
---. 
OS'bELlHHEHHbl 11 
. . ~~HCTHTYT · 

M -3~ :..ALlEPHbiX '} 
HCCnELlOBAHH~ 

Lly6Ha. · · 

Pl3· ~ 5504 

'.·. 

. ·~ 

A .T. M ~~romll~, B .T. 'Ma~iomHH 

···., 
,. 

. .. 
· d . UPHME H EHHH 

. ~EB~E~,CKOr~· UPHB~H.IEHHH 
. .- . . 

K _ UEPEXO~Y. JIABHHY B CTPHMEP 

. ) 

\, '· 

,· \ . 

' ;'\. 



,. i 

I, 

,\\annmuH ,\:T., ,\\aTIOIIIIIH B.T; P13-5504 

0 npH~!eHenun ;1e6aencKoro npn6nu;1;enn H K nepexoay naei!Hbl e 

CTpii~Iep 

Pacc"aTpi!BllC'TCH pa3BIITI!e naBIIH!ol II' CTpi!Mepa B ra3e B OllHOpOilllOM 
3neKTPII'!eCKO~I none c Y'ICTOM ·lle6aeBCKoro pannyca 3KpaunpOB8111151. Ha oc-

. . . . - ' 

uone neHr~t!OpOBCKoro onpeaeneHnn .nnaa~tbl npn HeKOTOphtX ynpomennnx· no
nv'!eH no.:JTeep;!i,'lae~tt.Iii naeeCTHhiMII 3KCnepn~ieHTanbHhl~lll aaHHblMII KpnTepnii 
;epeXO.lD naBI!Hiol B CTpll~tep, .C IIOMOlllb!O KO~OpOr'O 06bHCUH:eTCH .. 3Mnllp11'1eC
K8H KoHcTauTa a xkp ··cTp·n~tepnOI1 Te·opllr!' u, npeacKaabmaeTcn ee noeeaeHue 
npn na~teHeHIIII E',' P • KpuTepnl! He npoTI!eope'IIIT ycnoDIIHM lle6a, MuKa, 

PeTepa, npiiBOilHTCH HeKOTOpWe COOTHOllleHIIH B llpiiMeHeHIIII K CTpi!MepHWM 
KB~tepa~r. 

·"' 
fipenpH~T . 06bemmeHHOI"O HHCTHTyTB SI,QepHhiX HCCJJe.QOBBHHit. 

· ,lbr&ia, 1970 

Matyushin A.T., Matyushin V,T, P13-5504 

The Debye Approximation Applied to the Avalanche 
· to Stream. Transition· 

. . 
The development of the avalanche and streamer. in gas in .. a 

homogeneous eleCtrical field is studied taking account of the Debye• 
. screening radius. Basing on the Langmuir plasma determination, a 
critetrion for' the avalanche to streamer transition is obtained, after 

. some simplifications, which is proved· by available experimental da
ta. Wth the aid of this criterion an empirical' constant axkp of 

streamer theory is explained and the behaviour of this constant 
when changing E I p is predicted, The criterion does not contra-
dict' to the Loeb, Meek and· Raether conditions. Some ratios applled 
to the streamer chambers are ·given. ' · 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1970 
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ITo Mepe_ paaBHTHSI aneKTpoHHoii naBHHbi B raae· non neiicTBHeM 

aneKTpH'iCCKOrO nonS! HapacTalOT KOHUCHTpaUHH aneKTpOHOB D n H nono-:-

>KHTenbHblX HOHOB n I c TeMnepaTypoii T., H T 1 COOTBCTCTBCHIIO 

B o6nacTH ronoBKH naBHHhi, nocTeneHHo npenpamaSI aTy o6nacTb B xopo....: 

illo . npononSimyro nnaaMy. B. cooTBeTCTBHH c · onpeneneHHeM, nneneHHbiM 
11/ 

neHrMIOpOM , HOH.H3HpOB8HHbiH. raa HEl3biD8CTC51 nna3MOH,· ecnH ne6a-

CBCKHH panHYC. 9KpaHHpOB8HH51 h Man no cpanHeHHIO c· paaMe~aMH o6be-. 
. l"":.. 

Ma,· 38HHM8CMOro HOHH3HpOBaHHbiM ra30M, .B 06bi'IHOM ra30BOM pa3pSine 

(Te >.T 1 ) HeH3oTepMH'iCCKaH nnaaMa,. conep>KamaSI B OCHOBHOM onHoaa

pSinHhie: HOHhi, B03HHKaeT, ecim n · HeKoTopoii o6nacTH, aanpHMep 

r >> '·h 

, BhlUOnHSieTCSI ycnosHe 

• .· T · .. 5y-e • 
. n 

- HnH B,6onee o6meM riHne: . 

u 
4rrnq 

/2/ 
B cljlepe 

.. ( 1 ) 

(2) 



rne q . -:3apsm, . U -cpellfHISI 8HeprHSI 8Jl8KT.pOHOB ( ,B• ) , 

Ecnu· r · -panuyc ronoBKH naBHHhi, TO 13 npouecce ee. pa3~RTHSI 

(puc, 1) 13 KaKoil-To MOMeHT Bper.1eun: ( t ~ T 
11 

) ycnoBn:e · (2) 6yileT 

Bi>InO.riiieliO II BHyTpli roJIOBKii noSIBHTCJi o6naCTh 1 rne COXpai!SieTCSI ·aneKT-

pH'leCKaSI KBa3HHeilTpanbl!OCTb (n 1 ~ n e ~ n.) , T,e, o6nacTb xopo~o. 

npo13onmueil nna3Mbi, KOTopa·SI ncKa>J<aeT aneKTpn'leCKOe none, pe3KO ycn:

mmaST ero uanpmKeHHOCTb Ha KpaSIX . nna3Mei!HOH o6i:JaCTR, o6paiUei!HbiX. 

K aHOllY 1i KaTOllY (no noniD II npOTHB Hero), 'ITO IIpRBOllRT K YCKOpei!HID 

npouecca IIOIJ1!3UUIIII 13 8THX MeCTaX, 008TOMY o6naCTb nna3Mbl KaK 6bl 

IJJ,JTIIf'HiJneTCST 13/lOJlb nonS!, npn'leM HOHH3aUHSl HlleT KaK 3a C'leT aneKTpOH

Ili>IX cTonKHOI3enuil, TnK u 3a c'leT u3ny'leHHSI caMofi nna3Mbi, BhiTSII!yTaSI 

cjlop11.1a nna3Menuoii o6nacTu cnoco6cTnyer nanhuefimeMy ycunei!HID uanpSI- · 

)I(QJIHOCTH IJOnii !Ia ee ai!OllllOM II KUTOlliiOM KOHUaX, H IIpOUeCC UapaCTaeT 

na13HII006pa3HO - IIOSII3nSIIOTCSI aHOlllli>IJ1 H K8TOllHblll CTpUMepbl, 

TaKHM o6pa3oM, cTpn~Iepuoc pa313HTue pa3pSina na'lnHacTCSI c MO-

MeHTa IIOSII3neHHS1 nna3Mbl 13 ronOBKe ·nai3HHI>I, a ~Ua, 13 CI30ID O'lepellb~ 

B03HHKaeT npu 13I>monHEHIHH ycnoi3H SI (2). C'InTaH, 'ITO. npu aTOM 

r ~ rkp, Bi>Ipa)IWHne (2) yno6uo nepcnucaTb: 

~ m ( m --..-... ) . .(3) 
h 

rne m MO)I<HO C'IHT8Tb KOIICTaHTOi'I nnH ll8HHOf'.O f'a3a 13 llOCTaTO'lHO 

umpoKHX npenenax H3Meuenn:H E ,' p n pd E none, p 

·naBneuue, d - 3a30p) o6bi'lHOrO ra3CBOro pa3pSlll8, nOCKOJlbKY cpopMa· 

ronOBKH naBRllbl OllHa II Ta )Ke - 6nU3KaSl K c!jlepu'leCKOl"I, B0311UKaiDIUaS1 

o6nacTb nna3Mbi - map (puc. 1), a none na nonepxHOCTII mapa· He 38-

BHCRT OT ero nuaMeTpa ( E max ~ 3 Eo , OpH aToM, KOHe'lHo, ne6aeBcKuil 

panuyc h ll0.11)K8H 6b!Tb BenHK no CpaBHeHHID CO Cp8lli!HM paCCTOSIHHeM 
· a· /3/ 

Memny HOHaMH ~ Vn , a BenU'lHHa pd llOCT8TO'!Ha ·.llJlSl IIepexo-
. . . . . . 

Jl8 roJIOBKR JlaBHllbl B nna3MY llO Taro, K8K Jl8BHH8 llOCTHrHeT. aHOlla, 

4 



Toqaoe aaaqean:e m M0)1{9T 6b!Th Bhi'In:CneHO H3 9KCIIepn:MeHTanhllbiX 

/4/ 
llaHHbiX, HO Y*9 rrpn: m = 10, n I = Re C TO'IHOCThiO llO 1% ' • 

3nag m , H3 ( 3) MO)KJIO rronytiHTh OCIIOBIIbie KOnH'l9CTB9HIIbi9 COOTJIQ-

menn:g Me*llY paann:'IHhiMH rrapaMeTpaMH I'a30BOI'O pa3pSilla. C 9TOH TO'IKH 

3peHHSI B rrepByiO oqepellh HHTepeCIIO paCCMOTpeTh 9MIIHpH'leCKYIO KOIICTall-

Ty a "kp ,20 ( a -Koa~~n:un:enT uonuaauuu TaynceHlla, xkp - na-

Bn:na KpHTHtiecKoii llnH!Ihi), ~n:r-ypupyiOWYIO B cTpn:Mepaoii · Teopn:u, pa3BHTOii 

ne6~M,' MHKOM li PeTepOM 
15

•
6

•
7 

I 

Llng 6onee lleTanbaor-o paccMOTpeHHSI pa3BHTHe paapSilla cnellyeT paa

llenn:Tb Ha naBHHIIYIO H CTpHMepllyiO CTallHH, IIpH'leM llng Yll06CTBa cpaB-

ne!IHSI C 9KCIIepHMe!ITanbllbiMH lla!IHbiMH llaBneHHe MO)I{HO C'IHTaTb paBHbiM 

a TMOC~epHOMY , ( p = 760 TOp). 

naBHHHag CTallHSI 

J13BeCTHO, 'ITO pallHYC I'OnOBKH naBHHhl B rrpouecce pa3MHO)I{9HHSI 

aneKTpoaoa a aneKTpaqecKOM none E pacTeT 3a cqeT sneKTpocTaTH

'leCKOI'O paCTanKHBaHHSI li llH¢~y3HH /S/. 

+ r a 
0 

(4) 

I'lle . Xo -llnHHa naBHHhi, KOI'lla aneKTpOCTaTH'leCKOe pacTanKHBaHHe eme 

necymecTBenno ( e ax 0 "' lO 
6 

) , r o -pallnyc, orrpellenSieMbiH llH~fJ~yauea; 
/9/ 

3KCIIepn:MeHTanbHbie llaHHhle IIOllTBep)l{llaiOT, 'ITO npH 6onblli0M 

ycn:neHHH .naBHHhl pallHYC I'OnOBKH ee sa C'leT CHn aneKTpOCTaTH'l9CKOI'O . 

paCTanKHBaHHSI cyrueCTBeHHO npeBhiWaeT llH~fJ~y3HOHHhiA r = (3-5) ro 

llpH 6onblliHX nepenarrpg)l{eHHSIX, KOTOpbie B03HHKaiOT B HMIIynbCHbiX 

pa3pS!llHHKaX, HCKpOBbiX li CTpHMepHbiX KaMepax, pOCT pallHyCa I'OnOBKH 

5 



., 
naBHHbl IIpOHCXO):{HT rnaBHb!M o5pa30M sa .·C'leT pacranKHBaHHH IIOA Aeficr-

.. N 
BHeM paAHiWhHoro rronH rrpocrpaHCTBeHHoro sapHAa E r = ~ N 

r 
'IHcno aneKTpOHOB B ronoBKe), a Ji'H<jl<jlySHOHHhiM pacranKHBaHHeM MOJKHO 

rrpene5pe'lh, 

TorAa H3 ( 4) MOJKHO HafiTH paAHyc ronoBKH naBHHhi! 

r a 3q N 

aE 
(5) 

flpli 5onee TO'IHOM paC'leTe HaAO Y'lliTb!BaTb HeKOTOpoe CHJUKeHne 

a KOa<jl<jJHUHeHTa HOHH3aUHH 

IIpH5nHIKeHHH MmKHO C'IHTa Th 

IlpH 5onb!IIOM ycHneHliii 1 OAHaKO B rrepBOM 

a KOHCTaHTOfi, IIp!IHIIMaH BO BIU!MaHI!e 

cna5yJO 3aBHCIIMOCTb r OT a 1 a TaKJKe TO, 'ITO AnH pa3BIITbiX naBIIH 

/10/ 
a r "' I • Ha puc. 2 rrpuBeAeHa pacqerHaH saBI!CIIMOCTh paAnyca 

rkp KPIITII'lecKofi naBHHhi or HanpHJKeHHocrn aneKTpn'leCKoro nonH E 
AnH HeoHa n rennH rrpn arMoc<jlepHOM AaBneHnu. 

CpeAHHH KOHUeHrpaunH aneKrpoHoB B ronoBKe naBI!Hhi c y'IeroM 

(5) paBHa 

n a E 
4 T7 q 

(8) 

0TCJOAa cneAyer, 'ITO IlpH 5onh!IIHX IIepeHaripHIKeHHHX KOHUeHTpaUI!H aneKT

pOHOB He saBncn-r or ycnneHnH naB!IHhi, a HBnHeTCH <jlyHKUnefi ronbKO E 

( a = f(E) ) , no Kpai1:nei1: Mepe AO rex rrop, rroKa OHa MHoro MeHh!lle 

KOHUeHTpaUIIII HefirpanhHbiX aTOMOB, Pac'IeTbl IIOKa3biB8JOT 1 'ITO KOHUeHTpa-

12 13 3 
'111!51 AOniKHa ):{OCTIII'aTb BenJI'IHHbl 10 - 10 aneKTpOHOB/ CM B ClWhHbiX 

IIMrrynhCHbiX IIOnHX IIO'ITII Cpa3y IKe IIOCne IIOAa'IU rrOnH, TeM He MeHee 

naBnHa rrpn aroM He rrepexomrr B crpnMep, a rpe5yercH eme HeKoropoe 

BpeMH ):{nH ee pa3BIITIIH1 IIOKa paAIIYC ee I'OnOBKH He yBenJI'IIITCH IIpii IIOC-

TOHHIIOM n HacronbKO, 'IT05bi· ycnoBne. coxpaHeHnH KBasnnefirpanhHOCTH 

(3) • 5binO BbiiiOnHeHO, 

8 

... 



113 (3) H (5) npH r rkp 

=en m l en ua 
a x kp + 

3q 2 aE 
(7) 

HllH npH m 10 

21,6 l ~-a x kp - 2en ua 
(G) 

3 
T,e, a xkp MenneHHO CHH)I(aeTCH c yBellH'IeHueM E ( a E > ll npu 6onb-

lll/ 
lliHX E I p ). 'ITO n nonrBep)l(naeTCH aKcnepuMeHTaMH , .ilnH I'cmtH 

. /12/ 
HMeJOTCH llOBOllbHO nonpo6Hble ll8HHI>Ie no K09qlljlHUilCIITy ll0Hil3BUilU , 

113 14/ /15 16/ 
cpellHCll aHepi'HH ' H CKOpOCTil npei!4Ja 9llCKTpOIIOB ' , 110 KD-

TOpblM MOli<HO Bbl'lHCllHTb 3H8'lCHUe a Xk P llllH pu3llll'IHI>IX Elp. TaK, 

HanpHMep, npH m = 10 aXkp ll3MeHHeTCH B I'ellllll OT 19,1 Elp 

=5) no 17,,6 ( E I p = 40). .. /171 
KaK oTMe'leno B • llBHHhiC MHOr'UX CTapwX 9KCnepHMeHTOB H na-

)l(e HeKOTOpi>IX aKcrrepuMeHTOB nocnennux lieT conep)l(llT OlliU6Ku, o6ycno~

neunwe HanuqHeM rrpHMeceR n uccnenyeMOM raae, noaToMy rrpu pacqerax 

K 9THM ll8llllh1M 118ll0 OTIIOCUThC51 C OCTOpO)I(IIOCTb!O, 

Pa3BilTHe naBHJil,J n cna6oM none xapaKTepHayercH panHycoM, onpe

JlenHeMLIM .nu¢¢yaHeii: r 0 • nosroMy n pauuux aKcnepuMenrax no uayqe

muo paapHna c· noMO!llhJO KaMepbi Bunbcoua, r'Jle nepenanpH)I(euue 6bmo 

Mano, nu6o ero Bonce ue 6wno, panuyc rononKil naBilHhl cnpaBellllllBO 

OTO)I(lleCTBllHeTCH C r D 
1161

: 

I'lle 

2 
r o = 40 l = 8a U x2 

3E 
(9) 

- BpeMH, . X - llllllH8 .l18BilHbl,. 

flollO)I(IlB B .nepBOM npu6llH;>KeHilll, 'ITO H8 y'laCTKe M8llb1X nepenanpH

)I(eHilll cpellHHH ~Hepi'HH aneKTpOHOB nponopUilOH8llhH8 npHllO)I(eUHOMY nonJO, 

7 



lf3 COOTHOilleHifSI (3) c y'leTOM (2) If (9) llplf m 10 MOJKHO rrony'llfTb 

BhipaJKeHue 

17 
1 

fn U fn fn N a xkp = +- + 
2 ,a. 

( 10) 

ua KOToporo cneJlyeT, ·'ITO ax k P MeJlneHHO pacTeT C pOCTOM llOnSI, no-

·Jlo6HaSI aaBifCifMOCTh cooTBeTCTByeT rrony'leHHoil aKcrrepuMeHTanhHO PeTe~ 

/6/ 
poM JlnSI aaaopa d 1 CM ( d xk P ) : 

a X k p = 17,3 + en u + fn K ( 11) 

3JleCb K _:HeKOTOpaSI llOCTOSIHHaSI, 

'T aKifM o6pa3oM, a x k P c poe TOM E /. p caaqana MeJlneaao pac-

TeT (10);· 3aTeM MeJlneHHO ll8Jl89T (8); If ·B ·llepBOM ·llplf6nlflK&Hiflf a Xkp '"' 

"'20 •KOHCTaHTa,nerKO ll0K838Tb, '1 TO·· llplf BblllOnlleH~If ycnOBifSI COXpaHeHif SI 

aneKiplf'l&C~Oll •ba31fH9HTpanbHOCTif (3) 8BTOM8Tif'l~CKif BhlllOnHSIIDTCSI Kplf-

. . 11 3 /4/ 
Teplilf ne6a no KOHUeHTp8Uiflf (7.··10 nap lfOHOBfCM ) · JlnSI COOTB&TCT-

BYIDIUifX aHa'leHuil E/ p If MuKa - no JlOCTifJK&HifiD paJluanhHbl•"' noneM · 
~ . 

· ilpoCTpa.itcTBeHHoro aapSIJla aenlf'llfllhi nopSIJlKa BHemnero · nonSI E r ., 

' /18/ 
E·o > ·• 

. npu BhlnOrtH&Hiflf ycnOBifSI (3) B I'Ol!OBK& naBifllhl noSIBliSI&TCSI mapOBOH 

38pOJlhim nna3Mbl, KOTOpblll MOJKHO •C'J:IfTaTb KB83IIM&Tplf'leCKifM -mapoM, a 

nOCKOllbKY 9TOT map H8XOJllfTC51 B none, 6nlf3KOM K ·OJlHOpqJlHOMy, . TO Ha-

. . /H' 
,.npSIJKeHHOCTb nonSI Ha · ero nonepxaocTu BhipaJKaeTCSI cneJlyiDIUifM o6pa30M 

3 Eo cos 8 (12) 

- paJluyc mapa, npu6nuauTenbHO paBI!htH paJluycy. rononKif na-

BHHbl (puc. 1 ) , 

u'e!/rpe mapa). 

(} - yron M&)I<JlY Eo ... 
If r (Ha'lano KOOpJllfHaT B 

!I i 

1 , TaKHM o6pasoM, npH · ·n'ostaneaan nna3Mhi' a aanpaaneHHH nonst n·,.npo-

THB aero E. · ·=· 3E· 
k 

a nepneHJllfKynSipHo nonro . · E r .. 0, noaToMy 
k 

·,.,' ·' 

8 



. YCKOpeHHb!H npouecc HJl8T B OCHOBHOM B JlByX HanpaaneHHSIX ( y'lHTb!Bast 

cpOTOHOHH38UHIO) 1 H map H3 KB83HH8HTpanbHOH nna3Mbl Jl8cpOpMHpyeTCSI1 

BhiTsrrnaasrch no nomo, TeM caMhiM ewe 6onee yaennqnaasr ana qenne 

Ha ero Konuax. 

E r 

Boo6me roaopsr, npouecc ycnnennsr nonsr no Mepe yaennqennsr npo

BOJlHMOCTH BHYTPH KB83HHeHTpanh!IOll o5naCTH HJl8T nnaBHO (puc. 1), TaK 

'ITO CKopocTb naaHIIhi w "' k E 0 AI 
k nOJlBH:>KIIOCTb 9fl8KTpOIIOB) 

nocTenenno nepexonnT a CTpHMepHyJO w 
0 

"' k E r , onHaKo 9TOT ne-

pexon - 6hiCTphiii no cpaanennJO co apeMeneM paaanTnsr naaHHhi na-aa 

5hlcTporo napacT~HHH E. n09TOMY B 9KCnepHMeHT8X 05bi'lHO cpHK-

CHpOBancsr CKOpOCTIIOH CKa'lOK nO'lTH Ha nopHJlOK npH nepeXO)le naBHIIbl B 

CTpHMep. J1 TOflbKO 9KCnepHMeiiTbl C aneKTpOHHO-OnTH'leCKHMH npeo5pa30Ba-

TenstMH noaaonsrJOT npocnennTh nocTenennoe yaennqenne cKopocTn, xoTsr 
/20/ 

H He a caMbiii MOMenT nepexona 

CTPHMepnasr cTannsr "' 

B 
/21,22/ 

pa5oTax noKaaano, 'ITO ¢opMa cTpHMepa npn ero paaan- /" 

THH 5nnaKa K ¢opMe annnnconna apamennsr c nonyocsrMn a (no nomo)1 

b H COXpaHSI!OlliHMCSI paJlHYCOM KpHBH311bi, paBHbiM pannycy ronOBKH 

n·aBHIIhi, na KOTopoii on o5paaoaancsr, rkp , npn'leM BhlBOJl cnenan nnsr 

cnyqasr a >> r k P • flpn a ;:: rk P ¢opMynhi cnenyeT yTO'liiHTh. 
/19/ 

-- Cornacno nnsr annnnconna apamenn sr uanpsr:>KennocTb nonsr npn ero aep-

mnne a cnyqae a > rk P paana: 

E 
(-a- -1) V 1-

rk P . 

(13) E 0 

Arth V 1-~ - V 1 - ~ 
a a 

9 
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Er -+ 3E0 

BepXHOCTU wapa. <t>yHKUUSI (13), llOCTpOeHH8SI H8 puc. 3, C AOCT8TO'lHOii 

AnSI o5bi'lHhiX paC'leTOB TO'lHOCT~ MOlKeT 5hiTb annpOKCUMUpOB8H8 llOAXO

ASIIUeH Kpuaoil AO Tpe5yeMhiX 3Ha'leHuil a I rk P 

DnSI Ha'larihuoro yqacTKa pa3BUTUSI CTpHMepa B KaMepe B nepBOM 

npu5nulKeHUU, y'lHThiB8SI A8nbHeilwee UHTerpupOBBHHe U pe3KUH poeT .E r , 

BhipaRceuue ( 13) MOlKHO annpoKcuMupoaaTb npSIMOil AO a I r k P "' 15 

U H8llTH: 

To ( 14) 

rAe To - BpeMSI pa3BUTUSI CTpUMepa AnUHOll eo • 3Ta cpopMyna 

cnpaBeAnUB8 AnSI K8Mephl C AOCT8TO'lHO 5onbWUM 3830pOM d >> eo , 

B npOTHBHOM cnyqae H8AO Y'lUThiB8Tb BnU.IIHUe sneKTpOAa, ·yCUnHB8!0Wero 

none. 

Ha puc. 4 npuaeAeHa pac'leTHa.ll 3aBHCUMOCTb AnuTenbHOCTU HMnynhca .. 
OT Hallp.lllKeHHOCTH non.11 B KaMepe C HeOHOM An.ll nony'leHHSI CTpUMepOE 

pa3nU'lHOil AnUHhi, npu'leM T n - apeM.II pa3BUTH.II naBUHhi AO KPUTH~ec-

Koil, T 0 -' BpeM.II pa3BUTH.II CTpUMepa AO AnHHhl eo • 

C llOMOIUb!O: ( 14) U paHee BhiBeAeHHhiX cpOpMyn MOlKHO nony'lHTb ll0-

ne3Hble An.ll CTpHMepHOll KaMepbl OUeHKH Tpe5yeMOH CT85HnbHOCTU napa

MeTpOB BhiCOKOBOnbTHoro HMnynbca T H 

TaK, npu cpuKcupoaauuoil uanp.lllKeHii:ocTH non.11 E 

eo 
( 15) 

a npu cpUKCHpOB8HHOH AnHTenbHOCTH UMnynbca T 
H 

I f1 eo I X e I f1 E I 
( 3 ~+en 0 ( 16) 

e r k P 2 r k P E 
0 
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HarrpnMep, ,l:lllSI Heona rrpn E = 15 KBICM I M~l I ec = 61 ~ T HI I T H 

E - $HKCHpOB8HO)I I ~e cl I e c:dl2l ~EI IE ( ,· T ~ - $HKCIIpOBaH. ); 

T.e • .ctmi rrony'leHHSI 12% c1-a6n.rih!IO cTn cpe.ctneil Jlnna:or ·cTpnMepoB na Tpe- .. 

KaX CTa6HllhHOCTb 8MI11lHTYt:lbl HMIIyllhC8 IIpH $HKCHpOB8illiOH JlllHTeJlbHOCTH' 

JlOll)KHa 6:oiTh ne xy)Ke 1%. 

CooTfiOrnennSI ( 15) n ( 16) llOBonhno cnnhno aaBHCSIT oT • a6comoTnoti 

HaiipSI)KeHHOCTH IIOllSI B KaMepe E ·, ITpn yBenn'lennn E · :rpe6oBaHnSI 

K CT86HllhHOCTH IIOHH)K8JOTC511 IIpH CHlf)KeHHH - I10Bbllli8JOTC51, Jlng K8Mep 

C M81lb!M 3830pOM 9TH Tpe60B8HH51 .CT8HOB5ITCSI erne 6onee , )KeCTK~M~ 1 .ec

llll SipKOCTb CTpHMepa Jl01l)KH8 OCT8B8TbC51 Ha IIpe)KHeM ypOBHe, 

flpiiBe}leHHbie COOTHOllleHHSI BepHbl JlllSI IIpSIMOyf'OllhHOI'O HMIIYllbC8
1 

HO MO)KHO IIOllY'IIITb IIO.ct06Hbie Bblpa)KeHHSI, HaiipHMep, t:lllSI CHHyCOH,l:l81lhHOI'O, 

/23/ 
ncrronbayg peaynhTaT:or pa6oT:or •. TaK, t:tnSI neona .cteilcTBHe rronyrrepno-

ga cnnycon.ctanhHoro HMrrynhca c aMrrnnTy.ctoil E II .ctnnTenhnocThJO rro 

ocnoBaHIIIO T aKBHBanenTno .cteilcTBHIO rrpSIMoyronhnoro IIMrrynhca c ioil 

)Ke aMrrnnTy.ctoil, no c .ctnnTellhHOCThiO T / 2 

"' f1 OCKOllhKY IIpii HCI101lh30B8HHH pa3pSI.ctiiiiKOB HapaCTaiiiie H CI18Jl 

BbJCOKOBOllhTHOI'O HMIIYllhCa Ha 91leKTpO.ctaX KaMepb! IIpaKTII'IeCKH 9KCIIO

HeHUH81lbH :ore, a HaiipSI)KeHHOCTb IIOllSI 06bi'IHO paCC'IHTbiBaeTCSI ITO 38pM

IIOMy HaiipSI)KeHHIO, TO 9KBIIB81leHTIIOe .cteHCTBHe T8KOI'O HMIIYllhC8 MO)KHO 

Bbi,!)83HTb cne.ctyiOIUHM o6pa30M! 

[ r -t /r ) 
t II l - 1,5 - (l - e .· H +0,5 

t fi ' 
( 

· -2t I r 
r l - e II ) ] ' '(16) •n 

- .ctnnTenhnocTh aKcrronenunanhnoro HMrrynhca na rronyB:orcoTe, 

r - IIOCT05IHH851 HapaCT8HH51 H CIIa.cta, 

Ha pnc, 5 IIPIIBo.o:en:or aKcrrepiiMeHTanhHbie .ctann:ore rro BpeMenn <flop-
. . /24 25/ 

MnpoBaHIISI paapgga B neone n rennn ' (crrnornn:ore KPIIBbie) II pe-

/26/ ' .. 
I'HCTp8UHH CTpHMepOB p831lH'IHOH ,l:lllHHbl (.ctllHHa B MM yKaSaHa B 
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CK06Kax) ltnH lfMnynbCOB C ,nmiTenbHOCTb!O t ~ Ha nonyBhiCOTe, Ha TOM 

~e pncyHKe npnae.nena paOieTHaH KpnaaH (nyHKTnpHaH nnHnH) .nnH nMnynh-

coa c nocToHHHoii:. HapacTaHifH n crfh.na r , paanoii: 5 nceK. Ha pn-

cyHKe an.nno .nocTaTO'IHO xoporuee coana.nenne 3KcnepnMeHTanhHhiX .naHHhiX 

c pac'IeToM, llnH 6onee TO'IHoro pac'IeTa neo6xo.nnMo a Ka~.noM KOHKpeT

HOM cnyqae nMnynhc annpoKcnMnpoaaTh caoeii: aKcnonenToii: n cpaannaaTb 

c KPllBbiMH Ha puc. 4, ncnonb3YH Bhipa~enne (16). 

B aaKniO'IeHne aaTopbi C'IIfTaiOT caonM npnHTHhiM . .nonroM Bhipa3nTh 

6naro.napHOCTb M.H. no.nropeUKOMy, A.n. n!061fMOBY If A.!f>. nucapeay 

·aa none3Hhie o6cy>K.OeHifH If ueHHhie aaMe'IaHifH, 
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HC. · • peMSI 't'OpMHpOBSHHSI B HeOHe KpHBSSI - · 1 remm 
1 

· 

HeOHe C no6aBKOil aproHa ( 3} 125/ B 3aBHCHMOCTH OT HanpSI)KeHHOCTH nOJiSI 

~- perHCTp8UHH CTpHMepOB pa31llf'iHOil )lnHHbi (JlnHH8, B. MM B CK06KaX} B 

HeOH-renHeBOfi CMeCH /26/ B 38BHCHMOCTH OT )lnHTenbHOC.TH HMnynbC8 . 

t.H; H HanpR)KeHHOCTH nonS! E · B KaMepe. • 

ITyHKTHpOM naHa pacqeTHaSI KpueaR Jl~SI HeoHa. 
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