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ll3MepeHJ.I yrnoBaSI II 3HepreTI!'!eCKaSI. 3aBI!Cil~tOCTI! BepOS!THOCTH CllliH

<jlflliiia li ce'!eHiiH Heynpyroro pacceHHHH B o6nacrli 3Hepruli 3,5 - 3,8 M3B, 

HailneHI>I 3Ha'!eHiiH npoTOHHblX napuHanhHhiX WllfJIIH nepexona Ha ypoBeHh 

2+ nnH pe3oHaHCOB npli E P = 3,51 li 3, 71 !YbB. OnpeneneHhi J 77 
nnH 3Tl!X 

pe30IIilHCOB, Pac'!eTLI npoBomwuch no nporpa~1~.1e, y'IHTI>IBaiULUeil BIHHIHHe 

COCBDHIIX pe30HaHCOB ll BKnRJl Il[JAM0£'0 TlpOUeCCR B3RH~IOJlCfiCTBUA, 

Pa6ora BbJnOJIHeHa B Jla6opa roptHt HeiirponHoii .(HI31!KH Oil Hll. 

npenpBHT 061oe.D.BHeHHOrO BBCTBTYT& •.o.epHWX BCCJJe.D.OB&HBil • .l{y6Ha 1977 

Van Syn Chan et al. 

Spin-Flip in the Reaction 211 Si(pp'yrsi 
in the Energy Range 3.5-3.8 MeV 

Pl5 - 10437 

The angular and energy dependences have been measu
red for the spin-flip probability and inelastic scat
tering cross section in the energy range 3.5-3.8 MeV. 
The values have been found for the proton partial widths 
of the transition to the level z+ for the resonances 
at EP- 3.51 and 3.71 MeV. j" have been determined for 
these resonances. The calculations have been performed 
according to the programme taking into account the e{fect 
of the neighbouring resonances and tl1e contribution 
of the direct interaction process. 

The investigation has been performed at the 
~eutron Physics Laboratory, JINR. 
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BBEAEHHE 

HacroHmaH pa6ora HBJIHCTCll npo~OJI)I(CHHCM I.J,HKJia He

CJIC~OBaHH~ 3HCprCTHYeCKO~ H yrJIOBO~ 3aBHCHMOCTH Be

pOHTHOCTH CTIHH-<}JJIHna H CCYCHHH Heynpyroro paCCCHHHH 

npH HeynpyroM pacce»HHH npOTOHOB Ha 21Mg H 2RSj . 3TH 

HCCJIC~OBaHHH npOBO~HJIHCh B HHTCpBaJie 3HeprH~ 2,4 -
- 4,1 M3B H onucaHhi B pa6oTax /l-:l/.B pa6orax/I,Z/ /pe

aKI.J,HH 
2 ~!\1g~pp'y) 24Mg/yrJIOBaH H 3HeprCTHYCCKaH 3aBHCHMO

CTH BCpOHTHOCTH CllHH -<}Jnuna H CC4CHHH Heynpyroro pac

CCHHHH 6biJIH OllHCaHhl B paMKaX O~HoypOBHCBOrO MCXaHH3Ma 
/. ' 

cocranuoro H~pa. B pa6oTe · .l,, B Koropo~ uccne~onanacb 
peaKI.J,HH 2BSi(pp')') ZBSj. pe3yJihTaThl yKa3biBaJIH Ha CJIO)I(

HhiH xapaKTep 3THX 3aBHCHMOCTC~, KOTOphiC, no-BH~HMOMy, 

MoryT fihiTh fiOHHThl KaK pe3yJihTaT BJIHHHHH 6JIH3JIC)I(aiUHX 

ypOBHC~, HX' HHTep<}JepCHI.J,HH C OCHOBHbiM ypoBHCM H C <}Jo

HOM, r~e no~<}JOHOM llOHHMaCTCll MCXaHH3M B3aHMO~C~CTBHH, 

OTJIH4aWIUH~CH OT MCXaHH3Ma COCTaBHOI'O H~pa. B CBH3H 

C OTCYTCTBHCM B !:\,' Y4CTa 3TOrO MCXaHH3Ma B3aHMO~e~
CTBHH 3a~a4CH HaCTOHIUC~ pa60Thl HBJIHJIOCh, HapH~Y C npo

~OJI)I(CHHCM 3KCnepHMCHTaJihHhlXHCCJIC~OBaHH~3HCpreTH4C

CKO~ H yrJIOBO~ 3aBHCHMOCTC~ BCpOHTHOCTH CfiHH-<}JJIHna H zH
8

. 
CC'ICHHH Heynpyroro paCCCHHHH Ha I ~JIH pe30HaHCOB 

3,57 H 3,71 M3B, cpaaueuue 3KcnepHMeHTaJihHhiX pe3ynh

raroB ~aHHO~ pa60Thl, a TaK)I(C pa60Thl / 3/ C paC4CTHhiMH 

B npe~llOJIO)I(CHHH CYll.\CCTBOBaHHH CJIQ)I(HOrO llpOI.I,CCCa B3aH

MO~C~CTBHH. PaccMorpeu BKJia~ npHMoro npouecca H npo

uecca, H.ElYll.\CI'O 'ICpC3 COCTaBHOC H~po, a TaK)I(C BJIHHHHC 

6JIH3JIC)I(amux ypoaue~. PacYeThi npoao~HJIHCb ua 3BM no 

CllCI.J,HaJibHO COCTaBJICHHO~ nporpaMMC, Y'IHTbiBaiDI.l.I,C~ BKJia

~bl 3THX MCXaHH3MOB peaKI.J,HH. 
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I. METOAHKA 3KCIIEPHMEHTA 

BepoxTHOCTL nepeBopa'IHBauux cnuua nporouoB onpe

.LJ.enxnacL no H3MepeHHIO coBna.LJ.eHHH ueynpyro paccexHHLIX 

llpOTOHOB, llpHBO.LJ.H~HX K o6pa30BaHHIO nepBOrO B036y~-
~ - -!- -1.-

.LJ.eHHOro COCTOHHHH 2 , C )' -KBaHTaMH nepeXO.LJ.a E2 2' -•0 
B HanpaBJieHHH, nepneH.LJ.HKYIIHpHOM llJIOCKOCTH peaKU.HH. 

flpOTOHbl H3 peaKU.HH .LJ.eTeKTHpOBaJIHCb KpCMHHeBbiM no

BepXHOCTHO -6apbepHbiM .LJ.eTeKTOpOM. )J.eTeKTOp )'- KBaHTOB 

COCTOHJI H3 <1JoT03JieKTpOHHOro YMHO~HTeJIH <1>3Y- 30 C Kpu

CTaJIJIOM Na.T nr ) pa3MepoM 50x60 MM. 3HepreTH'ieCKOe 

pa3perneHue y-.LJ.eTeKTopa .LJ.IIH £<~ =1,27 M:1B 22 !\a -· 9o/o. 

<l>pOHT HapacTaHHH BhlXO.LJ.HOrO CHrHaJia - 4 NC. )J.eTCKTOp 

llOMe~aJICH B 3KpaH H3 CBHHU.a. 3KpaH HMCCT KOJIJIHMaTop, 

KOTOpbiH o6pa3yCT llOJIOBHHHbiH yroJI H3 U.CHTpa MHlliCHH Ha 

Y- .LJ.CTCKTOp 10''. 3<1J<1JeKTHBHOCTb y- .LJ.CTCKTOpa onpe.LJ.e

JlHJiaCb 3KCllCpHMCHTaJibHO C llOMO~blO KaJIH6poBaHHOrO 
HCTO'IHHKa BS Y IE = 1 ,836 M :JBI, ycraHoBJieHHoro Ha Mec

Te MHlliCHH. B llOIIY'ICHHbiH pe3yiiLTaT BBO.Ll.HIIaCb nonpaBKa 

Ha pa3JIH'IHe B 3<lJ<lJeKTHBHOCTH H3- 3a pa3JIH'IHH :JHepruH 

y -KBaHTOB H3 peaKu.uul 1, 78 M:1Biu HCTO'IHHKa I 1,836 M:1BI. 
flOJIOBHHHbiH yroJI H3 U.CHTpa MHlliCHH Ha llpOTOHHbiH .LJ.CTCK

TOp - 2,5 c,. KoHCTPYKU.HH KaMepbl peaKu.uu, 6noK-cxeMa 

6biCTpo-Me.LJ.JICHHhlX COBlla.LJ.CHHH, MCTO.LJ.HKa H3MepeHHH H 

pacqeTw BepoxTHOCTH cnuH-<lJnuna auanoruquw npuMenxe-
1 I f ' 

MOH pauee/3,4/. B oTJIH'IHe oT pa6oTbi;·t·, curuan c no-

BepxHocruo-6apbepHoro .LJ.eTeKropa nocTynan ua 3apH.LJ.Ho

'~YBCTBHTeJibHhlH npC.LJ.YCHIIHTCIIb cepHHHOro H3rOTOBJICHHH 

U.3M OIUII1, HMeiO~HH <lJpoHT uapacraHHH BbiXO.LJ.Horo cur
uana 30 He. 

3KcnepHMCHTaJibHOC BpeMCHHOC pa3pClliCHHe CXCMbl OT-

6opa 6biCTpbiX COBlla.LJ.CHHH COCTaBJIHeT ··6 NC. Pa6oTa 

llpOBO.LJ.HIIaCb llpH TOKe llY'IKa Ha MHllleHb 0, l-0,2 MICA. 

flpOC'ICTbl H3- 3a MepTBOrO BpeMCHH aMllJIHTY.LJ.HOrO aHa

JIH3aTopa ue npeBbirnanu 9o/o. BpeMH O.LJ.Horo H3MepeHHH 

onpe.LJ.eJIHJIOCb He06XO.LJ.HMOCTblO llOJIY'ICHUH CTaTHCTH'ieCKOH 

OlliH6KH B pe30HaHce -3-5o/o H 10o/oBHe ero. 0HO COCTaBJIHJIO 

OT 2,5 .11.0 6 'I B 3aBHCHMOCTH OT yrna H3MepeHHH. 
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II. PE3YJibTATbi H3MEPEHHHHOECY)J(AEHHE 

Memoowca pacttema 

113MCpHJIHCb 3HepreTH'ICCKaH H yrJIOBaH 3aBHCHMOCTH 

ce'ieHHH Heynpyroro pacceHHHH da 'I df.! u BepoHTHOCTH 
cnuH-<lJnuna S((J) B peaKU.HH 28 Si(pp'y) 28 Si B o6nacTu 3Hep

ruH. OT 3,50 .11.0 3,80 M:JB. llpu :mepruxx EP = 3,57 u 

3, 71 M3B B KaHane ueynpyroro paccexuux Ha6JIIO.LJ.aJIHCb 

pe30HaHCbl, COOTBeTCTBYIOilJ.He ypOBHHM H.LJ.pa 29 P, Jie~a~ue 
npu 3Hepruxx B036Y~.LJ.eHHH E = 6,17 H 6,326 M3B. B Ja.LJ.aqy 

06pa60TKH BXO.LJ.HJIO cpaBHeHHe TeopeTH'ieCKHX H 3KCnepu

MeHTaJibHbiX paC'ieTOB C U.eJiblO onpe.LJ.eJieHHH BKJia.LJ.OB llpH

MOrO H pe30HaHCHbiX npOU.eCCOB B3aHMO.LJ.eHCTBHH, a TaK~e 

Ollpe.LJ.eJieHHH napu.uaJibHbiX lliHpHH H3yqaeMbiX pe30HaHCOB. 

llpu pac'leTax ucnoJib3oBaiiHCb napaMeTpbi, yKa3aHHbie 
B ma6A. I. 

PacqeThl npoBO.LJ.HJIHCb H3 cJie.LJ.yiO~Hx TeopeTH'ICCKHX 

npe.LJ.nocbiJIOK. B o6~eM BH.LJ.e paccMarpuBaeTcx cnyqaii, 

KOr.LJ.a B ceqeuue Heynpyroro paccexHHH u BepoHTHOCTb 

cnuu-<Pnuna .LJ.aiOT BKJia.LJ. KaK pe3oHaHCbi, TaK u npxMoH. 

npou.ecc B3aHMO.LJ.eHCTBHH. flpH'ieM pe30HaHChl C'IHTaiOTCH 

HJonupoBaHHbiMH. llpxMoii npou.ecc Y'~HThiBaeTcx B npu-

6JIH~CHHH MeTO.LJ.a HCKa~eHHhlX BOJIH (DWBA). B 3TOM 

cnyqae ceqeHue ueynpyroro pacceHHHH u BepoxTHOCTL 

cnuu-<Pnuna, Kor.LJ.a ocL Z Bw6paHa B.LJ.OJib HMnynLca uane
TaiOmeH. qacTHU.bi, MO~Ho JanucaTL 

r.11.e: 

da(O) 

df.! 

mm bma 2 
1 ~' IF + I - - 2 
2 rnmb m a 

m3 -mh mmbma m-ma-rnh /1/ 

S(O) = _!_ [ 1 
2 

mmbma 
F 2+ 

}; 
rnm bm a 
---

(-1) F
2
+ F

2
+ 

J ' mm m }; \F ha\2 
mmhrna 2+ 

- nonua.H aMnJIHTY.LJ.a ueynpyroro npou.ecca 

5 



+ 
C B036y)K)J.eHHbiM COCTOHHHCM 2 H)J.pa MHlliCHH, KOTOpaH 
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r .n.e: L H , J n - op6HTallbHhiH H nollHbiH MOMcH fbi pe 30-

HaHca; L b , ·h - op6HrallbHbiH H nOJIHbiH MOMCHTbl BblllCTa

IOI..UCH 4aCTHUhl; Ill "'rr j, - npoeKQHH cnHHOB Halle raiOJ..UCH H 

BbiJlCTaiOJ..UeH 4aCTHUbi; Ill - npoeKUH.!I nepe)J.aHHOI'O H;:J.py op-

6H fallbHOrO MOMCH £a; E" , k ,,_- :.JHeprHH H BOJIHOBOe 4HCllO 

Halle raiOJ..UCH Y:aCTHUbl; F: I( 3HCPfHH pe3oHaHca; [. ~·HlH -

nOll liaR lliHpHHa pe 30HaHca; [' p·~! J H - BXO)J.HaH lllHpHHa 

peJoHaHca; 1.L,n.ln - Bhixo.n.uaH UIHpHHa pe3onanca; 
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r)J.e: p - IIpHBC)J.CHHaH Macca; ~ - napaMeTp )J.C$OpMaUHH 

B mmt m ~ 
H)J.pa MHlliCHH. 2 -t ' a HMCCT rpoM03)J.KHH BH)J. H onpc-

)J,eJieHa a pa6ore IS/. 3KcnepHMenraJihHo na6JIIO)J.aeMaH Be

pOHTHOCTb CIIHH-$JIHna onpe)J.CJIHJiaCb no H3BCCTHOH $op

MYJIC BH)J.a /I/ 

SW) ~ J_ 
!) 

lH"T • 

N COlli!. 

N . ( 

p 

l1r'T 
F)J.C NCOBII - KOJIH4CC1BO HCTHHHbiX COBna)J,CHHH B IIHKC 

neynpyroro pacccHHHH cncKrpa conna)J.CIIHH; N , - fiJio-
P 

J..Ua)J.b IIHKa Hcynpyroro paCCCHHHH B 0 I CYTCTBHC COBIJa-

)J.CHHH; , - J$$cKT HBHOCl b pCI'HCTpaHHH r -KaaHTOB. Cpe.u

IUIH Kaa.upalH4HaH rrorpewHOCl b H3MepeHHH SW) a pe-

30Haucc H B paiioHe pe 30IIallca He npeHhimacr l5tfo. 3J a 

BCJIH4HIIa CJiaiaClCH H3 ClaJHC1H4CCKOH norpCWHOClH H]

MCpCHHH 4HCJia HClHIIIIbiX COBIIa.UCIIHH I 5tfo B pC30HaiiCC 

H I Otfu Bile crol noi·pcmHoc 1 H onpe.ueJICHHH 4Hcna HCYIIP}

ro pacccHHHbiX npo1 oHOH I I tfol H no1 pemuocTH onpe.uencHHH 

< l10tful. JlonpaBKH Jla BKlla.Ubl ll<>;lCOCIOHJIHH C ~1 =0, ±2 
BBO.llHllHCb aHallOI.H4110 pa601 C .,,,, 

Pac4Clbl du 11 ' dO H SUI) no <tJopMyllaM III-151 c co-

OTBCTCl BYIOll.lCH IIO.lliOJIKOH K '}KCIICpHMCIITallbHbiM )J,aHJiblM 
- . 

npOBO.llHllHCb flO CIICUHallbiiO COCTaBJICHIIOH JiporpaMMC 

IlO.UJ'OIIKa BCllaC b MC I O.llOM IIOCllC;'lOBa l CllbHOrO npHfillH:IKC

HHH. OcpaouaYallbHO no <tJopMylle /5/ orrpe)J.CllHllCH BKlla.u 

npHMOI'O IIpOUCCCa B3aHMO.llCHC I BHH C HCnOllb30BaHHCM na

paMCTpOB onTH4CCKOf'O IIOlCHUHalla.6llH3KHX K napaMClpaM 

rrolCHUHalla IlepcH H · KaK noKa3allH pac4eTbi, BKJia)J. 3Toro 

B3aHM0,!1.CHCTBHH OKa3aJJCH Mall no cpaBHCHHIO C H3MCpHCMblM 

B 3KCIICpHMCIITC /2- 3tfo/. Jl 0 .Uam> B03MO)KHOCTb npH no

CllC)J.YIOlllCM OIIHCaHHH no $opMylle 12/ npeue6pe4h BCllH4HIIOH 
1111 F " ~ I · l<l 

2 H )J.allbHCHlliHC pae4CTbl yrllOBbiX 3aBHCHMOCTCH r rr • / r. 

H SW) a nepaoM rrpH6JIH)KCHHH rrpoao)J.HTb a paMKax p~Jo-
rnm m mm 1m 

HaHCHoH: reopHH, r.e. C4HTaHF ::>~ h " pn F ::>" ' ~1 r)J.e PBF;:"""'a 

onpe.n.ellHCTCH ¢opMyllaMH /3/, 14/. Pac4eT rrpoBO)J.HllCH 

Ha 38M Ii 3CM- 6 B pC)KHMe aBTOMaTH4CCKOro IIOHCKa c 
'<)I 

HcnoJih 3oaaHHeM nporpaMMhi I· L~!ILI · Bxo)J.HhiMH rra-
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paMerpaMH .HBn.HnHch: 3HeprH.H pe3oHaHca E 11. nonHa.H 

lllHpHHa l' H J 77 • llo,LJ,rOHO\.fHbiM napaMeTpOM npH npoBe,LJ,eHHH 

paC\.feTa .HBIT.HITaCb BeiTH\.fHHa \'r--( ,-~--~-. 0Ha HaXO)J,HITaCb 
Po P · b · b 

H3 ITYlJlllero COBna,LJ,eHH.H paclJeTHbiX 3HalJeHHH dup, /dfl H 

SW) c 3KcnepuMeHTaiTbHhiMH ,LJ,aHHhiMH. OcHOBHhiM KpurepueM 

•) 

.HBIT.HITaCb fiiTH30CTb K 1 OTHOllleHH.H 
x-

r )J,C n· - lJHCITO 
n'- n 

TOlJCK, n - lJHCITO napaMeTpOB. 3HaKH nepe,LJ, KOpHCM \'(' l' '[ I 
Po P ·b · b 

CB.H3aHbl CO 3HalJCHH.HMH <1Ja3. llpH OTpHUaTCITbHOM 3HalJeHHH 

BenHlJHHa ¢a3hi paBHa 77 , npu nono»mrenhHOM - 0. B 
npe,LJ,riOITO)I(eHHH ('~(' + ~ J',L I HMeCTC.H ,LJ,Ba Hafiopa 3Ha-

Po L bh P b. b 

lJeHHH f'p H [' p 'L I , KOTOpbie MoryT fihiTb HaH,LJ,CHbl H3 
0 b· b 

BCITHlJHH 'I' l' V p p 'L 1.1, 
0 l D 

B ma6.11. J npHBC)J,CH TOT Hafiop, 

,LJ,JI.H KOToporo nonylJeHHbie HaMH I 'Po nylJllle cor nacyKJTC.H c 

pe3yiTbTaTaMH ,LJ,pyrux pa6or. 

MeTO)J,HKa paClJCTa COCTO.HITa B CJ1C)J,YJOJUCM. llepBOHa-

1.JaJ1bHO no ¢opMynaM /3/, I 4/ onpe)l.en.HnHch napuuanhHhie 

lllHpHHbl )I,IT.H Ka)I(,LJ,OrO OT ,LJ,eiTbHOrO pe 30HaHCa. 3a TCM )J,IT.H 

Ka)I()J,OrO pe30HaHca YlJHTWBaiTOCb BJ1H.HHHC COCC,LJ,HHX /He 

fionee .Ll.BYX/ H nony'laiTHCb YTOlJHCHHbie 3HalJCHH.H 3THX 

lllHpHH, KOTOpbie BHOBb HCnOITb30BaJ1HCb )J,IT.H paClJCTa nap

UHaiTbHbiX lllHpHH COCC)J,HHX pe30HaHCOB H T .)],. PaClJCTbl 

npOBO)J,HITHCb )1,0 TeX nop, noKa lllHpHHbl OCTaBaJ1HCb HCH3-

MCHHhiMH. EcrecTBeHHO, T .K. B 3THX pac'lerax np.HMOH 

npouecc He ylJHTwBanc.H, nonylJeuuwe 3HalJeHH.H napuuanb

HhiX lllHPHH 6y,LJ,yT 3aBhilllCHHhiMH. Cne,LJ,yJOJUHH 3Tan - pac

'leT no ¢opMyne /2/, B pe3oHaHCHbiH lJJieH KOToporo no,LJ,

craBn.HJOTC.H uail,LJ,euuwe napuuanbHWe lllHpuuw. Heo6xo,LJ,u

Mbie ,LJ,IT.H pac1.feTOB 3HalJeHH.H napaMCTpOB onTHlJCCKOrO 

nOTCHUHana fipaiTHCb H3 ma6A. 2. llapaMeTpOM riO,LJ,rOHKH 

.HBIT.HJ1aCb MHHMa.H lJaCTb noTeHUHana W, KOTOpa.H npHHH

Mana 3Ha1.feHH.H 0; 3 M3B. KpurepHeM no,LJ,roHKH no 

<iJopMyne /2/ K 3KcnepHMeHTaiTbHbiM ,LJ,aHHbiM .HBITJI.ITOCb 

HaHITYlJlllCC cornaCHC 3HCpreTHlJCCKHX 3aBHCHMOCTCH dDj{ /d!1 
H S(IJ) B o6nacTH 3Hepruil, y,LJ,aneHHhiX or pe3oHaHca. )J.a-
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nee, HCDOJ1h3YH YTOYHeHHhle 3HaYeHHH napaMeTpOB OflTH

YeCKOrO noreHuHana, Mhi BhiYHcnHnH yrnoswe pacnpe,II.ene

HHH dap'/df1 H S(tl) ,II.JIH HCCne,II.yeMhlX pe30HaHCOB /B Ha

IIICH pa6ore npH :meprHHX 3,095, 3,334, 3,57, 3,71 H 

3,64 M:JB/. KaK noKa3anH pacYeThi, nonyYeHHhie TaKHM 

o6pa30M yrnoBhie pacnpe.IJ.eJieHHH Mano oTnHYanHCh or 

npoBe.IJ.eHHhiX 6e3 yqera npHMoro npouecca, H :JTH 3HaYe

HHH OfihiYHO HBJ1HJ1HCh OKOHYaTeJihHhiMH. B cnyYaC flJlOXOrO 

x2 
cornacosaHHH /--- - 6onhwHe/ onepaUHH no)J.roHKH npo

m - n 

BO,!J.HJiaCh BHOBh C BBC,!J.eHHeM HOBhlX 3HaYCHHH HCKOTOphlX 

BXO,!J.HhiX napaMeTpOB. 

l13- 3a OTCYTCTBHH B JlHTepaType ,l].aHHhiX norpeiiiHOCTCH 

B onpe,!J.eneHHH I' H l 'Po ,!J.nH paccMa rpusaeMhiX pe 30HaHcos, 

paCYCT norpeiiiHOCTCH napuHanhHhlX IIIHpHH 3a f py )J.HCH. 

B ma6A. 1 B CBH3H c :JTHM npe,!J.cTasneHhi MaKCHMaJibHO B03-

MO*HhlC 3HaYCHHH 3THX norpeiiiHOCTeH /B llpC,!J.UOJlO*CHHH 

;\(' == () H M' = () I. 
Po 

Pe3yAbmambl u o6cyx6eHU}{ 

a/ Pe3oHaHCbi npH EP =3,57 H 3, 71 M:JB 

)].Jill nepBOrO H3 HHX H3BCCTHO ,Jrr = :l/2- .)l,JIH pe30HaHca 

E =3, 71 MqB ,!J.aHHbie J 77 nporusopeYHBbJ: 3/2 1 / 1 :2-f 4/ H 

1J:r /IS,l6;, 

Ha puc. 1 npHBe.ACHbi :JHepi'CTHYeCKHe JaBHCHMocru 

dap' 1dU H SW) B ,!J.Hana3oHe E =3,5-3,8 M:.JB, HJMepeu

Hbte flO,!J. yrnaMH 93°, 125,5°, 151,5 ° B CHCTCMC U.M. Ha 

:JTOM *C pHCYHKe npe,!J.crasneHbi pacYCTHhte 3HaYeHHH rex 

*e senHYHH, nonyYeHHbiC no <t>opMynaM /1/-/5/. B JIHTepa

rype ,!J.JlH flOJlHblX IIIHpHH HCCJlC,!J.YCMbiX pe 30HiHICOB ClpHBO

;(!lfCll ,!J.Ha OTJIH'ia!OLUHXCH ,lp}T 01 ,;J,pyra 11a6opa. !IU:JfOMY 

pac4t:lbl ')I!CpreTH'iCCKOH JaBHCHMOCfH llpOBO,!J.HJIHCb C BBe

.LlCHHCM Ka*)J.OrO H'3 HHX C fCM, YT06bi ycTaHOBHTb HaH60Jiee 

,!J.oc rosepHbiH. KaK BH,!J.HO H3 pHCYHKOB, nepsbiH Ha6op 

napaMCTpOB nyYIIIC OllHCbiBaCT 3KCUCpHMCHTaJ1bHbiC pC3YJib

TaTbl, UO:JTOMY OH H 6biJ1 HCllOJ1b30BaH )J.JIH ,l].aJibHCHIIIHX 

pacYeros no <bop My ne I 2/ I cnnowHaH KpHBaH/. 
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B KaYecrse napaMerpos noTCHUHana npH yqere npHMoro 

npouecca B3aHMO,!J.eHCTBHH 6panHCh napaMeTphl H3 ma6A.2 
c MHHMOH YaCThiO W =3 M:JB. KaK BH.IJ.HO H3 puc.l, BBe.IJ.CHHe 

npHMoro npouecca, HecMoTpH Ha ManhiH ero BKna,!J., ynyy

waer cornacHe c :JKcnepHMeHTanhHhiMH .IJ.aHHhiMH. 

50 9y= Q30 
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0 3.50 3.55 3.60 
LJ LLJ_L_j l1 LJ l 1 1 l l l I I I I I I I I I 

3.65 3.70 :us 380 3.65 E 

Puc. I. 3Hepzemu<~ecKue 3a6ucu.Mocmu dap' /dH 6 
M6/ cp u S e " 13 uHmep13aAe :JHepzuu npomoHo6 3, 5-
-3,84 M:JB, U3MepeHHbfX noo YZ/IQMU 93 ", 125,3 ° u 151,3° 
13 cucme.Me t~eHmpa Mace. To'IKU Ha zparjuKe - :JKcnepu
MeHmaAbHble oaHHble. Hlmpux- nyHKmupHa.R KPU6a.R npeo
cma6A.Rem pac'lelllbl 6e3 y'lema np.RMozo npot~ecca 63au
.Mooeucmeu.R npu I' = 98 u 74 K:JB OA.R pe3oHaHC06 npu 
Ep=3,57 u 3,71 M:JB, coom6emcm6eHHO. IlyHKmupHa.R Kpu6a.R 
- me JICe pac'lelllbl, HO npu r =90 u 60 K:JB. CnAOIUHQ.R 
- pac'lelllbl c y'lemoM np.RMozo npot~ecca e3au.Mooeucm6U.R 
c napa.Mempa.Mu , yKa3aHHbiMU 6 ma6AUI.Ie 2. ~ 
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Ha puc. 2 npe.LJ.CTaoneHhi 3KcnepHMeHTanhHhie yrnoBLie 
pacnpe.LJ.eneHHH da P, I dQ H S(f)), H3MepeHHhiX npH E P = 
=3,57 M:JB. A6comoTHhie 3uaqeHHH dap '/dO uopMHpooa

Hhi no .LJ.aHHbiM pa6oThi /l 51. llpHBe.LJ.eHhi .LJ.Be pacqeTHhie 

KPHBbie. llhpHx- nyHKTHpHaH onHChiBaeT yrnoBbie pacnpe

.LJ.eneHHH 6e3 yqeTa npHMoro npouecca B3aHMO.LJ.eHCTBHH. 

CnnoumaH - pacqeThi no tiJopMyne /2/. 113 KPHBhiX BH.LJ.HO, 

qTo o6a OnHCaHHH Mano qeM OTnHqaroTCH .LJ.pyr OT .LJ.pyra, 

qTo H no.LJ.TBep)K.LJ.aeT cnpaBe.LJ.nHoo·cTh C.LJ.enauuoro uaMH 

npe.LJ.nono)KeHHH o ManoM BKna.LJ.e npHMoro npouecca B aMn

nHTY.LJ.Y peaKUHH. llonyqeHHbie B pe3ynhTaTe no.LJ.rOHKH 
3HaqeHHH napuHanbHbiX UIHpHH npe.LJ.CTaBneHbl B ma6/l. J. 

Ha 3TOM )Ke pHcyHKe noKa3aHhl 3KcnepHMeHTanbHbie 

yrnoBbie pacnpe.LJ.eneHHH da ,/dO H S(e) .LJ.nH E =3,71 M:JB, 
uopMHpooaHHbie no .LJ.aHHbiJ pa6oThi I 15/. TipJoe.LJ.eHbi pac

qeTHhie 3HaqeHHH 3THX 3aBHCHMOCTeH npH Bbi6paHHOM HaMH 
3HaqeHHH J rr =3/2 + , nOCKOnhKY 3HaqeuHe J rr = l/2- He 

npHBO.LJ.HT K Y.LJ.OBneTBOpHTenhHOMY cornacHro c 3KcnepH

MeHTOM. TionyqeHHbie B pe3ynLTaTe pacqeTa napuHanbHbie 

UIHpHHbl npe.LJ.CTaBneHbl B ma6/l. J. 
,l..J,nH nO.LJ.TBep)K.LJ.eHHH npaBHnbHOCTH Bbi6paHHOrO HaMH 

3HaqeHHH J rr 3TOro pe 30HaHCa 6binH npoBe.LJ.eHbl H3MepeHHH 

yrnOBbiX pacnpe.LJ.eneHHH dop ,/dO H SW) .LJ.nH E =3,64 M:JB . 
Pe3ynLTaTbi .LJ.aHbi Ha puc. 3. 3.LJ.eCh )Ke npe.LJ.CTaoneHhi 

pacqeTHbie 3HaqeHHH 3THX oenHqHH. PacqeTbi npoBO.LJ.HnHCb 

llO tiJopMynaM /3/, /4/ C yqeTOM BnHHHHH pe30HaHCOB llpH 
EP=3,57 M:JB Jrr =3/2- .H Ep=3,71 M:JB Jrr=3/2- c 
umpHHaMH, uaii.LJ.eHHhiMH pauee. llonyqeuuoe Y.LJ.OBneTBOpH

TenbHOe cornacHe pacqeTHbiX 3uaqeHHH c 3KcnepHMeHTanL

HhiMH nO.LJ.TBep)K.LJ.aeT npaBHnbHOCTb HaH.LJ.eHHhiX 3HaqeHHH 

CllHHOB H qeTHOCTH HCCne.LJ.yeMbiX pe30HaHCOB. 

BenHqHHbi napuHanbHhiX umpHH .LJ.nH pe 30Haucoo E = 

3,5 7 M :JB,ony6nHKOBaHHhie B uacTOHI.Ueii pa6oTe, uecKontKo 

oTnHqaroTCH OT .LJ.aHHhiX, npe.LJ.CTaBneHHhiX uaMH pauee I 17 I . 
,l..J,nH pe3ouauca npH EP = 3,71 M:JB 3TO pa3nHqHe B03HHKno 
H3- 3a Toro, qTo B pa6oTe I 17 I 6Lmo Hcnonb3ooauo 3uaqe

HHe nonHOH lliHpHHbl /48 K:JB/, B3HTOH H3 pa60Thl /13/,,l..J,au

Hble HaCTOHI.UeH pa60Tbl yqHTbiBaiOT 6onee ll03.LJ.HHe pe3ynb

TaTbl, ony6nHKOBaHHbie B pa6oTe/14/. )],nH pe3ouauca npH 

E P =3,57 M:JB HeKoTopbie pa3nHqHH CBH3aHhi c .LJ.06aoneuHeM 
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Puc. 2. YZAOBble- pacnpeoeAeHUJI cet.teHUJI neynpyzozo pac
ceJIHUJI (dap'/dn) M6/cp ueepo.Rmnocmucnun-¢Auna S a%, 
U3MepeHHbiX e pe3oHaHcax npu EP =3,57 M:JB /eepXHJIJI 
t.tacmb pucyHKa/ u Ep =3, 71 M:JB. TottKU Ha zpa¢uKe -
:JKcnepuMeHmaAbHble oaHHble. 06o3Hat.teHuJI Kpuabfx aHaAo
zut.tHbl yKa3aHHbiM na puc. 1. 
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Puc. 3. Yz.~wubte pacnpeoe.~ze1wJ1 (dup' /dm u .w6/cp u S a % 
npu F 3,64 MJB. CucmeMa u:J.wepenuii u o6oJHa4eHue hpu-
8biX 11a puc.:yHKax ana.;IOcU4Hbl yKa3allllbiM 11a puc. l. 

HCY'ITCHHblX paHCC napUHaJibHblX llJHpHH H H'lMCIICIIIICM BJIHH.

HHH. pe]oHaHca npu EP=3,7l MaB. 

6/ PcJOIIaHCbi l<p==3,0l)5 M:JB 
E =3,334 M.JB ,J TT =3/2 + 

p 

J TT =5/2- ll 

!-1Jy4CHHC yr JIOBOH H 3HepreTH4CCKOH JaBIICHMOC fCH 

d"p' 'dO H S(IJ) il,JIH lfiiX pe:wuaHcoB upollt:.tcllu B pa6o

rc l , ril,e il,JIH pe 1oHauca EP =3,0l)5 MJB 111 o.lltoypouue

Boro npHO,lH)I{CHHH Ob!IIH HaH.L(CHhi napUli<UihllhiC Ulltpllllr.J 
I . , 

p l.h.fi> 

)],nH pe3oHaHca EP =3,334 M:JB B UHIHpyeMoii pa6ore 

npHBC.L(CHbl TOJibKO :JKCnepHMCHTaJibHbiC ,L(aHHbiC .L(JIH YiiiOBblX 

H :>nepreTH<feCKHX JaBHCHMOCTeH du P '/dU H S(O) . 113 

pa60Tbl /:3/ CIIC,Ll,YCT, l{TO npH H3MCHCHHH :JHeprHH HaJieTa-
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IDlllHX llpOTOHOB B paHOHC 3TOrO pC30HaHCa BCpOHTHOCTb 

CllHH -<iJJIHlla CHJlbHO 3aBHCHT OT 3HeprHH H HC MO)I(CT 6hiTb 

06bHCHCHa B paMKaX O~HOroypOBHCBOrO llpH6JIH)I(CHHH. 

C yYeToM 3Toro HaMH npoae~euo onHcaHHe 3KcnepHMCHTaJib

HhiX yr JIOBhiX H 3HepreTH'ICCKHX 3aBHCHMOCTeii da ,/ d!lH S(6), 
p 

B3HTbiX H3 pa60Tbl /.>/ B paMKaX OllHCaHHOH BbllliC MO~CJIH. 
PacYeTbi npoao~HJIHCh c yYeToM pe3oHaHca npH 3HeprHH 

3,57 M3B /c rnHpHHaMH, Haii~eHHhiMH paHee/ B3aHMHoro 

BJIH»HHn pe3ouaucoa EP =3,095 H 3,334 M3B H npnMoro 

npouecca B3aHMo~eiicTBH». 11cnoJib30BaJIHCh napaMeTphi 

onTHYecKoro noTenuHana, npHBe~eHHhie B ma6/l. 2. B pe-

3YJibTaTC llpOBC~CHHbiX paC'ICTOB 6bJJIO HaH~CHO, 'ITO nap

UHaJibHbiC rnHpHHhi ~JI» pe3onauca Er =3,095 M3B I ma6A.l/ 
Mano oTJIHYaiDTcn oT npHBe~eHHhiX B pa6oTe IV /eM. 

puc. 4, r~e npe~cTaBJICHhi pacYeTHhiC yrJIOBhiC pacnpe~e

JICHHn H 3KCllCpHMCHTaJibHbiC ~aHHbiC, B3HThiC H3 pa6o

Thl /:l/ ~JI» EP =3,095 M3B/. ,ll,nn JHepreTH'ICCKOH 3aBHCH

MOCTH B pauoue 3Toro pe3onauca I puc. 5/ y.uoa.rieTaopH

TCJihnoro COrJiaCHH paC'ICTHbiX 3Ha'ICHHH C 3KCllCpHMCH

TaJihHhlMH nonyYHTh ne y.uanoch. Pe3yJII.TaThi pacYeTa 

yrnoBhiX pacnpe.ueneHHH da P ,/dO H SUI) .ann 3HCprHH na

JieTaiOlllHX npoTOHOB 3,334 M3B npHBC.UCHhi na puc. 4. 
KaK BH.UHO H3 pHcyuKa, TeopeTHYecKHe pe3yJII.TaTw y.uoa

JICTBOPHTCJihHO COrJiaCyiDTC» C 3KCIICpHMCHTaJihHhiMH ~aH

HhiMH. Ha puc. 5 BMCCTC C 3KCIICpHMCHTaJihHhiMH )laHHhiMH 

H3 pa60Thl /.1/ llPC.UCTaBJICHbl pC3YJihTaTbl paC'ICTa 3HCpre-

TH'ICCKOH 

Ep=3,334 
npnMoro 

3aBHCHMOCTH 3TH X BCJIH'IHH B paHOHC pe 30HaHCa 

M3B. 113 puc. 5 BH.UHO, 'ITO TOJibKO BBC.UCHHC 

npouecca B3aHMO)lCHCTBH» /CllJIOiliHan KpHBan/ 

npHBO.UHT K Y.llOBJICTBOPHTeJibHOMY cornacHID c JKcrrepH

MCHTaJihHhiMH pe3yJibTaTaMH, llpH'ICM BJIH11HHC MHHMOH 

'laCTH OllTH'ICCKOrO llOTCHUHaJia, KaK H CJIC)lOBaJIO O)I(H

)laTb, OC06CHHO CKa3biBaCTC.R BHC pe30HaHca. floJiy'leHHhiC 

3Ha'leHHH napuHaJibHbiX IliHpHH llpHBC.UCHbl B ma6/l. J. 
TaKHM o6pa30M, Ha OCHOBaHHH llOJIY'ICHHbiX 3KCllCpH

MCHTaJibHbiX pe3yJibTaTOB llO)lTBCp)l()lCHO 3Ha'ICHHC CllHHOB 

H YCTHOcTeii pe3ouaucoa npH Ep=3,51 H 3,71 M3B. Onpe

.ueneHbi npoTOHHhiC napuHaJibHhie IliHPHHhl nepexo~a Ha 
I F' ypoaeHh 2 · ~JI» 3THX pe3oHaHcoa H pe3oHanca npH ·p = 

= 3,334 M3B. ,ll,JI.R pe3oHaHca Ep=3,7l M3B Haii.ueno, 'ITO 

llOJIHan IliHpHHa l' =74 K3B, ony6JIHKOBaHHa» B pa6o· 
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Puc. 4. Y2/I08ble pacnpeoeAeHUR dal''/dfl 8 M6/cp u S 8 % 
O/IR pe:JoHaHC08 npu E p =3,095 u 3,334 M3B. To'IKIJ 11a 
2paljjuKe - 3KcnepuMeHmaAbHble 3Ha'leHUR u:J pa6ombl /3/, 
IlyllKmupHaR u cn/loWHaR KpU8ble - pac'lembl no t/JopMy/le /2/ 
c MHUMOU 'lacmb10 nomeH~ua/la W =0 u W =3 M3B coomeem
cm8eHHO. lllmpux- nyHKmupHaR Kpu8aR - pac'lembl 6e:J y'lema 
npRM02o npo~ecca. 
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Tax/ l4, 1 S/, 6onee npe,!l,nO'ITHTenhHa, qeM 3Ha'leHHH I' = 
= 50±10 K:JB, yKa3aHHhie B pafioTe /11/.llpoBe.D.eHhi pacqeThi 

3HepreTH4CCKOH 3aBHCHMOCTH CC4CHHH Heynpyroro pac

CCHHHfl H BepOHTHOCTH CllHH-~llHlla llpH B03fiY*.Il.CHHH nep

BOro COCTOHHHH 2 + H,!l,pa 
28 Si B HHTepBane 3HeprHH 3,08 -

- 3,8 M:JB, KOTOphie noKa3anH, 'ITO BKna.D. npnMoro npo

uecca B CC4CHHe Man, O,!l,HaKO ero yqeT CHllhHO BllH11CT Ha 

3HCpreTH4CCKYIO 3aBHCHMOCTb Bep011THOCTH CllHH-~nHna. 

ABTOphi 6naro,!l,ap11T B.C.Ha.D.e*.D.HHa 3a noMOJ.Uh B co-

3.D.aHHH )' -cneKTpoMeTpa, a TaK*e M.B.CaaeHKOBY H 

A.A. Iior ,!1,3eng 3a noMOJ.Uh B pafioTe. 
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