6097

MHUHUCTEPCTBO HAYKH U BBICIIEI'O OBPA3OBAHHSI POCCHUIICKOI
®EJEPALINHA

PSI3AHCKHA T'OCYJAPCTBEHHBIN PAJTAOTEXHUYECKHWA YHUBEPCUTET
uM. B.®. YTKMHA

WU3MEPEHUE OTHOCHUTEJBbHON
JTASJIEKTPHYECKOMW MPOHUIIAEMOCTH
N TAHI'EHCA YI'JIA AUDSJIEKTPUYECKUX TIOTEPH
SJIEKTPOU3OJINPYIOIIIUX MATEPHUAJIOB

Metoanyeckue yKazaHus
K naboparopHoit padore Ne 3

0

Qé
“nl Q

w.
6/

&«

Pazauns 2021



YK 621.382

H3mepeHne OTHOCUTENBHON JUAIEKTPUUECKON IPOHULIAEMOCTH U TaH-
TEeHCa yIJla JU3IEKTPUIECKUX ITOTEPh 3IEKTPOH30INPYIONINX MaTEPHAIOB!
METOIMYEeCKIe yKa3aHus K JabopaTtopHoii padore Ne 3/ Psizan. roc.  pa-
nuoTexH. yH-T M. B.®. Y1kuna; coct.: T.A. Xonomuna, M.B. 3y0kos,
B.I'. JIutBunoB, B.B. I'yazes. Pszans, 2021. 16 c.

[IpuBeneHbl KpaTKUE TEOPETHYECKHE CBEIEHHS 00 OCOOCHHOCTAX
MIPOLIECCOB TOJISIPU3ALUU U SIBICHHUSX BO3HHKHOBEHUS IOTEPh DHEPTHUHU B
auaniekTpukax. [IpuBeneHa MeToika BBIIONHEHUS 1a0OpPaTOPHOM paboThI
¢ moMouIpio Iprbdopa, N3MEPSIOIIEr0 eMKOCTh M J0OPOTHOCTH 00pa3sIoB, a
TaK)Ke BHUPTYalIbHOM MCCIENOBATENbCKON YCTaHOBKH, pa3paboTaHHON B
cpejie HHXXEHEPHOTo rpaduyeckoro nporpaMmmuposanust LabVIEW.

[Ipennaznauensl s cryaentoB HampasieHuit 11.03.01 «Pamuorex-
HUKay», npodmwip «Pammodortonmka» m 11.03.04 «OnexTpoHWKa M HaAHO-
ANIEKTPOHUKA», NPOodrib «KMHKPO- U HAHOAIIEKTPOHUKAY.

Tabn. 1. Wi 8. bubnmorp.: 6 Ha3B.

ﬂuaﬂekmpuku, noJApu3ayusl, du3]l€Kmpult€CKue nomepu

IledaTaercs Mo pelIeHUIO pelaKIMOHHO-U3IaTeIbCKOr0 coBeTa Pa3an-
CKOr'0 TOCYJIJapCTBEHHOI'0 PaJUOTEXHUYECKOr0 yHUBepcurera uM. B.®. Y-
KHHa.

Penenzent: kadenpa MUKpPO- M HAHORJIEKTPOHUKH Ps3aHcKoro rocy-
JApCTBEHHOTO PaJMOTEeXHUYECKOro yHHBepcuTeTa UM. B.®. YTkuna (3aB.
kadenpoit gokTop ¢us.-mar. Hayk, noi. B.I'. JIMTBUHOB)

H3mepeHne OTHOCUTEIBHOM TUANICKTPUIECKOM MPOHUIIAEMOCTH
Y TaHTEHCA YTJa AUAJIEKTPUUECKUX TOTEPD
3EKTPOU3OIUPYIOIINX MaTePHAIOB

CocraButenu: X omnowmuHa TaresHa AHApEeBHA
3y 6 k 0 B Muxann Bnagumuposuy
JIutBuHoOB Bragumup I'eopruesny
I' y n 3 e B Banepuit Bnagumuposuy
Penaxtop UM.B. Uepnukosa
Koppexrop C.B. MakymnHa
[Moamucano B neyars 28.06.21. ®dopmat Oymaru 60x84 1/16.
Bymara nucuas. [leyars Tpadapernas. Yein neu. . 1,0.
Tupax 50 sk3. 3aka3
Ps13aHCcKuil rocy1apCTBEHHBIN paJMOTEXHUUECKUN YHUBEPCUTET.
390005, Psizanb, ya. arapuna, 59/1.
Penakunonno-uznarensckuii nentp PI'PTY.



Heab padoThl: N3ydeHUE SBICHUN MONAPHU3ALNN U JHIIEKTPUIECKIX
MOTEPh, O3HAKOMIIEHHE C PE30HAHCHBIM METOAOM H3MEPEHHUS OCHOBHBIX
rapameTpoB € U tgd TUIIEKTPUKOB M MCCIIEI0OBAHUE UX YaCTOTHBIX 3aBUCH-
MOCTEH Ha M3MEPUTEIHHOM OOOPYJOBAaHWH, & TAKXKE C ITOMOIIBIO BHUPTY-
aJIBHOTO J1Ia0O0PaTOPHOTO CTEH/A.

1. KpaTkne TeopeTniecKue cBeIeHUs

DyHIaMEHTaIbHOE SIBJICHUE, ONPEIEISIONIee BO3MOKHOCTh HCIONb-
30BaHUs TUIJICKTPUKA JJI1 CO3JaHUSI €MKOCTH KOHJIEHCATOPOB 3JIEKTPOH-
HOMW ammaparypsl, — MOJSPU3ALUA AUIEKTPUKOB. DIIeKTpUUecKas MOJIApH-
3a0usl NOpH BO3JACHCTBHU MOJNS MPOSBISIETCS B OrPAaHMYEHHOM YIPYIOM
CMEILEHNH CBSA3aHHBIX 3apsI0B, OPUEHTAIMH AMIOIBHBIX MOIEKYJ, B pe-
3yJIBTaTE YETO HEKOTOPHIH 00BbEM I OBEPXHOCTH JUIJIEKTPHKA IIpHoOpe-
TaeT 2AEKTPUIECKU MOMeHT. [locne CHATUS 3IEKTPUYECKOTO MO CBA3aH-
HBIE 3apsIbl BO3BPALIAIOTCSA B IEPBOHAYATIBHOE COCTOSHHE.

Jis cpaBHEHUS OMAIEKTPHKOB, HMEIOIINX PA3IHMYHYIO0 CTENEHb I10-
JSpU3ALUHN, TOJB3YIOTCA IOHATHEM OTHOCHUTEIBHOW JMANEKTPHYECKON
MIPOHUIIAEMOCTH €. DTa BEIMYMHA TPEJICTABIAET COO0H OTHOIIEHNE 3apsiia
Q KxoHzEHCaTOpa ¢ KOHKPETHBIM JU3JIEKTPUKOM K 3apsiay Qo KOHIeHcaTtopa
TeX K€ Pa3MepOB U IPH TOM K€ HANPsDKEHUH, MKy O00KIagKaMHi KOTOPO-
r'0 HaXOJUTCS BaKyyM:

£=QIQo, 1)
IZle € — BeJIMUMHA Oe3pa3MepHas M Bcerza OOJblIe €JUHUIIBI, TTOCKOIBKY
peanpHBIe IUAJIEKTPUKH, B OTJIMYHE OT BaKyyMma, BCETAa COJEpXKAaT dJIeK-
TPUUYECKHUE 3aPsI/IbL.

JIM3IeKTpuKY essITCsa Ha J1Ba Kiacca: MOJISIpHBIE M HEMOJSpHBIE. Y
MOJIEKYJT HETOJAPHBIX BELIECTB LEHTPBl TSKECTU CYMMAapPHBIX IOJIOXKH-
TENbHBIX U OTPHULATENBHBIX 3apsA70B COBHAJarOT. MoJeKyabl MOJSPHBIX
MaTepHalioB UMEIOT BHJ JHITOJEH, CHOCOOHBIX OPHUEHTHPOBATHCS B DIIEK-
TPUUECKOM TOJIE.

Pasnuuaror nBe rpynmnsl mossipu3aludu. MrHOBEHHasl HONSpU3aLus
(971eKTpOHHAsI, MOHHAS) MPOMCXOJUT TPAKTHYECKH Oe3 IMOTeph 3HEepIuu.
3ame/yieHHbIE BHIBI MOJSIPU3andK  (3JEKTPOHHO-, HOHHO-, JHIOJIBHO-
pellakcaioHHasA, CTPYKTYpHasl, CIIOHTAHHAs) CONPOBOXIAIOTCS MOTEPSIMHU
aneKkTpudeckoi sHeprud. OTHeNbHBIC BUABI IMOJSPHU3ALNN PA3THIAIOTCS
BPEMEHEM YCTAHOBJIICHHA (peslakcallii) W BEIUYWHON, 00paTHO mpoIop-
LIMOHAJILHOM BpPEMEHU pelaKcalud, — XapaKTepUCTHYECKOM  4acTOTOH,
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BIUIOTh 10 KOTOPOW KOHKPETHBIM BH MOJSIPU3ALUH CHOCOOEH IPOSBIATH-
csl.

DeKTpoHHasI MOIIPU3ALUS IPEICTABIIET COO0H yIIPyroe CMeIIeHne
n pehopMaIHio 3JIEKTPOHHBIX 000JI0UEK aTOMOB M HOHOB. Bpemst ycTaHOB-
JICHUS DJICKTPOHHOHM MOJPU3AUN HUYTOXKHO Mayio (OKOIIO 107 ¢), po-
L[ecC MPOUCXOIUT MPAKTHUECKH O€3 MOTepb YHEPTUH. DINEKTPOHHAS ITOJfA-
pu3anus HaOMogaeTcs y BCeX MUAIEKTPUKOB 0€3 MCKIIFOUSHHUS, TOCKOJIbKY
y BCEX IUAIEKTPUKOB HMMEIOTCS 3JIEKTPOHBI, HaXOMAIIMECS B CBA3aHHOM
COCTOSIHUU.

WonHas mnomsipusaiust XapakTepHa Ui TBEPABIX TUDJIEKTPUKOB C
HOHHBIM CTpPOCHMEM (CII0fa, KOPYHH, KaMEHHas COJIb) M TNPOSABISAECTCA B
YyOPYroM CMEILICHUH CBS3aHHBIX MOHOB IOJ JCHCTBHEM 3JIEKTPUYECKOIO
noJsisa. BpeMs ycTaHOBJIEHUS MOJISIpU3ALMKA OKOJIO 10 ¢, NOTEPh SHEPTUU
HE IIPOUCXOIHT.

DJNEeKTPOHHO- M HMOHHO-PEJIAKCAlMOHHAS MOJSAPH3ALUHN COIPOBOXK-
JAIOTCST AMAIICKTPUUECKUMH MOTEPSIMU. DJIEKTPOHHO-PETAKCAIIMOHHAsT TI0-
JSIpU3anusl BO3HUKAET BCIICACTBHE BO30Y)KICHHUS TETIJIOBON SHEPTUH H30bI-
TOYHBIX (ZE(EKTHBIX) JIEKTPOHOB M IBIPOK. VIOHHO-penakcaroHHas Io-
JSpU3alUs XapakTepHa JJIS MaTepUalloB MOHHOTO CTPOEHHs C HETUIOTHOU
yIaKoOBKOI MOHOB (HampuMep, B HEOpraHW4ecKux crekiax). [lpu atom Buze
MOJISIPU3AIINH CJIa00CBA3aHHBIE HOHBI MO ACHCTBHEM IOJIS TIepeMEeNaroTcs
Ha OJIHO WJIM HECKOJIBKO aTOMHBIX PAcCTOSIHMHA M 3aKPEJISIOTCS B HOBOM
MOJI0’)KEHHUH, YTO CO3/1aCT ACUMMETPHIO PacIpelelIeHUs 3apsAioB U, CIelo-
BaTEJIbHO, JJEKTPUUECKHH MOMEHT eIMHHUIBI o0beMa. Bpemst penakcanuu
cocramser  10%..10™ ¢ 115t HOHOB-peTakcaTOpOB PasHBIX Pa3MeEpoOB.

JlumonpHO-penakcanvoHHas IoJsipu3anusi oOBIYHO HaOIIomaeTcs B
TIOJISIPHBIX OPTaHMYECKUX ANDIIEKTPHUKAX (TMOJMMETHIMETaKpUIaT, OJIUBH-
HUJIXJOPUA M T.J.) W 3aKII0YaeTcs B OPUEHTAllMH, IOBOPOTE JWUMOJBHBIX
MOJIEKYJI, TUTIOJIBHBIX TPYIII IO/ IEHCTBHEM 3JIEKTPUYECKOTro MO, ITOT
BHJI MOJISIPU3ALIMU COTIPOBOXKIAETCS MOTEPSMH SHEPTUH. UeM HuXKe TeMIie-
parypa u KpyIiHee JMIIONH, TeM OoJblie BpeMs pellakcaliii, U3MEHsolee-
¢ B TIpenesax 10%..10%9¢.

CrpykTypHast (MEXKCIOHHAs, MWIPAIOHHAs) MOJsApHu3amus o0y-
CJIOBJIGHA JIBMKEHHEM CBOOOJHBIX 3apsAfoB (IIOJMOKUTEIBHBIX M OTPHIlA-
TENBbHBIX HOHOB, 3JIEKTPOHOB) M UX 3aKpEIJICHHEM Ha Je(eKTax M MOBEpX-
HOCTSIX pa3fefia pa3IMyYHbIX KOMIOHEHTOB 3JIEKTPOHM3OJSIHOHHOIO Mate-
pHuana. DTOT BHJ MOJISIPU3ALMK HAOJIIOAAaeTCs B HEOAHOPOAHBIX TUAIICKTPH-
Kax (KOMIIO3UIMOHHBIE MIaCTMACChl, TE€TUHAKCHI, TEKCTOJIUTHI, KEpaMHUKa U
T.J1.), KOMIIOHEHTBI KOTOPBIX 00JIa/Ial0T pa3HbIMH JIEKTPUUECKUMHU CBOHCT-
BaMH. Bpems penakcanum MOXXET JOCTUraTh AECSTKOB MUHYT, HOJISIPH3AIHS
COIMPOBOXKIAETCS TUDIIEKTPUIECKUMU TTOTEPSMHU.
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CrioHTaHHas (CaMOIIPOM3BOJIbHAS) TIOJAPH3AIMA XapaKTepHA LIS
cerHeToanneKTpuKoB. [Ipn Temmepatype Hinke Touku Kropu, korna sHeprus
TEIJIOBOTO [JBIDKCHMS HEBBICOKA, HOHBI, CMEMAsCh OPYr OTHOCHTEIHHO
Jpyra, CO3Aal0T 3JIEKTPUIECKUH MOMEHT. O0IacTi ¢ OJMHAKOBBIM HAIpaB-
JICHWEM JMIOIBHBIX MOMEHTOB Ha3bIBAIOTCA JOMEHaMH. [lo mefcTBus 37ek-
TPUYECKOTO MO HANpaBJICHWE IWIOIBHBIX MOMEHTOB Pa3HBIX JIOMEHOB
Xa0THUYHO U CyMMa HX PaBHA HYJIO, TIOATOMY CETHETONIEKTPUKH B LIEJIOM
Henonsipu3oBaHel. Ilog neiicTBUEM BHEIIHEro 3JEKTPUYECKOro MOJIs Mpo-
UCXOJMT OPUEHTAIMS TUTIOJIHBIX MOMEHTOB JIOMEHOB B HAlpaBJICHUH IO-
a1, [ToaToMy nuanekTpuyuecKkasl MPOHUIIAEMOCTh IIPU CHOHTaHHOM MOJISApH-
3alli¥ 3aBUCHUT OT HAIIPSDKEHHOCTH 3JeKTpuueckoro nois. Ilorepu sHeprun
IIPU ATOM HE3HAUMTEIbHBI.

JuanexTpudeckas MPOHUIAEMOCTh TUAIEKTPUKA 3aBUCHUT OT €ro ar-
PEraTHOTO COCTOSIHHSA, CTPYKTYPBI M YCIOBHH 3KCIUTyaTalluu (TeMIepary-
PBI, BIOXHOCTH, HANPSKEHUS, YACTOTHI).

I'a3000pa3Hble AMAIEKTPUKN M3-32 HU3KUX KOHIECHTPAIMH 3apsDKeH-
HBIX YaCTHI[ W IJIOTHOCTH UMEIOT e~1.

VY XKUAKUX HEMOJISAPHBIX AUIIIEKTPHKOB C IICKTPOHHOH IOJIpU3aIii-
eil € Taroke HeBenuka M cocrtaBister 2-2,5. IlomspHele (opraHudeckue u
HEOPraHWYECKHE C HEIUIOTHOW YMAaKOBKOW) IMAJIEKTPHKH, IUIS KOTOPBIX
XapaKTepHbI pelakCallOHHbIEe BUABI Noysipu3anuu, uMetoT €=3...10. OTHO-
CUTENbHAsE  JUAJIEKTpUYecKast
NIPOHULIAEMOCTb CETHETODIIEK- s 4
TPUKOB JIOCTUTAET 2-10°.

XapakTep 3aBUCHUMOCTHU
&(T) KOHKPETHOTO TUAJICKTPH-
Ka 00ycloBJeH mpeobianaro-
MM BUJIOM  HOJISIPU3AIHH.
Hampumep, y HeNoJspHBIX
MaTepHaioB (monmmaTHIICH,
mapaduH) € ¢ POCTOM TeMIIe-
patypsl  CHWXKaercs  H3-3a
YMEHBIIEHUS] IUIOTHOCTH U ! .
COOTBETCTBEHHO  KOHILIEHTpa- ! !
UM OOBEKTOB MOJSPU3ALNU : '
3apsDKeHHBIX YacTHl (puc. 1, Ty T, T
KpuBas 1).

3aBucHUMOCTh € momsip-  Puc. 1. 3aBUCHMOCTH € OT TemrepaTy-
HBIX AWBJIEKTPUKOB OT TEMIIE- Dbl JJIsl JUAJIEKTPUKOB C AIEKTPOHHOU
paTtypbl UMEET MaKCUMyM TIpU (1), murosEHO-peIaKCcanoHHOM (2),
ONpENEICHHOW  TEMIIEpaType  HMOHHOM M MOHHO-peaKkcauoHHOu (3)

Y CIIOHTaHHO (4) nmossipuzanueit

R EEEEEE

n
»
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T; (puc. 1, xpusas 2). [Ipu yBennuernun temnepatypsl 10 T; € yBenudusa-
eTcsl 32 CYET YMEHBUICHHUs BS3KOCTH M OOJIErYeHUs] OPHEHTAlMH JUTIOJNEH,
nanee, npu T>T; (OmpemeNeHHOM ISt KaXI0TO TUAIICKTPHKA), £ YMEHBIIA-
eTcd, TaK KaK TEIUIOBOE JBMXKEHHE HapyllaeT OPUEHTAIUIO JUMOJIA 10 Io-
0. Y OOJNBIIMHCTBA HEOPraHMYECKHUX CTEKJIOOOPa3HBIX M KpUCTAJLIMYE-
CKHX MaTEpHaJIOB HOHHOTO CTPOCHUS € YBEIWYMBACTCS C POCTOM TEMIIEpa-
TYphI, @ Y HEKOTOPBIX yMmeHbInaeTcs (puc.l, kpuBas 3). 310 00BsICHICTCS
HaJIMYUEM y IWIJICKTPUKOB KaK JJICKTPOHHOH (cHIkeHMe € ¢ poctom T),
TaKk ¥ MOHHOHM Nojspu3anuy. BeieacTBue yMeHBIIEHUS CBA3U MEXIy HO-
HAMH € IPU HOHHOH MOJISIPU3AINU C POCTOM TEMIIEPATYPhl yBETHIHBACTCS.
IIpu moBeIIEHHH TeMIepaTypsl BIUIOTh 0 3HauYeHUs Touku Kriopu
(Tx Ha puc. 1, kpuBas 4) € CETHETOINEKTPUKOB YBEIMUUBAETCS BCICICTBUE
oOyeryeHusi mpolecca MOJSIPU3alMK JOMEHOB, a BbIle Toukd Kropu
YMEHBIIIAeTCs U3-3a TOTO, YTO XAOTHYECKOE TEIIOBOE NBIDKEHUE MOJIEKYT
C COCPEOTOYECHHBIMI Ha HUX JIEKTPUICCKUMH MOMEHTaMHU HapyllaeT J10-
MEHHOE CTPOCHHE.
4 OTHOCUTENbHAs  JHU-
3 JJIEKTpUYECKas  MPOHU-
I[aeMOCTh € HEMOJISIPHBIX
JIM3JIEKTPUKOB HE 3aBH-
CHUT OT YacTOTHI, KaK IIO-
Ka3aHo Ha puc. 2 (KpuBas
1), Tak KaKk UM CBOWCT-
I BEHHa TOJBKO MTIHOBEH-
\ Hasl MOJISIpU3alysi, BpeMs
penakcanuu KOTOpOM
Majo IO CPaBHEHHIO C
MOJTYTIEPHOJIOM JIEHCTBHSA
HanpspkeHus. B momsp-
> HBIX Marepuajax ¢ JIu-
f; f' f f HNOJbHO-peNaKCalUOH-
HOW WM HOHHO-peakK-
CallMOHHOM TMOJIsIpU3aLn-
el € 70 ompeaeseHHOU
qactotsl ' He Memsercs
(puc. 2, xpusas 2). Korma
moJisipu3anus He OyJeT ycleBaTh MOJHOCTHIO yCTAaHABIMBATHCA 3a OJAWH
nonynepuo AedctBus Hanpspkenus (f' - BemuduHa, oOpaTHas BpeMeHH
penaKcalyn), € CHWKaeTCs, NPUOINKAACh K 3HAYEHHUIO, 00YCIIOBICHHOMY
BCErJa UMEIOLIEHCs JIEKTPOHHOU nossipuzanueid. Hekoropsle nonsipHble
MOJIMMEPBI UIMEIOT CTYNeHYaTyo 3aBucHMOCTb &(f), aHanornanyo KpuBoii 3

€

Puc. 2. YactoTHast 3aBUCUMOCTb € JUAJICK-
TPUKOB C MIHOBeHHOH (1) m perakcannoH-
HBIMH (2, 3) BUIaMH MOJISpU3AIHN
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(puc. 2), 00yCIOBICHHYIO HaJWYHEeM HabOpa pasHBIX PeraKkcaTopoB (IHIO-

Jell, TPYNII, CEIMEHTOB) C COOTBETCTBYIOLIMMH  XapaKTePHCTHYECKHMH

yacToTaMu «BbIOBIBaHUS» f1, f, 1 BpeMeHaMM penakcalyyl MONIpU3aLHOH-

HBIX IPOLECCOB. XapaKTePUCTHYECKYIO 4acToTy fy MOXHO paccuurars 1o

bopmye

fx = % ' (2)
8xnr

rae K — moctosinHas Bonbimana, T — TemmepaTypa, 1 — BA3KOCTb Cpepl, I —

panuyc MnoJsipu3yIoIIerocs 3IeMeHTa (MaKpOMOJIEKYJIbl, AUTIOJS | T.I1.).

W3 cooTHommennst (2) ciemyeT, YTO XapaKTepPHCTHYECKas dYacToTa
YBCJIUMYHMBACTCA C POCTOM TEMIIEPATYPLI U CHUXKACTCA MPHU YBEJIMUCHUU BA3-
KOCTH JUdJIeKTprKa. CaMoe 3HaYHUTENbHOE BIMSHHAEC OKA3bIBAIOT HA Xapak-
TEPUCTHYCCKYI0 YacTOTy pa3Mephl penakcaropa (HOHA, AMIONSA, Makpo-
CTPYKTYPHOTO KOMIIOHEHTa IU3JIEKTpUKa). [IpUMEHUTENhHO K THUIIOJNISAM,
T.C. TOJAPHBIM MOJICKYJaM, fX COOTBETCTBYCT MaKCHMaJIbHOM YacToTe
BHEIIIHETO 3JICKTPOMArHUTHOTO MOJIS,, KOTOPYIO OHU CIIOCOOHBI BOCIIPOH3-
BECTH CBOMMM ITOBOPOTaMH B HEM. 3a CYET TaKUX MOBOPOTOB (OpHEHTALIHN)
JOCTUTAETCs MAaKCUMAJIbHO BO3MOYKHAsI KOMIICHCAIIUS BHEIITHETO IO0JIst cO0-
CTBEHHBIM DJICKTPUYCCKUM IIOJIEM IMIJICKTPHKA. BakHO, YTO MONApHBIC
MOJICKYJIBl OJTMHAKOBBIX pa3MepoB, NpeObiBas B cpelax C pa3Hoil BS3KO-
CThIO, 00JIaIAI0T HEOAMHAKOBOW XapaKTEPUCTHUECKON yacTOTON. [TocKoIb-
Ky €MKOCTB JIFOOOT0 KOHJEHCATOpa NPOIOPLMOHATbHA BEJIMYHMHE €, 3aBH-
cumoctu C(T) u C(f) momrocteio onpenernsirores 3aBucumoctsamu £(7T) u g(f)
KOHKPETHOT'O JIM3JICKTPHUKA.

JMI1eKTPHYEeCKMMH MOTePSIMH_ Ha3bIBACTCSl SHEPTHs, paccerBac-
Masa B €AMHHUIY BPEMCHHU B AUDJICKTPUKE, HAXOAAIMIEMCA B SJICKTPUYCCKOM
HOJIe, W BBI3bIBAIOIIAsl €ro HarpeB. [IpW MOCTOSIHHOM Moje HOTepH 00y-
CJIOBJIMBAIOTCS TOKOM CKBO3HOIl MPOBOIMMOCTH — JIBIIKCHHEM HOHOB, HHO-
rza — cBOOOHBIX AIIEKTPOHOB. [oTepu Ha CKBO3HYIO AJIEKTPOIPOBOAHOCTh
MIPUCYIH B OOJBIIEH MM MEHBIIEH Mepe BceM TUAJIEKTPUKaM 03 MCKITo-
4yeHust. BennunHa moteps Ha CKBO3HYIO AJIEKTPONPOBOIAHOCTH OIpEeseT-
CA YACJIBbHBIM COIIPOTUBJICHHUEM Py, @ B TBEPABIX JUIJICKTPHUKAX TaKXKE U
yJIeNIbHBIM TTOBEPXHOCTHBIM CONPOTHUBIICHHEM Ps.

[Ipu nepeMeHHOM I0Jie Pa3InyaloT CJIEAYIOLINEe BU/IbI TIOTEPb:

1) Ha CKBO3HYO 3JIEKTPOIPOBOHOCTH;

2) nonspu3anUuoOHHbIe, 00YCIOBICHHBIC PA3HBIMU BUAAMHU 3aME/JICH-
HOM (penakcannoHHON) MOJSpHU3aITiH;

3) HOHM3AIIMOHHBIE;

4) 00ycIIOBJIEHHBIC HEOAHOPOJHOCTHIO CTPYKTYPBL.

[Monsipr3animoHHbIE MTOTEPH XapaKTEPHBI JJIS MOJSIPHBIX AUIICKTPH-
KOB (TIOJMBHHUIXJIOPUA, MOJMMETHIMETAKPHUIIAT, HONIUATHICHTEpedTAIAT,
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AIEKTPOU3OIIIIMOHHBIE CTeKIIA U Jp. ). KaxkIprif THI  penakcarioHHOH 1o-
JSIPU3ALMU  AUDJICKTPUKA CONIPOBOXKIACTCS XapaKTePHBIMH MOJISIPU3aLHOH-
HBIMH TIOTEPSIMHU C ONIPEACIICHHBIM BPEMEHEM PEJIaKCAIlMU M XapaKTePUCTH-
YECKOM YaCTOTOM.

VloHH3allMOHHBIE MOTEPH XapaKTepHBI Ul I'a3000pa3HBIX IHAJICK-
TPUKOB, a TaKKe YKUAKAX M TBEPIBIX, CONCPIKAIIMX I'a30BBIC BKIFOYCHHS
(KepaMHYeCKHe, CIOUCThIC, KOMIO3UIMOHHBIE WU Ip.). DTOT BHI MOTEPb
XapaKTePU3yeTCs TaK Ha3bIBAGMOM KPHBOW HMOHHM3AIMH - 3aBUCHMOCTHIO
tg & OT PHUIIOKEHHOTO AIEKTPUUECKOTO Hampspkenus [2,3].

JudIeKTprUYecKie  MOTepH, OOYCIOBICHHBIE  HEOTHOPOIAHOCTHIO
CTPYKTYPBI, HEMIOCPEACTBEHHO CBA3aHBI C MAKPOCTPYKTYPHO!H (MHIPAIIHOH-
HO¥T) MoNspU3anuel U MPUCYTCTBYIOT B KOMIIO3HUIIHOHHBIX, KEPAMHUYECKHX,
CIIOUCTBIX JHAIICKTPUKAX.

[pu BBIBOE aHANTUTHYECKOTO COOTHOLICHUS JUIA pacueTa MOIIHO-
CTH IUIJNICKTPHYECKUX MOTEPh IOJIB3YIOTCS SKBHBAICHTHOH CXeMOW Iu-
9NIEKTPUKA, COCTOSILICH M3 IOCICAOBATEIbHO WM MapajUIeNbHO BKIIOYCH-
HBIX aKTHBHOTO compoTuBieHHS R u emkocti C. DKBHBAJICHTHAs cXeMa
BBIOMpAETCs Tak, YTOOBI pacxojayemas aKTHBHAas MOIIHOCTh OblIa paBHa
MOIITHOCTH, PaccerBacMOil B JHMAJICKTPUKE KOHAEHCATOpa, a BEKTOpP TOKa
6LIJ'I CABUHYT OTHOCHUTECJIBHO BEKTOPA HANIPSXKECHUA HA TOT K€ YroJj, 4YTO U B
paccMaTrpuBaeMOM KOHZEHCATOPE.

B uneansHOM KOHIEHCaTOpe (BaKyyMHOM) 0e3 MOTEph YTOJl MEXIY

BEKTOpaMu Toka [ . ¥ HAIPSDKCHHEM U - baBeH 90°. Yem Gouibliie pacceu-

BaeMasi B PEAJbHOM [JHMIJIEKTPUKE MOIIHOCTb, MEPEeXoJimas B TEIUI0, TeM
MEHbIIIe Yrodl caBura a3z ¢ u TeM OoJblIe Yroil JUIIEKTPUUECKHX MOTEPh
8 u ero pynxnus tg 8 (puc. 3).

Tanrenc yria qusiieKTpudeckux moteps (tg 8) — mapamerp, yUuThI-
BAIOIIMI BCEe BHIBI NOTEPh B JUIICKTPUKE U MPEICTABIAIOMNN cO00i TaH-
TeHC YTJIa, IOTOJHSIONIET0 YroJl c/IBUra (a3 MeXy TOKOM M HalpsDKeHHEM
B eMKOCTHOM nenu 10 90°. TaHreHc yria AM3JIEKTPUYECKUX HIOTEPH PABEH
OTHOUICHHIO

tgd =l4/1, (3)
a MOIIHOCTh JIMAJIEKTPUUECKHUX MOTEPh B IIEPEMEHHOM 3JIEKTPUYECKOM I10-
ne

P =U%aCtgs, (4)
rae U — npunokeHHoe HampspkeHue;, o=2nf — yactora. U3 Beipaxkenus (4)
CIeyeT, YTO OURJICKTPUYECKHE MOTEPH CYIIECTBEHHO BIHUSIOT Ha padoty
anmapaTypbl BEICOKOTO HAIPSKEHUsI, BHICOKOYACTOTHOW U B OCOOCHHOCTH -
OZIHOBPEMEHHO BbICOKOYACTOTHON U BBICOKOBOJIBTHOM.



A
\

Uc § U el —4 1

\
y
\

a §)

Puc. 3. DKBUBaJIEHTHEIC CXEMBI U BCKTOPHBIC AUAI'PAMMBI JUDJICKTPHUKA
C NOTCPAMMU: a — IOCIICAOBATCIIbHAA, = napajjiciibHas

TaHreHc yrma AMANIEKTPUYECKHX IOTEPh 3aBUCUT OT COCTaBa H
CTPYKTYPBI AUIEKTPUKOB, OT arperaTHOTO COCTOSTHUS, a TaKXKe OT YCIOBUH
9KCIUTyaTaIiH.

y YHCTBIX OJTHOPOJTHBIX HETOJISIPHBIX JTUBJIEKTPUKOB
JTURJIEKTPUYECKHE TMOTEpH Majbl U 0OYCIOBICHBI TOJIBKO TOKOM CKBO3HOM
npoBoxuMOcTH. TQ8 HesHaumreneH, mopsaka 10, ¢ poctoM  wacToThl
nagaet (puc. 4, kpuBas 1), Tak Kak |z OT 4aCTOTHI MPAKTHYECKHU HE 3aBUCHT,
a peakTuBHbIA TOk |, yBenmumBaercs. JIisl TakuxX AWDIEKTPUKOB IIPH
MOBBILIEHUH TeMIeparypbl tgd Bo3pacTaeT 3a CHET YBEIWYEHHS TOKa
CKBO3HOW MPOBOJMMOCTH (pHC. 5, KpuBas 1).

[NomnsipHbIE TUAIEKTPUKH, y KOTOPBIX IOTEpPH OOYCIIOBIECHBI Kak
CKBO3HOW  NPOBOAMMOCTBIO  (WHOTJIA  3HAYMTENBHOHM), Tak |
PeTaKCAIMOHHBIMU BIIAMH TIOJISPH3AIMH, HMEIOT BBICOKHil tg & ~ 107
10™. YactoTHas u TemmepaTypHas 3aBHCHMOCTH tgS TAaKHMX IMIIEKTPHKOB
HUMEIOT MaKCHMYMBbI, NOKa3aHHbIe Ha puc. 4 (kpuBas 2) u 5 (kpuBas 2).
IMosiBnenne  makcumyma Ha  3aBucumoctu  tgd(f)  oOwsicHsiercs
WHEPUUOHHOCTBIO JIMTOJIEH W  JIUNOJBHBIX TPYMI, HE YCHEBAIOMINX
OPHEHTHPOBATHCSl 10 TONIO0 3a MOJYNEepHoJ ero u3MeHeHus. OOmwmi
XapakTep 4acTOTHOM 3aBHCHMOCTU COOTBETCTBYET KpuBoH 1, puc. 4, T.e.
MOTEPsIM Ha CKBO3HYIO AJIEKTPONPOBOAHOCTH. [IpW HaIMYMM HECKOIBKHX
penakcaTopoB IOSIBJISIETCS COOTBETCTBYIOLIEE YHCIO MakCUMyMOB {gd
aHaJIOTUYHO pHC. 2.



tgd 4 tgd 1

f T
Puc. 4. YactotHas 3aBHCH-
MOCTb tg & /I AUDIIEKTPH-
KOB C ITIOTEPSIMA Ha CKBO3-
HYIO JIEKTPOIIPOBOTHOCTH
(1); c morepsaMu Ha iek-
TPOTPOBOTHOCTD U TOJISI-
PHU3aLMOHHBIMU TOTEPSIMHU

)

Puc. 5. 3aBucumocts tg &
OT TEMIEpaTyphI IS He-
NOJIIPHBIX (1) M MOMIAPHBIX
(2) mudNEKTPUKOB

[osiBieHHEe MaKCHMyMOB Ha TEMIICPAaTypHOH 3aBHCHMOCTH 1Qd
TIOJIAPHBIX JMJICKTPUKOB OOBSICHSETCS TEM, YTO IO Mepe MOBBIIICHHS
TEMIEPATypbl 3aKpPEIUICHHBIE JUIOJIM MOJY4YaloT JONOJHUTEIbHYIO
SHEPrHIo, OOMBIIYI0 CBOOOLY MEpeMEIIeHNSI U OpUeHTAlMH 110 noo. [Ipu
9TOM BO3pPAcTaeT MOIIHOCTb AMAIIEKTpHUUYECKHX noTepb u tgd. Haumuas c
OIpEJIeTICHHON TeMIIepaTypbl, COOTBETCTBYMOLIeH MakcumyMmy tgd Ha ero
TEeMIEepPaTypPHON 3aBUCHMOCTH, SHEPIHs TEIJIOBOIO ABHKEHHS CTAaHOBHTCS
BBIIIIE PHEPTUU DIEKTPUUYECKOTO MO, HApYIIAeTCsl OPHUEHTAlMs JUIONEH,
3aTpaTa DdHEpPruu yMeHblmaercs W 190 cHmxkaercs. [Ipu  BBICOKHX
TemnepaTypax (gd MoJIAPHBIX AUAIEKTPUKOB BO3PACTAET 32 CUET POCTa TOKA
CKBO3HOM IPOBOJUMOCTH.

Y IUAIeKTPUKOB € Ta30BBIMH BKIIOYEHHSAMH {gd pacTer mpu
YBEIMUEHUHN HANpsDKEHWs] BCIEACTBUE MOHM3auMM rasa. [loatomy
TIOPUCTBIC AUDJICKTPUKU HETIPUTOAHBI IJIA BBICOKOBOJIBTHOM anmapaTrypabl. Yy
THTPOCKONINYHBIX MaTepruasioB {Jd MMeeT MOBBIIEHHOE 3HAYEHHUE, TaK Kak
BOJa ABJIACTCSI HCTOYHUKOM CBO6OJIHBIX HNOHOB.

Bennunna tg0 HEOAHOPOAHBIX M KOMIO3WIIMOHHBIX JNAJIEKTPHKOB
3aBUCUT OT MPHUPOAbl U pacHOpeleNeHHs BKIIOYEHUHN, CIEeLUaNbHBIX



9

HarojHuTeNe. 3HaueHne tgd CIOMCTHIX MIACTMACC MOXKET U3MEHSTHCS B
LIMPOKUX TIpesiellaX B 3aBUCHMOCTH OT KOJHYECTBEHHBIX COOTHOILICHUIA
KOMIIOHEHTOB, JOCTUrast HECKOJIBKUX SAUHHMIL.

Hanmenbummme mortepu XapakTepHbl UI1  JUAJICKTPUKOB  C
MTHOBEHHBIMH BHIAaMH MOJSIPU3ALNH, MMEIOIIUX IUIOTHYIO OIHOPOIHYIO
CTPYKTYPY M MUHHMAJbHOE coiepxaHue npumeceil. K takum Matepuanzam
OTHOCSTCSI TIOJUCTHUPOJ, MOMUITHIICH, (TOpOIUIacT-4, TpancopmaTopHOE
Macjo, CJI0Ja, BBICOKOYACTOTHBIA cTeaTHT U Jp. OCOOEHHO BBICOKHE
TpeOOBaHUS MPEABABISIOTCS K TUIJIEKTPUKAM, TIPUMEHSIEMBIM Ha BBICOKHX
YacTOTax U B BBICOKOBOJIETHOM ammaparype.

2.0nucanne METOTUKHN U3MepeHmit

Bo3MoxHBI IBa BapHaHTa BBITOJNHEHHS HACTOSIICH JabopaTOpHOI
paboTel. B mepBoM citydae 3T0 peanbHBIN MPHOOP ¢ peaTbHBIMH 00pa3naMu
JMDJICKTPUUECKUX —MaTepHaioB. Bo BTOpoM ciydae HCIOJB3YIOTCS
porpaMMHasi MOJENb Ipubopa - KyMeTp (BUPTYyasJbHBIA mpuOOp) u
MIPOTpaMMHEIE (BUPTYalbHBIC) MOICIH AUAICKTPHICCKIX MATCPHAJIOB, MIPH
3TOM paboTa BBINOJHACTCS Ha IEPCOHAILHOM KOMIBbIOTEpE. BapuaHT
BBIIIOJIHCHUA pa6OTI>I, JAUDJICKTPUICCKUC MaTEpUajibl, AUalla3oHbl 4YaCTOT U
TeMIepaTyp AJIS HCCIEeIOBAHUS 3a/Ial0TCS IIPETIOIaBaTEIIEM.

[lpuHtMn BBITONTHEHUST Ja0OpaTOPHOH pPa0OTBI  C  TOMOIIBIO
peanbHOrO W (MJM) BHUPTyaJbHOTO TMpUOOpa - KyMeTpa oOcTaercs
HEM3MCHHBIM. V3MepsieTcss €MKOCTh O00pa3loBOTO KOHJEHCAaTopa W
JOOpOTHOCTH KOHTypa 0e3 oOpasla IUIICKTPUKAa M C TOIKIIOYCHHBIM
obOpazriom. 3arem 1o (¢GopMyTaM MPOHM3BOIT pacueT MapaMeTpoB
nudnekTpukoB. [lpuBeneHHoe nanee 3agaHue K JiabopaTopHOW pabote
oCTaeTcs HEM3MEHHBIM B JIFOOOM BapHaHTE €¢ BBITIOJTHCHUS.

2.1. BoInoJiHeHU e J1a00PaTOPHOIi paGoThl HA U3MEPUTEILHOM KyMeTpe

Kymerpom  HaspiBaeTcs  TIpUOOp,  MO3BOJSIOMIMN  HM3MEpPSTh
JOOPOTHOCTH KOJIEOATEIEHOTO KOHTYPA, HHIYKTHBHOCTD KAaTYyIICK, EMKOCTb
1 1OOPOTHOCTH KOHJEHCATOPOB. JI0OPOTHOCTD TUAIEKTPUIECKON N30SI
MpeCTaBIsET cO00H BeanunHy, obpaTHyo tg J, T.e.

Q=1/1g d.

ODyHKIMOHATBHAST CXeMa KyMmeTpa TnpuBeneHa Ha puc. 6. OnHa

BKITIOYAET B ce0s CICAYIOIIUE SJIEMEHTHI:
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L Q

~ R[IJu xc
I'BY ?

Puc. 6. ®yukimonaabHas cxeMa KyMeTpa

I'BY — reneparop BbeicOKOii uactoTel; R=0.04 OMm — mocTosHHOE
COTpOTHBIIEHHUE; L — cMeHHBIE 00pa3oBhIC KATYIIKA HHAYKTUBHOCTH; X —
3KMMBI ISl moAKMoueHuss obpasna; C — o00pasloBblid KOHAEHCATOP
nepeMeHHO emkoctd Ha 25 — 450 nd; Q — BOABTMETP C BBICOKHM
BXOJHBIM  CONPOTHBJIICHHEM,  MPOTPaJyWpPOBAHHBIH B  3HAYCHHAX
no6poraoctd. C momMompi0  00pas3loBOro KOHJEHCATOpa IepeMEHHO
€MKOCTH MOXXHO JOOWMThCS pE30HaHCa Ha 3aJaHHOW YacToTe B
nocienoBatenbHOM KoHType L u C ¢ NOAKIIOYEHHBIM HCHBITYEMBIM
oOpasmom.

B MomMmeHT pe3oHaHCa HanpsDKEHHE Ha 00pa3ioBoM KoHaeHcaTope U
B Q pa3 GoubIe moJBOIUMOTO K KOHTYpY HampspkeHus U, T.e.

U=QU. ®)
JoOpoTHOCTE KOHTYpa MPH PE30HAHCE OTIpeeNsIeTcs mo Gpopmyre

Q:a% , (6)

Trae rk — aKTUBHOC COIIPOTUBJICHHUEC KOHTYpPaA, (® — YacToTa.

[py HOAKITIOYEHUH UCIIBITYEMOrO 00pasiia ¢ MOTePSMH K 3aKUMaM
00pa3oBOro  KOHJAEHCATOPa MPOUCXOAMT  BO3PACTAHHE AKTUBHOTO
COIIPOTHBIICHHSI KOHTypa NPH PE30HAHCE M, CJIEI0BaTeIbHO, YMEHBIICHUE
ero no00poTHOCTH. J[OOpOTHOCTH KOHTYpa MOXKHO OIIPEAEINTh, 3Has
HanpspkeHust U u U, Hanpsbxenne U n3MepsitoT BOJIBTMETPOM € OOJIBIINM
BXOJIHBIM conpoTuBieHneM. IloaBonuMoe HampspKeHHE HaXOIHUTCS B
mpenenax 0.01 — 0.02 B. BennuuHa 3TOro HampspKEHUS 3aBUCUT OT TOKA,
nporekatoniero uepe3 pesucrop R. CrnenoBaTtenbHO, M IOKa3zaHHe
BOJILTMETPA, MPOrPaAyHUPOBAHHOIO B €AMHHIAX JOOPOTHOCTH, 3aBUCHT OT
stroro Toka. Illkama mnpubopa, pErUCTPUPYIOLIETO0 TOK B LENH C
compoTuBieHreM R, mporpagyupoBaHa B 3HAuYCHHSAX JIOOPOTHOCTH.
IMpouecc m3mepenust € u tg O COCTOMT B OINpeNEICHUH JOOPOTHOCTH
koHTypa Q; M emKocTH 00pasioBoro KoHaeHcatopa C; 0€3 HCIBITYEeMOro
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oOpasiia B MOMEHT DPE30HaHCAa INPH 3aJaHHON dYacTOTe W ONpPEACICHHU
3HadeHnit Q, u C, npu Hamumauu obpasma. [lo 3THM BenMIMHAM BBEIYUCIISIOT
tg 6 ¥ eMKOCTh HCITBITYEMOT0 00pasIia.

B pabore m3mepenue € u tg O AMDICKTPUKOB MPOMU3ZBOIUTCS MPHU
oMoty kKymetpa E9 — 4, mpuHumm paboTsl KOTOPOTO W3JI0KEH BHIIIE.

IIpomecc m3MepeHHs €MKOCTH M TAaHTE€HCA Yria IU3JIEKTPUIECKHX
MOTEPh COCTOUT B CIIEYIOIIEM.

1. K xremmam Ly Ha BepxHEW maHenn nmpudopa MOAKIIOYAI0T OTHY
U3 W3MEPUTENBbHBIX KaTylmIeK HWHAYKTHBHOCTEH, K kimemmam Cy
MOJICOSTUHAIOT TpoBoja Oe3 oOpasma. IlpoBonma ycTaHOBIIEHBI MeIHBIE
KECTKHE, B BUJIE KPYIJIBIX IIHH JUaMeTpoM 3 — 4 MM, IIOKPBITBIX cepeOpomM
JUISl yMEHBLICHUs] TOTepb. PaccTosiHne Mexay NpoBOJaMU B IpoOIecce
n3MepeHnsi eMKocTH U {g O mojnepXWBalOT HEW3MEHHBIM. KOHTakThI B
MECTax COG}II/IHCHI/Iﬁ JOJIKHBI OBITh HaC)KHbBIMU.

2. Tlepekirouarenu pona pabOT YCTaHABIMBAIOT B TOJIOKEHHE
«M3mepeHue», pydky «YpOBEHb» - B KpailHee J€BOE IOJIOKEHUE.
BruttogaroT TymOGiiep MUTaHUS.

3. Ilepekmrouarens nuana3oHoB Q yCTaHABIMBAIOT B IOJOXKEHHE
«60». [NepexirouaTens poma padboT — B MOJOXKEHHE «YCT. HYILD». Pyakamu
«Hynp» n «Hynb ypoBHS» ycTaHAaBINBAIOT HYJIH IPHOOPOB.

4. TlepeBomsaT mepexmovaTeNb poia paboT B IOJOXKEHHE
«KammbpoBkay. Pyukolt «YpoBeHb» yCTaHABIMBAIOT CTPEJIKY Ipubopa Ha
KpacHYIO0 pHUCKY, a moTeHuuomerpoMm «60» crpenky Q BonbTMeTpa — Ha
pucky «60». Takum Ke METOJOM YCTaHABIMBAIOT HylIb U
oTKanuOpoBbIBalOT mKaidbl «200» u «600», perymupys cOOTBETCTBYIOIINE
TIOTCHIIUOMETPHI.

5. Ilepexmouatens poxa pabOT YCTaHABIMBAIOT B IIOJIOXKEHUE
«M3mepeHue».

6. C moMomipl0 OCHOBHOTO M TIIOJICTPOEYHOTO KOH/IEHCATOPOB
HACTPauBalOT KOHTYP B PE30HAHC M OTCUMTHIBAIOT 3HadeHHE eMKocTh C; ¢

TOYHOCTBIO [0 AECATHIX mojeil mukodapan n godbporHocta Q. Ipu sToM

TIOJIJIEPKHUBAIOT CTPENIKY IprOopa «YpoBEHb» Ha KPaCHOH pHCKe.

7. Tlonmkirouarot obpaszen JUAIEKTPUKA c IIOMOLLBIO
COCIMHHUTENBHBIX TPOBOIOB M BHOBH HAaCTPAMBAIOT KOHTYP B PE30HAHC C
IIOMOIIBI0 OCHOBHOTO M IOACTPOEYHOIO KOHAEHCATOpOB. Pe3oHaHCHas
€MKOCTh KOHTYypa ocTtaercs npexuei. [Ipoussoast orcyer Q, u Cy. Tak kak
€MKOCTh HCIBITyeMoro obpasima Cy W €MKOCTh H3MEPHTEIbHOTO
koHzeHcaropa C, BKIIOYEHBI HapauiebHO, TO JIOJDKHO OBITH BBIOJHEHO
yCIIOBHE

CHG=0y, (7)
rae C; sBiIsieTCS PE30HAHCHOM €MKOCTBIO KOHTYpa, HACTPOEHHOTO Ha
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3aJaHHYIO 4acTOTYy.

8. Takmm 00pa3oM, eMKOCTB HUCIIBITYeMOT0 00pasia
C,=Ci-C,. (8)
Ecim  mpowsBomuTcs — HCHBITaHWE — IUIOCKOro — obpasma,  To
OTHOCHTENBHYIO AUIIEKTPHUECKYIO IIPOHMIIAEMOCTh MOKHO OIIPEACIHTD M3
(bopmyIbL:

C.=eg,S/h, 9
rae €,=8.854x10"2 /M — sekTpHueckas IOCTOSHHAsS BaKyyma; S —
IIOIIa b MEHBIIET0 YIEKTPoa, M°; h — TommHa 06pasia, M.

Ecmu C, BeIpa3uth B mukodapamax, To

€=0.113C,h/S. (10)
B pabote BepxHHUI 3JCKTpO] UMeeT (OpPMY HUIMHIPA JUAMETPOM
5¢10% M, HwkHHH — QopMmy mmacTMHBL McmeITyemsii - oGpasert

pacrosiaraeTcst Mexy STUMHU 3JIEKTPOIaMH.
TaHreHc yria IU3JIeKTPUYECKUX MOTeph OnpeelseTcs o Gopmyie

tg 8=(Q1-Q2)C1/Q1Q4(C;1-Cy). (11)

2.2. BoinosiHeHue J1a0opaTopHoii padoThl HA BUPTYaJILHOM KyMeTpe

JlaGopaTopHast paboTa BBIIIOJIHAETCS yTEM MOJAEINPOBAHUS IIpoliecca
N3MEpPEHNS] PE30HAHCHBIM METOZOM OTHOCHTENLHOM AMAIIEKTPHUYECKOH
MIPOHUIIAEMOCTH M TaHIeHCAa yIJla JUIICKTPUUECKUX MOTEph TBEPABIX AM-
JIEKTPUKOB C HCIIOJIB30BaHNEM NPHOOpa — M3MEpHUTeNs A00pOTHOCTH (Ky-
Metpa). 1 3Toro mpUMeHsIeTcs crielranbHasi IporpaMMa, BBITTOTHIEMast
Ha nepcoHanbHOM KommsioTepe (I1K). B aTy mporpaMmy 3a105xeHbl MOJEH
U3MCHCHUA XapaKTEPUCTUK pAa JUIJICKTPUKOB B 3aBUCUMOCTU OT U3MEHE-
HUsl IapaMETPOB OKPYIKAIOLIEH CPEeibl U BHEIIHUX BO3JEHUCTBUM, a TaKKe
UCTIONB3yeTCs MoJenb npubopa kymerp. IIpuHIun n3mepenus € u tgd onm-
cad Beie. [Ipu moaroToBke k pabore HEOOXOIUMO U3YUYUTh METOINYECKUE
yKa3aHus K JaboparopHoit padore. [[ns Havana paboThl HEOOXOIUMO 3a-
myctuTh ¢aitn «Tanr amsm» Ha pabodem croie I1K, mocie dero mosiBUTCS
OKHO, W300paxeHHoe Ha puc./, a. OHO OTOOpaKaeT Ha3BaHHME BBITIOTHsIE-
MO# 1a00paTOpHON pabOThl W KHOIKH, Ha3HAUYEHUE KOTOPHIX WHTYHTHUBHO
MIOHATHO. YTIpaBJIeHUE NPOTPaMMOI OCYIIECTBISIETCS! OOBIYHBIM CIIOCOOOM,
NpUMEHSEMBIM MOBCEMECTHO B omepaunonHon cucteme Windows. ITocie
menyka no kHonke «HaunHaem» MosBUTCS OKHO BBIOOpa MaTepHalioB, Kak
IoKa3aHo Ha puc. 7, 0.

Bri0op Mmarepunana OCyIIECTBISIETCS IIEIYKOM MO COOTBETCTBYOLIECH
3aKJIaJIKe ¢ Ha3BaHWeM Marepuaia. Ha 3akimagke mpeacTaBiIeHbl ONMCAHUE U
HEKOTOPHIE XapaKTEPUCTUKH BRIOPAaHHOTO MaTepHaia AUIIEKTPHUKA.
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RIRTY
Katbenpa GMMTS

BLIBHPAEM MATEPUAN

JWEOPATOPHAR PAEOTA M0 M3MEPEHWIO
OTHOCHTENLHON AMZNEKTPYMECKON MPOHUUAEMOCTI
1

TAHTEHCA YTTIA M3MEKTPUMECKHX MOTEPE
TBEPABLX AWNINEKTPUKOB

A wma_|

a 6
Puc. 7. BHemHui BUI OKHa Havdana paboTH (2) U BEIOOpa MaTepHaia
IWJICKTDHUKA IS HccaenoBaHus (6)

IIpoBenenne usmepeHuii

ITocne menuka o kHomke «K M3MepeHHsAM) OTKPHIBAECTCS OKHO U3Me-
PEHUS TTapaMeTpoB BBHIOPAHHOTO IUIJIEKTPHKA, ITOKa3aHHOe Ha puc. 8. B
9TOM OKHE OTOOpakaroTcsi MpUOOp - U3MEPHUTENh TOOPOTHOCTH U M3MEPH-
TeJIbHAs KaMmepa ¢ 00pa3loM JHIEKTPUKaA. 3/1eCh e 0TOOpaXaroTcs cxema
TIOJKJIIOYEHHS UCCIIEyeMOTo o0pasia AMAJICKTPUKA M HCIIONb3YyEeMbIE TIPH
3TOM JICKTPOIBI.

Heob6xoanmo BrmounTh npubop menukoM no Tymonepy «Cetby». Ilo
YMOJYaHUIO B W3MEPUTENLHON Kamepe ycTaHOBJIeHa Temmeparypa 0 oC,
W3mepenne € u tgd AndIEKTprKa HEOOXOIUMO IIPOU3BOJNTE B CIEAYIOMIECH
MOCJIE/IOBATENILHOCTH. Y CTAHOBUTh HEOOXOJIUMYIO YacTOTy TIeHepaTopa,
HCIOJIb3Yyd KHOIIKU BBI60pa JuariasoHa U JIBHKOK Ha IIKaJIC IIJIaBHOI'O H3-
MCHCHUSA 4aCTOThI.

1. Pyukoii mox CTPENOYHBIM HHIUKATOPOM «YPOBEHb» YCTaHOBUTH
CTpeJKy Ha ImKase npubopa Ha 1.

2. IenkHyTh MO KHOMIKE «VI3MEHNTH TEMIIEpaTypy» U B OKHO «3a/aT4nK
TEMIIEpaTypbl» BBECTH C KJIABHATYpHl HYXXHYIO TEMIEparypy B H3MEpH-
TEJILHOHM KaMepe 1 HaxkaTh KHOTKY «Ilyck». Jlo’maTbcss MOMEHTa YCTaHOB-
JICHUS! 3aJJaHHON TEMIIEpaTypbl B U3MEPHUTEIILHOM Kamepe.

3. V3MmeHss 3HaYeHHE €MKOCTH NEpEeMEHHOI0 KOHAEHCATOpa I10 IIKajIaM
«EmKocth Tpy60o», «EMKOCTE cpenHe» U «EMKOCTH IIIaBHOY, IO CTPEIod-
HOMY Tpubopy «JoOpOTHOCTE» HOOWUTHCS pe30HaHCAa B KOJIeOATEIHLHOM
KOHTYpE 10 MaKCHMaJbHOMY OTKJIOHEHHIO CTpPENKH mpubopa. 3ammcaTs B
YepHOBHKE 3Ha4YeHHE J0OpOoTHOCTH Q; ¢ HU(POBOrO HHIMKATOPA BHU3Y
CTPEJIOYHOTO MpHuOOopa W 3HAYCHHE EMKOCTH IIEPEeMEHHOTr0 KOHJEHcaTopa
C;. EMkocTh KOHJIeHCaTOpa B uKodapaaax ornpeaesseTcs CyMMUPOBAaHUEM
3HAUYeHUH NIHMQPOBBIX HHIMKATOPOB II0J COOTBETCTBYIOIIMMHM IIKaIaMHU
N3MEHEHHs] EMKOCTHU IIEPEMEHHOT0 KOH/IEHCATOPA.
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Puc. 8. BHemHuMiT B OKHa IJIsT IPOBEACHUS M3MEpPEHHA 03 MOIKITIo-
YEHHOTO K KyMETPY HCCIIeIyeMOoro odpasma AUAJIEKTpHUKa (a) M ¢ MOoJ-
KJIIOYE€HHBIM 00pa31oM audJIeKTpuKa (0)

4. TloaxnrouuTh 0Opaselr] AUAICKTPHUKA IIEITIKOM 1Mo KHomke «[lokiro-
4uTh 00pa3en» M MOBTOPHUTh U3MEpPEHHS B COOTBeTCTBUHU C 1. 3. Hombie
BEJIMYUHBI JOOPOTHOCTH U EMKOCTH OYJIyT COOTBETCTBOBATH 3HAUCHUSIM Q)
u C,, I3MEPEHHBIM MPH TMOJKIFOUYCHHOM B KOHTYP JHIJICKTPHUKE.

5. Otkmounts 00pa3zen KHOMKOH «OTKIIOYATE 00pa3ery, mpu HeoOXo-
JUMOCTH M3MCHUTH YaCTOTY WM TEMIEpaTypy B M3MEPUTEIHHON KaMepe B
COOTBETCTBUHU C M. | - 3 ¥ IPOAOIKUTE B COOTBETCTBUH C II. 4,5.

6. Ilpm HEOOXOIMMOCTH BBIOPATH OPYTOW IHUAIICKTPHK, HCIIONB3YS KHOTI-
Ky «3aMEHUTh MaTepHa.

Pacuer mapamerpoB (C,, € u tgd) no coorHomenusm (8) - (11) mon-
HOCTBIO COOTBETCTBYET IPHBEICHHOMY B II. § paszena 2.1 MeTOIMYeCcKIX
YKa3aHHU.

3. 3anaHue no BBINOJHEHUIO J1a00PATOPHO PadoOTHI

1. IIpousBecTH H3MEpEHNE TAHTEHCA yIiia AUANEKTPHUECKUX TOTEPh U
JUDJIEKTPUYECKOM  IPOHULIAEMOCTHM  MAT€pUaoB 10  YKAa3aHUIO
IIpenoaBaTes.

2. PezynbTaThl U3MEpEeHUil 1 pacueTHBIC JaHHBIE CBECTH B TAOIHILy IO

[PHUBECHHOMY HIDKE 00pa3iy.
3. Tloctpowuts 3asucumoctu &(f), tgd(f).

HaumenoBanne | Tommuna | Yacrora, | C | Cp | Cx, | Q1 | Q2 | & | tgd
Mmarepuana h, m I'a n® | n® | nd
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4. Conep:xaHue oT4YeTa

1. HanmeHoBaHUE pabOTHL.

2. Llems paboTEHI.

3. Kparkme Teopernueckne cBeleHHUS (OCHOBHBIC OIPEIEIICHHS, pac-
YeTHBIC COOTHOLICHUS, METOIUKA SKCIEPUMEHTA H CXEMBbl H3MEPEHHH, KO-
TOpBIE BBIIOJHSIIOTCS KapaHJalloM B COOTBETCTBUM C TpeOOBaHHUSIMHU
ECKL).

4. Pe3ynbTaThl U3MEPEHUI U PacyeTOB B BUJE TaOJIUI U rPadHKOB.

5. BrIBOJIBI, BKIIOUAIOIIUE aHAIHM3 MOJYYEHHBIX Pe3yJbTaTOB, U CPaB-
HCHHUC X CO CIPAaBOYHBIMU JaHHBIMU.

OT4eT BBIIOIHAETCS KaXXJbIM CTYACHTOM MHANWBHUIAYAJIbHO.

KoHnTpoJsbHbIe BOnpockl

1. Ha xakue cBOWCTBAa AMANEKTPHUKA BIHUACT TUIIOJGHBI MOMEHT MO-
TeKyT ?

2.YeMm oTnr9aeTcs MOISIPHAS MOJICKYJIa OT HETIOISIPHON?

3.Urto Takoe monsApu3alUsl W KaKWe CBOWCTBA IHAIICKTPUKA XapakTe-
pHU3yeT 370 ABIeHHUE?

4. Jlaiite ompeselieHne OTHOCUTEIBHOW AMAIECKTPUUECKON MpOHHIIae-
MOCTH.

5. OxapakTepu3yiTe OCHOBHBIE BUJIBI MOJISPU3AIIIH.

6. Kakue BUIbI NOJISIPU3ALUH IPUCYLIH MOJSIPHBIM M HENOJISIPHBIM 11~
3JEKTpUKam?

7. HapucyiiTe B OIHUX M T€X ¢ KOOPAMHATHBIX OCAX 3aBHCHMOCTH
OTHOCHUTEJIbHON JUAJIEKTPUUYECKOW MPOHULIIAEMOCTH OT TEMIIEpaTypbl s
HETIOJSIPHOTO TUAJICKTPUKa (MOJMITHIICHA) U TIOISIPHOTO ¢ MPEodialaHueM
JIUITOJIEHO-PETaKCallMOHHON TOJSIPU3aIiH (TIONHBUHUIIXJIOPUAA).

8. HapucyiiTe B OZHHX W TeX XK€ KOOPIUHATHBIX OCSX 3aBUCHMOCTHU
OTHOCHUTENIBHOW IUAIEKTPUYECKON MPOHMIIAEMOCTH OT TeMIepaTyphl At
HETIOJISIPHOTO TUAJIEKTPUKA (TIOJIMATUIICHA) U TIONAPHOTO IUAJIEKTPHKA C
HMOHHO-PENIAaKCAIMOHHONW TOJIApU3alliell U HEOJHOPOJHOM CTPYKTYpOM
(anmextpodapdopa).

9. HapucyiitTe B OJHUX W TeX XK€ KOOPIUHATHBIX OCSAX 3aBUCHMOCTH
OTHOCHUTENBHOW IUAIIEKTPUYECKON MPOHUIAEMOCTH OT TEeMIEpaTyphl st
HETIOJISIPHOTO TMAJIEKTpUKa (TIOJIMATHIICHA) W MOJSIPHOTO AMDIIEKTPHKA C
JUIOJIBHO-PETaKCAllUOHHOM, CIIOHTAHHON MOJIAPU3aLUSIMU U HEOJHOPOA-
HOH CTPYKTYpOH (CEeTHETOKEPaMHUKH).

10. Yro Takoe moTepu SHEPTUH B JUIICKTPUKAX, KAKIMH MapaMeTpaMu
OHH XapaKTEepU3yIOTCs?

11. Oxapakrepu3yliTe OCHOBHBIE BBl AUIIICKTPHUECKUX MOTEPD.
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12. HapucyiiTe B OOJHHX U T€X & KOOPAMHATHBIX OCSAX 3aBUCHMOCTH
TaHTeHCA yIJa AUIIEKTPHIECKUX MTOTEPh OT TEMIIEPATyPhl A HEMOIAPHO-
r'0 JU3JIEKTPHKA (TTOJMATHIICHA) U TIOJSIPHOTO C TPeo0IaaHueM JHITOJIEHO-
peltaKkcarioHHOH MOIIpH3alni (TOJTUBHHIIXIOPHIA).

13. HapucyiiTe B OOJHHX U T€X € KOOPIWHATHBIX OCAX 3aBUCHMOCTH
TaHTCHCA YTIa JUIIEKTPUIECKHUX MOTEPh OT YaCTOTHI AIMEKTPUIECKOTO OIS
JUISL HETIOJISIPHOTO AMAJICKTPHKA (TIOJIMATHICHA) U MOJISIPHOTO ¢ npeobiana-
HUEM JIUIOJNIbHO-PETaKCalHOHHON MOJISIPU3ALIH (monumaTHIICH-
TepedTanara).

14. HapucyiiTe B OJHUX U TeX K€ KOOPIMHATHBIX OCSX 3aBHCHMOCTH
TaHTEHCa yIila JUAJIEKTPUYECKUX MOTEPh OT YaCTOTHI ANEKTPHUECKOTO MOJIS
JUISL HETIOJISIPHOTO JIMAJIEKTpUKa (TONUTETpadTOPITUIICHA) U TOJSIPHOTO
JVJICKTPUKA C MOHHO-PENAKCAIIMOHHON MOJApH3alield ¥ HEOJHOPOJHOH
CTpyKTYpoii (yneTpadapdopa).

15. Hapucyiite 3aBUCUIMOCTH OTHOCHUTEIHHON TUIICKTPUICCKOH Ipo-
HHUIAEMOCTH ¥ TAaHTCHCA yTila AUAJIEKTPUUECKUX MTOTEPh OT TEMIEPaTypsl U
YacTOTBHl ~ JIEKTPUYECKOTO  MMOJsT  AJs  MOJSIPHOTO  IMAJICKTPHKA
¢ IpeoOagaHieM ITUIOJIbHO-PENTaKCAMOHHON HOIApH3alK  (TIOJIUMETHII-
METaKpUIaTa).

16. Hapucyiite 3aBUCMMOCTH OTHOCHTENILHOM AMAIEKTPUUECKOI Hpo-
HHUIIAEMOCTH U TaHT€HCA yIia AUICKTPUYECKUX MOTEPh OT TEMIIEPaTypsl U
YacTOTHI JIEKTPUYECKOTO MOJSA Ui TONAPHOTO IHIJIEKTPHUKA C HOHHO-
penaKcaloHHOW MOoNsipu3aiueld U HEOJHOPOJHON CTPYKTYpoul (paamo-

dapdopa).
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Heas paboThI: H3ydeHUE CBOWCTB (PeppOMATHUTHBIX MaTEpPHAIIOB:
IIOCTPOEHHE OCHOBHON KpHUBON MarHUTHOM MHAYKLMH B IEPEMEHHOM II0JIE;
HCCIIEJOBAaHNE 3aBUCUMOCTH MarHUTHON IPOHUIIAEMOCTH OT TEMIIEPATypHI,
HaNpsDKEHHOCTH W YacTOThl MAarHUTHOTO TIONS, a TaKKe 3aBHCHMOCTH
MOIITHOCTH MOTEPh Ha BUXPEBBIE TOKH U THCTEPE3UC OT YACTOTHI.

1. KpaTkue TeopeTHYeCKHE CBEeHHS

Bce BemecTBa B mpupoae SBISIOTCS MarHeTHKaMH, T.e. 00JamaroT
OTIPE/ICTICHHBIMA MAarHUTHBIMH CBOMCTBAMH W OIpPEICIICHHBIM 00pa3oM
B3aUMOJIEHCTBYIOT C BHEIIHUM MAarHUTHBIM I10JIEM. MarHuTHbIE CBOWCTBa
BEII[ECTBA 3aBUCAT OT MAarHUTHBIX CBOMCTB aTOMOB, MOJIEKYJI M UX TPYIIIL.

MarnutHple  CBOWCTBa aToMa B  OCHOBHOM  ONPEIENIAIOTCS
MAarHATHBIMU CBOMCTBAaMHU 3JIEKTPOHOB. MAarHuUTHbII MOMEHT aTOMHOIO
siIpa TMPUONM3UTENFHO B THICAYY pPa3 MEHBIIE MarHUTHOTO MOMEHTa
AEKTPOHHOH 000JI0YKH aToMa. MarHUTHBIHT MOMEHT 3JIEKTPOHA BO3SHHUKACT
BCJIC/ICTBHE JIBYKEHHUS JJIEKTPOHA MO opOuTe (OpOMTaNbHBII MOMEHT) U
HAIMYAS y HETO CHWHA (CIHHOBBEIA MOMEHT). MarHUTHBIA MOMEHT
MHOTO3JICKTPOHHOTO aTOMa MpPEACTAaBIsACT COOOH CyMMy MarHHTHBIX
MOMEHTOB BCEX 3JICKTPOHOB, BKJIFOUYas KaK OpOUTAIbHBIC MOMEHTHI, TaK U
CIIMHOBEIE.

B cootBeTcTBHU C COBPEMEHHBIMU NMPEACTABIECHUSIMU O MarHeTU3Me
pa3IuyYaT  CIENYIONINE OCHOBHBIE THIBI MAarHUTHOTO  COCTOSTHHS
BEIIleCTBA: JIMaMarHeTH3M, rnapamMarHeTusM, (heppoMaraeTusm,
antudeppoMarHeTusMm U (eppuMarHeTusM  (HECKOMIICHCHPOBaHHbBIN
aHTH(deppoMarHeTiusM). BemecTBa, B KOTOPHIX MPOSBISIOTCS 3TH SBICHUS,
Ha3bIBAIOTCS  CJIA0OMAarHUTHLIMU (Ouamacnemuxu, napamacnemuxu,
anmugpeppomacnemuxy) nudOO CHILHOMATHUTHBIME (peppomaznemuru u
Geppumaznemuxu). CXeMaTHYECKOE PACITIOI0KEHNE MOMEHTOB 3JIEKTPOHOB
aTOMOB ISl Pa3HbIX IO MarHUTHBIM CBOWCTBaM BELIECTB MJLIIOCTPUPYETCS

puc. 1. s
[ R
I S N

T

Puc. 1. CxemaTmueckoe pacojOXeHHe CIMHOB B ITapaMarHUTHBIX
(@), deppomaruuTHBIX (), aHTHHEPPOMArHUTHBIX (8) M (heppPUMATHUTHBIX
(2) BemectBax. JlmamarHeTMKaM ~CBOWCTBEHHA I[OJHAS  B3aMMHas
KOMITEHCAIMSI MATHUTHBIX MOMEHTOB aTOMOB.
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OCHOBHBIMH MAarHWTHBIMH [ApaMETpaMH BEINECTBA  SIBISIOTCA:
HaMarHM4YeHHOCT M, A/M; M = «xH, TIe K — MarTHATHas
BOCHIPUMMYHMBOCTh; H — HampsyKEHHOCTh MArHMTHOTO TOns, A/M.
MarautHas wHAyKOus B, Tn (Tecma), XapakTepu3yeT CyMMapHOE

MAarfmMTHOC M0JIC BHYTPpU MaTCpuaia:
B:ﬂo(ﬁ"'m):ﬂo(l""()':':ﬂoﬂﬁzﬂaﬁ‘ @)

IIe | — MAarHWTHas TIIOCTOSHHAS, YHCIIEHHO paBHAas 47-107 T'a/m,
XapaKkTepu3ylollass MarHUTHYIO  IIPOHUIIAEMOCTh  Bakyyma; LU —
OTHOCHTENbHAass  MarHUTHas  HNPOHUIAEMOCTh  BEIECTBA,  KOTOpas
MOKa3bIBaeT, BO CKOJILKO pa3 MarHWTHAas NPOHHUIAEMOCTh JaHHOH Cpelbl
OoJbllle MArHUTHOW NPOHMLIAEMOCTH BakyyMma (BeqM4YMHa Oe3pa3MmepHasi);
W= oWt — aDCOIOTHASE MarHUTHAsI IPOHUIIAEMOCTh, [ H/M.

OTaenbHbIE KIacChl MArHETUKOB PA3JIMYAIOTCS 10 BEJTUYMHE U 3HAKY
MarHUTHOM BOCHPHMMYHBOCTH, a TaKXXe IO XapakTepy 3aBHCHMOCTH
MarHUTHBIX ~ XapaKTEpPUCTUK OT TEMIEpaTypsl W  HANPSKCHHOCTH
MarHUTHOTO TOJISL.

Juamaznemukamu Ha3bIBAIOT BEIECTBA, B KOTOPBHIX MMEET MECTO
MOJHAsl B3aMMHAs KOMIICHCAIWS KakK OpOWTANbHBIX, TaK W CIHHHOBBIX
MarHUTHBIX MOMEHTOB.

®duznueckasi Mpupoja JUaMarHeTn3Ma OCHOBaHA HA KJIACCHYECKOM
NIPE/ICTaBICHUN 00 aTOMe KaK CHCTEME DJIEKTPOHOB, JBMXKYIIMXCS BOKPYT
sIpa MO OMNpEeeNICHHBIM 3aMKHYTBIM TPAaeKTOPUSAM-OpOHTaM C HEKOTOPOH
YTJI0BOH CKOPOCTBIO.

ATOMHasi MarHUTHas BOCIPHMMYMBOCTh K JNAMarHeTHKOB HMEET
nopsimok k ~ — (10° — 10”), T.e. cOOTBETCTBYeT BeNMUMHE, H3MEPSIEMOIt
OKCIICPUMEHTAJILHO, U HC 3aBUCUT OT TEMIICPATYPhI. MarnurtHas

MPOHHUIIaeMOCTh auamMarHeTnkoB [ =~ 0,99999 wu He 3aBucHUT OT
HANPSDKEHHOCTH BHELTHEr0 MATHUTHOT'O TTOJISI.

JlnaMarHeTu3M SIBJISIETCS] PE3yJIbTATOM MPEIECCUU BCEX JICKTPOHOB
aTOMOB M MOJIEKYJI, TI03TOMY MPHCYII BCEM BEIIECTBAM, HO IMPOSBIISIETCS
TOJIKO B TOM Clly4yae, €CIM HE MEPEeKphIBAeTCS 0ojiee CHUIIBHBIMH Tapa- W
(heppoMarHeTu3MoMm.

K muamMarHWTHBIM BEIIECTBAM OTHOCSTCS BOIOPO[I, HHEPTHBIC Ta3bl,
a30T, XJOp, BOJAA, OOJBIIMHCTBO OPTraHWYCCKHUX COCAMHEHHMA, PpSI
meramwios: Cu, Ag, Au, Be, Zn, Cd, Mg, Pb, B, Ga, Sb, a takxke rpadur,
CTEKJIO H JP.

Ilapamaznemukamu HA3BIBAIOTCS BEUIECTBA, aTOMBI KOTOPBIX
001a1al0T HEOOJBIIUMHA MArHUTHBIMM MOMEHTaMU OOBIYHO 3@ CYET
HEYETHOTO KOJHMYECTBA BAJIEHTHBIX OJIEKTPOHOB. I[IOCKOJBKY Bce
3aMOJHCHHBIC JJICKTPOHHBIC 000JIOUYKH HWMEIOT HYJIEBOHM IOJHBIA MOMCHT
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KOIMYECTBA IBIDKCHHS, OHH OONAaJaloT TakkKe HYJIEBBIM IOIHBIM
MarHUTHBIM MOMEHTOM.

[Ipu 0OBIYHBIX TEMIIEpaTypax MOJ ACWCTBHEM TEIUIOBOTO IBIKECHUS
MOJIEKyJT MarHUTHBIE MOMEHTHI aTOMOB pAacCIOJararoTcs CTaTHCTHICCKU
PaBHOBEPOSTHO OTHOCHTEIBHO JIIOOOTO HANpaBIEHUS H CyMMAapHBIH
MarHUTHbI MOMEHT paBeH Hyito. Ilox nelcTBHEM CHIIBHOTO BHEIIHETO
MarHuTHOro mojst u  (WiaM)  HU3KOW  TEMIEpaTypbl  CO3JaeTcs
MIPEUMYIIECTBEHHOE HalpaBJICHHE  PacMOJIOKEHUS 3JIEMEHTapPHBIX
MarHUTHBEIX MOMEHTOB, T.€. TEJI0 OKa3bIBA€TCA HaMarHUYCHHBIM, OJIHAKO
mpu OOBIYHBIX MOJIAX U TEMIIEPAaTypax HAMAarHMYCHHOCThH MapaMarHETUKOB
OYCHb Majia. MaFHI/ITHaH BOCHpI/II/IM‘-II/IBOCTI) UX TIOJIOKHUTCJIIbHA U HUMECT

5 -2
sHauenue K ~ (10 — 10™), oTHOCHTEIbHAS. MATHUTHAS IPOHUIIAEMOCTD | &

~1,001.

Ha puc. 2, a moka3aHa 3aBHUCUMOCTh HaMarHW4eHHoCTH M(H) nins
JMa- ¥ TapaMarHeTUKOB TPH CIa0BIX TOJISAX W IPH OOBIYHBIX MM BBICOKHX
Temrepatypax. B oboux ciyuasx 3HaueHwe M TpoONOpuMOHANBHO H, 4TO
CBHUJICTENBCTBYET O HE3aBUCHUMOCTH K OT H. [lnsd HaMarHUYWBaHUA
IIapaMarHeTHKOB [0 HAChIEHHs (puc. 2, 6), T.e. O COCTOSIHUS, KOT/Ia BCE
OJICMCHTAPHBIC MArHuTHBIC MOMEHTHI 6y}1yT napajjicJibHbl BHCIIHEMY
MO0, TpeOyeTcss NMpH KOMHATHOH TEMIIEpaType I0JIe HaNpsHKEHHOCTBIO

npuvepro 10" A/m, a mpu 7 = 1 K - npumepro 3-10° A/m. Oxmaxo B
NOCIIEHAE TOABI BBIACHWIIOCH, YTO B MNapaMarHETHKaxX MOXKHO CO3JaTh
BBICOKYI0 HAMarHW4YE€HHOCTb, HE MPUOeras K CUJIbHBIM MarHUTHBIM IOJISIM,

a UCIOJIb3Ys IIOTOK KBAHTOB CBCTA (OHTI/I‘IGCKyIO HaKa‘IKy).
M M

a 6

Puc. 2. 3aBHCHMMOCTb HAMarHMYEHHOCTH M OT HaNpPSKEHHOCTU
MarHuTHOTO mojst H: a - ms auamarHetukoB (1) u mapamarseTukos (2); 6-
JUIsL TIapaMarHeTUKOB IPU HHU3KHX TEMIIepaTypax HJIH OYeHb CHIIbHBIX
MOJISAX

C TOBBINICHHEM TEMIIEPATyphl TPH HEU3MEHHOW HAMpPSKEHHOCTH
T0JIsl BO3PACTAET JIE30PUEHTHPYIONIAs POJIb TEILIOBOTO JBIIKSHUS MOJIEKY!I,
M MOATOMY HAMAarHHYCHHOCTH yObIBaeT. [lapaMarHeTHKH OTIMYIAIOTCS TEM,
YTO OHH BTATHBAIOTCS B HEOJHOPOIHOE MATHUTHOE TIOJIE.
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K mapamarHeTMkam OTHOCSTCSI KHCIOPOJA, OKHCh a30Ta, COJIU
Kejlesa, KobalbTa U HUKeNIs, MIeJ0UHble MeTalulbl, a Takke Mg, Ca, Al, Cr,
Mo, Mn, Pt, Pb u mp.

[NapamarseTusM B aroMax WJIM HOHAaX HE CYLIECTBYET B OJMHOYKY:
OIHOBPEMEHHO C HHMM BCEr/la UMEIOT MECTO M JHaMarHUTHBIC CBOWCTBA.
[ockonbky 06a 3TH 3¢ ¢eKTa MPOTHBOIOIOKHEI APYT APYrY MO 3HAKY,
CyMMapHBIC MarHUTHBIE CBOMCTBA MaTepuaa OTPENENISIOTCS
npeobnanaromuM. Y OONBIIMHCTBA MAaTEPHAJIOB BEJIMYMHA TapaMarHUTHOW
BOCIIPUMMYHUBOCTH  3HAYUTEIBHO Oonbllle  JUAaMarHUTHOM, T.C.
mapaMarHeTH3M OObIYHO Ipeo0IIagaeT Hal fMaMarHeTU3MOM.

[TapaMarHUTHBIC BEIECTBA UCIOJIB3YIOTCS B KaYeCTBE pabOYUX Tel
B KBAHTOBBIX HapaMaFHI/ITHI)IX yCI/IJ'II/ITeJ'ISIX nu reHepaTopax.

Anmudgpeppomaznemuxu — 3TO BEIIECTBA, B KOTOPBIX MArHUTHBIC
MOMEHTBI aTOMOB B3aMMOJCHCTBYIOT TaK, YTO CTPEMSTCS BBICTPOUTHCS
AHTHUIAPAICIBHO [PYr APYrY, MOTOMY HMEET MECTO HX B3auMHas
KOMITeHcalyst. MarHuTHasi BOCOPUUMYHBOCTh AaHTU(EPPOMATHETUKOB MaJia

u cocraBmier kK ~(10° — 107). B cmaGbix MOMsX K M I NPAKTHYECKH HE
3aBHCAT OT HANPSHKCHHOCTH BHEUTHETO MAarHUTHOTO MOJISI, B CHIIBHBIX -
SIBIIIOTCSL  CTIOKHOM (DYHKIHMEH HampspKeHHOCTH Tois. B Hekotopoi
CTCTICHH CBOWCTBa AaHTU(EPPOMATHETHKOB CXOXH CO CBOHCTBaMHU
mapaMarHeTHKoB. [lapa- u aHTH(EppOMAarHUTHBIC BEIIECTBA OOBEAUHSIOT
MTOJIOXKUTETbHAS. MATHUTHAS BOCIIPHIMYUBOCTH M KOMIICHCAIIUS MarHUTHBIX
MOMEHTOB aTOMOB. Pa3nmyne 3aKirogaeTcss B TOM, YTO CIITHOBBIE MOMEHTHI
MapaMarHeTHKOB OPUEHTHPOBAHBI XaOTHYECKH, a aHTH()eppOMarHETHKOB —
napauieNibHO APYT JAPYTY.

K anTH(eppomMarneTkaMm OTHOCSTCS peKo3eMenbHble MeTaiuibl Ce,
Pr, Nd, Sm u Eu, a Taxxe Cr u Mn; MHOTHEe OKHCIIbI, XJIOPHBI, CYIbQHIBI,
KapOOHAThl IIEPEXOJHBIX JJIEMEHTOB, HAlpUMEp Ha OCHOBE MapraHia:
MnO, MnCl,, MnF,, MnS, u np., ananorunusno Ha ocHose Fe, Co, Ni, Cr u
Ap.

®deppomaznemukamu Ha3bIBAIOT BEIIECTBA, XaPaKTEPU3YIOUIHECS
HAMarHUYMBaHUEM HEJOCTPOCHHBIX BHYTPEHHHX O00OJOYEeK aTOMOB,
MTOCKOJIEKY MarHUTHBIC MOMEHTHI 3aII0JIHCHHBIX 000JIOYEK PaBHHI HYIIIO, a
BHCIIHUEC BAJCHTHBIC OJJICKTPOHBI MeTallla 0000mecTBIeHbl. TakuMu
JJIEMEHTaMH SBISIOTCS TEPEXOJHBIC METAJUIBI TPYIIIBI XKelle3a, UMEIOIIHE
HEIOCTPOeHHYI0  30-000/04Ky, W  pEIKO3EMENbHBIE  DJIEMEHTHI  C
HemocTpoeHHoi 4f-o6omoukoii. Hainune MarHHTHOTO MOMEHTAa y aTOMOB
00YCIIOBJICHO ~ HECKOMIICHCUPOBAHHBIMH  CIIHHOBBIMH  MArHHTHBIMHU
MOMEHTaMH, TIOCKOJIbKY OpOUTaIbHBIE MATHUTHBIC MOMEHTBI BECHMa MAaJIbI.

s heppOMarHeTHKOB SHEPreTHYECKH BBITOAHBIM B OTCYTCTBUE
BHEITHETO TI0JIA SIBISIETCS MHHHMAJIbHOE 3HAYCHHWE BHYTPEHHEH 0OMEHHOM
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SHEPIHH, YTO COOTBETCTBYET MapalUIeIbHOMY PACHOJIOKEHHUIO MarHUTHBIX
MOMEHTOB COCEJIHUX aTOMOB BHYTpM jaoMeHa. JlomeH — 3T0 oOnactb
CUJIIBHOMarHMTHOTO MaTepHaga ¢ CyMMAapHBIM MAarHMTHBIM MOMEHTOM,
CKIaIBIBAIOIINMCA M3  DJJEMEHTAPHBIX  MapajUlelIbHBIX  MAarHUTHBIX
MOMEHTOB COCEAHUX aToMOB. Kanplii TOMEH COCTOMT U3 MMJUIMOHOB
JJIEMEHTApHBIX A4YEEK C OJWHAKOBBIM HAIPaBICHHEM BEKTOpa, KOTOPBIE
CO3/1al0T COOCTBEHHBIN MAarHUTHBI MOMEHT ToMeHa. [Ipu 3ToM MarHWTHOE
II0JIe BHE KPUCTaJJIa YMEHBILIAETCS, B CBA3H C YEM DHEPrUs pa3felIEHHOIO
Ha JOMEHbl MOHOKPHMCTajUla MEHBIIEC, Y€M OJHEPrusi OIHOIOMEHHOIO
KpHCTallla, YTO COOTBETCTBYET 0O0Jice yCTOWYNBOMY COCTOSTHHIO BEILECTBA
¢ MHUHUMYMOM BHYTpeHHell sHepruu. CyMMapHBI# MarHUTHBIII MOMEHT
BCEX JOMEHHBIX oOjacTeil 0e3 NpPWIOKEHUS BHEUIHEr0 Mo K
(eppoMarseTuKy paBeH Hymio. IIpu BHeceHMM (eppOMarHHTHOTO Mare-
puama B MAarHUTHOE TI0JI€ OJHOBPEMEHHO HaONI0JaloTCd MPOLECCH

OpHUCHTAIHH MAarHUTHBIX
MOMEHTOB JIOMEHOB u B
CMeEIIIEHHE nux rpaHuIy Byae ===
(u3MeHeHHE 00bEMa). B,
B ciabom moJie
MIPOUCXOTUT YBEIIUYCHUE

oObeMa JIOMEHOB, y KOTODPBIX
MAarHUTHBIN MOMCHT, Ha- >

MpaBJIE€HHbIH  BJOJb  OCH 0 H
JIETKOTO HaMarHU4YuBaHMUs,

COCTaBJISIET HauMEHbIINHI /

yroia c HaIpaBJICHUEM

BHEIIHETO OJIAL. [Ipu ="

OTKIIIOUEHHMH CJIaboro Mar-
HUTHOT'O MOJA IIOJIOKCHHE

IPaHHMIl JOMEHOB  BOCCTa- Puc. 3. 3aBUCHMOCTb HMHAYKIHMH OT
HABIMBAeTCs, T.e. rpouecc  HANPKCHHOCTH — MArHMTHOTO  IOJSA
HOCHT OOpaThMbIil xapakTep.  PEPPOMATHETHKOB IETIIS MHCTEPE3H-
[pu YCHIICHUN nons ~ ©a), (Hc - xospunrushas cuna; Boe-
M3MCHEHHs CTPYKTYphl jgo- ~ OCTATOUHAS MHIYKIHS)

MEHOB 00Jiee 3HAYUTEIbHBI, U

HpI/I OTKJIFOUCHUHN BHCIIHETO II0JIA IIOJIOXKCHHUEC FpaHI/IH JOMCHOB HE
BoccTaHaBimBaetcs. O0pasyercs ocrarouHas MHIyKIws. [Ipu nanpHenTIeM
YBEIUYCHUH HANPSHKCHHOCTH TOJS IPOUCXOIUT M3MEHCHHE HAIPAaBICHUS
MarHUTHOTO MOMEHTa JOMEHOB OT COOTBETCTBYIOIIETO OCH JIETKOTO
HAMAarHUYMBaHWS K HANPaBJICHUIO, COBIAJAIOIIEMY C HAaIlPaBICHHEM
BHemrHero noist. [Ipy 3TOM MarHUTHOE COCTOSHHE MaTepuaia JOCTUTAeT
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TeXHUYEeCKOTo HachimeHus. IloBenenne kpuBod B(H) npu OHUKIMYECKOM
W3MEHCHHH BHEIIHETO MArHUTHOTO TIOJSI HWMEET XapaKTepHBIA BH,
Ha3bIBAEMBIN NIETIICH MAarHUTHOTO TUCTEPE3HCca, Kak TOKa3aHo Ha puC. 3.

B mepeMeHHBIX MarHWTHBIX IIOJIIX MarHUTHOE COCTOSIHHE O0pasna
MIEPUOTNIECKH IIOBTOPSETCS, €ro MAarHWTHAas WHAYKOUS 3aBHCHT OT
BEJMYMHG HAMATHHYUBAIOIIETO IIOJIS, HANpaBIEHUS M YacTOTHI €ro
n3MeHeHus. @opma metTiu rucrepe3rca Npu HEM3MEHHOM 4acTOTe 3aBUCHT
OT TMpeeNbHbIX 3HAaYeHU HamnpsHkeHHOCTH Tofs. CeMeHCTBO Takux
CUMMETPUYHBIX TETeNb u300pakeHo Ha puc. 4. CruomHas KpuBas,
MPOXOJIAlIasl MO BEpIIMHAM YacTHBIX IMETEeNb TUCTEpEe3Hca, Ha3bIBACTCS

HOpMaJbHON (MJM OCHOBHOIN)
B KPHMBOH UH/YKLIMH.

B [MprunHaMu rucrepesuca  ABIS-

max

I0TCS HEeoOpaTUMBIE CMEIICHUS
_ TpaHUIl TOMEHOB, HEOOpaTUMBIE
IIpeoenvnas

o MIPOIIECCHl MOBOPOTAa MarHUTHBIX

MOMCHTOB HCKOTOPBIX HOMCHOB

H,. H M 3alepKKa pocTa 3apOojblIlIei

S nepemaruuuuBanus. [lon HuMu
. B(H) . IIOHMMAIOT HEOOJbIINE 00BEMBI
Ocnosnas Kpusas
HAMAZHUNUBAHUA  BEIIECTBA C CaMOIPOU3BOJIBHON

HAMarHUYEHHOCThIO 0OpPaTHOrO

Puc. 4. Hpeﬂeﬂ},Ha;[ neTias HanpasJICHUA IO OTHOLICHHUIO K
TUCTEpE3NCa W OCHOBHAasA KpHUBas OCHOBHOM OpHUECHTAlMM Hamar-
HaMarin4uBaHUs HUYCHHOCTH o6pa3ua. OcHoB-

HBIMH  TapaMeTpaMd  MeTIH
THCTepe3nca SBISIOTCS WHAYKIMSA HachlieHus Bs (Bmax), ocrartodnas
uHAyKums B, kospumrtMBHas cuna Hc uw  muomame  meriw,
XapaKTepu3yIollas ynelbHble IIOTepH Ha THCTEPEe3UC 3a OJMH IUKII
nepemaranuuBanus (puc. 3). OcTaTOYHON Ha3bIBAIOT MHIYKIMIO, KOTOpas
OCTaeTcsl B MPE/IBAPUTEIHLHO HAMarHUYEHHOM 00paslie 1Mocjie OTKIIOYeHHUs
BHEIITHETO TOJISL. KospuuTBHass  cuwia  —  HampsHKEHHOCTh
pa3sMarHMYMBAIOLIETO IOJs, KOTOPOE JOJDKHO OBITh TMPUIIOKEHO K
NIPeABapUTENIbHO HAMAarHWYEHHOMY o00pa3lly Uil  yMEHBIICHHS €ro
MarHUTHOM MHIYKLIUH /10 HyJs1. PopMa NeTiu rucrepesrca XxapakTepusyer
MIPOLIECCHI, TPOUCXOSIINE B eppOMArHETHKE.

[lo BenMuMHE KOIPUUTHBHOM CWIIBI DPA3IMYAIOT MAarHUTOMSTKHE
matepuaisi ¢ He<100 A/m i maraurotBepasie ¢ He>10* A/m.
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Maznumnylo  nponuyaemocms — BEIECTBA  Pa3leiAlOT  Ha
a0COIIOTHYIO

= @
H
U OTHOCUTENBHYIO (B JalbHEHIIEM CIIOBO ‘“‘OTHOCHTENbHas” Oyaem
OITYCKaTh)
u_ B ©)

HoH

rae o = 47107 Tr/M — MarHHTHAs IOCTOSIHHASL.
Ha puc. 5 nmpencrasiena 3a-

BUCHUMOCTh MAarHHUTHOW IIPOHU- H 4
L[AEMOCTH CHJIbHOMAarHUTHOTO
Marepuaia OT HAalpsDKCHHOCTH
MarHUTHOTO MOJIsl, TOCTPOCHHAs Ha
OCHOBE pE3yJIbTaTOB H3MEPEHHS
OCHOBHOM KpUBOH HaMarHu-

YuMBaHUsA MaTtepualia u COOTHO-

HMRKC —_— =

Muay

mrernst  (3). Tlpu  yBenuueHUH
HAIPSDKEHHOCTH MATHUTHOTO TIOJISt
MAarHuTHAs TIPOHHUIIAEMOCTh PACTET,

kA J

Puc. 5. 3aBHCUMOCTH MAarHMTHOH

TCM IIPHU THXXCHUU TOSAHHUA
3ate pH 110€ ¢ cocro MNPpOHUIIAEMOCTU CUIIBHOMATrHUTHOT'O
HaChIIICHUA (MaKCI/IMaJ'IbHO BO3MO- MaTepHaia oT HAIPSKEHHOCTH

JKHOTO  3HAUEHUs  UHAYKUMH)  \MarHHTHOLO HOJS
CHIIKAETCsl BCJIEJCTBUE TOTO, 4YTO
MHIYKIUS MardHUTHOTO MoJjist [uuciaurens B cootHomenud (3)] ocraercs
MPAaKTHIECKH HEU3MCHHOH, a HaNpsHKCHHOCTh WO (3HaMeHATelb)
npojomkaet pactd. [Ipu momcranoBke B cooTHOIIeHHE (3) KOHKPETHBIX
3HadeHui B 1 H mosryuaroT pasnuuHble BHIBI MATHUTHOW MPOHUIIAEMOCTH,
KOTOpBbIE TPHUMEHSIOT B TEXHHWKE (CBBIIIE HECKOJIBKUX JIECATKOB).
HauanpHass MarHuTHas NPOHUIIAEMOCTh XapaKTepH3YeT BO3MOKHOCTh
HCIIOJNIb30BaHMs (peppOMarHeTHKa B C1a0bIX MArHUTHBIX MOJISIX.
MaxkcumanbHas MarHuTHast MIPOHUIIAEMOCTb orpezemnsier
COOTBETCTBYIOIIEE 3HaUCHHE WHTyKTUBHOCTH KaTyIIKA npu
HCIIONIb30BAaHUM MaTepualia B KadecTBe CcepAevyHuKa. Tak, Hampumep,
TUIMYHOE 3HAYeHHWEe MArHUTHOW MPOHMLAEMOCTH JUIS  JIHCTOBOM
ANEKTPOTEXHUUECKOW CTalmu ft,,,—250 - 1000, a ..~ 500 — 30000.
MakcumasbHasi MarHUuTHas MPOHHIIAEMOCTh, HampUMep, MarHUTOMSITKOTO
craBa cyniepmaios (79 % wukens, 5 % wmomubmena u 16 % xernesa)



MOJKET JTIOCTUTATh 10°,

MarauTHas MPOHMIAEMOCTh CHJIBHOMAarHUTHBIX BEIIECTB 3aBHCHT
TakXKe OT TEMIIePATyPhl ¥ 9aCTOTHI MAarHUTHOTO 1oy [1,2].

[IpakTHueckuii HHTEpEC MPEACTABISIET TEMIIEPATYpHast 3aBUCHMOCTD
MarHUTHOM  TPOHHMLAEMOCTH  (eppoMarHeTuka.  XapakTep  9TOH
3aBUCUMOCTH OKa3bIBaeTCA HEOANHAKOBBIM ULt MarHuTHOM
MIPOHUIIAEMOCTH, U3MEPEHHON B CIalBbIX M CHIBHBIX NOJsIX (puc. 6). Jns
HayaJbHOM MarHUTHOW NPOHUIIAEMOCTH HAONIOAAeTCs  OTYETJIMBBIN
MaKCHMYM IIpH TeMIIepaType HeCKOJbKOo Hike Touku Kropu. Bospacranue
[l TIpH TIOBBIMICHUH TEMIEpaTypbl OOYCIOBJIEHO TJIaBHBIM 00pa3oM TeM,
YTO NpH  HAarpeBaHWM  (eppoMarHeTMKa  OCNAONAIOTCS  CHUIBI,
MPEISITCTBYIOIIME  CMELICHUIO JOMEHHBIX TpaHWI] W  OpHEHTalluu
MarHUTHBIX MOMEHTOB JOMEHOB. Pe3kuii crag MarHNTHOW NMPOHHIIAEMOCTH
npu Temneparypax T>T, cBf3aH C pPE3KUM YMEHBIICHHEM CIIOHTaHHOMN
HAaMarHWYeHHOCTH IOMEHOB BCIEICTBHE Iepexoja (eppoMarHeTHKa B
napamMarHuTHoe coctosinue ( puc. 1, a).

U

Ix T

Puc. 6. 3aBHCHMOCTh MarHUTHOM MPOHUIAEMOCTH (DEPPOMArHETHKA OT
TEMIEpaTypsl [P pasHOM  HANMPSHKEHHOCTH  MArHWTHOTO  TIOJIS:
Hy>Hy>Hs>H,y

CHIDKEHHUE MarHUTHON MPOHHUIIAEMOCTH C POCTOM YacCTOTHI (pHC. 7)
CBSI3BIBAIOT C MHEPLIUOHHOCTHIO MPOLIECCOB CMEIICHHS TOMEHHBIX TPaHUL] U
VBEJMYEHHEM MOIIHOCTH MATHUTHBIX MOTeph [cootHomienus (4,5)] [1].
Buaum, 4To ¢ pocToM HayaldbHOM MarHUTHOM MPOHMIIAEMOCTH CHUKAETCS
yactota «cmaga» f, T.e. TpOSBIEHMS WHEPIMOHHOCTH IPOLIECCOB
repeMarHnIBaHuS.
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Puc. 7. 3aBHCUMOCT, MAarHMTHOU IPpOHMIACMOCTH CHUJIBHOMAIrHUTHOI'O
MaTtepurajia OT 4aCTOThI

@Deppumaznemuxamu (nmu HECKOMIICHCHPOBAaHHBIMU
aHTU(QeppOMarHeTuKaMy) Ha3blBAlOT BEIECTBA, B KOTOPBIX MAarHUTHbBIE
MOMEHTBl aTOMOB B3aHMMOJEWUCTBYIOT TaK, YTO CTPEMSTCS BBICTPOUTHCS
aHTUIAPAJUICNIBHO JPYT JAPYry, OJHAKO BEJIWYMHBI ITHX MAarHUTHBIX
MOMEHTOB UMEIOT pa3/IMuHbIe 3HAUCHHMs1, Oarojaps 4eMmy pe3yJbTUpYoLas
HAMarHUYEeHHOCTh MOKET OBITH OOJIBIION.

K deppumarneTnkam oTtHOCATCS (peppUTHI, MPEACTABISIONIIE COOOH
MarHUTHYIO KEpaMHKy, COCTOSIIYI0 W3 CMecH OKHcH jkene3a Fe,O; c
OKHCTTaMH Jpyrux MertawioB. CTpykTypHas ¢dopmyrna ¢beppuroB

MeO-Fe,03, rne Me — nByxBanentHsiii Metamt (Fe, Ni, Mn, Zn, Co, Cu,
Cd, Mg u pgp.). MHorue cBoicTBa (heppUMarHeTUKOB KaueCTBEHHO
QHAJIOTMYHBI ~ CBOWCTBAM  ()eppPOMAarHETHKOB, OJHAKO HMEIOTCS H
cymiecTBeHHBIe pasnmuus. Hanmpumep, ¢eppuMaraeTuku ((heppursn)
OTIIMYAKOTCS OT (EeppPOMArHETHKOB MEHBIIECH BEJIMYMHOW HHIYKLIUH
HACBILICHUSI M HMMEIT 0oJiee CIOKHYH TEeMIEpaTypHYI 3aBHCUMOCTD
OCHOBHBIX MarHMTHBIX ITaPaMETPOB.

[IpeumymecrBa ¢eppuroB npu pabore B BU- u CBU-ananazonax
06YCITOBIICHBI TEM, UTO HX Y/ETbHOE HIEKTpHIecKoe conporusienue B 10° -
10"  pa3s npeBsumaer  ymenbHOE — CONPOTHMBICHHE — METAIHUECKHX
(eppOMarHeTHKOB, TaK KaKk OHH SIBIISIIOTCS OKCHJHBIMU MaTepuallaMH, a He
MeTaiiamu. [1o 3HaYEHUIO yIENBHOTO DJIEKTPUUECKOTO COMPOTUBICHHS )
OHM OTHOCATCS K KIAacCy TMOJYHNPOBOJHMKOB WM JAUDIEKTPUKOB.
BenencrBie 3TOro BHXpeBble TOKM (M COOTBETCTBYIOLIAs MOIIHOCTh
MarHuTHBIX N0Teph) [cooTHOUIeHue (5)] B deppuTax OueHb Maybl, H OHH
MIPUMEHSIOTCS B Ka4eCTBE MarHUTHOTO MaTepHaja IpH 4acToTax JI0 COTEH
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Merarepii, Torja Kak MeTaJUIN4eCKIe MarHUTHBIE MaTEePUaIIbl IPUMEHSFOTCS
IIPU 9acTOTaxX JI0 HECKOJIBKUX JECSTKOB METarepi.

MarHuTHas BOCIPHUMMYHBOCTb M MAarHWTHas MPOHHUIIAEMOCTb
(heppUMarHeTHKOB HIXKE, 9eM Yy (peppOMarHeTHKOB, ¥ JOCTUTAIOT 3HAYCHUI
HECKOJIBKUX JIECSITKOB THICS.

IIpn mepemarHMYMBaHUH CHJIBHOMAarHUTHBIX ~MaTE€pPHAJIOB B
MEepPEMEHHbIX MAarHUTHBIX MOJSIX BCerja HaOJIONAOTCs TEIJIOBBIE nomepu
gnepeuu. OHU CKJIAJBIBAIOTCS U3 MOTEPh HA TUCTEPE3UC M AUHAMHUECKUX
norepb. B cBoO ouepen, TMHaMHYECKHE TIOTEPH BKIIOYAIOT B ce0sl moTepu
Ha BUXPEBBIC TOKU U MarHUTHOE NocneeicTBrue. MoIHOCTh, pacxoayeMas
Ha TUCTEpEe3HC, MOXKET ObITh IIPECTaBICHA B BUIE

. ffroe
D

rac f — acTora TOKa,; D — moTHOCTB MaTepuala, § HdB - IIomanb IeTiIn

P (4)

rucrepesuca. /[l CHmKEHMs 1OTepb HAa TUCTEPE3UC IPUMEHSIOT
MarHUTOMSATKHE MaTepuaibl, AJs1 KOTOPbIX XapaKTepHa Y3Kas IeTid
MarHUTHOI'O THCTEPE3UCa.

MoIHOCTB, PACXOAYEMYIO HA BUXPEBBIE TOKH, MOKHO BBIUUCIIHTH 110

bopmyie

2p?2 2
p,, =1 Badn, (5)
T Dp
rae N — xoadduupment dopmb;; d — TodmmHA MaTepuana; B,

MaKCHUMallbHasi MHIYKIWSA, JOCTUTaeMas B Hadayle NWKJA; p — yAeIbHOe
conpoTtuBieHue Matepuana. CremayeT moa4epKkHyTh, YTO MOIIHOCTh TOTEPh
Ha THcTepe3uc (MepeMarHMYMBAaHUE) YBEJIWYMBACTCS NPONOPHHOHAIBHO
YacTOTe, a Ha BHUXPEBBIE TOKH — IPONOPIHOHAIGHO KBAApaTy YacTOTHI
JIEKTPOMAarHUTHOTO TTOJISL.

B memsix mepeMeHHOro TOKa paccesHHe MOIIHOCTH B KaTyIIKax
WHJyKTUBHOCTH MHOT/Ia OIICHUBAIOT TAHI€HCOM yTJIa MarHUTHBIX TIOTEPh

, (6)
ol

rae L — WHAYKTHBHOCTH KaTyHmIKH; I — CONPOTHBIICHHE, SKBHBAJICHTHOE
BCEM BHJIaM ITOTEPh MOIIIHOCTH B MAarHUTHOM MaTepHae.

YacTOoTHBI JAWanma3oH MPUMEHEHWS MAarHWTHBIX MaTepUalioB B
3HAYUTEIBHOM CTETEHH ONpeAessieTCs BEIWYMHOW HX  YACTBHOTO
CONIPOTHBIIEHUS W 3HAUY€HWEM MarHuTHOM mpoHunmaemoctd. Jlis
CepAEYHUKOB KaTYIIEK WHIYKTUBHOCTH M TPAHC(HOPMATOPOB NMPHUMEHSIOT
METaUIMYECKNe MarHUTOMSTKHME MaTepuaibl (Kene3o, mepMamioif). Ha
BBICOKMX W  CBEPXBBICOKMX YacTOTaX NPUMEHSIOT  (GeppuTbl U

tgo, =
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MarHUTOJMIIEKTPUKH, 00/1a1a0IINe BHICOKUM yICITbHBIM COIIPOTHUBICHUEM
1 MaJbIM 3HaUY€HHEM KOAPIUTHBHOW CHIIBI. 7 M3TOTOBICHUS TOCTOSHHBIX
MarHuToB, YCTPOWCTB UIMTEIHOTO XpAaHEHUS 3ByKa, H300paKeHHA
UCTIONB3YIOT MAarHUTOTBEP/IBIE MAaTEPHAIbI.

2. Onucanue MeTOAUKH U3MepeHuii

B  nabGoparopHoit pabore IpeaycMOTpeHO JBa  BapuaHTa
BBINOJTHEHNA. B miepBoM ciydae 3To peanbHas 1abopaTopHas yCTAaHOBKA C
00pa3oM MarHWTHOTO MaTepuana — CIUlaBoM mnepMaimioi. C MOMOIIBIO
ocHMUIOrpaMIecKoro METo1a UCCIEAYIOTCS MarHUTHBIE XapaKTEPUCTUKU
TIepMaJuIosl — OCHOBHAS KpHBasi HAMarHMIMBaHU, 3aBUCHMOCTh MarHUTHOM
MIPOHUIIAEMOCTH OT HANpPsDKEHHOCTH TOJISA W 9acTOTHI, a TAKXKE YaCTOTHAS
3aBUCHMOCTh ~ MOIIHOCTH MAarHUTHBIX IIOTepb. Bo BTopoMm ciydae
nabopaTtopHas paboTa BBIIOJHSETCA IyTeM MOJEIMPOBAHUS Mpolecca
M3MEPEeHUs] MarHUTHBIX CBOMCTB BeIleCTBa Ha BUPTyalbHOM cTeHue. Jlis
9TOTO  HCIONB3yeTCA CIelUalbHas IporpaMma, BBINOJHSAEMas Ha
nepcoHanbHoM KommbioTepe (IIK). B mporpammy 3amoxeHsl Mojenn
XapaKTepUCTHK psila MarHUTHBIX MaTepuajoB M HX 3aBHCHUMOCTH OT
IIapaMeTpPOB BHEIIHEr0 MArHUTHOTO MOJIS.

2.1. BpInosHeHue Ja0OpPaTOPHOl PadOTHI ¢ TMOMOUIbIO
ocuusuIorpagpuyecKoro Meroa

U3ydyeHne  (eppOMarHUTHBIX  MaTepPUANOB  MPOM3BOIUTCS  C
MOMOILBI0 YCTAHOBKHM, MPUHLMIUAJIbHAS CXeMa KOTOpOH NpHBEAeHa Ha
puc. 8.

VA4

V4

2

Puc. 8. HpI/IHHI/IHI/IaHLHaﬂ CXeMa YCTAHOBKHU [JI1 U3MEPCHUA
napaMeTpoB MAarHUTHBIX MATCPHUAIOB B NMEPEMCEHHBIX MArHUTHBIX
IOJIAX

3mece M — wmccenenyemblii  obpaszeny U3 (eppOMarHUTHOTO
Marepuana (nepmainioit); Rq - obpasuoBoe conporusnenue, Ry=30 Owm; 1 -
comporuBienue (aszospamarens,  =220000 Om; C — KoHJeHcaTop
¢dazospamarens, C = 10° @; 2, 3 u 3, 4 - TOPU3OHTAJBHBIA U
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BEPTHKAJILHBINA BXOABI OCIIMILIOrpada COOTBETCTBEHHO, 1 — BXOJ CUrHana ¢
reHepaTopa .

OTKIIOHEHNE Iy4a ocummiorpaga o TOPU30HTAIN
MIPONIOPIMOHATFHO TAJICHUIO HampsDKeHUs Ha Ry (puc. 8), koTopoe, B CBOIO
ouepenb, IPOIMOPLIHOHAIBHO BETMYMHE HAMarHHYMBAIOIIETO TOKA.

Tak Kak OTKJIOHEHHE JIyda IO TOPU30HTAIM IPONOPIHUOHAIEHO
MIPWIOKEHHOMY HANpPSDKEHHIO, BEJIMYMHY OTKJIOHEHUSI MOXKHO BBIPa3HTh B
eIMHMLaX N3MEepEeHHUs HanpspkeHHocTH nonst H. Maciurad no ropusonranu
OTpeesIeTCs Mo PopMyIie

_ ‘/EUOnl

h )
nr,,RoXo

@)
IJie Xg — PACCTOSIHUE 10 TOPHU3OHTANIHA MEKAY BEPIIMHAMH T'MCTEPE3UCHOTO
nukia, M; Uy — maneHue HanpspkeHus Ha Rg; Nj— 9KCI0 BUTKOB MEPBHUYHON
OOMOTKH MCIIBITYEMOTO 00pasia; I, — CpeHuil paauyc Topousa, M.
MaruuTtHass ~ MHAYKOUS B mpomopiyioHaqbHa — BBIXOJHOMY
HanpspkeHuto U, I3MEPEHHOMY MEXAYy ToukaMu 3 U 4 BEpTUKaIbLHOTO
BXOJa ycuiIuTens ocummuiorpada. MoXKHO TpOrpagyHupoBaTh OTKIOHCHHE
Jy4a 10 BEPTHUKAJIH B €AMHUIAX U3MEPEHIUs MAarHUTHON MHIYKIIHH.
MacimTab 1o BepTHKAIBHOM OCH 3KpaHa ocumyuorpada
L H,rC | ()
n,S- ¥y
rme Yo - PacCTOSHUE MEXIy BEpIIMHAMH THCTEPE3MCHOTO IUKJIA IO
BEPTUKAJIH, M.
JlaHHBIE UCTIBITHIBAEMOTO 00pasia:
lep = 1,9-10%m — cpenHuit paguyc obpasua;
D = 8,9-10°% kr/m® — mioTHOCTH MaTepuana oopasia (repMasioi);
n; = 1200 — 4yrcI0 BUTKOB IEPBUYHO OOMOTKH;
N, = 800 — 4KCII0 BUTKOB BTOPUYHOH OOMOTKH;
S= O,42~10"4 M — IUTIOLIAAb CEYEHMUS.

Onucanne MeTOAUKH U3MepeHHit

VYCTaHOBHUTH DETyJISITOP BBIXOJHOTO HANpPSDKEHHS TeHeparopa Ha
HYJIb.

BrIxitounTh BHYTPEHHIOIO HAarpy3Ky TI€HEpaTropa, a BBIXOJIHOE
comporuBieHue mnoctaButh Ha 6000 Om. Ycranouts uactoTy 50 I'mI.
Bxumrounts reneparop n ocumniorpad. PyKosiTKo# perymnsropa BBIXOIHOTO
HAINpsDKeHUs] TeHepaTropa MOBBICHTh HANpPsDKEHHE U JIOBECTH oOpasel /0
HaCBIIICHUA, KOorja C pPOCTOM HANPsXCHHOCTH MArHUTHOI'O IIOJA HE
HaOmofaeTcss  3HAYMTENIFHOTO — YBEJIMYEHWs MarHWTHOM — MHIYKIHH.
PerynupoBkoii ycuiieHus O TOPU30HTAIM U BEPTHKAIM Ha ocumuiorpagde
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YCTaHOBHUTH THCTEPE3UCHYIO KPUBYIO TaK, YTOOBI pa3Mepsl X H Y MEXIy
BEpUIMHAMHU THUCTEPE3UCHOW IETJIM MO0 TOPU3OHTAIM M BEPTHKAIH ObUIH
LENOYHNCIICHHBIMU B MAacIITa0HOW CETKE MCIIONIB3yeMOro ocrumuiorpada, a
caMma IeTsl THUCTEpEe3nca 3aHMMalla MaKCHMaJbHYIO IJIOINAaAb Ha 3KpaHe,
YTO TOBBICUIO OBl TOYHOCTH U3MepeHMH. Ilpum Hcmoap30BaHUU
ocummiorpaga Cl — 64A pasmep netinu — 8 Ha 8 xierok . B manpHelmem
MOJIO)KEHWE PYYEK YCHIICHUS HW3MCHATH HENb3s J0 OKOHYAHMS BCEX
HU3MEpEHUM.
I'pagynpoBka oceii ocuuiiorpaga
OTkmounTh Oocnmwuiorpad M TEHepaTop OT CXEMBl. BKIrounTh
BHYTPEHHIOIO HAarpy3Ky TI'€HepaTopa, BBIXOJHOE COMPOTUBIICHHE IOCTABUTh
Ha 600 Om. CoenuHMTH BBIXOJ TE€HEpaTopa C TOPU3OHTAIBHBIM BXOJOM
ocumutorpaga. PykosTkoi perymnstopa BEIXOIHOE HaNpsDKEHNE TeHEpaTopa
MOBBICUTh TaK, YTOOBI MaKCHMaJIbHOE OTKJIOHEHHE JIy4a COOTBETCTBOBAJIO
PACCTOSIHHIO MEXJy BEpIIMHAMH THCTEPE3HCHOM IETNIH IO TOPHU30HTAIH,
MOJTYYEeHHOW B pexuMme HaceimieHus. OTMETUTh HampsHKEHHE II0
BOJIBTMETPY reHeparopa. 1o Hanpspkenue pasHo Uy B hopmye (7).
I'panyupoBKky BepTHUKAJIbHOW OCH MPOU3BECTH AHAJIOTHYHBIM
0o0pa3oM ¢ TeM OTIMYHMEM, YTO HalpsHKEHHE ¢ TeHeparopa IoAaeTcs Ha
BEPTHKAJIbHBIA BXOA ocmuuiorpada. M3MeHss HanpspkeHHE Ha BBIXOJE
reHeparopa, HeoOXOAUMO TOOUTHCA OTKIOHEHMS Jiyda MO BEPTHKAINM Ha
9KpaHe  ocumiuiorpada,  COOTBETCTBYIOLIETO  PAcCTOSHHUIO — MEXIY
BEpUIMHAMH TUCTEPE3NCHOM TMEeTIM B pEeKUME HACBIIIEHHS. JTO
Hanpsikenue Uy, moactaButh B popmyny (8) mis pacyera maciitada mo
BEPTUKAJIBHOU OCH.
Omnpenenenne norepsb B 00pa3ue peppoMarHuTHOro MaTepuasa
BoccTaHOBHTE CXeMy W 3apHCOBaTh THCTEPE3UCHYIO IMETII0 Ha
KaJbKy. Y IeIbHBIE TOTEPH B 00pasiie 3a OAMH MEPHOI MOXKHO ONPEACTHThH
o hopmyie
P Shb
W=r=7 ©)
f D

rae: P — morepu B oOpasme; S — murom@aab rUCTEpE3MCHON meTiu; D —
IUIOTHOCTh Marepuaia oopasia.

To e camoe moBToputh st gactor 100, 200, 300, 400 I'u. IIpu
3TOM C TMOMOIIBI0 PETYJIATOPa HAMPSKCHHS TE€HEpaTopa IMOIACPIKUBAIOT
MOCTOSTHHOW HAIMpPSHKEHHOCTh MArHUTHOTO MOJISi TAaKUM 00pa3oM, 4TOOBI
paCCTOS[HI/Ie Me)K}ly Bepl_HI/IHaMI/I ICTIN FI/ICTepGSI/Ica 1o FOpI/IBOHTaJ'II/I
0OCTAaBAJIOCh HCU3MECHHBIM HpI/I N3MCHCHUHN YaCTOTHI U COOTBETCTBOBAJIO 8 Ha
8 KJIeTOK.
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PesynbraTel HaOmoqeHUI M BRIYHACICHUH 3aHEeCTH B Ta0m. 1.

Tab6muma 1

Martepuan f,Tu | S, M2 W, Jx/kr | P, Br/kr | P, Br/kr | P, Br/kr

Ilo JOaHHBIM
TaOIUIIB IOCTPOUTH 3a-
Bucumocts  W(f). HUs-
BCCTHO, 4YTO BCJIMYHHA
MOLIHOCTHU HOTepI) Ha
rucrepesuc B (eppo-
MAariHuTHOM MaTepI/IaHe

P. ~ f, a Ha BUXpeBBIC

2

50 f Iy Toku Py~ < IMosTomy
Ta YacTb  YOebHbIX
MoTeph, KOTOpast  OT

Puc. 9. I'padpuueckuii crnocod paszmeneHus YACTOTHI HE 3aBHCHT,

YIEIBHBIX MarHUTHBIX HOTEePh Ha XapaKTepU3yeT MOTepH
COCTaBJIAIONINE:!
. Ha THUCTEpE3UC, a 4acTh
W,,- yIenbHbIE IIOTEPH Ha BUXPEBBIE TOKH; N
e1bHBIX HOTEPh
W,- yzespHbBIe IOTEpH Ha THCTEPE3HC 4 pb,
KOTOpast TIporIop-

[HOHAJIbHA YacTOTE, XapaKTepU3yeT MOTepH Ha BHUXpeBble TOKU (puc. 9).
HOCTpOI/IB 110 BKCHepI/IMeHTaHLHLIM JAHHBIM 3aBHUCUMOCTH W OT 4aCTOTHI,
MOXXHO pPasaciinTb yACJIbHBIC IIOTCPU HA Wr 58 WBT’ TIOCJIC Y€Tr0o ONpCaACIUTh
NOTEPU HA TUCTEPE3UC U BUXPEBBIC TOKU IIPH PA3JIMIHBIX YaCTOTAX
P.=W. (10)
P,,=W,, . (11)

OnpeneneHue ToYeK OCHOBHOW KPUBOI MHIYKIMHM M MATHUTHOIA
NPOHHLAEMOCTH

C DnOMOLIBIO PErynaTopa BBIXOAHOTO HAMpPSKEHHS TIeHeparopa
IIOCTEIIEHHO YBEJIMYUTh HAIPSKEHHOCTh MATrHUTHOIO IO OT HYJIA [0
MAaKCHMAJIbBHOTO 3HA4YCHUA. HpI/I 9TOM H€O6X0}II/IMO BBI6paTB HC MCHCEC
ISITH 3HAYEHUH HaANpSDKEHHOCTM MAarHUTHOTO IIOJIS, T.€. (PMKCHPOBATh
3HAYEHUA X (paccTosSiHMSL IO TOPU3OHTAIM MEXAY BEpUIMHAMHU
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THECTEPE3NCHOTO IHUKJIA), ¥ TOYHO M3MEPSTh Y (PaCCTOSHUE MO BEPTUKAIH).
Omnpenennuts

H=hxuB = by.

IToBTopsitor wm3mepenust ans uacrtor 100, 200, 300, 400 Im.
W3mepenust mipu (GUKCUPOBAHHBIX 3HAYCHUAX H MO3BOJSIOT MOJIYYHTH
YaCTOTHBIC 3aBUCHMOCTH B 1 L.

OTHOCHUTEIBHYI0 MAarHUTHYI MPOHHUIIAEMOCTh OIPEICIAIOT IO
bopmye

By (12)
torHopph o x
rae a:i - MIOCTOSIHHAS, PABHAsI OTHOILICHUIO MAcIITa00B 110 BEPTHKAIH U
figh
TOPU30HTAIH C YYETOM MArHUTHOMN TOCTOSIHHOH L. DKCIEpUMEHTANbHbIC U
pacueTHbBIC JAaHHBIC 3aHOCAT B Ta0JI. 2.

Tabnumua 2

Marepuan f, 'y X, M Yy, M H,Am | B, Tn u

3ananue 171 BHINOJTHEHUS J1a00paTOPHOIi padoThI
€ MOMOIIBI0 OCHUIJIOTPadUIecKOro MeToAa

1. [IpoussecTr rpaxyupoBKyY oceit ocrmuiorpada.

2. OmpenenuTh TOTEpH B 00pa3me nepmamwios npu dacrorax 50, 100,
200, 300, 400 I'm.

3. VI3MepuTh M MOCTPOUTH OCHOBHYIO KPHUBYIO MHIYKIMH Ha 4acTOTaxX
50, 100, 200, 300, 400 I'u.

4. PaccunTaB 3HauYeHWE MAarHUTHOH IIPOHMIAEMOCTH, IOCTPOHTH
sagucumoctr B(f) u w(f) mpu dukcnpoBaHHOM 3HAYCHHH HANPSHKEHHOCTH
MarHuTHOTO MOJIA.

5. OmpenenuTe  HAYaIBPHYI0O W MAaKCHUMaJbHYI0  MarHUTHBIC
MIPOHUIIAEMOCTH ¥ 3HAUCHHE KOAPILMTHUBHOM CHUJIIBI (peppOoMarHeTuka.

2.2. BbimosHeHue 1a0OpaTOpHO PadOTHI HA MNEPCOHAIBLHOM

KOMIIbIOTEpe

W3mepenne napamMeTpoB MAarHUTHBIX MaTepHaOB OCYIIECTBISIETCS I10
BHEIITHEMY BHUJy METJIH T'MCTePe3nca — 3aBUCUMOCTH MHIYKIIMH MarHUTHOTO
nois (B, Ti) ot Benmuuzel ero HanpsbkeHHocTH (H, A/m).

Jns Hawama paboTel HEOOXOIMMO 3allyCTUTHh (aill «MarHUTHBIE
Marepuansl» Ha padouem crose ITK. [Tocne 3amycka daiiia HosSBUTCS OKHO,
n3obpakeHnoe Ha puc. 10, a.




PFPTY BBHIBMPAEM MATEPUAN

Kadeapa BMM3 ——" e |
Na6opatopHan pabota
110 M3YEHHIO CBOICTE MATHHTHBIX MATEPHANOB. ! i e ey Vi o
g " LI
- npoecce.
oy
il Q’ pleiapibnt oo cochcrs
e, 45H (SOH).
w =
® Nt
Py
HAY HHAEN 8HX0R I - | ssxon

0
Puc. 10. Bux okna Hauana paboTs! (a) u BeiOOpa Matepuaia (0)

OHO 0TOOpakaeT Ha3BaHUE BBINOJIHAEMOM J1A0OPATOPHON PabOTHI
U KHONOK YNPaBJEHUS, HAa3HAUYEHUE KOTOPBIX MHTYUTHBHO IIOHATHO.
VYhopaBieHne OPOTpaMMOIl  OCYHIECTBISECTCA  OOBIYHBIM  CIOCOOOM,
MIPUMEHSAEMbIM TIOBCEMECTHO B omeparnuonnoi cucteme Windows. IMoce
miendKa 1o KHomke «HaumHaem» MOSBUTCS OKHO BBIOOpa MaTepHaioB, Kak
mokaszano Ha puc. 10, 6. Beibop MaTeprana oCymecTBISCTCS METIKOM 10
COOTBETCTBYIOIIEH 3aKiaJKe C Ha3BaHueM Marepuana. Ha 3axmanke
MIPEJCTAaBICHO OMHCAHHE W HEKOTOPBIE XapaKTePHCTHKH BBIOPAHHOTO
MarHuTHOro Marepuana. Ilocne menuka no kHomke «K wu3MepeHUsM»
NporpaMma MnepeKIro4aeTcs Ha peKUM U3MEpPEHUs TapaMeTpoOB MarHUTHOTO
MaTepHuaia o IapaMeTpaM IeTiu Tuctepesuca. Ha skpaHe otoOpakaercs
OKHO CIELHAIU3UPOBAHHOTO H3MEPUTENBLHOTO CTEHA, KaKk NOKa3aHO Ha

puc. 11.
Wccneayetca cnnae 45H (50H) El

TAPAMETPA ETIV

e Macra ¥ — =
797,203 160944 ¥
Mactora  Mimousan, (T0)*(A/m) a Y "
50 ry | 5458,38 o

8,Tn

me N

N L

A

: =

X

P~ T S T
@ M A
—— e | UACTOTA 11 110 11 110
S ) P50 B @X MAcuTAS YE O

)| & ooevememe—
P
: | | fas | |
v ey | | o——— s suxoA

Puc. 11. OKHO U3MEPUTETHHOTO CTEH/IA
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3. [IpoBenenue u3mMepeHuii
B oxHEe W3MEpPUTENBPHOTO CTEHAAa OTOOpaXKalOTCSA OCIIIUIOTpad,
n3MEpHUTENbHas KaMepa ¢ 00pa3loM MarHUTHOTO MaTepualia U 3JIEMEHTHI
YIpaBICHUSI CTEHAOM. 3/eCh € OTOOpakaeTcs CXeMa MOIKII0YEHHS
ncciaegyeMoro o0pasia Marepuaga M OCHOBHBIE IapaMeTphl IETIIN
THCTEpE3Hca.

Heo0xoauMo BKJIIOYMTH CTEHA IIETYKoM N0 TymOnepy «Bki». Ilo
YMOJTYAHHIO B H3MEPHTEIbHOI KaMepe ycTaHoBIeHa Temmepatypa 20 °C.

W3mepenne mapamMeTpoB CHIBHOMAarHMUTHOTO MaTepHajia HeoOX0oauMo
MIPOU3BOUTH B CIEAYIONIEH MOCIe10BaTENbHOCTH.

1. YcraHoBUTH HEOOXOAUMYIO YaCTOTY T€HEPATOPa, UCIOJIb3Ysl IBIKOK
Ha IOKaJe TPyOOro M IUIABHOTO M3MEHEHHS 4YacTOThl (OOBIYHO Iar
IUIAaBHOTO M3MEHEHHA cocTaniseT | ['m).

2. V3MeHss HanpsDKEHHOCTh MAarHUTHOTO Nos ABIDKKaMu «I'pyGo» u
«[lnaBHO», mOMy4YWTH HA TpadONOCTPOUTENC HYXKHBIH BHI IETIN
THCTepe3nca. B I1eBOM BepxXHEM YIdy TMpH 3TOM OTOOpakaroTcs
KOOPJMHATHl MAaKCUMAJbHBIX 3HAYCHUI YaCTHOM NETJIH, €€ IUIOMaab U
YacTOTa M3MEHEHMS BHEIIHETO MAarHWTHOTO momd. /[l wu3MeHeHus
MaciiTaba OTOOpaKeHHS MeTIM THCTepe3rca MOXKHO HCIOJB30BaTh
COOTBETCTBYIOIIME KHOIIKU Ha IpadornocTpouTee.

3. lllenkHyTh 10 KHOMKE «VI3MEHUTH TEMIIEpaTypy», B OKHO «3a/1aT4lK
TeMIepaTypbl» BBECTHM C KJIABHATypbl HYXHYI0O TeMIeparypy B
HU3MEpPUTENBHON Kamepe U HaxkaTb KHONKY «Ilyck». Jloxkaarbcs MOMEHTa
YCTAQHOBJICHHS 33/IaHHOM TeMIlepaTypsl B HW3MEPHUTCIFHOH Kamepe W
MIPOJIOIKUTH M3MEPEHHS.

4. V3MeHssl 3HaYeHHE HANpsHKEHHOCTH BHELIHEr0 MarHUTHOTO TIOJIS,
BHOBb TIPOM3BECTH COOTBETCTBYIOIIME HW3MEPEHUs] MapaMeTpoB IIETIIN
ructepesnca. [Ipy HEOOXOAMMOCTH HM3MEHHTH YacTOTy M TEMIIEpaTypy B
COOTBETCTBHH C M. | ¥ 3 1aHHOTO paszena.

5. Ilpm HeoOXOmUMOCTH BBIOpaTh APYrod MAarHUTHBIH MaTepual
HCTIONB3YIOT KHOIIKY «3aMEHHUTh MaTepHai».

4. Ioc/en0BaTEJbLHOCTh BbINOJHEHUS PA00ThI

1. Tlomyunts y mpenojaBaTedst 3aJaHUE Ha HCCIECJOBaHHE
KOHKPETHOT'0 MarHUTHOT'O MaTepualia B YKa3aHHOM JIHalla30He TEMIIEpaTyp
1 4acTor.

2. IocTponTh Ha4aJbHYIO KPUBYIO HAMarHMYEHHOCTH Ha 3a/JlaHHOW
gacrote npu Temmepatype 20 °C. Jljis 5TOr0 YCTAHOBUTH HYXHYIO YaCTOTY
BHEITHETO  MAarHUTHOIO TIIOJII M, IIOCTETICHHO  YBEJIWYMBAas  €ro
HaINpsDKeHHOCTh, 3aHECTH 3HaueHue koopauHat B m H B Tabn. 3, xortopas
npuBeseHa nanee. [lo koopanHAaTaM KOHEYHBIX TOYEK IETJIM THCTEpe3nca
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paccuuTaTth OTHOCUTECIBbHYIO MAarHUTHYIO TPOHUIAEMOCTD L.

Tabmmma 3

3. Toctpouts rpaduk 3aBucumoctu B = f(H). [Toctpours rpaduk
3aBUCHMOCTH OTHOCHTEIBHOM MAarHWTHOI MPOHWIIAEMOCTH OT BEIHYHMHBI
HaTPSHKCHHOCTH MarHUTHOTO TOJISI, HCHOJB3yS COOTHOIICHNE u=B8/(ug H).
Hcnonb3yss KHONKM M3MEHEHMs Macmrtaba Ha rpadonocTpourene,
ONpENENUTh 3HAaueHHE KOAIPUMTHBHOW cuibl He 1 mccnemyemoro
Marepuaja Ipu MaKCUMaJbHOM 3HAYCHUWU HANPsSKECHHOCTH MAarHUTHOI'O
TOJIA.

4. Hccnegosath 3aBUCUMOCTh OTHOCHUTEJIBbHOU MarHuTHOM
MPOHUIAEMOCTH MaTe€pHrajia OT YaCTOTbl BHCIIHETO MAarHuTHOT'O IOJIA. I[HH
9TOTO YCTAaHOBUTH 3HAUCHHE MHIYKLHUH IO YKa3aHUIO NpenomaBaTens (He
6onmee 0,5 OT WMHIYKIMHM HachleHHs oOpasma). M3MeHss d9acToTy W
TIOJI/Iep KMBasl TIOCTOSTHHOE 3HaueHne B m3meHennem H, 3aHecTu naHHBIE B
Tadm. 4.

Tabmuna 4
f, '
H, A/m
B, Tn
IToctpouts rpadux W3MEHEHUS OTHOCHUTEJIbHOU MarHuTHOM

MIPOHUIIAEMOCTH OT YaCTOTHI.

5. HccrenoBarh  3aBHCMMOCTb HOTEPh B MaTepHale OT YacTOTHI
MarHuTHOTrO noJjs. /it 3TOro yCTaHOBHUTH U TOJIEPIKHBATH MOCTOSHHBIM
NpU M3MEHEHUHM YacTOThl 3HAUYEHHE HHAYKIMH MAarHUTHOTO TOJIS 110
yKa3aHuio mnpenojasaresnss (He Oonee 0,5 OT MHAYKIMM HACHILCHHSA
oOpasna). MI3MEeHUTh 4acTOTy M 3aHECTH IOJyYEeHHbIC 3HAYEHHs IIOIIAAN
THCTEPE3UCHOI KPHBOii B Ta0I. 5.

Tabiuma 5

f, T
S, (T A/m)

6. Paccunrare ynenbHbIE MOTEpH B 00paslie M MOCTPOUTH Tpadux
3aBUCHMOCTH yICNbHBIX IOTEPh B MaTepualie OT YacTOTHl. YJAEIbHBIE
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motepu (BT/Kr) ompenensioT AeneHWEM IUIOMIAAH ITETIH THUCTEpe3Hnca Ha
IUTIOTHOCTP BEUIECTBA C YIETOM 3HAYCHHS YaCTOTHI H3MEHEHHSI MAarHUTHOTO
TOJIA.

7. HccnemoBaTh  3aBHCHUMOCTH  OTHOCHTENIBHOW  MarHUTHOM
MIPOHHUIIAEMOCTH MaTepraia OT TeMIIepaTypsl Ha 3aJaHHOM yactote. Jlms
9TOTO YCTaHOBWTH 3HAUCHHE MHIYKIMH 10 YKa3aHUIO IperojaaBaTes (He
6omee 0,5 OT WHIYKIMM HACBINICHUSA oOOpas3la) M MOANCPKHUBATH €€
HEU3MCHHOH. M3MEHATh TeMIepaTypy B COOTBETCTBHH C M. 3 pasjena 3
METOJIMYECKOT0 YKa3aHUs U 3aHECTH MOJIyYCHHBIC 3HaUCHUsI KOOpAUHAT B 1
H B Tabi. 6.

Tabnuma 6

T, °C
H, A/m
B, Tn
N

8. IlocTpouts Tpaduk 3aBUCUMOCTH OTHOCHTEIIFHON MarHHUTHON
MIPOHUIIAEMOCTH [ (DePPOMATHUTHOTO MaTepHaia OT TEMIIEPATYPEHI.

5. Copep:xkaHue oT4yeTa

1. Homep paGoTHI U €€ Ha3BaHHE.

2. Lenb paboTHL

3. KpaTkue TeopeTndyecKkre CBEACHHUS, BKIIOYAIOIIAE OCHOBHBIC
TIOHSITHSI, PACUETHBIE COOTHOIIIEHUS U CXEMY U3MEpPEHUSI.

4. Pe3ynpTaThl HM3MEPEHUN U BBIYHCICHWH B BUAE TaOmui U
rpauKoB.

5. CpaBHEHUE MONYUYEHHBIX PE3YIbTATOB C TAHHBIMH JIUTEPATYPhI U
HX KpUTHYECKAs OLICHKA.

6. KoHTpoJIbHBIC BONIPOCHI

1. Pacckaxxure o ¢puznveckoi npupoze peppomMarHeTu3ma.

2. HazoBuTre  OCHOBHBIE  XapakTEPUCTHKH  (peppoMarHUTHBIX
MaTepHalioB, OOBSICHUTE METO/IBI X OIIPEICIICHUSL.

3. Kakume mporecchl HabmromaroTcs B MarepHuale B Pa3sTHYHBIX
TOYKaX OCHOBHOM KPHBOW HAMarHMYEHHOCTH (eppoMarHeTHka?

4. Pacckakute 00  HWCIOJB30BAaHWUM B BBIYUCIHTEIBHOW |
JNEKTPOHHON TEXHUKE MArHUTOMSTKHX, MAarHUTOTBEPIBIX MAaTepHalOB.
IIpuBeaure npuMepsl.

5. Kak nomy4aror ¢epputsi? KakoBbI HMX OCHOBHBIC CBOWCTBA,
JIOCTOMHCTBA M HEJIOCTATKHU, 00JIaCTH IIPUMEHEHUS ?
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6. Kaknmu CBOHCTBaMH CHIIBHOMarHUTHBIX MaTepHanoB
OTIPEIEISIETCS] BO3MOXKHBIN YaCTOTHBIM AWAIIa30H UX MPHUMEHECHUS?

7. Jlaiite ompeeneHie KPUTHYCCKON, TPAHUYHOM YacTOTHI (heppuTa.

8. Pacckaxxure o moTepsXx B MarHUTHbIX Marepuanax. OT Kakux
(aKTOpOB OHU 3aBUCST?

9. Pacckaxure O TPaKTHYECKUX Mepax, HCIOJIb3yeMbIX JUIs
CHIDKEHHsI MOTeph Ha TMCTEPE3UC U BUXPEBbIE TOKM B CHIBHOMAarHUTHBIX
Marepuanax.

10. KakoBel  cBoiictBa ®  00NacTH  TPUMEHEHUS  TOHKHUX
(eppOMarHUTHBIX TUICHOK?

11. HapucyiiTe  3aBUCHMOCTh  MarHUTHBIX  XapaKTEPHCTHK
CHUJIPHOMArHUTHBIX MAaTepUasioB OT HANpPSDKCHHOCTH MAarHUTHOTO TIONS U
00BsiICHUTE (DPU3UUYECKYIO IPUPOY.

12.  Hapucyiite  3aBHCHMOCTP  MAarHUTHBIX  XapaKTEPUCTHUK
CHWJIBHOMAarHUTHBIX MaTepHaJIOB OT YaCTOTHI MATHUTHOTO IOJIS 1 OOBSCHUTE
(U3UYCCKYIO IPUPOTY.

13. HapucyiiTe  3aBUCHMOCTb  MarHUTHBIX  XapaKTEPUCTHK
CWIIBHOMAarHUTHBIX ~ MaTepHaJoB  OT TeMIepaTypsl U OOBsACHHUTE
(hU3UYECKYIO IPUPOTY.

14. llpuBenure  mpuUMepsl  MapKHpPOBKM ~ MarHUTOMSTKHX U
MarHUTOTBEPAbIX MAaTEPHAJIOB.

15. Pacckaxxute 00 OCHOBHBIX BU/IaX MarHUTHOM MPOHUIIAEMOCTH.

16. [osicHuTEe (QU3MYECKHIA CMBICT TEMIIEPATYpPHOTO KO3 PHUIIeHTA
MarHUTHOHM NMPOHUIIAEMOCTH.

17. PacckaxuTte O TPUMEHEHHWH B  DJJIEKTPOHHOW  TEXHHKE
MarHUTOCTPUKIMOHHBIX MaTePHUAJIOB.

18. Pacckaxxure O TPUMEHEHMHM B  O3JIEKTPOHHOW  TEXHHUKE
TEPMOMArHUTHBIX MaTepUaNoOB M MaTepHAOB C MPSAMOYTOJIEHON MeTien
THCTEpe3nca.
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Henb paldoTbl: HCCIENOBAHUE CBOWCTB CETHETOAIEKTPUUYECKOTO
MaTepurala ¢ TIOMOIIbI0 ocumnIorpada.

1. KpaTkue TeopeTHYEeCKHE CBEICHUS

CerHeTolIeKTpUKaMH Ha3bIBAKOT MaTePHAIIBI, Y KOTOPHIX HAOIIOIaeTCs
CaMOIIPOU3BONIbHAsS (CHOHTaHHAsA) moysapu3anus. OHa BO3HUKACT IOJ
JICCTBUEM BHYTPEHHHUX IMPOICCCOB B TUAJICKTPUKE O€3 BIUSHUS BHEITHETO
3JEKTPUYECKOTO IMOJIA, T.€. IIOJHOCTBbIO OIPENENsIeTCsl BHYTPEHHEH
CTPYKTYpPOH BEIIECTBA.

I[To Ty XWUMHUYECKOW CBS3M W (U3WUECKHM CBOMCTBaM Bce
KPUCTAJIMYECKUE CETHETORJIEKTPUKU MPUHATO NOIAPa3AesiiTh Ha JBE
Oompmme  TPYOIbl:  WOHHBIE  CETHETOICKTPHUYSCKHE  KPHCTAILIBI
(CerHeTO3IeKTPUKH THIIA CMEIICHHUS) U JUIIOJNBEHBIC CETHETOICKTPIUCCKUE
KpUCTAIIBl (YHOPSAAOYMBAIONIUECS] CETHETOEKTPUKHM). CBONCTBA HOHHBIX
U JUTOJBHBIX CETHETOANEKTPUKOB CYIIECTBEHHO PA3IHMUalOTCA.

JIJ'IH CTPYKTYPbl HMOHHBIX CETHETODJICKTPHUKOB XapaKTCPHO HAJIUYUC
KHUCIIOPOJHOTO OKTadJpa, W3-3a YEr0 ST CETHETOSJEKTPUKH HAa3bIBAIOT
CETHETORJIEKTPUKAMU  KHCJIOPOJHO-OKTadIpUUecKoro  Tuma. VoHHBIE
CETHETORJIEKTPUKMA HMMEIOT CTPYKTYpY DJJIEMEHTapHOW SYEHKU TUIa
MepOBCKUTA. K HOHHBIM CErHETOSJCKTPUKAM  OTHOCSITCSI THTAHATHI Oapus
BaTiOz, ceunma PbTiO;, auobarsr kamus KNbO3, mutus LiNbOs, TanTanar

mutusg  LiTaO,;, #omar kamus KIO;, Oapuii-HATpUEBBIH HHOOAT
BagNaNb5015 u ap.

K  JIWIONBHBIM  CETHETOIJCKTPHKAM  OTHOCSTCS CETHETOBA  COJIb
NaKC,;H,044H,0, TPUDIAIUHCYIb(AT NH,CH,COOHH,SO,,

muruapodocdar kanmms KH,PO,, Hutput Hatpus NaNO, u ap.

B wmarepumamax OZHOTO XMMHYECKOTO COCTaBa  CIIOHTAHHAs
MOJISIPU3ALUsl MOXKET BO3HHKATh M MCY€3aTh B 3aBHCHUMOCTH OT (ha30BOTO
COCTOSTHHSI BELIIECTBA U M3MEHEHHsI TEMIIEPaTyphl.

PaccMoTpuM MexaHU3M BO3HUKHOBEHUS CIIOHTAHHOMW IMOJISIPU3aLlUK Ha
IpUMepe  OAHOTO W3 Hauboyiee BaXHBIX  CETHETORJIEKTPUKOB  —
Mmerarutanata Gapus BaTiO;. Ha puc. 1 npencraneHa sjaeMeHTapHas
siueiika ero KpUCTaAIIMYECKON CTPYKTYpBI IpU TeMmepaTtype Boie 120 oC.

Ilpu Takoii BhICOKOH Temmeparype BaTiO; umeer kyOHYeckyro
pemerky, M WHTEHCHBHOE TEIUIOBOE IBIXXEHHE HOHOB MPEISTCTBYET
BO3HMKHOBEHHMIO  CIIOHTaHHOH  mousisipu3anmu. [Ipm  yMeHbIIeHMH
Temreparypel 1o 120 °c (touxka Kropu) BO3HWKaeT CIOHTaHHAS
MOJISIPU3alUsl, HOH THTaHa MPH 3TOM NPHOJIMKAETCS K OJHOMY M3 HOHOB
KHCJIOPOZIa, B CBSI3U C 4eM pelleTka neopMHUpyeTcs, BBITSATUBASCH BIOJIb
TOH OCH, N0 KOTOpPOM cMecTWiCs HMOH TuTaHa. B touke Kropu mnpu
temneparype 120 °C mponcxoauT mepsslii (hasoBbIil IEPEXO PEIIETKH H3


http://megabook.ru/article/%d0%91%d0%b0%d1%80%d0%b8%d1%8f%20%d1%82%d0%b8%d1%82%d0%b0%d0%bd%d0%b0%d1%82
http://megabook.ru/article/%d0%a1%d0%b5%d0%b3%d0%bd%d0%b5%d1%82%d0%be%d0%b2%d0%b0%20%d1%81%d0%be%d0%bb%d1%8c
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KyOM4Yeckoil B TeTparoHaibHyro, Ha 3aBucuMoctH &=f(T) mpu sToM
HabIfo1aeTCs MakCHMYM (pHc. 2).

&

&

Puc. 1. DnemeHnrapHas siueika KpUCTaUINYECKON
ctpyktypsl BaTiO;

~20000

] ] »
-70 0 120 To’ C

Puc. 2. TemmneparypHas 3aBHCHMOCTb OTHOCUTEIBHOI
JIMRJIEKTPUYECKON MPOHUIIAEMOCTH THTaHaTa Oapus

IIpu nanpHeimeM oxnakAeHUU A0 TeMmepaTypst 0 % C nabmonaercs
BTOpPOil  ()a3oBBII  Nepexox M3  TETPAaroHAILHOH  CTPYKTYpHl B
optopombuueckyro. Ilepexon cBA3aH cO CMEIIEHHEM HOHAa THTaHA
OITHOBPEMEHHO K JBYM HOHAaM KHCIOPOAa BIONb AHATOHAIA TPaHU
JJIEMEHTApHON sUeiiKy, KOTopast B 3TOM HampaBieHuH ymauasercs. [lpu 0
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C BexTOp MONAPHM3AMHM MEHSET HAmpaBlIeHHe, Ha 3aBucumoctH &=f(T)
Ha0Jr01aeTCst BTOPOi MaKCHUMyM.

Ipu —70 °C npowcxoaut crexyiommii n mocieHuit ha3oBblil mepexos,
U pemnieTka mpuodperaeT Oosiee HU3KYI0 CHMMETPUIO, MOHOKIMHHYIO WIJIN
TPUKIMHHYIO. DTOT IepeXoa 00YCIIOBIEH TEM, YTO MOH TUTaHA CMEIIACTCS
OIHOBPEMEHHO K TPEM HMOHaM KHCIOPOJAa BAOIb OOBEMHOW AHMAroHaIn
3JIEMEHTAPHOU SYEHKH, MPUYEM BEKTOpP CHOHTAHHOM MOJIAPU3ALUU ONSTh
MEHSET CBOE HAIPABICHUE W OPUCHTUPYETCS BIOJIb 00BEMHOI AMAroHamy,
M0 KOTOpOW CMECTHIHNCh WOHBI THTaHa. Ha 3aBucumoctn &=f(T)
Ha0oaeTcs TPETUH MAaKCUMYM.

IIpu Temmeparypax Bbllle TOYKM KropH CHOHTaHHas MOJSPU3AIMSL
HEBO3MOKHA. B 3TOM CJlyda€ BCJIMYMHA BHYTPEHHETO IIOJIA OY€Hb CUIIBHO
3aBUCUT OT BHCIIHETO IMPUJIOKCHHOTO HAIIPSKCHUA. He6OHbIJ_IOC BHCHIHECC
HaOpsOKEHUE  BbI3BIBACT 3HAYUTCIIBHOC CMCIICHUE HWOHOB THUTaHa U
3HAUUTEJIBHYIO JJIEKTPOHHYI0 U HOHHYIO mosisipu3aunuu. Ilostomy mpu
TemIepaTypax Bbimie Toukd Kiopw, HO BONMM3M OT Hee AMINIEKTpHUYECKas
MIPOHUIIAEMOCTh UMEET BBICOKOE 3HaueHHe. C IMOBBIIICHHEM TEMIEPaTyphl
TEIUIOBOE  JIBIDKCHWE BCE OONBIIE TPEMATCTBYET  HANpPaBICHHOMY
CMEUICHUIO HOHOB THTaHa, B CBS3M C YEM JAWDJICKTpHUYCCKas
MIPOHUIIAEMOCTD PE3KO YMEHbBIIACTCS.

B3anmopeiictBue  Mexay 3apsDKCHHBIMH — YacTHIAMH  COCEIHHX
QJIEMCHTAPHBIX AYCCK IMPUBOAUT K COIJIACOBAHHOMY CMEIICHUIO HOHOB
TUTaHa JTUOO BO BCEM 00BEME CETHETOINEKTPUKA, JINOO B HEKOTOPHIX €ro
00acTsIX, Ha3bIBAEMBIX JIOMEHaMU. boubline 1o pazmepy MOHOKPHCTAIUIBI,
a TaKXe TOJUKPUCTAUIBI pa30MBarOTCS Ha JAOMeHbl. Kaxaplii JOoMeH
COCTOMT W3 MMJUIMOHOB DJJIEMEHTapHBIX s4eek (puc.l) ¢ OAMHAKOBBIM
HanpaBJeHUEM BEKTOpa MOJSIPHU3ALNH, KOTOPHIE CO3MAI0T COOCTBEHHBIN
UIEKTPUUECKUH MOMEHT jaoMeHa. IIpm 3TOM 3leKTpHUecKoe Iojie BHE
KpHCTaJlla YMEHBIIACTCS, B CBS3U C YEM 3HEPI'Hsl pa3JeJICHHOTO Ha JOMEHBI
MOHOKpHCTaJUIa MEHbIIE, YeM JSHEprus OJHOJIOMEHHOTO KpPUCTAJIa, 4TO
COOTBETCTBYET OoJiee yCTOWYHMBOMY COCTOSIHHIO BELIECTBA ¢ MUHHMYMOM
BHyTpeHHell »Hepruu. CyMMapHbIH 3JIEKTPUYECKUH MOMEHT BCEX
JIOMEHHBIX oOjacTteii 0e3 TNPUIOKEHHS JJICKTPUYECKOTO TMOJsl K
CETHETONIEKTPUKY PaBEH HYIIO.

ITpu MoMeIIeHNU CEeTHETOANEKTPUKA BO BHEUIHEE AIIEKTPHUYECKOE 0JIe
HaOMIOMaeTcsl ero MOJSIpU3aIlUs, XapaKTepHu3yromlascs HEITHHEHHON
3aBUCUMOCTBIO 3HAYCHUA 3J'IeKTpH‘IeCKOﬁ HHAYKOUH D or 3HauyeHns
HANpPsHKEHHOCTH 3JIEKTpHUYECcKoro mojs E (puc. 3).

Orta 3aBUCHMOCTb BBIp@)XKaeTcs KPHBOW, AaHAJIOTHYHOM IIeTIIe
rucrepesnca (GeppoMarHUTHOTO MaTepHajia, U caM Hpolecc MOJSpU3annuu
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TaKke BO MHOTOM HJICHTHYCH IIPOIIECCY HAMArHNIMBaHKA (peppOMarHeTHKa
BO BHEIITHEM MAarHUTHOM IIOJIE.

IIpu yBenuyeHun Hampsi-
¢ KEHHOCTH BHEIIHEr0 3JEK-
Ds TPUYECKOTO TMONA 3a CYET
MIPOIIECCOB CMEICHUS TPAHUIL
JOMEHOB, OpHEHTALMH BEK-
TOpa AIEKTPHYECKOTO MOMEH-
E. ol % Ta JIOMEHOB CETHETOIJIEKTPUK
MOJISIPU3YyeTCss 10 TEXHH-
YEeCKOr0 HacChIEHUs (KpUBas
OABC). Ilpu yMeHbIICHHH
HaNpsDKeHHOCTH  BHEIITHETO
MoJst A0 HYJIS BHYTPCHHSSA
WHIYKOUS TajgaeT [0 Be-
mmanHbl Dg, KOTOpast Ha3zbl-
Baerca ocrtaroyHod. Ecnu

Puc. 3. 3aBMCHMOCTb DIEKTPHYECKOTO  NIPUIOKHTH I10JI€, paBHOe Ee,
CMEIIECHUSI OT BENUYMHBI BHENIHETO B IIPOTHMBOIOJOKHOM HaIlpaB-
NIEKTPUIECKOTO MO JIeHUH, ToJspu3anus (BHYT-
peHHAs MHAyKOusA) obpa-
maercs B Hynb. [lome E; Ha3zpiBalOT KOIpUUTHBHBIM mosieM. [Jljist
XapaKTEepPUCTUKU PAaOOTHl CErHETOIIEKTPUKOB B PA3IMYHBIX PeXKHMax
SKCITyaTallid  IOUPOKO  TNPHUMEHSETCS  TOHSITHE  OTHOCHTENHHON
JIMDJIEKTPUYECKON poHuiaeMoct é=D/&E.
Hambomee wacto wcmomb3yror moHATHE dS(hdekTuBHOW (WU

D&

mY

HOpPMAJIbHON) HAJIEKTPUYECKOH MPOHHMIAEMOCTH €, HAYaJbHON &,
MaKCUMATBHON Emay, AUPGHEPEHINANBHOM €y, @ TAKKE PEBEPCUBHON (I
oOpaTuMoit) TUANEKTpUYECKOl MpoHHIaeMocTu. Beero cymectByer Ooiee
10 pa3HOBUIHOCTEN JUAIEKTPUUECKON POHUIIAEMOCTH.

IIpoBoxs W3 Hayama KOOPAMHAT IpSIMBIE, TEPECEKAIONINE OCHOBHYIO
KPUBYIO TIOJSIPH3allMd B ONPEAETCHHBIX TOYKaX, MOXXHO ONpPEAETIUThH
3HAa4YEeHUs HA4YaJIbHON U MaKCUMAaJIbHON TUAIEKTPUUECKON NPOHUIAEMOCTH.
Tanrenc yria HakJIOHa KacaTelbHOW Ha ydacTke OA xapakTepusyeT
HAYaJbHYI  JIUIJICKTPUYECKYI0 MPOHHIAEMOCTh (€,), a TaHTCHC Yria
HaKJIOHa TPsIMOK (KacaTelbHOW), MPOBENCHHBIM W3 Hadalla KOOPAWHAT B
TOuKy BepxHero mepermba kpuBoii OABC (touky B, puc. 3),
COOTBETCTBYET MaKCHMAJIBHOW AWAJIEKTPUIECKON MPOHUIIAEMOCTH Emax
IIpoBons W3 Havana KOOPAMHAT HPSIMBIE, IEPECEKAIOLINE OCHOBHYIO
kpuByto mnomspuzanuu OABC B pasnuuHBIX TOuKax, M OHpeAenss
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COOTBETCTBYIOIINE 3HAYCHUS TAHICHCA YIJIa HAKIOHA yKa3aHHBIX HPSMBIX,
MOXKHO TIOCTPOHTH 3aBHCHUMOCTH IHMJICKTPHUECKON IPOHULAEMOCTH OT
HAIPSHKEHHOCTH 3JIEKTPHICCKOro mous (puc. 4).

HuddepeHnnanbHyl0  NPOHULAEMOCTh €  ONPENENAIOT  KaK
npou3BoAHYI0 (nuddepeHiman) OT INEKTPUUECKOH HMHAYKIHMU  TI0
HaNpsDKEHHOCTH  3JIEKTPUYECKOro TMMOJIsl sl JII00OM TOYKM OCHOBHOMU
KpUBOH NOJISIpU3ALINH. ¢t

Ilonsate pesepcuBHOU aU-
EKTPUUECKON MPOHHIAEMOCTH
€, MHCIONB3yeTCAd IIPU  paspa-
00TKE pa3IeNUTEIbHBIX IeTeH
3JIEKTPOHHBIX ycwiuTenen. s
U3MEPEHHMS &, K  CETHETO-
NEKTPHUKY TIPUKIIABIBAIOT
OTHOCHTENBHO  OONBIIOE  MMO-  Epay
crosHHoe Hampspkenue (E,) u

Emax

T
o

Mamoe rnepemeHHoe (OE - E
yOBOCHHAs  aMIUIUTyJa  Ie-

PEMEHHOTO CHTHaa), Ha  Puc. 4. 3aBHCHMOCTb AMDIIEKTPUICCKON
KOTOPOM ONPENENAIOT €MKOCTh  NPOHUIAEMOCTH CETHETODICKTPHKA OT
KOHJIEHCAaTOpa c ce-  HaNpsHKCHHOCTH 3JICKTPUYECKOTO TOJIs

rHeTo3IeKTpuKoM (puc. 5). Ilpu

NPWIOXKEHUU TIOCTOSIHHOrO HampsbkeHuss E, oTMeruM Ha  KpuBOi
nossspu3auud Touky M. Eciaum Tenepp Ha IOCTOSIHHOE HAaNpsDKEHHUE
HaJIOXUTh MMEPEMEHHOE HAIPSHKEHHE MEHbIIEH aMIUIUTYHbl, T. €. BHadaje
YBEIUYUTh HANPSOKCHHE HA BeIMYMHY OFE, a 3aTeM yMEHBIIUTH 0
Besuuunbl E; - OE , To B mporiecce 3Toro usmMeHeHus 3asucumocts D ot E
n300pasuTcs YaCTHOW meriel rucrepesmca. [IpoBemeM mpsMmyro uepes
KpaifHue TOYKHM 3TOW mernu, Jexamue npu E, + 0E u E; - OE. Yron
HAKJIOHAa JTOW NPAMOW O, COOTBETCTBYET BEJIMYUHE PEBEPCHBHOM
JMBJIEKTPUYECKON IIPOHNUIIAEMOCTH Ep.

m
Sp:i.iD.tgap- (1)
€ Mg

CrioHTaHHas ToJiApusanusd HaxXoauT IIUPOKOE MIPUMECHCHHUEC B
paavodekTpoHuKe. biaromaps  ¢dopMe meTnm  ructepesmca  (1Ba
YCTOHYMBBIX COCTOSIHUS +1 M -1), CErHETOANIEKTPUKH MOXKHO NPUMEHSTH B
3aroMHUHAIOIKUX ycTpoiictBax (3Y) OBM.
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Puc. 5. Onpenenenue peBEpCUBHON TUIIEKTPUUYECKOM
MIPOHHUIIAEMOCTH TI0 YaCTHOW TETIIe THCTEPE3nca

OcHoBHOE TpeOOBaHHME B 3TOM Cllydae — HaIM4YHME KaK MOXHO Ooiee
NPSMOYTOJIBHONW METIM THCTEpe3Hca, YTO XapaKTepHO, Hampumep, Ui
MOHOKPHCTAJUIOB TPUIIIMIMHCYIb(daTa. B OTCyTcTBHE BHEIIHEro mouis
CETHETONIEKTPUK MMEET J[Ba YCTOHUYMBBIX COCTOSIHHUS, COOTBETCTBYIOIIMX
JBYM HANpaBJIEHUSM OCTAaTOYHOH DJIEKTPOCTATHUECKOW  HHIYKIUH.
[TonmaBasi BHeIIHee HANPSIKEHHUE PA3IMYHON MOJSAPHOCTH, CETHETOIIEKTPHK
MOJKHO MEPEBOANTH U3 OJJHOTO JJOTMYECKOTO COCTOSHUSA B apyroe. Ha satom
OCHOBAHBI 3allMCh, CUUTHIBAHME M CTHpaHHe WHpopMmauuu. CUUTHIBaHHE
nHPOPMAIUK C  CErHETOIEKTpHYecKoro 3Y MOXKHO OCYIIECTBIIATH,
HalpuMep, ONTHYECKHMM METOAOM MWIM HU3MEPEHUEM CONPOTHUBICHUS
TOHKOM TOIyNPOBOAHUKOBOW IUIEHKH, HAHECEHHOW Ha MOBEPXHOCTH
CETHETOMNIEKTPUKA. BBICTpOAeCTBUE CErHETOIAEKTPUIECKOr0 3Y MOXKET
COCTaBJIATh €IUHHUIIBI MUKPOCEKYH]I.

CymecTBOBaHHE B CETHETORJIEKTPUKAX  3aBUCUMOCTH €  OT
HAIPSHKCHHOCTH 3JIEKTPHYECKOro mojs (puc. 4) NpHBOIUT K aHAJOTHYHOM
3aBUCUMOCTH  €MKOCTU  CETHETORJIEKTPUYECKUX  KOHAEHCAaTOpOB  OT
HaMpsKEHUsI.

Takne KOHIEHCATOPHI HA3BIBAIOT BAPUKOHAAMH M TIPHUMEHSIOT B
ycTpoiicTBax  CTaOMIM3auMM  4acTOThl. KOHCTPYKTHBHO — BapHKOHIBI
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BBIIIOJIHSIIOT B BHUJIE IUIOCKHX KEpPaMHYECKHX KOHIeHcaTopoB. OmHa u3
OCHOBHBIX XapaKTePHCTHUK BAapUKOHAOB — KodhduimenT 3¢ddekTuBHON
HEJIMHEHHOCTH, ONpeIeseMbli Kak OTHOLICHHE MaKCHMAaJIbHOTO 3HaYeHUS
IVMDIICKTPUYECKOW ~ NPOHULIAEMOCTH K HayalbHOMY  3HA4YCHUIO
IMDJIICKTPUYECKOW TNPOHUIAEMOCTH. UHWCIEHHOE 3HAYCHHE YKa3aHHOTO
BEIIIEe KO3 UIIEHTa MOKET H3MEHATRCS B mpeaenax ot 4 g0 50.

Hanmnumne NOMEHHOW CTPYKTYpHl M JUAJIEKTPUYECKOrO THCTepesHca
NPUBOINT K CBEPXBBICOKMM 3HAYCHHSM € B cermerosnekrpukax (10%-10°).
OTO JfenaeT BO3MOXKHBIM CO3JJaHHE MaJlora0apuTHBIX KOHAEHCATOPOB
OONBLION YAENBHOM EMKOCTH. 3aBUCUMOCTH € CETHETODJICKTPHKOB OT
TeMIepaTypsl (pUC. 2) MO3BOJISIET UCIONB30BATh UX B KAYECTBE JATUYHUKOB
TEMIICPATYPHI. Mmuorue CCTHCTODJICKTPUKU ABJIAKOTCA OJHOBPEMCHHO U
MTbE302JIEKTPUKAMH.

CnonTaHHas MoJjiapusanus COITPOBOXKIACTCA JAUBJICKTPUICCKUMU
NOoTepAMHU, IPHU OTOM IUJIOMIaAb TMCTIW AUIJICKTPUYCCKOI'0 THUCTEPE3UCA
NpPONOPIMOHAbHA ~ MOIIHOCTH  HOTepb.  [lodTOMy  mIpakTHyYeckoe
NPUMCHEHHE CETHETOINICKTPHKOB BOSMOXKHO TOJBKO B JHMAIa30HE HHU3KHX
YacTOT M B OTPaHUYCHHOM HHTEpBAJIe TeMIIEpaTyp.

B  HacTosmieil paboTe  paccMaTpUBaeTCs  METOL  M3MEpPCHUS
9Q(eKTUBHOH H PEBEPCHBHOI  JUINEKTPHYCCKHX  IPOHHIAEMOCTEH
HEJIMHEWHOTO0  CETHETOIEKTPHYECKOr0  KOHJEHcaTopa ¢  IOMOLIBIO
ocuutorpagda.

2. Onucanue yCTAHOBKY U MEeTOAMKH M3MePeH Uit
HN3mepenne 3¢¢eKTUBHON AUIIEKTPHYECKON TPOHULIIAEMOCTH

CErHeTOodJIEKTPUKA ¢ MOMOIIBLIO ocHuJIIorpada

UccnenoBanue  CBOWMCTB ~ CErHETORJIEKTPUKOB  NPOU3BOISAT  HaA
YCTaHOBKE, IPUHIUIINAIIbHAS CXEMa KOTOPO MpUBeAeHa Ha pucC. 6.

Cxema copepxut cienytouire sneMmentsl: K1 — kirou, BKIHOYArOMIMii
MUTaHue ycTaHOBKW, R1 — peocrar mist perynupoBaHus HanpspkeHus; V1 —
BomeT™MeTp Tuma B3 — 39; R2, R3 — nemuremn nHanpsokenws; C, —

UCTIBITYEMBIH CeTHETOANIEKTpUiecKuii KonaeHcarop; C, — o00pa3noBbIi
KOHJeHcarop; 1-2 — TOpU3OHTAJIBHBIA BXxoxa ocuwwuiorpada; 3-2  —
BEpTUKAJIBHBINA BX0ON ocimuiiorpada; 4, 5, 6 — 3aKUMBI TSI TIOJKITIOYCHHS
BOJIETMETpA.

Ha ropusoHTasibHbIi BX0a ocuuiuiorpada nogaercs: Hanpsukenue ¢ R3,
MIPONOPIMOHATIFHOE BCEMY MPWIOKEHHOMY HANPSOHKEHHIO, KOTOpOE
pacupenensercss Mexny  konaeHcatopamu C, wuw C, oOparHO
MPONOPLHOHATBHO EMKOCTH, T.€.

C/Co=UolUy, 2
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rne U, — HanpshkeHne Ha 00pa3moBoM KoHAeHcatope; Uy — HampsokeHne Ha
HCIIBITYEMOM KOHZEHCATOpE.

Ha BepTukanpHBIII BXon ocuuiuiorpaga IOJaceTcs HANpsDKCHHE C
koHzaeHcatopa C,, IPONOPIUOHAIBEHOE €T0 3apsiLy.

K1

O

Puc. 6. IIpuniunuansHas cxemMa yCTaHOBKH
JUIS U3MEPEHUS] EMKOCTH CETHETOKOHEHCATOpa

3apsnel Ha koHAeHcatopax C, u C, paBHBI, TaK KaK OHU BKIIIOUEHBI
MOCJIEIOBATEBHO.
U3  dopmymer  (2) ompenensercs ~— €MKOCTb — HCIBITYEMOTO
CErHETOKOHAEHCaTOpa:!
Cc.=C,U,/U=Q,/U.. 3)
[To nony4yeHHoOH ocuMIOrpaMMe MOKHO ONPENENUTh TOPU3OHTAIbHBII
MacmTab HanpsKeHUH My 1 BepTUKaIbHEINA MaciuTal 3apsagoB Mg
my=2U,V2/L,, Blueun., (4)
mg=2U,C,V2/H,, Kn/zen.,
rne L, u Hy, — paccTrossHHE 1O TOPHU3OHTAIH M BEPTUKATH THCTEPE3UCHON
KpPUBOH COOTBETCTBEHHO.
3Hag MacmTaObl 3apsA0B U HANPSHKEHUI, MOXKHO TIPH JIFOOBIX JPYTUX
3HaueHusAX U ompenenuTs 3apsAAbl W HAUPsOHKEHHS Ha OOKJIaAKax
CETHEeTOKOHJIEHCAaTOopa:

QMzqu/Z,
UXMzmuL/Z. (5)
Orcrona
C,=mgH/myL=mH/L. (6)

3Hasg eMKOCTh CErHETOICKTPHYECKOTO KOHJICHCATOpa U €ro
TCOMETPUYCCKUE  pa3Mepbl, MOXHO  ONPEACIUTh  OTHOCUTEIHHYIO
JUAJICKTPUICCKYIO TPOHUIIAEMOCTh
C=¢eg,S/h, )
rue 50=8.85~10'12 ®/m; C, — u3MmepsiemMast eMKOCTh, D;
h — paccrosinie Mexy 00KJIaIKaMU KOHIIEHCATOPA, M;
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S — mromaap 00KJIaI0K KOHACHCATOPA, M-,
U3 coornomenus (7):
£=0.113C;h-10"/S. (8)
JIOCTOMHCTBO OCHMJLIOrpau4eckoro Meroja H3MEPEHUs EeMKOCTH

CETHETONEKTPUUECKOTO KOHICHCATOPa 3aKIIF0UaeTCsl B €ro MPOCTOTE.
HN3mepenue peBepcHBHOM AUIJIEKTPUYECKOM

NPOHHUIIAEMOCTH
K1 4 R4
o—" ' @ 0 —0
R2 Cx i
RI 12 RS
- U 3 —0 5
A
R3 co V2
o] * 0 6 -
+—o 0

Puc. 7. [IpyHuunuanbHas cxemMa yCTaHOBKH JUJIsl U3MEPEHHUS
PEBEPCUBHON EMKOCTH CETHETOKOHIEHCATOpa

W3MepeHne  peBEepCHUBHOM  AMANEKTPUYECKOW  HPOHHIAEMOCTH
IIPOU3BOJUTCSA HAa YCTAHOBKE, IPHHIUNHANBHAS CXeMa KOTOPOil IpuBeaeHa
Ha puc. 7. OHa OTJIIMYaeTCsl OT CXEMBbI, IPUBEICHHON Ha puUC. 6, HAIUYUEM
pEryJIMpyeMoro ¢ IOMOILIbI0 peoctata RS MOCTOSHHOTO HAaIpsIKEHUS,
KOTOpO€ TMojaeTcs Ha 00pa3loBBIM KOHAEHcaTop uepe3 pesuctop R4.
[TocTosiHHOE HANpsHKEHHE W3MeEpsieTCsl BOJIBTMETPOM V2,  KOTOPBIH
HAXOJUTCS Ha TTaHENIH TabopaTOPHOrO CTEHAA.

Tak kak o6a konzmeHcatopa C, m C, B IIellb MOCTOSHHOTO TOKa
BKJTIOYEHBI NTApaJUICIbHO, OHU HAXOAATCA MO OJHUM HaINpsDKEHUEM.

IIpu n3mMepeHun peBepCUBHOM EMKOCTH CIENYET NMPUAEPKUBATHCS TOM
K€ METOJMUKH, YTO U IpH HM3MepeHHH 3(P(EeKTHBHOW EMKOCTH, YBEJIHYHB
yCHIICHHE OcImIiorpada 1 onpeIesiiB HOBbIe MacTabbl  3apsIoB u
HaMpsKEHUH.

3. Onucanue MeTOAUKH U3MepPeHUs

1. Cobparts cxemy coriacHo puc. 6.

2. C nomompto kiaroda K1 BKIIOUMTH MUTaHME YyCTaHOBKU. Peoctarom
R1 ycranoButs Hampsbkenue U, paBHoe 130 B mo nmokazanuro BoJbTMETpa
V1, noaxmounB ero k 3axumam 4, 6 maboparoproro crerga. C momMomisko
PYKOSATKH «YCHJICHHE» ITI0 TOPHU3OHTAIM W IO BEPTHKAIM IIOJYyYUTh Ha
9KpaHe TPYOKH YCTOWYHBOE W300pakeHHE NETIN AUIIEKTPHYECKOTO
THCTEpE3nca B Mpefenax dKpaHa ocimuiorpada. BoapTmMeTpoM u3MepHuTh
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HanpsbkeHus U, n Uy Ha 3axkumax 5, 6 U 4, 5 ¥ BBIUHACIATH MacIITaOBI
3apsAI0B M HANPsDKEHHUH 10 popmyiam (4).

Tabnuma 1

U,B | Lyen | H,zen U, B C,® €, Exn B/M

130

100

70

50

30

PykosiTkn «Ycunenue» Ha ocupiuiorpade 1mocie onpeieieHns MacraboB
HE CABUTATh!

C momomsio peoctata R1 m3mennts Hanpspkernue U B mpeaenax ot 130
1o 30 B, xak ykazaHo B Tabxn. 1, mpu sTom m3meputh L u H — paccrostans
10 TOPU3OHTAIM U BEPTHKAIH MEKAY BEPIIMHAMH I'MCTEPE3NCHON KPHUBON
JUISL KaKAOTO 3HA4YeHHs HamnpspkeHus. s ynoOcTBa oTcueTa MOKa3aHWH
pykosiTkn «BepTukanpHble TIacTUHBD, «[ OpHU3OHTAIBHBIE IUIACTHHBD)
ocuuiuiorpaga yCTaHOBHUTh B TIOJIOKEHUE «3aKOP.».

Mo dopmynam (6) u (8) ompenenuts 3Hauenus1 C, u &, PaccrosHue
MEXIy 3JIEKTpOoaMu KOoHAeHcaTopa h, muameTp 3yekTponoB O ykazaHbl Ha
nabopatopHoM  creHzae.  HampsokeHHOCTb  3JIEKTPUYECKOrOo  HOJIs
paccuuThIBaTh 1o hopmyIe

Ex: Ux,w/h- (9)

Bce pannple 3aHectH B Tabn. 1, mo 3THM JaHHBIM IIOCTPOHTH
3aBucumocTsb &=F(E,,).

Peocrarom ycranosuth Hampsbkenue U=130 B no BonmsT™eTpy V1. Ha
9KpaHe ocunwuiorpaga JOOMTHCS OTYETIMBOTO HM300paKeHMS NETIN
THCTEepe3nca, HE BBIXOJMIICH 3a mpenensl dKpaHa TpyOku. CpucoBath
MeTII0 Ha KajJbKy M C IOMOINBI0 MHUIMMETPOBOH Oymaru M3MepuTh ee
oAb, 3Hast ATy IUIONIAJb, MOXKHO OIPEAEINTh aKTHBHYIO MOIIHOCTS,
paccenBaeMylo B IWAJIEKTpHKE, U 1J O.

P=fmymyG, (10)
rae f—vacrora cety, I'Ly;

G — II0IIa b eI THCTEPE3Hca, MM .

tg o=4F/7HL. (11)

IMpn Beumcnenun 3HadeHuid P m tg O HeoOXoaMMO HMCHONB30BATH
BEMYMHEI Mg ¥ My B TeX K€ €AMHHUI@AX, YTO M IIPH BBIYUCICHHU IO
dopmyie (6).

3. Cobpath cxemy COrjiacHoO puc. 7.

YcranoButs nepemernoe Hanpsokerne 20 B peocratom R2 u n3MeHATH
HaMpsDKEHHE MOCTOSIHHOTO TOKa OT Hyusist a0 150 B, kak ykaszaHo B Tabi. 2.
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Omnpenenuts 3Hauenus C, U €,. DKCIIEPUMEHTANBHBIE U PACUETHBIE JTaHHBIE
CBEeCTH B Tad. 2.

Tab6muma 2
U, B L, mem. H, memn. G, @ € E, B/m
0
50
100
150

IIpumeuanue. I1. 4 BRINONHSETCS 1O 3a1aHUIO NIPETIOAABATENS

4. Omnpenenuts TOuky Kropu. CoOpaTh cxemy coriacHo puc. 6.
CerHeToKOH/IEHCATOP TIOMECTHTh B BaHHY C MHHEPAJIbHBIM MAacCIIOM.
Peocratom R1 ycranoButs HampspkeHume 20 B. C momompio pydek
«YcuieHne» 1O TOPU3OHTAIM W BEPTHKAIM MOJXYYHUTh Ha OKpaHe
n300pakeHne MeTan rucrepesuca. Bonstmerp V1 NOAKIIOUNTD K 3aKUMaM
5, 6 m1abopaToOpHOTO CTEHJA M YCTAaHOBUTH MPEES N3MEPEHNUS HANPSKEHUS
«1B». BkaounTh HarpeBaTeNbHYI0 BaHHY M 0 TEPMOMETPY OIPEAEIUTH
TEMIIEpaTypy,  COOTBETCTBYIOIIYIO  MaKCUMaJbHOMY  HANpSDKECHHIO
BosibT™MeTpa V1. BBIKIIOUHTH YCTAaHOBKY.

4. 3amanue

1. Onpenenuts MacTalbl 3apsJ0B U HANIPSXKEHUH Mg, M.

2. OnpenenuTsb AKTHBHYIO MOIIIHOCTb, paccenBaeMylo B
CETHETONEKTpUKe P, M TaHTEHC yrila qUANIeKTpUIeCcKUX moTeps tg d.

3. Omnpenenuts 3HaueHust €3 C, mpu Hampspkenmsix U=30-130 B.
Pe3ynbraThl n3MepeHnii ¥ pacueTHbIE JaHHBIE cBecTH B Tabu. 1.

4. TTocTpouts 3aBUCUMOCTD £3=f(Exy).

5. U3meputh u IIOCTPOUTH 3aBUCHMOCTD peBepCUBHOM
JIMJICKTPUYECKON MIPOHUIAEMOCTH € CETHETOIEKTPUKA oT
HANpPSDKEHHOCTH ~ AJIEKTPUYECKOTO  TIOJIi  HOCTOSIHHOTO — TOKa  IpHU
HEM3MEHHOM HaIpsKeHHH IIEPEMEHHOro ToKa, T.e. &=f(E.) mpu E=const.
Pe3ynbraThl H3MEpEHUH U pacueTHbIE JaHHbIE CBECTU B Ta0J. 2.

6. Ompenenuth TOuKy Kropw.

5. Conep:xaHue oT4yeTa
1. HpI/IHHI/IHI/IaJ'IBHI)IC CXEMBI UCTIBITATCJIBHBIX YCTAHOBOK.
2. Pe3ynbTaThl HaOMIOAEHUH ¥ BEIYUCICHUH B BUJIE TaONHUII, OTAEIBHBIX
3amucedl W KpPHUBBIX, a Takxke (QOPMyJd, MO KOTOPHIM HPOU3BOIMINCH
pacyerTsl.
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3. Kputrndeckas oIeHKa MONYYEHHBIX PE3YJIbTaTOB M COINOCTABIICHHUE
UX C JIUTEPaTypHBIMH JaHHBIMU.

6. KoHnTpoabHbIe BONPOCHI

1. Pacckazath 0 (U3NIECKOH PUPOAE CTIOHTAHHOW MOJISIPU3AIIHH.

2. OOBSICHUTH TIPOIIECCHL, 00yCTIOBNHMBAONINE  TOJSIPU3AIUIO
CErHETONIEKTPUKOB BO BHEIIIHEM 3JIEKTPUUECKOM IOJIE.

3. Jlatb ompeneneHue CyIIECTBYIOUIMM BHAAM  IHAJICKTPHUUECKOM
MIPOHUIIAEMOCTH  CETHETOIEKTPUKOB M OOBSICHUTH  METOJBI ux
OTpeneeHusl.

4. OOBSACHUTh  3aBHCHMOCTH  JUIJICKTPUYCCKON  MPOHHIIACMOCTH
CETHETOANICKTPUKOB OT BHEIIHMX (akTOpoB (HANPSHKEHHOCTH TIOJI,
TeMIepaTypbl, 9aCTOTHI).

5. Ha3BaTh  OCHOBHBIC  CETHETOYICKTPHUYCCKHE  MaTepHallbl U
0XapaKTepHU30BaTh 00JACTH MX MPAKTHYSCKOTO IPUMCHEHUS.

6. OxapakTepru30BaTh 00JIACTH MPAKTUIECCKOTO MPUMEHEHHSI IPSIMOTO H
oOpatHOTO MHe303(h(HEeKTOB.

7. UeM OTIIMYAIOTCS HENMHEHHBIC TUAICKTPUKHU OT JINHEHHBIX ?

8. KakoBbl 0COOCHHOCTH AMAICKTPHUYCCKUX CBOHCTB OHOJIOIMYCCKHX
00BEKTOB?

9. KakoB mnpuHIMN paboTHl JAaTYUKOB TEMIIEPaTypsl Ha OCHOBE
CETHETONIEKTPUYECKIX MaTePHaIOB?

10. Tlouemy CETHETORICKTPUYCCKHE KOHJCHCATOPHI 00JIa[aroT
BBICOKOW yZI€JIbHON €MKOCTbIO?

Bbubdauorpapuyeckuii cnucox
1. [acerakoB B.B., Copoxun B.C. MaTepuaisl 2JIeKTPOHHOH TEXHHUKH.
M.: Bricmias mikona, 1986. C. 262-273.

2. DnekTpopanunomatepuainsl / mox pen. b.M. Tapeesa. M.: Bricmas
mikona, 1978. C. 208-225.

3. Marepuanosenenune: yueb.nocobue/ C.I1.Buxpos, T.A.XomomwuHa;
oz pen. FO.M.Connaxka. Pazans: PITPTVY, 2006. 160 c.

4. CpoiictBa W TPUMEHEHHE IUIJICKTPUKOB H MarHMTHBIX
Mmarepranos: yue6. mocobue/ T.A. Xomomuna, M.B. 3y6koB; Ps3an. roc.
paavoTexH. yH-T. - Pszanb, 2015. 48 c.

5. MeTtoanyeckre pEeKOMEHJAIWM MO  IOATOTOBKE CTYAEHTOB K
TEKyIIEeMy M NPOMEXYTOYHOMY KOHTPOJIO  OCBOCHHS KOMIICTCHLHWH/
Ps3an. roc. paguorexsH. yH-T; cocT. T.A.Xonomuna, E.H.EBpokumosa.
Ps3ann, 2016. 16 c.
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Ps3anp 2013

VK 621.39

HccrnenoBanre CBOWCTB (peppOMArHUTHBIX MATEPUATIOB: METOAMYC-
CKHC yKa3aHWs K JabopaTopHOil paboTe /Psi3aH. roc. pajHOTEeXH. YH-T;
COCT.:
C.U. Manwuenxo, B.I'. Mumyctun, T.A. XonomuHa. Ps3anb, 2013. 16 c.

PaccmarpuBaercs nabopatopHas paboTa mo Kypcy «Martepuanisl u
KOMIIOHEHTHI PaTHOIIEKTPOHHBIX CPEICTBY.

[IpennasHadensl crTyneHTaMm cnenuanbHOocTed 140400, 200100,
201000, 210100 210400, 211000.

Tabn. 1. Wn. 7. bubmwmorp.: 4 Ha3B.

Maenumnoe none, HANPANCEHHOCMb MASHUMHO20 NOA, UHOYKYUS,
MACHUMHAS NPOHUYAEMOCMb, MAZHUMHbIe NOMepPU, GUXpesbie MOKU, pep-
pomazHemuxu, (eppumol

IlewaTaercs mo PCUHICHUIO PECAAKIIMOHHO-U3ATCIIBCKOTO COBETA Ps-
3aHCKOI'0 rocyJapCTBEHHOI'O0 paAUOTCXHUYCCKOTO YHUBEPCUTETA.

Peuensent: kadenpa 6HOMEIUIIMHCKON U MOTYIPOBOAHHKOBOM
9NIEKTPOHUKH PsI3aHCKOro rocyaapCTBEHHOTO PaIMOTEXHUUECKOTO YHHBEP-
cutera (3aB. kKapenpoit npod. C.I1. Buxpos)

HccnenoBanue cBOWCTB (heppOMarHUTHBIX MAaTEPHAIIOB

CocraButenu: M a 156 9 e H k 0 Cepreit Hocudosnd
Mum ycTuH Brnagucnas I'enHaabeBUY
X onoMuHa TaTesiHa AHIpeeBHA

Penaxtop H.A. Opnosa
Koppexrop C.B. Makymuna
INoamucano B newats 20.09.13. ®opmar 6ymaru 60x84.
Bymara razernas. Ileuats Tpadapernas. Yciu. ned. . 1,0.
Tupax 120 5k3. 3aka3
Psizanckuii rocyapcTBEHHBIN paIMOTEXHUYECKUN YHUBEPCUTET.
390005, Pszanb, ya. arapuna, 59/1.
Penakumonno-uznarensckuii nentp PI'PTY.
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JJABOPATOPHAS PABOTA Ne 7

MCCJIEJOBAHUE CBOMCTB ®EPPOMATHUTHBIX
MATEPHUAJIOB

Henp padoThbl: omnpeneseHue TOYEK OCHOBHOW KPUBOM MarHUTHOU
HHAYKIUH B NEPEMEHHOM MarHUTHOM MOJ€, U3y4eHHUEe 3aBUCUMOCTH Mar-
HUTHOM MPOHULIAEMOCTH OT HANpPSH KEHHOCTH U YacTOTHI MAarHUTHOTO TIOJI,
TeMIepaTyphl, a TAKKe ONpeAeIeHHE MOIIHOCTH NOTEPh B 3aBUCUMOCTH OT
YacTOTHI, 3aTPaYMBAEMbIX Ha ()OPMHUpPOBaHHE BUXPEBBIX TOKOB M T'HCTEpe-
3HC.

1. OcHOBHbIE TeOpeTHYECKHE CBEACHUS
1.1. ETMHUIIbI MATHUTHBIX BeJIMYUH M MATHUTHBIX CBOMCTB BellecTB

B »5eKTpOMarHuTHBIX yCTPOMCTBAaX aBTOMATHKH, BBIUHCIUTEIBHOMN
Y U3MEPUTEIBHON TEXHUKH BO3IEHCTBUE HA MarHUTHBIN 3JIEMEHT MPOU3BO-
IUTCS MO0 MAarHUTHBIM IIOJIEM TOKa, MPOXOJSIICTO 10 MPOBOJHUKY WU
00MOTKE, 1100 HEMOCPEICTBEHHO MArHUTHBIM MoJieM (Hampumep, B ¢heppo-
30H/1aX) WJIM MAarHUTHBIM TOJIEM, KOTOPOE€ CKOHIICHTPUPOBAHO METajlInde-
CKHM CepACYHHKOM. B GOJBIIMHCTBE CITydaeB OCHOBOMN RJIEKTPOMArHUTHBIX
9JIEMEHTOB CIY>)KUT MAarHUTHBINA cepJeuHuK. POpMUPYEMOE TOKOM B TPO-
BOJIHUKE MAarHUTHOE TIOJI€ SBJIAETCS, OOBIYHO, BHEIIHUM IO OTHOIIEHUIO K
3ToMy cepaeuHuKy. IIpexae yem nepeltu Kk Npupoje MarHUTHBIX CBOMCTB
BEILECTBA, HAIOMHUM €JUHUIBI MAarHUTHBIX BEJIMYMH B MeEXAyHapOJHOU
cucteme enuuui (CH).

Bremnrree MarHUTHOE MMOJIe TMHEWHOTO MPOBOJHHKA ¢ TOKOM | xa-
pakTepu3yeTcsl HalpsDKeHHOCThIO H MarHuTHOTO monst (A/M)  sBIsSeTCS
CUJIOBOM XapaKTEPUCTUKON MAarHUTHOTO TOJISL.

Ecnu npoBogHUK paBHOMEPHO HAMOTaH C KOJIMYECTBOM BUTKOB W Ha
(heppOMArHUTHBIN CEPACYHUK C OJAWHAKOBBIM CEUCHHEM S 0 BCEH ero Iim-
He | (HanpuMep, Ha KOJIBLIEBOU CEPIEYHHUK), TO HANPSIKEHHOCTH MATHUTHO-
ro mous B cepaeunuke H = Iw/l .

Tlon neicTBreM MPOTEKAIOIIETO Yepe3 MPOBOHUK TOKA B CEpIIeUHU-
KaX MarHATHBIX DJIEMEHTOB CO3/IA€TCSI MATHUTHBIN MOTOK D.

Hapsiny ¢ Hanps>KeHHOCThIO MarHUTHOE TOJIE XapaKTepU3yeTcsl Mar-
HuTHOM MHAYKuMer B (Tun), onpenenseMoii Uit paBHOMEPHOTO TIOJISt BBIpa-
xenueM B = @fS | rae S — miomaak, uepe3 KOTOPYIO MPOXOJAUT MATHUTHBIN
MOTOK.

MarHuTHasi MOCTOSTHHAsE Mo (MarHUTHAasi MPOHUIIAEMOCTh BaKyyMa)
MPEJCTABISCT COOOW OTHOIICHUE MAarHUTHON MHIYKIUU K HATPSKCHHOCTH
MarHUTHOTO TIOJIS B BaKyyme uo = B/H .
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HanpsokeHHOCTP  BHEITHETO MAarHUTHOTO TIOJSL HE 3aBHCHUT OT
CBOMCTB cpenbl (0T CBOWMCTB BEIIECTBA), T/Ie CO3MACTCS MarHUTHBIM ITOTOK.
MarHuTHas k€ WHAYKOUS ONpenessercs KaK HalpsKeHHOCThIO, TaK W
CBOMCTBAMH Cpenbl (BEmIecTBa), XapaKTEePHU3YIOMIUMHUCS OTHOCHTEIBHON
MarHUTHOH NPOHMIIAEMOCTHIO W (WJIM TPOCTO MATHUTHOW IPOHHUIIAEMO-
CTBIO), KOTOpas MOKAa3bIBACT, BO CKOJBKO pa3 MPOHHUIIAEMOCTH BEMIECTBA
OOJIBIIIC WIIK MCHBIIIE MPOHUIIAEMOCTH BaKyyMa.

MarHuTHass MHIYKIMS B cpeie (YIPOUICHHO MOXKHO TPEACTaBUTH
KaK MarHWTHOE I0JIe BHYTPH BEIIEeCTBA)

B = puoH (1)
TJI€ U o= [, — aOCOIIOTHASI MAarHUTHAS IPOHUIIAEMOCTh BEIIECTBA.

1.2. Knaccuduxkauus BeuiecTs 10 MATHUTHBIM CBOMCTBAM

[o peakiyy Ha BHEIIHEE MarHUTHOE T10JIE U XapaKTepy BHYTPEHHETO
MarHUTHOTO YIOPSAOYCHHS BCE BEIIECTBA B IPUPOJIE MOKHO MOIPA3ICIHThH
Ha TATh TPYNIL: OuamMazHemuKu, napamacHemuKy, eppomacHemuKku, au-
mugheppomacnemuxu u geppumaznemuxu. IlepedrcieHHBIM BUIAM MarHe-
THUKOB COOTBETCTBYIOT IISITh PA3JIMYHBIX BHOB MArHUTHOTO COCTOSTHHS Be-
LIECTBA: JUaMarHeTU3M, IapamMarHeTH3M, (eppomarHeTusM, antudeppo-
MarHeTusM U eppuMarHeTH3M.

K ouamaenemukxam OTHOCAT BEIIECTBa, y KOTOPHIX MarHMUTHas BOC-
MIPUUMYHMBOCTD OTPHULIATENIbHA U HE 3aBUCHUT OT HANPSDKEHHOCTH BHEIIHErO
MarauTHoro mnois. K auaMarseTikam OTHOCSTCS HHEPTHBIE Ta3bl, BOJOPO,
a30T, MHOTHE XHUAKOCTH (BO/a, HETH U €€ NMPOU3BOAHBIE), PSIJl METAJLUIOB
(Menp, cepedpo, 30J10TO, IUHK, PTYTh, TAJUIMH W 1p.). bonpmmHCTBO MOTY-
MIPOBOTHUKOB (KpEMHHIA, TepMaHuid, coequHeHus A3Bs, A,Bg) n opranmde-
CKMX COCOUHEHHH, MIEIOYHO-TAIIONIHBIE KPUCTAIIIBI, HEOpraHMYECKHe
CTEKJIA U JIp. TAaKXKe OTHOCST K JUaMarHeTukaM. JluamMarHeTukamu siBIISIOT-
Csl BCE BEIECTBA C KOBAJICHTHOM XUMHUYECKON CBA3BIO U BELECTBA B CBEPX-
MIPOBOJISAIIEM COCTOSHHUM.

K napamaznemuxam oTHOCST BemiecTBa ¢ MOJOXHUTEIHHON MarHUT-
HOW BOCHPHUHMYHUBOCTBIO, HE 3aBUCSIIECH B CIa0BIX MAarHUTHBIX HOISIX U
IIPU BBICOKHX TEMIEpaTypax OT HANPsSHKEHHOCTH BHEIIHEr0 MAarHWTHOTO
monsi. K guciy mapamMarHeTHKOB OTHOCST KHCIIOPOJ, OKHCH a30Ta, IIeN0Y-
HBIE ¥ IIEJIOYHO-3€MEJIbHBIE METaJUIBl, HEKOTOPHIE MEePEeXOJHbIe METaJUIBI,
COJIM JKeJe3a, KoOaJIbTa, HUKEJISl U PEAKO3EMEIbHBIX JJIEMEHTOB.

K ¢eppomacnemuxam OTHOCAT BemiecTBa ¢ OONBIION MOJIOKUTEIb-
HOW MarHUTHOW BOCHPUUMYUBOCTBIO (10 106), KOTOpasi CUJIbHO 3aBUCUT OT
HAMpPSKEHHOCTU MAarHUTHOTO MOJISI ¥ TEMIIEPATYPHL.

Anmugeppomacnemukamuy SBISIOTCS BEIIECTBA, B KOTOPBHIX HIDKE
HEKOTOPOH TeMIepaTypbl CIIOHTAHHO BO3HUKAET aHTUINAPAJUIENIbHAS OPHEH-
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Talus 3JEMEHTApPHBIX MarHUTHBIX MOMEHTOB OMHAKOBBIX aTOMOB HJIM HO-
HOB KpHUCTaJUIMYecKOd pemieTku. Ilpu HarpeBaHHM aHTH(EPPOMAarHETHK
UCTIBITHIBaeT (ha30BBIi Mepexo]] B apaMarHUTHOE COCTOsIHUE. AHTH(EppO-
MarHeTH3M OOHapyXeH y XpoMa, MapraHia U psja peaKo3eMeNbHBIX dJIe-
MeHTOoB (Ce, Nd, Sm, Tm u np.). TunuaasiMu aHTHOEppOMAaTrHETHKAMH SIB-
JSIOTCS MPOCTEHIINE XMMUYECKHE COSIUHCHUS HAa OCHOBE META/UIOB THIA
OKHCJIOB, TaJIOT€HHUIOB, CYIb()HI0B, KAPOOHATOB U T.II.

K @eppumacnemuxam oTHOCSAT BellecTBa, MarHUTHBIE CBOWCTBA KO-
TOPBIX OOYCIOBJICHBI HECKOMIICHCHPOBAHHBIM aHTH()EPPOMArHeTH3MOM.
IMomobHO (eppoMarueTrkaM OHH 00JIaJaI0T BHICOKOW MArHUTHON BOCIpH-
HUMYUBOCTBIO, KOTOpasd CYHICCTBECHHO 3aBUCHUT OT HAIIPAKCHHOCTU MArHuT-
HOTO TOJIsl U Temneparypbl. Hapsiay ¢ aTuM (eppuMarHeTuKy xapakTepH-
3YIOTCS U PSAAOM CYIISCTBEHHBIX OTJIMYHH OT ()eppOMArHUTHBIX MaTepHa-
noB. CeoiicTBaMH (heppUMAarHeTUKOB OOJNAJAIOT HEKOTOPBIE YIOPSIOYCH-
HbIe METAJUTHYECKUE CIUIABBI, HO TJIABHBIM 00Pa30M - Pa3iIMYHBIC OKCUIHBIC
COCIMHEHUS, CPEANM KOTOPHIX HaWOOJBLINI MPAaKTHYESCKUH HHTEpeC Mpel-
CTaBIIAIOT (PEPPHTHIL.

1.3. HamaranuuBaHue ¢eppoMarHuTHOT0 MaTepHuaja

Ilon melicTBMEM BHEIIHETO MarHUTHOTO IOJS, CO3JaHHOTO TOKOM B
KaTyIIKe, HAJIO)KEHHOW Ha MarHUTOIPOBOJ U3 (eppoMarHeTHka, IpoUcXo-
JUT TIPOLIECC OPHEHTAIlMM JOMEHOB B MAarHMTOIIPOBOJE M CMEIIEHHE HX
rpaHul. OTO NMPUBOAUT K HAMATHUYMBAHMIO CTAJIBHOTO MAarHUTOIPOBOJA
(T.e. K POCTY BEIMYMHBI BHYTPEHHETO MAarHUTHOTO IIOJIS), IIPUYEM Hamar-
HUYEHHOCTb YBEJIIMYUBAETCS C YBEIMUEHUEM BHELTHETO MAaTHUTHOTO TIOJIS.

Hamaranuennocts M (OHa XapakTepu3yeT MarHUTHOE I10JIe BHYTPH
BeIecTBa) (PeppOMArHUTHOTO MaTepuaia pacTeT TOJIBKO 0 OIPEIEIICHHOTO
IIpeJeNIbHOrO 3HaYEeHNUs, Ha3bIBAEMOI0 HAMarHMUEHHOCTBIO HACKIEHUS M.
3aBucumocth B(H) siBiseTcs HelauHelHo# u kpuByro B(H) moxHO pasme-
JIUTH Ha YEeThIpe yJdacTKa:

1) mpakTHYeCKH JTUHEWHBIH Y4acTOK, COOTBETCTBYIOIINI MajbIM Ha-
MPSDKEHHOCTSIM TIOJIA, TTOKAa3bIBAET, YTO MarHWUTHAs WHOYKINS YBEINYHBA-
€TCS OTHOCHTENIFHO MEAJICHHO W MPAKTUYECKH MPOIMOPIMOHAIBFHO Hamps-
KEHHOCTH TIOJIS;

2) HENMHEWHBIH yJacTOK, Ha KOTOPOM MAarHWTHAs WHIYKIMs B pac-
TET TaKXkKe MPaKTUYECKU NMPONOPLHOHAIBHO HANPSHKEHHOCTH MOJIsS, HO 3Ha-
YHUTEJILHO OBICTpEE, YeM Ha Ha4aJbHOM yJacTKe;

3) y4acTok, KOTOPBII XapaKkTepu3yeT 3aMeAJICHUE POCTa BEIUYUHBI-
uHAyKun B;

4) y4acTOK MarHMUTHOTO HAaCBIIIEHHS, Il 3aBucuMocTs B(H) cHoBa
JIMHEIHAs!, HO POCT MHIYKIMK B 0YeHb CHIIBHO 3aMeJUIeH 110 CPaBHEHHIO CO
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BTOpPBIM. MarHuTHast HHAYKIHA, KOTOPasi COOTBETCTBYET HAMArHUYEHHOCTH
HACBILICHUS, Ha3vleaemcs unoykyuetl Hacviujenuss By . Takas cyry0o Hemu-
HEWHast 3aBUCHUMOCTb OOBSICHACTCSL «IIOBEICHUEM» JJOMEHOB (heppOMarHuT-
HOTO MaTepHaja, OONaZafolIuX CIIOHTaHHOW (CaMOIPOW3BONBLHOW) HaMar-
HUYEHHOCTBIO.

[Ipn BHECeHMN (eppPOMArHUTHOTO MaTepuaga B MArHUTHOE T10JIE O -
HOBPEMEHHO HaOJII0al0TCsl MPOLECCH OPUEHTAIMU MAarHUTHBIX MOMEHTOB
JOMEHOB W CMEIeHHEe MX rpaHul (u3MeHeHHe oObema). B cimabom mome
MIPOMCXOJUT YBEIMUeHHe 00beMa JOMEHOB, Y KOTOPBIX MAarHUTHBIH MO-
MEHT, HaIlpaBJICHHBIH BJOJb
OCH JIETKOTO HaMarHU4MBa-
HUSI, COCTaBJIsIeT HaMMEHb-
IIMHA yrojl C HalpaBICHHEM
BHemHero nons. Ilpu cHa-
TUM MarHUTHOTO MOJS MO-
JIOXKEHUE TpaHUIl JOMEHOB
BOCCTaHaBIIMBAETCS, T.€.
MIPOIIECC HOCUT OOpaTHUMBIHA
xapakrep. Ilpu ycunenuun
HOJIST U3MEHEHUS CTPYKTYPHI
JIOMEHOB 0oJiee 3HAYMTENb-
HBI U TIPU CHATHUH BHEIIHETO
HOJST TOJIOKEHHWE TPaHUI]
JIOMEHOB HE BOCCTAHABJIH-
Baercsi. OOpasyercsi ocra-
TouHass MHAykuusa. Ilpnm
JalbHEHNIIEM  YBEIMYEHHUU
HAMpPSKEHHOCTH IOJI1 IPOUCXOANT U3MEHEHUE yIiIa BEKTOpa HaMarHU4eH-
HOCTU JIOMEHOB W3 HAIpPaBICHHS BJOIb OCH JIETKOIO HAMAarHWYHBAaHUS B
HaTpaBJIeHHE, COBMAAIOIIEee C HAIpaBIeHWEM BHemrHero monsd. [Ipu stom
MarHUTHOE COCTOSHHE MaTephala JOCTHUraeT TEXHHYECKOTO HACBHIIICHHS.
[oBenenne xpuBod B(H) mpwW IHUKINYECKOM HW3MEHEHHWH BHEIIHETO Mar-
HUTHOTO I0JIsI UMEET XapaKTEepHbIN BUJI , HA3bIBAEMbIH IETIEH TUCTEPE3U-
ca, KaK IoKa3aHo Ha puc. 1

B mepeMeHHBIX MarHWTHBIX IOJIIX MarHWTHOE COCTOSIHHE Oo0Opasia
MEPUOINYECKU TOBTOPSAETCS, €r0 MarHUTHas MHAYKLHUS 3aBHCHUT OT BEJIH-
YMHBl HAMArHUYUBAIOILETO MOJIs, HAIIPABICHHUS M 9aCTOThl €r0 U3MEHEHHS.
dopma nernu rucrepesrca Npu HEM3MEHHOM YacTOTE 3aBUCHUT OT IIPEJelib-
HBIX 3HAUEHUH HampsKeHHOCTH moiisi. CeMelcTBO TaKMX CHUMMETPUYHBIX
nieresb n300pakeHo Ha puc. 2. CrulomHas KpuBasi, IpOXoIsilast 1o BepIIH-
HaM MeTellb, HA3bIBAETCS HOPMAaIbHOM UM OCHOBHOI KpUBOW UHTYKIUH.

Puc. 1. Tpaduk mnepemarHUYIUBaHUSL
(beppoMarHeTukoB (TETIIsi TUCTEpe3uca)
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Puc. 2. TlpenenbHas neTis rucrepesuca

IIpuunHamMu ructepesuca
SBIISIIOTCSL HEOOpaTHMBIE CMe-
IICHUS TPAHMIl JOMEHOB, HEOO-
paTHMBIE TIPOLECCH OBOPOTA
MarHUTHBIX MOMEHTOB HEKOTO-
PBIX TOMEHOB W 3allepXKKa poc-
Ta 3apofblileil mepeMarHU4u-
BaHusa. [log HUMH TOHHMAaIOT
HeOoJpIIMe 00BEeMbI BEIIECTBA
C CaMOIIPOU3BOJIBHON HaMarHu-
YEHHOCTBIO 0OPAaTHOTO HAIPAaB-
JICHHUA 110 OTHOIICHHUK K OC-
HOBHOW OpHCHTAIlMM HaMarHH-
4eHHOCTH oOpasna. OCHOBHEI-
MH TapaMeTpaMH TETIH THUCTE-
pesuca SBISFOTCS  MHIYKIHS

HacwleHus Bs (Bmax), ocTaTouHas nuaykims B,, kospuurnBHas cuna He u
IUTOIIAAb TIETIIH, XapaKTepU3ylolas yAeldbHbIE MOTEPH Ha THCTEpE3ncC 3a
OMH LUKJI NepeMarHuumBaHusA. OcTaTOYHON WMHAYKLMEH Ha3bIBAalOT HH-
OYKIHIO, KOTOpas OCTaeTcs B IpeABapUTEIBHO HaMarHMUYEeHHOM oOpasie
Iocyie CHATHUS BHeIrHero noisd. KoapIiuTueHas cuiia — HanpspKeHHOCTh pas-
MarHU4MBAIOIIETO MO, KOTOPOE JOJKHO OBITh IPHIIOKEHO K MpeaBapH-
TEIbHO HaMarHW4EHHOMY 00pasIly A YMEHbBIIEHHS €ro MarHUTHOW HH-
OyKoun 10 Hynas. dopma meTnm ructepesnca XapakTepH3yeT IPOLECCH,
npoucxosiue B peppoMarueruke. [Ipu oTHOCHTENHHO HEOONBIINX 3aTpa-

U4

»

WUmake| — —

H'Ha‘{

Tax HEPTUU BHELIHETO
1oJis Ha IepeMarHu-
YUBAaHUE METJIA TUCTe-
pe3uca y3kasi, BeIU4U-
Ha KO3PLMTHUBHOH CH-
el Mama. [lpu Gomb-
[IUX 3aTpaTax dHEPrHH
TeTIIs TUCTepe3nca
IIpOKas M 3HaYeHUE
KO3pPUUTHUBHOM  CHJIBI
6ospioe. CooTBETCT-

»  BCHHO pasInYaroT
H  MarHMTOMATKHME MaTe-
puansl ¢ He<100 A/m

Puc. 3 3aBI/ICI/IMOCTB MAarHUTHOM npoHnnac- U MarHuTOTBEpJIbIE C
MOCTH OT HAIIPSI)KCHHOCTH MAarHUTHOT'O ITOJIA HC>104 A/M.
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Takum 06pa3om, 3aBUCUMOCTb MAarHUTHOW MHIYKIMH OT HaNpsDKCH-
HOCTH IOl Yy ()EpPOMAarHUTHOTO MaTepHaya JAOCTATOYHO CJIOKHAs W HE
MOJKeT OBITh BEIpakeHa MPOCTOH pacueTHO# popmynoii. [loatomy npu pac-
YeTe MarHUTHBIX IeTel, coaepkammx (GpeppoMarHeTHKH, IPHUMEHSIOT CHSI-
ThIC SKCIICPHMMEHTAIBHO KPHBBIC HamarHnuuBanus B(H) marautHeIX Mare-
puanoB. KpuBass HamarHW9IuBaHWUS BIIEPBBIE ObUIA MOTYyYeHA SKCIEPHMEH-
tabHO B 1872 Tromy mpodeccopom MOCKOBCKOIO YHHUBEPCHTETa
A.T.CroneroBeiM. Ha puc. 3 mokazaHa 3aBHCUMOCTb MarHWTHOHW NPOHH-
LIAEMOCTH OT BEJIMYMHBI HAIIPSHKEHHOCTH BHEIIHETO MAarHUTHOT'O MOJIS

1.4. IIpouecc nepeMarHH4YMBAHUSA (peppoMarHeTHKOB

Paccmorpum mpomnecc nepemMarHuuuBaHusi (eppomarHeTukos. Jlo-
ITyCTHM, YTO 3aMKHYTBIH MarHUTOIIPOBOA M3 (eppOMArHUTHOTO MaTepHaia
HEe HaMarHW4eH W TOKa B BHTKaX KaTYIIKH HeT, T.e. B=0 u H=0 (Hauano
KoopauHAT Ha puc. 1). [Ipu mocTeneHHOM yBeIMYCHHH HaMarHUYHBaIOIIe-
IO TOKa, a CJIEA0BATENBLHO, M HANPSKEHHOCTH TOJISI OT HYJISl 0 HEKOTOPOTO
HanOOIBIIIEro 3HAUYCHNS MarHUTHas WHAYKIHS YBEIHMIMBACTCS 1O KPHUBOU
HavalbHOTO HamMarHWn4uBaHWUA (Oa) M TOCTHTaeT COOTBETCTBYIOIIETO MaK-
cuManbHOTO 3Ha4yeHus B, (puc. 1). Eciu 3aTeM TOK M HAmpsKEHHOCTh Mar-
HUTHOTO TIOJIi YMEHBIIAIOTCS, TO U MarHWUTHas MHAYKIHS yMEHbIIaeTcs,
NIPU COOTBETCTBYIOIIMX 3HAUYEHHSX HANPSHKEHHOCTH MAarHUTHAsT WHIIyKIUS
HECKOJIbKO 0OJIbllle, YeM MpH yBEIMYeHHH HampsbkeHHOCTH. KpuBas m3me-
HEHHsI MarHUTHOM MHIYKINK (Y4acToK a6 Ha puc. 1) pacrosaraercs BBIIIE
KPHBOHW HAdaJIbHOrO HamMarHuM4uuBaHus. [Ipy Hy/neBBIX 3HAYEHUSIX TOKA U
HaNpspKeHHOCTH TI0JIsI MAarHUTHAsi MHAYKIMS MMEeT HEKOTOpOe 3HaueHHUe
B\, Ha3piBaeMoe ocmamounoii undyxkyuei (orpe3ok 06 Ha puc. 1).

Takum 00pa3oM, MarHWTHas WHAYKOUS B (DEpPOMAarHUTHOM MaTe-
pHaie 3aBHCHUT HE TOJBKO OT HANpPSDKEHHOCTH IOJISL, HO W OT NpEALIecT-
BYIOIIETO COCTOSIHUS ()eppOMarHeTuka. JTo sSBJIEHUE Ha3bIBACTCS 2ucCHepe-
3ucom. OHO 00YCIIOBIIEHO KaK OBl «BHYTPEHHUM TPEHHEM), BOSHUKAIOIINM
NPY U3MEHEHWH OPHUEHTAllMd MarHUTHBIX MOMEHTOB JOMeHOB. [Ipu u3me-
HEHWH HAIpaBJICHWS HAMarHWYMBAIOIIETO TOKAa, a CIEJOBAaTENbHO, W Ha-
MIPaBJICHHS] HANIPSHKEHHOCTH MarHUTHOTO IOJIsI U TIOCTEIIEHHOM YBEJIHY SHUU
TOKa 0OpaTHOTO HANPABIICHHUS HANPSHKEHHOCTH IMOJIS JTOCTUTAET 3HAYCHUS
H., Ha3pIBaeMoro koapyumuenoii cunoui (otpe3ok 0s), Ipu KOTOPOM Mar-
nutHast uHAyKuus B=0. [Ipn nanpHeieM yBenW4eHHH TOKa M HalpsDKeH-
HOCTH TOJII MarHUTOIIPOBOJ HaMarHWYMBAETCs B MPOTHBOIIOJIOXXHOM Ha-
NIPaBJICHUU, W NPU HanpspkeHHocTH mosist H, = -H, MarauTHas nemykums
JOCTUTHET 3HauyeHus: B, = -B,. 3areM npu yMeHbLIEHUH TOKa U HaNpsDKEH-
HOCTH TIOJISt 10 HyJISL MarHuTHas uHaykuus B, cranosurcst paBHoit -B;. Ha-
KOHELl, IIPH CJICAYIONIEM M3MEHEHUH HalpaBiIeHUsl TOKA U HAIPSHKEHHOCTH
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HOJIL U YBEJIMYCHUH €€ N0 IPENKHEero 3HaueHus H, MarHWTHas MHIYKLUS
YBEJIMYUTCS TaKXKe 0 IPEKHET0 3HaYeHUs B,

PaccMOTpeHHBI LMK HepeMarHUYUBaHHsA (eppoMarHeTHKa IO
KPHUBOW ab620ea HA3BIBACTCS 2UCHIEPEIUCHbIM YuKaom (nemiell sucmepe-
suca). Takasg cuMMeTpHUYHAs 3aMKHYTasl METIIS TUCTepe3uca (puc. 2) moiy-
YaeTcsl B ICHCTBUTEILHOCTH TOJIBKO IIOCIIe HECKOJIBKHUX NepeMarHUYHBaHUH
C YBEJIMYCHUEM HANPSHKEHHOCTH MAarHWTHOTO TIOJII JI0 MaKCHUMalbHOTO
3HaueHus1. [Ipu mepBhIX IUKIAX NMepeMarHUYMBAaHUS HETIsI HECUMMETPUY-
Hast ¥ He3aMKHyTas. HanOounbinas 3aMKHyTast eTJisl, KOTOpask MOXET OBITh
NoJyueHa s JAHHOro (eppOMarHUTHOIO Marepualia, Ha3bIBaeTCs npe-
denvrou (puc. 2). Ilpu HanpspkenHoctd moist H > Hy, momydaercs yxe
Oesrucrepe3ucHsIil yuacTok kpusoii B(H).

Ecnu st jaHHOTO (DeppOMAarHUTHOTO MaTepuaia, BEIOHpas pasiny-
Hble HanOOJIbIINE 3HAYCHUS HANPSHKEHHOCTH MAarHUTHOTO TIOJIs, HOJYyYHTh
HECKOJIBKO CHMMETPHYHBIX IIeTeNlb TUCTepe3nca (pUc. 2) U COSINUHUTE Bep-
IIMHBI NIETeNb, TO MOJYYUM KPHUBYIO, HA3BIBACMYIO OCHO6HOIl KpUBOW Ha-
Maznuyueanusa, OJIU3KYI0 K KPHBOW HAYaJIbHOTO HAaMarHW4YMBaHus. LIMK-
JIMYECKOe TepeMarHMYMBaHUE MOXKHO NPUMEHHTH JUIL Pa3MarHUYUBaHU
Mar"suTonpoBojia, T.C. 1Jisi YMCHbIICHUSA OCTaTOYHOH WHAYKIHWU OO0 HYJIEBO-
ro 3HadeHusa. C 3TOW LeIbI0 MAarHUTONPOBOJ IOABEPTaloT BO3ICHCTBHUIO
HU3MCHAIOIIETOCA 10 HAIPaBJICHUIO U MOCTEIICHHO YMCHBIIAIOMICTOCA Mar-
HHUTHOTO TOJISL.

1.5. MarauTHasi IPOHNIAEMOCTh
MarHuTHyt0 NPOHHLAEMOCTh BEIIECTBA PA3ACIAIOT Ha a0COIIOTHYIO
]
Y OTHOCHTENbHYIO (B JaJbHEWIIEM CIIOBO OTHOCHTENbHas Oynem
OITyCKaTh)

ﬂ_iB '
HoH

[loncraBisist B 3TH COOTHOLIEHUS! KOHKpPETHBIE 3HaueHus B u H, mo-
Jy4aloT pa3jIM4Hble BUJIBl MAarHUTHOW NPOHHUIIAEMOCTH, KOTOpBIE IpHMe-
HSIOT B TEXHUKE (CBBIIIE HECKOIBKUX JAECSTKOB).

HawubGonee yacTo MCHONB3YIOT MOHATHS MAarHUTHOW IPOHUIIAEMOCTH
HAYaJlbHOH [lypq , MAKCUMANBHON [lyaxe, SPDEKTUBHON Log M MU DepeHim-
ANBHOM Wy J71st Touku A puc. 4 MarHuTHas NPOHULIAEMOCTD |L OTIpeJIeNs-
€TCs KaK TaHTeHC yIiia HakJloHa cekymieit 0A k ocu abcmuce, T. €.

BA .
HoH 4

lu:tga:
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B B=f{H)
-AH +AB Olyake
A
-AB
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a +AH
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|
| |
|
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Hu |
) 4 |
| I
| I
| || AHnepem
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AHmepem >
|< |
B=f(H)
Yy

Puc. 4. Onpenenenre pa3TUYHBIX BUOB MarHUTHOH MMPOHUIIAEMOCTH

OTO HSKBUBAJICHTHO BO3JEHCTBHIO Ha MarHUTHBII Marepuaig CH-
HYCOMJIANIbHOTO NEPEMEHHOTO MarHHTHOTO MHOJIS BENUYMHOH AHpcpe, 0€3
TIOCTOSIHHOM cocTaBisitoredt (puc. 4). B HEKOTOpBIX ciydasx Taky Tpo-
HHUIAEMOCTh HA3bIBAIOT 9 PeKMUBHOIL.

HauanpHas n MakcumaibHas TPOHUIAEMOCTH IIPEJCTABIISIOT COOOH
YaCTHBIE CIIy4ad MarHUTHOW MPOHUIIAEMOCTH BEIIECTBA!

— lim—B— —tga, .}
g = lIM. wH 9¢ 4
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B/l
_ waxe y
Hyake = - tg e

0" " 4y ake
T. €. HAKJIOH KacaTelbHOM Ha HadansbHOM ydacTke kpmBoit B =f(H) xapaxk-
Tepu3yeT HadaJbHYIO MPOHUIIAEMOCTb, & HAKJIOH NMPSIMOH, IPOBEICHHON 13
Hadajla KOOPAWHAT B TOYKY BEPXHEro mepernda KpHUBOH, COOTBETCTBYET
MaKCHMaJIbHOMY 3Ha4E€HHIO MarHUTHOH ITPOHHUIIAEMOCTH.

JuddepeHnnanbHy0 MPOHUIIAEMOCTD Wyy,g OMPENENSIOT KaK IpOou3-
BOJIHYIO OT MarHMUTHOW HMHAYKIIMHU IO HANpPSDKEHHOCTH MarHUTHOTO IOJIS
JUIsl 1F000W TOYKM KPMBOWM HaMarHWYMBAaHUsL, T.€. OHA MPEACTaBIsET cOOO0M
TAHTeHC YIVIa HAaKIOHAa MEXJY OChbl0 abCLHUCC M KacaTelbHOI K KpUBOI Ha-
MarHM4MBaHUS B 3TOM TOUke. DTOT yroj NpUMEpPHO OYAET COOTBETCTBOBATH
YTy TIPSIMOM, TIPOBEACHHOI Yepe3 IBE TOUKU MaJIoTO THCTEPE3UCHOTO IHK-
JIa TIpA OHOBPEMEHHOM BO3JI€HiCTBIM Ha 00paser MoCTOSHHOTO Ho., 1 Tie-
peMeHHOTr0 AHepeyy MATHUTHOTO TOJIEH (pHC. 4) NPH YCIOBUM, YTO BBINOJI-
HsAeTCs COOTHOIEHHE AHpepen << Hpoer.

Kak BuaHO m3 rpaMKoB, MarHWTHAs IIPOHHIIAEMOCTh C POCTOM Ha-
NIPSHKEHHOCTH TIOJISL N3MEHSETCS B BEChbMa IIMPOKUX T'PaHUIIAX, YTO 3aTPyH-
HSET ee mpuMeHeHwue i pacueroB. Ha kpusoii p=f(H) (puc. 3) ormeuaror
JIBa XapaKTePHbIX 3HAYCHUS] MArHUTHOIN NMPOHUIAEMOCTH: HAYAIIBHAS — Ly
U MaKCHUMAJBHAS — Ly -

HavanpHass MarHuTHas NPOHHUIAEMOCTh XapaKTepU3yeT BO3MOXK-
HOCTh MCIIOJIb30BaHUsl (peppOMarHeTnka B CJAOBIX MAarHUTHBIX TIOJISIX.
MakcuManbHass MarHUTHasI IPOHUIIAEMOCTh OMNpEENSeT BEPXHIOI TPaHH-
Ily WCIOJIb30BaHUsI MaTepHaia. Tak, HaIpuMep, TUIMYHOE 3HAYECHHs Mar-
HUTHOH TIPOHWIIAEMOCTH JUISL JIMCTOBOW DJIEKTPOTEXHWYECKOH CTallu
nay=250 - 1000, a .= 500 — 30000.

1.6. IloTepn B MATHUTHBIX MaTepHaJax

[Tpn HaMarHMYMBaHWM MArHUTHOTO MaTepuaja MEePEeMEHHBIM TOJIEM
B HEM BO3HHUKAIOT MOTEPU DHEPTUH, MPUBOSIINE K HArpeBy Marepuaia.
ITetns rucrepesuca, xapakTepuU3yIOas 3aTpaThl YHEPTHH 32 OJIUH ITUKJI Te-
peMarHMYuBaHus, pacmupseTcs (YBeTUYMBAECT CBOIO IUIOMIANb) 32 CYET
BO3HUKHOBEHUS PA3IMYHOTO BUJIA TIOTEPD.

Ilomepu na eucmepesuc Pr, OTHECEHHBIE K €IMHUIE 00beMa Mare-
puana (yIenbHbIe TOTepH) OIPEACTSIIOT Mo GopMyie

_free

e
TJIe - INIOTHOCTH MaTeprana B kr/M° , f — vactora B ',
Hapsny ¢ moTepsimu Ha ructepe3nc P BOSHHKAIOT U APYTHE MOTEPH
B MarHUTHBIX MaTepHaJax: nomepu Ha suxpesvie moxku Py m dononnumens-

r
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Hule nomepu Py. IleTmo ructepesnca Ha NEPEMEHHOM II0JIE€ HAa3bIBAIOT AU-
HAMUYECKOH, a CyMMY COCTABIIIOIINX MOTEPh — IOJIHBIMU HIIH CyMMap-
HBIMH HOTEPSIMH.

Ilomepu na euxpesvie moxu 3aBUCAT HE TOINBKO OT MAarHUTHBIX, HO
TaKke W OT IEKTPHUUECKUX CBOICTB Marepuana (yAENbHOTO JIIEKTpHUE-
CKOTO COTNPOTHBIICHHS) U (GOPMBI cepaednuka. st mcToBoro obpasia mo-
Tepu Pp MOXHO HAUTHU U3 BBIPAXKCHUS
_ 164d*f?B> 7 ,

w
rae B, — aMIUINTy1a MAarHUTHON MHIYyKUUH, T11;
f — waToTa nepemennoro Toka, I'i;
d — TommuHa nucTa, M;
y - ITDIOTHOCTh MaTepuaa B kr/m;
p — YISIBHOE 3IIEKTPOCONMPOTHBIICHHE, OM M,
N — ko3 PupeHT HopMmBI.

Jlononnumenvhvle nomepu HENb3sl paccuUTaTh aHAJIUTHYECKH, HX
OTIPENICIISIOT OOBIYHO KaK Pa3HOCTh MEXKAY MOJIHBIMHU TOTEPSAMH U CYMMOMR
MOTEPh HAa TUCTEPE3UC U BUXPEBBIE TOKH:

Py=P-(Pr+ Py).

PB

2. BeinosiHeHne J1a60paTopHOii padoThI

Hcnbitanne GpeppoOMarHUTHBIX MaTE€pPHAJIOB NTPOM3BOANTCS Ha ycTa-
HOBKe, 0000IIIeHHasl cxeMa KOTOpoi nmpuBeneHa Ha puc. 5. 3nece M — uc-
IIBITHIBAEMBIN 00pasen u3 (eppoMarHUTHOrO Marepuana; Ry - oOpasiosoe
comnporuBienue; I 1 C - CONMPOTHUBIICHHE W KOHAEHCATOp (a3oBpalIiaTelb-
HoOW nenoyku. COOTBETCTBEHHO 2 M 3 — TOPU3OHTAIBHBIN U 3 — 4 BepTH-
KaJIbHBIN BXOJIbI ociuiuiorpada uiu rpadormnocrpoutens, 4 - 1 — Bxox cur-
Hama ¢ reHepatopa. OTKIOHEHHE JTyda ocHuuiorpada Mo TOpU30HTaIU
MIPONOPIMOHATIHFHO TAJICHHUIO HAPsDKEeHUS Ha Ry, KoTopoe, B CBOIO ouepensp,
MIPONOPIMOHATIFHO BEJIMYMHE HAMATHMYMBAIOIIETO TOKA U, CIEJOBATEIBHO,

M

[ - JEEN
o

3 Ro L r
&2

Puc. 5. Cxema ycTaHOBKH JJIs1 UCTIBITAHUS (PEPPOMATHUTHBIX
MaTepuaoB B MEPEMEHHBIX MarHUTHBIX MOJISIX
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BenmunHe H. Tak Kak OTKIIOHEHHE JTy4a 10 TOPHU3OHTANIN IIPOTIOPIIHOHAIb-
HO TIPUJIOKEHHOMY HAIPSKCHHIO, BETTMYUHY OTKIIOHEHHUSI MOYKHO BBIPA3UTh
B €JMHMIIAX U3MEPEHMS HAIPSLDKEHHOCTH MoJig /. MarHuTHas uHaykuus B
MIPONIOPIMOHATFHA BBHIXOJHOMY HAINPSDKEHUIO, U3MEPEHHOMY MEXAY TOU-
KaMu 3 ¥ 4 BEepTHUKAIBHOTO BXOIA YCWIHTENS ocumuiorpada. JTo Hamps-
JKCHHE 3aBHCHT OT BEJIMYMHBI MATHUTHOTO ITOTOKA B MarHUTONpoBoae M u
CKOPOCTH €ro U3MeHEHHs (a, CJIeI0BaTeNIbHO, BEIMYNHE B Ipu HEN3MEeHHOU
yactoTe). Takum 00pa3om, MOKHO HPOrpajynpoBaTh OTKIOHEHHUE JIyda I10
BEPTHUKAJIH B SAMHUIAX U3MEPEHUSI MArHUTHOW WHIyKIIUH U, UCTIONb3Ysl Ta-
KYIO CXeMY, MOYKHO HOJIyYUTh Ha 3KpaHe ocluiuiorpada mneTio rucTepe3n-
ca heppoMarHUTHOrO Marepuania.

JlabopaTopHast paboTa BBIOJHICTCS MYyTEM MOJCIUPOBAHUS MPO-
Iecca M3MEepEeHHs MarHUTHBIX CBOMCTB BEIIECTBA HA CIICHHAIN3UPOBAHHOM
crerae. [y 3TOro MCIonp3yeTcs CIelratbHas IporpaMMa, BHITIOTHIEMAs
Ha nepcoHaibHOM KommbioTepe (I1K). B sty mporpammy 3amoskeHsI MOIEH
M3MEHEHHSI XapaKTePUCTUK psAa MAarHUTHBIX MAaTepPHajioOB B 3aBUCHMOCTHU
OT U3MEHEHUs TTapaMeTPOB BHEIIHEr0 MarHUTHOTO NoJIsL. M3Meperne mapa-
METPOB MarHUTHBIX MaTEPHAIIOB OCYIICCTBISCTCS 10 BHEIIHEMY BHIY TIET-
JIM TUCTEpe3Hca — 3aBUCUMOCTH MHIYKIIMKM MarHuTHOro o (B, Ti) ot Be-
JIMYUHBI ero Hanpsokennoctd (H, A/m).

g Havana paboTsl HEOOXOAMMO 3alyCTUTh (Al «MarH MaTep»
Ha pabouem crosie I1K. ITocne 3amycka daiiia mOSBUTCS OKHO, H300paXeH-
HOe Ha puc. 6, a. OHO 0TOOpakaeT Ha3BaHUE BHIMOJIHIEMOM JTAOOPATOPHOI

PrPTY BLIEMPAEM MATEPUAN
Kadeapa BMM

TlaGopatopwan pabota iy .
no uay 2! é g Tt T A IAACHE FOMPUATINGH CHACH
Bz -
= z
{;‘ 'ia ﬂ@l - ST e
- [} Ly
- s 451 (50 0
. @ a® Ry :
HAY HHAEM BHXOR _ BHXOA
a §)

Puc. 6. Bux okHa Havyama paboThl (a) 1 BeIOOpa maTepuaia (0)

paboThl U KHOMOK YIpABJICHHS, HA3HAUYECHHE KOTOPHIX UHTYUTHBHO MOHST-
HO. YTpaBiieHHE MPOrPaMMOil OCYIIECTBIISIETCS OOBIYHBIM CIIOCOOOM, MPH-
MEHSIEMBIM TIOBCEMECTHO B omepanuonHoii cucteme Windows. Ilocne
nienyka no kHornke «HauuHaem» MoSIBUTCS OKHO BBIOOpA MaTe€pUalioB, Kak
IoKa3aHo Ha puc. 6, 0.
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Br10op marepunana oCymIeCTBISETCS IMIETIKOM IO COOTBETCTBYIO-
el 3aKJIaZIke ¢ Ha3BaHMeM Marepuaia. Ha 3akimagke mpeacTaBieHo omuca-
HHE U HEKOTOPBIE XAPAKTEPHUCTUKH BHIOPAHHOTO MAarHUTHOTO MaTepHaa.
IMocne memuka no kHonke «K m3MepeHusM» mporpamMMa MepekIroJacTcs Ha
PSKUM HM3MEPEHHs IapaMeTpoOB MAarHUTHOTO MaTepHaia IO HapaMeTpam
NeTan ructepesnca. Ha sxpane oToOpaxkaeTcss OKHO CIIEIMAIN3UPOBAHHOTO
N3MEPHUTENHHOIO CTEH/Ia, KaK [T0Ka3aHo Ha puc. 7.

BKN

Wccnepyetca cnnag 45H (50H) ]

X M —_ 5

797,203 1,60944 r] Cl

Yacrora Mnousaps, (Tn)*(A/m)
50 My 545838 r

<

———]

B, Tn

. BEEE.BEEE.

HATPSDXEHHOCTE MATHTHOIO MoimA

TPYB0

A
2

- EE ] om

o
H, A/M

NNABHO
I
LI - T R ) PYBO

MNABHO 1= —
“"I S, S— 3AMEHWUTL MAT'EPMAJ'II 160858 BHXO[]
FEY S B ]

Puc. 7. OKHO U3MEPUTEIHLHOI'O CTEHIA

HACTOTA 11 110 )
0 @O X MacwTas Y[

1:10
=

2.1. IIpoBenenne u3mMepeHui

B oxHE W3MEpPUTENHHOTO CTCHIA OTOOpaXKaroTCs ocuuuiorpad,
HM3MEpHUTENbHAs KaMepa ¢ 00pa3loM MarHUTHOTO MaTepHajia U 3JIEMEHTHI
yIpaBJICHUS] CTEHIOM. 3/IeCh K€ OTOOpakaeTcsl cxema MOIKIIOUEHHS HC-
ciiegyeMoro obpasia marepruaia ¥ OCHOBHBIE IapaMeTphl METIH THUCTepe-
3mca.

Heo6xomuMo BKIIFOUXTH CTEHI MIEITIKOM 10 TymMoIepy «Bxmy». ITo
YMOJTYAHHIO B M3MEPHTENBHON Kamepe ycTaHoBIeHa Temmeparypa 20 °C.
H3mMepeHue mapamMeTpoB Marepuraia HeoOXOAMMO MPOU3BOAUTH B CIICAYIO-
el IoCNe 0BaTeIbHOCTH.
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1. YcraHoBHTH HEOOXOOMMYIO HACTOTY T€HEPATOPA, UCTIONB3YS ABHKOK Ha
IKaJie TpyooTo U IUNIAaBHOTO M3MEHEeHHUS 9acTOTHI (00braHo 1 I'm).

2. NM3MeHss HampsHKEHHOCTh MAarHUTHOTO Touis, ABMKKamMH «['pybo» u
«[1naBHOY», MOMyYnTH Ha Tpad)OIOCTPONTENE HYKHBIH BUJ HETJIN TUCTEPE-
3uca. B 1eBoM BepxXHEM yIiy MpH 3TOM OTOOPaXKaroTCsI KOOPIUHATHI MaK-
CHMaJbHBIX 3HAYEHWH YaCTHOW METIH, €€ IUIOMagb M 4acTOTa M3MEHEHUS
BHEITHET0 MarHUTHOTO moiisi. J[ns m3MeHeHust macimitaba OTOOpasKeHHs
MEeTIU THCTepe3uca MOKHO HCIOIb30BaTh COOTBETCTBYIOIIME KHOIKU Ha
rpadonocrpourere.

3. UlenkHyTh 1o KHOIKe «/3MEHUTH TeMmneparypy» U B OKHO «3aJaT4HK
TeMIepaTypbl» BBECTH C KIaBHATyphl HYXHYIO TeMIepaTypy B H3MepH-
TEIbHOU Kamepe U HaxkaTb KHONKY «Ilyck». JloXkK1aTbCst MOMEHTA yCTaHOB-
JICHUs] 3aJaHHOW TEMIIepaTypbl B W3MEPHUTENBHON KaMepe W MPOJODKHTH
NU3MEpCHUSI.

4. V3MeHsAs 3HaueHWE HANpPSHKCHHOCTH BHEIIHETO MAarHUTHOTO OIS,
BHOBb IPOM3BECTH COOTBETCTBYIOIINE M3MEPEHHS MapaMeTpOB INETIH THC-
tepesuca. [Ipn HEOOXOAMMOCTH M3MEHHUTDH YacTOTY M TEMIIEPATypy B COOT-
BETCTBHUH C MyHKTaMu 1 u 3 maHHOTO pasjena.

5. IIpu HeoOXoAMMOCTH BBIOpATh APYrOif MarHUTHBIM MaTepHall, HCIOJb-
3ys KHOIIKY «3aMEHHUTh MaTepHai.

3. IlocJienoBaTe/ILHOCTH BBINOJHEHUS PaGOThI

1. Tonmyuuts y mpernojaBaTess 3aJaHHE Ha HCCIEIOBAaHHE KOHKPETHOTO
MarHUTHOTO MaTepHaJla B yKa3aHHOM JIMAINa30He TeMIIEpaTyp U 4acToT.

2. IlocTpouTh HauaJpHYI0 KPHBYIO HaMarHMYEHHOCTH Ha dacrore 1 I'n
pu Temnepatype 20 OC. Jinst sroro YCTaHOBUTH HY>KHYIO YacCTOTY BHELLIHE-
IO MarHUTHOTO TOJIS W, TIOCTENIEHHO YBEJIMYMBAs €ro HANpsHKEHHOCTH, 3a-
HecTH 3HayeHue koopamHat B n H B Tabnuiy, npumep KoTopol mokasaH
Huwke. Ilo xoopauHaTaM KOHEUHBIX TOYEK METIH THCTEpPEe3Uca paccuuTaTh
OTHOCHTEIIbHYIO MarHUTHYIO TIPOHUIIAEMOCTb L.

H, A/m
B, Tn
vl

IMoctpouts Tpaduk 3asucumoctu B = f(H). Iloctpouts rpaduk 3aBucumo-
CTH OTHOCHUTEJILHON MarHMTHOM MMPOHUIAEMOCTH OT BCJIMYMHBI HANIPSKCH-
HOCTH MAarHUTHOTO TIOJISI, HCTIONIB3Ys COOTHOIICHUE 1 =B/(4g H). cionb3yst
KHOTIKM M3MEHEHHs MacimTada Ha rpadorocTpouTesie, ONpeNeInTh 3Hade-
HHE KO3pLETHBHOW cuibl Hc Ui MccneayeMoro marepualia IpH MakCH-
MaJIbHOM 3HaU€HHUHU HANPSHKEHHOCTH MarHUTHOTO T10JISI.



16

3. HccmenoBaTh 3aBUCHMOCTh OTHOCHTEIFHON MarHUTHOW MTPOHUIIAEMOCTH
MaTepHajia OT 4acTOTHI BHEIIHEr0 MAarHUTHOTO Tojs. J{ys 3Toro ycraHo-
BHTh 3HAUCHHE MHIYKIMH 0 yKa3aHHWIO mperonaBatens (e Oomee 0,5 ot
WHAYKIIUH HACBHIIICHUS 00pasna). VI3MeHssT 9acToTy U MOIACP KUBast TOCTO-
sTHHOE 3HaueHue B m3MeHenwmem H, 3aHecTn naHHBIE B TaOIHIly, mpUMep
KOTOpOIl MMOKa3aH HUXKE.

F, I'q
H, A/m
B, Tn

[MocTpouth rpaduk M3MEHEHUs] OTHOCHTENLHONH MarHMUTHOW MPOHUIIAEMO-
CTH OT YaCTOTEI.

4. VccnenoBaTh MOTEPU B MaTepHaie OT YaCTOThI MArHUTHOTO mous. Jlis
3TOTr0 YCTAHABJIMBAThH U MOIICPKUBATH MOCTOSHHBIM, [IPU U3MCHECHUH Yac-
TOTHI, 3HAYCHUE UHAYKIIMH MaTHUTHOTO TIOJIS 10 YKA3aHUIO MPEIoIaBaTes
(ae 6oxee 0,5 oT MHIYKIMH HACHITIEHUS 00pasna). VI3MeHATs 9acToTy U 3a-
HECTH IOJTyYeHHbIC 3HAUYCHUS TUIOIAAN THCTEPE3UCHOW KPUBOW B TaOIHILY,
puMep KOTOPOii MoKa3aH HUXKE.

F, I'n
S, (T A/m)

Paccunrate ymenpHBIE TIOTEpH B 00pa3ile M MOCTPOUTH TPadUK YAEITHHBIX
MOTeph B MaTepuaie OT YacTOThL. YJenbHble moTepu (BT/KT) ompenensioT
JiefIeHUEM IUIOIIA U TIeTJIM TUCTEepe3Nca Ha INIOTHOCTh BEIECTBA C YUETOM
4aCTOTHI MN3MEHEHUs MarHUTHOTO o7 (pasnen 1.6.).

5. HccnenoBaTh 3aBUCHMOCTh OTHOCHUTEIFHONH MarHUTHOM MTPOHUIIAEMOCTH
MaTepHuaia oT Temreparypsl Ha gactore 1 I'm. s 3TOro ycTaHOBHTH 3HA-
YeHHe MHAYKIIMU [0 yKa3aHuio npenojasates (He 6osee 0,5 OT WHAYKITTH
HACBHIIIEHUS 00pa3a) U MOAICPKUBATh ¢ HEU3MEHHOH. 3MeHATh Temrie-
paTypy B COOTBETCTBHHU C IMYHKTOM 3 pa3zuena 2.1 MEeTOAUIECKOrO yKa3aHHs
Y 3aHECTH MOJyYCHHBbIC 3HAUeHHUs koopawHaT B w H B Tabmumy, mpumep
KOTOpOH TOKa3aH HHUXKe.

T,°C
H, A/m
B, Tn
vl
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Ioctpouts rpadpuk M3MEHEHHUS OTHOCHTEIBHOW MarHUTHOW TPOHU-
IIAEMOCTH |l OT TEMIIEPATYPBI.

4. Coaep:kaHue 0TYETA
1. OT4er BBINOIHACTCS KQKABIM CTYACHTOM HHIUBUIYAIIBHO.
2. OT4YeT IOIKEH COACPIKATh:
® Ha3BaHUE paboTHI;
e 11e71b PabOTHI;
® OCHOBHBIC TEOPETUUECKHE CBEJICHUS;
® CXEeMBbl H3MEPEHHUS;
® [10JIy4EHHbIC PACUETHBIC TAaHHBIC;
® HEOOXOAMMEIE TpapUKH, TpeOyeMbIe 110 3a1aHHIO.

5. KoHTpobHBIE BONPOCHI
1.  HazoBure oCHOBHBIC (PU3NIECKUE BEINUNHBI, XapAKTEPU3YIOIINE
MarHUTHBIE IIOJISI B BAaKyyMe M BEILIECTBE.
2.  Yewm oTiMyYaroTCA AMAMArHETHKH, TApaMarHETHKH U (heppoMarHeT-
xu?
3. Uro takoe «1oMeH» (heppOMarHUTHOTO Marepuaa?
4.  OOBsICHUTE KPUBYIO HAMarHMYUBaHUsl (heppPOMarHeTHKOB.
5. UeM 00BICHSIETCS TEXHUYECKOE HaCbhbIIICHUEC BEJIMYMHBI MHAYKIIUU B
(beppomMarHuTHOM Marepuaie?
6.  Uto Takoe «KOIPLETHBHAS CHJIA M «OCTATOYHASI HHIIyKIIUSI»?
7. Kak nosy4aercs netis ructepesuca (peppoMarHITHOTO MaTepuaa?
8. Uro Takoe 4acTHBIC THCTEPE3NUCHBIE IUKIIBI M KaK CTPOUTCS HAadalb-
Hast KpUBasi HAMarHM4eHHOCTH?
9.  Kak oTHOCHTENbHAS! MAarHUTHAS TPOHUIIAEMOCTH 3aBUCHT OT BEJIHYH-
HBI HAIPSDKEHHOCTH MAarHUTHOT'O T10JISI?
10 Kak orHOCHTEILHAS MAarHUTHAS MIPOHUITAEMOCTD 3aBUCUT OT YaCTOTHI
MU3MCHCHUA HAIPSAKCHHOCTU MAarHuTHOTO moJis?
11. Kaxk oTtHOCHTEIbHAS MarHUTHAS MMPOHUITAEMOCTD 3aBUCUT OT TEMIIEpA-
TypsI?
12. Yro takoe 3¢ dexTrBHAS MAarHUTHAS IPOHUIIAEMOCTh M KaK OHA OTIpe-
nenseTcs?
13. Yro Takoe peBepcHBHas MarHUTHasl IPOHUIIAEMOCTh M KaK OHa OIIpe-
aensiercs?
14. Kak onpenensiercsi cTaTuuecKasi 1 JUHAMHYECKasi MarHUTHBIE IPOHH-
naemocTtu?
15. Kakwue BHIBI TOTEPDb PA3IMYAIOT B MArHUTHBIX MaTepraIax U Kak OHU
OnpeaeNstoTcs?



18

Bubdanorpadguyeckuii cnucox
1. okporckmit ®.H. Marepruansl W KOMIIOHEHTHI PaIHO3IEKTPOHHBIX
cpencts: yued. mocobue st By30B. — M.: opstaas muaums — Temexom, 2005.
—350c.
2. ITaceiaKoB B.B. Matepuaisl >JIeKTPOHHOW TEXHUKHU: yIeOHUK JJIS BY30B.
— M.: Beicu. mkoua, 1980. — 406 c.
3. boropomunkuii H.II., ITaceinkoB B.B., TapeeB b.M. DnekrpotexHnue-
CKHE MaTepHajbl: Y4eOHHUK Ui By30B. 7-€ W3a., mepepad. u gom. — JL:
OuneproaroMusaar. Jlenurp. ora-uue, 1985. — 304 c.
4. TpeoOpaxeHckuii A.A. MarHuTHble MaTepHaibl U dJeMeHThl. 13, 2-e,
nepepab. U fom. Y4eOHUK AT CHEeruaabHOCTH «IloynpoBOAHUKN U AH-
3JIEKTPUKI» By30B. M.: Bricu. mkona, 1976. — 336 c.

MMPUJIOKEHUE
B Tabnmume npencraBieHBl mapaMeTphl yASIbHBIX OTEPh pa3iInd-
HBIX MapOK CTalM IpH NpOMBILUIEHHON wactoTe 50 I'l 1 MarHUTHOW MH-
JOYKIMH CTAJIN B CHJIBHBIX TTOJISIX

VY aenwHbie motepu BT/kr, He Oostee, mpu
Mapka TommuHa aucTa uHaykuuy, T, papHoi
WJTU JICHTBI, MM

1,0 15

1,0 58 13,4

1211 0,5 3,3 7,7
1,0 4,7 10,7

1213 0,65 3,2 7,5
0,5 2,8 6,5

0,5 2,0 4.4

1411 0,35 1,6 3,6
0,5 1,55 3,5

1511 0,35 1,35 3,0
0,65 38 9,0

2011 0,5 3,5 8,0
0,65 4,3 10,0

2111 0,5 3,5 8,5
0,65 2,5 5,8

2311 0,5 1,9 4.4
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JJABOPATOPHAS PABOTA Ne 1

M3MEPEHME YJEJIBHOI'O COITPOTUBJIEHUSA
TBEPABIX TUSJIEKTPUKOB

Heap pa6oTbl: M3ydeHHE METOAOB HU3MEPEHUS CONPOTHUBICHMS TBEPIBIX
JVIIEKTPUKOB U MCCIIEIOBAaHUE TEMIICPATyPHOI 3aBHCUMOCTH UX YAEJIBHO-
IO CONPOTHBIICHHUS.

1. OcHoBHBIE TeOpeTHYECKHE CBeleHHs
1.1. D71eKTPONPOBOHOCTH INITEKTPUKOB

Heo0x0anMbIM yCIIOBUEM HAIMYHSL JIEKTPOIPOBOAHOCTH Y JH000TO Bellie-
CTBa SIBJISICTCS CYLIIECTBOBAHKE B HEM CBOOOIHBIX 3APSNHCEHHbIX MAMEPUATbHBIX
yacmuy — HocuTenel 3apsanoB. [Ipy HATMYMK NIEKTPUUECKOTO TIOJS Ha Kax-
JIbIIl HOCUTEIIb TOKA JIEUCTBYET 2eKTpoaBuxkymas cuna E. IIpu 3tom mor-
HOCTh TOKa J paBHa

J=n-q-v, (1)

r7e N - KOHIEHTPays 3apsiI0B B TaHHOM 00beMeE;
( - BeIU4YUHA 3apsAa;
V - CKOpOCTh JIBUXKEHUS 3apsfa.

OKOHYATEeIbHO 3JIEKTPOIPOBOIHOCTE Y MOYKHO OIPEIECTUTh KaKk

\"
=Nn-d-— . 2
4 qE )

Orromrenre VIE | ompezessiroiiee CKOPOCTh TPU HANPSDKEHHOCTH OIS,
PaBHOH €IMHUIIE, HA3bIBAIOT HOOBUICHOCHIbIO HOCUTENEH 1 0OBIMHO 0003Ha-
4aroT OyKBOI1 L.

B nusnexTprkax MOYKHO BBIACIUTH CIETYIOMINE BHIBI AJIEKTPOIIPOBO/I-
HOCTH.

1L DOnexkTpoHHAasd 3IEKTPONPOBOIAHOCTBH Xapakre-
pH3yeTCs MepeMeIeHHeM 3JIeKTPOHOB 1o AeiicTBHeM moist. [lomumo meran-
JI0B, ee OOHApYKUBAIOT y YIiepoa, HEKOTOPBIX COSIUHEHUH METaJlIoB C KH-
CJIOPOJIOM, CEpOM M IPYTUMHU BEIIECTBAMU M Y MHOTHX IOJIYIPOBOJIHUKOB.
IIpy 351EKTPOHHOM 3JIEKTPONPOBOIHOCTH OTCYTCTBYET BUIUMBINA IEPEHOC
BEIL[ECTBA C TOKOM.

2 NoHHass DIEKTPONMPOBOJAHOCTH OOYCJIOBIUBACTCS
JBI)KEHHEM HOHOB. Ee HaOII0#atoT y JIEKTPOJIMTOB - pacTBOPOB U pacIuia-
BOB COJIeH, KHCJIOT, IIeJ04eil U MOJOOHBIX COSANHEHHH, a TaAKXKE Y MHOTHX
JIMDIIEKTPUKOB. VIOHBI CO3IAI0TCSl 3JIEKTPOJIIMTHYECKON ANCCOLMALMEH, T. €.
paciIerieHueM MOJICKYJT BELIECTB Ha JBE YacTH: KATHOHBI (+) M aHUOHBI (-).
[1pu ABM>KEHUM NOHOB B JIEKTPUUYECKOM II0JIE IMEET MECTO JIEKTPOIIH3, T. €.
BU/IUMBII TIEPEHOC BellecTBa M 00pa3oBaHHE BOJIM3HM SJIEKTPOJOB HOBBIX
XMMHYECKHX BelecTB. KomMuecTBO mepeHeceHHOro ¢ TOKOM BEILECTBa Ipo-
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MOPIMOHATIEHO KOJIMYECTBY MPOIIEAIIETO Yepe3 BELECTBO IEKTPUUECKOTO TO-
Ka, B COOTBETCTBUM C M3BECTHBIMH 3aKoHaMu PDapases. OOmast mpoBOAMMOCTb
BEIl[ECTBA PaBHA CyMMe aHMOHHOM U KaTHOHHOM 3J€KTPOIIPOBOAHOCTH.

3. MonuoHHas 1€KTPONPOBOAHOCTH OOyCIOBICHA
JBIDKEHHEM 3apsDKEHHBIX YaCTHUI[ — MOJIUOHOB (LIEJIBIX CTYCTKOB MOJIEKYI).
Habnronaror ee B KOJUIOMJHBIX CHUCTEMaX, B KOTOPBIX AWCIEPCHOHHas (asa
B3BEIICHA B IUCIEPCHOHHON cperie. 3apspKeHHBIE YaCTHIB! TUCTIEPCHOHHON
(ha3pl Ha3BIBAIOT MOAUOHAMY. JIBIKEHUE MOJIMOHOB MOA JICHCTBHEM JIIEKTPH-
YECKOTO MOJIS Ha3bIBAIOT 21eKmpoghope3om. bomnplnoe BIUsIHAE Ha 3IEKTPO-
MIPOBOHOCTh JKUIKUX, a TakKe aMOPGHBIX BA3KHUX MaTepUaoB (CMOJBI,
KOMIIAyH/IbI) OKa3bIBACT BSI3KOCTH BEIIECTBA.

1.1.1. DyIeKTpONpPOBOAHOCTH I'a30B

I"a3bI Ipy HEOOMBIINX 3HAUCHHUAX HAIPSHKEHHOCTH 3JIEKTPUYECKOTO HOJIS
00J1a1a10T UCKITIOYUTEIFHO MaJlol MPOBOAMMOCTHIO. TOK B rasax MOXeT BO3-
HHUKHYTb TOJIBKO IPY HAJIMYUH B HUX MOHOB MJIM CBOOOHBIX 3JIEeKTPOHOB. Mo-
HU3aluUs HeUTPaAIbHBIX MOJIEKYJI ra3a BO3HHKAET JMOO0 MoJl NeHCTBIEM BHEIII-
HHX (paKTOpOB, MO0 BCIENCTBUE COYAAPEHUH 3apsHKCHHBIX YaCTHI[ C MOJICKY-
nmamu. BremmmuMmu (axropamy, BBI3BIBAIOIIMMH HOHM3ALMIO Ta3a, SBISIOTCS
KOPOTKOBOJTHOBBIE BO3ZCHCTBHS (KOCMHYECKOE, PEHITEHOBCKOE, PaJNOaKTHB-
HOE M3IIyYeHHE), a TAK)Ke TEIIOBOE BO3ACHCTBUE. DIEKTPOIPOBOJHOCTD T'a-
3a, 00YCJIOBJICHHYIO AEHCTBHEM BHEIIHMX HOHM3AaTOPOB, HA3BIBAIOT HECAMO-
cmosamenvHoU, a 00YCIOBICHHYIO YIapHOW MOHM3ALCH - CaMOCmosamenbHoOl
3EKTPONPOBOJHOCTHIO.

B cnalpIx momnsix yaapHas HOHU3ALUs OTCYTCTBYET M CaMOCTOSATENIEHON
IIPOBOJIUMOCTH HE OOHapyxwuBaercs. lIpn HMOHHM3aIMu rasa OJHOBPEMEHHO
MIPOUCXOIUT COEIMHEHHE IMONOKUTEIBHBIX HOHOB M OTPHUIIATENIBHBIX JJIEKTPO-
HOB B HEWTpalbHbIE MOJIEKYIBI. DTOT MPOLIECC HOCHT HA3BAHUE peKOMOUHAYUA T
TIPEMSTCTBYET Oe3rpaHUYHOMY POCTY YHCIa MOHOB. DTO O3HAYaeT, 4TO yc-
JIOBHE PAaBHOBECHS 3aKJIFOYACTCSl B PABEHCTBE YMCIIa BHOBb 00pa3yIOIIUXCS
MOHOB YHCITy PeKOMOMHHUPYIOIINX HOHOB.

[penmnonoxum, 4T0 HOHU3UPOBAHHBI a3 HAXOUTCS MEXKTY ABYMSI ILIO-
CKUMH MapayiedbHbIMU JIEKTPOJAMH, K KOTOPBIM IPUIIOXKEHO IEKTPUUECKOE
HarpspkeHue. IOHbI ¥ 3JIEKTPOHBI 10/ BIMSIHUEM HANpsDKEHHs OydyT mepe-
MEIIAThECS, ¥ B LM BO3HUKHET TOK. YacTh HOHOB OyneT HEeHTPamTnu30BaThCs
Ha 3JIEKTPO/IaX, YacTh MCYE3HET 3a CUeT PeKOMOMHAINK. Y BEIMYECHHE Hampsi-
KEHHS MEXIY 3JIEKTPOIaMHU MPUBEET K TOMY, 9TO OOJbIIas YacTh HE PEKOM-
OMHUPOBAaHHBIX HOCUTENIEH 3apsma OyleT HOCTUTaTh 3JIEKTPOIOB M YBEJIUYU-
BaTh TOK B IIEIH 32 CUET YBEJIMUYEHHS CKOPOCTH HX HepemereHus. [Ipudem uem
6ompIie OyaeT BeIWYMHA TTOJIS, TeM OOJIbIIe HOCHUTENeH 3apsaaa OyaeT JOoCTH-
raTh 3NEKTPOAOB M HE yCIeBaTh peKOMOMHMpOBaTh. [I1OTHOCTH TOKa B 3TOM
ciydae (IpU OTHOCHUTENBHO CNAOBIX HANPSHKEHHOCTSIX IMOJst) OyZeT mpo-
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MOPIIOHAJIbHA HAPSHKEHHOCTH I0JIA, T. €. BBINOIHAETCs 3akoH OMa.

[pu GonbLIMX HAPSHKEHHOCTSIX TIOJI HACTYIHT MOMEHT, KOT/Ia BCE CBO-
00/IHBIE HOCHTEINH 3apsijia U3-3a2 BBICOKOM CKOPOCTHU JIBKEHHUS OYIyT NOCTH-
raTh AJIEKTPOJIOB, TaK U HE yCIeBasi peKOMOMHNPOBaTh. I10CKOIBKY KOIMUecT-
BO CBOOO/IHBIX HOCHTENEH, BOSHUKAIONIMX B Ta3e B €AWHUILy BPEMCHH, HEU3-
MEHHO, TO TOK B LIeTH, IPU U3MEHEHUH HATPSDKEHHOCTH TOJIS IIepecTaHeT U3-
MEHSATECS. TaKkol TOK Ha3bIBAKOT MOKOM HACLIUYEHUSL.

Ha puc. 1 nmokazaH xapakrep 3aBUCHMOCTU TOKa OT HAIlpsDKEHUS B ra-
3ax. HaganmpHBIA y9acTOK KPHBOM 0 HampsokeHUst Uy COOTBETCTBYET BBIION-
HeHmto 3akoHa Oma. [lo Mepe Bo3pacTaHKs! BEIMYMHBI IPHIIOKEHHOTO HaIpS-
KEHHMSI HOHBI IIEPEHOCATCS K IEKTPOJaM, HE ycHeBas peKOMOMHHPOBATh, U
IIPU HEKOTOpoM HampsbkeHuH Uy Bce MOHBI, CO3/aBacMble B Ta30BOM IpOMe-
KyTKe, OyIyT paspsbKaThcs Ha dJeKkTpojax. JlanmbHeiilee yBenudeHue Ha-
MIpsDKEHU yXe He OyleT BBI3bIBaTh BO3PACTAHHUS TOKA, YTO COOTBETCTBYET
TOPU30HTAIBHOMY Y4acTKy KpUBOI pyC. 1 (TOK HACBIIIEHUS NIPU HANPSDKEHUSIX
ot Uy 10 Ugp). Tok HachllieHUs A1 BO3AyXa B HOPMAJIBHBIX YCJIOBHSX,
BJIQYKHOCTH M PACCTOSIHUS MEXIY DJIEKTpoJaMu 1 cM HabiroaeTcs pu Ha-

MPSHKEHHOCTAX 1011 0Kouto 0,6 B/M.

H ITnoTHOCTP TOKA HACBHILIEHUS B

BO3[yX€ BECbMa Malla M COCTaBJIET

pemmanny mopsaka 10° A/MP Tlo-

i i 9TOMY BO3IyX MOYKHO paccMaTpHBaTh

= : KaK COBEPIICHHBII AMAIEKTPUK 10

X l | TeX IOp, MOKa HE CO3JaayTCsl yClo-

0 Uy %" {/  BHS I NOSBICHHS YIAPHOH HOHH-

3auuu. TOK IpU yBEIWYEHUM HAIps-

KEHHA OCTaeTcs IOCTOSHHBIM, TOKa

HOHM3AIMS  OCYIIECTBIACTCS  IOA

JIeicTBUEM BHEIIHUX (GakTopos. [Ipu

BO3HMKHOBEHHH YJapHOM HOHM3ALUK MOSIBISETCA CaMOCTOSTEIbHAs DIIEK-

TponpoBoAHOCTH (BbIIe Ugp Ha puc. 1) M TOK BHOBb HAUMHAET YBEJIMUUBATH-
Cs1 C BO3pACTaHUEM HaIpsKEHUSI.

Puc.1. 3aBHCHMOCTE TOKA B BO3-
JTYIITHOM 3230p€ OT HAIPSDKCHUS

1.1.2. D1eKTPONpPOBOAHOCTD KHAKOCTEH

ONEeKTPONPOBOTHOCTD KUAKUX JHIICKTPUKOB TECHO CBS3aHA CO CTPOCHU-
€M MOJIEKYJl XXUIKOCTH. B HEUTpanbHBIX >KUAKOCTAX 3JIEKTPOIPOBOIHOCTD
OIPENEIAETCSl HUIMYUEM UCCOLUUPOBAHHBIX IIPUMECEH, B TOM UYHUCIIE Bia-
rd. B NOJSpHBIX XKUAKOCTAX 3JIEKTPONPOBOJHOCTb 3aBUCUT HE TOJIBKO OT
NIPUMECEH, MHOIZIa OHA BBI3BIBACTCS IUCCOLMALEH MOJEKYJ CaMOM KU[-
KOCTH. DJIEKTPONPOBOJHOCTD KUAKOCTEH HOCUT B OCHOBHOM HMOHHBIN Xapak-
Tep. VoHHAs 3IIEKTPONPOBOTHOCTh MOJPA3ICIACTCS Ha COOCMBEHHYIO W
npUMecHyio.
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Cobcmeennas 31ekmponpoeoOHOCmy O0YCIIOBIICHA JIBIDKCHHEM HOHOB,
MOJTyYaeMbIX OT YaCTHYHON HUCCOLMAIMM MOJEKYN >KHIKOCTH. IloJspHble
KHUIKOCTH, KaK MPABUIIO, CHIIbHEE HUCCOLMHPOBAHBI U UMEIOT OOJBIIYIO JIeK-
TPOMPOBOTHOCTD, Y€M HEMOJISIPHBIC. B HEMOMAPHBIX U CTa0OOMSAPHBIX HKU/I-
KUX JMANEKTPHKaxX (MHHEpaldbHbIC Macja, KPeMHHIOpraHHYeCKue, MOIUH30-
OyTUIICHOBBIC U IPYTUC KUIKOCTH) SIEKTPONPOBOIHOCTH B OCHOBHOM OTIpE/Ie-
JSIETCSl MPUMECSMHE M HE SBIIETCS XapaKTePHOM sl JAHHOTO JUAJIEKTPHKA.

Ipu TEIIOBBIX KONIECOAHUIX MOJICKYJIa B HEKOTOPBIX CITydasX Moyda-
€T JOCTATOYHYI0 KHHETHIECKYIO SHEPTHIO JUIS OTPHIBA OT COCEIHEH MOJICKY-
JIBI ¥ IPHOOpETAET MOCTyaTeNIbHOE JABKeHre. HarpasieHue sTux mepemeriie-
HIK Oecriopsmouno. OHAKO €CIM MOJIEKyJIa MIMEET JIEKTPUIECKUN 3apsij, TO
TPY TIPUTIOKECHUAH DJICKTPHUIECKOTO TIONS K KHIKOCTH OHA HAYHHACT HATIPaB-
JICHHOE JIBIDKCHHE M YIACTBYET B TIPOBOIMUMOCTH.

B HeWTpaJbHBIX KHUAKOCTAX X DIICKTPOIMPOBOJHOCTH 3aBHCUT OT Ha-
JIMYUS TUCCOLMHUPOBAHHBIX MPUMeECEH (npumechas 21ekmponpoeooHOCmb), B
TOM YHCIIe OT BJArd; B MOJSPHBIX - €I M OT JUCCOIMAIA MOJICKYJI CaMOi
KUIKOCTH. TOK B JKHAKOCTH OOYCIIOBIMBACTCS TEPEMEIICHHEM HOHOB U MO-
nroHoB. Habomaercst 3aBUCHMOCTD POCTa YIETBHON MPOBOAUMOCTH Y KHUJI-
KHX JHDJICKTPUKOB OT TEMIIEPATYPHL. DTO CBS3aHO C POCTOM KOJIHYECTBA
CBOGOIHBIX HOCHTEJIEH 3apsia B SKHIKOCTH 3a CUET yBEJINYCHHS SHEPTHH
YaCTHII KUIKOCTH. YMEHBIIICHHE BSI3KOCTH JKUIKOCTH C YBEIMIECHUEM TEM-
mepaTypsl YBEINYNBAET MOJABHKHOCTE HOHOB M JPYTUX 3apsIKEHHBIX dac-
TUI[ M TaKXe CII0COOCTBYET YBEIMYEHHIO MPOBOTMUMOCTH. Y BEIHYCHHE
TEMIIEPaTypPbl TAK)Xe CIIOCOOCTBYET AaKTHBH3AIUH SIBICHHS JTHUCCOIMAIINH
MOJIEKYJT )KHIKOCTH.

1.1.3. O6beMHas 31eKTPONPOBOHOCTH TBEPABIX THIIEKTPHKOB

TBepable OUAIEKTPUKH MPEAHA3HAYEHBl B OCHOBHOM JUIS DJIEKTpHUE-
CKOHl mM3omauuu pa3nu4HbiXx y3imoB POA. Ilo camomy cBoeMy Ha3HAuE€HHIO
IEKTPOM30JISILIMOHHBIE MaTepHalIbl COBEPILICHHO HE JOJDKHBI MPOITYCKATh JIEKTPH-
YeCKHIA TOK TIOJ{ IeHCTBHEM NPHIIO’KEHHOTO 3JIEKTPHUIECKOTO HANPSDKEHHMS, T. €. OHH
JIOJDKHBI OBITH TMAJNIEKTpHKaMH. OJHAKO «ICATBHBIX) AMRJICKTPUKOB HE CyIIECT-
BYET U BCE MPAKTUUYECKH MPUMEHSEMBIE AIIEKTPOU30JIILIOHHBIE MAaTepHaIbl IPH
TIPWIOKEHUH HAIPSDKEHUSI BCE JKe MPOITYCKAIOT HEKOTOPHIH, 0OBIYHO BeChMa
HE3HAYHUTEIBHBIN, TOK.

3T0 00YCIIOBIEHO HATUYHMEM B TEXHHUYECKUX IUDIIEKTPUKAX HEOOIb-
IIOTO YHCJIa CBOOOJHBIX HOCHTEINIEH 3JIEKTPUYECKHX 3apsoB, a TaKXKe WH-
KEKIMeH 3apsi/IoB M3 JIEKTPOJOB. Takue TOKH MPHUHATO HA3bIBATh TOKAMU
CKBO3HOM 3JIEKTPONPOBOAHOCTH, UM TOKAMH yTEUKH.

Hapsay ¢ TokaMu CKBO3HOM 3JIEKTPOIIPOBOIHOCTH B IMIIEKTPHKE MO-
T'YT TOSIBIISITECSL ¥ TOKU CMELICHUs. YIpyroe cMelieHue (T.e. CMelleHne Ha
HeOOJIBIIIOE PAacCTOSIHUE U BO3BPAT B MCXOJHOE IIOJIOKEHUE TIOCIIE CHATHS
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AJIEKTPUYECKOTO IOJIs) JIFOOBIX CBSI3aHHBIX 3apsI0B B BEIECTBE MO JNCHCT-
BHEM 3JICKTPHUUYCCKOTO TOJSI O MOMEHTA YCTAHOBJICHHUS M MOJYYCHHUS PaB-
HOBECHOTO COCTOSIHHS OOYCIIOBITUBACT IMOSBJICHUC MOJISPU3AIMOHHBIX TO-
KOB, HJIM TOKOB CMCIICHHS B JIMAJICKTPUKaX. TOKU CMEIICHUS YIPYro CBs-
3aHHBIX 3apsJIOB NPU AJIEKTPOHHONW W HMOHHOM TOJSIPU3AIUSIX HACTOIBKO
KpPaTKOBPEMEHHBI, YTO MX OOBIYHO HE yAaeTcs 3aMKCUPOBATH MPHOOPOM.
Toxwu ke, BEI3BaHHBIC 3aMEIJICHHBIMHA BHIAMH ITIOJSAPH3AINHA, MOTYT OBITH
3a(pUKCHPOBaHBI Y MHOTHX TEXHHYECKUX AMIICKTPHKOB W HA3BIBAIOTCS a0-
COpOLIMOHHBIMU TOKaMH.

[Ipu moOCTOSHHOM HAampsHDKEHUH a0COPOIIMOHHBIE TOKH, MEHSS CBOE
HaTpaBJIeHHE, MPOTEKAIOT TOJIBKO B MOMEHTHI BKJIFOUEHHS M BBIKIIOUCHUS
HATPSKCHUS; TIPH NIEPEMEHHOM HAMPSKCHUHA OHH UMCIOT MECTO B TCUCHHE
BCEro BPEMCHU HAXOXKICHHS MaTepHajga B 3JCKTPUUCCKOM Tmoje. Takum
00pa3oM, TOJHAs IUIOTHOCTh TOKa B JHMIJICKTPUKE MPEACTaBISIET COOOM
CYMMY IUIOTHOCTEH TOKOB YTCUKH U CMEIICHUS:

J=Jyr +Jcem - 3)

[I10THOCTh TOKAa CMEIIEHHS OMPEACTSICTCS CKOPOCTHIO H3MCHEHUS
BEKTOpa 3JICKTPUIECKOTO cMetmeHus (MHIyKmn) D:

JCM:dD/dT:JAE. (4)

[Nonspr3annoHHBIE TOKH (TOKHA CMEIICHHUS WX a0COPOIIOHHBIE TOKH)
HEOOXOIMMO TPHWHIMATh BO BHUMAaHHE IPH W3MEPEHISX IMPOBOAUMOCTH
JMRJICKTPUKOB, TIOTOMY YTO MpPU HEOOJBIIOW BBIACPIKKE 0Opasma TUAIICK-
TPHKA I0J HAIIPSDKCHIEM OOBIYHO PETUCTPUPYETCS HE TONBKO TOK YTEUKH,
HO M COMPOBOXKIAIOUINI €r0 0OpaTUMBIN TOK, T.e. TOK abcopOimu. Benen-
CTBHE 3TOTO MOJKET CO3[aThCs HEMPABHIBHOE MPECTABICHUE O OONBIION
MIPOBOIUMOCTH JAMIIEKTPUKA. TakuM 00pa3oM, MPOBOAUMOCTh JAUIICKTPUKA
IPU TIOCTOSIHHOM HAMPSDKCHUH OMPEICIASTCS 0 TOKY YTEYKH, KOTOPBIH CO-
MPOBOKIACTCS BBIZICTICHHMEM W HEWTpaau3alueil 3apsioB Ha 3JCKTPOjax.
IIpu mepeMEeHHOM HAMpPsHKEHHH aKTHBHAsI MPOBOIMUMOCTH OIPEICISIETCS He
TOJIEKO TOKOM YTEUKH, HO M aKTHBHBIMH COCTABIITIOLINMH TOJSAPU3AIHOH-
HBIX TOKOB.

[TockonbKy H3MEpeHHE MOJSPH3ANUOHHBIX TOKOB NAXKe NPH 3aMe]l-
JICHHBIX MEXaHU3MaX MOJSIPU3AIIH OCYIIECTBUTH TOBOJBEHO TPYIHO, COIPO-
TUBJICHUC JMAJICKTPHUKA PACCUMTHIBAIOT OOBIYHO KAaK YaCTHOE OT JICJICHUS Ha-
MPSDKEHMS HAa BEJIMYUHY TOKA, H3MEPCHHYIO Yepe3 OJIHY MHUHYTY ITOCJIC BKITIO-
YeHMs HalpsDKeHHsS (T. €. YYMTHIBAIOT TOJILKO TOKHU YTEUKH B JUIJICKTPHKE).
3navyenne Ryt (wmm Ry3 ) B HEKOTOPBIX CiTydasx 3aBUCHUT HE TOJIBKO OT CaMo-
TO IUAJIEKTPUKA, HO U OT Marepuana 3JeKTpoaoB. OCOOEHHOCTBIO DIIEKTPO-
MPOBOHOCTH JUIJICKTPHKOB B OOJIBIIHHCTBE CIIyYacB SIBJISCTCS €€ HEDJICK-
TPOHHBIH (UOHHDILL) XapaKTEP.

VY TBepABIX H30JLIMOHHBIX MAaTEPHAIOB Pa3IMYar0T OOBEMHYIO H IIO-
BEPXHOCTHYIO AJICKTPOIPOBOAHOCTH. JIJIsi CpaBHUTEIHHOM OICHKH 00BEMHOMN
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U TIOBEPXHOCTHOH 3JEKTPOIMPOBOJHOCTH PA3NIUYHBIX MAaTEpPUAIOB HCIOIb3Y-
0T IOHSTHE YIEIBHOTO 00BEMHOTO Py M YIENHFHOIO TOBEPXHOCTHOTO pPs CO-
MIPOTUBJICHUM.

[TpuHKMMaIOT, 9TO Py YUCIICHHO PaBHO COIIPOTHUBIICHUIO Kyba ¢ peOpom
B 1 M, MBICIEHHO BBIPE3aHHOTO M3 HCCIEIyeMOro MarepHaia, ecid TOK
MIPOXOJIMT Yepe3 JBE MPOTHUBOIOJIOXKHBIE TPAHH 3TOT0 Ky0a, IpH 3TOM Be-
JUYUHA Py BEIpaXxaeTcs B OM*M.

B cimyuae mnockoro obpasma marepuana NpH OJHOPOAHOM MOJE
yIeIbHOE 00BEMHOE COTPOTHUBIICHHUE PACCUUTHIBAIOT MO (hopMyIIe

pszv~% 1 (5)

rae Ry — odbeMHoe compotusienue, OMm;
S — Mok YIEKTPOa, M2;
h — ronmmHa o6pasua, M .

s Toro 9T00BI HOCHTEINb 3apsAAa CTajl CBOOOJHBIM, HEOOXOIMMO BO3-
JIeHiCTBOBATh Ha HETO HEKOTOPOI SHEPTHEH, KOTOPYIO OOBIYHO HA3bIBAIOT JHEP-
euell akmueéayuy. B Tiporiecce TPOXOXKACHHUS JIEKTPHYECKOTO TOKA HYepe3
TBEPBIA TUIEKTPUK COACPIKAIINECS B HEM HOHBI IIPUMECEH MOTYT YaCTHYHO
YIAIATHCS, BBIICILIACH Ha JIEKTPOAAX. JTO C TEUCHHEM BPEMEHH IIPUBOJNT K
YMEHBLIEHHIO POBOJUMOCTH M POCTY CONPOTHBIICHHS TUIJICKTPHUKA.

B TBep/bIX AMINIEKTPUKAX HOHHOTO CTPOEHUSI AJIEKTPOIIPOBOIHOCT 00Y-
CJIOBJIEHA TJIABHBIM 00pa3oM II€PEMEICHUEM HOHOB, BBIPBIBAEMBIX U3 pe-
LIETKH T0J] BIUsHUEM (IIYKTyallud TEIJIOBOTO JBWXKEHHS. [Ipu HU3KHX
TeMIeparypax nepeABUratoTcs ciiabo 3aKperuIeHHbIE HOHBI, B YaCTHOCTH UOHBI
npumeceil. [Ipy BBICOKHX TeMIepaTypax IBIXKYTCS OCHOBHBIE HOHBI KpH-
CTaJNIMYECKON pelieTku. B nuanekTprukax ¢ aTOMHOM WM MOJIEKYJISIPHOM pe-
LIETKOH 3JIEKTPOIIPOBOJHOCTD 3aBUCUT OT HAIMYHS TIPUMECEH.

B xa)x10M OTIeIbHOM ClTydae BOIIPOC O MEXAHH3ME 3JIEKTPOIIPOBOIHOCTH
pelaeTcs Ha OCHOBaHWH JaHHBIX 00 SHEPIUH aKTHBAILMKM HOCHTENs 3apsiaa. V3-
BECTHO, HallpUMep, YTO Ul KAMEHHOH COJIM SHEprys aKTHBallMM MOHOB Ha-
TpUsl IPU HOPMaJIbHOM Temmeparype cocrasisiet okojio 0,85 3B. Dueprus ak-
THBAILIMM MOHOB XJIOpA B TP pa3a OoJblile, a SHEPrHsl aKTUBAIMHU AJIEKTPOHOB
paBHa 6 3B, Torma Kak CpeHssi SHEPrHsl TEIUIOBOTO JBW)KEHHS MPHU KOM-
HaTHOI TemmepaTtype coctasiseT Bcero gumb 0,025 3B.

[ToaBMKHOCTD ANIEKTPOHOB HA MHOTO TIOPSIIKOB OOJNBINE, YeM ITOIBHK-
HOCTb MOHOB; B JIBYOKHCH THUTaHa, HallpUMEp, MOABWKHOCTH JIEKTPOHOB CO-
craBiser okono 10*M%B*c, Tora Kak MOJBIKHOCTH HOHOB B ATFOMOCHIIH-
KaTHOM KepaMUKe BCEro JIHILIb 10— 10 m? /B*c. B cBsi3u ¢ UM B JTH-
JIEKTPUKE C 3JIEKTPOHHOH 3JIEKTPOIPOBOJHOCTHIO KOHIIEHTPALHS JIEKTPOHOB
8 10° - 10" pas MeHblle, YeM KOHIEHTPAIMS HOCHTENCH B JHAICKTPHKE C
MOHHOH 3JIEKTPOIIPOBOJIHOCTBIO NPH OJIMHAKOBOM 3apsijie HOCHTENEH U ou-
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HAaKOBOM 3Ha4YCHUU yz[eanoi?I IPpOBOAMMOCTH.

W3BecTHO, 4TO npu HOHHOM QJICKTPOIPOBOJHOCTH YHUCIO JUCCOTUUPO-
BaHHBIX MOHOB HaXOJUTCSA B AKCIIOHCHIIMAIBLHOM 3aBUCUMOCTH OT TeMIepa-
TYypbI, 1 TOrAa OPOBOAUMOCTb MOXKET OBITh MnpeacTaBjicHa cnezlyfomeﬁ 3a-

BHUCUMOCTBIO:
b

y=~AeT, (6)
rae A u b — koadduimeHTH 3aBUCAIIEE OT MTapaMeTPOB MaTepHaia JUAJICK-
TpUKa.

Ecin B AndIIeKTpHKE 3MIEKTPONIPOBOIHOCTH 00YCIIOBIEHA HOCUTEISIMU C
Pa3IMIHON SHEPTHEH aKTUBALMH O, TO 3aBHCHMOCTD 3JIEKTPOIPOBOAHOCTH OT
TeMIIEpaTypbl MOKET OBITH MPECTABICHA B BUJIE

o
y=Y A, ™
rae K — mocrostnHast Bonbimana,
Aj— KO3 PUITHUCHT, 3aBUCAIINN OT APAMETPOB HOCUTEIIS 3apsa;
3j — DHEPrUsl aKTUBAIIMU HOCUTEIIS 3aps/ia.
B cBsi3u ¢ 3TUM KpHBBIE JOTapH(MMUYECKON 3aBUCHMOCTH YACITHHOU
MIPOBOAMMOCTH OT TEMIIEPATYPhl UMCIOT M3JIOMBI, KaK MTOKa3aHO Ha puC. 2.
[Ipn HM3KKX TeMIepaTypax IEKTPOMPOBOJTHOCTh OOYCIIOBICHA WOHU-
3UPOBAHHBIMH IPUMECSIMH, TIPU BRICOKIX TEMIIEpaTypax OHa CTAHOBUTCS cO0-
CTBEHHOH. B HEKOTOPBIX CITydasX HM3JIOM KPHBOH TeMIIepaTypHOU 3aBHCH-
MOCTH JoTapu(pMa yAeTbHON MPOBOIIMOCTH OOBSICHIECTCS TEM, YTO HOHBI OC-
HOBHOTO BEIIECTBA UMEIOT Pa3INUHbIe YHEPTHH JUCCOIHAIINH.
3amenss y Ha 1/p, mosrydaroT BeIpaKEeHUE JJIs1 3aBUCUMOCTH YJIEIBHOTO

00BEMHOTO CONPOTHUBIICHHS OT TEMIIEPATYPHI:
b

p=B-eT, (8)
rae B u b — mocTostHHBIE, XapaKTepu3yoIne JaHHBIH MaTepHal.

CoOcTBeHHas AIEKTPONPOBOHOCTh TBEPABIX TE€N M HW3MEHEHHE €€ OT
TEeMIIEpaTyphl ONPEACISIOTCA CTPYKTYPOIl BELIECTBA U €r0 cOcTaBoM. B Te-
JlaX KpUCTAJUIMYECKOTO CTPOEHUS ¢ MOHHOM PELIETKOM 3JIEKTPOIPOBOJHOCTh
CBsI3aHA C BAJICHTHOCTBHIO MOHOB. KpHCTayuIBl ¢ OZHOBANCHTHBIMUA HOHAMH 00-
JIaar0T OOMBIEH YAEIBFHON MPOBOMMOCTEIO, YeM KPHUCTAIIIBI ¢ MHOTOBAJICHT-
HbIMU HoHamu. Tax, ms kpuctamia NaCl ynenbHast mpoBOJMMOCTh 3HAYH-
TeJIbHO OoblIe, ueM 1t kprctaiuioB MgO mim Al,0s.

B GosbIMHCTBE KPUCTAILIOB YIeIbHAs IPOBOIMMOCTE HEOJMHAKOBA 110
pasHbIM ocsiM. Hanpumep, B KkBapue yzenbHasi IpOBOJMMOCT B HarpaBJie-
HHH, MapaJuIeIbHOM TJIaBHOM ocH, mpuMepHo B 1000 pa3 Gosnblue, 4eM B
HanpasJICHWH, NEPIICHAUKYIIIPHOM K 9TOM OCH. 21]15[ MHOTHUX HOHHBIX KpH-
CTJIOB M JPYTHX JUDJICKTPUKOB K03 duiment b B dhopmymax (6) u (8)
6mm30K K BenuauHe 107,
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CTCNCHH BYJKaHM3aIMU (U1
s0onuTa). OpraHnveckue HeH-
TpajibHBIE aMOp(HBIE AUIICK-
= TPUKH, KakK, Hampumep, IOJIH-
CTUPOJ, OTIMYAIOTCS OYCHb Ma-
7 JI0# yJIebHOM MPOBOIUMOCTBIO.

T Bonbiyto rpymy  amopd-
HBIX TEJI COCTABJIAIOT HECOPTraHUYC-
Puc. 2. TemnepaTtypHas 3aBUCH- CKHME CTeKJa. YesbHas MPOBOIH-
MOCTBH yHeHLHOﬁ NPOBOJIUMOCTH MOCTb CTCKOJI 3aBHUCUT TJIaBHBIM
JINDJIEKTDUKOB O6p330M OT XUMHUYECCKOI'0 COCTaBa,
OTO [dacT BO3MOXHOCTbL B DPAAC

CJIy4acB IIOJy4aThb 3apaHee 3a/1aHHYI0 BEJIMIUHY yz[eanoﬁ MMPOBOAUMOCTH.

TBCPHLIG IMOPUCTBIC AUDJICKTPUKU IPU HAJITUMYUHW B HUX BJIarv, Ja>Ke B
HUYTOXHBIX KOJIMYECTBAX, PE3KO YBCINYMBAIOT CBOIO YACJIBbHYIO ITPOBOAU-
MOCTB. BI)ICyHII/IBaHI/IC MAaTepUAJIOB IMOBLIMIACT UX DJICKTPHUYCCKOE COIPOTHB-
JICHUEC, HO TIPHU HAXOXXACHUU BBICYHICHHBIX MaT€PpHUajioB BO BJIYKHOU Cpeac BE-
JIMYWHA COITPOTUBJICHNUA BHOBb YMCHBIIACTCA.

CrenieHp M3MEHEHHUS 3JIEKTPUYECKUX CBOWCTB MAaTEPHAIOB TIPU YB-
JJA’KHCHHUH 3aBUCHUT HC TOJIBKO OT KOJIMYECTBA BOJbI, HpOHI/IKHJGﬁ B IIOPBI Ma-
TE€pHasa. B tom Clly4yae, Korga morjioleHHas Bjara crocoOHa 06pa30BaTB
HUTH WA TUICHKU 10 TOJIIMHE U30JIAINH, KOTOPBIE MOT'YT IIPOHU3BIBATH BECH
MIPOMEXYTOK MEX[y 3JIEKTpOiaMH (WM 3HAYUTENBHYIO 00JIaCTh 3TOTO IIPO-
Me)KyTKa), JaXXe B€CbMa MaJjlbIC KOJIMYCCTBA HOFHOIHGHHOﬁ BJIaru MPUBOJAT K




9

PE3KOMY YXYIIICHHIO DIICKTPUYCCKUX CBOMCTB M30Jsmmu. Eciu sxe Biara pac-
TpeNieNsieTcs Mo 00beMy MaTepuaia B BUIC OTICIBHBIX, HE COCUHSFOIIIXCS
MEKTy CO00I MaJTBIX BKJIFOUCHHIA, TO BIMSHHC BIIATH HA 3JICKTPHYCCKUE CBOM-
CTBa MaTepuasa MeHee CyILECTBEHHO.

Hawubonee 3aMeTHOE CHIKECHUE YICITHHOTO 0OBEMHOTO COMPOTHUBIICHHS
TIOJI BIUSIHUEM BJIQYKHOCTH HAOJIOJACTCS y MOPUCTBIX MATEPUATOB, KOTOPHIC
COJIepIKAT PACTBOPUMBIE B BOJIE IIPUMECH, CO3/IAIOIIIE IIEKTPOIHTHI C BHICOKOM
MPOBOJMMOCTBIO. B Takux AMDICKTPUKAX MPH HATPEBAHHU BIAKHOTO 00pas-
1[a BHAaYaJle BEJIMYMHA P YMEHBIIACTCS 32 CUET YBEIMYCHHS CTEICHH JHCCO-
UMY IPUMECcel B BOJJHOM PacTBOPE, 3aTeM HJIET yIaJICHHUE BIIArH - CYIIKa
U TOJBKO MpH 00Jiee BHICOKUX TeMIlepaTypax HaONI0AaeTCsl CHIKEHHE P OT
TEMIICPATYPhI 110 3aKOHaM, IPUBCJACHHBIM paHEE.

Z[J'IH YMCHBUICHUSA BJIArONOITIOIICHUSA W BJIAronpoOHUIAEMOCTU MOPHUC-
THIX U30JISIIMOHHBIX MATEPHUAJIOB IMHUPOKO MPUMEHsCTCA uX nponumka. He-
O6XOI[I/IMO HUMCTh B BUY, YTO MPOIIUTKA HEJUIFOJO3HBIX BOJIOKHUCTBIX MaTe-
puaJioB U APYrux MOPHUCTHIX OPraHUYCCKUX AUIJICKTPUKOB JaCT JIUIIb 3a-
MCEJICHUC YBJIAXKHCHUSA MaT€prajia, HC BJIMAA HA BEJIMYUHY P IMOCJIC JJIMTEIIBHO-
rO BO3JICUCTBHS BIAKHOCTH. DTO OOBSCHIETCS TEM, YTO MOJICKYJIbI MPOIH-
TOYHBIX MaTepPUAOB UMEIOT BeChbMa OOJBIINE Pa3MepPhl M0 CPABHEHHIO C pa3-
MepaMH MOJICKYJT BOJIBI U HE B COCTOSIHUH CO3/IaTh MOJHYIO HEMPOHUIIAEMOCTh
[Op MaTepHaia JjIs BIard, a B HauOoJee MENKHE MOPbI OHH BOOOIIE HE MOTYT
TOMACT.

IMpu GOJBLIMX HAMPSHKEHHOCTSX JIICKTPUYECKOTO MOJIs, ONU3KUX K
HaMPSKEHHOCTSAM 3JIEKTPUYIECKOTO IPo00s, HEOOXOIUMO YUUTHIBATh BO3-
MOXXHOCTD IMOABJICHUSA B TBEPJAbIX AUDJICKTPHUKAX 3JICKTPOHHOTO TOKa, 6I)ICT-
PO BO3pACTAIOLIECTO C YBEJIMYCHHEM HAIPSHKEHHOCTH IO, Oyiarojapsi uemy
HaOro1aeTCs OTCTyIUIEHHE OT 3akoHa OMa.

1.1.4. TloBepXHOCTHAs 3JI€KTPONPOBOAHOCTH TBEPABLIX
AUDJIEKTPUKOB

VY aenbHOE MOBEPXHOCTHOE COIMPOTUBIEHUE Ps YHUCIEHHO PABHO COIPO-
TUBJICHHIO KBaJpaTa (JIFOOBIX pa3MepoB), MBICIICHHO BBIICICHHOTO Ha IIO-
BEPXHOCTH MaTepuaja, €ciid TOK IPOXOJMUT Yepe3 JBE INPOTHUBOIOIOKHBIE
CTOPOHBI ATOT0 KBaJIpaTa.

IlonHast MpOBOAMMOCTD TBEPAOIO AURJIEKTPHUKA, COOTBETCTBYIOIIAS
€ro COMPOTHBJICHUIO Ry, CKIaapBaeTcss M3 OObEMHOW M MOBEPXHOCTHOM
TIPOBOJIMMOCTEH (CJIEIOBATENIHHO, YUUTHIBAIOTCS 00BEMHOE U TIOBEPXHOCTHOE CO-
MPOTHBIIEHHS). Y IEJBHOE MOBEPXHOCTHOE COMPOTHBIEHUE MOXHO OIpEe-
JUTH 10 opMyIIe

d
=R -— 9)
Ps s

rae Rs - MOBEpXHOCTHOE COMpPOTHBIICHHE 00pasiia MaTepuaia MeX/y rnapai-
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JIENBHO TMOCTABJICHHBIMU 3JEKTPOJaMU IIMHUPUHOW d, OTCTOSIIMMH APYT OT
Jpyra Ha paccTostHuu h.

[MonHoe compoTuBneHe U30ISMU Ry TBEPIOTO IMAIIEKTpUKA ONpese-
JsIeTCsl KaK COeIUHEHHE IapalUIeNIbHO BKJIIOUYEHHBIX MOBEPXHOCTHOTO Rs H
ob6bemMHOro Ry conportuBienuid. [IoBepXHOCTHAS SIEKTPOIPOBOAHOCTD Yalle
BCero oOyCJIOBJICHa MPUCYTCTBHEM BJIATM Ha MOBEPXHOCTH JIUAJICKTPHKA.
Bopma, xak n3BecTHO, 00J1aaeT 3HAUATEIFHONW MPOBOAUMOCTEIO. [locTarou-
HO HAJIMYHsI TOHYAHUIIIETO CIIOS BJIaTH Ha MMOBEPXHOCTH AUAICKTPUKA, YTOOBI
00HAPYXUTh 3aMETHYIO TIPOBOIUMOCTbD, KOTOPas OIIPEEIIIeTCS B OCHOBHOM
TOJILIUHON 3TOTO CIOS.

OpHaKo, TOCKOJBKY COIPOTHBIICHHE aICcOpPOMpPOBAHHON BOISHOM
IUIGHKU CBSI3aHO C IIPUPOJOH MaTepuana, Ha MOBEPXHOCTH KOTOPOTO OHa
HaXOJAUTCS, yIENbHYIO NMOBEPXHOCTHYIO NMPOBOAUMOCTH OOBIYHO paccMmart-
pHUBAIOT KaK CBOICTBO CaMOro JM3JIEKTpUKa. AACOpOIMS BJIard Ha MOBEPX-
HOCTH UAJICKTPHUKA HAXOJIUTCS B TECHOH 3aBHCHMOCTH OT OTHOCUTEIHHOMN
BJIAJXHOCTH OKpyXarouied cpeasl. [losTomy BelMUMHA OTHOCHUTENIBHOU
BJIQYXXHOCTH SIBJISIETCSI pelIalomiuM (GakTopoM, OINpPECsIONIMM 3HaYeHUE
YAETHHOH MOBEPXHOCTHOW MPOBOANMOCTH JUAJICKTpUKa. OCOOCHHO pe3Koe
YBEJIMYCHHE TIOBEPXHOCTHOH MPOBOIUMOCTH OOBIYHO HAOIOJaeTCs, KOTaa
BEJIMYMHA OTHOCUTENBHON BIaxHOCTH TpeBbimaet 50—60 %.

VYaenpHas MOBEPXHOCTHAs NPOBOAMMOCTH TeM HIKE, YeM MEHbIIE
MOJISIPHOCTH BEIIECTBA M YeM YHIIE MOBEPXHOCTH IMIJICKTpHUKa. [Ipmuem
MIPUCYTCTBUE 3arpsi3HCHUAN Ha IMOBEPXHOCTH OTHOCHUTEIHFHO MAJIO CKa3bIBa-
€Tcd Ha yAeIbHOM MOBEPXHOCTHOM MPOBOAMMOCTH THAPOGOOHBIX IUAIICK-
TPUKOB U CUJIBHO BJIMSIET HA TIPOBOJIUMOCTD THAPOQHUIIBHBIX THANIEKTPUKOB.

B 3aBHCHMMOCTH OT MpeneioB 3HAUEHHUH YENBFHOI'O TOBEPXHOCTHOTO
COTIPOTHUBIIECHUS, OOYCIOBICHHBIX B3aWMOJICHICTBHEM C BIIaroii, Bce mare-
pHaBl MOXHO IOAPA3AEIUTh Ha HECKOJIBKO TPYIII:

1) He pacTBOPHMBIE B BOJIE IMAICKTPUKIL,

2) 4acTHYHO PACTBOPHUMBIEC B BOJIE JHAJICKTPUKH;

3) IMANEKTPUKH, UMEIOIINE TOPUCTYIO CTPYKTYPY.

He pacmeopumvie 6 600e ousnexmpuxu ANATCS Ha JIBE TOATPYIIIBI:

a) HeHTpaJbHBIE U CIA0OIOIISIPHBIC - HE CMaYMBAIOIINECs] BOJIOW
(mapaduH, MOIMCTUPOI, THTAPh, CEpa);

0) IWMoNIFHBIE W MOHHBIE - CMayMBalomIuecs Boxoi (kaHupois, He-
KOTOPBIE BUIBI KEPAMHUKH H IP.).

Bce Marepuasibl moArpyIIis (&) XapakTepu3yrOTCsl BHICOKUM YAETbHBIM
TIOBEPXHOCTHBIM COIPOTHBJICHUEM, MAJIO 3aBHCSIIUM OT BIKHOCTH OKpPY>Karo-
mel cpempl. YIEeTbHOE ITOBEPXHOCTHOE CONPOTHBICHHE y MaTepHAIOB MOJ-
rpymnsl (6) BO BI&XHON Cpelie HIDKE, YeM Y MaTepHasioB MOATPYIIILI (a), HO
MOXET OBITh M JIOCTATOYHO OOJIBIIMM TIPH MOJHOM OTCYTCTBHHM 3arpsi3HEHHN
HA UX MOBEPXHOCTH.
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Yacmuyno pacmeopumvle 6 ode ousiekmpuxu. K 3Toi rpymie oTHO-
cHuTCsl OOJIBIIMHCTBO TEXHUYECKHX CTEKOJI. TakuMm MaTepuanam CBOHCTBEHHO
0oJ1ee HU3KOE YJIETbHOE TOBEPXHOCTHOE CONPOTHBIICHHE, B 3HAUMTEILHON Mepe
3aBUCSILEE OT BIAXKHOCTH.

Jusnexmpuru, umerowue nopucmyio cmpykmypy. K aTum 1uanekTpukam
OTHOCSITCS BOJIOKHHCTBIE MaTepHalibl (OpraHUuecKre U HeOpraHM4IECKHe), Mpa-
MOp ¥ GONBIIMHCTBO IIACTHYECKHX Macc. biarogapst mopucToii cTpykType BO
BII@YKHOHN CpeZie 3TH MaTepHaibl OOHAPYKHUBAIOT OOJBIIYIO YICIBHYIO TIOBEpX-
HOCTHYIO TIPOBOJIMOCTb.

J171st TOro 9TOOBI IIOBBICUTH TIOBEPXHOCTHOE CONPOTHBIICHUE, PHUMEHSIOT
Ppa3HOOOpa3HbIE MPHEMBI OYHCTKH MIOBEPXHOCTH - IPOMBIBKY BOJIOH, PaCTBOPH-
TeJsIMH, IPOKaJInBaHue npu Temmeparype 600—700 °C.

Haubornee 3¢ deKTHBHOM OYMCTKON MOBEPXHOCTH M3MICIHS, HE BIUTHIBAIO-
LIETO BOJY, SIBJISICTCS MPOJIOJDKHUTENIBHOE KUILSTYEHNE B JMCTUILIMPOBAHHOM BO-
ne. IlpornmTka MOBEPXHOCTHBIX CJIOEB JIETAIM MapaHOM MM LIEPE3HHOM He
obecreyrBaeT JOCTaTOYHOW YCTOMYMBOCTH 3HAYCHHUH Ps HPH BBICOKOM BIIax-
HOCTH. DTO CBSI3aHO C BO3MOXXHOCTBIO NPOHHKHOBEHUSI BJard B MHKPOIIO-
PBI, IOBEPXHOCTH M3ZCNHS H3-32 BIArONPOHHIIAEMOCTH ITIEPEUHCICHHBIX 3a-
IIATHBIX NOKPHITHH. [IOKpEITHE KEPAaMUKH U CTEKOJI KPeMHHHOPTaHUIECKUMHA
JIaKaMH 3HAYUTEJILHO ITOBBINIAET BEIUYUHY ITOBEPXHOCTHOTO CONPOTHBIICHUS
M3IIEIMI BO BIaXKHOM cpene.

Takum 00Opa3oM, 3aBUCHMOCTb Y/IEIIEHOTO NOBEPXHOCTHOTO CONPOTHBIIE-
HUSA OT BIQXHOCTH OOYyCJIOBJIEHAa HAJIWYMEM Ha IOBEPXHOCTH JUJIEKTPHKA
TUTPOCKONMYECKUX U JIMCCOLMUPYIOLIMX HA MOHBI BellecTB. Biara, agcopou-
pyeMast MOBEpXHOCThIO, CIIOCOOCTBYET MOSIBJICHHIO HOHOB M3-3a €€ JJMCCOLINa-
1UH. Ecau st BCIICCTBA cnyqaﬁHo TonaJ Ha MOBEPXHOCTH AMUDJICKTPHUKA,
TO TIOCJIC UX YAAJICHUSA MOXKHO MOJIYYHUTH BBICOKOC YACIBHOC MMOBEPXHOCTHOEC
CONPOTHBJICHHE TPH JIIOOOW BIIAXKHOCTH Bo3ayxa. Ecim T BelecTsa sBiis-
FOTCSl COCTABHOM YacThlO MaTepHaja, TO Y/eJIbHOE MOBEPXHOCTHOE COIPOTHB-
JieHne OyZieT CHIIbHO CHIDKAaThCS IPH YBEITMUCHUN BIAXKHOCTH.

1.2. U3mepeHue cOMPOTHBJIEHNS THYIEKTPHKOB

Jns ompeneneHus] BEIMYHMHBI CONPOTHBIICHUS JIMAJICKTPUKA OOBIYHO
UCTIOJB3YIOT CTAHIAPTHBIA CIIoco0 amnepmempa-eonvmmempa. IlonaBas Ha
oOpa3zel IUAIeKTPUKa U3BECTHOE 110 BEJIMYMHE HAMPSDKEHHE, H3MEPSIOT TOK,
MPOTEKAIOIINIA B LEMH JUAIIEKTPUKA, C HOMOIIBIO BBICOKOYYBCTBUTEIBHBIX
n3meputeneil Toka. TunuuHble 3HAYEHHsT BEJIMYMH TOKA JISKAT B Mpejenax
10° - 10™ A. TIpuGopsi, H3MepSIONIME TAKHE TOKH, OOBIIHO HA3BIBAIOT IUKO-
amnepmempamu  (hemmoamnepmempamu, ammoamnepmempamu). Corpo-

THUBJICHUE TUAJIEKTPHKA pacuUThIBaeTCsl o 3akoHy OMa Kak
R=UI/N. (10)
OmnpeneneHne yAeIbHOr0 0OBEMHOTO M yJIEIBHOTO MOBEPXHOCTHOTO
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COIIPOTHBIICHUH MPOM3BOAUTCS OOBIYHO Ha OJHOM M TOM >Ke oOpasle,
CHa0>XXEHHOM TpeMs AuiekTpogaMu. dopma 1 pacrosioKeHUe ITHX AIEKTPO-
JIOB JUIS CITydas TNIOCKOT0 00paslia In3JIeKTPHKa IOKa3aHbl Ha PHC. 3.

Bepxuuii auCKOBBIH 3nekTpon A umeeT aunamerp d;, BHYTpEHHUI
JMaMeTp KoJbleBoro anekrponaa d,=d;+4 mm. Takum 0O6pa3oM, 3a30p MEx-
Jly 3TUMH 3JIeKTpoaamu coctaBisteT 4 MM. HixHuit quckoBslif anextpon C
MOKET UMETh AUAMETP, IPUMEPHO PaBHBIN HAPYKHOMY IUAMETPY KOJbIe-
BOTO 37eKTposa mwin 6oneire. [Tpn n3mepernn 00bEMHOTO COIMPOTHBICHNUS
oOpasIia ciexyeT mpoIycKaTh TOK CKBO3b TOJIIY 00paslia MEKAy BEPXHUM
1 HIWKHUM JMCKOBBIMH 3nekTponamMu A u C, a pu M3MEpEeHHH TOBEPXHO-
CTHOTO CONIPOTHBIICHUS - Yepe3 MOBEPXHOCTHBIN ClIo oOpasna, pacmoio-
JKEHHBIH B KOJIBIIEBOM 3a30pe MEX Ay JIeKTpoaamMu A u B.

B npuHnune u3MepeHue 3THX CONPOTHUBICHHH 00pa3loB HE Mpel-
CTaBJsIET TPYJAHOCTEH, OJHAKO Ha IMpPaKTHKE NAJE€KO HE BCErJa SBIICTCS
MIPOCTBIM JIEJIOM, TaK KakK BCJIEACTBUE OOJIBILION BEIWYMHBI yJEIbHBIX CO-
MIPOTHUBJICHUH, OCOOCHHO B CIIy4ae BBICOKOKAYECTBEHHBIX IHIJIEKTPUKOB, B
cXeMe MPOTEKar0T HACTONBKO ClIabble TOKM, YTO MX U3MEPEHUE OCYIIECTB-
JSIFOT 0c000 TOYHBIMH PHOOPAaMH, KaK YKa3aHO BBIIIE.

B Hacrosme#i paboTe M3MepeHHe yIeNbHOTO CONPOTHUBICHUS OCYIIe-
CTBIISIETCSI C TOMOIIBIO NU(POBOTO arroamrepMerpa. TOK OT MCTOYHHKA
HanpspKeHUS TIPOITYCKAETCsl CKBO3b TOJIY 00pa3iia MEXAY HMKHUM JJICK-
TPOZIOM M BEPXHHUM JMCKOBBIM 3JIEKTPOJIOM (TaK Ha3bIBa€MbIM H3MEpH-
TEJILHBIM JIEKTPOJIOM) M U3MEPSIeTCs] IU(PPOBEIM aTTOAMIIEPMETPOM.

W3MepsieMbIif TOK SIBJISETCSI OOBEMHBIM TOKOM YTEUYKH, TaK Kak IIO-
BEPXHOCTHBIN TOK yTEUKH ¢ IekTpoaa C He IomaieT Ha 3IeKTpod A U “co-
Oupaercs” KOJIBIEBBIM 3JICKTPOAOM B, BBIMOJHSIOMIUM POJIb OXPaHHOTO
KOJIbIIa, U Jjajiee OTBOJUTCS Ha 3EMIII0, MUHYsS U3MEPHUTENb TOKa (nuxoam-
nepmemp, emmoamnepmemp, ammoamnepmemp). OXpaHHBIH DICKTPOL,
nMesl IPAaKTHYECKU TOT XKe MOTSHIHAJ, YTO ¥ U3MEPHUTEIbHBIIN 3JIEKTPOT A,
CHOCOOCTBYET yCTpaHEHHIO KpaeBoro 3((eKTa y 3TOTro 3JIEKTpoja U TeM
caMbIM CO3/IaeT MPAKTHYECKN OJHOPOAHOE 3JIEKTPUUECKoe Iojie B oOpasie
Mexay anekrpogamu A n C. 3Has BETMUMHY NPHIOKEHHOTO K 00pasily Ha-

d2

ST

C

Puc. 3. Cxema pacnosyoxeHusl 3JIEKTPOAOB ISl U3MEPEHUS YAEIbHBIX
COTIPOTHUBIICHUH IIOCKOTO 00pa3ma AUIIEKTPUKA
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npsbxkenust U (B BOJIBTax) U TOK, MPOTEKAIOIIUI uyepe3 oOpasel, MOKHO OTI-
penenuts 00beMHOe conpoTHBieHHe oOpasna R,. 3ateM, ucnons3ys dop-
Mydy (5), MOXKHO paccuuTaTh yIeIbHOEe 00bEMHOE COMPOTHBIICHUE TUIJIEK-
TpHKa.

IIpu u3MepeHnn MOBEPXHOCTHOIO CONPOTHUBICHUS IEKTPOA A OMNATH
SIBIIICTCA U3MEPHUTENBHBIM, T. €. OCTAaeTCsl COCAMHEHHBIM C HM3MEpHUTEIEeM
TOKa, B TO BpeMsI KaK APYTHe IEKTPOIbI HOMEHSIINCH ponsiMu. KosbrieBoit
anekTpos B cranm m3mepurensHbiM, a anektpon C - oxpaHHbM. [Ipu 3TOM
N3MEPSIETCS] NOBEPXHOCTHBIN TOK B KOJIBIIEBOM 33a30p€ MEXIy IEKTPOJAMHU
A u B, a 00beMHBI TOK YT€YKH, KOTOPBIA MOT OBI TakXe IPOXOIHUTH OT
anekTpoaa B x anexTpony A, orBoautcs anektpogom C Ha 3eMITI0 M MUHY-
eT u3Mepurens Toka. M3mepus Hanpspkenue U (B BONbTax), MPUIOKEHHOE K
o0pasily, U MOBEPXHOCTHBI TOK yYTEUKH, MOXKHO ONPEIEIUTh MTOBEPXHOCT-
HOE COIIPOTHBJICHHE UCCIEAYEMOI0 IUICKTPUKA.

Z[J'IH KPYIJIBIX BJICKTPOJAOB CBA3b MCKAY IMOBEPXHOCTHBIM COIIPOTHUB-
neHueM obpasua R, yIeabHbIM MOBEPXHOCTHBIM CONPOTHUBIICHUEM JUDIICK-
TpHKa ps U pa3Mepamu 3J1eKTpoaoB d; u dp BeIpaXkaeTcs CIEAYIOIUM COOT-
HOIICHUEM:!

R = py—2=% (1)
m-(d,—-d,)
IJIe ps U3MepsieTcsi B oMax, a d; v dy - B JTIOOBIX OIMHAKOBBIX SAUHHUIIAX
JIJIMHBL.

Wsmepsist R v 3Hast qjuametpsl dy U dy, MOKHO BBIYHCIUTH BEIHMYHHY

YIIeIBHOTO MOBEPXHOCTHOTO CONIPOTHBIICHHS UCIIBITYEMOT0 00pasna Kak
py = R 2. (12
2 1

2. BeinosiHeHne J1a60paTopHOil paGdoThI

Jlabopatoprast paboTa BBIOJTHACTCS MyTEM MOJCIHPOBAHHS MPOIECcca
W3MEpPEeHUS YJENBHOTO COMNPOTHBICHUS IUAIEKTPUKA CIIEIMANbHONH Mpo-
TpaMMOH, BBIMOJHAEMON Ha mepcoHambHOM KommbioTepe (ITK). B sty mpo-
TpaMMy 3aJI0’KEHBI MOJETH M3MEHEHHUS YIIEIFHOTO CONMPOTHUBICHHS PA/ia JTU-
JIIEKTPUKOB B 3aBUCHMOCTH OT W3MEHEHHS TEMIEPATyphl OKPYKaroIeH cpe-
JBI ¥ BJIQXKHOCTH BO3AyXa. V3MepeHWe NMpOM3BOAMTCS CTaHAAPTHBIM METO-
JIOM aMnepMmeTpa-BosibT™MeTpa. IIpu M3MepeHuH COnpOTUBIECHUS AUNIIEKTPH-
Ka MCIOJIB3YETCsl TPEXDIEKTPOAHBIN METO/, ONUCAHHBIN paHee. M3mepstoTes
00BEMHOE COTIPOTUBIICHUE U TIOBEPXHOCTHOE CONPOTHBIIEHHE, a 3aTeM 10 M3-
BECTHBIM IapaMeTpaM HCCIEelyeMOro MaTepuala U H3MEPHUTENbHBIX JJIEK-
TPOJIOB PacCUUTHIBAIOTCS Y/IEJIbHOE 00BEMHOE W IOBEPXHOCTHOE COIPOTHB-
JICHUSL.

[Ipu moaroToBKe K paboTe HEOOXOAMMO M3YYHTh METOIUYECKHE yKa-
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3aHus K JabOpaTOpHOW paboTe W 3aTeM IMOJY4YHUTh Y MperojaBarTelis 3a1a-
nue. J{ng Hayana pabotel HeoO6xoaUMO 3amycTuTh (aitn «ConpoTHB_ AN
Ha Pabouem crone IIK, mocme yero mosBHTCS OKHO, M300pakeHHOE Ha
puc.4,a. OHO oTOOpakaeT Ha3BaHUE BHIMOJHIEMON J1a0OpaTOPHON paboThI
U HEKOTOpbIe MHTYWTHBHO IMOHSTHBIE AJIEMEHTHI ynpasieHus. JlabopaTop-
Hasti paboTa COCTOUT U3 JBYX 4acTedl. B mepBoii yacTu paboThl HCCIETYIOT-
csl yoenvbHoe 00vbeMHOe COnpomugieHue meepobix OUlIeKmpUuKos u ero 3a-
BHUCHMOCTbh OT TEMIIEPATYyphl, @ BO BTOPOii YacTH HCCIELyeTCs yoenbHoe
NOBEPXHOCMHOE CONPOmMuU6GieHue B 3aBUCHIMOCTH OT TEMIIEPATYPhl U BIIAXK-
HOCTH BO31yXa. BEIOOp KOHKpETHOTO BHIA M3MEpeHus (00beMHOe HIIH TO-
BEPXHOCTHOE CONPOTHBIICHHE) BBHIOMpAaeTCs B OKHE BBIOOpa MaTepuaia
(puc.4,0) MIETUYKOM JIEBOH KHOIIKH MBIIIH [0 COOTBETCTBYIONIEH KHOIIKE.

2.1. U3Mepenne 00beMHOT0 CONPOTHBJICHUS ANIJIEKTPHKA
ITocne memuka no xkHonke «M3MepeHne 0ObEMHOI0 COMPOTUBIICHHUS
OTKPBIBAETCSI OKHO M3MEPEHUs] 0OBEMHOTO COMNPOTHBICHUS JUAJICKTPHKA,
MOKa3aHHOE Ha puc. 5. B 3ToM OkHe 0TOOpa)karoTcsi U3MEPUTEIIbHbIC TIPH-
OOpBI M M3MEpUTENbHAS KaMepa ¢ 00pa3IoM IU3JIEKTpUKa. 3/1eCh e OTO-
OpakaeTcs cxeMa HOAKIIOUCHHS H3MEPHUTEIBHBIX 3JIEKTPOIOB.

NABOPATOPHAR PABOTA

W3IMEPEHME YAENbHOTO CONPOTUBNEHUA
TBEPABLIX AUINEKTPUKOB

masmuagn | suion

1o30rar

a 6
Puc. 4. BremHuit BUJ IEpBOro OKHA J1a00paTOpHON paboTHI (a) 1 OKHA
BEIOOpA MaTepHaia AUIIEKTpHKa (0)

Heobxonumo BKIFOUXTH MPHOOPHI IEITYKOM 1O TymMOiepam «CeTby.
Ilo yMomyaHui0O B BHUPTYaJbHOM H3MEPUTENBHONM KaMepe YCTaHOBIIEHBI
temreparypa 20 °C u BaxHocTh 5 %. Ecii BKIIOUCHBI HE BCe puOOPHI U
HE YCTAHOBIIEHO KaKoe-THOO HaMpsOKeHHWe, TO OTOOpaskaeTcs MHTaromas
HaJuch «BKIIFOUNTE MPUOOPHI U yCTAHOBUTE HATIPSHKEHHEY.

W3mepenne COMPOTHBIICHUS TUAIEKTPUKA HEOOXOIMMO TPOU3BOIUTH
B CIIEYIOMIEH MOCIEJ0BATEIEHOCTH.

1. YcraHoBUTH HEOOXOAMMOE HAMPSHKEHWE MCTOYHMKA MUTAHHS, WC-
TOJIb3YsI KHOMKH «MHKPEMEHT-ACKPEMEHT» PSJIOM C ITUGPOBBIMU WHIANKA-
TOpaMU Ha MAaHEJM UCTOYHUKA MUTaHus. CTpernovHbId MPrOOpP UCTOYHUKA
NyOIUpyeT 3TH NOKa3aHusl.
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W3MEPEHWE COMPOTWBEHWUSA TBEPAbIX AWSNEKTPUKOB
| Wccnepyetcs Monuatunen (o6beMHoe conpoTuBneHne)

[ nones (o R e

T,% MsmepnTenshas kamepa o ATTOAMNEPMETP
w00
=0 0 A _—
e—— —
e L S S S
= Gm  om  om om
Q I (] (] o o o
e Qe
+ WCTOYHWUK HANPAXEHWA
TR T BT Y e o 8Oy
Bapanam rerneparyp Macom.  Tesmepatypa *
Ternepar.
0 moed | 100 20 °C o
Banari BRamIOCTA Bt \
5 [ 10 %

Puc. 5. OkHO H3MepeHuss 00beMHOI0 COIIPOTUBIICHUS
IUAJICKTPUKA

2. llenkHyTh 1o KHOMKe «/3MEHUTH TeMIepaTypy» M B OKHe «3a-
JaTYMK TeMIepaTypb» BBECTH C KIABHATyphl HYXKHYIO TEMIIEpaTypy B U3-
MEPHUTENBHON Kamepe U HaxkaTb KHONKY «Ilyck». JloxkaaTbca MOMEHTa yc-
TAaHOBIICHHS 3aJJaHHOM TEMIIEpaTyphl B U3MEPUTENbHON KaMmepe. Cunraercs,
YTO 0OBEMHOE CONPOTHUBIICHHE UIJIEKTPUKA OT BIAXXHOCTH BO3/yXa HE 3a-
BHCHT.

3. YcraHoBHTh MaciiTad M3MEPEHHUs] TOKa NMPHOOPOM «ATTOoamrep-
METpP», UCIOIb3YsI KHOIKH, PacIoiI0KEeHHBIE 10| IU(POBBIM HHIUKATOPOM
BEJIMYUHBI TOKa. PEKOMEHIyeTCsl HAUMHATH ¢ MaciiTaba «HA» (10'9A).

4. HlenxkuyTh mo kHOTKE «M3MepuTh TOk». Uepe3 HEKOTOpoe BpeMms
Ha MHIUKATOpe 0TOOpa3uTCs BeTHYMHA TOKA Yepe3 AMINEKTpHK. Eciu Mop-
raet uHaukarop «lleperpyska», H3MeHUTh MacIITad aTToaMmmepMerpa. 3a-
MUCaTh 3HAYEHUE TOKA.

5. Tocne mpoBeneHns HEOOXOAMMOTO IMKIIA U3MEPEHNH MIPH JTaHHOM
TeMIepaType B U3MEPUTEIBHON KaMepe U3MEHUTh 3HAUEHHE TEeMIIEPaTyphl
B COOTBETCTBHH C 1. 2 9TOTO pasfena.

6. 3aKOHYMB HOJIHBIH LUK W3MEPEHHH OOBEMHOIO COMPOTHBIICHUS
JMJICKTPHUKA, IEIKHYTh 110 KHOIKE «3aKOHYHMThH)» M BHIOpPATh HOBBIH Mare-
pHal Wik peKuM U3MEPEHHUS.

2.2. U3MepeHne MOBEPXHOCTHOIO COMPOTUBJIEHUSI AUDJIEKTPUKA
ITocnie BBIOOpa pexumMa U3MEPEHUsI TOBEPXHOCTHOTO COMPOTHBIICHHS
HIETKHYTH 10 KHOTKE «V3MEHUTH BIAKHOCTHY, a B OKHO «3aJaTdUK BIIaXK-
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HOCTU» BBECTHU C KJIaBHATyphl HY)KHOE 3HAu€HHE BJIAXXHOCTH B H3MEpH-
TeNbHOM Kamepe U HaxkaTb KHONKY «Ilyck». JloxnaTbcs MOMEHTa yCTaHOB-
JICHUs 33JaHHOM BIaYKHOCTH B U3MEPUTEIBHON KaMepe UM IepeiTu K u3Me-
pEHMSM TOKa.

[Tpn HEOOXOOMMOCTH HM3MEHATH TEMIIEPATYPy B M3MEPUTEIBLHOW Ka-
Mepe JIeHCTBOBaTh, KaK yKa3aHo B II. 2 pa3zaena 2.1.

BHUMAHHE! Tlponiecc n3MepeHHsi TOBEPXHOCTHOTO COMPOTHBIICHHS
JIVIICKTPUKA HUYEM HE OTJIMYACTCSl OT M3MEPEHUS] 0OBEMHOTO CONPOTHB-
JICHUSI, HO CXEeMa MOIKITIOYCHUS N3MEPUTENBHBIX JIEKTPOAOB YKE ApyTasl.

3. MocnenoBaTeIbHOCTH BBINOJIHEHHUS PAdOThI

1. UccnenoBaTh 3aBUCHMOCTh OOBEMHOTO CONPOTUBIICHUS AUAIIEKTPHU-

Ka OT TEMIIepaTypbl B JHMana30He TeMIlepaTyp, YKa3aHHBIX IpernojaBaTe-

sieM. JIJisl KaXKI0Tro 3HaYCHUs TEMIIEpaTypbl B H3MEPUTEIbHONW KaMepe Mpo-

BOJMTH HE MEHEE 5 — 7 U3MEPEHUN 3HAaYCHUN TOKA Yepe3 OUDIEKTPUK U OIl-

penensiTb cpenHee 3HaueHue. [Ipouecc M3MepeHus TOKa 3aHUMAET OIpe/e-

JICHHOE BpeMsi, T.K. TIpH OOJIBIIMX COMPOTHBIICHUS AUAIEKTPUKA HEOOXO U~

MO HECKOJIBKO CEKYH] AJISI YCTaHOBJCHUS CTAI[MOHAPHOTO COCTOSHHMS IPU

riepe3apsiike MapasuTHBIX EMKOCTEH M3MEPHUTENBHBIX 3IEKTPOIOB. /laHHbIE

3aHECTH B TaOJMIly IO NMPUBEICHHOMY HIDKe mpumepy. [Ipu pacuere 00b-

€MHOTO compoTuBieHus Ry ucmomszoBath hopmyny (10), a mpu pacuere

YAETHHOTO 00BEMHOTO COIPOTHBIICHHS HCIIONB30BaTh (opmyny (5). dua-
METpP BEPXHET0 WIEKTPOoJa 5 CM.

JIVDIIEKTPHUK — OJIMIIPOIHMIICH
Hanpspkenue Ha nuanektpuke 200 B
t T,K [ 10T [lepey | Emam. [ Ry, | pv, log(pv)
C TOKa Om Om*Mm

= a
IMoctpouTts 3aBucumocts l0g(py) = F(10/T). AnmpoxcuMupoBath 3Ty
3aBHCHMOCTD IIPSIMOW W HAWTH TAHTCHC yIila HAKJIOHA Kak

e = A |09(/43v) : (13)
Al 100
E
PaCCqHTaTB 3Heprmo AaKTHUBAIlUH nppnwecn KakK
W =8.625-10"°-tger, 9B. (14)

2. VccnenoBaTh 3aBHCHMMOCTH ITOBEPXHOCTHOTO CONPOTHBIICHHS H-
JJIEKTpHKA OT TEMIEPATyphl B JUAaNa30He TEMIEpaTyp U MOCTOSHHOM Bllax-
HOCTH, YKa3aHHBIX IpenoaasareneM. [ kaxIoro 3HaUeHHUs TEMIEPaTyphl
B MU3MEPUTEIBHON KaMepe MPOBOAUTH HE MEeHee 5 — 7 U3MEepeHU 3HaueHu i
TOKa 4epe3 AUMIEKTPUK U ONpPEAeIATh CpeAHee 3HaueHue. JJaHHbIe 3aHeCTH
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B TaOJIMIly TI0 IPUBEIEHHOMY HIDKe mpumepy. [Ipu pacuere oBEepXHOCTHO-
ro conpotuBieHus Rs ncrnons3oBars popmyiy (10), a mpu pacuere yaenb-
HOTO MOBEPXHOCTHOTO COMPOTHBIICHHUS HCIONB30BaTh Gopmyny (12). dua-
METp BEPXHEro JIEKTPoAa 5 ¢M, a BHYTPEHHUI JHaMEeTp KOJBIIEBOTO JJIEK-

Tpoaa 5.4 cm.
JIMBIIEKTPHIK - MOJUIIPOIIHICH
Hanpsixenue Ha auanektpuke 200 B
t, | T,K [ 10%T | lcpgy | Emun. | Rs,Om | ps,Om | log(ps)
°C TOKa

IMoctpouts 3aBucumocthb 10g(ps) = F(1/T). AnmpokcHMHpPOBATH 3Ty
3aBUCHUMOCTD MPSIMOM M HAWTH TAHT'€HC YIJIa HAKJIOHA Kak

tgaziAIO?('fS)
Al 10

T

PaccunTats 3HEpPrUIO aKTUBALMY IPUMECH KaK
W =8.625-10"°-tgar, 9B.

3. HccnenoBaTh 3aBHCHMMOCTh MOBEPXHOCTHOTO COIPOTHBIICHHUS IH-
3JIEKTPUKA OT BJIAXKHOCTU W IIpU IIOCTOSIHHOW TeMmIeparype, yKa3aHHOM
npenojasaTesieM . [l KaXI0ro 3Ha4eHUs BIIAXKHOCTH B MU3MEPUTEIbHOU
KaMmepe MPOBOJUTH HE MeHee 5 — 7 U3MEpPEeHMU 3HAUYECHUU TOKAa 4yepe3 Au-
ANIEKTPUK U ONPEAENAThH Cpe/iHee 3HaueHue. JlaHHble 3aHeCTH B TabIHILy, 10
[IPUBEACHHOMY HUXKE NIPUMEDY.

JW3nexTpuk - noJmnponuieH

Temmeparypa 20 °C

Hanpsoxenue Ha auanekrpuxke 200 B

w, %

I CPEJl

Enun. Toka

Rs, Om

ps, Om

IMoctpouts Tpaduk ps= F(W).

4. Conep:xxaHue 0TYETA
4.1. OT4eT BBINOIHSIETCS KaXKIBIM CTYICHTOM HHIWBHYaIbHO.
4.2. OT4eT HOJKEH COACPIKATH:
Ha3BaHHE PaOOTHL;

1eNb paboThI;

OCHOBHBIE TEOPETUIECKHIE CBEICHUS;
CXEMBbI U3MEPCHHUS,

MOJTyYeHHBIE pacueTHBIC JaHHbIE;
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e HeoOxonumeble rpaduky, TpedyeMmble 1Mo 3a1aHuIo;
® CpaBHEHHE IOJIyYSHHBIX JaHHBIX CO CHPABOYHBIMHU MaTE€pHaJIaMH;
e ccouiky 1o 'OCTy Ha U3y4eHHYIO CIIPaBOYHYIO JIUTEPATYpPY.

5. BonpocsI 1151 MOATOTOBKH K 3aIIHTe J1a00paTOpHOi padoThI

1. Yro Takoe 3JeKTPOTIPOBOTHOCTH BEIIECTBA?

2. HazoBuTE OCHOBHBIE BHBI 3JIEKTPOIPOBOJHOCTH JHIIECKTPHUKOB.

3. Yem 00ycnoBIIeHA IIEKTPOIPOBOAHOCTD B TA30BBIX TUIJICKTPHUKAX ?

4. Hapucyiite u 00bsIcHUTE TpaduK 3aBUCIMOCTH TOKa B Ta3ax OT Ha-
MIPSDKEHHST MEKTY JIEKTPOIAMHU.

5. Uro TaKkoe uonusayus u pekomounayua?

6. UeM 00yCIIOBIICHA DJICKTPOIPOBOHOCTD KHUIKUX THIICKTPUKOB?

7. Uto Takoe 00BEMHOE U MOBEPXHOCTHOE COINPOTHUBICHHUS TBEPIBIX
AUDBJICKTPUKOB U B KaKUX €AMHHUIAX OHU I/I3Mep5HOTCH?

8. Uto Takoe COMpoTHBIIEHHE 30K TBEPIBIX AUIIICKTPUKOB?

9. Uto Taxoe suepeus axmusayuu?

10. OObsicHUTE XapakTep TEeMIepaTypHOH 3aBHCUMOCTU YAEIbHON
MIPOBOANMOCTH JANBJIEKTPHUKOB.

11. Yro Takoe npumecnas u cobcmeennas EKTPOIPOBOAHOCTD TBEP-
IBIX TUBIIEKTPUKOB?

12. Yem 0O0ycnoBIE€HO MOBEPXHOCTHOE CONPOTHUBICHHE IUAIEKTPH-
KOB?

13. Kak 1 ouemMy BJIaXXHOCTh BO3[yXa BIIMSET Ha TIOBEPXHOCTHOE CO-
TIPOTUBJICHUC TBEPABIX ,E[I/ISJ'ICKTpI/IKOB?

14. Kakue cucTeMbl 3JEKTPOJIOB U MOYEMY HCTIOJIB3YIOT JJIsi U3Mepe-
HHST OOBEMHOIO U TIOBEPXHOCTHOI'O0 COMNPOTHUBJIICHUA TBEPABIX AUDJICKTPHU-
KOB?

JIABOPATOPHASI PABOTA Ne 2

W3MEPEHUE OTHOCHUTEJIbHOM IUIJEKTPUYECKOM
HNPOHUIIAEMOCTHU U TAHT'EHCA YIJIA
JUDJIEKTPUYECKUX NOTEPH TBEPABIX JU3JIEKTPUKOB

Leab padoThl: M3yd4eHHUE METOJOB M3MEPEHHUs] OTHOCHTEIbHOH IH-
ANIEKTPUUECKO TIPOHUIIAEMOCTH M TaHIeHCa yrila IOTepb TBEPbIX IHAJIEK-
TPUKOB PE30HAHCHBIM METO/IOM, MCCJICIOBAHUE TEMIIEPATypHOH M 4acTOT-
HOM 3aBHCHMOCTH 3THX apaMeTpPOB.

1. OcHOBHBIE TeopeTHYeCKHE CBeAeHUS
1.1. IonsAapu3anus AU3JeKTPHKOB

OnHMM W3 BaXKHBIX MOHATHH MPU W3YyYECHUH MOJISIPU3ALNN AUIICKTPH-

KOB SIBJSIETCSl 91€KMpuyeckuti Ounoabtuii Momenm (B AajabHEHIIEM IPOCTO
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OUNOILHLLL MOMeHm). DICKTPUUSCKUH TUMOJIbHBI MOMECHT OMpEAeIACTCs
KaK COBOKYITHOCTbH JIByX PaBHBIX 110 aOCOJIOTHOH BEJIMYHHE Pa3HOUMEH-
HBIX TOUEYHBIX JIEKTPUUECKUX 3apsii0B (3TO U €CTh JUMOIb), HAXOSIIUXCS
Ha HEKOTOPOM PAacCTOSIHUU ApYyr oT Japyra. OCHOBHOW XapaKTEpUCTHKOMN
9MEKTPUUYECKOTO AUIONSA SBJISETCS €ro JUMOJIbHBI MOMEHT - BEKTOp, Ha-
NIPaBJICHHBIH OT OTPHULATENBHOTO 3apsiia K IMOJIOXKHTENbHOMY (puc. 1) u
YHCIICHHO PaBHBINA MPOM3BEICHUIO 3apsiaa ( Ha paccrosiaue | Mexmy 3aps-
namu: p = (l. IUmoNsHEI MOMEHT OIPEAEISIET SIEKTPUISCKOE TI0JIE AUIO-
15t Ha OoJBIIOM paccTosHuU R ot Hero (R>>1), a Takke Bo3zeicTBHE Ha
JTIONb BHEITHETO 3IEKTPUIECKOTO TOJIS.
-9 p=dl +q
—
I —>
Puc. 1. DnexTpuueckuil JUMONB: 3apsabl - ( U +( Ha pac-
crostaud | apyr ot apyra. JlunonbHeiit MoMeHT p = ql monHo-
CTBIO OTIpenieNseT NMEKTPUUYECKOe I0JIe JUIONIA Ha paccTos-
uusix R>>1.

JlelicTBHEe BHEIIHETO 3JEKTPUYECKOTO MO HA AMIOND TaKXKe Ipo-
MOPUMOHAIBHO BEIWYHMHE €ro AWMONBHOrO MoMeHTa. OJHOpOAHOE Ioje
co3/1aéT BpaIaoMIUii MOMEHT, CTPEMSIIUNICS TOBEPHYTh UIONb TakK, YTO-
OBl ero JUMOJbHEIM MOMEHT OBUI HAmIpaBlieH 10 Homo. B HeogHOpogHOM
JIEKTPUYECKOM I10JI€ Ha JIUII0JIb, KPOME BPAIIAIONIEr0 MOMEHTa, JISHCTBYET
TaKXke CHia, CTpeMsIasics BTSIHYTh €ero B 001acTh 00jee CHIBHOTO IOJA.
Criemyer NOHMMATh, YTO €CJIM MOJIOKUTEIBHBIN M OTPUIATEIBHBINA 3apsiibl
COBITAJIAIOT JAPYT ¢ Apyrom (T.e. 1=0), To amexTpuueckoe nose OyaeT OTCyT-
CTBOBATb.

JIV3IEeKTPUKHN - 3TO BEUIECTBA, KOTOPHIE NMPAKTUYECKH HE IMPOBOIAT
JIeKTpUUecKuii TOK. [loBeieHne AUAIICKTPUKOB B AJIEKTPUYECKOM TOJIE OTI-
pelnensercss X BHYTPEHHUM cTpoeHneM. Kak m3BecTHO, Menbuaiiiieil dac-
THUIIEH BELIECTBA, COXPAHSIOIEH ero XMMUYeCKHe CBOWCTBA, SIBISIETCS] MO-
JeKyna. MoJeKybl COCTOST U3 aTOMOB, B COCTaB KOTOPBIX BXOAAT IOJIO-
KUTENBHO 3apsHKEHHBIE A][pa U OTPULATENBHO 3apsKEHHBIE JJIEKTPOHBI. B
LEJIOM MOJIEKYJIbl 3IeKTpoHeHTpanbHbl. COracHO TEOpPUM KOBAJICHTHBIX
CBs3eH YCTOHYMBOCTH MOJEKYJI AOCTHTaeTCs IIyTeM OOpa3oBaHMS OJHOMN
WA HECKOJIBKUX Tap 3JEKTPOHOB, KOTOPHIE CTAHOBATCS OOIIMMH JUIS CO-
€IMHSIOMNXCS aTOMOB, T. €. OJHOBPEMEHHO BXOJAAT B COCTaB 00OJIOYEK
JIBYX aTOMOB.

JUis KaXk[oro BUAA 3apsI0B - IMOJIOKUTENBHBIX (SII€p) M OTPHUIIATENb-
HBIX (3JIEKTPOHOB) - MOXXHO HAWTH TaKylO TOUYKY, KOTOpas OyAeT SIBIATHCS
Kak OblI UX "onexmpuyeckum yenmpom magxcecmu' . ITH TOUKH Ha3bIBAIOTCS
nomocamu monexynsl. Eciu B MoneKyie 3JIeKTPUYECKUE LEHTPhI TIKECTU
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MOJIOKUTEIBHBIX U OTPULATENBHBIX 3apS0B COBINAAYT, TO JUMOIBHBIH MO-
MEHT TaKOW MOJEKYJbl paBeH HYJIO, a CJIEAO0BAaTEeNbHO, U 3JEKTPUUECKOE
ToJie, CO37aBaeMoe TOI MOJIEKYJOH, Oy/leT oTcyTCcTBOBaTh. Takyro MoJe-
Kylly Ha3bIBalOT HemnosigpHOH. Ho ecnu Mosekyna mocTpoeHa HECUMMET-
PHUYHO, HAIlpUMep COCTOUT U3 JIByX Pa3HOPOJHBIX aTOMOB, TO 0Olias mapa
JJIEKTPOHOB MOXKET OBITH B OOJBILIEH MM MEHBILIEH CTENEHH CMEIIeHA B
CTOPOHY OJHOTO M3 aroMoB. OYEBHAHO, YTO B ITOM CiIydae, BCIICACTBHE
HEPaBHOMEPHOTO PACHPENENICHNS MOJOKUTEIBHBIX W OTPHIATENBHBIX 3a-
PSIOB BHYTPH MOJICKYJBI, HX 3JIEKTPHIECKUE IIEHTPHI TSHKECTH HE COBMA-
IOyT. DTO TPHUBEIET K BOSHUKHOBCHUIO AWIOJBFHOIO MOMEHTa MOJIEKYJIBI H
TIOSIBJICHHUIO JIEKTPUUYECKOTO IOJISI BOKPYT Hee. Takwe MOJEKyJIbl PHHATO
Ha3bIBAaTh MOJSIPHBIMHU.

JUis onmucaHus MaKpOCKOIMYECKUX 3JIEKTPUUYECKUX CBOMCTB IUAIICK-
TPHUKOB JOCTATOYHO OTPAHUYUTHCS NMPEICTABICHUEM O TOM, YTO B HUX OT-
CYTCTBYIOT CBOOO/IHbIE HOCUTEIH 3apsija U TP MOMEIICHUH TUIJIEKTPHKA B
3NIEKTPUYECKOE [0JIe B MaTepuaje Bo30YKIaeTcsi MHOXKECTBO MHKPOCKOIH-
YecKHUX IuIojied. B ciydyae HEMOMAPHBIX MOJIEKYJ 3TO MPOUCXOIUT ITyTeM
CMEIICHHUS B NpeJeax MOJEKYJ HX MOJOKUTEIbHBIX 3apsA0B B HaIllpaBIIe-

—-

= E

= ]

E, =0
Gl sy
XK PP

EXEn Sk Ny Ayl
e eioaTo

a 0
Puc. 2. Tlonspu3anust OJHOPOTHOTO JUIICKTPUKA C HEIOISIPHBIMHU
MOJIEKyJIaMH: (2 — BHEUTHEE JICKTPUUECKOE T0JIe OTCYTCTBYET; O —
MIPY BO3/IEHCTBUH BHEIITHETO JIEKTPHUIECKOTO TOJIS)

 J

oCTHOOIxommo3
oCHOOIXxTmmoO3d
rHCOI=xTmmo3
ocHOOIXxTmmmod

HUM BHEIIHETO M0JI U OTPULATENbHBIX B IPOTUBOIOJIOXKHOM HalpaBIeHUN
(puc. 2).

[Ipuobperaemplii MOJIEKYJIOW IUIOIBHBIII MOMEHT MPOTOPIHOHAIECH
HaTPSHKCHHOCTH TOJISI, B KOTOPOM Haxonutcs Mosiekyna. B cucteme CU on
3aIMChIBACTCS KaK:

p:BSOE ' (1)
rae B - koaddumeHT NpONnoPLUMOHAIBHOCTH, KOTOPBIH Ha3bIBACTCS NOJs-
PU3VEMOCIbIO MONIEKYTbl, @ € — CUCTEMHasi KOHCTaHTa, Ha3blBaeMasl a6co-
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JOMHOL OUIEKMPULECKOT] NPOHUKAEMOCMbIo BaKyyMa (€0=8,8510™ d/m).

Jlnst BelecTBa, COCTOSIIEr0 M3 MOJSPHBIX MOJIEKYI, MO JeHCTBHEM
MOMEHTA CHJI TPOUCXOHUT MPEUMYIICCTBEHHOE BHICTPAUBAHHE MOJICKYI B
HaMpaBJICHUU BHEIIHETO 1o (puc. 3).

B 06oux ciaydasx (HEMOJSAPHBIX U MOJSPHBIX MOJIEKYJ) B PE3yJIbTaTe
MOSIBJISIETCS TUMOJIBHBIA MOMEHT U Y BCero oobeMa audiiektpuka. Cpeanuit
JIMTIONIBHBIA MOMEHT, WHJYI[MIPOBAHHBIN MMOJEM B eAMHHIE 00beMa, Ha3bl-
BAaETCs MOJISIPU30BAHHOCTHIO TUAJICKTPHKA:

1
P=—. ’ (2)
L

39| =)
QC] D =

> & =)
0 EX=)
Moan wer TToaapuaans To:ae cers

Puc. 3. Opuenranus noJsspHONA MOJIEKYJIBI B 3JIEKTPUUECKOM I10JIE

Iie CyMMHPOBAaHHE MPOU3BOIUTCS 1O BCEM MOJEKYyJIaM, HaXOIAIIMMCS B
o0beMe AV, a JQUIOJBHBIA MOMEHT p KaXKJOH MOJIEKYJBbl ONpenesseTcs
CYMMHPOBAHUEM I10 BCEM 3apsDKCHHBIM YacTULAM, BXOAAIIUM B MOJIEKYILY:

p= Zeili ) 3)

Te € - 3aps/ KaXXKJ0i 4acTHuIbl, a |i - €€ CMCIICHHUE TT0J JCHCTBUEM DJICK-
TPUIECKOTO TMOJIA.

JIOMHOXWB | pa3/ieyB MPaByo YacTh BeIpakeHUs (3) HA YHCIO MO-
nexyn AN, Haxomsmmuxcs B o0beMe AV , MOTyYNM eIie OJHO BBIPAXKEHHE
JUTSL TIOJISIPU30BaHHOCTH:

p=n<p> (4)
rae N = AN/AV — KoHUEHTpanusi MOJEKyI, a < p > - CPeJHUN JUMOIbHBIN
MOMEHT MOJIEKYJIBI.

Boob6e roBops, P MeHsieTCsl B AMAJIEKTPUKE OT TOYKH K TOUKE, HO ISt
ITUPOKOTO KJlacca BEMECTB B Kaxaon Touke P ~ E. CymiecTBytoT BemecTBa,
o0naarImue MoJIIPU30BAHHOCTBIO M B OTCYTCTBHE BHEIIHETo mous. [lo-
CKOHBKy B LICJIOM MOJ'IeKyJ'lBI HeﬁTpaJ'lBHbI, TO UMCHHO JIHHOHBHBIﬁ MOMCHT
U OIpeIeNseT NEKTPHISCKOE TI0JIe, CO3aBaeMOe CaMHM MaTepHajoM, KO-
IJla ero MOMEINAIOT BO BHEIIHEE I0oJIe. B COOTBETCTBHM C MPHHITUIIOM CY-
MIEPITO3UIIMY TI0JIC BHYTPHU JUIJICKTPUKA €CTh CyMMa BHEUTHETO IOJIS M T0-
JIsL OT BCEX JTUMOJNICH, HHAYIIUPOBAHHBIX B TUIICKTPUKE:

E=Ey+ E' , 5)
rae Eg - HampspkeHHOCTh BHEITHETO 3JICKTPUYeCKoro mois, a E' — Hampsi-
JKEHHOCTh BHYTPEHHETO JJICKTPHUYECKOTO ITOJIsI, CO3JaHHOTO CBSI3aHHBIMH
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3apsiaMu BEIIeCTBa AMAICKTpHKA. CBS3aHHBIMU 3apsijiaMd Ha3bIBAIOTCS
HECKOMITCHCHPOBAHHbBIC 3apsi/ibl, MOSBISIONINECS B PE3yJbTaTe MOJsApU3a-
IIUU MOJICKYJI JUAJICKTPHKA, TOTJa KaK CTOPOHHUMH - CBOOOJHBIC 3apsiibl,
HAXOJIAIIMECS B JUAIICKTPUKE WU BHe ero. Eq u E' mpencTaBnsior coboi
MaKpOIIOJIs, T.C. YCPEIHCHHBIC [0 HEKOTOPOMY MaJloOMy 00BEMY MHKPOIIO-
JIs1, CO3/1aBacMbIC CTOPOHHUMHU U CBSI3aHHBIMH 3apsIaMU COOTBETCTBCHHO.

Tak kak Kak[as MOJIEKYJIa TIOJIAPU3YETCs 10T BO3ICHCTBHEM KaK MO
CTOPOHHHX 3aps/IOB, TaK ¥ IO, CO3AaBaEMOTO BCEMHU IPYTUMH TIOJISPH30-
BaHHBIMH MOJICKYJIaMH, TO TOJIIPH30BAHHOCTH AMAIIEKTPHKA IIPOIIOPITHO-
HaJIbHA HAMPSDKEHHOCTH UMEHHO CYMMAapHOTO TIOJIS:

P=keE , (6)
A€ K — JUBJICKTPUICCKasA BOCIIPUUMYUNBOCTh BCUICCTBA.

[Ipu monspuzanuu HEOAHOPOIHOTO AUIJNIEKTpUKaA (CM. puc. 3) cMerie-
HUS 3apsiioB BHYTPH J1I000T0 BEIOPAHHOTO CJI0S BHYTPU TUBJIEKTPUKA MPO-
UCXOJST TaKUM 00pa3oM, YTO KOJHMYECTBO CBS3aHHOTO 3apsija, MMOKHIA0-
LIETO CJIOM, paBHO 3apsiy, BXOAsIeMy B Hero. TakuM 00pa3oM, 00bEeMHBIN
3apsii BHYTPH JMAJICKTPHKA He 00pasyercs. B MOBEpPXHOCTHBIX e CIIOSX
oOpasyeTcs CBSI3aHHBIA OBEPXHOCTHBIH 3apsn . B ciryuae sxe HEomHOpPOA-
HOTO JUAIICKTPHUKA B KaXKIBIA CIIOW, MBICJICHHO BBIJCIICHHBIN BHYTPH MaTe-
puana, ¢ OJHOH CTOPOHBI BXOIUT OOJBIIE 3apsa, YeM BBIXOIWT C IPYTOi, 1
CBSI3aHHBIN 3aps] 00pa3yeTcs HE TONBKO Ha MOBEPXHOCTH, HO M B 00beMe
IMRJIEKTPUKA, KaK 3TO IIOKa3aHOo Ha puc. 4.

C y4eToM BHIIICNICPEUNCICHHBIX SBJICHUI MOYXHO JaTh OIpEIeIICHUE
ToJIApU3allvii U NOJIAPU30BAHHOCTU TUIJICKTPHKA.

Honapusayus ousnekmpukoé — 3TO SBICHHE, CBA3aHHOE CO CMeIle-
HUEM CBA3aHHBIX 3apAA0B B AUDJICKTPUKE HUJIA MTOBOPOTOM JUIIOJIBHBIX (HO-
JIIPHBIX) MOJIEKYN TOJ, BO3JCHCTBHEM BHEIIHETO AJIEKTPUYECKOTO TIOJA.
[Tonspuzanuio AUAIEKTPUKOB XapaKTEPU3YeT BeK-

—r
ED TOp OdneKkTpudeckod nossipuzanuu. dusnueckuii
— CMBICIT HOJIAPUSOBAHHOCMYU - ITO CYMMAapHBIA JTU-

gl;;e—_lbg_lb@i:b MOJBHBIA MOMEHT, KOTOPBIH MPHOOpETAoT MOJIsp-

| ‘ E}Eb HBIE MOJIEKYJIBI, IPUXOSAIINICA Ha eUHULYY 00be-

Ma JIu3IeKTpuka. B 3ToM cioydae B IUBIEKTpUKe

‘ EFEP HOsIBISIETCSA JONOJIHUTENbHBIN 3apsn Qj , BbI3BaH-

< HBII SBJIEHUEM NOAApU3AYUY, T.€. CMEILEHUEM CBS-
Ebebeb% 3aHHBIX 3apsJI0B B JIUIJIEKTPUKE.

Hanbonee HarmsiiHO SBICHUE MOJSPU3ALUT
MIPOSIBIIAETCS B DJIEKTPUYECKOM KOoHAeHcaTope. Ec-
JI1 Ha MOBEPXHOCTb JIMCTOBOTO IUAIEKTPUYECKOTO
MaTepHuaja ¢ OJHOPOAHBIMU (M30TPOIHBIMHE) CBOIi-
CTBAaMM HAaHECTHU METAJUIMYECKHE DJEKTPOJbI U IO-
JlaTh Ha HUX IIOCTOSIHHOE HampshKEHHe, TO 00pa3o-

Puc. 4. Tlonspu-
3a1usi HEOIHO-
POJHOrO IUAJIEK-
TpHKa
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BAaBIIMICSA KOHJCHCATOP OyMeT HAKAIUIMBATH SJICKTPHUYCCKUIA 3apsii BEJH-
guaoit Q = CU, rne C — eMKocTh KoHAeHcaTopa, U — mpuioxeHHOEe Ha-
npsokeHue. B cBoro ouepenp 3apsg Q B AMANEKTPUKE MOXKET OBITH Mpe-
ctaBiieH kak Q = Qg + Qy, T.e. cymMmoii 3apsiga Qo , Koraa BMECTO JUINIEK-
TpUKa B KOHJIEHCATOpe BakyyM, H Qj — 3apsaa o0yCIOBICHHOIO MOJIpU3a-
nuedt quanekrpuka. OTHomeHue 3apsinoB Q U Qp Ha3bIBACTCS OTHOCHTEIb-
HOW TUAJIEKTPUYECKOH IMPOHUIIAEMOCTHIO (B NAIbHEHIIEM HPOCTO JUAIICK-
TPUYECKOU MPOHUIIAEMOCTHIO) MaTepuana, T.e.

&= g =1+ Qi . (7)
Qo Q,

Taum o6pa3oM, Jusrekmpuueckas npoHuYaemocms € — 3T0 CKalsipHas
Oe3pa3MepHas BenuuMHa (Bcerza OOJbIIE €AWHHIBI), KOTOPYIO MOXHO
MIPEACTaBUTh KaK OTHOIICHWE €MKOCTH KOHIEHCATOpa C JaHHBIM IHIJICK-
TPUKOM K EMKOCTH TaKOTO K€ KOHIEHCATOPa, MEXKIY SJIEKTPOIAMHU KOTOPO-
IO BaKyyM.

1.2. Buasl noasipusanuu

B 3aBucuMOCTH OT MEXaHH3Ma IMOJSIPH3ALNH, MOTIPH3ALUIO AUDIICK-
TPHUKOB MOXHO ITOJPa3ACINUTh Ha CICAYIOIIIC BU/IBL.

Onexmpounas noaspuszayus — YOPYroe CMEIIEHHE 3JIEKTPOHHBIX
000JI104€K aTOMOB MOJ| JEHCTBHEM BHEIIHETO 3JIEKTPUYECKOro MOJisi. DTO
camasi GBICTpas OTSPH3ALIAs, BPEMsl YCTaHOBIEHHs KoTopoii 10 107 ¢. He
CBf3aHA C MOTEPSIMU SHEPTUH.

Honnas nonapuzayus — CMEIIEHHE Y3JI0B KPUCTAIIHYECKOW CTPYK-
TYpBI MO IEHCTBUEM BHEITHETO 3JIEKTPUUECKOT'0 IOJIs, MPUYEM CMElIeHHE
Y3JIOB PEIIETKH NPOMCXOANT Ha BEIMYMHY, MEHBIIYIO, Y€M BEINYMHA I10-
CTOSIHHOM peleTku. Bpems npoTtekaHus 108 cn MPOUCXOTUT Oe3 MOTeph
SHEPTHH.

Hunonvnas (opuenmayuonnas) noaspusayus — TPOTEKAET C MOTEPS-
MH Ha NIPEO0JIOJICHUE CHJI CBA3M M BHYTpEHHEro TpeHus. CBsi3aHa c OpHEH-
Talueil TUnojei BO BHEUIHEM 3JIEKTPUUYECKOM TOJIe.

DIeKmpOHHO-PEeNaKCayuonHas noaspu3ayus — opueHTanus nedexr-
HBIX (c1a00 CBSI3aHHBIX) 3JICKTPOHOB BO BHEITHEM HJIEKTPHYECKOM TOJIE.

Honno-penaxcayuonnas nonspuzayus — CMELICHHE HOHOB ciabo 3a-
KPEIUIEHHBIX B y3J1aX KPUCTAJUTUYECKOH CTPYKTYpBI, 00 HAXOMSIINXCS B
MEXJI0Y3IHAX.

CmpyxmypHas noaspuzayus — OPUEHTALUs IPUMECEH 1 HEeOTHOPOI-
HBIX MaKpPOCKONMYECKUX BKJIIOYEHHH B Iu3JeKTpuke. CaMmblii MeUICHHBIN
THIIL.

Camonpouseonvhas (cnowmannas) noaspusayus — Onaronapsi Haiu-
YHIO 3TOTO THIA MOJSIPU3ALUH B JUIJIEKTPUKE MPOSIBISIETCS] HETMHEHHOCTh
CBOHCTB, TO €CTh sIBJIEHHE rHcTepe3nca. OTIMUaeTcsi O4eHb BBICOKUMHU 3Ha-
YEHWSMH AM3JIeKTprdeckol mponumaemocta (0T 900 mo 7500 y HEKOTOPBIX
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BHJIOB KOHJIEHCATOPHOU KEPaAMUKH).
Pesonancnas nonspuzayus — OpUCHTAIMS YaCTHUI], COOCTBEHHBIC Yac-
TOTBI KOTOPBIX COBMAJAIOT C YACTOTAMU BHEIIHETO AIEKTPUYECKOTO MOJIS.
Muepayuonnas noaspusayus - 00YCIOBJICHA HAJIMYUEM B MaTepHae
CJIOCB C PA3JIUYHON MPOBOJUMOCTHIO, 00pa30BaHUEM OOBEMHBIX 3apsJIOB,
0COOCHHO TPU BHICOKUX TPAUCHTAX HAMPSDKCHUS, UMEET OOJBIIUE TOTCPU
U SIBJISIETCS MOJISIpU3aLMEN 3aMeITIEHHOTO AEMCTBUYSL.

1.3. YacTroTHast 4 TemnepaTrypHasi 3aBUCHMOCTb
AU3JIeKTPHYeCKOii MPOHULIAeMOCTH

IMonsipu3zanust TUAIEKTPUKOB MMEET MAaKCHMAaJIbHOE 3HAYCHHE B CTa-
TUYCCKUX DJICKTPUUICCKUX IMOJIAX. B MCPEMCHHBIX MOJIAX, B CBA3U C HAJIMYU-
€M MHCPpHUUU DJICKTPOHOB, HOHOB U DJICKTPHUUCCKUX ]11/11'[0.]'[617[, BEKTOP DJICK-
TpH‘ICCKOﬁ noJjigpusan 3aBUCUT OT YaCTOTHI. B c¢Bsa3u ¢ aTtuM BBOJUTCA
MOHATHE TUCIIEPCUU AUAJICKTPUYECKON INPOHHUIAEMOCTH. Tak Kak BpeMs
YCTAHOBJICHHUS, HAPHMEP, SIEKTPOHHON MOIAPH3AIIHI BechMa Mano - 10™°
¢, TO Jaxxe Npu HauboJjee BHICOKUX YacTOTaxX, MPHUMEHSIEMBIX B COBPEMEH-
HOH 3JICKTPOTEXHHUKE U PaJHO3JICKTPOHHKE, TOISIPHU3AIHS HENOIAPHBIX M-
JJIEKTPUKOB YCIIEBACT IOJHOCTHIO YCTAHOBHUTHCS 3a BPEMs, KOTOpPOE IIpe-
HEOPEXMMO MaJIO IO CPABHEHHUIO C ITOJTYIIEPHOAOM ITEPEMEHHOTO HAIPsKe-
Hust. [loaToMy y Henonspheix OusieKmpukos & om 4acmomul He 3a8UCUm

(puc. 5).

Ep b

g |

a
=
7

]
7
/S /A /A L [/ )
Puc. 5. 3aBUCUMOCTD IUAIEKTPUYIECKON MPOHUIIAEMOCTH € OT
YacTOTHI ISl TBEPABIX HEMOJSPHBIX TUIJIEKTPUKOB: a — (TO-
porutact-4; 6 — IMOJUCTUPOIT; B - MOJIUAUXIOPCTHPOIT

vy TIOJIAPHBIX JUBJICKTPUKOB IIPY MOBBINICHUU YaCTOTBHI JUBJICKTPUYC-
CKas MPOHUIIAEMOCTh CHAYaJIa TAK)KE OCTAETCS HEM3MEHHOM, HO HAYMHAS C
HEKOTOPOW KPUTHYECKON 4YacTOThI, KOT/a MOJSpU3aLUs YK€ HE yCIeBaer
TIOJTHOCTBIO YCTAHOBUTHCA 3a OJWH IIOJYIICPUOM, BCIIMYMHA € CHHUKACTCA
(puc. 6).

VYV HENOJSPHBIX JMAIEKTPUKOB € ClIab0 3aBHCHT OT TEMIIEPATYPHI,
YMEHBINAsCh MPU MOBBIICHUH TEMIIEPATYPHI BCIIEACTBHE TEIIOBOIO pac-
[IMPEHNUS BELIECTBA, T. €. YMEHBIICHHUS KOJHYECTBA MOJISIPU3YIOMIUXCS MO-
JIEKyJ B eiMHKIE 00beMa BemecTBa. [Ipumep — puc. 7 (pe3koe U3MEHEHHE
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€ Ha rpaduke aJst mapaguHa COOTBETCTBYET

Er TeMIeparype IJIaBJICHHUs 3TOr0 KpUCTalIu-
8 N YecKoro MaTepHaja, CBSI3aHHOTO CO CKau-
7 N (0 KOOOpa3HbIM H3MEHEHHEM IIJIOTHOCTH Be-

70 '( 80°C LIECTBA).
6 ; VY IU3IEKTPUKOB HOHHOTO CTPOSHHUS €
550”54 IIPU POCTE TEMIIEPAaTyphl OOBIYHO BO3pAac-
\ \ taet. OJHAKO y HEKOTOPBIX MOHHBIX KPH-
4 s AN \ CTAZIOB € TPH POCTE TEMIIEPATyphl

3 » \ YMEHBIIAETCs. Y TONAPHBIX IUAJIEKTPUKOB
00 1wt o oWt oty B 00JaCTH HU3KHX TEeMIIeparyp, Koraa Be-

LIECTBO 00safaeT 0OMbIION BA3ZKOCTBIO WIX
JaXe HAaXOAWTCS B KPUCTAIIIMYECKOM CO-
CTOSIHHUHU, OpI/IeHTaL[I/I}I JUITOJIBHBIX MOHCKyH
HEBO3MOXKHA HJIM, BO BCSKOM CllydJae, 3a-
TpyaHeHa. IIpy nmoBbIIEHUN TeMIEPATyphl
BO3MOYKHOCTh OpPHEHTAIUM JHIOJeH 00-

Puc. 6. 3aBucumocTs €

MOJIIPHOTO JINDJICKTPHUKA
(monuBUHMIAIETATA) OT
YaCTOThI U TEMIIEPATYPhI

22 - 2 | JIETYaeTcsi, BCIEACTBUE YErO € CYIECTBEH-
24 Tt HO BospactaeT. OmHako mpu eme Ooiee
- L7 BBICOKHMX TEMIEpaTypax BCIEICTBHE YCH-
22 ' N JICHUSI XaOTHYECKUX TEIUIOBBIX KoJeOaHMi
20 ] MOJIEKYJT CTENEHb YHOPSJAOYEHHOCTH OpH-
7,_850 20 7 20 70 500 CHTALlMKM MOJIEKYJ CHIKAETCH, NOJTOMY &,
Hpoias dYepe3 MaKCHUMyM, YMEHbIIaeTcs

Puc. 7. 3aBucumocts € (puc. 8).
OT TEMIICPATYPLI I HE- B noJsipHBIX JU3JIEKTPUKAX C pa3iud-
TTOJISIPHBIX TH3JICKTPH- HBIMHU BUJIaMU MOJSIPU3ALMU TIPU yBEJIHYe-
KoB; 1 — mapadun; 2 — HHUM 9aCTOTHI IPOUCXOANUT CKauKoOOpa3Hoe
HOJIMCTUPOI YMEHBILIEHUE BEIUYMHBI AUIJIEKTPUUECKOMN

MNPOHUIIAEMOCTH IO MEpPE TOI'0, KaK MOCTEC-
NIEHHO «OTKJIKOYAarOTCA» MCAJICHHBIC BU/bI MOJIAPpU3ALIAN. Ha TeMIeparyp-
HOM 3aBHCHMOCTH OTHOCHUTCIHLHOM ﬂPISJICKTpH‘lCCKOﬁ MMpOHUIIAEMOCTHU Ta-
KUX JUIJICKTPUKOB MOTYT MOABIATHCA HCCKOJIBKO MAKCUMYMOB.

1.4. IloTepu B AU3JIEKTPUKAX

JVPIeKTPHUECKUME TTOTEPSIMH HA3BIBAIOT YHEPTHIO, BBI3BIBAIONIYIO
HarpeB AMAJIEKTPHKA, KOTOpas PacCeMBAETCs B €IMHHUIY BPEMEHH B /M-
9MEKTPUKE MPH BO3ACHCTBUM HAa HETO 3JIEKTPUIECKOTO IOJIS.

[Torepu »HEPTrHU B IUAIEKTPUKAX HAOIIOAAIOTCA KaK MpPU MEPeMEH-
HOM HAaIpSHKCHHH, TaK U IIPH IIOCTOSHHOM, IIOCKOJIBKY B JIFOOOM MaTepuaie
IIPOTEKaeT CKBO3HOW TOK, 0OYyCIIOBIICHHBIH NpoBoguMocThio. IIpu mocro-
STHHOM HAIpsDKEHHMHU, KOTJa HET MEepUOJUUECKON MOJSpU3aLUU, KauecTBO
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Puc. 8. Tunosast 3aBUCUMOCTD € OT TEMIIEPATYpPhI AJIs
GONBIIMHCTBA MOJIAPHBIX JUIIEKTPHKOB

MaTepHalia XapaKTepH3yeTcsl 3HAUCHUSMH YACIbHBIX 00bEMHOTO U MTOBEPX-
HOCTHOTO COMpoTHBICHUHA. [Ipn mepeMeHHOM HaNpsHKCHUH HEOOXOIMMO
HCTIONB30BaTh KaKylO-TO APYTYI0 XapaKTEPHCTHKY KadecTBa MaTepHana,
Tak Kak B 3TOM ClIy4ae, KpOMe CKBO3HOH 3JICKTPOIPOBOANMOCTH, BOSHHUKA-
€T psiji 100aBOYHBIX NPUYHH, BHI3BIBAIOIINX TIOTEPH SHEPTUH B JHANEKTPH-
ke. [l XapakTepuCTHKH CIOCOOHOCTH JHUAJIEKTPUKA pacCcerBaTh IHEPTHUIO
B DJICKTPUYECKOM I10JIe MOJIB3YIOTCA MOHATHEM YIJIa TUAJIEKTPUYECKUX IO-
Tepb, a TAKXKe TAHT€HCOM 3TOTO yIJa.

VYTI0M AMANEKTPUYECKHUX MOTEPh HA3bIBAETCS YTOJI O, TOMOIHSFOLIHN
10 90 rpagycoB yroia casura a3 ¢ Mexay Tokom | u nHanpsikenuem U B
€MKOCTHOH 1iend. B ciywae mneansHoro auanektpuka | B Takoit nenm Oymet
onepexatb BekTop U Ha 90°, TIPH 3TOM yTOII & OyIeT paBeH Hyr0. YeM
OoJbIe pacceMBaeMasi B IMAIICKTPHKE MOITHOCTb, IEPEXOAsMIast B TEILIO,
TEM MEHBIIIE YToJ CABUTA (a3 @ | TeM OOJBIIE YTOJI AUIICKTPHISCKUX T10-
Tephb & U COOTBETCTBEHHO tgd (puc. 9).

— U o
R
Cs
Uy
Uc & U |
o)
\ I
a o

Puc. 9. DxBUBaNICHTHBIE CXEMBI M BEKTOPHBIC IUATPAMMBI THAIEKTPHKA
C TIOTEpSIMU: a — MocJe0BaTeIbHas cXxeMa, O — mapajuiesibHas cxema

Z[I/DJ'IGKTI)I/I‘ICCKI/IC NoTepu MOryT 06yCJ’IOBJ’II/IBaTbCH CKBO3HBIM TOKOM



27

WIA aKTUBHBIMH COCTABJISFOIIUMH TMOJISIPU3AIMOHHBIX TOKOB. [Ipu m3yde-
HUU JUDJIEKTPUUECKHUX MOTEPh, HEMOCPEACTBEHHO CBS3aHHBIX C MOJSpU3a-
UCH TUANICKTPUKA, MOXKHO U300pa3uTh ITO ABJICHUE B BUJC KPUBBIX, MPE]I-
CTaBJISIONINX 3aBHCAMOCTD SJICKTPHUYCCKOrO 3apsiia Ha OOKJIAIKaX KOHICH-
caTopa C JaHHBIM JAMPJIEKTPUKOM OT MPHJIOKEHHOTO K KOHJEHCATOpy Ha-
npsokeHus. [Ipu OTCYTCTBUHM TOTEPh, BBI3BIBACMBIX SBICHUEM MOJSpU3a-
UM, 3aps] JIMHEIHO 3aBUCUT OT HAIPSDKEHIS, M TAKOW TUAJICKTPUK Ha3BI-
BaETCs JIMHEWHBIM.

Ecim B OUBIEKTpUKE MMEET MECTO 3aMeIUIeHHas MOJIIPHU3alus, CBS-
3aHHAs C MOTEPSIMH SHEPTHH, TO KPUBas 3aBUCHMOCTH 3apsa OT HaIpspKe-
HUS proOpeTaeT HEMMHEHHYI0 3aBUCUMOCTD. B TEXHUUECKHX 3JIEKTPOU30-
JIIUMOHHBIX MaTrepuasax, IOMUMO IIOTEPh Ha CKBO3HYIO 3JIEKTPOIIPOBON-
HOCTb U MOTECPHL OT 3aMCVICHHBIX BHJIOB MOJISIpU3alliK, BO3HUKAIOT JJICK-
TPUYECKHE MOTEPH, KOTOPBIE CUIBHO BIUSIOT Ha AJIEKTPUUECKHE CBOMCTBA
AUDBJICKTPUKOB. 3TI/I TMOTCPU BBIZBIBAIOTCA HAJIUYHUEM HU30JIMPOBAHHBIX APYT
OT Apyra mMOCTOPOHHUX MNPOBOJAAMINX WU MOJYIPOBOIAIINX BKJIIOUECHUH
yTaepo/a, OKHCIIOB Keje3a U T.J. U 3HAYUTENbHBI Jake TPU MaJlOM COMep-
JKAaHWW TaKUX TIPHMeceil B AIEKTPOM3OINAIIOHHOM MaTepuaie. B ciydae
BBICOKUX HAINPsDKEHUH TOTEPH B AMAIICKTPHUKE BOSHHUKAIOT BCICACTBUE MO-
HU3AIMHA Ta30BBIX BKIIOYCHUN BHYTPU AUDIIEKTPUKOB, OCOOCHHO WHTCH-
CHBHO TPOUCXOJSAIICH NPH BHICOKHX YacTOTaxX. [IpW M3ydeHUH NMOBEICHHUS
IURJICKTPUKA C TIOTEPSIMHE TIPH ITEPEeMEHHOM HaIpsKEHHH YacTO OKa3bIBACT-
csl 1eNecoo0pa3HbIM 3aMEHHUTh PacCMATPUBACMBIA JHAIEKTPUK €MKOCTBHIO
0e3 noTepb (YUUTHIBACT SIBJICHHE TOJISIPU3AIMN) U aKTUBHBIM COIPOTHBIIE-
HUEeM (YYHUTBIBACT 3JIEKTPONPOBOAHOCTH), COCAMHEHHBIMH MEXAYy COOOMH
MapajyIesIbHO WIIN TOCIEA0BaTENBHO.

PaccMoTpuM cxemMy, SKBUBaJIEHTHYIO KOHJIEHCATOPY C JUJIEKTPUKOM,
06J'Ia):[aIOHH/IM MOTEPAMU U HAXOOAIIUMCA B LECIMU NMEPEMEHHOTI'O HAIIPSAKE-
nus. [locnenoBarenbHast ¥ mapaieNbHas cxeMa MpeCTaBICHbl Ha pucC. 8,
TaM JK€ JTaHBl COOTBETCTBYIOIIME TUArPaMMBI TOKOB WM HampspkeHuil. O0e
CXEMBI SKBHBAJICHTHBI JPYT APYTY, SCIU MPH PABEHCTBE IOJHBIX COIPOTHB-
JICHUW Z; = Z, = Z PaBHBI UX aKTHBHBIC M PEAKTUBHBIC COCTABIISIOMIUE. JTO
ycioBue OyneT COONIOJICHO, €CIIM YIIIbl CIBUTA TOKa | OTHOCHTENBFHO Ha-
npsokeHns U paBHBI U 3HAYCHHS aKTHBHON MOIIHOCTH OJHHAKOBBIL.

J% K3 TCOPUHU NIEPEMECHHBIX TOKOB M3BECCTHO, YTO!:

P,=U-l-cosg - (8)

Bripaszum P myist mocnenoBaTenbHON U mapayuienbHOM cxeMbl dyepes3 Cs
u Cp 1 yron 8 , KOTOpBIH ABJIAETCA JONOJHEHUEM yria ¢ 10 90 rpamycos.
JIyist mociIe0BaTeNIbHOM CXeMbl (puc. 9, a), HCIOJIb3ys BRIPAXKEHUS I Py 1
COOTBETCTBYIONIYIO TUATPaMMy, UMEEM:
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P_U VR Ve U? _U?-aC, 195 9
a = T 2 - 2
Z 7z X+4r X2.(1+r72) 1+tgo
X
u tgd=wCR..
Jnis mapamienbHO# cxemsl (puc. 9,0):
Pa :U2 .aﬁp t95 u tgs = 1 . (10)
@C, R

U3 dopmya (9) u (10) MOXKHO BHAETH, YTO AMDICKTPHUCCKUE MOTEPU
NIPUOOPETAIOT Cephe3HOe 3HAYCHUE ISl MaTepHajIoB, UCIIOJIB3YEMBIX B yC-
TAHOBKaX BBICOKOTO HAIIPSHKEHUsI, B BHICOKOYACTOTHOH ammapaType u 0co-
OEHHO B BBICOKOBOJIBTHBIX BHICOKOYACTOTHBIX YCTPOMCTBAX, HOCKOJIBKY Be-
JMYMHA JU3JICKTPUUECKHUX TTOTEPh NMPOIOPIHOHATIbHA KBAaJpaTy MPHIOKEH-
HOTO K JWRJICKTPHUKY HANpsDKEHUS M 9acToTe IMois. MaTepuaisl, mpeaHa-
3HAYaeMble JUI IPUMEHEHHS B YKa3aHHBIX YCIOBHUSX, JOJDKHBI OTINYATHCS
MaJIbIM 3HaYEHHEM YTIila MOTEPh U AUDIEKTPUUCCKOH NPOHUIIAEMOCTHIO, T.K.
B TPOTHBHOM CIIy4ae MOIIHOCTb, PAacCeWBacMasi B IHIJICKTPUKE, MOXKET
CTaTh HENOIYCTUMO OOJIBIIOMN.

JuanexTpuyeckre MOTepH M0 MX OCOOEHHOCTSAM M (PM3MYECKOW MpH-
POJie MOKHO TIO/IPa3/IeNIUTh Ha YEThIPE OCHOBHBIX BUJA!

1) nuBeKTpUYECKHe TIOTEPH, 00YCIIOBIICHHBIE MOJISPU3AIIHEi;

2) AMAIEKTPUUYECKHE TOTEPH, 0OYCIOBICHHBIC CKBO3HOM 3JIEKTPONPO-
BOJTHOCTBIO JIM3JICKTPHKA,

3) HOHM3ALMOHHBIE THAIEKTPUICCKHE OTEPH;

4) NIUANEKTPUYECKHE IIOTEPH, OOYCIIOBIICHHBIC HEOIHOPOIHOCTHIO
CTPYKTYPBI.

PaccMoTpuM KaX bl BHJ IMIJIEKTPUYECKHUX TTOTEPb.

Huanexmpuueckue nomepu, o0ycnognennsvie noaapusayuesi, oco-
OEHHO OTYETIMBO HAOIONAIOTCS B BEIIECTBAX, OOJIA/AIOIINX peJIaKCalH-
OHHBIMH BHJIaMH MOJIIPU3ALUH, B JTUIJIEKTPUKAX JAMIOIBHOW CTPYKTYpPHI U
B JIUBJIEKTPUKAX HOHHOU CTPYKTYPBI C HEIUIOTHOM YIIAKOBKOI HOHOB.

Penaxcayuonnvie IUDIEKTPUYECKUE TTOTEPU BBI3BIBAIOTCS HApPYLICHHU-
€M TEIJIOBOTO JIBWKEHHS YaCTHIL TI0/1 BJIMSHUEM CHJI AJIEKTPUUECKOTO MOJISI.
D70 HapylIeHHe MPUBOIUT K PACCESHHUIO SHEPTUU U HArPeBY JUAJICKTPHKA.
B temmeparypHOW 3aBHCHMMOCTH tgd pellaKCallMOHHBIX IHICKTPUUECKHX
MOTeph HAOJII0AAeTCsl MAKCHMYM TIPH HEKOTOPOH TeMmeparype, XapakTep-
HOHM ayst nanHOTO BemectBa (puc. 10). IIpu aroii Temneparype Bpems pe-
JIaKCaIMK YacTHIl JUJIEKTPHUKaA IPUMEPHO COBNAJAET C NEPHUOJIOM U3MEHE-
HUSI IPUJIO’KEHHOTO TIEPEMEHHOTO HampspkeHus. Eciu Temneparypa takosa,
YTO BpeMs pelaKCalliy YacTUIl 3HAYUTEJbHO OOJbIIe MOTyNepHona u3Me-
HEHUs! MPUII0KEHHOTO MEPEMEHHOTO HAINPSDKEHHUS, TO TEIUIOBOE JIBUYKEHHE
yacTull OyleT MeHee MHTEeHCUBHBIM. [loTepu yMeHbIIaTcs, eciiu Temiepa-
Typa TaKOBa, YTO BPEMS pPENaKCalWH YacTHUI] 3HAYUTEIHHO MEHBILE ITOJIY-
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nepuoaa M3MCHCHUA HAMPSKCHUA, 4 UHTCHCUBHOCTDL TCIIJIOBOI'O JABUKCHUSA
6yaeT 6OJ'H>IIIC, CBA3b MCKIAY 4YaCTHULAaMU YMCHBIIUTCA, B PE3YJIbTATC YCTO

NOTCPU TAKIKE CHUBATCA.

Kraccudukarms notepb B IUDIEKTPHKAX

JudiiekTpuye-
cKHe I''maBHBIE 0CO0EH- Buapl qudJjiek-
HOCTH TPHUKOB
noTepu
1.00ycnoBIEHHBI
€ noJispu3anuei
Hamnune wakcumy- JunonbsHble

penakcalMoHHbIC | Ma tgd yria moTeph, 3aBH- | KHUIAKHE W  TBEPIbIC
(IUIIONIbHBIE ¥ HOH- | CAUISITO OT TEMIIEPATYPHI | AUIIECKTPUKH, HOHHBIC
HBIC) M 9aCTOTHI C HEIUIOTHOHM YIIaKoB-
KoM
Hanuuue pe3ko BbI- Bce Buael nu-
PaXEHHOTO  MaKCHMYyMa | 3JIeKTPUKOB
IIpY HEKOTOPOM 4acToTe
pe30HaHCHBIE

1!
(Bbimre 10™ Tip), momoxe-
HHE KOTOPOI'O HE 3aBHCHT
OT TEeMIIEPaTypBhI

2. O0ycnoBIeH-
HBIE JJIEKTPOIPOBO/I-
HOCTBIO

HesaBucumocts 10-
TEPhb OT YacTOTHI (tg0 yria
MOTEPh C YacTOTOM CHH-
xKaeTcsl 1o rumepbone) u
3aMeTHOE BO3pacTaHHE C
pOCTOM TeMIepaTypsl

Kunxue u TBep-
JIbIE TUDJIEKTPUKH.
YKunkue u TBepbIC
JIUDJIEKTPUKH € OOTb-
IO 3JIEKTPONPOBO/I-
HOCTBIO

Habmopnarorcss  mipu I'azoo06paszHele U
HaNpsDKEHMSIX BBIIIE Ha- | TBEPABIE IUDIIEKTPUKU
3. Monn3anuoH- p pA A p
Hble MPsDKEHHST HOHU3AIUK Ta-|C ra3000pa3HbIMU
30B M Ta30BbLIX BKIIOYE- |BKIFOYEHUSIMHU
HUI BHYTPH JUIJICKTPUKA
CnoxxHas 3aBHCH- Heonnopoxausie
4. OOyCIIOBIICH- |MOCTh MOTEPh OT KOMIIO- | JHAICKTPUKH

HBIE HEOJHOPOIHO-
CTBIO CTPYKTYPBbI

HEHTOB, BXOJSIINX B CO-
CTaB JUBJIEKTPHUKA U CIIy-
YyaliHbIX IpUMeECEi
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Puc. 10. 3aBHCUMOCTB tgd OT YaCTOTHI M TEMIIEPATYPHI IS TIOJIIPHOTO
JIUAJICKTPUKA (TTOJTMBUHUJIAIIECTAT)

Pesonancnvie nomepu, IpoSBITIONIAECS B TUICKTPUKAX TIPH CBETO-
BBIX 4aCTOTax. JTOT BHUJ MOTEPh C 0COOOH YETKOCThIO HaOIIOaeTCs B He-
KOTOPBIX I'a3ax MPH CTPOTO ONPE/IEICHHON YaCcTOTE U BBHIPAXKACTCSl B MHTECH-
CHUBHOM TMOIIOIIEHUUN SHCPIUU IJICKTPUUCCKOI'O ITOJIA. Taxxe >t MoTepHU
BO3MOXHBI U B TBEPABIX BCHICCTBAX, €CJIM YaCTOTA BBIHYXJICHHBIX Kone6a—
HU, BBI3BIBAEMBIX AJICKTPUUECKHM II0JIEM, COBIAJaeT C 4acTOTOM cOOCT-
BEHHBIX KOIeOaHMMi JacTull TBEPAOIo BCIIECTBA. Hanuuwne MaKCUMyMa B
YaCTOTHOM 3aBHCHMOCTH tgd XapaKTEpHO TaKKe U JJIs1 PEe30HAHCHOTO MeXa-
HU3Ma MOTEPh, OHAKO B JAHHOM CIyYae TeMIIeparypa Ha MOJO0KECHHE MaK-
CUMyMa IOTeph HE BIIHSCT.

Jusnekmpuueckue nomepu, o00yciogiieHHble CKEO3HOU 31eKMPO-
npoeoonocmouro. JIWPNEKTPHUYECKUE IOTEPH, OOYCIOBJICHHBIE CKBO3HOU
MIPOBOIUMOCTBIO, OOHAPYKUBAIOTCA B TUIJICKTPUKAX, HMEIOIIUX 3aMETHYIO
AJIEKTPONPOBOIHOCTh, 0OBEMHYIO WJIM TIOBEPXHOCTHYIO. J[Manekrpudeckue
MOTEPH ATOTO BUJIA HE 3aBUCST OT YAaCTOTHI 3JIEKTPUYECKOrO TOJIsl, a tgd
YMEHBIIAeTCS C 4YacTOTOM Mo TurnepOoiInyeckoMy 3akoHy. Jluanekrpuue-
CKHE TIOTepH, 00YCIOBIEHHBIE MIEKTPOIPOBOIHOCTHIO, BO3PACTAIOT C POC-
TOM TEMIICPATYPHI 11O SKCIIOHCHIIUAJIBHOMY 3aKOHY.

Honuzayuonnvie ousnekmpuueckue nomepu CBOWCTBEHHBI JHAIICK-
TPHKaM B ra3000pa3HOM COCTOSHHH. MOHH3aIIMOHHBIC TIOTEPH MIPOSBIISFOT-
Cs B HEOJHOPOJHBIX MEKTPHUCCKUX MOJIX MPU HANPSIKEHHOCTAX, MPEBbI-
IIAFOIIUX 3HAYCHHS, COOTBETCTBYIOIINE HAYaTy HOHH3AIMY JAHHOTO Ta3a.

Musnekmpuueckue nomepu, 00ycnogiennvle HeEOOHOPOOHOCHIbIO
cmpykmypul. JIndneKTpudecKkue I1oTepu, 0OyCIOBJICHHBIE HEOIHOPOIHO-
CTBIO CTPYKTYPBI, HAOTIOAAIOTCS B CIIOMCTBIX TUAJICKTPUKAX M3 MPOMUTAH-
HOHM Oymarw m TKaHW, B IJIACTMAcCaX C HAIMOJHUTENIEM, B TMIOPUCTON Kepa-
MHKE, B IIPOU3BOAHBIX CJIIOJbI - MUKAHUTAX, MUKAJICKCE U T.H. B Ta6HI/IHe
MIpHUBeieHa KIacCU(UKAIHA TOTEPh B AMIICKTPHKAX.
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1.5. MeToauka u3mMepeHust

B mabopatoproii paboTe m3mepeHne € u tgd TBEPABIX AUAIIEKTPUKOB
MIPOM3BOJIUTCSL XOPOLIO M3BECTHHIM PE30HAHCHBIM METOJIOM C MPUMEHEHH-
eM npubopa u3Mepurens nooporaoctd win Q-merpa. Kak cnenyer u3 ero
Ha3BaHUS, OH MOXET NPUMEHSTHCSA Ul W3MepeHus: Ao0poTHocTH Q M
O0OBIYHO TPUMEHSETCS] IPU U3MEPEHHH JOOPOTHOCTH KaTYIIEK MHAYKTHB-
HOCTH. YnpouieHHas cxema Q-merpa nokasana Ha puc. 11.

B mpubope mcmomnb3yeTcs sBIEHHE pe30HAHCAa B BBICOKOIOOPOTHOM
MTOCTICIOBATEIEHOM KOJIeOaTeNbHOM KOHTYpe. DTOT KOHTYpP C(HOPMHUPOBAH
00pa3IoBoif BEICOKOIOOPOTHOM KaTymkoil WHAYKTUBHOCTH L u oOpasmo-
BEIM (0OBIYHO BO3AYIIHBIM) MepeMeHHbIM KoHaeHcaTopoMm Cl. Ha xonTyp
NOIAETCs HANPSDKEHHUE ¢ BBICOKOYACTOTHOrO reHeparopa G, wacrtoty f xo-
TOPOTO MOXKHO U3MEHATH B IIMPOKUX Ipenenax. Ha onpeneneHHoi yacToTe
fo curnana reaeparopa G, u3MeHsisi eMKOCTh KoHaeHcaTopa Cl, KoHTYp Ha-
CTpauBaeM B PE30HAHC, KOTOPBIH (PUKCHPYETCsl 0 MaKCUMaJIbHOMY 3Ha4e-
HUIO HampspkeHHs Ha BoibTMeTpe V2. CompotuBieHHe R xapakTtepusyer
oOlue nmoTepu BO BCeX 3JIEMEHTaxX KojiebarelbHOro KoHTypa. B MOMeHT
pe3oHaHca TOOPOTHOCTH KOHTYpa Q ompernesnsercs Kak OTHOLIEHHE IT0Ka3a-
uuii BosmbT™MeTpoB V2 u V1, 1.e. Q = V2/V1. Ecnu moanep:xuBaTh Hampsi-
JKeHHe TeHepaTopa curHana G Ha n3BecTHOM ypoBHe (Hampumep, 0,1 B), To
KAy BOJbTMETpa V2 MOXHO IPOTrpasynpoBaTh NPSIMO B 3HAYCHUSX 100-
potHoctH Q.

Ecnu B KOHTYp BHOCHTCS JIOTIOJIHUTENbHAS eMKOocTh CX, Harmpumep B
BU/IE€ €MKOCTH, IIOJIydEHHOH NPH TMOJKITIOYEHUH HCCIIETYyeMOro TBEPIOro
JUDJIEKTPUKA, TO M3MEHAIOTCA PE30HAHCHAs 4acTOTa KOHTypa U ero a00-
poTHOCTh. Pe3oHaHCHast yacToTa U3MEHSIETCS 32 CYET YBEIMUYEHUS] CyMMap-
Ho# emkocTu KoHTYypa C = Cl + Cx, a 10OpOTHOCTh KOHTYpa CHHXKAETCS 3a

V1

Puc. 11. Yapomennas cxema usMepurenst 1ooporaHoctu (Q-merpa)

CYET MOTEPb PA3NIUYHOTO THIA, BOSHUKAIOMINX B AMdJIeKTpuKke. Hactpausas
KOHTYp BHOBB B pE30HaHC Ha 3TO# e uactore Ty, mo pasHoctn mokazaumit
koHaeHcaropa Cl MOXHO ompefenuTh BeIWIUHY eMKocTH CX, T.e. 3TO U
€CTh €MKOCTbh HCCIIEyeMOr0 TUAJICKTPUKA. 3Has TEOMETPHUECKIE Pa3MepHI
MOJAKIIIOUEHHOT0 AUAJIEKTPUKA MOXKHO ONPEACIUTh BETUUYUHY € TUAIEKTPHU-
Ka, CII0JIB3YS (POPMYITy eMKOCTH IIOCKOTO KOHJICHCATOPA.

c_¢ -goS , (11)
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TZI€ € - OTHOCHTEIbHAs IUAICKTPUYECKas NMPOHHUIAEMOCTb IUIIEKTPHKA
KOHJIGHCATOPA, € - AOCONIOMHAA OUINIEKMPUYECKAs NPOHUYAEMOCHb Ba-
KyyMma (8028,8510'12 ®/m), S — mromane 06KIAIOK KOHIeHCaTopa, d — pac-
CTOSTHHE MEX]y OOKJIaIkaMH KOHAEHCAaTOoPa.

Ompenensst 3HadeHue eMKkocTH CX MOIKIIIOYEHHOTO JUAJIEKTPHKA U
YUHUTBIBasi pa3Mepsl 3JIEKTPOIOB (B paboTe HMCIHONB3YETCsl KPYIJIbIN dJIeK-
TPOJ TUaMETPOM 3 CM), MOYKHO PacCUUTATh € AMIIEKTPHUKA KaK:

o Cd (12)
8.85-10"%-S

YMeHbIIeHHE JOOPOTHOCTH KOHTYpa IO3BOJHT OLECHUTH BEIHUYHHY
MIOTEPh, BHOCHMBIX AMAJICKTPUKOM B KOJEOATENbHBIN KOHTYp, a CIIEl0Ba-
TeJIBHO, 1 tgd. ITpu 3TOM tgd MOXKHO paccunTath 10 GopmyIe

tg($= (Ql_Qz)'C1 , (13)
Ql'Qz '(Cl_cz)
rae Q; u C; — N0OPOTHOCTH KOHTYPa U €MKOCTh IEPEMEHHOT0 KOHAEHCATO-
pa NpH HENOAKIIOUEHHOM JuanekTpuke, Q, u C; — 10OPOTHOCTH KOHTYpa U
€MKOCTb IIEPEMEHHOT0 KOH/ICHCATOPA IIPH HOAKIIOUEHHOM AUDJIEKTPHUKE.

2. BoinosiHeHnue J1a00paTopHoil padoThI

JlabopartopHas paboTa BEINOIHAETCS MyTEM MOAEINPOBAHUS IIpOIiecca
N3MEpPEeHNS] PE30HAHCHBIM METOJOM OTHOCHTEJILHOM JMAJIEKTPUYECKON
MIPOHUIIAEMOCTH M TaHIeHCAa yIJIa JUAJIEKTPUUECKHX MOTEPh TBEPABIX AH-
AJIEKTPUKOB C HCIIONB30BAaHUEM IpHOOpa — m3Mepurens gooporHoctH (Q-
Metpa). s 3Toro nmpuMmeHsieTcsi creuaibHas IporpaMMa, BbITIOJIHSeMast
Ha nepcoHasibHOM KommboTepe (I1K). B aTy mporpamMmy 3aj105xeHsl MOJETH
W3MEHEHHs] XapaKTEePUCTUK Psijia AUDICKTPUKOB B 3aBUCUMOCTH OT M3MEHe-
HUsl IapaMETPOB OKPYKAIOLIEH CPElbl U BHEIIHUX BO3JEHUCTBUM, a TAaKKe
ucronb3yeTcs Moaens npudopa Q-merp. [Ipunimn usmepenus € u tgd omnu-
cad Boimie. [Ipu moaroToBke Kk paboTe HEOOXOAMMO U3YYUTh METOIUUECKHE
yKa3zaHus K 1abopaTopHoi paborte.

Jnst Havana paboThl HEOOXOIUMO 3arycTHTh Gaiin «Tanr awdm» Ha
Pabouem cronme IIK. mocie 4ero TMOSIBUTCS OKHO, HM300pa’keHHOE Ha
puc.12,a. OHO oTOOpakaeT Ha3BaHHE BBINOJIHAEMOI 1Ta00OpPaTOPHOI PabOTHI
1 KHOIIKH, Ha3HaYe€HHE KOTOPBIX MHTYHTHUBHO IOHATHO. YTpaBlICHHE TPO-
IpaMMO OCYIIECTBIIIETCS OOBIYHBIM CIIOCOOOM, IPUMEHSIEMBIM MTOBCEMeE-
cTHO B onepaionHoii cucteme Windows. Iocne menuka no kHonke «Ha-
YHHAEM» MOSBUTCS OKHO BBIOOpA MaTepUaIOB, KaK MMOKa3aHo Ha puc. 12,0.

Bpibop Marepuana OCYIIECTBISIETCS IENTYKOM [0 COOTBETCTBYOLIEH
3aKJajiKe ¢ Ha3BaHHeM marepuaia. Ha 3akiajke npeicTaBieHbl ONMCAHUE U
HEKOTOPbIEe XapaKTEePHUCTHKH BBIOPAHHOTO MaTepHaa ANICKTPHUKA.



33

2.1. IIpoBenenne u3MepeHui

[Mocne memyka mo kHonke «K M3MepeHHsIM» OTKPBIBAECTCS] OKHO U3Me-
peHusl mapaMeTpoB BHIOPaHHOTO JAMAJIEKTPHKA, MOKa3zaHHoe Ha puc. 13. B
3TOM OKHE 0TOOpakaloTcsi NpUOOp - M3MEPUTENb AOOPOTHOCTH U U3MEPH-
TenbHAs KaMepa ¢ 00pa3LoM AUIIEKTPHUKA. 3ech Ke 0TOOpaKarTCcs cxeMa
TIOJIKJIIOYEHHS UCCIIeyeMOTo 00pa3na AWUAIEKTPHKA U HCIOJIb3YyEeMbIE MpU
9TOM 3JIEKTPOMEL.

Heo0xonnmo BKIIFOYHTE MpHOOp memdkoM mo Tymonepy «Cetsby. 1o
YMOJYAHHMIO B M3MEPHTEIbHOH Kamepe ycraHoBieHa Temmeparypa 0 °C.

PFPTY
Kadeapa BMM3 BLIEUPAEM MATEPHAN

JIAEOPATOPHAR PABOTA M0 M3MEPEHHIO
OTHOCHTENEHON QMBNEKTPUHECKON MPOHILIAEMOCTIA

"
TAHTEHCA ¥I7IA [M3NEKTPHUYECKHMX NOTEPb
TBEPLbIX OM3NEKTPUKOB

preee cn

| eneeann B

a 6
Puc. 12. Buemnuii Bug okHa Hayasa paboThI (a) U BeIOOpa MaTepuasia
JIMDJIEKTPUKA 1151 uccienoBaHust (6)

Wzmepenue € u tgd AndeKTprKa HEOOXOIUMO NPOU3BOIUTE B CIIEIYIOICH
TIOCJIEI0BATENILHOCTH.

VYcTaHOBUTH HEOOXOAMMYIO YacTOTy T€HEpaTopa, UCIOJb3ysl KHONKU
BBIOOpA iMara3oHa U ABMKOK Ha IIKaJIe MIIABHOTO M3MEHEHUsI YaCTOTHI.

ccamgperen snacrana nareasa Fasusne 3.1 v
AT s anepia 3 e

[ ——

< é Wamepurens gobpotHocTy (Q-meTp) Mamepurens aobpoTHocTH (Q-MeTp)
u oy e — ’: — H‘ u-..
a a "
— -
s AT =
a 0

Puc. 13. Buemnuii BUJ OKHA JUIsl TPOBEJICHUSI H3MEPEHUI €3 TOAKIIo-
YeHHOro K Q-MeTpy mccieayeMoro obpasna AWdJIEKTpHKa (a) U C Moj-
KJIIOYEHHBIM 00pa31oM audjeKTpuKa (0)

1. Pyukoii mom CTpENOYHBIM HHIUKATOPOM «YPOBEHb» YCTaHOBUTH
CTpeNKy Ha mKase mpudopa Ha 1.
2. IenkHyTh M0 KHOMKE «VI3MEHHUTH TEMIEPATYPY» U B OKHO «3aAaTYHK
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TEMIIEpaTypbl» BBECTH C KJIABHATYPhl HYXXHYIO TEMIEpaTtypy B H3MepH-
TEJILHOM KaMmepe U HaxkaTh KHOMKY «Ilyck». JlokaaTbcss MOMEHTa yCTaHOB-
JICHUS 3aJJaHHON TEMIIepaTypbl B U3MEPHUTEIILHOM Kamepe.

3. V3MmeHsis 3HaYeHHE €MKOCTH MEPEeMEHHOI0 KOHAEHCATOopa MO LIKallaM
«EmMxoctb Tpy6o», «EMKOCTh cpenHe» u «EMKOCTB IU1aBHO», IO CTpenod-
HOMY mpubopy «J{oOpOoTHOCTE» NOOHMTBCS pe3oHaHCa B KoOJeOATEILHOM
KOHTYpE 10 MaKCHMaJIbHOMY OTKJIOHEHHIO CTPENKH Mpubopa. 3amucarh B
YepHOBHKE 3HaueHHe A00poTHOoCcTH Q; ¢ IM(pPOBOro WHAMKATOpa BHHU3Y
CTPENOYHOro MpuOOpa W 3HAYCHHUE EMKOCTH INMEPEMEHHOTO KOHJCHCATOpa
C;. EMKocTh KOHZIEHCATOpa B TUKO(apaaax ONpeaessieTcss CyMMUPOBaHUEM
3HaUYeHUH OU(PPOBBIX WHIUKATOPOB IO COOTBETCTBYIOIIMMH LIKAJIAMHU W3-
MEHEHHS EMKOCTH IIEPEMEHHOT0 KOH/IEHCATOPA.

4. TlomxmrouyuTh oOpaszel JUANEKTPUKa INeTYKkoM 1o KHonke «lloakimio-
YUTh 00pa3er» U MOBTOPUTH U3MEPEHUs B COOTBETCTBUU C II. 4. HoBBIE Be-
JIMYHUHBI I[O6p0THOCTI/I U EMKOCTHU 6y]1yT COOTBETCTBOBATh 3HAYCHUAM Q2 )44
Cz , IBMCPCHHBIM ITPU NOAKITIOYCHHOM B KOHTYP AUIJICKTPHUKE.

5. Otkmounth 00paser KHOMKOH «OTKIOYUTh 00pasely, mpu HeobXo-
JVMOCTH M3MEHHUTH YaCTOTY WJIN TEMIIEpaTypy B M3MEPHUTENBHON Kamepe B
COOTBETCTBHH C M. 1-3 ¥ IPOJOIKUTE B COOTBETCTBUH ¢ TIl. 4,5.

6. Ilpn HeoOXoaMMOCTH BBIOPATh APYTOHM AMBICKTPHK, UCTIONB3YS KHOII-
Ky «3aMEHHUTh MaTepHa».

3. [MocnenoBaTeIbHOCTH BHIOJHEHHS PA0OTHI
1. TlomyuuTh y mpernojaBaTeiisl 33jlaHH€ Ha MCCIIECIOBaHUE KOHKPET-
HOT'O IM3JIEKTPUKA B YKa3aHHOM JIHaIla30He TEMIIEPATyp U 4acToT.
2. Jlas KaXJ0oro 3Ha4YeHUsl TeMIlepaTypbl npoBecTH uzmepenus Q;, C;
n Qp, C, Ha QUKCHPOBAHHOW YacTOTE U MOJyYCHHbIC 3HAYCHUS 3aHECTH B
TalJIMILy, IPUMEP KOTOPOH MOKa3aH HUXKE.

Jnextpuk 1

Tem- | UYacrora Q: C, Q- C, Cx I3 tgd
nep.

3. PaccumTarh 3HaYeHUs € U 1QS IS UCCIIEAYEMBIX JIUIIEKTPUKOB TI0
¢dopmynam (12) u (13) u mocTpouTh rpadUKU 3aBUCHMOCTH ITHX MapamMeT-
POB OT YaCTOTHI M TEMIIEPATYPHI B COOTBETCTBHUH C 33 [aHUEM.
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4. Conep:kaHue OTYETA
4.1. OT4er BBINOJHSETCS KaXKIbIM CTYACHTOM UHIUBHIYaJIBHO.
4.2. OT4er NOIDKEH COAepIKaTh:
e Ha3BaHHUE PabOTHI;
LENb paOOTHI;
OCHOBHBIE TEOPETHIECKUE CBEACHHUS;
CXEMBI H3MEPECHNS;
MOTyYCHHBIC PACUCTHBIC JAHHBIC,
HeoOxomuMble rpadukd, TpeOyeMble 0 3aTaHHUI0;
CpaBHEHHE MOIYYCHHBIX JAHHBIX CO CIIPAaBOYHBIMU MaTEpHATIAMH.

5. Bonpochl 1J11 NOATOTOBKH K 3alIUTe JJa0opaTOpPHOIi padoThl

1. Yro Takoe AUMOIBHBIN MOMEHT U Ha YTO OH BIHAET B JUAJIEKTpUKeE?

2. UYem oTnmMyaeTcs MONIApHAs MOJICKYJia OT HEIOJISIPHOM?

3. Uto Takoe moJjsApu3alus JUANIEKTPUKA U Ha YTO BIHUSET 3TO sBIIE-
Hue?

4. Jlalite ompeneneHHe OTHOCHUTEIBHON NHAIIEKTPHUCCKON IpOHHIIae-
MOCTH.

5. IlepeuncnuTe OCHOBHBIC BUABI MOJISIPU3ALINH.

6. UeM oOTIMYAIOTCS 3JEKTPOHHAS TMOJSIPU3AINsA OT BIEKTPOHHO-
penaKcalioHHOW, MOHHAsI OT HOHHO-PETaKCAIIHOHHON ?

7. Kakue BUIBI NOJISIPU3ALUH MPUCYIIH MOJISIPHBIM ¥ HETIOJSIPHBIM JIH-
3JIEKTpUKaM?

8. Hapucyiite rpaduk 3aBUCUMOCTH € OT 4aCTOThI JUIsl MOJISIPHBIX U He-
MOJISIPHBIX TUIIEKTPUKOB.

9. Hapucyiite rpaduk 3aBUCHMOCTH € OT TEMIIEPATYPbI JUIS TOJISIPHBIX
1 HETIOJIIPHBIX AUIEKTPHUKOB.

10. Yro Takoe notepu B JUINEKTPUKaX?

11.Yro Takoe tgd Iuis MOCIEAOBATENbHON CXEMbI 3aMEIICHHS JUIJICeK-
TpuKa?

12.Yro taxoe tgd s napayiesibHOM CXeMbl 3aMeIeHNs TUIeKTpHUKa?

13. Hapucyiite rpaduk 3aBucuMOCTH tJ0 OT 4aCTOTHI ISl MOJISAPHBIX U
HETONSIPHBIX JUIIEKTPUKOB.

14. Hapucyiite rpaduk 3aBUCUMOCTH (O OT TeMIepaTypsl IS MOJSp-
HBIX ¥ HETIOJISIPHBIX AUAJIEKTPHKOB.

JIABOPATOPHASI PABOTA Ne 3
ONPEAEJEHHUE OCHOBHBIX TAPAMETPOB
KOHAEHCATOPOB
ean padoThI: H3MepeHne ¢ MOMOIIEI0 Ipudopa Q-MeTpa eMKOCTH U
JOOPOTHOCTH KOHAEHCATOpa NPH PA3IHUYHBIX YacTOTaX M TeMIIepaTypax,
pacdeT SKBUBAJICHTHOI CXEMBI KOHIEHCATOPA.
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1. Teopernyeckue cBereHUsI
1.1. O6mue cBeieHNs 0 KOHIEHCATOPAX

KonneHcaTopsl, Kak M Pe3UCTOPBI, MPEACTABISIOT MIUPOKUN Kiacc
KOMITOHEHTOB COBPEMEHHOI pasimodieKTpoHHO# armapartypsl (POA). B Ha-
cTodllee BpeMsl UMeeTcs JOCTaTOYHO HIMPOKas HOMEHKJIATypa 3TUX dJie-
MEHTOB, HCIOJIB3YIOIUX MOCIEIHUE JOCTUKEHUS HayKu U TexHHKH. [Ipo-
JOJDKaeTcs pa3paboTKa HOBBIX THIIOB KOHIEHCATOPOB ¢ Ooliee BHICOKMMU
3JEKTPUYECKUMH, TEXHOJIOTMUECKUMHU M HKCIUTYyaTallMOHHBIMHM IapaMeTpa-
mu. Konzpencarop — komnoHeHT POA, npenHa3sHauYeHHBIN U1 HAKOTUICHUS
QNEKTPUYECKON SHEPTHH M BO3BpAIEHHS €€ B 3NeKTpuiecKylo memb. Co-
CTOWT W3 NMEKTPOJOB (00KIATOK), pa3AeICHHBIX TUIICKTPUKOM.

KonneHcarop xapaxkTepu3yeTcsi HOMMHAJIBHOM €MKOCTBIO, JOMYCTH-
MBIM OTKJIOHEHHEM EMKOCTH OT HOMUHAJIBHOTO 3HaueHHs, HOMUHAJIbHBIM
pabouuM HampsOKCHUEM, CONPOTUBICHHUEM M30JIIUH, TOOPOTHOCTBIO H
JPYTUMH ITapaMeTpaMH.

Homunanenas emxocms konoencamopa — €éMKOCTb, KOTOPYIO JI0JKEH
nMeTh KoHaeHcaTop B coorBeTcTBUU ¢ 'OCToM. HoMuHanpHOE 3Ha4YeHHe
eMKOCTeH, B COOTBeTCTBHH ¢ pekoMeHmanmsiMu MOK (MexayHapomHas
ANEKTPOTEXHIUECKAasT KOMHUCCHS), CTAHIAPTU30BAHO M BEIOMpPAETCS W3 OII-
penenennsix psmos uncen E3; E6; E12; E24; E48; E96; E192 (undpa yka-
3BIBACT KOJMYCCTBO HOMUHANBHBIX 3HAUCHUU B KaXHo# nekazne). Tak, Ha-
npumep, Ui paga E6 HoMuHanbHbIE 3HAYEHUS B Mpefeiax AeKaabl COCTaB-
jsitot BenmuuHbl 1.0; 1.5, 2.2; 3.3; 4.7; 6.8. [lonHoe yka3aHHe HOMUHAlb-
HOW €MKOCTH COCTOUT M3 LUppBI 1 0003HAUEHHS eAMHULBI U3MepeHuil: O —
¢apana; Mk® — Mukpodapasa (10’6 ®); ud — Hanodapana (10'9 D); nd —
mukodapana (102 ®). dakTHIecKoe 3HAYCHHE EMKOCTH MOKET OT/IHYATHCS
OT HOMHHAJBHOTO B IIpeJeiax IoJis JOMycka, KOTOPOe UCUUCISIETCS B IPO-
LIEHTaX OT HOMHUHAJIBHOTO 3HAYCHUS U TaKXKe MOAUuHseTcs psany. MMerorcs
OyKBEHHasi MEX/JIyHapoJHas KOJUPOBKA JOIYCKOB M COOTBETCTBYIOIINE
oTedecTBeHHBIE 0003HaueHUs. CTOUT OTMETUTH, YTO OOINBIIMHCTBO 3apy-
OCKHBIX KOMITAaHWHA — TMPOW3BOAUTENICH KOHIICHCATOPOB MMEKOT CBOM yC-
JIOBHBIE 0003HAa4YEeHUS! THIIOB M MapaMeTPOB KOHAeHcaTopoB. Tabmuna mo-
ITyCKOB U UX yCJIIOBHOE 0003HAUYEHHE TPEICTABICHBI B IPUIIOKEHUH.

EMKOCTE GOJBIIMHCTBA KOHJICHCATOPOB 3aBHCHUT OT TEMIIEPATYPHI.
Js ee ydueta BBOAAT memnepamypuviti kodagppuyuenm emxocmu (TKE),
MTOKA3BIBAIOIINY OTHOCHTEIbHOE U3MEHEHNE EMKOCTH NP U3MEHEHHH TEM-
mepaTypsl Ha oamWH rpangyc. s o003Ha4eHHs HMCHOJIB3yeTcs OyKBEHHO-
udpoBast WK IBETOBAs (B BHIE IIBETHBIX IOJIOC WIIM IIBETa KOpPITyca KOH-
neHcaropa) koguposka. 1o pasnoBugHoctu TKE koHaeHcaTopsl pasjaens-
10T Ha KOHJeHcaTtopsl ¢ HeHopmupyeMblM TKE, ¢ nuHEHON 3aBUCUMOCTbBIO
TKE u nenuneiHoii 3aBucumoctsio TKE.

s xoHgeHcaTtopoB ¢ HeHopMmupyeMbiM TKE u HenuHeitHOM 3aBUCH-
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MocTeio TKE yka3seiBaeTcst pa3dbpoc HOMHHAJIBHOI €MKOCTH B JUAIa30HE
pabounx Temneparyp. [yl KOHIEHCATOPOB C JIMHEIHOW 3aBHCHUMOCThH €M-
KOCTH OT TEeMIIepaTypbl yKa3bIBaeTCsl TeMIlepaTypHblil koddduuuent 10°
§/°C (ppm/° C) B pabouem mmamazone temmeparyp (06sraHo -60 +85 °C).
Tabmnuna ycnosusix o6o3nauenunii TKE npencrasiena B npuiIoxKeHUH.

Homunanenoe pabouee nanpsiicenue — MakCUMajbHOE HaIpsHKEHUE,
IIpU KOTOPOM KOHJICHCATOP MOXKET HAJEKHO paboTaTh B TEUCHHE TapaHTH-
POBAaHHOTO CpPOKa C COXpaHEHHEM CBOHMX IapameTpoB. HomuHampHOE Ha-
NpsDKEHWE MEHBLIE HMCIbITaTeapHoro B 1,5...3 pasza W 3HAUUTENIBHO HUXKE
npobuBHOTO. [IpN HCHBITATETFHOM HANPSHKCHUH KOHAEGHCATOP MOXET pa-
00TaTh JIUIIH KpaTKOBpeMEeHHO. HOMUHANBHBIC HATIPSHKEHUS TAKXKe T10IIH-
HSIOTCS CTAaHIAPTHOMY PSAy.

Conpomuenenue uzonAyuy — CONPOTUBIEHUE KOHIEHCATOPA MTOCTOSH-
HoMy Toky.R,,=U/ly, , rne U — nanpsxenue; |y, — ckBo3HOM TOK (TOK yTed-
ku). CKBO3HOM TOK MPOBOAUMOCTH UMEET 3JIEKTPOHHYIO MJIM HOHHYIO IPH-
poxy. ConpoTHUBICHHE U30JIALUN KOHICHCATOPOB BCEX BUJOB, KPOME IJICK-
TPOJUTUYECKUX, BEJIMKO M BBIpa)KaeTcs B MeraoMax, FHraoMax, Tepaomax
(10%, 10°, 103).

Hocmosnnas epemenu xonoencamopa T=R,,*C xapaktepusyer KOH-
JICHCATOp IPU MCHOJIB30BAHUHU €r0 B IIENH MTOCTOSIHHOTO ToKa. [locTostHHAs
BPEMEHHU OOBIUHO UCIIONB3YEeTCS AJIS XapaKTepUCTHKU IUICHOYHBIX KOHJCH-
CaTOpPOB.

[Totepu 3Hepruu B KOHJIECHCATOpE Ha 3aJaHHOW 4acTOTE OIpenesseT
manzeHc yana nomeps tgo. Ilotepu onpenensroTcs THIOM TUJIEKTPUKA, €ro
Ka4ecTBOM, TEMIEpaTypol OKpYXKalomieH Cpeibl, YacCTOTOW MepeMEeHHOTO

-4
Toka. M3MeHeHue fgd mpoucxomut B mupokux npexpenax ot (10-15)-10
JUIsl (PTOPOIIACTOBBIX, CIIOJISHBIX, BRICOKOYACTOTHBIX KEpaMHYECKUX, IO-

JIMCTUPOJIBHBIX KOHAEHCcaTopoB U 110 (500-3500)-10 - JUISL OKCUJTHBIX.

JloOpOTHOCTh KOHZEHCATOpa Q- 1,18 tgs5=tgs, +tgs,, - Cymmap-

tgo
HBIC TIOTEPH ONPCACIIAIOTCA MNOTEPSAMU B AUDJICKTPUKE U MCTAUIMYCCKUX
oOkimazkax. Ha BBICOKMX 4YacTOTaX MOTEPH 3a CUET MOBEPXHOCTHOTO 3¢-
(ekta pacTyT M JOOPOTHOCTH KOHIEHCATOpa CHMXKaeTcs. JJoOpOTHOCTh Me-
HSETCSl TAKKE M3-332 YACTOTHON M TEMIIEpaTypHON 3aBUCHUMOCTHU IOTEPH B
JIMDJIEKTPHUKE.

KonneHcarop, BKIIOYEHHBIA B IIETIh IEPEMEHHOTO TOKa, O0NamaeT
MIOJTHBIM COMPOTHBIICHHEM (MMIICIAHCOM), BKIIOYAIONIUM KPOME EMKOCTH
OMHYECKOE COMPOTHBIICHHE W WHIYKTHBHOCTH. Ha BBICOKHMX YacTOTaxX OHHU
OKa3bIBAIOT OOJBIIOE BIUSHHUE HA aMILTUTYAY U QOPMY HATIPSHKCHHUU M TO-
KOB IICIH, B KOTOPYIO BKIIFOYCH KOHICHCATOP. YTIPOIICHHAS SKBHBAJICHTHAS
cXeMa M aMIUIUTYIHO-9aCTOTHAs XapaKTepHUCTHKA MOIYIS MOJHOTO COTIPO-
TUBJICHUS KOHICHCATOPA MPEICTaBICHEI HA puC. 1.
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Ha uacrore T KOHJICHCATOp MMEET COIPOTUBICHUE (MMIIEIAHC)

= 1
1Z|
C R L
= ;
®n " (o]
a) 0)

Puc. 1. DxBuBaneHTHas cxema (a) ¥ aMIUIUTY/JHO-4aCTOTHAsI XapaKTe-
PHUCTHKA MOJYJISl IOJTHOTO CONPOTHUBIICHUS KOHIeHCaTopa (6)
Ha BbICOKHX YacTOTaX KOHIEHCATOpP MOYKHO pacCMaTpHUBaTh Kak IO-
ClleIoBaTeIIbHBIN KoJieOaTeIbHBIN KOHTYP C PE30HAHCHOM 4acTOTOM

1 .
fp - 20 \/Lnic (2)

Ha pe3oHaHCHOI 9acTOTe KOMIICHCHPYIOTCS €MKOCTHAas M MHIYKTHB-

Has COCTaBisIomMe umnesanca, T. e._1 _, o . Conporusnenne pesko
2fC

CHIDKAeTCs, W KOHJCHCATOp WMEET YHUCTO aKTHBHOE compoTuBicHHe. Ha
4acTOTaxX HWKE PE30HAHCHOUW PEaKTUBHOE COMPOTHUBIEHHUE HOCUT €MKOCT-
HBIA XapakTep, Ha YacTOTE BhIIIE PE30HAHCHON — MHAYKTUBHEIH (puc. 1, 6).
Pe3onancHas qacToTa oMKHA OBITH B 2-3 pasa BhIlIe paboyeil.

[Tapa3uTHast MHAYKTUBHOCTH OOBIYHO Majia, COCTABIISAET eAUHUIIBI HI H
Yy KEPAMHUYECKUX, CIIOJSTHBIX KOHJIEHCATOPOB M COTHH HI H y OyMaKHBIX U
IUICHOYHBIX KOHACHCATOPOB OOJBIIOr0 HOMHUHANA. B KOHAEHcaTopax, uiro-
TOBJICHHBIX W3 TUDJICKTPUKA C PEIAKCAMOHHBIMH BUAAMHU TOJSPU3AIIHIA,
CHIKEHHE eMKOCTH Ha dactoTax 10°...10° I'i[ CBS3aHO ¢ yMEHBIICHHEM -
3JEKTPUYECKON MPOHULAEMOCTU. B 3IEKTpOIUTHUECKUX KOHJEHcATopax
EMKOCTh HAYHHAET yMEHBIIATHCS yKke Ha yactoTax 10°..10% ',

1.2. KonpgeHcaropsl 1Jis1 COBpeMeHHOii Majoradaputnoii POA

CoBpemenHass PDA xapakTtepu3yeTcsi HOBCEMECTHOW MHHHATIOpH3a-
e W yMEHBIICHHEM ee MaccorabapuTHBIX XxapaktepucTuk. lllmpoxoe
IIpUMEeHeHHne OOoNbINX HHTErpaIbHbIX MUKpocxeM (BYC) mo3Bommio pe3ko
CHU3HTH pa3Mephl U Maccy OosbmuHCTBa 00pas3ioB POA. [Ipumenenue mo-
BEPXHOCTHOTO MOHTaXa JIEMEHTOB M MHUHHATIOPH3ALNS ITaCCHBHBIX KOM-
TIOHEHTOB BJIEKTPOHHBIX YCTPOWCTB NMOTPeOOBaIM yMEHBIIEHUS pa3MeEpOB
KOHJICHCAaTOPOB OCHOBHBIX THIIOB, COM3MEPUMBIX 110 rabapUTHBIM XapakTe-
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PHUCTHKaM C pa3MepaMH OCHOBHBIX 3JIEMEHTOB IUIsi TOBEPXHOCTHOTO MOH-
Taxa. Takue KOHJEHCATOpPHI BBHITYCKAIOTCS B CIEIHMAIBHBIX KOpPITycax
(SMD), u ux naspiBator UUII kougeHcatopsl. [IpuMep Takoro poga KOH-
JICHCATOPOB IoKa3aH Ha puc. 2. O0sraH0 YUII KOHAEHCATOPHI yIIaKOBBIBa-
I0TCS B JICHTY, KOTOpas cHaOxeHa mepdopanueld U I03BOJSET JIETKO
BBIOMpATh WX Pa3IMUYHBIMKM aBTOMATaMH IPH YCTAHOBKM Ha MEYaTHYIO ILa-

Mepdopaums

EEEEN

Konpexcarop

Puc. 2. YUII xoHaeHCaTOPHI

Ty.

JInnelinble pa3zMepbl TAKUX KOHAEHCATOPOB JIEKAaT B Mpefenax OT Je-
CATBIX Aosied 10 eanHuAL MIIIMeTpoB. YUIIT koHaeHCaTOPBI HCIOIB3YIOT-
cs B MayorabapuTHBIX, IEPEHOCHBIX U OpyTux THmax POA. B Hacrosmee
BpeMsi KaK y Hac B CTpaHe, TaK M 32 pyOekoM OOJIBIIOE KOJIHYECTBO KOMIIa-
Huii npousBoaar UMII koHAeHCATOPHI OT IPOCTBIX KEPAMUYECKHUX JI0 DIIEK-
TPOJIMTUYECKUX C BEIMUMHAMH HOMMHAJIOB OT €AMHUII uKodapas o Je-
csaTKOB MuKpodapaj. Takue KOHAEHCATOPHI MOT'YT HCIIOJIb30BAThCS IMpPaK-
TUYECKH B JIFOOBIX Anama3oHaxX 4acToT. B kadecTBe mpumepa Hike B TaOII.
1 u 2 mpuBeneHHI TUIOBBIE pa3Mepsl M HeKoTopele mapamerpsl UMII koH-
JieHcaTopoB komranuu npousBoaurens Vibrant Development.

Tab6muma 1
Tunopasmepsr YUI1 korneHcaTopoB koMmnanuii Vibrant Development
Tunopazmep L |W H A
Min | Max
1210 32126010 |125 0,75
MM | MM | MM | MM | MM
Tabiuma 2
IMTapamerpsr YUII xonpeHcaTopoB komnanui Vibrant Development
JuanexTpuk NPO X7R
JlnanazoH HOMUHAJIBHBIX €MKOCTEH 1n® - 3.35® 470 n®d-0.1mMxD
Jnana3oH pabodnx Temieparyp -55 -55
+125°C +125°C
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2. Metoaunka npoBeaeHNs H3MePeHHit

B nanHO# paboTe omnpenensioTcs mapaMeTpbsl KOHIEHCATopa: HOMH-
HaJlbHasi eMKOCTB, tgd, akTuBHOE conpotusieHue noteps u TKE. B nabopa-
TOpHOH paboTe N3MepeHne napamMeTpoB KOHAEHCATOPOB ITPOU3BOANTCS XO-
POIIO M3BECTHBIM PE30HAHCHBIM METOJIOM C IPHMEHEHHeM Ipudopa - u3-
Meputens nooporHoctH, win Q-merpa. Kak crnemyer W3 ero Ha3BaHHs, OH
MOJKET IPUMEHSATHCS U H3MEpEeHUs JOOpOoTHOCTH Q U OOBIYHO TPUMEHS-
€TCsl IPU U3MEPEHHH JOOPOTHOCTH KATYIIeK HHIYKTUBHOCTH. YIIPOLICHHAS

V1

Puc. 3. Ypomennas cxema usmepurens 1oo6poraoctu (Q-merpa)

cxema Q-MeTpa nokaszaHa Ha puc. 3.

B mpubope ucnonp3yeTcst SBIEHHE PE30HAHCA B BBHICOKOIOOPOTHOM
MIOCJIEI0BATENIFHOM KOJIE€0aTEeIbHOM KOHTYpE. DTOT KOHTYp C(OPMHPOBaH
00pa3IoBoif BEICOKOIOOPOTHOH KaTymIKkoil WHAYKTUBHOCTH L u oOpasmo-
BbIM (OOBIYHO BO3AYIIHBIM) IepeMeHHBIM KoHaeHcatopoMm Cl. Ha xoHTyp
MOIAeTCsI HAMPSKEHUE C BBICOKOYACTOTHOTO reHepartopa G, gactoty f xo-
TOPOro MOXHO U3MEHATH B IIUPOKUX Npeaenax. Ha onpenenenHoil yacrore
fo curnana reaeparopa G, u3MeHsist eMKOCTh KoHAeHcaTopa Cl, KoHTYyp Ha-
CTpauBaeM B PE30HAHC, KOTOPBIH (PMKCUPYETCsI MO0 MaKCUMAJILHOMY 3Hade-
HUIO HampspkeHHs Ha BojbTMeTpe V2. CompoTuBieHue R xapakTtepusyer
oOmue moTepu BO BCEX 3JIEMEHTaxX KoJjeOaTelnbHOro KoHTypa. B MoMmeHT
pe3oHaHca I0OpOTHOCTh KOHTYpa Q ompezernsercst Kak OTHOIICHUE TT0Ka3a-
uuii BonpT™MerpoB V2 u V1, t.e. Q = V2/V1. Ecnu nognepxuBaTh Hampsi-
KEHHE TeHepaTopa Ha HM3BECTHOM ypoBHe (Hampumep, 1 B), To mxamy
BoJbTMETPa V2 MOXKHO IIPOTPpalynpoBaTh B 3HAUCHUAX JOOPOTHOCTH.

Ecnu B KOHTYp BHOCHTCS JIONIOJHUTEIbHAS eMKocTh CX, Hampumep B
BHZIE EMKOCTH HCCIIEyeMOro KOHJAEHCATOPa, TO U3MEHSIOTCS Pe30HaHCHAs
4acToTa KOHTYpa M ero 100poTHOCTh. Pe3oHaHcHas gacToTa M3MEHSAETCS 3a
cYeT yBenuveHus cymmapHoi emkoctu koHTypa C = Cl1 + Cx, a g06poTt-
HOCTh KOHTYpa CHIDKAeTCA 3a CYET MOTeph Pa3IMYHOIO THIA, BO3HUKAIO-
IMX B MOJKIIOUYEHHOM KOHJeHcaTope. HacTpamBas KOHTYp BHOBB B pe3o-
HaHC Ha 3ToW ke vacrore Ty, Mo pasHocTH mokasanuit koHgeHcatopa Cl
MOYKHO OIPENENIUTh BENNYNHY eMKOCcTH CX, T.€. 3TO U €CTh eMKOCTb HCCJIe-
JyeMOTro KOHJEHCaTopa.

YMeHbIIeHHE JOOPOTHOCTH KOHTYpa IO3BOJHT OLEHUTH BEIMUYHHY
NOTEpPh, BHOCUMBIX KOH/IEHCATOPOM B KoJieOaTesIbHBII KOHTYp, a CIIeJ0Ba-
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TENBHO, U ero tgd. [Ipu 3TOM tgd MOKHO paccuuTaTh Mo GopmyIie
tgs = (Q1_Q2)'C1 y (3)
Ql 'Qz '(Cl _Cz)
rac Ql u Cl - )106pOTHOCTL KOHTYpa U €EMKOCTb NEPEMEHHOI'0 KOHACHCATO-
pa IpH HEMoIKIIOYEHHOM HccieyeMoM KoHaeHcarope, Q, u C, — nobpor-
HOCTb KOHTYpa MU €MKOCTb NEPEMCHHOI'0 KOHJACHCATOpa MNpHU MOAKIHOYCH-
HOM K Q-Mepr HCCIICAYECMOM KOHZICHCATOPE.

3. BeinosHeHne J1a00paToOpHOii padoThl

JlabopartopHasi paboTa BHIMOIHIETCS MyTEM MOJCIUPOBAHUS ITpoliecca
HU3MEpEeHUS] PE30HAHCHBIM METOOM EMKOCTH HCCIIEyeMOro KOHIEHCATOPa
Y TAHTEHCA YIJa ero JUAJIEKTPUYECKUX MOTepPh C NPUMEHEeHHeM prbopa —
uamepurens gobpornoctu (Q-merpa). Jlist ITOro0 UCTOIB3YETCs CIEHATb-
Hasl IporpamMma, BhINONHsIeMas Ha nepcoHaibHoM Kommbiotepe (T11K). B sty
MPOrpamMMy 3aJI03KEHBI MOJICIIH U3MEHEHHUSI XapaKTEPUCTHK psiia KOHACHC Ca-
TOPOB OT U3MEHEHUS MapaMeTPOB OKPYKAIOILEH Cpeabl U BHELIHUX BO3/CH-
CTBHi, a TAKXK€E MCIOJIB3YETCsT MOJIeNb pubopa Q-metp. [punImn u3mepe-
nust Cx u tgd onucan Bbiie. [Ipu moaroroBke Kk padbore HEOOXOIUMO H3Y-
YUTh METOJNYCCKIEC YKa3aHHs K J1a00paTopHO paboTe.

Hus Havajga paboThI HE00XO0IUMO 3aMyCTUTh (haiin
«Jlab_xongencarop» Ha Pabouyem crone IIK, mocne yero mosiBUTCS OKHO,
n3obpaxkeHHoe Ha puc. 4,a. OHO 0TOOpakaeT Ha3BaHME BBIMOJIHACMOH J1a-
GopaTopHO# pabOThl M KHOMKHU YIPABJICHHS, Ha3HAUYCHUE KOTOPBIX UHTYH-
TUBHO TOHATHO. YMpAaBJIEHHE MPOrPaMMOil OCYIIECTBISETCS OOBIYHBIM
crocoboM, MPUMEHSIEMbIM MMOBCEMECTHO B omepanuoHHoil cucteme Win-
dows. Tlocne menyka nmo kHomke «HaunmHaem» TMOSIBUTCSI OKHO BbIOOpa

PrPTY
Kacegpa BMN3 BbIBHPAEM KOHAEHCATOP

NIABOPATOPHAR PABOTA MO M3MEPEHMIO
OCHOBHbBIX MAPAMETPOB BY KOHOEHCATOPOB P3A

Y GOCTO TR AT G HGORNS APAASON RO ey, YT

ﬁ :mmm LTSRS SHASACATCPS € © 1330 NS PN 3G
m

I ¥
ooy et ot ) oo V.t

31 ool =HRICATID e G ST TSI
eTA SO s SEriagor. 1 LT WETARASMFCEINSLI TN

TR act 2 e oOTMTETEPUM gl s
TGP AT VAR 58 CLEGHHEET

e woon

a 6
Puc. 4. OkHa 3amycka 1abopaTopHOii paboThl

KOHJICHCATOpa, KaK IMOKa3aHo Ha puc. 4,0.

Br10op KOHIEHCATOpa OCYIISCTBISCTCS IETYKOM MO COOTBETCTBYIO-
el 3aKiajgKe ¢ Ha3BaHUEM KOHJeHcaTopa. Ha 3akiajgke MmpencTaBICHBI
OTHCaHNE U HEKOTOPHIE XapaKTEPUCTUKH BEIOPAHHOTO THIIA KOHIEHCATOPOB
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JUISL KCClleoBaHMs B JlabopaTopHOii padoTe.
3.1. IIpoBenenne usmepeHmi

IMocne menuka mo kHomke «K M3MEpEeHUsIM» OTKPHIBAETCSI OKHO IPO-
BeleHHs M3MepeHnit npubopom Q-mertp, nokazaHHoe Ha puc. 5. B atom ok-
HE O0TOOpaXaloTcsi MPHOOpP - U3MEPHUTENh JOOPOTHOCTH U M3MEPUTEIIbHAS
Kamepa ¢ oOpa3uoM KongeHcaropa. Ha puc. 5,a uccieryeMslit KOHAEHCATOP
HE MOJKIIoYeH K mpubopy Q-merp, a Ha puc. 5,0 moakimodeH. 31ech ke
otoOpaxaercsi QyHKIMOHANBHAS CXeMa MOKIIIOYSHHUS UCCIIELyeMOro KOH-

T

% é Msmepsens aoBpaTHocTy (Q-meTp) ?’ § Wamepurens gofpomHorTi (Q-weTp)

w0

Wocrmgyeon imasncarcp psparmrece TprGsaTst KT-1 oese

0

Hacrara a0

Puc. 5. OkHoO mpoBeAeHus u3Mepenuii mpubopom Q-merp

JeHcaTopa.

Heob6xoanmo BKmoYuTs MpHOOp merukoM 1o Tymoiepy «Cetb». Ilo
YMOJIYaHUIO B U3MEPUTEIBHOM KaMmepe ycTaHoBieHa Temneparypa 20 oC,
W3mepenne mapaMeTpoB KOHAEHCATOpa HEOOXOIUMO MPOHM3BOAUTH B Clle-
JyIoLIEeH MOCIe10BaTebHOCTH.

1. YcTaHOBUTH HEOOXOAMMYIO YacTOTYy T'€HEpaTopa, UCIONb3YS KHOIKH
BbIOOpA IMamna30Ha U ABMKOK HA IIKaJe IUTaBHOTO N3MEHEHMS 9aCTOTBHI.

2. Pyukoli TOA CTpENOYHBIM HWHIHUKATOPOM «YPOBEHb» YCTaHOBUTH
CTpeJKy Ha IIKaJie Mprudopa Ha OTMETKY «1».

3. UenkHyTh 1o KHOMKe «/3MEHUTH TeMneparypy», B OKHO «3aJaT4HK
TEMIEpaTypbl» BBECTU C KIaBHATYyphl HYXKHYIO TEMIEpaTypy B H3MepH-
TENBbHOM Kamepe U HaxkaTb KHONKY «Ilyck». JloxknaTbcs MOMEHTA yCTAaHOB-
JICHH 3aJ]aHHOM TeMIIepaTyphl B U3MEPUTEIILHON KaMepe.

4. V3MeHsis 3HaYeHHE EMKOCTHU MEPEMEHHOI0 KOHJEHCaTopa Mo MIKaiaM
«EmMxoctb Tpy6o», «EMKoCTh cpernHe» H «EMKOCTB IU1aBHO», IO CTpenod-
HOMY mpubopy «J{oOpoTHOCTE» NOOHMTBCS pe3oHaHCa B KOJeOaTeNLHOM
KOHTYpE€ 10 MaKCHMaJbHOMY OTKJIOHEHHIO CTpPeNKH Ipubopa. 3ammcaTts B
YepHOBHKE 3Ha4YeHUe a00poTHocTH Q) ¢ 1M(POBOro MHIUKATOpA BHHU3Y
CTPEJIOYHOr0 MpHOOpa W 3HAYCHHE €MKOCTH IEPEeMEHHOTro KOHJIEHcaTopa
C;. B mporecce npoBeneHuss U3MEPEHUI HA OJHOW YacToTe 3HadeHUs Q; u
emMKocTs C; OCTaloTCs MOCTOSHHBIMU. EMKOCTB KOHIEHCATOpa B MHKO(hapa-
Jlax OmpeseNnseTcs CyMMHpPOBaHMEM 3HaueHHWH IHU(POBBIX HHANKATOPOB
IOJ COOTBETCTBYIOIIMMH IIKAJIaMU M3MEHEHHsS E€MKOCTU IEePEMEHHOro
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KOHJICHCATOopa.

5. TloAKIIOYHUTE UCCIICAYSMBIH KOHICHCATOP IIEITYKOM 1Mo KHomke «Ilon-
KIIFOYHUTH 00pa3en» U MOBTOPUTH U3MEPEHUS B COOTBETCTBUHU C 11. 4. HoBbIC
BEJIMYUHBI JOOPOTHOCTH U EMKOCTH OYIYT COOTBETCTBOBAThH 3HaYCHHUIM Q)
u C, , I3MEpPEHHBIM MPH MOKIIOUYCHHOM B KOHTYP KOHJICHCATOPE.

6. OtkmounTth 00pa3zen KHOMKOH «OTKIOYUTE 00pasely, mpu HeoOXo-
JMMOCTH M3MEHHUTh YaCTOTY WJIM TEMIIEPATypy B U3MEPUTEIBLHON Kamepe B
COOTBETCTBUH ¢ M. 1-3 ¥ mpoIOIDKUTH H3MEpeHns Kak B Iil. 4,5.

7. Tlpu HEOOXOOUMOCTH BBHIOpATh JAPYroH KOHIEHCATOp, HCIIONB3YS
KHOIIKY «3aMEHHUTh KOHICHCATOPY.

4. TTocnenoBaTeILHOCTH BbINOJHEHHS PA00ThI
1. Tlonyuuts y mperomaBaTess 3aJaHie Ha HCCICIOBAHHE KOHKPETHBIX
KOH/ICHCATOPOB B YKa3aHHOM JHaNa30He TEMIIepaTyp U 4acToT.
2. Jlns KaxIoro 3Ha4YeHUs TeMIlepaTypbl npoecTH uzmepenus Q;, C; u
Q, C, Ha QUKCHPOBAHHOW YACTOTE W MOJYYCHHBIC 3HAYCHHS 3aHECTH B
TabIIHILy, TPUMEpP KOTOPOU MOKA3aH HUXKE.
3. Paccuurats 3nauenns C, X¢, Q, Ry s uccneqyeMbIx KOHACHCATOPOB
o gopmyiam (4) — (8) u moctpouth rpaduKu 3aBUCHMOCTH ITUX Mapa-
METPOB OT YacCTOTHI M TEMIICPATyphl B COOTBETCTBUH C 33JIaHUEM IIPEIo-
JlaBaTeIIs:

— €MKOCTb KoHJieHcaTopa C=C,-C,; 4)
— PEaKTHBHOE COMPOTHBIICHHE ¥  — 1, )
¢ 2dC
— 106POTHOCTE KOHJCHCATOPa () _ (C,-CRQ; (6)
Cl(Ql - Qz)
— aKTUBHOC COIIPOTHBJICHUE R _ CQ/Q,-Q,; )
" 2ACQQ,
- TAHTEHC yIJIa MOTepb KoHAeHcaTtopa tgd= 1/Q. (8)

4. Ompenenuts TKE koHzAeHCaTOpa B yKa3aHHOM AHMaNa30He TEMIEpPaTyp
1 COIIOCTaBUTh €r0 CO 3HAUCHMSIMH, YKa3aHHBIMH B NPUIOKEHHHU K Jabopa-
TOpHO# padorTe.

5. Conep:xkaHue oT4eTa
5.1. OTueT BBIMOTHAETCS KaXIbIM CTYJCHTOM WHIIUBUIYaJbHO.
5.2. OT4eT M0IKEeH COePIKaATh:
e Ha3BaHHUE PabOTHI;
e 11eib paboThl;
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OCHOBHBIE TEOPETHYECKUE CBECHUS;
CXEMBI U3MEPEHNS;

MOJTyYCHHBIE pacUETHBIE JAHHBIE;

HeoOxonumble rpaduku, TpedyeMble 1Mo 3a1aHuIo;

CpaBHEHHE MOJyYSHHBIX JaHHBIX CO CIIPAaBOYHBIMU MaTepHaIaMH.

6. Kiaccudukanus 1 MapKupoOBKa KOH/IEHCATOPOB

KrnaccudunupyroT KoHIeHCATOPH! N0 TUIy Iu3ieKkTpruka. CokparieH-
Hble 0003HAYEHHS COAEPXKAT TpH 31eMeHTa. [1epBblif aneMeHT - OykBa nnn
coyeranne OykB - ompezaenseT Tun KoHjaeHcaTtopa (K - mocrosHHON emKo-
ctu; KII - nepemennoit emkocty; KT - noncrpoeunsiit; KC - konaeHncatop-
HOH cOopku). BTopoil aneMeHT — yucio, 0003HAYAOINIEe UCTIOIb3YEMBbIi
BUA qudsekTpuka: 10 — kepamudeckue Ha HOMUHAJIbHOE HANpsDKEHHE 10
1600 B; 15 — xepaMuyeckrue Ha HOMHUHaIBHOE HanpspkeHue 1600 B u BbI-
me; 20 — kBapueBble; 21 — cTekIsHHBIE; 22 — CTeKJIOKepamuueckue; 23 —
cTekinosMajeBbie; 31 — COIOASHBIC MaJod MOIIMHOCTH; 32 — CIIOJSHBIC
0o0sbII0i MoIHOCTH; 40 — OyMaXkHbIC HA HOMHHAJIBHOC HAIPSIKCHUE 0 2
kB c obkmankamu u3 Qonsru; 41 — OymaskHple HA HOMHHAJIBHOE HaIpsDKe-
Hue 2 kB u BBImE ¢ oOkmaakamu w3 Qonbru; 50 — 3IEKTPOTUTHICCKHC
(oTBProBbIC ATIOMUHUEBBIE; 51 — 3JEKTPOIUTHIECKUE (OIBIOBBIC TAHTAIIO-
BEIC, HHOOHUEBBIC U JIP.; 52 — 3IEKTPOIUTHICCKAE 00BEMHO-TIOPUCTEIC; 53 —
TIOJTYIPOBOTHUKOBBIE OKCHIHBIC; 54 — MeTaJulMueckue OKCHIHbIe; 60 —
BO3/ylLIHbIe; 61 — BakyyMmHbIe; 71 — nonuctupoibHeie; 72 — ¢groporuiacto-
BbIe; 73 — moJudTHIEHTEepedTaaTHbIE JIABCAHOBBIE; 72 — KOMOWHHMPOBaH-
Hble; 76 — nakoruleHOYHbIe; 77 — moJuKapOOHaTHble. TpeTuil aneMeHT —
MOPSAKOBBIM HOMEp, NMPHCBaMBaeMBIi IpU pa3paboTke. J[omomHUTEIHHO
MOXET coliepkaTh OykBeHHOe o0o3Hayenue (I1 — a1 paboThl B Lemsx mo-
CTOSTHHOTO M MEPEMEHHOT0 TOKOB; Y — 1yisi paboThl B LIEMSIX NMEPEMEHHOIO
Toka; M — u1a paboThl B UMITyJIbCHBIX pexuMax; Y — Juis paboThI B IETsX
TIOCTOSTHHOTO TOKa U B UMITYJIBCHBIX PEXHMAaX).

OO0o3HaueHNss 1 MapKUpPOBKa MPUMEHSIOTCS IBYX THIIOB B 3aBUCHMO-
CTH OT pa3Mepa KoHJieHcaTopa. Ha koHeHcaTopax 6oibmoro pasmepa 000-
3HAYalOTCS TUI, HOMHHAJIbHAS €MKOCTb, JOyCTUMOE OTKIIOHEHUE €MKOCTU
B NPOLEHTaX, HOMUHAJIBHOE HANpPsDKEHHE, MapKa 3aBOAA-U3TOTOBHUTENS,
MECSIII U TOJT BBIITCKA.

IIpn MapKHpOBKE MPHUMEHSIOTCS 0003HAYCHHS IOJHBIE WM COKpa-
meHHble  (KomupoBaHHbIe). KoampoBaHHBIE 0003HAaYE€HUS HOMHHAILHOM
€MKOCTH COCTOSIT 3 TPEX MJIM YETHIPEX 3HAKOB, BKIIOYAIOUINX JBE WIIH TPU
1mdpsl 1 O6ykBy. BykBa 0603HauaeT MHOXHTENb p, n, AL, m , F (cooTBeTcT-

BEHHO 10'12, 10'9, 10'6, 10'3, 1) ni1st 3HAYEHUI eMKOCTH, BBIPAKEHHBIX B (a-
panax. Hampumep, 5,6 nd-5p6; 150 nd-150p(n15); 2,2 mxd-2 L1 2; 10



M®-10m. KoxupoBaHHuble 0003HaYeHUS JOIMYCTUMBIX OTKJIOHEHUH MPUBO-
JISITCSL B CIIPABOYHOM JTUTepaType (B TabIunax ).

Hwxe npeacraBieHa KOAUPOBKA JOMYCKA€MBIX OTKIOHEHUN €MKOCTU
KOHJeHCaTopoB. bykBeHHOE 0003HaUeHHE J0MyCcKa YKa3aHo Ul MEXIyHa-
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POIHOTO M POCCUICKOTO CTaHAAPTOB.

Homnyck, % | BykBenHoe o6o3nauyenne | IBer

+0,1 nd* B (K) He yxazan
+0,25 nd* | C (V) OpaHKeBbIi
+0,5 nd* D (1T) Kentorit

+1 nd* F (P) Kopuunessrii
+2 G D KpacHsrii

+5 J () 3eneHsblit
+10 K (©) Bensrit

+20 M (B) YepHsIit

+30 N (D) He yxazan
-10...+30 Q(O) He yxazan
-10...+50 T (D) He ykazan
-10...+100 |Y (1O0) He ykazan
-20...+50 S (b) ®duoneToBbIi
-20...+80 Z (A) Cepplii

* Jnst KOHAGHCATOPOB eMKOCThIO MeHbIle 10 nd

Komuposka TKE koHzaeHcaTOpOB.

Konpencaropsl ¢ HeHopmupyembiM TKE

I'pynna Homnycxk npwu - BykBeHHbIT Iper
TKE 60...+85 °C (%) | xon
HI10 +10 B OpankeBblit
+4epHBbIi
p
OpamkeBbIit
- 20 £ (+KpacHsbIi)
H30 +30 D OpankeBblit
(+3eneHbIit)
H50 + 50 X OnanXernlif
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(+rony0oit)

OpaHxeBbIi
H70 =10 E (+dmoneroBsrit)

OpamKeBbIii
H90 £90 F (+0eprit)

* COBpeMeHHafI LOBETOBAsA KOJAUPOBKA. LlBeTHLIe IIOJIOCKH UJIM TOYKH.
BTOpOfI LOBCT MOXECT OBITh MpeACTaBJICH IBETOM KOpITyCa.

KOH}ICHC&TOPBI ¢ JINHEHHOI 3aBUCHMOCTHI0 éeMKOCTH OT TeEMIIEpaTypbl

MexnyHa- TKE BykBen-
O6o3naye- _ o N s
wne TOCT | PoA gppm/ C) | nbiid IBer
HOe KO
Kpacusrii
11100 P100 +100 A (+duoneroBs
i)
1133 +33 N Cepperi
MIIO NPO 0(+30...- C UYepHsrit
75)
-33
M33 NO030 (+30...- H KopuuHeBsrii
80)
-47
M47 NO50 (+30...- M Kentorid
80)
-75
M75 NO080 (+30...- L Kpachbrit
80)
-150
M150 N150 (+30...- P OpaHxeBbIi
105)
-220
M220 N220 (+30...- R Kenrerit
120)
-330
M330 N330 (+60...- S 3eleHblit
180)
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-470
M470 N470 (+60...- T Tony6oit
210)
-750
M750 N750 (+120...- jU DuoNETOBBIN
330)
-1500(- OpaHxeBbIi
M1500 N1500 1300) \% §+0paH)KeBLII/I
Kentoiit
M2200 N2200 -2200 K (+opamxeBbIit
)

* B ckoOKkax IPHUBEJCH pealibHbIi pa3dpoc Uil HIMIIOPTHBIX KOHIEHCATO-
POB B Auana3oHe TeMIeparyp

-55...+85°C.

** CoBpeMeHHas 1IBETOBask KOAUPOBKA. LIBETHBIC MOJIOCKH HIIN TOYKH.
Bropoii BeT MOXKeT OBITH NpeCTaBIICH [BETOM KOpITyca.

KonpaeHcaTophbl ¢ HeJIMHEHOM 3aBUCUMOCTBIO OT TEMIIEPATYPbI

I'pynna | Jonyck, | Temneparypa,** | BykBeHHBbIii I

TKE* % °C KOg*** Hser

V5F +75 -30...+85

Y5P +10 -30...+85 CepeOpsHBIiA

Y5R -30...+85 Ceporit

Y5S +22 -30...+85 R KopuuneBsrit
+22...-

Y5U 56 -30...+85 S

Y5V +22...-

(2F) 82 -30...+85 A

X5F +75 -55...+85

X5P +10 -55...+85

X5S + 22 -55...+85

XsU |22 s s Cunwii
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122, .-
XV | g -55...485

X7R

AL T -55...485

Z5F +75 -10...+85 B

Z5P 10 -10...+85 C

Z5S +22 -10...+85

750 |+22..-

o5 |5 -10...+85 E

75V ;;2“" -10.. 485 F Sestenbrii

* O003HaueHKE MMPUBEICHO B COOTBETCTBUH cO cTaHnaptoM EIA, B cko0-
kax - |EC.

** B 3aBUCUMOCTH OT TEXHOJIOTHIi, KOTOPBIMHU O0JIafaeT Gpupma, Juarma-
30H MOXET OBITb APYTHM.

*** B coorBercTBHH ¢ EIA. HexoTopblie GHpMBI MOJIB3YIOTCS APYTOi KO-
JTUPOBKOM.

OTteyecTBEHHOE 0003HAYEHHE 3ameHna
TKE Ha:
M1500, M750 X7R
H10, H20, H30, H50, H70, H90 Y5V
1133, MII10, M47 NPO

7. Bonpochl 1711 NOATOTOBKH K 3a1uTe J1a00paTopHOii padoThI

1. Or 4ero 3aBUCHUT €MKOCTh KOHAEHCATOpa?

2. Jlyis yero UCTIONB3YIOT KOHJIEHCATOPHI B POA?

3. UYro Takoe TaHTeHC JIeNbTa M JOOPOTHOCTH KOHIEHCATOpa?

4.  Or 4ero 3aBUCHT TOOPOTHOCTH KOHJEHCaTopa?

5. Hapucyiite 3KBHBaJEHTHYIO CXE€MY KOHAEHCATOpa M OOBSCHUTE
Ha3Hau€HHE €€ SIIEMEHTOB.

6. Uro Takoe HOMHHAJIbHAs €MKOCTb KOHJEHCATOPA U JIOITyCKaeMble
OTKJIOHEHUS?

7. Yro Takoe TKE u ot gero oH 3aBucuT?

8.  Kak knaccuduumpyrorcs KoHaeHcaTopbl?

9. Kak coxpaieHHO 0003HA4aIOTCS 3HAYEHHSI EMKOCTH KOHJIEHCATO-
poB?
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10. U3 xakux AMAJIEKTPUUECKHX MaTepHajioB BBIOJIHSAIOTCS KOHJICH-
caTopsI?

11. OOBsCHUTH 3aBUCUMOCTH, NTOJy4E€HHBIE B padorTe.

12. OO®BsicHUTH rpad¥K 4aCTOTHOW 3aBHCHMOCTH IOJIHOTO CONPOTHB-
JICHUsI KOHJIEHCaTopa.

13. Ha kakue rpynns! paszuemnsitor TKE konnencaropo?

14. Kax moOpoTHOCTh KOHAEHCATOPA 3aBUCHUT OT TEMIIEPATYPHI?

15. Kaxk mo0poTHOCTh KOHAEHCATOPA 3aBUCHUT OT YaCTOTHI?

16. KaxoBsl KOHCTpYKTHBHEIE ocobeHHOocTH CBY KoHIEHCaTOPOB?

17. Kakue KOHCTPYKTHUBHBIE OCOOCHHOCTH KOHIEHCATOPOB JJISI Mallo-
rabapuTHOH ammapaTypsi?

18. Tlouemy pacrter tgd KOHAEHCATOPA HA BBICOKUX YacTOTax?

JIABOPATOPHAS PABOTA Ne 4
UCCJIEJOBAHME DJEKTPUYECKOM NPOYHOCTH
JUDJIEKTPUKOB

Lean pa6oThl: U3yYeHHE METOA0B U3MEPEHHs IPOOUBHOTO HaMpsixKe-
HUSI M OINpEJEJICHUE 3JIEKTPUYECKOW MPOYHOCTH AMDIICKTPHUYECKUX MaTe-
pHuaioB

1. OcHoBHBIEe TeopeTHYeCKHE CBeIeHUSI
1.1. DnexkTpuyeckuii mpodoii TBepAbIX AMIIEKTPUKOB

Hane)xHOCTh M T0JITOBEYHOCTh IEKTPUUYECKON H30JSALUKM IPOBOJIOB,
JMJICKTPUKA KOHJEHCATOPOB M APYTHX AeTalled paano3IeKTPOHHOH amma-
paTypsl, 0COOEHHO pabOTAIOIMIUX TPU MOBBIIIEHHBIX JJEKTPHUECKUX Ha-
NPSDKEHUSIX, 3aBUCAT OT JJIEKTPUYECKOW MPOYHOCTH IUAJIEKTPHKA. DJeK-
TPHYECKasi IPOYHOCTh AMIIEKTPHKA 3aBUCUT OT HAmpsbKeHUs mpobos Uy,
T.€. HANpPSDKEHUS, NMPH KOTOPOM IPOHMCXOAUT MPOOOH IHANEKTpUKa, a
UMCHHO MOTEPA AUDJICKTPUKOM HU30JIUPYIOIIUX CBOICTB.

DJEKTPUYECKYIO POYHOCTh JTUIJIEKTPUKA B OJHOPOJHOM 3JIEKTpHYEe-
CKOM T1I0JI€ ONpEENAI0T BENMYNHON NpoOuBHOrO Hanpskenus Uy, , oTHe-
CCHHOM K TOJIIUHE AUDJICKTPUKA 0 WIIM PACCTOSHUIO MEXIY dJIEKTPOIaMH,
— T.€. HaNPS)KEHHOCTBIO NEKTPUUECKOTO 1014 Tpu npoboe E,. IIpoduBHOE
HanpsikeHne Uy, B OOJIBIIMHCTBE CITy4aeB NPsIMO MPOIOPLUOHATIBEHO BEJIH-
yuHe d, 3aBHCHUT OT MapaMeTPOB AUIJICKTPUKA U OKPYXKAIOIIEH cpesibl U Xa-
paKkTepu3yeT KOHKPETHYI0 KOHCTPYKTHBHYIO OCOOCHHOCTH JAaHHOTO H3Je-
nus. HanpsykeHHOCTb 3JIEKTPUHECKOTro 10JIs IpH npodoe E,, He 3aBuCHT OT
TOJIIIWHBI U TTIOOTOMY XaPAKTECPUIYET SJICKTPUYCCKYIO IIPOYHOCTH MaTCpura-
J1a TUDJIEKTPUKA:

U
Byt &)
OnekTpudeckas MPOYHOCTh M3MepsieTcss B B/M, oqHako IomyckarTcs
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TIPOM3BOJIHBIE eTUHMIBI n3Mepenus: MB/Mm, kB/mMm, kB/cm. Bennunna E,
XapaKTepu3yeT CIIOCOOHOCTh AUDIIEKTPHKA MPOTUBOCTOSTH Pa3pylIalONIeMy
JEUCTBUIO MEKTPUUYECKOTO MOJIS U 3aBUCUT B NIEPBYIO OYEpelb OT arperat-
HOTO COCTOSIHUS M30JISITOpa U €r0 CBOUCTB.

Pa3nuyaror yerhlpe BHIA AIEKTPHYECKOTO MPOOOSI TBEPIBIX IUIJIEK-
TPHKOB.

1) smekTpuyeckuii MPOOOH MaKPOCKONYECKH OJHOPOIHBIX TUAIICK-
TPHKOB;

2) aneKTpuIecKuil MpoOoH HEOAHOPOIHBIX JHAICKTPUKOB;

3) TemyI0BO# (PIEKTPOTEIIOBOH) TpoOOii;

4) 37eKTPOXUMUYUECKUH TIPOOOIA.

Kaxplit 3 yka3aHHBIX BUAOB IPOOOS MOXKET UMETh MECTO ISl OJHO-
IO U TOTO XK€ MaTepuana B 3aBUCUMOCTH OT XapaKTepa AJIEKTPUIEeCKOTo Io-
7151 (IOCTOSHHOTO IUIM MEPEMEHHOT0, UMITYyJIbCHOTO, HU3KOM MJIM BBICOKOMN
YacTOTHI), HATUYUSL B AMAIICKTPUKE e(EKTOB, B YACTHOCTH 3aKPBITHIX HOD,
OT YCJIOBUH OXJIAXKJCHHS, BPEMEHH BO3ACHCTBUS HAIIPSKCHUS.

DJekTpUUYecKnii MPoooii OOBIYHO TPOUCXOIMUT B IUIJIEKTPUKAX C
HU3KOH 3JE€KTPONPOBOIHOCTBIO, HU3KHM TaHT€HCOM YIJIa AUAIEKTPHYECKHX
MOTEPh U XOPOILIMM OTBOAOM TEILIA.

1. Onexmpuueckuii npoOoU MaKpoOCKonu4ecku 0OHOPOOHLIX OUIJeK-
MpuUKo8 XapakTepHU3yeTcsl BecbMa ObICTpEIM pa3BuTHEeM. OH NpOTEKaeT 3a
BpeMsi, MEHbLIEE 107 - 10% ¢, u ne 00yCIIOBJICH TEIUIOBOH dHEPTHEH, XOTI
JIEKTpUUECKas MPOYHOCTh IPH 3JIEKTPUIECKOM NpoOOe B HEKOTOPOH CTe-
IIEHH BCE JK€ 3aBUCHUT OT TEMIIEPATYypPHI.

OnexTpuuecKkuil mpoOoil 1Mo cBoeH Mpupoje SABISETCS YHUCTO DIIEK-
TPOHHBIM TIPOIECCOM, KOTJa W3 HEMHOTHX H3HAYaJIBHO CBOOOJHBIX AJIEK-
TPOHOB B TBEPJIOM TeJle CO3AaeTCs dJEKTpOHHAas ynaBuHa. [loj nelicTBuem
JIEKTPUUYECKOTO TI0JI1 U MIMesl HEKOTOPYIO JUIMHY CBOOOAHOTO Ipobera A,
9MEKTPOHBI PA3TOHAIOTCA M TOIYYalOT JOIMOJHHUTEIbHYI KHHETHYECKYIO
sepruro W =qU ,, rae Q - 3apsjg; U, - najieHre HampspKeHWs Ha JUTHHE

cBoGoHOTO TIpoGera A . DIEeKTPOHBI, TOCTUTIIHE OTPEAEIIEHHON KpUTHYe-
CKOM CKOPOCTH MpHU CTOJKHOBEHHWH C HEUTpalbHOM MOJIEKYJIOW WM aTo-
MOM, MOTYT MPOU3BOJUTH OTIICIIEHUE OJHOIO MM HECKOJBKHX HOBBIX
3J1eKTpOHOB. Ka) /bl U3 OTUIEINIEHHBIX OT aTOMOB M MOJIEKYJ 3JIEKTPOHOB
MOXKET YCKOPSTHCS 3JICKTPUUCCKUM II0JIEM U BBIOMTH MPH TOCTATOYHO Ha-
OpaHHOI SHEPrUH eIIe HECKOJBKO JAPYIHX 3JEeKTPOHOB. TakmM o0OpazoM,
BO3HHKAET JJABUHOOOpA3HOE YBEIMUYEHUE KOJUYECTBAa CBOOOIHBIX AJIEKTPO-
HOB Y 32 CYET JJABUHHOTO YMHOXXCHHS TaKUX 3JEKTPOHOB BO3HUKAET yda-
CTOK B IMDJIEKTPUKE C MOBBIIEHHON MPOBOINMOCTBIO.

DTO MPUBOIUT K PE3KOMY BO3PACTAHHIO MPOBOJUMOCTH TBEPIOTO JIH-
9JIEKTpUKA B MecTe (POPMHUPOBAHUS DIEKTPOHHON JIABUHBI, U BOSHUKAET SIB-
JIEHUE JJIeKTpudeckoro mpobos. Kak mpaBuiio, pe3koe Bo3pacTaHUE TOKa
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MIPUBOAUT K MOBBIIIEHHOMY BBIJEJICHHUIO TEIUIa U B MECT€ BO3HUKHOBEHUS
JIaBUHBI IPOUCXOUT pa3pylleHHe CTPYKTYpPbl TUIEKTPUKA.

YuCTo 2MEeKTPUUECKH MpoOoi UMEET MECTO, KOTia HCKIIOUEHO BIIHS-
HHUE pa30rpeBa AUIIEKTPUKA 3a CUET BBICOKOH 3JEKTPONPOBOJHOCTH U AM-
NIEKTPUUECKHUX TI0TEPh, TaKKe OOYCIIOBIMBAIOIIMX HArpeB MaTepHania, a
TaKkXke OTCYTCTBYeT MOHM3allMs Ta3oBBIX BKIIOUEHHUH. (1 oxHOpOJHOTO
MOJI W TIOJTHOM CTPYKTYpHOH OXHOPOAHOCTH Marepuala HalpsDKCHHOCTD
TIOJISL TIPU BIIEKTPHUYECKOM MPOO0E MOXKET CIYy’KHTh MEPOH 3MEKTPHIECKON
MIPOYHOCTH BeIecTBA. Takhe YCIOBUS yAaeTcs HaOMIOHaTh Ui MOHOKPH-
CTAJUIOB INEJIOYHO-TAJIONIHBIX COEANHEHUH M HEKOTOPBIX OPTraHWYECKHX

TIOJIMMEPOB. B stom cjydae Enp JOCTUTACT COTECH MEraBOJIbT Ha METP U

6omee. [y OMTHOPOAHBIX MAaTEPHUATIOB HAOIOJACTCS CYIICCTBCHHAS pa3HHU-
a MeXIy 3HaYCHHUSMHU MPOOWBHOTO HATIPSDKEHUS B OJHOPOIHOM W HEOJ-
HOPOJTHOM JJICKTPUIECKUX MOJIAX.

2. Dnexmpuueckutli npoootl HeOOHOPOOHBIX OUDIEKMPUKOE XaPAKTEPCH
JUIL TEXHUYECKHX IUAJICKTPUKOB, COJAEpKaIllMX Ia30Bble BKIIOUeHHs. Tax
ke, KaK M AJIEKTPUUECKUH NMpoOOH OJHOPOIHOTO IMAJIEKTPUKA, OH BECbMa
OBICTPO pa3BHUBAETCSI.

Hanunuune razoBpIX BKIIFOUEHUHN U APYTHX HEOJHOPOJHOCTEH C BEJINYU-
HOM JUAJIEKTPUUYECKON MPOHUIAEMOCTH €, MEHbILIEH YeM B CaMOM MaTepHa-
Jie IUAJICKTPUKA, MPHUBOAUT K HEPAaBHOMEPHOMY paCIpEIeICHUIO HaIps-
YKCHHOCTH JIJIEKTPHICCKOTO TOJS 10 00heMy MaTeprana. JTO BIICYET yBe-
JMUYEHNE HAMPSHKCHHOCTH AJIEKTPHYECKOTO TMOJS B BEIISCTBE C MEHBIICH
BEJIMYMHOHN € W MEpPBOHAYAIEHOE BO3HHKHOBEHHE IPOOOS MMEHHO B 3TOM
MecTe. Bo3HuKHOBEHHE MPO0OO0s, HAIPUMEP B Ta30BOM IIPOMEXKYTKE, TPH-
BOJWT K HapYIICHUIO CTPYKTYpPHI BEIIECTBA IUAIICKTPUKAa B MECTE €r0 CO-
IIPUKOCHOBEHHS C HEOHOPOJHOCTHIO M MECTHOMY pa3orpeBy. Bo3HukaioT
JIOKaJIbHBIE MEXaHMYECKHE M TETJIOBBIE HAINPSOKEHUS, NPUBOISIIINE K pac-
TPECKMBAHUIO BEIIECTBA. Bce 3TO BemeT K poCTy MPOBOANMOCTH B JOKAaNIb-
HOM MeECT€ JUIJIEKTPHKA, YBEIWYCHUIO IUIOTHOCTH TOKA W JalbHEHIIEMY
pasorpeBy. DIEKTPOIPOBOAHOCTD JMAJICKTPUKOB YBEIWIHBAETCS C POCTOM
TeMIepaTyphl, H, CIeI0BATEIBHO, pacTeT TOK B JIOKATbHOM MecTe. Takum
oOpazoM QopMmupyeTcss JTaBUHOOOpPA3HBII NPOLEcC YBEIHMUYEHUS DIIEKTPO-
IIPOBOIHOCTH B JIOKJIEHOM MECTe JIMAJIEKTPUKa M BO3uKaeT rmpoboi. Hamo-
MUHAaeM, 4YTO MIPUYMHOHW 3TOr0 Ipolecca SBIAIACh HEOAHOPOAHOCTh B
CTPYKTYpe AUINEKTPHKA.

[IpoOuBHBIC HATIPSHKCHHS IS HEOTHOPOIHBIX TUIICKTPUKOB, HAXO-
JSIIAXCS BO BHEIIHEM OJHOPOTHOM HJIM HEOJHOPOAHOM I0Jie, KaK MpaBH-
JI0, IMEIOT HEBBICOKHE 3HAUCHHST ¥ MaJO OTJIMYAIOTCS APYT OT Apyra.

[IpuHATO CUMTATh, YTO B OJHOPOJHOM IIOJIE BJIEKTPUYECKas IPOU-
HOCTB CTEKOJ, Gapdopa M APYIHX TBEPABIX IHUAIEKTPUKOB HE 3aBHCUT OT
TONMIUHBI 00pa3na. OIHAKO OCHOBHBIE PAOOTHI M0 U3YYCHUIO BIMSHHUS CTe-



52

IIEHU OJHOPOJHOCTH MOJI Ha 3JEKTPUUECKYI0 NPOYHOCTH IPOBOJIMWINCH
JIUIIB CO CTEKJIOM MPH OYEHb MAJIbIX TONIIMHAX 00pasios - ot 0,05 mo0 0,2 -
0,5 MM, Korza uncio nedekroB HeBenuko. [IoHATHO, YTO C yBenMUeHHEM
TOJILMHBI 00pa3la yCHUJINBAETCsl HEOTHOPOIHOCTh CTPYKTYPHI, BO3pacTaer
YHCIIO T'a30BbIX BKIIOUEHUI U CHIKAIOTCS SJIEKTPUUECKUE IIPOYHOCTH KaK B
OJIHOPOJHOM, TaK U B HEOJHOPOJHOM moiie. IHorAa Ha ONBITE MOXKHO BH-
JETh, YTO JIEKTPUUECKAs] MPOYHOCTh KEPAMHUKHU MPHU DIEKTPOAAX, CO3IA0-
X BHEIIHEE HEOAHOPOIHOE T0JIe, OyAeT JaKe BBIIIE, YEM IPH 3JIEKTPO-
Jax, 00ecreYnBaoInX OAHOPOAHOE Tose. Tak, ameKTpudecKkast HpOYHOCTh
00pa3IoB pyTHIOBOH KepaMHKH TOMIUHON 1,6 - 1,7 MM Ipu OCTOSHHOM
HaNpspKeHUH [UTS 3JIEKTPOOB HITIa - INIOCKOCTh COCTABISET HPUMEPHO 24
MB/M, a 1151 IIIOCKHX AJIEKTPOJIOB - Beero 12,5 - 15 MB/m.

W3 atoro cnenyer, 4To 4eM MEHbIIE IUIOMAAb 3JIEKTPOIOB, TEM BBIIIE
MOJKET OBITh 3HAUEHHUE ANIEKTPUYECKON NPOYHOCTH KepaMUUECKUX Mate-
pHaNoB BCJIEACTBHE YMEHBIIEHHsS YHCIa MHOPOIHBIX BKJIIOUEHHH, Ioma-
JIAIOIIUX B MPEIEIIBI MO0JIs, XOTS MOoJIe B 9TOM ClIydae pe3Ko HEOJAHOPOIHOE.
CHmKeHue 3IeKTPUIECKON IPOUYHOCTH TBEPABIX TUIIEKTPUKOB MIPU YBEJIH-
YEHUH IUIOMAAN 3JIEKTPOIOB HAOIIOAACTCsl HE TOJIBKO Y KEPAMHUKH, HO U y
JIpYruX MaTeprasioB: OyMaru, KapToHa, JJAKOTKaHeH .

OneKTpuyecKas MPOYHOCTh TBEPABIX TUAIEKTPUKOB MPAKTUYECKH HE
3aBHCUT OT TEMIIEPATYPBI JO HEKOTOPOTO €€ 3HaueHHs. BhIle 3Toro 3Haue-
HUSI HAaOJII0/IaeTCsl 3aMETHOE CHIDKEHUE 3JIEKTPUYECKON IPOYHOCTH, UTO I'0-
BOPHT O TOSIBJICHUH TEIJIOBOTO MEXaHNU3Ma Mpo0osl.

Huskolt 35ekTpruecKoil MPOYHOCTHIO OTJIMYAKOTCS TUAIEKTPUKU C OT-
KPBITOIl MOPHCTOCTBIO (HEeNponuTaHHas Oymara, IepeBo, MOpHCTas Kepa-
MHKa). DIEKTpHUIecKas MPOYHOCTh UX CPABHUTEIHHO Majl0 OTJIMYAETCS OT
TAaKOBOW JUIS BO3/yXa; MCKIIOYEHHE COCTaBIseT Oymara ¢ IOBBIIICHHOW
IUIOTHOCTBIO. TBepable AMAIEKTPUKHA C 3aKPHITHIMH IIOpaMH, HampuMep
IUIOTHAsT KepaMUKa, XapaKTePU3YIOTCs 0o0Jiee BBICOKOW DIICKTPUYSCKON
MIPOYHOCTHI0. Hamure ra3oBeIX BKIIOUEHUH B TBEPIOH M30JIALUHN 0COOCH-
HO OMAcCHO NPH BBICOKMX YacToTaX. Ha BBICOKHMX 4acTOTax B ra30BbIX MPO-
MEXXYTKaX BO3HMKAET CHJIbHAsI MOHM3AIMSI U BOZMOXHO 00pa3oBaHME IUIa3-
MBI OTO MPUBOAUT K MOSBICHUIO aKTUBHBIX XMMUYECKHUX BEIIECTB MO Kpa-
SIM Ta30BOTO BKJIIOYEHUS], KOTOPHIE MOTYT HMETh 0OJIee BHICOKYIO TPOBOIH-
MOCTb, HHUITMMPOBATh JIOKAJTH3AIIMIO TOKA M BBI3BATh JIEKTPUIECKHUN TPO-
0011 B JIOKaTHbHOM MeECTe, KaK OIMMCAHO BBIIIE. DIEKTPUIECKUN MPoOoi He-
OHOPOTHBIX TUAIIEKTPUKOB MPH MPOYMX PABHBIX YCIOBHUSAX TpeOyeT mpH-
MEHSATh MaTepHaibl ¢ OOJBIIECH TOMIUHON I YIyYIICHUS M30JIIIIHOHHBIX
CBOMCTB 3JIEKTPOYCTAHOBOK.

BbIcoKOIl 25IEKTpUYECKON IPOYHOCTBIO XaPAKTEPU3YOTCS TUIEKTPU-
KM, UMEIONINe IUIOTHYI0 CTPYKTYypy U HE COJEpXalllie ra30BbIX BKIIOUYE-
Huid. K HUM OoTHOCSTCS: Cito/ia, MPONUTAHHAS KUIAKUM JUDIEKTPUKOM Oy-
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Mara, crekia. CTaTUCTHYECKHE HCCIENOBaHUS HampshKEHUs npolos au-
9JIEKTPUKOB MMOKa3amu, 4To Ko3dduiuent Bapuanuu (Keap) HanmpsokeHHs
npo0ost I HEOAHOPOJAHBIX JHMAJICKTPUKOB NpeBbimaer 3Hayenue 0,15, a
11l oHOpOAHBIX - MeHee 0,15. UeM oHOpoIHEE ANDIIEKTPHK, TEM MEHBIIE
JU1sl Hero 3HaueHue Ksap.

3. Tennosotui npo6oii. XapakTepeH Ui JUIICKTPUKOB C BHICOKOW DIICK-
TPOIPOBOTHOCTHIO, OONBIINM 3HAYEHHUEM TaHTCHCA YIJIa AMAICKTPHYECKUX
MOTEPh M TUIOXUM TETUIOOTBOJOM. DTOT MPOOOH CBOAUTCS K Pa3oTrpeBy Ma-
TepHaia B IEKTPHUECKOM IT0JIe 10 TEMIEepaTyp, COOTBETCTBYIOLINX OTEPE
UM 3JIEKTPOU3OILIIUOHHBIX CBOWCTB B JIOKaJIbHOM MECTE, CBSI3aHHOH C
Ype3MEepHbIM BO3PACTAaHUEM CKBO3HOM AIIEKTPONPOBOIHOCTH WA JHAIICK-
TpUYECKUX NOTepb. [IpoOMBHOE HANpPsKEHUE MPHU TEIIOBOM IIpo0oe 3aBU-
CUT OT LEeJIOrO psijia (pakTOpPOB: YaCTOTHI ANEKTPUUECKOTO MOJIS, YCIOBHIl
OXJIAKJIEHUs, TEMIIEPATYPhl OKpYyXkaroue cpensl U Ap. Ilpu HaxoxxneHun
JIDJIEKTPUKA B AJIEKTPUUECKOM I10JIE
YacTh JHEPIUU DIIEKTPHYECKOTO T10-
JIsl pacCerBaeTCs B AMAIICKTPUKE U3-
3a IMAIIEKTPHUYECKUX TOTEPh, CKBO3-
HOW TIPOBOOUMOCTH, B pPe3yJbTaTe
4ero MUAJIEKTpUK Harpepaercs. [lo-
BEIIIICHUE TEMIIEPATYpPhl AUIIICKTPH-
Ka I0 CPaBHEHHUIO C OKpYXKaromiei
Cpenoi BeJleT K YBEITUUCHHUIO TETIIO-
orBoja. JlanpHeliiee — pas3BUTHE
MPOLIECCOB 3aBUCUT OT COOTHOIIE-
HHsI CKOPOCTEH OTBOJIA TeIlIa U Tell-
noBeizenenus. Ha puc.]l mokasaHsl
3aBUCHUMOCTH MOIIIHOCTU TCIIJIOBBIZCIICHHUA (PTB) U MOIIHOCTH OTBOJia TCIlj1a
(P1,) OT TemmepaTypbl OKpYXKaroUlel cpebl sl HETOISAPHOTO JAUIEKTPH-
Ka.

P

T

Puc. 1. 3aBUCHMOCTH MOIITHOCTH
BbIeneHus temna (PTB) u mom-
HocTH 0TBoJA Tema (Pto) ot
TEeMIIepaTypsl

Kak BHIHO W3 TPHBEICHHOTO PHCYHKA, B OOJIACTH TeMIIepaTtyp OT
TOYKH a JI0 TOYKHA b MOITHOCTH OTBOZA TEIIA IPEBBIIIAET MOIIHOCTh TETI-
JIOBBIJIEJIEHUS, TTO3TOMY IMOBBILIECHUSI TEMIIEpaTypbl HE MPOUCXOIUT, T.€.
cUcTeMa HaxOAUTCS B paBHOBecuu. [1Jist mepexo/ia B 001acTh 3a TOuky b He-
00X0IMMO JIOTIOJIHUTENBHOE BBIJICIICHHE TeIia. ITO 00YCIOBICHO TEM, YTO
IPA POCTE TEMIIEPATYPHI YBEIIMUUBAETCS DJIEKTPOIPOBOIHOCTD TUDIIEKTPHU-
Ka, paCTyT TOK U BBIACIILICMOC B JII/IBJ'IGKTpI/IKe TCILIO. POCT TeMrlepaTprI
YBEITMUHUBAET dJIEKTPOIIPOBOIHOCTE U BhIAEIsseMoe Terio. Co3maercs TaBu-
HOOOpa3HBIN MPOIECC YBENUYECHUS TEIUIOBBIACICHNS, KPUBasl TEILUIOBBIIC-
nenust Prg Ha puc. 1 mogHuMaeTcs Bblllle KPUBOM TEMJIOOTBO/Ia U HAYUHAET-
Cs HEOOpATHMBIA pa3orpeB MUAIICKTPUKA, MPUBOMAIIMNA K €ro MmpoOor U
pa3pylIeHUI0. DTOT MPOIECC MOXKET MPOUCXOJUTH JTOCTATOYHO OBICTPO, U
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TeMIepaTypa JUIJIEKTpUKa HauuMHaeT OblcTpo pactu. HarpeB matepuana
JIMJICKTPUKA MOKET MPUBECTH K €I0 PaCTPECKUBAHMIO, OILIABICHHIO, 00YT-
JINBaHMIO, YTO CHUKAET JIEKTPUUECKYIO IPOUHOCTh AUIEKTPUKA U BEAET K
€ro pa3pyleHHIO.

OueBHIHO, YTO CTOMKOCTB K 3JEKTPOTEINIOBOMY MPOOOIO 3aBUCHUT KaK
OT CBOMCTB camoro marepuana (y MOJISIPHBIX AUINEKTPUKOB JUAIEKTpUUE-
CKHE TIOTEPH BBIIIC U CTOHKOCTH K IEKTPOTEIIIOBOMY IPOOOIO HITKE), TaK
U OT KOHCTPYKIMHU H30ysiTopa. Uem Ooible MOBEPXHOCTh M30JIATOPA, TEM
OoJbIlIC TEIUIA PACCEHMBACTCS B OKPYXKAIOIIYIO CPELy W MEHBIIE BEpPOST-
HOCTB 3JICKTPOTEIIIOBOTO MPOOOSL.

Crenyet Taxke OTMETHUTB, 4TO B CIydae, Koraa pabodas Temreparypa
n30JsITOpa NPUONIMIKAETCss K TOYKe b, 1000 MOBBIIMICHHE TEMIIEPaTyphI
MIPUBEJET K BBIXOAY H3OJAIMM K3 cTpos. B To *ke Bpems B ciryuyae, Korja
paboyast TeMIepaTypa HaXOIUTCS HIDKE TOUKH D, KojieGaHust TeMItepaTypsl
HE CTOJb onacHbl. Harpes auanexTpuka (IpHU HaX0XKJICHUM €ro NP TeMIle-
patype Hike TOYKH D) mpuBeneT K yBEIMYCHHIO MOIIHOCTH OTBOJIA TEIUIA.
[ToaTOMy MOIITHOCTH BBIACICHUS M OTBOJA TEIIa CPaBHSIOTCS.

4. Dnexmpoxumuueckuti npo6oii IMeeT 0COOEHHO CYIIECTBEHHOE 3Ha-
YEeHHE NMPU HAXOXKACHUH ANDJIEKTPHKA B XUMHUIECKH arpeCCUBHBIX Cpeax,
IIPY MOBBIICHHOM TeMIepaType W BHICOKOH BIIAXKHOCTH BO3yXa. DTOT BH[
po0ost HaOMIOJaeTCs P MOCTOSHHOM M TIEPEMEHHOM HAIpsHKCHUH HU3-
KOM 4acTOTHI, KOT/Ia B MaTepHajie pa3BUBAIOTCS JIEKTPOINTHYECKUE TPO-
1eccsl, 00YyCIIOBIMBAIONIME HEOOpaTMMOEe YMEHBUIEHHE CONPOTHBIICHUS
M30JIALUHN. YMEHBIICHHE COIPOTHUBICHUS TUAJIEKTPUKA CTUMYIHPYET yBe-
JIMYEHHE Yepe3 Hero TOKa W JONOJIHUTENIFHOE BBIJENICHHE Teria. Temmepa-
Typa IUAJIEKTPUKA BO3PACTAET, U 3TO aKTUBU3UPYET AIEKTPOIUTHUECKUE U
IMEKTPOXUMHUYECKHE MPOIECCHl B BEUIECTBE, YTO B CBOIO OYEpElb YMEHb-
I1aeT COMPOTHBIICHHE H3OJALUH U MPUBOAUT K POCTY TEIUIOBBIAETICHHUS.
Takum 06pa3zom, BO3HHKAET JIaBUHOOOPa3HEII MpoLiecc pocTa TeMIepaTyphl
N30JBIIUY U K €€ pa3pyLICHUIO.

Takoe siBlIeHHME YacTO HA3bIBAIOT CTAPCHUEM JNDIIEKTPHKA B AJICKTPH-
YECKOM M0JI€, MOCKOIBKY OHO MPUBOJUT K IIOCTETIEHHOMY CHUXKEHUIO JJIEK-
TPUYECKON MPOYHOCTH, 3aKaHIHMBAIOIIEMYCS TPOO0EM NPH HANPSIKEHHOCTH
0JIsI, 3HAYMTEIFHO MEHbIIEH MPOOMBHOW HANpsHKEHHOCTH, ITOJydYeHHOU
IIPU KPAaTKOBPEMEHHOM HCTIBITAHWU. DTO SIBIEHHE MMEET MECTO B OpTaHH-
yeckux (mponwuTaHHas Oymara, pe3WHa M T.A.) U HEKOTOPHIX HEOpraHUde-
CKHX JURJIEKTPUKaX (HallpuMep, TATAHOBAs KEPAMHUKa).

OIEeKTPOXUMUYIECKUN TPOOO0it TpeOyeT IS CBOETO Pa3BUTHUS IITUTEIb-
HOTO BPEMEHH. JTO CBS3aHO C SBJICHHWEM JJIEKTPOIPOBOAHOCTH, IPUBOIS-
IIMM K MEIJICHHOMY BBIICJICHHIO B MaTepHalie MaJbIX KOJIMYECTB XHUMHUYIE-
CKM aKTHBHBIX BEIIECTB, MM C 00pa30BaHHEM IOJYNPOBOASIINX COEIUHE-
Huil. B xepamuke, cofepkanieid OKUCIIbI METAJUIOB NEPEMEHHOM BaleHTHO-
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ctu (Hanpumep, Ti02), anekTpoXUMHUUECKHH MPoOOH BcTpedaeTcs 3HAYH-
TEJILHO Yallle, YeM B KepPaMHKe, COCTOSIIECH U3 OKHCIIOB aJTFOMUHHMS, KpEeM-
HUsI, MarHus, oapus.

Hanuuue meno4HsIX OKUCIIOB B aFOMOCHIMKATHOM KepaMuKe CIio-
COOCTBYET BO3HHKHOBEHHIO JIEKTPOXUMHYECKOTO MPOOOS U OrpaHUuHUBaAET
JOoIycTUMylo pabouyro Temneparypy. Ilpu snekrpoxumudeckoM mnpodoe
OoIpIIoe 3HaUYeHNE UMeeT MaTepual aekrpoaa. Cepedpo, U3 KOTOPOTro Mo-
T'YT OBITH BEITIOTHEHBI JIEKTPOMBI, CIIOCOOHO MU GYHINPOBATE B KEPAMUKY
U obyeryaer >JIeKTPOXUMHYESCKHH NPOOOH B MPOTHBOINOIOKHOCTh, HALIPU-
Mep, 30710Ty.

1.2. ®u3nyeckue sABJIEHHUS JIEKTPHYECKOr0 NPoOOs B ra3000pa3HbIX
ANIJIEKTPUKAX

Bremnel u3ossnyell BO MHOTUMX BUAX 3JIEKTPOTEXHUYECKUX KOHCT-
PYKLUi, TaKUX KaKk TpaHC(HOPMATOPbI, KOHACHCATOPHI, JIMHUU DJIIEKTPOIe-
penauy, CIyXUT BO3IyX. DJIEKTpUYecKasl MPOYHOCTh BO3AyXa B HOPMallb-
HBIX YCJIOBHAX HEBENHKA IO CPaBHEHUIO ¢ E., OONBIIMHCTBA KHUIKHX H
TBEPBIX AUDIIECKTPHUKOB.

HeGomnpnioe uncio conepKamuxcs B ra3e MOJOKHUTENBHBIX U OTPHIIA-
TEJIHBIX MOHOB U 3JICKTPOHOB BBI3BAHO B OCHOBHOM BHEIIHUMH BO3JICHCT-
BHSAMU (paIuaIioHHBIH (QOH, yIbTpadHOIeTOBOE M3IyUYeHHE W Ap.). DTH
HOCHTENN 3aps/ioB, KaK M HEHTpaJbHbIE MOJICKYJIbI ra3a, HaXoIsITcs B Oec-
TIOPSIIOYHOM TETJIOBOM JBIDKEHUH. [IpH HAJIOKEHUH 3JEKTPUIECKOTO MOJIS
3apsiipl MOJIYYalT HEKOTOPYHO 100aBOYHYIO CKOPOCTh M HAYMHAIOT Iepe-
MEIIAThCs BJOJIb BEKTOpA IMOJIsI MIIM B IIPOTHUBOIOJIOKHOM HANpaBIICHUH, B
3aBUCHMOCTH OT 3HaKa 3apsija. [Ipu 3ToM 3apsbkeHHas yacTula B ra3e mpu-
oOpeTaeT JONOIHUTEIbHYIO SHEPTHIO

W=qu, . 2
re g - 3apsaj; U, - NaJeHHe HalpsDKCHMS Ha JUIMHEe CBOOOJHOrO npobera

A . HOCUTEIIA 3apsaa
Ecnu none poctatoyHo 0AHOPOJHO, TO MOKHO HPUHATH U, = EA, TA€

E - HanpspDKeHHOCTH moJist. OTcroaa

W =EgA . (3)
Jlo6aBouHast SHEPrHs 3aPSHKSHHBIX YACTHUIL COOOIIAETCS MOJIEKYJIaM, C
KOTOPBIMH OHHM CTaJKUBalOTCs. ECIM 9Ta 3HEprus JAOCTATOYHO BEJIHKA,
MIPOUCXOTUT BO30YKICHHE aTOMOB M MOJICKYJN, CBSI3aHHOE C IEPEXO0I0M
JJIEKTpOHA Ha 0ojiee YHaJIeHHYIO OT sijpa OpOWTY, WM JaXe HOHH3AIHsI
MOJIEKYJI, T. €. MX PACIICIUICHHEC HA 3JICKTPOHBI U IMOJOKUTEIbHBIC HOHBI.

VYcioBue, OMpeaeIsoniee BO3MOXXHOCTh HOHU3AIINH:
W =W, , 4)
npudem W BKIIOYAeT B Ce0S M DHEPTUIO TEIIOBOTO IABMIKCHHS, OOBIYHO
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HEOOJIBIIYIO TIPU HOPMAJBHOM TeMIeparype.
U3 dpopmyn (2) u (3) moaydyaeM ycIOBHE HOHHM3AIWU HEHTpabHON
MOJIEKYJIbI BEIIeCTBA:
EqA>W, . ®)
OHEprui0 MOHM3ALMK \N, OOBIYHO XapaKTePU3YHOT HOHHM3ALMOHHBIM

IIOTECHIIMAJIOM
U, =W,/q - (6)
I/IOHHS&HI/IOHHLIFI IIOTCHIUAJI 60J'II)IHI/IHCTB8. pa3IMYHbIX T'a30B HU3MC-
HACTCA B IIpE€aciiax OT 4 pa(e} 25 SB, YTO COOTBETCTBYCT SHCPIUU MOHU3ALIUU
4 -255B.
Ilpy 3amaHHBIX 3HAYEHUAX JABJICHUS Ta3a U TeMIlepaTypbl yAapHas
HOoHMU3AlUA HAYMHACTCA IIPpHU OHpCZ[eHCHHOﬁ HAIIPSOKCHHOCTHU  T1OJISA, I10-
CKOJ'H)Ky q nu ﬂ, IIOCTOAHHBI AJIsI KaXXO0ro rasa HpI/I JAaHHBIX KOHerTHI)IX

YCJIOBUAX. OTa HANPs’KCHHOCTD IOJIA E11p Ha3bIBaCTCS HAYAIBHOM Hamps-

KEHHOCTBIO.

B HekoTOphIX ra3ax, HaIpUMep B KUCIOPOJE, YTICKUCIOM rase, mapax
BOJIBI, OTICITUBIINICS JIEKTPOH MPHU OJHOW M3 ONMKaWIIMX BCTPEU C APY-
roil HEMTpanbHOM MOJEKYJOW COENUHSETCS C HEW, mpeBpalias ee B JJIeK-
TPOOTPHULATENFHBINH HOH. [IpHcoenmHeHue, «IIPIIUIAHNE» DICKTPOHA K
HEHTpaNbHOW MOJIEKyJie MPHUBOAUT B TMOIOOHBIX CIy4asx K TaKoH Iepe-
CTpOIiKe ee JIEKTPOHHOW OOOJIOYKH, YTO B MTOTE IHEPTHS MOJICKYIIBI, 3a-
XBATHUBIICH JIMIIHUH AJIEKTPOH, OKAa3BIBACTCS MCHBIIEC YHEPTUU HEHTpalb-
HOW MOJIEKYJIBl Ha HEKOTOPYIO BEIHYMHY, KOTOPYIO Ha3bIBAIOT JHEprueit
CpoJIcTBa K dyeKTpoHy. OHa KoebneTcs y OONBIINHCTBA PAa3IUYHBIX Ta30B
B mpenenax 0,75 - 4,5 sB. B uHepTHBIX razax - B aproHe, HEOHE, TEIHH,
KpPHUIITOHE, KCEHOHE, a TaKXKe B a30T€ - OTPUIATETIbHbIC HOHBI HE BO3HHKA-
1oT. IIpu pa3psae B Bo3ayxe 00pa3yroTcs MOJI0KUTEIbHBIE HOHBI T'a30B, CO-
Jepxxammxcs B atmocgepe: O, 5 N7, 2*, NO™*.

CKOpOCTB AJIeKTpOHa (KIJIOMETP B CEKYHIY), TIPOIIEANIero 0e3 CTOIK-
HOBEHMH pa3HOCTh MOTEHIHAIOB U (BOJBT), ONpeNeIIsieTCsl BRIpAXKEHHEM

v~600JU . )

IMoacraBisist B 3Ty (hOpMyITy HOHU3AITMOHHBIEC MTOTSHIINAIIBI, TIOJTyYaeM,
YTO JJIEKTPOH CIOCOOEH HOHWU3MPOBATh Ta30BbIE MOJEKYJbI, KOTNA CKO-
pocts ero aBrkeHus cBbime 1000 kv/c.

Kazanoce Obl, MOI00HO AJIEKTPOHAM, U TIOJOKHUTEIBEHBIC HOHBL, Pa3o-
THaHHbBIE TOJIEM, CTAJIKHUBASICh C HEUTPAIbHBIMU YaCTULAMU T'a3a, JTOJKHBI
BBI3BIBATh MOHU3ALIMIO ra3a. B NefcTBUTENLHOCTH IPU SHEPTUSX 10 COTEH U
TBICSIY DJIEKTPOH-BOJIBT COYAAPEHUS MOJIOKUTEIbHBIX HOHOB C YacTHULAMH
ra3a HemocpeACTBEHHO HE MPUBOIAT K MOHM3ALMM raza. Takoe pasiuuyHoe
JeHCTBUE SJICKTPOHOB H MOJIOKUTEIHHBIX HOHOB HA YaCTHIIBI Ta3a OO BSICHS-
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eTCsl TEM, YTO DIICKTPOHBI MMEIOT 3HAYUTENHHO OONBINYIO MOIBHKHOCTS,
4eM HOHBL. KpoMe TOro, OTIICIUISIeMbIi 3IEKTPOH OTTAIKHUBACTCS JICKTPO-
HOM, CTOJIKHYBIIMMCS C YacTHIEH rasa, v, Ha000pOT, MPUTITHBACTCS IO~
JIOXKUTENbHBIM HOHOM. CKa3bIBAaCTCS TAKXKE U TO, YTO [UIS SJICKTPOHA JITHHA
cBOOOIHOTO Mpobera Oomblie, YeM sl HoHA. ECITU MON0KUTELHBINA HOH,
pa3oTHaHHBIN MOJIEM, HCIBITBIBACT COyAapeHHe ¢ mepupepruIecKhM dIieK-
TPOHOM HAa BHEIIHEH 3JEKTPOHHOW 000JI0YKEe HEHTpANIbHOW YaCTHUITHI, TO
YCIOBUS JUUIS OTLICTUICHHS SJIEKTPOHA OKA3bIBAIOTCS HEOJIaronpHsITHBIMHU,
TaK Kak Mpu OOJIBIIOM pa3iM4Me MAaCChl DHEPIHs, OTAaBacMasi JIICKTPOHY
npu ynaape, Mana. MoHu3alums mpyu COyAapeHHH HOHOB C 4YacTHLAMH ra3a
3aBUCHUT OT XMMHYECKON HMPUPO/IBI CTONKHYBIIMXCS YACTHII, TOCKOJIBKY CO-
yAapeHus SBILIOTCA 3JIEMEHTAPHBIM aKTOM XMMHYeCKOod peakuuu. IIpu
paspsiae B rase, HaXOISIIEMCS MEXKY METAIUTHYECKUMU SIICKTPOIAMH, T10-
JIOKUTEITbHBIC HOHBI BHICBOOOXKIAIOT SJIEKTPOHBI U3 MeTaslia, GoMOapaupyst
MOBEPXHOCTh KaTO/Ia.

B HekoTOpbIX CilydasX 3J€KTPOH, PA30THAHHBIN I10JIEM, MOXKET HE UO-
HU3UPOBATh MOJICKYJY, a MPUBCCTU €€, KaK YKa3bIBaJIOCh BBILIC, B BO36y)K-
JICHHOE cOoCcTOsiHKE. B crenyromuii MOMEHT 3Ta BO30YXKICHHAsI MOJIEKYJa
OTJIaeT CBOIO U30BITOYHYIO SHEPIHIO B (popMe IIEKTPOMATHUTHOTO H3Iy4e-
HUsI — UcmyckaeT Gporon. DOTOH MOXKET MOTJIOMIATHCS KAKOH-TNO0 Ipyroi
MOJICKYJION, KOTOpasi MOIYyYaeT JOMOIHUTEIbHYIO YHEPTHIO, U €€ JJIEKTPO-

Kamod

V222

[

TN

Puc. 2. CxemoTexHrUeCKOe N300pakeHNe paclpeaeeHus CTpuMepa
pu mpodoe rasza

HBI BHEIIHEH 000J0YKH YK€ UMCIOT MCHBIIIYIO DHEPIrUr0 MOHU3AlHU. Ot
MOJICKYJIBl TOPa3J0 Jerde HOHU3HUPYIOTCS IAPYTMMHU DJIeKTpoHaMu. Takas
BHYTpPeHHs (OTOHHAS HMOHM3almMs rasza Omarojaps OONBIION CKOpoCTH
pacIpocTpaHeHus] U3Iy4eHHsI IPUBOJUT K OCOOCHHO OBICTPOMY Pa3BHUTHIO
B Pa3psiTHOM MPOMEXYTKE KaHAJIOB C MOBBIIICHHON IIPOBOJMMOCTBIO r'a3a.
Ha puc.2 npencrasneHa cxema, IMOSICHSIONIAs], IOYEMY POCT JJIEKTPO-
MIPOBOJAIIET0 KaHajla — CTPHMEpa — MPOMCXOAUT ObICTpee, YeM NpPOIBH-
JKEHHUE JIEKTPOHHOH JaBuHBI. Ha prc.2 jnaBuHBI yCIIOBHO IOKa3aHBI B BUjIE
3alITPUXOBAHHBIX KOHYCOB, @& BOJHHCTBIMM JIMHUSIMHM H300pa)K€HBI ITyTH
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(oToHOB. BHYTpH Ka)J0ro KoHyca, MpeACTaBIsIomero co0ol pa3BHBalo-
LIyIOCSl JIAaBUHY, ra3 MOHHM3HMPYETCSl YAapaMH 3JEKTPOHOB; BHOBb OTIIEII-
JICHHBIE AJIEKTPOHBI, pa3rOHsSEMbIE M0JIEM, HOHU3UPYIOT BCTpEYaeMble UMH
YacTHLBI ra3a, ¥ TaKUM 00pa3oM JIaBUHOOOPa3HO HapacTaeT YHCIO DJIEK-
TPOHOB, JBIDKYIIUXCS K aHOXY, U YHCIIO MOJIOKHUTEIBHBIX HOHOB, HalpaB-
JISIFOIIMXCSL K KAaTOJy.

BonHHCTBIE TMHUE HCXOIAT U3 aTOMOB, KOTOPBIE OBUTH BO30YKICHBI
yZapaM# 3JIEKTPOHOB M BCIEX 3a T€M HMCIYCTWIH (OTOHBL J[BHrasice co
ckopocThio 3108 M/c, HOTOHBI OBTOHSIOT TABHHY M B KAKOM-TO MECTE, CO-
OTBETCTBYIOIIEM KOHILy BOJHHCTOH JMHUHM, YBEIMYHBAIOT SHEPTHIO JJICK-
TPOHOB MOJIEKYN Ta3za. B Takux MOJEKynax HMOHH3ALUS MPOHCXOAUT NpHU
MEHBIINX JHEPTUAX PA30rHAHHOTO IIOJIEM 3JICKTPOHAa M OCBOOOXKIICHHBIE
371ECh AJIEKTPOHBI, YCTPEMIISISACH K aHO/Y, OPOXKIAIOT HOBYIO JIABUHY Jiajie-
KO BIEpEIH MepBoii laBuHbL. TakuM 00pa3oM, MOKa nepBast JIABHHA BbIpac-
TaeT, CKaXkeM, Ha ITTUHY Majoi cTpeiku AB (puc.2), Hamedaromuics: KaHai
MOBBILIEHHON MPOBOJUMOCTH Ta3a, T. €. CTPUMEp, paclupocTpaHseTcs Ha
JuMHY Gonbrioi crpenku CD.

B cnenyromeil cragmy OTAENBHBIE JIABHHBI B OTPHIATEIHLHOM
CTpUMeEpE, HarOHSS IPYT APYTY, CIMBAIOTCSA, 00pa3ys CIUIOLIHON KaHall Ho-
HU3HPOBAHHOTO Ta3a.

OIHOBPEMEHHO C POCTOM CTpHMEpa, HANpaBICHHOTO OT Karojga K
aHONly, HaYMHAeTCsl 0Opa3oBaHNE BCTPEYHOTO JIABUHHOTO ITOTOKA MOJ0XKH-
TEJIFHO 3apsDKEHHBIX YacTHIl, HAIPaBJICHHOTO K Karoxy. [lojonTenbHbINH
CTpUMEp MpeACTaBIsIeT COO0N KaHal Ta30pa3psaaHoil mia3mel. [loscHUM 3TO
moipoOHee. DJNEeKTPOHHBIC JABHHBI OCTABJIAIOT HA CBOEM IIYTH OOJIBIIOE
YHCJIO BHOBb 06pa30BaHHI)IX TMOJIOKUTEIIbHBIX NOHOB, KOHLICHTPAIIUA KOTO-
PBIX OCOOCHHO BEJIHMKa TaM, I'lie JaBUHBI MOJYYWIN CBOE HauOoJbllee pas-
BUTHUC, T. €. OKOJIO aHOJa. Ecmu KOHICHTpalus IMOJIOXKUTECJIbHbBIX HOHOB
3]1eCh JOCTUTAeT ONpPEIEJICHHOro 3Ha4yeHusi (OJU3KOro K 10" wonos B 1
cM®), T0, BO-TIEPBBIX, OGHAPYKUBACTCS MHTCHCHBHAS (DOTOHHAS HOHH3AIIN,
BO-BTOPBIX, 3JIEKTPOHBI, OCBOOOXKJa€MbIe YaCTHIIAMHM Ta3a, NOTJIOTHBLIINMHI
(DOTOHBI, MIPUTIATHUBAIOTCS MOJOXKUTEIBHBIM IIPOCTPAHCTBEHHBIM 3apsIOM B
TOJIOBHYIO YacTh ITOJIOKUTEIILHOTO CTPUMEpPA M, B-TPETHHX, BCIEICTBUE HO-
HHU3alUU KOHIEHTPAIHXs MOJIO0KUTEIbHBIX HOHOB Ha ITyTH CTPHMEpa yBEIH-
yuBaetcsi. HachlllleHHe 2JIeKTpOHaMH IIPOCTPAHCTBA, 3aMOJIHEHHOTO IOJIO0-
KHUTEIbHBIMU 3apsiiaMu, IPEBPAIIaeT 3Ty 00J1aCTh B POBOJIAIYIO ra30pas3-
panHyro miasMy. Ilon BnusitHuEM yJapoB M10JIOKUTEIbHBIX HOHOB HA KAaTOAE
obpa3syeTcst KaToIHOE IISITHO, M3JIydarolee IeKTPOHEL. B pesynsrare yka-
3aHHBIX MPOIIECCOB U BO3HMKaeT mpoOoii raza. OObYHO MpoOo Ta3a mpo-
HUCXOJUT MPAKTUYCCKU MI'HOBCHHO: MJIMTCIBHOCTE ITOATOTOBKH Hp060ﬂ rasa
IIpU JUIMHE MPOMEXKYTKa 1 ¢M cocTaBigeT mopsaka 107 — 10 c. Yem Gomb-
LI HaNpsDKEHHE, NPUIIOKEHHOE K ra30BOMY IPOMEXYTKY, TeM ObIcTpee
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MOJKET pa3BUThCS NpoOoi. Ecnu AnuTensHOCTh BO3ACHCTBUS HANPSKEHUS
OuYeHb MaJla, TO NMPOOMBHOE HANpsDKEHUE IOBBIIIAETCA. JTO MOBBILICHUE
0OBIYHO XapaKTepU3yIOT KOdPPUIIEHTOM UMITyIIbCca

ﬁ :Unp/unpSO ! (8)
rey, - NpOOHBHOE HAMPSDKEHHE TPH TAHHOM HMITYIIBCE; Uopso mpoOus-

HOE HaINpsKEHHE NMPU MOCTOSHHOM WIN MEPEeMEHHOM HalpsDKEHUH 4acTo-
toro 50 I'm. Koadpuument ummynbca B pe3Ko HEOJHOPOIHBIX JIEKTpHYE-
CKHX TOJIIX MOXET JOCTUraTh 3HaueHus 1,5 U Jaske mpeBbllaTh ero. SIBie-
HHUE Tpo0Oos Ta3a 3aBUCUT OT CTENEHH OJHOPOJHOCTH DIIEKTPHYECKOTO IMO-
7151, B KOTOPOM OCYIIECTBIIAeTCs poOoil. PaccmotpuMm ABieHMe mpobos rasa
B OHOPOAHOM rojie. OJHOPOJHOE TI0JIE MOXHO MONYYUTh MEXKIY IIOCKH-
MH 3JIEKTPOIaMH C 3aKPYTJICHHBIMHU KPasiMH, a TaKKe MEXAY cepaMu Ipu
PacCTOSHUN MEXIy HHMH, COM3MEPHMOM C TuaMeTpoM cdepsl. B takom
1oJ1e MpoOOi HACTYMAET MPAKTUYECKH MTHOBEHHO TIPH JIOCTIKEHUH CTPOTO
OTIPEJIETICHHOTO HAPSDKEHUS, 3aBUCAIIETO OT TEMIIEPaTyphl U IaBJICHHS Ta-
3a. Mexay 3JeKTpoJaMH BO3HHKAeT MCKpa, KOTopas 3aTeM IepexoauT B
JYTY, €CIIM UCTOUHUK HAIIPsDKEHHsI UMEeT HOCTaTOYHYIO0 MOIIHOCTb. [losB-
JICHUE UCKPBI NPH 3aJlaHHOM PACCTOSHUM MEX]y JIEKTPOJaMH UCHOIb3YIOT
JUIS OTPENCTICHUS 3HAUCHUS MPUIOKEHHOTO HANPSKEHUS (M3MEpEeHHUE BBI-
COKHX HaIIPSDKEHHUH ¢ TIOMOIIBIO IIIAPOBBIX PA3PSAAHUKOB).

[Ipu MajdbIX pacCTOSIHUAX MEXIY MIEKTPOAaMH HAOIIOAeTCsl 3HAYH-
TEJIFHOE YBEIMUYCHUE IEKTPUUECKON MNPOYHOCTH BO3AYXa. JTO SIBICHHE
MOXKHO OOBSICHUTH TPYAHOCTBHIO (POPMUPOBAHUS pa3psijia MPH MaJIOM pac-
CTOSTHAM MEXKAY JIEKTpoAamu. [Ipy HOpMaiIbHBIX YCIOBHSX, T. €. TIPH J1aB-
snenun 0,1 MIla u temneparype okozno 20 °C, snekTpuyeckasi IpoOYHOCTb
BO3/lyXa IPH PACcCTOSHUU MEXy 3JIEKTPOoJaMH | CM cocTaBIIsieT IPUMEPHO
3 MB/m; a mpu h = 5 Mxm ona gocturaer 70 MB/m.

OJeKTpuuecKasl MPOYHOCTh r'a3a B CHJIBHOW CTENEHM 3aBHCHUT OT €ro
IUIOTHOCTH (T. €. OT JAaBJICHHS, €CIIM TeMIepaTypa MocTostHHA). [Ipu Manbix
HM3MEHEHMAX TEeMIIepaTyphl U AAaBJICHMS Ta3a MpOOHMBHOE HANpsHKEHHE MPo-
MTOPIIMOHAIBFHO IIOTHOCTH Ta3a. [loaToMy M pacuera mpoOWBHBIX HAIpPSI-
KEHHH BO3IlyXa MpUMEeHseTcs (hopMyma

U, =U,.5 )

rae Unp - HpO6I/IBHOC HAMPpsKCHUC TIPU JaHHBIX TEMICPATYpPE U JaBJICHUU,
UnpO

nasnennu P = 0,1 Mlla). OTHOCHTENbHAS IUIOTHOCTH BO3AyXa O paccyu-
TBIBAETCS 110 COOTHOLIEHUIO

np0

- IpoOMBHOE HANpPSDKEHHWE NMPH HOPMalbHBIX ycioBusx (t= 20 °C u

5-0386—P— (10)
t+273

rae t - Temneparypa, °C; p - AaBineHue, MM pT. cT. [Ipy HOpManbHBIX yc-
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JIOBUSIX OKpY’KaroIlen cpensl §=1.

[Tpu GonbLIMX AABJICHUSX U COOTBETCTBEHHO ITOBBINICHHON INIOTHOCTH
rasa pacCTOSHHE MEXTY OTHENBHBIMH MOJEKYJIaMH CTAHOBHTCS MEHbLIE;
TeM CaMBbIM YMEHBIIAETCS IJIMHAa CBOOOIHOrO Mpodera 3JIEKTPOHOB U, KaK
cnenyer u3 Gopmynsl (4), UL TOro 94TOOB TPoOOH MPOM3OIIEN, MOKHA
OBITh yBEJIIMYCHA HANPSHKEHHOCTD HJIEKTPUYECKOTO MOJIS.

[lpn yMmeHbLICHUH JaBJIEHHs BHayajie HaAOJIONAETCs MaJeHUE DJICK-
TPUYECKOW MPOYHOCTH, KaK 3TO BUIHO U3 PHC.3; KOTAa XKe JaBJIeHHE J0XO-
JIMT 10 HEKOTOPOro mpezena (Huwxke aTMOC)EpHOro AABICHUS) U pa3pee-
HHUE JOCTHIaeT BBICOKMX CTEINCHEH, JJIEKTpUYEecKas NMPOYHOCTh HAUYWHACT

CHOBa BO3pacTarb. JTO BO3pac-

\Emp TaHUe OOBICHIETCS YMEHbIIe-
HHEM 4YHCJIa MOJEKyNl raza B

enuHUIEe 00beMa IIPH CHIBHOM

pa3pexKEHUH M CHIDKCHHEM Be-

POSITHOCTH CTOJIKHOBEHHH

3NMEKTPOHOB €  MOJICKYJIAMH.

[Tpu BeICOKOM BakyyMe mpo0oii

| MOYKHO OOBSICHHUTL SIBJIEHHEM
: BBIPBIBAHUA 3JICKTPOHOB U3 I10-
' »  BEPXHOCTH BIIEKTpoAa (XoJao0i-

-

h=const

0 0,1Mfla p Has sMuccus). B aTom cimydae
JNIEKTPUUECKasl MPOYHOCTh J0-
XOOUT JI0 BEChbMa BBICOKHX
3HAYCHUH, 3aBHCUT OT MaTe-
pHuaia U COCTOSIHHS IIOBEPXHO-
CTH AJIEKTPOJIOB U OOJIBIIIEe HE H3MEHSIETCS («IoJI0ukay Ha puc.3). bomsrryio
ANEKTPUUYECKYI0 MPOYHOCTh BaKyyMa HCIOJB3YIOT B TEXHHUKE MPH KOHCT-
PYHMPOBAaHMM BaKyyMHBIX KOHAEHCATOPOB I OONBIINX HANPSDKEHWH BbI-
COKOM 4aCTOTBHI.
I'a3bl npu OOJIBIINX JABJICHUAX MPUMCHIIOTCA B KAa4C€CTBEC H30JIsA-
MW AJI BEICOKOBOJIBTHOM ammapaTyphl, a TaK)Ke B MPOU3BOACTBE Kabemeit
U KOHJIEHCAaTOPOB BBICOKOI'O HampsDKEHUs. XMMHUYECKUH COCTaB rasa 3a-
MECTHO BJIMACT HaA JJICKTPUYCCKYIO ITPOYHOCTD. 3aKOHOMepHOCTI/I, KOTOPBIM
MIOTYHMHACTCS MPOOOH T'a30B B HEOJAHOPOIHOM IIOJIE, 3aMETHO OTIMYAIOTCS
OT OIHCAHHBIX BBIIIE 3aKOHOMEPHOCTEH, HAOMIOMaeMBIX MPH MPoOoe B OJ-
HOpOJHOM TToJie. HeomHOpoHOE MoJIe BO3HUKACT MEXKAY ABYMSI OCTPHSIMH,
OCTPHEM M IIOCKOCTBIO, MEXIY MPOBOJAMH JIMHHUHN 3JCKTPOIEepeadn, Me-
Ky CPEPUIECKUMHU MOBEPXHOCTSAMH HPU PACCTOSHUU MEXIY HHMH, TIpe-
BBIIIAIOIIEM JUaMeTp cepsl, U T. 1.
Oco0eHHOCTBIO TIPO0OsI Taza B HEOJHOPOIHOM TIOJE SIBIISETCS BO3-
HUKHOBEHHE YAaCTHYHOTO pa3psia B BHIEC KOPOHBI B MECTaX, TJe Hamps-

Puc. 3. 3aBUCHUMOCTB 3JIEKTPUUECKON
MPOYHOCTH Ta3a OT JaBICHUSI
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KEHHOCTb IOJIS IOCTUraeT KPUTUYECKUX 3HAUCHMH, C JAIbHEHIINUM mepe-
XOJ/IOM KOPOHBI B MCKPOBOI pa3psii U AYTY IPHU BO3PACTAHUM HAIPSHKCHUS
MEXAY JIEKTPOJaMHU.

DJeKkTpryecKkas MPOYHOCTh BO3AYIIHOTO 3a30pa 3aBUCUT OT pajualu-
oHHOTO (hoHA. DTO CBA3AHO C TEM, YTO POCT PAAMAIMHU IIPUBOJUT K yBEIH-
YEHUI0 KOJIMYECTBAa CBOOOJIHBIX HOCHUTENEH 3apsja B raze u olierdyaer
(opMHUpOBaHHE SJIEKTPOHHOW JIABMHBI. PamMOaKTUBHOCTH H3MEpSETCS B
Pa3IHYHBIX eIUHUIAX. Mepol paInoaKTUBHOCTH CIIY)KUT aKTUBHOCTB. O1-
HOW M3 eAMHUI] m3MepeHns ciayxuT bekkepens (bk), ato coorBercTByeT 1
pacmany B cexyHAy. ComepikaHHe aKTHBHOCTH B BEIIECTBE YaCTO OLICHHMBA-
10T Ha eANHUITY Beca BemecTBa (Bbx/kr) mmm oobema (Br/xy6.m).

Takxe ucnoib3yercs elle Takas eIWHHIAa aKTUBHOCTH, KaK KIOpU
(Ku). 310 - orpomuas Bennuuza: 1 Ku = 37000000000 bx. AKTUBHOCTH pa-
AUOAKTUBHOI'O MCTOYHHKA XapaKTEPU3YET €ro MOMIHOCTD. TaK, B UCTOYHHU-
Ke akTUBHOCTHIO | Ktopu mpoucxoaut 37000000000 pacniazioB B CEKyHY.

Kak 6pu10 cka3aHO BBIIE, IPU 3TUX pacnagaX MUCTOYHHK HCIYCKaeT
HOHU3UpYIOllee U3IyyeHus. Mepoil HOHM3ALMOHHOTO BO3JEUCTBUS 3TOTO
M3ITYYCHUS Ha BEIECTBO SABJSICTCS KCIO3UIIMOHHAS 103a. YacTo nu3Mepser-
cs1 B pertreHax (P). [Tockonpky 1 peHTIeH - JOBOIBEHO OOJBIIast BETMYHHA,
Ha TMpaKTUKe yAOOHEee IMOIB30BAThCAd MWIUTHOHHOW (MKP) mnm TeIcS9HOM
(MP) momsimu peHTreHa.

1.3. CraTucTnyeckne MeTOAbI UCCJIEJOBAHNUS 3J1eKTPUYECKOT0 NPosost
JHIEKTPUKOB

O BenMUYMHE IIEKTPUUECKON MPOYHOCTH MaTepuaia Hellb3s CYyJIUTh 0
pe3ynIbTaTaM OJHOTO OIBITA M3—3a OonbLIoro pazdpoca 3HaueHui Uy, , Ho-
JIy4EHHBIX B OJJHUX W TeX YK€ YCIOBUSAX HCIBITAHUS (TOJIIHMHA AUIEKTPHU-
Ka, pa3Mep dJIEKTPOJIOB, TeMIlepaTypa OKpYXKarollel cpeibl, CKOPOCTh MO-
BBIILEHUS HAIPsHKEHUA U T.1.). Pasbpoc sHauenuit Uy, oquHakoBbIx 00pas-
OB MOskeT jocTurath 50 %.

UToOBl CYyOUTH O BEIMYMHE AICKTPHYECKOH MPOYHOCTH MaTepHaa,
HEOOXOIUMO MPOU3BECTH OOJBIIOE YHCIIO MCIBITAHUA Ha MPoOoi (He Me-
Hee 10), a IKCIIEpUMEHTANBHBIC PE3yNIbTaThl 00padoTaTh CTATHYCCKUM Me-
TooM. HammydmuM mpuOIMKEHHEM K UCTHHHOMY 3HAYCHHIO IPOOUBHOTO
HaTIPSDKCHUS SBIETCS CpeaHee apu(MeTHIeCKoe U3 N M3MEepeHHN:

13, ..
u,,==> Uinp"
N

Mepa OTKIOHEHHUSI OTAEIHHOTO0 M3MEPEHHUSI BETUYHMHBI TPOOMBHOTO HAIPSI-
xeHnus U oT ucTuHHOrO 3HaueHus Uy, ECTh CPEIHEKBAIPATHIHOE OTKIIOHE-
HUE G, KOTOPOE HE 3aBHCHUT OT YMCJa U3MEPEHMI, HO 3aBUCUT OT CBOMCTB
caMOro MaTtepuaja U OT YCJIOBUM MPOBEJIEHUS SKCIIEpUMEHTa. Mepa OTKIIO-
HEHHS CPEJHEr0 3HAYCHUsI MPOOMBHOTO HAMPSHKCHUS OT MCTUHHOTO 3HaYe-

(11)
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Hus U, ecTh cpelHeKBaapaTHiHas BETHYMHA Op , KOTOpAas 3aBUCHUT OT YUC-
Jla u3MepeHuit N. Beau4uHb! 6 U Gy, CBSA3aHBI MEXKy COOO0M COOTHOIIEHHEM
oo — o
m=n (12)
Jnst onpeneneHnst Gy MOXKHO BOCIONIb30BaThesl popmyoit [lutepca. Eciu
OMPE/ICITUM TS | — TO U3MEPEHHUS OCTATOK

‘Ai’:Uinp _Unp (13)
U HalJIeM CpeJHee 3HAYCHUE N OCTATKOB, B3ATHIX O€3 ydyeTa 3HakKa,
1
r=;i§EAi\ , (14)
T0 popmyna [Turepca mpumer BuA
5 r
%m (15)

OTO BEIpa)XEHUE CBS3BIBACT CPETHEKBAIPATUYHOC OTKIIOHEHHE CPEIHETO
3HAYCHUS MPOOMBHOTO HAINPSDKEHUSI OT UCTHHHOTO. [IpoOMBHOE Hampsike-
HHUE B 3TOM cIly4ae _
Unp = Unp +o m: (16)

UeMm MeHee OTHOPOIHBIM SIBIISICTCS MaTepHall, TeM OOJNbIIE Gpy U O.
CrerneHb 0JJHOPOJHOCTH ONpeeNsieTcs Mo K03 GULNEHTY BapUaluy
_ 0 . a7

np

K ogHOpOAHBIM MaTepuanaM OTHOCATCS Takue, A KOTopbix Ky, < 0,15, k
HEOJHOPOJHBIM — MaTepuaibl ¢ Ky, > 0,15. IIpoOMBHYIO HAaIPSKEHHOCTH
(3MEKTPUYUECKYIO MPOYHOCTh) ONMpeaeisitoT mo dopmyse (1) mpu moCTOsH-
HOM HANpsDKEHUH, MEPEMEHHOM HAMPSDKEHUU MPOMBIIIJIEHHOW YacTOTHI,
HaMpsDKEHUSX BBICOKOW YaCTOTHI M UMITYJIBCHBIX HaIpsDKeHHUAX. Yare Bce-
ro onpezenenue B, Mpou3BOIAT NpH NEPEMEHHOM HAIPAKEHUH MPOMBILI-
JICHHO 4acTOTHI.

2. MeToanka u3mMepeHmii 31eKTPUYECKOi NPOYHOCTH



63

W3mepenne nNpOOMBHOTO HANpsDKEHHS JUAJICKTPUKA IPOU3BOST
0OBIYHO C TIOMOIIBIO YCTAHOBOK, 0000IIEHHAsI IPUHIUITHATIBHAS CXeMa KO-
TOpBIX NpuBeneHa Ha puc.4. Cxema conepxuT: T — MOBBIIIAIOMINN TpaHC-
(bopMaTop, MaKCHUMaJIbHOE BBIXOJHOE HANpPSDKEHHE KOTOPOrO MOXKET OBITH
10 kB u 6onee. Koaddumuent tpanchopmanuu onpeaessieT MakCUMaIbHOE
HanpspKeHHE, KOTOPOr0 MOXKHO JOCTHYb MPU 33/JIaHHOM MaKCHMaJIbHOM
BXOIHOM HampspkeHnu. AT - aBTOTpaHC(OPMATOp € IUIABHOH PEryIHpOB-
KOM HampspKeHUst; P — pene MakCHManbHOTO TOKA, OTKITIOYAOIIEE BHICOKO-
BOJIBTHBIN TpaHCopmarop mpu mpodoe obdpasma; MII1, MII2 — maraut-
HBIE ITyCKaTENN; KOTOPbIE MOJKIIOYAIOT CETh K aBTOTpanchopmaTopy. JI1 u
JI2— curnanpHble MamMmbl. V — BOJIBTMETP MEpEMEHHOTO TokKa. Pesmcrop R
OrpaHMYHMBacT MaKCUMaJIbHYIO BEIMYMHY TOKa 4epe3 oOpasel| mpu npoodoe.

[Tpu ucnpiTaHMK 00pa3lbl pacroyiaraloT Ha IJIOCKOM HH)KHEM DJICK-
TpOJ€, BBIIIOJHEHHOM U3 HEp KaBerllel ctanu. B kauecTBe BEpXHEro 3JeK-
Tpojia OOBIYHO MPUMEHSIOT Iapbl Pa3IMYHBIX auaMeTpoB. Jlis ompenene-
HUsI IPOOMBHOTO HANPSDKEHHS UCTIBITYEMBI 00pa3el] pacioyiaraloT Mexay
QJICKTpOJaMU, HAXOAAIMIMMUCA 1O 3alllUTHBIM KOJIIIAKOM, UMEIOIIUM 6.]'[0-
KHPOBOYHBIH KOHTaKT. MarHUTHBIE ITyCKaTEIH ITOAKIIOYAIOT 3JIEKTpHYe-
CKyIO0 CETh K aBTOTpaHC(OpMATOpy, IIOCIE YEr0 MOXKHO IIOAaBaTh C HETO
HanpspKeHHE Ha TIEPBUYHYI0 00MOTKY TpaHchopmaTopa T. [lyrem pyuHoro
WJIN aBTOMaTHYIECKOTO YBEINYEHHS aBTOTPAHC(HOPMATOPOM HANpPsDKCHUS Ha
NIepBUYHOIN 00MOTKe TpaHcdopmaropa T HampspkeHHe Ha HCTIBITYyeMOM 00-
pasiie IUIaBHO MOBBINIAETCS 70 ero npobos. Hampspokenwe, mpu KOTOpoM
npousoiiner npoboi, GUKCHPYIOT ¢ moMouiplo BoabTMeTpa V. B ciydae
mpo0osi HCTBITyeMOoro obpasiia MarHuTHble Tyckarenu MII1 u MII2 oT-
KJIFOYAIOT aBTOTpaHC(HOpPMaTOp OT AJeKTpudeckoii cetu. [locie aToro odpa-
3el| Marepuaja 3aMeHSIOT Ha JpYyroil U o0ecreuyuBaloT MOATOTOBKY Clie-
JYIOILETO [UKJIA U3MEPEHHSI.

3. BoinosiHeHue 1a0opaTopHOii padoThl
ITpn moxnroroBke k paboTe HEOOXOAUMO M3YUUTH METOJUUYECKHE YKa-

5
E3=10 Om

e =k DHE

Puc. 4. (DyHKIII/IOHaJ'H)Haﬂ CXeMa YyCTaHOBKHU JId USMCPCHUS
Haps’KECHU 3JICKTPUICCKOTO Hp060$[ TBEPABIX AUDJICKTPUKOB

o

ey
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3aHus K JabOpaTOpHOW paboTe W 3aTeM IMOJY4YHUTh Y MperojaBarTelis 3a1a-
nue. [l Havana paboTel HeoOXxomuMo 3amyctuth daitn  «[Ipoboii musm»
Ha Pabouem crone IIK. [locne dero mosiBUTCS OKHO, M300pakeHHOE Ha
puc.5,a. OHO oTOOpakaeT Ha3BaHHE BHIITOJIHIEMOH J1aOOpaTOpHON paboThI
W HEKOTOPBIE HHTYUTHUBHO MOHSITHBIC 3JIEMEHTHI YIIPaBICHHS.

JlabopatopHasi paboTa COCTOUT M3 JIBYX yacteil. B mepBoii wacTu uc-
CIIERYETCSl IIeKMPUUECKAs NPOYHOCMb MEEPObIX OUINEKMPUKOE, & BO BTO-
Poii 4acTH HCCIEXyeTCsS 2IeKmpUuiecKkas npouHoCms 6030YUIHO20 3A30pa.
HaunnaTh paboTy MOXHO C F000# U3 9acTeii, BEIOpaB B MeHIO «Br10op TH-
I1a UCCIIEOBaHMSD) IEITIKOM JEBOW KHOIKH MBIIIN HYXHBIH THI UCCIIE0-
BaHus. HaumHaeTcs MCclieqoBaHHUE CO IIENTYKa JIEBOM KHOIIKOW MBIIIH I10
kHomke «Havate nccnenoBanue».

3.1. UccnenoBaHue 3JIeKTPUYECKOIl MPOYHOCTH TBEPABIX

VCCTEARA4E INEFTPAIMETON NFOMROCTH TEHMMx ATNETRINS

Na6oparopas pabota
"WccnenoBaHme 3neKTpUYeckoin oar 0
& i e
NPOYHOCTHM 3NEeKTpopagMoMaTepnanos” P B — —
bt vl i ‘
BBEOP TUNA UCCAEAOBAHNA piris s —— hy\
npou ) B E e - y

AT ITERBAE I Buron

[T T Ty se——r—

a 6
Puc. 5. Baemnnii Bug okHa «Bribopa Tuma ucciaenoBanusy (a) u
OKHa HCCJICOBAHM IPOOMBHOTO HAIPSKECHUS AUIEKTpHKa ()

JTHIEKTPUKOB

[Tanenp ympaBiieHHsT BBITIOJHEHWEM 3TON dYacTH J1abOpaTOpPHOUM pa-
00THI MOKa3aHa Ha puc.5,0. B HIKHEH YacTH MaHeN u MPOUCXOAUT BHIOOD
Marepuaina JJs HCCJIEIOBaHMS LIETYKOM II0 COOTBETCTBYIOIIEH BKIIAJIKE.
Ha xax10#1 BKiajKe npeicTaBieHbl KOHKPETHBIN MaTepuall IU3JIeKTpUKa U
€ro KpaTKoe OIMCAHWE. YKa3bIBACTCS TOJNIIMHA HCCIEAYEeMOro o0pasna
Marepuana. B BepxHell yacTu MaHenu 3a/1al0Tcs NapaMeTpbl UCCIEIOBAHUS
B BHJIC KOJMYECTBA CJIOEB MaTepralia U KOJUYECTBA HEOOXOUMBIX U3Mepe-
Huil. YuciioBble 3HaYCHUS B IH(POBBIC JIEMEHTHl YIPABICHUS 3aal0TCS
CTaHAAPTHBIM CIIOCOOOM orepanoHHoON cuctembl WiNndows. (BbLIeNUTh U
N3MEHUTB).



65

BHUMAHUE! Ilpoyecc uzmepenus noiHOCmMbIo a8MOMAmMu3uposan U 3a-
KAHYUBAEMC S ABMOMAMUYECKU NOCIe BLINONHEHUS 3A0aAHHO020 KOIUYeCcmaed
usmepenuti. ITanukatop 3eneHoro 1pera «IloaroroBka» ykasbIBaeT Ha To,
YTO NMPOUCXOIUT MOJArOTOBKA BBICOKOBOJIBTHON YCTAaHOBKH K Hauayly U3Me-
penuit. Ilponecc nsmepenus 3anaercs HaxatueMm kHonku «Ilyck». ITponecc
U3MepeHus HalpsDKEeHUst Mpo0ost oToOpakaeTcs nHaAnKaTropoM «BHumanue!
Bricokoe HanpsbkeHuey. IlomydeHHBI MacCUB M3MEPEHHBIX IAaHHBIX OTO-
OpakaeTcs Ha CIIELUATIBHOM UHOUKAMOpEe MACCU6a CTIPaBa B BEPXHEH JacTH
MaHenu. DJEMEHTHl MAacCHBa, HE YMECTHMBIIMECS Ha WHIMKATOPE, MOTYT
OBITH MPOCMOTPEHBI C UCIIOIb30BAHUEM KHOIIOK UHKPEMEHm — OeKpemMenn,
oToOpa’kaeMBIX ClIeBa B BEpXHEH YacTH HWHIWKAaTOpa MaccuBa (puc.6).
udpoBoii UHAUKATOP PSIOM C KHONKAMH OeKpeMeHm — UHKpeMeHm yKa-
3bIBaC€T Ha MHAEKC DJIEMEHTa MacCHBa, KOTOPBIA Bcerja oToOpaxaercs B
BEpXHeH cTpoke unoukamopa maccuga. Ilocie BHIIOIHEHUS MOTHOTO LIUK-
JIa 33JJaHHOTO KOJIMYECTBA U3MEPEHUI Ha MaHeNIH YIpPaBICHUS MOSBISIOTCA
JOTIOJTHUTCIIBHBIC KHOIIKH, KOTOPBIC MO3BOJIAIOT U3MCHUTH IMapaMETpPhbl HUC-
cnenoBaHus (KOJIMYECTBO CIIOEB, KOJUYECTBO M3MEPEHHI) UIH MPEKPaTUTh
HCCIIEOBAaHMS M TIepelTH Ha BBIOOp Apyroro uccienoBanus (puc.7). Ha
MaHelb YNPaBIEHHUs TAK)KE BBIBENCHBI OMOIHUTEIbHBIE HHIUKATOPBI, OTO-
Opa’karolIye IMPOLIECC BHITOIHEHHUS HCCIICIOBAHMUM.
ITocne BBIMOMHEHHS MOJHOTO LMKIA 33JaHHOTO KOJIMYECTBA U3MeEpe-
HUIl Ha MaHeNu yNpaBlIeHHs MOSBIs-

HanprweHie Ha oSpasye QHSNEKTRHHECKOD MATEPHANE A0 la2m

o T OTCA AOIOJHHUTCIIBHBIC KHOIIKH, KO-
= % 2250 TOpbIe IO3BOJSIOT W3MEHHTH Iapa-

¢ 2283
2254 METPBI HUCCICIAOBAHUA (KOJ’II/I'—IeCTBO
= CIIOEB, KOIMYECTBO M3MEPEHHMIT) WM
HoMep Hswepesna  Hanpmweie npoGos - o
6 2304 B MPEKPaTUThL UCCICAOBAHUA U TIEPEU-

TH Ha BBIOOP APYTOro MCCIEeIOBaHUSA

Puc. 6. OToOpaskeHne MaccuBa
(puc.7). Ha nmanens ympaBiieHUs Tak-

W3MEPEHHBIX 3HAUYCHU I

JK€ BBIBCJCHBI JOINOJHUTECIBHBIC HWH-
CTEIBHHIE STENTRISESSON TFONHOCTH TEEFHE ETETAWE . JAUKATOPBI, 0T06pa>KaIOH.[I/IC nponecc

Papanerpn wccresossmn Hanpaecis %2 cbpaxie BONTNI® T |

BBITIOJTHEHUS UCCIIEAOBaHUH.
3.2. UccaenoBanme 3j1eKTpHUUYECKON
MPOYHOCTH BO3TYIIHOTO 3230pa
DTO0 WCCiIeJ0BaHNE TPOUCXOANT
B Pa3JIMYHBIX COCTOSHHUSAX BO3JYIIHO-
ro 3a30pa B U3MEPHUTEIbHOW Kamepe.
Uccnenyercst HampshkeHue mpoOos
IIPH Pa3INYHBIX 0a6/1eHUAX 6030YXa U
paouayuonnvix gownax. Iy nepexo-
Jla K 3TOH yacTu 1abopaTopHOit pado-
Thl HEOOXOIMMO B NEPBOM OKHE pa-

sy e R e
e TR g o e
et el A T .

ik syl s aan v e
NG AU REORS e ARSI eSS 4
T
[T ——

[IRTR—p—

Puc. 7. Oxpan IIK nocne BbI-
TIOJTHEHMS IUKJIa U3MEPEHUI
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60Tbl (puc.5,a) BBHIOpAaTh M3 MEHIO COOTBETCTBYIOIIMH mNyHKT. [laHenb
yIIpaBJIEHUsI BHIITOJHEHUEM ATOH YacTH 1ab0paTOpHON paboThl OKa3aHa Ha
puc.8. OHa cocTouT M3 ABYyX uacreil. Kakaas MX HUX aKTHBU3UpYETCS
TOJIBKO B CBOeM pexxuMe padotsl. Ilocne mepexoma K HCClIEOBaHUIO BO3-
JYIIHOTO 3a30pa MOsIBIIsAETCS MaHeNb YIpaBJIeHUs HacocoM (puc. 8,a), 3a-
JIalONIMM JaBJeHHe B M3MepuTeiabHoW Kamepe. [locne 3agaHust HY>KHOTO
JaBJICHHMS, BKJIIOUSHUS HACOCA M JOCTH)KCHHUS 3alaHHOTO JaBJICHHS MOXKHO
NEePEeXOIUTh K M3MEPECHHIO HANPSHKEHHS MPo0os. [ 3TOro UCHoNB3y0TCs
COOTBETCTBYIOIE KHOIKH MTAHENN YIPaBICHUSL.

[lanens ympaBiieHHS HCCIIECAOBAHHEM HAIPSDKCHUS IIPOOOS BO3-
IOYIIHOTO 3a30pa IoKa3aHa Ha puc. 8,0. DJIeMeHTHI yIIpaBIeHUs 3TOi maHe-
JI1 BO MHOTOM COOTBETCTBYIOT paHee ONMCAHHOI MaHeNu yIpaBieHUs MpU
HCCIICAOBAHNHU HAIIPSAKCHUSA HpO6OH TBEPABLIX AUDJICKTPUKOB.

PCENESOBAMIE INEXTATMECTEN MIFCHHOSTH BIYLHORD ATFA WCCTIENCEAMHE SNBCTFYMECKD MRGHHOCTH BO3YUMOMD SATATPA

Masnenme ycranonneno

Esere napapery ureneamsn
siape s wassime oty A -
15

Forctis Hiptol
1

Hanpewame 1a BEamuan 333098

.\ -~

a 6
Puc. 8. OkHa ynpaBieHUss HACOCOM (@) U U3MEPEHHs HAPSKCHHS
po60st BO3IyITHOTO 3a30pa (0)

4. llocen0BaTeIbHOCTH BHIIOJIHEHHS Pa00ThI

4.1. MccaenoBaTh 3JIEKTPUYECKYI0 IPOYHOCTH TBEPABIX TUIJIEK-
TPUKOB, yKa3aHHBIX MpenoaBarenemM. s 3Toro:

a) mpou3BecTH ykazaHHoe kKonndecTBo (N) n3MepeHuit HanpsHKeHUs
po0Ost sl KAKIOTO ciosi. KomrMuecTBo clioeB Takke yKa3bIBaeT Mpernoia-
BaTelb,

0) oIpeneNuTh CPETHIOK BEIMYUHY MPOOUBHOTO HampspkeHUs U, s

13 :
KaXXJIoTO M3 CIIOEB KaK | 72Ui ;
N

B) mocTpouth rpadpuk Uy = F(N) 1 onpenenauts CpeaHIO0 BETHYHHY
NPOOHBHOM HAIPSDKEHHOCTH 3JEKTPHYECKOTO OIS (IMEKTPHIESCKYIO MPOY-
Hoctb) Kak E = U, /d, riae d — Tommuna uccneayemoro oopasiia;

r) Uil MAaKCUMAIBHOTO KOJHUYECTBA CIIOEB HCCIIEAYyEMOro JAUJICKTPH-
Ka pa3JeNuTh IUaNa30H HAMPDKEHWH Mpo0Osi MEXIYy MaKCHMAIbHBIM H
MHUHUMAaJIbHBIM 3HAYEHHSAMH Ha HECKOJIBKO (5-7) 30H M HNOCTPOHTH T'HCTO-
rpaMMy pacnpeneneHus KOJM4ecTBa HalpsDKeHUH Ipo0os ONaBIINX B BbI-
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JIeJICHHbIE 30HBI;
1) ONPENEIUTh CPEAHCKBAIPATHYHOE OTKIOHEHWE G HAaIlpsKCHUH

Hp06051 AJId MaKCHUMaJIbHOTO  KOJIMYECTBA CJIOCB JUDJICKTPHUKA KakK
N

Z(UI _Um)2 .

i=1 )
N

€) ompenenuts KodpUIMEHT BapHalMy HANPSDKEHHS MPo0os uis
MaKCHUMAaJIbHOT'O KOJIMUECTBA CI0EB AUAJIEKTPUKA.

4.2. UccienoBaTh 3J1eKTPHYECKYI0 MPOYHOCTH BO3IYIIHOIO 3a30-
pa. lns atoro:

a) YCTaHOBUTH BeNWYMHY JaBieHus (P) B uaMeputensHON kamepe IO
YKa3aHUIO MPETIOJaBaTelIs ¥ 111 OOBIYHOTO paguariioHHOro ¢oHa 15 MKP/q
MIPOM3BECTH yKazaHHOE KomdecTBO (N) m3MepeHuit HanpspKeHUs Ipooos;

0) mpousBecTH M3MepeHus (10 1. 2.2 a) UIA yKa3aHHBIX IpernoaBare-
JIeM JIaBJICHUH B M3MEPUTEIBHONW KaMepe MpH HEM3MEHHOM PaIHallHOHHOM
¢doned

B) OIpEAEINTh CPENHIOI BEIMYUHY NpoOMBHOTrO HampspkeHus Up
BO3/IyLIHOTO 3a30pa Ul KaKAOTO 3HAYEHMs JaBJICHHS B U3MEPHUTEIILHOMN
Kamepe;

r) moctpouts rpaduk Up, = F(P);

Jl) YCTaHOBUTH JIaBIIEHUE B U3MEPUTENBbHON Kamepe 750 MM pT. CT. H,
yBEJIMYMBasl yKa3aHHOE IIperojiaBarelieM 3HaueHHe pajualioHHOro (oHa
(R), mpousBecTH 10 5 M3MEpEHUI HANPSDKEHUsI MPOOOsT BO3TYLIHOTO 3a30pa
JUTSL KaXK/I0TO 3HAYCHUS paliallioHHOTO (hOHa,

€) ONpeNenuTs NpOoOUBHOTO HApsKeHUs! Uy UIS KaXII0ro 3HAYCHUS
pamuaimonsoro ¢ona R u mocrpouts rpaduk Uy, =F(R).

5.Conep:xanue oTyera
5.1. OT4eT BBINOJHSAETCS KOKIBIM CTYJICHTOM HHAMBUAYaIbHO.
5.2. OTueT J0JKEeH COePIKaTh:
® Ha3BaHUE paboTEHI;
® 11816 PaboTHI;
® OCHOBHbBIE TEOPETUUECKHE CBEJICHUS;
® CXEeMBbl H3MEPEHHSI;
® [10JTy4eHHbIE PacUeTHBIC JaHHBIE;
® HeoOXoUMBbIe rpad UKy, TpeOyeMble MO 3a/1aHHIO;
® CpaBHEHME MOJYYEHHBIX JJAHHBIX CO CIIPAaBOYHBIMH MaTepHallaMH.

6. Bonpochl 1711 NOATOTOBKH K 3a1iTe J1a00paTOpHOii padoThI
1. Uto Takoe deKTpUIecKuil mpoOoit TUIIEKTPUKOB?
2. B kKaKkux eAMHHUIAX U MOYEMY HMEHHO B HUX U3MEpPSACTCS DICKTPH-
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yecKas MPOYHOCTh TUAIEKTPUKOB?

3. B KaKkuX AMDIEKTPUKAX BO3MOXKEH MIEKTPUUECKHUN MPOOOA, Ter1o-
BOM IPO0OOIi, HIEKTPOXUMHUYECKHUH TPOOOI?

4. Yro Takoe 3Heprusl HOHU3ALUU?

5. Kak BO3HHKaeT 3JIeKTpHYECKUi MpoOoi B ra3000pa3HbIX AHIIICK-
TpUKax?

6. Uto Takoe cTpuMep U KaKoBa €ro poJib B SJCKTPHUECKOM Ipodoe
ra3000pa3HBIX AUINEKTPUKOB?

7. Kak pa3BuBaeTcs TeIruioBoi mpoboii?

8. Kak 1 mouemMy pOHUCXOANT IEKTPUICCKUH MMPOOOI TBEPABIX HEO-
HOPOJAHBIX AUAIICKTPUKOB?

9. Kak nmpoucxomuT aJeKTpHYECKUi TPo0O0ii TBEPABIX OJTHOPOIHBIX
TUDIIEKTPUKOB?

10. Kak IpoMCXOAMT NMEKTPOXUMUYECKUIH POOOH TBEPABIX TUIJICK-
TPUKOB?

11. Kak 1 nouemMy s3JeKTpH4ecKasi IpOYHOCTh I'a3000pa3HbIX TUIJIEK-
TPHUKOB 3aBUCHT OT AaBJICHUs ras3a?

12. Yto Takoe k03P PHIMEHT Bapuanyuy MpoOUBHOTO HANPSDKCHUS U
YTO OH OlpeaensieT?

13. Kak npoOuBHOE HanpspKeHNE TUAIEKTPHUKA 3aBHCHUT OT €T0 TOJI-
IIUHBI?

14. TToueMy aiist iccieJOBaHUS MPOOUBHOM MPOYHOCTH AUAICKTPHUKA
UCTIONB3YIOT CTATUCTUYECKUE METOJIbI?

15. Kak 1 moueMmy 3eKTpHUecKasi IPOYHOCTh ra3000pa3HbIX JUIICK-
TPHUKOB 3aBUCHUT OT YPOBHS paguanun’?

16. IloyeMy mpH OJMHAKOBOM TOJIIMHE Ia3000pa3HOTO M TBEPIOTO
JU3JIEKTPUKA MPOOUBHOE HANPSDKEHHE TBEPOTO AMAIEKTPHKA 3HAUNTEIFHO
BBIIIIE, YeM y Ia3000pa3HOro?

JIABOPATOPHAS PABOTA Ne 5

HNCCIEJOBAHUE OCHOBHBIX TAPAMETPOB
BBICOKOYACTOTHBIX KATYHIEK HHAYKTUBHOCTH

Henb paGoThl: 03HAKOMJIEHHE C OCHOBHBIMH 3JEKTPHUECKUMH Iapa-
METpaMM BBICOKOYACTOTHBIX KaTyLIEK MHAYKTUBHOCTU M METOJAMHU HU3Me-
peHus 3TUX NapaMETPOB Ha IEPEMEHHOM TOKE BBICOKOM YaCTOTHL.

1. KpaTkue TeopeTH4ecKHe CBeIeHUA
1.1. O0mue cBeieHUS 0 KATYIIKAX HHAYKTHBHOCTH
Karymkn WHAYKTHBHOCTH, TPaHC(POPMATOPBI, JPOCCETH OTHOCITCA K
MOTOYHBIM KOMIIOHCHTaM Paauo3JeKTpoHHOU ammaparypsl (POA). OcHoB-
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HOM pabouuii 371eMeHT — 0OMOTKa, UCHOJIb3yeMasi AJIsl peau3aliid MarHUT-
HBIX CBOMCTB. /{0751 MOTOYHBIX KOMIIOHEHTOB B ycTpoiicTBax PDA cocras-
nseT oT 3 10 8 %. B BEICOKOUACTOTHBIX KaTyIHIKaX MHIYKTUBHOCTH UCIIONb-
3yeTcsl MHAYKTHBHBIN XapakTep conpoTuBieHus B quanasoHe 100 k[ — 10
I'Tn. Katymku MHIyKTUBHOCTU 00JIaJalOT CBOMCTBOM OKAa3bIBaTh PEAKTUB-
HOE CONPOTHUBJICHUE MEPEMEHHOMY TOKY IPU HE3HAUUTEILHOM COIPOTHB-
JICHUH MTOCTOSHHOMY TOKY. COBMECTHO ¢ KOHJCHCATOPaMU OHH HCIIOJIB3Y-
I0TCS ISl CO3AaHMsA (DMIIBTPOB, OCYIIECTBILSIIONIMX YaCTOTHYIO CEJIEKIHIO
JNEKTPUYECKUX CHTHAJIOB, a TakXe JJI1 CO3JaHMsl DIIEMEHTOB 3aJEPiKKU
CUTHAJIOB U 3alIOMHMHAIOIINX JJIEMEHTOB, OCYIIECTBICHHS CBS3H MEXKIY Lie-
IISIMH 4€pe3 MarHUTHBIA MOTOK U T.[. B oTindne oT pe3ncTopoB U KOHAEH-
CaTOPOB OHU HE SABJIAIOTCA CTaHJAPTU30BAHHBIMU H3JETUSIMH, a H3TOTaBIIH-
BAIOTCS TSI KOHKPETHBIX IIeJiel U MMEIOT TaKue MapaMeTphl, KOTOphIe He-
00XOIIMMBI JUIsl OCYLIECTBIICHUSI TeX WJIM WHBIX MPeoOpa3oBaHUil JIEKTpH-
YEeCKUX CUI'HaJoB. KaTyIky HHIYKTUBHOCTH B OCHOBHOM ITPUMEHSIOTCS:

- Ans KoyiebaTeNbHBIX KOHTYPOB (HapaylIeNbHBIX M IOCIIEIOBATEIIb-
HBIX);

- MOJTy4YEHHUs MarHUTHOH CBSA3H 32 CYET MarHUTHOTO MOJS MEXKAY OT-
JeTFHBIMH YYacTKaMH Heneid POA (cBsS3aHHBIE KOHTYPHI);

- CO3JaHUA B DJIEKTPUYECKOHN LIENMU PEaKTUBHOIO CONPOTHBIECHHS HH-
JDyKTHBHOTO XapakTepa (Ipoccenu ).

Marepuan npoBOJHIKAa OOMOTKH KaTYIIKH — METaJUI ¢ OOJIBIION mpo-
BOIMMOCTBI0. PopMa KaTymIek MOXKET OBITh JIF000H, HO OoJibllIee IPUMEHE-
HUE TOTyYIIN KaTYIIKH [MINHAPHYECKHUE.

Buabr HaMOTKH — OJIHOCJIONHAsI, MHOTOCJIONHAsI, OJHOCJIOMHAs C IIa-
I'OM, YHUBEpCaJIbHasl, BHABAJI.

Kartynikn MHIYKTHBHOCTH 10 KOHCTPYKLIMM MOKHO pa3[esIuTh Ha He-
CKOJIBKO TPYIII: KapKacHbIe U OecKapKacHbIe, ¢ CepJeUYHHKaMH U Oe3 cep-
JICYHUKOB, SKPaHUPOBAHHBIE U HEIKPAHUPOBAHHBIE.

CBoiicTBa BBICOKOYACTOTHBIX KaTyHIEK MHIYKTUBHOCTH XapaKTEpH3Y-
I0TCS CIEAYIOIUME MTapaMeTpaMu:

— HOMHHaJIbHAs BEJIMUMHA MHAYKTHBHOCTH (OT equHUIl HI 'H 10 coTeH
Ml H);

— noOpoTHOCTh KaTywku (mopsiaka 10-200);

— cOOCTBEHHAsI EMKOCTh KaTYIIKH (B 3aBUCUMOCTH OT KOHCTPYKIIUH OT
noneit 1o necsatkoB nd);

— TeMrepaTypHbii kodgdunuent naaykrusHocTH (TKI).

Oodnocnoitnaa kamywika obpasyercs IIyTeM pa3MemleHHus MPOBOA I10
MMOBEPXHOCTH KapKaca B OJUH CJIOM MO0 BHHTOBOW JWHUHU. BUTKH 0OMOTKH
pacronaraioTcsi IJIOTHO, BUTOK K BHTKY, WJIM Ha HEKOTOPOM DPAacCCTOSHHH
Jpyr OT Apyra. B mepBoM cirydae 0OMOTKa Ha3bIBAE€TCsl CIIOIIHOM, BO BTO-
poM — ¢ maroM. PaKTUUECKH NPH CIUIONIHOW OOMOTKE HE IPEeJCTaBIIsSeTCs
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BO3MOXXHBIM YJIOXKUTH MTPOBOJ 0e3 3a30pa, U paCCTOAHUEC MCKAY OCCBbIMU
JIMHUAMU IBYX COCCIHUX BUTKOB (mar HaAaMOTKHU T ) OKa3bIBACTCs HECKOJIb-

Ko 6oJibIIe, 4eM AMaMeTp mpososa B u3onsuuu (d,):
T= adm ! (1)

rae & — ko3 (UIMEHT HEIUIOTHOCTH OOMOTKH.

JuHONH OOMOTKH OJJHOCIIOMHOM KaTYIIKH U spnsercs paccrosiHue
MEK]ly OCEBBIMM JINHUSIMU ABYX KpaWHUX BUTKOB:

¢=7(N-1), )
rae N — 4UCIIO BUTKOB KaTYIIKH.
Hapy>xHblli [uaMeTp KaTyIIKH:
D=D,+2d,: 3)

[Ae D, — AMaMeTp Kapkaca. Jlns OJHOCIOMHBIX KAaTyIICK ¢ JOCTaTOYHOH
TOYHOCTBIO MOXKHO CUUTATh D ~ D, -
Bennurna MHAYKTUBHOCTH | OJHOCIOHHOM KaTylky 6€3 cepAcuHuKa

OTpeeNsIeTcs Mo GopmyIie:
L, =K/ N?D-10°%,I's, 4)

re K, — TONpPaBoYHbIH KOd(P(DUUHMEHT, 3HAUCHHE KOTOPOTO NPUBEIEHO B

Tabn. 1; 3sauenne D mopjcrasnsgercs B Mm.
Ta6mmma 1

(1D 01015 02|03]04)]05]| 06| 08

K, 20 17 | 155| 13 | 113| 10 | 92 | 7,7

¢/D 1 15 2 3 4 5 6 10

K. 6,8 5 4 2,7 | 22118 | 15 1

[lpn BBeneHMM B KaTYIIKy MACHUMHO2O CEPOeYHUKA €€ WHIyKTHB-
HOCTb BO3pAacTaeT B . Pas (u. — NEHCTBYIONIAs MAarHUTHAsS IPOHHMUAE-

MOCTh CEpACUHUKA):
Le =Ly (%)
Benuunna 4. 3aBMCHT OT HAa4ajibHOW MArHUTHOW MPOHULAEMOCTH

MaTepuaina, (GOpMBI U pa3Mepa CeplcUHUKA, Pa3MEPOB KATYIIKHA M OT Yac-
ToThl. CepJeUyHHUKH DPA3IMYaloT M0 Marepuany U mo ¢opme. B kadecTBe
CepICYHUKOB MOTYT UCTIOJIh30BaThCSl KAK MAarHUTHBIE, TAK U HEMarHUTHBIC
Marepuansl. Hanbomnee mmpokroe MpuMEHEHUE HAXOMSIT CEPJACYHUKH KPYT-
JIOTO W TIPSIMOYTOJIFHOTO CeYeHMsI, OpOHEBBIe (C 3aMKHYTOW HIIH Pa30OMKHY-
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TOH MarHUTHOW LIETBbIO) U UWIMHApUYEecKHe. MHIyKTUBHOCTh KaTyIIEK C
KOJIBIIEBBIMU CEPACYHUKAMU U PABHOMEPHO paclpeaeeHHOM 0 JHOCIONHOM
00MOTKOI1 onpesiensieTcs o GpopmyIie:
2 -7
L LSN®,07 )
© D
cp

e D, - CpEeIHUN JUaMETp KOJblla, M; S — CEYEHHE KOJIbLA, M2; N — guc-
JIO BUTKOB; 4, — HayaJlbHas MarHUTHAs IPOHMI[AEMOCTD KOJIbLIA.

[unuHapUYecKrue CepACYHUKH MPUMEHSIOTCS IS YBEIHUUCHUS WH-
TYKTUBHOCTHU KaTYIIEK U KaK 3JIEMEHT HacTpoiku. MHAYKTUBHOCTh KaTyl-
KA C OWIHHIPUYICCKAM CEPICYHUKOM H OIHOCIOWHOW paBHOMEpPHOW 00-
MOTKOH pacCUMTHIBACTCS IO (POpMYIIe:

22
_ ucN°D 1OO,FH,

L= /D) 042 %

rae ¢ — nirHa HaMOTKH; D - nuamerp HamoTku. Popmyia (7) cripaBenimBa
pu cooTHomeHnu ¢/ D <5.
MHAYKTUBHOCTD KAaTYLIKU ¢ MHOTOCJIOMHOW HAMOTKOM M MarHUTHBIM
CEepIIeUHUKOM oIlpeaesseTcs 1o Gopmyie:
_#CNZDcp'B'loiz_AL,FH, ®)
3D, +9h +10t

rie D, - cpenuuit quamerp HamoTKM; h — Beicota Karymiku; t — pamu-

aJibHas IIUPpUHA HAMOTKH, AL- nonpaBkKa Ha miar HAMOTKH.
AL:/uC [In(dH3/d0)+O’1]' (9)

B kaTyimikax WHIYKTUBHOCTH TIOMHMO OCHOBHOTO 3((eKTa B3auMo-
IEHCTBUsI TOKA W MarHUTHOTO MOJIsI HAGIIOAI0TCS Mapa3uTHbIE d(P(EKTH,
BCIIEACTBHE KOTOPBIX CONPOTUBICHHE KATYIIKH HE SBISIETCS YHCTO Peak-
THBHBIM W paBHbIM X| =wl. Hanuuwe napasutHeix 3)GEKToB BEAET K I10-
SIBJICHHIO TIOTEPh B KATYIIKE, OLCHUBAEMBIX COMPOTUBICHUEM IOTEPH I, ,
KOTOpOE onpenesseT J00pOTHOCTh KATyIIKH HHAYKTHBHOCTH.

Hobpomnocme Kamywiex undyKmugnocmu B o0LIEM cilydae onpese-
nsieTcst GopMyIIOit:

Q=== (10)

rie L — wHaykTMBHOCTH KaTymikM, I'n; W — wacrtota, pan/c; r, — oOuiee

CONPOTHUBJIEHUE MOTEPH B KaTynike, OM.
Ilotepn B KaTyIIKe CO3JalOTCsl B OOMOTKe, Kapkace W 3kpane. Pac-

Puc. 1. Mmmoctpanus ckua-3pdexra
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CMOTpPUM HEKOTOPHIE U3 HUX.

1. Cxun - s¢hgpexm

[Tpu mpoXoX1eHUH BBICOKOYACTOTHOI'O TOKa MarHUTHOE TI0JIE TOKa J;
HaBOJAUT WHIYKTUBHBIM TOK Jp; ,KOTOPBII Ha MOBEPXHOCTH COBIAJAET C TO-
KoM J;, @ B 00beMe - IIPOTHBOIIOJIOKHO HampasiieH. [loaToMy yMeHbIaeTcs
JICUCTBYIOIIlEE CEYEHHE IPOBOIHHMKA (CM. puc.l, 3alITpUXOBaHHAs YacTh
MIPOBOTHHKA).

2. Dpgpexm bauzocmu

Ecnu paccrosiHuEe MEXAy BUTKaMU OOJIBIIOE, TO TIOJISI COCEHUX BUT-
KOB HE BIUSIIOT APYT Ha apyra. [Ipu cOnmkeHnn HaOI0AaeTCs POLEeCC BbI-
TECHEHHUS TOKa K BHYTPEHHUM 00acTsM (puc. 2).

VBenuuenue auamerpa d mMpoBoja MPUBOIUT K YMEHBIICHUIO OMHUYE-
CKOTO (AKTMBHOTO) CONPOTHUBICHHUS KAaTYIIKHM, a TakXke OOYCIOBICHHOTO
Z[eflCTBHeM MAardmMTHOI'O MoJid BHYTPU BUTKA, HO K POCTY CONIPOTUBJICHUSA 3a
cuet ¢ dexra «ONMU30CTH», 00YCIOBICHHOTO ICHCTBUEM COCEIHUX BUTKOB.
[TosTOMYy cyiiecTByeT ONTUMAaIbHOE CeUeHHE TIPOBOJIa MPH 3aAaHHbIX rada-
pHUTaxX KaTyIIKH, 3HAYCHUAX € NHIYKTUBHOCTH U pabouei 4acTOTHI.

3. Cepdeynuxu.

BBezenue GpeppOMarHUTHOIO CEep/CYHUKA TTO3BOJSIET YBEIHMYUTh HH-
JYKTHBHOCTD KATYIIIKH:

Lc=Lpc. (11)

[Ipu To¥ e MHIYKTUBHOCTH MOXHO YMEHBIIUTH YUCIO BUTKOB. Cep-
JIEYHUK BHOCUT JOIOJIHUTEJIBHBIE MIOTEPH, OJHAKO IIPU OIPEIEIICHHBIX yC-
JIOBHUAX JTOOPOTHOCTH KAaTYIIKH BO3PACTaeT, €CJIM MHIYKTUBHOE CONPOTHB-
JICHHE pacTeT OOJblle, YeM MOTepH, BHOCUMBIE CEpCUHUKOM. B kauecTBe

a 6
Puc. 2. Wnmoctpanus s ¢exra OIM30CTH: a - B COCETHUX BUTKAX;
0 - B COCETHUX CIIOSAX

CepIACYHUKOB HCIONB3YIOTCS (PeppOMArHETHKN C BBICOKHM YJIENBHBIM CO-
MIPOTHUBJICHUEM (MaJIbl TIOTEPH Ha BUXPEBBIE TOKH). DTO (heppUTHI 1 MarHH-
TOUDIIEKTPUKH.

MarHuTOANINEKTPUKH - KOMIIO3WIIMOHHBIA MaTepHai, TJe HAIOJIHH-
TEJIEM CIY)XUT ()eppOMarHUTHBIHN ITOPOIIOK, a B KA4eCTBE CBSI3YIOIIETO 3Be-
Ha - opraHuyeckuii (penonopopmanbIeriIHas CMoJIa, JTOKCHIHAS CMOJIa,
MOJIMCTHPOJI) MM HEOPraHW4ecKui (CTEKia) M30yTOp. 3a CUeT BHICOKOTO
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COMMPOTUBJICHHUS CBA3YIOIIUX BCIICCTB COIPOTUBJICHUC CEPpACUYHUKA OYCHDL
BBICOKOC U MOTEPU HA BUXPEBBIC TOKM MUHUMAJIbHBI.
HO6pOTHOCTB KaTyIIKHU € CCPACHHUKOM:
MWL
= ‘ (12)
r,+r,
rae rC — CONIPOTHUBJICHUE NTOTEPHb, BHOCUMBIX CEPACYHUKOM B KaTYIIKY.
Ipu r.((r, TOOPOTHOCTb KaTyWIKW MpPH BBEJECHWH CEPIEYHHKA BO3-
pacTaer B 4. pa3. [Ipu yBeIMYEHUH YaCTOTHI TOKA 4/ . YMEHbBIUAETCS, & I10-
Tepu pacTyT. IIpu HEKOTOPOM 3HAYEHNH YaCTOTHI

He 1
1+(rc/rn)<

Z[O6p0THOCTL KaTyYIIKHW YMCHbIIACTCA.
Cobcmeennaa_emMKoCcmb_KamyuleK UHOYKMUGHOCHLU (Co) CJIaracTcsa

(13)

13 CyMMapHBIX €eMKOCTEH, CYIIECTBYIOIINX MEXIY OTICIEHBIMI BUTKAMH, a
TaKXKe MEXAYy BUTKAMH U APYTUMH 3JIE€MEHTaMU KOHCTPYKLUH KaTYIIKH.
Haumensinm 3HaueHnemM Cq 001a1a10T OJTHOCTIOMHBIE KATYIIKH.

Temnepamyprasa cmaduabHoCHb TTAPAMETPOB KaTYIIEK MHIYKTHBHO-
CTH XapaKTepU3yeTcs TeMIepaTypHbIM KO3()(GHUINEHTOM WHIYKTHBHOCTH
(TKW). 3nauenne TKU, kak npasmio, nonoxurenasHoe. TKU 3anaercs cie-
IOYIOIIAM COOTHOIICHUEM:

TKU = _AL (14)
L-AT

rae AL — n3MeHeHne 3HaYeHHUs WHAYKTUBHOCTH B JHANIa30HE TEMIIEPATyp
AT.

YBenuueHrne MHIYKTUBHOCTU KaTYIIKH TPU POCTE TEMIEPATYpPhI OI-
penensercs CleyIOIUMU IBIECHUSIMU:

— YBENIMYMBAIOTCS JJIMHA M JUaMETp Kapkaca, 9YTO MPHUBOJIUT K U3Me-
HEHUIO 11ara OOMOTKH U JJUaMETpa BUTKOB;

— YBEIMYUBAIOTCSA JIJTMHA M IUAMETP TPOBOIa OOMOTKH, YTO MPUBOJIUT
K TeM K€ MOCIEACTBUSAM;

— YBEIUYMBACTCS CONPOTHUBJICHUE MPOBOJAa OOMOTKH, YTO MOXKET CHH-
XKaTh JOOPOTHOCTh KATYIIKH;

— YBEJIMYMBAIOTCS MMOTEPU B MaTepHallaX Kapkaca U H3MEHSETCS ero
JURJICKTPUIECKAs MPOHHUIIAEMOCTh, YTO MOYKET U3MEHSITH COOCTBCHHYIO €M-
kocth Co.
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Bce nepeuncneHHble SBICHUS NPUBOJAT K M3MEHEHUSIM MHIYKTHBHO-
CTH, TOOPOTHOCTH M COOCTBEHHOM €MKOCTH KaTYyIIEK, YTO B OOJIBIIMHCTBE
cilyyaeB KpaiiHe HeXeJaTeJIbHO. Y CTPaHUTh MM CKOMIICHCUPOBATH JIEHUCT-
BHUE JTHX JIeCTAOMIN3UPYIONHX (aKTOPOB HE MPEACTABISETCS BOZMOXKHBIM,
OJIHAKO IIPU PAIMOHAILHOM BBIOOpPE KOHCTPYKIHMH HMX IECHCTBHE MOXKHO
CBECTH K MUHMMYMY. 3aBUCUMOCTb Q OT TemIepaTypbl ONpeeNseTCs] TeM-
mepaTypHBIM KoddunueHToM godpotHocT TK/].

L

M TKJT = AQ .
Q-AT

| (15)
”CO IIpakTuuecku BenuuuHa J00-
POTHOCTH JEXHT B mpezenax oT 10
Puc. 3. DxBuBaneHTHas cxema a0 200. Ioseimenue 106poTHOCTH
KaTyLIKA JOCTHTAeTCsS ONTHMATbHEIM BEIOO-

poOM amamerpa MpOBOJA, YBEIHUe-
HHEM pa3MepoB KaTYyIIKH HHIYKTHBHOCTH U IIPUMEHEHHEM CEPICYHUKOB C
BBICOKOIl MarHMTHOWH NPOHHUIIAEMOCTHI0 M MalbIMH moTepsmu. C yderom
MOTEPh U COOCTBEHHOH €MKOCTH KaTYIIKy WHAYKTHBHOCTH MOXXHO Mpen-
CTaBHUThH B BHJIE IKBUBAJICHTHON CXeMBI, IOKa3aHHON Ha puc. 3. CompoTus-
JICHWE I, XapakTepu3yeT oOlIne MOoTepy SHEPrvH B KaTYIIKE WHIYKTUBHO-
CTH, BbI3BaHHbIE pa3inuHbIMU (akrtopamu, a Cy - COOCTBEHHYIO €MKOCTh
KaTyIIKHd HHIYKTHBHOCTH.
1.2. KaTymku MHIYKTUBHOCTH COBpeMeHHOii POA

CoBpemenHass PDOA xapaktepusyeTcsi IOBCEMECTHOW MHHHATIOpU3a-
el M yMEeHbLIEHHEM MaccorabapuTHBIX xapakrepucTuk. lllupokoe mpu-
MeHeHHe Oonbmux HHTErpanbHbIX MuKpocxeM (BHMC) mosBommino pesko
CHHU3UTH pa3Mephl U Maccy OoNbIIHHCTBa 00pasnoB POA. [IpumeneHue mo-
BEPXHOCTHOTO MOHTa)ka 3JIEMEHTOB U MHUHMATIOPH3aLUs MaCCHBHBIX KOM-
TIOHEHTOB AJISKTPOHHBIX YCTPOWCTB MOTPeOOBaIM yMEHBIICHUS pa3MEpOB
KaTyIIeK WHIYKTUBHOCTH, COM3MEPHUMBIX MO TadapUTHBIM XapaKTEepPHCTH-
KaM C pa3MepaMHi OCHOBHBIX JIEMEHTOB JUUISI IOBEPXHOCTHOTO MOHTAXA.

OOBIYHO KAaTYIIKW WHIYKTHBHOCTH JUIS TIOBEPXHOCTHOTO MOHTaXa
HUMEIOT TPY KOHCTPYKTHBHBIX PAa3HOBHIHOCTH. MHOTOCIIOMHEIE, TOICTOILIE-
HOYHBIE ¥ HaMoTaHHbIe. Ha puc. 4 mokazaH BHEITHHWIA BU MajIorabapUTHBIX
YUII katyuiexk.
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V!N S

Puc. 4. Buemnnii Bun YUII katymek HHAYKTUBHOCTH IS
MIOBEPXHOCTHOTO MOHTaXa: a - MHOI'OCJIOWHbIE UHYKTUBHO-
cTH, 0 - TOJICTOIUICHOYHBIE HHAYKTUBHOCTH, O - HAMOTaHHBIE
WHIOYKTUBHOCTH

TunuyHple BapWaHTHl KOHCTPYKIMHA KaTYyIIeK WHIYKTHBHOCTH, Ha-
npumep, komnanuu MuRata nmokazans! Ha puc. 5. KOHCTpYKTHBHO KaTyIIKu
BBIMOJIHEHBI B YCTHIPEX BapHAHTAX, CXeMAaTUYHO U300pakEHHBIX Ha pHC. 5.

Karymiku, nmpencraBieHHble Ha puC. 5,a, COAEpKAT B KOHCTPYKIIUH
Cep/ICYHUK U3 OKHCH ATIOMUHUS C BEPTHUKAIBHBIM PacCIOI0KEHUEM POBO-
JI0YHON 00MOTKH. KaTyiku Takoi KOHCTPYKIMH SBJISIOTCS BHICOKOYACTOT-
HBIMH W TpeIJHa3HAYCHHI I pa0boThl Ha "yactoTax 10 6 ['Tm. Otm xoHCT-
PYKIHH OTIIHYAIOTCS BBICOKOW JOOPOTHOCTBIO M OOJIBITUME TOKAMH.

\Cepqauuu(
AlLD.
~ 11

Mnockas
ofimoTra

Snextpon Snextpon Kpmcrannmsnpasasmos

ETeKno
a)

6)

Maockas MNonumeproe
oBmoTKa Snextpos, NOKPLITHE

Cepaesmmx

AlLO,

~
" Kepamwueckas
-

nopnoxka
AnexTpog

8] )
Puc. 5. Koncrpykunn xarymek kommanun MuRata

Karymkn, npuBeneHHsle Ha puc. 5,0, NpeACTaBISIIOT c000if MHOTrO-
CIIOWHYIO0 KOHCTPYKIIMIO, TJI€ B Ka4eCTBE KapKaca HCHOJb3YIOT CIEIHalb-
HOe cTek0. OOMOTKa KaTyIIKH B TAKOM BapHaHTE BHIIIOIHEHA IUICHOYHBIM
MIPOBOJTHUKOM, HAHECEHHBIM HECKOJIBKHMH CIIOSIMH BHYTPH Kapkaca. ITo
MTO3BOJISIET MHOJYYHTh KATYIIKYy HHIYKTHBHOCTH IS BBICOKOYACTOTHOTO
JMana3oHa ¢ MalIbIMH pa3MepaMy KOpITyca W JOCTATOYHO OOJBIIMMHU TOKa-



76

Mu. Karymiku, npencraBieHHbIe Ha pUC. 5,B, U3TOTOBICHBI HAa CTEKJISHHON
OCHOBE OJJHOCJIOHHBIM IUICHOYHBIM TIPOBOTHUKOM. DTH KaTyIIKH 001a1aioT
MalbIMHM OTKIOHEHHSMHU OT HOMHUHAJAa U UMEIOT PEKOPJHO Majble pa3Mephl
(0,6x0,3x0,3 Mm). OHM ITpeAHA3HAYEHBI ISl TPUMEHEHUSI B CJI0)KHON Majo-
rabapuTHON nepeHocHoil PDA, HanpuMep Takoi, kak MOOMIbHEIE Teaedo-
HBI.

Katymku, npencraBieHHbIe Ha pyC. 5,T, OTIMYAIOTCS OT APYTUX TOPH-
30HTAJIBHON HPOBOIOYHOW 0OMOTKOHU. IIpu 3TOM Kapkac KaTyIIK{ BBITIOJ-
HEH U3 OKHCH TIOMHUHHMS, @ KOPITyC CBEPXY IOKPBIT MOJIMMEPHBIM Mate-
pHuamoM, KOTOPBIH 3amuIIaeT u GUKCHpYyeT OOMOTKY. DTH KaTYIIKH JIOITyC-
KaloT paboTy B amamasoHe Temmepatyp -50..+120 °C. Bepxmsis paGouas
4acToTa OrpaHHMYeHa COOCTBEHHBIM PE30HAHCOM KATYIIKU U JUI1 HEKOTOPBIX
katymiek cocrasisier 11 — 18 I'T'm.

HexoTopble pOW3BOAUTENIN MalOrabapuUTHBIX KaTYIIEK HCHOIb3YIOT
B KauyecTBe KapKaca BBICOKOKAYECTBEHHYIO (eppUTOBYIO KepamuKy. B Ha-
cTofAIee BpeMsS pa3IMYHble MPOM3BOJUTEIM BBINYCKAIOT IIHPOKYIO HO-
MEHKIIaTypy KaTylleK HHIYKTUBHOCTHU AJIS IOBEPXHOCTHOTO MOHTaXa. Tax,
HarpuMmep, B Ta0JI. 2 IpeCTaBICHbl OCHOBHBIC XapaKTEPUCTHKH M BHEITHHN
BHJ HEKOTOPBIX 00pa3IoB KaTymeK HHAyKTuBHOCTH Kommanun SUMIDA

Tabmuma 2
MaxkcumalibHbie pa3Mepbl, MM WH1yKTHBHOCTD,
MKI'H .
Bueninuii Bujg
BrbicoTa Jauna (IHupuna Mun

3,5 4,8 4,3 1
4,8 6,1 55 10
4,0 8,1 7,3 10
55 10,4 9,6 10
59 13,1 12,1 10 @

B Tabn. 3 mpencTaBieHb OCHOBHBIE ITapaMeTPhl HEKOTOPBIX KaTyIIEK
WHAYKTUBHOCTH JUISI TIOBEPXHOCTHOTO MOHTaXka kommanuu Yageo (UCP —
4acTOTa COOCTBEHHOT'O PE30HAHCA KATYIIKH).
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Tabauna 3
Ce- | HnamyxTus- Tou- Hob6pot- |YCP,| Comporusie- Cura
HOCTb, TOKa,
pust HOCTB, L % HOCTB, Q | M1 aue, OM MA
0,047 — 18 —
CL 18MKIH 10,20 25-45 320 0,15-0,75 |5-300
0,1- 25— 30—
NL 1000mKT s 10,20 28 -50 700 0,44 -50 450
1250
cLH| 10470 ur | 510 8 — | o120 [%%
6000
900
LCN| 1,6 270 ulI' 5,10 16 —40 N 0,03-2,8 170 -
’ H ' 1250 0T 700
0

B Tabn. 4 mpencTaBieHbl OCHOBHBIE MapaMeTpsl HekoTopbix CBUY ka-
TylIeK MHAYKTUBHOCTH KoMmmaHuu MURata, BBIMOJIHEHHBIE MO KOHCTPYK-
TUBHOMY BapHaHTY, IOKa3aHHOMY Ha pHC. 5, a.

Tabmuma 4
Buemnuit Bug HHHyK;II:IEHOCTB’ JoGpoTHOCTD Ijﬁ{i’ Conp OgﬁneHHe’
39 £5% 80 1700 0.09
47 +£5% 65 1600 0,23
68 £5% 65 1200 0,23
100 +5% 60 900 0,38
150 £5% 35 350 0,26
220 +5% 45 500 0,7

1.3. MeToa u3MepeHusi NapaMeTpoB KaTylleK HHAYKTUBHOCTH

B naboparopHoii paboTe M3MepeHne OCHOBHBIX MAapaMeTPOB KaTyIIeK
WHIIyKTUBHOCTH MPOM3BOJIUTCS XOPOILIO HM3BECTHBIM PE30HAHCHBIM METO-
JIOM C NPUMEHEHHEM Npudopa M3MepuTess JToOpoTHOCTH, Wiu Q-merpa.
Kak crnemyer u3 ero Ha3BaHMS, OH MOXKET NPHUMEHSATHCS UISI U3MEPEHUS
JOOPOTHOCTH M OOBIYHO HMPUMEHSIETCSI IPU N3MEPEHNHU JOOPOTHOCTH KaTy-
LIeK MHIYKTHBHOCTH. YTIpoIlleHHas cxema Q-MeTpa rnokasaHa Ha puc. 6.

B npubope ucnosp3yercs sBIEHHE PE30HAHCA B IOCIEIOBATEIHHOM
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V1

Puc. 6. [IpuaImmmansHas cxema H3MepHUTeNs 100-
potHoctH (Q-meTpa)

KoJIeOaTeIbHOM KOHTYpe. DTOT KOHTYp C(OPMHpPOBAH HCCIEIyeMOH Ka-
TYIOKOM WHIYKTHBHOCTH L ¥ 00pa3smoBeIM (OOBIYHO BO3IYIITHBIM)
nepeMeHHbIM KoHAeHcaTopoM Cl. Ha KoHTYp momaeTcs HalpspKeHHE C BBI-
COKOYacTOTHOTO reHeparopa G, yactoty f KOTOpOro MOXHO HU3MEHSATH B
mIMpoKuX mpezenax. Ha onpeaenenuoit vactote fy curnana reaepartopa G,
M3MEHssT eMKOCTh KoHaeHcatopa Cl, KOHTyp HacTpaWBaeTCs B pPe30HAHC,
KOTOPBIH (UKCHUpYeTCs M0 MaKCHUMAaJbHOMY 3HAYCHHIO HAmpsDKCHUS Ha
BosibT™MeTpe V2. CompoTuBieHne R xapakTepuzyeTr o0Iue moTepu Bo BCeX
9JIEMEHTax KoJiebaTenbHOro KOHTypa. B MOMeHT pe3oHaHca HOOpPOTHOCTH
koHTypa Q ompezenseTcs Kak OTHOIICHHE MOKa3aHUil BOJBTMETPOB V2 u
V1, t.e. Q = V2/V1. Ecnu noanep:kuBath HampsbkeHue reHeparopa G Ha
n3BeCTHOM ypoBHe (Hampumep, 1 B), To mkamy BompTMeTpa V2 MOXKHO
NPOrpajyupoBaTh NpsMO B 3HaYeHUsIX nobporHoctu Q. Ilpu mpenmnonosxe-
HUH, 910 KOoHAeHcaTop Cl mpakTHYeCKH HEe UMEET MOTeph, TOOPOTHOCTH B
KOHTYpE TIPH pe30HaHCe OyIeT ompemelsaTh mapaMeTp Q KaTymIKu HHIYK-
THBHOCTH.

PaccMOTpUM OCHOBHBIE COOTHOIICHHUS B CHCTEME KaTYIIKa WHTyKTHB-
HOCTH CO CBOCH OSKBHBAJICHTHOW cxXeMod (puc. 3) W IOCIeIOoBaTeIbHO
BKITIOYCHHBIM 00pa3roBbiM koHAeHcatopoMm Cl. B 3To# cucteme BO3MOX-
HBI /IBa BHJa PE30HAHCa - TOCIIEAOBAaTeNbHBIN Ha yacToTe Froc, ompene-
JIIEMOI COOTHOILIEHUEM

1 , (16)
2L (C,+Cy)
Y TapaJuleTbHBIA Ha yacToTe Friap, onpenenseMoil COOTHOIIIEHHEM

1 . @an
2z,JL-C,

[MapannenbHbIi pe30HaHC — 3TO COOCTBEHHBIH PE30HAHC KATYIIKH HH-
JYKTHBHOCTH, OOYCIIOBJIEHHBIII coOcTBeHHOW eMkocThio Co. Ha wactote
COOCTBEHHOTO PE30HaHCa JAOOPOTHOCTh KAaTyIIKHM WHAYKTHBHOCTH MaKCH-
ManbHa. Ilocie 4acToTel COOCTBEHHOTO pe30HaHCa JOOPOTHOCTH KATYIIKH
WHAYKTUBHOCTH PE3KO TMafaeT W3 3a BIUSIHHUA COOCTBEHHOM €MKOCTH Ka-
TYIIKH, TTO3TOMY KaTYIIKH WHAYKTHBHOCTH NPAaKTUYECKH HE HCIIONB3YIOT

Froc =

P =
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Ha 4acTOTAaX BBIIIE YaCTOTHl COOCTBEHHOTO PE30HAHCA.

[ocnenoBatenbHbIil pe3oHaHC B KOHType Q-MeTpa HpOHCXOIUT Ha
OoJyiee HU3KOW YacToTe, YeM NapajulenbHbli. Jl0OPOTHOCTH BCEro KOHTypa
IIPU 3TOM TIPaKTUYECKH COOTBETCTBYET JTOOPOTHOCTH HCCIIEyeMOM KaTyll-
K{, €CIIM He Y4YHMTBIBaTh motepu B koHaeHcarope C;. Ilpu C; >> Coy, kak
00bIYHO u ObIBaeT, MOXXHO 10 (opmyne (16) ompenenuts HHAYKTHBHOCTD
HCCIIEeNyEMON KaTyILKH.

Hcnone3ys cootHomerue (17) MOKHO OTIpeneTuTs COOCTBEHHYIO €M-
KOCThb KaTYIIKH WHIYKTHBHOCTH, IOCTPOHMB Ipad)K 3aBUCHMOCTH IOOPOT-
HOCTH OT YacTOTHI M OIPENEIHTh YaCTOTy MaKCHMAaIbHOTO 3Ha4eHHs 100-
POTHOCTH KaTYILIKH.

2. BeinosHeHne J1a00paTOpHOii padoThl

JlabopartopHas paboTa BEINOJIHAETCS MyTEM MOJEINPOBaHUS Mpoliecca
U3MEPCHUA PE3OHAHCHBIM METOAOM MapaMETPOB KAaTYHICK MHIAYKTHUBHOCTH
C HCIOJIb30BaHUEM Mpubopa — u3MepuTens nqoopornoctu (Q-merpa). s
9TOTO UCIOJB3YETCsl CIeNMalIbHAs MPOrpaMMa, BBIIOJNHSAEMAas Ha IEpCo-
HaipHOM KommbioTepe (I1K). B 3Ty mporpaMmy 3a105xeHbl MOJEIN H3MEHE-
HUS XapaKTePHUCTHK psifa KaTylleK HHIYKTHBHOCTH, B 3aBHCUMOCTH OT H3-
MEHEHHUsI IapaMeTpOB OKPYXKAIOIeW Cpelbl M BHENIHWX BO3JICHCTBHUI, a
TaKoKe UCHONB3yeTcss Moaens npudopa Q-metp. Ilpu moaroroske k padore
HE00XO0IMMO M3yYHTh METOANYECKHE YKa3aHHs K JabopaTopHO paboTe.

s Haganma paboThl HEOOXOAUMO 3aIyCTUTh (aitn «Jlabop HMHIYKT»
Ha PaGouem crone IIK, mocie dero mosBUTCS OKHO, M300pakKeHHOE Ha
puc.7,a. OHO oTOOpa’kaeT Ha3BaHUE BBINOJHAEMOI TabopaTOpHON PabOTHI
U KHOIIKW YIPaBJICHUA, HA3HAYCHUEC KOTOPLIX HUHTYUTHBHO IIOHATHO.
YnpasieHue mporpaMMon OCYHIECTBIISCTCS OOBIYHBIM CIIOCOOOM, MPHUMeE-

PrPTY BHEMPAEM THN KATY WK
Kadeapa M3 R — i

pabora no
KaTywex MHAYKTHBHOCTH PIA " ol

b & P O~

K VGREPEHIN Bu¥0g

a 0
Puc. 7. Bun pabo4unx 0KOH IpOTrpaMMEIL: a - BHJ] OKHa Hadajia paboThI ¢
MPOTPaMMOii; 6 - BUI OKHA BEIOOpa KATYIIKKA MHIyKTHUBHOCTH JIJISI HC-
CJICIOBAHUS
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HSIEMBIM MTOBCEMECTHO B onepanuonHoil cucteme Windows. Iocine menyka
1o kHomnke «HaunHaem» MOSBUTCS OKHO BHIOOpA THUIIA KAaTYIIKH WHIYKTHB-
HOCTH, KaK [IOKa3aHo Ha puc. 7,0.

BbI00p KaTymiky HHIYKTUBHOCTH OCYLIECTBIISETCS IEITYKOM TI0 COOT-
BETCTBYIOIIEH 3aKJia/lke ¢ Ha3BaHWeM. Ha 3akiajke mpencTaBiIeHbl onuca-
HHE U HEKOTOPbIE XapaKTePUCTUKH BEIOPAHHOW KaTyIIKH WHIYKTHBHOCTH.

3. [IpoBenenue usmepeHuii
IMocne memyka no kHonke «K M3MepeHnsIM» OTKPBIBACTCS OKHO H3Me-
peHHs TOOPOTHOCTH KATYIIKW WHAYKTHBHOCTH MpHOOpoM Q-MeTp, IoKa-
3aHHOE Ha puc. 8. B 3TOM OKHE 0TOOpakatoTCs MPHOOP - H3MEPHUTETH 100-
POTHOCTH M U3MEpHUTENIbHAS KaMepa ¢ 00pas3loM KaTyIIKH. 3Aech ke OTO-
Opakaercs cxemMa HOAKIIOUSHHST HCCIIEAYEMON KaTyIIKH WHIYKTHBHOCTH.
Heob6xoanmo BrioYUTH TpHOOp mieaukoM no TymoOnepy «Cetby. Ilo

WccnepyeTca KaTywka MHAYKTUBHOCTH C HaMOTKOW Tuna "YHueepcan”

:C, WzmepuTens aobpoTHocTH (Q-MeTp)

MMy HobpaTHocTe
s 75100125
o TS
200

Yacrota 1,2101

WICCTEAYEMAS) KATYILIKA

VIBMEPATESBHASA KAMEPA 1My 3-10MMy  10-30MIy 0,03-0,1My 0,1-0,3(Ty 0,3-1y
B O O O o o - |

Temnepatypa B Kamepe, 'C o o 0

Puc. 8. OkHo ympasienus npudbopom Q-metp

YMOJIYaHHUIO B U3MEPUTENBHON KaMepe YCTaHOBJIEHa TemmepaTypa 20 oc.
W3mepenne poOpOTHOCTH KaTyIIKH HEOOXOJIUMO HMPOU3BOJUTH B CIEIYIO-
el IoCIe 0BaTebHOCTH.

1. VYcraHoBHTH HEOOXOIUMYIO YACTOTY T€HEPATOPA, HCIIONb3Ys KHOIKH
BbIOOpA IMamna3oHa U ABDKOK HA IIKaJie IUTABHOTO N3MEHEHHS YaCTOTEHI.

2. Pydkodl mom CTpEJOYHBIM HHIUKATOPOM «YPOBEHB)» YCTaHOBHUTH
CTpeNKy Ha MmKaje npubdopa Ha «1».

3. IlenxHyTh Mo KHONKE «VI3MEHUTH TeMIepaTypy» U B OKHO «3anart-
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YUK TEMIIEPaTypbl» BBECTH C KJIABHUATYphl HY)KHYIO TEeMIIEpaTypy B U3Me-
PHUTENILHOIM KaMepe | IMIENKHYTh 1o KHonke «[lyck». JloxxaaTrecs MOMEHTa
YCTaHOBIICHUS 33aHHOI TeMIeparypbl B M3MEpUTEIbHON KaMepe U nepeii-
TH K U3MEPEHUSIM.

4. V3MmeHsis 3Ha4E€HHE €MKOCTH NMEPEeMEHHOT0 KOHJIEHCAaTopa 10 MIKa-
naM «EMkocTh Tpy6o», «EMKocTh cpenHe» U «EMKOCTh IIIaBHOY», HO CTpe-
oyHOMY TIpHOOpY «J0OpOTHOCTE» MOOMTHCS pe30HaHCa B KOJIeOATEIEHOM
KOHTYpE 110 MaKCHMaJbHOMY OTKJIOHCHHIO CTPENIKH NpHOopa. 3amucath B
YEepPHOBUKE 3HAYCHHE TEMIIEpPaTyphl, YacTOTHl M3MEPUTEIFHOTO CHTHAJA,
3Ha4YeHUS JOOPOTHOCTH Q; C MU(PPOBOTO WHAMKATOPA BHU3Y CTPEIOYHOTO
npubopa M 3HAYEHHE eMKOCTH NepeMeHHOoro kKoHmeHcatopa C;. Emkoctb
KOHJIeHCaTopa B MHKO(apagax OmnpeaeiseTcs CyMMHPOBAaHHEM 3HA4YCHUIl
I_[I/I(prBI)IX WHAUKATOPOB IOJ COOTBCTCTBYIOUIMMHU INKaJIaMHU HU3MCHCHUA
€MKOCTH IIEPEeMEHHOT0 KOHIEHCaTopa.

5. U3menuth YacTOTy CUI'HaJIa U MPOU3BECTU HOBBIC UBMEPCHHUA KaK B
1. 4.

6. Ilpu HEOOXOAMMOCTH U3MEHUTH TEMIIEPATYpy B KaMepe Kak B II. 3.

7. Ilpu HEOOXOTUMOCTH BBIOPATh APYTYIO KAaTYIIKY, UCIIONIB3YS KHOIKY
«3aMEHHTh KaTYLIKY.

4. MocenoBaTEIBLHOCTD BBINMOJIHEHUS PA0OTHI

1. Tlonyuuts y nmpernogaBaTess 3aJaHie Ha HCCICIOBaHHE KOHKPETHOM
KaTYIIKH MHAYKTUBHOCTH B YKa3aHHOM JHAIla30HE TEMIIEPATyp M 4acToT.

2. Jlnst KaxJIoro 3HaYeHHUs! TEMIIepaTypbl nmpoBecTd u3Mepenust Qp, C;
Ha (PMKCHPOBAHHOM YacTOTE M MOJyYeHHbIC 3HAYCHUS 3aHECTH B TabnuIy,
NpUMep KOTOPOM IMOKa3zaH Hibke. PeKOMEHayeTcsl HauaTh ¢ TeMIIepaTyphl B
msmepuTensHoi kamepe 20 °C.
Temrep. Yacrorta Q1 C, L M Ue

3. Paccumrare 3Hauenusi L [uis uccieqyeMbIX KaTyIIeK, HCIHOJb3Ys
¢dopmyny (16), 1 mocTpouTh rpadMKKU 3aBUCHMOCTH JOOPOTHOCTH M MHIYK-
TUBHOCTH OT YacTOTHI IpH Temnepatype 20 oC.

4. PaccumraTh 3HaYCHUE COINPOTUBIIEHUS MOTEPD I KATYIIKH, UCIOJb-
3ys popmyiy (10), 1 mocTpouTs rpaduk 3aBUCUMOCTH [11.0T YaCTOTHL

5. Ha yacrore, yka3aHHOH IpenoaaBaTesieM, ONpeesInTh cpeIHee 3Ha-
yenue TKU u TK no popmynam (14) u (15).

6. B ciyyae nccnenoBaHMs KaTYIIKM ¢ MarHUTHBIM CEpAEYHUKOM J0-
MOJIHUTEIBHO PAacCUNTaTh 3HAYEHHUE e , HCTIONB3ys dhopmyiy (5), u 3aHe-
CTH JIaHHBIE B JIOMOJHHUTEJIBHBIA cTosiOen Tabmuipl. [locTpouTts 3aBUCH-
MOCTb [ic OT TEMIEPATypbI PH PUKCHPOBAHHOMN YaCTOTE.
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5. Conep:xxaHue oT4yeTa

1. OT4erT BBINOTHSIETCS KaXKBIM CTYACHTOM UHIUBHIYaJIBHO.
2. OTueT J0JKEH COAepIKaTh:

® Ha3BaHUE PabOTHI;

® 11eN1b PabOoTHL;

® OCHOBHBIC TEOPETHYECCKUE CBEICHHUS;

® KOHCTPYKTHUBHBIC 0COOCHHOCTH HCCIICyeMBIX KaTyIIeK;

® CXEMBI H3MEPEHUS;

® [I0JTy4CHHBIC PACUCTHBIC TaHHBIC;

e HeoOXoAUMbIe rpaduKH, TpedyeMble 10 3aJaHHIO.

6. BorpocsI 1151 MOATOTOBKH K 3aIlUTe JIa00paTOpHOi padoThI

1. Ha3naueHue KaTylieK WHIYKTUBHOCTH TMPHU HWCIOJIb30BAHWUU UX B
PDA.

2. Or 4gero 3aBUCHT BeIMINHA HHAYKTUBHOCTH KAaTYIIKA?

3. HazoBute OCHOBHBIC KITACCHYECKHE KOHCTPYKIHH KAaTyIIEeK HHIYK-
THBHOCTH.

4. TlepeuucnuTe OCHOBHBIC MApaMETPhl KATYIICK HHIYKTHBHOCTH.

5. Uro Takoe cOOCTBEHHAsI EMKOCTh KaTyIIKU WHAYKTUBHOCTH ¥ OT de-
ro OHa IOsBJISETCS?

6. Kakue cnocoObl yMEHBIIEHHSI COOCTBEHHONW EMKOCTH KATYIIKUA BBI
3Haere?

7. HapucyiiTe S5KBUBAJICHTHYIO CXEMY KaTyIIKH HHIYKTHBHOCTU U 00b-
SICHUTE Ha3HAUCHHE €€ DJIEMEHTOB.

8. 3aueM B KaTylIKy MHIYKTHBHOCTH MOMEINAIOT MarHUTHBIN cepiaey-
HUK U Ha KaKHWe apaMeTphl KaTYIIKA UHIYKTUBHOCTH OH BIUSET?

9. UYro takoe TKU u kak oH ompenensercs?

10. Yro Takoe TK]I u kak oH onpeznensercs?

11.Yro Takoe COOCTBEHHBI! pE30HAHC KATYIIKH WHAYKTHBHOCTH?

12.Yto Takoe COOCTBEHHOE COTPOTUBJICHUE KaTYIIKH H U3 YETr0 OHO CO-
CcTOHT?

13. Kak kapkac KaTyIIK{ BIHSCT HA €€ MapaMeTphI?

14. Kakpre KOHCTPYKIMH COBPEMEHHBIX KaTyIIeK WHIYKTUBHOCTH HC-
TIOJIB3YIOT IS TOBEPXHOCTHOTO MOHTaXa?

15.Yto Takoe YUII kaTymIku u Kak KOHCTPYKTUBHO OHH BBITTOJTHEHBI?

Bubauorpaduyeckuii cnmcox
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MNPUJIOKEHUE
[TapameTpsl U XapaKTEPUCTUKN HEKOTOPHIX MajorabapuUTHBIX KaTyIIeK
WHIYKTUBHOCTH OTE€YE€CTBEHHBIX MPOU3BOIUTENEH

+ 4 | ‘
HNuaykruBHocts PK0406
ﬁ;ﬁ: A (MaKC)lB (MaKC)lC (mun)D (MaKC)lE (£0.05)[F (maxkc) Jor
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Anagnoru AIIM, 1M
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(1) Tun DKenThrit 4 - -
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(6) "A" -- ynakoBKa B ieHTe Cepoiii 8 - .
beblit 9 - -
UepHblit - - +20
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E(C):SQM 0.039 [K(£10%)] 40 50.0 480 0.02
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MHWHHUCTEPCTBO OBPA3OBAHUSA U HAYKA POCCHUICKOW ®EJIEPAIIAN

PS3AHCKH TOCYJAPCTBEHHBIN PATAOTEXHAYECKHAA YHUBEPCUTET

HHOAI'OTOBKA CTYAEHTOB
K TEKYIIEMY U ITPOMEXYTOYHOMY
KOHTPOJIIO OCBOEHHWS KOMIIETEHIIUIA

MeTtoauueckue YKa3aHusd

Psaszans 2016



YK 621.3

IToaroroBka CTyIEHTOB K TEKYIIEMY H HPOMEXYTOYHOMY KOHTPOIIO
OCBOCHHUSI KOMIIETCHIHMII: MeTogmdeckne  ykasaHus, / Pssan. roc.
pamnotexH. yH-T cocT.: T.A. Xonomuna, E.H.EBnoxnmosa. Ps3ans, 2016.
16 c.

[TpuBeneHbl PEKOMEHOAINH, ONPEACNAIOIINE  IIPOUEAYPHI
OLICHWBAHMsl 3HAHWH, YMEHWH, HAaBBHIKOB M (WJIM) OMNBITA JAEATEIBHOCTH,
XapaKkTepu3yonme dTanbsl  (OpMUPOBaHMS KOMIIETEHIMH CTYAEHTOB,
oOydJaromuxcsi 1O MporpaMmaM OakajlaBpuara W MarucTparypsl IO
HanpaBneHussM mnoarotoBku 11.03.04 u 11.04.04 «OnekTpoHUKa u
HaHo3NeKTpoHuKay, OOIT «HaHOTEXHOJIOr U B DIICKTPOHHUKEY.

OTMe4eHBl OCOOEHHOCTM TEKYLIEr0 M IPOMEXYTOYHOTO
KOHTPOJISI OCBOCHHUS KOMIIETCHIMH 00yJaloMUMHUCS TI0 CaMOCTOSTEIbHON
pabote u 51a0OpaTOpHBIM TNPAKTUKyMaM MpPU H3YUCHHUH CIEIHAIbHBIX
JVCLUILINH, a TAKXKe TIPH MPOX0XKICHNH ITPOU3BOJACTBEHHOHN MPAKTHKH.

ITpenna3Ha4yeHbI Ul ayAUTOPHOH M CaMOCTOATENLHOM
paboTEI.

Tabn.2. bubnmorp.: 4 Ha3B.

Komnemenyuu, mekywuii KoHmpons, npomencymoyHbuiil
KOHMPOJb, MEMOOUYecKue pekoMeHOayuu, Kpumepuu oyenKu

[Tewataercs o PEHICHUIO PEAAKITUOHHO-U3AATCIILCKOI'0 COBETA
Ps3ancKoTO rocyJapCTBEHHOI'0 paAUOTCXHUYCCKOTO YHUBCPCUTCTA.

Peuenzent:  PernoHanmpHBIH  LEHTP  30HIOBOM  MHKPOCKOIHHU
(KOJICKTHBHOTO TOJIb30BaHMs) TPH Kaeape MHKPO- W HAHOJJICKTPOHHKH
Ps3aHCKOTO TOCYHapCTBEHHOTO paJMOTEXHHYECKOTO YHHBEPCUTETA (IUPEKTOP
uentpa H.B.BumHsakoB)

IToaroToBka CTyI€HTOB K TEKYILLEMY U IPOMEXKYTOUHOMY
KOHTPOJIIO OCBOEHHMSI KOMIIETEHIIUN

CocraBuTenu: X onoMuHa TaresiHa AHIpeeBHA
E B 11okxuwMmo B aEnena Hukomaesna
Penaxtop P.K. Manryrosa. Koppextop H.A.Opnosa

[Moamucano B nedars 01.08.16. ®opmar Gymaru 60x84 1/16.
Bymara mucuas. [Teyats Tpadapernas. Ycu meu. i1.1,0.
Tupax 30 3x3. 3aka3

Psi3aHckuil rocy1apcTBEHHbIN paJOTEXHUYECKUI YHUBEPCUTET.
390005, Ps3ans, yu. ['arapuna, 59/1.



@®opMBI TEKYIIEro KOHTPOJIS yCHEeBAEMOCTH
Tekymuit KOHTPOJIb YCIIEBAEMOCTH CTYAEHTOB MPOBOJUTCS C LSO
OIIpEeNIeNICHNs] CTEIICHH YCBOCHHS y4eOHOro MarepHana, CBOEBPEMEHHOTO
BBIBJICHUS U yCTpaHEHHs HEZOCTATKOB B MOATOTOBKE O0YYArOIIUXCS
U TPHHATHS HEOOXOAMMBIX Mep IO COBEPIICHCTBOBAHHIO METOIMKH
Nperno/iaBaHusl Y4eOHOH IUCIUIUINHBI, OpraHu3aluy paboThl 00Yy4aIOIUXCs
B X0Ji¢ y4eOHBIX 3aHATHH U OKa3aHUS UM HHAMBUAYaJIbHONW IOMOIIIH.

K KkOHTponrO Tekyledl ycreBaeMOCTH OTHOCSTCS NPOBEpKa 3HAHUIM,
YMEHMH W HaBBIKOB OOy4aroNMXCS: Ha 3aHATHAX, IO pe3yjibTaram
BBIMOJIHCHHS ~ OOYYAIONUMUCS HHIUBUIYAIbHBIX  3aJaHdN, MPOBEPKU
Ka4yCCTBa KOHCIICKTOB J'IeKI_[I/II‘/’I 1 UHBIX MaTCpUaIoB.

Texkynuii KOHTPONb MO yYEeOHBIM AWUCLHUIUIMHAM MPOBOIHUTCS B BHUIEC
KOHTPOJIBHBIX PAcyeTHBIX 3aJaHHi, TECTOBBIX ONPOCOB IO OTACIBHBIM
TeMaM, TPOBEPKH 3aJlaHWi, BBINONHAEMBIX CAMOCTOSATENIBHO M Ha
7Ta0OpaTOPHBIX 3aHATHAX, @ TaKXKe HDKCIPEcC — ONPOCOB M 3aJaHHH IO
JIEKIIMOHHBIM MaTepHajaM U 1a0opaTopHEIM paboTaM. Pe3ynbTaThl penieHus
3aga4y M OTBETHl Ha BONPOCHI TECTOBBIX 3aaHHH KOHTPOIUPYIOTCS
IIPETo/IaBaTeNIeM.

Huxe B kauecTBe MIPUMEPOB MPUBCIACHBI METOANYCCKUE PEKOMCHOAIIUN
10 (POPMHUPOBAHHIO OTUETOB 110 CAMOCTOSTENLHOI 1 TabopaTopHOii paboTam.

Memoouueckue mpeboGaHUA K CMPYKMype aHATUMUYECKO20
omuema

no camocmoamenvhoi paoome:

1) TUTYJIBHBIN JIUCT;

2) yacTh | — «AHanuTHUYecKas 4acTb» - aHaJIW3 pasjerna
WHJIMBHIYaJIbHOTO 33JaHHUs MO AMCIHUIUINHE, (OPMYINPOBKA AKTYaJIbHOCTH
TEMBbI, LIEJIN ¥ 33/1a4 pa3pabOTKM WIM HCCIEJOBAaHHUS OOBEKTAa M IpenMeTra
pa3pabOTKM MM HCCIEIOBaHHSA, OLEHKA COBPEMEHHOIO COCTOSIHUS
H3y4aeMoi mpoOIIeMBl;

3) gacte II - « OcCHOBHasg 4YacTh» - pPe3yIbTATHI
BBINTOJIHEHUST OCHOBHOW YacTW pa3/iela WHANBHIYaJbHOTO 3aJaHUS IO
quciuruiiae  (0030p HAyYHO-METOJIUYECKUX MH(OPMAITMOHHBIX
HUCTOYHHUKOB - COBPEMEHHBIX HAyJYHBIX CTaTell W MoOHOrpaduii mo Teme,

BBISIBJICHHUE BOIIPOCOB, Tp€6yIOIHI/IX yl"J'Iy6J'ICHHOFO N3Yy4YCHUS; (bOpMPIpOBaHI/IC
1 000CHOBaHHE COOCTBEHHOM TOUYKHU 3pCHMs Ha pacCMaTpuUBacMbIC HpO6J’ICMLI
U BO3MOXHBIC MYTU HX Ppa3pelICHUs; H€06X0,HI/IMI)IC pac4eThl,
MOJCIUPOBAHUEC u Apyrue 3aJlaHus, npeayCMOTPCHHBIC TeMOU
CaMOCTOSITeIILHOM pa6OTBI. MaTepnaJl HC JOJDKEH HMCTh  TOJBKO
KOMITHJIATUBHBIN XapakTep, HO 06HaﬂaTb HOBI/I3HOI71, HpaKTH‘IGCKOﬁ
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3HAYMMOCTBIO, OTpa)kaTh TOUKY 3PCHHS aBTOpa Ha W3ydaeMble MPOOIEMBI U
Pe3yIbTaTH IPOIETaHHON paOOTHI

4) gacth 11l —«Bakimouenne» — 3aKIIFOYEHHE U BBIBOILI T10
pe3yabpTaTaM BHITIOTHEHHON paboTHI;

5) CHHCOK HCIIONB30BAHHBIX HAYYHBIX W HAYYHO-METOIMYECKIX
HCTOYHHKOB;

6) mnpunoxeHus (mpu He0OXOIUMOCTH).

Memoouueckue mpedosanus K opopmenuio
OMYent06 no 1a6opamopHsLM padomam
Oryer 1o J1abopaTopHO# paboTe OIDKEH COEPIKATh CIIEIYIOIIHE MIEMEHTBL:
— HOMe], Ha3BaHUE U I1eJTh PabOThI;

— YepTex (PyHKIMOHAFHON CXeMBI YCTAHOBKH, BBIMOJHCHHBIN KapaH/IAIIoM 10
JWMHEHKe MO0 TPH TOMOIIM COOTBETCTBYFOIICH KOMITHIOTCPHON HpOrpaMMBI, C
coomonennem Tpedosarrii ECK/I;

— OCHOBHFIC pacyeTHBIC COOTHOIIICHIIS,

—  TaOMMIBI Pe3yNBTATOB SKCIICPHMEHTOB, BBINOJIHEHHBIC KApaHIAIIOM IO
JIMHENKE;

— rparKK SKCIEPHMEHTABHBIX 3aBUCHMOCTEH, TIOJTyYeHHBIX NP BBINOJTHEHUH
TlabopaTtopHO paboThT,

— BBIBOJIBI, COZIEprKaIIIle aHAIM3 SKCIIEPHMEHTATIbHBIX 3aBUCUMOCTEH, CPaBHEHHE
PEe3yJIBTaTOB, OTYYEHHBIX B paboTe, C JaHHBIMU CIIPABOYHON JINTEPATYpPhL.

[pu BbIMOMHEHNN JTAOOPATOPHOKM PAbOTHI KAKIAOMY CTYIEHTY HEOOXOIMMO
HMETH TIONHOCTHIO OOPMIICHHBIN OTYET TI0 PaHee BHIIONHCHHOH paboTe U OTYeT 1o
BBIIONIHAEMOI ~ paboTe, CoAepKallMid BCE TICPEUYHCIICHHBIC OJIeMEHTHI (32
UCKJTFOUYCHHUEM SKCIICPUMEHTAIBHBIX JAHHBIX B TaOJHUIlE, rpa(UKOB, BEIBOMIOB).
Ipr HecoOMOICHNN YKa3aHHBIX TPEOOBAHMH CTYIEHT K JlabopaTopHOH pabote He
JIOITYCKAETCSL.

®dopmupoBaHEe y O00YydJarOmmMXcsi BO BpeMs OOydeHWs B ceMecTpe
MPETYCMOTPEHHBIX CTaHIAPTOM KOMIIETEHIMI Ha 3Tamnax JabopaTopHBIX 3aHSTHIA
(mocre Kakmoi J1abopaTtopHOW pabOThl) M CAMOCTOSITENIBHOW paboThl  (Ha
KOHCYJIBTAISIX) OLICHWBACTCS 10 KPUTEPISIM IIKATBI OIEHOK - (GadTeHO» — «HE
3a4TCHOY.

OreHkH "3a4TeHO" 3aciTy’KUBaeT 00ydJalOMIMNCs, 00OHAPYKUBIIUIT
3HaHWsSI OCHOBHOTO y4eOHOro Marepwaja B 00beMe, HEeOOXOIUMOM IS
JanbHemed yueObl M mpencrosimield paboTel 1Mo mpodeccuu, 3HAKOMBIA ¢
OCHOBHOH JTUTEPaTypOil, PEKOMEHJOBAHHON MPOTrPaMMOii, CIIPaBJISIOLUIUNACS C
BBINIOJIHEHHEM rpadyiKka M COJAEpXaHUsS 3aJaHuil, NpPeTyCMOTPEHHBIX
y4eOHBIM IIJTaHOM.

Ouenka He  3auTeHO"  BBICTABISCTCS  OOydaromemycs,
OOHapyXUBIIEMY IpoOesbl B 3HAHMAX OCHOBHOTO Y4eOHOro Marepualia,

n
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JOIYCTUBIIEMY TPHWHIMIINAIBHBIE OINMOKNM B BBIIOJHCHWH 33aHUH,
MPETyCMOTPEHHBIX YUCOHBIM IIAHOM.

DopMBbI NPOMEKYTOYHOT0 KOHTPOJISA

@®opMoOii TTPOMEKYTOUHOTO KOHTPOJS IO JUCLUILUIMHE SIBISIETCS
3a4eT WM 9k3aMeH. K aTamy MpoMeXyTOYHOTO KOHTPOJIS JIOIYCKAroTCs
oOygaromuecs,, TOJTHOCTBIO BBITOJHHUBINNE BCE BHABI Yy4eOHOI pabOTHI,
NpPEeIyCMOTPEHHBIE YYeOHBIM IUIAHOM M INIPOTPaMMOM  TUCIHIUIMHBL
dopmamu mpoBeneHMs 3adeTa WM OK3aMEHa MOTYT OBITH  TECTBI,
NHCbMCHHBII WM YCTHBIH OTBET IO YTBEP)KACHHBIM 3K3aMEHALMOHHBIM
OwreraMm, CcHOPMYJNUPOBaHHBIM C  YYETOM  COAEpXaHHsA  y4deOHOU
JTUCLIUIIINHEI.

KpuTepuu oneHkn KoMIeTeHIHIl 00y4alOIUXCS
W IIKAJIbI OlleHNBAHUS

OueHka cteneHy (HOpMHUPOBAHUSI KOMIIETEHIIMH, ChOpMyITHPOBaHHBIX
B (hesiepanbHBIX TOCYAapPCTBEHHBIX 00pa30BaTeIbHBIX CTaHAApTaxX BBICILIETO
o0pa3oBaHMs 10 HamNpaBIE€HUIO NOATOTOBKM OakanaBpoB (11.03.04) u
maructpoB  (11.04.04) «ONEKTPOHMKA M HAHORJIEKTPOHHKAY,
KOHTPOJIMPYEMbIX Ha pa3NUyYHBIX J3Tamax WX (OPMHUPOBaHUSA Y
o0ydJaromuxcsi, TMPOBOAMTCS  IpENojaBaTeIeM BO  BpeMs  JICKIWH,
KOHCYJIbTAIl{ ¥ Ta00OPAaTOPHBIX 3aHATHH IO IIKAJIE OIEHOK «3a4TEHO» — «HE
3auyreHO». OCBOEHHE MaTepHayla AWUCHHIUIMHBI M JOCTATOYHO BBICOKAs
cTeneHb (OPMUPOBAHHUS KOHTPOJMPYEMBIX KOMIETEHIMI o00ydaromerocs
(3 dexTuBHOE U CBOCBPEMEHHOE BBITIOJHEHHE BCEX BHUIOB YU€OHOH pabOTHI,
MPEIYCMOTPEHHBIX Y4eOHBIM IUIAHOM M y4eOHOIl IporpaMMoii) ciyXaT
OCHOBaHMEM Il Jomycka oOyd4aromierocss K JTaly I[POMEXYyTOYHOMH
aTTeCTAIlMU — 3a4eTy WM IK3aMEHY.

Ienpto mpoBemeHUS  MPOMEXKYTOYHOM aTTecTalmuu (3a4era MIN
9K3aMeHa) SBJISIETCS MPOBEpKa OOMIEKYIbTYPHBIX, 00IIENPOhecCHOHATBHBIX
U T1podecCHOHANBHBIX KOMIIETEHIMH, NPHOOPETEHHBIX CTYJICHTOM MpH
M3y4eHUH KOHKPETHOW IUCLUILIMHBL. YPOBEHb TEOPETHUECKON ITOATOTOBKH
CTy/lEHTa  ONIpEAeNseTcs COCTaBOM W CTENEeHbI0  (OPMHUPOBAHUS
NPUOOPETEHHBIX KOMIIETEHINH, YCBOCHHBIX TEOPETHUECKMX 3HAaHUH U
METOJIOB, & TaK)Ke YMEHHEM OCO3HAaHHO M 3((QEKTHBHO NMPHUMEHATh UX NpPHU
pELICHNH TPAKTUYECKHUX 3a]a4

OK3aMEH OpPTraHM3yeTCs W OCYIIECTBISAETCA, KaK MpaBmiio, B (opme
cobecenoBanus. CpelcTBOM, OMPEACISIONIAM CojiepkaHue cobeceqoBaHus
CTYJIEHTa C 3K3aMEHATOpOM, SIBIISIETCSl YTBEP)KIACHHBIM 3K3aMEHAI[MOHHBII
Omyer, cojnep)aHWe KOTOPOTO OIpenenseTcs OCHOBHOW 00pa3oBaTeNbHON
nporpammoit  (OOII) «HaHOTEXHONOTHH B DJJIEKTPOHHMKE» M paboueit
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MPOTPaMMOI AUCIMITUIMHEL. DK3aMEHAIIMOHHBIA OMIIET BKITIOYAET B ce0sI, KaK
NpaBWJIO, TPH BOMPOCA, M3 KOTOPBIX I[BA OTHOCSTCS K TEOPETHYECKUM
paszmenaM JAWMCOMIUIMHBI W OJUH — IPAaKTHYECKOMY MPUMEHEHHIO
TEOPETHYECKNX 3HAHUH K PEIICHHIO 3a/1a4.

Ot1eHKe Ha 3aKIIIOYNTEIHHON CTaANHU SK3aMEHA ITOIBEPTAIOTCS YCTHBIC
OTBETHI 3K3aMEHYIOIETOCS Ha BOIPOCH! IK3aMEHAIIMOHHOTO OMIeTa, a TakxKe
JIOTIOJTHUTEIbHBIE BOIIPOCHI 9K3aMEHATOPA.

IIpuMeHsIOTCS Ccrlemyrolue KPUTEPUM OLCHMBAHUS KOMIETEHIIHH
(pe3ynbTatoB):

-YpOBEHb YCBOEHHsI MaTepHaa, IpeJyCMOTPEHHOTO IPOrpaMMOii;

-yMEHHE aHAJU3UpOBATh MaTepHal, YCTAaHABIMBaTh NPHUUYUHHO-
CIIEZICTBEHHBIC CBS3H;

- IOJTHOTA, aPTYMEHTHPOBAHHOCTH, yOESKAEHHOCTH OTBETOB Ha BOIIPOCHI;

-Ka4ecTBO oTBeTa (00IIas KOMITO3MIHS, JIOTHYHOCTH, yOEKZEHHOCTS,
00IIIast APy IUTIHA);

-MCIONB30BaHUE JOTIOJIHUTENBHON JIUTEpaTyphl MpPU TOATOTOBKE K

3TaIly IPOMEXYTOYHOH aTTECTAINH.

IIpumensieTcs deTslpexOanbHAs IIKaja ONCHOK: "OTIMYHO",
"xoporo", "yIOBIETBOPUTENHHO", "HEeyI0BIETBOPUTENIHLHO", YTO
COOTBETCTBYET IlKajie "KOMIIETEHIIMH CTYJCHTa MOJHOCTHIO COOTBETCTBYIOT
TpeboBanussMm PI'OC BO", "koMmeTeHIMH CTyIEHTa  COOTBETCTBYIOT
TpeboBanusMm OI'OC BO", " KkoMmMmeTeHUMH CTYICHTa B OCHOBHOM
cooTBeTcTBYIOT TpeboBanusMm ®I'OC BO ", " xoMmmeTeHIIMH CTyAeHTa He
cooTBeTCTBYIOT TpeboBanmsmM GI'OC BO".

K omenke ypoBHS 3HaHMH M TNpPAaKTHYECKUX YMEHHH W HaBBIKOB
MPEABBISIOTCS CIEeAyIOMue oomye TpeboBaHusI.

«OTau4HO»:

riryOOKHe ¥ TBEp/ble 3HAHMS MPOTPAaMMHOIO Marepualia IporpaMMBI
JUCLUIUIMHBI, TIOHUMaHHWE CYIIHOCTH W B3aWMOCBS3M pPaccMaTpHBaEMbIX
SIBIIEHUH (TIPOIIECCOB);

MIOJIHbIE, YETKHE, JIOTHYECKH MOCIe0BaTeIbHbIE, IPABUIIBHBIE OTBETHI
Ha ITOCTaBJICHHBIE BOTIPOCHI; YMEHHUE BBIICIATH TTIABHOE W JAETaTh BEIBOBI.

«Xopowio»:

JIOCTAaTOYHO MOJHBIE W TBEPABIE 3HAHUS MPOrPAMMHOTO MaTepHaia
TUCHUIUIMHBI, TPaBWIbHOE IIOHMMAaHHE CYIIHOCTH ¥  B3aHMMOCBS3U
paccMaTpruBaeMBbIX SIBJIEHHH (TTPOIIECCOB);

MOCJIeI0BaTENIbHBIE, MPAaBUIbHBIE, KOHKPETHBIE, 0€3 CyIECTBEHHBIX
HETOYHOCTEH OTBETHl HA ITOCTABJICHHBIC BOIPOCH], CBOOOIHOE YCTpaHEHHE
3aMeyaHuil O HEJOCTaTOYHO IIOJHOM OCBEIICHHH OT/ENIBHBIX IOJ0KEHUN
MpPU IOCTAHOBKE JOMOJIHUTEIBHBIX BOIIPOCOB.

«yIlOB.]IeTBOpHTeJ]bHO»Z
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3HaHHUE OCHOBHOTO MPOrPaMMHOIO  MaTepHana JUCLHUIUIMHBI,
MOHUMAaHWE CYIIHOCTH W B3aMMOCBSI3M OCHOBHBIX PacCMaTpPHUBACMBIX
SIBIICHHUH (TIPOIIECCOB):

MOHNMAaHHE CYITHOCTH OOCYXXTaeMBIX BOIIPOCOB, TPaBHIBHBIE, 0€3
rpyOBIX OMmHMOOK OTBETHl HA IOCTABIICHHBIE BOIPOCH], HECYIIECTBCHHBIC
OmMOKHA B OTBETAX Ha JIOTIONHUTEIHHBIE BOMIPOCHI.

«HeynoBJ1eTBOPUTETHHO»:

OTCYTCTBUE 3HAHHMH 3HAYMTENILHOM 4acTH NPOrpaMMHOTO MaTepuana
JUCUUIUIMHBI; HENpPaBWIBHBIA OTBET XOTs OBl Ha OJMH M3 BOIPOCOB,
CYIIECTBCHHBIC U pr6ble OIIMOKY B OTBETaX Ha JONOJIHUTCIbHBIC BOIIPOCHI,
HCAONMOHMMAHUEC CYHIHOCTHU H3JIara€MbIX BOIPOCOB, HCYMCHHC IMPUMCHIATH
TEOpETHYCCKHUE 3HAHUS IPH PEIICHUH NPAKTUIECKUX 3aaad, OTCYTCTBHE
HaBBIKOB B OOOCHOBaHHWH BBIABHUTACMBIX NPEIIOKCHHA M MPUHAMAEMBIX
pELICHUH.

I[Ipu Tpex Bompocax B Owmiere oOmas OIEHKA BBICTABIACTCA
CIIEIYIOIINM 00pa30M: «OTIHMIHOY, €CITN BCE OIIEHKH «OTIMYHOY HIIU OJTHA W3
HUX  «XOpOIIO»;  «XOpOIIO», €cIM He Oolee  ONHOM  OLCHKH
«yIIOBJICTBOPHUTEIILHO»; «YAOBICTBOPUTEIBHO», €CJIU ABE U OOJiee OLCHOK
«yIIOBJICTBOPHUTEIILHO»; «HEYAOBIIETBOPUTEIBHO», €CIM OJIHA OIlleHKa
«HCYIOBJIETBOPUTEIILHOY», 4@ OCTAJIbHBIC HE BBIIIC YEM «YIOBJIIETBOPUTECIHLHOY
WA ABE€ OLCHKHN «HCYIOBJICTBOPUTCIBHO.

IIpakTukn
OCHOBHOW MENbI0  Y4eOHOH, MPOWU3BOACTBEHHOHN , MPENIUITIOMHON

NPaKTHK sBISETCS (OPMUPOBAHUE Y CTYAEHTOB OOIIECKYIBTYPHBIX,
JUYHOCTHBIX M TPO(ECCHOHANBHBIX KOMIIETEHINH, HalpaBiIeHHBIX Ha
3aKpeluleHHe W yIUIyOJICHHE TEOpETHYECKOH MOATOTOBKH, OBIIA/ICHHE
YMEHMSIMH U HAaBBIKAMH  CaMOCTOSATENBHOM  IOCTaHOBKM  3ajad,
CTPYKTYPHPOBAHHUS U aHAJM3a MOJYYCHHBIX PE3YJIbTaTOB, (OPMYIHPOBKH
BBIBOJIOB, IPHOOPETEHNE M Pa3BUTHE HABBIKOB MIPOBEICHUS MHXCHEPHOH M
HAyYHO-HMCCIIEJIOBATEILCKOM  paboOTBl, MOATOTOBKY K  BBIIIOJHEHHUIO
BBIITYCKHON KBaIH(UKAITHOHHON paboTsl. POpMBI IPOBEICHHUS YKa3aHHBIX
BUIOB IIPAKTHKH - TaOOpaTOpHAas W/MIH 3aBOJICKAs.

B 3agauu, Hanpumep NpOU3BOICTBEHHOM TPAKTUKU CTYJEHTOB BXOIST
CleyIouye:

-M3yYeHHE COBPEMEHHOHN 3JIEMEHTHOH 0a3bl AJICKTPOHHON TEXHUKHU

U TUIIOBBIX TEXHOJIOIMYECKUX IIPOLECCOB;
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- M3YyYCHHE U aHaJM3 BO3MOXXHOCTEH pelIeHus 3a]a4, BO3HUKAIOIINX
B XOZ€ MPOU3BOJCTBCHHOM NEATEIHHOCTH, U TPEOYIOMHUX YTIyOICHHBIX
3HAHWM;

- aHAJIN3 HAYYHOW M MPaKTHYECKONW 3HAYNMOCTH IIPOBOIUMBIX pabdoT;

- ¢opMHpOBaHHEC HABBEIKOB 0000MCHHSA W 0OpabOTKH IOITydeHHBIX
Pe3yIbTaTOB, aHATN3a U OCMBICIICHHS UX C YUETOM JINTEPATYPHBIX TaHHBIX;

- U3MEpeHusi M OKCIEPUMEHTAJIbHbIE HCCIEIO0BaHUS OOBEKTOB

JNIEKTPOHUKH;

- ydacTue B NPOBEICHUU MOJIENBHBIX U HATYPHBIX SKCIEPHUMEHTOB MO
ONTUMH3AIMU CTPYKTYphl M KOHCTPYKLIHMH MCCIEIYEeMBIX HPUOOPOB U
yCTpOﬁCTB, OIICHKa HMX KadyeCTBa M HAJACKHOCTH Ha CTaaudx IIpo-
EKTUPOBAHUS M IKCILTyaTaIliH;

- TOATOTOBKA pE3yNBTATOB HCCICIOBAHUN Il OITyOJIMKOBAaHUS B
HAYYHOH IeJaTH, a TakKe COCTaBJICHHE 0030poB, pedepaToB, OTUCTOB H
JTOKITIA/IOB;

- TIPIMEHCHHE METOIOB M CPEACTB KOMIIBIOTEPHOTO MOIEIHPOBAHUS
(u3MYeCKUX TPOLECCOB M SBIEHMA B Marepuanax, npubopax H
YCTPOMCTBAX AMEKTPOHUKH U HAHODJIEKTPOHHUKH;

- oTpaboTKa HaBBIKOB cOOpa, 0OpabOTKHM, aHaIU3a U CUCTEMAaTU3AINH
Hay4HO- TEeXHAYECKOU I/IH(I)OpMaHI/II/I 0 TEME€ UHAUBUAYAJIBHOI'O 3aJIaHUS;

— oTpaboTKa HaBBIKOB (QOPMYJIHMPOBAHHS W pELICHHS 3a/ad,
BO3HHUKAIOIIUX B MPOIIECCE BBHITIOTHEHUS! WHAMBHIYAITBHOTO 33 JaHHS;

- BBINIOJHEHHEC WHIMBHUIYaJbHOTO 3aJaHUS IO TPOU3BOICTBEHHON
MPaKTHKE;
- MPOBEACHUE aHAIN3a JOCTOBEPHOCTH IOTYUYSHHBIX PE3YIIbTATOB.

COJIEP’)KAHUE IMTPOU3BOJICTBEHHOM NNPAKTUKH

[Ipou3BoacTBEHHass TpakTHKa TIPOBOJMTCS B paMkax oOrmei
KOHLIETTIUHN MOJrOTOBKH, Ipejrnonararoein ¢dopMupoBanue
npodeccHOHANBHBIX ¥ KOMMYHHKAaTHBHBIX YMEHUH, CBSI3aHHBIX C Hay4HO-
HCCIIEI0BATENIbCKON paboroii, IIPOEKTHO-TEXHOJIOTUYECKOI
IIPOU3BOJCTBEHHON JESATEIBHOCTBIO.

Tematuka  MeponpUATUH, NIPOBOAMMBIX B paMKax
IIPOU3BOJCTBEHHON NPAKTUKH, CBSI3aHA C MU3yYEHUEM OCHOBHBIX METOJIOB
MIPOEKTHPOBAHUS AIEKTPOHHBIX TPHOOPOB, CXEM M YCTPOHCTB PA3IUIHOTO
(hyHKIIMOHAJIBHOTO Ha3HAYEHUs, MOJTOTOBKM TEXHWYECKUX 3aJaHUH Ha
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BBIMOJIHCHUE TMPOCKTHBIX pPa0OT M TEXHOJOTHMYECKHX IIPOIIECCOB Ha
IIPOU3BOJCTBE; HOCTAaHOBKOM Hu MIPOBEICHUEM HCCIIEIOBAHUN
XapaKTEPUCTUK U MapaMeTPOB 3JIEKTPOHHBIX YCTPOHCTB,  OOBEKTOB
MHKpPO- U  HAHOTEXHOJOTHil; JMATHOCTUKOW IMapamMeTpoB MPHOOPOB U
YCTPOWCTB B  TPOM3BOJCTBEHHBIX  YCJOBHUSIX; TEOPETHYCCKUM U
IKCIEPUMEHTABHBIM ~ U3y4YCHUEM MHKPO- ¥ KBaHTOBOPa3MEpPHBIX
00BEKTOB.

Bo BpeMs pou3BOJCTBEHHOM MPAKTHKH CTYJCHT JIOJKCH

H3YYHTh:

- (opMBl OpraHu3alMyd HAYYHOH JAEATCILHOCTH B BYy3C HIH

IIPOU3BOJCTBEHHON — HA NIPEANIPUATHY;

- HAyYHO-METOIMYECKYI0 JIUTepaTypy Mo mnpaBuiaM o(OpMIICHUS
PE3yJIbTaTOB HAYYHOM JESITENbHOCTH,

- JIMTEepaTypHbIC W MATEHTHBIC HUCTOYHHUKU MO pa3pabaTbiBaeMOi
TeMe C 10 HX HCIOJb30BAHHS MPU BBIIOJIHCHUH BBIMYCKHOM
KBaJTH(PUKAITMOHHON PabOTHI;

- METOAbI UCCJICAOBAHUA 110 TEMEC UHANBUAYAJIBbHOT'O 3a/IaHUs;

- METOJIbI aHANIN3a U 00pabOTKU IKCIIEPUMEHTANILHBIX IaHHBIX;

- TpeboBaHus K OOPMIICHUIO HAYIHO-TEXHUIECKON JOKYMEHTAINH;

OCBOMTH:

- npaBuiia IKCIUTyaTalH HCCIIeI0BATEIBCKOTO WU
MPOU3BOJICTBEHHOTO 000PYI0BaHUSI;

- METOJABl aHallu3a, CUCTEMATH3aluK © O00O0OINEHUS HAyYHO-
TEXHUYECKOH HH(OPMALIUK IO TEME HHIUBHIYAIHLHOTO 33 [aHUSI;

- METOJbl aHaiM3a JOCTOBEPHOCTH, HAYYHOW U MPAKTHYECKOUN
3HAYUMOCTH PE3yJIbTATOB MPOBOJUMBIX HCCIICIOBAHUI, a TAKKE TEXHHKO-
IKOHOMHYECKOH 2P pekTHBHOCTH pa3pabOTKH.

CozeprxaHue pOTrpaMMBbl POU3BOICTBEHHON MPAKTHKHU BKIIOYAET B
cebs:

- H3YYCHHUE BO3MO>KHOCTEH MCIIOJIB30BAHUS HOBBIX (l)H?:quCKI/IX
SIBJICHUH JJI CO3[]aHWs HOBBIX MATE€pUaJiOB, TEXHOJIOTHI, KOMIIOHEHTOB,
npUOOPOB M YCTPOHCTB IEKTPOHUKHU, MUKPO - U HAHOZJICKTPOHUKHU;

- OCBOCHHC OpraHU3AIMOHHBEIX (OPM H METOJOB OpraHU3alUU
HAYYHBIX KCCIICIOBAHUI B BBICIIEM YYCOHOM 3aBEJCHHUU WM OCHOBHBIX
MPOU3BOJICTBEHHBIX MPOTPaMM Ha IPOMBIIUICHHOM PEANPUITHN;

- (dbopmupoBaHue MPAKTHICCKUX HaBBIKOB HAYYHO-
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MCCIIeI0BaTEIbCKON paboTel B  BBICHIEH MIKOJNE, IIOATOTOBKH,
CHUCTEMAaTH3alud W OQOPMIICHHS HAaydYHOTO Marepuana Io Tpedyemoi
TeMaTuke B cooTBeTCTBHH ¢ TpeboBanusmu ['OCToB;

- OLEHKY JOCTOBEPHOCTH, HAyYHOH HOBHU3HBI M MPaKTHIECKOM
3HAYMMOCTH  PE3YyJIbTATOB HAYYHO-HCCIEIOBATENECKOW pPadOTHl  HIIH
MIPOEKTHO-TEXHOJIOTHIECKOTO PEIICHHUS;

- CpaBHEHHE pe3yJbTaTOB HCCIIENOBaHUH (pa3paboTok) ¢
AQHAJOTUYHBIMH OTEUECTBEHHBIMHU U 3apYOS)KHBIMH Pe3yJIbTaTaMu.

CopneprxkaHue MporpaMMbl MPOM3BOACTBEHHON MPAKTUKH BKIIOYAET B
cebs:
- BO3MOXHOE YydYaCTHE MarucTpaHta B  IPOHM3BOJCTBEHHOMN
NIESTeTTHbHOCTH;
-BCTPEYHM CO  CHCHHAINCTAMH, 3HAIOIIUMH  IIOCTaHOBIICHHS,
pacIopsHKeHHUS, IPUKA3bl, METOAWICCKIE U HOPMATHBHEIC MaTepUAIIBL;

-BCTPEYH  CO  CICHUAIUCTAMH, 3HAIONIIMH  TCXHHYCCKUE
XapaKTepUCTHKH W HSKOHOMHYECKHE TIOKA3aTeNId OTCYCCTBEHHBIX W
3apy0ex)HBIX Pa3paboTOK B 0O0JIACTH AJIEKTPOHHOTO MaTepUaNOBEICHMUS,
JJIEMEHTHOM 6a3bl JJIEKTPOHHOM TEXHHUKH, JNIEKTPOHHOTO
pUOOPOCTPOCHHS, IPUMEHEHUSI HAHOTEXHOJIOTUH B DJIEKTPOHHKE;

-BCTpCUU CcOo CricuaJIucraMu, 3HAOIIUMHU HeﬁCTByIOHIHe
CTaHAapThl W TCXHHUYCCKUE YCIIOBHA, IIOJOXCHHUA W HWHCTPYKIUU 110
IKCIUTyaTalliil TPOU3BOJCTBEHHOTO U TEXHOJIOTHIECKOTO0 000pYIOBaHUS,
MpOTpaMMaM HCIIBITAHUH, 0(pOPMIICHHIO TEXHIYECKOW JOKYMCHTAIH;

-M3y4YCHHE BO3MOXXHOCTEH HCIONB30BaHUS HOBBIX (DU3UUICCKUX
SIBIICHUW JIJIsI CO3/IaHUS HOBBIX MAaTEPHAlOB, TEXHOJOTHUH, KOMIOHEHTOB,
pUOOPOB M YCTPOHCTB IEKTPOHUKH, MUKPO - U HAHOAJICKTPOHUKH;

- I3y4YeHHE COBPEMEHHOM 2JIEMEHTHON 0a3bl AIEKTPOHHONH TEXHUKH;
- U3y4YeHUE COBPEMEHHON Hay4HO-HCCIIE0BATEIbCKON annaparyphl;

-CpaBHCHHE  pe3yJIbTaTOB  HCCIEIOBaHMH  (pa3paboTok) ¢

AQHAJIOTUYHBIMU OTEYECTBEHHBIMHU H 3apyOEKHBIMHU pe3yIbTaTaMu/

IIpoBenenue MIPOU3BO/ICTBEHHOU MPAaKTUKXA  BKIIOYAeT  psif
B3aUMOCBSI3aHHBIX 3TallOB: OPraHU3alMOHHbIN; aHATUTHYECKUH; OCHOBHOM
(pac4eTHO-KOHCTPYKTOPCKHIA, TEXHOJIOTHYECKUH " (nm)
9KCIIEPUMEHTAIIBHBIH) W 3aKIIOYUTENbHBIN, BKIIOYAIONIMH aHAIN3
MOJyYSHHBIX PE3yJIbTaTOB, OQOPMIICHUE U 3aLIUTY OTYETa.
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Ne | Pasgeint Buasi yueGHOMI pa6oThl, BKJIOYas | Popmbl
n/ (3TanbI) CaMOCTOSATEJILHYI0 PaloTy CTY1EHTOB TeKylero
n NIPaKTUKH KOHTPOJIs
(oTueTHast
JIOKYMeHTans)
Opranusaiuons | OpraHu3alMOHHOE COOpaHHE MAarucCTPaHTOB C Jloroop Ha
1 Il 9Tan PYKOBOAUTEIISIMH TIPAKTUKH M PYKOBOIHUTEIEM IIPOXOXKIECHHE
OOIl, yroyHeHue 3ajay IpPaKTHKH, €€ MIPOU3BOJICTBEH
comepKaHUsT B 3aBUCHMOCTH OT  MecTa HOHIl TIPaKTHKH
MPOBEJCHUS NPAKTUKU. (pu
-3aKiioueHue JI0roBopa Ha  [IPOXOXICHHE HeoOXO0ANMOCT
MIPOU3BOJACTBCHHON NPAKTHKU (€CIH CTYJEHT n)
HAIpaBJsIeTCs] Ha MHOE MECTO INPAKTUKH, 4eM ITporpamma
BBIITyCKaroIas Kadepa). IIPOU3BOJICTBEH
-CocraBiieHHe M COIVIACOBAHUE C MPEINPUATHEM | HOM IPAaKTHKH
IIPOrpaMMbl TIPOXOJKAEHHUsS HPOH3BOICTBEHHOM
MPaKTUKH, B T.4. MHAUBUAYAJIbHOTO 3aIaHUSI B
cootBeTcTBHHU ¢ TeMoit HUP.
2 AHanuTHYECKHU AHanu3  MHAMBUIYAJIBHOTO  3a/IaHMs no | Yacts | oruera.
i oram (oOmas | mpoW3BOICTBEHHOW npakTHKe. DopMupoBaHHE
4acTh) IUlaHa ¥ rpaduka paboThl HaJ MHAUBHYAIbHBIM
3aJJaHUEM. Coop, AKTyaJIM3aLus
HH(QOPMALOHHBIX PECYpCOB M OOHOBICHHE
TEOPETHKO-METOJOJIOTHIECKUX OCHOB
HccieJoBaHus B pamkax tematuku BKP
3 AHQITUTHYECKH CocraBiieHHe aHAIUTHYECKOro ob3opa HaywyHo- | Yacts Il otuera
i TEXHUYECKON JIUTEPATYPHI o TeEMe
aTan (QYHKIHO- | MPOM3BOACTBEHHOM MPaKTHKH Ananuz
HaJbHAs 9YacTb) | MHQ)OPMAIMOHHEIX pECYpCOB MW  TEOPETUKO-
METO/IOJIOTHYECKHX ~ OCHOB  HCCIICJOBAHMUS,
MPeUIOKEHUs] U PEKOMEHJAIMU IO Teme
HHIUBUIYaIbHOTO 3aIaHus
4 PacuerHo- BrinonHenre ocHOBHOM YacTH Yacts 1
KOHCTPYKTOPCK | UHIMBHIYalTbHOTO 3a7aHus o TeMe | oTdera
nif, MIPOU3BOICTBEHHOM MpakTUKKM.  AHanu3
TEXHOJOTHYECK | pe3yibTaToB pa3pabOTKH (IKCIEPHUMEHTAILHOIO
ui ¥ (um) HCCIIEJOBAHUS), MOJEIMPOBAHUE  IPOLIECCOB,
9KCIIEpHMEHTall | MapaMeTpoB,  XapaKTepPHUCTHK o0OBeKTa
BHBIH TaIbl HCCIIEIOBaHUS
MPOU3BOJACTBEH | BBIBOABI M 3aKiIIOUEHHE IO BBHIMOIHEHUIO TEMbI
HOI PaKTHKU HHJUBHUIYaIbHOTO 3amaHus o
MIPON3BOJICTBEHHON NPAKTUKE
5 Odopmnenne u | IlogrotoBka u  mpeseHtamus ordera 1o | OdopmieHHBII
3aIyTa OTYeTa MIPOU3BOJICTBEHHON NPaKTHKE OTYeT, JIOKJIaX

U TIpe3eHTalus
1o
pe3yabTaTaMm
MIPOU3BOJICTBEH
-HOM MPaKTHKH
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I'padux paboT CTyZleHTa BO BpeMs IPOHM3BOJACTBEHHOM
MPaKTHKH BKJIIOYAET B ceOsi:
- opopMIIeHHE ¥ TIOJTyYSHUE MTPOIYCKOB Ha MPEIIPHUSTUE;
-M3y4YeHHe MPAaBUII BHYTPEHHETO PACHOPS/IKA TEXHUKN O€30MaCHOCTH;
-IpOBEJICHAUE YICOHBIX 3aHATHI U SKCKYPCHIA;
-BBITIOJIHEHHE CAMOCTOSITEIIBHBIX 3a/laHUi HA KOHKPETHOM pabouem
MecTe;
-o(hopMIICHUE OTUCTA;
-cljavyy 3ayeTa 10 MMPaKTHKE.
B nepuon mnpakTHKM clenyeT OpHUEHTHPOBaTh CTyAEHTa Ha
pa3paboTKy TEMbI BBITYCKHOU KBAJTHU(DHUKAIIMOHHOM paObOTh M 000CHOBAHHE
[eTIeCO00Pa3HOCTH ee Pa3pabOTKH.

®OPMbI OTYETHOCTHU 1O NMPAKTUKE

Cornacuo IToJ0XeHHIO O TOPSAKE MPOBEACHHS MPAKTHK CTYACHTOB
0o0pa3oBaTeNbHBIX  OpraHW3aiii  Bbiciiero  obpaszoBanust  (IIpuka3s
MunuctepcTBa obpasoBanus PO  Nell54 ot 25.03.2003) dopma u BuI
OTYETHOCTHU (JIHEBHHK, OTYET U T.I.) CTYACHTOB O IPOXOXKIACHUHU MPAKTUK
orpezessoTest 00pa3oBaTeNIbHOM OpraHu3alen.

OO6miee pPYyKOBOJICTBO U KOHTPOJb 32 MPOXOXKIECHHUEM MPAKTHUKU
CTYACHTOB KOHKPETHOT'O HAIIpaBJICHUA MOATOTOBKH BO3JIara€TcCs MpUKa3oM
peKTopa Ha PYKOBOJMTENS MPAKTHKH [0 HAMPABICHUIO IOJrOTOBKH
MAarucTpoB.

Mepen HAYaIIOM MPAKTUKH PYKOBOAUTEI MIPOBOUT
OpraHHU3al[IOHHOE COOpaHUE CTYACHTOB-MArMCTPAHTOB, HAMPABISIEMbBIX Ha
NPaKTHKY, U HHQOPMHUPYET O €€ LeNisxX U 3aja4dax. PyKOBOJHUTENb BbIIACT
MarucTpaHTy:

-UHAWBUAYAJIBHOC 3a1aHUC U IIJIaH TPOXOKIACHUA HpOH3BO}]CTBeHHOﬁ
MIPaKTHUKH;

- rpauK IpOBEICHIS TPOU3BOICTBEHHON MTPAKTHUKH.

HenocpencTBeHHOE pPYKOBOACTBO M KOHTPOJb 32 BBIIOJHEHHEM
WHIWBUAYAIGHOTO 33aJaHHs W IUIaHA TPAKTUKU CTYACHTA OCYIIECTBISACTCS
€ro HayYHBIM PYKOBOJUTEIICM.

HayuHbIii pyKOBOIUTENH MaTrUCTPAHTA!

- OCYHIECTBISIET IIOCTAHOBKY 3a7ad II0 CaMOCTOSTEILHOW pabore
CTYACHTOB B IIEPHOJ TPAKTHKH C BbIJAYeH WHIUBUAYAIbHBIX 3aaHHA,
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OKa3bIBAET COOTBETCTBYIOLIYIO KOHCYJIbTALMOHHYIO TIOMOIIIb;

- COTJacOBBIBaET TpauK NPOBENEHHS NPAKTHKH M OCYIIECTBISAET
CHUCTEMaTHYEeCKHH KOHTPOJIb 3a €€ XOIO0M H pabOTOH CTYACHTOB;

- OKa3bIBACT IOMOILNb CTYJCHTaM IO BCEM BOIIPOCAM, CBS3aHHBIM C
NPOXOXKICHUEM TIIPAKTUKK M O(QOpPMIIEHHMEM  [JHEBHHKA M OT4YETa O
MpaKTHKE.

I[Ipy  mpoxoXIeHWW  NPAaKTUKK  MAarucTpaHT  IOJy4aeT  OT
PYKOBOAMTENS YKa3aHUS, PEKOMEHJAUM W pPAa3bsICHEHHS II0 BCEM
BOIIPOCAM, CBSI3aHHBIM C OpraHu3alMeil W IMPOXOXKAECHHEM IPaKTHKH,
OTYHUTHIBACTCS O BBIMONHACMOW pPabOTe B COOTBETCTBUH C TpadUKOM
MPOBEICHUSA MPAKTUKH.

Ilo OKOH4YaHWMHM CpOKAa NPOW3BOJACTBEHHOW NPAKTHKH MAaruCTPaHT
MPEeOCTaBIIsET HA Kaeapy CIEAYIONIIe MaTepHabl:

- THEBHHK IIPOU3BO/ICTBEHHOHN NPAKTHKH;

- OTYET O BBIOJHEHUH MPOTPaMMBbI TPOM3BOACTBEHHOM MTPAKTHKH;

- OT3BIB HAYYHOTO pPYKOBOAWTENS WIM PYKOBOAWTEIS  OT
NpeAnpUsTHs, Ha 6a3e KOTOPOrO MaruCTPaHT MPOXOJHI ITPAKTUKY;

- IOKJIaJ U MIPE3CHTALMIO 110 Pe3ybTaTaM IPAKTHKH.

B 1HeBHMKE JI0JKHBI OBITH OTPAKEHBI PE3YJIBTATHI TEKYLIeH paboThl U
BBITIOJITHCHHBIC 3aJlaHusl. I[HGBHI/IK HpOH3BOI[CTBeHHOI>’I MPAKTUKH
3alOJIHACTCA JIMYHO MaruCTpaHTOM. 3amMcu O BBIMOJHEHHBIX pa60Tax
MPOM3BOJATCA TI0 Mepe HEOOXOAMMOCTH, HO HE pEeXe OJHOI0 pas3a B
Henenmo. JIOCTOBEpHOCTh 3amuceil NpOBEpsieTCs PYKOBOJHUTENIEM H
3aBepSIETCS €ro MOJIHCHIO.

OTyer O TpaKkTHKE - OCHOBHOM JOKYMEHT, XapaKTepH3YIOIIWi
paboTy cTyJeHTa-MarucTpaHTa BO BpeMsl IPaKTHKH.

Tekct orTuera moJDKeH OBITH OTPEJAKTHPOBAH M Hare4yaraH C
coOmoeHreM IpaBui O(GOpMIICHHS HAy4YHBIX paboT, MPETyCMOTPEHHBIX
I'OCTom. Crpykrypa otdera ompenemsercss ero ¢opmoil. B order o
HpOH3BO}1CTBeHHOﬁ IMPaKTUKE HTOJIKHBI OBITH BKJIFOYEHBI CJIeayromume
CBEICHHUS:

- MEcCTO TIPOXOXKICHHS (npennpusrue, CTPYKTYpHOE
HOAIpa3/ieNIeHNe ), CPOKHU TIPAKTUKHY;

- XapakTepUCTUKHM W TapaMeTpbl H3y4YEHHBIX KOMIIOHEHTOB,
KOMIUIEKCOB M TEXHOJOTMYECKHX  IPOIECCOB  JJIEKTPOHUKH  H
HaHOJJIEKTPOHUKH;
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- XapaKTEepPUCTUKU M TapaMeTpbl M3MEPUTEIBHOrO 000pYyIOBaHHUS,
NPUMEHSEMOTO0 Ha MPEANpPHATHH, B CTPYKTYPHOM IOJpa3/CICHHN;
MpOTpaMM HCTIBITAaHUH MTPOTYKINH;

- 0COOCHHOCTH TPHMEHICMBIX Ha MPEIIPHUATUH, B CTPYKTYPHOM
HOApa3eieHn  MH(GOPMAIMOHHBIX  TEXHOJOTMH W MPOrpaMMHBIX
MPOIYKTOB;

- OCHOBHBIE METOJMYECKHE NPUEMBl M TIpaBWiIa OQGOPMIICHUS
TEeXHUYECKOH JOKyMEHTaIIH;

- TepedyHclIeHHE U3YyYCHHBIX MOJOXKEHUH M HHCTPYKIMH IO
9KCIUTyaTaI[id IPOU3BOACTBEHHOI'O M TEXHOJOIMYECKOI0 00OPYI0BaHUS;

-[IEPEYUCICHUE  M3YYEHHBIX IIOCTAHOBJIICHHUH, PACIOPSLKECHUM,
MIPUKa30B, METOWIECKNX 1 HOPMAaTHBHBIX MaTepHalOB;

- IPEAJTIOKEHNS TI0 OPTaHU3ALMK W MPOBEACHHUIO NPAKTHKH;

- CIIMCOK UCTIONIb30BaHHOM JINTEPATYPBHI.

Ha ocHOBaHMM  TpENCTAaBICHHBIX  MAaTEpHAJIOB  IPOBOIUTCS
MPOME)XYTOYHAsI aTTECTALMsI MarucTpaHTa 10 UTOraM IPOW3BOJCTBEHHOM
npakTHKu B ¢opme aunddepeHuupoBanHoro 3adera. [IpousBoncTBeHHas
MPaKTUKAa CYUTAeTCsl  3aBEpIICHHOM MpHU  YCIOBHM  BBINOJHEHHUS
MarucTpaHTOM Bcex TpeboBaHMH TporpaMMbl mpakTHKH. OTreHka,
nojy4yeHHas Ha aup(GepeHIMPOBAHHOM 3a4yeTe, BMECTE C OICHKAMU
(3auéramu) MO TEOPETUIECKOMY OOYUEHHIO YIUTHIBACTCS MPH MOIBEICHUH
UTOTOB OOIIEH YCIEeBaeMOCTH CTYICHTOB M HAa3HAUYEHWH CTHUIICHIUH B
COOTBETCTBYIOIIEM CEMECTPE.

MarucTpaHTbl, HE BBINOJHHUBIINE HPOTPaMMy IPOM3BOICTBEHHOMH
NPaKTUKA 110 YBAKHUTEIHHOW TPHYMHE, HAINPABISIOTCS HA TPAKTUKY
BTOPUYHO B CBOOOJHOE OT y4deOBl BpeMsi WIJIM INPOXOJST HPAKTHKY B
WHIWBUAYAIEHOM TOPSIIKE.

MarucTpaHTsl, HE BBIONHUBIIME 0€3 YBAKUTEIHHON NPHUYUHBI
TpeGoBaHUS MIPOTPaMMBEI MIPAKTHKH WA MOy IHBIIIHE
HEYJOBJIECTBOPUTEIBHYIO OIICHKY, OTYHCIIIIOTCS W3 YHHBEpPCHUTETa Kak
MMEIOIIHE aKaAeMUIECKYIO 3aI0JDKEHHOCTh B MOPSIKE, IPETyCMOTPEHHOM
VYcraBom yHuBepcutera U [lonoxeHHEM O 3a4€THOM M 3K3aMEHALMOHHOM
CECCHSX U TOPSIKE JIMKBUJAIINY aKaJeMUUECKOH 3aJ0KEHHOCTH.

@DopMBbI TeKYIIEro KOHTPOJIS
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JUis Texymero KOHTPOJIs KauecTBa YCBOEHHs 3HAHUIl cTyleHTaMu
U OICHKM CTeNeHH (OpMHUpPOBAaHMA  yKA3aHHBIX BBINIE KOMIETEHINUH,
3HaHWM, YMEHUM M NPAKTUYECKUX HABBIKOB MCIIOJIB3YETCS CIIENYIOIUN
JIMarHOCTUYECKUHM MHCTPYMEHTapU:

- KOHTPOJIb ~ PYKOBOJHTEIEM COICp)KaHMS  JTHEBHHKA
MPOU3BOJICTBEHHO MIPAKTHKH;

- 3alMTa CTYJEHTOM OTYeTa O MPOM3BOJCTBEHHOMN MpPaKTHUKE.

Metoandeckue Matepuanbl II0 TPOMU3BOJCTBEHHOW IpaKTUKE
coJiepXkaT TECTOBbIE 3aJaHUsl C BO3MOXHBIMH BapHaHTaMU OTBETOB IIO
KaXXZIOMY U3 pa3/eIoB, MIPEIyCMOTPEHHLIX HHAMBUAYAJIBHEIM 3aJaHUEM Ha
MPOXOXKIACHUEC IIPAKTUKH. Pe3yJ'H)TaTI>I OTBETOB Ha BONPOCHI TECTOBLIX
3aJJaHUi KOHTPOJIUPYIOTCS MPETOIaBaTEIEM.

7.3 ®opMBbI IPOMEKYTOYHOT0 KOHTPOJISA
@®opMmoOii  TTIPOMEKYTOYHOTO KOHTPOJII MO IPOM3BOACTBEHHOM
MpaKTHKE sBIsieTcs TuddepeHIMpoBaHHbIN 3a4eT.

7.4 OnucaHue NoKa3aTeJieil 1 KpUTepHeB OLCHUBAHUS
KOMIIeTeHIUIi HA Pa3JIMYHbIX 3Tanax ux GopMHUpPoOBaHMS, KA
OLleHUBAHUS

OrneHka creneHd (OPMUPOBaHMs yKa3aHHBIX Bbime (m. 7.1)
KOHTPOJIUPYEMBIX KOMIETEHIMH Y 0OyJaromuxcs Ha pa3ndHBIX 3Tarax
nx (HOpMHUPOBAHMS MPOBOJUTCS  PYKOBOIUTENEM B (OpPME TEKYIIEro
KOHTPOJISI ~ COJEpKaHMS JHEBHHKA IPOW3BOJCTBEHHOM  NPAKTHKH,
TECTOBBIX OIPOCOB IO OTJEIBHBIM pa3zeiaM WHIMBHIYaJILHOTO 3a/IaHMs,
pe3ynbTaTaM 3aliuThl OTYeTa I10 MPOU3BOJCTBEHHON npakTHke. OCcBOEHHE
MIPOrpaMMHOTO  MaTepHaja U JIOCTaTOYHO BBICOKas  CTEICHb
(hopMHUPOBAHNSA KOHTPOIUPYEMBIX KOMIIETEHIINHA 00y4aromerocsi Ciyxar
OCHOBaHMEM [yl JIONycKa OOYdYarollerocs K JTaly HMPOMEXYyTOUHOMH
aTTrecTanuu — AupHepeHIIPOBAaHHOMY 3a4eTy MO IPaKTHKE.

YpoBeHb TOATOTOBKM CTYACHTA OIPENEIAETCS COCTaBOM U
cTereHplo  (opMHUpOBaHMS NPUOOPETEHHBIX KOMIETEHIIMH, YCBOCHHBIX
TEOPETHYECKUX 3HAaHWH W METOZOB, YMEHHMEM OCO3HAaHHO, 3()(EKTHBHO
MPUMEHATh MX NPU LEJCHANPABICHHOM IOUCKE PELICHMs AKTyallbHBIX
npoOieM  3JEKTPOHMKM W HAHOIJNEKTPOHUKHM M CUHTAeTCs
COOTBETCTBYIOIIMNM  TpeOOBAaHUSIM  CTaHAAPTOB,  €CIIH CTYAEHT
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JEMOHCTPHPYET CIIOCOOHOCTH PEeLIaTh 3aJa4l Hay4YHO-UCCIIEI0BaTEIbCKON
paboTel ¥ mpodeccCHOHATFHON AEATEIBHOCTH B THIIOBBIX CHTYyaIlUsIX 0e3
MOTPENIHOCTEH MPUHINIHAIEHOTO XapakTepa.

Iloka3zarenu onieHMBaHMsI KOMIIETCHLIIMN MPEACTABIEHBI B pa3aeie 2
HACTOSILEN MPOrpaMMbl MPOU3BOJICTBEHHON MPAKTUKHU C AEKOMIIO3ULIUEH
«3HATb», «yMETb», «BHaneTb». OCHOBHBIMH 3TamamMu (HOPMUPOBAHUS
BBIIICYKA3aHHBIX KOMIIETCHIUN MpPU MPOXOXKJCHUU MPAKTUKU SBISIOTCS
MOCTIEIOBATENbHOE MPOXOXKACHUE COJIEPXKATEIbHO CBS3aHHBIX MEXIY
co0Oi  3TanoB mpakTUKU. VTOroBasi OLEHKA, IMOJy4YEeHHas C YYETOM
OLICHMBaHMs KOMIIETCHLMI Ha pasJIMuHbIX dTanax ux (OPMHUPOBaHUS,
MOKa3bIBaeT YCIIEIIHOCTh OCBOEHHS KOMIIETEHIMH OO0ydYaroIUMuUCs B
MIEpHOA TIPOU3BOICTBCHHON IPaKTHKH.

[IpoxoxneHne NPaKTHKH OCYLIECTBISETCS B COOTBETCTBHH C
IIPOrpamMMoii, pa3paboTaHHOH o0ydJarommmcst COBMECTHO c
PYKOBOAMTENIEM NPAKTUKU OT By3a (HAYYHBIM PYKOBOAUTEIEM CTYJEHTA),
COTJIACOBAaHHOH C PYKOBOAWTENEM OT TNPEeAnpHATHs (NpH HAIWYHAN) |
yTIBepkaeHHON pykoBoguteneM OOII. Pe3ynpTaThl NMpakTUKU JIOJKHEI
ObITh OopMiIeHBI B Bujae oTuera. OTUET SBISETCS OCHOBAHUEM JUIS
aTTeCTALNH CTYJICHTA.

ITo nToraM mpoOM3BOJICTBEHHOM MPAKTHKH MPEIyCMOTPEHa 3allluTa,
KOTOpasi IIPOXOJMT Ha 3acelJaHuM BBINyCKalolleil kadeapbl Win mepen
koMmuccuedr B coctaBe pykoBoautens OOIl «HanorexHonmoruum B
JIEKTPOHUKE», PYKOBOJWTEINSI IPAKTHKH TPYMIBl CTYJEHTOB MU
HayYHBIX PYKOBOIWTEJEH MAarucTpantoB B (GopMe JOKiIana C
NIpe3eHTaIMel B yCTaHOBJICHHBIE YU€OHOM IIJIAHOM CPOKH.

I[lo  pesympraram  arrectauMd  CTYJICHTY  BBICTaBIISICTCS
i depeHInpoBaHHbII 3a4eT (3a4eT C OLEHKOMH).

IIpu BBICTaBIEHUMM WTOTOBOM OLEHKH YUMTBHIBAIOTCS CIEAYIOIIUE
(bakTopHI:

1) OT3bIB PYKOBOJUTENSI OT YHUBEPCUTETA, OTPAKAIOIIMUI
CIIEYIONINE XapaKTePUCTUKH CTYACHTA:

- cobiroieHne rpaduka MIPOU3BOJICTBEHHOI
TIPAKTHKH;

- KayecTBO MOJATOTOBKM OTYETHOW JOKyMEHTalluu
(mpoBepka oT4YeTa Ha COOJNIOJICHWE TpeOOBaHMH 10 (QopMaTbHEIM
IIpU3HAKaM);
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- BBIMIOJIHEHHE  IPOTpaMMbl  IPOU3BOJCTBEHHOM
MIPAaKTHKH ¥ OTPAKEHUE PE3yIbTATOB B OTUETE;

- CaMOCTOATENbHOCTh IIPH  BBIMIOJIHEHUH  3aIaHUM,
MIPEAYCMOTPEHHBIX MPOTPAMMOI IPON3BOACTBECHHON TPAKTUKHY;

- HaydHas HOBM3HAa WU TIPaKTWYecKas 3HAUYUMOCTb

NOJyYeHHBIX ~ Pe3yJbTaToB,  OOOCHOBAaHHOCTh  INPEMJIOKCHUH M
peKOMeHAaIN;
2) npoLeaypa 3aluThl 0TYeTa!

- MOJIHOTA OTPAXKEHUS B JIOKJIAAE U TPE3CHTALUH
PE3YIIBTATOB MPOMU3BOICTBEHHOMN MPAKTUKH, OTPAKEHHBIX B OTUETE;

- 3HAHUE NMPEIMETHOM 00J1aCTH;

- Hay4Has: HOBM3HA U TPAKTUYECKass 3HAYUMOCTh
MOJYYEHHBIX  PE3ylbTaToB,  OOOCHOBAaHHOCTh  INPEUIOKECHUH U
pEKOMEHAALNT;

- rPaMOTHOCTb, Pa3BepHYTOCTb,
CTPYKTYPUPOBAHHOCTH U JIOTHYHOCTH OTBETOB Ha BOIIPOCHI;

3) OT3BIB, IIOATOTOBJICHHBIN pyKOBOIUTENEM oT
NIPENIPUATUS (opranmzanun), XapaKTEepU3yIOLIUi BBITIOJIHEHUE
00s13aHHOCTEH TIPAKTUKAHTA.

ATTecTalysl CTyICHTa OCYIIECTBIIICTCS HA OCHOBAHHUHU CJICIYFOIINX

KpPUTEPHEB:
Ilkana Kpurepnii
OIleHUBAHUS
Oms3b16 pyKogooumens om 8y3a:
3aumeno c
ouenxoii — CTYZEHT CTPOro coOironan rpaduk npaKkTHKY;

— OTYeT MOJIHOCTBIO COOTBETCTBYET TPEOOBAHMUSIM, IPEIBIBISIEMBIM
K OTYETHOU JJOKYMEHTALNH;

— TporpaMma MPOU3BOJICTBEHHON MIPaKTUKA BBITIOJTHEHA
TMOJTHOCTBIO;

— 3aJaHus BBINOJHSUINCH IIOJHOCTBIO CaMOCTOSITENBHO, CTYACHT
MIPOSIBIJI TBOPYECKHIT HOIXOA K PEIICHUIO 3a]1a4 IIPAKTHKH;

— pe3ynbTaThl, IOJY4YEHHBIE CTYICHTOM, OOJNAJaloT Hay4YHOH
HOBHM3HOH W (VM) NPAKTHYECKOH 3HAYUMOCTBIO, CTYAEHT BHEC
000CHOBAHHBIC IIPEUIOKEHUSI U PEKOMEHIAINH.

«OMJIUYHO)

IIpoyedypa 3awumer omuema:
—IOKIAJ M TIPE3CHTAIHsA IONHOCTBIO OTPAXAIOT Pe3yIbTaThl,
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MOJTly4eHHBIE CTYACHTOM B HEPUOA NPAKTHKH U IPEICTABICHHLIE B
oTYeTe;

— CTYZEHT IOKa3ajJ IIyOOKHe 3HAHUS BOIPOCOB TEMBI, CBOOOTHO
OIIepHUPOBAIT JAHHBIMH HCCIIEIOBaHUS;

— pe3ynbTaThl, IONy4YEHHBIE CTYASHTOM, OONafaroT Hay4YHOH
HOBU3HOM M(MJIM) NPAKTUYECKOW 3HAYMMOCTBIO, CTYAEHT BHEC
000CHOBaHHBIC NIPEUIOKEHUSI 1 PEKOMEH/IALH;

— CTYAEHT HPaBHIBHO M TPAMOTHO OTBETHJ Ha BCE MOCTABJICHHbIC
BOIIPOCHI.

Om3v18 pyKoBOOUMEIs OM NPeOnPUAMUSL
CTYIEHT HOJIY4HJI TIOJOKUTEIbHBIH OT3bIB OT PYKOBOAUTENIS IPAKTUKH
OT IPeIIPUATHUSL.

3aumeno ¢ Oms3b16 pyKogoOumes om 8y3a:
OUEHKOIL
«xopowo» — CTYZAEHT B OCHOBHOM COOIIOfal rpadiK MPaKTHKH;
— OTYET COOTBETCTBYET TPEOOBAHUSIM, NIPEAbSIBIAEMBIM K OTYETHOM
JIOKYMEHTAl[M{,  CTYJACHTOM  JIOHNYIUEHbI  HECYIIECTBEHHbIC
OMIMOKY, OTYET BBITOJIHEH C HE3HAUUTEIEHBIMU 3aMEYaHHIMU I10
odopmiieHHIO;
— TporpaMma  IPOH3BOACTBEHHOI [PAaKTUKH BBINOJIHEHA
HOJIHOCTBIO;
— 3aJaHus BBIIOJHSINCH CaMOCTOSTENBHO IIPH  OINPENeIeHHOM
KOHCYJIbTAL[MOHHOM MOJJIEPIKKE CO CTOPOHBI PYKOBOAHUTENS OT
BY3a;
— pe3ynbTaThl, IOJNYYCHHBIC CTYACHTOM, OONaJalT HAY4HOIT
HOBHU3HOH M (WIM) MPAaKTUYECKON 3HAYHMMOCTBHIO, CTYIEHT BHEC
000CHOBaHHEBIE IIPEIUIOKEHNUS M PeKOMEHIAINHL.
Tlpoyedypa sawumer omyema:
— JOKJaA ¥ TMPE3CHTAlUs OTPaKAIOT OCHOBHBIC pPE3YIbTATHI,
MIOJTy9eHHBIE CTYICHTOM B IIEPHOJ MPAKTUKH W NIPEICTaBICHHBIC
oryere;
— CTYZEHT ITOKa3ad 0a30BbIe 3HAHWS BOIPOCOB TEMBI, OIEPUPOBAI
JTAHHBIMH MCCIICIOBaHHS;
— pe3ynbTaThl, IOJY4YEHHBIE CTYICHTOM, OOJNAJaloT Hay4YHOH
HOBHU3HOI H(WMIIM) MPAaKTUYECKOW 3HAYUMOCTBIO, CTYICHT BHEC
000CHOBaHHBIE MPEVIOKEHHUSI i PEKOMCH/IAIHN;
— IpH OTBETax Ha BOMPOCHI OBLIM JOMYIICHBI OLIMOKH, KOTOpHIC
HOCSIT HECYIIIECTBEHHBIN XapaKTep.
Oms3b16 pyKogooumens om npeonpusmus.:
CTYZICHT MOJIYYMII TIOJIOKUTEIBHBIN OT3BIB OT PYKOBOIMUTENS MPAKTHKH
OT  TpeAnpusiTHs C  HE3HAUWTENbHBIMH  3aMEYaHWsIMH |
PEKOMEHTalIUSIMH.
3aumeno Om3v16 pyKogoOumens om 6y3d:
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c OUEHKOU
«y0oenemeopu
-menvHo»

— CTyZ#eHT He coOmopan rpadHK NpaKkTUKH 0e3 yBaKUTENbHOI
IPUYHHEL;

— OT4eT MMeeT MOBEPXHOCTHBIM aHaunW3 COOPAHHOTO Marepuaia,
OONBIIMHCTBO MAaTEPHAIOB CKOMIIMIIIPOBAHO U3 CYHIECTBYIOIIHX
HCTOYHHKOB 0€3 HEoOXOJMMOIr0 OCMBICICHHS, UMEET HEUETKYIO
MIOCIIEI0BATEIBHOCTG ~ HM3IOXKEHHS  MaTepHana, CTYASHTOM
JIOIYIIEHbl ~ CYIISCTBEHHBbIE OMIMOKM, OTYeT BBIIOIHEH C
MHOT'OYHCJICHHBIMH 3aMEYaHHAMH 110 €ro 0pOopMIICHHUIO;

— Iporpamma MIPOU3BOJICTBEHHON MPaKTUKU BBIIIOJIHEHA
HOJIHOCTBIO;

— 3aJaHMsA  BBINOJHMINCH CAMOCTOSTENBbHO JIMIIb  YAaCTHYHO,
KOHCYJIbTAllHOHHAsl MOAJEP)KKA CO CTOPOHBI PYKOBOJHTENS OT
By3a He OblIa JJOJDKHEIM 00pa30M BOCIPHHSTA CTYACHTOM;

— pe3ynbTaThl, NOJy4YEHHBIE CTYICHTOM, He 00JafaloT HaydHOI
HOBHM3HOH M(WJIH) IPaKTHYECKOI 3HAYMMOCTBHIO, IPESNIOKEHHUS U
PEKOMEH/IallNH HE UMEIOT JOCTaTOYHOTO OOOCHOBAHUSL.

IIpoyedypa 3awumor omuema:

— JIOKJIaJ M IPe3eHTAIHs IOBEPXHOCTHBI, HE OTPAXKal0T OCHOBHEIE
pe3yIbTaThl, IONyYEHHBIE CTYJCHTOM B IIEPHON INpPaKTUKH K
[PE/ICTaBJICHHBIC OTYETE;

— CTYZeHT IOKa3al cialbble 3HAaHUS BONPOCOB TEMBI, HE
OHEpHPOBall JAHHBIMU UCCIIEIOBAHNUS;

— pe3yNbTaThl, MOJYYCHHBIC CTYACHTOM, HE O0NaJaloT HayqyHOM
HOBU3HOH M(WJIM) MPAKTUYECKOW 3HAYMMOCTBIO, MPEAJIOKEHUS 1
PEKOMEH/IaNK HE HMEIOT JJOCTaTOYHOTO OOOCHOBAHUS;

— CTYAGHT HE Jal IMOJHBIX M apryMEHTHPOBAHHBIX OTBETOB Ha
3a/[aHHBIE BOITPOCHI.

Oms3b16 pyKogooumens om npeonpusamus:

B OT3bIBE PYKOBOAUTENS IPAKTHKUA OT HPEANpPUATHS HMEIOTCS
CYILIECTBEHHBIE 3aMEUaHHUSI.

He 3aumeno

c OUEHKOU
«HEy00enemeo
puU-menbHoO»

Oms3b16 pyKogooumens om 8y3a:

— CTYIEHT He coOmrojan rpaguk NPaKTUKH 0e3 YBaKHTEIbHOM
HPHYHHBI;

— OTYET HE MMeeT [CTAIM3HPOBAHHOIO aHainW3a COOPAHHOIO
MaTepHana, MPEICTaBICHHBIC B or4er MaTepHabl
CKOMIWJIMPOBAHBl ~ M3  CYIIECTBYIOIIMX  HCTOYHHUKOB  0e3
HE0OXO0AMMOTro OCMBICIICHHSI, CTYICHTOM JIOTTYII[CHBI
NPHUHIUINATBHBIE OMMOKH B €r0 M3JIOKCHHH, OTY4eT He
COOTBETCTBYET TPEOOBAHHAM K O(OPMIICHHUIO;

— TporpaMma TIPOW3BOACTBEHHOH IPaKTHKH BBITIOJHEHA He
TIOJIHOCTBIO;

— 3a/laHus BBINONHSINCH HE CaMOCTOSITEIBHO, KOHCYJIbTAI[MOHHAS
HOJUIEPKKA CO CTOPOHBI PYKOBOAUTENS OT By3a HE OKa3bIBAJNach
0 IPUYHUHE HESIBKU CTYACHTA,

— pe3ynbTaThl, MOJYYCHHBIC CTYACHTOM, HE OOJAMaloT HaydHON
HOBU3HOM M (MJM) NMPaKTHYECKOW 3HAYUMOCTBIO, OTCYTCTBYIOT
HPEIOKCHHS U PEKOMEHIALNH.
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Tlpoyedypa 3awumer omyema:

— JIOKJaJ M HPE3CHTALUs BBINOJHEHbl 0€3 JOIKHOW CBA3M C
MIPOrpaMMOM NPAKTUKHY;

— CTyHEHT TIOKa3al cjalbble 3HAHMA BOIPOCOB TEMbl, He
OIEpHPOBaJl JAHHBIMU UCCIIEIOBAHNUS;

— pe3yNbTaThl, MOJYYCHHBIC CTYACHTOM, HE O0NaJaloT Hay4yHOM
HOBU3HOM M (MJM) NPAaKTHYECKOW 3HAYUMOCTBIO, OTCYTCTBYIOT
MPEeUIOKCHUS ¥ PeKOMEHAIN;

— CTYZEHT 3aTPyJHMICS OTBETUTH Ha MOCTABJICHHBIE BOIPOCH HIIN
JIOIyCTHJI B OTBETAX IPHHIMITHAIBHBIC OIINOKH.

Om3b16 pyKogooumens om npeonpusamus:

OT3BIB PYKOBOJMTENS MPAKTUKHU OT MPEANPUATUS OTCYICTBYET WM B
HEM UMEIOTCS CYLIECTBEHHbIE KPUTHUECKUE 3aMEUaHHU.

UtoroBass nuddepeHIpoBaHHAs OLEHKA OIpeAessieTcs Kak
CpenHsis apupMETHICCKasl BCeX BBICTABICHHBIX OLCHOK.

PesynbraThl  arTecTalMd  IPOM3BOJICTBEHHOH  NPAaKTHKH
(GUKCUPYIOTCS B 9K3aMEHALMOHHON BEJOMOCTH M 3aYeTHBIX KHIDKKax
cryneHToB. [lomydeHue oOydYaromMMCS HEYAOBJICTBOPUTEILHOW OLCHKU
SBISCTCSl aKaJeMHYECKON 3aJ0JDKCHHOCThIO. JIMKBHAAIMS aKaJeMHUYecKOn
3aJJOJDKEHHOCTH [0 MPAKTHKE OCYIIECTBISIETCS IyTeM €€ MOBTOPHOU
0TpabOTKH N0 MHANBUAYaJIbHOMY rpaduky.
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