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PacloTa Bi:moJIHeHa n Jia.6opaTOp:1m BH'Il!cnuem.Hoii TexHJIKif i 
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• aBTOMaTU3aIJ;f!lf 061>e.nmrermoro · UHCTUTYTa a:.nepHilX uccne.noBaHilH. 
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HaTfilmi J?YKOB08riTeni: · 
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Krumu,naT {flasuKo-MaTeMaTuqec~mc HayK 
/ 

1 ll1Al3PATOBA I ,., . 
ranuHa CeMSHOBHa 
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Bep;ymee Harno-nccne.nonaTen:E.cKoe Y3pe.iKp;erme: . · 

. HHCTllTYT TeopeTu:qeCKOH Il 3KCITepHM8HTaJI:E.HOii qill3llKH (MocKBa).. ·.,: ,' 
f I • I . , . ' . . . . 
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·AnTopecpepaT pa30CJiarr," I'"------ 1985 r. 
. , I 

·33lllllTa .IJ;HCC8pTaD;lllf COCTOllTCJl." 11 1985 r~ 
' - '.. \ ' . 

n ". " qacoB mi 3ace;uaHHH Crrerumnu3uponrumoro 1 coneTa Ji.-04'7 .DI.OZ 
' ' ' ' ~ ' ' ' -

·rrpn :11a6opaTOpllll BHCOKIDC l3Heprufi omrn, r. J(y6Ha ,MOCKOBCKOii o6nacTH. 
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,, · coneTa .,, · ./ ·. 1 • , . 
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AKTYaJI~idcTj,. ~po61ieMU. OKCIIepulneHTaJII,HOe nccne.noBaHHe anpoH- ·. 
J' ' ' • I. . " ' : ', • • ,/'·' • ; 

.smepHHX If SJ,Iq)O-.R:,I!,epHliX B3aHMO.IJ;eiiCTBHii B llH,Tepnane' 3Hepruii, B H8CKOJil,.:. i 

KO rsB (TuB/H~JIOH} HB.TmeTCJI B HaCToa:mee BpeMii BalKH!lM IlCTO~:llliOM' 
cne.rieaua o' HeTp~B•Il,aJILH~ C TO'IIBH apeHH.II MepHOi! qJHSHKH ~OKaJI:E.HIDC ' 

· .:. • ·,· · : . ··, '. · '. -,- ·,. ·. _ , .. · ,: .'., \,• l 

' CBO:lfCTBaX a:,nepao:lf MaTepHH · B YCJIOBHSIX 3HaqUT8JILHOi1 KOHil8HTPaIU!H ,' 
3Heprim~ 'XOTII, . no H~eEJUU'lMC.R:. oneHKaM, .. ,neKOHqiaiiHMBHT • 'llJIH ·• "paaMopa~ , . 
JKH!laHHe •r BHyrpemmx ~Terre Heil: .• CBo6o,nu a.n,p~HHOil: MaTepim. oirn.na~TCJI:, 
IIpH TmmepaType' T 1'14 200 MsB l 'COOTBSTCTByYOl!lett ,IIJIOTHOCTU 3!19,Prl'lll r, ,, 
• .KBapK-I'JITOOHHOii xpoMoIIJ1asw , e.. ~ 2 ,5 ,1rsB/cfM3 ; rrpoIIBliekue KBB.,PKOBIDC' 

. , ~ . ' / . - . '. ',. . . . ; ' -; . . ' ; ·' ,. . .. - '... . ' •' ,,. . ,, ',.. ; ' ' ·, .. . \ 
'cTpyKTYP MOlKHO, B IIPilHilllITe, Ha6mo.naT:E. YJK8 rrpli 3Hepnm, co,OTBeTCTB~ 
matt rrpe.nenLHoiCqSparMeHT[mHH, (II~) ·a:.nep, .T.e~ ,v'4fsB/HyKJIOH. . . 

. , BnepB!ie' Ha B03MOlKiioch · cymecTBOBaHHJi: co.ai!ecfiroro, ·,Hini K,YMy:..: 
'.-, :' .', ·:'. ,_,, ,i' ·., .. Ji ' .. , : ; ' . !'·· ·,·, ... • 

Jl&THBHoro .neffCTBHIIOHYKJIOHOB, HaxOMl!lHXC.R: B a:,nep1mii MaTep1m ,Ha pac-
CTMHmi, · COBII8.na!Oll!8M, no. ho~y I!BJiliqHirH · . C · pa3Me pai.m ·., HYKJIOHHoro 
~opa ( ~ l qML :,YKa3aJI B, I97l r. A.M.Erur,mm. OTOT TaK HaaimaeMHii' . 

' 'K,YM,YIDiTHBHHit 3~KT' C'll1Taet6i nepnHM' 06impy,ieHH11M 1{0Jl7IeRTHBlllJM JIB-' 
., , , ~ ' . . , . : . I . , ·, '. ' .·. -~, ' •, _. . , .-': ·, • ' 

JI8J{li8M Ha MMilx,-paccTO.R:HlllIX ,B o6nacTI'!. CilJILHllX B3aHMO.ll8HCTDHi1. 
.' · . YcTaHoBneH .JlJi.lt · aaK0HoMepHocT£1if .K,YMyJI.R:THBHoro poJii.Ilem!H 'qacTHU, 

' .... · •' ' . ' '. ·, : ' . ,,' . . ' .· ·. ' . ) .. ' .. ' ' . ' .. . . . ( . . . . ~ ; 

B CTOJIKHOB8HH.fIX•'C aTOMH!lMH .R:,I!,paMH. Hau6onee cymecTB8HHH ,I'!S HIDC: 
acm:;tlTOTH~ec.itoe ''mme.nemie peJI.R:!tilBllCTCKH-llHBapmllITIIOro '3~.KTllBH~..;, 
ro ·cetJemm. (Ptt3C) lfHKJII03IlBHoro BHXo.na :.iacTHil .fi o6JiacTH .>Il<J.i, · aaBucn:... · 
. _: . ,. , . \'.,, .. '- . ,, ' . ,·.. •' t . . ', ' -, 
MOCT:E. PH3G. OT aToMHoro HoMepa H,npa-MH!IleHlf, u .oT K,YMyJI.R:THBHoro, tJHC- • .• 
1.1a. Bec1,Ma·.11aJKH!lM rrpo,noJDKae'l' OCTaB8.TLCJI,BO, rrpoc O ·TOM, KaKOBl,l xa- ' 
,PaKTepH!le rrpH3HaKH; II03BOJIJIIOllUle .nocTaTOtffiO' HM8JKHO BH.IJ;eJIHTI, :'{aCTJ'J- '. 
· lUl, )1cnycKaHHe Ko Top~ o~ycnoBneHo, npeuMyriiecTneHHo K,YMYJI.R:THB!IllM 
· riexrui11aMoM. HaH6onee, · Har.1r.1r.zumlL xapaKTepHoit ti:epToff a:aneHH.R: TaKoro 
po.na 'rrpHHJITCJ. cquTaT:b •· 3MHCCl'l!O qaCTI'JI{ .· B · o6JiaCTE', . ~aripemeHHOit, KHHeMa- · 

• · TH.Kol· .. cno66.nHHX 'a,npoH-,~JKJIOH!lliX' CToJIKHoBeHMil •. · 0.IJ;HaKo, ·Krut : 6uno , . 
IIOKa3aHO B paMKax psma Mo.IJ;eJI:blIIDC no.nxo.noB ~ BRJia.n ,B 3TY, o6naci-i Mo'... , 
r]T .nanaT:h Il .npyrHe" nponecclf ; o6MCH8HI'Je KOTOIJ~ BIIOJIH9 ~a.IJ;ll~ ' 
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.; BaeTC.fI B npe,neJiax ,cymeCTByrotIIHX npe,I(CTa.BJieHHtt O .CBOliCTBax .ff,I(epHOit 
'MaTepirn H

1 
MexrurnaMe a,npoH~ (sr,npo)-.ff.I(epirux B3aHMO,I(8HCTBHil. 3ro, B' 

tfaCTHOCTH •. ii'TOpH'llllie 'BHYTP:im;D;epHil9 B3aHMO,I(9liCTBH.fI THIIa nepepaciceri:-
' HH.ff, BllCOK~HMnyn!>CHM··KOMITOHeHTa ~pMH..:,I(Bmtemm HYKJIOHOB sr,npa..:.MrnneHH, 

HcnycKrume· tfablll:, . o6pa30BaHHUX Ha· npOMeJKYTO'lHOH. CTa.iurn B3aHMO~ ·•· .. 
,neilCTBH.fI: B peayJI!>Tare-pacna,na peaoHaHCOB (Me30H!l H HYKJIOliH>' _HJIH . , 

. acJie,ncTBHe norJiollleHH.fI Mewiemnci: nHoHoB B .ff.I(epHoii MIDIIeim (HYKJIOHH). 
KoH!cypHpyioIUHe npoueccu BB.1KHH oco6e1iHo B TaK Ha3HBaeMoA npoMelltYTO"I-:
HOH ci6JiaCTE, T. e •. Kor.n;a KYMYIDITEBHOe 'IBCJIO . He Ilp9Bl,J!UaeT 2, f]Jm :a . , 
HHTepBaJie 3Ha'leHEii MacruTa6Hoii nepeMeHHol x ,:;;;:2. 

. , B HaCTO.fI~~e BpeM.fI ~.M.EaJimlHHM 6Hi ripe,I(JI0'1t0H KpHTepzili OCHo.-.:

BWIHWi ~a rrepe.i(a'l~ J8Tl4)0XCKOpo~T~, '.""" b2 =(P1 Im, - P2~rri2J • r.n;~ .. 
p1 a Pj '. , -:- tfeT14>eXEMnyJI!>CH rrepBHtJH~it H BTopH'lHOH .'lacTmi; cooT

BeTCTB~HHo; ·m,_ H m.2 .:.. HX MaCCH IIOKO.ff, CorJiaCHO 3T~My ,Iq>HTep~, _ 
a,npoHH yTpa'IHBaJ()T POJI!, KBa3HtfaCTHU~ Kor.n;a b2 ;;:, 5. l1HTepB8JI 3Ha'leHHil 
b2. ', B .· KOTOpoM. HYKJIOH!l MOJKHO C'IHTaT:i. · 6ecc~p;yKTyplillMH . 06'I,8KTaMH ~-:' : 

onpe,neJI.ffeTC.fI He~aB9HCTBOM b2 ~ ,0,0I. 1l1HTEipB8JI IlpOMelltyTO'lliIDC :ma.;.· 
tiemdi. • .• 0. DI ; ~ b c;;· 5 /. xapaKT8pH3,Y8TC.fI. HaJIH'Il!eM. re-repo/fia3HOI'O COCTO.ff

. , HH.ff. Ho, l ecifa B OTHOnieHHH BTOPH'lHHX .JT~e30HOB, HCIIyCKaeMHX B 'a.n-

. , ·_poa'." (H.n;p6}-~epHHX B3,aHMo.lieitcTBMX, mme: ;noCTHI'HYTa 01JiaCT:f, 3Ha'leHHH ~ 
b2 $> 5 (HecKOiJ:&.KO coT. E CloJiee), TO ,I(IDI.npoi'oHoB B8JIH'fflHa rrepe.n;a~ 

1 .' ·- ·• ,·. '• ·,•' • ' ' • _., :;., . ' • ' ' ' 

: ,BaeMOii 'l8THpexcKopocTH Haxo,I(HTC.ff ,noKa 'lTO B IlpOMEllKYTO'lHOii o6JiaCTH.': 
. , IIosToMy :,noc:Taro~o. 'noJIHoe, rro'lTM · aKCKJII03EBHOe• ECCJie,lloBrume CBoiicTa' , ': 
1' I' ' '.' . ,'·, ' ' \. ' '. •,' 

nporoHHoii KOMITOH8HTH, o6paaoBaHHo:ii B a,npoH-.ff.I(epmnc :saaHMo,neffcTB,MX . 1 

· ' ! IIPH 3Hep~~ B. H8CI(OJTh.KO rsB(HIDite 3Hl:l'l8Hll.ff: 3Heprllll ir~. H BN!!le 8Toro i ' 
~ , ' . . . . .· , . ' . . . . . . . . . . "'I . 

> a1faqemm), ciJie.nyeT, C'lHraTJ:, BecJ:,Ma aKTYaJIF.HoR aa,natfe:ii. IlpH aTOM ue,:;. i 
< •• ', ' ' I . • - •' • - /,'. ' ,I ·•.• • ' • •. ,, 

\Jiecoo6pa3HO H3YtJ:HT!> pa.BHWv! o6pa3QM/Ky:MYJI.fITHBHYJO 061IacT!>, KaK H Kli":'. 

HeMaTH'l8CK;v-rb o6JiaCT!, 'ECIIYCKaHH.fI IIPOTOHOB, B 'KoTopoil 3a.B8,ll0MO -'iior.1H.:.: 
HHpYJOT ,Iq>yrie ripoueccH. . .. · , < · ' · ' , , · . 

• ' " , •• • \ ,,: ' • • <. • ~ -. - .,! • ' - ' \ • ' • • ) •• ~,, '. • ~' • • • ' _. 

. : ' KaK YJKe oi'MettaJiocb,'. B nepexo,llHo:ii o6JiaCTE cymecTBeHHyio pom, .zrpa- .· 
TOT npou~cmi E 'JIBJieimJI,, KOTopue xoTR' H 'o6c'flK.liaio'rcir ,lla.BHo; Ho TeM·, · 
He Meiiee .no 'cmc' nop'sKcn'epHMeHi;aJI!>Ho He.nocTaTo'l!Io Hay-qeHI:l~· B ~acr~ . 
·,-... '.. . ' • •. . . ' " .. : ' ' . \ ~ ' i' . . '.. . . - • , , ' "·. • • . . • ' ·, • '; \ ' .. . ~ 

HOCTH,'' HCITYCKaHHe Ha3a,n. IlpOTOHOB . .H ,llpyrIDC 1I8rKIDC :<i:aCTHU, oelpaaoBaH-:: ,; 
HHX B llpOTOH.::.ff.I(epm 'coy.napeHI!!~, Ha6IDO,llaJIOC!, ''flK!i. B HHTepBaJie _3HB.-, , 
'leHHR saeprHI!! rrepBH'IHHX IIpOTOHOB .600 .-~ 800. MaB. ,UJI!I 06'!,JJCHemm Ha.::_ 
JIH'IDJI' BHCOK03HepreTH'l9CKOH 'laCTH cneici-pa' !IpOT~~OB ,· 3anpemeHHOH RH.:. 

. HeMaTHROii.: cioelo,llHHX 'iiyxnoH;.:.HYKJIOHHIDC c'romoBeHR.11, H·cnon:r,aymTclI. . 
'_ < , ,; ~ , •• ' • ,- • ·, ., ,. I \ ' , ·, ' ' , • ." • . ' ,. • '. ,,· '. • ,. t 
pa3JIH'lHHe IIO' CB~eii np:apo.ne· H B3aHMHO npoTJ!IBOpe'lHB,H8, np~.npTa.BJiemm: · 
KoHUenUHJI KBaswyxqacTH'IHo:ro c:Ke!mmra, . <ImYKTOHHM Mo.nem,, . MO.nem. · 
CKOppenHpo:eamrax KJiaCTepoi, ··• CT8.THCTH'l8CKaSI · iio.nem.; · B ,' KOTOpott' ~ei.:.:" 

•' ·' t~' •.- -~-, .' .. , --~---,· .• -· ,•,..·, ,;'• ,;,_,·.·.:···~-. ·,·' -~:,..~•.; .. . , .. : -~ .. ·-: :~·1"'•,•'' 

IIOJiaraeTCJI, 'ITO 'BIWOKOSHepreTH'l8C.Klie ·HYKJIOHH .HCIIyCKalOTC.fI CTaTHCTH7 . 
;,~-\ ,-::, ,., _I. , ~ ~',-"••:\·'•.,:; ,,.:·{ - ,, ' \·· ·.:·--,\,: '·.,_,.':.', :., ... -_('_,_:•\ •:,.·, ·.·",_; ·; _,•· 
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'l8C.Kli pruiHoBecaoii, B cpeJtHeM,'leT14>exli:YKJIOHHoii .ff,I(epHofi ~o,ncHcTeMo:ii, 
H~eJK,I(a Ha Ilp0.fICH8HH8.C03,I(aBIIJ~.tlcJI' CHTYauHH CB.ff38Ha C H3MepeH~eM 

.J ' , > • • •. •. • • • , \ • • • "c, 

IIOJI.fII)H3aIU!H H· ,llByx'laCTH'lHHX _· KOpperiJnmii, !IOSTOMy UKTYaJI!>HHM . .fIBJI.fI8T-
CJI Bonpoc 06 Iiccire,noBaHHH Koppemm;HH: ncnycKaeMHX npoToHoB Ji'·. · i :JT-Me:... 

\ . • .. . - r .· ·~ , , •. , 

30HOB. (He:iiTpam,HHX H 3ap!IJKeHHHX). TaKHe Koppemm;HI!! MoryT.6HT!, K TOMy 
· JKe. ueHHHM HCTO'lHHKOM CBe.neHHii . · o CTPYKType aroMHHX .ff.I(ep Ha ypoBHe 
HYKJIOHOB,KaK,KBaaHtJ:acTHil .ff,llepaoil MaTepHH. AKT.YaJI!>Hoii'JIBJI.ffeTcJI TaKJKe 
aa,natfa 06 8KcnepEM0HT8JI!,H()il:;QQ0HK8.HMnym;cHoro pacnpe.iteJISHH.fI,BHYTPH-
H,l(epm HYKJIOHOB;: B oco6eHHOCTH TJDKeJIHX . .ff,I(Elp,. )];IDI KOTOPHX COOTBeTcT'.c.-· 
BYJOIIIM H~qx>pMaQHJI otJ:eH!> cky,llHa, CJie.nyeT rro.n'lepKHyT!>, 'lTO npo6JieMa 
<l1epMH-,IWHJKeHH.ff, mm _O,llHa, Ha·. qJyH,I(Bt18HT~HHX npo61IeM ·"KJiaCciJ'leCKOtt"' 
MepHoii q>H3HKH, ·npe,ncTa.BJI.ffeT H BnoJiHe CaMOCTO.fITeJILHilii nHTepec~ 

; . . ·., I . ' • •.. . . • . . . . ; , .. · •, , . ,;. . 

. .· .. lJeJI!>TO .nrurnoii pa6oTH _miJI.ffeTCJI ·cHcTeMaTH'lecKoe H3,Y'IeHHe xapaKTe-' 
PHCTHK ripoTOHOB. IlpOMeJKyTO'lHHX ali:eprnii. (30 T I50)MaB H ::,r:... M030~ 
HOB C ~ap.IDKeHHHX, H · .. HeilTpamiHHX), Hcnyc:KaeMHX . Bo·-B3aHMO,neiiCTBHRX npo- · 
TOHO~ H !JT- -M030HOB C .fI)l,Paivm KCeHoHa. IlpH HMIIYJIMax 2 ,3 ·raB/c. If 
9 raB/c .· • cooT~eTcTBeHHo· ••. B cJiytiae npoTomio.11 ,KoMrroHeHTH HCcJie,noBrum: · 

: , r • • , '. ' ,, . . . ' , I , ' . . . . , . ~ .,, 

pacnpe,JJ;eJieHHe ITO MHOJK8CTB8HHOCTU, 3HepreTH'l0CKHe H yrJIOBHe'cneKTPH, 
· )a.B:acHMocu ?HepreTHti:eCKHX .pachpe.neJie~il OT. MHOJKeCTB~HHOCTH H ~ : .' · 

JIOB 3MHCCHH IlpOTOHOB B: ITOJIHOM yr'JIOBOM HHTepBaJie •. 0T,ll0JII,HO . npoaim-' 
. iui:aHpOBaHH ·: KBa3H.I(Byxtfac TE'lHHe .. B3aHMo,neitcTBH.fI · · c ; cieJILTO U3B1IetfeHH.fI · · 
,,HHqx>pMaQHH O ··<pepMH8BCKOM ,I(BHJKeHHE nepH<pepH'l0CKHX ,H,YKJIOHO~· .ff,I(J?a. 
'MmueHH; l1ayiieHH xapaKTepHCTHKH ; .?T.0 ;,_M030HOB: MHOJKeC.TBeHHOCT!, H 

' 'KOa@J~IU:ear __ HeynpFcTH; .. a TaIOKe ·· .iropp~IDIUHH 
1
Mellt,lly MHO]KeCTBeHHOCT!>p 

. .JT
0

-Me30HOB, :.JT -M030HOB H IlPOTOHOB, ·. : . ' • ' ·:· .. . · . 
• "I-.'' .. •,_· ( • • ·'," '.-•·: ,•;' •, : \.,...._:. •',·,;' • ' - .• 

H8J'IHB.f{ HOBH3Ha COCTOHT B T(?M, . 'lTO:.. , 
-I • ' , • . •. -,i''; ' ,,.. ~ ' ·_t•' . ,-- -,,· ' '· '., ~- . ' • . ' ; ' . ,: : , ' 

I; !IO,ll,P06Ho :H3yt!8HH ·8HepreTH'l8CKl!!e pacnpe,n,e1IeHH.fI' IlpOTOHOB •. HC- . 
nycKaeMIDC B 'p Xe - H .JT.-Xe- B3aH.Mo,ne.l1cT~H.fIX. IIpH Bcex 3HaqeHHJIX . : 
MHoJKeCTB_eHHOCTH ~ B. noiHoM HHTepBaJie yrJioB 3MHCCHH 3TIDC npoToHoB. ·' · 
. 3KC~8HBH08, HCCJI8,llOBrume IlpOTOHHoii KOMIIOHeHTH npoBeieao ,I(JI.fI pe:aK- '., 

. • .. · ·I . ... . , . . . . , . 

\ Ull'H p .>re, IlpH 3HeprHH H8JI8TaIDIIIHX npoTOHOBT,6 raB, KOTOpaJI HIDKe . 
ami~eHIDI 3HeprHH II~ Mep; H .I(JI.fI pearmHH :JTXe npH sHeprMH • 9 TsB, 

. ,, '1 •• •"t ' ·a · , - • ', ,', ' • · 

KOTOpM 3aM8THO BHllle 3TOI'O 3HaqeHH.ff, 
2 •. B pai,;Kax CTaTHCTH'l8CKOI'O no.nxo.na :BllITOJIHeH 8H8JIH3 KBa3H,I(Byx~. 

'laCTH~ B3aHMoieitc'l'~HiL .7T:-_,.;e30HOB .C ~8MH KCeHOHa H IlOJiytieHa 
oueHRa ,- HMnyJ:ricHoro paciipe,neJiemi.ii nepl!!qiepHtJ:ecKHX HYKHo~oB sr,npa MH-: · 

)1I8HH~:.··• ._.·:• · .. ,:· _ '_, .. ·,•·, ... _• .. · •;, ·, .. · ,-._ .. •.·: 
0

,·., 
3.· BnepBHe'. H3yt!8HH Kopperurium MeJK.I(y, MHOJKElCTBeHHOCT.fIME;' ::,,:_ ,.-Me,:- '~ 

. . ±· •.·.· . ' ·. ;·., ' •, ·•,. . . . . . . .· . . . 
30HOB, . .JT · -M830HOB H IlpOTOHOB; : IIpoBe,nea a!IaJIH3 .fIBJI0HH.fI .rrorJIOill8HH.ff 

0 \ . ; : '· . . . . . .· .. ··. . . •' . . ' . 
::,r. - M930HOB B sr,npe KCeHOHa H ,llaHa oueHKa MaKCHM8JILHOil ,llOJIH; 
IIOI'JIOlll8HHHX -1"°-Me30HOB, · · . 



4 •. IlonyqeHll pacnpe;n~neazn·no MHo~ecTBeHHOCTl'l·3apIDKeHHHX qacT:im 
B CTOJIKH~B9Hl'IJIX rrpoTOHOB l'I . .JT--M930HOB :c Jml)OM RCeHoHa. l'I rrpoB~;neH. -
aHaJil'l3, 3THX, pacnpe;neneID!H, B p8MKa.X pa3Jil'l'l!IHX MO.rteJII>HIDC, npe;ncTaBJie-

HHH. 1 

IlpaKTl'JqecRrui l'I :HayqHM. p;eHHOCTI,. ,lUICcepT~H. COCTOl'IT B CJie~ , 
• ' • "' ' " , I 

meM:. . . . , 
. I. IloityqeHHM liHclx:>PMB.IUIJI 06 9HepreTH~9CROll . H yrJIOBOtt 3ru3HCH-

. . , . . , , . . ·. ' . - . ' . . ,, 
MOCTl'I crreRTpOB npoTOHOB, 1rnrrycRaeMinC B p Xe ·. H :Jr Xe B3aHMo.n;e!cT;_ 

· ·Bumc. ~ rroJIHoM_ yrnoBoM HHTepsane, li, / B. qacTHOCTH, ·B o6nacf:e ·yrJioB, 
3anpememrnx .RHHeMaTl'JROtt CB06o;rurux au;poH-H.YRJIOHlillX CTOJIRHOBSHH:ll:, .. 
MO~eT 6!1TI, HCIIOJil>30BaHa J:tJIJI BH,D;eneHliJI HYRJIOHOB, l'ICIIYCKaeM!lX B a;n-

' poH- (~) -MepHmc B3al'IMo;ne!cTBHri B RJMYJIJIT_irnHoll (?6JiaCTH; a TaR
. ~e ·:nJIJI .rrpoBepRH pSI;na Mo;nene!. · • . . · . . .· .. . 1 

• 2. CTaTHCTHqecROe OIIHCaHHe xapaRTepHCTHR IIpoTOHOB, l'ICIIJCRae..'. 
-· • \ ·' , '. '. • .··,, \ , I . ' 

MtIX: B p Xe - li :,r Xe -B3aHMo.rtellcTBMX; cor;racyeTCJI Ha ypoBHe ;nocTO""-, 
BepHOCTl'I ~ 0, 7 c ruiaJiorlitJHW.m J:taHH1™l'I, OD;SHHBaeMl:lMl'I IIO Ra.CRaJU{O..; 
l'ICnapl'ITeniHoll Mo.rteJil'I (IrnM) •. ·· 3To · o6CTOJITeJII>CTBO 'AaeT B03M~HOCTI> cy.:. 
mecTB9HHO ynpOCTHTb.IIO,nx~)i R l'l3ytl9HIDO IIWTOHHOii_KOMIIOHSHTH, oco6eH
,HO B IIPl'IRJia;nHOM H MeTO~BCROM acrreRTax; 'a TaRllte . HCilOJil,30BRTI, B , 

. H9ROTOPIDC 'BapHaHTax. fillM _npocTyio -'rrapaMeTpH3B.IUIIO 3aBHCHMOCTH ;nBaJK)Ul • , 
, . . . . . . " . \ 

,lUiqxfJepeHD;l'JaJII,HOro -TOIIOJior:eqeyRoro' ceqtHHJI o6pa30BaJmJI. IIpoTOHOB' . 
. d6'(k)ldT•dcos0 , .OT MHO~eCTBSHHO,CTH • k • IO!'H9TliqecRott 3Heprirn • 

T H yrn:a · 0 HCITJCRaHHJI IIpoTOHOB. . . . • • .· ·. . . . ·. / . . -.. ' , f 
, 3. · IIonyqeHHM. Ha. ocHoBe • aH_a.JIH_aa: KBa3MByxqacTH"IHHX •· :Jr p (Xe) i .•.. 

B3aHMO'.ztettCTBHH HHqJOpMB.IUIJI 06 HMIIYJII>CHOM pacnpe.n;eJISI_Urn IIepH{flepH'l:9_:;, . • 
CRHX HYRJIOHOB T~eJioro .impa ( A ' =. I3I, . Z ~ 54) B8C:&Ma cyniecTBBH:... · 
Ha npli l13ytl9Hlll1 a.npoH-(.impo):--smepHIDC B3aHMOJ:t9HCTBliii npu p8JLfITH- ·. 

. BHCTCRHX 9HeprHmc; B:e,n; qiyHkmrn pacnpe.n;eJieHHJI, BepoSITHOCTH 'KBa3H;nByx.:.· . 
qacTH~·.B3aHMO.rteiicTBnii. OT napaMeTpa coy,napeHim T RaqecTBElHHO 

"·.' . , ~ • • , • . . . I ' 

cornacyeTCJI C 3aBHCHMOCTl>IO OT 7". . RBa.n!)aTR,MOJ:tYJIJI pa,lU!aJil>HOii BOJI"'." 
HoBoii cpymuzyi:e .impa Rijnlr) np:e. n ·= I. ·:- ·; _ . ._ · · ¾ 

_ 4 •. Pa3pMoTaH IIpoCTOtt MSTO)]; onpe;neJieHHJI 3Heprmi: H yrJIOB BMHC..;. 
CHH aapIDKeHHIDC qacT.Hr(, HCIIJCRaeM!ilX B a.up<>H-roiepmric B3al'IMO.rtettcTBHJIX, 
p~rl'lcTpnpyeMID( B RceHoHoBHX IIJ3llp:&ROBHX RaMepax. 3ToT Me-ro:n' ;naeT 
B03MOJJtHOCTI, 6HCTpO.l'I ripaKTllqecRl'I 6e3 IIOTE!pH-TOqitOCTH IIOJiyqllTI, CTa
THCT:eqecRl'I 3Ha'll!Myio • a1tcriepl'IMBHT8JII,HYIO HHclx:>PManm<> ,. · He np:e6_erBJI R . . .. 
CJIOlltlraM IIOHyaBTOMaTl'lqecrun,i H3MepHT9Jil,HllM 'ycTpo!CTB8M • KpoMe 9Toro, _ 
pa3pa6oTEIHHH! MSTO~ npl'IBO,lUIT It 3HatIHTeJII,HOMY BIDirpH!lly BO ·BpeMSHl'I. · 
H8Mepeirnii (npHMepHO .·B J' + 4 pas a)~ ; . • . . • . . , , : ·. , . 1 

,_ ' ' ,__ ' ·, \ 
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5; B pe3yJII>TaTe HCCJie.D;OBaHHJI xapaRTepHCTH~ npo.rtOJII>Horo pa3BH
THH ane~TpoHHO--qoToHHIDC mm'Heii (S\l>JI) ir.oJiyqeHo pacnpe;neneHHe cpe;nHmc 
HOHl'l3B.IUIOHHIDC IIOT9Pii JillBH9BlllC 8JI9RTpoHOB BJ:lOJII, o'cli, JiaBilHH. SKcrreplf-

. , · MeHTMl>Hoe pacnpe;neJieHHe arrnpoRCHMHpoBBHO npocToii :aHanuTnqe~ . 
,CROii cpyHKUEBf, KOTOpaJI 6HJia HCIIOJil,30BaH£1 npH onpe;neJieHH~ · BHepnrn 
ra.MMa-RBa.HTOB crkY B 26-JIHTPOBoll·RceHOHOBOli IIY!3llpI,ROBOli RaMepe· 
(KITK). B '18lll9 ~cero BCTpeqax>mHXCJI H,a.npaRTHRe ycnommx, ROr;na JIBBHH · 1 

HBIIOJIHOCT1>10 pa3Bl'IBaIOTCJI BHJTPH ·perHCTP:11.P.YIOll!ero o6'1eMa :neTeRTopa.· 
IloJiyqeHHasi: clx:>PMYJIR·M~T HattTH.IIpHMeHeHHe li B PMS ;npyrHX•J:l9TeRTO
po:s rrumda.:..~3JiytieHHJI B o6JiaCTU BHCO;K"X BHeprliH. , . · , ' ' ,• • 

Ha 3aIIUITY BHHOCHTCJI: . . , . 
". I. E;nuH!l! no.nxo:n' R OIIUCaHIDO 3HepreT.HqeCKHX cneRTpoB npOTOHOB · 

c ~Heprneii '(30 + 150) MaB, ucrrycRa~MHX B p Xe.; u ·.1r-xe~ B3a.HMO.-. 
:neiicTBl'IJIX npu 2,3raB/c :e·9 raB/c cooTBeTCTBeiiao, n, B'<IacTHOCTH, 

,. • , ' ,, f , I 

3aBl'ICHMOCTii,8THX cneRTpoB OT MHO~eCTB9HHOCTll H yrJia SMHCCHH npoTo-
';HoB, B npe;neJiax rioJIHoro_.TenecHoro yrna. · - '. · ·. · , ·• · 

, 2. 0IIHC81IH9• y:r'JIOBHX pacnpe;neJieHl'Jit, npoTOHOB H3 pearutilii p Xe 
npiJ ·2,3 r~B/c. n · :JT-Xe npl'I 9 TuB/c n aiw.rcnMocTL aTux crreRTpo:s or. 1' 

MHOJlteCTBe'HHocTk npOTOHOB. .. • ' . · .. .'; .. •. ' . ·/: .· .•.. ' i : ; . . • ' ' ' 

3.·- liCCJI9J:lOBaHHe Roppemnuiti qacTOTH 9MliCCHil · IIIJOTOHOB Jl : .. ! :J'( :-MB-' 
: , - .· l" ' , ·., , ,·, , _, ' ,, . ' , .,· . ; 

30HoB: (3apmKeHHIDC ll He:iiTpaJII,HIDC). · . . . 
... 4·:. IlapaM9Tl)H3a.rui;i J:tBa.JKJUl ;nHqxliepeHIUfam:,Horo TC>IIOJior:11qecRoro ce;_ 

. -~eHllJI o6pa30BB.HHJl: npOTOHOB B pea.KD;Hmc. p Xe' npll ·2,3 raB/c H :n:~xe: 
. npH. 9 · raB/ C RaK · cpJHRUHH traCTOTH,, yrna . 8M.HCCHH IIpoTOHOB H llX. 9HeprHH. 

5 ~ CTaTllCTHtJ9CRM OL{eHRa. HMIIYJII,CHoro I pacnpe;neJieHIDI ·'rrepn~pll-
; ~EWRHX HYRJIOHOB JI,IQ)a _Kcemma. • .. . . . . , . . . ,. . . ' . . 

·s~ IlapaMeTpH3al.UiJI 'pacrrpe;ne~eHH:il ~o MHOJJtBCTBSHHOCTH. sap~eHHUX' 
'l:aCTJm Ir OD;BHRa;noir~ RBa3HCB060;nHIDC B3aHMO.rtef1CTBHH B peruammc pXe 
npH 2,3 taB/c H ::n')<e 'np':a 9 TuB/c.·/ ... · .. · · · ,, ' ·... · · .: ; 

, ' :. '7. Pacnpe.rteJieHHJI IIO MH~9CTB9HHOCTH li K084l4lll1Uf9HT,v'HeynpyrocTll 
; ' .JT0

-Me30HOB ~ pol!rJ);SH!illX B p Xe~ H :Jr Xe .:.B38JIMO.rteil:CTBHSIX np:e 2, 3 raB1/c . 
.H .9 raB/c COOTBe~CTBSHHO, a T~ 3aBllCliMOCTI, cpe;nHero 3Ha'i8HI1JI . 
R034l4ll!llHSHTa HeynpyroCTH OT MHOJJteCTBBHHOCTH 3apIDKeHH.UX tJaCTlll(. , . ' .. a: Koppen:JIIUIH Mel!r.ny MHO~SCTBeHHqCTI,10 HeffTpam.HHX H 3a~eH~ . 
mix IIHoHoB, '; o6pa3oBaHHmt: B :Jr-Xe -B3aHMO.rteiicTmmx npH 9 TaB/c. · 

9 • .lliiattHM8Tpll'l:9CRHI M9TOJ:l onpe',iieneHHJI MIDI npo6eroB H yrJIOB . 
·- • ., •• - • ' '• - <. ; ·, ( 

3MHCCHH 3a~eHHIDC qaCTl'll{', a TaKJKe MHH ROHBepcliH; . IIOTeHD;l'laJil>HHX 
.IlJIHH pa3BliTlifi H yrJioB: HcnycRaHHJI I'K · B KITK. . · · , 

' ' - - • ' ' - ' ,, ~ I •'. " 

J:o'. Mero.It BOCCTaHOBJieHHsr Cyt!Mapmnc HOIDI3B.IUIOHHHX IIOTepl> Jil!BHe::,;, 
BllX 8JI9KTpoHOB B m, HHHlUIHpOBaHHHX I'I{ 60JI:&IIIHX BHepr:ett':B KUK· . 
He6on1,ll!mc pa3MepoB. · · 

\ 5 . 

I. 



/; '• 

: . Ailpo6a,mm. B. OCHOBY. ,nHccepTa.Izyill IIOJIOX0HO 13 pa6or; ony6mmo-. 
Bruurux: B 1977:..::.1984 r.r. B lKypHanax: ~epHrui: qillaHKa, HaB. AH CCCP 

(cep. c))H3.) · II B BH.n;e· rrperrpHHTOB' OMIDf. IIoJiyqemrn:e aBTOPOM li llPH 
ero Y1IaCTHH ·peaym,TaTH, BKJIJO'IeHHHe B ,IJ;HCCepTao;mo, 'HeO,IJ;HOKpaTHO : ,, 
.no.KJia,TIJIBannci, ·', Ha ceM,!Hapax JIB:3 )f. JIBTA, owrn, :· B BapUiaBCKOM T8XHH'Ie'....· · 

. CROM j'HHBEJJ)ClJT!lTe. Emrn TaKlK9 . npe,ItCTaBJieHH ,' Ha XXII MelK,Jtj'Hapo,n;Hoit ,' 
KOHc))epemum rio ~HaIJKe BHCOKHX aHeprIJit B JiefintiHre (1984 r.). .; 

,,. ;·, . • ' : ' • ' ~' ' •• ' ' . •• . :, ,: •• 'i • ',' • i.' . . . . ; ·. . ' 
, 06MM pa6oTH. ,II.HccepTa.IzyIJI,COCTOHT H3 BBe.n;ern, IIJITH rJiaB, 

aaKJIJO'IeIDIJI ii rrpnJioxemiiI. Co.itep.lltll'i 143. cTpam1tiu MaUIHHOID!CHoro TeKcTa, 
21 pncYH~.R, 17 Ta6mm IJ i:ln6JIHorpac))HB .iis 123 HaHMeHoBrum!.. · . · .. 1 · 

I -

CO.I(EPJ[AIIBE . .IlliCCEPTAUIDI 
~: '. l : 

' ; B rrepBoii' rJI~e . ori.icaita 26:..1rnTpoBM' KCeHOHOBM nyaHp~KOBBJI ,/ ' 
~epa JIBa o:wrn' CTepeoc))oTorpac))BH KOTOpoii 6HJIH. HCilOJII,3,0BBHH B 

'.HaCTOJil!leit ,IJ;HccepTa.Izyili. ,' KaMepa o6JIY1IaJiaCb Ha· CHI!Xpoq>a30TPOH8 OMIDf 
' B IIy<IKax 2r-:: ~M830HOB C BMIIJ~I,COM 9 raB/c n'rrpoTOHOB C EMIIYJII,COM 

2,3 raB/c: IIpHl39,It8HH OCHOBHHe TexHl:!qeCKHE! JI TePMO,ItliH8MH'IeCRMe,xa- . 
'PaKTepHCTHKH ai'oro npM6opa.. EoJiee IIO)U)06Ho o6C:YlK,It8Hli Te ,CBO:liCTBa • 

, , . . ,' · · 'f , . : .. ·. ' . , .·, . ·, , ,· .. ' ~ I '•.; 

KaMepH; .KOTOpHe HMe,JIH cymeCTBeHHoe 3Ha'IeHl:!8 rrpll pemeHl:!B ·noCTaBJieH-
Hoii B .nrumoii pa6oTe aa'.na'IH. 'KilK JIBJIJIS TCJI j'HHKaJII,HHM '. 4'.7T,- ,neTeKTO- '· 
poM'. TI{· C. anepnrett B!lllle H8CKOJU,filIX MaB; 3Heprmo ilTmc IB. MOitHO orrpe.:. 
,IJ;ElJlliTI,;CiTO'ffiOCTI,10 ~20%. 3@le.KTHBHOCTI, IDC pe:rncTparum, B ~pe,!Ui~M,• ' 
He: HBJJte· 85%. 2Q ·JI.· KilK - .iteTe.KTop THIIa. 4':Jr, .itmr. npoTOHOB npoMe.lltJTO'Ii 

'. ·:. ' ,. ! • • ' ·, • ' . • . ' ' ' .. ,, ' ,·•·: >,. . 
' HHX ;aneprnii 1 (30 '-!-:·150) MaB. ·, To'IHOCTI, lf3MepeHliJI SHeprim; llPOTOHOB. 1 • ;'. 

~ 3 -!- 5%. Omwaaa rrpotie,izypa BOCCTaHOBHeHHJI rrpocTpaIIcTii~mroii .KapTmm, 
CJIJ'Ia8B JI.IJ;ElPiillX B3a.IIMO,IteitcTBIJit; perncTpHpyeMIDc Ha ·c:Tepeocmw.Ka:ic .Ka~• , 

MepH. 'IIpnBe.iteHH KPHTepii:n oT6opa ·. co6~intt 'll,ocHOB!Ille MeTo.mI H.IteHTH-:-
. cj)HitaIUrn 'IQCTHti (llPOTOHOB Ii . .'.7T ..:MeaoHdB) 1l 26 JI~ Kin< •. Oco6oe' BHBMa- ' 
. HIJe:. Y.ite~elio pa~pa6c>TaHHOMy '. a!3TOPOM IIJiaHHM8TPB~~CKOMy· ~~;o:n, Ha'Mepe-: ; 
H~ yrJIOB SM,CCl'J'' IIJ?OTOHOB )f IB ,:' .IUIHHH npo6era }IJ)OTOHOB _H ,ItJilm . · , 

, KOHBepcnn ·rn I ~2 • K_paTRo 'ns~ollteHa MeTo,IJ;H.rta Bo_~cT_aaoBJieH1;JI c~,t' •, 
IIllX JJ'OHB3a.IzylOHIIllX IIOTepi, B WIJI, ;003,ItaBaeMHX TI{ B .lltH,IJ;.KOM KCeHOHe . ,4/. 

. B6 .· BTcipoii . rJia.Be llPl!Be.zie~a o6maJI .Hliifx}l)Ma.IzyIJI ~6 .· a.K;IIepHMeHT~- \ .. 
HOM MaTep11ane. B peayJibTaTe rip~CMOTpa ~ 22000. CTepeoc~HMKOB KilK ' 
oTo6paao 608 cJiy-qaeB pXe BaruIM~.n;ettcTBHii npu 2;3,raB/c .B 2066, 
CJIY'!a9B . .'.7TXe'. Ba'ruwo.zieitcTBBii IlpH 9.Ta:S/c. Bmro'JIHeHH ~aMepe~: rut-',, ' 

H9TB'I9C.KOit SHeprm:1 H. yrJIOB a'iraccmi'1iia npo~OH~B'. lI 306 IB. B pe~- ' 
,' ' ' •• ·,, • , • • :· "1 ; -::, i, : " .. ,•, ', _.,. , ·., ' ', '. :, .; " °' I ,, ·~ • • _ • • ·, 

IUIJIX, BH3BaHHHX llPOTOHalm: AHaJIOrH~e ,Ita.HHHS ,IUIJl:· pearuurn, ,:JT" Xe; 
,- COCTaBJIJilOT 5675°Ill)OTOHOB' B I25LIB •. O~Hcrura 'c-rpyit;ypa, 'I~CJieHIIoro· 

•, 

f'-

·,, 

', .t::1 

i ;; 
·. h 

'!'. 

. '· 
aaaJIHaa aitcnepHMeHTaJIJ,HOiillHcpopMa.Izylll,BHIIOJIHeHHOro C IIOMOIItI,IO 3BM 

..(_ ' ' ., . , ,·, ' . ·, I' 

· ODRA-= 1305 (BTY BapmaBa), CDC-6500 n EC-!060 (OMIDf). . · ' ·· 
\ . - ~ . ,•. . . . 

B Tpenett rmme ll31ioJJteHH pe3JJII,TaTH BCC_Jie,ItOBaHIJJI•MHO.llteCTBeH
HOI'O o6paaOBaHl'J'JI' IIpoTOHOB npoMeiltyTO'IIillX SHeprllii ,(30, :... 150 MaB) 'B 
CTOJIKHOBeHIDIX p Xe m>H,2,3 raB/c H :Jr-Xe IIP.ll 9 rsB/c~ IIpoBe
.n;eH aH~3/pacrrpe,zi~Jie'1,nrli: IIO MHO.lltSCTB~HHOCTH/5 ,61/ a TaroKe yrJio'- · 
B;;/6 ' 7 I II 3HepreTIJ'I9CKllX cneKTPOB IIPOTOHoi/6 •8 ,9/ ,, HCIIJC.KaeM!IX B 

'1 rrpe,1teJiax IIOHHOI'O TeJieCHOro' yrJia.· IIo,no6paHH rrpo'CT!l~ napilMe±p113aruiu 
STHX pacripe,1te11e1Iii:ii~ B. bJiy,rae aHepreTH'IBCKIDC Ji yrJIOBHX crreKTpon 'oHH 

. " . I . . . ' . . " . . . . , . , . .· .. . . , , • . ·' , , . ' 
COBila.rtaIOT Ha:ypoBHe ,IJ;OCTOBSPHOCTB ~o. 7 c aaano,rH'IIWMJl cpopMyJiaMI:! · 
.npyrHX anTopoB. OT,n;eJII,HO npoaiiaJIIJaii:poiiaaa 06'nacT1, ,ncrrycKa.!!ll.iI HJKJI0...:1 
HOB Haaa.n: (,n;anee:, .KyMJ1I.fITI1BHM 06JiacTi. -:- KO).: Ha puc •. I rrpo,IteMOHCTpH-

t ' •• / i , > • , ~ '• ! e • 

'pOBaHH SHepreTH'IeC.KHe cneKTPH np0TOHOB, , lJCIIJCKaeMHX B KO B peaKIU!H 
;.· . ',·+ \ , . - \ '. ··,, ' . j -

.Jr-::Xe Ill)H 9 raB/ c. Ilo.Kasaao; 'ITO B nay-qaeMIDC peaKUI:!mc x~paKTep 
pacrrpe.JieJieHnii,npoTOHOB. IIO MH0lK9CTBeHHOCTll k ' / KI1HeTl:!'IeCRO:li 
aneprHH . f , 11 .'yrJiy' 0 · awccmi rrpciTOHO~, ncrryckaeMHX B KO, TaKoii ' ' ' "' ', ' ' ' ' •"' ' ·' '' . ' '•', . ' " ' " ' *' 
JKe, KaK H rrp11 cos 0 ~ O . HccJie,n;yeTCJI 38.BHC'IIMOCTI, '.'TeMIJepaTypHII To . 

<'.' 3HepreTll'I9C.KlJX' CIISRTPOB' OT f,'H().ll{8CTB6HHOCTH .If y:I'JIOB: ::lMHCCHI:!. Ha ; 
I . , ,, ' , ,.· , , , . • 1, ,'. ; ·• ", '* '• • ~ , l,. ~ 

pHC. 2 ~o~aaaaa 3aBH,CHMOCT!, •~eMrrepaTypu" · .· To _ : OT, yrJia I1CIItC-:<aHHJI 
llPOTOHOB,B IIOJIHOM,yrJIOBOM BHTepBaJie~ TaM lKe llPl:!Be~eHU 3Ha'IeHHJI rra~ · ' ' ' * '.' ' ' '' ' ♦ ' •.' . . • ' ' • ' ' i " - ' ,; ' ' " 
l)aMeTpa : 72> .,,IJ;JIJI pea.!Ullln tJr Xe, rrp11 2,3 raB/c.u t7r )fe. rrpu :· 
3,5·raB/?/ YcTaaoBJieHo, ,fro B KO~ B 06JiacT11 -II~\( .:JT-xe 1 llPH 9 raB); 

' ' 7a :..s 40,·MaB er TO~OCT:&10 ,~rn%, 'II H~':fa.BHCHT. HR 0;,:k ·-. 1m'oT p '" 
. B To BfeMJI -~rut•rrpH·cos9 > ~ aaB11c11Moc~1,: (= 9co~O) cymecT:..i; 
BeHna. 1 IlpH' SHeprHH BHIIIUrnpyJOUU:!X .B3allMO,JJ;eiicTBHe a,IU)OHOB-.HHJJte 06JiaC- · 
TB· II\!? ('p Xe IIPH ·1 ,6 raB): "TeMrrepaTypa" : fa IIpOJIBrureT '3aBJ:!CBMOCTI, 
OT >k. : H . 0 TaioKe n:. B KO. · Uo1.1yqeHo e.ItMHOe cTaTBCTl:!'IecKoe orrHca~,> · 
HHe',ItBruit.nH ,IJ;Hcpc))e_peHIU1aJIJ,HOI.'O·aq$3KT.l:!BHOro~ce'IelillJI BMB~CBJ:! IIJ)OTOHOB; 
l:!CIIyCKaeMHX' BO B3fillMO.IJ;eiiCTBliJIX p Xe 'IlpH 2,3 raB/~·,E 2r-xe 'llplf 
9 raB/c:,:_ • · · · . /\ , , · · · : '·· ' 

/' -: 
. · 1 ,, :.db(k) 

: ·-tf;/dT·dc,osO . 
.:.-',.''.>,_,. ,i',-:,;]. ,,.: .. ~·:-: ;,-~•\ ,:. 

fl"', (~J,· ~'.T/kJ·,~(~os,o/T,k) 

= D:k~~~p(-k2J'2~2jf . 

\ . 

. \ ... 

.,,,:·.·· 

/,· •exp(-Tl T.. )-. 
,, ' ''' ' ' 0 ' ' 

. 
1<exp{(ak• (c_\<.: ~k):TJc~~e}, 

' . . ;. ' ', .· ~.'. ·, • • ~ ' ·,.';:' ' '·, ,· / . . -. " . . f , ~ ... 
'YcTaaoBJieiio, . 'ITO ,'~na cpo_pMyJia crrpa.Be,i:uuma c .TO'IHOCTI,IO ~ 12%· ,IUIH 

. rrep.BHi:nrux nHoHoB n HYKJIOHOB / cTWBaIOOll:!XCH c · .nocTaTo'IHo. 
~-- (A;i::·12) ,B O~CTli m suuia•emr~ . '1 . , • 

\,. • ' ,< ' ' ' 
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~rrpOTOHOB OT yr;m 8MllCCllll.:.,. 
~ IlpnBe,n;eHH TaroK~· anairor:citIHHe 

·.. : : .. . . ·'' 
.narume, lTHOCffil!lieCR K peaK-
IUIRM !IT, Xe · Ilpl'f' 2, 3 rsB/ c 

1
n :Jr-Xe· -rrpn 3,5 rsB/c; 

'-. 

' I'.,- r ,~ 

\ 

·1 

···* ' 
T0 /1aB o x' · P e, 2 3 

, .. _.+ __ · .:JI _xe ,, , --~3.·B·.'I .c· .. • -l . x :JT.-x ,, 2,3 .· :." . ~ , e ,;. 3 5 ,; . 

•. .7T· .. -X. . ·. ·:. ,. I, /I .• . 

_so•f .··:······ie.•.• .. ·.9· •'•~it. t-
/t .~. i:'_· __ .t,l_ .• .. lf rfl-ft ~u L . ' 

. f . ; . . .. ·-

0.1 1· 1 · I 1 J 

.·-1 · 

,•.•.: 8·. 

,1;· 

., ,. 
I 

\-1' ,._:' 
I : I 

,. 

l 
·' 

V 
i 

:r 
[:'-

J,. 

I I. ✓• 

I 

'· 

B 'l'.eTBepToii rna.Be 11ccne,nyroTCH • KBasn,D;ByxtJ:acTH'l'.!Ille .· nponeccu n . 
:pearo:i;:umc .11"-Xe rrpH 9 rsB/c, B KOTopmc Ha6mo.naeTCH B KOHetJ:HoM:cocTOJI
HllH peJIHTHBllCTCKnii :If--MesoHH·npoToHcHMnyJIJ:,coM 240 + _700 MsB/c. 

. 'Trutne nsanMo,n;ei1cTBHJI·Mo.iiHo llHTeprrpeTllpOBan· c:6oJIJ:,moii BepoHTHOCTJ;IO 
'Krut nponcxo.nmune'Ha KBa3llCB06omroM•rrpOTOH9 sr.npa~Mlllll0Hll~ 6e3 cymecT-. 
BeHH6ro BKJia,u;a • BTO~ll'IHI:lX nponecco~,. T. e. . ' ' · ' 

31"-+ p(Xe) -~ p ·t- :Jr'-

I. 3rn · B3anMO,IieiicTBllH JIORaJill30BaHH no napa.Mel'py. coy,n;apeHM,, rJia.BHHM 
. :o6pasoM n. nepnqiepHttecKoif o6nacTn .smepHoii MnmeH.H. 'cne.ii~IiaTem,~o, B. 

pa.MKSX llmYJIJ;CHOro.rrpn6meH.HJI° c·nJIOCKll~ll BOJIHB.Mll _Ha6mo,n;aeMHe rrpo::_ 
TOHH co;n:epxtaT'HHqx>PManll!O o,qiepMll,lU3ll.llteHHll'BHYTPllJmepHmc HYKJIOHOB •. 
HcnoJIJ:,3yJI ,ll;BJMBpHoe pacrrpe.n;eJieHne BTOPll'l'.HUX rrpoTOHOB no llMllYJll:,CY ll 
yrny llX 3MllCCHll, rrpn. rioMOlllll. 6e3MoieJIJ:,HOro CTaTllCTIITJ:e~KOro no.nxo.na 
nOJIYtJ:~Ha. onemta :pacnpe,n;eneHnH no llMIIyn:i;caM nepHqiepn~~c~nx HYKJioHo~ 
H.lU)a KCeHoHa. Ilporumnn::i11p0Brum TaIOJte n panee l!MelO!UneCJI . a.RcnepHMeH-
Tanr,mie ,n;amrue, OTHOm,ecJI R pea.KIJ,H.mi ,:1,-+xe . irpn ·2 ,3, rsB/~. 11 · 
:i,--xe rrpn 3, 5 raB/ c, IO • -. IlpnBe,n;eHH 6ne.HKM cpe.nHero sHatJ:eHHH n ,ll;llc-

• , : . , , , ' I , • • 

. \ nepcnn HMilYJIJ;CHoro . cneKTpa BHyTpIDI,D;epHmc HYRJIOHOB ,ll;JIJI KCeHOHa. 

B ITJITOii
0 

rJia.Be. rrpnne.neHH pesyJibTaTIJ lfCCJie,ll;oBairnJI MHOJKeCTBeHHOro. 
. ) · . . o6pasoBaHM , 3~p.!IllteHHmc H . HeiiTpru:r~HHX , 9T -Mesoaon B p~aKnHJIX p Xe 

• :,, I 'npn 2,3·rsB/c' n.!7CXe npn 9 TuB/c. Pacrrpe,n;eJieHllJI no MHOJKeCTBeHHOCTH 

! ,: 
/· 

y 

·'I. . ' . 

• '1 :. 

· m Mex sap.!IllteHHIDC tJ:acrnn (sTo;: B ocHoBHOM, !JT:t,_MesoHH·n rrpoTo-
HH) ·. ,V,ll;O .. l3JIBTBOrrTeJIJ:,HO. anrrpoKCHMllpyroTC:JI CjlMMOii, ,ll;Byx nyaCCOHOBC.KllX 

.• ?acnpe,ll;~Jie/Hllii _nl:, P,(m)• H P2(rn)' r,n;e. P1(m)10llllCHBae'! tJ:aCfoTy 
3MllCCllll .·tJ:acTnn, o6pasoBamrnx B CTOJIKHOBeHMX HaJieTaromero ·a,u;poHa c 
Iti3asncmo<50,ll;HHM ,HYKJIOHOM ;r,npa~M~eHH, P2 ( rn )- pac~e.n;eJieHn~ . no· _'IllCJIY 

· ; BTOPll;llillX sap.fD!teHHIDC ·'IaCTlln B TeX CTOJIKHOBeHllJDC, r~e CYlJleCTBeHHyro_ . 
pon:i; llI'paIOT MHoro.RpaTHHe BHJTpn,smepHHe B3ruIMO,ll;eiicTBUJI. Bkna,n; KBa3ll~ 
cBo6o,mrux l3SanMo.n;ei1cTBll:ll: oneHHl3ae:rCR Ha ~ 30% n. ~ 50% ,n;JIH peaK
IUI:li p Xe ,rrpn ·2;3 raB/c, II sr~xe ,rrpn 9·raB/c, -COOTBeTCTBeHHO. · Pacnpe-

' l ,, • , ,, , . ' . ~ \ ' ', . \ ' : ' \ • •. • , 

~eJieHne no 'IllCJIY 6UCTPHX 13ap.!IllteHHUX,tJ:aCTlln (T.e. rrpeHMYJ!leCTBeHHO :t •. . •. · . , . .. . . . . -
:J'f ~MB30HOB° CO CKO,POCTblO /3 ~ 0,4) MOlKHo .onncarr, pacrrpe,n;eJieHlleM 

. KNO 1l MO,ll;ll4JllIUIPOBaHHHX nepeMeHHIDC. )lJIH o6enx, perucrtiJii rrpHne.neHH 

. pacrrpe~eJiemm no MHOllteCTBeHHOCTH · \ 7f'° -Me30HOB •. OTil .· pacnpe.neneinm 
HEJJIJ:,3.fl: onHcau._HH qiymmneii Ily_a~coiia, · Hll KNO_. 0.nH_ rut_ o B Knacce KBa3H-
CBo6o.n;HHX B3allMO,ll;eiicTBnii pacrrpe,n;eJieHHe IlyaccoHa J,1J;OBJieTBOPllT9JIJ:,HO . 

• ,. ", ' , • I • • ' •' • , /. : ,• 

OTOC!pruitaeT 3.RCnepnMeHTruII,HHe ,ll;aHHHe • . · ' ' . ·. . . . .· ' . . . . .. 1; . : . 

.I,, _9 ·.-\ ,-

~ 

./ 
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BWIOJIH8H. aHaJil:!3 Ropp~· ~CTOTH HcnycitaJmi He:ltTpam,m H 
. . .•. . ' . 0 ' ;f .· . 0 ' 

6llCTpIDC 3apmxemrnx nUOHOB (.nruree: ( :Jl - :Jl)) , · H , - :Jl _-Me30HOB H ·npo-

. TO HOB: (afJ- p) /I2(;. B Ka'leCTBe KpHTepmr npnMeHeII KOPP~JISIUilO~~ •. 
napaMeTp MIOJI~epa fi, . IloKa3aHC~)' 'ITO ,JJ;JIII CHCTeM (:n°-:Tf) !2 He OT,7lll- , 
'l:aeTc.a:, OT HyJIII. ,UJIII OIJ;eHKH- , (:JT - p)-: KoppeJISIUilii l-l8J'l8Ha 3aBHCH-. 
MOCTb cpe,JJ;Heil:/MHOJ!(ecTBeHHocTn (n0 ) '.sMncc:n·u .. 1r0 -Me3oHoB oT ~:nc
na BTOpli'lliIDC npOTOHOB, ncnycKaeMl:lX Bnf!pe,n . ( kf) H Ha3a,JJ; (kl);~: 
06HappeHO i 'ITO BSJIU'l.lIHa <no) IlpaI(Tl!~eCKli He ,3aBHCHT OT ; k f , B 
To BpeM.a: KaK npu k I ~ 5 , B. cny:t1ae ~ Xe B3anMo,neiicTBu:11 npn 
9 TsB/c, OHa aaMeTHo j'Mem,maeTc.a:, Jl1.UI BH.a:CHeHH.a: npH'l.lIHII TaKoro no- . 

. ~~,JJ;eHUR ( no> 6HJIH uccne.noiirum 3HeI);eT~'l8CKMe cneKTpli npOTOHOB IIpH ' 
I , . . . . , '. .· .. • . . . , . .. . .· . - . . . • 

. pa3JIU'IHIDC. no · 'IHCJIY .. n BTOpli'lHl,lX 3apmrreHHHX :JT -M830Hax •. 0Ka3a- , . 
, . ' ' ,' ' I• - ~ -• . - • I: ' :,'· ," ' , -. , ' ·,·, ' ', .I 

JIOCb, ,'ITO mm n ~ 6 .. 'leTKO .Bli,JJ;8JIEIOTCE Heperymq>HOCTH, .COOTB8TCT-. 
BJIOUUI~ 3H~'leHHm., KHH~~li'leCKOit SHeprl!Ullp()T~HOB '.,r~m.7r0·c:212 H_ .' ,• ' J 

_ T "". msf>·ci I 3 , · · .. p.ne_JiaH. BHBo.n o 1 norn~meHHJ:f Me,I{JieIIm,nc · . /Jr°-Me3~~ · 
HOB',JJ;Byx- H_ TpeXHYKJIOHHHMH:KnacTepaMU BHYTPH E,lij)a. IIOJIJ'leHa,on;eHKa 
.nqnH_ !1pOTOHOB, :irnnycKaeMHX B pe3yHbTaTe nofaomeHHH HefiTpaJII>HIDC . . . 

. IJUOHOB. ·. B : KOHIJ;' rj_aBu, HCC1I8,nyIOT°C.fI CBOiiCTBa: .• ii_ap~am,~oro 'Kosijmui~Ii-
Ta · HeynpyrocTU. 13 ~- •3TOT :KoScMiHil;.!IeHT · , .. K. · onpe,I{eJieH KaK ,I{OJIII ·. :me~ 

. rm! nep.BH'IHOfi•'IBCTmu;, 3aTpa'IHBaeMOil Ha' o6pa30B8HH8 ..i0-Me30HOB~ . 
-. YC'l'ruIOBJieHo; B noJIH01icorira:cun. C 'peayJib·T~TaMH ,npy;ru( aBTOPOB t TITO . 

\· · BeJIH'l:HHa K ~ 0;5 B peaKD;UH; HHHlO!HpyeMoii npoToHaMH~· n K i;; I k< 
!JT~Xe B38l!MO,JJ;eitciamrx npn 9 rsB/c; B KOTopmc B03MOlKHH. npoueccu i. 

. MHOlKeCTBeHHoro 'o6paioBaH.IIE ,.. :,r.0-Me30HOB Ci nepe3aIJJI,IUtott nepB.II'IHOI'O 
. IIHOHa, _T.e.· :;r-:..:.. n

0
~ . . ... ·. •.·. - .. 

', ' ... ' ' 

OCHOBHHE .. PE3Ylli>TA'lli ~CCEfTAIUill 
\' 

OcHoriHi.Ef pe3yJII>TaTH HaCTo.a:meii ,JJ;llccepTan;nH MOJKHo CYMMHPOBaTi, · 
cne.nyroumM o6pa3oM:· · I · ·· · · ·· '' i' \ ' ' ·, 

. 'I. TipoBe,JJ;eHO ·.neT~JII,HOS nccneio:aaHHe MHOlK9CTBel:lliOCTH,_ yr1ioBHX M 

3HepreTl!'leCKHX cneKTPOB IlpOTOHOB IlpOMeJKYTO'IHHX 3Hepr:nii. (30 ·+ .I50)MaB, 
'·· l!cnycitaeMIDc B ,npe,neJiax nOJIHOro TeJieCHOI'O yrna BO B3ruIMO.zieiiCTBKfIX . 
. !IT-Xe him '9 rsB/c fr.e. B o6JiaCTH TI~ E,lij)fl-'-MHllleHH) ll':pXe •. IIPH' < ., 

i 

·2,3TaB/c (T.e. HUJKe o6nacTH m~).-YcTaHOBJieHo, "'ITO: • ' . 
- pacnpe.nen:eHHe uo 'IHC1IY, k IlpOTOHOB' y,noBJieTBOJl~TefilHOiOimCima~ 
· ·e.Tc.a: <l>YHKIJ;Hett: raycca, npM'leM ,JJ;JIII· npoTOHOB,· l!crrycKaeMHX· B KO, ai-H' 
· pacripe,neiiem{.a: He 3aBHMT,. c Tol!HocTJ,10 ~rn%,: HH oT -·aHepr:n:n . ·· 
nepBH'lliOro, a,DJX>Ha, · HHHil;.IIHpyiouiero '.B3hmm.ne'ffcTBlle : (-'p Xe / npiI ... 
I,6TsB .H fn;-:-xe rrpn 9rsB), Hli

0

0T;npipo,!Ul 3TOro'a,npoHa (np6.;. 
TOH H · .'.JT,.,.-Me;_oH_) ; · · · · 

1_0,> 

, ~ \. 

./ 

'. 

-✓ 

•'. ·1 

__ yrnoBue pacnpe,neneirn.a: npoToHoB·oirncHBaioTc.a:.B·npe,neJiax noJIHoro 
'TenecHoro yrna 3aBHC.IIMOCTI>IO BH.Ila: ·, · · · , · · .-·· · 

'. , 

.·. ,. d6(~)/ dcose ~ exe [ B(k)·cose] , : . ;,; · 

_ r,I{e napaMeT!) B( k; j'MeHbmaeT~ c YBeJIH'l:eHHe~ 'l:H6JI~- k BTOPH~ . . ' ·: ,, , ., 

· IIpOT~HOB; •, 
-.3HepreTH~ecKHe cneRTPH IlpOTOHOB napaMeTPH3YlQTCE 3RCnoHeHIJ;UaJib-
' . HOH q,~eil . . ' . . 

Edo/d3p· ~-e;p(-TITo) 
' . 

He3aB.IICIDAO, OT 'IHCJia k n,.yrnoB 8 ·. SMl!C,C.III( npoTOHOB. ,B 06.:_ 
. JIBCTH II~ napaMeTP ,;, ire 3aB.IICHT C TO'IHOCTI,IO ~ IO% HH OT k 1 

HH OT 8 B KO (pearain;l :1rXe ripH 9 fsB ·) , , B TO BpeMJI KaK 
Hmte 3HeprHH II~ (peaicr.i:ruI 'p Xe Ilpll I ,6, rsB) 3Ta 3aBHC.IIM0°CTI, 
CYJ!lElCTBeHHa; , , . , ' . · 

. - MO.l!tHO' napaMeTpH30BaTI, ,103aJ!i,!Ul ''AUrWiepelllUJaJJI,HOe. TOnOJIOI'H'leCK08. 

: ce~~1!:ll~J-dr-~~r:;~ o~pa30Ba:£IWI np~TOHOB,·_·n:~riycrtae~ j3 ~ .. 
.: 'CTOJIRHOBSIDUIX a;tlJ?OHOB c ,I{OCTaTO'IHO TSIJ!(eJIHMH-E,lij)aM.II (A ~ I2), 

. B oei.naciH TI~, npocTOit 3aBHCID,!OCT:&~ OT MHOl!teC'l:'BeHHOCTl'i' k , , 
yrJio~ ; 3M.IICC1rn ; .· 0 . . H KHHeT.1I'!eC1t9ii :meprn:n' r ... 

. 2 •. IJpoBe,JJ;SH a.H8Jci3 KB~SH,JJ;Byx'laCTll~ B3ru!MO,I(9llCT~Hit B CTOJIK
HOBeHMX :Jl":"-MesoHoB c .fI.lU)OO RceHoHa n nonJ'leHa on;eHRa qiYHKIJ;Hn, · 

. pacnpe,neJI~Im.a: nJIOTHOCTH · :sepo.ii:THoc·TH mmyJibcoB · nepnqiepn'lecKnx · HyKJio.:.. . 
. , HO~ E,lij)a': ~Jxe f 3To _pacnpeiene~He Y)J;OBJiffTBO~HT,eJibHO OIJHCim~e~cst' ' -

qJYHKIJ;Heii raycca. · . ._ . . . . "' , - , ._.. .. , 
3. HccJie~OBaHO MHOJ!t8CT~8HHOe o6paaoB8l!He '3apSillte'm~ H, HeiiTPaJib-. 

. __ HHX · .. ·. X_ :;.MesoHoB 13
0
pe_aKIJ;Hmc · p Xe .. npH 2,3 rsB/c n !JT7Xe . np1r 

·.· 9' rsB/c. 0CHOBHHe,.pe3JJlI,TaTH TaKOBU: . 
. . , . c:'i>acnp_e.nen,eHlle.rro,woiitecTBeirnocTn' 6UCTPIDC (f3: ~ 0,4) 3.apmrreH

. HIDC nHoHoB MOlKHo'onncaTI>·<l>YHKI1;.1Ieii KNO c MOW!~llWipoBa.IIHHMH ne~ 
L peMeHHHMH; ' . .: '. . . . . 

',,,.. 

- pacnpe,neJieHHe no MHOlKeCTBeHHOCTH BTOPll'IHIDC -sap.fillteHHUX 'l:aCTl!Il; .. , ',•... ' : .... ±·' .. • . . . .. 
·. (T:e. npoTOHOB n, !IT ;-Me30HOB) y,n:oBJieTBOJlHTeJII>Ho o6McH.a:eT . 
> Mo,neJib npocTo11 cynepIJ03HIUrn KBa3.IICB060,IUillX B38.l'IM~,I{eitcTBliii n' 

wqro-.iacTH'IHilX BHJTPJIB.I(8pHIDc'. CTOJIIWOBeIDJit; · .. 
-pacnpe,neJieH.IIe no MHOJ!teCTBeHHOCTH . .7r0-Me30HOB, polK,UeHHHXB 
.; KBa3HCB0_6o.rumx B3aIDIIO.I{eilcTBIDIX, O'l'06pruttaeT ~YHKIUfE' TiyaccoHa; 

. ,' •. I' . • I • ' : '•' ·• ' • , 

- • :'IaCTOTH _ lfcnyCKaH.IIE'.HeiiTpMbHllX JI!. 6HCTPIDC 3ap.a:ilteHHllX . n.lIOHOB .i 
He' CROppwmpoBaHH; .' . ' ' . '. . . ' . . .. 

;;. aaimC.IIMOCTI, cpe,JJ;Hero :'l.lICJia 6ucTpHX 30.pHllteHHIIX 'l:aCTl!Il; 
0

0T 'IHCJia 
IIpOTOHOB JKa3HBaeT Ha. TO,' ~TO -. :mepr:iiri II~ '6ucTplle· 'l:aCT~ 

~·✓-

II 

., 

,,,. 
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6eipa3YJOTCJI, B'QCHOBHOM, B·DepBOM'aKTe CTOJIKHOBeHn.fI•nepBll'IHOro 

a.npoHa B SUUJ0-MllllI~Hn: B o6JI~cTn TI~ BKJia,n OT BTOPR'Tinn(npoqeccoB 
' ' . . ' _, , j- I 

cynteCTBeH; I 

- 'llOJIY'!BHO y&asamrn Ha TO' qTQ '!aCTI, TipoTOHOB' . oeipa30BaHHHX B 
:Jr;(e B3allMo,neiicTBil.fIX IJI)li 9 n,B/c, ·ncrryciaeTCR BCJIEl,ll;CTBne norno

ll!ElHl!.fI .Me,nJieHHIDC !JT0 -MeaoHoB .nByx- n ~pexHyKnommM11 ··BHYTPl1.fl,ll;ep- · . . 
HHMW k!1acTepaMl1,. 

4. PaapaeioTaH llPOCTOll IlJiaHl1M9T.PH'l9CID!M MeTo,n onpe.nenemm, yrnoB 
SM11CC}l}I 11 ,nJillH npoeieroB sapruKeHHHX 'laCT:im;' a ,Ta.R..'Ke yr'JIOB SMl1fC1111 ,11 

',nJil1H KOHBepCl1111'K, perHCTpllpyeMHX Ha CHllMKaX C KC0HOHOBIDC IlJ3ll.PhRO
BHX KaMep;. 3ToT,MeTo,n Il03BOJLII0T 'ycKop1in B 3 + .4 .paaa IJI)OUe,nypy 1137 
Mepem1ii, IJI)a.RTl1'!9CKH, Cies 'noTeph B_ ~O'IHOCTH. . . . . 

5: PaapaeioT~H MeTo.n; BO~CTaHOBJieHllR C,YMMapHHX 110H11aaqnoHimX' . , 
IIOTep:& 1IllBH0BllX SJISKTpoHOB .B ~JI llHllUllll.POBalllrux· J'K BHCOKI1X' sm~prHil 
.B. KC0HOHOBHX ~Y3H.PoROBHX KaMepa.x HeeiOJihillliX pa3MepoB.· . . 

/ r / ' i . .• / • • . '· . 
6. IlOJIY'!0HHHe , SKcnep11MeHTaJioHHe .namru:e )(aIOT B0_3MOlltHOCTb 6onee 
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