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I. B B 8 ~ 8 H H e 

H8ynpyro8 pacC8RHl!8 npoTOHOB .HBJIJieTCR BBIHlDI HCTO~'OM MH<fx;lp

~ 0 CTPYKType Bos6~8~ pa~o~ rrpKPO~ B ~axII . OC068HEO 

nna an8KTp~eCKRX B036YK~8~, KOTOPli8 pBCCMaTpHBBDTCR B Bame~ pa6o

T8 II ,llJlJi KOTOPllX B8JIJNBJIb[ IIpKB8~8HHO~ BeIXHITHOCTH II8pe:x~, B(Ell) 
C"",,,,1I0 KopPeJl:R1JYIl'r C BeJIlI'OOlO~ Ce~BI!M ( p. p' ) - pea:KI(IIR 2 • B nOCJIelt

IDl8 I'O,Ithl 6wm DOJIj"l8Hh1 ~8..l:fRLle DO paccemnm npoTOHOB HH3RK:I aHepm 

(~O H9CKOnDRHX ~8CRTKOB MaB) B8 ~e C~P~8C~ Rn8P C BHCOKHM 3KC

D8PDeBT8JJl,~ paapem8BEBM (CM ~ •H81Ipi!M8p, 3.4 ). r~e yrJIOBl:l8 pacupe

~8JI8HBSI B3MepeHH B DIKpORON .uanaSOb 8 nna MRO:nU HJ!IaKOJl8&8IIDlX ypoBH8A 

EO 36yx,n,8HaJl JUlep-Mlllll8HeA . AB.a.znfs .IJ.8.BHlU B PBMKEU npoCTHX <f,les0hI8HOJ[O

I'JPl8CKIIX NO~BJI8a C 6oJrJ.m:iDI UOJIOII JIapaMeT.pOB n0K83liB8.eT, liTO MIIOn8 

BOa6:y:a,neHRH8 COCTORHHR KJf.8D'I' CJlO?.HYD C75jTYPY nma. ltByx<fx;lHOBHOi rum 

CMeeR O~BO- H ,I[Byx!lx>HOHHllX ROB!f:B.rypB..I:tKit / . IIo 3TONY MBRpOCKOITH'qeCKoe 

X3~8HB8 CTpYRTypY TaKKX COCTOHliHft H - ODBCBHH8 COOTB8TCTByomHX HSYU

PYI'IU C8'118H.d pe8.JClld HBJIJDJTCR o'tlem, BXTY8.ZIl.Hl:lMH B HaCTOHIU8e Bp9MR. 

MIKpocKo~~ecKiI DO~O~ R OTIHCaHHD TBKK:X npoU8CCOB 06w'qHO OCBO

BHBa8TCSi H8 nOCTpoeHHB ODTK'qecKOro DOT8HUKana H qopM~OPOB Heynpy

:nu Depe.l:O~OB TIpB paCC8S1Jil1l1 ITpOTOHOB C JJ::ITOJIOSOBB.Hl!EIM a¢¢eK'ntBHli:X HYR

.n"' -HYJIl!Oltma CIIII If repe"'= -lllI''' 1IIIll'HOC...cI . paCC""'8BHHX B paMl\8X 
COOTSBTCTBYJlIIIeA oKpOcHOnneclW1 1I01t0Jll!/2/. Hecoro rpR lIa TO. 'ITO B 

H&CTO.RIll88 BPBMJi :KIIT8 HCJfBHO S9.Jt1"1'OJI pB.3JIltUlli'e .Ol)q)()Cl<O~eCKlle zCOJI:e 

llOBS.IIHSi BSlIHMOltea Cn RSi HYJUlOHOB C J\lJJlO'DI ( CM •• IIHrrpaMep. 6/ ). 061.8K

TOil TaRMJ: IJOCJI8JIOB8HII B OCIIOBHOM RBAR8TCJ1 OIIllC8.Hl!li8 ynpyroro ItJJl! »8

yrrpyroro paCC9mtIJ1 IIpIl lIpOOIa.yTO'lKHl< • BI<COI<ftt ."opnua (Ep ) 100 IhBl. 
flPH ....n auepnua CM S. J<aBa.IIOB CJl800 DpOllBAAe,"CIl. H DOOTOIfy B036YJ1

AB ....O CO CTORlllJl c,ooaJloQ CTpykTYPW CTalJOBnCR M&Iloeepoll1'Hlfll. HHlj,ojJIH

UIIJI 0 ftJlopma BOa6y&JleHIRX .8 9THI BOe..u:9JlOB$.InIJ[X 06ll'lHO Pa,rriSOTCR J!:3 

pIIC'IeTOB B npllCiJDalelUlll c.oy'IalIHlLl <lB' m~l. JlJuJ OIlllCIIIUIJl HII.I<OJI.....

IIU<X B0361l1J1eHIIR B IIAJl8X 7CDeIllllO n plUlOWiOTCH nElJlldl jlSU! MIlKpoCHO~e

CKIII "")"'''08. OAHa .8 IO!X - K88.If'I8CTll'UIO~ROHH"" MOA9JlL (K~) -9< 

:KOTOp6JI lJ DOCJlle.quII8 I'OJtW acn()..ll,syoTC.R I ,ILIlIl OIDI:CalIl!A lP,!8la)JI~1 

COCTO_/I0,l1~ • .IWI OIlllC3JIIIR rJU'8.IITCIIlIX pa30HftBCO.,t8.9,20.39/ . B 

MOTO",..,. paOOT8 RJlOPHHO BO.IHOBWO i/>YJD<Itl{II Mt.I HODOJI1o"YI1rCJJ JIJUI 1I11ll

poC![ounecxoro 8B8J[I98 ~CCeRHIIR rrpo'l'OHOJ3 1rit3KH:Z: SNap"! JIB C¢epH

• 

http:pa30HftBCO.,t8.9,20.39
http:n0K83liB8.eT


tJ.8ClO!X fI,IlJ)BX C B036ya,n,eHB8M O,1WO- It JJ;.Byxtp::>HOHBllX cocroHHHi:t . BwIoJIH9

HH paCqeTli ce"laHHii yupyroro Z Heyrrpyroro pacce.f.(H1lfl IIpOTOHOB paaB.I:lX
saN. 90 209 

. H8PI'Hll BB. "Zr z Pb. llPOBBll8"" HCCJJ8,nOB8Hl!Ji CTJlYl<TY1l~ B8

J<01'OpllX Hl!9KOJI€ll8IIlIU M8RTP""8CIGU Boa6~eBHl! B 1Uijl8 58N, «PM 88Y

IIpyI'OM paccemm:s IIpOTOHOB. 06cyz,neH];l a44.>eKThI UPOJIBJI8H1lJ1 c..D01Bot 

CTPYKTYPU STU cocro.FIHB:B B C8118mtR.X peElKUlIH. Ps aYJIDTaTH paCQ8ra 

CpaBHJtBam'CR C 3KCnepBM8HTaJIDHl:HlJ )J.B.BBl.JMl!. 

2 . OCHoBHHa llO~OXeHRR 

!LJL~ 8 3Y'l6HHR. paCCBfIHKJI U}.IOTOROB HB. RJJ;P8.X BCXO,IUI. J!' S a¢IlleKTIfilI:iO

ro If)'XJlOH-lf)'XJlOBHOro ( N - N )-B3aHM01l8aCTBHH U NN (;;. ) "lU\8pHIiX 

nepexo.llllliX WIOTHOCTea p(1) ,paCCUTHIIHHX B pmom IIIII1IjXlCKOllIA8

eKOil MO,llBJIlJ. R8.K npaIlMO. np.H)lleR.IIDT ¢o.I,ItftHl'-MOAeJIL 2 , B I'tOTOpott no
T8HItlfaJI npOTOH-R)(8PBOro B3S.:R:M:o.ne~CTBKR n o.q-qaeT<!Jt trpH ycpeJlHOHlDl co

oTBeTcTB~erc( N - N l -B3HHMOlleAcTBOR no HYKnOHHONY poCnp9Aan8HKC B 

R;Itp8--MlI1l8H.H : 

UFCR)= SpcrlVNNCR- r) di' . 
(I) 

06cynmI CHa'llaJ!8 cxevy DOCTPQBHlIR ff,Q,epU1a n apeXOlDl\LX WlO~CT" B 

pllMKaY. K¢M. 061!lld1 BIIll M01l8m.ROro I'8IIUI>TCHHHHH c.l!8~ 7- 9 : 

H : H,.p+ Hpair + HM + HSM ' (2) 

r,lla Hs.p. OUBCJ:m8BT HB38llBCHMOB .n:aaemra rrpC>TOHOB • RolTPOHOB B I[X 

Cpe.llHl1X IIOJUlX. Hpolr .- MOHOIIO..nH.bl.8 cwnr. CDapo.aJIJt.FI , AO"CTBYdIijI.B 

,OJIJ,KO M~ R8ftTpcaa"", M "'8X.IIY lljXlTOH!DIlI. HM • HSM - canapa.6em.~e 
Mj'm.nnOJtbfW8 l! Cmm~JIbTrmo.;n,HNB CMU , re tl8pHpyt88 OGpttU9 B03

~eHIIJl. 

JlM pac~8TCB XBpaBT8PBCTIIl< paOJ!ll'llllllt aJlepma BO .6~ouaJI ~

TCHKHH ~ npe06PB3Y8TCR K rrp8llCTaaAOHHD KBa93'I8CTBU • ~HOHOB 7-9~ 
~B OIIBpaTOp ~HOHa HM8eT BHn 

+ 1 " ( Ai [+ ... 1 A_~ ID~i [ l}
Q.u·~2L 1\l'jJ.' "'J·m "'j·m· - (-) TJ.J., "'j"m·"Jm • " (3)

r ' jJ' ,, ~ -,. 

3D.ech o<jm B o<.jm - onepaTopw pG.&JleHKH I! yHlATOae.HH.R KBB.3nacTlIIl. . 

BoJIHOBB.R ~YBKUIIB OltH040HOHHOro COCTOJlJDl.R: 38.IIBCl:l88eTO.R. R8.K 

Q1" .1f. (4) 
}ltf~ 0 

r,ne 'Yo = 10> - BOJIBOll8.R 4'YHKIOtR OCHOBHOI\) COCTOmmJI 'Il9THO-'leTHOI'Q M

PH , I<0 1'OpaR npe.nnOJ!llrB9TCJI ~HOH""'" B8J<yyMOM. 3BeprHH OJlllO~W Ai 

2 

HOHBOro COCTO"""R (4) • BMlIJ!HTYJlIl tp.,G: IJt <fjj~ paCCU'l'IIIl8IlTCR rry
T8II p8118BllSi cexy.l'UipHoro ypaBllemtR: B nOV • IIpz6.mmelDle I KOr.Il8 <p:>HOH

BliI.8 BOa6ya,Jl8B1R. noJl8.l'al)TCft HeB38.JDfOJIeAcTB~. liACTO 0K83HB8aTCR 

CJJlIIIKOM rpy6,.., rorllH BOJlBOB)'Il ~YHKiUDl BOS6~,1!IIIiX COCTOJIHBR ~eTHO
1i6rBOro .RlJll8. 38IIBCllB8J)T' B dOlles CJIO!U{ON BH,IlB 9 : 

~CJM)={L R.cJ»Q;w+L pA':'(J,)[Q+Q+ ] 11 0>(5) 
i. ~ JI ~"l "2.:2 It.l"'.l, ~t'.r f:l JM 

1 1 .2 .2 

O'l'M9Tl1M. liTO B 0611l8M CJIJ"lB8 1f000000 ,no6B.BHTL K (5) Tpex<toHORHbl8 H 6o.nee 
CJJ~8 'lJJ8"" . BoJIHOBHR I\lYIIKIlJ<R (5) HO]><HJlOBH1!Q 0JI8ll)'l:l1lll!M 06pa30M: 

L[RP»J~2L [P~::(J~)n1 +~Je(~.I"",i, IA,i"",i, )}: 1 (6)
L Jl1t. Jt,12 

~ .J[. r(~i~,lI,i.., li'I"~1 ' JlJ:IJ: ) DO.RB.1UiBTCA R3-38 yqeT8 uptunnma 

llay"" 9/. OoHOBliH8 ypaBB8HI<R KoI!.I r ~eTBO-~eTHOro _ C ~e
TOW upIHQallQ n HY"" 6~ Donyq8~ a/ 12 . BC8 pac~8T~ a HBCTOom8A pa

60Te 6wm BlIDOJIHeBH B KB8.3'H6030HHOM lIpM6Jm&eBlIll. 683 yqeT8 IIpillHIlKll8 

llay"" (.II1IR KOJI!!8RTHBHIiX;raa6Y><A8""1 B ~eTHO-~8T""" CijePII'l8CI<HX lUijlax, 
peaYJIJ,THTH BCeJl8110BHllllft 107 OOKH38JD!, 'ITO ~8T 1lpHl!l1J!DB llBy"" lIecy

Iq8CTB8HHO CK8.~HB88TCA H8 pe3ym,'I'8Tax). B aTOM CJIyllB.e CI!CT8M8 OtaOB

ma ypaBHeKKA/ 9 ,I2/ MMe8T BKn 


(WJ; - 2Jv )Ri(J')+L U >'~'(Ji) p"i,Uv)= 0 , 

",'1.111i2 "l ;,l ~ '.: 

(7) 

2 ( W> i +W, i - 2J.) P:';' (J,)+LU~' ;'(k) R.(J,)= 0 , 
.. ~ :z. 2. .";1 ~ L' -"lIz 1 

r;na U~ :: ( J l ) BeTh MB.'l")lII1UDlO 8JlCMOHTii B38I!MO):lBlcTBMH OJt,l:lO- • 

.IIB~BOHHIiX cocrol!lld . H. Yc.!ODRII CYl'I'lCTBOB8lJllJl R8Tl'''BlUW.ROro p&

meBXR C.CTaMY ypaB8e~ (7 ) no~ CeKYARPB08 YPBBHemie .lIAR oupono

..8Hl1J1 ""8PI'll1I 2J, COCroRHIUI (5): 

1 u~,j'(J') U",I, U ') \
'.f(2r. )=d"l (wJ, - 2J.) S", - - L .... 1, ' )I, i, ' = 0 I 2> . w + w _ 2 W)

14~':l .1111", lI1.f~ J", 

Tal<IDI 061'80010, nOACT8.HIIB pem8H1U1 yp<lBIlO'DUi (8 ) B CBCreMY YJl8lIIleKKA 

(7), ..oaIIO DOJI1'II!n 3IIa.8HJU1 AJIII CTPYl<TYJlBHX Ko~eH"oB BOJ!UOOO~ 
~ (5) R • P IlJlII ODD- H .IIlI~HOIIHOA 'IIlOTI COOTB8TC1'B8I1HO, 

JlIue8~ 0.!!l'EA"""" nepeIOAH)'Il IUOTHOCTL _ P (,.) = 
= <f IL S(r - r.) It> B BH,118 My.U1'KIl0JIJ,HOro pa",,,,,,emm:• 


a 
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pU')=L C~ <hM,,,~ IJIMf> p~ (r) (-i/' Y,,~ (e,'I') (9) 
,~ 

MMeeM 2
C"o,,(r)= <Jjlll:: rj; SCr-r')'~y"(ek,'fk)llh> j

I , k (10) 

HOpmpoBO'lHH.l! I<O :$IJI1lH9HT ell p8B9H/ 21 

C. =f\iI, C,,=1 (npa "*0 ) 
)lJur MOTIIOC." oCUOBHOro COC>O!!IWI JIl\IlIl ( J = J, = ~ = 0 ) nOCJI9 H9

1 
KOTOPYX upeo6pa3oBaHH! n~ 

(II)po(r)= ~IT[C2J + 1 ) I Rj(r)12Uj > 

R/ r) 
J 

I'j{9 - jlI\JtII8.I!>HlIII ....CTT> BOJDIol!!Ol ®'J1K111111 OJUIO'Wlft'WOro cocro

11HIlJI j= ( n,!, j) ; 1Jj - I<OafJIJuUI9Uh~~811I1lUt boI'OJllJ60Ba , 
I<OTOpHlI B03l1l1K8.9T lfPB }"IeTe ORS]lBBaIWl ,I. 

Dp!< 1I i 0 MOllHO lfP900pa30BIITL OJUlO'IaOTII'UIIlA onepaTOp B (IO) K 

npe~CT~e~D KB83gqaCTIU B ~BOllOB . B pe3Y~T8TO HW90W 

:L>;:2 OCr. r.) L"Y" (9. ,'P.) - ') <j," T" II j. > . • ~ JJ; 
(12) .{1 (+> ')(UJ ~i <o~i )[0+ " ~Q 1 '0/:-> BC - - }

2 Uj..k 4- 1J,j,+ lj,k /)~i +C- ) ~_~, + joj, }»;"~) 
M 

rl1e 

I 

B(j<j, ; ~~) =L (_1
-

." <j.... j,m, I"~> 011...0(,1,-"" 
m"ml. _nT 11 - ) - ( ) j,+lI·t - I,+,,-e, j. j, ( .i< j . 71)

.)1 ' " J2 - - - I - - 1. 1. •< ", '-liT 2 - 2 0 (12' ) 

• R"Cr) R Cd [1+(_/ ,-I,+»J ; 
f+) 1_ ) J. J,

Uj ,,i2 • U1J,' - KOMOltRBlllI1l I<O a$1J!Uleu>OB lfPIlOdpe.aoB8llllJ1 SoI'OJllJ60BB 
UJ , lYj - 9/, !lOl1aTBllKB (12) B (10), NOIIBO nOJlY'll'" B1Ijl8JI8H119 

JUtepHoQ nepemJUlolt MOTRoen JlJ1R a ) napoxo,ll,8 13 OCHOBUOro COC'fOHHIUI 

B O.D.Uo4nHolWoe BOs6y.a.neHHoe COCTO.fIll:iO ( 4 ) : 

( ) -"" < -II T. II - > 1 ( .. > (lUll' CD"ip", ' ~L J. "J2 -2 U - - , - - + , - - ) - (13)
I - J, J, J<J, J,J, J 
J1J> 

6) nepexo.na 83 OCHOBHOro OOC TOJDmfl B COCTO.RJQt8 (5) - eMBCh OlJ)lO- H 

l1ByxqoHOIlHllX KOH~: 

4 

Pr(r)= L< ~nJllj2>[~uJJ.L R,(J')('I']~+ <f't;)
J;.l1 , (14) 

-L P""'(J.)\T(-? ~.?,,{J\. ~, J}(ljI:"_i.~>z,2.+ ~"'.~ lf' ":<I.)] _ 
- -. ,,~ J\I' i. J- J \ J:J Jj. j,J JJ. ' 

i'J,~~i'll'2J U' 2. 

B) n9peX0l1a I . Ol1H,*,HOHBOro cac>OJ1HB8 (4 ) B COCTomma (5): 

o~(r) =L<j;n~,1 j,> [U~+:'L P,;"(J,) ( If'~, i. + Cf'J~~) '-
\ ' • • L ...,. - I ~.,j. '''' 

( 15),)<'" " 
-L \l(- R_. (J')A.~ {J II J\'}(lf'Ji_'4'_~ i +tpk<p~i)JJ 

j i: ,}oj.. , j. j,. j J,j JJ< .l1J J,}1 . 

C nOMOlltb1O MHKpOCKOI:I:JA.9CKI:{ paCCtmTUB8.8MllX. RJlBPBliX DepexO.1tBHI WlOT'HOC

TaA (II), (13)-(I5) .. Bu6pwmoro(!'i-N)-B!l8JD,(OIl9ACTB .." U( i" ) IIQXBO 

nOCTpOIT' orr~ecKII nOT9HDB&I • qo~!Op H9YUPyrax n9peX0110B npl 
pe.OCB.mm..a ttpO'fOHOB. 0 J'i8TOM wyn1'IUOJII.Horo pa3JIa..eKBJ{ ( 9) ,II,1UI n&

pexo~a ~ H8 BOs6~eHHoe COCTOHBHB C MONORTON A HM BBM CHe~ee 

swpaBaHlJ9 ,II,JIJ1 qo.n;JllIHr-noT9I1I\1laJIa (1) , 

CR')= C"U.(R) Y: ( BR,'f'R )UF f (I6) 

rl1a U" ( R)= ;'"Sdk k'j~(kR)U(kl ~ (~) (I? ) 
o 

~aCb lI(k) = "\IT S ~' ,1.j. (kr) U( r) • 
e.(k)= 4ITSd, r2J~(h) P~(' ) (IS ) 

J!aJI>,m9 U. (R) BKJII)'IIle'CA B paa'i9T yr" OBIDt paoupe119JIaHHll ( P' p' )><ax po-
9JII>HIllI qo\>'4&<'l'OP COO'fB8' CTnyDI\<U'O 89YUPyroro n9pex0l1a ( ynpyroe paCCDJI
HIIe coon eTC'l'BY9T » =0 B ;mn <lXlf.Oly..""l.B IIAc>OllIQell peOoTe l1li IWlpellll 
'aK uaSHB.""'09 1131 .H1'HBHoe ( N- Nl-u_ol1eAcTBlI8, IIsUo""CIIOe B9 
IIpellllOJIOllBIDI.R 0 TOW I 1J,TO aJl9M&HTH G -tUl'!'pllIlJi paccellHKR H}'1aOlI8 us 

CBJ]S""""" I1}'J<.I0H8 D smpe oqon C1.uISKlI K ,a~~ M ""9H1811 CN- N) 
BS8IDI011eAc.BIUI 1I11B,11J' OBllaamWMH uylUOHllll1l 13 • Dp!<''''' noc...e,llllll9 pao
C'InHB8llTCA lUl oQJUUUUl'!OpnOJI dance, B TaKOII lfPB0J0at8HlU1 t.t31-B98JIIol<l
AelcTBHe anDpOKoKMXPyeTCH B BlA9 O)MMW HeckDXhKKX DR8BOKKX ~OHOB. 

IIAlfPBllep, /Wi U9UTpe.AJIWX lUl\IUOB9HT ( p, P )-. ( r ,n ) -B3III!IOO119Io'l'

Bd ...ee .. 

5 
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\)rr C,l=1J.(rl+u,(r)= 3113,5 <>' p (-4cl 958,T5 ap(-2" ,l (I9)
4 r 2,5r 

IJ e'l= \].C,l-U-rir)= 12884,5 up(-4.) 3309.75 ""t~2,~r)
pn 	 (20) 

O~eKb ~CTO rrpKMnHHeTCR B pac~O~ax ~30TO~Soxa aOSaBBOOMoe(N- Nl

BseHMOAOaOTBH8 sana (CM"BSnPKMsp , /15, 16/ ) 

U.(,I=...1- [ "pp(rl+ Up. Crl]; 7199 exp C- 4r) 2134,25" e.xy(.2,5r) 
2 4r 2,5 . (21) 

~ peCqeTOS C M31 B38RMoaeAcTBBewlI5 •16/ 06MoHHHl ~eH. OTB6TCTBOS

lUll! SA 8BTRC""",eTJll!S8IIIII> MG:aJ\Y BaJ!OT_ syKJIOIIOM • Hy1U!on..... B "Ih 
pe_lII!. odl<'lllO 6epeTCR B BBJle nCeBJlPnoTOIQUIJ!8 ay..eBOro peaayca.Ll{ 

<~ Cr;.)=-2T6 (1 - O,005E)o(r;2) ' (22) 

r ite E - aBep l'lU! ReJ!eT!I.lOlero Hp<J!OH8. l! HBCTOffiIleA pOOoTO lICe peCqOTbl 
ce~emrll pellKlUDl !!pOBOltJITC1I C lfixpoo,umnacKID<1I !UIImOCT"'" (II). (13) 
-(15 ). acJ4<oKTlIB1IllII M31-B3!11lMOltoAcTBllOII • 00010_ nOOBJIPBOTO l!IlBMOM 

(22 ) . O""e'l'1llO. 'ITO C .......x(N· Nl-<>1IJ!8NII • tIJIOmOCTRIOI ( II). (13) B 

~I<IU ~ 6""" yc nelllllo !!pOBOltOHII PIICqeTW no OllJlC8I'''' ce".1Id ynpy

roro B neynpyroro pacoe~ TJt&a.nc.t ROHOB e noOOJK,[l91l11011 O;Q;HoqnBOB
HHX OOOTOHHBA THUD (4)/18 . 

3. Yrrpuoe paceeSDJJlo npoTOHOB 

B aT~9 OT H9ROTOPUX YKKPOoKOnwqecKKI peo~eToB pacceflHBA ttpO
'1'OHOR, r;Il6 rrpa OtIlC~ gryroro ce'llerm.R ITp6JJl10"l'l'6ll19 OTJta8TCll o6W1

001 O~BOKOft UOJl.e..Jlzi r f B H8IDKX pB:01J..STU pea.o.w OnTallecKRJ 00

~el!IlBaJI (on) ttOJl}"lllaTcR DP,," OBOPT"" 1131 s3Al!NOJlaRc.B"" (21) . (22) 
o tIJIOTHOC'~~ OO'IDBOOro COC'I'OIUDUI (II) JI,IIIl IlJI,j>a__~ , O",e."" . qTO 

IIP'I Sll'UIOJ.lO~ IUIO.lfOC•• (ll) 6WJ!8 ICI1O.n.aol!Bli8 C'8lWIpTliM DlIP6M ..... 

TPIlsBl.tBJl 20 OlDJO~a'tl"U.ua QOT8H1lJ1BJ1OB Hs.p' I IG)'I"Op&f! )"lIe M1lOl"O JleT 

llJl'I'I8Hl1aTCII B pao.eTIIX K<II!. 8 paoqeTIIX ynpyrol'O ce~.11III1 ( p. P ) SBO
MTC~ 1'OJnoKO oaxn Itl!plIIIOTp lWl peM"'Oro 011 - ltOaq$U\llOHT(N ) aepe

'OJ*1tllOIlKil BMIDIOllC«CTBlUI (20, ( 22) . KOTOplll\ nOaI'DBHe'CR ao JIY'DII9OIY 
OOl'Jl8CRD f6CC"IH'Z'llBO.OJil&.I. ceqeHd c aKonepllM6H 'r8.J'l1oHIMJ: 'AHHWI . 3H8.'C{6
HlO N l dJJ.HrutOe K 8JtHlIR[lO,Oruw.UOT xopo~ 060CH088HHOOTb Jl8,HHOI'O 

noaxoAB, P••y.n.T8.H H8WRX paoqeTOB, np&BeJleuHYe B Ta6n.l. K&K pes 
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Do.nTBepKlIB.KlT 'aTO. MrmM8.R: 'tIBCT!:. on EBO,llHTCR B ci~ HB..WKX paC'l9TOB 

~HOMeHOJIOI'!!'<eCKil RS o6 !l'1Bo~ OllTl!'l.eCRO~ MOIlM!! 197 : 

l",Uop(r)=- Wy f (xvl-t-4W df(X D) ) 	 ( 23)D dx o 

I'lle f(x) = ( e X+ 1Y' , x,=(r - R;)/a. ,Ri= r;f'\'3 IlapaMeTPw r, ,Qi 

a W ( Onp6)leJ!l!ll'l'CH as YCJlOB"" ..BII....38Dl<lI <WHI<llI!ll 
N~ 2 

X2 = ~ L rOr,Of: (e, ) - 03KCfl (e,)1 ) (24 ) 

~ ,, 1 l L'.6 3Kcn( 9) 

r.n9 0Teop.H 631::; 'n~ T90paTI!'1.9CKR9 II 3KCD9PHM9RTaJIbEl:l9 C9'tl9HR..R.,N 5 - 't[ZCJIO 

H3N9peBi:WX 3RCD9PBN9RTBJIl,HlCX. C9tt9l:ll!.il B 65~cn,- 3KCnepHM9HTBJIbB:hl9 89

Onpel19JI9HHOCTK JIp1! HSM9 pemm: O~cn , • KyJlOHOBC:KHit 'tlJI9H on BBO,ItBTCR 

oO~ OOpa.SON xax XYJIOHOBCK09 B3a.EMo.neAc'!'1l'Re M93,llY np0TOHOM R 38

pIIIleHiioli C~poa Jl8JllIYca Rc = rc A1'3 ( rC = 1,25 i!M B HIIlIIIIJ( pac~e
Tax ). napawo'l'~' ,lJ)lff CIIHB-op6BT8.IILHOI'O 'lJIeHB. 69pyrCR: B3 Jl3BeCTlIOro 

r~06anLHoro/I auattoS8 6e~eTa H rp~ca, Bee paCqeTH yupyroro c e

'leHJLA: R DO,IU'OHKR 08paMeTpOB BHIIO.ml9H1l C DOMOtD;LD IIpOrpBIINll ODT:)9C

KOn MO)l8D c BCnOJIh30BaHHoA B Hell npol\e~A ....""""38IUDJ JIIlNUIT 21/ , 

Pe3YJIhT8TH IIl\IIIIIX paCqeTOB lJ,llH ynpyroro pacceSIBBJI npoTOHOB H8 58 NL , 
OOZr a·09 Pb IIpH pa38HX aaepI'llJlx rrOKa"""" na pRc,1 11 B T8M. I . KaJ< 

BRlBO, B Q9JIOM Ram no~o~ ODBCKB89T ynpyroe Ce Q9HR9 rrpHM9pBO C TSXO! 

.. e TO'q,BOCTbJ), QTO 1! ODTIftl9CK8.R. MO.ll.9.J[h. Ha pHc. I . Hapm:(Y C peSy JThTe.

T81111 paCqeTOB ynpyroro ce~eHllH 58N; ( p, p) Il]JIt paru!IlX 3nepmJIX, pac
C'lllT8.I!IiNMH c M3Y-BS8I<MOIleAcTBHeM ( C1tJ10Jllllli8 !tpIIBHG), DOKa381111 pesy./lb

TaTH ( IIrpBXOBHe KjlKBHe ) Jl8c~eToB C .lmIllIIIlII (N-N)-B38IIIIOlleACTBBeM, 

B~~ 38BKCHMOCTh OT aH9p~ K ~O~OCTX , ~Be TO~ yq9T 

odMeHHorc DOTe~ana DO cpaBHeHmD C (22 ) 26 ,27 . Kax ~o HS pac.I, 

068 THDa(N-Nl -B38HM0IleUCTBHft A8DT npBMepHo O~BHe ODKCBllBft 

( p, p ) ce'l8H1Il! , XOTft no 3/Ulqe!llUl>l X2 pan~.TH c M3Y-B38I1MolleAcTBl! 

8M 'ttyTb ..zytIlil9 c o rJIacyvrCR C 3KCD9pP.l1eHT8J[bHWNK J{aHHW.I. 'twaDI o6pa

30M. M3Y-B38JDIO~9AcTBHe OK8.3liB89TCR atto.l:He nOllXOlIJIIUDI JVlB WllJCpOCKO

IIIPl9CKOt'O 8Jl8JIH 38. pacc eRllltSl IIpOTOHOB HlJ31QIX 8HepI'HI C '8cno..nsoB8.Blil 

eM JDlepHllX MO'rHOC'l'eA. paCClIHTUB8.8IIIIl1 B parc:RaX ~. 

4. HeznpYT09 paCC9HHH9 rrpo TOHOB 

npHCTYUHM T9n9ph K OCHOBHO~ U9KH namaD pa60TH , K MRKPOcKQnwqec
ROMY aH8.JIHsy HeYllpyn<x c e~eHH~ BCs6J'll,1leHllH pa3J!H'lllllX HlISKOJIe&8lIII!X 

COCTO~ B ~9 C HcrrOJTh 30B8HH6M nnepHUI nap9xonHHX nnoTHocT91 (II). 
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saNltC!:PI40M18 

",-I 

-- N'Q9J, X"6,S1 
N'O,99,Z"9,U, 

6J,H be 

-NoO,957 , X" ' ,2! 
, N. 0,9/,L , :,:',2,5& 

sa"'P.PI1I!.M"uS 
_ _ N . 1,02'6 . ~ 1 ., .U 

. --- N.1.061 ,l l 'L.12 

lO.JM)fI 

-H.tlJII. , 1'1. t,u 
--- -N · l ,~ . ( '.t2!lo 

v 

,. .. 50 10 0) 121 ..rpW Kf ~-zo ' La ' 60 10 .'''''",'',-'·"I";.,...,UO,.,,...,~ I140 .." ..	 ' "' ........ 

P B C, L 	 3RCnepBMeBTaKbHHe JlBHHHe/ 22- 25/ B peaYKLT8TH paC~eTOB 
(COJJOmH!l9 • lI'!'JlD.OBl:l9 :ttPlIBli9) HacTO~A ))8.60Tbl Jt)ISI yrrpy
I'IU ce~eBl!i 5BNt Cp_p) 1B,S; 30,3; 40 H Sr,4 MaB. 

(13 )-(15). OTMeTl!ll, ~TO lIJIlI HaXOlIllemm cjxJHOHUHX IlMIU!HTY)l 4' • 'P _B (3 ) Beo6xo)ll!llo '1'10 B30CIUIJIHjlHyrJ ;i-~) • lSOBe,TO!"YI> ~) 
KOHCTaHTll IIy.IIloTBTIOJn.BOro Bsamrolle~CTBBH B HM • (2) B ,.11M " = 
2, 3 ROBe~8HTY no~6BP8DTcn TaR, ~6w B paoQST8X D~ BOcnpoH~DO~C. 

aKCn8plD18H'I'8JIhWO SR8'leHllJ! IIp><II8,11ellJlW[ ""poATHOOTeR B(E2) • D(E3) 

lJ,llH YPOBBOli 2i • COO"""TOTBeHHO.,l\rul:" > 3 3I1a'lOHllJ! IIOHCTaH7 31 
ByaHO Bw6H])8.TJ.. lfa OCHOBO ana.ll38. ~mCn8PBNORTMJ.HOK CITyaIlD e KOHlC

peTSON Rl\P<! B 1IpI(6.Ilm.""" , lllUO)lI!Ilatl ... _ nc;/IJ/ 

Heyupyn<e ¢x>Jl'4aKTCPH. p!lCo""~IIB8lI"" no ¢x>P'Y"!IM (I), (IS) (17 ) 
c """"DIN> nepelto)lJWX n.uOTSOCl'<ll\ (13)- (15) , BBO,llllTCR R8lt paanLWO ne
pexol1BJle JIX>~PH B O~!!I'Y: pac'l8TCB B !IJlI!6.mar.eHIJI .OJ<8&8HfWX IIQJUJ 

(IDIB) DO npo~o DIlIUCK 287 lI1III B "eTOlle C8Sl9ll1llUOC J<8li8.ll0B (MCK) no 
npoI'jl8lOllG EelS 29/. 1IHIow8 nepeXO,JtlDl8 ~'I'OPII OIlp8)lIW!l)TCJI ife
HOIleBOJIOlVQOC'QI u ""...,et<nBlloA MO)l...../ 1 rryT'" lle¢x>PII8lllIll lllDDIOa 

"""TIl on (23) napaNerp )l,*,PII8IUIB. jl" "9Melt89T01!"3 Gl<CDOJllll'Cll-

T....	~ 3R8~CIlIIA B(E?!) no o6wqnol cjxJP'Y"" JWl J<YlIOHOllOl<Ol'O so36J'll,1le 
2llBft / • B BeKOTOp.a pac.e.8X IIO liCK 3H8QeWlJl {lJJ naploJIpoB8.llllCh lJ,llH 
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nyqmero COr~aCRR pacC~THBaeMHX Ceqe~ C aKCnepKMe8TOM. nOCKO~XY B 

aTO]! pa60Te paCCMa1'pHB8D'I"CR. MeKTpnSCKKe BO 36yz,nSHHH HHaKHX MYJI'bTH

n~HOCTeR, ~ CSMOCOrnaCOBBHHOCTH B H8mHX MHKpoCKO~eCKHX pacqS
Tax. Ky~oaoBc~ nepexo~ ~pM46XTOp paCCqftTHB8eTCR MHKpOCKO~e
CKIl no TO. lie ~pM]JIB>I (16),(17), TCl.lIbKO ,."ecTO H,llepao! nepexo)lRo! 

IlJIOTHOCTR K M3Y-B3aJ!MO,nettCTBBJI B aTn lfoJ;NYnax CTORT 38pH,D.0B8JI ns
peXOnHan nnOTHOCTb H Ky,XOBOBCR0 8 B38HMonelcTBHe M~ ~~ DpOTOBS

D , Up!! BY'Il<MeHHl'l lUlepHIDC Jl.l!OTBOCTeS (1 I) (13)-(15) pee.eTlI 0,ll;l!0~

RO~ "jepI'Kll W • l<Oa<WamBeHTOB 'l' H 'f BlilIO.lIH>LlmC. II]X>rp8MMOA 
RPAS 30. 8 pac.e., Ko~eHToB R B P B ~OBO! ~ (5) 
_ npOrp8MMO~ G1RES 311 

H3seCTRO, qTO ~ BBBABSa yrrpyroro H tieyrrpyroro pacceRHHR C 

B036ymneHHeM COCTO~ HaTYPanoBo~ qeTHOCTB B qeTBO-qeT~ ~ax 
MO~O O~T'CH ~.B~KlIM BaaAMolleaCTBB9M TROB (2 1) 2.16,. Ra 
Pl'c.2 [ijlH1!9}leHH po3ynTaTH ,ll;By:I ""PBBlITOB pac.eT8 B ITHB )\1IJ! ceqe-

HIIJi 9OZr(p.p·) np. 61.2 MaB C BO OOYlllle"""" cepBoro 2+-COCTOJIBJU! B 

90Z r .. CnJrollDI8JI KpHBB.8 COOT.B9TCTByeT yqBTY if30TOInPiecROll. 38BHCB

MOCTJl M3Y- B9aKNo,ner!cTBJJII , Kor,ns ttcPf4aKTop UOt........ 2· paCClll!lTUB88TCR. C 


110110l1li>1) SCW>o i<TlIBHlU (P.pl-B (P. n ) - 0 .... (19). (20) H II]X>TOHlIOQ H aeQ

TPOHBoA qaCT8H n8pexo~oH nnOTHOCTH (13) COOTB8TCTBeHRO . lliTpxxOBaR 

nBlUl - ROr,n,a Uot...,,2f paccUTTiBaeTCJI C BSOTOIIIReCKK He38R1:CBMl:jM (N-N)

B38HMOlleaCTD. e .. (21) B OYMNapHOS RllepHoR nepexollHoA nxOTHOCTh" (13). 

13aJ:I.Ho Jl9 pHc .. 2. ttTO an .n;BB Mp.B.88T8 paCQeT'8 Jl8.I)T IIpIOIBpHO OJt,lW8JtO

008 OIIBCaHlie yrJIOS.IiX pacrrpe,nBJI8Hd. . Ta.tc:m.I 06pe.aOM , JlNI 8.B8J11138 aneK

~ecKaX B036~eHHH B ~eTHo-qeTBHX ~az DPB pac ceHHKK apoTOHOB 

,,01180 OrpaillI'lBThM HaoTOO1lQeCKI! lIe . &BRa""",,", (N-N l -ClUUIJoUI (21) . OT

veT1Dl, llro CrpyRTYlXl nepsoro 2+...OOC'f'OJDOIJI B 90Zr 6YJ18 paCCUT9JII1 

B n()ll . P 9 3y.nt.1'llTU paCqe TOB Jl8IJ'J" 8HepJ'Hll l!JQ::u:syu08l!Ut W2"! =2, 66 MaB 
H npl'ill.ll.HH}'JJ BOPORTHOC Th nepeXOll8 8(£21) ~ 708,92 e 2 .<!M4 (cooTBeT

cTByoIOIe a.cnOJllll'eHTaJD..JlI'e JUIlIIIlj. lWI 90Z r .aTL: w 2' =2 .I9 MaB H 
B(E2t) = 6CIOt720 .Z¢N4/32/ ). ' 

B Il8JfOM pacqo'fll UOK838JD1, q'!O SltCnepMM8HTBJlLnwe Ce tlOHlUI ( p,p') 

C B036yx.neHIJeM HB3KO.116Jl8.l1U1X RQ.U:Ok'l'll1U:Ua oooromml, Dl8t11lJU JlONllHJI

p~ OJUl,*,HOIlBYll ""IIllOH.RTY D OOJIHoooR ~ (5) . %opomo 0 011

C~R B rom c nON01ib1D Dspexo.lllfOl M OTHOC,.R (13 ), pa.cCUTI:lB88MOJl 8 

OW8/ . BanpHMep. PBCCWOTJlHlf BIIllA....e 2+· I 3--COC'rORIiJIJI B <9 N( • 
""TOpJlle ",,0111' JIll"" llWpaJIellHYJ> OJUlO~HO fO/}'l:J CTJlYR'I'YPY. PacqOTW 11 OC» 
C 11116 p8l1JU6t B8OOpoM "Y.IIonno.u.lIl<I ""HCTIUIT >e'{;'. ~~) • BOCnpo-

1380AI!I1n I19POll1'1I00TM n9peXOjl8 B(E2tl0833.15 921\»4 • 8(E3t):20.34 • 
2

1103 9 1\»6 ~...,. "U.prItZ ooa6YlllleHIIJI W 2' ~ 1.754, MaB , (.03- = 
4.8 MaS (COOTB9TCT~O aRCnepKMCH~UU; ~aHHYel32,33 ecr~; 

'11 

W2C =1.45 MaB. W1; =4.48MaB 

B Bc'E21')=657~990 e t.4 • 
B(E3t)=(19.6+27)xIO e2~h. 
Pac.eT C BO~OBOa ~yRKUHe~ 
(5), T.e. C y-q,eToM B38.KMOllea

CTllM M~ O.llR<>-- II ,ll;By:I~-

HOllHHMH KOS4iIrypa.rJ;IDIJ.m, no

cpencTBoM p8meHKR ypaBHeHKH 

(7 ). (8) llaeT 2«:=1.697 MaB . 
B(E2I)",sO?82 e2(fN4. R,(2:l 
=0,9846, OTKYJ48 CJt8,nyeT, ,!{TO 

olm o¢QBOHBBJI l(OMIIOaeHT8 B 

nepBOM 2+ -COCTOJIElJm B .5BNi 
COCTaBJIR.T [R,(2;!]2 =97%. 
As8Ao~e peaYnDT8TW no~

qaoTCH H ~ COCTORHHH 3i . Ha 
pllc. 3 DpHBellelllI peaY~T8TlI 

pacqeTOB H eKODepHMeHT~HUe 

.n8llID:le .M.R eelleHl!1; B036y.1Jte

0-11 

1!i 

90 Zt IP,p' 161,2M38 

2' 10 ·- 2,16MJ81 

• HBR COCTO"""" ~ .. 31 B 58 Ni 
10 20 ) 0 '05060 70 609{J m"o l20 ~ IIpl! 8Hepnmx ~eT8DJUL'{ IIJX)

P II C. 2 . 3KDepI!MeHTanbRlle llBBHti. / 3b/ H T080B 18.6 MaB 22 / B 40 Manl5/ • 
pe3YRDT8TH paCq8TOB (cnnOmHH8 llepaxoAHHe nnOT80CTH HC
R m1'pRxoBwe KPHBYe) a8CTORmen ' 
~60TW ,Jt1IJl eBYlJP1 !'O!'O CeqeHWI DQ.J[L3YBMHe IIpi'l nocTpOeKU: 
90Zr (PAP' )61 . 2 MaE C :aoa6yx- .....- ......oTOpoB Uo' 2 '8 U- 3'

,Il,8HBeM ~ .. COCTOID:IBll . '::l"'~ . J> v_, 
• 6W11! paCC""TIlHlI D lIDl>(CM . (1 3)). 

CWIOIIBW9 KpKBw.e COO TBeTOTll)"lJ't paC'lBTBM B 11leXJ<B.H8J[bHO~ CXeNe MCK 

( 6Z",-:-- 21' ~1 ) ' 1IITlJIIX0BH. KjllIBJie - pac.eTaM B mill . Kax BlI.IIIIO, p.
3Y~T8TW pac~eTOB B nHB ~8DT KB~eC~BeHHO TaROe .e ODBCaBHe ~ ceqe

HII::CI , qro R MCK. Y'q9T CBR3JI JtaK8JlOB B 3TKX c..nyqasu: B OCHOBHOM Dpeo
JlHT K HeKOTOpY< .....n.\WIM )I]lJ! lI8p8N.TpOB 00 B3 T8M .! R lLBpeMeTpoB 

lle~Jl'IlIID!1I ~ 2.3 ' BOnOJllosy9MIIlt lWI nOCTpoeBIIR 1OHIIM01'O lIeynpy1'01'O 
~pM4laltTOpa . DpR'l'" ~)"IIIIee cor.mcJI. C aKcn.p...eJlTOto! AOOi'BI'SO'rCli DpH 

~2 .0.189 x ~3 =0 . 163 . ...0 XOPOmo COOTll6TCTByeT peaY"'],?8T... ~HO
".lIO.Ion<'lecIWC WlaIIII30B (lI8IIp....P. ,/51 6HJ111 nOJlY'l..... !la =0. IB6 B 

1'3 =0 .177). ClI'ryaIlJlJl """"".......110 y~HJI.1'C" Dpll BH""",. C""OHllJl 
OOa6yaJl8UJU1. coc'tOmurl 60Jlee eJlO&BoA CTPYKtypw Tms c weCK OltHO- Il 

.IlB>'*BOlllll<l KOH\lllryp8lOl1l. B 9TOA. np9CJ1.JlYDII9A a nopBYJ> o".pellJo 119
TOJJ;II1l90De U9JDII, ~Te IiI1l DOJU)06ao OC1'8JtOBHMeil H8 nepBOM 4 to-eoadyx
.n6RHOU COCTOJQUDl B seNt . 10TH ,JlBBHO 119BBCTlIO , 'ITO COO'l'OSIHII9 4t B 

58N! no nee. 1!8pc>R'l'HOCn npHIJ8J\.JIOl<llT JIllY:$>HOIOl""Y rp" lIJIe'I'Y. DOOTPO

eHHOWY llB nJX nepDlR. 2+"40HOHOB, pe.Sy:JrL'I'8 'fH pa3JtI1l1Ul1. Oll8.KJt30B CQ'q9
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P Yo C. 3. 	<JKonepm.oomam.mro l\BIIHIIe122 ,5/ • pD3;y.>rbTllTH pacqeroB (OMOIlf
lWe 8 ~T1lIlX01,lIlU KpHDHal HaCTOJDUaa pallo". ,IW! Heynpyl1U ce
~ollllii s-eNt(p ,p' ) la,S; 40 MoB 0 BOooy-.neBM.... ooc'I'OlIIIIdI 

21 • 3r· 
~ ,.SiSy-.neHaR .TOro COCTOJIHlU! )lOIlOJl],HO DpoT1IBOpe'IJ!B'. \laIrpBMop, 
B 34 HH8JIIt1I ll!IIIHHX 58 Ni (",,« ' ) Ilpl! 34.4 MaB nO""38.1, 'ITO )l8IIBHe 

,IIlIJI 4i xcpomo OIlllC_OR B rnm. O'<ll1'8Jl era ""eTO OJtlloq,oBOHmll, xou 
'lIlec. 6l1li1> Tal'Se Yl<B38lI1> 118 D03I.IOZIIjtl ltBY$HOIUIYli npllpo~ II'tOro 000-

TOJIIIIlJ!. Al!wtil. JI8IIIIlIX 58N ! ( p,p ' ) lIpI< 40 MaB/51 • !>Bille li,6u, ) 
YaW351n:" 7 I B p6IlI<8X l<OJI.IIaK1'IBIIOA nOpauaollHoA NOlle-

... 14/ nOI<898.1 , 'ITO COCTOIIIIKa 41 B 58 N, !!P.8)1CTaIIJlJleT co60« ""eeL 
oJtllo-a ltBY$HOIIHOro COCTO!IIIlIlI. OpnOll t/357 6b1JJo ttOKll3WlO, 'lTO 1lK.1m

.JIll O,llJlo- .II AByxc,toHOlWO" lC.OMllOUQUTU D tWOM COOTOIIIIU COCTa&IBJ)T 47% • 

53% COO?BeTeTBBIlHO, (B anx pflO'<9rax OJtllC>- • lIDY$BDBmlO DK.IIll,IIIi 
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BBOM TCfI ~HOMeHOJlOrHqeCKll IIYT9M JIY"'llIlero corJIacoB8l:llUI pacC't{HTlmaeiillX 

ceqa~ C 3KCnapnMeHTOM) _ f~OHen,MHKPOCKomo~.cKH2/4/~ D~pOCKO
IIl!'lac~/27/ !l.H1lJll!'U l18HHl<X saN, (p ,p' ) Ilpl! 2'7 ,1 M3B/ 4/ DORa38Jm, 

lJ.TO B ~OCTOfllfHl'l 4 i )loMHHKp~e~ 1IBJlff9TCfI O.n;H$HOHH8.R KOMnOHeHTa . 

Pe 3YnLTaTY HamBX NBKpOcKoUKllecKHX paClJ.eTOB B rr~ H C BOnHOBQg 

ijiymaJ;Be2 (5) npR pa3llllX BaPHaRT8lI: Bu60pa reKca,neKaJIOJI},1II£X KOUCT!l.HT 
;r;~) M ;t~) ,IIlIJI napBora 4+-COCTOJl1WI B 58N, TIOI<8.!l.HH B Ta6Jr.2_ 

Ka.K BHltHO 	 "3 Ta 6.lrinw.. ytleT aaraPAOJOCCUlOC TH llpHBOJl)!T 1<. CRJIl.HONY CM81I11J

BaRMlO O)!,Ho- H )Il!Y$HOH1ll<X KORClMrypa!llIlI B CTpYll'l'ypa COCTO"""" 4I' 
rr~9Y aaa6onoe CRnbBO HpZMBWXESeTCR ~YX40floHRoe COCTOflHH8. COCTOR-

Illee HS )Il!)IX napBlIX HB8,1ijlynOJI},1!HJ( qoUOHOB. II. pa3ffiDt as60poB ;x!-4)
0, 1 

l<.OBCTSHT 	 xopomee onxCaHB6 SKCnePKMeHTanhHHX ~ )lanT pe3Y~TBTH. 

nOKa38BHHe B caKTopa:x 16 " IB Tall,! . 2 ()lB.HHble DO HeynpyroMY azreKTpoH
HOllY paCCe>unrn, c06pamme B/32 ,33/ , eCTh: W 4; ~,45 MaE" B(E4 ; O~ 
~4i) =(0,684 + I,3II ) x 105 e2~8). TBXHM 06pa30M, paCqeTW B paMKBX' 

MM DOKB38.U. lITO COCTORlDI9 4i B seNt Ilpen CT8lULR8 T co60A ONeCh O)WO

if llBy:xiJoHOHmlX KOHlfaTypan:d. O't'M9 TBM . liTO Bce TeopeTHlieCKH9 3H8qemIlr 

upKBe)leHRWX BepoBTHOCTeR nepeXOAa pacC~THB8DTC' C noMO~~ nepeXOA
HHX nnoTHocTeI (13)-(15) no 8.BeCTH02 qopMy~e12 

B CEll;Jl~Jf )" 2Jf+1 \ Cdr ,'.2 p(P\ r) \2 Ce.'" 2") (25)
:2Ji +, J \" ..," 

o 

riP) 
r lIe p, ( r) - npoTOllHWl 'iBC Tbp}J ( r ) . 

liAJree. Haynp)Tlle qoJl1Oillu<rop!l UO'_2+ , Uo'-74+ l! Un+--. 4', nocTpo
t 4 C " • 

ellHlle 0 nOU01I!b1) MOTHOCTe! (13)- (I5) B M3l'-BSB.lllo'O)le2cTBlUI (2 1) . (22) 


6bUlK BItII1O'lellU ~ c XOMy pac'IUTB " O'l'Hpon-.aH6JIl,HDro lIpI<6Jtu.el!llJl MCK 


(6;", ~ 21 ....... 4:p . Pa3y.n.TeTIl pacqeTOB C pa3H1AO! Ha60~ reKca,neJ<a

noJI},.iu.ct HOHCT!l.HT ~) , ~) B OKCnepHMeHTBJfbHHe _Dlue 5/ )WI ca"e


HI!!l B030y-.neHI!JI 41 -COCTOJIIDUI B 58 Ni IIpH 8HaprHII H""OTIlIJIIJIX npoTO


HOB 40 MoB rroJ<a36HH HS PlIo.,. n~.TP Jl<$>]Jo1BI1Hl1 ~4' 11311.11al<8_ 

Ba axcDOp""aHT9JI1.HlIX ~ 32. )WI B(E4 t)3Kcnno COOTBOlleHllJ) JWI 


KYJIOHOBClWro B0 36yQel.lll.lr'2/ . KOJIe6.a.o1'C.R OKOJIO 3HattelDUl 0, I. Pe3YJrbTB

TH paCqaTOB C paSHII>IlI ""PHaB.....,. qo~POB U0 44' • U2'->4+ IIJlOl 
1 • 

4BY.CHpoB8llll0M aHB'lU1IlIll ~~ =<l,I JIlUl MlIlIMOro nepexo)!,Hora qoIU\l8l<ropa 
nOKB38HH B HRKBet qaCTa pac .4. KaK BHABO H3 pHc.4 Z TadA.2. u~

eTCR HOp~.~ .. eopeTaqeOXHMk 3Ha".~ B(E4 t) a ce"a..... 
XopolDee corJI8Cllle C 3KcoepllhlBHTON ;lW.9T pBC"'I.eT e HB60pclM ROJlO'l'~ 26 

(cnnolllH6R 	KpB1lB.Ii : 1(,2~5, 36) ( X' onp8)1BJ!J1eTCR no Toll a e 4><>JHYJ!e 
(24) ); paCqeTH C B6pJ<8JlTOM 16 (WTPIrXOBaR KpHB6R: x? ='.l , 12 ) H 36 
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T a 6 JI H U 8 2 . 	 P.3YJIhTaTH h!HHpOCl<OIIH'!.CKIIX paC....TOB MI., AJlH CTPY"

TYlll:l nepBOro 4+-coc'l'ORIDI'.R B 58 Ni IlPB pa3lD:IX Ha60
pax ROSCTaRT ;e~) , ;e~ ) , (1-3) . (8 - paC....T 

nD:II; 6 - pac.eT C BOJIHOBOa ~.n (5), Orpwnl"'D'l 

saaCb TOnAKO DePB~i 2+-qoHOHBMHj B - pac~eT c no~
.O~ BanEOBO~ ~.ft (5» 

C'I'jlYKTY]l8 COCTOI!IOOI 4i e4: (M.B) B(E4t) Ce29>M'J 

8 100' r4! J 3 ,99 O,986xID5 

6 41, 53% [ 4; ) +58,47% [ 2; ® 21 4' 2 ,33 1,24 x105 
I 

B 45,5'7% [4;] +49,08% [ 2~®2'!']4' + 
+ 3 ,04% [2;® Z; J .+2 ,31% [2; ®4:J4+ 2, 16 I .326xID5 

4

8 100% [4<;) 3.81 I ,B33xIQ5 
2 6 45 .2n [4~ 1 +54 .?I %[;!~<!> 2;J4' 2 .06 I ,909x105 

B 46, 71$ [4;) -+45 ,41%[2;0 2;]4+ + 
+ 3 ,5% [2;® 2;] 4+ +2,3'7% [ 2:~ 4 ;t1. 1.86 2 ,05xIQ5 

3 
8 

6 
100:( 

48 ,54% 
[4;) 
[4;-J +51,16% [2; ® 2:;14' 

3 ,61 
1,77 

2,84Ixl05 
2 ,622xlo5 

B 5I ,95% [4:1 +4 0 ,3% [2; ® 2;J 4+ + 
+ 3 ,81% [2;® 2,;\+ +3 ,93% (2; eEl 4;J4, 1,47 2 ,825xID5 

T 8 6 JI B U a 3. 	3Haqo">1Jl n8p8NeTpa ;ne¢ojlM8UIIlI ~1 AJIfl COCTO!!HHR

41 B 5"8 Ni • Jt3BJI9ltflC'MU9 .3 p&:3HlU 3KCnepHM8HTOB 

~====================-=---===== 

n p 0 U e C C CCYJ[Ka 
-

0,069 ; (6 [j .6 li ') ?I M. B 	 / 35/0,054 
0 ,081 ( "" 0<' ) 34 ,4 MaB /34/ 
0,084 ( 0<, cx' ) 50 MaB / 36 1 
0 ,091 ( p . p' ) I r iB / 371 
0 ,096 ( p , p' ) 27, I IhD / 27/ 
D, n ( p , P' ) 17,8 MI B /36 / 
0 ,125 ( p, p') 27 , I MaB / 4/ 
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(mTpl!XIIYBl<THpllWI I<pHBWI:100 
S8 Ni Ip,p' ) LOt-hB 1(2=10,93) HeMBOro • • AOO\1111111;; '·10 _-2 ,4S"hBl ueHKBa6T B nepeOQeHRBa9T 

I 
~ ~.1 	 3KCnepHMeHTBn»UW9 ~e,• 

"
\~\

COOTBeTCTBOHHO. Onaaxo AH~ 


pa1<IU<OIWWI Raj)TH118 O)tHH8,l<OBa

(1 

lI,1IH Bcex Tpex paCC'DT8HBl:lX 

c911eWdt. 31'0 O&bRCJt.R8TCSI 

OlDll[8l<OIlOA PB,ltll8Jll>HOt 388H
' \ II 

'\ 

CRMOCTh~ nAR nnoTRoCTOa,XO


TOjl8J! onpe;n. ""6rcn !IJlIlB.

lI.eHHllPlM O,ltHOti.6C'1'lNUUMII Ma'l' -<P 
J!'I- MeMeHTIIIO[ 	(I 2 ' ), a'~!.:i 
m.eHHO I DpJl O,IlllIX • 'r9X liB~4 
MB'f1lIl"IBUX 	 aAeM9HTax

<j, \IT71 nj2>~OJ!JleKTIIIIIlOCT> 
~ CB.lI8 Depe20;ne NO&eT yea
JlBneft sa CqOT youeBIUI '1<>
110 HHIiX /IICII.IIII ry;n If' a <f' • 

.~ 118000pcT. 3TD T8Ial. o (l""c

fl-r 

l ' I 
"".T..," H uac!mA8"""" KOppe~,~ .. JIJDII!,I[ NOQY B( E}j ) -"",""",, 

HoA X COOTB&TCTB~ ceqo100 -e;;;; (,.,..,60- 1100 20 LO 
HIIeN B03d~eRIUI . 	 .IlAnee (eM. 

p • c. 4. 	3xcuoprweHT&lbHHe ASHHYe/5/ w lI8pl<. '{acn. pHo . 4), 3l!aqOHJ(e 
peSY~T8TU paSHKl B8PwaHTOB ~~ Bapt.IlpcBMOCL OKOJIO
pac~eT8 (CII.noJijlO6noOTO 11 4 ) 

HBOT01lIIlOft na601'.. .\III" .eynpy- 3IUl'lellllJ[ 0 , 1 DO apoue;nyp9 

1'01'0 00'10";''' SSNl\P ,p ' ) 
 nO;!lI'OHKK . 	 3Il.II0ItOIWO; BHY1'PI
40 MoB 0 B096~e8l!'" COO1'O"" 

npc~w fX:J,s • 	CpeAII paclIM 41' 
CIfOTpaHHWt uaPOaH1'OB paOqn

T8 JIM. Dape20JlllHX IIJIOTHOCTeft (14), (15) .Iy'IlIee corJJaC•• C .KCnep'llloH-
TOM nOJry'lU'oc " C B8peaHTOM 10 (IITjlBXII)'lUI'HpHM HpIlJl8H : "Xl =5,16 ; 

~4 ~.I18) • B8pwauTOlO 20 (CWfO,""BH KjlI88H: X: =5,34; X'=O,099). 
njll!'l"" lIMY'1olUruo 3811'0lWl)WI ~~ ,IClIOJIlo3YOMllO!!pH DOOTpo.1IXB 

IIJIIM)ro lIepe20Jllloro 'l<>JMI8x'ropa, nam.umcA 8 COrJl8C18 C pe3yJlU8T.... 

III! p83JIII'IIIIU 8II8JII008 CO"OI"", ,.,36yq.lWI C~CTOlIIIJIJ'I 4i fl 58 !'Ii (OM. 
TaM.3). 0.....,..,.. alUWI3 "" ;!l1lHHllX 5/ C"TO 3Tn IlONOIlJ,II ",,""."TIlI

Hoi BlClp8IIIIORBoA "";n"",,/I4/ BO 81'0""" DOPIOlK9 BOCflPClt3BOAIT yr.lODYII 

38BJ(C.,.OCT" • adOOJ!1JTHOe 888"'0",,0 co.8l!1U1 ( it'=7) 2Yle, "eM lllJIIIJI 

pac'o,",. ocodellHo lip!! """"" yrJUlX. PaOqOTW C nomloR BOJIHOBOR 4'l'mum
OR (5) )WI OTPYKTYP" COCTommJ! 4j 1l]II!llO.t\II1' K H831Ul'UrrOJll>IM! .,..."8

IWII< 8 paCC..... TI/lIalIIIOIO C.'.IDOI. Hrutpnoep, peCqs.. 0 D8jll18J!TOM 211 AIleT 
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I!JlHMepHO TaKOe lle corJIBcse c .KcnepHMeBTOM ( )(,2 =5.6; ~~ =0.095). 
" TO H ""PSaRT 26 ( sa l'Jl84nn<e aTII HPKB~e He paSJDru!M~). TBI<8JI CHTYa
ll,HJ! Ha6.JDoi\BeTcll B JI)tJ1 pac"aTOD 16 H lB. 3TO Yf<8,3""",eT Ba on:pe)19JlJ1D
moli DKna,11 2i-¢QBOBOB D ¢QpMHpODaHHK .t1BYl4080BBoa rrpHNacH COCTOJ1BBJ1 
41. HaKossn. OTM8THY, ~TO pac~TU n~ ABH CaCTOKRRR 41 AaDT p93yn»
T8TY ( CM.BSpX lisen pHc .4 ) . MOxa COrJIB.CyDllR9CK C 'SRCnep1Ol9BTOM, HB.

np .... p. oaplUlBT la COOTDeTC'1'llyeT TO"e'l1!oli Rpl!BOll ( x,2 =15.91; ~. 
O. IlB) • Bap&aHT 2a- D1Tp&lCDBOR HPHBO li ( X2 =19.4; ~. =0. 099), 

'fa.Kl!M 06pa90M. B cTPYKTYP""e pac".~ JW.l II MBl<]lOCK01lll'l. CKII1I 
Bli8.Jm5 C9'q9HlU1 oo36yz.neBJUI COCTOSlHHR 4i B 58 Ni n OKB 3HBaM , 'liTO 91'0 

COCTOmme CO)1eJm<T ClIJ!IoHyll ,11BYX¢QHOHHyD I!Jl"",eCl>. ITP""eM .l"f'lmee COl'
JlacH. c)1"""""'" 5S Ni (P.P·) 40 MoB )1MT Ha60py ( ;e~). ;;f~) ). BOC

UPOB300.1JJDUKB iaepl'Jl1) H BepOJITHOCTL nepexo,na: 24'" =2 ,33-2,06 MaB, 
B(E4; D· -+41)=(1.24 + 1.91) x l05e2\IN8• (m 3H~"e'j"l T"""e corJl8
"""",II ~;"'._CI! 'Kcnepl!MaHT8JJloR""'" )18HH1lMH/32 •33 JI)tJ1 COCTOlIIDIJI
41	 D5BNi). 

5. 	3 a K ~ D ~ 8 8 H e 

B pa>IlUIX ~ pa.B1IT nO=)1 K YHII]lOCKDlIlI'IeC KDMY aRaJ!Il3Y pacce,,
ID1JI npcTOHOD Hi! 3 J<IIX .Heprnll Ha cq,ep""eclGlX J1lIIlIU . I/a IIp",,,,epe I\lijlIi 

58 Ni n0K83aHO, tlTO He TOJrl>RO O,!lBoqoHomwe COCTOHIJIDI , HO B »036ys
~eHH8 COCTO~ 6nxea ~OKHO~ CTPYKTYPU YC09mHO OTIHC~CH B RWM. 
ITplPleM paCCllRTaHHbl.t:l R,D.apHll8 nepexa,JUwe MOTRacTI!!' JUl8 STU CO C'l'O.BRil1! 
YCUemFlO rrpm.10B1mTCS AlVl MBKpOCKOIIlJ1UICF.DTO SBA JI'JISB cetteHKR llOa6YK,ll6

HIIll. !Io)1BO)1J1 . TOr 8HlWI3Y I\lijlIi 58 Ni • IIOmlO C)1eJ!"T£ BWlO)1 0 TOM. 

'tiTO B O'l'.1Ilt'IBO OT 2:I- II Sr-cocTomm:B.,oepooe 4 +-ooot'OJDU!,e ope.nCTaaJ'I.R9T 

coda! cuac}' O,JlHG- B JtDYXi1pHOHB.J..a KOH4m"YJl81lKi. a IDUJlOIO ; BKn8.ltil o,ttHa
K )1SJl4oHoHBHX KOYnOHBnr COCTBBJl>IOf 42-4~ • 58-5~ COOTBeTCTD.HHO . 

As""~ DPH3""~em.1W opo<j>. B. r. CoJIOn9DY. w.A .rapeeBY • 
O.M.Klu!""I<O By sa llOJ19SHUe OOOYH.t1.HlIJI 3IlTjlOllyT.n D lITOi palIoTe npo6
./l.... I!H r8Klt9 l1.IJaJ'OJ1/lplDf opo<j>. 1ll< .P.l!Juum sa np~o.un.uyD JlO"",eH~ 
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B 061JeAHHeHtlOM HHcTHTyTe AAepHblX HccneA08aHH~ Hal.l:an 
Bb/XOAHTb C60PHHK "lfpa mxue C00 6 li/e HUR OHRJ1". B HeM. 
6YAYT nOMe~aTbCR CTaTbH, COAep*aWHe opHrHHanbHble HaY4Hble, 
Ha y4Ho-TeXHH4eCKHe, MeTOAH4eCK~e ~ npHKnaAHWe peaynbTaTbI, 
Tpe6YIO~He Cp04HO~ ny6IlHKall~H. 6YAY4H 4aCTblO IIC oo5w.eHH~ 

OH$lI1", cTaTbH, BoweAwHe e COOPHHK, ~Me()T, KaK H APyrHe 
H3AaHHR OH~H, cTaTYc O~~lIHanbH~x ny5I1HKallH~. 

C60PHHK "KpaTKHe coo5weHHA O~RWI 5YAeT BblXOAIo1Tb 
perynRpHo. 

The Joint Institute for Nuclear Resear ch begins publi 
shing a collecti on of papers entitled JINR Rapid Corrvmmi
cations which is a section of the JINR Communicat ions 
and is intended for the accelerated publication of impor
tant results on the following subjects: 

Physics of elementary particle s and atomic nuclei. 
Theoretical physic s . 
Experimental techniques and methods. 
Acce Iera tors. 
Cryogeni cs. 
Computing mathematics and methods. 
Solid state physics. Liquids . 
Theory of condensed matter. 
Applied researches. 

Being a part of the JINR Communicati ons . the articles 
of new collection like all other publications of 
the Joint Institute for Nuc lear Research have the s tatus 
of official publicat ions . 

JINR Rapid Communications will be issued regularl y . 


