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1. B B e .a e H H e 

CuHHTHnnSJ:UBOHHhiA MeToLl neTeKTBpoaaHBSI aapSJ:lKeHHbiX qacTHII aauu

MaeT noaon&Ho 6on&moe MecTo a aKcnepBMeHTan&uoA SJ:LlepuoA $B3HKe. B 
nocnenuue ronhl aoapoc HHTepec K raaoBbiM CUBHTHnnSJ:TopaM, o6nanaiOWHM 

TaKHMH CBOftCTBaMB 1 K8K 6biCTpoLleftCTBHe, nHHeftHOCTb CBeTOBOrO BbiXOLl8 C auep

rueft H YLl06CTBO LlHCKpHMBH8JIBH 'l8CTHJI C paanH'lHOft nnOTHOCTbiO HOHB38JIHBo 

Pacmupeuue rpauuu ucnon&aoaaHHSJ: aToro MeTona anSI neTeKTHpoaaHHSJ: 

H aMnnuTynuoro auanuaa aoaMOlKHO npu noMemeuHH raaoaoro CUHHTBnnSJ:Topa 

a nocTOSJ:HHoe aneKTpH'lecKoe none. 3To noaaonSJ:eT yaenB'lHTb OTHomeuue 

curuana K myMaM H yny'lmHTb auepreTH'leCKoe paapemeuue, xoTSJ: B npH

BOLlHT K yxynmeHHIO 6biCTponeftCTBBSI neTeKTOpa. 

KonuqecTaeuuoe cpaaueuue xapaKTepHCTHK raaoBbiX CJIHHTBnnSJ:Topoa, 

nonyqeHHhiX paanH'lHhiMH aBTopaMB, aaTpynueuo B cuny cnolKHOA aaBHCHMo

CTH HX OT 'lHCTOTbl raaa, naaneHHSI B reoMeTpHH yCT8HOBKBo B H8CTOSJ:WeA 

pa6oTe CyMMHpyeTCSI OfibiT, nonyqeHHblft H8MH npH C03Ll8HHH LleTeKTOpa a-qaC

THU B npH BbiSICHeHBB B03MOlKHOCTB nOCTpOeHBSI cneKTpOMeTpa a -'l8CTHJI 

ua 6aae raaoaoro CJIHHTBnnSJ:Topa B aneKTpH'leCKOM none. 

npH npoXO)KlleHHH 38pSilKeHHbiX 'l8CTBU qepe3 raa npOBCXOLlJ:fT B036ylK

LleHHe B HOHH38UBSI 8TOMOB, npH'I~M HOHbl raaa o6paayiOTCSI T8KlKe H B B03-

6ylKLleHHOM COCTOSIHHHo nepeXOLl H3 B036YlKLleHHOrO COCTOSIHHSI BOC~OBHOe B 

npoueCCbl peKOM6BH8JIBH SIBnSIIOTCSI HCTO'IHHK8MH $oTOHHOrO H3ny'leHHSio Pa3-

nH'IHbJe Kauanbl $orouuoro uany'leHHSJ: o6cylKLlaiOTCSJ: a pa6oTaxl 1-5/. 
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I.l.BnHSJHHe anexTp&qecxoro nonSJ aa cuHHTHnnSJUHOHH&re 

c a o A-e-Ta a r a a o s. Kox/7 I H pSILlOM npyr&x HccnenosaTeneA 6&rno aaMe'leHo 

cymecTBeaaoe yBen&qea&e cseToBoro B&rxona 6naropona&rx raaoB npH noMe

meHHH HX B noCTOSJHHOe sneKTpH'IeCKOe none. 

Ha6monaeMbiA HMnyn&C COCTOSJn Ha LlBYX KOMnoHeRT/8/ ( CM.pHCo 1): 

a) OCHOBHOit0 6b1CTpOA KOMnOHeHTbl CO BpeMeHeM HapacTaHHSJ < 2.10-8 CeK, 

HaMeHeHHSJ BenH'IHHbl KOTOpoA He Ha6n~nanoc& npH Hano~eHHH aneKTpH'IeC

KOT'O nonSJ Ha CUHHTHnnHpy~mHit o6'beMj 6) KOMnoHeHTblo 06ycnoBneRHOA noneM 

H CHn&HO aaBHCSJllleit OT BenH'IHHbl npHno~eHHOT'O HanpSJ~eHHSJ. 

BTOpaSJ KOMDOHeHTa illna C aanep~KOit t • 5.10-6 CeK OTHOCHTen&HO 

nepBoA, npH'IAM BpeMSJ aanep~M yMeH&illanac& npH yBen&'leHHH anexTpH'Iec

xoro nonSJ. Kox npennono~na, 'ITO BTopaSJ xoMnoaeHTa o6SJ3aHa B036y~ne

HR~ ra3a sneKTpoRaMH 0 ycxopeHHblMH sneKTpH'IeCKHM noneM. 3ciMIJeKT 9TOT 

aaqsaan aa6n~naT&CSI npH aanpg~eHHOCTSIX snexTpH'Iecxoro nonB, aenocTa

TO'IHb1X llnSJ ra30BOrO yc&neHHSJ (T.e. LlnSJ BTOpH'IHOA HOHR3aUHR B ra3e). 

HccnenoBaHHSJ Koane R non&xapno/6/, B KOTOpbiX cpaBHRBanHC& KO~

ciiRnHeHTbl yc&neHHSJ aMnnHTYLl c aaona nponopuHoaan&aoro C'IA'I''IHKa, aanon

aeaaoro aproaoM co cnenaMH a3oTa, H c aaona clloToyMRO~HTenB, KOTOpb1A 

•npocMaTpHsan• o6'beM aTOro C'IAT'IHKa, nonTBepnHnH npennono~ea&e Kox. 

CnenyeT oTMeTRT&, 'ITO npH aano~eBHR anexTpH'Iecxoro nong aa cu&a

THnn&py~IUHA 06'beM &MeeT MeCTO KOHKypeBllHSI LlBYX nponeCCOB0 BllRSI~IUHX 

aa &aMeaeBHe cBeToBoro Bb1xona, a .HMeaao: yMe&&illeBHe 'IRena Hoa-snexTpoa

BblX peKOM6HRallRit H B036y~eRHe aTOMOB ra3a sneKTpoBaMH 0 ycxopeHHbiMH 

anexTpH'IeCKHM noneM. npH Manmx nonSJx aa6n~naeTCH yMeR&illeBHe Bb1xon

aoro c&raana B pe3yn&TaTe pacTSirHBBBHSI Hoa-snexTpoRRb1X nap, aaeprHH 

~e snexTpoaoB aenocTaTO'IHO nnSJ B036y~e~g ra3a/41. B nan&aeAnreM, 

npH yBenH'IeBHH nonH0 aMnnH'J'YLla Ra'IH&aeT paCTHo 

Jl-• lleTeKTOp a - qaCTHII 

D.l.KoacTpyxuHH H napaMeTpb1 neTexTopa. HaMH 6b1n cxoa

CTpyHpoeaa neTeKTOp a - 'laCTHU 0 OCHOBaHBblit sa npHMeaeRHH ra30BOrO 

CUHBTHnnBTOpa B aneKTpH'IeCKOM none, KOTOpbiA o6nanan cneny~IURMH xa

paKTepHCTHKaMH: 
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a) 6on&illaSJ nnoman& HccnenyeMoro BemecTBa 

6) RHaKaSJ a¢clleKTHBHOCT& K y -KBaRTaM 

.. 
f < 

y -

0,7 

B) a¢clleKTHBHOCT& perHCTpaUHH Cl - 'laCTHU fa • 

r) RHaKHit C06CTBeHHblit clloa LleTeKTOpaj 

Ll) BpeMSJ RapaCTaHHSJ BblXOLlBOT'O CHT'Rana - 2.10-6 

DeTeKTOp noaBOnHn BnepBbie HCcnenoBa'J'& peaKUH~ ( D , 

caMapHSI H aeon&Ma aa peaoaaaca&rx aeATpoaax H nony'IHTJ: 

nnH 'leT&rpex necSITKOB pe3oaaacoB. KoacTpyKTHBBo KaMe]: 

co6oA nonb1A napannenen&nen c BHyTpeRRHMH paaMepaMH 1 

aanonaeBHMA KCeHOHOM 0 BHyTpH KOTOporo nOIIeiUaeTCH KaCCE 

pannen&HbiMH nnacTHRSMH /9/. Ha nnacTHHbl sasecea enol HCCil 

na. KacceTa noasoDSieT per&cTpHposaT& cllos LlBYMSJ clloToyMso~ 

B TO BpeMSI KaK JlpyrHe LlBa perHCTpHpy~T ~KTo 

faa - aanona&Ten& ( Xe l nepHOLlH'IeCKH 'IHCTHncSJ nyTet.A 

pea ropgqy~ KSn&UJIIIeBy~ CTpy~Ky 6eaMacnSJHb1M poTallHOHHblN 

CXeMa npHMeHSJeMOA sneKTpOHHKH H BaKyyMROA CHCTeMbl nasa 

U.~XapaKTepHCTHKH CUB HTHnng TOp a, p a 6 0 Ta ~Ill E 

pH q e c x oM non e. Bb1no Hccne.llOBBHO noeenea&e aMnnHTYLlb1 

XOLle clloTOYMHO~HTeml B aaBHCHMOCTH OT BenH'IHHbl npHno~eHJ 

xoro nonH H naBneaHSI CllHHTHnn&py~mero raaa (pRe. 8). 
H&TepeCHO OTMeTHT&,'ITO 6b1CTpbiA poeT aMnnHTYLlbl HMTI) 

aHeM aanpg~eaaocTH aneKTpH'Iecxoro nong aancMHHaeT aaaz 

JlnH ra30BbiX nponopUHORan&RblX C'IAT'IHKOB0 XOTH MexaHH3MI 

COB COBCeM pa3Rb1e. B cnyqae nponopUHOHan&Boro C'IAT'IHK 
\• 

o6ycnoenea naBHH006pa3HbiM xapaKTepoM BTOpH'IHOA HOHR31l 

B BailleM cnyqae CBeTOBOI BMnyn&e SIBnSJeTCSI COBOKyn 

o6paaoeaRHb1X Baon& TpexoB sneKTpoaoB, ycxopSJeMb1X np&no~ 

qecx~M noneM. C ysenaqes&eM aanpH~eaaocTa nona ysen 

poeT& npelclla sneKTpoHOB H 'IBCno clloTOBOB0 o6pa3yeMb1X K~ 

HOMo 3TO npHBOLlBT K axcnoaeBllRan&HOMY XOLlY 3aBBcRMO 

cBeTOBOA ecnNillKH oT eenH'IBBbl snexTpsqecxoro nons. CaMa 

Xa cy~aeTCH BO BpeMeBHo 

3aBRCHMOCTb aMDnBYLlbl RMJiyn&Ca OT nasneBBH CllR 

ra3a (pRCo 3) o6'bSICBHeTCSJ TeMR ~e npR'IRHaMB 1 'ITO R B 
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neKTpH'IeCKOrO nonH Ha CUHHTHnnHUHOHHbie 

0 s. Kox/7 I H PHJlOM JlpyrHx HccnenosaTeneA 6bmo aaMe'leao 

nH'IeHHe cseTosoro BbiXOJla 6naropoJlHbiX raaos npH noMe-

OHHHOe sneKTpH'IeCKOe none. 

biA HMnynbC COCTOHn H3 JlBYX KOMnoHeHT/8/ ( CM.pHCo 1): 

TpOA KOMnoaeHTbl CO BpeMeHeM HapaCTaHHH < 2.10-8 CeK, 

HHbi KOTOpOA He aa6moJlanOCb npH HanOlK8HHH aneKTpH'IeC

HTHnnHpyiOIDHA 06'beMj 6) KOMnOHeHTb10 06ycnoBneHHOA noneM 

eA OT senH'IHHbl npHnOJKeHHOrO HanpHJKeHHHo 

noaeHTa wna C 3a)leplKKOA t • 5.10-6 C8K OTHOCHTenbHO 

speMH aa11epJKKK yMeHbmanacb npH ysena'leHHH aneKTpH'Iec

npeJlnonoJKana, 'ITO BTOpaH KOMnoHeHTa 06H3aHa B036yJKJle

HaMB0 ycKopeHHbiMH aneKTpH'IeCKHM noneM. 3cjMIIeKT aTOT 

TbCH npH HanpHlKeHHOCTHX sneKTpH'18CKOI'O nons, He)lOCTa

OBOrO YCHneHHH (T.e. JlnH BTOpH'IHOA BOHH3aUBB B raae). 

KOH)le B nonHKapno/6/, B KOTOpbiX CpaBHHBanHCb KO~

aMnnHTYJl C aHOJla nponOpUBOHanbHOrO C'I~T'IBKa 0 Hanon

CO cne)laMB aaoTa, B C aHOJla ciJoToyMHOJKHTens, KOTOpbiA 

o6'beM aToro C'I~T'IBKa, noaTsepaana npeanonoJKeHae Kox. 

MeTHTb0 'ITO npH HanoJKeHHB an8KTpH'I8CKOrO nons Ha CUHH

'beM HMeeT MeCTO KOHKypeHUBlil JlBYX npoueCCOB0 BlJIISIOWBX 

eTOBOrO BbiXOJla0 a HMeHHO: yMeHbWeHBe 'IRena BOH-91IeKTpOH

BA H soa6ylKJleHHe aToMos raaa sneKTpoBaMB, ycKopeHHblMB 

noneM. npH Manmx nonsx aa6nJOaaeTcs yMeHbWeHBe BbiXOJl-

peaynhTaTe pacTsrHsaaas aoa-aneKTp'OBHbiX nap, a~epraa 

HeaocTaTO'IHO ans BOa6ylKJleHBS raaa/41. B aan&aeAweM, 

nons, aMnnHTYJla Ha'IHHaeT paCTBo 

11-. JleTeKTOp a - '9:BCTilU 

KUBH a napaMeTpbl aeTeKTopa. HaMH 6bln CKOH-

eKTOp a - 'laCTHU1 OCHOBSHBbiA 88 npHM8HeHHB raaosoro 

B aneKTpaqecKOM none, KOTOpbiA o6naaan cneayJOWBMH xa-
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a) 6onhwaH nnomallb uccneJlyeMoro semecTsa 

6) BH3KaH a~eKTBBHOCTb K y -KBaHTaM 
-

f < 
y -

0,7 M
2

• • 
10-7; 

B) ~eKTBBHOCTb perBCTpaUBH Cl - 'laCTHU fa • 1; 

r) HB3KBI C06CTBeHHbii ciJoH JleTeKTopa; 

Jl) speMH aapacTaaas BblXOJlHoro caraana 2.10-6 ceK. 

lleTeKTOp n03BOnHn BnepBbie HCCne)lOBaTb peaKUHIO ( D , a ) Ha H30TOnax 

CaMapBSI B HeO)lHMa Ha peaoHaHCHbiX HeATpOHax H nony'IHTb BenH'IBHbl r a 

ana 'leTbipex aecsTKOB peaoHaacos. KoacTpyKTHBHO KaMepa npeacTaBnsreT 

co6oA nonbll napannenenHnea c BHyTpeHHBMH paaMepaMH (30x30x25) eMS, 

aanonHeaffi>IA KceaoaoM, BHyTPH KOTOporo no~~emaeTcH KacceTa c ceMbiO na

pannenbHbiMH nnaeTHHaMH /9/. Ha nnaeTBHbl aaaeeea enol HccneJlyeMoro H30TO

na. KaeeeTa noaBOIISieT perHcTpHpoBBTb cfloH JlBYMH lf!oTOYMHOJKHTenHMH <1>3Y -49, 

B TO BpeMH KaK JlpyrHe )lBa peraeTpHpyiOT ~KTo 

faa - HanonHHTenb < Xe) nepHOJlH'IeeKH 'IHeTancs nyTeM npoJlyBaHBH 'le

pea ropH'IYIO KanbUJIIeBYIO eTpyJKKY 6eaMaenHHbiM poTallHOHHbiM HaeoeoM. EnoK

exeMa npHMeHSieMOI aneKTpOHHKH H BBKyyMHOI eHeTaMbl naaa Ha pHe. 2. 

U.~XapaKTepBCTHKH euaHTBnnHTOpa,pa6oTaiOwero B sneKT

p a 'I e e K oM non e. EbinO HecneaoBBHO noBeJleHae aMnnHTyJlbl HMny nbea ua Bbi

xoJle ciJoTOyMHOJKHTenH B aaBHeHMOeTH OT BenH'IHHbi npanoJKeHHOI'O sneKTpH'Iee

KOI'O nons a )lasneuasr euauTannapy10mero raaa (pae. 3). 

HuTepeeao oTMeTBTb1 '1TO 6biCTpbiA poeT aMnnHTYJlbi aMnynbCa c ysenaqe

uaeM HanpHlK8HHOCTH sneKTpH'I8CKOI'O nonH HancMBHaeT auanOI'H'IHble KpHBble 

JlnH raaOBblX nponopUBOHBnbHbiX C'I~T'IHKOB1 XOTSI MexaHH3Mbl 060HX npouec

COB COBCeM pa3Bble. B cnyqae nponOpUHOHlWibHOI'O C'I~T'IHKa 6biCTpbiA poeT 

o6ycnoBneB naBHB006pa3BbiM xapaKT8pOM BTOpH'IHOA HOHH38UHH. 

B BaWeM cnyqae CBeTOBOI HMfiYnbC SBnH8TCS COBOKynHOCTbiO ciJoTOBOB, 

o6pa3oBaBHbiX B)lOnb TpeKOB sneKTp'OHOB1 yCKOpHeMblX npBnOJKeHHbiM sneKTpB

'18CK~M noneM. C YB8nB'IeBHeM BanplillK8HBOCTH nons ysenB'IHB88TCS CKO

pOCTb apelcfla sneKTpoBOB B 'IHCno cfloTOHOB0 o6paayeMblX KalKJlblM 8118KTpo

BOMo. 3TO npBBO.IlHT K 9KCnOB8BUB8nbHOMY XOJlY 38BH(:BMOCTB 8MfinBTYJ1bl 

CB8TOBOI BenbiWKH OT BenH'IHHbl S118KTpH'IeCKOI'O nons. CaMS CBeTOBaB BCnbiW

Ka CyJKaeTeSI BO Bp8M8HBo 

3aBHCHMOCTb 8MnnBYJlhl HMfiYnbC8 OT J18Bli8BHS CUHBTBnnHpyiOmero 

raaa (pHCo 3) o6bHCBS8TCH TeMH JK8 npH'IHH8MH 0 'ITO B B cnyqae<nponop-

~ 
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UHOHanbHOrO C'I~T'IHKa 0 - yMeHblUeHHeM Cpe.D.Hef!: CKOpOCTH aneKTpOHOB C IIOBbi

lUeHHeM .o.aBneHHSio 3aMeTHM, 'ITO IIpHBe.D.eHHHbie Ha pHCyHKe TpH KpHBbie IIpe

BpaiiiaiOTCSI B o.o.Hy, ecnH pHcoaaTb saBHCHMOCTb A • f ( E I p ) • 

HaMH Ha6nronanocb yMeHbmeHHe Ll.JIHTenbHOCTH BbiXOLlHoro cHrHana c 

yaenH'IeHHeM OTHOlU9HHSI El P ( CMo pHCo 4) t a TaK>Ke IIpH y~eHblU9HHH paCCTO

SIHHSI M9>KL1Y aneKTpOLtaMH ( T.e. IlpH YM9Hblli9HHH rryTH .o.peft4Ja aneKTpOHOB) IIpH 

TOM >Ke caMoM oTHoweHHH E I p 

llnSI aproHa Ha6niOLl89Mbi9 LlnHTenbHOCTb H BpeMSI Ha·paCTaHHSI BbiXOLlHOrO 

HMIIynbca M9HblU9 0 '19M LlnSI KC9HOHa IIpH H.D.eHTH'IHbiX ycnoBHSIXo TaK, HaiipHMep, 

rrpH p = 740 MMHg , E = 440 a/eM Bp9MSI HapaCTaHHSI H LlnHTenbHOCTb HMIIynb

ca B aproHe 5. IQ-6 ceK H 14.IQ-6 CeK 1 a LlllSI KC9HOH
1
a - 7 .IQ-6 H 80.10-6ceK 

COOTB9TCTB9HHOo 3aBHCHMOCTb aMIInHTYLlbi CB9TOBOro BbiXOLla aprOHa OT HaiipSI

>K9HHSI M9>KL1Y rrnaCTHHaMH 1 a cneLtOBaTenbHO OT HaiipSI>KeHHOCTH 0 IIpeLlCTaBneHa 

Ha pHc. 5 ( P = 684 MM H! > • B cnyqae aproHa Mbi He aa6nronanH <~KCIIOHeH-

UHanbHOA saBHCHMOCTH A • f (E) . KaK <ITO 6binO LlnSI KC9HOHa. IlpH'IHHbi TaKoro 

pasnH'IHSI HeSICHbi. BosMO>KHO, 'ITO B cnyqae A r IIpH HCIIOnb30BaHHbiX HaMH 

HaiipSI>KeHHOCTSIX aneKTpH'IeCKOrO IIOnSI enre He IIpOHCXOLlHT 3Ha'IHTenbHOrO 

B03pacTaHHSI 'IHCna 4JoTOHOB 0 B036y>KLta9MbiX OLlHHM aneKTpOHOM, a aMIInHTyLla 

pacTeT TOnbKO sa C'I~T Cy>KeHHSI BCilbilUKH BO BpeM9HH. 

1-fccneLtoBaHHSI aMIInHTYLlbi H 4JopMbi HMIIynbCa B saBHCHMOCTH OT Toro, 

Ha KaKOM H3 aneKTpOLlOB IIOMenraeTCSI HCTO'IHHK a -'laCTHU1 H COOTHOIIIe-

HHSI M9>KLlY IIpo6erOM perHCTpHpyeMoft '18CTHUbi H paCCTOSIHH9M Me>KLty rrnaCTH

HaMH1 IIOLlTBepLlHnH, CIJpaBeLlnHBOCTb OIIHCaHHOrO BbilUe MeXaHH3Ma ycHneHHSI 

CB9TOBOft BCIIbilUKH B CUHHTHnnSITOpe. 
·' 

IlOCKOnbKY LteTeKTOp IIp9AHa3Ha'lanCSI AnSI pa60Tbi B CHnbHbiX y -IIOnSIX, 

6bi.Jia H3y'leHa 'lyBCTBHTenbHOCTb LteTeKTOpa K y -KBaHTaM. XapaKTepaoA: 

oco6eHHOCTbiO rasoaoro CUHHTHnnSIUHOHHOrO LteTeKTOpa1 pa60T8IOIIIero B 

aneKTpH'19CKOM rrone H HaXOLlSIIII9rOCSI B MOIIIHbiX }' - IIOnSIX, SIBnSieTCSI Hano

>K9HH9 CB9TOBbiX BCilbilU9K OT OT.D.enbHbiX Y -KBaHTOBo IlpH lUHpHHe HMIIynbCOB 

rropSILlKa 5 MKCeK H rroToKax .. 106 Y I ceK aa rronHyro rrnonraLlb neTeKTopa 

<!TO IIpHBOLlHT K 3H8'1HTenbHOMY yaenH'IeHHIO 'aMIInHTYAbi" HMnynbCOB OT 

}' -KBBHTOBo 
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Ha pHc. 6 rrpHBeneHa saBHCHMOCTb aMnnHTYAbi HMnynbcoJ 

H }' -KBaHTOB OT BenH'IHHbi aneKTpH'IeCKOro IIOnSI B rase. 06I 

BHHMaHHe 6onee cna6aSI 38BHCHMOCTb AnSI }' -KB8HTOB1 'IT< 

CY>K9HH9M BO BpeMeHH HMnynbCOB OT OTLtenbHbiX }' -KBaHTOB 

aneKTpH'IeCKOrO IIOnSI H yMeHblUeHHeM BepoSITHOCTH Hano>KeHH 

OTMe,.HTb1 'ITO IIpHBeLleHHOe Ha pHCo 6 H3MeHeHHe "aMnnHTYLlbi 1 

TOB OIIpenenSinOCb KaK H3MeHeHHe KaHana aMnnHTyLlHOro aHanE 

pOM perHCTpHpOBBnaCb sanaHHaSI CKOpOCTb C'I~Ta 

anSI BCeX H3MepeHHbiX TO'IeK. 

}' -KBaHT 

m. CrreKTpoMeTpHH a -qaCTHU C IIOMOII!biO rao 

CUHHTHnnHUHOHHOrO ~eTeKTOpB C sneKTpHqecKHM 

Ilocne cosnaHHSI neTeKTopa a -'laCTHU c 6onbiiiOf!: nno 

6binH npenrrpHHSITbi IIOIIblTKH BbiSICHHTb B03MO>KHOCTH IJOCTpO 

MeTpa a -'laCTHU Ha 6ase ra30BOrO CUHHTHnnSITOpa B aneKTJ 

B cny'lae ecTeCTBeHHblX CUHHTHnnSIUHf!: HaHnyqm~e 3HepreTH'IeCI 

6bmo rrony'leHo CafiepcoM H By/ 10/. llnSI TO'Ie'IHoro KonnHMI! 

TO'IHHKa Q -'laCTHU IIOnOHHSI-210 OHO COCTaBnSinO 4%. llnSI IIp 

TO'IHHKOB H3ny'leHHSI paspemeHHe pe3KO_ yxynmaeTCSI 1 LlOCTHras 

IloMeiiieHHe raSOBOrO CUHHTHnnSITOpa B aneKTpH'IeCKOe 

K yaenH'IeHHIO CBeTOBOfi BCIIbllUKH Ha 1-2 IIOpSILtKa, B TO >Ke Bt: 

'leCKHfi pas6poC aMIInH,TyLl CBeTOBbiX BCIIbiiiieK LlnSI MOH03He 

a -'laCTHU MeHSieTCSI Mano: I II I 

lJ 
CB. 

+,,_I_ + 
- f N 

0 

( snecb No -'IHCno rrepBH'IHbiX 4JoToHOB1 a 

1 

a N.o 

- KOa<jxj>HUHeHT 

aano>KeHHH aneKTpH'IeCKoro nonSI). OnHaKo, ecnH y'leCTb1 'IT 

npeo6pa30BaHHSI CBeTa B aneKTpOHbi Ha 4JoTOKaTOLle yMHO>KHT 

H <ITO BHOCHT cyiiieCTBeHHbifi BKnBLl B CTaTHCTH'IeCKHA: pa36J 

aneKTpH'IeCKHX HMnynbCOB0 TO npHMeHeHHe aneKTpH'IeCKOrO II 

OTK83aTbCSI OT IIOnHOrO c6opa CBeTa, 38MeHHB ero paBHOMe 

caeTa co CUHHTHnnHpyronrero o6~eMa. 
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T'IHKa, - yMeHblli8HH8M Cp8.[lH81l: CKOpOCTH aneKTpOHOB C IIOBbi

Sio 3aMeTHM 0 'ITO IIpHB8.[l8HHHb18 Ha pHCyHKe TpH KpHBbiS npe

Hy, ecnH pHcosaTb aaBHCHMOCTb A • f (EI p ) • 

n 10aanOCb yM8Hblli8HHe anHT8nbHOCTH BbiXOaHoro CHrHana C 

HoUJeHHSI E I p (eM. pH c. 4), a TaK)I(e rrpH yMeHbllleHHH paccTo

KTpoaaMH ( T.e. IIpH YM8Hblli8HHH nyTH apeAcfla aneKTpOHOB) npH 

OTHOUJSHHH E I p 

:a Ha6nJOaaeMbl8 anHTenbHOCTb H Bp8MSI Ha·paCTBHHSI BbiXOaHoro 

e, qeM anSI Kcenona rrpH HaeHTH'IHbiX ycnoBHHX. TaK, HarrpHMep, 

g 0 E = 440 BICM Bp8MSI HapacTaHHSI H .!lnHTenbHOCTb HMIIynb-

0-6 CSK H 14.1Q-6 C8K 0 a anSI KCSHOH,a - 7 .IQ-6 H 80.1Q-6C8K 

3aBHCHMOCTb aMIInHTYJ:tbl CBSTOBOrO BbiXO):la aproHa OT HaiipSI

aCTHHaMH, a cne):lOBaTenbHO OT HanpS1)1(8HHOCTH 0 npe):lCTBBneHa 

'= 684 MM HB > • B cnyqae aproaa Mbi He Ha6n10aanH aKcrroHeH-

MOCTH A • f (E) KaK 3TO 6binO J:tnSI KC8HOH8o flpH'IHHbl TaKOrO 

.r. BoaMO)I(HO, 'ITO B cnyqae A ' IIpH Hcnonb30BaHHbiX HaMH 

X aneKTpH'ISCKOro nonS! eme He npOHCXO):lHT 3HB'IHTenbHOrO 

Cna cfJOTOHOB 0 B036y)l():la8MbiX oaHHM aneKTpOHOM 0 a aMnnHTYJ:lB 

a C'lt!iT CY)I(8HHSI BCnbilliKH BO BpeMSHH. 

HHSI aMnnHTyabi H cflopMbl HMnynbca B 38BHCHMOCTH OT TOrO, 

8KTpoaoB IIOMemaeTCSI HCTO'IHHK a -'laCTHU 0 H COOTHOllle-

eroM perHCTpHpyeMolt 'laCTHUbl H paCCTOSIHHSM MS)I(J:lY rrnaCTH-

HnH, cnpaBe):lnHBOCTb OnHCBHHOrO Bbillle M9XaHH3Ma ycHneHHSI 

KH B CUHHTHnnSITOpe. 

aeTeKTop rrpeJ:tHaanaqancSJ J:tnH pa6oTbi B CHnbHbiX y 1,-nonHx, 

yscTBHTenbHOCTb aeTeKTopa K y -KBBHTaM. XapaxTepaoA 

aaosoro CUHHTHnnHUHOHHOrO J:l8T9KTOpa, pa60TBJOmero B 

one H HaxoJ:tSilllerocSJ B MomHhiX Y nonHx, HBnSJeTCSI aano-

BCIIbillleK OT OTaenbHblX )' -KBBHTOBo flpH lliHpHHe HMIIynbCOB 

K H noToKax .. 106 y I cex Ha nonay10 nnomaJ:tb aeTeKTopa 

3HB'IHT8nbHOMy ysenH'I8HHIO "aMnnHTYJ:thl" HMnynbCOB OT 

6 

~ 

.'1 
·,II 

j 

f 

' 

Ha pHc. 6 rrpHBeJ:teaa aasHCHMOCTb aMnnHTYJ:thl HMnynbcos oT a -qacTHU 

H y -xsaHTOB oT senH'IHHbi aneKTpHqecKoro nonSI B raae. 06pamaeT Ha ce6H 

BHHMaHHe 6onee Cna6aSJ 38BHCHMOCTb J:tnSI )' -KBBHTOB
0 

'ITO 06'bstCHSI8TCSI 

Cy)I(SHHSM BO BpeMeHH HMnynbCOB OT OT):lenbHbiX )' -KBaHTOB C ysenH'I8HHeM 

aneKTpH'IecKoro nonsr H yMeHbllleHHeM sepoSITHOCTH aano)l(eHHA. Heo6xoJ:tHMo 

OTMe'I'HTb 0 'ITO npHBe):leHHOe HB pHC. 6 H3MeHeHHe "aMnnHTYJ:lbi" OT )' -KBaH

TOB OIIpeJ:tensrnocb KaK H3MeH8HHe KaHana aMnnHTYJ:tHOro aHanHaaTopa,BKOTO-

pOM perHCTpHpOBanaCb aaaaHHaSI CKOpOCTb C'lt!\Ta 

llnSI BCeX H3MepeHHbiX TO'ISK. 

)' -KBaHTOB 0 nOCTOSIHHaSI 

HI. CneKTpoMeTpHH a -qacTHU c I10MOWbiD raaoBoro 

CUHHTHnnHUHOHHoro aeTeKTOpB C aneKTpHqecKHM I10neM 

ITocne coaLlaHHSI aeTeKTopa a -'laCTHU c 6onbliiOil: nnomaabJO MHllleHH 

6binH rrpearrpHHSITbl nonbiTKH Bb!SICHHTb B03M0)1(HOCTH nOCTpOeHHSI cneKTpO-

MeTpa a -'laCTHU aa 6aae raaosoro CUHHTHnnsrTopa B aneKTpH'IecKoM none. 

B cnyqae ecTeCTBeHHhlX CUHHTHnnsruHA HaHny'llll~e aaepreTH'IecKoe paapellleHHe 

6bino nonyqeao CaltepcoM H By/ 10/. nnsr TO'IS'IHOro KonnHMHpoBaHHoro HC-

TO'IHHKa Q -qaCTHU nonOHHH-210 OHO COCTaBnSinO 4%. nnSI IIpOTSI)I(eHHhiX HC-

TO'IHHKOB Hany'leHHSI paapellleHHe peaKo_ yxyalllaeTcSJ, aocTHraSJ 20% H 6onee. 

floMellleHHe raaoBoro CUHHTHnnsrTOpa B aneKTpH'IeCKOe none npHBO.[lHT 

K yBenH'ISHHIO CBeTOBOlt BCnhllliKH Ha 1-2 nopSI.[lKa, B TO )l(e BpeMSI CTaTHCTH

'18CKHil: paa6pOC aMnnHTy.[l CBeTOBhiX BCnbillleK .[lnSI MOHOaHepreTH'I9CKHX 

a -'laCTHU M9HSI8TCSI Mano:/11/ 

[J 
CBo '{_1 + 

+ N 
- 0 a N.0 

( aaecb No -'IHCno rrepBH'IHhiX cfloToaos, a - Koacfl<PHuHeHT ycHneHHSI npH 

nano)l(eHHH aneKTpHqecKoro nonsr). OanaKo, ecnH yqecTb, 'ITO KO~HuHeHT 

rrpeo6}:la30BaHHSI CBeTa B aneKTpOHhl HB cfJOTOKBTO.[le YMHO)I(HTensr O'leHb Man 

H 3TO BHOCHT cymeCTB8HHhlll: BKnaLl B CTBTHCTH'I8CKHA paa6poc aMnnHTYLl 

aneKTpH'ISCKHX HMnynbCOB0 TO IIpHMeHeHHe aneKTpH'I8CKOrO nonsr noaBOnHeT 

OTKaaaTbCSI oT nonaoro c6opa cseTa, aaMeHHB ero pasaoMepHbiM c6opoM 

CBeTa CO CUHHTHnnHpyJOmero 06'beMa • 

• 
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B a_TOM cnyq:ae pa36poc aMIUJHTY.Il aneKTpH'IeCKHX HMnynr.cos sa nepsoM 

llHSO.!le COCTaBHT 

8 • +_ '{ b c ( N: "+ a No ) 

rne b - KoacjxjlanaesT, y'IHTbiBaJOwHI noTeps cBeTa nps c6ope sa cl>o

ToKaTO.n, c - KoacjxjlsnsesT npeo6pa3oaaussr cseTa B aneKTpoSbi sa cj>oTOxa-

TOne. 

KpoMe TOro, acnonb3osasae aneKTpB'IeCKoro nonsr no3BOnsreT c noMOWbJO 

seonuoponsoro anexTpB'Iecxoro nonSI KoMnescspo~aT& xyamsl BbiBOJI cBeTa 

c oT.nen&HbiX o6nacTel neTexTopa 6on&wel sanpSI•essoCTbJO aneKTPB'Iecxoro 

nonSI B aTBX o6nacTSIX. Tax, nps oasoponsoM aneKTpaqecxoM none sa6ntoaa

nac& 3aBHCHMOCTb aMnnBTY.Ilbl BbiXOllBOrO CBrsana OT nono•eSBSI TO'Ie'IBOro 

acTo'ISHKa no oca, npoxonsrmel 11epea nesTpbl nsyx npoTBBOne•amsx cj>oToyM

so.aTenel «113Y -49. Ha6ntoaaeMyJO DpB STOM BeO.IlBBaKOBOCTb c6opa CBeTa 

C pa3Bb1X y'laCTKOB pa6o11ero o6~eMa y.nanOCh KOMDeBCBpoBaTb B3rB60M 

O.llSOI B3 nnaCTBH 0 6naroaapSI 3aBBCBMOCTB aMDnBTYJlbi OT SaDpSI•eHBOCTB 

anexTpB'Iecxoro nonSI (eM, pac. 7). npa aTOM pa3pematomaSI cnoco6uocT& 

CDeKTpOMeTpa .llnSI DnOCKOrO BCTO'IBBK8 U - 235 ( f/1 3,5 CM) COCT8BBna 

IS% B nesTpe B 16% sa xpaSix, a To apeMSI KaK 6e3 B3rs6a nnacTBBbl osa 

6blna passa 25%. 

YBenB'IeBBe paCCTOSIBBSI Me•JIY nnaCTBSaMB JlO 8 CM B BCnOnb30B8-

BBe 'leTblpeX cj>oTOyMHO.aTeneA JlnSI npOCMOTpa OJlSOrO npoMe.yTK8 D03BO

nBnO nony'IBTb nps onsopoasoM none 6,5%-soe paapewesae anSI npoTSI•es

soro ( rp 20 CM) a -BCTO'ISBKa ypasa _,6e3 BCSIKOI ~OlinBM81lBB, 8 STOM 

cnyq:ae caM HCTO'IBBK 6&In noxpbiT TOBKol nnesxoA ascj>esancTHn&6esa pac

nblnesaeM B aaxyyMe. 

B cny11ae scnon&aoaaBBSI raaoaoro cnBBTBnnSITOpa a anexTpaq:ecxoM 

• none orpaBB'Iease aa paapeme•e aaxna.llbiBaeT TOT cjJaxT, 'ITO aMDnBTyJia 

HMDyn&ca 38BBCBT OT yrna BblneTa a -'18CTBilble nan&BeAmee yny"'W8BB8 

cnexTpoMeTpB'I8CKBX CBOACTB 8()3MO.BO nyTeM xonnBMSUBB a -"18CTBil 

BnB orpaBB'IeBHSI Tenecsoro yrna aneXTpoSBbiMB CX8M8MB 0 BCnOnb3YJOWBMB 

38BBCBMOCT& BpeMeBB S8p8CT8BBSI BMnyn&ea OT yrna BblneTa 8 -'18CTBilblo 

HexoTOporo yny'IWeBBSI Mo.ao .llOCTBr&yTb yaenB'Ie&BeM xoacl>cl>anseaTa OTpa-

8 

I .. 
' J 

JKeSHSI cTesKaMH xaMep&I H aneMeaTaMH xoscTpyxnaa. HeoC5JI 

HCKnJO'IHTb BnBSISHe SeOJIHOPO.IlSOrO nonSI sa KD8SIX nnaCTHSbl 

flHTepaTypa 

1. J.A.Northrop, J.C.Grusky, Nucl.Instr.Meth., ;J, 207 ( ~95£3 

2. T,Holstein. Phys.Rev., Zb ~2~2 ( ~947 ); .§;J, ~~59 ( ~95:1 

3. P.Aviv:i, S,G,Cohen. Phys,Rev, ~08, 972 ( ~957 ). 

4. A.J.2Bvendale, Rev.Sci.lmstrum. ;lb ~399 ( ~96~). 

5. W.R • .Bannett. Thesis, Colubbia University. Report CU- ~! 

6. C.A.N.Conde, A.J.P.L.Policarpo. Diploma Report. Univer 

IVlanchester, ~ 960. 

7. L.Koch. These Ingenieur--Dochteur, N 620, Paris, ~959 

C,E.A., N ~567, ~960. 

B. L.Koch, C,R,Coll. Intern.Elec.Nucl. A.I.E.A. .Masson, Pll 

9. H.KBBTe~r, IO.n.nonos, K.r.PoQBosos. llpenpBHT OHRH, 2890, 

1988. llT3 1'192, 90, 1987. 

10. A.Sayers, c.s. 'WU. Rev • .Sci'J.Instrum. 1 ~ 758 ( ~ 957). 

11. H,Peter, .S, Unholzer. Kernenergie, 9 Fahrgang. Helf 8 

~966. 

PtKOIIBCb IIOCTYIIBna B B3.1l8Ten&CKBA OT.Qen 

81 MaR 1968 ro.na. 
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M cnyqae paa6poc 8MDnHTY~ sneKTpHqecKHX HMnyn&COB H8 nepBOM 

CT8BHT 

8 • +_ '{ b c ( N: "+ a No ) 

xo9CM>HUHeHT, yqHTbiBaiOIIlHI noTepH CBeTa npa c6ope Ha cllo-

c - KOacjMpHUHeHT npeo6p830BaHHa CBeTa B aneKTpoHbl Ha cfJoTOKa-

e TOro, acrron&aoaaaae snexTpaqecxoro nona noaaonaeT c noMOIIl&IO 

,~aoro anexTpsqecxoro nona xoMneacspoBaT& xy~mBI B&IBO~ cBeTa 

&IX o6nacTeA ~eTeKTopa 6on&mel aanpaJKeHHOCThiO anexTpBqecxoro 

ax o6nacTax. Tax, npB o~aopo~HOM snexTpsqecxoM none aa6niO~a

aMnnBTY~b1 Bblxo~soro csraana OT nonoJKessa TOqeqsoro 

no oca, npoxo~amel qepea ueHTpbi ~Byx npoTBBOneJKamax cfJoToyM-

1 <1>3Y -49. Ha6n10~aeMy10 nps aTOM seo~BHaKoaocT& c6opa caeTa 

yqaCTKOB pa6oqero o6~eMa y~anOCh KOMneHCHpoBaT& B3rB60M 

nnaCTBH 1 6naro~apa 3aBBCBMOCTB aMnnBTY~bi OT HanpaJKeSSOCTB 

ecxoro nona (eM. psc. 7). Ilps STOM paapema10maa cnoco6socT& 

~na nnOCKOI'O BCTOqHBKa 0- 235 (, 3,5 CM) COCTaBBna 

H 16% Ha Kpaax, B TO BpeMH KaK 6ea B3rB6a nnaCTBHbl OBa 

paCCTOHHBSI Me~y nnaCTBHaMB ~0 8 CM B BCfiOn&30B8-

pex clloTOYMHOJKBTenel ~nSI npocMoTpa o~aoro npoMeJKyTKa noaBo

qsT& nps o~Hopo~BOM none 6,5%-aoe paapemesse ~ng npoTSIJKes-

20 CM) a -BCTO'IBBKa ypasa 6e3 BCHKOI: KOnnBMa~BB. 8 STOM 

aM BCTO'IHBK 6hln noKpbiT TOHKOI nnesKol ~sCiJessncTHn&6esa pac-

B BaKyyMe. 

nyqae BCfiOn&30B8SBSI raaOBOI'O CUBHTBnnHTOpa B SJI8KTpB'I8CKOM 

• ,aBB'Iesse sa paapemeBRe saKna~biBaeT TOT cllaKT0 'ITO aMIUIIITylla 

aaBBcBT oT yrna B&IneTa a -'laCTBUbl. .Uan&seAmee ynyqmeSBe 

eTpB'IeCKBX CBOI:CTB B03MOlKBO nyTeM KOnnBMaUBB Cl -'laCTBU 

SBqeBRSI Tenecaoro yrna aneKTpoBBbiMB cxeM8MB 0 scnon&3YJOIIlBMB 

CT& BpeMeBB HapaCTasBSI BMnyn&ea OT yrna Bblrr8T8 Cl -'laCTBUblo 

'ro yny'lllleBRa MOJKBO ~ocTBrHyT& yaen&'leBReM KoacfJ41auaesTa oTpa-

8 

,.,. 

JKeHHSI CTeHKaMH KaMep&I H aneMeHTaMH KOHCTpyKQHR. Heo6XO~BMO T8KlKe 

HCKniOqHTh BnHaSHe HeO~HOPO~HOrO nonH Ha KP8HX nnaCTRHbl. 

nHTepaTypa 

1. J.A.Northrop, J.C.Grusky, Nucl.Instr.Meth., ;1, 207 ( ~958). 

2. T.Holstein. Phys.Rev., g ~2~2 ( ~947 ); ~ ~~59 ( ~95~). 

8. P.Avivi, S.G.Cohen. Phys.Rev. ~08, 972 ( ~957 ). 

4. A.J.Tavendale. Rev.Sci.bnstrum. g ~399 ( ~96~). 

5. W.R • ..Bannett. Thesis, Colubbia University, Report CU- ~951 ~959 • 

6. C.A.N.Conde, A.J.P.L.Policarpo. Diploma Report. University of 

.IWanchester, ~960. 

7. L.Koch. These IngenieUI'-Dochteur, N 620, Petris, ~959; Rapport 

C.E.A., N ~567, ~960. 

6. L.Koch, C.R.Con. Intern.Elec.Nucl. A.I.E.A. .~Wasson. Petris, ~958. 

9. H.KBBTeiC, IO.n.nonos, K.r.PoaBoHoB. flpenpBHT OHRH, 2890, .lly6Ha, 

1988. flT3 M2, 90, 1987. 

10• A.Sayers, c.s.Wu. Rev.Sal.Instrum.,~ 758 ( ~957 ). 

11. H.Peter, S.Unholzer. Kernenergie, 9 Fahrgang. Helf 8 (260-26~). 

~966. 

PyxoDRC& DOCTYDHna B R3.Q8Ten&CKRA OT.Qen 

81 M8SI 1968 I'O.Il8o 
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a) 
Qfa :-.o~,s -· i 2• 10 <:'elt 

~ a· ~ 
.«:> _,C'el-lt!:~--~--5"-- - .. , 

5) -------!=-nt:2: ~1'0 :~ 
t-i 

-te)s.-, 

"' "'oa ~'fu. 
Puc, l, HaMeHe.Hue ljJopMbi cuu.HTHnnsuuoaaoro uMrryn&ca B Kceaoae, Bbi3biBae

Moe uaMe.HeaueM aanps~eaaocTu aneKTpuqecKoro nons. 

Puc, 2. BaKyyMHaH 'ISCTb u aneKTpoHuKa AeTeKTopa. 1 - poTauuoHHbiit aacoc; 
2 - KanbUUeBbiit O'IUCTUTenb; 3 - oxnaAUTen&; 4 - nOBYWKa Kan&uue-

I ~ 

BOit nbinu; 5 - ljJopBaKyyMHblit Hacoc; 6 - 6annoH C KCeHOHOM; 7 - 830T
H8H nOBYWKa; 1: - ra30Bblit CUUHTUnnHTOp; a - !jJOTOYMHO~UTenu, 
perUCTpupy!OWUe peaKU~.IO (a ,a ) j 4JI - !jJOTOyMO~UTenu, perHCTpH
PYIOWHe ljJoH; )' -AeTeKTOp )' - nyqelt; C - CyMMaTop; y- ycu
nuTen&; ll - AUCKpUMUHSTOp; n - KSTOAHblit flOBTOpHTen&; A - BpeMeH-
HOit 1024-KaHan&Hblit aaanaaaTop; B - aBTOMSTHKa, perynapy10mas 
TeMnepaTypy Ca - ne'IKH H BKniO'ISIOWSH pOTSUHOHHbiit HSCOC, 

10 

.R 
OTM .... 

10 
flO 
50 

It:) 

30 

liD 

tO 

~ 
7 
6 
s 
4 

3 

2 

p•1i8DMM~ 

,.16o-~ 

- .. - .. .. ... t.~ 

Pac, 3, 3aBHCHMOCTb Koa!jJ!jJHUHeHTS ycHneHHH CBeTOBOro BbiXOAS B 
OT aanps~eHHOCTH aneKTpH'IeCKOro nonR, 
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a) 
-· ' 1-4 ofi 2•10 "- Q/a ::a O~lS 

o'D"'C'el ~ 
------- _!Q_ - ~---

8)- ~~ a '100 ~ 
t-f ~ 2a,)~ ...Osl!ell p 

"' 10Q 300~ 
1, HaMeHeHHe ljJopMbi CUHHTHnnHUHOHHOI'O HMnyn&Ca B KCeHOHe, Bbi3biBae

MOe H3MeaeaaeM aanps~eaaocTH aneKTpHqecKoro nons, 

, BaKyyMHaH qaCTb H aneKTpOHHKa aeTeKTOpa, 1 - pOTSUHOHHbiA Hacoc; 

2 - Kan&uHeBbiA oqacTHTen&; 3 - oxnaaaTen&; 4 - nosywKa Kan&uHe-

soa fibinH; 5 - tjlopBaKYYMHbiA Hacoc; 6 - 6annOH C KCeHOHOM; 7 - 830T

H8H noByWKa; 1: - I'830BbiA CllHHTHnnHTOp; a - tjlOTOYMHO~HTena, 
perHCTpHpyiOWHe peaKu~.IO (a ,a ) i ~ - tjlOTOYMO~HTenH, perHCTpH

PYIOWHe ljloa; Y -aeTeKTOp Y - nyqeA; C - cyMMaTop; y- YCH

nHTem,; D - UHCKpHMHHarop; n - KSTOUHhiA fiOBTOpHTen&; A - BpeMeH

HOA 1024-Kaaan&HbiA aaanH38TO'p; 8 - SBTOMSTHKa, perynHpyiOWaH 

TeMnepaTypy Ca - neqKH H BKniOqaiOWaH poTSUHOHHbiA HSCOC, 

10 

~ 

~ 
OYM.~ . 

lO 
~ 

!!iO 

40 

.!0 

IP 

1(:) 

~ 
'1 
6 
s 
~ 

3 

2 

,,.ae.oMM~ 

9·16o-~ 

- .. - .. - .. ... .. [.~~ 
Pac, 3, 3aBHCHMOCTb KOatjltj!HUHeHTa ycaneHHH CBeTOBOI'O BbiXOaa B KCeHOHe 

OT HanpR~eHHOCTH aneKTpHqecKOI'O nonR, 
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Pac. 4. 3aBHCHMOCTb llnHTen&HoCTH BbiXOilHoro caraana oT OTHOWeHHH E I p 

B KCeHOHe •· 

1:)~ I. I. It I t I. I t I • I. 1 • I • - ·~a!klo5)c»UX>.Mco~~~ 

Pac. 5. 3aBHCHMOCTb aMnnHTYilbl CBeTOBOrO BbiXOil8 aprOH8 OT npHnOJKeHHOro 

aanpHJKeHHH ( P • 684 MM Hs ) • 
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~ I ~ ' 

flgi(C'JIIOIQ 

aoo 

·I& 

~ 

14o 
t;Q 

'b) 

& 

:t /_ 
20 

Ol v 
2500 ~ 2f-OO . 2qCQ ,10) , 

Pac. 6, 3aBHCHMOCTb 8MnnHTYAb1 CBeTOBOrO Bb!XOA8 OT npHnOJKeHI 

JKeHHH: BepXH.!!SI KpHB8SI AnSI Q - '18CTHU ypaaa-285 C 9H< 
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Pac. 7. cl>opMa nnaCTHH - aneKTpollOB JlnSI KOMneacauHH yMeH&WeHH5 

nSIUHOHHOA BCnbiWKH npH YASneHHH HCTO'IHHK8 OT ci>3Y • 
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Puc. 4. 3aaucuMOCTb MUTen&HOCTU BbiXO.IlHOro curaana oT OTHOWeHHH E / p 
a xceaoae •. 

0 

.2IIQQ •·•••·•·• •.•.• u •~aSco~.531».Mcoaco.!llcD~ 
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