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Pa6oTa Bl,lllOJIHeHa B Jia6opaTOpHH sr.ztepHHX npo6.neM 06~e~HH8HHO
ro HHCTHTyTa sutepHHX HCC.ll8,lt0Ba!lill!. 

O(f>~HaJU,Hlle onnoHeHT!l: 

q.neH-Koppecno~eHT AH CCCP 

q.neH-1toppecno!U(eHT AH CCCP 

~OltTOp q>H31iDtO-MaT8MaTH'i8Cltl!X Hayit 

C.M.IIOJIHKAHOB , 

B.A.CH,lIOPOB , 

B.PI.3AXAPOB. 

Be.ztYlllee HayqHO-Hcc.ne,1to:ea.TeJU,C1toe yqpe~eHHe: HHcTHTYT q>H!
SliDtK &ICOltHX 3Heprd (r. CepnyxoB). 

ABTope(f>epaT, pasoc.naa" " _____ I97l ro~. 

8B1I1KTa .I(HqcepTartH cocToKTc.11 " ·" ' 1971 r. 
B qacoB Ha sace,I(aHHK.CllertllaJ.IHSKpO:eamtOro CoBeTa Jt-047.0I.03. 
npK Jia6opaTopn sutepm,ix npo6.neM 06'i>e.I(HH8HHOro HHCTHTyTa ~epHllX 
HCC.ll8.I(OBa.Hd, r.Jty6Ha. 

C ,ItHCcepTartHel MOXHO osHaROMHTDC.fi B 6a6.nK0Te1te 06~e.I(H
HeHHoro HHCTHTYTa ~epHHX acc.ne~OBa.Hd. 

YqeHHI cexpeTapD -
Cll8!tHa.nli!3Kp0BaHBOro CoBeTa 

~mtaT q>lr13HKo-MaT8MaTJ[q8CltHX Hayit 

D.A.BATYCOB 

I 

' 

( 
. I 
\I 'l 
\ 'I 

l 
' r ,, 

" ':\ 

<.l 

8Jxe1tTpoMarHHTHHe qioplv$1RTopu ~oHa GN H nHoHa F,x omrca
Bal71' npocTelmHe BSaHMO,I(elOTBl!lll OOHOBHHX no.nel. HsMepeHHe Be.llH'iH
HH qiopr.$JtTOpOB Kalt q>YHXQHR KBSJU)aTa qeTHpSXHMllY.llDCa qJOTOHa k2 

HBJllteTO.fi :eamiol sa.I(aqel q>HSHitH MeMeHTapaex. qaoT~, Tax ItaK Teo
peTaqecxd aHa.nli!3 no.nyqemmx ~aHHHX llOSBOJmeT Ji!3yqHTD M8:XaIUISM 
BSaHMO,I(eloTBl!lll 9Jl8XTpOMaI'HHTHOro llOM O Hyx.llOHOM H llHOHOM. 

Hccie~OB8llB8 8Jl8ltTpOMaI'HHTHOI OTPYitTYpll HYJUlOHa 6e.no Ha
qaTO P.Xo@IT8,ItT8p0M B 1956 r. B 8THX OnHTax HSM6psl11HOD ~lllfxl>e
pemumJU,HH8 oeqeal!lll peaxnn 

e- .,_ p - e- + p. CI> 
no KOTOpiM O llOMO~l,I) qJOPMYJJH PoaeH6.JmTa onpe~eJJJtllRCD qJOpr,$ltTO
pll npoToaa B o6JiaOTH npOC'tpallCTB8HHOllOA00HMX nepe~ammx qeTH
pe:xHMIIym.ooB ( k2 < 0) • B ~HelmeM, npH H&Mepean ~BlfxI,epee
nHaJII,aex ceqead nponeoooB 

e- + d - e-+ n + p c2> 
e- + d - e- + d C3> 

6H.nH onpe~e.netm qiopMfieRTop. Helrpoaa. 
PesyJU,TaTH nepmx OllHTOB P.Ioifm'r8,D;T8pa noxa&MH, qro HYJUlOH 

BSaHMo~elOTByeT O 8.ll8KTp0MarHHTHHM no.neM Itax qaoTHna, HMellllaH 
· npoorpaacTBeHHoe paonpe,1te.neHHe a.n~xrpaqeoxoro aa~a H MarHHTHO
ro MOMeHTa. ~HelmHe 8KOnepHMeHTH H HX BHTepnpeTanHll C llOMO~Hl 
~HCnepcHOHHHX OOOTHOmeHd llOSBO.llMH C,I(e.naTD llllBO~ 0 TOM, qro 
BSaHMO,I(eloTBHe Me~ qJOTOHOM H Hyx.nOHOM OOyJll8CTB.n.fi6TC.fi C no-
MO~Dll o6Meaa B8KTOpHHMH M890HaMH p , u.) H (/J • AHMHS pesym,-
TaTOB 60.nee ll03,ItHHX H 60.nee ToqHHXOllHTOB o6Hapyza.n orpaaH'ieH
HOOTD MO,I(MH B8KTOpHOI ltOMilHaHTHOOTH. Ilo&TOMY lt.n.fi lt8TMiHoro 
onaoaaHll G N npH k2 < O 6ea npeJtJioaeae pas.naq1me rHIIoTese 
oTaooHTem.ao noBelteHl!lll Im GN (onexTpam.aoA ipyamum) BO BpeMeHH
nolt06Hol o6JJaOTH. Ilpa:MWI npoBepxa npaBWll,HOOTH TeX HJlH JIHHX npe.it
OTaB.n8HHI Mor.na 6HTD c~eJiaHa TO.llDKO O llOMO~l,I) Jll3MepeHd saaqead 
qiopMiaKTOpoB llpH Bp8M8HIIDIO.I(06Hl:IX nepeltaHHHX m,my.nDOax. Bc.ne,ItOTBHe 
ItHHeMaTHqeOKHX OrpaHztl8Hd peaxnHH 

e+ + e- -P + j5 
2 

C4> 
He nosBoMeT onpe~eJIKTD sHaqeal!lll G N npH k or O ,Ito 88 r 2• B 
TO ae BpeMll.nOBe~eHHe ClleitTpam.aoA iPYmtnHH HM6HHO B 8TOM HHTep:ea
.ne nepeltaHHHX HMIIY.llDCOB B saaqJrl'eJU,HOI CTeneHH onpelteJmeT qJ()PMY 

GN ( k2) · B npocrpaacueasono,1t0Gsol oG.naoTH. IIponecooM, aa 

~ 
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.nmppepeHUWlJU>HHe ce'IeHWI KOTOporo B nprommte MOryT BJIMTI, qiopM
qaKTOpH HYKJIOHa npir k2 >O , .IIBJI!leTcH peaxuim: 

x- +p ---'- e-t- + e- + n. cs> 
ITpouecc (5) 6HJ1 RSy'IeH B HeCKOJII,KllX 3KCnepHMeHTax npR OCTa.HOBKax 
nROHOB B JKmµtOM BO,nopo.ne (oyMMapHWI OTaTRCTmta ~I04 co6uTm1) R 
npH m,myJII,ce nHOHOB 4 raB/c (oyMMapHaJI CTaTll!CTmta ..., 50 o.nyqaeB). 
0,nHaKO HmtaKHX KOJlH'I80TBeHHHX ,na.HHHX no 3Jl8KTpOMal'HllTHOtt CTpyK
Type HyKJlOHa R3 3TllX OllHTOB noJiy'IeHO He OuJio.· 

~no~eHHHe no.n pyKOBO~CTBOM aBTOpa B 1969-1976 r.r. paOo
TH/I+9 no cos.namno annapaTypu cltJlll RCcJie,noBamm: npouecca (5), R3Me
peHmo Ha CHHXpOUmu.IOTpOHe JiaOopaTopRH SJ,ItepHHX npo6JieM OIDID ero 
.nHifipepeHUHaRI>HllX ceqeHmi, o60CHOB8.HIDO 3TWC R3MepeHm1 KaK MeTo,na 
R3y'IeHM qopr,lqaKTOpOB npR MBJIHX Bp81l8BHllO)l00HHX nepe,naqax R onpe
,n;eJieHIUO .nRPaKOBcKoro liSOBeKTopHoro qiopM:{aKTopa F,V ( k2

} R F.J( ( k2
} 

B liHTepBMe k2 oT I,5 <I1"'"2 .no 3 r2 oocTaBJlllIOT coJ;epxemi:e nepwx 
tJeTupex rRaB ,nRcoepTanRH. 

IlpR 8.HMR3e pearo.um (5)•> Or,mo oOpameHO BHl'!Ma.HH~ (C.M.BH
JleHI>Kml, HryeH BaH Xl,ey, JI.JI.HeMeHOB, t.r.Tlte6yqa:sa• Ha BOS
MOJtHOCTI, RCnycKaHJm B 3TOM npo~eooe napu JienTOH-8.HTMellTOH B 
CBli3aHHOM OOCTOJIBIIK: 

;x.-+p -n +(f1-tfi-)amonH --n + R2f'. (6) 

:JC +p-n +{e.,.e;amoPTH - n + R2e- (7) 
0,nHaitO BepOJITHOOTR (6) z: (?) CJlHIIIKOM MaJIH ,l(aliW ,l(JJJl npocToro Ha0JID

,l(eHM aT·llX peaxud. BMecTe c TeM,HccJie.I(OBa.HKe oBoOo,ItllliX ll2e H 
fl2f':. npe.I(CTaJ3JlfleT HeCOMHe~I HHT~,c- Bo BTopol qacTR ,l(RCOepTa

UHH TeopeTH'!eCKH pacCMOTpeH" 10,rr, HOBl:Jtt KJiaCC pacna.ztOB 3Jle
MeHTapHHX 'IacT;m, .flBJllilOIIIRXC.fl peaJII>HHMR HCTO'!Hmta.MR yJII,TpapeJJJITK
BRCTCKllX nosirrpoHReB, aTOMOB, odpaSOBa.Hl!HX :J[.-H 11 -Me30Ha.MK, R 

1121': 0 

X -J + fl2e .(8), t/-:- '! + R211- • (9) 

Kl -+V+(Jff)amoMH-V+-f!i,lIO),K:-v+{Jle}amanH- j + flxe. (IOa) . 
Odoyir,n;aeTCH npHHUWilmJII,ifrui oxeMa. iPJPMRPOBaHHll nyqKOB noaKTpOHHeB 
K B03MOlltHOCTH, B03HmtanI\H8 npH paOoTe O TaitHMH ny'!Ka.MH. 

. •> Ilpouecc (5) B paOoTe /r/· OuJI HaSBaH oOpaTHHM aJieKTpo-
poir,n;eHHeM. B H8.CTO.flllle8 BpeMll 3TO He OOBC8M CTporoe onpe.I(eJieHHe JIB
JJJ18TC.fl oOmenEHHSITHM B COB8TCKOI H HHOOTpB.HHOI JIBTeparype II! B 
coKpameHHol qiopMe (OSil)Oy.1ter odosaaqar» peaxnxm(5) npH ,naJII,Hel
meM HSJlOlEeHHH. 

s) HI, IO, 812, 1969. 
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B nepBol rJIB.Be onHca:eamo.11 annapaTypa K npone.I(ypa 06pa60T-
1t/I,;j/ 1 llOSBOJlllBIIIHe ~eHTH4lHQHpOBaTL,.,60 C06u'l'd 08Il H IlOJIYtJHTI> 

- B npe.I(ll0Jl0&8HHH/O ,PaB8HCTB8 qopfw$ll(TopoB ope,nHee · SHaqeHHe ,=,v 
npH l<2 a2 r2 21• · 

,HoCJl8,l(OBaHHe peamum (5) 6HJIO BHllOJlHSHO npH RHHe~H'IeCKOI 
aHeprHH.nHOHOB 275 MaB. 3HaqeHH8 aHeprHH 6HJIO :eeOpaHO C yqerou 
B08MO&HOCTII! mrrepnpeTanHH a1tcnepHM8HT8Jll,HliX ,naHHHX C noMomm ,ll;HC-
nepcHOHHHX MO,l(eJiel, oz~aeMBX OTRJ10H8Helt qx>pMqia.KTOpOB OT 8,I(HH!f-
nt,I H HaJIIAHII mi:TeHcHBHoro naoHHoro ny'!Ka. · Ha6Jm.I(eHHe oarr npH 
OTHOCHTellHO doJILIIIHX k2 oonpHZeHo co sHaqHTeJII,HUMH aKOnepHMeH
TMI>HHMH Tpy.I(HOCT.flMH. 0HH B08HHIUlllT BOJ18.I(CTBK8 MaJIOI B8JlH'IHHli oe
qeHHII 3TOI peaKilHH npll! 3Heprm 275 MaB: 

d2 6 . ,,,-33 cM2 
-,=-----:-- .... s. f u ~ 
d~, dQ2 cm_epag 

H wco1toro ypomm: qoHa, o:ea:srumoro c HHTeHcHBHHMK nponecca.MH .fl.I(ep
Horo BSaHMonelCTBHII llll!OHOB O npOTOHaMK, npOT8ltallllKMK O,nHOBpeMeHHo 
o peaKilKel (5). CetJeHim peaKild 

!JC+p -JC-+p (II), JC+p_,.:Xo+n (I2),.l-.,.p-+.?l"+-+.7l"-+n(I3), 
:x_-+p.,-Jl-+[ 1-p (I4),:J[--,p➔J[-+:X"+p (I5~Jc·-,.p-7l 0+:X

0+ n (I6) 

Ha H80KOJ1Ll't0 IlOJUlltl(OB npeBOCXO)VIT ceqeHHe oarr. JlJut YM8Hl,lD8HHII 
aifxlie1tTHBHOCTH perHcTpann 'peaKild (II), (I2) OaJia BHOpaHa reoMeT
plitll (pllC.I) I ·B ltOTOpol llOl{lll!Jl.flJlltCI, O,nHOBpeMeHHYe npoxo~eHHII BTO
PIABHX '!aoTHQ qepes 6oKOBU8 TeJieCKOim; npHMeHeHHe qepeHKOBOKBX 
oqenmoB, ,!(8TeKTlllpOB8.BIIIHX K8,Jt.18HHH8 qacTHnU C HHSROI Bepo.flTHOCTLD, 
yMeHl,lDJIIJlO .8qxpeltTDHOC'r:r• peracTpanrm (I3) B ~ ra6 pas. OT peaKilHff 
(I4)+(I6) nponeoc (5) OTJlllqQeTC.fl B8J1HtJHHOI HOHH38.UHOHHHX norepI> 
II! HaJIIAH8M Jlll!HJm B pacnpe.I(eJieHJIH codHTd no KBa.1tpaTy HenoOTSllll811 
Ma.OOH. IloaTOMf. ,nJllI ~eHTH4lmtanH (5) i11cnonsyewir annapaTypa uosBou-
1a H9M8J).flTI, HOH1!38llHOHHH8 norepll! II! 3HeprHH BT~plABHX qacT;m. 

HccJie.I(oBaHHe oarr npoBOnDoc1, Ha nytJJte 1o1esoHHoro Tpaxra 
CHHXpOUlllltllOTpoHa. PaonOJIOlE8HH8 ,!(8T8KTOpoB llOltS.88.HO -Ha pJ,Wymte r. 
~mm;HOHaJII,HQ YCT8.HOBKY MOmlO pas6HTJ, Ha MOHH'l'OpHHI T8Jl80KOn, 
Bli,!(8J1Sllllld B3allM0.!(8IOTBH8 llHOHOB C npoTOHSMH BO.I(OpO.I(HOI MHID8HK1 

K .ItBll IQ8HTll!'IHHX OOROBUX Te.nec1tona, OJJy:xatnBX ,wlli perHCTpanHH 
8J18ltTpOHOB II! ll08H'l'p0HOB, reHeplllpOBaHBHX B peaKilD 03II, . onpe.I(eJie
Hll!lt ax aHeprd H yrJIOB Bli~era. 

~- HS 601tOBHX T8J18CltOllOB COC'l'OJL71 HS Bltlll)qeHHHX Ha oo:e
Ila.zt8HH8 OUIIHTWIJlailll!OHHOro ctJeTqJma C

6 
( C 7 ) , noporoBoro qepeH-
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PHC. I• cxeKa axcnepHK8HTaJll,HOlt ycTaHOBKH: H2 -BO,Jtopo.11;
Hasi KHm.8HJ.; CI-C7. ;..CIUIHTUJllU~OHHll8 C'lf8T'IIHXH; 
V V . ~ Si H c

2 
-noporoaHe qepeHXoacx111e cqenxu; u3 11 
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.pxc. 2. J{xarpawH, OnRCHBaD111H8 6opHOBCKYD qacTJ. aKnJIH
TY.D;H 03II. 

4 

7 
\ 
( 

\ 

.\ 

li 
l ·I 
,I 
I 

\ 

' 
J 

V V 

x0Bc1toro cqeTIJmta C1 { C2 ) -, 1JepeH1toBC1toro cneRTpoMe'i'pa noJIJioro 
nor.110111eHM C3 ( c4 ) H e:oxpoBol RSMeJlll 11Kt ( 11K2) • PasMeJlll .zte
TeRTopoB 6oltOBllX T8J18CROllOB K HCRpOBllX R&Mep npRBe.zteHH B Ta6JIH-
ne I. B BO,It8 pa.ItHaTOpoB noporowx qepemtOBCltHX CIJ8TIJHKOB .JtJlll 
CM81118HJilll cneRTpa qepemtOBCROro i'l3JJY'l8HJilll B 06J1acTb 'IYBCTBHT8Jll>
HOCTH qx>TOltaTO.zta 181-30 pacTBOp!lJlacb aMHHo-r-RHCJlOTa B ROmteHTpa
QHH 80 MI'/Jl. B.naro.ztap!l 8TOI ,It06amte 8qxp8RTHBHOCTb .zteT.eRTopoB 
BOSPOCJla Ill HCIJ88Jla HanpaBJieHHOCTb H8JJylJ8HHII, 'ITO llOSBOJlHJlO npm.ie
HHTb CIJ8TIJllltH ,ItJlli peracTpane:a I BTOp.H'IBYX 1Ja0T~ npH Jm6HX yrJiax 
BXO.zta B Pa.itHaTop. qepemtOBCRHe cneRTpoMeTpil llOJlHOro norJ10111eHHll 
HCllOJlbSOBaJlHCb .ItJ1Jt H3MepeHHII 8Hepro 8J18RTpOHOB H llOSHTpOHOB H 
YM8Hl,Ill8HHII 9ip}ieRTHBHOCTll perHCTpanHH M8,ItJ18BHHX qacT~. Cne1tTpo
M8TpEI RaJIH6pOBa.11HCb Ha ny'llte 9J18RTpOHOB, llOJJY'laBlll8MCR Ha MeSoH
HOM TpaitTe. HeoTa6J!JWiOCT~ aMIIJlHTY.ltll HMIIYJlbCOB cnexTpoMeTpOB nepe:-
0,ItHIJBCRll ROHTpOJ11itp0Ba.7laCb npe: llOMOIIIH CB8TOBHX ,ItHO,ItOB H He npem,ma
na sa mecTb MecaneB pa6oTH ycxopRTeM BeJIHIJmm :!::4%. 

HcRpoBHe ltaM8Jlll llpJIM8HJLJlltCb ltJIJl OT6opa BSalIMO.zte!CTBd' 
CO,It8pllt8IIIHX B ROH81JHOM COCTOIIHHH .ztBe aapHX8HBll8 1Ja0TJ1lttli , lI .ztJIII 
BOCCT8.HOBJ18HIIII npocTpa.HCTB8HHOI xapTIIBl,l pere:cTpxpyewx co6HTHI. 
KaMepi HallOJUmJ.IIICb H80HOM H pa6oTaJIH B TpeROBOM pe&mae .ztO yrJIOB 
,., 30° ·c &qlf)eltTHBHOCTI.ll~98%. ropHSOHTMbHHe }I BepTllltaJ!bHll8 npoex
ne:a o6en HCRpoBEIX RaMep npH llOMOIIIH CHCT8Mll 88pRM qx>TO~HpO
BaJIHCb O.ztHHM ltHHOannapaToM. C RUJtOI !Jiororpaq>HpyeKol CTOpoHH Ra
Mep YCTa.HaBJlDaJlllOb penepHHe WiacTHHll H3 iU.18ltCJ11rJ1aca, C llOMO!lll,I) 
ltOTOp!iX OCYlll8CTBJllLUaCb llpitBllSlta H3M8p!l8MllX ltOOp.ztHHaT lt OHCTeMe 
OTCIJ8Ta, CBliSaHHOI C MHDl8libll. Jl,nJi o6ecneqemm: TOIJHOCTH onpe.zteJieHHll 
yrJIOB ~0,5° pasp!l.lUIWI 8MKOCTb reHepaTopoB MapJtca no.zt6HpaJiacb Ta
xol, IJT06ll TOJIIQHHll TpeKOB 6uJia ~I,5 MM. 

~OBO.I(Op0.I(HB.a: MBlll8Hbt CltOHCTpJlitpOBa.HHWI lI H3rOTOBJ18HHrul 
cneuHMbHO .ztJllI HCC.118.I(OBaBHSI mm, COCTOJJJia HS BaRyywroro Ro~xa~ 
pesepByapa .JtJlll Bo.ztopo.zta o6'I>eMOM 24 Jil!'rpa H cMeHHoro •anneQDca•, 
C,It8JlaHHOro JIIS H8pxa.B8Jlil81 CTa.Jlll TOJIIQHHOI 0,3 MM. IlpllI SaJIHmte napa
BO.ztOpO.ztOM Mlillll8Hb coxpaHl!Jla BO.ztOpo.zt B~aJJD8Jl,JtJU:Ce•B T81J8HH8 ~!30 
IJQCOB. YpoBelib BO.ztOpO.zta ROHTp0JllitpO:eaJICR C llOMOIIII,I) TepMonap. 

3JleXTpOHHM JlOrlllta m,pa6amB8Jl8 MaCTep-m.myJI~C, 8CJlll COBna.zta
JII[ CJll'IIa.m,I OT MOHHTOPBOro TeJ1ec1tona III .ztBYX 60ROBEIX npa yCJIOBHlI, 
qTo cyMMapHoe 3aepro1r.u;eiea111e B cneRTpoMeTpax npewmaeT !20 laB. 
MaoTep-m.myJILC qepea 6Jlox11p0mcy c BpeMeHeM sanpeTa 0,3 c sa-
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nyclt8Jl pasBepTRH WITilJJyqeBOro ocnWIJ1orpaqa, oxew nponycmunm, 

aMIIJIHTY.JtHHe aHaJmSaTo~, reHepaTopu HK H .ItBa mmoannapaTa. HMnyJII>

cu co Bcex ,l.1;8TeRTOp0B llO,l.1;8l38JlHCD Ha WlTRIIYqeBol OCI(HJIJIOrpaq>, RS

roTOBll8HHHI B H~B3 H JIBJllDXl\miCH YCOB8Jlll8HCTBOBaHHl,IM BapHaHTOM 

OCI(HJIJIOrpaqn, paspa6oTaHHOro A.~.Jlvllai!ueBHM H ,ll;p.*>. 3RpaH OOI(HJI

JIOrpaifa ~TO~HpOBaJICH com~eCTHO C noxasaHWIMH aMllJIHTY.JtHHX 

aHaJIHSaTopoB, Ha BXO,Itll KOTO:pl,IX llO,ll;aBaJIH()D CHrH!lJIH co cne1tTp0J18Tp0B. 
CltOp00TH pa3B8pTOK 6HJIH BH6paH!l paBHHMH 25 HC/CMo 

3a BpeM!I OCHOBBIIX HSMepeHd qepes llO~HYE K uicryn JIHW8Hll 

6HJIO IIpOll,YllteHO COOTB8TCTB8HHO I,78·roII H 0,24°roI llHOHOBi BO 

Bp8Mll Ha6opa CTaTHCTHB:H pas B 8 qacoB aMMHTY,ll;HO-BpeMeHHHe xapax-

TeplllCTHB:11 annapaTypu CHHMSJ'll!CD Ha ynpyro pacceHHHHX llHOHax. B 
pesyJ11>TaTe HSMepeHIII Ha nyqxe 6uJ10 no.nyqeHo 52000 11 50CXf ~Torpa

~111 cooTBeTcTBeHHo c no~nol x nycrol MHllleHI,I). IlpH npocMOTpe CHHM

KOB C HK OT6HpaJIHCD co6UTHII, llM8BlllH8 no O,ll;HOMY Tpexy B ~ol RS 

lt8Mep. 3TH CJJY'IaH o6MepsL1lHCD Ha UOJJYaBTOMaTl!tleCitlO: yoTpoicTBaX THIIa 

IIYOC-50 H O llOMOJIII,J) nporpaM?r!l reoMeTpl!tleCKOI peKOHCTpymum, B oo

HOBe KOTOpol Jleza.na nporpaMMa, HaillICaHHall ~I.C.XBacTyHoBHJBl). onpe

,l.1;8J1JIJlaCD B8p0HTHOCTD BUJleTa qacTHI( HS O,ll;HOI TO'lltH, npimS.Jtl.18X811181 

MHllleHH. llocJ1e BBe,ll;emm noporoB no aHepre:n aJlexTpcma ( £ _ ) H no

SHTpoH!l ( E+> 11 HX CyMMe: E_,E+> 40 ll::iB, E;tE+> I40 M3B, Kpl!Tepl!eB 

no BpeMeBH, yr.ny Me~ TpexaMH H Toqxe llOlla,ll;aHHII B cnexTpOMeTp ru

JIO BU,I1;eJ1eHo I25 cot1m11l-.:1taB.UJtaroB,, cpe,ll;H xoTo~x HO;tI0 reHeplit

poBaHo H!l BO,ll;Op0,Ite. !HaJIHS OTO6pammx c.nyqseB llOitaSaJI, qTo ope,ll;H 

HJa: HMeJlTCJI ~HOBHe co6unx, llpHHa,ll;J19alllH8 pea:s:QHH (IG) I! xapaxTe

pasyer.ee 6oJlllllHMH aMIIJI!ITY,ItllMR HMIIYJIDCOB B CIUIHTHJIJIJllU[OHHlilX cqeT

'llmaX. JlM BY.zte.11emm coduTd peam:tm1 (5) cpe,ll;H oTo6pamwx c,11yqaeB 

-ItaJUtllO];aTOB HCilOJll,8O:eaJUlCD Hapl!.ey O BeJllAHBOI HOHHSSUl!OHHHX no

TepD B8p0STHOCTD OTltJIOHeHHH(WJx1meMaTHtl8CRHX H reoMeTpltlleCKHX 

napaueTpO~ co6HTm oT sooqeud, oallO];aewx wm o.nyqSJI peamum (5) 
c yqerox paspemallllel cnoco6uocTH anuapaTYIIJ. Hs aua1asa BH6opox 

C pasJUABHMB OrpaHlAeHHHMK Ha SHaqesHe W no B8JIHqJm8 lIOHH38IlHO~ 

HYX noTepD A' ru.110 HallteHO UOJIHOe qHCJIO co611Td peam:tHH (5) no H 

YCTaHOBJ18Ha ero B83aBJl'CJIMOCTJ. OT 3HaqeHd: W H fl • C yqeTOM 

COdHTd, reHepHpOBaHHUX ·Ba uycrol Jlll■eU, H ~Ha cJXyqalmlx OOBna

,l.1;8Hd: 

fl0 •63±IB. 

•>UTa, 2, II4, I965. 
a) 0MHH, I-5220, Jly6ua, I970. 
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CooTBeTcTBYDl!ee cpe.nHee ~iJ®epem:um.1u,Hoe ceqeHHe npa yc110BHK 

E_,E+ > 40 MaB paBHO: 

d2 
6 

df2, dQ2 ~ 

2 -33 CM 
M_=(J,4±tOJ.IO cmepag2 • 

52, !22 
(I?) 

,. 

lJ1a asa1x3a npottecca oan,cor~acao TeopeTJAecRol pa6oTe D.C.Cy
poBneBa a ~.r. T!te6yqaBailf), 6HJIJII BH6pami B RaqeoTBe HeSaBHCJilMl.lX 
nepeMemmx yro11 M~ xwyncaKH nxoaa III qioroaa B i1fp -cxcrewe 
tteHTpa Mace 01 , yroJI M~ HKnYU.CaJOI aellrpoaa H aJ1e1trpoaa B 

(e+e-) c.Q.M. 0 , yroll. M~ Dll.OCROCTH> peaRitm o6paTHoro Bzp,:. 
TyaJII,HOro ql()TOpo~eHHII . 

:i[.- + p -1*+ n (IB) 
III llJlOCROCTH> pacmuta ql()TOHa <fl • ltiJ®eP8HitHllJU,HH8 ceqeHHII aHa-
JIH3HpOBa.lJICJ, C llOMOIIIYl qiopr.,yll. ynoMKR8BlllelcH mrme pa6oTH D.C.Cy
poBneBa H ~.r.Ttte6yqa.Ba. 

OCBOBBOI B1t1l8,D; B 8.MIIll.ll'l'y,ey Ooil ~eT HSOBeRTOpHHI nepexo.n, 
n03TOMY BlJ.WIHHe H30TOnC1tMapamc qiopMfeltTOpoB Ha ,llllI®,epeHitHMI,Hlle 
ceqeHHII H83HaqHTeJU,HO. HsoBeRTOpHHe qiopr.$.ltTOIJl H F.x BXO,ItlIT B 

V 
6opHOBCRyD qacTl> 8.MIIll.HTYJ:tl:l TaRHM o6pasoM, qTo !=2, yMHOxaJICJ, Ha 
MaJJYD BeJIIAl!HY' IIP,aRTJAecRJII He Bll.HlleT Ha SHaqeHJill mqHcJUleMHX 
pacnpe.n;en.eHd~ PacqeTs noRaSaJIH, qTo npllI m16pam1ol Ha'IJMI,Hol aaep
r1111 III RIIHeMaTHRe B1t1l8,D; OT 11HTepcpepeHitHH M~ 6opHOBCRIIMH 'qlJ.eHa-
MH II aMIIll.HTY.llOI MarHJIITHOro ,llJIIllOJIJ,HOro nepexo~ B saaqJIITeJll,HOI 
CTeneHH ROMlleHCKpyeT mtna,D; Hso6apa. IloaTOl,\Y ceqeHlle Ooll B oc
HOBHOM onpe,D;eJIH6TCH 6opHOBCRIIMII qJleHaMH (pllC.2) II SaBHCJIIT npaRTH
qeCRH ToJU,Ro OT F,V H F.JC ; sHaqemm ~yrJICC qiopMfeltTopoB BHqHcJUI
ll.HCl> no ,llHIIOJll>HOI qJOPMYJle. TeopeTJAeCKHe KpHBHe xopomo OllHCMH 
pacnp~eJleHHII no k2 ' 0r ' El H Cf co CTRTIA8CRIIMH SHaqelfflJOOI qioprr 
(Je.RTopoB ( p.,V = FJi, =1 ), qTO .naeT ocHoBaHHe 11cnom,soBaT1, Mo.nem, 
,D;JUI o~e~eJleHHII 3THX napaMeTpoB. C llOKOll!l>ll npe.nnoJ101teHlffl O paBeHCT-
Be F.,V H F:x ,D;JIII cpe~HX sHaqemdt qiopMfeltTopoB npH k2 

=2 ~-2 6e-

Jla IIOJIY'leHa BeJIHqHHa: 
v +0,14 . ( ) F, = F:-x_= l,07 -0,l? • 19 

V 

Cll.e,eyeT no.nqepRHyTl>, qTo F, K F .x BXO~T B noJll)CHYJ) tJacTl> aMDJlJIITY-
J:tl:l BIIPTYMI,HOro ql()TOpo~eHHII, HBJUIHCJ, COMHOlltKT8JIHMH B Bl,lqeTax. Tax 

9l) OHIIH, P2-456l, Jly6ea, !969. 

8 

. 

L. 
I 

l 
r 

I 

I 
i 

I 
. I 

{ 
"f' ( 

; I 

:1t8.lt BlilUtH 6epyrca B roqxe,r.ne BKpTYRJU,HHe qacTmv:, H8XO~TCH Ha 
MaccoBOI noBepmocTe:, TO F,V e: Fr saBKCHT TOJIJ,RO oT k2 III HB

JllW.l'CH aHaJIHTiAeCRBMH llpo,D;Oll.llteHHIIMJII B o6JlacTl> BpeMeHKno.no6ma 
nepe.naq qiopMfmtTOpoB, BXO.ItllUIJICC B 8MIIJlJIITy,ey ynpyroro eN-H e.J[ -
pacCeHHHII. 

~ BTOpol rJlaBe onHCHBall'l'CH annapaTypa III npotte.n;ypa 06pa60T
R✓4,5~ nosBOmmmze mteHTIJW~HpoBaTl> ~ 190 co6eTd oarr H onpe.ite-
ll.llITl> SHa'IJeHHII ,r H Fx ~Hr.x SHaqea~ k 2 B npe,llIIOJIOllteHJ,IH 
o paBeHCTBe cpopMfm':Topo:e' 6 • 3RcnepHMeHT Bl,lllOJlBl11lCH Ha ny~e 
MeSOHHoro TprutTa npH RIIH8'l'JII'q8CROI 8HeprHK nKOHOB 2?5 MaB. Tmm 
.zteTeRTOpoB, ax cI>YmtnHH K pacnon.ozeHHe 6HJIH TrutHMH ze, RaR H B 
OIIHTe, OllKCaHHOM B rll.aBe I. no CpaBHeHBD c nepBol YCTaHOmtOI 6a
JUI YBeJ1HqeHH•8JJil8HJt)lltCi,Ml!DleHK, pasMepH ,ll8TeRTOpOB CIOROBHX Te
JleCROllOB (TaCIJ.t. l}, YJIYqmeHO 9HepreTJAecRoe paspemeHK8 cneRTpo
~eTpoB, H .ItJlll aMIIJIJlTY.ItHO-BpeMeHHoro 8.HaJll!Sa perHcTpKpyewx co6eTmt 
Bap!!,ey C WITiJJly'IJ6BHM OCitHJIJIOl'p!$}M 6HJla npm.!eHeHa SBM, pa60TaBlll8JI 
"Ha ll.llHIDI"; XCltp0B.ll8 RaMepe OllKCaHH B rll.aBe l. 

Boxose CitlIHTIJJJ1JD:tHOHBH8 cqeT'IJIIRH Clilll.H COCTaBll.eHH HS ,ItByx 
cqeTqHRoB O,llHHaltOBoro paSMepa. CHI'HM!l C_ql()TOYMHOlltJIITeJlel CMemHBa
ll.HCl> H llO.ItaBaJIICJ, B SM per11CTP11PYDI1el annapaTYIJl no O,llHOMY Ra6e
ll.D. 

11epeHltOBCRd cqeTqm npe,D;CTaBJlfLll 00601 ROHTelHep KS MeR
CHI'JJ.aCa, npocuaTpmiaewl ,ItByr.m qioToyMHOlltHTe.7l/OOI ~SY-30 11epes 
CBeTOBO,Itl:l. Al.m.Jnrry~oe pacnpe.ztell.eHHe CHI'HaJIOB ,ll8TeRTopa npH npo
x~eHHK nyqm 8.118RTpOHOB noxasaso Ha pKc.3. appeit'l'HBHOCTJ, npe: 
llOn8,ltaHHH 8ll.eRTpOHOB B ~eHTp Jl8,ltHaTOpa e, =95%. IlpH CMet11emra 
nyqRa Ha !5 CM OT ql()TOltaTO~ 9®,eRTKBHOCTl> YM8HJ,lllaJlaCJ, ,Ito 92%. 
11epemtOBCRHe cneRTpoMeTIJl llOll.HOro norn.0111eHHII HMell.H p8,ItHaTOIJl, 
cocTaB1J.emme HS ,ItByx 6n.oRoB cBKHitOBoro creua. CTeneHl> nepeRpHTWI 
pa.zte:a.Topa qlOTOKaTO.ItaMJII paBHIIJlaCl> ~ 65%. llM ycrpaseRH OCTaToqHol 
HaMal'HiAeRlOCTH Tpex MarHKTHHX aRpaHOB npHMeHIIJIHCJ, CllettHaJU,HHe 
RaTymRH, CMOHTHpOBaHHHe Ha ClleRTPOMeTpax. PasM!U'HIAKBaHKe nepe
MeHHHM TOROM llOSBOll.Hll.O YM8HJ,11111[TJ, BJIHIIHHe BHemaero MarHJIITHOro 
noJIH ( H ~ 5 apcre.zt) Ha aMIIll.HTy,ey CHI'HMa cneRTpoMeTpa .ItO 4,5%. 
B('S npH!4eHeHHII paSM!U'HIAKBaDl!HX RaTymeK BqXpeKT COCTaBJlfLll ~ 2()%. 
CneRTpoMeTIJl KCCJle.ztOBaJUtOJ, Ha ny~e. 9ll.eKTPOHOB. R:lll.a KSMepeHa 
~THBHOCTJ, ,IteTeRTOpOB R all.eRTpOHaM M8JIHX aHeprd, SaBKCKMOCTl> 
8.MILllllTy.ItHoro paspemeHHII cnexTpoMeTpa e: ero cpe~el aMllJll'ITYJ:tl:l o'l' 
aHepro (pHo.4), a raue BJIHIIHKe yr11a mo.na an.eRrpoaa QJ H 
KOJIHqecrBa Be~ecrBa pa,1tnaropa Ra noK8.3allHR cnexrpowerpa. 
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CTadHJU,HOCTL CII8RTpoMeTpoB ROHTpoHRpOBMacL IIO cpe,ItHel 
8.MIJJ1HTY.lt8 CBI'HMOB OT O -Rll8.HTOB, odpasyBll!IDCCJI IIpH nepesaplIJtI-te 
JC -MeSOHOB, OCTSHOBHBmlDCCJI B BO,J;Opo,;e. B reqemte 9 MOOJIQeB 
pasdpoc c·pe.JtHeff aMIIJlHTY.Itll He npewmM ±4%, qro COOTBeTCTByeT 
roqHOCTH HSMepeHHII. 

CxeMB. :espadoTKH MB.CTep-HMIIyHLca 6ana 6HH3Ra K BaPlmHTY, 
HsnozeHHOMY B rxaBe l. Jlacrep-mmync sanycxan cxew nponycztalnm, 
CToffity MHOl'OMepHOl'O, SHMHSa, pasBepTRK IIIITWIYqeBoro ocruumorpaqa, 
reHepaTO:pll HK H RHHOaIIIIapaTa. CHCTeMa aMIIJIHTY.JtHO-BpeMeHHol HHqJOp
Ma.UIDI IIOSBOJIIIM perHOTpHpOBaTL .ItHJI Ital!OtOro codHTHII ero HOMep H 
mecTL nspa'l!eTpoB: aMIIJIHTY.Itll tloxo:esx C~HHTJ!IJJJJJIIU!OHHHX cqe•nHROB 
H onexTpoMeTpoB, a TaRJte BpeMeHs noJIBHemm CBI'HMOB B C6 , C7 
no OTHomeHBD KO BTOPOMY MOH~OpHOMY cqeTqHity. HHq)opMaqHII O 1004 
cotlaTHIIX HSitaIIJll!BaJillCL B AH-4096, nocne qero aBTOMSTH'lecxH nepe
.Ita.BWiaOL qepes tly<fiepHoe ycrpoffcTBO B SBM "MHHOR-22", rite SallH
CHBMSCL HS Mal'HHTHYJ) neHTy H 06ps6sTHBS.JlacL IIO nporpa.MMe ItOHT
pOHLHOf! odpatloTRH CTSTHCTHKH. PesyHLTaTaMH . o15pal5oTitH .fIBJllIJU!CL 
O.JtHOMepB!le pscnpe.itMeHHII perHcrp1:1pyewx nspaMeTpoB, a Ta.RJte 
cpe.JtHHe sHaqemm H .1tHcnepcm1 aTn pacnpe.iteneHd. Bcsi: aTa HHqJOpMa
ItHII IIO OXOHllaHH pal5oT!l IIporpaMW SBTOMB.Tffq8QKH nepe.ital3aJlacL B 
IIaMIITL 6y<fiepHOl'O HaROIIJ!T8llHOro ycTpolCTBa, pacneqaTHBaJlS.CL H 

, npocMaTpHBaJiacL HS ocrtHHHorpaipe, 06ecneq11BaJI ROHHqecTBemml H 
BHSYaJILmtl ItoHTpML ss pstloToft ycraaoBitH. 

3a BpeMII OCHOBB!lX HSMepeHd qepes IIOiHyD X nycrym•KHW8HH 
15HHO IIpoIJY1118HO COOTB8TCTBeHHO 2"IQil H 0,25.lQll IIHOHOBi BO Bpe
Mf! Hadopa CTaTHCTHltK pas B !2+16 q~oB aMIL71HTY.ItHO-BpeMeHmte XS• 
paRTepHCTHRH annspaTypH ItaJIHl5poBaJUfOL Ha ynpyro pacceJ!HHHX IIHOHS.X. 
B pesyi•rare HSMepeud Ha nyime 6Hno·noJJyqeuo 172000 lfx)rorp~ 
o nonuol Millllem.11 H 3000 - o nyoroa. IlpHMeHeHHe np0rte.ltYPfi o6pa-
6orxH, B OCHOBB!lX qeprax OllHCaHHOI B rJiaB& I, ll03BOJlJIIJIO ioteHTlif
qi~l:lpOBaTL 443 oo6HTHJI-R~Ts. B IIportecce o6pa60TRH-]1.JJJl no
BHmeHHSI ToqHOOTH HSMepeHHI 15HM IIpOB8,It8Ha Roppem:J;HII noxasaad 
Oll8RTPO?f8Tp0B Ha yro.n BXO.Ita qacr~ B pa,zom.rop. B aMIIJ.IHTY.JtHO-Bpe
MeHHBe noxasaum 150itOBHX OitHHTHJJJIJIWIOHHBX cqeTqJilltoB -BBO.ItJIIJIHCL 
llOnpamtH, yqllTHBBJJllHB yr011.. H ROOp,IOmaTy BXO.ltS qacTHI\H B CitlmTWI

MTOp, Bpem ee nponeTa OT MOHHTOpHoro cqerqHKa H aMIIJlHTY.ItY 
Olll'HaJla • .IWl BH,ItM8HHII ool1HTHI 000 HCllOJll,SOBSJl8CL pasH~a B Be
JlHqHH8 HOHHSBitlllOHHBX IIOTepL c.nyqaeB PB!UtllHIII (5) H lfx>HOBHX npo-

11 



2 
neccoB K BHatJemm KB8,lijl8.Ta He.n;oCTaJlllleff MaCCll M X • B peSyJU,TaTe 
aHa.1msa coelHTm!-RaH.D;~aTOB ClHJIO ycTaHOBJieHO 1 'ITO noJIHoe 'IHCJIO 
coelHTKtt Ooll no cpe.n;H 443 RaH.n;~aTOB YCTOl'IHBO K rpaH~aM M~ 
BHClOpKBMK, no KOTOplM BeJIOCl, onpe.n;eJieHKe no' H paBHO C ytJeTOM 
coelHTitlt, reHepl!pOBaHHllX Ha nycTO:l! MRllleHH, K tfx>Ha CJIY'IaimllX COB
na.iteHKtt: 

n0 = 226 ± 3L (20) 
0CHOBHa/i MaCCa COClHTKll: peaRUHH Ooil (84%) C0,It8pltRTCSl B rpynne 
KaH.D;~aTOB, Y.ztOBJleTBOplll)UlKX YCJIOBl!IO: 

2 T3B2 fl 2 
Ht < f,05 c4 H < /hep., (2I) 

,;. 

r.zte fl - HOHKSartKOHHlle noTepK B CUHHT~KOHHHX C'IeT'IKK8.X ( {I sap. 
- HaaeloJiee BepOHTHHe noTepH). Cpe,ItHee .n;H@>epem:omJ11,Hoe cetJeHKe 
npK YCJIOBIIH E+,E- "> 60 KaB paBHO : • 

d2 o ~o -33 c,,,,2 
d d ~ 9 Q =(4,0:t:O,G)· /D cmenQg2 (22) 

Q, <22 , 2 r-

TeopeTII'IeCKaH KHTepnpeTartHH oarr .n;mt HeKoTopoa oelJiaCTK k2 

OKaBHBaeTCJl c~ecTBeHHO npoll!e, HeJt8JllI 8.HaJIIIS qJOTO- II 8Jl8RTpopo&
,It8Hmt nHOHOB. D.C.CypoBiteB H l'D.r.TueelytJaBa•> nOK8.3aJIH, 'ITO ecJIK 
npH cpKKcHpoBaHHoa aHeprHII B (Xp)-c.n.M. 0TelHpaT1> coeluTfm: c k2 , 

ClJIHBKKMH K MrutCHMaJll,HOMY SHa'Iemm (KBaSHnoporoBaa: RKHeMaTKKa)' TO 
B .n;HqqiepeHUHaJil,Hll8 cetJeHIIII TaKOft Bl:lelopKK .n;aeT OCHOBHOA B1tJl8.Il; 

ClopHOBCKa/1 'Ja0Tl, aMnJIRTY.ztH oarr. lWr onpe.n;e.nemm q,opM<paKTOpOB 
F/ ( k2) II F;r ( k2 J aHaJIHSHIJOBaJIHCl> 234 CJIY'Ia/1, y.n;oBJieTBOPJIBmKe 

YCJIOBHD (2I). oTH coel1ITJm paselHBaJIKCI, Ha TpH rpynnu co cpe.n;HKMH 
sHatJeHMMH k2, paBH&MH I, 72 , 2 ,23 H 2, 88 ~. l{mI RBJtrtoi rpyIIIlll 
.ztH@)epeHUHaJll,lllie cetJeHM no CosBfcpaBHHBaJIHCI, c TeopeTIJ'IecKHMH, 
KOTOpHe MO,IteJil!pOBaJIHCl, MeTO.D;OM MoHTe-KapJIO (pHC.5). Mo.n;e.m, ROBBO
JIKJia xopomo onKCaT1, aKCnepHMeHTaJI1>HHe pacnperteJieHM B npe.n;noJio
JiteHKH O paBeHCTBe F,,"' H Fx npH CJie,gy~ BHatJeHWIX napaMeTpoB: 

V ,-2 V ,-2 V -2, 
F1 (I, 7 ~ )=I,I0±,0,07; F1 (2,2. l'D )=I,I4;t(),OO; F, (2,9 l'D ) = 

=I,30 ± 0,07. (23) 

OmHClRH.B tfx>Pri$RTOpax J!B.7llDJTCJl 'IIICTO CTaTHCTHtJecxm.m H He BKJID

'IallT norpemHOCTl> B BHatieHHH noJIHoro cetieHHI!, KOTOPM npHBO.n;RT 
K H3M8H8BHD Bcex qx>pMqaKTOpoB Ha +0,08. 3Ta BeJIIJ'IHHa Y'IHTHBa-

v -
JiacL npK oapa6o:rxe .n;aHHHX no F1 K F.JC • 8Ha'IeHmt 

!!) H~, !§., 1204, !97'2. 
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ciioPMlJaltTOpOB xopomo annpoKCm.mpOBaJIHCl, np!lMO:l! JlmtHei 
2 2 ' 

F1v{k2}=1+ ~K'Z F (24) 

npH SHa'IeHHH 

'l. F = 7..;x =(0, 'tS:±0, flt) (/J. (25) 

B nepBoff H BTopoft rJiaBaX onHCHBaDTCJl SKCnepIDl!eHTH, B KO
TOplX perKCTpl!pOBaJIHCl, aJieKTpoH H nosHTpOH, reHepHpOBaHHHe B 
peaKUHH (5) no.zt yr.miMK ~ 90° B JI.c. B TaKOft reoMeTpHR OTClHpaDT-
CJl COClHTWI Ooll C BHpTyaJll,HHMll qJOTOHaMR, HCnyll!eHHHMR npeHMY~8CTBeH
HO B 3a.It}ml) llOJIYCcpepy B c.1:t.H.-perutiun1. AHa7IR3 llOJIY'Iemmx .D;aHHHX 
H MO.D;eRl!pOBallHe llORaSaJlll, 'JTO OoII MOJltHO HaelJJJ>.ItaTl> H npR pacno
ROZeHHH .n;eTeKTOpoB no.n; yrRaMH ~ 70° no OTHOmemm K ll8,lt8Dl\eMY 
nyrmy. COOTBeTCTByJlllKtt 3RCnepHMeHT OITRCHBaeTCJl Bill r.718J3e. B 
STOff reoMeTpHII perRCTpHpyllTCJl COClllTHI! OoII, B ROTOpllX BHpTyaJU,Irue 
qx>TOHll RCnyCKalDTCJl B c.i:t.H.-peaititHH npeHMYll!eCTB8HHO B nepe.n;Hll]D 
ITOJIYCcpepy. IIoaTOMY TeopeTIJ'IeCKOe OilHCaHHe .n;ammx Bcex Tpex SRO._ 
nepHM8HTOB llOSBOJllleT npoBepHTl> B08MOJltHOCTl, HHTepnpeTartHR OoII 
B mrrepBaJie yrJIOB 00 OT OO .ztO !BOO• B y6TaHOBR8 (pHC.6) HCllOJll,
SOBaJIHCl> .n;eTexTOpll H MH!lleHI>, OllHCaHHHe B r.718J3e II, HCKpome Ra
Mepll C 60JIJ,llle:l! anepTypoff H OllTIJ'IeCROff CHCTeMoff, IlOSBMKBllleff B8CTH 
oelpaelOTRY WHJlJ>MoBol KHqx>pMaitHII Ha CKaHHIJYDlleM aBTOMaTe A~-I,. 
cos.n;aHHoM B JIBTA OIDilf, H noJIYaBTOMaTax DYOC-50, ClJioR'II HaHoce
KYJWJOff BJleKTpOHKRH H CTO!Ka mecTH~aTIDl!epHoro aHaJJ.Hsa, paspaelo
Ta.HHlle B OHHP mm orum. 

HaHoceKyH,IUmll aJieKTpOHmta Bl:lpaelaTsBaJia Ma.CTep-m,myJU,c no 
cxeMe, onHcB.HHoA B rJia.Be I. l{mI YJIY'ImeHWI BpeMeHHoro paspemeHWI 
BO,ItlIHHX 'IepeHKOBCKKX C'IeT'IHKOB H cneKTpoMeTpoB,RMITYJILCS C RO
TOplX RMeJIH ClOJll,WOff paselpoc no aMnJIHTy.n;e, BMOOTO ~HCKpHMmtaTO
poB npHMeHIIJlHCl> qx>pMHpOBaTeJIH 6HnOJlllpHllX RMnyJU,QOB H ,IteTeRTOpll 
HYJIJl, 'ITO yMeHLIIIRJIO WHpmty BpeMeHHoro pacnpe.n;eJieHHI! m,myJll,COB 
cneKTpoMeTpoB B mecTl> pas. Ha 3BM 'Iepes ClycpepHoe ycTpolcTBO ne
pe.n;!U3aJ!acL no I2 RaHaJJ.aM aMIIJIHTY.D;HO-BpeMeHHWI mtqx>pMaitHI! C .n;e
TeKTOpOB, a· Taue HOMep coelHTHll, ero nOJIOJteHHe no OTHomeHIDO R 
Ha~aJIY 6alAa H .n;amme c nepectJeTH!:IX ycTpoffcTB • 

Bnaro.ztapiI.c~eCTBeHHOMY YBeJIIJ'IeHmo RHqx>pMaitHH O ~eTeKTO
pax KaJJ.Helpomta annapaType Ha ynpyro pacceJtmmx nRoHaX npoHsBo
.n;Wiac1, pas B 24+30. 11acoB. · 

8a BpeM!I OCHOBHHX HBMepeHHI 'Iepes noiJlyD. nycryn MHmeHH 
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PHO. 6. Cxeua axonepHMeHraJil,HOlt ycraHOBXH: Ci, g2, C3, 
c4 , c5 , c6 - OllHHTHJIJISJ:tHOHHlle cqerqHXH;vCI, 92 
noporoBHe BO.JtllHlil& qepeHJtOBCXHe cqerqxxx; c3 , c4 -
qepemcOBCXHe cnexrpOMerp1,1 no.11Horo norJio~eus; 
HK1 '~ - HCXpOBl,18 xauep1,1. 
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llaJIO npony~eHO COOTB8TCTB8HHO 3•roII H~ 0,3•IQII llHOHOB H OTCHIITO 
460 TllCH'i qJOTorpaqimt. IIOCJ18 llpOCMOTpa CHHMitOB 80% <pWU,MOBOil HH
ifioP.Ma!tHH ( ~IOOOOO KaJtPOB) cmumpoBaJIHCL H ollpallaTaBane:01, Ha 
aBTOMaTe AMT-I, OCT8.BlllH8CSI 20% collarmi, xapaxrepHsynnHeCSI, Rax 
npaBMO, HHSKOff KOHTpacTHOCTJ,i) H30llpWit8HWI 0.ztHoro HS TpeROB, 
ornpa.BJIS1mro1, ~ noBropHHx e:sMepeHmi Ha noJiyaBTOMaTH IIYOC-50. 
IlocJie reoMerpH'ieCKoa peKOHCTPY~HH, Koppe~l<IH aMIIJIHTY.ztHO-BpeMeH
HHX noKaSaHd .zteTeRTOpOB H BBe.ztemm KpHTepHeB' Olll!:C!UIHHX B npe
,It!l)U'lllHX rJlllBax, llaJia BlliteJieHa rpynna ~IOOOO collard. 

KHHeMaTH'ieCitd aHaJill3 OllHapy21tHJ1, 'ITO npm.mpHO llOJIOBHHa 
collard c Mx , npeBHmannm.m Macey Heih'poHa, SlBJ1JllYI'cSI cJiytJaJIMH 
npouecca ynpyroro pacceSIHWI nllOHOB, conpoBOJ!Otannl!:XCSI CJiytJaffliliMll: 
Cl!:rHaJIBMH B qepemtOBCKWC .zteTeRTOpax TeJieCRona, B KOTOpliil noni:utan 
npOTOH OT,ItatJII. BBe.zteHll8M Kp~epwi:, OCHOBaHHoro Ha KOpp8JifIItllll Mellt
ltY yrJiaMII BllJiera mmaa H nporoaa, sror qioHoBllff npouecc lluJI -no~ 
JleH. AHaJ1113 OCTaBWHXCSI collard !Ip9BO,ItHJICSI Ha OCHOBe pesyJIJ,TaTOB 
MO,IteJil!:pOBaHmI, noKaS!UllIIWC, 'ITO OOHOBHHM qJOHOBllM npouecCOM .IIBJllI8T
CSI peaxuim (I6) • .ltnJI onpeieJieHWI tJHcna collard oarr pacnpeiteJieHWI 
no RBl;UtpaTy H8,ItOCTaJlllea Macca annpoRCHMl!:pOBaJIHCJ, cyMMOil pacnpe.zte
JieHIII, MO.zteJillpOBaHHHX ~ oollarmi peaxud (5) hl/J H (I6)fqioH 
o yqeroM paspemannel onocollaocr11 annapaTypu: · 

F ( t1J }-;, d_f 91/J + faf ,poH • (26) 

8Ha'i8HM napaMeTpOB <X. H ,/!:, onpe.zteJlliJlHCJ, 113. YCJIOBWI MHHIIMYMS, Be-
JlH'iWIH 1.2 npH CpaBH8Hlm 8RCil8pHM8HTaJIJ,HHX II MO.It8JlllpOBaHHHX 
paonpe.zteJieHd. 2 

SxcnepHMeHTan1,we pacnpe.zteJieHWI no Mx (pe:o. 7) aHMHSl!:pO
BaJIIIOJ, npH pasmu SHa'I8HWIX sqxp8RTHBHHX Mace (e+el-napa CJ 11 
HOHHSE!nllOHH!:lX noTepSIX A. B1:1.110 YCTaHOBJ18HO, 'ITO npll H3M8H8Hlm W 

H R B mllpORHX IIHT8pBanax noJIHoe 'IIICJIO collaTd oarr B npe,IteJiaX 
omallox He MeHSieTOSI II paBHo n0 -r040. Onpe.zteJieHHoe no aroff rpyn
ne .zt1JqqleP8Hitll8.Jll,H08 C8'I8HH8, npH ycJIOBIIII, 'ITO E , E > 50 MaB, 

+ -
paBHO; 

d2
cJ 60 ( ) -33 CM

2 
d d ~ ,.., ,..., = ~4±0,6 ·10 -- 2 Q, Q2 ::,cf :.c2 · cmepag 

(27) 

B 'I8TB81)TOff rJlllBe aHaJIHSl!:pYllTCSI COllHTHII, npoue,Itypa KD;8HTll<pH-
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PHc.7. Pacnpe~eneuHa coOHTHl.no Jii,nonyqeuuue nocne BHqH
TaBHa ~OHa OT nyCTOI MHmeHH,a Trutxe nocne BBe~e
Hl-!SI KPHT8pH8B W > 220 113B H A .e: 2,2 ,\. B •• 

K1 •U/m-l K1•t.lj111·1 K1 •2.3Jm"2 ,<.2-2.Uftrt•l, K1 •1Dfm·2 
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42 f /I 1 42 ) I l 42 

11:! 1){¼ 
ul(I 

OO.St0-tD-a.50D.5t0 

PHC. 8. Pacnpe~eneHHH C00HTHl_no KOCHHycy yrna BHJieTa 
BHpryam,uoro ~OTOHa . er . CruiomHIDIH ltpHBHMH 
IIOK838HH pe3yJI&T8TH reoperzqecKHX pacqeroB C 
~PM~aKTOpaMH, IIPHBe~eHHl,ll,IH a TaOn. 2. 
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KaQIUi KOTOpllX H3JIO&eHa B rJiaBe ID I'! npe.J:tl,1,n;ytllRX rJia.Bax. JvuI onpe
,n;eJieHim 3Haqemrli F,V H F:,r npHMeW1Jia.C1> npe.ItJIOJteHHaJI T.,Il.B.no
x~eBoi1, Il.C.CypomteBHM H ~.r. TKeOyqaBa*> .n;Hcnepcl'!oHHaJI Mo.n;eJ11>, 
xopomo omrca.BlllaJI ,n;8.HH!le no qx:>To- H aJieKTpopoir,n;emm. Ilpll Haxoir.n;e
Hl'Il'I qopMqa.KTOpOB HCll0Jll,30BaJIOCl, npe~OJIOZBHHe oo me paB8HCTB8 
(aHaJIH3 I), a TaKJte OoJiee TOqHoe COOTHOmeHHe: 

F.JC(k2}=F/(k2}-/J(k2
),. (28) 

B KOTo'p~M cpyHICillm A{k
2

) BHqllcJJJIJia.Cl, no pe3yJ11>TaTaM pa15oT r .XeJie~) 
H lij). i£!£ (aHaJ.11'!3 II) H H.M.Ey~eBa, B.M.Ey~eBa, B.B.Cepel5pmtoBa 
(aHaJIHS ID). J{JuI onpe,n;eJieHHII F,V H FJl rpynna H3 II83 col5HTm! 
( M; < (05 r~:2 

t {l<.2,2/l Bep.), H.D;8HTHipHKanHII KOTOpllX onHcaHa B m rJia
Be, pasOmia.Jiac1> Ha Illi'l'l> · HHTepBaJIOB no k2 co cpe~mm 3HaqeHHIIMH 
I,5; I,9; 2,3; 2,6; 3,0 , 2• ~pM:fiaKTOpll onpe,n;eJ.lllJIHCl, cpaBHeHHeM 
aKcnepHMeHTaJil>HHX pacnpe,n;eJJ,eHHft no Cos Bi c TeopeTe:qecKHMH (piro. 8). 
3HaqeHHII F,v R F:x; , noJIYqemrue npH aHaJIH3e ,n;aHHHx rJiamz ID, a 
Ta.ICJlte rJiaB I, II, npHBe,n;eHH Ha pHc. 9 II B Ta~e II, 113 KOTOpoft .. 
cJie,D;yeT, qTo pa3H~a MBJ!OtY napaMeTpaMR, onpe,n;eJieHHHMR B auamraax 
II H m,He npeBOCXO.D;HT 0,03 • .IvuI Haxoir.n;eHJm 3,118KTp0Mal'HHTHOro pa,n;ey-
ca ne:oHa 3aBHCHMOcT1> Fx OT k2 sa.n;aBaJiac1> qopMyJioff: . 

( 
2) Iii' . 

F.7{ k = I- Bkc ' (29) 

xopomo annpoKCHMHpYialle! TeopeTaqec:ttHe KpHBHe B HHTepBaJie 
0 < k2 < 3</1-2 • IlapaMeTpH fl, BBO.D;WIHCI> .ItJllI yqeTa norpemHocTefl:, 

CBII3aHHHX c ome:15ICaMR B ?15coJWTHHX H3MepeHHl!X. 3HaqeHHII II;, npH
Be,n;eHHHe B Tal5JI~8 II, ,n;JllI nocJie,n;Hero 8KCIIepHMeHTa OTJlHqaJOTCH OT 
e,n;im~ Ha ,n;Be omHl5:ttH. .IvuI onpe,n;eJieHim BJIHIIHHII TOqxH npH k2 = 
=0,058 raB2/c4 Ha K08qlp~l'leHTll Iii 8KCnepHM8HTaJil,HH8 ,n;aHHHe 
aHaJIH3RpOBaJIHCl, 15e3 Hee. B 8TOM c.,iyqae Ma.KCHMaJil,HOe OTKJlOH8HHe //; 
O'l' e_n;im~ COCTaBWIO I,4 CHCTeMaTffq8CKOI omHl5KH, a 3HaqeHHe 'lx 
H3M8HHJ10Cl, Ha 0,5 CTa.H,n;apTHoro OTKJ10H8HHII. 3HaqeHHII pa,n;eyca nHoHa 

'tJL {D }=(0,6Q±D,08)<P, 'l.:x (!Ii)= (0,66±f],07)~ (30) 

3£) fl~, 2I, 850, !975. 
B) -Phys.Lett. 53B,471,1975; TKP 76/1,Karlsruhe, 1976. 

~) IIpenpHHTH ~88, ~9, HOBOCHl5HpcK. 
!976. 
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cornacYDTCa c 'AaHHllMH, no.11yqe:mmMR npH aHM11ae aRcnepJltMeHTOB no I -
IIpHMOMY aJieRTpopollr,ll;emm, Ha BCTpeqHUx nyqRa.X, no ynpyror13 pacceJI-

HID!l n110HOB Ha aJieRTpoHax • a Ta.Rllte, C qHcTo TeopeTIItieCRHMH pacqe-. 

TaMR. l»op?13Jia C29), ToqHo on11cuBaJI TeopeTIItieCRYll SaBHCJIIMOCTl, Fx, 
. V 

xyxe amipORCHMHpyeT aHMOrlitiHUe SHaqemm 'AJIII F, • IIOBT0?/3 pa-

'AHYC HYRJIOHa no.11yqaJicH npH6aBJieHHeM R 8RCnepJ1tMeHTaJII,H0?/3 SHaqe-

HHll 'tx TeopeTl!'JeCROI 'A068.BRH, paBHOI 'AJIII a.HaJIJ;ISa II npHMepHO O,I4~: 

'lp(U}='l:,_(D )+ O,I4 = CO, 73 ± 0,08)~. (3I) 

I10.11yqeHHUI pesy.111,TaT cor.nacyeTCH C TeopeTHtJ8CRJltM SHaqeH11eM, npH
Be'AeHHllM B pa6oTe XeJiepa: 

"t,,F = CO, 76 ± 0,02) ~ , C32) 

H C BeJIRTtHHOI, Haibt8HHOit A.B.KpaBl{OBlilll H JI.JI.HeMeHowJf) 118 a.Ha

JlHBa 'AaHHUX no a.neKTp0!,18,I'HHTHOil CTpyxType HYKJIOHa B 06.nacTH 

npocTpaHCTB8HHOllO,ItOdHUX I nepa.ztaq C noMOllll,D M8TO'Aa OllTRMaJll,HOro 

KOHqx>pMHoro OT06pallteHIDl H CTpormc 'AOnOJIHHTeJI:E,HUX yc.noBd: 

"t,F = CO, 73 ± O,OI) ~. (32a) 

B pa6oTe D.C.Cypo:eueBa H ~.r.Tite6yqaoo8 > 'A~P8~Ha.JII,H08 
ceqeHH8 qx>TOpOJ!Ut8HIDl 6uJIO np8'ACTaBJ18HO B qx>pMe: 

d · oopH 
_Q_ = d<J + m (.s -t k2) (33) 
d-t dt .,,., ' ' ' 

r'Ae nepBOe cJiaraeMoe o6osHaqaeT 6opHOBCKyJ) qacT:E. ceqeHWI, a BTO

poe - BRJ18,It OT BSaHMO'A8ilCTBKII B KOHeqaoM cocroaHIH Hero HHTep

q>epe~HH C 6opHOBCKOI aMnJIKTY'AOil. Hs a.HaJIHBa 8KCnepHM8HT8.Jll,HllX 

'AaHHllX no qx>TOPOJllt8Hllll 6HJIO noRaSaHO, qTo npH R~OM SHaqeHKH S 
cy111ecTBY8T i k , 06pa1118llllee <1J ( S, t I k

2
) B Ho.n1,. B pB.MRaX 'AHC

nepcHoHHol MO'A8JlH ycTaHOBJ18HO, qTo npH nepeXO'A8 R 0311 8HaqeHHe 

i k t Haff.tteHHoe HS 'AaHHllX no qx>TOpo~eHJIII), npaltTIItieCKH He M8H/I8T

CH. ltJm llpOB8pRH 8Torq YTBepllr,ll;8HWl B ~off HS MTH rpyrm'co6HTd 

no 8KCnepHMeHTaJI:E,HllM TOq}taM llpOBO'AWlac:E, llJlaBHasI Kpmiaa: r,HaHJiyq

mHM o6pasoM annpoXCHIOIPYlllllaJI SHaqemm: d1of ()1 , H H8XO'AWICH yro.n, 
npH KOTOpoM JIHHIDI, onHCHB8llll8.ll 60pHOBCKyJ) qacT:E. ceqeHWI , nepece-

*) IlpenpHHT .Jilli[~, Ji 301 , JieHHHrp!l,It, 1977. 

u) orurn:, E2-80IB, Jly6Ha, 1974 
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KMac:E. c IlJlaBHOI KpHBol r. 8Haqemm narH yr.noB B npa.zteJiax omH6oK 

coBna.ztaJIH M8.1!,ItY co6ol!:. Cpe~ee BHaqeHHe yr.na prumo 

BJ:m = 70° ± 7°. C34) 
BeJil!'IHHa yr.na. npH KOTOpOM npOHCXO'AHT KOMIIeHC!l.qWJ B pea.KUHR 

qx>TOPOJ!UteHWI npH 8TOI Ee 8HeprHJ.I B(Jfp) c.u.11. t paBHa 

. erqx>TOPOl!Ut = 700 • . C35) 

CoxpaHeHHe saaqeHWI yr.na ROMIIeHca.q11a npH nepexo'Ae oT ToqKH k2 
=0 

B 06.nacT:E. BpeMeHHllO'A06HUX nepe~aq noSBOJllieT BH6HpaT:E, rrp11 nocTa

HOBKe 8KCnepHMeHTa no HCCJle'AOBaHHD 0311 reoMeTpHB'.l, o6ecneqHBa.neym 

npH onpe'AeJieHHH qx>pMqaKTOpOB MHHHMa.JII,HUe MO'AeJll,HUe Heonpe'AeJieH

HOCTll. 

nmpIJepeHQHaJ.ll,HOe ceqeHHe 0311 MOlEHO YCJIOBHO SallllCaTb B qx>pMe 

l}.(J =t:dJ, +t:.~2 +6.. 0'3 +A 04, C36) 

r'Ae ,b. a, COOTBeTCTByeT HBJiyqeHHll nonepeqHoro HenoJ11Ipll80BaHHOro 

qx)TOHa, t:,.(52. - nonepeqHoro noJ11IpllSOBaHHoro qx>TOHa, ,6 04 - npO'AOJlii

HO - noJ11IpHSOBaHHoro qx>TOHa, a ceqeHKe .t:,. 63 CBIISaHO c HHTepq>epeH

u11ea nonepeqHUx a npo'AOJll,HHX aMIIJIHTY'A• TaR rum yr.nowe pacnpe'Ae

JieHWI aJieKTpOHa 11 nosltTpoHa B pea.KUHH C5) ·BaBHCHT OT COCTOHHllfI no

J11Ip11S!1.ql1H qx>TOHa, To, aHaJIHSHpyH 'ABYMepHoe pacnpe'AeJieHHe no Cos 0 
H Cos 'f • MOltHO qHCTO q>eHOMeHOJIOrHtJeCRH onpe'AeJIKTl, aHaqeHWI 1:,. {Ji • 
Co6HTWI, m:zteHTHq,H!tllpoBaHHHe B r.naBe m, pas611BaJ.lHCl, Ha IllITl, HH

TepBaJIOB no k2 
rrut :a:e ~ Rax sTo 'Ae.nanoc1, np11 onpe'AeJieHHK qx,pM

qm<TopoB. Jt,m Ral!UtOI rpyllllli npoBO'AWICH q>eHOMeHo.norHqecxd aHa-

.nHS 'ABYMepHoro pacnpe'AeJieHWI no Cos 0 · H · Cos <f • 8HaqeHWI t:,. a, 
npettCTaBJleHU Ha pllCyHKe IO. Cn.nomHUe KpHBHe paccqHTaHH no .'AHC

nepc110HHOI MO'AeJIH C qx>pMqmtTOpaMR, onpe'A8JleHHHMll B aHaJIHSe II. 

B~o. qTo MO'A8Jll, xopo■o onHCHBaeT llOBe'AeHHe ceqeHd 1:,. 01. 1:,.62 
H 6.64 • Pacxo~eHHe M8.1!,lzy noBe'AeHl1eM .10'.3 H npe'ACKaSaHltllMl1 

TeOpllll MbJteT o6'blICH/ITl,CH Kalt H8COBepmeHCTBOM MO'AeJIH, TaK 11 CHC

TeMaTIItieCKOI OmHl'.SKol!:, CR8.SHB8lllleil:CH Ha llSMepeHKH Ma.no! BeJiaqH

Hll CBRJia.zt t:. d3 He npeBUmaeT 4%). Kruc noxasaJ.111 pacqeTH, ceqeH11e 

I!, l11 B O'AHHaltOBOI CTeneH11 SaBKCHT OT F,V K F:7t • Be.naqKHa 
V 

604 SaBHCHT· B OCHOBHOM OT F, • C.ne'AOBaTe.111,HO, ecJIK BeJiaqHHa 

604 HSBeCTHa C MaJIOil om116xoa, TO MOlEHO C xopomea ToqHOCTl,D onpe
v 

'A8Jll1Tl, F, 'AaJte llpH 11cno.111,soBaHl1H rpy6ol ouemrn qx>pMqaKTOpa F:x • 
Talt Kalt !J. (5t,_ onpe'AeMeTcH TOJll,KO 6opHOBCKIIMH tJJieHaMl1, TO Haff.a;eH-

v 
Hall TaltHM cnoco6oM BeJIRqHHa F1 He 6y'AeT 8aBl1CeT:E, OT MO,!t8Jll,HllX 
Heonp8'A8Jl8HHOCTel. 
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a T8Rllte pacna.zta Q° c HcnycKWIHeM ll2f' 

W( tz°- "{ + R2HJ = ff5 · I0-9 
wrtt-0+11 , (39) ,.-'-. 

HeCMOTpll Ha MaJIYIO BepOJITHOCTl> 8TOMHOro pacria.n;a J[~ Mesona, 
CYJ!leCTByJ]IIHe ycitopirreJIH BHCORHX SHeprwt nOSBOJJJllOT llOJIY'IHTl, nytntH 

iR2e C HHTeHCHBHOCTl,IO,,ItOCTaTO'IHOtt .zt,1lJl IlpOB8.It8HHll psma RCCJie,Ito

BaIIw!. ;n,na nosHTpOHWI B TpHnneTHOM COCTOJIHHJII C .8HeprJ1Iea ICXJO MaB, 
ItOTOpaJI xapaitTepHa .zt,1lJl YCROpKTeJlll H~B3, pacna.n;ml!I .ItJIRHa B JI.a. 

paBHa 42 RM. IloaTOMY Ha 6ase 5Df.IOO MeTpOB TaRHe aTOMl IlpaRTE:qeCitH 

He pacna,n;aJOTC.fI. _.lt,ru{ HJIJIIOCTPaIUJ:H lmTeHCHBHOCTH nytnta fl2e MOXHO 

npHBeCTH CJie~D!Ule.u~: npH SHeprHH npoTOHOB 70 raB. c6poce 

Ha MmIJeHl> I~ npOTOHOB/UHRn, TeJieCHOM yrJie perHcTpHpylClllel anna-
......1. , 0 

paTypl:l Iu • CTepa,n;, TOJIIIIHHe MmIIeHH~ B ltOTOpofl: reHepHpymcsr ;J[ -
MesoHH, I MKM sa 250 'lacoB pa6oru yc1topirreJlll MOlltHo Ha6Jw.ztaT:& no.it 

yrJIOM s0 
B JI.c.~30000 aTOMOB. IlpH yMeH1>meHHH yrJia aTa)nHqJpa 

6HcTpo pacTeT. (O.E.ropqaxoB, A.B.KytmoB, JI.JI.HeMeHo:sH ). 

BcJie,JtCTBHe 6oumol B8JI!Alll!H ce'leHM pasBaJJ.a llOSITpOHHll B 
. . 0 

Be~eCTBe OCHOBHHM HCTO'IHHROM peJlllTRBHCTCRIDr aTOMOB .fIBJlllDTC.fI ,J[ -

MeSOHli, ltOTOpl:le sa BpeMH CBOefl: llGISHH 'to 131,lXO.lt.fIT 11!3 MmIIeHH H pac

na.n;amTcsr B BaRYYMHOI Ra.Mepe yc1topHTeJlll c HcnycRa.HHeM ll2e • HsMe

plIH OTHomeHHe 'IHCJia nosirrpomi:eB NR R 'IHCJIY l -RBaHTOB Nr 
HCnYJ!leHHHx B 0.ltHH H TOT lite TeJiecHHfl: yroJI, Rax <IiY~lil'.l HMnyJU,Ca 

nOSHTpomm WIK TOJIIIIKH!l MmueHK, MOXHO KSMepKT:& BpeM/l lm3HH :J[, 0 -Meso

Ha 6es npHMe•iemm TeopeTi,rqec~KX pac'leToB, HOCJDIIHX MO.IteJI1>HHtt xa

paxTep. ;n,na ycJIOBmt SKCnepHMeHTa , K8JIOJt8HHHX 131,1me, H TOJIIIIHHY 

MmIJeHH OT 2 .ItO 6 MKM CTaTHCTH'leCKM 'l'O'IHOCTl, onpe,JteJiemm 'Co 
sa 250 'la00B pa60TH yCROpKTeJlll MOJteT 6HTl> nyqme 0,JtHOro nponeHTa. 

(JI.C.BepTorpa.itoB, O.E.rop'laitoB, A.B.Ky~oB, JI.JI.HeMeHo:sH>. 

~y 'Il!CTO pacqeTeyJO OI~eHRy MOJEHO cpaBHKTl, C norpell!HOCUKH HSMe

pemrli 'to no 3aBKCHMOCTK '!HOM ltOHBepCHOHHHX nOSHTpOHOB O.T TOJIIIIH

HH MHm8HK (~IS%) H no sqxpeRTy IlpHMaitoBa (~5%). Moimo OTM8THTl>, 

'ITo pesynTaTH, nonyqeHHHe c noMO~Lll aqxpe1tTa IlpHMa.ttoBa,. JIBJIJrorcsr 

MO,Jtenl>HO BaBKCHl,1llMH. BpeMH XKSHH, KSMepeHHoe no ltOHBepcH0HHliM 

nosRTpOHaM, CB060,JtHO OT ItaRRX-JIH6o TeopeTH'l8CKHX Heonpe,JteJI8HHOCTea. 

~) H~, 24, 524, I976. 

B) mum:, PI-9I8I, Jly6Ha, 1975. 

24 

B mecTofl: rJiaB/II/ OllHCHBaeTCH npHHUl!JIHaJI:&HaH cxeMa qiop
MHpOBaHl'Ill H Jt8T8ItTHpOBaHHll ny'!Ka peJlllTHBIIICTCRHX ll2e • KOnE:'18CT

BeHHoe paCCMOTpeHJIIe noBe,IteHHSt ,ItBu:yinerocsr noswrpomm B M!U'HlffHOM 

noJie IBJIO C,ItenaHo C llOMODUi,ll ypaBHeHM BHI'Hepa-Balcxon(fa H aHaJUma 

cmmo:esx COCTOllHd aTOMOB B nyqp.e. H3 llOJIY'l8HHHX pemeHd CJie,ItO

BaJIO, 'ITO ecJim: B Mal'HHTH08 noJie C Ha.Ilplillt8HHOCTLD H , nepneH,Itff

RyJlllpHofl: OCJII ny,ma, BXO.lt.fIT nosirrpomm, HaJCO,ItlIIIIHecsr TOJILRO B t 

TpmIJieTHOM COCTOJIHJIIH, TO IlOCJie MarHJITa C BepOJITHOCT.fIMH w, 
H Wo aTOMll 6y-pyT o6HapyJteHH' COOTBeTCTBeHHO' B TpHilJleTHOM K 

CHHrJieTHOM COCTOHHHlIX. 3Ha'!eHKe W1 IlpH MOHOTOHHOM YBeJIH'leHHH H 
MeltfleTCSI nepllIO.ItH'l8CKH, .ItOCTHraJI npH onpe,JteJiemrux 8Ha'leHMX Ha

llpHJteHHOCTH MarHHTHOI'O llOJIH MaKCHMaJll,HOtt. BeJIK'IKH!l ,., I H MJIIHHMY

Ma ~o·,5. EhJIH llOCJie MarHHTa pacnoJiaraeTCSI CBO60,JtHHR OT noJieR 

npoMexyrox .ztJimi:oa, .nocTaToqHott .ItJl.fI pacll8.Ita /l2e B cllIHrJieTHoM coc

TOJIHIIIH, TO npH SHa'leHHStX H ' COOTBeTCTBYIWIHX MaKCHMYMY WI.III 

MBHJIIMYMY W1 , 6y.iteT saperHcTpHpOBWia MaKCHMaJI:&HaJI WIH MJ1IHHMaJ11>

HM KHTeHCJIIBHOCTl> nyqxa (pllic.II). 3Ha'leHWI HanpHJteHHocTH MarHHT

Horo IlOJUI, npllI ltOTOpiX HHTeHCHBHOCTL ny'!Ita M8KCID,R7Il,Ha, Y.ItOB-

JieTBOplIJ)T COOTHOmeH~ 
2 2 2 

Hn = fl n - B .' (40) 
r.zte fl - HOMep MattCJIIMYM8., a lt08qXpm'.lK8HTH A H B llllpaJteHH qepes 

JII3BeCTHHe ltOHCTaHTH III qJYHltUl!:H <p( Q) III X ('() , OCYJll8CTBJWllIIJIIe 

npeo6paaOBaHHe ltOMilOH8HT SJieitTpoMarHKTHOro IlOJlll III BpeMeHJII HS JI.a. 

B CKCT8MY llOROJI IlOSHTpoHHSt: 

1 1 "" ~ (; 
fl~ w,, t([) ' B~ tfJ('[I' H=W;)ff.' t = X 7/tl . (41) 

B Cll8UHaJil>HOI TeOpHH OTHOCPIT8nl>HOCTH Ilp0HSBe.n;eH11Ie Cf(/)-;( (7) 
,JtOJIXHO paBMTl>C.fI e.ztHHHne npJII Bcex raMMa-(faitTopax. IIoaTOMY 3Ha'le

mm Itoai{xpHUHeHTa // , KSMepeHHHe .ztJlll ny'IROB ll2e c paSHHMH KM

nyn1>0a.MJ1I, .ItOJIJIHH 6an OJtHHaROBH. Taxol cnoco6 npoBepRJII npeo6paso

BaHd JlopeHUa MOJteT npHMeHHTLC.fI llpllI raMMa-(faitTopax ~Ia3+;rn4, 
CBO.ItHTC.fI B 8Ha'IHTenl>HOICTeneHHlt OTHOCHT8JILHHM KSMepeHHStM H nos

BOJllleT ,ltOCTJIII'ffYTL 6on1>mofl: TO'IHOCTH llpK onpe.n;eJieHHH B8JIH'IKHH JI ; 
oR -4 3 fl ~ID npH O ~ 10 • (42) 

PaccMoTpeHJIIe ,ItBHllteHJIIII nyqp.a nosirrpOHH8B B .ItBYX Mal'HHTax, MeJK.DY 
ltOTOpHMH pacnoJiaraeTC.fI IlpOM~TOK, CB06o,ItHHI OT MaI'HIIITHHX noJiel, 
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ITOKa38JIO, 'ITO TIO 38.BKCHMOCTIII IDITeHCHBHOCTIII nyqxa OT HaIIpSillteHHOCTIII 

Marmrrm.ix TI0.71ett H paccTOSIHIDI MeJ!UtY Ma.rHKTaMK MOlEHO III3MepKT:E. ra..\1- >· 

Ma.-qmtTOp fl2e , BpeMII lltllI3HIII K BHeprmo CBepXToHKoro pacmen.71eHHSI 

TI03HTpOHKSI, a Ta.KZe HCC.71e~OBaTI, ero ~HcconHBitl![J) B 8J1eitTpH'lOOROM 
TI0.71e. 

Peay.711,TaTH, TI0.71Y'lemrue B Y H YI rJUUlax, BOlllJIH B qJHSKqeCKYll 

'lacT:E. nporpaMM!l COBMecTHoro npoeRTa .mm Olmll-H~B3, OCYllleCTB.71eHHe 

xoToporo npe~o.71a.raeTcSI B 1977-1980 r.r. 

B oeg:E.MOI r.71a.Be Bll'IIIIC.71eHll OTHOCKTe.71:E.m.Ie BepoSITHOCTH aTor.r 

HllX pacn~oB Kl -MeaoHa (IO) K (IOa) B SaBHCHMOCTH OT 3Ha11emm 

B0.71HOBOI qJYERitlUI aTOMOB H napar11eTpoB, xapaxTepHSynnroc a.Iq)OHHlll 

TOK. OTHOCKTe.711,HaSI BepoSITHOCTI, pacn~a (IOa) pa.BHa: 

wo{-flxµ + vJ -1 . 0
amOMH = W(Ko n:--t-' - ~; ~ 'i·IO ; (46) J L -:JL +f +J) 

BepOSITHOCTI, pacn~a (IOa) ORa3a.7laCI, Ha mecTI, nopJJ.I{ROB MeHiilile. 

OTMe'leHa BOSMOlEHOCTI, HadJ!Xl~8HHSI rrponecca(IO) C HCTIOJU,30BaHHeM paa

Ba.Jta aTOMa B TOHKHX CJOJiX B8~8CTBa H COOTHOW8HHS Me:l'.,l{y HMIIJJbCBJIHJl
H µ-MeaoHOB noc.71e ~acconmiUHH. HexoTopl:le pesy.711,TaTa r.71.YII da.7111I 

HCTI0.711,SOBa.Hll M.IllBapneM C OOTPY.ItHmtaMH npa rrpOeRTHpOBaHIIIH axcne

pHMeHTa, B KOTOpOM dH.710 ocymeoTB.718HO HadJm~eHIIIe fl.JCµ H aTOMHoro 

paon~a Kl -MesoHa*) ua ycxopHT!nlf B IipyxxelBeH ( CmA). 
00HOBHll8 pesy.71:E.TaTH rrpOB8~8HHllX III00.718~0BaHd MOlltHO RpaTRO 

CqJOpMy.71HpOBaT:E. C.71e.ztYJ)IIIHM odpasoM: 

I. PaspadoTa.Hll H III3r0TOB.718Hll TpH yOTaHOBRH, npe~Ha3Ha'leH

Hll8 ~.71SI BCC.718~0BaHHII peaxnKH 

:J[, - + p - e+ + e- + n 
B o6.7IacTH ~mfxliepeHnHaJU,HHX 08'18Hd ,. 

d26 
d d ,.... s·ro-33 o,l,/cTepBJ(' • 

Qt Q2 
Kalf.ItaJI YOTaHOBRa OOCTOSI.71a HS BO.ItQpO,ItHOI Ml!lll8HIII, cnmrrM

~ROHlWX I! BO,ItlIHHX qepeHROBORHX C'leT'IHROB, qepeHROBORHX onexTpO

M8TpoB TI0.71HOro nor.710l!leHlilll H IDHpOROSasopmix HCRPOBllX RaMep. AMmlJ.l
TY.ItHO-BpeMeHHa!I l!HqJOpManlilll perKOTpHp0Ba.7la.C1, 0 TIOMOIJU,I) daoTporo 

3£) 
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TIHTHJ1Y'leBoro ocnW1Jiorpaqia H cHcTeM MHoroMepHoro a.Ha.JUiaa, pa.60-
TaBmHX "B .71HHHil" c 3BM. 0TITKq9CRaJI CHOTeMa. HCRpoBHX RaMep TpeTl,-

el ycTaHOBRH TIOSBOJlllJla BeCTH o6pa60TRY qJH.711,MOBOI HH(fopManRR 

KaR Ha aBTOMa.Te C 3J8KTpOHHO-JyqeBOR TpyOKOI A3IlT--I, TaR R Ha 

TI0.71YaBTOMaT1!'18CRIIX ycrpoloTBaX IJYQC..50. 

II. B Tpex axcrrepHMeHTax,BHTIOJlH8HHHX nplll aHeprl!I! TIHOHOB 

F. =275 M3]. • dHJIO TIOJJY'l8HO B odmel C.710lEHOOTJll ~ 700. CXX) cfoTO-
tCHH. • 
rpaqid o HK H aMTI.7111TY.ItHO-BpeMeHHasi HHqJOPManllSI Ha MarHRTHllX 

.718HTax. OdpadOTRa STl'IX ~aHHllX TIOSBOJIHJla TI00.71e'AOBaT8.7ll,HO H,It8HTJ.l

<l>lllnHpOBa.T:E. ..., 60, ~ 190 H ~IOOO codHTd 03II II orrpe.ite.711/IT:E. cooTBeTcTBY

JlllRe ~HqJqiepeH!lHaJII,Hlle ce'leHlm, SHatJeHlm ROTOpl:lX .71ellt8.Jll{ B HHT8pBa

.71e (3+6)·ro-33 c,l,/cTepail-; Toqaootb H3MepeRHn ce11eHHR IO% - 15% • 

Ill. Ilpl! aHa.71HSe TI0.71Y'leHHllx aROnepHMeHTa,.7ll,HllX ~aHHHX C 

TIOMOml,J) ~nepoaommx MO'A8.71el dH.710 odHapyllteHo, 'ITO Teopl!II TI03B0-

.71SleT xopomo omi:caT:E. ~HHaMIIIRY 03II' llpaBl{.711,HO npe'ACRaSHBall He T0.7111'

RO yr.710BUe pacnpe~e.71eHlm BHpTya,.7ll,HllX cfoTOHOB, HO Ii COCTOSIHWI 

RX Il0.71SipHSa,nD. 

IY. YCTaHOB.71eHH8 BOSMOJEHOOTR RO~l!'.ll'.80TBeHHoro T80p8TR'leCROro 

aH8JIJl13a 'AaHHllX TIO 03II JIBJJJleTCSI nepBHM 8KOTiep~8HTaJil,HllM odocHO

BaHH8M HOBOro RB HaoTOSillle8 BpeMll e~HHCTB8HHoro MeTo~a,RCC.71e,ItO

BaHHll 8.718KTp0Mal'Hl!THOI CTpyKTYPH HyR.7IOHa B od.71aOTI! MaJlllX BpeMeHH-

no~odm,x nepe~aq ( k2 < 8 ,p-2 ) • 

Y. :BnepBHe liCC.718~0BaHa 8.718RTpOMal'HHTHllfl CTjYRTYpa HyR.710Ha 

B odJ1aoTa BpeK8HllllO,JJ;00HHX • nepe~aq O < k2 
< 88 ¢-, Rrpalll!lel ~ 

HYD p0.711, B llOHHMaHD M8xaHJl8Ma qJOTOH-HyRJIOHHOro BSaRMo~elcTBl!ll: . V 
3Ha'leHHll HSOBeitTOpHOro ~HpaROBOROro qiopMfaRTopa 1 onpe~e.71e:im 

co ope,ItHel TO'IHOOTm ~ IO% npH 'AeBSITil SHaqemmx k , .71exautl!X 

B JllHT8pBaJie OT I,5 'AO 3 ~-2. HalzteHHlle 3Ha'l8Hl!ll Hax0Jtl{TCJI 

B Y'AOB.71eTBOplllTe.7ll,HOM cor.71a.Cl!I! C pac11eT8.MJll, BHTI0.71HeHHHMH C TIO

MOll!l,E 'ARonepc1110HHoro no~xo~a. 

YI. 3Ha'leHJISI qiopNqmtTOpa nHoHa Fx onpe~e.71eHH co cpe,ItHel 

TO'qHOCTl,J) ~ IO% IlpH ~eBSITH SHaqeHl!llX k2 , .718:ml!IHX B HHTepBa.71e 

oT I,5 ~o 3 ~~. 
YII. PaoCMOTpeH HOBHI R.71aoC pacn~OB 3!8M8HTapHHX qaOTJlln, 

xapaRTepHOI qepTol ROTOl)HX JIBJllleTOSI Ha.111!'.ll'.1!8 B ROHe'IHOM COOTOSIHJllR 

OBSISaHHOI CIIOTeMH. :&l•UtC.718H!I OTHOOJITe.711,HHe BepoSITHOOTJll pacn~OB 

9[,
0 

, Q° c ROnycKaHReM nosl!Tpomm R paon~a 1° c acnycRaHHeM 
+ -

aToMa, odpaSOBaHHOro fl- H µ -M830Ha.MR. 
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Ylll. IToxa3aHo, qTo aTOMHl:ltt pacna.zt X 0 -Me30Ha IlOSBOJ.UleT 
no.nyqirr1, Ha CYllleCTBYJllllIX YCROpHTeJIJIX nytJRII peJ.UITHBHCTCRRX noSHTpO
HHeB. Ilpe.l(JIOllteHa npllHI{llnlria.Jll,HWI cxeMa cfopMHpoBamm: H .l(eTeRTllpO
Ba.HWI Ta.RIIX ny'IROB. 

IX. IlpeWIOllteH HOBl:l! MO.l(eJII,HO-HeSaBHCHWil: MeTO.l( onpe.l(eJiemm 
BpeMeHH lltllSHH X~MeSOHa' OCHOBaHHl:ltt Ha HSMepeHHH OTHOCHTeJILHOtt 
HHTeHCIIBHOCTll ny'IROB nosHTpOHlleB. 

x. PaccMOTpeHO ,l(BlD!teHRe nytJKapensTHBllCTCKllX' Il03llTpOHHeB 
B MaI'Hl<frHIIX noJIJU npocTott ROHqJlll'ypanHH. IloKasaHo, 'ITO npll onpe
.l(eJieHHl:lX YCJIOBWIX IIHTeHCHBHOCTL rrytraa OCQWIJiHpyeT. HccJie~OBaHHe 
OCQHJIJIJmd nosBOJ.UleT npoBepHTL cfoPMY rrpeodpaSOBaHd Jiopemta npH 
doJILIIIHX sHaqenWix raMMa=<fJa,RTopoB ( l > 10?. ) c OTHOCHTeJII,Ho! Toq
nocTLD, .ny11me! 'leM ro-3, a Taxxe e:sytJHTL .l(HccoQe:anllll noswrpomm 
B CRpem,eHHl:lX noJJJIX, H3MepHTL ero BpeMJI lltHSHH H 8Heprn CBep:x-
TOHROro pac~eMemm. . 

0 n. Bl:ltJHCJleHl:l BepO.flTHOCTH pacna.ztoB kL C HCITYCRaHH8M aTOMOB, 
odpasoBaHHl:l:x nHoHoM II JienToHaMH ( fl-, e) • OTMetJeHa BosMOJtHOCTL 

0 
HadJll!l.IteHWI npoQecca kL - f/Jlf + )J • 
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