucthku ( tga= 8-1073).
BUKOpUCTOBYIOTH /17151 BUTOTOBJICHHS KOPITYCiB MPHJIAJIIB 1 OKPEMUX JIETaJICH.
] sdz' { te tsthesodpgpud#i, nmpo3opuit KpucTaTiYHUN (CTYIMIHD KPUCTATIYHOCTI
90 — 95%) mnpomykT moJiMepu3allii MPOIMUIEHY 3 BUKOPHCTAHHSIM KaTaji3aTopis,
MoJtekyaspHa mMaca (8 — 20)-10%, ryctuna 900 — 910 xr/m?. Crilikuii 10 Aii KHCIIOT, IyTiB,

MiHEpaJIbHUX 1 POCIIMHHUX OJIUB, OPTaHIYHUX PO3YMHHUKIB MPU KIMHATHIN TeMIiepaTypi.
PO3YMHSAETHCSA B OPTaHiYHUX PO3UMHHUKAX TiBKM NpHU TemrepaTypax suiie 80 C.

3a BIIACTUBOCTAMU OJIM3BKUN JI0 MOJIETHIIEHY, ajlé Ma€ HU3bKY MOPO30CTIHKICTb.
TemmepaTypu cKiTyBaHHs i kpuxkocTi — (5 — 15) C. Ilpu mpsmiii 1ii coHsYHOTO CBiTIa
OKHCHIOETHCSI.

BUKOpHCTOBYIOTH TUTIBKY TOJIMPOITIJIEHY B €ICKTPUIHUX KOHIEHCATOPAX.

] sdz' ° L s B-ladsodpemgiidevopdruit npoaykT momaiMepusaiiii i300yTHIICHY.
BurotoBisitorh  HU3BKO-, CEPEIHBO- 1 BHUCOKOMOJCKYJISIPHUN  TMOM11300yTHIICH.

BHCOKOMOJIEKYIISPHHEIA TI0MTi1300yTHIEH Mae MOJIEKYIIpHy Macy (20 — 25)-10%, ryctuny
910 — 930 kr/m>. BiH cTilikuii 10 Aii KMCIOT i JyriB, pO3YMHSAETHCSA y CipKOBYTJIEN,
ani(aTUIHNX, APOMATHYHUX 1 XJIOPOBAHUX BYTJIEBOIHSIX.

EnexTpuuHi B1acTUBOCTI MO11300yTUIIEHY OJIM3bKI 10 BIACTUBOCTEH MOTIETHIICHY,
ae tgd Tpoxu OLIbIIUK, a CNEKTPUYHA MIIHICTh 3HAYHO (Maike B 3 pa3u) HUXKYA.
OCHOBHUMU HENIOJIIKAMH TOJ1300yTHIIEHY € MaJsia CTIMKICTh 10 ynbTpadioneTy, Hu3bKa
MeXaHIYHa MINHICT 1 BHCOKA XOJOJOILUIMHHICTH, 1[0 HE Ja€ MOKJIHUBOCTI
BUKOPHUCTOBYBATH HOTO B YHCTOMY BUTJISII.
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JI7st mABUIIIEHHS CTIHKOCTI 10 YibTpadioneTy B Moii300yTHieH BBOAATH 10 150%
caxi, rpadity. ll{o6 301IbIIMTH TBEPAICTh BAKOPUCTOBYIOTH HAIIOBHIOBAYI.

3aCTOCOBYIOTH MOJI11300yTHUJIEH B KOMIMO3UIIIL 3 TOJICTUPOJIOM JIJIsi BUTOTOBJICHHS
130JIAIIMHUX CTPIYOK, YBOJATH 1O CKIAAy KaOEIbHOTO TMONIETHJICHY JUIS I1BUILICHHS
THYYKOCTI, CTIMKOCTI1 1O pO3TPICKYBaHHS 1 3HUKEHHS BOJIOTOITPOHUKHOCTI.

Hu3bKOMOJICKYIIAPHUI TONIi300yTHICH 3HAXOAHTBCS B pimkoMy crami. Moro
3aCTOCOBYIOTH JUISI TMPOCOYCHHS TANEPOBHX KOHJCHCATOPIiB Ta JJIi BHUTOTOBJICHHS
KJICIOYUX JIAKiB.

1l Bdz IsilstcOWIstste] Isd dzi @z4)  WisitEnteBifutlz@dnpssopuit
NpOMYKT mHojimMepusaiii TerpadTopeTuiieHa 3 MoyeKylaspHolo Macoro (14 — 50)-10%,
ryctuHoo 2150 — 2240 kr/M® i crynenem nomimepusanii 80 — 85% ¢ HalHENONAPHIIIAM
MOJIIMEPOM 3 BIJIHOCHOIO JIEJEKTPUYHOIO MPOHUKHICTIO 1,9. 3a KOpIoHOM Mae Ha3BY
Te(dII0H.

Yotupu atomMu (PTopy HaCTIIBKU €(PEKTUBHO €KPaHYIOTh aTOMU BYTJICIO, 110 Ha
noyiTeTpaTOPETUIICH IPU HOPMAJIBHUX TeMIIepaTypax HE JII0Th HISKI KUCIOTH (HABITh
[apchKa ropijika) i JIyru.

[pu marpisausi npu 327 C KpUCTaIiTH y motiTeTpadTOpETHIEH] TIIABIAThCA i BiH
CTae HAMIBIPO30pHM, ane 30epirac MexaHiuHy MillHIiCTb, i Tinbku npu 415 C mounHae
MepEeraHsaTucs, TOOTO TEPEXOAUTH Yy Tra3omofioHy ¢azy oOMHHAIOUM PIAUHHY, 3
BHUJIJICHHSIM OTPYHHUX ra3iB — ¢Topy 1 hocreny.

ToniteTpadTopeTHien MoXKe MpaloBaTH MpU TeMIepatypax Big — 260 mo 260 C,
KOpoTKouyacHo — 10 300 C. Moro BmacTMBOCTI MPakTHYHO HE3MiHHI B iHTepBai
Temmeparyp Big — 60 1o 200 C i gactor o Hagsucokux (10° I'm) BkmrouHo. Lle eauHmit
MaTepial, SK1i 30epirae miIacTUUHICTb 1 MOKE BUKOPHUCTOBYBATHUCS SIK YIIIIbHIOIOUUHN TPU
reJIIEBUX TEMIIEpaTypax.

F| |F
F F _/n

EnexkTpuuHi BIaCTHBOCTI Ayxke Bucoki: / =10-10" O MM ;€=1,9 — 2,2; tgd' =
0,0002 -0,00025;Enz 40 «kpB250 @iTtoBumuil M M.

OCHOBHUMHM HEJOJIKAMH TOJITETPaQTOPETHIIEHY € BIJACYTHICTh NEPEXOly V
B'S3KOIUIMHHUN CTaH, IO MYXE YCKJIQJHIOE TEXHOJIOTII0 HOTro IMepepoOKy y BUPOOH:
YHEMOXITUBITIOE E€KCTPY3it0, JIUTTS MMiJl THCKOM, IO BHUKOPHUCTOBYIOTHCS JJISI 1HIITUX
nojimMepiB. BupoOu 3 HBOrO BHUTOTOBJISIOTE OOTOUYBAHHAM Ha TOKAPHOMY CTaHKY
CIIPECOBAHUX MPHU MiJIBUIIEHUX 3HAYCHHSX TEMIIepaTypd 1 TUCKY MOHOJITHHX OJIOKIB.
Kpim toro, anst nomiterpadTopeTuieHy XapakTepHa XOJO0JOIIMHHICTD, a TOJIOBHE JIyKe
HU3BKI pajialiifHa CTIMKICTh 1 CTIMKICTh 10 i1 YaCTKOBUX PO3PSIIB.

197



3aCTOCOBYIOTh TOMITETPAPTOPETUSIEH Y BHUPOOHHUIITBI TEPMO- 1 BOJOTOCTIHKOI
13011111 TPOBO/IIB 1 KAOEiB, Y TepMOCTAO1TFHUX KOHIGHCATOpaXx, IS Ta30BOi Ta BUTKOBOI
130J1511011  €JIEKTPUYHMUX MallMH Ta K BHUCOKOYACTOTHY i3o0iiAuito. KpiMm Ttoro, ioro
3aCTOCOBYIOTH JJIsl BATOTOBJICHHS YCTAHOBIIIOBAIBHUX JETAJICH.

? w7 o

(9 (9 ’ < C
~ s y ~A 2 2

11.1.3 -~ 7 _ ° 7 T ST

J1J1s TONIIPHUX TEPMOIIACTUYHUX BUCOKOMOJIEKYJISIPHUX J1€JIEKTPUKIB XapaKTepHi
MIJBUILECHI 3HAYEHHS BIIHOCHOI JI€JIEKTPUYHOI TMPOHUKHOCTI 1 TaHTeHca KyTa
JEIeKTPUYHUX BTPAT, 110 CUIIBHO 3aJIeXkaTh BiJl TEMIIepaTypH. 3HaUY€HHS TUTOMOTO OTIOPY
1 €JEKTPUYHOI MIIHOCTI y HHUX MEHII, HDK Yy HENOJSIpHUX moiimepiB. Tomy moJspHi
MOJIIMEPH € HU3bKOYACTOTHUMH JieJIEKTPUKAMH, sIKi TPAIIOI0Th Ha MOCTIHHIM Hampy3i 1
NIPY 3MIHHUX HAIPyTax HA3BKUX YacTOT.

] sdz' 9 ' dz' dzn dzts to d H— anoffpiBulE nandzipdsopuii, dz xax)yBaTrM
BIITIHKOM, MpPOAYKT TOJiMepH3alii ra3onoAiOHOro BIHUIXJIOPUAY B MPUCYTHOCTI
nepekucy BoaH. Monekysapaa maca (5 — 10))-10%, ryctuma — 1350 — 1370 xr/m®.
[IpaktiaHo Heroprounii (roputh TUTBKH B mouyM'T 3 BuniieHHsM Tokcunaaux HCI i Cl).
Cri¥ikuii 10 111 BOAM, JIYT1B, pO3BEIEHUX KUCIIOT, OJIUB, OEH3UHY ¥ criupTy. Po3unHseThCs
[P HarpiBaHH1 B OPraHIYHUX PO3YMHHUKAX.

[Ipy HOpMAJIBHUX YMOBAax YHCTHH MOJIBIHUIXJIOPH MepedyBae B CKIOMOMIOHOMY
crani (Tc = 78 — 105C ) i BumyckaeThcs miJ Ha3Boo B i H i 0 BiMnmatr merko
3BapIOETHCS, MA€ XOPOIIY aJre3i0 10 METaliB. 3 HbOIO BUTOTOBIISIOTH aKyMYJSITOPHI
0aku, KOHCTPYKIIHHI AeTali, Mo CTiiKi 10 BiOpamii Ta ymapiB, KOPIyCcH TpyOdacTUX
PO3pSAHMKIB (MpU HArpiBaHHI 3 MOMIBIHUIXJIOPUIY IHTEHCUBHO BUAUISIOTHCS Ta3H, L0
MPUCKOPIOIOTH TACIHHSA JIyTH).

JUis 3HUKEHHS TeMIlepaTypd CKIyBaHHS Yy MOJIBIHUIXJIOPHUA BBOAATH A0 50%
mwiactudikaropiB  (mubOyrtundranar, miOKTUICEOAMHAT), IO JO3BOJSE 3HU3UTH
TeMIeparypy ckinyBaHHS 10 — 40 C, ane TOripIIye eIeKTpUYHi BIACTHBOCTI. UwcTHil
NOJIIBIHUIXJIOPUT Ma€ BITHOCHY JI€IEKTPUUHY IPOHUKHICTH 3,2 — 3,6, miacTudikoBaHUN
5 — 6, a tgd MoNiBIHIIXJIOPUAHOTO IIACTHKATY Moe csraTtu 0,15.

EnexkTpuuHi BIaCTUBOCTI momiBiHinxtopuay: 7 =10 — 10 O MM ;e= 3,5-4,5;

tgd=0,015...0,08; En =20—-45 Kk B/ mwm; TenAD®;c T™M OAKO 3COTCbT |

—25..-50°C .

3acTOCOBYIOTH MIACTU(IKOBAHUN MOJIBIHUIXJIOPHU AJIsl BATOTOBJICHHS] yCTAHOBHUX
MIPOBOJIIB, 3aXMCHUX OOOJOHOK KaOelmiB, 13011l Heroprounx KabemiB, JTUMKOI CTPIYKH,
TpYyOOK, pyJIOHHUX MaTepiaiiB TOLIO.

1 sdz' stedWiststern dztste | Is d dzB)dd  clabolsomipeitsit] dponfyxls
noniMepu3alii TpUGTOPXIOpETHIIEHY O110r0 Koabopy. Monekynspaa maca (2-36)-10%,
ryctuna 2090 — 2160 xr/m3, crymins kpucramiunocti 40 — 70%. Kpucranmiuna ¢asa

nnasuThes npu 215 C, Temmeparypa ckiyBanHs amopduoi dasu 50 C. Ha Bigminy Bix
dToponnacta-4 He XOIONOIIMHHMIA, HETOPIOYHiL, aje mpu Temmepatypi 6mmssko 300 C
MOYHMHAE PO3KIIaJaTUCS i HAOyBa€ BiJl TEMHO-KOPUYHEBOTO 10 YOPHOTO KOJIOPY.

Mae pemno ripiri enekTpodi3udHi XapaKTepUCTHKHU B IOPiBHAHHI 3 (pTOpomiacToM-
4: r=10“-10" OmMM ; e=2,5-3;tgd=0,01-0,015;En =20— 25 Kk B/ MM
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TemMneparty pCa ang Ginbik €Ki enacTHUHICTH, TUTOMY yAapHY B'S3KiCTb,
pamialiiHy CTIMKICTD 1 OLIBII MPOCTY TEXHOJIOTII0 EPEPOOKH.

3aCTOCOBYIOTh B KaOeNbHIN TEXHilll 1 BUPOOHHUIITBI KOHJICHCATOPIB, a TAaKOX JJIs
BUT'OTOBJIEHHS CKJIaJHUX 32 (POPMOIO PaJiOTEXHIYHUX JETalleH, MaHeJIel JJaMIl TOILO.

] sdz' di3iIsddzd3j s OS ted dzOIs (s t6 6 OG-deepmpazrgcrudidi,dzts ,
amopduuit, npo3opuit ( mpomyckae 90 —99% Bugumoro cBitia, 75% ynbrpadionery, 1
MOPIBHSIHHS CHITIKaTHE cKJIo mponyckae 0,6 —3% ynpTpadioneTy) npoayKT noiximMepusarii
Metunedipy METaKpUJIOBOi KHCIOTH. Mae rapHy XOJOAO-, OJIMBO- 1 JIYTOCTIMKICT.
[IpakTH4HO HE TMOrJIMHAae BOAM. PO34UMHSETHCS B OUXJIOpETaHi, aneroHi. l'oputh 3
BUJIUIEHHSIM BeIMKOI KUTbKOCTI ra3iB CO2, CO, Hz, H20, 1o cripusie racinHio qyTH.

Enextpuuni BnactusocTi: 7 =101 — 102 O MM ;e=2,8—4,5; tga= 0,02 - 0,06; En p
=18-35 KB/ MM; Ten0€CTiMepo3esdBdGDKi cThb

BUroTOBNISIOTH MPOKATyBAHHAM TIpH Temrepatypi sumie 120 C y BUTISAI THCTIB

ToBIMHOIO 0,8...24 MM 1 BHUIIlE, CTPUKHIB, TOPOIIKiB. 3aCTOCOBYIOTh SIK KOHCTPYKIIIHHUHN
Matepiaj Juisi BUTOTOBJICHHS IIKaJ, JIIH3, TUTIBOK, KJIETB, JIaKiB Ta AK €JIEKTPO130ALIMHII
MaTepiall Py HU3bKUX YacTOTaX, y BUMHKadYaX Ta pO3psSAHUKAX BUCOKOI HAMIPYTH.

] sdz' ' -elrpwid cnabomonsipaux anmipaTHYHUX (CTYHIHD KPUCTAIIYHOCTI 10
60%), amophHUX apOMaTHYHMX, JIHIMHHUX 1 TPUBUMIPHUX IMOJIMEpIB BiJ CBITJIO-
30JI0TaBOI'0 JI0 TEMHO-YEPBOHOI'0 KOJIbOPIB, 110 MAIOTh Y CBOEMY CKJIAJIl IMIIHY FPYIy, sIKa
i BM3Hauae BIACTMBOCTI IMX Marepiamis. MolekymspHa Maca ix pocsarae 2-10°, rycruna
1430 xr/m3. He criiiki mo mii JYTIB 1 JEAKUX OPTaHIYHMX PEUYOBHH, CTIMKI A0 Jii 030HY 1
pamiartii.

Bonu nHanexarh a0 HalOUIbII HArpiBOCTIMKUX MONIMEPIB; iX TpuBajia poOoua
Temrepatypa He MeHmma +220 C, a y Bakyymi i ineprHomy cepeosuiiti — 10 500 C. TLiiBka
i3 moniiMiTHMX CMOJI HE PO3M’SKIIYETHCS i HE IUIABUTHCA IpH Temmeparypi xo +800 C.
Temmneparypa ckiyBaHHs apoMaTH4HuX mosiimiais 500 C.

MaroTh BHCOKY MEXaHI4HYy MIIHICTh (Mexa MiIfHOCTI npu po3puBanHi 160 — 180
MIIa), sika NPaKTHYHO HE 3MIHIOETbCA 1O KpioreHnux temmeparyp (—269 C), ane
nigBuineHe BogonorarHanas (0,8% mpu 100 C 3a 30 o).

Enextpodizuuni xapakTepucTHky nomiiminis: 7 =10'°— 10 O MM ;€=3,5; tgd'=
0,0006 - 0,0016; En =160200 «kB/ mm npwu T-01BOUM HMK MB.p & 3 K i

[TonmiiMig BHUKOPHCTOBYIOTh y BHUPOOHHMITBI mjactMac, jakiB. [LmiBku 3 HuUX
3aCTOCOBYIOTH JJIs 11a30BO1 1 BUTKOBOT 13011111, Y BUPOOHUIITBI KabesiB, 0OMOTYBaJIbHUX
MIPOBO/IIB, IPYKOBAHUX IIJIAT, KOH/ICHCATOPIB, TUTIBKOBUX EIEKTPOI30IAIIHHUX MaTepialiB.

11 1 ~ W v 7 N ~ n 1 o " N A - " " v v~ v
. .4 ¢

] sdz' O@zamgoH ab6o noni ami g 6&K aHnaponocaHk Taab
HENpo30pi, MOJSIPHI MPOAYKTH MOJIKOHACHCAIl reKcaMeTUJIeHAIaMIHy 3 aJuIiHOBOIO
kucnotor. Komip Big 6e30apBHOrO 10 KOBTO-KOPUYHEBOTO. MonekyisipHa maca (8 —
25)-103, ryctuna 1120 —1140 xr/m°. Po34MHAIOTHCS TiIbKM B KOHIIEHTPOBAHUX CipyaHiii,
COJISHIM, a30THIN 1 MypamIuHii KucnoTax, (eHonax i amimax. PyliHyrOTbCsSI B po3umHax
ayriB. CTIHK1 A0 1ii )KUPiB, HAPTOMPOAYKTIB 1 CIIUPTIB.
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[oniaminn mnasnaThes 6e3 poskaaganus. Temmeparypa miasnenss 210 — 215 C.
Temneparypa kpuxxocti Big — 30 C 10 — 70 C. Jlo6pe 06poOIsSIOThCS Pi3aHHAM, TUTTAM
1] TUCKOM 1 FapsiuuM MPECYBAHHSIM.

Enextpodi3zndni XapakKTEpUCTUKH TOJIaMiIiB CYTTEBO 3aJIe)KaTh Bl TEMIIEpaTypH,
YacTOTM HAmpyrd 1 BMICTY BoOJOTM. BoHHM, SK 1 MeXaHI4HI BJIACTUBOCTI, PI3KO
MOTIPITYIOTHCS] BHACIIIOK TEPMO- 1 POTOAECTPYKITIi.

JIise TIOMIMIICHHST MEXaHIYHUX XapaKTePHCTHUK, 3MEHIICHHS BOJOIOTIMHAHHA 1
TKJIP B momiamMiyu BBOASTH HAITOBHIOBAYI (TaJbK, a€POCHII (MEJICHHI KBapIIOBHH MICOK),
CKJISIHI BOJIOKHA, Ipadit).

EnexTpuuHi i Temnosi BaacTuBocTi nomiamizis: / =10 —1020 MM ;=4 —6; tgd
=0,022-0,08,Enp= 18. . . Zrémockiikictm &Q— 60 C ,po6oua Temmeparypa
HAITOBHECHMX IoiaMiiB BinT—6 O [ . 120

BukopucTOBYIOTH TIPH BHUTOTOBJICHHI JINTOI 130711111 TpaHCc(oOpMaToOpiB CTPyMy,
JEeSKUX KOMIIAyH/IIB, JIAKIB 1 eMasield, IITYYHUX BOJIOKOH, IJIACTMAC, PI3HUX YCTAHOBHHUX 1
HECYYHUX €JIEMEHTIB.

] sdz' | Isd dzj dzls j (teqp@®@ dsfip@afa,ls dBBO2 dzOts, Is § ted €zj dz,

c1a0oMONSIPHUM, MPO30puii B aMOP(HHOMY 1 YaCTKOBO MPO30PHUI B 3aKPHUCTAIII30BAHOMY

CTaH1 MPOAYKT MOJIKOH/EHCAIlll eTUJICHTIIIKOIIO 1 TepedTaneBoi KUcaoTu. MosekynspHa
maca (5 — 8)-10% rycruma 1380 kr/m®. Kpucramiumicte moxe caratu 70%. Maio
riApoQUIbHUN, PpO3UMHSAETHCS B AUXJOpeTaHl, (eHoslax, XJOpOBaHUX (eHoxnax,
MYpAIIUHIA KUCIOTI 1 HE PO3YMHHHUHN Yy 3BHYAMHUX OPTraHIYHMX PO3YMHHHUKAX alleTOHI,
KCHJIONI, JIOKCaHl, eTWaneToHl. PylHHYeThCS KOHIIEHTPOBAaHUMHU JIyTaMH 1 CIpYaHOIO
KHCJIOTOIO.

PoGouwuii inTepsan Temneparyp Bix — 60 g0 150 C, Temneparypa muasieHHs 235 —
265 C, temneparypa kpuxkocti — 80 C, TemnepaTypa ckmyanas 80 — 90 C.

Enextpuuni xapakrepuctuxu: 7 =10'° — 10" O MM ;e=3,1 — 3,5; tgd = 0,002 —
0,02;Enp=30-180 Kk B/ mm.

BuxopurcroByroTs monieTuieHTepedTagaT |y BHUIJISAI BOJOKOH JJisi OOIITiTaHHS
NOpOBOAIB 1 MIIBOK. [IMIBKM BUKOPHCTOBYIOTH ISl MIKIIAPOBOI 13075111 B OOMOTKax
TpaHcPopMaTOpiB 1 IPOCETiB, NI BUTOTOBJICHHS KOHJIEHCATOPIB 3 OUIBIIOI MUTOMOIO
€MHICTIO, HIXK TAaniepoBi, 1 3 OLIBIIOK pOOOUOI0 TEMIIEPATYPOIO.

] sdz' € OteB t5sdzOIs— cfadoupimpziBifzypo3opuit (Moxe BumycKaTucs
TaKOX y BUTJISJII HEIIPO30PHX IPAHYJ BiJl ICHO-KOBTOT'O IO TEMHO-KOPUYHEBOTO KOJILOPY)
POAYKT MOJiKOHAeHcalii udenianponany i gpocreny. Monekysspaa maca (20 — 50)-10%,
ryctuna 1170 — 1220 xr/m3. Crilikuii 10 1ii aniaTHY4HUX BYTJIE€BOAHIB, BULIMX CIHPTIB,

OJIUB, BOJIU, KHCIIOT, CTA0KKX JyTiB. POZUMHIETHCS B XJIOPOBAaHUX BYTJIEBOAHAX, (DeHOAX,
TeTpariapodypaHi.

[InaButhcss mudnoH Oe3 po3kaagaHHs Tpu TemmepaTypi 270 C, TemmepaTypa
ckyBanns — 150 C, 36epirae ruyuxicts 10 — 100 C.

Mae rapHi i cTabinbHi B mmpokomy iHTepBaini Temnepatyp (10 140 C) mexaHiuHi i
enextpuuni (£ =10 — 10 O MM ;=3 — 3,2; tgd'= 0,0006 — 0,008; Enp= 30 K B/

BJIACTUBOCTI.
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[MTonikapGoHAT BUKOPUCTOBYIOTH JJISl BUTOTOBJICHHS YCTaHOBJIIOBAJIBHUX JICTANIEH,
KOHJIEHCATOPHUX IUTIBOK, 3aCTOCOBYIOTH SK B'SDKYYHM Marepial y BHPOOHHIITBI
CKJIOTJIACTHUKIB.

] sdz' Iz to j-Ilsi@uepdi TepmoriacTHyHI UM TEPMOpPEAKTHBHI IOJIMEPH, IO

MICTSTh YPETAaHOBY I'PyIy 1 MAIOTh Ay’K€ IIUPOKUIN CHEKTP BIACTUBOCTEH, B TIM YHCII 1
enextpuunnx (£ =10'20 MM ;e=4,5-5;19d=0,02-0,03;En= 26 KB/ mMmMm)

3 mosiypeTaHiB BUTOTOBIISIIOTE KOMIAyHIW JJIsi TPOCOYEHHS 1 TepMeTu3arii
BHCOKOBOJIFTHUX TPaHC(OPMATOPIB, HAIIBIPOBITHUKOBUX BUIPSIMIIAYIB, KOHAECHCATOPIB
1 IHIIUX BHUPOOIB, JIAKW JUIsl €MajlOBaHHS MPOBOJIB, 10 HE BUMAaraloTh (IIOCIB MPHU
MasiHH1, KJIei NI CKJICIOBAHHS METAJlIB, IJIACTUKIB, CHUJIIKATHUX 1 OPTraHIYHOTO CTEKOI,
KepaMiK{, TYMH 1 IHIIHNX MaTepiaiB.

] sdz' 9 ' dz' dzOnpgmisc@ dzionikoHaeHcalii MOMIBIHIIOBOIO CIHHPTY 3
anpaerinamMu. Ilpu momikoHAEHCAIlli TOMIBIHUIOBOTO CHUPTY 3  (QopMabIeriioMm
OTPUMYIOTE N O /1 i B i H i, AKY GAXOPVATOBYIOTh JUIsI BUPOOHHIITBA €MaJlb-JIaKiB
BI Hi hbn ek c misizoviseiii oBMOTeUBIHX HPOBO/IIB, III0 MAIOTh BUCOKY MEXaHIUHY
MILHICTh, OUIBII BHCOKI 3HAYEHHSI y IMOPIBHSAHHI 3 OJUBHUMHU JaKaMU TeMIIEpaTypu
PO3M'SKIIIEHHS, )KOPCTKOCTI 1 TBEPAOCTI.

’ > ’ > s >

11.1.5~ ~ 7y ‘ j‘ C ' ” y q

1 dzO M Is d3 OdipaBagds MaTepiany, 1o MicTaTh B pisHux & © dz! C sMlsw s 9

tc J U o (hazikep), dzO{ ts 9 dz¥(rpOmpk, BOJOKHA, JUCTOBUI Marepian),
f zOMmisdW¥ " C Olststed Is © W Q taBpEOyBaoTh B teekcnyrigdanfidad
ckionoAioHoMy abo kpuctamiyHoMmy ctaHi. [lmactmacu 3pmatHi mpuiimMaTé MOTPiOHY
dbopmy B mporieci nepepoOKu B TOTOBI BUPOOH M1 J1€I0 TUCKY (YACTO MPU OJHOUYACHOMY
HarpiBanHi). Jlesiki muiacTMacu MOXHa 00pOoOJISITH MEXaHIYHO.

1" wykyO0 tjuyse ddzO ( LBlcY Otz Qdgd, robrd dysia ¢ €z€

NPUPOJIHS, CHHTETHYHA TEPMOIUIACTHYHA UM TepMOpeakTuBHa abo dz] B tc 6 QavenydzO

ckio), mo yreoproe H d Mtf j o6 ' 2 dzj T dRQ léctg dfi oo dlchuye mnactmacy B

OJIMH MaTepiall 1 3HAYHOIO MIPOIO 3yMOBIIIO€ HOTO BIACTUBOCTI.

1 Of sodzt 0 Qlzg'stec Odg ydzistec Odz' ydz' (ckeoxzss, dzd

JIOBTOBOJIOKHUCTUM a30ecT, 0a3aibTOBE BOJIOKHO, OABOBHSIHI Ta JUISHI OYOCH, JIHTED,
cyab(daTHa [ET0I03a, TEKCTHIIBHI 1 MAepoBi YaCTOYKH, CHHTETHYHI BOJIOKHA), f tStotsh
(MemeHi cimo/1a, MICOK 1 TIPChKi TOPOJTH, TATBK, KAOJiH, KaJIbIUT, (PepOMarHITHUNA MOPOIIIOK,
KBapIioBe OOPOIITHO, JIepeBHE OOPOIIHO, JIrHIH 1 aucnepcHi momimepn) un dzd ) Is (s a,
CKJIOTKaHWHA, TKAaHWHA, TMarip) PEeUYOBHHH, IO ICTOTHO 3HWXKYIOTh BAapTICTh, MIABHUILYIOTH
MEXaHIYHI XapaKTepPUCTHKU 1 HarpiBOCTIHKICTh Matepiany. OfHaK, Clij maM'siTaTH, 0 Mpu
BBEJICHHI HAIIOBHIOBAUIB, OCOOJIMBO OPTaHIYHUX, MOXKE 3POCTaTH TITPOCKOMIYHICTh, & TAKOX
HOTIPIIYBATHCS €JEKTPHYHI XapaKTePUCTUKH.

] dzOMmisd W ' C Cebosriec  gas mOMIMIIEHHS — TEXHONOTTYHUX i
eKCIUTyaTalliiHUX XapaKTePUCTHUK IIacTMac. BOHM 3HIKYIOTh TEMIIEPATYPH CKITYBaHHS 1
KPUXKOCTI, PO3IIUPSIOTH IHTEPBAJ BUCOKOETACTUYHOIO CTaHy MaTepiaiy.

J Is9 j t6H ) @BukAAYI KOMIIOHEHTH) BBOJATh B IUIACTMACY IS YTBOPCHHS
MOTIEPEYHMX 3B'A3KIB B MOJIEKYJIaX 1 MK MOJIEKYyJIaMH TojIimMepa.
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dlsOB ' dz' L Gasesitmigiors 3axmcr 9 ' H tclz?2 dz' o dzts’
(TepmocTabinizatopu), | o ' Isdda@cradinizaropu) i & d ) @EfrnokcumanTH).

1 BOh z9 Odz' df (mapedin)pis® diydgonosi piguHu Ta iHII) 301IBIIYIOTH
IUIMHHICTh 1 3MEHIIYIOTh MPWJIMIAHHS IJIaCTMAacH N0 CTIHOK OOJIaJHaHHS B MpoIeci
BUT'OTOBJIEHHS 1 JOpMyBaHHS BUPOOIB.

Jlisg 1utactMac XapakKTepHUM MIMPOKUN CIEKTp PI3HOMAHITHUX BJIACTUBOCTEH 1
oOnactelt 3acTocyBaHHs. BOHUM MOXYyTh BUKOPHCTOBYBATHCS SIK €IEKTPOI3OJIALINHI 1 SIK
KOHCTPYKIIIMHI MaTepiajid, 10 3a0e3MeuyeThCs BHCOKUM PIBHEM €IEKTPODI3UYHHX 1
MEXaHIYHHUX BIACTUBOCTEH, CTIMKICTIO JI0 JIIi BUCOKUX 1 HU3bKHUX TEMIIEPATYP, XIMIYHOIO Ta
BOJIOTOCTIHKICTIO, €7TaCTHYHICTIO, HEBEJTMKOIO TYCTHHOIO Ta JIETKICTIO TIEPEPOOKH Y BUPOOH.

OcHOBHI c1I0COOM TIEPePOOKH IIACTMAC!

— mepepoOka y B'SI3KOIUIMHHOMY CTaHl — JIMTTS MO THCKOM, €KCTpy3is
(BMIaBIIIOBaHHS Yepe3 OTBIP BIAMOBIIHOT (OPMHU y MaTpULIl), Tapsidye MpecyBaHHS TOILIO;

— mepepoOka y BHCOKOENACTUYHOMY CTaHI — Tapsiye IMITaMIyBaHHS, MHEBMO- 1
BaKyyMHeE (popMyBaHHs1, 00poOKa pi3aHHSIM TOUIO;

— TepepoOKa B CKJIOMOAIOHOMY CTaHI — pO3JILJIOBE IMITaMITyBaHHs, 0OpoOKa pi3aHHIM
TOIIIO;

BHUTOTOBJICHHS BUPOOY MUIIXOM TOJIIMepH3aliii piKoi CyMillli B criemianbHii GopMi.

1 to jfrs to ts - @udfimamit MmaTepian I OTPHUMaHHS IUIACTMAC Y BHUTUISAAI TOHKO
NOJIpiOHEHNX, BUCYIIEHUX i PO3MIIIAHUX KOMIIOHEHTIB. IX OTpPHMYIOTb:

— CYyXHUM CI0C0O0M — MOAP1OHIOIOTH Ta 3MIIIYIOTh B TBEPJOMY CTaHI;

— MOKPHM — TMOMNEPEJIHbO MPOCOYYIOTh HAMOBHIOBAY PO3YMHOM B'SKYy4OTO B
NEBHOMY pO3YMHHHUKY, Jlaji HarpiBarOTh IS BHUIIAPOBYBAaHHS pPO3YMHHHKA Ta
noJIpiOHIOIOTE OfiepkaHuii martepian. Ilpu Takiii TexHonorii 3a0e3meuyeTbest Oinbina
OJIHOP1JTHICTb MTPEC-TIOPOLIKY.

[TpoMucIOBICTH BUTOTOBIISIE 54 MapKH MPEC-TIOPOLIKIB, 110 MOAUIAIOTHCS HA 7 TPYIL:
3arajlbHOr0  TPHU3HAYCHHs,  €JCKTPOI3OJAIINHI, BOJOKHUCTI  (AJi1  KOJEKTOPIB
CJICKTPOMAIIIHH), 3 IiIBUIICHOI BOJ0— Ta HArpiBOCTIHKICTIO, 3 IIJBHUINECHOI XIMIYHOIO
CTIMKICTIO, 3 TIBUIIECHOI MIIHICTIO Ha yAap (U1 IOKOIIB €JIeKTPOoIaMIl), 0COOIMBOTO
MIPU3HAYCHHS (PEHTIeH-anapaTH).

Bupobu 13 mnpec-mopoukiB OTPUMYIOTh METOJIOM BIJUIMBaHHS TiJ] THUCKOM
(migirpiBaloTh 30BHI mpec-(popMH 1 HArHITAIOTh NPEC-TIOPOUIOK B mpec-(hopMy Mix
THUCKOM), IITTPUIIFOBAHHSM 1 €KCTPY31€10 (BUTOTOBJISIOTh CTPYKHI, TPYOKH, CTPIUKH).

[TpuknamoM mpec-mopomKiB MOXYTh OyTH (€ H O M N-aMATEpAIN Ha OCHOBI
denon-popmanpaerinHoi (6akemiT) abo HOBOJAYHOT CMOJH. 3 HUX BUTOTOBIISIFOTH KOPITYCH
eJIeKTpoanaparis.

Enextpuuni Brnactusocti ¢enomnacris: 7 =102 O MM dt 0,01...009; En 5

12. .. 17e=kB/5mm;. 7, 0; T e nn & dHebnikkrin gicosryrilad O .

MIOBEPXHI YTBOPIOETHCS CTPYMOIIPOBITHUI 1Iap.

Haitmmpme 3acrocyBaHHS 3HaWlUIM IIapyBaTi IJIaCTMAacu 3  JIMCTOBHM
3allOBHEHHSIM —T € TUHAKC . TekKcToOAni T

1 1 Is d dz@ikcigBuii mapyBaruii MaTepian ToBmuHO Bif 0,2 10 50 MM, B IKOMY
HaIroBHIOBaueM € kabenpHwmii narip (0,12 MM) B KiJIbKa I1apiB, TPOCOUYEHUN OakeaiToM abo
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KPe30710(OpMAaIbIETiJHOI0 CMOIIOIO i pecoBaHuii mpu Temmepatypi 160...165 C i Tucky
6 — 10 MIIa 3 yacom npecyBaHHs 2—5 XBWJIMH Ha | MM TOBIIMHU. Big3HayaeThCs TeTUHAKC
BEJIMKOIO HEOTHOPIAHICTIO BIACTUBOCTEH — MUTOMHI 00'€eMHUI OTip Y3/10BXK IIapiB B 50 —
100, a enekTpryHa MILHICT B 5 — 8 pa3iB MEHILI, HIXK MONEPEK IIaApPIB.

HenmomikoMm reTuHakcy, sK 1 IHITAX MaTepiaiaiB Ha OCHOBI ¢eHoodopMabaerigHOl
CMOJIU, € HU3bKa CTIMKICTH J10 JIi MOBEPXHEBUX PO3PAIB (TPEKIHIOCTIHKICTB).

3apa3  BUIYCKalOTh  TIE€TMHAKC HA  OCHOBI  E€MOKCHUJIHOI  CMOJM  Ta
nomieTtwieHreperanarHoro mnanepy (retuHakc wmapku JII'), a Takoxx TreTuHakc,
0o0NMMIIbOBaHUN 1O 00uABa OOKM IIapoM MojieTuieHTepedTaJaTHOrO mamepy,
IPOCOYEHOT0 EMOKCHIHOI0 cMmojor. ['etmHakc mapku JII' Big3HAYaeThCs BHUCOKMMH
MMOKa3HUKAMHU BOJIOTOCTIMKOCTI, MEXaHIYHUX 1 EJNeKTPUYHMX BiacTHBOCTe. JloOpe
nepepoOITETHCS METOIOM IITAMITyBaHHS.

B oOMexeHuX KIIbKOCTSX BHUTOTOBIISIOTH T€THHAKC HA OCHOBI CKIIomamepy —
CKJIOT€THHAKC.

Jlis  BUTOTOBJIEHHST HHU3bKOYACTOTHUX JIPDYKOBAaHHMX IUIAT BUKOPUCTOBYIOTh
¢dbobroBaHuil TeTUHAKC, MOKPUTHUM 3 OJHIET 200 3 ABOX CTOPiH MigHOI0 (99,9% wmimi)
dosproro ToBuMHOI 5, 18, 25,35, 50, 70 1 105 Mmxm. Uum ToHIIA GoJIbra, TUM IIUTHHITITHI
MOHTaX MO>KHA 3a0€3IIeUnTH HA JaH1 U1aTl.

u S Mmlis sdorpamyroTs 3a Takow K TEXHOJOTIEK, MO 1 TETHHAKC, ale
HAllOBHIOBaY  0OaBOBHSHA,  CKJISHA  (CKJIOTEKCTOJIT),  MOJieTUIeHTepedTazaTHa
(JtaBcaHOBHUH TEKCTOMIT), a30ecToBa (a300TEKCTONIT) TKaHWHA a00 HETKAaHWW MaTepiall.
TekcToT, HAMOBHCHUI O0aBOBHSHOIO TKAHWHOIO, Ma€ O1IbII BHCOKI 3HAYCHHS ITUTOMOI
yJIapHOi B'A3KOCTI, CTIHKOCTI 0 CTUPAHHS 1 OMOPY PO3KOJIIOBAHHIO 3 TOpIs. EnekTpuyHi
XapaKTePUCTUKH TaKi XK, SIK Y TETUHAKCY, 32 BUKIIOYCHHSAM EJICKTPHYHOI MIITHOCTI, sIKa
MOMITHO HUX4Ya. BapTicTh TEKCTOIITY B KiJIbKa pa3iB BUIIA 32 BAPTICTh TE€TUHAKCY.

[Ipy  BUPOOHUITBI  CKJIOTEKCTOJITY  BUKOPUCTOBYIOTH  CKJIOTKaHUHY 3
ATFOMOOOPOCHITIKATHOTO CKJIA 31 BMICTOM OKHCIIIB JTYXKHUX MeTaniB He ounbiie 0,5%. Sk
B'sKyde 3aCTOCOBYIOTH KPEMHIMOpTaHiuHi JJaku ab0 KOMIIO3MIIi KpeMHIHOpraHi4HHUX
JIaKiB 3 €MOKCUIAHOI CMOJIO ElekTpruyHa MIIHICTh CKIOTEKCTOJITY B TPU pa3H BHIIA,
HDDK OaBOBHSIHOTO TEKCTOJITY.

@DonbroBaHmii CKIOTEKCTOMIT Ma€ OUIbITY, HIXk (DOTBrOBaHUN reTUHAKC, CTIHKICTh
JI0 MIABUIIICHUX TeMIEpaTyp 1 BOJIOTOCTI, BUCOKY TPOMIKOCTIUKICTb.

1116, >~ 8

EnacTomep — peuoBHHH, 1110 MaIOTh HAI3BUYAWHO BEIHMKY MPYKHY Aedopmaltito (110
500%) mpu Temmeparypax a0 — (40 — 60) C, mo 3yMOBIEHO 3HI3aroloaibHOIO,
HIApHIPHOIO (OPMOIO MOJIEKYIN, K1 Mpu AedopMalii BUMPAMISIOTECSA, CTPYKTypa CTa€e
OJM3BKOIO 10 KPUCTAJIYHOI, a MPH 3HATTI 3yCHIIIS TIOBEPTAIOTHCA B MOYATKOBY (popmy.
Enactomepn MaroTh TakoX IIMPOKHHA IHTEpBad MK TeMIepaTypaMHd CKIyBaHHS i
TUTMHHOCTI.

Jlo enactomepiB HajeXaTb , MEPLI 32 BCE, TYMM, a TAKOX JAESKl IMOJIypeTaHH,
KpeMmHiopraniuni nomimepu, cymim 90% mnomiernneny i 10% momiizoOyruneny,
m1acTU(IKOBAHUN MOTIBIHUIXJIOPHU/I TOIIIO.
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] Iz d3One BynkaHizoBaHa 0araTOKOMIIOHEHTHA CHCTEMa Ha OCHOBI Kay4yKiB.
Bynkanizaliisi kaydyKiB TOJiAra€ B YTBOPEHHI MOMEPEYHHUX 3B'S3KIB MK MOJICKYJIaMH 1
IPOCTOPOBOI CTPYKTYPH 3a PaxXyHOK PO3KPUTTS MOJBIMHUX 3B'3KIB B MOJIEKYJII KayuyKy
3 JI0IIOMOTO10 aToMiB cipku ipu 138 — 200 C.

B 3anexHOCTI BiJf KUTBKOCTI CIPKH OTPUMYIOTh:

M’ A K Vyupu 1y.3/cipku;

TBepAy 1 y)yussereai G0H.35% cipku.

KpiMm cipku ryma Moxxe MaTu y cBoeMy ckiiajii 10 60% IHIINX PEYOBHH, TaKUX SIK
HaIlOBHIOBaul (Kpeka, TalbK, KaoJliH, OKUC IIMHKY TOIIO) IS TOJIMIISHHS MEXaHIYHUX
BJIACTUBOCTEW Ta 3/CIIEBIICHHS TryMu (HamoBHIOBaul B 20 — 75 pa3iB JeIIeBIl, HIXK
KaydyK), ToM'sKkmiyBadi (cTeapwH, mapadiH) I TOKPAIIEHHS TEXHOJIOTIYHUX
BJIACTUBOCTEW, MPHUCKOPIOBAYl BYJIKaHI3alli, AaHTUOKCUJAHTH, OAapBHUKM 1 1HOI

KOMIIOHEHTH.
BnactuBocTi rymMu 3anexarb BiJ TUIY KaydyKy, 110 BUKOPUCTOBYBABCS INpH ii
BUTOTOBJICHHI. [Ipy BUPOOHMUIITBI TYMH YacTO BHKOPHUCTOBYIOTH CYMIIlll HaTYpaJIbHOTO
KaydyKy, II0 BUTOTOBIJIETHCS 13 JATEKCy — COKY TPOIYHUX KayIyKOHOCHHUX JEpeB, 1
CHHTETUYHUX KaydyKiB, JO SKUX BIIHOCATHCSA OyTali€HOBHM, OyTami€H-CTHUPOIBHUM,
130MPEHOBUM, OYTHIIKAY4YK, XJIOPONPEHOBUH (HaIpUT) Ta OyTadl€H-HITPUIHHUH.

[Teprmi YoTHpHU KaydyKH HETIOJSAPHI 1 3@ BIACTUBOCTSAMHM OJIM3BKIi 10 HATYPAJIBHOTO.
OctanHl J1Ba — NOJSAPHI 31 3HWKEHHUMH XapaKTEepUCTUKaMH, aje F'yMH Ha iX OCHOBI
BIJIPI3HAIOTHCS OUIBIIOI0 CTIMKICTIO J0 Jii HAQTONMPOIYKTIB, OKHUCIIOBAYIB, TEIIJIOBOTO
CTapiHHS, @ TAK0X MEHILIOIO T'a30MPOHUKHICTIO.

M’sika TymMa Ma€ BUCOKI €JIEeKTPOi3OJISIiiiHI, eTacTHYHI, BOJIOTO— Ta BOJOCTINKI
BIacTUBOCTI. 11 HenOMiKK: HU3bKA HATPIBOCTIHMKICTD, 3AATHICT 0 CTApiHHS, HECTIHKICT
JI0 PO3YMHHHUKIB, XIMIYHA B3a€EMO/Iisl CIPKU 3 METajaMH, 1[0 MAIOTh KOHTAKT 3 TYMOIO.

EneKkTpuuHi BIaCTHBOCTI HeNospHoi M’ akoi rymu — 7/ =102 O MM . =3 — 7; tgd
=0,02..0,1En7 20 . . . ndifpuok-B F10%D;MM ;=8 —10,0;tgd=0,3 En &
12. .. 22 KB/ mMwm

3 TBepaoi rymu (eOOHITY) BUTOTOBIISIIOTH TPYTKH, TPYOKH, KOHCTPYKIIiiHI
Matepianu. Hemomiku: mana TEmIOCTIMKICTh, 3HIKEHHS €JIEKTPOOIIOPY Mif i€ CBITIA
(u1st 3ar06iraHHs IbOMY MTOBEPXHIO POMUBAIOTh HAIIATUPHUM CITUPTOM).

Enextpuuni BIacTMBOCTi TBepmoi rymum: r =10* OmMM . ; d =0,@1...0,015
e=2,7..3,0.

Ti ypamo B(@mmicth Wrdrai Cipkd 3aCTOCOBYIOTh CIpYUCTE 3’€JIHAHHS —
TeTpaMEeTHITIypaMaAUCyIb(dis, CKOpoueHa Ha3Ba TiypaMm) — Ma€ 3MEHILICHHUH BIUTUB CipKH
Ha MeTaJl Ta MiIBUILEHY HarpiBOCTINKICTb.

By T apgi &ayugxBipu iemmeparypi 200 — 300 C Mosxe OyTH MomiMepH30BaHuUi
0e3 momaBaHHA CIpKM 4M 1 aHAJIOTIB. YTBOPIOETbCA € C K a-A mdpauil MpoAyKT 3a
MEXAaHIYHUMH BJIACTHBOCTSIMM CXOXKHHM Ha €O0OHIT, aje OLIbII CTIHKHH 10 TEIJI0BOIO
CTapiHHS, KMCIOT i OpraHiuHMX po3umHHMKIB. Moro enexkTpuuni Bmactusocti / =101
O MM ;e=2,7 —3,0; tga= 0,0005

Ha ocHOBi 6 Y T M N1 K ®TYMryoks Y'yMu CTilKi 10 il 030HY, KUCHIO 1 KUCIIOT,
ra3onpoHuKHICTh iX B 10 — 20 pa3 Hmk4Ya, HDK Y HATypajJbHOI TYMH.
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XNnoponpeHO B arymg HagidHsfemHcT ciB@ 1)0CH30CTIHKICTIO.

KpeMHIi WOpT aHi Y arpumyroTs I 'Y MIAXOM HOJIIKOH IEHCAIli1
KPEMHIMOpraHiYHUX KaydyKiB 3 JIOMOMOTOI0 Tepekucy OeH3ony. Sk HamoBHIOBayl
KPEMHIHOPraHIYHOI TYMU BHUKOPHUCTOBYIOTH 15% KOJIOIAHHMI JBOOKHC KpPEMHIIO YU
aepocul, JBOOKHUC THUTaHy, a00 CyMillll KpPEMHIEBOI KHCIOTH 1 KaoJlHy B pPIBHUX
nponopuisx. Kpemuiliopradiuni TyMu MaloTh BHCOKY HarpisocTiiikicts (~ 250 C), ame
gyepe3 BUCOKY TTPOCKOMIYHICTh HAITOBHIOBAY1B BIACTUBOCTI T'YM TPOXH MOTIPIITYIOTHCSA, Y
HUX HEBUCOKI MEXaHIYHI BJIACTUBOCTI, HU3bKa MII[HICTh Ha PO3PUB, Majla CTIHKICThH J10
po3unHHUKIB. He ciin 3a0yBatu 1 Mpo MiABUINIEHY BAPTICTh KPEMHIHOPraHIYHUX TYM.

JIiid 1307151111 3aCTOCOBYIOTh KpeMHilopraHiudi rymu mapok KO-69, KO-673, KO-
697 Ta iHmIi.

11.2 , = - ° L x N ! N > - > - x 7 T - T

(9 <

OCHOBHOIO 03HAKOIO BOJIOKHUCTHUX MaTEpialiB € X CTPYKTypa: BOHH CKIaJAI0THCS
3 OKpeMHX TOHKHX, YaCTillle THYYKUX, €JIEMEHTIB, IPUUOMY TOBXKHHA 1X 3HAYHO OiJbIla
ToBUIMHU. Hanpuknan: njis 6aBOBHSHOTO BOJIOKHA — JOBXHHA 25 MM, a ToBiuHa 0,015
MM; JJIs JUISHOTO, BiAmoBigHO, — 25 MM 1 0,02 MM. CHHTETHYHI BOJIOKHA MOXYTh OyTH
Oynb-sikoi noBxxkunu npu aiamerpi 0,003...0,03 mm.

BonokHHCTI AiENEKTPUKH TPHUPOTHOTO IMOXOKEHHS OyBarOTh opraHidyfi (y HHUX
HU3bKa HarpiBOCTIMKICTh — JJI1 HEMPOCOYEHHUX Kiac Y, A mpocouyeHux — kimac A) Ta
HEopraHigyHOro NMoXo pKkeHHs (kinacu E,B,F,H).

Jlo TpHUpOTHUX BOJIOKOH BiHOCSTHCS BOJOKHA POCIMHHOTO (0aBOBHA, IIHOH,
NPsIIUBO, JUKYT, MAIip, IepeBHUHA), TBAPUHHOTO (IIOBK, BOBHA) 1 MiHEpalbHOTO (a30ecT)
MTOXOJ/KCHHS.

MoxkHa BUIUIMTH T K & (HKRHUHU, CTPiUuKH) Ta H € T K (&pkbHa, marmip, KapToH)
BOJIOKHHCTI MaTepiaiu. B mepimomy BUNIaIKy MaTepiaid MalOTh BIOPSKEHY CTPYKTYPY
y BUTJISII TIEPEXPECHUX HUTOK. B npyromy — nepersieTeHy cucteMy BOJIOKOH.

[lepeBaru BOJIOKHUCTUX MaTepialliB: A€lIEBU3HA, MEXaHIUYHA MILIHICTh Ta THYYKICTb,
no0pa mpUAATHICTE A0 00poOiTKy. Hemomiku: HEBHCOKAa €NeKTpUYHA MIIHICTh, HU3bKA
TETUIONPOBIIHICTh 32 PaXyHOK MOJIEKYJISPHOI TETJIOMPOBITHOCTI MOBITPSI B MPOMIKKAX
MDK BOJIOKHAMH, BUCOKA TITPOCKOIIYHICTh (HEOOX1JHO 3aCTOCOBYBATH MTPOCOUYBAHHS).

[ te ] evefdefocHo xopoliri MexaHi4HiI BIACTHBOCTI — MIIIHICTh HA PO3PUBAHHS
700...1300 xr/m?. Ilpuuomy, BaKKi NOPOAY 3HAYHO MiLHIIN, Hi Jjerki. MimHicTh
BITOTNIEPEK MEHIIA HiX BIOJOBXK. Hemomiku nepeBrHM Taki:

— BHCOKa TIIPOCKOMIYHICTb, IO MPUBOAUTH 1O KOPOOJICHHS Ta PO3TPICKYBaHHS MpU
MIBUJIKOMY CYIIiHHI;

— HECTaHJAPTHICTh BIACTUBOCTEH JJIsl OHIET i Ti€T )X MOPOIM ICPEBUHH;

— HEI30TPOMHICTh BIACTUBOCTEMH, iX 3aJIeKHICTD BiJl HAPSIMKY PO3MIIIOBAHHS;

— HM3bKa HarpiBOCTIUKICTh, TOPIOYICTb.

BnacTuBOCTI MOMIMIIYIOTBCS TMPH MPOCOYYBAHHI AHTHUCENTHKAMH, TAKHUMH SK
dbTopucTHil HATPiH, MITHUN KYITOPOC, KPEO30T Ta 1HIII.

Mertou aHTUCENTYBaHHS:

— MPOCOYYBAHHS MACISHUCTUMU aHTUCENITUKAMH I11]] TUCKOM;
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— TMPOCOYYBAHHS MACISIHUCTUMU aHTUCENTUKAMU CIIOCOOOM rapsiu0-XOJIOJHUX BaHH;
— TMPOCOYYBAHHS BOJOPO3UMHHUM aHTHUCENTHUKOM B IITAOEISIX.

JInsg  3axucTty JEpeBMHHM BiJ TOPIHHS 3aCTOCOBYIOTH BOTHETPUBKI TMOKPHUTTS:
HaANPUKIIAI, PIJKE CKIIO B CyMiIII 3 piOHO MOApiOHEHOO Kpei1oto, riHo0. [1i Ai€ro BOTHIO
TIOKPUTTS TUTABUTHCS 1 IOKPUBAE JIEPEBUHY TUTIBKOIO, IO TIEPEIIIKOKAE JOCTYITY TTOBITPSI.

Enextpuuni nactusocti: 7=(2..8)AFOMM ; n5E 2, 4. . .5, 5 KB/ mw

3acTOCOBYIOTh JEPEBHHY [UIsl MA30BUX KIMHIIIB B €JICKTPOMAIIUHAX, SIPMOBUX
0asiok TpaHchopMaTopiB, SIK OMOPH CIITBCHKUX €IIEKTPOMEPEXK.

] Off ' t6 ' — QdOniadsols dbo pysaoHHI MaTepiaan KOPOTKOBOJIOKHHUCTOTO
CKJIay 13 WEI0N03U. B enekTpoTexHill 3acTOCOBYEThCs NyxkHa Ientono3a (NaOH) —
’KOBTYyBaTa Ha KoJiip (HeouuieHa) Ta cyiabditHa (H2SOs) — 6ina (merreBmia 3a 1y:KHY).

Konnencaropuuit mamip — HaitoHmui, Big 4 mo 30 MkM, 1 HaWAKICHIIIUN
CIEKTPOI30IISIIHHNN Tamip. Yepe3 opieHTaIlif0 BOJIOKOH B MPOIECI BUTOTOBJICHHS TaIlip
HEI30TPOIHUIN MaTepiall — MILHICTh HAa PO3PUBAHHSA B3/10BK BOJIOKOH BUIIA, HIXK MOIEPEK.

KoHIeHCaTOpHMIA MaTlip TOMITHO OKHCISETECSA IpH Temmepatypax 110 — 120 C, mpu 150
'C mamip mBHAKO PyHHYETHCS.

BunyckaroTe KoHAeHcaTopHuiM mamip 3BuuaiiHmii THny K O H cnemniansHumii
noiimmeHoi sikocti C K O B ,mamuvu nienexrpuanumu Brpatamu MK O H, Bucokoro
CICKTPUYHOI MIIHICTIO 1 Mamumu BTpatamu E MK O HjcopbenTHuit 3 mammmu
JIEeTIEKTPUYHUMHU BTpaTaMHU 1 T1JIBUILIEHOIO €JIEKTPUIHOIO MIIHICTIO. 3aJI€KHO B1Jl TYCTUHU
PO3pI3HAIOTH Taki Mapku KoHzaeHcatopHoro mamepy: MK OH8 (ryctuma 800 xr/me),
K O HL (1000kr/m%), K O K2 (1200kr/m%), C K O-8(1300kr/m%). IMamip mapku K O HL
BUKOPHUCTOBYIOTH MPH 3MiHHIN Harpy3i, K O FR2 — npu nocTiitHii.

Mana TOBIIMHA KOHJEHCATOPHOTO TAamepy J03BOJSE MIABUIIUTH €MHICTh
KOHJICHCATOpa, 1[0 OOEpHEHO MpOMOpIliiHA TOBIIMHI mAienekTpuka. Kpim Ttoro, ams
HiBUIICHHS €MHOCTI KOHJEHCATOpiB 1 MOKpAllleHHsS IXHIX XapaKTepUCTHK, TMarip
IPOCOYYIOTh HA(TOBOIO KOHACHCATOPHOIO OJHMBOIO YH IHIIUMH TNPOCOUYBATbHUMHU
MmaTepianaMu. [IpocodeHHs MiABUILY€E €IEKTPUUHY MIIHICTh KOHJIEHCATOPHOI'O Marepy
toBuMHOIO 10 MxM Maibke B 10 pa3ziB — Big 30 — 40 kB/mMm 10 250 — 300 kB/mMm.

HesBaxkatroun Ha TMOBHY TepMETH3AIll0 CHJIOBI KOHACHCATOPU MiAOThHCS
€JICKTPOXIMIYHOMY CTapiHHIO Ta il YacCTKOBHX pO3PSAIiB, a TOMY poOOYi HaAmpyru
BUOUparoTh 25-35 kB/MM nipu nocTiiiHii Hanpy3ii 12 — 15 kB/MM — nipu 3MiHHIH.

TeneMoHHNiNo BMIPCKABCS TOBIIMHOIO 50 MKM, 3apa3 y 3BSIBKY 3
NEepPexXo/IoM Ha ONTOBOJOKOHHI JiHIT B CTal[lOHAPHUX TeJIePOHHUX MEpekax, 10 B Hall
qac BXKE TEX BIKUBAIOTH CBill BiK, 1 HA MOOITbHI TeIePOHU 3aCTOCOBYIOTH TIIBKU HpPHU
BUTOTOBJICHHI T€TUHAKCY Ta JJIs 130111111 00MoTyBanbHuX npoBoiB Mapok I1b i ITBBO.

Ka 6 e nb H usitbcuassi toguuuoo 0,12 MM 3 cyab(iTHOT HET0I030 1I1e
HEe/laBHO OyB OCHOBHHMM MaTepiasioM ISl 130JIs1(ii BUCOKOBOJIBTHUX 1 HU3bKOBOJBTHUX
kabenmiB. Ilpu  BuKOpucTaHHI  BIH  JIOAAaTKOBO  IPOCOYYETHCS  Ha(TOBOIO
eJIEKTPOI30JISIIIHOI0 OJIMBOIO 200 OJMBOKAaHI(POIHHOIO MACO0. AJie IPU IIbOMY CIIA0KUM
MicleM B 130111 KaOelliB 3aJMIIAIOThCA CTUKU OKPEMHX CTPIUOK, JI€ MOXYTh
YTBOPIOBATHUCSI HEMPOCOYEHI MOPOKHUHU, B SKUX BUHUKAIOTH YaCTKOBI po3psian. s
3ano0iraHHIO CTApIHHIO MIJT JII€0 YaCTKOBUX PO3PsAIiB poOOUy HAMpyTy JJisl MarnepoBO-
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OJIMBHOI 130711111 BUOMparoTh piBHOIO 3 — 4 kKB/MM, a 1151 Ta30- 1 OJIMBOHATIOBHEHUX — JI0
10 — 12 xB/mmM, 110 B 3 — 7 pa3 Hrkue ii eNeKTPUIHOT MIITHOCTI.

3apa3 BUKOPUCTaHHS BHCOKOBOJIbTHHX KaOeJiB 3 MarepoBO-OJMBHOIO 130JISIIIEIO,
ra3o- Ta OJMBOHANOBHEHHX KaOeliB iiie Ha craj, po3pOoOJISIOTHCS 1 BIPOBAKYIOTHCS
3HAYHO MPOCTIIII 32 KOHCTPYKLIEIO 1 TEXHOJIOTIEI0 BUTOTOBJIEHHS BUCOKOBOJIBTHI Ka0eJl 3
130JISI[I€10 13 3MIMTOTO TOJIETUIICHY, XO4Ya, BPAaXOBYIOUH pecypc ManepoBOOJIUBHOI
Ka0eNbHOI 1307151111, BOHA ITUPOKO PO3MOBCIOKEHA B ICHYIOUMX KaOEJIbHIX Mepexax 1 e
JOBTO OyJie eKCIUTyaTyBaTHUCS.

K a p T ®ipisugerbes Bij mnanepy ToBuuHOW, 1o csrae 0,1 — 3 mm. Tonki
kapToHH (10 0,8 MM) BUITyCKAIOTh B PYJOHAX, MPU OLIBIIIN TOBIIHHI — B JTUCTaX.

BUroTOBNISAIOTH ABOX THIIIB: MPU3HAYCHUI 1711 pOOOTH HA TIOBITPI N P Y X HapTdiH,
3 SIKOTO BUTOTOBJISIFOTH T1Ib3U JJISl TIA31B €JIEKTPOMAIINH, KapKach KOTYIIOK, MPOKJIaIKH,
BHKOPUCTOBYIOTh B CyXHX TpaHc(opmaTopax, Ta O J1 WU B -HOWXKimmuid i M SIKimmid, 1110
NpU3HAYCHUH 11 poOOTH B TpaHchopMaTopHOMY Macii  TpaHchopmaTopis,
onuBOOap'epHUX BBOJIB BUCOKOI HAIPYTH TOLIO. BUITyCKalOTh TaKOX KapTOH 3 raHyip s,
110 Mae€ ITiJIBUIIEHI MEXaHIuHI Ta €JICKTPUYHI BIACTUBOCTI, ajie Ma€ OLIbII BUCOKY BapTICTh.

Mi KaneHTHUWN 0O@&3BITQROBYETLGT 1@ /BHOOTOBICHHS THYYKOT
CITIOSTHOL CTPIYKHM NUIIXOM HAaHECEHHS MEJICHOI IO Ha OaBOBHSHY CTPIUKY (TOBIIMHA
20 mxM, mupuHa 450 a6o 900 MM). 3aCTOCOBYIOTh TAKOX K CKPIILIIIOIOUI MPOKIAIKH,
3aXHCHI OOTOPTKH.

®i 6 BHYOTOBISIOTH 3 TOHKOTO MAIepy, KUK MPOIYCKAIOTh Yepe3 TeIUTHH PO3UHH
(50 C) xnmopucroro mmeKY (ZnClz), HAMOTYIOTH Ha CTaIbHUIA 6apabaH 10 oJep/KaHHs IIapy
noTpiOHOI TOBIIMHU, MOTIM 3pi3yIOTh 3 OapabaHy MPOMHUBAIOTH BOJOKO Ta IMPECYIOTh.
Bunyckarots B nuctax toBumHow 0,1...25 MM, a Takox y Burisanal Tpyo. Po3moueny B
rapsyiii Boai ¢iOpy moxxkHa dopmysaru. Ilimmaerbest mexaniuHid 006po6mi. Hemormik:
BHCOKa TTPOCKOIIYHICTb, IKa YACTKOBO YCYBAETHCS MPOCOUYBAHHIM TpaHC(HOPMATOPHOIO
onuBoto, napadinom. Ilix miero enekTpudHoi 1yru ¢idpa po3KIaATAETHCs, BUALISE BETUKY
KUIBKICTb I'a31B, 110 CIPHUSIE TACIHHIO 1YTH, a TOMY (P10py 3aCTOCOBYIOTH JIJIsl BUTOTOBJICHHS
TpyO4acTUX pO3PSAHMKIB, a TAaKOX /Ui Ta30BUX KIWHIIB HHU3bKOBOJIBTHHX
€JICKTPOMAIIINH, MPOKJIAI0K, IIIUTIB TOIIO.

[ 59 G ts9 tsdzts § dzd M s ‘orpumB@ris jmtaon®@dzdpsiainas HuTOK 3

)IOBFOBOJ'IOKHI/ICTO.I' 0aBOBHSHOI YU IIIOBKOBOI CUPOBHHHU abo MCTOAOM BUTATYBAHHA

CHUHTETUYHO1 HUTKH 3 pO3IUIaBy nojiMepy. TOBIIMHA HUTKU OIIHIOETHCA B TEKCaX — I/KM
(8 cucremi Cl — kr/m). B enexkTpoi3omismiiiHiii TeXHill NpsHKy BUKOPUCTOBYIOTH JUIS
130511111 OOMOTKOBUX MPOBOMIB 1 Ui 3aXUCTY 130JISMi1 IIHYpiB, MPOBOMAIB Ta KabOemiB
HUISXOM OOIUTITaHHS 1, PU HEOOX1IHOCTI, HACTYITHOTO MPOCOYEHHS JaKOM, KOMIayHIOM
YW 1HIIOK MPOCOUYYBAJIHLHOI KOMITO3UINED [JIs MIJBHINCHHS MEXaHIYHO1 MIITHOCTI 1
BOJIOTOCTIMKOCTI.

3 HHTOK TaKOXX BHTOTOBJISIFOTh TKaHWHHU, IO MAIOTh B IMOPIBHSHHI 3 Tamepamu
OUTBIIy MEXaHIYHY MiIHICTh. TKaHWHHU, 10 BUKOPUCTOBYIOTHCS B €IEKTPOI30NIALIHHIN
TeXHIIll, BIJPI3HIIOTHCS CHOCOOOM TMEpEeIJIETeHHS HUTOK 1 TOBIIMHOIO: IMHGPOHU —
toBimHaa 0,15 MM, O6atuct — 0,12 MM, 05136 — 0,4 MM. BUrOTOBIISIIOTH TaKOX C T P |
muprHO 10 — 60 MM: KimepHi — 3 JlarOHAJIEBUM TeperuieTeHHsAM TOBIIMHOIO 0,45 MM,
mitkajesi — 0,12 mm, 6atucToBi — 0,12 MMm.

207

K



Cnig BiI3HAUWMTH, M0 HATypajbHUM IIOBK HA CHOTOJHI BXKE Maike He
3aCTOCOBYETHCS, BAKOPUCTOBYIOTBCSI LU T Y U H | ,BICDIKUR BKITHOGITHCS BICKO3HUH Ta
alleTaTHUH IIOBKH, 110 BUTOTOBIISIETHCS 3 €QipiB Hemtono3u. LITydnuil moBk TOBCTIINI
3a TPUPOIHUN. ENEKTpoi30sAIiiiHI BIACTUBOCTI BICKO3HOTO IIOBKY HE BHIII HIK Yy
0aBOBHSHOTO BOJIOKHA, alleTaTHOT'O — TPOXH KpaIli.

CW H TWEYTH | BBATOTOBHSMTA 3 JIaBCaHy, HEIJIOHY, KallpOHY, MONIETUIIEHY,
MOTIBIHUTXJIOPUY.

[ OFC BiIs € O-dagedechurna, mo mpocoyeHa ENEKTPOI3OIAIHHIM OJUBHUM
(CBITJII TAKOTKAHWHU) YX OJIMBHO-OITYMHHMM (YOpHI1 JIAKOTKAaHUHM) JJaKOM. BumyckaroTs B

pynonax 700 — 1050 mM. BHKOpHCTOBYIOTH JJIS 130JIIi1 B €JICKTPUYHUX MAIIHHAX,
amaparax, Ka0eJIbHUX BUPOOaxX y BUTJISAI OOMOTOK, MPOKJIAA0K, BUTOTOBISIOTH JTaKOBaHi
CJICKTPOI30JISAIiHiHI TPYOKH.

JlakOTKaHUHU 3a HArpiBOCTIMKICTIO BIAHOCATBCS a0 Kiacy A. Po3pi3HAIOTH
JAKOTKAaHWHU OaBOBHSHI Ta MIOBKOBi. OCTaHHI JOPOXK4Yi, ajieé TOHIII, MAIOTh OUIBIILY
eJIEKTpUYHY MIIHICTB 55...90 MB/M B nopiBHSIHHI 3 0ABOBHSIHUMH, IS IKUX BOHA CKJIAJ1a€
35...50 MB/m (cBiTni nakotkanuau) i 50...60 MB/m (dophi). YopHi IaKOTKAHUHA MAIOTh
Kpaml eJeKTPUYHI BIACTHUBOCTI, MEHIIY TIrPOCKOIIYHICTh, CTIWKIII 1O TEIUIOBOTO
CTapiHHsA, ajJe MEHII CTIHKI 10 OpraHiYHUX PO3YHMHHHUKIB.

3apa3 JaKOTKaHUHU IHTEHCUBHO 3aMIHIOIOTHCSI THYUYKUMHU MOJTIMEPHUMH ILTIBKAMH.

Jla K 0 N aBMK@YCIOBYIOTH SK 3aMIHHUKH JJAKOTKAaHWH. BOHM MaroTh MiJBHIIEHI
eJIEKTPOI30JIALI1HHI BIACTUBOCTI, aJle IX MEXaH14H1 XapaKTEePUCTUKH TIpIi, HDK Y TaKOTKaHHH.

NTnnki C BupotoB4isHOWh .3 MITKQIIO, MPOMAIICHOTO JIMITKOK CYMIIIII 3
OJTHOTO 200 3 JBOX OOKIB, a00 MOJIXJIOPBIHIIOBOIO IJIACTUKATY 3 MIAKICIOIOYMM IAPOM.
ToBmyHa MTIBOK 3HAXOAUTHCS B Mekax 0,2...0,5 MM. 3aCTOCOBYIOTH IS 130JIA111T 3’ €THAHB.

A 3 6 e-Ccrpyna MmiHepadiB 3 BOJOKHHCTOI OYH0BOIO. 3aisirae B KaM’ SIHUCTHX
MOPO/IaX Yy BUIJISI/IL SKHJI TOBIUIMHOKO BiJl YACTOK MUJIMETpa J0 JEKIIHKOX CAHTUMETPIB.
IlepeBaru: Bucoka HarpiBoctiiikicts (10 400 C). ITnaButses mpu 1150 C. Henmomik:
FIFPOCKOMIYHUMN, A1eJIEKTPUYHI BIaCTUBOCTI HEBUCOKI. He 3acTOCOBY€ThCS IPU BUCOKHX
Hafpyrax Ta BACOKHX YacTOTax.

3 a30ecTy BUTOTOBIISIIOTH NMPSIKY, CTpiuky (ToBmKHOW 0,4...0,5 Mm), Tkanunw (1,6...2,9
mm), mamip (0,2...1,0 Mm), kapToH. 3acTOCOBYIOTH & 3 6 O MNAASNMIMXBUTKOBOI 130JISIIiT
enekTpoManini; 8 3 6 0 C T(Kxac Bi) &k YoBHIMIHIM [1ap 1307151111 KOTYIIOK SICKTPOMAIIINH;
a 3 6 0 B O-Mi0MIN] HArPIBOCTIMKMX MPOBO/IIB 1 BAPOOHHIITBA ITacT™MAc, & 3 O O L, e M € F
— JUIS TIAHEJEH 1 IUTIB TOBIIMHOKO 4...40 MMm.

CK N 0 B OBAr@d8IMIOH i3 PO3IUIABICHOTO OE3ITyKHOTO CKJIA IIIIXOM BUTATYBAHHS
Yyepe3 TOHKI OTBOPH ((iIb’€pH) 3 IOAANIBIINM 3aMaCIEHHM, 100 BOJIOKHA HE 3MUNaINCh. Lle
BOJIOKHO MaJIO TIPOCKOIIIYHE, He 3MiHIOE CBOT MeXaHiuHi BaactusocTi 10 300°C.

BuKoOpHCTOBYIOTH SIK OCHOBHMM MaTepian Ui BUTOTOBJICHHS HArpiBOCTIMKO{
i3omsmii. I3 CKISHOI TKAaHWHM BUPOOJISIOTH  CKJIOTEKCTONIT, CKJIOJAKOTKaHUHY,
CKJIOCTPIYKY Ta CKIJIOMAHYOXY MJISl 130JI0BaHHS OOMOTYBAJIBHUX IPOBOJIB, @ TaKOX
OJIHOHATIPABJIEHUH CKJIOIUIACTUK (CTPMXKEHb) JUJISI HECY4YOoro €JIEMEHTa IMOJIMEPHUX
130514TOpIB. SIK Mi€TEKTPUK CKIOBOJIOKHO BUKOPHCTOBYIOThH JIMIIE B IPOCOYCHOMY CTaHI.
[ToBepxHeBa €IEKTPOIPOBIAHICTh CKIOTKAHWHU, TOKPUTOT KPEMHIMOPraHIYHUM JIAKOM,
sHmKyeThes B 10* pas, enexrpuuna minaicTs 3poctae B 10 pas (1o 40...45 kB/mm).
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MiHepalibHI €JeKTPOI130JIALIHHI MaTepiald MOXKHa pO30UTH Ha 1Bl IPYIU:

1. C n 10 A wiHepanu, 10 MarOTh BJIACTHUBICTh PO3MICIUIATHCH HAa YK€ TOHKI
aucToukd. Hemonmik: mpUCYTHICTH MiHEpPaIbHUX a00 Ta30BUX JOMIIMIOK, XBUJISICTICTb,
CKJIQJIYaCTICTh Ta MOTHYTICTh JIUCTIB.

2.F1 pcbKIi wMapayp, auahdp, TATKKOXJIOPHUT ) 3aCTOCOBYIOTh Y BHIJISII
OpyCKiB, JOIIOK, IO OTPUMYIOTh MEXaHIYHOIO OOpOOKOI BHUXIIHUX MaTepiaiB.
EnexTpuyHi BJIACTHMBOCTI BIJHOCHO HEBHMCOKI, 3aCTOCOBYIOTh NMPU HHU3BKIM HaIpy3i Ta
4acTOTi. 3apa3 BTPATWJIA CBOE 3HAYCHHS Ta 3aMIHIOIOTHCS MITYYHUMHU MaTepiaJlaMHy.

4 ’ 2 2 ’ s —_ 3 » ’
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C N 10 ApupoaHuii MaTepiai 3 XapaKTepHOIO 1apyBaTOIO 63/110130}0, 110 J103BOJISIE
PO3IICTLTIOBATH KPUCTATU CIIFOJM HA JTUCTOYKU TOBIIMHOIO 10 0,5 — 5 MKM, 1 CyTTEBOIO
aHI30TPOMIEI0 BIIACTUBOCTEH. 3a XIMIYHMM CKJIAJIOM CITFOJIU € ATFOMOCUIIIKATOM JTY)KHUX 1
JY’KHO3EMEJIbHUX MeETaliB. [3 HMpPOKOi Ipynu NPUPOIHUX CIIIOJ B EJIEKTPOTEXHIII
3aCTOCOBYIOTh IBA BUIU: MY C K @B@rTO N i T

My C K O-BaitidBa ciroa 3 MPHOIM3HUM CKIIAI0M

K20-3Al1,03-6Si02-2H20.

Jlo ii ckiamy MOXKYTh BXOAMTH HEBEJIHKI KITBKOCTI TaKuX OKUCIIB K Fe203, TiO»,
Cr,03, MnO, CaO, Na2O. Komip cpibmsicTuii, 3eneHKyBaToro abo YepBOHYBAaTOTO
BiATIHKY. Tonki muctouku (0,01..0,05 mwm) mpo3opi, MarOTh BUCOKY THYYKICTb,
MPYXHICTh, BUCOKY MIIHICTh Ha PO3PUBAHHS, XIMIYHO CTiMKi IO JYTiB 1 PO3UYMHHUKIB.
CipuaHa Ta XJIOpHA KMCJIOTH PO3YMHIOIOTh MYCKOBIT TUIbKM IIPU HAarpiBaHHI.

Enextpuuni Bnactusocti: 7=10'2— 10 O M8d ; ~0,8004...0,0081pu yacroti 50
NuEng A0 25 Opu nroddriavOv, 0 2 5e=641m-;8,4; ryctuna d=2700 — 3000
K13 OYTTEBO HE 3MIHIOE CBOi MEXaHIYHI BJIACTUBOCTI JI0 500...600C , koM MOYMHAE

BIJIIIETITIOBATUCS KPUCTaTI3alliitHa BOa, JJ1si 3HEBOJJTHEHOT0 MYyCKOBITY Tnnze A4 0 CL3 0 0

® 1 or o(miA Mpemubkoro (uoromoc — BOTHEMOAIOHWI) KaylieBO-MarHe3iajabHa
CJII0JIa TPUOJIU3HOTO CKIIATy

K20-6MgO-Al>03-6Si02-2H-0,

Konip ¢noromity 3MiHIO€TBCS BiJ] YOPHOTO, KOPUUHEBOIO /10 OYypIITHHOBOTO Ta
1HKOJIN CPi0IsICTO—CBITIOr0. Mae MeHIIy NPy>KHICTh Ta XIMIYHY CTIHKICTh HI’)K MYCKOBIT.
Pearye 3 kucnoramu, ajne JIyTd Ha HHOTO HE JIIOTh.

I3 cmogm roTYyIOTH CHPOBHMHY JUIS EJEKTPOI3ONSALiNHMX MatepianiB. Panimie
Bunyckaiau ciroAsHi konaeHcatopu Mapok KCO, KI'C 1 CI'M, B sikMX 3acTOCOBYBaU
MYCKOBIT (TPSIMOKYTHI JUCTOYKH a=7...60 MM, b=4...50 MM), 3 ioromiTy BUTOTOBIISIIN
OOKOBi 3aXMCHI TUTACTUHKHU. 3apa3 B KOHJIEHCATOPaX 3aMiCTh CIIOIM BHUKOPUCTOBYIOTh
CHUHTETHYHI MOJIIMEpH, Hampukiaa ¢ropomnact-4. B BakyymHHX mpuiagax i 3apas
3aCTOCOBYIOTh MYCKOBIT.

EneKkTpuyHi BIACTHBOCTI (DJIOTOMITY IMpH THX e ymoBax: /=10 — 102 O MM ;

tge=0,0006...0,015; En [0 15 Ge=5k.Bifyvmmad =2, 7. .3 H23miBroer / c

BiactuBocTeit 10 800...900 C.
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®T Op P21 OT-0 RUHTRTUYHA CIIOJA, Ky, KpIM [PHUPOIHOT  CIIFOJH,
BUKOPHUCTOBYIOTh B  €NEKTpOI3OJsAliiHIN TexHimi. [igpokcunpHi rpymu OH vy
¢TopdaoromiTi 3aMilleH1 i0HaMH QTOPY.

OTpuMyIOTh HOro, pO3IUIABNISIIOYM B BHCOKOTEMIEPATYpHIH TMe4l MIUXTY
CHEIalbHOIO0 XIMIYHOTO CKJIAQy 3 TOJAJbIIO KpPUCTANI3all€l0 pO3IUIaBy IpH
MOBUILHOMY OXOJIO/I>KEHHI.

Mae Gu1bI1y XIMIYHY, HATp1BO— Ta pajlaliiHy CTIMKICTb HI NPUPOJHUN (PIIOTOMIT,
nutomMuit omip B 15...20 pa3 GiabImuil HiXK y ¢uioromiTy, mpoOuBHA Hampyra — B 1,5 pa3u
Buina, tgd B 2 pasu wmenmmii. Hemomik: kpuctamu (Topdaoromry BakKO
PO3IIEIIIOIOTHCS, @ TOMY BIH HE MOK€ OyTH NMOBHUM 3aMIHHUKOM HPHUPOAHOI CIIOAM.
3aCTOCOBYIOTh — JUIsl BHYTPIIIHBOI 130JIAIi1 B €JIEKTPOHHHX JIamIaX, HarpiBOCTIMKOT
130J1A11111 CTeIliaIbHUX €JICKTPOMAIIIHH.

4 » ’ _ 2

12.1.2"’V"L N " D T

Marepiaiau Ha OCHOBI CJIFOJM TIOUISAIOTH HA MIKaHITH 1 CIIOJICHITH.

[ ' € Odz misrepianu, 1110 BUTOTOBJISIOTHCS HA OCHOBI PO3IIEIUICHOT (CKiMaHOT)
CIIIOAM, JUCTOYKHU SIKOT CKJICIOIOTH MK COOOI0 JIaKaMH, CYXOI0 CMOJIOK 1HKOJIH 3
3aCTOCYBaHHSM BOJIOKHUCTOT MiJIKJIAJKU 3 Tanepy abo TKaHUHU 3 OJHOTo OOKY abo 3 ABOX
OokiB. IX moxinAloT, Ha uYoTMpM Tpymu 3a ToBmuUHOMX. CKimaHuii duiromT 3a
HArpiBOCTIHKiCTIO mHofinsgeThcss Ha 3Buyaiimmii (150 C), marpiBoctidikuit (250 C) i
BHCOKOHArpisocTiiikuii (450 C).

Po3pi3HSIOTE  KOJEKTOPHUHM, (QOpMYyBalbHHUM, MNPOKIATHUN, THYYKHH Ta
TEPMOTPUBKHIA MiKaHITH. MapKyBaHHS CKIaAaeThbes 3 2...3 miTep Ta mudpu:

1. lepma mitepa — tun MikaHiTy — K — kojektopuuit; 1 — nmpoxnagnuii; @ —
dbopmyBanbHuil; [T — rayukmii; M — mikadomiii; /1 — cTpiuka.

2. lpyra nitepa — tan cimoau — M — myckoBiT; @ — ¢uiromnit; C — cyMilll MyCKOBITY
Ta QIITOMITY.

3. Tpets nitepa abo mudpa — B KJICHOU0i peUOBUHM Ta JOJAATKOBI XapaKTEPUCTUKU
MaTepiany.

KoOnekTOoOpHMW K 3adMocoRya T ik i30J1i1 KOJIEKTOPHHUX IUIACTHH B
eJICKTpUYHUX MammuHax. [Ipu BUTOTOBIEHHI BBOJATH 4...6% 3B’A3yBaJIbHOI PEYOBHHU
(rmidraneBa abo iHIIA cMoja, menak). [licns ckieroBaHHS MiAIal0Th HEOJTHOPA30BOMY
raps4oMy MPOCOYCHHIO, (Ppe3epyBaHHIO Ta MNUTIPYBAHHIO JUIS OJEP)KAaHHS 3aJaHHX
po3mipiB. IIBUAKICT CTUpaHHS KOJEKTOPHOTO MIKAHITY CHIBHaAa€ 3 MIBUAKICTIO
CTHpaHHS MIJHUX KOJEKTOPHMX IUIACTHH, IO JJO3BOJISIE YHUKHYTH NPOTOYYBAaHHS
KOJIEKTOpa B MPOIIeC] eKCIUTyaTaIlii MalliuHH.

®op My B anb H W AuctmiomArEG Big 0,1 10 0,5 MM 3 BMICTOM CIIFOIH
80 — 95%, pemiTa B'sKyda pe4oBUHA. BUKOPUCTOBYIOTH U1 BUTOTOBJICHHS KOJIEKTOPHUX
MaHXeT (130JI11is1 KOJEKTOpa Bij Bajy €JEKTPOMAIINHM), (IIaHLiB, KapKaciB KOTYIIOK,
TpyOOK Ta iHIIUX (hacoBaHUX BUPOOIB.

Mi K a g6 /pidadBHI (HOPMYBATBHOTO MIKaHITY, MO Mae€ 3 OJHOTO OOKY
HiAKIAAKy 3 Tamnepy, CKIOTKaHMHH a0o ckiociTku. Bwict cmrogm Oimbme  50%.
Bunyckatore mikadomiii toBumHoo Big 0,15 mo 0,3 MM B jucrax abo pysoHax.
Enextpuuna MinHicTh Mikadomiro 3 MikaHiTy 15 — 16 kB/MMm , 3 ¢uoronity — 13 xB/mm.
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3aCTOCOBYIOTh [IJI1 BHUTOTOBJIEHHS TBEPAOi 130JAI1i CTPWIKHIB SIKIDHUX OOMOTOK
€JICKTPOMAIIIMH BUCOKOI HAIIPYTH.

MpokK NnapgH W # swidr ¥8’askBasHol pedoBuHu 10 20%. BUrOTOBISIOTH
CJICKTPOI3OJISAIIHI TTPOKIAAKHU, ITaliOH.

FT'HY 4K MK Tosrmkoo Bii 0115 10 0,5 MM BUTOTOBIISIIOTH 3 BUKOPHUCTAHHSIM
OJINBO-OITYMHHUX, OJIMBO-TIi()TaIeBHX Ta KpPEMHIMOpraHIYHUX JakiB. BMicT ciroau
75...90% (3 migknagkoro — He MeHIue 50%). 3acTOCOBYIOTH ISl 130JIS11T MIKKOTYIIEUHUX
3’€IHAHb B MAllIMHAX BUCOKOI HAMPYTH Ta AJIS 130111 anapariB celnpu3HaueHHS.

Mi K a C T p-i piBOBM THYYKOrO MIKaHITy, Mae€ IMiIKIaaKy 3 TMamnepy,
CKJIOTKAaHMHH YH CKJIOCITKH 3 OJHOTO YU 000X OOKiB. [1MacTUHKY CIIOAM 3 HAKIICIOIOTHCS
3 MepeKkputTTIM Ha 1/3. € OCHOBHOIO 130JI511€10 OOMOTOK BETUKHUX EJIEKTPUUYHUX MAaIIuH
BHCOKOT Hampyru. 30epiraroTh y 3aKpHUTIiil Tapi B apax BiJMOBIIHOTO PO3YMHHHKA.

TepMOTPUBKMUI (Har pi B O € T i3ti1000B§)Th BMIi K
eJICKTPOHATPIBAIbHUX TpUJafax. BUTOTOBISAIOTE 3  (QUIOTOMITY, SKAW CKICEHUUN
HEOpPraHIYHUM 3B’ SI3yBaJIbHUM — PO3UMHOM (HOCHOPHOKUCIOTO AMOHIIO.

Mi K a n-e ®epauii MaTepiall TEMHO-CIpOTO KOJIBOPY, IO CKIIATAEThCS 13
MOPOIIKOMOAIOHOT CIIIOAM Ta JIETKOIUIABKOIO0 OOPHO-CBUHIIEBOTO ab0 OOpHO-0apieBOTO
ckina (10 40%). OTpUMYIOTH IIPH TEMIIEPATYPI pO3M'AKIIEHHs cKia 0au3bko 600 C i Tucky
50 — 70 MITa.

BunyckaroTh MiKanekc y BUIJISAL JUCTIB a00 CTPHKHIB PI3HOTO MEPETUHY, 3 SIKUX
MEeTOoAaMH pi3aHHs, (pe3epyBaHHSA Ta CBEPJIIHHS OTPUMYIOTh BUPOOM, TakKi SK MaHEewi
NOTYXKHUX JIaMIl, KapKach KOTYIIOK I1HAYKTHBHOCTI, IUIaTH THE€pEeMHUKaydiB TOIIO.
BukoprcTOBYIOTh TaKOX sl 3alpEeCyBaHHS METAJIEBUX YACTHUH, [0 BUMATAIOTh 130JIS1111
1X BIJ IHIIMX METAJIEBUX YACTHUH OOJIaJHAHHS.

2 ’ J— ’ > ~ ’
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TpyaoMicTKICTh BHUTOTOBIIEHHS IIMITAHOI CIIOJAM, a TaKOX BEJHMKA KUIBKICTh
BIJIXO/IIB, IPU3BEIH JI0 pO3pOOKH HOBUX MaTepiajiiB — CIIOJSHOr0 namnepy. /[Ba oCHOBHHX
BHJIM CJIIOASHOTO marepyue C Nlogemc mwaonnnacrTu .

Cn o4 e H(da TKOPIOHOM MalTh Ha3By C & M ) IO@UMYIOTh 32 TaKUM
TEXHOJIOT1YHUM TIPOIIECOM: MYCKOBIT IIITAI0Th TEPMOOOPOOINl TpH TeMIeparypi 10
900 C, 3HEBOHEHI KPUCTAIH CIIOAH, IO BTPATHIH LiTiCHICTh, 06POOIAIOTH TyraMu Ta
KACIIOTHUMH DPO3YMHAMH 1 MPOMHUBAIOTh, OTPUMaHy IIYJbIy BiJJMBAIOTh Ha CITKY
narnepopoOHOi MAaITMHK 1 OTPUMYIOTh CITIOICHITOBHM namip ToBmuHOK 10 — 150 MM a6o
cmonoriactoBuii — ToBmuHOW 40 — 200 MkMm (Eng 4 0 2 Di novi® dpatouyroTs
HOro B'SKy40r0 PEUOBHHOIO HA OCHOBI €MOKCHJIHOT, KPEMHIMOPraHiuHOT UM 1HILIOT CMOJIH.
Henoniku: moHM>KeHa BOJOTOCTIMKICTh, HU3bKI MEXaHIYHI BIACTUBOCTI MPU PO3PHUBAHHI.
CmroomiactTyd MaroTh OUIBIIY MEXaHIYHY MILHICTh 1 CTIMKICTh O YaCTKOBUX PO3PSIIB,
HI)K CJIFOJIEHITH.

SAKIo 10 CIIOACHITIB UM CIIOJOIIIACTIB 3 OJHIET 4M 3 000X CTOpIH MIAKICITH
HiAKIAJKy, TO aHI MaTepiaau OyayTh 3aMIHHMKaMH MikaHiTiB [IpakTu4HO y BCiX TUHax
CJIEKTPOMAIIMH 3 KjacoM HarpiBoctiiikocti B, F, H cmromenitu Tta cmromomnnactu
SBIISTIOTHCSI OCHOBOIO TEPMOPEAKTUBHOT CHCTEMH 1301111,
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C K /+aaeopraniyHa amMop(Ha pedyoBHHA, OTPUMaHA HUIIXOM IMEPEOXOJIOIKEHHS
pO3ILIaBy, MO BKJIIOYAE, K MPABUIIO, CKIAIHY CHCTeMy pisHHX OokcuaiB (SiQp, B,Os +
NaeO, KO + CaO, BaO (K p o H®) JxuoRirkd onfiotp/eriemerral )
MOJK€ YTBOPIOBATH CKJIO, TO BiH HA3WBAETHCS CKIIOYTBOPIOIOYUM 1 HOT'0 Ha3Ba € MOXITHOIO
BiJl HA3BM elIeMEHTa, HanpuKiag cuiaikatHe SiQy, 6opue B20s, hochopre P2Os Ta i,
SKIIO OKCHJI BBOJWUTHCS y CKIIO JUIS TIPHIAHHS HOMY SIKHXOCh BJIACTHBOCTEH, TO BiH
HA3MBAETHCA OKCUIOM-MOJU(IKATOPOM, € TaKOXX MNPOMDKHI OKcuau. OJHAaK Ha3BU
"momnioaenose", "Boibdpamone", "TuranoBe" 1 "TUIATHHITOBE" CKIIO JJaH1 HE 3a CKJIAI0M,
a 32 MOKJIMBICTIO BITAMKH B CKJIO TAaHUX METaTIB (KOoe]iIlleHTH TeMIIepaTypHOTO JIIHIHHOTO
PO3IIUPEHHS CKJIa Ta BIAMOBIAHUX METAIIB OJIU3bKI 32 3HAUCHHSIM).

HaiimommpeHimmMu cTeKIaMu € CUiTiKaTHI. 3a XIMIYHUM CKJIQJIOM CHUTIKATHE CKJIO
MOke OyTH po30UTE Ha TPU TPYIIH:

1. JIy>xHe ckito 6€3 BaXXKKHX OKCHIIB (BIKOHHE, IS TUISAIIOK) Ma€ MaJIui KoeiIlieHT
TEMIIEPATYPHOTO  PO3MIUPEHHS, CTIHKE JO0 TEepMOyAapiB, ajlé Ma€ BHCOKY
CJICKTPOIPOBIIHICTh Yepe3 Te, IO OJHOBAJICHTHI Jy>KHI METaJIH, TaKi sIK HaTPIH Ta Kaii,
CTBOPIOIOTh JedekTu (0OpuUBaHHSA) CTPYKTYpH CKJIa — TMPOCTOpoBOi ciTku. Ilpu
OJIHOYACHOMY BBEJICHHI Yy CKJIaJl CKJIa JIBOX PI3HHUX JYXXKHHX METajiB Mae€ MicIe
HeHTpamizamiiHui a00 TOMITYKHUM €(eKT, IO MPUBOIUTH 10 30UIBIICHHS MTUTOMOTO
oropy Ta tgd'Ha miB MOPSIKY.

2. JIy’kHe CKJIO 3 BEJTUKOIO KIJTBKICTIO BaKKUX OKCHIIB, B SIKOMY JIBOXBaJICHTHI 10HU
3a0e3MeuyoTh IUIICHICTh MPOCTOPOBOI CITKH, BUKOPUCTOBYETHCS SIK ONTHYHE Ta
CNIEKTPOI30IIsIIiiiHe. Ma€e BUCOKY JieNeKTPUYHY IPOHUKIIMBICTD Ta Manuii tgd.

3. be3snmyxHe KBaploBe CKJIO BUKOPHUCTOBYETbCS  SIK  TE€PMOCTIMKHIA
CIICKTPOI3OISIIMHAN 1 ONTUYHUI MaTepiaj, a TaKOXK JJIs PI3HUX CIIEIiaTbHUX IICH.

[Mpuknan mapkyBanns ckia: C50-2, ne C — ckio, 50 — TKJIP-107, uudpa micas
nedicy — IOpsIKOBUH HOMEP PO3POOKH.

BrnactuBocTi ckna:

1. T'yctuna — 2000 — 8100 xr/m3.

2. MexaHI4H1 BIaCTUBOCTI: ME€XaHI4Ha MIIHICTh Ha cTHUCKyBaHHS 6 — 21 I'Tla, npu
postaryBanni — 20 — 50 MIla. Bouu gyxe 3anexarb BiJ HassBHOCTI MIKPOTpPIIIUH Ha
noBepxHi ckia. [Ticis TpaBiaeHHS CKila MJIABUKOBOKO KUCJIOTO HOro MeXaHiuyHa MII[HICTh
Ha PO3TATYBAHHS 3pOCTA€E HA TOPSIOK, 3aKAIIOBAHHA CKJIa (TepMooOpoOKa) 3011bIye 11 10
250 —300 MITa.

3. TennoBi BIACTHBOCTI — CKJIO HE MA€ Pi3KO BUPAXKEHOT TEMIIEPATYPH TUIABJICHHS 1
#10T0 B'A3KiCTH MOCTYMOBO 3HUKYETHCS TIPH MiJABUIIEHH] Temnepatypu Bix 400 1o 1600 C.
TeMneparypa po3M'SKIIEHHs! CTEKOJI, IPH AKil B'a3KicTh qocsarac 3nagenns 107 — 108 Ia-c
Jy’Ke pi3Ha — Bij 300 C mst JTy>KHO-OOpaTHOTO CKJIa, /10 1740 C — st KBapIOBOTO.

[Tpu panToBOMY HarpiBaHHi Ta pi3KOMY OXOJIOPKEHHI1 JIy>)KHE CKIIO PO3TPICKY€EThCS
yepe3 Benuke 3HaueHHs TKJIP, B Toil yac sk TpyOM 3 IUIaBJIEHOTO KBapily, IO Mae
HaitHmwkunii TKJIP, MoxyTh mpaiioBatu B me4yax y NpSAMOMY KOHTAKTiI 3 PO3’KapeHUM
HIXPOMOM.
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4. OnTu4Hl BIACTUBOCTI — CTEKJa MPO30pl JO MPOMIHHS BHAUMOTO CIIEKTPY.
[Toxaznuk 3amomuienns 1,47..1,96. VYsioneBe ckio (menme 0,02% okcumy 3amiza)
mpo3ope uist yabTpadi0aeTy, Taki *K BIACTUBOCTI y KBapIOBOTo ckia. CTekia 3 OKCuaamMu
€JIEMEHTIB 3 MaJMMHU aTOMHUMH MacaMH Mpo30pi AJisi pEHTTeHIBChKUX IpoMeHiB. CTekina
3 OKCHJAaMH BaXKMX METalliB, HANPHUKIAX 3 OKCHUIOM CBHHIIO, HaBMNAKH, iIHTEHCHBHO
MOTJIMHAIOTH PEHTTEHIBCHKI ITPOMEHI.

JIOMIIIKK OKCUIB MOIM(IKATOPIB HAJAIOTh CKITy IEBHUM KOJIP: OKCHUJ KOOATBTY —
CHHIH, OKCHJT XpPOMY — 3€JICHUH, OKCUJI YPaHY — )KOBTHH.

5. T'ipgpomitnyHi BIacTUBOCTI — pinke ckio 3 BenmukuM BMicToM NaO i KO
PO3YHMHSIETHCS Y BOA1, IPHU JEIIO MEHIINX BMICTaX OKCUIIB JY>KHUX METAJIIB 116 MOMJIMBO
TUIBKM TPU MIABUIICHUX 3HAYEHHSAX TUCKY Ta TeMIeparypu. AJie TBEpHl CTeKiIa, IO
BUKOPHUCTOBYIOTBCS SIK €ICKTPOI30JISIiHHI, HE TITPOCKOITIYHI, CTIMKI 0 Jii BOJOTH.

6. EfeKkTpuYHi BIaCTUBOCTI CTEKOJ KOJIMBAIOTHCS B JyKe IMMPOKHX Mexkax: /=10°
— 10" Omi ; ¢-0,0002..001e=3, 8. . .16, 2r=10'2 0, &xB8,p U Y
tgad=0,0002). EnextpuyHa MIIHICTh CKJIa CHJIBHO 3aJICKHTh BiJl KUIBKOCTI TOPOXKHUH Y
HbOMY 1 ckiagae O0nu3bko 40 kB/mm. Ckio, neperuiaBiieHe y BaKyyMi, Ma€ €JIeKTPUUHY
MIIHICTB, o csarae 500 kB/mM.

Tunu ckia:

1. KOHAeHC amm@doByeTECK IR METSKTPUK B KOHAEHCATOPAX, IO
3aCTOCOBYIOTh B BHCOKOBOJBTHHUX (ITBTpax, IMITyJbCHUX T€HEPATOpPaxX, KONUBAIHHUX
KOHTYpax BHCOKOYACTOTHHUX MPHUCTPOIB. Mae MiBUILEHY AieIEKTPUYHY MPOHUKIUBICTh
ta manuii tgd

2. BctaHoBNnwBanbHeE (BHK@ M TOBYIOT U1 BU)OTOBGCHHA O
MITUPHOBUX 1 TapiIbYaCTUX MiJABICHUX JIHIMHUX 130JSTOPIB, MPOXITHUX, TelehOHHUX,
AQHTEHHUX, OMIOPHUX 130JIATOPIB, TEPMETU30BAHUX BBOJIB B KOHIEHCATOPH 1 €IEKTPOHHI
MIPUITAIH, 130JIS1iT MIKPOIIPOBOIB, 130JAMIMHUX MiAKIAI0K, YCTAHOBOYHHMX JeTajeH, a
TaKOX B IHTErpaJIbHUX MIKpPOCXEMaX.

3./1la Mn 0 B €isiBKrOTOBICHHS 0aJOHIB €JIEKTPOHHUX, OCBITIIOBAIILHUX Ta
1HIMX Jamin. /1o HUX BUCYBalOTh BUMOTH CIIKaHHS 3 METalaMHM, JUIsl 4OTO KOe(ilieHTH
TEMIIEPATYPHOTO JIHIHHOTO PO3IIMPEHHSI CKJa Ta BIAMOBITHUX METaJiB MOBUHHI OyTH
OJIM3BKI 32 3HAUYCHHSIM.

4. CK N 0 e-MI&rKoIijaBKe CKIIO JJIsl TIOKPHUTTS Pi3HUX BUPOOIB 3 METOIO 3aXUCTY
BiJl 3BOJIOKEHHSI, KOPO3ii, MOMIMIIEHHs 30BHIIIHLOT0 BUrIsiAy. Bonu noBunH1 matu TKJIP
omm3pkuit 1o TKJIP marepiany BupoOy. OTpuUMYIOTH BHUXIZHHN MaTepiai IUIITXOM
CIUIaBJICHHS IIUXTH 3 MOJANBIINM BHJIMBAHHSM B XOJOIHY BOJY TOHKHM CTPYMCHEM.
Otpumani 0P | POAMEITIOIOTh Ha KYJIBOBUX MJIMHAX B TOHKWH mopomok. HaHocsTh y
BUTJISIZII TIOPOIIKY Ha Tapsidy TOBEPXHIO BHUPOOY, SIKWH, pPO3IUIABISIOYUCH, IIIITHHO
NOKpUBae oro nosepxHio. CkioeManb sl KepaMidYHUX BHPOOIB HA3MBAETHCS TIa3yp'to
JUIE TIOCYHOI KepaMiKH — TIOJIMBOIO. 3aCTOCOBYIOTH JUIS TOKPUTTS TPyOdacThX
pPE3UCTOPIB, IEIEKTPUKIB B ICSIKUX TUIAX KOHJEHCATOPIB, KEPAMIUYHOI 130JIAII11.

BukopucToByroTh Tako’)k C K /1 O 3 H a A MABpHKIAB MikIRKMHIIacTMACcy
— IPOAYKT rapsiaoro NpecyBaHHs CKJIa Ta CIIOASIHOTO MOPOIIKY.

CK 1 0 B O A BKIrOTaBISIOTE 3 0€37TyKHOTO aTfoMOOOPOCHIIIKATHOTO CKJIa
[UIIXOM BUTSATYBAHHS B JIOBIl THYYKI TOHKI HHUTKHM AiameTpoM 4 — 7 MKM, 3 SIKHX
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BUTOTOBJISIETBCS CKJISIHI TKaQHWHHW, CTPIYKH 1 IIJAHTH. BUKOPHUCTOBYIOTH CKJIIOBOJIOKHO
TaKOXK JJIs 130714111 MOHTOXHUX 1 OOMOTYBaJIBHUX IIPOBOJIB, IS BHTOTOBJICHHS
CKJIOTKaHWH, 3 SIKHX BUPOOJISIFOTH JIAKOCKJIIOTKAHUHU Ta CKIOTEKCTOITH.

3apa3 MmMHUpPOKEe BHUKOPHCTAHHS CKIOBOJIOKHO 3HAWIUIO y BOJOKOHHIN ONMTHIN ISt
BUPOOHUIITBA CBITJIIOBO/IIB, 110 MICTATH JIEKUIbKA TUCSAY BOJIOKOH 1 IEPEAAIOTh CUTHAIIH 10
ONTOBOJIOKOHHUX KaOeNsxX B EIEKTPUYHOMY, 30Kpema TelleOHHOMY 3B'SI3Ky 1 B
00UHCTIOBAIBHIA TEXHIlI. 3ayBa)XMMO, 110 CBITJIOBOJY 3 MEHIIOI HAarpiBOCTIMKICTIO
MOXYTh BUTOTOBJISATUCS 13 IPO30PHUX OPTraHIYHKUX MOTIMEPIB.

Curanu

Cutan (Bix cWTKaT + KPHCTAJ) — 1€ HEMPO30PUH MONIKPUCTATIYHUA MaTepial,
OTPUMaHUM CIIOCOOOM CTUMYIILOBAHOT KPUCTAI3AIlil CTEKOJ CHEIiaIbHOTO CKIaay. Bonu
3aiiMaroTh MPOMIXKHE MOJOKEHHS MK 3BUYalHUM CKJIOM 1 KEPaMiKOIO.

B 3anexHocTi Bix (akTopa, MO CTUMYIIOE KPUCTATI3aIlil0 CKJa, PO3PI3HSIOTH
T € p MO C 3T kapAoroM — mipokepamika) ipo T 0 C N (hardkepamika).

IIpu BUTOTOBIEHHI BHPOOIB 13 TEPMOCHUTAJIIB CIOYATKy BHUTOTOBJISIOTH TOTOBUU
BUpIO 31 CkiIa 3 J00aBKaMU CTUMYJSTOPIB, B SAKOCTI SKHX BUKOPHCTOBYIOTH TiO2, FeS,
bropuau 1 ¢ochaTh JIYKHUX 1 JTYy)KHO-3€MEIBbHHUX MeETalliB, a IOTIM IPOBOISITH
JIBOXCTaIiiiHy TepM006poOKy. CrioyaTKy HarpiBaroTh BUpio 10 TemmepaTypu 500 — 700 C
i BUTPUMYIOTH 0 HOSBU 3apOJIKIB KpUCTaii3allii, a moTim gorpisarots 10 900 — 1100 Ci
KpUCTaII3ylOTh Marepian a0 crtymneHs kpucrtamizamii 30 — 95%. Ilpu kpucramizanii
MO>KJIMBE 3MEHIIICHHS 00'eMy 710 2%.

TexHosnoriuHM Ipouec BUTOTOBJIECHHS (DOTOCUTANIIB BKIIIOUAE MOKPUTTS 3arOTOBKH
TpadapeTom, ONIPOMIHIOBAHHS YIbTPa]ioIeTOBUMHU MPOMEHIMHU, a TIOTIM BUTPABIIOBAHHS
3aCBIYEHOI0 MOKPUTTSI KUCJIOTOIO, 110 JIa€ MOKIIMBICTh HAaZaTH BUPOOY NOTPiOHY popmy.

Enextpuusi i Ternosi Bnactusocti: 7 =101-1020 MM ; ¢-0,@01..0,08;En5 4 O
80 kKBa=awm; . 7; JIK2IOP);-319%00-1300C.

3aCTOCOBYIOTH JJISI BUTOTOBJICHHS ITIIKIQJ0K T1OpHUIHUX 1 TOHKOTUTIBKOBHX CXEM,
ateHtoatopiB HBY npuiiaaiB, CTpUKHIB €€KTPOBAKYYMHHUX JIaMII, ONOP JAJIsi KPIIJICHHS
PO3PSAIHUKIB, 3aMiCTh KepaMikk B KOHJEHcaTopax. Po3po0ieHO Takok CerHero- i
'€30CUTAITH, III0 BUKOPUCTOBYIOTHCSA K aKTUBHI J1€TCKTPUKH.

~ X 77 ~ o V4 - o
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K e p a Msigkpanskoro "kepaMikoc" — MIMHSIHUIA) — HEOpraHiuyHi MaTepiaji, 110
OJICP)KYIOTh IIISIXOM CIIKaHHS MOAPIOHEHHX 1 PETEIBHO MepeMilllaHUuX MOPOIIKIB PI3HUX
MiIHEpaJbHUX PEYOBHH 1 OKCHAIB MeTaniB. KepaMika B 3araJibHOMy BHUIMaJAKy TpHu(a3Ha
CHUCTEMa: OCHOBHOIO (ha30l0 € XaOTHYHO PO3TAIIOBaHI PI3HOPO3MIPHI KPUCTAIITH, IO
CKJIee€HI MK co00r0 ckitoda3oro, a TpeTs (asza — 1e MopH, J0Js SIKUX B 100pe criedeHii
Kepamilll ckiaaae Big 2 10 6% (3aKputi nmopu), a B mopysariit — 15 — 25% (BiakpuTi nopu).

Kepamiuni marepiamu CTifiki [0 CTapiHHS pI3HOTO BHAY, MalOTh 3HAYHY
HarpiBOCTIHKICTh, BHCOKY MEXaHIYHY MIIHICTh, 30epiraloTh HagaHy iM ¢opmy Mpu
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TPUBAJIOMY HaBaHTa)XE€HHI, HETITPOCKOIMIYHI TMPU 3aKPUTHUX TMOpax, CTIWKI [0
aTMOC(EpHOTO BILIUBY, MalOTh JOOP1 TICICKTPUIHI BIACTUBOCTI.

Henoniku: Benuka o0’eMHa ycanka mpu BunamoBanHi (10 20%), mo yckiIaaHioe
OTpUMaHHS BUPOOIB 3 3aJJaHUMHU PO3MIPAMH.

BupoOHUIITBO KEpaMiuHUX BUPOOIB BKIIOYAE, SIK IPABUIIO TPHU, 00, IHKOJIU, YOTUPHU
ctazii: 1) ouumieHHs, peTeiabHe PO3APIOHEHHS 1 TIepeMIlTyBaHHS 3 BOJIOIO B OJHOPIIHY
Macy; 2) BUTOTOBJEHHS 3aroTOBKM BHUPOOYy MeETOAOM (opMyBaHHS, HpECyBaHHS,
BUJIABJIIOBAHHS, TUIACTUYHOTO IITAaMITyBaHHS a00 JUTTS 3 BIAMOBIIHUMHU PO3MipaMH, 110
BpPaxOBYIOTh yCaJIKy B IIPOLIEC] BUMTAJIIOBAHHS; 3) CYIIIHHS, IJ1a3ypyBaHHS 1 BUTIATIOBaHHSI.
B neskux Bumagkax s 3MEHIIEHHS YCaJKU MPOBOJSATH MOMEpPETHE BUITAIIOBAHHS
KepaMiKH, a IOTIM ii moApiOHeHHs 1 (OpMyBaHHS BUPOOY 3 MOAPIOHEHOT KEPAMIKH.

Bci  enextpokepamMiuHi  MaTepiasii  3a iX 3aCTOCYBaHHSM IOJUISIOTBCS Ha
YyCTAHOB/NIBA/NbHY ,CEHN HILTDKOIEKT [PHIW Hiy .

Jlo yCT aHOB N 0BAOCEH OieKTPONOPIIENAHY, paIioNopIIeIsHY,
yIABTPANIOPLEISIHY, CTEATHT Ta iHIII, 3 Hei BUTOTOBISIOTH 130JSTOPH BHCOKOI Ta HU3BKOI
HANPYTH, KapKacH KOTYIIOK, TaMIIOB1 MaHeli.

KOHAeHC &dpamiBaH &ae 3HaYHY BIJHOCHY MAI€JIEKTPUYHY NPOHHUKHICTH
(20...300).

Cer HeT 0K ®ap AiMdKTpU@HY NPOHUKHICTE, mo csarae 1500...4000. Ii
BUKOPUCTOBYIOTh JUIsl BHUTOTOBJICHHS KepaMiYHUX KOHACHCATOPIB, i€IEKTPUYHHUX
PE30HATOPIB TOIIIO.

’ ’
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EnekTpoTexHI YH@IaIEOQ il &adafy &Bapiy Ta MOJIL0BOIO
mmary. PetenbHO moapiOHEH1 CKIIaJ0B1 YaCTUHU MOPLEISTHU MEPEMINIYIOTh 3 HEBEITHKOIO
KUIBKICTIO BOAM. 3 1IIi€l Macu pI3HUMH crocobamu (00TOYYyBaHHSAM, MpPECYBaHHSM,
BiJUTMBaHHSAM y (OPMU, BUJABIIOBAHHSM 4Y€pe3 OTBOPH) OJIEPKYIOTh BHPOOU MOTPiOHOT
¢dbopMu, cymaTh, rIa3ypyroTh 1 BUIATIOIOTh.

JUis B 1 N a N BEideH AeBeTUKUA Yac BUTPUMKU BUPOOyY MpU TeMIieparypi
1300 — 1400 C, aie migiiom TeMiepaTypd MOBHHEH OyTH MOBIIBHUM, 100 YHHKHYTH
TIOIITKO/KEHHSI BUPOOY BOISIHOIO TMAapol0 Ta Ta3aMd, M0 OypHO BHIUISIOTHCS TPH
HarpiBaHHi, a TaKOX TOTPiIOHE MOBUIPHE OXOJOKEHHS BUPOOY, MI00 HE BUHHUKAIU
HEJOMYCTHUMI TEPMOMEXAHIUHI HAMTPYKEHHS 1 TPILLUHU.

[Ipu BumanroBaHHI JIETKOIJIaBKa CKJIaJ0Ba 4YacTUHA (MOJHOBUH INMAT) MIIIHO
3’enHye yacTUHKH KpructaniB Myitity 3Al203-2S102 Ta kBapity. Takum 4MHOM, IOPLEISIHY
MOJKHA PO3TJISIIATH K CKJIO, 0 MAa€ KPUCTATIYHUI HATIOBHIOBAY, MPH HASBHOCTI JIESKOT
KUTBKOCTI TIOP.

YacTo BnacTUBOCTI MOPIEsTHU GOPMYIOThCS BCciMa TphoMma ¢azamu. Kpucrtamiuaa
daza, ik OCHOBHA 32 00'eMOM, BIMOBIAA€ 32 3HAYCHHS 1HTETPATBHUX BEITUYHH, TAKHX K
TKJIP Ta BilHOCHA JAieNIeKTpUYHA MPOHUKHICTh, aMOp(Ha — 3a TEMIepaTypy CIiKaHHS Ta
eJIEKTPOIPOBIHICTh, KpUCTANIYHA 1 aMopdHa — 3a JienekTpuuHi BTpatu. Enekrpudna i
MeXaHIYHa MIIHOCTI 3aJeXaTh BIJ PO3MIPY IMOp, XIMIYHOTO CKJIaAy W po3Mipy
KPHUCTAJIYHUX 3€PEH.
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[N a3y p Yy BagcdeHHA TOHKOTO IMapy TJIa3ypi, CHEIiadbHOTO KEpamMidyHOTO
Marepianay 3 OUIbII HU3BKOI TEMIEPATypOIO CIIKaHHS, IO MICJsS BUITATIOBAHHS (1S
cknoemaseii mpu 560 — 710 C) mepeTBOprOETHCS Y OIIMCKYYe CKIOBUIHE TOKPUTTS. BoHa
NOKpAILlye 30BHIIIHINA BUIJIA BUPOOY, HajJae HOMY MEBHUM KOJIIp, MIJIBUIYE MEXAHIUHY
MinHicTh Ha 15 — 20%, 3amoBHIOE TPINIMHM Ha TOBEPXHI MOPLEJSHU, 3abe3neuye
NPaKTUYHO HYJIHOBE BOAOMOTIIMHAHHS.

OcHoBHi BractuBocTi mopuensuu: /=10 10 O MM ;e =5...7; tga=0,025 —
0,035; Eng 25 -3 0 KB/ MM;— 2d9 D 3BZ0wdmonpourkaicT — BiACYTHS,
rpaHUYHA MIIHICTE: pu po3TsaryBanHi 35—5 5  Mifipazruranni 8 0. . . 1 G MTIT
cruckanni 400-5 00 Mykal,8-2, 2 K2OX/ ™

3 MOpLENSHU BUTOTOBJISIOTH 130JTOPUM BUCOKOI HANpyTH JiHINAHI (MiABICHI Ta
IITUPOBI), 130JIITOPM BUCOKOI HAINPYTW CTAHIIMHI Ta amaparHi, JIHIAHI Ta IITHPOBI,
130JIITOPU HU3bKOBOJIBTHUX MEPEXK, YCTAHOBIIOBAJIbHY KEpaMiKy Ta 1HILIE.

JUis 1307TOPIB HAWBAKIIUBILIOK XapaKTEPUCTHKO € PO 3 P A A H a, npha N p |
NPUKIAJIaHHI SIKOT MK €JIEKTpoJaMHu 130iisiTopa (IpoBiJ 1 IIalKa YW IITUP) BUHUKAE
eJNIEKTPUYHUI po3psia (130JTOpP TMEepPEeKpPUBAETHCS). Bu3HaualoTh pO3psAIHY HAIPYTry
HUIIXOM BUIPOOYBaHb, P LIbOMY CJI1Jl PO3PI3HATH JIBa BUIM BUNPOOYBaJIbHOI HAIIPYTH:

—C Y X O p 0 3po3psaf HafyBaeTbcs B HOPMAIbHUX YMOBAX;

—MO K P O p 0-3p03psf, IHIYIITYIHUM JOIIEM.

Mpo6GuMmBHAaA HanMpy MAMalbHA Qanpgra, O aiKiid BigOyBaeThCS
npoOiii TOBHII 130JTOpa MK €JIEKTpoJaMH, TOBMHHa Oytu B 1,6 pa3 Buma, HiXK
cyxopospsiaHa. Jlns npuknany, diHiHUN 13005T0p Ha 10 KB Mae cyxopo3psiaHy Hanpyry
53 kB, T006TO MpoOuBHA Hampyra Woro moBuHHA OyTH He MeHIe 84,8 kB, 10 mpakTUYHO
B 8,5 pa3 nepeBullye HOMIHAJIIbHY HaIlpyTYy.

Papi on o p Wwenvplidis@éa, B Ky BBEACHI JOMIlIKH (KapOoHATH Oapiro,
[IUPKOHIIO), IO MIABUITYIOTH ii €IEKTPUYHI Ta MEXaHIUHI BJIACTHBOCTI.

YNnbaipo p L eadBgMidy BiJl pagioNopleNsHU XapaKTepU3yeThCsl 3HAUHUM
Bmictom Al,O3, Mae npu pagioyactorax /7 =5 @0 O MM ;e=7...8; tge=0,00L En5 A0 2 C
K B/ mikkaHiuyHa MIIHICTh HA PO3TATYBAaHHS B 2 pa3u, a Ha 3THHAHHS B 4 pa3u Oiyiblna,
HDK Y 3BUYaiHOI 130JS1IMHOI MOpUEIsSHA. 3MiHa TEMIIEpaTypH Ay>X€ Majo BIUIMBAE Ha
BJIACTHBOCTI, ajie MpPU MIABUIICHIM TeMIeparypi MOMITHO 3MEHIIYETbCS EJIeKTPUYHA
MILHICTb 1 TUTOMUNA 00’ €MHHUH o11ip. 3 yABTPanOPLEISIH BUTOTOBIISIIOTH OOPHI, TPOX1IHI
Ta MiJIBICHI aHTEHHI 130JIITOPH, Pi3HI IJIATH Ta BTYJIKH.

CT e a T w TBUCOKOBOJIbTHA Kepamika MIABUIIEHOT MEXaHIYHOI MII[HOCTI.
Burotosisierbest Ha ocHOBI Tanbky 3MgO-4SiO2-H20 3 nogaBaHHIM IIMHACTUX PEYOBUH
(mo 10%) Ta okcuay Gapito (10 15%). Tanbk moseriye mpecyBaHHs, a OKCH 0apito, K
3epHOTrpaHnyHa (pasza, 3MEHIIIY€ TieJICKTPUYIHI BTPATH, IO 3pOCTAIOTh BHACIIOK BBEACHHS
riuH. OCHOBHUMH KOMIIOHEHTAMHU CTEATUTY € KIIHOCHCTATHT (METacHJIIKAT MarHiro)
MgO-SiO2 i mymit 3Al203:2Si02. Creatut He motpedye rina3ypyBaHHs. TeXHOJOTIs
BUTOTOBJICHHSI BHPOOIB 13 CTEAaTUTYy CKJIAJHIIIA, HDK 3 MOPLEISHH, 1 BUMAarae BUIIOI
TEMIIepaTypH BUITATIOBAHHSI.

OcHOBHi BmacTHBOCTi creatuty: / =102 O MM ;€=5...7,5; tgd= 0,002 — 0,003;
Engr 25-3 0 K Buexanviiia MilHICTh IIpH po3TATYBaHHI Op = 45 -6 0  Miipa ,
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sruHaHHI ;= 1 0 0 . . . mpubctickaMHil a. = 500—7 0 0 MAd@ag B's13kicTh Oy g4
=22-2, 6 K Ax/ M-8 )TRHA®P = ( 3

BuUKOpUCTOBYIOTh CTE€AaTUT y THUX BHIIAJKaX, KOJU MOTpiOHAa BUCOKAa MEXaHIYHa
MIIHICTb, TAKOK MPH BUTOTOBJICHHI BUCOKOYACTOTHUX BUCOKOBOJIBTHUX 130JIITOPIB.

Koppagi epuntoBa-— TtEpROP a Miyrocailika Kepamika Ha OCHOBI
amoMocuiikary Martiro (kopaieputy) 2MgO-2Al,03-5Si02 3 TKJIP, mo popisuioe (0,5—
2 ) ® Kb Moxe OGyrm IiIbHOI0 1 HMOPHCTOK. BUKOPHUCTOBYETHCS y BHPOOHMIITBI
CHeIialbHUX 130JISTOPIB ISl €IEKTPOHATPIBAILHUX MPUCTPOIB, NYyroracUiIbHUX Kamep,
BHCOKOBOJIbTHUX BUMHUKAUiB, MPOMETPUYHUX 3aXUCHUX TPYOOK TOIIO.

B nHam uac mpoIoBKYIOThCS PO3POOKHM HOBHUX KEpaMIYHUX EJIEKTPOTEXHIUHUX
MaTepiaiiB 3 BUKOPUCTAHHSIM B PI3HUX MPONOPLISX TaKUX BIJIOMHUX OCHOBHHUX
KOMITOHEHTIB, K kBapil B— SiO2, kopyua a— Al2Os, mynit 3A1203-2S102, nens3ian BaO-
Al>03 -2Si0», kininoercratutr MgO-SiO2, popcrepur 2MgO-SiO», mminens MgO-Al2Os,
nepukia3z MgO, anoptut CaO-2Al203-2Si10,, Bonacronit CaO-SiO2 i1upkon ZrOz-SiOs.
B paniorexHiui, KpiM pO3INISIHYTUX BHUIIE BHUJIB KEpaMmiKd, 3HAXOAMUTh IIHPOKE
3aCTOCYBAaHHSI BUCOKOYACTOTHA BCTAHOBIIOBAJIbHA KEPaMiKa 3 BUKOPUCTAHHSM Ha3BaHUX
matepiainiB. KopoTko po3risiHeMo cknaj i chepr BAKOPUCTAHHS LUX J11€IEeKTPUKIB.

CTeaTwuTOoBa BK3RANaBTBE NKIBMIIEHUMH BiacTHBOCTAMU: /=101
100O0MM, o= 75 dvla2 00 oMMaB;00 oMilR:-2, 6 K O/ ™

BUKOpPUCTOBYIOTH [JIi BUTOTOBJIEHHS NPOXIAHMX 1 CTPWKHEBUX TMiJBICHUX
130JIATOPIB, MIAKIATOK, 130AIMHIX K1JI€I[b, OTIOPHUX TUIUT TOMIO.

PopcTepue@B MIcaOABICTIO GOPCTCPUTOBOT KEPaMIKH € BHCOKUH
nutomuii onip 7 =10 10 O MM B mupoxkiii 06macTi Temneparyp, HiJABUIIEH] 3HAUEHHS
TKNP =10,6)810° K Bnuseki BIacTUBOCTI Mae MIMMHENILHO-(POPCTEPUTOBA
KepaMika.

BUKOpUCTOBYIOTh JIJII BUTOTOBJICHHS BaKyyMHO-IIUTBHUX METAJTOKEPAMIYHUAX
criaiB, HaAMPUKIIAA 3 MIJJIIO 1 i1 crtaBamu.

Llenb3i aHOB a XapakR[MHeWbLIK & OCHOBHOMY  EJIEKTPOHHOIO
nposigHictio g0 600 C, 1m0 103BOJISE BMKOPUCTOBYBATH ii NMPU MOCTIHHIN Hanpysi,
BHUCOKHMHM 3HaYeHHsIMH / 1 En p HH3bkuME — tgd] TKe 1 TKJIP.

3acTOCOBYIOTh JJIsl BUTOTOBJICHHS KapKaciB BHCOKOCTAOLTBHHX KOTYIIOK
IHIYKTHBHOCTI i BACOKOBOJIbTHHX KOHCHCATOPIB 3 BEJIUKOIO PEAKTUBHOIO MOTYXKHICTIO.

KopyHSAO0 B a, nok@iBiaadchricsan O N i, MiOoKpp oomd, Ha 95 — 97,5%
ckiamaeTbes 3 KopyHay (o— Al2O3). Bona mae Bmict mop 10 1% i BUCOKY MPO30picTh (10
0,9 mpu 1 MM ToBmMHNK). [lo mepeBar i€l KepaMikKi MOKHA BiJIHECTH OCOOJIMBO BHCOKY
HarpiBOCTIHKICTh, 30€pEKEHHSI BHUCOKHUX 3HAUYCHb €IEKTPO(PIZMUHUX XapaKTEPUCTHUK 10
400 C i mexaniuaux g0 1600 C. JIo HeIOMiKiB BBIIHOCATHCS JTy’KE BUCOKA TEMIIEPaTypa
punamoBadHsg 1800 — 2060 C, Mama IUIaCTUYHICT, BHUXIZHOI Macu 1 BIAIOBiAHO,
CKJIQJIHICTh BUTOTOBIJICHHSI BUPOOIB CKJIaIHOTO TIPODLITIO.

3aCTOCOBYIOTh IS BUTOTOBJICHHS HArpiBOCTIMKUX JICNEKTPUYHUX TI1IKIAT0K
MIKpOCXEM, BUCOKOTEMIIEPATYPHUX BIKOH, III0 BHUTPUMYIOTh BHUCOKHUH THCK,
iH(GpauepBOHUX JIIH3 B TOJOBKaX HABEJCHHS PaKeT, KOJO METAJOrajIoTeHHUX JIaMIl, B
Ja3epHUX MPUCTPOSIX TOIIO.
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3acayKyrOTh Ha yBary i iHmi 4 M C T O O K C U [ H,iskuMIBi o@alirg poRMpP M K |
OPUILISETHCS yBara.

OK Cc npun B ie tomaBpexOpaHy Ui JICIEKTPUKIB TEIUIOMPOBIAHICTD, 10 215
B1/K-M, 1m0 BwuIie, HDK y allOMiHIIO, a TOMY, HE3BAKAaIOYM HA TOKCHYHICTH
BUKOPHUCTOBYETHCS IS MK IOK EHEPrOHACHYCHUX IHTETPATbHIX CXeM, B KOHCTPYKIIISIX
MOTYXHHUX TPAH3UCTOPIB.

Oxcumu marniro MgO i kanprito CaO MOXYTh MpaIfoBaTH K €IEKTPOi30NIAILIHHI
MaTepiaiy IPH BUCOKUX TEMIIEpaTypax, HalmpuKiaa nepukias (mopomkomnoaionuii MgO)
BUKOPHUCTOBYIOTH SK 130JIS11110 B TeHaX (TpyO4acTUX HarpiBayax).

Y BUNAAKy HAANOTY)XKHUX TEIUIOBUX TOTOKIB 1 OCOOJHMBUX BHUMOT [0
TEPMOCTIMKOCTI MarepiaiiB BHKOPUCTOBYIOTH OkcuJ Topito ThO2, mo mae HaiBumIy
TeMIepaTypy mwiasjieHns cepen okcuais (3350 C). B ocranHi poku TakoXk 3pocTae yBara
0 BUKOPUCTAHHS SIK JIEJEKTPUKIB KOBAJIEHTHUX OE3KMCHEBUX BHUCOKOTEMIIEPATYPHHX
CHOJIYK, TAKUX SIK HITpUIIU OOPY, AIIOMIHIIO Ta KPEMHIIO.

Oxcun nupkoHito ZrOz mpu BUCOKHX TeMIepaTypax Mae€ YK€ HU3bKUHM JUis
JIETIEKTPUKIB OIip, 110 03BOJISE, MICIS MONEPEAHHOTO MPOTPIBAHHS MPUOIUZHO 10
900 C, BUKOpPHCTOBYBATH HOTO SIK BUCOKOTEMIIEpATypHUil HarpiBad. OCHOBHUM HEIOJIK
IIOTO MaTepially B PO3TPICKYBaHHI MPU OXOJOIKCHHI.

KoOHAeHCaT 0 p HOAUSKEHAHM3bKEIACTOTHY Ta BUCOKOYACTOTHY.

J10 HU3bKOYACTOTHOI KOHJIEHCATOPHOI KEpaMiKy HaJIeXKaTh JIETEKTPUKU 3 BHCOKUMH 1
HA/JIBUCOKUMHU 3HAYEHHSMHU BITHOCHOI MieleKTpu4HOi mpoHukHOcTi Bix 900 mo 9800 i
NOMITHUMH JIi€NIeKTPHYHUMH BTpaTamu, tgd ix 3HaxomuThesa B Mexax 2 - 1-05 -3 0
(HaraayeMo, IO JISNCKTPUYHI BTPATH MPOMOPIIKHI T00yTKy € t @ ToMy caMe 3aBJIsKH
BHCOKHUM 3HAYEHHSIM €HHU3bKOYAaCTOTHA KOH/IEHCATOpHA KepaMiKa Ma€ 3HauH1 JieJIeKTPUYH1
BTpATH) i HEBEIMKUMY 3HAYEHHSAMM eJIeKTpU4HOi MinHocTi 4 — 15 kB/mwm. i cuntesyrots 3
YUCTUX OKCHUJIIB CTPOHIIIIO, BICMYTY, TUTAHY, 0JIOBA 3 I0OaBKaMU OKCHU/IIB IUHKY 1 MapraHIIio,
Hanpukiag ocHoBy kepamiku CBT (cTpoHIiii — BiCcMyT — THTaH) CKJIAJal0Th THTAHATU
CTpPOHIIIO 1 BicMyTy. [0 CKJIagy BHCOKOYACTOTHOI KEpaMIKH JJIsl HaJaHHS 1 MOTpiOHUX
BJIACTUBOCTEH BBOJATH OKcuau osioBa i metaiis I1 1 I rpym nmepiognyHOi cucTeMu eneMeHTiB.

[Ipu BUKOpHCTAaHHI HU3BKOYACTOTHOI KEPAMIKU BUAUIAIOTH TaKi TPYIH:

1. MepoBCbKI TH &a0 Ki@2p3a MBkoK IATAIOYOI0 TEMIIEPATYPHOIO
3aJISKHICTIO JIIEIEKTPUIHOT IPOHUKHOCTI 3aCTOCOBYETHCS IS BATOTOBJICHHS KOHTYPHUX
1 PO3MIITEHUX KOHJICHCATOPIB, BiJl IKMX HE BUMAraeThbcsi CTa0lIbHICTh YaCTOTH.

2. TN T a HUOVBPOK O HepMOKBMAICHCYIOUA KepaMika BUKOPHCTOBYETHCS IS
BUTOTOBJICHHS TEPMOKOMIIEHCYIOUHX KOHJCHCATOPiB, IO 3aCTOCOBYIOTBCS Y THX
BUIIAJIKaX, KOJIU MMPHU HarpiBaHHi 3011bI1yI0ThCS mapametpH (R,L) koHTypy.

33CtaHaTtTHa ( 05 0 B 'rcAvecaadiipHa BeRNIKd, IIE BAT3HAYAETHCS
HE3HAYHOI0 3MIHOIO BEJIMYMHU JA1eIEKTPUYHOI MPOHUKIMBOCTI MIPHU 3MiHI TeMIepaTypu i
3aCTOCOBYEThCSl JJIS BHUTOTOBJIEHHS KOHJICHCATOPIB BUCOKOI CTAOLTBHOCTI ISt
KOJINBAJbHUX KOHTYPIB.
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AKTUBHNUMMU ( KepoBaH W MasWBalOTh/, JTICIOKTPUKUT PO K & M
JTO3BOJIAIOTH, 32 PAXYHOK 3MIHU B IIUPOKHUX MEXKax iX BIACTUBOCTEH B pe3ynbTati Ail Ha
HUX €JEKTPUYHOTO 1 MarHIiTHOTO IMOJiB, TEMIIEPATypH, MEXAHIYHOI HAIIPYTH, CBITIIOBOTO
MOTOKY TOILO, Te€HEepyBaTH, MiJACHIIOBATH, MOJYJIIOBAaTH 1 MEPETBOPIOBATH EJIEKTPUYHI
CUrHaM. BOHM IIHMPOKO BHKOPUCTOBYIOTBCS B €JEKTPOHHIM TEXHIIi, ajieé He B
CJIGKTPOTEXHIlll, @ TOMY MU MPOMOHYEMO TUIBKH OIJIAJ iX AESIKUX HAHOCHOBHIIIHUX
BIJIACTUBOCTEH.

Jlo aKTUBHHMX Ji€JEKTPUKIB HajeXaTh CETHETO-, IT'€30- 1 MiPOEICKTPUKH,
CJICKTPOOIITUYHI MaTepialiv, MaTepiaiau JJis aKTUBHUX €JIEMEHTIB TBEPIOTIILHUX JIa3epiB,
PIIKI KpUCTAIH, TIOMIHOPOPHU, EIEKTPETH.

4 J G dzj Ists]j dagefinlsatedf faghTs cioHTAHHY MOMISIPU3ALIiIO, IO BUHUKAE 32
paxyHOK B3a€MOAIl 1 YIOPSAJIKOBYBAaHHSA €JIEKTPUYHUX MOMEHTIB I YaCTUHOK, IO
CYNPOBOJKYEThCA TOJIAPU3AIi€l0 0e3 il 30BHINIHBOTO TMOJS B MeXaX HEBEIMKUX
MakpooOnacted — goMeHiB. OpieHTalisi OKpEMUX JTOMEHIB B CETHETOENEKTPUKY Y
BIJICYTHOCTI 30BHIIIHBOTO IOJS OJMH IO BigHOIICHHIO a0 iHmoro mig 90° 1 180°, i1
CyMapHUN €NeKTPUYHMM MOMEHT HyJIbOoBUH. B ciabkoMy enexkTpuuHOMYy MOJi
BIIOYBA€THCS OpIEHTALllS] CICKTPUYHHNX MOMEHTIB JIOMEHIB MO IO, B OCHOBHOMY 3a
paxyHOK TMepexoqy YacTMHOK B OPIEHTOBAHI MO MOJO JOMEHHU BiJ JOMEHIB, 11O HE
OpIEHTOBaHI TO TOJI0. B CHIBHOMY €JIEKTpUYHOMY IIOJII OKpEeMi JIOMEHH MOXYTh
3MIHIOBATH OPIEHTAIIl0 0€3 IepedyI0BH, 1110 CYPOBOIKYEThCS KIallaHHsIM bapkrayseHa.

CerneroenekTpuku (3apa3 ix Bimomo 6inbiie 500) MOKXyTh OYTH JBOX THUIIIB: 10HHI
3 HENEHTPOCHMETPUYHOIO KPHUCTATIYHOIO IPAaTKOK THITY TIEPOBCHKITY, M0 SKHX
BIJIHOCATHCS, HaINpUKIIaa, TuTaHaTu Oapito BaTiOs, a Takox CBHHINO 1 KaJMito, HioOaT
kanito KNbOs, iogat kanito KJO3 Ta in. [Ipu TeMmnepatypi, Huxxuiii temnepatypu Kropi, B
TaKii IpaTili € Kilbka PIBHOBAXHUX, 3MIIIEHUX BIJIHOCHO IEHTPY IPATKH IMOJIOKEHbD, Kl
MO’K€ 3aiiMaTH 10H TUTaHY (H100110, HO/Y), CTBOPIOIOYH €JIEKTPUUHUNA MOMEHT. B3aemonis
eJIEKTPUYHUX MOMEHTIB CYCIJHIX IPaTOK MPUBOAUTH 0 iX MapaneabHOro po3TallyBaHHS,
TOOTO /10 BUHUKHEHHS CIIOHTAHHO1 MOJISIpU3aIlii.

CerHeToeneKkTpuKd JAPYroro THUMNY — JWIOJNBHI, Taki SIK CErHeTOBa CiJib,
TPUTTINUHCYIb(AT, HITPUT HaTpir0o Ta 1H. B Kpucramiuiil rpaTii  Takux
CETHETOEJEKTPUKIB € JIBAa PIBHOBAXKHUX MOJIOKEHHS, AKI MOXKE 3aiiMaTH aTOM YU Tpyma
aTOMIB, CTBOPIOIOUH EICKTPUIHUNA MOMEHT, B3aEMOJIS SKUX 1 MPUBOIMUTH /IO CIIOHTAHHOT
HOJISIpU3aIii.

BigHocHa gienexkTpuyHa MPOHUKHICTh CETHETOEICKTPUKIB Ma€ Pi3Ky 3pOCTardy
3aJISKHICTh BiJ TeMIeparypu A0 temmnepaTypu Kiopi, 1e BoHa MO)ke MpHiiMaTé 3HAaYEeHHS
nonanx 10000. TIpu Temmepatypt Kiopi chnoHTanHa mnoJsipu3aiis pyHHYeTbCA,
CETHETOEJIEKTPUK IMEPEXOANUTH B MapaeleKTPUUHUHN CTaH 1 IieJeKTPUYHA IPOHUKHICTH Jali
rinepOoJIiyHO crHajae 3 TEMIEpaTypor. B cerHeroenekTpuyHOMY CTaHi €JNEeKTpUYHI
MOMEHTH CYCIIHIX MOJIEKYJ pPO3TallOBaHI YMNOPAAKOBAaHO, B TAapacleKTPUYHOMY —
xaoTuyHo. ToMy mepexif BiJ CerHEeTOeNeKTpuKa 10 MapaeiekTpuka B Touli Kropi
HA3UBaAIOTh NEPEXO0J0M "MOPSAA0K — Oe3mops oK.

JlomaBaHHs 10 TUTaHY Oapiro PiI3HHUX JOMIMIOK A€ MOXKIIMBICTh 3MIIIYBAaTH TOYKY
Kropi. Temnepatrypauii koedili€eHT BIIHOCHOI J1€JIEKTPUYHOI TPOHUKHOCTI TIpH poOoUiit
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TEMIIEepaTypl MOKe MaTH MO3UTUBHUN YU HETATUBHUM 3HAK B 3aJI€KHOCTI BiJ TOTO J10, YU
micis Touku Kiopi BoHa 3HaXOIUTHCS, 0 BUKOPUCTOBYETHCS B TEPMOKOMITEHCAIIIMHUX
KOHJICHCATOPaXx.

JUis po3MHBaHHS TOCTPOi TEMIIEpaTypHOI 3ajie)KHOCTI & B pailoHi Touku Kropi
3aCTOCOBYIOTh CETHETOCNEKTPUYHI PO3YMHU — CYMIII CETHETOCIEKTPUKIB 3 PI3HOIO
temreparyporo Kiopi. TakaC € T H € T 0 K ®o0yacki pokodux TeMIeparyp Mae Taki
xapaktepuctuku: P = 10° - 10" O m - a5 900 — 7500, tgd ¢ 0,005 — 0,03, Eq p? 2,5 -4
kB/MM (Tipu mOCTiHHIN Hampy3i).

3aCTOCOBYIOTh CETHETOKEpaMiKy JJIsi BUTOTOBJICHHS HU3BbKO- 1 BHCOKOBOJIBTHUX
KOHJIEHCATOPIB, 1110 MPAIIOIOThH B iHTepBaii Temmeparyp 35°10 C.

Enextpuuna iaaykiis D B cerHeroeiekTpukax Mae HENIHIAHY TiCTEPE3NCHY
3JIKHICTH B1JI HAIIPY>KEHOCTI €JIEKTPUIHOTO TOJIs1, aJie BAKOPUCTOBYBATH IIIO 3aJICKHICTh
JUISL €JIEKTPUYHOI MaM'siTi B 00YMCITIOBAIBHIA TEXHII, IO aHANOTIi 3 (epoOMarHeTUKaMH,
3aBa)Ka€ JOCUTh BHCOKA HAMpyra, HEOOXiAHA IS TMEepEeMHUKAHHS, IO MPHBOIUTH MPH
3BUYAWHUX JUIsi UGPOBOI TEXHIKM HAMpyrax 10 Ba)XXKO PEali30BYBAHOI y BUMAIKY
KepaMIYHUX PEUOBUH HEOOX1IHOI TOBIMHU CErHEeToeNeKTpruka 10 MKM, a TaK0X CTapiHHS
CErHETOCNICKTPHKAa B HEpOOOYOMY CTaHI Ta BTOMa, III0 OOMEXYE KUIbKICTh NIEPEMUKAHb
upcnamu 107 — 10°.

Hemniniiinicts 3anexxunocti D(E) mpuBoauTs 10 excTpeManbHoi 3anexHocTi é( E )
sKa BUKOPUCTOBYETHCA Y B @ P U K O- K¢glBRcaTopax, €MHICTh SIKUX 3aJIeKUTh Bil
OpuKIageHol Hampyru.  Ha mpakTuii 3acTocoBYIOTh €(EKTUBHY 1 pEBEPCUBHY
HEJTHINHOCTI.

VY nepuioMy BUNIAQAKY HETIHIHHICT @ KUIBKICHO XapaKTEpU3yeThCsl KOe(illieHTOM
e(eKTUBHOI HETHIMHOCTI

©J W= Enax @),

JIe Enax— MaKCUMaJIbHE, & — MOYaTKOBE 3HAUeHHA &. BiH Moxke mpuitMatu 3Ha4eHHS Bif |
no 50. MakcumanbHe 3HAUEHHsSI @nax A1 Matepiany BK-6 csarae 100000, mpote €
TEMIIEPATYPHO HECTAOITBHHUM.

BuxopuctoByioTh e(peKTUBHY HENIHIMHICTH y cTaburi3aTopax 3MIHHOI Hampyr,
MPUCTPOSIX ICKPOTACIHHS, JUIS MiIBULIIEHHS KOHTPACTHOCTI B €JIEKTPOONTHYHUX MPUIaaax
300paKeHHs, B IHAMKATOPAaX 1 TeJeeKpaHax.

PeBepcuBHa HemNiHIMHICTD — 1€ 3MiHA BIJHOCHOI JIENEKTPUYHOI MPOHUKHOCTI y
3MIHHOMY TOJI1 1HIIMM, KEPYIOUUM TOJIEM, 110 MOXe OYTH MOCTIHHUM a00 MaTu HUXUIY
YacTOTY B MOPIBHSIHHI 3 OCHOBHUM TIOJIEM.

PeBepcuBHY HENIHIMHICTh CETHETOENEKTPUKIB BUKOPUCTOBYIOTH B JIE€IEKTPUUYHUX
micuiIIoBavax, cTabijizaropax HaNMpyru Ta IPUCTPOSAX aBToMaTuku. Cliif] BII3HAYUTH, 110
Taki kK (yHKIII, a TakoXX eJIEKTpUYHI pPE30HATOpU Ta JiHII mepefadi, KOMYTaTOpPH,
HU3BKOIIYMHI THapaMeTpu4Hi miacwioBadi, UM-renepaTopu ¥ iHIII YacTOTOKEpyrOUi
NPUCTPOI MOXHA peajizyBaTH 1 Ha mapaenekTpukax (3a Toukoro Kropi).

1" Y L8] dzj € Isetopp$orfinu, monspusaiiis SKUX BHKIUKAE MEXaHIYHY
nedopmariiro (3BOpoTHUH M'e30ePeKT) 1 HaBMAKH, MeXaHI4Ha Aedopmallis MPUBOIUTH 10
BUHUKHEHHS Mosipu3aii (mpsaMuii m'e30eexr).
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3a3HaunMMoO, 10 OyIb-SIKUK IieJIeKTPUK TPH TOJSpU3allii B EJICKTPUYHOMY IOJIi
nedopMyeThCs, MPUIOMY 1151 1epopmalrtis X KBaapaTUuIHa BITHOCHO MOJIIPU30BHOCTI P

X =QP,

ne Q — koediieHT eMeKTPOCTPHUKIIII.
Anne B HEUEHTPOCUMETPUYHMX KpHUCTajaX ICHYe€ JIHIAHUNA  3BOPOTHUI
1'€30€JIEKTPUIHUN e(eKT

x = dE,

ne d — n'e30eIeKTPUYHUN MOTYJTb.
JUig psIMOTo  11'€30€JEKTPUYHOTO (EKTY AJIs MOJIIPU30BHOCTI MAaEMO

P =dd,

Jie 0 — MEXaHIYHe HaNpy>KEeHHS.

OnHUM 3 IUPOKO 3aCTOCOBYBAHUX I'€30€JIEKTPUKIB € KBapIL, 110 BAKOPUCTOBYETHCS
JK 3a7aBad YacTOT B TNPENU3IMHUX TEHEpaTopax HAMNpyrd, M0 3aCTOCOBYIOTHCS B
pajiosioKarii, palioTexHilli, 00UYUCIIOBAIBHINA TEXHIIl, eICKTPOHHUX TOJUHHUKAX TOIIO.

[TonIpu30BHICTh CETHETOENEKTPUKIB Y B1ICYTHOCTI €IEKTPUYHOTO MOJISl JOPIBHIOE
HYJIIO 1 BOHU HE MAIOTh M'€30€JIEKTPUYHUX BIACTUBOCTEH. [[71s1 HamaHHs cerHeToOKepamiIl
II'€30€JIEKTPUYHUX  BJIIACTUBOCTEN 11 MOJAPU3YIOTh. BUTPUMYKOTH Yy CHJIBHOMY
enekrpuaHomy moii (2 — 4 kB/mm) mpu temmeparypi 100 — 150 C, sk mpaBwio B
CepeNOBHII KPEeMHIHOPTraHIYHOI OJIMBH, MPOTATOM OJHI€T a00 KUIBKOX T'OJHWH, a TOTIM
OXOJIOJDKYIOTH TiJ] Hampyrow. B pe3ymbpTaTi cerHeTokepaMmika TEpPETBOPIOETHCS B
aHI30TPONTHY PEUYOBMHY — TEKCTYpy 3 3aJMIIKOBOIO TMOJIIPU30BHICTIO 1 CTae
I1'€30€JIEKTPUYHOIO.

3asie)KHO BiJi BHUKOPUCTaHHS M'e€30Kkepamiuni marepianu 3rigHo 3 [OCT 13927
MOIUISIFOTh HAa YOTHPHU KJIACH.

Jlo mepmioro Kjgacy HajeXaTb CETHETOM'AKi T'€30€JIEKTPUYHI MaTepiaju,
NpU3HAYCHI JAJI BUCOKOUYYTJIMBUX I'€30€JIEMEHTIB JJIsl MPUHAMaHHS CIAO0KUX CUTHAJIB.
BusnavyanbHUM mapaMeTpoM JUTsl HUX € T'€30MOJyJIb, MEXaHI4HI 1 A1eJIEeKTPUYHI BTpaTH —
HECYTTEBI.

Jlo apyroro Kiacy BiIHOCATH CETHETOTBEP/I M'€30€JIEKTPUYHI MaTepiai 3 MajJuM
tgd 1 BHCOKOK MEXaHIYHOK JOOPOTHICTIO, IO 3aCTOCOBYIOTh B MOTYXHHX JDKEpeNax
yABTPa3BYKY, B CHCTEMax 3alaIOBaHHA, M'€30[BUTYHAX 1 IHIIMX €NEeKTPOMEXaHIYHHX
NepeTBOPIOBaYaXx.

Tpetiii kimac BKJIIOYAae Marepiasd 3 MiABHUIIEHOIO YaCTOTHOIO CTa0UIbHICTIO.
BuKOpHCTOBYIOTH I BATOTOBJICHHS 1'€30(D1IBTPIB, Y 4aCTOTO3a/1aBaIbHIX TeHepaTOpax
TOIIIO.

B derBepTmii knmac BXoaATH Martepiasin ais poOOTH B OCOOIMBUX YMOBax,
HAIPUKIIAJ. 32 MEXKaMUi HOPMAJILHOTO pobodoro inTepsaity temmneparyp (— 60 —+70) C.

Haiimupine BukopucTaHHs Jictajia n'e30kepamika Ha OCHOBI IIUPKOHIIO, CBUHIIIO 1
tutany (LITC). BUkopucTOBYIOT TaKOX TUTaHAT Oapiro, TBEPl POZUYMHH THTAHATIB Oapito
1 KaJbIlito, 6apiro KaJIbIliI0 1 CBUHIIO, MOHOKpHUCTAIH chaneputy ZnS, cynbdiay KaaMmiro
CdS, okcnny mmaky ZnO.
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MoOHOKpMUcTanm cerHeToeneKkTpPUKI mpazHste0 6 a
HIMpIIe BUKOPUCTOBYIOTH 3aMicTh KBapuy. Il'€30enexkTpuyHi BIAcTHBOCTI M HAJalOTh
IUISTXOM BiAMAIIOBaHHS TP TEMIIEpaTypax, TPOXH HUKYHX 3a TeMriepaTypy Kiopi. Bonu
MalOTh Kpally IIHPOKOMOJOCHICTh MPH MEHIIUX rabapurax, HIKYUN OmMmip y cMmy3i
MPO30POCTI Ta BUIIY 130JIbOBAHICTH BiJ] MApa3UTHUX KOJMBaHb. 3aCTOCOBYIOTh IEPEBAKHO
B JIIHIAX 3aTpUMYBaHHS Ta GUIbTpax 00'€MHUX 1 TOBEPXHEBUX XBUIIb.

1 " tets g dzj C-s tged SicfexTpuku, B TpoIreci OJHOPITHOIO HArpiBaHHS
(oxoNomKeHHs) SKUX, BUHUKAE TOJIIpU3allisa. 3BepTaEMO yBary Ha Te, 10 TipoedeKT
BU3HAYAETHCS IMIBUAKICTIO 3MIHM TMOJSIPU30BHOCTI 3 TEMIIEPaTyporo, a TOMy HEOOXiJTHO
CTBOPUTH MEXaHi3M 3MIHU TeMIIepaTypH, MIOCTABUBIIIN, HATIPUKJIIA]], 00TIOpAaTOp Ha NUIAXY
BUIIPOMIHIOBAHHS, 1110 J1€ HA MPOEJIEKTPHUK.

J1o mpoeneKTpUIHUX MaTepialiB CTABIATHCS TaKi BAMOTH:

MaKCHMaJIbHA Yy TIUBICTh;

MiHIMaJTbHa BIAHOCHA JIEJEKTPUYHA MPOHUKHICTD IS MiABUIIECHHS YyTIWBOCTI 32
HAMPYyTOI0 Ta PO3IMIUPEHHS Jiama3oHy 4acToT;

HU3bKa MUTOMA TEIUIOEMHICTH IS 301TIBIIICHHS 3MIH TEMIIEPATYPH;

HU3bKI1 J1€JIEKTPUYHI BTPATHU HA YaCTOTaX MOAYJALIT BUIPOMIHIOBAHHS.

[TipoenekTpuKkU 3aCTOCOBYIOTh B JIETEKTOpaxX ONTHUYHUX CHUTHAJIB, TEIUIOBUX
JATYMKaX, CACTEMax JUCTAHIIMHOTO BUMIPIOBAHHS TEMIIEPATYpPH, TETIOBI30paXx.

Bci mipoenekTpuku, M0 BUKOPUCTOBYIOTHCS HA TPAKTHII, € TMOJISIPU30BAHUMHU
CErHETOCNIEKTPUKAMHU 1, BIANOBIJIHO, IM'€30€JEKTPUKaMU. TOMy B HHUX MOKJIMBUHN
BTOPUHHUU T'€30€NEKTPUYHHN €(eKT, KO BHACIHIIOK 3MIHU PO3MIPIB MpPU HarpiBaHHI
BUHUKAE IT'€30€ICKTPUIHA TTOJSPU3ALLis.

{ dzj € Istc jIs TBepai mieNeKTpWKH, MO JTOBrOCTPOKOBO 30epiraroTh
NOJISIPU30BAHUN CTaH 1 CTBOPIOIOTH Y HABKOJMIITHHOMY CEpPEIOBHUII E€ICKTPOCTATHYHE
noJie o1I0HO TOMY, SIK MOCTIMHUN MarHiT CTBOPIOE HABKOJIO ceOe MarHiTHE ToJIe.

EnexkTperHuii cTaH MOXE YTBOPIOBATHUCSA SK TOMO3apsaaMd B pe3ysbTaTi
eJICKTpHU3allii, KO HOCIT 3apsiy 1HXKEKTYIOThCS B TIEIEKTPUK 3 €JIEKTPO/Ia 1 3HAK HOCIiB
3apsiAy BINIMOBiAA€ TMONSAPHOCTI €JEKTPOJAa, TaK 1 rerepo3apsaamu, IO YTBOPHIIUCS B
pe3yNbTaTi 3aJUIIKOBOI peslakcalliitHol JUMOIBHOT YK 10HHOI MOJspH3allii, KOJIu iX 3HaK
MPOTWICKHUN MOJISIPHOCTI EIEKTPO/IA.

Ha TenepimHiii yac eeKTpeTHUI CTaH BUSABICHO OUTHII HIX y 70 Mi€IEKTPUKIB K
OpraHivyHUX, TaK 1 HEOpraHIYHUX. ['OMO3apa nepeBakae y HEOPraHIYHUX 1 HETIOJSIPHUX
OpraHiYHHX, TeTePO3apsiii — B OPTraHIYHUX MOJISIPHUX.

['yctuHa 3apsiy IHTEHCHBHO CHaja€ 3pas3y ICIsi BUTOTOBIICHHS €JIEKTPETa, a B
MOJISIPU3AIIMHUX MOE HaBITh 3MIHIOBaTH 3HAK, TOMY €(EeKTUBHICTh eJIEeKTpeTa
OIIIHIOETHCS TIOBEPXHEBOIO TYCTUHOO CTa0171i30BaHOTO 3apsify.

Jlo eneKTpeTHHX MarepialliB BITHOCATHCS BOCKOMOMIOHI MICNEKTPUKU 1 CIIOJA,
KepaMmiuHi TUTAHOBMICHI, MPUYIOMY HAHOUTBIIMIA 1 HAUCTIMKIIINUK 3apsia Ma€e MEPOBCHKIT
(CaTiO3), ckino, cutanu, cipka, cyiabdiau Kaamito 1 MUHKY, a TAKOX OpPraHidHI CIIOIYKHU
apOMAaTUYHOTO psiAy 1 CHHTETUYHI TOJIMEepH, Taki SK moxditeTpadTopeTuieH,
nomiBiHUTIAEH(DTOPU, ToNieTHIIeHTepedTanar, moaikapOOHATH, MOTIMETHIMETAKPUIIAT,
NOJIBIHUIXJIOPH Ta 1HIII.

MeToiu OTpUMaHHS €JIeKTPETIB:
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Tep MO e Nne KTpYMIOTH Mpyu  HarpiBaHHI, BHUTPUMII 1 OXOJOKEHHI
JeJIeKTpUKa MPU HENMEPEPBHO AIF0YOMY CHIIBHOMY €JIEKTPUYHOMY T10Ji;

€NnNekKkTp O e JoRHKYVHIIER PeyIbTaTl Al CHIBHOTO €IEKTPUYHOTO MOJIS Ha
JIIeTIEKTPUK Ha MPOTA31 KUIBKOX T'OJINH;

KOPpOHO e /1 CKOPPI@ET e Ha JICNEKTPUK YaCTKOBUX pPO3PAIIB Y
ra30BOMY MPOMIKKY MK TIOBEPXHEIO JIEIEKTPUKA 1 €JEKTPOJOM, YACTO MPU 3HIHKECHOMY
THUCKY;

PO T 0 € /1 € K-TTEXRONOMS IX CX0Ka 3 TEXHOJOTIEID TEPMOEICKTPETIB, aje
3aMICTh TEMIIEpaTypy BUKOPUCTOBYIOTh CBITJIO;

X € MO e /1 e kTeEepu3dilis B CUILHOMY EJISKTPUYHOMY IIOJ1 B TpoIleci
XIMIYHMX NIEPETBOPEHD, HANPUKJIIA] MOJIIMEPHU3ALILi;

papji 0en empiMmpoesT aii MyYKka NIPUCKOPEHHUX SICKTPOHIB;

Me X aH O el eyWBOpPIOTECH Ipu il MEXaHIYHHX HABaHTaXE€Hb, IO
CYNPOBOJIKYIOTHCSI KOHTAKTHOIO €JICKTPU3AIIIEI0 BHACTIIOK AU y3ii 3aps/IiB 3 €J1EKTPOoIa;

TpPpWb6OEI e RIKAOTEN B pe3yIbTaTi TEpTsA, MO CYMPOBOKYIOTHCS
KOHTAKTHOIO €JIEKTPU3AILIETO.

EnexTpern BUKOPHUCTOBYIOTH SIK JaBadl ab0 MepeTBOpIOBaYl CUTHAIIB Yy
O3UMETpax, TirpoMerpax, OapomeTrpax, (OKYCYIOUHMX 1 COPTYBaJIbHHUX CHCTEMaXx,
eJIEKTpOMETpax, (iuIbTpax A Ta3iB, EJNEeKTPETHUX KOHACHCATOPHUX MIKpodoOHax,
JaBadyax THUCKY, BIOpoJaBavax, TaXOMETpax TOIIO.
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I'OCT 21515-76. Martepianu gienektpuuHi. TepMiHU Ta BUBHAYEHHS.
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npoOyBaHb.

I'OCT 6433.2—71. Marepianu enexTpoi30siiiiHi TBepai. MeToau Bu3HaueHHS eie-
KTPUYHOTO OTIOPY MPH MOCTIiHHIN HAIpy3i.

I'OCT 6433.4—71. Marepianu eneKTpoi30JiiiiHi TBepai. MeToau BU3HAYCHHS TaH-
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KTPUYHOI MILTHOCTI TpH 3MiHHIN (dacTtotu 50 I'1y) i mocTilHIN Hampyrax.
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