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1 BBe~~H:He 

Hny'!eHne pacceJIHH.!I ·nnoHOB Ha Hgpe· 3He Bhi:JbiBaeT oco6b!H 'nH~epec_~ TO'IKH 

npeHII.!I. HCCJIC):IOBaH;.!I CBOMCTB. TpeXHyKJIOHHOM CIICTCMhl, a· TaK)!H! CllHHOBbrX a;f>-
.. - . . 

<Pt;KTOB B gn~aMuKe mmH-.HgepHoro.Bnal!:Mogeii:cTBHH;. Cyw;ecTByeT 6orrbiUOe Ko-· 

· rrn.CrecTBO cTa:~ii:,.nocB.H~e~HhlX .. aHarrn::iy ynpyroro 7r
3He:p·acce.Hmisr Bo6u'acTH · 

- 'pen(>Ha~cHb!x aHeprnii: n:noHoB. nogpp6HhiM o6nop aTnx nccrregoBaHnii: rip~BegeH · 
' :\ . . . 

B pa6oTaX (1,2), noaTOMY Mbi yn()M.!IHCM 3):\CCb TOJibKO HC!~TOpbie H:J HHX. 

· > · npu penoHaHCHbix'aHeprHHx unyqeuue ynpyroro 7r3He-pac~e.!IHHH c ucnorrb:Jo-. . . . . . . . __ . 

Baii;reM oiiTn'!ecKoro nOTeHQIIarra(On) nep~oro nopHgKa6_I>mo.npoBegeHo B [3,4]:·.· 

B pa6oTe [3] 6hm~ Imy'<Ie~a qyBcT~UTCJibHOCT~ Hgep~biX riim-i-HocTeii:. K npegrro-
, . '• ,-.. -- .. - " -.:. 

)KCHHbiM pearruc~II~IHbiM .!Ij:~~pHbiM. <!Jop~<!JaKTopaM,. nocTpoeHHbiM Ha OCHOBC axe-. 

•llCpii~fCJ!TaiTbHO mJ~epeHHbiX arr~KTpii'IC~KO~ IIMarHIITHOM <!Jo~M<lJaKTOpax.Tpex-· 
-~YK1IOHHOM CIICTCMbi . 

. ~ ·-·-
B pa6oTe [4] 6hlnir norry'leHhi HgepHbie- nnoTHO~TII' c IIcnorri>n'oBaHneM -<lJeH~-

Me~~rr6n:qecxoii:,. a Tax)K~ I!~~yM:u-~po.cKO.nii~rec~oii: B()liE;OBbiX <lJYHKQ~:ii cucTeMhi 

Tpei HyKrroHoB. HecMOTp.!I Ha To,' 'ITO Tex~nKa pac'!eToB, u~noni>aoBaHH:aa B ;Tux - ~- . . . . '- ----

<:_TaTb.!IX, pamtu'!Ha, Bbi'IIIcrre:Hm.ie oaaqeHII.!I gu<IJ<!JepeHn;uarrbHhiX ce'!eHuii: ·o'I('!Hb 

OOIIOKH. B o6eux pa6oTaX 6~_::o noxana:ro, 'IT? np~ P~:JOHaHCHbiX aH~prHHX nuoHa ·.·. 

pac~eTbi c ~CTIOJibOOBaHIICM on nepBoro n~p.!IgKaHaxog.!ITC.!I B x~porne~ c~rrrac~u - . . - ·. . - - . . 

c aKcnepiiMCHTaJibHbiMII .gaHHbiMU. 

- B pa6oTe [5] 6biJIII n:poBegeHbi 'aHarrorii'IHhlC paC'ICTbi, 'lio c Y'ICTOM on BTO-. . -~ , . .•· . . . . . "' . . . . : 

poro nop.HgKa u a<lJ<lJeKTOB.cB.!I:JII HJKITOHa'B Hgpe; Bbirro o6Hapy:)Ke~o, '-iTo.nonpa-
.- -·· ' ,.· -· .' "· , .· . 

BKII BTOporo nop.!IgKa Malibi B lUUpOKOM o6rracTII :>Hep~uii: nno~a. 8To .!IBli.!ICTC.!I 

npii'IIIHO!i TOro,,no'!eMy TCOpii.!I c m::no1Ib:JOB~HIICM on nepBoro nop.iigKa ycrie

IIIuo' BocnpounBoguT gaHHbie no yii})yroMy pacce.HHIIIO ... 

Hc.crregoBaHII.!I H:lloxo:>~epreTd'!~cKoro 1r3He~pai::~MHII.!I 6hiir:li npoBege~hi B pa~ 
,· •• : .: ·- ..... ,·. • -' < •• ,· - • 

6oTax [6- 9] C Ir<:nolib:JOBaHIICM On nepBOrO nop.!IgKa; 

c HcnorrbOOBaHIIeMeToga~ npegnmieH~o;oB pa6oT~ [6j', ~)m onnc~u.!I gaHm,rx' no 
-. - ) ~ ·~'. . - -

/ 

. n~~::~~_;c "~' 
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flc;!-pacceJIHlUO npH HHIJKHX GHeprRHX IIOKaOan:o, 'ITO, HeCMOTpJI Ha B IJ;eJIOM ygo-·- . . . . . . ' ~ 

BJieTBOpHTeJibHOe COI'JiaCH~ npoBep;eHHbiX pac'!eTOB C GKCnepHMeHTaJibHbiMH p;aH-
, ' . . . ·. ' . - ~-

HbiMH, HeBOOMO:lKHO UOliY'I~Tb. HX KOJIH'IeCTBeHHOe OIIHCaHHe. OgHOBpeMeHHO npu 

Man:biX .H 6o~iun~ yrrrax pac~e.Hmm:: STo yK~hiBae;r :Ha Ba~~ocT~ BHHMaT~Jib
~oro noy'IeH~ a<P<PeKTOB BTopor·o nop.IIp;Ka .B gnH~MHKe, 1r3He-BI3aHMogeHCTBHJI .. _: 

B ~a~oTe [7],npegcTaBJie~bi ;ac'!e~bi, o'!eHh 6rrnoKne ~ pac'!eTaM [6], -~o C· 

Qfl nepBOI'O nopJip;K~, IIOCTpoeHHbiM c ncrrb~biJOBaiiHeM ,MHKpOCKOIIH'Ie~KOH BOll~ 
. /' - . . . 

HOBOH ~YHKIJ;HUJip;pa 3He. To'!H~H y'IeT a<P~eKTO~ <PepMH-)~BH:lKeHHJI ~YKJIOHoiJB . 
' . _, '' ~ . . ,. ," . . . 

Jip;pe 6biJI npoBep;eH nocpegcTBOM Bbi'IncrreHIIJI norrHoro <PepMH-HHTerparr·a .. Bhlrro . . ~ . .- . ' ' . . - . _: 

'* ""-. . -..... < '· --+· 
HaHp;eHo, ·--iTo __ o6bl'!Ho I!PHMeHJieMoe npn6rrn:lKeHne <PaKTopnoan;nn He .!IBJIJieTCJI 

. Hap;e:lKHhii;_:B o6rrac;n HnoKnx a:iiepril:ii. '· 

,CrregyeT T;,K~~ OTMeTuT~ pa6oTy [8], BKoTopoii patc:M:oipe-~npon;e~~ <Po;~
po:lKp;eH~JI ~HOH~B :Ha ~p;pe 3He~ ~JIJI Y'I~Ta .BOaHM;geiicTBIIJI mrOHOB c • .1Ip;poM ~ 

- » , - , I . ·_: . ) . , - ·- .: , . ·., . . -- . . ·-. 
KOHe'IHOM COCTOJIHHH · aBTOpbr HCndJibiJOBaJIH. Oil. nepJ3oro .nopJigKa;. II pH pac'!eTe 

. ·. ......_ '"":. ~ . '. ·, . -~ .-- :, : :_. . . --- . _- __ ---- -_ . / .- -.'-' 

MaTpH'IHbiX.aJieMeHTOB.6biJIH HCIIOJibiJOBaHbi pean:HCTH'IHbie Tpex'!aCTH'IHbie <Pag:..·· 
• • - : ' ' J ' ·- • ' • • • -- • • '. • 

geeBCKHe BOJIHOBbie .!l>Y~KIJ;HH. BbiJIO. Haiip;eHo,· 'ITO ucnoJibiJOBa~~e orr -~epBOI'O ~~-. 
• '• ·-· • • < • • • " r' . 

pJigKa p;ocTaTO'!Ho·grrJI OCHOBHOI'O. y'!eTa a<P;peKTOB Boan~ogeHcTiiH.!I B KOHe'IHO~~ 
: • • ' • • - •• -··-· .'.' -~ • ' ·-- • I • 

- COCTOJIHHH II. onncaHHJI HHIJKOGH~preTH'!eCKHX gaHHbiX no ynpyroMy : pacce5IHHIO , 
. . .· . . .· -' . 

nnoHOB HaJip;pe 
3
Heu peaKIJ;H~O~HOKpa~HO~ nepeoap~p;K~ 3He{1r_:, 1r0 )3K 

• . . li ._.. - ., 

Mb:r ncnorrboo:Bru:in ~p~>BegeHH~e HaMu [9,10] o6o6~eHn~ <PopMan:no:Ma yHnTap~t. 
HOI'O nogxoga, ~C~OBa~;Oro' Ha GBOJIIOD;~OHHOM no KOHCTaiiTe CB~~H MeTop;e K~p-. . ~ . ' ~' . - . ' ' 

:lKHHIJ;a, AJIJI nccrregoBaHH.ll ynpyroro pacceJIHnJI nnoHoB. HHOKHX aHeprnii · Ha · .!Ip;pe· 

. 
3H~ B nepBOMcnopJigKe 'r~opnir. KpaTKO~~orro)l{~~~eHeKoT~p:brx p~oy'rrbTaToB pac-.~ 

. - '" ' ' - .. 

'IeToB gaHo .B pa6oTe [9]. B ·:HacToJI~~ii pa6oTe Hap~p;y c pac'!eT~n 'p;n<J><Pe-
-- / . ~ 

peHIJ;HaJihHbiX. ce~eHnii pacce.HiiHJI npm3egem:,r nony~eHHbie HaMH peoyrrhT,aTbi.p;rrJI 

BeJIH:HHbi CnHHOBOli aCHMMeTpHH B.pacc~Hnll.,HHIJKO~He;reTH~eCKHX.~HOHOB ·Ha 

noli.IIpnooBaHHOM Jigpe 3He. , 

IIpen;nonoHHbie ~KcnepnMe~TaJibHbie ;~HHbi~ noynp.yroMy. 7r±_3H~~pa~ce.!IHHIO .. · 
. . . " . . ' ' - ·. ~- ' . . ' . . - - - . • . ( .4"'" 

B HHTepecyro~eii Hac o6rraCTH aHeprnii (T11' ~ 70- 80 MaB) nmi:y'!eHbl B [11,12]; 
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. · HacToJI~a.!I pa6~Ta • opraHiinc>BaHa ,crre~yrorn;n:M. o_6paooM~ B paogerre 2 oTMe-

'!eHbi: HeKOTOpbie oco6eHHoCT~ n~norr~nyeMoro yHnTapnoro nogxoga. · B paog~rre ~ 

~pnBegeHbi ~eo;JibT~Tbi. norry'I~HHh!x pac'!eToB n', HX o6cy~ge~e. 3aKJIIO'I~mi:e 
~ - ' l -

noMe~eHOBpaop;emi _4. 
/! 

2 Yii~~apii:bi:R ~o~xo~ 
; •, 

· MccnegoBaHHJI. npon;eccoB nnoH-.!Ip;epHoro BoaHMogeiicTBHJI noKaoan:n, 'ITq pac~eTbi 
I ' ' •" • ! 

· · c n~norrbooBaune:M 0 II· nepBorq nop_.!IgKa K·a'!ecTBeHHo npaBHJihHo Bocn~oimBogJIT . 
A~<P<PepeHi(nalibHbie .c.e'!eHH.!I 'pacceJIHHJI, a TaK:lKe. aliepreTn'!ec:Koe noBegeHne norr

. ~~ro ce'!eHnJI: .8To ~3:Ha'!aeT, 'ITo cBoiic~Ba ~~ny~bcHororpa<PnKa,co?TB~T~TBY-
• ; " . • ' ~ ' - I-- ' • I ' ' 

IO~ero OIJ;HqKpaTHOMY pacCeJIHHIO nnoHa Ha HYKliOHeJigpa, npaBHJibHO ~Tpa:lKaJ()T 
, • , I· " . . 

aHaJIHTH'!eCKOe noBegeHne HCKOMOH aMnJIHTYIJ;bi paCCe.!IHIIJI no yrrrOBbiM H GHepre- · 
. . 'l '/ . . . . '·. : ' ',• ' ' ,; .'' ' / ·' 

TH'!eCKHM n;epeMeHHbiM. • · , , . ,/ 

' : MeTop; · YHHT~pim8.n;n'n BK~IO'IaeT B · ce6.si · a<P~eKT~BHbiH y~eT. BbiCIIIHX nonpa-
l- ' ', '.' . '· ' . . , ' . \ . '. ':"·.) ' :\ ' . , i . . 

· BoK, · cBJIOaHHbiX c nepepacceJIHHeM nil:omi Ha HyKrroHax· Jigpa n oTBe'!aro~nx· 6o;Iee · 
:. ' . : ' . . . ' . ' ,' ·- -~ ' ' . ' ., . •. ' ' .; . ' : ,,... . ' ~ ·' . , 

· crr~:lKHbiM . TaK: Hao:i.rBaeMbiM ' <PonoBbiM -p;n,arpruiMa:M: M,x o~o ?enHOCTH. ne:lKa T. cy-

~eCTBeHHo' p;a.'lb·~e 6rrH:lKaHIIIHX. o~o6eHH~~TeH (no. GHeprnn_ H yrny. paCCe.!IHHJI) 
' . •, ' ' ' I 1 

• : ' , ~ j, . 

HHOIIInx · ocHo:BHbiX · p;:~rarpa:M:M; B peoyrr'r,TaTe Mo~~o o:lKnp;aTb, 'ITo npliiMeHeHHe 
- ' I < • • .~ '. - ' ' • • -~·, ; ' \ i '' ,. ' ' \ '. ., ' • 
MeTop;a, cornacoBaHHoro .c Tpe6oBaHneM YHHTapHOCTH Teopnn, IiooBorrn_T yrry'I~. 

llrHTb CXOD;HMOCT~· f>Jiga pacce.!IHHJI H y:lKe B HH3IIIeM IIOp.!IgKe . TeopUH noJij'IHTb 
. .. .' : ''' _, . . '. 

KOJIH'!eCTBeHHoe onncaHue aKcnepn:M:eHTarrhHbiX p;aHH¥x.' 

·. IIpn:HHOKUX ~~eprn~x KaHan:.norrron~eHHJI .nuoHOB .oKasbiBaeT CHJibHQe BJIHJI-

• HHe Ha npon;eccbr ynpyroro pacceJIHHJI nnoHoB Ha .1Ip;pax H noMepJieMbie BeJIH'IHHbi 
J " ', • • ' • • ' • • ( • ... '• •• '' • •• 

p;nip<PepeHIJ;~aJibHbiX Ce'!eHHH, .!IBJIJIIOTC.!I peoyJILTaTOM CHllbHOH HHTep<PepeHIJ;HH 

KaHan:~ norrro~eHn~ n 'Inc;o n·~.reH:n;nan:bHoro n~oH-JigepHoro .Boa~r:mgencTBHJI. B 

GTOH Cll.IIIJH CTaHOBHTCH Ba:lKHbiM ucno1Ibi30BaHHe. :reop:im:, cornacOBaHHOH. c npHH

n;nnoM YHHTapHOCTH; 'ITO nOOBOJIJieT npoBeCTH KOppeKTHOe OTgerreHHe -.fncTO no-. ) . ' . ' "'- '·. . ·, . 

TeHIJ;HaJibHbiX a<P<PeKTOB paCCeHHIIK nHOHOB OT HenoTeHIJ;HaJibHbiX, TaKHX 'xaK HC-. ' . ' . . . 

THHHOe nor~orn;eane nHOHOB JigpaMH. 
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: ' ' '', .-- ' • \ ' • ' -1 "" 

· B Hac':roJiuie:ii pa6oTe Mbi np~M:eH:HM y~~TapHyro Teopnro nnoH~Jip;ep~oro pac- ·• 
-. ' ! . . • ;, . . . ' ' ' • . . ' . ' . . ,. ~ 

ceJIHHJI [13), ocHoBaHHYID Ha ncnorrht3oBaHHH' aBoJIIOQMOHHoro 'l1o :KoHcTaHTe CBJI:JH~ 

MeTop;a Knp:lKHHQa; IIcnorr~~o:BaH~e·~~~Hoi'o MeToga nonBorrnrro ~ocTpoHTh pHp; 
, " -' ' _ I ,.' ' \' · • ; . ~ ,i. ,' • / '• , 

MHOrOKpaTHoro pacceJIH~, coxpaFmiOIQHH YHHTapHOCTb M~;pHQbi ·p~c~eJIHHJI H~ 
' • • I . ' 

JII060M mare nocnep;OBaTeiT~HbrX npn6~JKeHHll, ~-MOp; err;;, aHaJIOrH'lH~IO OllTH'le-. -. ' . . . . ,' ' ' 

cKoii, p;rrJI npoBep;eHnli: npJIMoro 'pac'!eTa .nHoH-JI~epHbiX ·_<Pan. pacceJIHHJI. AHarrnn 

nonpaBOI( BTOporo nopJip;Kl). llOKa:Jarr; 'ITO npH HH3KHX 9HeprHHX HTepaQHOHHblll 
·' . . ' ,; .- . . ... -·. . .. 

pHp; 6hicTpo cxop;HTCJI H B crry'!ae Jip;ep 4He; PC H 160 'p;ocTaT~'lHO y'leTa nepB~Ix .. . . ,, ·. '-. .·;. . ...' . . ' ··. 

p;Byx ~JieHoB nocTpoeHHoro yHHTapHoro pJip;a p;rrJI onncaHHJI RacceJIHHJI nHOHOB 
' > • • / • \ • _._. ' ~ • 

. ' 
npn aHeprnJIX HHJKe '80 :-,90 MaB. ,~ . 

B6cnorrbnyeMCJI npoBep;eHHbiM HaMH ~6o6rqeHHeM: tpopMarrm3:Ma yHiiTap~oro 

nop;xop;a Ha crr_y'la:ii B3a~Mop;eitc~BHJI nH~HOB c· Hp;paMn C::o a~a'!eHnm-i:HcnHHa :IT 

ua~cnnHapaBHbiMH 1/2, nop;pcl6~o nmm:lKeHH~l.f B. [10). ' :.. 
\' __ , 

/ 

3 ._. Pe3yn:b~a.rii'H.o6cy:>~<:~eHM:e 
• • '' ,· '• / ' r ' •· ' .',-.., 

• ' • ' ' ' -·, ' j • I ., . _IC : 

B. aToM paa~erre Mbi · npep;cTaBHM penyrr:bTaTbi pac'!eToB ynpyroro pacceJIHHJI nn.:'· 
"' ,F > > ' '• ' ", • '• ,,) ', ·,_ •' • ' o/ 

OHOB Ha Hp;pe 3He ~ nepBOM riop.Jip;Ke T~Op~H. . 
' . ' . :-. :-:- . . \. :' ·. • .. ' - ' . : . -·. "\ .*~.- . ·, ' ; : . ·,.. . 

.Hp;epHbie <Panbi 71-3He-pacceJIHH:II Bbi'IHCJIJIIOTCJI B paMKax <PopMarrH:JMa yHnTap-, 
. : - -. .- • ' - . : : - . - .. , . ~ - . - • I·-. -: ,- -~ .:.· 

.Hopo' nop;xo}:\a-c y'IeToM o6o6rqeHrul:, npoBegeHHo~o B [1()). Pac'IeT_. KyrroHOBCKHX 
• ' • • • • ,__ < '•' 

nonpaBOK K Hp;epHbiM <PanaM npOBO):IHTCJI:no MeTop;y, npegJIOJKeHHOMY B (14,l5). 
• ~· • ' .' ; ~. '. • • ' 1 • • ; \ ••• ,! -' • ' ·< •: . \ 

ITn'<:m-HyKJIOHHbie <P~bi pacceJIHHJI Bhl.;IHCJIJIIOTCJI 'corJI?-CHo [16), ~- certapa6errh-

Hble <PoP!'-1<l>aKTOPp! 1r N~pacceJIHHJI -;- corrra~Ho [17). 8Kcnep~MeHTali~~~e p;aHHbie 
- -· ' -. } '·· '• 

_BnJITbi :im pa6oTbi [12) .. · . ' . · --:.. 

_ * IlapaMeTpbi HeynpyrocTH 

llp~:lK~e B~ero ~poBep;eM aHaJIH3 :SmrirHrur napaMeTp~ ~, HMerorqero CM~crr cpeg~ei\: 
~Heprnn Boo6yi<:p;e:HHJI ;p;p~ n · onpep;eri.nro~ero noporoBoe rioBep;~HH~ riapaM~;p~B 
HeynpyrocTn, Ha il;n<P<J>epeHQH~bHbie ce~eHll.a ynpyror~ 1r3He-pacceJIHHJI; · . . 

' . ' . .. - :• ~ . -- . 
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3 He(1T+,1T+)- T'=45.1 

' '' 

120 .. I. ·_. 
(deg) 

~1eV 

180 

\ 
f -

.,, 

Pnc. · 1.- .Jln<P<PepeHiinarrbHhle cdeHim ynpyroro ;+3He-pa~c~~HJI · . 
' ~ ' - ' ... . . ' 

np'H Ttr = 45.1MaB:' CimoiiiHaJI KpHBM - pac'IeT c. 6. = 20 MaB,, 
• ' • • ' • ' • • • ~ • ' • <' -. ' 

nyHKTH.pHM ..,. c ~ = 1 M~B, liiTpnxcnyHKTnpliair:'-6~n Kai-Iiura: i3on" 
·-~ ' •' .·• ··.' -~ .·- -~ ;··';_ l -" ' ·, '•;i\ ·-~- ' . : 

6yJKp;eHHJI f):lpa.' 8Kcnepm .. HiHTrulbHhle ;rtaHHbie B3JITbi H3 pa60Tbi.[12j 

,llaHHbill n~paMeTp HiJrrJieTCJI ep;HHCTBeHHbiM CB06op;HbtM napaMeTpoM YHHTap-
i. '· ' .· ' . ,:_ . ''· •. ;, ·. ,. ', 

. HOH Teop~H H B o_6rqeM crry'Iae MOJKCT aaBHCCTb KaK o-r xa~aKTepn<;THK Jip;pa·, TaK H 
,· •j '. . . ' . ' ' • ' 

oT aHrip~im HCIJie'Tarorqe~o nHo~a. lln:BecTHo (eM., ~aiiRHMep, [18]), ~T~ B cneKTpax 
• _c \, -· I . < ,· '' ' , , , ,, ' 

BOtJ 6y~p;eHHH rrerKH;: ~Aep -. ( Hp;pa s~ H. p-o6orro'I~H) .· f~a6JIIO):IaiOTCJI 'npoHBm!HHJI rn-. 

. , raHT~KH:lC ~H~OITbHbiXpb'oHaHC~B npH aHepr~JIX Bon6y:lKp;eHHJI JI;J;pa 20 - 30 1vfaB: 
.. • ... - . . . i ~ , .. . ~ ' ' l '. 

B pa6oTe [13) npH H3Y'IeHHH pacceHHHJI nroHOB :Ha Hp;pax 4He, 12C -~- 160 6biJI? 

·norry'Ie:Ho, 'ITO ):IJIJI Bcex yKanaHHbiX Jip;ep HaHJIY'Illlee, onncaHne gaHHbiX liOJiy'Ia-
• • i_ \' • • ' .. , . : • . • 

e;rCJI·,npH Bbi6ope napaMeTpa 6._ "'··20 MaB: _- MoJKHo npep;noJIO:lKHT:b
1 

'ITO aTo· 

nHa'I\HHe D. p;rrJI cpep;Heil: aHeprMH Bon6y~p;eHHJI Hp;pa oTpmKaeT p;oMHHnpyrorqyro 

porrb ·Jip;epHoro ·penoHaHcHoro MexaHnn~m B <J>opMHpOBaHHH Heyripyrnx napa.Me- _ 
\' ' . " ' 

TpOB llHOH-Jip;epHoro pacceHH;HJI· 

.. · .. 
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P:uc. 2:' nmt><flepeH~~aJibHble ce'leHHJI ~~pyroro. 71"+ 3He~pa'cceJIHli~:~-..c " . ' . . . ' ;_ ',, ,. ' '- '· .,, 

.:np~ T,. ='3o.2;•45.l:u .mi.o/MaB. Kp~~bie :uMeiO'l<ToT }!(~ cMi.Icrr; ·' 
'_. /' .. ' ··: :' ~· ' -- /, ~-~ '. ' /. ~,· . '; · ... - ·'' -:· . ' '_. ' ·. •, •' 

'ITO uHa ·p:uc: L 8Kcnep~M~HTaJ!bHMe}~aH:Hbie [12]• H pe:Jylii.TaTbi c •• 

• ' ; . ' , • ! - - ',. -.c. .,\ 't ·,_·, ' ,:-··, ..... 

,pac'leToB!AllJI T?r = 45.1 MaB AOJI2KHbi 6biTb YMHO)KeHbi Ha.<flaKTop 
• , -.. - . ' ,..: . ' . , , • ' . /· I 

'10, AJIJI T,; ,;, 65.0 MaB - Ha 4>aK.;:,op· 100 
I,· I ,, ·•. ,-

.. . . . I 
Pe:Jyni.TaTbi pac..feToB B crry'lae pacceJIHHJI n:uoH:(>B Ha JIApe 3He npir 3Ha'leH:W!:x. 

' • • ' ., •• ' . - ~ • • . ' ·• -- • _l l ' \ • '.· 

napaMeTpa · ~ .;;,· 1; 20 MaB H AnK s: > · T1r, coo'-rBeTcTBy:K;~ero oTcyTcTBHIO He-.. 
• • • • ! L • ~ " 

ynpyroro KaaaJia, n~HaeAeHbi Ha p:uc. ,L BHAHoi <iTo Halirry..Jwee on:ucaa:ue AaHHbiX 
-· . . .·.-. •'' ' - .. 

AOCTHraeTcJI npH :Jil:a'leHHH ·~ ..v 20 M3B. B Haw:ux no.crreAYIO~Hx Bbi'IHcrreHHJix .. 
: . ' . ·. . ·: . ' ., ... . 

napaMeTp 1::J. Bbi6paH paBHbiM 20 MaB. 
, ·. -- ' .. " .' "-· .. / .' : ·:-.. , I - . ,._ 

Ha p:uc. 2 np:u:BeAeHhl AH<fl<flepeH~HaJibHbie ce'leHMJr AllJI 7r+ ~pacceJIHHJI Ha HApe 
3 ~.. . . . : . . ~ ....... . '.;- -~ . . . .• ' ' ' ~ . .' -_\ ( . 

He np:u pa::mH'IHMXrra6opaTopHbiX.aHepi'HJIX nimHoB. BHAHO, 'ITO BKJiaAOT.He-
: • • ·- ~ • ' ' l ' . • • - ~ \ 

ynpyrHX KaHaJIOB 1 CBJI3aHHbiX C 'B036y)KAeHHeM JIApa B npoMe)KyTO'IHbiX COCTOJI-
. . .. · . ... . . . . . . \ .· 

HHJIX, npeHe6pe)KHM np:u ;;HeprHJIX }n~)Ke 30 M3B M Ha'IHHae~.oT'IeTJIHBo.npo.!m-

JIJITbCJI np:u yBeJIH'Ie:a:mr aHepr1m HaJieT~~~ro nHoHa. 
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'·· ,• ~ / ·: < . . - '. ** KaHaJI.norJiom;eHHJI 

B ·pa6oT~ [13] 6MJI nposeAeH coBMecTHMH aHaJIH:J:IIH~H~a;o~ AaHHbiX H AaH

HbiX no ynpyroMY pacc~JI~HIO nHOHOB Ha HApax 4H~, 12C H i 60 B, o6JiacTi HH3KHX 
' . . / ' ' . . ' ~ -

3Hepr:uii. Ilo,Ka:Jaao, _'ITO BciO· coBoKynHoCTb AaHHbiX ~O)KHO o~~aTb c ~AHHbiM. 

~a6~po~ na~~eTp~B nonpaBKH Ha n~rrro~eHHe H ,3TH ~:paMeTpbi npaKTH'IeCKH 

'•, nocT~JIHH~ B o6rracTH aHepmii: nHOHOB 0- 50 M:3B. 8To~ corrracyeTCJI c npe~n~rro-
. \ ·-

)KeHHeM o AOMHHHPYIO~eii poJIH ABYXHYKJIOHHoro MexaHH3Ma norrro~eHHJI nHoHa, 
'. / "t 

' ... - ( ... 
noc.~OJib~Y xapaKTepHbiH HMnyJibC, COOTBeTCTBY~~HHABYXHY:!{liOHHbiM Kopp~llJI-. 

. ~HJI~ (}Jc :=400 MaB/c);- 3Ha'IHTeJibHO 6<?~We HMIIYJibca nHoHa B yKa:JaHHoii: 

, o6~aCTH aHeprHH: 
' ' .· . ,- ,'·. ~ ' ' ' ·. "'·.I. ''. ' ' - ·-.·. .... ' ' . 

IlpH HH3KHX 3HeprHJIX KOMnrreKCHMe napaMeTpbi B0 H C0 MoryT 6biTb'Bbipa-
, . . ' / ·; . . ' ' , . . 

JKeHbi qepe~ AJIHHbi H o6~eMbi ?r-JIAepHoro pacceJIHHJI. riocrreAHHe onpeAeJIJIIOTCJI 

.H3 AaHHbiX no JJAep.fj:bi~ CABHra~·HWHpHHaM B Js.! H 2p-yp~BIDIX nHOHHhlXaTOMOB 
... I.·· .. : . ' ' .· '·• . . . : . ... ·. •. . . .. . ' " .. 

(eM. [13]). ' ·• · . . . ' 
. ' ..... ···, ·:. ·.~ .. ~>· ~---.-~ ... ·~· ''.'t; ..... -~ ~-:. t ' • _-,._ • \. 

:.B HaWHX pac'leTax 6biJIH HCnOJib30BaHbi CJieAYIO~He 3Ha'leHHJI napaMeTpOB noc. 
I '· ' .: \ . ' . .·· - ' .. -,_ .. ' -.. · ... -, I ' 

• .. , ~ ~-..., . 
rrro~eHHJI: . 

· ·; Bo·= ( -o.o25 + io.025)rri,. - 4 = ( -:-0.1 +i0.1)<PM\ 
. - .'· ·', ' ._. .' . . . . ·. ., . .-·: ' . . . -~ :.-- '•.~ 

Co= ( -0.35 + i0;13)m,. - 6 ='( -2.8 + il.O) <flM6
• . . . ' •· .• : . . . . ' " ' .... . . -~ . . . ' . ' ' 

B [13] 6biJIO no'Ka1aa'o, 'ITO aTH napaMeTpbi b6~cne~HBaiO~ on:uca:a~e KaK TIHdH- \\ 
·' • .... ' ' ' ' ' .·, ,. < • • •• • ' :.: • 

aTOMHbiX AaHHbiX, .TaK ·:u AaHHbiX no pacceJIHHIO HH3KoaHepreTH'IecKHX n:uoHoB Ha 
' - . . . . . . ' ' . ' . 

' . . ..., 

.liAPa.x· 4He,· 12C :u 160.' 
I ( ; ' . > • • • ~ / ' • • I' .-\ 

Ha· p:uc: 3 noKa:JaH BKJiaA KaHaJia norrro~eHHJI n:uoHa B Bbi'IHCJieHHbie ·AH<fl<fle-

! .· peH~HaJI~Hbie ce:eHH~·p.ac.ceJIHHJI: Pe3;JibTaTbi pac'leToii noKa:JbiBaroT, 'IT<;> pom, 

xa~aJia norrro~eH:HH ~~OHOB B ynpyroM 1r3He-pacceJI~H npH HH:JK~ aHeprHHx JIB-
,· _,.-'. ' . - . . . i 

~eTCJI Ba)KHOH1 X~TJI H MeHbWeH1 ~eM B crryqae 7r
4He-pacceJIHHJI (13]~ 'BHA~O, 'ITO: 

\ ll ,, . . . ' -

1 
.. · - n. pH. H~K~X 3Hepr~ KaHaJI norrr~~eHHJI H;paeT ~npeAeJIJIIO~IO porrb. B AH~~ .. Ke. 

l B3aHMOAeHCTBHJI nHOHa C .liAPOM 3He H AH<P<flepeHQ:HaJibHbie Ce'leHHJI B03HHKaiOT 

. . KaK pe3yJ1bTaT CH~HOH HHTep<flepeHD;HH Me)KAY KaiJ:aJiaMH 'IHCTO noTeH~a.ru:.Horo }: ' . . 
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• Puc . . ~: ;IJ;ii<I><I>ep~H~~am.Hble, ,c~-.JeHu~ J:IIpy_roro 1r+
3He-pacceJIHlUI 

. . ' - 1 \ . 

· npu T"' ~ 30.2, 45.1 'u,65.o MaB. Crirrc\uiHrui: KpuBaJI HMeeT .TOT ~e 
' .'. ·' '· ·. \ ' ' ( •' ' . . .·. ' '," . ' ., · .. ·· . ·._ ;·. ·-.. :. 

CMbiCll, '!To'u ~a 'puC. 11 nyHKTUpHaH _:TO ~e, 'Ho 6ea y'Ie~a· Ka~arr~ 
·. . ' ' . ! 

norrro~eHIDI. · 
-_,_ 

. .". .. , . i. . , . .. .. -~ .. 
pacceJIHIDI u IIorrro~eHI'UI.ITUOHOB .. IlpH aHepriDIX IIUOHa· HU:lKe 50'MaB KaHan no7 ' - . , ·, ' .,• . '. '' 
II ; • J . ' ' '' \, ' \ . ' •: \' • ~ 
rrro~eHIDI ~OMUHupyeT.B q>opMHpOBaHUU IIapaM:eTpOB HeynpyroCTU. 

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

TaKuMo6pa:JoM, B pa.MKax yHuTapHoii Teop~m; rge . .sn~:f!O Y'ITeHbi a{f>q>eKTbiiiO- · 
' -:. . . . : ' . ( . 

TeHIJ;UallbHOrO pacteJIHUH, ygaeTCJI. ycTaHOBUTb KOITn-.JecTBeHHO pOITb -KaHana· IIO~, 
' . '-· . . • . 'l 

· . ·,·· , ' · ~u '' , . ' ·' . 't 
'rrro~eHIIH B. )J;:UHaMIIKe IIIIOH·H)J;:epHOrO B:JaUMO)J;:eiiCTBIIH IIpu Hll3KUX :3HepriDIX. 

Puc. 2 u 3 ~eMoHcT~upyiOT,· 'ITO yHuTapHi.IJi nogxog:·npuMeHeHHbiii ;o;rrH crry-
• • ' • • - I ' 

'IaJI ynpyroro 7!'3 He-pacceJIHUH, o6ecne'IIIBaeT xop~IUee onnca!me cyui;~ CTBYK>I~IIX 
' ,. ,• .·,. . ' ' ' I. ··.. . . · .. 

:3KCIIepuMeHTMbHbiX · )J;:aHHbiX · BIIJ:!OTb · )1;:0 aHeprni\: IIUOHOB ·_ 50 MaB. y:lKe B · II_epBOM 

nop.llg:Ke Teopuu. H3 aTnx.pe:JyrrbTaToB.Mo:lKHo o:lKngaTb, 'ITO a<I><I>eKTI>I BToporo. 

IIop~~~a BHOCJIT MMbiH B~rrag B ;upyroe 1r3fle~pacceJIHH~ B o6na~TH HU3Knf' ~·Hep• 
. . . . ~ 

rui\:. ' .... ,. 

8 I, 
\ 

,., 

,r\ 

I _·, / ~-: 

{ . 
/, 

I 

* * * CnnHoBas: acHMMeTplt:.H 

···~/ .IJ:nq>q>epeHIJ;IIMbHOe C(!'IeHIIC pacceHHUH Ha H~IIO,ITHpimOB~HHbiX HgpaXUMeeT 

crregyiO~ni\: Bng:· 
: \' 

-~'- da = lf(BW +lg(B)l2
, 

rge f( B) n g( B) CIIIIH-He3aBUCH~8JI U CIIUH~3aBUCH~aJI. '!aCTU aMIIliiiTJAbi pac-

ceHHIIH cooT~eTCTBeHHo; Ce'IeHu.i'nn~H-igepHor~ pacceHHHH. 'IYBCTBUTe.rrb.Hbi r.rra- · 
' . - ' -- . . ' . - . . . . -

.. . . I . . ' , , 

BHbiM o6pa3oM' K cnuH-He3aBUCH~ei\: '!aciu' aMnrruTygbi; u aHamm npou;eccoa pac-
, • . _f : , ~ . . I • - ' ' , 

CeHHllH; IIIfOHOB Ha llerKUX Hp;pax llOKa3hlBaeT; 'ITO _MO:lKHO go6IITbCH XOporiiero 
• f • ~ \ • ~ 1 • • 

OllUCaHUH g:aHHbiX no u3MepeHMIO gnq>q>epeHIJ;UrulbHbiX·Ce'!eHUH, HO_ He BCJIU'IIIHbi 
-· I . ' . ---. . , , . -, . . . > . -

cnnHoBoii acnMMeTpuu [2]. 8To o3Ha'!aeT, 'ITQ n3y'IeHue cnu:HoBbiX aq>q>_eKTOB npu 
• '_ ,· : , . ' . - {''· ~-' . : . ·:' . I . ~ -· .- ' . ' I .-

paq::eJIHUlJ IIUOHOB Ha norrHpimoBaHHMX Hgpax MoikeT HBUT:bCH 6ori:ee 'IYBCTBUTerrb.:: . '' / ' \ '. ~-- ' 

'· 
HbiM TeCT<?M )J;:liH pa3JIU'IHbiX TeopeTU'IeCKIIX MOp;errei\:. 

B~~pa:lKCHUe )J;:liH Be~U'IUHbi CIIIIHOBoii aCUMMCTpHUIIMeeT crregyro~ui\: Bng:\ 
, . _. \ .. \ ~- ' ' . . . I 

A(:B)-'= da(T).,-da(l) = 2ImU(B)g(B)] 

Y .. ·· da(i) -':- da('!) , ' da . , ' 
, ••. • J. ' ·'~ ~, • • • 

• • • . t •. , • •. 

I 
I 

• rge da(j), da(!r- ce'!eHnH pacceHHHH Ha riorrHpn3oBaHHbiXHApax. 
. . ... --~ .· •. I . ' ~ . ' • . . ', . . ' ' ""' • . ' 

· Ha puc; 4 noKa3aHbi pe3ynbTaTbi pac'!eToB Berru'!uHbi cnuHoBoii·acuMMeTpuu 

Ay(B)B y~pj~~~~~3He~pacceJIHUH npu T" =_50.MaB. ,Pac,eT~ JKa3bi~aiOT ~~ 
, 6orrM~oe. irp.oHimeHue cnuH~B~x.aq>q>eKTOB 'B-o6rracT'u ·yrrroB' pa~ceHHIDI, ;ge ce

.'IeHnH, UMeiOT ~IIH
1

UMY~- Ka'I~CTBeHHO ;aKOH :lKe pe3yJibT~T 6hirr norry'IeH B [7). 
• . • ' . . • -~ j 

IIp'egcTaBrrHeTCJI UHTepecHbiM irpm;ecTu ~paBHeHue p~3YllbTa'l'OB aTux pac.fe'l'o:B 
> ' ' I . ' . ' 

C :3KCnepuMeHTaJibHbiMU gaHHhlMU, KOTOpbie B HaCToHm~e. BpeMH OTCyTc:rBYIOT. 
:'_ ~ ." . - . . . . .· . . \ /: . . . ',. -.,._ ' -. . "'· 

1 r ~ • "1: •· \ 

4 · 3axnro-qeHHe. 

ffacTOH~aH pa6oTa IIOCBH~eHa OIIIICaHUIO ~npyroro pac;:ceJIHUH IIHOHOB_ IDmKUX 

· .' aHepruii Iia Hgpe 3He :B yHuTa;H'oM nogxoge, ocHoBaHHOM :Ha aBo'rriO~HOHHOM no 
• - 't" • - ~ • 

. I. , . , , • ' ' .. ·- . 

- KOHCTaJiTe CBH3U ~eToge Knp:lKHuu;a. B nepBoM nopHgKe Te?puu pacc'!HTa.Hhl ;n;ucp-

q>epeHu;uarrbmue Ce'!eHIDI ynpyroro paCCeJIHUH ?I BeliU'IU.Ha CllHHOIWii acHMMeTpD. 
. . . . . '. ~ . . ,J • 
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. Puc. 4. Benll''IIIHa cnnHoBm! acnMMeTpun ;B ynpyroM 7r3He-pacceJI~ ·· 

:HHH~~n T,(d 5o MaB:' c~~O~HaH Kp~BM ~~OTIJ~TCTByeT 7!":--p'a~ce~ ·. 
• .,., ' ' ' ' i •• \ • ' ' • ·!, 

JIHIIIO., nyHKTIIpHaJI- 7!"-:--pacceJIHIIIO 
/ I 

,, 

IloKaa'aHo, ("'TO y~e B HU:JIIIeM ncip~p;Ke Teop~Hyp;aeTCJI nbrry"'HTb ,l\OCTaTO"'HO' 
. • • .i • • . ; \ 

':icopoi.uee onuca~~e HMeiOII.IliXC.!I aicnepnMeHTa1lbHhlX gaHHbi~. Te~.i He Me~ee npe,o;-
' ' . - . . ' I' .. • 

CTamuieTCH IIHTepecHbiM II3Y"'HTb ~<f>cpeKThl BTOporo nopHp;Ka 6~~ee ~eTailbHO. 

ST~ M~~~T . oiaoa~bCH oc~6eH~o B~)KH~M • ~pn. nny"'~HH~ • ~<P4>eKT~B. ch~lfOB~H 
aCUMMeTpiiii .. '\ t: 
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