
OB'bE.llHHEHHbIJ::i 
HHCTHTY'T 
Sl.ilEPH blX 

HCCnE.llOBAHHA 

.ilyCSHa 

~ 
>c 
LI.I 
t-

Pl - 5293 

JI .C. AJCrHpeli, H.K. 83opoa, B.H. ~MhlpOB, 

A .c. Ky3Hel,\OB, M .r. MemepBKOB, r .,ll. CTOJieTOB, 
A.~. ~HJI030B, 8 .H. lbacHKOB 

UOJIHPH3AUHH BTOPH'IHYX UPOTOHOB 

B PEAKUHHX pp - '"+ pn H pp - '"O pp 
UPH 669 M3B 

1970 



Pl - 5293 

JI.C. All<rHpeii, H.K. B3opoe, B.H.JCMhlpoe, 
A .C. Ky:iHe~oe, M .r. Memep»Koe, r ./J,. CToJieToe, 

A.«I>. 4>HJI030B, B.H. 'bfll<HKOB 

IlOJIHPH3AUHH BTOPH'IllHX IlPOTOHOB 
B PEAKUHHX pp-17+ pn H pp - 770 pp 

IlPH 669 M3B 

HarrpaBneHo B Hep 



Bee.z:i:eHHe 

· npn sHeprHH ~ 660 Mae cyMMapHbIA exna.z:i: Heynpyrnx npoueccoe 

H pp ->IT0 pp e ll01IH00 C0'i0HH0 p p 

esaHMO.ll0ACTeH.H TOllbKO HeMHOI'HM M0HbW0 exna.z:i:a ynpyroro p p -pac

C0.HHH.H. Y:m:e e nepeblx pa6oTax no q:iasoeoMy aHanusy p p -pacce.11HH.11 
/1-4/ 

npH STOA 9HeprHH ebrneH110Cb, 'ITO xapaKTep nonyqaeMblX peweHHA 

H nx'o.z:i:HosHa'IHOCTb cyruecTeeHHO saeHC.HT OT npe.z:i:nono:m:eHHA OTHOCH

T01IbHO MexaHHsMa Heynpyrux npoueccoe. Oxasanocb, 'ITO .z:i:11.11 y.z:i:oene

TeopHTenbHoro- OllHCaHH.11 9KCll0pHM0HTanbHbIX .z:i:aHHbIX H006XO.llHMO Y'iHTbl -

ea Tb M030Hoo6pasoeaHH0 xaK e 3 p H 1 D I TaK H e 3 F 
· 0,1,2 :Z 2,3 

COCTO.HHH.HX pp -CHCT0MbI. 3Ha'IHT01IbH00 nornorueHHe, Haa.z:i:eHHOe .llll.H 
3 /4/ · F 2,3 -coCTO.HHHA, 6bmo pac11eHeHO e KaK KaqecTeeHHoe yxasaHHe 

Ha To, 'ITO Heynpyroe p p -esaHMo.z:i:eacTeHe e 0611acTH 660 Mae 

'. e xaxoa-To Mepe HOCHT nepuq:iepuqecxna xapaKTep. 3ro 06cT0.11TenbcTeo 

yxasbIBaeT Ha eosMO)KHOCTb om1caHH.H Mex aHH3Ma M030H0006pasoeaHH.H 

e pp -coy.z:i:apeHH.HX c llOMOIUblO .z:i:narpaMM, Y'IHTbIBalOIUHX o6MeH 

TOllbKO O.ctHHM eupTyanbHblM llHOHOM. 

Mo.z:i:0111:, O.llHOllHOHHOI'O o6MeHa, MO.llHq:JHIIHpoeaHHa.11 eee.z:i:eHHeM 

.q:>OpMtpaKTOpoe HyK110Hoe, xopowo OllHCbIBaeT 9KCllepHM0HTan1:,Hbl0 .z:i:aH

Hbie 06 9H0PI'0TH'i0CKHX Cll0KTpax eTOpH'iHbIX HyknOHOe e npo11eccax 
/5/ 

O.llHHO'iHOI'O o6pasoeaHH.H llHOHOe npH 9H0PI'H.HX 0,97; 2 H 2,85 rse • 

He.z:i:aeHo nepnq:>epuqecxa.11 MO.ll01Ib npuMeH.1111ac:& TaK:>Ke .llll.11 HHTepnpe

TaIIHH .z:i:aHHbIX 06 o6pasoeaHHH 11° -MesoHoe e pp -coy.z:i:apeHH.HX npH 
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. /6/ . . 
610 Mas : oKaaanocb, 'l:T0 aTa M0/lenb xopowo socnponaB0JlHT yrnosb1e 

pacnpenene1rnS1 BTopH'l:HblX npoT0H0B B cny'l:ae Manoa nepe.z:ta'l:H HMnynbCa. 

Cne.z:tyeT 0TMeTHTb, 'l:T0 JlH(p(pepeHuHanbHbie ce'leHHSI oopaaosaHHSI 

BT0pH'l:HblX 'l:8CTHU B peaKuHSIX NN ➔ NN rr , Bbl'l:HcneHHb1e B paMKax o.z:tHo

nH0HHoft o6MeHHOft Mo.a.enH, s 0CH0BH0M, nponopuHoHanbHbl cyMMe KBa.z:t-

/5/ 
paT0B Moaynel!'. aMnnHTY.ll BHpTyanbHoro 1T N -pacceSIHHSI • noaTOMY 

npH 9HeprHSIX "' 1 ras 0CH0BH0ft BJma.z:t B Bbl'l:HCneHHbie yrn0Bbie pac

npenene,HHSI H aHepreTH'l:8CKHe cneKTpbI. BT0pH'l:HbIX 'l:8CTHU .z:taeT peao

H8HCH8SI Paa -aMnnHTY.z:ta, T0r.z:ta KaK ponb 0CT8nbHbIX C0CT0SIHHft cpaBHH

TenbH0 HesenHKa. C .z:tpyroa CT0p0HbI, Bbipa:m:eHHSI .z:tnSI nonSipHaauHH BTO

pH'l:HbIX HyKn0H0B HnH 8CHMM8TpHH HcnyCK8HHSI IlH0H0B, o6paaosaHHbIX 

/7/ 
nonSipH30'.B8HHbIMH HyKn0H8MH , conep:m:aT 'l:neHbI, npe.z:tcTaBnSIIOIUHe 

co6oa s 0CH0BH0M HHTepcpepeHUHlO peaoHaHcH0ft aMnnHTy,llbI c Hepeao

HaHCHbIMH. B CBSl3H C 9THM 9KcnepHMeHT8nbH0e Hccne.z:tosa HHe nonSipHaa

Ui:I0HHbIX acpcpeKTOB B HeynpyrHx HyKnoH-HyKn0HHbIX B38HM0.ll8ftCTBHSIX 

(HHTepecHoe caMo no ce6e, nocKonbKy .z:taHHbre TaKoro po.z:ta B HacTost

mee .Bp8MSI ll0'lTH nonH0CTblO OTCyTCTBYlOT) H HHTepnpeTaUHSl HX B paM

K8X O}lH0llH0HH0ft o6MeHHOft MonenH Jl810T B03M0:m:H0CTb npoaepHTb HeKo-: 

T0pbie npe.z:tcKaaaHHSl aToft M0.z:tenH, a T8K:m:e BbISICHHTb ponb HepeaoHaHc-

HbIX aMnnHTY.ll rr N 

H0CTH 0 

-pacceSIHHst H ux nose.z:teHHe BHe Maccosoa nosepx-

,LlaHHbie 0 nonstpHaauHH B HeynpyroM paccestHHH MoryT 0Ka 38TbCSl 

noneaHbIMH T8K:m:e H .z:tnst nposepKH peaoH8HCII0ft M0.z:tenH N N -aaaHMo

/8/ 
.z:teftCTBHSl MaH.z:tenbCTaMa • .Uo nocnenHero speMeHH aTa Mo.z:tenb .z:to-

B0nbH0 ycnewHo npHMeHSinacb .z:tnst 0llHC8HHSl npoueccoB 0JlHH0'lH0ro o6pa-
. /9/ 

30B8HHSI TT -MeaoH0B B p p -saaHM0.ll8ftCTBHSIX. O.z:tH8KO H8,ll8BH0 0T-

Me'l:anocb HanH'l:He npH 660 Mss pacxo:m:.z:teHHst Me:m:.z:ty Ha6n10.z:tasweftcst 

yrnosoa 38BHCHM0CTblO qiopMbI cneKTpa 1T + -MeaoH0B B pe8KUHU 

pp ➔ rr+ p n H npe.z:tcKa 38HHSIMH pe30H8HCH0ft M0.z:tenH. 
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B HaCTOSIIUeA CTaTbe onHCbIBaIOTCSI aKcnepHMeHTbl, B KOTOpbIX 6bma 

H3MepeHa nongpusauHSI BTOpH'IHbIX npoTOHOB OT peaKUHA 

+ pp ➔ " po (I ) 

pp ➔ 1T 0 p p ' (II) 

KOTOpbie MOI'YT 6bITb npe.ncTaBneHbI qeTbipbMSI nepHCpepHti:ecKHMH .nua

rpaMMaMH OJIHOilHOHHOI'O 06MeHa, npuse,neHHbIMH Ha puc. 1. He.naBHO 

/10/ /5/ 
B pa6oTe B paMxax passuToro ct:>eppapH H Cennepu · sapuaHTa o.nHo-

nuoHHoA o6MeHHOA Mo.nenH OJIHHO'IHOI'O o6pasosaHHSI 1T -Me3OHOB B N N 

coy,napeHHHX 6binH nonyqeHbI Bbipa)KeHHSI ,nng nonHpHsauHH BTOPH'iHbIX 

npoTOHOB B peaKUHSIX I H II C Y'l8TOM yxasaHHbIX '!eTbipex nepmpe-

PH'l8CKHX .nuarpaMM H HHT8pcpepeHUHH Me)KJIY HHMH, HO 6es yqeTa B3aHMo

.neAcTBHSI HyKnOHOB B KOH8'1HOM COCTOSIHHH. 3TH Bbrpa)KeHHSI 6bmH ucnonb-

3OBaHbI ,nng HHTepnpeTauHH pesynbTaTOB H3MepeHHA nonSipHsauHH BTOpHq

HbIX IlpOTOHOBo 

MeTOJl H3MepeHHH nonHpH3aUHH npoTOHOB 

CxeMa 8KcnepHM8HTa noxasaHa Ha pHc. 2. BbIBe,neHHbIA H3 CHHXpo

UHKllOTpoHa H ccpoxycHposaHHbIA Ksa.npynonbHbIMH nHHsaMH L Henongpu-

2 
3OBaHHbIA nytJOK npoTOHOB ceqeHHeM 1,5 X 1,5 CM na,nan Ha )KH,UKOBO.llO-

po.nHyIO MHW8Hb T 1 1 B ueHTpe KOTopofi aHepI'HSI npoTOHOB COCTaBnSina 

669 :t,5 JV\ss. nyti:OK BTOpH'IHbIX ti:aCTHU, HcnymeHHbIX H3 MHW8HH no.n 

yrnoM 01 , senH'iHHa KoToporo B Tpex cepHHX HsMepeHHA pasHSinacb 

0 0 0 
8,3 , 14,5 H. 18,0 , cpopMHposancSI xonnHMaTopaMH K1 H K 2 • Wupu-

HbI meneA STHX xonnuMaTopos Bbr6upanHCb Tax, ti:To6bI ucxnrotJHTb sosMo:>K

HOCTb npOXO>KJl8HHSI qepes HHX BTOpH'iHbIX 'IBCTHU, HcnymeHHbIX H3 Tex yqacT-

KOB CT8HOK MHWeHH T 1 t Ha KO'I'OpbI8 na,nan nepBH'IHbIA ny'IOK npOTOHOBo 
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PHc. 1. nepHq:>epH'leCKHe ,l:lHarpaMMhl 0,1:lHHO'IHOI'O o6pa30B8 HHH 1T -Me30HOB B HyKnoH

HyKnOHHbIX coyaapeHHHX. CnnowHbie nHHHH npe.i:tCTBBnHIOT HyKnOHhI, WTpHXOBhie 

1T - Me30Hhl. 

6 



L 1i 

K, 

~ 
0 f 2 .3M 

P11c. 2. CxeMa aKcnep11MeHTa. L - KaaapynonbHbie n11H3bI; TC M11we11b; K 1, K2, K
3

, K4 - Konn11MaTopb!; 

H - MSrHIIT; cl. c2' C3, C 4 - CUIIHTllnm1UIIOHHb1e cqeTqllKlli s C - IICKpOBSSI KSMepa. 



I1MnynhCHbie cneKTpbI npowe,nwnx qepea KonnnMaTopbI K 1 H K'2 BTO-

pH'IHbIX aapsrn<:eHHbIX qacTHll 6bmH HaMepeHbI npH noMOIUH MaI'HHTHOI'O 

aHannaaTopa, nMnynbCHoe pa apeweHne I:!,. P KOTopoI'o .nm1 yKaaaHHbIX 
p 

yI'nOB COOTBeTCTBeHHO paammocb 1,5 , 2 n 3,5%. n onyqeHHbie HMnyn1:,c-

Hbie cneKTpbl npnae,neHbl .Ha pnc. 3 • .D.m1 CHCTeMaTH'leCKHX HaMepeHHtt 

nom1pnaaUHH BTOpH'IHbIX, npOTOHOB OT peaKUHft I H II no.a aceMH yI'na-

MH ncnycKaHHSI a HenpepbIBHbIX cneKTpax BbI6HpanHCb yaKHe nonOCbI c 

aHeprnea npoToHoa oKono 370 Maa; aToMy yqacTKY aHepI'eTH'lecKoro 

cneKTpa BTOpH'IHblX npoTOHOB COOTBeTCTBOBann B 8HepreTH'leCKHX cneK~ 
0 · 0 

pax 7T + H 7T -MeaoHOB yqaCTKH WHpHHOft OT 30 .llO 150 Maa ( 01 =8,3 ) 1 

0 · 0 
OT 14 .no 125 f./\.sa ( e, =14,5 ) n OT 8 .no 120 Maa ( e,. =18,0 ). B 

0 . 
cnyqae, Kor.na yron ncnycKaHnsi 6bm paaeH 8,3 , B Bb1,nensieMott nonoce 

cneKTpa BTOpH'IHblX npOTOHOB co.nep:>«:anacb HeaHa'IHTen1:,Hasi npHMeCb .nea

TpOHOB C HMnynhCOM 885 Maa/c OT peaKUHH. pp ... 77+ d ' KOTOpbie non

HOCTblO OT,nensinHCb OT npOTOHOB no apeMeHH nponeTa Me:>«:,ny C'leT'IHKa

MH c 1 n c· 2 • 

3aMeTHOe Ha acex cneKTpax paaMbITHe neaott CTOpOHbI IlHKOB, coo~ 

aeTcTay10mnx ynpyroMy p p -paccesiHn10, 6bmo o6ycnoaneHo B nepay10 

oqepe.nb TOpM:o:>«:eHHeM H MHOI'OKpaTHbIM pacceSIHHeM npOTOHOB B CTeHKax 

KonnnMaTopoB H npHBO,llHno K nosianeHHIO HeKOTopott npnMeCH ynpyI'O pac-

ceSIHHblX npoTOHOB cpe,nn BTOpH'IHbIX npoTOHOB OT pea KUH ft I H II 

npoue.nypa onpe.neneHHSI aennqHHhI aTott npnMecn cocT_osina a cne,ny10meM:_ 

1) cna6o pacxo.nsimnttcsi nepaH'IHbift ny'IOK npoTOHOB Hanpaansincsi qepea 

TY· :>«:e cHcTeMy KonnnMaTopoa K1 H K2 Ha ueHTp 1:mannanpy10mero 

MarHHTa; 2) HaMepsmacb cpopMa IlHKa, COOTBeTCTBYIOlllero nepBH'IHOMy 

ny'IKY npOTOHOB, H npocne:>«:naancsi ero XBOCT .no HH3KHX aHaqeHHtt HM

nyn1:,coa; 3) nonyqeHHblft TaKHM o6paaoM nHK HOpMHpoaancsi K O,llHHa

KOBOtt BbICOTe C IlHKaMH, COOTBeTCTBYIOIUHMH ynpyroMy pp -pacceSIHHIO. 

3aTeM nponaao.nnnocL cpaaHeHne cpopMbI 8THX IlHKOB nyTeM HX COBMeIUeHHSI •. 
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11.. 
Hp 

2000 

fB,0° 

{4,5° :t>k! 
===== . ----

8,3° 

3000 1,000 Hp, K2C·CH 

PHc. 3. vfM'nynbCHbie cneKTpbI BTOpH'IHbIX qacTHU OT p p -coy .na-
peHHtt npn :aHeprm1 669 Mas • .[lnsi Ka:>K.noro yrna Ha6mo
.neHHSI aawTpHxosaHHott nonocott noKaaaH yqacToK cneKTpa, 
BbI,llensieMbitt MarHHTHbIM cneKTpoMeTpOM i CTpenKott OT
MeqeH MaKCHManbHbltt HMnynbC BTOPH'IHblX npoTOHOB 
B peaKUHSIX pp ➔ 17+p ll H pp ➔ 11° p p • 
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p 

0,2 

O,f 

10" - 20° Bo 
f 

Pnc. 4. Yrnosbie 38SHCHMOCTH rrom1pH38IIHH IIpOTOHOS C aHeprnea 376 Mas 
OT peaKuHil: I· H _ II rrpn Ha"!anbHOil: aHeprirn rrpoToHos 669 Mas, 
Sbl"lHCneHHbie IIO O.llHOIIHOHHOil: o6MeHHOil: Mo.nenn. ! - aKcrrepn
MeHTanbHbie 3H8"leHHSI. rronSipH38UHH. KpHSbie 1-4 - 'pesynbT8Tbl 
pac"!eTos, 0Tse"!a10IUHX sapnaHTaM Ta6nHuhI 2. (BapnaHT 1 
cooTseTcrsyeT sasHCHMOCTH aMnnnTy.llhI f s 11 OT IJ.2 , rrpe.n-
cTasneHHoil: Ha· pnc. 3 s 11-3/ ). 
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Ehrno _Hail:.oeHo, 'ITO BO Bcex· cnyqa.11x, c y'leToM nonpaBoK Ha paaHoe 

HMnynbCHOe paapeweHHe MarHHTHOro aHannaaTopa, nonyq_eHHbie nHKH 

HMeIOT npH~nHSHTenbHO O,llHHaKOBOe pa3MbITHe BilllOTb .llO BepxHeil: rpaHH-

Ubl HenpepbIBHOI"O cneKTpa BTOPH'IHblX npOTOHOB OT pea KUHil: I H II • 

3To .oano B03MO:>KHOCTb 3KCTpanonHpoBaTb XBOCTbl IlHKOB, COOTBeTCTByIO-

IUHX ynpyroMy pp -pacce.SIHHIO, B o6naCTH, aaH.SITble HenpepbIBHbIMH 

cneKTpaMH BTOPH'IHbIX npOTOHOB, H oueHHTb BenH'IHHy llpHMeCH ynpyro 

pacce.11HHbIX npOTOHOB B 3THX 06nacT.11x, KOTopa.11 oxaaan_acb paBHOil: 

3±_3% ( 0~ =8,3°), 10±,3% ( 01 =14,5°) H 20±,5% ( 01 =-18,0°). npe.ononara

nocb, 'ITO TopMo:>KeHHe H MHoroxpaTHoe pacce.11HHe B cTeHxax xonnHMaTo

poB npoToHoB ue conpoBO:>K.llaeTc.11 HX .oenon.11pHaauHea.· 

CTeneHb non.11pHaauHH npoToHoa, npowe.owHx qepea cnexTpoMeTp, 

orrpe.oen.11nacb rio acHMMeTpHH HX pacce.SIHH.11 B HCKpoBOil: xaMepe .llllHHOil: 

83 CM H ce'!eHHeM 36x36 cM
2

, co.oep:>KaBwea 21 rpacp_HTOBYIO nnaCTHHy, 

Ka:>K.oag TOllIUHHOil: 0,6 CM. KaMepa HMena 32 paapH.llHblX npoMe:>KyTKa, 

. xa:>K,llblil: .WlrpHHOft 1 CM, H 6brna HanonHeHa .llO .oaBneHH.11 l, l aTMOCq:>epbl 

HeOHOM c 0,5% npHMeCbIO apr9Ha. <POTorpaqmpoBaHHe Ha O.llHH xa.op KHHo-

. neHTbl .llBYX opToroHanbHbIX npoeKUHft aKTOB pacceSIHHH npoTOHOB B rpa

qJHTOBblX nnacTHHax npoH3BO.llHllOCb C IlOMOlllblO nHH3 H aepxan aBTOMaTH

qecxoA (JlOTOKaMepoft PcpK-5. I1MnynbC, Bb1pa60TaHHbiil: aneKTpOHHOil: 

cxeMoA, BbI,llenHBWeil: coana.oeHHe C'leT'IHKOB Cl; c2, c3 - aHTHCOBna.oe- · 

HHe C'!eT'IHKa C 4' aanycxan reHepaTop BhlCOKOBOllbTHbIX HMnynbCOB, KOM

MYTHpyIDIUHMH aneMeHTaMH B cxeMe KOTOporo HBn.11nHCb BaKyyMHbie 

HCKpOBble paapH.llHHKH THila BHP-14, a TaK:>Ke qJHnbMOilpOTH:>KHOe ycTpoa

CTBO CJlOTOKaMepbI. nonHoe BpeMH aa.oep:>KKH' BbICOKOBOllbTHOI"O HMnynbca 

aMnnuTynott. 8 KB c .llllHTenbHOCTblO nepe.oHero cjlpOHTa OKono 25 HceK 

OTHOCHTenbHO MOMeHTa npoXO:>K,lleHH.11 qacTHllbl qepea KaMepy He npeBbIwa

no 200 Hcex. PaccTOHHHe Me:>K.oy HCKpOBOA xaMepoa H cqeT'!HKOM C 
4 

H 

· paaMepbI rrocne.oHero Bb16npanHCb Tax, 'IT06b1 6hrna Hcicn10'1eHa BOSMo:>K-
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HOCTb perHCTpauHH rrpOTOHOB, rrpowe,llWHX KaMepy 6ea pacceHHHH HnH 
. . 0 

HCilbITaBWHX B Hett pacceHHHe Ha yrnbI, MeHbWe 2 • CxeMa yrrpaBneHHH 

pa6oTott HCKposott KaMepbl rroa songna ocywecTSnHTb Ha6op !pOTOCHHMKOB 
-1 

co CKOpOCTblO .llO 10 ceK rrpH HHTeHCHBHOCTH S'l'OpH'IHOro rryqKa Ha. Sbixo-
4 

,Ile MarHH THOro aHanHaaTopa .llO 10 · rrpOTOHos/ ceK. 

Jlng orrpe,lleneHHH xapaKTepHCTHK HCKposott KaMepbl KaK aHanHaaTo

pa rronHpHaauHH 6bmH SbIIlOnHeHbl ,Ilsa KanH6poSO'IHblX aKcrrepHMeHTa. 

B rrepSOM KanH6pOSO'IHOM aKcrrepHMeHTe Ha6n10,llanocb pacceHHHe 

s HCKposott KaMepe rrpoTOHOS c aHeprHett .. 370 Mas Ha HerronHpHaosaH

Horo rry'IKa. npH 9TOM HaMepgnacb senH'IHHa no:>KHOtt acHMMeTpHH, KOTo

pag Morna 6bITb o6ycnosneHa SO3MO:>KHbIMH HeTO'IHOCTHMH IOCTHpOSKH 

C'leT'IHKa aHTHCosrra,lleHHtt C 4' HCKa :>KeHHHMH OilTH'leCKOtt CHCTeMbI, rrpH 

IlOMOWH KOTOpott rrpOH3SO,llHnocb cpoTorpacpHposaHHe aKTOS pacceHHHH S 

.llSYX opToroHanbHblX rrnocKOCTstx, rrorpeWHOCTHMH, SHOCHMbIMH rrpH o6Mepe 

CHHMKOS Ha HaMepHTenbHbIX rrpH6opax, H .llpyrHMH rrnoxo y'IHTbIBaeMbIMH 

giaKTOpaMH. 

Bo STOpOM KanH6pOSO'IHOM aKcrrepHMeHTe 6bma HaMepeHa aHanHaH

py10wag crroco6HOCTb KaMepbl rrocpe,llCTSOM Ha6n10,lleHHH s Hett acHMMe~ 

pHH S pacceHHHH rrpOTOHOS H3 rry'IKa C HasecTHOtt CTeileHblO rronHpHaauHH. 

I-1crronbaosancg rry'IOK STOPH'IHblX rrpoTOHOS OT yrrpyroro pp -pacceHHHH 
0 

Ha yron 15 rrpH aHeprHH 669 .Mss. CTerreHb rronHpHaauHH aToro rry'IKa, 
/ 11/ 

cornacHo HaWHM rrpe:>KHHM peaynbTaTaM ' COCTaBnHna 0,545::!:.0,022. 

nepe,ll SXO:>K,lleHHeM aToro rryqKa S KaMepy aHeprHH rrpOTOHOS S H0M 

yMeHbwanacb .llO .. 370 Mas rrocpe,llCTSOM TOpMO:>KeHHH HX s rronHaTHne

HOSblX q:mnbTpax. 

PeaynbTaTbl HaMepeHHtt nO:>KHOtt acHMMeTpHB H aHanHaHpy10wea crro

co6HOCTH HCKposott KaMepbI IlpHSe,lleHbl s Hawea rrpe,llbl.llywett rry6nH-
/ 12/ 

KaUHH 
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O6pa6oTKa CHHMKOB C HCKpOBOH KaMephi 

. . . 
Bcero 6hmo nonyqeHo = 270 000 CHHMKOB B Tpex HccnenyeMhIX 

nyqKax BTOpH'iHh!X npoTOHOB OT p p -coy napeHHtt, = 200 000 - B Henonsi:-

pH30BaHHOM nyqKe II .. 250 000 - B nyqKe npoTOHOB C H3B9CTHOil: CTene-

HblO nonsi:pH3aUHH. 6bmo OTo6paHo COOTB9TCTB9HHO 26 200, 19500 H 24600 

CHHMKOB co cnyqaHMH pacceHHHH, ynoBneTBOpHIOIUHMH en enyIOIUHM OCHoB

HhlM KpHT9pHHM: a) paccesi:HHe. nomKHO 6b!Tb O.llHOKpaTHh!M Ha yron 

0 0 0 ) 5 :S· 2 -:;_ 23 ; 6 TOnbKO O,llHH cnen nomKeH BhlXO.llHTb H3 rpacpHTOBOtt 

nnacTHHhI1 B KOTopott npoHaowno pacce.11HHe; B) pacce.11HHasi: qacTHua He 

nomKHa ocTaHaBnHBaTbCH B .·Ka.Mepe.· 

ITpoMep aKTOB pacce.11HH.II npoH3BO.llHnc.11 Ha nonyaBTOMaTH'i9CKHX npH-

6opax THila nYOC, o6pa6oTKa peayn6TaTOB H3MepeHHil: - Ha _Bhl'iHCnHTenb-
0 0 

Hott MawHHe "MHHcK-22". O6nacTh yrnoB 5 < 0 < 23 paa6HBanacb Ha 
2 - . . 

weCTb paBHhIX HHTepBanoB, nnsi: Ka)K,llOI'O H3 KOTOphiX M9TO.ll0M MaKCHMyMa 

npaBnonono6H.11 onpenen.11nHCb 3Ha'!eHH.11 nO)KHOil: acHMM9TpHH f , ( 02 ) H 

aHanH3HPYIOIUett cnoco6HOCTH KaMepbl A ( 02 ) H aaTeM HaxonHnHCb 

COOTB9TCTByIOlUHe 3HaqeHH.11 non.11pHaauHH PS 

HOB OT pp -coynapeHHtt. <t>yHKUH.11 npaBnonono6HH aanHCbIBanacb B 

BH.ll9 

e = n [ 1 + f ( o.a ) cos ¢ 1 · l , 
I (3) 

r.oe <p I - aaHMyTanbHhlil: yron i -ro cnyqa.11 paccesi:HH.11, OTC'iHTh!BaeMblil: 

OT cpHKCHpyeMott B naHHhIX 3KCnepHMeHTax nnoCKOCTH, conep)KaIUett BeK-.. 
TOP HMnynbca nepBH'lHOI'O npoToHa p H B9KTOp HMnynbca perHCTpHpye-

. Moro BTOpH'iHOI'O npoToHa q . AcH_MMeTpH.11 pacce.11HH.11 d 02) BO Bcex 

(4) 
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nocpe.ncTSOM Sbl'IIICneHIHI cpe,llhf\S3seweHHb!X no IIHTepsany 

0 0 . -5 < 0 2 < 23 senll'IIIH 6bmlI Hafl:.neHbl 3H6'l8HIISI nonSip1I38UIIII p s Han pas -
- - s 

➔ ➔ ➔ ➔ ➔ 

neHIIII opTOI'OHanhHblX seKTOpos p X q II ( p X q ) X q • 

nonSip1136UIISI BTOp~'IHbIX npOTOHOS OT peaKUIIfl: I 

p ( 01 ) 
ps ( 0 t ) - 8 po ( 0 t ) 

1 - 8 

II II pasHa 

(5) 

r.ne 8 - senll'IIIH6 np1IM8CII BTOpll'IHblX npOTOHOS OT yr yroro p p -pac-

ceSIHIISI s aHanlI31IpyeMOM ny'IKe, p O ( 0 J - IIX nonSip1I36UIISI. 

nonyqeHHbi8 T6KIIM o6pa30M 3H6'l8HIISI Ps ( 01 ) II p ( 01) SM8CTe 

/11/ 
C S3SITbIMII II3 pa6oTbl 3H6'l8HIISIMII p ( 0 ) nprrse.neHbl s Ta6n1I-

. 0 1 

ue 1. 3a nono)KIITenhHoe HanpasneH1Ie nonSip1Isau1I1I np1IH1IManoch Hanpas-

neH1Ie seKTopa p X q • BII.nHo, 'ITO nonSipU36UIISI STOplI'IHblX npOTOHOS 

s peaKUIISIX I II II cosna.naeT no sHaKy c nonSip1Isau1Ie8 npoToHos 

s ynpyroM p p -pacceSIHIIII. 

T a 6 n II u a 1 

8Kcnep1IM8HT6nhHbie 3H6'l8HIISI nonSipU36UIIII ny'IKOS STOpU'IHblX 

npoTOHOS OT PP -coy.napeHIIfl: nplI 669 Mas 

Yron 0 1 I].onSip1I36UIISI I].onSip1I36UIISI n OnSiplI36UIISI n OnSip1I36UIISI 

IICilyCK6HIISI, PS s.nonh PS S,llOnh P0 s ynpyroM p s.nonh seK-

s rpa.nycax S8KTOpa B8KTopa pp -pacceSIHIIII Topa p x q 
➔ ➔ (p X q➔)x q Ha yron 0\ nJm STOpll'IHblX p X q 

669 Mas1 1 npOTOHOS 

s peaKUIISIX 

I II II 

8,3:!:.0,2 0,21::!:.0,04 -0,04±.0,05 · 0,42:t.0,0l . 0,20±.0,05 

14,5±.0,3 0,24::!:.0,04 0,00±.0,04 0,54::!:.0,02 0,21±.0,05 

18,0::t.0,3 0,23::!:.0,03 -0,02±.0,04 0,55±.0,02 0,15±.0,05 
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O6cy:>K,nemrn pesynhTaTos 

B 0.llHOIIHOHHOtt o6MeHHOii: Mo,neJIH O.UHHOqHoro o6pasosaHHSI TT -Me-

30HOB IIOJISipHsauHSI BTOpHqHbIX HyKJIOHOB, TaK :>Ke KaK H ,nHcj)cj)epeHuHaJibHbie 

ceqeHHSI COOTBeTCTBYIOI.llHX rrpoueccos, Bbrpa:>Ka!OTCSI qepes aMIIJIHTY.llbI BHp-

. 2 
TyaJibHOI'O TT N -pacceSIHHSI f L 21 2J ( u, /:s. ) 1 r.ne U - Ksa.npaT IIOJIHOtt 

9HeprHH TT N -cHCTeMbI, /!!. 2 
- Ksa.npaT 4-HMIIYJibCa BHpTyaJibH0I'0 TT -Me-

/ 13/ 
30Ha. CennepH II0Kasan, qTo aMIIJIHTy.na pesoHaHCH0I'O I = J = 3/2 

COCTOSIHHSI "fp33 (U, /!J.
2

) BHe Maccosott rrosepxH0CTH CBSI3aHa C H3secr 

Hott 9KCIIepHMeHT8JibH0 aMIIJIHTY .nott .Toro :>Ke pesoHaHCHOI'O COCTOSIHHSI 

Ha Maccosott rrosepxHOCTH COOTHOWeHHeM 

2 £~~) ( U , /!J. 2 
) 

f (U, /!!. ) = 
P 33 

r,ne f~8a' ( U, /!J. 2 
) H £<:;< U ,.-/l 2) - COOTBeTCTBylOIUHe 6opHOBCKHe aMIIJIH

TY .Ubl BHPTY8JibH0I'O H peaJibH0I'O TT N -pacceSIHHSI. CornacHO IIpHse.neH

/ 13/ 
HbIM B qHCJieHHbIM pacqeTaM H HepesoHaHCHbie aMIIJIHTY.llbI BHpTyanb-

HOPO TT N -pacceSIHHSI, KpOMe aMIIJIHTY .Ubl f S 11 ( U , /!J. 2 ) 1 saBHCSIT OT 

IIpH6JIH3HTeJibHO TaKHM 
2 

f S 11 ( U , /!J. ) 1 TO IIpHse.neHHaSI B 

:>Ke o6pasoM. LITO :>Ke KacaeTCSI aMIIJIHTY.llbI 

/13/ 
Ha pHcyHKe 3 saBHCHMOCTb 9TOtt 

8MIIJIHTY.llbl OT /!J. 
2 

MO:>KeT 6bITb arrpoKCHMHposaHa Bbrpa:>KeHHeM 

B KOTOpOM rrapaMeTpbI /!!. ~ H y paBHbI: /!!. ~ = 2,5 µ 2 H y = 10 . 

B 
1131 

yKa3bIBaeTCSI TaK:>Ke, qTo see aMIIJIHTY .llbI BHe Maccosott 

rrosepxHOCTll B rrepBOM rrpn6JIH:>KeHHll HMelOT saBHCHMOCTb OT u TaKylO 

:>Ke, KaK H Ha Maccosott rrosepxH0CTH. 
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Tax xax B ycnoBH.HX paccMaTpHaaeMbIX axcnepHM8HTOB KHH8TH'l8CKaSJ 

aHeprH.11 rr -MeaoHa a cHcTeMe ueHTpa Mace rr -MeaoHa H O.llHoro Ha 

BTOpH'lHbIX HyKllOHOB He npea1,1wana "' 145 Maa, MO:lKHO 61,mo B paano:>Ke

HHH no napuHanbHbIM BOnHaM orpaHH'lHTbC.H Y'l8TOM TOllbKO S - H p -co

CTO.HHHA. 

Bxna.ll nHoHHoro o6MeHa npH 6onbwHx nepe.lla'lax HMnynbca xoppex

THpoaanc.11 <.pyHKUHeA F (il
2

) 1 KOTopoA npH.lla8TC.H CMbICll llHOHHoro c.popM
/14/ 

<.paKTOpa HyxnoHa. CornacHo pa6oTe I .llll.H STOA <.pyHKUHH HCllOllb3OBa-

llOCb Bbipa:>KeHHe: 

F ( tl 2
) 

9 /L2 

il2 + 10/!2 

BenH'lHHbI non.HpHaauHH BTOpH'lHbIX npoTOHOB B peaKUH.HX f H II 

B IIpH6nH:>K8HHH MO.ll8llH O.llHOIIHOHHoro o6MeHa 61,mH HaA.ll8HbI nyTeM '!Hc-
/ 10/ 

neHHOro HHTerpHpoaaHH.H Bbipa:>KeHH.H ( 21 ) pa60TbI .llll.H 3HaqeHHA 

napaMeTpoa il~ I/L 2 , . y H c.popM<.paxTopa F (il 2) , npHBe.lleHHbIX a Ta6nH-

ue 2. nomi:pHaauH.H BTOPH'lHbIX npOTOHOB, OTBeqa10waH BKna.lly o6eHx 

peaxuHA, HaXO.llHnacb IIO cpopMyne: 

( du ( 01 ) · du{01) · 
a CL) 

)I p I ( 0 1 ) + ( d CL) >1l11 ( 0 1) 

p ( 01 ) ... 
du ( 01) ) + ( du(01 ) ) 

dCLJ I dCLJ II 

Ha pHc. 4 npHB8.ll8Hbl KpHBbie, npe.llCTaBllH!OlllHe yrnoa1,1e aaBHCHMOCTH 

nonHpHaauHH p ( 0.) .llllH yxaaaHHbIX B Ta6nHue 2 'l8Tbipex aapHaHTOB 

Ha6opa napaMeTpoa F ( il2 ) , il~/ /L 2 H y 
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Ta6n11ua 2 

3Ha'leHHH napaMeTpos, OTBe'laIOIUHe p83HbIM sapH8HT8M pac'leTa 

BapHBHT pac'leTa F(l12) 112 / µ 2 
0 y 

1 9 2,5 10 
112 Iµ 2 + 10 

2 _,,_ 1,0 20 

3 
_,,_ 

00 00 

4 1 2,5 10 

I1a pHCyHKB Bll.LlHO, 'ITO HaHny'lwee cornac:11e 9KcnepHMeHT8llbHbIX 

H pac'leTHblX 3HB'leHHA nom1pl138UHH BTOpll'IHbIX npoTOHOB MO)KeT 6bITb 

nony'leHo TOllbKO npH y'leTe cpopMcpBKTOpa HyKnOHa ll KOppeKTHpOBKH 

38BHCHMOCTH f s 11 -aMilllHTY.Llbl BHPTYBnI,HOl"O TT N -pacceSIHHSI OT 11 2 

(sapHBHTbl 1 11 2 paC'leTa). XoTSI HeKOTOpoe npe,llilO'ITeHHe MO)KeT 6bITb 

H OT.Ll8HO KpHBOit 2, O.LlHBKO .LlOCTHI"HYTBSI 9KCilepHMeHT8llbH8SI TO'IHOCTb 

He Il03BOnSieT C.LlenaTb onpe,lleneHHbIA BbI6op Me)K.LlY 9THMH .LlBYMSI sa

pll8HT8MH. Pac'leTbl 6ea y'leTa cpopMcpaKTOpa (sapHBHT 4) ll 6ea KOppeK

TllpOBKll fs 11 -aMnnHTy .Llbl ( saprraHT 3) He cornacyIOTCSI C Ha6nIO.L1ae

Mott yrnosott 38BllCHMOCTbIO nonSipll38UHH. 

Cne.L1yeT T8K)Ke OTMeTHTh, 'ITO npe.LlCK83bIBaeM'ag MO.LlellbIO 0.LlHO

IlllOHHOl"O o6MeHa yrnosaSI 38BllCHMOCTb nongprraauHH BTOpll'IHbIX npoTOHOB 

B pea KUHR II oco6eHHO 'IYBCTBHTenbHa K Bb16opy 38BHCHMOCTH f s 11 -aM

IlllllTY.Llbl OT 11
2 

• no9TOMY 6onee LieTanbHoe 9KCilepHMeHT8nhHOe Hccne

.Ll0B8Hlle nonSipll38Ullll npOTOHOB B 9TOA peaKUllll IlOMO)KeT yTO'IHHTb no'se-

.LleHrre aMnnHTY .LlbI S 11 -cocTOSIHHSI TT N 

BepxHOCTH. 
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