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!IpH K3Y'l:9BHH CTpyKTypbl li.IlpS B COBp9M9HHOi! TeOpBH BCDOIIb3y!O'I'CSI W9Tollb!, p83BHTbl9 

DpH pemeHKH npo6neMbl MHOI'HX Ten. JlpB aTOM B Jt8'!:9CTB9 BCXOIIJIOI'O 083HCa KCDOIID3YJOT

C9: onao<rSCTK'l:Hhie saeprHH H aonHOBhie ljlyHJtDHH. To<raoCTh oDBCaJour cBOiiCTB srnap aaBHCHT, 

B 'l:ll.CTBOCTH, H OT Toro, B8CXoDhKO ynoBn9TBOPHTeDhHO Bb!6paB 9ToT 083HC. 

nonroe BpaMH B lt8'!:9CTB9 Cp9/IH9I'O liODli, ODp9li9DHJOIIt9I'O OIIJIO'I8CTH'l:Hbl9 ypOBHH, HC

D01Ib30B8DCH OCilHDDSlTopHb!ll: DOTamtHan. EMy COOTBeTCTBYJOT BODBOBbl9 ljly8KD.HH1 B9CbM8 

yno6Kble IIDH npano~eHHil. 

OnaaKo TaKoA noTeanaan aenh3B C'l:HTSTb ynoan:eTBopaTen:bHb!M - ocnan:n:aropable BOn

BOBble ljlyHJtDHB OOD8llll.JOT HCit8~9HHOil 8CHMDTOTHKOil H aenpaBHnhBb!M liOB9A9BH9M B o6n:acTH 

peaxoro nepenana nnoTHOCTB anepaoro nemecTBa. Cornacao npenno~eaaoA ae,qaaao Teopaa 

Ill 
KOHB'l:Hb!X ljlepMII-<:IICT8M 1 CB0i!CTB8 HAPS cymeCTBeHBbiM o6pa30M 38BKCHT OT noaeneHHB 

BOnROBbiX ljlyHKnKil Ba I'p8HIID9 RApa H OT X8p8KTepa H3M989HHH aMnnHTYAbl pacceHHHH KB83H

'18CTJIJl B STOll: ~e o6naCTH. 

HMeaTCSI a ,qpyras npa<raaa c'l:HTaT& ocxr.an:n:HTopBbiil noTemtaan rpy6biM npa6na~eaHeM. 

121 
B aae-r<>Hmee BpeMa xopomo H3BecTBo , '!:TO oqea& aa~hlil THn npaMbiX •nepablx pa8KD.HA 

o6ycnonnea B38HMo.lleAcTBHaM a6n:aaa rpaBHD.bl H aa nepaljlepaa anpa, T.e. IIMeaao TaM, rne 

ljlynnn ocunnHTopaoro IIOTemtHana aen&aa C'IBTaTh xopomHMH. 

HecoMBaBBo, '!:TO aa116onee peanHCTH<recxHM HBnaeTcB noTemtaan: Caxcoaa-By.lla. On

aaxo p8C'l:9Tbl OliBO'lSCTH'IHb!X 989pi'Hil B BODHOBblX ljlyHKUHil C TSKHM liOTemtHSDOM ynaeTCli 

xr.poaecTw namb 'IHCn:eHHo. Ocaonaoll aenocTaTOK aaKniOqaeTCB a TOM, 'ITO aon:HoBhie ljlyaxnHH 

nony'ISJOTCB B BH.Qe I'pOM03llltHX Tll.DDHll, ll0Jlb30B8HH9 KOTOpblMH B MHOI'O'IHCneHHblX npan:o

lK9HBSIX BeCLMa aey.llo6ao. 

3A9Cb Mbl paCCMOTpHM B03MO~HOCTb non:yqeHHH npHOnR~eHHblX BOnROBblX ljlyBKliHil llDli 

DOTemtBan:a CaJtcoaa-By.Qa B aaanHTB'l9CKOM BH.Qe. nnli 9TOil nenH yno6BO HCII0nh30B8Tb , 
KB83HKJI8CCB'I9CKHil MaTO.Il paC'IBTS CBH38HHhiX COCTOliHBii, npenno~eHHblil Man:nepoM H fy-

/3/ 
AOM B D.pBM9B9HBblil BMB It OAHOMepaoll: DOT9mtHan:&Hoii HMe. B K8'19CTBe ayneBOI'O npa6-

liBliC9HBH B YJt83aBHOM M9TOll9 HCDOnhayiOTCH BoliHOBbl9 ljlySKUHH I'8pMOHH'l9CltOI'O OCUHlln:HTo

pa. YpoBBB saeprBH onpenen:sriOTCSI aa KBaaBKnacca<reCKoro ycnoaaa: 
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xa 
fp<elde- In+ lOw • n- 0,1,2, •.• (1) ., 

BonsoBbie <PVIlltllRB RMaiOT BR.ll: 

-li 2 
'I'D - N D (S') • Ol<p(-S /2) • H D (S) • (2) 

r.11e N 
0 

-sopMBpOBO"'IIblll MHOlKDTeiiJo1 8 ltOppe:&:TRpyiOIIX8B cpyRKD:Rll S Y.IIOBneTaopR&T 

ypaBR8RRIO 

8 
2 li f (E- u ) du 

-\!E 

X 

J P<e>de ., (3) 

0TliB"'UT8llbBOII '18pTOA M8TOJl8 liBn!laTCll BenpepblBHOCTb BOliBOBblX <jlyBKIXUII B TO"'K8X 

noaopoTa, 3To o6ycnoaneao Bb16opoM KoppeKTRPYIOIIlell cjlyHitJlDH S(:~) T&KDM o6paaoM, "'To-

6bi oaa o6pamanacL a uynL onaospeMeuso c cjlya:a:uueA p <e) (neTanu MeTona cM. a
131

), 

8 npuMeaeauu K TpexMepaoll aanaqe noTeauuan B38DMOJlellcTBDll nonlKeH 6biTb aaMeaea 

no 06bl'IHOMY cnoco6y 3cjlcpeKTllBHbiM noTeauuanoM, B ltOTOpb!A BJtniO"'8Hbl JXQHTpo6alKHb18 CUllbl. 

KpoMe Taro, ueo6xonuMo npouasecTH nepexo.11 f ( f + 1 ) -+ (f + " ) 
2 

§ 1. YpoBBH auepruu c<jlepuqecJtDX !IJlep 

nn!l onpeneneHHOCTD pacCMOTpDM aeiiTpOHHble OJlHO'I8CTD'IHblQ ypoBHD !IJlep '0 Zr 
81 

H 
ua 

eo Nd • B KaqecTBe !lnepaoro noTeaJXuana aaMD 6bm Bbi6paa noTeHJXDan CaJtcoaa-Byna: 

R -1 
YN (r) • Y0 ·11 +exp(~)J 

'1 

a CnUH-op6UTAllbHOQ B3aDMOJl8i!CTBUQ 6blnO npHH!ITO B Bane: 

-+... d 
Yo.O.(r) • K• (ufl • -}-..,-- YN (r). 

(4) 

(5) 

nn11 Bbl!ICB8HH!I TO'JHOCTU KBa3HKllaCCU'IQCKOro npH6nBlKQHDD 6blnH npOBQJlQHbl paC'IQTbl no 

cjlopMyne ( 1) u nyTeM qucneaaoro peiUeau!l ypaaaeHH!I llJpenuurepa no MeTony Pyure-KyTTa 

npH OJlHHX H TaX lKe 3Ha'I8HU!IX napaMeTpOB Bnepaoro B38UMOJl8liCTBUH: 

Ill 1/a 2 
, 0 Zr : R 0 -r0 A; r 0 •1,27.f; 11• 0,65·1; Y0 --50,86 ; K • 0,281 

148 t/a 
; K • 0,28 • f 

2 

so Nd : R 0 • r 0 A ; r 0 • 1,27 .f ; '1 • 0,65. I ; yo --48,8 

4 

• 

;> 
\ 

'\ 

CpaaaeaHe KBaHTOBoro H KaaaaKnaccuqecKoro pemeuus 6blno npoaeneJ 

BOliHOBblQ cpyHKJlUU KOTOpblX COOTBQTCTBYIOT p83HbiM 3Ha'I8BDHM yrnoBoro M 

pa3liH'IHOe 'IIICliO yanoB (no nsyx yanos). PaC'JQTbl noKa3biB8IOT, 'ITO KBa3i 

•Ieau!l auepruA ypoaaell pacnonara10TCH B TOA lKe nocnenoaaTenLHOCTH, 'ITo 

liU'JDBbl, 0nHaKO BCe OHH HQCitOllbKO CJlBHHYTbl BBepx no OTHOWQIIJIIO K KBaH 

npu'IHHOll 3TOrO Manoro 3HepreTB'IQCKOrO CJlBBra BBnH8TCH HanH'IHe B 3cjlcjiE 
b2 

ane qneua 
4
1 ~ , B03HHKIUero B peaynLTaTe Depexona f(f + 

2Mr 
KoMneacHpoBaTL 3TOT acjlcjleKT MOlKHo, asons ManyiO no6aaxy K noTeHJXRany 

ns TaKyiO •nepeaopMupoaxy• noTesuuana Y0 , aeTpynao nonY"fBTb aecbM~ 

BQTCTBHQ MelKJly KBaHTOBOII R KB83RKnaCCD'I8CKOII CXQM8MR ypoBaaA, 

Ha puc. 1,2 aocnpouaaeneHbi KBaHTOBbie (cnnomHbie nuauu) H KB83RK; 

Twp) yposas unep , 0 Zr et u 80Nd 
148 

( B o6oux cnyqasx .:\Y0 • - 1,( 

neaue MalKJly o6eRMD cucTeMaMD ypoaueA Mano u B xynmeM cny"'ae ae npE 

Ecnu yqecTb TO"'HOCTb onpenenellDH onao"'aCTH'IHbiX ypoa~eA nnu cjluKcapo,ae 

na, TO cTaaeT oqeaunahlM 0 'ITO TaKoe cornacae aanueTcll O"'aHb xopomu~. 

Bb!'IDcneaue npoTOBHb!X ypoaaeA, B npusuune, MalKeT 6b1Tb npoaeneso 

30M, C TOll TOllbKO pa3HBUeA, 'ITO B 3cjlcjleJtTUBHbli! ROTQBUUan Heo6xonHMO n 

onHCbiBaiOWIIA KynoaoBCKoe B3aDMoneAcTBne: 

{ 
a • r - " ( r )

8 

THo l'a" 
1 

Y
0 

(r) 
( z -1). 

2 

aoe 
Ha puc. 3 naHbl npoToBBbie ypoBHR !!Jlpa 88 Bi 

$. Ro 

2: Ro 

nony'leBBbie np1 

paMeTpoa: 
K • 0,351

2 
r 0 • 1,.27.f ; '1 • 0,67 of ; Y0 --·58 

CnnoiUHbie nBBHB cooTseTcTByiOT 'IHCneaaoMy pemeBBIO ypaaaasus llJpenuar 

Ha puc. 4 npencTasneBbl nonBbie cucTeMbi ypoaaeA (aa DCKli10'18HHeM 

Is - COCTO!IHBH) unep Jo z/ 1 
B N dIU , Dony'leHHblQ no Jl8HHOMY ~~; 

RO B3 pucyBKa, liJlapBblQ 060liO'IKH DpOHBliHIOTCH BQCbMa 'IQTKO, 

HaTepecuo paccMoTpOTb TBKlKe noae.o:eaue ypoa11eA npu B3MeKeauu cp 

Ro snepaoro no·reJIDuann, T.e. npu uaMeaeHHH A • PacqeT 6bin npouaE 

ypoauell snep, cocenaux c Zr u H Nd ua , T8K K8K JlliH HHX UMQJOT< 
/5/ 

WHQ peaynbT3Tbl0 nony'leBBblQ no KB8HTOBO-MQX8HB'IQCltOA T80pUU , 3aBUC 

HHH 0JlH0'18CTU'IHblX aeATpOBHblX ypoBHeA OT R0 npencTaBneaa sa pUC, li 

HaXOIUITCH B OTliB'IHOM cornaCBH C nony"'eBHblMB B pa60Te/
5

/ naHHbiMU, 

TaKHM o6paaoM, xopoiUee cooTBeTCTBBe MelKAy o6ouMu aapuaaTaMu T 

CUCTeMaTH"18CltHA xapaKTep, 

5 



x2 

fp(()dq • (n+")ll' , D • 0,1,2, ... (1) 
XI 

M8IOT BRill 

-K 2 
'I', •N,(S') •e><p(-S /2l·H,(S), (2) 

IBO'Illblll MBOJKRTen:b1 8 KOppeKTRpyJO!IIllR <!JyRKIUUI S YIIOBli9TBOpH8'!' 

X 8 
2 K f (E- u ) du 

-\IE 
f p(e>d( 

XI 
(3) 

q9pTOl1 M9TOna HBJIHQTCll BenpepblBHOCTb BOJIHOBbiX <jlyHIU!Bil B TO'IK&X 

BbiOOpOM KOppeKTRpyiO!IIell <jlyHK.IIRH S(:~) TBKHM o6pa30M 1 'IT0-

ayn& onaospeMeaao c <jlyaKnuell p((l 
/3/ 

(.lleTanu MeTana eM. B ) , 

TpexMepaon aana'le noTeauuan BaaaMonelkTBRH nomKea ObiTb aaMeaea 

3<j>tjJeKT~IBHbiM noTeHUBa!IOM, B ltOTOpbiii BKJIJO'IeHbl 118HTPQ08JKHble CB!Ibl. 
2 

HMO npoaasecTH nepexon f ( f + 1 ) ... <f + ") 

§ 1. YpoBHB aaepraa c<jlepaqecKBX unep 

OCTH paCCMOTpBM aelJ:TpOHHbie onHO'IBCTB'IHbiQ ypOBHH unep , 0 Zr Bl B 

·Be unepaoro noTeHn:aana aaMu Oblll Bbi6pau noTean:aan CaKcoaa-Byna: 

R -1 
YN (r) • Y0 ·11 +exp(~ll 

1) 

aaaMonellcTBHe OblliO npHHHTO B Bane: 

...... d 
Yo.O.(r) • 1<• (ufl• +~ YN (r). 

(4) 

(6) 

CTB KBaaaKnacca'lecKoro npal5naJKeHH>I ObinH npoBeneHbi pac'leTbl no 

'<Hcneaaoro perneauu ypasaeaau llipenaarepa no MeTony Pyare-KyTTa 

3H8'19HHHX napaMeTpOB unepaoro B38BMOnellcTBHHl 

1/8 2 
'o A ; r 0 = 1,27d; 1) = 0,65 • I ; Y0 .. -50,86 ; 1<• 0,28 I 

1/8 

; " .. 0,28 ·I 
2 r 0 A ; r0 • 1,27d ; TJ =0,65·1; yo --48,8 

4 

• 

•. ::', 
,\ 

,', t 

~~ 

' 
·~ ~) 

Cpasaeaae KBaaTosoro a KBaaaKnaccaqecKoro pemeauu 6blno nposeneao nnu yposaen, 

BOJIHOBbie <jlyBKD:HB KOTOpblX COOTBeTCTByJOT p83Hb!M 3HB'IeHBHM yrnoBoro MOM9HT8 B HMQJOT 

paana'IHoe 'IHcno yanoB (no nsyx yanos), PacqeThr noK&3biBAJOT1 'ITO KBA3BKnaccaqecKae aaa

•teaau aaeprun ypoB'aen pacnonaraJOTCH B Toll JKe nocnenosaTen&HOCTH, 'ITo H KBBHTOBhre Be

nH'IBHhr, OnJiaKo BCe OHH H9CKOllbKO CABBHYTbi BB9pX no OTHOlli9HHJO K KBBHTOBbiM 3H8'19HBHM, 

npH'IBHOII 3TOrO MBnoro 3HepreTH'I8CKOrO CABBra IIBJI>IQTC>I H&nH'IHe B a<jl<jleKTIIBBOM noTeHnB-
~ 2 

ane 'lneaa T1 ....-u:-r- , Boaauxmero B peayn&TaTe nepexona f ( f + 1) ... <f + ") 
2Mr 

KoMn9HCHpOBBTb 3TOT aljJ<jleKT MOJKB0 1 BBOAH MBllyiO AODABKY K nOT9HnHany ~ Y
0 npoB3BO• 

nH TBKYJO •nepeaopMHpOBKy• nOT9HD:H8!18 YO , H9TpyAHO nO!IyqRTb B9CbM8 xopomee COOT-

B9TCTBH9 M&JKny KBBHTOBOII H KB83HKJ18CCH'I9CKOlJ: CX9MBMH ypOBHQJI, 

Ha puc, 1,2 BOCnpoH3B9A9Hbl KBBHTOBbiQ (cnnomllb19 JIHHHB) B KB83BKli8CCB'IeCKH9 (nyax-

THp) yposauunep , 0 Zr
01 

a 80 Nd
1
" (Bol5ouxcnyqagx ~Y0 •-I,OMaB).PacxoJK-

neaae MeJKny o!SeBMB cacTeMaMH yPQBHell Mano H B xyAmeM cnyqae ae npeBblmaeT .. 0,1 Mas. 

Ecnu yqecT& TO'IHOCTb onpeaeneauu onHo'I&CTB'IHbtX yposaell nnu <jlaKcapoaaaaoro noTeRnKa-

na, TO CTaHeT 0'19BBnHb!M1 'ITO TBKOe COrnaCH8 HBJIHeTCH 0'19Hb XOpomHM, 

Bbi'IBcneaae npoToHHblX yposaen, B npuanune, MOJKeT Ob!Tb npoaeneao TBKHM lKe o6pa

aoM, c Toll TOllbKO paaaunell, 'ITO B aljJ<jlexTBBHblll noTeauuan aeo6xoauMo aol5aBBTb qnea, 

onHCbiBBJOIIIHII KYIIOHOBCK09 83/lRMOQei!CTB!Ial 

{ 

3 • r _ " ( r )
8 

rro ~ 
1 

Y
0 

(r) 
(z-lle

2 r $. R 0 

~ Ro 

Ha pac. 3 naHbi npoToHilbte ypoBHH snpa 18 Bi 208 nony'leRHhte npu aaaqeauux na-

paMeTpOBl 
/( - 0,351

2 
'o • 1.27• 1 1J .. 0,67 • I ; Y 0 •-. 58 

141 
Cnnornabte niiHBB cooTBeTcTByJOT 'IHCneaaoMy pemeHBJO ypasaeauu llipenaarepa • 

Ha pac, 4 npencTasnaHbt nonable cucTeMbi ypoBaell (aa HCK!IIO'I&HReM caMoro auJKRero 

ls- COCTOHHRII) snap 
01 

Zr H Ndua , nonyqeaab'ie no aaaaoMy MaToay. KaK Ban-

HO R3 pHCYHK81 >IA8pHble OOO!IO'IKR npOIIBJIIIJOTCH B9CbM8 '19TKO, 

HaTepecao paccMoTpoTb TaKlKe noBeneaue yposnell: npa aaMeaeauu cpenaero panuyca 

Ro snepaoro no·rellllaana, T.e. npa aaMeaeHHH A • Pac'leT Ohrn npoaaaenea nns sepxaux 

yposaell snep, cocenaux c Zr 
81 

H Nd ua , Tax KaX nnu HHX HMeJOTCII cooTBeTCTBYJO· 
/6/ 

!liRe p93yllbT3Tbl1 nony'leHHble 110 KBaJITOBO-MeXBHH'IeCJtOJI TeopHH , 3aBHCHMOCTb UOJIOlKe-

HHII onaoqacTII'IHbtX aei!TpOBHbtX yposaell oT R0 npencTasneua aa puc. 6 • Peayn&TaTbt 

H8XOnliTCII B OTnH'IHOM COrnaCHH C nony'I&HHbiMH B pa60T9/
6/ naRHbiMH, 

TeKBM o6paaoM, xopornee cooTBeTcTBKe M&JKAY o6oHMH sapaaaTaMB TeopHH HMeeT 

CHCT9M8TH'I9CKHII xapaKTep • 

'j 
' ,, 

6 



I 

§ 2. Bonaoawe ~yaKoRR 

nocKOIIbKY o6mRil BRA BOIIHOBOil ~yBKURR OAHOq&CTRqaoro COCTOHHRR R3B8CT8B (CM.(2))' 

TO Allfl ee AeTBIIbRoro onpeAeii&HHR H&OOXOARMO 3H8Tb IIRWb KOpp&KTRpyJOWYIO ~YRKOBIO S(r), ' 

Oaa onpeAenaeTCH ypasaeRRaM (3). Pa3yMeeTca, pemRTb 9To ypaaaene MOJKIIO TOn&KO qac• 

neHHOo Pe3yn&T8TN TBKOJ"O pemeHBR npeACTBBI!eHbl HB pRe, 6, rAB B KaqecTBe npRM&pa UpH• 
148 

seAeHa ~yBKilBR S(r) Anll: COCTOHHR.H 21 7j~ (Nd ) • B TOqK& r •• S(a)•O, B 

OKpeCTHOCTB 9TOil TOqKR S(r) - npaKTRqecKH 'nRaei!aaa ~YHKfiii.H, Oaa cna6o OTKnoaaeT-

C.H OT UpHMOi! B OOIIBCTR r I !> r ~ r ~ , rAe r 1 H ·~ Toq~~;R noaopoTa. TaKBM 

o6pB30M, BHyTpB STOll OOIIBCTH BOIIHOBaH ~yHKURH AOIIJKIIB H&lliiOXO ODHChlBBTbCH OCilRIIIIH

TOpHoil BOIIHOBOi! ~yRKUII&il, npa r <r 1 H DpH r >r~ ~YRKORH S(r) aenRHeiiRa. 3TO 

HBIIR&TCR UpRMbiM ClleACTBReM OTnRqR.H ~~&KTHBBOrO llOT&HUHana B 8TIIX OOIIBCTRX OT OC-

URnnRTOpHoro. npR r > ·~ S(r) 3BBRCRT OT cna6ee, qeM aTo HMeeT M&CTO s n11aellaoll 

~YHKilRH (nyHKTRp). Hao6opoT, npR r <r !S(r) I pacTeT c yMea&meaReM r ObiCTpee. 

TaKoe noaeAeRHe S(r) nel"KO noaRT&, ecna yqecT&, qTo npa r'>r~ ~eKTRBH&tll noTeH-

naan cymecTseaao Mea&me ocnRnnRTopaoro, a npa r < r 1 - aaaqHTen&Ro npeBblmaeT ero. 

noACTBHOBKa qacneaaoro pemeBIIR AnR S(r) B (2) npHBOART K BOIIHOBOil ~yHKDRR,UpBKTR-

qeCKR COBilBABJOWell (c TOqHOCTbJO 1-2%) C BOIIROBOll ~yHKUH&II, nonyqeHHOil HyT&M qacneH-

uoro pemenaR ypasuenaR llJpeAHRrepa, so scell o6nacTH aaaqenail , rAe ORB 3BMeTRO 

oTnaqaeTcR oT uynR. TaKRM o6paaoM, KBB311KnaccsqecKaR sonaosaR ~yHKilRR RCKnJOqRTan&HO 

TOqHO nepeAB&T UOB&A9HH9 KBBHTOBOi!, 

0AHBKO MO)f{RO UpOABRHyTbCR eme ABn&me, ecnR yqeCTb 0 qTO KOppeKTRpyiOWBII ~yHKURR 

S(r) RM&eT MOHOTOHHhlil xapaKTep, MO)f{HO UODhlTBTbC.H annpOKCHMRpOBaTb S(r) KBKOII-

naco npocToil aaanaTsqecKoil ~yaKnReil, TaKosoil ssnReTc.H, aanpRMep, norapR~MRqecKa.H 

S(r) = b •In ~ 
a 

rne r • - TOqKa, B KOTOpOil S • 0 ! 

Eme nyqmeil annpoKcRMBURR MO)f{RO AOORT&CR, ecnR scnon&aosaT& paansqa&te aaaqeaRH 

napaMeTpa "b " AnR r ~ a HAnRr<al 

S(r) • 

{ 

b 1 • ln(r/a) 

b • In (r/a) r ~a 

r !> a 

(6 ) 

Ha pac, 6 peayn&TaT TaKoil annpoKCRMBilHH npeAcTasnea nyHKTRpaoil KpRsoll. M&t sR-

ARM, qTO BUUpOKCRMHpyiOWBII KpHBBR oqeHb OnR3Ka K qRcneHHOil KpRBOII S(r) s o6nac-

TR, rAe BOnHOBBR ~yHKilRII HM&eT 3BM9THYJO senHqRHy. Ha611JOAaeTCII OTKIIOHeHae DpB oq&Hb 

OOnbWRX H UpR ,MBIIbiX 3HaqeHRIIX , npR 8TRX 3HaqeHHHX annpOKCRMRpyiOWBII ~OIIHOBBR 

6 

• 

,. 

t 
~t 

~yBKOBR 15yAeT CTp8MRTbCH It RYIIIO OhlCTpae qBCII&HHOil, 0AH8KO DpaKTBqec 

JK8DBX 8TB OOIIaCTB H8 RrpaiOT cymeCTB&HBOil pOIIR, 

YUThlBBII TOT ~aKT, qTo S(r) npaJI:TBq&CKH IIHB&i!Ha B OOIIBCTB, r 

UB.H DpBRHMaeT BaHOOIIbWBe aaaqeBB.H, MOJKIIO ynpOCTBTb BBA anUpOKCRMRp 

~YRKOHH, nonaraB MBO)f{BT&IIb (dS/ dr ) -" B ~pMyne (2) paBHbiM DO 

cneAyeT, tto: 
-K K 

(dS/dr) • (a/c) • d • 

TaKRM o6pa3oM, paARaii&RYJO qacT& sonaosoll ~yRKnRR MOJKBo npeAc1 

~ 

'f , ( r) • r • ){ , ( r) • N • • d • H, ( S) • exp (- S /2) 

rna ~yBKilRII S(r) onpeAeneaa COOTHOW&RHIIMH (6), 

HTaK, Anll nonyqaaRB sonaosoil ~yaKnRR aeo6xoARMO anaT& napaMeT~ 

napaMeTp , a , onpeAenaeTCH R3 ycnoBH.H S(a) - 0 

H b)- , TO HBRIIyqmall annpOKCI!MallBII ~yRKUHR S(r) 

• l.fTo lK& KacaeT 

nonyqaeTCII, &CIIR 

qeRHII 113 Tp&OOBBRRH, qTOObl ~yHKORII (6) COBUaABIIB C qacneaaoil B aeKO' 

r I + fl 1 H r2 + fl ~ (senRqRHa KOHCTBHT fl1 R fl 2 YCTBliBBnHBBBTI 

He R3M&HReTCH Anll BCBX yposaell), Ha pHC, 7,8,9 ABRbl BOnBOBbiB ~YHKUR! 
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COCTORHHil ( IIApO N d ) lh g ; 2 , 2 IT / 2 , 3 p a/2 , RM&IOWHB pa311Rqaoe 

Bblql!cneHBbl& p83Hb1MH CUOCOOBMR, nyaKTHpHble KpRBbl& nonyq&Hbl C UOMOI 

qecKoro MeToAa ( fl 1 • 0,7 • I ; fl~ •3,4 I 

ro pemeHRR ypasaeaR.H lllpeAHHrepa. 

) , a cnnomawe npeAcTaan.HJOT pe 

M&l BIIAHM, qTO UpiiOIIHlK&HHble ~YHKOIIH HBXOAHTCH B H&UnOXOM COOT: 

Hb!MR, 
)> 

llnH CpBBH&HHR HB T&X lK& pRCYHKaX ABHbl BOIIHOBbl& ~yHKUHR ( KpHBb 

Uony'I&HRbl& B Up&AUOnOlKeHRB, qTO ~~eKTHBHblll UOT&BUIIBII UpH r ~ r~ 

nHnnHTopR&III, Ha nepa~epRB HApa peanHCTaqecKHe H 'ocnannRTop.R&te' BOI 

CHIIbHO OTnHqBJOTCH Apyr OT Apyra, 

Bbi'IHCnHM HOpMy BOIIHOBbiX ~yRKURil, no 0Up9A9119HHIO HM&eM: 

2 00 2 :ill 2,.,2 
• N, •/ 'I' (r) r dr • N 0 J ){ (r)dr 

0 • 

2 & 2 CIO ; 

• N [J ){ (r) dr + J X ( r) dr ] 
D O D D 

2 010 2 2 
N

0 
d~ o (.1_ f H, (S)exp(-S -S/bl) dS + 

bt 0 

7 



§ 2. BonaOBhle <!>yaxnaa 

BHU BOnH0BOll <i>yRKURR OAHO'I8CTH'IHOrO COCTOUHHH H3B&CT8£( (CM,(2))~ 

npeneneaau aeo6xouuMo aaaT& nam& Koppe~~:Tapyromyro <i>YRKUBJO S(r). 

eaaeM (3). PaayMeeTcu, pemHT& 9TO ypasaeaae MO>KHO TollbKO 'IHC• 

ro perneaau npencTasneH&I aa pac. 6, rue B KB'IecTBe upaMepa npR• 
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unu COCTOHHHH 21 7/2 ( Nd ) 8 TO'IKe r • a S(a)aO , 8 

S(r} - npaKTH'IecxR 'naaeAaau <!>yaxnnu. Oaa cna6o OTKnoaueT-

'R r 1 ::; r '>., r 2 
, rue r1 R '2 TO'IKR nosopoTa. TaxRM 

6nacTR sonaosau <!>ya~~:naa non~aa aennoxo onRchlBBTbCR ocnanna

eA. npa r <r 1 H npa r >r 2 <i>YHKURH S(r) aenaaeltaa. :3TO 

TBHeM OTnH'IHH a<i><!>eKTHBHOro UOT9HURana B 3THX o6nHCTHX OT OC-

r 2 S(r) 38BHCHT OT cna6ee, '19M 3To RMeeT MecTo B naaeltaoll 

6opoT, npa r < r jS(r) J p8CT9T C yM9HbW9HH9M 6&ICTp99, 

nerKo noaHT&, ecnR yqecT&, 'ITO npa r '> r 
2 a<l><i>eKTHBH&Ill noTeD• 

e ocnannHTopaoro, a npa r < r 1 3HH'IHT9nbHO Up9BhlmaeT ero, 

perneaaH unH S(r) B (2) npHBOAHT K BOnHOBOA <i>yHKUHR,npaKTH-

O'IHOCTbiO 1-2%) C BOnHOBOA <i>YHKUH9ll, nony'leHHOA nyTeM 'IHCnea-

UJpenaarepa, so sceA o6nacTR aHaqeaaA , rue oaa aaMeTao 

KRM o6pa3oM, KBB3HKnHCCH'I9CKHH BOnHOBHH <i>yHKUHH HCKniO'IHTen&HO 

H9 KBHHTOBOll, 

ABHHYTbCH eme UBU&llle, 9CUH Y'I9CTb, 'ITO KOppeXTHpyromau <i>YBKUHH 

,,A xapaxTep, Mo~ao nonhlTBT&CH annpoKCHMHpoBaT& S(r) xaxoA-

lcxoA <!>yaxuaeA, TaxosoA usnueTcH, aanpaMep, norapa<!>MH'I&CKaR 

r • a - TO'IK81 B KOTOpoA S a 0 ~ 

CHMBUHH MO~HO U06HTbCH1 ecnH HCU0Ub30B8Tb paanH'IHhle 3HH'IeRHH 

a Hunstr<a 

{ 

bl • In(r/a) 

b • ln(r/a} 

r !> a 

(6 ) 
r ~ a • 

T Taxol! anupoKCIIMHUHH npeucTasnea nyaKTIIpaoA xpasoA, M&I BH-

mau xpaaau o'leH& 6naa11:a x 'IHcneaaol! xpasolt S(r} B o6nac-

H HMeeT aaMeTayro senii'IIIHy, Ha6nronaeTcH OTKnoaeal!e npH oqea& 

8lJ9HHSIX • npll 3THX 3H8'19HHHX annpOKCHMHpyromaR BOUHOBHH 

6 

• 

,li;,: 
~~ 

I 
f. 
:~ 

f 

i 
'·~ '\i 

I ~~' 
•;,£ 
~ 

I 

<!>yaxn•• 6yneT cTpeMBT&cu x aynJO 6hlcTpee 'IBcneaaoA. Onaa~~:o npaxTK'IecxB so scex npBno· 

JKenux 8TH o6nacTB He BrpaJOT cymecTBeaaoA ponB. 

Y'IBTbiBaS! TOT <!>axT, 'ITO S(r) npaxTB'IecxB nBaeAaa B o6nacTB, rue sonaoaaa <!>yax-

UBS! UpBHBM88T RAB60llbmRe 3Ba'leRRR, MO>KHO ynpOCTHTb BRA annpOKCHMBpyJOmeA BOUHOBOA 

<i>YRKUHB 1 nonaraa MHO~Ten& (dS/ dr ) -" B <i>opMyne (2) pBBHbiM UOCTOIHIHOA, Ha pllc.Q 

cnenyeT, 'ITO: 
-K K 

(dS/dr) •(a/c) • d 
(7) 

TaxuM o6paaoM, panaan&HYJO 'IHCT& sonaoaoA <!>yaxuRH MOJKHO npeucTaBHT& B sane: 

2 
'I' n ( r) • r • X: n ( r) • N n • d • H 

11 
( S) • exp (- S /2) (8) 

rna <i>yRKUHH S(r) onpeueneaa COOTHOW8HRHMB (6), 

HTax, nnu nonyq:eaaa sonaoaoA <!>yaxuHB aeo6xonaMo 3HHT& napaMeTphl a , b , b 1 • 

napaMeTp ' a ' onpenenueTCH H3 ycnOBRH S(a) • 0 

R b)- , TO Haanyqrnau annpOKCHMBUHH <i>YHKUHH S(r) 

. 'ITo ~e xacaeTcu napaMeTpos b 

nonyqaeTcu, ecna B&I'IBCRHT& ax aaa-

'leHHH H3 Tpe6oBHHHH1 'IT06bl <i>YRKUHH ( 6) connanana c 'IHCneaaoA B HeKOTopb!X TO'IKHX 

r I + 1\ I H r2 + 1\ 2 ( B9nH'IHH8 KOHCTHHT 1\ I B 1\ 2 YCT8HaBUHB89TcH np&KTH'I9CitH H 

He H3M9HHeTcU unu BCex ypOBHeA), Ha pHCo 7,8,9 naHbl BOnHOBble <i>YBKURH OAHO'IBCTH'IHhlX 
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COCToHHHA ( Hupo N d ) lh g / 2 , 2 f 't./2 , 3 p a/2 , HM9JOiltH9 pa3UH'IH09 'IHcno yanoB H 

Bbi'IHCU9HHbl9 p83Hb1MH CUOC06HMH, nyaKTHpH&Ie !CpHBM9 UORy'leRbl C UOMOiltbiO KB83HKU8CCH-

qecxoro MeToua ( 1\ 1 • 0,7 • f ; 1\
2 

•3,4 f 

ro pemeaau ypanaeaxu llTpenaarepa. 

) , a cnnornable npencTaBmlroT peayn&TaT 'IHcneaao-

M&I BRAHM, 'ITO npH6nH~9HHbl9 <i>YHKUHH HBXOAHTCH B H9UUOXOM COOTBeTCTBHH C 'IHCneH• 

HbiMH, 
J> 

flna Cp8BH9HHH Ha TeX JK9 pHCyHKBX uaHbl BOnHOBbl9 <i>YHKUHH ( KpHBble C HHUeKCOM '0') 
1 

nonyqeaa&Ie n npennonoJKeaaa, 'ITO a<l><!>exTHBHbll! noTeanaan npa r ~ r 
2 pacTeT 11:a11: oc-

uannHTopH&IA, Ha nepa<!>epax Hupa peanHCTH'Iecxae H 'ocnannHTOpR&Je' sonaonhle <!>yaxuHH 

CHUbHO OTUH'IaiOTCH upyr OT upyra, 

Bbi'IHCUHM HOpMy BOnHOBb!X <i>YHKUHA, no onpeneneHHIO HMeeM: 

~002 2 ~002 
• N., ·j'fl (r)r dr • N., fx (r)dr 

0 ll 

2 • 2 00 ; 

• Nn [f)( (r) dr + f )( ( r) dr ] 
O D a D (9) 

22 1 .. 2 2 
Nn d a(_ f H 11 (S)exp(-S -S/b 1 ) dS 

b 1 0 
+ 

' 
7 ... 

·:, 



I 

oo I 
+ t- f H a (S)•np(-S 

1 + S/b)dS 1 • 
0 

161 
1-hrrerpanbl J!l (9) l!lbi'IBCmuoTcsr no ljlopwyne : 

j sv-1 

0 

2 -~ 2 
esp [-tJs - y s 1 dS - (2tJ) .r(JI). np(Ll • D (_Y_) • 

8tJ _., ~ 

(8) 

(10) 

rne D P <•> 
MRT8 Ha (S) 

- ljlyBKIIRSI napa6onB~8CROrO IIBnBHIIp8e HCII01Ib3YSI BBBHA BRA IIOnBHOMOB 8p

R ljlopMyny ( 10), nnsr sopwbl N • seTpynso nony'IBTJt: 

-2 ' 2 "'o - ~ [..!._esp(~). D_l (~) + }esp(.J,_lD_I (-~ >1. 
,;2 e b 1 8b1 b1 y2 Bb by2 

(11) 

·I 4o 2 1 I 1 I 1 I N 
1 

• __ [_esp(-;;-;y-l • D.
1 

( __ )+ T esp (-:-:Tl•D.1 (-__ )1 , 
{2 a b1 8b1 bd2 Bb b..;T 

(12) 

·• 4a
2 1 1 r I I I 1 1 N 2 • ~ ...;.._a_ D ·I ( ;---m ) - 2 D ·I (--;:-r.-) + 24 • D.1 ( __ ) esp (-::-:10) + 

,;2 e b b 1 v~ b1y2 b1 V2 Bb 1 

(18) 

..!._[n 
1 

(-_1_1- 2D.8 (-_
1_l+24·D.1 (-_

1 _l1up(~l I 
b - b ._;2 b{2 b..{2 Bb 

CooTHomeHHH (11), (12) R (18) MOJKHO ynpOCTHTb, npaJKAe Bcero, IIOC][Om.J[y b • bl•2-8, 

( I ) • 1 . TO exp W" no 3TOll JK8 IIpH~RRe B81IB'IBHbl 1/b.J2 B 1/b 1..j2 Cylll8CTMBBO 

MeHbrne ensrHRUbl. Hcnonb3Y!I onpenenesae: 

n_ 1 (z) • exp(z
2 /4l·'-l-;/2 [1-cll(zN2>1 , (14) 

- 2 
~ - - I n., <•> -••P<• /4l'-lrr/21[1-<II<•N2>1•-v}•xp<-2 >1 (15) 

peKyppeHTR08 COOTROU1eHR8 

J)p+l (z) -z·DP (z) + p• Dp-l (z) • 0 
(16) 

8 

• 

I' 
i 

·~. 

B wanocT& napaMeTpa z /..;2 
AO • 8%) Bblp8JK8BRSI: 

, nnsr soplolbl ljlyRIIlBR nony~RM npal5nalKe 

-I trKa 2 [1 1 1 1 "'0 - ---..--::---- b + ....- + -- ( -;-r ~a »1 rr K b 

1 
'"ijT' ) 1 

I 

·• rr K • 2 [ 1 1 - lH 1 + 1 ) ] 
"' - --- -b +-b ? """hi'" I e 1 I 

I 
2 

K 1 1 K(1 • 2o [21r (..!._ + _1_) + - -:-r _, --;, 
Ml • -c- b b I bf b b 

§ 8. PaAsranaoHHbie RBTerpanbl 

B paARan&HbiA RBTerpan 

CSIIIIR8 OT p83nR~RbiX S I S(r) 

1Ia 

R 

nepeRpblTR!I IIBYX COCTO!IHHft BXOIIllT 

S '(r) .0nK TOro, 'IT06bl Bbi~BCI 

Beo6XOARMO nepeATR ][ OIIHOA ljlyHXIlHR 5 , T,e, Bblp83RTb S' qepe: 

I• - •' I ~ 1 I , To oABa H3 ljlynuaA ( S RnR s' MOlKI 

pBTenbBO OIIBC8B8 B STOA y3KOA 30H8 81IIIpOKCBM81lB8A 5 • bin ( r/a) 

• b'ln(r/a') ) IIpB r $. a 

S' • 

(a') • 0TCIOII8 

~ S + b' • In <.p l · 
b 

Torn a 

• 
12 • "'• "'•· f)( (rl)( (r) dr • N 01 N. [ fx,. (rl)( 

l If • 0 D J D~ 2 0 1 D~ 

+ f )( 
01 

( r) )( •a (r) dr ] • 

• 

PaccMoTpRM npocTeArnaA cny~aA n 1 • n 2 • 0 ( COCTOllHHB 6E 

3YR ljlopMyiibl ( 10) B ( 17), RMeeM 

! 2 • N0 N 0 d 1 d 2 a -= • , {lesp(-!1 1 ) 

bl y2f31 

D., ( Y1 l + exp(-!1), n., ( __ 
y2{31 by2{3 " 

rne 

9 



00 I I f H n (S)•exp(-S + S/b)dS] (II) 
0 

cnsuoTCH no <jlopwyne
181

: 

-f- y~ • D (_Y_) • y S J dS • (2{:3) •rill) •osp(~) ._.. -./2r (tO) 

pa6on•~ecKoro nRnRHnpa. Hcnon&ayR RBBHII BRn noa.soMoB 3p-

( 10), nnH HOpMbl N n B9TPYIIHO ROII)'~BTio! 

[..!__exp(~). n_ 1 (~) + }exp(b)D_1 (-~ l], 
bl 8bl bl y2 8b by2 

( 11) 

(.l_oxp(~) • D.a (_I_)+~ exp (.~T.l·D.a (-_1_)) 
bl 8 bl bt¥'2 8 b byT 

( 12) 

L!Jn_ 1(~ )-2D_
3 
(~) +U•D_

1 
(_1 _)]osp~l + 

b b,v• b,y2 bl vr 8bl 

( 18) 

I I I l I I -=)- 2D_3 (-__ )+24·D.
1 

(-__ ) exp(-;;-;-r) 
by2 b...j2 b{2 8b 

(18) MOJKHo ynpoCTHTh. flpeJKAe scero, nocKonw:y b • b 1 •2-8, 

3TOl\ JKe npH'IHHe B91IH'IHHbl l/b..j2 B l/b 1.;2 CY!ll8CTHBBO 

H onpeneneaHe: 

2 - -
z) • exp(z /4) •yrr/2 [I- <II (z/y2)] (14) 

l;l - - z2 
) - exp(z /4) yrr/2 ([ 1- <II (z/v'2>l•-v'-}exp <-

2
> I (15) 

(z)-z,D
0

(z) + p·D
0

_
1

(z) • 0 ( 16) 

8 .. 

k~ 
~lt 

\i' 

H M81IOCTh napaMaTpa z /.;2 
110 • 8%) Bblp8lK9HRH: 

, IIIISI HOpMbl <jlyBKUHB HOIIY'IRM RpBOilRlK8BBbl8 ( C TO'IHOCThiO 

• It 
-I fla 2 [1 1 I (1 

No • --x-:-- -.-- + .......- + -- -;--r 
• c • "• , It b 

1 
-p- )] 

1 

·2 11 It a 
2 

[ 1 + 1 _ ~ ( I + -i-r) ) , 
Nl • --c-- b b7 bT bl 

( 11a) 

( 12a) 

•2 2 a I It It 
N1 • __ [211 (_!__+_I_)+~ -~-rr (~ +-~r>l. (13a) 

c b b, bl b bl b 

§ S. PanxauBOBHbie HBTerpanbi 

B panaan&Bblll RBTerpan 

ClllllRa OT p831IB~Bb1X S I S( r) 

11. nepeXpbiTHSI IIBYX COCTOHBHfl BXOllSIT nBa cpyHKUHH, 38BH-

R S'(r) .UIIH TOro, 'ITOObl Bbi'IBCIIHTh T8KOII HHTerpan, 

BeoOXOllRMO nepefiTH 11: OIIBOfl <jlyBKURR S , T,e, Bblp83RTh S' qepea s , TaK KaK 

I• - •' I ~ 1 I , TO onsa 113 <jlyJI][UBII ( s RnB s' MOJK9T Oh!Th YllOBII9TBO-

pBTen&so onacasa B &Toll yaKoll aose anupoKCHManaell s • bIn ( r I • ) . ( HIIH S 

• b'ln(r/a') ) npa r ~ a (a'). Orc10na 

S' • b' 
S + b' • In<.;,) . ( 17) 

b 

Torn a 

.. . 
12 • Nn Nn• fx (r))( (r)dr • Nu

1 
Nn [/x (r))( (r)dr + 

1 • 0 D. I Ill 2 0 : 1 D2 

( 18) 

+ f)( n
1 

(rlx n~(r)dr] 
a 

PaccMoTpRM npocTellmRII cnyqal! n 1 • n 2 • 0 (cocTOHHHH 6ea yanos). Hcnonb-

3yll <jlopMyiibl ( 10) II (17) 0 BMeeM 

I • N N' d d •{t•xp(-.\,l · D ( Yt l exp(-6l,D ( Y ll}· I 0 0 I 2 -1 --=. +~ .. 1 - ~ • 
b,y2f3t y2f:l, by2{:3 y2{:3 

( 19) 

rne 

., 

9 



~I 

ll 
(bil Ina a 
-y- 7 

2 

~- (b') Jnll -4-
2 • 

b' 2 b' 2 
fJ1 • "[1 +(+)] , fJ-" [ 1 +(_) 

b I 

(b')ll y - _1 __ ( td In-·-
yl • -'- - _I__ In -•-

bt b 1 a' b b •' 

(20) 

ITocTynaR asanorw~ao, seTpyABO nony~BT~ asan&Ta~ecxoe BNpa•eBHe • ABR paAHan~soA 

qacTB OAsoqacTBqsoro peARa~aossoro MaTpaqsoro anewesTa: 

t f 
<fir II>• a 12 

(21) 

B Bblpa•ena (21) onpeAenesae napaMeTpoa Y 1 • Y cneAyeT H3M&.IIRT~: 

yl - + t (b' la 

bt 

- ___ I _-In a 

b I ---;;--- (22) 

y- ~-
(b')ll 

b 

__ In • 
b 

-,-· 
a 

B cny>~ae n 1 .. 0 • nll .f. 0 o6o6mesHe ~opMyn Ana 
f 

a <ljr It> o~eBRAHbl. Ill 

HsTepecso cpaBHHTb asaqessa paARa~BOBHbiX asTerpanos1ablqacnessbiX B 'ocnsnnaTop

soM' npa6na•esaa a a peanacTaqecltoM. HanpaMep1 Anll f • 2 a i .. 21 7/ll · 1 I .. Sp 3 fa 

(lid 
148

) BM88M: 
ll ll a ll I< I I r ~I >{ / I< I I• I l > I " 2,6 • 

oc~. 

TaxaM o6paaoM 1 yqeT npasa~soro noBeA&HBII ~onHOBbiX ~YHKnaA sa neps~epaa HApa Mo~eT 

'OK838TbCH B8CbM8 B8lKHbiM. 

§ 4. HsTerpan nepexp&ITHH qeT&Ipex cocTOHBHA 

ITpa yqeTe napsoro B3aHMOAeACTBHH qacTHn B nps6na•essa , 8 -can B03HHK8IDT HH

Terpan&I nepe!tpb!THH qeTblp&X COCTOHHHA, PaCCMOTpHM p8AH81lbBYID qaCTb HHTerpana nepe-

Kpb!THH 14 1 AIIH DpOCTOTbl nonara11 1 qTo COCTOHHHH BQ HM8IDT yanOB, HcDOllb3YII H3110-

~8RBbiA Bb!W8 M9TOA1 HM&eM: 

10 -

-~-:~_-_ ' 

.,( 

... 
~;:,, 

! ~1~1'11 
::j 

1-

I• -~ 
::!. 

·r·· 
) 

-~ 

.. 
I N N'N"N"'•f)()(')(")("'dr a 

• - 0 ·0 0 0 0 ---;r-

4 ° ll 2 2 2 
• allo II o No' No' ( ll d 1 ) {_1_ f up[-" ( S + S' + 5" +5"' ) - S 

I• I b 1 -oo ht 

.. ll a a 2 5 
+_!_fexp[-"(5 +5' +S" +5"' l--r-]dS} 

D 0 D 

Dplr'I&N B DepBON HBT&rpane S ' • _!1_ 5 + b'1 In _a_ 
bt • .-

B T • .Q. 1 8 BO BT 

s'- .!..:.s + b'ln • 
b ....--

• ToA• ITpoBe,IUI npoCTb18 Dpeo6pa30BaHBll DOAbiH' 

liRA H BblqBCnRB HIITerpanH DO ~pNyne ( 10) 1 nonyqaM: 

rAe 

1 4 -aN 0 N~ll~ 
4 A yll 

N"'• (lld ){ 'I expL!_) •D (-__!_.!.__) + 
0 1=1 I bl (2,81)1\ Bf:it -1 Mj 

A 
+ 

b( 2/3) 'II 

2 
y ) 

exp (Blf""" D.l (_Y_l} 

~ 

2 I 
A 1 • exp[-"(b!ln ~ b"llln2 a -b"'21 2 a)] 

+1 a"+tn?" • 
ll ll ll ll ll 

A • exp[- li(b' In ~ + b" In ~ + b"' In _a_)] 
a' a" a''' 

b' a 
( I ) f31- "[1 +-,;-:-

,2 b'"2 
+~)+(_I)] 

b I bl 

b' ll b" ll b '" ll fJ - " [ 1 + 1--,-l + (_ ) + (_) 
D b b 

"' 
ll 1 , 1 a u

2 
a y ._(b

1
in __ +b

1
in __ + 

l bt a' a" 
b"' In_•_ 1 ,, 

1 2 a y • _ {b' In_,_ + 
b • 

ll • 
b " In --"77 

a 

• 
ll 

+ b"' In~ 

+ 1) I 

+ 1) • 

AsanoraqH&IM o6paaoM Mo•Ho B&tqacnHTb H p11n npyrsx xapaKTeps 

pa6onsqecxoro nanHHApa D • ( z) BXODSIWH9 B nonyqeHHbie ~OpMyllbl 
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