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Bae.lleHHe 

Ka1r K3B9CTHO, o6onoqeqaag Mo.aenb xopowo o6oHCHHeT cnHHhr H '19THOCTH sr.nep. 

no-BH.llHMOMy1 .lln>I li.ll9p C 38MKHYTb!MH HnH llO'ITH 38MKHyTblMH 06onO'IK8MH C11p8B9.llnHB8 

c cj:JepH'IecKaH o6onoqeqHaH MO.llenh. Pac'I9Tbi aHepreTH'IeCKIIX ypoaHell TBKHX H.llep xopowo 

cornacyEOTCR c 3KcnepKMeHTBnbHhiMH .aaHHhlMH, aa HCKIIIOqeaH e M HSK OTOpbr x ypoaaeA c 

1101IO>KHT91IbHOA q e THOCTbiO, .UIIR KOTOpbiX 8HOM81IbHO 60nbW8H 89pOSITHOCTb 3 119KTpOMBrHHT-

fK83biB 89T H8 CHIIbHbl9 KOIIII9KTHBHbJ9 CBOACTB8 3 THX ypoa aeA. TaKOBbi 
HbJX nepexo.aoo 

+ 
BTOpble 0 18 18 ·~ 

ypoBHH a H.llpax 0 0 , Ca ll .llpyrHe. BH6pauKoHHble ypoBHH c OTpHuaTenb-

HOlt \.1 9 THOCTb iO He 061IB.Q8JOT CTOIIb CHIIbHhlMH X:OIIII9KTHBH bJMH CBOACTBBMK, fl03TOMy orpBHH

'IHM C!I TOnbKO 11x paccMoTpeHHeM a H.llpax c A ~ 16. TaKHe ypOBHH a .llBB}!<J:lbi MarH'!9CKHX 
12 18 40 11-41 

R.llpax C 0 Ca HeO.llHOKpaTHO Kccne.llosanKcb • PacqeTbi rrpoBO.llHnHcb M9TO.llOM 

XapTpH-<I>oKa, KOTOpbill a 3TOM cnyqae i:laeT xopowHe peaynbTBTbi, 

T o o6cTOHTenbCTBo, 'ITO MeTO.ll XapTpH-<I>oKa xopowo o6bHCHHeT KonneKTIIBHble .llBH)!(e-

HIIH, 1..f8CTO Bbi3hi889T YL1HBII 9 HH9, TBK KBK OH OllHpB e TCH HB .llBH/K9HK9 H938BHCHMbiX '18CTHU 

a caMocornacoaaHHOM none . Ho IIM9HHO 3 TO rrocne.llHee o6cTOHTenbCTBO H yKB3biBBeT Ha To

1 t{T O .QBlOK9HHe SIBIIH9TCH KOIIII9KTHBHblM, 

CaMocornacoaaaaoe none npe.acTB.BnHeT co6oA cyMMBpHoe soa.a.e AcTsHe scex ocTaJibHbiX 

'l tlC THU Ha .ll8H Hy JO '18CTRI1y. EcnH !I.llpO Bp8W89 TCR KBK 11enoe HnH COBepwaeT K One68HHe, 

C8 MOCOr'll8C OB8HHOe none C TBHOBHTCSI 38BH:CHWHM OT speMeHH. CyweC TByeT H9CKOIIbKO MeTo

.0.08, OIHICb! BBIOUlHX TBKH: e .O.BH>K9HHH: M9TO.U cnyqaAHhiX ¢aa, npH611H>KeHHOe BTOpHlfHOe 

KBBHToaaH~te, .JBBU C HUlHA: O T ape MeHH M e To.a. XapTpH-<l=t>Ka, MeTo.n nH:HeapHaauHH ypasHeHHA 

llBH)1(9HKSl, oGo6HleHHBH o6on oqe'-IH8H Moaenb H .npyrHe. Ka>t<ahrA H 3 3TKX MeTo.n.os na 

Orl p PLl e n e HH OM 3 T 8119 KOH K p9TH OrO p8C "19T8 Tpe6ye T 3 H8HHH HyKllOH-HyKJlOHHOrO B 38HMOD.eA:

C TBII ~ BHJTpu H.O.p8 . Ll11S1 yHpO W 9HHH p8C'-19 T OB '-18CTO I10llb3YlOTCst KOHTBKTH b iMU B38HMO.UeACT-

BIIHMif, K OT O p · !9 , KOH9YHO ,. 049 Hb .O.Bll9KH OT UCTHHH OrO d JKilQH-HyKilOHHOr'O B38KMO.Ll9ACTBHS1. 

flH lU b 1:i I!OClli?LI.J-IHe r OD hi B 0 11p9.Ll9119 HH b iX p8 C l.J. 9 T B X UB'iBJlH npHM9HHTb B 38HM OLl9 A C TBHH, 
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. /5/ 
CBH38HHbl€ C HCTHHHbJMH HyK.n.OH-HyKnOHHblMH 838iiMO.ll9ACTBlHIMK B CB060.llHOM COCTOSIHIIH 

B 3 TOM Hanpa8neHHH cne,ayeT OTM 9THTb pa6oTy KannH o H KonT89liT/
61

, KOTOpble nonb3y

JOTCSI noTeHuHanoM XaMa,aa-D>KoHcoHa ,anSI 8 3 aHM O!lel!cT8yJOll.lHX '!aCTHU 8 S -cocToSIHHH. 

AHanorK'!Ha H pa6oTa TpHHa, KannHo H KonT89l!Ta
17 1

, 8 xoTopoA HCnonb3oBaH noTeHuHan 

raMen a-Tanepa. VIMeJOTCSl llOflbiTKH yqecTb T9H30pHbi9 KOMnOH9HTbl fl0T9HUH8fl8 XaMa.aa 

D>KOHCOHa/tl/. 

Bee 3 TH pacqeTbi o6nanaK>T TeM ae.nocTBTKOM, t{TO Hx MO>KHO nposo.nHTh TOnbKO ansr 

S -coCTOSIHHSI OTHOCHT9flbHOrO llBH>K9HHSL npas,aa, B HHX yqHTbiB8.9 T C SI. HanHqHe OTTBnKR-

B8l0lll.9 A C9p.OU9BHHhl , HO HB yqHTbiB8lOTC SI H9U9HTp8nbHbl9 KOMllOH9HTbl B 3 8HMO.ll 9 A C TBHSI. 

PacqeTbi c Hcnonb3o8aHH e M HenoxanbHhiX <PaxTopK 3 Hpy10ll.lRXCSI noTeHuHano8 xopowo 

o6bSICHSIIOT :;,x cnapHMeHTbl no HyKnoH-HyxnoHHOMY pac ce SIHHIO ao 320 Ma8 11 HexoTopbia 

caoi!CT8a SI,aepHoll MaTepiiH. nony'leHHbie peaynbTBTbl noxaaanu , 'ITO cornac11e Te o pllH c 

3 KCfl 9pHM9H T OM yny'IW9HO ( ::a6n 1 ), XOT,II 9ll.l9 OC TaiOTCSI H9KOTOpb1C pa3HOf'naCI<SI . 

UenbJO HacTOSIIUell pa6oTbi SI8nne T cSI Kccneao8auae 3TI<x paauornaclll!. Mbi paccMSTpll

eaeM 113068pHbf9 COCTOSIHHSI B Sl.ll p 8X C A ""' 16 H o rp8HK1.{HB 89MCSI TOflbKO HII3KOn9:>K8 W.HM H 

ypo8HRMI< c T = 1. B pac'!eTax npHM9HSI9TCSI TO'!Hoe Hyxnou-uyxnoHHoa 83aHMo,aellcT8He 

B CB060.llHOM COCTOSIHHH, 8 T8K )K 9 ytfHTblB8JOTCSI KynOHOBCKHe 3<:j:)(iJ9KTbl. 

1. n 0 C T a H 0 B K a 3 a Jl a 'I K 

Pac cM OTpH M HK3K o n e mawHe oTpHuaTenbHbJe ypOBHH c R3 0 T OnHttecKHM cnHHOM T • 

,anSI HJle p c A = 16. Vl a 8eCTHo/
1
-

41 
'ITO 3 TH y p o BHK M O>K HO nony'IHTb B oa6y>I<JleHHaM 

CI<CT9Mbl qaCTKUa - ,llblpKa 8 reHepa11K3Rp088HHOM 88KYYM9 (OCHOBH 09 COC T OSIH He 0
16 

) . 

16 16 16 16 
OrpaHH'IHMCH TpeMSI SIJlpSMH N , 0 , F • l!erxo ,aoraaaTbCSI, 'ITO u e q e THble ypoBHK N 

16 
nony'laJOTcn o6paao8aHH e M 8 SI,ape 0 CHCTeMbi n p oTOHHa SI JlhlpKa - uel!Tpou. Boa6y>K,aeHHble 

16 
ypOBHll 0 U011y'I810TCSI nyT eM 06paaoa a HRSI CHC T 9 M DpOTOHHaSI JlbipKa - npOTOH H Hel!TpOHHaSI 

,ll blpK a - H e l!TpOH, a 8 cnyqae F IS nyTeM 8 036y >KJl9H KH CHC T 9 Mbl HeliTpOHH I.ISI JlblpK8 - npO T OH . 

B oa6y>K,aeHH e 6onhworo xonH'!acT8a CHCTeM Jlhipxa-qacTHua Mbl paccMaTpHBaTb u e 6y,aeM, 

T 8K K8K HC C Jlen,y e M TOJlbKO OC H OBHble H HH3KOJ19.>K 8 li.l H9 ypoBHK. KpoM e TOr O, Mbl OrpaHHt{H8 8 -

9MCH B036y>KJl9HHHMH !lieu 

B 3 TKX npH6nK>KeHKHX 803HHKaiOT nRWb KOH<flHrypauHH CHCTeMbi Jlhipi<a-qac TKua, npe,a

cTaaneHHbl e 8 Ta6n. 2. 

B pacqeTax Hcnonb3yJOTCSI peanbHbie HyxnoH-HYKJI OHHbie 8 3aHM OJleliCT8H SI , COJlep>Kall.lH e 

OTTBJlKHBBHKe aa M8JlhiX paccTORHHRX. KaK HaaecTuo. a a.naqy MHOrKx Ten npH c aurynSipH hiX 

UOT9HURanax MO>KHO cPOPMY11Hp088Tb C DOMOll.lbiO I - MaTpHllbl. /g/ npa 8036y>KJl9HHil OJ:l HOI! 

ll8pbl .Oblpx:a-qacTIIU8 l'8MHJ1bTOHK8H CJlCT9Mbi 8 cj:JopM8J1H3M9 BTOpHqH o r o KB8HT OB8HIHI HM99T 

BH.O: 
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(I) 

rae H0 - OllKO'lBCTH'lHhll ouepaTop, a t -MBTpKn:a, ;yao8n9T8opaJOwaa ;ypa8KBKIIJO 

Tax. x.aK raMRilhTOHKaH SIBnHeTCSI TpaacnRUHOHHO-IIHB8p118HTHhlM, TO 11: t -MaTpl-rtta - TpaH-

Cn!IUHOHKO-IIH8BpliBKTHB ll K9 3B811CilT OT KOOp U ilHBTbl UBHTpB MBC C B3BilMOl!BICT8:YJOWHX 

qacTilU. B Bbtpa>KeKHil (2) V -noTeKuHan 83BRMOl!BICT8liR. B uaweM cn;yqae V coaep>KIIT 

II KyllOHOBC K08 B 3 8W:MO.D. 8 AC TBK9. 

06bi'IKO e Hll 3 weM np116nR>KBKHH 8 raMHnhTOHHBKe (I) t -MaTpllua 3BM B K!19TCa 

V - MBTplluel!. Dn11 KBXO>Kll B KII!I OllKO'IBCTil'IKOro onepaTopa H0 ueo6xol!HMO pewHTb 

caMocornacosanuyJO a a.a.aqy, 'ITO, no-sH.nKM OMy, Ha cero.nHstwawA neHb HSB03MO>KHO. 06bt'l-
to 

KO OllHO'IBCTII'IKble 3 KeprKK 6ep;yT 11 3 3 KcnepKMeKTanbKhiX llBKKhiX. B cnyqae aapa 0 TBKHe 

llBKKble cy w e c T8yJOT, B pac'leTax HaM n o Tpe6 yJOTC!I Ol!HO'IBCTil'IKbl e 3 HepreTH'IeC KHe ypo BHH 

Kel!TpOKB, npOTOHB, HBITpOHHOI UblpKH H TlpOTOKHOI! llblpKil 8 n o n e !I llp a 0
10

, J.-ix MO>KKO 

!lllpaM O IT , F 11 
, 0

10 
H N

10 
n B 3 stTb K 3 .0.8HHblX fiO • )...J,IISI H8X0)K .Q8HKSI 3 H e prKK C K C T 8 Mbl 

He06XOllHM O llHBrOKBnll31lpOBBTb rBMHnbTOKHBH (!) 80 8C9M KOH¢HrypaUHOHKOM npOC TpBH

CTB81 l.J:T O 11p8KTIII:ti8C KK H8B03MO>KHO. llnSl HK 3 K011 8>K 8 LUKX ypoBH8A: .D.HBr OH 8 11K 3 8UHlO MO>KHO 

TlpOBOUIITb 8 K OH¢HrypBUilOHHOM npocTpBHCT8e orpBHH'IeHHOI! pa 3 MepHOC TII ( Ta6n, 2). 

Ha p11c. 

'" n o ne Hn p a 0 

np11B8,ll8Hb1 O.UHO'J8CTii'IHb18 3 Hepr8TJft{8CKH 8 ypo BHH .QblpOK H HyKIIOHOB 8 

Mhl BH.D.IIM, qTo o.a.w:H HeATpOHHbiA 11 O.O.KH npoTOHHhiA yp o BHH ne)K8T B 

o 6nBCTII HenpepbiBHOrO CTieKTpa, no3 TOMy llKBrOHBnK3BUHIO rBMHnbTOHHBHB (!) CneayeT 

npoBO.D.YTb C y'I8TOM OTKpbiTOrO K8H8118. K CO.>K8118HHJO, K3-38 T O f' O , 'ITO M bl ke KM88M 

C8MOCOr'n8COB8HHOr'O nang B BH.Ue KOH9"'1HOA SIMW, 0.U H O"''8C TK"''H8R B OnH OB 8 R ¢ yHKUKR H e npe -

p hiBHOrO Cfl8KTp8 HBM H9H3B9CTH8. 

<l>epenb II 6ay3p/ !Q/ nOKB3BnH, 'ITO B TBKKJ< cny'IB!IX l!n!I 0Tip8 JleneHK51 3 HepreTK'IE -

.c Kor o cneKTpa cosepweHHO nocTBTO"''HO pa6oTBTh c a aKp biTbiMK KaH a naMH. HanK"''Ke OTKpbt-

TNX KBHanoa cyweCTBeHHO TOnbKO .anR onpe .aen e HHH wKpKH yposHeA: w ce q e HHR npoueccoe 

pacnaaa. 

J.-iCXOll!I H3 8b1Well3nO>KeHHOrO H C uenbJO ynpo w eHHtl 3Bl!B'IK, Mbl 6yae M pa6 0TBTb B 

6 B3HC e OCUHnntlTOpHbiX BOnH OBblX ¢YKKUKI!. 

B aaKnKl"''BHKe OTM9TKM, 'lTD T8K KBK Mhi orpaHHYHBB e Mcst cocTOSIHHSIMH: c T 1, 

B03HKK8Kl1UKMII B pe 3 ynbT8T9 KOne68HIIR HeATpOHOB OTHOClfT9nbHO npOTOHOB 1 TO n Q)K Hbte 

COCTOSIHRSI He B03HHK8JOT. TBK>Ke HBT He06XO.UHMOCTK Yl.fHT biBBTb KOpp e nRUKK B OC HOBH OM 

COCTOSIHHH. 
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2. MaT p II 'i H b1 e 3 n eM e H T b1 B 3 a II M 0 A e ACT B II II 

npOR3BOnbHbiA HefiOKBnbH~~ TpaHCnRUIIOHHO-HHBBpHBHTHbiA llOTeHUKBn 3BllHCbiBBeTCII 

s cneay IO . .ueM BK.a.e: 

<;I;~ 1 v 1-;; 1·~ > - 8 ( ii- ih v (:r:->. (3) 

r.ne KOOp.0.11H8Tbl U9HTp8 M8CC If OTHOCIITenbHOrO .O.SH>KBHIUI onpe.nenHJOTCSI p8BBHCTB8MK: 

.. .. .. 
2 R • r t + r2 

.. .. .. 
r • r 1 -r 2 

.. .. 
r

1 
H r

2 
- pB.O.Hyc-seKTOpbi n e pBOA: H BTOp o A qacTKUb l O TH OC H:TenbHO npOil3BOnbHO A: CW:CTBMhl 

KOOpAHHBT. HanH'iHe 8 (R - R ') B noTeHuKane (3) o6ecne'iHBBeT ero Tpaacn!IUIIOHHYJO 

HHBBpHBHTHOCTb, T8K qTQ llOnH b iA HMrrynbC B38RMO.llBACTBy JOWHX tlBCTIIU COXp8HSIBTCSI.. 

noK8nbH WA CT8TIIqBCKHA IlOTBHUHan nonyqaeTCSI ~3 HBnOKBnbHOrO fl0TBHUII8n8 TOnbKO 

a TOM cnyqae, ecnH nocne.nHHA: .aKarouaneu: 

V(~ih s8(;_;')V(;), 

06blqHQ paCCMBTpHBBIOT HenOK8nbHbl8 flOTBHUIIBnbl, B p aanO)K9HHH KOTOpbiX fl O flOflHblM 

MOM9HT8M K8)f{.QblA. '-f.JIBH cfJ8KT OpH3yBTCSI . 

lloTeHUH Bllbl Bb16HpBeM B BKAe: 

..,. -+ M M* 

V(rir')• ,\ L [:- gaL(r) g aL'(r ')+ RLaL(r\L aL'lr ' )]YaL(r)YaL(r '), (4) 
aMLL 

r.ae a -cosoKynuocTb KB8HTOBhiX 'IKcen 5 1 I 1 T : I -nonHhlA MOMeHT saaHMo.aeAcTsy-

tOLUH.X 'J.8CTH U: . T -H30T001ftf9CKHA:: CO HH; 5 -06bPIHhiA CflHH. Y M - HOpMHpOB8HH8SI aL 

cj:lyHKUII!I COCTOSIHII!I C MOMeHTOM I H llpOeKuwel! M 

M '~ ~ MgA 
Y (r)= L (LSMLM

8
I IM)YL,...(rlx P 

aL MSML L S T 

(5) 

A 

PT- onep8TOp np09KUKK K 30 T OJ1KqeCKOrO CllKH8 

A T ~ 
p T' X / = 8 TT' X T 

T aKoH noTeHuw:an o6ecneqHaaeT HeaasHC HMo e aaaKMo.aeAcTaKe Me>K.ay qacTHU8Mil a KB>K.D.OM 

H .'3 B03M0)1{HbiX COC TOSIHW:A, npHB9.D.eHHbiX B T 8611 . 3. 

V ( rl r') 
2 2 2 

KOMMyTI<pyeT c I I • , T T 
3 

K S , noa ToMy nonabrll MOMeHT, cnHHOBblll 

MOM9HT K K30TOflKqeCKKA. CllKH SIBI1SilOTC51 HHT9rpan8MH .0.Bii>K9HHSJ. V1HB8pU:8HTHOCTb OTHOCU:

T enbHO oTpB>KeHII!I o6ecn eqHsaeT AeAcTBHTenbH OC T b g (r) H L(r) cj:ly HKUHll. TaK KBK A ll!! 
L L' 

KB>KAOrO AOllYCTHMOrO COCTOliHH!I (-I) =(-I) , TO '!eTH OC Tb COXpBHl! eTC!I. Via-aa CyMMK-

pOB8HHSI 110 L H L; o p6W:T811bHbiA MOM9HT He SIBI1519TCst XOpOWHM KBBHTOBbiM 'IH CllOM .D.Ilst 
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CWeUI8HHbiX COCTOllHIIA. TaJ<Jie CBOACTII8 COOTBeTCTByiOT HeUeHTp8nbHbiW CHnaw. 

B cnyqae nOJ<anbHbiX noTeHu&anoa .onst uyKnou-nyKnOHHhiX aaanw.oeAcTBHA Ha MMblx 

paccTOstHRstx xapaKTepHo cHnbHoe OTT8nKstaauste. CyUieCTaoaaHKe T8l<IIX noTeHuHanoa He 

COBC9M Otf.QBH.ll.HO. 6pHHK flOK838n, 'lTD 9CIIR B K8>KAOM fi8pUH811bHOM COCTOHHHK HM88TC.5l 

68CKOH8'iHO OTT811KKB810WRI llOT8HUH811 1 TO MO>KHO Ollp8.ll.811HTb llOT8HURan, 38.BRCSIWHI OT 

CKOpOCTII 1 , He HMeiOUIIIA CHHrynstpHOCTeA II .Q810lUIIA Te >Ke cp830Bble 

CllBKrH .Qnst nl06b!X 3Hepr11A II CBst38HHbie COC T OHH!olst, C .opyroA CTOpOHbl ,K8>Kllb1A 38BIICst-

WHA OT CKOpOCTH llOT8HU11811 3KBHB8118HT8H H8110X811bHOMy llOT8HUH811y • 

.lleACTBKT8 11bH O , Lr,· -i>"P 
fv(;l-;'ld;-.p(;'l- [fv(11 ;' le '~ d;'J.p(-;l 

ll03 TOMy 3 KBR8811 8 HTHbiA: 38BHCS11UHA OT C K OpOCTH llOT8HUH811 KM88T BR.ll 

npw: M811bJX KMily11bC8X, p83118rBSI B pR.a 3 KCilOH8HTy, llOIIY'188M npHBbi'IHhll BHD. 38BHCHlll8ro 

OT CKO pOCTK flOT8HU118118. ct>aKTOpK3Kpy10lUH8CSI llOT8HUII811bl C0.0.8p>K8T T8K>Ke II 6onee BbiCQ-
~ 

KH e CT8ll8Hll p 1 KOTOpb18, B CBOJO Qqepe.a,b, yny"t.WBJOT rna.aKOCTb ll0T8HUK8110B H ll03B011SUOT 

KCnonbaoaaTb HX a pac'leTax THna XapTpH -<t:oKa. 

AuanK3 3KCnepHMeHTOB no HyKnoH-HYKfiOHHOMy paccestHKIO C UOMOlUbiO UOTeHUK8n8 (4) 

6bln npoae.oeu Ta6aKKHhlM/ II 1 
<l>aaoab!A auanHa paccestHHst .no 320 Mae noaaon11n onpe.oe-

nHTb a aawMo.neAc TBKH a S-, P- H D -cocTOHHW:HX. 3 1'11 .O.BHHbJe .nocTBTO"'Hbl .a.nst pacl.leToa 

4To6hr .QKarouannaKpOB8Tb raMIIfibTOHllaH (I) a KOHcpnrypauiiOHHOM npocTpancTae, 

H e06XO.O.iiMO Bbi'llWC n WT b M8TpKqHbl9 3 neM e HTbt B38HMO.O.eACTBHH .0.bipKa-l.J.8CTKU8. 06bi'llHO 8 

aHanorw:lJHhlX pacqeTax Y4KTbiBanu:cb TOilbKO B38 YMo.a.eA:cTBW:H npoToHHOA .O.btpKH c npoToHaMw: 

K ueATpoHHOA .OhlpKH c ueATpoHoM. V!ccne.ooaanliSI, npoae.oeHHble no {3 -pacna.oy
1 121 

11 

( pu )-peaKUHstMJ fl0K838fill, 'ITO B38KMO.QeACTBHst npOTOHHOA llblpKII C HeATpOHOM H He ATpOHHOA 

.O.btpKH C rrp OTOHOM T8K>K9 Bbl 3biB8leT cyW9CTB9HHOe CM9WHB8Hil9 KOHclJHrypauHA: ,tK HX Heo6xo

.O. W:MO ytteCTb B p8C'll9T8X. 

8bi1.JHcn wM B.a. e pH bie MBTpK'llHbie a neM e HTbi. CnHH-npocTp8HCTBeHHylO qacTb aonHosoA 

¢y HKUW:H CHCTeMbl ,llblpKa-qacTW:U8 38ll W:W eM B BK.O. e: 

( 7 ) 

n 1e IO>- reuepanKawpoaaHHhl A aaKyyM, ( j 1 j 2 m 1 m 2 I JM) - KO acjJcjJHu><eHTbr Kne6wa-rop.oaua. 
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Hanii 'IIIB NHO)I{ KTB lUI (-1)11 - ml o 6 ecneqasae T o.na aax08blB TpaHc¢opM8UROHHble C80ICT8 8 

BOUHOBblX tPYH K UII A DblpKII II '18CTRUbl. 

MaTpii'IH bie an e M e BTbl raNHUbTOHRaHa ( I) Me)l{ .ny .nsyMH p a 3JIH 'IH bi MII c ocTOHHII,.MII 

TIIU8 ( 1) n erKO Bbl 'lHCUIITb • .[lOC T8TO'IHO TOU bXO Bbl'IIICUIITb M8TpH'iHbiB 3 UBMBHTbl B 3 811MO

.n e l c TBBH 'IBC T Kna-qacTKUa. Baau• o .neAc T B II B Me)l{.ny qacTtw eA-qacTH neA 11 qac TR u eA-.nblp

/ 13/ 
KO A 0603HB'III M COOTBB T C TB B HH O Vp p H VpL • T or.na HMBBT M BC T O CUB.llYIOWeB p88 B HCTBO: 

< j 1 j2 

l l- ml +f.-m~ 
JM I V L I J~ j 2 JM > • :£ ~ , ( -! ) (J

1
i 2 - ml 

P m1 ~ m1 m~ 
m 2 1 JM ) X 

( ·' ·' ' 'I JMl l< ' ' ' · IV 1 J J' '> < ' ' ' · IV 1·' '· > 1~8 ) X l1 J2 - m t m2 I lt m l ; J2m2 PP tml ; 2m 2 - 1t ml ; J 2m2 PP }2m2;11ml 

l l+ l~+ l 2+ "· 
• !-ll :£ (2k + l) W( j'2ili;J2 ; kJ ) < j'lj2k iV • • Ii~)2 k > • 

W ( i 1 i 2 ~ ji kJ )- K oa¢¢11UH BH T bi PaKa. B nocn e.nH e M M a TpR'IH OM s neMeHTe Heo6xo.nHM O IICnonb

a o s aTb B HTHCRM M B TpH311pOB B H HbiB B OUH OB blB tPYHKUHII . npH pBCCM OTpeHIIII CM B WBHHOA C K C-

T e Mbl ( 'IBCTH Ubl OD H OrO C OpTS II D b!pXK .npyror o CO p T 8) B H T IIC IIMMBTp11 3BUIIIO npOBODIITb 

H e c n e .ny e T . 0 6 a 3 TII c n y q a .. M O)I{ HO paCC M OTpB Tb ODH 0 8p8 M B HHO, 3 BMB HH SI 8 npHM OM 'IU BK B 

a r 
'IBC TIIUbl II Db!pKii ODH Or o COpT a V pL H B V pL ( J - p p ) , 'IT O 3 KBKBBUBJITH O BHTII CIIMM 8Tpll-

3BUIIII , 

M a TpiPI Hbi A a neM e HT Kyn ott oacKoro B38iiMO.neAc T BII H Bbi'iHCnSJeTCSI np oc To, T ax: ~taK 

CYWBCTBYB T npoCTBll CBll3b M B>KDY Kyn OH 0 8 CKIIM 83BHMODBI CTBIIBM 'I BCTII Ubi- .nblpKII II 

'l 8CTHUbi-t.t8CTH Ubl . 

O r paHI<'I IIMC ll HH3W HM np11 6 nH )I{BHKB M 11 a a MeHKM a r a MKUbTOHKaHe ( I ) M B TpR 'IHble 

s n e M eHTbi t M a T p H'IH b iMK a n e M e HTB MK V • Bb!'IHC n e BKll npo8e.neM 8 ( ii ).,.cB ll31l. 

Bonli D8YIO ¢yHKUK IO CKCTB M bi Ll bl p xa-qac TKu a a anaw e M 8 Bll.ne : 

I j I j 2 JM > 
\ 

f 1 ~ 
,, "'""' • :£ j j >. s f 2 ~ 

A.am)...msl 2 A s 
;:j 

f I +me 

(>.sm>.m•IJM ):£ (f 1 f2 m 1m2 l >.m >.){-!) X 
J mlm2 

K + 1'1 

x <P *e !r\l ¢. f !r'2 ) :£ (~ ~ /lJit2 l sm8 )(-l) • !it (l)sl'2 (2) x (9) 
"t 1- m l 2 2~ lltll2 
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l 

r,lle 'L • .,i(2it + 1) 11 {f l> ~l cf> i - CKMBOJt Bll rH epa. 

f>. ~ l'f 
Bee OCT 81IbHbJe o603 H8'19HW:Sl SIBJIH lOT C SI 0 6 lll9H 3 B9CTH bJMJL npll BbJqKC119HII£H M8Tp11'1HblX 

3JtBMBHTOB {8) pacqeTbl cnuH-npocTpBHCTBBHHOll 11 Ka ocnKHoeol! qacTel! yJlo6Ho npoBOJlKTb 

B OTJl91lbHOCTR. noJlCTBBJlRR B3BKMOJl9l!CTBH e {4) 8 (8) R OTJlBJlRR KOOpJlKHBTbl UBHTpa 

M8CC B3811MO.ll 9 ACTBYiOilllfX 'l8CTK11 OT KOOp.O.HH8T OTHOCIIT91IbHOrO .0.8H>K9HilH, nonyqKM: 

X I 
U'sr 

T 
x(1+(-l} ]IAnn ' fi' '(SIT) . 

3Jl9Cb < ofNLA I n; f;o~f~A> - K0 3 ¢¢HUH9HTbi 6poyJlK-MOWHHCKOro; Ann'ff' (S IT) onpeJl e -

1IH IOTCH pB.UHBJibHOA 3 8BIICIIMOCTbiO B3811M O.ll9ACTBHSI K HMeJOT BK .O.: 

A ••••(SIT) •JJr 1 r'~(-g f(r)g f'(r')+L f (r)L f,(r')]R f (r)R 'f '(r')drdr' 
nn u. a a a a n n 

HOpMilpOBBHHBR pBJliiBJtbHBR ¢YHKUIIR OCUHJtJlRTOpHOrO llOTBHUIIBJta; - fi011WHOM 

1 l> 1 l> 
narepa; b ·(2"iii(;)) II (me;;) - napaMeTp JlJlHHbi. B MBTpll'IHOM 3119MBH T e { JO) MHO-

)I(IIT91lb {1 + (-1}"[1+~rfllaoaHKKaeT Ka-aa o6MeHa. KorJla o6MeH He y'IHThiBBeTcR 1 ero c n e-

JlYBT 3BM9HilTb HB BJlllHIIUY. 
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B&PUicneHlil e HHTerpanos A
0
n, U' y.ao6u o npoBO.QKTb B KMnynbCHOM npe.acTaeneHHll, 

Tax xax 3 T O noasonliT Henocpe.acTBeuuo Kcnonb30B8Tb peayn1 TBTW ¢aaoaoro a HanHaa 11 

nepeATK K llOT8HUil8n8M , 38BKCSILU•M OT CKOpOCTH. 

3Til HHTerpanbl Bbl'lHCnsuo T c SI 'lllcnenno . HaM Heo6xo.ullMO 3HaHile Ann'il'' B cnyqae 

uecxonbK•x n e pshlx 3H8'18HIIA n K 

r.ue 

KynoHOBC KIIA MaTpii'IHbiA a neMeHT Bbl'lll CnSieTcSI cpaBHKTenbHO npocT o: 

- - f 1 +f't+• " " " "'" 
<" . J \V \"( J >• -(-1) If'J · ''j'h'oo' 1 I 1 a (J 1 

1 a >..:;. 2 
1
1 a 

{

fl 
fa 
>.. 
" ~~ " la 

J lfi " 
fa " 
)..' . 

X I 
ofo.'NL 

< nfNL>.. \ n1 f 1 naJa>..>< o'fNL>..\o;f;n;f;>.. > (Jnn'il'' 

8 •• -a 
.,a . 0 o 

-- [r<n+1lr<n'+1lr(n+f+S/ 2lr(n'+f+S/ 2l]lii ~ x 
2b m•Om•O 

m+m 
(-1) r(m+m' + 2f ) 

X 

j;} 
~; X 

r(o-m + 1 lr(m +f+ 3/l) r(m + l)r(o'-m'+l)r{m'+f+3/ 2)r(m'+ I) 

(II) 

803HH KHOB8llll8 B KynOHOBCK OM 'ln8H8 MHO>KRTS nSI 1/2 B bl 3 88H O T8M, 'ITO B COC TOSIHKR 

1 - -
c T = I 11 Ta z 0 llMeeM KOHcpKrypaUIIIO ·Vi"( pp- no) ,a KynoaoscKoe s a aHM o .uellcTBKe KMeeT 

MecTo TOnhKO s cHcTeMe pp . Qqesil.auo, 'ITO a cocTOHHHHX nP w: pil , T.e. a Ra pax N 
10 

K F le, KYTIOHOBCKKA M a TpK'lHbiA 3 TI9M9HT OTCyTC TByeT. 

npw: B blt.I Il C n e HKH KynOHOBCKHX M8Tpll'1HhlX a neMSHTOB Mbl He yqHTbiBBnH CM8WKB8HKSI 

COC TOSIHHA C p83nR'IHhlMil H30TOllJilqQCKKMil CllHH8MH, T 8 K K8K 3TH COCTORHilSI .aanexo OTCT8ID T 

.Upyr OT .Upyra H a - aa SI.U9pHOrO B 3 811MO.U9ACTBKSI. 

KynOHOBCKK8 M8TpH'1Hbl8 3 n8M8HThl M8>K.UY 3 T11Mil COC T OR HHSIMH M8nhl, H e 8 hl3bi88lOT 

cyi.U.8C TB 8 HHOrO C M8WHB8HHSI KOHciJHrypauHR: ll COO TB8TC TB 8HHO He MoryT BnKSITb HB nono>Ke-

HHSI 3HepreTK'I9CKHX ypOBHeA. 

3. .Y p o B H 11 c T = I B 11 .up ax c A z 16 

nocne HllXO>K.ll8HW:R JJ.BYX LIBC Til'IH biX M8Tp.ll'1Hb1X aneM SHTOB BbP.liiC ileHll e 3HepreTil'IJ:8CKHX 

ypoBHeA CKCT9Mbl CBO.UIITCSI K peweHKIO Cfi9.UYIOW9rO CeKyn!!pHOrO ypaBH9HKSI: 

\\E-E 1 81l -V 1l i\ •O, 
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r.ue E 1 - H9B03M)'W9HHbl9 3H9prHH CKCT9Mbl .UblpKa-q8CTKU8. 0 6 hl'IHO B p8C'I9 T8X OHH 

6epyTCll 113 3 KCnepHM9HTOB no 0
1

D " 0 11 
,
1151 

'ITO COOTB9TCTB:f9T nii -K o H¢RrypauHH. TaK 

KBK Mbl XOTIIM )''19CTb BOKS!HIIe K)'OOHOBCKHX 3<iJ<iJe KTOB, HBM H906X O.UHMO BKOIO'iHTb K .UpyrRe 

K OH¢11rypau1111. CywecTeyeT TPII Tllna nonpasoK, o6ycnoeneHH biX 3 0eKTpocTBTII'lecKIIM B3BHM o 

.uellcTBHeM. 

1. Kyn oHoecKoe aaaaMo.a.eAcTBKe MeH.s~eT caMocornacosaHHoe non e , Il09TOMy HeaoaMy

weHHble 3HeprKH H9i!TpOHa- npOTOHB, HeJITpOHHOJI .UblpKH K UpOTOHHOl! .UblpKH 6y.uyT p830H'I

HbiMH, KaK BR.UHO 113 TB6 n. 2, 3 TO p830H'!H e .UOCTHra e T HeCKOObKIIX M3B . n 03TOMY OHO 

"' 1 - -MO>K9T C)'W9CTB9HH O H 3 M9HIITb 3 HepreTII'i9CKHJI C09KTp, .;:>HeprHS! KOH¢Hry p 8 UilH T2 ( pp - nn) 

n p1111 e .ueHa a Ta6naue, onpe.ueneHa KBK nonycyMMa 3HepraA K o H ¢ Hrypauwl! pp w nil 

2. Hap11.uy c KynoHOB CKKM B3BHMo.uellc TBIIeM Heo6xo.UIIMO y'!eCTb 11 pa3 nH'!He a Maccax 

H9i!TpOH8 H OpOTOHB, Y'leT 3 TOr O 3<iJ<iJeXT8 CBO.UIITCSI K CM9WilB8HHIO 3 HeprRl! OCHOBHbiX co

CTO!IHHl! 3epKBObH biX R.uep. Ha pwc . 2 np11ee.ueHbi 3Xc nepKMeHTBObHbte ypoBHH R.Uep N 
16 

, 

O l D II F ID , npH Cp8BH9HHH H306BpHblX COCTOS!Hifl! OCHOBHOe COCTOS!Hil e N
16 

COe.U)'9T onyc -

T HTb HB 0,783 M 3 B, a OCHOBH09 COCTOSIHH e 
lD 

F - flO,llHSITh H8 TY )f{8 B8JtK"'HHy 0 Mbi BKJJ:WM, 

liTO BTOp8SI fiOllp8BK8 T8K>K8 CylU8CTB8HH8. 

3. B cnyqae 0
16 

cne.uyeT yqecTh KynoHoecxoe e s aKMo.uellcTeRe Me>K .uy npoToHoM " 

npOTOHHOl! .UblpKOl!, 

nonp8BK8, o6ycnOBJt8HH8Sl 3 TKM B3811M OA8 ACTBll 8 M, M8HbW8 npe.Ubi.UY lilKX nonpBBOK . 

.[l.nSI C p8B H9HIISI C 3 KC09pHM9HT80bHblMil H )'>Ke C)'W9C TBYIOWHMII T 90p9TH'i9C KIIMH .uaH

HbtMH H8MH npOB8.08H p8C "'8T KBK ,.QJtSl H8JtOK8JtbHbiX ctJ8KTOpH3HpyiOL.UHXCSl ITOT8HUK8JtOB, T 8K 

" .un" noTeHuKana XaMa.ua-.U>KoHcoHa. B nocne.uHeM cny'lae Mbi :f'IHTbtBanR esaRMo.uellcT -

1 a 
BKH T OJtbKO 8 50 ~- K 5

1 
- COCTOHHKSI X, 8 BbP.I.KCJl8HHSl M8TpHttH bJX 9Jt8M8HTOB npOBO.Ll KJtK 

MeTO.UOM cenapauuu CKOTTa-MocKoecKoro
1 161

. HaMH 6btn ll B3HTbi cne.uyto w ae 3 Ha'! eHHSI 

napaMeTpoe cen apauaw: 

d 
8 

1.025 fm II d, = 0.925 fm. 

nony'leHHbi e p93)'0bT8Tbl npe.UC T 8B09Hbl B TB6n. 4, 

KaK s«.nw:M, coi"'nacue T e opKH c a KcnepHMSHTOM y.a.oaneTaopKTenbHoe. Cne.oyeT OTM e-

TW:Tb TO o6CTOHTenbCTB O, lfTO l.f eTblp9 ypoBHR C R30T0fi~fli9CKW:M Cfi WH OM T = 1 B Hnpe 0 1& 

pacnono>KeHbi a a HepreTW:l.f eCKOM HHTep:eane ~E = 0.95 M3e, Tor.ua KBK sKcnepuMeHTBnh-

Hoe 3HB'!eHK e 3 T o r o HHTe peana 0,7 M3e. TeopeTH'!ecKaSI nocnenoeaTenhHOCTb ypoeHell a 

:3 TOM KHT9pBane COOTB9TC TBye~ :3 KCnepKM9HT8nbHOA. 

0cHOBHOe COCTOSIHK e 9.Upa N
1
D- 2- " TPR n e pebrx ao36y>K.UeHHbiX ypoa HSI pacn ono>Ke-

Hbi a HHTe peane 0,4 M ?JB. 3Ta '!9TB9TKB ypoeHell H 30n itpo eaHa ( cne.uyiOWHil so36y>KneHHbill 

ypoeeHb ne>KHT a o6nacTll 3,53 M3s) . Bbt'lucneHHbte yposHH ne>K <1 T s HHTepuane 0,7 M3e. 

dKCC19pH M9HT811bH8SI H Bbi'IW:C119HH8Sl IlOC119llOB8T9nhH OCTH ypoBH e i% COBIL.:L·ldtO T. 
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nonO}t(9HII9 OCHOBHbiX COCTOHHIIA 
11 18 

N II F OTHOCHT9nbHO OCHOBHOf'O COCTOHHIIR -

10,55 • 16,20 Maa, a IIX :3JCcnep11M9HTHnbHble 3HB'i9HIIH-10,40 H 15 63 Maa. 

K co>KaneHKJO, aoa6y>K.ll9HHble coCTORHKH F10 
ax:cnepKMeHTanbHO nnoxo 113y'leHbi, 11 Mbi nil-

W9Hbl 803M0}t(H0CTK Cp8.BHJIBaTb. 

18 
8bi'IIICn9HH09 OCHOI>HOe COCTO!IHII9 F 0 

/I/ 
Mil ,llaHHbiMII 

, 'ITO ,n o-sHn.KMOMY, cornacyeTcR c .o.pyrH-

CneayeT OTM9THTb, 'ITO B OCHOBHOM COCTOSIHIIII Hapo F
18 

npOTOHHO paaHBICTIIBHO, 3TO 

CBOACTBO MO>KHO 06'bSICHHTb, HCXOall H3 MoaenK 'IBCTKU - ablpO'iHOI'O B036y>t<aeHIISI. 

B none >1apa 0
18 

KMeeT cKcTeMy pii :; aaepr11eA 16,50 M aa (ocHOBHoe cocTOSIHHe 

Hapa F 18 
), a TOM >t<e none KMeeM cocTOSIHHe ii c auepr11eA 15,6 M aa ( CM. pHc. I ), 

Me>Kay HIIMII npoKcxoaKT nepexoa c BbiaeneHKeM aueprKH 0,8 - 0,9 Maa. 

Cne.o.yeT OTMeTKTb, 'ITO npKMeHeHKe rrpoeeneHHbiX pacqeToB He orpaHKqwaaeTCR n.au

HoA KOHKpeTnoll 3aaaqel1. Coaepweuao auanorK'IHble pacqeTbl MO>t<Ho npoaoaKTb H an>~ 

apyl'IIX OJCOnOM8I'K'i9CKIIX Haep. 

B 38KniO'leHIIe 8BT0p 6naroaap11T B.r. Conoabeaa, r.H. 8KHOrpaaoaa J( I.A. l.{Knaw

BKnK 38 ueHHble 38Me'IBHIISI, a TBJC>Ke <1>.1. TKe6yqaay 3a nporpaMMHpoaanHe KHTerpanoa. 
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PyKo nHcb n oc T y nHna a H3~aTenbCK H~ OT~en 

2 1 ceHTS! 6 pS! 1966 r. 

T a6nHUB I . HH3KOne>KB!UHe B036y>K~eHHbie ypOBHH 0
18 

• Bhi'IHCneHHhie c UOM OIU biO 

HenoKanbHoro cj:>aKTopHaHpyiO!UerocS! noTeHuHana 

rr 
J o- r- 2- 3-

T 0 I 0 I 0 I 0 I 

I II ,5 I3' I ; 7' 85 I I3 ' ?5 9,6 I2,9 5, 9 13,4 

2 22,8 25' 7 ' IO '63~ I I8 '2 I6, I 18,3 12,1 ' 14 ,1 

3 - ·12,93 I 20,4 17 , 6 18 ,9 19 ,3 21 , 4 

4 ,_ 21,1 i 21,2 19,8 20 ,8 

5 25 , 9 ! 22 ,2 23 ,3 
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Ta6 m tua 2 . KoH t jmryp81IHH, B n p ocTpaHCTse KOTOpbtX JJ.I!aroHanH 3 HpyeTCSI raMKnbTOHH

u H ( 1 ), H COO TB 9 T C TBy JOUUf e H e B 0 3MyiJ..leHHbl e :3 HeprHH . 

KoH<PHrypan~ni 
3HePrHH B M::lB 

I 1 - - -\F( pp- no) np pn Pp nn 
16 F 16 16 16 ol6 N 0 0 

I -I 18,43 15,95 20,93 18,35 I8,52 (OP3;, l ( 1 51> ) 

i 
!I7,75 2 : -I I5,08 20,43 I7 ,85 I7 ,66 

( OP 8;.1 < o<~,;.l 

- I 

J I ( OP l/2 l (Od 3/2 ) T6,25 
' 

I3 ,83 I8,68 I5,92 I6,59 

: ( I 

4 -I I2,20 9,62 I4,78 r2,02 l r2,3B (OP _, ) ( I' _, ) 

i 
I 

20,I6 T I 5 ' - I 
; 22' 49 24,83 I ( OP3;. ) (Od, ;. l 22,25 , 22,74 

' 
I 

i 

G • . 
-I U ,5I I 8,75 ' I 11, 28 II ,52 II , 5I <or , 1 (O d ,;. \ 

I I 
' I , 2 I 
I .. 

. 3. l~ \.' .·•.;:•1 · r r i 'I!W~! tl ~ )'\.li,YK.I(JI I I! •(,j t·::• f• \1!•1 . 

i-!lC• TO!! 11\l ec 1\11 ;l 

1 p ~~liJl(l'T 

"' = ... 

;}'jC· TOfiV.t! Cl Kl\H 

d 1 Fl JI E:' 1 

T ~= 0 

CME r Jt e T 

\, 

ll~ 

I ' I 

I 
I, 

I 
II, 

0 Tp VIJl Jt e ~· 

3 

3 

I' 
0 

PI 

3 P ~+ F2 

' \ 

'•,1 

F 
I 

I' 

r • :~ ..t 

(I 

Ill 
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Ta6nHua 4 • nony'I9HHbl9 p eaynbTBT bl c y 'leTOM KynoHO.BC"IIX 3<j:lcj:>eKTO.B, 

He~oKanbHHR ~aKTOPH- HenoKanbHHn ~aKTORH3H- iloTeHn;HaJI Xaw-
3HPYDD~RCS! no TeHD;i1.a.n pyv~RcR rro r eHn: an ,l(a-J XOHCOHa S-COC_TORHHR 

16 16 r'e N1e o1e r •o N te 0 16 F 16 
N 0 

o- 10.96 IJ,34 16,20 12,15 14,42 16,35 12 ,06 14,32 16,J3 

r II,28 13,66 17,13 12,45 14,50 17,67 12,25 14,43 17,59 

2- 10,55 12,90 16,77 11,98 13,.)) 16,97 II, 75 13,35 16,91 

3- II,IO 13,85 17,58 12,64 13,45 17,31 12,96 13,40 17,79 
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