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nacpQ'lepeHUHS.IlbHbje Ce'le!HHSI ynpyroro pacceSIHHSI npoTOHOB Sl.llp8MH yr.neRO.ll8 H UOJIS!pii3a- . 

o o' 
UHSI npoTOHOB B l:ITOM npouecce np11 660 M3B H3MepeHbr a HHTepsa.ne yr.nos 1,8 ~ 0 ~ 9 • Yn-

pyroe pacceHHHe npoTOHOB OT.lle.IISI.IIOCb oT Heynpyrax npoueccos MeTO.llOM MarHIITHorlY anamr-

3a. Vf3 9KCnepHMeHT8.1IbHbiX .ll8HHbiX 6hi.IIH no.ny'I9Hbl C.lle.llyiOWHe HSH.IIY'IWHe 3Ha"!eHHSI peaJTbllbiX 

H MHHMbiX '18CTe.ll 6eCCUHHOBOit H CUHHOBO.Il 8MU.IIHTY.ll paCCeSIHII$1: 

' g NR (0~ =- 5,05 ± 0,45 g Nl (O) = 15,26 ± 0,45 , 
/ I 

b (0) =- 10,4 + 13,3 
NR -

-h (0) = 37,6 + 9,3 
Nl -

( -13 . . 
B 9.llHHHU8X 10 CM). OueHeHbl 3Ha"'eHHSI HHTerpHpOB8HHbiX UOTeHUH8.1IOB OUTil"'eCKOii MC>.ll~ 

noKSC38HO, 'ITO HHTeHCHBHOCTb CfiHH-op6HT8.1IbHOro B38HMO.ile.llCTBHSl y6&JBaeT C 3HeprHeH. nenaer

CSI BbiBO.ll 0 KOMU.II9KCHOCTH CfiHH-op6HT8JlbHOrO fiOTeHUH8.118 HYK.IIOH-SI.llepHOrO · B38HMO.lleHCTB!Hl 

npH 660 Mss. 

_.. 
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Ynpyroe pacceHHHe· npoToaoa BbiCOKoA attepraH. ( E > 100 Mas)· c·no::>KHbiMH Si.apaMH 
~ x) -

H~onH6KpaTHO ·HanHnocb o6'beKTOM aKcnepaMefi;J.anbHbfX H TeopeTJP£eCKHX Hccne.aoaaHH.A: • B 
. ' 

9KCIJapHM9_HT8.J;IbHOM OTHOW9HHH ST8. npqQ1IeMa OCno::>KHSI9TCSI Tpy.n;HC>_CTSIMH, C KOTOpbl~H CBSI~a-

HO OT.aene~He npoT?HOBi HCUbiT8.BWHX nHflb ynpyroe (.aHclJpaKUHOlfHOe) pacceSIHHe,oT Haynpyro 
-~ 

pacceHHHb!X qacTHU. HaH6onee npocToA cnoco6 TeopeTH'lecKoru paccMOTpeHHSI ynpyroro pacce~ 

HHSI HyKnOHOB C~O:IKHbiMH Sl.llp8.MH B yrnOBOM HHTepsane ·•HH::>Ke nepaoro .UHcPpBKUHOHHOrO MHHH-
'-- I . . /2-5/ 

/ M)'MB OCHOBBH H8. HCIJOJ;IbSOBa1fHH. nonyxJ;IBCCH'I9CKOrO npH6nH::>K9HHSI • 

I ' /6/ 
MaTpHUa ynpyroro pacCeSIHHSI HyKnOHB ija 6eCCIJHHOBOM TO'Ie'IHOM H.ape HMeeT BH.ll ! 

(I) . 

r.ae gN(q)=tNR(qY.+ igNl(q) H hN (q) =-hNR(q) + ih Nl (q) - cP.YHKUHH 9Hepr.HH 

H yrna pacceHHHH 8 q = 2k.Sin f k - B9nH'IHHa BOJ;IHOBOrO 69KTOpa HyKnOH8. B na-

6op8.TOpH<rll; CHCTeMe, Un - npoeKUHSI onepaTopa CIJH}ta Ha HO_PMBnb K nnOCKOCTH P?CCeSIHHSI •. 

8 o6naCTH MBnbiX yrnOB 38BHCSilU8SI OT CUHHa BMUnHTy.aa h.N(q) MO»<eT. 6biTb npe.ayTaane-

Ha B cPOPMe 

hN_(q) ='h N (QJ Sin 8 (2) 

llnH onpenpneHHSI 8MUJJHTy.O g N ( q) H h N ( q) c TO'IHocT.biO . .ao o6mero cjiaaosoro 

MH01KHTanSI Re06XO.OHMO npOH3BeCTH IJOJ;IHbl]: OIJbiT, KOTOpbiA BKn10'18.eT ~ ce6H'113MepeHH9 LlHcP-¢epeHuHanbaoro ceqeHMSI 

HX IJOJ;IS1pH3BUHH P (8). 

du (8) ynpyroro pacceHHilH 
d(J) . 

H <?LlHOrO H3 rtapaMeTpOB ( 

npOTOHOB H3 He~OnSipH30BBHHOr'o IJY'Ifi:B, 

R HnH \A ) TpOAHoro pacceHHHH. 
\. 

Ha6nJO.ll9HH9. HHTepclJepeHuHH Mem . .ay SI.U9pHbiM H Kyn'OHOBCKHM pacceSIHHSIMH B o6naCTH. MBnblX 

yrnOB .lfaeT .aononHHT9nbHbl9 CBe.lleHHH 06 aM:nnHTy.aax _gN (q~ H h N {q) 

8 HB.CTOSIWeA CT8.Tbe OnMCbiB8.10TCSI OIIb!Tbl, B -KOTOpbiX 6hinH M3M9p9Hbl .UHtPclJepeHUHBnb-

Hbl9 'ceqeHHSI du ·(()) 
([(;) 

ynpyroro pacceSIHHSI npoTOHOB c aaeprHeA 860 Mas Sl.llp8.MH yrne-

po.aa. H IIOnS1pH38.UHSI STHX npOTOHOJ3 

.Q.nSI onpe.a eneHHSI 8.MOJJHTY .ll g NJOJ 

c u·enbiO nony'leHHSI .aaHHhiX, aeo6xo.aHMb~X 

paccegHH~ arrepe:n. 

npoHaae.aeHbi a KHTepsane Manb!X yrnos, a KOTOpoM npoHBnHeTCK HHTep¢epeauHH s.aepao'ro 

H K~noa6scKoro pacceSIHKA. PaaBHTaH s aTH.X on.bi'X'ax MeTO.llHKa .a ana soaMo::>K~ocTb a aka 'Ill-. 

TenbHOI Mepe HCKniO'IHTb BniU!HH9 corryTcTByJOWHX aeynpyrHx npoueccos. 

3KCIJ9pKMeHT.bl 6blnH npOB9.ll9Hbl HB. _weCTHMeTpOBOM CHHXpOUHKJ;IOTpOHe 0Q'b9.llHHeHHOrO 

HHCTHTyTa H.aepllb!X HCcne.lloBaHHI • 

. ! 

x) , , . 
0onHy10 CBO.IlKY 0/16niiKOB'S.HHbiX SKCnepiiMeHTalibM.biX .II T90peTH'I9CKliX pa6oT •.eM., a'a_n

·J?HMep, s o6aope <t>aA:caepa I 'I. 
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.. A. Haueeujae sae~~~ 1!9 P , 5 .: 
·:'• :' • , :.·_ •• •· -~~ ;> ·.\ 1- ·- . • . . • . - .' 

l.f\"oCS1>1 OTt.l~Tit ·lUJlPPaXIDIOilHQe paOCeBHH9 J;Ipo'l'OHOB. aa .RD.pax yrnepoiia OT .CODf'l'CT&yiQ-

'Uiax. aetnpyru ·~po~eco~oLl.Y'lCJJ:~B 4;.2°; 5,2"; '_7,Q0
; · 8,$0

; 9,1°'; 10,7° ~~~~ aaMepes~ ·· 

e.-pre<r.uc:aae caatTp,W 8.1-o~rtawx '14CTH.!l o.r -p + c -coy:tiapeul. ~ ~npa'aneaue nEipaa'laoro . . - - . ,_ ' . . . 

nnn ,. wec'r'o pacn~o)l(eU.R B HeM Pa<?CSA'l'ena ~ • xax noi£aaaao aa pac. la_. DO};(qBp~HCb 

T~x."•TOCSW a,w.Q,UeBBI>l~. XOJWB~~o~.;.} .· Kl ·~ K:a Dl"n' BTO~•uwx. '18C1'~1l· pacCEt.RH,~btX H~ 
a •4•11.... yrQII . 8, '; CS&UI .·aanpul$a .•• ueaTp Mat'llB~a. ~ ~ecTe; pacnonolK&HB'51· ~cea~aTena 

•. -· -·-.. ,_ • ·,~ _,, • 7" , • -,·· _; -. I _-.' _ ~: __ • ·-.._· ·~ 

· "f1, •~te.r•. !t~Toapa -~~a.e& 66Q;,t3,0 M•• BTOpa'IHwe 'lac'fBJtl>l'>.lft)o.l.a.~ n~Ut•a•pyJOwee 

, n'Oite_ a 'K..OitmrM~'i'op K a· oi~t-w~x-'e,.poaoJ aaw•'l'ae.ca· oH~e, ~,:P~poaamjc~> an~ Tenecxono11(1 
;..-. .. - \._ ._·· :-- --. f . :~ ·- ~ ~--j -_:_ : - . :- \_' .....;;.-_- ' - .,_ . t ' ·.__ - ' . . . . ' ·, ~-
',COC~8 .. Wt;C; 83 'tpe-X CQ:~IfTR~OmQ.IX C'I8T'UII:OBt Rolf~ ~UIDOO. ae~·~~ . 4lJ)J"'HQM ll011838~JIOUHoA ~ 

••MepJa.··Mt .. ~aoeaTenwra~ wapaila ·~P a.&J.QenaeM6ro -&naaaTbpo¥ ~l..nynr.c:~or~·HH~~r 
u CI)CTQ.If. .. 1.7$ ,84 Jlpt)t'Sf)l(811JiB accJIEID.'/eM&IX cnex?,Ppa. ,no .pe3yni>T8T4M R3M&JUfaHI 

- .. caa aTOpaolaa •.Cnrt aa a~o.Qe- 4il_ana:3aTO~; .1:~11: cpyaitQa aanpiJ:!l(.eu®e!ti uara~Tuoro no.::; ':; 
~- \_. .. ---... · ·. -~:- l:· · --_. v·; -· . -- /' • '· .. : ·: · .' __ · 

'. ·~· _plrpo1f~C· . 8 pa~wx. ·~'l'EIPa~' Rp . ~ ~TIIocltTelti>BWA HMirynbCHbfl• Ctt~li:Tp, ·li:O'l'Oplt!A aaTeM 

TJWillc~PMirpo.anc. a· saepreT11"leCXRI cReli:TP a npeAitono>KeJiaar; '11'0 &Topri'l~e 'IBCTBII.b1 asna-
• - • / ' _, • / ' ,-1 

IOTCj~-lt~.Ua;. 

. - ·Kpaawe. BA\ 'pac~. 2 Dp&llCTaam&JoT co(i~A Ttrlxlf'IH&l& ~epreTll'leeXB~ c:;rieKTpbl BTOPH'Jl\l>IS 
- .- ·. -· - ,;- ·.. - . - ! . "'. . ·._, - . . < -_ ;' • •• • '~ ' • -· • • • - : '. ' • 

. :apMOaoa acs~sa ~~pa~aou~ naaoa~ Sazuro xaa' c yaeniltJeuaeM yrna · aa6nt0llean a ,xa~'Aow- . , 

ciUHt~ ·a a. neaot. c+ap~a'e ~Jf4lR(li:JlaOiluoro ns~ see, oT~ernaa~e ciuo~i.rc~: '~~e'l'H&I¥ .· xapax~:: ,'
,..~~- JIPII!Al8 1 CQ91'B8~TBYJOiuBI ItpOTOH4M1 ~oTe))PulJJ~ ;~aCTb •c•oel suepr~- ·.a.a ao36;.;;.Qtuu~-e 
tl.ll·~ ;YMe~A·· _B.QaMO~Hq<:.Tl, o~-acH~HJJ~ -~RX Bbt~TYltOB · 'I~'I'H~M Tbpi(olit.eaaelil Dpo.T<iJJor 

- -.~--~·~- ~~~~·;. \ l;' ......... ~). :· ... ,. ·. • . . . . ·, > __ · '_. . :·· . . :'. ~ ' 

RPJr DJ).OXOJitJlttHRR ·~ "Cepe~ KOlllDiloiRpyJOu.tee JC'l'poiG:T~O 8HQB34T.Opa trCJC.itioifeHa, DO"CK~lli>Xf 
~--. ,~:-.-::,~'\- .. ~- ,·. _.' '·:· - -' . ._·._. .· ' -:· .. ;' .'· -· ' ··_ ·~. - ' . - /. - : . -
Ji.btlaalUaec• .... KRM *'. CD~C$OM B 'IJOA Tel\48 >K8 yrnaMH IIRXIfo COO~eTCTBfJOtu~ apoTOHa}lol· 

1 • •• • • 

_ O''i' ytipyroro · p + p .,.pacceaRRsr,. awe.IIJI ~poro caMMeTPR'lll>'~ ·cpopMy~ 

., ~' . ~Tlte.ileae ~~Pt?1'oaoa1 'acnwTa~UlRX J:ia:~pa:llQHOHH~' pacc~aaHe, oT ocTanblf&IX aropHUWx . . \ . . . . . . . ·, . ' . ' .. ' . . ,· . ' . ' . .- ' ' . . 
'IAOT .. Rpo83BOA~C& lJOCpe}:JCTBOII« B.W'!J!T8KH. DnOUUl~elt ltO.Q ltPBB.&JMH, H~p4:l'KaJ:tlllliMH, C 

OAJIOt' cno~w •• ~.Pi-eTil'I8CJ:81 cneli::rp DPoTQHOB 0"(' p + c .. COfl18peHHI. c • .npyro~. 'JtJJK~ oT"" 

't•li~KI Df'O'I"OUM 0'1", rnprroro R + p -paccesU.~~ a lJOIJR~THneHOB~M pacce~a~ene.: npt 
.,. .. · ~q,~oa,;..a n~x oT , + c:... ~oy~aPesallr nu oT y~pyrorp p +. p ~ tFc~.RHn 

- _. • • - • _:,,1- • • '. • - - • • • \. '. • • ' 

'ROPWilpo•an8cr. JC o.llBHHOaot. B1>1COTe a iiX ¥a·x¢JIMYW colitMeuuUlac~>o Tax xax aaepreTH'IeciCai 
' . ·.· ,· ' ·.. . ' .•· ' . . I. . '. . ·.. . . . . . . : . 

, pa~poc :nepa-..a~o rt~'lll:a _H 1,)4apeiueaHe ~aanasutTOpa ocTasa~~ aef!3Mf!!HH~~ DS)H nepe-
. . ' / . . . . . 

. · xoAe -OT :rpa!J!Hroaoro x nonasTaneao&oMy paccea&aTenJO, 'l'o cnenoatl'no o>K&Aa>r~>, 'l'l'i> · 4>opua 
• • , .• ·- - I o '. ,' 

&TIIx tiaKOB B tu~pHHa &x aa nonyaf>lco_Te o.Qaaaitoa&I.
1 
~To aaw'no_.ce6e 'noll"&p:>KJ.leHHe 8: To~. 

'1'1;0 ~~B~e:$e'l'llB o6o~ naxo&.upa RX''cJ~MeW8HHH acer.a.a COBD4J14n8 .n:pyr c .QpyrpM. B xa-'. 

•ec:T8.e- .tipwwe.,a llA pac. 3 ~aotS~)I(eaw .arnr yrna . ~.1° npoqellypa Bl>l'IHTaHn nnowa.qel rio11 

HOp~a{'OBiuuwMJI '11Wli:4M8, _ll PasJ;l8ll&HHbl9 TauJ' O~PaaOM A~4}pi;XDJJO·H~I ~JJX H CD911:'l'p BJ)o'l'O"" 

)roa, _acnw-Taawil~ cnerx4 aeynpyroe _p8ccesaae. 
' . - -... \-

I . 'Aaanaa cnex'l'pOB noxaaan, :no cnerll:a seynpyroe pac:ceamre IIPOTOHOB 4!8MeTlfl;) K~HKyps-
.. • <.' '12' . . .. , ·,_ , • . .. ·. c' .. 

·. pyeT c ynpyraM pac~saaea.~ .ifa a~pax C .tia>Ke B o6nacTH yrnoa,. pacnono>Keil~ol waoro HH-

(K• ~paoro AaippaxU:a:oJisoro .MJIHRMyMa, a 'ITO aeniJ'Ili1111. sHepl'sa, rrawe 'acero nepe.aaaafi!Moi 

·, 4 :-~ 

----~-----
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• , ~ - j> • • .·:_ I -.,_ 
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t~t.aenei~Je- .a.nppauao~~,pacoestlia~ ~T014Qs H' o~tt~~inl~ ~~~IOT~~x-· sena~~~~ 
' ~ ' ·: . ; . - •· . -~.. -_ . . ~ . '\. . . . : . ,·· - ~ - . . ' ; - . 

.nll~peifnBanbR~x ~:ee•~¥BA aToro )npon~c~a ~poHa»oJ1anoc~>~ c~.nytQuUt¥ ofip~:M. · n()· ycpen~ 

)- HftlUI~ ~f~&'l'_aT$t.f, Bs.l.epeJIHA C~opdc;:r{ ciJe'ta c /i J;u . -~npaaa ll csne~a ot ny~& ·~Tpoanacl. 
J._ qmaa_fl yrnoaof.o j)~c~p~.ne~Ha~ aToP.~.bxx aaj)sl!k,.e~u&fx .<jae~ti;- Ji:oTo~asi>~~,.e~ .s ·rte~KPI>t~ 
. ';_~~~tea -.n.at~&aci~e~ yi'JJ~~· -~~.tl~ap ao~Jipos~nacl:!' K nohy'leH·Ht.i~ ~uee I_SI. '~ .ycn,9B~~Jr;;t, · 
--~~~_:::·.·. <" ----~}':·~. ~ '··,.,;_-""·. . .--~-~- ~~:.,-·-_,~_,__-- _._-, -..:_·; ··_-·,_··:~· 

. -:/. Jt~Ta'Uti.m Ytrto&.Jr~' ~aC.'l'OSIJiHX' ~SKCJte,pa~e.TqB, ·. ~~~>nlDTH!>lM c;;ui~tieHH,SIM. AH~~ltHiiJ:fhllbiX • . 

·······e:~:~t~~7ft7l:::l!i~:~2fz~:?::!~:2~··.· 
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• y··~~u~uv.o uv.:>J:>UJI!'fRO ·ycTSIIO&Hi'b-1 

'ITo' a c,Piiccil!tai'pKsaeiroM nn~e ytlioa N -il _- N ~ ctuiaaHbi cpo't!ioweHHeM: Jt • ...... = 
.,, , ~ ·~:c __ _- " us_ 12sc usc 

(0,452;t0,0USJ(J/j 23 < -·Q J~r.ae- Q - iiOCTO:qllHSst.' C 'l'O'Ii!_OcTbiO '!1:o MHO)il:Jt'i:'ens, y<tfHTblfiai6me;,; 
-.- / J \. 

-r'()C-j<J)qJ{:Jx1'Iiiiifoc-r'h' 'l~~~Hico~cKoro cileT'lHita, Q -: ~iipeaCTaBn'aeT co6oA p8:;!1JpCTb, MeJKllY 'IHCJia;;. 

i..tR np()i,lo~os::Gaj)e~HCTPHPOI:lSfl$x'"Ci Ca' c3. - TenecxonoM:- c oir:a'o.ll c-ropOJm; II CI c2 c3 c ~ 
~ , .. , '· . . . . . ' ., .· .,. : ,.--- . -. . . I - . , . . . . . . - - • 
<TelteCtroiioM t ·_ ·_ C llpyl'oA,- TO edTb 'lUCtr(>. 'npOTOH6B, HCflbiT8BWU}!. neynpyroe- &38HMO.cteltCTS.I(e' 

c ~ofi&i.UoJ' lio-re~A ~HE!pi"JiH(3To cpohoweaH,e 'Me)Klly - N 123 * Ni23~- .- MOJKHO HliTepnpeTupo-' 
- . - I -- . 

B8Tb T~K,. KSK eCJIIf 6b! lleTeKTIIpyiOtiJ:as CJfC'teMa paanH:qana B Cn'eKTpax ll&e .rpynn.&I npoTOHOB: 
\ - - .-

OllH8 ua ·qx .'JII'CneuaocTbiO LN1-
2

:,_- Q), -p~nono>KeaHaR sb!riJe ae~o'l'opo:ro .a¢t:PexTHB11oro s-1Jepre-
•• •• /, ·.- • J • ·-

TH'Iecxoro, Ropora - -Ec ; peMicTpllpyeTCSl 'IE;!peHKi>BCKHM C'leT'IHKOM CO cpeliHell $¢cpeKT~BHOCTbiO 

f_ .. 0,4&,2±.0~005" .npyras lfiiCJleJfHOCTbiO Q,-. pacnonoJK-eH;aa~ HHJKe 3aepruu Ec;· · • lie ~rl'!cTpH-

pye'J'~il• 'f-&P,1:1KOBCKifM C"I9T'IUKOM. BOBCe, ,. 
B pesy.nbTS~e epaJilHeHH.st 3Haqeana N 1:13 u Q 6blno :aaA:UeHo, ~TO s ;cnernpe, H:aM'e-

peHHOM ttOJ;l yrnoM' 7.0 , HH'f9pB8Jiy ~IIeKTpa 'IHCJieHHQCTbiO Q OTBe'l~eT .OHc}:><flepElHJIH8JibH09 ce--
' -27 2. - ' ' . ·• -: . .· ~ - .. > ' 

qeHKe (~OI ;t.p~)· 10 eM ICTepa~, qeMy cooTBeTCTsyeT Ec:;= 610· Mas. TaK K~K aila'leHHe Q 

OCT4B4ilO~b HeH3MeHHbiM B p8CCM4TpHBaeMOM lllf,8U830He yrnos, TO MO)KHO y-rsep:n<ll8Tb0 'ITO B 
•':-· 

HSC'l'QSU.UBX SKCttepUMeHT8X HeperHCTpupyeMble qepeHKOBCKUM cfqeT'IHKOM npOTOHbi ObinH pacnpelle-
po'_._:~-:-·:r .-c:..· ·· · ·- ,__ · -: ·: ... , ·" · · -- · 

JieHbi np~HSHTem.H? uaoTp_onHo u. ifTo a;uaqeaue nop-orosoa alleprHu Ec s cne~~:Tpax pacnono-

)Ke_HO . ripHM~fiKO & . OllHOil ~ 
' .. , . --o ·-. . , ,. 

yr.n~M 12,2 , noxasan, 'ITO 
. - . .:.~i' . 2 .· ' 

TO.il ;me o6nacTU, .QeilCTBHTen&HO, 8H8JIU3 cneKTpa, H'SMepeH!f_Of'O ,fiOLI 

HH3KOaHepreTH'IeCKas qacT& .cnexTpa, LiaiO!lla5I aKnall, pasHbiA · . . '" -_.,:. 

207 • 10 CM /cTepatJ. 1 · npocTHpaeTcH OT 60 ·llO 608 Mas. 

o· o o o -- o 
no-.a yrnaMif 4,1 • 5,2 • 8,3 • 9,1 H 10,7 aHepreTuqecKue cneKTpbi Ub!nu U3MepeHbi 

,,;•, ,. . . . - ,"' 

T_on&Ko B-¥We 610 Ma_B { HeKOTOpbie . U3 aTUX C)leKTpOB 'fiOK434Hbi Ha puc. 2). Bo Be ex cny'ISSIX 

cneKTP!'l' :C~erli:a HeynpyrO pacceHHHbiX npOTOHOB 0Tllen5IJIUCb OT llKcppaKUHOHHbiX fiU,KOB TaK, K8K 
._,_ ,•;' . . .... · . . -

9TO OfiHC8HO B p83llene 2A. nonyqeHHbie llJI.!f yKa3aHHb!X Yf'JIOB 3H8'1eHHH -llUcpcpepeHUU8JlbHbi'x . ., - . ' . ' . 

\ C~'leHilft, OTBe,aiOWUX aHepreTH'I9CKOMy UHTepsany OT 610 Mas U BfiJIOTb llO aepxHe:ll rpaHl!'Ubi 
"' . - . ~ ( - --

cneKTpa :cne_r,Ka Heynpyr.o pacceHHHbiX npOTOHOB, MOJKHO 6binO -annp01tCUMHpoB8Tb npsMOil JIUHHeA, 
- ·o o 

~Kg:pa:nonsuua. KOTopoa !3 ()6nacT& )ITJIOB 1,8 .5 (} < 4,1 nosaomma. oueHHT_b BKnan paccMaTpu-

BB,eM_flr'O aHeprelrH'I9CKOI'O _HaTepaana B fi0'!1Hblit BbiXOll· BTOpU'IHbiX '18CTUU. CornacHO OUBHKe, 

npuMe.c;:9 rr. -MeaoHoB cpellu ynpyro pac<;:eBfiHbi~ npoToHos 6bma npeHe6peJKHMO Mana • 
. -' : --- :·~ i· . ~-· ' ' .. 
-:Ha ·piW. 4 ·ripu:ee;aeH&r HaJ!:lleHHbre TSKUM o6pasoM ,aHa'leHHH llHQJcpepenuuanbHbiX ce'ieHuA 

IICnycKaHHH ripoToHos- ·c aaeprtteA OT 60 Mas ilo s~pf(MeA rpaHHUbl cneKTpa, a Tax~e . s Ha'leHUH 

llHcpq_1epeHUH8JlbHbiX ceqeHUA yJ:xpyroro ( llUcppaKUUOHHOf'O) pacceaHHSi""'npOTOHOB- BMeCTe _ CO CTa-
~-. - , . ' .· 

TUC'I:!I!JEJ,C:JI:l«M~, •OWH6K8MU · U3MepeHHA. '·-

B. ,I:'fsMepeaue nonspRsauHH npoToHos a ynpyroM p+C - paccesHHU 

,. ;:Dpou&llypa. SKCnepi{M9HT8 38KniO'I8J18C~, ao-_nA.pBbiX, B BbiLie'1J-eHRH C nOMOlll-biO M8I'HI{THOI'-() 

8H8JIH38T?P8 H3 cnertTpa BTOpU'IHbiX "i8CTHU OT p+C~coynapeHHA B nonstpH38TOpe T l iJ.ucppaKUHOH

HOI'O. fiHK8' U, S8TeM B H3MepeHHH nonspH38UHH npOTOHOB B aTOM fiHKe •. ~~ K8'1eCTBe 8}JSJIU3HPliO"': 

wero :npouecca HCno~b3oaanocb ynpyroe paccesrHKe npoTOHOB npoToHaMu ·a nonHSTHneHoaoM 

aHanifsa1'ope T 2 (puc. I a). CpellHsrsr aHeprHs npoToHo:e ·s Bbi.lleJI5IeMolt nonoce COOTBeTCTBo.sana 

M8KCUMyMy llUcpp8KUUOHHOf'O fiUKa U fiOllll9pJKHB8JISCb fiOCTOSIHHOft. BO/Bp9MSI H3MepeHI!Jl• C yse-

6 

..,_, 

/ 

' 



0 0 
JJH'i9HH9M yrna p89C9SIHHSI OT 2,1 LIO 10,7 1 cornaCHO oueHKe 1 WHpHH8. BbiLieJJSIMOfi nonOCbl Ha 

nonyBblCOTe B03p8CT8JJ8 OT 8 LIO 13 MaB. fipH aTOM B03p8CT8JJ8 T8KMC H LIOJJH · npHMeCH cnerxa 

. 0 
Heynpyro pacceHHHblX npoToHoB B BblLienHeMoA nonoce cnexTpa; noLI yrnoM 10,7 oHa co~TaBnH-

na ae 6onee 3%. 

Ynpyroe p+p-p8CC9SIHH9 B fiOJJHaTHJJeHOBOM 8H8JJH38TOpe TOJJlUHIIOA 40 M:l.i nonHOCTbiO OTLie

JJ.HJJOCb OT aeynpyrHX npouecCOB nocpeLICTBOM LIBYX conpSI:>i(eHHblX TenecxonoB CJ C
2 

C
3 

H 

C 4 C 5 yCT8H8BJJHB89MbiX B COOTBeTCTBHe C KH~eM8THKOA ynpyroro p+p- pacceHHHH nooqepeLIHO 

cnpaaa H cneaa oTHOCHTeJJbHO ny'IKa, npoweLiwero qepea aHanaaaTop. 3cpcpeKT oT yrnepoLia 

HCKJJIO'IanC~ nyTeM H3MepeHHSI p83HOCTH CKopocTeA C'l:eTa C nonHaTHJJeHOBbiM H aKBHB8JJElHTHb!M 

e!,f:y no 'IHCny HLiep yrnepoLia rpa'cpHTOBbiMH aaanHaaTopaM~. Vfcnonb3oeanHCb CTaHLIBPTHhre co 
-8 ' 

BpeMeHeM paapeweHHSI l• 10 C9K 9JI9KTpOHHhl9 cxeMbl COBnaLI9HHA HMnynbCOB OT CUHHTHJJJJS!UHOH-

HbiX C'I9T'IHKOB H T9JJE!_CKOnoB, 

ACHMM9TpHS1 . E (0 
1

) B aHanH3HPY!Olll9M paccesrHHH npOTOHOB 1 paHee pacceSIHHbiX H8 yron 8
1 

B rpa<PHTOBOM no~pH38Tope, H3M9pSlJJ8Cb noLI yrnoM 0
2 

=18°. 3TOMy yrny p+p-paCCeSlHHSl npH 
._, /10/ -

635 Mas no LIBHH.bJM pat5oThi , a 

B ynpyroM p+p-palceSIHHH, OTB9'189T 

KOTOpoA nOLI06HbiM )Ke MeToLIOM H3MepSIJJ8Cb nonS1pH38UHH 

M8KCHM8JlbHOe 3H8'19HH9 noJJS1pH38UHif P ( 18°) = 

0,42 :t_0,03. KaK 
/10/ . PP 

:-y*e OTMe'lanocb B , aenH'IHHa nonSlpHaauHH H ee yrnoaoe pacnpeLieneHHe 

B p+p-pacCeSlHHH OCTSIOTCSl H9H3M9HHbiMH B HHTepBane OT 415 LIO 635 Mae, fioaToMy, npeLinona-

raSI, 'ITO 3H8'1eHHe p ( 18°) He H3MeHSieTCSI C B03p8CT8HHeM aHeprHH OT 635 LIO 660 N\aB, 
PP .. 

MO)KHO 6.i:.J:no onpeLieJJHTb BeJJH'IHHY UOJJSlpH38Ui!H p pCf 01 ) npoTOHOB B p+C-pacceHHHH H3 COOT-

HOllleHHSI 

0 0 
HaALieHHble 'raKHM o6paaoM B HHTepaane 2,1 :S 0

1 
:S 10,7 , aHS'IeHHSl P pC(81 ) · !1pHae-. 

- ' 0 
LiaHbl aa pHc, 5. BiiLIHo, 'ITO nonSipaaauasr LIOCTHraeT MaKCHMyMa noLI yrnoM .. 8,5 • BoaMO)KHOC'tb 

. HCKS)KeHHSI HeynpyrHMii npoueCC8MH H86JJIOLI89MOA yrnoBoA 38BHCHMOCTH UOJJS1pH381IHH CBeLieHa 

K MHHHMyMy, BBHJlY BblJl9JJ9HHSI TOJlbKO ynpyrHX npOII9CCOB KaK B nepBOM1 T8K H BO BTOpOM 

pacce5tHHSIX. 

' 
Vfcnonb3yeMbiA B H8CTOSllU9A .pa66Te MeTOLI Bbl'IHCneHHSI 8MU1IH-

TYil p+C- paCC9SIHHSI anepell no peaynbT8T8M · H3MepeHHA B o6naCTH M8JlbiX yrnoa. /lHcp!.}:JepeHUH8JJb• 

/ 141 
HbiX ce'laHHI SToro npouecca Jlll"nonHpaaauHH pacceHHHbiX npoToHoB 6bln paaeHT EeTe H KpoMe-

/12/ 
poM , 8 OCHOBe 9Toro MeTO/l8 JJ9)KHT TOT cpaKT, 'ITO nonHpH38UHSl HyKJJOHOB B Hi:lepHOM pac-

C9.dHHH HH)K9 nepBoro llHcppaKIIHOHHOro MHHHMyMa C Xopowel TO'IHOCTbiO MO)K9T 6b!Tb paCC'IHTS

/2 3/ 
sa a 6opaoacKoM npa6nH)KeHHH ' • B aToM npa6nH)KeHHH aMnnHTYL.lbi g N(q) 

nopiiHOH8JJbHbl Sl/l9pHOMy cpopM<PBKTopy 

F(q) = ~ 
q 

j p (r)Sin (.qr)rdr , 
0 

H h (q) 
N 

npo-

( 4) 

rile p(r) - pacnpell.eJJeHHe fiJJOTHOCTH HYKJJOHOB B Hllpe 1 HopMHpDB8HHoe T8K 1 'ITO 411jp(r)r 2dr=l 

nnoTHOCTb Hy~noaoa yll.o6ao annpoKCHMHpoaaTb rayccoacKHM pacnjlell.enesaeM 
0 

· -ah - (.L) 2 
p(r) = 11 a- 1e • • (5) 



... 

• 11-'•.o..n. n"'"".t-'Q. '-"' 

/13/ ' - ' ' 
1 1\.<11\. :o!T.O cne.ayeT H3 OIIblTOB ITO paCC9.51HHIO 

-13 
a •1,965 •10 CM,· 'ITO 

9J18KTpOHOB 1 p8,UH8Jlbi:rf>!Jt ,rlAj:laMeTp raycCOBCKOI;'O pacnpe.aeneHH.!I 

..•... 2 ~ -13 
COOTHTCT.8)'9T cpe,auexsa.apaTH'IHOM;}' pa~:Iycy < r > =2,37. 10 CM. 

PeaynbTaTw upoao.aHMoro HHJKe auanHaa sxcnepHMeHTaJibH&IX :oaHHbiX B onpe.aeneuuoll Mepe 

SII!IJI.SIIOTCJI MO.Q9JlbHO-H938BHCHMbiM11 1 IIOCKOJlbKY 1!1 yCJIOBHSI~ HacTO.!IIUHX OIIbiTOa (E • 880 Jv\sa, 
13 -1 0 0 • 

} •8,56•10 CM , 1,8 ~ 8 ~,10,1 ) 3H8'19HHSI q 6&IJIH 38KJil0'19Hbl B HH'i'epaane 0,21 ~If~ 1,22, 

II KOTOpOM 8III1pOKCHM8UHSI IIJIOTHOCTH pacnpe;oeneHHSI .apyrHMH
1 

OTJIH'IHbiMH OT rayCCOBCKOrO pac

/13/ npe.aeneaHs, tPYHKUHHMH o.aHuaxoao xopowo cornacoaanacb c sxcnepifMeHTOM • 

Y'leT yrnosoA saaucuMocTH aMrrJIHT)'.a uyxnou-uyxnouuoro pacce.s~uu.s~ rrpuao.auT x ToMy, 

'ITO &MIIJIRTy.a&I uyxnou-.s~.aepuoro pacce.s~HH.!I orrpe.aen.s~IOTC.!I Bbipa:>KeHH.!IMH: 

gNR (q) = BNR(O) FIR (q) ,. 
gNI (q) g (O)E (q) 

Nl 11 
(8) 

hiYR(q) ,., hNJO) Sin 8 • F
21

/q), 

• 
hNI ( q) = hNI (0) Sir. 8 F:ll ( q) j 

r.ae F1 (q) H P2 (q) - .s~.aepH&Ie ¢opM¢axTop&I, .oTJIH'IH&Ie OT ci>opt«f>axTopa F(q) , uaA.aeuuoro 

B OITbiTax no paccesrHHIO snexTpouos. B&Ipa:>KeHH.!I ( 8) sarrucaH&I c y'leToM Toro o6CTO.!ITeJibCTBa, -'IT_? peanbHbie H MHlt:M&Ie 'ISCTH U9HT,P8JlbHOrO H CIIHH-op6HT8JlbHOrO OIITH'I9CKHX ITOT9HUH8JIOB .UOJI

:lKH&I HMeTb paanH'IHYIO pa.auanbHYIO aaBHCHMOCTb. HMe10waec.s~ sxcnepaMeHTanbH&Ie .aaHH&Ie o p+C-pac :;..

C&SIH~H npa 660 Msa ae.aoCT8TO'IHbl .UJI.!I Toro, 'IT06bi MO:lKHO 6&IJIO Hap.s~.ay c 8MIIJIHTy.aaMH 

frm(O) , g I'll (OJ hNR(O) H h Nl (0) TaK:>Ke orrpe.aenHTb c xopoweA TO'IHOCTbiO eme 'leT&r 

pe pa.aaanbH&IX napaMeTpa 
yK83SHHbiX BbiWe tPOPMtPSKTOpos. nosTOMy .aenaJIOCb yrrpOlliSIOillee 

~ .,2q2 F ( q),., F ( q),., F ( q) = e 11 
2R 21 2 

npe.anono:>Keuue, 'ITO F
1
R(q) =F

1
f q) =F

1 
(q),., e-~·:q 2 

lileCTb CB060QHbi.X napaMeTpOB ( '19Tbipe SI\1ttJIH TY.Ubl IIJIIOC pa.aHaJibHbie rrapaMeTpbi a, H a
11 

BapbHpOB8JIHCb TaK, 'IT06bi OHH HSHJIY'IWHM o6pa30M COrJISCOBSJIHCb C 9KCII9pHM9HT8JlbHbiMH 

.USHH&IMH. 

nonuag 8MIIJIHTy,aa paCC9SIHH.!I IIpOTOHOB .US9TC.!I CyMMOA SMIIJIHTy,a .!l,aepuoro H KYJIOHOBCKo

ro paCC9SIHHA: 

A ( q) ... 8 N ( q) + g c ( q) • - (7) 

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

r.ae .aMrrnHTy .a &I xynouoscxoro pacce.s~HHH cyTb: 

H 

Ac(q) =- -1!!!._[1 + 2infn(~)]F(q) 
q 2 8 

(8) 

h 2 k 2 
h (q) =- iSin8· (p.- ~)g c.fq), 

c 2u 2c 2 

8 SMIIJIHTy .Ubi Sl,aepuoro pSCC9SIHHSI pSBHbi: 

8 

.... 
-~------------~-~ ;___..:_·~ 
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- . ' ' . /14/ 
CllyCK8 C npe.OB8pi{TeJI~OI._JIHH~8JUI3~UIHeJ 38.Q8"'H . .QIJH 

xaa.apaTH"'HbiX· OTKJI~' )l·~.,; ¥· ( ~) ~ 
•== 1 d, 

H8XO:lK.Q9HHH MHHHMYM~ .CYMMbi 

, r.ae OTKJJOH9HHe Bbl"'HCJieHHOro i "':'"!"0 t, 
3H8"'~HHH paCCM8TpHB8eMOI seliH'IHHbl OT COOTB9TCT8yRnuero 9KCnepHM9HT8JlbHOrO saa"'eHHH, 

onpe.aeneaaoro c owH6KoA. !l 1 ; ,nonabll aa6op 'pesynbTBTOB KsMepeHHI BKJIIO"'an .aseaa.anaTb 

3a~"'eHHA l! (q) ~ 9 3!J,8"19H,HA. P(q) • n'pe.anonaranocb; 'ITO IIOJl~:lKHT9JlbHbilt '3H8K IIOJIHPH38IIHH 

COOTBeTCTSyeT H81Ip8BJI9HHIO BeKTOpa IIQJIHpH38IIHH .-HO HOpM81iH n = k I xk I 1 r.ae k I H k -
· ·. · ·. . !k 1 x k1 1 1 

BOJIH~Bble B9KTOpbi npOTOH8 .00 H IIOCJie p8CC~HHHH, no Hal,aeHHbiM B9JIH"'HH8M B8pbHpyeMbiX napa• 

MeTpOB Bbi"'HCJISIJIHCb 3Ha"'eHHH IIOJIHOrO C9'1eHHH u
1 

B38,HMO.QeftCTBHH npOTOHOB C H.QpBMH*yrne

po.aa npH 660 Mss · H cooTseTcTByiOwero ceqeaHH nornorueHHSI u • CBH3b Me:lK.ay g (0) H u 
· a NI _ t 

.Q89TCH OIITH'I9CKOft TeopeMol 

gNI (0)= ·kul . '"4rz.:-

Ceqeaae (1· • onpe.aenHeTcH Bblpa.>KeaaeM. 

( 12) .-. ..-

u • = 11 a ~ [ Pn ( 2 y R) + C - E i (- 2 y R ) ] , ( 13 ) · 

r.ae a 1 - pa.aHanbRbii napaMeTp cpopMcpaKTopa aMnnHTY.Obi gN(q) , .C=0,577 ••• 3Ha'leltHH. peanl:r 

•¢ . 
HOI . yR H MHHMOI Yr '18CTell ycpe.aHeHHOA cp83bi y=p e HyKnoH-H.Qepaoro pacceHHHSI aaxo-

/4/ . . . 
.QHJIHCb H8 0CHOB8HHH COOTHOW9HHI (eM, , cpopMyna (4,25) ): 

!l 

gNR (Q)'"'- ..lL!!1.. 
2 

00 n,-z 
~ (-1) 

n=t 

p "sinn¢ 
n!n 

SNI r'OJ 
k :z 00 ~ ~ (-l)n-z p"CQsn¢ 

2 n=t n!n 

(14) 

... 
,..... 

CyMMbi B ·( 14) ObiJIH npoTa6yna:posaHbl aa sneKTpoaao~c"'eTHOA MBWHHe .anH 3JIB"'eHHil 1 ~ p :::_ 4 

C warOM B 0,05 H 0 ~ rp ~ 90° C warOM B }
0

, 3H8"19HHSI p H rp IIOJlO!fp8JIHCb TaK, "'T06bi 

g~(O) H &NlOJ. Cornacao IIPHBO.QHMblM rpeAaepoM H yaoaneTBOpMTb aalaeHHbiM senH"'HHaM 

/15/ 
rnaccrOJibllOM KpHBbiM, npe!lCT8BJISIIOWHM B WHpOKOM L1Han830He 9HeprHlt 9KCIIepHM9HT8Jlbli;O 

. -27 2 
u t (p +C)"' (320 :!;)0)• 10 CM H U'

11
(p + C) naAaeHHbre 3H8'1eHHSI u

1 
H u. 1 npa 660 Mss 

-27 2 
(225:!;.10)• JQ CM , Vf3 ( 12) cneayeT, 'ITO yK838HHOMy 3H8"1eHHIO u, OTBe'laeT gN1 (0) 

. -13 
( 16,7 :!;.0,5)• 10 CM, 

Bcero 6.&:rno paCC"'HTaHo 'leTbrpe aapHaHTa. PesynbTaTbi Bbi"'HcneaHI npHBeaea&r B Ta6naue. 

Ha pac. 4 H 5 npeacTasneHbi Bbi"'HcneHHbie YI:"JIOBbie saBHCHMOC'Ptl LlHcpcpepeauaanbHbiX ceqeaHI 

yapyroro pacceHHHH H IIOJIS1pH3aUHH llpOTOHOB B 9TOM IIpouecce, 

HapHaHT 1 •. D.nH scex aMIIJIHTYLl Haepaoro 

O.LlHHaKOBbiM H paBHbiM a-1,965•l0-l 3c~ (T,e, a
1
"' 

pacceHHHSI pa.LlHaJibH~I napaMeTp llpHHHM8JICSI 
-13 . 

ah = 1,965·10 CM), 3TO IIpHOJIH:lKeHHe 9KBHBaneHT"" 

HO Ilp9H90p9:lK9HHIO yrJIOBO.il: 388HCHMOCTb!O aMIIlJHTY.Ll HyKJIOH-HYKllOHHOrO paCC9SIHHSI, nony"'eHHOe 

.LlJIH &m (0) saa"teHHe ae.LlOCT8TO'IHO xopowo socnpoHsBO.llHT aenH'IHHY u
1 

• no.no6aaa caTyauHH 

HMena MecTo H B <:nyqae "'eTblpexnapaM~pHoro aaanasa .naHHbiX no p+C-pacceHHHIO npH 310 Mss· 

. -13 /4 12/ 
C HCIIOJlb30BaHHeM 3Ha'leHHH a = 1,965' JO CM 0 

, 

BapHaHT 11. PacqeT 6brn npoasae.nea s npeanono:lKeHH'H, 'ITO pa.nHanbHble napaMeTpbi a
1 

. -13 . - ' 
H ah paBHbl M9:lKLlY co6ol, HO OTJIH"iHbi OT 3H8"1eHHSI a = 1,900' 10 CM, TaKoe. IISITHIIapaMeTp- 1 

10 

Itt-~ -,_ ifr. r .. ~'"'- ?{&_., -4t , -~: iiol;-4/ . -±$ ; ------ ~___: __ _ 

/ 



_,_;.-,-. (-c:..· 

Hoe· npH6mi.JKeaHe TOJibKO- cnerxa ynyqwaeT corn acHe Bhi'lHCneHHhiX ce'leHHA u, f!: u c HaMe-• 
peHHbiMH H npiiBO.llHT K 3H8.'leHHIO pa.aHanbH0£'0 napaMeTpa, KOTOpbljl H8. 2,6% 60JibWe 3H8.'leHHSI, 

~OJiy'leHHOI'O H3 pacceSIHHSI 9JieKTpOHOB. 

-13 
Bap11aHT 111. ¢li!:xcapoaanocb aHa'leHHe ~t, 1(0) .. .( 16;7 ±.0,5) • 10 eM, nonyqeHaoe Ha nonHo-

ro ceqeHHSI u
1 

no OnTH'leCKOA TeopeMe, B T() BpeMH KAK OCT8.JibHbie nSITb napaMeTpOB BlipbHpo

B8.JlHCbo npH 9TOM oxasanoc.b, 'ITO ah> a,_> 1,965· I0-13 
eM. 8hi"IHCneHHOe ce'leHHe u. npeabl

waeT HaMepeHHOe nt>HMepHo Ha 10% • 

.BapHaHT l Y. nponsao.aHncH wecTHnapaMeTpHhll no Hex peweHHH. CymecTBeHHbiM HJmHeTcH 
4 '-13 ' - -

TO, 'ITO H B 9TOM cnyqae a h '>a,_> 1 ,965• 10 CM. Pac'leTbx BOCIIpOH3BO?SIT 9KCIIepHM~H.T8.JlbHOe 

3li8.'leHHe u., 1 HO .QJISI U t 

.Horo. 

.Q8.10T 3H8.'leHHe, KOTOpoe' npHMe-pHO ,1!8. 10% MeHbWe 9KCnepHMeHT8.Jib-

a. 06cy.JK.aeHHe. 'lHCJieHHhlx- pe3y'JibT8.TOB. KatreCTBO annpoKCHM8.UHH, cornaCHO X 2 -KpH,Te· 

pHro, ny'lwe a~ero, BH.QHMO, B cny'lae wecTHnapaMeTpHoro pemeHHH. EcnH npe.anono.lKHTb cnpa

se.aJUfBOCTb peayJibT8.TOB 9TOI"O peweHHH, TO MO.lKHO np!IATH K BbiBOJly '. 'ITO OTBe'ISIOLUHe aMnnH-

TyAaM gN(q) H hN(q)_ cpe.aHeK:Ba.apaTH'IHbie p8.AHYChi 1 paBHble, C~TBeTCTBeHHO<r2>~""yJ..a,_ 
. ·-13 ~ . -13 . • 2 

"'(2,48±_0,04) · 10 CM H < r:> == v' ~ ah = (2,83 ±.0,16)· 10 eM, aaMeTHO 6onbwe cpe.aaexaa.a-

pa rH'IHOI'O pa.a11yca, nony'le'HHOI'O H3 pacceSil¥fSI 9JieKTpOHOB. 3TO p8.3JIH'IHe, Hy.lKHO .llYM8.Tb1 

o6yCI!OBJieHO KOHe'IHb!M pa.aHyCOM .aeACT'BHSI H.QepHbiX cHn, acne.acTBHe 'lero · onTHqecxHe noTeH-. 

UHSJihi HyxnoH-H.aepHoro aaaHMO.aeAcTBHH npocTHparoTCH HecxonbKO .aanbwe pacnpe.aeneHHH Sl.llep-

HOI'--0 aeW:eCTB8.. 

npoae.aeHHbiA 8.H8.JIH3 6eccnopHO CBII.QeTSJibCTByeT 0 TOM, 'ITO np11 660 M9B peaJibHEiH 

~b ·6eccrrHHOBO~ aMrrnHTY.llhi gNR (0) OTpHua·TenoHa 11, cne.aoaaTeJibHO, HHTep<jlepeauHSI xynoaoa-

cxoro 11 H.aepaoro pacceHHHA sranHeTCH_ ycHnHa~romeAi B 

~01 paCCM8.TpHB8.SI yrnoByiO 38.BHCHMOCTb p8.3HOCTH ( ¥-. -
I aru 

9TOM MO~HO y6e,llHTbCSI aenocpe,qCTBeH-

;;]/F2(q) , r.ae/17/ 

due _,. ( ~~) 2. 1 1 - .a«¢¢epeauHaJibHOe -ceqeaHe pacceRHHSI aa 
dru 2W{12 sin 4 ()/ 2 ( 1 + kRsin2fJf2)2 . 

yron () B xynOHOBCKOM none H.apa C paBHOMepHO pacnpe.aeneHHbiM aapSI.QOM Z e H pa.QHYCOM 

R , W H f3 c - nonHaH 9Hep rHH 'H cxopoCTb npoToHa. Oxaaanocb, 'ITo· 9Ta paaHoCTb npH.() > 2,5° 
0 . 

IIp8.KTH'leCKH He 38.BHCHT OT yrna, a II pH () _ < 2,5 - H8.'lHH8.eT- B03p8.CT8.Tb C yMeHbW:eHHeM 

yrna. YxaaaHHSI aa TO, 'ITO HHTep¢epeHUHSI xynoaoacx<;>ro H H.aepaoro pacceSIHHA cxopee HBJIS1eT-
. ' . ' /10/ 

CSI ycHJIHB8.10W:eA, 6b!JIH noJiy'leHbl H paaee H3 8.H8.JIH38. yrnoaoA 38.BHCHMOCTH .QH<}l<}lep7HUH8.JibHO· 

ro ce'leHHSI p+p-pacceS!HHH npH 657 M9B. B 9TOA CBSI3H cne.ayeT oTMeTHTb, 'ITO g N R ( 0) nono-
-13 /18/ -13 ·" 'H/ /19/ 

.lKHTeJib~a H paaaa 6,5· 10 CMn;J'II 135 H 1, 7• }0 CM, II pH 3J0 M9B (cM.TaK.lKe , 

\ Ta6n •. IX). Cy.aH no 3aaqeaHHM g~R (0) npH 135, 310 H 660 M9B, smepreTH'lecxyro aaaHCHMOCT~ 

gNR(O) MO.lKHO B nepBOM npH6JIH.lKeHHH, annpOKCHMHpOB8.Tb npHMOA JIHHHeA, T8.K 'ITO gNR(O) 

MeHSieT aaax npa "' 400 M9B •• AaanorH<iHhiA BhiBO.ll cne.ayeT Ha paccMoTpeHHSI Bhi'lHCneaaoro 

B
. /20/ 
8.TTH OTHOWeHHSI peaJibHOA '18.CTH IIeHTp8.JibHOI'O OIITH'leCKOI'O IIOTeHUII8.JI8. K ero MHHMOI 

qacTH. 3To oTHOilleHHe paaHo Hynro a6nHaH .. 400 M9a. TonoKo npH 9ToA 9HeprHH, cTporo roao-
- . 

pH, .aH¢paxuHOHHyro xapTHHy ynpyroro pacceHHHSl HYKJIOHOB Sl.apaMR npaaoMepHo paccMaTp~BSTb 

H8. OCHOB~ MO.QeJIH ~qepH0£'0 .QIICK8.6 ~ 

B pacqeTax ae 6biJI npeo.aonea .a:o xoH'ua HexoTophiA paapbiB Me1K.ay aHa'leHHSIMH ~HHMoil 

'I.B.CTH J~eccnHHOBOA 8.MIIJIHTY.llhl gNI (Q) , nony'leHHblM11 1 C O.llHOft CTOpOHb~, _H3 8.liMH38. .llH<}l<}le-

:;.· 

' 

'. ~ 

\ 
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4. BhiqucneHHe aMnnuTy.a p+ C-pacceHHHH B 6opHOBCKOM npH6nu.lKeHHH H napaMeTpos 

onTuqecKoA Mo.aenu npH 660 ~3B 

• 

B cnyqae pacce.IIHH.II HyKnoHa 6eccnHHOB~M H.OpOM UOTeHUHan OUTHqecKo.A MO.OenH C yqeTOM 

fOBe'IHOI'O pa.aHyca B34HMO.O.eiCTBH.II / 12/ MO.lKeT 6bJT~ 38IIHC8H B BH.Oe 

V (r) = V (r) + V (r)(a·L) = c s 

= 2rr II 
2

C 
2 

[-G(O) v(r) + Jl..{_QJ u(r)(d·L)], ( 15) 

r.o.e E 
E k 2 

IIOnH&SI/ SHeprHSI HyKnOHa B na6opaTOpHO.li CHCTeMe, Y(;(r~ H ~ (r) - COOTBeTCTseHHO 

·118HTplUJbHbll B CIIHH-op6HT8nbHhii TIOTeHUH&nhi
1 

2 -z "" 2 
v(r)=[2rr G(O)l JG(q)F(q)]

0
(qr)q dq, 

0 
(16) 

- ~~ 3 
u (r) =- [2rr 2H('O)] f H (q) F(q)] (qr)q dq, 

0 1 

] 0 (qr) H ] 1 (qr) - cPYHKUHH Eeccen.11 Hynesoro H nepsoro nopH.aKa, G(q)u II (q) - aMnnH

TY.O.hi pacceKHH.II B 6opHOBCKKM npH6nK.lKeHKH: 

18 = t; ( q) F ( q) + ll ( q) F ( q) sin () • u 
OpH. n· (17) 

3HaqeHH9: peanbHhiX K MHHMhiX 'l&cTel 6opHOBCKHX aMnnKTy Ll pacceHHHH snepe.a G ( 0) 11 II ( 0) 
' . /4/ 

6binK Bhi'IRCneH~ no .OSHH~M WeCTKnapaMeTpHoro peweHK.II H3 COOTHOWeHH.li (eM. cPOpMyna 

(4.18) H 
1191 

ci>opMynhi (6.8) ): e 

y = - 2 i __Q_{_Ql_ 
ka 2 

' 

. 13 
G(O)•I(-10,0:!:,1,0) +/(20,2:!:,1,1)/·IO- CM' 

H(0)•/(50:!:,13) -+~l21 :!:,18) I· 10-13cM. 

(18) 

(19) 

(20) 

3R8JI 8.MIInHTY.ll~ p8CC9.1IHK.II Bnepe.a B 6opHOBCKOM npK6nK:lKeHHH, MO:lKHO Bhl"iHCnltTb OTHe-

"' C9HH~e K O.llHOMy HyKnOHy HHTerpHpOB8HHbie ueHTpanbHbi.A U H, CIIHH-op6HT8nbH~II W no-

T9HUH&n~, IIpeHMyLUeCTBOM KOTOp~x SIBnHeTCH TO, qTQ OHH cna6o 38BHCRT OT IIpHHSITOi cPOPM~ 

p&.OH&nbHOrO pacnpe.aeneHHSI HyKnOHOB H pasMepOB ·SI.apa. 3TH UOT9HUHan~ ,ll8IOTCSI B~p8.lK9HHSIMH: 

CJ 2rr11 2 c 2 
G (0), 

(21) 

l!:N 

w =· 2rr11 2 c 2 
11(0), 

E Nlc' (22) 
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I 

r.ae N - 'JHCnO HyKnOHOB-c:,.~",-,f.tl.Jie· nony'leHHbie 3Hil'lli!HHSI HHT!i!I'pllpOBI!HHbiX IIOTQHilRilnos cyTJ. 
-j~- ~{c~~s~~'· -

cne.aytomue: 

-39 . 3 
U =/(-127 f_12) +1(257 ±_14)/ • 10 · Mas CM , 

·. i . -65 5 
If s/(14,8:!:.,3,9)+(6,8±_5,4)/•10 Mas CM. 

YxaaaH~biM SbiWe npeuMymecTsoM He o6na.aatoT ·oobi'IHbie noTeHuuanbi onTH'IecxoA Mo.aenu, 

aaa'leHHSI KOTOpbix ·MoryT 6biT., onpe.neneHbi ua ypaaHeHufi 

vc .. .!!JL o, vs NW 
0,(_!__)2 

' p. c 
I'.ll& _ft_ - KOMliTOHOSCK8JI .!:lnHHA SOnHbi 

p. c. 
, -Me3oHa, n ,;, , 31211 3 n - 71 .1/~ .I - 06'heMbl 06n8CT •• • •. ,- h 

TH BSI!HMO.!:l&ii:CTBHSI, COOTB9TCTBYIOIU11e rayCCOBCXHM pi!Cflpell&JieHHSIM . ,. HLJ.epHioiX liOTeHUH8JIOB, 

Mcnonb3yH Hail:.neHHbie aua'leHHH ,. '• a, , U 11 ·w , nony'IHM: 
•• 

V .--(88,+3) Mas, 
CR -

V cz ""(67±.4) Jl,\aa, 

v u - ( 1,3 ±..0,8) Maa, V 11 •(0,55±_0,48) Mas. 

. . . 
YxaaaHue ·Ha Hanuque aHS'IRTen•uol pean&uoll: 'IACTH y ueHTpan&Horo noTeuuuana HyxnoH-

. . . . /16/ /21/ 
·Ha.epuoro saauMoa.eAcTBHSI npu 660 Mas 6binO nony'leHo pauee a paooTax ' • 

~ 

CyiUe9TBeHHo, 'ITO npu ·660 Mas cnuu-op6uTan&HbiA noTeHnuan HBnHeTcSI KOMnnexcHbiM, 

npu'leM -::- 11!!1'0,5, Hal:tu'lue MHHMOI' 6c~u y cnua -op6uTan&uoro noTeHuaana cas..aeT~n&cTsyeT 
.It 

0 TOM, 'ITO o6p830S8HHe Me30HOB B COCTOBHKSIX C p83HbiMII j 1 HO 0.!1KHaXOabiMH f npouc- .-

XOLJ.HT n~-p83HOMY, 
...-

napaMeTp cnua-op6uTan&Horo saaRMO.aelcTBKB c , onpea.enSieMbii xax oTHoweHue 

c .. lH CO> I . (23) 
k!C(OJ! 

npu a~epru11 npoToaos 660 Mas Hala.eH 
-26 .2 

pllSHbiM (0,056±.0,015)• 10 CM 1 .'{TO liO'ITH H8 IIOpg-

.noK M&HbiUe aHa'leHHH, ucnonb3y&Moro a Mo.aenu Ha.epHbiX o6ono'leK, H aaMeTHO MeH&ille aua'le

HHH, nony'leHHOro s peayn&TaTe aaanorH'IHOro aHanuaa a.aHHbiX no p+C-pacceBHHJO npu 310 Mas 
. /4/ . . 
(eM. , Ta6n. 11 ), 3To oaHa'laeT, 'ITO Ha npoTSIJKeHHH paccMaTpuaaeMoro HHTepal:ma aHepruA 

HHT&HC~SHOCTb CliHH-op6HT8nbHOI"0 B38HMO.lleii:CTSHSI onpea.eneHHO ocna6esaeT. 

B aaxnto'leuue cne.i:tyeT noa.'lepB:HyT&, 'ITO nocpe.acTaoM aanucauHoA a caMoM o6meM sua.e 

MaTpHII&I ayxnou-sra.epuoro pacceBHHSI oxaaanoc& soaMO:lKH&IM, HCKJW'I:Ha aeynpyrue npoueccbi, 

KOnH'I&CTB&HHO YSSI38Tb ace HM&JOIU119CJI llo!IHHbie 0 S38HMOLJ.eii:CTBHII npOTOHOS C SlllPAMH yrnepo-.. 
.aa npa 660 Msa. 06HapyJKeHo npu &TOM, 'ITO ~ (0) oTpunaTen&ua. To, 'ITO Ha npoTB:lKeHHH 

NR 

HHTepaaiia oT 310 .ao 660 Maa AN.It(O) MeHHeT 3H8K, CSHLJ.eTenbCTsyeT 06 ycuneHHH OTTan-

'KHB&JOIUero a.ell:cTaRH 'liC&CTKOI"O cep.ae'IHHK& B HyKnOH-H)'KnOHHbiX coy a.apeHIUIX C poCTOM auep-

I"HH, 

BenH'IRH8 MHIIMOII: '18CTH CIIHH...;,Op6HTilnbHOI"O li0T9HUH8na onpea..eneua· C HeBbiCOXOA. TO'I

HOCTbiO, TeM He· MeHee see JKe MOJKHO yTsep:lKllSTb, 'ITO aHanHa paccMaTpuaaeMbiX axcnepuMeH

T&nbHbiX .!18HHbiX llpHSOllHT K XOMIJnexCHOMy CIIHH-op6HT8nbHOMy liOTeHilHS~y, Pean&H8SI '18CTb 

STOI"O IJOTeauHana &MeeT Taxol :lKe 3KAX1 xaK CIIH&-Op6HT8nbHbiii: liOTQHIIH&n S 060JIO'Ie'IHOI 

Moa.enu. 

14 



CaM'o no ce6e. ananHe a6comoTnux aellH'IHH aMun~tTy.a HyKnon-sr.aepaoro paccesr!fHH a upnn-
'· 

.. UHne MO)f_(eT B paMKaX· cynepn03HUHOHHOii: MO.[l9JlH Sl.(lpa IIpOJIHTb CBeT Ha H9KOTOpbie 9J19M9HTbi 

¥8TpHUbi H)'KIIOH-HYKIIOHHOJ'O paCC9SIHHH H IIOMO'Ib B 6y.aymeM B npoae.aeHHH t}:Jaaoaoro 8H81IH3a 
- t:l8HHbiX IIO p+p-H n +p-pacceHnnro. B paccMaipnsaeMoA o6nacTu aneprna. 

AaTopbi Bbrpa*aiOT 6nat'o.aapnocTb C.M. BaneHbKoMy, P.M. PbrHAHHY H .fi.A. CMopoaascKo
My 38 IIOJ193Hble .[lHCKyC.CHH, 
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PJic. 2. T&IJJAH&Je s~epre'.l'necxae ~neKTJlhl npoTouoa, ·acny-
. Ul1iHiii&Ix~a p..:C-.-coy~apeJt&~ut np'll ~6() 'Mss~ · 

no.a .aRq>patcllllOIUfldMR. 'IIKK&MK . ROK~auo HHCTPYM~Jl,.. 
TanDHoe paap&weue npJI H:3Mepeaasr nonSip•aanliw 

DpO',I'PBcJB. 
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PHc. 3. CxeMa s~~eneHHH cneKTpa Heynpyroro paccesHHH npoTOHOB . 0 

Ha s~pax yrnepo~a npH 660 Mas ~ns yrna 9,1 • CnnowHas 
KpHB8H - CYMMBpH~A CiteKTp BTOpH'lH~X ltpOTOHOB OT p+C
coy~apeHHAi. ---- nesas CTOpOHB- ltHK8, COOTB9TCTBYIOW9T'O 
npoTOH8M OT ynpyroro p+p-p~CC9HIRSI ( STOT ItHK C~BHHYT 

B1tp8BO Ha senH'IHHY paaHOCTH SHep~HA: ltpOTOHOB B ynpyl'HX 
p+C- H p+p- paCC9HHHHX); . - • ·-· -• - p83-HOCTH8H KpHBBH, 
npe~CTaBnHIOUl8H Clt9KTp npOTOHOB, HClt~TBBWHX cnerKa He

ynpyroe paccesHHe. 
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PRe. 4 • .[lKcpcpepeHUKanbHbie ce'ieHIHI pacceHHHSl npoTOHOB S1.1lp8MK yrnepo.lla npa 660 Mas. 3Kcne
pKMeHTanbHbie TO'iKlf COOTBeTCTByiOT: " - BTOpK'iHbiM npOTOH8M C 9HeprHe")6Q M9B; 0 -

ynpyro pacceSIHHbiM npoToHaM. CnnolllH8S1 nKHHR npe.llcTaBnSieT Bbi'iifcneuHyiO 38BiiCKMOCTb 

da (())- (sapHaHT IY). 
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{=>KC. s. nonSipH3aUHSI npOTO.Ho&,ynpyro pacc~eRHBbiX sWp8Mfl' yrn,epot~a npH 66Q M~B. 3Hawie~He 
P (8 ,3°) aas~o Ha, pa6oT.w! 111• P~e'!eTH&Ie. ~pH able' 9qoT-SeTcnyiOT'! .... -:-... aapllaH'+:r l, 

s.aplfaK~Y lY• 3aLtiTpHXOBaH~oW nonoc9A nousaH •opH.ttop oillH6oK 8 aapH&~Te IY. 
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