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HrFedl Oour

Crie OTKPMBAHETO Ha TpaH3ucTopa npe3 1947 r. OypHOTO pa3BUTHE Ha
eJIEKTPOHHUTE, KOMYHMKALMOHHHUTE M KOMIIOTBPHUTE CHCTEMH CE€ ABJKH HA
pa3pabGOTBaHETO U BHEAPSBAHETO HA HOBM MATEPHAIH M TEXHONIOTHH. MarTepu-
aJIATE M TEXHUTE CBOMCTBA, NMPOABABAIIM C€ MO BB3ACHCTBUETO HA EJIEKTPO-
MArHHTHO MOJIE, ca cpefaTa — HOCHTEJ Ha HeNPEKbCHAaTO Pa3BMBALLUTE CE€ MH-
GOpMaLMOHHH TEXHOJIOTHH.
M3yyaBaHeTO Ha MOBEACHHUETO HA MATEPHANIUTE B EJIEKTPOMArHUTHO
[joJjie € OCHOBaTa, BbPXY KOATO CE€ CTPOH LAJIaTa KOHCTPYKLHSA HA €JIEKTPOHHO-
TO. KOMYHHKAIIMOHHOTO ¥ KOMITIOTBPHOTO MHXEHEPCTBO. Tl KaTo B ChbBpE-
MEHHHTE CJIEKTPOHHM CHCTEMH y4acCTBAaT MHOIO pasjiiuHM BHJIOBE MaTEpHaIH,
ONMCBAHETO HA TEXHUTE CBOMCTBA HE € Bb3MOXHO 0€3 M3MON3BaHETO HA KJIaCH-
¢uxauus. B yueOHuka e HampaBeHa kiacH(uKkanus MO HAKOJKO NpH3HAKa,
cnopes KOATO MaTepHAJIMTE CE€ PA3fAeNiiT Ha YETUPH rOJIEMHU Py — JHEJICK-

TPUYHM, TPOBOJHMKOBH, IOJYNPOBOJHHKOBH M MAarHWTHH MaTepuanu. M3no-
sKeHH Ca OCHOBHHMTE EJIEKTPHHYECKHM CBOMCTBA Ha BCAKa rpyna u ca NMOCOYECHH
XapakTepHUTE OCODEHOCTH Ha HaW-pasnpPOCTPAHECHUTE MPEACTABUTEIIM.
PasrnenaHy ca CBOMCTBAaTa ¥ NMapaMeTPUTE HA PE3UCTOPHUTE, KOHACH3ATOPHUTE H
MATHMTHUTE CBHPLEBUHM 3a WHAYKTUBHM O00OMHM. JlafieHH ca XapaKTEpHHUTE
0coOEHOCTH HAa Pa3JMYHHUTE BUIOOBE PE3UCTOPH, KOHACH3aTOPU MU MATrHUTHH
ChPLEBHHH.

VyeOHUKDBT € HamucaH Mo yTBbpJieHaTa yvyebHa mporpaMa Ha JMCLH-
nnuHaTta “Marepuaio3HaHue”, KOSTO Ce YeTe Ha CTYACHTHUTE OT NBPBH KYpC,
Gakanapbpcka CTeneH Ha Cc1ab0OTOKOBMTE CHENHMAJHOCTH B TexHHYECKHA
yuusepcurer — Codusa v dunuanure My. Tasu gucuuninHa ce u3y4aBa U B
OCTAaHAJIUTE BUCIIM TEXHUYECKH YYWIMIIa B cTpaHaTa. Mntoctpupan e boraTto ¢
rpaduku ¥ TabGIMIM, KOUTO MOTAT J1a C€ M3MOJI3BAT KaTO CIPaBOYeH MaTepHall.
YyeOHUKBT MOXE Ja Ce W3MO0JI3Ba CBIIO W OT CTYAEHTH OT MO-TOPHH KYpCOBE
Ha OOy4YeHHE U OT MHXXEHEPH.



1. OB CBEQEHUA 3A BbTPELWHATA CTPYKTYPA
HA MATEPUATNUTE

1.1. OCOBEHOCTWU HA CTPOEXA HA TBbPOAWUTE TENA

OcobeHOoCTHTE Ha CTpoeXa ONpeleNAT B IojAMa CTENEH eeKTPHYECKHTE
cBoiicTBa Ha TBBpAUTE Tena. ITo Ta3u npuyKHa ce Hanmara J1a ce NPUIIOMHSAT HAKOU
OCHOBHH ITOJIOXKEHHS OT CTPOEXka Ha TBHPAMTE Teja, NOAPOOHO pasrieaHH B JIHUC-
UMIIHHUTE (PU3UKA U XUMHUSL.

Enun oT QyHAaMEHTAIHUTE NIPHPOJHHM 3aKOHH IJIacH, ye obiiara eHeprus Ha
MaTepHaHa CHCTEMa B PAaBHOBECHO ChCTOSHHE IMPHU ONpeaeJeHH OKOJHH YCJIOBHUA
KJIOHH KbM MHHHMaJlHa CTOHHOCT. B TO3M CMHCBI € BB3MOXHO M3rPaKAalllUTE
aTOMH J1a HMAaT B MaTepHaJHaTa CUCTEMA MO-BUCOKA €HEePrusi OT Ta3H HA TEXHUTE
HEeBB30YIEHH CBCTOSAHHSA, aKO MO TO3M HAYHUH CE€ OCHIypsABa ChCTOSHHE HAa MHHH-
MaJIHa MOTEHLHATHA eHeprus. ToBa MOXKE /1a ce Clly4YH MPU aTOMHH CTPYKTYPH, 34
KOWTO €HEprusTa Ha INpHUBJIHYAHE MEXIAY aTOMHUTE € 3HAYMTENIHO MO-rojiiMa BHB
Bb30Y/I€HO CHCTOSHHE, OTKOJIKOTO MEXAY CBHILIUTE aTOMH B HEBB3OYIEHO CHCTOS-
Hue. ETO 3a110 AaaeH aTtoM MOXe Ja CHLUIECTBYBA B [OBEYE OT €IHO €HEPrHiiHO
CBCTOSIHME B Pa3IMYHHUTE MaTepHalIM B 3aBHCHMOCT OT MpUpoOJaTa Ha BPb3KaTa My
ChC CBCEIHHUTE aTOMH. SICHO €, Yye ako HAMa TakaBa BPh3Ka aTOMHTE HE MOraT Ja
oOpa3yBart TBBPIO THJIO.

B 3aBucuMOCT OT mpupozaara ¢ Bpb3KHTe OWBAT MbpBUYHHM (HOHHA, KOBa-
JIEHTHA W MeTajiHa) U BTOpu4HHU (Ban nep Baancosa).

M3BecTHO €, ye aTOMHUTE Ha XUMHYHHTE €JIEMEHTH BBHB B3aUMOICIHCTBHETO
MOMEXKAY CH Ce CTPEMAT Jia MOJYyYaT ITbJI€H BBHIUEH eleKTpoHeH cioif. [To To3u
Ha4YUH €JIEMEHTUTE OT KpaHHHUTE IPYIH Ha NMepuoaUYHaATa CUCcTEMa Ha MeHaenees
C€ CTPEMAT A NMPHIOOUAT WK 3aryOsT BaJICHTHH €EKTPOHH, TaKa Y€ TOJTyYEHHTE
HOHH 1a UMaT 3ambJIHEH BBHIIEH elleKTpoHeH cioil. EnemenTure ot I u Il BanenT-
Ha rpyna oOpa3syBar MoioXUTeIHH HOHHM, a Te3u oT VI u VII BanentHa rpyna — or-
puuarenny HOoHH. IlogoOHHM, MPOTHBOMONOKHO 3apesieHH HOHM Ce MpPHUBIMYAT M
€IeKTPOCTaTHYHATA BPB3Ka B Cllyyas CE Hapuua wonHa.

EneMeHTHTE OT CpeaHUTE rpynu Ha NMEpHOJAHYHATA CHCTEMa MMAT HaroJo-
BHHA 3aITbJIHCHH BBHILUHHU €JICKTPOHHHU cioese. [Ipu B3auMoneicTBHe ¢ apyr aTom
Te 0Opa3yBaTr OOIIM €1EKTPOHHHU NBOMKH M MO TO3M HAYMH CE 3aIMBJBAT BHHIIHHUTE
CJIEKTPOHHH CJIOEBE Ha BaTa aToMa. 103U BU/I BPb3Ka C€ HApU4a KoOsalreHmHa.

Memannama Bpb3Ka MOXE Ja Ce pasriexia KaTo HOHHA M KOBAJIEHTHA
€HOBPEMEHHO. 3alTbJIBAHETO HA BBHHIIHUA €JIEKTPOHEH CJIOW HA METATHUTE aTOMH
(ocobero ot I u II BaneHTHa rpyna) cTaBa 3a CMETKA Ha BAJICHTHUTE €JIEKTPOHM HA
BCHYKH aTOMH (KOJICKTHBHM €JIEKTPOHH), @ HE caMO Ha cheeaHuTe. [1o To3u HauyKuH
CHIIMTE, NpeAn3BUKBALLM 00pasyBaHETO Ha METalHATa BPB3Ka, Bb3HUKBAT MEXN/Y
MOJIOKUTENTHHUTE METATHH HOHH H KOJIEKTUBHUTE €JICKTPOHH.

Enementute ot VIII BaneHTHa rpyna umar 3ambJIHEHH BBHLUIHH €IEKTPOHHH
CJIOEBE, NMOpaaH KOETO aTOMHUTE MM HE BJIM3aT BbB B3aMMOJEHCTBUE NMOMEXIY CH
HITH C aTOMM OT ApYyTH eneMeHTH. ToBa ca Taka HapeueHuTe unepmiu 2azoee. Ipu



MHOI'O BHCOKH HAJATaHWs ¥ MHOI'O HUCKH TEMIMEpaTypH HHEPTHHTE ra3oBe€ MoOraT
1a MPEMHHAT B TBBP/AO arperaTHo CbCTOssHUE, Bpb3kaTa MeXAy HHEPTHHTE aTOMU
IpH TE€3M YCIOBUA NPEICTAB/IABA MHOTO C/1ab0 €JEKTPOCTATHYHO B3auMoJIeiCTBHE
MEXKIY M3MECTEHHTE €JICKTPHYECKH MO0JIETa, MOJAYYEHH OT ABHIKEHHETO Ha €JIeKT-
POHUTE BbB BCEKH aTOM. Hapuua ce Ban oep Baancoea épw3ka. Ilono6uu Bpb3ky
ca Bb3MOXKHH MEX1y MOJIEKYJINTE B OPraHMYHUTE MaTepHaJIH.

Ha ¢wur. 1.1 ca nokasaHu YeTHpPHUTE OCHOBHH BH/IAa BPB3KH MEX]Y aTOMHTE U
HOHWUTE HAa TBBPAUTE TEJA, PAa3OJ0KEHH HAa BEPXOBETE Ha TeTpaeabp. CMmeceHuTe
BPB3KH Ca NOKa3aHu 1o prdoBeTe Ha TeTpaeabpa.

Ban nep Baancosa Bps3ka
Ar

KoBasenTHa
BpPb3Ka

Na
MeTasHa Bpb3Ka

NaCl
Houna BpB3Ka

Que. 1.1

OcBeH CHJIM Ha NPHUBJIHYAHE CHLIECTBYBAT U CHJIM Ha OTONBCKBaHe. B paB-
HOBECHO CHCTOSIHHE [IBaTa BUJA CUJIM ca paBHH. [loTeHUManHaTa eHeprus Ha mare-
pHazna € cymara OT HHAUBHAYAIIHUTE EHEPrUM Ha aTOMHUTE M EHEPruATa Ha BpPb3Ka-
ra. Heka noreHunasnara eheprus E,=0 e u3zbpana 3a aroM, KOHTO ca
HEOIPAaHHYEHO OTAAJIEYeHH (CaMOTHM aTOMHM), Taka 4€ Ja HE OKa3BaT BIMAHHE
€IHH BBPXY APYr. 3a Ja ce [0Jy4Yd TBbPAO TAJIO, HeoOXoAuMO € aToMHTe jaa Obaar
OlIn30 eauH 10 JApyr. AKO HOBOTO CBCTOSHHE € MO-CTaOMIIHO, MOTEHIMAJIHATA
CHEpIrus Ha ChbBKYIHOCTTA OT aTOMH TpsibBa aa O0vae E, < 0 u e obpatHo npomnop-
HHOHAJIHA HA pa3CTOAHWE r MEXIYy TAX, MOBJAMIHATO HA HsAKaksa crteneH. [Ipu
IpuOIM)KaBaHE HAa aTOMHTE CE€ MPOABABAT CHIMTE Ha NPHUBJIMYAHE H OTOILCKBAHE.
[TorenunanHata eHeprus Ha NpUBIMYaHETO E,,, € OTpHLATENHA, 3alI0TO ATOMHTE
H3BBLpLUBAT paboTa Ha NPUBJIMYAHE

(1.1) B ==

KbJIeTO 0L € KOe(pHLHMEHT Ha MPONOPLHOHAIHOCT;
r — pa3CTOSTHHETO MEXAY aTOMHTE;
n — CTENEHEH NnoKa3aTell.
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[TorenuuanHara eHeprus Ha otOnbckBaHe E,,, € MOJOXKHUTENHA, 3all0TO €
HeobOxonuMma BBHIIHA paborta 3a npubinukaBaHe Ha aToMHUTE. T CbIIO € 00paTHO

MPONOPLHMOHAJIHA HA PA3CTOAHHETO MEKIY TAX

(1.2) Epor ===,
.

kbaeTo B € KoedHLUMeHT Ha MPONOPLHOHATHOCT;

m — CTETICHEH ToKa3aTel.
OO01arta noTeHuaiHa eneprus E, e cymara oT ABE€TE EHEPruu

(1.3) E, =Epp +E o = -[%J+ (%J

r r
Ha ¢ur. 1.2 a ca noka3zauu 3asucumocture (1.1), (1.2) u (1.3).

CuiTe MeXJ1y aTOMHMTE MOTAT JIECHO JIa Ce MoJy4aT, KaTo ce audepeHuupa
u3pas3bT (1.3)
P dE,  no.  mp
(14) - A5 Ty rn+l t rm+| :

Cuiure, KOUTO JEHCTBAT MEXKIY aTOMMTE B TBHPAOTO TAJIO, Ca NMOKa3aHH
rpaduuHO Ha dur. 1.2 6.

3aBucumocTuTe OT ur. 1.2 @ u 6 morat aa ObJaT pa3ThAKYBaHHU M0 CICAHUA
HA4YMH. aTOMUTE HE M3NUTBAT CHIM Ha B3aumoaekcTeue (E =0 u F = (), korarto ca
Ha roJIEMH pa3CTOSAHHSA MOMEXAY CH; ¢ NMpHOIMIKABAHETO HAa AaTOMHUTE Bb3HUKBAT
CWJIH Ha npuBau4ade (F,,) U NIpU MaJIKO pa3CTOsHHE (E€AUH 10 JABa aTOMHH JHaMe-
Thbpa) Bb3HUKBAT CHJIM HA O0TONBCKBaHE (F,). IIpu onpeneneHo pascrosHue r = ry
JIBETE CUIIM Ce U3paBHABAT U M3pa3bT (1.4) craBa paBeH Ha HYyJ1a, KOETO CHOTBETCT-
Ba Ha MHHHMaJIHA TMOTEHLMAJIHA €HEPrus Ha MarepuainHara cucrema. [lo-
HAaTaTBIIHOTO HAMAJIIBaHE HAa pa3CTOAHUETO MEXKAY aTOMHTE BOJAM J0 HAapacTBaHE
Ha MOTEHLMa/IHaTa €HEPrus ¥ cucTemMara craBa Hectabunna. M taka npu pascros-
HHUE r = ryp MaTepHaiHaTa CHCTEMA € B CbCTOAHHE HA YCTONYHUBO PaBHOBECHE.

F

Que. 1.2
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OcBeH NMOTEHLHATHATA EHEPrHs HA B3aUMOJEHCTBHE ATOMHUTE NPUTEKABAT H
KHHETHYHA €Heprus Ha TOIUIHHHO JBHXEHHE, HACOYEHO KbM pa3pyIiaBaHe HA YC-
TOWYHBOTO PABHOBECHO CHbCTOAHHE. ArPeraTHOTO ChCTOSIHHE M CBOMCTBATA HA Ma-
TEPHAJIUTE Ca B 3aBUCUMOCT OT CbOTHOLICHHUETO HA MOTEHIHAIHATA U KHHETHYHATA
eHeprus Ha aTOMHTE, KOMTO H3rpaXKaaT CTPYKTypaTa MM.

M3BeCTHO €, Y€ eHepreTHyHaTa JuarpaMa Ha BOJOPOIHHS aTOM MMa BHJA,
nokasaH Ha ¢wur. 1.3 a. Ilpun Hanuuuero Ha aBa aToma, ofpasyBaiy MojekyJa,
CHepreTHYHaTa Auarpama ¥Ma BuJa, nokasas Ha ¢wur. 1.3 6. CeluecTByBaHeTO Ha
BOJIOpoiHaTa Mosiekyna Hy; € BB3MOXKHO NpH MOJIOKeHHe, Ye ABaTa ejeKTpOHa
HMaT MPOTHBOIOJIOXKHH CITHHOBE, T.€. CraseH € NpuHUMNGT Ha [laynu. O6mmsaT
Opoii Ha KBAHTOBMTE ChCTOSIHUS HA MOJIEKYJIaTa € CyMaTa OT MO3BOJIEHHTE ChCTON-
HUA B HHAWBHYAJIHUTE aTOMM.

E.A E, A
0

-'__——-_-__—___-—_h

a 6
Due. 1.3

CbriiacHO Che 30HaTa TEOPHUs TBHPAOTO TAJIO € €Ha KBAHTOBA CUCTEMA, H3T-
paneHa ot ronsm Opo# atomu. Karo ce uma mpeaBuja aroMHHs Mojen Ha Bop,
€JICKTPOHHUTE, W3rpaKaalld aToMa, MOraT Jia 3aeMaT TOYHO ONpe/ieNieHH pa3pelie-
HH €HEPreTHYHHU HUBA, MEXKIY KOHTO C€ HAMHUpAT 3a0paHEHUTE EHEPreTHYHH HHBA.
CBolicTBaTa Ha MaTepHAIMTE CE€ ONMPENENAT B HAN-TOAMA CTENEH OT ENEKTPOHHUTE
B HAM-BBHILHUSA CIIOH (BaJEHTHHTE €NEKTPOHM), MOPAaH KOETO IPH MO-HATATHIIHHUTE
pasriexaaHus HMEHHO Te Ce UMAT MpPEeaBHU/L.

EHepreTHyHaTa AHarpama Ha €IMH aToM, KOHTO ce HAMHpA Ha rOJEMH pa3c-
TOSIHUSA I 10 HAH-ONIM3KHUs CBCEAEH aTOM, ChIVIaCHO MoJiesia Ha Bop, e mokaszana Ha
¢ur. 1.4 a. [Ipn HamansBaHe Ha Pa3CTOSHHUETO MEXIY CHCEIHHUTE aTOMH, KOETO €
PaBHOCHJIHO Ha IpPOMSHA HA arperaTHOTO CBbCTOAHHE — ra3o00pa3HO, TEYHO M
TBBP/I0, AaTOMHTE 3aMoyBar /1a CH B3aUMOJCHCTBAT H CHEPreTHYHHUTE HHUBA CE pa3-
nenBar. BeneACTBHE HA CHITHOTO B3aMMOJIEHCTBHE KBAHTOBUTE CHCTOSHMSA MPECTa-
BaT Ja MPHHAAJIEKAT HA OTACJHHA aTOM M TBBPAOTO TAJIO Cera IpeicTaB/sABa
KBAaHTOBA CHCTEMa, M3rpajeHa oT rojsm Opol 4vacTuuu. Korato pascrosHusTa
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MEXAY /Ba ChCCIHH aTOMa CTaHe r = ry (KpHUCTAJNIHA CTPYKTYpa), EHEPreTHYHHTE
HHBA Ha aTOMa Ce€ paslLeNBaT B 30HH OT HUBA, YHHTO Opol choTBETCTBA Ha Opos Ha
aTOMHTE B KpHUCTana. 30HHTE Ca OTAe/leHH eHa OT Ipyra oT o6/acTi, B KOUTO HS-
Ma paspelliCHH €HEPreTHYHU HMBaA (3abpaHeHW 30HH). 30HaTa, MOJIyyeHa OT pa3-
LICNBAHCTO HA CHCPrEeTHYHHUTE HHUBA Ha BAJICHTHUTE EJIEKTPOHM, C€ HAPHUYA 8aneHm-
Ha 30Ha, a TasH, NoJIy4Y€Ha OT paspeuieHd, HO HE3aeTH HUBA — c60000HA 30Ha WIH
sona na nposodumocmma. Mexuy Tax ce Hamupa 3abpanenama 3ona (dur. 1.4 6).
[llupounHaTa Ha MMOJY4YEHHTE 30HH He 3aBHCH OT OpOs Ha aTOMMTE, a OT eHepre-
THYHOTO HHBO, OT KOETO Ca MPOM3JIE3/IH — [0-BUCOKO €HEPreTHYHO HUBO — TIO-
IIUpOKa 30Ha. [Ipu Manku pascTosiHMs MeXJy aTOMUTE MOXKE J1a Ce MOJY4YH IpPH-
MOKPUBAHE HAa 30HHUTE, KOMTO CHOTBETCTBAT HA [BE CHCEJAHM HHBA Ha ATOMMTE.
CeraacHo npuHuuna Ha Ilaynu 30Ha, npoM3iigsna OT HUBO C ABa BAJIEHTHH €JIEKT-
pOHa, € U3LAJIO 3albJIHEHA, & Ta3M, MPOM3JIA3/a OT HUBO C €4UH BAJICHTEH eJIeKT-
POH — HaIOJIOBHHA 3albJIHEHA.

W | W

Due. 1.4

1.2. KIACUPUKALMNA HA MATEPUATTUTE

Marepraio3HaHHETO € HayKa, KOATO ce 3aHMMaBa ¢ ronsm Gpoii oGexTu 3a
M3y4yaBaHe, TIOPaZ KOETO KIaCH()UUHMPAHETO HM e HeusbexHo. Knacubukauusra
Npe/cTaBiIsBa CyOCKTHBEH MPOLEC, YHATO LEN € Ja CHCTEMATH3Mpa OGEKTHBHO
CBIIECTBYBALIMTE CBOMCTBAa Ha Marepuanute. Konkoro u chBbpiueHa ja e, T BH-
HAard € NpoJAyKT Ha OTIpaBHATa IJIEJIHA TOYKA, OT KOATO € Ouia chcTaBeHa. Beska
KJIaCH(UKALMA ChABPXKA B ceOe CH OMpENIENEeHH TPYIH C HEM30EKHHTE UM TPaHH-
K. Bb3HHKBA BBIIPOCHT, KbM KOs Ipyna 1a GbJaT MpUYKCIEHH MaTepHAIHTE, YH-
MTO NTapaMEeTpH Nonajaar TOYHO Ha rpanuuuTe uM? Karo ce uMa mpejsuj, ye npu-
YMCIIABAHETO HA JAJIEH MaTepHal KbM €JlHa WIM Jpyra rpyna npu Kiacudu-
LINPAHETO MY HE BOJH /10 MPOMsIHA HA HETOBHTE CBOMCTBA M MapaMeTpH, Noaobex
BBITPOC € HECHLIECTBEH.

[Tpu u3non3BaneTo Ha efHa WK Apyra kiacHukauus He Tpsa6Ba 1a ce 3a6-
paBs, Y€ MaTEPHAINTE MpPOSABABAT €JHOBPEMEHHO CBOWCTBATA, XaPAaKTEPHM 32 Hi-
KOJIKO OTACJIHH KIaCH(PHKAIMOHHHU I'PYNH, HO NMpeobafaBallo BIHSHHE UMAT OIl-
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peleieH! CBOMCTBa, KOETO [JaBa OCHOBAHHSA 3a NMPHYHCANBAHETO MM KbM Olpese-
neHa KnacudUKalHoHHa rpyna.
Knacugpukayun cvenacno zonama meopusa. lllupounnara Ha 3abpanenara

zona AW Ha MaTepHaJIMTE M03BOJIsABA T€ a ObAaT pa3fAe/ieHH HA TPH IOJIEMH IPYIH
chOOPA3HO C MOBEICHHETO UM B €JIEKTPHYECKO nosie (BxkK. pur. 1.4):

1. [TpoBoaunuu — AW =0eV,

2. MonynpoBoauuuu — AW — no 3 eV.

3. duenekrpuum — AW —-ot1 3 no 8 eV.

OT BCHYKH BHIOBE NMPOBOAHMKOBH MaTEpPHAIH HAWU-TOJIAMO NPHJIOKEHHE B
e/IEKTPOHUKATAa HAMUPAT METAJIHUTE NMPOBOAHHUIIM, MOPAAH KOETO HMEHHO TEXHHUTE
CBOMCTBA Ca pa3rjie/laHy B KHUrara.

B npoBoaHHLMTE NPOBOAALIOTO CHCTOAHHE € HOPMAJIHO, ThH KaTO HAMA
zabpaHeHa 30Ha. B moJiynpoBOAHHILNTE H NHEIEKTPHULIMTE MPOBOJALLIOTO ChCTOSA-
HHE € BB30yeHO, 3a10TO € HEOOX0AUMO BHACSIHETO HAa EHEPrus OTBBH 3a NPEoIo-
AABAHETO Ha 3a0paHeHara 3oHa. lllupounHara Ha 3abpaHeHaTa 30HA € MapaMeThP
Ha MaTepHalla, KOMTO 3aBHMCH OT KpHUCTajHaTa My CTPYKTypa MU CE€ M3MEHS IpH
npomsiHa Ha TeMrneparypara. [Ipu yBenuuyaBane Ha TeMmneparypara HapacTBa KHHe-
THYHATa CHEPryds Ha aTOMHTE B KpHCTaJIHATa pelleTKa, KOeTO NpEeAH3BHKBa CTEC-
HaBaHe Ha 3a0bpaHeHara 3oHa. [lopaau TemmneparypHHs KoehHUHEHT Ha 00eMHO
pasiIMpeHHe MO BIHAHHE HA TEMIEpaTypara ce H3MeHs 00EMBT Ha TBBPHAOTO TH-
JI0, T.€. H3MEHAT CE€ MEXJYaTOMHUTE Pa3CTOSHUS U MO TO3H HAYHH — LUMPOYMHATA
Ha 3a0paHeHaTa 30Ha.

EnexTpuyecKUTE CBOHWCTBA 3aBUCAT OT YCJIOBHMATA HA B3aHMOJICHCTBHE U OT
Pa3CTOSHHETO MEXK]Y aTOMHMTE B CTPYKTypaTa Ha MarepHana U ca ocoOeHOCT Ha
aaneH atoM. Kato wiocTpauus MOXE 1a C€ MOCOYH BBIVIEPOABT C HETOBUTE JIBE
PasHOBUAHOCTH — rpaduT ¥ auaMaHT. KakTo ce BHK/Ja OT €HepreTu4yHaTa adarpa-
Ma Ha ¢ur. 1.5, rpaduTHT NposABaBa NPOBOAHUKOBU cBoHCTBA (AW = (0 eV), a aua-

MaHTBT — AHEJIEKTPUYHU cBocTBa (AW = 5,3 eV).
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[MpoBoguuum. [lomynposoaen Juenekrpruum

Que. 1.6

Knacugukayus no cneyuguuno conpomuenenue. B 3aBHCUMOCT OT CTOM-
HOCTTa Ha CneuU(UYHOTO CHIPOTHUBIICHHE MaTepHaluTe 00pa3yBaT €JHMH Hemnpe-
kBcHaT pen ot okono 107° 1o okono 10" Qm. ITo To3u npu3HaK Te ce pa3aensT
CHILO HA MPOBOJAHHLHM, MONYIPOBOAHHIK U quenekTpuuu (dur. 1.6).

KakTo 11e craHe siCHO B ClI€BAILUTE I'NIaBH, 3HAKHT HA TEMIIEPATypPHHUS Koe-
(GHUUMEHT HA CeUH(PHYHOTO CHNPOTHBIIEHHE 3aBHCH W3KJIIOYMTETHO OT THMA Ha
npoBoaumoctTa. Ha ¢ur. 1.6 e nokaszana u knacupukauuaTa cbo0pa3Ho ¢ TeMIie-

paTypHUs KOEQULIMEHT HA CIELH(PUYHOTO CHIIPOTUBIIEHUE 0Ly, YMUTO CTOMHOCTH ca
HAHECEHH Ha OpJAMHATHATa OC.

Knacugpukayua cvobpaszno noeedenuemo na mamepuanume ¢ MazHumHo
none. 3a OlLICHKA HA MOBEACHHETO HAa MAaTEPHAIMTE B MAarHWTHO I10JI€ CE€ W3M0JI3Ba
abcooTHaTa MarHuTHa nMpoHKuLaemMoct . T4 ce npeacraBs KaTo

”‘ -3 l'l'Ul"'ﬁ

KBJETO Ly € MATHUTHATA KOHCTaHTa (W = 47.10™" H/m);

1
M, — OTHOCHTC/JIHaTa MarHiTHa NMpOHHULIAEMOCT.

B 3aBHCHMOCT OT CTOMHOCTTa Ha OTHOCHTE/IHATa MAarHUTHA NMPOHULIAEMOCT H
XapakTepa Ha 3aBucuMocTTa B = f(H) MaTepuanure ce pa3ie/siT Ha:

1. Hemaznumnu — nnamarneTuuy W, < 1 v napamarseruuy W, > 1. Te ce xa-
PakTepu3upar ¢ JIMHeHHa 3aBUCUMOCT B = f(H) (dwur. 1.7 a).

2. Maznumnu — pepomarseTuu W, >> 1. Te ce XxapakTepu3HpaT C HEJIMHEH-
Ha 3asucumoct B = f(H) (¢wur. 1.7 6).

[ToHexe CTOHHOCTTAa Ha OTHOCHTEJIHATA MarHMUTHA MPOHULIAEMOCT Ha HEMar-
HHUTHHTE MaTepHaId € MHOro OJIKM30 10 eAMHMIIA, 3a MpELEHKa MOXeE 1a Ce U3M0JI3-
Ba BEJWYMHATA MAarHUTHA BB3MPHEMYHBOCT

Kr=};-1.

e

K, = Wo; €, = €/€y; €y — NHENIEKTPUYHATA KOHCTAHTA;
Mo€g = lfc.'z; ¢ — CKOpOCTTa Ha CBETJIMHATA.
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NuamarseTHuuTe uMmat K, = —(107* = 107%), napamarsernuuTe uMmar K,

= (1072 + 107"), a 3a pepomaruetuumre K, = (10" + 10°).
HanpaBeHHUTE KJ1aCHPHUKALIMK Ca NPEACTABEHH CXEMATHYHO Ha ¢wur. 1.8.

B4 B

Que. 1.7

EneKTpoTeXHHUYECKH

[TonynpoBogHHIIH

ITpoBogHHIH
[TonyrnmpoBOAHHIH
Huenexrpuuu

[IpoBogHHUIM
JAuenexrpuuu

Due. 1.8
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1.3. EKCIJIOATALUMOHHU YCITOBUA N USUCKBAHWUA,
HA KOUTO TPABBA A OTITOBAPAT MATEPUATIUTE

ExcruioaTallHOHHUTE YCJIOBHA ce GopMHUpaT OT (PAKTOPHUTE, Bb3JACHCTBALIH
BBPXY CBOMCTBaTa Ha Marepuanure. CrnopeJ HaYWHA HA BB3JCHCTBHE CE pa3/uya-
BaT:

1. OcHOBHH ()aKTOPH, KOUTO C€ U3YUCISABAT WIH U30HpAT 1O BpeMe Ha Npo-
eKTHPAHETO HA €NEKTPOHHHUSA EJIEMEHT HIIH M3JIEJHETO.

2. Cny4aitHu (pakTOpH, KOHUTO HE MOrarT Jja C€ OLICHAT 110 BPeMe Ha MPOEKTH-
paHeTo.

OcHOBHHUTE ()AaKTOPH OT CBOS CTPaHa ce pa3Ae/AaT Ha:

— YIpaBJISE€MH, YHETO Bb3JACHCTBHE CE 3a/aBa MNPHU NPOEKTUPAHETO, HAMIPH-
Mep TeMIlepaTypara € yrnpasiisieM (akTop, Thi KaTO ChIUECTBYBAT METO/H 3a Tep-
MO3allnTa,

— cnaboynpaBiaseMH, YHETO BB3JACHCTBUE MOXKE JIa CE€ HAMajH, HO HE MOXKE
HAIBJIHO J1a C€ KOMIIEHCHUPA; TAKKBA Ca HallpUMEP YAapuTe U BUOpaUUUTE,

— HEYIPAaB/IAEMH, YHETO Bb3ACHCTBHE HE MOAJIEKH HAa KOHTPO; noaoOHH ca
(GH3MKO-XMMHUYHHTE NPOLECH B CTPYKTypaTa Ha MaTEpHAlIMTe, KaTO PEKPUCTAJIU-
sanus, Audy3us, JECTPYKLMS, CTapeeHe U Jp.

Cp0o0pa3HO ¢ EKCIUIOATALMOHHHUTE YCIOBUA c€ (hOpPMHpAT H3HUCKBAHUATA
cnpamMo marepuanurte. Hanpumep 3a pabota npu apKTHYECKH YCIIOBHUA ce H30upar
CTYAOYCTOHYMBH MaTepHalH, 3a pabora npyu MeXaHU4YHH BUOpaALIMK — MAaTEPHAIIH C
AOCTaThbyHa BUOPOYCTOHYHBOCT U T.H.

DakTopHuTe, BB3AEHCTBALIM BbPXY CBOMCTBATa HA MaTepHasiuTe, OMBAT: KIIH-
MaTHYHHU, MEXAHUYHHU, OHONOTHYHH, pagualMOHHH U Ap. OT TAX Hal-CHIUECTBEHO
BIIMSIHME BHPXY CBOMCTBAaTa HA MATEPHAJIUTE 3a €JICKTPOHHH anapaTypH U CHCTEMH
uMat kauMatHuyHuTe daktopu. [loa knumar ce pazdupa GU3UKO-XUMHYHO ChCTOS-
HHE Ha atMocdepara B NpoAb/DKeHHe HAa 24 h unu eaHa rojauMHa, a KIMMaTHYHaTa
obnact e reorpadcka o6nact ¢ 6IM3KH KITMMATHYHH YCIOBHS.

ChluecTByBaT YETUPH OCHOBHH KJIMMAaTHYHHU 00J1aCTH:

1. YMepena obnact, B KOATO FOAHLIHOTO U3MEHEHHE HA TEMIIEpaTypaTa € B
rpaiuumTe ot -25 no +40 °C. Tsa ce o3HayaBa ¢ “N” ¥ KbM Hes criajga Hauara

CTpaHa.
2. Crynena oOsact, B KOATO CpeJHOMECEYHATa TeMIepaTrypa Ha Hai-

cTyaeHus mecen e noa -15 °C. O3nauasa ce ¢ “F”.

3. Toruta u cyxa obnact, B KOSTO CpelHOMECEYHaTa TeMnepaTypa Inpe3 Haii-
Tonnusa mecerl € Hag +40 °C. Osnayasa ce ¢ “TA”. B ta3u obnact ce nmonyyasat
roleMu JEHOHOLUHHM KoJieOaHMs Ha TemnepaTypara, BUCOKA pajHalys H ToJsMo

ChAbp)KaHHE Ha IACBK M Npax BbB Bb3JyXa. TakuBa ca YCJIOBHUATA B MyCTHHHUTE
obnacru.

4. Tonna ¥ BraxkHa obnact, B KOATO CpeQHOMECEYHaTa TeMIeparypa Ipes3

Hai-BiakHus mecell e Haja 20 °C M OTHOCHTeNHATa BIAXHOCT Ha BB3JyXa € Hajl
80 %. TakuBa ca yclOBHs B TPOII

yeckara B’Eﬂ"ﬁ‘g}l‘mm cec“TH”.
o B i
g
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OT uMTHpPaHUTe YCJIOBHA, pasrpaHHYaBallld KIMMATHYHHTE oOnacTu, Haii-
CBIIECTBEHO BMAHHE BBPXY IOBEACHHETO HA MATEPHAIMTE B €JIEKTPOMArHUTHO
[1oJie UMaT TeMIlepaTypaTra U OTHOCHTEIHATA BJIAXKHOCT.

Bausnue na memnepamypama. Temunepatypata oOKa3Ba MHOTOMNOCOYHO
AeHCcTBHE BbPXY CBOMCTBAaTa Ha MaTepuanure. BiusHHETO Ha TeMnepaTypara Bhp-
Xy MEXaHHYHHTE CBOHCTBA HA MAaTEPHAJINTE CE€ OLICHABA YPE3 TEMIIEPATypPHHUTE KO-
e(pMUMEHTH HA JIMHEHHO W 00EMHO pa3uIMpeHHe, KOMTO CE€ 03HaYaBaT ChOTBETHO C
oy ¥ Oy. OTaenHUTE MaTepuald B 3aBUCMMOCT OT CTPYKTYPHHS CH CTPOEX Ce Xa-
paKTEPH3HpaT C pa3IMyHH CTOHHOCTH Ha Te3u KoepuuueHTH. [Tpy nosumasane Ha
TEMIIEpAaTypaTa Ha CHCTEMA OT HAKOJIKO MEXaHHYHO CBBP3aHM JIeTallia OT pa3jiny-
HH MaTepyHalii (C pa3jIM4HM CTOMHOCTH Ha () ce nojayyasaTr aeGopMaldH, KOUTO
MOraT Jia Mnpeau3BUKaT oTkKa3. BceieacTBue Ha TeMmrepaTtypHUTE KOoe(HMIMEHTH Ha
JIMHEHHO M 00EMHO pa3UIMpeHHE CE MOoJy4yaBaT NMYKHATHHH MO MOBBPXHOCTTA Ha
MAaCUBHH JETaMJIM, TMOJUIOKEHH HA TeMmnepatypHu yzaapu. [Ipu kparkoTpaiHOTO
HarpsABaHe TeMmIiepaTypara Ha NnoBbpPXHOCTTa M oOemMa Ha JieTaiiia e pa3jauuyHa, no-
pajii KOETO pa3llIiPEeHHETO M0 MOBBPXHOCTTA H B 00eMa € pa3IHyHO.

BiaussHHETO Ha TeMIepaTypara BbpXY €JeKTPHYECKHTE CBOHCTBA CE OLICHABA
ype3 TeMIEepaTypHHUs KOSPUIMEHT HAa CbOTBETHHUSA napamersp. Hanpumep BiusiHu-
€TO BBpPXY JMEJIEKTPHYHATa MPOHHLIAEMOCT € C€ OLEHABA C TEMIEpaTypHHs Koe-
MUUHMEHT HA QUEJIEKTPHYHATA NMPOHHLIAEMOCT O, BBPXY CNEUU(PHUYHOTO CHIIPOTHB-

JICHHUE P — C Oy ¥ T.H. TeMnepaTypHUAT KOEPUUHUEHT € OTHOCHTEJIHA BEJIMYHHA U Ce
M34YHCIIABA 110 U3pa3a

(1.5) Oty = ﬁ e

XdT

KBJETO Oly € TEMIIEPATYPHHUAT KOS(PHULIMEHT Ha MapaMeTspa X;
X — HAKOH OT €JIEKTPUYECKUTE NapaMeTpH €, P, UL U Jp.;
I' — Temneparypara;

ax _ mbpBaTa Nnpou3BoAHa Ha pyHkuuaTa X = (7).

dT

Ot (1.5) e sAcHO, Ye TeMnepaTypHUAT KOe(DHUIIMEHT OLIEHABA CTENEHTA Ha H3-
MEHEHHE Ha MapaMETPUTE OT TeMIieparypara ¥ OiarogapeHue Ha TOBa, Y€ € OTHO-
CHTE/IHAa BEJIMYHMHA, € BB3MOXKHO Jla C€ CPaBHAT KOJMYECTBEHO M3MEHEHMATA Ha
Pa3IMYHU MO JUMEHCHHM BEIMYMHH. B 3aBHCHMOCT OT XapakTepa Ha (YHKUHUATA
X = f{T) TemnepaTypHHAT KOeQULIHEHT MOXKe aa ObJe MONOKUTENEH WIN OTPULA-
TEJIeH, Jla 3aBUCH WJIM J1a HE 3aBHUCH OT TeMneparypara. Ha ¢wur. 1.9 a u 6 ca noka-
3aHM CHOTBETHO HapacTBallla U HamassaBauia JuHeiiHa pyukuus X = 7).

OueBHIHO MPH HapacTBalla JIMHEHHA QYHKUMS TEeMNEpaTypHUAT KoedHIIu-
€HT € MOJIOXKHTEJIEH M HE 3aBHCH OT TEMIIEpaTypara, a MpH HaMmaisaBallla — OTpHIa-
TEJICH ¥ CBILIO HE 3aBHCH OT TEMIEpaTypara. 3a ONpeNeNsHETO Ha TeMNepaTypHHUS
Koe(pHuHeHT npu NTHHEHHH QyHKUMH BMecTo (1.5) MoXe J1a ce u3mon3sa u3pasbT

(1.6) Oty = X, — X, ,
XI(Tz _Ti)
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KbaeTo X, € CTOMHOCTTA Ha napaMeTspa X npu Temrneparypa 7;
X3 — CTOMHOCTTA Ha napamerspa X npu Temneparypa 75.

A ‘L ¥
¥ >/—\
N
\
o \ e
T N T
»
——— — — - oy N\
Oy
Y
\ a ' 7] 8
Que. 1.9

Ha d¢ur. 1.9 ¢ e nokaszana HenuneiiHa pyHkuusa X = 7). Ype3 rpadpuuHOTO
nubepeHLHpaHe ce monyyasa 3aBucuMoctra Oy = @(7).

B cnyuaii, 4ye ce WHTEepecyBaMe OT OrpaHHYEH TemrneparypeH uHrepsan AT,
[MOHAKOTa € Bb3MOXKHO J1a Ce HanpaBu JIMHEHHA WHTEpNnoaalus Ha 3aBUCHMOCTTA B

TO3H HHTEpPBAJl H TOraBsa Oly 3a HHTEpBaJia C€ M34YHUCJIsiBA 10 U3pa3a

AX
e )
XAT
KbjieTo AX e H3MEHEHHUETO Ha napameTbpa X B TeMrnepaTypHus HHTepBan AT,
Temnepatypara oka3Ba BJIMSHHE BEPXY CKOPOCTTa Ha CTapeeHe Ha MaTepHa-

JauTe. 3a OLIEHKA HAa TOBA BJIIMAHUE C€ U3I10J13Ba 3aKOHBT HA APEHHYC 3a CKOPOCTTA
Ha XMMHYECKaTa peaKLus

(1.7) Oy =

(1.8) K = Cexp( W")
A = ADL — 1
AT

KbjeTo K e CKOpOCTTa Ha XMMHYECKaTa peakiius;

C — KOeHULIHEHT;

W, — eHeprusTa Ha aKkTHBAallMsg Ha Npolleca, KOSATO € XapaKTepHCTHKaA Ha Ma-
Tepuana;

k — KOHCTaHTaTa Ha bosmas;

T — Temneparypara.

3a OLICHKa HA BJIMAHMETO HA TEMIEpATypaTa U €JEKTPHYECKOTO I0JIE Ce H3-
[0J13Ba 3aBUCUMOCTTAa HA AWPHHT 3a CKOPOCTTa HAa XMMHYECKHUA TMPOLIEC

(1.9) K= c;’[ﬂexp(— % yexpl(cs + % U,

KBJETO Cy, €, C3 M B ca koeHULIMEHTH, 3aBHCEIH OT MATEPHAIA;

fIU) — GyHKLMATA HA BJIUSHHE HA E€JIEKTPUUYECKOTO I10JIE.

Bv3 ocHoBa Ha 3aBucumoctuTe (1.8) ¥ (1.9) ca cwp3naneHn MOAEIHTE Ha
Apennyc 1 AWpPHHT 3a cTapeeHe Ha IHEJICKTPUYHHTE MaTEepHaJIH.
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3amMTaTa OT BAMAHHETO Ha TEMIIEpaTypara ce OChIIECTBIBA O ABa OCHOB-
HH HA4YWMHA — TEPMOKOMIIEHCALIMA U TEPMOCTATHPAHE.

Tepmokomnencayusama € METOJl, KOHTO C€ OCHOBaBa HAa KOMOMHALIMSITA OT
MOJIOKUTEITHH M OTPHLATENIHH TEMIEPAaTypHH KOECDHIMEHTH Ha EEKTPUYECKHTE

napaMeTpy Ha rpaJIMBHHUTE €JIEMEHTH. HanpuMep TpenTsaMsT Kpbr, nokasaH Ha
¢ur. 1.10 @, ce cbCTOM OT 1Ba €1eMEHTa — UHAYKTHBHA 600HHa u KOH/IEH3aTOP.

OCHOBHHSAT MapaMeTbp Ha TPENTALIMA KPBI' € pe30HAHCHATA MY 4ecTOoTa Tos
KOATO ce onpenens no ¢popMmynara Ha ToOMCBbH

(1.10) 1

Jo= Znﬂ |

KbAETO L € HHAYKTUBHOCTTA HA O00OMHaTa;

C — KanamMTeThT Ha KOHIEH3aTopa.

[Ton BiusaHMe Ha Temneparypara W GnarojapeHue Ha TEMMEpaTypHHS Koe-
(PMLMEHT Ha KanauuTeTa Olc U Ha O0OOMHaTa (f; ce M3MEHsA Pe30HAHCHATA YeCTOTa
Ha Kpbra. [Ipu popmupaneTo Ha Oc U O, HaH-TONSIMO BIMSHHE OKa3BaT Ol (€ € JIu-
eIeKTpHYHaTa MPOHMIAEMOCT HA [HEJIEKTPHKAa Ha KOHIEH3aTopa) M O, (U € mar-
HHUTHATa MMPOHHMLIAEMOCT Ha ()epOMArHUTHATa ChpLEBHHA HA 6OOHHATA) WK BHPXY
3aBHCUMOCTTA f, = Q(7) oKa3BaT BIMAHHE MaTepHanuTe. AKO ce noabepar Hanpu-

Mep O < 0 (e < 0) u o > 0 (0, < 0), ce monyyasa Taka, 4e NMPH NOBHILIABAHE HA
TEMIIEpaTypaTa pe30HaHCHATa YECTOTa Ha Kpbra f, e

l
(1.11) . |
o 2nJ(L+AL)(C +AC)

kbaeTo AL u AC ca u3MEeHEHHATa Ha HHAYKTHBHOCTTA M HA KAaMalUTeTa OT TeMIie-

parypara.
Karo ce uma npensus, ye

AL =0, LAT n AC = 0 cCAT

MpH NMpoOMsHA HA TeMnepartyparta ¢ A7, pe30HaHCHATa Y€CTOTa 3ana3Ba CTOHHOCTH-
TE€ CH, aKO € U3ITBJIHEHO YCJIOBHETO

J(1+0 AT )1+ 0cAT ) =1,

E.C. Ol + Ol + Ci[.acﬁﬁ =

1 v
Bnusuuero Ha (0, 0tcAT") MoXe na ce npeHeGperHe, 3amoTO CTOMHOCTTA MYy €
MHOTO MO-MaJjKa oT O ¥ Olc.

CrenosarenHo, ako TeMNEpaTypHUTe KOeQHIIMEHTH O, U Ol Ca €HAKBH, HO
C pa3JIM4yHHU 3HALM, PE30HAHCHATA YECTOTAa HAMA /1a C€ H3MEHH, KaKTO TOBA € MOKa-
3aHO Ha ¢ur. 1.10 6.

TepmoxomneHcauusaTa € MeToJ1, KOWTO MO3BOJIABA 1a CE HAMAJH BIHSHHETO
Ha TeMrnepaTypara, HO He H JIa C€ OTCTPAaHH HAITbJIHO, 3alI0TO € TPY/HO /Aa CE MOj-

Oepar TemnepaTyphHu KoeHLMEHTH, paBHH 10 aGCOMIOTHA CTOHHOCT M ¢ obpaTen
3HaK, 0COOEHO INMPH MO-CIOMKHHUTE CXEMH.
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C. L.

Due., 1.10

Tepmocmamupanemo € METOJl, KOHTO IMO3BOJIABA Jla C€ MOJy4YH MO-IbJIHA
3all[MTa OT BIMAHHETO HA OKOJIHATA TEMMEPATypa. ToBa ce NocTUra ¢ TepMOCTaTH C
aBTOMATHYHO pEryJiipaHe Ha TeMIepaTrypara, B KOUTO C€ IMOCTaBAT 3aIMTaBaHUTE
enemeHTH. TemnepaTypHaTa HecTaOMJIHOCT B TO3HM Clly4aH Ce Orpejens He OT Npo-
MEHHTE Ha OKOJHATa TeMIepaTypa, a OT CTENEeHTa Ha MOCTUrHaTara CTaOWJIHOCT
fIpy aBTOMAaTHYHOTO peryJnpaHe Ha TEMIEpaTypara B TEpMOCTaTa. [Topabpxanara
B TEPMOCTATa TeMnepaTypa TpAdBa ja Ob/ie Mo-BUCOKA OT OKOJIHATA U 34 yMEPEHa-
1a KaiuMaTtuyHa obnact e B rpanuimre oT +40 °C no +60 °C. Ilo To3u HaYMH MOXKeE
la ce MOCTHIHE NMPAKTHYECKH MBJIHA 3alMTa OT BIMAHHETO HA OKOJIHAaTa TeMIepa-
Typa. Henocrarsum Ha TO3M METOJL Ca YyTEXKHEHATa OT TEPMOCTATa KOHCTPYKLHUA H
HeoOX0IUMOTO MHHHMAJIHO BpeMe 3a YCTaHOBfBAHE HA TeMIepaTypara B TEpMOC-
TarTa.

Brusnue na omuocumennama énaxcnocm. OTHOCUTENHATA BJIAXKHOCT Ha
BB3yXa ce Kosiebae B IIMPOKH I'PAHULM B PA3IHYHUTE KIMMATHYHM 00JaCTH, a
CBIIO TaKa ¥ B €[IHA KJIMMaTU4Ha 00JiacT, HO B pa3IW4yHO BpeMe OT roauHara. Ts
HaMaiiBa 0OEMHOTO M NMOBBPXHOCTHOTO CBHIIPOTHBIIEHHE H YBEJIWYaBa JIMEJICKT-
pUYHHuTE 3aryOH B JHEJIEKTPHLIMTE, YCKOPABA KOPO3HMATA HA METAJINTE W KOHTAKT-
HaTa KOPO3Ms MEXIY METANM C Pa3IHYHH €ICKTPOXUMHYHH MOTEHLIHAH, Ch3/aBa
YCIIOBUSA 3a MUIPHpaHe Ha METAJIHH HOHHM B 0DeMa M 10 MOBBPXHOCTTA HA IHENICK-
TPHLIMTE U AP.

BinusHueTro Ha OTHOCHTEIHATA BJIAXKHOCT BBPXY CBOMCTBATa Ha JAUEIICKTPH-
UTE ce ompejens OT BOAATa, KOATO € CHIIHO IMOJAPEH JAHEICKTPUK C MAJKO Crie-
HHOUYHO CBHIIPOTHBJEHHE, IOJIsiMa IUEIEKTPUYHA NMPOHHUIIAEMOCT U TOJIEMH JIHe-

JEKTPHYHH 3aryOu.

BnaxkHocTTa psA3KO yBejlH4YaBa CKOPOCTTa Ha aTMoc(epHaTa H KOHTAKTHATa
Kopo3us. Kopo3susTa ce pasnpocTpaHsiBa OT NOBBPXHOCTTAa KbM IbJI00OYHHA U 3a-
BHCH OT CBOMCTBATa Ha MPOAYKTAa Ha Kopo3usaTa. BuHaru obaye ce yBennuyasa r1o-
BBPXHOCTHOTO CHINPOTHBIEHHe Ha Metana. [lopagu ToBa KOpo3uATa € OCOOEHO
ONacHa nNpH KOHTAKTUTE, 3al10TO YBEIHYaBa KOHTAKTHOTO ChITPOTHBIICHHE.

3amuTaTta Ha JHENEKTPULIMTE OT BIMAHUETO HA OTHOCHTE/IHATA BJIAXKHOCT Ha
Bb3yxa ce OCBLIECTBABA Ype3 UMIIPErHUpaHe WK 3aiuBaHe. MetanuTte ce 3auu-
TaBaT OT BJIMAHMETO Ha BJlaraTa Ype3 HAHACsHE HAa METAJHH TMOKPHUTHA OT KOpPO-
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3HOHHOYCTOHYHBH meTanu (Hanpumep 31ato, cpebpo, HUKEN W Ip.), HAa JIAKOBH
NMOKpUTHA M Ap. Hal-mbiHa 3ammra ce nonyyasa upes XEPMETU3HPAHE, HO TO3HU
METO/l C€ HM3MO0JI3Ba CaMO B KpaWHM Clly4aH, 3all0TO YTEKHABA KOHCTPYKLIMSATA Ha
eJICKTPOHHHTE anapaTypH.

KoMOMHHMpPaHOTO BIMsHME HAa BHCOKA TEMIIEPATypa M BHCOKA OTHOCHMTENIHA
BJIAXKHOCT Ha BB3/lyXa € 0co0eHO omacHo 3a crabunHata pabora Ha mMatepuanure.
TakuBa yClOBHS CHILICCTBYBAT B TOIUIaTa M BlaXKHa KIMMaTHuHa obnact (“TH”),
KBJETO C€ NPOsABABA BIUAHHETO HA OHoNornynmus Qakrop (riecenu, 6GakTepuu, Ha-
CEKOMH) W Ha CHJIHATa CIbHYEBA paguauus. B Torara u cyxa knumaTuysa obaacr
“TA” ce nobaBs BIMAHMETO Ha MACHKa U npaxa. PaboTara Ha eneKkTpOHHHUTE ana-
paTypH M CHCTEMH B TAKMBA TEXKH OKOJIHH YCIIOBHSA CE OCHTYPABA Upe3 CrielHaaHH
MEPKH 3a 3al11Ta, H3BECTHH KAaTO “"TPOIHKAIH3aLUs Ha €JIEKTPOHHUTE €JIEMEHTH U
anapatypH’.
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2. QUENEKTPUYHU CBOUCTBA HA MATEPUATTUTE

NONAPU3ALIUNA

Bb31eiicTBHETO Ha €JIEKTPUYECKO M0JI€ BbPXY JAMENEKTPHK CE€ W3pa3sdBa B!

|. UHayuMpaHe HA eNeKTPHYECKH JUIMOJIH B 0OeMa Ha JMEIEKTPHKA H OpH-
eHTHPAHETO MM I10 TOCOKA Ha EJEKTPUYECKOTO MOJIC. C npyru AyMH B JIMENIEKTPH-
Ka ce ChH3/aBaT AMMOJIH, KOMTO HE ChLUECTBYBAT O€3 BB3ICHCTBHE Ha EIEKTPHYECKO
[1oJie.

2. OpueHTHpaHe Ha ChLIECTBYBALIM JUIIONIH IO MOCOKA HA EJIEKTPHYECKOTO
Hone, T.€. JUEJEKTPUKBT ChAbPIKA AUNONH B CTPYKTypara CH i 0e3 Bb3JeHCTBHETO
Ha EJEKTPUYECKO MoJe.

O6uMAT eheKT OT BAMAHHUETO HA €JIEKTPUYECKOTO MM0JI€ BHPXY AHEIEKTPHY-
HHS MaTEPHAJl C€ HapH4a noaspusayus Ha MaTepHana.

Heka pasriaeaame Hal-pOCTHsA Cily4ai, B KOUTO AHENIEKTPUYHUAT MaTCpHaI
e M3rpajicH OT aTOMH. ATOMBT MOJXKe Jia Ce MpPe/ICTaBH KaTO ChCTABEH OT A1pO (HO-
CHTEJl Ha TOJIOKHUTEIHHTE 3apsi) U eNeKTpoHeH 001aKk (HOCHTEN Ha OTpULaTell-
HUTE 3apsii), PABHOMEPHO pa3npe/e/ieH OKono 4ApoTo — ¢ur. 2.1. EKBHBAJIEHT-
HHUTE LEHTPOBE Ha MOJIOKHTETHUTE U OTPHLIATETHUTE 3aps/Id HA aTOMa ChBMNAAAT H
eNeKTPHYECKHAT MOMEHT Ha atoma € Hyja. [IpH BB3ACHCTBHE HA BHHUIHO CJICKT-
PHYECKO T0JI€ €JIEKTPOHUTE U SAPOTO C& U3MECTBAT B MPOTUBOMOJIOKHH MOCOKH, B
Pe3yJITaT Ha KOETO eKBHBAJIEHTHHUTE LICHTPOBE Ha MOJIOKHUTEIHUTE H OTPHLATETHH-
Te 3apsiiM HE CHBNANAT ¥ ATOMBT NMPHA00HBA AUIIOJIEH MOMEHT, T.€. TOH ce € MoJs-
pusupan (dur. 2.1). JIMNONTHHAT MOMEHT Ha aTOMa €

(2.1) p =(zq).d,

KBAETO Z.g Ca MOJIOKUTETHUTE, ChOTBETHO OTPULIATEIHUTE 3apA¥ B aTOMA;
d — pa3CTOAHUETO MEXKy OTMECTEHUTE EKBUBAJIEHTHH LICHTPOBE.

2.1.

Enexrponu

Que. 2.1

JIUNOJHUAT MOMEHT € BEKTOp p C MOCOKA BHHArd KbM IOJIOXKHUTEIHHS MO-
moc. CToiMHOCTTa HA WHAYLUMUPAHUS AUINOJIEH MOMEHT € CBOHCTBO HA KOHKPETHHAT
aTOM WM aKo ce 000011IH, Ha YaCTHLIMTE, M3rpakIaliy MaTepHaia. 3a Ja ce OLeHH
BIMAHUETO Ha EJIEKTPUUYECKOTO MOJE BBPXY LEIHs Marepua, MpeACTaBeH Karo
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CyMa OT M3rpakaamure ro YaCTHUH, TUNONHATE UM MOMEHTH CE€ CYMHMpPAT M CyMa-
Ta ce paszienis Ha obema Ha MaTepuana. ToBa e nonspusanMaTa Ha MaTepUaa, T.e.

2P
pat . &
V m?
C
JIaMeHCHATAa Ha NOJISAPH3ALMATA € = (KOTMYECTBO E€NEKTPHYECTBO HA €IMHHIA
[JI0ILL), T.€. MOBBPXHHHHA MIBTHOCT HA 3apsHUTE.
TBH KaTO AMIOJHUAT MOMEHT P € BEKTOp, MoNApH3auusTa P ChIo e BEKTOP.
ToBa e BaXXHO Na ce 3Hae, 3al10TO aKo MNOJSpPU3ALIMATA € HYJIA, TOBA HE BHHATH 03-
Ha4yaBa, "¢ B IMCJICKTPHKA HE CHLUCCTBYBAT NUIOJIH, a Y€ BEKTOPHATA CyMa OT TeX-
HUTE JUIOJIHA MOMCHTH € HyJa. Koraro e1uH AHeNeKTpUK, U3rpasieH OT JAHIOIHMU
MOJIEKYJIH HE CE€ HaMHUpa B €JIEKTPHYECKO 110JIe, TOCOKUTE HA IHITOJTHUTE MOMEHTH
ca XaOTHYHO pasnpele/ieHH B 00eMa Ha JIMeNeKTPHKa H BEKTOPHATAa UM CyMa Lie
OB/e HyNa, T.€. MOAAPU3ALMATA € HYJIA.
[Monsapusauuara Ha NHENEKTPUYHUTE MATEPHAIH € BEJIHYHMHA, KOATO MOXKE

na 0bae nsmepena. Hancruna, ako eliH XOMOreHEH HENeKTPHK Ce MOCTABH B XO-
MOTEHHO €JIEKTPHYECKO MOJIe MOJISPU3aMATa MOXKeE /1a CE MPEJCTABH KaTo

ZP;*

(2.2)

S
(2.3) P=- — Npcp,
V
n
kpaeto N = T ¢ Opos Ha aTOMHTE (rpaiMBHHUTE YAaCTHIIK) 32 €AMHULA 00eM:
2P
P, =— — Cpe/IHaTa CTOMHOCT Ha JHMMONHUS MOMEHT Ha aToMuTe (rpa-

n
JUBHUTE YaCTHLIH).

Bpb3kaTta Mexy MoNspU3aLUATa W €IEKTPUUECKOTO M0JIe, KOETO Mopax-
Ad, C€ ONMHCBa OT EMITHPUYHHUSA 3aKOH
(24) P = EokE ,

KBJIETO € € AHCNCKTPUYHATA KOHCTaHTA (abcomoTHATa QHENEKTPUYHA NPOHHLAe-
MOCT Ha BaKyyMa);

k — KOHCTaHTa, KOATO 3aBHCH OT MaTepHaia M ce Haphya EJIEKTPHYECKA Bb3-
NPHEMYHBOCT Ha JHEJIEKTPUYHUA MaTEepHAJl;

E — UHTEH3UTETHT Ha EJIEKTPUYECKOTO MOJe.

Ha ¢ur. 2.2 e nokasana cucrema oT JBa napajiejiHyu enextpoaa (c MOBBPX-
HHHA S ¥ Pa3CTOAHHE MEXAY TAX d), BBPXY KOUTO € NPHIIOKEHO EJIEKTPHYECKO TO-
JIE C HHTEH3HTET E. ENEKTPHYECKOTO 1OJIe MPHYHHABA HATPYNBAHE HA 3apAaad Bbp-
Xy enektpoaute. IlonspusauuaTa Ha AMENEKTPUYHMTE MATEPHUATH MOXKE [a Ce
IPEeACTaBH U MO CJIeAHUS HaYMH:
' o= D — Dﬂ,
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r $ _t _t _+—+ 3+ 3+ +]
E d U
Due. 2.2

kpAeTO D € eneKTpuyeckaTa HHAYKUMSA (IUTbTHOCTTA HA €JIEKTPHUYECKHTE 3apsiiy,
HaTpYNaHH BBPXY €JICKTPOJMTE), KOraTo cpejaTa MEexy ABATa €lEeKTPoja € Jue-
JIEKTPHYEH MaTepHall;

Dy — eNeKTpuYeCKaTa HHIYKLHS, KOraTo CpeJaTa € BaKyyM.

Karto ce uma npensun, ye
(2.6) D=¢,eq0F u Dy =¢yE,
KBJAETO € € OmHOCUMENHama OuelrekKmpuyHa npoHUYaemMocm Ha JIHEJIEKTPHYHHS
MaTepHal, KOATO NNOKa3Ba KOJIKO ITbTH MOBEYE 3apsA/d Ce HATPYMBAT MEX/IY €JIEKT-
pOANTE.

B TakbB ciyyai
(2.7) P=D-Dy=(g,— 1)&kE.
@yukunnTa (2.7) e nokasana Ha dwur. 2.3.
Kato ce cpasuu (2.7) ¢ (2.4) e sicHo, ye

K=¢ -1,

T.€. EJICKTPHYECKATa BB3NPHEMYHUBOCT HA JUEJIEKTPHYHHUSA MAaTEPHall € OTHOCHUTE-
Hata My JMENIEKTPHYHA MPOHUL@EMOCT MUHYC 1.

A
D

D=gekE

» P=D-¢.E

Que. 2.3

Ot (2.7) cTaBa scHO, ye MApKa 3a MOJNSPH3aLMUA HA MATEPHAIHTE € TAXHATA
AMENeKTPHYHA IPOHHIIAEMOCT HITH ENIEKTPHYECKATA B3NPUEMUHBOCT.

B nutepatyparta ce uMTHpar ABe ONpejeneHus 3a NoASpH3aus Ha MaTepua-
AIHTE, eIHOTO OT KOMTO 51 ONHCBA KAaTO ChCTOSHHUE, @ APYTOTO KATO MpoLEC:
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1. TTonspu3anusaTa € CbCTOAHHE HA IHEIIEKTPHUKA, KOETO CE€ XapakTepH3Hpa ¢
TOBQ, Y€ EJICKTPHYECKHAT MOMEHT Ha MaKpOCKOINHYEeH 00eM OT HEro € OTJIHYEH OT

HYyJIa.
2. [Tonspu3zaumsTa NpeACTaB/isBa IMMPOLEC HAa H3MECTBAHE HA €JJACTHYHO

CBBP3aHHUTE CIICKTPHYCCKH 3apAlH B JHCIICKTPHKA H OPHUEHTHPAHE Ha JHUIIOJIHHTE

MOJIEKYJIH.
JIBeTe onpeneseHus U34eprnBaT HAMMBIHO ONMMCAHMETO KAKTO HAa XO4a Ha M3-

MEHEHMATA, KOUTO HACTBHIIBAT B MaTepuala, Taka ¥ Ha MOJY4YEHOTO HOBO PaBHO-
BECHO ChCTOAHHE M0/ Bb3ACHCTBUETO HA €JIEKTPUYECKOTO MOJIE.

C ornen M3MoN3BaHETO HA NUEIEKTPHUUYHMTE MATEpHaAlW B EIEKTPOHHHTe
anapaTypy MHOTO Ba)XHO € J1a C€ MO3HABaT 3aBUCUMOCTUTE HA OCHOBHHUTE EJICKT-
pUYECKH MapaMeTpH OT BBHIIHU (DAKTOPH, Hall-Ba)KHHUTE, OT KOUTO ca TEMIIEPATy-
paTa Ha OKOJIHAaTa Cpe/la i YecToTaTa Ha MPHUJIOKEHOTO MPOMEHIHBO €IEKTPHYECKO

none. ToBa o3HauaBa, ye TpsOBa Ja ce MO3HABAT 3aBHCHUMOCTHTE €, = f (T) i

e, =f (0), xpaeTo T M ® ca CHOTBETHO TEMMEpaTypaTa Ha OKOJIHATA cpeda H br-
JIOBaTa YECTOTa Ha NIPOMEHJIHBOTO €JIEKTPUYECKO I0JIE,

2.1.1. Buaose noJispu3auum

Pa3znnuaBaT ce YyeTHpH BHUJA MOJAPU3ALHH, KOMTO HMAT pa3/iiueH MEXaHH-
3bM Ha YCTAaHOBSBAHE HA JMIIOJHUS MOMEHT — €JICKTPOHHA, HWOHHA, JHMIIONHA H
CTPYKTYpHaA. Besika OT TAX MOXeE Ja ce pa3zie/id Ha MOABUI0BE, HAKOH OT KOUTO Ca
ONMUCaHH B Kpas Ha Ta3u yacT. CiOHTaHHATa NOJSpy3alMs NpeAcTaBissa 0coOeH
BHUJl, KOUTO C€ pa3/inyaBa 3HAYUTEIHO OT CIIOMEHATUTE MOJISAPU3ALIHH, TTOpAAdH KOE-

TO € pasrjicaHa CaMOCTOATCIIHO.
I‘IGTHPHT& OCHOBHHM BHIa MNOJSpH3aAIMH Ca TMOKa3aHH CXEMaTH4YHO Ha

dur. 2.4.
Enextponnara nonsipusauus P. (¢ur. 2.4 a) npeacrasisiBa U3MECTBAHE Ha

€KBHBAJICHTHUTE LIEHTPOBE HA 3apsAAuTe Ha aToMa. T ce mposABsiBa BbB BCHYKH Ma-
TE€pPHaJId HE3aBUCHMO OT CTPYKTypaTa HM.

-@ -0 O-
-0 -® -0-®—
-@—-0—-@-0-

g
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HMonnara nonapusaumns Py ce nony4aBa B pe3y/ITaT Ha MPOTHBOMOJOKHO H3-
CTBaHE HA IMOJIOKMUTEIHUTE U OTPULIATETHUTE HOHHM, KONTO H3rpaXkJaaT CTPYKTY-
pata Ha HoHHUs auenekTpuk (¢ur. 2.4 6). Enextponnara n HOHHATa NMOJIApHU3aLMA
ce MOJyYaBaT Ype3 MHAYLMpPAHE HA JUMOJNCH MOMEHT OT BBHIIHO EJNEKTPHYECKO
=one. MHAyLMpaHUuTe IUIOAW H34YE3BaT CJe]l MPpeMaxBaHe Ha BbHIIHOTO €IEKTPH-
L‘ -Kﬂ IMOJIC.
| Jlunonnara nojspusaums P, ce rnojiyyaBa B pe3yiTaT Ha OPHEHTHpaHE Ha
[OCTOAHHHTE JMIIONHN MO/ BIUAHHE HA BHHUIHO EEKTPHYECKO MONIE, KOHTO A0TO-
raBa ca OMnM ciayyaHo (XaoTH4HO) opueHTHpaHu (dur. 2.4 ¢). [locrosHHUTE AH-
[ONH, KOHTO W3rpajiat JUTIOJIHUTE JMENIEKTPULIH, ChLIECTBYBAT HE3aBMCUMO OT
BHHUIHMTE Bb3/ICHCTBHA.
: e CrpykTypHaTa nojspu3auus P, € XxapakTepHa 3a MHOro(asHUTE MaTepHaIH
¥ NPEJCTaB/IsgBa OPHEHTHPAHE Ha EJIEKTPHUYECKH 3ape/ieHH 00nacTH B CTPYKTypaTa
ga matepuana (¢ur. 2.4 2).
Enexmponna noaspuszayua. Moaenure Ha atoMa npeanosaraT paBHOMEpPHO
pasnpe/ie/ICeHUe Ha eJIEKTPOHUTE OKOJIO APOTO HA aTOMa, TaKa Y€ aTOMBT KaTo Lis-
110 HE NPHUTEXAaBa JUI0NEH MOMEHT, T.€. €EKBUBAJIEHTHUTE LIEHTPOBE Ha OTPHUIIATE-
HO M MOJIOXKHUTEIHO 3apeICHUTE YaCTUIIM, KOUTO W3rpaXkaaT atoMa, ceBnajar. [Ipu
BB3/ICHCTBHE HA BHHIIHO €JIEKTPHYECKO IMOJIE €JIEKTPOHUTE U AAPOTO CE€ U3MECTBAT
B MPOTHBOIIOJIOKHH MOCOKH, B PE3YITaT Ha KOETO €KBUBAJIECHTHUTE LIEHTPOBE HE
CHBMANAT M aTOMBT NMPUAOOMBA JMIIOJEH MOMEHT, T.€. TOH C€ € MOJsApH3Hpal
(@ur. 2.1). B nonspusupanus aTom AEHCTBAT ABE CHIIM — CHJIA HA €JIEKTPHYECKOTO
none Fg v KynoHosa cuna F¢, HacoueHa B MPOTHBOIIOJIOXKHA MOCOKA:
(2.8 Fr= Fe.

el |

} ' -;._ 0 e, ye
2.9) Fg=2zqE,
KBIET0.2g € 3apsIbT Ha A/APOTO;

"~ E—VMHTeH3MTEeTHT Ha €EKTPHYECKOTO MOJE,
d KyJIoHOBaTa cuna F e

(2.10)

2
(29)"d
FC — 3
4’JTEOJR
KBICTO d e pa3cTOSHHETO, HAa KOETO Ca M3MECTEHH EKBHBAJICHTHHTE LIEHTPOBE
\Qur. 2.1);
R - PaauychT Ha aToma.

- _3Hae ce, ye 3a MOJIAPU3UPAHUS aTOM € B CHJIa paBeHCTBOTO (2.8). C noMoul-
T Ha (2.8) u (2.10) ce nonyuasa

. 3

@1 g = AneoR
2q

Karo ce uma MpeaBHJ, 4e zZ € OpoAT U g € 3apAabT HAa NPOTOHHUTE B AAPOTO

_'-';@Ma. o6umsaAT 3apan Q Ha noaspusupanus atom € Q = zg. Ot (2.3) u (2.11)
=IABA, Y€ NUNONHUAT MOMEHT Ha aToMa Pe €

E.

-[

L |
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(2.12) p. =0d =(ane R} )E = o E
KBAETO O, =41£€0R3 € MONSAPU3YEMOCTTa HAa aTOMa NPH ENEeKTPOHHA MOJISAPH3a-

LIHA.
AKO OpOAT Ha aTOMHUTE B eIMHHULA 00eM e N (2.3), 3a eNeKTpOHHATa NONSApH-

sanud P. c€ nojiyyasa u3pasbT
(2.13) P, = Np, = Na. E .

EnekTpoHHATa TMOJAPH3ALMA C€ OCBIUECTBABA 3a M3KIIOYHTENHO KPaTKO
ppeMe (OKOJIO 10" s) 6e3 3aryOH Ha €Heprus, 3all0TO U3MECTBAHETO HA €KBHBa-
JIEHTHHUTE LIEHTPOBE NpH 00pa3yBaHeTO HA HHAYLIMPAHHS JUIION € HA MHOTO MaJIKO
pascrosHue d (4acTu oT aTomMHHs paauyc). [lak no chuwara npuyuHa JHENEKTPHY-
HaTa NPOHHMILIAEMOCT 3a CMETKa Ha eJIeKTPOHHATAa MNONAPH3alHA HMMa MAaJIKH
CTOWHOCTH.

Ot (2.12) e sacHo, Y€ eneKTpPOHHATa MONAPH3ALMA HE 3aBUCH NPIKO OT TEM-
nepatrypata. Ho ot (2.7) u (2.13) ce nony4asa, ue

(€,, —1)€gE = N, E
MU

(2.14) EF’E — 1+

Benencrsue Ha TemnepaTypHHsi KO€(UUMEHT Ha 0DEMHO paslnHMpeHHe Ha
MaTepuanuTe OposAT Ha YacTHIMTE B eauHKMIA o6eMm N ce W3MeHs Moj BIMSHUE HA
Temrnieparypara. Torasa ot (2.14) cnexnBa, ye IMEeNEeKTPUYHATA NMPOHHUIIAEMOCT 3a-
BHCH OT TeMIepaTypara Mo ChIIMS HAaYHWH, KAKTO C€ U3MEHS OpOAT HAa YaCTHLMUTE
N. Ha ¢ur. 2.5 e nokaszaHa nojo06Ha 3aBUCHMOCT 3a TOJIOKHTENEH TeMIepaTypeH
KoeduuueHT Ha 0o6eMHO pasiupenue (y > 0). B Toukute Ha Tonene 7, U HA Kure-
HE Ty, KBJIETO C€ MOJIy4aBa psA3Ka MPOMsSHA B IUTBTHOCTTA Ha MaTepHaJIUTE, ce Hao-
JM0AaBa U pA3KO H3MEHEHHE Ha NUEIEKTPUUYHATa IPOHULIAEMOCT.

Honna noaspuzayus. Vonnata nonspusauus ce HabmoaaBa B KpUCTATHK
HOHHM BellecTBA C IUIHTHA ONAKOBKA Ha HOHMTE, T.e. PaBHOMEPHO pasrnpe/eieHu
MOJIOKMTETHH M OTPHULIATEIHH HOHHM B 00ema Ha KpHCTajHaTa perlerka. TUnuyeH
fipencraBuTeN HA TE3W BelllecTBa € KPHCTAIbT Ha HaTpHesus xjuopua (NaCl), noka-
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Ha ¢ur. 2.6 a. [lon BIMAHKHE HA eNEKTPUYECKOTO MOJIE MOJOKHTEIHUTE HOHH
e W3MECTBAT KbM OTPHLATEIHHS TOJIOC, @ OTPHUATETHHUTE HOHH — KbM IOJIOXKH-
rHHS TOJIIOC M TI0 TO3H HAYWH €KBMBAJIEHTHUTE LIEHTPOBE HA M3rpakIallUTe Ma-
iepnana 3ape/IeHH YaCTHLIM C€ W3MECTBAT Ha Pa3CTOSHUE d — MOJIy4yaBa Cce MHIYLH-

. paH JUNOJIEH MOMCHT.

Duez. 2.6

- Cunara, KOSATO yBeIH4aBa pa3cTOSHHUETO d € KyJoHoBaTa cuna Fe
KBJIETO g € 3apsAaAbT HA HOHA;
E — MHTEH3UTETHT Ha EJIEKTPHYECKOTO TOJIE.

Cunara, KOATO HaMajisBa pa3CTOAHHETO d ce moJsiyyaBa OnarojapeHue Ha
ENaCTHYHHUTE CBOMCTBA HA HOHHHUSA KPUCTAI:

[(_2116) Fﬂﬂ - kﬂ'ﬂd ’
KBJETO k., C€ HapHya Koe(HIHEHT Ha eNacCTHYHOCT, KOMTO 3aBHCH OT MOAYJa Ha

JOwr.,

Or (2.15) u (2.16) cnenpa, ye pa3CTOSHUETO, NP KOETO CE MOJTy4aBa PABHOBECHE

(2.17) i=2.
AHNONHUAT MOMEHT NpPH HOHHATA NONAPH3ALIHA €
2
(2.18) py=gd="—d=o0,d,
kE.‘?
7>
KBIETO (1 = 2 € TONAPH3yeMOCTTa Ha HOHHATA CTPYKTYpa.
. én
ﬁGHHaTa MoJIsipU3aLus €
2
kE.J'?

braronapenue Ha paBHOMEpPHOTO pa3npeze/ieHHe Ha TMOJOKUTEIHUTE H OT-
PHLaTenHuTe HOHM M3MECTBAHETO HA €KBUBAJIECHTHHTE LIEHTPOBE CE€ OCHIIECTBABA
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| Ha MaJIK¥ pa3sCTOSAHHA (MMo-MajnKy OT pelleTbYHaTa KOH-
cradra). Ilopagu ToBa HoHHaTa MOJAPHU3ALHUA CE OCH-
LIECTBABA 3a KpaTKo Bpeme (okono 107" s) Ges 3ary6u

Ha EHEPTrHs.

MoHHaTa monapu3anus He 3aBHCH MPSKO OT TEM-
reparypara, HO Thi KaTO KMHETHYHATAa €HEprus Ha Ho-
» HWUTE HapacTBa C MOBHILABAHE HA TEMIIEpaTypara, CHJla-
Ta Ha Bpb3KaTa MeEXIy HOHUTE oTcinabBa ¢

Quz. 2.7 €KBHBAJIEHTHUTE LIEHTPOBE CE€ M3MECTBAT HA MO-TOJIAMO

pa3cTosiHMe. THUIMHYHA 3aBHCHMOCT Ha €, OT TeMIiepa-

TypaTta € rnokasaHa Ha ¢ur. 2.7. 3aBHCHMOCTTa Ce NPEKHCBa NPH TEMIEpaTypaTa Ha

TOMEHE, 3a110TO HOHHUTE BELIECTBA B TECYHO arperaTHO CbCTOSIHUE I'yOAT JHENEKT-
PUYHHUTE CH CBOMCTBA (CTaBaT MPOBOAHHULIM C HOHHA MPOBOJHUMOCT).

HAunonna nonapuszayua. JlunoinHara noaspusauus (Bx. ¢ur. 2.4 ¢) ce Hab-
JK0/laBa B MaTEPHAJIM C JMIIOJIHA CTPYKTYpa, T.€. MaTepHaJIH, U3TPaJICHH OT MOCTO-
aHHM aunond. Koraro TakeB MaTepuall He M3MUTBA BB3AECHCTBHETO HA EJIEKTPH-
4yecKOTO T110JIe, IOCTOSAHHHUTE JMIIOJH Ca OPHEHTHPAHH XAaOTHYHO M OOIIMAT
eJIEKTPUYECKH MOMEHT € HyJa. [loa Bb3IEHCTBUETO HA EJIEKTPHYECKO T110J1€, [TOCTO-
SHHUTE JMITOJIM CE OPUEHTHUPAT MPEAUMHO M0 MOCOKAa Ha nonero. ['oseMuHara Ha
IUTIOJTHUTE MOJIEKYJIM, TPHEHETO MEXAY TAX U KMHETHYHATa UM eHeprus obycna-
BAT YBEJIWYEHOTO BpEME 3a YCTAHOBSBAHE Ha MONAPHU3ALUATA B CDABHEHUE C EJICK-
TPOHHATA U HOHHATA MOJAPHU3ALMs, KAKTO U CBIIPOBOXKAAILUTE A 3aryOu Ha eHep-
rusi. JlunonHara nojspusauus P, 3aBUCH OT TeMmneparypara 7, €JIEeKTPHYECKHAT
MOMEHT Ha MNOCTOAHHHUTE JHUIIONIH P, U UHTEH3HTETA Ha €JIEKTPHUYECKOTO rosie £:

i
3kT

KbaeTo N e OposAT Ha JUIOJIKMTE B €AMHKLIA 00eM;
k — koHcTaHTaTa Ha Boaimas.

Ot (2.20) u (2.13) cnenpa, ye NOAAPU3YEMOCTTA HA MOCTOSHHUTE JIMMOJH O, €

(2.20) P,=N—2E'

2
P
(2.21) oL, =—=.
3kT
[TocTOSIHHUTE AUMNOJM Ch3JaBaT COOCTBEHO CICKTPHYECCKO I10JI€, HAPCYCHO
JOKAJIHO MOoJIC, KOETO 3aBHCH OT BBbHIIHOTO €JICKTPHYECKO MOJIE U NOJISpH3aLUATA.

AKO 3a onpe/eNisiHe Ha HHTEH3UTETa Ha JIOKATHOTO Mosie E,q,, Ce H3M0/3Ba H3Pa3bT
32 HHTeH3MTeTa Ha JIOpEHLIOBOTO MoJIe, ce nojy4yaBa

P
(2.22 E. . =E+—,
) o =B+ 32

KbJIETO £ € MHTEH3UTETHT HAa BHHILIHOTO €JIEKTPHYECKO T10J1€;
P, — nunojHara nojisipusauus;

€p — CJICKTpHYHATaA KOHCTAHTA.

e ———

1
H3passT ce ussexa B kypcosere 10 GHU3MKa HA TBBLPAOTO TSLIO.
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Torasa aunoJjiHaTa NoJspU3alius cieasa 1a Obae

(2.23) P, = NOEsox
WM
p=— A [
(2.24) = No E-
=
3g, .
Ot cpaBHeHHeTo Ha (2.24) u (2.20) e scHo, ye
No, < Al
a - Nao,
3¢,

T.€. JOKAJIHOTO MOoJIe MoArnoMara rnojsipu3auusara Ha MNOCTOSHHUTE JIUTIOJIH.
Ot uzpasute (2.7) u (2.24) necHo MOXe /1a ce MOIYy4H, Ye

N{I_ﬂ - EF _1 - k

30 &, +2 k#3
ToBa ypaBHEeHHE € U3BECTHO KaTo ypaBHeHHe Ha Knaysuyc-Mocotu u To Ja-
Ba Bpb3KaTa MEXy NapaMETPHTE Ha MUKPO-HHUBO (MOJIIPU3YEMOCTTA (O, Ha JIMIIO-
fa) H Ha MaKpO-HUBO (OTHOCUTEJIHATA AUENEKTPUYHA MPOHULIAEMOCT £, Ha JIHEJIeK-

TPHYHHS MaTepHan).
JlunonHara nojspu3aLUs € H3BECTHA OLlE KAaTO OunoaHO-penakcayuoHHa

(2.25)

ROAAPUIAYUA. HaumeHoBaHueTo € CBBbpP3aHO C BpPEMETO 3a pelakCalMsa T, Xapak-

TepHO 3a OaBHUTE MoJsipu3aluK. ToBa € BpEMETO 3a Bb3CTAHOBABAHE HA XaOTHYHO-

TO PpasoJIOXKEHHE Ha IOCTOAHHHTE AHIIOJIH B MaTCpHalla CJICA IIPpCMAaXBAHC HaA

SNEKTPHYECKOTO MOoJIe, T.€. BpEMETO 3a Aenoaspusauus. To3u npouec npoTHya 1o
EKCMOHEHLIMAJIEH 3aKOH

[
(2.26) Nf = N.UE ' o
KBIAETO N; € GPOHT Ha OPHEHTHPAHHUTE AHMITOJIHN CJIE BPEME [,

Ny — OpoAT Ha OPUEHTUPAHUTE JUIONH B HAYAITHUS MOMEHT.

BpﬁMETO 3a pellakCalusa 3aBHCH OT KMHCTHYHATA CHCPIrUA Ha AUITIOJIHUTE —

1
T=—, KBJAETO (0)y € YeCcTOoTaTa Ha TOIJIMHHHUTE koJieDaHus Ha MOCTOSSHHUTE JHU-

Wy
HOJIH.

TeMmneparypHaTa 3aBUCHMOCT Ha JHUIIOJIHATA MOJIAPH3ALIHUA € MO-CII0XKHa, OT-
KOJIKOTO ONMMCAaHHETO U 4pe3 u3pasza (2.20), 3a1oTo B HEro He ce oT4HuTa oTcnadBa-
HETO Ha MEXIAYMOJIEKYJIIPHHUTE CHUJIM HA TPHEHE MPH INOBHULIABAHE HA TEMMepary-
para. Ilo To3m HauuH ce oOieKyaBa OPUEHTHPAHETO HA MOCTOAHHUTE AMIMOJH 10
focoka Ha mojeto. ETo 3amo TeMneparypHaTta 3aBUCHMOCT Ha JMEIEKTpPUYHATa
INPOHULAEMOCT OT JMIMOJIHA MOJIApU3alUMs MMa HapacTBalla M HamaisgBalla 4act
Cnopea ToBa KOH OT JiBara npoieca npeobnagasa. Kato wirocTtpauus Moxe Jia ce
NOcoyM TeMIepaTypHaTa 3aBHCUMOCT Ha €, Ha BoxaTa (¢wur. 2.8). [Ipu Temnepary-

PaTa Ha TorneHe ce [MoJ1y4aBa pA3KO HapaCTBaHC HA JHUCIICKTPpHYHATA IPOHHLIAEMOCT
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[OpajaH OTPHUATE/IHUsA TEMIIEPATypeH KoedHIHeHT Ha 00eMHO pa3llinpeHHe Ha BO-
jaTa, T.€. NpH TeMIepaTypara Ha TONEHE Ce MoayyaBa PA3KO HapacTBaHe Ha Gpos
Ha UIIOJIMTE B €AMHH LA 06eM.

e, 4 |
Look ) Jlen : Bona
i |
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i !
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-100 -50 0 T,°C
Que. 2.8

Cmpykmypna nonapuzayua. Ts ce nposBfBa Hai-BeYe€ B MHOro(azHUTE
AMEIEKTPUYHN MaTtepHand. MHoro 6aBHa nossipu3auus €, Thi KaTo Ce Mnojiyyasa
KaTO pe3yaTaT Ha NMpeMecTBaHE Ha MakpooOEMHHM YacTH OT CTPYKTypaTa Ha Jue-
nektpuka. [lo3BonsiBa 1a ce OCBHLUECTBH Taka HApEYEHOTO €JIEKTPOOYHCTBAHE Ha
Te4YHH AuesiekTpuuu. [Ipu npuiarase Ha NMOCTOSHHO ENEKTPUYECKO IMOJIE 3a Mpo-
ABIDKMTETHO BPEME MPHUMECHTE C MO-BUCOKA €JIEKTPONPOBOJAMMOCT C€ OTIEJNAT Ha
ENEKTPOAMTE NMOPaaH CTPYKTYPHATA MOJAPH3ALIUS.

PasrnenanuTe noasgpusaluuu JAEHCTBUTEIHO MOraT Aa ce 1oco4yaTr KaTo npej-
CTABUTEJIHH, 3all0TO OOXBAlAaT BCHYKH BB3MOXHH MOJNSPH3ALMOHHM NPOLIECH B
3aBHCHMOCT OT CTPYKTypaTa Ha MaTrepHajia ¥ BpEMETO 3a NMPOTHYaHE.

Honno-penakcayuonna noaspuzayus. ToBa e HOHHA MONAPU3ALMS B HOH-
HH JHEJIEKTPULH C HEIUIbTHA OMAKOBKA Ha HOHMTE, NMOPAJH KOETO U3MECTBAHETO €
Ha 1NO0-roJIEMH pa3CTOAHUA. Y CTaHOBABA CE 3a IO-ABJr0 BPEME H CE NPUIAPYXkKaBa OT
3aryOu Ha eHeprus.

Enexkmponno-penakcayuonna noaspusayusa. Be3HUKBa B pe3yJiTaT Ha Ha-
MHpaILM Ce B CTPYKTypaTa Ha MaTepHasia “NeGeKTHH €ICKTPOHH W AYIKH.

Peszonancna nonapuszayua. Habnonasa ce npu 4eCTOTH HA MPHIOKEHOTO
CIIEKTPHYECKO T10JIe OT CBETIMHHHA 00XBaT, KOMTO CHBMAJIAT ChC cOOCTBEHATA Me-
XaHWYHA pe30HaHCHA YECTOTa Ha U3rpaXKJalluTe CTPYKTypaTa YaCTHIIH.

3a BCHYKH NOJIAPH3ALHH, pasriielaHy JOTYK, € XapakTepHa JIMHeHHAaTa 3aBH-
CuMocT Ha D = f(E), nopaau KOETO Ce Hapu4aT AUHEUHU NONAPpU3aYUU.

OOfuiata eKBHBaJIEHTHA CXEMa Ha ONMHCAaHUTE BHJIOBE NMOJAPH3AILMH € MOKa-
3aHa Ha ¢ur. 2.9. Cnopen Hes nonsgpu3aLMUTE ce pa3aensaT Ha Obp3u u 6asHu, Oe3
H ChC 3ary0Ou Ha eHeprus, THHEHHH W HEeJIMHEHHH.
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bbp3u nonaspusalHU
(Ge3 3ary6wm)

-

e ¥

JIMHEeHHHU Henuneitna
Due. 2.9

2.1.2. TonsipH3allHOHHHU NPOLECH B NPOMEHJIHBO eJIEKTPHYECKO NoJie

| B noceraimnHuTe pasriexaaHus NoJspU3allMOHHUTE POLECH MTPOTHYAXA MO

BAMAHKME HA MOCTOSHHO eJIeKTpUUYecKo nose. M3kioyeHne e HanpaBeHo caMo B eK-
IBAJICHTHATa cXema OT (ur. 2.9, KoATO € Banu/IHa 3a MPOMEHJIMBO €JIEKTPHYECKO

[oJie 1mopajad O3HA4YEHUTE aKTHBHH CBIIPOTHUBJIEHUA r, EKBUBAJCHTHH Ha 3aryoure

~ Ha eHeprus.

b IIpenn na ce uscneasa 3aBUCHMMOCTTA Ha MOJSAPH3aLMATA OT YECTOTaTa Ha

MPOMEHJIMBOTO EJIEKTPHYECKO I10JIe HEKa BBBEAEM IOHATHETO KOMILIEKCHA JIHe-

JIEKTPHYHA TPOHHLIAEMOCT.

[TepBoTO ypaBHeHHE Ha Makcyen 3a pa3npoCTpaHEHHE Ha MPOMEHJIMBO

CJICKTPOMAarHMTHO MMOJIE€ B HACAJIHH OUENEKTPUUH (crnieurudUyHaTa eleKTpPOoNnpoBO-

OCT Ha cpenata O = ()), mpeacTaBeHo B KOMIUIEKCHA (hopMa €
I'DIH — jf.l}ErEUE .

- KbfieTo H e MHTEeH3WTEeTHT HAa MArHUTHOTO TOJIE:

E — WHTEH3UTETHT Ha €JIEKTPUYECKOTO MOJIE;
- () — KpBroBara 4eCToTa Ha €JIEKTPOMarHMTHOTO MOJIE.
- B peanen quenektpuk (¢ > 0) ypaBHeHHeTo npu1001MBa BUIA

E@Z.ZB) rot H = (G-E—j(ﬂE,EU)E.

P PasnpocTpaHeHHETO Ha €NIEKTPOMarHUTHO TOJIE B PeajieH AHEIEKTPHK MOXKe
A4 ce mpusene BbB opMma nojoOHa Ha pasNpPOCTPAHEHHUETO B MIECAJIEH JUEIIEKT-
» KO C€ BBBE/IE MOHATHETO KOMIUJIEKCHA IHENEKTPHYHA POHUIIAEMOCT, T.€.

2.29) rot H = jwE &yE,
KbJIETO clie/iBa, Ye
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jﬁJérEU =0+ j(UE,ED
HJIH

- / » . G
(2.30) Er=Er+Er=£r‘_J“_-
W€
PeanHaTta 4yacT Ha KOMIUIEKCHATa OTHOCHTEJIHA AHCIICKTPHYHA [IpOHHILIae-

MOCT € CaMaTa OTHOCHTE/HA JMENEKTPHYHA NMpoHULaemMocT — Re[€,] = €, , a uma-

. o)
ruHepHara yact — Im[€, |=——.

E
AKO ¢ Oy C€ O3HAYH MOJAPHU3YEMOCTTA IIPH MOCTOAHHO CIIEKTPHYECKO I10J1¢,

ac U — noJiipu3ycMoCTTa IIpH MPpOMCHJIMBO CIICKTPHYCCKO I10JIE, B CJICKTPOTEXHH-
KaTa C€ N0Ka3Ba 3dBUCHMOCTTA

a{}
(2.31) o= —
1+ jort
KBJAECTO W € KPpbIoBdTa HCCTOTA HA NPOMCHIIMBOTO CJIICKTPHYCCKO I10JIE;

T — BPEMETO 3a peNaKcalus Ha MOJIsSPHU3ALMOHHHUTE MPOLIECH.
He3aBUCHMO OT BH/Ia HA MOJIAPH3ALKMATA B CHJIa € U3pa3sT (2.13), UMeHHO

P = NoE,
a (2.14) moxe n1a ce 3anuile KaTo
No
g —-l=—.,
€0

3a NPOMEHIIUBO EJIEKTPHYECKO MOJE MOMAPHU3YEMOCTTa O C€ 3aMeCcTBa C M3pasa
(2.31)

g s No, 11— jor
T g4+ jor) 1- jor
Cnen manka npepaboTka ce nojiy4yaBa

. N
(2.32) g =l4— 00 _ ; NOoWr

ED(l+m21:2) 80(1+(u21:2)’

KBJIECTO ér € KOMIIJICKCHATa OTHOCHUTEC/IHA JTUCIICKTPHUYHA IMTPOHUIIAEMOCT.

W3pa3sT (2.32) npeacrasisBa APYyr 3anuc Ha BBBEAEGHOTO Be4Ye MMOHATHE
KOMIUIEKCHA OTHOCHTEJIHA AHEJIEKTPHYHA npoHuLiaeMocT — (2.30).

3a 1a ce YCTaHOBH BJIMAHMETO Ha MPOMEHIMBOTO €JIEKTPHYECKO M0JIe BHPXY
nojsipu3anuaTa, TpAOBa Ja ce U3y4Yd YECTOTHATa 3aBUCHMOCT HA JHEJIeKTPUYHATA
NPOHULIAEMOCT — €, = f(W).

Heka pa3sriienaMe 3aBUCHMOCTTA

(2.33) T,

Eg (1 ¥ ﬂJ2T2 )
KOSTO NMpeACTaB/siBa peajiHaTa yacT Ha (2.32), 3a TpH ciyyas:
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['papruecku Tasu 3aBHCHUMOCT € nokaszaHa Ha ¢ur. 2.10. [Ipu nocrosHHO
ENEKTPHUYECKO T10JIE€ MONSPH3ALMATA CE YCTAHOBABA €JHOKPATHO M €HOMOCOYHO B
33aBHCHMOCT OT ITOCOKAaTa Ha MPHUJI0XKEHOTO 1oje. ITpu MpoOMEHIHBO €NEKTPHYECKO

none (E = E,sin0¢), 44ATO 3aBHCHMOCT OT BPEMETO € ToKa3zaHa Ha ¢ur. 2.11, mo-
COKaTa Ha MoJIETO C€ U3MEHA HEMPEKBCHATO B TAKT C YecToTaTa. ToBa 03HAYaBa, ue

TONAPU3aLMATA CE W3BBPIIBA HEMPEKBCHATO CBHIIO B TAKT C YECTOTATA U B MPOTH-
BOTIOJIOKHM MOCOKH, KaTO Clie/iBa MOCOKAaTa Ha HHTCH3MTETAa HA I0JIETO. 3aBHCH-
MocTTa oT ¢ur. 2.10 nokas3pa, 4e BpeMeTO 3a yCTAHOBSIBaHE Ha IOJSAPH3ALMATA €
AOCTAaTHh4YHO 32 YECTOTH Ha €JNIEKTPHYECKOTO MoJie, OMU3KH 10 YecToraTta (. Cren
TOBa NMOJAPH3ALMOHHHUSAT MPOLIEC HE MOYKE Ja ClIe[IBa M3MEHEHHETO Ha MHTEH3NTE-
T4 Ha noJjeTo, nopaau KOETO MoJspH3aLMATa HaMassBa. [Ipy MHOro BUCOKa 4ecTo-
Ta (00— o) BpeMeTO 3a YCTAHOBABAHE HA MOJAPH3ALHMATA € TOJKOBA TOJIAMO B
CPaBHeHKe ¢ nepHosa Ha NMPOMEHJIMBOTO [10JIE, Y€ MOJSPH3ALMOHHHAT MPOLEC Bb-
00uie He 3anoysa. 3a WIIOCTpALMA HA TOBA 0OACHEHHE HEKa pasrienaMe npuMep 3a
HONApH3alMa Ha JMMONEH JHENEKTPHK B MPOMEHIMBO ejeKTpuyecko none. ITpu
HHCKH yecTOTH Ha MOJNETO JUIOMTE UMAT 0CTATHYHO BPEME 33 ITBJIHO OPHEHTH-
PAHE 1o mocoka Ha MHTEH3HTETa MY M MOJIAPH3ALMATA CE U3BBPILBA HAMBJIHO. [TpH
NOBHIIaBane Ha yecToTaTa B 6IM30CT 0 YECTOTATA (D), KOSTO 3aBHCH OT BPEMETO
Ha penaxcauus Ha IMMONMTE, BPEMETO 3a NPOMSAHA HA MOCOKATA Ha TONETO HE ¢

AOCTaTBYHO 32 MBJIHOTO OPHEHTHPAHE HA JMIIONHMTE, T.€. T HE MOTAT Ja ClIeaBaT
M3MeHeHneTo Ha MOCOKATa Ha MOJNIETO MITH BCE €IHO MOMNAPH3ALAATA HAMANISNBA.
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Duez. 2.11

[Ip1 MHOTO BUCOKH YE€CTOTH JMIIONKTE BHOOLIE HE pearupaT Ha Obp30 U3MeHsIaTa
ce M0COKa Ha Bb3JICHCTBHE HA €JIEKTPUYECKOTO MOJIE BCIEACTBHE HA WHEPTHOCTTA
UM — MTOJIIPU3aLMATA HE CE OCHILECTBABA.

Karto ce uma npeBUa BPEMETO 3a YCTAHOBABAHE (CBOTBETHO BPEMETO 32 pe-
naKcalusa) Ha pasrjeflaHuTe YETUPH NPEACTABUTEIIHH BUA IMOJSAPU3aLIUs, YECTOT-
HATA 3aBHCHMOCT Ha JUEJCKTPHYHATa IIPOHHLIAEMOCT MMa BHIA, I0Ka3aH Ha
¢ur. 2.12. B obnactra Ha MHOro BUCOKH 4€CTOTH C€ MOJIyyaBa PA3KO HapacTBaHe
Ha JMENEKTPHYHATA MPOHMULAEMOCT BCIEACTBUE HAa PE30HAHCHATA MONAPU3aLUA —
P,... Ha ¢ur. 2.13 e noka3zaHa 4ecTOTHaTa 3aBUCHMOCT Ha AUEJICKTPHUYHATA IPOHH-
HAEMOCT Ha JIBa MaTepuaia — NMOJMBHHUIXIOPHA U nonuTeTpadyopetunex (Ted-
noH). TednoHsT € HenmoAsApeH AMENEKTPHK M B HEro ce Habionasa €NEKTPOHHA
MONAPHU3ALMSA, 2 NOJIUBUHUWIXJIOPHABT € MOJIAPEH NHENEKTPHK, ThH KaTO B CTPYK-
Typata My uma nocrosHeH aunon Ha moHomepa C;H3;Cl u B Hero ce nHabmojasa
eNeKTPOHHA W IUMOJHa nojsipusauus. [Ipy yecToTH Ha NoNETO Hal 10" Hz nunon-
HATa NMOJIApU3alis CIIHpa ¥ OCTaBa CaMo €JIEKTPOHHATA NOJIApU3alHs, KOATO ChILO

3aTHXBa IIpH YECTOTH Hal 10"+10'® Hz. Ps3k0TO HapacTBaHE HA JMENEKTPHYHATA
MPOHULIAEMOCT MPH YECTOTA 10'® Hz ce nony4aBa 61arogapeHue Ha pe30HaHCHATA
MOJISIPH3aLIMS.

Temneparypara Oka3Ba BJIMSHUE BbPXY YECTOTHATa 3aBUCHMOCT Ha JIHEIIEK-
TpuyHaTa npoHuuaemoct. Ha ¢ur. 2.14 e nokazaHo ceMEHCTBO KpPHBH Ha 3aBUCH-

MocTTa £(() 3a BojaTa nNpu napaMmeTsp Temneparypara. [Ipy nmosuilaBaHe Ha TEM-
neparypara cé HaMmalisBa BPEMETO Ha penakcauus T, Mopajau KOETO CE€ yBe/lIHYaBa
KpUTHYHATA YecToTa (.

E,‘

Que. 2.12
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Que., 2.14

Due. 2.13

2.1.3. CioHTaHHA NOJSIPH3ALHS

[IposBABAaHETO HA CMNOHTAHHATA MOJAPH3ALMs CE€ CBbp3Ba C JIOMEHHATa
CTPYKTYPa Ha CErHETOAHENIEKTPULIMTE. THIIHYEH NPEACTABHTEN HA CErHETO/IHENEK-

TPULIMTE € BaTiOs. I[Tpu Temneparypa noxa 1220 °C OapueBHAT THUTAHAT UMa TETpa-
roHanHa KpucranHa pemerka ¢ Gapues (Ba™) HOH BBbB BB3IMTE Ha KPHCTAIHATA
wierka, kucioponeH (O°7) #oH B 61M30CT 0 HEHTHPA Ha BCAKA CTPAHWYHA CTEHA U
muranos (Ti'") itfon B 61M30CT 10 LEHTHPa HAa KpUcTanHaTa Kierka (¢ur. 2.15). Mo
TO3M HAYMH BCAKA €MHMUYHA KPHUCTAJHA KJIETKA Mpe/CcTaBjiaBa eauH aunosi. Enex-
TPHYECKUTE MOMEHTH Ha KPUCTAJIHUTE KJIETKH B PAMKHUTE Ha e/IHa IOMEeHHa 001act
¢a HACOYEHH €IHOMOCOYHO, KAKTO € Moka3zaHo Ha ¢ur. 2.16. Beska gomenna o0-
nacT chabpika MHOro (okono 10'%) kpucrannu kneTku. KpuCTambT mbK ChabpKa
MHOro JJOMeHHHM 00J1aCTH, OPHEHTUPAHH 10 BCHYKH MMOCOKH, 3aTOBA MOJIspH3ALIWA-
Ta My e noutH HyJa. [Ipu nmpuiaraHe Ha BBHILHO €JIEKTPUYECKO I10JI€ JOMEHHHUTE
00/1aCTH, YHHTO EJIEKTPHYECKH MOMEHTH CKJIFOYBAT OCTBP BI'bJ C MIOCOKATa Ha I0-
JIETO WAM ca CHIIOCOYHH C HEro, yBe/JIMYaBaT pa3MepuTe CH. ToBa Npeau3BHKBa
PA3KO HapacTBaHe Ha nonsipusauusTa (¢ur. 2.17), Mo-HaTaTHIIHOTO YBEJIHYaBaHE
Ha HHTEH3HTETa HA TOJIETO BOH [0 OpPMEHTUPAHE Ha MOCOKATa Ha EJIEKTPHYECKHUTE
MOMEHTH Ha JOMEHHTE 10 MMOCOKAa Ha MOJIETO, KOETO ChLIO YBENUYaBa MOJsApH3a-
uusta. Cnen kato To3M npouec npukimoun (kpuBata AC ot ¢ur. 2.17), no-
HAaTaThIIHOTO yBENMYaBAaHE HA MHTEH3UTETAa HA MPUIIOKEHOTO IOJE€ HE BOAU N0
NPOMSsIHA B MOJIAPH3ALMATA HA JMENEKTPUKA — JIOCTHIHATO € HacuiiaHe. [Ipu npe-
MaXBaHe Ha BHHILUHOTO €IEKTPHYECKO I10JI€ NONApPH3aLHUATa HE U34e3Ba, a HaMalld-
BA 10 HAKaKBa CTOMHOCT, HapeueHa ocmamvyna noaapuzayus P,. [Tpuuunata 3a
TOBa e, ye rpaHUIIUTE Ha JOMEHUTE HE MOraT [1a C€ BbPHAT B U3XOHO MOJI0KEHHE.
Heo6xonumo e NMpUaaraHeTo Ha OoOpaTHO EJNIEKTPHYECKO IM0JIE C MHTEH3UTET £,
(Hapeyen Koepyumueen), KOeTO Bpbllla rPaHULIUTE HAa JOMEHUTE B U3XOHO I0JIO-
KC€HHe, T.e. BH3CTAHOBSABA NMOAAPU3aLHUATA HA HyNa. [IpU NpOMEHIHBO eneKTpHyec-
KO none ce onmcBa M3BECTHHAT xucmepesucen yukva CDFGC, xapakTepeH 3a
CloHTanHata nonspusaums. Heobxomumara eHeprus 3a OCBIIECTBABAHETO U €
Tponopuronanya Ha MIOMLITA, 3aTBOPEHA OT XHCTEPE3UCHHUS LIMKBIL.
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OcrarbyHata moaspusauus P, W34e3Ba C TeyeHHe Ha BPEMETO, 3alllOTO CE
BB3CTAHOBABA W3XOJIHOTO €HEPreTHYHO paBHOBecue. HamansgBaneTo Ha NnoJsipyU3a-
HATa CE€ M3BBPIIBA MO E€KCMOHEHUMWANEH 3aKOH OT BMJA (2.26). 3a cexkaneHmue
BPEMETO 3a pellakcalMs Ha CTNIOHTAHHATA MONAPH3ALMA € MAJIKO M CErHETOMHE Iek-
TPHLIMTE HE MOTaT /1a CE M3I10JI3BAaT B KAYECTBOTO HA 3AMOMHSIHN eJIeMeHTH.

[Tpu Temneparypu nan 120 °C kpucrannara pewerka Ha BaTiO; ce npome-
HA — OT TeTparoHanHa craBa Kybuuyna. KyGuuHara KpucTaiHa pemerka e cumer-
PHYHA H B HEA HE CBIIECTBYBAT NOCTOAHHH IMIIONH, CHOTBETHO TOMEHHA CTPYKTY-
pa. CnenoBatenno npu temneparypu Hag 120 °C BaTi0O; ot matepuan ¢ nomensa

CTPYKTypa (CETHETOAHENEKTPHK) MPEMUHABA B MaTepuas 0e3 IoOMeHHa CTPYKTYP?

(0OMKHOBEH QHMENEKTPHK). Temneparypara, npu xosTo MaTepHaIuTe ryoaT noMes-
HaTa CH CTPYKTypa, ce Hapuya moyka Ha Kiopu.

[THe30enekTpHYECTBOTO Ce MOoMyyaBa KaTo PE€3ynATaT Ha CIIOHTAHHATA [OJIH-
pusauus. JIMnoaHuTe MOMEHTH Ha €HHUYHHUTE KPHCTaIHH KJIeTKH (BX. dur. 2.15)
CC OPHEHTHPAT MPEIHUMHO B €HA MOCOKA B PE3YATAaT HA CHIIHHTE JIOKAIHU eneKT-
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PHYECKH TI0JIETa, CHNPOBOKAAILM CNIOHTaHHATA nojspusauus. Ilony4asar cesno-
NIOXKHTENHO M OTPHLIATETHO 3apEe/IeHH CTPaHM Ha omMeHa B kpuctana (dur. 2.18 a).
[Ipy MeXaHHWYHO Bb3lelcTBME (HATHCK WM OMbH) BBPXY KpHCTaja Ce mojy4asa
CKBCSABAHE WJIHM YbJDKaBaHEe Ha paMOTO Ha €WHHYHMUTE JHUMOJIHHM MOMEHTH, T.C.

W3MEHs ce MOTEHLMaJHaTa pa3ivKa MeXJy JABara 3apejaeHu Kpas (¢ur. 2.18 0).
KakTto ce pa3bupa, MEXaHH4YHOTO Bb3JIEHCTBUE ce MNpeobpasyBa B €JICKTPHYECKH
CUrHaN — npae nuesoeghexm. IIpu npusaraHe Ha eIEKTPUYECKOTO MMOJIE MO MOCoKa
HA JIOKAIHOTO €JIEKTPHYECKO T0Jie B KPHUCTAJa YBEJIHYEHHUAT 3apsl B Kpgulugam
npean3BHKBA Pa3TAraHe Ha JAWIONINTE, T.€. YAB/DKABAHE HA KPHUCTANA (Gbur. 2. ; 8).
ENeKTpHYECKOTO BB3JCHCTBHE ce npeobpasyBa B MEXaHHYHO U3MEHEHUE — 00pa-

meH nueszoeghexm.

Que. 2.18

[TueszoedekThT NpeAcTaBiIsfiBa BCHIIHOCT NpeolOpa3yBaHe HAa MEXaHHYHO B
H 7 aBa OT IHe-
eNEKTPUYECKO BB3/ciCcTBHE. Bpb3kara Mexay Te3u Bb3ACHCTBHA CE N

30MO/Iy .12
(2.34)

kbaero Q e 3apanasT, C;
F — cunara, N;
S — NOBBPXHMHATA, M’;
O — MEXaHMYHOTO HAMpEeXEHHWE B CEUCHHETO Ha JUEIEKTPUYHHS 00pasell,

y
m>

d — nuezomonynsT, C/N. ;
Marepuanure, B KOUTO C€ NMPOABABA MHE30e(EeKTHT, C€ HApHYaT nuesodue-

aekmpuyu;, ToBa ca HanpuMep BaTiOs, kBapu u ap.
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2.1.4. Knacupukauus 42 AMeJIeKTPHYHATE MaTepuaau

[Monspusauuure c¢ PA3ACIAT HA JBE IOJIEMHU rpyny — JUHEHHH U HETHHEHHNY

(BXK. ¢wr. 2.9). C]‘[Upeﬂ MEXAHH3MUTE Ha NMOJSAPH3aI U JUEIICKTPHYHHUTE MaTCpHa-
JIA C€ Pa3sfeNsT Chi0 HA JUHEHHHU U HEJTHHEHHH.

B nuHejinuTe AMENCKTPHLM MOIAPH3ALNWKUTE MOTaT Ja MPOTHYAT ChC WK Gea
3aryOH Ha eHeprus:

1. JInneiinu guenektpuun 6e3 3ary6u Ha eHeprusi — B TAX ce HabionaBar
€JICKTPOHHA ¥ HOHHA MoJspH3aLus; 3aBucuMocTtTa D = f(E) e nuHeiiHa, KOeTo 03-

HayaBa, 49€ JUENIeKTPUYHATA MM MPOHULAEMOCT HE 3aBHCH OT MHTEH3UTETa Ha
eJICKTpHUeCKoTO none (¢ur. 2.19 a).

2. JluneiiHu IUeNneKTPHLM ChC 3ary0H HAa €Heprus — B TAX ce HabMIonaBar
peJaKCallMOHHH moNApU3alHH; 3aBucuMocTTa D = f(E) ce onmuMcBa OT eMIca
(¢ur. 2.19 6), a 3ary6ute Ha eHeprus ca NPONOPLMOHATHH Ha MOBLPXHMHATA, 3ar-

pazaeHa ot enurncara. /luenekTpuyHaTa UM MPOHHLAEMOCT CBLIO HE 3aBUCH OT HH-
TEH3UTETa Ha EJIEKTPHYECKOTO TOJIE.

3. HenuHelHn auenekTpuuM — B TAX ce HablnromaBa CMOHTaHHA IMOJIApH3a-

uus; 3aBUCUMOCTTa D = f(E) e HenMHelHa (XMCTepe3UCeH LIMKBI); IHEIeKTPHYHa-
Ta UM MPOHHIAEMOCT MOXKE J1a IOCTUI'HE MHOTO rojieMu ctoiiHocTH (okono 10000).
HO 3aBHCH OT MHTEH3HUTETA Ha eJIeKTPHUECKOTO mose (dur. 2.19 g).

D D D D
% 2 D) D)
1P . Pa 7 .
—f - - o= e
E E E
Y Y i
Que. 2.19

OCBEH MO MOCOYEHHTE MPH3HALM JUENCKTPUYHUTE MATEPHANIH CE Pa3iesaT
Ha OLIEe J1B€ I'PYIH:

l. HenonspHu nuenekTpHIM — TAXHATA CTPYKTYpa ce XapaKTepH3Hpa C JIHII-
Ca Ha NMOCTOAHHU QUNonH. [1o BpeMe Ha Mo/spu3anusTa ce MojayyaBaT HHIYLHUPA-
HH JTUII0JIH, KOMTO CJIe NMPEMaxBaHe Ha €NEKTPUUYECKOTO 1oJie u3ue3Bar. ToBa 03-
Ha4yaBa, 4€ B HEMNOJSPHUTE OHEJICKTPULH MPOTHYAT MNONAPU3ALMK C MAaJIKH
CTOHHOCTH Ha JIMEJIEKTPUYHATA IPOHMLIAEMOCT H C MaJIKH 3aryOH Ha eHeprs.

2. [lonsipHy 1MeNeKTPULM — TAXHATA CTPYKTypa ce XapakTepu3upa ¢ HallH-
1HETO Ha MOCTOSHHH IUIONH, KOWUTO M0 BPEME Ha MONAPU3ALMUATA CE€ OPUEHTHPAT
[10 MOCOKA Ha BBHIIHOTO €IEKTPHYECKO none. B nonspHute auenekTpuun npoTH-

HaT MOJIAPH3ALHH C roJIeMH CTOMHOCTH Ha JHENIEKTPHYHATA MPOHULIAEMOCT M C I'O-
JIeMH 3aryOu Ha eHeprus.

40

1.5. Biusinne HA arperaTHOTO ChCTOSIHHE BHPXY AHEJIEKTPHYHATA
NPOHHLAEMOCT HA MaTepHaIXTE

JluenekTpUyHaTa MPOHUIAEMOCT Ha MaTEPHAJIMTE 3aBHCH Haii-Bede OT rpe-

obnanaBalllis MEXaHU3bM Ha MOIAPH3ALIMATA, HO 3aBHCH CBIIO TaKa M OT arperar-

HOTO CBCTOSHME, 3aLOTO MPH MPEXONa OT CAHO CHCTOSHHE B APYTO CE€ HW3MEHS
IBTHOCTTA U CTPYKTYpaTa Ha MaTepuara.

[a30BeTE C€ XapaKTEpU3MpaT C MaJIKa IUIBTHOCT, MOPajJH KOETO JMENIeKT-
pHYHATA MM MPOHHMIIAEMOCT € Onu3ka 1o eauHuua. OCHOBEH MEXAHH3BM IIPH TAX €
efleKTPOHHATa nojsipu3auusa. [IpM HapacTBaHe Ha HAJATAHETO HA ra3a JMENIEeKT-
pUYHATA My NPOHHIIAEMOCT HAPACTBa NMOPa/H yBEIHYaBaHEe HA MUIBTHOCTTA.

OT BCHYKHM ra3000pa3HH MaTepHald Hal-TONSIMO 3HAYEHHE MMa BB3AYXBT,
3a1[0TO TOH € cpelaTa, B KOATO C€ HaMUPAaT eNEKTPOHHHUTE anapaTypyd U CHCTEMH.
BB3AyXbT C HEFOBUTE €IEKTPHYECKH XapaKTEPUCTHKH M NTAPaMETPH OCHIypsBa pa-
GOTHHUTE YCIIOBUS Ha OCTaHAJIMTE MaTepuanu. SIcHO e, ye To# TpaOBa Aa MpuTeKaBa
OT/IHYHH JIMEJIEKTPUYHH NapaMeTpPH, 3a 1a Ce OCHI'YPH BHCOKO M30JIALHOHHO CHII-
POTUBJICHHE, BUCOKO KAaNMaLMTHBHO CBHIIPOTHBJIEHHE, MAJIKA JIMEJIEKTPHYHA NPOHU-
[IAEMOCT M MaJIKH 3aryOu Ha eHeprus.

TeuHuTe U TBHPAWTE IMENEKTPUYHH MATEpHAH C€ OTJIMYaBaT OT ra3oBETE
[JIaBHO M0 TUIBTHOCTTA HA BellecTBoTO. [IpM razoBere nojispHUTE MOJIEKYJIH OKa3-
BaT MAJIKO BJIMSIHHE BBPXY MOJSAPU3ALMATA HA MaTepuaa, 3alll0TO Pa3CTOSHHATA
MEXY ChCEJHHMTE MOJIEKYJIH ca rojieMu. [Ipu TeyHUTE ¥ TBBPAUTE MATEPHAIIH JIO-
KaJHUTE I10JIeTa, Ch3/IaBaHU OT JUIOIHHUTE CTPYKTYPH, OKa3BaT 3HAYMTEJIHO BIIHS-
HHE BHPXY NMONAPH3ALMATA.
| CuUMeTpUYHHTE CTPYKTYpPH (HampHMeEp CTPYKTypaTa Ha MOJHETHUJIEHA € CH-
METpHYHAa) UMAT CaMO MHIYLUMPAHHU IWIIOJIH, 3 HECUMETPUYHHUTE CTPYKTYPH MpH-

‘TE€XaBaT NMOCTOSAHHU JIMIIOJIHU, KOUTO B ra30BE€TE H TEYHOCTHTE MOrar aa Obaar OpH-

EHTHpaHW MO IMOCOKa Ha MOJIETO, a B TBHPAMTE BELIECTBA OPUCHTALMATA UM €
3aTpy/HEHA.
| [Ipu rasoobpa3nute AMENEKTPHLM OCHOBHO 3HAYEHUE MMa €JEKTPOHHATa
NONApU3aLMs U € B CHJ1a H3pasbT (2.13) nim

Na
(2.35) € =1+—.

€o

[Ipy TeunuTe U TBHpAUTE AHENEKTPULIM TpsSOBa 1a ce B3eMaT NpeiBHI U JIO-

KaJIHuTe nosiera, 0COOEHO NMPH AHMOIHUTE CTPYKTYPH, 38 KOWTO € B CHJIA U3Pa3bT

(2.24) unwu
(2.36) €, =1+

[Ipn cpaBHeHHMETO Ha OTHOCHTENHATa NHENEKTPHYHA MPOHHIIAEMOCT Ha ra-

3000pa3HuTE AHENEKTPHLIM C Ta3U HA TEYHUTE U TBHPAHTE IUENEKTPHULIM CE BHIK/IA,
qe:

1. bposT Ha rpaguBHHUTE YAaCTHLH B eAMHHIIA 00eM N € Nieuy 16>>Nras
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HanpaBeHOTO cpaBHEHHE yOEIUTENHO MOKAa3Ba, Y& OTHOCHTEIHATA JHENIeKT-
pUYHA NMPOHHLAEMOCT Ha TEYHHTE H TBHPAUTE JHEIEKTPUIM € MO-ToJAMa OT Tazy
Ha ra3o000pa3HUTe AUEIECKTPHUIIN.

2.2. EJIEKTPONPOBOAUMOCT B QUENIEKTPUYHUTE MATEPUATU

EnexTponpoBoaAMMOCTTa Ha JMENEKTPHLIMTE CE MOJIy4yaBa 3a CMETKA Ha [10-
NAPH3ALUATA UM U HAJTHYHETO Ha MAJIKO KOJIMYECTBO CBOOOIHH 3apsa B CTPYKTY-
para uM. Ts 3aBUCH OT BHA Ha €JIEKTPHYECKOTO M0JIE (MOCTOSHHO WIIH MPOMEHIIH-
BO), arperaTHOTO UM ChCTOSSHUE H TEMIIepaTypara.

2.2.1. EnekTponpoBoaAHMOCT NPH NOCTOSAHHO eJIEKTPHYECKO MoJie

ChriacHo ¢ eIHO OT ONpeeNeHUATa Ha MOJIAPH3ALMATA TS € MPOIEC Ha U3-
MECTBaHE Ha €JJaCTHYHO CBBP3aHHTE 3apsa/H. ToBa 03HayaBa, 4ye M0 BpeME Ha pas-
BHTHETO Ha TO3M MPOLIEC CE MOJyYyaBa ABHIKEHUE HA EJIEKTPUYECKHUTE 3apsiIv HIIH
4e MO BpPeME Ha MOJAPH3ALMATA NPOTHYA E€JIEKTPUYECKH TOK, HApEYeH MOAAPU3a-
YuoHer MoK WIIH MoK Ha uamecmeane.

IIpn npunarase Ha NMOCTOAHHO E€JNEKTPHUYECKO TOJIE MOJSPU3ALHATA CE OChH-
IECTBABA €JHOKPATHO U MaTEpHAIBT OCTABA MOJAPU3HPAH JIOKATO € MOJ Bh3JeHC-
TBHE Ha MOJIETO, T.€. TMOJAPH3ALHOHHHAT TOK MPOTHYA €JHOKPATHO IO BpeMe Ha
yCTaHOBSIBAHE Ha moJsApu3anuaTa. Cxemara 3a MU3MEpBaHE HAa MOJSAPU3ALMOHHUA
TOK € MoKa3aHa Ha ¢Qur. 2.20 g, a 3aBUCUMOCTTa Ha NOJIAPU3ALMOHHUA TOK OT Bpe-

meTo — Ha ¢ur. 2.20 6.

Toxvm, nonyyen om 6vp3ume noaspusayuu Ig o, (E1EKTPOHHA W HOHHA),
npoTHya 3a MHOro kpatko Bpeme (10™°+107" s) u TpyaHo mMoxe na 6bae pErucT-
pupaHd. TokbT OT OaBHHMTE NMOAAPH3ALMM, HAPUYAH olle abcopbyuonen mok l,g, ce
perucTpupa B o0yiacTTa Ha HamansBaHeTo My. Crell yCTaHOBSBaHE Ha BCHYKH BH-
J0BE MOJSpH3alUMK, HAOII0IaBaHH B M3CJ/IE/IBAHUS JMENIEKTPHK, TOJISPH3ALIMOHHH-
AT TOK CTaBa paBeH Ha Hyja. [InbTHOCTTA Ha NONSAPU3ALMOHHUSA TOK J,, CE ONpe-
AeiA OT CKOPOCTTa Ha H3MEHEHHE Ha IUIBTHOCTTA Ha 3apsaauTe (MHAYKLHATA):

dD
(2.37) Jnon = > J a6 s

KbAeTO D € HHAYKLUMATA Ha eJIEKTPHYECKOTO M0JIE;

t — BpEMETO;

Jag — MIBTHOCTTA HA aOCOPOLIMOHHMS TOK.

B (2.37) TokbT OT OBp3UTE NONAPHU3aLMH € npeHeOperuar, 3aioTo NpoTHYa
332 U3KJIFOYUTETHO KPATKO BPEME.

BBB BCEKH peaneH AMENIEKTPHK HMa Makap U MaJIkO CBOOOIHH TOKOHOCHTE-
JIH, KOETO LIE peye, Ye BHHATH MPOTHYA MAIBK TOK OT €JIeKTPONpPOBOAUMOCT, Ha-
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gyeH ymeuen mok Iy KoikoTo no-moOpu AHENEKTPHYHH CBOMCTBA MpHUTEXaBa
eH MaTepHaJl, TOJIKOBA MO-MalbK € YTeYHHAT MY TOK.

A
1
S IN
el s “\
d \ Lg
\
Ve deaa
—tl—;l— \ i
4 a 7]
A
1

Due. 2.20

Karo ce uma npeasua (2.37) 1 HanM4YMETO Ha yTEYEH TOK, CIe/Ba, Ye MpH
NpHjarade Ha [MOCTOSHHO MOJE Mpe3 AMEIeKTPHKA NMPOoTHYa TOK [, YHATO 3aBUCH-
MOCT OT BpeMeTO € nokasaHa Ha ¢ur. 2.20 . CrcTaBkuTe Ha TOKa / ca:

| (2.38) I = Loyt L= Is aont Lg+ Lpn.

MHOro 4ecTo BMECTO YTE€YHHS TOK KaTO XapaKTEPHUCTHKA Ha EJIEKTPONpPOBO-
AAMOCTTa Ha JIUEJNEKTPUYHUTE MaTEpHAlIH C€ M3MOJI3BA UZ0AAYUOHHOMO CHNPO-

muenenue R,

(2.39) R =Y =1ﬂ

4 I—1 1o yT
KBJIETO U € npuiI0KEeHOTO MOCTOSHHO HaNpeXeHHE;
I — oOmMAT TOK Npe3 IHeNeKTPHKA;
lyo0n — TIOJIAPHU3ALIMOHHUAT TOK Mpe3 IHEIeKTPHKA.
Ot dur. 2.20 6 ce Bwkaa, 4e NMpHU U3MEPBAHETO HA M30JALMOHHOTO CHIPO-
THBIICHHe Ha MaTepHana e HeoOXOAMMO J1a Ce W3YaKa J0CTATHUHO BPEME 3a 3aTHX-

Bale Ha BCHUKH MONApH3alMH B MaTepHaia. M301allMOHHOTO CBIIPOTHUBIIEHHE €

OMHYHO 110 CBOAITA MPHPOJA, T.€. HE 3aBHCH OT BPEMETO M HECTOTATA Ha MPHJIOJKE-
- HOTO Hanpesxenne.
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HeH yTeueH TOK — (2.38). [Ipu npuiarane Ha NpOMEHINBO €JIEKTPHYECKO MOJIE npe3
JMENIEKTPHKA MTPOTHYa NMPOMEHJIHB TONAPH3aLMOHEH TOK (2.43) U MPOMEHIIUB yTe-
yeH TOK (BBB (ha3za ¢ NPUI0KEHOTO NPOMEHIMBO HANPEKEHHE):

= lhont Ly = IncOSO®t + Iy p SINOOL.
OT U3JI0KEHOTO CjieiBa, Y€ JHEJIEKTPHK, BKJIIOYEH B €JIEKTPUYECKA BEpHra
ype3 1Ba €JIeKTpoJa (KOHI€H3aTOp), OrpaHU4YaBa MPOTHYAHETO Ha IMOCTOAHEH, HO
He ¥ Ha MPOMEHJIHB TOK.

KoraTo nosspusallMMTE B JHEIEKTPHKA ca CbC 3aryOM Ha €HEprus, elexT-
pONPOBOJIMMOCTTA MY € OT BH/A (2.43), HO NPOMEHJIMBHAT TOK € H3MECTEH Ha BI'bJl

A  (BruJ1 Ha 3arybuTe):
- Inon = Incos(wt — 0).

2.2.2. EnexTponpoBOAHMOCT NPH NPOMEHIHBO eJIEKTPHYECKO MoJIe

AKO NPUIOKCHOTO CJIICKTPHYECKO I10JI1€ € NIPOMEHJIMBO OT BHA
(2.40) E = E,sinox,
KbJAETO E € HHTEH3UTETHT Ha MOJIETO;
E,, — aMIUTATYIHATa CTOMHOCT HA UHTEH3UTETa Ha IONETO;
() — KpBroBaTa 4eCcToTa;
t — BpPEMETO,
MOCOKAaTa Ha MOJIETO C€ U3MEHsS HEMPEKbCHATO B TAKT € yecTotara (dur. 2.21).

2.2.3. EJIeKTpPONpoBOAMMOCT Ha ra3000pa3HH, TEYHH H TBLPAH AHEJCKTPHYHH
= MaTepHaJIH

EnekTponpoBoAMMOCTTa Ha ra30BEeTe MpH CjabM ENeKTPUYECKH MOoJieTa €
MHOTO MaJiKa. [d 3aBHCH OT criocoOHOCTTa 3a HoHu3auus. M3BecTHo e, ye HoHH3a-
HHATa HA ra3oBETE C€ OCHLIECTBABA MJIH OT BHHLIHM MOHM3ALMOHHH M3TOYHHLH,
WM TTPH y1apHa HOHM3alMA HAa caMus ra3. EJeKkTponpoBOAMMOCTTA HA ra3oBeETe Ce
onpeens ¢ NOMOLITa Ha BOJIT-aMIIEpHaTa UM XapakTtepuctuka (dur. 2.23). B nop-

Que. 2.21

3a nonspusauuu 6e3 3aryba Ha eHeprus HHAYKIMATA D clieBa MHTEH3UTETA

Wi , para 00/aCT Ta3u XapaKTepUCTHKA € JIMHEHHA Mopajad MpOoLECUTE Ha PeKOMOMHa-
(2.41) 2= DySIn, nus (bposAT Ha cBOOOIHUTE TOKOHOCHTENIH CE 3ana3Ba MocTosHeH). EnekTpornposo-
KbIETO D), € aMIUTUTYTHaTa CTOWHOCT Ha HHAYKLHATA, & TUIBTHOCTTA HA MOJAPH- JMMOCTTA Ha rasa € MaJjika 4 ce NnoA4YuHsABa Ha 3akoHa Ha OM. BbB BTOpaTa obnacr
3aLHOHHHUSA TOK Jpon € - ce Habmo/aBa TOK Ha HaCHINAHE I, — 3a Hampexkenus ot Uy 1o Uy, TOKBT ce 3a-
(2.42) ; - daD = D, wcoswt = J., coswr. - masBa nocrtosHeH. B Tperara obnact 3anoyBa yaapHa HoHuW3auus (poOUBBT) Ha
dt rasa.
KBIAETO J,, € aMIUIUTYAHATA CTOMHOCT Ha IMUIBTHOCTTA Ha TOKA. ) HanpexeHueTo, Npu KOETO 3ano4ysa BTopara o01acT OT BOJIT-aMIEpHaTa Xa-
[TonsapU3aLIMOHHUAT TOK € . PaKTEpUCTHKA, € HOMHUHAIHOTO HaNpeXeHue Ha ra3o00pa3Hus JUeNeKTpuK — Ul.
(2.43) Lion = Jion S = D,,S® cos®t = I,,cosmt, - KBM n0o6puTe 1uenekTpHYHH CBOMCTBA Ha BB3JyXa MOXKe Jia ce npubaBH U MHOTO
KBIETO S € OBBPXHUHATA HA JHEICKTPHKA: : ;Hamf_al'ga My2 €JIEKTPONPOBOJAUMOCT — IUIBTHOCTTA Ha TOKA HA HACHINAHE Jy, =
I,, — aMIUITMTYyIHaTa CTOHHOCT Ha MONAPH3ALHOHHHA TOK. =107 A/m’.
3aBucuMocTTa (2.43) e nokaszaHa Ha dur. 2.22. | A
I

Due. 2.22

[Ipu npuiiarase Ha MOCTOSAHHO €IEKTPHYECKO MMOJIE MOJAPHIALMOHHHUAT TOK | Duz. 2.23
3aTHXBA CJIe/l W3BECTHO BPEME M Mpe3 JMEIEKTPHKA OCTaBa Ja Teue CaMo MOCTOs-
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EnexrponpoBOAMMOCTTAa Ha TEYHHTE AHENCKTPHUIIM 3aBHCH OT HAJMYMETO Ha
AMCOUMUpAHH MPHUMECH, BKIIIOYHMTEIIHO BJlara MpH HENOJAPHUTE, W JUCOLIMHPAHH
CobcTBeHH MOJIEKYJIH NPHU MONAPHHTE MaTepHanu. Ts uMa iffoHeH xapakrep.

EnekTponpoBOAMMOCTTa Ha HEMOJIAPHHUTE TEYHOCTH € Majlka ¥ 3aBMCH OT
CTEIICHTA Ha OYMCTBAHE OT NpuMecH. [1oNspHUTE TEYHOCTH BHHArM MMAT MOBHMIIIE-
Ha €JICKTPONPOBOAMMOCT, KaTO HAPAaCTBAHETO HA JAMENCKTPHYHATA MPOHHIAEMOCT
MPEAM3BHKBA HApacTBaHE M Ha €JEKTPONpOBOAMMOCTTA. CHIIHO MOJIAPHHUTE Teu-
HOCTH (HanpuMmep BOjaTa) HMaT TOJIKOBA rOJisIMa eJIEKTPONPOBOAMMOCT, Y€ MOTAT
Ja C€ pasrjexaarT He KaTo JMEJIEKTPHIIHM, a KaTo MPOBOJHULM C HOHHA MPOBOIM-
MOCT.

EnexTponpoBoaMMOCTTa Ha TBBPAMTE JUENIEKTPHIM ce 00yCIaBs OT JABHKe-
HHETO Ha COOCTBEHM WJIM MPHUMECHH HOHH, a NMPH HAKOM MATEpPHAIH — U OT CBOOO -
HHU €JIeKTPOHH. B MaTepuanu ¢ HOHEH CTPOEX €lEeKTPONMPOBOAUMOCTTA C€ MOJyya-
Ba OT HOHH, HANyCHAJIM KPUCTAJHATA pELIeTKa NMOpajad TOIIMHHUTE KosieGaHwus.
Ilpn HUCKH TeMMepaTypH Ce€ OTKBCBAT €/1a00 3aKpENEeHUTE NPHUMECHH HOHH, a TpH
BHCOKH TeMIepaTypH — COOCTBEHHTE HOHH. B MaTepuanu ¢ aTOMHa HIIH MOJIEKYJI-
Ha KPHCTaJlHA pELIeTKa €JIEKTPONPOBOAUMOCTTA CE€ M0JIy4aBa M3KJIIOYHUTEIHO OT
NPHUMECHTE.

TemneparypHaTa 3aBUCHMOCT Ha €JIEKTPONPOBOJANMOCTTA HA JHEIEKTPHIIH-
T€ C€ onpeaeis OT HOHHHA XapaKTep Ha MPOBOJAWMOCTTA HIIH MO-KOHKPETHO OT He-
obxonumara eHeprus 3a aucounauus W, u npemectsane W, Ha iOHHTE B CTPYK-
Typara Ha MaTrepHana.

Cnopen nudy3HoHHHs Mojen crieruduYHaTa eIeKTPONPOBOJUMOCT CE OI-
peaens CbIJIaCHO C U3pa3a

(2.44) O = ngW, S/m,

KBJETO g € 3apsAabT Ha TOKOHOcHUTens, C;
n — GposAT Ha CBOGOJHUTE TOKOHOCHTENH B €IMHULA 00eM, m™";

LL — MOABMIKHOCTTA HA TOKOHOCUTEIUTE, m-/V.S.
B cnabu enexkrpuuecku nosera O6posT Ha CBOGOJHHTE TOKOHOCHUTENH N M

[MOJIBUKHOCTTA UM L HE 3aBHUCAT OT MHTCH3UTETA HA IMOJIETO, a 3aBUCAT OT TeMIIe-
patyparta o H3BE€CTHATa €KCITOHCHIHAJIHA 3aBUCUMOCT

%%
(2.45) n=n,exp(—=2),
o €Xp( kT)

KBJETO 71y € OpoAT Ha CBOOOAHHTE TOKOHOCHTENHN NIPH HOPMaJiHA TEMIepaTypa Ha
OKO/IHaTa cpeja;

W, — eHeprusTa Ha JUcoUHALINA;

k — KOHCTaHTaTa Ha bonuman;

I'— TeMneparypara,

H
%%
(2.46) = woexp| - —= |,
U= UoeXp T
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KBIETO |y € NMOJABHXKHOCTTA Ha TOKOHOCHTENHMTE MPH HOpMaJlHa TeMIepaTrypa Ha

OKOJIHATa cpeaa;
Wyp — EHEprusaTa Ha NPEeMECTBaHE.
C nomoiuta Ha (2.44), (2.45) u (2.46) necHO MOXKE Ja ce HaMEpH TeMIiepa-

TypHaTa 3aBHCUMOCT Ha cneuudUUHaTa EIEKTPONPOBOJAUMOCT O

W, + W"p b
(2.47) O = qnglo€Xp| — = ACKD| T o

Wy +Wop

KBIETO A = gnollo ¥ b= ca Koe(DUIIMEHTH, 3aBHCELLM OT MaTepHaa.

3aBucumoctTa (2.47) e nokazaHa Ha ¢ur. 2.24.

A

o]

Due. 2.24

Eneprusita Ha aucouUMauus € 3HAYUTEIIHO MO-TOJIAMa OT €HEPruaTa Ha Ipe-
mectBane (W,>>W,,), T.e. cnenuduyHara eJIeKTpONPOBOAHMOCT 3aBHCH HaH-BeYe
OT KOHIIEHTpALUATa HA TOKOHOCUTEJIUTE.

2.3. 3Arysu B AUENEKTPUYHUTE MATEPUATIU

3aryOuTe Ha €HEprusi B JUENICKTPHYHHUTE MATEpHaIH (JHEIEKTPHYHH 3ary-
Ou) ce oOycnaBAT OT MPOLIECUTE, KOUTO HACTBIBAT B TAX M0 BB3JAEHCTBHETO HA
@IEKTPUUECKOTO TOJIE, OCHOBEH OT KOMTO € MOJsApH3aluiTa. B MOCTOSHHO eNeKT-
PHYECKO TMOJIE€ MOJAPU3ALMATA CE OCHUIECTBABA €IHOKPATHO W HeoOXoaumara
€Heprus 3a TOBa Ce M3pa3Xo/Ba ChIIO €QHOKPATHO. B MPOMEHIIHBO €JIEKTPHUYECKO
none GnarojapeHHe Ha oOpaTHMOCTTA HA MOJIAPU3ALMOHHHUSA NMPOLIEC MATEPHAIBT
€€ NoJIspHU3MPa HEMPEKbCHATO B TAKT C U3MEHEHHETO Ha MTOCOKATa Ha MHTCH3HUTETA
Ha noJsieto (yectorara). 3aryOUTe Ha €HEPrus OT MONAPU3ALIMA B IPOMEHIIUBO TOJIE
HapacTBaT 3HAYMTEJIHO, KOraTo NMepHOABT HA U3MEHEHHE Ha HHTEH3UTETA Ha MoJie-
TO cTaHe ChH3MEpPHUM ¢ HeOOXOUMOTO BPEME 3a YCTAHOBSIBAHE HA MOJIApU3aLMATa.

Haii-06110T0 OnpeneneHne 3a AMENCKTPUYHY 3aryOu rjiacy, 4e ToBa € €JeK-
TPUYECKa MOIIIHOCT, H3Pa3X0/IBaHa 3a HArpsABAHETO HA JAMUEJEKTPHUKA, KOraTO TOH ce
Hamupa B enexkTpuuecko mnosie. ToBa onpeneneHue BKIKOYBA U 3aryOUTe Ha eHep-
THs, CBBP3aHU C NPYTHTE€ HETUIMYHH MPOLECH B JUENEKTPHKA, NMPOTHYALUH MOJ
Bb3/ieficTBHETO HA €JIEKTPHYECKOTO [10JI€ — EJIEKTPONPOBOAUMOCT U JIp.
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3a oleHKa Ha OUEJICKTPHYHHTE 3ary0M ce u3nosis3Ba brbjia O, HapedyeH bIbj

Ha 3aryGure. breasT O npeacTasisBa bruia, Aombisaiy A0 90° da3oBus Brua @
MEXIy TOKa H HanpeXKEeHUETO B KanmallHTUBHA BEpHra.

3a N3ACHABAHE Ha CHIIHOCTTA HA BI'bJIa O U BPb3KATa MY C JIMEIEKTPHYHHTEe
3aryOH ce M3M0JI3BaT EKBUBAJICHTHUTE CXEMH Ha JIMEJIEKTPUIIUTE.

2.3.1. Tapanesina eKBHBAJICHTHA CXeMa

[lapanenHara eKBUBaJICHTHA CXeMa Ha AMeNeKTpUYeH obpasel (dur. 2.25 q)
€ MoKaszaHa Ha ur. 2.25 6. AKTUBHOTO ChIIPOTHBJICHHE R € eKBUBAJIEHTHO HA JHe-
jekTpuyHuTe 3arybu. OT BeKTOpHATa JAMarpaMa Ha HanpeXeHWeTO H TOKOBEeTe
(ur. 2.25 6) ce Buxaa, 4e OnarogapeHne Ha aKTUBHOTO CHIPOTHBJIEHHE R BrbjibT

¢ (dazoBuAaT brua) € no-Mansk ot 90°. breast O gonwiaBa (hazoBus vrea g0 90°,
T.C.

(2.48) 5=90° -
H
(2.49) O W 1

I- R UnC oCR’
kbaeTo C e kanauuTeTbT Ha oOpaseua ot ¢ur. 2.25 a;
e KPbroBaTta H4CCTOTA HA MPHJIIOKCHOTO HAIIPECIKCHHUC,

Ak,

B
’ C_l:lfc Iy

TT

AkTHBHHTE 3arybu P B Matepuana ca

2
(2.50) P=Ul, = % =U%0C1tgd ,W.

-

R I.=UwC

B

Que. 2.25
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Cneunduunute 3arybu Py (3ary6ute B eauHuiia obemM) ce M3YMCIABAT 10

P Uszth 2 3

wnero V = S.d e 06eMbT Ha IUENEKTPHYHUA 0Dpasell curiacHo ¢ ¢ur. 2.25 a, m’;

| S
1 C=¢,Ek, = € KamauuTeThT Ha ofOpa3eua ot ceiuara ¢purypa, F.

Axo B (2.49) 3amectum R =l£ uC = greo‘_g. , e MmosyyaBa tgd = e

oS d We, &)

w

Ho ot (2.30) ce Bikza, Y& ——

WE, €

NpeacTaB/isiBa OTHOLLICHUETO HA HMarnHEpHarTa

”

r‘
r

r

£
€
OT KOETO CJe/Ba, Y€ WMAarMHEpHaTa 4acT Ha KOMIUIEKCHATa JUEIEKTPHYHA MPOHH-

11aeMOCT €

(2.52) " =¢,tgd win €, =¢, — je 1gd.

m peainHaTa 4acCT Ha KOMIUICKCHATa AWCJ/ICKTPpHYHA NPOHUIIAEMOCT, T.C. tgﬁ =

b |

2.3.2. BunoBe qHeleKTPHYHH 3ary0on

Honspuszayuonnu 3a2ybu. Kakro e orbdensasado B T.2.3.1, oCHOBHara 4act
OT AUENIEKTPUYHUTE 3aryOHu ce MpUYUHABA OT MOJIAPU3AaLMATA M [IOHEXKE pejakca-
HMOHHHUTE TOJIAPU3ALMKM Ce MPUAPYKABAT OT 3aryOu Ha €HEeprus, 4YecTo Te Ce Ha-
pHYaT pesiakcallMOHHH 3aryOu. C TaHreHca Ha pr'bja Ha 3aryOUTe ce oLeHsABaT pe-
NaKcalHOHHUTE 3arybu, KOMTO ce HabIo1aBaT caMo B IIPOMEHIIHBO €1eKTPHYECKO
MOJIE ¥ YeCTOTHATa UM 3aBUCUMOCT C€ OMKCBA OT UMAarMHepHaTa 4acT Ha KOMIIJIeK-
CHara auenekTpuyHa npoHuuaemoct. Karo ce umar mpexsun (2.32) u (2.52),
clensa, ue
(2.53) €,1gd = Naou;tz .
Eq(1+m°T%)
YecroTHuaT aHanu3 Ha (2.53) no3BonsBa Aa c€ M35ACHH YECTOTHATA 3aBMCH-

SRy

MOCT Ha tgd. Heka pasrnename 3aBucumoctTa (2.53) 3a TpH CTOMHOCTH Ha YECTOTa-
14, KakTO TOBA € HaNpaBeHO MPH aHaHM3a HA YECTOTHATa 3aBHCHMOCT 3a JIHEJIEKT-
PHYHaTa nponuuaemoct (1.2.1.2), a HMEHHO:

Na
1)w— 0, &tgd = 0, HO €, — [l , CleioBaTeHo tgd — 0;
€9
2) 0 — oo, £tgd — 0, HO € — 1, cnepoBarenHo tgd — 0;
No Na
0 Hog =1+ .

3) ® = wy(we=1/7), €120 — , CII€1I0BATETHO
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tg8= N . IlonyyeHarta CTOHHOCT Ha tgﬁ npy @ = Wy € MaKCHMaaHaTa My
CTOHHOCT.

3aBucumocTTa (2.53) e uzobpazena Ha ¢wur. 2.26. 3a ® — 0 (MOCTOAHHO To-
ne) tgd KJIOHM KbM HyJIa, 3aLI0TO MPH MOCTOSHHO M0JIe HAMA 3ary0H OT MOJIAPU3a-
s, [Ipy MHOTO BUCOKM Y€CTOTH () — ©0) MEPHOABLT HA NPOMSHA Ha MOCOKATA Ha
MOJIETO € MHOI'0 MO-MadbK OT HEOOXOJAMMOTO BpEME 3a YCTAaHOBABAHE HA [MOJIAPK-
3aUMATA, T.€. MOJNAPH3ALMATA HE MOXKE JIa C€ OCHILECTBH M HAMA Ja UMa 3ary6u oy
Hes. MakcuManHuTe 3aryOu ce noJjiy4aBaT, KOraTo YeCToTaTa Ha MOJeTO ChBNalHe
C 4eCcToTara, onpe/iesieHa OT BPEMETO 3a pesakcauus. B nonspuure auenexrpuiy
ce Habmo1aBaT no-0aBHH MOJIAPU3ALIMM B CPABHEHHE C TE3H B HEMOJIAPHUTE, MOpa-
JH KOETO MaKCUMAaJIHUTE 3aryOH ce rmojy4yaBat MpHu No-HUCKH YeCTOTH.

YecToTHaTta 3aBUCUMOCT Ha tgd oT ¢ur. 2.26 € MaaKo HEO4YaKBaHA, aKO Ce

uma npensua u3passT (2.49). Tosa e Taka, 3al10TO €KBUBAJIEHTHOTO CHIPOTHBIIE-
HHE R € 4YEeCTOTHO 3aBUCHMO, @ HE OMHYHO.

Ha ¢ur. 2.27 ca noka3aHH 4eCTOTHUTE 3aBUCHMOCTH Ha € H tgd BBPXY €/Ha
KOOpJAMHATHA CUCTEMA.

THnHYHK CTOMHOCTH Ha JAMEICKTPUYHATA MPOHHULIAEMOCT, tgd M H30IalHOH-
HOTO CBIIPOTHUBJIEHUE HA HAKOM JHEJICKTPUYHHU MAaTEpHAJIH ca AaneHu B Tab. 2.1.

A
tgd

| — —— — — — TE—

W, )
Que. 2.27
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Tabnuua 2.1
OCHOBHHM CBOMCTBa Ha HAKOH AMUEIEKTPUYHH MaTepPHaIIH

KepaMHKH
Al O; 10 5 107+10"
S10,

[Tomumepu

[TonueTuneH

[TonmucTupon

[ToJIMBHHMIIXJIOPU

TemnepaTypHaTa 3aBHCHMOCT Ha tgd ce ompeielis OT TeMIepaTypHaTa 3aBH-
CHMOCT Ha BPEMETO 3a pejiakcauus T.
HM3BecTHO €, ye BpeMeTo 3a penakcalus HaMaisBa NPy MOBHILABAHE HA TEM-
mepatyparta. ToBa BOAM /10 M3MECTBAHE HA/IACHO Ha MAKCHMYMa Ha YeCTOTHATA 3a-

pcuMocT Ha tgd (dur. 2.28 a). ITonobHa e TemneparypHaTa 3aBHCHMOCT Ha tgd
fpK napaMeTsp yectorara (ur. 2.28 6).

tgd A T<T, tgd A

Due. 2.28

i 3azybu om enexkmponposeodumocm. Te3n 3aryOu npu no0puTe AHENEKTPH-
Wi ca mManku. XapakTepH3Hpar ¢ TOBA, Y€ HE 3aBMCAT OT YECTOTaTa, KOETo TpsAbBa
A8 Ce o4akBa, 3alI0TO M30JIALMOHHOTO CBIIPOTHBICHHE € OMHYHO (HE 3aBHCH OT

DTaTa Ha HOHETU). AKTHBHUTE 331"}’61‘1 OT CJICKTPOINPOBOAHMOCT CE€ U3YUCIABAT
11C ‘H3pa3sa

UZ
_R_—’

H3

(2.54)
.
SBIIETO U € HanpeXeHHEeTO, MPHIIOKEHO BpXY obpasena ot dur. 2.25 a;

R,; — U30Ja1IHOHHOTO CHIIPOTHBIICHHE Ha o0Opa3ena.
- 3aryOuTe OT €leKTPONPOBOAMMOCT Ca OCHOBEH BHJ JAHENEKTPHYHH 3aryOH B

SOCTOSHHO €/IEKTPHYECKO IMOJIE W Y4acTBAaT BbB (OPMHPAHETO Ha AUEIEKTPHYHHTE
S4ryOu B NPOMEHJIMBO ENIEKTPHYECKO TOJIE.
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3ary6ure OT EIEKTPONPOBOAHMOCT Ca TEMIIEPATypHO 3aBHCHMH, 3alLOTO
M30/1allHOHHOTO CBIIPOTHBIICHHE 3aBHCH OT TeMmiiepatypara. Ot ¢ur. 2.25 a U 3a-
KOHa Ha OM € SCHO, '€
(2.35) R, = li ,

(o JIN)

KbJAETO O € creurduyHaTa eJeKTponpoBOAMMOCT Ha MaTepHaa;

d — nebenunara Ha oOpaseua;

S — ceueHHeTo Ha obpa3seua.

Ot (2.47) u (2.55) MmOXke na ce HaImuIIe, 4ye
| d

(2.56) Ry, = ":AJ“I’[E)‘
Aexp(=b/T) § /i

KOCTO O3Ha4aBad, H€ H30JJALUHOHHOTO CBIIPOTHBJICHHE HAMAJIABA MO €KCIIOHECHLHAJ1-

Ha KpMBa NP NMOBUILIABAHE HA TeMIlepaTypara.
Ot (2.54) u (2.56) cnensa, ue

2
(2.57) p=U exp(_E]

A’ T
MM aKTHBHUTE 3aryOH OT €JeKTPONpPOBOAMMOCT HApacTBAT MO €KCIIOHEHIHATHA
KpHBa C NOBUILIABAaHE HA TeMnepartyparta (¢ur. 2.29).

A
P

Que. 2.29

ﬁauuzauuonnume 3a2ybu ce nabmojaasar B ra3000pa3Hy WM TBHPAM JHE-
JIEKTpULIM ¢ ra3oBa ¢asza (nopectu). ToBa ca 3arybu Ha eHeprus, HeoOxoauma 3a
ﬁoﬂmupaﬂe Ha rasa, 4 ce IoJjy4aBaT, KOraro € M3mbJHEHO YCA0BHETO U >Ujon.
HonusanmonnnTe 3ary6u Morar J1a ce H34HCIIAT 10 NPUOTH3NTeNHaTa (opMyIia

(2.58) P =Bf (U-U,,)’.

KBJETO B € KOe(ULHUEHT;

f—uecroTaTa Ha NMPHJIOKEHOTO HAIPEKEHHE,

U — npu10)K€HOTO HATPEXEHHE;

Usion — HOHH3aUHOHHOTO HalIpeXEHHE.
[Ipn BHCOKM YeCTOTH HOHM3ALMOHHMTE 3aryOH B MOpPECTHTE MaTepHaid MOrar Ja
Obaar TonkoBa rosemu, Y€ a Npeu3BHKAT HEAOMYCTHMO HarpsBaHe Ha MaTepua-
na.
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y 3.3. [Tocsie10BaTeIHA EKBHBAJIEHTHA CXeMa

HPH nocjenoBarejiHaTa €KBHBaJIEHTHA CX€Ma aKTHBHOTO ChIIPOTHBJICHHE,

_wRUBAJIEHTHO HA JHEJIEKTPHYHHUTE 3aryOu, € BKIIIOYCHO MOCIIE/I0BATE/IHO HA Kamna-

2 (pur. 2.30 a). OT BeKTOpHATa AHAarpama (¢dur. 2.30 6) cnensa, ye

(98 = Lo =l — = o Cs
Ue, oCy
U* U oC,tgd
P=1U,=1%= - 52
1 ,  1+tg d
— |
wCg

xpaero Cs € KanauTeThT Ha IMeNeKTPUYHUA 00pasell B 0C/Ie/I0BAaTEIHATA CXEMA;

r — eKBUBAJIEHTHOTO 3arybHO CHIPOTUBIICHHE.
BenHara Bb3HUKBA BBIIPOCHT, AajIM JIBET€ CKBUBAJICHTHH CXEMH Ca PABHO3-

HauHM TIPH OTpE/eNsHe Ha tgd n Ha aKTUBHHMTE 3aryOu M KOs OT /BeTe 1a Obae u3-

WM M OKOJIHMTE YCJIOBHMSI M HE MOTAT J1a 3aBHCAT OT CyOEKTHBHHUA H300p Ha €KBUBA-

ata cxeMa. Cie10BaTeNHO 3aB/DKHTENHO € a Ob1aT U3ITBJIHEHH YCIOBHATA
(tga)nap = (180) noc
h(P)nap =(P)nocn

Quez. 2.30

Ot ycnosusTta (2.61) ce nomy4aBa Bpb3KaTa MeXIy CTOHHOCTHTE Ha elle-

" MEHTHTE Ha JIBeTe eKBHBAJICHTHH CXEMH:

—l—=UJC3r
WCR
) 2
Ceotgd
U%0C1gh = —2-S'80
| 1+ tg"d

53



r

o
1+1tg28’
1
R=r|1+ = It
| 8”0
ITpu nobpure nuenektpuun tgd<<1 u Torasa ot (2.63) ce MoJyyaBa
(= CS

R>>r.

C

(2.63) 3

(2.64)

M300pbT Ha enHaTa OT /iBeTe EKBHBAJICHTHH CXEMH e BBIIPOC Ha y/I00CTBo
NMPH aHaJIM3a Ha KOHKPETHA CXEMa.

2.4. NPOBWB B AUENEKTPUYHUTE MATEPUANU

BHCOKOTO H30/1aLIMOHHO CHIPOTHBIEHHE HA JAUENEKTPHYHUTE MaTepHalu ce
3afiassa 210 ONpe/e/ieHa KPUTHYHA CTOHHOCT Ha MHTEH3WTETA Ha €IeKTPHYECKOTO
nojie. AKO HHTEH3UTETBT HA IOJIETO NPEBUIIH Ta3H KPUTHYHA CTOHHOCT, AHETeKT-
PHKBT H3ryOBa JMENEKTPHYHHTE CH CBOHCTBA — TOBA ABJICHHE Ce Hapuy4a npobus.
HanpexeHnneTo, npH KOeTo HacTBNBa NMPoOUB, ce Hapu4a npobueno nanpedicenue
Unp, @ CLOTBETHUSAT HHTEH3UTET Ha MOJIETO — OUENEKMPUYHA AKOCH? Evp:

Uﬂ
(2.65) . = dP,V/m,

np

KbJIETO d € nebennHara Ha obpasena ot AueseKTpHYIeH MaTepuas, m.

[luenekTpHyHaTa SKOCT Ha MATEPHAIHTE 3aBHCH OT CTPYKTypara UM, rnopajiu
KOCTO MEXaHU3MBT Ha NPoOMBa ce Onpeaes OT arperaTHOTO UM ChCTOSHHE.

2.4.1. Ilpo6us B ra3006pa3uu AHeJEKTPHIH

Ha ¢ur. 2.23 6e nokasana Bont-amnepHara XapaKTepUCTHUKA Ha ra3oBeTe W
Oe nocoyeHo, ye B TpeTaTa i YacT 3anoysa MPOLECHT HA yAapHA HOHU3ALIUA — PA3-
KO YBCIIHYaBaHE Ha €JIEKTPONPOBOAMMOCTTa MM NpobuB. BakHa OTIMYHTENHA
4epTa Ha TpoOMBa Ha ra3oBeTe e Herosata oOPaTHMOCT — clien MpeMaxBaHEe Ha
BB3JACHCTBHETO HA ENIEKTPHYECKOTO MOJIE ra3o00pasHUAT AHENEKTPUK Bb3CTAHOBS-
Ba IMEJIEKTPUYHHUTE CH CBOMCTBA.

[TpoOuBBT B razoBere 3aBHCH OT TOBa JaiM MONETO e HEEIHOPOAHO HJIH
eAHOpoHO. HeelHOpOAHOTO moe ce XapakTepu3npa che 3aKPHBEHHU CHJIOBH JIH-
HAH B MecTaTa Ha HeeaHopoaHocT (¢ur.2.31 a). ExnoponHo ce cMsaTa noneto
MEXy 1Ba OE3KPaHHO IBJITH YCTIOPEJHHU EIeKTPO/A. [TpakTHuecku To ce nonyya-
Ba MCIKIy /IBa yCMOPEHH €NEKTPO/A ChC 3a006nenu kpauia (dur. 2.31 6).

[Tpn npunarase Ha eNeKTPHYECKO MOJIE HErOJEMHST Opoit HOHH M CcBOGOIHH
CJICKTPOHH B Ta3a 3aMo4YBaT HACOYEHO JABHKEHHE. 3apeieHHUTe YaCTHIIU MpUuaoou-
BaT IOMBJIHUTE/IHA eHeprus W, KosATo 3a eAHOPOIHO M0JIE Ce U3YKCINBA IO H3pasa

(266) W= qucp!
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Que. 2.31

xpaeTo E € HHTEH3UTETHT Ha I0JIETO;
. g —3apAnbT Ha 4acTHLATa,
Acp — CPEHATA JB/DKMHA HAa CBODOJHMA U npoler.

! Koraro Ta3u eHeprus CTaHe IMo-rojisMa OT ONpelesieHa KpUTHYHA CTOHHOCT
Wion (W> Wioy), ipH cONMBCHK € Apyra yacTHIla T8 ce HOHM3UpaA M 3aroyBa Mpouec
Ha yJapHa HoHM3aLus — NpoOuB.
* [TpoObuBBT Ha razoBeTe 3aBHCH OT HajuAraHero UM. Ha ¢wur. 2.32 e nokasana
sagucumoctTa Uy, = f(pd) 3a Bp3ayxa. ApryMeHThT Ha (QYHKLHATA € MPOH3BE/IE-
HHETO HA HAISATAHETO P M Pa3CTOSHUETO MEXKAY ABaTa enektpona d. [Ipu Hopmail-
au oxonuu yenosus (74 = 20 °C u p, = 0,1 MPa) u pascrosHue MEXIy €1eKTPOIH-
B d= 1102 m JMeNIeKTPUYHATa AKOCT Ha Bb3ayxa € E,, = 3,2 MV/m. Axo
mranem Ha BB3JyXa € MO-MajJKO OT aTMOCHEPHOTO, OPOAT HA MOJIEKYJIUTE B
'Lhu: quiia obeM HamansBa U BEpPOATHOCTTA 3a yaap (MoHM3auusA) HamaigBa. Tosa
'BOJIM 10 TIOBMIIIABaHe HAa MpoOUBHOTO HanpexeHue (dur. 2.32). [Ipo6UBLT BB Ba-
yyM ce obsicHsBa ¢ “n36uBaHe” HA €JIEKTPOHH OT MOBBPXHOCTTA HA €IEKTPOIHTE
, f?éiyneﬂa eMUCHA). AKO HaJIAraHETO Ha BB3AyXa € MO-rojisiMO OT aTMOC(EpPHOTO,
OpOST HAa YACTHIMTE B €IMHHLA 00EM HApacTBa M CPEJHATAa JB/KHHA HAa CBO-
mmﬂ npober HaMmansBa. ToBa 03HayaBa, Y€ 3a Ja CE€ W3MBJIHH YCIOBUETO 3a HO-
.'.ﬁmauna (2.66), e HeoOXO0AUM 1MO-BUCOK HHTEH3UTET HA IMONETO.

| o

np

Duez. 2.32

B HeenHOponaHO nojie MpoOHBHOTO HANpPEXKEHHE 3aBHCH OT MOJIAPUTETA Ha
NPUNOKEHOTO Harpe)keHue. CHIIHO HESOHOPOIHO I0JNE C€ Ch3ZlaBa MEXAy JABa
€lIeKTpoJia, €OHHHUAT OT KOMTO € ¢ ¢opMa Ha Hrja, a JAPYrHAT € IUIOCHK

L (dur. 2.33 g). Hait-rongma HeeJHOPOAHOCT (CHOTBETHO HaM-TOJISIM HHEEHSHTET) ce
| nonyyasa B ob6nacTra okos10o uriara. ToBa 03Ha4yaBa, ye TaMm 3aro4yBa HOHM3ALMATA
‘Ha ra3za. AKO Mrjara € IMoJIOKUTEIHHS TMOIIOC, Ch3/IaJIEHUTE MOJIOKUTEIHH ra30BH
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HOHH OKOMIO Hes MPeACTaBIABaAT NPOJABKEHHE HA CICKTpoaa 1 e(heKTHBHOTO pasc-

TOAHME Mex Ly ABATA CNICKTPOAA HAMANABA — derr < d. AKO WriiaTa € OTPHLATETHUST
fIOI0C, MoMy4EeHUTE MONOKHUTETHH Ta30BM HOHH OKONO Hes peKOMOMHHpAT

e(peKTHBHOTO pa3CTOSHHE OCTaBa PaBHO HA HEHCTBHTENHOTO — d
moctTa Uy, = f(d) e nokasana Ha ¢ur. 2.33 6.

Due. 2.33

2.4.2. Ilpo6uB B TeUHH AHENEKTPHIIH

TeynuTe AMENEKTPHLIM UMAT 3HAYMTENHO MO-BHCOKA JUEIIEKTPUYHA SKOCT
OT raszosere. KaTo Haii-BakHa MPHYMHA 33 TOBA CE COYM 3HAYHTEHO MO-IONSMATA
ILTPTHOCT Ha TE€YHOCTHTE, T.C. 3HAYHTEJIHO MO-MaJIKaTa CPeHA AB/DKMHA HA CBO-
Oonuus npober. ToBa 03HauaBa, Y€ MAMBIHEHHETO HA ycioBHETO (2.66) ce och-
HICCTBABA TIPH 3HAYUTEJIHO IMO-BUCOK HHTEH3HTET Ha €JIEKTPHUYECKOTO mnose. Teu-
HUTC NUCICKTPULM HMAaT BHCOKA AHENCKTPHYHA SKOCT, IPH YCIOBHE, 4e He
ChABpKAT npumecH. Boaara, rasoBere, MajJkuTe MeXaHMYHH YACTHLH CHJIHO Ha-
MaJIABaT JIHENEKTPUYHATA UM SKOCT.

B MHOro 4HCTHTE TeYHH HMENEKTPHLH NPOOGHBHT MOKE 14 Ce MOJy4YH B pe-
3yJTaT Ha W30MBaHE Ha €JIEKTPOHU OT METATHHUTE CJIEKTPO/IH.

B TeXHUYECKH YHCTHTE TEUHH JHETEKTPHLH NpOOHMBBT MOXKeE J1a CE MOJIyYH B
PE3YITAT Ha YaCTHYHH NPErpsABaHHUSA B MECTATa C NMPUMECH C MOBHIIEHA MPOBOJH-
MOCT, KHMIIBaHC Ha TECYHOCTHTE B TE€3M MecTa, 0Opa3yBaHEe HAa ra30B MOCT MEXK Y
CJIEKTPOANTE, HOHH3ALKA U NIPOOHB.

ITpu BHCOKOYECTOTHH enekTpHYecKH mojeTa MPOOHUBBT ce mony4asa ropaau
HIPETPABAHETO HA TCYHUTE IUENEKTPHULIM OT AUENEKTPUYHHTE 3ary6H B THX.

2.4.3. IIpo6uB B TBLPAH AHENEKTPHIA

[TpobHBBT B TBBpAMTE IUENEKTPUIIN CE& OCHUIECTBSBA IO TPH MEXaHHU3bMa:
CACKTPHYCCKH, TOMIHHEH U eNIeKTPOXHUMHYECKH. [IpoSBABAHETO HA €NHH WK ApyT
MEXAaHUIbM HIIH HA HSKOJKO €HOBPEMEHHO 3aBHCH OT OKOJHHTE YCIOBHS H

CTPYKTypara Ha MaTepHanute. Hanpumep B TonnoycroituMBuTe HEOPraHWYHU He-
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eff = d. 3aBHCH-

MLl HAacThIBa TOIMJIMHEH NMpoOuB npu BHCOKHU TemnepatypH (Hax 300 °C 3a

HKHTE).
Enexmpuueckuam npobueé NpeJCTaBlisBa YHCTO ENEKTPOHEH IMPOLEC U CE

wsnna 3a MHOI'0O KpaTKO BpeMe (107"+107° s). B TeXHMYECKH YHCTHTE AMENEKT-
éﬁ““ BHHArM CHIIECTBYBAT MaKap U MaJKO CBOOONHU eneKkTpoHH. [Ipu mo-BHCOK
WHTEH3UTET Ha MOJIETO T€ MOraT Jaa NpUAOOHAT AOCTaThYHO €HEPrys, 3a Jia Ce Mo-
nyur M30MBaHE HA €IEKTPOHM OT IrPAJMBHHUTE HACTHIH. Taka Bb3HHKBA €JIEKTPOH-
Ha JTaBMHA — M0JTyYaBa Ce yJapHa HOHU3alUMs B TBBPAOTO TAN0. 3a 1a ce Habmoxaa-
ga YMCTO eleKTpuYeckH npobuB, He TpsabBa nNa uMa 3aryOM OT monspusaums,
jioHM3aLMsA HA ra30BH BKJIIOYBAHHA H €JEKTPOIPOBOAMMOCT, C KOETO Ce OCHIYypsBa
reMrepatypaTa Ha AHMeNeKTpuKa aa Obe eqHaKBa ¢ Ta3d Ha OKOJIHATa cpeaa. AKO
eJIEKTPUYECKOTO M0Ji€ H CTPYKTypara Ha ofOpa3ela ca eIHOPOIHH U ca Ch3JIaJIcHH
yC/IOBHSA 32 MPOTHYAHE HA YHCTO ENEKTPHYECKH TPOOHB, MOy 4EHATa AHENEKTPH'-
Ha AKOCT MOXE Jia Ce pasriiexkaa KaTo napaMerbp Ha MaTepuana, KOMTO HE 3aBHCH
OT reOMETPUYHHUTE pasMepH Ha oOpa3zena. B TaksB ciyyaii mpoOMBHOTO Hanpexe-
Hue € nuHelna GyHkuMs Ha aebenunara Ha obpasela.
| B nuenekTpHLM ¢ HECAHOPOAHA CTPYKTYpa ce Habio1aBaT noseye “‘crabu”
MecTa (CTPYKTYPHH A€(QEKTH, IPUMECH) U BEPOATHOCTTA 32 TAXHOTO ChIIECTBYBa-
HEe Ce yBelWuaBa ¢ HapacTBaHe Ha aAcOenuHaTa Ha MaTepualia. 3aBUCHMOCTTA Ha
JIMENEeKTpHYHATA SKOCT OT JeOenrHara Ha oOpa3ell OT TaKbB JAMENEKTPHK € MOoKa-
3aHa Ha Qur. 2.34. Buxaa ce, 4e JUENEKTPUYHATA AKOCT € MO-rojisMa NMpH THHKH
00pa3LH, OTKONKOTO NMpH aAedbenH. 3aToBa B CIIpaBOYHHIIMTE € MOco4YeHa nebenuHa-
Ta Ha oOpasena, NPy KOATO € U3BLPIICHO H3MEPBAHETO Ha JIMEICKTPHYHATA SKOCT.
B tabnmua 2.2 ca faaeHu CTOMHOCTUTE HA JHENEKTPUYHATA SKOCT HA HAKOM

Marepuaim.

Tabnuua 2.2
JlnelnekTpuyHa AKOCT Ha HAKOH MaTEpHaIH

Equp, MV/m (nebenuna
Marepuan
Ha oOpaseua 3 mm) |
Tednon
[Tonuerunex

[TonuBUHHIXTIOPU

AﬂyMHHDOI{CH,IlHa KepaMHKa
Creatur

Tonnunnusm npobue ce noinyyasa NpH HapacTBaHe Ha TeMIepaTypara Ha
MaTepuana, KoraTo TOi ce HaMHpa B €JEeKTpHUYeCKO nmosie. TeMneparypara HapacT-
B3, aKo € HapyllIE€HO TOMJIMHHOTO PaBHOBECHE, T.€. KOJHYECTBOTO OT/EJIEHA TOM-
JIHHa e 10-ro/IAMO OT KOJIMYECTBOTO OTAaJAeHa TomuHa. OT/eneHarTa TOMIMHA 3a-
BHCH oT JueneKTpu4YHMTE 3arybM Ha Martepuana, a OTAaJeHaTa — OT
KOHCTpyKUMATA M YCIOBHATA HA TOIIOOTAaBaHe. Cle10BaTeHO TOMIMHHHUAT TIPO-
OuB 3a pasnuka or enekTpHuecKus e XapaKTepHCTHKAa HE caMO HAa Matepuana, a
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Ha KoHcTpykuuaTa. [IpOOHBHOTO HanNpeXXeHHEe 3aBHCH OT YecToTaTa HA MOJIETO, YC-
JIOBUsiTA HA TOIUIOOT/AABaHE M OKOJIHATA TeMIepaTypa.

YcnosuATa 32 OCBIICCTBABAHE HA MEXAHW3Ma HA TOTUTMHHMS MPOOHB CE T10-
JlyqaBaT MpH MbPBOHAYAIHO TOBHILABAHE HA TEMIIEpaTypaTa Ha MaTepHana 3g
CMETKa Ha N0-BHCOKA OKOJIHA TEMIIEpPaTypa, BIOIUEHH YCIOBHsA 3a TOIIOOTAABakHe
WM MIOBHLUCHH HENIEKTPHYHH 3aryOu. Cliell KaTo ce MoyyH 1no-BHCOKA TeMmepa-
Typa, HaH-Ba)KHA POJIs 3a TOIIMHHUA NPOOUB NpUA06HBAT 3arybHTe OT eneKTpon-
POBOAUMOCT, 3al10TO T€ MO-PA3KO HapacTsar (BxkK. ¢ur. 2.29) B cpaBHEHHE ChC 33-
rybure ot monspusauus (Bx. pur.2.28 6). Or (2.57) mMoxke ma ce momyuy

cemeicTBo KpuBH P, = f(7) ¢ napaMeTbp NPHIIOKEHOTO HANPEXEHUE, MOKA3aHHU Ha
ur. 2.35. Te noka3Bar kak HapacTBa OT/eJ€HATa B MaTepHala TOMJIMHA pH H3-
MEHEHHE Ha TEMNepaTypara.

E,» MV/m A
160 -
120l [lonukapbonar
80 [
40
i 1 1 1 L 1 _h_
011 013 035 d, I'I'lm

Que. 2.34

Que. 2.35

Otnazenara TomiuHa P, OT JMENeKTpUYHHS 00pasen ¢ KOHCTPYKIHS ChbI-
JIACHO ¢ (ur. 2.25 g MoKe /1a ce OLeHH Npubnu3uTenHo ype3 popmynara Ha HioToH

(2.67) Pz dhST ~1,);

KBJETO /i € KOEQULMEHTHT Ha TOIUIONPOBOAHOCT B MACTOTO HAa KOHTAKTA €JIEKTPO/l
— JIUENIEKTPHK;

5 — NOBbPXHHHATA HA JUEJNEKTPHKA;

I' — Temrepatypara Ha IHEJIeKTPHKA;

I’y — TeMniepaTypaTta Ha OKOJIHaTa cpeJa.

Ta3u popmyna e TouHa, ako ca M3MBJIHEHH CIIEIHHTE YCIOBHA: TEMIIEpaTy-
paTa Ha JHeJIeKTpUKa B LIeJIus My obem na ObJie eiHaKkBa U LAJIOTO TOMJIOOTIaBaHE
Jla CTaBa npe3 eJIeKTPOAMTE. 3aBHCHMOCTTA HA OTJaJeHaTa TOIUIMHA OT TeMIepa-
Typara € nokasaHa Ha ¢ur. 2.35. KpupaTta Ha oT/ieneHara TOIUIMHA MIPH HAMpeKe-
Hue U) [Py(U))] uMa 1Be npeceyHH TOYKH C MpaBaTa Ha OTAaaeHaTa ToruHa (P,,).
AKO TMENIEKTPHYHHAT 0Opasen paboTH npu HOpMalHa OKONHA TemmepaTypa Ty W
Hanpexenue U, teMneparypara My HapacTsa 10 T = T), TbH KaTo B TeMIepaTypHHs
HHTEepBaN 14 — T oTAENeHaTa TOIUIMHA € MO-ToNAMa OT oTAaneHara. B Touka 7 jBe-
T€ KOJIMYECTBA CTaBaT PaBHU W HACTBIIBA YCTOMYMBO paBHOBecHe. [Ipu yciosue, ye
Temneparypara 7| € 1nmo-HHMCKa OT TOMJIOYCTOMYMBOCTTA HAa MaTepHana, TOH MOKe
Jla pabOTH HEOrPaHMYEHO IBJITO BPEME B TO3H PeXKHM. B TemnepaTypHus HHTEpBAT
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p. — 75 ChIIECTBYBa HEPABEHCTBOTO For > Py, T.€. HE € M3MIBJIHEHO YCJIIOBHETO 32
sruiMHeH npobuB. 3a Temnepatypu 7 > T, € U3NBJIHEHO HEPABEHCTBOTO Py < P, M
epaTypara HENMpeKbCHATO HapacTBa /10 HACTHMBAHETO HA TOIUIMHEH NMpoOuB.
'Ax0 BBEPXY oOpa3senia € MpHJIOKEHO HaNpeKeHHe U, He3aBHCHUMO OT TeMMeparypa-
2 ga OKOJHATa Cpeja, BUHAru € M3MbJIHEHO YCJIOBHETO 3a TOIIMHEH NMPOOMB —

Po: < Pa. [Ipu Hanpexxenue U 1BeTe 3aBHCHMOCTH MMAT 00111a TOYKa, Ha KOATO Cb-
| oTBETCTBA HEYCTOIUMBO paBHoBecHe. [IpoGuBHOTO Hanpexenne U,, ce Hamupa OT

-‘ycnOBHﬂTa ..

[ Iy =Fy

(2.68) 10P, _ 9P,
oT oT

Enexmpoxumuueckuam npobug ce noiayyaBa B pPe3yiTaT Ha CTPYKTYPHH
W3MEHEHUs (CTapeeHe) Ha MaTepuana, Mo UI0XKEeH Ha MPOABJKUTENHO Bb3IEHCTBHE

Ha EJEKTPUYECKO MOoJIe.
]

25. ®M3NYECKU CBOMCTBA HA AUENEKTPUYHUTE MATEPUAIA

"
- 2.5.1. BaaroycroiuuBocT
|

|
i J Bonara npejacTaBiisiBa CHITHO MOJSPHA TEYHOCT ¢ BUCOKA JMENEKTPHHA IPO-
| munaemocr (&, = 80), ronemu auenexrpuunu 3aryou (tgd = 0,08 npu f= 1 MHz) u
~ HHMCKO M30JAlIMOHHO CHIPOTHBIEHHE (R,, = 10°+10* Qm). Eto 3amo [IPHCBCTBHETO
- ‘rhh BOJIa B CTPYKTypaTa Ha JMEJIEKTPHYHHTE MATEPHAIH NMPEAU3BUKBA PA3KO BIIO-
| mIaBaHe Ha €JIEKTPOM30IALIMOHHUTE UM CBOMCTBA.
¥ EnHa oT BaXXHUTE XapaKTEPUCTHKH Ha Bb3/lyXa KaTo Cpejia 3a ChIIleCTBYBaHE
' Ha €JEKTPOHHUTE anaparypu € Herosara BiaxHocT. [Ipu remneparypa 30+40 °C u

- OTHOCHTEJIHA BJIAXKHOCT Ha BB3JyXa 0K0JI0 98% BB3ACHCTBHETO HA BJlarara craBa

SiA

- Mart, nopajau KOeTo eJIEKTPOHHHUTE €JIEMEHTH M anapaTypH, NpeHa3HAueHH 3a TaM,
C€ NpoeKTUpaT, KOHCTPYHUpAT U MPOHU3BEXKAAT 0 ClELHATHA H3UCKBAHUS.
g 3a OUeHKa Ha MOBEIEHHETO HA MAaTEPHAJIUTE B CpeJia C BUCOKA BJIAYKHOCT Ce
H3II0JI3BAT MOHATHATA XUTPOCKOMHUYHOCT (CIIOCOOHOCT Aa Ce€ OBJIaXKHABAT) U Bla-
TONpoHuIaeMocT (CriocoOHOCT /1a MPOMycKaT BJiara).
| O6paser oT queneKTpu4eH MaTepuan, NOCTaBeH MPH ONMpeAeieHH YCIOBHS,
CIEx focTaTh4yHO ABJITO BpeMme NpHAo0HBa HAKAKBAa PAaBHOBECHA BJIAXKHOCT, KOATO
3@BHCH OT M3XOJHATA BIAXHOCT HA MaTepuana M Ha Bb3ayxa. JlocTHraHero Ha
PaBHOBeCcHaTa BJIAXXKHOCT MOXKE J1a CTAHE MO /IBAa HAYHHA — OBJIAXKHABAHE U CYLIEHE
(KpuBu “a” u “6” croTBETHO Ha ¢ur. 2.36). [TonspHuTe ¥ HENONSAPHUTE JAUENIEKT-
PHIOM mmar pa3nnyHa BIQXKHOCT NMPH €HAKBA BJIAXKHOCT HA BB3AyXa H €IHAKBA
TIOpso3HOCT Ha CTpyKTypata WM. [IpHuMHa 3a TOBa € pa3NMyHATA MM CTENeH Ha
YMOkpsine. T ce onpezens ype3 kankos TecT (¢Gwur. 2.37), YMiTO KPUTEPHIi € BI'b-
AT 0L Ha KanKaTa B TOYKATa, pa3jenslla TPUTE CPeIH — BB3AyX, BOAA H MaTepHall.

- 3a MOKpeny ce matepHand — o < 90°, a 3a HeMokpewu ce — o > 90°, INonsipuuTe
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AHENeKTPpUIM Ce MOKPAT MHOTO MOBeY€e OT HENONAPHUTE (NIPH OTHOCHTENHA BIIAX-
HOCT 80% — oko10 7—8 IMBTH), 3aLI0TO BOJATA € CUITHO NOJIApeH NHEeNeKTPHK.

Due, 2.36 Due. 2.37

XHUIPOCKOITUYHOCTTA HA MAaTEPHAIIMTE 3aBHCH OT CTPYKTypaTa MM M Haii-
BEYE OT pasMepa Ha KanujispuTe (MOPECTHTE MAaTEPUAIIH Ca MO-XHIPOCKOMHUYHH OT
T€3H C MIBTHA CTPYKTYypa). ONpeAensiHeTO Ha XUTPOCKOIIHYHOCTTA MO YBEIHYEHA-
Ta Maca Ha OBJIAXKHEHHs 0Opasell He OTPa3sBa HAIBIHO H3MEHEHHETO Ha ENEKTPH-
4ECKHTE CBOHCTBA. [lopaau ronsMata CTOHHOCT Ha JMENEKTPHYHATA MPOHHIAE-
MOCT Ha BOAATa B CPABHEHHE C MOBEYETO JAHEJEKTPUYHH MATEPHAIH 33 OLIEHKA Ha
XHIPOCKOMUYHOCTTa C€ CBJAH MO CTENEeHTa Ha YBEJMYCHHE Ha AHEJIEKTPHUYHATA
MPOHHLIAEMOCT Ha OBJIAXKHEHUS MaTepual.

BraronpoHHIaeMOCTTa € ChIIO BaXKHO CBOMCTBO HA JHENIEKTPHYHHTE MaTe-
pHanu, 0coOEHO 3a Te3H, Mpe/IHa3Ha4YeHH 3a 3allMTa OT BIMSHMETO Ha OKOJIHATA
cpena (kabenHW M301aLMH, KOPMYCH 3a MOJYNPOBOAHUKOBH €JI€MEHTH W MHTEr-
PajlH{ CXeMH, KOMNayHau U ap.). [loBeuero mMatepuanu GiaronapeHue Ha MHOTO
MAJIKUTE MOpH B CTPYKTypaTa MM ca BiaronpoHuuaemu. Camo creknara, gobpe
H3MeYeHaTa KEpaMHKa U METAJIMTE NPAKTHYECKH HE Ca BIaronpoOHULIAEMH.

2.5.2. TONJIHHHKA CBOHCTBA HA IHEIEKTPHYHHUTE MATEPHAH

Hali-BaXXHUTE TOTIIHHHU CBOMCTBA Ha [JUENEKTPHYHHTE MaTepUalii ca ToIl-
JIOYCTOH'HBOCTTA, CTYAOYCTOHYHBOCTTA, TOMIONPOBOAHOCTTA, TEMIEPATYpPHHUTE
KOE(ULHEHTH Ha JIMHEHHO U 06EMHO pa3lupeHue 1 TEMIIEpaTypara Ha 3anajBaHe.

Tonnoycmouuugocm ce Hapuya CBOHCTBOTO Ha MaTepHaia Ja H3abpKa (0e3
MOBpPENH M Oe3 U3MEHEHHE HAa MEXaHHYHHMTE M EICKTPUYECKHTE napamMeTpu M3BbHH
ONMPEZCICHH TPaHUIIK) BB3JCHCTBMETO Ha TOBHILEHA TEMIIEPATypa 3a KPaTKO Bpe-
ME WM 32 BpEME, ChbH3MEPHUMO C €KCIUIOATALIHOHHHS CPOK, a4 CHIIO TAKa H BH3-
JEHCTBHETO HAa TEMINEPATYPHH LHMKIH U yaapu. TomIoycToiMYuBOCTTA Ce onpeaens
OT TEMNEpaTypaTa, NpH KOATO CE MOJy4YaBaT HEAONMYCTHMH M3MEHEHMS Ha mapa-
METPHTE.

TonnoycTolynBOCTTa Ha OPraHUYHUTE MaTEPHAIN CE ONpe/es OT H3MEHe-
HHETO Ha MEXAHWYHHUTE UM CBOMCTBA, 2 HA HEOPTaHUYHHUTE — OT MU3MEHEHHETO HA

CICKTPHYECKUTE UM MapameTpH (tgd uiu R,,). [Ipuunnata 3a nono6Ho pasmensine e
CHEprusTa Ha BPb3KaTa B CTPYKTYpaTa UM — OPraHMYHHTE MaTEPHAIH MUMAT HHCKA
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seprd Ha BPB3KATa H MEXaHHYHHTC HM NnapaMETpH CC€ BJOLIABAT [IPpH CpPABHH-

_ 10 HHCKH TEMIIEpaTypH, a HEOPraHHYHATE — 0OPaTHO.
TorIMHHKUTE YIapH, NMOJy4YaBaHH 10 BPeMe Ha LMKJIHYHHTE TeMIlepaTypHH

yBAPBAHMSA, MPEIU3BUKBAT MO-TONEMH CTPYKTYPHM HAIpPEeXKCHHA B JUEICKT-
cupHTE MaTEpHad MOPAH NMO-HUCKATa MM TOIUIONPOBOAHOCT B CPaBHEHHE Harl-
R {ep ¢ MPOBOIHMKOBUTE MaTECPHAITH.

= Cmyooycmouuugocmma ¢ crocoOHOCTTa Ha Matepuana jaa u3abpxa (6e3
[IOBpEIH H 6e3 M3MEHEHHE HA MEXAHMYHUTE U EJIEKTPUYECKHUTE NapaMeTpH M3BbLH
 meneleHH TPaHHIM) Bb3IEHCTBHETO Ha HUCKM TemmepatypH (-60 °C u mo-
* guckn). ENEKTPHYECKHTE NapaMeTpH Ha MaTEpHaNnTe MPH HUCKH TEMINEpaTypH ce
110106PABAT, HO TOJISIMA YACT OT OPraHUYHHTE MATEPHAIIN BJIOLIABAT MEXAHUYHHTE
cH MapaMeTpH — CTaBaT KPeXKH U TBBP/IH.

1 Tonaonposoonocmma Ha IWENEKTPUYHUTE MaTEPHAIH € OT 0COOEHO 3Haye-
‘HMe 33 MATEPHAJIHTE 33 KOPIYCH, MO/UIOKKH HAa MHTEIPAIHH CXEMH, TeJIa 32 PE3HC-
qOpH M Jp., KOUTO OCBEH Y€ OCHIYPABAT €JIEKTPOH30JaLHs, CIyKAT U KaTo paaua-
‘ropy. TONIOMPOBOAHOCTTA OKa3Ba BIMAHME BBPXY YCTOMUHMBOCTTAa Ha MarepHasa
':',5_ ja TeMIepaTypHH LHKIIM U BbPXY AHEIEKTPHYHATA AKOCT ITPH TOTUIHHEH MpoOuB.
Koeguyuenmvm na monnonpoéodnocm hy ce onpenens 1no u3pasa

HaA’

4 AP di
(2.64) h =— W/m.°C,
AS dT
KbieTo APy € MOLIHOCTTA Ha TOIUTHHHHSA TOTOK NPE3 CeYeHUeETo AS;
‘ dT
_dT — TeMIIepaTYpPHHUAT IPAIMEHT 10 AbKHHATA Ha oDpa3sena.

- KoeduuueHTHT Ha TOIUIONPOBOJAHOCTTA HAa AHEIEKTPHYHHTE MATEpHAH €
'MHOT'O IO-MaJdbK OT TO3M Ha NMPOBOAHMKOBHTE MaTepHaid. CTOMHOCTUTE Ha h, Ha
HAKOM [IMeNeKTPUYHM MaTepuanu ca mocoyeHu B Tabi. 2.3. Huckara Tomsionpo-
BOAHOCT Ha BBb3yXa € NPUYHHA 338 HUCKATA TOIMJIONPOBOAHOCT HA MTOPECTHTE MaTe-
pHay. KpucTtalHuTe AUENeKTPUYHH MaTepHald HMMar I0-BHCOKa TOMJIOMpPO-

I oy

'BOAHOCT OT aMOp(HHUTE.

Tabnuua 2.3
KoedunuueHT Ha TOMJIONPOBOAHOCT HA HAKOH JAMEJIEKTPHYHH MaTCpHAIIH

Marepuan ht, W/m.°C

['eTHHaKC

=

Kgapu (kpucTaseH)

AnymuHOOKcHAHA KepaMHKa (96%Al1,05)

bepunueBa kepammuKa
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2.6. OPFAHWYHW NOMIMEPHU AVENEKTPULI

JloOpHTE eNeKTPHYECKH W MEXaHUYHH CBOMHCTBA HA MOJIMMEPHHUTE MaTepua.
JIH, TEXHOJIOTHYHOCTTa Ha 00paboTKaTa M HUCKATA LIEHA T'H MPABST NpeAnoOYUTaHY

4 B HAKOH CllyHaH M HE3aMCHWMH B NPOM3BOJCTBOTO HA €EKTPOHHH ENEMEHTH }
anapaTrypH.

[TonsprocTTa Ha NOMMMEPHHTE MENEKTPULIK 3aBUCH OT CHMETPHYHOCTTA Ha
CTPYKTypHaTa uM (opmyua. HenonspHure nonuMepHu AMENEKTPHIM HMAaT CHMeET-
puYHa CTPYKTypHa (hopMyJa, KOETO 03HAa4yaBa, Ye EKBHBAJICHTHUTE LIEHTPOBE Ha
HNONOKHTCJIHUTE M OTPHLIATEIHUTE 3apAaM cbBrajat (¢ur. 2.38 a). [Monspuure mo-

JTAMEPHH IHC/ICKTPHLIM HMAT HECHMETPHYHA CTPYKTYpHa (hopmyia (dur. 2.38 6).

H H H H
I | |
A ol o siye e v Gl
| | |
H H H Cl
n n
[Tonuerunen [TonuBHHEWIXIOpHA
g 6
Que. 2.38

HenonspHure quenexTpHiM ce XapaKTepH3MpaT ¢ MAJIKH CTOHHOCTH Ha THe-

JICKTpHYHATa NPOHULAEMOCT M JHENECKTPHUYHHTE 3aryOu. 3aryburte 3amousar na
HapacTBaT MNPH BUCOKH YECTOTH.

[TonspHuTe AHENEKTPHUIM ce XapaKTEPH3WPAT C MO-FOJEMH CTOMHOCTH Ha

AMCICKTPUYHATA MPOHHIAEMOCT H JUENeKTPUYHUTE 3aryOu. 3arybure 3anoysar na
HapacTBaT NMPH MO-HUCKH YECTOTH.

B 3aBHCHMOCT OT YecTOTHaTa 0611aCT Ha IPUIOKEHHE CE PAa3rPAHMYABAT JIBE
FPYNH MOJUMEPHHU OHETIEKTPULIK — BHCOKOYECTOTHH U HUCKOYECTOTHH.

2.6.1. BHCOKOYECTOTHH MOJHMEPHH AHeNeKTPHIH

KBM Tasu rpyna cmagar HemonspHute u C/1a0OMNONIAPHATE TOJUMEPHH [IH-
nextpuuH. ITopaau ronemus Gpoit NoNUMEpHH AHENEKTPHIM, KOMTO MOFaT 1a Gb-
AaT NPUYHUCICHH KbM Ta3H Ipyna, ¥ HEeNpeKbCHATOTO MOABABAHE HA HOBH MaTepH-
4, TyK Ca pasrielaHd CamMO HAKOH TpPEICTaBHTENH, MOMYYHIH IIHPOKO
[IPUJIOKCHUE B €NEKTPOHMKaTa. B Tabn. 2.5 ca mageHu enekTpHyeckuTe W Mexa-
HHYHHUTE MApaMETPH HA HAKOH BHCOKOYECTOTHH MOJUMEPHH JHENCKTPHLIH.

lZmuemmenbm € C[MH OT HaH-paHO pa3paboTeHHTE MONMMEPHH MaTepHa-
. Tol e HenonApeH NHeNeKTPUK (CTPYKTypHaTa My GopMyna e cumeTpHuHa) ¢
OTIHYHH IHEICKTPUYHH CBOHCTBA. [IpoM3BexIa ce B MHOTO Pa3sHOBHIHOCTH, pas-
ACJICHH B TPH I'PYNH CHOpPeA IIBTHOCTTA — I Tun (¢ Hucka mabsTHOCT — 0,91+0.924
Mg/m?), II Tun (cee cpeana mrbTHOCT — 0,926+0,940 Mg/m®) u III Tun (c BUCOKa
msTHOCT — 0,941+0,965 Mg/m®). ITonHeTHICHBT e Mek MaTepHall, YHATO TBBp-
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ocT HapacTBa C yBe/M4YaBaHe Ha MUIBTHOCTTA. OTHOCHTENIHOTO MY YABIDKCHHE €

i i

oro FOJISIMO — B 3aBUCHMOCT OT IIbTHOCTTA Aoctura g0 600%. He3asucumo ot

-
HL

UHHTE EJIEKTPHYECKH CBOMCTBA HA BMCOKOYECTOTEH JMENEKTPUK MOJNHETHIIE-
~T HAMMpPA OTPAHUYEHO NPHJIOKEHHE NMOpajy HEJOCTaThUHHTE MY MEXaHWYHH

"'n i ﬁﬂTBa-

.I
Tabmuua 2.5
OcHOBHH CBOICTBA Ha HAKOM BUCOKOYECTOTHH AMEJIEKTPHLIH

[Tonuetunen | IloaucTupod Tednon

CBoiicTBa

I ;!g:nszx;pzuqﬂa MPOHULIAEMOCT 23 254265 21
uisnrcc byt o SO Hs (1+5).10* | (1+5).10"* <1.10™*
| pyne

| I mehlﬂﬂ EﬂequJH‘IHD 1013+10|5 1015 }1015

| : CHIPOTHBIICHKE, 2m

' ;;uﬂeﬂﬂlﬂ'pﬂ‘-lﬂa skocT, MV/m 20+40 20+30 30
(neGenuna Ha obpazena 3 mm)

l ¥

Hoaunponunenvsm uma CBOWCTBA, MOAOOHM Ha IMOJIMETHUIIEHA, HO € C TO-
;_;__'l_-a MEXAHHUYHA SKOCT MPH NO-HUCKA NABTHOCT. [LIbTHOCTTA MYy € U3MEXIY Hai-
HHUCKHTE 33 TepMornaacTiyHd MarepHanu — 0,9+0,915 Mg/m3. [TIpurexasa ronsma
YCTOHYHMBOCT HA OI'bBaHE.

~ IMonucmuponsm ce u3no3sa B €JIEKTPOHUKATA NOPajaX A00pUTE MYy €JIEKT-
PHYECKH U MEXaHMWYHHM CBOMCTBA. IMeNeKTpHYHaTa MPOHHLIAEMOCT U JUENCKTPHY-
3aryOM 3ama3BaT CTOMHOCTHUTE CH JI0 BUCOKH 4ecTOTH (ur. 2.39). Jobpure
MY CBOMCTBa, TEXHOJIOTHYHOCTTA M HUCKATa LICHA MPABAT MaTepuajla MHOro moj-
Xozasul 3a n3paboTBaHe Ha JEeTaiIK 3a paboTa BbB BUCOKOYECTOTHH E€JIEKTPHYECKH
nonera. [TonucTHPONBT HMa MHOTO BHCOKO 00EMHO criellM(GHYHO ChNPOTHBICHHE
(Bx. Tab. 2.5), Ho mopaau cnabaTa NOAAPHOCT HA MAaTepHalia MOBBPXHOCTHOTO MY
CreunpuYHO ChIPOTHBIIEHHE 3aBUCH OT BJIAXKHOCTTA HAa Bb3/yXa.

i r -
HU

e s

B

‘ tg:"."s‘e
. - 4
I 1.10°} 3 B
| .
' 1.107} 2 tgd
— ;—ﬁ
| l-iuu‘ . : lil | IE ; 7 I R : 9 .
10 10° 100 10° 100 10° 10" 10" 10° f Hz
Due. 2.39
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HHonumempadgnyopemunenvm € TNOIUMEPEH MaTepHan C H3KITHOYHTE Ty
CBOiicTBa, MOPaJH KOETO HaMHpa IIMPOKO MPHIIOKEHHE B EIEKTPOHHKATA 3a pafq.
Ta NpH Hai-TEXKH KIMMAaTHYHH H pabOTHH ycnoBus. ChiecTBYBaT Pa3HOBHIHe.
TH Ha TO3W MaTepHall B 3aBUCHMOCT OT TEXHOJIOTHSATA Ha TOTy4YaBaHe. Y HAC e ya.

BECTEH C TBPrOBCKOTO HaWMEHOBaHue meghnron. Hail-BaxxHHTE CBO¥CTRA Ha
TeioHa ca mocoyeHu B Tabi. 2.5. EnexTpuyeckute My mapaMeTpH ce 3anaspay
MOCTOAHHU 10 MHOTO BHUCOKH YE€CTOTH NMOAOOHO Ha nmonucTHpona (Bxk. dur. 2.39) i

HE 3aBUCAT OT TEMMEpaTypaTta B WIMPOK TemnepaTypeH uuTepBan ot -60 °C j,
okosio 300 °C. ITonurerpadnyopeTHIEHBT C€ OTIHYABA OT BCUYKH OCTAHAIH Tep-
MOIIACTHYHH JIHENEKTPHUM ChC CMOCOOHOCTTAa CH Ja 3ama3Ba MeXaHM4HaTa oy
SKOCT B TeMnepatypen uutepsan ot -160 °C 10 300 °C u e equHCTBEHMAT MaTepy.
ajl, KOWTO 3amas3Ba eJaCTUHYHOCTTa CH 10 -269 °C. bnaronapenune Ha ekpaHMpamorg
JeACTBHE HAa (IIyOPHUTE aTOMH NMPHUTEKaBa H3KIIOUHTEIHA XHMHYECKA HHEPTHOCT
M HE C€ MOKpH OT Bojxara. ToBa BOAM [0 H3BBHPEJHO BHCOKH H CTaOMjny
CTOWHOCTH Ha MOBBPXHOCTHOTO MY chrnpoTusienue (>10'°Q).

2.6.2. HHCKOYeCTOTHH MOJIHMEPHH JHEJIeKTPHYHH MATEPHAJIH

PasHOOOpa3sHETO HA HHCKOYECTOTHHTE TMOJMUMEPHH [MENEKTPHLM € [o-
roJIiAMO B CPaBHEHHE C BUCOKOYECTOTHHUTE. Cpell TAX MMa KaKTO TEPMOTIIACTHYHH,
TaKa ¥ TepMOpeaKTHBHH MaTtepuanu. [locnennure Hall-uecTo ce U3MOJI3BAT 3a Npu-
rOTBSIHE HA KOMIayH/1H, NMOpaay KOETO CBOMCTBATa UM Ca pasrjelaHH B Clie/IBalla-
Ta TOYKA.

Ionugununxnopudvm € eauH OT LIHPOKO M3IMON3BAHMUTE HUCKOYECTOTHH
MOJIMMEPHH AMENCKTPHIH. To# € nonsgpeH (HECUMETpUYHA CTPYKTYpHA (dopmyia,
BX. ¢ur. 2.38 6), TepMOIIaCTHYEH MaTepHal ¢ HHCKa ueHa. [IpousBexna ce B
MHOI0 pasHOBHIHOCTH, BKJIIOYMTEIHO I'bBKAaB W TBHP/A. | BBKABHAT MOJIUBHHUIX-
JIOpUJ1 LIHPOKO C€ H3I0JI3Ba 32 H30J1allMd Ha MPOBOAHHULM U APYTH NETAi/IH, KOMTO
pa®oTAT NMPH HUCKOYECTOTHHU EJIEKTPUYECKH MOJIETA.

Tabnuua 2.6
OCHOBHH CBOMCTBAa Ha HAKOM HUCKOYECTOTHH MOJIMMEPHH OHENIeKTPHIIH

[TonuBHHUII-
XJIOpH]I

[Tonuernnen-
Tepedranar

. [Tomukapbo-
CaolicTBa po

JlwenexkTpuyHa NpoHMIIAEMOCT

TaHreHc Ha Brojia Ha IUENCKTPHYHHTE

3aryou npu 50 Hz

Ob6emHO cneuuGuyHO CHIPOTHBIICHHE,
Qm

Auenexkrpuyna skoct, MV/m
(nebenmna Ha obpaseua 3 mm)

| 0,001+0,005

—

0,08+0,15

e —

10°+10" 10"

12+40

16

- OCHOBHHMTE CBOWCTBAa Ha TMOJHUBHHWIXJIOPHIA Ca IMOCOYEHH B Tabm. 2.6.
JKHOCTTa OKa3Ba cnabo BIMAHHE BBPXY 00EMHOTO crielH(HYHO CHIPOTHBIIE-
. 4O PA3KO HAMANsABa MOBBPXHOCTHOTO CHIIPOTHBJICHHE MOPAIH MOJISPHOCTTA
yarepraia. YCTOHYHB € Ha BOJA, OCHOBH, pa3spe/ieHH KHCEIMHM, Macia, GeH3HH
.upT. IIpH 061BpuUBaHE Ce MOMy4aBaT BHTPELIHH MEXaHHYHH HANPEXKEHHS U Ma-
HaBT CE BTBBP/ABA.

IHoaukapbornamuvm ce NIPOM3BEXA B MHOIO PasHOBHIHOCTH, Taka ye Tpso-
_ — ce FoBOPH 3a rpyna OT MaTepHalid, U3BECTHH KaTo nonukapbonatu. Te ca
SBp/H, CbC CTAGHIIHH T€OMETPHYHH Pa3MEPH, TEXHONIOTHYHH H ¢ 10ODPH eNeKTpH-
;oki napameTpH (Tabxn. 2.6), KOEeTo I NpaBu OTIMYHH 33 H3PaGOTBAHETO HA KOp-
yoH 32 EJIEKTPOHHH enleMeHTH. Hail-nofie3HuTe KauecTBa Ha Tasu rpyna MaTepHa-
§ ca BHCOKaTa TOIUIOYCTOHYMBOCT, pa3MepHata crabunHoct, ao6pure
sSKTPUYECKH TIapaMeTpH, caMo3aracsBalllUTe CE€ CBOMCTBA ¥ M3KIIOYHMTETHATA
{@HU4HA AKOCT, KOATO MOHAKOra Ce CpaBHABA C Ta3H HA HAKOM METAlH M Mpe-
(0 BCHYKH OCTaHa/IM NMOJIMMEpH. YeCcTOTHAaTa ¥ TeMIepaTypHaTa 3aBHCH-
oT Ha € U tg0 Ha noiukapboHAT ca MoKa3aHH ChOTBETHO Ha ¢ur. 2.40 a u 6. Ot
, 240 a crapa sCHO, Ye NoaMKapOOHATHT ce u3non3Ba 10 okono 1 MHz, 3amo-
faJl Ta3H YE€CTOTA PA3KO HApacTBaT 3arybuTe ¥ HamasnsBa JAWENEKTPUYHATA NpO-
1 | OGT.

X0 1E

tgd.10’ tg5.10’
ET tgd e 3
33t 12 . 33} 12 :
110 -
3,11 8 3,1f8
6 -6
2.9 ; 2,9+ 4 tgd
2
e ., gl =V, .
- 100 10° 10° 10° 10"f Hz 25 50 75 100 150 125 T°C
a 6
Duez, 2.40

- Hoauemunenmepegpmananom e nonyaun Muoro IIMPOKO MPHUIIOKEHHE BHB

Ha ThHKa JICHTa, M3BECTHA y HAaC C THProBCKOTO HaHMEHOBAHWE Xocmagar.

PPHAT Bananc Mexy eTeKTPHYECKH W MEXaHWYHH CBOMCTBA MPABH TO3H MaTe-
M us
1 H3M0/13BaH B €JIEKTPOHHUKATA.

~ XoctadanbT npuTekaBa HIKTIOUHTENHO BUCOKA AMENEKTPHYHA SKOCT (B
80 MV/m na nenta ¢ neGenuna 25 m) u BHCOKa MeXaHHYHA SKOCT. 3ana3sa
_"“IBaTa cu B TemnepatypeH HHTepBan -60++150 °C u He crapee. Moske 1a ce
= 13Hpa, KOETO 3a€IHO C OTIIUYHHUTE E€NEKTPHYECKH napaMeTpH ro npaBH OCO-
. VAXOLIL 32 THENEKTPUK Ha KoHAeH3aTopH. [Tpou3Bexkaa ce B HAKOKO pa3-
WOCTH ¢ nebenuna ot 4 um 10 350 pm.
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2.7. ENEKTPOU3ONALMOHHU KOMMAYHOU U NAKOBE

2.7.1. KomnayHuau

KoMnayHabsT € Maca 3a 3aJlMBaHE€ WM HMMIpPErHHpaHe C LEeJ 3aUlMTa oT
oKoOJIHaTa cpena. B MomeHTa Ha ymorpebaTta ce HaMHpa B TEYHO ChCTOSHME U Ce
BTBBP/ABA NPH OXJIXK/IaHE MJIM BCIECACTBHE HA XUMHYECKH npoliec. KoMnayHaure
MOTAT /1a CAYXKaT 3a KOPIYyCHpPaHe Ha JIETalJIu. 3a NMpeLeHKa Ha Ka4ecTBaTa UM oT
rJelHa ToYKa Ha ynorpedata UM rojigMo 3Ha4Ye€HHE WMa CTENEeHTa Ha CBUBAHE Wy
BTBBpAsBaHe. OOMKHOBEHO KOMIAyHIAMUTE C TOMJIO BTBBP/ASABAHE CE€ CBUBAT IOBEYe
OT T€3H ChC CTY/IEHO BTBBpAsBaHe. KauecTBeHHTE KOMMayH/IH TpAOBa 1a UMaT Bu-
COKO H30JIALIHOHHO CHIIPOTHBIIEHHE, MAJIKU JMENEKTPUYHU 3aryOM M Majika Jue-
JIEKTPUYHA MPOHHULAEMOCT. 3a OCHI'YpsABaHE Ha KayeCTBEHA 3alllHTa OT OKOJIHATa
cpena Te TpAbBa 1a ca BIArOHENpPOHMIAEMH, [1a UMAT HeoDXoauMaTa MeXaHWYHa
SIKOCT M aJIXE3HA.

Haii-pasnpocTpaHeHH B €JIEKTPOHMKATa Ca KOMIAyHAMTE, M3paboTeHH Ha
OCHOBAaTa Ha TEPMOPEAKTHBHH MOJIUMEPHH JHEICKTPHIIH.

Enokcuonume xomnaynou ca €HA OT HaW-pasNpOCTPAHEHUTE MaTepHallu
3a KOPIyCHpPaHe ¥ 3aJMBaHE B eJeKTpoHHKaTa. [lony4aBar ce OT enOKCHAHH CMOJIH
M pasiu4yHU MHJIHUTENU. ENOKCHAHHTE CMOJH Ca TEPMOPEAKTHBHH MOJIHMEpH.
[TpousBex/aaT ce B IIHPOK CNEKTbP OT Pa3fMYHH CbCTaBH. bUBAT TE€YHH, TBHP/H
MJIH Ha npax. B u3X0QHO ChCTOAHHE Ca OT JIEKH TEYHOCTH /10 I'bCTH MMACTH, a ClIEN
BTBBP/SBAHE — OT €laCTHYHHU 10 TBBPAHM BellecTBa. BTBHpAsABAHETO CTaBa 4pe3
BTBBPAMTEJ W/HIIH HarpsABaHe.

tgo )
10 \
5 100 Hz 0¢ g "l
ni 60 °C; 95% RH
: 10’ Hz 10
05 | 10* Hz 10°F
g-.
0.1 10
005¢F 10° F
0,01 A 10’ A . . .
2550 100 150 200 7 °C 0 1020 30 i zme
a 6
Due. 2.41

OCHOBHHTE CBOMCTBa Ha €MOKCHIHUTE KOMMAyH/IH C 1Ba BUJa ITBJIHUTEJIH Ca
naneHu B Tabn. 2.10. MexaHHYHHUTE U €IEKTPUUYECKHUTE UM CBOMCTBA Ca MHOIO CTa-
OMIIHM BBB BJIaXKHA CPeAa M 3aBUCAT OT M3MOJ3BAHMUTE B KOMIMAayHa NBIHUTENI —
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LKJIO, KallMeB KapOOHAT, CHIIMLMEB JBYOKHC, CII0JA W [APYTM MHHEDAIHH Be-
ecTBa. OT maHHKTE B Tabn. 2.7 ¥ OT 3aBUCMMOCTTA Ha {gd OT YecToTaTa U TeMIle-
ATVDATA (dur. 2.41 a) ce BuK/Ia, Y€ CMNOKCHAHHUTE KOMIIAYH/IH CA HUCKOYECTOTHH
yeneKTPHIIH. 3aBUCMMOCTTa OT (ur. 2.41 6 10Ka3Ba, Ye M30NALMOHHOTO CHIIPO-

.".1'1 T

~uBJEHHE HAMaJABa Clie/l MPOABKMTENHO HU3nHTBaHe npu Temrneparypa 60 °C u

o=

HTHOCHTEITHA BIIAXKHOCT 95 %.
' |
Tabnuua 2.7

(OCHOBHHU CBOHMCTBA Ha €MOKCUIHH KOMNAYH/IH

[I'sHHTEN

Co¥icTBa -

B CTHKJIEHA ThKaH MUHEpAJIEH
1 eNIEKTPHHHA MPOHHLIAEMOCT 4+5 4+5

] _mlchHtIHa skocT, MV/m l (35 14
(aebenmnua Ha oOpasena 3 mm) :

| i , KOe(hMILIMEHT Ha JIMH. pa3iix-

xlﬁ? v ’ [1+30 24+50
7 f;.- -HI.IHEHT Ha TOTUIONPOBOHOCT, | 1

g g 0,3+0,4 0,3+0,75
| - IOTIOrIbIIaeMOCT, % dadk

-.~_+-: 24 h npecTo# BEB BOJIA) 0,05+0,0095 i

-r'!

- EnmokcugHHTE KOMIAyHAH MAIKO CE CBHBAT CJiell BIBbpASBaHe, HMaT 106pa
eTabMIHOCT Ha reOMETPHYHHTE Pa3MepH M ca ¢ roisiMa aaxesus. M3momssar ce 3a
3alMBaHe W KoprycupaHe. EMOKCHAHMTE CMOJIM HaMHMpPaT MPHJIOXKEHHE NPH H3pa-
OTBAHETO HA JIAKOBE H JICMHMIIA.
 Cuhuyuesoopzanuunume (CUNUKOHOGU) CMOAU CHIBDKAT B MOJEKYJaTa
CH CHIIOKCAaHOBA I'pyIia, YUATO Bpb3Ka € 0COOEHO yCTOHYMBA, MOPaJH KOETO TE Ca C
BHCOKA TOMJIO-, CTY/I0- H BJIarOyCTOHYMBOCT M ca XUMHuYeckH uHepTHHU. [IpescTas-
IIBAaT TEPMOPEAKTHBHH MAaTEpHald, KOMTO B M3XOQHO CLCTOSIHHE Ca TEYHH WIIH
' 005]')3,31-114 Cnen noaumepusaums morat aa ObgaT enacTHYHH (KaydoKOIo-
id) win TBbpAM. CBoOMCTBAaTA HAa HAKOM CHJIMKOHOBH KOMIIAYH/M Ca NA[CHU B
1. 2.8. KaTo mbJIHUTENN Ce U3MO0JI3BAT CTHKIIO MJIH MHHEPAIHH NIPOAYKTH.

a28

[IsHuTEN
CTBHKJI. ThKaH




[TenuuTen

CsolicTBa — -
MHHEpAaJieH

Temn. koepuumueHT Ha THHEHAHO pa3iiy-
penne x10°, °C™'

KoeduuneHnT Ha TONIonpoBoHOCT,

W/m.°C 3,5+3,6 9
Bononorasmaemoct, % ' ' '
(cnen 24 h npectToi BbB BOJA) 0,05+0,20 0,10+0,12

Haii-Ba)KHUTE KayeCTBa Ha CHJIMKOHOBMTE KOMIAYHIM OT IJIEAHA TOuKa Ha
M3I10JI3BAHETO MM B ENIEKTPOHHKATA €A OTIMYHHTE UM EJIEKTPUYECKH CBOHCTBA, k.
MTO CE 3aMa3sBaT CPABHUTENHO MOCTOSHHH NPH NPOMSHA HA YECTOTATa H TeMepa.
TypaTa. Te3n KOMNayHAH MMAaT MHOTO BHCOKA TOIUIOYCTOWYHBOCT — rOpHa rpa-

HUYHa paboTHa Temneparypa ot 250 °C no 350 °C u BHCOKa TOMIONPOBOAHOCT.
CHIMUHEBOOPraHHYHUTE CMOJIM CE M3MOMN3BAT M 3a IUIACTMAcH, JIAKoBe
KOMITAyH/IH.

2.7.2. EneKTpoH30/JallHOHHH JIAKOBE

[TouMepHuTe NaKOBE MPEACTABIABAT MONMMEPEH MaTepHal, Pa3sTBOPEH B
nozaxozasAuy pasrsopuren. Cie HaHaCsIHE HA 1aKa Pa3TBOPHTEIIAT Ce U3MapsABa H Ce
o0Opa3yBa THHBK IMOJMMEPEH CJIOH, YMATO OCHOBHA 3a/1aya € /1a 3all1TaBa MOBBPX-
HOCTTa OT BJIMSHHETO Ha OKOJIHATa Ccpeja.

EnexTpuyeckuTe CBOACTBA Ha lakoBeTe ca MOAOOHH HA TE€3M HA KOMIAYH/IH-
T€, 3alI0TO MOBEYETO JAKOBE Ca CH3AAaJACHHU Ha Da3ara Ha CBHIIUTE MOJUMEPHH Ma-
Teprani. OCTaHaIMTE CBOMCTBA, KATO YCTOHYHBOCT HA XHMHKAJIH, PA3TBOPHTEH H
OKOJIHMTE YCIIOBHS, CbLIO ca NOAOOHH Ha Te3u Ha obemuuTe monumepu. Jlakosere
CE XapaKTepH3UpaT U C HAKOH THITHYHU CBOMCTBA, KATO aXE3Usl, BUCKO3HTET, Bh3-
MOJXHOCT 32 HaHacsiHe Ha ThHBK CJIOH, MbBKaBOCT, BlaronpoHunaemMoct. Hanuuue-
TO Ha JIETJIMB Pa3TBOPHTEI B JlaKa O3HAYaBa, Y€ JIAKOBUAT CIIOH € MOphO3eH KaTo
pe3yaTaT Ha W3MapsABaHETO Ha Pa3TBOPHUTE.

[Tpn u3bopa Ha naneH €NeKTPOM30JALMOHEH J1aK OT 3HAYEHHE € TOYHOTO
MO3HABAHE HA EJIEKTPHYECKUA PEKMM Ha paboTa W eKCIUIOATAllHOHHHUTE YCIIOBHS.
Hanpumep 3a pabora B cpezia ¢ BHCOKa BIaXXHOCT BaXKHH Ca CBOJCTBATa BIIaromnpo-
HHLIAEMOCT M YHUCTOTA (HaH-BeYe OT €IEKTPOIUTH), a 3a paboTa NPH BUCOKA TeMIIE-
paTypa — BaXKHH ca TeMIlepaTypara Ha pa3MeKBaHe H XMMHYeCKaTa CTaGHIIHOCT.

EnexTpoH30/1allHOHHHTE JIAKOBE Ca €BTHHO M TEXHOJIOTMYHO CPEACTBO 34
KJIMMaTHYHA 3aIlMTa, MOPaJH KOETO HAaMHpaT pa3Hoobpa3Ho npunoxkenue. CBoiic-
TBaTa Ha HAKOH €JIEKTPOH30JAaLlMOHHHM JIaKOBe ca JjajeHH B Tabi. 2.9.

Enekmpousonayuonnu naxose 3a newamnu naamxu, IlocnenHara onepa-
s OT MPOM3BOACTBOTO Ha MNMEYAaTHH TUIATKH € MOKPHBAHE C JIaK, YHATO 3a/1aya ©
3aIHTa OT KOPO3HA H M0 TO3H HaYMH MOBHIUABaHE HAa HaAexXAHOCTTA. [IpH mpo-
AbJDKHTENHA paboTa Ha mMeyaTHaTa IUIATKa B YCJIOBMA HA TMOBHMILNEHA BJIAXKHOCT B
HEMOKPHTHTE C JIaK IUIATKH CE€ MOJy4YaBa CHJIHO HaMaJisBaHE HAa W30JALHOHHOTO
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JTUBJICHHE, KBCH CHEIMHEHHS MEXIy NeYaTHHUTE NMPOBOAHMLUM H KOpO3Ws.
a[I0/3BAHUTE JIAKOBE 3a MEYaTHH IUIATKU Ca MOJHYPETAHOBHTE, €NOKCHAHMN-
G IHKOHOBHTE M MOTMCTHPONHHTE. M300pBT MM 3aBHCH OT €KCIUIOATALIHOHHH-
OBMA: 32 TIOBUILIEHA TEMIIEpPaTypa — CHIMKOHOBH, 3a MOBHIICHA BIAXKHOCT —
CCUTTHH.

q0nuLad 2.9

wOBHM CBOMCTBA HAa HAKOM €JIEKTPOH30JIALHOHHH JIAKOBE

: eKTPHYHA IPOHALIAEMOCT 3,4+3,8 2,4+2,6 3,0+4,2
. _:; eHC HA BIbJIa Ha 3aryouTe 0,01+0,03 (1+5).107* (1+8).107°
- dmuHO 00eMHO CBIIPOTHBIIE- n 10'5+10" 10'2+10"
e,
::_ -"":*"’- sgkTpHUYHA AKocT, MV/m 26+30 20+28 22
Tomnoycroiiunoct, °C 200 60+85 260

g
PaznuuasaT ce TpH Pyl JJAaKOBE 32 NMeYaTHH IJIATKU:

— ¢ 061110 TTpeAHa3HAYEHUE — ENOKCHIIHHM 1 MOJIMYPETAHOBH;
= C MOBHIIECHA TOIUIOYCTOHYHUBOCT — CHJIHKOHOBH;

. — C MQJIKH JIHENEKTPHYHHU 3aryOu — MOTHCTHPOIIHH.
~ Ilpu u3n0/13BaHETO HA IPYNOBH METOMIM 3a 3aM0sBaHE HA CIEMEHTHTE BbPXY

MeYaTHaTa IUiaTKa [MOHAKOra Ce Hajara OnpeleeHH MecTa OT IUlaTkara ja ce 3a-
HIMTABAT OT NMPHIION — HAMPUMEp MPH MHOTO MAJIKU Pa3CTOAHHA MEXAY NMEYaTHUTE

[IPOBOJIHHMIIA MM OTIACHOCT OT MOJy4aBaHe Ha “MOCTYeTa” MexAy TAX. 3a nosobHa

3aIMTA Ce HaHACsA MAacKa OT JaK (conaep-Macka), KOWTO TpaOBa Aa u31bpika Ha BU-
COKa TeMmepaTypa (TemnepaTypara Ha pa3ToneHus npunoi). Hak-4yecro ce usnon-
3BaT enokcungHuTe jakose. TpsbBa ma ce uMa mpeasu obaye TAXHATA rojisiMa
‘AlIXe3MOHHA crocOOHOCT, 3a110TO MMOBEYETO METO/IM 32 NMPEMaxXBaHE Ha Jlaka Morar

A IpeU3BUKAT MOBpE/Ia Ha NeYaTHaTa IlaTKa MK Ha evYaTHaTa cxema.

I JlakoBe 3a ThHKOCJIOHHH M 1e0e/I0C/I0iHH HHTerpaJIHi CXeMH. 3alurarTa
HA CiIOiiHMTE MHTErPAHU CXEMH OT OKOJNIHATa Cpeja MOXeE Jla C€ OCHIIECTBH C Ja-
KOBO mokputHe (che unu Ge3 cneasaio Kopmycupade). Huckara neHa ¥ TeXHOJO-

- THYHOCTTa Ha TaKOBOTO MOKPHTHUE BOJM 110 MOCBTHHABAHE HA HHTErpajiHaTa CXEMa

H 3aTOBa, aKO GKCII0ATALlHOHHHMTE YCIIOBHUS MO3BOJIABAT, TO3H METOI € MPENnops-

SHTeneH. Ilpy M3MoA3BaHETO HA OPraHUYHM JIAKOBE CE Hajara a c€ npoBepH ChB-
‘MECTHMOCTT2 UM C €JIeMEHTHTE Ha MHTerpasHata cxema. CbBMECTHMOCTTA C€ Ofl-

Pezens ypes:

| 1. OueHka Ha U3MEHEHUATA HA EJCKTPUHUYECKHUTE MapaMeTpH MpEeau U Clel
10KpHBaHETO C JIaK M Clie] KJIMMATHUYHH M3MUTBAHHUA, KaTO LMKJIWYHH TEMIiepa-

‘PHH HAaTOBapBaHHA U BIIAXKHOCT.
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2. OnpenensaHe HA aJIXe3UATA HA JlaKa KbM MOMJIOXKKATa U APYTHTE MaTePHa.

71, yyacTBallld B CXemara.
3. [IpoBepKa Ha KOpPO3WATAa HA METAIHHUTE TIOBLPXHOCTH 4Ype3 MPOIBIIKH.

TEJTHH WK YCKOPEHH U3ITUTBAHUSA.

KoprycHpaHETO € MOJMMEPHH KOMIAYHIH HAH-YECTO € MPHAPYKEHO g
NpEeNBApUTE/IHO JIaKMpaHe Ha MHTEerpajHara cxema. To3u JakoB CiOH, Hapuugy
“BBTPELICH , “TperpajeH” MM “ChbeAUHHUTENEH ’, CIYKH Ja NMpHaaae INOIbJIHUTE)).
Ha BHOpALMOHHA YCTOHYHBOCT HA IPAJIMBHUTE E€JEMEHTH C MAaJIKH TE€OMETPHuny
pasMepy W Ha TBHKHTE CHCMHHUTEJIHH MPOBOAHHMLIM HAa MHTErpajHaTa cXema; na
MOEMe MEXAHWYHHUTE HATOBapBaHWA, BH3HUKBAIIM 10 BPEME HA KOPIYCHPAHETO ¢
ropeuius KOMnayHja H CIelBallOoTO U3CTHBAHE KAaTO PE3YyJITAT OT Pa3IHUHUTE Tey.
nepaTypHH KOe(QHULIHEHTH Ha JIMHEHHO pa3lIHPEHHE HA KOMIAayH/a U IMOJUI0JKKaTa;
Jia 3alUMTH MHTErpajgHaTa CXeMa OT UHKJIHYHH TEMNEepPaTypHH HATOBapBaHUs j
TEMIIEpAaTypPHH YyAapH; Ja NpHAaAe NONBJIHUTEIHA KJIMMATHYHA 3alllMT4 ¥ J1a OCH-
TYpH JIOMMbJIHHTEHA €JIEKTPOH30JlallHOHHAa OapHepa cpelly KbCH CheIMHEHMS o
MOBbPXHOCTTa HAa MHTErpajHara cxema. JIakOBHAT CJI0H MOXe Ia OKaxXke Bpe.Ho
BIUSHHE BBPXY KayeCTBOTO M HANEKAHOCTTA HAa MHTErpajHaTa CXema, ako He e
NOCTaThYHO YMCT U HE € OCHI'YpEeHa CbBMECTHMMOCT Ha MaTepHaIUTE M alXe3us,
Hanpumep npumecuTe npeAM3BUKBAT KOPO3Hs, KOATO HAMAJIABa aJIXe3UATa, a TH Ha
CBOM pel HaMaJisBa Bjaro3alurara.

[ToBeueTo €NEKTPOU30JALMOHHH “TIperpaaHu” U “CheIMHUTENHN" JTaKOBE ca
Ha 0Oazara Ha CHJIMLHEBOOPraHWYHH CMOJH. OCBEH OTIMYHHTE €IEKTPHYECKH H
MEXaHHYHH CBOMCTBA Ha TE3H JIaKoBe TPsAOBa Ja ce moadepTae U rojsMara UM Ton-
JONMPOBOAHOCT, KOATO 3a€QHO C €JaCTHYHOCTTA UM T MPABH TPYJIHO 3aMEHHMH 34
MOA0OHH NMPHUIIOKEHHS.

2.8. HEOPIr'AHWYHU OUETNEKTPUYHU MATEPUAITU

Heopranu4yHHUTE NHENEKTPHLM TMPEACTABAABAT rofiiMa rpyna pasHOpPO/IHH
MaTepHaii ¢ pa3sHooOpa3HH CBOHCTBA. B 3aBHCHMOCT OT CTPYKTYpPHHTE UM 0cobe-
HOCTH T€ OMBAT: KEPAMHKH ¥ CTHKJIA, 2 B 3aBUCUMOCT OT IMPHIIOKEHHETO UM — U30-
JIATOPHHU U KOHJEH3aTOPHHU AUEIEKTPHIIM.

W301aTOpHATE NUENEKTPHLM C€ yNOoTpeOSBaT 3a MOHTAX HA €JIEMEHTH, YHH-
TO MOTEHUHAN € OTJIHYEH OT HYJIa, ¥ 3aTOBA CE€ HAPHUYAT OIUE MOHMANCHU Ouenexm-
puunu mamepuanu. HeobXoauMo € 1a UMaT Majka JAHeeKTPHYHA NPOHULIAEMOCT,
3al0TO Y4acTBaT BB (DOPMHUPAHETO Ha MApa3sHTEeH KanauuTeT, KOUTO ocobeno np
BHCOKH YECTOTH € 3a/TbJDKHTENIHO J1a ObJIE 10 Bh3MOXKHOCT MO-MaThK.

Konznensaropuure auenekTpuud TpabBa Ja MMaT roasMma AMeIeKTpHYHA

[IPOHHLACMOCT, 34 J1a CC INOJIYYH IroJIsiM KanauuTeT NMpH MaJIKH reOMETPHYHHU pas-
MCPH Ha KOHZEH3aTopa.

2.8.1. Kepamuku

Benukn KepaMHKM NPUTEKABAT TPU CTPYKTYPHH a3k — kpucTaiHa, amopd-
Ha (cThKJeHa) M razoea. Kpucrannara da3a (XMMHUYECKH ChEIMHEHHMS MM TEXHHTE
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[BBPAY Pa3TBOPH) OMpeJes B Hai-rojisima CTENEH EJIEKTPHYECKHTE CBOHCTBA HA
vepamukaTa. AMopdHaTa (paza npeAcTaBasBa CTHKIJIO, KOETO CBHP3Ba KpUCTAlIHATA
W ompenens TEXHOJOTHYHMTE CBOHCTBA Ha Kepamukara. ['asosara ¢asa ce
qojydaBa KaTo CJIEJICTBHE HAa TEXHOJOTHATA HA MOJyYaBAHE HA TE3W MaTepHaly
(kepamuuHa TexHonorus). Ts NPeM3BUKBA HAMANABAHE HA MEXaHMYHATA W M-
JeKTpMYHATA AKOCT W YBEIHYABAHE HA JMENEKTPHYHHTE 3aryOM MpH MO-BHCOKH
ganpeXeHHs OT HOHM3aUMATA Ha ra3a. [To Te3u npuYMHH ra3oBaTa (pasa € Hexela-
a | CTPEMEXBT € Ja Ce NMPOM3BEKIAT KEPAMHKH ¢ MHHMMAIHO ChIbpXKaHHE Ha
a3, iMa 0Oaye ¥ KepaMHKH, KOUTO CIELHATHO CE MPOM3BEXKAAT C rOJIAMO CHABP-
xaHue Ha razosa (asza W ce HapuyaT nopecmu. Te NpuUTEKABAT OTHOCHTENHA JHe-
jeKTpH4Ha MPOHMIIaeMOCT, 61M3Ka 10 Tasu Ha Bb3JlyXa, M Ce M3MOJ3BAT 3a U3pa-

S0TBAHETO HAa OCHOBH 3a PE3MCTOPH C LEN Ja € MOJy4Yd MHHHMAJICH Napa3suTeH

J'\_

ganauMTCT.

b KakTo ¥ OCTaHAJIMTE JHEJIEKTPHYHU MaTEpHald, NMpeJIHa3HAY€HH 3a CJICKT-
DOHMKATA, KEpAMHKHTE TPAOBA /1@ MMAT JOCTaThYHA JMEICKTPHYHA AKOCT, MaJKH
AHeNeKTPHYHM 3aryOn U MEXaHWYHH CBOMCTBA, CHOOPA3CHH C EKCIUIOATALMOHHHUTE

YCJIOBHA.
M3onaTopHHTE KEpaMHUKH OCBEH M30poeHHTe CBOMCTBA TpAOBa Na MpUTEXkKa-

BaT MAJKa AMEeKTPUYHA NpoHunaeMocT (€, < 12). CBoiicTBaTa Ha HAKOH KEpPaMH-
Ku ca naaeHu B tadn. 2.10.

|
Tabnuua 2.10
CBolicTBa Ha HAKOW W30JIATOPHH KEPAMHKH

ATyMHHO- bepunueso-
CaolicTBa Clatimi OKCH/IHA OKCH/IHA
KepaMHKa
KepaMMKa KepaMHKa
JlHenexkTpuyHa POHNLIAEMOCT 6.0+7.0 9.0 6,8
Tanrenc Ha Brbjia Ha AUENEKTPHYHNTE 348 1 3
3ary6u npu 1 MHz, x10*
iy -
Cr euudrYHO 00EMHO CBIIPOTHBIIE 109510 102 103
Hue, Qm
JHuenexrpuuna sixoct, MV/m 20+30 36 33
| SPHIMEHT HA TOMNJIOMPOBOAHOCT, 3 18 520
L W/m.°C

i Cmeamumosama kepamuxka ¢ ot cucremata Mg0O.Al;,04.510,. Ta uma mai-
KH JueNneKTpHYHH 3ary6u M ce W3MoJi3Ba 3a u3paboTBaHe Ha JETaiaM 3a MpOMeH-
JIMBY KOHIEH3AaTOpH, Tesia 3a 000MHHM, LIOKJIM 3a eNeKTPOBAKYYMHH JIaMIIH M JIp.
Tesu neraiinu ce NPOM3BEKIAT C MAIKH Pa3MEPHHU JIOMYCKH.

Aaymunookcudnama Kepamuka cbabpxa BHCOK nmpoueHT Al,Oz — ot 85%
210 99 8 %. bnaronapeHue Ha OTIHYHHTE EIEKTPUYECKH, MEXaHHYHH H TOMJIHHHH
CBOlicTBa Ta3W KepaMHKa HAMHUPA LIMPOKO MPHIIOKEHHE B €JIEKTPOHHKATA — 3a JIe-

i J

Taiinun na CBY ycrtpoiicTBa, 3a NOAJO0KKH Ha XHOPHIAHH MHTETPAJTHH CXEMH H JIP.
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bepunueeookcuonama Kepamuka TPHTEKABA MHOTO BHCOKO H30JALMOHHO
CBIPOTHBJICHHE M M3KIIOYHTENHO rojiiMa TOMIONpoBoaHocT (Tadn. 2.10). IMpu

crarHa TeMIEparypa KDE(I)HL[HEHTBT Ha TOTUIONPOBOAHOCT € MOYTH HArnoJIOBUHATA
Ha TO3H HA META.

M3HCKBaHUATA KbM KOH/ICH3aTODHH KEPAMMKH Ca CHILHTE KAKTO KBM H30J1a-
TOPHHTE KEPAMHUKH, C HM3K/IIOYCHHE HA IHUEJIEKTPHYHATA MPOHHLAEMOCT, KOSTO
TpAOBa J1a OB/Ie KOJIKOTO € Bb3MOXKHO Mo-rossma. U3secTHo e, ye AUEJIEKTPHYHUTE
MaTepHaii, B KOMTO ce HaldiioJaBa CMOHTaHHA MOJAPH3ALMA, MPHTEKABA MHOIO

BUCOKa JHeNEKTpU4Ha npoHuuaemoct (t1.2.1.3). Kepamuku ¢ Takaa MOJIApHU3aLIKs
C€ HApPHYAT Ce2HemoKepamuKu.

3a kauyecTBaTa Ha KEPAMHYHUTE KOHJEH3aTOPH OT 3HAYEHHE € TEMITEpaTyp-
HUAT KOCQHLHCHT HA JHENEKTPHYHATA MPOHULIAEMOCT Of. KoHIeH3aTopHHTE Ke-
PaMHKH €€ NMPOHM3BEXKIAT B MHOIO PasHOBHIHOCTH, MOPaJH KOETO Ce€ IPYIHUpPAT B
3aBHCHMOCT OT CTOHHOCTTa M TEMNEPATYPHUAT KOeDHLMEHT HA JUENEKTPHYHATA
MPOHHUIIAEMOCT, KaKTO CJIe/Ba:

— Kepamuku ¢ BUCOKa MeeKTPHYHA IPOHMLIAEMOCT M OTPHLIATE/EH TEMITE-
paTypeH KOe(QULMEHT Ha AHENCKTPUYHATA MIPOHHLIAeMOCT (0O < 0).

— KepamMuku ¢ HUCKH CTOMHOCTH Ha JMEIEKTPUYHATA MIPOHHLAEMOCT H TEM-
MEPATYPHUAT KOCQHULHEHT HA IMEJNEKTPHYHATA NPOHMLAEMOCT. JIMeNneKTpHYHAaTa
MPOHHULAEMOCT Ha TE3H KepaMHKH MMa CTOHHOCTH OT 12 110 25, a 0. MOXe 1a 616
OTPHLIATENIEH WM MOJNOXKUTENEH — O = (-50 + +30).107% °C~!,

CBoMCTBATa HA HAKOH KOHJICH3aTOPHU KEpaMHMKM ca JaJCHM ca NaleHH B
Tabn. 2.11.

Tabauua 2.11
OcHOBHH CBO#CTBa Ha HAKOH KOHIEH3aTOPHU KEPAMHKH

Turano-
HHPKOHHE-
Ba K€paMH-

Ka

[IepoBckHu-
TOBa Kepa-
MHKa

CTaHaTHa
KepaMHKa

Pytunosa

KepaMHKa

CBoiicTBa

JlueneKTpuiuHa npoHuIIaeMoCT

Temi. koepHuUHEHT HA AHIEKT-
puuHara nposuuaemoct x10°, °C™!

TaHreHc Ha vrujla Ha AMEIEKTPUY-
HuTe 3aryou npu 1 MHz x10°

JlunexktpudHa skoct, MV/m

Crneunduyno o6eMHO CHIPOTHB-
neHue, 2m

Temneparypen koedunueHT Ha
JIMHEHHO pa3llHpeHue x108, °C"-!
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Cernerokepamukara ce nonydasa Ha ocHoBara Ha Gapues Turanar (BaTiO;).
aHU3MBT Ha nojspusauuara Ha BaTiO; € pasrienan B 1.2.1.3. YecroTHuTe 32-
{CUMOCTH Ha JMEJEKTPHUHATA MPOHMULAEMOCT ¥ NHENIEKTPHYHHTE 3aryOu ca mno-
¥ Ha ¢ur. 2.42 a u 6 croTrBeTHO. BHK/a ce, Ye AUeIeKTpUYHUTE 3arybun oco-
GeHO TpU TMO-BHCOKH 4ectoTH ca roneMu. Ilopaam snomenHara crpykrypa Ha
| cerHETOJMENIENIEKTPHUHMTE JHEIECKTPHYHATA MPOHHLAEMOCT CHIHO 3aBHCH OT TeM-

epaTypara, T.c. Te3H MaTepHall UMAaT rojiiMa TeMNepaTypHa HeCTabHIIHOCT.

o | tgd A
1500 ik
1000 [ 0,1 |
500 |- 0,01F
U. I 1 | 1 1 1 1 1 -_ 0‘001 L 1 1 1 [l [ i
10° 10° 100 10" 10" f Hz 10° 10° 10 10" 10" £, Hz
a o
. Duez. 2.42
K
2.8.2. Ctbkia
~ Crekiara NMPEACTABIABAT CIO0XHH CHCTEMH OT CThKIooOpazysauu (SiO,,

'-’3103, P,0Os) u apyru okcuau (Na,O, K,0, CaO, BaO, PbO, ZnO, Al,O; u ap.).
" OCHOBHA YACT HA IOBEYETO TEXHUYECKH CTHKIA € SiO,, Nnopaau KOETO TE€ C€ HapH-
- yar cuauxamnu. CBOMCTBATA HA CTHKJIATA CE MPOMEHSAT C H3MEHEHHE Ha ChCTAaBa HA
- OKCHAMTE — QUEJIEKTPHYHATA MPOHULAEMOCT € OT 3,2 3a KBapLIOBOTO CTHKJIO 210 13
38 ANKATHATE U OJIOBHHUTE CTHKIIA (Ha HHKDH OapueBH cThKIA 10 235), auenexrpuq-
ure 3ary6u tgd ce mamensr or 2.107° 3a kBapuoBoTO cTHKIO 10 7.107° 32 HAKOW
{H CTHKJIA, H30JIALIHOHHOTO CHIPOTHUBJIEHHE ChHIIO Bapupa B IIHPOKH I'PaHH-
H — HAKOU CTBHKJIA €A C roJsgMo R...:.(—-l()”' (2m), ApyrH UMaT MaJiko }'?,ﬂl(l'32+10"r
Qm), a Tpetu ca nonynposoaHuiu. Kakto ce BHkIa, Hail-1006pH €NEKTPHYECKH
- CBOMCTBA NMPUTEKABA KBAPLIOBOTO CTHKJIO.
Ankanaure okcuam (Na,O u K;0O) oka3Bat CHIHO BIMSHHE BbPXY €JIEKTPH-
HECKHTE CBOMCTBA Ha CTHKIATa. Y BEIWYABAHETO HA CHABPKAHUETO UM IPEIH3BHK-
4 MIOBUILIABAHE HA JMEJICKTPUYHATA MPOHULAEMOCT W HaMajIsiBaHEe Ha crienuduy-
O0TO cbrnpotuBieHue (¢ur. 2.43 a u 6). BeBexnanero Ha Texku okcuau (BaO,

€ NpeM3BHKBA YBEJIHYaBAHE HAa M30JIALIMOHHOTO CHIIPOTHUBIIEHHE.
CuiMkaTHHTE CTBKIIA, KOUTO ce yrnoTpeOsBaT B €JIEKTPOHHKATA, C€ pa3/IeaT
Ha CieHHTe IpyIu:
1. besankanHu cTbhKIIA (HE ChABPXKAT aJKaNHU OKCHIIH). KBM TIX ce BKIIIOY-
Ba i kBap110BOTO CTHKJIO. HAKOM OT OCHOBHMTE CBOMCTBA HA Ta3M rpyna CTHKIA ca
- Nocoyenn B Tabm. 2.12. Te umar no0pu eneKTpoM30JaMOHHM CBOWCTBA, rojigma

l‘ 10,, PbO) HeyTpanu3kpa B U3BECTHA CTENEH BIMAHHUETO HA ANIKATHHTE OKCHIH M
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TONIOYCTORYMBOCT H HHCHK TeMIepaTypeH KOC(ULIMEHT Ha JIMHEHHO pa3llnpEHHe
(0, Ha KBapLOBOTO CTHKJIO € HaH-MaJIbK U3MEXIY BCHYKH BelllecTBa). Te3u CThKIla

He ca TEXHOJIOTMYHHU — OT TAX TPYJAHO ce u3paboTBart JeTaljiv ChC CI0XKHA NeOMeT-
puyHa GopMa ¥ MAJIKH pasMepPHH Oy CKH.

P, ﬂm‘ ed

10" | 10

12 KJ'O
107 0F
10™ 1 81 Na,0O
Na,O :
10' - 7 r K,O
105 i 1 i 1 - 6 | i 1 L -
0 10 20 30 40 % 0 5 10 15 20 %
a 7]

Quez. 2.43

2. AnkanHu cThKkiaa 0e3 chabp)KaHHE HA TEKKM OKcuaud. MMar mo-Hucka
TOMJIOYCTOHYHBOCT, TEXHOJIOTHYHH €a, HO €JIEKTPOH30/IallHOHHUTE UM CBOMCTBA Ca
BrouieHu (Tabn. 2.12).

3. AIKaJIHHM CTBhKJIA ChC ChABP)KAHHUE HA TEKKH OKCHAMW. T€ ca CPaBHHTEIHO
TEXHOJIOTHYHHU M MMAT eNIEKTPOH30JIallMOHHH CBOHCTBA, MPHOIM3UTENIHO €IHAKBH C

T€3H OT nmbpBa rpyna (tabn. 2.12).

Tabnuua 2.12
OCHOBHHM CBOMCTBA HAa CHJIMKATHH CTHKJIA

AnkanHu cTbkia 6e3 cpabpikKaHne
be3zankai- Ha TEXKH OKCHH

HH CTHKJIA | kanuesu u xanueso-
HATPHEBH

AJIKalHH CThKA
C TEHKH OKCHIH

JuenekTpuyHa npoHuLae-
MOCT

TaureHc Ha bruja Ha a4-
EJIEKTPUYHHUTE 3aryou npu
| MHz, 10°

Crneundnaso o6eMHO
CBITpOTHBIEHUE, 2m (IpH
20 °C)

TemneparypeH KoepHLH-
€HT Ha JIHHEHHO pa3llu-
penne x10° °C™
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CTHKJIA.

B 3aBucumocr ot NPHIOXKEHHETO WM CE€ pasiiyaBaT ChIIO HAKOJIKO TPYIH

Enekmpoeakyymuume cmvkaa ca npeHa3HAuYCHH 3a HanpasaTa Ha GanoHH
3a €JEKTPOBaKyyMHHM jiamnu. Hal-BaXkKHOTO UM CBOMCTBO € TeMMepaTypHUAT KOe-
(PUUMEHT Ha JIMHEHHO pa3lMpeHHe, KOWTO TpsOBa 1a Ob/Je eqHaKbB ¢ TO3M HA Me-
taja Ha u3Boaute. Cnopel TOBAa M3MCKBAaHE Ce pa3juyaBaT [UIATHHOBH [0y =
= (85+92).107" °C™"], monubaenoBn [0y = (46+52).1077 °C~1, BOJIppaMoBH [y =
= (35+42) °C™'], u apyru cThk1a. HauMeHOBaHHETO ce onpeaes He OT ChCTaBa Ha

¢THKJIOTO, @ OT CTOHHOCTTA Ha (. CThKIIaTa, OT KOUTO ce u3paboTBaT eleKTPOHHH
eNEMEHTH M JeTalIu 3a paboTa BbB BHCOKOYECTOTHHM E€NIEKTPOMATHUTHH MOJETa,
TpA0Ba 1a UMAT MAJIKH JIHEJIEKTPHYHU 3aryOu.

H3zonamopnume cmvkna OTrOBapAT Ha CHIIUTE W3MCKBAHMA, KAKTO U H30-
JIATOPHUTE KepaMUKH. M3mos3Bar ce 3a HanpaBaTa Ha NMPOXOAHHM MIIM MOHTAXKHH
n3onaropu. Karo u3zonatopHu ce ynorpebspar 6e3ajKalHUTE CTHKIIA.

Konoenszamopruume cmvkna uMat CBOKCTBA, 110J00HN HA KOHIEH3aTOPHHUTE

KepaMHKH. Ha te3u u3nckBanus OTroBapsAT aJIKaJIHUTE CThKJIA CbC ChABbPXKAHUE Ha
TEXKKH OKHCH.

Cepuesuna

O06BuBKa

BuHIIEH ClI0H

3amurHa
o0BHMBKA

KoeduuuenT na

[pe4yrBaHe
d,=3um n= 1,46
d
d,=40um o lﬁ,‘J n,= 1,454
- LA P
d,=100pum IR i n,= 1,458
Due. 2.44

Cmrokna 3a onmuuecku enaxna. TIpw KOHCTPYHMPAHETO Ha ONTHYECKHTE
BIIbKHA Hal-BaXKHO 3HAUEHHE UMAT KOe()HIMEHTHTE HA MPEYyNBaHe HA CBETIHHATA
MEXly pa3IMuHUTE KOHCTPYKTHBHH €/IEMEHTH, 3aI10TO OT TAX 3aBHCH CBETIHHHMU-
AT b4 1a npeMuHe rojeMy pasctosuus. Ha dur. 2.44 e nokaszana koHCTpyKuHATA
Ha ONTHYECKO BIAKHO W PasNpe/ieIeHHETO Ha KOeDHUHEHTHTE Ha NpevyrBaHe

- Me&xnay ornenHuTe enemeHTH. ChpleBHHATa U OOBUBKATA Ca HanpaBeHH OT MHOTO
YHCTH CTBHKJA, 32 1a C€ HAMAJIH KOJIKOTO € BBh3MOXKHO 3aTHXBAHETO Ha CBETIIMHHHUA
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ne4. U3nckpannsta KbM YHCTOTATa HA BBHIIHUS CJIOH He ca TOJKOBA CTPOTH, HO
KoepHUMEeHTHT Ha npedynBaHe TpAOGBa Ja Obae pasznuuyen ot To3M Ha OOBHBKATA.
BBHIIHUAT ClIOW Cy’kKM 3a YBEJHYaBaHE HAa JHAMETbpPa Ha BIAKHOTO J0 TaKapa
CTENEH, Ye Ja ce MOJy4YH JOCTaThYHAa MEXaHHYHA AKOCT. 3a u3paGoTBAHETO HA Of-
THYECKH BJIaKHa C€ W3IO0/I3BaT HAaTPHEBO-KANIMEBH CHIIMKATHU CThKJIA, 60pocHi)-
KATHO CTBHKJIO, a CBINO M CrulaBeH KBapll. OCBEH CrELHATHUTE U3HCKBAHKS 3a Yyc-
TOTa OT IOJIIMO 3HAYEHHE Ca CTPYKTYPHHUTE NE(PEKTH M SKOCTHHUTE CBONHCTBA Ha
T€3H CTHKJIA.

Cumanume ca NONUKPHUCTAIHM MaTepHaH, 1OJy4YaBaHU Ype3 CTUMYJIMpaHa
KpHCTAIU3aLMsl Ha CThK/IA. 3aeMaT MEXIMHHO MACTO MEXYy CTBKIATa W Kepamu-
kuTe. XapaKkTepU3UpaT ce C MUKPOKPHUCTAJIHA CTPYKTYpa, KOATO HM IIPUIABA [10-
rojsMa IJIbTHOCT, [M0-BHCOKa MEXaHMYHA AKOCT U TOIUIONPOBOAHOCT B CPaBHEHMHe
ChC CTBKJIATA U KEPAMMKHUTE.

Kpucranusauusara ce CTUMYJIMpA 4ype3 KaTanu3aTtopu. B 3aBUCHMOCT OT Tsix
CE pa3juy4aBatr mepmMocumanu i pomocuman.

KpHcTanusauusaTa Ha TEPMOCHTAJIMTE CE U3BBPLIBA 10 BPEME Ha OXJIaXKIaHe,
a Ha (DOTOCHTAJIUTE — B PE3yATaT Ha 00JIbYBAHE HA HArPETHUA MATEPHAJl C YITPaBu-
OJIETOBH JIbYH. XapaKTEPHO 3a YaCTHYHO KPUCTAIM3UpaHUTE 00nacTH Ha oTocu-

TAJIUTE €, Y€ TE Ce pa3TBapAT B pa3peaeHa (ayopoBojaopoaHa kucenuHa (1+1,5%
pasrBop Ha HF) 10+15 et no-66p30 ot HeocBeTreHute obnactu. [1o T03u Hauuy
CE M3BBPILIBA TaKa HAPEYEHOTO homoxumuuno wanyysane, P KOETO CE MOIyya-
BaT JIETAMJIM C MHOIO CJIOXHA (hopma.

['paHuLMTE, B KOUTO CE€ U3MEHAT CBOMCTBATA HA Pa3IMYHHUTE BUJIOBE CHUTAJIH,
ca aajneHu B Tabin. 2.13.

Tabnuua 2.13
OCHDBHH caoiic*raa Ha CUTAJIUTC

JluenekTpuuna npoHuLIaeMocT 4.5+8
Tanrenc Ha Brujia Ha JueNeKTpHYHKTE 3aryou npu 1 MHz (1+80).107°
Crneunduyno o6emMHO corpoTusieHue, Qm 10%+10"
Jluenexkrpuyuna skoct, MV/m 25+80
Tomnnoycroiuusocr, °C 450-+1000
Koeduuuent Ha rornnonposogHoct, W/m. °C 0,8+2,5
Temniepatypen Koe(puUMEHT Ha JIMHENHO pasmupenue, °C ™ (3+100).1077

IIupokusaT oOXBaT OT CTOMHOCTH HAa TEMNEPaTypHHUA KoehHIUUEHT Ha JIH-
HEHHO pa3slIMpEHHE Ha Pas/IMYHUTE CHTAIHM W BHCOKATa TOTUIOMPOBOJIHOCT NpaBAT

TE€3H MaTEepHaIH MOAXOAALLM 32 MOMAJIOKKHA Ha XUOPUAHU THHKOCIOHHH HHTErpal-
HHU CXEMH.
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3. NTPOBOAHUKOBU CBOUCTBA HA MATEPUATTUTE

Ot HanpaseHuTe B T.1.2 K1acu(puKalumu cie/iBa, 4e NpoBOAHWKOBH CBOHCTBA

2kaBaT MaTEPHAIIMTE C MAJIKH CTOMHOCTH Ha CMELH(PUYHOTO CHIIPOTHBJICHHE
1 BCE €IHO, C TOJIEMH CTOMHOCTH Ha crieuuyHaTa NpoOBOAHMOCT O.

[IpoBOAMMOCTTA HAa MaTEpHAIHTE MOXe J1a ObJe eneKTpoHHa H HoHHa. [1po-
B0’ OBHTE MATEPHAIH C eJIEKTPOHHA NIPOBOJIMMOCT C€ HapHYaT OLLUE nPOBOOHU-
w om I poo, a ¢ fionHa — npoeoonuyu om Il pood. Marepuanu ¢ eleKTpOHHA NPo-
C nﬂuuc'r ca METaJluTeé M TEXHUTE CIUIaBH, a C HOHHA MPOBOINUMOCT -
eKTpﬂHHTHTB OT rienHa TOYKAa HAa MPHJIOKEHHE B €JIIEKTPOHHMKATa HHTEpEC

[ I[GT&BHHBET METAJIUTE U TEXHUTE CIUIABH, YUUTO OCHOBHHU CBOMCTBA Ca pasrijie-
A B Ta3H 44cCT.

31. OCHOBHW CBOWNCTBA HA MATEPUAITUTE C ENEKTPOHHA
- MPOBOAUMOCT

3.1.1. EleKkTpoHHA NPOBOAHMOCT

CTpyKTypaTa Ha METAJIMTE C€ XapaKTepu3Wpa C KPHCTAlHa PELIETKA, BbB
€ Ha KOATO Ca Pa3MoJIOKEHH MOJIOKHUTEIHUTE METATHU HOHHU W KOJIEKTHBHH
SIEKTPOHH, T.€. C HAJIMYMETO HA MeTalHa Bpb3Ka. KONEKTHBHHTE €JIEKTPOHH ca
CHIHOCT CBOOOIHM €JIEKTPOHH, KOMTO MOraT Ja ce JBHXKaT HaCOYEHO B MEXIY-
¥63/J0BOTO MPOCTPAHCTBO HA KPHCTATHATA PELIETKA M0 BJHSHHE HA EJIEKTPUYECKO
pne. Taka ce nosyyaBa JBMXKEHHE HAa CBOOOAHH 3apsAlH, T.€. IPOTHYAHE HA TOK
UTH OLLe TIPOBOMMOCT B MeTanTuTe. MApKa 3a NPOBOJMMOCTTA Ha MAaTEPHAIIUTE €

cnenndruHaTa €JEKTPONPOBOAUMOCT O, KOSTO C€ onpeaens ot Opos Ha TOKOHOCH-
[EAUTE 1, TEXHUSA 3apA] § U MOABMIKHOCTTA UM LU

f";f 1) . O = ngu,
KBAETO g = ¢ € 3apAabT Ha €JIEKTPOHA.

IToasH>XHOCTTa HA TOKOHOCHTEJIMTE (€IEKTPOHUTE) C€ OMNpeaes OT CpeaHa-
4 IbDKHHA Ha cBOOOAHMA mpober A, W TOIUIMHHATA CKOPOCT vr Ha CBOOOJHMTE

ICKTPOHHM, @ UMEHHO

PRy
biJ

D -

e

p=—

ZmVT

BIETC m € MacaTa Ha eJIeKTPOHa.

Or (3.1) e scHO, ye U3MEHEHHETO Ha creuu(UYHATA ENEKTPONPOBOAMMOCT
| TeMnepa'rypaTa CTPYKTYpaTa H CbCTaBa Ha METAJIMTE 3aBHCH OT TOBA, KaK Te3H
PAKTOpH BINAAT BHPXY GPOS HA TOKOHOCUTENMTE N M TAXHATA MOABHIKHOCT L.
30HHUAT MOJIE]I HA METAJIMTE MOKa3Ba 3all0 NPH TAX HAMa 3a0paHeHa 30Ha H
nosyyaBaT CBOOOJHUTE KOJIEKTUBHH €JIEKTPOHM MPH OCHILIECTBABAHETO Ha
fallHaTa BpB3Ka. Heka pasriiename eHepreTHyHaTa adarpaMa Ha “‘caMOTeH’” Hat-

2 aTOM nokaszaHa Ha ¢wur. 3.1 a. EnexTpoHuTe OT Hal-BHCOKOTO €HEPreTHYHO
MBO (BajieHTHHWTE €JEKTPOHH) B Haif-roiAMa CTereH OMpeNensT CBOWHCTBAaTAa Ha

i
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MaTepuana. B TBBLPAOTO TANO EHEPrETHYHHTE CLCTOSHUS Ha BBTPEUIHUTE EJIEKTPO-
HH MOTaT Ja ce pasrjexaaT KaTo HE3aBUCHMH, a BAJICHTHUTE HUBA ce Pa3leNBar y
oOpasysar 3omun. Ha BCAKO €HEPreTMYHO HWBO CHOTBETCTBA €HEpreTHYHa 30Ha
(dur. 3.1 6). Bcaka BaJIeHTHA 30HAa MMa TOJIKOBA €HEPreTHYHW HUBA, KOJKOTO e
OposAT Ha aromuTe B cMcTeMara. ToBa O3Ha4aBa, Y€ MPU N aTOMa BBB BCAKA 30Ha
MOXK€E 11a HMa 2n eJIeKTPOHHU. ETO 3a1110 ankanHuTe METAJIH C €/IHH BAJCHTEH €JIeKT-
pPOH Ha BCEKHM aTOM HMaT 3albJIHEHA ITOJIOBMHATA OT NbPBAaTa BAaJEHTHA 30Ha
(dwur. 3.2 a). [IbpBaTa ¥ BTOpaTa BaJICHTHA 30HA CE€ MPHUIIOKPHBAT, a MEXKIY BTOpa-
Ta W TPETaTa BaJICHTHA 30HA ChIUECTBYBA 3a0paHeHa 30Ha. MarHe3usT ¢ HEroBure
JIBa BAJICHTHH €JIEKTPOHA MMa HM3LIAJIO 3albJIHEHA ITbpBA BaJIeHTHA 30HA (dwur. 3.2

6), ATyMHUHHUAT C TPHTE CH BAJICHTHH €JIEKTPOHA MMa 3allbJIHEHA MTBPBATA M M0J10-
BUHATa OT BTOpara 30Ha (¢wur. 3.2 6).

A [ Bau.
W 3s — — : 30Ha
3 _ _ _ I\ NNV
2s - - - - -~ L:
g Vte= - — = = =

Na
a 7]
Que. 3.1
I11 I11
g \ I11 —— W‘ _W‘ {_ _
AW AW AW {
II [1 { 11 {
— — e
[ I I
Mg Al
a 7] 8
Pue. 3.2

[lpu noceramHuTe pasriiex/aHus ce npeHedpersa GakThT, Y€ eHEPreTHYHH-

T€ ChCTOAHHA (HHMBA) HE Ca PaBHOMEPHO pas3npe/ic/ieHH B €HepreTHYyHaTa 30Ha. B
JCHCTBUTE/IHOCT IUIBTHOCTTA Ha €eHepreTHuHuTe cherosHus N(W) B cpenara Ha 30-
HaTa ¢ Hau-ronsma (dur. 3.3).
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—
N(W)
Duz. 3.4

| =
{ & N(W) .
II : II' Pue. 3.3

EnexTpoHuTe NoA0OHO HAa aTOMMTE 3a€MaT Hal-HUCKUTE €HEPreTUYHH ChC-
;_-.~.:.-; ¥, aKO He ca BB30Y/JIEHH OT MOBMIIEHA TEMIepaTypa WIH 0 HAKAKBB IpYr
'-_-_P?_;.a H. IIpu abcomoTHara Hysa (0 K) BCHYKH HaH-HUCKH €HEPreTUYHH ChCTOSAHHUA
©£a 33eTH, a 110-BHCOKKTE ca cBOOOIHM, KaKTO TOBa € MoKasaHo Ha ¢ur. 3.4 a. [pu
[I0-BHCOKA TEMIIEpaTypa HAKOH OT EJIEKTPOHUTE NMPEMUHABAT B I10-BUCOKH €Hepre-
[MYHH CHCTOSHHA M MPOQWIBT HA IUIBTHOCTTA ce u3MeHs (¢ur. 3.4 6). C Hapacr-
JaHETO HAa TEMIlEpaTypaTa HapacTBa M BeposTHoctta P(W) na 6baar 3aetd mno-
HCOKH €HEPreTH4YHH ChCTOAHMA. Ta3H BEPOATHOCT C€ NMOAYMHABA HA pasnpejee-

uero Ha Pepmu-upak, CbIrilacHO C KOETO

3.3 P(W )= l

1 +ex W=Wy
N kT

B2eTo Wi ¢ HUBOTO Ha Depm;

-k — KoHcTaHTaTa Ha bonumas;

- T — TeMneparypara.

HusoTto Ha ®epMu ce geduHUpa 110 CACAHHA HAYUH:

1. ITpu T = 0 K HuBoTO HAa PEepMHU € HaH-BUCOKOTO 3a€TO EHEPreTHYHO HHBO
(Qur. 3.4 a).

- 2.IIpu T > 0 K aHuBoTo Ha PepMH € OHOBA EHEPreTHYHO HHUBO, BEPOATHOCT-
Ta 3a 3aemaneTo Ha Koeto e P(Wy) = 0,5 He3aBHCHMO OT CTOHHOCTTa Ha TeMIiepa-
Typata (¢ur. 3.4 6). ToBa necHo ce nposepsisa ¢ (3.3).
~ 3a temnepatrypu T > 0 K npodunbT Ha MIBTHOCTTA € NMPOM3BEACHHETO
(W).P(W) — dur. 3.4 6.
~ Pasnpenenenuero na @epmu-/lupak e npeacraseHo rpaduyHo Ha ¢ur. 3.5.
0 € cumerpuuHO cnipsMo Wg, T.e. 3aeTHTE eHepreTudyHH cUcTosHus Hax Wr ca
TOYHO TONKOBA, KOJKOTO ca He3aetute nox Wr. Ao paznukara W — Wi ce npenc-
1aBH kato kpatHa Ha k7T, BeposTHocTTa P(W) CBIiIacHO ¢ pasnpeseneHHeTo Ha
PEpMH npu1061Ba CIIEIHUTE CTONHOCTH:

_ +4xT | +3kT | 42 kT | +1 kT | O
0,018 10,048 { 0,118 | 0,269 | 0,5

-1 kT
0,713

-2 kT
0,882

-3 kT
0,952

-4 kT
0,982
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Ilpu HopmanHa Temneparypa (7 = 293 K) -
W kT =0,025 eV.

MarepuainTe C eneKTpoHHa MPOBOIHMOCT
MMaT CBOOOJHM EHEPreTHYHU CHCTOSHHUS HErnoc.
PEACTBEHO HAJ HHBOTO Ha DepmH M TAXHATA Mpo-
BOJIMMOCT 3aBHCH HE OT OpOsl Ha €NIEKTPOHHTE BY,-
obuie, a ot Opost HAa €NIEKTPOHUTE, KOMTO MOTAT f3
IPEMHHAT Ha M0-BUCOKO €HEPreTHYHO ChCTOSHMe.
[Ipy ABHKEHHE KBM TMOJIOKHUTEIHHS ENEeKTPOj
MEXIYBB3JIOBOTO MMPOCTPAHCTBO HAa KPHUCTallHaTy
pelIeTka eJeKTPOHBT YBEIHYaBa €HEPrusaTa CH (33
CMETKa Ha eJIEKTPUYeCKOTO noje). Tosa o3Hayapa,
ye TpsOBa na WMa CBOOOJHO MO-BHCOKO €Hepre-
THYHO CBCTOSIHHE, KOETO Ja IPHEME TO3H EJIEKT-
POH, WJIH, Y€ MOAOOHO JABHXEHHE € BB3MOXHO Tpy
HE3al'bJIHEHATA EHEPreTHYHa 30Ha Ha METalIHuyg
npoBoAHUK. [IpH [ABHIKEHHE KBM OTpPHUATEIHHS
eJIEKTPOJ1 €JEKTPOHBT ce 3abaBs, HaMaJIsiBa €Heprusita CM M 3aeMa 0cB00OJIEHOTO
EHEePreTHYHO ChCTOSHHE NMoA HUBOTO HA Depmu. ITon00OHN eHepreTHYHH NPOMEHH
HE Ca Bb3MOXXHHU IMPHU 3aMTbJIHEHH BAJIEHTHH 30HH.

OT HanpaBeHOTO ONMUCAHHE HA MEXaHU3Ma Ha €NEKTPOHHATA MPOBOJUMOCT €
SICHO, Y€ aKTHBHH TOKOHOCHTEJIM B METAJIHUTE NMPOBOJAHULIUA Ca €JIEKTPOHHTE, KOHU-
TO UMAT €HEeprus HaJ HUBOTO HAa DepMH. ENeKTpoHUTE, KOUTO ca IBIOOKO BLB Ba-
JIEHTHATa 30Ha, C€ HYXX/JAAT OT 3HAYMTE/IHO MO-TOJIsiMa €HEeprus, 3a Jia 3aeMaT CBO-
OonHure HuBa Han Wy He3aBucMMO OT TOBa KOHLEHTpaUMATa Ha “‘aKTHBHH
€IEKTPOHH € I0CTaTh4Ha, TaKa Y€ MPOBOJAMMOCTTA CE€ OrpaHHYaBa HE OT KOHLIEHT-
pauusTa n, a OT NOABHXHOCTTA L HA €JIEKTPOHHUTE — BiK. HW3pa3a (3.1).

[loaBHXXHOCTTA HA €JIEKTPOHHUTE CE€ OMpPEAEs OT CpeAHaTa Ab/KUHA Ha CBO-
OonHus UM npober WK BCe €HO OT CTPYKTypaTa (KpHCTalHaTa pelleTKa), CTpyK-
TYPHHUTE ACPEKTH H IIPUMECHTE.

7> T>0k
f

1 -

0 0,5 1 P(W)

Que. 3.5

3.1.2. Cneuunduuno cbnpoTusaeHne (cnennduyna npoBoOAHMOCT)

Crneuu(uyHOTO CHIIPOTHBIEHHE WM crnieuMdHUYHATa MPOBOAMMOCT € OCHOB-
Ha XapakTepHCTHKA Ha MPOBOJHMUKOBUTE MaTepuaiu. B kypca nmo ®usuka ca moka-

U l

3aHM ABaTa 3akoHa Ha OM — [ 3akoH — [ = = U Il 3akoH — R = pE , KpJieTo [ e 10~

KbT, MPOTHYAL Npe3 IPOBOAHHK CbC CBIPOTHBIEHHE R, KOraro KbM Hero €
NPHIOKEHO HanpexeHue U, a ChbIpOTHBIEHHETO R HAa eUH NMPOBOJHMK 3aBHCH OT
HerosaTa JbJ/DKUHA [, ceyeHue S U crnetudUYHO ChIPOTUBJIEHHE P.

Ot 3akoHa Ha OMm cneasa, Yye cneuu(pUYHOTO CHIIPOTHUBIIEHHE P MOXKe Ja CE
M34KCIIM 110 H3pa3a

S

(3.4) p=R—,Qm,
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eT0 R € CbIIPOTHBIIEHHETO Ha MPOBOAHHK, L2, ¢ ABDKWHA [, m U cedeHue S, m-.

| |. -

~ CneunduuHaTa NPOBOAUMOCT O € 00paTHO MPONOPLUHOHANHA Ha crielubuY-
TO CBIIPOTHBIICHHE!
TO

N 1

=—, S/m.
P

Zaxonvm Ha OM Modice 0a ce npedcmasu u no CleOHUst HavyuH
[ J =0FE,

b

I I

2
wpdemo J =— e nremuocmma Ha moka, A/m’;

U

E = — — unmenzumemvm Ha enekmpuveckomo none, V/m.

¢OPMH nHa 3axkona Ha Om necHo ce nojayvaea Kkamo ce€ uznonaizea uspasa 3da

| S !
npomueneHuemo Ha nposooHuK R = pg- u ce 3amecmu 6

3 _'.i'll

- Karo ce uma npensun (3.1), Heka pasriiegaMe NMPUYMHUTE 32 Pa3IHYHHTE
CTOMHOCTH Ha O 3a pasJHyHU MeTalnd. OT 30HHHUS MOJEN Ha eJIEKTPOHHATa NpPOBO-
AMMOCT CTaHA fCHO, Y€ NPH HOpMaJlHa TeMIepaTypa KOHLIEHTpALMATA Ha “aKTHB-
"'-r"; " eNeKTPOHM He MpeJACTaBNsBa OrpaHu4aBail (akTop 3a MPOBOAMMOCTTA HJIH
MOJKE ,ua ce NpUeMe, Y€ KOHUEHTpauusaTa n ot (3.1) 3a pa3IM4HUTE METATH € MOYTH
_ . B TakbB cilyyail OCHOBHATa NMpPHYHMHA 33 Pa3JIMYHUTE CTOMHOCTH TpsaOBa
I ﬁm.[e MOJABHIKHOCTTA L WJIM BCE €IIHO, CpeHaTa AbDKMHA Ha cBoOOAHMS npober
'_j 3a wmocTpalMs Ha TOBa 3aKJIOYEHHE MOraT Ja C€ MOCoYaT JaHHHTE OT
Tabn. 3.1. Or Tax ce BMKMIaA, Y€ MEATA, KOATO € C MO-TO/NsAMA KOHLEHTpalUus Ha
SIEKTPOHH, UMA 110-BHCOKO CrIeLU(HYHO CBIIPOTHBJIEHUE B CPaBHEHHE ChC Cped-
POTO, 3a110TO cBOOOAHUA NpoOer Ha eNeKTPOHUTE B MEJTa € MO-MaJIbK OT TO3H B
7-:_-'___ 0poTo. TpsabBa na ce orbenexu, ye CbBbPILIEHUTE KPHCTAIIH UMAT MHOIO MaJIKO

IHUYHO CHIPOTUBIIEHHE TOPAIU TOJEMHTE CTOHHOCTH HA Ay,

Ta6numa 3.1
SABHCHMOCT Ha CEeLH(HYHOTO CHIIPOTHBIEHHE OT CPEHATa JBIDKHHA HA CBO-
YOHuUs npober npu 0 °C

CpenHa nbmkHHa Ha
cBoOOAHUA npober, m

Kouuenrpauus Ha

€JIEKTPOHH, m™

Cneuuduuno cunpo-
THBJIEHHE, £2.m

po 570.107'"° 5.8.10% 0,014.1078
420.10°'° 8.5.10% 0,016.10°°
Wi 350.107'° 2.5.10% 0,038. 10-8
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3.1.3. TemneparypeH KoepHIHEHT HA CNEUHPHIYHOTO CHbNPOTHBICHHE

Temnepa'rypﬂa‘l‘a 3aBUCHMOCT Ha CHELIH(bH‘lH{}TU CBIIPOTHBIIEHHE € BTOpPATa
OCHOBHa XapaKTCpHCTHKA, ThH KaTO TS onpeaecis TéMneparypHara cTaOHITHOCT Ha

MPOBOAHUKOBHUTE MaTCpPHAJIH.
C yBenMuyaBaHE Ha TEMIEpaTypara HapacTBa OpOAT Ha “aKTHBHHUTE™ €JIeKT-

POHH, T.€. KOHLEHTpauuaTa n. EJHOBpEMEHHO C TOBAa HapacTBa aMIUIMTyAaTa Ha
TpenTeHe Ha BB3JIMTE Ha KpHCTalHara penietka. ToBa 03HayaBa, Y€ Ce HaMallsiBa
cpeaHaTa Ab/KHHA Ha CBOOOIHHs MPoOer T.€. MOABHKHOCTTA HA €1EKTPOHHUTE Ha-
masisiBa. ClieIoBaTeIHO NPH YBEJIMYaBaHE HA TEMIIEPATYpaTa B METAIHUTE MPOTHYAT
[Ba TIPOLIECA, KOMTO OKa3BaT NMPOTHBOMOJIOKHO BIHMAHHE BBPXY creuudHyHaTa
MPOBOAMMOCT — BXK. U3pasa (3.1). XapakTepbT Ha TeMnepaTypHaTa 3aBHCHMOCT ce
onpenens OT TOBa, KOW OT ABara npoueca uma npeobnazasaiio BiusHue. Ekcre-
PHMEHTHTE MOKa3BaT, Y€ NpPU yBEIMYaBaHE Ha TEMIEpaTypaTa CHEUH(PUYHOTO
CBNPOTUBJIEHHE HA NPOBOJHHUIMTE OT YHMCTH MeTand HapactBa. C ToBa olue
BEJHBXK Ce MOTBBPKIAaBa (PAaKThT, Ue CpeaHAaTa AbJDKMHA Ha CBODOIHHMA mpoder e
rJIaBHUAT orpaHuyasail ¢pakTop npu GOpMHUpPAHETO HA POBOAMMOCTTA.
3aBucumoctTa P = f(7) e n1uHEHHA, C U3KIKOYEHHE 38 MHOIO HHCKH TEMIIe-
paTypH, NPU KOUTO 3aro4sa /ia ce NposBsABa CBPBXIPOBOJAUMOCTTA.
TemnepaTypHaTa 3aBHCHMOCT Ha CHEU(PHUUYHOTO CHIPOTHBIEHHE € MOKa3a-

Ha Ha ¢wur. 3.6.

p.107, Qm‘
5 4

4

1 | | -
0 200 400 600 7, K

Que. 3.6

3a olLeHKa Ha TeMIlepaTypHaTa CTaOMIHOCT C€ M3MOJ3Ba TEMIIEPATypHHUAT
Koe(HILHeHT Ha CrneUH(PUYHOTO CBIPOTHUBIIEHHE O, THH KaTo 3aBHCHMOCTTA

p = f(T) e nuHelHa 3a paboOTHHS TEMMEpPaTYpeH WHTEpPBal Ha METaIHUTE Mpo-
BOJZHHMIIH, TEMIEPATYPHHUAT KOSPHULHUEHT HA CEUHU(PUYHOTO CHIIPOTHBIIEHHE € MOC-
TOSHHA BEJIUYHHA

(3.6) o, =2

p.dT

= const.
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Korato 3asucumoctTta P = f(7) e nuHelHa, O, MOXKE J1a C€ U3YHUCIH U MO W3-

3 Pr —=PA  opn-1I
27 o, = . C
;._j:‘ P p :‘-'l( T _TA )

Pr= P41 + 0y(T = Ty)],

Wm pr € cnelH(pUIHOTO CHIIPOTUBJIEHHE NPU TeMnepartypa T

P4 — COEUU(PHYHOTO CHIPOTUBIIEHHE MPH OKOJIHA Temrieparypa 7.
[ToBeyeTO YMCTH METAJIM UMAT NMPUOIM3UTETHO €IMH U ChIIl TEMIIEPATYpPEH

‘ KOe(HLHEHT Ha CrEeLH(DHUYHOTO CHITPOTHUBIEHHE — O, = (0,004 . R

[°8
1 |

3.1.4. KOHTaKTHA NOTEHUHAHA Pa3/IHKA H TEPMO-¢.11.H.

EnepreTruvHara auarpama ot ¢ur. 3.1 6 nokassa, ye €JeKTPOHUTE B MeTasa
¢e HaMHPAT B MOTEHIHANHA AMa, NOpaJIH KOETO HE MOTraT JIa HalyCHAT CTPYKTYpa-
;__.q_-: 'My. 3a J1a CTaHe TOBa, € HeOOXOAMMa BBHUIHA €HEPTH, C KOATO 3 CE MOBHLIM
ek eprm-ra Ha €JICKTPOHHUTE M TE J1a Ca B CHCTOSAHME J1a NMPEOJ0JIEAT MOTEHIMATIHATA
(Wm — Wi), kpaeto Wy € eneprusra, KoaTo TpsabBa Ja NpUTekaBaT eleKTpo-
gUTE, 32 J1a HAallyCHAT CTPYKTypaTa Ha MeTajia, HaMupalll ce BbB BakyyM (dur. 3.7).
Tasu eHeprus € NpeacTaBeHa KaTo MPOM3BEJCHUE Ha 3apsJia Ha €JIEeKTPOHA e W
;:-z KeHueto U, T.e. elU, koero ce Hapuua omoenumenna paboma i UMa TUMEH-
15 Ha eHeprus — eV. Kakro e noka3ano Ha ¢ur. 3.8 a, otaenurennara pabora Ha
iHUTE METalH € pas3sinyHa, 3all0TO WMAT pa3in4Ho HHUBO Ha Pepmu. [pu

Htrax'r MEXIly Ba MeTajla C pa3jiiuHa OTAEIUTEHA paboTa, MeXIY TAX Ce Mony-
@ KOHTaKTHa MoTeHuMaiHa pasnuka U,

B(Ul - Ug) = el/s.
w A
W..r
el
Wet
Que. 3.7

| [IpousxoxbT Ha KOHTAKTHATA MOTEHLMANHA Pa3IHKa MOXE J1a ce OOSCHH H MO
-r-jff_,';*'- HaunH. HuBoTo Ha MepmMH € NpONOpLHOHAIHO HA KOHLIEHTPALIMATA HA €JIEKT-
POHH B MeTana. Koraro nBa MeTtana uMar pasnuuHo HMBO Ha DepMmu, TOBa 03HAYa-
1 , ye KOHUCHTPAUHATA HA €JICKTPOHH € Pa3jIMuHA H MPH KOHTAKT 3ar0yBa MpeMH-
-’- € Ha €JIEKTPOHH OT METajla C Mo-BHCOKO HUBO Ha PepMH KBM MeTala ¢ Mo-
KO HuBO Ha DepMH 110 u3paBHsBaHe Ha aBete HUBA (ur. 3.8 6). Kato kpaeH pe-
AT €AMHUAT MeTal o0enHsBa, a IPYTHAT ce 060raTABa Ha €IEKTPOHH MM BCe

.".!-
T &
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R —
I -

CAHO, em-m zapexia NOJIOKHTENIHO, a IPYTHAT — OTPHLATEHO U MEXIY Ty
Bb3HWKBA KOHTAKTHA MOTEHIHANIHA pa3nuka U,.

w A | e(U U,)

el,

Quez. 3.8

AKO €IMHHAT Kpal Ha MeTalJleH MPOBOJIHHK € C N0-BHCOKA TEMIIEpaTypa ot
apyrus (¢ur. 3.9 a), or pasnpenenennero Ha Pepmu ciensa, Y€ B TOIUIMSA Kpaii
MMa IOBEYE E€JICKTPOHHM ¢ BUCOKA €HEPrus, NMOpajdu KOETO T€ C€ NMPUIBHIKBAT KbM
cTyaeHHus Kpaid. I1o To3u HauMH TONNUAT Kpail oOeaHsABA HA €IEKTPOHH, a CTYy/e-
HUAT Kpal ce oboraTsBa — oJiyyaBa ce MOTEHLHAIHA pa3jiiKa, KOATO C€ Hapuua
MepMO-eaeKmpoosUNCeU|0 HanpedlceHue — TEpMo-e.1.H. 3a U3MEPBAHETO HA TEPMO-
€.[.H. C€ BKJIIOYBA BOJITMETHP MOCPEACTBOM JBa NpoBoAHHKA ((ur. 3.9 6). Ako Te-
34 MPOBOJAHMUM Ca OT ChIIWsA MaTepyHall, B MACTOTO Ha KOHTaKTyBaHE HAMaA Jia ce
MOJIyYH KOHTaKTHA norteHuuanHa pasznuka uiau U(T)) = 0 u U(T;) = 0. Torasa
U(T3) — U(T,) = 0, xoeTo o03Ha4aBa, Y€ Bb3HUKHAJIATa B IPOBOAHHKA TEPMO-€./1.H.
€ KOMIIEHCHpaHa.

Torsa kpait I,
+
CryneH xkpa# T,
a 6
Que. 3.9

.; - AKO NMPOBOAHHUIIMTE, C KOUTO BOJATMETHPHT € BKJIIOYCH, Ca OT Pa3iH4yHH Me-
|
. g MACTOTO Ha KOHTAKTyBaHE Ce NOJyYaBa KOHTAKTHA MOTCHIHAHA pa3JiuKa,

opuHDHaJIHa Ha Temneparypara (edekr Ha 3eebeK), 1 Torasa
U(T3) > U(T),

' ITMETHPBT H3MEPBA pa3jivKaTa

AU = U(T>) - UT)).

~ 3apucumoctta AU = f(T, — T|) uma JIMHEEH XapakTep JI0 onpe/e/icHa TeM-

epaTypa 3a JaJicHa CHCTEMa OT JBa METalla, U3BECTHA KaTo mepmodeouka. Tep-
':; TROMKHTE CE W3MOJI3BAaT 33 U3MEPBAHE Ha TEMIIEpaTypa, KaTo 3a LeNnTa € Heod-
| 0 ;, 0 MpeABapUTENHO Na ObJaT rpaaydpaHy, T.e. 1a ce Oonpeieln KoepuuneH-

T S Ha 3aBucuMocTTa AU = f(T, = T,) (pur. 3.10):
AU
(3.10)

AT

I Pl e ol

AT
7 Due. 3.10

3.1.5. KoeuuuneHnT Ha TONJIONPOBOAHOCT

- H3BectHO €, 4e B TBEPAOTO TAJIO TOIIMHATA C€ MPEeHAacs Mo JBa HA4YHHA:
= ype3 IBWIKEHHE HA CBOOOIHU HOCHTEH HA 3apsil;

.~ — ype3 TpeNnTeHHs Ha KPHCTalHATa pelieTka (KBAaHTOBM €JIAaCTHYHH BBJIHH),
3BECTHH KaTO hoHonu.

B JIMeNeKTpHYHHTE MaTepHaIH, B KOMTO NPAKTHYECKH HAMA CBOGOIHHM HO-
JIM Ha 3apsijl, TOIJIONPOBOJHOCTTA CE OCBHLUECTBABA IJIaBHO 4pe3 (oHOHH. B
2 MPOBOJIHKIK € 00paTHOTO — TOMJIONPOBOAHOCTTA CE€ OCBHIUECTBABA YPE3
*HHETO Ha CBOOOIHUTE €JIEKTPOHU. MeXaHU3MBT Ha EJIEKTPONPOBOAUMOCTTA
JIONPOBOJIHOCTTA B METAJHUTE NMPOBOAHHULM € €IMH H CbII, 3al10TO HOCHUTE-
':,: -..'  Ca €/IHH M Chiy. Ta3u 3aBUCHMOCT CE€ ONMUCBA OT 3aKkoHa Ha Buneman-®paHir;
I:":":j h;r = alo,

.r11

‘BIETO hy ¢ KoeUIUEHTHT Ha ToruIonpoBoAHoCcT, W/m.°C;

o crietMduyHaTa eJeKTPONpPOBOAUMOCT, S/m;
- T - remneparypara, K.

.
_____

T 1H
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Koncranrara Ha Buneman-®@paHu a 3a noBeyeTo meramm e 6iam3ka 10 Jlo-

PeHLoBOTO Yneno — Lo = 2,23.107° VYK,

CroiliHocTTa Ul 3a HAKOH METaJIH € jgaaeHa B tabi. 3.2,

Tabnuua 3.2

KoHcranta Ha BuaeMaH-Ppaniy 3a HAKOH METaJIH

Metan

—

ANyMUHUH

Men

[InaTuna

Kensso

Koe(HMUMEHTHT Ha TOMMIONPOBOJHOCT HA IM0-YECTO M3IMOJI3BAHUTE B €JIEKT-

pPOHHKATa METaJIM € J1ajieH B Tabu. 3.3.

Tabnuua 3.3
OCHOBHH CBOMCTBA HA HIKOHW YUCTH METAJIH

AJlyMUHHIA 660 218 21,0 | 0,0265 4,1 4,25 -1,3
bepninii 1280 184 12,0 0,041 6,6 3,92 +3.0
bucmyT 271 8,4 13,3 1,16 4,2 4,4 -75,0
Banannii 1900 31 8,3 0,248 3,6 4,12 +0,9
Boadpam 3400 167 4.4 0,055 5,0 4,54 +2.0
["anuit 30 29.3 18,1 0,136 39 3,96 +1,0
Kenszo 1540 73,3 10,7 0,097 6,25 431 +16,6
3narto 1063 312 14,0 0,0225 3,95 43 +1.,5
Uuanit 156 72 28,4 0,09 4.9 3.8 +1,0
Wpunuii 2410 146 6,5 0,054 4.1 4.7 +1,0
Kammuit 321 92.8 29,0 0,074 4,2 4.1 +2,1
Kana#n 232 63,1 23,0 0,113 4.5 4,38 -1,1
Kanui 63 97 83,3 0,065 5,8 22 -12
Kobanrt 1500 69,5 13,9 0,064 6,0 441 -20,1
Marnesui 651 170 27,0 0,045 4,0 3,64 +4.5
Masras 1244 66,7 22,3 1,85 1,0 3,83 -9.5
Men 1083 406 16,6 0,017 4.3 4.4 +1,8
Monubnaex 2620 150 5,3 0,05 4,3 4,3 +6,3
HaTtpuii 08 134 72,0 0,042 5.5 2,35 -8,7
Huken 1453 19D 13,2 0,068 6,7 4.5 -19,3
Onoso 3217 35 28,3 0,190 4,2 4.0 -1.2
[Tananuii 1550 70,7 9,5 0,108 3,6 4.8 -10,3
[InaTtuHa 1770 71,1 9.5 0,098 3.9 5,32 -5,1
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© 3,1.6. Bausinue Ha IPHMECHTE W MeXaHHIHHTE neopmanuu BbPXY
N NPOBOAHMOCTTA HA METAJIHTE

| [IpuMeCHHTE aTOMHM CH3/aBaT W3KPUBABAHHA B KPHCTAJIHATa PEIIETKa H M0
7031 HAYMH HAMAIABAT CPEIHHSA cBobosieH npober Ha €JIEeKTPOHUTE KAaTO TOBA Ha-
MajieHHe HE 3aBMCH OT TemIleparypara. 3a ToBa INpH yBENH4YaBaHE HA KOHLCHTPA-
uMATA HA TIPUMECHTE CIIe/IBA [ Ce YBEIHYaBa CreM(UIHOTO CHIPOTHBIICHHE. Ot

TyK MPOM3THYA NPaBHIOTO HA MaTHCeH, ChIIacHO KOETO

3 12) P=Pr+ pne¢ ’

KBbAETO P € CrEeUU(UYIHOTO CHIIPOTHBJIEHHE, MOPOJACHO OT TEMIMEPATyPHUTE KO-
neGanus Ha BBH3JIMTE HA KPUCTAJHATA peluieTka (MpH Temneparypu, 61au3ku 10 ad-

COJIK]

€T0 CBPBXITPOBOIUMOCT);

p pm:tb

ITe B KPHUCTAITHATA PELIETKA.
BausHueTo Ha PUMECHTE BBPXY P oy MOXKE 1 CE TIPE/ICTABH BBB BHAA

Prets = Cx(1-x),

KBJIETO X € YacTTa Ha IPUMECHTE,
| C — npuMeceH KoeUUUMEHT Ha cneuGUUHOTO CHIIPOTHBIICHHE.
B Ta6n. 3.4 ca naneHu CTOMHOCTUTE HA MPUMECHHTE KOEPULIMEHTH HA Hi-

*jl3) *

.]J

Tabnuna 3.4
1lpumecen koepHuIHEeHT Ha creudUYHOTO CHIIPOTHBIIEHHE HA HAKOW METAJIH, pa3-
‘TBOPEHH B ME]]

KOJIKO MeTana, pPa3TBOPEHH B ME]L.

[Ipumecen
Koe(HuLHeHT, £2.m

MeTtan

Onoso

kKoeuuumeHT, 2.m

aTa HyJa, CbIIPOTHBJICHHETO Pr KJIOHM KBbM HyJa — HabjronaBa ce ABJICHH-

— cneUUPHYHOTO CHIIPOTHBIEHUE, TIOPOJEHO OT NPUMECHTE U JE(eK-

[Ipumecen

Cunuuuu

Kanau

3abenesicia: KoeduumueHTHTe ca onpeeseHu m

[{uHK

i Temneparypa 20 °C.
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AKo enna cruiaB c€ ChCTOM OT /IBa MeTana — A ChC chabpikanue (1—x)g
cnelMbuyHo CHNPOTHBICHHE Po U B ¢he chabpkanne x% u cneumduyHo ChIpg..

THBJIEHHE Pg, CNEUMPHUYHOTO CHIPOTUBICHHE HA TA3M CILUIAB MOJKE J1a ce H3YUC Y
chriacHo npaBunoTo Ha Hopaxaiim:

P=pPpAd=x)+pgx+Cx(l-x).

OueBuHO NpaBuIOTO Ha HopaxaiiMm e B cHIla 3a BCAKAKBH CTOMHOCTH Ha x g
untepsaia [0, 1]. Ocsen ToBa € sACHO, Ye cneUUPUYHOTO CHIPOTHBIECHHE Ha Clijag
OT JIBa METajla HE MOXe J1a ObJie No-MaJKO OT CnelU(GHIHOTO CBIPOTHBIIEHHE Kgq
KOWTO M /1a € OT /iBaTa MeTalla, KOeTO MKy JAPYroTo CleBa U OT NPaBHIOTO Ha
MaTtuceH.

Ha ¢ur. 3.11 e noka3aHa 3aBUCHMOCTTA Ha crnelMUYHOTO CBIIPOTHBIIEHKe
M TEMIEPAaTYPHUS KOCYHULHEHT Ha CNELUH(PHYHOTO CHIIPOTHUBIEHHE OT CHCTABA Ha
cruiaBTa Cu-Ni.

| ] -
20 40 80 100 % Ni
L 1 1 i - | J % Cu
100 80 60 40 20 0
Que. 3.11

TakoBa u3mMeHeHHe Ha P U O, OT MPOLEHTHOTO ChABPIKAHHE HA KOMIIOHEHTH
Ha CIUIaBTa M0Ka3Ba, Y€ T€ MOopajH MO-CI0XKHHUA CbCTAaB U CTPYKTYpa B CpaBHEHHE C
YUCTHTE METaJIM, He OMBa Ja ce pasrNexJaT KaTo KinacHuecku mertand. [Ipu TaX
H3MEHEHHETO HAa NMPOBOAMMOCTTA ce 00ycnaBs He caMO OT M3MEHEHHETO Ha bl
JKHHATa Ha CpeIHuA CBOOOAEH npober, HO U B HAKOM ClIyYaH OT YaCTHYHO HapacT-
BaHE Ha KOHLEHTpauusATa Ha cBoOoaAHUTE eneKTpoHH. [Tpu noBuiaBaHe Ha TEMIE-
parypara € BB3MOXHO IPOLECHT Ha YBE/JIHYaBaHE Ha KOHLUEHTpauusTa H3
CBOOOJHM €JIEKTPOHH Ja Nojay4Yu npeobiafasamio BIMSHHUE HAJ Mpolieca Ha HaMa-
JIABaHE Ha CpeiHUA CBODONEH NpoOer U TeMMnepaTypHUAT KoehHUUHEeHT Ha CrielH-
(MYHOTO CHIIPOTHBIIEHHUE J1a TPHI0OHE OTPHIIATEIHH CTOMHOCTH.
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[IPOBOAHWKOBW MATEPVAIM

1. MeTaJii M CIUIABH C BUCOKA NMPOBOAHMOCT

~ (OCHOBHMTE E€JIEKTPHYECKH H MEXaHUYHH CBOMCTBA HAa METAIHUTE Ca JAJICHU B
61. 3.3. B KauecTBOTO Ha NMPOBOJHUKOBH MATEPHAIIM HAM-TOIAMO MPHUIIOKEHHE B
(TPOHHMKATA Ca HAMEPHUIIH MEJITA U AJlyMHUHHAT.

Menra ¥ MEJIHHTE CIUIABH NPUTEXABAT CBOMCTBA, KOMTO T'M MPAaBAT MPENo-
yTaHM KaTO ITPOBOJIHMKOBH MaTepHalii B elleKTpoHHKaTa. Hsakou oT Tax ca:

" 1. Hucko creuudu4HO CHNPOTHBIEHHE — YHCTATA MEJA MMa Haii-HHCKOTO
neuUHHO CHIIPOTHBIICHHE OT BCHYKH OCTAHAIM METAJIM C M3KIIIOYEHHE Ha cpel-

) .

2. TexHONOTHYHOCT HA 00paboTKaTa — JIECHO C€ M3TEMIAT MHOTO THHKH NPO-
yIHKIMA U THHKH JIHCTOBE ((onna).

~ 3. CrniosiBaHe NPH CPaBHHTE/IHO HHCKA TEMIEPaTypa M JIECHA Mpe/IBAPHTE/HA
:-_.1_,-:,,. Ka.

- 4, JlocTaThyHa KOPO30YCTONYHBOCT.

5. [IpuemiinBa LieHa HA MeITAa M MEIHHTE CTIABH OT IJI€JHA TOYKA HA MPH-
pKEHHE B EJIEKTPOHUKATA.

CneunduyHaTa eleKTpoNnpoBOANMOCT Ha MEATA € CHJIHO 3aBHCHMA OT IpH-
cute — 0,5% npumMecH Ha UMHK, KaaAMHUi UK cpebpo HamanspaT cneuudbUyHaTa
DBOAMMOCT C 5%, @ CBIIOTO ChABPKAHHE HA HHUKEJ, Kalai MM alyMHHHI Ha-
Ba crieliM(UIHATA MPOBOIUMOCT 2 10 4 IIBTH.

Menra ce u3nmon3Ba OCHOBHO 3a W3pabOTBAHETO HA NPOBOJAHHMLM — U30IHPa-
I HEM30/IMpaHH, H Ha Gonuo (¢ nebenuna no 100 um) 3a neyatuu rwiatku. Cre-
IHATE Mapku Mmen (Oeskucnopoana — 99,.97% u BakyymHa — 99,99%) namupat
UIOXEHKe B eieKkTpoBakyymHuTe npubopu 1 CBY-rexHukara.

‘CnaBure Ha MeaTa ca W3BECTHH OT ABIGOKA IPEBHOCT, HO MPOXBIKABAT M
A 1a ce u3nonssat ycnemHo. Jlo6pe u3BecTHaTa CriiaB Ha MeJ M Kanaii — 6poms,
0aBkH Ha (ochop, KaaMHI, XPOM, ATYMUHHH U IP. MMa OTIHYHH MEXAHWYHH
HeTsa. Hanpumep GocdopuusT Gpous e He3aMeHHM MaTepuan 3a HecTapeelu
Boieut npyxuud. CruiaBra Ha Mell M OEpHIIHI NPUTEkaBa MHOTO TONAMA
€T Ha ombH — 10 1350 MPa.

- CninaBute Ha meaTa ¢ UMHK (MECHHT) MMaT MOBMLIEHA SKOCT HA ONTBH M Ce
0JI3BaT 33 M3paGOTBAHETO HA BCEBH3MOKHH TOKOBOJICIH JETailIN upes LIAHILY-
€, AbIOOKO M3TEr/IsHE U APYTH HAUHHH.

‘ }Fhoﬁc'mam Ha HAKOW MEIHH CIUIaBH ca JajieHH B Tabn. 3.5.
~ AJlyMUHMAT ¥ HETOBHTE CIUIABH HAMMPAT WIMPOKO NMPHIOKEHHE B ENEKTPO-
“KaTa KaT0 KOHCTPYKUHMOHEH  €eKTPOTEXHHYECKH martepuan. Hakou xapakrep-
~80HCTBa Ha alTyMHHHUA ca:

- L. Manko cneunduuno cenporusnenme.
. <. TBpae nex Matepuan — okono 3,5 mbTH 1o-1ek OT MeaTa. ToBa CBOICTBO

L

-~ "0 TIpaBH NpeANoYHTaH JaXke, KOraTo OTCTHIIBA 110 APYTH apaMETPH.

ne:
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Tabnuua 3.5
OCHOBHH CBOMCTBA HA HIKOW MEIHH CIIaBH

OTHOCHTENHO
yIbIDKEHHE,

CneundnuHa
b o AKoCT Ha ONMBH,
NMPOBOJAHM
POBoA MPa
cnpsMo Menara, % %

290
no 730

370
no 970
400
1050
320-350
no 880

3abenexcka: CTOWHOCTUTE OT ITbPBHS PEl 32 BCEKH MaTepHall C€ OTHACAT 3a OTBBPHAT, a
OT BTOpPHSA PEJl — 32 HEOTBBPHAT MaTepHall.

CrninasH

Kanmues 6pons (0,8%Cd; 0,6%Sn)

Anymunnes 6pon3 (2,5%Al; 2%Sn)

Ocdopen 6pons (7%Sn; 0,1%P)

Mecuur (30% Zn)

3. lonsiM Koe(MIMEHT Ha TOMJIOMNPOBOJAHOCT K HHCKO crieliMUIHO TErJIO —
Te My OCHTYpABaT Haii-lIMPOKO M3I0JI3BAHE KATO MAaTEpHall 38 pajHaToOpH B CIIEKT-

pPOHMKATA.
4. JTo6pa KOpPO30YCTOHYHBOCT, MOPaAH KOETO YECTO CE H3MOI3Ba 0e3 Kopo-

3WOHHA 3aLKTA. )
5. 3aTpy/IHEHO 3aMosBaHe NMOpajy XMMHYECKaTa yCTOHYUBOCT HA OKCH/IHMHA

cioii BbpXY anymMunus. Tpabsa fa ce U3noa3Bar CHIHO aKTHBHHM ¢rocoBe, YHHUTO
OCTATBIIM CJIe 3arofBaHe aTaKyBaT OKONHHMTE METAIHHM MOBbPXHOCTH. MaTepHa-
JUTE, C KOUTO aJJYMUHMAT BJIM3a B KOHTAKT (BKJIIOYMTEITHO MPHIIOUTE), TpsaOBa 1a
ce u3bMpaT BHUMATENHO MOpajiv rajiBaHi4HaTa My HECHBMECTHMOCT (ronsima KOH-
TAKTHA TOTEHLMATHA Pa3/IiKa) ¢ MHOTO MeTanu. ToBa 03HayaBa, ye TNpH MOBHILEHA
BJIQKHOCT JIECHO CE CH3/1aBaT yCJIOBHSA 32 KOHTAKTHA KOPO3Hus.

6. ATyMHHMAT ¥ HETOBHTE CIUIaBH JIECHO ce 00paboTBat H ca JOCTbIIHH B
HaW-pa3MyHH (OPMH — MPOBOJHMIH, THHKO donmo, npodunH ¢ pasjIHyHH r€o-
METPHUYHH (OPMH.

AJNYMHHHUAT € BEHTWJIEH MeTal, T.e. Al,O; nposiBsBa cBoicTBa Ha MpO-
BOJIHMK MJIM JHEJIEKTPHK B 3aBUCHMOCT OT MOJAPHTETA HA MPHIIOKEHOTO eJIEKTPH-
yecko noje. JueneKTpHuHHUTE cBoiicTBa Ha Al;O3 ce mposBABaT B yC/AOBHATA Ha
T.HAp. eNeKTPONIMTHA KIIETKA, CXeMaTMYHO MokasaHa Ha ¢ur. 3.12. OxcuaHuAT
cnoii e o6pa3yBaH B pe3y/TaT Ha €JeKTPOJIN3a NMPpH 03HAYCHUA Ha ¢urypara nosmi-
PUTET Ha NMPHJIOKEHOTO Hampexenue. B npoueca Ha 00pasyBaHETO My C€ noﬂ)"“‘:
BaT Pa3/MKH B KOHIEHTPAUMATA HA KHCIOPOIHH H aTyMHHHEBH HOHH 11O ﬂﬂﬁﬂﬂ“_
HaTa Ha cJiog. B yacTra OT CJlof, KOSATO € B GIM30CT A0 ENIEKTPO/IMTa, HMd HO‘
BHCOKO ChIBPKAHWE HA KHUCJIOPOJHH, a B YacTTa A0 AIYMWHHS — MO-BHCOKO c"-
TBpKAHHE HA aTyMHHHEBH HOHM. [1o cpeiaTa OKCHAHHMAT CIIOH HMa cTexnoMeTpH
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3 cheTaB. MeTanHu OKCHAM C IMO-BHCOKO CBABbPIKAHHE HAa KHUCJIOPOJ ca Momayn-
BOAHHLM OT P-THII, a C 1MO-BHCOKO ChABPKaHHE HA METAJ — MOJYNPOBOAHHIM OT
CnenoBaTeHO TIpH (OPMHPAHETO HA OKCHJHHA CJOH ce mojyyaBa PN-
| '_ oX0JI C MEXIHHEH CJIOH ChC CTEXHOMETPMYEH CBCTaB, T.€. €JIEKTPOJMTHATA
smeTKa MMa €IHOMOCOYHA NMPOBOAHUMOCT.

AlLO,
r"
7
A4 |
KoHnen- § | | |
Tpauus | |
Ha O | | :
: e .
Iebenuna
Ha clos
Due. 3.12

Omnucanute cBoHcTBa Ha Al,O3 Mo3BONIABAT a C€ KOHCTPYHPAT KOHAEH3aTO-
)i € rONSIM KanalUTEeT H MaJIKH FeOMETPHYHH PasMEPU — AJlyMHHHEBH €JIEKTPO-

WTHH KOHJICH3AaTOPH.

ANyMHHHAT HaMHMpa LIKPOKO NPHIIOKEHHE BHB BHI Ha (OJHO KATO ENeKT-
O B MPOH3BOJICTBOTO Ha KOHACH3AaTOPH HJIK 32 METAJIU3HpPaHEe HA MOJIMMEPHH JIH-
IEKTPHIIN Ype3 BaKyyMHO u3napeHue. CruiaBure Ha aJlyYMHHHS C€ H3I10JI13BAT KAaTO
aIMaTOPH, KOHCTPYKLHOHHH MaTepHAIH H JIp.

k. 1

]-'."--T‘F Meraiu ¢ BHCOKA, CPeIHA H HHCKA TEMNEPATypa HA TOMeHe

Meranute ¢ BHCOKa TeMIIEpaTypa Ha TOMEHE Ce WU3MOI3BAT 3apay BHCOKATA
M TOMJIOYCTOHYMBOCT H HAKOM (PU3MKO-MEXaHWYHHM cBOHcTBA. KBM TAX crmajar
faquTe ¢ Temneparypa Ha Tomede Haa 1700 °C (¢ur. 3.13). OcHoBHHTE MM
4CTBa ca naneHH B Tabi. 3.3. Hali-BaxxHUTE npeAcTaBUTENH ca BOI(PaMbBT, MO-
OIEHBT, TAHTAIBT U HHOOMAT.

. BongpambT e metansT ¢ Haii-BHCOKa TeMnepaTypa Ha TOTIEHe M Haii-BHCOKa
Temnepatypa (1700 °C), Ho camo BBB BaKyyM WM MHepTHa cpeja. IIpu
*=OKH Temnepatypu TOH ce OKHCIIsiBa OypHO HE3aBHCHMO OT YCTOWYHBOCTTAa MY
OKHCIIiBaHE NMpH HOpMalHa TeMneparypa. B enektpoBakyyMHaTa TEXHHMKa ce
HOJI3Ba BBB BH/l HA THHKH HHILUKH WJIH €eKTPOAM C pa3HOOOpPasHH reOMETPHYHM
ESMEPH 1 popmu. Toaxoasun e 32 u3paboTBaHETO HA MOIIHM KOHTAKTH MOpPaM
10CTTa My, yCTOHYMBOCTTA MYy cpelly oOpa3yBaHe Ha Abra ¥ TPYAHOTO 3aBa-
S4HE Ha KOHTAKTHHUTE MOBBPXHOCTH.

h 7\ _:Monnﬁ,uem.'r 0 CBOHCTBA M NMpPHJIOKEHHE B €JEKTPOHMKATA € GIM30 0
“PPama ¢ u3kIoyeHHe Ha crneuHpUYHOTO MY TErJI0 — MOYTH ABA IIBTH MO-JTEK OT

|
~ Tauranst 1 HHOGUAT HAMMpAT NPHIIOXKEHNE B EIEKTPOBAKYYMHATA TEXHUKA.
1 TOBa Ca BEHTH/IHH METAJIH M TEXHUTE OKCHIM MMAT JHEJEKTPUYHH CBOICTBA
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nono6uo Ha Al,O;. TaHTAIOBHUTE €EKTPOIHTHH KOHICH3aTOPH WHPOKO C€ H3moy.
3BaT MOpaau Mno-rojieMus cneuMduUyueH KamauuTeT U Mo-rojsiMara crabuiHocy Ha

apamMeTpuTe UM B CPABHEHHE C ATyMHHHEBUTE EJIEKTPOJIUTHH KOHIACH3AaTOPH.

KbM MeTATHTE ChC CpEelHa TeMIepaTypa Ha TOMEHE C€ MPHUYHUCIABAT XKejg.
30TO, HUKeNbT ¥ Ko6anThT. Te nposassaBaT (epoMarHUTHU CBOHCTBA, KOMTO Ca pas.
rnenany B pasaen 5. OCBeH 3apajy Te3d CBOHCTBA METAJIMTE OT Ta3H IPyMa ce us.
ON3BaT B €JEKTPOBAaKyyMHAaTa TEXHMKAa M KaTO KOHCTPYKUMOHHH MaTepuany
(;keA30TO M CIUIABHTE MY), H KATO MaTepHAIIH 32 TOKPHTHA (HUKE).

5G|

3500':____ W
HCRRCEST 1 -

3000+——-—Ta
== MO

25004 .. Nb

2000 | i 1 Zr, Ce..V

700§ === T b
Que. 3.13 Que. 3.14

Ot rpynara Ha METaJIUTe C HHCKA TeMIepaTypa Ha TONEHE HaH-roNsMO npH-
TOXKEHME HMAaT TEeXHHMTE CIUIaBH, KOMTO C€ M3Moj3BaT B €1Ha OT Hak-
pa3npPOCTPaHEHHUTE TEXHOJIOrHYHH OMNepalrH “criosiBane”. M3BecTHH ca MO/ Ha-
meHoBaHueTo npunou. ClyXkaT 3a OCBIIECTBABAHE HA raJBAHHYHA M MCXaHMYHA
BPB3Ka MEX/Iy CHOABAHHTE CIEMEHTH, T.€. Te TPAOBA Ja OCHIypsBaT MaJKO KOE:
TAKTHO EIEKTPHUYECKO CHIPOTUBIICHHE MPH JOCTaTbYHA MEXaHHYHA AKOCT. Hanex-
IHOCTTA HAa Ta3W BPB3Ka CE& OCHIYpsABA OT TPAHHYHHSA CJIOH MEXy NMPUIOA U CIIOR
panus Meran (¢ur. 3.14), B KOHTO ce moiyYaBa B3aMMHO “pa3TBapsHe” Ha ABaT
meTasia. [To BpeMe Ha CMOABAHETO MPUIIOUTE Ca B TEYHO CHCTOAHHE, 4 CrIOABAHUTE
MOBBPXHOCTH OCTaBaT B TBBPJAO CBCTOSAHHE — Ta3M ocobeHocT Ha omnepauniTd
“criosiBaHe” B TONSMA CTENEH OmpejeNns M3MCKBAHMATA OTHOCHO MaTepuajuTe 34
npunou. Te TpsaGBa Ja UMaT HUCKA TEMIMEpaTypa Ha TOMECHE, 1a YMOKPAT MoBbPX-
HOCTTA M 1a GBIAT FAJBAHHYHO CHBMECTHMH ChC criosBaHus meran. OcseH TOB4
TpsOBa 1a OCHTYpsABAT J00Bp €NEKTPHYECKH W MEXaHHYEH KOHTAKT. -

Criope/l TEMNepaTypara Ha TOTIEHe MPHUIOUTE Ce JENAT YCIOBHO Ha JIBE rpy
i — meku (7, < 400 °C) u tBepan (T > 400 °C). Haii-pasnpoctpaHeHH MEKH npH-
[OM ca KalaeHO-OOBHHTE CILIABH M M0-CrelManHo crasta 60%Sn u 40%Pb. “3;
BecTHa y Hac kato [TOK-60. B Ta61. 3.6 ca najieHn TeMnepaTypuTe Ha pasMeKBat™
W TOMEHe HAa HAKOJIKO KalaeHO-OJOBHH crijiaBd. IIpoBOAHMOCTTa Ha MEKHTC npH
rou e B rpanuuuTe oT 9 10 15% ot NpoBOJAHMMOCTTA Ha YHCTATa MEXL.
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...n: 3.6

raB ¥ TEMIIEpATypa Ha TOTIEHE Ha HAKOH MEKH TIPHIIOH

e

b Cnbcras, %
B R R B i
37 : - i - 183
40 = < - - 183—188
43 - - 14 - | 144-163
- = - 58 = 138
20 | - - - | - 183—199
10 5 - — - 180—230
73 = = - ~ 183—268
88 vf e 2 P - | 268-290
93,5 - 1,5 X £ 296—301
el : Sl 275—302
| 97,5 s ohoe b3 = | . =0 296-301
- - 3,0 - | 05 240-255
N - 3,8 el T ' e .
= 1 = 4,0 - 0,5 156
- 0,5 2.5 - 0.8 | 180

C e nupextuBu EBponeickusT cbio3 3a0paHsaBa Mo-HATATBIIHOTO M3MOJ3-
€ Ha 0JIOBOTO KATO 4aCT OT KaJae€HO-OJIOBHUTE IPHUIIOM B €JIEKTPOHHHUTE YCT-
icTBa — Jlupextusa 2002/96/EC or 27.01.2003 r., oTHacs1a ce A0 OTNaAbYHUTE
TPHYECKH M €JIEKTPOHHH ycTpoiicTBa (m3BecTHa kaTto JmpektnBa WEEE —
ie of electrical and electronic equipment) u upextuBa 2002/95/EC ot
01.2003 r. 3a orpaHMuaBaHe HAa W3MON3BAHETO HA HSKOH ONACHH MaTepHaH
BECTHa karo [lupektnBa ROHS - restriction of the use of certain hazardous
tances in electrical and electronic equipment). {upektuBata RoHS nocrano-

r

4 4€ or 1 ronm 2006 r. ce 3abpaHsBa U3M0A3BaHETO HA OJIOBO B €JIEKTPHYECKUTE
EKTpOHHHTE ycTpoiicTBa. Thil KaTo Mof06HO 3aKOHOAATENCTBO BEYE € NPHETO
1OHHS NpaKTHYECKH, /IBA IOJIEMH CEKTOpPa OT CBETOBHOTO NMPOK3BONCTBO M IMOT-
MICHHE Ha eIEeKTPOHHH YCTPOHCTBA H3AMraT 6apHep KbM BHOCA Ha YCTPOMCTBA,
0 He ca chOOPA3CHH C Te3H H3UCKBAHMUS.

H3cnenpanusta Ha ronemure (GbupMHU 32 MPOM3BOJCTBO HA MPHIIOHN MMOKA3BAT,
*T BCHYKH BB3MOXKHH (€30JI0BHH TIPHIIOH, HAl-PAa3NPOCTPAHEHHU Ca CILIABHTE HA
#H, Cpebpo u men. Te3u cnnaBu ce oyepTaBaT KaTo Haif-CEPHO3HHMTE MpPETEH-
"_i-_.l 3aMECTBAaHE Ha KaJlaCHO-OJIOBHHUTE NMpHUMNoOH. Hakl-rondaMm uHTEpec npesc-
48aT cneanuTe crutaBu:  Sn96,5/Ag3,0/Cu0,5; Sn95,5/Ag3,8/Cu0,7 wu
W/Agd,0/Cu0,5, KkakTO M CINaBTa C MAanKo ChIBPKAHHE HA AHTHMOH
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Sn96,2/Ag2,5/Cu0,8/Sb0,5 (tabn. 3.6). be3onoBHuTe npunou ce pa3nHy¥yaBaT ot
OJIOBHHTE IO peJHlla XapaKTEepPUCTHKH — TEMIEepaTypa Ha TONEHE, MOKPEHE Ha
MEHUTE MOBBPXHOCTH, HAAEKAHOCT Ha CITOMKHTE U LieHaTa.

Hait-pasnpocTpaneny TBHPAHW MPHIIOH Ca MEJHO-LIHHKOBHTE U CPeOBbpHUTe
CIU1aBH C TemnepaTtypu Ha ToneHe B uHTepBana ot 600 °C mo 950 °C. Usnonsear
ce B CIy4yauTe, KOraro ca NnoCTaB€HH W3MCKBaHHs OCBEH 3a JOOBD eneKTpHYecky
KOHTAKT, HO M 3a MOBHILIEHA MEXaHHYHA AKOCT Ha CrioHKara.

J1o6poTO YMOKpsAHE Ha CINOSABAHHUA METaJ M CBOMCTBATA HA PAHUYHUSA CIIOj
B CIIOMKaTa 3aBUCAT OT YUCTOTATA HA METAJIHATA NMOBBPXHOCT. Ts He TpsabBa 1a uma
OKCHJIEH CJIOH, Ma3HHU M JApYId 3aMbpcABaHUs. TOBa ce OCUrypsiBa ChC CNEUMANIHY
MaTepHalid, U3BECTHH N0/ HauMeHoBaHueTo “¢urocose”. Te Tpaba na pasreapsr
M OTACNAT OKCHIHUA CJIOH, Ja 3alMTABAT OT OKUC/IABAHE MOBLPXHOCTTA HA MeTala
M Pa3TONECHHA MPUIIOH MO BPEME Ha CIOABAHETO U JIa NOAOOPABAT YMOKPSHETO Ha
MeTana oT npunos. Han-u3non3BaHUTe B €JIEKTPOHHUKATA ca KOJ0hoHHUTE DiIroco-
Be (konooH ¢ 106aBKU HA CIHUPT, IHLEPUH U Ap.). OOUKHOBEHO NMPOU3BOIMUTENH-
T€ Ha IPUIIOU NMPENOPHYBAT HAH-MOAXOASIUTE (IIIOCOBE.

Pa3zpaboTenu ca nacrooOpa3Hu MPUIIOH, KOUTO CE€ M3IMOJ3BAT 3a CIIOABAHE Ha
€JIEMEHTHTE MPH MOBBPXHOCTHHA MOHTaX. Te ce ChCTOAT OT mpaxoobpaseH mnpu-
noi (Hanpumep 63%Sn u 37%Pb — Taba. 3.6) wim npaxoobpaseH 0€3010BEH Npu-
no (Sn935,5/Ag3,8/Cul,7 — tabn. 3.6) U OpraHMYHO BELUECTBO — KOJO(OH, pa3r-
BOpeH B ankoxos 0e3 cpabpkaHue Ha Boaa. OpraHM4HaTa CbCTaBKa M3ITBJIHSBA
ponsita Ha ¢iroc. BUCKO3UTETHT HA MoOJiyyeHaTa Mo TO3W HAa4YyHMH nacra Tpsabsa sa
Obae nocraTbhyeH, 3a Ja ce 3ana3pa (opMaTa Ha HAHECEHMS CJIOH TNPH CYLIEHE U
3arosBaHe.

3.2.3. baaropoaHu MeTanu

MuHuaTIOpU3aUMATa HA CHBPEMEHHUTE €JIEKTPOHHH anapaTypu M eleMeHTH
MO3BOJIABA JIa C€ U3MNon3BaT U OiaropoaHu Metanu. MankuTe pa3xoad Ha TE3U Me-
TaJIi KOMIIEHCHpAT BUCOKATa UM LieHa. M3non3Bar ce Tam, KbJAETO KOPO3UATA € He-
JONnycTHMa 3a HaJex/aHara pabora Ha eNeKTPOHHUA eneMeHT. OCHOBHUTE CBOMCT-
Ba Ha OaropoAHUTE METaJIM ca JajeHu B Tabj. 3.3.

CpebpoTo € MeTanbT ¢ Hal-HUCKO CnelU(UYHO CBHIPOTHBICHWE M Hai-
BHCOKa TOILIONMPOBOJAHOCT M3MEKAy BCHUKH MeTayH. LLInpoko ce npunara 3a noc-
peOpsBaHe Ha pa3jIMYHH KOHTAKTHU JCTAHIIH, C KOETO CE€ MOCTUra eJHOBPEMEHHO
MOBHLIABAHE Ha KOPO30YCTOHYHMBOCTTA U HAMAJIABAHE HA KOHTAKTHOTO ChITPOTHB-
nenue. BMecto uncto cpedbpo yecto ce u3non3saTt cpeObpHU CIUIABH, KOUTO MMAT
MO-roiiMa MEXaHHYHa AKOCT H H3HOCOYCTOMYHBOCT.

CpebpoTo ce u3non3ssa 3a METalU3UpaHe HA HEOPraHWYHH JUEJEKTPHYHH
matepuani. [Tactu ot cpeObpHHU CheIMHEHHS CE HAaHACAT BbPXY MOBBLPXHOCTTA Ha
NUENEKTPHKa, Clie/l KOETO C€ M3MHYAT B TYHEJIHA MEll ChC CTPOro NoIbpikaH TeM-
nepatypeH npodui. 1o BpeMe Ha u3nuyaHeTo cpedpoTo ce OTAENA OT CheAHHEHH-
ATa W C€ 3axXBallla 3a MOBBPXHOCTTA HA HEOPraHUYHUS JUENEKTPHK. B ycnoBusaTa
Ha MOBMILUEHA BIAXHOCT CPeOBPHUTE HOHM OT CI0s Ca CKJIOHHM Ja MUTpHpaT 110
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OBBPXHOCTTA HA JIMENEKTPHKA, KOETO MOXE /1a PEAN3BUKA HEXKENAaTeNHH OTKA3H
: paboTaTa Ha €JIEKTPOHHUSA €IIEMEHT.

~ 37aTOTO Ce M3MOM3Ba HABCAKBAE, KbAETO € HeoOX0MMa BHCOKA KOPO3HOHHA
croiiunBocT. C HEro ce Mo3naTsaBaT MeTAHU MOBBPXHOCTH WJIH CE MPABAT MHOTO
L HKH 3aTHH TPOBOIHMIIM — HAPHMEDP B HHTErPATHHTE CXEMH.

 [lanagusaT ¥ POAMAT Ca C BHCOKA H3HOCOYCTOMYMBOCT, MOPAIM KOETO CE M3-
o3BaT 3a MOKPUTHS HA KOHTAKTHH MOBBLPXHOCTH, MOJIOKEHH HA TpPHEHE (Che/au-
HUTETHTE 33 EYATHHU [UIATKH).

3.2.4. CniiaBH ¢ BHCOKO ChIIPOTHBJICHHE

CruiaBHTe ¢ BUCOKO CHIIPOTUBIIEHHE CE Pas3/e/ifsT Ha JIBE I'PYIH — PE3UCTHB-
HY ¥ TOTUIOYCTOMYHBH.

. Pe3dCTHBHHMTE CIUIABH CE W3I0JI3BAT 3a M3pabOTBAaHETO HA PE3UCTOPH M pe-
octatd. [IpH KOHCTPYMpPAHETO Ha MPELUW3HH PE3UCTOPH PE3UCTHBHUAT MaTepHal
TpsbBa 11a MMa rojsMO Crielti(UYHO CHIPOTHBIICHHE M CTAOHITHOCT HA MapaMeTpH-
Te BB BPEMETO. 3a PE3UCTOpH C 00110 NMpeaHa3HAYEHUE U3UCKBAHUATA OTHOCHO
PE3UCTUBHHS MaTEpPHaJl HE Ca TOJIKOBA CTPOTH.

[[lupoko pasznpocTpaHEHHE ca MOJYUYMIIH PE3UCTUBHUTE CIUIABU Ha MEJHA
OCHOBA — MaHIaHWH U KOHCTaHTaH.

MaHraHMHBT € CIUIaB Ha MeJl, MAaHTaH W HUKEJl, YHUTO CHCTAaB U CBOMCTBA Ca
nagenn B Tabn. 3.7. [Mopaau M3KIIOYMTENHO MajKaTa CTOHHOCT Ha TEPMO-€./1.H.
CNpAMO MEITa MAHFAHMHBT CE M3I0NI3Ba 33 U3pabOTBAHETO Ha MPELM3HH PE3UCTO-
i. 3a HaMaJIABaHE HA TEMNEPATYPHUA KOCPULMEHT HA CNELM(PUYHOTO CHIPOTHUB-
JIEHHE ¥ YBEJIHYaBaHe Ha CTa0MIHOCTTA Ha NMAPAMETPHTE BB BPEMETO CE€ HU3BBPILI-
Ba CreUMaNHa TepMUYHa 06paboTka.

]

e,

'_,mlua 3.7
C

OCHOBHM CBOWCTBA HAa HAKOM PE3UCTHBHH CIIJIaBH

e it KoncranTan

CBo#cTBa (86%3;&?%&111, (60%Cu, 40%Ni)
euudHUYHO chpoTHBIEHHE, Q.m 0,48.107° (0,45+0,52).107°
nepaTypeH KOeQHUILHEHT Ha crieuupuy- -5 _6
(HOTO chripotuBieHue, °C™' LD {IHEI)AY
"i €pMo-€.11.H. crnipsamo meara, V/°C 1.107° (4+5).107°
j sTHOCT, Mg/m’ 8.4 8,9
Akocr wa onbh, MPa 450+550 400+500
“i OCHUTEJIHO yJIbKeHue, % 15+30 20+40
'ﬂpHa rpainyHa paboTHa TeMmneparypa, °C 300 450-+500
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KoHcTaHTaHhT € CIJIaB Ha MEATAa U HHKEJIa, YHHTO ChCTaB M CBOHCTBA Ca Mno-
coueHu B tabu. 3.7. Ha ¢ur. 3.11 e nokasaHo, 4ye npu cberas Ha cruiaBTa 60%Cu y
40%Ni ce nonyyaBa MAKCHMAJIHO CNIEUHM(PHUYHO CHITPOTHBIEHHE U MHHHUMAIIEH OT-
pHLATENIeH TeMIEPaTyPeH KOC(PHLMEHT Ha CNeUHPUIHOTO CHIPOTUBIICHHE, KOeTo
ce MOTBbpXKIAaBa OT LMTHpaHuTe B Tabiu. 3.7 croitHocTu. Ilopaam BucOkary
CTOMHOCT Ha TEPMO-€./I.H. Ha Ta3M CIUIaB CIIPAMO MEJATa HE € Bb3MOXHO M3MOJI3R,-
HEeTO U 3a MPELH3HH PEe3UCTOPH, HO MO ChlllaTa MPHYHHA YCIEIIHO CE MpHjara 33
HanpaBaTa Ha TEPMO-IABOHKHM OT MeJ-KOHCTaHTaH. KOHCTaHTaHBT Ce HM3MO0I3Ba 33
u3paboTBaHe Ha PE3UCTOPH, PEOCTATH, @ CHILO Taka U HA HArPEBATEIIHHU €IEMEHTY
¢ paboTHa Temnepartypa, He mo-BHcoka ot 400450 °C.

TonnoycroiuuBuTe crlaBu TpaOBa Ja MMaT BMCOKa pabOTHA TeMIepartypa
(max 1000 °C), npu kosaTo Hen36eKHO ce noayyasa okcuaupane. ETo 3auo npu re-
34 MaTepHaIi CHIIECTBEHO BIMAHHE OKa3BaT CBOMCTBATa Ha OkcHaa UM. IlrbTHaT,
CTPYKTYpa Ha OKCH/JIHHMA CJIOH 3aliMTaBa CIUIABTA OT IMO-HATATBLIHO OKCHIHpaHe,
Haii-pa3npocTpaHeHH CrjlaBH ¢ NMOJOOHM CBOMCTBA Ca XPOM-HHUKEJIOBHTE (HHX-
pOM), YMMTO CBCTaB W CBOWCTBA Ca Na[ICHHU B Tabiu. 3.8. M3non3ear ce 3a uspabor-
BAHETO Ha HAarpeBaTE/IHU €JIEMEHTH.

Tabnuna 3.8
OCHOBHH CBOMCTBA Ha HAKOM TOIUIOYCTOHYHMBH CIUIABH

Huxpowm Il

(75+78)Ni
(20+23)Cr
1,5Mn

(1,0+1,1).107°
(1+2).107*
1100

7.1+7.5
656

Huxpowm 1

(55+61) Ni
(15+18) Cr
1,5 Mn
(1,0+1,2).107°

(1+2).107*

1000
8,2+8,3
645

CBoiicTBa

Cscras, %

CneunduyHo cbnpoTHBaeHHE, 2.m

TemnepaTypeH Koe(UIHEHT Ha crieluduy-
HOTO CBIpPOTHBIEHNE, °C ™'

'pannuna paborHa Temneparypa, °C
[TnsTHOCT, Mg/m’
SIkoct Ha onsH, Mpa (npu 20 °C)

Otnocurenno yabokenue, % (npu 20 °C) 32 45

CnnaBuTe 3a TEPMOJABOHKH TpsOBa 1a MMAT rojisMa CTOHHOCT Ha TEPMO-
€.[1.H., 3a JIa MOraT yCcrneuHo aa 0b/1aT U3noa3BaHy KaTo JaTYMLM Ha TeMIepaTypa-
Ta. OCBEH ME/J-KOHCTAHTAH 3a TEPMOJBOHMKH C€ H3IIOJI3BAT CIUIABUTE KOIME
(56%Cu u 44%Ni), anymen (95%Ni u Al, Si, Mg), xpomen (90%Ni u 10%Cr0) H
matuHoponuii (80%Pt u 10%Rh). Kakro e orbenssano B 1.3.1.4 tepmo-e.a.H. €
JIHHelHa QYHKIHA Ha TeMreparypara 0 ONpeaeieHa 3a BCAKa TEPMOJBOMKaA Ipa-
HUYHA TeMmrieparypa: rmatuHopoaui-muatuHa — no 1600 °C, men-xkoHcrantaH H
Mea-konen — jgo 350 °C, xena3o-konen U xpomen-konen — g0 600 °C u xpomell-
Konen — o 1000 °C.
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4. NONYNPOBO4HUKOBU CBOUCTBA HA MATEPUATUTE

~ CwmriacHo ¢ HanpaBeHaTa KiacH(HKaLus 1o 30HHaTa Teopus (T.1.2) cBoiicT-
3aTa Ha IOJYTPOBOJAHHKOBHTE MAaTEPHAIIH 3aBUCAT OT €HEPTETHYHOTO MM CHCTOS-
que ¥ MOTaT Jia ce MpOsBABAT KAaTO NPOBOJHMLM W AMeIeKTpULM. [IpuunHata 3a
TOBA € CPABHHUTEIHO TACHATa 3a0paHeHa 30Ha Ha Te3W MATePHaIH, KOETO M03BOJIs-
;a B pabOTHH YCIIOBHA T4 J1a 6BJIe NPeoosBaHa OT BaJIEHTHH EIEKTPOHH, C KOETO
MaTepHaIbT MpuioduBa mpoBoauMocT. Cien KaTo eHepreTHYHHTE YCIOBMS 3a
npeoAoNsABaHe HA 3a0paHeHaTa 30Ha OBbJAT NpeMaxHaTH, MATEPHAIBT BH3CTAHOBS-
a IHENEKTPHYHHUTE CH CBOHCTBA.
M3n0a3BaHETO HA MOTYNPOBOAHHKOBUTE CBOHCTBA HA MATEPHAITHTE B €JIEKT-
; jKaTa CTaHa MPHYHHA 32 KOJIOCAJIHO Pa3sBUTHE HA TO3M KJIOH OT TEXHMKATA, J10-

BeJIo JI0 MOsABaTa Ha HHPOPMALMOHHOTO OOLIECTBO KATO HOB BHJ OPraHH3aLMs Ha
KHBOTa HA CbBPEMCHHHA YOBCK,

]

._ i
- 't

|

4.1. COBCTBEHU NONYNPOBOAHNLIA

CobcTBeHH MONYNPOBOAHHIUM Ca KPHCTAIHM BELIECTBA, KOMTO HAMAT MpPH-
‘MecH M Ne(QeKTH B KpUcTanHaTa pewerka. KoiuyecTBeHOTO ornpenessiHve Ha cobcT-
BEH MOJYIPOBOJHHMK C€ noslyyaBa 4pe3 Opos Ha MPUMECHHTE aTOMM B €IHHMLA
6eM. CoOCTBEHHAT MOTYNPOBOAHKMK TPAGBa fa uma mo-manko ot 10'° npumec

o

fomMu B 1 m’, T.e. Ny < 10" m™>. Kato ce uma npensun, ve B 1 m® uma okono 102
200CTBEHH aTOMH.
[Ipu pasrnexxaaHero Ha OCHOBHHTE NMPHHLMIK HA €JIEKTPOHHATa MPOBO/IH-
MocT (1.3.1.1) Ge usscHeHo, ye BaNleHTHUTE eNeKTPOHH Ha enemenTuTe ot I, I 111
UICHTHA rpyna Ha MenneneeBara Tabnuua He 3amb/IBaT HAIBIHO MbPBATA H BTO-
4Ta BaNCHTHH 30HH (BX. dur. 3.3), mopaau KOeTo MeXIy 3aeTHTe M CBOGOIHMTE
Ja "THYHH HUBA HE CHIUECTBYBa 3abpaHeHa 30Ha. 30HHATa qMarpama Ha ejie-
SHT OT IV BanenTHa rpyna nokassa, Ye mbpBaTa M BTOPATAa BAJIEHTHH 30HH ca 3a-
MIHCHH (pa3LENBaHETO Ha €IHO EHEPreTHYHO HUBO C JIBA €IEKTPOHA BOIM JI0 110-
' 1dBAHETO HA HAMBJIHO 3aMbJIHEHA 30Ha) — ¢ur. 4.1. Twii kaTo MexY BTOpaTa M
“PeldTa 30Ha ChlIECTBYBA 3a0paHeHa 30Ha, CBOOOHHTE EHEPreTHYHH HHBA MOTAT

-I*I

: 3a€MaT OT BAJICHTHHUTE CJIEKTPOHH, aKO UM Ce [npuaane NonbJIHUTEIHA CHCp-

Marepuanute ¢ MOTYNPOBOAHUKOBH CBOMCTBA HMAT KPHCTATHA CTPYKTYpa,
_—~ PAlCHA C KOBAJICHTHA BPh3Ka (KOBaJIeHTHH KpucTtain). Ha ¢wur. 4.2 a e npexc-
O PaBHHHHO H300pa)keHHE HA KOBAJIEHTEH KpHcTajl. BCHYKH BaJIGHTHH eJlek-
SOHH, KOMTO yyacTBaT B 0OpasyBaHETO HAa KOBAIEHTHH BPB3KH, MMAT EHeprus,
_ °CTCTBallla HAa €HepreTHYHUTE HUBA Ha BAJEHTHATA 30HA (¢ur. 4.3 a). B yuc-
~ = HOMYNpOBOZIHHKOB KPHCTAN HAMAa CBOGOIHH TOKOHOCHTENH, T.e. HAMA IPOBO-
. AKO Ha KpHCTaJla Ce MpUaae CHEPrus OTBBH (HalnpUMep NMOBHUILEHA TEM-
#4Typa), HapacTBa BEpPOATHOCTTAa HAKOH €NEKTPOH /a [MOJIYYH JOCTaThbYHO
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BHCOKAa €Heprusi, HeoGX0oAMMa 3a NpeojiofifnBaHe Ha 3abpanenara 30Ha (pur. 4.3 a),
Korato ToBa ce ciyuH, €JIeKTPOHBT NIPEMHHABa B Pa3peLIEHO eHepreTHIHO ChCTO-
gHMe OT cBoboauara 30Ha (bur. 4.3 6). ToBa 0o3Ha4yaBa, 4e eHeprusTa Ha BaJIEHT-
HUS €JIEKTPOH € J0CTaTh4YHa, 32 JIa HallyCHe KOBAJICHTHATa BPb3Ka M CTaHE CBODO-
feH eNEeKTPOH, KOMTO MOJXKe /la C€ JIBHXKH B MEXIYBB3JOBOTO MPOCTPAHCTBO Ha
kpucraia (¢ur. 4.2 6). Ha MACTOTO Ha BaCHTHHSA EIEKTPOH C€ NOJy4aBa AedeKT —
HEKOMITIEHCHPAH TIOJIOKUTENIEH 3apsijl, YHHTO HOCHTEN € AApoTO Ha atoMa. Tosy
[TONOYKHUTENICH 3apAJ € M3BECTeH KaTo eNeKTPOHHA “AynKa”, WIH MPOCTO Jynka,
[Ipu MOBHILIABAHE HA TEMMNEpaTypaTa Ha YHCTHA MOJYNPOBOAHHMK, HAPEUYEH olie
co6CTBEH IMOTYNPOBOJHHUK, CE Ch3aBaT yCIOBHUA 32 TOJyYaBaHe Ha JIBOHKA 3apsiuy
— eNIeKTPOH M JyIKa, T.e. B MOJYNPOBOAHHKOBHS KPUCTAJl C€ NOJy4aBaT CBOOO 11
TOKOHOCHTENIM (reHepauus) u Toi npuaodusa NPOBOAHUKOBH CBOHCTBA. EAHOBpe-
MEHHO C reHepauuaTa B MoJyMpOBOAHMKA MPOTHYA H OOpaTHHA MPOLEC — PEKOM-
GuHALMA HAa HOCUTEJIWTE Ha 3aps/a, T.€. BPblIaHe Ha CBODOHH €JIEKTPOHH BHB Ba-
JIeHTHAaTa 30Ha, MPH KOETO H3Ye3Ba JBOWKAa TOKOHOCHTENIH. B pesyinrar Ha
MPOTHYAHETO HA [[BaTa KOHKYPHMPAIUH Ce Npoueca B MojynpoBOJAHMKA IMPH KaKBa
Jla € TEMIepaTypa Ceé YCTaHOBfBa HJKAKBAa PABHOBECHA KOHLIEHTPALMs Ha CBO-
GonHKM eneKTpoHH M aynku. [Ipu cobcTBeHMTE MOMYNPOBOAHMLM OPOAT Ha CBO-
G6oaHHUTE ENIEKTPOHHU U JIYTKUTE € PaBEH, T.€.

n, = p;u n+ p; =2n;.

by
2, e e il » 2
—0—O0—o0—o— ——-o:o-—o—-c.i-—
W
: [ | e N |
I |l | | |
——— — 00— 00— 00— 0— —0—0—O0—O0-—
{ 1 (S
- O =0~ —OT=0—0—0—
| | | I I I I I
Si a 6
Due. 4.1 Due. 4.2
W
A (@)
L]
33
B3 '| |
a 6
Duez. 4.3
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.1. Bpoii Ha TOKOHOCHTEINTE

 BeposTHOCTTa Ha MOJyyaBaHe Ha CBOOOJHHM TOKOHOCHTENM B MOJYTNpO-
oIHHMKOBHS KPHCTaJl C€ OMHUCBA OT pasnpenaeneHuero Ha @epmu-upak, nogo6HO
4 BEPOSITHOCTTA 3a MPEMHHABAHE HA EJIEKTPOHUTE Ha T10-BUCOKO €HEPreTHYHO HUBO
apu MeTanuTe — u3spa3s (3.3). Pasnpenenennero Ha ®epmu-/lupak npu nosymnpo-
,oMHHKOB KPUCTAJI € MoKa3aHo Ha ¢ur. 4.4. To e CUMETPUYHO, T.€. TIOLLTA, 3arpa-
;I.P OT KpHBaTa B cBODO/IHATA 30HA (IPUXOBAHATA YaCT), € PaBHA HA HE3alIPHXO-
aTa YACT OT BajeHTHaTa 30Ha. CHMETPUYHOCTTA Ha pa3NpeaeIeHHETO 03HAYARA,
aepoamocrra 3a MoJiyuyaBaHe Ha CBODO/IEH €/IEKTPOH B ¢cBOOOJHATA 30HA € TOU-

-_-; ) paBHAa Ha BEPOATHOCTTA 3a MOJIy4aBAHE Ha JIyIKa BbB BaJEHTHATA 30Ha.

Enekr-
pPOHH

AW

0 0,5 1
P(W)
PQue, 4.4

- bposaTt Ha ToKOHOcHTENnHTE (ENEKTPOHH M JYMKHU) 3aBUCH OT CBOOOIHHTE
HEPreTHYHH CBhCTOSAHHMSA M OT BEPOATHOCTTA Te Ja ObJaT 3aeTH. AKO IUITBTHOCTTA
1a EHEPreTHYHHTE ChCTOSHUSA € N, M BEPOATHOCTTA Te Ja 6baaT 3aetu P(W>W,) ce
OIMHHABA Ha pasnpeneneHueTo Ha Oepmu-Aupak, O6posT Ha cBOOOAHUTE eNeKT-
OHU 1pH COOCTBEH NMOIYNPOBOAHHUK 71 €

(£ | 7l = N{-_.P(W > W.:),

0 W, € Hali-HUCKOTO €HEPreTHYHO ChCTOSIHHE (JIBHOTO) HAa CBOOOIHATA 30HA;
N. — NIbTHOCTTAa HA €HEPreTHYHHUTE CHCTOSHHUS B CBOOOIHATA 30HA.

~ Csriacno ¢ pasnpenenennero Ha ®epmu-/lupak BEPOSATHOCTTA 33 3aEMaHe
d CBODOIHM eHepreTHuHH cheTosHusA P(W > W) npunobusa Buza

4.2) PW>W,)= ‘I}V T
- F]

l+exp[ CkT

E 3a MoBe4eTO MOMYNPOBOAHMIIA TIPH CTAHHA TEMNeEpPaTypa € B CHIA HepaBeH-
T80T0 W, — Wi >> kT (Hanpumep 3abpaHeHarta 30Ha Ha repmanus npu 20 °C e

b AW
1"‘?-"-" 0,72 eV uim Wc — Wi = "2—= 0,36 eV, a [TIpH Ir'=

20°C - kT =0,025 eV). B
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TaKbB Ciyyaii pasnpenenennero Ha Gepmu-JlHpak NnpeMHHaBa B pasnpeleieH e

Makcyen-Bonmas, T.€.
W -W
4.3 P(W) =exp| ————=

u (4.1) npunobuBa BHA

(4.4)

n=N, cxp(—- w"’;TWF J :

[To ananoruyeH Ha4YWH KOHUEHTPALMATA HA TYTNIKUTE p B COOCTBEHHS monyy,.
POBOJIHHK C€ M34YHUCIIABA IO U3pasa

WF B Wa
(4.5)

7 ) s

KkbaeTo N, € TUIbTHOCTTA Ha ChbCTOSHMATA BbB BAJICHTHATA 30HA;
W, — Hali-BUCOKOTO €HEPreTHYHO ChCTOSHUE (TaBaHa) Ha BAJICHTHATA 30Ha,
BposAT Ha €JIEKTPOHHUTE U JYNKUTE B COOCTBEHMS MOJIYNPOBOAHHUK Ca PaBHH,

CJIEN0BATCJIHO

p=N,exp(-

W —
N, exp(——=

W. Wo=W.
=N, ex Ly,

kT ) Noeapt kT

Ot (4.6) upe3 NOrapuTMYyBaHE JIECHO C€ HAMHPA Pa3MoIOKEHHETO HA HUBOTO Ha

Depmu:

(4.6)

W+W kT. N
: W. =—=£ g ——In—.
(4.7) F 5 2 N,
W +W,

W3passt (4.7) nokassa, e ipu T=0 K W, = , T.e. HUBOTO Ha DepmH ce

HAMHpPa TOYHO B cpeaara Ha 3abpaneHara 3oHa. [1pu Temneparypu 7 > 0 K HHBOTO
Ha DepMHU € H3MECTEHO OT cpejiaTa Ha 3abpaHeHaTa 30Ha, HO Thil KaTO CTOHHOCTH-

Te Ha N. u N, ca 61IM3KH, MOXeE J1a ce mpHeme, Yye HUBOTO Ha PepMu € npuOIn3n-
TEJIHO B cpejara Ha 3abpaHeHaTa 30Ha.
Kato ce 3amectu (4.7) B (4.4) ce monyyaBa W3pa3 3a KOHLEHTpauuaTa Ha

cOOCTBEHUTE TOKOHOCHTEITHU;

AW
n.=p; =\/Nr:N¢ GXP(”E),

(4.8)

kpaero AW =W_—W, e mmpoynnara Ha 3abpaHeHara 30Ha.

4.1.2. CobcTrBeHna npoBOAMMOCT

Korato BaJleHTHHTE €JIeKTPOHH MPHAOOHAT JOCTATHYHO EHEprHs, Taka e 1%
Morar na npeozonear 3abpanenara 3oHa AW, B cTpykTypaTra Ha cOOCTBEHHA no-
TYNPOBOJHUK C€ MOSBABAT JBOHKHM TOKOHOCHTENM — CBOOOJHM €JIEKTPOHH H nym
ku. [Tox BIMSHME HA €NEKTPHYECKOTO MoJie CBOOOAHHUTE €NEeKTPOHH morar Ad ce

JABHKAT HACOYEHO B MEXAYBB3JIOBOTO IPOCTPAHCTBO, T.e. MoOJy4yaBa CC€

MPOBOJIMMOCT, MMOoJ00HA Ha €JEeKTPOHHATa MPOBOJAMMOCT B METAJIHUTE. JlynKHT®
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, MOTaT JIa M3BBLPLUBAT HACOYEHO ABMIKEHHE B MOJYNPOBOAHHKOBHA KPHUCTA

|

BHCHMO OT TOBA, Y€ TEXHHTE HOCHTEIN — aTOMHHTE sJpa ca HenoaBmwxkHK. [Tox
qye Ha eJeKTPHYECKOTO M0JIe BAJIEHTEH eNeKTPOH OT Jpyra KOBaJIeHTHAa BpPb3-
12 HENOITbJIHEHATa KOBAaJIEHTHA JIBOWKaA (JyrkKara), a Ha HEroBO MACTO ce
pa aynka. Taka B pe3yiTar Ha JEHCTBHTENHOTO ABHXKEHHE HA BAJEHTHHM
KTPOHH C€ MOJTy4aBa QUKTHBHO JIBH)XCHHE HA IyNKHTE — OCHLIECTBSABA Ce JyI-
~ra WIH P-NpOBOAWMOCT.
" [loa BAMSIHME Ha €JIEKTPUYECKOTO MOJIE BbB Bb30YJIEHUS COOCTBEH MOMyI-
JBOJHHMK B PE3YyJTaT Ha JBHXECHHETO HA CBOOOJHHMTE ENEKTPOHH 1; H LYNKHUTE p;
. nonyuasa nposoaumoct. Ot (3.1) ce monyyasa M3pa3bT 3a NPOBOAMMOCTTA Ha
oGCTBEHHS MOJYNIPOBOAHUK (COOCTBEHATa NPOBOAUMOCT) O
0) O; = niepl, + piell,,
J4eTo 1; ¥ p; ca OPOAT Ha TOKOHOCHTENNTE B COOCTBEHMS MOTYNPOBOAHHUK;

I, ¥ L, — TIOJIBOKHOCTHTE HA N- U P-THI1 TOKOHOCHTE/IH CBOTBETHO;

e — 3apAIbT Ha €JIEKTPOHA.

Kato ce iMa npeiBUJ, Y€ N, = p, ce noJjly4yasa

10 o; = nie(U, + W,).

IToaBHAKHOCTTA HA TOKOHOCHTEJIMTE 3aBUCH HAW-MHOI0 OT CpeJaHAaTa JIbJKH-
ga cBoOoHus npober Ay, KOATO 32 CBOOOAHUTE ENEKTPOHM € I10-rojisiMa OT Ta-
'Ha “aynkure’. CrnenosarenHo 0e3 /1a ce BycKame B JETaiId, MOXKEM J1a 3aru-
M, HE U, > Uy
OcBeH OT TeMmnepaTypaTa reHepauus Ha JBOMKH €JIEeKTPOH-AyIKa B cobCT-
HHA MOJYNTPOBOJHUK MOXE 11a Ce MpEeaU3BHKa OT APYTH €HEPrUuiHU W3TOYHHMIIH,
0 CICKTPOMarHUTHH (DOTOHH, YCKOPEHHU €JIEKTPOHH M HEYTPOHH, CBETJIHHA H

IpoBoAMMOCT, MOTy4Y€Ha OT CBETJIMHHO 00abuBaHe, ce Hapu4a (OTONMPOBOIH-
7. Ha 6azara U ca usrpazienu oTo-1oaynpoBOAHHKOBUTE EIEMEHTH.

. MPUMECHM NOMNYNPOBOAHUUN

Ipumecute npomensT 6post Ha TOKOHOCHTETHTE H MEXaHH3Ma HA MPOBO/IH-
ITa B MOJYNpOBOJAHHMKA, MOPaJH KOETO MOJTYNPOBOAHHMKOBH MAaTe€pHalH ChC
MHTETHO KOJIMYECTBO MPHMECH CE HAPHYAT NMPUMECHU NOTYNPOBOOHUYU, A TIPO-
IMOCTTa UM — npumecra npogodumocm. Haii-4ecTo B Ka4eCTBOTO Ha MPHMECH
a3nonssar enemeHTH oT III u V BanentHa rpyna na Menjeneesara tabnuiia.
S0Hpa ce, cTaBa BBNPOC 32 CTPOrO KOHTPOJNMPAHH NPHMECH, KOETO 03HAYABA, e
OAHATa YMCTOTA KAKTO Ha IMO/YIPOBOJHMKOBHSA MaTepHall, TaKka U Ha MPHMECH-
TPAbBa na Obae M3KIIOYMTENHO TOAMa, 3a Ja Ce MOMydYaT HeoOXOAMMHTE
CTBa Ha NpUMECHHUA MOJTYNPOBOIHHK.

L. Bunose npumecnu MoJIYNPOBOAHHIH

| B 3aBMCHMMOCT OT BAJICHTHOCTTA Ha MPUMECHHUS €JIEMEHT Ce pa3/inyaBaTr J0-
HH (oT V BanenTHOCT) M akuentopuu (ot III BanenTHOCT) MPUMECH, a ChOTBET-
" IPUHMECHH NOJaYynpoBOAHMUM OT N-Tun u P-tun. [IpuMecHuTe aTtoMu ce
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BKJIIOYBAT B OCHOBHMS TOJYIPOBOJHHKOB MaT€pHall, KaTo 3amecTsar COOCTBEH
aTOM BBB Bb3eJjia Ha KpUCTaJlHaTa peuleTka.

Ionopuute aromu (P, As 1 1p.) y4acTBaT B KpUCTallHaTa pelierka KaTo ye-
THPH BaJEHTHHW €JeKTpOoHa 00pa3yBaT KOBAJIEHTHH BPB3KMU C uyeTHpH COOCTBEHH
atroma. [TeTHsiT BajleHTEH eJIEKTPOH OCTaBa CBbP3aH CaMO ChC COOCTBEHOTO CH AAPO
(pur. 4.5 a). Herupure BaJICHTHH €JIEKTPOHA HA NMPUMECHHUSA aTOM, KOHTO y4acTBaT
B KOBaJIEHTHH BPb3KH, UMAT €/IHAKBA CHEPIUsl C BAJICHTHUTE €JIEKTPOHH HaA cOOCT-
BEHHUTE aTOMHM MJIM B €HEPreéTHYHO OTHOLIECHHE C€ HaAaMHUpaT BBB BAJIEHTHATa 30Ha
(pur. 4.5 6). IleTHAT €NEKTPOH € Ha I0-BHCOKO €HEPreTHYHO HHUBO OT TAX (He
y4acTBa B KOBaJICHTHA BPB3Ka), HO HE € CBOOOIEH (CBBP3aH € ¢ A1poT0). Te3u Cb-
oOpakeHHsi 03HAYaBaT, Y€ CHEPreTHYHHUTE HUBA, 3a€TH OT METUTE EJIEKTPOHH Ha
MPUMECHUTE aTOMH, C€ HaMUpaT B 3a0paHeHaTa 30HAa M TMOHEXE BPb3KaTa UM ¢
sapaTa € MHOro ciaba, 1oONbIHUTEIHUTE HUBA B 3a0paHeHaTa 30Ha ca pasroioxKe-
HU O61u30 g0 cBobojaHara 30Ha. Te3u HUBaA ce Hapuyat doHopuu W,. bposat um e
paBeH Ha Opos HA MPUMECHHUTE aTOMH.

|
0_._
|
0._.
I

|
5 O —
i R S =

—~ 0= =—0-— MV{ b

H ” ” Wai Wﬂ
i ) ) e = |

l | |

a 7]

Duez. 4.5

[Ipu cnabo noBuiIaBaHe HA €HEPrusTa NMETHTE EJIEKTPOHHM HamycKaT sapara
CH — cTaBaT CBOOOJHH, a NMPUMECHUTE aTOMH ceé MOHMU3MpaT. ToBa craBa, KOraTo
EHEPreTHYHUTE BB3JEHCTBHUA Ca NOCTAThYHHM, 3a Ja C€ IMPEeo/0Jiee EHEPreTHYHarTa
Oapuepa AW,. Ilonexe AW >> AW,, BaneHTHUTE €JIEKTPOHU HE MPEMHHABaT B
ceobonHara 30Ha. CrneaoBaTeNHO B NMPHUMECHUTE MOJYIPOBOAHULIM OT JAOHOpPEH
THII CE€ [10Jly4aBa reHepauus Ha CBOOOJHHM EJIIEKTPOHM OT JOHOPHOTO HUBO IpH
CPaBHUTEJIHO HHCKH TemrieparypH. llosyyeHuTe AyNKH B MPUMECHUTE aTOMH B
€HEPreTHYHO OTHOLUEHHE Ca Pa3NOoJ0KEHH 3HAYMTENIHO T0-BUCOKO OT BaJICHTHATA
30Ha M MOpaju TOBa Morar jAa ObAaTr “3ambjIBaHH €aMO OT METHTE E€JIEKTPOHH HA
MPUMECHU aTOMHU. T'bH KAaTO NMPUMECHUTE aTOMH Ca MaJKO Ha OpoH, MOJIyyEeHUTE
AyNKH HE MOraT /la y4acTBaT BbB ()OpMHpaHeTO Ha npoBoaumMocTtTa. I1o Te3u npu-
YHHH 332 IPUMECHUTE NMONMYIPOBOJHHUIM OT JOHOPEH THII € B CHJIa CbOTHOLUEHUETO
(4.11) n>p,
KBIETO 1 € KOHLIEHTPAIUsATA Ha CBODOIHUTE €JIEKTPOHH;

P — KOHLIEHTpaUMsATa Ha AYINKHUTE,

AxuentopHute atoMu (B, Al ¥ ap.) BHacAT B NOJynpoOBOJAHUKOBHS KPUCTAJl
HE3allbJIHEHH KOBaJIEHTHH BpBb3kH (dur. 4.6 a). Te npeacrasnasar cBoeOpa3zui
“KanmaHW' 3a BAJICHTHHUTE €JIEKTPOHH HAa COOCTBEHHUTE aTOMH M MPH CPABHUTETHO HE
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BHCOKH TemmiepaTypH BaJICHTHHTC CJIICKTPOHH MNONanar B TiAX. Taka ce oOpa3sysar
AYNKH B MOTyNPOBOJAHHKOBHS KPUCTAJl. B €HEPreTHUHo OTHOLICHHE HE3AMBIHCHH-
Te KOBAJIECHTHH BPBH3KH Ca Pa3nosiokKeHH 01130 10 BajeHTHATA 30HA HA HHBA, HApe-
yeHn akyenmopnu (pur. 4.6 6). IlpeckayaHeTo Ha BajleHTHH €JIEKTPOHH BOJIH 10
[OSIBABAHETO HA JAYNKH MM [0 HOHHM3alLMUA HA aKUEnTOpHHUTE NMPUMECHH ATOMH.
[Tonexe AW >> AW,, npu cpaBHUTEIHO HHCKH TEMIEpaTypy B MPUMECHHS TOJIYII-
POBOAHHK OT aKLENTOPEH THII € B CHIIA CHOTHOLICHHUETO

(4.12) p >n.
l | |
3 —O0==0—O0—
Al 8 W,
8 _o_H:g_ )
|| | 45 '
el @ jp==m=x & et © Lo
| | |
a 7]

Que. 4.6

4.2.2. OCHOBHH H HEOCHOBHH TOKOHOCHTeJIH. PaBHOBeCcHA KOHCTAHTA

B npuMecHHUTE NOJYMPOBOJAHMULIM C€ MOJTYYaBAT TOKOHOCUTEIU OT NPHUMECEH
1 oT cobcTBeH THI. ['eHepanusaTa Ha TOKOHOCHTE/H € BEpOATHOCTEH MPOLIEC, KOETO
e peye, 4ye 3a€HO C MOIY4YaBaHETO HA NMPUMECHH TOKOHOCUTENHN, BUHATH ChIIEC-
TBYBa HAKAKBa, MaKap M Majka, BEpOATHOCT 3a MOJyyaBaHeToO ¥ Ha COOCTBEHH TO-
KoHOcuTenu. B pesynrar Ha TOBa pasmnpe/ieIeHUETO Ha PDepmu-/IUpaKk BEYE HE €
CHMETPHYHO CIpsAMO cpenaTta Ha 3abpaneHara 30Ha (¢ur. 4.7). [Tpu Temneparypa 7
BEPOsATHOCTTA 32 NoJlyyaBaHe Ha N-THII TOKOHOCHTECIIY € 3HaYUTENHO MO-To/IIMa OT
Ta3u 3a MojyyaBaHe Ha P-TUI TOKOHOCHTENIN HA NMPHMECEH MoaynpoBOAHHK OT J10-
HOpPEH THMN TMOpaJii HATMYHMETO HA JIOHOPHUTE HUBA. HecumMeTpHUHOCTTAa Ha pasil-
pelieIcHHeTO 03Ha4aBa, Y€ HUBOTO HA DepMH € U3MECTeHO KbM JOHOPHHTE HHBA,
KakTo e nokasaHo Ha ¢ur. 4.7 a. [Ipy npuMECHUTE NONTYyNPOBOJHHLIK OT aKLENTO-
PEH THIl BEPOATHOCTTA 3a NOJy4YaBaHE Ha P-TOKOHOCHTENIM € 3HAYMTEIHO [10-
roasMa OT Ta3H 3a nojiydyaBaHE Ha N-TOKOHOCHUTEIIH U HUBOTO HA (DepMH € U3MEC-
TEHO KBbM aKuenTopHute HuBa (¢pur. 4.7 6).

OT M3JI0KEHOTO Cle/IBa, Y€ B MPUMECHHUTE NOJIyNPOBOAHKIIM CE Pa3jinyaBaT
OCHOBHM M HEOCHOBHH TOKOHOCHTEIIH. 3a AOHOPHHUTE nmonynpoBOJAHHLUH OCHOBHH
Ca eJIEKTPOHMTE, 3aL0TO N1 > p, a 32 aKUENTOPHUTE — nynkuTe. KaTo ce UMa npea-
BHJ (4.8) KOHLEHTpALUATA HA OCHOBHHUTE TOKOHOCHTE Y (eJIEKTPOHH) B HEU3PO/IE-
HUTE JIOHOPHH MOJYNPOBOJAHULIM ITPH HEBHCOKH TEMIIEpaTypH MOXe /1a C€ H3UHCITH
o u3pasa

AW,
24T )’

KbaeTo N, € IBbTHOCTTA Ha EHEPreTHYHUTE ChbCTOSHUA HAa JOHOPHUTE HUBA,

(4.13) n= NN, exp| -
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. W, |

W-l

e W %

W, W
Duz. 4.7

AW, =W_-W, - enepreruuna Gapuepa Mexay JIOHOPDHMTE HHBA H CBO-

OoaHaTa 30Ha.

KoHLeHTpalusATa Ha OCHOBHUTE TOKOHOCHTENH (IyNKH) B HEM3POAEHH aK-
LHENTOPHH MOJIYNPOBOJIHHIIM C€ H3YMCIIABA MO U3pasa

AW
=. N N ex a1,
p=4/N,N, exp =

KBAETO N, € MIBTHOCTTa HA EHEPIreTHYHHTE ChCTOSHHSA Ha AKLIENTOPHUTE HUBA;
AW, =W, —W, - eneprernunara Gapuepa MexIy BaJeHTHAaTa 30HA M aK-

(4.14)

LUENTOPHUTE HUBA.

3a ONMHCAHOTO HECHMETPHYHO pasnpenencHue Ha Pepmu-/{upak B npumec-
HUTE MOJIYNPOBOAHHMIIM C HErojsMa KOHLIEHTpAaUUs Ha NMPUMECHTE NpH JalicHa
TEMIIEpaTypa € XapaKTepHO IHHAMHYHO PaBHOBECHE MEXAY CKOPOCTTA Ha reHepa-
uus ¥ peKOMOMHALIMs Ha CBOOO/IHH €JIEKTPOHHU U AYIKH, KOETO CE OMKCBA OT M3pa3a

(4.15) np = n?,

T.€. MPOM3BENICHHETO HAa KOHLEHTPALMHUTE HA OCHOBHHTE H HEOCHOBHMUTE TOKOHO-

CHTE/IH NIPH JaJieHa TEMIEPaTypa € BHHArH PaBHO Ha KBaJIpaTa Ha KOHILIEHTPALUATA

Ha COOGCTBEHHTE TOKOHOCHTEIH MpPH ChILATA TEMIEPATypa. n;° ce HapH4a pPasHO-

éecrha koncmanma. CrnipaBeUTHBOCTTa Ha (4.15) Moxe a ce MpOBEpH MO CcieHHS

HayuH. Heka cpenara Ha 3a0paHeHaTa 30Ha Ha JIOHODHMSA TOJYNPOBOIHUK O3HA-

uuM ¢ Wg; (BX. ¢ur. 4.7 a). Kato ce uma npensuna (4.4), 3a KOHIIEHTpaLMsATa Ha 0C-
W.-W,

HOBHHTE TOKOHOCHTEJIU n Ce Inojy4asa
W.-W.
Cx.p F Fi |,
kT kT

W-W.+W_-W._
(4.16) n=N_exp| —~——~L—FH _F |= N _exp
kT
[To nomo6Gen Ha4yMH 3a KOHIEHTPAUMATA HA HEOCHOBHHMTE TOKOHOCHTENH p ce M0
Jy4aBa

104

= - - . €X :
P = Ny €XP XT P|— kT CXp T
geBHIHO Mpou3BeleHHeTo Ha (4.16) u (4.17) kato ce uma npeasun (4.8) e
i W, -W AW
=N_N_exp c<—¢ |=N_N, exp =0
kT kT

. TemnepaTtypHa 3aBHCHMOCT HAa NPHMECHATA NPOBOJAUMOCT
3a NpUMECHHUTE IMOJYNPOBOIHHLIH NPOBOJAHMMOCTTA O €

(4.18) O = neple + pep,.
JoABH)KHOCTTa Ha TOKOHOCHTE/IMTE MPH NPHJIaraHe Ha E€JIEKTPHYECKO MOoJIe Mpejic-

#BA OTHOIICHHETO HA CKOPOCTTAa HAa ABMXXEHHE V , MPEJU3BHKAHO OT MPHIIO-

eHOTO EJIEKTPHYECKO 10JIe, KbM MHTEH3UTeTa £ Ha TOBa nose uim

.ql H
V
= i m*/V.s

"
DM HUCKH TEMIIEPATypPH 3a JOHOPEH MONYNPOBOAHHUK (n>>p), u3pas3sT (4.18) mo-
e 1a ce 3anuLe NpUbIU3UTENHO TaKa

20) O = nel,.

Cnen noraputmyBaHe Ha (4.13) 3a OCHOBHHTE TOKOHOCHTENH HAa JOHOpEH
JIyNPOBOJHHUK CE MOJTy4aBa

421) Inn=1In (JNE}N‘_, ) -

AW, 1

AW, 1
2% T

2k T

JIeTo C € KOHCTaHTa Ha MaTepHaa.
Axo 3aBucumoctra n = f(7) or (4.21) ce HaHece Ha KOOpJIMHATHA CHCTEMA,
IATO Op/IMHATHA OC € B JlorapuT™MHyeH Mawab (In n), a abumcHara oc — B pewur-

AW,
2k

PHT. 4.8 — obnact Ha npuMecHa npoBoauMocT). HapacTBaneTo Ha KOHLIEHTpaIHs-
HIpoAb/KaBa /10 HOHU3ALMATA Ha BCHUKH NMPUMECHH aTOMM, ClieJl KOeTO Ce J10C-
ira 06acTTa Ha M3TOLEHUTE PUMECH, B KOSITO KOHLIEHTpAaLMATa Ce 3ana3Ba 1oc-
; :-'f: A. Ilo-HAaTaTBIIHOTO yBeNMYaBaHe Ha TeMIEpaTypata Ipeau3BHKBA
“Ka4aHe Ha BAJICHTHHMTE €JIEKTPOHHM npe3 3abpaHeHaTa 30Ha AW. 3anousa me-
'j_;fu BT Ha COOCTBEHA NMPOBOJMMOCT, 3a KOMTO 3aBHCUMOCTTa n = f(T) ce 3anas-
{ IMHeliHa BbPXY KOOPAMHATHATA CHCTEMa OT (ur. 4.8, HO C BIJIOB KOC(PHULIUEHT

R 1
MeH Maiiab (?), Ce Mojy4aBa MpaBa JIMHUA C BIVIOB KOE(DHIIHEHT

T Tosa necHo ce noTBbpxkaaBa ypes norapuT™MyBase Ha (4.8).

CHBI[OB&T&HHO 3a TCMIICpaTypHaTa 3aBUCHMOCT Ha KOHUCHTpalusaTa ca Xa-

fv*- TpH 00J1aCTH — NPUMECHA MIPOBOAHMOCT, H3TOLICHH [IPUMECH U coOCTBe-
IPOBOIMMOCT.
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ABHKHOCTTA cnabo HaMansBa B Ta3H 00sacT, ¢ KOeTo ce o0sicHABa 3aBHMCH-

| |
| | a 6 = f(T), nokasana Ha ¢wr. 4.10.
| , Ilpumecna
: | MIPOBOAHUMOCT \
| ' Inc
I
AW\ |
2K | :
CoberBena | Harowmenu :
[MPOBOJAHMOCT | NpPHMECH |
: | 2
| : -
| | 1
. T
T Due. 4.10

Due. 4.8
Ot (4.20) 1 ¥3MOKEHUTE CHLOOPAKEHHUS C€ MOJTy4aBa U3pasbT

MurepecHo e na ce orbenexH, 4e HUBOTO Ha DepMu ChHILO 3aBHCH OT TeMre. - AW,
parypara. C HapacTBaHe Ha TeMriepaTypaTa HOHH3aUMATa HAa JOHOPHHUTE MpHMecy 4.22) G = A exp| - 5T |’
B o0nacTra Ha MpUMECHATa NMPOBOAMUMOCT NpeAU3BHKBA H3MECTBAHE HA HUBOTO Ha
@epMH KbM cpenara Ha 3a0paHeHarta 30Ha (¢pur. 4.9 a u 6). [Ipu no-BHCOKH Teu- BAETO A, € KOHCTaHTa Ha MaTepHaa.

CrieunHYHOTO CHIPOTUBIICHHE P HA MOJYNPOBOAHUKA B 00J1aCTTA HA MPH-
A MPOBOJMMOCT C€ MOJIy4YaBa JIECHO KaTO PELUIPOYHA BEIMYMHA HA CMELH-

= afa MPOBOAUMOCT — U3pa3 (4.22) unu

nepaTrypH, clell KaTo NMPUMECHTE ca HOHH3MPaHH, 3al10YBa MEXAaHU3MBT Ha cober-
BEHA NMPOBOAUMOCT U HUBOTO Ha Pepmu ce npubiankaBa BCE MOBEYE KbM CpejiaTa
Ha 3a0panenara 30Ha (¢ur. 4.9 6).

1 AW,
0K T,>0K 5T, 23) P=G= A Zer |
. 1
AETO0 A =—.
Al
. W, W, W, 3 ‘TeMmneparypHHUAT KOeQHULUHEHT HA CIEUH()HUYHOTO CHIPOTHBIICHHE CE OMNpE-
W W, 718 OT M3pasa (3.6) WK KaTo ce MMa MpeBUJL 3aBUCUMOCTTa (4.23) ce monyyana
1 AW, | AW, 1 b
.24) O, =-— 1 Aex = 5=
AW, 2kT | 2k T i
3 Aexp
i | 2kT
BIETO b = oY,
a 7] 8 2k
Duz. 4.9 [TonyyenusT wW3pa3 mnokaspa, Y€ MOJYNPOBOJHULMUTE HMAT OTPHLATEICH

teMnepatyper koeUUMEHT Ha CTEUM(HYHOTO ChNpoTHBIEHHE. Kato ce uMa
e BHII, 4e TEMIIEPATypHHAT KOe(HLHEHT Ha CELM(PHYHOTO CHIIPOTHBIICHHE HA

> METaJIM € BUHHAru MOJIOXKUTEJIEH, CJIe/iBa, Y€ 3HAKBT Ha (L, € YKa3aHHUC 34

TemnepaTtypara oka3Ba Mo-CHIHO BIIMSHHE BBPXY W3MEHEHHETO Ha KOHLEH"
TpaLMATa, OTKOJKOTO BBPXY MNMOABHKHOCTTa Ha TOKoHOocuTenute. CrnenoparelHo
KOHIIEHTPALMATA /1 ©UMA 3HAYMTETHO MO-TONAMO BJIHSHHE BLPXY (hopmupaneTo Hd epa Ha NPOBOAMMOCTTa. TO3M M3BOA € OT 0OCOOEHO 3HAYeHHE 3a MHOro(as-
TeMINepaTypHaTa 3aBUCHMOCT Ha €JIeKTPONpPOBOAMMOCTTa O B cpaBHeHHe C MMOA° | Ic'I'F’}’KT)’P“ B KOMTO Ca Bb3MOXXHH HAKOJIKO MEXaHH3Ma 3a OCBHIIECTBABAHE HA
BHXKHOCTTa L, 0T (4.20). B o61acTTa Ha M3TOLIEHHTE NPUMECH KOHLeHTpauuATa i ‘POBoMOcTTa. Hanpumep, ako 0 < 0, mpeobranaBaiio BIMAHHE HMA NOJTYNPO-

CBOOOHHTE €JIEKTPOHHU MOUYTH HE Ce M3MEHS MpH MOBHIIABaHE HAa TemmepaTypaTd :--“ KOBMAT XapaKTep Ha MPOBOJAMMOCTTA, a NpH 0y > 0 — mpeobianasallo BiHs-
€ HMa MeTaJIHMAT XapakTep Ha MPOBOJAMMOCTTA.
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4.2.4. Metoan 3a onpeejsiie HA THOA HA NPOBOAHMMOCTTA
Ha noaynposoauuunTe. Epexr na Xon

Onurhara MOCTAHOBKA, NMPH KOATO Ce Moiy4aBa epeKkTsT Ha X0 € MMoKa3akny
Ha ¢wur. 4.11. O6pa3eusbT OT NOJYNPOBOJHHKOB MaTepHal OT JOHOPEH THII € Moc.
TaBE€H B MarHUTHO [10JI€ C HHAYKUUA By ¥ Npe3 Hero npoTrv4a TOK C IJIBTHOCT v
[Ton BaMsiHME HAa MAarHUTHOTO MOJIE€ JBHIKEIIUTE ce CBOOOAHM 3apsiau (B Clyyag
eJICKTPOHH) Ce OTKIIOHABAT KbM €/IHA OT CTPAHUYHHUTE CTEHH Ha obpaseua u no To.
31 Ha4YWH BB3HHKBA HANpPEYHO ENIEKTPOJBIKEIIO HANPEKEHHE ¢ HHTeH3uTeT E,
O3Ha4eHaTa Ha (urypara nocoka (ako obpaseusT e oT P-THIl, NocoKaTa Ha E. e
6bpae obpatha). [lonyyeHoTo nosne ¢ WHTEH3UTETHT E, ce Hapuya noie Ha Xoi u
PECIIEKTHBHO MHTCH3UTETHT C€ O3HavaBa oule karo Ey, 1.e. E, = Ey.

OrknonsBamara cuna F;, KOATO Bb3IeicTBa BBPXY [ABWXEIIHUTE CE CRO-
OOoHH eNeKTPOHH, ce Hapuya JIOpeHII0Ba CHJIa M Ce H3YMCIIABA 110 H3pa3a
(4.25) Fi = qByv, = eByv,,
KBJETO ¢ = € € 3apsAAbT Ha eeKTPOHa;

B, — MHAYKIHMATa HA MArHUTHOTO I10JIE;

Vy — CKOPOCTTa Ha JIBHXKEHHE Ha eJIEKTPOHUTE.

CKOpOCTTa Ha eJIEKTPOHUTE MOJA Bb3ACHCTBHE HA €JIEKTPHYECKO MMOJIE C WH-
TEH3HTET £, MOXKe /1a Ce NpeJICTaBH KaTo
(4.26) Ve = E M.,
KBJIETO L. € MOABHIKHOCTTA HA €JIEKTPOHHMTE.
Karo ce 3amectu (4.26) B (4.25), ce nonyyasa

Fp = EBJ,EIM,.

Cunara F ce ypaBHOBecsBa OT cunara eky, KosTo Bb3JieHCTBa BPXY €eKT-

poHHTE DNarojapeHHe Ha HHAYLHPAHOTO eeKTpHYecKo (rmosie Ha X0J) ¢ MHTEeH3H-
TeT Ey, T.€.

(4.27)

(4.28) eBEl, = eEy.

OTTyK ce nony4yasa

(4.29) T
B,E,

[Tonsixora e yno6Ho fa ce u3non3Ba Taka HapeyeHHs KoehHLueHT Ha X0 —
Ry, koiiTo ce onpeznens no ciegHus Hauyud. [L1bTHOCTTA HA ToKa J, npe3 obpaseua
e
(4.30) J. = OE, = ne\\.E,,
KBIETO O = nell, € cneuuduyHaTa mpoBOAUMOCT, 32 KOATO € B cuia (4.20);

n — KOHUCHTPALIHATA HA OCHOBHHTE TOKOHOCHTEH (EJIEKTPOHH);

M, — MOABHXXHOCTTA HA €JICKTPOHHUTE,

Ot (4.29) u (4.30) ce nonyuana, ye

'I.I

nek .

(4.31)

Ey =W B,E,=—% B E =RyJ.B,,

|
MHIeKChT z KAKTO W MHAEKCHTE X M Y ChOTBETCTBAT HAa TPUTE KOOPAMHATHH OCH.
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Duz. 4.12

3a obpazer; ot P-Turm, 3a KoiTo Ey € HacoueH oOpaTHO B cpaBHEHHE ¢ 00pa-
gen] oT N-Tun, koepuuHeHThT Ha X0 €

X 1'],
(4.32)
: P
KBJETO p € KOHLEHTPALMATAa HA OCHOBHUTE TOKOHOCHTENH (“aynku’).
~ Or uspasa (4.31) creniBa, ye KOe(DUUMEHTHT Ha X0 MOXE J1a Ce H3YHCIH 10

131)c

3) R,

- EH :
B E,

I.e. 3HAKbT Ha KOe(ULHMEHTa Ha XOIl 3aBUCH OT MOJAPUTETA HA MOJETO Ha XOI H
3aTOBa ITPH MOJYNPOBOJHUK OT N-TUN KoepUUHMEHTHT Ha XOJ € OTPHLATENEH, a
IPH MOTYNIPOBOAHUK OT P-THIT — [OJIOKUTEJIEH.

- Kakro ce Buxnaa ot (4.31), Bennunnure Ey, By n J, nojuexar Ha U3MepBaHe,
TaKa 4ye OT NOJIYYEHHUS 3HAK Ha KoedulMeHTa Ha X0J1 MOXKe J1a C€ Ch/M 3a THUIMA Ha
IpoBoMMOcTTa B 0Opasena. KOHUEHTpalMATa Ha OCHOBHHTE TOKOHOCHTENIH MOXeE
lla Ce U3YKMCITH C U3MEPEeHaTa CTOHHOCT Ha Koeduumenta Ha Xon — (4.31) u (4.32).
,.{f TO ce u3noi3sa (4.29) Moxke aa ce U3MEPH MOABHIKHOCTTA HA TOKOHOCHUTEJTUTE.

- MeroasT Ha ropeuata COHAAa € MO-MPOCT HAYMH 3a OMNpeAensHe THUIa Ha
pPoBoaumocTtTa. Ha ¢ur. 4.12 e noka3zaHa onuTHaTta My noctaHoBka. KbM eHaTa

n DaHa Ha MMOJYNPOBOAHUKOB 00pa3el] C HEU3BECTEH THIT HA NMPOBOAMMOCTTA KOH-
TaKTyBa BoJI)pamMoOBa Mrjia, a KbM JIpyrara CTpaHa — IUIOCBK METaJIeH eJIEKTPOJ.
¥itNlaTa v eNeKTPOIBT Ca CBBP3aHU KbM raJIBAHOMETHP, C KOHTO MOXKE J1a Ce OTYeTe
10COKaTa ¥ CTOWHOCTTAa Ha MpOTHYalMs TOK. Bondpamosara uria ce 3arpssa, B
€3yNITaT HA KOETO Ce MOBHILABA TEMIEPAaTypaTa Ha €IHa OrpaHHYeHa 00J1acT OKO-
10 urnara. [ToBuiLeHATa NO TO3M HAYMH €HEPrHA B 06/1aCTTa € J0CTaThYHA 32 Tpe-
AonsBane Ha AW, win AW, (Bx. ¢ur. 4.5 u 4.6 CbOTBETHO), T.€. HE3ABUCHMO OT

Hlla Ha MoTyNpOBOAHMKA B Ta3u o0sact ce noy4yasaT CBOOOJHH TOKOHOCHTEJIH.
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bnaronapenne na TemnepaTtypHHs IPaIHMeHT B MOJYTPOBOAHUKOBUA obOpasell CBO-
60aHHTEe TokoHOCHTENH AMQYHAUPAT KbM 006IacTTa ¢ MO-HHUCKA TeMMeparypa M B
pesyiTaTt Ha ToBa 3a N-THN IOJYINPOBOAHUK 00lacTTa OKOJIO Uriata oOeaHsABa Ha
eJIEKTPOHH (3apex/a ce MOJIOKHUTETHO), a OCTaHajIaTa YacT ce oboraTABa Ha EJIeKT-

pPOHHM (3apexaa ce OTpMLATENHO0). 3a P-TUN noiynpoBOAHHK € 06paTHOTO. [Tosng-
PUTETHT CE€ OTHHUTA C TAJIBAHOMETHPA.

4.2.5. EneKTpoHHO-IYN4eCT npexo

KoHTakTHaTa 001acT MeXAy ABa MPUMECHH MOJYNPOBOJAHKKA OT N- U P-Tun
€ U3BECTHA KaTO erekmpoHno-oynyecm npexod Hiu npocto NP-npexoo. CBoicTra-
T4 Ha TO3HM MPEXOJ CE€ ONPEAECNAT OT Bb3HUKBAHETO HA KOHTAKTEH MOTEHLMAN B
MACTOTO Ha JIOITMPAHE Ha JIBETE CTPYKTYPH.

bnarojapenne Ha BIMAHHETO HAa NMPUMECHHUTE aTOMU HHUBOTO Ha Pepmu ce
M3MECTBA OT cpe/ara Ha 3abpaHeHara 30Ha (BK. ¢ur. 4.7). B npuMecHus nonynpo-
BOJHMK OT N-THIT HUBOTO Ha PepMH € U3MECTEHO KbM CBODOJHATA 30Ha, a B NpPH-
MECHHS MOJYNPOBOAHUK OT P-TUN — KbM BaJieHTHaTa 30Ha (¢ur. 4.13 a). B Mscro-
TO Ha KOHTAKTYBaHE Ha JBara THUMA IMOJYNPOBOAHULM 3anouBa AUDY3us Ha
OCHOBHHM TOKOHOCHTENHU MOPaJH MOJyyeHara rojsMa pa3jiMKa B KOHIEHTPaLMHTE
Ha JiBaTa BW/Ia TOKOHOCUTE/H. [IBMIKEHUETO HA TOKOHOCHTE/IHM B KOHTAKTHATa 00-
JIaCT € BCBHIUIHOCT JABHXXEHHE HA €JIEKTPOHU. EJIEKTPOHUTE NMPEMHUHABAT OT MOJIYII-
poBOAHHKA OT N-THIl B MOIYNPOBOAHKHKA OT P-Tul. Jlynkute ce npuaBUKBaT Oiia-
roJJapeHUe Ha IMOJYYEHHWTE HEKOMIICHCHpPAHHW 3apsid B MeCTaTa, HanmyCHAaTH OT
eJIeKTpOHUTE. ETO 32110 NMOMyNpOBOJAHMKBT OT N-THUII C€ 3apexaa MoJIOKHUTENHO, a
MOJYNPOBOAHUKBT OT P-THUN — OTpUUATENIHO. TO3M NMpoUEC NPeAU3BUKBA U3MECT-
BaHE HAa 30HHHUTE JWarpamMy Ha JBaTa THUIA MOJYINPOBOJAHHULIH B MPOTUBOMOJIOKHH
MOCOKH /10 U3PaBHABAHETO HA HUBAaTa Ha MepMH, KaKTO € nokas3aHo Ha ¢ur. 4.13 6.
H3pasusBaHeTo Ha HUBaTa Ha PepMH 03Ha4aBa, 4ye B 001acTTa HAa KOHTAKTYBaHe ce
MojyyaBa paBHOBECHA KOHLIEHTpaLMs WJIM Y€ B rpaHMLIaTa Ha Npexoja Bb3HMKBA
€JIEKTPUYECKO MOJIE, KOETO BB3MPENATCTBA MO-HATaThIUHATA AU(Y3Us HA TOKOHO-
cutenuTe. [loTeHIMaNbT HA TOBA 110JI€ € BCBHIUHOCT KOHTAKTHHUAT moTeHuman Uy
(dhur. 4.13 6).

Cnen ycTaHOBsIBAHE HAa pPaBHOBECHATa KOHILIEHTPALMA CHCTOSAHHMETO Ha mpe-
X0/1a He € ctaTu4Ho. [1poabmkaBa ABHKEHHETO HA TOKOHOCHUTEJIMTE, KOeTo obaue €
OTPaHUYEHO 110 CIAEJAHUTE NPUYHHH:

1. [TlpemMmuHaBaHEeTO HA €NEKTPOHH OT P-THn B N-THN NOJYNPOBOAHHK (p —
n) € OrpaHU4eHo OT Oposd UM, 3alI0TO €IEKTPOHUTE Ca HEOCHOBHH TOKOHOCHUTEIIH B
P-TUT MOJYTNIPOBOHHKA.

2. [IpeMHHaBaHETO HA €JIEKTPOHH OT N-TUI NOJYNPOBOAHHK B P-THI MO-
NyNPOBOAHMK (n — p) € OrpaHUYEHO OT €JEKTPHYECKOTO MOoJIe B KOHTAKTHaTa 00-
nact (Uy) ¥ MaJIKO eIeKTPOHHU NMpPHTEXKaBaT HeoOXoaMMaTa EHEprus 3a Npeoaosis-

BaHe Ha eHepreTHuHara Oapuepa eU,. [InbTHOCTTA HA TOKA J, ), €

I =M eU,
n—-p CX kT ’

(4.34)
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Quez. 4.13

kp1eTo M e KOHCTAHTa;

U, — KOHTAKTHHUAT MOTEHIHA;
e — 3apAObT Ha eIEKTPOHA;

K — KOHCTaHTara Ha bonumas;
T — Temneparypara.

. 3a jna ce 3ana3M paBHOBECHATa KOHLEHTpalus B ofs1acTTa Ha npexo/a, Tpso-
a Jia Ob/ie H3MTBJIHEHO PABEHCTBOTO

Jn-wlp = Jp—ﬁn = Jo,

KOETO 03HA4aBa, ye IUTHTHOCTTA HAa TOKOBETE B JIBeTe NMOCOKH € paBHa. Ot (4.35) H
(4.34) ce nonyyaBa U3pa3bT HA IUILTHOCTTA HA TOKA Jy OT HEOCHOBHH TOKOHOCHTE-
eU,

4.36) Jo=M E’XP[“_I;T_) :

Onucanure JOTYK mpolecd B obrnacrra Ha npexoja MpOTHYAT, ako HE €
TPHIIOKEHO BHLHIIHO EIEKTPHYECKO MOJIE.

TT Koraro nocokara Ha MPUJIOKEHOTO BBHILUHO €JIEKTPHYECKO M0JI€ € HACOUYECHA
Ha KOHTAakTHUA moteHuuan (¢wur. 4.14), BUcouHHaTa Ha EHEPreTHYHaTa
Oapuepa ce HamanABa M MUIBTHOCTTA HA TOKa J,_,, HAPACTBA. AKO MOTEHLHATHT HA

e

IBHIHOTO enekTpuyecko nosie e Uy, HHBTHOC(TH Ha Tﬁi(a Jnp €
. N eUk—Uf
7) Jp—sp =M exp| = T

tUIbTHOCTTa Ha TOKa B 0OpaTHa nocoka J,_,, He ce MPOMEHs, 3alll0TO TO3H TOK Ce
Mpeniens or 6pos HA HEOCHOBHUTE TOKOHOCHTEIH, T.€. J,_, = Jo.

L
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CnenosarenHo noA BB3ACHCTBHETO HAa BHHILHO €INEKTPHYECKO M10J1e, :

YEHO 0OpaTHO HAa KOHTAKTHHA MOTEHLHAJ, NMPOTHYA EJEeKTPHYECKH TOK, Hapeyey
MOK 6 npaea nocoka ¢ IIIBTHOCT Jy. i . |
o TR PO . .1 |

f = vYnop p—n — M CXP| — kT _‘!{] i
(4.38) -U )
e €
=M ex £ lex L]-
p( kT ] A" % )70
WU
(4.39) T, = Jy| expl <L
_ = Jy| ex —
A b 7

IIpu craiina Temneparypa k7 = 0,025 eV 0OGHKHOBEHO € M3ITBIHEHO YCNOBHerq
eUr >> kT. Torasa (4.38) ce npeoGpa3ysa B

(4.40)

Korato nocokara Ha BBHIIHOTO €JIEKTPHYECKO MOJIe CHBIAJA C MOCOKATA Ha
KOHTAaKTHHS MOTEHLMAN, eHepreTHyHaTa Oapuepa npej eleKTPOHHTE OT MOMYNpo-

BOJHHKA OT N-THN npoBOAUMOCT HapactBa (¢ur. 4.15). IIneTHOCTTa HA TOKa Jon
Ce U34YMCIIsABa 10 U3pa3a
(4.41) Jyesp =M exp| - E(U’;c ;U’) ,

KbJAeTO U, € NOTEeHLHaNbT Ha BHHIIHOTO CICKTPHYECKO ITI0JIE.

e(U,+ U)

Que. 4.15

[Ton BB3NEHCTBHETO HA BHHILIHOTO €JEKTPHYECKO moje ¢ notenuuan U, Ha
COYEH 10 MOCOKA Ha KOHTAKTHHA NMOTEHLIHA, MPOTHYA €JIEKTPHYECKH TOK, HapeieH
MoK 6 obpamHa nocoka ¢ IIbTHOCT J,:
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.
4

" elUp +U
Jr=JInsp—Jpsn =M exp - ( kkT r)jl‘-’{‘l-
EU;,: EU,-
= M — EXP| — -J
“p( kT) p( k’r} ’
4 L eU, .
J,=Jo exp(- o ]-—

i CTaiiHA TEMIIEpATypa € M3MBJIHEHO YCIOBHETO eU, >> kT. ChenoBaTeiHo OT
) ce nostydasa J, =-Jj.
I"omma 4acT OT MOJYNPOBOJHUKOBUTE €JIEMEHTH M MHTErpajJHU CXEMH pa-

T Bb3 OCHOBA Ha ONUCaHUTE npouecu B PN-npexopa.
» ’

- nonynrPOBOAHUKOBU MATEPUAITA

- [lonynpOBOAHUKOBHTE MaTepHand OMBAT OPraHUYHM W HEOPraHH4YHH, C
op(Ha MM KPUCTAIHA CTPYKTYPa, HO Hal-PasnpOCTPaHEHH ca HEOPraHUYHHTE C
¢ cTpykTypa. OCBEH TOBa T€ ca MPOCTH, XHMHYECKH ChEIHHEHHS HIIH
H. MaTtepuanuTe 3a MpOM3BOJACTBO Ha MOJYNIPOBOJAHUKOBH eJIeMEHTH TpsOBa
| j AOCTAaTh4HO YMCTH. YMCTOTAaTa HA MOJYNPOBOJHHKOBUTE MATEpHAIH Ce
| j_-j__';_n::z ¢ Opos Ha MPUMECHHM aTOMHU B eauHUIA 00eM (koHueHTpauus). Tosa 03-

ye TpsAOBA /1a Ce M3M0JI3BaT CIELHAIHA METO/IH 32 MOJIy4aBaHe Ha HE0OXO-
- MaJika KOHUEHTpalMs Ha npnmecn"re OOHMKHOBEHO ce AomycKa KOHIIEHT-
i Ha ipuMecuTe He noseye ot 10'” m™, a nonskora — He noseye ot 10'°m

C'lpylcTypaTa Ha TPaJMLIMOHHHUTE MOJYNPOBOJHHKOBH MaTepHAIM C€ Xapak-
A C KOBAJCHTHA BPBH3Ka, MOPAAH KOETO TE JIE)KAT Ha KOBAJIEHTHO-HOHHATA
Tpaeaspa ot dur. 1.1.

i [ ™
a-'{ il [ R il
i

3.1. OcHOBHM NOJIYNPOBOHHKOBH MaTepPHAJIH

- Haii-mpoko u3non3saHn Matepuanu oT Ta3H TPyma ca TePMaHHAT H CHIIH-
-‘*{H’aMHpamH ce B IV rpyna or MenneneeBara rabnuua. CoiicTBaTa UM ca Ja-
1B Tabn. 4.1.

ﬁf‘muqmm HHKOTa He € CpelllaH B YMCT BHJ B MPHPOAATA, HO HE3aBHCHMO
A € €IMH OT HaH-pa3NpPOCTPAHEHHTE EJIEMEHTH B 3eMHaTa Kopa (okono 25%)
| *-‘Iecm KaTO CHIMLIMEB ABYOKCHA. OT CHIIMIIMEBUTE OKCHIHU CHEAHHEHHUSA Ce
yuasa SiCly unn SiHCly, a oT X 4pe3 pemykuus BbB BOAOPOIHA aTMocdepa
*AyuMpa 4ucT cuiuiuit. [IpeuncTBaHeTo Ha CHITHIMA CTAaBa MO METO/a Ha 6e3-
_,BO 30HHO TOMEHE WM U3TerjsHe Ha KpucTanu. CHIMIUAT UMa BUCOKA TeM-
'Pa Ha Tonene 1414 °C, npu KoATO € XHMHYECKU CHIHO akTuBeH. ToBa on-
M H3MCKBAHUATA KbM METOUTE 3a 06paboTKaTa My.

HHRDH OT OCHOBHHMTE CBOMCTBA Ha CHJIMIIMS ca NpeJcTaBenHn B Tabi. 4.1, ITo-
OKaTa 3aGpaHeHa 30Ha ONpe/eNns U no-BHCOKaTa paboTHA TEMIEpATypa Ha CH-
I€BHTE MOJYNPOBONHHKOBH EIEMEHTH. [IpuMecHHTE CHIMLIHEBH TMONYIpPO-
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BOIHMIM oT N-THIl cé moay4aBar 4pes jerupane ¢ gocdop (P), a or P-THIl — 4pe;
JIErupaHe ¢ HHIAHH (In). B 3aBUCHMOCT OT KOHUEHTpauusTa Ha HEKOHTPOJIMPaHKTe
NpuMecH (YMCTOTATA) CHIIMLHEBHTE MOJIYNPOBOAHUKOBH €IEMEHTH MMAT T'OpHg

rpanuyHa paboTHa TEMIIEpaTypa B HHTEpBaja OT 120 no 200 °C.

Tabnuua 4.1
OCHOBHH CBOMCTBA Ha HAKOH OCHOBHHU NMOJYTNPOBOAHUKOBH MAaTEPHUAIIH

[IIupounHa Ha 3abpaHeHara 30Ha, eV

: 6
KoHUEHTpaLys Ha COGCTBEHH TOKOHOCHTEH, M ™ 1.10 2,5.10"

[ToABMKHOCT Ha eIEKTPOHHTE, M°/V.S 0,14 0,39
IMoABMKHOCT Ha AyNKUTE, m/V.8 0,05 0,19
Cneumduuno cenporusienue npu 20 °C, Qm 2.10° 0,68
JlneneKTpuYHa NMPOHHLIAEMOCT 12,5 16

PemeTnuna korcranTa X10'%, m 5,42 5,66
ITrstHocT mpy 20 °C, Mg/m’ 2.3 3.3
TemneparypeH KOSHLMEHT HA THHEHHO 4.2 6

pasumpenne (0+100 °C) x10°, °C”™"
Cneumduuna tomnonposoanoct, W/m.°C

Temneparypa Ha Tonene, °C

CHIMLHAT C€ M3MOJ3Ba B MPOU3BOACTBOTO HA JHOIH, TPAH3UCTOPH, HHTEI-
paJIH¥ CXEMH, CIIbHYEBH €JIEMEHTH H IIp.

I'epmanusm npeacTaBisBa KPEXbK, CBETIOCHB MaTepuail. HerooTo chulec-
TByBaHe € mpejickazaHo ot Menaenees npe3 1870 r., KOHTO ro € HapeKbJI CKacH
muumii. [Tpe3 1886 r. e 6ui oTkpuT oT BHHKIIEP, OT KOrOTO € NOJTy4H/l HAUMEHOB
HHeTO CH. [ €pPMaHHAT € TBbPJE PANbK EJEMEHT — ChAbPKAHHETO My B 3€MHATA
KOpa ce OLIeHsBa Ha OKOJIO 7.107%%. [Tonyuyasa ce ot GeCly, KoiTO ce XuaApOo H3H"

pa, nokaro ce nomyun GeO,. [TocnenHusT ce peayuupa A0 mpaxoobpaseH repMa
HHUii BB BOZOPOIHA cpena. [Ipax000pasHUAT repMaHuii ce npepaboTsa upes TONC
He B rpauTHA Jajds M HHEPTHa aTMocdepa /O MONyYyaBaHE Ha repMaHHeBH
cauThiM. TTo-HaTaTbluHaTa 06paboTKa MMa 3a LeN MOYMCTBAHE HAa repMaHueBHTe
CAMTBIM OT NPUMECHH aTOMH M KPHCTATM3aLKs 10 NI0/y4aBaHeTo Ha GesnedekTH!
KpHCTaaHM ¢ HeoOXomuMara yMcTOTa. TOBa CTaBa MO METOAMTE HA 30HHO ToneHe
WITH M3TEr/ISHE Ha KPUCTa OT CTOMMJIKA, KOMTO ca pasrjiefaHu B T.4.3.3.
[IpuMecHHTE TepMaHHEBH IOJTYNPOBOAHHLK OT N-THN ce mojy4aBaT ‘iP";
nerupaHe ¢ aHTUMOH (Sb) miau apceH (As), a oT P-Tun — 4pe3 JerupaHe ¢ raj
(Ga). PabBoTHHMAT TeMIepaTypeH HHTEpBaJl 32 I€pPMAHUEBHUTE [0y poBOAHHKOBY
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geuTH € oT -60 10 +70 °C. Ceprosen HEOCTATBK Ha TE3M EIEMEHTH € CPaBHHU-
40 HMCKAaTa rOpHa rpaHUYHa paboTHA TeMIepaTypa.

" M306perenusT npe3 1947 r. TPaH3UCTOp € repMaHHEB, HO BIOCIEACTBHE
sTeNeHHO FePMAHMSAT 3aM0YBa [a OTCTHIIBA HA CHJIMIHMA KaTO MaTepHal 3a U3pa-
~rpaHe Ha MOJIyPOBOJAHHKOBH €IIEMEHTH.

3.2. CneuHajHi NoJynpoBOAHHKOBH MATEPHAIIH

- (OCHOBHHMTE NOJYNPOBOJAHHKOBU MaTepHald ca Malako Ha Opoi W no tasu
sPYMHA HE MOTraT Jla OTTOBOPAT HA HAPACTBAILMTE M3UCKBAHMSA 3a pa3HOOOpasHU
KCMIIOATALIMOHHH BB3MOXKHOCTH, KOMTO Ce TMOCTAaBAT KbM ChBPEMEHHHUTE MOJIYI-
\OBOAHHKOBH €JIeMEHTH. [0/IIMOTO pa3sHOOOpa3ue Ha XMMHMYECKH ChEIMHEHHS C
{OYITPOBOIHHKOBH CBOHCTBA OCUTypsBa Oorata raMa Ha CBOHCTBATa UM.

~ AKO IBa XMMHM4YHH efieMeHTa A u B ca TouyHO 6anaHCHpaHH, CheIUHEHHATA
/Y, A"BY u A"B""' umar cpenmo no yeTupy BaneHTHH enekTpoHa Ha aTom. Ta-
Ba ChEAMHEHHSA MHOI'0 Y€CTO Ca KOBAJIEHTHHU KPUCTAIH U NMPHUTEKABAT HHTEpEC-
i IOy NPOBO/IHUKOBH CBOMCTBA.

MoaynpoBOJIHHKOBH MaTEepHAJH OT THna A CunuuueBusaT kapoua
,jf_.},:. TUITMYECH MPEJICTaBUTEI HA Ta3H rpyna marepuanu. [loayuyasa ce npu BUco-
TEMIIEpaTypa OT KBapIlOB MACHK B NPUCHCTBHE HA BBIEpod. B 3aBucuMocCT oT

IMECUTE LIBETHT MY CE€ H3MEHS OT YEPEH, OPAHIKEB, CBETIOCHH /10 Oe3LBeTeH.
‘MoHOKpHCTaTH MOraT aa ce W3TerJaT OT Gorara Ha BBIVIEPOJ CHIIMIIMEBA

E

[IMJIKa MJIH 10 IPYTH METOIH.
- B 3aBucHMOCT OT TeMrepaTypaTa Ha M3TETJISHE HA KPHCTANA CE MOJTyYaBaT
MIHYHY MOZM(UKALMK Ha KpUcTanHaTa pewetka. Hanpumep npu Temneparypa
2000 °C ce momyuaBa KyOMuyHa pemleTKa C pEIETHYHA KOHCTAHTA ry =
8.107'° m.
'Ocrfonﬁwre cBoHCcTBa Ha SiC (kyOuuHa peuwierka) ca jgaaeHu B Tabu. 4.2.
H HOpMalHa TeMIepaTypa NMpOBOAMMOCTTA MY € NMpUMecHa. THIBT HAa MPOBO-
MOCTTa OCBEH OT NMPHUMECHTE 3aBUCH M OT ChoTHOLIEHHeTO Ha Si u C B cTexHo-
JHYHHUS CHCTaB.
Cunuuumenust kap6uz ce M3I10/13yBa 33 MPOM3BOACTBO HA MOJTYNPOBOJHHKO-
JIEMenTH. OT npaxooGpaseH cuanumeB kapbua ce M3paboTBaT BapHUCTOPH
,; BJICHHS C HEJIMHEMHA BOJT-aMIeEpHa XapaKTEPUCTHKA), pa3IMyHH eje-
tH 33 BBJIHOBO/IHATA TEXHHKA H [IP.

li'lmlynpononnnmﬂu matepuaiau or Thna A" B'. Te UMaT KkpucTasHa pe-
A4 KaTo Ta3su Ha 1naManTa. KpM Tax cnazar ¢ocduaure, apceHUNTE U AHTH-

L
i ":.'ullu

L N .
- i

v Bl'ﬂ'

A H{}BHHHT METOJ 3a TOJTy4yaBaHe Ha Te3H CheJAMHEHHS € YPEe3 HEMmOCpeACT-
¥ B3auMoneiicTBHE Ha elIEMEHTHTE BB BAKYYM WIIM HHEPTHA Cpeja.
E YBenuuaBaHeTo Ha CyMapHMS aTOMeEH HOMEpP Ha CHEIMHEHHETO BOMH JIO

' € Ha WIMpOYHHATa Ha 3abpaHeHaTa 30Ha, KOETO MOXE Aa CE€ BUJM OT JIaH-
B Tabn. 4.2.

e
K

T C puMcKa undpa npeacrapissa BaJEHTHATA IPyNa HAa ChOTBETHUS eleMeHTH — A u B,
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Tabnuua 4.2

3.3. Meroau 3a 00paboTka Ha NOJYNPOBOAHHKOBH MATEPHAJIH
OCHOBHM CBOICTBA Ha HAKOH MOJTYNPOBOAHUKOBH XHMHYECKH CHEANHCHH

OT BCHYKH METOJHM 3a MOJIy4YaBaHE Ha MOJIYNMPOBOAHHMKOBH MOHOKPHCTAIM
H{-IIMPOKO MPHJIOXKEHHE Ca MOJYYHIIH METOIHTE Ype3 M3TEr/ISHE Ha MOHOKpPHC-

1 OT cTONMMIIKa (MeTOA Ha YOXPaJCKH), 30HHO TONEHe U OE3TUTIIOBO 30HHO TOoMe-
= Te ca MOKa3aHHU cCXeMaTH4YHO Ha ¢ur. 4.16.

:

CpoiicTBa

[Llupounna Ha 3aGpaHeHaTa 30Ha, eV

KouueHTpauus Ha cBOOOJAHUTE TOKO-
-3
HOCHTEJIH, M

2
[ToABHKHOCT Ha €JIEKTPOHHUTE, M/V.8

>
2
[ToaBHXKHOCT HA AynKuTe, m/V.s T Si. Ge.
PelneTs4Ha KOHCTAHTA x10'%, m Ha MOHO- JnSb, GaAs
KpHCTa “i!iigi;;”
Tanuesusm apcenud (GaAs) € Th(MHOCHB MaTepHall, KOUTO B YHCT BHI Mo- Cronuika
JKe J1a ce TIONIYYH Ype3 30HHO TONEHE WIIH H3TEr/IIHE Ha MOHOKPHCTaIl OT CTOMHIIKa,
OcHOBHHMTE My CBOjicTBa ca aaaenu B Tabu. 4.2. lllupounnara Ha 3abpaHeHaTa my CTOnuIKa

30HA € Mo-rojisMa oT Ta3u Ha Ge M Si, a ChLIO TaKa U MOJABHKHOCTTA HA TOKOHOCH-
Tenute My e mo-ronsMa. IlIupokara 3abpaHeHa 30Ha ofycnass BHCOKa paboTHa
remneparypa (10 okono 450 °C) u ronsmMaTa MOABHIKHOCT Ha TOKOHOCHTEIHTE ~
BB3MOXHOCTH 3a paboTa BbB BUCOKOYECTOTHO €JIEKTPHYECKO MOJIE. H3non3ga ce 3a
uzpaboTpane Ha GoTonemeHTH, Anoau Ha LLloTky, ["bH-AHOAM M JP.

Hnouesusm anmumonud (InSb) e Grnectsil MaTepral, KOHTO €€ NOJTyyasa
ype3 JAMPEKTHO B3aMMOJICHCTBHE HA JBaTa C/IEMCHTA In u Sb. B uuct BuA ce nomy-
yaBa Ype3 30HHO TOINEHE WM HU3TEINIHE Ha KPHCTAIH OT CTOMWIKA BB BOJIOPOAHA

| be3rurnoso E Si
cpena. OCHOBHMTE My CBOWCTBA ca lajieHH B Talm. 4.2. WHaueBUAT aHTHMOHHA € o -
[ONYNPOBOIHHKOB MATepHan ¢ MHOrO TACHa 3abpaHeHa 30Ha W MHOIO oMM TOTeHe

MOABHKHOCT HAa TOKOHOCHTENHTE, 0cobeHo enekrpoHuTe. Ilpn HopMalHa TEMIepa: Cronunka
Typa MarepuarbT Ma coOCTBEHA MPOBOAMMOCT MOpaaH TACHATA 3abpaHeHa 30Ha.

M3mnon3Ba ce 3a HanpaBaTa Ha (JOTOETEMEHTH C BUCOKA YyBCTBHTEJIHOCT, Ha
naTyuiy Ha Xona (OT roasMara NOABHXKHOCT Ce MOoJy4aBa BUCOKO HAMNpekKEHHC Ha Quz. 4.16

Xou) 1 ap.

Tanueeusm pochud, 1MuTO CBONCTBA ca HajieHy B Tabm. 4.2, ce 131101383
3a W3pabOTBAHETO HA CBETOANOMH C YEPBEHO MIIH 3€JIEHO CBETCHE B 3aBUCUMOCT 0T
NPHUMECHTE.

[loaynpoOBOAHUKOBH MaTepHaau oT Tuna A B, Kbm Tasu rpyna criajarl
cyadunure (PbS, ZnS, CdS), okcuaure (Cu,0, ZnO), cenenunaute (CdSe, HgSe) #
tenypuaure (CdTe, HgTe). Tesu marepHanu npuTexKaBaT [0y TPOBOAHUKOBH
CBOJCTBA, KOMTO MO3BOJIABAT OT TAX Ja ce u3paboTBar (POTOPE3UCTOPH (cynuas:
CeNeHUAN M Teaypuan), TymuHodopu (Cynduau), TepMOETEMEHTH, u3pyBaTeny
Ha xoiepemna cBeT/IMHA (CEJIEHHIH, TENYPHAH), TEPMOPE3UCTOPH (okcuam) 1 AP
CaoiicTBaTa Ha HAKOM OT TAX ca JajieHHu B Tadm. 4.2.

~ Memoovm 3a usmeznane na monokpucman om cmonunka (Memoo na
#0Xpancku) ce CbCTOM B OABHOTO M3TErIAHE HA OC, HA YMHTO Kpaii € 3aKpeneH Mo-
OKPHCTAlIeH 3apo/ivill OT cTonuikaTa. [To To3M HauMH CTOMHIIKATa 3anoysa 6aBHO
'KPHCTanu3upa BbPXY MOHOKPHCTAIIHHMS 3apOJIMIL, KOHTO M3BBPILUBA U BHPTEIIH-
) ABIDKEHHE 10 BpeMe Ha M3TerNsHeTo. [IpH KpHCTANH3aLMATa IPUMECHTE OCTa-
* B CTONMIIKaTa, KbAETO MO-JIECHO ce pa3TBapAT. CKOPOCTTa Ha KPUCTAIN3ALIHATA
‘Perynupa ype3 Temneparypara Ha CTONHMJIKATA W KOJMYECTBOTO M3ryGeHa Tor-
1d BClieicTBHE HA TOTMUIONPOBOJHOCTTA HA KPHCTAJA M O OCTA HA M3/IBYBAHETO
BhpXHOCTTa Ha cronuikara. CKOpOCTTa Ha M3TErJITHE U BBPTEHE OMNpeaesis

METbpa Ha kpucTaza. MeToabT IMPOKO Ce W3M0/3Ba, 3aI0TO € TEXHOJIOrHYEH
8THH,

HBVI
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[Tpu memooa na 30nHOMO Monene YUpes ynTpasByKoBO HarpsiBaHe ce othop.
M3 TACHA 30HA OT CTOIMHJIIKA, KOATO C€ NMPpHABHIXBA OaBHO O ABJIDKHHATA Ha CIIHTY,.
Ka OT NOJynpoBOAHUKOB MarepHal. Taka 1o rnocoka Ha ABHXXEHHETO Ce Oy Yyap,
pasTonsBaHe Ha MaTEpPHaia, a B Kpas Ha pasToNeHaTa 30HA 3ar04Ba KPHCTaug,.
nuATa. [Ipy nmocreneHHaTa KpPUCTANM3alMs MaTEpUaNbT C€ NPEYHUCTBa, 3211107y
NPUMECHTE OCTaBaT B PAa3TONEHATa 30Ha, KB/IETO CE PasTBAPAT MO-NECHO, OTKOk,.
TO B KpucTanu3upanara ¢asa. [1o To3u HauuH pasroneHara 30Ha “riomura” [IPHMe.
CUTE B NOJYNPOBOAHUKOBHUS MaTepuall. ECTECTBEHO YMCTOTaTa Ha MaTepuana Crey
€IHOKPATHA MPOLEAYpa 3aBUCH OT KOHUEHTPALMATA HA MPUMECHTE M HsMa 3 o
€/IHaKBa M0 Ab/PKHHATA HAa CIMTHKA. IIpOECHT ce MOBTaps HAKOIKO BTH 110 .
THIaHETO Ha HEOOXOZMMATa YHCTOTA W PAasNpele/ICHHE HA NPUMECHTE 110 Ibky.
HaTa Ha KpucTana. Kpaniara, KbJIeTO Ce ChCpeI0TOYaBaT PUMECHTE, CE OTPA3Rar.

CkopocTra Ha [ABH)KEHHE Ha pa3TONEHaTa 30Ha € B TPAHHUIHNTE g
15+20 pm/s. MeToxsT ce M3M0/13Ba LIMPOKO 33 NPEYHCTBAHE M KPHCTATU3ALMS Ky
MaTepHaiy CbC CPaBHUTENIHO HEBUCOKA TEMIIEPATypa Ha TOMEHE, MPH KOATO He ce
MoJiy4aBa XMMHYECKa peakLus ¢ MaTepHala Ha JIaJuAaTa.

besmuznogomo 30HHO monene € CrieuManHo pa3paboTeH METOA 3a 06pa-
boTka Ha cuiuuui. [Ipu TeMnepatypara Ha TOMeHe CHIIMLIMAT € CHIITHO aKTHBEH i
HE3aBMCHMMO OT MaTepHaja Ha JlaJiuATa Ce NOoJy4yaBa AOIMBJIHHTENHO 3aMBbPCIBaHe
[0 BpeMe Ha 30HHOTO TorneHe. KBapLOBHAT CIUTBK € pa3nosioKeH BEPTHKAIHO U e
3aKpEMNeH Ype3 KBapLOBH IbpxaTeaH. BepXy eIuHHUs OIbpXKaTel € MOCTABEH KPHC-
TaJeH 3apoauil. Ypes ynTpasByKOBO HarpsBaHe C€ Ch3[aBa pa3TONEHa 30Ha, NpH
ABHKEHHETO HA KOATO CE€ IMOJy4aBaT OMUCAHUTE NPOLIECH HA 30HHOTO ToneHe. Cu-
JIUTE Ha MOBBPXHOCTHOTO HAMPEKEHUE HA TEYHUS CHIIHLMHA YIBPIKAT CTOMHIKATA B
pasroneHara 30Ha. MeToabT OCHIypsiBa MOJY4aBaHETO HA KPUCTAJIM C MAKCHMMaJIHa
YUCTOTA, a KATO HEJOCTaThK TPsAOBa 1a Ce CIOMEHe HeBBH3MOJKHOCTTA Ja Ce Iony-
4aT KPUCTAJIH C 10-TOJIEMH AHAMETPH.

Kpucranu3auusaTa 1o ONMCaHUTE TPH METOJA Ce W3BBPIIBA BHB BaAKYYM WIIH
HHEpPTHa aTMocdepa.
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5. MATHUTHU CBOUCTBA HA MATEPUAIUTE

Ot dwur. 1.8 ce BIK/a, Y€ HE3aBUCHMO OT MPOBOAWMOCTTA HM MaTepHANINTE
| Ja3neNAT HA OT/ENHH IPYNH CropeJl MOBEJCHHETO MM B MArHUTHO noine, T.e.

_apel MAarHUTHUTE UM CBOHMCTBA.

4 OCHOBHM CBOVCTBA

= 1.1. HamaruuTBane
" WMuaykuuaTa B, ch3aaneHa OT MarHMTHO MOJE C HHTECH3UTET H BBB BaKkyyM,
ce H3UHMCIIABA CHIIIACHO C H3pasa
5.1) B = WoH,
BIETO Mo = 41.1077 H/m e abGconoTHaTa MarHMTHa MPOHHLIAEMOCT Ha BaKkyyMma
HUTHATA KOHCTAHTA).

Koraro MarHMTHOTO IOJIE CE€ pas3npoCTpaHsBa B MaTepHallHa Cpela, BbB
HOPMHUPAHETO HA MHIYKLMATA y4acTBAa M MaTepHanbT Ype3 OTHOCHTE/IHAaTa Mar-
iTHa npoHunaemoct. Toraga (5.1) npunobusa Buza

B = Hop,H = pH,
J eTo WL = Lo, € abcomoTHATA MArHUTHA MPOHHLAEMOCT Ha MaTE€pHaa,
|, — OTHOCHMTE/IHATA MATHHTHA MPOHHI[AEMOCT Ha MaTepHala.
o asanorus ¢ BbBEACHOTO B T. 2.1 NOHATHE MOJAPH3aLKs C€ BBBEXKIA MOHATHETO
arHWTHA ToNApH3alKs Jy KaTo pasjiiKa MeXIy MarHuTHaTa MHIAYKLHS B MaTCpH-

B -~

u1a " BaKyyMa, Ch3/1aZicHa OT MArHUTHO MOJIE C HHTECH3UTET H:
Jv = B = poH = Wopt,H — poH.
J

KaTo ce BBBEE MOHATHETO HamacHumeane Ha matepuana M = or (5.3) ce
- Ko

IyHdaBa
M= (u,-1)H=xH.
DUEeBHIHO TMMEHCHATA HA HAMArHMUTBAHETO ChBMAJa C IUMEHCHATA HA HHTCH3HUTE-
Ta Ha MarHUTHOTO nojie — A/m. BenuyuHara K, = W, — 1 ce HapH4a MazHumHa 6v3-
ApueMyusoCcm Ha Mmamepuana.

[ToBeeHHETO HA MATEPHAIMTE B MAarHUTHO T0JI€ CE€ ONKCBA OT HAMAarHHTBA-

HETO M, OTHOCHTE/THATa MAarHWTHA MMPOHHUIIAEMOCT W, (MJIM MarHUTHaTa Bb3IPHEM-
HMBOCT K,) U 3aBUcHUMOcCTTa B = f(H).

~ Ot xypca no ¢pu3MKa € W3BECTHO, Y€ MOCTOAHHUAT MarHUT U HHIYKTHBHATA
000nHa mMorar na ce MpeCTaBAT KaTo [Ba MOM0ca (CEBEPEH U H0XKEH), pasrooxe-
HH Ha pascTosiHUE d, T.. T€ NPUTEXKABAT MArHHTEH MOMEHT p,,. MarHuTHHUAT MO-
MEHT, ch3aBaH OT MHAYKTHBHA 000MHA, € MPONMOPIHOHAIEH HAa MPOM3BEIEHHETO
Ha Toka u ceveHueTo Ha GOGMHATA, KOETO 03HAYaBa, e MMa AuMencHs A.m’. JIu-
MEHCusTa Ha HAMarHuTBaHeTo M e A/m W T MOXe Ja Oble mpencTaBeHa Karo
Am’/m’, Tosa o3HauaBa, ue HAMArHUTBaHETO M MOXe [a Ce PasIyiexia Karo Mar-
UTEH MOMEHT Ha eIMHULA 00eM:

=

5.3)
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B, Am’

Vi
[To To31 HayuH ce MOTBBPIKAABA HANIPABEHATA AHAJIOTHSA MEXYy HAMArHUTBAHETQ n
NoJApU3aLMATA.

Haii-061110 MarHHTHHAT MOMEHT Ha aToMa ce GOpMHMpa OT CITHHOBHS Mary.

TEH MOMEHT Ha €JIEKTPOHHTE, MAarHUTHUA MOMEHT Ha S/IPOTO M MAarHHUTHHS Mg
MEHT, Cb3/1aJIeH OT OPOHTAIHOTO JBHXKEHHE HA €NEKTPOHHUTE. BIMAHMETO Ha noe.
JIEIHATE JIBA MarHUTHH MOMEHTA € 3HAYMTENHO MO-MalKO OT TOBA HAa CMHMHOBHg
Mar{HMTeH MOMEHT. ETO 3ailo MoXe 1a ce TBbPIH, Y€ aTOMHTE U HOHMTE C Hefa.
JIAHCHPAHH CIIHHOBH MOMEHTH Ha €IEKTPOHHTE MMAT MarHUTEH MOMEHT, a Te3y ¢
OanaHCHpaHM (HAITBJIHO 3aMbJIHEHH OPOUTH) — HAMAT MarHUTeH MOMeHT. ChoTRer.
HUTE Ha TOBAa pas/ieifHE MaTEpHAIM C€ HAPUYAT NapamMazHUmHu N OUAMAzHumMHy.
MarHuTHaTa BE3NPHEMYHBOCT HAa TE3H MaTepHaIu e O1u3Ka 0 Hysa, KaTo Ha ny-
aMarHeTHLHUTE € OTPHLATE/HA, @ Ha NapaMarHeTHLUUTE — noJioxkuTenHa. CToiiHoc-
THTE Ha MarHUTHAaTa BH3NPHEMUYHBOCT Ha HAKOH MaTepHaJIM ca JaJeHHu B Tabu. 5.1

M_

Tabnuua 5.1
MarHuTHa BE3NIPHEMYHBOCT Ha HAKOH HEMarHWTHH MaTepHaJIy

OTHOCHUTEIHA
MAarHMTHa BB3IPHEM-
YHUBOCT

-16,7.107°
-0,88.107°
-2,64.107
-0,94.107°
-0,945.107°
-0,208.107°
-1,69.107°

OTtHocHTENIHA
MAarHMTHA BB3MPHEM-
YHBOCT

3,46.107°
8,25.107*

Marepuan

TeueH kucnopoa BucmyTt

Bona

2,93.107*
2,14.107*
1,79.107*
3,65.107
3934607

Cpebpo
Men
Aprox

Kucnopoa

Bs3ayx
Kuak

Bonopon

OnoBo

Ha ¢wur. 5.1 ca npeacraBeHn 3aBUCHMOCTHTE HAa HAMATHMUTBAHETO OT WHTEH-
3UTETA Ha TIPUJIOKEHOTO MArHWTHO nosie — M = f{H) 3a AMaMarHeTHIy, napamar-
HETHLH U epOMarHeTHLIH.

DepomazHumuume WM KaKTO Ceé HapHYaT OLUE, MAZHUMHUmMe mamepuant
MPHUTEKABAT CIIOHTAHHO HAMArHUTEHH O0NIACTH, HApEYEeHH OOMeHU, T.€. MPUTEKAE-
BaT domenna cmpykmypa. JlomenuTe ca 06J1acTH, B KOUTO BCHYKH CIIHHOBH Mar-
HHTHH MOMEHTH Ca €JHOMNOCOYHO OPHEHTHPaAHH, NMOpaaH KOETO MAarHUTHHUAT MO-
MEHT Ha obsactra e romsaM. JXKens30To, HUKETHT M KOOANTHT Ca HAll-M3BECTHHUTE
MaTepHalii ¢ IOMEHHA CTPYKTYpa U ChC CHJIHO U3pa3eHH (DepOMarHuTHH CBOHCTBA.

JloMeHHTe MMAT MakpockonuyHu pasmepu — ot 107° o 10~'? m’. Maruut-
HHTE€ MOMCHTH Ha NOMEHHHTE 00/1aCTH UMAT pa3NM4YHH HANpPAaBJICHUA U [TOCOKH B
obema Ha MaTepuana, Taka ye OOILIMAT MAarHUTEH MOMEHT € HyJIa IPH OTCHCTBHE HA
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CHIITHO MarHuTHO none. [Ipu npunarane Ha BLHUIHO MAarHUTHO MOJIE C€ OCHIIECT-
Bat /1Ba MpOLECa:

1. U3MmecTBaHe Ha rPaHHULIMTE HA JOMEHHTE.

2. OpueHTHpaHE Ha BEKTOPMTE HAa MarHMTHHUTE MOMEHTH p,, 10 [OCOKa Ha
A HILHOTO MArHUTHO ITOJIE.

)
M

®epoMarHeTHiLH

[lapamarserHum

-

H

IuamarneTuuu

Que. 5.1

Ha ¢wur. 5.2 ca nokazanu cxemMaTHYHO Te3u Ba npoueca. Ha ¢wur. 5.2 a ce
DKJIa CbCTOSHHETO HAa MaTepHalla MpeJiy MpUiaraHeTo Ha MarHUTHOTO nodne. Jo-
> 00/1aCTH UMAT €IHAKBH pa3MepH ¥ MAarHUTHHUTE UM MOMEHTH CE KOMIIEH-
)aT B3AMMHO (oOpa3yBaT 3aTBOpEH MarHuUTeH NoToK). B pe3ynrar Ha ToBa 06-
.-.-:..: MarHiTeH MOMEHT Ha oOpaseua € Hyna. Ilpu npunarase Ha BBHILHO
[ArHUTHO I10JI€ ¢ UHTEH3UTET /{ W o3Ha4yeHaTa Ha ¢wur. 5.2 6 mocoka 3amoyBa M3-
€ Ha rPaHHLIUTE Ha JOMEHHUTE, U TO MO TaKbB HAYMH, Y€ JOMEHUTE, KOMTO
MaT MarHUTEH MOMEHT IO MOCOKAa WJIM CKJIIOYBAIl OCTHP BI'bJI C MOCOKATa Ha
dFHHTHOTO 110JI€, YBEIHYaBaT Pa3sMEPUTE CH, a OCTAHATMTE HAMAJIABAT PasMEPUTE
Toﬂa O3HayaBa, Y€ MarHMUTHHUTE MOMEHTH Ha YBEJHYEHHUTE JOMEHHH 00JacTH
CTBAT, a APYrUTEe HAMAJIABAT HIH OOLMAT MAarHUTEH MOMEHT Ha obpa3ena cra-
€H OT HyJla — MaTepHaNbT c€ HaMarHuTea. [Ipu npemecTBaHe Ha rpaHMIIH-
A IOMEHHUTE C€ MPEOAOJIABAT BCEBB3MOXKHH JIEPEKTH B KPUCTANIUTE, MPHMECH,
1MIH Ha OTAENHHM 3BPHA U IPyTH “dusnudeckn” Gapuepu, mopamu KOETO mpoule-
bT e-neoﬁpamm. Crnen xaTo TO34 npouec NpUKIOYH (FpaHULIUTE Ha JOMEHUTE Ce
SMECTBAT Ha OTPAaHMYEHO pA3CTOSHME MO CTPYKTYPHH NPHYMHH), [O-
BIIHOTO YBEIHYaBaHE HAa WHTEH3MTETa HA MATHWUTHOTO I10jI€ MpEIN3BHKBA
iTHpaHe Ha MAarHMTHUTE MOMEHTH Ha JOMEHHTE MO [O0COKa Ha IMOJIETO
5 -2 6), T.€. HAPACTBa HAMArHMUTBAHETO Ha Marepuana. Korato u To3u mpouec
MKIIOYH (BCHYKM MAarHUTHH MOMEHTH Ca OPHEHTHPAHH 1O MOCOKA HA MONETO),
- * ATBIIHOTO YBE/NMYaBaHE HA MHTEH3MTETA HA MAarHMUTHOTO M0JI€ HE Mpeau3-

I
*d M3MECHEHHE B HAMArHWTBAHETO HA MaTepHaia — MOJyYEeHO € TaKa HapeUYeHO-
: h ! - | Waﬂe

—

[ * Li
A 1 D
LT
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Due. 5.2

[IpouechT Ha HaMarHWTBaHe € HEJIMHEEH, MOPAAH KOETO M 3aBHCHMOCTTa
B = f(H) e uenuneiina. Ha ¢ur. 5.3 e nokaszana xpusama na nwpeonauanno Ha-
MazHumeane.

Pasrpanuuasar ce ner obnactu:

I. ObnacT Ha HayaJHO HAMATHMTBAHE — HAYAJIHOTO HAMATHMTBaHe ce noJy-
YaBa MPH MHOTO c1abH MOJIeTa; 3a HEro € XapaKTePHO eJACTHYHOTO U3MECTBAaHE Ha
FPAHHUIIMTE HA JIOMEHHTE, KOETO 03HA4aBa, Ye NMpoLechT € 0OpaTHM.

II. Obnact Ha Peneii — Ta3u obnact ce nosnyyasa B Mo-1IMPOK 0OXBAT OT ¢Jia-
OM nojera; U3MECTBAHETO HAa TPAHULIUTE HA JIOMEHHTE € BCE OLIE €NaCTHYHO W
MPOLECHT € 0OpaTUM; HAMArHUTBAHETO C€ U3MEHS HE3HAYMTEIHO.

[II. Obnact Ha Hail-ronemu AMdEpeHLHaNIHH MarHUTHH MPOHHLAEMOCTH —
H3MECTBAHHMATA HAa TPAHHULIUTE HA IOMEHHTE Ca HeOOpPaTUMH, HAMArHUTBAHETO Psi3-
KO HapacTBa M MarHWTHaTa MPOHHUAEMOCT HapacTBa ckokoobpasHo. [IpouecsT Ha
HaMarHHTBaHE € HeoOpaTHM.

IV. Obnact Ha OpHEeHTHpPaHE HA MATHUTHUTE MOMEHTH 110 TIOCOKA Ha TOJIETO
— HAMarHUTBaHETO HapacTBa 1no-ciabo B cpaBHenue ¢ III obnacr.

V. Obnact Ha HaculaHe — Ta3u 00JacT ce JOCTHUra NMPH MHOTO CHJIHM Mar-
HUTHH TI0JIETA; YBEIHYAaBAaHETO Ha HAMArHUTBAHETO € HE3HAYMTENHO (MPOLECHT €
MPHKJIIOYHIT) U WHAYKLMATA B MaTepHala aCUMNTOTHYHO ce NpHOIMmKaBa 10 Ipa-
HHYHATa CTOWHOCT, U3BECTHA KaTO UHOYKYUS HA HAcuwane.

A OPHEHTHpaHE Ha
B MOMEHTHTE :

HacCHIlaHe

HeobpaTHMo :

H3MECTBaHE |

S e s ——— . e — — — s S e (S

——— — ———— — " — — — —

Que. 5.3
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;1.2. MaruuTHa npoHHIIAEMOCT

MarsuTHara npounuaemocrl ce neduHUpa KaTO MAPKA Ha Ipoleca Hamar-
HUTBAaHE WIM TO-TOYHO, KaTO MsPKA 33 W3MEHEHHWETO Ha ChCTOSHMETO Ha Hamar-
purBaHe. ToBa onpezieieHHe 03Ha4aBa, Y€ MarHMTHATa MPOHULIAEMOCT € BCHIUHOCT

mhpBaTa MPOU3BOJIHA HA dbyukuusaTa B = f(H). B To3u cMucs ce aedpuHupa Beju-
YHHATA OUPEPEHYUANHA MAZHUMHA NPOHUYAEMOCM Lq, @ HMEHHO

dB
ModH

Cnen rpadpuuHo AudepeHLMpaHe Ha KpUBaTa Ha [MbPBOHAYAIHO HAMArHMT-
BaHe ce MoJjy4yaBa 3aBUCHMOCTTa HAa MarHMTHaTa NMPOHHULAEMOCT OT WHTEH3MUTETa
ya marHutHoTO mone (dur. 5.4). OueprasaT ce ABE XapaKTEPHH CTOHHOCTH: B 00-
njacTTa Ha ciabuTe nojnera — HavalHa mazHumia nponuyaemocm WU, 1 B obnacrra
Ha HAN-TOJIIMO HAMArHUTBAHE — MAKCUMANHA MAZHUMHA NPOHUYAEMOCT [y, TeE-
34 JB€ CTOMHOCTH HAa MarHUTHaTa NPOHHMLAEMOCT C€ LIUTHPAT BbB BCHYKH Crpa-
BOYHHIIH 3a MATHUTHH MAaTEPHAIIH.

(5.5) Wpg =

L

H

Due. 5.4

HenuueitHocTTa Ha 3aBucuMoctute B = f(H) u W, = f(H) e ocHoBeH npood-
JIEM MPH M3M0J13BaHETO HA MAarHUTHUTE MaTepHald, 3alll0TO CTaBaT HEJIMHEHHH H

€IIEMEHTHTE, B KOUTO Yy4acTBar.
OcBeH AudepeHlIHaNHaTa MarHUTHA NMPOHULIAEMOCT U HEHHMTE JIBE Xapak-

TEpHH CTOHHOCTH — HavyaJlHa ¥ MaKCHMaJlHa, 3a OLIEHKa HA MArHUTHUTE MaTepHalu
npu paboTa B MPOMEHIMBO MarHUTHO M0JIE CE WU3IT0I3BA aMNAUMYOHAmMa MazHum-

Ha npoHuyaemocm ., Ts ce HM3YHCIfgBA KAaTO OTHOLICHHE HA AMIUIHTYAHHMTE
CTOMHOCTH Ha UHAYKUMATA B,, u H,,:.

(5.6) g =—

[Ipu pabora B HMITYyJICHO MAarHMTHO MOJI€ CE€ M3MOJ3Ba uUMnyicHama mae-
HUMHA NPOHUYAEMOCM W,re,. SHAYCHHETO U CE M3ACHABA C momomrra Ha Qur. 5.5.

' OcBeH aKO CNENMATHO HE € O3HAYEHO, MOJ MAarHWTHA MPOHMIAEMOCT ce pa3bupa OTHOCH-
TeJIHA MarHMTHA POHUIIAEMOCT.
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Ha xoopauHaTHaTa cucteMa € oTbenasano u Bpemero. [To octa Ha BpEeMETO Ca Ha-
HECEHH UMITYJICHTE Ha HHTEH3MTETa Ha MarHuTHOTO none AH. [To BpeMe Ha Mbp-
BHS MMITYJIC Ce OMMCBA YacCT OT KpHBAaTa Ha IIbPBOHAYAIIHO HAMArHUTBAHE M Yact
OT JIOKAJTHUA XucTepe3uceH HuKbII. Cliel HEero MaTepuanbT ocTaBa HAMArHUTEH Jo
HSKAKBa HHAYKUMS B’, Taka ye npu CleABalINs UMITYJIC C€ ONUCBA JIOKAIEH XHe-
Tepe3nCeH LHMKBJI OKOJIO TaKa HapeueHaTa npaea Ha 6b3épama, YHATO HAKIIOH e

MMITYJICHATA MATHHTHA MIPOHUIIAEMOCT [,re:

_ AB
(5-7) urreu nl MDAH ’
KkbAeTO AB € H3MEHEHHETO Ha MHIYKUHMATA, O3HAaYEHO Ha (Hr. 5.5.
B A
[IpaBa Ha
Bb3Bpara
AB
BF
- -
*H AH o
4
\
Quez. 5.5

S.1.3. Xucrepe3suceH HHKbDJI

KakTo 6e orbens3ano, cnen I u Il obaact ot KkpuBaTa Ha MbPBOHAYAIIHO Ha-
marauTBase (BkK. ¢ur. 5.3), npouechT Ha HAMarHUTBaHE CTaBa HEOOpaTHM M B pe-
3yJITAT HA TOBA CE MOJy4YaBa U3BECTHHUAT xucmepesucen yukwva (Qur. 5.6). I1spBo-
HAYaJIHO NMPOLIECHT HAa HAMAarHUTBaHE CE€ OCBLIECTBABA €JHOKPATHO 10 KpuBaTa Ha
NbPBOHAYAJIHO HAMArHUTBAHE, a NPH MO-HATATBLUIHOTO U3MEHEHHE Ha HHTEH3UTCTA
Ha MPOMEHJIMBOTO MAarHMTHO M0JIE — M0 XUCTEPE3UCHHUA LIHKBIL.

Heka aHanu3upaMe XUCTEPE3UCHHUS LHUKBI OT QUr. 5.6 CbBMECTHO CBC CXE-
MaTHUYHO NMpeACTaBeHUs Ha (ur. 5.2 npouec Ha HAMAarHUTBAaHE HA MArHUTHUTE Ma-
Tepuanu. ChCTOSHMETO HAa JOMEHHAaTa CTPYKTypa oT ¢wur. 5.2 a choTBeTCTBa HA
HayajHaTa Touka () OT KOOpAMHATHATa cUcTEMa Ha (ur. 5.6, a MBIHOTO HamMarHUT-
BaHe Ha maTtepuana (BX. ¢ur. 5.2 6) — Ha HHAYKUMUATA HA HacullaHe B, (Pur. 5.6).
[Tpu npemaxsane Ha nojieto (H = () noMeHHaTa CTPYKTypa He ce Bb3cTaHOBsABa A0
M3XOJHOTO ChCTOSIHHME, a Mopaau HeoOpaTuMHTe npouecH (Bx. dur. 5.2 6) yact 0T
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¥ {UTBAHETO c€ 3ana3sa. Muaykuusara B marepuana B, ce Hapu4ya ocmamwvyHa
' cyusi. 110-HATAaTHIIHOTO BH3/IEHCTBHE HA MarHUTHOTO 110J1€ € B 0OpaTHa 1moco-
Te. pa3MarHMTBaHE Ha mMaTepHana. HacTra OT XHCTEpPE3HCHHUSA LIHKBJI BbB BTOPH
_: IPAHT CE HapH4a Kpueéa Ha pasmaznumearie. YBEIUYaBaHETO HA WHTEH3MTETA
;_—, mosieTo B oOpaTHa MOCOKa BOAM 10 HAMaJIABaAHE Ha OCTaThb4YHATa WHAYKLMSA H
m HAKAKBB MHTEH3UTET H., HApEYEH Koepyumueen unmeHumem, MaTEpHaIbT €

panbaHO pasmarHuTeH (B = 0). ToBa OTHOBO CBHOTBETCTBA Ha KapTHHATa OT
dwr. 5.2 a.

;1
[ Fe et o s o e g
B,
Kpusa Ha
TbPBOHAYAITHO
HaMarHuTBaHe
A e
/
-H, Al H
= —1¢ =
-H 0 H. H
-B,
. 3'
Due. 5.6

XHCTEPE3UCHHAT LIMKBJI € BOXKHA XapaKTEPHCTHKA HA MArHUTHUTE MaTepHa-

H. Upes Hero ce eMHUpAT HAKOJIKO BaKHH NMapaMeThpa: HHAYKLHA Ha HACHILA-
1 B;, OCTaTb4YHAa MHAYKUMA B, u koepuutnBeH uHTeH3uTeT H,. Te BaxkaT caMo 3a
... IHHYHHA XUCTEPE3HUCEH LIMKbJ, NPH KOMTO € JOCTHrHaTa MHAYKIMATA HA HACH-
llate B;. [To-HaTaTBIIHOTO yBeIWYaBaHE HA MHTEH3WUTETA HA MOJIETO HE MPEIH3-
IKBa ONMCBAHETO HA HOB XHCTEPE3UCEH LKL,

. 3ary6u Ha eHeprusi B MArHUTHHTE MATEPHAIH

3a HaMarHWTBaHETO HAa MAarHWTHHS MaTepHa CE M3Pa3XOABa M3BECTHO KO-
IMECTBO eHeprus WM NMPOLECHT NMPOTHYA ChC 3aryOH Ha eHeprus. AKO MarHMTHO-
'IIque € NMOCTOsAIHHO, HAMarHMUTBAHETO C€ M3BBLPILBA €IHOKPATHO M 3aryOuTe Ha
"HEprus ca npenebpexumo manku. Korato npiokeHOTO MarHMTHO Moje € mpo-
:-:r:ﬂ::* BO, HAMarHMTBAHETO CJI€/IBA MTPOMEHAILATA C€ MOCOKAa HAa BBHIIHOTO Mar-

| H0 MnoJsie M NpOUCCHT HA HAMArHHTBAHE CE€ HU3BBLPIIBA HEMPEKBLCHATO B TAKT C
“~10TaTa Ha 1noJiIeTo.
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PasnuuaBar ce HAKOJIKO BH/Ia 3aryOH Ha eHeprus B MarHUTHHS MaTEepHal:

1. 3arybu oT XHCTEpe3HcC — eHeprusaTa, HeoOXoauma 3a rNpeHaMarHUTBaHe Ha
mMaTtepHasa (nMpemMecTBaHe Ha IPAHULIMTE HA JOMEHMTE M0 MOCOKA Ha MPOMEHIIHBO-
TO MarHMUTHO nose). Te3u 3aryOu ca MponopUHOHANHHU Ha IJIOLITA, 3aTBOPEHA OT
XHCTEPE3UCHHUA LIHKBJI, H HA YECTOTAaTa HAa MarHUTHOTO I10JI€E:

(5.8) P,=2fH.B,

KBJIETO f € yecrorara Ha MarHUTHOTO I10J1€;
H. — KOCpUUTHBHUAT HHTECH3UTET HAa MarHUTHHUA MaTepHall,
Bs — UHAYKUHATA HA HACHUIIIAHE HA MArHUTHUSA MaTepHall.

2. 3aryOM OT BMXPOBH TOKOBE — BbB BCEKH MaTepHaj C KpaiHa IPOBOJU-
MOCT, MIOCTaBEeH B NPOMEHIWBO MarHUTHO I10Ji€, Bb3HMKBAT BUXPOBH TOKOBE. 3ary-
OuTe OT TAX ca MPOMOPLUOHAIHH Ha MPOBOJMMOCTTA Ha MaTepHaia M KBaJpaTa Ha
YyecToTaTa Ha MAarHUTHOTO MOJIE:

2
(5.9) P =5 (f B)".
Kbnero d e nebenuHara Ha MarHUTHHUS MaTepHal, NEPNeHAMKYJIIPHO Ha MarHur-
HOTO I10JI€;

P — cnetdUYHOTO CHIIPOTHBIICHHE HA MATHUTHHA MaTepHall.

3arybuTe OT BUXPOBH TOKOBE HApacTBAT 3HAYMTEIHO MO-OBP30 C MoOBHUILA-
BaHE HAa YECTOTATa Ha MAarHMUTHOTO [10JI€ B CPABHEHHUE ChC 3aryOUTE OT XUCTEpeE3HLC.
Ot (5.9) e sicHO, Y€ HaMAJIABAHETO Ha 3arybuTe OT BUXPOBU TOKOBE MOJKE Ja CTaHe
KaTo ce U30MpaT MarHUTHU MaTEPHAJIH C MO-TOJIEMH CTOMHOCTH Ha CNEeUMPUYHOTO
CBHNPOTHBIEHUE M MArHUTHUSA MaTepHal € BbB BHUJ HA THHKH JIUCTOBE (MaJIKH
CTOMHOCTH Ha d).

[TonoOHO Ha KOMIJIEKCHATa AMEIEKTPUYHA MPOHHIAEMOCT HWMAarMHEpHaTa

yacT Ha KOMIUIEKCHATa MAarHWTHA MPOHHIIAEMOCT W, OTYMTA 3aryOuTe Ha eHeprus

B MaTepHaa:

(5.10) TR
3arybuTe Ha eHeprus 3a HaMarHUTBaHE MOTAT Ja C€ MPEICTABAT 4pe3 tgoy

noao0HO Ha 3aryboute B auenexkrpuuure — (1.9):

(5.11) tgd, =t =br
W, M,

Cmucenst Ha (5.11) ce pa3bupa necHo ¢ momoluTa Ha cxemara ot ¢ur. 5.7.
O6paselnl OT MarHUTEeH Matepuan uma ¢opmara Ha TOPOUI ChC ceyeHue O u JIbll-
xuHa [ (Gur. 5.7 a). Ha Hero e noctaBeHa HaMOTKa ¢ HaBUBKU N. MHIyKTHBHOCTTA
Ha TO3M TOPOHU] €

N2
L=“‘(}I‘LFQ1 =p‘rlﬂi

KBJETO Ly € HHAYKTHBHOCTTA Ha TOpOHJAAJIHATA HAMOTKA 0€e3 MarHMTHa CbpLICBHHA.

(5.12)
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Duz. 5.7

Ha ¢ur. 5.7 6 e noka3aHa eKBMBAJIEHTHaTa CX€Ma Ha WHAYKTHBHA 600MHa.
'yk R, € CHIIPOTHBIICHHETO Ha HaMOTKaTa. AKO TO ce npeHeOperse, ocrtaBa camo
SKBHBAJICHTHOTO Ha 3arybuTe cbnpoTHBIeHHUE R.

3arybute Ha eHeprus (¢ur. 5.7 6) ce oueHsBar upes

513 to . = R an Ry + Ry,

' SOl oL

BAETO R, U Ry Ca EKBUBAJICHTHUTE CHIIPOTHB/ICHHS HA 3aryOUTE OT XHCTEPE3UC U

BHXPOBH TOKOBE.

i

l 1.5. MarHMTOCTPHKIHS

KpucranuTe Ha MarHHTHHTE MaTepuasy MposiBsIBaT aHU30TPOITHH CBOMCTBA,
€. HAMarHMTBAHETO CE€ OCBLUECTBABA B pa3jIMYHa CTEIEH B 3aBUCHMOCT OT T10CO-
4Ta Ha MarHUTHOTO MoJie. PasivyaBaT c€ MOCOKH Ha JIEKO, CPEIHO U TPYAHO Ha-
urBane. Ha ¢wur. 5.8 Te3u nocoku ca nokaszaHM 3a KpHcTajaa Ha xens301o. [1o-
HKPHCTAJIHUTE MaTEpHaId MMAT U3OTPOIHHM CBOMCTBA, 3aLIOTO MOHOKPUCTAIMTE
’a Pa3noJIOKEHH MO ClIy4aeH Ha4yuH B o0eMa Ha MOJIMKpPUCTANa U BCHYKH TTOCOKH
[a HaMarHWTBAaHE Ca PaBHOBEPOATHU. AKO MMOJMKPUCTAIIHATA CTPYKTypa Ce Moj-
10)ki Ha oOpaboTka, Taka 4ye Jla ce MoJy4yd OpUEHTHpaHE Ha MOHOKPHUCTAIUTE B
aZieHa 1MocoKa, MOJIMKPUCTATHUAT MaTepual NpuaoduBa aHU30TPONHM MAarHUTHH
BoiicTBa. TakaBa CTPYKTypa C€ Hapu4a mexcmypa, a IpoLUeChT — mekcmypyeaHe.
BrnarojapeHue Ha aHU30TPOMHOCTTa HA MOHOKPHUCTAJIUTE B MAarHHTHUTE Ma-
[€pranyd ce NMposABsABa SABICHHETO MAZHUMOCMPUKYUA, KOETO NPEACTaB/IsABa U3MeE-
HeHue Ha JTUHEHHMTE pa3MepH NMpH HaMarHWTBaHe. B 3aBUCHMOCT OT mocokara Ha
MarHMTHOTO IOJIE CIIPAMO OCHTE Ha TPYJHO, CPEAHO M JIEKO HAMarHUTBaHeE, Mar-
HITOCTPHKUMATA UMA PA3IHYHU CTOMHOCTH. OT TpUTE OCHOBHHM (hepOMAarHWTHH
Matepuanu (Fe, Ni, Co) HHUKenbT NposiBABa Hal-Tro/IIMa MarHUTOCTPUKLMS. M3Bec-
THa npejcTaBa 3a JeopMaluaTa Ha HUKEJIOB MOHOKPHCTAJ MPH MarHUTOCTPHKIIHS
laBaT 3aBMCHMOCTHTE OT (ur. 5.9.
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Que. 5.8 Duz. 5.9

5.1.6. Bansinue Ha BbHIIHHM GAKTOPH BLPXY MArHHTHHTE CBOHCTBA

Temnepamypama oka3pa BIWsSHHE BBPXY MAarHMTHHTE CBOWCTBA Ha (epo-
MarHMTHUTE Marepuain. Korato T4 ce yBeinn4aBa, CIOHTAHHOTO HAMarHMTBaHe Ha
paomenute HamansBa. Ilpu onpeznenexa Temneparypa, HapeueHa moyka na Kiopy,
CTMIOHTAHHOTO HAMAarHUTBaHE M34Ye3Ba HanbJHO. [IpuyKHa 3a TOBa €, Ye 00pa3sysa-
HETO HAa JOMEHHATa CTPYKTYpa € Bb3MOXKHO NPH M3MBbJIHEHHE HAa TEPMOJAMHAMHY-
HOTO YCJIOBHE 3@ MUHHMMAaJIHA noTeHuranHa eHeprus. Ot onpeneneHa 3a BCEKH Ma-
Tepuan temmeparypa (Touka Ha KiopH) Harope ToBa yC/IOBHE HE CE€ M3ITBJIHABA K
JIOMEHHAaTa CTPYKTypa Ce€ pa3pylliaBa — MarHUTHUAT MaTepHall CTaBa HEMAarHUTEH.
[TpouecsT € 0OpaTHM M KOraTto Temmneparypara cnagaie noj rodkara Ha Kiwopu, no-
MEHHATa CTPYKTypa C€ BB3CTAaHOBSBa, a MAaTEPHaIbT CTaBa OTHOBO MAarHWTeEH.
CnenoBaTtelHO MBJIHO pa3MarHMTBAaHE HA MaTepHala MOXE Ja CE€ MOCTHUTHE 4pes
MOBHIIABAHE HA TEMMEpaTypara My HajJ ToukaTa Ha Kiopu.

TunuyHa 3aBHCUMOCT HAa MarHMTHaTa NMPOHMLIAEMOCT OT TEMIleparyparta €
noka3aHa Ha ¢wur. 5.10. B 6iu3ocTt 1o Toukara Ha Kiopu MarHuTHaTa npoHHULIaMOCT
PA3KO HApacTBa, a Clie]] Hesl — Olle NO-pA3Ko HamansBa. OT Ta3u 3aBUCHMOCT MOXKE
Jla ce HampaBH 3aKJIIOYEHHETO, Y€ KOJKOTO ToykaTta Ha Kiopu e no-6au30 /10 0KoII-
HaTa TeMmIneparypa, TOJIKOBa I10-rojiiMa € MarHMTHaTa NMPOHULIAEMOCT Ha MaTepHa-
na. B temneparypHaTa obnact okono Toukara Ha Kwopu ce nHabmonasa obaue ro-
J1siMa HeCTaOMJIHOCT Ha MarHMUTHATa MPOHHULIAEMOCT.

Hecmomama Ha BHHIIHOTO MAarHUTHO MOJIE OKa3Ba ChHIO BJIHAHHE BBPXY
MAarHATHUTE CBOMCTBA Ha (pepOMarHUTHUTE MaTtepHanu. HamaruutBanero € Mpo-
[IEC, KOHTO MPOTHYa C OnpelelieHa KpaiHa CKOpPOCT M 3a JIOCTUIaHETO Ha OMNpeac:
JICHO HAMarHUTBaHE € HeoOXOAMMO HM3BeCTHO BpeMe. ToBa siBieHHe ce HapH4Yd
MazHumHuo nocaeoeucmaue.

MarauTHOTO MocieneicTBHE, KOETO 3aBHCH OT TeMIepaTypaTta Ha MaTepha”
la W YECTOTaTa Ha MArHWTHOTO TIONE, € CBBP3aHO ¢ AM(Y3MOHHM mpouecy MPH
NPEMECTBAaHE HA FPAHHIMTE HA noMeHuTe. [Topany BIMSHHETO My YecTOTHATa 3%
BUCHMOCT Ha MarHMTHATa NMPOHHULIAEMOCT B ¢1ab¥ MarHUTHH roneTa ce xapakreph
34Wpa C TpH y4yacTtbka — ¢ur. 5.11. B nbpBHUs yyacTbK MarHMTHaTa HpDHHlIEEMOCT
ce 3ana3Ba MOCTOSHHA NpH MOBMIIABAHE HA YECTOTATa Ha mnojnero. Brs BTOPH
Y4YacThK Ce M0Jy4aBa He MHOTO ACHO W3pa3eH Pe3OHAHCEH XapakTep Ha niMeHeH!
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‘Ha MarHMTHaTa MPOHHMLIAEMOCT, 3all0TO BpeMeTO, He0OX0AHMO 3a npemMecTBa-
Ha TPaHMIINTE Ha JIOMEHHUTE, € ChbH3MEPUMO C BPEMETO 3a H3MEHEHHE Ha I0COo-
q Ha nosieTo. B TpeTHs y4acThbK 4ecToTara Ha MarHUTHOTO TOJIE € TOJIKOBAa BH-

ye MNpeMeCTBAHETO Ha TIpPaHHUHMTC Ha JAOMCHHTC HE MOXE Ja CcielaBa

1eHEHHETO Ha M0COKATA HA BBHIIHOTO MarHUTHO MOJIE, CJIEIOBATEIHO MArHHT-
3 MPOHHIIAEMOCT HaMaJIfBa.
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Que. 5.12

Hacmaﬁunoma MAZHUMHO noJe BIIMs€ BbPXY MarHHTHHUTE CBOMCTBA Mopa-

JIMHEHHOCTTA Ha 3aBUcHMOcTTa B = f(H). Ha dwr. 5.12 e noka3zana kpupara
T pBGHaqa.nHo HaMarHMTBaHE IPH €IHOBPEMEHHO BB3JACHCTBHE Ha IMOCTOSHHO

A IpoMeHuBO (H,) MarHuTHO none. [IpoMsiHaTa Ha CTOMHOCTTA HA MOCTOMH-
.G'LCTaBKa H, npeau3BuKBa npeMecTBaHe Ha padOTHATa TOYKA, a OTTAM M U3-
“HHE Ha MarHWTHaTa NMPOHHLAEMOCT Ha MaTepHana. BJHAHHETO HAa NMOCTOSHHO-
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TO MarHMTHO MoJie € U3BECTHO KaTo HOCMOAHHO MOKOBO NOOMAZHUMBAHE W TPSGp.
/la Ce OTYUTA NMPH Opa3MEPABAHE HA MArHUTHUTE CHCTEMH.

5.1.7. Knacudpnkauusi HA MArHUTHHTE MaTePHAJIH

Haii-pasnpocTpaH€HaTa kjacH(UKalMs Ha MAarHUTHUTE MaTepuany &
cjie/IHaTa;

1. MarHUTHOMEKH MaTepHau.

2. MarHMTHOTBBPJIH MaTEpHAJIH.
Ta3u k1acHpuKauus ce U3BbPIIBA ChOOPA3HO ¢ MArHUTHATA CHEPrUs HAa MaTepyg.
nute. Karo ce M3mosi3Ba KpHBaTa Ha pa3MarHUTBaHE — BTOPH KBAJPaHT OT XHCTepe-
3UCHHUA LUMKDBI (BX. QUr. 5.6), maruutHara eHeprus W ce u3umcnsaBa no uspasa

BH
5.14 =
(5.14) 5

CmucwibT Ha (5.14) ce pasdbupa no-nobpe ¢ nomolira Ha rpadgukara ot dur. 5.13,
KBJIETO BbB BTOPH KBaJPaHT € HaHeCceHa KpMBaTa Ha pasMarHWTBaHE, a B ITbPBH ~
3aBHCHMOCTTA Ha MarHUTHATA €HEpPrus OT HHAYKLMATA.

MarHuTHOTBBPAM Ca OHE3M MaTepHAIH, KOWTO NPUTEKABAT roIsIMa MarHur-
Ha eHeprus. BChIHOCT MarHWTHATa EHEPrusl Ce OLEHsBA M0 HeobXoaumara exep-
r'us 3a pa3sMarHUTBaHEe HA MaTepuaa.

MarHMTHOTBBPAHUTE MAaTEepHaIM MMAT rojsfiMa €HEPrus Ha pa3MarHWTBaHe,
Mopajay KOETO 3ana3BaT HAMArHUTEHOTO CH ChCTOSHUE HEOTPAHUYEHO IBJITO Bpe-
me. Te3u mMarepHasd UMAT HIMPOK XHUCTEPE3HCEH LHMKBJ — PECMNEKTHBHO BHCOKH
CTOMHOCTH Ha KOCPUMTHBHHSA MHTEH3UTET M OCTaTbuyHaTa HHAYKLUMsA ((ur. 5.14 -
kpuBa 1). Te3n marepHalii Ce€ M3MOJ3BaT 3a HanpaBaTa Ha NMOCTOSHHH MarHHTH,
MarHUTHH NMaMETH — BUIE€O- M AYIHOJIEHTH, KOMIIOTBPHHU XapJIHCKOBE U Jp.

A
B

Que. 5.13 Que. 5.14
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Marﬂmﬁueme MaTepHaid MMaT MaJlka eHeprus Ha pa3MarHuTBaHe, 3a-
ecno ce pa3sMarHMTBAT U HAMArHUTEHOTO UM CHCTOAHHE H34e3Ba OBP30 cren

"HEe Ha BBHIIHOTO MarHuTHO noje. Te TpsaOBa 1a UMaT HUCKH CTOMHOCTH
uHTHBHHH MHTEH3UTET M OocTaTbyHaTta MHAYKUUA (dur. 5.14 — kpusa 2).
_amaT CE 33 BCAKAKBY BHJOBE TPaHC(HOPMATOPH — OT MPEKOBH (NMpPEeXBBPISHE
epI*HH) 10 CHUTHAJIHH (MPEeXBHPJISHE HAa HUCKOYECTOTHH H BHCOKOYECTOTHH
). MarHUTHOMEKHTE MaTepHaIl 3a MpeXOBH TpaHChOpMaTopH TpsdBa na
AT MUHHMMAJTHH 3aryOH Ha eHeprus (MoBHIIABA ce KOSPUIIMEHTA Ha MOJIE3HOTO
CcTBHE), @ 3a CHIHAJIHU TpaHcOpMaTOpPH — JIMHENHA 3aBUCUMOCT B = f(H) (Ha-
ce HEJTHHEHHUTE U3KPUBABAHUA).

ja.

- MAFHUTHOMEKM METAIU U CTIJTABM

- [lopaay HUCKOTO CHEUM(HYHO CBIPOTHBICHHE HA METAIMTE W TEXHHTE
\aBH B TAX CE€ MOJIY4YaBaT 3HAYMTENIHH 3aryOu oT BUXpoBHU TokoBe. Karo ce uma
"; #Jl, 49€ 3aryouTe OT BUXPOBH TOKOBE Ca MPOMOPLMOHAIHM HAa KBajpara Ha
sTOTaTa, TE3M MAaTEpHaM HE MOrar Jia ce M3MoJ3Bar 3a paboTa BbB BUCOKOYEC-
HI MATHUTHH 10JIETA.
| @ }Kc.llﬂaﬂ'ro M JKEJIE3HUTE CIUTABH Ca MOJYYHIH HAK-UIMPOKO MPHJIOKEHHE 3a
) B IOCTOAHHH U HUCKOUYECTOTHU MarHUTHH M0JIETA.
Euexmpomexnuqecm aucmoea cmomana. KbM Tasd rpyna c€ OTHACAT
2 Ha XKEeNA30TO ChC CHIIMUKMH, KOUTO HAMHUPAT MPUJIOKEHUE NTOpaaH ONTH-
[HOTO ChueTaHHWe Ha JOOpPH MAarHWTHH CBOMCTBA M HUCKA LeHA. CHIHUMAT no-
JaBa crequ(pHIHOTO CHIPOTHUBJICHHE HA CIJIaBTAa W MO TO3M HAYWH CE€ Hamals-
Oure or BuUXpoBH TOKOBe. OCBEH TOBa TOH noAOOpsABa MAarHUTHHUTE
Ha MaTepuana — yBeJIW4yaBa HayajHaTa MarHHTHAa MPOHHULAEMOCT, HaMa-
‘mepumnanm MHTEH3UTET, CTECHABA XHUCTEPE3HCHUSA LIMKBI U CHOTBETHO
epe3ucHuTe 3aryon. ChabpKaHHETO HA CHJIMLIMA B cruiaBTa € a0 6,5%, 3auo-
0-rOJIEMHTE KOJTMYECTBA MPABAT CIUIABTa MHOTO Kpexka. Upes cTyeHo Baily-
HE MarepuaabT C€ TEKCTYpOBa, C KOETO CE MOJy4yaBaT aHU3OTPOIHH MArHWTHH
HCTBa 110 MOCOKA Ha BAJILLYBAHETO.
Tlpoussexnar ce pa3IM4YHH MAapKH €JIEKTPOTEXHHYECKA JIMCTOBA CTOMAaHA B
ACHMOCT OT:

= ChABPKAHUETO HA CHUIIHLINH,
.' = C U30TPOMHHU U AaHU30TPOITHH CBOMCTBA;

= 3arybure.
EnexrporexHuyeckuTe JMCTOBH CTOMAaHHM C€ NPOM3BEKIAT C JaebenHHa OT
D 210 | mm M u30nauus 1Mo noBspXHocTTa. I10 TO3M HAYMH ce yBeanyaBa obeM-
10 ChNpOTHB/IEHHE HA MArHUTONPOBOJA, ChOPAaH OT W30JHPAHU JIAMENH, H CE
fallsBaT 3aryouTe OT BUXPOBH TOKOBE.
- TexcrypoBaneTo ce mojyuaBa upe3 CTYIEHO BAJIIYBaHE M MPOXbIDKUTEIIHA
HHa oOpaborka npu Temneparypa 900+1200 °C. MarHuTHHTE CBOMCTBA Ha
‘TYpOBaHuTE CTOMAHH (C aHU30TPONHM CBOMCTBA) MO MOCOKA HA BAJIYBAHETO
Ha4uTenHo no-100pH OT T€3M Ha rOPENIOBAIIYBAHHTE (C H3OTPOIHH CBOMCT-

L
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Ba). Ocgsen ypes TekcTypOBaHE MArHUTHHTE CBOMCTBaA ce moAoOpsBaT Ype3 Jerupa- -
HE Ha eJIeKTPOTEXHUYECKUTE JIMCTOBH CTOMAHH C PasinYHH €JIEMEHTH KaTO BaHa- <
IMH, anymuHri win ko6ant. HAKOHW CBOHCTBA Ha €NEKTPOTEXHHYECKUTE JIMCTORY ol|lo|lo|o|e
CTOMAaHM ca JajeHu B Tabn. 5.2. % : : ::. ::. : T T
JluctoBaTa eNEKTPOTEXHHYECKA CTOMaHa Ce M3M0J13Ba Hali-BEY€e 3a Halpaga- s |7
Ta Ha MAarHUTONPOBOJM 338 MPEXKOBH TpaHchopmaTopu. OT CTOMAHUTE C AHM3OT- E .
POTIHH CBOHCTBa ce M3paboTBAT T.HAp. BUTH MarHMTONPOBOJAH, B KOUTO MOCOKaTy 2 *
Ha MarHMUTHOTO I10J1€ BHHATH ChBIMAaJa C MOCOKATa Ha TEKCTypaTa. < 5
Ancugpep. ToBa e cnaB Ha CHIMUMHK M aTyMHHHUH C xKena30. UMa MHOro gy.- E 2lglglgls
COKH CTOMHOCTH Ha Ha4a/lHaTa ¥ MaKCHMaJHaTa MarHUTHA MPOHULIAEMOCT. TBbpaa = § ‘E o ‘E E. = 1 I |
M KpexXKa €, nopajau KOeTo TpyaHo ce 06paboTBa, HO BB BHJ HA Mpax Ce HU3M0JI3Rg = ";?
3a U3paboTBaHe Ha MeTaJIOKEPaMUYHH ACTalIM UK 32 NPOU3BOACTBOTO HA MarHu- E e
TOJMENIEKTPHIIH. - -
Kenazo-nukenoeu cnnaeu. VI3BECTHM ca ¢ HAMMEHOBAHWETO nepmanou. £ < 5
CoiicTBaTa UM 3aBUCAT OT MPOLIEHTHOTO ChAbpPKAaHWE HA HUKEN. Pa3paborenu ca 212212122 Q 0| |0
MHOTO BHIOBE NepMaion cnopel chabpkaHuero Ha HUKen (0T 30 % no 82 %) u D) == =|=|=|B|=|=|~
HAJIMYHETO Ha JIETHPALH €JIEMEHTH KaTo XpoOM, MOJIMOIEH, MaHTaH U JIp. I I
OCHOBHO INEpMaOUTE CE pa3JelsaT Ha JIBE€ IOJIEMHU IPYIH — C HUCKO H C BH- Ss <
COKO ChObpKaHue Ha Huken. OT rpadukute Ha ¢ur. 5.15 ce BwKaa, Ye CraBuTe ' '
ChC Chabpkanue Ha HuKen noa 30 % He cnagat KbM MarHUTHOMEKHTE MaTEpHallH, .%D — =
a Hal-BHCOKM CTOMHOCTH HAa HAYajlHATA MarHMTHA MPOHHIAEMOCT CE€ I10JIyYyaBar = Slolsig|e| 2RSS
npu okos0 80 % chabpkaHue Ha HUKen. [lopaau TOBa nepMalon ¢ Mo-BHCOKO Ch- = SE|n|S|~ ~ | === ==
IBpXKaHWE Ha HUKEJT He Ce U3IO0JI3BaT. S E- g | X Q
[MepmanouTe ¢ BHCOKO ChabpkaHue Ha Ni ce OTIMYaBaT OT TE€3H C HHMCKO E > B |
ChABPXKAHHE 10 TOJIEMHTE CTOHWHOCTH HAa MarHWTHATa NMpoHUuaemMoct (¢wur. 5.15). = ; =
Hsakou nepmanod ¢ BHCOKO ChAbpxaHHe Ha Ni HMaT HM3KIIOYHTEIHO IOJIEMH = 2 = E - - e | e ; Py s
CTOMHOCTH Ha MarHMTHaTa NMPOHHIAEMOCT M Ca M3BECTHH C HAMMEHOBAHHUETO CY- E = =1 = 1 I'N*- §. :1:‘ @ qu 2 ;‘:. —
nepriepmaion. [IpuMepHH CBOMCTBA Ha HAKOM NMEPMAIOH ca AaJeHH B Tabn. 5.3. =1 9 ,_g s
JlecHOTO HaMarHuTBaHe B clabM MarHMTHU nosieta (BUCOKA HayajHa mar- E O
HUTHA MPOHHLIAEMOCT) ce 00ACHABA C MOYTH MBJIHOTO OTCHCTBHE HA aHW30TPOII- E -
HOCT B CTPYKTypara Ha nepmaioure. [IpuiokeHHeTo UM ce orpaHuyaBa OT M3KJIIO- = EﬁE - ol o
YUTEJIHATA YYBCTBUTEJHOCT HAa MAarHUTHUTE MM CBOHCTBA OT MEXaHW4YHH E T S % %__ 3 % \-] o || v
nedopMalii ¥ CPaBHUTEIHO HHUCKATa WHAYKLHMS Ha HacuiaHe. ToBa Hamara cliell E. E S Gl (oo B U e
BCAKAa MeXxaHW4yHa oOpaboTka J1a ce npaBu TOIUIHHHA 00paboTka, OT YHHTO peXHM 5 LT
B ToJsiMa CTEMNEH 3aBHUCAT MarHUTHUTE cBOHcTBa. [lepManoure ce mpou3BexaaT 3 3
BBHB BHJl Ha JICHTH, JIMCTOBE H MPBYKH. E = T S e e e
2| 5 E alm|alnlal |alala
: S oclolo|lol|le ole | e
1= ,,c,
= o e
N g ;Eiiy Slvn|lv|lnvlanln o|l0|w|w
8| B2 |B|SIS(S|5]S|E Ak ke
= = o = al@al@QlRIR]| 8l S| @
=2 | §E|2lgl2lglelglElgls]
g3 & <SRRI |@|[<]|8|3|=
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Tabnuua 5.3
CBoiicTBa Ha HAKOM NEPMAJIOH

30.10° -

20.10° T

10.10°

' -
50 70 90 Ni, %

Ilepmanon cue

ChAbPXAHUE Ha
Ni

Hauanna mar-
HHTHA MPOHH-
LaeMOCT

MakcuMmansa Koepuurtusen Muaykuus Ha
MArHHUTHA Mpo- HHTEH3UTET, HacHUILlaHe,
HHLIAEMOCT T

JlerupaHuTe nepManou ¢ BACOKO ChIbpXKaHHUE HAa HUKEN CE€ W3MON3BaT 3a U3-
paboTBaHe Ha MarHUTONIPOBO/IH 3a ManorabapuTHU U UMITYJICHH TpaHCHOPMATOPH,
Ha MarHMTHH €KPaHH, Ha CbPLEBHHH 32 HHAYKTUBHU O0OMHU U penera u Jp.

[lepmanoute ¢ HUCKO chabpkaHue Ha HUKena (30+50 %) ca ¢ no-manka mar-
HUTHA NPOHHLIAEMOCT, HO MMAT MO-BUCOKA OCTAThb4HA MHAYKUMA. CneuuduyHoTO
MM CBIIPOTHBIIEHHE € I10-TOJIIMO B CPABHEHHE C MEPMAJIOUTE C BHCOKO ChIABPIKa-
HHE Ha HHMKeJl. Karo nerupail eneMeHT ce u3non3Ba CHIMIHH, C KOETO CE MOCTUIa
HapacTBaHe Ha CNEU(PUYHOTO UM CBHIPOTHBJIEHHE. BLB BHI Ha THHKHM JlaMeld CE
M3M0JI13BaT 3a U3pabOTBAHETO Ha MArHUTONMPOBOAM 33 BUCOKOYECTOTHH M MMITYJIC-

HH TpaHCchHOpPMATOpH.

JKeNna3HO-HUKEOBUTE CIUIABH HMAT CTAaOMIHM BBB BPEMETO MarHMTHH
CBOHCTBA NPH YCJIOBHE, Y€ HE Ca MOJUIOKEHH HAa MEXAHMYHHM HAMpEXeHHs M Jie-

(popmaumu. TTopaau ToBa BHHaru Tpsa6Ba 1a ce U30ArBaT MEXaHHYHHTE HATOBAPBA-
HHA Ha T€3H MaTepHalId HIIH aKO TOBA € HEBB3MOXKHO, J1a CE OCHIypsBa ChOTBETHA-

Ta TeMrneparypHa obpaborka.
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3. MAFHUTHOMEKW BUCOKOYECTOTHU MATEPUATTA

KbM Ta3u rpyna cnafar MaTepHaiH C TOJISIMO CEUH(HYHO CBIPOTHBICHHE
men XMCTEPE3NCEH LIHKBII, 32 KOUTO 3aryOuTe OT BUXPOBH TOKOBE H XHCTEpE-
apC Ca MAJIKH MPH MOBHLICHH YECTOTH HA MarHUTHOTO noJe. PEPHTHTE NPEe/ICTaB-
muga'r OCHOBHATA YacCT OT Ta3u rpyna MaTepHalu.
depumume ca rojsiMa Irpyna MarHWTHH MaTEpHAsH, M3BECTHHM OLIE KaTO
#aeuumnu xepamuxu. TIomyuaBar ce M0 METOJAMTE Ha KEpAaMHUYHATA TEXHOJIOTHS OT
| METJIHH OKCHJH KaTO M3XOIHH MaTepHajH. MeTajHUTe OKCHIM C€ OTHACAT KBM
rpynara Ha noJYNpPOBOJHHKOBHTE MaTEPHAH CIIOPE/L MOBEACHHETO HM B CIICKTPH-
gecko mosie. ToBa 03HAa4aBa, Y€ T€ WMAT BHCOKO CMEUM(UYHO CBIPOTHBICHHE, C
KOETO YJOBJIETBOPABAT €IHO OT H3UCKBAHHATA KbM BHCOKOYECTOTHHTE MAarHWTHH
| MaTepHAIH.
depuTHTE MPEACTABIABAT CHCTEMA OT €MH WM HAKOJIKO METaJHH OKCHJIA
(10-4€CTO Ha JIBYBAJIEHTEH W MO-PAJKO HA CAHOBANCHTEH METaJl), KOMTO 32a€1HO C
skeNle3HMs OKCHJ] y4acTBaT B CJIOXKHA KPUCTaJlHa CTpyKTypa. Han-pasnpocTpaHeHH
ca (epuTHTE C XHUMHYECKA dopmyna B 0606weH Bug MO.Fe,0;, kpaeto ¢ M e 03-
HayeH METATHHMAT iion (Mn, Ni, Cu ¥ ap.) Ha OKCHMJa, XapakTepu3upall (epura.
@depuTH, B KOUTO Y4acTBa caMO €IMH MeTajeH okcun, ocBeH Fe,Os, ce Hapuyar
M oHogepumu, a TaKMBa C MOBEYe METAJTHH OKCHIa — noaugpepumu. B cnoxHata
'i'.pHGTaJIHa CTPYKTypa Ha (epuT, B KOWTO yyacTBaT Hai-manko asa okcuaa (MO u

Re,03), MAarHUTHUTE MOMEHTH Ha METATHUTE HOHH MOTaT 1a ObJaT KOMIIEHCHPaHH
(Heqlepnmarumen dheput) 1 HekommneHcupanu ((pepomaraured deput). Cucremu
0T (hepoMarHuTHH U He(epoOMarHUTHH (EPHTH MOHAKOTa MPUTEXKABAT MO-100pH
CBOICTBA B c1abM MarHUTHH T10JIETa B CPABHEHHE C APYTHTE QEPHUTH.

[oNsSMOTO KOJMMYECTBO METaJHW OKCHIM, KOMTO MOraT Ja y4acCTBaT B HaW-
PasnuyHu KOMOHHALMH NPH 00pa3yBaHETO HA depuTH, NO3BOJIABA 1a C€ CHHTE3H-
par MHOTO BHO0Be (epHTH, OTTOBapsILIH Ha Haii-pa3HOOOPA3HH M3HUCKBAHHS. Cre-
JIOBAaTEJIHO, OCBEH Y€ MMAT MO-MAaJKu 3aryoH, (epuTHUTE NMpUTENKABaT MHOIO IIO-
‘pazHooGpa3HK CBOWCTBA B CPABHEHHME C METAIIHHTE MATHHTHH MaTepHaIH.

Ot 1.4.3.2 € CHO, Y& METAJTHUTE OKCHAH CrajaaT KbM IMOJyNpOBOAHUKOBHTE
XHUMuueckn cheauHenns A B . CleoBaTeNHO MPOBOAMMOCTTA HAa ()epHUTHTE HMa

=

TMONYIPOBOJHMKOB XapakTep, KoeTo 00ycnaBs BUCOKOTO MM CHNELH(UYHO CBIPO-
Tuenenue (xo 10° Q.m). Tpabsa na ce orbenexu, 4e MoaynpoBOAHUKOBHAT Xapak-
T€p Ha NPOBOAMMOCTTA O3HAYaBa OTPHLATE]CH TEMIEpaTypeH KoepULHEHT Ha
CnenupHYHOTO CHIPOTHBICHHE, T.€. NIPH MOBHIIABAaHE HA TEMIepaTypaTa HapacT-
Bar 3aryOure oT BUXpOBH TokoBe. [To chluara npuynHa (PEpPUTHTE UMAT CPaBHH-
TenHo Maika torutonposoaHoct (Ar = 2,8+5,7 W/m.°C), nopaau koeto He TpsAdBa
Jla ce MojUIaraT Ha pe3Kd TeMIlepaTypHH NPOMEHH, Olle MoBeve, Ye TeMIeparyp-
HHAT WM KOe(MIMEHT Ha JHHEHHO pasiMpeHue He € romam (o = (5+10).
RO~ °C~1).

CpaBHHTEJIHO TOJIEMMTE CTOWHOCTH Ha JHEJCKTpHYHATa MPOHHLAEMOCT H

AueneKTpuyHMTE 3arybu TpsOBa 1a ce UMaT NpeiBUA NpH U300pa Ha JaJeH (epHT.
IIpouecure Ha nonspu3alus ¥ AHENEKTPHYHHUTE 3aryOu ce ompeienaT oT Apekda

135



Ha Cnabocpup3anu eNneKTpPOHH. B MarepHanu ¢ ronama maruuTHa ¥ AUENCKTPHY g
NTPOHHLaeMOCT CHUICCTBYBAT YCJIOBHUS 3a NOJyYaBaHe Ha 0GeMEH pe30HaHC, Mpy
KOHMTO 3arybure HapacTBar.

®eputn ¢ pa3HOOOpPa3sHH CBOMCTBA Ce MOJIy4aBaT Ype3 U3MEHEHHE B PEXH-
MHTE Ha M3MHYaHE, C KOETO CE€ NMPOMEHS CTPYKTYparta, H Ype3 NPOMEHH B ChCTaBg.
Hanpumep npu cMecBaHe Ha (epoMarHuTeH M HE(PEPOMArHHUTEH (BEPHUT Ce mopy.
KaBa Toykara Ha KiopH M no To3M HayWH ce MOBMIIABA MArHMTHATA NPOHHIge.-
MOCT.

CrabuiHocTTa Ha MarHUTHATa NMPOHMIAEMOCT Ha (bepuTHTE BBB BpeMeTo ce
OLCHABA C Koeuyuenma na desakomooayus Dy. JlezakoMonauusTa MPeNCTaBisRy
M3MCHCHHETO Ha Ha4aJlHaTa MarHUTHA MPOHHULIAEMOCT CJIeXl MBIHO Pa3MarHUTBaye
Ha (epuTa 3a ompesieNieH MEPHOA OT Bpeme, npe3 KOHTO ce MOAABPKA MOCTOAHHg
TEMIIEpaTypa.

YcnosusTa 3a M3MepBaHe Ha KoehHIHEHTa Ha Nie3aKoMOoaUus, ChIiacHg
u3nckBanusrTa Ha IEC ca:

— M3MepBa ce CTOHMHOCTTA Ha WU,; 10 min ciiex meIHOTO pasMarHuTBaHe (1 =
=10 min);

— M3ME€pBa Cce CTOHHOCTTA Ha W,; 100 min cien mMbAHOTO pa3sMarHUTBaHe (U5
—t, =100 min)'.

KoeduuuenTsT Ha 1e3akoMonanms ce M34uCIsBa no H3pasa

(5.15) D, =171
[
i, “log| -2
gl
TsH KaTo I(}g iZ_ =l{}g[@]=l, DF = ul _uz .
f 10 W’

B 3aBHCMMOCT OT YeCTOTHHTE XapaKTePHCTHKM HAa MarHHTHATA MPOHHLIaE-
MOCT M 3aryOMTe Ha €HEeprus ce OmnpejeNs MPAHMYHA YeCTOTA HA M3MON3BaHe Ha
BCEKH peput. Haj Ta3m yecToTa MarHMTHATA MPOHULIAEMOCT HaMaJssBa, a 3aryoure
CTaBaT NO-rOJIEMH OT JIOIMYCTHMHTE.

Cnopen ¢pyHKuusATa, KOATO U3MBIHABAT, (EPUTHTE Ce pa3fenaT Ha MarHuT-
HOMCKH, C NMPaBOBI'bICH XHCTEpe3UCeH UNKbI, CBY-(eputi 1 MarHHTHOTBBPIM.
DepHTHTE Ce pa3feNaT Ha IPYNH U choOPa3HO CHCTAaBa MM — HHKEI-LHHKOBH (Ni-
Zn), MaHraH-uMHKOBH (Mn-Zn), MaHraH-MarHe3HeBH (Mn-Mg), maHran-menaHu
(Mn-Cu), nutuii-uukenosu (Li-Ni) u ap. O6nacTra Ha NpUIOKEHHE HA HIKOH Mar-
HUTHOMEKH (pepUTH € nokasana Ha ¢ur. 5.16.

Huken-uunkosure deputu (NiO.ZnO)Fe,0; umar IIHPOKO [MPHIIOMKEHHE
fTOpaan rojAMara Ha4yalHa MarHWTHa MPOHMIAEMOCT, HHCKHUS KOEPLMTHBEH WH-
TCH3UTET U MAJIKUTE 3aryOu Ha eHeprus. HavanHara MarHMTHa MpoHMIaeMoCT HA
T€3H (PEPHTH € OT HAKOJIKO €AMHHMLM 332 BUCOKOYECTOTHHUTE 10 HAKONIKO XHJIAIH 32
HUCKOYECTOTHHTE. CTOHHOCTTA Ul 3aBHCH OT ChABPKAHUETO HA HEMATHUTHUS LIMH-
KkoB (eput. Toi noHmkasa Toukata Ha Kiopu u Taka yBEJIHYaBa MarHUTHaTa npo-

1 (17
YcnosusaTa 3a uamepsane Ha pupmaTa “Cumenc” ca t=2hnt=20h.

136

arraemMocT. Huken-umHkoBuTe GepuTH HAMUPAT NMPHJIOKEHHE B YECTOTHHS 00XBaT
0,1 no 100 MHz. Tlopaau HuckaTa Touka Ha Kiopu Te MMar noBHIIEHA TeMrle-
arypHa HectabuiHocT. M3nonssar ce 3a M3paboTBaHETO HA MAarHMTONMPOBOIM 32

jchopMaTopH, CHPLEBHHH Ha O00MHH MU Jpocenu, 3a KOUTO HE Ce MOCTABSAT
apCKBAHHA 332 BUCOKA TeMIEpaTypHa cTabunHocT. ChPLUEBHHHUTE CE NPOU3BEKAAT
pasHOOOpPa3HH IeOMETPHYHH popmu — UI-, E-, I1-06pa3un u yamkoobpazHu
MACHUTONPOBOMH, IUIACTHHH, NMPBYKH, TphOUUKH U ap. Huken-uuukosure dheputu
o MaJKH CTOWHOCTH Ha HayaJHaTa MarHUTHAa NpoHHuuaeMoct (W, < 150) umar no-
pHIIEHA TEMIIEpPaTypHa CTaGUIIHOCT, MOpaay KOETO MOraT Ja Ce M3MON3BaT 3a pa-
Gora B c1abKM MarHMTHU MOJIETa, KATO NMPBCTEHOBUIHHU, YAIIKOOOPAa3HH WIIM NphY-

OBMIHH MarHUTONPOBOIH, MATHHTONMPOBOIM 33 AHTEHH U ap.
1

F, P985 &
y OSSN
0 e W W W
/ LRI I
7 PRSI

101

2272

1 i i i [

10° 10" 10° 100 10 10° 10°
Que. 5.16

— -
10° f, Hz

BCuYKM HUKEN-UMHKOBH (DEPHTH NPUTEKABAT BHCOKA MATHUTOCTPHKIIHS.
Manran-unnkosute deput (MnO.ZnO).Fe,O; ca mpyrara rpyna MmHpOKO
u3nonssanu depuru. Ot ¢ur. 5.16 nuum, ye Te ce w3moa3BaT 3a paborta 10 Mo-
HHCKH Y€CTOTH OT HUKeN-UMHKOBHUTE — OT 1 kHz no 1,5 MHz. [Ipunoxenuero um e
CBIIOTO.

| CeoiicTBaTa Ha HAKOM HHKEI-UMHKOBM M MaHIraH-LIMHKOBH (GEPUTH ca aaje-
HH B Tab. 5.5.

- ®DepuTHTE C NPABOBIBIEH XUCTEPE3NCEH LMK Ca ¢ BUCOKA OCTATHYHA HH-
AYKIMA B, ¥ HUCHK KOEPLUHUTHBEH HHTEH3UTET H,. Ha ¢ur. 5.17 e nokasan npaBos-
TBIICH XHCTEPE3NCEH LMKBJI. SICHO pa3srpaHHuCHHTE JBE ChCTOSHHA (+B,  -B,) Ha
Matepuana crorserctsar Ha “1” u “0” OT ABOMuHATa CHCTEMa, Mnopaau KOeTo Ta-
KHBa heprTH MOTaT 11a Ce W3MOJI3BAT 32 MATHUTHH MaMETH.

- Konkoro unaykuusra Ha Hacumane B, e mo-6/1430 0 0CTaThYHATA HHIYK-
M B,, TONKOBA M0-NPaBOBIbJIEH € XHCTEPE3UCHUAT LMKB. [Tpelenka 3a npasos-

TBIHOCTTA HA XMCTEPE3UCHHSA LMKBJ CE 1aBa OT KOCQUYUeHma Ha npaosebaHocm
-
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Tabnuua 5.5
CBoiicTBa Ha HAKOHM MArHHTHOMEKH GepuTH

O3Hauenue
SIFERRIT

K7 Ni-Zn

M13 Ni-Zn

N22 Mn-Zn
T37 Mn-Zn
T46 Mn-Zn

YHATO CTOHHOCT TpsAbBa 1a Ob/I€ KOJIKOTO € Bb3-
MOKHO 1M0-0JIM30 110 €IHHHULIA.
MaHraH-MarHe3ueBUTE (PEPUTH Ca H3MEXK-
1y Hal-pa3NpOCTPaHEHUTE (PEPHTH C NPABOBIDL-
JIeH XucTepe3uceH UUKBI. OCBEH TAX MPaBOBIb-
JIEH XMCTEPE3UCEH LMKBJ HUMAaT MaHraH-MEIHHTE
M JIMTHH-HUKEJIOBUTE (PEPHUTH.
-B MarsuTHOTBBpAUTE (PEPHTH ca pasriea-
' HM HaKpaTKo B T.5.4.

Que. 5.17

54. MATHUTHOTBbPOWU MATEPUAITA

MarHuTHOTBBPJAUTE MaTepHAIM CE€ XapaKTEpPU3MpaT C rojisiMa €Heprus Ha
pasMarHMTBaHe, NOpaju KOETO HAMarHMTEHOTO HM ChCTOSHHE CE 3ara3Ba Heorpa-
HUYEHO JBJIFO BpEME, T.€. OT TAX MOrar Jia ce u3paboTBaT NOCTOAHHH MarHUTH.

Ot rpadukara Ha ¢ur. 5.13 cTaHa ACHO, Y€ MarHUTHATA CHEPrus MMa MaK-
CUMYM, KOMTO C€ Iojy4YaBa B ONMpEJEJIeHa TOYKa OT KpHBaTa Ha pasMarHMTBaHC.
Ha ¢wr. 5.18 a e nokazan TopoujajleH oOpasen OT MarHMTHOTBBLPA MaTepHal.
Cnen HaMarHMTBaHE HHAYKLUHATA B HEro € TOYHO OCTaThYHATAa MHAYKIMA HA MaTe-
puana B,. To3u TOPOH HE MOXKE /ia C€ M3M0JI3Ba KaTO MOCTOSAHEH MarHuT, 3aloTo
HAMA NMOJIOCH (MArHUTHHUAT MOTOK € 3aTBOPEH). 3a LeTa € HE0OX0AMMO TOPOHABT
na ce cpexe (¢ur. 5.18 6). Ilpn ToBa ce noayyaBa BB3AYIIHA MEXAHHA MEKIY
JBaTa MOJKCAa U CTaBa BE3MOXKHO M3ITOJI3BAHETO HA €HEPrusATa HA MarHWTHUA N0~
TOK B MeXAHHaTa. BbBeXIaHeTO Ha HEMAarHWUTeH MarepHall (BB3AyX) Mo muTd Ha
MarHMTHUA MOTOK NMpPEIU3BHKBA pa3MarHUTBaHE Ha MaTepuaja MU paborHara TOUKA
Ce MpeMecTBa Mo KpMBaTa Ha pasMarHuTBaHe (BK. dur. 5.13). Upes npomsHa Ha
pa3Mepa Ha Bb3/IylIHaTa MEXAHHA (pa3MarHUTBAHETO) c€ U30Mpa OHa3H TOYKA M,
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QpH KOATO C€ Mojy4YaBa MaKCHMallHa MarHWTHa eHeprus Wy, CbOTBETCTBalIA HA
'MATHHUTEH NMOTOK B MEXAWHATA C MHTEH3UTET Hyy 1 HHAYKUHA By,

B

T

B,

B\ (H,)

QDue. 5.18

Tsi kaTto croMHOCTHTE Ha B, ¥ H,. 1 ¢popMara Ha pasMarsMTBallaTa KpHBa ca
fapamMeTpy Ha MaTepHalia, MaKCHMaJlHaTa MarHWTHA €HEpPrus Ha pasIMyHUTE Ma-
TepHaly HMa pasjiiyHa CTOMHOCT W C€ MO0JyYyaBa B pa3JIMYHH TOYKH OT KpHBaTa Ha
pasMarHMTBaHe.

5.4.1. MeTaJIJHH MATHHTHOTBBLPAH MaTEePHAJIH

Cnnasure ot tuna aanu (Al, N1 u Fe) u arnuxo (Al, N1, Co u Fe) ca mar-
HUTHOTBBPAM MATEpPHAIH C roasMa crnenuduuHa MarHuTHa eHeprus (40 kJ/m’).
[IpubaBsineTo Ha KOOANT, KAKTO U yBEIHYABAHETO HA CHABPKAHHETO MY B CIUIABTA
noaoOpsaBa B 3HAYMTEHA CTENEH MArHUTHUTE MMapaMeTpU Ha MaTepuana (yBeauya-
Ba MarHUTHaTa €HEPrus U KOCPUUTHBHUA HHTEH3UTET). Upe3 nmpoMsHa Ha MpOILIEH-

THOTO CbAbP/KAHHC HA MCTAJIMTEC B CILJIaBTa CC IOJIyyaBaT pﬂSHDGﬁpﬂBHH MAarHuTHH

CBOMCTBA (MapaMeTpUTE HAa HAKOM CIUIaBU OT THIIA aJJHMKO ca faajaeHu B Tabi. 5.6).
Iony4asaneTo Ha 100pH MarHUTHH CBONCTBA MPH TE3M CIUJIABH CTaBa CJIEJ CIOXKHA
TepMHyHa 00paboTKa, B KOATO HAN-CHILECTBEHO BIMSHHE OKa3Ba CKOPOCTTAa Ha OX-
Naxcnane. CriiaBuTe aJIHMKO MOrat jia 6b1aT TEKCTYPOBAaHH, KaTo ce MojUiaraT Ha
BB3JIEHCTBHETO HA CHJIHO MAarHMTHO TOJE 1O BpeMe Ha oxiakaaxero. O6pabore-
HHTE 110 TaKbB HAUHH CIUIABH CE HAPUYAT OLLE MACHUKO.

[IpubaBsHero Ha Manko cunuumi (1%) MHOroKpaTHO HamMasiBa KPUTHYHATA
CKOPOCT Ha OXJIaXKJaHe, KOETO € OT 0COOEHO 3HayeHHEe 3a NMOCTOSHHH MarHUTH C
Maca nan 0,5 kg. OntiuManHu CBOMCTBA HA Ta3H CIUIAB, HAPEUEHA ATHUCU, CE TIOITY-
4aBaT npu cberaB 33+34% Ni, 13+14%Al, 1%Si u ocTaHanoTo XKeENsA30.

CrulaBuTe aJlHH M aTHMKO Ca TBBPIH, NMOpAJM KOETO Ce 3aTPyAHSIBA Mexa-
HHYHaTta oOpaboTka Ha MarHUTHUTE cucTeMH. ChIIECTBYBAT CIUIaBH C roJisMa
MarHWTHA €HEPrus, KOMTO MOrat Aa ObJar BajlllyBaHH MM M3TErJIsiHH, 6e3 aa npo-
MCHAT MarHMTHUTE CH CBOHCTBA. TakuBa ca CruiaBTa Ha BaHaaMM, KOOANT W XKels-
30, U3BECTHA MOJ HAMMEHOBAHMETO GUKAIOU W CIUIABTA HA MEJ, HUKEJ W JKEeNIs30,

M3BecTHa KaTo KyHuge. CBOWCTBAaTAa UM ca ganeHu B Tabi. 5.6.

Meranuure MAriHTHOTBBPAH MATEPHAJIH CE€ H3I10JI13BAT 34 H3p&60TBElH€TD Ha

HOCTOSSHHH MarHUTH C Pa3jInYHU reOMeTpUYHHU HOpPMH.
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Tabnuua 5.6
OCHOBHH CBO#CTBa Ha HAKOU METAJIHH MarHUTHOTBBPIH MaTEpPHAIH

CheabpaHHe Ha CIUIABHUTE eJe-
MEHTH, %

13Al1; 25N1; 3Cu u Fe

10Al; 18Ni; 3Cu; 18Co u Fe
8Al; 13Ni; 3Cu; 25Co u Fe
7Al; 14Ni1; 3,5Cu; 35Co u Fe
10V; 52Co u Fe

60Cu; 20Ni; 20Fe

Marepuan

5.4.2. MaruuTHOTBBPAH pepuTH

®epurure oT BUaa MO.6Fe,0;, B kouTo ¢ M e o3HayeH Mertan oT rpymara
Ha 6apuii, CTPOHLMI WM OJIOBO, Ca C XE€KCaroHaJlHa KPUCTATHA PelIeTKa M TpHTe-
KaBaT rojiiMa MarHMTHa €HEPrus, T.€. Te Ca MarHUTHOTBBPAH MaTtepHad. OCHORB-
HHTe CBOHCTBA Ha HAKoM Oapuesn (BaO.6Fe;0s3) u crponumesu (SrO.6Fe;0;) de-
PHTH ca najeHu B Tabm. 5.7.

Tabnuua 5.7
CpoiicTBa Ha HAKOM OapHeBH U CTPOHIIUEBH (hEPHTH

103-143
135-170
150-190
222-255

0,2-0,22
0,2-0,23
0,34-0,36
0,38-0,40

bapueB — n3orponex

CTpoHLMEB — H30TPONEH

BapueB — aHH30TpONEH

CTpoHLMEB — aHH30TPOIEH

bapueBuTe H CTPOHLIMEBUTE (PEPHTH UMAT HAKOM MPEAMMCTBA Npel MeTall-
HUTE MarHUTHOTBBPJAM MaTepHaIM, a UMEHHO: MO-TroJisMa CTaOHJIHOCT, MOo-Majika
IBTHOCT, MHOTO MO-BMCOKO creuduyno cwvnpotusaeaue (10°+10" Q.m), no-
eBTHHH ca. OCBEH TOBa MPUTEXABAT MO-BUCOK KOEPLMTUBEH MHTEH3UTET, MOpPaH
KOETO TPYJHO C€ pa3MarHMTBaT OT BbHIIHKM MarHMWTHH noJsieta. BucokoTo UM cre-
LUMOUYHO CBIPOTUBIIEHHE € NMPHYMHA 3aryOMTe OT BUXPOBM TOKOBE B TAX Ja Ca
MaJIKH ¥ Te3H (pepuTH Ja Morar Ja paboTAT npu Hac/laraHi BUCOKOYECTOTHH Mar-
HUTHU nosieta. Kato Hepocrarbum TpAbBa na ce orbenexar Mankara mMexaHH4Ha
SIKOCT M CHJIHATa TeMIepaTypHa 3aBUCHMOCT Ha CBOMCTBATa HM.
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6. PESUCTOPHU

6.1. ENEKTPOHHW rPAIVBHU ENEMEHTW. OBLUW CBEAEHVS

O0mu cBeeHHsl. ENEKTPOHHHTE IrpailuBHU €JIEMEHTH CE M3I0JI3BAT 33 U3r-
pakaHe Ha eNeKTPHYECKaTa CXeMa Ha eNeKTpOHHaTa anaparypa. Ciyskar 3a npo-
pexane, o6paboTKa M YNpaBJeHHE HA €NeKTPHYECKH HHOOPMALMOHHH CHIHAJIM.
TexHUAT MPUHLMI Ha JIEHCTBHE CE OCHOBABa HA M3IOJI3BAHETO HA CBOMCTBATA HA
MaTEPHAIUTE B €JIEKTPOMArHUTHO M0JIE,
B 3aBHCHMOCT OT BPB3KaTa MEX/Y BXOJIHUS M U3XOIHHA CHIHAJ, eeKTPOH-
HHMTE FPAZIMBHHU €JIEMEHTH Ce Pa3Je/aT Ha:
3 1. AKTUBHU — €HEpPruiTa Ha CHI'HalJla Ha W3X0/1a Ha €JIEMEHTA € MO-rojisiMa OT
EHepruaTa Ha BXO/a, T.C. UMAT YCHJIBATE/IHO JIEHCTBHE — TPAH3UCTOPH, THPHCTOPH
M Ap.
2. IlacHBHHM — €HEpPruATa Ha CMrHajla Ha M3X0Jia Ha €JIEMEHTA € [10-MaJiKa OT
EHEpruATa Ha BXOJa — PE3UCTOPH, KOH/IEH3aTOPH, TpaHchopmaTopu u ap. Hamans-
BAHETO HAa CHEPrusATa C€ NABJIKH Ha 3aryOu B €JIEMEHTHTE, KOUTO MOraT ja Objar
ENEKTPUYECKH, AUENECKTPHYHH HIH MarHUTHH.
3. JInHe#HN — Bpb3KaTa MEXK/ly BXOIHATA U M3XO/IHATA BEJIMYMHA (CHTHAI) €
nuneiina. Ha ¢wur. 6.1 @ e mokasaHa BonT-aMmepHa XapakTEPHCTHKA Ha JIHHEEH
€JIEMEHT.

- 4. HenuHelHM — Bpb3KaTa MeX/ly BXOHATA H H3XOJHATA BeTHYMHA (CHTHAN)
e HenuHeHHa. Ha ¢wur. 6.1 6 e nokazaHa BoiT-aMNnepHa XapaKTEPHCTHKA HA HEJIH-
HECH CJIEMEHT.

1A I A

' —
0 U 0 U

Que. 6.1

ITapamempuunu pedose. Bcexu enekTpoHEH IpaMBeH eleMEHT MMa omnpe-
] HH OCHOBHH NapamMeTpH — CBHINPOTHBIIEHHE HAa PE3UCTOD, KAamnalUTET Ha KOH-
ATOp ¥ T.H. IIpn MacoBOTO NMpOHM3BOACTBO HAa ENEKTPOHHUTE IPAIAUBHH ejle-
HC MOXE Z1a C€ OCHI'YPH MPOH3BEXKAAHETO HAa BCHYKH BBb3MOKHH CTOWHOCTH
| T HenpekbcHaTus pex. ToBa Hanara a ce MPOHU3BEXKIAT €JIEMEHTH C ONpelesieHa
OMuHanHa croiiHocT. BBB BPb3Ka CBC CTAHJAPTH3HPAHETO HAa HOMHWHAIHUTE
-_ OliHOCTH, MexayHaponHata enexkTpoTexhuyecka komucus (IEC) Mpenopbysa
CH0BeTE OT HOMHHAJIHH CTOMHOCTH /12 C€ CHCTABAT CHIVIACHO C n3pasa (IEC 63):
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(6.1) X, =110
KbICTO n € usano MNOJOMNKHUTEIIHO HITH DTPHII&TEJIHO qUCJI0 HIIH H}'Jlﬂ;

g= N10,a N=3,6, 12, 24, 48, 96, 192 ¢ Homepa Ha pe]a, CBOTBETCTBaIY
Ha Opos Ha CTOHHOCTHTE B JIECETHYHHUA HHTEPBAJL.

DopMHPAHUTE MO TO3H HAYUH PEIOBE OT HOMHHAIHM CTOHHOCTH CE HapuyaT
napaMeTpH4YHH PEIOBE.

MacoBOTO ITPOM3BOJCTBO HA EJICKTPOHHM I'PAZIMBHU E€NIEMEHTH CE XapakTe-
pH3Hpa C OMNpe/ie/ieHa TOYHOCT Ha NMapaMeTPUTe UM, KOSTO 3aBHCH OT M3MOJ3BaHy-
T€ MAaTEPHAJIM U TEXHOJIOTHs 3a MPOW3BOACTBO. TOBa O3HAYaBa, Y€ TMOJYYEHHTe
CTOHHOCTH X Ha MapaMeTpuTe Ha NPOMU3BEACHHUTE I'PAJIMBHH €JIEMEHTH ILE Ce OT-
JIMYaBaT OT HOMHHAJIHATA CTOHHOCT Xy.

OTKJIOHEHHETO Oy Ha MOJyYeHATa OT HOMHHAJIHATA CTOMHOCT Ce OIpenens B
MPOLIEHTH:
(6.2) 8y = (X—XN).IO{]‘

Xy
3a BCEKH MapamMeTbp C€ ONpPENENiT rpaHHYHH CTOHHOCTH: Xpmin — MHHHUMAJHA J10-
MyCTUMA CTOMHOCT U Xpx — MAKCHMMaJIHA JOMYCTHMA CTOMHOCT. AOCOIIOTHOTO J10-
MYCTHMO OTKJIOHEHHE (TojiepaHc) AX ce HapHya OTKJIOHEHHETO Ha Xpin U Xy OT
Xy. OOMKHOBEHO ce NMpHeMa Te3M JIBe OTKJIOHEHH 1a ObaaT paBHM no abconoTHa
CTOMHOCT — ‘Xmm — XN|= IXM - XH‘ = AX. ToraBa OTHOCHUTETHOTO AOMYCTHMO
OTKJIOHEHHE €

(6.3) 5y =—.100,%.
Xy

[TapamMeTpUYHHUTE pPEAOBE CE€ XapaKTEPU3UPaT C ONpEAENIeHH J0MYCTUMH OT-
KJIOHEHHS OT HOMHHAJIHUTE CTOMHOCTH, C KOUTO C€ MOKPHBA NPAKTHYECKH BCHYKH
CTOHHOCTH OT HEMNMPEKbCHATHA pe€l, T.e. Ha-rolsMara JOMyCTHUMa CTOMHOCT Ha
BCEKHM YJIEH Ha peila ChBMajJia C Hal-MajKara JIOMyCTHMa CTOMHOCT Ha ClieaBaliks
yieH. JlecHO MOXe 11a ce npoBepH, ue 3a pea E6 TonepancsT e £20%, E12 -+10%
H T.H.

B Tabnuua 6.1 ca nagenu penosere E6 no E24 3a oCHOBHUMA AeceTHYeH MH-
TepBasl oT 1 1o 10 (n = 0). ®opMupaHETO HA BCEKH pel MOXE Ja CTaHe OT Cb-
CEJHHUS NMO-BUCOK pEJl, KaTO Ce B3eMaT CTOMHOCTHUTE Mpe3 eJHa.

Tabnuua 6.1
[TapameTpuunu penose (E6, E12, E24)

%.

E12(x10%)
E6 (£20%)

E12(10%)
E6(+20%)
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KNACUPUKALIUA HA PESUCTOPUTE

e
B
-

Pe3UCTOPHTE Ca €IHH OT HaM-ynoTpeOsBaHHUTE B €JEKTPOHHUTE anapaTypu
—acHBHH €EKTPOHHHM elleMeHTH. [TaBHOTO npeJHa3sHaYeHHe Ha Pe3HCTOpPHUTE € a
2MAIABAT EHEPrUsTa HA CUTHAJA M 110 TO3H HaYMH Y4acTBaT B Pa3sNpe/iesIeHHETO 1
Sery/IMpaHeTo U B MHOroOpOIHUTE BEPHTH U eleMeHTH Ha cxemaTa. Hamanspane-
"0 HA CHEPrHATa HAa CHTHAJa CE€ MOJy4aBa 3a CMETKa Ha MOrb/HAaTa OT Pe3ucTOpa
elleKTPHUECKA EHEPrUs, KOATO Ce MPEBphIIA M3LANO B TOIUIHHA U Ce pasceiiBa B
OKOJTHOTO MPOCTPAHCTBO.

~ PesucTopHTE MOrar 11a 6baT KIacubULUMPaHH 110 Pa3THYHH TPU3HALH.
[TocTOSHHHM PE3UCTOPH Ca TE3H, YHETO EIEKTPHYECKO ChIIPOTHBJIEHHE € Ofl-
pejieleHO MPH MPOU3BOICTBOTO UM U HE MOJXKE J1a Ce PEryJiupa 110 BpEMe Ha eKCIl-
OATALHS.

| [TIpOMEHJIUBH PE3UCTOPH Ca TE3H, YHETO EJIEKTPHYECKO CHIIPOTHBIIEHHE
MEXY MOJBHMIKHHSA KOHTAKT M M3BOJMTE Ha TOKOMPOBEKAALIMA EIEMEHT MOXKeE JIa
ge M3MEHS 10 MEXaHHYEH HAYMH.

B 3aBHCHMOCT OT KOHCTPYKTHBHOTO H3ITBJIHEHHE Ha TOKONPOBEXAALIHA
neMeHT 2 (¢ur. 6.2) pesucTopuTe ce pasiesarT Ha:

— cnoiuu (¢wur. 6.2 a);

— obemuu (¢wur. 6.2 6);

— Xu4HHU (pur. 6.2 6).

3a u3paboTBaHETO HA TOKOMPOBEXK/AILKS €JIEMEHT Ha PE3UCTOpa Ce HU3I0JI3-
BAT MUPOJIMTHYEH BBIJIEPO/, METAJIH, CIJIaBH, METAJIHH OKCHIH, IMOJYIPOBOLHM-
KOBH ¥ KOMITO3HLIHOHHH MaTepHaJIH.

i

~ Ilpasu ce u knacudukauns Ha pesucTopure no 06eANHEH NMPU3HAK — KOHCT-
KLHS Ha TOKOMPOBEXALUS €JIEMEHT W U3M0J3BaH Marepuan. Cnopex Ta3u Kia-
iQHKanus ce pa3MyaBar:
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¢ BBIIIEPOJAOCIOHHH;

¢ METAJIOCIIONHH,;

¢ KOMIO3HULHOHHHU — CJIOHHH U OOeMHHU;

¢ NIOJYNPOBOJIHMKOBH — CIIOHHM U 00eMHH;

¢ KHYHH.

B 3aBHCHMOCT OT M3MBbJHEHUETO Ha 3alMTATa Ha PE3UCTOpa OT BB3JIEHCTRY.

eTO Ha OKOJIHaTa Cpela, TC CC€ pa3/ICIsAT Ha HE3ALIUTCHH, JIAKUPAHH, K(}Mﬂayﬂﬂupa_
HH, KOpIYCHpaHH, XEPDMCTH3HPAHH.

6.3. NMAPAMETPU 1 CBOUCTBA HA NOCTOAHHUTE PE3UCTOPU

[TapameTpHTE HAa MOCTOSHHHUTE PE3UCTOPH Ca:
— HOMHHAJIHO CBIPOTHBICHHE W AOMYCTHUMH OTKJIOHEHHA (TOJEepaHc):
— HOMMHaJIHA MOULIHOCT;

— TEMIIEPaTyPEH KOE(HLUHMEHT Ha ChIIPOTHUBIECHHETO HA PE3UCTOPA;
— rpaHHYHO pabOTHO HaNpeXKEeHHE;

— cobcTBEHAa HHAYKTHBHOCT U COOCTBEH KaNaluTeT;
— HHUBO Ha LIyMa.

Homunanno conpomusenenue Ry. CbIPOTHBIEHHETO Ha BCEKH PE3UCTOD 3a-
BHCH OT T€OMETPHYHHTE pa3sMepH M CBOWCTBATa Ha MarepHasna Ha TOKOMPOBEX/a-
mus eneMeHT (Gur. 6.2) 1 ce U3YUCIIsIBA MO0 U3BECTHHUS U3pa3:

(6.4) R= p—t- ,

S
KBAETO P € CNeUH(PUYHOTO E€NEKTPHUHUECKO CHIPOTHBIEHHE HA MaTepHaja Ha ToO-
KOTIpOBEX Al eJeMeHT, £2.m;

[ — IBHKHHATA HA TOKOMPOBEXK AU €JIEMEHT, M;

S — Mo1ITa HAa HAPEYHOTO MY CEeYeHHe, m .

[IpoBOAHHMKOBUTE MaTEpHAIM 3a CIONHU PE3UCTOPH Ca OTJIOKEHH KaTo ThH-
KH CJI0€B€ M MMAT 3bPHECTA CTPYKTYPa, KOATO 3aBHCH OT TEXHOJIOTUATA HA NMPOH3-
BOJACTBO M MHKpopeineda Ha M30JIallTMOHHATaA OCHOBA, BBPXY KOATO ca HAHECCHH.
[Ipn Tax cneunpUYHOTO CHNPOTHBIEHUE P 3aBUCH OCBEH OT H3IMOJI3BAaHHA MaTEPH-
an u ot aAebenuHarTa Ha clIos d. 3aTOBA 332 U3YUC/IABAHETO HA CHIPOTHBIIEHHETO HA

TaKHBa PE3MCTOPH BMECTO P CE€ M3IION3Ba CHNPOTHBICHHETO HAa MOBBLPXHOCTEH
CJIOH OT NMPOBOJHHMKOBHA MaTepHan ¢ ¢opMa Ha KBaapaT — MOBBLPXHOCTHO CBIPO-

THBneHue R, Q/[1. ToraBa cbnpOTHBIIEHHETO HA CIOWHHSA PE3UCTOP ce U3UUCIABA
10 u3pasa:

(6.5)

R=&§£,

KbzeTo [ e Ib/DKWHATA Ha CJIof, m:

b — mMpoYnHaTa Ha cjos, m.

Pe3ncTopUTE Ce MPOM3BEXAAT C HOMHHAIHHM CTOMHOCTH HA CHIPOTHBJICHAS
TO M TOJIEPAHCH CHIIIACHO MapameTpmunuTe peaose E6 1o E192. Toyuute pe3H®
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9H C€ MPOM3BEKAAT ¢ Tonepancu ot peaa £0,001; +£0,002; +£0,005; £0,01; +0,02;
" 3a MapKkupaHe Ha HOMHHAJIHHUTE CTOWHOCTH Ha CHIIPOTHBIEHMATA M TOJIE-
auCHTE UM Cce€ M31oJ3BaT OYKBEHO-UH(POB MIIH LIBETEH KOI.

~ CeraacHo BJIC 7024-80 GykBeHO-LMpPOBHAT KOA CE CHCTOM OT LHGPH, MO-
3pallii HOMHHAJIHOTO CBIIPOTHBJICHHE M OT JIB€ OYKBH — MbpBaTa OT TAX MOKa3Ba
THHMLATA 33 H3MEPBaHE Ha CHIPOTUBIEHHUETO, a BTOPATa — TOJIEPAHCA. Cnopen
.pIIMs CTAHJAPT LBETHUAT KOJI C€ M3II0/I3Ba 3@ 03HAYaBAHE CaMO Ha CTOHHOCTHTE
2 TOCTOAHHHTE pe3ucTOpH oT penosete E6, E12 u E24 u ce cheTOM OT IEHTH Wi
QuKH OT LIBETHH JIAKOBE, HAHECEHU BBPXY KOpITyca Ha pe3ucropa (mbpBaTa JIEHTa

, 10-6:1M30 10 €IMHUA KpaH Ha pesucropa). B Tabn. 6.2 u 6.3 e nanen GykseHo-
udpoBus Koz, a B Tabi. 6.4 — LBETHHA KOJ.

Tabnauua 6.2
BykBeHO-1IH(DPOB KO

[Isn1HO
O3HAYEeHHUEe

O3HaueHue
Ha €MHMULIATA

EauHuua 3a
H3MEDBaHEe

CpKpaTeHo
O3Ha4Y€HHE

Meraom

abnuua 6.3
Il HA TOJIEPAHCHTE

6.4
KO
LIB IIbpPBaA JICHTa BTOpa JICHTA TpETA JICHTA l{mhp'ra JIEHTAa
AT
MbpBa UMdpa | BTOpa UKpa KDEE;;;‘::; :a TUJIZ[;&HC.
T = - 10" +10
= s - 10~ £5
- 0 1 _
1 1 10 +1
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ITbpBAa JICHTA BTOpa JIEHTA YETBBPTA JICHTA

TOJIEPAHC,

TpeTa NIeHTa
KOC(HIIHEHT Ha
MHOMKEHHE

-

BTOpa uMppa

nbpBa UMdpa

Homunanna mowgpocm Py. 11og HOMHHA/IHA MOILIHOCT Ha PE3HCTOpaA ce
pa3bupa HaH-rojAMarTa MOLIHOCT, KOSITO PE3HCTOPBT MOXKE Jia pa3ceHBa Mpobi-
)KUTEJIHO BpeMe TpU NaJIeHH eKCIUIOATallHOHHH YCIIOBUS ChC 3ara3BaHe Ha mapa-
METPHUTE B AONMYCTUMHUTE IPAHHIIH.

MowHocTTa P, KOATO Ce pa3ceiiBa B pe3UCTOpa U e NMPeBpHIla B TOIUIHHA €

(6.6) =——=]*R.

OTtaeneHara TOIJIMHA B TOKOMPOBEKAALLMS €JIEMEHT C€ IpeJiaBa B OKOJHOTO
NPOCTPAHCTBO MO TPH HAYMHA: YPe3 KOHBEKLIUA (OCHOBEH), Ype3 TOTUIONPOBOAHOCT
u ype3 u3nbyBaHe. Korato TOMIOOTAaBaHETO C€ M3BBPLUBA Ype3 KOHBEKLHSA, TEM-
mepatypara Ha pe3ucropa T HapacTBa eKCTIOHEHLIMAIHO BbB BpeMeTo (¢ur. 6.3) #

MOJXE a Cc€ onpeaciim rno u3pasa
!

07 g

hS
Kbaero T, € TeMIepaTypara Ha OKonHata cpena, °C;

P — enexTpuyeckara MOLIHOCT, W;
h — xoe()MIIMEHT Ha TOIIOOTAABAHE, W/m®.°C;

(6*7) TR = TA -+

T

Due. 6.3
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S — MOBBPXHOCTTA HA PE3UCTOPA, NpPeE3 KOATO C€ OCHIIECTBABA TOIUIOOTAaBa-
eTo, mz;

 {— BpeMeTo, S;

T — BpEMEKOHCTaHTaTa, S.

'~ BpeMeKOHCTaHTaTa NpeJCTaBisBa BPEMETO HEODXOAMMO Ha pe3UCTOpa Ja
~ocTHrHe 63% oT TeMneparypaTta Ha TOIUIMHHOTO PaBHOBECHE W CE€ M3YMCJIABA M0

8) r = cm &
hS y

KBIETO ¢ € cnennduYHaTa TOIUIHHA Ha pe3ncTopa, J/kg.°C;
. m — Mmacarta Ha pe3ucTopa, kg.

Cnen BpeMe t >> T pe3UCTOPHT JIOCTUIa paBHOBECHATA TEMIEpaTypa

P
6.9 b=tk oo
6.9) AT RS

[IpakTHYeCKH ce npuema, 4ye pe3ucCTOPBbT € B YCTAHOBEH TOIUIMHEH PEXKHM,
piell KaTo JOCTUrHe 95% OT paBHOBeCHaTa TeMIneparypa, T.e. clie/l Bpeme f = 3T
lokon10 2 110 15 min).

HoMuHaHaTa MOLLHOCT Ha PE3UCTOpa MOXKE Ja Ce M3YMUCIIH 10 H3pa3a
ETO TRmax € MAKCUMAJIHO JONYCTHMATA TEMIIEpPATypa Ha PE3UCTOpa, onpeaesieHa
;-ﬁa'repnana C HalH-HUCKA TOIUIOYCTOMYHBOCT;

- Ty — HOMHHAJIHATa TEMIEpaTypa Ha pe3nCTopa, KoATO ce aeduHHpa KaTo
lal-BHCOKAaTa TEMIIEpaTypa Ha OKOJIHATa CpPeAa, NMpH KOATO PE3UCTOPHT MOXKE Jia
a3CeMBa HOMHMHAJIHATA CH MOLLHOCT,

| HomuHanHuTe MOLIHOCTH Ha pe3ucTropuTe ce u3bupar ot peaa: 0,01; 0,025;
0,05; 0,063; 0,1; 0,125; 0,16; 0,25; 0,4; 0,5; 0,63; 1; 1,6; 2; 2,5; 3; 4; S W.
MouHocrra P, ¢ KOATO MOXE Ja C€ HAaTOBapH €IHWH PE3UCTOP 3aBUCH OT
TeMnepatypara Ha okonHara cpesia Tx. Ako ce paszenu (6.10) Ha (6.11), ce nony-

[AR?

(6.12) = = Lo =)
P N (Tan: _TN)
P
Ot u3paza (6.12) e sicHo, ue 3a Ty < Ty, = =1, a 3a TemMneparypa Ha OKOJI-
N
. P "
A cpena Ty < Th < Trmax — 3&BHCHMGC'ITB.F— = fl{T,) e NMHENHa HaMaJsBalla
N
Hsl C BIJIOB KOEDULIMEHT : (¢ur. 6.4).
TRmﬂ.I _TN
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Hanpasenute no-rope W3BOJH CE€ OTHACAT 3a HEMPEKBCHAT PEXKHM Ha ejleky.
pU4eCcKo HaToBapBaHe. IIpu paboTa Ha pe3sucTOopa B UMITYJICEH PEXKHUM, TTPH KOHTq
npes PE3UCTOpPA NMpEeMHUHABAT KbCH NEPHOAHYHO MOBTApPAILIH CE€E TOKOBH HMHynQH
MMITYJICHOTO €JIEKTPUYECKO HAaTOBapBaHe e Obae pasnuuyHo. EHepruara W, koy.
TO CE€ OTAEJIA 10 BpeMe Ha eAMHUYEH HMNYJIC C NPOAB/DKHTENHOCT 1, €

2
2 Um'rﬂ
W =I1"Rt = :
R
kba€eTO Uy, ¥ [, € CHOTBETHO aMIUIMTY/1aTa HA UMITYJICHOTO HANpPEXEHHE H UMy .

CHHA TOK.

(6.13)

P/P, A

W S

o
z 3

Que. 6.4

3a cpeaHara MOLHOCT Ha Pe3UCTOpa B MMIYJICEH pexum P, C BpeMe Ha
MOBTOPEHUE HA UMITYJICHTE t,; (MJIM YECTOTa Ha MOBTOPEHHE Ha UMITyJcHTE [ = /1)
ce noJjiyyasa

(6.14) P = W Ur
t Rr

n

U
Ako P,, = Py(Pn= —é‘"'i) M 03HAYUM MOLIHOCTTAa Ha €IHH MMMyic ¢ P,

U2
——ly , CC IIDJ]y‘{aBa
R
¢ A
(6.15) P=P,~wmU, =U, |,
rI-'I \ IH

T.€. MOILIHOCTTAa HAa HUMITyJICA MOXKE€ Ja MNMpeBHIlIaBa HOMHUHAIHATA MOILLHOCT Ha pé-

. [
3UCTOPa 3a NMO-4€CTO CPCUIAHHUTE HA INPAKTHKA CTOHHOCTH HA OTHOLLIEHHETO -

[

H
M3passt (6.15) ce u3Bexkaa npu ycloBUe, Ue TeMrepaTypara Ha pe3ucTopd
HE HaJIBHIlIaBa MaKCHMAaJHO JONyCTHMara TeMmMneparypa — Tgma. B AeHCTBHTEN"
HOCT, MPH BHCOKH MOMEHTHH TEMIIEpPATypHH HATOBAapBaHHSA, KOMTO IojyyaBa pe-
3UCTOpPa MO BpeMe Ha JeHCTBHETO HAa WMITyJica, MOXKE Ja Cce mojyuar JokaiaHH
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erpABaHus Ha MaTepuana. JIOKaTHUTE NPErpsBaHHs 3aBUCAT OT €HOPOIHOCTTA
c-rpyx'rypaTa Ha MPOBOJAHHUKOBHA MaTepHaln. AKO NMPOBOAHUKOBHS MaTepuall e
rmmumHen WX HAaHECEH BHB BHJl Ha TBHBK CJIOH, B MeCTaTa C MMO-BHCOKO
JTAKTHO CBHIIPOTHUBJICHHE MEXY YaCTHIMTE, M3rpaXkJalld CJI0s HIH KOMIIO3H-
3 [11€ CE MOJYYH MHOIO rOJsIMO JIOKQJIHO MpErpsABaHe, KOETO MOXKE M Jia pas-
pyllIH TPOBOALLMA caoi. [Topann ToBa JOMyCTHMOTO MMITYJICHO HATOBAapBAHE €
MaJIKO OT M34YMCIEHOTO Mo M3pasa (6.15) ocobeHo 3a CIOWHHUTE M KOMIIO3H-
, OHHHTE PE3UCTOPH.

" Temnepamypen Koeguuuenm Ha CobnpoOMUGICHUEMO HA PEIUCMOPA Ok.
i gmnepaT‘ypHHﬂT KOS(PHIHEHT Ha CHIPOTHBICHUETO XapaKTepU3upa TeMIepaTyp-
para cTabHMJIHOCT Ha PE3UCTOpA U Ce OMpe/ess M0 U3pasa

. dR
.16) OLR - —

RAT
|
Karto ce uma npeasuz uspasa (6.4) or (6.16) nonyyaame

—
¥
AT

or—1

(6.17) Olg = Ol + O — Ol.

Ho oy = Os ¥ TOraBa MOXe Jia Ce 3amulie, 4e Og = O, T.€. ChbIPOTHBICHHUETO Ha pe-
JUCTOpA CE€ M3MEHA MO BIMsSHHE HAa TEMIlepaTyparta, 3all0TO NPOBOJIHHKOBHS Ma-
TepHal, OT KOWTO € U3rpaJicH TOKONMPOBEXJAIUA €JIEMEHT Ha PE3UCTOpa ce Xapak-
Tepu3Mpa C OMNpelclieH TEMNEepaTypeH KoePHUHEHT Ha cneuudHYHOTO
cenpoTuBiicHue. B 3aBUCHMMOCT OT M30paHHsA NMPOBOAHMKOB MaTepHasl TeMIepa-
TYPHHAT KOCDULIMEHT Ha pe3UCTOpa MOXKEe Aa ObJe MONOKHTENEeH WIM OTpHIlATe-

-

jieH 1 uMa croitHocts ot +£10.107° 1o £2000.107% °C ',

I'panuuno pabomno nanpexncenue U, ToBa € Hal-ronsMOTO MOCTOSHHO
M MIPOMEHJIMBO HaNpeXeHHE, KOETO MOKe Ja 0b/1€ NPUIOKEHO KbM M3BOJMTE Ha
pe3ucTopa.

~ 3a HHCKOOMHHM pesucTopu U, ce onpenens oT AONYyCTUMOTO HarpsBaHe Ha
pesucTopa. 3a Temnepatypu Ha okojHaTta cpena T, < Ty rpaHMyHOTO paboOTHO
Hanpe)xeHue ce onpenes no u3pasa
(6.18) U=y PyRy
3a BUCOKOOMHH pe3uCTOpH U, 3aBHCH OT BB3MOXHOCTTA 32 NPOOHB MEXIIY
H3BOZINTE WM MEXIY OTHEIHWTE HaBMBKM HA CNIMPANaTa Ha TOKOIPOBEXNALIUS
SIEMEHT Mpe/ik J1a € I0CTHTHaTa HOMHHAJIHATA MOIIHOCT, T.€. Uy, 3aBHCH OT JiHe-
JAEKTpHYHATA SIKOCT Ha BB3/lyXa HJIM HA MaTepUalla Ha 3aLUIMTHOTO MMOKPUTHE U pa3-
CTOAHMeTO Mexay u3BoauTe. IIpH HOPMalHH KIMMATHYHM YCJIOBHA TPAaHHYHOTO
Pabotho Hanpexenue e ¢ 30 % no-HUCKO OT MPOOGUBHOTO.
. ['pannunuTe paGoTHH HanpexeHus ce uzbupar ot pena: 150, 200, 250, 350,
500, 750, 1000, 1500, 3000 1 10000 V.
Cobcmeena unoykmuenocm Lg u cobemeen kanayumem Cy na pezucmo-
%a. CobcTBeHaTa HHAYKTHBHOCT Ha PE3UCTOPA 3aBHCH OT ABJDKHHATA HA W3BOIMTE
1 0T Oposi Ha HABMBKWTE MPH CIIHPAIOBHIHO HAPA3BAHE HA CJIOMHMSA PE3UCTOD M
1PH XKHYEH pe3ucTop.

CoOcTBEHHAT KanmalMTET Ha Pe3UCTOpPA 3aBUCH OT JHENEKTPHYHATA MPOHH-
AEMOCT Ha W30/ALIMOHHATA OCHOBA M 3AIMTHOTO MOKPHTHE U OT r€OMETPHYHHTE
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pasmepu Ha pesucropa. [IpH CIHPATOBHICH TOKONPOBEX/IALl €JIEMEHT, COGCTRa. Criopell CTOMHOCTTA HA HMBOTO Ha IIyMa PE3HCTOPUTE C€ PasieiAT B JBE

HHUA KanaiuTeT 3aBUCH M OT KanaluTeTa MeX/1y /IBe ChbCeIHH HaBHBKH. A —— U <1 uV/V ull rpyna - _ﬂl_ < 5 WV/V. Pe3ucTopH ¢ 1Iym ro-
Hueo na wivma na pezucmopa —= . OTHOUIEHUETO

Cmabunnocm na pezucmopa. C Te4€HUE HAa BPEMETO B PE3UCTOPHTE CC T10-
aapaT HEBB3BPATHMH W3MEHEHHS, KOUTO CE XapaKTepU3HpaT C MOHATHETO "crape-
sue" na pesucropa. CrapeeHeTo € CBbP3aHO C MPOTHYAHETO Ha b U3HKO-XUMHYHH

holleCH B MAaTEPHAJIUTE, OT KOUTO Ca U3IPaJCHH PE3HCTOPHTE. Hanpumep, CTpyK-
“ JHY U3MEHEHHS B TPOBOAHMKOBUS MaTepual, ot abcopOuus v necopbius Ha ra-

i

20B€, OT OKCHMPaHE, OT CTapeeHe Ha 3aUIMTHOTO MOKPHTHE (MOKpUTHETO OOHMKHO-
\eHO € OPTAHHYHO, TTOPAJIH KOETO OT HEro ¢ OTAEAT NPOAYKTH Ha MOIHKOHACH3A-
‘waTa WIK TIApH HA PA3TBOPHTENS, KOUTO NPOHHUKBAT B MPOBOHHKOBHS marepuan),
CaveHEHHS Ha KOHTAKTHOTO CHNPOTHBIEHHE MEXIY M3BOAMTE M TOKOIPOBENKA-
st ENIEMEHT H JID.

~ Tpil KaToO NPOLECHTE Ha CTapeeHe 3aBHCAT OT TEMIIEPaTypHOTO W €JIEKTPH-
{eCKOTO HaTOBapBaHe, CTaOMIHOCTTA HA PE3UCTOPUTE CE OLCHABA Ype3 U3NUTBAHE
b} HOMMHAIHA Temnepatypa Ty H HOMHMHAIHA MOIIHOCT Py OOMKHOBEHO B IpO-

HCHHE, BB3HUKBAUO B PE3UCTOPA TIPH NMPOTHYAHETO MPE3 HEr0 HA NMOCTOAHEH TOK
KbM HArnpexXeHHUETO, NMPHI0XKEHO HA HEFTOBHUTEC U3BO/IH C€ HApH4Ya HUBO Ha HI1yMa '

[llymOoBOTO HanpexeHHe NpejCTaBisBa ClyYaiHO KonebaHHe Ha NOTeyy
alHaTa pa3iiika Ha U3BOAMTE HA PE3UCTOPA M HMA JIBE KOMIOHEHTH — TOMIHKey

TOKOB LLIYM.
TONIMHHUAT WIYM BB3HHKBA OT QIYKTYALUHOHHATE H3MEHEHHS HA KOHIeHT.

panusaTa Ha CBGﬁOﬂHH CJICKTPOHH B TOKOITPOBEXKALUA €JIEMEHT MNopaau TAXHOTQ
TOIJIMHHO JBH)XXEHHE. TOIMIHHHHUAT HIYM HMa HCNPEKBCHAT YECTOTEH CIICKTHp (}_]ﬁ

12
yectotd 10" Hz) ¢ mocrosHHa aMnuMTya Ha BCHYKM ChCTaBsuM ((ur. 6.5 a)
HanpexeHHeTo OT TOMIMHEH LIYyM Ce H34YHCIIsABA 110 u3pasa:

(6.19) U, = JakTf

kbaeTo k = 1,38.10* J/K e koHcTanTaTa Ha Bonuman;
T — Temnepatypara Ha pe3ucropa, K;
f—4ecToTHaTa JIEHTa, 32 KOATO CE€ U3MEpPBA IIYMOBOTO Harnpexenue, Hz. menkenne Ha 1000 h - aR %. 3a ekcrjioaTallMOHEH MEPHOJ C NMPOABIIKH-
ToxoBusaT wym U, ce mony4yaBa npv MpPOTHYAHE HA TOK M ce obycnass or 3 R(1000A)
(paykTyauusTa Ha KOHTAKTHUTE CBIIPOTUBJIECHMA MEXAY HAaCTULMTE, W3rpPakIaiiy rensoct ¢ noseye Wi no-manko ot 1000 h, crabunHocTTa Ha PE3NCTOpPa MOXKE N1
MaTepHaa Ha TOKOIIPOBEXIalllMsl €JIEMEHT Ha pe3ucropa. [pyra npuunHa Moxe e OLIeHH 10 U3pasa:
na 6pae HeeJHOPOAHOCTUTE U Je(DEeKTUTE B CTPYKTYypaTa Ha MatepHana. TOKOBHAT
IIYM € ChUIO C HENMPEKbCHAT YECTOTEH CMEKTHP, HO C HaMallsgBallla aMIUIMTY/ia Ha
ChCTaBAIIMTE NIPH MOBHIABaHE HA yecToTara (ur. 6.5 6). TOKOBUAT IYM 3aBUCH '

OT MPHIIOKEHOTO HAIpeXEeHUe, OT MaTepuana H KOHCTPYKIMATA Ha PE3UCTOpa U €
XapaKTepeH 3a HEXKUYHHU PE3UCTOPH.

OO61uaT cOOCTBEH LIYM Ha PE3UCTOPHUTE €
(6.20) U, =U+U?.

._ AR AR t

6.21) = | vempae?

i R(t) R(1000) V1000

ExeueaneHmuu cxemu na pezucmopa. B 3aBUCHMOCT OT NMPHJIOKEHOTO IO~
fie ce pa3nIMyaBaT JBe SKBHBAJIEHTHH CXEMH Ha PE3UCTOpA — IO MOCTOAHCH H MO
NPOMEHJINB TOK.

| Ha ¢ur. 6.6 a e noka3aHa eKBMBaJICHTHATa CXeMa Ha PE3HCTOpaA MpH MpOTH-
JaHeTo Ha TocTosHEeH ToK. ITocrnenoBaTesiHO Ca CBBP3aHH CBHIPOTHBIEHHETO Ha
TOKONpOBEKAAIMs eeMeHT R, (dur. 6.2 2), CbNIPOTHBICHHATA HA H3BOJNTE R,
ur, 6.2 3)u KOHTAKTHUTE CHIPOTHBICHUA MEXKIY TOKONPOBEKAALIHS €ICMEHT U
u3BouTe R,, a MapajeHo — ChIPOTHBICHUETO Ha OCHOBATA HA TOKONPOBEXK AL
SnemenT R, (dur. 6.2 /) U CHIPOTHBICHHETO HA 3aLMTHOTO MOKPUTHE R, (dur. 6.2
4). TIpu HUCKOOMHH PE3UCTOPH IO-TONSMO BIMAHME MMAT MOC/ENOBATEHO CBBP-
3aHWTE CHLCTABHM HA EKBMBAJEHTHATA CXE€Ma, OT KOMTO OCODEHO OMacHO BIMAHHE
BBpXy HazexaHara paboTa Ha pE3UCTOpPa OKa3Ba KOHTAKTHOTO CBHIPOTHBIICHHE.
Ipyu BHCOKOOMHHMTE PE3MCTOPH TMO-TONAMO BIMSHHE WMAT IapajieIHO CBbP3aHUTE
ChCTAaBHHM HA EKBHBAJICHTHATA CXE€Ma — CBhIIPOTUBJICHHETO Ha OCHOBATa M 3allIUTHO-
T0 nokpurtHe. BBpXy CTaGMIHOCTTAa Ha CHIPOTHUBIEHMETO HA PE3MCTOpPA OKa3Ba
UIHSHYEe ¥ KOHTAKTHATA MOTEHLHAIHA pa3jiiKa MEXIy MaTepHaIMTEe Ha Pa3IM4HUTE
leTaiiny, T.e. TpsAbOBa Ja ce noAOGMpaT MaTepUaly ¢ MaJKka KOHTaKTHA MOTEHIIHAIHA

Da3/TMKA ¥ 10 TO3U HAYMH Ja Ce n30erHe eNeKTPOKOHTaKTHaTa KOPO3Hs.

U, A U, A

Duez. 6.5
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Due. 6.6

Ha ¢ur. 6.6 6 e noka3aHa eKBHMBAJEHTHATa CXeMa Ha Pe3UCTOpa MpH NPOTH-
YaHEeTO Ha NMPOMEHJIUB TOK. B Ta3u cxema NONBIHHMTENHO Ca BKIOYEHH HMHIYKTHB-
HOCTTa Ha TOKOMPOBEXJALIMA eleMeHT L, MHAYKTHBHOCTTa Ha M3BOIUTE L, H
coberBennaT kanauurer Cr Ha pesuctopa. Ha dur. 6.6 6 e nokazana obobuieHara
eKBHBAJICHTHA CXEMa NpH NMPOMeHIHB TOK Ha pe3uctopa. C Lg u Cr ca 03HaYeHH
coGCTBEHHTE MHIYKTHBHOCT M KaMalMTeT, a ¢ R — obL0TO CHIPOTHBICHHE Ha pe-
3ucTopa. Co6CTBEHHTE HHAYKTUBHOCT M KalalMTET Ha Pe3UCTOpa OKa3BaT BIHAHHE
MPY MOBHIABAHE HA YECTOTATa HA TOKA, 3aII0TO CE MPOMEHs CBMNPOTHUBICHHETO
(uMnenanca) My. 3a rpaHHYHA Ce MMPUEMa YECTOTaTa, MPH KOATO ChbNPOTHBICHHETO
Ha pe3uctopa ce npoMens ¢ 10%.

[TocnenoBaTeNHO CBBP3aHaTa HMHAYKTHBHOCT OKa3Ba IO-roJIAMO BIHAHHC
MPH HUCKOOMHM PE3MCTOPH, a MApalIeTHO CBBbP3aHHA KarnauMTeT — MpU BHCOKOOM-
HH pe3ucTopu. HUCKOOMHH PE3UCTOPH Ca Te3H, MPH KOUTO € M3ITbJIHEHO yC/IOBHE

L L
1o R< [=E . aBHcokooMHH — R> [—X.

Cr Cr
Kato ce npeHeGperne BIHSHUETO HAa COOCTBEHHS KamalUTeT, MBJIHOTO ChI
POTHBJIEHHE HA HUICKOOMEH PE3HCTOD €

(6.22) Z =R* +(0Lg
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Karo ce yma npeiaBua MocTaBeHOTO MO-rope yCJIOBHE 32 KPUTHYHO U3MEHE-
jiié Ha CBITPOTHUBJICHUETO, JICCHO MOXE [1a C€ MNOJIy4YH rpaHHYHaTa 4ecToTa, 40 KO-

0 MOXeE J1a paboTH pe3ucTopa cbe cOOCTBEHA HHAYKTHBHOCT Lg, @ HMEHHO

ar
[*}

- 2 52
Z W, Lp
-"'; —— l + rp = ljl 3
o QPR o p OOTR
T _ Ly LA

B ekBHBaJIEHTHATa CX€Ma Ha BUCOKOOMEH PE3UCTOP MOXKE aa ce npeHebper-
je BIMSTHUETO Ha coDCTBEHAaTa WHAYKTHBHOCT. Torasa rpaHMyHaTa 4ecTora, /0 Ko-
p MOXe 11a paboTH pe3ucTop ChC coOCTBEH KanauuteT Cy €

A ;007

‘-a p RCR '

OT HanpaBeHHs aHAJH3 € BHIHO, Y€ COOCTBEHHTE MHAYKTHBHOCT M Kalallu-
TeT Ha PEe3UCTOpa OKAa3BaT BJIMAHHE BBPXY YECTOTHHTE MY CBOMCTBA, ChOTBETHO
gbpXY YECTOTHATa 00/1acT Ha NpUIIOXKeHHe. SICHO e, Ye 3a yBeJIMYaBaHe Ha TPaHHY-
jata pabOTHA YeCTOTa Ha pe3ucTOpa TPsOBa Ja ce HAMAIAT COOCTBEHMTE MY WH-
yKTHBHOCT M KallauuTera. ToBa MOXe J1a CTaHe Ype3 MOAXOAAIL0 KOHCTPYyHpaHe
2 TOKONPOBE)KAALIHA EIEMEHT. 33 MAIOMOLIHHTE CIIOHHH PE3HCTOPH COGCTBEHATA
IyKTHBHOCT M COOCTBEHHMS KamauMTET ca MHOro Maiku (aocturar a0 3 nH u
D,05 - 0,15 pF 3a 1 cm aBJDKHHA Ha pe3UCTOpa).

' 4. NMAPAMETPU U XAPAKTEPUCTUKU HA NMPOMEHITMBUTE
PE3SUCTOPU

Pasznuuagar ce JBa BHJa NMPOMEHJIUBH PE3UCTOPH — PETYIHUPYEMH U JIOHACT-
ﬁnamu Perynupyem € NpOMEHIUB PE3UCTOP, KOMTO € MpeHa3HaY€eH 32 MHOTOK-
HO peryjMpaHe Ha NapaMeTpHTE Ha eleKTpuyeckata Bepura. [JJoHacrpoiiBaly €
IPOMEHJIUB PE3UCTOP, YUETO OTHOCHUTEIHO M3MEHEHHUE Ha CHIIPOTHBIIEHUETO NPH
€CTBAHE Ha [OJIBMXKHATA CHCTEMA € 3HAYMUTEJIHO [MO-MAaJKO OT TOBAa Ha pery-
IMpyemus pe3uctop. JIoHacTpoHBAIMTE PE3UCTOPH CE M3MON3BAT 3a NMEPHOANHYHA

dCTPOMKA HA NMapaMeTPUTE HA €NEKTPUYECKATa BEPUra.

B 3aBHCHMOCT OT KOHCTPYKTHBHOTO M3NbJIHEHHE Ha NMPOMEHJIMBHUSA peE3UC-
Op, HerosaTa MOJBHXKHA CHCTEMa MOXeE Jla H3BbpLIBA KpBroBo (¢wur. 6.7 a) uimm
IMHeiHo 1Brkenue (dur. 6.7 6).

OcBeH napaMeTpuTe, KOUTO XapaKkTEePHU3UPAT MOCTOSHHUTE PE3UCTOPH, TPO-
MEHIMBHTE PE3UCTOPU MPUTEKABAT U HAKOM CrieLH(PHYHM 3a TAX MAOMBIHUTETHH
dDaMeTpH.

ITvano conpomusénenue R,. ToBa e CbIPOTHUBIICHHETO MEXAY H3BOAUTE | M
9, U3MepEeHO NMPH MOCTOSHEH TOK W/IH HaNpeXeHHe W KPaiHO MONIOKEHHE Ha TOJ-
KHaTa cucTeMa (BrbJl O, HIH pascTosiuue [, — dur. 6.7 a u 6). [TbaHOTO CHIpPO-
HBlleHMe Ha MPOMEHIMBHS PE3UCTOp TpsbGBa [a 6be PaBHO HA HOMHHAJIHOTO MY
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CBIIPOTHBJICHHE B FPAHHLMTE HA JIONYCTHMOTO OTKJIOHEHHE — R = R, (1 i—é‘—%i)
100
%

KC

Que. 6.7

Havanno cenpomuenenue R,,,. ToBa € CbIIPOTHBJIEHHETO, KOETO CE M3Mep-
Ba MeXIy U3BOAH 1 u 2 ipu ot =0 unu [ = 0.

Kpauno conpomuenenue R,,. ToBa € CbIPOTHBIEHHETO, KOETO CE M3MEPBA
MEXY U3BOAH 2 U 3 TIpH AL = O, win [ = [,

Hauanen ckok na conpomuénenuemo. B xpauiara Ha TOKONIPOBEXAALIHS
€JIEMEHT Ha MPOMEHJIMBUTE CJIOWHU U 0OEMHM pe3UCTOpH ce 0OPMAT HUCKOOMHH
KOHTaKTHH CJIOeBe, HanpuMep oT cpedbpHa komnosuuus. C TAX ce OCHrypsBa
MaJIKO NMPEXOJHO CBIIPOTHUBJIEHHE MEKIY TOKOMPOBEXKAAIINSA €JIEMEHT H U3BOJIUTE

I v 3 (dur. 6.7). HauanHuaT CKOK Ha CHIIPOTHBIEHHETO CE MOJy4aBa MpH MpeMH-
HaBaHE Ha MOABH)KHHUSA KOHTAaKT 2 OT KOHTaKTHHS CJIOH KbM CBIIPOTHBHTEIHMS

CJIOH Ha PE3MCTOpa M OrpaHHyYaBa Bb3MOXXHOCTHTE 3a IUIABHO peryJMpaHe B Haua-
JI0TO.

Dynkyuonanna xapakmepucmuka. Ts onpenens 3aBUCHMOCTTa Ha U3Me-
HEHUETO Ha CBIPOTHBIICHHUETO MEXAY M3BOAMTE / M 2 OT MOJIOKEHHETO Ha MOJ-
BH)KHHA KOHTAKT — R = f(0) uim R = f(I). ®yHKUNOHANHUTE XapaKTEPHCTHKU OH-
BaT IMHEHHH THN A ¥ HENHHEHHH — THN b, B u ap. (¢ur. 6.8). Xapakrepucrukara
THI b € JIorapuTMUYHa, a TUN B — obpaTHonoraputMuuHa. [To1o6HM xapakTepHc-
THKH CE M3M0JI3BaT, HAMPUMED, 3a PEryJMpaHe Ha cuilara u TeMObpa Ha 3ByKa.

R/R,, %

80

60 v

40

20
0

20 40 60 80 oo, %
Que. 6.8
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OTtknoneHUATa OT 3ajJajeHara KpUBa Ce€ OMpeAcJAT C TOJEpaHCH: 3a Mpo-
MEHJIMBU pe3ucTOpH C obuo npeanasHauenue — ot 12 g0 £20%, a 3a NpeUU3HH
npomennusu pesuctopu — ot £0,05 no £1%.

Pazpewasawa cnocobnocm. T 1noka3sa npH KakBO HaH-MaJKo M3MEHEHHE
HA MPEMECTBAHETO HA TMOJBHKHHUS KOHTAKT Ce M0Jy4aBa pa3ininMo H3MEHCHHE Ha
CHIPOTHBJIEHHETO Ha pe3ucrTopa. KonHuecTBEHO paspellaBalliaTa criocoOHOCT ce
OLIEHSABA C OTHOLIEHHWETO Ha W3MEHEHHWETO HAa CBIPOTHUBICHHETO KBM MBJIHOTO
cerpoTuBieHue — AR/R,,.

Llym om npemecmeane Ha nOOGUNCHUA KoHmaKkm. 10Ba € 1yma, KOWTO Cce
[OSIBSIBA TP JIBWKEHHWE HA MOJBHXHHUA KOHTAKT MO TOKOMPOBEXKIALIMSA €JICMEHT.
XapakTepUCTHKUTE Ha TO3M LIYM CE ONMpPENENAT OT JHHAMHIHOTO B3aUMO/IEHCTBHE
Ha JIBeT€ KOHTAKTHH MOBBPXHOCTH — Ha TOKOMPOBEKAAIMA €IEMCHT U KOHTAKTa H
3aBHCH OT TAXHATA MHUKPOCTPYKTYpa, KOHTAKTHOTO HaJlAraHe W TBBPAOCTTA HM, a
CBIIIO TaKa OT CKOPOCTTA Ha /IBUIKEHHE M CTENEHTa Ha W3HOCBAHE HA IMOJBHIKHHA
KOHTAaKT M 3aMbpCABaHETO Ha paboTHATa MOBBPXHOCT HA TOKONPOBEMAIIHA CJIC-
MeHT. HUBOTO Ha 1IyMa OT MPEMECTBAHE HA MOJIBUKHHS KOHTAKT € 3HAYHTEJIHO M0-
rOJIIM OT HUBOTO HA TOTUIMHHHA U TOKOBHS IIYM Ha TOKOMPOBEXKIALIHA CJICMCHT.

Momenm na 3a06uxcéane Ha KOnmaxkmuama cucmema. ToH XapaKTEpH3H-
pa HeoOXOaMMaTa CHJIa 3a 33/IBH)KBAHE HAa KOHTAKTHAaTa CHCTEMA OT ChCTOAHKME Ha
[TOKO#L. 3aBHCH OT CHJIATE HA TPHUEHE B MOJBWKHUTE YacTH Ha pe3ucTopa. MoMeH-
THT HA 3a/JBH)KBaHE, KAKTO ¥ MOMEHTBT Ha JBH)KEHHE Ha KOHTAKTHaTa CHCTCMa Ca
OT 3HAYEHHE W 33 JUCTAHIIHOHHOTO YITpaBJIEHHE Ha €JIEMEHTHUTE OT CHCTEMATa 3a
HACTPOHKA Ha EJIEKTPOHHHUTE anapaTypH.

Yemoiivugeocm na uznocéane. ToBa e cnocoOHOCTTA HA NTPOMEHITUBHSA pe-
3UCTOP Ja ChXPaHSBA MapaMEeTPUTE CH MPH MHOTOKPATHO MPEMECTBAHE Ha IMOI-
BH)KHATA CUCTEMA.

6.5. PE3UCTOPU C OBLLO NPEAHASHAYEHWUE

B Ta3u rpyna ce BKIIOYBAT PE3MCTOPH, KbM KOMTO HE CE€ MOCTABAT BHCOKH
M3HCKBAHMUS MO OTHOIIEHHE HAa TOYHOCT, CTA0MIHOCT, €EKTPHUYECKa AKOCT U HEC-
TOTHH CBOMCTBA.

Bwanepodcaoiinu pesucmopu. Ilpn Te3d pe3ncTOPH TOKOMPOBEKAALLHA CJIC-
MEHT € CJIOH OT MUPOJHTHYEH BBIIIEpO] 2 HAHECEH BbPXY LUMINHAPHYHO KEpaMu-
HO Ts10 I (dur. 6.9 a). U3BoauTte 3 ca KOHCTPYHPAHH KaTO METATHHU "Kanayku' OT
KOPO30YCTOHYMB MaTepHan (aimaka), KbM KOWTO € 3aBapeH KajanaucaH ME/ICH
NPOBOJHMK. 3a 3alMTa OT BJIMSHHETO Ha OKOJIHATa Cpe/la pe3ucTopa ce NoKphBa ©
TOTIOYCTONUMB €NeKTPOH30aIMOHEH ak 4. TIpH HHCKOOMHHTE pe3ucTopH (< 10
Q) ce M3MON3Ba APYra KOHCTPYKLHSA Ha W3BOAHTE. KepaMUYHOTO TAJIO € € MeTallu-
3UpaHM Kpawila, KOMTO UMAT THe3/la 32 MEXaHUYHO 3aKpEMNBaHE Ha U3BOJIHHA MPO-
BoauuK (dur. 6.9 6). [IPOBOAHHUKBT CE 3anosBa ¢ NPUIMOH KbM METATHHA CJIOH.

3a U3pabOTBAHETO HA PE3UCTOPH CHC CHIIPOTUBIIEHUS MO-TOJIEMH OT 1 k€2 ce
M31I0N13Ba CIIHPAIOBH/IHO Haps3BaHe Ha BBIIEPOAHHUs C/loi ((H. 6.9 8).
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Ha ¢ur. 6.10 e noka3aHO OTHOCHTEITHOTO JOMYCTHMO HaTOBapBaHe 1o MOIIi-
HOCT 3a BBIVIEPOACIONHH PE3UCTOPH B 3aBUCHMOCT OT TEMIIEpPATypaTa Ha OKOJIHATA
cpena. 3a pe3MCTOPH OT KIMMaTH4YHA Kareropus 55/125/56' (kpuBa /) Makcumal-
HaTa TEMMEpaTypa Ha pe3ucTopa € Trmax = 125 °C m HOMHHaNHaTa TemnepaTypa e
Iy =40 °C, a or xnuMaTHyHa Kateropus 55/155/56 (kpuBa 2) — Trmu = 155 °C
=170 °C.

BbriepoaocnoiHuTe pe3ucTopu MMar OTPULIATENICH TeMIlepaTypeH Koehu-

MEHT Ha CHITPOTHBJICHHETO, KOHTO HapacTBa no abCcoI0THA CTOMHOCT MPU YBEH-
YaBaHE Ha CTOMHOCTTA HA ChIPOTUBNIEHHETO (dur. 6.11).

4 ] MCTAJIM3HpAH

CJIOH

_J
PR R IDR AR R X B
$.0.0.0..5 ) 490,009
22000 19 e %6 %%

i RS eSS RS R EEREEEFN

| ——— |

TIPUIIOH

Due. 6.9

1,0

0,754
KHYHH CBC

0.5- CTBKJIOEMAMII
0,25 - BBIIIEPOI0-
CIIOHHH
0 | T I T | ] >
0 40 80 120160 200 240 260 280 300 340 400 T,,°C

Due. 6.10

ITbpBaTa rpyna OT uudpu B KINMATHYHATA KATErOPHA NPENACTABIABA MAKCHMAJIHATA

OTpULAaTEIHA TeMIepaTypa Ha kateropuara, °C, BTopaTa rpyna — MakCHMAaJIHATA MTOJOXKHTEIHA

Temnepatypa Ha kareropuara, °C u Tperara rpyna — NpOAbJDKHTENHOCTTA HA MIMHTBAHETO MPH
BHCOKA OTHOCHUTEJIHA BJIAXHOCT, NEHOHOLIMSA.
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Duez. 6.12

HuBOTO Ha 1IyMa HA BBIVIEPOAOCIONHH PE3UCTOPH B 3aBUCHMOCT OT HOMM-
HAJTHOTO CBHIPOTHBJICHHE € AaneHo Ha ¢wur. 6.12. YBenuuaBaHeTO Ha HHBOTO Ha
IyMa C HapacTBaHE Ha CBHIIPOTHBJICHHETO ce OOSCHABA C MO-ThHKHA BBIJIEPOJICH
CJIOH, B KOHTO KOHTAKTHOTO CHIPOTHBICHHE MEXIY TOKOMPOBEXKIALUIMTE YaCTHIIH
€ C Mo-MaJika CTabHIIHOCT.

Memanocnoiinu pesucmopu. Te3n pe3UCTOPH UMAT ChlAaTa KOHCTPYKLMA
KaTo BBriepojaocnoiinure (ur. 6.9 a, 6 u 6). ToKONPOBEKAAIMAT CIO0H C€ H3IMbII-
HSBA OT METAJIHH CIUIABM Ype3 BaKyyMHO H3MAapeHHUE WM KaTOAHO pasmpaliBaHe.
[Topagu noBUuIEHATa TOIUIOYCTOMYMBOCT HAa TOKOIMPOBEXKIALIUSA CIOH TE€3H pE3HC-
TOPH MMAT 2+3 NMbTH MO-MAJIKH F€OMETPHYHH pasMeEpH MNpH €IHaKBa HOMHHAJIHA
MOILLHOCT, MO-MaJIbK TEMINEpaTypeH KOS(PHIIMEHT Ha CBIPOTUBICHHUETO H 1MO-HUCKO
HUBO HA LIyMa B CPaBHEHUE C BBIJICPOJOCIOHHUTE PE3UCTOPH

TemnepaTypHHUAT KOE(DHMIMEHT Ha CHIPOTHUBIEHHETO HAa METANOCIIOHHHUTE
PE3UCTOPH € B rpaHuimTe oT +25.107° no £250.107° °C~",

Pe3ucTopH, B KOUTO TOKOMPOBEXKIALIUAT CJIOH € OT MeTaleH OKCHJl BMECTO
METaJlHa CIUIaB, C€ HapH4aT METAJIOOKCHIHH. Te UMaT Mo-BHCOKAa TOTUTMHHA H XH-

MHYECKa YCTOHYHBOCT, MO-HUCKO HUBO Ha LIYyMa U MaJIKi pa3MEpPH B CpaBHEHHE C
METAJIOCJIOHHHUTE.
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Komnosuyuonnu pezucmopu. [Ipu TAX MaTepUanTsT Ha TOKONPOBEKAALIHS
eJIEMEHT € KOMIO3UIIMA OT MPOBOIHHKOBH M JIHENEKTPUYHM MaTepHalii. Hpe3 u3-
MEHEHHE Ha CbOTHOLLIEHHETO MEXY TAX MOrarT Ja C€ MoJiyyar pe3ucTOpH ¢ HOMHM-
HaJIHA CTOMHOCTH B MHOTO HIMPOK 00XBaT — OT YaCTH OT OMa JI0 HAKOJIKO TepaoMa.

KOMIO3HLIMOHHHUTE PE3UCTOPH CE MPOMU3BENKIAT KATO CIOHHN H OOEMHH.

MarepHaibT, OT KOHTO C€ H3rpaxaa TOKOMPOBEXKAALIMAT €JICMEHT Ha
CIIOMHUTE PE3UCTOPH, NPEACTAB/IABZ KOMNO3ULMA OT INPOBOAHMKOB MaTepHall,
cBBP3BAlll MaTepHal M MbJIHUTEN. [[pOBOAHHKOBHAT MaTepuall € npaxooOpaseH
rpaduT ¥ CaXIH C roiAMa AucnepckocT. Kato cBbp3Ballld MaTEpHAIH C€ H3IOJI3-
BaT MAacCJICHU JIAKOBE HAa OCHOBA &JIKHAHH CMOJIH. ITBIHMTENMTE Ca HEOpraHU4HH
marepuani (KOPyHIOB Tpax, THTAaHOB [BYOKCHJ, TaJlK), C KOHTO ce 1ojao0pssa
TOIUIOYCTOHYMBOCTTA, BJIaroyCTOMYHBOCTTAa, MEXaHHYHATA AKOCT H YCTOMYHBOCTTA
Ha W3HOCBAHE (3a MPOMEHJIMBH PE3UCTOPH) HAa KOMMO3HLMATA [IBIHUTENAT € OKOJI0
30% ot obema Ha KOMIO3ULIUATA.

B cpaBHeHME C JIPYIHTE CIOHHA PE3UCTOPH, KOMITO3HIIHOHHUTE UMAT HAKOH
HEeOCTAThIM: M0-BUCOKO HUBO Ha lIyMa U ro-Manka crabunHoct. Te ce u3non3sar
MPeAMMHO KaTO BUCOKOOMHH PE3HCTOPH.

TokonpoBeKAALMAT ENEMEHT Ha 0OEMHUTE PE3UCTOPH CE U3rOTBA Ype3 Mpe-
CyBaHE Ha Npaxoo0pa3Ha KOMITO3HLIs, B KOATO CBhP3BALLMAT MaTepHall CE€ pasJit-
yaBa OT TO3M Ha cnoiHuTe. KaTo cBbp3Ban] MaTepual ce U3Ioja3Ba TEPMOPEAKTHB-

Ha cMosia — heHONHA, aTKHIHA WK cuaukoHoBa. [Tenuutensat e 50+60 % or obema

HA KOMITO3HMI[HATA U OCBEH CIIOMEHATHTE MO-rope MaTepHalu MOXE Jia C€ U3I10JI3Ba
KBapLIOB IMACHK.

Koncrpykuusara Ha obeMeH pesucrop € mokasaHa Ha ¢ur. 6.13. Tokonpo-
BEXIAILMAT eJeMeHT 2 € (OpMHUpaH B M30allMOHHA OOBHUBKA OT CTHKJIOKEpaMHKa
I. U3BoauTe 3 Ha pe3vcTopa ca 3ampecyBaHH B TOKOMPOBEXKIALIMUA €JEMEHT. 3a
MOBHILIABAHE HA BJIArOyCTOHYHBOCTTA PE3UCTOPHT € MOKPHT ChC 3aIUMUTEH CJIOH 4.

2

' LA AT AT L AR B R AR AR L AR R AR l

TER———————

Que. 6.13

AKuunu pezucmopu. TOKONPOBEKIAMMAT €IEMEHT C€ U3ITBIHABA OT HEU30-
JIMPaHH ¥ W30JIMPaHU MPOBOHHIIM OT CIUIABH C TOJIAMO CMEUH(HUYHO ChIIPOTHBIIE-
HHE — OOMKHOBEHO KOHCTAHTaH, MaHraHWH, HUXpOM. JKHYHHUTE PE3UCTOPH NpPHUTE-

)KaBaT CBOMCTBA, 3apaJd KOMTO HE Morar ja ObJaT 3aMEHEHM OT JpYyrd BHJIOBE
PE3HCTOPH, & HMEHHO:

— BHMCOKAQ TOYHOCT M CPaBHHUTEJIHO MaNbK TEMIEPaTypeH KOEQHLHUEHT Ha
CHIPOTHBIICHHETO;

— MHOI'0 HUCKO HHBO Ha ILIyMa;
— HAW-BUCOKAa YCTOMYMUBOCT Ha HMIIYJICHO [IpETOBApBaHe;
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;

— BHCOKA CTaOMIIHOCT BBB BPEMETO;
— BBE3IMOJKHOCT 34 MOJIyyaBaHe HAa MaJIKM CTOHHOCTH Ha HOMHHAJIHOTO CBII-

POTHBJIEHHE.
YKuuHHUTE PE3UCTOPH C€ NMPOM3BENIAT C LIMPOK AHarna3oH OT CTOMHOCTH Ha

pomuHaNHOTO chnpoTHBieHue — ot 0,1 © no 100 k€2 n Ha HOMHHANHATA MOLIHOCT
—or 3 W no 100 W. 3amureH cioi OT CHIMKOHOB KOMMayH/ Mo3B0JiABA MaKCH-
MaJIHaTa JoNycTHMa Temmeparypa aa aocrura a0 400 °C u 1a ce npou3BexaaT ot
kniuMmaTuuHa kareropus 55/200/56. Ha ¢ur. 6.10 € noka3aHo OTHOCHTEIHOTO J0-
[yCTMMO HATOBApBaHE M0 MOIIHOCT B 3aBHCHMOCT OT TEMIIEpaTypara Ha OKOJIHATa
cpe/ia 3a )KUYHH PE3HCTOPH OT KIMMAaTHYHA KaTeropus 55/200/56. CsoucrBarta Ha
HAKOM PE3UCTOpH ca nocoyeHu B Tabir. 6.5.

6.6 PE3UCTOPU CBHC CMNELMAINHO NPEAHASHAYEHUE

Ipeyusnu pezucmopu. Te ce XapaKTepU3HPaT CbC CICAHATE 0COOEHOCTH:

— MQJIBK TOJIEPaHC HA HOMHHAIHOTO CBITPOTHUBICHHE (mo 0,5 %);

— MaJTBK TeMIepaTypeH KoeGUIMEHT Ha CHIIPOTUBIICHHETO (10
$200.107° °C™');

— HaMaJIeHO HATOBAapBaHE MO MOUIHOCT, MPH KOETO Ce MOCTHra no-rojsima
cTaOMIIHOCT;

— ycuJIeHa 3allliTa OT BIMAHHETO HA OKOJIHATA Cpe/la — 4Ype3 3alpecoBaHE B
[IJ1acTMAaca WiIH XepMETU3UpaHe B KEPaMHYHO TAJIO.

YKHuHHUTE NpEeLU3HH PE3UCTOPH CE NPOM3BEXKIAT C HOMHHAIIHO CHIPOTHBIIC-
ure ot 0,01 Q mo 100 kQ ¢ Tonepanc ot 0,002 % mo +0,5 % u ¢ HOMHHAIHA
moruoct ot 0,1 W no 2 W. MakcuManHaTa A0MyCTUMAa TEMIMEpaTypa € CpaBHH-
tenno Hucka — okono 130 °C. Umat Manko TEpMOEIEKTPOABHIKEIIO HAIPEKECHHE
npu Koutakrysane ¢ Mej (< 0,2 uV/°C). CrabunHoCT 3a €Ha roAinHa eKcnjioara-
uust AR/R (1 ron.) e ve noseue ot 0,003 %.

JKH4HHTE NPELU3HU PE3UCTOPH HMAT CHILECTBEH HENOCTATHK — NPHTEXKABAT
3HAYKTE/IHUA CTOWHOCTH Ha coOCTBEHATa WHAYKTUBHOCT H COOCTBEHHS KaMalHTET.
ToBa orpaHnuaBa M3roi3BaHeTo UM 1o okono 10 kHz.

[IpuMepH ca NPELH3HH PE3UCTOPHU Ca NokasaHH B TabI. 6.5.

BucokoomMHu u 6UCOK08OAMOBU pe3ucmopu. BACOKOOMHUTE PE3HCTOPH CE

MPOM3BENKIAT C HOMHHAIHO ChnpoTHBieHHe oT 10 MQ no 1 TQ u ca KOMIO3H-
LMOHHM WJIM METAJOOKCHAHHM. 3a OCHOBA Ha PE3MCTOPUTE CE€ M3MOJ3BA CTHKICHA
WM KepaMHYHA NPbYKA ¢ MHOTO TOJIIMO H30/IaLHOHHO CHIIPOTHBIICHHE.

BHCOKOBOJITOBHTE PE3UCTOPU CE MPOU3BEKIAT 32 TPAHHYHH HANPEKCHUSA OT
5 kV no 50kV. B Tabn. 6.5 ca najeHnm KaTajJOXHHTE JAaHHUH 3a BHCOKOBOJI-
TOB/BHCOKOOMEH PE3MCTOP, M3MBJIHEH C METaJEH CJIOH BbPXY BHCOKOKAYECTBEHA
KepamHKa.
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Peszucmopu 3a nosvpxrnocmen monmaxe. Te3u PE3UCTOPH UMAT CIEILHAITHO
KOHCTPYKTHBHO M3MbJHEHHE (0€3 H3BOAM), KOETO I'M NMPABH NPHTOIHH 32 MOBBPX-
HOCTEH MOHTaX (Pa3HOBMAHOCT Ha MEYATHUA MOHTAX, NMPH KOWTO ENEKTPOHHHUTE
€JIECMEHTH ca MOHTHPAHH M 3allO€HH OT €HAaTa CTPaHa Ha MevyaTHATA MJIaTKa — HS-
Ma OTBOPH, NPE3 KOHTO /1a MHHABAT U3BOJNTE Ha €lEMEHTHTE). PasmMepuTe Ha ene-
MEHTHTE 33 MOBbPXHOCTEH MOHTaX (Ha aHIIMICKU e3uk SMD — Surface Mounted
Devices) ca HAKOJKO MbTH MO-MAJIKH OT TE€3H 3a KOHBCHLIMOHAJIEH I€YaTaH MOH-
TaXK. [1aCHBHUTE €/IEKTPOHHH €IEMEHTH 32 NOBBPXHOCTEH MOHTAK, CpeJl KOUTO ca
W PE3MCTOPHUTE, C€ MPOM3BEK/IAT B JIBE Pa3HOBHIAHOCTH Ha KOPMYCHTE —~ Ge3u3-
BOAHH NpU3MaTHYHH KoprnycHu (tun FLAT) u 6e3u3Bonuu LHIHHAPHYHH KOPITYCH
(tun MELF) — dur. 6.14 a u 6. Pe3uctopure 3a NOBPXHOCTEH MOHTAX Ce Hapuyar
OLLE ,,9UII-PE3UCTOPH . B 3aBUCHMOCT OT TEXHONOTHATA HA NONYYABAHETO HA pe-
3UCTHBHMSA CNIOH YHII-PE3UCTOPUTE MOraT Na 6baaT 1e6enocnoiHy H ThHKOCIIONHH,
KOETO O3Ha4aBa Y€ PE3UCTUBHHAT CIIOH B MbPBHA CIy4ail € MoayyeH no gebenc-
JIOHHA TEXHOJIOTHSA, @ BEB BTOPHUSA — MO ThHKOCIOHHA TEXHOIOTHS.

% | _ L \1
Q&;;mﬁmm ??,}}FQ
\

£ NW L

N\ 3
FLAT MELF S AN
(mpu3MaruyeH) (HIHHEApPHYEH) 1
a 7 #

Due. 6.14

KOHCTpyKIMATa HAa YHUII-PE3UCTOP C MPH3MATHUYEH GE3H3BOIEH kopnyc (Tun FLAT)
€ rnokasaHa Ha ¢wur. 6.14 6. Bbpxy kepamMuuna noanoxka / no nebenocnoiina Tex-
HOJIOTHA Ca HAHECEHH KOHTAKTHHUTE HHCKOOMHH ClloeBe 2 M PE3UCTHBHHA CJoi 3.
H3Boante Ha pe3ucTOpa MPEACTABIABAT CTPAHMYHMTE CTEHM 4 HA MOJUIONKKATA,
KOHTO Ca METalIM3HPaHH, TaKa Y€ Ja C€ MOJYYH KOHTAKT MEX/Y TAX U KOHTAKTHHTE
MIOWAAKH. PE3UCTHBHUAT CII0i € MOKPUT ChC 3allUTEH NakK J.

[lopaan ocobeHOCTHTE HA KOHCTPYKIMATA UM W MAJIKUTE pa3mepH, TE€3H pe-

SUCTOPH C€ XApAaKTEPU3MPaT ¢ MHOTO HHUCKH CTOHHOCTH Ha COOCTBEHHMTE MHIYK-
TUBHOCT M KanalluTeT.

YHn-pe3sucTopH ce MpOM3BEXAAT B INMPOK AMANA30H HA HOMHHATHUTE ChII-
poTHB/IEHHA — OT 1 £ 1o 10 MQ u Ha TouHOCTTA — OT 10,05 % 10 120 %. Temme-
PaTypHHAT KOC(ULMEHT Ha CBHIPOTHBIEHMETO € B rpanuuure or +5.107° no
+500.107° °C~'. Bucokara TOMJIOYCTOHYHBOCT Ha M3MOJI3BAaHHTE MaTEPHAIH aBa
BE3MOXHOCT KIMMAaTHYHATA KaTE€ropus Ha 4YMN-pe3ucTropure na 6wvae 55/155/56
npu Ty =70 °C.

B Tabnuua 6.5 ca naneHu mapamerpuTe Ha HAKOM YHUII-PE3UCTOPH, U3IThIIHE-
HH ¢ 1e0€e0CI0NHN U THHKOCIONHN Pe3UCTHBHH EIEMEHTH.
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6.7. NONYnNrPOBOAHUKOBU PESUCTOPU

OCHOBHH TIPEACTABUTENHM HA Ta3H rpyna ca TEPMHUCTOPHUTE, BAPUCTOPHUTE W
(hOTOpPE3UCTOPHUTE. |

Tepmucropu. ToBa ca nojaynpoBOAHUKOBH PE3UCTOPH, KOMTO H3MEHAT 3Ha-
YUTETHO ChIIPOTHBJICHUETO CH OT TEMIlepaTypara. Te ce pa3jenaT Ha TEPMUCTOPH
— ¢ OTpHMLAaTeNeH TemMnepaTypeH KoeduuueHT Ha cbnpoTusieHneTo (NTC — Nega-
tive Temperature Coefficient) u ¢ MONOXKHUTENEH TEMIEPAaTypeH KOEMHLHMEHT Ha
cenporuienueTo (PTC — Positive Temperature Coefficient).

Tepmucmopu (NTC). 3a usrorsaHero Ha tepMucTopH (NTC) ce usnonsear
MOJYNMPOBOJAHUKOBH XHMHYECKH CHEJAHWHEHMS OT THIIA A"BY(oxcumu na Cr, Mn,
Fe, Co, Ni), nopaay OTpHIATEIHHSA TEMNEPaTypeH KOSQULIMEHT Ha CELHPUIHOTO
CBIIPOTHBJICHHE Ha T€3H Matepuand. [IpousBexaar ce no MeTajoKepaMHyHa Tex-
HOJIOTHS Ype3 NMpecyBaHe Ha W3XOJHHUTE MPaxoBH MaTEPHaJIH IIPH BHCOKA TEMIIepa-
Typa B Haki-pa3nu4yHH KOHCTpykuuu. Ha ¢ur. 6.15 a, 6, 6 ca nokasaHu HAKOJIKO
BH/1a KOHCTPYKLHUHU — WJIMHAPUYHA NPBYKA, IUCK, MPAaBOBI'bJIHA MIACTHHA,

METAJICH OKCHJI

Quez. 6.15

CwnpotusieHneTo Ha Tepmucropa (NTC) R, 3aBuCH OT TeMriepaTypara CbrI-
JIAaCHO U3pasa:

(6.25) R, = Aexp(g-) ,

KbaAeTO A U B ca KOHCTAHTH Ha TEPMHCTOPA;
T — abconoTHaTa TEMIIEpaTypa.
H3pa3bT (6.25) necHO MOXKE 1a Ce MOJY4YH KAaTo ce MMa MpeABHJ H3pas3a

(4.23). I1pu cHemane Ha xapakrepuctukara R = f(7) eneKTpHYeCcKOTO HaTOBapBaHe
Ha TEpPMUCTOpa TpAOBa Na NMpeau3BMKBA NMPEHEOPEKUMO MAJIKO COOCTBEHO 3arps-
BaHe. TaKbB PEKHUM Ha HaTOBapBaHe TpAOBa Ja ce cna3Ba U NpPH U3MOJI3BAHETO HA

TEPMHUCTOPHUTE 3a U3MEpPBAHE HA TEMMNEPATYpU. 3a TPU CTOMHOCTH Ha A M B Tas3u
3aBUCHMOCT € IMOKa3aHa Ha ¢ur. 6.16.

3a BCEKH KOHKPETEH TEPMHCTOpP KOHCTAaHTUTE A W B Morat aa Obpaar onpe-
JeJICHH Ype3 ABE U3MEPBAHUA NPH pa3NuyHU Temnepatypu — 1 u 1.

Karo ce uma npeasua wu3passT (4.24), TemnepaTypHUAT KOE)HUUEHT Ha
chnpoTuBiIeHHETO Ha TepmucTopa (NTC) Moxe 1a ce u34HCIH 1o W3pasa:

B

O.'.R — - —
T2
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3a pa3nuuHM MaTepuanu B moxe na uma croinoctu ot 2000 mo 5500 K.
TonnuMHHATa HHEPTHOCT HA TEPMHCTOPA C€ OMpENENs OT HEroBaTa TOIIMHHA

BpeMeKoHcTaHTa T. TOINIMHHATA BPEMEKOHCTaHTa € BPEMETO HEOOXOAMMO 3a M3-
MEHEHHE Ha Temreparypara Ha Tepmucropa ¢ 38 °C (ToBa € 63,2 % ot Temnepa-

TYpHHS MHTepBan Mexay Hadansara 25 °C m ycranoBeHara temmepatypa 85 °C,
cerinacHo IEC 539). CroiiHocTTa M 3aBUCH OT KOHCTPYKLMATA U PasMEPHUTE Ha
TepMmucTopa U € B rpanuuute ot 0,4 s 10 200 s.

CraTHyHaTa BOJT-aMIiepHa Xapakrepuctuka (¢wur. 6.17) npeacraenssa 3a-
BUCUMOCTTA MEXKIY NPHIOXKEHOTO Ha TEPMHUCTOpAa HANpPEKEHHE W MPOTHYAIIHA
[pe3 HEro TOK NP MOCTOSHHA TEMIepaTypa Ha OKOJIHaTa cpejia U Cje/l yCTaHOBS-
BaHE Ha TOIUIMHHO paBHOBecue. TOMIMHHOTO PaBHOBECHE CE CHMTA 3a HACTBIIMIIO
clie]l KaTo Ceé yCTaHOBHM IOCTOSHHA CTOMHOCT Ha TOKA MPE3 TEPMUCTOpA. 3a MHOTO
MaJIKU CTOHMHOCTH Ha TOKa pa3celBaHaTa MOILHOCT € TOJIKOBAa MajkKa, Y€ U3MEHE-
HHETO Ha TeMIlepaTypara Ha TEPMHUCTOpa He MpeJu3BUKBA U3MEHEHHE Ha CBIPO-
TUBJIEHHETO My. B Tasu obGnacT BoNT-aMIepHaTa XapaKTepucTHKa e nuHeiHa. [lo-
HATATHIIHOTO YBEJMYaBaHE HA TOKA BOJAM 10 HApacTBaHE Ha pa3cerBaHaTa MOLUI-
HOCT, MOBHILIABAHE HA TeMMepaTypara Ha TEPMHUCTOpa ¥ HamaJjlsiBaHe Ha ChbMPOTHB-
JIGHHETO MY. XapaKTepUCTUKATa CTaBa HEJIMHEHHA.

TonnMHHOTO paBHOBECHE HACTBIIBA, KOraTo

(6.26) P=U.I=hS(T;—T,),

KkbaeTo U € HanpeXEeHUETO Ha TEPMHUCTOPA,
I — TOKBT NpE3 TEPMUCTOPA,;
h — KOe(ULUMEHTHT Ha TOIJIOOTAABaHE;
S — NOBBPXHOCTTA HA TEPMHUCTOPA;

163




T, — TemMniepaTypaTra Ha TEPMHCTOpA,
T, — TeMriepaTypara Ha OKOJIHaTa cpeza.
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0,1 0,5 1 5 10 50 100 500 1000
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Duz. 6.17

Ot u3pasure (6.25) u (6.26) ce noayyaBa CUCTEMATA OT YPaBHEHHUS
InR,=InU - Inl =InA + BI/T;
InP =InU + Inl = In(hS) + In(T; = T,).
OT Ta3u cucremMa ciensa, ye
o e 1n(AhS)+ In(T; -TA)+ B
2 2 2T

MakcHuMYMBT Ha Ta3u QYHKUHUA Ce NMoayyaBa Mpu TeEMIeparypa

2
=218 1,

(6.27)

Y
i 2 -+

(MakcuMyMBT Ha QYHKUUATA C€ MONYy4YaBa MPU YCIOBHE, e B > 47,.)

Ot u3pa3sa (6.28) cnenpa, 4e nNpu TEMNEpPATypHO paBHOBECHE, TEMIEpATypa-
Ta, NP KOATO C€ NoJIyyaBa MakCHMAJIHO HaNpexXeHHe 3aBUCH CaMO OT CTOHHOCTTA
Ha B Ha MaTepuana, a He OT JAEHCTBMTENHATA CTOWHOCT HA CHIPOTHUBIEHHETO. 33
Hal-4ecTo cpeuanuTe cToiHocTH Ha B = 2000 — 4000, remneparypara 7y € B Ipa-
Huuure ot 45 °C no 85 °C.

Tepmucropure (NTC) HamMHpaT NpuIoKeHHE 3a W3MEPBAHE Ha TeMrepaTypH
ot -55 °C no +450 °C, 3a TepMOKOMMEHCaLHs, CPely TOKOBO MpeToBapBaHe B 3aX-
pPaHBalLX BEPUTH.

[Topanu ronsMaTta CTOHHOCT Ha TeMIEpPaTypHHsS KoeGHUUHEHT Ha ChIPOTHE"
JICHHETO, HOMHHAJIHOTO CBHIPOTHUBJIEHHE M TOJIEPAHCA CE NaBaT 3a TOYHO ONpPEAC”
JICHa TeMIeparypa, nocoyeHa ot npoussoaurens (20 uwau 25 °C). [Ipounssexaat ce
TEPMHUCTOPU C HOMHHAJIHO chnpoTHBiIeHHe oT 1  no 1 MQ.
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 Tepmucmopu (PTC). 3a usroreanero Ha Tepmucropu (PTC) ce usnonssa
aTiO; uiu TeBpA pasTeop Ha BaTiO; u SrTi0; no kepamuyna TexHosiorus. Kown-
pyKTHBHOTO MM H3IIBIHCHHE Ha HE C€ OT/IMYaBa OT TOBA HA TEPMHCTOpHTE

).

Ha ¢ur. 6.18 e nokazaHa 3aBUCHMOCTTa Ha CHIIPOTHBIIEHUETO HA TEPMHCTO-
g (PTC) R ot Temneparypara.

R,
10°
10
10°
10°
0 50 100 T,°C
Duz. 6.18

CraTMyHaTa BOJIT-aMNepHa Xapakrtepuctika Ha tepmucropu (PTC)
dur. 6.19) nokazsa Bb3MOXXHOCTHUTE HAa TO3M €JIEMEHT 3a OrpaHMYaBaHe Ha TOKa
pe3 Hero. Jlo onpeneneHo HanmpeXeHHe 3aBHCHMOCTTA e yuHeiHa. Korarto Tep-
[MCTOpa Ce Harpee AOCTaTb4yHO, HENOBOTO CHIPOTHBIIEHHE PA3KO HapacTBa H TO-
BT Npe3 HEro psA3K0 HaMmajisiBa — 3aBHCHMOCTTa € CHJIHO HeJIMHe#HHa. Bonr-
MIIEpHAaTa XapaKTePUCTHKA 3aBHCH OT TEMIIEpaTypaTa Ha OKOJIHAaTa cpeja, J0KOJI-
OTO T4 C€ OTpa3siBa BbpPXY TOILIOOTAaBaHETO.

160
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Tlpoussexnar ce repmucropu (PTC) ¢ HOMHHANHO ChBhNpoTHBAEHHE NPH
25°C or 1 Q 1o 4 kQ u TemneparypeH KOe(QHLUHEHT HAa CBHIPOTHBIIEHHUETO OT
0,05 °C~! no 0,4 °C.

Tepmucropu (PTC) ce n3non3sar 3a orpaHMYMTENN HA TOKa (3aLUTa OT TO-

KOBO MpeToBapBaHe), 32 KOHTPOJI Cpellly MpeBHIlIaBaHe Ha 3aa/IeHH TEMIIEpPaTypH,
32 TEPMOKOMITEHCALIMA U JIp.

Bapucropun. Tosa ca pe3ucTtopu, YHETO CHNPOTHBIIEHHE 3aBHCH OT CTOIi-
HOCTTA Ha MPUJIOKEHOTO HAMpEXKEHHE, T.€. UMa HETWHEHHA BOJNT-aMIepHa Xapak-

TepucThka ((ur. 6.20 a@). 3aBUCUMOCTTa MEXJy HalpeXEeHHETO W TOKA Ha BapHC-
TOpa MOJXKE [1a C€ armpOKCUMHUpa C H3pasa:

(6.29) U=cI®,
Kb1eTO U € HalnpexXeHHUeTo,

| — TOKBT;

C ¥ B ca KOHCTaHTH.

Quez. 6.20

M3paseT (6.29) Moxe na ce npeacTaBy U KaTo
(6.30) logU = logC + Blog/

B noraputMuyeH Mamab ¥ He MHOrO MaIKHM CTOWHOCTH Ha TOKa W3pa3bT
(6.30) npexcrasnsBa npasa TMHUA C HAKJIOH, paBeH Ha B (¢ur. 6.20 6). 3a onpene-

nsHeTo Ha KoepuuuenTute C U B TpaOBa 1a ce HANPaBiT U3MEPBAHKSA B TPH TOUKH
OT XapakTepucTHkara. CamMo, KOrato Te3u TPH TOYKH, HAHECEHH B JIOTAPUTMHUEH
Maiab oOpa3sysart npasa JHHHS, anpokciManuaTa (6.29) e BapHa.

HU3pa3sT (6.29) Moxe na Ob1e 3anmKucad U BB BHA

U () 4
6.31 [=|—
e [CJ

]
KBIAETO Ol = —.

B
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BapucropuTe €€ NPOH3BEXIAT OT CHITHIIHCB kap6un (SiC) unu UHHKOB OK-
cuz (ZnO) mo KepaMHYHA TEXHOJIOTHS CbC HHIMHAPUYHA WIIH JHCKOBA KOHCTPYK-
LM Ha Pe3UCTHBHOTO TAJIO, BBPXY KOETO C€ HAHACAT €NEKTPOIH (bur. 6.21). Uz-
BOJIMTE OT KajailJIucCaH MEIEH NMPOBOJHHK Ca 3aMI0CHH KBM €JIEKTPOAHTE. 3auuTaTa

OT BAHSHMETO HA OKOJIHATA Cpella C€ OCBIIECTBABA 4Ype3 JAaKOBO IMOKPHUTHE HITH
KOMIIayHJ.

CMOKCHJICH
KOMITayH ]l

CJICKTPO/IH
TavaTaVo P VW, = .
h"’:ﬁﬁfﬂﬂt:‘:*..*;*;‘;:‘h
WETTTIIITTOIINE I oY

. ZnO ¢ npuMecH
KaJaiaucaH OT APYTH OKHCH

7 JOOOO0
\{t‘i‘i‘#"ﬁi:i;g:*: 9.6 =

& 9.9,
Duz. 6.21

BapucropuTe ce XapakTepH3HpaT ChC CIIEIHUTE NMapaMeTpH:

Knacugpuxayuonno nanpexcenue Uy, — NOCTOSHHOTO HanpeXeHHE Ha Ba-
pUCTOpa MPH MPOTHYAHE HA TOK ChC 3ajajieHa CTOWHOCT (KIaCH(HKALHOHEH TOK
I, — obukHoBeHO 1 mA, HO ce u3non3BaT M croiHOCTH 0,1 mA u 10 mA)
(dur. 6.22). Croiinoctra Ha Uy, 3aBHCH OT MaTepHasa, TEXHOJIOTHATA H KOHCTPYK-

THBHUTE Pa3MepH Ha BapUCTOpa.

A
I

Puz. 6.22

Makcumanno donycmumo pabomno nanpexycenue — 3aJaBa ce KaTo npo-
MEHJIMBO CHHYCOMJAJHO HampeXeHHe ¢ HeroBaTta e(eKTHBHA CTOMHOCT — Uefmax

WJIM KaTO MOCTOSHHO HanpexeHue — Upmax = V2U gt oax (. 6.22). ToBa Hanpe-

)KEHHE MOJKE Ia CE€ MpeBUIlIaBa KPaTKOBPEMEHHO, CaMO KOraTo BapHCTOPBT M3IBJI-
HsBa 3alMTHA QYHKUMs OT npeHanpexenus. [Ipu u3bop Ha BapucTOp 3a AaZCHO
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paboTHO HanpexeHHe U, C 10myCTHMO OTKIOHEHHe +AU, Tpa6Ba Ja ce crna3pa yc-
noeueto Uy + AUy < Upmax- 32 HANIPEXKEHUS 10 MAKCUMAIHO JOMYCTHMOTO pabor-
HO Hanpe)XeHHe BApUCTOPHT HMa CHITPOTHBIIEHHE NMO-ronsmo ot 1 MQ.

Homunanna mowgnocm na pasceiteane Py, Tosa e MakKCHMaJIHaTa MOLIl-
HOCT, KOATO BApHCTOPBT MOXE /la pa3celdBa NMPHU HENMPEKHCHATO ENEKTPHYECKO Ha-
TOBApBAHC M ONpeJe/ieHa TeMneparypa Ha okoiHara cpena. Korato U, < Ug,,,.
pa3ceiBaHaTa B HEr0 MOIIHOCT € 3HAYHTETHO MO-MaJIKa OT Py.

Koepuyuenm na nenuneiinocm P. KoehpuumenTsT Ha HEMMHERHOCT 3aBHCH
OT MaTepHalia v TEXHOJIOTHATA 3a MPOM3BOACTBOTO Ha BapucTopa M 3a SiC — f =
= 0,15 no 0,40, a 3a ZnO - B = 0,02 xo 0,035. Hakou GpUPMH-TIPOU3BOIHTENH Ha
BApHCTOPH M3MOA3BaT KoepuuueHTa o = 1/ kato koedhuIHEHT Ha HeTHHEIHOCT.,

KoepuuueHTsT Ha HemMHeHHOCT [} ce u3MepBa NpH JBe 3a1aIeHH OT MPOM3-
BOAUTENA CTOMHOCTH Ha Toka, Hanpumep 0,3/, u 3/.,. AKO TOKBT Ha H3MEpPBaHE e
TaKkbB, H€ HANpEKEHHETO NMPEBHUIIABA MAKCHMAIHOTO JI0MyCTHMO paboTHO Hampe-
JKEHHE, H3MEPBAHETO CE MU3BBPLIBA B HMITYJICEH PEXHM.

[Tpoussexaar ce BapuCTOpH ¢ KiIacCH(PHUKALMOHHO Hanpexenue ot 8 V 1o
1300 V u HoMuHanHa MotHoceT 10 1 W.

BapucTopuTe HaMMpaT NpUIOKEeHHEe OCHOBHO 32 OrpPaHMYABAHE Ha [peHan-
PEXKCHHA H HMITYJICHH TOKOBH NPETOBApBaHUsA HA €JIEKTPOHHHU U €NIEKTPHYECKH YC-
TPOHCTBA

®oTope3ucTopu. ToBa ca pe3ucCTOpH, YHETO CHIPOTHBIEHHE 3aBHCH OT OC-
BETEHOCTTa. M3roTBAT Cce OT MoaynpoBOAHHKOBH MaTepHaid, KOMTO YBEIMYaBAT
MPOBOMMOCTTA CH MOJA BJIMAHME HA EJIEKTPOMATHUTHO JIBYEHHE C OMNpeleNeHa
ABJDKHHA HA BBJIHATA. 32 HOTOPE3UCTOPH HAH-YECTO CE M3MOJI3BAT MOJYNPOBOAHH-
koBH chenuHenns A'BY' — onosen cyadpun (PbS), xagmuer cyndpua (CdS) wu
kaamues ceneHun (CdSe). Tesu chenMHEHHA HE ChABPKAT WM ChABPIKAT MHOIO
MaJIKO CBOOOJHH €JIEKTPOHHM, KOraTo HE Ca OCBETEHH, NOPAaH KOETO TIXHOTO ChIl-
POTHBJICHHE Ha TbMHO € 10CTa BHCOKO. Ciie/l OCBeTSBaHE CBIPOTHBIEHHETO MM
HamaJsBa, T.€. T€ ca OTONMPOBOAHMUIH. 3aBHCHMOCTTA MEX/TY CHIPOTHBIEHHETO H
OCBETEHOCTTa MOJXKE /1a C€ allpOKCHMHMPA ChC CIEIHUS H3pa3:

(6.32) Ry=A.L"
KBJETO Ry € CHIIPOTHBICHUETO Ha OoTOpE3nCcTOpA;

L — ocBeTeHoOCTTA;

A U OL — KOHCTAHTH.

CTOHHOCTTAa Ha KOHCTaHTaTa O, 3aBHCH OT MaTEPHANd U TEXHOJIOTHATA HA
npou3BoAcTBO U 3a CdS e okono 0,7 5o 0.9.

[TonynpoBoaHMKOBHAT (OTOPE3UCTHBEH MATepHAN Ce M3MON3BA Haii-4ecTo
BbB BH/l Ha OTJIOXCH ThHBK CJIOH BBPXY M30JIallHOHHA OCHOBA OT CTBHKJIO WM Ke-
pamuka (ur. 6.23). Upes nocpebpsBaHe ce Cb34aBaT KOHTAKTHUTE MIIOMIANKH 33

M3BOJHMTE. 3alMTATa OT OKOJIHATA CPEJia Ce OCUTYpsBa 4Ype3 Npo3payveH JIaKoB CJIOH
HJIH YpE3 XEPMETU3UPAHE B METAJIEH KOPIYC C ONTHYHO CTHKIIO.
DOTOPE3UCTOPUTE CE XaPaKTEPHU3UPAT ChC CIIEAHUTE napaMeTpHu:
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Conpomuenenue na mvMHo R, — onpenens ce npH mejiHa 3ammura Ha GoTo-
PE3UCTOpa cpelly BB3CHCTBHE HAa IIbBYCHHE W NMpH paboTHO HanpexeHue. [TpoTu-
YaUIMAT TOK ce HapyW4a TOK Ha TBMHO /..

Cwvnpomuenenue na céemno R, — onpenens ce npu ocsereoct 200 I1x u
paboTHo HanpexeHHe. [IpoTHyalMAT TOK ce HapHyYa TOK Ha CBET/O /...

Ha ¢ur. 6.24 e nokasana Bo/iT-aMnepHara XapaKTEpHCTHKA Ha doTopesuc-

TOp NpH nunca Ha ceeTauHa (@ = 0) u npu ocserenoct 200 Ix (@ > 0). 3aBucu-

MOCTHTE Ca IMHEHHH CaMo JI0 OMNpe/ieneHa CTOHHOCT Ha HanpexeHueTo U, Kosto
3aBHCH OT MOJIYITPOBOAHHUKOBHS MaTEpHaJl.

I A

hAA KA KR XA X AT IR TR IR B

I i
R R0
P00 0000000 0 0000

XIOOOVOOOOOOOOOOOON, IT
KepaMHKa B
(CTBKIIO) U, .U

Due. 6.23 Duz. 6.24

Cneyugpuuna yyscmeumennocm — onpezens ce ¢ OTHoweHueTo (hur. 6.24):

Al
- A
(6*33) K = tI)Up * /II].V'

Kpaero Al = I, — I, A;
' @ — CBETJIMHHHUAT MOTOK BBPXY CBETIOYYBCTBHTENIHHS CJIOH Ha (oTopesuc-
Topa npu ocBereHocT 200 1x, Im;

U, — paboTHOTO HanpexeHue, V.

Huepmuocm. Vi3MeneHuneTo Ha OTOTOKA NMpPH OCBETSBaHE Ha (JOTOPE3UCTO-
pa C NpaBOBI'BJIEH CBETAMHEH MMIYJIC € Moka3aHo Ha ¢ur. 6.25. Kpaiinure
CTOHHOCTH Ha ()OTOTOKA NpH HapacTBaHe — I, U HamansBaHe — I;, Ce yCTAaHOBSBAT C
M3BECTHO 3aKbCHEHHE CIPAMO HA4YaJ0TO M Kpas Ha CBETJIMHHUA MMnyJc. ToBa 3a-
KbCHEHHE OMpe/esss HHEPTHOCTTA Ha MPOLIECa U Ce XapaKTepu3upa ¢ BPEMEKOHC-
TaHTaTa T.

AKO ce mpueMe, Ye HapacTBAHETO M HAMANSBaHETO Ha (POTOTOKA CTaBa IO
€KCIIOHEHLIHANIEH 3aKOH, T € BpeMeTo 3a u3MeHeHue Ha (otoroka ¢ 0,63Al. Ha
MpaKTHKa CKOPOCTTa Ha HapaCTBaHE Ce OTJIMYaBa OT CKOPOCTTa HA4 HaMajsiBaHe,
Mopajax KOETO (POTOPE3UCTOPHTE CE XapaKTEPU3UPAT C BPEMEKOHCTAHTA HA Hapac-
TBaHE T, H BDEMEKOHCTAaHTa Ha HaMalsBaHe Ty (T, < Ty). UHepTHOCTTA Ha doTOpe-
3UCTOPUTE 3aBUCH OT IOJTYNPOBOAHUKOBHUS MaTEPHAJ.

HsKOM MpOM3BOAMTENH OLEHABAT WHEPTHOCTTa HAa (OTOPE3IUCTOPHTE CHC
CKOpPOCTTa Ha HU3MEHEHHME HAa CBHIIPOTHBJIEHUETO INPH NMPEMHHABaHE OT THMHO Ha
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AR
cBeTsi0o U obpatHo —— , k€2/s. CkopocTTa Ha M3MEHEHHETO Ha ChIIPOTHBJIEHUETO
4

[MPH MPEMHUHABAHC OT CBETJIO HA TBMHO € [10-MaJIKa B CpaBHCHHE C GﬁpﬂTHHH IpolLec.

Que. 6.25

Cnexmpanna xapakmepucmuka. Onpejens 3aBUCHMOCTTa Ha (JOTOTOKA OT
ObDKMHATA HAa BBJHATA Ha abyeHHeTo (dur. 6.26). XapakTepUcTHKaTa C€ CHeMma
MpU OINpPEJEIEHH CTOWHOCTH Ha OCBETEHOCTTA U paboTHOTO HanpexeHue. Dorope-
3UCTOPUTE IMOKa3BaT MAaKCUMaJHO M3MeHeHHe Ha (potoTtoka Al = Al, npu xapak-
TEpHA 3a MaTepHalia Jb/DKMHA Ha BhjHaTta (okono 680 nm 3a CdS).

DOTOPE3UCTOPUTE CE M3MOJ3BAT 32 HEKPUTUYHH KBM CKOPOCTTa Ha M3MEHe-
HHETO HA ChCTOSHUETO MY €JIEKTPOHHH U €JIEKTPHYECKH YCTPOHCTBA.

NUudopmauus 3a BCAKaKbB BHJ PE3UCTOPH MOXKE J1a C& HAMEPH B MHOTO HH-
TEPHET-CTPAHUIIH. M3BeCTHH M OOXBaljallld MOYTH LEAHA CIEKThP OT MacHBHHU H
aKTUBHH €JIEKTPOHHHM enemMeHTH ca komnanuute Heynen (http://www.heynen.com)
u Farnellinone (http://www.farnellinone.com), KOMTO JOCTaBAT €IEMEHTH, Mpea-
raHH OT U3BECTHH MPOU3BOAUTEIHN B LIETUA CBAT.

Al o
AIIII
» CdS
PbS
60
40
20 -

0,2 0,6 1,0 1,4 1,8 2.2 2,6 3.0
A, Hm
Duz. 6.26
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7. KOHOEH3ATOPM

KoH/IeH3aTOpUTE ca OCHOBHHM IPajWBHH MMaCHBHHU €JIEKTPOHHH EIIEMEHTH 3a
e/IEKTPOHHUTE anapaTypu. TeXHHUTE CBOMCTBA [1a HE MPOIMYCKAaT MOCTOSHEH U Mpo-
MycKaT MPOMEH/IUB TOK, [1a HATPYNBAT €JIEKTPHYECKH 3aps/u U MO TO3H HAYMH Ja
ChXpaHABAT €HEeprus, C HHAYKTUBHHA 000MHHM 1a oOpasyBaT TpenTALIH KPBroBe or-
penenaT U npuiaoxeHuero uM. KoHaeHsaTopuTe ce u3non3paT 3a H3rpaxkJaHe Ha
TPENTALIM KProBe 3a HUCKH W BUCOKH YECTOTH, 32 YECTOTHH H (Pa30BH KOPEKTOpH,
KaTo OJIOKHpALX U pa3leIUTEIHU €JIEMEHTH, 3a MoJIy4yaBaHe Ha HMITYJICH C rojisima
MOLIIHOCT, KaTO INOCTOSHHHU M INPOMEHJIMBH KamnaLMTHBHH ACIMTEIH Ha Harpexe-
HHUE, B MCKPOTaCHTEIHH CXEMH H AP.

7.1. KITACU®UKALINA HA KOHOEH3ATOPUTE

Kato ce umar npeasuja pa3zHOOOpa3HUTE HM3UCKBaHUs, KOMTO C€ TOCTaBAT
KbM KOHJICH3aTOPHUTE, KIacH(UKALMATA UM MOXKE Aa Obae HarnpaBeHa M0 PasInyHu
MPHU3HALH.

KOHIeH3aTOpH € MOCTOSHEH KanaluTeT (MOCTOSHHM KOHAEH3aTOPH) — ToBa
ca KOHJIEH3aTOpH, YHMTO KanaluTeT HE MOXE Ja Ce U3MEHs 10 BPEME Ha €KCIJloa-
TaLMATA UM.

KoHneH3aTopH ¢ MPOMEHINB KanauuTeT (MPOMeHIMBH KOHIEH3aTOPH) — To-
Ba Ca KOHIEH3aTOPH, YHHTO KaNalLMTET MOXE J1a C€ U3MEHs 1o BPEME Ha €KCIIIoa-
TalMATA UM.

KoHeH3aTOpUTE ¢ MOCTOSHEH KamalMTeT MOraT aa c€ KJIaCH(QULMpPAT no
IBa OCHOBHH IMPH3HAKA:

— I10 BHJIa HA IHEJIEKTPHKA,;

— 10 KOHCTPYKTHBHH NOKa3aTEJH.

~ Kiacudukauusara no Buaa Ha QUENEKTPUKA € OCHOBHA. Cnopen Hesl, KOH-
JNE€H3aTOPHTE CE pa3e/AT Ha CICAHHTE BUIOBE:

1. Konaensaropu ¢ razoodpaseH AMENEKTPHK: Bb3AYLIHH, ra30HAIMBIHEHH,
BaKyyMHH.

2. KonzaeH3aTtopu ¢ Te4eH AUENEeKTPHK.

3. KonzeH3aTopH ¢ TBBPJ OpPraHM4YeH AMENEKTPHUK: KHHXXHH, CbC CHHTETH-
YeH OpPraHHYeH JMENIEKTPUK (ITOJTMCTHPOJIHHM, MOJTHETHIEHTepe()TAIaTOBH, MOJHeC-
TEPHH, NMOJUNPONUICHOBH, NOJUKApOOHATHH H JIp.).

4. KoHneH3aTopu ¢ TBbpJl HEOPraHWYeH AUENEKTPHK: CIIOACHH, KEpAMHYHH,
CTBKJIEHH (CTBKJIOEMaMHIHH, CThbKJIOKEPAMHYHH ).

5. KoHneHsaTtopy ¢ OKCHAEH [HENEKTPHK (eJIeKTpOJHMTHH H OKCHIHO-
NMOJYNPOBOJAHUKOBH): aTyMHHHEBH, TAHTAIOBH, HHOOHEBH.

KoHneH3aTopUTe ¢ NPOMEHIUB KalaLKUTET, OCBEH MO BH/JA HA JHEIIEKTPHKA,
Ce pa3fenAT ¥ Ha MPOMEHJIMBH KOHIEH3aTOPH C:

— MEXaHHYHO YNpaBJICHUE HA KanalMUTeTa;

— EJIEKTPHYECKO YNpaB/IeHHE Ha KanauuTeTa (BapUKOHIH).
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KonzeHsaTopuTe mMorar Ja ce KIaCHQUUHPAT W crope] pexuMa Ha pabora,

Paznuyagar ce ClIeIHUTE OCHOBHH PEXKHMH Ha pabora:
1. ITpy NOCTOSAHHO HaNpeXKEeHHeE.

2. Ilpy MPOMEHIIMBO HANpEKEeHHE ¢ npoMuLIIeHa YecToTa (f = 50 Hz).
3. llpn mpOMEHIIMBO HaNpeXeHHe ¢ HUCKa YecToTa (f = 200+20000 Hz).

4. Ilpu npomMeHIMBO HanpexeHHue ¢ BUucoka yecrora (f= 0,02+100 MH2z).
5. Ilpy HMNYJICHO HanpeXeHHe.

7.2. NMAPAMETPU U CBOUCTBA HA NOCTOAHHUTE
KOHOEH3ATOPU

[TapameTpuTe Ha MOCTOAHHUTE KOHAEH3ATOPH Ca:

— HOMMHAJIEH KanauMuTeT U JIONMYCTUMH OTKIOHEHHUS (TOJNEpaHc);
— HOMUHAJIHO HAIPEXEHUE;

— U3MMTBATEIHO HAIIPEXKEHHUE;

— TeMIepaTypeH KOePULIMEHT Ha KanaLMUTeTa Ha KOHAEH3aTopa;
— M30JIAUMOHHO CHITPOTHUBJICHHE;

— BPEMEKOHCTaHTAa,;

— KOoe(ULIMEHT Ha 3arybure;

— ITbJIHO CHIIPOTHUBJICHHE;

— cTabMIIHOCT.

Homunanen xanayumem Cy. KoHjieH3aTOPBT NpEACTaBIABA CHCTEMA OT

ABa €JIEKTPOJa, pa3/ICieHH ¢ aueneKkTpuyeH Marepuan (dur. 2.2). KanauurersT Ha
TaKaBa CHCTEMa CE€ U34YMCIIABA MO U3pasa

S
(7.1) C=¢¢€,—,
r ﬂd

KBJETO €, € OTHOCUTEJIHATA NHEIEKTPHYHA IPOHULIAEMOCT Ha JIHEIEKTPHKA;
S € NOBbPXHHHATA Ha B3aHMHO NPHIOKPHBAHE Ha [BATa €JIEKTPO/a;
d e nebenvHaTa Ha AUENEKTPHKA.
Ot (7.1) e scHO, Y€ BbpXy (DOPMHMPAHETO Ha KaMalMTETa OKA3BAT BIIMSHHE

AACIICKTpUYHATA NMPOHHUAEMOCT Ha OUCICKTPHYHHA MaTCpHall H T’COMECTPHYHHUTEC
pasME€pH Ha CUCTEMaATA.

KonneH3aTOpUTe Ce MpOM3BEKAAaT C HOMMHAJIHH CTOMHOCTH Ha KanaLuTera

W TOJICPAHCH CBITIACHO napameTpuuyHuTe penose E6 no E192. 3a enektponurHute
KOHACH3aTOPH AOMYCTUMHTE OTKJIOHEHMS OT KamaluTeTa MOrar na 0saar u HecH-

METPHYHH CIPAMO HOMHMHanHata croHHocT — (+30%, -10%), (+50%, -10%),
(+50%, -20%), (+100%, -20%). 3a KOHIEH3aTOPH C MHOIO MaJlKH CTOMHOCTH Ha
HOMHHaNHHA KanauuTeT Cy < 10 pF, TonepancsT ce 3a1aBa B aGCOMOTHH CTOMHOC-
™ - 10,1, £0,25, £0,5 u £1,0 pF.

TonepaHChT ce 03HayaBa BbPXY KOHJEH3aTOpa ¢ OYKBEH KO CHIIacHO Tabil.
1:1.
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Tabnuua 7.1
BykBeH KO/ Ha TOJIE€paHca

Homunanno nanpexcenue Uy. ToBa € NOCTOAHHOTO HANpe)XEHHE WIIH
edEKTUBHATA CTOMHOCT HA NMPOMEHJIHBOTO CHHYCOWJAIHO HANpPEXEHHE C HOMM-
HaJIHA YeCcToTa, KOETO MoXe na ObJe NPUII0KEHO HENMPEKHCHATO KbM U3BOJAMTE Ha
KOHJEH3aTOpa, NPH KOATO M [a € TeMIepaTrypa OT TeMIEpaTypHUs 00XBaT Ha CbOT-
BETHATa KJIMMAaTHYHA KaTeropus.

3a TemrnepaTypH Ha OKOJIHATa Cpe/ia HaJl ropHaTta rpaHH4Ha TemIeparypa,
onpejelieHa OT KJIMMaTHYHATa KaTerops, HOMHHAJIHOTO HanpeXeHHe HamansiBa.
Ha ¢ur. 7.1 ca noka3anu 3aBucumoctute Uy = f(T,) 3a nonueTHIEHTEPEPTIATOBH
KOHJIEH3aTOpH OT KJIMMaTHyHa Kateropus 45/085/21.

U ¥V '
630
600

500

400

r

300
250

200
160

100
63

- - —

0 20 40 60 80 100
/ il &

Que. 7.1
AKO B KaTajora ca rnoco4eHH J0NyCTUMHTE e(eKTUBHH CTOMHOCTH Ha Mpo-

MEHJIUBOTO HanpexeHHe Uygmax U NPOMEHIHBHSA TOK [ finax, HOMHHAJIHATA YECTOTA
MOXeE JIECHO Jia ce u34yuciau. Karto ce uma npeasuj, e
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HOMHHAJIHATa YECTOTA fy, 10 KOATO MOXe J1a Ob1e H3MON3BaH KOHEH3aTOPA e:

(7.2) o !

eff max

. 2nCU

KbJeTO C € KanauuTeThT Ha KOHIEH3aTopa.
HomuunanHoTo Hanpexenne ce u3bupa ot pena 6,3: 10: 16: 25; 40; 50: 63
100; 160; 250; 400; 500; 630; 1000; 1600; 2000; 2500; 3000 V. Nl
Hinumeamenno nanpexcenue U,,,. ToBa e HanpexeHueTo MPHIIOKEHO KbM
M3BOZMTE HIIH KbM H3BO/IMTE, CBBP3aHH Ha KBCO, H KOPMYCa, KOCTO KOHAEH3aTOphT
MOJXKE HM3Ibpa 3a KpaTko Bpeme (ot 5 10 60 s) 6e3 npobus. Korato m3nutrare.
HOTO HaMpeXEHHE € TNPHIIOKEHO KbM H3BOAMTE, HErosara CTOMHOCT e /. -

Hin =

b

eff max

Mym 200 V).
Temnepamypen Koegpuyuenm na Kanayumema na Kondensamopa oy To-

31 TIapaMETBp € MsApKa 3a TeMnepaTypHata CTabHIHOCT HAa KOHIEH3aTOpa. Ol ce
H34YHCJIABA 110 W3BECTHUA H3pa3

(7.3) e =3 oc-t,

CdT
Karo ce uma npeasua uspasa (7.1) iecHO MOXe J1a Ce noayyu, ue
(7.4) Olc = Ol + Clg — Oly.

Ho o5 = 0, uin Ol¢c = 0 , T.€. TEeMIEePaTYPHHUAT KOSPULMEHT HA KANALNTETa 3aBHCH
OT TeMNEpaTypHHUs KOCPUIIMEHT Ha IHENEKTPHYHATA POHUIIAEMOCT.
3a KOHJEH3aTOpH ¢ uHeiHa 3aBucuMocT C = f(T) B paGoTHHS TeMmepaTy-

PEH HHTEpBaJ, TEMNEPATYPHHUAT KOCHUILIMEHT € MOCTOAHHA BEJTHYHHA U MOXKE /12 Ce
H3YUCIIHM 10 M3pa3a

(7.5) O = G, -G ,
(T, -T,)
kbaeTo C; € KanauuTeThT Ha KOHAEH3aTopa npH Temneparypa T\
C; — KanauMTeTHT Ha KOHAEH3aTOpa IpH TeMmmnepatypa Ts;

C; — KanauMTeThT Ha KOHJeH3aTopa nmpH Temneparypa 2012 °C.

O4YeBHIHO TEMMNEPATYPHHUAT KOS(PHLIMEHT MOXKE Aa UMA TOJIOKHTEIHU HIIH
OTPHLIATETHH CTOHHOCTH, OKOJIKOTO O HA W3MON3BAHHTE AUENCKTPHYHH MaTepH-
i MOXe 12 ObJie MONIOKHTENEH UM oTpuuareseH. [IpousBexaarT ce U KOHeH3a-
TOPH C HyJIEB TEMIIEPaTypeH KoepuuueHT — ot = 0+£30.107° °C~ ',

3a KOHIEH3aTOPH C HeluHelHa 3aBucuMocT C = f(T) B paboTHHS TeMIepa-
TYPE€H MHTEPBAJl C€ MMOCOYBA 3aBUCMMOCTTA Ha OTHOCHTEJIHOTO U3MEHEHHE OT TEM-
neparypara AC/C = f(T) (¢wur. 7.2).

H3onayuonno cvnpomuenenue R,,. ToBa e eleKTpUYECKOTO CHIPOTHBIIE-
HHE MEXIY H3BOAMTE HAa KOHAEH3aTOpa, H3MEPEHO TNpPH ONpEIENeHO MOCTOSHHO
HaMpeKeHHe, CJIC/L KaToO NPOLECHTE Ha MOJIAPH3alMA B JJHEIEKTPHKA Ca 3aBBpLIH-
JIH, T.C. H30JALHOHHOTO CBIIPOTHBICHHE HA KOHJIEH3aTOpa Ce H3MEPBA MpPH yC/I0-

BUSATA 32 M3MEPBAHE HAa M30JALUHOHHOTO CBHIIPOTHBIICHHE HA JIHENEKTPHYHUTE Ma-
TepHaau — uspas (2.39).
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Pl = R,
2 l

Duz. 7.2 Duz. 7.3

Bpemexoncmanma T. BpeMeKOHCTaHTaTa C€ H34HCIIABA 10 U3pasa

(7.6) 1= RH:,-CN, S.

U301allMOHHOTO CBNPOTHBIICHHUE CE ABABA napajejiHO BK/IKOYEHO Ha Karallu-

Tera Ha koHjeH3aTtopa (dur. 7.3), mopaar KOETO BPEMEKOHCTAHTATa XapaKTEPH3H-
pa CBOWCTBOTO Ha KOHEH3aTOpa JIa Ce CaMOopaspeik/ia MpH OTBOPEHH HIBOJH.

Ot ¢ur. 2.2 1€CHO MOXE J1a Ce MOIYYH, Ye

(7.7) Ry, = p% .
Kato ce u3non3gat uspasure (7.1) u (7.7) or uzpasa (7.6) ce nonxydasa
(73) T = pE’}'_-“O‘

KBIETO P € crieu(pHYHOTO CHIIPOTHBJICHHE HA AHENICKTPUYHMS MaTepHall;

€, — OTHOCHTE/IHATA JIHEIeKTPUYHA NIPOHULIAEMOCT Ha MaTepHaa;

€y — EJIEKTPUYHATA KOHCTAHTA.
Ot u3pa3s (7.8) ce Bk, 4y& BpEMEKOHCTAHTAaTa Ha KOHACH3aTOpa HE 3aBHCH

OT KanaluTeTa U FeOMETPHYHHUTE MY Pa3MEpH, a 3aBUCH CaMO OT NapaMeTPHUTE Ha
JMENEKTPUYHUA MaTepHall.

Koeguyuenm na 3azybume tgd. To3u KoeQHLMEHT XapaKTepH3nupa 3aryou-

Te Ha eHeprus B KOHJeH3aTopa. [IpH onpenensHeTo My TpsOBa a ce WMa NpeaBu/,

ye ocBeH 3aryOuTe OT MoNspU3aliks HA JAWENEeKTPHKa, MMa U 3ary0H B METalHHTE
ENIEKTPOAX ¥ H30JaLHOHHOTO CBIIPOTHUBJICHHE HA KOHCH3aTOpa. B takbB ciyuyan

eKBHBAJICHTHATA CXEMa Ha KOH/eH3aTopa e MMa Bua rnokaszan Ha ¢ur. 7.4. Iloc-

JIe/I0BATEIHO CBHP3aHOTO CBHIPOTHBIIEHHE Iy, € EKBHBAJIEHTHO Ha 3arybure B Me-
TaJIHUTE YaCTH HAa KOHJEH3aTOPAa M Ce Onpe/iens OT ChIPOTHBICHUETO HA U3BOJIUTE,

Ha KOHTaKTHTE MEXIy M3BOJHMTE M eNeKTpoauTe U Ha enexrpoaute. Koepuunen-

ThT HaA 3&1"_‘/5HT3 Ha KOHJAEH3aTOopa MOXKE Jia C€ NPEACTABH KATO

(7.9) tgd = tgdy, + tgdy; + tgd;

kbaero tgd, = or,C;
1

®R,,C
tgd, — Koe(HLMEHTHT Ha 3aryOUTEe Ha AMENEKTPHYHHSA MaTepHall.

tgod w3
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Que. 7.4

MN301alMOHHOTO CBNPOTHBICHHE HA KOHJEH3ATOPHTE € MHOTO TONSAMO
(>10GL2) u He 3aBHCH OT 4ECTOTaTa, PECMEKTHBHO tgd,, — MHOTO MajiKo. T.e

CTOHHOCTTA Ha tg0,; MoXe J1a Obae npeHeOpernara. Hapacteanero Ha KO€(HULIHEH-

Ta Ha 3aryOuTe NpH BUCOKH YECTOTH C€ OMpeesis OT HAPACTBAHETO Ha 3arybure B
METaJIHUTE YaCTH Ha KOHJeH3aTopa (tgd,, = wr,O).

AKTHBHHTE 3aryOu Morar Jia ce M34HCJIAT 1o W3pasa
(7.10) P = U'wCtgd, W.

ITvnno cvnpomuenenue na Kondensamopa Zc. Beexn KoHIEH3aTOp MMa
onpezaeneHa coOCTBEHa UHAYKTHBHOCT L¢, KOATO 3aBHCH OT AB/DKHHATA HAa H3BO-
JAMTE, OT HAYWHA HA CBBP3BAHE HA M3BOIMTE C €JIEKTPOJAHMTE H OT KOHCTPYKLIMATA.
AKO Ce W3I10/I3Ba 110C/Ie/10BaTe/IHa EKBHBAJIICHTHA CXEMa M B Hes Ce OTPa3u CoBCT-

BEHAaTa HHAYKTHBHOCT Ha KOHIEH3aTOpa, LIe Ce MOJIy4Yd eKBMBAJIEHTHATA CXEMa OT
¢ur. 7.5 a. ToraBa MbIHOTO CHIPOTHBIIEHHE HA KOH/IEH3aTOPA €

2
1
(7.11) Z; = r2+[(ﬂlc—— .
\ wC
B nony4eHHAT nocienoBareieH TPENTAIL KPbI HACTBNBA PE30HAHC MPH Yec-
1
TOTa (), 32 KOATO € M3MBJIHEHO YCIOBHETO M ,L =ﬁ' Torasa Z¢ = r (dur. 7.5
P

6). 3a 4ECTOTH MO-TOJIEMH OT PE30HAHCHATA, IBIHOTO CHNPOTHBICHHE HMA MH/YK-
THBEH XapakTep.

IZEI: ﬂ ‘

Due. 7.5
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Cmabunnocm na kondenzamopa. C Te4eHHE HA BPEMETO NapaMeTpUTe Ha
KOHIeH3aTOPUTE CE€ M3MEHAT, MOPaJH MPOTHYALIKUTE B TAX (HU3NKO-XUMHYHH NPO-
ecH, xapaKTepH3Hpalld "CTapeeHEeTO" Ha MaTepHaMTe, OT KOMTO € M3rpajeH
KOHIeH3aTopa. 3a OLEHKa Ha CTaOMIHOCTTAa HA KOHICH3aTOPUTE BbB BPEMETO ce
AC

M3MOJI3yBa U3MEHEHHETO HA KaraluTeTa BbB BPEMETO —
&

(;) WJIK HAJEXIHOCT-

HUTE UM XapaKTEPHCTHUKH.

7.3. NMAPAMETPU U XAPAKTEPUCTUKWU HA NPOMEHITUBU
KOHOEH3ATOPHU

M3meHeHHeTO Ha KanaluuTeTa Ha NMPOMEHIHBH KOHIAEH3AaTOPH C €JICKTpHYEC-
KO ynpaBJIeHHE Ha KamalMuTeTa ce MoJy4YyaBa Ype3 M3MECHEHHE Ha JHENeKTpHYHATa
MPOHHMLIAEMOCT Ha QUEIEKTPHKA Ha KOHIEeH3aTopa. HanpuMmep, ako B KOHJI€H3aTopa
€ M3MOJI3yBaH HEJIHMHEEH AUENIEKTPUK (ChC CIMIOHTAHHA MMOJIAPU3ALIMA), YUATO AHE-
JIEKTPUYHA MMPOHMULIAEMOCT 3aBHCH OT MHTEH3HTETA Ha EJICKTPHYECKOTO MoJe, pec-
MEKTUBHO OT HanpexeHuero (¢pur. 2.19 ), Moxe /1a ce nojy4yd H3MEHEHHE Ha Kara-
LIMTETa Ha KOHJEH3aTopa B 3aBHCHMOCT OT HAMpeKEHHETO MY, T.€. EJICKTPUYECKH
ynpasiseM kanauuter. Heyno6cTBOTO Ha M3MOJI3BAHETO HA TE3H KOHJEH3ATOPH €,
4ye 3aBUCHMOCTTA Ha U3MEHEHHE Ha KanmauMTETa 3aBHCH OT 3aBHCHMOCTTA Ha U3MeE-
HEHME Ha JHWeleKTpHYHATa MPOHHMLIAEMOCT M MOpajH TOBa € HEBB3MOXHO Ja Ce
MPOEKTHPAT KOHCTPYKUMH ChC 3aaA€HH (QYHKLUHOHATHH XapaKTEPHCTHKH HA H3-
MEHEHHETO Ha Karnalurera.

M3MeHeHueTo Ha KamalMTeTa Ha MPOMEHIWBH KOHAEH3aTOPH C MEXaHHWYHO
yIpaBJIeHUE Ha KaNalUTeTa MOXE /a CTaHE MO ONpe/ieieHa 3aBHCHMOCT ChIIIaCHO
MOCTABEHUTE M3MCKBaHMA, T.€. Bb3MOXKHO € /Ia C€ MPOEKTHpa TaKkaBa KOHCTPYKLIHSA
HAa NPOMEHJIMBHA KOHIEH3aTOp, NPH KOATO M3MEHEHHETO Ha KamauuTeTa My Ja
cTaBa I10 NPeABAPUTETHO onpeeieHa PYHKUHOHAIHA XapaKTepHCTHKA.

[IpHHUMNBT HA W3MEHEHHE Ha KamaluuTeTa NpH MEXaHHYHO YNpaBIACMH
NMPOMEHJIHBH KOHIEH3aTOPHU CE OCHOBaBa Ha M3MEHEHHETO Ha MOBHBPXHHWHATA Ha
B3aUMHO MPHITOKPUBAHE HA €JIEKTPOAUTE Ha KOHJAEH3aTOpa, T.C. K3MECHECHHE Ha aK-
THBHATa NMOBBbPXHUHA. [IpH TOBa H3MEHEHHE EUHHUSA €IEKTPOJI € MOJABHKEH, a APY-
rus — HenoasmxeH. [ToABMXHHUAT €IEKTPO/L € NPUKPENEH KbM CUCTEMA, KOATO MO-
K€ J1a IO JBM)KH BBPTEJIMBO WIM NMOCTbNaTenHo. M3MeHEeHHEeTO Ha KamauuTeTa
MOJXKE ZIa CE€ OCBILECTBH MO HAKOJIKO HAYHHA: peryjdpaHe Ha MOBbPXHHWHATa Ha
B3aHUMHO NPHUNOKPHBAHE MEXAY EJIEKTPOAHTE Ype3 BbPTEIHBO WIIH MOCTHINATEIHO
JIBH)KEHHE Ha MoABWXKHUA enekTpol (dur. 7.6 a u 6) unu peryaupaHe Ha pa3cTos-
HHeTO Mexay enekTpoaute (¢dur. 7.6 6). B nbpBus ciayyai ce H3MEHs CTOMHOCTTA
Ha S, a BEB BTOpUA — Ha d B u3pa3a (7.1). Hali-ronsmo pasnpocTpaHeHHe ca Hame-
PHJIH TIPOMEHJTHBUTE KOHAEH3aTOPH C BHPTEIUBO ABHXKEHHE HA MOABHXHHA €JICKT-
poa. OOMKHOBEHO MOJABHXHHUA €IEKTPOJI NMPEACTAB/IABA CHCTEMA OT €JIEKTPHYECKH
CBHP3aHH YCMOPEIHH METAJIHH TUIACTHHH, 3aKpeneHu KM oc (porop) (¢ur. 7.7), a
HEMOJABHKHHSA €JIEKTPOJl € ChILO CUCTEMA OT €JIEKTPHYECKH CBBP3aHH HEMOABHIKHH
YCIOpPEIHH METATHH TUIACTHHH (CTATOp).

177




(LLLLLL N L

FETFETFIFTFFFTFFFIIF

IS FFTTTEFFFTFIL

a 7] 8
Duz. 7.6
~CMM£""-@-‘
J
UL
Due. 7.7 Due. 7.8

OcBeH ¢ MapaMcTpHUTE HA NOCTOAHHHUTE KOHACH3aTOpH, NPOMEHIIMBHUTE KOH-

JICH3aTOPH C€ XapaKTEPU3UPAT U C HAKOM CeUH(DUIHU MapaMeTpH M XapaKTepuc-
THKH.

Munumanen kanayumem C.,. TOBa € KanauuTeThT HA KOHIEH3aTopa INpH
Brbj O = 0, T.e. MHHUMAJIHA MOBBLPXHHHA HA Npunokpusane (¢ur. 7.8). To3n Ka-
MALMTET CC ONPEAEA OT KOHCTPYKLHATA H MaTEPHATHTE HA KOHIEH3aTOPA.

Maxcumanen kanayumem C,. ToBa e KanauuTeTsT NpH BIHa O = 180°,

T.€. MAKCHMAJTHA MOBBPXHWHA HA NpunokpuBaHe. CTOMHOCTTA HA TO3M KarauuTeT
3aBHCH OT NOCTABEHUTE U3HCKBAHHA KbM KOHIEH3aTOpA.

PYHKYUOHANHA XAPAKMEPUCMUKA HA NPOMEHAUGUSA Konoenszamop. Tosa
e 3aBucuMocTTa C = f(0). 3MeHeHHeTo Ha NOBHPXHHHATA HA B3aMMHO PHUITOK-
PHBAHC Ha CJICKTPOIAHMTE € MPONMOPILHUOHAIHO HA BI'bjia HA 3aBBPTAHE (L HA TOBHX-
HUA CNPAMO HETIOABHIKHHUSA CJIEKTPOJ M 3aBHCH OT NpoduiIa Ha MOABHIKHHUS €JIeKT-

poa. Ilo 4ecTo ce u3NON3yBaT NPOMEHIMBM KOHAEH3AaTOPH ChC CIEJHHMTE
(GyHKIMOHATHH XapaKTEPUCTHKH:

1. KanauuTHBHO-TMHEHHA — KaMaUUTEThT CE U3MEHA JIMHEHHO OT bI'bJIa HA

3aBbpTane (Qur.7.9 a). 3aBucumocTTa MeXIy KamauuTeTa Ha KOHIEH3aTopa M
bI'bJla Ha 3aBbPTaHE Ca OMKCBA OT H3pa3a

(7.12) C=A, +B,.q,

KbJeTO0 A, U B| ca KoeHIHEHTH.
2. HeCTOTHO-JIMHEHHA — KanalMTEThT C€ U3MEHN Taka, ye ce nojy4ana Jiu-

HEHHA 3aBHCHMOCT Ha PE30HAHCHATA YECTOTA f, HA TPENTALIMS KPbr (pwur. 7.9 6), B
KOHTO y4acTBYBa MPOMEHJIMBHS KOH/IEH3aTOP:
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C A fA Ad
Lot MRS RS Jo
| P
e i 14
- :
0 180° a° 0 180° a° 0 180° o®
a 6 4
Due. 7.9
(7.13) Jfo = k(A; + B,.00),

KBIETO Aj, B2 ¥ k ca KoepULIHEHTH.
Karo ce uma npeJBui, ye f, Ha TPENTALIUA KPbI' 3aBUCH OT HHAYKTHBHOCTTA
L na 606uHaTa 1 kKanauurera C Ha KOHJEH3aTOPa, OT KOMTO € W3rpalieH:

1

(7.14) = :
T J2nLC
3@aBHCHMOCTTA Ha KanauuTeTa OT BbI'bJia Ha 33B'praHe i iUMa BH1A
|
(7.15) C= —.
(Az + B, -U)

Ot uspasure (7.13), (7.14) u (7.15) necHo MOXe Jia Ce MONY4H, Ye

k=1

Znﬁ i

3. BbiHOBO-IMHEHHA — Ta3W XapaKTEpPUCTHKa € MojJoOHa Ha 4YeCTOTHO-

JIMHEHHATA, CaMO Y€ TYK Ab/DKHHATA Ha BBJIHATA A HAa TPENTEHHATA CE€ M3MEHS JIU-
HEHHO OT bI'bJia Ha 3aBbpTaHe (dur. 7.9 6):

(7.16) A= ki(Az + Bg,.fl),
KBIETO k1, A3 U B3 ca KoepULIMEHTH.

Karo ce uma npenBuj, ye
(7.17) Af=¢

KBAETO A € IBbJDKMHATA Ha BBJIHATA,
f—4ecroTara;
=3.10%, m/s — CKOPOCTTa Ha CBET/IMHATA,
3aBUCHMMOCTTA Ha KaMalKTeTa OT brbJa Ha 3aBbPTAHE €

(7.18) C = (A3 + B3.a)%

JlecHO MOXe n1a ce npoBepH, ue k; = k.c.
4. JlorapuTMHYHO-THHEHHA — JIOTADUTHBMA Ha KalalMuTeTa ce U3MEeHs JTHHEI-
HO OT bI'bJIA HA 3aBbPTaHE:
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(7.19) InC = A4 + Bs.CL,

KbaeTo Ay U B; ca KOEPHIIHEHTH.
3aBMCHMOCTTA Ha KanauuTeTa OT bI'bjla Ha 3aBbPTAHE €

(7.20) C = Asexp(Bs.Q).

Momenm Ha 3a06udceane u Ha evpmene Ha pomopa. Te3u napameTpu ca
OT 3HAYEHHWE 3a JAUCTAHLIMOHHOTO YIPaBJICHUE HA CJIEMEHTHUTE 3a HACTPOHKA Ha
eJeKTPOHHHUTE anapaTypd. MOMEHTBT Ha 3a/IBMXKBAHE OKa3Ba BIIMAHHME BBPXy
MJIABHOTO peryJiMpaHe Ha KanalMTeTa Ha NPOMEHIHBUS KOHECH3aTOop.

Bubposakocm u eubpoycmoiiuusocm. OCHOBHUTE MEXAHHUYHU (PAKTOPH, Ko-
MTO BIIMAAT BBPXY €JIEKTPOHHUTE anapartypH, ca Bubpauuure U ynapure. Bubpos-
KOCTTA C€ XapaKTepu3upa C YeCTOTaTa M aMIUIMTyJaTa Ha BUOpAaLUHMHTE, HA KOMTO
KOHICH3aTOPBT MOXE J1a U3IBPIKH MPOIABKHTEIHO BpEME B HEPAOOTHO ChCTOSIHUE
6e3 MeEXaHHYHH MOBPENM M M3MEHEHHE Ha eJIEKTPHYECKUTE napameTpH. Bubpoyc-
TOMYMBOCTTA CE€ ONpEJIesisi OT aMIUIUTYaTa Ha BUOpaLMuTe, HA KOUTO KOHICH3aTO-
PBT MOXeE 12 W3IABPXKH B pabOTHO CHCTOSHUE, O€3 H3IMEHEHHE Ha ENIEKTPHYECKHTE
napamerpy. Bubpupanero Ha NIACTHHUTE H OCTAa Ha POTOPA BOAH JI0 H3MEHEHHE
Ha Pa3CTOSHHETO MEXIy POTOPHHTE M CTATOPHUTE IUIACTHHH M MOpanH TOBA Ha
KamalnuTeTa, ¢ yectorara Ha Bubpauuute. OcobeHo onacHu ca BUOpalLMuUTe ¢ yec-
TOTa, KOATO ChBMAJia C YECTOTATa Ha COOCTBEHUS MEXaHHYEH PE30HAHC Ha IMJIACTH-
HUTE, 3alI0TO TOraBa pA3KO HapacTBa aMILIMTYylaTa Ha TPEIITEHE.

7.4. KOHOEH3ATOPU C OPrTAHUYEH AUENEKTPUK

3a NpOM3BOACTBOTO HA KOHIEH3aTOPH C OPraHHYeH AHETICKTPHUK CE H3MOJ3Y-
BAT pasiMYHH MOJMMEPHHU IUENEKTPULIM, KOUTO MOraT Jia € M3TErJIAT Ha ThHKH
neHTH (10 HAKOJNKO MUKpoMeTbpa). Te Tpabsa na uMar J0CTaThb4yHA JAHEIEKTPH'HA
SKOCT, MAJIKH 3arybM ¥ no BB3MOXKHOCT I0-rojiiMa JHeIeKTPU4HA MPOHHIIAEMOCT.
OcBeH TOBa JMEIEKTPHYHATA JIeHTa TpAOBa Aa HMa J0CTaThb4YHA MEXaHH4Ha AKOCT,
MaJIKO OTHOCHTEJIHO yIbJDKEHHE W BUCOKA TEMIIEpaTypHa yCTOMYHBOCT.

KoHeH3aTopuTe ¢ OpraHUYeH AMENEKTPHK OT MOJIMMEpHa JEHTa 33 Kpart-
KOCT 1e ObJaT o3Ha4yaBaHW ¢ OOMIOTO HAMMEHOBAaHHE 'MOJMMEPHH KOHJEH3aTO-

pu".
CBoiicTBaTa Ha HAKOM OT TE3M AMENEKTpHIM ca pasrnefanu B 4.2.60.1 ¥

4.2.6.2.

EnexTpoauTe B KOHJIEH3aTOPHHA €JEMEHT Ha MOJMMEPHHTE KOHJECH3aTOpH
ce M3MBJIHABAT OT ATYMHHHEBO (OJHO WM KaTO METAJIEH CJIOH, HaHEeCeH 4pe3 Ba-
KYYMHO M3MapsBaHE BBbPXY NHMEIEKTPHYHATA JIEHTa (METaau3HupaH JIMENEKTPHK).
KOHIeH3aTOPUTE, H3ITbIHEHH C METATH3NPAH JHENEKTPHK, MPHTEkKaBaT CBOHCTBO-
To na ce "camoBb3cTaHoBaBat". ToBa 03HAauaBa, 4ye Clel JOKajleH NMpoOuB B JHE-
NEKTPHKA, KOHIEH3aTOPBT MOXE /1a Bb3CTAHOBH H30JIALMOHHOTO CH ChNPOTHBJIE"
Hue. MexaHu3MbT Ha CaMOBB3CTAHOBABAHE C€ OCBIIECTBABA, 3al0TO B MACTOTO HA
NOKaTHUsA NpoOHB Ce MojyyaBa rojisiMa MiIbTHOCT Ha TOKa, KOETO BOAH 10 H3napsi-
BaHE Ha METAJIHHA CJ0M B OKOJIHOCTTa Ha nMpoOuBa M MO TO3H HAYHH Ce nMpemaxsd
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KBCOTO CHEAMHEHHE MEXy eNeKTpoaAMTEe Ha KOHACH3aTopa. Cnen camoBb3CTaHO-
BABAHC CC NOJIy4aBa W3BECTHO HaMa/isBaHE HA KanmauMTETa, MOpaid HaMalABaHE Ha

e(pEKTUBHATA MOBBPXHHHA HA EJIEKTPOAMTE, NPOMNOPUHOHATHO HA MOBBLPXHUHATA
Ha U3TMapEHUs METAJIeH CJIOiA.

KOHIEH3aTOpHUAT eneMeHT Ha MOJMMEPHHTE KOHICH3aTOPH Hal-yecTo nma
[MIHHAPUYHA KOHCTPpYKUus (dur. 7.10 a). 3a eeKTpOAH C€ U3MON3YyBa alyMUHHE-
BO (DOJTHO MM METAJICH CJIOM HAHECEH Ype3 BaKyyMHO H3MapsBaHE BbPXY JMEJIEK-
TpU4HaTa JeHTa. Thil KaTo NpyM HAaBMBAHETO Ha KOHJEH3AaTOPHUSA €JIEeMEHT ABara
eJIeKTpO/ia Ce€ CBBP3BaT Ha KbCO, C€ NMOCTABA OLIE €Ha JUEJIEKTPHYHA JIEHTa, KOSTO
npeanassa OT KbCO CheIHHEHHE, HO ChIIO TaKa y4yacTByBa B 0Opa3yBaHeTO Ha Ka-

nauuTeTa Ha KOHACH3aTopa. KanauurersT Ha TaKkbB KOHACH34aTOPCH €JIEMEHT ce
H34HUCJIdBa IO HU3pasa

(7.21) C = 2¢,0blld, F,

KbAETO b € LIHpOYHHATa Ha METAJIHOTO (POJIHO, M,
[ — IbJDKMHATA HA METAJIHOTO (oJIHO, m;
d — nebenuHara Ha QUENIEKTPUYHATA JIEHTA, M.
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eJIEKTPO/IH

Que. 7.10

KoHIeH3aTOPHUTE €EMEHTH C [WJIMHAPHYHA KOHCTPYKIMS CE€ OTJIMYaBaT C
rojisiMa CTOMHOCT Ha coOcTBeHaTa MHAYKTHBHOCT. Hamanssanero Ha cobcTBeHara
WHAYKTHBHOCT Ha Ta3H KOHCTPYKLHA MOXE J1a CTaHe IO JBa HAYHHA!
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KGHﬂEm&TﬂpHH CJIEMEHTH C LUHUIHHIAPHYHA KOHCTPpYKLMS Morar Aa uMart U

miocka gopma — ur. 7.10 6. Ta ce mony4asa upes npecysane Ha HUIMHIPHYEH
KOHJIEH3aTOpEeH €JIEMEHT.

OcBeH UMIMHAPHYHA KOHCTPYKLMS, KOHIAEH3ATOPHUTE e/leMEHTH Ha TOJH-
MEPHHTE KOHJACH3aTOPH MOraT a UMaT U CJI0eCTa KOHCTPYKUMA (Tun "caHaBuy") —
¢ur. 7.10 6. Tasu KOHCTPYKUHUS CBLIO € GE3UHIYKTHBHA, 3aLI0TO KOHIAEH3aTOPHUST
€IEMEHT € C JaCTHYHO NPUIIOKPHBAHE HA €NICKTPOAMTE, U3BENCHH HA JBETE CTpa-
HHYHH CTEHH.

KoHneH3aTopute ¢ oOpraHMyeH JHEIEKTPHK Ce M3MOJ3YBAT MPH MOCTOSHHO,
MPOMEHJIHBO H HMIMYJICHO HalpeXeHHeE.

Ha ¢ur. 7.12 ca moka3zaHu THIMYHM 3aBHCHMOCTH Ha OTHOCHTEIHOTO H3Me-
HECHHE Ha KarauMreTa OT 4eCTOTara Ha MPHIOXKEHOTO Hanpexenune — AC/C =

= ((f), a Ha dur. 7.13 - Ha tgd = @(f). C nomolTa Ha Te3H 3aBUCUMOCTH MOXE na
ce u3bepe noAXoasIl KOHAEH3aTop 3a paboTa B onpeneneHa 4ecToTHa 06/1acT.
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6 JHEJIEKTPHK
Duz. 7.11

1. Upe3 pasmosiaraHe Ha W3BOJMTE HAa KOHJ/IEH3aTOPHHs CJIEMEHT TOYHO B
cpezara no Ab/DKMHATA Ha enekTpoauTe. I1o To3H HaYMH NPOMEHJIMBUAT TOK IPE3 ‘ 10? 10° 10*
eJIEKTPOJINTE MMa €JHAKBa CTOMHOCT M MPOTHBOMOJIOXKHA MMOCOKA B 1BaTa €JIEKTPO- 7 e
lla, KaKTo ToBa € Oo3HadyeHo Ha ¢ur. 7.11 a. CnenoBaTeHO MarHUTHHUTE MOJIETA, i 733
Ch3AAJIEHH OT NMPOTHYAHETO HAa TOKA Mpe3 ABaTa eNeKTpoja e ObaaT €AHaKBH, HO uss Que. 7.13
HACOYEHH MPOTHBOMOJOXKHO U B3aHMHO C€ HeyTpaiu3upar. B pesynrar Ha TOBA
cobcTBeHaTa HHAYKTHBHOCT HaMaIsiBa 10 MUHHUMYM,

2. Ypes u3non3BaHe Ha KOHACH3aTOPEH MAaKeT ¢ YaCTHYHO MPUIIOKPHBAHE HA
enektpoaute (dur. 7.11 6). IloppbpXHHMHATA HA B3aWMHO NMPUINIOKPHUBAHE HAa €NCKT-

OTHOCHTENIHOTO HW3MeHeHwe Ha C 4
KananuuTeTa OT TEMIepaTypaTa ca jaje-
HU Ha ¢ur. 7.14. TIII-koHaeH3aTOpHUTE 0f

POAMTE NMpM TaKaBa KOHCTPYKLMA € T0-MajlKa OT MOBbPXHHHATA HA €JIEKTPO/MTE, HMAT OTDHIUATENCH TeMMEpaTypeH Koe.

MopaZii KOETO ceé HaMaisfBa Kanauurera. B 3amsHa Ha TOBa, cleJ HaBMBaHC Ha A — = =4 |>

KOH/IEH3aTOPHHS EIEMEHT, EMHUAT EJIEKTPO/ € W3BEIEH IO LsIaTa My JB/UKHHA KUTENIeH, a Haii-BHCOKAa TeMmepaTypHa -8

Ha eJjHaTa CTPAaHUYHA CTEHa, a JAPYTHAT €NEeKTPOJ — Ha Jpyrara CTpaHM4YHa CTCHa. cTabunnoct umar [TK-KoHnen3atopu. -60-40-20 0 20 40 60 80 100
CTpaHHYHHTE CTEHH CE METAIH3UpAT (METAIHHAT CJIOH KOHTaKTyBa ChC CHOTBET- T °C
HHS eJIeKTPOJ MO LAJATa My JB/DKHHA) M 110 TO3H HAa4YMH Ce [0JyyaBaT M3BOAHTE Dus. 7 14 ’

Ha KOHJeH3aTopHHus enemeHT. Ilogo6Ha HamMoTKa ce Hapuya Oe3WHIYKTHBHA, 34
1oro cobcTBeHaTa U HHAYKTHBHOCT € HYJIa.

—

'TIET (PET) — nonueTuieHTepedranatuu, I1K (PC) — nonukap6onarau, ITI1 (PP) — nonunpo-
NHUJIEHOBH.
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B Ta6:. 7.2 ca naneHH nNapaMeTpUTe Ha HAKOM NOJMMEPHH KOH/IEH3aTOPH.

Tabnuua 7.2
[TonuMepHH KOHIAEH3AaTOPH

Tun ﬂ“f;“' Cy +8. % UV | tgdx107 | R. GQ
| MKT 370 0.001+1,
(Vishay) PET S uF 5. 10 63+400 <1.5 >30)
MKT 1802 PET | 0,001+4,
(Vishay) MY | 7uF 5 63250 <10 >1
B32231 0.15+10
’ 7‘
(EPCOS) PET o 5.10,20 | 100+630 <10 5
MKT-chip PET |0,001+10
1
AVID 5w uF 5.10 25+250 <10 >
MPT221 0,047+5
(KOFHC) PET P 510,20 | 634630 <10 7.5
MKP 479 0.01+3,9
(Vishay) PP UF 5 | 160+630 <] >100
B32652 0,001+0.6
(EPCOS) PP 8 5 400+2000
FKP2 (WIMA)| PP 0"0;;2'2 - 63:100 <3 >50
MPP221 0.033+1
(KOHUC) PP UF 5, 10, 20 160+630 | <2 >100
MKC 1858 0,01+0,33 ‘
(Vishay) PC P 510,20 | 63:100 <3 >50
H2 (ACC) PC O'O::;m 10 63:400 | <02 5200
] |
MKI-chip PPS? _
(AVX) (SM) 1+100 nF 5; 10 15+50 <5 >1

7.5. KOHOEH3ATOPU C HEOPTAHUYEH OUEJNEKTPUK

K®sM Ta3u rpyna ce OTHaciAT KepaMHYHHTE, CTBKJICHHUTE W CIIOJCHHTE KOH-
nensaropu. Tyk ca pasrieiaHu caMO KEpaMHYHHTE KOHICH3aTOPH, Thi KaTo JApY-
IHTE JIBa BHJ1a BEY€e HE CE MPOHU3BEXKIaT.

3a M3roTBAHE HAa KE€PaMHYHH KOHIEH3aTOPH C€ H3M0JI3yBa KOHJIECH3AaTOPHH
KepaMHKH, YHHUTO CBOMCTBA Ca MOCOYEHH B 4. 2.8.1.

KepaMuyHUTE KOHACH3aTOPH CE€ pa3JIeNAT Ha /iBa KJjaca:

¢ Knac I — ¢ 1MHeliHa 3aBUCHMOCT Ha Karnamurera OT TeEMIeparypara U Majl-
KM 3aryou (OTHOCHTEJIHA AWEICKTPUYHA MPOHHLAEMOCT Ha HM3IM0JI3YBaHHTE Kepa-

' KoncTpyKuus 3a nopbpXxHocteH montax (Surface Mount) — 4un KoH€H3aTOP.
2 PPS — nonudennn cyapua.
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MHKH €, = 6+250);

¢ Knac Il — ¢ HellMHEHHA 3aBHCMMOCT Ha KamnauMTeTa OT TeMmIiepaTypara M
no-roneMH 3aryoH (OTHOCHTENIHA IHEIEKTPHYHA MPOHHIIAEMOCT Ha HU3MOJI3YBaHUTE
KepaMHKH €, > 250).

TemneparypHuTe KOE(HIIMEHTH HAa KOHAEH3ATOPUTE Kiac | uMar cToiHOCTH
M C€ 03HA4YaBaT ¢ KOJ chriiacHo Tabi. 7.3. 3a konaen3aropure kiaac Il ce naBa Tem-

nepaTypHaTa 3aBUCHMOCT Ha KamalMTeTa ac__ . f(T), xaKTo € moco4eHo Ha
c(25°C)

¢wur. 7.15.

Tabauua 7.3

TemnepaTypHH KOEQHUHEHTH Ha KEPAMHUYHHUTE KOHIEH3aTOPH
bykBeHO-1IH(DPOB KON

N330
N470
N750
P100; N750
N1200
N1500

—

-30

-20
=25
-35-35-155 25 45 65 85 125

1, °C

Due. 7.15

KepaMuyHHTE KOHAEH3aTOPH CE€ TNPOW3BEXKIAT C AMCKOBA, NMPH3MAaTHYHA,
TppOHa M cnoecra (Tun "caHIBHMY"') KOHCTPYKIMA, MOKa3aHU CBHOTBETHO Ha
ur. 7.16 a, 6, 6 u 2. Enextponute Ha Te3u KOHAEH3aTOPH NPECTABJIABAT METAJICH
CJIOH, HaHECEeH BBPXY KepaMukaTa. M3non3yBa ce CBOMCTBOTO Ha HEOPraHWYHHTE
AUEJIEKTPULIH JIECHO @ C€ METAIIM3HUPAT ChC Cpedpo, NMpH KOETO ce nosiyyaBa Herl-

PEKBCHAT CIIOH C MaJKO CrneluM(HYHO CBHNPOTHUBIECHHE M C JOCTATHYHO roJAMa
aZxe3usi KbM NOBBPXHOCTTA.
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Duz. 7.16

3a u3paboOTBaHETO HA CIOECTH KEPAMHUYHH KOHJEH3AaTOPH C€ M3IMOJN3yBaT
THbHKH METAJIM3HPAHH KEPAMHYHH CII0€BE, KOMTO Clie[l MOJApPEeKJaHe B MAKET, CE U3-
MHYaT U MO TO3H HA4YMH CE MO0JIy4yaBa MOHOJIMTHA KOHCTPYKIUUA (MOpaay TOBA TE3H
KOHJCH3aTOpH Ce HapH4aT OLlEe MOHOIUTHH). Cliel] MeTaTM3upaHe Ha CTPAHUYHHTE
CTEHH M 0e3 rmocraBsHE B KOPMYC CE MOJy4aBaT KOHAEH3aTOPH 3a MOBBPXHOCTEH
MOHTaX — YHMN-KOHAEH3aTOpPH. HAKOM (DUPMHU-NPOM3BOAMTENM 03HAYABAT YMII-
KOHICH3aTOPUTE H CNOpel HAMMEHOBAaHHETO Ha M3M0J3yBaHATa KepaMHKa, HarpH-
mep COG, X7R, Z5U u ap.

Kepamuynute koHAEH3aTOpH Knac I ce M3Mmon3yBaT B TPENTAILM KPBIOBE,
(pUITPH U JPYTH €NEeKTPHYECKH BEPUTH, KBAETO OT CHIIECTBEHO 3HAYEHHE ca MaJl-
KuTe 3aryOM u TemnepaTypHaTa crabuaHocT Ha kanauuteta. Konnensaropure kiac
II ce u3non3yBar B €1EKTPHYECKN BEPHTH, KBAETO CE€ JOMYCKAT MO-TOJIEMH 3aryou
W TeMIepaTypHaTa CTabKIIHOCT HE OKa3Ba BIIMSAHUE BbpPXY paboTaTa Ha BepHrara.

B Tabn. 7.4 ca nanenu napamMeTpuTe Ha HAKOH KEPAMHYHH KOH/IEH3aTOPH.

Tabnuua 7.4
KepaMuUuHH KOHAEH3AaTOpU

O3HayeHue

Jluckos
Knac |
[Ipuamaruyen
Knac |

RDLLO3 Tprben
(VISHAY) KnacIull |
SR15, ....30 Mounonuten | 10pF+0,47
(AVX) | KnaclIull uF
MoHONHUTEH
1206 (SYFER) (4un)
Knac I u Il

2222 680 (BC) 1,8+330 pF

MCPC (BCE) 0,56+680 pF

0,001+20 nF| 2:5;10;20 50;63

5:10:20 50:63:100

0,47pF+22 | 1-1;2:5:10
nF I1-5;10;20

16+200
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7.6. KOHOEH3ATOPU C OKCUAEH OAUENEKTPUK

Enekmponaumnu Kondenzamopu. Kato JUENEKTPUK 3a TE3H KOHJIEH3aTOpH
Ce€ M3I0JI3YyBaT OKCHAUTE Ha BeHTUIHUTE MeTalu (Al, Ta, Nb). Jduenexrpuunure
CBOMCTBA Ha TE3H OKCHIH C€ MpPOABABAT B YC/IOBHUATA HAa T.HAp. €JIEKTPOJHUTHA
kiaeTka (cBorcrBara Ha Al,O; ca onucanu B 4.3.2.1) B 3aBHCHMOCT OT NOJISpHTETA
Ha NMPHJI0XEHOTO HanpexeHue. ToBa 03HayaBa, Y€ B KOHCTPYKLHMATA HA Te3H KOH-
JIEH3aTOpH TpsiOBa 1a UMa E€NEKTPOJIHUT 32 00pa3yBaHETO HA €JIEKTPOJIMTHATA KJIET-
Ka, rmopajay KOeTO C€ HapH4yaT €JIEKTPOJIUTHH.

OcobeHocTHTE HAa KOHCTPYKLHMATA W TEXHOJOTHATA HA MPOM3BOACTBO Ha
€JIEKTPOJIMTHUTE KOHJCH3aTOPH MO3BOJISBAT [1a C€ MOJYYH MHOI'O rojisiM CrielHdu-
yeH Kanauuter . [Topaau ToBa Te HaMHUpaT WHPOKO NPUIOKEHHE KaTO GUATpUpa-
IIIH ¥ CBBHP3BALIH €JIEMEHTH B CJIEKTPOHHHUTE anapaTypH.

KoHCTpyKkuMsATa Ha alTyMHHHEB €JIEKTPOJIMTEH KOHJIEH3aTOp € NMOKa3aHa Ha
¢ur. 7.17. AnoasT 4 ce u3nbIHABA OT alyMHHHEBO (ouo ¢ nebenuna 50 um. To
€ IMOJUIOKEHO Ha €JIEKTPOXMMHYHO €lBaHe (HarpamsBaHe), C KOETO CE€ yBeIHyaBa
MHOTOKpPaTHO NMoBbpXxHOCTTa MYy (10 100 nbTH). Ypes enekTpoXUMHYHO OKCHAMpa-
He, MO0 MOBBLPXHOCTTA HA AIyMHHHEBOTO (DOJIMO CE Ch3/1aBa ThHBK OKCHAEH CJIOM.
EnekTpuyeckara Bpb3Ka Ha Karona K c usanara HepaBHa MOBBPXHOCT Ha OKCHIHMSA
CIIOH C€ MoJiyyaBa 4ype3 eneKTpoauTa. KaTtoasT € W3NbJIHEH OT I/1aiko HEOKCH M-
pPaHO aTyMHUHHEBO (OJHO.

EnexTpOXHMHYHOTO OKCHAMpAHE C€ OCBHLICCTBABA BHB BaHa C EJIEKTPOJIHT,
YHUTO CBCTAB € MHOI'O OJIM3BK N0 TO3H HAa pabOTHHSA €IEKTPOIUT Ha KOH/IEH3aTopa.
JlebenuHara Ha OKCHAHMA CJIOH 3aBHUCH OT GopmupaloTo Hanpexenue Ur. Tosa
O3HauyaBa, Y€ aKo Mo BpeMe Ha paboTa ce NpUJIoKH HanpexeHue U, no-rojsamMo ot
(GopMHPaLLIOTO HANIPEXKEHHUE, 1I€ NPOABIKH (OPMHPAHETO HAa OKCHHHA CJIOH, T.€.
[1le ce yBenu4yH aedenuHara Ha QUENICKTPHKA M KanalMTeThT IIE ce HaMaJlM. 3a Ja
ce usberne ToBa TpsaOBa na ce cnassa ycnoBuero U, < Ur (obuknoBeno Uy/Ur =
= (,8).

OKCHIHHUAT CJIOH MpHUTEKaBa roisMa AHENEKTPHYHA SAKOCT — JI0 7.10° V/m,
KOETO 03Ha4yaBa, 4ye JAUEJIEKTPUKBT MOKE J1a UMa MHOT0 MaJka aebenuna —3a Uy =

=450 V, d = 1 um. KaTo ce uma npensun, ue C:Erﬁﬂg (Al;05 uma €, = 8), craBa

CHO 3alll0 €JIEKTPOJUTHHTE KOHACH3aTOPH UMAT MHOT'O I'OJIEMH CTOHHOCTH Ha HO-
MHHaJIHUA KanaluTer.

ENeKTpoNMTHHTE KOHIEH3aTOPH Ca MOJIAPHH, NMOPaaH KOETO BBPXY KOpryca
Ha KOH/IEH3aTopa € O3Ha4yeHa MoJISPHOCTTa Ha CBhp3BaHe. [Ipu 06paTHO cBBP3Ba-
HE, OKCHIHHAT CIIOH Ce pa3rpaxkaa W KOHJIEH3aTOpBT ce paspyiiasa. [Topaau Tosa
He Ce J0oMnycKa NpUIaraHeTo Ha HampexeHue ¢ obparHa monspHoct. Korato Ha
KOHJEH3aTOpa Ce Mpujara eAHOBPEMEHHO NMOCTOSHHO Uy ¥ MPOMEHIHBO HaMpesKe-

' CieupMUYHHAT KanauMTeT Ha KOHAEH3aTOPa € KANalUTeThT MY 32 eIMHMIA 00eMm, T.e.
C =C/V, F/m’,
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HHE C aMIUTUTYAHA CTOHHOCT U, Tps6Ba na 6baaT usnenuenu ycnosusara U, < Uy
u (Up + U,) < Uy. Ot 03HaueHuTe Ha ¢ur. 7.18 Hanpexxenus, camo kpusa / yIoB-
JIETBOpsiBa H IBE€TEC OI'PAHHYHTCIIHH YCIIOBHA.

eJIEKTPOJIHT

Al,O,
Quz. 7.17 Due. 7.18

3a OLIEHKA Ha Ka4yeCTBAaTa HA €JeKTPOJUTHUTE KOHJICH3aTOPH CE€ M3MOJI3yBaT
HAKOM TUITWYHM 3a TAX NapaMeTpH.

Ymeuen mok Iy,. 3a olleHKa Ha M30JAllHOHHUTE CBOMCTBA Ha €JIEKTPOJIMT-
HHTE KOHJIEH3aTOPH BMECTO M30JIALIMOHHOTO CHIPOTHBIIEHHE R,; C€ H3M0JI3yBa

YTEYHHs TOK [y;, BpB3KaTa MEXY KOMUTO ce AaBa oT u3pa3 (2.32). [IpuynHa 3a ToBa
€ BOJITa-aMII€pHaTa XapakTepUCTHKA Ha €JIEKTPOJIMTHUA KOHIAEH3aTop. Ta3u xapak-

TEPHUCTHKA € JIMHEHHA CaMO JI0 HaIpeXEeHMs, MO-MAJIKH OT HOMHHAIHOTO Hampe-
)KeHHe Ha koujeH3atopa (¢ur. 7.19). ToBa o3Ha4aBa, 4ye M30NALMOHHOTO CHIIPO-
THBJICHHE HMa OMHY€H XapakTep (He 3aBHCH OT MPUIOKEHOTO HaIpEeKEeHHE) CaMo
B YacT OT BOJITAa-aMIIEpHAaTa XapaKTePUCTHKA. Y TEYHHUAT TOK 3aBHCH OT KamaluTe-
Ta, paboTHaTa TeMIepaTypa U NMPUJIOKEHOTO MOCTOSHHO HaIpPe)XEHHE.

7 A

yT

-

U, U, U
Que. 7.19

>

Iyncupauwy mok I.. ENeXTpONMTHUTE KOHIAEH3ATOPH CE€ HM3MOJI3yBaT MHOTO
YECTO KaTO (PHUATPUpPAILM KOHAECH3aTOPH B TOKOM3NPABUTEIHH cXeMH. [IpH TaX KbM
MOCTOSHHOTO HANpEeXEHHE Ce Hacjarsa NMPOMEHJIMBO HANpeXeHHWEe ¢ aMIUIMTYAHA
CTOMHOCT, KOSTO 3aBMCH OT BH/Aa HAa TOKOM3MPaBUTEIIHATA CXEMa, HAPEYEHO MyJ-
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cupamio HanpexeHHe. KaTto ce mma mpeaBHI NOCJEeNOBATeIHaTa eKBHBAJICHTHA
cxema, rnokaszaHa Ha ¢wur. 7.5 @ ¥ MBJIHOTO CHNPOTHUBJICHHE (HMIlegaHca) Ha KOH-
nensartopa (u3pas (7.11), nyJICHpalIHAT TOK L€ NPeIU3BHKBA PAa3CeHBAHETO Ha aK-
tHBHA MomHocT P = I.°r. Ta3u MOIIHOCT NPUYHHABA YBEIMYaBaHE HA TEMIlEpaTy-

paTa Ha KOHIEH3aTopa C

(7.22) AT = s ;
hS
kpaeto AT = T, — T, (T € TeMnepaTypara Ha KOpIyca Ha KOHJIEH3aTopa),
h — KoeDHLMEHTHT Ha TOMIOOTAaBaHE Ype3 KOHBEKLIHA,
S — NOBBLPXHHHATA HAa KOpITyca Ha KOHJIEH3aTOopa.

Ot (7.22) cnenga, 4e

(7.23) I =JE=JhS(Tx -T,) _
r r

MakCUMAaJTHHAT MYJICHPALL TOK /,max C€ ACDUHUPA KATO OH3M MYJICHPAILl TOK,
KOMTO Mpeau3BHKBa MOBHMIIABaHE HA TeMMepaTypaTa Ha konaen3aropa ¢ 10 °C Han
ropHaTta rpaHH4Ha TemIepaTypa, OmpeJe/ieHa OT KIMMaTHYHaTa KaTteropus. Mak-
CHMAJIHUAT NYJICHpall TOK 3aBHCH OT paboTHaTta TeMmeparypa M 4YecTorara Ha
MpHIIOKeHOTO HanpexeHue (¢ur. 7.20 a u 6).

XapakTepHo 3a eJIEKTPOJUTHUTE KOHICH3aTOPH €, Y€ PEXHUM Ha ChbXPaHEHHE
(6e3 NpUIIOKEHO HamNpeXeHHE) € MO-TEXBK OT IJIeJHa TOYKA Ha CTApECHETO MM,
OTKOJKOTO paboTHHs pexxuM. ToBa € Taka, 3all0TO B PEXHM HA CbXPaHEHHE BOJIO-
poauute iouu (H'), KOMTO ce chABPKAT B ENEKTPOJIMTA, ATAKyBAT OKCHIAHHA CIIOH
¥ ro paspyiuasar. [Ipu npuiaraHe Ha eJeKTPHYECKO 110J1€ (pPaOOTEH PEXHM), EJIeK-
TPOJUTHT B OM30CT 40 aHOAA 0OeNHABA HA BOJAOPOJAHH HOHH M MO TO3H HAYHH Ce€
3allMTaBa OKCHHMA CJIOH, @ OCBEH TOBa TOM CE€ JOM3rpaXk/Ja. 3aToBa, KOraTto ejek-
TPOJIMTHUAT KOHACH3ATOP € OWJI MPOABIKHTEIHO BPEME B PEXKHM Ha ChXPaHEHHUE,
TpabBa J1a ce Bb3CTAHOBH OKCHHHUA CIOH 4pe3 0aBHO NMOBHILIABAHE HAa HANPEKEHH-
eTo 10 Uy.

2,5
> ] L
i
L. P,
2 15—
1
l 0,5
-50 0 50 100 10° 10’ 10° 10°
/ o & f,Hz
a 6
Que. 7.20
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KOPITYC

?fffffq

H30JIAIIHOHHA
oOBuBKa

\

KOHIEH3aTOpeH
eJIEMEHT

T

L L ]
.............

Anymunuesu enexmponumnu KoOHOEH3AMO-
pu. KOHNEH3aTOPHUSAT €JIEMEHT Ha MOJSAPHHTE aly-
MHHHEBH EJIEKTPOJIMTHH KOHIEH3aTOpd HMa IIH-

JIMHIPHYHA KOHCTPYKLIMA, CbCTOsIIA c€ OT aHOIHO
M KaTOAHO aJyMHMHHMEBO (DONMO U JABE JEHTH (hui-
TbpHa XapTusa. KOHAEH3aTOPHUAT €JIEMEHT CE€ HUMII-
perHupa C €JIeKTPOJMT, NpPH KOeTo (UITbpHATa
XapTHS CE€ HanofgBa M BCHIIHOCT NMPEACTABIISABA HO-
CUTEN Ha eNeKTpoinTa. KOHIEH3aTOPHUAT €JIEMEHT
Ce MOCTaBs B LIMJIMHJAPHYEH AJYMHUHHEB KOPIYC M
Cé XepMeTH3Hpa C KHCEJIHHOYCTOWYHMBA TIyMa
(dur. 7.21). Tlopagu HaJIMYHUETO HA EJIEKTPOJIMT,
KaToABbT HAa KOHJEH3aTOPHHUS €JIEMEHT € CBbpP3aH
eJIEKTPUYECKH C KOpIyca M 3aTOBa KOPIYCBT Ce

Puez. 7.21 H30J/IHpa C IUIACTMACOB4 DﬁBHBKa, BbpPXY KOATO Ca
HAHCCCHH MNOJIAPUTETA U IAHHHUTEC HA KOHZAEH3aTOpa.
C 13 Z 8
o Zy
1,3 6
1,1 4
0,1 2
0,7 0
-60 =20 0 20 60 100 140 -60 20 0 20 60 100 140
T;°C i 5
a 7]
10
7
L
1
0,5
0,1
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Due. 7.22

KoHIeH3aTOpHUAT eneMeHT HAa HENOJAPHUTE aTyMHHHEBH CJICKTPOJHTHH
KOH/ICH3aTOPH Ce M3rpakJa OT [ABE OKCHIAMPAHH ATyMHHHCBH ¢onus. [1o To3u Ha-
YHH MPH BCEKH MOJYNEPHOJ HAa NMPOMEHIMBOTO HAMpPEXKEHHE, CAWHHAT OKCHICH
CJIOH € B peXXHM Ha HEMpOIyCKaHe, a APYTHAT — B PEXKHM Ha IIPOITy CKaHC. [Tonyua-
Ba C€ HecTaOMIIHOCT HA KanalMTeTa, Nopaad HENPEeKbCHATOTO paspyliaBaHE U HU3r-
paXkJaHe Ha OKCHAHHUTE cioeBe. ToBa € eAHH OT HEJOCTATHUHUTE HA TE3H KOH/ACH3a-
TOpHU. JIpyrusaT HEAOCTATBK €, Y€ Te3H KOHJACH3aTOpPH UMAT MO-MalIbK cneuupUuyeH
KanaluTeT, Mopaay ABOHHOTO HapacTBaHe Ha JeOennHaTa Ha IME/ICKTPHKA.

ANYMHHHEBHUTE €JIEKTPOJIMTHH KOHACH3aTOPH CE€ MPOU3BEKIAT CbC
croiiHocT Ha HoMmuHanHMA kanauuter oT 0,1 UF mo 150000 uF 1 HOMHHAIHH
HanpexeHus o 450 V. B enexTpoHHHTE YCTPOHCTBA HaW-4eCTO Ce H3MOJI3yBaT
aTlyMHHHEBM €JIEKTPOJUTHH KOHAEH3aTOPH C HOMHHAJIHO HANPEKEHHE OT 6,3V no
100 V. ITapameTpuTe HAa HAKOW AJTYMHHHEBH €JIEKTPOJIMTHH KOHJICH3aTOPH Ca Jia-
neHu B Tabn. 7.3.

Tabnuua 7.5
KoHneH3aTopH ¢ OKCHIEH JIHEJICKTPHK

O3HayeHune
2222 134 (BC) OUYMHHBEE. | o e op | 20 63+50 | 10+60 3
EJIEKTPOJIHTEH |
0.01CyU
HCR ATYMUHHER | 0 4700 uH| 20 16+100 | 8+1435 i
(MULTICOMP) €JIEKTPOJIHTEH 3
CB TauTanos
0,1+100 uF 20 6,3+35 - 05+12,8
(MULTICOMP) (o) d .
ANlyMUHHEB (+50, -10)
085CS (VISHAY) | enexrponuten |047+220F | "~ 6,3+63 4+20 3.1+3.4
(SM)
TanTtanos (OIT) | 0,1+1000
- 4+35 - 0,5+10
B45196 (EPCOS) SN0 iF
B75194 (EPCOS) H““?;:i)(om 1004220 uH - 6.3+10 - 25+88

Tunuuny 3aucumoctr Ha kanauutera C _ ¢y (Co € KanauureTsT MpH

e

Co

25 °C/100 Hz), NBIHOTO CBHIPOTHUBIIEHHE £= £(T) (Zy € uMMenaHChT MpH

Z,

25 °C/100 Hz) 1 yTeunns Tok Lm _ £(T) (yz0 € yTEYHHAT TOK NPH 23 °C) ot Tem-
I

ymQ
neparypara ca npezacraBeHd Ha ¢ur. 7.22 @, 6 ¥ 6 CHOTBETHO, 2 HA KalalUTeTa

' OKCHAHO-ITOJIYTIPOBOJHHKOB,
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Z
-g_ = @(f) v mBIHOTO CHNpPOTHBIEHHME - =@(f) or uectorara — Ha ¢ur. 7.23 a
0 0

U 6 CBOTBETHO.

Tanmanoeu enekmpoaumnu Konoenzamopu. AHONBT HA T€3W KOHJIEH3ATO-
pU NPENCTaBJIsABA MMOPECTO TANO, NMPECYBAHO OT TAHTAJIOB IMpax M MOMJIOXKEHO Ha
cuHTepoBaHe (dur. 7.24). Ype3 eNeKTpOXUMHYHO OKCHAMPAHE MO MOBBPXHOCTTA
Ha MOPEeCTOTO TAJIO ce hopMupa okcuaeH cinoi (Ta;Os). 3a U3BOA HA aHOAA CITYKH
3apPECyBaH TAHTAJIOB IMPOBOJHHK, KOWTO C€ yAbJ/DKaBa C KaJlalIMCaH HHUKEJIOB
MPOBOJAHUK. 3a €NEKTPOJIMT CE€ U3MOJ3YyBa pa3peleHa capHa KucenuHa. Katonasr e
MEIHHUS KOPIyC Ha KOHAEH3aTopa, KOWTO € nocpedpeH OT BBTpELIHATa CTpaHa, 3a
na ce u3berHe KOpo3us IMpHU NPSAK KOHTAKT ¢ ellekTponuTa. KopnychT Ha KOHAEH3a-
TOpa € YIUIbTHEH ¢ TeduioH. M3BOABT Ha KaToJa € KaJalJIucaH MeIEeH MPOBOJHHUK,
3aBapeH KbM KopIlyca.

C. 12 Z 10
C; Z,
1,0 0.8
0,8 t
0,6
0,6
0,4
0.4
0, 2 {},2
0 5 0 2 i 5
10° 10° 10° 10 10 10 10° 10
/, Hz f, Hz
a 7]
Que. 7.23
H3BOJ1 HA aHO1a
YIUTETHHTE
H30JITALTHOHHA
% obBHBKa
X METaNeH aHO
;/’-." ............... KOpITYC (Ta)
A
g eIEKTPOIHT
g L o e NHEIEKTPHK
g (Ta,0y)
T MR,
; H3BOJ HA KAaTO/1a Ipa(bm
/
ey Ko

Duz. 7.24 Que. 7.25
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TaHTanoOBUTE EJEKTPOJIMTHH KOHACH3aTOPU B CPAaBHEHHE C ATYMHHHEBHTE
MMaT Mo-rofiaM crneurpuUeH KanauuTeT, Mo-rojisMa cTabUIHOCT Ha MmapaMeTpuTe
MM, HO MO-HUCKH CTOWHOCTH HAa HOMHHAJIHOTO HalMpeXeHHUE.

B Tabn. 7.5 ca nocoyeHH napaMeTpUTe Ha HAKOH TAHTAJOBH EJIEKTPOJIMTHH
KOHEH3aTOPH.

OKcuOHO-nonynpoeoOHUKO8U KOHOen3amopu. Te3u KOHIEH3aTOpH ca pas-
HOBHIHOCT Ha EICKTPOJMTHHUTE KOHJEH3aTOPH, [IOpaAHd KoOeTo (upMuTe-
MPOM3BOAMTENH M BKJIIOYBAT B O0II KAaTaJIOr C €JIEKTPOJIMTHHTE KOHAECH3aTOpH. B
T€3H KOHJIEH3aTOPH BMECTO EJIEKTPOJIUT 32 KOHTAKTYBaHE C OKCHJIHHA CIION BBPXY
aHO/ia, C€ M3MoJ3yBa clo oT MaHraHos okcuj (MnQ;), koiTO npexacrasnsBa mno-
JIyTPOBOJAHUKOBO CBEIAMHEHHE OT THMNA A"B"' (no amanorus ¢ enexrponuTHUTE
KOHJIEH3aTOPH, TMOJTYNPOBOJHHUKOBHAT CJIOH C€ Hapu4a "TBBPJ EJIEKTPOJIHT" H OT
TaM "TBBPAM €NEKTPOJIMTHH KOHEH3AaTOPH , KOETO € HeNpaBMIHO). OKCHAHUAT
CJION Ha TE3W KOHJICH3aTOPH HE MOJXKE JIa C€ BB3CTAHOBSABA MPH MMPHJIAraHe Ha Ioc-
TOSHHO HaIpeXXeHHe, 3al0TO B MOJIYNPOBOAHHKOBHS CIIOH HAMA CBOOOAHH KUCIIO-
poaHU HOHH. Pa3paboTeHH ca KOHCTPYKLHH HA OKCHAHO-MOJYNPOBOJAHHKOBH KOH-
neHszatopu, B kouto BMecto MnO, ce M3moi3Ba OpraHM4YeH IOJIYIPOBOJIHUKOB
CJIOH.

[TlpousBexgar ce aJyMHHHEBH, TaHTAJOBH M HHOOHMEBH OKCHIHO-
MOJyNPOBOJAHMKOBH KOHAeH3aTopH. Ha ¢ur. 7.25 e noka3aH pa3pe3 Ha €IMH KaHall
OT MOPECTOTO TAJIO HA TAHTANOB KOHJAEeH3aTOp. KoHTaKkTyBaHETO Che Ci10si oT MnO,
Ce OCHTypsBa C rpa(uTeH COH, MOKPHUT ChC CPeOBPEH CIIOH, KbM KOWTO Ce 3amosBa
KaTOJHHS M3BOJ IPH 3allMTHA OOBHBKA OT €MOKCHAECH KOMIIAyHJ WJIH CE€ CBBbpP3Ba
eIEKTPUYECKH C BhTPELIHATA CTPaHa Ha METAJIHUA KOpMyC.

B cpaBHEHHE C €EKTPOJIMTHHUTE, OKCHIHO-ONYNIPOBOJAHHKOBHTE KOH/IEH3a-
TOPH MMAT MO-TOJAM Creuu(PHYEeH KanauuTeT ¥ Mo ManbK yTeyeH ToK. [lapamer-
PHTE Ha HAKOM aJTyMHHHUEBH H TAHTAJIOBH OKCHIHO-TIONYIIPOBOJIHHKOBH KOH/IEH3a-
TOpH ca AajaeHHu B Tabu. 7.5.
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8. MAFTHUTHU CBPLEEBUHW 3A UHOYKTUBHU BOBUHM

MarHMTHUTE ChPLEBHHHU 3a HHAYKTUBHH OOOMHM Ce M3TrOTBAT NMPEAUMHO OT
(epuTH, YHUTO CBOMCTBA Ca pa3rjelaHy B 4. 5.3,

8.1. NAPAMETPU HA MATHUTHUTE CbPLIEBUHA

HUunykTtuBHocTTa L HAa 600MHA ¢ MarHMTHa ChpLIEBHHA CE€ M3YHCIIABA IO M3-
pa3a (5.10):

N2
L_ =W, Ry ’Q_z_ =WU,Ly,

KBIETO Ly€e WHAYKTHBHOCTTA Ha 60OMHa O6e3 MarHuTHa ChbpPLEBHHA, T.€. HHIYKTHB-
HOCTTa Ha 600MHAaTa HapacTBa |, MbTH IIPH NTOCTABAHE HA MArHUTHA ChPLIEBHHA.

To3u u3pa3 € BepeH NpH yCIOBHE, Y€ MarHUTHATa NMPOHHIIAEMOCT Ha ChpIE-
BHHATa' € paBHA HA MATHMTHATA NMPOHULAEMOCT HA MATHUTHHS MAaTePHal, OT KOMTO
e u3paborena. Tosa MOKe 11a ce MpUeMe 3a BAPHO CaMO 3a TOPOUAIHA ChPLIEBHHA
0e3 Bb3/ylIHA MEXOMWHA, 3aLI0TO NMPH HEA MOXE J1a Ce NMpPHEMEe C JI0CTaThbYHA TOY-
HOCT, Y€ LUEIUAT MarHUTEH MOTOK NMPEMHUHABA MPE3 MAarHUTHHUA MaTepHal Ha Chp-
LIEBHHATA.

AKO TOpOHMIAllHATa CHPLEBHHA MMa BB3AyLIHA MexauHa (¢wur. 8.1), mar-
HHTHHAT NOTOK IPEMUHABA MpeE3 JIBE Cpen (MarHMTEH MaTepHal U Bb3yX) U Mar-
HHTHAaTa MPOHHULAEMOCT CTaBa I0O-MajKa OT MarHWUTHaTa MPOHMUIIAEMOCT HA MaTe-

pHana.

Due. 8.1

MarsuuTHara [NPOHHLACMOCT Ha TOpPpOHIaJlHA ChbpPLEBHHA C BB3AYULUIHA MEXK-

IWHA ce Hapu4ya e(eKTHBHA MarHUTHA MPOHHULIAEMOCT L,.. T 3aBHCH OT JB/KHHA-
Ta Ha Bb3JyLIHAaTa MEXIUHA [, U NPH yCloBHE, Ye paboTHATa TOYKA € B HAYaJ0TO
Ha KpHBaTa Ha MbPBOHAYA/IHO HAMarHMUTBaHE MOXKE [1a Ce OMPE/IEIH 110 H3pas3a

(8.1) LWL

Mre My 1
KBJIETO |L,; € HAYaJIHaTa MarHUTHa MPOHULAEMOCT Ha MaTEPHAJIa;
| — nBbJHKHHATA HAa ChbPLIEBUHATA.

’

' 3a KPaTKOCT BMECTO “MArHUTHA ChPLUEBUHA” 11Ie Ce H3MON3Ba ChPUEBUHA.
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Ako paboTHaTra TOYka He € B Ha4YaJOTO HAa KpPHBaTa Ha ITbPBOHAYAJIIHO Ha-
MarHuTBaHe, €PEKTHBHATA MarHMTHA IMPOHHUIIAEMOCT Ce OMNpeaes 10 U3pasa

(8.2) S
Hre MHpg l
KBJAETO [, € AMIUTUTYAHATa MarHWTHA MPOHULIAEMOCT HAa MaTepUaa.

[Ipn BCHYKHM OCTaHAIH reOMETPHYHH (GOPMH Ha MArHMUTHUTE CHPLEBHHHU C
nin 6€3 BB3JyLIHA MEXIHWHA, MATHUTHHAT MOTOK HE MPEMHHABA M3LIAJIO0 MPE3 Chp-
LIeBUHATa — I0Jy4YaBa C€ pa3CesH MarHUTEH MOTOK, KOWTO MpeMUHABa Mpe3 Bb3-
nyxa. B TakbB cinyydail 3a OlleHKa Ha MarHWUTHUTE CBOMCTBA HA ChpLIEBHHATA CE M3-
MoJi3Ba AEHCTBAlllaTa MarHWTHA MPOHHUILIAEMOCT, KOSATO 3aBHMCH OT MAarHMTHATa
MNPOHMIIAEMOCT HAa MaTepuasa, oT ¢popmaTa, pa3sMEPUTE U B3AUMHOTO NPOCTPAHCT-
BEHO Pa3roJIoXKEHUE Ha ChbpLIEBHHATA MU HAMOTKaTa Ha OoOuHaTa.

JleiicTBalaTa MarHMUTHa NMPOHHULAEMOCT HA ChpUEBUHATA |, CE OMNpeses
KaTo OTHOLIEHWE HAa MHAYKTHBHOCTTA Ha 000MHA CBhC ChplLEeBHHA L KbM HHIYKTHB-
HOCTTa Ha chblaTa 6061uHa 6e3 chpueBUHA Lg

(8.3) W, = L/L,.

JlecTByBallaTa MarHUTHa MPOHULAEMOCT € M0-MaJjika OT e(heKTHUBHATa Mar-
HHTHa NMPOHHULIAEMOCT M CE OMpenens 3a BCAKa KOHKpeTHa hopMa Ha ChplLIEBHHATA.
ChbpLEBHHHUTE 32 HHAYKTHBHU 00OMHHU ce XapaKTepH3HpaT ChC C/IEIHUTE Ma-

paMeTpH:
Koncmpykmuena koncmanma A ;. Ot uspasa (5.10) cnensa, ye

(8.4) L= [uruu %JNE.

[IponsBenenuneTo, 3arpajieHo B ckoOu B u3pasa (8.4) 3aBMCH OT MarHUTHHSA

MatepHaj, opMara M pasMepUTe Ha CbpPLEBHHATA W Ce HapW4a KOHCTPYKTHBHA
KOHCTaHTa, T.€.
o H

(8.5) Ap = AP -l- ’

KOHCTpYKTHBHATa KOHCTAaHTa Ha JaJ€H THN ChPLIEBHHA JIECHO MOXe J1a Ob1e
u3MepeHa. [lo3naBaHeTo Ha HEHHATa CTOMHOCT JjaBa Ha MOTPeOUTENA BB3MOKHOCT
OBp30 Aa U34KUCIH HeoOXoauMus Opoif HABUBKH:

i
AL
Kauecmeen ¢paxkmop na cvpuesunama Q.. Toii ce onpenens Kato peLurl-

poYHaTa CTOHHOCT Ha KoeHLHEeHTa Ha 3arybure tgd, Ha MaTepuana Ha ChPILEBH-
Hata (u3pa3 (5.12)), T.e.

(8.5) e = 1/tgd,
BmecTo tgd, ce M3mon3Ba ChIIO OTHOCHTENHHS KOe(HIMEHT Ha 3arybure
tg O,
M

b |

N =
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tgd,

[TapameThpBT tg20M HITH 3aBUCH OT YECTOTAaTa U Ce JAaBa OT NPOU3BO-

ri
IOUTENIA 3a BCEKH BHJ MaTepUall.
KoepHuuMeHThT Ha 3aryOuTe Ha ChpLIEBHHA C BB3JyLIHA MEXIMHA tgd, nec-

tgd,,
, IO M3pa3a
M pi

HO MOXE J1a C€ U34YMCJIH, aKO € U3BECTHA CTOMHOCTTA Ha

O
(8.6) tgo, = K e B 2 ’

ri
T.€. Bb3IYILIHaTa MEXKAHHA HaMaJIgBa 3aryouTe B ChbpLIEBHHATA.

Temnepamypna cmabunnocm. TeMmnepaTypHata CTaOMIHOCT Ha ChpLEBH-
HaTa ce Onpe/eis OT TEMINEPATYPHUS KOEPHULIMEHT Ha MATHUTHATA NMPOHHIIAEMOCT:

A

(8.7) oy =,
UAT
KbAETO AL € U3MEHEHHETO HAa MAarHUTHATa MPOHHLIAEMOCT B TEMIEPATYPHUS HH-
TepBai AT.
OTHOCHTENHHUAT TEMNEPaTYpPeH KOeQUILIMEHT Ce H3YHUCIABA O U3pa3a:

o
(8.8) oy =—-

My

TeMnepatypHHUAT KOEYHUILIMEHT HAa MarHUTHATa NPOHHULIAEMOCT Ha CHPLIEBHHA
C Bb31ylIHA MCXKJIHHA €.
Oy
(8.9) Olye =Ke——
K ri

WJIM BB3AYLIHATA MEXIMHA HAMAJISBA TEeMIEepaTypHUs KOe(UIIMEHT HAa MarHUTHATA
MPOHULIAEMOCT (yBEIMYaBa TEMIIEpaTypHaTa CTaOMJIHOCT Ha ChPLIEBHHATA).

Koepuyuenm na oezakomooayun Dg. C TO3U KOEHULIHEHT CE OLIEHABA CTa-
OMJIHOCTTa Ha ChPLEBHHATA BbB BPEMETO.

KoepHLUHEHTBT Ha Ae3aKOMOJalMsA Ha ChPLEBHHATA BCBHLIHOCT € KOe(hHIIH-
€HTa Ha JIe3aKOMOJaLMs Ha MaTepHalia, OT KOMTO € HanpaBseHa - u3pa3s (5.15).

8.2. BUAOBE MATrHUTHU CbPLIEEBUHUA

MarHuTHUTE CHPLEBHHH CE MPOM3BEXKAAT C pa3HO0Opa3Hu GopMH — TOpPOH-

JlalTHa, 4alkooOpa3Ha, HHJIHHAPUYHA. B 3aBHCHMOCT OT KOHCTPYKILHATA CHPLEBH-
HHTE MOrarT Jia Ob1aT C OTBOPEH MJIM 3aTBOPEH MAarHMTOMPOBO/I.
Topounannata chplLEBHHA € ChC 3aTBOPEH MarHuTonposon. [Tpu Topouaan-

HaTa (JopMa HaH-ITBJIHO CE M3MOJ3BAT MAarHUTHUTE CBOMCTBA HA MaTepHaa — [, =

= W,. ['eoMeTpHYHHUTE U pasMepH ce ONpeAenaT OT BLHUIHHA AuaMeTsp (D), BBT-
peliHusa auaMeTsp (d) u BucouyuHara (h) — ¢wur. 8.2. [lapamerpure Ha HAKOH TO-

POMIAIHH CHPLEBUHHM ca AaaeHu B Tabm. 8.1.
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d
Due. 8.2 Due. 8.3

C Te3u ChbpUEBHHH HE MOXE J1a c€ KOHCTpyHpaT 000OMHHM C BB3MOXHOCT 33
AOHACTPOHBAHE HA MHAYKTHBHOCTTA, 3allOTO HE MOXKE Ja C€ W3MEHA IUIaBHO Mar-
HUTHATa UM NPOHULIAEMOCT.

Yamkoobpa3HUTe CHPLEBHHH C€ CBCTOAT OT JBE YALUKM C LIEHTpajiHa 4acr
Ha MarHMTONpoOBOJA, B KOATO MMa oTBOp (¢ur. 8.3). B oTBOpa MOXKe Aa ce nocTasu
LHJIMHPHYHA JOHACTpOMBAallla CHPLEBHHA 332 MU3MEHEHHE Ha JAeHCTBallaTa mar-
HUTHA NMPOHULIAEMOCT Ha ChpLIEBHHATA. T€34 CHPLEBUHHU CE€ MPOU3BEXKIAT O€3 UK
C BB3AYyLIHA MEXAWHA. Bp3aymiHaTa MEXIUHA c€ 0)OopMS B LICHTpAJIHATA YacT Ha
MAarHuTONpoOBO/Aa, Npe3 KOATO NPEMUHABA LieIug MarHuTeH notok (¢ur. 8.4).

['eomMeTpryHUTE pasMepH Ha 4YalIKOOOpPa3HHUTE CHLPLIEBHHHU CE OMNPEAENAT OT
e(PEeKTHBHOTO C€4YeHHE U e(PEeKTHBHATA ABb/KHHA HA MArHUTHUTE JIWHUU HA MarHu-
TOIPOBOJA.

\\\
NN
LR

TR

\
VAR

\
Que. 8.4

HamkooOpa3uute CbpUEBHHH MMAT ciabo pa3cessHO MarHMTHO [oJie U ce
MpoM3BexAaT 3a pabora ao oxono 100 MHz.

[Tpoussexzar ce yamkooOpa3Hu ChbpLUEBHHH ¢ pa3HooOpasHu npoduin. [la-
paMEeTpUTE Ha HAKOH 4alKooOpa3HU CHPLIEBHHH ca JaJieHH B Tadi. 8.2.

[IMNTHHAPHYHHTE CHPUEBHHHU Ca C HAITBJIHO OTBOPEH MAarHMTOINPOBOJ, MOpa-
J¥ KOETO MMaT MHOIO rojisiM pa3cesiH MarHuTeH notok. [Ipoussexcnar ce ¢ pe3zba u
C€ H3MO0J3BaT 32 TOYHA HACTPOMKa HA €JHOCIOWHH M MHOTOC/IONHH HHAYKTHBHH
O0OMHM KaTO HEMOCPEJCTBEHO Ce HABMBAT B LIEHTPAJIHMUSA OTBOP Ha OCHOBATa Ha
OobuHara. ITpousBexnar ce u riajku CbpUEBHHH, KbM KOHTO C€ NPHKpENBa H30-
JAaLIMOHHA BTYJIKa ¢ pe3ba.
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Tabnuua 8.1

CBoiicTBa Ha HAKOH TOPOMIAJIHH ChPLIEBUHH

[IpousBoauTen

EPCOS
(Siemens)

MaruureH mare-
puai (hepur)

Havyanua MariurHa
YOHHUIIAEMOCT

KoHCTPYKTHBHA KOHC-

taHta, nH (Tonepanc)

13; 20; 33
(£25 %)

123;190:308
(£25 %)

440+5400
(£25 %)

1030; 1640; 2540;
4100; 5130; 6440
(30 %)

400+1000
(£30 %)

Tabnuua 8.2

960+6000

CBoOMCTBa Ha HAKOM YaLWIKOOOpa3HHU ChbPLIEBUHH

[IpousBoauren

EPCOS
(Siemens)

MaraureH ma-
Tepuai (pepur)

Hayvanna mar-
HHUTHA
[POHULIAEMOCT

JlelcTBania

350+3500

KoHcTpykTHBHA

MarHuTHa Npo- | KoHcTauTa, nH

HHLACMOCT

TOJIEPAHC)

16 (£3 %)

200
(+40,-30 %)

800
(+40,-30 %)

1200
(+40,-30 %)

1000 (25 %)

16 (£3 %)

100 (£3 %)

1570 (£25 %)

160 (£5 %)
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40 (£2 %)

63 (3 %)

100 (£ 4 %)
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