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I, B Be A e H x e 

PeKON~HB8AHH HepaBHOB&C~X HOCHTenell TOXa OK83~BaeT CymeCTBeHHOe BnHHHI8 

H8 pa~OTy DOnyDpOBOAIIIXOB~X llpH~OpOB, Oaa Ollp9A81lll8T BpeNH lKJI3HH IIOC•Tenell TOXA 

xax a o!S1.eNe, Tax x aa uoaepXHOCTH nonyupoBOAHHXA, HaaecTao, 'ITO acjlcjlexTKBHoe BpeNH 

lKII311I 

_1_ + 
•o 'n (1) 

rAe r • - o!i1.eMHoe apeMK lKJI3 HH, a r n - BpeNH lKII3IIJI HOCHTenell TOKa Ha IIOBepXHo-

CTH, CymecTByeT MHoro MeTOAOB AllH onpeAeneHHH BpeMeHH lKII311J1 aeocHOBH~X HOCHTenell 

TOIC&, 

lliapoxoe pacnpocTpaaeaxe nony'lHnH ~oToanexTpH'l&CKHe M e TOAhl onpeAeneHHH AH~y-
/ 1 2 3 / 

3HOHHbiX AIIIIB sepaBBOBeCBbiX HOCHTenell Toxa ' ' • Ecna ~To'lyBCTBHTellbH~II nony np<>-

BOABHX OCBem aeTCH yaxoll DOilOCXOII CBeTa, TO HepaBHOBeCRhle HOCHTe nu TOXa - AblpltH 

AR~YRARpyiOT B aaTeMaessyJO 'laCTL o6paaua 11 HX xosneiiTJlaAHH yMeHbiDaeTCn no aaxony 

L . , 
rAe p0 - xosneBTpanKH A~pox Ha rpaBKne cseT-TeKb, T,e, npn x • 0; 

OT UeHTpa OCBeDI9HBOII DOilOCXII AO TO'IXR 0 rAe OnpeAellH9TCH KOBUeHTpaUHHi 

3HOH.IIaH ADRBa ~OHB?KeXTHpoBaHHbiX A~pox, 

(2) 

X - paCCTOSWHe 

L 1 - AH~y-

nowxapeB
141 

noxaaan, 'ITO ecnx sa noBepxaocTH nonynpoBOAHHKa B aenocpeACTBeaaoll 

6nH30CTH OT OCB9Ill9HHOll I!OilOCXH ycTaHOBil9Ha M8T81lllB'leCX8H HrODK8 (xrpaiOIU8H pom. 

xonnexTopa), TO osa aapJVKaeTCSI AO noTesnaana 

RepaBBOB9CRbiX cjloTOHHlKeltTHpOB8HRbiX HOCHTenell TOK8 

V0 e 
X 

L 

nponopuHOHallbHO ltORUe BTp8UBH 

(3) 

x •0, Ecnu (3) norapH~MHpyeTCH, TO 

to V ~ = f (x). 
(4) 
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ci>OTODOT8DUIAII v .p .awapKe'I'CJI ... cjlyDJt•• :r 1 w•JKAY lD ·v 41 • :r •a!SnJOAaeTC• 

IDIJ!&lt.llaJI 3ABJICHMOC'l"Jo. no JIAUOJIY DOlly'le.IIHolt DpJINOI 0Dp8AMJ18'1'CSI O.pcjly3JIOIIIUlJI Amilia 

L • ,UnH Bbi'IJICI18DJI BpeMe.IDl l1013J!JI BeOCHOBJlbiX JIOCJITellalt TOJta, ltpOMe L~ seo!Sxoow 

Jl HX ltO&.P,PanaeBT AX.pcjly3JIJ!JI 

D 
I' 

D , JtOTOpblll onpeAaiiJia'I'CK aa ypaa.11eJDu1 31JDDTelHa 

kT 

q (B) 

rAe 1' - DOABJilKJIOCTh BOCJ!Tellell, k - DOCTOJIIIRAH B<>llhllNAB4, T - aiSc:OIIJOTBaJI 

TeMIIepaTYP& R q •34PKA &lleJ:TpOBa. BpeMJI lKR3J!JI ReOCBOBIIbiX ROCHTan:el TOXa onpa-

AeiUieTCSI ypaBHeRHeM L2 
r •--

D (6) 

llpa onpeAeneBHR r AOIIlKeB !Sbl'l"'o BblnoiiBeH pSIA ycnoaall, ltOTOpble onpeAelllllOT 

/3/ 
npHMeHHMQCTh Aa.IIHoro MeToAa. Ha TeopeTH'lecxoro asaiiHaa BHAHO, 'ITO B s:a:cnepaweu-

Te AOIIli<Hbl BbiDOIIHHThCll C118AYIOIIlJie yCIIOBHll! 

a) w < .J.:r • t -> 4 :r 
- 5 min - max ' rAe J: • H 

m1n 
J: max , 

COOTB8TCTB8HHO, MKHHMallhBOe H M41tCIIM411hH08 paCCTOSIIIJIH MelKAY OChiO CBeTOBOII DOIIOC-

ItH H ltOIIIIeJ:TOpOM, W - WHpBH8 CBeTOBOII DOIIOCitH, a f - 89 AIIHH8 . 

!S) CxopocTioo noaepXHOCTBol peJtoM!SKH8DBH s AOIIJKBa !Sb!Th AOCTaTO'IHO ManoA, 

'ITO!Sbl H3M8pHeMoe BpeMH lKB3KII OnpeAeiiSIIIOCL o!S'JoeMBOII, 4 He noaepXHOCTHOII peKOMfiBHa

DHell. 

B) ,Upeltcjl HepaBHOBeCHbiX HOCHTellell TOita B O!SI18CTH KOIIIIeJ:TOpa AOIIlKeH OTCyTCTBo-

sa'l"'t. 

r) OcaemeHBall '!aCTio o!Spaana H ltOIIIIeJ:TOp AOIIlKHbl fib!TL OTAalleHbl OT ero rpaRHD 

Ha paCCTOgxJ[e, He MeKJowee AH.P,Py3KOHHOJI AIIHHbl. 

/56 7/ 
B pa60T8X ' ' A810TCH AallhHellwaSI TeOpeTH'!ecxaH p83pa60TK4 MeTOA4 Jl AODOIIHJI-

/6 7/ 
TenhHble ycnoBKH axcnep•ueHTa. Tax, Hanpauep, B ' noA'!epxaaaeTCH, 'ITO B STHX 

H3MepeHBHX 0'18.11h fiOIIhWOe 3Ha'!eHBe KMeQT reoMeTpHH ofip83Illl 0 B 3aBHCBMOCTB OT ltOTOpoll 

38Aa'l8 npHofipeTaeT KIIJI OAHOMepHblll, B11B 81tCHallloHo-CHMMeTpJI'IHblll xapaKTep. ,Uo6aBIISUOT-

CH eme ASS yCIIOBHSI! 

A) EcnK B nonynpoBOAHHKOBoll nnaCTHHXe TOIIIIlHHoll d CBeT npOHKK48T Ha rny6HHy 

A , TO B Cny'lae, ltOr.[la CltOpOCTJo DOBepXHOCTHOII peltOM6HHalUIB Mana, AOIIlKHO BblDOIIHHThCH 

HepaBeHCTBO >.>_ d • 

e) KorAA A .~ d J1 J: >> d cjlOTOHHlKeltTHpOBAHHbie HOCBTeiiJI ABBJKYTCH ltaK BAOIIh 

o!Spaana, Tax • B nonepe'IKOU sanpaaneHHK. Owu6:a:8 npH onpeAeneHHB L ue npeBbiwaeT 

5%, ecnH 
"' miD 

npHfiiiH3HTellhHO onpeAeiiSieTCH B3 
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• 

l[ 

••• 

, 
- o,ss_ll_ 

L {7) 

8 cny'l88 OABOU8pBOII 38A8"lll mBpBB8 CB8TOBOII DOliOCU W Be BU88T C)'DUIC'I'B8B-

BOrO· 3B8'18BBII, 8 ee AUB8 AOlllKB8 IShiTio co&aMepauoll c mapaaoll BaweplleMoro 

o1Sp831l8, npa )'B81DI'18BBB TomllliBhl o1Sp831l8 8C118ACTBB8 llBIDIBAPB'I8C:I:Oro p8CT81:8BBll cjloTo

BBlK81:TBpOB8BBhiX BOCBTenell 38.11.8'18 DpBOISpeT88T lli:CB811J.BG-CBMM8TpB'I8CUII xap&J:Tep, 

Torua una BoBileBTpallBB p BU8CTO ypaaBeBBB (2) B&OISXOABUO BCDOIIJ.30B8Tio CnejQ'JOIIIH 

ypaaaeBBe: 

1 e 
( ll )'h 

LA 

L.ll. 

CoOTBeTCTaeaao cjloTonOTeB!lBan ISyAeT paaes 

B &TOM cny'l8e 

- v 0 
1 

( ll) ~ e 

L.o. 

...!. 
L.ll. 

L onpe.o.enHeTCll rp8ljlll'leCKB sa B3 ( 4), 8 H3 !jlyBKilBH 

{8) 

{9) 

fn V cl> + ~ tn :11 • f ( :11). (lO) 

npa HCDOIIJ.30B8BBB cl>opMynhl (9) B806XO.II.HMO npe.o.yCMOTp8Tb, 'l'!'O(ibl BhiDOnBllnBCb cne.D.yJO-

mue rp8RB'<Hhi8 ycnoa sa: 

S L .<< :11 •Ia >_ Sw 

S < _t_ .< 20 
- L -

t 2 
ll - ---0,16 

IDU 1SL 

x > L. 

B cny'l8e 8KCH8n&Boll cawweTpBH cKopocTB noaepxBOCTBOII pexow6HH81lBB ·a 

' Mana' , ecnu BblnonHsreTCsr ycnoaHe 

1 « V + « sDL 

cKopocTb noaepXHOCTBoll pexoMISHB81lBB ISy.o.eT •6om.woll• npa BhtnonaeBBB ycnoaall 

B nocne.o.aeu cnyqae 

ll 
-,:> H 

• 2 

~XL » 1. 
D2 

L onpe.o.emteTCSI ue aa {10), 8 aa 

{11) 

{12) 

{IS) 

{14) 

np8BHnbH08 onpe.o.eneBH8 L 38BHCBT OT naaelluocTB uelK.D.y V cl> B BOHll8HTpai(Bell 

ci>OTOBHlKei:THpOB8HBhiX ROCBTenell. naaeiiBOCTb cymeCTByeT, 8CnB BhiDOnBBeTCSI B8p8B8BCTBO 
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npH onpeAeneHBH L o!Sbl'l!IO HCnom.ayeTC£ MOAYnHPOBAHHblll caeT. KaK noA'Iep!tH

aaeTC i1 a 
181, AnSI CTBllHOHapBOCTR ycnoaal! aeo!SXO.IIBMO, 'ITOObl Bp&MIIJUI BKnJo'I811B£ B Bhl-

KJIJO'IeHRH caeTa OTBe'lanB ycnoBKSIM 

t > 1rr , 
X ~ 

t > X 

( D)~. 
(16) t > 

4D 

II • 3~tcnepHMeaTaiibHAB ycTa~oaJta H ycnoaB£ ll3MepeoA 

Ha puc. npeACTaaneaa cxeMa sKcnepaueaTaiibaol! ycTaaosJtK, ucno~ayeuag AnSI 

OnpeAIIneHB£ Al!!4M!JY3ROHHblX AnRII cj>oTOHH>KeltTKpOSAHHbiX HOCHTenel! TOKA S KpeWHHB, a, cne

AOa&TeiibHO, R BX speMeH >KH3HB. npa R3MepeHRSX C06moAanBCb see Sb!meOTMe'leHHb!e rpa

HH'IHble ycnosHs. BoiiblllHe paaMepbl o6pa3noa csoAHnB 3aAaqy 1t a~tcuam.ao-cuuueTpR'Ie

c KoMy cny'laJO. B ltB.'IeCTse HCTO'IHHKA CSOTA BCnOIIb30B8n8Cb 30-aB.THB.R nauna H8K8nBS8-

HHR C BOIIb<jJpAMOSOil HBTbJO. 3To of5ecne'IBSB.no HH31tYJO KOHUOHTpanBJO HeOCBOSHbiX HOCRT&

nelt. nocne lllnBcj>oBKB see o6pa3Ub! TpASRnHCb S CMOCR 830TROII B nnasRKOBOII KRCnOT S 

OTHOWOHHH 2 : 1. 

nns npaaSIIbHOro onpe.neneBRR AH¢¢Y3HOHHb!X AnKH HOOCHOSHblX HOCHTenel! TOKa S o!S~e

Me o6pa3U8 Be AOn>KHO cymeCTSOSB.Tb sneKTpH'IeCKOPO nons, TB.K KAK npH HSnR'IHK nons, 

KpOMe AK<jl<jly3HHR 0 f5yAeT HMeTb MOCTO H Apel!<jl. nns cny'laH, KOPAB. K nonynpOBOAH11KY npH

nO>KOHO snei<TpB'Iecxoe none E , xaK noKa3an PbiSKHH;g;• Me>KAY Apell<jlosolt AnHHoll 

LE=I'rE , AH<P¢Y3HORHOII AnRHOII 

CTsyeT cneAYJOma>l CSH3b 

L 
E 

L -s.P 

L H s<jl<jleKTHSKOit AnHKOII AH<jl<jly3BH 

~ 

L 

Ls<P 

L s<jl cyme-

(17) 

803HHitHOBeHHe HOKOTOporo sneltTpR'IeCI<OrO nona S STMX SKcnepHMQHTAX S03MO>KHO 

S o6naCTH KOnneKTOpa, KOrAS MO>KAY KOnnei<TOpOM H 383eMneHHb!M sneKTpOAOM o6p83U8 

nonasanacb pa3KOCTb noTeauaanos a Hecxon&Ko som.T a c03naaanc£ TOK 
~I 

nopSIAKa HecKom.xax MBKpoaMnep. B pa6oTe An>! noAo6aoro cnyqas sbl'IHcnseTC>! pac-

CTOSIHHe d , HB. KOTOpoe pacnpOCTpSHReTCSI none BOKpyr HrOnKB. EcnH TOK npoTeKaeT 

'lepe3 Hronxy S nonynpOSOAKHK C npOBOAHMOCTbJO u nps TeMnepaTYpe T , TO B03KH-

xaJOmee OMH'IecKoe none E u Sbipa>KaeTC>I s saAe: 

E (18) 211 d ~ u u 

npH R3MepeKRSIX Apel!<jl 
kT 

Hoe none E A=-- » 
qL 

HOCHTenel! TOll:& S 9TOM none He !SyAeT MeWaTb, &CnB AR¢¢Y3BOB-

E , T.e. ecn• sh!nonBBeTCR aepaseHCTBO 
u 
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d » v-1- ..i!:... 
2tru ItT • d ·» L • 

(19) 

.Qng yMellbW911BB BnllllllllK Apel~0 OCOISeRRO IIA BWC0Jt00NROW1 JtOMII8BCRpOB&RBOW .JIRTR8W 

ltp9WIIBB 0 It Bromte DplllUUIAWB&nJICJ, 0'18Rio WIUIW8 B4DplllK8JIBB0 DpR KOTOpWX TOK J[OIUIQJ[TC>

pa ae upeawwan I wJta. KorAa &TO ISwno B03WOliUI00 R3Mep&KBII npoBOARnliCJ. ISea npanolKe-

BRfl BB9WHero R8DplllK8BRII 118 Hromty, H4DpRMep0 JtPR TOit8 .. 10-6 8 YA8llbll411 DpOBC>-

ABMOCTb IT •10-S CBM,M-
1

, L •0,2 CM R T•S00°K, Ha(19) DOII'y'I88TCII, 'ITO 

161 cl>> 0,35 CM0 Rnll d • 0,17 L , T,e, d >> L KaK DOA'I8PKRBa8TCII B , npa d•0,2 L 

BnRKRB9 ApeA~ M9HII8T ICOHD8BTp8llJIIO B90CROBBbiX BOCBT81181 TOU BISn113R JCOIUI8KTOpa DpB-

6na311T9libBO sa 20%, 

Ha pac. 2 uoxaaasa 34BBCKNOCTb v<IJ- f( ~ ) , rJXe E 41 - aRTeHCRB.ocn. CBeTa, 

MaKCBM8llbR8K IIBTeKCRBROCTb CB9T80 XOrJXa OCB9TBT8JihiiAB 118NDA BAXOAIUIACb OT o1Sp43Jl8 

88 paCCTOIIIIIlll S0 CM0 yC.JIOB*O DpiiBSITil 3a 100%, 0cT8llbRW9 TO'lltJ[ JfOny'I9Bhl DpR BCDom.3C>

BABIIII aeATpan&uwx cBeTocjlen&TpoB. Ha pncyaKa BBARO, 'ITO npa aTax RBTeacaBBOCTIIX cMTa 

B86.JIJO,II89TCII nRB&AIUlll 38BIICIIMOCTb M9lKJXY 

BOCTB N8li<AY IOBD81lTp81lR8A 4Mn"oBJCK8ItTapOB8RRbiX IIOCBT9119A TOU DpR IICDom.3yewoll RBTell-

CBBBOCTR CB8T8, 

Ha pac, S npeACTaBneHa cepa11 ltPIIBWX, npeACTaBJISilOIIUIX co6oll R3MepeRRR cl>o'roOTBe-

Ta V .p np11 yAanellRB CBeTOBoro aoHDa OT xonnexTopa, MaJCcxwam.aoe 3Ba'leBBe V .p nony-

'18.110Cb, KOrA& CBeTOBOA 30aA B8XOABnCII H8D0Cp8ACTB8HKO y ltOIUI8KTOpa,.Qng lt8li<AOA KpiiBOII 

H8'18.JIO OCR aiScuRCC CM8Jil8HO, 3TH ltpRBJ,I8 CKRMaJlRCio II)IK p8311DIX 3H8'18HRI Bp9N8HJI OCBe

Jil9BIIB t c , ltOTopoe wesuoc& B3MeaeKBeM lllllpas:w mena ao apamaJOmewCB uepepwBaTene 

CB8T8, 3TOT nepepWB8T8lib Bpam&IICB C DOCTOIIRHOII yrnosoA CXOpOCTbJO II COBepman OllJIH 

nons:wA o6opoT aa 24 wcei, 

Ha pacyne npKB&A&Hw 8 ltpiiBbiX A.llll 3114'1&KRA AnRT&IIbHOCTR CBeTOBbiX RNnym.coa 

0,1-6 weeK, H3 rpacjJKitOB BHAHo, 'ITO DOCile onpeAeneHHoro 3Ha'I&IIBII tc ( B xoopeTaow 

C.JIY'l89 DOC.J19 I C •2 NC&It) H8X.JIOB KpRBWX cjJOTOOTB8T8 D9p9CT811 M9HSITbCII C yBelm'le

RRQM A.JIBTen&HOCTR CBeTOBhiX RMIIyn&coB, 0TCJOAa NOlKHO 38J[IIJO'IaTb, 'ITO R3MepeBRB nps 

60n&WIIX npOBO,IIII.JIRCb B CT81lROB8pHOM p&lKRNQ R BhiDOIIHIIIIRCb ll8p8B9HCTB8 ( 16), 

npa B3M9p91lBIIX BCDOllb30B8.JICII CB9TOBOI 30aA C AIIRHOA t• CM R lllRPRHOA 

w • 40 Ml[llo(, Bwco1ta.11 cjJOToqyBCTBKTellbHOC-n. MaTepaana D03BOIIBJI8 pa60TaTb c TUol 73KOI 

mem.10 a cna6oA aaTeacRBHOCTbJO CB8Ta, YcRnJITen&, ltOTopwA IS&ut RCnOnL30BAH a ltTRX 

R3M9p9HBIIX0 RN911 O'l8lllo llR3JULI yp0B9Hh myMOB, 

.Qn!J RrO.JIKR RCDOilb30BAn8Cb BOIIIocjlp8MOB811 DpOBO.JIOit8 ,IIR8M8TpOM 0 05 MM, 3&TO'IJ[8 

aronxR npOBO,IIRII8Cb no o6bl'lHOI T9XBO.JIOrKR 0 ltOTOpall RCDo~yeT nponyCit8HR8 TOitOBWI 

HMltylibCOB '19p93 Rromty, conpRit8C81011lYIOCII C DOBepXHOCTbiO 8ll91tTpOnJIT8, noAISRp811 BQllJI-
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UK)' TOEa, A.JIJIT911bBOCT:Io BWJrylDtCO!I B MeiTpOIIBT, YA&Ull~ DOifY'GTit BeoiSXOABNYJO 

4lopwy B CT8D8Hb 3aOCTpeBBOCTB JII'onu. 

O.:aaanocb yAoiSsee B3NepKTb se 4K>TonOTeBDBan 

NY BN9CTO (3) cneAyeT H8nKC8Tb 

V til' a ljloToTo.: ·1 4l a ~~;eo, noaTO-

Jloraps41N11J>YSI (20) , nony~aeM 

I • I e 
41 0 

"' t. I q,- fn I o a -L 

L 

rAe 10 - <jlOTOTo.: nps ,..o • B BenocpeACTBeBBOA 

L ~ ~. 
to~ 

1,., 
o.:pecTsoct• xonne.:Topa 

(20) 

(21) 

9CTb aneKTpR-

~ecJtoe none. B aTOM c~ae npa sJtcnepBNeBTam.sow onpeAeneBHB L aellb3H acnollb3o-

BaTb 3B8'19BHSI <jlOTOTOIA I O B CBDB C orpaBB~911Jlll>m, HalUI8AbiB89MbiNB rpABB~HbiMB 

ycnoBBHMX. CoiS~na• rpaBH'lBble ycnosaa B Jta~AON xoaxpeTBOM cnyqae BAAO noAoiSpaTb 

T8KB9 AB9 TO'lltB C a6cnBCC8MH :r . 
m~ • I max , IOTOpbiM COOTB9TCTByJOT cPOTOTOIH 

1 min • ma:r • TorAa AnH aTax TO'lelt MO*HO aanBCaTb 

"' min fn I = tn I 0 -.. ,. ~ (22) 

fn I = fn 10 
J: max 

L 

OTKYA8 

L "' -X miD 

fn ~ 
(23) 

1mtn 

3To ypasaeaae scnom.aosanocb npa onpeAeneHBH L • 

III • 3.:cnepHMeBTanbHble peaym.T&Tbl 

I. 3<jl<jleKTHBH09 B p 9 MSI lK B 3 HH <jlo TOR B lK 91t T H p OB 8B B bl X 

aneKTpOHOB B p -.:peMBHH 

0CBOBB8B D9nb H8CT0Km8A pa60Tbl - onpeAen9HB9 a<P<PeJtTHBBOrO Bp9M9HB ~3BB 

HOCBTeneA TOK8 B IOMD9BCHpOB8HBOM nHTH9M p -xpeMJIJIII. 

C nem.10 nposep.:11 M9TOABKR IShlno onpeAeneuo acjlq,eKTIIBBOe speMB lKB3BB aneKTpe>

BOB B p -MaTepsane c saseCTBbiM o61.eMBhiN speMe&eM lKH31Ill. Hcnom.aosanscb o!Spaanhl 

npKMoyrom.aoll cjlopMbi as xpeMHBH p -Tana paaMepaMH l,Sxl,Ox0,2 CM
3 

c YA9nhHblM 
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CODpO'!'B&IIeJUieN p • 1,15 OM·M B r 0 •155 NltCeJt, nocne DU1H4lc>BJtB B TpllBlleHKll 

H8 TOpen o!Sp831l8 HaHOCHnCll sneJtTpO.II B3 BBJtenll, ltO'!'Opblll 80 Bp8Mll H3MepeHKB 3a:le .. -

RSUICII, K Jto1UieJtTopy npa~tna.Qhlsancll nonolKBTem.Bbllt DOTeHilHan B sec:xom.Jto som.T • •a

MepHIIAC& .IIR~3BORH811 .llnRB8 &neJtTpOHOB, 

Ha pac. 4 npe.IICTaaneua som.-r-aMnepRaB xapaxTepacTBxa TlUIJI'IBoro o«Spaana s TeN

ROTe, Ha &Toro pacyRJta &B.IIHO, 'ITO nonolKBTem.ahllt DO'!'eHllH81l arOIIJtB cooTBeTCTByeT Bhl-

npS!MRliJODl8MY aanpaBlleiiHK>. 

Ha pac, 5 npe.QcTaanea 4loTOTo~ xaJt ~HitllHH pacCToliHBH Me~ ~onneJtTopow B 

c&eTO&hiM 30H.IIOM, Kp~>.&all 6blna CHIIT8 '1epe3 '18C DOCile Tp8BneHRIIj KpHB811 1' 

&bi'IBcneaa no 4K>pwyne { 10), a xpasa11 0 COOT&QTCTByeT nacnopTROyY &peMeHB lKB3HH 

( r 0 •155 MJtCeJt), np11 &hi'IRCIIeHHR sq,jle~TH&HOrO speMeHR lKB3BB sneJtTpOHOB 6hlna RCDonh-

........,. D S 10-S 
2

; T S00°K
111

•
121 

K 2 6 30&8H8 .IIR't"''J3ROHH8ll lt0HC'l'8HT8 9 • • M Celt, npH • • pHB811 bl-

na call'l'a 11epea TpH 'laca nocne TpaaneHRs. Kpusa11 2' paCC'IRTaHa 113 xpusoll 2 s npe.llllo

no~eaaa, 'ITO C~OpOCTh llO&epXHOCTHOft peltOM6HH8llHR 3H8'1RT8n&HO ysenR'IHR8Ch, 'ITO DpR

&O.IIH'l' ~ aeo6xo.QHMOCTH nom.aosaT&CII <jlopwynolt (14). Ha 9THX rpa<jlaxos &H.IIHO, 'ITO aa

Jlnoa llpasol\ 1' H 2' o'lellb 6naaoE x saEnoay Kpasoll 0, Bbi'IHcneBHhle e<l>tl>eKTHBBhle speMe-

R8 lKB3HH .118Hbl & llOADHC!!X It pHCYHK8M, 

Ha STBX R3Mepeuall &BABO, 'ITO ua ecM>eKTR&Boe speMll lKB31lB nponecc Tp8BlleJUill 

OK83hl&aeT 6om.moe &nRRHRe. B !Som.m&RCT&e cny11aes aa6niO.Qanoe&, 'ITO nocne Tpaane&BB 

s<jl<jleETR&Hoe spews li<B3BH !Shlno s S-4 paaa Mellhme yxaaauuoro B nacnopTe. Eme c.am.

aee 38HH~8HH8 scM>eKTR&Rb!X BpaMeH B8!SRI0.118R0Ch H8 mnBcpOB8HRbiX DO&epXHOCTIIX o6p831l08o 

2, 3cpcpeKTH&H08 &p8MR ~H3HH ROCRT811811 '1'01[8 B JtpeNRRH1 

EOMD8RCHp0&8RROM IIHTR8N 

/18/ 
TexaonorRR llOny'laHHII EpeMHRII c Bb!COKHM CODpOTRBneBHeM, npe.Qno~eRIUill nennoM ' 

OCH0&8H8 H8 HCDOnh30&8RRH AH~3BB B .Qpell<jla BOROS nRTBII & p -xpeNJUIB B mHpOEO 

HCllOllh3yeTCII DpH H3rOTOBli8HHH p - i -D .II8TeKTOpOB 11.118pBb1X '18CTBJl, 

npe.QCT8&1lR8T HHTepeC 0Dp8A8R8BH8 &peMeB ~B3BR HOCHTallell B O'l'.II8RaHhlX CROIIX 

c p- i - n .QaTeETopoM. Paapa6oTaHo MHoro MeTO.IIO& onpeAeneHBR 8peMaBK ~R3BB 

H80CH08Hb!X HOCHTenell TOK8 8 D R p -M8Tepaanax, OAH8K00 88'l'Opy 3TOII CT8ThB R8 

H388CTHbl nHTap8'J'YpHb18 .118HHbl8 0 spaMaH8X lKB3HB 81l8KTpOH08 H .AhlpOK 8 EOMD8BCBp088H

HOM, T8K H83biB8eMOM, " i " -KpeMHBB. 

Ecna B i -MaTepHane a sa ero no8epXHOCTH He cymeCT8yeT peKoM6HH81lKOHHbiX 

U8HTp08 38X88T8 H nosymeK, !Sonee scM>eETHBHbiX ARB O.IIHorO H3 THDO& HOCHTaneA TOK8 0 

TO MO~HO O~HA8Th 0 qTO HX &paM8H8 ~R3HB 6yAyT llOqTH OABH8E08bl, 3TO'l' M8Tep&an 
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aueaT o'lem. BhiCOJtoe yAero.soe coupOTIIBJlesae 11 ero NOlKBO upa!SimlKeBBo paccwaTpKBA'l'h 

110 11/ 
Jt&Jt !tpeNHBII C C06cTBeBHOII npOBOABMOC'l'hiO • .QnJI T&Jtoro W&TepBana ' C AOCT&TO'IIIOII 

CTenem.K> TO'IIIOCTH (npll cna60M cjiOTOB036yJKAeBBII 113 ycnoBHJI ·Anll lleATp&lll>BOCTII ll:piiCTar.

na) cneeyeT, 'ITO spewau lKJI3D eneJtTpOIIOB 11 Jlhlpolt W:Oli(JIO up••~ paallhiNK, T.e. 

r • r • r 
9 ,A 

.Un11 onpeAenallllll scM>ez:TIIIlBhiX speMell lKII3D enaJtTposoa 11 Ahlpoz: B i -Kpaw:HllB 

HCIIOID>3088UCII BhiW80liiiCAHllhlll WQTOA H3M8p911HII A!lfjxpy3110Hli~X AnHII oj)OTOBBlK8l!:THpOB4JI

HblX HOCHTenall TOit&o 

Pyc6paJt
1151 

noJtaaan, 'ITO B nonyuposoAHBitOBOM MaTepsane co cuemaBHoll npoBOAH

MOC'l'hlO, II:O&<PclmllBeHTOM uojlojly3HH 6yA9T IIBUIITbCII II:O&ojlojlallBeliT 6snonKpliOll ABfjxpy3HH 

D - no+ Po 
(24) 

---l!..ll. + ---1!..2. 
D A D9 

rAe •o H p
0

- COOTBeTCTB8HHO p8BHOBeCHhl8 II:OHII8HTp81IHH snez:TpOHOB H AhlpOKo .Qnll 

rronynpOBOAHHJta C C06CTB8HHOA npOBOABMOC'l'hK> ( no • 

D. = 2 
I 

DAD II -D + D 
A 1o 

Po) 113 (24) rrony'laeTCK 

(25) 

4>opuyna (25) elblna HCIIOID>30B&H8 npB 01Ip8A8U9HHH AHfjxpy3BOHHOll JtOHCT&HTbl snexTpOHOB 

-3 2 -3 2 
• ahlpoJt a i -JtpeMIIIIH. llpHMeHKK D•3•10 "' /ce• • D •1,2"10 M / ceJt xax 

/11 12/ 
9 

-3 2 n 
B ' , H3 (25) nony'I88M D.-1,7•10 l\ol /ceK. 3TO 3H&'IeHII8 lt09~HllBeHT8 6snongp-

HOII 11Hojlojly3HH BCIIOl!L30BBUOCb npH Bbl'IHCU8HHH 9~JCTHBHblX speM&H lKH3HH 9U9JtTpOHOB 

H AhlpOit B -Kp9MHHH. 

6hinH orrpeJleU&Hbl 9~9KTHBHbJe Bp9M8H8 lKH3HH oj)OTOHHlK8KTHpOBBHHblX HOCIIT&nell Te>-

2 
KB B HeCKOUbJCHX IlpiiMOyrOIIbHhlX IIU&CTHHK8X C IIUOWBJlblO OltOUO 2 CM H TOUWHHBMH 1-2 MMJ 

IIOZOpbl9 6hlnH nOny'leHbl H3 n H p ·IIepeXOJlOB JIYTeM COWnHojloB&HHII n H p o6nacTell. 

I13MepeHHbl9 3HB'IeHHSI &<I><PeKTIIBHblX Bp8W8H lKR3Hll B p83Hh!X IIUBCTHHKBX OK838U&Cb 6UH3KH-

MH. 

Ha pBC. 6 IIOK838H8 CHIITBII HB -nn&CTHHKe T8MBOB&T8H BOnhT8MII9pH&JI XapaKTe-

pHCTHKB, H3 KOTOpOli BHitHO, 'ITO BhliipSIMUeHHe npBitTH'I9CitH He H86UlOABeTCII. 

Ha p11c. 7 !tpHBBB 1 npeJlCTBBUKeT H3M&HeHHe <!>oToTOKa 1<1> C H3MeH8HHeM paCCTOII-

HHII MelKAY KOUUeKTOpOM H CB9TOBOll IIOUOCKOll. B 9TOM Cny'lae K Hronxe He 6hin npHUOlKeH 

BHeWHHll IIOTeHJIHBU, HO C IIOMOWblO OCIIHUUorpa.pa 6h!UO orrpeJleneHO, 'ITO KOHT8KTII811 

p83HOCTb IIOTeHIIH8UOB MelKJly nonynpOBOJlliHKOM H HrOUKOli 38plllK&eT 98 ItO IIQKOTOpOrO 

nonolKHTen&soro noTeHJisana. B &TOM cny'lae sronKa IIBnKnaC& KonneKTopoM ojloTOHHlKeJtTH-

pOB8HHblX SUeKTpOHOB. 

10. 



I 
;.. 

I 

Ha pltC, a DpeJI;CT&Meltbl Te •• ltpltahla, CJIIIThle •• o15paTBOII CTOpoae JUIACTBJIDI, 

Ha Tow JKe p•cyne a:ou3a.a:a JtP•a•• 2, CllaTa• c •cnollb3oBaaaew aatjlpaJtpacaoro CB8To

oll•m.TJia (HKC-2), Ji3 xopomero coaa:Ueltltlt N&JKJI:Y xpltBhlMI 1 It 2 WOlKIIO 3AitlliO"'ItT1o, 

'ITO ltOpOTitO.OilltOil&lt "'AC'n> Cll81tTp8 It& OU3hlll89T 38M9TBOro llllltiDDIIt lUI XOA ltpKilhlX 

ojlo'rooTaaTa, 

ITp• K3Mepe~ CBeToaa• a:onocJta acerA& nepeMemanac& a cTopoay BJtJteneaoro aneJt

TpoAa, a ltOilll&ltTOp Oi5hl"'BO H&XOABilCit ll CepeAJtBe Dn&CTBBIIt, 3JtcnepBM9HTAn&BO 15hlll0 

DpOBepeao, "'TO BKA XpHilOII ¢oTOOTil8T8 89 M&HHIICB C K3M9B9BK8M p&CCTOKHHB N&JKAy JtOil

ll&XTOpOM H 91l91tTJIOAOM 0 QCIIB 8hiDOillf9Hbl rpABR"'lfhl9 yCil08KB 'r', 3TO llKABO 83 Xplt-

8b!X pac. 9, ltOTOpble ClfKThl "1&p&3 M&CIIIl nocna TpaMaBHBo BaABo, 'ITO a«M>eJtTHBBoe 8p&

MK ~3BB 81l9ltTpOH08 'a B T9'19BB8 M9CIIIl8 (npH Xp8B9BBH DllACTBBitB B cyXOM B03JtyX&) 

yM&BhWRilOC& OT 3,4 MC&It (pltC, 8, Xp, 1') AO 2,0 MC&It, 

Ha -MaTapaana 15wno TAXJK& npo8apeao BllRBBBe wnacpoBJtB sa HAJtnoa xpaBoll 

cpOTOOT8&Ta. Ka1t • OJKHAanoc&, aaxnoH xpBBhlX yM&BbWHnca nocne wnacpoBxa. 3To BHABO 

83 rpacpW1t08 88 pHC, 10, nocne wnHcpOBXH ol5pa38n A8YitP8THO XBDBTHilCB B 15BAHCTHnnRpo-

88HHOII A&ROBB3HpoBaHHOII BOA&. ~OTO'IYBCTBHTem.aocn. nnacTHHXB yMe&&wanac& • AllB no

ny"'eBHH CTal5an&aoro cpoTOOTBeTa aeol5xoABMo 15wno noAa8aT& ~1B ua KonnaJtTop. Ha pac.10a 

npaAcTaBneaa xpaBaK 1 npa +18 ua KonnexTope, a sa pac, 1015 npa 1 B. KpBBhle 1' a 

2' 8bl 'IBCil9Hhl no ( 14) 8 np&ADOilOlK9 BBB, "'TO CXOpOCT& nOB&pXBOCTHOII peXOMI5BH8DHB 6om.

W8B, JiaTepeCHO OTM8THTh 0 'ITO ltpHB8B 1' Ha pBC, lOa TO"'HO C08naA89T C XpH80A 1' 88 

pHC, 8 B Bhl"'BCil9BBbl9 a«M>eltTBBHhl9 8p9M9H8 JKII3BH OAHHaKOBbl ( r 9 •3,4 MCeK), 

H3 KpH80A 2' lUI pac. 106, JtOrAa sa aronJte 6bm OTJIBil&Ten&abi ll noTeanaaa -lB, 

nonyqaeTCH AllH a«M>eKTHBHOrO 8p9M9BH lKH3HII Ab!pOK r A •8,5 MC&K, "'TO B ABA pa3a 60ilbW8 

npB89A9HHhle B pa6oTe pe3yn&T4Tbl BBilHlOTCli npeABApHT&n&HblMH. Kuo8a pom. no-

89pXHOCTB B paCCMOTp&HliblX npOll&CCaX noxa H9H3B9CTHO, Jlnsr Bb!HCH&BRSI 8TOrO BOnpoca 

8 HACTOlDU99 8p9Mll DpOBOAHTCll 8J<CnepBM9HTbi, 

ABTop BbipaJKaeT 6narOAAPBOCTb B.M.fonosaay a B.n.OcaneHxo 34 HHTepec 1t patio-

T& It none3Hbl9 COB&Tb!, 

naTepaTypa 

l, F..S.Gouchel• Phys. Rev., v. 81, No. 3, p. 475 t19!>1). 

2. F:.S.Goucher;G.L.Pearsou, II. Sparks, G.K. Teal and W.Shockely, 

Phys. Rev., 81, p. 637 t1951). 

3, L. Valdes. Pro c. IRE, 4U, 14:.!U (1952). 
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4. B.E.nomupea. )1(3T41, 1J, 9I7 ( 1948}. 

5. S. Vi avaaathu ud } ;F. Battey. J. App1. Pllya., v. )5, p. 99 (I954). 

6. E.H.PamiSa, K.E. Tommr o. Y41)1(, T. 1. BHn-I, CTp.29 (1966 }. 

7. K.Jl.fnua'l}'x, O.f.MacNJOx, Y41)1( , T.I, uu. I , CTp. 44 (1966) . 

8. ' Tex.aonorasr nonynpoBOABIIKoBwJt waTepaanoa' MocxBa,I96I r . ( nepaao.~:~ c asrulcJto-
r o, no.~:~ pe.~:~aJDUieA KaB.[l. ojlaa. waTeM, aayK M.H .Hrnauw•a). 

9. C.M.Pb1 ex.aa. )!( Tel> , ~ 2I36 (1954). 

IO. C .M. P biBKHH. '«<>OTo•neKTpa'lecJtae eneaKsr B DOli)'UpOBOAHKKax', MocxBa, (I963). 

11. M.H.Hr nnwK, IO.A.KoBueaoa • B .Jl.KyAu. )!(Tel>, T.27, B.7, c-rp. I425 ( I957), 
I2. M.B.Prinse. Pbys. Rev., 93, No. 6 (1954). 

I 3 , E.M.Pell. J. App1. Pbys., v. 31, No.2, p. 21Jl ( I 960). 

I 4 . P.C MKT, •nonynpoeo.~:~HHxa', nepeBOJ:l c aarrudlcxoro, uo.~:~ pe.~:~ aKlllleA B.n. )l(y3e, 
Mocxea (I962) . 

I5 , ·van Roosbrack. Pbys. Rev. , 91, 182 (1953). 

Pyxonac& DOCTYDHna B H3J:l8Tdn&CXKA OT.I:len 

2 BlOBS! I965 r. 

12 

-2206 

4 

6) 

8 
12 

10 If 

PH c . 1. a) npBHilBnHSnbHSSI CX8M8 9KCnepHM8BT8.llbBC?A yCT8.BOBX.B anSJ onpe.[leneBBB .a.ecWJyaBOBHLIX .o.naa 

4JoTOHBJK9KTHpOB8.BBhi X HOCHT9nel TOit8 B KpeMHBH ! 1-80- BB.TTHAH liaMn8 BaJC8.11H&llllBSI; 

2-KOH.Il8BC0p ; 3 - me~; 4 - MOTOp-npepbl&aT&Jib CB&Ta; 5 - 06'1t&ITBB ' IOmrTep-3'; 6 - H3-
M8pHeMLIA o6paaeu; 7 - aronxa-xonnexTop; 8 - BBBT .D.nB nepeMemeaas o6paana BO apeMH 
H3Mepeaug; 9 - 6aTapesr; 10- ycunaTenL; 11 - MBxpoaMD&pMeTp; 12 - ocuannorpa~; 

13 - CT86HnB38TOp; 14 - B btrrpSIMHTelih . 

15) H3MepS1e MbiA o6pa3en c pacnono>KeBlleM caeroa o A nonocu • x:.onne.KTOpa; 1 - ceeT oaa st n o

nocJta c wHpaaoA w ... 40 MJtM a n1IRaoA t - I eM; 2 - Jtonnex:TOp ; S - o6paaen •a x:peMHKSif 

4 - liHJteneabiA snez:Tpo.n; :z. - OCh a6cnBcc, c oanua JOma g c aanpaaneaBew nepeMemeHBSI 
o6p83Il8 OTHOCHTelihHO CB9 TOBOA nonOCK.H 80 8p9MSI B3M9p9 HBSI. 
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egJtp 
2,0 
f9 l 0 0 , 

1,8 

1,7 

f,6 

1,5 

1,4 

1,3 

1,2 

0 2 x,,;,,., 
Pac. 7. norapH~M cl><n'OOTBeTa I "' J<ai ci>7KXtliU I paCCTOKHHH M9li<IIY J<Oilli9J<TOpOM 

R cseToaol uonoc:~:.ol u nnaCTsue i 
1 

• KpB&aSI 1 D0rlty11(&BA az:cu-

fgJ~ 
2,0 • 

1,9 

f,B 

1,7 

1,6 

1,5 

1,4 

1,3 

1,2 
0 

p•wes;Tam.so, a K.pB&aSI 2 Bhi'Ocnesa B3 x:p•soA 1 npH BCU01tb30BAKK• 

~pwyllbl (10). H3 KpHBOI 1 DOl!y'IB9TC51: L ,-1,8 MM, ' • • 1,8 MC9Ki 

113 :&.pBsoll ' - L
1
,• 2,8 w:M, r 1,• 4,6 wcei. 

, 2 X ,MM 
Pac. 8. norapK~M cl><n'OOTB4ri'A I "' J<ai ci>7KXDHH paCCT051HK51 Mell<lly )[Oilli9)[T0pOM 

B CB8TOBOI DOliOCIOI, CBSITb18 sa o6paTBOI CTOpOB8 nnaCTBJO.B i 1 • 

KpHBble I • 2 DOl!y'I&Hbl excnepHMeHTam.ao, a J<PHBble f a -;!-Bbl'IICllell"' 

H3 JlPHBhlX 1 • 2 np• IICDOIIh30B8HH H ~pwyn.. (10). H3 ltpBBblX 1 • 2 
IIOIIJ'IAeTCSI! L 1, 2•1,7 MW:, r I, ~ •1,8 WC8It B3 IpiBhlX 1' B 2' liOJty-

'IAe"tCSI Lt',2' -2,-4 M:N, , t ', 2'- 3,4 MC8I. 
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