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BBEI\EH~E 

W3 3KCnep~MeHTanbH~X AaHH~X no y -n cpeXo~aM B c~cpH4eCKHX AA
pax H3s eC THa 60nbwa~ rpynnu 3a TopMO*CHH~X 3neK TPOMa rHHTH~X nepe
XOAOB Mynbn-mOllb HOC TH Ml. An A KO TO PblX 4 1= 1; "l"ra+ 1 , HO n pHse· · 

Ae HHdA eepoR THoCTb B(Ml ) Ha 1-3 no pAAKa Me Hbwe cooTaeTcT8y~~e~ 
BepOfl T HOCTH 06bll.l HblX y ( M! )_ nepeXOAOB leM.oo30 pbl 11- 3 /, . nepCXOAbi 
TaKo ra n m a n 0 l1 y4VfI1J.1 Ha3 Ba HVle t -3anpe~efHrbl X , nOCKo nbKY AJ"A HI.1X 
OKa3~BaeTcA Af - 2 n pH aHa nVl3e Ha o eHoDe oA~o4acTH4Ho~ MOAenH 
RApS J nplo1 4eM B' 3T0l1 MOAen.... OHI1 eTpor o 3anpeuteHW. H3),4eHHe f - 3.t1
npe~eHH~X nepeXQAOB n pHBneKaeT 60nbWO~ HHTeop. c 3Kcne pHMeHTaTO
pOD H TeopeTHKoe' 1 17.C8.A3c)HHhI~ K d K C BblAOlleHHeM ¢)H 3 1014CCKMX $OK 

Topae I OTseT CT seHHblX 3a CH Ante aan peTd J Tal< ~1 c nony4t.!~j HetA. MH¢Op
Ma~H ~ 06 3~eKT~8HOM Me*HY KnOHHOM 83a~MOAe~ CTBHH B RApe . 

B HaCTo~~eH pa60 Te M~ n peCneAYeM ABe ~enH. 8o ~nepB~X, A~nb 

He~wee P33BH~ ~e TeOp~~ t n0300nR~~eH B oAHoKBa3H~acTIII4HOM np~GnH

)l(e t-h'\H 6C3 III cno.nb308aH~R nOArOH04Hbl X napaHerpOB paCC4HTblSaTb B~
POR THOCTI1 f -3a n p e lQCH HblX y( Ml )- nepeXQAO B C Y"4eTOM CmtHOBoro, 10430

Cn~ HOBQro, c n HH- op6 HTanb Horo ~ OAHonHOHHoro OOMCHHOro 0 3 aHMO
Ae~CTBHA KBa3H4aCTH~; H, BO-BT OPblX , npoBeAeHHe CH CTCMBT HKH ~Me
~IQHX CA 3KcnepHMeH TanbHblX A3HHbl X no f - 3anpe~~HH~M MI - nepexoAaM 
Tilln a ~ H h~7 ' .1t: 2d 5 2 /OGJ1 i;1 CTb RAep c 90 .5 A ~ 150/ , 2 d 3 / 2 3s 1 2 
Ha MB TepHa ne KOT OPOH Mbi . 0 4aC~HOCTHJ n pOOepR eM T04HOCTb HaWHX 

paC4eTOB no ~HPOKOMY Kpyr y RACP· 
Ka K 6 b1J1o BncpBwe nOK.rl3aHO B paGoTe " 1," I OTBCTCTaeHHblM 3a 

CHATHC i-lanpeTa ABnRCTCA OClalO~Hoe B3aHMOAe~ClBHe HYK n OH08 
B RApe . B 310H DaGoTe Me*HYKnoHHoe B3aHMOAeHCTBMe Y4~T~BanOCb 

9 pa c~eTax 8 nepSOM nopRAKe TeopHH 803MY~CH~H . H30eCTHO, OAHaKo, 
4TO 8emt4"1~Y OCTaT()I.fHOr O 9 3aHMOAeHCTBYlR tlCnb3R C"4HTaTb Ma n oe; 18< 

n03TOMY Hcnonb30ea HH c B Kon~ 4eC1BCHH~X paC4eTax TeoPH~ B03~y~e
HHH, a TeM fianec cc n epooro nOPAAKa. He ABflReTCR onpaSAaHHWM , 
BcneACT8HC 4ero pejynbTaTw paGoT~ 4 cneAyeT paCCMaTpHBaTb n~Wb 
K8K KS4CCTSCHHwe . 

Bee nocncAy~~e TeOpeTlo'I4eCKHe pa6oTbi. nOCEU\I..lCttHWC ASHHOH npo
GIleMc. MOIf( HO ycno8Ho pa3Acn HTb Ha ABC rpynn~ . K OAHoi1 '-13 HHX 
OTHeCeJ<1 pa60lW , B KOTOPblX 9b16 0p Taro HIlH HHoro e~Aa oCTaT041~O
r o 01aHMOAe~CT8HR Hcnonb3ycTcA An~ YT04HeHHR CTPYKTYPbl BonHOBbiX 
~YHK~HH Ha48nbHoro H KOHe4Horo COCTORHHA ~Apa npH HeH3MCHHOH 
onepa Tope Ml-n e pCXOAa ~-9 / . KS K npaBH~O, 3T H paC~CT~ TaK~e 8b1
nonHA~TC~ C HcnOn b300aHHeM Teap HH B03MyweHH~ . B p~Ae cnY4aeo 
TaKOH nOAxoA n03Bon~n nonY4HT b YAos nCTBopHTenbHOe COrnaCHe Teo
pen'I'..W.CKH X 3H84 CItI-t';' B( Ml ) C 3K cnep...."'eHTantJ. HbIMH 18 .~ ' 
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OAHaKO ~eHHOCTb YKa3aHHOrO cnoco6a paC4eTOB CH~*a eTCA ~3-3 a 
TOrO, 4T O BcneAcTB~e ~CnOnb 30BaH~A T eOp~H B03 My~e HHH n a paMeT

p~, xapaKTepH3Y~~He OC TaT04Ho e e3aHM0Ae~ CTo~e , KiJ K np88 Hllo, 
He YHHBepca ll bHbl, H HX np~XOAHT CA BapbHpOBaTb HHo r Aa Aa*e npH 
p a CC MOTpeHHH c oc eAHH X ~30TonO B, 

Pa60TbI BTOPOH rpynnbl 1 10 - 17 1 OCHOBbiBalOTCR Ha TeopHM KOH6 4Hbl X 
<pepM~-CHCTeM /TK<PC / ; 18 1 C yHIo1BepCaJU)I>4blM~ KOHCTaHTdMH o.30HMO
Aea:1cTBHFI l(ea3H4aCTHLI H He Hcnon b3YOT Teoplo1 lO 803MYI.qCIIH~, A 3TOM 
nOAXOAC rna BHbl lII ::uPilleKT OT y4eT a cn"'lHoaoro H CnHIt- 1130CnHIIOB orc 
B3aHMo.qe a:1 c TsHfI KBa3 H4iJCTVllI J S OCHOOHOM, n p o RIH lnc r cfl B H3 Me He HHH 
DH Aa one paTopa Ml -nepexoAa J a HMeHHO, B nO Ao nel-nm Aonos'HIo1 Te nb
Ho ro 4 net-la, CHHMalOlllero f -3anpeT 19 , 

Ha lo16onee nOAP05HbI~ aHd nH3 f - 3an pe~etIHblx Ml -nepexOAos e paM
Kax TK¢>C 61:>In npOBe,lleH B pa60 Te ' 11 , r Ae , e 06U4CM, 6b1no 1l0 nY4eHC 

YAoeneTB o p HTenbHo e cornaCHe rcopCT~4eCKHx paC4e Too C aKcn e pH
Me HToM, 3a HCKnlO4eHVleM 0 6na CTH 8 611H3 H 208 Pb • OAHOKO a 3THX pac
4 eTaX He nplo1HHManHCb 8 0 8 HVlMa Hlo1 e ABYX'IaCTH4t-lobIe c. n l'1 l.-op6HTaJ1bHOe 
VI OAHon~OHHoe 06MeHHoe B3alo1MOAea:1tTB ~ A KBa3H4aCTH ~, cy~ec TBeHHa ~ 

ponb K O TOP~X B ne p eHopMlo1pOBKe onepaTopa y (M lt ncpeXOA~ 6wna B~
ACHeHa B nOClleAylOUi.HX pa60Tax 1 12-1'; ,17,8 TO .C OpCMR c ll e Ay e T OT

Me THTb, 4TO HH B OAHO i'! 1013 B~WenepeI./H Cl1eHH~X pa60T II.., Y4H TbIBanlo1Cb 
O,LI HOBpeMeHHO o6a YKa3aHHblX Tlo1na 83dHMo Aei1c TBHH , .J Col MH pa C4eTbi 
npO BoAHn lo1 Cb nlo1wb AnR H30TOnOB B paa:1oHe 20Hp b • KPOMC Taro , HC
n01lb30BaHHaA 8 pa60Tax 1 12, 13 , 17/ c xeMd p eweHlo1 R ypc.iOHCt-IH H TI~41C 
B KOOPAHHaTHOM npeACTdBneHIo1V1, n 0 3BonA.oll\dR Y4eCTb alHl tJ~ uenpepbls

Horo cneKTpa C cn~HOBYIO nOIlApH3all~1O ocroaa. HenpliM~ ...n1MJ n 06nac
TIo1 AA e p, rAe Heo5xOAH M y4eT enapHBaHHR, 

B HacT oA~eH pa60Te B OCHOBY pac4eTHO~ cxeMW n o n O*eH MeTOA 

TK$C, Ypa9HeHHA AnR 3~¢eKTlo1SHor o nonR pewa~T cA B KOOPAlo1H a THo M 
npe Ac Ta Bn eHMH , 4TO n03B01lReT npH pa c 4eTe BKllaAa cnHHOBOH nonR
pH3a~H H o CTosa Y4e c Tb s lo1pTyanbH ble n e pexoAW KSd3H4dCTIo1l1 0 COC TOA

HHR Henpepbl8Moro c neKr pa . n pH 3TOM C.:1M H ypasHeHHR ~nH ~PdHC~P

MH posaHhf Ta KJ..1 M 0 6Pd30M ,4TOGbl Ge 3 CYU4e c ToeHHoH nOTep H n pc".."ytltCCrB. 
KOTOPbl e AdCT ~x peweH~ e B KooPAlo1 Ha THOM n peAcTaBncHH~ , n pHHn Tb 
BO 8Hlo1 Ma HHe c n a pVlBaHHC KS a3114dCH111 B HcaanonHe HHOH o6ono41<e. 

HMCHHO nocneAHee 06c TOATefl bCTBO n03Bon~ eT C AocTaT04HoH H3Ae* 
HOC T b ~ Hc nonb 3 0 Ba Tb npeAna r aeMYo cxeMY S TO~ o6nacTH AAep, rAe 
c napHBaHHe cy~ec T s e HHO . B paMKax n p e A11araeMOH TeopVlVl npOB eAC~~ 
pac4e T~ np~BeAeHH~x BeponTHocTe~ a( M1 )f-3anpe~eHHblx y-nepexo AOB . 
n OCKOflbKY y(Ml )4acTo conpoBo)t[AalOTcA y (E2)-nepexoAaM~ I npooeAeHa 

TaK*e C~CTeMaTH Ka 3KCllepVU-1e HTa ll bHblX AdHHblX no n p~B eAeHHblM Be

POATHOCTAM. B(E2)H a OTAellb H~X cnY4aAx BbinOflHeHbI COOT SCTC TSYIO

~He Teope TH4ecKHe paC4e Tbt Ha OCHoae lo13secTHoi'1 cxe Mbi TK¢lC / 18 / , 
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1. 	YPABHEHHE An~ 3<l><1>EKT~BllOro e -3AnPEIlIEHl lOrO 

,(loll )-nEPE XOAA 


Cor na CHO TK¢>C / 1 8~ nOA Ae~ CTB~eM BHeWHero nonA Vo lo13-3a 
OCTaT04Hor o S3aHMOAeHCTBHA HYKnOHOB GRApe 003HHKs e T 3$¢eKTHB
Hoe none V .on peAenReMOe HHTerpdnbH~M y pasHeHHeM , KOTopoe Mbi npH

BeAeM B CH~80nH4eCKOM BHAe: 

V=eqVo + j'A, V. 	 /1.1/ 

3Aecb ~ - Hen pHBoAHMaR B K ~Hane 4acTHlIa-A~pKa aMnnHT YAa B3aHMO
AeHcTBHA KBa ~~~aC TVlII , A s - 4acTVl4HO-,llblP04 HblH nponaraTOp, e q 

3apRA KBa3H4acTHII~ no OT HoweHH~ K AaHHoMY THny nOnA. 
B CnY4ae MarHHTHO-,llVlnOflbHoro Y -nepex oAa BHeWHee none eq Va 

MO)l(HO npeAc Ta sH Tb cneAYIOlllIo1M 06pa30M / 14 / / B C ,llH I1~u.ax RAep Horo 

MarHeTOHa .Il ,,", eh / 2mc ,rAe m- ""ac. ea HYKnoHa/:
N 

~ --- 1 u .... u'"
eqVo=g.s+ "l ~"~' [2(i1, -gl ) T10(o)+'IT,o(lll. 	 /1 .2/ 

3Aec tJ T:L(a> - c¢lepH 4ecK HH TeH30pHbl a:1 o nep a Top : 

T" (-) l: C k ,. y 	 / 1. 3/ 
K l.. 	 a '"" " 'Lu- " a v LLl - V • v 

il( P) = . (0) ( 1_ ' ) • • (n), . gIn) • • (n)( I_, )d .(P}- I ) , . / 1 , 11 / 
s s s S 9 s s S 8; S 

~I!I 	 '" '1 - COOT OeTCT SeHHQ CnHHOBoe ~ Op6HTanb HOe r VlpOMarHlo1T HbtC 
OTt~oweH"'R HYKIlOHOB IAllR He a:1TpOHa g( n) =- 3,82 , lit~n)1::: 0: AJ1A npOTOHd 
~(p) = 5. 58. g~f!):;: 1;, - KOHCTa HTa fK¢lC, OllpeACnfHOwaA nepeHO~M 
P~BKY nOKan b HoH cnHH!H30CnHHOBo~ eepwH HY , B ~opMyn~ /1.2/ n p H
HR TO B O BHHMaH.... e , 4 TO op6HTan b Hbl i:t l1ot<aJlb Mt,.IH 3 apRA KBcl3 ""4a CTH4b1 

5f1H30K K eAHHH 4e ,. ('r · e q ~ ~ " f ) . 
B 4 HcneHH biX paC"IeTa>t KclrHHTMblX CB0a:1 CT6 fl.ACP, B TOfo4 ""lo1cne 


H 8ep'OR THOCTC~ r -3anpe~eHHWx Ml-ncpexoAoB, npOBeAeHH~X p pa6o 

Tax 1 11 .1&,16.19.20 / e Vo fipanoCb B BIo1Ae /1.2/, cl HnnHrYAa !f onpe


Q 
AenAnaCb t'lyneBblM 411eHOM pa3no)l(eH"'R tea K no yrny MeMr.AY BXOAl-lblMH 
HMnynb caMH B3aHHOAe~CTBY~~X KSd3H4aC THU, TaK H no nepeAaoae

HOMy "'IM.n ynbcy k ~ HMena BHA 

q; 	 C ~ - . . .- - ~ ) / 1.5/
J ~ 0 ("00, . °2 + "00, ' °2 . ' 1 "2 • 

3 AeC b ~ i0o'i I! ' - ¢le HOMet-lOnOr W-IeCKHC I(OHCT3Ht bl Cn l1HOSOrO \.1. c.nHH
H30cnHH8aorooB3aHMOAeHcT9HA, C - 06e3pa3MepHBa~H HHOMHTenb. o
 
H3 3 TH)I, paC4eTOB 6WJ1I.ot HiJ~ACHbf YHHaepCa J1 bHble 3Ha4CHHR KOllC Ta HT 


kO H ~ ~ t n03BonAO~~ e YAoaneTBopHTenb Ho on~caTb 3Kcnep~MCHT 

no 	Mar HHT ~~M MOMe HTaM H BepOA THOCT AH HeaaTopMO*CH HblX Ml - ncpe 
XOAOB AnA RACP B WVlPOKQH 0 6 ,nlll CTIo'I fOtaC COBblX A H 3apRAOB !:>I X, Z 4~cen . 
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OAHOBpeMeHHQ B~RCH~nQCb, "'ITO HCnOnb30BaHHe Ha~Ae H H~X KOHC Ta HT 
npl-1 paC4eTe npl-1B eAeHHOH BepOATH OCTIoo1 S(Ml) f -3a n peUle HHbJX y-ne

p eXOAOB npHB OAHT B HeKOTOp~X cny4aRx K 3 Ha 4HT enb HOMY paCXO* Ae

M~O C 3KcnepIoo1McHTOM l AO ABYX nopRAKo B/ . 3TOT QaK T cTHMynHpoBan 

BblRCHeHH e pom., 4 n eHOO 60nee BblCOKJ.1X n o pRAK OB B pa3no*cHHH i)Mnn..., 
TYAbI 1 no nepeAdHHOMY YlMnyn b CY k. 

OAHHM 10013 TaKHX 4neHO& RsnR eTCR ABYX4 aC THOe cnHH - opUHTcnb Hoe 
(fs) .B3dIoo1MoAe"'CTBloo1e 

,. cr.) .~ ~ t ~ ~ 1 (~. 1 
:t = C 1 (K .. K r 1 "2 ) P 12 • k D 1 + s,2 • 11.61 

rAe /{. ,,; - KOHCTa HTbI, p\ .e - 1S - ~~. 0'1 - onep aTOp I.,MnYflbcat 
HVI(1l0Ha, C 1 ~ ) ~6e3 pa3 ,.,ePHBaIOLq"" H MHOHnnenb. 

B pa60T e , 21 6~no nOKa3B HO , ~TO npH Ae~crBHH Ha RAPO 3 neKT

pOMdrHHJHoro n o nfl "'3-3d c nH H-op6HTan bHoro g3a~MOACHCTU~R KBd3H
4tJCTJ.14 j" (r~) M.eHRe TCR ABYX '-l aC T t.1 4HbI~ 3n UKTpol'4oarHH TtlblV, TOK 1001, KaK 

cne ACt 8 k e , B caMocor na COB aHHOM none nORBnReTCA AonoflHHTe nbHblH 

4neH, a B o n e p a rope MarHHTHo r o MOMCHTa - AonOfl HHTenbHOe c nd
r ueMoe c APyro~ yrnoaoH 3a B~ tHMOCTb~. 

AHa norH4HwM o6pa30M 6 YAeT MeHR Tb CR ~ onepaTOp y(M l ) -nepe
XOAo .' 12_ 14 / : 

1/' ) I Y. ) "'- 1 (0) u'
e"Vo ~eqVO ~e "Vo+llV ~ v 4 • Vo (r )T .o(al+ 

/1 .71 
(2) J). .... J). . .. 

+ Vo (r)T'2 (a )+ geTlO ( ill . 

+
3Aecb 

(0) () I ( n) 2C ( .) Z [ () 2 " " 1v r :::: - g - rn '" - K -- (J r + 7j' r __ • /1 .81 
o 2s 1 A .... t1r 

(2) J2 . N a" v ( r)~--- C '"( K - < )-- r - - - 11.91 
o 3 I A a, 

B c ny4ae y -n epexOAa HC4CTHor o Hei:1TpoHd, 1-1 

V~O)( T ) = ~ ( ;; !n!. I)-2C,m[(K+K·)_~ p(r)_~ (K-K· ) ~ r _~~ 1. / 1.101 

(2) '2 . N ':> A 
v (r)=-~Cll11(K- K ) - r~ /1 .111 
o 3 A ar 

AnR cnY4 dA npO TOHHo r o y-nepexOAa; (J ( r) - flAepHdA nnOTHOCTb. 

KaK nHAHO "'3 ¢OpMy nbl 11.7/ . 8 p e3 y nbTaTe AeHCTBHR cnHM- op6",

TanbHblX CI111 B Of1e paTope , DW3b10 alOlI.l eH Ml- nepexoA, n OADHn cn 4 flCH 
C TeH30poM T 12 (0). CHt1MdKHllHJ1 ! -3a n p e T. 

• litcnonb3yerc A CHC TeMa e ,QHH Yl ll h 0:2- m = c::;; 1 
• 
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On...e ntM, "'ITO n oCJ1C 3aMeHbI e q VoHa u .. V6'1I) B ypaBHe tH11-1 11.11 
peweHHe 3 To r o ypa Bt lCHHfl c.na 60 3aBI.1CHT OT Toro, BK.n104€H n l1 ,Qan~e 

c nl-1H-op6HTanb HbfH 4Jle H B .a",ruun YAY B3a HMoAeHc TBHA KBd31o'14aCT H~ ~ 

HflH HeT - BcnH4HHa B ( Ml ) MeHAeTCft B npeAenax 5% . "'ITO corna cyeT 
CR C p e 3ynb TaTaMH pa60T /11~.- t~/. 3TO oGCTOATe]1bCTOO n 0 3BOAACT 

B Aa~bHe~weM 'y4 eCTb BKnoJA j'(tx>.CAenaa llHl!ib 3aMeHY Cq Vo Ha 

"q VJ 5) • ypa8 HeH" " 11.1/. · 
E~e OAHHM B0 3MO)f(ttWM KaHa n OM yae..nM4eHH fI Tcope TH4 e CKoro 3Ha 

~ eH~R ~Ml) t - 3 anpe~eHH~x nepexOAOB, KOiO~~ He pa CCM~ TpH8anCR 
8 paGoTax / 12- 14. ~8nReTCR Y4e T 8nHAH~ o~HonHoHHoro oGMeHa 0 

aMnn~TYAe 6 3at.1HOAeHCTOHR K8a 3~4a CT~4 1 /COOT8eTCTSY~~H~ ~neH 
pa 3'nOJICCHHA npo n OP41o'10HaneH -..2 I . PaC"ICTbI , npoaeAeHHtlC B DilGoTe 11 1 

AnA t-3anpe~eH H~ ~ nc p eXOAoa 8 06n~ cTH 208Pb . noKa3an~, \.I TO SKJ1~
l.4eHHe OAHOf1 HOHHoro 06MeHa 3Ha4 HTellbHO H3HCI"t)~e T Sem1QHHY BCMI). 
HO, OAHaKO. n pH 3TOM aS TOj)bl Hcn onb.JOO.1J1H B Ka4CCToe t ' JaTpaSOl.{ t-IO 

r o" nonA 0qVo / $opMyna 11 . 21/. T .e. He nplo1HI1Mdlllo1 BO BHHMaHHe Y1 3

MeHet1HC onepaTopa n e pexo,qa 10013 -101 AByx ~acT'1 4 HorO cnHH-op 5I1Tanb 

HOrO H3aHMOAe~c TBHA . n03TOMY 8 HaWHX pac~eTax onpeAcnHM aM~J1H ry 

AY Baa~MOAeHCTBHA B BHAe I c nHH-oi6l1Tanb Hoe B3aI1MOAe~CTBHe 1(t8) 
Y411'twaaCTCR 3CJMCHOH e q VO HCJ e "V~ .) I : 

'J C ( ~ . ' ~~~ ''J l /1. 12/= 0 gO·Ot· 0 2",J!OOl·02 " ' l ' 2 · tI' ; 

1" - HenpHDOAHMaR aMrlnHTYAa O,QHo nHOMHoro 06MeHHoro B3a~HOAe';C;T 
BHA 118.22 

2 ~ ~~ ~ (2.
'J"~ - 1 .38 ( J - 2 '. 1 "1 ·1< ' 2 .k y. k ) ' . · '2 

/1 . 13/
22 k 2 0,9 ( I - a 1 k - I 

y (1/) [ m. - J
• 2 ~" 1 + 0.23 k / R1 

" 
3AeCb a - KOHcraHTa TK*C, on pCAeORlQUlaA OTnH'''''He a",mo.HYAW rr NA
- B3aHMoAe~c TBHfl OT n y cToT HOH . "\r til k - COOTBeTCTaeHHO MaCc.a 

~ ....Mn yflb c nl'tOMa. 

n pM nOCTpOCH)114 "'taCHt4HO-Ablp04Horo nponaraTopa A,Cr I "t~ : c.J ) 
B CloOI CTeMe C n apHoi1 KoppenA4He.:1 )l4 TeH, .... TO Hal100nee c~ecn,eIiHbI';:' 
BKMA 34I¢ICKT cnapHsaHHA BHOCHT B BHO TyaJ1bHblC 4 11CTl1"'tHO-,Q.bIP04 HblC 
B036yMACH.... A Ofimt3H Cf)CpM14- n o aepXHOCTH • .IlaHHoe o (5cToFlTe nbCTIO no - " 

3BonAeT npeACTaB~Tb nponaraTOp As B BIo'IAe 

A . (71. 72: wl . A O('. " 2:w) - A~ <7•• ~ :"') . L ~ (rl' r,,: w). /1 .1 4/ 

3AeCb AO ( ll ' ~;w ) - 4aCTH4 HO-AblPO\.lHbI~ npOn a r a To p 3aAa"'tH 6e3 

Y4e Ta cna pHBaHHA: 

5 
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-------------- ---

AO (~ , T~ ; W) = 	 2- n <b (r~l<b:(r;,lJO (~, ,~ :'A +whO(',,'2;'>. -wll, 
). ). ). 11. l SI 

MeTOA n OC T pOeHHR KO TOpOrO B KOOPAHHaTHOM npeAC. TaeneHIo1H 6bln pa3

BIo1T B pa60T e / 23 / , C (i\ , r 2 ; l) - ¢lyHKLlI-1.F1 rplI1Ha OAH O'-laCTII14HorO 

ypaBHeHI-1A UJpe,QVl Hr epa , X': (n . f Ii. T • mj ) - ( v , en 1 ); l VI 4>X - OA

H04acTlII 4Hble 3He p nH1 '" COOTBeTcTBylO lI.(He BOJ1l10Bble <l>Y~ U""Yt , nX - 4l-1C

na 3anOIlHeHHH, W - 3Hepn1R OAH04aCH14 HO r o nepeXOAa. A~ Cr1 ' r 2; w ) 

onpeAe IlIllM KaK ~a CT b nOnHoro nponaraTop a A ' B~~ya~~y~ CYMMl-1POo 
BaHHe TOIlbKO n o COCTORriHRM YaCTlII4HO 3anOIl HeHHO~ OOOIlOYKl-1: 

n - n " 
Ao(T"r; ;wl = :;;' ). ). <b (i', l<b).· ( i'2l <b·.c',l<b ,C '~) , 11.161 

XX" f X-f X" - (,) X A A 

a L;<r" r; ;w) - KaK npo n a ra TOP, nOCTpOeHHbt'" C n OMOutblO QlYHKLlIIIa:1 

r pMHa CMC T CH bi co c n apHBaHHeM H T.:I K)I(C O KJ'h)~aJOIlV'tH CYMMlIIpOBa Hl-le 

Tonb KO no COCTORHHRM ~ aC T I-14 HO 3 a n o n HeHHOH o50no4t<~ : 

l- l (-) (~ )l 

~ AA ' CE AI. ,~>.>. ' + omM ,


L~( rl·r;:(,j)= - ~' x 

M ' 
 2 ~ 

E).)., - w 	 1 1,1 71 

x'"). (r,)<bt(t'~)<b).·,(';)<b)..cr;), 

r ,£:t e E:\,\ , :;: E,\ +E" " E~ = ( l)..2 + 6.~ )'I. !' fA - OAH04aCh14Hbl Io! 3Hepr~ l-1, OTC

4 Y1T a HHble O T COOTBe T cTB ylOllIero XI-1M~1 4 eCKoro n OT CMuwan a I flA - 3Hep

r e n t Ll e CK3:R U,.\E Ilb : 

(11 .. 	 1 'A ') I ',\ \I 
T/,\X' uAV>. , ....:u~,vA '\ =[2" (1+ 8" lJ ; v = [ - (1 t-) ] , /1,1S1

::::I A 2 E).). 

OC~OBHW~ AOCTOYl ~C TBOM nPHMeHReMo r o HaM~ MeToAa nOCTpOeH I-1R npo

nara Topa A6R6nReT c~ D 03MO~HOCT b B 3aAa~e co c napM~aH~eM non 

HOCTblO Y4ec i b BKl1aA HenpepblB~tOrO c nc KTpol np~ pac.yeTe R,[l,e pHoi1 

n o nRp\.13yeMoC TI-1 . n OCKatlb KY cxeHa pac "IeTa AO OCTaeTc.R He~ 3Me HHQIiI . 

B bI"'~CI1CM ..,e >ftC Ao '" L~He np~cTaBIlRe T cepbe3Hw<, 3aTpYAI4CH..., i1 , 
TaK KaK npaBHna oT Gopa or paHM4 "'Ba~T CYMM ",poBuH~e B ~pMYIla x 

/ 1.1 6/ "" /1 .1 7/ lic60nbwI1M. 4 101CflOM A/.o1CK p e THbiX CO CTOR I-I ~1~ y aCTI.1Y 

HO 3aIlonHeHHO~ 0600041< 1-1 . P aCWJo1pCHH e 06nacn1 Cy....MYlposa HMR 

B /1. 16/ .., /1 . 17/ Hi} o6on04tU1, coceAHHC c q ac.nt"lHO 3anonHeHHoi1, 

c naGo BnM~eT ~a nOBeAeHwe As H H3MeHRer aenM4l1HY np~BeAe~~~ 

BepoR T Hoc n1 , -3anpcU&cH.ioro Ml - nepex oAa He 5onee, 4 eM Ha 2-3%. 
~TaK, B npeAnaraeMoH HaMH c xeMe p a C4eTa npMBeAeHHo~ B epOAT

HOC~H D(M l ) r -3anpeU&eH~x y -nepeXOAOB H~ p ewae M y p a B HeHHe 

11 . J I C e Vo B 	 B~AC' I I .71 1,'e.M C3 MblM yY~TblaaeTCR rnaB HblH 3$$eKT
Q 

OT ABYX4aC T III 4~oro c nIll H - op6~Tanb Horo B3a~~oAeHc TeHR/ , c aMnnH

6 

_., 

TYAO~ B3aIllMoAea:1cT9HR :1 B BHAe 1 1. 1 ZI ~1 4aC TIII4HO-AblP04HblM n po

naraTopOM As B BIIIAe 11 ,141, "ho6b1 O TAen Yl Tb y rIloBbie nepeMeHHble 

B ypaBHeHHIII 1 1.1 / H n o n Y 4HTb ypa BHe HH e AnR paAHaIlbHo~ 3 a BHCH

Mo'CTH 3¢l¢leKTHBHoro nonR, pa3nO>K:.1 M aMnnJ.1TYAY B 3 aHMo Ae&ilcTBHR ~ H
" ~3$$eKTHBHoe n one V n o C$epIll 4eCKHM T e H30paM T kl. (a) : 

. (k) ~ ~ U ~ + 
'1 (r. "2) = k '1L L (',"2 ) ['1\L ( u l ] T " kL} U 

~) 
, / 1 ,191 

1 2 1kL 1 L 2 II. 

2 ( L ) u.... ll'"v (rY=,;4; I k 	 v (r)T ' L ("l+~fTlO(ill, / 1 ,201 
L=O 

B nOClle AH e M Bblpa)l(eHHH Io1 Cn 0 I1b30e a H T OT $aK T. '-lTO on epaTOp He 
I-1MeeT He Al-1a r OHa nbHblX Mar p ytl·1HblX 3 JlCM e 'HOB 11. CI1e~OBa TeI1b HO, He 

BHOCI1T BKlla Aa B .FIAe pHYIO n 0 I1Rpl-13yeMocTb 118 ! . TorAa nOCI1e Io'!HTe -

rpHpOBaHYI.R no yrnoBbll... nepeMe HHblM H CYMMl-1p013aHI-1.R no MarHH TtibiM 

KBaHTOBbiM 4j.1CI1aM B ypa sHeHHH /1 .1/ n0I1Y411M cneAY~~YIO CI-1CT eMY 

ypaB H eHYli:1 AI1.R onpeAeI1eHl-1.F1 v(L) (r) 

(L) (L) 	 " • N 2 (I ) (') ( Lo ) 
v 	 (,)-vO(, )+ r '1d" ( r2 dr 2 1: 1 1 L t(f ,fl) A LIL 2,rl ,r2 ; l&)) v .. (r2 ): 

o o L I L2 
1 1 ,2 11 

( ' ~ v vl" 0 , 

3 A eCb Ka)f(Abl t.1 111 3 IIIHAeK COB L . L 1 /oil L2 n p l1'H1Hae T 3Ha 4eHI-1e 0 '1 Z, 
Vo(O) '" V (2) onpeA eJlAIOTCR $OpMy naM/oII / I . S/ "'" / 1 . 9/ An R He~TpOH
Ho r o 111 $OpM

O
YllaMIII 1 1. 101 J.1 / 1. 11/ - AIlR npOTOHI-toro n e p eXOAOB. 

BIIIA $YHKLl HI1 !f~~t2 t'1"2) ' BK1li04alOutH~ 0AHo nHOHI-4YIO KOMn OHeHTy 

1" . n OKa3aH e pa60TC 122', 

A2 ), (""2:w)=J.. l: d ,II T ' L (illIlf'i' ><1I I 'f IL (ul ll fT>x 
, ' 2 3 , I r 'I ' , I 2 

(r )
xl 1:" R (r,)K ('0) 0", ('1"2 : ' -wl+n II 100' I' .. I 1/ 

)O(d( • 
+ 1: n ,R '(',) R ,(, 2 f J r" '. , . '" ) 

n 'JlII I' 	 l' 

n - n , 
1: ' R (r 1)R ( r.lR ' (' , )R '('2)[ .t v + 11,22/lin' v v II I} ~ _ ( ~ _ 4) 

v " 

( - )CF. ( - ) (+»
n",I1,+Wf'l, 
VII IN V" 1"11 

+ 	 11.
2 2E ". - (.1

I·" 
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nplr1BeAeHHblC1 MaTpW..IHbll1 	 3J1eMeHT <fjll Tn, (; ) IIE"i '> l-lMee T Bl-lA + (' 1' t '" 1< 1Z 1±1 (cu) _ruZ ril ( w ) - - 7] (,! ) C V111 

/ Al'\~ "' 1'\2 ), '), 2 ' ',' ),i ),i ), ,, h. 1"2 ,\ l'\ ~ Q,\ 1,\Z

<f(i1\ : ll(;, ' II ~'j)> = (1- 1 )1 . l)l~:j+ ]l)( 2f'. 1 )( 2 i '+ 1)( 2 L + I ) / 2 ") '\ ' / : l ( 2 e
/2.3/ 

, , 1 ,' /1.23/ ~ 
o 0 0 f 	 L e' 1'" H j €- aMnI1Ir1TYA~ B3al-lMOAe~CTeIr1A 4aCT~KBa3l-l4aCTHLI B KaHane 

Lla-AblpKd l-l 4aCTIr1L1a-4aCTI1L1a cooreeTCTBeHHO, KOTOPble napaMeTpl130

BaHbl c IleAY~HM 06pa30M:R,,, (r) - paA~.aIl bHble BOJ1HOBbi e dlYHK~l-ll-l J Og\r•. r ; l) - $YHKLlY11r1z <. '" C (f f ' · ~ ') 	 'ace C t;
rpl-lHa o AHoMepHo ro ypaB H eH l-l~ WpeAHHrepa, KOTop~e B~Ra~a~Tc~ CTaH- J =' 0 0 + 01' . T ; J ". of 

AapT HbiM o 6pa30M 4epea ABa ero He3aBI1c.~MblX PCWC HIo1~ ,1?3 ,I , nv = 

= k v 1(2j..,.. l ) . k ll - 4 l.1.CI10 4aC TM LI C 3H e prlo1el1 II) , fa' f". f C - napaMeTp" TK~C , 


Ma T p lo1 4HblVl 3I1eMeHT At1~ r. -3anp eUleJ.u-Ior o y ( Ml ) -nepeXOAa vi - "'r 	 113aTpaBo4 Hoe" n one V An" £2 -n e p eXOAOB RBnReT CR L -4~ lHt:.I'" 

onpeAen~eTCR cneAY~~~M 06pa3OM : 	 l-l l-lMeeT e l-lA 

Mv ,( M l) ~ J4;< "r II v(2 )(r)T'2 (a ) II " J >«-) /1.24 / ~ (+ ) ( r) = , 2 Y"" (0 . 01) . VC- )(i') = O. /2 . 1, / 
j r vi " f 

( - I KaK Bl-lAHO Ir1J ypaBHeHI1~ /2.3 / , B3a~MOBI1I1R Hl1e t -4eTHbIX 11 t - He 
3AeCb e • u u + v 	 v 

4eTHbl X Bepw.... 11 ocy~eCTBI1ReTCA 6naroAapR 4 J1e HY, nponOPLll-lOHanbHOMY "'11"2 ' ." 1 " 2 1f l "2 
(U , ECJh 1 paCCM.a;Tp l1eaTb nepeXOAbl, Aim KOTOPblX CI.J He npeBbJWaeT 

1 M3B J.1 AOn OJ1HI·n enbHo 	YL4eCTb, I.lTO B ypaaHe Hl-ll-l AI1R t. -He4 e TH o H 

2. 	 YPABHE HH E An~ 3~~EKTHBHOrO non~ y/E2/ -nEPEXOAA KOMnOHeHThl cBo6oAH~H 4neH paBeH Hyn~. TO, KaK pe3YI1bTdT, Z ( -)« 

« Z(+),4TO n03BOnfieT nonO}l(l-lTb Z( -) .. 0 . B 3TOM np~6m·1)KeH~~, OC

PaC CMOT pHM OAHOKBa31r14aCTJ.14Hble y-nepe xOAbl MYflbTl-lnOJ1bH('ICT~ E2, 	 TaBJ1R~ B y paBHeHl-ll-l / 2 . 3/ TonbKO t -4eTHble KOMnOHeHTbl l-l OTAeIlrl~ 

B 3He preTIr1 ~eCKOM npeACTaaneHlo1101 COOTBeT c T Byc~~e ypaB He Hl-lR TK$C 	 yr DOBbie nepeMeHH~e. nOJlYl.llo1M 

AI1R RAep, YAafleHH~X OT Mar~4eCK~X. ~BnR~TCR CIr1CTeMOH ypaBHeHIr1~ 
C+) ~ ((+) C+ ) 

AflR 3$$eKTJ.1BHoro non~ 	 V 101 1013MeHeHJ.1R 3Hepren14 e cKoH l14eIll-l d, Z +47] 7] •• J"' , . + v
2
,v vv 1V2 v ' v' V1V Z v 1v 2 	 1

v 
1 2Halo160ne e npocToH BIo1A OHIo1 npIr1H~~a~T, eCfllr1 npeACTaBl-lTb V 101 d 1 2 

B BIo1Ae CYMMbl COOTBeTCTBY~~Ir1X t -4eTHblX ~ t - He 4eTHblX anepaTopOB / 2.5// t - onepa TOp 06pal14eHIr1~ BpeMeHl-l/. B 3TOM cny4ae Cl-l CT e Ma ypaeHe . (
HIr1~ MMeeT c neAYlOutl-lH BIo1 A 118,241 : +~ (+)(C:) , 1 , , ) Z (+) (G • , 12 =_ e (r2) ~(+) 

v 1v v1 v v 
1

V ,V 1'2 , 2 vI 1"2 q v1v v1vZ 
v"v" 

2 Z 2 l	 Z1:J1 ° 1.!1 1 W !t. 1 H I 
V, .\ (w )=eQV.\ ,\, + ~ , " " , n)"" Z, " , ('" 1 . /2 .1/ 

12 1 21.;1. ; 1\,1\2'''11\2 11\Z "'11\2 CAe 

( i) , f. H, H, 
/2.2/ J "', , = Co R (r)R ,(,)(fo ( r)+fa' ( r);.r')R ( r ) R ,(,)fdr ;

'\'), ("' )= + l: 1),1. ),' 1. ' <\ -1.,2 .1 ' 1. ' ("') ' 	 v
Z 

,v 0 v 1"2
1 

v
1

v 
2 l 	 v 2 Vz

12 1Z' 1	 2 12 1 2.\1>' 2 
3~eKTHBH~~ 3apRA KBa3l-l4aCT~LI~ B A aHHOM cnY4ae paBe H 

2OP 1 , ,= Co f 
(~ 

r R 	 (, ) R (,)R ,(r)R , ( r ) , dr; / 2 . 6/r v 1v 0 VI VI 1"2e(I' ). e (l _ f ;1>/ 3m*) . J~).e 1 1 3m*; f~P - KOH CTaHTa T K$C, m*- 341- Z 
,v1 v 2 Vz 

¢l~KntBHaR Ma cca HyKnOHa. e - 3 a pRA npOTOHa. ~),.l1l ". u >. \1 ,\ ± 
± vA vA' a 7j~ !l onpe A e IleHbl ¢lopMynaMH / ' ,z, 8/. ~HS K +/-/ f 

G = < v II Y2 II v, > . OTHdcl-l~c~ K t -"'IeT~ :£M /He4eTH~M/ onepaTopaM. Bem1!..lH Ha ZA. ~ RB v
l

v 2 

nReTC~ MaTpHueH nIlOTHQCTIr1 nepexoaa "" YAOBneTBOPR e T ypasHJ Ht~ 
2 

JW 	 B Bblpa)t(eHl-l11 /2.6/ Y "-ITeHO, 4TO a,.mnl-lTYAbl B3aVlMoAei:1cTBI1RE Z l ! l (w)+ I ('lUI 17(~) " + 	 fO " fO 
1. ,1. 2 1. ,1.2 ,'I. )",1.2 1. 1 ),2 ), ,), ; . ),', 1.2 ~MeIOT KOOPAl-lHaTHYIO 3aBIr1CIo1MO CTb cneAy~~ero slr1Aa 1 18/: 


, 2 
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(r)z ((ex) + (C(in) _ f(ex»)o (r) / 0 (0) . 12 . 71 

MaTp~I.4HblH 3JleMeHT AnR y ( E 2) - n epeXOAa v j ~~OnpeAeilReTCR c lleAYO

utJ.1M 06pa30M: 

eH (+ ) (+)M (E2) = J 4r.( V(+) +d " ) < vrII Y21Iv . > . /2.31 
II, vr Vi I/r Pi VI 111 vr Vi vr I 

3 . AETAflH PAC ~ETOB 

nplo1BeAeHH~e BepOfl THOCTH y-n e peXOAOB MO~HO pa CC4 1-1TaTb n o Clle -

AYOutea'a ClIOpMY11e I oL = Ml 10111101 E2/: 

B (oL ) = (2; . +1r ' I M (oL) 1
2 13. 1/ 

1 1'1 vr 
3Aecb n ploot8eAeHHwH Ma TpJ.14 H~~ 3 n CMeHT onpeAeneH $OpMyn ol1 /1 . 2 ~1 

AnA nepexOAB M I-Tlo1na H $OPMYIlO~ / 2 .8/ AIlR y-nepeXOAOB E 2- T Hna. 

Ypa sHe HHe 11 .21 / pewallOCb B KOOPA HHB T HOM npeACTaeneHHIo1. OAHO

4aCTH4Hbie 3 Hep r J.1 H. BOJlHOebie ~yHK~H &.ot r pHHi) pacc4&.otTbfsanHcb AIl~ no

Te H~Hafla Ca KcoHa-BYAca C BKn04eHHeM cnHH- op6lo1T allbHoro H KyIlO 

HOB CKor o IA.nfl npoToHal 4neHa C napaMeTpaMIo1, B3RTbfMH 1oot 3 pa6o
TbI '25 /. 

B ypaaHeH~~ 12.51 ~ ~opMynax 12. 1/-12 .21 CYMH"po.a H~e np080
AHnOCb no sceM COCTOfl H~R M '\ , '\ ' AIo1CKpeTHor o H K e a3 ~AHCK peTHoro 

c neKTpa 8 0 6nacTH 15 M3B B ~we 101 HH~e YPOB HA ClIe pMH . 
~AepHa" nl1OT HO CTb 0 (r ) I~OPMYl1'" 1 1. 8/ - / 1. 11 I 6palla," 8 8_ 

I-R 
- .- -I 6:'l

l1e:o(r) =v (l +o ) ' 00 0D= 9 . 6 . 10 / =O, 174IM I , oR & 3 . 1 ,1 0-8 A ' /3 , a . 1.51· 10 - 3 . 

An A 1<OHCTaHT. n apaMCTpH3YlOIllHX aknm1TYAY 83aIo1MO,Qei1cT8HA, HC

nOJlb 308a.nHCb C J1 eAY~lo1e 3Ha~eHIo1A 118 : Ito . 0,50 . ~~ -= 1.00. r~ln) = 

: 0.25 . (oOn) ~ 0.95, r~"\ ' - 2.50 . (,,(n) = 0,95, Co _ 1.03. 10-" 

(_ 300 M,B. dlMS ) , C\ = 1,13 . 10- ' o( 488,5 M,B, dl,,&). 

3Ha4CH~~ KOHCTaHT cnHH-cp6Io1 TaJl b HOr O 83aHMoAeHcTBHR ~ ~ 0,175, 
K~ #- 0 ,1 00 6pa Jl~C b 1013 pa60T~ ·26. rAe 6wno nOJly~eHo YAOBneTho

p HTenb Hoe on",caHlo1e tlJepMH-nOBepXHOCTH B paCCfo"aTpMBael'K>H HilM"" 06
naCH t . BSHAY Ma.nO CTYI KOHC T aHTbf (~I' 1 16 3~eKTH8H~e 3CJPAAW 1<Ba

3~4acT~4 Ic... ~p..yn.. 12. 1/ , 1 2. ~llnonaralU<c. e\f)-e, 0\1' ) O. 
npH pac.4eTe X HMM'feCKIo1 X n OTeHLtlo1anDa, aenH4M tI {l~l. ,qll.l. leM. 
ypaBHeHHR /1 . 17/, 1 2 .5113a BHc,,",MocT bo 3HepreTH4ecKoH ~enM A,\ 
OT coe..TO~H"'R .\ . KaK npaBHno , n p eHe6 per anocb, H 3Ha~ e HIo1A A 
6paJ1HCb H-3 p a 60TbI ' 27 .' HC KJ1t'J4eHIo1C Acn Bn oc b JlHWb npl-1 pa c 4 e Te x a 

paKTepl-1CH tt{ Hei:1TpoHHbIX y- n epexOAOB a HYKfU1,qa x C 67 < N < 81 . 

10 

KaK ~38eCTHO ~3 3Kc nepHMeHT a J cn~H OCHOBHoro COCTORH~R TaK~ X 

HYKm1AoB 1= 1 / 2T Io1JU1 3 / 2 + , 4TO C n 03101Ltlo111 oAHoLlac TH4HoH MOAe/lH 

o50Ilo4eK MO)l(HO 6bU10 6b! 06"bflCHHTb TeM, 4TO HC4 e T HwH He ait T p oH Ha 

XOAIIITCR B COCTORHHH 38 2 Io1IlI-1 2d3 / 2 COOTs eTCTse HHO. O A Ha KO n p l1
1 

4 H Clle He~1TpOH08 N > 66 COC TOA f1 lo1 e 3s .. 2' AOn )KHO 6 b1 1 b n o nHOCTblO 3 3

no nHe HO / a HcnOllb3yeMoM HaMH nOleHLtlo1a ne ere 3 Hepr lo1R Me Hbwe ,4eM 
3 Hepn1J~ COC T?AHHH lh

11
, 2 H 2d 3 / 2 / .H B03 HHKalO T TPYAli OCr l-t C 

HHTepnpe TaLt He H c nlo1 Ha M 4 e THoCTH QCHQ9 Ho ro COCTQRHHR 9 YK83aH

HO'" 06naC TH 3 Ha 4e HIo1 ~ N . npeOAoneT b 3 TY TPYAHOCTb 8 OAHOKeaS H
4aCT""4HO~ c xeMe MO~HO, HCn O/lb3YR 10 06CTORT Cll b CTB O, 4 10 3HeprHR 
c napHSdHIo1R HYKilOHOB 3aeHc...,1 01 ero COC TORHI-1R H, B 4 aC T HOCT~ . 80

3paCTaeT c yB efl~~e H...., eM MOMe HTa 1 / 28 - 301. BaOAA 3B81-1CI-1MOCTb 6 OT 

COCT01=lHI-1fl ,\ • MO)f(HO .QoDlt1Tb cfl. 4T06b1 3anOJlt-leHIoIOCT b COC T OR HIII~ 

101 2d / OKa3a na Cb 8 b1l1e, ~eM AflR COC TORH...,R • ~ 3 TO lh ll / 2 3 2 35 112 
6YAeT c OOHleTc TBOBa Tb peanbHOH Clt1Tya l.& Io1H , KOI"Aa He4eT HbU1 He l1 TpOH 

OKB 3 blSaeT C1=I B COCTOR Hl1 lo1 3s 1 2 • 3KcnepHMeHT an b Hoe 1113Y\4eHHe 

c net< T pOCKOm ,,\4eCKloiX <pa KTopOB AAe p c 67 < N < 79, KaK n paB~IlO. n OA

T8ep~AaeT Ttl t<oro POAa HHO e pCHQ B 3a nonHeHHocT Io1 y poBHe i1 3s t / f • 
AIb 2d 3/2 I CM . , HanpHMep . 13 \I I • KorAa HHse p CHH HeT. 38 

11f 2 
MeH~ 8~ Ha ~ B ypaeHeHIo1AX AnA 3~~eKTHBHoro n OflR npaKTH4eCKH 

He BIlYlReT lola pe3yIlbTBT IOl.&eHK~ Aa lO T ~3MeHeHHR p eweH Yl R B I' PCAC
fla x 5%1. B npOTHBHOM CJly~ae, OAHat<o, 3aBHCHMOCTb A~ OT COCTOR

HHfl ,\ OKa3bleae T Cfl c YUlec TBe HHoi1, TaK KaK 3tlMeHa l!. ,\ H~ I'l HCKa

>KaeT IPepMI-1-noeepXHOCTb. VI 3 TO O'Tpa>KaeT CR Ha eeJl!.1'-tHlIC n 0 l1 ApH 3a

Ult1O HHOrO 4I1eHa e ypaBHeHHAx 11. 11 101 12.5/. Y4H Tbl BaR B~WeCKa3a H 
Hoe, npH paCCMOTpe HHH HeHTpOHHblX n e peXOAOB BO BceX flApax c 

67 < N < 79 HCnOJlb30eaI1101 c lleAYlOutlo1 e 3Ha 4 e HIo1R 6 ,\ Ie M3B/: 

A~. == 0.2; 6.~d .. 0.6; l!,h1b = 1,5 , VI AJlfl OCTaJlbHblX COC TORHHH ,\ 
5 1/ 2 aJf 1112 

A,\ = A 16. 6panOCb H3 paGeTt... 1 27 / 1 . llocKonb KY O T M e~ aeT Cll Kop pe 

nR 4 H~ MC*AY 3Ha4eHH flM H ~aKTopOB 3a n p e Ta M l ~ nepexOAOB ~ BCIl101 4 H 

Hc»1 OTKIlOHeHHfl 3 Ha l.le HHI1 Ma r HH T HblX MOMe t"fl OB pa C CMa TpHBaeM~X COC

TORHHH OT .n HH ~ 101 W.MHATa, TO Ao n o .n HHTcnb liblM aprYMeHTOM B n Ollb3Y 

Ha we r o B~6opa &A Mo~eT c n y*HTb YAoaneTBo p HTenbHOC onHcaHHe Mar 

HH THWX MOMeHTOB YKa3aHHWX RAep 13Aecb TaK~e He06xOAHMO paCC4H 

T~BaTb a Hano rH4 H~ nonRpH3a~MOHH~~ 4neH/ . 6 Ta6n.l npHBeAeH~ 
B cpaB HeHHIII C 3KcncplootMe HTanb HblMH AaHHblMH 3 Ha4eHHfl MarHHTH~X ,",0

""CHTOB, p aCC'flo1T.;lHHble 0 pa ,.IKax T O~ )l{e c.xeM.bI. 'fTO HCnOtlb30eaJlaCb 

Ana p a C4 eTa npHBeAeHHO~ BepoRTHoC~ r - 3a npe~eHH~x Ml -nepex o 

AOO. KilK BIo1AHO ~3 Ta6n. 1 , Bbl60p Y KusaHHoi1 3i1DHCIISHOCTH 6.A OT coc
TORHH.R A n 0390nAeT nony4 HT b en onHe YAoBneTBOpHTetlbHOe corna

CJ.1e C 3KCn epH M.eHToM. Pe3ynbTaTbi HaWHX pac4eToB n pHBeACHHblx ae

POll THOCTeH f-3anpe~eHHbl x Ml-nepexo~oa H "p~BeAeHH~x QepO~T 

HocTeVi E 2 -nepex oAOB a 0 6Ila cn1 AAep 9().;: A< 150 6YAYT onytinHt<o

e aHbI B cfleAYoute~ pa6 oTe. - -

AJlfl HIlIlIO C. Tpau,1011o1 BKn a Aa OT AeIl b Hbl x KOMn OHe HT ']MruUHY~ D3a ~u~o 

Ae~cTBIo1R KBa3H I.4a CTIo14 8 nepe "lopM~pOBKY one p aTopa Ml - nepc)(o~a 
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Ta5rutua 
NarnHTHhlC MOMeHTbI H;J,ep I n e.AHHI~ax UN I 

III 	 125lIyJ<Jnm 	 IT3eJ 117-5',,- II~ l~e..CJ 'r, 

-0,68 -0 .69 - 0 . 'ifI - 0,96 -0 ,81 - 0 . 9)J' Teop. 


/' 3KCD/32/ -0, 59 -0 ,62 -r, oo -1,04 -0,74 -0,89 


I! Ta61l .2 np HoeAeHbI 3 Ha~e ..fl,'l.FI B( Ml) AnA HeKOTOpwx f - 3anpe~eHHbl x. 

Ml - nepeXOAOB, paCC4HT~HH~e np~ p83nH~H~X ~CXOAH~X npe An 0no*c 
1"~1F1X . ~b 3 T o.1 T1l6m·ll.\bI fU1~HO . '-4TO Af1~ OO"'b A CHeHH1I 3 KCnepHMeH'Ta_ He

~OCTaTO~HO y 4 eTa cnHH-cnHHOBOro M CO~H- ~ 30cn~HOBoro B3aH MOAeHCT 

B~R KBa3~4aCTHU . C y~ecTBeHHoe B~HRHHe Ha corfla C~e ~e*AY Te o peT H
~eCK~MH H 3KcnepHMeHTa n bHWMH 3Ha~eH~flM~ B(~ l ) OKa 3~BaCT CnL-1 H- Op -
6H T~nbHaR nonpaSKa K onepaTOPY Ml - nepeXOA8 . 

Ta5nuua 2 

3uaQemtJl 8 (Ml) f - sanpCJI{eHltLlX Ml - nepexoAo.a 
In 	 CAKU>1l\3X u~ . 10-2 I 

Jl(ldl ) Tegn . li )~ 
B(JAI)JRCD.1 II ID IT 


II9 
 0,24 5 ,89 4,37 4.53 5,?!48CJn 

127 0 ,65 4 ,63 3 ,05 3, n 2 ,20 53] 74. 

145 0 ,08 I,2? 0 ,71 0 ,09 0,7964 	CJ 81 

*npl1 paC4eTe YlHrrwBaIOTCA: 1 - TOJlbKO CIUUI-CI1H Jl OlJbiC 11 

CrIHH- H30Cru.sHOBble CtlJ1bJ; n - TonbKO CJutH-op6H TaJlblDoiC CHJlbI j 

I I I - Bee KOMlIOm!HThI H3a.HMo,tteJ,1:cTBHR: KB33J.14aCTHlJ" KpOHe 

OAIIOflnOHHoro 06MeHa; lV - Bce KOHIlOHeH1'bI DaaHHOAenCTBHR 
KB.a'3H'iaCTHD, • 
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