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Bae,lleHHe 

PerHCTpaUHSI H31IY'i9HHii C llOMOlllbiO CUHHTH111ISIUHOHHOrO C'i9T'i_HK:a SIB1ISI9TCSI 

B HaCTOSHUee Bp9MSI OLlHHM H3 HaH6onee pacnpocTpaHSHHbiX M9TO.ll0B 9KCll9pHM9H

Ta1IbHOil Sl,llepHOR cPH3HKHo CUHHTH111IHUHOHHbitf C'i9T'iHK npe,llCTaBnHeT co6o10 npH6 op, 

COCTOSII!lHii: U3 CUHHTH111IHpyiOI!l9rO B9lll9CTBa 1 HCllYCKaiOI!lSrO CBST npH llpOXO:>Kll9HHH 

qepea Hero HOHH3Hpy10 meA 'i8CTHU bi J H cPOTOYMHO:>KHT91IH 1 npeo6pa3YIOlll9rO CB9TOBOii 

HMllYllbC B 9119KTpH'i9CKHilo ~M99TCSI MHOro BapHaHTOB_llpHM9H9HHSI CUHHTH111IHUHOHHOr0 

C'i9T'iHKa B 9KCnepHM9HTe. 8 601Ibll1HHCTB9 9THX 9KcnepHM9HTOB CUHHTH111IHUH0HHbiR 

C'i9T'iHK HCll01Ib3Y9TCH LlliSI LlBYX OCHOBHbiX ueneil:: KaK Bp9M9HH.Oii ..;. rlliSI perHCTpa

UHH MOM9HTa llpOXO:>Kll9HHSI 'iaCTHUbl qepe3 CUHHTHllnJITOp H KaK Cll9KTpOM9TpH'i9CKHil: 

- ,llliSI Ollp9,ll9119HHSI B91IH'iHHbi 9HeprHH 1 OCTaB1ISI9MO:ll: 'iaCTHUS:ll: B B9lll9CTB9 CUHHTHn

liSITOpa. BpeMSHHbie C'ieT'iHKH npHMSHHIOTCH B cxeMax BpeMeHHoii: ceneKUHH /.cxeMbi 

COBlla,ll9HH:li:1 Bp9M9HHbl9 aHa1IH3aTOpbif 1 a Cll9KTpOM9TpH'i9CKHe - B CXSMaX aMnnH

TYLlHOro aHanHaa H llHCKpHMHHaUHH. To'iHOCTb, HnH paapewaiOlllllSI cnoco6HocTb cxeM 

Bp9M9HHO:ll: C9119KUHH llOBbiillaeTCSI C YM9Hbll19HH9M Ll1IHT91IbHOCTH. HMllYllbCOB C'i9T-

'iHKa H 1 CaM09 rnaBHoe, c yMeHblliSHHeM paa6poca Bo BpeMeHH, paanenHIOlllSM 

MOM9HT llOSIB119HHSI HMllYllbCa OT MOM9HTa npOXO:>K,ll9HHSI 'i8CTHUbi 'i9p93 CUHHTH111ISITOp 0 • 

C YM9HbW 9HH9M Ll1IHT91IbHOCTH HMllYllbCOB YM9HbW aiOTCSI T8K:>Ke. 8Mll1IHTY LlHbi9 HCKa

>K9HHSI1 TaK KaK y6biBaeT BepoHTHOCTb Ha1IO)K9HHSI HMllYllbCOB .!lpyr Ha .llpyra. nocTo

.IIHCTBO 8Mll1IHTY.llbl HMllYllbCOB o6nerqaeT ycnoBHH pa60Tbi Bp9M9HHbiX CX9M 1 HO OHO 

He HBnHeTcH TaKHM o6HaaTenbHbiM, KaK B cnyqae aMnliHTYllHO:ll: ceneKUHH~ AMnnHTy.lla 

HMllYllbCOB Cll9KTpOM9TpH'i9CKOrO C'i9T'iHKa LlOll:>KHa 6biTb CTa6H1IbHOii H nponopuH~ 

OHallbHOH 1{0HH38UHOHHbiM llOTepHM. 

AMnnHTy.lla H LlliHTenhHOCTb, aMnnHTYLlHbiii H apeMSHHbiil paa6poc HMnynbcoB 

onpe.llenHIOTCSI npoueccoM ¢opMHpoBaHHH HMnynbcon, a TaK)Ka PSillOM BHetuHHX ¢aK

Topoa, OKa3biBa!OlllHX B1IHSIHH9 _Ha 9TH npOU9CCbio nepBbiM npOU~CCOM HB1ISI9TCSI B3aif

MO.ll9fiCTBH9 aapSI)K 9HHO:ll: 'iaCTHUbl C 8TOM8MH B9lll9CTBa1 B pearnbTaTe KOTOporo qac

THUa T9pHeT 'i8CTb HliH BCIO CBOIO 9HeprHI0 1 pacnpe,ll91ISIIOlllYIOCSI llO pa3HbiM J{aHanaM. 

TonbKO He6onbwaH .llOliH aHeprHH, OCTaB119HHOil B B9lll9CTB9 CUHHTH111ISITOpa, nepexo-

/1/ 
,llHT 38T9M B 9H9prHrO CUHHTH111IHUHOHHOil: BCllbilliKHo K09cPcPHUH9HT 'l

.· A£, 
=4£ , 

onpe,llensriOmHtt cooTHoweHHe aHeprHH BCllbiillKH A£c H nonHoii noTepH 9HeprHH 

qacTHUbi B sew 9CTB9 Ali • H83 biBa9TCSI KOHBepCHOHHOfi a¢¢eK':['HBHOG:Tb!Oo CBeTOBaH 

06'£eABJl~ rolC'lli'lJT 
SIJtepmnr: nccneJtoBamrli 

BHBilliOTERA 
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BCUbiWKa cocToHT H3 ¢oTOHOB- pa3HOH aHeprHH. EcnH F¢ - cpenHsHr aHeprHSI 

. a£. 
cPOTOHOB 1 TO qHCnO cPOTOHOB B CBeTOBOH BCUbiiLKe MO:>KHO UpHHSITb paBHbiM do: r" O 0 

. c~ 
B npouecce nepenaqH cPOTOHOB OT MeCTa BCUbiiLKH CUHijTHnnSIUHH K cPOTOK8TO.llY 

KOnHqecTBO clJoTOHOB yMeHbruaeTcSI. Koa¢¢HuHeHT S2 , noKa3biBaroruHil: nonro 

co6paHHbiX H8 cPOTOK8TO.ll cPOTOHOB, H83bi~aeTCSI OI1THqecKOH ScPcPeKTHBHOCTbiO CJlHH'

THnnSITOpa. npouecc Bbi6HB8HHSI aneKTpOHa OT.llenbHbiM cPOTOHOM H.lleT c HeKoTopoii 

BepOSITHOCTbiO p 1 H83biBaeMOH KB8HTOBbiM BbiXO.llOM cPOTOK8TO.ll8, 06pa30B8BWHeCSI 

cPOTOaneKTpOH bi C06Hp8IOTCSI H8 nepBbiH .llHHO.!l C HeKOTOpOH aclJciJeKTFLBHOCTbiO .Jll< 1. , 
S npouecce BTOp~qHOH 9MHCCHH Ha CHCTeMe .llHHO.llOB qncno aneKTpOHOB yaenHqHBa

eTCSl B K pa3, rne K- Koa¢¢nuHeHT ycHneHHSI YMHO:>KHTenSI, 

B pe3ynhTaTe H8 8HO.ll cpoTOYMHO:>KHTenSI UOCTyrraeT rrpH K8:>K.ll0H CUHHTHnnSI

UHOHHOH BCI1 biWKe 38pS!.ll 

Q=- IJE· ~2Pf'l. K e. 
. E¢ Ill 

r t2p~ 
BennqnHa = ·c;5 

Ka:>«:nbr:H H3 paccMOTpeHHbiX 

npe.zlcTaBnSieT C06oii I10nHyiO KOHBepcHOHHYIO aclJclJeKTHBHOCTbt2) 

npoueccoB, KoTopbre B nepBoM npn6nn:>«:eHnH MO:>K-

HO cqHT8Tb He38BHCHMbiMH, HMeeT CT8THCTHqecKHH X8paKTep 1 rrpHBO.llSIIUHi!: K pa36po

cy BenHqHH- /J.£ , -r H /( , ct>nyK;TY8UHH BennqHHbi Q Bbi3biB8IOT 8MI1nHTY.ll

Hbi9 H BpeMeHHbie clJnyKTyaUHH HMrrynbCOB HarrpSI:>KeHHSI u 1 CBSI38HHbiX C 38pSI.llOM 

.!lHcPcPepeHUH8nbHbiM ypaBHeHHeM: 

rne 

dCl= I Ct.)= LL +C cltL 121 
d-t f(_ cit: 1 

OMHqeCKOe COI1pOTHBneHHe, a c - nap83HTH8SI eMKOCTb B 8HO.lle cPOTo-R. -
YMHO:>KHTenSI, 

H 10Ke nonpo6Ho paccMOTpeHbi ¢aKTOpbr, o6ycnaBnrLBarorune aMnniiTY .llHbrii H 

BpeMeHHOH pa36poc HMrrynhCOB B K8:>K.ll0M npouecce. J13no:>«:eHHe OCHOB8HO Ha pe-

3ynbT8T8X MHOJ:'HX 9KCrrepHMeH·ranbHbiX pa6oT1 Bbll10nHeHHbiX B nocne.llHHe I"'O.ll bi, 

}, cPnyKTyaUHH rroTepb 9Hepl:'HH qaCTHUbi B BeiUeCTBe CUHHTHnnSITOpa 

noTepH 9HeprHH 38pSI:>KeHHOH qacTHUeii B B9IU9CTBe o6ycnOBneHbi TpeMSI npo

ueCC8MH~ cTonKHoBeHHSIMH qacTHUbi c aTOMHbiMH aneKTpoHaMH IHOHH38UHOHHbre no

Tepn I' P8.llH8UHOHHbiM H3nyqeHHeM, SI.ll epH biMH B38H MO.lleiicTBHSIMH 
13 I. n OTepSIMH H8 
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pannaunoHHoe nanyqeHne MO)KHO npeHe6peqb, ecnn aHeprnH qacTHUhi Mana no. cpaB-

m me~ · m 
H9HHIO C B9JIHqHHOii: fiie • 0 rne m - Macca qacTlfUhi0 a e -MaCca 

9JI9KTpOHao .[lJIH TSI)K9JlhiX qacTHU 1 y KOTOphiX m >>tne 1 lf0Hlf3aU:IfOHHhi9 noTepn 

HBJIHIOTCH OCHOBHhiM lfCTQqHlfKOM noTepb 9H9pi'Hlf• 

/4/ 
¢JiyKTyaUHlf lfOHlf3aU:IfOHHhlX nOT9pb CBH3aHhl C XapaKT9pliCT:IfqecKOii: Benn-

qHHOii: 

rne c = 0,15 q'il 
me - Macca 9JI9KTpOHa 1 

HOMY 9JI9KTpOHY 1 /3 
2 

rlcM • .[lnH aHaqeHnii: 

G== /3/ 

z - 8TOMHhiii: HOM9p 

£1 
m 

H ll -aTOMHhiii: Bee B.eruecTBa, 

- M8KCHM8JlbH8SI 9HeprHH 1 nepenaBaeMaH aTOM-

cKopocTb qacTHUhi, a X TOJIIUHHa nornoTnTeJIH B 

G >> 1 cneKTp HOHHaauHH HM99T BHn cpyHKUlfll raycca 

co cpenHnM aHaqemreM, paBHhiM d £ . _,X H nncnepcneii: Ll =../X"-~ , rne 

ci.J. 

Z Cmec4 E;,' (t- ~J /4/ 

j3Z • 

YcnoBne G ::$> J aKBHBaneHTHO Tp e6oBaHn IO 4 >> £;; , To ecTh MaKcn MaJibHaH 

aHeprHst, nepenaBaeMaH aTOMHOMY aneKTpoHy, non)KHa 6hiTb M9Hhll1e BennqHHhi nnc-

nepcHn Ll . Ecnn *e G < 1 , To B onHoM coynapeHnn noHBJIHeTcst B03MO)K-

HOCTb 6onbll1oii: nepenaqn aHeprnn c o6paaoBaHneM ~ -aneKTpoHoB, B peaynhTa-

Te qero B cneKTpe lfOHH38UHH ¢(A£) nostBJIH9TCst "XBOCT" B CTOp<Illiy 60Jibll1HX no-
"'-

Tepb /pHc. 1/. Ha pnc. 1 BBeneHhi cnenyiOrune o6oaHaqeHHH: L1 -lll.HpHHa Ha 

nonyBhiCOTe, .Ll £1 - aHaqeHne Han6onee BepoHTHhiX noTepb, LlEj0 - aHaqeHHe . 

9HepreTnqecKHX noTepb1 BhiW9 KOTOphiX qHCJIO C06hi~Hii: COCT8BJIHIOT npHMepHO 10%. 

Ha pHc. 2 npnBeneHa nnH .R_83HhiX [3 aaBHCHMOCTb OTHocnTeJibHOfi rronyllln

pHHhi KpHBhiX pacnpen 9JI9HHSI A_ OT TOJIIUHH hi Opi'8HHqeCKOI'O CUlfHTHJIJIHTOpa 
2 Ac.., . X --... PacqeT 6i;m npoBeneH no MeTony, nano*eHHOMY B /3/ nnH onHoaapsrn-c..u• . 

HOfi qaCTHUhio Yfa pHC. 2 BllllH0 1 KaK C YM9Hbll19Hlf9M . TOJIIUHHhi CUHHTlfJIJIHTOpa 

lfJilf C yBeJinqeHlf9M CKOpOCTH qaCTHUhi pacTyT CTaTHCTHqecK:Ife cpnyKTy8Ulflf Bennqn

H hi HOHlf3aUHOHH hi X noTepb. HanpHMep, npn p = 0,3 nnH X= j OTHocnTeJibHaH 

noJiyllllipnHa 
z
~# 

C"UlfHTlfJIJISITOpa J\. 

= 5%, a nnH ]C. = 0,2 
g
~-~= 10%. 

2./ 
=1 'C.4<"' lf3 MeHeH:Ife CKOpOCTH qacTHUhi OT 

npn nOCTOSIHHOii: TOJIIUHH9 

(:1 = 0,3 no f=0,1 
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IIpHBO.llHT K IIOBbiWeHHIO OTHOCHTBllbHOii. IIOliYWHpHHbl OT 5% .llO 20%. npH aTOM 

KpHBSSI pacnpen eneHHSI CTaHOBHTCH BCe 6onee aCHMMBTpH'lHOii1 C.llBHI'aHCb B CTOpOHy 

60llbWHX IIOTepb. nocne.llHHii cnyqait HllniOCTpHpyeTCH HS pHC. 3, Ha KOTOpOM IIOKa~ 

saHa saBHCHMOCTb OTHoweHHH A~Q- AE1 oT j3 npH .X= 1./;;a. HanpHMep, 

A ~~ 
,llliH ~- =0,3 STO OTHOWeHHe COCTaBnHeT BCBI'O liHWb "-3% 1 B TO BpeMH KaK .llliH 

.fJ =Q17 OHO paBHO ""'-' 20% 1 a .llliH ~. =(),95 tJE,~., 
tJEI' 

= 70%. 

4T00bl YMBHbWHTb lPliYKTyaUHH aHepreTH'lBCKHX IIOTepb, cnenyeT yBeliH'lHTb 

TOliWHHY CUHHTHllliSI'l'Opa. 0nHaKO STO CBHSSHO KaK C 'lHCTO TBXHH'leCKHMH OI'paHH

qeHHSIMH1 TaK H C OI'pSHH'leHH51MH 1 BbiSbiBSBMbiMH. SI.llBpHbiMH BSaHMO.llBil:CTBHHMHo 

nonHOB CB'leHHB Heynpyi'OI'O BSSHMO.lleil:CTBHH .llliSI YI'liBpona IIpH SHBpi'HH 00M6apnit-

~ -24 /6-7/ 
pyrowHx npo'l'OHOB ·a o6nac'l'H 100-700 Maa coc'l'aBnHeT. I.Jnt:::~ 0,22·10 • 

0TCIO.ll8 Bep051THOCTb HeynpyrOI'O stnepHOI'O BSaHMO.lleiiCTBHSI W B CUHHTHllliSITOpe 
. 2 . Jr. . 23 -24" . 

TOliiUHHOit 1 I'ICM 'pSBHaW=-G:= 6,05 10 • 0,22•10 =01011. 0cHOBHa51 
4 " 12 

trSCTb Sl,llepHbiX BSSHMO.lleitCTBHil: 1 OCOOeHHO IIpH MSllbiX ft 1 OTHOCHT.CH K npoueccaM 

SBeS,ll006paSOBSHH51a npH npo6el:'e 'laCTHUbl IIOp51.llKS TOniUHHbl CUHHTHllliSITOpa o6pa-:-
·ll·· 

SOBaHHe SBeS.llbi MO:>KeT llpHBeCTH K YMBHbW BHHIO HOHHSSUHOHHbl~ IIOTepb sa C'leT 

IIBpB.llS'lH HBKOTOpoA .llOtlH aaepi'HH HBitTpSllbHbtM 'l8CTHU8M. Ecmr :>Ke· TOliiUHlla 

CUHHTHllliHTOpa SliS'lHTBllbHO MBllbWB npo6el:'a 1 TO o6paSOB8IIHe SBBS.llbl 6yneT1 " KSK 

npa'BHliO 1 COIIpOBO:>K,llaTbCH BOSpaCT8HHeM HOHHS8UHOHHbiX IIOTepb sa C'lBT .CHllbliO 

HOHHSHpyiOIUHX npoi:tyKTOB H,llepHOI'O pacmerrneHHH. npaKTH'leCKH T01IIUHH8 .CUHliTHll

liHTOpa BbiOHpae'l'CSI C yqeTOM YCliOBHit H uenett SKCIIepHMBHTa. 

0TMeTHM, 'ITO ¢nyKTyauHH nnst qacTHU c sapH.llOM, 6onbWHM· enHHHUhi{ yMeii·b

. waroTcst, IIOCKOllbKY HOHHSaUHOHHbie IIOTepH nponopUHOHSll·bllbl KB8.llp8TY sapH.na. 

2. KoHBepCHOHHaH a¢¢eKTHBHOCTb cuHHTHnnHTopoa 

KoHBepcHOHHasi a¢¢eKTHBHOCTb '(_ pasHbiX cuHHTHnnHTopoB o6bi'lHO cpaBHH

aaeTcH C KOHBepcHOHHOJI a!lJcPeKTHBHOCTbiO SHTpaueHa ~tl.. • 3rOT BbiOOp Oblll cne

naH He COBCeM y .ll8'lH0 1 TSK KaK Tpy .llHO HSI'OTOBHTb 'lHCTbie KpHC.TSllllbl 8HTpaneHa. 

B CBSISH c 9THM nony'leHHbie paSHbiMH aBTOpaMH SHa'leliHSI n paSliH'laiOTC.st Me:>Kny 
(ct. . 

co6oA. B cpenHeM .llliH ObiCTpbiX 'laCTHU n .,.,... 0,04,. 'ITO CO.OTBeTCTByeT pacxony. 

(Jt. 0 /8 9/ 
SJiapi'HH 65 SB HS !lJO'l'OH CO cpenHeit .llliHHOtl: BOliHbl 4450A. ' • .LlliH CTHllbOeHa 

~C:,: 0,6 'le • B. -nocnenHee BpeM"St CUHHTHllliHUHOHHbiit BbiXO.ll 'laiUe CT81IH llpHBO.llHTb 
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no OTHOWeHHIO K CTHnh6eHy, TaK KaK nocne,nHHH MO)KHO H3rOTOBHTh 6onee COBep

/10/ 
ill 8HHbiM, "18M 8HTpaueH • .[lnSI )KH.[lKHX H nnaCTH"leCKHX CUHHTHJIJISITOpOB KOHBep-

CHOHH8SI acpcpeKTHBHOCTh COCTaBnSieT 0,5 7 0,8 ~C • 

KoHBepcnoHHaSI acpcpeKTHBHOCTh onpe.nenneTcSI He TOJthKO aemecTBOM ·cuHHTHn

/11-13/ 
JtSITopa, HO H CTeneHhlO HOHH38UHH • H a pH C. 4 noKa3aH OTHOCHT8JlhHbiH CBeTo-

/13/ 
BOll BbiXO.[l npH pa3HbiX 3Ha"!eHHSIX HOHH38UHOHHbiX noTepb • no OCR a6CUHCC B3Sr-

Ta o6paTHaSI aenH"'HHa noliHaauHOHHbiX noTeph, yMHO)KeHHaSI Ha 1000. KpHBaH .naHa 

.[lJlH 8HTpaueHa. npe,nnonaraeTCSI, "'TO 8cpcpeKT H8CbiiUeHl!SI CHJthHO He M8HSieTCH npH 

nepexo,ne OT O.[lHOro OpraHH"l8CKOrO CUHHTHJIJIHTOpa K .npyroMy. Ha pHC. 4 HaHece-

/14/ 
Hbi T8K)Ke TO"'KH 1 H3MepeHHbi8 .[lJlH nnaCTH"l8CKOI"O CUHHTHJIJIHTOpa. VJa pHc.4 

BH.[lH0 1 "'TO 9cpcpeKTbi H8CbiiU8HHH .[lJIH 8HTpaueHa H nnaCTH"l8CKOro CUHHTHJIJIHTOpa 

6nH3KH ,npyr K ,npyry. HaCbiiUeHHe OTCyTCTByeT 1 ecnH B8JIH"'HH8 y.nenhHbiX HOHH3a-

2 
UHOHHblX noTeph· He npeBbiW88T ""10 M 8B CM /r 

BnHSIHHe y .n enhHbiX HOHH3aUHOHHbiX noTeph 9HeprHH aoa6y)K,naiOIUHX "lacTHU 

H8 acpcpeKTHBHOCTh OT.[l8JlhHbiX CUHHTHJIJISITOpOB npHHSITO onpe,nenSITh B8JlH"'HHOil:, nony

"188MOil: IIyTeM Cp8BH8HHSI OTHOW8HHH BbiXO.[l8 CUHHTHJIJIHUHH K 9HeprHH .[lJIH ,d_ -"lac

THU !16 ( £ ::5;3 /thl}c COOTB8TCTBYIOIUHM OTHOWeHHeM 1 paCIIOJIO)KeHHblM B o6naCTH 

c aHeprnefi Man. 3ra aenH"'HHa Ha3biBaeT.-

.[lnSI Opi"8HU"l8CKHX CUHHTHJIJIHTOpOB OHa 6JIH3Ka K 0,1. 0.nHaKO H86JtiO.[l8JlHCh 

~ 
H UCKJIIO"l8HHHo .[lnSI )KH.[lKHX CUHHTHJIJISlTOpOB /TepcpeHHJl B TOnyone/ "}/"- OTHowe-

/15/ 
HHe YM8HhW MOCh C nOHH)KeHHeM KOHU8HTp8UHH paCTBOpeHHOI"O BeiUeCTBa 

OT B8JlH"'HHhl HOHH38UHOHHhlX IIOTeph 

/5/ 

C - He6onbll18SI OTpHuaTenh-

C · { tfJiY ~ O H cpopMy-

na /5/ coana.naeT c cpopMyrroil:, npHBe.neHHOii: B /1 I. O.nHaKO npH 6orree BbiCOKHX 

noTepSIX 9HeprHH y"leT "'JteHa c!ri~J 2• CTSHOBHTCH o6SI.38T8JtbHhlM. HanpHMep 1 

( ~J /18/ 
npH perHCTpaUHll OCKOJIKOB ,nerreHHSI H86JIIOD.8Jt8Cb cpnyopecueHUHS1 1 B 10 paa· 

npeBbiW8IOIU8H Bbi"'HCJteHHYIO no cpopr:yrre, npHBe,neHHOH B /1/1 T.e. KOI".[l8 c = 0. 
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nepexon 9HeprHH BOa6y:>K.[l9HHH B nl"lMHHHCU9HUHIO HM99T XapaKTep, 6nHaKHil: 1 

KaK 9TO npHHHTO C'IHT8Th 1 K pacnpeneneHHIO no aaKOHY nyacCOHa. 

KoHBepcHOHHaH acpcpeKTHBHOCTh nOHH:>K aeTCH c pOCTOM TeMnepaTypbi. npH Ha-

0 0 
M9H9HHH T9MnepaTyphl OT 15 no 25 C 8MnnHTyna HMnynhCOB OT CUHHTHnnHUHOHHO-

f'O C'I9T'IHK8 nnH aHTpaueHa YM9Hhll189TCH Ha 6%, nnH CTHnhfieHa - 4% 1 nnaCTHKa -

- 5%, J1/a.: (rf'J - 3%, IIpH'I9M .YM9Hhlll 9HH9 'aa C'I9T cpOTOYMHO:>KHTenH COCTaBnHeT 

/19/ 0 
2% • n pH nOHH:>K 9HHH T9MnepaTyp bi OT 0 .llO - 1 QQ C CUHHTHnmtUHOHH b!il: BbiXOn 

nnaCTH'I9CKHX CUHHTHnnHTOpOB no Bblll189TCH npHM9pHO H8 20%. 0LlH8KO npH 6onee 

/20/ 
rny60KOM nOHH2K9HHH TeMnepaTypbl CUHHTHnnHUHH CHOB8 YM9Hhll189TCH • 

Henpepb!BH09 UHT9HCHBH09 o6ny'I9HH9 CUHHTHnnHTOpa YM9Hhll189T. ero KOHBep

CHOHIIYIO acpcpeKTHBHOCTh. Ony6nHKOBaHbi n 8HHbi9 anSI aHTpaueHa H nnaCTH'IElCKHX 

/21/ 06 . . . . 
cuHHTHnnstTopoB • ny'leHHe conpoBO:>K.[laeTcH yxynllleHHeM npoapa'IHOCTH n 

YM9Hhlll 9Hlt9M CUHHTHnnHUHOHHOf'O Bb!XO.[la a a C'I9T panHau~q!IHbiX noBp92KU9HHH 1 npn-. 

'19M nocnenHHH a¢cpeKT npeo6iianaeT. YJa pa60Tbl /21/ MO>!<HO OU9HHTh 1 HanpHMep, 

'ITO HHT9HCHBHOCTh CB9'19HHH nnaCTH'I9CKOf'O CUHHTHnnHTOpa 1 nOM9W9HHOrO B npOTOH

HbiH ny'IOK c aHeprHeii 670 Maa H nnoTHOCThiO 10
9 

1/cM
2

ceK, yMeHhlllHTCH anaoe 

'lepea- 600 '18COB. .Qoaa npaKTH'I9CKH He aaBHCHT OT MOWHOCTH Hany'le-

HHH • .LlnH aHTpaueHa noaa B 50 paa M9Hhllle. 

3. 0nTH'I9CK8H 9cpcpeKTHBHOCTh CUHHTHnnHTOpOB 

0nTH'I9CK8H 9cpcpeKTHBHOCTh aaBHCHT OT M9CT8 BCIIbllllKH CUHHTHnnHUHH. CTe

neHh onTH'I9CKOH HeonHOpO.llHOCTH CUHHTHnnHTopa OIIpenenHeTCH cne.[lyiOWHMH cpaK-

TOp8MH: 

1. ¢>opMOil H paaMepaMH CUHHTHnnHTopa H CB9TOBOna. 

2. THnOM cBeToco6HparowHx c TeHoK. 

3. IlornoweHHeM a. cuHHTHnnHTope, cTeHKax H cBeToBoae. 

HaH6onee npOCTOH H Y.ll06HOfi B 9KCII9pHM9HT9 HBnHeTCH cpOpMa CUHHTHnnHTOpa 

B anae rrapannenerrHrrena. K poMe Toro,napannenerrHnen B cny'lae c rrpoapa'IHbx-

MH CT9HK8MH HBnHeTCH T8K:>Ke ny'lll191l: q:>OpMOll:1 Ob9CII9'1HB8IOW9R OnTK'I9CKYIO O.llHO

i22 23/ 
ponH_ocTh" . ' • B rrapannenexmnene c rrpoapa'IHbiMH cTeHKa.MH BbiXO.llHT B aoaayx 

Ta '18CTh CBeTa, KOTOpaSI nanaeT H8 IIOB9pXHOCTh rron yrnOM 1 M9Hhll1HM yrna rron-
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HOI"O BHyTpeHH9I"O OTpa:>KeHHR ~ /pHc.5/, nocKonhKY y napannenenHne,ua 
I 

wecTb rpaHe:l\, To H3 KaKo:l\-.rrH6o TO'IKH, Haxo.usnueiicR BHYTPH napannenenHne.ua, 

MO:>KHO nocTpoHTh wecTb KOH,YCOB c yrnoM B sepwHHe, paBHhiM If;, • Mo:>KHO, 

C'IHT8Tb 1 'ITO CBeT, H.UYIUH:l\ B 9THX KOHyCaX, TepReTCR 1 38 HCKniO'I9HH9M CBeTa B 
/24/ 

K'JHyce, HanpasneHHOM B CTOpOHY C06HpaiOIU9H nosepXHOCTH , 0THOCHTenbH09 , 

KonHttecTso cseTa q//(. B aneMeHTe TenecHoro yrna ci.Q. npH H30TpOnHOM pac-

npe,ueneHHH COCTaBnReT 

1161 

Cne.uosaTenbHO, B KOHyce c yrnoM fo 

R.= /(., 1s~~ ( d ( === f(t- CoS fc,) . 
0 

n.1 

TaKHM o6paaoM, .uonR co6paHHoro cseTa 6ea ytteTa nornorueHHH s CUHHTHnnR

/25/ 
TOpe COCTaBnReT 

lJ = "'-5R. .:;.. .!:.. (5" cos (- t) . /[_ J. ..Ia 2. .· /8/ 

.[lnR .usyx co6HpaiOIUHX nnocKocTeil: 

/9/ 

L{Be co6Hp8IOIUH9 nnOCKOCTH MO}KHO nony'IHTb, ecnH Ha rpaHb 1 npOTHBOnonO:>KHYIO 

co6HpaiOrue:l\, noMecTHTh aepKanbHbiH oTpa:>KaTenb, Yron nonHero BHyTpeHHero oT

pa:>KeHHR ~; CBR38H C K09cPcflHUH9HTOM npenoMneHHR n H3B9CTHbiM COOTHOIUe

HH9M 

Sin 6; = 
1 

n.. /10/ 

.[lnR 6onbWHHCTBa opraHH'I9CKHX CUHHTHnnRTOpOB fl ~ 1,5. Vfa /8/ H /9/ nony

qaeTCR /(! =0,36 H R.z. =0,49. B pa6oTe /26/ npH pactteTe KonHtteCTBa co6paa

aoro CBeTa npHHHM89TCR BO BHHM8HH9 TOnbKO Ta '18CTb CBeTa, KOTOp'aR H,U9T II 

.usyx KOHycax nonaoro BHyTpeaaero oTpa:>KeHHR, HanpasneHHbiX O.UHH ssepx K oTpa

:>KaiOruefi nosepxaocTH, a .upyroii BHH3 - K co6HI).8IOIUeii, npH TaKOM no.uxo.ue 

H3 paCCMOTpeHHR Bbma,uaeT '18CTb CBeTa, iipOXO,URIU8R 6onee CnO:>KHblii H ,unHHHbiH 

nyTb K co6HpaiOrueii nosepxHocTH, flpn aanHttHH nornoru eHHR aTa ttaCTb cseTa Te

pReTcR B nepByiO Ottepe,ub. C yqeTOM nornorueHHR MO:>KHO C'IHT8Tht, 'ITO H3 CUHH-
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THnnsJTopa C BepxHeA OTp8)K8IOIUe:fi CTeHKO:fi BbiXO.llHT npHMepHO 30% o6pa30B8Blllei'o-

1231 . 
CH CBeTa • VI CKliiO'IeHHe 6y.n:yT npe.n:cTaBnsiTb HH)KHHe TO'IKH CilHHTHllliHTOpa, 

pacnOliO)KeHHbie B61IH3H C06Hparomefi noaepXHOCTH, OnTH'IeCKH· CBSI3aHHOH C qlOTOYMHO

)KHTeneM. B aTHX TO'IKax nO'ITH nonoBHHa acei'o caeTa nona.n:aeT na ¢oToKaTO.ll 6ea 

OTpa:>KeHH5I OT- 6oKOBbiX CTeHOK. CTeneHb HeO,llHOpO.llHOCTH C'leT'IHKa npHHHTO Bbipa

)KaTb BeliH'IHHOi! 

X .kii01(C ~ L .Atult. 

~=! ex. (.f,. 
1111 

' ~ Jl/l(t(C+ I();..""""· 
r.n:e Ia., - TOK a aHo.n:e ¢oToyMHO*HTensr, H3MepeHHbiH npH o6ny'leHHH paaHbiX 

TO'IeK cuHHTHnnSITopa. O.n:Hopo.n:Hc;>CTb C'leT'IHKa MO:>KHO. yny'llliHTb, ecnH nepe.n:aaaTb 

cB.eT na ¢oToKaTO.ll 'lepea caeToao.n:, HanpHMep, H3 nneKCHI'.naca. Ha pHc. 6 Hnnro-. 

CTpHpyeTCSI cny'lafi, KOI'.lla CBeTOBO.ll HMeeT· tPOPMY napannenenHne.n:a H SIBnHeTCB 

1251 . o _~ r,.. V'" 
npHMbiM npo.n:on:>K eHHeM CilHHT~JnnSITopa • Ec.TIH BbiCoTa .. cBeToao.n:a .1:.7{11.. "11 Oc.• 

TO CBeT H3 TO'IKH "a" H TeM 6onee H3 nro6ofi .llPYI'OH TO'IKH. HH:>KHefi I'paHH .CilHH-

THllliSITOpa He HCnbiTbiBaeT nonHOI'O BHyTpeHHei'O OTpa)KeHHSI H .He nona.n:aeT Henocpe.n:• 

cTBeHHO Ha HHmHroiO I'paHb. cBeToao.n:a ITo'IKa "a" I np~ yi'nax ({ < Oo ,. I'.lle 

YI'llbl 6epyTCH no OTHOllleHHIO K 6oKOBblM CTeHKaM. EcnH )Ke o>.~~ I TO CBeT 

Ha TO'IKH "a" na.n:aeT Henocpe.n:cTBeHHO Ha co6Hparomyro nnocKOCTb /To'IKa "a "I, a 

CBeT H3 TO'IKH "a., " nocne BHyTpeHHei'O OTpa)KeHHH B TO'IKe "c" TO)Ke nocTynaeT 

Ha co6Hparomyro ~·~OCKOCTb. Cne.n:o~aTenbHO, npH. BblCOTe CBeTOBO.lla e>d..~ ro 
O.llHOpO.llHOCTb .CBeToc6opa yny'llllaeTCSI 3a C'leT yMeHbllleHHSI CBeTa, nocTynaamei'O 

6bi C HH)KHeA 'laCTH. CilHHTHHliHTOpa Henocpe.llCTBeHHO Ha tPOTOKaTO.ll 1 ecnH 6bi He 

6btn0 cBeTOBo.n:a. OI'ptaHH'IeHHe caepxy Ha BbiCOTY e HaKna.n:biBaeTCSI noi'nomeHHeM 

caeTa caMHM. caeToao.n:oM • 

. H a npaKTHKe cBeTOBO.ll pe.n:Ko HMeeT t!JopMy npaBHllbHOI'O napannenenHne.n:a • 

.Unsr 6onblliiJX cuHHTHnnHTopoB 6oKOBbiM cTeHKaM cBeToBo.n:a npH .n:a roT HaKnoH c Ta

KHM pac'JeTOM, 'IT06bl ,lfH)KHSlH J:'paHb CBeTOBO.lla COOTBeTCTBOBana nnOUl8.llH tPOTOKa

TO.ll8o noH aTOM )KenaTellbHa ·TaKast t!JopMa CB9TOBO.lla, 'IT06bi He npOHCXO.llHliO. yMeHb~ 

lllenne nnoma.n:H nonepe'IHHKOB c npn6nn:>KeHHeM x tPOTOKaTo.n:y. B npoTHBHO.M cny't[ae 

. . . 1261 
C 6op · CBeTa yMeHhlli aeTCSI nponop!lHOHallbHO yMeHblli 9HRIO .nliOIUA.ll,H nonepe't[HHKOB · . , 

VI 3;..aa noi'nomeHHSI. BHYTpH. cimnTHnnHTopa cBeT o'i' i:ianbHHX no OTHOllleHHIO K 

tPOTOKaTO.llY TO't[eK CUHHTHnmtTopa 6y.n:eT ocna6nSITbCH CH1IbHee 1 'leM OT 6nH)KHHX. 
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noKphi'l'He CTeHOK CUHHTHnnSITOpa 0Tpa:>K8IOIUHMH llOBepXHOCTSIMH He npHBO.llHT 

K ynyqweHHIO c6opa CBeTa, nocKOnbKy KOa¢¢HUHeHT OTpa:>KeHHSI aepKanbHhiX CTeHOK 

:acer.ua MeHbwe e.uHHHUhi /oH paanH'IeH .unSI ¢oToHOB paaaoii: ;:meprHHl 1 TO nornome

HHe CBeTa CTeHKilMH B03pllc'l'aeT C y.uaneHHeM MSCTa CUHHTHnnSIUHH OT ¢oTO'IyBCTBH

TenbHOH no:aepXHOCT.II, npH aTOM OCHOBHhiM HCTO'IHHKOM HeO.llHOpO.llHOCTH. ·SI.BnSIIOTCSI 

npo.uenhrnaromne 6onbwoit nyTb ny'IH c yrnoM na.ueHHSI, K 6oKOBhiM cTeHKaM 0 ..C:· l(0 1 

KOTOphiS He C06Hp8IOTCSI B CUHHTHnmiTOpe C llp03pll'IHhiMH CT91!K8MH, pa60T8IOIU9M 

Hll llOnHOM BHyTp9HH9M OTpa:>KSHHH, 3rH ny'IH 6y.uyT HCKniO'I9Hhi1 ecnH llpHMSHHTb 

CBSTOBO.ll C npoapa'IHhiMH CT9HK8MH. 0Tpa:>KaiOIUH9 CT.eHKH Ha CUHHTHnnSITOpe HMeeT 

CMhiCn CT.aBHTb TOnhKO :S TeX cnyqaSix, KOI'.ll8 ·Koa¢¢HuHeHT nornomeHHSI CUHHTHnnSI

TOpa MeHbWe, '!eM KOa~¢HUHeHT llOI'nomeHHSI CTeHOK, HllllpHMep 1 llpH HCITOnb30B8HHH 

/25/ 
CT.eKmJHHhiX KOHTSitHepOB • 

.Llpyi'HM THllOM CTeHOK CUHHTHnnSITOpa SI:BnSIIOTCSI CTeHKH 1 0Tp8:>K8IOIUH9 c:seT llO.ll 

p83HhiMH yrnaMH OT wepOXOB8TOit llOBepXHOCTH, ny'IWHS peaynbT8Tbi llpH T8KOM 

/25/ 
.UH¢¢y3HOM OTpa:>KeHHH nony'IaiOTCSI .UnSI c¢epH'IeCKOii: ¢opl'Ythl CUHHTHniTSITOpa · 1 

/27 I 
'I8CTO. llpHMSl:lSieTCSI TaK:>Ke UHITHH.llpH'IeCK8SI ¢opMa, YJ ccne.uo:aanHCb pa3HOI'O 

po.ua ~Tpa:>KaTenH: /Jiji 0 , .aniOMHHHeBaSI ¢onhra, l:lanhrneHHhre Ha cTeKnO aniOMH

HHii: HnH cepe6po 1 Ti Va_ 1 ~ q , HaHeceHHhre ·Ha UHITHH.llpH'!eCKHit KpHcTann 

#ql(Tl). ny'IWHM OTpa:>KaTeneM OKaaanacb ./113 0, HaHeceHHaSI He Ha nonHpo

B8HHYIOt a Ha OOpa60T8HHYIO H8:>K.ll8'IHOH 6yMaroil no:aepXHOCTb KpHCTanna. nnst 

CUHHTHnnSITOpa 13x3 .UIOil:Ma/ C .llH8MeTpoM, 6onblliHM .lllfllMeTpa ci>oTOK8TO.llll• nyq

ruee cneKTpoMeTpH'IecKoe paapewel:lHe Ha6nro.uano·cb npH Heriocpe.ucTBSHHOit CBSI3H 

CUHHTH.rinSITOpll C ¢oTOK8TO.llOM H HllHeceHHSM .M9 0 Ha BCIO OCTiliTbHYIO llOBepx

HOCTb1 He HMeiOIUYIO KOHT8K1 a C ¢oTOK8TOfr. OM. YJ CIIOITb30Bb.HHe B .llllHHOM crryqae 

CBeTOBO.llll B BHL(e KOHyca .ll8ll8ITO XY.llli1H9 peaynbT8Thi, 0.UHilKO H3 9TOI'O IIp8BHITil 

6hinH H HCKniO'IeHHSI 1 BCTpe'I8Bli1H9CSI 06hi'IHO IIpR OllTH'IeCKH HeO.llHOpO.llHOM ¢oTo-

KllTO.lle. 

e B paooTe /28/ oiiHCaHhi uepe.uaromHe xapaK'l'epHcTHKH 6onbwHx cneToBo.uon 

I I 1 .· 
= 20 .lllOHMOB1 .umr He6onbWOI'O UHnHH.llpH'ISCKOI'O KpHCTanna & ''.I: x1z 910W11l}, 

CBeToBO.llllM Ha uneKcHrnaca IIpH.uaBanacb paaHaSI ¢opMa <i>Hryp BpameHHSI H IIpHMe

H.stnHCb pa3Hhre THIIhl OTpa:>KaTeneil:. ny'IwHe peaynbT8Thl OhinH uony'IeHhi .unSI uonw'· 

pOB8HHOil: IIO:SepXHOCTH 1 llOKphlTOil: 093 OIITH"!eCKOf'O KOHT8KTil llniOMHHHSBOil: ¢onbi'Oit, 

B paooTe /29/ OIIHC8H .llHCKOBhiit CUHHTHnnSITOp C O.llHO:apeMeHHhiM HCIIOITb30Bil-
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HH9M K8K .D;HclJtPY3HOI"O, TaK II UOJIHOI"O BHyTp9HH9I"O OTp8)K9HHSio BepXHSISI nono

BHH8 .n;HcKa noKpbiTa- rnncoM, a HH)KHSISI•npo3pa•ma. HH)KHSISI 'laCTb cBeToBo.n;a n3 

U1I9KCHI"1I8C8 38'!9pHeHa 1 'ITO CHH)K 8110 H90JJ;HOpOJJ;HOCTb 38 C'l9T :>:M9Hblll9HHSI CBeTa1 

B OCHOBHOM1 C HH)KHe:ii '!8CTH CUHHTH1I1ISITOpa, Dnsr JJ;IICKa 

fl :!"f 15%, a JJ;1ISI JJ;HCK8 0 100 MM ~ =1~%. 

0 60 MM H90JJ;HOpO.n;HOCTh 

Pe3ynbTaTbi H MeTo.n;HKa Hccne.n;oBaHnSI o.n;Hopo.n;HOCTH c'!eT'!HKOB c )KHJJ;KHM 

CUIIHTH1I1ISITOpOM /paCTBOp TepcpeHH1la B tP9HH11UHK1IOI"9KC8He/ t 38K11IO'l9HHOM B 

n neKCHI"118COBbli\ KOHTeiiHep C npo3p8'!Hb!MH CTeHK8MH 1 npHBe.n;eHbl B pa6oTe /30/ 0 

Heo.n;Hopo.n;HocTb c'!eT'!HKa c pa3MepaMH 115xll2x10MM cocTaBnnna 35%, a c pa3-

MepaMH 60x60x10M~30%,. C yBe11H'leHH9M JJ;111IHbi CBeTOBO.ll8 II3 U119KCHI"1laca OJJ;HOpo.n;

HOCTb yny'llllanacbo 

Hepe.n;KO HaXOJJ;RT npHM9HeHne TOHKHe CUHHTH1I11RTOpbi1 B KOTOpbiX COOp CB9Ta 

ocymecTBnsteTcst qepea 6oKOBbie noBepxHocTn. B paooTe /14/ 6bmH ncnonb30BaHbi 

nnaCTH'!eCKHe CUHHTH111IRTOpbi T01IlllHHOH 0,5 MM. CBeT OT CUHHTII1111SITOpa C06Hpa~ 

Cst "'JJ;OMHKOM" H3 aniOMHHHeBOH tP01Ibi"II C OCHOBaHHeM 8Qx55MM Ha CB9TOBOJJ; H3 

nnexcHrnaca BbrcoToi!: 50 MM /pnc, 7 I~- OcHoBaHHe CUHHTIIUJIRTOpa OTCTOSI1IO OT 

cBeToBo.n;a Ha 7 MM, .n;nst Toro 'lT06bi CHH3HTb HeO.n;Hopo.n;aocTb 3a cqeT yMeHbllle

HHR c6opa CBeTa C HH:iKHeil '!aCTH CUIIHTH1I1IRTOpa, npn pa3Mepe 80x70x0,5MM H90JJ;HO

pOJJ;HOCTb COCT8B1ISI1I8 ..1 < 10%. 

Vf Cll01Ib30B8HHe nneKCHI"1I8COBOI"O CB9TOBOJJ; a IIHOI"JJ; a 6biB8eT He)KeJiaTenhH biM 

. . /31/ 
H3-3a B03HHKaiOUliiX B HeM He60JiblliiiX .CUHHTH1I11SIUH:ll: HJIH qepeHKOBCKOI"O CBeqe-

HHR, KOTOpbi9 MOI"YT OK838ThCSI UOMeXOi!: npH 601IblliOM YCHJieHHH HMUY1IhCOB OT 

CUHHTH1I1ISIUHOHHOI"O C'leT'IHKao nneKCIII"JiaCOBbiH CBeTOBOJJ; 38MeHSI9TCSI B T8KHX cny

'18SIX Ha nonbrtt c oTpa)KaroiuHMH cTeHKaMH, Bbma H3Mepeaa Heo.n;Hopo.n;HoCTh TaKo

ro cqeT'IHKa, CuHHTHnnsrTop-pacTBop Tep¢eHHna B ¢eHH1IUHKnoreKcaHe, 3aKnro'l:eHHbii1 

B uneKCHI"JiaCOBbifi KOHTe:ll:Hep, - HM91I pa3M9pbi 90x90x10MM.Y3KHe rpaHH CUHHTH1I11SI

TOpa oblnn oTpa)KaiOlllH:M:H, a lliHpOKHe - npo3pa'IHbiMH, KoHcTpyKunn cBeToco6Hpa-

IOUleii CHCT9Mbi aH8110I"H_'l:Ha 
. It. 

npe.n;CTaBJieHHO:ii Ha pHC, 7 • 0cHOBaHHe "JJ;OMHK8 HMeno 

pa3Mepbi 100x35MM. BbrcoTa cBeToBo.n;a cocTaBnSina 115 MM. Heo.n;Hopo.n;HOCTb cBeTo

c6opa .6 ·=±.20%. Be3 ".n;oMHKa" /:::. =±.40% H Bbrxo.n; cBeTa na.n;an B.n;B.oe. TaKHM 

o6pa30M• B JJ;8HHOM BapH8HTe co6nparomef1 CHCTeMbi npHMepHO nopOBHY CBeT BbiXO

r:{H1I qepe3 HH)KHIOIO H qep.ea 60KOBbie rpaHHo 

KpoMe yKa3aHHbiX Bbillle ¢aKTopoB 11a Heo.n;Hopo.n;HOCTb CUHHTHnnSIUHOHHoro 
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cqeT'IHKa MO:>KeT _llnHSITh TaK:>Ke HeO.z:tHOpO.z:tHOCTh ¢oTO'IYBCTlllfTenhHOfi UOllepXHOCTH, 

06naCTh cneKTpanhHOfi 'IYBCTliHTenhHOCTH cpOTOKaTO.z:tOB npOMhiWneHHbiX OTe

qeCTBeHHbiX YMHO:>KHTeneA THna <t>3Y-19/ <t>3Y-33 ne:>KHT ll paiioHe (3000 - aooo)A0 

c MaKCHMYMOM oKono 4000 A 0 • YfHTerpanhHast qyBC:t'BHTenhHOCTh coc~aBnsteT 

·"' 45 MKainM, =a CHH.Iist .. 60nhllle a·· MKafnM1 . 'ITO COOTBeT.ci~yeT KBaHTOBOMY BbiX0-

9
01 /32, 33 I C .. . . . 

.z:tY npHMepHO 10 o neKTpanhHaSI qyBCTBHTenhHOCTh CH.1lhHO 3aBHCHT OT TOn-

IUHHbi cyph· MstHo-uesHenoro cnost. C yaenHqeHHeM TonruHHbi B nepayro oqepe.z:th pac

TeT llOI'.1IOIUeHHe B CHHefi qacTH cnexTpa. 0nTHMa.1IhHbie T0.1IIUHHbi cnoeB .z:tnSI HHTe

rpanhHOfi H .z:tnSI CHHeii qyBCTBHTenhHOCTH He COBITa.z:taiOTo ~yBCTBHTenhHOCTh ITO 

nnorua.z:tH cpoToKaTo.z:ta pacnpe.z:teneHa HepaBHOMepHo. BonHoBofi cneKTp co6paHHoro 

CBeTa He O.z:tHHaKOB .z:tnSI pa3HI.>IX TO'IeK CUHHTH.1I.1ISlTOpa, nOCK0.1IhKY no-pa3HOMY 

nornowaioTcSI cpoTOHbi pasHofi .z:tnHHbi a'onHhi. KpoMe Taro, c H3MeHeHHeM MecTa 

BCnbiLI!KH CUHHTH.1I.!ISIUHH MeHSieTCSI pacnpe.z:teneHHe CBeTa no ¢oTO'IYBCTBHTe.nhHOfi 

noBepXHOCTH. B CBH3H C STHMH npH'IHHaMH .z:t a:m: e O.z:tHHaKOBOe K0.1IH'IeCTB0 CBeTa, 

na.z:taiOruero Ha ¢oTOKaTOAt MO:>KeT Bbi6HB8Th pa3HOe 'IHCnO aneKTpOHOB. 

~HC.1IO cpOTOaneKTpOHOB nO.z:tBep:>KeHO cpnyKTyaUHSIM1 B03pacTaiOIUIIM C yMeHh-

IU eHHeM K0.1IH'IeCTBa ClleTa II KDaHTOBOI'O BbiXO.z:ta. <l>nyKTyaUHII MOI'YT B03pacTaTh 

TaK:>Ke Sa C'leT HeO.z:tHOpO.z:tHOCTH cpOTOKaTO.z:ta. 3rOT liOnpoc H3y'la.1ICSI B pa6oTe /34/, 

B yKasaHHofi pa6oTe He y.z:tanoch ycTaHoBHTh cTporyro saBHCHMOCTh ¢nyKTyauHfi 

oT HeO.z:tHopo.z:tHOCTH cpoToKaTo.z:ta. O.z:tHaKo OTMeqeHo, 'ITO cpnyKTyauHH 6 'IHcne cpoTo

aneKTpoHoB B OCHOBHOM yMeHhW8IOTCSI npH yaenH'IeHHH cpe.z:tHefi BenH'IHHbi 'IYBCT BH

TenhHOCTH no BCeMy tboTOKaTO.z:ty. 

5. YMHo:m:eHHe aneKTpoHo.B 

C6op cpo'roaneKTpoHOB Ha nep~bifi .z:tHHO.z:t saBHCHT oT Hanps:~:m:eHHSI Ha yqacTKe, 

no KOTOpOMY npOXO.z:tSIT cpOTOaneKTpOHhlo 3Ta 3aBHCIIMOCTb H83biBaeTCSI B0.1Ih'l'-a~ 

nepHOA: xapaKTepHCTHKOH liXO.z:ta. ,llnst He 0'19Hh 60.1IbWIIX CBe'rOBbiX nOTOK08 _OHa 

/36/ . . 
HMeeT Bll.z:t xapaKTepHCTHKH neHTO.z:ta o npll 3.8.z:t8HHOM Hanpst:>KeHHII B paA:oHe 

nnaTo .z:ton:m:i~:a co6nro.z:taThCSI nponopuHoHanhHOCT~ caeTOBOMy. no'roKy. HanpSI:m:eHHe 



14-

Me)!{ny .O)iHOnaMH T8K)!{e nO.Il)!{HO rrpeBbill18Tb HeKOTOpyiO Be.llH'lHHy 130 7 50al, 'ITO-
,. 121 

6hl co6nronan8Cb IIpOII0pUHOH81lbHOCTb CBeTOBOMy IIOTOKY o 3aBHCHMOCTb TOKa OT 

H8IIpH)!{eHHSI Me)!{ny 8HOnOM H IIOC.IlenHHM nHHOnOM HOCHT H83B8HHe BO.IlbT-aMIIepHOH 

xapaKTepHCTHKH Bbrxo.ua. npH KonneKTope c· npHMbiM co6HpaHHeM aneKTpoHoB lpaH

HHe ¢3Y-191 B BO.IlbT-8MIIepHOH. xapaKTepHCTHKe IIOHB.IlHeTCH M8KCHMYM H3-38 rrpo

neTa aneKTpOHOB MHMO rrocnenHero nHHona HerrocpencTBeHHO Ha aHon. BonbT-aMrrep'"" 

H8H xapaKTepHCTHKa HMeeT. IIeHTOnHhlH XapaKTep, ecnH rrpHMeHHeTCH pe¢neKTOpHhlH 

KonneKTop. HarrpHMep, B ¢oToyMHO)!{HTene <PBY-12 HaChiiUe HHe HacTynaeT npH 

I I 1361 
H8IIpH)!{SHHH (.AHDr..= 40 B • Pa6oqee HaiipH)!{SHHS MS)!{ny 8H0.UOM H IIOC.IlenHHM 

nHHOnOM {j/11) nomKHO 6biTb: 

. (j/1:/J > {fHQt, + {i_ 1 1121 

rne LL - MaKcHMa.llbHaH aMrrnnTyna HMrrynbcoa. 

npH 60.IlblUOM TOKe· qepe3 ·yMHO)!{HTS.Ilh 38BHCHMOCTb 3MII.IlHTynhi HMIIY.IlbC8 

OT CBSTOBOI'O IIOTOKa CT8HOBHTCH HS.IlHHSHHOH BCnenCTBHS· o6pa30B8HHH IIpOCTpaH-

1371 . . • 
CTBSHHOI'O aapnna Ha IIocnenHHX K8CKanax YMHO)!{HTe.llH • flHHSHHOCTb ¢oTOYMHO-

.. I/ • · · I/ 136/ 
)!{HTenst <PBY-29 co6nronaeTcSI no (...{. =7 ";" 8 B• a <PBY-12 no L(.. = 50 ;.100·a 

Ha HarpyaKe R.. =50 IlpH o6nyqeHHH KpHCTanna !Veri IBpe~H BbiCBe'lHB8HHH 

q- -7 c 137 
l..o"" 2,5 ° 10 ceK/ IIpeiiapaTOM S • npH o6ny'ISHHH OpraHM'lSCKHX ·CUHHTH.Il.llH-

/ c;- < -8 
TOpO:S to 10 ceKI BpeMH c6opa aneKTpOHOB Ha aHone ¢oTOYMHO)!{HTenH OT 

enHHII'lHOit BCIIbilUKH Ha IIOpHnOK MeHbllle, H, CnenoBaTe.llbH0 1 IIpH MeHblliHX 8MII.IlH

Tynax HMIIY.IlbCOB B03HHKaeT rrpocTpaHCTBSHHbiH aapnn·n OTCTYII.IlSHHe OT .llHHeHHOCTHo 

'.~'' 

6o <f>nyKTY8UHH B 8MII.IlHTyne HMIIy.llbCOB ¢oTOYMHO)!{HTenei{ 

npH onHH8KOBbiX CBeTOBbiX BCIIbilUKaX ¢nyKTY8UHH B 8MII.IlHTyne HMIIY.IlbCOB 

cf>3Y orrpenenSIIOTCSI CT8THCTH'leCKHM xapaKTepOM ¢oT09neKTpH'leCKOI'O Bbi6HB8HHH 

aneKTpOHOB c ¢oToKaTona H aneKTpOHHoro YMHo)!{enust a nHHonHoA cHcTeMeo Korna 

¢oTOH '·nonanaeT 118 KaTon, TO .llH60 IlpOHCXOnHT KOHBepCHH 91lSKTpOH8 C .:aepOS!THO

CTbiO ·p , nH6o He rrpoHcxonHT c :sepoHTHOCTbiO I 1 -· p I. OrrpenenHM, cnenyn 

138/ ;.~ aepOSlTHOCTb S(v, m,p). o6pa30B8HHHYaneKTpOHOB, .ecnH 'lHC.IlO ¢oTOHOB 

m. ,• 

/ 

/-
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BepoHTHOCTb Toro, qTo Bee nepB~Q 

ocTanbHbie He o6paayroT, pa:aHa 

cpOTOHOB o6paayiOT :aneKTpOHbi 1 a 

/13/ 

BepoHTHOCTb :>Ke Toro, qTo JtiOObie v cpOTOHOB H3 o6mero qHcna m BbiObiOT 

:aneKTpOHbi1 paBHa H81l,lleHHOit H3 /13/, YMHO)KeHHOH Ha qHC110 pa31JHqHbiX CllOCOOOB 

C·V 
m 1 KOTOpblMH MO)KHO Bbi6paTb V. cpOTOHOB H3 m t T.e, 

JJ ml v {v mjo}= · · /14/ 

3aBHCHMOCTb 

1 1 yl (tn-v}j 
/) ,- . 131/ 

..0 l v, m) ,':J: 0,1) H300p8)KeHa H8 pHC, 8, 

OpH 001lbWHX m, v, m-v Bbipa)KeHHe /14/ a.nepeXO,llHT B rayccoB-

CKOe 

CO cpe.llHHM 3HaqeHHeM tn f H CT8H.ll8P1'0M 

u (v) = -{mf (1. -f) , 

CpenH~~ qHcno nocTynHBWHX Ha aHO.ll :aneKTpOHOB 

cpe,llHHX 3Haq~HH1i npOH3Be,lleHHH .llBYX cnyqaHHhlX BenHqHH paBH8 

0Tcrona, paanenHB 

.:;2.(111= u1 (v)-{K)4+u1(Kl·V. 

/39/ 
Ha (H} 1=(V} 2

· {K}' , nonyqaeM 

u'-(u) _ 
(/1},.-

u2(v} ~1 (K} 
(V)L + (K}1 

1. ·v-

/15/ 

. 116/ 

• .[lHcnepcHH 

/17 I 

/18/ 

EcnH npenno.f!O)KHTb, qTo Bee KacKan hi H.lleHTHqHhi 1 a nnH :aToplfqHoil: 9MHccHH 

cnpaBennH:a aaKoH OyaccoHa, To 

1 
I 

/(o-1 

rne Ko - Ko:acpcpHuHeHT ycHneHHH Ha O.llHH KacKan. OpH 6on.bwoM qrrcne cpoTo

aneKTpOHOB cpnyKTyaUHH 38 cqeT HellOCTOHHCTBa K09cpcpHUHeHT8 ycHneHHH HMeiOT 

pacnpe,llE:J1eHHe 1 011H3KOe K HOpM811bHOMY /rayCCOBCKOMy/ 1 B TO BpeMH K8K ,ll11H 
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OUHOrO ¢oToaneKTpOH8 9TO pacrrpeaeneHHe CHJibHO OTJIHqaeTci OT HOpM8JibHOrO 

/pnc,9//
37 1. Ha pnc. 9 cTpenKa yKa3hiBaeT aMITJIHTyay HMITYJihca, cooTaeTcTByiO

ruero cpeaHeMy ycnneHHIO K • 

npearrono:lli.HM, q-ro qepe3 rrnacTH'IeCKHH CUHHTHJIJISITOp TOJIIUHHOH X =1 r/cM
2 

rrpoxoaSIT n:ae rpyrrrrhi qacTnu: onHa c f> =D,7, a npyraSI c (3 =0,4. K aKOBhi 

8MTIJIHTy nHhie ¢nyKTY8UHH HMITYJibCOB OT onHoponHoro CUHHTHJIJISIUHOHHOro C'IeTqW"' 

Ka :a TOM H npyroM cnyqae? 113. pnc. 2 H 3 HaxonHM nnSI R=o,7 ~;'~=3 Ma:a E ~ r . -~ 
H t;J, =20%, a nnSI /) =0,4 11£1 =8,2 Maa 1 /J.f{ =9%. KoH:aepcnoHHaSI a¢¢ea-

THBHOCTb ITJI8CTHqeCKOrO CUHHTHJIJISITOpa rz n =0,1 'l_c =0,016. 3HeprHSI 1 38Tpa'IeH

H8SI Ha onuH ¢oToH c nriHHoii BOJIH~ ~ - =4000 A
0 

- £ f> = IJ .,1' ::::3 '34 • 4ncno 

¢oTOHOB nnSI j3 .. =0, 7 . Jfo-.:::. f. 'ln, =1 ,6 • 10
4 

o cPJiyKTY8UHH .'IHCJia ¢oTOHOB 

COCT8BJISIIOT .T' . ~~ =0,068. nocKOJibKY 9TOT BHn ¢nyKTyauHii H93Ha-

qnTeneH, To nnSI rrpocTOThi HM B narrhHeiiweM rrpeHe6peraeM. OrrTH'IecKaSI a¢¢eK-

THBHOCTb CUHHTHJIJISITOpa COCT8BJifleT -N30%. CnenoBaTeJibH01 Ha ¢oTOK8TOn rra

naeT m =0,3. N'o = 4,5· 10
3 

¢oTOHOB. Dni cypbMS!Ho-ue3~eBb!X ¢oToKaTonon 

f-~ 0,1. Yfa /16/ HaxoniM' u~(y) = 400. CpenHee 'IHCJIO ¢oToaneKTpOHOB 

\1' = fnjJ= 450. C'IHTaeM, 'ITO rrpaKTHqecKH :ace ¢oToaneKTpOHhi nocTHraiOT rrep

:aoro nHHona. Koa¢¢nuReHT ycnneHHSI nnSI crreKTpoMeTpnqecKoro ¢oloyMHOMHTenSI .. 

K- 6 ·- . #§ u (/(/ 
~10 •. Torna t;t>B: 13 .nuHonax Ko= y'K = 2,9. 113 /19/ (i!Jf-'' =0,53. ~:f u :J. ri/J -2 (Ill():;. , - : . 

I 18/ •r =0,21"1 0 . CnenoaaTeJibHO, /' A/ =0,046. nonywHpHHa - IN~ ~ -~ . · 
HOpManbHoro pacrrpeneneHIISI Ll2; =2,36 0 . 0TciOna :6~ =0,11. Pe3yJibTHpyiO-

ruast rronywHpHH8 1 o6yCJIOBJieHH8SI KaK ¢nyKTyaUHSIMH B ¢oTOYMHO:lli.HTene 1 T8K H 

¢nyKTY8UHSIMH HOHH38UHOHHhlX TIOTepb 1 COCT8BJISieT .r~= ('%-eJ~er*t=o,23. 
TaKHM o6paaoM, rrpu (3 =D,7 ¢nyKTY8UHH 8MITJIHTyn· HMITYJibCOB OT CUHHTHJIJISIUHOH~ 

HOrO C'IeT'IHK8 OITpeneJISIIOTCSI B ·OCHOBHOM ¢nyKTyaUHSIMH HOHH38UliOHHh!X TIOTepb, 
,.._ """"" 

AHanorH'IHhiM o6paaoM HaxoniiM nnSI /)::::0,4 Ll~ =0,07, ~ =0,115. 

B naHHOM- cnyqae ¢nyKTyauHH n ¢oToyMHOMIITene II ¢nyKTyaunn HOHH38UHOHHhiX 

rroTepb 6nH3KH npyr K npyry. 

7. BpeM9HHhle XapaKTepHCTHKH CUHHTHJIJISITOpOB 

CpenH 60JibWOrO KOJIH'IeCTBa .naHHh!X ITO BpeMeHaM Bh!CBeqllB8HHSI. CUHHTHn

JlSITOpOB B JlHTepaType HMeiOTCSI cepbe3Hble pacXO:lli.neHJISI1 KOTOpb!e OTipeneJISIIOTCSI 

. u '· /40/ 
He TOJlbKO M9TOnaMH H3MepeHHH 1 HO TaK:lli.e H :BJIHSIHHeM rrpHMecefi H pa3MepoB, 
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npHM9Cb MO:>KeT .ll9ACTBOB8Tb KaK I'8CHTeJib, COKpai.Uast Bp9Mst BblCB9'1HB8HHst 1 HJIH 

X<e cpnyopeCUHpOB8Tb 1 onpe,ll9JISlst BpeMst BblCBG'IHB8HHS'I, .BpeMH BblCB9'1HB8HHSI ·aaBH

CHT TaK:>Ke OT_BH.ll8 H3JIY'I9HHAon.Dnstr•CH1lbHOfolfOHH3HpyJ~H£ ·rd,-..:.qadfH_h /5' ·M~:;,/ 
' . . '' .. ~-~. . . ' . ' · .. ' ' . ' ; . - . . ~ 

. ' . ~ . ~ ' ' 

HJIH ,llJISI YJibTpacpH,OJI~TOBOI'O H31lY!i.9HHst OHO,H~CKOJibKO MeHbWe~ '19M' npli' ponyqei{iiti 

CUHHTHJIJIHT~pa cr ,-nytt~MH/ 1 / .•. If ~pe,eiH:9M'·BpeMsJ.,B.bl~~~qj{~~~~H-~~f~hb~eHa .. H .·.··To~ 
"•c- :, ,' . ''· . -9 J.'• .' .. n . . . -~·.-: 

naHa COCTaBnsteT 7..-0 "'4 .:- 8 •10 C9K 1 a :>KH.llKHX /paCTBOpHT9Jib '!'OTxyon 1 cpeHHJI..:. 
q- -9 

UHKJIOl'9KCaH/ H nnaCTH'I9CKHX CUHHTHJIJISITOpOB t..0 =2 + 4•10 CeK. BpeMst Bbl-
/40/ 

cBe'IHBaHHSJ HecKOJibKO yMe,HbmaeTcst npH noHH:>KeHHH TeMnepaTypbi · . , B pst.lle 

cuHH'l'HnnstTopoe Hepst.llY ,9 oc,a:o~~~~-~-· - 6_!:>I_C:x'Pl:>~~L Hany_qeHHeM HMeiOTcSJ er.ue H Me.ll

neHHbxe KOMnoHeHTbi. KoMnoHeHTbl BbiCBe'IHBaHHst .llnHTenbHOCTbiO ,.._,_ 100 ·-MKC .. Ha-. 
' • - •- ~ -""" '. j, i" 'I ,. • ! :: '. ' •. '· ' < <:.._" .~ •. '•; • ., ' l' • • • • - ,> 

6JIIO.lllli'IHCb s'o MHO!";{~ -opra~~-'19CK~~ CU~~THJIJISIT~p~X1 HO .. B,. :>KH.llKHX ,He ,0Ll1llf, o6Ha-.• , 
/4142/. . ... ' ...... ,:·'/43/ 1; .,., ·'·>~· .;, ... ~ ..... : •.... ·•"' -

py:>KeHbl .. - t , . ~, CornaCiio pa6oTe • y aHTpaueHa, CTHJib6eHa, .Tonyona, .KBaTep- -
"' "" . - , ' ·: ; . ' , :.: ., :. ; ' : ' , < . :- ji. ', '. , ;•.( : ·, ; , " .. - :.:.7 , . . . 

cpeHHna' ecTb:'Mei:tneH~ast KOMiiOHeHTa c .llJlHT9JibHOCTb_lO ,2, ~- 4·10 .ceK, KOTOpaSI ·:. 

cocTaansrei 'fO%'· rioriHo'ro 'c'eeTo~~~~--~b~~-~.ll~~· n;H'I~-~ .-aToT,. e~na.ll eoapacTaeT npH • 
:· ·'. . .• ,,,-- .. -.•• -., •• ,"';·. ·l-. ::;:·,;·,:.::·:-c'\,l'~ _,. -·. ·:··'.- . i44f 

)"BeJIHireHHH. ylJ.en'b'aott'' ,HOHHaau~m' a a' ctleT YCHJI9HHst npcfuecca, peKOM6HHSUHH. HOHOB.:. '-• 
~~,~·,._ ;,)~.·, ,·~\···, . ~ --,.: 

,· .' ~ • r: ( • - t' r ·, • • ·' -~ • - ~ 'l : \; 

E~h~ '/ c'llHHTHnnstTopa O.llHa :g,o~ep_x.a_ocTb co6Hparor.uast, a npoTH-BOnono)KI{ast -
,., ... ·.,c·_ ,·':'"' .. , 

eA ~ 'oTpa!aror.uast, TO co6paHHblA CBeT MO:>KHO paa6HT~:·Hat .llB9 '18CTH1: nepey:iO~'. 
H anpaBJI9HJIYIO B CTOpOHy C06Hparor.ueA noBepXHOCTH r H BTopyi01 OTpa:>KeHHYIO OT npo

THBOnOJIO:>KHOA .. noeepXHOCTH. BTopast. qacTb. HaKJia.llbiBaeicst -e'o BP~M9HH' ~a' nepB?~~ 
CeeT ._B lfonJ~·ec~~~ 99%~ ~~he1- coG~·aH ~~ 'ep~~S[ · . ·. " . . - ' 

. .. \..: - "~\ J :,:- > :.. z:b:. 
/20//25/ ... T = zCCo+"tt='LY: t Ucp • 

\: "'''· ,,-,.··"'"··· .. , (·;·•.-•·· . : .. "'< 'i' :;:•f:' J'·.•··;(c· _,;,n·.,c. n.-.. _<;:-; :.}_; .. :;·' ... cj--'" . UJ','' 

I'.ll9 ": rt·;=s ~do.- Koacp~HUH9HT,_ aa~HC.~ll.l~~ .. ?T,, p~~~-~P;9,B ·•, CUHH~H~J1st:TOP!ii .,z:O' -.,;<:,·. 

BpeMst 'n'i.ici3Ei!,JiiaaHHS{ CUHHTH.TIJIHTOpa, t1 - M8KCHMan:ba'oe :BJ>BMS'I C.llBHI' a ::•M.e:>K.lly"·:,· 
. . . :.,~~· :·_; :--; r:.· .'' ~ :. >• ,_ ~- •. · •"'- • ~-.' - . - ... -- .. \'r,.•·-1 

n epBOJt rlH 1BTop'oJt 'laCTb·IO, 6'seTa 1 Q -. paCCTOSIHHe OT BepxHeJt r'paHH.· .. napannene;"" .,, .. ; .;: < 

nHne.lla tia·~ak)k'Hea,·~·(lc;, -· ~pe!l~~~: ~-~~.I> .. ~cr~ '~;~~-~P~·~£~~;;~;;~.9~;:a.-~~H] ecex: : .. . 

npo<r~x?pasai>xx ''ybnoaii~~· ·~a~¢(pH'uHe~T- tz_ ~eHbm~,.fln~,P.:e~~~~9~ ~~ppoapa'IHbiMH .. , 

cTeHKaMH:,''·I:xoci<onbKY :e HHx ·HcKnroqeHbl ny'IH c .llJI_HHa,~xM._,nyT~M •. ,_,._,_.]·.~·-·_., ... ·.· .. , ; ... ·. ··-"· .. ,. ,;• < :.~. ·-· . . ,·,· .. :i-:~~: ::~·· ,,_,]-~ .·:--·~r ... ,.,........ • 

P~~~Mo.TpHM t.tHCn~~HbiA. _.npHMep. Y:f MeeTc~: CUHHTHnnSITOP-· a·~ ·njlo3piitili-:ciM-H:\ .·· , ,_ 
-··"' ,-,:··If·,·· .· ,... "· . - . 

CT9HK8MHI ~LO, .;,.~. _1,0~, 9~~~ , ~~- =:"10 ~.1':1•.-· f} =--1,- K09cpcpHUH9HTC' npeJIOMJI9HHst. /[;-~~ ,5. 
. ' - L , " u ' 10 CM· .. 

MaKCHM8JlbHYIO CKOpOCTb 6Y.llYT HM9Tb .npstMble.ny'IH v;r=---=·2·10 -----. . 
-· :~- . ' :; ' '.AJII«n ce~ 

\..;, ':.· ;.;.. 

HaH6onee 
·~ '),' t' ~: 

Me.llne~J1pA, 1 .llnst ny.'leA;: .H.llyr.uux .noLl y'rn6M :n:onlioro ::: ~Hyip~~~~~~ o.Z.~a.~eHHst. TaK 
' '\ 1;:::~.\ - '• ~ . . . ' ·. " .•. .I • ' '1 :' : 

' •\' ~~ ' _1 ,: 

. . . ~ . 
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7f 
K aK .a ToT yron 6nHaoK K . T 
6onhlllHfi, qeM npSIMhie nyqu, T.e. VvUur 

, .TO TaKHe nyqH ripOH.llYT 

U'l-!aKC 

riYTh. ripHMepHO B VZ pa3 

• Cne.uoBaTenhHo,_ 

Vcp= U...,a~<c.+ V.MI.4u.=,1.,r·1d0
c.M. I-1a 1201. Haxo.uHM 

2, C-eK. 

'{2: -t- -9 
L-:f =1,2.10 ceK, 

T -9 . ' =1 5 • 10 ceK. 

8 •. ¢>OpMa HMriY1IhC8 TOKa cPOTOYMHO)KHTenSJ 

..QnHTenhHOCTh r.6opa aneKTpoHoB Ha aHo.tl yMHO)KHTenSJ onpenenSJeTcsi Ka·K 

BpeMeHeM nroxcBeqHBaHHSJ cuHHTHnnSJTopa, Tai< H pa36poco·M BO BpeMeHH · nponeTa 

aneKTpoHoB qepea y~HOIK:I!Tenh. TCiK. ixiis1' o.uH~ro q)oToaneKTpoHa 'xopolll~ arinpoK- · 

CHMHpyeT.CSI 38KOHOM raycca • ..QnSJ MHOI'H,X .)Ke cpOToaneKTpOHOB cpOpMa BbiXO.ll~Of'O 
' .. 

H Mnynhca TO~a aaMeTHO OT1JHqaeTCSI OT rayccoBCKOii H TeM CH1I~Hee, qeM MeHhwe 

oTHollleHHe. ~ , r.ue :: Tm - ~ocToSJHHaSJ, onpe.uenSJIOW;aSJ paaMbiTHe :Bpel'vieim · 

nponeTa, c:r:O - .BpeMSJ BbiC:SeqHB8HHS(~URHTH111IHTOpa. YiaMeHeHHe TOKa BO BpeMeHH 
' . /45/ .. · ' ., ... 

onpe.uenSJeTcSJ Bbipa*eHHeM 

I(tl VJ:Tm L ef~+ ~{JI.et __ ..J{t-t,p ~ T~l+~~r~ + "!%.]· -~ 
'/ 2~o 0 . ( 'L-Tm :t<t!) . rrm. Z(o), /21/ 

. ' 

r.ue t - cpe.uHee BpeMSJ nponeTa aneKTpOHOB qepe3 YMHOIKHTenh, -be~- :_HHTe-cp . ... 
rpan OlllH60K. ¢opMa TOKa 3BBHCHT B 6oni:.llfeit c'reneHH ·He OT CBMOH BenH~IHHbi 

tc 1 a 0~ ee pa3MbiTHH 7;, -~-KOTOpO~ o6ycnOB1JeHO 'p831JHqHeM B .ll1IHHe H cpOpMe 
P.. - - . . .. - ·-. 

TpaeKTOpHit aneKTpOHOB MeiK.llY K8CK8.ll8MH ,H paa6pOCOM Haqa1JhHbiX CKOpOCTeii 

aneKTpOHOB no· Benwn[ge H HanpanneHHIO. C pOCTOM HaxipSIIKeHHSI Ha cpOTOyMiiOIKHTe_. 

ne BenHqHHa Tm y6bmaeT, TaK KaK. aoo6me ~MeHhlll aeTCSI ,BpeMSI nponeTa 1:1 

MeHhllle cKaabiBaeTcH paa~~qne HaqanhHhiX cKopoc1-eii aneKTpoHoB~ 0n:HaKo 1 ecnH 

KOHCTpyKUI:lSI cpOTOYMHO)KHTenSI TaKOBa, qTo qaCTh aneKTpOHOB npOXO.lll:lT MI:IM-0 

oqepe.UHOI'O KaCKa.ua Ha cne.uyiO!lll:lfi1 TO npH 6onhWI:lX HanpSI)KeHJrSIX MO:>KHO He 

. . . 1 . ./4.6 I B _,. ,. 
nonyqnTb yMeHhlll eHI:lSI pa3MbiTI:lSI I m ··.;· . epXHHn npe.uen HanpSIIKeHI:ln orpaHn-

qeli HacTymieHHeM npo6oSI B ¢o·royMHO)KUTe)xe, noaToMy B ps.ue cnyqaeB HanpSJ)Ke

HHe rii:lTag:kSI .!IO.ll8IOT· l:lMriY_lJhCaMI:l C .ll1II:lTenhHOCThi00 He npeBbilllBIO!lleii 2 MKCeK. 

Hanpn Mep, B pa6oTe 141 I aa rpOToy~m_O)l{HTene RC/1 931-A nMnynhChi Hanps)Ke

HHH Ill1T8HHSI HMenu 8Mri,1II:lTY.llY 10 KB ripH .ll1IHTe1JbHOCTU 01 1 MKC. npn 9TOM BpeMSI 
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-9 -9 
napacTannst wyMoBoro HMnynhca eocTaBnstno 0,9 •I 0 ceK n BpeMst cnana .1 0 ceK, 

a ,nnst nnaCTHqeCKOI"O CUHHTHnnstTOpa 8TH BennqHHbl COCTaBnstnll COOTBeTCTBeHHO 
-9 -9 

1 ,2•1 0 ceK n 2,2• 10 ceK. Anonnast Harpy aKa HMena Many10 BennqnHy /52 OMa/, 

npH KOTOpO~ HMnynhC Hanpst:m:eHH~ 5hln 5nH30K no ¢opMe K HMnynhCY TOKa 

lcM.n.9/. 

9. tPOpMa HMnynhCa Hanpst:m:eHHst ¢oTOYMHO)KHTenst 

3aBKCHMOCTh tt (t) MO)KeT 5biTh Haii,neHa ll3 /2/ • 05oaHaqnB UOCTOHHHY!O 

BpeMeHn aHO,nHoii uenn qepea c..'(~ J(C aannw eM /2/ B Bnne 

rjg + !:f = I (t:} 
ctt q: C 

/22/ 

B o5rrleM Bnne Bbipa:m:eane /21 I nm1 TOKa T(-t) cno:m:Ho. BHaqane pac-

CMOTpHM 5onee npocToii cnyqafi, Korna MO:m:Ho npene5peqh paa5pocoM aneKTponoB 

B ¢oToyMno:m:nTene n cqnTaTh, qTo HaMenenne aapstna · na anone onpenensteTcst 
/2 40/ 

aKcnonenunanhHbiM npoueccoM cuHHTHnnstunn. M o:m:no . noKaaaTh ' , qTo npn 

STOM 

Ll(t)== g c 
VIa /23/, B qacTnocTn, HMeeM 

M OMeHT BpeMenn, COOTBeTCTBY!OlllHfi 

c( u ~ 0 • 0TC!O.[l8 

cit 

HanpnMep, npn 
Cl -g ' 

[ 0 =4• 10 ceK, R.. =100 

-9 
= 1 ,8 • 10 ceK H 

OM H C =10 n¢ 

-&.. CC.::.v: _=a ,16 c 

YaennqnM napaanTHY!O eMKOCTh C B;:tBoe, T.e. C 
1 

= 2 C . Torn a 

/23/ 

~ /24/ 

/25/ 

t . I a_ & 
=2,75• 1 o-9 

ceK, a C....~ =0,25 -· =0,125 - • B peaynhTaTe yBe-
:MCI.t:c • 04C. C I C 
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nn'leHHH napasnTaon eMKocTn aaaoe annTenbHOCTh nepeaae~o ¢poaTa HMnynhca 

a aaaHOM cnyqae aospacTaeT a 1,5 paaa, a aMnnnTyaa naaaeT aa 30o/o. 

.llpy~oft npHM9p 0 nycTb 

t -9 
o/'4Uo\C: 7 15• 10 CeK, H3 /23/ 

t I -g 

(= 1Zo = 1,6·1.0-~tK.. . Vis /25/ 

{/..,t~~:c. =0,62 ~- • nonomnM C '= 2C • To~-
' ' . a -c.' / aa ,.:.... =9,6•10 ceK,a 

/ •nQ~~ . 

IJNal{(/ (IM ...... = 0,53, T.e. npu 

,..( = 0 133 'Vc • B sToM cnyqae ~41(cy.<. =I ,3, 
/)tc:IA,"t, /I" r '-.lt.ot"l", 

• tt ..... . 6onhwnx c:r;- aMnnnTyaa HMnynhca ripnMepno 

o6paTHO nponopunoaanbaa napaaHTHoil eMKOCTH. 

Hannqne paa6poca ~ so speMean nponeTa sneKTpoaon npnnounT K ynenn• 

'ISHHIO annTenhHOCTH HMnynhca n YMSHhW9HHIO e~o aMnnnTyahi • .llnH ouenKH anuTenl:f-

HOCTH H aMrrnHTYLlbi HMnym .. ca aanpH:lKeHIHI ae 6yaeT 6onhwon own6Koil, ecnn Kpn

BYIO T{t.} , sssxTyiO us /45/, npeacTasnTb a suae Tpey~onhHHKa /pnc.l 01. To~
aa I ( T:) _ MO:lKHO 6yaeT paa6HTb a a Tpn cocTasnHIOLUHX: 

I=;= at= J." t ansx 
0 I 

I= ~-I.t, I:~.=f{t-iJ=£ (t- t)anr~ 
t"~- 'to c 

t< to 
io< t <.. t"J<. 

/26/ 

/27/ 

1:73=0 .qnr~ t > rJ(; /28/ 

BaeaeM L{,(c)= f (4) 11 ~ {t}=/ (I;.}, 
ecnn t < to . B pesynhTaTe 

npnqeM L&_ (f:)= 0) 

(A:{)t (i)- tt,_ (t) 
-t-t;c 

~L ::: tt (t~c) -e- y-

anr~ 

anr~ 

OL.t.<tlc:... 

t; > t:k:. 

CocTasnf!IOLUHe nanpr~meHHfl 4 ( -t) n Ll;, ('t) aanaeM HS /22/ 

dU1 + tlt = oL-t I 
Clt ~ 

du2. + tf2.. = y(t-·to) 
ri~ q: 

~Lle 

anr~ t~t;} 

3annweM ypasaenne /311 6ea npaaoil qacTn 

<L= ~ c 
~ae r:::: ~ c . 

/29/ 

/30/ 

/31/ 

/32/ 
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Peweane aToro ypaBH9HHSI HMeeT BHLl 

no.ucTaBHM 1341 B 131 I I nony'IHM .. 

rqf -e_- te- J-t 
OTKYLl8 

JJ 
1 
= oL-e t./[-(Y:t- 7:~) -t B:t. . 

no.ucTaBHM .Cit Ha 1361 B 1341 H DOllO)KHB ~;: 0 (t:0)
1 

H8Hll9M 

H 134 I npno6peTaeT cne.uyrownii BHLl: 

ll (tL..tJ=-t~ (-t)== <L'T[ t +'T( -e- t;y--1) J. 
YpaBHeHHe 1321 aaanorH'IHO 1311 , ecnn BBecTH HOByro. nepeMeaayro 

Via 132 I H 137 I nony'IHM 

Via 1291 , 137 I H 1381 HM99M 

u (t) =c::c:[rt.+ ( r-J.)('f-t )+CC( ~- 'lflij.e· t,f] 
~«<~ . . 

I 331 

/341 

135/ 

137 I 

1381 

1391 

Halt.ueM COOTHOW9HH9 M9)K.C.Y Q H ol... o 1/13 /31/,· /32/ H pRe. 10 cne.a.yeT 

. t.~· 

~: t )· T.e. 11.-T.g 
/40/ 

Onpe.a.enHM1 qeMy paBHO HanpstmeHHe L{ (t") .a.nH 6onbwolt nocToHHHOlt 6peM9HH1 

T,e. Kor.a.a cc->> t;lc , Pasno>KHB B Bbipa:meHHH /39/ B pH.a. 9KCIIOHOHUH8llbHbte 

'lll9Hbl H orpaHH'IHBlllHCb nepBbiMH TpeMH 3H8'19HHHMH pSIJJ.8 1 IlOllY'lHM 

u (6..,)= ot,t...- r.;:':. (lr'-ol.) t:. /41/ 

<:["-+- \)0· 2., 
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no,ncTaBHB /40/ B /41/, Hait,neM u (-tt:) -
T'?cP 

:z: t~ 
::L 

1 -c 
TaK KaK nnowa.nh TpeyronhHHKa 

f'H'lHO /24/ 

Tot" 
-:v 

paaHa aapH,ny Q , To aHano-

I) ( -tk.) -> 
~-~o«J 

Q_ -~ /42/ 

'ITO UO,llTBep)K,naeT npaBHJlhHOCTb Bb!BO,lla /39/ • 
t 

0 . ~~~0 npe,neJIHM MOM9HT UOHBJieHIIH M8KCIIMyMa HMUYJlhCa, noJIO)!{IIM dt :J-\. '= , 

0TCIO.lla t= 0 , T,e. MaKCIIMYM .non)!{eH ObiTh npH t >to . LlHcpcpepeHuHpyH /39/ 

H rrpiipaBHIIBaH peayJihTaT K HYJII0 1 HaXO,lliiM 

t" J t = 7.: .en ° -e ~- u.., 
vt«J«. (f _ J.. /43/ 

nplf CHMMeTplPlHOH KPIIBOil I (t) /wyMOBbie HMUYJibCbi/ 

M9T BH.ll 

d-= 2cJ... H /43/ npu-

, .1 to t .Mai"Z' ~ <~, { 2. -e fC -1.) • /44/ 

7 c:- -9 t: -g 
npHae.neM npiiMep: ~l.-o =0, v =0,5•10 ceK H =1,5•10 ceK I II3, puc. 10, 

-r -9 . -1-- -9 " 
r.ae 'm = 10 ceK/, l-13 /43/ Hafi.neM t-......... .- =1,8•10 ceK,.l-13 /39/ liL ,. ...... ,, .. 
L~ .. = 0.26 c- ,·a LC(tk)=0,098 Q. • l-13 /30/ Hafi.aeM, 'ITO lfMIIYJibC Ha-

••A:(. C I 
npSI*eHHSI yMeHblll aeTcst no (L ( t '} = 0,1. U Atou.:c.. "'l.epe3 BpeMSI t- t-K = 

-9 
0,66" 10 ceK. 

. C'/" - -9 
PacCMOTpiiM ewe cnyqail, KOI"',lla Lo = lrn = 1,5.10 CeK. npii ::>TOM "/puc. 10/ 

t -9 -1.. -9 q- .;..9 
0 =3•10 ceK, LJ<. =7•10 ceK. nonO)!{IIM l.. =10 CI:!K, nony"'I.HM 

H3 /42/
1 

/40/ II /.39/ t =3,8•10-
9

ceK, U~a.., =0,226 Q. II· ({(ttc}~()l" 
n.ftll<', , ro .,(. C • J ~ 

-8 t . ..;,9 .. ll ~ 
'"" 10 ceK. nony'IHM _,._,~c =6'10 ceK, ~•otc=0,742-, Terrepb UOJIO)KHM r 

IJ.(ttc) =0,714 g_ 
·c II L( ( t 1 

=3,7• 10-8ceKJ~ 0,05 t(....'<c • Yfa paa;_ 

opaHHbiX rrpHMepOB BII,llH01 'ITO IIpH H900JlbllliiX IIOCTOHHHbiX BpeMeHH 8HO,OHOfi U9IIH 

Cf' .nnHTenhHOCTh HMIIYJibca HarrpH*eHHSI OJIH3Ka K .nnHTenhHOCTII HMnynhca TOKa. 

3aMeTHM, 'ITO B cPOTOYMHO)KIITeJISIX ¢>8Y-33 H ¢>8Y-B BpeMSI HapaCTaHHH HMIIYJib-

q- . . -9 /48-51 I 
COB rrpii M8Jlb!X I,.,. COCT8BJISI9T 2 "';" 4•10 C9K , 

Heooxo.nHMO OTMeTIITh·, TaK*e, 'ITO 3Ha'leHIIe KoscpcpHUIIeHTa pa3MbiTIISI 

HecTa6HJihHO, CTeneHh paaMbiTHSI MeHsteTcst OT IIMnynhca K HMrrynbcy, Bbi3biBaH II3-
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M9H9HHSI B ¢opMe1 8MITnHTyae R MOM9HTe ITOHBneHHSI RMITynbCa. 0THOCHTenbHhlft ape-
; . •• ' - ! ' "": ': '-.-." • : : · .• , • "' . • 

MeHHOif paaopoc RMITynbCOB o·T UBYX cPOTDYMHO)KRTeneif, OUHOBpeMeHHO perRCTpHpyro-
, • • < • • • • •• ' .• • -: • ~ • ' ._ ' ~ 

IURX cBeTOBbl9 BCITblWKR, OITHCLIBaeTCH B nepBOM. npHonH)K9HHH WYHKUHe~ raycca. 

/52/ . 
Yf 3MepeHHaH anH ¢3Y-33 BenH"lHHa cpeaHe-KBaapaTH"lHOI'O OTKnOH9HHH rayc~ 

coscKoii KpHBoif pasHa - 2,3.10~9ceK. B qioTOYM~O)KHTenBx ¢HpMbi ·RCA MaKcH

ManbHbiii pa36poc so speMeHH nponeTa npoTOHOB cocTaBnBeT anB 6810-A 1 rYtf't:~l(. 

a anB C7251 - HecKonbKO aecHTbiX m/l,lc-eK. . 

'Y:TOObl yMeHbWHTb Bn~HHH9 BpeMeHHbiX ¢nyKTyaUMif Ita aMITnHTyay HMITynbCOB 

cneKTpoMeTpR"lecKHX ¢oTdyMHO)KHTenea, cneayeT BhiOHpaTb . .aocTaTO"lHO Gonbwoe I(. 
OOnbWHX ITOCTOHHHbiX Bp9M9HR 8HOUHOit uen~ CC:>> T:K_ · aMITnHTyaa HM-

~ 

nynbCOB M9HH9TCH Mano H · paBHa L( ~ ~. 
~l-~4111:(. c. 

10o illyMOI:lbi9 HMnynbCbi 

illyMOBbi9 HMnynbCbi cPOTOYMHO)KHTenH ooycnoaneHbi cne.ayiDIUHMH OCHOBHbiMH 

/35/ 
npH"'HH8MH : 

1. TepMoaneKTpOHHoif a MHCcHei\ ¢oToKaToaa H .UHHO.ll~.B. 

2. Yf OHHOif H OITTH"leCKOit OopaTHOit CBH3bl0o 

3. ToKOM yTe"lKH "lepea uaonHuHro. 

·4. AaToaneKTpOHHOil: 'SMHCCHeif. 

TeMaosoit TDK, oos.~aaHHblit TepMOSMHCCHH 1 nponopuHoaanea, B ocaoaaoM, nno

maaH qioToKaToaa, nocKOnbKY TepMOTOK c ¢o-roKaToaa ycunHaaeTcB 6onbwe, "!eM 

C UHHOUOBo TeMHOBOft TOK pacTeT C pocTOM TeMnepaTypbi H HanpH)K9HHH1 npH S'J'OM 

ace 6onee 3aMeTHbiM CTaHOBHTCH BKnaa OT nepBbiX UHHO.llOB •. 

npH CTOnKHOB9HHH aneKTpOHOB C 8TOM8MH OCTaTO"lHOI'O rasa HnH napaMH. Ue3HH 

oopaayiDTCH HOHbl0 KOTOpbi9 1 B CBOlO O"lepeUb 1 Bbipbii:3alOT H3. cPOTOKaTOUa aneKTpOHbl 0 

KpoMe Toro, npH 6oM6apaHpoaKe aneKTpoHaMH CTeKna H aMHTTepoa npoHcxoaHT 
.· ' ' ' . ' . - .. - .. . ·' . '. ~ 

Oopa30B8HHe cPOTOHOB 1 KOTOpbi9 T8K)Ke MDI'y T nonaaaTb Ha cP0TOK8T()A. H BbipbiB8Tb 
. . . .- .~ .~ 

aneKTpOHbi. B peaynbT~Te HOHHOif H OITTH"leC:KOit CBH3H OT CUHHTHnnHUHOHHbiX BCITbi-

WElK oyayT COnpOB0)KA8TbCH TaK Ha3biBaeMbiMH nocneHMnynbC8MH HnH caTennHTa-

MHo npif OITTH"l9CKOif oopaTHOit CBH3H nocneHMnynbCbi cneay!OT "l9pe3 BpeMH 
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-a - e~ 137( 
2•10 C9K 1 a npH HOHHOA - qepea .llOnH MHKpOC9KYH.llbi HnH H9CKOnbKO MHKpOceKYH.ll • 

CaTennHTbi MoryT soaHHKSTb Tax:m:e 3A c"'eT aanaanblsaromero Ha aecxonbKO MKcex 
/53/ 

Hany"'9HHSI O.llHHO"'HbiX • sneKTpOHOB C cp0TOK8TO.ll8 • 
'• ~ ~ • ' ·' I .- \ , • 

_""l·:' lf?.IL:;Y.•J,9/-I~~.:t38..Bil,QHTi i'(B' ocHol'ilJo'M? o'r 'tiif'cToTI,i noi:iiip,l~'c)'~TH 6annoa~;. ~ . _''.: .. 
~ .. ~~~~Qf71S 1iJ:\9t\Hg~H~ ~JJ<~CHfll.:BO~HHK'SeT '1Ha'' ·a epo's~ocT'si.x q)6T dk~T~ri~;-' B ~ ~c~~X1 i ... '/ ., , , 
6onbU.!.ffM,.I"•panHeH:f'OM aanpst:me'H:IIH~' r.:o:'•'(-''' ,,., ·c,, .,;_ :,.; '"'' ·. 

"'":;~~!.}~.z.:; ~ ...• ~ .. - " :. . 
T;;:;·-. ~i·· . ... ': 

.,., ... ~~-- ·~~~Y \r.-....-~ r)rft)1.j!J'l~'";"'f)qf\2·~~f>:.""'~_;H\.'::,,·?·;·1·-~ ;_-,:-~--~~~~;~.c·--, ?,::~~-.\(~::'~-;-; ·;?!\}"· 

-'>l'i:!'MHOBOA' TOK '·aoapacTaeT· nocne OCB9IU9HHSI .!l:JOTOY,MH,O:>KHTenH., •;, . T•· :;,_. -<-'''' 
···.;:·l;i<•.M \~)~\ J::·.c<(l-f~' .c.'S':!Td;·_;,;;·r·:v:·· ~- i; .:r··:·' ',\.".;-~~-. ·.r ...... ·"··· ·.· .·: .. ,~·.:: .. 

' . npH KOMH8THOA 'T9M!l9P8..1'YP9 .. MO:>K e:r., ... O~ITb(;.llO:u~:l Q,_, ·wyMOBbiX>HJii!iiym}cbB'·" '· ... 
~;r;':;.:-flr'\r""ll ;~-OtBO nn.;.~. ·r';jr.,_j.:.~.i/5·4)"--' {J·,_,tl_· ., ~·-;-· >' • -··. £----:e>~:-."~~ ;;,, ... (", 

B cexyany. OpH oxn:a:m:neHHH cpoToy,MH,Q?K~:r,enst·;,TeMHOBoi!:-:TOK···yMeHbwaeTcH · ·"' · 
. , . . . \ o /55 I 

npHMepao Ha nonoBHHY csoeA senH"'HHbi. aa xa:m:nbxe )0 c . .o_xna,:m:~~Ht(.~ ... , . ·~ OpH 
"" , .. ,-·-r~·-. ',' ~: ;~-,r•·:-~r~~--i~~<J,.::: j:\~{ E·l:::.:J~<'~'/1".._'· ;~_;r_lF~·Y;::Tt.1'c-,,~;:_·, . _~,·, -,-_,,, ;: l ............ -.... , 

Te~n·epuype ·:m:Hnxoro :soanyxa •mcno-.. :lli!~?~bi~ -~~IIY,~.~c:ps., .. ?<:>.c;:r.aB..n.st_e:.-. a~.cxonhKO• 

H t-)ilyn.6·r;6'•''a'"'cei{'yW/iy;:t!P~d.~-~~~: ·~~ ~~~~·i~~~i.' ~o-~ •• -~.li.(?,?e;~.', ~~~;;~~~.~Y"~~I:\1!~., K~0, 
BXOt:rHiiier6','8"c"dcT'b ~\j:'~K~·~·- H.l cn'~l;~I q;·~~~y.:~~~~-~T~~~~ aa ,HCKJ1I0;19H~~¥ ;·l\:1.<?nH6~._; 

/56/ ·;::~;. ·~···" .. ,.'··' ·'··''''•·•, r .: ....•..•. , "·· 
neaoaoro H xsapuesoro cTexna H, ., • ·- • 

l!Hcno WYMOBbiX HMnynbCOB, T8K:>Ke_ KaK H 38BHCHMOCTb 9TOI"O "'HCna OT TOil: 
. .. ·• . ., ·. "' -••...•. i /57-59/ 

HnH HaoA npH"'HHbi, .onpenemiroTcst TH!!.QM .. ~!P.o.'I'OY,MHO.}KlfTenH - · • B 5onbWHHcTne 

COBp9M9HHbiX cpOTO.YMHO:>Kll:TeneA rnaBHOtl: npH"'HHOtl: SIBnHeTCSl TepMOSMifCCHSl C cpOTO-

K8TO~~l.ldHf!f.JH:::.;O Fl-..1HJ.'U(r·~ \:F•. '·:;·;:..:_, 
;·~ 1 ', ·_; ,., ;_;_ .il ; () ~ -~: .. ,.,:n.Y.' ·~ --~ I~~ •. ~\ ' • 1_-. ·. • 

'- {~t..'_, ·- }~.!/f F. ;i~ ,-,::: ;t 

B Ita"'eCTBe npHMepa aa pHc. 11 npHBeneabi .llHcpcpepeHuKanbHbie cnexTphi wy

MOBbiX HMnynbCOB 

TeMnepaType T 
L'M/- L'H) L'., .. ... , .... r· ''n •· '· /58/«0.''·'''·'' :c···,· ' ' 

cpoTOYJ.\1~g?K,~~enHI; [J.;,._r ( i :u·c·u.c"''i ·'cliH'I' bie " · · npH paauoit 

H paaaoM aanpH:m:eaH~,}!,;'faJ}H.f!:.J t,{{P,,'• z• :Ha,qanhHaH, "'ac:Tb' :c'riexTpa 

COOTB9T(;TByeT TepMOTOKy, a Y"'SCTOK C M8KCHMYMOM B03HHK89T 3~ ,CT.J.~T 6oM5apnH-
.._·:·;::~t:r~,:~.J~;,:I·~ ;:;~.tq{f.'$:- .. .tL:-:..~.··-· . ~. L:l ... ,!c' , ·"· 

pOBKH HOH8MH cpOTOK8TO.ll81 "'TO COIIpOBO:lK.ll89TCH BbipbiB8HKeM 5-6, _s_n,e~'!PP.ItPB_c, B 0 
:Jne:~:~-:.~~:r ... lt;:, t~(H~:t!<..hi ! . .r·.h~d-:-..-·~,~ 1.· .. ~ ·•· -~ .. 

K8:>KJlOM T8KOM aKTe. 

..... ;)r ... P 
·~ H H ~)·: . .>:: ~·-.:~ . :;..-; .· .. ~ :::-( ~:: Vz ~,:· r.. {~; r•, ;:· ;-. ;:-'~ r ., 

. . :·:.(._~ T' ·f:i C· ~,· C> J r ~< ~! ··~ .• 

.,1-l•)>PF;:'·;:, c: ,HO,!l.fl!~(:ll1.i~!:·~~:~::~,..,., ... ,,;, ''1 'lf>TCMfl;:;•: •c:;'6i.'.•:a:.;·,;_;rl "(;,;.:\'.'· \:oc;::·lC t ·<!;C•c :_, . 

M'"F , ,~ rc.ld:v:.;'; r: ~.,r·rr-t~HBCfilpd'b'~i h:"iiTaaH·sl Cpo'ToyMHo:m:HTeneA ,. , . , , ., .: .;:: , .·. Y 

!'AO'i'G !;rpi r.1·(·J~l~.L-~<+Tiqr1P·H U ;(·rqy·-r.f~.('fF:-~1:·,1-:;>''t h·F>'1':):'q ~:· J .• ,~ .. :;·.~ ·A,_ ••• ,~ -~·--. ~·. ~- .•• =-· 

· ·~ -.- ~. -~,"-.- ··'·"· ,..-~ '-17"'',U·!· p~-_;·~~fi ~:~f)~!;_-;·i':J ::·0::-lB. ,t-~-~-~·.L',i-:: ~~-·;,··:'.--''.; 
06bi"'HbiM CIIOC060M IlO,Il8"1H.l'HanpSl:>K'OHKSl •·'nR'I'lH!Kst Hlil !tJoTOYMHO:>KKTOnb SlBnSl-

9TCSl nonxnro"'9HI_le_,, ,, erp.,,.., K~S~,{i.~,O~. ;K,-:P9Pl~f:r1Yr 9M.H'19CKOMY-'•'.Il e.riifTeiiiOj '· 1 lianpsnite2.:~ 
q:rti-:D)J }1l·A!;CJf:.f1 . .i..;.i'~" •. .:.: .. hc .. t., ·' ... ~"'"~.- " -

HHH; cHHMaeMoro c Bbxcoxoaom~Taor-o.,BbUIPHMHT.enSI,. BacnpeneneaaijnnoT·aitfrH'anoa'·': '''". 
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cnyqae H806XO.llliMO T8K09 pacnpe.ueneHH9 llOT9HUHanOB 1 npH KOTOpOM MHHHManeH 

aMttnHTy,llHbifi pas6pOC HMllYnbCOB1 a BO-BTOpOM - HaH6onee Ba:>KeH MaKCHManhHhlfi 

K09cPcPHUH9HT ycwneHHSI 1 .unSI '191'0 Ha llOCn9.llHll9 Ka:::Ka.llbl nO.ll8IOT 6onbWHe Hanps:r-

Koac}Jc}JnuHeHT ycw:neHHSI ·¢oToyMHO:>KHTenst cHnbHO saBHCHT oT BenH''IHHbi Hanps:r

)K9HHSI nHTaHHSI. HanpHMep, B cneKTpoMeTpH'IecKOM ¢oToyMHO:>KliTene · ct>8Y-29 oT-

KnoHeHHe HanpSI)K9HHSI nHTaHHSI OT HOMHHanbHOI'O /,.._ 1000 B/ Ha 10% BbiSbiBaeT 

/39/ . 
HsMeneHHe Koa¢¢HuueHT.a ycnn eHHSI npH MepHo B 'I9Tbipe. pas a · • Dnst. noBbiW e-

HHst CTa6HnbHOCTH K09cPtPHUH9HTa yCHli9HH SI MO:lli: 9T 0 blTb HCnOnbSOB8H cnoco6 nO.ll"'" 

~ . . . . 12/60-63/ 
KliiO'I9HHSI 't'OTOYMHO:lli:HTenst K Hanpst:>K9HIIIO nHT8HIISIJ npHB9.ll9HHbifi Ha pHC. · · • 

O.llHH HS .lliiHO.llOB A,· IHoMep l saBIICIIT oT THna ¢oTOYMHO)KIITenn/ coe.uiiHSieT

cst c nocToSIHHhiM ucTo'IHIIK~:M: Hanps:r:>KeHIISI 1 a .lliiHO.llhi ,LJ,i·1. II A,· .. tcBSISbiBaiOTcSI· 

M9)K.llY co6ofi. 'lepes COllpOTIIBneHue .ll eimTenSI /(_' • npll H9KOTOpbiX: SHa·qeHHSIX !(_ 
Koac}:lc}JIIUIIeHT ycllneHHSI IIMeeT yqacToK nnaTo no Hanps:r:>KeHIIIO. HanpHMep, .uns:r 

¢oToyMHO:>KHTens:r ct>3Y-19 I {, =10/ aToT yqacTOK cocTaBnSieT ~ 100 BOnbT
1631 

H e.uocTaTKOM yKasaHHOl"O cnoco6a SIBns:reTcH saMeTHoe · Yf19HhweHHe Koac}JcpiiUHeHTa 

ycHneHHH c}JoTOYMHO:lli:IITen~. 

DnH Taro, 'IT06bi. Hanpst:>KeHHe Ha KacKa.uax cpOTOYMHO:lli:HTens:r He M9HSinocb, TOK 

qepes ¢oToyMHO:>KIITenb .uon:>KeH 6biTh B 1D-:-100 pas M9HbWe TOK.a qepes .ueniiTenh. 

ToK B c}JoTOYMHO)KIITene _MaKCIIManeH Ha nocne.uHHX KacKa.uax. HanpSI:>KeHIIe Ha 

9THX K8CKa.ll8X npH IIMnynhCHOM HSM9H9HIIII TOKa cpiiKCHpyeTCSI KOH.lleHCaTopaMH 

eMKocThKi. a o,or..;-1 MKcp. 

B T9X cnyqaSIX 1 KOl".lla TOK Ha nocne.llHIIX KacKa,llaX CT8HOBHTCSI CpaBHHM C 

TOKOM qepes .ll eniiT9nb1 npOIICXO.llliT UOHII:lli: 9HII9 HanpSI:>K9HHSI Ha 9THX KaCKa.uax. 

nocne.uHee npiiBO.lliiT K yBenii'I9HHIO HanpSI)K9HIISl Ha. Cp9.llHHX .lliiHO,llaX1 'ITO yBenH

'IHBaeT yclln9Hlle 1 Bbi3biBaSI .uanbHefiwee yBenH'I9HH9 TOKa qepes tPOTOYMHO:>KHTenbo 
. . . 1641 

B pesynhTaTe. aToro sospacTaiOT wyMhi, u HacTyrtaeT npo6o1i ..• 4To6bl 6bmo Bos-

MO:lli:HO nponyCTHTb 6onbWOfi TOK qepes cpOTOyMHO:>KHT9lib, HY:>KHO llpHMCHHTb .llB8 

HCTO'IHHKa nHTaHHSI, npH'I9M llOCn9,llHH9 KaCKa.llhl cpOTOYMHO:lli:liT9liSl llO.llKniO'IaiOTCst· 

K 6onee HHSKOOMHOMY .ueniiT9niO HanpSI)K9HHSI 1 '19M Bee OCTanbHbi9 /pnc.13/. 

12. BnnHHne Mar.HHTHoro nonH 11 V-snyqeHHfi 

MarHIITHOe none H~MeHSieT HanpaBneHIIe ,llBH:>KeHHSI aneKTpoHo~ BHYTPH YMHO

:>KHTenH, CHH:>K aSI ero KOa c}J¢HuneHT ycnneHHH. H an6onee cnnhHO M8l"HHTHoe none 
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.ll eiicTByeT Ha y'laCTKe cpoToKaTOJl - nepBhiii ./lHHO.ll YMHO)!{HTenn. B Ka'lecTBe 

3amHThl OT cna6oro MarHHTHOro ITOnSI HaXO./lSIT rrpHM9HBHH9 3KpaHhl H3 nHCTOB QTQ

)!{)!{9HHOrO nepMonon, a npH cHnbHhiX rronnx - )!{eneaHbie Tpy6bi. :::KpaH aon)!{eH 

npeBbiWaTb cpoToKaTO.ll Ha paccToSIHHe, 6onhwee '19M ero paaHyc. 

no OTHOW9HHIO K HHTBHCHBHOCTH H3ny'IBHHH pa3Hbl9 THUbl cpOTOYMHO)!{HTenefi 

/65/ 
B9.llYT ce6SI no-pa3HOMY • npH H3MBH9HHH 3arpy3KH 'laCTO Tpe6yeTCSI JlnHTBnb-

HOe BpeMSI, 'IT06bi BOCCTaHOBHTb npe)!{HHB xapaKTepHCTHKH , cpOTOyMHO)!{HTenn. npH 

OCBemeHHH cpOTOYMHO)!{HTBnSI B03paCTaiOT WYMbi, MBHSIBTCSI aMITnHTyJla H pa36poc 

/68/ 
HMITynhCOB ITO aMUnHTYJl9. 4ame Bcero 3TOT paa6poc B03pacTaeT. no aaHH.blM 

CIT9KTpOM9TpH'19CKHe CBOHCTBa cpOTOY MHO)!{HTen eii COXpaHSIIOTCSI 1 ecnH 3arpy3Ka 

xaOTH'I9CKH pacrrpeaeneHHhiX BO Bp9MBHH HMITynhCOB He npeBbiWaeT ann ¢3Y-29 

4 4 5 
10 HMrrlceK, <t>3Y-:-C - 4•10 HMrrlceK, ¢3 Y-11 - 10 HMrrlceK, rrpH'IBM B rrocnea-

H9M cny'la9 1 KaK yKa3biBaiOT aBTOphi, OrpaHH'I9HH9 MOrna H8Kna.llbiBaTbCSI perHCTpH-

py10mea arrrrapaTypoil:. 

13. nocTOSIHCTBO 'lyBCT BHTenbHOCTH cpOTOYMHO)!{HTenefi 

B rrpouecce aKcrrnyaTaUHH 'IYBCTBHTenbHOCTb cpoToyMHO)!{HTeneii YMBHbwaeTcn. 

HarrpHMep, 'IT06bi rrony'IHTb rrpe)!{HIOIO 'IYBCTBHTenbHOCTb <t>3Y-19 rrocne pa6oTbi Ha 

H9M B T9'19HH9 1150 'laCOB ITPH HanpSI)!{9HHH 1000 B, Ha.llO ITOBbiCHTb HaiTpSI)!{9HH9 

• /32/ 
UHTaHHSI Ha 200 7 300 B. 

VlaMeHeHHe 'IYBCTBHTenbHOCTH ycKopneTcn c pocTOM ToKa qepea cpoTOYMHo-

)!{HT9ITb. 

/39/ ' 
VI ccn e.a oaanacb eTa 6HnhHOCTb pa6oT hi cpoToy MHO)!{HTenn <t>3 Y-29 rrpH 

. 60 
o6ny'I9HHH ero pa.llHOaKTHBHhlM HCTO'IHHKOM Co , 3arpyaKa COCTaBnnna 

4 
""'10 HMrr/ceK. 3a nepBbie aaa 'laca cKopocTb c'leTa HMrrynbCOB rraaana rrpHMep-

HO Ha 20%, a 3aTeM B T9'19HH9 OCTanbHOrO Bp9M9HH HCITbiTaHHSI /8 'laCOB/ OCTaBa

naCb ITOCTOSIHHOii B rrpe.llenax 1%. npHB9./l9HHaSI CTa5HITbHOCTb Ha6ITIO.ll8ITaCb TaK)!{9 

/67 I 
npH BbinOnHeHHH 3KCU9pHM9HTa Ha CHHXpOUHKnOTpOHe 

QqeHb BbiCOKOH CTa6HnbHOCTbiO OTITH'Ia!OTCSI cpOTOYMHO)!{HTenH TUna ¢3Y-12 

/36/ 1111. YKa3biBaeTcn , 'ITO <t>3Y-12 HMeiOT H9H3M9HHYIO 'IYBCTBHTenbHOCTb B Te'le"" 

HH9 JliTHTenbHOrO Bp9M9HH cpaay '19p93 2-3 MHHyTbl nocne MOM9HTa .BKIT10'19HHSI. 

B 3aKni0'19HHe aBTOpBbipa)i{aeT 6naroaapHOCTb n.M.CopoKo H FO.n.npoKow

KHHY aa pSI./l U9HHbiX .3aM9'1aHHH no JlaHHOMY o6aopy. 
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nPYiflO.IKEHVI.H 

/40/ 1. pcHOBHhle xapaKTepHCTHKH opraHH~ecKHX CUHHTHnnnTopoB 

CuHHTHnnnTop 

AHTpaueH 

Tonyon+p-TepciJeHHn /5r/n/ 

ct>eHHnUHKnoreKcaH+p-TepciJeHHn 
/3 rln I 

nonHBHHlWTonyon + p- TepciJeHHn 
/36 r/n/+ ,llHcfJeHHnCTHnb6eH 

10,9 rlnl 

nomiCTHpon + p-TepciJeHHn /36 r/n/ 

nonHCTHpOn +2% p-Tep¢eHHna + 
/68/ 

CZ"o 
-9 10 ceK 

32 

6,4 

5,4 

2,2 

2,9 

3,0 

3,0 . 

ioo 

60 

. 45 

35 

. 27 

48 

28 

49 

CneKTp 
MBKCKM~ 

Ao 

4400 

4100 

3900 

3550 

.3550 

3800 

3550 

x/ 
YfaMepeHO npH B036y:lK,lleHHH ynbTp8cfJHOneTOBbiM CBeTOM. 

n noTHOCTip 
•rlcM

3 

1,25 

1,16 

1, 18 

0,94 

1,06 
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/311 
2. CUHHTHllliHUHOHHbili BbiXO.ll HeKoTopbiX BemecTB 

BemecTBo 
Koacp. nnoTHOCTb 0THOCHT ,CBeTOBOJi 

3 
npenoMn. rlcM BbiXO.ll 

.aHCTHllliHpoBaHHaH BO.lla 1,33 1,00 1 

Bo.lla 1,33 1,00 0,8 

Tonyon 1,488 1,866 65 

0neKCHT'llaC 1,48 1,18 170 

nnaCTHqeCKHJi CUHHTHllliHTOp 1,58 1,03 3'10
5 

B03.llYX 1,0003 1,2•10 - 3 

/68/ 3. OcHOBHbre· xapaKTepHCTHKH H9KOTOpbiX oTeqecTBeHHbiX ¢3Y 

H a H Me HoB a HHe 

.aHaMeTp cpoToKaTo.lla IMMI 

~HTerpallbHaH qyBCTBHT91Ib
HOCTb cpOTOKaTO.lla fMKafnM/ 

KBaHT.BbiXO.ll cpoToKaTO.lla npH 

A =4047 A 0 
/aniKB %I 

Paooqee HanpH:>KeHHe IKB,/ 

KoacpcpHUHeHT ycHneHHH· npH 
MaKCHMallbHOM Hanp.51:>K9HHH 

BpeM.51 HapacTaHH.51 CUHHTHll~ 
HMnynbca /10-9 ceK,/ 

M aKCRMallbHbi:l!: BbiXO.llHO:l!: 
TOK B HMITYllbC9 /Ma/ 

IB 2B 

40 

to6 

3 

¢ 8 y 
. 1 BlB 1 B2B 

75 

3Q-80 

8-16 

2-2,5 

10 7 10
6 106 

3 5 5 

50 

13 33 

50 35 

3Q-80 35 

8-15 10 

2-2,5 2,5-3 

10
7 10

8 

.5 2 

300 300 
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Pn:c. 5 

Pn:c. 6 
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a) 

Puc. 11 

A Urp:1DSO 8 
8 Ucp= 950! 

. D Ucp:: goo g 
'T= 45° F 

A 'T: 65° F 
B 7'=56° P 
C 'f:. 37°F 
(J ¢= 1000 6' 
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