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I. B B e g e g H e 

B
111 

coo6maeTCSl o llpHMeaemrB caeToaoro 30BAB ttnSl Sl3M&peBHH ToniiiBHhl OTttenwn>~x 
o6nacTell p-i-n l(p9MBB&Bb1X tteTei(ToJX>B. OcaoBaoa nem.JO 9TIIX H3MepeaHll 6 blno 

onpettenemre ToJIIIIBHhl i ~6nacTH. H3 onpenenei!HSI TOniiiHI!bl 'IYBCTBHT&IIhlloll o6nacTB no 

p&a&nKH 88 Httepaoe H3nyqemre H3B9CTH0 0 qTo ORB yB&nBqHB89TCSl 0 KOrttB X A9T9KTOpy n p M-

noJKeao aanpsJKemre B 3811HpBJOIIIBM aanpaBneaBB. 

M bl IIOCTSBHnB II9p9A C060ll 3SAaqy C IIOWOIII&IO CBBToBOro 30BA8 HCCn&AOBBT& H3M9H9-

HHB TOniiiBHbl D -, i -, p ~6nacTel! l(p9WHH9BOro .119T91(T0p8 IIpB IIpllnOJK8BBOM HS-

1IpHlK9HHII. 

/2/ 
B pa6oTe coo«imaeTCSl o B03MOJKBOCTH HCIIOn&3oBaHHSl cseTOBOro 30HAB AnSI B3Mepe-

HBB Bp9M9BH JKB3BH B90CHOBBblX HOCHTenel! TOKB B repM8BH9BOM KpBCTanne C p - D nepe

XO.IIOM. B 9TOll pa6oTe yKB3biBB&TCSl, qTO aeocaoBable aocBTenB TOKa, KOTopz>~e co3ABIOTCH 

CB9TOM HS pBCCTOBBHH Z OT nepeXOAB,AB~YHABpyJOT K nepexotty H HX KOHU9BTPBABH 

yMea&maeTCB no axcnoaeaTe ezp ( - z/ L ) , rne 

YI 
L a lOr) (I) 

AB~Y3BOHH8Sl AnKHS B&OCHOBHbiX HOCMT&nel! TOI(B0 0 - HX ~Y3BOHH8Sl IIOCTOHHHBB, 8 

r -BpeMSl JKB3Hllo 3&8¥ 0 1!3 ypaBH9HHH 3liHWT8liH8 

0 a 
ItT 
q 

fl • (2) 

rtte fl -IIOABBlKHOCT& HOCHTeneA, q -38pBA anexTpoaa, It - IIOCTOHHHBSI Son&nMBHB 

a T -a6conJOTHBH TeMnepaTypa, onpenensreM L no 3BBBCMMOCTB norapBcj>Ma 4J<>To 

TOKB OT KOOP!tBHBTbl Z ( Z - 0 B M9CT9 nepeXOAa). B H8W9M cnyqae H3 ypBBH&HHSl 

( 1) MOJKBO OIIp&A&nHT& BpBMSl >KH3HB 

D ~6natTB t{9TeKII!Op8. 

113M9p9HHB Bp9M8HB lKB3HH Ablj)OK B 

ttnSJ 3n9KTpoHOB B P -o6nBCTB H ttnSJ Ahlj)OK B 

D -o6naCTH OK838nOC& H9B03MOlKBbiM 1!3-38 MB-

noll TOlliiiHHbi 9TOA o6nacTI! (oxono 200 + SOO MKM). Oco6eaaocTH p - i - n -cTpyKTypbl 
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B& ll03BO.rtliJI:W Onpell&UT:b BpeWB :>I<H3BB BOCBTQ.rtal TOI<A B - oiS.rt&CTB B8UOCp8llOTB&B-

uo ua TOJillax ll&T&J<Topoa. B i -o6nacTB spew• JKB3BB BOCBTQ.rtel TOI<A 6wao onpenexe•o 

IS/ 
J:lp:yrBW M&TO):lOW 

~T09.118l<Tpll 'feCJ<BI . MeTOll OI<A3A.rtCll )"llo6BhlM ll.ltll B3MepeBB!l Bp8W:&U lKB3BB a.rter

TpoBOB B p - oiSnacTB ll&T81<TOpoB, J<or na STA o6.rtACT:b Bwena w11pny lie w:eaee 1,0- 1,5wlo4, 

2, 3GJI&J!!M&Ua!JI4q YCTAHOBI<8 

TipBBUIIIIIA.rt:bKAK CX8MA 91<Cil8p.IIM9BTA.rtl401 )"CTUOBI<B np&llCTAB.rteBA BA piiC:YJll<& 1, 

O•a oT.rtH'fA&TCll OT rcTauoaJ<B, onKcABxol a 11 ~T""'• 'ITO a.nacb .nn" caeTosoro ao11.na acnonb

ayeTc!l npephlBBCTblll. CB8T.3To 06CTOliT911DCTBO ll03BO.rt!leT OTll811BTb cpoTOTOI< OT TeMKOBOrO TO"+ 

KA (KOTOpbll npeBbiWAe T dJOTOTOK, Jtor.na It J;leTeJ<TOJl:Y npB.rtO>K&HO 06pATKOe CW8WeJIBe) B 

rca.rmTb ero. B aTO ll. )"CTUOilJ<e npenycMOTpesa soawolKBOCTb no.naa&Tb uanplVK&BBe JUl 

J;I8T91<TOp B JO:l60M BAUpAB119BBB, 

C llOMOIUbJO M111<pOMeTpli'19CJ<Oro BBBTA CBeTOBOI 30Kll nep&M9WIUICB DO TOpn)" J;IQTQI<"" 

Topa, n9peceJ<&ll a- , i- , p -o6nacTB, nonoJKeBlle cseTOsoro aou.na 11a TOpne .neTeJ<To

pa onpen&.rtB.rtOCb llO WKA.rt9 MBI<poM9Tp11"18CJ<OrO BIIBTA C TO'IliOCTbJO 2 MJ<M, 06bi'IBO '19p63 

100 MI<M C ROMOWI>D Mlll<pOAMil&pM&TpA H3M8p1111Cll cpoTOTOI< BA Bb!XOJ;\9 )"CK11BT811!1, 

CseTOBOI 30KJ;I HM9.rt ltp)"r.rtyJO cpopw:y C J;IIIAMeTpoM SO 7 100 MI<M, 0nTK"18CI<A!l CBc

TeMA ll03BO.rtii11A 11Cil011:b30BAT:b 30BJ;I TAI<JKQ B cpopwe J;llliDIHOro CBQTOBOrO WTpiiXA, TOniUB

Ba I<OTOporO per)".rtBpOBA.rtACb C llOMOWbiO MBI<poM&TpB"'ecJ<OI IU811B, 

B I<A"'ecTBe IICTO'IBBJ<a caeTa ucnonDaosanacJ. SQ-aaTTBAll nawna BAI<a.rtBBAIIBB c aon~r 

cppAMOBOJ BITbJ00 llJill llBTlllillll I<OTOpOA C.rtylKB.rt CTA6HnB3BpOBABBbll BblllpJIMBTQJID, J.iBT&B

CBBBOCTb CB&Ta , uaw:eu~~nacb peryliHposJ<oll. uanplllK&BBII HAI<M& nAMnbl, PeryllllpOBAHB&M 

BBTellCBBBOCTB CB&TOBOrO 30llJlA J;IJill I<A>K.t\OrO o6paana 3AJ;IABA.IIC!l OllliB B TOT lK9 MAI<CB

MAnhHblll. cpOTOTOI<, n pH H3M8HOIIBliX BBTeBCBBIIOCTB CBeTll Be llA6JI10J;IA.rtOCb BBllBWbiX B3We

li8BBll. B cpopwe l<pKBhlX cpoTOOTB&TA, 

JlonO.rtBBT9.rtbHAll llO):lCBOTI<A J:IB8BHbiM CB&TOM Be M&WaJIA ll3M8p8BBBM, A Tcm:bi<O 

rweBbWMa ae.rtB"'IlBY cpoTOTOJ<A, BO.IlliBOI cpBnbTp ua nyTII caeTa TAI<lK& ue w:e&ll.rt cpopw:bl 

l<pBBbiX cl>=ooTBeTa, 

Cl<opocTb apame••• npepLmATeJill caeTa ISblna abi!Spasa Tax, "1To6bl .nnuTenblloCTb 

CB&TOBbiX BMJl11lDCOB pABKllliACb 6 MCeJ<, A Bp&Mll 3AT8MB8BBll W&lKJ:IY COCe):lllBWB BWnynJr 

CAMIJ: 18 MCQJ<, 

<l>opwa l<pBBbiX cl>=OTOJ<A OJ;IK0Bp8M8BBO BA61IJO.IlMACb I[ BA 31<pA118 OCilB.rtOrpacpa, 
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3. CTpy~<rrpa p - i n J:pew:aaeaoro A eTeJ<Topa c npKno>KeHHbiM 

o6pBTHbiM HB1Ip!UKeHIIeM K 6ea H ero 

Ha piiCYHKe 2 n peACTABneaa a aall<oiiMOCTb norap11qn"a ¢oTOTOKB OT nono)l{eHKR caeTo-

aoro aoHAa aa Topue AeTeKTopa, KpiiBB!I 1 CHRTB 6ea H81Ip!l)l{eHJI!I CW:e!UeHilll, a OCTB1l&-

Bble KpHBble-npll p83Hb1X CW911~9HII!IX 118 AeTeJ<Tope , Bellii'IHHbl ltoTOpbiX 0603H8'1eHbl Ha pll

cyaJ:e, J.1a 3THX I<pllB h!X BllAH00 'ITO T01l lllllH8 j - o61IBCTII He H3W:eH!IeTCR, KOrA B K Ae

T9KTOpy npHK1IBl~biB8eTC!i o6pBTil09 C)o(e!UeBie, BKAHO, OAHaJ:O, 'ITO B HeKOTOpOl! CTeneaK 

R3MeHHeTC!I <tJOp)o(B I<pKBh!X B 3TOA 061IBCTII, 

n pa Tex JKe C8Mh!X CM91U9HKRX 113W:epR118Cb H eW:KOCTb 3 1'0rO o6paaua, Ha pBCyHKe 3 

BIIAHO, 'ITO Q)o(KO'::T b o6paaua CH8'181la yw:eHhUIBeTCR C yaenJI '!eHIIe)o( Hllllp!I>KeHIIR, a UOTOM 

rrpKHKMaeT n ocTOSIHHYJO aenii'IIIHY. Ecn11 A1IR aToro o6paaua noAC'IKTBT& TOnlUKHbl W 1 a 

W 
2 

, ICOTO p ble COOTBeTCTBYJOT eW:JtOCTK Co • 21.5 n¢, II C m i n • 18,5 n¢, TO no ¢op-

)o(yne 

(rAe 

w • s 
4rr.C 

< a 11,8 - OTHOCIITenbHaSI All31leltTpH'IeCitBR UOCTORHHBSI Kp9MHIIII, B 

(3) 

DliO!U8Ab nepOXOAB) A1I!I 3TOro o6paaua nonyqaeTCSI : W 1 • 1170 MICM II W 2 • 1390 MJ<M, 

T.e. c. w ; w2- w I- 220 MXM, XoTSI -TBJ<Oe yaenll'{eaae T01IU~IlHbl i - o6nacTH A01IJKBO 

6blno 6blTb a aMeTHO B MBC!UTB69 pHCyHK8 2, 3ltCnep11MeHTB1lbHO OliO ae H861IIOAB-

nocb. 

noA06H~!e 3 !'11COHOMepH OCTK aa61l!OAB1111Cb HB BC9X 113 MOpR0 Mh!X o6paauax, 

Cno>t<Hbll! xapaxTe p KpHBbiX ¢oTOTOJta B xoaue p - o6nacTB MO>KBO o6'bRCBI Tb Hana

'IH~M aneKTpOAB H MIIICpOBe poBBOCTet, 

4, J2P-eMR >KII3BII aneJtTDOBOB B p - 001IBCTK p-i - 0 

x.oeuHKesoro nete)(Topa 

HaKl!0\1 npRMOA, OTpa>KIUO!Uet 3a:BHCKWOCTb norap.a¢wa ¢oTOTOJta OT paccTO!IBIR x 1 

MO>KBO IICfl01lb30BBTb Allll Ollp9Ael!8KII!I BpOWOHII >KB3Hll 3 1191CTpOHOB B p - o6nacTJl AOTex

TOpa, E cna aaqano KOOPAIIHBT coanaAaeT c i -p -nepexOAOM, B p - o6naCTH ¢oTOTOit 

6 y.o.eT y weHhUI8TbC H no 38KOBY 

I 0 exp ( - x/ L ) . 
(4 ) 

rAe I <P - ¢oTOTOK D TO'IJCe 10 - ¢oTOTOX np11 X -. Q, T.e. xor.a.a CB9TOBOA 

aOHA nepeceJ:aeT i - p - nepexoA, 11 L AK<P¢yaiiOHH8ll A1IIH8 31191tTpOHOB B p - 06-

118 CTII , OllpeAelllitOMBII 9 1CCUOp11MeHTB1l bHO H3 HBIC1IOHB llpHWOil 
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ln I¢ = f( x). (5) 

BpeMH >I<Jl3llll 3nexTposon r 
3 

n p - o6nacTll p-i- D IpeWlli(OBbU .0:9T9ITOpOn Bbi'IJic-

JIJmOch no ypanHeiii(JO (I) a npe.nnono)f{6HJU, "'TO .n•¢<PY3IIOHR411 nocTOIIHH4ll 

3.10-
3 

M
2

1cex
14

•
51

• 03 

,Uo saMepeHHll nee o6paauhl-.neTeiTOpb1 TpanaiiJich a Tp4BIITene ""' aaoTHOI • 48% -aoA 

nnaBIIXOnOQ IllCJIOT1 CMOlll4HHbiX n OTHOlll9HIII( 2: 1. 

Ha pllcyRxe 4 upe.ncTaane•bl .nne xpHnt.:e norapa:¢wa ¢ororo~:a xax cpyxxna• nepewe

LUeHBll aoa.na. Ha piiCyRIA nll.nso, "'TO nps yaxoll P - o6nacTII (~:pKnag I) ae sa6mo.naer 

Cll "leTIOro DpliMOnBHOJIHoro Y"l4CTX4, IICDOnb3y9MOrO .ll11ll 0Rp9.0:9119HI(ll .O:Kc:P¢Y3110HHOI .O:JIH

Hbl, Ha xp•noll I TonmaHa P - o6nacTII .nocTaTo"'lla .nnll onpe.neneKRll .naqxpyaHoHaoll .0:11)(-

Kbl, 

EhlnO HCCJ19.0:0n4BO ni!R!IHB9 .llll4lol6Tp4 CB&TOBOrO 30R.ll8 R8 1tp11Bb19 tPOTOTOI4, <t>opM8 

IpRnbiX n i - o6n4CTH 341W9THO He NeHli1!4Cb DpR II31W9H9HHJI .llii8JWeTp4 cneTonoro 30H.ll8, 

HexoTOphle RaMeseDag n. HaJCnose xpHBhiX n p - o6nacTK 6blnll aaweTHhl, Ha pliCYKie 5 

npe.O:CT4nJtellbl TpR XpKnble .llllll tPOTOTOX8 1 Clll1Thl9 Ha O.O:ROU H TON >K9 o6paane Jlllll Tpex 

3H4"19HIIll .naaweTpa cneTonoro aoa.aa, yxaa4llHhiX no.n pacyBXON, XopoLUall npliNOniiBeliRall 

aanHCRwocTh nonyqanacb npH Bbl6ope no.nxo.o:Rmero .nxaweTpa cneTonoro aos.na. HarK6 

BDepx npH 60JihlliHX .O:K4W9Tp8X 30HJlll MO>KHO 06'bliCHHTb B03HRIHOneRH9M HHT9BCIIBHOro 

0Tp4>K9BHSI cneTa ll Op901!4 01:0110 30H)l8, XOTOpb16 i-p- nepexo.n 8 "lyRCTByeT' H4 6onee 

.nanexoM paccToliHIIH, Anll paaHwx o6paanon .naaMeTp aoa.na no.n6apanc11 n IIHTepnane 

Me>+<.ny 40 K 100 MXM, 

npB T6X BllTeHCJIDHOCTliX CB9T4, XOTOpble BCDOJib30n4JIHCb .O:Jill CllliTIIll IpliBbiX ¢oro

TOK8, He 6b!1!0 3 4M9"19HO 113N9H9HHSI n HllXJIOH9 KpHnbiX D p - 06J18CTB, 

npll HCnOIIb30n41IHH liH¢paxp4CHOf'O CnOTOtPIIIIbTpa T4I>Ke HO 6bl1!0 38M9"19HO ll3WOH6-

HHJI XpHnbiX tPOTOTOX8 IIO Cp4niiOHllJO C Xpll:nb1UK 0 DOIIY"ll>HllbiMII: 693 cneT0¢11JibTp4, 

( 

YfanecTHO, "'TO DpH H3Njlp6Hll!IX .O:KtPtPY3110HllhlX .ll1IIIH HOCKTeneQ TO:X4 n llCCJIO.O:YOWbiX 

o6paaullX ae .uon>KHo 6b1Tb 31!eiTpH"lecxoro non11. EcnK cyLuecTnyeT nona, xpoue .tu1¢¢ya••
1 

6y.n e T HM9Tb NeCTO H .npell¢. Yfa JIBXJIOH4 DpliUOJI .llllll norap11¢Ma ljlOTOTOXll B aTOM Cny-" 

All 
"189 onpe.nengeTCH • s¢¢exTIIBBa!l" .0:1111118 .n•qxpyaKII L

3
¢, xoTopall, X8X noxB3an PblnXIIK 

llJTH AHanorll"lllblX uawepeuxll, 6y.neT cnli34H8 c JlB¢¢yaxosxoll .nmiHoll L .ax¢ 11 .npeA¢o-

DOl JliiHHOJI L • lirE (r.ue E -3neiTpK"l&Cioe none) ypanBeBKC"' 
.np 

L.np I~q,-

~ 

LllH¢ 

L3¢ 
(6) 

H8 pHcyaxe 6 npllne.nellbl 7 :xpKnwx ¢oTOToxa npx Hanpli>KBHIIIIX aa o6paane1 113 1>(9llr" 
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IOLUIIXCSI 'l8p83 20 B B HHT8pBM8 100 .;. 220 B. Vf3 pBcyHBB BII.UHO, '!.TO 118 HII.6IDO.Q!I8TCSI 

3!1M9THblX 113W8H8HHJI HBKJIOHB 1IpS1WbiX B 38BIICliWOCTK OT BOJIH'UIHbl 06paTHOT'O CMOlUOHKll. 

3TH K3W8p011Bll npOB8.ll8Kbl HB HOCl<OJibKBX o6pB3!l BX, B W O>KHO 6btn0 3BKJIIO'UITb, 'ITO o6par 

HOe CW8LU8HHO 118 W8lllB8T H3WepeHBSIW Bp8M8HH >KH3KH aJieltTpOKOB B p - 06JIIiCTH .llOTeK

TOpos. 3TOT tlJBXT MO>KHO 06'bliCHliTb T OM, 'ITO p - 06JIBCTb O'!OKh lJH3XCOMH8SI no CpdBHe

HB~ c i - o6nacThro, H n ueA He B03HHkaeT aaMeTHoro 311eKTpxqecKoro nang. 

npHW8H8HBe o6pBTHOT'O CMOlllOHIJII YB81IH'IBBBOT 'I}'BCTBHTOJihHOCTb MOTO.Qa. 3To o 6-

C TOSITenhCTBO WO:>KHO HCllOnb30B8Tb1 KOr.lla .ll9T9KT'Op He HWeeT LlOCTtlTO'IHOit 

C TB.TenhHOCTH. 

nonyqenHhte .uaHHble o speweuax >KII'3Hif anexTpoHos s p - o6nacTH .ueTexTopos 

Y.llOBJI8TBOpHT01IbHO COBfiB.Q8JOT C nacnopTH blMH .UII.HHb!MH HCXO.UHOT'O MII.TOpHBJIB. 

5 . 3 a x n 10 'I e B B. e 

Ka]( noxa3biBaeT axcnepHMeHT, T01IlllHHbt OT.nenhHbiX o6nacTeJ! p - i - n - cTpyKTYPht, 

H3M8p811Hbl8 CBOTOBbl M 30H.UOM, 3BMOTHO He 311.BBCKT OT 06pBTHOT'O CMOUlOHIUI HB .UOTOKTO-

p e . 

KpoMe Toro, npuMeHHll onTH'IecxHll 30H.U .UJIH onpe.ueneHHll TOnLUHHbl 11 cTpyxTypbr 

0T.ll81lhHblX 06JIBCTeJI, no HBKJIOHY ITpKM blX JIOT'BpHtlJMS tlJOTOTOKB OT fiOJIO>K8HH ll 30H.Q8 118 

TOpue .ll8T8KTOpa MO>KHO onpe.uenHTh BpOMll >KH3HB aJioK TpOHOB B p - 06JIBCTH .llOTOKTOpOB . 

8 aToll pa6oTe axcnepKMOHT81IhHO HCC1I8.llOBBHbl yCJIOBHll, npH KOTOpblX BOOMO>KHbl H3Mepe-

HHSI Bp9M91IH .>KH3HR. 

BenH'IKHa npeMeHH >KH3HH Kcxo.uHoro MaTepHMa smnHeTCH o.uxoll K3 e ro OCHOBHbiX 

XBp8KT8pHCTHK II B 3HB'IHT81IbH~ll CTOITOHH OITpO.UOJISIOT KB'IOCTBO .Q8T8KTOpa. EcnH B npo

U8CC 8 H 3T'OTOBJI8Hllll .ll 8 T 8 KTOp8 (HBDpHM e p, BO Bp8MH .lllltlJtlJY3HIJ JIKTHll ) Bp8MSI >KH3HH 113-

M9HHnOCb1 3 TO MO>KHO onpe.o.enHTb H8 rOTOBO!.( .ll9T9XTOpe, He flODpe>K.llO!il e ra. 

KpoM e T OT'O , npe.nnarae MyJO M8TO.UKKy, no HBllloMy MHOHHJO, MO>KHO C ycnexoM npH

M e HHTb .O.nR KCCne,llOBB.HHR llpHK OHT8KTHblX 06nacTel, .llBKH.UHX CBe.QeHH.R 0 X.8"CJ:eCTB8 KOH

T8KTOB, Hrp8KHUHX B8.>KHylO pOllb B T9XHOnOrHH H•3l"OTOBneHHSI XOpOWKX ,lleTeKTOpOB. 

On11cauuyiO MoTO.UHKy MO>KHO npHMeHnTh 11 na .npyrux .ueT eKTopax, H3!"0TOBneHHb1 X 

113 tlJOTO'I}'BCTBHTonhHOT'O IIOJIYUpOBO.UHRKOBOrO MBT8p HMB H,n 'IIICTHOCTII,H9 p - i-o- rep

M&HKBBbiX .0.8T8KTOpax. 

AeTop Bbrpa>KaeT cep.ue'!HyiO 6naro.uapHOCTh E . M.ronoBHHY H E.II.OcnneHKo 38 HHTe 

pec K pa60Te H IT01I83Hb18 COBOT bi . 
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