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C) 1973 06l>e~UHeHHbiU UHC1f1U1frym Jtc}epHbiX UCCIIec}oeaHUU ,[(y6Ha 

I 

Beeoenue 

llCCJie.IJ;OBaHHe peaKUHH .IJ;BOHHOro CphiBa HBJIHeTCH BeCh· 

Ma rrepcrreKTHBHhiM MeTO.IJ;OM H3y<JeHHH B036y)I(.IJ;eHHhiX CO· 

CTOHHHH H,D,ep H rrpe,D,IIOJIO)f{eHHH OTHOCHTeJihHO HX CTpyK· 

TYPhl. TaK, HarrpHMep, B npoBO,II,HMOM B HaCTOHIUeii pa6oTe 

HCCJie,IJ,OBaHHH peaKUHH. l5N ( 3He,S_J 17 
0 ,IJ,JIH H.IJ;pa 170 H3· 

BeCTHa CTpyKTypa OCHOBHOrO ( ~) H rrepBoro B036y)I(,IJ,eH· 

HOrO COCTOHHHH ( -fJ · • OHa O,IJ,HO<JaCTHlJHaH H XOpOIIIO 

H3ylfeHa B peaKUHH CphiBa H IIO,IJ,XBaTa O,IJ,HOrO HYKJIOHa. 

Borrpoc o cTpyKType BToporo no36y)I(,IJ,eHHoro · cocToHHHH 

3TOrO H,D,pa ,IJ,O CHX IIOp He pernen. H B pH,D,C TeopeTHlfCCKHX 

pa6oT npHBO,IJ,HTCH.IIO 3IOMY IIOBO.Il.Y npOTHBOpe'-IHBhie IIpe.n·· 

IIOJIO)I(eHHH /l-SI. B 3TOH CBH3H HOBOe paCCMOTpeHHC peaK· 

UHH 15N( 3He,p 2 ) 170*MO)KeT HBHThCH pernaJOIUeH nponep· 

Koii rrpe.n;nono)l(eHHH o cTpyi<Type 3Toro cocTOHHHH. llHTepec 

K peaKUHH 15 N ( 3 He ,p/ "o CBH3aH TaK)I(e c TeM, ' 'ITO- "Ha 

KpHBhiX B036y)I(,IJ,CHHH peaKUHH (3He, p) ,IJ,JJH H,D,pa. 15N H 

coce,IJ,HHX c HHM H,D,ep .Ha6mo.naJOTCH rnupoKHe MaKCHMYMhi,. 

rrpHpo.na KOTOphiX He.nocTaTolfHO JicHa. OpencTanneHHhie 

B HaCTOHiueif pa6oTe pe3yJihTaThl H3MepeHHH 3HepreTH· 

lJeCKHX 3aBHCHMOCTeH .IJ;Hq¢epeHUHaJihHhiX H IIOJIHhiX ceqe • 
u 15 3 JZ 

HHH KaHanoB p
0 

, p1 , p2 , p3 , p4 peaKUHH N( He,pJ 0 
MOryT OKa3aThCH IIOJie3HhiMH ,IJ,JIH BhiHCHeHHH 3TOH CTpyK· 

Typhl. 

Memoowca 3KcnepuMeitma 

. 3 
I13MepeHHH rrpono.n;HJIHCL . Ha rry<JKe HOHOB He 3JieKT· 

pocTaTH<JecKoro reHepaTopa 011JII1 •. lloHhi 
3

He,·rrpoii.n;H 

HOHOIIpOBO,IJ, H KOJIJIHMaTOp .IJ;HaMeTpOM 1,8 MM, ,IJ,JIHHOH 

110 MM, . IIOIIa,IJ,aiOT Ha ra30BYIO MHIIIeHh, ycTaHOBJieHHyro 
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B UeHTpe KaMephl pacceHHUH. B pa6oTe UCnOnh30BanUCh 
MUWeHU .D:BYX TUnOB: ",nnUHHaH" MUWeHh ,nnSi U3MepeHUH 
.nmbdJepeHuuanhHhiX c:;e'leHuii no.n yrnaMu 45 °, 90 °, 135 ° 
U "TO'Ie'IHa.n" ,nnH U3MepeHUH yrnOBhiX pacnpe,neneHUH. 
MumeHu HanonHHnuch aJoToM-15 KOHUeHTpauuu 98,5o/o .no 
.naaneHuH - 40 MM pT.CT. Bhixo.n npoTOHOB U3 peaKuuu 
U3M:epHnCH noBepXHOCTHO- 6apbepHhiMU ,neTeKTOpaMU C ,npeii
dJoM nuTUH. KoHCTPYKUUH KaMephi u MumeHeii, MeTo,nuKa 
U3MepeHuii, pacqeTHhie dJopMynhi .nudJdJepeHuuanhHhiX u non
HhiX ce'leHuii aHanoru'IHhi onucaHHhiM paHee /6 ,11. 

Pe3y/l&mam&l U3MepeHu~ 

Ha puc. 1, 2 H 3 npe.ncTaaneHhi peJynhTaThi U3Mepe
Huii ,nudJdJepeHuuanhHhiX ceqeHUH peaKuuii 15N( 3 He,Po) 170 , 
15 N ( 3He,p1)17o: 15N(3He,p2;J7o: 15N( 3He,p 3) 170 ~1!jy(3He,pjV~ 
npoae.neHHhiX no.n yrnaMu 45°, 90°, 135° B na6opaTopHoii 
CHCTeMe Koop.nuHaT B HHTepaane 3Hepruii 2,2 - 4,2 M3B 
c waroM 60-90 K3B. Ha puc. 4 u puc. Sa · noKa3aiihi 
yrnoBhie pacnpe.neneHUH .nnH npoToHoB KaHanoa p0 , P£ ·.', 
p 2 B 3TOM :iKe HHTepaane 3Hepruii. li3MepeHUH BhiiTOflHH- \, 
nHCh qepe3 Ka:>K,nhie 5-10° B .nuanaJoHe yrnoa 2-165°B na-
6opan)pHoii cucTeMe Koop.nuHaT. Ha puc. 56 npe,ncTaaneHhi 
nonHhie ceqeHuH 3TUX KaHanoa peaKu~ii, nonyqeHHhie nyTeM 
UHTerpupoaaHuH yrnoBhiX pacnpe.neneHuii. 

· Cpe,nHHe Kaa.npaTU'IHhie' oxim6KH UJMepeHuii .nudJdJepeH·
uuanhHhiX u nonHhlX ce11eHuii rpynn p 0 , p

1 
·, p 

2 
, p 

3 
, p

4 
npuae.neHhi a Ta6n. 1 · 

EonhmaH owu6Ka .nnH KaHana P4 CBH3aHa c Heonpe-
,neneHHOCThiO B Bhl,neneHUU 3TOrO nuKa Ha 3HepreTU'IeCKOM 
cneKTpe. 

3 
0mu6KU B onpe,neneHUU 3HeprUU ycKopeHHhiX UOHOB He 

npUHUMaiOT 3Ha'leHHSI OT 1 ,5o/o ,no 0, 7o/o npu U3MeHeHUH · 
3Hepruu OT 2 .no 4, f M3B cooTaeTCTBeHHO. Pa36poc' no 
3Hepruu na,naiOIUUX UOHOB 3He npu npOXO:>K,neHUU BXO,nHor'o 
OKOWKa ra30BOH MUWeHH COCTaBnH~!T: ,nnH ",nnuiiHoii'' MU-
WeHU ·-20 K3B; ,nnH "To'le'IHoii" MHWeHu - 40 K.3B·. . . -: ., 

4 

CpenHBg KaanpaTII'IHaB 
OillHOKa H~MepeHIIH 

Po 

TafinHua 1 

PeaKUUB 

pl 

nHrpdJepeH- CTaTHCTH'Io 2-3% 2-3% 
UHanbHbre orrm6Ka 
ceqeHHB nonHaB 3-4% 3-4% 

OillHOKa ... 

nonHbie He 6onee He 6o-

p2 

2-3% 

3-6% 

He 6o-

ceqeHHSI 4% nee 4% nee 6% 

06cyJICOeHue pe3y/l&mamoe 

15 3 . 17 
PeaKUHH N( He,p 0 ) 0. 

15 N(3 He,p)t7o 

p3 p4 

2-4% 15-20% 

3-4% 15-20% 

15 ;J 17 
YrnoBhie pacnpe.neneHUH npoToHOB peaKuuu N ( He,poJ 0 

xapaKTepU3YIDTCH 3Ha'IUTenhHOH CUMMeTpueii OTHOCUTenh
HO 90° , 'ITO yKa3hJBaeT Ha npeo6na,naiDIUYID ponh B peaKUUU 
MexaHUJMa cocTaBHoro H.npa. PacqeThl, npoae,neHHhle no 
MeTo,ny Xay3epa-<I>ew6axa npu 3Hepruu 3,8 M3B, .naroT 
cuMMeTpU'IHOe yrnoaoe pacnpe.neneHue, coana.naroiUee no 
dJopMe C ycpe,nHeHHhiM no 3Hep:fuu 3KCnepHMeHTanhHhiM 
yrnoBhiM pacnpe~eneHueM /pile. 6a/: PacqeThi, BhirioilueH
Hhie npu 3TOH · )f(e 3Hepruu· no 6opHOBCKOMY · npu6.riii)KeHHio 
C UCKa:>KeHHhiMU BOnHaMH C UCnOflh30BaHUeM no,nxo,naTneH
,neHHUHra /B/ Be,nyT K CYJUeCTBeHHO aCUMMeTpH'IHhiM yr
nOBhiM pacnpe.neneHUHM /KpuaaH 2, puc. 6a/. YKaJaHHaH 
KpuaaH, paccquTaHHaH noD~eTo.ny XayJepa-cllew6axa, co_
OTBeTcTayeT OTHOWeHUIO lo = 0,040; IJpH 3Hepruu 2;6M3B 
cornacue TeopeTu'leCKoro yrnoaoro pacnpe.neneHUH c 3K-

cnepuMeHTOM xy:>Ke. 0THomeHue D0 /r0 , onpe.neneHJioe 
no nonHoMy ceqeHuJO, cocl-aanHeT 0,145. "" ., .. 
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15 3 . ·17 
Peai<::UHH .N( He,p ) 0* 

1 

· 
5 

Kat< BH.IJ.HO H3 puc. 4, yrnoBbie pacnpe.u.eneHHH peaKUHH 
1 N( 3

He,p1 /
7 0* yKa3hiBaiOT Ha pacTYJUHH c 3Heprueli 

BKna.u. MexaHH3Ma npHMOH nepe.naqu .u.ayx HYKJIOHOB. Pac4eT 
Y,TJIOBbiX pacnpe.neJieHHH no MeTO.IJ.Y HCKa~eHHbiX BOJIH npe.u.
CKa3biBaeT HaJIH4He MaKCHMyMa. B 06JiaCTH yrna 15 °, 4TO 
He coana.u.aeT c 3KcnepuMeHTaJibHo Ha6niO.naeMbiM. ·· no.u. 
yrJI.OM 0 ° . 11pH4eM npOBO)J.HMOe npH pac4eTaX H3MeHeHHe 
Ia pa3yMHbiX npe.nenaxl napa1.feTpOB onTII4eCKHX noTeH
UHaJIOB He npHBO)J.IIT K corJiaCHIO. 0TMeTHM, 4TO TaKoe 
uecoana.u.euue pacqeToa no 611HB c .u.aHHbiMH 3KcnepuMeura 
CBJI3aHo c Ha.rio~eHueM pJI.na ire6naronpuJITHbiX liJaKTopoa, 
o6cy~.u.aeMbiX B pa6oTax 19- 121. K HIIM a nepay10 oqepe.IJ.b 
CJie)J.yeT OTHe CTH: 

1. lionbwoe Q peaKUHH, npHBO.U.JIIUee K TaK Ha3biBae
MOMY paccornaCOBaHHIO op6HTaJibHbiX MOMeHTOB BO BXO)J.HOM 
H BbiXO)J.HOM KaHaJiaX peaKUHH. 

2. lfMeiOmaJI MeCTO nepe.naqa HYKJIOHOB pa3JIH4HbiM 
no:no6oJI04KaM. 

3. Heonpe.neneHHOCTb 3Ha4eHIIJI H30TOITH4eCKOTO CITHHa 
napbi nepe.u.aaaeMbiX HYKJIOHOB. 

Ilpu :mepruu E38 = 2,6 M3B, Kor.u.a npeo6na.u.aeT . e 
MeXaHH3M COCTaBHOTO JI)J.pa~ pac4eThl ITO MeTO.U.Y Xay3epa-
cf>ew6axa ,t:.aiOT . OTHOWeHHe Do I r 0 = 0' 186 I onpe.u.eneHo 
no KpHBOH ITOJIHbiX Ce4eHHHI. 

15 3 17 . 
PeaKUHH N(- He,v.) O*IJQ=3,06M3al 

. 2 

· Hc-cne.u.oaaHue 3Toro -KaHana · peaKUHH npe.ncTaBriHeT 
Hau6o.Jibwiili HHTepec, nocKOJibKY nony4eHHbie 3KcnepuMew 
TaJibHbie pe3yJibTaTbl n03BOJIJiiOT onpe)J.eJIHTb, KaKaH H3 
npe.nnaraeMbiX BOJIHOBhiX lPYHKUHH )J.JI.IJ BTOporo B036y~~ . 
)J.eHHOTO COCTOHHHH J7 0 HBJIJICTCH npe,rin04THTeJibHCH. Becb·. 
Ma Ha)J.e:>KHoe u o6ner4eHHoe ·TeopeTH4ecKoe onucaHue 
3TOTO KaHaJia B03MO~HO 6naro.nap11 OTHOCHTCJihHO ne6<?Jib
lllOMY Q peaKUHH H HMCIOIUCH MCCTO nepe.naqe )J.BYX 
HYKJIOHOB a O.IJ.HY iw.u.o6ono4Ky. IKaK 6biJIO yKa3ano a npe
.U.LI.IJ.YIUeM naparpadJe,. a cnyqae nepe.naqu .nayx nyKnonoa 

6 

1 

pa3JIH4HbiM no.u.o6ono4KaM 19•
11 

•
121 · ·onucauue peat<u;rili: 

3aTpy.u.IIeHol. K MOMCHTY Ha4ana HaCTOJIIU.eli pa6o'rbi 6biJIH 
· npe.nno:>KeHbi TpH Bbipa~eilmt .nmt BOJIHOBOH lPYHKUHH BToporo 
• B036y~)J.CHHOTO COCTOHHIIH .1

7 0.- B nepBOM H3 HHX. paCCMaT.: 
piiBaJIOCb BTOpoe B036y~)J.CHHOe COCTOHHUe H)J.pa 170 Kak 
KOHlPHrypaUHH (sd) 4 p ~~ . • /neliTpOH B ITO)J.060JI04Ke 1 p 112 

H 4CTbipe nyKnoua B oeroJI04Ke ( sd) I ,4TO 6bJJIO TeopeTH4e CKH 
II 3KcnepuMeHTanhHO o6oclioaauo a p11.ne pa6oTI1-3,13l. ·. 

O.u.uaKo TaKaH KondJurypauuH ae.neT K uyneBhiM 3ua4eHiiHM 
CITeKTpOCKOITH4CCKHX aMITJIHTY.D: II, CJIC)J.OBaTCJibHO, )J.IflPlPC-
peHUHaJib}tbiX ceqenuil · peaKUHH npHMOH · nepe.naqu .· .u.ayx 
HYKJIOHOB, 4TO HBHO npOTUBOp.C4HT HalllHM '3KCITCpHMC.HTaJlb ~ 
HbiM pC3YJibTaTaM. 

B 1965 ro.u.y Mapronuc u TaKaKcu 14 1 npe.u.no~unu 
Bhlpa)KeHHJI )J.JIJI BOJIHOBOH lPYHKUHH 3TOTO C~CTOHHUH H)J.pa 
170 B BH)J.C 

17 2 -1 2' -1 
< o . >= -0.21 d 

51
·2(1.0)p112 >...:.0.13:1 s I ·(l.O)p I >'+'· 

. . 3.06 . . 1 2 1 2 

. -1 2·: . -1 
+ 0.141 d I d I (1.0) p I >. + 0.851 d5l.2 (0.1)p112 > + 

5,232 12. . -

. . 2 . -1 . '-1 
+ 0.31 s1 12 

(0.1)p1 12 
>+ 0.171 ~~2 (0.1) p1 12 > ••• ; II/ 

3.u.ech B CK06KaX. yKa3aHbl 3Hat.IeHHH (J,T ), r.ne ],T~ ITOJIHbiH 
CITHH H HJOCITHH napbl nepe.naaaeMbiX HYKJIQHOB; 

YKa3aHHaJI lPYHKUHH onuchlaaeT nono~euue 3HepreTu
qecKoro ypoanH, .u.auui.Ie no {3- -pacna.ny .17 N, a -TaK~e 
.u.aHHbie . peaKuun 16 0( d,p) 170. B 1969-ro.ny Eo6Kep 1 5 1,· 
IThlTaHcb nony4HTb ny4lllee cornacue.TeopexuqecKux pac-
4eToB 3HCPTHH B036y)K)J.eHHH C 3KCITepHMCHTaJibHbiMH )J.an
HblMH, npnllleJI K BOTIHOBOH dJyHKUUH au . .na 

1 7 . • . . 2 . . -1 . 2 '.' .. . ._1. . . 

< 0 3 -06 > = 0.0761 d 
1

(1.0)p/ > + 0.093I·s · _(1.0)p /. >.;.; 
· 5 2 I 2 .I /2 I 2 

' ~ - . ' -.. 
- 0.531 d 5~2 (0:1~ p~~2 > ~0.2821 s

1

2

12 
. (0.1) p ;;~ > +. 

.·· 4 -3 . 

+0.791l(sd) :PI >. 12/• 
1 2 

7 



0CHOBHOe pa3nnqne·Me*~Y /1/ H /2/ COCTOHT B npHCyT-
~ . 3 . . 
CTBHH B /2/ KOH<iJnrypa:QHH (sd) 4 p;; '. He ~aiOI:Qeii 
BKna~a B . MeXaHH3M np.!IMOH nepe~aqn ~ByX. HyKnOHOB, / . 
qTo npHBO~HT K TeOp~THqecKHM 3HaqeHH.!IM ~n<IJ<IJepeH:QH· 

anbHhiX ceqeHnii, oTnnqaroi:QHMC.!I ~pyr OT ~pyra npnMepHo 
a ~Ba pa3a. TeopeTnqecKne pacqeThi, npoae~eHHhie no M:e- . 
TO~Y HCKa)J(eHHhiX BOllH rneH~eHHHHra /B/ C yqeTOM BKna~a 
MexaHH3Ma . cocTaBHoro .!I~pa no MeTo~y Xay3epa-<I>ew-
6axa 

114
•
15

/H C HCnOllb30BaHHeM napaMeTpOB OnTnqecKoro. 
noTeH:unami Ta6n. 2, npe.U:cTaaneHhi .Ha pnc. ,66. Ilo~roHKa 
TeopeTHqecKHX pacqeTOB K 3KcnepHMeHTanhHbiM. ~aHHhiM 
npoao~nnach no_ <IJopMyne im~a 

. 7· c D .Xct> 
da(()) =RNa((;)) 6nna +_£_<a"(())>. /3/ 
dO. ro . 

.3~ecb N a 6nna - ~n<IJ<IJepeH:unanhHoe ceqeHne np.!IMOii ne-
pe~aqn ~Byx HYKnoHoa; N - K03fl>fl>n:uneHT HOpMnpoa:Kn, 
npHHKThiH HaMH cornaCHO pa6oTe /16/ paBHhiM 310. 
R- Ko3<1Jfl>n:uneHT nepeHopMnpoBKH. Ero 3HaqeHne, 6nn3Koe 
K e~nHn:ue, no~TBep*~aeT npaannhHOCTh npe~nono*eHnii 

OTHOCHTenbHO BBe~eHHhiX B pacqeT BOllHOBhiX <iJyHK:QHH 
HaqanhHoro n KOHeqHoro .!I~pa. <l>aKTop ocna6neHH.!I B <IJop
Myne /3/ He yqnTbiBanc.!I. 

BTopoe cnaraeMoe B ypaaHeHHH /3/ HBn.!IeTC.!I ~n<IJ<Pe
peH::unanhHhiM ceqeHHeM, paccqnThiBaeMhiM no MeTo~y Xay-
3epa-<I>ew6axa. BennqnHal /ro paccMaTpnaaeTC.!I 3~ech 
KaK no~roHoqHhiH napaMeTp. 3KcnepnMeHTanhHhie ToqKn, 
yKa3aHHhre Ha pnc. 6, cooTBeTCTBYIOT ycpe~HeHHhiM 3Ha-· 
qeHH.!IM ~n<IJ<IJepeH:QHanhHhiX ceqeHHH, H3MepeHHhiX npn 3Hep-. 

· rnn 3,5; 3,8; 3,94 M3B. 
KaK. BH~Ho H3 pncyHKa, KPHBhie, npoae~eHHhie c nc

nonb30BaHHeM aonHOBhiX <iJYHK:UHH Mapronnca n · ~p. n 
1io6Kepa, ~aiOT o~nHaKoBo xopowee cornacne OTHocnTeni.
Horo xo~a TeopeTnqecKnx yrnoBhiX pacnpe~eneHHii c 3K-. 
cnepnMeHTanhHLIMH. ,nn.!I nonyqeH;H.!I cornacn.!I no a6conmT
HOMy 3HaqeHHIO ~aHHhie Mapronnca Tpe6yroT_ 6onhwoii 
nepeHOpMHpOBKH . a6COniOTHhiX 3HaqeHHH ~n<IJfl>epeH:QHanbHhiX 
ceqeHnii I R = 0,487/, paccqnTaHHhiX no lilllfB. C ~pvroii . . . 
CTOpOHhl, BOllHOBa.!I <iJyHK:QH.!I 1io6Kepa npHBO~HT K ~nfl><IJe-
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peHUHanLHOMY cetJeHHJO, He Tpe6yroiUeMy nepeHOPMliPOBKH 
/"R= 0,96/, H TeM caMLIM Haxo~HTCH B xopoweM cornacuu 
C HaWHMH 3KCnepHMeHTanLHLIMH pe3ynLTaTaMH. 

BKna~ MexaHH3Ma cocTaBHoro H~pa, pacctJHTLIBaeMLIH 
no MeTo~y Xay3epa-cl>ew6axa, COOTBeTCTByeT OTHOWeHHIO 
D 0 I ro, paBHOMY 0,057. B pactJeTax napaMeTp OTCetJKH 

no cnHHY npHHHMancH paBHLIM -2. Ko:JiiJiiJHUHeHTLI TpaHc
MHCCHH BbltfHCnHnHCL no onTHtfeCKOH MO~enH C HcnonL30-
BaHHeM napaMeTpOB OnTHtfeCKHX noTeHUHanoB, nyuae~eHHLIX 
a Ta6n. 2. · Tipu 3HeprHH ycKopeHHhiX HOHOB He E 3ne =:= 

= 2,6 M3B BKna~ MeXaHH3Ma COC'J'aBHOrO H~pa CTaHOBHTCJI 
6onLWHM, 'ITO ):{enaeT nonHOe TeopeTHtfeCKOe onHCaHHe 
yrnoaoro pacnpe~eneHHH HeBo3MOmHhiM. PactJeTLI no MeTo~y 
Xay3epa-<l>ew6axa; BLmonHeHHLie npu 3Toii 3Hepruu, ~aroT 
nuwL oueiiKY aepxHeii rpaiiHULI 3HatJeHHH p 0 /r 0• ·-

Cor nacHo oueHKe D 
0 
1r 

0 
< 0,316, 

CocTaBHoe H~po 18
F 

HHTepaan 3Hepruii, a npe~enax KOToporo npoae~eHLI . 
HaCTOHIUHe HCCne~oBaHHH, COOTBeTCTByeT o6nacTH B03-
6ym~eHHJI COCTaBHOrO H~pa 18 F 16,0 - 17,6 M3B. ,lJ;nH 
3TOH o6naCTH B036ym~eHH_H HaMH nonytJeHLI ~aHHbie 0 
cpe~HHX nonHLIX WHpHHaX (f' O ) ypOBHeH CO CnHHOM Hynb. 

. 3TH ~aHHLie npe~cTaaneHbi a Ta6n. 3. B 3TOH me Ta6nuue 
npHBe~eHLI pe3ynLTaTLI :f0 , B3JITbie H3 HaWeH pafiOTbl/7~. 

OueHKa 3Hepruu KorepeHTHOCTH 61:.ma c~enaHa Ha 
OCHOBaHHH aBTOKOppenHUHOHHOH liJyHKUHH, nOCTpOeHHOH~nH 
Kpuaoii ao36ym~eHHH peaKUHH 15 N( 3He,p0 /

7o no~ yrnoM 
135 °, r~e aMnnuTy~a <t>nroKTyauuH: Hau6on~:.waH. BenHtJHHa 
cpe~Hero paCCTOJIHHJI Mem~y. ypOBHJIMH CO cnHHOM 0, 
o6o3HatJeHHaH D, paCCtfHTLIBanacb no CTaTHCTHtfeCKOH MO
~enH /17,18/.. ,lJ;nH 3Hepruii ao36ym~eHHH 16,2 H 17,3 M3B. 
oenHtfHHa DO COCTaBnHeT 16,2 H 11,7 K3B COO'!BeTCTBeHHO. 
Cnpaoe~nHBOCTL npooe~eHHOH oueHKH 61:.ma npooepeHa Ha 
npHMepe pactJeTa cpe~Hero paccTOHHHH Mem~y ypoBHHMH co 

cnuJioM 6, 3KcnepHMeHTanLHoe 3HatJeHHe KOToporo co
rnacHo pa6oTe /19/ cocnionHeT 200 K3B. Coo'ToeTcTBYIOIUee 
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:HameMy D
0 

pacqenme 3Hal.JeHne D6+ _ EaBHJ_'!eTCH 220K3B. 
KaK BH,n;Ho. ·n3 Ta6rrn.Uhi 3, 3HatieHnH l'o. , orrpe.nerreHHhie 
paJmi'-IHhiMH MeTo,naMn, · corrracyiQT-CH M.eJK.n;y co6oii n 
C ,naHHhiMII · pa60Thl /20/ , HeCMOTp.si Ha · rrpeHe6pe)Ke-
HHe qiaKTopoM ocrra6rreHnH; KOTop:bxii MO)KeT 6biTh pa3- -
JIII'-IHhiM B pa3JIH'-IHhiX KaHarrax peaKrinn. IIorryqeHHhie rrpn 
Hccrre,noBannn· peaKunn 15 N(3 He, d 0 ) 160- /71 3a:ahlmennLxe_ 
3Hal.JeiinH :f0 I E BOJ6: = 17,3 M3B/ CBH3aHhl c MaJILIM 
BKJia,llOM MeXaHII3Ma COCTaBHOrO JI,npa B 3TOH peaKUIIII, 
KOTOpbiH rrpHBO,lliiT K 60Jihl1lOH omu6Ke orrpe,neJieHHH f(/ Do • 

Xo.n JaBHCIIMOCTII rroJIHhiX cetieHnii pa3JIH'-IHhiX_ KanarroB 
peaKunn OT 3Heprnn xapaKTepii3yeTcH orrpe.nerreHHoii Hepe
ry.riHpHOCTbiO B o6rracTn E 3He =: 3,25 M3B_. CooTBeTCTByiO
IUaH :noii ·3Heprnn E 3He 3HeprnH B036y)K,nennH H.n;pa 
18F xopomo coBrra.naeT c · IIOJIO)KenneM o.n;Horo H3 peJo
nancoB c J TT = 7 - c r = 200 K3B, KOTOpbiH YIIOMHHaJICH 
B pa6oTe 119-:'0.nHaKo, KaK y)Ke yKa3LIBarrocL panee 171 , 
Ha6rrro,naeMbie HeperyrrHpHOCTH _ BPH.ll Jill MOryT 6biTb OTHe
CeHbl K IIpOHBJieHIIIO 3TOrO COCTOHHIIH. 

ABTOPbi 6rraro,napHbi KIIM CbiH HaMy, I;LTLIK3, M.B.Ca
. BeHKOBOH 3a· IIOMOIUh B pa6oTe. 
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UHH N(3 He,p) 170, H3MepeHHbiii no.n yrnoM 90° a n.c. · ·~ 
npH E 3H = 2,9 M3B •. 6/ ,l(HcWJepeHnHanbHbie ce'leHHH 
peaKIJ;HH' e l5N(3He,pc} 17o. no OCH a6CIJ;HCC - 3HeprHH B M3B. 
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Puc. 2. a/ )l;mpdJepeHIJ:HanhHhie ceqeHHH peaKu;HH N( He,p ) 0*. 
Ha ocn - a6cu;ncc - 3HeprHH B M3B. -- Ha ocn op.IJ.HHaT -
da/ dO. B M6apH/cTepa.IJ.. )l;aHHhie - _ B n.c. Onm6KH ~ 

H3MepeHHH - Cl~THCTHqeCKHe. 6/ )].ndJdJepeHu;HanhHbie ce-
qeHHH peaKu;HH N( 3He,p2) 170*. Ha ocn a6cu;ncc - 3HeprHH -
B l\13B. ITo ocn op.IJ.HHaT-da I dO. B M6apH/cTepa.IJ.. )l;aHHhie 
- : B n.c. Onm6KH H3MepeHHH - cTaTHCTuqecKne. 

16 

dd 

dQQ,3 

1!1 

"' 

6/ 

_ 15N(3He,p
1
J1b 

. . ·· ... . · ......... . 

9·45° 

D~~~~~~~~~~~~~_.~~~~~ 

II' 

u 

Ql 

Q,f ····· . . . . . . . 

B•!Xf' 

. . 
~ 

. . 
, [ t I , I I • I I I I I I ' I I I I I I I I I 1 

8·135° 
C4 ., 
Q1 

'P·' r .. · · · · · . . · 

o~~~~~~~~~~~~~~~~ 
u 1,1 ~D ~· ~D 

E~ 

17 



I 
l 

d6 
(JQ 

D,1 

,. 
.·,. 

"' 
111 

111 

41 

"' 
111 

111 

41 

115 

"' 
111 

111 

41 2D 25 

a/ 

IS 3 )" o N( He,p3 0 

9=450 ,.t· ,., .!.I 

,1'1. , •• • 

. ···' • 

., . , ... 

·'·· t •I 

~D 

B =90° 

I ...... ·1 
•I' '• 

I I 

I' 
I' I 1"1' .;: 

I •. B =135° ,, ... 
I •,•'t,l I' 

• L I • 

I• 

~5 4P £11-41 

~ 
15 ,3 J7 

PHc. 3. a/ ,D;n«b«bepeHUHanbHbie ceqeHHH peaKUHH N! He,p3 , 0":. 
Ha ocH a6cuucc - :meprHH B M3B B n.c. Ha ocu op.IJ.HHaT -
.IJ.H$$epeHUHanbHbie ce'leHHH B M6apH/ CTepa,II. B 3. TOH :>Ke CHC- ~ 
TeMe. 0mH6KH H3MepeHHH - CTaTHCTHtieCI<He. 
6/ ,D;n$$epeHUHanhHbie ceqeHHH peaKUHH 15N( 3 He,p4 )

17o *. 
Ha ocu a6cuucc - 3HeprHH B M3B B n.c. Ha ocu op.IJ.HHaT 
.IJ.H$$epeHUHanbHbie Ce'leHHH B M6apH/CTepa,II. B 3TOH JKe 
CHcTeMe. Omu6KH H3MepeHHH - cTaTHCTH'IeCI<He. 
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Puc. 4. a/. YrnoBhle pacnpe~eneHH» npoToHOB peaKUHH 
15N(3He,p0 )1 7o. Ha ocn a6cuncc ~ yron Ha_6mo~eHH» 

B rpa~ycax. Ha ocn op~nHaT - ~n¢¢epeHunanhHoe ceqeHne 
a M6apH/crepa~. ,ll;aHHhie ~-· · B n.c. IIpnae~eHHhie orun6- ~ 
KH - crarncrnqecKne. 6/ YrnoBhie pacnpe~eneHnn nporo
HOB peaKUHH 15 N ( 3 He, p1;1 7o*. Ha ocn a6cuncc - yron-Ha-
6niO~eHnn B rpa~ycax. Ha ocn op~HHa T - ~n¢¢epeHunanhHhie 
ceqeHH» B M6apH/ cn!pa~: ,ll;aHHhie - B cncreMe ueHrpa 
Mace. llpHBe~eHHhie · OIIIH6KH - CTa THCTHqe CKHe. 
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PHc. 5. a/ t,rnoBoe pacnpenenenHe npoTonoB peaKUHH 
15 N ( 3 ·He, p 2) 70 *. Ha ocH a6cuHcc • yron na6monemu1 
B rpanycax. Ha ocH opnHnaT • nmb¢epenuHanhHbie celfeHHH 
B M6apn/cTepan. )J.aHHbie • B cHcTeMe uenrpa Mace. ~ 
IIpHBenenHLie H6KH • cTaTHCTHlfeCKHe. 6/ IIonHhie ce· 
.lfeHH.fl peaKUHH9~(3He,p0) 1 70, 15NfHe,p 1) 170*, 15N (3He,p2Jf 70* 
IIo ocH a6cuHcc • 3HeprHH He B M3B. IIo ocH opnH· . 
naT • ceqenHe B MHnnH6apnax. IIpHBenenHbie oum6KH 
H3MepeHUH • cTaTHCTHlfeCKHe. )J.aHHbie • .B n.c. 
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Puc. ·6. CpaaHeHne pacqeTHoii Kpnaoii yrnoBbiX pacnpe
,neneHnii peaKUHH 15 N ( 3H e,p oJ 1 7 0 . c ycpe,nHeHHbiM 3Ki::ne
pnMeHTaJibHbiM pacnpe,neneHHeM npn E3He = 3,8 M3B. 
1 - KpnaaH, paccqnTaHHaH no Teopnn Xay3epa-<l>ew6axa; 
2 - KpHBaH, paccqnTaHHaH no MeTo,ny liiJlfB C op6HTaJib· 
HbiM MOMeHTOM nepe,naHHoii napbi L = 3; o - 3KcnepnMeH
TaJibHbie ,naHHbie. 6/ CpaBHeHne TeopeTnqecKnx KPHBbiX ~ 
yrnoaoro pacnpe,neneHHH peaKUHH 15 N ( 3He,p2 ) 1 7 0 * c 
ycpe,nHeHHbiM 3KcnepnMeHTaJibHbiM yrnoBbiM pacnpe.nene
HHeM npn E 3He = 3,8 M3B. 1 H 2-KPH_Mie paccqnTaHHbie 
.c ncnoJib30BaHHeM BOJIHOBoii IPYHKUHH 0 J,o6 lio6Kepa 
/1/ H Mapronnca /KpnaaH 2/; 3 - BKJia,n MexaHH3Ma 
cocTaBHoro n,npa, paccqnTaHHbiH no MeTo,ny Xay3epa
<l>ew6axa. 
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