
'-

06'bE.m1HEHHbH1 J.1HCTHTYT Sl.nEPHblX J.1CCJ1E.llOBAHHj11 
nABOPATOPIHI Bh!COKl1X 3HEPrl1A 

3091 - 2 

O.A. KoJinaKoB 

113JIYqEID1E 3APHJ];OB 11 TOKOB 
8 HEKOTOPbIX orPAID1qEHHbIX CTPYKTYPAX 

AaTopecpepaT auccepT8UHH, npeacTaaneHHOH Ha COHCK8HHe 
yqeHOH CTeneHH KaHauaaTa ¢H3HKO-MaTeMaTuqecKHX HayK 

Hay'IHbrA pyKoaoauTenh 
noKTOp ¢H3HKO-M8TeMaTHqecKHX HayK 

B.M. BonoToBCKHA 

.ily6Ha 1867 



·----·. ----cc----------------------------

3091 · 2 

O.A. Ko;mru<oa 

H3JIYIJEID1E 3APMOB H TOKOB 
B HEKOTOPMX orPAID11IEHHhIX CTPYKTYPAX 

ABTOpe<jiepaT A)ICCepT8IlHH, npencTaBJieHHOil Ha COBCK4HH8 
yqeaoa CT8Il8HH KaanunaTa ¢u3HKO-M4T8MarsqecKHX HayK 

Hayqm,1a pyKononuTeru. 
noKTop ¢ussKo-MaTeMaTsqecKux uayK 

B.M. BonoTOBCKRil 

• 



B npe11naraeMoil pa6oTe uccne11y10TCR rroTepu sHepr11u acne11cTa11e uany"leHIIR 

rrpu 1lBlllKeH1111 3apR110B II TOKOB B HeKOTOpblX or·paHll"leHHblX CTpyKTypax. Heo6xo1111-

MOCTb 11MeTb TO"lHOe rrpe11cTaBneH11e O TaKIIX noTepRX B03H11Kna B CBR311 C npo-

6neMoil ycKopeHHR 6onblIIHX 38pR1lOB H TOKOB B pe30HaTopax II BOnH0BOJlaX. Ilp11 llBll

lKeHIIII 3apR110B H TOKOB B orpaHll"leHHblX CTpyKTypax TaKJKe He MeHee BalKHO 3HaTb 

none 11anyqeH11R, yrnoBoe pacnpe11ene1me noToKa uanyqaeMbIX Bona II cneKTp Bona. 

Onpe11eneaue noTepb BbI3bIBaeT Heo6xo11uMocTb TaKlKe 11ccne110BaTb 6onee no11po6Ho 

ycnOBIIR pacnpOCTpaH9HIIR BOnH B BOflHOBOJlaX. 

nosTOMy B pa6oTe CHa"lana 11ccne11y10TCR ycnOBIIR cymecTBOBaHIIR co6CTB9H

Hb!X nonea II BOnH B 38MKHyTbIX p930H8TOpax II BOflHOB0118X C rrepI!0llll"l9CKOil CTpyK

Typoa • 

.Llanee paccMaTp11aaeTCR 11anyqeH11e, B03HIIKa1omee np11 nponeTe aapgaoB II TO

KOB "lepe3 pe30HaTOpbI, BOflHOBOllbl C nepll01lll"l9CKOil CTPYKTypoa II nony6eCKOH9"l

Hbl9 BOnHOB01lbl 0 

ITp11 3TOM ucnonb30B8Hbl o6mue TeopeTH"l9CKH9 M9T01lbl. H3nO)K9HHbl9 

/2,14-16,25/ . 
B 11 11p. B 1111ccepTau1111 rronr1eHbI pe111ea11R, np11ro11Hbie anR aenocpe11-

CTBeaaoro npOll3B9119HHR Bbl"lllCnea11a. 

B COOTB9TCTBll9 C nocTaBneHHOil 38118"leil pa60Ta ecTeCTBeHHblM o6pa30M 11e

nHTCR Ha 'l9Tb!pe "l8CTII! 

B nepBOH 'laCTII paccMaTpllBaIOTCR co6CTBeHHble nom1 B pe30HaTope,. B036ylK-

11eHHble nponeTaIOll!HM aapgaoM • .LlnR 38MKHYTOro p_e3oHaTopa 113B9CT9H B1111 qiyHK-

uua, Oil1ICbIB8!0ll!IIX co6CTB9HHbl9 nonR. lITo6bI onpeAen!ITb II3nyqeaue, Heo6xo1111Mo 

3H8Tb pacnpe11enea1Ie co6CTB9HHblX noneu B rrpocTpaHCTBe II BpeMeHII B 38BHCIIMOCTII 

OT TOKa. .Llm1 pellleHIIR 381l8"1H MOlKHO IlPIIM9HIITb M8T9M8Tll'l9CKIIH diopMan113M 

/2/ . 
II3 • Ecn!I aa11aH _TOK C 113B9CTHblM pacrrpeAeneHll9M B rrpOCTpaHCTBe, TO 9TOT TOK 

MOlKHO npe11cTaBIITb B BIIA9 paanoJKeHIIR no co6CTB9HHblM qiyHKUIIRM pe30HaTopa. 
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3ana11a CBOAl!TCH K pemeHll!O H8OAHOpOAHb!X - ypaBH8HIIH - OTb!CK8Hll!O noneA, BO3-

6yJKA8HHblX BH8111Heli cnnoli. 

Cnenyromne naparpacpbI coneplKaT paccMOTpeHne ycnoBnil: pacnpocTpaHeHHH 

BOnH B BOnHOBOAaX C nepnonn11eCKOH CTpyKTypoli. 

B !I 2 conepJKnTcH 0630p cnoco6oB nony11eHl!H nncnepcnoHHbIX ypaBHeHnil nmr 

BOnHOBOnOB C n~pllOAil'18CKOli CTpyKTYpoli. Co CX8MOli pe111eH11H TSKOli 3sns11n MOlKHO 

A . - 6 /2/ np3HSKOMHT&cn B ps60Te xne3eps n 4>snH eprs • 

LlnH nony'l8Hl!H TO'lHOro n11cnepc11OHHO~O ypSBH8IIHH none B BOnIIOBOAe Heo6xo

AIIMO npeACTSBIITb B Bnne 6eCKOH8'1HblX pHnOB. 3To npnBonnT K ueo6xon11MOCTH pe

JIJSTb CIICT8Mbl ypSBH8HIIH C 6ecKOH8'1Hb!M 1111cnoM H8ll3BeCTHblX. Ho B HeKOTOJ)blX 

/2/ . 
cny11SHX BO3MOlKHO npn6nHJK8HHOe paCCMOTpeHne. B pSCCMSTpllBSeTCH cnrrsli 

TSK H83b!BS8Moro n11scppsrM11pOBSHHOro BOnHOBona. B 9TOM cny11se BO3MOlKHO y11n-

TblBSTb no OAHOil OCHOBHOA BOnHe B CM8lKHb!X o6nscTruc BOmJORODA. B pA60T8X Bna-
. /6 7/ 

AIIMIIPCKoro • paCCM8TPIIBS8TCH BOnHOBOA, npeACTSBnHIOnrntt co6ott ueno11Ky CBH-

38HHblX pe3OHSTopoB. Llng nony11eH11H n11cnepCIIOHHOro YPSBH8HHH nonH B BOnHo-
. . /26/ 

Bone psccMSTpllBS!OTCH KSK KBS311CTSTl!'l8CKll8. B pacCMSTPIIBS!OTCH BOnIIOBOAbl, 

nnn KOTOpbIX, Y'lllTblBSH B OAHOli o6nscTn O8CKOH8'1HY!O cy_MMY BOnH, nonyCTIIMO B 

npyroli o6nSCTII noruI IIP8ACTSBl!Tb B Bl!Ae onHoli OCHOBHOli BOnHbl. non nOMOillll Me-

/26 / • 
-rons, H3nOll<eHHOro B , B nsHHOII psoOTe pacCMOTpea BOnHOBOn co mennMH. LlnH 

aToro BonaoBons 6bmo nony11eHo n11cnepc11OHHoe ypaBHeHne. B pa6oTe TSKll<e noKs-, ' 

3b!BS8TCH, 'lTO TaKOil M8TOA HSXOll<AeHnH n11cnepcnoHHoro ypSBHeHHH YHIIBepcsneH. 

. Hsnp11Mep, nOK83b!B88TCH, 'lTO paHee nony11eHHbl8 nncnepcnoHHbJe YPSBHeHnsr nnsr 

/2/ /6 7/ 
n11acpparMHPOB8HHoro BOnHOBOAa II ueno11Kn CBSl3SHHb!X pe3OHSTOPOB ' MoryT 

6b!Tb BbIBeneHbI ·KSK cnencTBHH 113 nncnepCHOHHOrO ypSBH8HIIH nnsr BOnHOBona co 

menHMn. 

HHoil: cnoco6 OTbICKSHIIH nncnepCHOHHOro ypaBHeHnsr npHM8HH8TCH B npyrnx 
/31/ /31/ 

pa60Tax • B paCCMaTpIIBS8TCH BOnHOBOn 113 Koneu. B TSKOM BOnHOBOlle 

BOnHbl CBOoonHo pscnpocTpaHH!OTCH KSK BHyTpn, TaK II BHe Koneu. Cnenysr MeTO

/31 / 
ny ,nnH uony1teHHH nncnepCIIOHHOro pSBeHCTBa Heo6xon11MO peWIITb CIICT8MY HHTe-

rpan&HblX ypaBH8HHH. 

B § 3 npOll3BOnllTCH Bb!Bon II aHanna nncnepCHOHHOro YPSBHeHnsr nnsr BOnHO

BOns co mensrMn. BonHOBOn co men.srMn - 9TO TSKOil BonHOBOn, B KOTOpOM mnpnHa 

pe3OH8HCHbIX nonocTeil: Mnoro M8Hbill8 pSCCTOSIHHSI Mell<Ay cocenHHMll nonOCTSIMII. 
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/26/ 
CornaCHO , none B pe3OH8TOpHb!X nonocTruc BOnHOBOA8 BO3MOll<HO npencTSBIITb on-

HOH HyneBOH rapMOHIIKOli. LleiiCTBl!T8llbHO, ecnn nnnHa BOnHbl MHOro 6on&me IIIIIPH

Hbl peaouaTOpHoil nonoCTH, TO MOJKHO nonyCT!!Tb, 'lTO B nocnenHeli B03oyJKnaeTCH 

KB831!CT8UHOH8pHOe none. B o6nacTII pacnpocTpaHeHnH BOnH nonH Heo6xon11Mo onn

CbIBSTb oeCKOHe'lHOli cyMMOil BOnH, 'ITOObl YAOBneTBOPIITb rpaHll'!HblM ycnOBIIHM. AHa

nH3 n11cnepcnoaaoro ·paBeHCTBa n?3BOnHeT onpenen11Tb nonocbl nponycKaHIIH BOnHo

Bona B 38B!!CIIMOCT!! OT reOMeTpll'!eCKHX pe3OH8TOpOB BOnHOBona. 

B § 4 nonyqeJibl cnenCTBIIH 113 n11cnepC!!OHHOro ypaBH8HIIH nnn BOnHOBona co 

mennM11. TTpn Bb!Bone aToro n11cnepcuOHHoro ypaBHeHHH ncnon&aoBsnoc& npennonoJKe

a11e, '!TO nnnaa BonHbl 6on&me nepuona cTpyKTypbl. TTpn aToM He o6n3aTen&HO, 'IT06b1 

mnp!!Ha nonoCTII OblnS MHOro M8HbWe nep11ons CTPYKTypbl, '1T06bl none B nonoCTHX 

paCCMaTpHB8Tb KSK KI\8311CTSUHOl!SpHb18. CnenoBaTen&uo, MOlKHO Oll<IlnSTb, '!TO Ta

KIIM cnoco6oM MOll<HO nony'lnTb nncnepcnoanoe ypaBaeHne nnH nio6oro BonHoBona c 

nepnonn'leCKoii cTpyKTypoii, ecnn Ton&Ko nn11Ha Bonubl oollbme nepnons·cTpyKTypbl. 

BonHOBOA c 6eCKOHe'IHO TOHKHMII nnacpparMaMII - STO npenenbHblli cnyqsli BOnHo

BOAS co wenHMH, Korns Illllp!iHS men11. paBHa nep1rnny CTpyKTypbl. B nanHOH psooTe 

nOK83blB88TCH, 'lTO nncnepC!!OHHOe ypaBHeHne nnn nnaqipSM11pOB8HHOro BOnHOBOns, 

/2/ 
onpeneneHHOe B , MOlKHO nony11HTb B Ka'leC.TBe cnenCTBllH Il3 nncnepCIIOHHOro 

ypaBHeHIIH nnH BOnHOBona co mensrMII. 

B § 5 npO!!3BOAIITCH Bb!BOA npyroro cnenCTBIIH. Ha nncnepC!!OHHOro ypaBH8HHH 

nnn ,BonnoBons co menHMII nony'leuo BbipsJKeHne nnn nonocbl nponycKaHnH 11scToT 

uenO'IKII CBH38HHblX pe3OHSTOPOB. PaHee TSKOe Bb!PSll<eHile OblnO nony'!eHo Bnanl!MIIP

/6/ 
cKnM • BnanHMnpcK11li 11cnollbaOBan upennonoll<eHne, 11To nonH B6n113n oTBepCTBIIH 

/6/ 
CBH3!! MOll<HO psCCMSTPllBSTb KSK KB83HCTSTH'lecKne. B Bbipall<eHne nnn nonoCbl 

'ISCTOT nony'leHO npn nOMOlUII rpoMoanKnx pac11eTOB, 110-BHnnMOMy, npnMeHIIMb!X 

TOnbKO nnH 9Toro '18CTHoro cny'!aH. B 11ameli pa6oTe Bbipall<eHne nnH uonOCbl 'ISCTOT 

nony'!eHO KSK cneACTBl!e H3 pe1I18HHH 6onee o6meli 3SAS'lll npn noMOIIIH npOCTb!X cuo

cooOB Bbl'll!CneJIHH. 

B § 6 nccnenyroTCH ycnoBHH pscnpoCTpaHeHHH BOnH B BOnHOBone C n11aneKTpll-

11eCKHMH nnacpparMaMn. TaKoli BOnHOBOn TOlKe HBnHeTCH BOnHOBOnoM C nepnonn11e

CKOH CTPYKTypoii. Ho ecnn nnnaa BOnHbl 6onb1I1e nepnona CTpyKTypbl, TO BOnHOBOn 

C nnaneKTpn'leCKIIMH nnacpparMaMn MOll<HO paCCM8TpllB8Tb KSK 3SnonH8HHblH cnnolll

Hb!M SHll3OTponllblM nnaneKTpllKOM. TaKOH nonxon K pellleHH!O 3ana11n' HM88TCSI, HS-
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/11/ /11/ 
npnMep, B pa60Te • B TaKnM o6pa30M nccnenvIOTcsr vcnoansr IIPOXOX<.tleHlllI 

aonHhl qepe3 cnonCTbifi nnsneKTpnK n onpenenS110Tcsr xapaKTepncTnKn nneann3npoaaH

aoro aHn30TponHoro nnsneKTpnKa a 3aanc11MOCTII OT napaMeTpoa nna~parM n peanb

aoro n11sneKTpnKa. 

B Hmuefi pa6oTe nonyqeHo n11cnepc110HHoe ypaaHeHl!e n nccnenoaaHhI ycnoansr, 

npn KOTOpblX 3TOT npn6nnlKeHHblll MeTon noaaonsreT nonyqHTb nocTaToqao TOqffbie 

peweH11sr. 

B § 7 npoaene110 paccMoTpemie aonaoaona 113 Konen. 3TOT aonaoaon IIHTepecea 

B TOM OTIIOWeHl!H, 'ITO o6nanaeT CBOHCTBaMn, 6naronplllITHblMH nnsr pacnpocTpaHeHIISI 

BOnH Marmn110ro Tnna, BonHhl MarHIITHOro T11na aoa6yJKnaioTCSI TOKaMll C 8311MYTan&

HOH KOMnoneHTOll, LlnlI anannaa CBOHCTB TaKoro aonnoaona 6hln ncnon&30B8H MeTon. 
• /29 -31/ 

omicaHHbllf B • 3anaqa caonnTCSI K OTblCKaHlllO 11eKOTOpol! d>YHKnllll. onnCbIBalO-

" /31 / 
men rpaanqHbie ycnoanlI, TaKnM o6paaoM, a nonyqeao nncnepc11oaaoe ypaaaeane 

nng aonaoaona na Konen, 

B aawefi pa6oTe nponaaonnTClI aaam1a nncnepc11oanoro ypaaneHnlI, B peayn&Ta

Te 9Toro aaannaa nonyqenhI ~opMynh1, ncnon&aoaaHHbie npn onpenenen.11.11 nanyqennsr 

OT nponeTaromero TOKa, Bhlqncneao i:mcnepcnoaaoe paaeHCTBO nnlI aonnoaona .113 Ko

nen, ecnn nocnenanll pacnonoJKen B npyroM rnanKoM aonnoaone. 

'iaCTb B T O p a SI conepJKllT nccnenoaaane 11anyqen11S1 aapsmoa n To-

KOB, nponeTaIOIUIIX C noCTOlIHHOil: CKOpOCTblO qepe3 pe30H8TOpb! .II BOnHOBOnhI C ne

p11onnqecKOll CTpyKTypofi, 

B § 8 paccMaTp11aa10TcS1 MeTonhI pewen1rn 3anaq no onpenenen1110 11anyqen11S1. 
/1/ 

Ax11eaep n ~aiin6epr on11can11 MeTon pewea11sr aanaq Ha onpenenea11e nanyqea11sr 

B aonnoaonax C nep11on11qeCKOfi CTPYKTYPOli, KOTOpblH 3aKnIO'laeTCR B cnenyromeM, 

Ecnn ll3BeCTHbl co6~TBeHHbie ~ynKn1111 BOnHOBOna; TO nponeTaIOIUl!e B B~lIHOBone TOKI! 

MOJKHO npencTaBl!Tb B Bline paanoJKeHl!lI no 3T.IIM ~YHKnllsrM. Pewenne neonaoponHbIX 

ypaaneanii naeT BbipaJKeHnlI nnlI nonefi, aoa6yJKneHHhIX BHewneii c11noii - nponeTaIO

IUHM qepea aonnoaon TOKOM, CyMMa acex aoa6yJKnenHhIX ·aonn, B03MOlKHbIX B nan

HOM aonHoaone cornacno n11cnepcnoHHOMY ypaaaen1110, xapaKTep11ayeT none 11anyqe-

B " 6 /2/ ansr, npyrou pa OTe 9THX aaTopoa onpenenena saepr11sr 11anyqea11S1, aoannKaro-

mero np11 nponeTe aapsma qepea aonnoaon c TOHKHM.11 MeTann11qecK11Mn nnad,parMa

Mn, np11'leM nanyqeaaasr aaeprng noncqnTaHa Ton&Ko nnlI ocaoaaoii aonnhI, 
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MeTon, nanol!(eHHblii B 
121

, yno6en nng onpenenea11sr nanyqeanoii aaepr11n np11 

rrponeTaHHII aapsma qepea OTneJibHblH peaonaTop, co6CTBeHHbie ~YHKllllll KOTOporo 

06b1qao 6hIBBIOT 113BeCTHbl, 

TTp11 orrpeneneann nanyqennlI B cnnowHhIX cpenax yAo6uo npnMeHl!Tb npyroii 

MeTon, MoJKno C'lHTBTh, qTo aneprnlI uanyqaeTcsr B peaynbTaTe neiicTBl!lI na aapsm 

nong, aoa6yJKneunoro caMHM aapS1noM (aa ncKnroqemieM co6cTaeauoro rronsr aapgna 

a cao6onnoM npocTpancTae), 

B § 9 paccMaTpnaaeTcsr nanyqenne, aoannKaromee npn nponeTannn aapsrnoa 

ll TOKOB qepea Ul!JIHHnpuqecK11i1 pea_onaTop, KaK yJKe ynOMl!Hanocb, aanaqa caon11T

csr K OTblCKBHIIIO noneii B peaonaTope, aoa6yl!CnenHbIX nponeTaIOIUIIM. aaplinOM l! Bbl

'lHCnen1110 3nepr11n 9TIIX noneii. B nawelt pa60Te paccMoTpeno 11anyqenl!e B peaona

Tope np11 nponeTe no oc11 peaonaTopa Toqeqaoro aapsma II np11 nponeTe Marn11Tnoro 

mmomr. 

PeanhHblll peaonaTop He RBnlieTcsr nonHOCTb!O 38MKHYThlM. CnenoaaTenbHO, np11 

CyMMl!pOBaHIIII 3Hepr1111 nonefi neo6xonl!MO K8KIIM-TO o6paaoM yqecTb neaaMKllyTOCTb 

peaonaTopa. B pa6oTe paccMaTp11aaeTcS1 • n11mrnnp11qecK11ii peaonaTop, nMe10m11l! axon

noe II BbIXonnoe OTBepCTIISI. EcTeCTBeHHO npennonOlKHTb, 'ITO npn nponeTe aapsma 

11m1 TOKa qepea peaonaTop 11cnbITb1BalOT B03Mymeune BOnHhI, nmrna KOTOpbIX npeBhl

waeT paaMephI OTBepCTHlI B peaonaTope. 

OnnaKO acnenCTBHe MaTeMaTnqeCKIIX TpyJlHOCTeli He· llMeeTC5l B03MOlKHOCTII 

Bb1q11cnnTh nonnyro cyMMy aoa6ylKJleHHhIX noneii, B uaweii pa6oTe cyMMnpoaam1e 

npo11aaeneuo nnsr acex aonu uyneaoii rapMOHIIKI! nnn nnsr acex Bonn KaKoli-n116yn& 

Bb1cwefi rapMOHIIKII,. 11MeroTcsr pacqeThl, noaaonsrrom11e onennT& o6mee nanyqeu11e, 

To'lno paccqnTan npenenbHhlii cnyqal!: Hanyqem1e aapsrna II Marn11Tnoro n11no-

ng np11 nponeTaHl!H qepea OTBepCTl!e B 6eCKOHe'lHOM 
/13/ 

TaT coananaeT c Bb1paJKen11eM, np11aenennhlM B 

aKpane, nonyqeanb1li peaynh-

3To canneTenbcTayeT o npa-

BllnbHOM BhI6ope oneHKII 'll!CJia qnenoa, KOTOpb!e nano Y'll!TblBBTb np11 cyMMllpOBaHl!ll 

nonel!. · 

B § 10 onpenenena anepr11sr, 11anyqennasr np11 nponeTannn aapsma q.epea aonuo

aon co mensrM11. BhI'lncnena nonnasr anepr11sr, noTepsrnuag aapsmoM B aonnoaone 11 

rrponaaeneno cpaaueu11e Bb1paJ1Cen11sr nng nanyqennoli aneprnn c coOTaeTCTBYIOllll!M 

Bb1paJKen11eM nng anepr11n, 11anyqennoii aapsmoM npn nponeTe 'lepea peaonaTop. 
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B § 11 11p0!!3B9/l9HO BbI'UICneHne aHeprxm, n3nyqeHHOll MarHRTHblM /lHIIOneM 

npH nponeTaHHR B BOnHOBO)le H3 Konen, pacnonoJKeHHOM B OTKpbITOM rrpocTpaHCTBe, 

H B BOnHOBO/le, pacnonolKeHHOM B /lpyroM, rna)lKOM BOnHOBO)le. TIOJl06Hbiil: <aonHO

BO/l rrpe)lCTaBmieT HHTepec Jlml 113yqeH1HI ycnoBHll B036YJK/l9llllS! MarHHTHblX_ Bona. 

llnn Bbl"'lHCneHHS! 9HeprHH, IIOTepmmon MarHHTHblM nnrroneM rrpn rrponeTaHHll B BOnHO-
• /1/ 

Bone, nCIIOnh3yeTCS! MSTO/l, paCCMOTpeHHblli B • 

B § 12 orrpeneneHbl rroTepn aHeprHn rrpn rrponeTaann 3apn/la B BonaoBO/le c 

)ll{aneKTpnqeCKRMH nnacjlparMaMn. llnn )lnHHHblX BOnH TaKoil: BOnHOBOLI MOlKHO C"'lll

TaTb 3a11onHeHHblM onaoponl!blM aHH30TpOIIHblM /lHaneKTpHKOM • .Llnn Bbl"'lHCneHHS! 9Hep

ran, H3nyqe1moil: 3apSI/lOM B BOnHOBone, 3arronaeHHOM onnopo/lHblM nnaneKTpnKoM, 
/14/ 

ncrronb30BaH MSTO/l, paCCMOTpeHHblfi B 

B TpeTbefi q a C T H pa60Tbl paCCMOTpeHO H3nyqemxe 3apMOB n 

TOKOB, rrponeTaiomHX qepe3 11ony6eCKOHS"'lHblfi BOnHOBon. 

B § 13 rrpnBeneHo KpaTKoe H3noJKemi:e crroco6a 011peJlenemu1 aHeprnn, H311Y-

qeHHOfi 38PS!/lOM nnn TOKOM IIPH rrponeTaHHli qepe3 11ony6ecK0HeqHblfi BOnHOBOll. 

3TOT crroco6 OCHOBaH Ha Teopnn /lllqlpaKUHH BOnH Ha OTKPhlTOM KOHUS rrony6ecK0-
/3/ 

He"'lHoro BOnHoBona, Ktrropan n3noJKeHa B pa6oTax Bail:HmTeil:aa • 

.Llnn orrpeneneHnn rronn JlHcjlpaKunn Bail:HmTeil:a ynoTpe6nn MaTeMaTn"'leCKnfi 

MeTon, KOTOphlil: SIBnneTCS! 0/lHHM H3 BapnaHTOB 6onee o6mero II H3BSCTHOro 110/l 
/8/ 

aa3BaaneM 'MeTO/la Bnaepa-Xompa' • 

3anaqa 06 H3nyqeann cjlopManbHO MO)KeT 6b!Tb cBeneaa K 3a)laqe o nncjlpaKnnn 

nonn 3apMa nnn TOKa aa nony6ecKoHe"'lHOM BOnHoBone. 

CnenoBaTenbao, caaqana aeo6xonnMo onpenennTb co6cTBeHHbie rronn 3apMOB 

H TOKOB. Co6CTBSHHble rronn MO)KHO rrpencTaBHTb B BH/le 6eCKOHe(Horo cneKTpa 

BOnll H orrpe)lenHTb /lHqlpaKunro 9THX BOnH Ha OTKpblTOM KOHUS rrony6ecKOHe"'lHOro 

BOnHOBOJla. CyMMapHoe none JlnacjiparMHpoBaHHbIX Bona orrpe/lenneT aaeprnro H3ny

"'leHn n. TipnMepbl IIO/lOOHOro pemeHHS! 3a)laqn HMSIDTCSI B pa6oTax EonoTOBCKoro, 
. /15 16 25/ 

BocKpeceHCKOro, Cep/laKOHa H np. , • • B yrrOMSIHyTbIX pa60TaX paCCMOTpe-

Hbl 3a/la"'ln Ha onpeneneHne n3nyqeann npn rrponeTe ToqeqHoro 3apRL{a no ocn nony-

6ecKoHeqaoro UHnnH/lpnqecKoro BOnHOBO/la, npn rrponeTe 3apMa napannenbHO ocn 

nonHonona, npn nponeTe 3apnna napannenbHO cncTeMe napannenbHhlX 11ony6ecK0Heq-
• /25/ 

Hb!X nnoCKOCTell:, npn rrponeTe no OCH BOnHOBO)la 3apSI)K0HHOH HHTH. B onpene-

neHo H3ny"'leHne C yqeTOM KOHS"'lHOfi npOBOLIHMOCTH CTeHOK BOnHOBona. 8 rrepeqn-

.),, 

i/ 
1/ 

cneHllbIX pa60TaX paCCMaTpHBaeTCS! nony6eCKOHe"'lHbiil BOnHOBO/l, pa·cnono)KeBHblfi n 

OTKpblTOM npocTpaHCTBe. 

B HeKOTOpbIX aKcnepnMeHTanbHblX ycTaHOBKaX ocymeCTBnSieTCSI BneT nnn Bbl

neT 3apSl)la B BOnHOBOLI C KOHS'IHblMH pa3MepaMH. TaKOH BOnHOBOJl OOhl"'lHO pacno-· 

naraeTcn B ApyroM BonHoBone 6onbwero pa/lllyca, KOTOpb1ll: nrpaeT _ponb aKpaHa 

nm1 nepBoro BOnHOBO/la, HMeSI B BH/lY nono6Hoe ycTpoilcTBO, B Hawen pa6oTe nccne

noaaao n3nyqeHne npn nponeTaHnn rrpon3BOnbHOro pacnpeneneHnn 3apSl/lOB n TOKOB 

no OCH nony6eCKOH8"'lHOro BOnHOBO/la, pacrronoJKeHHOro B JlpyroM 6eCKOH8'1HOM BOn

HOBone. 

B § 14 nonyqeHbl co6CTB8HHble nom1 IIpOH3BOnbBOrO pacnpe)leneHHS! 3apSl/lOB 

H TOKOB, nponeTaiomnx B 6eCKOH8'1HOM BOnHOBO)le. Ecnn Tenepb B 6eCKOH8"'lHOM Bon

llOBO)le pacnonolKHTb nony6eCKOH8'1Hblli, TO 6y!l0T HM8Tb MeCTO /lHqJpaKUHSI BOnH co6-

CTB8HIIOrO nonn 3apMOB_- Orrpe/leneHne co6CTBeHHhlX nonell: npoH3BOnbHOro pacnpene

nennSI 3apSl/lOB H TOKOB SIBnSieTCS! cymeCTB8HHhlM MOM8l!TOM B HalJlell: pa60Te, Heo6-

XOLIHMblM JlnSI HaXOlK)l8HHS! nonen )lllqlpaKUHH. 

B § 15 npn ncnonb30BaHHH nonyqeHHbIX COOCTBeHHbIX nonell: OT npoH3BOnhHOro 

pacnpe)leneHHS! 3apMOB n TOKOB B 6eCKOH8'1HOM BOnHOBO)le onpe/leneHhl nonn /lllql

paKnnn • .Llnn· aToro 6hm npnMeHeH MeTon, paCCMOTpeHHblll BailHWT8llHOM, cornaCHO 

KOTOpOMY none /lHqlpaKUHH OIIHCb!BaeTCS! npn noMomn HSKOTOpbIX BCnOMOraTenbHbIX 

qlyHKUHll, .Llnn 3anaqn, paCCMOTpeHHOll B rrpennaraeMofi pa60Te, cjlyHKUHH HM8IDT xa

paKTSPHbie oco6eaaocTn, onpe!lennromne CBOilCTBa rronell:, Korna nony6ecKoHe"'lHhlfi 

BOnHOBO/l pacrronO)K8H B 6eCKOH8"'lHOM, B npe)lnaraeMOH pa60Te nccnenoBaHhl CBOH

CTBa BCIIOMOraTenbHbIX cjlyHKUHll H rronyqeHbl Bb1pa)K0HHS! nnn rroneil: rrpn IIOMOmn 

9THX cjlyHKUHll, 

B § 16 paCCMOTpeHhl pa3nH"'lHbl8 cne/lCTBHS! H3 pellleHHS! 3anaqn 06 H3nyqeann 

llpOH3BOnbHOrO pacrrpeneneHHS! 3apSI/lOB ll TOKOB B rrony6ecKOH8"'lHOM nonaono/le, 

B KaqecTBe rrepnoro rrpnMepa Bbiqncneao n3nyqeane Jlnn cnyqan, Korna 110 ocn 

BOnHOBO/lOB rrponeTaeT TO"'lG"'lHblll 3apM. TioKa3aHo, "'ITO ecnn npOH3B0CTH rrpenenb-· 

Hblli rreoexoll. VCTDeMns!Sl /lHaMeTP 6eCKOH0"'lHOro nonHOBO/la K 6eCKOll0"'1IIOCTll, TO 
/16/ 

MOlKHO nony"'lHTb pe3ynbTaT, COBlla)laromnA C pe3ynhTaTOM H3 , r)le orrpe)lene-

HO n3nyqeane aapSl/la, rrponeTaromero no ocn 11ony6ecKoaeqaoro BOnHoBona, pacno

no:JKeaaoro B OTKpbITOM npocTpaHCTBe • .ilpyroe cne/lCTBne nony"'leHo Ann cnyqasi, 

Korna aapSl/l nponeTaeT napannenbao ocn nonaoBO/lOB, TpeTbe cne/lCTBne Bbrneneao 
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Ami cny'lall, KOrAa no OCH BOnHOBOAOB nponeTaeT MarHHTHhlil AIIITOnb. Ecmi: onllTb 

npOH3B0CTH npettenbHhill nepeXOA K OTKpbiTOMy· npocTpSHCTBY, TO MO)KHO nony'!HTb 
. /25/ 

peaynbTSThI, coanattaIOmHe C qiopMynaMH H3 , rite paCCMOTpeHO Hany'leHHe Mar-

Hl!THOro AHnonll, nponeTaJOmero no oc11 nony6ecK0He'!Horo aonaoaotta, pacnono)KeH

aoro B CB060AHOM npocTpaHCTae. 

B § 17 nony'!0Hhl npH6nH)K0HHble qiopMynhI, YA06Hhle AITll paC'10TOB. PaCCMOT

peH TSKOil: cny'lail, Korna B npoCTpaiICTBe, 38KITIO'l0HHOM B BOITHOBOASX, aoa6y)KJta

eTCll TOITbKO OAHa aonaa. 0Ka3blB80TCll, '!TO l!MeHHO TSKOil cnyqail aepollTHee acero 

BCTpeTHTCll B 3KCnepHMeHTe. 

8 '10TBepToil 'ISCTI! pa6oTbl onpettenmoTCll onTHMaITbHhle xapaKTepa-

CTHKI! BOITHOBOAa npH y'leTe aKTHBHhlX nOTepb 3HeprHH. PaCCMOTpeH BOITHOBOA C 

AH3IT0KTpH'10CKHMH AHaipparMaMH. 8 TSKOM BOITHOBOAe B03HHK8JOT SKTHBHhle nOTepH 

nayx BH.QOB: llOTepH B M0T8ITITH'10CKHX CTeHKSX BOITHOBOAa acneACTBHe KOH0'1HOil npo

BO.QHMOCTH CT0HOK H nOTepH B .QH3IT0KTpHKe. 
. /10/ 

Hcnonb30B8H M0TOA Bhl'IHCITeHHll SKTHBHhIX noTepb 3HeprHH, H3IT0)1{0HHhll! B 

Cornacao 3TOMy M0TOA); Heo6XOAHMO rpaHH'IHble ycnoBHll AITll nonei!: H3o6pa3HTb 

B TSKOM BHAe, KOTOpbiil noaaonlleT .11nll Bhl'IHCn~HHil npHMeHHTb TSKOii )1{0 cjJopMa

nH3M, KaK H B cnyqae 6eCKOHe'IHOil npOBOllHMOCTH CT0HOK BOnHOBOAa. 

KoaqicjJHnHeHT noTepb B CTeHKSX Bonaoaona xapaKTepHayeTCll OTHOlll0HHeM 3Hep

rHH, KOTOpall paCXOAY0TCll npH npOTeKSHHH TOKOB B CT0HKax, K aaeprHH, aaKnIO'!eH

Holl BO BHyTpeHHeM o6~eMe BOnHOBOAa. 

IloTepH B .QHaneKTpHKe xapaKTepH3Y,IOTCll MHHMOil 'ISCTblO nOCTOllHHOil pacnpo

CTp8H0HHll BOnHhl. C HCnOITb30B8HH0M nony'!eHHhIX B nepaoil 'ISCTH pa60Tbl Al!CnepCHOH-

Hh!X ypaBH0HHil H y'leTOM •aKTHBHhIX nOTepb 3HeprHH BhI'iHCneHhl OllTHManbHble 

paaMepbi BOnHOB0.118 C AH3neKTpH'10CKHMH AHacjJparMaMH. 

nony'leHbl cjJopMynhI, y.1106Hhle AITll HH)i{0HepHhIX paC'!eTOB. 

0CHOBHbIMH peaynbTSTSMH npe.11naraeMoil pa60Thl MO)KHO H83B8Tb cne.11yromHe. 

1. nony'!eHbl AHCnepCHOHHhJe ypaaHeHHll Anll paanH'!Hb!X BOnHOBOAOB c nepHO-

AH'10CKOH CTpyKTypoil H noKa3aHO, 'ITO Hcnonb30B8HH8ll MeTOAHKa pacqeTa npHM0HH

Ma nnll nJ06oro BOnHOBOAa C nepHO.QH'i0CKOil CTpyKTypoft. 

2. Onpe.11eneHhI noTepH aaeprHH acneACTBHe H3ny'leHHH npH nponeTe aapn.11oa 

II TOKOB qepea pe30HSTOphi H aonHOBOAhI. 
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3. nonyqeHhl Bhip8)1{0Hllll Anll co6CTB0HHhIX noneft BOnHOBOAa npH ABH)K0HHI! B 

HeM llpOH3B0ITbHOro pacnpetteneHHll aapl!AOB H TOKOB. 

4. OnpetteneHbl nOTepl! 3HeprHH Ha aany'leHHH npH nponeTSHl!H aapl!AOB H TOKOB 

npoH3BOIT~HOrO pacnpeneneHHll '!epea nony6ecKOH0'1HhlH BOITHOBO.Q. 

0cHOBHOil MSTepHan llHCCepTaUHH ony6nHKOBaH a pa60Tax: 

1. O.A. KonnaKOB, B.H. KoToa. IlpenpHHT 0115111, 1366, Jly6Ha 1963. 

2, O.A. Konnaxoa, B.H. KoTOB. )KT<l>, ~ 1387 (1964). 

3. O.A. KonaKoa, B.H. KoToa, OM. CaH.11xa. IlpenpHHT 0115111 P-1565, Jly6Ha 1964. 

4. O.A. Konnaxoa, B.H. KoToa. OM. Caa.11xa. )KT<l>, filL 26 (1965). 

5. O.A. KonnaKOB, B.H·. KoTOB. IlpenpHHT 0115111, 1901, Jly6aa 1964. 

6. O.A. KonnaKoa; B.H. KoToa. )KT<l>, filL (12) (1965). 

7. O.A. KonnaKoa. IlpenpHHT 0115111 2U8, .!ly6aa 1965. 

JI11TepaTypa 

1. A.H. AxHeaep, r.51. JIJ06apcKHil, 51.B. <l>aila6epr. )K3T<l>, ~ 2526 (1955). 

2. A.H. AxHeaep, 51.B. <l>aila6epr. Y<l>H, i1, 321 ( 1951 ). 

3. JI.A. BallHlllTella. !lHippaKnHll aneKTPOMIU'.HHTHhlX II aayKOBhIX BOnH Ha OTKpbITOM 
KOHne BOITHOBOAS. Coa. p amI0 ( 1953). 

4. JI.A. BallHlllTellH. )KT<l>, ~ 847 (1955). 

5. JI.A. Bal!HlllTellH. llAH, IX, 1421 (1948). 

6. B.B. BnaAHMHpcxnli. )KT<l>, 11, 1269 (1947). 

7. B.B. BnaAHMnpcKHl!. )KT<l>, 11, 1277 (1947). 

8. B. Ho6n. MeTo.11 BHHepa-Xonipa, H .JI. ( 1962). 

9. H.C. fpaATlllel!a, H.M. PhllKHK. Ta6nnnh1 naTerpanoa cyMM, PllllOB n nponaae.11e
aHll cjJ.M. (1964). 

10. Jiya tte Bpolin. 3nexTpoMarHHTHhle aonHhI a aonaoaonax H nonhIX peaoaaTopax. 

11. H.B. <l>alia6epr, H.A. XmKHllK, )K3T<l>, ~ 4 (1957). 

12. H.B. <l>al!a6epr, H.A. Xn)Kl!llK, H.n. CenHaaaoa, K.H. CTenaaoa. C6opHHK cra
Tefi 'TeopHll H pac'!eT nHH0HHhIX ycxopnTenett', CTp. 186 rocaTOMH3A8T (1962).-
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13. 10.H. il11ecTpOBCKHH, il.TI. KocTOM8pOB. PaAH0TeXl!HK8 H 3JieKTpoTeXl!HK8 1 4, 
303 (1959). 

14. E,M. EonoTOBCKHil:. Y<l>H, 11i, 295 (1961). 

15. E.M. EoJIOTOBCKHH, n.M. CeAp8KHH. U.A.H. ApM, CCP, cepHH qi.-M., lL 2 ( 1964) 

16. E.M. EonoTOBCKHil:, r.M. BocKpece11cKH:li. )KT<!>, 21, 711 (1964). 

17. E.M. EonoTOBCKHil:, r.M. BocKpece11cKH:li. )KT<!>, §.1., 1806 (1964). 

18. E.M. EonoToBCKH:li, r.M. BocKpece11cKH:li, )KT<!>, §.1., 11 (1964). 

19. E.M. EonoToBCKH:li, r.M. BocKpece11cKail:, )KT<!>, 21, 704 (1964). 

20. n.c. EOI'A8110BH'I, E.M. EonOTOBCKH:li, )K8T<I>, ~ 6. 1421 (1957). 

21. n.c. EoI'A8HeBH'I, )KT<!>, ~ 7, 1505 (1908). 

22. 3,M. naaHen. lfaB. AH ApM. CCP, cep1rn cp.-M., 17, 135 (1964) 

23. K.A. EapcyKOB, )K8T<I>, ll., 1106 ( 1958). 

24. A.r. Eo11'1-OcMonoacKH:li, )KT<P, 33, 3, 296 ( 1963). 

25. n.n. 11rywKnH, 8.11. Ypa38KOB •. )KT<!>, T. 37, Bblll. 1 (1967). 

26. M.<I>. CTeJibMax, 11.E. OnbAq>pore. PaanoTeXHHKa H aneKTpo1111Ka, §.,_980 (1959). 

27. H.H. CMHpHOB. )KT<!>, g1, 1494 (1958). 

28. B.B. ManH11, PaanoTeXHHKa n aneKTP0HHKa, §., 1834 (1963). 

29, B.B. ManHH. PaAHOTeXHHKa n aneKTp0HHKa, L 1349 (1962). 

30. B.B. ManHH. PaanoTeXHHKa n aneKTp0HHKa, §., 211 ( 1963). 

31, B.B. ManHH, PamrnTexHHKa H aneKTp0HHKa, §., 1834 (1963). 

32, E.SI. Mo:liJKec, )KT<!>, ~ tl, 716 (1950); a§_, 1, 158 (1955). 

33, H.H. CMnpHOB, ilAH, 108, 2, ~43 (1956). 

34. A.H. C1mon, P aanOTex11nKa n aneKTp0HIIKa, §., 4, 483 ( 1961 ) • 

PyKOIIHCb nocTynHna B H3!l8T8JlbCKII:li 0TAen 
28 aeKaopg 1966 r. 
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