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B pa60 Te 1: B p a MKa X TeapH...,' KOHel.4 HblX ltIepM"I - CHCTeM / TK()C/ p.:ta 

91o'1T MeTOA p aC4C Ta npHoeACHHbl X BepOFI THOCTe~ , -aanpel.&&CHHblX ttl 
nep eXOAoa , LI TaK>Ke nplo'IS eAeHa paC4e THaR cx eMa JlI1 R l-Ia )(O~AC H II1R ae
pOR" H oc: rc~ E2-nepexo.Qoe . Jla HHaR p aGo Ta I RBnJ:UOt,qclR CR npOJlOJIIICC-HH 

e M 1; . nOc.OflW,CHa aHaI11-13Y 3KcnCpH MCI-Ha llb J<lblX ~awibl x . a Tat()I!e c p a o 

HeHl-l 1O TcopeT~4ec Kl-1 x J.1 3K CnCpYlM eliTan b Hblx 3 Hat..l CHHI1 8( MI) I B{E2) . 

1 . 	 3KC nEP"I1EHTMbl lbiE IlAiiHblE " CI1CHMATHKA , - 3AIlPEIlIEH HbIX 
M'·nEPE XOJlOB 

HaMH 6b1nlo1 npoaHan""3Hpoo aH~ n p HB e AeHHbl e e epo RTHoC TH '-3anpe 
~eHHblx Mar HHT Hb/X A""nOl1b ~lblX .., aI1CKTpI-14CCK..,X KoaAD y n onbHblx nepc 

X O,QOB nma 19 ':2 :. 2d 5 ' 2 101 2d 3 : 2 : 351 / 2 B He 4eTHQ- npOT OHHbl X 

..., He4e THO- HeHTPOHH~ X RApax C MaCCQBblMH 4"'cnaM~ 90 ~ A ~ 150. 
B 3 TO~ 06na C T~ npo~CXOA~ T 3anonHeH~e nOAo6ono ~ eK , 6 n H3KH X K M3
r ....... e c KHM ~H cnaM Z, N = 50 &-1 N = 82. XapaK TepHblMH OC06CHHOC HI M~ 
AaHHo~ 06naCTH AB nAOTCR npHCYTCTBH e B He~ Ka K c¢epH4 eCKHX, Ta K 
~ Ae~pM~p08 a HI~X RAe p, cy~e cTBoBaHHe B pRAe c ny4ae e c~e pH ~eCKHX 

H Ae¢!OpMl1 pOa 3HI-ItIIX COC TOl1 HI.1'" B OAHO,,", 11 TOM *e RApe, Han~""H e Y RAC P 

H~ 3 Kone*a~ I.1 X a036Y*AeHM ~ pa 311114 HO H KonneK1HO HOH nDMpoA~. n03TOMY 
n poGn CMCJ ''IACHl'H tl!HH: a Ut.1 1.1 4}1 CTblX O ,l..\HO~a C T H"'IllbI .)( n e pexOAOo 3 AeCb OKa
3 btOa e TC FI Ao c,aT04t10 cnollC Ho i1 1<1 o co6eHHO 9 TeX c nyl.laFlx. KorAcJ 
y - n e p e xDA HAet Me~AY BO J6Y~AeH HblMH COCTORHHFlMH H3yl.laeMoro RApa . 
3ne KTpOMa rHHTHbie n e pC XOAY p aCCMuTpHBanH Cb KaK l -3 anpe~eHHwe J 
ecnH Ha6noAanocb COOTseTCTBHe cnHHOB l.1 4 eTHO C T e~ HuHGonec H11 3
Kone*a~MX COCTOAHHH, Me~AY KOTOP~MH OHM np~ CXOAFlT, ~9aH Toe~M 

4HcnaM OAHO'IaCTH4HIIIX no..\o 6 0n04CK H Tt.1 ny MynbTl.1nOnbHOC T." , a Ta K
*e, eC/H1 He B0 3H""Kano n p OT ... Bope.... t-1 R C"" CT CMan" Ke H 3MeHCHHA 3t-tcpnH1 

31 ~X COCT OFlHM H B H3 0 Tona x 11 l.1 30TOH3X. 
C"" CTeMa T"1 Ka 3 He pr~~ HM 3 Kone~a~Hx OAH04aC TM4H~X COCTORH~~, OT

HOCRUlVl XC R K nOAo60n 0 4 t< aM 3s 1/ 2 ' 2d 3 / 2 • 2d &/ 2 ' 19 7 ' 2 ' np.eACTaB
n eHa Ha pHC 1. 1- 1.4 . Pa c c~""TaH H~e H npoa HanH3""poBaHH~e HaMH 
3KcnepHMeHTdnb Hwe Aa HH~e npMB eAe~ B Ta6n .1- 4. 

3KcnepHMeHTanbH~e 3Ha4eHHR T l / 2 VI S 6~nH B3AT~ B O CHO BHOM Vl 3 
0630 POS "Nuclear Da t a Sheets" 1"1 ' '1 a6.nI1Ltbi M30Ton08" nOA p e ,QaKl&M

e.:1 neAepepa M IllMpnH /1978/ , ,I B OCTanbHb/X cnyl.laFlx n p e An Ol.lTeHl1e 

OTAasanOCb pe3ynbTaT a M o pHr MHa l1 bHblX pa60T nocneAy~mHx n e T . 
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PaCCMOTp~M 60nee nOAPo6HO oco6eHHOCTH OTAenbH~X THnOB ~-3a
npe~eHH~X Ml-nepeXOAOB. 

I. n (2d 312 t 3S!.'2 ) 

nepexo~ nOAo6Hor o T Hn~ yAaeTcR npocneAHTb gn~ AAep 8 WHpOK OM 
AHana30H€ 4~cen He~ T poHOB, Ha pHc . l . 1 np €ACTaeneHa CHCT€MaTHKa 
3H€pren14 eCKoro nOIlomeHL1A COCT OflHI1'-:' nOAo60 110''-leK 2d 3 /2 ,36 1/ 2 

B 3aBVl01MOCTl1 O T N npl1 Z = const. K a K B I-1AHO Vl3 pVlCY HKa, Ha611IOAa

eTcA. KaK npaB~llo , n naBHoe YMeHbWeHVl e /ysenVl4eHVle / 3HeprVll-1 

YPOBHCiil npVl nepexoAe O T H30Tona K Vl3 0 Tony. npVl onpeAeJleHHblX N 

npoVlcxoAHT II'IHBepCIo1F1 nOllomeHIo1~ nOAo6011o4eK 3s 1/ 2 VI 2d 3/ 2 • AHaJlO

~ 	 rlo14HaFi TeHAeHUIo1F1 xO Aa 6011bwVlHCTBa KPVlB~ X CBHAe TenbcTB yeT, nO-BH'" 
~ 

~ 
AI1MOMY , "-ITO M~ I1M eeM Aeno 	 C npa KTVI"-IeCKVI 4 I-1 CT~MVI OAHOKBa3H4acTVI"-I 

HblMI-t COCTOFl HIo1 F1ML1. '" 
i 
~ 

npl-tBeAeHHble BCPORTHOCTI1 B(M 1) Hei1TpoHHbIX nepeXOAOB TV1na 


~ 2d 3:2 YAaeT cFI npOCne,!.llo1T b B AIo1a na 3 0He '-Ilo1cen Hei1TpOHo B OT 
, ~ 35 112 

~ N = 53 Ao N= 81 /Ta6n.l / . 06t1\~~ xap a KTep 3a BVICHMOCH1 ¢laKTop a 

~ 

3anpeTa F... OT N npeACTaBlleH H8 plo1 c.2. 1. 06paLl.l,aeT Ha ce6F1 BHIo1Ma \3. 
Hll'le TOT ¢la~ T, "-ITO B OOllaCTH 65 ~ N ~ 77 $aKTOP~ 3anpeTa cpa BHH" 

2: 	 TellbHO Manbl no aenlo14HHe 101 He3 Ha4 101TellbHO OTnH4aKHCFI A Py r OT APY


ra / He 6011ee, '-IeM a ABa pa3a/. KpoMe Toro, B 3TOH me 06naCTH 
" 
- cna60 B~pa)f(eHa 3aBIo1Cl1MOCTb CKOpOCTH He~TpOHH~X nepeXOAOB TaK )f(e 

VI OT Z. no Mepe nplo1 6 nHw.eHIo1R K 3l-1a4eHHIO N = 81 npHseAeHHble a e " pOFlTHOCTIo1 YMeHbWalQTCFI /F h( 	 a03pacTaeT / , OAHaKO HeperYllFlpHblM 06
"0 

pa30M. AHanOrl14HOe yaellVl'-leHHe ~aK TopoB 3anpeTa C POCTOM N Ha6Jl~
..a AaeTC" " AIl" MI-nepeXOAOS S Mpax c N = 53 + 63 /P"C. 2. I / . 

~ '" 
2. n(lg7 / 2;: 2d 5/2 )

"" 
ilaHHble n o nepeXOAaM 3Toro 	nma /Ta0I1 .2, pJ.1c.1 .2/ He CKonbK O~ .. 	 paCWVlpe HbI no cpaBHeHl-11O C Aa HHblMH . n p eAcTaeneHHblMH B o630pe /3/ , 

'" rAe 6blnH BKnll4 eHbI I1Io1Wb 1013Tonbi 10S- ll led.O,Qt-la Ko OHM OCTalOTCFI 

<II 
 BeC bMa HeM~oro~ lo1 cneHH~M~t 	 VI 3HepreTH4eC KaR CIo1CTeMaTHKa AJlFl H~K
i /plo1c .l.21 a~rnAAHT He CT o nb y6eAHTenbHo, Ka K B cny4ae He~TpO H,.'" HblX nepeXOAOB n(2d 3 ~2: 3s 1/ 2 ) . CIo1Tyal.4HR OCllO)!( He tof:d T.a K~C f,1 T~ •
" ~ 	 4TO B p)II,.[\e RAep CO CT O.RHHR nOAo60110 ''-lKI-1 B036YNl:,tta1\lT CR np~19 712 a AOCTa T04 HO e~CO~OH 3 Hcpr ~~ . C 3TO~ TO~ KH 3p eH~FI HHTepe CH~M npeA r= 

cTa BllR ~TCR 9t<.JW4eH.... e RAper 91 Zr I Z :;a qO. N:2 51 / , c n Vl H YPOBHfI 

KOT o poro C 3Hepr~e~ 1882 K3B Ubi}' OAH03 Ha 4 HO onpeAeneH KaK 7/2+ 
B pea K~ HA X 1 d • p / C n 0l1ApH30BaH HblMIo1 A e H Tpo HaM'" I a Cnto1H OCHOB

Ho ro COCTORHHR K~K 5/2+ /cM.cc~n KY B Ta 6 n . 2 /.Coc ToRHHe 1332 K3 8 

FlBJlAe T CA nepeWM B036y )f( ~eHt-lWM co cnHHO~ 7/2+ B cxeMe YPOBHe~ 
91 Zr. Xopowee Cornac"e 8(1'1 1) "B(MT)TOOP /TaGn. 2/ AIl"3Kon . • 
nepexOAa laa2 KaB n03Bon~e T oT o*AecTB~ T b OCH08Hoe ( 5/2+) H n e p-

Boe B030Y)!(AeHHOe (7 /2+) COCTOFlH"'A 9 J Zr C 0601l04e4HbiMIo1 COC TOnHtII 

13 



AMIo11d / IrI 19 ,} 12 COO TB e T C TSe HHO. 3 Ha y e Hlrl e $aKTOpa FM AIl A Ht! r O , 
S 2 

SbI4Jo1CIle HHOe nplll AB yx pa3nVl4libiX 3Ha4e HI-1AX 0, 6nl-13KO K F M AIlA 

nOAo6HbiX nepeXOA OB B APyrVl x ~Apax / T a6n. 2/ ' 
Ha pIIIC. 2 ,2 nplrIBeAe HbI $at< T OP bI 3anpe T a F M AJ1~ r. -3anpelU,e HHbIX 

M l -nepexoAoB n(lg 7.'2 ; 2d 6 f2 )' H OBbie n epeXOAbi. BKnlOl.4eHHble B CIII -

CT CHa TIIIK Y, no 3Ha4 e HIrIAM FM YKnaAblsa lO T CA s T e npeAen~ Vl3MCHeHHA 

3 T OH B e IlIll4"' 11b1, KOTopbl e npIo1 CY~H He4eT HblM 1It30TO naM KaA M\I1A . npeA

CTaBIlAJ1 6~ IrIHTepeC aHa n"'3 s e n", ,,,,,, H B (Hl ) f -3anpeute HMYX HCi:1TPOH

H~X nepeXOAOB B 1113 0Tonax So I Z. 50 1 . llA HaKo B HaCTOAll.\ee ep e MA 

He 11(.\e~f( .A I VlA 3 T Ci:'- Q Ha"I!*HbjX 3KCnepIrIMeHTanbHbiX AaHHbI X . 

3 . p(lg7/2: 2d 5 '2 ) 

,D,n .A P-3an~ '-: w.e HHbIX npO T OHHblX Ml-nepexoA o B ~MeeTC.A A OIJOnb HO 

06WIo1 P H ~.A Cl.1 CT e Man'lKa IT aCn . 3/. 3Hc:p r eTIo14eCH:Oe nOnO)l(e HL<1e n OA

06ono~ e K 19? 2 ' 2d S :.! n..naBHO He H,Ae TCA B 3aB I1CII'IMOC TII'I OT N 

/p",c . 1 . 3 / , 101, KaK \.ot 0 cnY 4."e He~T poHK~X n OAoGo no4eK 2d S _2 • 
3s 1 /~ • npH o n pCAelleHIlOM N ( Z const) Ha Ol1lOAile TCR IrIHB e pCIIIR Io1 X 

n OnOllCeHlotR . KaK npa BK J10 , O,ttt10 \.-1 3 COCTOfl H Io1 ~ 19 7 '2 Hnt-1 2 d s -2 RB

nRe1C.A OCt-tOB HblM , a B T OPOC - t1dlo1Gonee HI-13 K0l1e1KalJ1t-11" , 3 TO AaeT OC 

HOBaHlo1e BMeCTe C nlla BH~H nOA oGHbiM XOAOM KPII'IBblX I p lIIc. l. 31 C4"'

TaTb 3TII'I COCTORHHR npa KTIII4e CKI-1 OAHOKBa3\.-14aCTIrI4H~MII'I. 

HeCMOTp.A Ha 06W"' PHOCT b CH C T eMa TII'IKIII, B Ha CT OR~ee B peMA He 

npe ACT ae nRe1C.A B03MU*HWM npo cneAIIITb xa paKTep ~3MeHeHH A O fH 1) 
n epeXOAOB l~ 7 _, :.. 2d 5 / Jt B u 6n.1C Till 60 .$ N ! 66. B T O >tiC BpeMA 

3aBIrIC~HOCTb B (M l) OT N MO>tl HO n poaHan lll3 ~ poea Tb no AOBO.nb HO 60nb 

WOHY KOnlrl4ecTBy ~.;j O T onOB B nq)a)(OAHOH oOn ac T'" OT Man1~e CKoro 
Z = 50 AO nOflYMan14 eCKor o Z = 6 it I pVl c. 2 . )/. On~e Tl"M . 4TO Dc nlo1 

~\.1Ha B (M 1) K il K $yHKU ll1n Z npll'l N - conf't a e,JlC T c cG.A He pe rynn tJ Ho , 


o AHaKo k u K 41yHKUIo1f! N n p l-'l Z.., c o n s10Tn",,"a eTC.A Ao ~Ont""o p e ryn R I)HblM 

nOB e AeHll'leM I MOH01 0 HH O y aCnlo1 1.1IJ'1 B oJ R Cb "'n '" YM(;!HbW a n c b C pOCT OM N, 
~ cKn~4eHll'le ~OCT aBJl A e T n lol Wb cnY 4 a H l: ~p rn n p~ Mar ", ~eCKOM ~~cne 
N = 82 . rAe npOII'I C)(O AIo1T pe3Koe YMeHbw e HlI1 e CKOpOCH1 npoTOHHoro 

nepexOAcl. 

4. p (2dS ·2: 38 , ·.) 

anA AAep B paHoHe 90 ~ A ~ 150 HMe e T CR cpa BHH1 en bHO M ,n o 


Cn Y4aes Hl-nepexoAos , KOTopble HQ* HO OTHC CT\.1 K n p01 0HH~M n e p e x o 

AaM AaHHoro 1101 n a ITa6n. ~/, KaK npa 8 Io1 ll0 , 3 T\.1 nepeXOA~ ~AyT Me * AY 

B036Y * AeHHblMH COCTORH"'RMII'I RAe p , Y KOTOPblX Z 2 51 101 N ~ 6 iS / pIo1 C . 

1. 4/. ~ HTepecH~M .ABn.A e TC A ncpcx OA B RAp e 1~!Sb70' II'I Me~~CM OA"' H 

npOT O H CB e px 3aMKHY10~ 060n0 4K I-1 Z = 50, $a1<10p 3anpeTa Fw A nA 

3T o r o nepe x OAa He OTnll'l~aeT CA no cBoeH eenH 4 H He cy~ecTBeHH~M 06 

pa30M OT ~HanOr\.14H~X $aKTopOB ATlR ADy r~x nepe XOA OB 3 TO~ r pynn~ . 

C$OpMy nHpyeM HeKoTopble 06U4""' C BbiBOAbI, c n e AY IOUlHC 1013 a.H,1I1H3a 

AaHHblX no eenlrl41r1HaM HeMl) \.1 ¢aKTopaM 3 anper 8 F M f - 3 "npc~eH Hblx. 
n e p exoA oB. 

14 

An A n OAaBn~lOutt, 1 () tiunbw"'lfcTBa n~De)(QIlUB lHnd n(:! c.t !) 2 : :ls I :, } , 
n(lg '1 2: :.. 2d Iio ~ ), p(2d 3 2 ~. 3s 1, 2 ) Bcm14f.1Hi) Ql.1~1 lJlJd 3 al1pc 1.1 

.neIlCH T B npcAenax 10 100 . Hc:~n()4t:!:H ... e cUCTuonAlIT H ltWb MI-nq}I...·,I(t 

PJol • ",sax 'U Nd 8 ' IF" ,,' 3501 , ' ~A Mo >" If'" = 2001, ~~ 5, !.III Fto< 
2 10/, . ~Cd'9 Iry= lUO/, ':tPmss/rM= 7(,51 . '~~C.7"/FM 31'01 . 

,Qpyr al4 Kapl1111d Ha{j'~/lae1cR 0 3Ha"4I,: II11nX Dt.'POA l ItOf l CI1 I"HI \ WPl 

npOT OHHbi X r,epeXOlloa 110111,) p(lg 7 -2 : 2d (t !!, . l1onolOltJlIOt". ·l· I)UJlbWifllt: · .. 

801-13 HHX Ht"ee T B'>lCOtc"1C 41aH1opbl 3anpeT a /FM =. tflO 500/, ,1 l.IJlH 

HC I(OT OPbiX F .. C),lI.IeC1Uellll() np('EtbIWilCT :lHt .l11"'ff'llItH 13iP'"Sl: / I lot ., 

990/ 1-1 l~tcs ?i/F'M = /15/ . 3TO Rs n e l u .. e - 3!-trllH1r~'lIbttlu: YMl.'ttllIlJlIf". 

3'la4CH~H B(11 1J 0 n I"}" , C)tU!blX nepexo,qax Aalti lUr I) Hlll.1 - HU!IU. I !lIH II 
CT aenn T b Io1H Tepec AliA OlAen bHWX HccnCAOOdllllJ1. 

4 TO Ka c aCT C" Kap.1Klepa npOTOItHOrO P{lf' 1 l' •• 2dt; ., } .t III'f;lp"t! 

Horo 1I(3s 1 'f : 2d!t !! ) nep exOI\OH npl1 N = 82 ' 1 61 I) H/ll)'))( 1 ri~ PIli I"lk" 

l:~Nd. KOTopwe HMeI(J1 1l,1L~r.('I'hW.,e (flaK Topw r MOt PYIII I C f1t.·lll''(n~lH~ 
COO T BCl cToy\OUtero -r HIM, 1U Mv~ltO OItl.HA.l I L , ~"u (j ( I ~YK 1 ypj ' f~,lIl1 l l.P' 

RAep I<OHKYPHPYlO 1' J.1H rl CSIaK 10Pd: c 1 aG~tJU1au'~lrJl ~ IJ 'I'I~I'~ ("'l.tC. ~I I (JllljJHbt 11 

Mepe npH6fl l-1 *C HHR N K Mar~~CCH'O"'y II.4ltt.Jly N ~7 It )'oen'1~. L: HHC' I~ I 
4K>PM3lt 11101 110 Mepe yp,anel1lo1R Z UT Mat l1"4l:tKOI., 7 :0 ~O /nu('JlL"HIIt 'j 

MOllleT npORBllA1 b LebA 1 aH:IIIC 11 e Ae4K:>PM3111111 .... Jlt: Jlt. HbI...... c..u (" lIJnlllHI 

A ACP/. Ha PHC . 1 .1. 8HAlto, t<aH pe3Ko MeHR c'lcn 1l0 fll)~t'HIH - I Il)l-loUO' , 

nO"fI<"" 38 1 ' 2 D Nd nru" ncuC'.)(oAc O T N = 81 K N"" 83. T""<11," ;j ..II~1 T

flO Hapywae TcFI 10401-101 (H IHUe t b nOHH- ' E.'HllA n , l,Ilnf O nl "HI1 t g., :.! Ij Pm 
"PH 3 Ha4CHHH N ::: 87 /11",c,l.3/ :.t 1-fT C(l L·, I--." 0 ,n OM 1)lt-mUJ~Hlfil 110 

aeAeHlte np..,lU:Al I UlbUC tU'(lIJIlTttOC 1C'1; st 12: 1>I ' IIt:Jt"ItIJU c.. ncpBnrc: Ul1'"' 

GY*Ael~Horo CO<..1unHUR 2-+ ~a OC.ttOBlloe L1Il H,1fIIl-U Of. Ii I r q -4L 11<t-!. 

R~pa)( Aa lluoi1 oUncJc'H IT.]GTl. ~/ 113 1.1hnIlIJt.r IlI1nW, , 4T() RAIlU- I)( l u n 

( 1 : ~Nd82) toM RAeI' J4 I Nu, 14 SPm . (. I)J,HOll I HJpnlllJ. IH"C ~T t1<:LKU It.... 

HO Go.nbWYIJ CT (.>nCllb KIJltJl('''t lll:J",ldUUII (.Pl.'fH1 J!f}yt It)/ t.110TutlQA N Ul, 
I to, C APyro~ c 1 oncmw, 31 t) COl. TOAtuu' Meli! ' Kllnnr l( THOli]UpOD .1H 

l:J rp).'nne ~130 1 on()H ~ 7. Go I A m t t.:.p.ll1lltttitA U foGm"",\: npllbL,lt 
Ha oepOATHOCTh 0([7 l lit Id~11(JHHor o m:[1r ~1'n.J ..... - n-t- 8 111,.,'0[1'001(
POO.l Ht-tOM "Ape lbeSrn I 

JllJyn"." HH1-epeCllblM 0(,( TOR1cna.c,11;hw HII!Hl ~ 111I IIlIlUCH1t"ltlt I 

GonbUlB1t oen..,\411H<l f", AflA m 'p( 'xOl-la n(2d~~ • 3l- ,p,n RIIIIP. 1::'-1111

TaGn It Il';-l .) . 	 II I'II UI')Hlllllloll 1I(" j)n~f1l1t III 1'1 r,1) 'f'I.'·XOlh. JI I' 
,1 'It 'f lll i-'1( I IU.I>C ,-.Ir' -' lIt ' pl ' :" llillll UI)' I '" ' II 

...,. IU "'-12 lji c., .. · tl~ Ilj "".., 'Utlde• 'U IIdl!l J~ s.on~ 
, I.,.. 10.. I~" ' 660 ( .... b t w.! 1.J.e 

"/!'i'.lllcr' 
El I2I' 

t.lt 

10 

-
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B CDeTe nocneA..I&.1x. npeACTaDnCHIoot'1 .RAPO-OCToe J!~Cd MOlICeT pac 
CHaTp",saTbCA KaK ABa.~ MarH4CCKMH 4 . n 03TOMY np&.1BCACHHaA ac-
PORTHOCT b '-3anp~CHHoro MI - nepCXOAa B flApe 14 5 Qd Mo~eT a KiI -

KO~-TO Mepe 6~Tb 3TanoHOM, nOKa3~BaD~M CTeneHb CHRTHP , - 3anp~

Ta a 06ono4 e4HoM MO,[ienl4 AJlR .3T0.:1 06naCili R~ep . 

2. PE3YIlbTATbi PAC4ETOB H HX 06CYIKIlEIII1E 

B CBOMK paC4CTax B p aMKax reOpH &.1. onMca~~OH B paOOTe 1 • M~ 
C03HaTeJlbHO o rpal>tH"IHIlI4 Cb oAHOKaaa&.1"4dC TH~HOJ1 CXCMOrl, O(.Hoaal-itlOf,'1 

Ha c£f)eptlyeCKOM 0i33 lo1 Ce , XOTn B03MO)+U-tO C TH TKI)C n03 IYUnmOT . 8 r l p~1 1~

4"" n e, np~1HR Tb BO 6HIo'IMaH~te KaK A~4X>pMa41ot~ nApa [j,', Toll( ~ , yY~Cl b, 
ltanpl4MCP, 9aal-1MOI-\CI1C. TD"1e c I.POHOHolM~1 '6 ,7 ' . PeC:lnIo13.lL(HR o Ge l<1 x B03

MO*HOCT~H CB1l3i1tla to 3 ... a\.U1TCnbH~M yc.nOlt<tle l--l'1CM prl'::YCTHOiil cxeM~, 
)(,0 H I a 3TOM- He eCer Atl kome T n031tHKHYT b Ileo6xo~'MOCTb n o cneAYJO 

~HM n p H4H HaM . Bo-nepB~x J MHor ~ e ~3 paccMaTp~9acM~x ncpcxoAOO 
~tAyT B M30Tonax J OTHOCRutIo1XC.R K nepexoAHoh o 6 n8CTH , M :HO Aciilc,
DHTeIlbtlO ~onYCKaeT Y HHX Hanl't.",,~e cTa6HnbHrn1 HIlt-t AHHolM'14eCKOA 

AeqKJpM.:t t~~U1 J KO T OpaA He DCer,Aa H30ecTHol "'3 3KcnepMMeHHI. llo11ee 

T oro r e HCt<Q TOPblX CJly4BRX Aallle B HAP~)(, paHce C4 HTaeUH-txCR cq,e

pH4eCKHMI-t, B n o cneAHet! ape MA oGHapy).tCHbi e p aUlaTC J1 b HblC nono Q;.l, n o 

C TpoeHHblC H'] HIo1 . H~1X O~H04aCTH'"4HbU(, COCTO,.I-1I1AX 8 ' , 4TO eute oonec 
yC.nOMCHRC T CHTYiJL\"'(). EC'TeCTBeHHO. HaJ11o'1 Yl.1e Ae¢l0PMdl\HI't. y paCCJ.4aTpH

DaCM~X ~Aep Mor no 6M n OOnHRTb Hd pe3ynbT.:tT p~C4eToo . OAHa Ko 

CCIlH AC$opMa l\ HR Mana , a COCTO.RHH A , Me~AY KO~OpUMH npO"'CXOAHT y 
nepeXOA , HAeHrM~lo1 l\MPOeaH~ npaBl4nbHO , B BOnHOB~X ~YHKU"'RX oCHo9

HWMH , no- npe*HCMY, GYAy T KOMnOHCHTW , OCTa~eCR np~ nepexo~e 
K C!f>epIo14ec.K0t4y n peAeny , \.1 Hawa CXeMd, n OCTpoeHHdR l'ia C¢lep"1'-1CCKOM 
Ga3Hce, 6YA eT Hen nOXHM npIo1 6nH)I(eHJ.-IeM . 

BO-S TOPbIX, n p HMeCb K OAHOKBa3H\4aCTH4 HI:oU4 C.OCT QRHI-1 f1 M KO.nne"KThS

Har o KOMno He HTa npl1 BKfllQ\4eHJ.1..., 83i1HMoAe.:icTSJ.1f1 "t<Bd3~1 4ac.T I'llla+-4lO I--IOH " 

Ta K* e He BcerAa CMo*eT cy~ec T 8 eHHo H3MeHHTb gen""4~HY BCMI), pac 
C~HTaHH~ 8 0 AH OKs a 3 H4aCl Io1 4HOM n p H6n H*eH""",, / 9 • 3 AeCb CBOO ponb 

HrpagT KaK A090n bHO *eCTKHe n p aeHna oT6opa AnA Ml - ncpeXOAa , T aK 

H B3aHMHoe COKpa~eHHe B MaTpH4HOM 3neMeHTe OTACfl bHWX cnaraeMWX, 

nOA8HBWHXCR B pe3Yflb Ta Te Y 4eT d KonneKT""BH~X B036Y~AeHI.1~ a CT o ea. 

KOHeYH O , SOJMO*HW \.1 HCK.n~4eHHR. 

B Haweiil OAHOK8aJH4a C T ~~HO~ CXCMe ~aKC HMa.nbHO n on HO Y 4 ~ T~Bac r 

CfI cnHHOBaR no.nflpH Ja ~Io1R a CToaa, KOTopa ~ , KaK H 3B eCTHO , Hd...,6onee 

cy~ecTBeHHa HMe HHO Ann M1-nepexoAo B . n03TOMY ecn~ o6HapY*HBae~

R 3Ha 4""TcnbHo e OTnH~~e pe3yn b T3 ToB p aC4 eTa OT 3Kcnep~HeHTa. TO 

j T O . GBHAY B~wcncpe4HcneHH~X coo6pa*eHH J1 , 6YACT YKa3~8aTb Ha He
06xOAHMOCT b YCTa~08neHHR ocoG~x n pHYHH HeaAeKBaTHOCTH pac~eTH~ 

cxeM~ , n p~~eM He clleAyeT ~cK~04a T b H HcnpaBHflbHy~ HAeHiH$HKaqHo 
RACPHWX COCTORHH~. 

PCaYllbTan" npOBeAeHHbU( p,]C4e TOB B eM1 ) npCA(.TOIenCHbi 13 Ta6nHI~ax 
1- 1, ,Q1l .A 66 M I -nep e,X o Ao a . ~a K aJ.1AtlO 1113 JT..,X Ta6m.'Jll . Alul nO~aBnA()"" 

l1t~ro 6onbUJwlc.1Ud )' -n~pCXOAOD p aCC"'HTilHtt.t;.le HaMH B emr--l~1HbI B(M I ) 
o r n~.""<ltO T CR O T B(I1 I )~wc.n , M~He(" , "'CM B AB,J P~3.J. :l TD Aole T OC HO

naHJ1e C\.4HTa Tb T.:1KOe y -n~peXOJ\M OA~Ot(BdJH\.4dC fl1\IHblMIo1. OAHolKO HMe 

C'r tR HCCK()nbKU ~ -3itnpCll.lC HHbI)( y -nepe.xOAOB, AJ1Fl I<o ropbt.x pdCXU)ioI.nC

Itt.1e MCW(JlY B1't.1) r!tDp . t1 6tH 1) "",en " JHi)4HTenbHOI;! IOKOIIt) Olll-.loro 

nOpnAK.3/ : 100 Nd , l:~ Pm. ~:Cd H AolHtlUe 06c tOR f\,;n b c. fBt) (,IICI\YC T 
'hlCCMilrp~loa ' b Kdt< YKd3dllH C I-1d Gonce CIlOIt(HYIO c r pYKTYPY t:.Ot. TURIIL.U-t, 

Mt!ltIAY KOTO,)WMU npOOC)(OAU T > -tl ~Pt:X()At '-4eM .lTO npeAnon.JraOOCb 

np~ paC4L.; rL' nO- B~'Alo1MOMY , D cny '-lJf.. lo1'3UTQf108 14 t Nd H 11 3 Pm 01

ueTe: rBt:!HI-IWM 3 d }/Ka3alllloe paC)(Ol«AeHlIe Mo*~T Gbll'lt KaK polJ t ~ eY'4e T 

93':HIMOHC",c rOHA I I KBi1JIo14i1C rHl\d hboHOH1
' a paC"4eTHOfl cxeMe I nUCKOnb 

Ky . K{)K 3TO y*e OTMC4a n OC b B pd3A. I . xapOJK TepllCTHKH e 0 3 6 Y*ACtt 

I"oro COC TliRtiHA 2+ B A,QP~ -UC r nuc I:~ Nd Be c:y~ec TB~HHO (I rn..,4iUO I t. fI 

OT COOl eCT C I UY()UlHX xap,lt< repl1C HIM COCI!AHH)( H;jI)TonOB. I\HLlnoru4HV 

"" B cnY'4at' )" - m : JJl.:xuJ.,t<, s H3uTooe I09CtI I i!K)Ke, oCposnHO. OCHOO

Hoe I ~I, eCllMOItIHO, 9U30Y~ACIIHO{' / COCTOflllm,:. He I1Mce r 0AH04 ilC TIot4HOH 

np L.lpoAt.I • ..:t nBlln(' r c.A KOl-'nOHeHTUM HeKofopuro MyJlb nmlleTiI , nOCKOllb 

Ky ero CmtH 5/2+ UKd3b1BaCTCH Ita eAHhlo1l~Y Mellbwe , 4eM cnHH COOT 

Berc.TBiJOOteH OAH 0'4olC THYH0t71 t10AUGUnQ4Klo1 1& 1 2! " 3AOCb MbI CTam(~IOd 
eMUI c: f c) K 1t1l3WB':H~MOct n po6nCMoli " j - 1 " aHOMil m 1M 10! K at( nOK0l3b1

BaCl dllanH3 I npoaeAeHt-lblH 8 p afiorax 8 , 1 1 0 f. rpYK 't y p e 1 aKuro 

POAd COCTORHlo1H HapRAY C KOMn o"e HTaHH " UAHd 4ac r~",a" , " OJ,H.tl l.ld 

CTHl\d+~HOH" C,)'UlCC TOeu r olK*e 1\ KOMnOH~HT " TPH 4 .:lCTHlt lll 
lt 

C c eHbt) 

P IlfTH S =: 3 J Kor o p OMY CO(l TB C TC T e yeT pa38an ¢,oHo lla Ha A oe 4il C H 1LtW 

Hn., u6Pd3UBol i llolC e r o 101 3 AOYx 4dC1H4 . E CTeCTBeHHo , Y TO Go n ee c nO)tt

H.) A C I pyKTYJ~a COCTOAH~ l\ , HCJKAY t<O T OPblM~1 npOloo'lC 'xOA Io1T y - neIJCXOA , 

HO*C r Cy~CC T OCIlHO H3MeHH r b pC 3 ynb Ta T, nOIlY4e.-t HbI~ B OAHOI( Oa 31<1

4 ac rtl ~ HOM npIo1 GllJ1IMC ..H11.1. 

KOHe-YHO , B~wenp"'8etlett Hbfe paccYlkAelil-1A IIMelKl T e p aCCMOTpeH.-1 ltI X 

npl" ...epol( m ·1Wb xapat( rep np'~AnOnOil(C J1Io1A, .1 I l e06xoAfo1 M K on ~'4ec 'T I;l IJ-M 

HbI~ pat.4eT AJ1A 8~RBlleH~A H CT I-tHHO':; n pl.1 4101HtoI p,i]CXQ~A~tlH R , OAH~ KO 

:)10 ec Tb npeAMeT Cn e ltHunb t-l o r o paCCMO r peHUA. E14e Pol ,J n OA4epKHeM, 

'" r() rtJ,JeAJlll r aeMolR CxeMJ Kat< piJ3 loot n0380nf'C T BbiRBII~ Tb cnY4aH t Tpe

GY"UlI<1C 60n ee Ae T anb l loro Hccn eAoBaHH.R. B r a6n. 1 , 3 Ann cpaBHe

HHA fll KltI:e Aaltbl 3 Ha4CtlHR e (M I ), p acc\.(HTnHHble a p a60Te "12 . KaK 
DH ,QHO I AnR 60n bWHHClsa )I - nepeXO~OB pacClH1Tc)H Hbte HaMIo1 Bellllt~I1 H~ 

S (M 1) nyy wc co r n acy lOTcR C 3Kcnep"'MCHT~ J 4eM B p iJ60Te ' 121 " 

KaK ~TO y 'IIiCe OTMe~aIlOCb B paGoTe 1 1-', OCHOB HblM IfJaK TOPOM r YBelllo1 

4HaaO~M T eOp e TH4eCKOe JHa"4eH~e 6(H !) .., n03 aOnR~~HM A06Io1T b c~ 
YAOBn eTBOp HTenbHOrO COr n aCH A C 3KCnep'1MeHTOM. ~nReTCR CnHH-Op

OO-ra fl b HaA nOn p a OKa K Onepa TOp)' f11-nepe.x.OAa !:;.V .) . B 0 3H..,Katl",a .R 

DCJleA CTBHe I4SMeHeHHR A BYX4a CT HY HOrO c n .... H -op6~ T a l1 b HOrO B 3aHMo

Ae HC1 SH A 8 3 nCK TpOMarHI1THOM none . 3 TO 0 6 CT OR T e n bCTB O . nO- BI<1At.1M O 

MY , n03 80n RCT nOn)'\.4aTb AOCTaT0 4HO HaAC)I(t't)'!O ~eHKY aepO.ATHO_CTH 

f - 3anpe~e HHor o H l -nepeXOAa , npeHe6peraR oCT a T04 H~M e3aHMo~e~ 
CT~eM K ea 3H4a C TH~ , HO H c n onb3YR B KayeCTBe one paTopa nepexoAa 
V ([g) / \ 1 

o 	 . 
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B ~TOM n p~ UnM*eH~~ nony~AcM 
4~ (/.) 2 H ., 

B(M1l " I<", IIVO !l v,> 1 Ie- • I" 	 2. 1/
2J I 	 + I ...., I r 

,llaHHBA IiIOpHyniJ Hcnon"30D.Jnac t: I1PH paC4tHaX B(MI ) y - nepeXO,nOB 
MeJKAY £3036YI4(A eHKblMIo1 COCTOAHHft....101 /a r ault . I- 4 3 TH 3Hat.4CHI1A nC»lc

4eHbI \lJHAeKCO>l, «(I) / • 

i-1 cnol1 t;. 3YS'! /2.1/ , MO}l(HO npoa~CT101 rpy 6ylO OteeHKY np~acAeHHoH 
BCPOR T HO(..H1 l - 3anpC'U(eHHoro MI -ncpexo,qa . nono*~tM t~~ ~I' r =- I H Y\..4 

T~""' , 4 1 0 C lO~HO( TbMl AO 4I1eHOD nop AAKa (a/ R)2 MO)HHO c:~", Ta T b 
(l~ ; r1r - POSI T- R) . Tor.aa . ~ MeA D BHAY t 4TO AnA HJBeCTHbI~ r z:; 

3anpet.Lte HHl.I )I. nt"pe"(o,QOD dS 2 ., H 1 '2 ' r 6. ':l • I) 3'~ ' g 7'~ • d 5 '2 

h ~ ' ~ ' . (, / 2 3Hil4eHI-1e 4kl KTopa "rr (2J l ... t ,-1 II', II T 12 11 11 1..:F~ 3aK11104e
HO D npeAena)( OT I 15 AO 2. I} . HllXOAIo1H (11 eAHtll-1uax IJ;') : 

B(MI) ~ 3.10-2 RG R ~ ,(R)R~, (R) 	 /1 . 2/ 

ECTecTge~iHo , I.,I TO 3 r y O I,et-tKy C.I1Vt:t,YCT pac.CMaTp~BaT b KaH' OUCItKY 

CllI':PX}-' J 1l0("Konld(Y y l . ~ T tna!H 1S alilofn ~1 cmlllC)soil nunnp~13dU""H OCtUSil 

npheO.tll1l K 'yM\.'fl"Wt:'t-H11O tH'lH1\,1~t"'bI B(Ii 1\ ta OT Aenb HbI '( c:;ny4aRX Ha no 

pn,noK/ . 

[en", 11 Ha4l' t fli t. p<JA~Ianb HbI)( t%lYHr(~"'!.1 1l.1,(r) BUCn0I1b30BoTbeR 8011

HODYMA ~YHKUHAMHTpeXMeprlOrO OC~~ I1nRTopa . TO OKa3~oaeTcRI \,I TO 

c TO'4HOCTblO AO I S ~ oen~14~Ha n3 R li t (R) R I' r ( R) AnA l - 3anpeuteHHblX 

n cpe xo,QOO npaKTIo'I4eeKH He 3.a8"'C~1T liM OT A J Hlo'I 01'" Kb.)HTOBht X -.. ",een 

KOHKpe THoro nepeXOAol : R'R, ! CR) R " ( R) I j60+0 12~ . 8 3 TOM n pl-4I ' 
5mnlte t-' ''' ~1 HaXOA"'M : B (M I) .. 7 I 5 ' 10-2, JlaHHoe JH6 U CI"I 11 C MO)t!~tO ",c.no m.
::JOBaT'" B Kd-..eCTOc l!~~IHI<IIUbi 113 Mefle"Hu npl., aUI!liKe opeMeH.1 *~'JH ~1 

A/l l'Pt1blX COCTOFH·n' ~t no OHH1UJtHtHIU ~ r -3anpt!~e I H"0f'4y nepexoAY. no
C.KOl'lb K Y B l 1 01<1 CI1Y4dt.! UAHI·H1Ud "'O~KO B cot(ro O t<"3b10.JC' T C~ Cfl\.1WI(QM 

5011bWOJ.1 • 

PaC\.fCTW np.l1aCA-::HII\.)l.l DCPOAlHDC H t B (E2 ) p~~Ll CMCWLlHHblX ncpexo

Aoe 8 HCIoICTHbjX AtlpaX Ila6n.3 / 8 PdMKdX TKCPC/cM .pa3~ . 2 P.J DoTbl 'I / 

n OK331118a1O T y.qo tmeT BOpl1TenbHOe cor l lclClle 4; :)Kcn CpII'IMe t1TQM . XOT A 

TaK>!fe HCn 0 I1b 30B.lnOCb O,AHOKUa3H4a CTH I..oI ltoe flp ",on",.f?:Hl-1e. 
I1 CKIlI04eI114e n peACTifBnne T m tlJJb E2 -I'l~p~XOA B "30Tonc l :~J, rAe 

0' nHI.4H e TeopeTHloIcCkOM o em.t4HHW 8 (£2) OT 3Kcncp-""'CH' anb '~OH 3Hd'" 

4H T~b HO. OAHdKO ~ B 3TOM enY4 ae He HC~-"~HO, 4T O HbI onR T b CTan 

Kl1 eaCMCA c " J- l ""a ri(),i.t.Jnuei1 , T . e . CO C I1y -.. a e M J Kor~a COC TOfutHQ 

R.Qpa Io1 Me«.lT 6 011ec cnO*IIYIO CTpyK Typy . OTMeTHM T dK*t! , 'fTO BooGUle 
cHT ya~H A C H3010naMH HOAa , K~K H C H301 DnaMH Ka~MHR , Mo~e, OKa 

3aT h'-A ropa3Ao CnO)kHee . "4eM 3 TO npeAnona r anoc~ iii H3wea:1 C;t CTeM.J

THI(C H p.aC1.l e TaX, nOC Ko n bKY HMt.!JOTC A y k33iUH1R tl a cy~eeTDoBilHHe 

POT3 11LotOHt-'boIX n o n a e. OCHQBd"'1bfX Hd Il ~INl.th"l X 0 Att04olCTW"IHl.aX COc.Ton l"n1 

Juc, / a ,'. 3 3TO npCAnOl'1araeT Hantl4~1e 1lC!4IOP,.. a ", ~u1 . 
H3 npOBe.Qe MHo ro 11 .J""&.1 1 Hanlo1 3a 60nb lOloro Kon~4eC TB.) t - 3 .:ln p eU(CH 

HbU< )' (H I) -nepeXOAOD MO)l(tiO cAena Tb fU1I90A. I.j TO n p CAn OItCCIUI;1j:1 TCO

PKR 1 y~~T~8a~~aR cn~Hoooe tI cnHH-H30cnKHOBO~ OCTa T 0 4 HOC D3aH,..o

18 

Aei1C T8He HYKnOHOB r a TiiK*e Cm"l H-OpOIoH a l1bHYIO non p ilB KY K on epa TO 

py 	Ml -ne pcxoAa 3 a HeKOTOpw~~ H CK~l.jeHHRM~ onon He YAOBn~Toop~Ten b

HO 	 e oc.n pOHaBOA H T :JKcne pHMeHT.:tJ1 bHoe n oae AeHlo1e npl1SeAeHI1b1X ae pORT 
HOc.Te~ 8(~U) 0 paccMaT pHoaeMo~ 06Jla CT t.1 MaCCOBbfX 4Hcen .... Mo* eT 
6 WT b HCno nb 30 8dH3 AnR npcAB3~HTcnbHo~ 04eHKH Ie. T0 4HOCT bO A O "0

pRAKa / 8 p CM(!HH * '13 HIo1 AAepHWX ypoBHe~ no OTHOWeHIo1() K t - 3 3npeutCH
HOMY y - p acn aAY . 
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