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JIabopaTopHas pa6ora 1
OIIPEJAEJEHUE
TEMITIEPATYPHOI'O KO®PUIMUEHTA EMKOCTH

SJNEKTPHUYECKUX KOHIEHCATOPOB

Ilean paboTsl

H3yueHue BIMSHUA TEMIEPaTypsl Ha 3JIEKTPHYECKYIO EMKOCTh
KOHJEHCAaTOpa; BBIACHEHHWEe 3Ha4YeHUsd M cmbicia mapamerpa TKE,
XapaKTepU3YIOLIEro 3TO BIHSIHHUE.

HcxoaHble cBeAEHHA

Temneparypa Oka3pIBaeT CyIIeCTBEHHOE BIHSAHHE Ha paboTy
3NIEKTPUYECKUX KOHAEHCATOpoB. IIpHunHa 3TOro BIMSAHHMA 3aKIIO-
4aeTcs B TOM, 4TO MOJ AeHCTBUEM TeMIIEpaTyphl MOTYT H3MEHATHCSA
3JIEKTPUYECKHE NTapaMeTpbl OCHOBHOTO AMJIEKTPHKA U OOK/IaJ0K, a
TaKXKe UX reOMeTpUYeCKHe pa3Mepbl. DTH U3MEHEHHs, B CBOIO Ove-
penb, MPUBOAAT K M3MEHEHHMSM BCeX IIapaMeTpoB KOHJEHCaTopa.
ITosTOMy B TeXHHMYeCKOH NOKYMEHTallUd Ha KOHIEHCATop Bceraa
yKa3bIBaeTCs TeMIIepaTypHbIH JHana3oH, B KOTOPOM KOHAEHCATop
MOXXET 3KCIUTyaTHPOBAThCA B TEYEHHE OTOBOPEHHOrO CPOKa NpH
KOHTPOJIMPYEMBIX H3MEHEHMAX BaKHEHIIMX MapaMeTpoB. B Ha-
cTosei paboTe paccMaTpUBaeTCs BIMSHHE TEMIIEPATyphl Ha JJIeK-
TPHUECKYIO EMKOCTh KOHJE€HCaTopa.

H3MeHeHne eMKOCTH KOHJEHCAaTOpa NPH U3MEHEHHH TeMIlepa-
TYpbl CBS3aHO IPEXAE BCEro C H3MEHEHHEM IHUIJIEKTPHYECKOM
TIPOHUIIAEMOCTH OCHOBHOT'O IHUAJIEKTPHKA (E), a TAKXKe C TeMIlepa-
TYPHBIM paclIMpeHHeM OOKIIaJOK U JU3JIEKTPHUKA.

B 3aBHCHMOCTH OT THNa KOHJEHCATOpa BIUSIHHUE TEMIIEpaTyphl
Ha ero eMKOCTh MOXKET OrOBapHUBAaThCs M10-Pa3HOMY.

Paznmuuator o6patumele 1 HeoOpaTHMBbIE U3MEHEHHUSI €MKOCTH.
OG6paTuMble H3MEHEHHS eMKOCTH XapaKTEepPHBI U1 KOHIEHCATOPOB
C HEOpraHM4ecKHM JAMDIIEKTPUKOM (KepaMHYecKue, CIIOJSHBIE H
1.1.). IIlpy 06paTHMOM H3MEHEHHH €MKOCTH €€ 3Hau€HHe BO3Bpa-
aeTcs K MepBOHaYaIbHOMY, [OCIEe TOro Kak TeMIlepaTypa OKpYy-
XKalollel Cpefpl, BO3AEHCTBYIOIAs Ha KOHAEHCATOP, TAaKXXe BO3-
BpalllaeTcs K NEpBOHAYaAILHOMY 3HAYEHHIO, HallpUMep IocJe LHK-
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Jla HarpeB — OXJIaXkaeHHe.' B NpoTHBHOM cilyyae MMEET MeCTO He-
o6paTHUMoe U3MEHEHHE EMKOCTH.

Heo6paTumele H3MEHEHHS €MKOCTH XapaKTepHBI JJI1 KOHJEH-
CaTOpPOB C OPraHUYECKHUM IHAJIEKTPUKOM M HOPMHUPYIOTCS BEJIMYH-
HOM AC y¢;.

Jns1 KOHOeHCaTOpOB C HETMHEHHOH 3aBUCUMOCTBIO EMKOCTH OT
TEeMIepaTypbl — KOHIEHCATOPOB C OPraHMYECKUMH NOJIAPHBIMHU M-
anekTpukamMu (mponurtaHHas Oymara, IOJSPHBIE CHHTETHYECKHE
IUICHKH) — B TEXHHYECKOH IOKyMEHTallUH YKa3bIBa€TCS MAaKCH-
MaJIbHO BO3MOJKHBIH JHana3oH U3MeHeHHs eMKocTH — +4C B mpo-
LIEHTaX 10 OTHONIEHHIO K €eMKOCTH, M3MEPEHHOMN NP HOpMAIBHO#
temneparype (20°C), npu U3MEHEHHMAX TeMIepaTypsl B Ipenenax
pabouero auana3zoHa. Takas e XapaKT€pPUCTHKA HUCNOJIb3yeTcs AJIs
HEKOTOPBIX KEPaMHUYECKHX KOHIEHCATOPOB C HEHOPMHPYEMBIM
3HaYeHHeM TeMIepaTypHoro ko3¢ duuunenra emxkoctu. [Ipuuem ms
9TUX KOoHAeHcaTopoB AC yka3plBaeTcs B YCJIOBHOM O0O3HauYeHHH
KOHZIeHcaTopa Ha ero kopmyce OykBoii H ¢ mocneayromumu nud-
paMH, COOTBETCTBYIOIIMMH 3Ha4eHHUIO +4C B POLIEHTaX.

Jns KOHOEHCaTOpOB € JIMHEHHOH 3aBUCHMMOCTBIO €MKOCTH OT
TeMIeparypsl BBefeHa xapakrepuctika TKE (TeMmeparypHsIiii ko-
3¢ HUILIHEHT eMKOCTH).

TemnepaTypHblli K03GGHUIMEHT EMKOCTH IIOKa3bIBaeT, Ha-
CKOJIBKO HM3MEHJETCAd €MKOCTh KOHAEHCAaTopa NpHU OTIJIOHEHHMH
TeMIIepaTypbl OTHOCHTENBHO HOpPMalbHOH Ha oauH rpaayc. Hop-
mupyemoe 3HaueHHe TKE yka3piBaeTcs B MHJUIMOHHBIX JOJIAX H3-
MEHEHHs €MKOCTH, OTHECEHHOro K oJHoMYy rpanaycy KenbBuHa
(Ienscus). Maremaruyecku TKE Bripaxaetcs ¢popmyoit

TKE:l-a£ [V/K], 1)
cor
rae C — eMKOCTh KOHIIEHCAaTOpa, U3MEpPEHHas Npu Temneparype 7.
®dopmyna (1) xapakrepusyer 3HadeHue TKE B mro6oii Touke
TeMIlepaTypHOH 3aBHCHMOCTH eMKocTH. B obmem cnydae TKE
MOJKET 3aBHUCETh OT TEMIIEPATYpPHl, €CJIH EMKOCTh OT TE€MIIEpaTyphl
HU3MEHsETCS MO HelMHeHHoMY 3akoHy. Ecnu eMkocTh oT Temnepa-
TypsI 3aBUCHT JuHeHHO, To TKE sBiseTcss MOCTOAHHON BETUYHUHOH
M MOJXKET CIIYXXHTh B KaueCTBE OJHOT'O M3 NapaMeTpOB KOHIEHCATO-
pa. B aTom ciyqae B dopmyne (1) ot inddepeHipana MoxHO me-
pPEHTH K KOHEYHBIM Pa3HOCTSIM M 3allUCaTh:
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rae C; — eMKOCTh KOHIEHCATOpa, H3Mepem{aa npu Temmneparype 1
B Hayasie TemneparypHoro auanazoHa (npu 20 °C); C; — eMKOCTb
KOH/IEHCATOpa, U3MepEeHHas NpU TeMmmepaType I, B KOHLE TEMIIe-
parypHoro nuana3ona. Pazamepnocts TKE — [1/K]. Takum o6pa3om,
€CJIH H3BECTHa €MKOCTh KOHIEHcaTopa NpH OAHOHM TeMmmepaType
(T)) u ero TKE, To eMKoCTb 3TOro KOHIEHCaTOpa MpU APYroi Tem-
neparype (72) MOXHO pacCYMTaTh, PELIHB PaBEHCTBO (2) OTHOCH-
TenbHO C,. IIpH 3TOM HYXHO Y4YUTHIBaTh, YTO MOJYYEHHOE IpH
pacyerax Hopmupyemoe 3HaueHne TKE HeoOxomumo 3amuchiBaTth,
HCTIONB3ys MHOXHTENE 10, Hanpumep, ecu No pacyeTy Mosydu-
nock 3Hagenne TKE, paBuoe +0,0001[1/K], To pe3ynprar cnemyet
MIPEeCTaBUTh B BUE:

TKE = +100 - 10 [1/K]. 3)

TemneparypHblii k03¢ (GHUIMEHT €MKOCTH MOXeET OBITh MOJIOo-
JKUTENIbHBIM, OTPHLIATENIFHBIM WM HYJIEBBIM. B cucTeMe yCIIOBHBIX
o6o3Hauenuii 3Hak TKE o6o3navator 6ykBamu: IT — mmroc, M —
MuHyc, MII — 3Hauenue, 6nu3koe k Hymo. 3HayeHue TKE yka3bi-
BafoT Ge3 muoxurens 10, Hanpumep, 3nauenne TKE, npencras-
JIeHHO€ BhIpakeHHeM (3), B cHCTeMe YCJIOBHBIX 0003HauYeHHH 3a-
numercs kak [1100. 3To 3HaueHHe MOxeT OBITh HAHECEHO Ha KOp-
IIyc KOHAEHcaTopa Iocyie 0603Ha4eHHUsT HOMUHAJIBHON €MKOCTH H
JIOMYCKaeMBIX TE€XHOJOTHYECKHUX OTKJIOHEHHH €MKOCTH OT HOMH-
HaJIBHOTO 3HAYEHHA.

IIpn npoekTHpOBaHHUU PafAHUO3IEKTPOHHON U 3JIEKTPOTEXHHUYE-
CKOM ammapaTypsl MHOrzaa ObIBaeT HEOOXOJUMO YYHTHIBATH 3aBH-
CHUMOCTh €MKOCTH HCIIOJIb3YEMBIX KOHEHCATOPOB OT TEMIIepaTyphl
u obecnieynBath OO 3amaHHOe, TUOO0 HyineBoe 3HaueHHe TKE.
Tpebyemoe 3Hauenne TKE npu 3agaHHOI €eMKOCTH MOXKHO obecre-
YHUTh, UCTIONIB3YS] HECKOJIBKO KOHIEHCATOPOB C pa3HYHBIMHU 3Haye-
Husmu TKE, coeannseMbix mocnemoBaTensHO, MapaulebHO WIH
Mo cMellaHHOH cxeMme, [[ns MpoBeJeHHs pacyeToB MOXHO HCIIOJNb-
30BaTh clieayoue GopMyIIs:

TMpHU MapajuleIbHOM COEUHEHHH:

TKEE =—TKE1 +—TKE2; 4
Cs Cy



IIPH NOCJIEI0BATENIbHOM COEIMHEHHIH:
/
TKEE =—TKE1 +—TKE2 . (%)
C C,.
1 1L
B stux Beipaxennsax TKE; — cymmapnsiii TKE aByx nocieno-
BaTeNbHO MIIM NapasulellbHO COeqUHEHHBIX KoHAeHcaTtopoB; C, C,,
TKE,;, TKE; — 3HaueHus eMKocTeii H TeMIlepaTypHsIX Ko3hduLu-
€HTOB €MKOCTH COOTBETCTBEHHO IEPBOr0 M BTOPOTro KOHJEHCATO-
poB. Cx — cyMMapHasi eMKOCTb JIBYX KOHJEHCATOPOB:
IIpH Napajuie]IbHOM COeIMHEHHH:

Cy=C+Cy, (6)
IIPY [10CJIEA0BATEIBHOM COEAMHEHHH:
Cc,C
T ™2, (7)
C, +GC,

Bce pacyeTs! Hy)KHO IPOM3BOAMTE ¢ ydyeToM 3Haka TKE.
Omnucanue 1a6opaTOpHOl YCTAaHOBKH

-JlabopaTopHas yCTaHOBKAa COCTOHMT M3 NATH 00pa3loB KepaMH-
4eCKHMX KOHJIEHCAaTOPOB, pa3MelIEHHBIX B TepMocTare; npubopa E7-
8 (uudporoit MocT), ciyxallero A8 W3MEPEHHS €MKOCTH M TaH-
reHca yIJla MoTeph KOHIEHCAaTopa; MNepeKIovarels, ¢ MOMOIIBIO
KOTOpOro J1000ii U3 00pa3LoB MOXKET OBITh MOJKTIOYEH K H3MEPH-
TeJIbBHOMY MOCTY, M TEpMOIApHOro ykasatess TemmepaTypbl. Cxe-
Ma IpeZcTaB/ieHa Ha puc. 1.1.

TepMoOCTAT

b s Lo L L
TTTTT |~

Puc.1.1. Cxema TKE
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OKCnepUMEHTAIBbHOH YacThiO JaHHOM paboThl sABiISETCS MONY-
YyeHHe 3aBUCHMOCTelH €eMKOCTH M TaHI'€HCa yrila MoTepb KOHAEHCaTo-
pa (tgd) or TemmepaTypsl I MATH 00pa3loB M rpaguyeckoe HU30-
OpaxkeHHe 3THX 3aBUCHMOCTEH.

PacuerHas yacTs paboOTBl COCTOMT M3 OIpEAENEHHUs 3HaYEHHH
TKE kaxxoro u3 o6pa3LioB KOHAEHCATOPOB I10 MOTYy4EHHBIM rpadu-
KaMm, a Taxoke HaxoxnaeHus TKEz nns cxemsl, 3amaHHO# npenongasa-
TEJEM.

Pabora BeIMONHsAeTCs cleayroluM. oopazoM. BHavane crnemyer
IPOBECTH M3MEPEHMS EMKOCTH M tgd 06paslioB MpH KOMHATHON TeM-
neparype. s 9TOro Hy>)XHO yOeaUThCs, YTO Ha TEPMONAPHOM YKa3a-
TeJie TEMIEPAaTyphl YCTAHOBJIEHO 3HAY€HHE KOMHATHOH TEMIEpaTyphl
(TepMomapHbIii yKka3aTenb OIpeessieT PasHUIly MEeXIY TeMIIepaTypoH
OKpyXaloleit cpelbl U TEMIEpaTypoii B U3MEPAEMOil TOYKE — B Ha-
1IeM cifyyae BHYTPH TepMocTarta). [lajee ¢ MoMOo1IbIo NepeKIoyare-
711 00pasupsl NOCIeIOBaTENbHO MOAKIIOYAIOTCA K M3MEPHTEIbHOMY
MocTy. [Ipn noawmouyeHH: oyepegHoro obpasua ciaeayeT npaBHIBHO
yCTaHOBUTh pabouuii Auana3oH u3MepeHus npudopa. s sToro uc-
NONB3yeTCs py4YHas YCTaHOBKA JHMara3oHa C MOMOLIBIO MepeKIoya-
TeNs MOAHANa30HOB, PACIONIOKEHHOrO Ha JIMLEBOH naHenu npudo-
pa. Jnanason usMepeHuii ciexyeT BrIOpaTh C TAKUM pacyeToM, YTo-
ObI 3HaueHHEe EeMKOCTH KaXXI0ro U3 o6pa3ioB ObUIO MOTY4eHO C Mak-
CHUM&JIBHBIM KOJMYECTBOM 3Havammx 1udp. [Ipu nogxmodenun ob-
Pa3LOB CUHTHIBAIOTCSA 3HAYEHHUSI EMKOCTH H tgd.

ITocne npoBeneHHs yka3aHHBIX M3MEPEHHH ClIeyeT BKIIOYHTH
tepmoctaT. Crenyromue H3MepeHHs HeoOXOAHMO NpPOBOAMTH IpH
OMpeieJIeHHbIX 3HaYEeHUSAX TeMIIepaTyphl, YCTaHAaBIMBaeMbIX B IPO-
uecce Harpesa, Hanpumep npu 40 , 60 u 80 °C. Harpesats 06pasus!
o 6oJiee BHICOKHX TEMIIEPATYp HE PEKOMEHAYETCS.

Jns nonmydeHWs NpaBWIBHBIX pe3yJbTaTOB HarpeB oOpa3sLoB
JO/KEH TIPOBOAMTECS CTYNEHYATO C BBIAEPXKKOH OMNpENeNIeHHOro
BpPEMEHH NPH KaXXIO0H TeMIepaType A JOCTHKSHHS CTallHOHapHO-
ro TEMIEpPaTypHOro peXuma. MOXKHO pEKOMEHIOBATh CIIEAYIOIIM
nopsaok AeHcTBUR. UTo6B H3MEPUTH NMapamMeTphbl 00pa3LoB, HAPH-
Mep, npu 40°C, HYXHO OTKJIOYHTH TEPMOCTAT NPH AOCTHIKEHHH
TeMIepaTypbl HECKOJBKO MEHblIe HaME4YeHHOH (Hampumep, IpH
37°C). B nanpHeiimem TemnepaTypa 3a CY€T MHEPLIMOHHOCTH IpO-
11ecca HECKOJIbKO BO3pacTeT, a MotoM crabunusupyercs. Ilo moctu-
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JKEHHH CTaOMIBHOH TeMmeparypsl CieIyeT NpOBECTH HW3MEPEHHS
napaMeTpoB BceX 0Opa3loB, 3aHECTH pe3y/bTaThl H3MepeHui B Tab-
JIMLLy ¥ BKJIFOYHTH TEPMOCTAT [T JaTbHeHIero Harpesa.

ITo okoHYaHHHM H3MEpeHHH MOTyYeHHBbIE NaHHBbIE HEOOXOAMMO
n300pasuth B BuIe rpaduka. s 3Toro Hy>KHO NpaBWIBHO BHIOpATh
MacmrTab 3HaYeHHH €MKOCTH M TeMIepaTryphbl Mo ocsM (10 BepTH-
KaJIBHON OCH OTKJIaJbIBAIOTCS 3HAYEHHUS eMKOCTH (MM tgd), a mo
TOPHU30OHTAJIbHON — 3HAa4YEeHHUs TEeMIepaTrypbl). DKCIEpUMEHTAIbHbIE
TOYKH JOJDKHBI pPacroJiaraTbCsi paBHOMEPHO B Ipeiesax IUIOLIaaH,
OrpaHMYEHHOH OCAMH KOOPIHMHAT. 3aBUCHMOCTh €MKOCTH OT TeMIIe-
paTypbl H300paxaeTcs B BUe NMPAMO#, MPOBEIEHHOM MeXay JKCIe-
pPHUMEHTaJIbHBIMU TOYKaMH (M306paxeHHe rpaduka B BHIE JOMaHOH
JUHUHN He pomyckaercs). I'paduk 3aBucumoctu tgd = f{(T) Moxer
6BITh M306pakeH B BUJE MUIaBHOMN KPHMBOH, NPOBEEHHOM Taxxke Me-
XKy 9KCIepUMEHTaIbHBIMH ToukamH. [lo rpadukam 3aBHCHMOCTH
C = f(T) ana kaxgoro u3 o6pa3soB HEOOXOAMMO HAMTH 3HaueHHE
TKE, ucnons3ys cootHomenue (2). [Ipu stom 3Hauenus C; u C; He-
006X0IMMO OTIpeNesTHTh Mo rpadHKy, a He U3 TabIHLBI.

3ananne

1. CHATH U NOCTPOMUTH TEMIIEPATYPHBIE 3aBUCHMOCTH EMKOCTH U TaH-
reHca yria rnoreps Ajs nati o6pa3ioB KOHIEHCAaTOPOB.

2. Onpenenuts 3nauenus TKE ans Bcex 06pa3wuos.

3. CpaBHUTb NOJy4EeHHbIE 3HAYEHUA C HOPMUPYEMBIMH.

4. Jna cxeMsl, yka3aHHOW npenopasarteneM, paccuutate TKEg, uc-
MOJIb3ys1 COOTHOLIEHHUA 4 U 5.

5. U3o06pa3uts rpacdudecku pacuetHyro 3aBucumocts Cs = f(T), uc-
noJie3ys 3HadeHus TKEjz u Cy, nonydeHHsle B n. 4. Hanectu Ha rpaguk
3KcnepuMeHTanbHble TOYkH Cx = f{T), UCcNONb3ys pe3ynbTaThl 3KCHEpPH-
MEHTOB U CXEMY. COEJMHtHHA KOHAEHCAaTOpOB, NMyTE€M pacyeTa 3HaueHWs
Cy pH KaXxJoii TeMneparype.

6. JIna onHoro U3 o6pa3LoB BEIOpATh CXEMY COEIMHEHHS U pacCuM-
TaTh NMapaMeTpsl AOMOJHUTEILHOrO KOHAEHCAaTOpa, MO3BONAIOILEr0 obec-
MEeYUTh HYNEeBO# MM 3afaHHbIH npenogaBateneM TKEy npu onpenenes-
HOM 3Ha4€HHH CyMMapHOH €MKOCTH.

KoHTpoJabHbIe Bonpock!
1. Kak 3aBHCAT EMKOCTb M TAaHI'€HC yIJla OTEph KOHAEHCATOPOB pas-

JMYHOrO THIa OT TeMmnepaTypbl? Kak 06bACHAIOTCA 3TH 3aBUCUMOCTH?
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2. KakuMm 06pa3oM y4uTHIBaeTCA BIUAHUE TEMIIEPAaTyphl HA EMKOCTh
KOHIEHCATOPOB Pa3JIMYHOrO THUMA U KaK OTpa)kaeTci ITO B TEXHUYECKOMN
JOKYMEHTaUHMH U MapKUpPOBKE KOHAEHCaTOpoB?

3. Ans kakuX KOHAeHcaTopoB BBoauTcs napamerp TKE?

4. Yro takoe TKE u kak ykaspiBaeTcs ero 3Hau€HUe B MapKHpOBKe
KOHJIEHCAaTOpOB?

5. Kak paccuutath 3HaueHne TKEy 11s ClOXHOI CXeMbl COEAMHEHUS
HECKOJIbKHX KOHIEHCAaTOpOB? )

PexoMeHayeMas THTEpaTypa
Penne B.T. Dnexkrpuueckue koHaeHcatopsl. JI.: JHeprus, 1969. 592 c.

JIaboparopHas paboTa 2
HCCIEJOBAHUE MATHUTHOI'O ITIOJIA
B OJHOXHUJIBHBIX KABEJISX

Ieas padorsl

H3yueHne mpuYUH MOTEPh JHEPrUH IJIEKTPUYECKOro IOJS B
pa3IMYHBIX 3EMEHTaX KOHCTPYKLUHH Kabens; KOJIHYeCTBeHHas
OLIeHKa MOTepPh B 3aBUCHMOCTH OT TOKa B JKHJIE U PACCTOSHUS MEX-
Iy xabenamu.

Hcxoaubie cBeIeHHA

ITpn mepenave sHeprum no kabemo 4acTh €€ TepseTcs B pas-
JIMYHBIX BJIEMEHTAX €ro KOHCTPYKIMH. B 3aBUCMMOCTH OT BUfa NpH-
JIOX)KEHHOTO HaNpsDKEHHs (TIOCTOSHHOTO WIIM MEPEMEHHOro) MOTepH
OynyT pasnuuHbl. Eciu B kaGensix MOCTOSHHOIO TOKa IOTEpH OIpe-
JENSI0TCS IKOYIEBBIMH MOTEPSMH B Xule U 000JI04Ke, TO Ha mepe-
MEHHOM HaIpsDKEHHH MOSABIAIOTCS JOMOIHUTENBHBIE IIOTEPH 3a CYET
HHIYLMPOBAHHBIX TOKOB B 3/IeMEHTax Kaless B NEpEMEHHOM Mar-
HHUTHOM I10JI€.

B ka6ensax nepeMeHHOro ToKa BOKPYT XHJI CO3JaeTcsl epeMeH-
HO€ MarHHTHOE MoJjie, KOTOpOe NPHUBOJUT K MOSBICHHIO 3JIEKTPOIH-
HaMHYECKHX CHJI, YBEJIMYEHHIO CONPOTHBIICHHS XXWI 3a CYET II0-
BEPXHOCTHOTrO 3pdexra u 3ddexra 61U30CTH, a TAKKE K IOABIECHHIO
HOTepb S9HEpPruu B 060J104Ke U GpoHe.
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ITpu nepenaye Tpexda3HOro ToKa 4acTO MCHONB3YIOTCS TPH Of-
Hoda3HbIX kabens. ITo 0OyCIOBNEHO TeM, YTO OJHOXWIbHEIE Kabe-
JH, 0COOEHHO BBICOKOTO HAMNPSKEHHHA, MOXHO H3TOTOBIATH OOJNB-
IIMMH CTPOMUTENIbHBIMH JUTMHAMH, YeM Tpex(pasHble, YTO YIpollaeT
MOHTa)K KaOeNbHbIX JIMHHUH, JaeT BO3MOXKHOCTh YMEHBHINTh KOJIHYe-
CTBO COEMHHTEIILHBIX, CTONIOPHBIX H MOJIYCTONOPHBIX My(dT B HUX.

Bo03MOXHBI TpH clTydas NpOKJIaJAKH OOHOXKHIBHBIX Kabenei, pa-
6oTalomMX B LieNH Tpex$a3HOro Toka:

a) 000JIOYKH COEJMHEHBI U 3a3eMJIEHBI Ha OHOM KOHLIE Kabemnb-
HOM JIUHHUM;

6) 060104k COeIMHEeHBI B HaYaJle JINHUM U €€ KOHIlE, HO 3a3eM-
JIEHBI TOJIBKO C OHOH CTOPOHBI; ‘

B) 000JIOYKH COENUHEHBI M 3a3eMJIEHBl Ha OOOMX KOHLAX Ka-
OenbHOMH JIMHHH.

IMoTepu, Bo3HUKaONME B 060JI0YKAX, MOTYT OBITH OT MPOAOJB-
HBIX TOKOB II0 METAUTHYECKHM 000JI04KaM (IO3TOMY OHH HOSBIIS-
IOTCS TOJIBKO NMPH COEJUHEHHH 000JI0YeK C ABYX CTOPOH JIMHHM) H
N0Tepb, BBI3BIBAEMBIX BHXPEBBIMH TOKAMH B TOJILE METALIHYECKHX
o6osoyek (cieroBaTeNnbHO, OHH BO3HHMKAIOT NPH BCEX CIIydyasX Ipo-
KJIaJIK{, TIPH NPOXO0XXAEHHH TOKa 1o xkunam). Ilorepu sHepruu B Me-
TaIIMYeckuX 000JI0YKaX MPHBOAAT K HAarpeBy Kaless, 4TO YMEHb-
[IaeT Harpy3o04Hyl crniocoOHOCTh kabenbHoM nuHUU. Ecnu 06omoy-
KH OJHOXKHJIBHBIX KaOereit 3aMKHyThl Ha 000MX KOHILIAX JIMHUH, TO B
HHUX MOABJAIOTCA UHAYLUHPOBaHHbIE TOKH, KOTOpbI€ NPUBOJAT K IO-
TepsM B 000JI0YKaX, JOCTUTAIOINM HECKOIBKHUX IEeCATKOB MPOLIEH-
TOB TMOTeph B xHiax. Ecnu 060m0YkH 3aMKHYTHI TONBKO C OJHOTO
KOHIIa, TO Ha APYyroM KOHLe nossiserca HaBeaeHHas OJIC, koropas
MOXET NOCTHIaTh HECKOJILKMX COTEH BOJILT Ha OJHH KHIIOMETP JIH-
HHMH, YTO MOXXET OBITh OMAacHBIM IMpPH 3KCIUTyaTallMHU TaKoi KabGelnb-
Hoil muHuu. HaBenennas OJIC 3aBHCHUT Kak OT 3HA4YEHHUA TOKa, Mpo-
TEKAIOLEro M0 JXuiie Kabens, Tak U OT PacCTOSAHUA Mexy KabensiMu
IpH NPOKJIASIKE.

B na6opartopHoii paboTe uccnexyercs 3aBUCHMOCTh TOKAa U Ha-
BeaeHHoi OJIC B obosoukax kabens OT Toka B uie kabens U pac-
CTOSIHHA MEXAY KabessMHu.

B nanHol pabore uccnenyercs ogHoda3Has JTHHHSA, TaK KaK pa-
6oTa Tpexda3HO# JIMHUK B IPHHIMIIE HE OTIMYAeTCsA OT paboThI Of-
HO(}a3HO#, B TO BpeMsi KaK pacyeT IOTeph B MOCIIEIHEH OCYILecTB-
nsiercs 1o 6osiee NPOCTHIM YPaBHEHHSM.
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Pacuer 3/IC, TOKOB H HOTEPHL B 060JI0UKAX

~ Pacuer ko3¢ dunmenta HHIYKUHHA MEXIY JXKWIOH U KOHTYPOM
0601109eK MPOU3BOAUTCS 11O GopMyIIe
M=M, + Mg,
M, =Elop, S .
2n Dy
M6 - H-Ho In Doﬁ +A6p :
2n Dys —Agp
Iz [l — MarHUTHas MOCTOSIHHas BaKyyMa, paBHas 471077 Tu/m;
K — oTHOCHTeNbHas 3¢ dekTHBHas MarHUTHAsA NPOHHUIAEMOCTh Opo-
HH (11 JTeHTOYHOH 6poHM npuHUMaeTcs paBHo#t 300); S — paccTos-
HHe MexXJy OciMH Kabeneif; Ag, — TonuMHa 6poHu kabens; Des —
cpeaHuit AuaMeTp 060104KH Kabes.
SAC wnn HanpsbkeHHe Mexay obonoukamu kabens E, ecnu
000/I04YKH Pa3OMKHYTHl Ha OJHOM KOHIIE JIMHHUH, BBIYHMCIISAETCS MO

bopmyine

E=20MJ,
rae J — TOK B KHJIE.
Tok B obonoukax kabeneit J,5 , ecinu 000JIOUKH 3aMKHYTHI Ha
000MX KOHLIAX JTMHUH, BEIYUCIIAETCS MO hopMyie

oM

J6 = J..
ol ’
2 +(J)2M2
06

OrtHowenne norepb B obonouke P,; K MOTEPAM B xuiie Py B
9TOM clly4ae BEIYHCIIseTcs Mo GpopMye -

Pos = Vo6 Px >
R \)?
rae );06=m2 o6 o m2=__2((0_ﬁl)___2,
Ry R +(oM)

rae Ros , R, — CONpOTUBIIEHHs 0GOOYKH U 5KHIIbI IEPEMEHHOMY TOKY.

B omHOXHIBHBIX Kabensx HeAOMyCTUMO NPUMEHSATh CTaJIbHYIO
JIEHTOYHYIO OpOHIO, TaKk KaK B 3TOM Cilyyae AONOJIHUTEIbHas B3a-
HMHas UHIYKTHUBHOCTh Mj 3a cueT OpOHH 3HAYUTENFHO YBEIHMYHBaA-
eT o0lIyI0 MHAYKTHBHOCTh M. DTO MPUBOAUT K pe3KOMY yBeIH4Ye-
Huro J/IC unu noreppb B 0607104KaXx.
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Y MHOTOXH/IbHBIX KaGeself CyMMa TOKOB B XHJIAX TIPH CHMMeT-
PUYHOH TOKOBOH Harpy3ke paBHa HYJIIO, TIO3TOMY BIOJIb OOOJIOUKH
He Oyzner neficTBoBaTh MarHHTOABWXKYILIas cuia. B Takmx kabemsax
MOXKHO IPUMEHAThH CTATBHYIO JICHTOUHYIO OpOoHI0. MarHuTHOE MoJe
TpeX XM YacTHYHO B3aMMHO KoMmneHcHupyercs. [lotepu B o6onou-
KaxX TPeX>KWIbHBIX kabeneii Hibke, 4eM B OHOXKWIBHBIX.

Onucanue JJa00paTOPHOH YCTAHOBKH
Ha crenne mponoxxeHa HeGonblnas kabensHas nuHus (kabens ¢

6poneii). CxeMa yCTaHOBKM Ul ONpedeseHHs TOKa M HaBeJeHHOM
OJIC B o60s0ukax xabens npeacTaBiieHa Ha puc. 2.1,

@

._/_J| — TP / / /

Puc.2.1 VcraHoBka ans onpefeneHus Toka U HaBeaeHHoi DJ(C
B o0onoukax xabens:

1,2,3 — cooTBETCTBEHHO XMJa, 060109Ka U 6poHs xabens; TP, — rpanchopmarop
Toka; AT — perynstop Hanpsbkenus; TP, — usmeputensHslit TpaHchopMaTop;
BK — nBepHoit 610k-koHTakT; [1 — nepekmoyarens poaa n3MepeHHii;

AIl — aBToMaTnyeckuii Beikmoyarens; K — kabenpnas nuuus

[lepen BKIIOYEHHEM pEryasTOp HaNpsHKEHHS BBIBOAUTCH [0
HyJ11. 3aTeM BKIIOYAIOT IIUTaHHE ¥ YCTAHABJIUBAIOT IO aMIIEpMETPY
A HeoOxoauMelii Tok B xxuwie 1, uaMepsarot IJ[C Ha KOHILIe TUHUU U
TOK B 00oJioukax 2 (C MOMOUIBIO Bonbfme'rpa V u amnepMetpa A,
_ TIpH Pa3IHYHBIX MOJIOKEHUAX Mepektodarens poaa pabor I1). Axa-
JIOTUYHBIE U3MEPEHUS NPOBOJAATCA NPH Pa3IHYHBIX PaCCTOSHHUAX
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Mexay kabensmu. PaccrosHue ¢ukcHpyeTcs Mo LIKajle, yCTaHOB-
JIEHHOH HAa CTEHAE, a U3MEHs’eTCs NPH BKIIOYEHUH CIELHAIBHOrO
TymbJiepa, yCTaHOBJIEHHOTO Ha MepeiHel naHeny cTeHjaa.

3apanue

1. H3Mepute TOk B oboncukax kabeneit u 3JIC B 3aBUCHMOCTH OT
TOKa B XXMJIax NMPH MOCTOSHHOM 3Ha4E€HHUH S.

2. U3meputs TOK B obonoukax kabeneit 1 OJIC npu pas3inuyHBIX pac-
CTOSHUAX MEXIY )XWJIaMH NPHU MOCTOSHHOM 3Ha4€HHH TOKa B XKUJIaX.

3. Ilo reoMeTpHYeCKUM pa3MepaM >KHIIBI M 000J0YKH MONTYYHThH 3Ha-
YeHHs, HalileHHBbIE B 1.1 U 2 pacyeTHBIM MyTEM.

4. PaccuuTaTh norepu B 000s104kax. CpaBHUTH IKCIIEPUMEHTANIBHBIE
U pacyeTHELIE pe3ynbTaThl.

Ilpumeyuanue. Ilpu pacyeTax cienyeT y4ecTb CONPOTUBIEHUE COENM-
HHUTEJIBHBIX IPOBOJOB.

KoHTposbHBIE BOpOCHI

1. OcHOBHBIE 31IEMEHTBI KOHCTPYKLMI pa3IMYHbIX CUIOBBIX Kabeneil.

2. IloTepu, BO3HUKAIOLIME B 3JIEMEHTaX KOHCTPYKLMH Kabens mpu mne-
penaue 3JeKTpUYecKoil SHEPTrUH.

3. DJIeKTpOTEXHUYECKHE MaTepHaibl, MPUMEHAEMbIEe I H3rOTOBIE-
HUA Kabeelt pa3IMYHbIX KOHCTPYKLHIA.

4. DNIEKTPOMArHUTHBIE MOJIA, BO3HUKAIOIIHME B KAGEBHBIX IMHHUAX TIPH
nepeaaye 3J1EeKTpHUYECKOit IHEPruH.

5. Metons! pacueta TokoB M DJIC B kabenbHOI TMHUU NPU Pa3TUYHBIX
cnoco6ax NpoKIajKu.,

‘6. BnusHue ycnoBHil MPOKIAIKH Ha JOMYCTUMYIO Harpy3ky kaGesb-
HOH JIMHUH.

7. PaboTa 3KCnepUMEHTaNbHON YCTaHOBKH u yuer e ocobeHHocTeit
npu pacyere TokoB U I]IC.

8. CocTaBHbI€ 3JIEMEHTHl BHICOKOBOJITHBIX U HU3KOBOJIBTHBIX Kabelb-
HBIX JIMHUH.

9. PazHoBHAHOCTH KabeNbHOIt apMaTyphl.

CHHCcOK peKoMeHIyeMOii JIHTepaTyphl

1. OcHoBnl kabensHOM TexHMkH / B.A. Ilpusesenues, U.1. I'poasues,
C.A. Xononuslit 1 ap.; nox. ped. B.A. IlpusesenueBa. 2-e usa. M.: DHep-
rus, 1975.

2. benopycco H.H., Caansn A.E., SIkoBneBa A.M. Dnektpuyeckue
kabenu, npoBoJa ¥ WHYpHI: cnpaBouHuk / nox pea. H.M. benopyccosa. 5-e
u3g. M.: DHeproatomuszar, 1988.

3. Jlapuna 3.T. CunoBble kabenu ¥ BHICOKOBOJIbTHBIE KaOeJbHbIE JIH-
HUHU. M.: DHeproaTomMusaar, 1984.
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JlaGopartopHas pabora 3
HCCJIEJOBAHME
SJEKTPON3OJAIAOHHBIX CBOUCTB BO3JYXA

Iean paGoTsl

3KCHepPlMeHTaJ'IBHOG HCCJICIOBAHUE BJIMAHHUA Xapakrepa pac-
NpeacaeHUuA 3JIEKTPHUUECKOIro ITOJId Ha 3JICKTPOU3OJIALIMOHHBIC CBOIi-
CTBa BO3ayxa.

HcxoaHble CBeAeHHs

B snexTpHyeckHX M 3NEKTPOHHBIX YCTPOHCTBAX rasbl 4acToO HC-
NOJIB3YIOTCSA B KayecTBe 3JIeKTpou3oMpyolei cpeasl. Bosayx 00-
pa3yeT BHELIHIOK H30JALHIO SJIEKTPOU3ONIALMOHHBIX KOHCTPYKLHIH,
3KCIUTyaTHpyeMBIX B atMocdepHoi cpese. M30suMoHHEE TIPOMe-
KYTKH MEXAY 3JIEKTPOJaMH, 3allOJIHEHHbIE TBEPABIM, >KUAKUM OH-
3JIEKTPUKOM, M Pa3jIMYHBIMH ra3aMH SBJISIOTCS BHYTPEHHEH M30is-
uuei. PaccMoTpuM npHpoay 37€KTpOU30ISALIMOHHBIX CBOMCTB ra3os.

IIpu mManoif HanpsHKEHHOCTH I0JIA ra3bl, U B 4aCTHOCTH BO3.yX,
SIBJIIFOTCS  XOPOIIMMH (HOYTH HACAIBHBIMH) OHAJIEKTPHKaMH. JTO
0o0OBsACHAETCA TeM, YTO ra3 COCTOMT B OCHOBHOM M3 HEHTpaJIbHBIX
MOJIEKYJI, KOTOpBIE HE Y4acCTBYIOT B MIPOLIECCE 3JIEKTPOIIPOBOJHOCTH.
Tem He MeHee CONPOTHBIIEHHE Ia30BOr0 MPOMEXYTKa He OGeckoHey-
HO H3-3a HaJIM4HA HeOOJBIIOro KOJIMYECTBa CBOOOAHBIX 3apsA/OB
3JIEKTPOHOB U MOHOB, KOTOpbIE BO3HHKAIOT B pe3yJIbTaTe HOHHU3ALMH
aTOMOB M MOJIEKYJ raza BHEIUHHMMH HOHH3MPYIOIIUMH (aKTopaMu
(comHeyHas M KOcMHMYecKas paaualus, GOHOBOE PEHTTEHOBCKOE H3-
myderue 3emiu u Ap.). Ilog neficTBreM. eCTeCTBEHHBIX HOHH3UPYIO-
KX GakTOpoB B BO3AYyX€ CO3AAETCSH KOHLIEHTPALUsA CBOOOIHBIX HO-
cHuTenelt 3apaaa B npenenax a0 10°M” , npu 3ToM ero ymensHoe co-
npotueienue nocturaer 10 Omm.

IIpy NOBBIIEHHOH HANpPSXKEHHOCTH IO (HANpsDKEHWe, NpH-
JIOXKEHHOE K Tra30BOMY IPOMEXYTKY, INOCTHIaeT HEKOTOpPOro Ha-
yajibHOro ypoBHs Uj) HabmoaaloTcss KpaTKOBPEMEHHbIE HUMITYJIBCHI
TOKa, aMIUTUTY[a KOTOPBIX 110 Mepe yBEIHYEHHs HalpskeHHus ObICT-
po Bo3pactaeT. IIpy TOCTH>XKEHHH HaNpsDKEHHS, paBHOTO 3HAYEHHIO
U.p, BO3HHMKaeT MpoOoil ra3oBOro MpOMEXyTka ¢ 0Opa3oBaHHEM
IIPOBOJMILIETO KaHaJIa B BUE UCKPHI WM dnieKkTpudeckoit ayru. Ipo-
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LECCHI, MPOUCXOIALINE B [a30BOM MPOMEXYTKE IPH HAIMpPHKEHMIX
U> U, Ha3pIBalOTCs pa3pAAHBIMU MPOLIECCAMH M CBA3aHBI C IMOsBJIE-
HHEM B ra30BOM IIPOMeXyTKe GOJbILOro KOJHYeCTBa CBOOOIHBIX
3apsoB.

OneKTpOH30IIALHOHHbIE CBOMCTBA ra30B CYIECTBEHHO 3aBHCAT
OT 0COGEHHOCTEH CTPOEHUS HX MOJIEKYJI, IaBIeHUs U TeMIlepaTyphl,
XapakTepa pacrpefie/IeHHs 3JIeKTPHYECKOro 1ojs, Marepyana H co-
CTOSIHUS TIOBEPXHOCTH JIEKTPOAOB. B pasnuyHBIX 37€KTPOHHBIX H
3JIEKTPOTEXHUYECKHX YCTPOMCTBAX PacCTOSHHE MEXTY 3JIEKTPOJaMU
MOXXET HAXOJMThCS B Mpefesax OT Jojed MUJUIMMETpa O AECATH U
Gonee MeTpOB, a AaBeHue — B npezenax ot 107 no 10° [Ta. B 3asu-
CHMOCTH OT YPOBHS NPHIOXKEHHOTO HaNpsKEHHA, a TaKke OT
CBOMCTB rasa M XapakTepa paclpefeleHHs 3JIeKTPUYECKOro MoJjs
MOT'YT MPOUCXOJUTh Pa3IH4YHbIe BUIBI pa3psAAHBIX MPOLIECCOB, OTIH-
YalOIIMXC HMHTEHCHBHOCTBIO, MPOCTPAHCTBEHHO-BPEMEHHBIMH H
ApYTMMH [TapaMeTpaMH.

Ecnu anextpoH BcTpeuaercs ¢ yacTuueit rasa, To, B 3aBUCHMO-
CTH OT YPOBHS 3TOH 3HEPrMH U YCJIOBHH B3aUMOAEHCTBHSA, MEXAY
HHUMH BO3MOXKXHBI CJIEYIOIUHE OCHOBHBIE COOBITHA — (H3HYEcKHe
MPOLIECCEHI:

peKOMOHMHALMA YaCTHUL[ ra3a NPUCOEAHHEHHEM IMOJIOXKUTENBHBIX
U OTPHLIATENIbHBIX HOHOB, 3JIEKTPOHOB;

JMCCOLMALINA MOJIEKYJI ra3a;

nepexoj] MOJIEKYJIBI ra3a B BO30YKIEHHOE COCTOSHHE C Ioclie-
JYIOLUM U3JTy4eHHEeM M36BITOYHOM SHEPrUH B BHle HOTOHa;

yJdapHas HOHH3aLUs MOJIEKYJIbl IPX CTOJIKHOBEHHH 3JIEKTPOHA C
MOJIEKYJIOH.

3aXBaT 3JIEKTPOHA MOJIEKY/IOH rasza ¢ o6pa3oBaHHEM OTpHILIa-
TEJILHOTO HOHA.

CriocoGHOCTRIO 3aXBaTa 3JIeKTpOHA 00/1alal0T HEKOTOphIE TaK
Ha3bIBae€Mbl€ 3JIEKTPOOTpHHATEbHbIE ra3bl (KHUCIOpOJ, 37eras u
ap.). B pesynpTare HOHM3allMH KOJIMYECTBO CBOOOMHBIX 3JIEKTPO-
HOB, JBIXXYILIHXCS MOA AeHCTBHEM 3JIEKTPHYECKOro I0JIs, HapacTa-
€T JIaBUHOOOpa3HO, U BO3HHKalOIIlee IIPH 3TOM JBH)KEHHE 3apsKeH-
HBIX YaCTHI| CO3JaeT UMITyJIbC TOKA Yepe3 ra3oBylo Cpeny.

YucneHHoe 3HayeHHe KO3 @HLHEHTa 3aXBaTa 1) paBHO obpart-
HOMY 3Ha4€HHIO CpefiHe#i MJIHHBI IyTH, NPOHAEHHOI0 3JeKTPOHOM
noJ AeHACTBHEM 3JIEKTPHYECKOro MoJis OO0 €ro 3aXBaTa MOJIeKYJIOMH
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rasa. OTo 3HaYeHHE OIpeeseTcs 3Hepruei CPOIIE:TBa aTOMOB rasa
C DJIEKTPOHOM H cnabo 3aBucur ot E/8, rae 6=(P/Po)/(T/Ty).

OKCNEpHUMEHTAIBHO HAaHIEHO, 4YTO JUIi CyXOro BO3/yXa
a=n=5 (1/cm), npu E/d = 23,6 xB/cM u a > 1 npu E/8 > 23,6 kB/cwM;
s aneraza o =1 =790 (1/cm) mpu E/S =89 kB/cm.

Teopus ynapHoii MOHM3auMM, BHEpBble pa3paboTaHHas aHr-
JMUHACKUM y4deHbIM TayHCeHIOM, JIEXKHT B OCHOBE TEOPETHYECKHX
MoJieliel MpoLecCOB ra3oBoro paspsaga. B cooTBeTcTBHH ¢ 3TOM
Teopuel 3JIeKTPOH, coBeplias apeiipoBoe ABMKEHHE MO AeHCTBH-
€M DJJIEKTPUYECKOro Iojs, NpuobpeTaeT KHHETHYECKYI0 SHEPIUIo
W=Eg\, tne q u A — 3apsaa U [UITMHA CBOOOAHOrO mpobera 3JeKTpo-
Ha, £ — HanpspKeHHOCTh JJIEKTPHYECKOro mnois. YapHas MOHH3a-
LIS BO3MOXKHA, eciiy W>Wy, rne Wy — 3Heprus MOHHU3aLHH YacTH-
1Bl ra3a. 3HaueHUs SHEPruy MOHHU3ALMK MOJIEKYJ OCHOBHBIX ra3o-
BBIX KOMIIOHEHTOB BO3[lyXa HAaXoAATci B mpejaenax ot 12,2 nmo
15,43B; monekyn anerasza — 15,8 3B, a Monekyn renus — 24,63B.

OnuHOYHAA JIaBMHA B MPOCTPAHCTBE 3aHMMAET O6NACTh, IO-
noOHyr0 maparomeii kamie XuakocTd. CKOpOCTh IBHXKEHHS 3JIEK-
TPOHOB B TOJIOBKE JIaBHHBI MMeeT mopsaok 10° m/c. KomuuecTso
3JIEKTPOHOB, 00pa3ylolMXCcs B JaBHHE UIMHOHN L, ompenensercs
BBIpOKEHHEM

L -
Taa(x)dx
e’ ,
rae x — KOOpIWHaTa, HanpaBJjeHHas BIOJIb CHIOBOW JIMHHM 3JIEK-
TPUYECKOro MOJA U OTCYHTBIBaeMas OT TOYKH Hadaua oOpa3oBaHUsA
JIaBUHBI, O3 — 3¢ ¢exTuBHbIH ko3¢ duuueHT HoHM3auuu (as(x) =
= a(x)-n(x), rae a(x) 1 N(x) — K03pPULHEHTH HOHU3ALUH U 3aXBaTa
3JIEKTPOHOB). 3HAUYEHHs 3THX KOIPPHULIUEHTOB ONpeNeNoTCS 0COo-
GEHHOCTAMH CTPOEHHs MOJIEKYJI ra3a, HalpsHKEHHOCTBIO 3JIEKTpH-
‘'yeckoro noJisi, remneparypoii (7) u naBnenuem (P) rasa.
OO6pa3oBaHHe JIaBUHBI JJIEKTPOHOB BCJIEACTBHE YyIapHOMH
MOHH3AIIMH B HEKOTOPOH 06J1acTH BO3MOXKHO, €CIIH B 3TOH obyactu
HaINpsHKEHHOCTh 3JIEKTPUYIECKOro IOJIS CTAHOBUTCA Oounblle Ha-
qanpHOro ypoBHs Ey, kxorna BeINonHseTcs ycloBHe o3(x)>0. O6o-
3HaYUM depe3 o Ko3pHUIIMEHT HOHN3ALMY, PAaBHBIH CpeJHEMY YHC-
JIy MOHH3alMi, OCYLIECTBIAEMbIX OJHHM 3JIEKTPOHOM IPH IPOXO-
XIAE€HUH UM IYTH €IMHUYHOM JUIMHBI MOJ [EHCTBHEM dJIEKTpHYe-
ckoro noJs. TayHCeHIOM TeOpeTHYECKHU MOYy4E€HO YPaBHEHHE
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-8
bl = Ae(E—/m
P

rae A u B — nmapameTpsl, 3aBHCALIHE OT COCTaBa rasa M TemIiiepa-

Typel. ns Bosayxa mnpu 0,05B/(cm-Ila)<(E/P)<1,5B/(cm-Ila)

3Ta ¢GopMysa AOCTATOYHO XOPOLIO COIJacyeTcs C 3KCIEepHMEH-

TaTBHBIMH OaHHBIMH. B 3Ttom cinyuae A4=0,071B/(cm-Ila),

B=0,384B/(cm'I1a).

IMpu HU3KMX AaBIeHUsAX (HIKE aTMOC(EpPHOro) M MaibIX pac-
CTOSIHUSX (IO 2 cM) pa3BHTHE MPoOOs rasa UAET 3a CUET JIAGUHHO20
mexanusma. B coorBercTBuM ¢ Teopueii TayHceHma npo6oii raso-
BOTO NpPOMEXYTKa HACTyHaeT TOrJa, Korjaa NpHIOKEHHOe Hamps-
JKEHHe CTaHOBHTCS GoJblle HEKOTOporo 3HaueHus Upp,, MpH KOTO-
pPOM HaYHHAeT BBHINOJIHATHCSA YCJIOBHE CaMOCTOSTENILHOCTH paspsi-
na: YM>1, rne M—4ucio nonoXXUTeIbHbIX HOHOB, 06pa30BaBILIUXCS
B naBuHe, M=N-1; y — K03(bdUIMEHT BTOpHYHOM HOHM3aIMH. Unc-
JIEHHOE 3Ha4YeHHe Y PaBHO BEPOSATHOCTH TOro, 4To M060it u3 obpa-
-30BABILMXCS B MEPBHYHOH JaBUHE MOJOXKUTENBHBIX HOHOB, JAOHAA
0 Karoja, «BBHIOBET» M3 HEro 3JIEKTPOH, CIIOCOOHBIM MHHLMHMPO-
BaTh BTOPHYHYIO JIaBHHY.

3HayeHHe y 3aBHCHT OT MaTepHaia 3JIEKTPOJOB M OT Harmps-
JKEHHOCTH 3JIEKTpHUecKoro mnois. M3 ykaszaHHBIX BbIlIE COOTHOLIE-
HU# [is N ¥ @ ciefyeT, 4TO B paBHOMEPHOM ToJie ¢ y4yeToM L =L
YCIIOBHE CaMOCTOSTEJILHOCTH pa3psaAa MpH JaBUHHOM Npoboe npu-
Humaer Bua ol>C, roe L-nanuMHa Tra3oBOro IpOMEXYTKa;
C=In(1+1/y). Torga, cuuras 4TO 0,;<0, MOXKHO MOJYUHUTh

Uny=BPL/In(4PL/C).

I'padux 3toit pynkuun nmeer Bua U-obpasHoit kpuBoit. Ecnu
CUMTaTh, 4TO 4,B = const, To MUHUMaIbHOE 3Ha4CHHE U’ nocrura-
ercs ipu (PL)” =eC/A, rae e — ocHOBaHue HATYpaJIbHOrO norapud-
Ma. IIpu 3Hauenusx (PL), 6mu3kuX K (PL)", XapakTep U3MEHEHMs
3TOH (PYHKLIHMH JOCTATOYHO XOPOHIO COriacyercsi C 3KCIEpHMEH-
TaJIbHBIM 3aKOHOM [laieHa, B COOTBETCTBHH C KOTOPBIM Uy, ABNA-
ercs ¢ynkumeli npousBenenus PL. J{ns Bosayxa PL = 76Ila‘cM,
U y~327B.

Ipocreiimas Teopus npodos TayHCeHNa He YYHUTHIBAET BIIHS-
HUs 06BEMHOrO 3aps/a MOJIOKHUTEIBHBIX HOHOB, HMEIOIMX 3HAYH-
JEMBHE" metbser=reM SICKTPOH, NOJBIKHOCTE H NI0STOMY B Te-
‘{eHHe—i-i&&)‘Mboro B'GMCHH OCTaIOUIMXCS B MEX3JIEKTPOHOM TPO-
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CTPaHCTBE IOc/ie OBICTPOro yxoja 3JIEKTPOHOB Ha aHOH. DJIEKTpH-
yeckoe IoJie 3TOro 06eMHOro 3apsaa U3MeHseT HCXOOHYIO KapTH-
Hy pacrnpeleneHHus 3JeKTpudeckoro nois. BiusHue storo ¢akropa
6s110 HccnenoBano Porosckum [3], PerepoM [4] u ap.

CyllleCTBEHHOE OTJIMYHE 3KCIIEPUMEHTAIBHBIX 3aBHCUMOCTEH
Unp(PL) ot dopmynsl TayHceHna U oTkIOHeHHe oT 3akoHa [lamreHa
npu Goneinx 3HayeHusx PL (ans Bo3ayxa — npu PL>0,025 MITa‘cm)
0OBSCHAETCS MepexoIoM JIABHHHOTO MeXaHW3Ma pa3BUTHA NpoOos B
cmpumepHblil. ITOT NMPOLECC BO3HUKAET, KOra B MEPBUYHOM J1aBUHE
co3naercs GOMBINOEe KOJTHYECTBO MONOXKHTEIBHBIX HOHOB (M>10%) 1
HAaIpsDKEHHOCTD 3JIEKTPHYECKOro Mo B 5ToH 001acTH pe3ko Bo3pac-
taet. IIpn 3TOM 00pa3oBaHHe BTOPUYHBIX JIABUH MPOUCXOIMT IO Clie-
Iy IEpBUYHOM JIaBUHBI, T.€. JJIEKTPOHBI BTOPMYHO! JIaBUHBI IBHXKYTCS
K TOJIOXKUTENIbHO 3apshKeHHOM obnacTu mepBHuHOR. B pesynbrate
CTOJIKHOBEHHH 3JIEKTPOHOB C HOHaMH MPOUCXOIUT MHTEHCHBHOE BO3-
Oy)xaeHHe UX U UCcITycKaHue Oombuioro konuyectsa GoToHoB. B 00B-
eMe rasa HauMHaetrcs (oronoHm3auus. Eciy nmepBHyHas 1aBMHa A0-
XOIHT IO aHoJa, TO (opMHpOBaHHE CTPHUMEpa — TOHKOT'O TIa3MEHHO-
ro KaHajla — HadyMHaeTcs OT karoja K aHoxy. CKOpOCTh ABHMKECHHS
¢dpoHTa cTpuMepa (110 pe3ynbTaTam mMepeHHn NOTY4€HHBIX B KaMe-
pe Buiscona) coctapnser nopsaka 10° m/c, uto Gonee ueM Ha rops-
JIOK BBIIIIE CKOPOCTH JABH)KEHHS FOJIOBKH JIaBUHEL [1pH nprOImKeHHH.
¢poHTa cTpHMepa K MOBEPXHOCTH KaToJa BO3HHKAET BOJIHA CKayKo-
00pa3HOro U3MEHEHH HaMpsDKEHHOCTH JEKTPHYECKOTO 014, KOTO-
pas co ckopocThio mopsaka 107 m/c pacnpocTpaHseTcs BAOIb KaHana
CTpHMepa, pe3KO yBEIHYMBas ero nposoauMocTs. [poitecc 3aBepiua-
eTcst 0Opa3oBaHHEM HCKPOBOTrO KaHana mpobos.

BpeMsi pa3BuTHS CTpHMEpHOro mpobosi COM3MEPHMO CO BpeMe-
HeM (OpMHpPOBaHHS AOCTATOYHO MOLIHOH NEPBUYHOH JIaBHHBL JTO
BpeMsl CYLLIECTBEHHO MEHBIIIE BPEMEHH Pa3BUTHA JJaBUHHOTO MPo0os.

TeopeTHueckne MoIenu CTpUMEpHOro npo6os OblIH paspabo-
taHsl Jle6oM, Mukom, Perepom [3]. B coorBercTBHH ¢ Teopueit
Muka nepexon JaBHHBI B CTPUMEpP NPOUCXOIMT TOrja, Koraa Ha-
MPSHKEHHOCTD 3JIEKTPUYECKOro MOJIs, co3qaBaeMast 3apsaaoM roJIoB-
KH JIaBHHBI, JOCTHUTHET HAaIpsHDKEHHOCTH BHeurHero nosis. Hamps-
JKEHHOCTB TOJIs MPOCTPAaHCTBEHHOTrO 3apsa Oonpeaensiach Kak Io-
Je chepHvecKoro 3apsjaa ¢ paguyCcoM, paBHBIM paauyCy TOJIOBKH
naBuHBL. Mcxons u3 sToro qyisi paBHOMEpHOro 9MEKTPHYECKOTO 110-
7151 GBUIO TMOTY4EeHO ypaBHEHHE BHAa
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E, = Aa(P/ L) e,

rae Uyp=Ep,L.

Orcroma MoxxHO Ha#itu Uy, ¢ ydyeToM GyHKIHOHAJIBHON 3aBH-
cumoctH o ot E/P.

Ilpu 8 = 1 sKCrEpUMEHTATEHO HaiileHHOe 3HaYeHHe MapaMeT-
pa A nns Bo3ayxa npu I=7, paBHo 4,56 10" B/(cm-ITa).

B nepasromeprom snexmpuyeckom noje npouecc GopMHpoBa-
HHUS CTpUMeEpa MOXXET MPOHCXOOUTh U npu U<Uy,, eciu B o6iacTi
MOBBIMEHHON HANpPS)KEHHOCTH BJIEKTPUYECKOTO MOJA BBIMTOTHAETCS
ycJI0BHE

Tay(x)dx
e® >10°.

VnnuHeHue KaHana crpuMepa B obnacth 6ojiee ciiaboro moss
MPONCXOANUT A0 TeX IOop, MOoKa 00eCreYHBAIOTCA YCIOBHUS €ro Cy-
1ecTBOBaHHUA. J[OCTUIHYB HEKOTOPOMH IIUHBI Lo<L, cCTpUMeEp Ucue-
3aeT. 3aTeM, B pa3Hble MOMEHTBI BPEMEHH, BO3HHKAIOT MOCIEXYIO-
mue ctpuMepsl. [To Mepe manpHelmero yBeaTu4eHUs MPHIOXKEHHO-
ro HanpsDKeHHWs CpeqHsAs AJUHA CTPUMepoB OBICTpO pacteT. [Ipu
HanpsbkeHHH npobos U, MnIHMHa cTpUMepa CTAaHOBHUTCS pPaBHOM
PacCTOSIHUIO MeXIy 3nekTpogamiu. IIpu 3ToM co3zgaeTcss HCKpOBOH
KaHaJl pa3psja, KOTOPBIH NpH JOCTaTOYHON MOLIHOCTH HUCTOYHHKA
HaNpsHKEHHS IEPEXOIUT B JyrOBOH pa3psn.

Cy1ecTBylole MaTeMaTHYeCKHe MOJEIH ra3oBOro paspsja
HEJI0OCTaTOYHO IOJIHO OTPAaXKalOT peayibHele npoueccsl. OHM MO3BO-
JISIOT OLUEHHUTH TOJIBKO XapaKTep BIHSHHA pa3siHyYHbIX (aKTOpOB Ha
pa3psaHble HanpshkeHus. KonuyecTBeHHbIE 3HAYEHHS S3THX HamNps-
JKEHUH ONpeAessAIOTCS Ha OCHOBE MOMYIMITMPHYECKUX HIIH SMIIMPH-
YeCKHUX MaTeMaTHYEeCKUX MoJeleit.

Hanpsxenue npo6os Bo3qyXa B PaBHOMEPHOM I10JI€ TIaJKHX
anektpoaoB mnpH 0,1<L<12 cm, korga 3HaueHuss P u T HEMHOro OT-
auyarotes oT Py u Ty, onpeaenseTcs MoayaMnupuyeckoit popmy-
noit [2],kB:

U,, =24,55L+6,4\5L .

B HeogHOpomHOM mnone raszooOpa3Has H3OJSALMA XapaKTepHU3y-
€TCsl HalpsDKEHUSIMHU NOsIBIIeHUs KopoHHoro (Uy), ctpumepHoro (Uc)
paspanoB u npo6os (Uy,), npudeM Ux<Uc<Uy,. Tlo mepe yBenuue-
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HHUS CTeleHH HEOJHOPOMHOCTH TMOJIA JJIeKTPUYecKas NPOYHOCTh
HUMeeT TEeHIeHLHMIO K yMEHbIIeHWIo, a 3HaueHus Uy, Uc, U, Bce
Gonblle OTIMYAKOTCA APYr OT Apyra. IIpu KopoHHO# cTaguu paspsaa
MPOUCXOIUT MHTEHCHUBHBIN Mpouecc o6pa3oBaHus JIaBUH B 00J1aCTH
HauOOJNBIIEro ‘3HAYeHUS HaNpsHKEHHOCTH dJIeKTpudeckoro moss. B
9TO# 00nacTH BO3HHKaeT ciiaboe, paBHOMEPHO pacrpeleeHHOe MO
o6beMy, cBeyeHHe ra3a. CTpUMepHas CTaaus CONpPOBOXIAeTCs MO-
SIBJIGHHEM SAPKO CBETSAILUXCS TOHKHX CIIEJ0OB CTPUMEPOB.

‘Ob6nacte HauOOJIBLIETO 3HAYEHHS HANpPSHKEHHOCTH 3JIEKTpHYe-
CKOTO TOJIs HAXOJUTCS OKOJIO 3JIEKTPOJa C HAUMEHBIIHM PaJHyCcoM
KPUBH3HBI MOBEPXHOCTH. HanpshkeHHOCTh MoJisi, pU KOTOPOM BO3-
HHMKaeT KOPOHHBIM pa3psiJ B BO3AyXe OKOJIO JJIEKTPOAA C paguycoM
KPHUBH3HBI TOBEPXHOCTH > lcM, ompenensercs 3MIUPHYECKOM
dbopmyoii [3].

E =2,45K, 81+ K, / (8r)""],

rae Ky n K, — coorBeTCTBEHHO K03 PULIMEeHTH! (HOPMBI U LIEpOXO-
BaTOCTH MOBEpPXHOCTH IlekTpona, Ky =0,76 — nna coheper u
Ky =0,62 — nns munueapa, Ky<l.

Bun 3aBucumoctu Uy, OT paccTrosHus L MeXIy 3JI€KTpoJaMH B
HEOJHOPOJHOM IIOJIE OIpEAENSeTCs XapaKTepoM pacrpeeseH s
3JIEKTPUYECKOro IOJI1 B ra30BOM NPOMEXyTKe. B H301ALHOHHBIX
KOHCTPYKLIHAX Haubojiee 4acTO BCTPEHAIOTCS 3JIEKTPOJAbI THIIOB!
«UIJIa-Hrja», «UrIa—IuIOCKOCTBY), (UMWIHHAP—LMIHHAPY, «LH-
JIMHAP—IUIOCKOCTEY, «cdepa—cdepay, «chepa—miockocTby. 3aBUCH-
Moctd Upp(L) B 5THX clydasX MMEIOT BHA MOHOTOHHO BO3pacTalo-
mux ¢yHKIUH ¢ yObIBarolel KpyTH3HOH HapacTaHus, T.e. cpeHee
3Ha4YeHHe OJeKTpuuyeckod mpoyHoctd E,=U,,/L mno Mepe
yBenuueHuss L yObpiBaeT TeMm ObIcTpee, 4YeM BBILIE CTENEHb
HEOHOPOAHOCTH 3JIEKTPHUYECKOrO MOJIA.

OnexTpuyecKas NPOYHOCTh ra30BOro MPOMEXYTKa MEXAY 3JIeK-
TPOAAMH HIJIa—TIIOCKOCTBY 3aBHCHT OT HOJIIPHOCTH MPHIIOXKEHHOTO
HanpspkeHus. [Ipu orpunarensHoi monspHoctH urisl Uy, Gonblie,
YeM NpH MOJOXKUTETbHOH. DTO 0OBIACHAETCS BIUSHHEM OOBEMHOro
3apsifa MOJIOKUTENBHO 3apsHKEHHBIX MOHOB Ha XapaKTep pacrpeje-
JIEHUs 3JIEKTPHYECKOrO MOJIA.

Ha npoueccel razoBoro paspsaoa 600y nogepxnocmu meepoou
U301y UY ONPENEIICHHOE BIIMAHIE OKa3bIBAET NPUPOIA IUDJIEKTPHKA,
U3MEHAIOIETO XapaKTep pachpefiesIeHUsl 3JIEKTPUYECKOro Mojis U
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ancopOMpyroLIero Ha MOBEPXHOCTH HOHBI ra3a M MOJIEKYJIBl BJIarH.
ITo xapakTepy pacnpeleneHUs! MO H3O0JIALHMOHHbIE KOHCTPYKLIMH
MOXXHO OTHECTM K ABYM THmam. K nepBoMy U3 HMX OTHOCHUTCS KOH-
CTPYKLIHS THIAa ONOPHOTO M30JIATOPa, a KO BTOPOMY — THIIA IPOXO-
Horo u3onsropa (puc.3.1).

LRI T
74 vz

a 2 6

/
L —~

Puc.3.1. KoHCTpyKLMH M309TOpa: @ — ONMOPHOT0; 6 — MPOXOJHOI0:
1 1 2 — 3nexTpoabl; 3 — AMINEKTPUK

B mepBoM cnydae (a) HOpMaTbHas K MOBEPXHOCTH H30JIATOpa
COCTaBJISIOLIas HaNpsHDKEHHOCTH E, 3MEeKTpUYEecKOoro mojs 3HauH-
TeJBHO MEHble ee KacarenbHou cocraBisionieid E,. Ilpu 3Tom Ha-
npsbkeHHe NePEKPHITUS Upep, TIPH KOTOPOM MPOUCXOAUT Mpo6oit rasa
BIOJb IOBEPXHOCTH IUIJIEKTPHKa, MONTydYaeTcsl HECKOJNBKO MEHBIIe,
YeM HamnpspkeHue npobos Uy, 3TOro mpoMexyTka IpH OTCYTCTBHH
OUAEKTPUKA, T.€. Upen(L)<Uy(L). IlpuueM uyeM Gonpliie AUAIEKTPH-
YyecKass IPOHULIAEMOCTh QU3JIEKTPHUKA, TEM CHJIbHEe 3TO HEPaBEeHCT-
Bo. Bo BropoM ciy4ae (6) IU3NeKTpUK sABIseTcs OappbepoM Mexny
anekrpogamu u E,>FE, HanpspkeHds Hayajla KOPOHHBIX pa3psioB —
Ux, ckonp3siux pa3psanoB — Uy ¥ nepekpbitis U, onpenensorcs
reoMeTpu4ecKUMH ¢akTopaMi A U L M OU3IEKTPUYECKON NPOHH-
[IaEMOCTBIO TBEPIOTO JUIJIEKTPUKa:

Ug = 4 (h/e)™;
Uge = ,Acx(h/'s)“cx :
Unep = 4gep (h/ g)%o [P -
rae A, a, ﬁ - K03¢)¢’HHPIeHTb[, 3aBUCAIINE OT r€OMECTPUUYCCKHX IIa-

paMeTpoB 3JIEKTPOAOB, BHIA BO3JEHCTBYIOIIMX HAINpPSDKEHHH H
avana3zoHa 3HadeHwit 2 u L. [To nanaeiM M.H. Mantposa [5], Ha
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nepeMeHHoM Toke yactoTtoit 50 I'i mns gedcTByromero 3HaueHUS
HamnpsHKeHUs, BRIPAXEHHOT'0 B KWJIOBOJIbTaX, NMpU A<4 cm, L<40 cMm
9TH KO3 PHLUEHTHI paBHBI:

Ax=10; Apey=67; A=90; 0x=0c<0,45; 04ep~0,4; Prep~0,2.

-

Onuncanune J1a00paTOPpHOH YCTAHOBKH

IIpuHIMNUaNIBHAs 3JIEKTPHUYECKash cxema JiabopaTopHOH ycTa-
HOBKH IOKa3aHa Ha puc.3.2. Cxema cocTOUT U3 6;10ka KOMMYTallUH
(BK), 6noka perynupoBanus HanpspkeHus (BPH), BricokoBonbTHO-
ro tpancdopmaropa (T2).

~ SF ' K1 T1 N (5159
o5 @3l
I:l.':l
BPH

3 e
=

Puc.3.2. Onextpuueckas cxeMa 1abopaTopHOil YCTaHOBKH

30

Bricokoe HanpsbDKeHHe CO BTOPUYHOI 0OMOTKH BBICOKOBOJIBTHOTO
TpaHchopMaropa T2 mopmaercs Ha Gnok anekrponoB BD, pacnono-
JKEHHBIX BHYTpH 3auTHoro orpaxaenus 30. Briok BK obecneunBaer
nonxmoueHde BPH k nmpomeruuieHHo#t cetn muranus (220B, 50 I')
yepe3 koHTakThl K1 m K2 marnutHoro myckarens K, BrmoueHue u
BBIKJIIOYEHHE KOTOPOro ocyuiecTBisercs kHonkamu «ITyck» (S1) u
«Cromn» (S2). Ha 06MOTKY MarHUTHOTO ITycKaTe sl HanpshKeHHe Mmoja-
ercsi uepe3 ONOK-KOHTakT SQ, MEXaHHMYECKH CBS3aHHBIH C JBepuei
3amuTHOro orpaxkaeHus. biok BPH cocrout u3 aBrorpaHchopmaropa
T1, BoneT™Merpa PV, aBromaTnyeckoro Beixmouaresns SF. Hanpsoke-
HHE MEX]y UCIBITAaTeIbHBIMM 3JIEKTPOAAMH OIIpeAeNseTcs [0 MoKa-
3aHMIO BosbTMeTpa PV © yuetom koadduimenta TpaHcopmanmu
TpaHcopmaropa T2. Beikmouarens SF ciay>kut mis 3aliUThl 3TOro
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TpaHchOpMaTOpa OT Meperpy3kH Mo ToKy NpH Npodoe ra3oBoro mnpo-
MeXXyTKa Mexay anekTponamu. biok BO coctouT U3 npucnocodaeHus
I 3aKpefUIeHHs 3JIEKTPOJOB, MOABOAA K HUM HCIBITATEIBPHOTO Ha-
NPSDKEHHS. 1 U3MEHEHUS PaCCTOSHHUS MEXTYy HUMHL.

MeToanka BbINOJHeHHS paboThl

1. U3y4uts onucaHue JlaGopaTOpHO pabOTHI, O3HAKOMHUTECS C
BBICOKOBOJIETHOM YCTaHOBKOH M NPaBUJIaMH TEXHHUKH 6€301acHOCTH.

2. YcraHOBUTH TpeOyeMble 3MEeKTPOAbI U YTOYHMTh y Mpenoja-
BaTeJIs AUana3oH H3MEHEHHUs pPacCTOSHHI Mexay 3/IeKTpOoAaMHu.

3. 3akphITh ABepLy OrpaxKaeHUs M yOeAUThCs, YTO pydyKa aBTO-
TpaHchopMarTopa BeIBeJeHa A0 YIIOpa BIIEBO.

4. BiUTIOYMTH KHOIIKY MarHUTHOTrO ITycKaTesns U KHonky «ITyck»
aBTOTpaHcdopMaTopa.

S. YaepxuBas B nonoxkeHu «Beepx» TymOnep miiaBHOro nomb-
e€Ma HalpsbkeHHs, HaOmomarh 3a MpoileccamM, NMPOUCXOASLIUMH B
MEXJIEKTPOIHOM IIPOCTPaHCTBE, U (UKCHPOBATH COOTBETCTBYIOLINE
HarnpsHKEHU 110 NIOKa3aHUM BOJIBTMETA.

Hpumeuanue. HaﬂpH)KCHHC KOpOHHOrO paspsia UK (bHKCHpOBaTL IIO.I'IOSIB-
JIEHUIO c1aboro cBeyeHHs B 00JIaCTH MOBBIIMIEHHOMR HANpsOKEHHOCTH IOJIA (Ha
OCTpHe HUIJIbl, B 06/1aCTH OCTPBIX KPOMOK 3/1€KTPoA0B). Hanpsikenue nepexpeitus
Unep 1 mpo60s Uy, pukcupoBats nocne cpabarbiBaHus TOKOBOM 3aIUTHl YCTAHOB-
KH. Hanpﬂmeune CKOJIB3AIINUX pa3psaaoB ch OnpeaciiaATh Mo NOABJICHHAKO HHUTE-
BHIHBIX pa3psaa0B Ha NOBEPXHOCTH LUIJICKTPHKaA.

\ 3ananue

1. HccnenoBarthb 3kcniepumeHTalbHO Uy M Uy, B BO3L4YXe OT pacCTOSHUA
MeXIy dJIeKTpoJaMH L i 3aJaHHBIX MperojaBaTesieM TUIOB 3JIEKTPOIOB!
«IIOCKOCTh—IIIOCKOCTbY, KUIJIa—TIOCKOCTEY, «IIAP—TUIOCKOCTBY U Ip.

2. 1o pe3ynsTaTaM H3MepeHuit noctpouts rpaduku ¢yHkunit Ug(L) n
Umy(L). Hcxona u3 dopMynel Muka ans cTpuMepHo# Teopun npo6os Halit
3HaYEHHE Q. ' _

3. Cusars 3aBucuMoct Uy, U, Uy, OT MapameTpos A, €, L mpu mo-
BEPXHOCTHOM pa3spsfe.

4. Onpexnenuts napamerpsl annpoxcumupyromux ¢yHkuui mna Uy,
Uik, Unep INA 3aIaHHBIX MperojiaBaTesieM THIOB 3JeKkTponoB. Iloctpoutsb
rpaduku 3aBucumoctelt Uy, Uy Upep, OT mapameTpoB 4, €, L.

5. IlpoBecTH aHaNmM3 MONY4YEHHBIX PE3YyJIbTATOB, NaTh UM (HU3UYECKOE
TOJIKOBAHHE, CPABHUTD C JINTEPATYPHBIMHU JaHHBIMH.
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KoHTpoabHble BONpochl

1. Kakue ¢pusnyeckue npoueccsl MPOUCXOIAT B ra3oBON U30JALNH
npu U>U,? Uto xapaktepusyloT k03((ULMEHTH MOHU3ALMH U 3aXBaTa
3JI€KTPOHOB?

2. B yeMm 3akiroyaeTcs JIaBUHHBIA M CTPUMEPHBIII MeXaHM3MbI ra30-
Boro pa3psana? U310xuTe OCHOBHBIE M0JI0KEeHUA 3akoHa [laniena.

3. Kak BnusioT pasnuyssle ¢akTopsl Ha Uy, Bo3ayxa B OIlHOpo,HHOM
Y HEOJHOPOIHOM 3JIEKTPUYECKUX NOJAX?

4. Kakue ¢aktops! onpenensot 3HaueHue Uyx B HEOMHOPOIHOM 3JIeK-
TpU4YeCKOM moine?

5. Kakue ¢axrops! onpenensoT napaMeTpsl pa3pALHbIX NPOLECCOB B
ra3oBoii cpelie BOOJb NOBEPXHOCTU TBEPAOI U30IALUU?

6. IToHATHSA M CBOICTBA BHEIIHE! U BHYTpEHHEH U30JMALIMM.
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