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,llJr.q HCCJie;o;oBallltf! MDOHOB KOCMlt'IeCKIIX Jiy;teJ! BHCOKIIX SHepi'Rl! 

K HaCTOilllleMy BpeMeHH IIIHpoKoe ]nCllpOCTpaH6HH6 HOJJy'lltJIII MHOropa;o;­

Hbie YCTaHOBKH, COCTomnHe HS 60JlDIIIOrO liKCJIB. norJIOTi!TeJieif:, llpOC­

JIOeHEIW< JIHBH6BHMll ;o;eTeKTO]nMH [I-5]. IIpH HCHOJID30BaHWI B Ra'ieCT­

Be ;o;eT6KTOpOB mHPOK03a30pHHX HCKj)OBHX KaMep (HCKpoBOft KaJIOPH­

MeTp) HJ1H nponOpt\IIOHaJIDHHX KaMep ( HaP-MeTP) MOl!UIO C Jlorapl!W­

MH'i6CKOi TO'iHOCT~D HpoBO;o;HT~ OneRRY SHeprHH MDOHOB ITO KOXB'ieCT­

By It MOIIIHOCTH BTOPH'iHHX 3JI6KTpoMHrHHTHHX JlltBHel!, 06pa30BHIIHHX 

MDoHaMH B cnoax norJIOTHTeAeA, B ocHOBHOM, aa cqeT· rrponecca 'npa­
Moro poll!;o;emm aJieKTpoH-nosHTpoiiHHx nap. BonpocH BH6opa on~­

HOrO M6T01Ja onpe;o;eJiemm aueprHH B YCTaHOBI<aX TI'!IIa ltCKpoBOro xa~ 

JIOpHMeTpa H nap-MeTpa H TO'iHOCT~ OneHKH SH6PrHH HCCJ!e;o;O~ B 

PH;o;e pa6oT [3-9} • B ,naHHoa pa6oTe npoue~eHo acCJie;o;oBaHJ<~ BJIHH­

mm 3HepreTH'i6CKOro CH6KTpa MDOHOB KOCM1t'I6CKIIX JIY"Bll Ha BeJIH'iH-, 

ey oneHKH, noJiyqeHHoll MeTo;o;OM MaitCHMHJIDHoro npaB;o;ono;o;o6HJI. Yqe~ 

anocTepROj)Holi HH@oj)MaUHH ~ SHepreTH'iBCKOM CHeKTpe MDOHOB npo­

BeJieH Ha OCHOB6 TeopeMH Ealteca. Pacqem KOHKP9THSKpoBIIIIH ;o;JIS 

~ SKcnepHMeHTaJ!bHHX ycTaHOBOK [I-3,5) . 
I. ilaBeCTHO, 'iTO rrpH rrpOXOII!J!BIIHit BHCOK03H6pi'II'IIIOrO MDOHa 
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~epes rror~oTHTenH, ecnR orpa~TDCff ~ nepe~~MM aHep­

rllli ( V <<. "'/f' , r:n;e rn , Jl!"- M'iCCII OJIOKTpOHa II Mro!la) UpeBMI'l:­

py~ npoueccoM B3ai!MO:n;elicTB!Iff M®OHa c Be~ecTBOM 6y:n;eT rrpHMoe 

po.7!,Il;eHHe e+e- rrap B rro~e JUCPB., IIOJIHoe ce~eHHe KOToporo B c.rry­

'l!le !IOJll!OrO SK[RHI!pOBaHII.f{ II ;D;a!ll!OJi SHeprllll E MIOOHa arrrrpOKCJIMII­

pyeTCH. Bwp~eHI!eM [6] 

6(E,t.~ <-.)"' b{fn.(2mE/f!C..)}', (I) 

r:n;e E..- noporoBoe sHa'leHl!e SHeprllll nepe:n;a'll!. 

!lyon P ( E , N ) - anpliOPHali Bepo;rraocn N - K:paTHoro B3ai!MO­

:n;eilcTBI!ll MIOOHa SHeprllll E B BOJ119CTBe yCTaHOBKI! TOJl!liiiHOJi ~ pa:n;. 

e:n; .,llJ!l<H. EcJIII JIM99TCff ITOJ11ISJ< 1111\POPMai!llll 0 KOJllPI9CTBe B3a!IMO­

:n;eJiCTBlli! ( N ) MR>OHa c rroporoBOll aHepi'I!eli nepe:n;aq co (>meaJ!IISH­

poBaHHM ycTaHOBKa [6] ) , TO o6paTeyiO aa:n;aqy - BOCCTaHoBJieHI!e 

9H€PrHH MDOHa MomHO peWHTb M€TO~OM MaKC~HOrO TI~OTI0~06HH, 

.JPIOOI8rO COCTOHT8Jll,HH8 1 acm.mTOTKl!eCKH HOpMaJibHHe, H6CM8W:8HHHe 

ll acl!MIITOT!I'IecKH ~eKTHBHHe oueHKH [ro) . CyTh MeTo:n;a aa&niO­

qaeTCH B MaKCHMHaaullll <PY!IltUII1! rrpaB:n;ono:n;o6llll P ( E 1 N ) no 

ypaBHSHHIO. 

0 Ll E IN ) I a En. E : a En p ( E IN) I 0 En. E • 0 (2) 

OneHKa Ert E ' SHeprl!ll e,_ E JIM99T rrPH6JIIIllte!!Ho HO]lMBJ!h!IOe pacupe­

:n;eJ!eHJ!e CO Cpa:n;HI!M 3Ha'I9H119M en.E' H :n;HCIIepoHell 

(3) 

O:n;HaKO oneHKa E ' aHeprl!ll E • UOJIY'l!l9MM H3 ypaBHeHI!ll rrpaB;D;O­

rro:n;o6KH (2) B 9KCU6pJIM9HTaX C KOCMH'I9CKHMH JIY'IaMH, 6y:n;eT CM91!19H­

HOtt Ka-sa ~ aHepreT.KqeCKoro crreKTpa MDOHOB. B BaCTOHmee 
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BpeMH ~3BeCTHD (arrocTepROpHaH HwpOpMaUHH), ~TO E"~peHUKaxo­

HH~ CIT6RTP MIDOHOB BHCORRX 8HeprRfi HM86T Bnn: 

(4) 

OcHOBHBaHCI> Ha TeopeMe fe.lleca [IO] MOJIIHO y~eCTI> STY RwpopMaiTHID 

H rrony~Tl> ITOXHJID aiTOCTepROpHyiD BepORTHOCTD Ha6morreHKH 3HeprRH 

E rrpR rraHHoM aHa'!eHRJl[ N 

(5) 

r.n:.e ':.- KOHCT8.HT8. HOpMKpoBKH, Onpe,neJIH6MaR: PI3 -
SP.(E/N)dE; 1, .. . 

a E0 - HHXHRH. rrperrerr aaeprRR MIDDHOB. 

( 6) 

Y~eT 3HepreTR'!eCKOrO CITeKTpa MIDOHOB B WJHKITRB ITpaBrrOITOrro6Rfl 
. . 

ITITff rrorry~eHHH HeCMemeHHon oaeHKH E aaepr~ E BrrepaHe 6Hcr 
' 

rrpe~rn<eH B pa60Te [1] . PaCCMOTpRM ~e CITeKTpa MIDOHOB HH 

To~ocn oaemm 3Hepr~ • .IT.ni! aToll rreJII! orrperreJtl<M crreKTp MJJOHOB 

c y~eTOM nopora perHcTpaUKH E0 sxcnepKMeHT~HoH ycTaHOBKOH. 

(7) 

rae 

ll ;{1/Q ~~ ; < ~ 
·1 -"- X > 0 

ArrrrpoKCIIMI!PYeM CTYUeH'I!l.TYID WYHK!ll!ID ll ( X ) Herrpepmmo ·~peR-

. ITJ!PYeMDn WJHK!ll!ell 

u ·•'r(-bx) 
LL(x);cim Q · (8) 

b--

,li.Jisi Aparru.uwro ncxpoBorb KaJIOpiDJ!eTpa MruKHo peROMeH:n;o:saTb cJie.ny 

JllHe 3Ha~eHRH rrapaMeTpoB b ; I(raB-1), Q; exp (l)"'-2 ~ 3. 
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lloporoBoe 3HaqeEEe SHeprHH E
0 B YCTaHOBRaX TRITa RCRpOBoro Ran"" 

pi!MeTp:!. [I-3] O!!pe,lleJISieTCJi yrJJaMII MHOroK:paTHOro pacCeH!IIIR: MilO­
HOB, IISBeCTl!!IX no IIIIIpOKOSeSOP!I!IM IICKpOBilM KaMepaM. MaKCIIM8JI1,!iM 
saeprllli, onpe.l(eMeMaH no paccemnw MIJOHOB = AparanKCro I1K , 
E

0 
= 8 + IO rsB. 
BepMTHOCTI. N - KJlB.THoro B3al!MonellcTBllli MIJOHa sHeprHH E 

orrpeneHHeTCJi aHanor~IqHo[6]1Is nyaccoHOBCKOro pacnpenaneH!Iff 

(9) 

co cpe.D;HJ!M ~cJioM B38.IIMOnel!cTBIIll B CJ!oe 'r0Jllll!4Holt t:< N > = 6 t , 
rne 6 = 6 (E ,ci>c,)- nOJIHoe ceqeEEe BsaiiMO)IellcTBllli MilOHa c nepe­
;~~aqeJ! BTO~ qaCTIIIJI'M ( O , e ,e+ e-,5[") 9H8prHH t. i> C. •• 
~ npaB.D;onono6llli c yqeToM (7 -9) I!MeeT BII;II 

L.= [n.P.(E/N)= Nfn.6- 6t- CJ, 

rne 0) = 'Q Cn. E - e~p [- b ( E - E.) J 
(IO) 

3aMerum nepeMeHHyD fn. E "- X , I!MeeM ypaBHeEEe rrpaB.l(ono.D;061IH 

'dLo 
ox 

ClW 
ax (II) 

d2 
W (I2) - dX"<. 

llOJICTaB.W>Ii B . (II) II ( I2) rrp116JmJ!teime noJIHoro sKp:!.EEpoBa!!ll>< (I) 
o yqeTOM ypaBHeHllli rrpaB;~~onono61IH (II) noMe HeCJ!O>!HiiX rrpeo6p:t­
soBaHIIll no.JiyqllM 
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· Bes yqem anpl!OpHol! RE!jiop~ o6 sHepreTRqecROM crreKTpe MIOO­

HOB ( '6= 0 , Q = 1 ) l'!S (I3) IIM99M 

• o "L . 
6e~E %-1/ aen.E' "ij(Bt.LJ), (I4) 

qro COBJJa,ll;;t9T C pesyJJ:&TaTOM [6] • 

BJIRRHl'!e C!ISRTpa MIDOHOB Ha TOqaOCT:& O!ISHRR O!IpSJ!eJJl'!M HS 

OOOTHOIII6HKR: 

a•Lo/ax• 
·a'"L.jax• = ( (I5) 

l!s (I3) H (I4) c yqeToM bE>> I RMeeM 6'., 1 + t1 / ( 2 1:), 
r]Je 

t1 = 2
1
e, { t>c(2.m~/J'd'-•) + Ebexp[-b(I:-Eo)]}. 

(I6) 

l!s (I6) MOlltHO CJ19JJaT:& CJI9JJYRl!lH9 SaJ<JIIO'lSHHR: 

I. MOCTSpl'!OpHBJI HHWOp.!a!IHff 0 CIISRTpe H SHepreTRqSCROM ITO-

pore yCTaHOBRH YMeHbmaeT JJHCrrepcHID orreHRR aHeprHH. 

2. Bitna,n; !IOnpaBRR (I6) o6paTH0 rrpO!IOpJ!HOHaJJeH TOJli!1l!!!9 yCTa• 

HOBRH H CYJ119CTBeBeB JlJlf[ pa60T [I-3, ~· 
3. IlonpaBRa SaBHCHT oT E / t_ o H n:P>< csepxBHCOKIIX aaepr= 

( E >> · E • ) He cyiQecTBeHBa. 

!Ia pl'!C. I rrpHB9J19Hll \J\Y!IRil;IIil llpaBJJOIIOJ!OOKII . ( IO) JJJI!! HJ!eaJJH­

SHPOBaHHHX ycTaHOBOR c foJJIQHHoA BeiQecTBa (cBHHerr)~I500 r/cM2 

(rrap..MeTp IIJJaJmpyeMoro aRcnepRMeHTa AHII) H 500 r/cM2 (Apararr­

RHA HCRpoBOJ! RaJJOPIIMeTp) c yqeToM H 6es yqeTa saepreTRqecRoro 

CIISRTpa. l!aH6QJI99 !IpaBJJOIIOJ!06HOe SHaqeHHe 8H9prll:H MIDOHa <jiHRCH­

poBaBO !.,_ ( E /I raB)=6. Iloporosoe SHa'leHHe 8H9PrnH MIDOHa H 

sHeprHH nepeJ!a'< cooTBeTcTBeHBo paBHll E "' Eo = IO rsB, t- i> t. = 
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=.I raB. Pac'!eT!l rrpoae,I~eH!I H8. 3BM E3CM-6 c y'leToM acex Tl!IIOB 

BsaHMO~encTBHH·MIDOHOB(pacceaHHe Ha aiTSRTpOHax, rrpffMOB po~eHMe 

e+e- nap, TOpMOSHOB HS~~BH~B, po~eHHe ~OHOB MID9HaMH).COOT­

BBTCTBYRIUKe CBl!BHIDl nponecoOB BH6HJ18JlliC:O aHaJIOrlftlli.O [7 ,II] . 

lla pi!C. 2 npi!Be;n:eH!I 3H8.'!eHl!Jl: C B 3aBI!CI!MOCTI! OT ITOJIIIOJ! TOJ!­

IU>IHII YCTaHOBKI< ;D;Jlli pa3J1l!'IHIIX 3Heprnil MJOOHOB ( rn_ (E/I raB) = 

= 4,5; 6,0; 7,5) npn C.,= O,I rsB, E, = IO rsB. PacqeTH!Ie 

TO'IKII ITOJIY'IeH!I 'II!CJleHH!IM ;D;I!@>epeHUIIpoBHHI!eM COrJlB.CHO (12) 1'1 pe­

mJHI!eM ypaaaeHl!Jl: inpaB.IIOllO.IIO<)M (II). To'!HOCT:h yi<asaHHIIX rrpol\e­

li:YP COCTHBJIJreT 20 .. 30% 1'1 O<iyCJllU!Jli!BHeTCf! B OCHOBHOM "HeKoppeKT­

I!OCT:biO" 'II!CJleHI!OrO Jlil@>epeH!l)'[jlOBaHl!Jl:. 1\a pRC. 2 BI!,I(IIO, 'ITO 3H8.'1e­

!Jl!e rronpaBKII 6' xoporuo cormcyeTCf! c aaBRCI!MOCTbl!J 5<;__ 1 + <:~.ft. r;n:e 

"" [ c jcM < J "" 5 1 ~~ 1 I en ( o. 1 ° E I c. 0 ) 0 

8 



FHc.I ~y~HH rrpaBrrorrorrodER ~ arrearrKSHpOBaH!rux ycTaHOBOK 

c Y'!9TOM ( 1l,. 0) I! des y'!eTa ( n = 0) arrocTep!!OpHOi! 
' 

o.s 

• 
• 

fnE=4c5 -· 
6.C -X 

7.5 -+ 

(l+<t/t) - -

2.0 5.0 10 20 

Hg/cm2}103 

50 -' 

FHc • 2 SrulHCHMOCT~ ii " OT TOJII!1IIHH ycTaHOBKI! 't rrpl! pa3J!li'!IIID( 

3HeprHRX MmOHOB. 
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