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.Ou¢cpepeauuanbHhre ce'leaifg ynpyroro pacceSJHHSI npoToHoa H.llpaMu yrne.Ro.oa u nonHpH3a-

llHSI npoTOH.OB a 3TOM npouecce npu 660 M9a_ H3MepeHbi a HHTepaane yrnoa 1,8 :;: 0 :S 9 . Yn-o o' 

pyroe paccegaue npoToaoa oT.oenSJnocb OT H.eynpyrHx npoueccoa MeTo.ooM MarHHTHOrG anamr­

aa; Ha SKcnepnMeHT&nbHbiX .ll&HHbiX 6brnH nony.'leHbi cne.o-yiOIUHe aauny'lwue aHa'leHuSI pea:rbHLIX 

H MHHMbiX '18CTe.lt 6eCCfiHHOBOil H CfiHHOBO.It aMnnuTy.ll pacceSIHHH: 

' g NR (0! ""- 5,05 ± 0,45 
gNl (0) 15,26 ± 0,45 1 ..... 

h NR(O) "'- 10,4 -:_ 13,3 
h N/0) "' 37,6 .:!: 9,.3 ..,--13 . 

(a e.oHHKitax 10 CM). Oueaeabr aHa'leHHH HHTerpupoaaHHbiX noTeauuanoa onT·H'fecKoil M0.llemr. 

noKaaaao, 'ITO HHTeHCHBHOCTb CfiHH-op6HTanbHOro B38HMoheilcTBHSI y6biBaeT c SHeprueA. Denaer­

CSI Bb!BO.ll 0 KOMnneKCHOCTH CDHH-op6HT&nbHOro UOTeHllHana HyKnOH-SI.llepHoro · B38HMO.lleilcTB!HI 
npu 660 Msa. 
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l.Bse;o.eHlfe 

Ynpyroe pacceSIHHe npOTOHOB BhiCOKoA aaeprlfH. ( E > 100 Mas)· c·no:lKHhiMH SI./lpBMH 

Heo.zlHOKp<i'rHO 'SIBnSinOCb OO'b9KTOM SKCDepliMeH:J.anbHbiX H ;eopeTII'reCKHX HCCne.llOBaHH.itX l. B 

SKCnepHMe~HTBIIbHOM OTHOWeHHH &TB npq6neMa OCno:lKHSI9TCSI Tpy.llHO_CTSIMH 1 C KOTOpbl~H CBSI~a­

HO OT.Oenei;{He npo'l'?HOB1 HCfibiTBBWHX nHflb ynpyroe (.nHcppSKUHO~HOe) pacceSIHHe1 oT Heynpyro 
·~ 

pacceSIHHbiX 'IBCTHU. HaH6onee npocToA. cnoco6 TeopeTH'IecKora. paccMoTpemi:SI ynpyroro pacce.-. 

HHSI HyKnOHOB CnO:lKHbiMH S!LlpBMH B · yr.iiOBOM HHTepaane ·•H.H:lKe nepBOro ./lHcppaKIIHOHHOrO .MHHH- · 

· ·· . - I . /2-'$/ · 
MyMa OCHOBBH HS HCllOnb30BBHHH. UOnYIQI.!lCCH'i9CKOrO llpH6nH.iK9HHSI ' 

... ' 16/ 
MaTpHila ynpyroro paCC9SIHHSI HyKnOHB ij<i 6eCCllHHGBOM TO'I9'1HOM SI.Ope HMeeT BH.ll . ; 

r.lle AN ( q) == gNR( q)". + 

H yrna pacceSIHHSI 8 

fN(q) ""gN(q) + hN(q)an 

igNl (q) H hN (q) =-hNR(q) + ih Nl (q) 

q = 2k.Sinf 

Ct) . 

3HeprHH 

6opaTOpHOil CIICTeMe; C1n .,. npoeKIIHSI OIIepaTopa CnHJta HB HO_PMBnb K DnOCKOCTH p~CeSIHHSI, . 

B ~OOIISCTH M4nblX_ yrnOB 38BHCS!lUBSI OT CllHHB BMIInHTy.lla h.N(q) 

aa a tflop:Me 

{2) 

AnSI onpeiJ{meHHSI aMnnHTY Ll 8 N ( q) c TO'iHOCTbiO .llO o6mero cpaaosoro 

~ MHOJKHTenSI H900XO.llHMO npOH3BeCTH nonHbi.'B OllbiT, KOTOphiA BKniOq:aeT B ce6SI·'\IaMepeHHe· ./lHcp-. 

cpepeHIIH&nbHOrO ce'ieHHSI da (~ ynpyroro pacceSIHHSI rrpOTOHOB H3 H9DOnS!pH30B8HHOrO ny'IKa, 
dru . 

HX nonSipH3811HH P (8). H onnoro H3 riapaMeTpos ( R HnH \A ) TpOAHoro paccestHHSI. 

'· 
Ha6niO.ll9HH9 HHTepcpepeHuHH M9)KJlY Sl.ll9pHbiM H Kyn'OHOBCKHM pacceSIHHSIMH B OOIIBCTH ManbiX 

yrnoB .naeT ./l0llOnHHT911bHhi9 CBe.lleHHSI 00 .!lMlllllfTy.llaX gN (q) H h N (-q) 

B HBCTOSIIUeA CTBTbe OllHChiBBIOTCSI Ollb1Thl 1 B KOTOpbiX Ob!IIH H3M9p9Hhl ./lllcptflepeHIIHSIIb~ 

Hbie ·ce'leHIISI :: •(6) ynpyroro pacceHHHSI npOTOHOB c aaeprHeA 660 Mas H.llpBMH yrne-

PO.llB_ H nonSipli38UHSI STHX npOTOHOB ·P(O) C JiellblO nony'ieHHSI ./l8HHbiX1 HeOOXO./lHMbiX 

paccejiHRSI ane pe,cx. 

H BeiiH'{HH COOTBeTCTByJOlUHX HM SI.Zl9pHbiX llOT9HUHBnOB ODfR'i9CKOit MO./l911H. l13K!:ep9HHSI 

npoaaBe.lleHbl a HHTepsane Mallllirx yrnos, a KoTOpoM npoSisnSieTcK HHTep¢epea~RSI SI.llepaoro 

a KynoaoscKoro pacceSIHRI. PaasHTaSI B sTRfC onhiTax MeTo.llKKB .Ilana soaMo:lK~ocTb s axa'lll:--: 

TellbHOli Mepe IICKnlO'IHTb BIIHSIHHe conyTCTBYIOlUHX neynpyrax npoueccos. 

3KcnepiiM9HTbl 6biiiH UpOB9JJ;eHbl Ha lU9CTHM9TpOBOM CHHXpOilHKIIOTpoHe 06t:.e.llHHeHHOrO 

HHCTHTyTa SI.llepllbiX Hccne.nonaaHA. 

x) 
fl'onHyiO CBO.llKy OllYOIIRKOBaHHbiX 9KCUepRM9HTaJlbl!biX. H· TeopeTH'ieCKHX pa60T '.CM, 

1 
H's._tt­

JiiHMep, El_ o6aopa <l>aAcHepa/1:1, 
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~":a_,_ $;fs c n e.p u M e. aT.· .., 
A •. Haueelf•• auepr$T&'Iecnx cnexTpoa BTO$?H'!IB&IX 'l&cTaq 

. l..f'+o(Sw OT.Il&nHTb .na!j:lp&KIDIOBBOe pacceBBKe npoTOBOB- H& H.qpax yrnepoiia OT .cOt,tyTCTBylQ­

, UUKlC HetDJ)yrlfX ~p01l8CCOB1 DO.ll yrnaMH 4 .. 2°; 5,2°; .t_,Q(\ 8,$0
0 9,1°·; 10,7° 6~11 H3Me_peJtiJ 

ceae.p.r(.tft'lecKRe CliQ[Tpbl BTOpR'IHblX '18CTH.!l -o.r 1'.·-~ 0. -C<>)"tlaPeitHl. ~npa~neHHe q~pall'IHOrO· . .. _ . ' ·- .-. ,- ,_,· . . -· .. -- . . 

anu ~. W8CTO pacn<?no>KeSBSI B HeM .,CCbaarif .. 1J! ~alt D-;,iulSSBO Ha pxc. Ia_, no,ai$JipanR.Cb 
. ../ -~ - - .. ' , ' . . . 

TaX,' •TOI5&t aw.aeneHswl xcuf{JRM~~ _, · 'Kt·11i ~2 ~o-x sTo~'IH~x. "'acT~.Il. pacceua&IX s~ 
' - . . . ' . "\"-, . . . ' ' . .., . - . . . 

aaAUKbll yrOll' (/1 ; '6wn_·JUUI~~H .,. .u~np_ Mai"'BB.Ta. B wecTe pacnono>K&BJIH ~9CeJIB8Tens& 
·. . . . ,;,· ..... · .. '.' .. ,., . ' ' . ' •' 

T l aKeprll'•. npoToiJ~B ,~~- 6$0;t.8.0 Mas• BT<>PH'IH&Ie 'lacTHllbl,. npol.ns aaaa&aKpyiOUiee 

·none a ~OIIllBW41'0Jt ~~·:~t~~~xMe~poaoJf aaw&1'HG~' c'teae, perucTp&poaanac~o Rn~ TenecKonoM, ... 

COCTUIJ8B .. Jot .. {II3.''~X. c~air-Tannsnif.jHJI~X C'18T'IBXOB~ Bft,ll 8811011 -~HOI. apr<>B~M. Jl01fB341lHOHBOI ' 

Jt4Mep~l ••. &ioe,11~,•nlolla~ wwp~ila ~P aw.nenseMoro -aaanwaaTopoM HMnyn~oe~or~· HH~e~a'.;.. 
U COCTUJJW :"" . ·1 ~7$· .sa Jlpo'l'SilK8HBH IICC}Je.nfeMblX CD81tTJloB. Oo. peayn&T8T8M · R3Mepe'HHI •, . . . . _. . -

.- rurc'ba,.'I'Ojl'H~W .aCTBil ll& B~o.o.e uana3aropa, Jt&lt !j:lyHKilU H8tlpH>KeBROCTii MarB~TH~ro !JO.::; 
t. ·.._ -(' ·~ : '·. - -. ...:.._· . • - . . ).· . . J ' {~ . ' . .• . 

.••• :Pt~~·· • P8HblX ••TePB&IfaX~ Hp OTBOCiiT&IIIoBWA HMiryn&eHbll cneKTp, KOTOp!>IA aaTeM 
• .._ .< . . - ~ •• ~ } '. -~ 

'l'palic;rpo-pNapoaanca a· aseprenAecJt&l cr~exTp a npe.nnono>Keliaa~ 'ITO aTopH'IBWe. qacTHIU•I aans-
.. ' ' ::' _.,, . " 

JoTO~ "'~Jlti(ll. 
-' 

. ,f<paawe. B« pac •. 2 llp8.llCT4BifJIIC)T cot5ol .ft:DII'1Hbl8 &RepreTII'IeeKB~ <:;rieKTpbl BTOpH'II!;biS 
. . .•· • • ' ' .. ' • / ' . • . .!;; ,_. . 

\·;RpO'I'OBOB ae5QSII .QBrpp&QBOHBbllt DBKOB. Bll.llllO K4K' C yaenil'leaae.a yrlla llafimotx~HB B K&>l(O.OM . ' , 
.. ' ·'. . . . '. ·. . . ., ·•·•·. '.r . . • ~.,..._ .. : 

CttitK'tiM . 88 neaol CTOpoae JlB<i>P4'JCilBOHHOro DHKA Bee, oneTnaaee CT4HO,BRTC11 ~&Me'rll&IM xapax-: . .· ' 
._ ,.,.... ' . .· . -. "· 

Tep~· ttpan•a, COOTB8TCTBYIOIIXHI DpOTOH&M, llOTepSIBUlllM ·'I&CTb C&oel aueprH{l aa aoa6y>K.llE!HHe ·. 
: .· , .. ,·. . . . . . .... ; . ..,...., 

•A.P ,-rnepo.aa. BoaMOX<liOCTio o61.acaeaus aTax a.bJcTyDoa '14CTH"'R&IM iopiioateaae!IIJ npoTOHoa 
• -~ •• -. ! ... ~.;.~}-;- - \ '· • -~ _'. .• • ' • . ~ 

RPJI n~xollcJieaaa ax ''lepea KonnuMapyiOIIXee ycTpolcTao aaanuaaTopa ilcxniOitesa, _n<1cxon&xy 
. ·_ ,i ' ·;~ -:' .·. . '. . ' 

Ji~llb.Qaaw•ecR .... KRW )J(e CDOC060M II DO.ll TeMH >Ke yrnaMH llHXR, COOTBeTCTBYIOiuH~ npoT6HaM 

oT ytipyroro · ,· + p ;paccesu111~,. RMeiiJI j(Tporo caMMeTpH'IHYIO ·cPopMy. 
' ' -· '-\ ;,.,-

O'rlteileaae ·: ~~oa-.(won~a!i-~ J;i~cj)pauuoatJoe-, paccesawe, oT ocTan&Hhlx aro'pwililwx 
t \ ._·' ., -~-, ··~ .-. '. :· -· :·~·-· /-~~~~ .~_•,_-<._.",;.· >\,:-:._:c.:{_' • · .. · .. -. '," .· ··:' : .. •. ·: ; ~ ~ .. L. •• ; 

'IACTII'Il llpOH3BOARnOC& D0Cp&~C1'BOic' ,B.W~B-~ IUIOW$J:l81' DOll /J(pHBbiMilr H~p4>K«BUI11MR, C 
~· - - .,_-.· - -- \ - - , - ~ _ _,-- ·:-... _r _~·- :-;-~. ~---. ;: -... : -- . . ,. '·,-,_ ·. --~-:: :- .--·_: . -,-- \ 

OABOI OToposf!l, &B9J)i'eTHqe¢ut cn$1l:-,p npo.tQ~:o'f. ;p· + C ,..,.cO.y.aapei!:al. c • .apyrol~ 'liax, or 
\S·'I~KI DpO'I'OUM 0'1'.1DPfl"Oro .R + p ~~e~e~~~>;~ tJO~~~'floB~M pacc~a~a~ene. Opli 

e'I'O~· ·.aatpaa~aln.JI nu GT p + c ... cor~a P&H•~-. nllx oT ;Y-l}IPY~or~ p + P - pacceBHBSJ 
- • - • • • J > 

. ,.. ' . -_ - ' 
'ROfMIIpo.ailJictt 1C OARHAXOBOI BblCOTe H itx t.j~A'KCHM)'Wbl COSMSIIX8llHCb. Tax KSK aaepreTH'I8CKHi 

.. ' . . - -~ . -' ~-- -

, paat$poc :ueps\i'ls~o nyua 11 paapeweaae aaana_aaTopa ocTaaanac& HelfaMeHHhiM~ npa nepe-

.. xo.ae -OT .rpa!j:laroeoro 1t nonuaTaneHo&oMy pacceueaTeniO, To cneaoaano o>KH.ll&Tb, 'ITO 4>opMa 

-;.~ .. 8TIIX DBit08 II UIBpBJIS IIX H8 nonyBblCOT8 O.llBB&KOBbl., 3TO BSWIJO ceoe DOJlTBep>klleHHe a: TOf!4 0 

'1'1;0 .. .,..~. 88TBB o6oax IIIJKOB DPH HX COBMeiiX&HHH aceraa coenaaanu .apyr c LlpyroM. B xa-· 

'18CTB8' lipaue~ ll!1l pRe. 3 uao6~a>Keaw .nmt yrna 9,1° apoqe.nypa Bhl'l&.-i-aau · DJioma.ael rio .a 

· aop~BpoBABHbtMII :ll11K4MH, _8 p~.aene~UU>Ie Tax•M:" o~paaoM i:l~tPP;KilHO·H~I ~K· If oneltTp ripo'l'<>"" 

HOB, RCitblT&BWR~ Cllflfflt~ aey~pyroe _pjtoceB .. Be. 
' ' ' ~ ':, •• ' - ' • I . _.;,.; • ·. -, . • 

i .. > ':Aa&nlllS CrteK'l'poa. noxailf..ir•>'• cnerxa JlQfttpyrne: . P'4~Ce5Ullie Dj)OTOBOB 38MeTHQ Ii:~aKypa-
' . . : ~,, ' .. <:.· ',·. .. l2' .. '·:. . ,_ ... · .. .., ' . > • • 

· pyeT c rnpyraM pac~•••eu fia ~pax :P .tiaxce 8';061ulcTB yrnoa,. pacnono>KeiiiJol MHoro aa-.. 
_xce aepaoro .a~paltu&o~aoro .MBBHWYMA. H 'ITO &en~t'llilla aaepraa, traiiXe 'Bcero nepe.naaa~Mol \ . . . . . . 

• 

4 

\; 



•IJ.PY ~. ae 38JU'~T. o: r~na ,;a I[~;M.e{mo coo~-e't-Ciaye~ nOJIO)KeH}UO-MaK<f11M)'Ma . KPI{e?A'. ruraiire,~:-.... · 

ro cllo'l"Ope~o.H.,ca aa'pa . c1 ~ ~ O~arco' no~ eceMi{_ yt;na)'Ofl( Ha6riJO.aeintSl\ cnelt'J.:P 'dner~A' ueyupy~o~ ' 
' .··. . ·.' .... -· .... • .. :· •' . ... . . .. ·.· .·· \ . .. .· 1'2' 

~oce~H1f&U n~ToHoa 6w_n caaa'lu!JienbHO iuupe o5nacTH ritra~~;~:itoJ'() '4lorope;3oaaaca sr,qpa,C ., 

,,.fo H~n&asr·· fS&UJC;• 06'&~(:HH~·~ ;HepreTa~e<;l[~~J'p~~pOCOM ~ep~~'lHOr~" ny.'lKJ10 HH KOH~'lR_OJt ~G~~; 
... _.,,.,..,_.·,. _ ... ,l•.'' ... •·:··. ~--.·:·· .- -~ :- .. · ... .. · ... ::.·-~ .. 
u.aaJOutel cnooo6aoc'i'JOO .!IH&JUl34Topa. B noli' ¢B$J3H llpEJAOTBWeTC)I B8CbM8 aeJ)9srTHbiM, 'lTO 

·'."·:. ·.... · .. '.. ·.-:·, .. -, ...•. : ·\'.:·:· .. •.: __ .;' ·; ... ,: ,· ·. . . 

,.;rnpyroe pacee~JUte fS&J<:Tp~X <ilp0TOS08 fJ1it; 'If~; _t~bl ~aCTC)' ttP,ssOlUIT X B().31JIIJI;HO~eHHIO B ,si):t-

. PaX · cnaaoaO""BcfnJtosa'tx 'tiutoa .aoa6YJI{dem!9:'~ a~ np;,SlBil~nouttttcSl . a o6&I~I>i.X cpoTog,aeps&Ix · nep~ · ··• 
' : . . 11,81 ·' . . ;:0 ' • • :: . . . . . . ' 
·•ZO);l4X . • ·. .I •'. 

' - ~·'~ 

~Til J)eSf.lli>Tk-.1.{ C611Jl¢re.ll~Taf~t' 0 TOM., 'ITO B !J~ OTHO~RTellbliO -e~OJUIX spe_pMUfX. 

: '( E>. 600. ·M~} llOCTOJSepHbr$ . ~B~Jff(K~? .AHtPIPe.pea~aa~oHOM C~'le~H:~ rnpyroro. p~eSI~StS. H~ . 
,:Manble .yrnLI !tPQTOHOB Sl~paM~ ,:H ~;li~~JlHII ~pOTOH~.B. B ~OM ttPonecee M.OryT. 5~ llOJq'leH&l 

. '"· 
cny'f:ae, ,;or,aa ynpyJ'(),,paccesi~t~&Ie IT:POTOJiW TlUS,T.e.Jl.l>HO oToeiunoTcSI o.T npoT()Hoa, 

.,;;...·-

.. -:: 
cner~ aeynpy~ae pac~Hae. 
. : ~~ _-._.' ·\;_· 

., 

: ·.:B •. ,;.<waesenta!e iu,!WJe!)eH~J.al' se,eu~A p +~ E -AAcceaa~ru· 
'C.xeMa $KCJi,pliMea'J'~~ .. ~ yCT~uciaxH nox~~~o u1'f»>C·' 16~. n 0 nyTH·:" ItOJUlJfMB'fO:pa.C . < • ~ ,, 

. . -~ .. - '_;-_____ . -- \'-~,. _::_· __ ·_: ~-_-_>_.. , ---- . :-:~.;~- -.'-__,' ;:=~-: _, .: __ .·._ ···: :' ,. .· _-. "l .. ,: . ·. . -~ 
HeiJOliSIJ)ll30Ba~~<'~· 'npoTOHOB Of.lPI.pHSJ¥~<~ jlenOMOraTeJibHOM · MaraBTHOM none 

--0- -.- ~-: -_ ··; __ - -;~;~\·-::..~_~-~;_::_··-_--: -. ·. ; ~ -:· ·> __ />-?~~- .}: --<>'- · __ --_ ·. . J • ; /-·-~-\ 
14.2 .-;::f1p8 -~.M-',lj()K O'IU1U.!lliCSl QT llplf~~'Jf~i"f~~~~- 'fAC'I'fUr a· 'l.!lCTHll-'H~~)lol 

~epl-a11 •.. f'e~fjitt~~~:~ll~tt:MallH~ obina ;;;:,ilia~:\~,;~~~~~ ~J~~~~ijsf paccaJus~TeJ,U~: ' . ··: · 

al,R~~~~~~.~~~l.;~' ~BTorpalf>e. R~en~ Bbi~OT~ 20M~ ;:.iiipa~y 10 ~t, !)) . pa~xoitHMOCTb:-­
~)'~;;,~of~~~~~~ llliOCKOCTH COCTSBliSlliBY :!:_0 1 15°. fi&In~·· npa.~~?~~~-~·'foutt, riJ>i 
"c~-TR~;~ 'MIIHIIM.YMY sqxpeKT pacceSlHHSl npoTOHOB a cTeuxax xonnaMaTopt;a;\: 

PaoceBHH&Ie npoTOH&I perRcTpHpoaanHcb TenecxonoM, cocTaeneuH&IM H3/ Tpex CI,tHH.TH~~+~: 

,.--~~- C'lEtT'IH;KOB .C1, C2, C3 R O.OHOro, 'lepe~KO~CKOi'O ~'leTJIHKB C C lineKCHT'll~ij~~.p~B~~;,::' 
. . pow. Yrnoaoe paapeweaRe, a .oCHOf.\Jh~M.- (:)npeA~n•ix-o~"h w~oroK~TU&IM. paccesia~He~ fipcr~.o¥!.0~·~~~' · 
. ·~"eR&aTelle R. COCT8~BBQ-, ~Q,8G. ti~tSbr, tM.e;,~H_,.; ':ll9~P~lwC,T·~ ~ IOCTKp08lte anna~a~y~~ •I[ ., ' , 

a36excaT& BlJifSm~SI._~pe-lcpa_ ~~.ctae1'l'e~'J~UX ;bTJ?~~~T~,--6blliB 9C~-ruecT~lle~a o6&I~ag ~~~~~~;: 
•' ~ •• < ,_· :·. -· ·- > ••• •• •• • -_--•• :- -.'· -.- ~·:~:..- • •• __ • • ,· j) _~: ··:·:'. ~- ·_:- . 
·pa· qaoTp 'lepe.ay~ruaxcst aa!aepeaRI yrnoB&IX pa~npe.A:eneaHA paccestnnf>Pt apoTOMoB cnpasa .a -> 
'cneia OTHOCRT~ll&liO nepBH'lHOI'O ny·'lK8 J; rioc~~.llyxl~M BH;eceRUGM liOO~it'~q (;,;'0.05°) a· ~TC'I'Q_'r~1 ' 
• • '- . ' - . _ ... '. -· - . ' : • """" -~ . ·• '· .. .<. --. •"- ·_ .- •• 

no Yf.poMepllol • .u.ucane._ . O.tutoBpeM.eHHO npOH3BO~Hna<? b _petacTpai:uiSI PTB.e'f-iliOWBX O.OHOM.T.H: TOM)', ' 
·... '• ·' . . .. -4 . - ' . , ;_.:· -.... _ . ·. . .· :_. ,· . . .. :· . " .. 
*e ~lleCJIOMY Yf'Il-Y 2•1(J c'i'epa.q cxopoc're'l.·.c~~~ .• :cNi.flj .. '.TpoAJUoi:i' coanaaeliuA ~nyn1:3Cos - ' 
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·•· -:c":;Conotniti.ne'Hiie 'noK . C(';;.;'t2 cs-H cl c2·~'C3 {:_ . ..., T~riecKOIIOB II<?3B01llfstb"ydano&liri.1 

<~To' ~ c;p~cct:ta'l'paaaeMoM :tui:anasoae yrnoa N if N ~ casaa:Hbl coo-taorueHHeM N . 
. .. ·. · / 123 123C UJC 

(0,452':t_0,00!;) (1'1 j
23 

:·;::_. Q}' , ~Ll~ Q - liOCTO~ntHas,· C TO'i}!OCThiO llO MHO)t{lftens, y<IHTbiBSioiUe;_ 

. r'b'c.c_t,q:i~Itfriiii.Kt>c-th· t.tepeHi<OBCKOf'O cqeT'lHKa, Q -~Pe.llCTaBJIBeT co6oA pa~liOCTb' Me.>K.lly ,'lHCJia ... 

-~l{,npd.fattos,'aaperif~TPRPOB8HHbiX'''Ci' c~· c3- TeneCKOIIOM,· c o.o:H'oil CTOPO!HI; H cl c2 c3 c:.. 
-{TerleCtroiioM,'' . C .llpyf'cHt~:T(:; -eCTb 'iHCfJO ·~pOTOHOB, HCIIbiTaBIUHX Heynpyroe s3aaMo.zieilcTBI{e 

c 6ohi:woil IIO'l'e~A SHE!pi'nH:' 3To c/oo-i-H-:>!.UeHHe 'Me)K.lly NU3 li 
I , 

N · . ~ · Mo:mao aHTepnpeTnpo..,. 
123C 

B8Tb TaK,. KSK ecnH 6bl )leTeKTHpyiOlUaSI CI{C'teMa paanH'iaJia B CiieKTpax .ase rpyiiiihi IIpOTOHOB: 
- ' t . ~ 

O.llH8 liS '~1JX 'f;RCneHHOCTbiO ( .Ni
23

- Q), ·ptiCII01lO}K~HHS:H BbiWe HE!!tOTopor-o s<flcpeKTHBllOf'O S!Jepre-

THtteCKOf'Q:.ROpora .£ C i. p&MICTpHpyeTCH 'iepeHKOBCKHM C'fE!T'fHKOM CO cpe.llHeA · scpcpeKTRBHOCTbiO 

z ... ,0,462±,.0;005,., .npyras 'flfCJJ.~JiHOCTblO Q··. pacnono:lK.eHHa~ H:H~ 3HeprHH Ec ' He perHCTPH..,. 

pye'J'CSI • <tepe~KoSCKitM C'leT'lHKOM. SOBCe, 

B pe3y/lbTSTe epaaHeHHSI 3Ha'feHHA N 123 H Q 6blno ilall:neHo, '!;To :a crteKTpe, liaMe-

70 ' 
peHHOM no.a. yrnoM' . · , HH'l'epsany cnexTpa 'iRCneHHQCTbiO 

( 
'· . } -27 2/ •, . . 

Q . ~n:s_eq.\!leT llJI<P<PepeHnHanJ:>HOe ce~· 

'f9HRe. '2~~:t,JQ •10 ... CM CTepaLl, 'ieMy COOTseTCTByeT .Et;= 6J0 Mas. ·Tax K!'K 3HB'feHHe Q 

OCT8B81lOCb HeH3M.9HHbiM B paccMaTpllBaE!MOM .ll"'ana30He yrnoB, TO MO.>KHO yTsep:>K.llaTb1 'lTO 5 
~ ..... 

HBC'l'OiiU.UHX SKCIIepHMeHTaX HeperHCTpHpyeMi>le qepeHKOBCltHM c(qeT'IHKOM IIpOTOHbl fu.mH pacrrpe.ae-
~ I f'_:o: ~ ·;-·. ( ;_, ~.. ' ' -• . • ' -:- . _.· . ' ' ~ .. ' . ' 

MHbl np~nH3HTe~HoHo aaoTj)OIIHO H 'ITo 3~aqeliHe rroporo:aoA s.Hepraa Ec :a cneKTpax pacnono-

.>KeHO ripHM9pHO B OllHOA H ,., . ,, . '-o·> , .. , . 
yrnc:~ 12,2 ,. noKaaan, 'ITO 

· c.:.i).i · 2 .. ' 

TOA :lKei o6naCTH, .lleACTBHT9JlbH0 1 aHa1lH3 cneKTpa, 113MepeH!JOI'O .rro.a 

HH3KosHepreTH'lecKaH ~aCTb cnexTpa • .daromaH BKna.ll,. paaHbiif .-. 

207 • 10 CM /cTepatl, rrpOCTHpaeTCSI OT ao .no 608 Mss. --' 0 0 
.. no.a yrnBMH 4,1 , 5,2 1 

, ; ~ ·: r ' ; ,· ~ •• ' , 

0 w• 0 
9,1 a 10,7 SHepreTaqecKHe_ crreKTpbl ObUIH H3MepeHbl 8 3° 

' ' 
T_OJII:>KO :a~we 610 }.\s_:a { HeKOTOpbie • H3 9THX c~exTpos noxaaaHhi a a pH c. 2). Bo scex cny'iaHx 

, . ' ' .' . ~ . . . . . ... 

CI19KTpbl· cnerJi:a Heyrrpyro paCCeSIHHbiX 1Ip0TOHOB OT.llenSIJIHCb OT .aHcppaKUHOHHbiX IIH,KOB TaK, KaK · 
•'__;· ' :: . ' ' .--· ~-.. . ' ·. 

sTo onacauo s pa3.llene 2A. nony'leHHbre .anH yxaaSHHbrx yrnos aHa'leHHH · .llHcpcpepeHuaanbHbi.x :, :: .·,, ' ·__ \ . -. 

'· C~'l&HHII:, OTB9~8IOWHX SHepreTH'f9CKOMy HHTepsany OT 610 Mss H. BII1l0Tb .llO sepXHeil: rpaHHUbi 
. '. . . . . ( .. 

crreKTpa cner~a Heynpyro paccesrHHbiX rrpoToHos, MO.>KHO 6bmo anrrpoxcHMHposaTb rrpHMoA nHHHeA, 
' '- ' ' . 'o' 0 

3K9~pEiii01lSIUHQ KOTOpoA .s _o6naCTb yrnos 1 ,8 -~ (} < 4,1 1103BOnHna OU9HHTb BKna.ll paCCMBTpH-

BB,eM.OPO SHepreiraqeCKOf'O HHTepsana B IIO~Hhii BbiXO.a. BTOpH'IHbiX 'laCTHU, CornaCHO OUeHKe, 

llPlt':'f~r~~. IT -MEi;30HOB cpe.aH ynpyro pacc;:esHIHb1Jii npoTOHOB 6bzna rrpeHe6pe.>KHMO Mana. .. 
·:Ha ·pac. A ripase:aeH.r.r Ha,A.aeHHbie TaKHM: o6paaoM, sHa'ieHHSI .£UI¢cpepeauaanbHbiX ceqeHHA 

ItcnycKaHHR ripoToHos ·c aHept'KeA OT 60 Mss .zio sbpf(HeA rpaHHUbl cneKTpa, a Ta~~e a Ha'ieHHst 

.llHcp<fle,lileHllHS~b~biX ce_qeHHft· ynpyPOf'O (,aacppaKUHOHHOf'O) pacce.a!iHSI npOTOHOB BMeCTe CO CTa-

THC'(!f.'JQ91tHMH . •OIUH6KSMH H3MepeHHA. 

B. -~aMepeHae rronHpasauaa rrpoToHoa s ynpyroM p+C ~ pacceHHHH 

'-npoue.llypa 3KCnep1fMeHT8 38KJJ.IOqanaCf;>1 BO~n~pBbiX 1 B Bbl,ae'n-eHHH C IIO;Iii!OlUb!O Maf'HHTHOI'Q 

8H8JtH3a'l'opa HS CI1E!!t1'.pa BTOpH'fHbiX ~acTHU OT p+C-coy .ll8peHHi B 001lSIPH3aTope T l i:lacppaKUHOH­

HOro· IIKKa· H. 3aTE!M ·B JI3MepeHHH 1101lRPH3aUHH npOTOHOB B STOM IIHKe,.~~ Ka'ieCTBe aH81lH3HPJI'IO­

W8f'O 'npouecca M:CII01l-b30BanOCb .ynpyroe paCCQSIHHe 'IIpOTOHOB npOTOHaMH 's IIOJlHSTHneHOBOM 

8H81lif3a'Tope T 2 (pHc. Ia). Cpe.llHBH sHeprHH upoTOHOB B Bbi.aenHer..toll: rronoce cooTseTcTso~ana 

- MaKCHMyMy .llHcppaKuHOHHOf'O IIHK8 H IIO.ll.ll9p.>KHBanacb IIOCTOSIHHOA. so--epeMSI H3MepeH!1i• C yse!. 

6 

....e, ~::\,~-#-: :'-S·•tJ::kir~ftr ·z. t 4 
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JIH'l9HH9M yrna p8CC9SIHHSI OT 2,1° .D:O 10,7°, COrJISCHO OU9HK9, WHpHH8. Bbl.!l9JISIMOii UOJIOCbl H8 

nonyablcoTe soapacTana oT · 8 .ao 13 l'v\aa. flpH aTOM aoapacTana TaK)f(O H .aong npHMecH cnerKa 

. 0 
aeynpyro paccesraHblX npoTOHOB B Bbi.D:enSieMoA nonoce cneKTpa; no.a yrnoM 10,7 oaa coc,Tasnsr-

na ae 6onee 3%. 

Ynpyroe p+p-p8CC9S1Hii:e B UOJIHSTHJI9HOBOM 8H8JIH38TOpe TOJIWHIIOJl 40 MM nonHbCTbiO OT.ae­

JISIJIOCb CiT HeynpyrHX npoueCCOB nocpe.D:CTBOM .D:ByX COnpg)KeHHblX TeneCKOnOB C
1 

C
2 

C
3 

If 

C 
4 

C
5 

ycTaH8BJIHB89MblX B COOTB9TCTBHe C KHH9M8THKOJl ynpyroro p+p- p8CC9SIHHSI nooqepe.D:HO 

cnpaaa H cneaa OTHOCHTeJibHO ny'IKa, npowe.awero qepea aaanHaaTop. 3cpcpeKT OT yrnepo.aa 

HCKJI10'18nC~ nyTeM H3MepeHHSI p83HOCTH. CKOpOcTeJi C'leTa C nOJIHSTHJI9HOBbiM If SKBHBSJieHTHblM 

9My no 'IHCJiy Slll9p yrnepona rpa'cpHTOBblMH 8H8JIH38TOp8M~. J.1cnOJib30B8JIHCb CT8H.D:8pTHb19 CO 
-8 ' 

BpeMeHeM paapew.eHHSI 1. 10. CeK 9Jl9KTpOHHbl9 CX9Mbl COBH8JJ:9HHJi lfMnynbCOB OT CUHHTHJIJISIUHOH-

HblX C'I9T'IHKOB H T9JI41!_CKOnOB, 

-ACHMMeTpHSI E (0 
1

) B 8H8JIH3Hpy!OI.U9M pacceSIHHH npOTOHoB, paaee pacceSIHHbiX H8 yron 0 l 

B rpacpHTOBOM UO~pH38TOpe, H3MepgnaCb UO.D: yrnOM 0
2 

""18°. 3TOMY yriiy p+p-pacceSIHHSI npH 
•.' 1101 

635 Msa no .aaHH.bJM pat5oThi , s KOTOpOJl no.ao6Hb!M :IKe MeTOllOM lf3MepSIJI8Cb nonSipH38UHSI 

B ynpyroM p+p-p~CeSIHHH 1 OTBe'IS~T M8KCHM8JlbHOe 3HS'IeHHe UOJIS1pH38UHif P ( (8°) = 
PP 

0,42 :!:,0,03. Kax 
/10/ 

':Y)Ke OTM9'18JIOCb B aenH'IHHa nonSipHaauHif H ee yrnoaoe pacnpe.aeneHHe 

B p+p-p8CC9SIHHH 6cT810TCSI HeH3MeHHblMH B HHTepsane OT 415 .D:O 635 Mss, noaTOMy, npe.anona-

rasr, 'ITO 3H8'1eHH9 p ( 18°) He lf3MeHSI9TCSI C B03p8CT8HH9M SHeprHH OT 635 .D:O 660 NL?JB 1 pp 

MO:IKHO 6hlno onpe.aenHTb B9JIH'IHHy nonsrpH38Uillf p pC'( 0 1 ) npOTOHOB B p+C-pacceSIHHH H3 COOT­

HOW9HHSI 

HaAneaable 'I'SKHM o6paaoM a 
0 0 

HHTepaane 2,1 ~ 0
1 
~ 10,7 , 3H8'19HifSI P pC(01 ) · npHae­

o 
neHbi aa pac. 5. BH:.aao, 'ITO nonsrpHaaUHSI nocTaraeT MaKCHMyMa no.a yrnoM .. 8,5 • BoaMo:~KHOC"tb 

,.._. HCKa:~KeHHSI aeynpyrHMii npoueccaMH aa6n10naeMoA yrnoaoA aaBHCHMOCTH nonSipHaaUHH cae.aeaa 

K MHHHMyMy1 BBHllY BbilleJieHHSI TOnbKO ynpyi'HX npouecCOB K8K B nepBOM, T8K If BO BTOpOM 

pacceSIHHSIX, 

3. Bbi'IHCneaHe aMrinHTY.ll p+C -pacceHHHH 

A. Vlcxona~oie <bopMYJibl, Vfcnonb3y9Mbl.ft: B HSCTOSII.Ueli .pa60Te MeTOll Bbi'IHCJieHHSI SMIIJIH-

Tyll p+C- pacceSIHHH anepen no peaynbTaTaM · aaMepeaail: a o6nacTH ManbiX yrnos na¢¢epeauRanb­

/4/ 
HblX ceqeaaA sToro npouecca H nongpaaauHH pacceHHHbix npoToaos 6biJI paasHT BeTe H KpoMe• 

/12/ ., 
pOM , 8 OCHOBe 9TOI'O M9TO.Zl8 ne:~KHT TOT cpaKT, 'ITO nonHpH38UHSI HyKJIOHOB B HllepHOM pac-

C9AHHH HH:lKe nepaoro llHcpp8KUHOHHOro MHHHMyM8 C xopoweA TO'IHOCTbiO MO:lKeT 6hiTb pacC'IHTa­

/2 3/ 
aa a 6opHOBCKOM npa6nameHBH ' • B aTOM npH6JIH)KeHHH aMnnHTy~bi g N ( q) H h N ( q) npo-

nopuuoaanbHbl SlnepaoMy cpopMcpaKTopy 

F(q) .. k 
q 

00 

f p (r)Sin (qr)rdr , 
0 

( 4) 
00 

rne p (r) - pacnpeneneHBe UJIOTHOCTH HyKJIOHOB B S18pe 1 HOpMHpoB8HH09 T8K 1 'ITO 411 fp(t)t 2dr=J 
0 

nnoTHOCTb Hy~nOHOB y.llo6HO annpOKCHMHpOBSTb rayCCOBCKHM pai::npeneneaaeM 

p (r) 
i -1!2 -' - ( .L) 2 

=-11 a e • . (5) 

7 
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-.--- 1;.:: . 
B aToM cny'lae F ( q) =e . .llnH H.apa C , xax a To cneLiyeT H3 onblTOB no pacceHHHJO 

/13/ '·. . • -}3 
anexTpouos , paLIHan&H&llt · napaMeTp rayccoscxoro pacnpeLieneHHH a •1,965 ·10 eM, 'ITO 

2 'h -13 
COOTHTCT&yeT cpeLIHeKBSLlpSTH'IHOMy. par,~ycy < t > =2,37. 10 CM. 

Peayn&TaTw uposo.anMoro HH:lKe aaan11sa sxcnepnMeHTan&a&Ix naaa&Ix a oupeLieneaaol Mepe 
I 

Sll!lnSUOTCSI MOJ:tenbHO-HeSaBHCHMbiMII, nocic:on&Xy e ycnoBHSIX H8CTOSilUHX OnbiTBa (£ • 880 .Mas, 
18 -1 . 0 0) . 

1:•6,56•10 CM , 1,8 ~ 8~10,1 aaaqeang q 6blnH aaxn10'1eH&I B HHTepaane 0,21~~~~ 1,22, 

1!1 ltOTOpOM annpOKCHMAIIHSI nnOTHOCTH pacnpeneneHHSI ,apyi'HMH, OTnH'IHblMH OT I'SyCCOBCKOI'O pac­
/13/ 

npe.aeneHHH, ¢yHKIIHHMH onnaaxoso xopowo cornacosanac:r:. c sxcnepHMeHTOM • 

Y'leT yrnosol aasHCHMOCTH aMnnnTy.a ayxnoa-ayxnoaaoro pacceHHHH npHBO:OHT K ToMy, 

'ITO 8MllnHTYLlbi HyKnoH-g:o;epHOI'O paCCeSIHHSI onpeLienHJOTCSI Bblpa:>KeHHSIMH! 

gNR (q) "'gNR(O) FIR (q) ,. 
gN/q) g (O)E (q) , 

NI li (6) 

btm(q) == hNJOJ Sin 8 • F2 Jq), 
• 

hNI ( q) "'hNI (0) Silt. 8 F21 ( q); 

r.ae F1 (q) H F
2

(q) - g,aepH&Ie ¢opM¢axTop&I, .oTnH'IHble oT ¢opt.t¢axTopa F(q) , aalneaaoro 

B on&ITax no pacceHHHJO snexTpoaos. Bbipa:>KeHHH ( 6) aanHcaH&I c y'leToM Toro o6cTOHTen&eTsa, ..... 
·.'ITO pean&Hble H MH'HMble 'ISCTH IIeHTpanbHOI'O H CnHa-op6HTSnbHOI'O OnTH'IeCKHX noTeHIIHSnOB LlOn-

:>KH&l HMeTb paanH'IHyJO pa,aH8nbHYJO 38BHCHMOCTb. VfMeJOLUHeCSI axcnepHMeHT8nbHbie L18HHbie 0 p+C""'Pt"-" 

ceSIHHH npn 660 Mas ·ae.aocTaTO'IHbi .anH Toro, 'IT06&I MO:>KHO 6&mo aapHLlY c aMnnHTY.llAMH 

.NR(O) • glfz(O) hNR(O) H h NI (0) TSK)Ke onpeLienHTb c xopowel TO'IHOCT:&JO eme 'leT&I-

pe PALlHAnbHblX napaMeTpa yKa38HHblX Bbiwe ¢opM¢axTopoB. noaTOMY .aenanocb ynpomaromee 
- 2 2 '>4•2q2 

npe.anono:>KeJJHe, 'ITO FlR(q) =F1 f q) =F
1 

(q) "'e '>'•, q F 2R(q)= F21 (q)=F2 (q) = e " 

WecT:r:. cao6o.ziH&I.x napaMeTpoa ( 'leT&Ipe aMnnH TYLlhl nnroc paLIHanbH&Ie napaMeTpbl a, H a, 
aapbHposanHcb Tall:, 'IT06&I ORR aaHny'IWHM o6pasoM cornacosanHcb c axcnepHMeHTan&HbiMH 

l18HHbiMH. 

nonHSSI 8MnnHTYL18 pacceSIHHSI npOTOHOB LlSeTCSI CYMMOI SMnnHTYLl SILlepHOI'O II xynOHOBCKo­

I'O paCC9SIHKI: 

g(q)"" gN(q) + gc(q) • 
(7) 

h(q) = hN(q) + hc(q), 

rne .aMmlKTY:Ohl xynoaoscxoro pacceHHHH cyTb: 

g c(q) ....l!!.!_[l + 2inf .. (~Jl F(qJ 
- 2 8 q 

(8) H 

h 2 k 2 
h (q) "'- iSin8· (p.- ~)g clq), 

c 2!.12c2 

8 8MllnHTYLlbl SILlepHOI'O pacCeSIHHSI paBHbl! 

8 
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CIIYCK8 C npe.aaap~TeJibHOit .~M{iplf38Uil&ft 38.Qa"'H ,ZJ;JISI Haxo)l{,aeHHSI MHHHMYMe CYMMbi 

• - ''~f'"·-41 .· .. · :1 . 
r . 

, r.ae tL OTK.IIOHeHH9 Bbl"'HCJIQHHOI'O i.' ~I"'O 
KBa.apaTH"lHblX- OTKJIOH9HHil )( .;,s ·'1: .( .!L._ ) 1 

I= 1 a, 
3HS"l~HHSI paCCMaTpHsaeMOft aertH"lHH&I OT COOTB9TCTBYIOUl9I'O 9KCIIepHMeHTaJibHOI'O 3H4"19HHSI_, 

OUpe.aeneHHOI'O C OWH6KOft f!J.
1 

i UOJIH&IA Ha6op pesyJibT8TOB K3MepeHHit BKJIIO"laJI .QBeHa.auaTb r < 

3H~"leHHft l! (q} H 9 31!aqe.H,Hft P(q) , rlpe,a~OJiarSJIOCbi 'ITO IIOJIO:>KHTeJibHblft '3HaK IIOIIS1pH38!!HH 

cooTaeTcTByeT uanpasneHHIO seKTopa nomlpHaanHH ,.no uopMaJiH n = k' x k_,_ , r .ae k 1 H k -· · _ lk xk I · 1 
' 

sonuoa&ie aeKTOpbi npoToua .ao H: nocne pacceSIHHH. no uaa.aeHubiM aJnH"l~HaM aapbHpyeMbiX napa ... 
- . ' 

MeTpOB Bbi'IHCJISIJIHCb 3Ha"leHHSI IIOJIHOI'O ceqeHHSI Ut. B38HMO.QeftCTBHSI IIpOTOHOB C SI.Qp8MH•yrne-

po.aa npH 660 Mas· H coOTBeTCTBYIOWeJ'O ceqeuHSI tlornoweHHH u • Casrab Me:>K.ay g (0) H u 
· • Nl . t 

· .aaeTCSI OIITH"leCKOft TeopeMOI 

gNl (0) = ·ku, 4rr-.- (12) 
#Ill .-

Ceqeuue u. onpe.aenSieTcH Bbipa:>KeHHeM. 

u • = 1T a :II [fn ( 2 y R) + C - E i (- 2 y R ) ] , · ( 13 ) 

r.ae a 
1

- pa.auanbHbiit napaMeTp cpopM¢axTopa aMII1lHTY .Obi gN ( q) , ,C =0,577 ••• 3aaqeaHH pe,anv 
. . 1¢ . 

Holt · yR H MHHMOA y
1 

qacTeA ycpe.aueauolt ¢aabi y=.p e HyKnou-H.aepHoro pacceSIHHH Haxo-
. /4/ . - . . 

.QHJIHC b Ha OCHOBSHHH COOTHOW9HHit ( CM, t ci>opMyJia ( 4,25) ) : 

g N R (OJ = ;... k a ~- ; (- 1) ,,- 1 p " sin n p 
2 n=t n!n 

( 14} 

k 2 00 

.... 
gNI /0) 
~ :I (-1)"-:z p"cosn_cp 

2 """ t n!n 
.-

'i 

. CyMMbi a ( 14) 6&InH npoTa6ynllpoaaHbi ua anexTpoHuo-cqeTHOit MaWHHe .anSI 3JIS"leHHlt 1 ~ p ~ 4 
- . 0 0 C warOM B 0,05 H 0 ~ cp ~ 90 C WSI'OM B 1 , 3H8'19HHSI p K cp IIOJl61fp811HCb T8K 1 "lT06bi 

y.aoaneTBOpHTb Haft.aeHH&IM aeJIH'UlHSM gNR(O) H gNz(OJ. Cornacuo rrpuao.aHMbiM lpeA.aepoM K 

/15/ IJISCCrOJib.llOM KpHBbiM
1 

IIpe.QCTSBJISIIOUlHM B WHpOKOM .QHaiia30He 9HeprHil SKCIIepHM9HT81lbJ!.O 
. . -27 2 . 

Haft.aeHHbie 3H8"leHHH u, K u • 1 rrpH 660 Mas 
-27 2 

u
1

(p +CJ=(320.:!:..10)•10 CM H u,.(P +C) 

(225.:!:..10)· 10 eM • Ha ( 12) cne.ayeT, 'ITO yxaaauuoMy suaqeHHIO u, oTaeqaeT g Nl ( 0) 

. . -13 
( 16,7 .:!:..0,5)• 10 CM. 

Bcero 6&Ino paCC'IHTaHo qeTbipe aapuaaTa. PeaynbTSTbi B&I"lHcneHHil rrpuae.aeHhi a Ta6nuue. 

Ha puc. 4 H 5 rrpe.acTaaneHbi Bbi"lHCJieHHbie Y':IIOB&Ie saaucHMOCTH .ll.ll¢¢-epeuuuanbHbiX cet~eHHil 

yapyroro paCCQSIHHSI H IIOJIS1pH38UHH IIpoTOHOB B 9TOM rrponecae. 

B'apHaHT }, .D.IISI BCeX 8MIIJIHTY .Q SI.Q9pHOI'O paCCQSIHHSI pa.aHSJlbHEdl napaMeTp IIpHHHMaJICSI 
. / -13 -13 . 

O.QHHSKOBbiM H paBH&IM a •1 ,965•10 C~ ( T.e. a1~ ah = 1 ,965·10 . CM), 3TO IIpH6JIH:>K9HH9 SKBHBSJieHT-

HO rrpeue6pe:>KeHHIO yrnoaoil 38l'!HCHMOCTbiO aMIIJIHTy.a HYKJIOH-HYKJIOHHOI'O pacceSIHHSI. nonyqeHHOe 

,anSI ·gNT (()) 3H8"l9HH9 He.QOCTBTO'IHO XOpOWO BOCIIpOH3BOJl.HT B9JIH'IHHY Ut • no.ao6HaSI CHTyaUHSl 

HMena MecTo H B -cnyqae qeT&IpexrrapaMeTpHoro aHanHaa .aaHHbiX no p+C-pacceSIHHIO rrpu 310 Mas· 
-13 /4 12/ 

C HCIIOnb30B8HH9M 3H8"leHHSl a =I ,965 • 10 CM 
1 

• 

BapuaHT 11. Pact~eT 6&IJI npousae.aeH B npe.arr~no:>KeHH!H, 'ITO pa.auanbH&Ie napaM.eTpbi a, 
. -13 . ' ' 

H ah paBHbl Me:>K,ay C060A
1 

HO OTJIHtiHbl OT 3H8"leHHSI a =1,9G5•10. CM. 'faKoe_IISITHI18paMeTp-' 

10 

,, ... , ~· 

/ 
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- HOe- npn6nn·:~KeHne TOJibKO cnerxa ynyqwaeT corn acne Bbi'IHCneHHbiX ce'leHHli u, H U C H3Me-_a 

peHHbiMH; H npHBOLlHT K 3Ha'leHHIO pBLlHaJibHOI'O napaMeTpa, KOTOphlJt Ha 2,6% 60JibWe 3H8'1eHHSI, 

~Onoy'leHHOI'O H3 pacC9SIHHSI aneKTpoHOB., 

-13 
. BapHaHT Ill. ¢H:KCHposanocb aaaqeaHe .4u(O) "' { 16,7 ±.0,5) • 10 -eM, nony'leHHoe Ha nonHo-

ro C9'1eHHSI Ut no OnTH'IeCKOA TeOpeMe, B TO BpeMSI KAK OCTaJibHbie nSITb napaMeTpOB BSpbHpo­

B8JIHCb, npH aTOM oxaaanocb. 'ITO ah > a,> 1,965 • I0-13 
CM. Bhl'IHcneHHoe ce'leHHe u, rrpesbi­

waeT HaMepeanoe nfiHMepHo Ha 10%. 

BapHBHT l y. nponaBOLlHJICSI W~CTHnapaMeTpHbii n?HCK peweHHSI. CymecTB9HHbiM SIBJISieTCSI 
4 -13 -

T00 'ITO H B aTOM CJiy'lae ah '>a,> 1,965•}0 CM, PaC'I9Tbr BOCnpOH3BOLlSIT aKcnepHM~H.TaJibH09 

alia'leHHe u. , no LlJISI u, 

iloro. 

aaiOT 3Ha'I9HHe, KOTOpoe' npHM9pHO lia 10% MeHbWe aKCnepHM9HT8Jib-

a. 06cy:lKLl9HHe 'IHCJieHHbiX- peay'JibTBTOB, KatreCTBO annpoKCHMaUHH, cor.nacHO- X 2 -KpH,Te-

--pn10, ny-qwe scero, BHLlHMO, a cnyqae- wecTHnapaMeTpHoro pemeHHSI. EcnH npearrono:lKHTb crrpa-
. I , ' • 

BeLllUIBOCTb peayJibTaTQB aTOro peweHHS11 TO MO:lKHO npHATH K BbiBOlly 1 'ITO OTB9'1810U..:H9 aMnnH-

TyLlBM ~ N( q) H h N( qJ 
:-13 

= (2,48±.0,04)' 10 CM H 

- - - • f - - ~ 
cpeaHeK:Baapa_TH'IHbie paLlHYCbi, paBHbie, COOTB9TCTB9HHO < t2> =vJ...a,_ 

- -13 • 2 
<r-:>~= vf ah =(2,83±.0,16)•10 CM, 38MeTHO 60JibW9 cpe,llHeKsaa-

pa rH'IHOro paaHyca,· nony'le'HHoro 113 pacceSiat~SI anexTpoHos. -3To pasnii'IHe, HY:lKHO LlYMBTb, 

o6yClTOBJieHO KOHe'IHbiM paLlHYCOM aeACTBHSI SILl9pHbiX CHJI, BCJieLlCTBHe 'lei'O 'onTII'IeCKHe IIOTeH-, 

UH8Jibi HYKJIOH-S!Ll9pHOI'O B38HM0LleACTBIISI npoCTHpaiOTCSI HeCKOJibKO .a.anbWe pacrrpeaeneHIISI Slilep-

nor..o semecTsa. 

npoaeaeHHbii aHaJIH3 6eccrropHO CsHLleTeJibCTsyeT 0 TOM, 'ITO npH 660 Mas peanhHaSI 

'laCTb 6eccnHHosoA aMIIJIHTYLlhl gN:R (0) OTpHua'Tenbaa n, cneaoaaTenbHO, HHTepcpepeHUHSl KynoHoa.:.. 

~o H RLlepHoro pacceSIHHi srsnHeTcSI,YCHJIHsaroUieft~ B 

H0 1 pacCMaTpiiBBH yrnoByiO 38BIICHMOCTb paaHOCTH (¥- -
_. I acu 

aTOM MO~HO y6eLlHTbCSI Henocpe,llCTBeH-

::C] IF 2 
(q) , r.ne 

1171 

due , ( ~~ ) 2. 1 1 - ancpcpepeaunanbnoe ce'leHIIe pacceSIHHSI Ha 
dcu 2W11~ sin"fJ/2 (1+ kRsin2fJf2)2 _ 

yron () B KYJIOHOBCKOM none SILlpa C paBHOMepHO pacnpeaeneHHbiM aapS!LlOM Z e II p8LlHYCOM 

R , lV II {3 C - .IIOJIH8SI aHep f'HSI -H CKOpOCTb 

IIp8KTH'I9CKH He 38BIICIIT OT yrna, a IIpH (} < 

0 
npoToHa. 0Kaaanocb, 'ITo· aTa paaHOCTb npn.(J > 2,5 

0 . -
2,5 - Ha'IHHaeT B0.3paCT8Tb C yMeHbW9HHeM 

yrna. YKaaaHRSI Ha TO, 'ITO IIHTepcpepeHUHSI KyiJOHOBCK?f'O H SILlepHOI'O paCCeSIHHft CKOpee SIBJis,teT-
- . . . /10/ 

CSI ycHJIHBaiOrueft, 6biJIH noJiy'leHbi H paHee H3 8HaJIII38 yrnosoft 38BHCIIMOCTH Llllcpcpep,__eHUHaJibH0-

1'0 ce'le-HHSI p+p-pacceSIHHSI rrpH .657 Mas. B aToA CBSI3H cneayeT oTMeTHTb, 'ITO g N R (0) rrono-

-13 /18/ -13 '- 'H'/ . /19/ 
:lKHTenbHa n pasHa 6,5·10 cMnpH 135 H 1,7•10 CM,rrpn 310 Mas (cM,TaK:lKe 

t 

Ta6n. IX). CyaSI no aHa'leHHSIM (,R (0) rrpn 135, 310 H 660 Mas, anepreTH'Iecxyro aasl!:cnMOCTII 

~ NR (Oj MO:lKHO a nepsoM rrp116JIH)KeHHH, arrnpOKCHMIIposaTb rrpaMoi JIHHHeA, TaK 'ITO A NR(O) 

MeHSieT aHaK rrpH "' 400 Mas. AHanorii'IHbiA SbiBOLl cneayeT Ha paccMoTpeHHSI Sbi'IHCJieHHoro 

E
. /20/ 
8TTH OTHOIUeHHSI peaJibHOft 'laCTH ueHTp81lbHOI'O OIITH'IeCKOI'O noTeHuHana K ero MHHMOft 

'laCTH. 3't'o OTHO!pe_HHe pasHo nynro s6JIH3H .. 400 Mas. TonbKO IIPH aToft SHeprHH, CTPOf'O rosa­

pSI, LlHcppaKUHOHHYIO KBPTHHY )'npyroro pacceSIHHSI HYKJIOHOB SILlp8MH rrpaBOMepHO paccMaTpHJ'IaTb 

na ocHose Moaenll '~''lepnoro AHCKa"'~ 

B pac'leTax ne 6brn npeoaoneH .no KOHUa neKOTOpbrft paapbiB Me:~Kay aHa'leHHHMH MHHMoA 

'IBCTH 6eccnHHOBOii aMnJIHTYLlhl gNl (Q) , IIGJiy'leHHblMif1 C OLlHOtl CTOpOHbi, _H3 aH8JIH38 LlHcpcpe-

11 
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OB 

OITTH'IecxoA MOAenH rrpH 660 ~aB 

8 cnyqae pacceHHHH HYKnOHa 6ecCITHHOBhlM HApOM ITOTeHUHan OITTH'IecxoA MonenH C yqeTOM 

fORe'IHOrO paAHyca B3&HMOAelcTBHH /l2/ M~:>KeT 6biT~ 38ITHC8H B BRAe 

V (r) "' V (r) + V (r)(iJ·L) = c s 
"'2" li 

2

c 
2 

[-G(O) v(r) + .l1.f..QJ u'r)(d·L)], ( 15) 
rAe E E . k 2 ' 

- nonuas aueprHH uyxnoua a na6opaTopuoA CHCTeMe, V;;(r) H ~ (r) 
- COOTBeTCTB9HHO 

·ll4iiKTpAnbllbll H CUHH-op6HTARbHbiA TIOT9HUH8Rbi
1 

-z 0!0 

v(r) = [2"
2
G(OJ] J G(q)F(q)]

0
(qr)q 2 dq, 

0 (16) 

] 0 (qr) H ] 1 (qr) - <i>YHKUHH Eeccens uyneaoro H rrepsoro rropsrnxa, G(q)H ll(q)- aMrrnH­

TYAbi paccesHHH a 6opuoacxHM rrpH6nH:>KeHHH: 

113 "' l; ( q) F ( q) + ll ( q) F ( q) sin 0 . u opu. n ( 17) 

3uaqeHHSI peanbHMx' H MHHMbiX 'IACTelt 6opuoacxHx aMrrnHTYA paccesH:Hsr arrepen G ( 0) H II ( 0) 

. ' /41 6binH Bbi'IHCneHhl ITO A8HHbiM W9CTHrrapaMeTpHoro pew·eHHH H3 COOTHOWeHHft (eM. cpopMyna 

(4.18) H 
1191 

<PopMynbi (6.8)): • 

y "' - 2i ,!?!JJ1- , 
ka, · 

( 18) 

·--. 
(19) 

-

G(O) • I (-10,0 :!:,1,0) +/(20,2:!:,1,1) I • I0-13cM , 

H(O)•I (50 :!:,13) -+1l21 :!:,18) /• 10-13cM. 

(20) 

3H&JI llMITRHTYAhl pACCQHHKH Brrepen B 60pHOBCKOM ITpH6RH2K9HKH, MO:>KHO Bhl'IIJCnllTb OTHe-

C8HHb19 K OAHOMy HYKROHy KHT9f111'kp0BAHHbie U9HTpanbHbiA U H. CITHH-op6HTAnbH~II W no-

T9HUHAnhl1 npeHMyLUeCTBOM KOTOphlX HBnSieTCH TO, 'ITO OHH cna6o 38BHCHT OT npHHHTOI ¢opMhl 

p8AHAnbHOro pacnpeneneHHH HyKnOHOB H p83MepoB SIApa. 3TH UOT9HUH8nhl AAIOTCSI Bhlp82K9HHHMH: 

u 
EN 

G (0), 
(21) 

w 
(22) 

II (0), 



I 

r..ae N - ,acno HyKnOHOB,~&:.·¥Ape· nony'leHHble 3H8'1~HHSI HHT~rp11pOB8HHbiX IIOT~HB.Kanoa cyTlit 

cne..ayrowae: 

-39 . 3 
U =/ (-127 ±.!2) +1(257 !.,14)/ • 10 - Mas CM , 

. -65 5 
If =-/(14,8!.,3,9)+f(6,3!.,5,4)/•l0 Mas CM. 

YK838H~biM BbiWe npeHMyWeCTBOM He o6na..aaiOT o6bi'IHbie IIOTeHUHBnbi OIITH'IeCKOA MO..QenH, 

3H8'19HHSJ KOTOpblx ·MoryT 6b!Tb onpe..aeneli:bi H3 ypaaHeHHA: 

vc .. ..!!.JL o, vs NW 
O,(_!_)~ 

p.C 

r.z:te _ft_- KOMIITOHOBCKBSJ ..ClJtiiH8 aonHbl 
p. c 

, -Me30H8 1 n, = "'h II:' n, =, •Itt l- 06'beMbl o6nac~ 
TH a~SHMO..QeftCTBHSI, COOTB9TCTayiOWIIe rayCCOBCKHM pacqpe..ae.l'leHHSJM 

~ 

Mcl'lonb3ySJ aaA.aeHHbie 3H&'IeHHH a '• a
11 

, U H I' , nony'IHM: 

·' 
V ,._ (33,+3) Mse, 

CR -
V CI = (67!.,4) Maa, 

SI..QepH.ItiX IIOTQHUH8.I'IOB. 

Yu • ( 1,3 !.,0,3) Ma·a, V 31 •(0,55±9,48) Mas. 

YK&38HHe·H8 aanH'IHe 3H8'1BT~nlitHOI peanbHOI 'IACTH y ueaTpanbHOro IIOTeHUHana ayxnoH-
. ' . /16/ /21/ 

·g..aepaoro B38HMo..aeAcTBHH npu 660 Mae 6wno nonyqeao pauee a pa6oTax ' • 

/ 

Cywe(j:T&eaao, 'ITO ·npu 660 Maa cn~u-op6HTan&awa noTeauaan HBnHeTCH xoMnne~cHbiM, 

II pH '19M --:--::- fir 0,5. HanH'IHe MHHMOI 6cTH y CIIHH -op6HT8nbHOro IIOTaHUB8na C8H..Q9TenbCTByeT 
R 

0 TOM 1 'ITO o6p83088HH9 Me30HOB B COCTOJIHHHJ!t C p83Hb!MII j 1 HO OJlHijaXOab!MR f npoac- ..,.. 

XO..QHT n~-p83HOMY. 
_....... 

napaM8Tp CIIRH-op6RT8JlbHOrO B38KMO.D.9ICTBHH C , onpe..aenSJQMbll K8K OTHOW9HIIe 

c -
!H (OJ I . (23) 

klG(OJI 

npa a~epraa npoTOHOB 660 Mas aal..aea 
-26 .2 

p8BHblM (0,056 !.,0,015)• lQ CM , -'ITO IIO'ITII Ha nopg-

..QOK MQHbWQ 3H8'19HHH1 HCIIOnb3yeMoro B MO..QenH SJ..Q9pHbiX o6onO'I9K1 H 38M9THO MeHbWe 3HS'Ie­

HHH0 nony'leaaoro B peayn&TaTe aaanorH'Iaoro aHanasa ..aaaHbiX no p+C-pacceSJaaro npa 310 Maa 
' /4/ ' ' 
(eM. 1 Ta6n. 11 ). 3TO 03H8'18eT, 'ITO H8 npOTSJ:lKeHHH p8CCM8TpHB8eMOrO HHTepaana aHeprHA 

IIHT9HC~aHOCTb CIIHH-op6HT8JlbHOrO B38HMO..QeAcTaHH onpe..aeneHHO ocna6eaaeT. 

B 38KJtiO'IeHHe cnei:tyeT no..a'lepKHyT&, 'ITO nocpe..acTaoM 381IHC&HHOA a caMOM o6meM aa..ae 

MaTpauw ayxnoa-g.aepaoro pacceHHHH oxaaanoc& B03MO:lKHblM, HCK~'IHa Heynpyrae npoueccbi, 

KOJlH'IeCT&eaHO yaSI38Tb Bee RMeiOWHeC51 llAHHble 0 B38HMO..aeAcTaiiH npOTOHOa C H..Qp&MH yrnepo-

..aa npa 660 Mae. 06Hapy:>Keao npH STOM, 'ITO ~ (0) oTpaua~en&Ha. To, 'ITO Ha npoTSDKeHHH 
NR 

HHTepaaita oT 310 ..ao 660 Maa gNlt(O) MeHHeT 3H8K 0 CBH..QeTenbCTByeT 06 ycaneHHH OTTan-

'KHB8IOwero ..aeftCTBRSI 'IIC9CTKOrO c:ep..Q9'1HRKA 8 HYKJtOH-IiyKnOHHbiX coy..aapeHHBX C pOCTOM aHep-

rHH. 

8enH'IHH8 MHHMOA 'ISCTH CIIHH...;.Op6HT8nbHOrO IIOT9HUH8na onpe..aeneaa· C HeBbiCOICOA. TO_'I­

HOCTbl01 TeM He MeHee ace :lKQ MO:lKHO yTaep:lK..Cl8Tb1 'ITO 8H8nH3 p8CCM8TpH&89MblX 3KCnepHMeH­

T8.1JbHblX .llSBHbiX llpHaO.llHT K KOMIIJleKCHOMY CIIHH-op6HT8nbBOMy IIOTeHUHSJiy • PeanbH8SJ '18CTb 

aToro IIOT9HUR8n8 IIMeeT T8KOA >Ke 3K&K1 lt8K CIIHH~Op6HT8nbHhlA IIOT8HUH&n B 060IIO'I~'IHOI 

Mo..aena. 
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CaMo no ce6e 3HaHHe a69onJOTRbiX aeJlH'IHH aMnnHTy.a HyKnoH-SI.OepHoro pacceSI~HSI a npHH­

UHne MO~eT B p8MK8X· CynepU03HUHOHHOit MO.OelfH SIJ;lp~ nponHTb CBeT Ha HeKOTOpbie aneMeHThl 

M8Tp!lUbi HyKnOH-HyKnOHHOJ'O pacceSIHHSI H nOMO'Ib B 6y.OylileM B npoae.QeHHH rpaaoaoro 8HanH3a 

.08HHbiX no p+p-H 
11 +p-pacceSIHHlo a paccMaTpHeaeMolt o6nacTH :aHeprHA • 

AaTopbl Bbipa.>KaJOT 6naro.aapHOCTb C.M. BHneHbKoMy, P.M. PbiH.OHHf H ~.A. CMopo.aHIICKo­

My 38 none3Hble L(HCKyCCHH. 
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Pa.c. 2. T&IJK'rH&Ie sa··PN'l'K'<lecxae -t:'neXTJUd npoTouoe, ·acny­
ll18HH&IX s p+C-coy.oape&ux npa 6.60 'Mss~ · 
no.o llH'<t>PaKIUlOIUl&IMll .. tHUCi!lMK IIOK&a.4HO HllCTPYII!f~,f~ 
TatlbHOe paapemeHKe J1':pa H3M9p9.tfKH _.IIOtlSIPII34111la'· 
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CxeMa a&I.nelleHKSI cneKTpa Heynpyroro Pl1cceSIH~ npoTOHOB 
Ha SI.npax yrnepo.na npK 660 Maa .nnSI yrna 9,1 • CnnowHaSI 
KpHB8Sl - CYMM8pHbiit cneKTp BTOpH'lHbiX npOTOHOB OT p+C­
coy.napeHHit; ---- neaaSI cTopoHa nHK8, cooTaeTcTByxowero 
npoTOHaM OT ynpyroro p+p-p~cceSIIRSI ( STOT nKK CJJ.BHHYT 

anpaBO Ha aellH'lHHy pa3HOCTH aHep~Hit npOTOHOB B ynpyrHX 
p+C- H p+p- pacceSIHHSIX); - - • --· -• - p83HOCTH8Sl KpHB8Sl 1 

npeJJ.CTaBIISIIOU18SI cneKTp npOTOHOB 1 lfCRbiT8BWHX cnerKa He-

ynpyroe paccesHHe. 
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PHc. 4. DHcpcpepeHuHallbHbre ceqeHHS! pacceSIHHSI rrpoToHos SI.QpaMK yrnepo.aa rrpa 660 Mas. 3Kcrre­

PHMeHTaJJbHbre TO"'KH COOTBeTCTBYIOT: • - BTOpH<iHb!M ITpOTOH8M C SHeprwel!)6Q Mai3; 0 -

yrrpyro pacceSIHHbiM rrpoToHaM. CrrnowHaSI JJHHHH rrpe.acTaBnSieT Bbi"'IfcneHHyiO sasriCKM<icTb 
Are;- (sapHaHT IY). dw 
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