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B HaCTOElllee BpeMll B pesyJIJ,TaTe HCCJie,IJ,OBa.HHtt, ocymecTBJieH
HliX B p.H,IJ.e na6opaTOpHR, MOlltHO C'll!TaT:& ,IJ,OCTaTO'IHO xopomo ycTa
HOBJieHHHMH OCHOBHHe xapaRTepHCTEKH ynpyroro NN-paccemum. npH 
aHeprrui:x BIIJIOT:& ;tto ~?00 MaB. MHoroe 1rnBecTHO 11 o BSaHMo.nettcT
BHII HYILJIOHOB C .H,Il,pa.MH, XOTJI aKcnepHMeHTaJU,Hl:le ,u,aHHble 06 8THX 
npoueccax SHa'IHTeJil,HO MeHee TO'IHbl H IlO;lij)06Hbl. 

HcCJie,IJ,OBamm BSSHMO,IJ,elcTB:HS! HYMOHOB C npocTeibnHM H,IU>OM -
,u,eftTpoHOM Dpe,IJ,CTSBJIJ'IeT HHTepec C HeCKOJU,KHX TOtJeK spemm. 

Ilpe~e BCero,,u,elTpoH JJBJllleTCJI CJia60 CBJiSaHHOI CHCTeMol H 
D08TOMY 06pa3Y111tHe ero npOTOH H HelTpoH B CpeJU{eM H8XO,IIJITCJI 
'AI)Yr OT ,u,pyra Ha paCCTOJIHIDIX, SH8tmT8JlT>RO DpeBWIIaD!lHX o6nacn aip
jpeRTHBHOro ,u,elCTBHJI JI,IJ,epHWC CW.I. 8ro 06CTOH'l'eJll,CTBO ,MeT OCHOBa
.HHe C11HT8T:& HYMOHH B .nelTpoHe DO'l'l'H "CB060JUU,IMH" H HCilOJI:&SOB8T:& 

ero B K8'18CTB8 SSMeHLt OTCYTCTBYlll!lel llOKS MllllleHH, co,nepxamett 
cBo6o.nm,re He!TpoHY. fu)y:rm.m oco6eHHOCTHMH Nd -BsaHMo,nelcTBll!.ll, , 
npHBJ1exa1111HMH axcnepHMeHTaTopoB R RSYtJemm a.Toi npo6Jiew, JIBJIJJ
DTCJI: BOSMOllHOCT:& (no xpalHeA Mepe, ii DPHHilRne) onpe,u,eJIRT:& xa
paxTepHCTHKH NN-BSSH.MO,ttelcTBM BH8 aHepreTHtJ8CKOI llOBepxHOCTH 
H BOSMO:zHOCT:& npoBepHT:& H8ROTOple npe,ncTaBJieHHJI O BS8HMO,ttelcTBHH 
H8JI8T8Dll81 'ISC'l'HIU,I C npocTelmel COCTaBHOI CHCTeMol. HeMaJlI:l! HH-. 
Tepee BHSW388T H ,MJI:&Helmee H3Y'l8HH8 CTPYKTY,Pli ,u,ettTpoHa. 

0,JUmM HS npe,llCTSBJieHHA O BSSHMO,IJ,elcTBMX 'ISCTKU ,Il,OCTaTO'IHO 
BHCOKHX aHeprHI C ,u,elTpoHaMB: JIBJUl8TCJI MO,tteJlT> MHOrOKpaTHWC nepe
paccemml 88JI8T8D!l8tl 'llSCTl'I.QEl Ha HYKJIOHSX aToro SJ.IU)8. YtJeT BSaH
MO,IJ,elcTBHJI HYKJIOHHLtX nap B KOHe'l!HOM COCTOJIHHH JIBJIIJ8TCJI,Il0 cymecT
DY ,cnoco6oM Olll!C8HHJI TOI ll8 MO,ne.JIH. B 06.JIBCTH :meprnl 200< Tp< 
IOOO MaB axcnepHMeHTSJU,HHe .MHHSe o peaIWHJI pd-ppn o'l!em. 
6e.ttHY. 8ro no6y,Jt11JJ10 Hae npoBecTH DmtJl pactJeTHo-TeopeTH'l!ecxmc H 
9KCD8pHMeHT8JlT>HWC HCCJI8,IJ,OB8HHA YKBSSHHOI pea:KDIDI npH. 8H8p:r:HS!X H8-
JI8T8DltHX DpoTOHOB 600 + 650 MsB. 

HaCTOElll8JI JOICC8PTBDIDI llOCBElll8H8 paC'll8THO-TeopeTHtJ8CKOM;Y H 
axcnepHM8HT8JlT>HOMY HCCJl8,IJ,OB8HHJIM aifxpeKTOB NN-nepepacceJIHHI B 
MexaHHsMe pealtilHB pd--ppn B YKBSSHHol 06.JiacTH aHeprnl. Pa6oTa 
BHllOJIHeHS B Jia6opaTOpHH JI,Il,8,P.HWC npo6JieM mUlli. 0CHOBHLte pesyJlT>TSTH 
on:y6JmltoBaHY B pa6oTax/I+II7 H ,IJ,OKJI8,Il,1:lB8JIRC:& Ha H8Y'l!HWC ceMIDiapax 
JIHII, JfmA OIDIH, Ha HBY'IIHHX ceccHJIX OHi AH CCCP (T6w:mcH, I9?2 r., 
Jiemmrpa,u,, I9?4 r.). ,IlHccepTaDHJI COCTOHT HS BBe,IJ,eHll!.ll, .ttBYX 'ISCTel 
H 88RJIIJ'l'.8HH.1Io 
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B nepBOfi qaCTH nHccepTa.IUIH npOBO,IUITCJI TeopeTR"l8CKHfi rutaJIH8 H 
pacqeTH ceqeHHfi perucrnm pd--ppn rrpn npoMezy-roqHHx aHepr:imx. 

_]_j!_ H8JiaraI!71'~ OCHOBHHe npe,nCTaBJieHRll TeOpHH MHOrOKpaTHOro 
pacceRHIDI BaTCOHa/12 H rrpHB0,11,R:TCR lpOPMYJIH wm pacqeTa ceqeHHfi H 
nonHpH31mHOHHWC xapaKTepHCTllli perucrnm pd--ppn C yqeTOM onao- H 
llByKpaTHHX NN-pacceRHHil, a TaKlKe B8al'!Mo,neltcTBHH ayKROHHHX nap B 
KOHeqHOM COCTORHHH (BKC} KaK Il~Me OnffOKpaTHHX, TaK H IlOMe 
.JlBYKpaTHHX NN-pacceRHHi!, 

CJie,eyeT OTM8THTl'>, qTQ T80PIDI MHOroKpaTaoro paccesrnWI 6Wia 

BnepBHe Il,EHMeHeHa K aHaJmSY pea~ ~ppn rrpH To= I50 MaB 
B pa6oTe113/, r.ne YK88aHO Ha SHal1HT8Jll,ffYJ) p0Jll, STHX nponeccoB IlpH 
60.]ll',ll!HX yrJiax paccemntil, YqeT s@leKTOB BKC noCJle o,naoKpaTHHX NN
pacceaHHfi 6!:LJI npoBe,neH IIPH aHaJIHse 3KCII8PHM8HTaJU,HWC ,naHHHX O pd
B8aHMO,eiiCTBHH npn aaeprHH HaJieTalOlltHX npoTOHOB I50 MaB 1141, 200 
MaB/15 H 585 Mai/161. Bo Bcex CJIY'IJBJIX yqeT BKC S8M8THO YJJYtmJBJI 
corJIBCH8 pacqeTHHX H SKCII8PHM8HTaJll,HWC ,naHHWC, 

3qq)eKTH BKC IIOCJl8 ,nBYKpaTH!,IX NN-pacceam, HBCKOJll,KO aaM HS
BeCTHO, B JlHT8paTYpeHe paCCMaTPHBBJmCl'>, XOTH MOJKHO O~Tl', HX cy-
1118CTB8HHOro BRJIB,na IIPH T8X KHH8MaTzqecKRX YCJIOBHHX, Kor.na ,nBYKpaT
HHe NN-pacceaHHH Hrpa!DT npeo6Jia,naDJlYIO p0Jll,. 3TO IIOCJJYDJIO IIOBO,nOM 
.ItJIH npoBe,neHHH pacqeToB ceqeHHi! peaKnHH pd-+-ppn c yqeToM: 
a} cIIHHoBolt CTPYKTYJlI:l aMll1Il'ITY.n NN-paccemmtt, 

. 6} D -cocTOHHIDI ,neiTpoHa, 
B} onao- n .nBYKPBTHHX NN-paccMHHii, 
r} B3aHMO.zteiiCTBIDI npoToaa H H8fiTpoHa B KOHeqHQM COCTOHIDm K8K IIOC

Jie o,naoKpaTHoro, TaK H noMe .nBYKPaTaoro NN-pacceaHIDI, 

KaK 6uno noKasaao HBMH.B pa6oTe/I/, .ItR\WlepeanHaJll',HOe ceqeHHe 
pea~ pci----ppn MOJKHO 88IIHC8Tl', B B.t,ne: 

d3
cr = IPtl·l°P.I $p(Mpdf,nM;d), (I} 

dSt,d~dT, 16 (211>1-Jii,I-Ec<r.-P.-Pz) . . 
r.ne Po- HMIIYJll'>C na.naromero npoToaa, E0 (p} = ( m-(E+rn}/2)I/2, E -110J1-
Haa 3HeprIDJ qacTKUI,I, ,?,r, - MBTpnna WIOTHOCTH aaqaJll,HOro CIIHHOBOI'O 
COCTOHHIDI pd-CHCTeMH, rY\ - MaCCa HYKJIOHa, Mpc1-aMWmTY ,na pd-pacce-
HIDI' • Mpc1 =Mr+ M2 + M3 - M4 + M5 "'%, (2} 

Ilepe.zt qeTB8pTHM CJIBraeMHM B (2} CTOHT SH8K MHHYC, qTo o6ecne~aeT 
8HTHCllMM8TPH8anHJO KOHeqaoro COCTOHHIDI 110 TOl!Ql8CTB8HHHM qactnnar.1131. 
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1IJieHH MI H M2, BXO.nHIIIH8 B (2), yqnTHBaDT 0,nHOKpaTHH8 NN-
pacceaHWJ H HMem BH.zt: 

M = I61l'E0 (i3':) 1o(p}-fpN 
1 

r.ne ~o(p) - BOJIHOB8H (PYHKQWI ,neff.TpoHa B HMflYJll',CHOM npe.ztCT8BJieHHH, 
f.,N - BMilJIHTY.na cB06oJUioro pN -paccemnm, 

1lneHH M3 + MG yqnrnBaDT ,nBYKpaTHHe . NN-pacceaHIDJ H IlP8.~CT8BJimOTCH 
BHpaJEemi:m.m THila E (n) ·E (..,} 

M = 16 \f21r;, c 'K ')(p)-1 rrf-,,N 
1rn-m r ' 

r.ne i' - BeKTop, nocTpoeaHHtt na HMIIYJU,COB aaqBJll,HO! H KoaeqHHx 
qacTHn, 

1 (p) ~ f <1? o(x) i 0
" dx 1 

0 
s.nec .. a- BeJll!qHHa, saBHCSIIIIBH OT HMilYJll,C9B yqacTBYDl1HX B pea~ 
HYKnOHOB, 

IlpH yqeTe BKC BOJIHOBYJO (PYHKQHIO B88HMO.zteicTBY:mnDC nap HYKJIOHOB 
CJie,ItveT npe.ztcTaBHTl'> B BH.zte B08MYI118HHOlt BOJIHH '.I.', • B KaqecTBe "11 
MOltHO BSHTD, HanpHMep, (PYHKnHJO THII8 MHr,naJXa-Ba'l'COHa/17 ,IS/, KOTOPYJO 
MOltHO SBIIHC8'l'l'> B BH,ne CYMW WIOCKOit BOJ,IHH H BOJIHOBHX (WHKnJ!fi CHHr
Jl8THoro H TPHIJJl8'l'HOro COCTOHHHfi, OIIHCHBBIOIIIHX 'l'OJll,KO BS8RMO.ztettcTBHe 
HYKJIOHOB B KOHeqaoM COCTOHmm: 

· Yt=(2-11f*e-i::ier + i:y + -iy. 
~ OIIHCHB88TCR IIporpaMMa pac~eTa OCHO.BHHX xapaKT8PHCTHK pe

BKnHH pd--- ppn IIpH Ilp0M8llYTOqffilX aHeprwa/4/, IIporpaMM.a IIOSBOJISJ
eT BHqnCJIHn ,nHqxpepeanHam,aoe ceqeHHe pea~, nOJXHpnsanHJO J!Jl6oro 
HS H.YMOHOB B KQHeqHOM COCTOHHHH H 'l'aKHe IlOJIHpHsa~OHHHe napaMeTpH, 
KBK Dno, Kno H Cnn. IlpH 'l.RCJleHHHX pacqeTax B KaqecTBe BOJIHOBott 
WflKnHR .nettTpoaa 6uJXa RCIIOJll',SOBaHa (PYHKnIDJ MaK I'K/I9, 20/, AMwmTY.ztH 
cBo6o,naoro NN-pacceaHIDI 6paJIHcl'> ns pa6orn/2I/. 

~ IlPHBO,llHTCH pesyJU.TBTH BI:IIIOJIH8HHHX H8MH pacqe'l'OB H mt 
CpaBHeHHe C axc11epHM8H'l'aJU,HElMH .naHH!iMH, 

Ilplr! Ilp0M8JIYTOqma: 8HeprHHX ( 200 .(. T < 1000 M3B) peaKnIDJ pd--PP! 
HCCJ18,llOB8Jl8Cl', JIHllll', B .nBYX pa60Tax/IG,22?, O'l'HOCSIIIIHXCH K SH8prHH 585 

·., H, 600 MaB. Ha pnc.I Ilplr!Be.zteHH peSYJll,TBTil HSMepeHHil ceqeHIDJ d'a-fdsi,dg,dT, 
B CHMM8T~HOit KHH8M8THKe (QI:::Q2, Tr=T2} npH To= 600·fil8B/22/. Ha 
8TOM PHCYHK8 IIpHBe.neHH TaltlEEl peSYJll,TBTH pacqeTOB, BHIIOJIH8HHHX HaMH,z 
pacqeTOB 8BT0p0B pa6om/22/. KaK .BH.ztHO HS pnc.I, HCIIOJll,80B8HHOe H8MH 
IlpK6JmlE8HHe xopomo OIIHCHB88T SKCIIepHMeHT8JII,HHe ,n8HHH8 BO BC8M HCCJie-

5 



,U.OB8HHOM KHTepBane yrnoB. IlpR cpaBHemm pe3YJII,T8TOB pacqeToB'c 8KC
nepliMeHT8JII,HliMH .nattHHMH no H3M7£emno ceqemm d3o-/d~d~d~ npn T0 = 
585 MaB li QI = 4r°, Q2 = 61° . 6/ OTMeqeao, qTo KCDOJII,30B8Hll0e Ha
Ml'I npK6Jmxemrn JJYqme onncHBaeT .Qe3.1m,TaTH HSMepemnl, qeM np:a6.JmzeHHe, 
HCDQJll,30B8HHOe 8BTopaMR pa60TH /I6/. HeKOTOJlie K()J!llqeCTBemme paCXOllt
,U.elll'UJ Meli\nY aKcnepm11eHT8JII,HHMl'I ,Jl.8HHHMll K Hammm pacqeTa.Mll, B03MOJKHO, 
CBH38HH C TeM, qTo HCilOJll,30B8HHHil H8Ml'I qJOpM8Jm3M He yqnTHBaeT aqxpeK
TH "no,IJ.XBaTa" aaneTamen qacw.uen o.nttoro Ha HYKJIOHOB ,neitTpoHB, KOTO
pae npH 8TIDC yCJlOBMX MoryT HrpaTI> SaMeTHYRl poJib. 

~ W-1 
t J• ➔ ~ ·" ·~ ~ 
~ (/J ~-
~- OJ .___ u 
~ .., 

QOOI 

\ 
OPIXHJ \. 

20 •o 60 o,,,aa 

PHc.I CneKTP npoTOHOB OT peaKOIDI 
pd---ppn B cHMMeTp:INHOil KHHeMa
THKe npR T0=600 MaB. :mcnepKMe,
TaJII,HHe ,IJ,aHHH8 BMTH H3 pa6oTH 221. 
KpHBaH I-pacqeTH aBTOpoB pa6om1

22{ 
n 2-HamH WCqeTY B npK6,zIRJEeIDm 

"a" H "B" lCM.CTp.2J, 
" 3-TO JEe B npn6mut. "a" + "B" 
n 4-To JEe B npn6mut. "a"+ "r" 
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PHc.2 CneKTP npoTOHOB OT pe
aKinm pd-- ppn npn T0=650 
MaB, 91=Q2=50o. 
KpHBM 1-yqeT TOJII,KO O,Jl.HO-

. KpaTHHX NN-pacceHm, 
KpRBM 2-yqeT TOJIJ,KO ,JJ.BYKP8T

HHX NN-pacceHm, 
KpKB8H 3-cOBM8CTHH8 yqeT O,JJ.ijO-

R .. ,JJ.BYKPBTHWC . NN-paccealiii!. 
a)-6es yqeTa BKC, 6J-c yqeToM 
BKC, B)-cpaBHemte KPKBHX Ia R 
36. 

PacqnTaHHHe aaMH cneKTPH npOTOHOB -npo,JJ.YKTOB pea:imHH ~ppn 
npn aaeprRR 650 MaB H 91 = 92=50°n.c. npHBe,neHH Ha pHc.2. Jfa aToro 
PRCYHKB MOZHO 38:KJIDtmTI>, qTo cymeCTBYllT Tamrn romeMaTnqecKRe ycno
BIDI, Kor.na O,JJ.HOKpaTHHe R ,JJ.ByKpaTHHe NN-pacceHfOOI ipopMHpyllT B oc
HOBHOM pasJmt1HHe yqacTKR aHepreTl!'lecxoro pacnpe.ne.neHRH KOHeqHHx 
1l8CTR.Q. YqeT BKC nocne ,JJ.ByKpaTHoro ·NN-paooeHHRH npnB0,11,RT K TOMY, 
qTo pe3YJII,THPYDll88 ceqe1me MOl!teT CT8TI> B H8CKOJil,KO pas 6QJII,me ce
qeHHJJ, CBH3aHHOro C BKC nocne O,Jl.HOKpaTHoro NN-pacoeHHRH. 

.JL.§.!_ RMOllteHH BHBO,Jl.H H3 npoBe,nemmx TeopeTHKO-pacqeTHHX HCCJ18-
noBaHJIB R BHCK83HB81l'l'CH coo6pallteHM O npoBe,nemm 8KCnepHM8HT8JII,
HHX HCCJ18,U.OB8HHit cneKTpa npoTOHOB-Ilpo,JJ.YKTOB peaKQHH pd-~ ppn C 
Q8JlI,D BWlllJI8HHH aqxpeKTOB_nepepacceaHRH HYKJIOHOB B pd-cHCTeMe. 

BTOpaH qacTJ, ,11,RCCepTaQHH, COCTOJilll8H H3 Tpex rnaB, nocBHmetta 
aKcnepHMettTaJII,HOMY nccne,noBamm peaKQHK pd-ppn npn aaepr:im 650 MaB. 

B nepBoii rnaBe npHBO,JJ.HTCH o6mee orm·caime ~Kcnepm11ettTaJII,aon yc
TBHOBKR Hee CBH3H c 9BM. CxeMa YCTBHOBKH npruie,neHa·Ha pHc.3. OHS 

i,..C-. 

p :z 

4(.12 

PHc.3 CxeMS axcnepHM8H'l'8JlI,HOtt ycTaHOBKli .Il,11H liCCJ18,U.OB8HliH 
peaKQHK ~ ppn. 
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co.nep.ll!HT ,ItBe rpymru npoBOJIO'IHWC HCKpoBWC KaMep, sanycK KOTOp!,IX npo
U8BO)tRTCR CilHHTMJIJIImOHH!iMK C'leT'llIBBMK .C1+C4, BKJDOIIeHHHMH Ha COB
na,ne.ITTIR H perHCTPHPYIOIUl™l'I sapJil!teHH!,le "lBCTllII!,l, BH.JieTalO!l\lle HS MH111eHH. 
Te.Jlecmrn .yrJIH, nepeKp!,IBaeM1rn C"leT"lmtaMH nepBoro HanpaBJie1rru1 (Cr,C2) 
H BToporo Hanpa.BJieHM (c3,c4) HMe.mt sHa"leHRiI t1Slr= 4,4 x ro-3cTepa.n 
H llSl.2= 2,5 x ro-3cTepa.n. C"ieT"lHKH ACr H AC2 BKJDO!Ia.mtC:& Ha aHrn
COBna,neHWJ co C"leT"lHK8MK Cr+C4. Mell!,ltY HCKpoBHMH KaMepaMH nepBoro 
nanpaBJieHM Mor.mt ycTa.H8.BJillB8T:&CSI <pWU,Tp!,I KS 8JIWKIDtSI W1R Me,nH, .Jt}IK

H8 npo6era 'IBCTHO B KOTOPlilX HCITOJI:&80B8JI8C:& JJ)III onpe,neJieHKH KX aHep
rKH. Ha BTOpoM HanpaBJieHHK ,ItBe rpymru qJWII,TpoB noMelll8JmC:& COOTBeTCT
BeHHO Mell!,ltY C'leT"lKK8MH C3+C4 H MeJQ:lY C'leT"lHKBMK C4+AC2. Ilo,n6Kpasr 
TOJill!HH!i arnx <pWU,TpoB, Mli MOrJm BI:l,ll.e.JIHT:& cpe,nH "l8CTHO, JieTSllllHX no 
BTOpoMY HarrpaBJiemw,TaKHe "lBCTllII!,l, npo6er KOTOPWC Jiel!tHT B sa,naHHOM 
HHTepBaJie. llcKpoBl:le KaMep!,I 8Toro HanpaBJteIDUI HCllOJ11,80B8Jm:C:& JJ)III 

onpe,ne.JleHM yrJIOB BWieTa "laCTHO. 
llaqiopMaOM C HCKp0B1ilX KaMep C"lHTW38Jl8C:& MeKTpoHH!iM·YCTpoftcT

BOM, nepeKOJ(RpoBaJiac:& R 88llHCW38JI8C:& Ha 8Ha.mtsaTOP .AH-4096. HaKon
JieHHaH B .AH-4096 HHqJOpM80HH no Jm:HKSIM CBSISH nepe,naBaJI8C:& Ha SBM 
HP-2rrsc ~ MHHCK-22, r.ne "l8CTH"lHO o6pa6aTW38JI8C:& B peEmlle "Ha
JU!Hlrn" H 88llHCWlMaC:& Ha MarHHTHYIO Jl8HTY ,Il,]1H noCJ1e,nymero aHaJmsa. 

Bo BTopoit rJiaBe OllHCWlaeTCSI MaT8M8TH"leCKOe o6ecne"leHHe 8KC
nepHMeHT8JU,HOro ncCJJe,noBaHM peaKOHH pd---ppn. IlporpaMM!i MaTo6ec
ne'leHM peaJmsoBaH!i Ha SBM MHHCK-22, HP-2rrsc H ESCM-6. 

IlporpaMM!l OTJI8,l(O'IHOro peimMa/Sl H TeK.Ymero KOHTpo.71Jl/9/ 88 pa-
60TOtt ycTaHOBKH HanncaHJ,1 Will SBM MHHcK-22 H HP-2rrsc. C noMom:&JO 
8THX nporpaMM onpe,n~JOTCH aqxpeKTHBHOCT:&, npocTpaHCTBeHnoe paspe
memi:e H IOCTHpoBO'IH!,le nonpa.BKH HCKpoBllX K8Mep, TO"lHOCT:& onpe,neJieHM 
KOOPJ(HHaT HCKpoBoro npo6osr, sarpysKa KaMep. IlpoH8BO)tRTCSI TaKl!te BH
syaJm:38IlHfi TpeKOB "laCTHO Ha aKpaHe )tRCIIJieH SBM HP-2rr6C H OCilR]IJIO
rpaqin"leCKOit Tpy6KH .AH-4096. 

IlporpaMMa o6pa6oTKH .nanawc (ISKAM)/ro/ pea.1msoBaHa Ha SBM 
ESCM-6. C noMom:&JO nporpaMM!i rSKAM onpe,n~JOTcsr: npocTpaHCTBeHH!ie 
yrJIH H~r, lf r, fl2, 'P 2> npJIM!iX, annpoKCRMllPYIO!l\llX TpeKH "laCTHO, KpaT
"lattmee paCCTOHHHe Mell!,ltY eTHMK npJIMliMK (d), KOTOpoe MOJteT 61:lT:& HC
llOA:&SOBaHO JJ)III onpe,neJieIDUI npHHa,I{Jlel!tHOCTH perHCTpHpoBaHHWC TP8KOB 
OJ(HOMY It TOMY lite aKTY paccesrHM, paCCTOHHHe OT H8"1BJI8 KOOPJ(HH8T 
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(reoMeTpH"leCKHtt oeHTP MHl!lemi:) .no TO"lKH peaKQKH (R), KOTOpoe MO
.KeT 61:lT:& HCllOJ11,80BBHO JJ)III BHJ(eJieHM qJOHOBWC, He JieTHmH.X HS 111l'l11le

HR "l8CTHil, 8 Ta:iate KB8)Ul8T He,l(OCTBJW18ft MaCCl:l 

z 2 -- ..... 2 'm. = (E0 +M -Et -E2) - (po-P1 -p,J 1 

r.ne E0, Er, E2 -nOAH!ie eHeprHH HaJieTameu "lacTHOH, nepBoit :vr BTo
pott perncTpnpyeM!iX 'laCTKQ cooTBeTCTBeHHo; Po, p1 , p2 -m.1ny.m,c1:1 Tex 
lite "l8CTKQ; M -Macca srru,a MKllleHH. 

Onpo6oBamre nporpaMMH rSKAM H ITOJIY"lemi:e HeKoTopwc, nOJiesoo 
JJ)III .naJ1:&Hettmeit pa6om xapaKTepHCTHK 8KCnepHMeHTaJI:&HOit CHCTeMl:l 61:lAO 
Bl:lnoAaeHO na OCHOBe MaTeMaTH"leCKOro MO,l(eJmpoBaHM pa6om ycTaHOBKH. 
,Il;ruJ eToro 88.IT,8B8AHC:& HCXOJ(H!,18 .IJ,8HH!,le: reoMeTpM YCTBHOBKH, MaTep:vr
aJI H T~Ha qJHJI:&TpoB Me~ HCKpOBl:lMK KaMepaMH, orrpe,neJieHHl:le Olll:lT
Hl:lM nyTeM npocTpaHCTBeHH!,le paspememm HCKpOBWC KaMep, HX aqxpeKTHB
HOCTH, BeposrTHOCT:& nosrBJieHM JIO~ HCKP Ha TpeKe. IlporpaMMa MaTe
M8TH"lSCKOro MO,ne.JmpoBamm (MODEL) IO/ Ha 'OCHOBe MSTO,l(a MOHTe-Kap.no 
reHepnpyeT TpeKH "laCTHO H KX 8Heprim (c Y"lSTOMKHHSMaTHKH peaKOHH), 
pas1:1rpWl88T CMemeHM HCKpoBl:lX rrpo6oeB OT TO'leK nepeceqeHruJ TpeKOB 
C IIJIOCKOCTSIMH KaMep B COOTBSTCTBIIB C npocTpaHCTBeHH!,IMH paspemeHM
MH nocJie,l(HHX, HMHTHpyeT aqxpeKTH aecpa6aTl:lBaHM K8Mep YI.mt ITOHBJieHHsr 
JIOJIUil:lX npo6oeB H8 rrpo.n:o.rut:eHHH TpeKa. IlOJIY'leHHl:le 'IHCJIOBl:le .IT,aHH!,le 
(m.mTaDWI co6HTHit) o6pa6aTHBaDrcsr nporpaMMoit rSKAfA. HaitneaHJ,1e npH 
8TOM xapaKTepHCTHKH TpeKOB cpaBHHBSIOTCH C WC 8H8'1eHHHMH, 88.D:8HH!,IMH 
rrpH MO,neJmpoBaHHH. TaKoe cpaBHemre llOSBOJIHeT OQSHIIT:& norpemHOCTH B 
onpe.neneHlm: BeJIH"lHH flr, 'Pr, fl2, lf2, d, R, 1'Yl1• 

CJie,nyeT OTMeTHT:&, "lTO 60JI:&mHHCTBO nporpaMM MaTeMSTH'leCKoro 
o6ecne"leHIDI MOl!teT 61:lT:& HCllOJI:&30B8HO.JJ)III HCCJie,noBaHM Jll061:lX peaK
Illlit C perKCTpaQIIe! o,naoff HJm .nBYX 88pJil!teHHl:lX "l8CTHO npoBOJIO"lHl:lMK 
HCKpoBl:lMK K8Mepar..m. 

B TpeT:&e!. rJiaBe OllHCl:lBSeTCJI 8KCnepHMeHT8Jl:&HOe HCCJie,noaa1me 
peaKQIIH pd--ppn npR 8HeprKH OKOJIO 650 M3B. IlpHBO,Il,IITCH pesy.m,
TBTl:l H8Mepemul: cneKTpa npoTOHOB, ,nHqxpepeffilHBJU,HWC Ce"leHH:ii d

2
/d9.,df!.z 

H d3<r/d51,dSl,.dT, • 3,nec:& xe rrpoBO.IUITCH aHaJIHs aKcnepHMeHTBJI:&Hl,IX .naH
Hl:lX H HX C_OITOCTaBJieHHe C npe,ncKa38HIIHMH .. Teop;m. 

Ha ocaoBe npoBe.neHHl:lX pac"leTHO-TeopeTH"lecKruC pa6oT sa,na"la aK
cnepHMeHTaJ11,HOro HCCJie,noBSHM peaKQHH ~ppn CqJOPMYJIHp0B8H8 
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KaK H3yqeHH8 Ta.KOR oOnaCTH cneKTpa npoTOHOB,r~e ceqeHHe ~OpMHPY
eTCH B OCHOBHOM sa cqeT 3qxp8KTOB ~ByKpaTHIDC NII -pacceHHHA H BKC 
nocne TaKHX nepepacceHHHA.IloKa3aHO,qTo C 3TOA TOqKH 3p8HHH HaHOonee 
no,nxO,Il.fJilll{Mll .IJBJI.lIIOTC.IJ yr.mi BWieTa npoTOHOB, 6Jms:KHe It 50°. B 8TOM 
CJIY"l88 3ippeKT!l nepepacce.lJHHil HYltJIOHOB OCHOBHOil BILJ18J( ,naJOT B TY 
o6JracTb aHepreTnqecKoro pacnpe,neJ1eHR.1J BTop~HHX npoTOHOB, r.ne 
oHR RMeJOT aHeprmo 100 + 200 MaB. 

:3KcnepRMeHT!l npoBO,ItliJIRCb Ha ny~e llpOTOHOB CHHxpOIU!KJIOTpOHa 
Jia6opaTOpRR .IJ,nepHHX npo6JieM OIDIB, RM8llllHX aHepnm OKOJIO 650 MaB. 
Pa60T8 YCT8HOBKR RCII!:lT!lBaJiaCb npH perHCTpa.QID'l llp0TOHOB OT ynpyro
ro_ pp-pacce.lIIDU! (MmIIeHb CH2). 06pa6oTKa noJJYqeHHl:lX .naHHWC no npor
paMMaM MaTeMaTnqecKoro o6ecneqeHIDI nana cpe'Affee SHaqeHRe yrJia pas
JleTa np~TOH~B Qr..g2= 82°± o,5° R paSHOCTb 8SRMYT8JIDHWC yrJIOB ~2-
'fr= 180:tl,5 • 3to xopomo corJiacyeTC.II c ommaeMl:lM,l BeJIWmHaMR 
(Qr+ Q2)olKH.ll.".' 81,6°, ('fr'fr)olKH;I.".' 180°. IlpR RCII!:lTamm YCT8HOBrut 
6WlO Halll.eHO, qTo aippeitTfillHOCTb RCitpoBWC K8Mep J18lmT B RHTepB8Jle 
(95+99%), a RX npocTpaHCTB8HHOe paspemeHRe - B RHTepBaJle (J X = 
(0,33-t0,50) MM, <fy= (0,44+0,62) MM. 

"SMepeHRe cneKTpa IlpQTOHOB. 
Ilpn nsMepeHR.IIX HcnOJU,sosaJtRcb MlllileHR CD2 n c. 06d BR'A 

cneKTpa npoTOHOB OT pd-cOY,ll.8P8HRtt npR To= 650±1 MsB, Qr= 50°±2°' 
Q2= 50°±1,5° npRBe,neH Ha pnc.4A. B CB.IISR C TeM, qTo H8R60J1ee HHTe-

. .... , ... __ ® 

-~··ki"'""""L.= ® '"""''-·' "' ~" = u 

,so O 

10 ,oo fl.,1, .. •fc.,J 0 0 10 .. a 60 GO 

n ·r--,--,---,----
0 100 150 100 HO -,-,-,.~ 1 '. -,, • ..,.,,. 

UO lOO S,0 1;, ,"'Tl! -~ 
160 IHI T,,,111' 

PHC. 4. OOmHn BH~ cneKTpa (A) H yqaCTOK cneKTpa npOTOHOB, 
COOTB8TCTBYDmHA 3qxp8KTaM nepepacceHHHA HyKnOHOB (E) 
IlpH To = 650 .± I M3B (A), To=640 .± I ld3B (E) H 
01 = 50°.;t 2°, 0-"= 50° .:t I,5o. 
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pecIWM .!lBJI.IJJIC.II Y"l8CTOK cneitTpa, COOTBeTCTBYIOUtlifi aippeKT8M nepe
paccemmit HYIUIOHOB, .ll.8JU:,Hefinme OII!:lTI:l 6wm IlOCB.1JI11eHH 60J1ee .ne
T8JIDHOMY nsyqeHRJO 06.nacTH IOO"'-Tp"'-200 MaB. PeSYJIDT8TH HSMepe
HR.II aToro yqacTKB cneKTpa c pas6ReHReM ero Ha 60J1ee ysKRe aHep
reTnqecitRe RHTepBa.mi npRBe,neiru Ha pnc. 4E. 

OoeHrut cyMMapHoro BitJia,na·peaKOHit MesoHoo6pasosaIDU! npn pd
coy,napeHrutX B qnCJlo peI'l'ICTpnpyeMHX H8MR npoTOHOB OT peaKOHR 
pd---ppn Owm llOJJYqeiru Ha OCHOBe a1tcnepRMeHT8JIDHWC ,naHHHX pa
Oom/23/. OK8saJ1ocb, qTo cpoH, cos,naBaeMHil MesoHHHMR npooeccaMR, 
He npeBHmaeT H8CKOJIDIU!X npooeHTOB OT HsyqaeMoro HaMH aippeKTa. 

0CHOBHBa.lJCb Ha 8TRX .naHHWC lI cqnTa.lJ, qTo Bee saperHCTpRpo
B8HHHe H8MR qaCTIDlH .IJBJlfllOTC.IJ npoTOH8MR, H8H,ll.eM, qTo IlOJIOJKeIDIJJ 
oeHTpoB TSllK8CTH ImKOB _(pnc.4) COOTBeTCTBYIOT 3H8pI'R.IIM T.i.F325 MaB 
RT -=170 MaB. IlMOJKeHRe R qiopMa nepBoro RS 3THX llHKOB (TiF 325 
MaB) Y.llOBJleTBOpRT8JU:,HO COBil8,n8!0T C npe,ncK8S8HIDIMH, OCHOB8HHHMH 
Ha npe,ncT8BJ18HIDIX 06 OCHOBHott poJ1R B 8TOH qacTH cneKTpa O,I(HOKpaT
Horo NN-pacceSIHM. Ilp:0:po,ny llHK8 npR Tp:'170 MaB J18rKO IlOHSITD, ec
JIR yqeCTb, qTo BH6paHHa.lJ reoMeTpR.II qacT~HO nepeKpHBaeTCSl c reo
MeTpnen ynpyroro pd-paCCe.lJHIDI. EcJrn 3TO TaK, TO npn YB8Jmli8Hlffl 
yrm pas.neTa peI'l'ICTpRpyeMHx qacTRO aTOT mm ,noJI.JKeH ncqesaTb. Ilo
JIOllteHRe JKe ero, COOTBeTCTBYJOI11ee npo6ery .nettTpoHOB c aHeprnen Td=-
240 MaB (=npo6ery npoTOHOB c 3Heprnen -170 MaB), MOJKeT CJJYlKHTD 
penepoM npn onpe,neJ1eHRR aHeprntt perncTpnpyeMHx npoToHoB. 

' PesyJU:,T8TH RSMepeHRSI Tott JKe 06JiaCTR Cll8KTpa npoTOHOB (100< 
Tp< 200 MaB) npH YrJ18X RX BWleTa Qr= 52,5°±1° H 92= 50°±1,5° 
(r,ne ynpyroe pd-pacCe.lIHRe MH8M8THqecKR RCKJIKJ'I8HO), npRBe,ll.eHH B 
BR'Ae rRCTorpaMMH Ha pnc.5, BR.ll.HO, qTo mm, COOTB8TCTBY~li npo6e
ry npoTOHOB c 3HeprHeil ~170 MaB (.nettTpoHH c aHeprnel.\ ..-240 MaB), 
:r,i:cqes. OcTaBruaRcSI qacTb cneKTpa 06ycJ10BJ1eHa Heynpyrim pd-pacceg
HReM R OTHOCRTCSI K 06J1aCTR, r.ne OCHOBHOtt BKJ18~ B ~opw.HpOBaHHe 
cneKTpa BHOC.IIT npoueccH .lUlOilHoro NN-pacce.lIHM R BKC nocJ1e Hnx. 

HsMepeHRe aOcomaoa BeJIWlll.HH ceqeHIDI ajxpeKTOB nepepacceRHRfi. 
A6COJIDTHHe BeJIHqnH!,I ceqeHRil onpe,neJISlJIRCb Ha OCHOBe cpaBHeIDlil 

CKOpoCTett cqeTOB npoTOHOB OT peaKOlffl pd-+-ppn H npoTOHOB OT yn
pyroro pp-pacceSIHIDI, ceqeHRe KOToporo HSBecTHo. HaMepemm npoBo
.I(HJIHCb C IlOM0111b10 .lUlYX BK1IJUtl8HHHX Ha cosna,neHHJi TeJleCROilOB, K8lK
.llllli RS KOTOp!:U COCTOM HS 4 IlOCJ18,I(OBaTeJU:,HO pacnOJIOJKeHHHX CORHTRJI-
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l,jU(AO C'OIMIIMIM 

50 

20 

10 ~a, 

JUIOliOHHilX cqeT'tfilKOB. IloCJie nepBoro H 
nae.lie TpeTLero cqeT'llIBOB K8JQ(Oro HS Te
JleCKOilOB MorJIH YCTaHaBJm.BaTLCH @WI>Tpbl. 
Bupesaewe TeJ1ecKonaMH TeJ1ecHI:le yrJJH 
HMeJIR 3HaqeHHH A~= I,25 X I0-3cTepa,n, 
fl n 2= 2,69 x ro-3cTepa,n. Hcnom.soBaB
maHM B pa6oTe aJleKTpOHHaH cxeMa ll03BO-

o I I t · , , , , , , 1 , , • , 1 l .. ~a BHJJ.eJUITL TaKne co6HTM, KOTOpble co-
1 2 3 ~ 5 6 . 7 a 9 10 11 N..... OTBeTCTBOBa.Jlll perHCTpamm o6oMMH TeJlec-

120 ,.. 16D tia T,,,M33 KonaMH qacT:r,m C npo6eraMH, 60JILmm.rn: TOJI-
Pllc.5 CneKTp npoTOHOB- niHH nepBHX W.11JII,TpoB H Me!il,mmm cyMMapHl:lx 
npO.l(YKTOB pearunm ~ TOJluiHH WR,lll,TpoB, YCTaHoBJieHHHX B Ka)Q(OM 
ppn npH To= 640±I MaB, HS TeJleCKOilOB. IlpH YCTaHOBKe B TeJieCKO-
flI= 52, 5° :!: Io, g2=500 ±I, 5° nax WMI,TpoB ,.cooTBeTCTBYJOUmX TOJluiHH a To 
KpRBHe (a,6,B)-pesyJll,Ta- ,naB8JIO B03MOJ:KHOCTL onpe,neJIHTL qRCJ!O KOp-
TH TeopeTHqecKRX pacqe- peJIRpoBaHHI:lx nap qacT:r,m, npo6ern KoTopblx 
TOB B npH6JIRJiteHHH (a,6, JleJKaT B npe,neJlax BS6paHHOft qacTR ~ar-
B) COOTBeTCTBeHHO paMMH pacceHHruI HCCJle,l(YeMoft peaKUHR • 

(cM.CTp.13}. IlonpaBKn Ha noTepH qacT:r,m B WRJII,T-
pax aa cqeT MHoroKpaTHoro pacceHHHH, 

H,nepHHX BSaHMo,neiicTBRft H HeaqxpeKTRBHOCTR cqeT'lllliOB ooeHRBaJIRCL B 
OIIl:lTax C npoTOHBMR li3BeCTHOii aHeprRH (HcnOJ1LsOBaJ1HcL npoTOIW OT 
ynpyroro pp-pacCMHM). 

Pe3YJILT8TH HSMepeHliii noKBaaJIH, qTQ HHTerpaJU,Hoe no 8HeprHH 
ceqeHHe BHJleTa npOTOHOB OT pd-coy,napeHHtt npli T = 640+I MaB gI = 
40,5°±I0, fl2= 40,5°± I,5~ paBHo O - ' 

d1
cr 2 

( dSl,dS1
2 

>aKcn = (272 ± 7) M6apH/cTep • 

• llmixliepeHUHBJILHOe ceqeHHe peaKQHH pd-ppn, ycpe,IUieHHoe no 
HHTepBa.ny BHeprHtt I30 + IGO MaB np:11 T0= 640+I MaB H yrJiax BHJleTa 

o O 50 O - . npoToHoB flI= 5I,5 ± I , fl2 = 5I, ± I,5, 6wro Ha~eHo paBH!iM 

d1u 
( d dT. >aKcn = (3,0 ± 0,7) MK6apa/(cTep2• MaB) c\Sl1 S1z 1 
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CpaBHeHRe aKcnepRMeHT8Jll,HHX ~8HffilX C peayJll,T8T8MH TeopeT~ecruuc 
pacqeToB. 

BHme ynOMHHaJIOCL, qTo B peaKQtm pd--ppn npH YrJiaX BWieTa 
npOTOHOB, COOTBeTCTBYmtrue yrJiaM BHJleTa qacT:r,m OT ynpyroro pp -
pacceHHWI, OCHOBHYID poJIL Hrp8IDT npooeccH O,IlHOKpaTHOro pacceHHM 
HYKJIOHoB. YqeT .nBYKPaTHI:lX NN-pacceHHHii •H BKC npH TaKoft KHHeMa
THKe noqTli He R3M8HHeT pacqeTHOil: B~HHI:l ceqeHRH HCCJie.ItYeMolii 
peaKUHR. CpaBHeHRe no.nyqeHHHX IIPR T8KOit'KRHeM8THKe 8KCnepmlleH
T8Jll,HllX MHHHX C peayJILT8T8MH TeopeT~eCKHX npe,nCK838HHft Il03BO-. 
JIHeT npoBepRTL npaBMl,HOCTL TeopeTmecKoro OllHC8HliH KB83HYnpyro
ro NN-pacceHHM B HcnoJ1LayeMoft Mo,neJIR peaKQRH. 

CpaBHeHlie pacqeTHOft B~HH ceqemm BHJleTa npoTOHOB Ha yr
JJH flI = fl2 = 40,5° (d1 lf/dn,d~)Teop= 275 M6apa/cTep2 , ycpe,nHeH
Horo no yrJIOBOMY paapemeHRID YCTaHOBKH C 8KCnepRMeHT8Jll,HllM ero 
saaqeHReM (d1G"/d~,d!',.) aKcn= (27~±7) M6apa/cTep2, CBMeTeJILCTByeT o 
xopomeM OITHcamm aToro 8KCnepRMeHT8 RCnOJIJ,SyeMHMH H8MR Mo,neJIRMR. 

B pa6oTaxlI+3/ MH oTMeqaJIR, qTo HSMepeHHHe npn T0= 600 MaB/22/ 
~qq,epeimHaJILHHe ceqerum d5Cf/dSt,dS!i.d1i B o6JiaCTli KBaaRYnpyroro NN -
pacceHHHH xopomo OllHCHBaIDTCH npocTHM JaMIIY.llLCHHM npR6JIHJiteHReM. 06 
8TOM ze rOBOPRT R KaqecTBeHHOe corJ18CRe IIOJIOliteHR/I H WCPMH R3Me
peHHOro H8Mli IlliKa O,IlHOKpaTHoro NN-pacceHHHH C pesyJILTaTaMH Teo
peT~eCKRX pacqeTOB (cM.pRc.4A R CTp.II). 

Bee CK83aHHOe nOSBOJIHeT YTBep)Q(8TL, qTQ 06J18CTL, r.ne npeHM;Y
meCTBeHHO pa6oTaeT o,IUioKpaTHoe NN-pacceHHHe,npaBRJILHO oTo6paJKa
eTM HCnOJU,ayeMHMH HaMH MOll;MHMH. 

Hayqeime pd-coy,nape.HRit npR yrJ1ax BHJleTa npoToHoB 'flr-92~50° 
COOTBeTCTBYIDT TaKRM KHHeMaTRqecKRM YCJ!OBWIM, Kor.na 3H8"lll:TeJILHO paa
JIHqaIDTM peayJILT8TH pacqeToB, OCHOB8HHHX Ha ,nonymeHMx, qTo rJiaB
HYID poJIL B MexaHRSMe peaKOIDI pd--ppn npR BH6paHHOft KRHeMaTHKe Hr
pam: a) Oll;HOKP8THI:le ~N-pacCMHHH H BKC noCJie HRX, 

6) O,IlHOKpaTHHe R .nBYKP8THHe NN-pacceHHM 6es yqeTa BKC, 
B) o.nao- R .nBYKpaTHHe NN-pacceIIHM R BKC KBK noCJie .o.nao-

KpaTHHX, TaK R noCJ1e .nBYKP8THHX NN-pacceHHRft. 
ConocTaBJieHRe aKcnepHMeHT8JILHHX ,nBH!WX C npe~CK838HRHMH rRnOTe3 
(a,6,B) npoBO,nMOCL Ha OCHOBe -J! -KpliTepM. IlpR Buqnc.nemrn 1..t 6H
JIH RCnOJll,30B8HH CJie.l(YX>uiHe 8KcnepID11eHT8JILHHe ,nBHHHe: 
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1. Halt,l{eHHoe Hrum cet1eHHe Bblneta npotoHoB Ha yr111,1 g1 = 51, 5° -.± 1°, 
s2 = 51,5° .± 1,5°, ycpe,nHeHHoe no HHtepaany :meprHR 130 6 Tp~ 160 MaB, 

~~ 2 
(d5!,dS12dT. >::men = (3,0 ± O,?) MK6apH/ (cTep •MaB). 

2. MaMepeHH!lll HaMR aHepreTH'leCKRH cneKTP npoTOHOB (pnc.5), pe
I'HCTPHPYeMl:lX no.n yr.nawi QI= 52,5°±1°, G2= 50°,±I,5° K HatJaJILHOMY 
nYtJKY. Ilpn pactJeTax R3-3a HS'AOCT8TOtJHOft CT8THCTHKH OT'A8JILH!le KaHa~ 
JJH rncTorpaMMII 6wrn o6'I>e.ItHHeH!l cJie.ItVIOlllllM o6paaoM: '2:1 ~N1+N2.+N3, 
~.,_=N.,, L.3=Ns ,L.,=Nr., 2s=N1+Na+N9 ,L

6
::N10 +N11. 

3. r~epem~nam,H!le cetJeHIDJ d3(!",.ttS11dSl,_dT,. H3MepeHH!le npH To= 
600 MaB • KatJeCTBSHHOe ~,BHSHHe aTmc 'AaHH!lX c H81lIHMR BWJHCJie-
HIDIMR npOBOJl,llJIOCb·B pa6oTe •. B CBR3RC TeM, ,tJTO npH Qr= G2= 4I0 

npe'ACK83aHHR rnnoTe3 (a,6,B) npaKTRtJSCKH COBna~m. JI,1IH c~aB,eHIDI 
c TeopeTH'leCKRMH pactJeTaMH m Bl:l6paJIH R3Mepemme B pa6oTe 22 ce
tJSHM Bl:lJleTa npoTOHOB Ha yrJJH 91= 92= 2B°+ 38°, 44°+ 56°. 

TeopeTHtJeCKRe 3HatJeHIDJ R3MepeHHoro HaMH 'Ali(ppepeHIU'laJILHoro ce
'lSHHR cP<f /dR,dSl,dT, , COOTBeTCTBYiaJme ynOMRHYTl:lM Blillle rRllOTe3aM, 
llPRHHMaIDT 3HatJeHHR, npHBe'ASHHile B Ta6JI.I. 
PactJeTH!le qK>PMbl cneKTpa 
rrpoTOHOB OT peaK,[lllR 
pd-+ ppn JI,JIH rnrroTe3 
(a,6,B) rrpHBe'AeHH Ha 
pHc.5 (KpHBl,le a,6,B 
COOTBeTCTBeHHo). Teope-

fimoTeaa 

d'rr / d!il, cl n2 dT1 , 
MK68pH/(cTep~MaB) 

TaM!ID,a I 

a 6 B 

0,5 I,3 3,5 

THtJeCKRe Kplilll,le HOPMHPOBaH!l H8 aKcrrepHMeHT B cepe'AHHe KBHaJia 14. 
PeayJU,TaTH o6pa60TKH ~H!{l,[X BMSCTe co CTerreHbD cooT'BeTCTBIDI 

( ~ ) KalliJJ.Oft li3 rnnoTe3 3KCrrepHMSHTaJU,,llllM ~HHilM rrpHBS'ASHil B Ta6.11.2, 
M3 ROTopon BRilHO, tJTO aKcrrepHMeHTaJU,H!le .MHHHe JIYtJme Boero corJia
CYIDTCR C pactJeTaMH, Bl,lllOJIHeHH!lMH Ha OCHOBe rnnoTe31,[ (B), T.e. B 
npe'AITOJ!OJKeHlili, tJTO B MexaHR3Me ~oy ~peliltll: B8l!H:YID poJib RrpaIJT 
O'AHOKpaTH!le R .IUlYKpaTHHe NN-coy~peH:ruI H B38llMO'AeffcTB:ruI HYKJIOH
HllX nap B KOHetJHOM COCTORHmI. 
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Ta6Jllllla 2. Peay.m,TaTl:l conocTaBJieH:ruI TeopeTR'IeCKIDC pactJeTOB c 
3KCilepHMeHT8JU,HllMH~~· nQJIYtJeHH!lMR HaMH npR aHeprnll OKOJ!O 
650 MaB RB pa6oTe 22 npn aHeprmr 600.MaB. 

'lRCJ!O tJHCJIO 1.,2 
BeJllllmHa TOtJeK CTeII. JI,JIH rnrroTeaH 

OB06. a 6 B 

d3fT/ dn,dn2. dl, 
(Hanm R3MepeHM) I I I2,8 5,9 0,5 

cneKTP npoTOHOB 
(Hanm R3MepeHIDJ) 6 5 II,5 4,8 3,2 

d3<r /d.si, dSl:z. d½ 
(pea.pa6om 22/) I5 I5 48,? 42,0 23,2 

-
CYMMa 1.-2 22 2I ?3,0 52,? 26,9 

'l l.L.1% (<I% I?% 

OCHOBH!le pe3YJILT8ffl, R3JIOJEeHH!le B 'AHCCepTauRR, CBO,ll.ffTCR K 
CJie)J.YIOllleMY: 

I. IlpoBe'AeH QmtJI pac'leTHO-TeopeTR'lSCKRX RCCJie'AOBamrll: peaK
mm ~ppn R, BrrepBl,le JI,1IH 3Heprnll 600+650 MaB, noKa3aHo, tJTO' 
B CIIeKTpe BTOpH'!HllX npoTOHOB cymecTBYDT TaKRe 06.JiaCTR, r'Ae cetJe
HRe qJOPMRPYSTCR npeRMYmecTBSHHO 38 CtJeT aqxlleKTOB nepepacceRH:ruI 
HYKJlOHOB. 

2. BnepBl,le pacctJHTa!Il:l aqxpeKru BKC nocJie JJ,Bollmnc NN-rrepe
pacceRHRll, KOTOpHe llpil HeKoTopax KRHSM8THtJeCKKX: YCJIOBruIX orrpe,ne
JIJD)T qiopMY cneKTpa IIpoTOHOB, 38MeTHO YBeJIHtJRB8R COOTBeTCTBYIO!llee 
cetJeHRe. 

3. CqiopMYJIRpoB8Hll peKOMeH,Ztawm O npoBe'Aemm 8KCIIepnMeHTaJU,
!Il:lX RCCJie'AOBaIDift R YK838Ha 06J18CTb CIISKTP8 npoTOHOB OT peaK.[lllll 
pd- ppn IIPR To= 650 MaB, r'Ae HaR60Jiee RpKo npoRBJIRilTCR aqxpeKTH 
nepepacceJIHRft HYKJ!OHOB. 3Ta o6Jl8CTb (IOO<.Tp<.200 MaB, 9r=92=5I0) 
'l8TKO OT'AeJieHa OT o6Jl8CT11I O'AffOKpaTHoro NN-pacceRH:ruI (250 <. T/-
350 MaB, npn Tex lE8 yrJiaX) • IlpR 3TZX YCJIOBRRX aqxpeKm BKC nocJie 
OMOKpaTHoro NN-pacceRHIDI 3Ha'lRT8JibHO M8Hbme aqxpeKTOB BKC noc
Jie JJ,Bottmlx NN-pacceRHHff. 

15 



., 

4. Cos.naHo Ma.TeMB.TII'lec1toe 06ecne11eime 3Kcnepm.1eHTaJU,HOro 
lICCJle,noBaHIDI pearuum pd-+- ppn, KOTOpoe peaJm30B8HO Ha :3BM HP-' 
2II6C, MrulcK-22 lI E:3CM-6. Ha OCHOB8 MeT0.118 MOHTe;...Kapno npoBe
,neao M8T8M8Tll1!8CKOe MO.l18JIHpoBa1me.pa60TH YCTaHOlmll. 

5. B xo.ne lICIIllTaHKtt 3KCIIepm.!8HT8Jll,HOH ClICT8Mll IlOJ(Y118HH oc
HOBHH~ xapaKTeplICTlIKll YCTaHOBIUl, COCTWlllteit H3 CliCTew CUWi'l'HJUUI
QaOWlWC C"l,eT'!llKOB H /JJJYX rpynn npoBOJlO'lHWC lICKpoBWC KaMep Ha 
. nmum C.Bii3li c :3BM. 

6. HaMepea ClleKTp 1Ip0TOHOB-npo,IJ.YKTOB peElltt(mt pd--ppn np:H 
T0- 650:t;I MaB, flr= 52,5°±r0, 82= flJ0±,I,5° z noKaaaao, 'lTO B 
cneKTpe BTOPR'lHWC 1Ip0TOHOB H86J110,naeTCR IlllK, paCIIOJIOX8HHHtt npn 
I30 4 TP 4 IGO MaB. ~opMa aKcnepmneHTaJU,Horo IIlIK8 3H81!HT8JII,HO ;ry11-
me corJiacyeTCR C p83YJII,T8T8MlI TeopeTll'l8CKmc paC'18TOB, B!lIIOJIHeH-' 
HHX B npe,nnOJioJKemni: o cymecTBeHHott ,POJllI aqxpeKTOB BKC noc.ne .nBY
KpaTHWC NN-pacceaffiltt, 118M C npe,ncTaBJieHIDIMR, 0CHOB8HHllMH Ha' 
y11eTe BKC TOJII,Ko nocJie O.IUIOKpaTHoro NN-pacceaima. 

7. HsMepeao .zu$I>epeH,qaaJII,Hoe ce11eime d2<r/d.ll,dSl1 np:11 T
0
=640,;tI 

MaB, 81 =40,5° ±I° , Bi. =40,5° ±I ,5", T.e. B YCJIOBHJDC, KOr.na ce11eime 
qx)IJMHPY8TM B OCHOBHOM O.IUIOKpaTmn.m NN-pacceamun.m. IlOKa38HO, 
'lTO 3KCII8p~eHT8Jll,H8R ero B8.JmlmHa (dt.o- /dn,dRi,)8RCn = (272 ± 7) 
M6apH/cTep~ xopomo corJiacyeTM c pac'leTaott 
(d~lf/d~,d9~)Teop = 275 M6apH/CTep2~ :3ToT «paKT, BMeCTe c Ka'lecT
BeHHHM corJiaClleM q,opw H IlOJIOJKeHIDI ll3MepeHHoro HaMlI IIlIK8 0.IUIO
KpaTHoro pacceaHIDI c pac'leTaMH n xopomm.i onnca1m~ ce11effiltt B 06-
JiaCTn KBaaeynpyroro N,V-~cCMHM II.PH To=600 MaB 221 II.POCTHM llM

IIYJII,CHHM np:a6Jlrulte1meM CBH.n8T8Jll,CTBY8T O TOM, '!TO 06JiaCTh, r,n;e 
npeHMYmecTBeHao pa6oTaeT O.IUIOKpaTHoe NN-pacceamr.e, npaBwn,ao 
oTo6pa.llt8eTcR ncnOJII,syewMH HaMH MO.lteJIRMH • 

8. Jmqxpepe~aJII,Hoe ce11emr.e cl30-/dn,d.RidT, npn T0640,;tI MaB, 
flr=5I,5°±I

0
, fl2=5I,5°±I,5° B 06JiaCTH 3Heprntt BTO,PlI'11IllX IIpoTOHOB, 

cooTBeTCTBYll!lleil IIOJIOl!telmll Hatt.neaaoro HaMR IlllK8 (I30~ Tp"'-I60 MaB), 
0Ka38JIOC1, paBlWM (d

3
0-/dn,c/~dT, >aKcn=(3,0,t0,7)MK6apa/(cTep2.MaB). 

:3Ta B8Jm'lllH8 6JIH3Ka K ce11emm, paCC'llHT8HHOMY B npn6mutemm (B) 
(cM.CTp.I3) lI CllJll,HO OTJ1ll'l88TCR OT ero BeJIH'llIH, IIOJfY'l8H.IWX Ha 
OCHOBe llCIIOJll,30BaHHR M0.118Jlett (a lI 6) (cM.TaCSJI.I). 
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' d2 9. Ha OCHOBe ~ -HpllT8pllH npoBe~eHO COITOCTaBneHne 3Hcne-
PllM8HTanbHliX 'AaHHHX, IIOJIY'18HHllXHaMll npn aHeprllll OH0110 650 MaB 
ll nonyqeHHliX B pa6oTel22/ ITPH 3Heprllll 600 MaB C peaynbTaTaMll 
T80p8Tll'18CKlIX pac'1eTOB, BliIT011H8HHliX Ha OCHOBe rllITOT83 (a,6,B). 
noHa3aHO, '1TO 8KcrrepllM8HT8JlbHli8 'ABHHHe nyqme ~cero corJiaCyIOTCR 
C peaynbTaTaMll paC'18TOB, BliIT011H8HHliX Ha OCHOBe rHITOT83li (B), 
T.e. B ITp8'AIT0110meHHH, '1TO B uexaHH3M8 pd-coy~apeHHn BalKHY~ ponb 
llrpaDT O'AHOHpaTHlie ll 'ABYHpaTHHe NN-pacceaHllH H B8allMO'A8~CTBllH 
HYKnOHHliX nap B HOH8'1HOM COCTOHHllH. 

IO. BnepBli8 aHcnepweHTBnbHO ycTaHOBneHHNn 8Ha'1llT811bHli" 
BKna~ BKC nocne ~BYRPBTHHX NN-coy~apeHHI yHaaHBaeT Ha zena
TenbHOCTb T80p8THqecHoro H.BHCIT8pHY8HTanbHOro ITOHCRa TaHllX HH
H6YaTH'18CKHX ycnOBHI, npll KOTOpliX ORaEeTCH B03MOEHHY Bli'A811llTb 
BHna'A NN-nepepacceHHHI Blime BTOporo nopa~Ha. 
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