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llm1 pemeHllll 38A8'1, CBB38HHhlX C ll3Y'l8HH8M CTPYK-rrPhl HAPS B. paMKaX CBepx

TeKy'lea MOAenn, B K8'18CTB8 llCXOAHOro 083HCa ncnOIIb3YIOTCll 0AH0'18CTH'IHhl8 3Hep

rnH H BOnHOBhle qJyHKIIHll. To'IHOCTb OIIHCSHHll CBOACTB mxep, ocooeHHO He'leTHhlX no 

M8CCOBOMy 'IHCny A , 38BllCllT HOT Toro, H8CKOIIbKO YllOBn8TBOPHT81IbHO -~pan 

3TOT 083HC. 

B naCTonmea paooTe a Ka'!eCTae cpenuero nonn mxpa ncnollbaoaaua cxeMS 

C. Hn1Ibccoaa111• TaK KBK aTa cxeMa nlllIIl, npnonna11Tellbno nepenaeT nopll,!loK cne

noaaHHn OAHO'ISCTll'IHhlX ypoa11ea, npOB8A8Hhl HeKOTOphle H3M8118Hllll IIOIIOlK8HHll IIOll-

ooono'!eK, KOTOphle MOlKHO IIOey'lllTb H3M8H8HH8M IIapaMeTpOB IC H I' 

H11Tepec110 OTM8THTb, 'ITO CX8M8 ypoBHea CAenaHa B8CbM8 onH3KOA K CX8Me, 

HCIIOllb30B8HHOA B paoOTe121• OcooeHHOCTblO 'nansieTCSI TO, 'ITO CABHrn H8KOTOPhlX 

nonooonoqeK, cnenaHHhle B na11uoa paoOTe, ipaKTH'leCKH yaenH'IHBaIOT qncno IIapa-

M8Tpon. C npyron CTOpOHhl, • p83HOCTb II8p8M8TpOB IC H I' B aToil paoOTe no 

cpaBH8HHIO C 121 IIPHBOllHT K H3M8H8HHIO BOllHOBhl7 qiyHKIIHA, IlocKOIIbKY ne· llCHhl 

npenMylU8CTB8 OllHOil CX8Mhl IIepeA npyroa, nenecooopa3HO IIpHBeCTH ooe MOJtH!pH

K8UHH. 

3Ha'l8HHll napaMeTpon H CllBHrOB npHB8ll8Hhl B TaonHUe l.OHH cornacoBSJihl C napa-

/3/ /4,6/ 
.MeTpaMH, nony'leJIJihlMll B paooTe Ann A8!p0pMUpOB8JIHhlX HA8p1H D - nnsi cij)epH'l8C-

KHX. 

Ha OCJIOBe MHKpOCKOIIH'!eCKOA MOAenH mxpa B ll8HHOA paoOTe Y'IT8Hhl OCTBTO'I

Hb!e KOpOTK0AeACTByIOmHe B38HMOlleACTBHSI ffYKllOHOB, IIPHB0llnmne K napHhlM KOppe

nsmnnM/6 /, B WHpOKO.li oonaCTH l!A8p 100 <A< 256. PaCC'lllT8Hhl IIapBhl8 3HeprHH 

PN H p z. llllSI ae.ltTpOHHOA H IIpOT0BB0A CHCTeMhl COOTB8TCTB8HBO. Ha cpaBHeHnn 

HX C aKcnepHMeHTallbHhlMH 3H8'18HHllMll, noey'leHHhlMH H3 pa3BOCT8li MSCC S1Aep
17 
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11aA.1teJihl BenH';IHBbl GN ll Gz._ K0HCTSBThl IIap11oro B38HMOA8ACTBHSI. IlpHB~JteBhl 

CX8Mhl OllBO'IBCTll'IBhlX ypoanea cpen11ero IIOIISI, a TSKlKe Koppenwn0HHhle 'PYHKIIHH 
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11 XHMI!qeCKll0 nOTeHUHSnhJ nnn OCHOBHblX COCTOllHHll HeqeTHbIX ll qeTHo-qeTHblX nnep. 

11ccnenoBSHO BnllllHH0 o6pe3SHllll cyMM no onnoqacT!lqHbIM YPOBHSIM B OCHOBHhIX 

ypaBH0HllflX CBepxTeKyqeCTH. IloKa3SHS pa3HOCTh aneprllH 'nopMSnhHOro' ll 'cBepx

TeK~~ero' OCHOBHbIX COCTOf!Hllll. 

IlapHb10 KOppenflUHII caepxnpOBOlll!lil0rO THna onpenenmoTCll llBYMB KOHCTSll-

TSMll GN nnn HellTpOHHOil CIICT0Mbl H G z -nnn npOTOHllOll. IloCKOnhKy B cpena11x 

ll TroKenhIX nnpax, KOTOpb10 paCCMaTpHBSeM, pa3HOCTh XllMHqeCKHX nOTeHllllSnOB aell

TpOHHOii ll npOTOHHOil CHCT0M 6onbme anepr1111 aoa6yJKnen11n qeTHOil CHCTeMhl, TO 

aeliTpoa-npOTOHHbl0 KoppenSIUHll caepxnpOBOllIDH0rO THna He cymecTny10T. PacqeThl 

npoBOllBTCll He3aBHCIIMO nnn npOTOHHOil ll HeliTpOHHOil ClICTeM. PaCCMSTpl!BaeMbl0 

nnpa. pa36l!Tbl HS o6naCTll B 3SBHCIIMOCT!I OT paBHOBecaoll neq,opMSUllll f :.. 8 + j_ 8 
2 

6 
nnep B OCHOBHblX COCTOllHilflX (CM. Ta6n11uy 2,3). Ilpn STOM yqTeHhl axcneplIME!HTanb-

HbJe naHHbie no KBanpynonbHOMY napaMeTpy neq,opMaunn/8,9/. 

Pewanl!Cb ypaBH0Hllll CBepxTeKyqeCTll nnn qeTHblX II geqeTHblX CllCTeM HyKno

HOB c yqeTOM aq,q>eKTa· 6noKnpoBKII/6/. IlpnBenea nx Bnn ~nn· qeTaoil aellTpi:maoll 

cncTeMbI: 

2 1 
-= ! -- (1) 

GN a ds > 

E(s)->.N 

n=!ll- I. 
• d s) 

(2) 

2 2 
3necb d s) - v c + [ E ( s) ->. ] 

N N 
- agaqeHHB KBaanqacTnqHbIX aHeprnii aneMeH-

TapHhIX aoa6yJKneanll, E ( s )- oitaoqacTnqabJe aaeprnn cpennero nonB, s -aa6op KBaa-· . 
TOBblX 'i:ncen, OllllCblBaIOmnx COCTOBHllB aellTpoaa, KPOMe conpnll<eHHblX COCTOllHHH 

OTHOCHTenbHO orrepaunn OTpaJKeHHB BpeMeHH, n - ycnoBHOe qncno nap aeilTpOHOB, 

aaBHCIDHee OT o6peaaann onaoqaCTllqHblX ypOBHell B cyMMSX, BXOllSIIUHX B ( 1) ll (2). 

Ilpn HaXOJKlleHllll KOHCTaHT rrapaoro B3allMO.Q9HCTBilll rrpoBeneao TlllaTenbHOe 

cpaBHeHne paCC'lHTaHHbIX agaqeanll rrapHbIX aaeprnn p N ll p z C 8KCilepllM0HTanh

Hb!Mll llSHHblMll. llnn o6nacTeii neq,opMnpoaaHHblX nnep rronb30Banncb q>OpMynoii ( nnn 

HeilTpOHHOll CllCT0Mbl): 

. 1 
P =-4 ! 3&(Z,N-l)+&(Z,N+l)-3&(z,N) -·~cz,N-2) I, 

N ' 

(3) 

a nnsi cq,epnqecxnx nnep -

4 

j 
I 
I . 
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II 
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l 

t 
I 

• 

P =...!..12·&cz.N-l)-·&cz,N)-~(Z,N-2)J. 
N 2 (4) 

·c: . J6/ 
3necb 1.e(Z,N)- saeprnn nnep, BbJqacneHHhJe no q,opMynaM napHhlX KoppenS1Unn 

llnll aKcnepnMeHTanbHble aaaqe11nn Mace si.o.ep, B3BTble na/7 I, a Z n N - 'I0THhle 

qacna npoTOHOB n aellTponoB. Ilonyqeao nocTaToqao xopowee cornacne MeJKny pac

cqnTaHUhlMH n aKcnepBMeHTanbHhlMn aaaqe1mnMH napau:::: aaepruii. 

PeaynhTaTbl cpaBH0Hllll IIapHb!X aHeprnii npnBeneHbl Ha pnc. 1-4. TeopeT11qec

KHe aaaqeann nonyqeHbl nnn nnep B o6naCTH 150 < A< 256 co cneny10mnMn aaa

qeHHBM!l KOHCTaHT: 

G 
N 

Gz 

23 
A 

Man 

.E.__Maa. 
A 

PaC'leTbl a o6naCTll 100 < A < 150 BbIIIOnHem,1 c KOHCTaHTaMH 

G = ...!I._ Maa 
N A 

G _ 20 
z - --A 

Maa. 

B o6naCTll cpenHHx inep KOHCTaHTbl rrapaoro B3aHMOll0HCTBHB YMellbmaIOTCB ll rrpo

llCXO)UIT c6n11JKeHHe nx aJiaqeanll. nyqmee cornacne Teopnn c aicciiepnMeHTOM MOJKHO 

nony'lHTh, aapb11p:yn aaaqeunn KOllCTSHT B npenenax ±.0,5/ A Maa. B 06nacT11 

150 < A< 256 8TH 3Ha'leHHn KOHCTaHT G N Ir G ~ cornacyIOTCB C pea_ynhTaTaMH pa-

60Tbl121, rne ncnonb30BaH MOUIIq>n:nnpoBaHHbIH llOT0HllHan C.HnnbCCOHa rryTeM 
2 N(N+3) 

aaeneann norronanTenhaoro qneaa, rrponopllHOHanbaoro <f > = -----, T.e. rrpo-. 2 
nopnnoaanhaoro xaanpaTy onepaTopa MOMeHTa, ycpenaeaaoro no cocTonannM c 

.QaHHblM N 

Ha OCHOBe q>OpMyn Teopnn rrapHb!X KOppenSIUIIH CBepxnpOBOUBIUero TIIna/6,10/ 

paccq11TaHbl KOppenBilHOHHbie q,yHKUHil c(N) • c(N -1) II XHMHqecxne IlOTeHnnanbl 
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A(N) , A ( N -1) nnsr OCHOBBblX COCTOSIBJd1 CIICTeM, COCT051Ill1IX COOTB8TCTBeHHO 

II3 qeTHOrO II He'leT1Ioro 'llICna HellTpOHOB. To lKe, C8M08 nponenaao WIH cacTeM, 

COCTOIDillIX II3 IIpOTOBOB. PeaynhT8Tbl paC'leTa npei:tCTaBneHbl B BHJ:t8 Ta6mm 2, s. 
B aTIIX Ta6n1IUax np1Iaenem,1 onao'laCTII'lHble aHeprmm E( s) B enaHHU:ax h ~ n 1maa-o 
TOBbJe 'lllCna, xapa1tTep1Iay10m1Ie Oi:tHO'laCTII'lHble COCTOlllllUI K rr [ N D z A] nnll ne4Jop-

MHpOBaHHb!X anep ll D f j nnn c4Jep1I'leCKIIX anep. KaJKi:taH Ta6nana COOTBeTCTByeT 

o6naCTll anep C OTi:tenhBblM 3Ha'leHHeM napaM8Tpa ne4JopMaUHII. 

Bcnei:tCTBII8 a4>4Je1tTa 6nOK1IpOBKH xoppenHUIIOHHbl8 WBKUHII i:tnll,OCBOBBblX co

CTOHBH1i ae'leTBblX CIICTeM MeBbme 1toppem1JtHOBBblX 4>YBKU1Ill C.11:CTeM, COCT051Ill1IX 

II3 qeTaoro qacna ayitnoBOB. OrHomeBII8 c(N -1 )/ c(N) nplIMepao 0.80. CIInbBble OT-

1tnoaea1In aToro OTBomeBIIH aa6mona10TCll a6nnan MarnqecKBX 'IIICen. 

CpaBBeBIIe KOppenHUIIOBBblX WHKUHA, nony'l8BBblX B pa60'I'a
121 

II B naaaoa 

pa60Te, IIOKa3blBaeT; 'lTO OBH nocTaTO'IBO 6nlI3KII. ijx pa3HOCTb M8Bll8T aaaK C II3-

MeaeaneM 'llICna qaCTHU II IIO aenn'llIB8 MeBll8TCH B OCHOBHOM aa 5-10% •. 3To MOJK

BO o6allCHHTb paanH'llI8M paC'leTBblX BenlI'lHB napBblX aaeprlIA npennaraeMOA pa60Tbl 

iI /2/ • B aeKOTOpblx cnyqaax, rne, xpoMe aToro, II pacnonolKeHHn yponaeA cpen

uero nonn aon1Ia1I noaepxaocTn 4>epMII cymecTBeHBO paann'laIOTca, paaaocTb , 1toppenn

nuoHHbIX 4>yu1tnnli nocT1IraeT 20%. TaKall c1ITyan1In aa6monaeTCn nnn BeKOTOpb!X c~ . ' 

plI'leCKHX anep. B ot5naCTH ne4>opM1IpOBBHHblX anep c A• 180- 194 ( < -0.20) i:tnll 

ueii:TpOHHOil CllCTeMbl TeopeTII'lCCKIIe 3Ha'leHIIll napHb!X aaepr1Ill paoOTbl/2/ Ba 60 KaB, 

aalKe napHhlX aaeprnli naaaott paooThl, a cpenuee paccTo!Ullle MeJKi:tY onuoqacTII'lHbl

Mll ypoaHllMH (7 ypoaHeil) at5naa1I aHeprHH 4>ep·MH B 1,7 paaa 6onhme, 'leM a naa

aoli paooTe. 3To nplIBOll~T K TOMy, 'lTO anecb K~ppenHUIIOBBall WHKUIIll Ha 10-20% 

OOnbWe, 'leM B 12 1. Ouerurn aToro oTnlI'llISl IIOKa3b!BaeT, 'lTO OHO yKnai:tblBaeTCH B 

paMxax nonycKaeMoro II3MeHeHIISl KOHCTaHTbl napaoro B3alIMOi:teilCTBIIll ~ G N -±,0,5 / A Man 

B CTOpoay ynyqweH!ISl cornaCHll C aKcnep1IM8BTanbHbJMH napHblMII aHeprHHMII. 

Ha pac. 5 II 6 noKa3aHbl KOppenllll!IOHHall 4>YHKUIIll aeliTponnoA II npOTOHHOil 

'leTHblX CIICT8M. MolKHO 3aM8THTb, 'lTO ee 3Ha'leHIISI MenneHHO pacTyT C yMeHbWeHHe 

8M A. OHII ot5pai:uaJOTCSI B aynb nng smep C 'llICnOM aettTpOHOB 1In1I npOTOHOB, paBBblM 

Mar1I'leCKIIM 'llICnaM. Llnll cpaBHeHIIll aa 8TIIX plicyaKaX II300palKeHa pa3HOCTb 

& ( G = 0) - 'ti ( G ) MelKi:tY aaeprHllMII , aopMan&aoro' II , cnepxTeKy'lero' COCTOllHIIll 
N 

aeliTpOHIIOll (npOTOHHOli) CIICTeMbl. TiplI nepexone OT onaoro smpa K npyroMy yMeBb-, 

wea11e nonaott aaepr1I1I 1Ia-aa napHb!X KoppenHUIIH aaMeTHO c1In&nee MeHHeTCll no 
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cpanaeim,10 c·Koppenlll!noaHott 4>yaKuaeli, ocot5eaHo n ot5nacTa nepexoriahlx a c4>epa-

qec1t11x Hi:tep. B ot5naCTH ne¢opM1Ipona1IHblX anep nen1I'l1IHbI & (GmO)-'fi(G )¢nyKTYII
N,z 

PYIOT OKOIIO COOTBeTCTByJOIUIIX nenlI'llllI c(N) ll c( Z) . Pe3Kl!e noapacTalIJlll pa3BOCTII 

nat5n10na10Tcn. nplI nepexone OT ot5nacTII Bite{> c onanM aaaqenlieM napaMeTpa ne-

cpOpMaUHIJ K ot5naCTH C npyrlIM anaqeaneM 3TOro napaMeTpa. Oun CBll38Hhl C 

II3Me1IeH1IeM IIIIOTHOCTII OJ:tHO'laCTII'lHblX yponaen BOIIII31I aaeprnn 4>epMII. PeaKoe II3Me-

aea1Ie npn neqiopMaUIIII MelKi:ty 

N• 108 II ·N•ll0. 3To Bbl3B8HO cpannnTenbHO OOnbWllM npocneTOM (1,1 Man) Me)K

ny ypOBHllMII ~penHero nonn 9/2 + [ 624 1 n l /2 -(510] • 

€ •0,27 MOlK,HO OTMeTHTb B HeliTponnon C!ICTeMe 

B npHHllTOii MOi:temi:, KaK naneCTHO, cnnH 11 'leTHOCTb COCTOllHllll He'leTnoro nn

pa orrpenenlllOTCll cnlIHOM ll '18THOCTblO Toro yponHll cpenHero nonn, Ha KOTOpOM 

H8XOltlITCll KBa3H'l8CTIIUa. KaK npanano, napHble KOppenHUIIII QCTaBJJlllOT cnlIH OCHOB

Horo COCTOllHIIll CIICTeMbl nelI3MeHHbIM. nerKo npocnei:tlITb, 'lTO BbIOpaHHall cxeMa 

OJ:tl!O'laCTII'lH~IX yponaeft cpennero nonn B OCHOBHOM xopowo nepl)naeT CIIIIHbl II 'leT

HOCTII OCHOBHblX COCTOllHIItt1111• H eKOTOpble HeconnaneHIIll aKcnepIIMeHTaIIbHhlX 

CnlIHOB II 'leTHOCTeli C nanaeMblMII pac'teTHOll cxeMoll: ynaeTCll OOallCHIITb ll3MeHeHII-

eM napaMeTpa neqiopMaUIIII € 1 BKJIIO'l0HII8M ponn KOnneKTIIBHbIX a¢4>eKTOB. 

nnn Th 229 II Th 2s1 OltlIHaKOBbl, a TaK, 8KCIIep1IMe1ITanbHblC 3Ha'leHI1ll K IT 

23 I 
IIMBHIIO 5/2 + • Tiocnei:tHIIil Hell:TpOH Th , nepollTHO, HaXOJ:tIITCll Ha ypOBHe 5/2+[633] 

nplI neqiopMaUIIII ( = 0,24. Ll.!ill OOallCHeHilll aToro <paKTa M01l(H0 rrpennonOlKIITh, 'lTO 

necpopMBUIIll y 
229 

Th Mel!bWe 0,24. TiplI 8TOM nopll!lOK yponnell: 5/2 + [ 633 ] II 

5/2-[752 l II3MeHSieTCll II 139-li HellTpOH T8KlKe OKa3bIBaeTCll Ha yponne 5/2 + [ 633 l . 

3necb HeOOXOAIIMO OTMeTIITb, 'iTO II3Menenne nonolKeH!Ill yponHeil MOMOT IIMeTb 

MOCTO II na-aa naa1IMOi:teliCTBllll KBa31I'laCTIIUbI C qJOHOHaMII/1 2 /. 

Conrranen11e cnHHOB OCHOBHbIX COCTOllHIIll: i:tnB nettTpOHO-He'ilc\THbIX lli:tep neMHO

ro xy1Ke, 'leM ltllll npoTOHO-He'llc\TllblX lli:top. KoHe'iHO, MbI He MOlKeM Hai:tellTbCll no

ny'iHTb nonHoe connanen11e B 3TOll npOCTOll MOi:tenlI, He Y'llITb!BalOmell: BilllllHIIll no

t5anneHHblX nap ayKJJOHOB npyroro copTa II pnn npyr1Ix ljJaKTopon. 

11IJTepecHbJll: cpaKT Haon10naeTCB n ot5naCTH cqiepnqeCKIIX smep nnn nel!TpoHo

He'ieTni,1x nnep Pt , Hg n Po c 'lllCllOM neliTpO!lOB N = 115, 117, 119 a 121 • TiplI Hy

nenoil CTaTII'lBCKOil necpopMaUIIII npOCTall 06ono'le'l1Iall MOi:tenb He naeT cornaCIISI 

Cn!IHOB OCHOB!IblX COCTOllHllil 8T!IX lli:tep C 8KCrrep!IMeHTanbHblMII 3Ha'leHilllMII. 3To 

Hecornac11e MO:lKHO o6al1Cl!IITb B3a1IMOi:tell:CTB1IeM HyKnOHOB He3anonHeHHblX ot5ono'leK 
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11 BllllSIHll8M KonneKTIIBllblX a(jiq>eKTOB. 3TB no6aBO'lllble B3811M01l8l!CTB!lll CIIIIMBIOT 

BhlpOl1men11e nono6ono1IeK 3p ,/2 .11 U 5/ 2 • 3To pac111ennen11e MO>KH~ ctiopM_am,no no

nyq11n,, npennonaran Manhle 3Ha1Iea11n· napaMeTpa ne«tiopMan1111 ( E• 0,05) 11 np11 

'aTOM ynaeTCll nonyq11n, nonaoe cornac11e c aKcnep11MeHTallbnhlMII ana'leHllllMII cn11-

HOB. OnnaKO neo6XOll!IMO OTM8TIITb, 'ITO B ll8HHOM cnyqae pe'lb llll8T ne O CT8TII

CTll'l8CKOll ne«tiOPM!1·Jlllll llllpa. 

CyMMIIPOB8ll118 B ypaBH8HIIRX ( 1) npOBOllllTCll no ·42 0/lHO'laCTll'lllhlM ypOBHllM, 

KaK B pa.60Te121• Ha OCHOBe TaK nocTpoennol! CX8Mbl OllllO'l8CTll'lHhlX anepr11l! cpen

nero nonn {cM. Ta6n11ny 1) nposeneno 'lllCnerrnoe 11ccnenoBaH11e aa511c11MOCT11 pe-

3ynbTaTOB OT o6pe3all~ll cyMM (1) II (2) nnn npOTOl{HhlX CIICT0M z • 83,94. CyM

MllpOBanne B8JIOCb C Y'l8TOM 18, 30, 36 II 42 ypOBllll cpenncro nonll B6JIH3ll aneprHH 

.<:>epMn. Peay11bT8Tbl TaKHX pacqeTOB llOK83blB8IOT, 'ITO KOppennnnonnan cliYHKllllll II 

OTIIOW811118 c(Z-1)/ c( Z} MClllllOTCll ae 6onbme 5%, a, 3H8'lHT, II BC8 c~epxTeKy

'1110 CBOUCTB8 rrpaKTll'l0CKII ne 38BllCllT OT o6pe3~~llll npH nony'l0HIIH onnoll ll Tott 

>Ke BenH'lHHhl napaoli aneprm1, ecna rrp11 o6pe3an11n coxpaaSieTCSI ne Me nee 6 - 8 

ypon11ell nh1we II n11>Ke anepr1111 <Z>epMn. 3ToT pe3y11bTaT nonnocTbIO cornacyeTCSI 

c 11ccn~i:ioBaa11eM B pa60Te/6/. 

Jlarrnble H8CTOlilll0ll pa6ore MOryT 6b1Tb ncrronb30B8Hbl nnSI rrpOB01l8HlllI oue-

aoK Mnornx qiH3lI'leCKHX rrpouecc·os, npo11cxonSllll11X B cpen1111x II Tll>Kenhlx !Illpax. 

. B 38Kll!O'l0HH0 C'lHTaeM CBOHM rrpllSITllblM nonroM Bblpa3HTb rny60Ky10 6naro

napHOCTb BS. ConoBbeny n n.·A. Manosy aa nnonOTsopnhle 06cy>KAeH11SI no spe

MlI pa60Tbl, 

n II T e p a T y p a 
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Jly6aa 1967 r. 

3. S,G,Nilsson, O,Prior. Mat.Fys.Medd,Dan,Vid,Selsk. 32, n.16 ( 1960 ). 
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Tat5nl!lla Ia • 

napru.teTpH cpe;n:Hero llOJIH II C/.Ull!I'II no;n:O6OJIO'le1t ;n:ns: npoTOHHOll . CllCTeuH. 

~I 2 3 4 5 6 7 

E=O I ;'1;0 l;,'=q4'f111=£?60j;«=0,60lt1=i?1/~ 
l'Wf1~-

uctj1u,i 

E::02~ 
I 

~ur 
£:::-0,20 
n.,p~uer 
E =tJ/0 

I 

~&<M, 

i..f C:~2. 

·c=O 
n.o:i°~"'-
u <<J1x,<..,_ 

E=-01:i" 
I 

n.c~.S.0,... .. 

uc~ 

~:::.0,20 
~.,,. 
"~F1-

E::q2y 
n..o~J:a.,i' 
wc'J'r,ll'! 

j1=0,'t-S- t1.""iJ5"5 11= 4551j'=4lt'l~/1=-l?,4'5' 
d~: +o,06 h%_:-002 

b; ,..tJ,,;- d'1/z.;+oo6 · b:-1-0,2 ta:-+t130 
I S 'fz._;.+{)_I) fN/'11: -t-~2'J ' 

I 

11= W15:'I r--qS"'il ~-~ q ~5, 11: "-'t" 11'=0, ltf" 
l-a:-Ot'i J,, Yz..-0,l5" k:+O,IS" lce;+tP,3tJ 

I ou,:;; +O,tO 

I'; o, 1/5111 = o, n-111 = o, 55"~ r_ = q;.,~ I"= o,tt, 
h ty, ·+o.tJ S 7z.:+ 6,rJZ _z: ' 

0 
!u: +&,! k:+O, 30, 

Ov1"1.,-t-tJ,/ . 

11= tJ,'t~/i= q62111= q 62111=0,t,,1-1;,=0,¥5° 
f rz_; +qtJ8 

h }z: +o,os 

'= ~ 4-5"'? =O, 5"~ I 11 = t? 701 /f-=-O,t,,t;, 11;0,38 
t-u.•-030 h'~2.:-a18 i'%:-a3s ~ I /J. I '- I 

I'== 4 "rl11= <-? :rs-I r-::0,70 111= q s,v I!'= o, 38 
k:-0,3tJ h'1,:-0,18 l'¾_:-0,3& 

11 =o,'t s-1 /'= o, ~5",I':::. o,7o 111: °'"fl r-=t:38 
fu.>0.30 h %_:- ql8 l',t-o, ~g 

" Bo BC!JX pac,reTax ~ = 0~05 • C;n:Bl!I'll yltaaaHRllX no;n:O6ono,re1t ;n:aRH » e;n:. W
0 
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\: 
1' 
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I 
fi 
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I 
r 
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Tat5nll!la 1<5. 

. ~ llapSlleTpH cpe;n:aero llOllli II Cl\llllrl! llO;ztO6OJIO'ie!t )\JIii HeUTpOH!!Oll Cl!CTeuu. 

I.~ 3 4 5' 6 7 8 
E=o /'1=0,~ r' = O,'lo f1:::0,f/8 t«= 0. 4'5" JA=0.38 twp~.f S½: -o,J 
/,,I(!~ d¾_:+o,tJ~ 

c=q2, 11 = 0,'15" r:0,1.t-r I';; 0, 4--5'" j1:0,38 jvi= ~38 i'l{.·+002:, IWjDMM. 
m:-a31 h ¾_:-tJ,ll6 

3-%.:~o,'~':>- fce:+t),3C Uc~ h '12.:-0, 21 
octfi.; +o, if 

E =~20 I'= 0. 'd- )I= 0, t,,5" 11 = tJ, '-15" /'= Cf 38 ,M-= 0, 38 
~fxM. !u;-rJ;f h1r-o,2s i'i: 0 k;+o, 30 l,J eyu,,,_ I 

imn.:+0,1.5 
E=tJ,t(} f1::: ~ 'l-'i f'={},ltj I'= q t;-f" 11 =tJ, 38 11=q38 twp~. l 1%:-0,/0 /.c.e:+0,15 
UC.~ 

or,fn, :+ 0, I 0 

E:::O I' :=O, 4-5· I':::~ 1/5" 11=(), ❖S t'=0,38 /1 =o, 38 
n.cp.S:0,11, h~·-011J i_.lf,, :+o. 16 

k:t0,/5" 
2,, , 

, 2 ' 

ff '+D O'f 3 ½:+0,10 u~ . 
'Z-' , 

c-::::06' r= ql/s- f1:::~l/5" /1=0, 't:f }4:0,38 fl=t:?38 ' i 1,%.--o,2c /1,0jOMvt, 
#c.e:-: 0, 'f <} J 'l-o, ,,. k.e.:+0,13 /Ar i 1½,:+0,0S' 

L ==(12c; 14 = 0, 1(5 f = 0,4'5" /1=0,1./5' j1:0,38 /'1=0,38 
n<)~S:O... tu:- O,'I() L't-q2t )'7.;-tJ.1/ lu:+t),/3 2.' / 
t.{~'1 

E=02't f(-= 0, It, t':: 0, 'I, /1=0,'1-f" 11=t?38 /f = t/38 I 

Mf'~- &-u.•-oy() t''-x·-tJ 20 J1k-011 la. :-+q /j ' I 
"l.• I 2,.• I 

'(-~ 

-Ii} Bo :11cex pac,reTax ~ = o.os. C;Itlll!r11 y1taaaHHblX no;z\06ono,re1t ;ztaHH » e;zt, fi W
0 
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Taei:ril'l!Ul 2a-i-2s. 
O;D;HoqaCTINHUe ypOBHH cpe;D;Hero IlQ:rIH ,RoppenimnoHHue ~yH!tl\HH H . 

xmm1rncmie . noTeHUll113IU H8llTPOHHOli Cl!CTe1m. 

Taeimma 2a. 
IOO<A(I50 , E = 0 

N n t j E (S) C(NJ ).. (IV) Cf/V'-1 ). { tv'-1) 

J, w. H;:,6 J, ~. /1'] 6 h .:i. 

I j3/2 4.90 
2 c/1/~ 5:2a 

58 I ~ ~2. 5.35 I.37 5.300 !.16 5.285 

60. II n I.39 5.333 I.26 5.319 

62 n n _. I.42 s:367 1:2s 5.355 

64 n n I.45 s:400 1:2s 5.390 

66 3 S 1/2. 5.40 I.45 5.433 1.30 s:420 

68 I h 1!12. 5.53 1.36 5.466 1:24 s:443 

70 -I! n I.37 5.498 1:2s 5.478 

72 n n I.35 s:s30 I.23 5.512 

74 a n I.30 5.562 1:rn 5.545 

76 n n 1:21 s:s94 1:13 5.578 

78 a n I.OB s:62a r:os s:610 

80 2d% 5.58 0:02 s:660 o:76 5.640 

82 n n o.oo 5.697 o.oo 5.671 

·2 f 1/2. ' 84 6.06 0.67 5.958 o:oo s:943 

86 t n n 0:13 o:63 5.975 5.988 
88 n n 0:97 0:02 6:003 6:014 
90 n n 

• I h 3/2 6:00 
I i. t3;2 6:25 
3p½ 6.40 

2 f 3/, 6:41 

12 

Taei~a 26. 

150 < A <.186 , E = 0.27 

N K'ii [/Y'nltJ 
E ( S) C(tV) .i\ I fo/} C (IV'-/) )iW-1) 

K '1T [ Nn111} £ IS) 
I, (,v. H:;,I, n .:.,, M3b h ~~ J,~. 

.3/2 - (541} s:or 9;2 -[sos] 6:62 

o/z + [4II) s:oL 112. +[651] 6:l;6 

½ + [4I3l s:04 . 3/z +[631] 6.78 

1/2 + [4II] 5:13 'i'2. -l110J 6:00 

1/2 - [532) s:16 %. +[642] 6:a2 

½_ - [s23J s:2s '½ +[606] 6:84 

'1/2. + [402] 5.30 · . 3;2 -[sor] 6:86 

f 
j 

I 

·I 

7/2. + [404] 5.34 ·% . ...;~6!] 6:87 

'12. + [400] s:sr 5i2:'."'~03] 6:89 

3/z :t- [402] s:s2 1/2. -~or] 6:97 

912, - [514] 5:sa 112. +[631] 6:98 

'/z - [541] 5.59 :5/2 .:.[1s2} 6.99 

'/2 - (530] s:71 

'12 + [660] 5~7~ 
3/z.:, [532] 5.80 

90 11;2 - [sos] s:03 1:01 s:asa - -
92 -?f.,_:!' [6sij ~484 0.92 5.909 0.86 5.892 

94 ?>;2 ..:. [s21] s:94 I.OI 5.964 0.00 5.932 

96 3/z. + (642] 5.97 0.98 6.1J24 0.74 5.998 

98 ½ .;.[523] 6.05 0:97 6.085 0.69 6.055 

IOO 7j2 + [633] 6.14 0:97 6:144 0.72 6:ros 

102 1; 2 -[521] 6.16 o:96 6.203 0.74 6.178 

104 y2 -[s12] 6.21 0:12 6.266 0:41 6.242 

106 l/2 - [514] 6.32 0.74 6:333 0.42 6.288 

108 9/2 + [624] 6.35 0.1a 6:400 o:46 6:383 

IIO 112 - [5roJ 6.50 0.89 6A57 0.61 6:413 

II2 · ½-[503] 6:sr 0.96 6.503 0.78 · 6:482 ') 

%. - [512] 6.52 

1112 + [615] 6.58 
1/2 + [640] 6.59 

13 
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Ta6nl!Ila 2r. 
Ta6Jil!Ila 2:e. 

180<' A <194 , E = 0~20 
192<:: A< 202 , E = O,IO 

£ts) Cl IV) AltV C(IV-1) ).(l'l-1) K "'[ J/nl• E <~> 
N K <1i[tVo/1] t,~, M3!, h~. /1,13/, /iw. Ii ;,., • 

712_ -[52~ 5~33 ·% +[63!] 6:8s . 

'12. +[4□cil 5~40 ,I S/2. +[633] 6:89 
312 :i-[402_] 5:4I 112. -[no]· 6:97 

%. :f?1':J 5:50 -1/2. +[622] 7~00 
1112. -[so'i) 5~69 ·%. --:(761] 7:01 

1/2 -@4{j 5.74 112 +[631] 7:06 
112 ~[s3Q) s:8s 712- +[62i] 7:07 

·%. -[53~ s:88 5"1~ -[752] 7:09 

. '12 +[66cij 5~94 7/2. -[14:il 7~19 

3;z+@5tj 5.98 7/2. +[61i] 7;20 

3/2:f52fl . 6~01 91z_+(615J 7:26 

5;, -~23] · 6.05 '12. +[?20] ' 7~29 2 . 
,3/2 +{§4i} 6~07 
112.-f?2~ . 6~18 

7/z +@3fl 6~19 

5i2:~12J 6.21 

~2.;.f?1i] 6~25 

108 -%+[624] 6~33 0~94 6~353 0.70 6.2J8 

110 712>·[50~ 6.43 0~98 6:4□0 0,75 6.J69 

112 
112 :[5rnJ 6~45 LOI 6~442 0.81 6.419 

114 3;2 -[512] 6.46 I~PI 6~483 0.86 6.46J 

~2. -[5□6 6~48 
-· 6:5z7 0.85 6.509 116 I~OI 

118 '1/i+[615] 6.50 ei;oo 6~574 0.82 6.560 

120 112 +(65I] 6~54 I~D2 6~621 0.82 6.592 

1:31z.+[6□6] 6~59 

'12 +[640] 6;7I 

312·{508] 6~73 

3;2 +[~2] 6~74 

%-[503] 6~75 

# K ri[Al11l1] 
£ts) C(N) fl {HJ C(A'-tJ }. (N-IJ I< 'ii" [#ntJ 

£ ('!,.) 

Aw. M:;il. J, ~. M~L /:.~. 1,.:::.J 

9;2 -[51i{J 5.66 5/z +L622J 6.96 

"12-[5□~] 5~75 712. +[621ij 6.99 

'12. -[54~ 5.94. 1/2. -[776] 7.02 

~2. -[530] 5.99 .3;2. -[76!] 7~04 

%_-[53~ 6~00 1/2+[6!3] ?:as 

'12 {66~ 6~01 s-1z-(_752] 7~07 

312+[65~1 6:□3 · %.+[615] 7.09 

%.-~21] 6~05 ~2 .:.L.743] 7.II 

5;2+[642] . 6.06 %.+~aj 7~!5 

1/i[523J 6~08 %_-~34) 7.17 

'l2,+[633] 6~!2 1/2 +~3!] 7~!9 

5i2:-[sr2] 6.13 ''12+@06] 7.21 

$1/2. -[51'±] 6.18 IJ,t2- ~25] 7.24 

% ![624] 6.19 

'?-2 '."[5□3] 6~25 

12 -[521J 6.26 

'½+[615] 6.27 

II4 .91i-l505] 6~29 I.OS 6~364 0~97 6.348 

II6 '¾. +[6□6] 6.36 1.02 6:404 D.89 6.38! 

II8 'i'z :[srn] 6~40 D.92 6~450 a. 79 · 6~423 

120 h·-[s12] 6~4I - 0.82 6.505 D.64 6~487 

!2~ 3/2 :{501] 6~55 0.78 6.568 0~53 6.522 

124 3/2. :(.5□3] 6~57 0~74 · 6.6!3 0.48 6~609 ,,_r 6~67 

t,.,2 + 65!] 6~80 

%+ 64zj 6~84 

1/2. +[640) 6.85 

-%_+[63!] 6.89 

s;,2 +[63:iJ 6~9I 

112 -[smJ 6~84 

15 
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Ta6iuma 21{. 

I96 < A < 218 , £ =O 

Al n lj £ts/ C(NI AttV! C{N-1) )i(N-IJ 
Ii :.i. M:,/, AC:,., N3~ f;. ,;,. 

1 h B;2 · 6:03 

2 f ?/2. 6:08 

II4 J. i '~/2 . 6.25 I~OI 6 :370 0:92 6.36I 

II6 3 p 312 6.40 0.97 6.406 0.87 6:382 

II8 II n 0.92 6.443 0;,80 6.424 

I20 2. I 3/2 6.48 0.85 6.480 0.76 6:454 

I22 II 
n o:?s 6.5I8 o.65 6:496 

I24 ,, ti o:ss 6.5BI 0.46 6.544 

I26 3p 'l2 6.55 o.oo 6:6r4 o.oo 6:560 

I28 2. 3 91~ 6:95 o.?I 6.757 o:oo 6:724 

I30 ,, n □ :88 6:794 0.64 6.777 

I32 II n .0.96 6.827 o:89 6:814 

I34 " n 1:41 6.858 o:88 6;847 

I36 ' II n 1:47 6:8a8 □ :94 6:878 

j i /1/2 7;07 

1 j '1/2 ?:IB 

16 

I,. 

t 
I 
j 
II 
t 
f 

I 1 
f 
} 
1 
•I! 

l. 
"f 
~ 

I 
1 
II, 

I 

J 
i 
V 
' \ 
I 
! 
I 
i 
' i 

. i 
·,:i 

N 

130 

132 

134 

136 

138 

I40 

I42 

K1T[Hn/l. 

'l2 +[66aj 
3/2 +[651] 

1/z.'!J64?) 

3/2.:[5o3J 

g/2 -~05] 
. ~2.+ 633] 

1/2 :~IO] 
:'>;2- 5I2] 

!iJi+ .. 624] 

11/,+ 
2 615] 

3;2.- sor] 

3/2- 503] - . 

'l2 -[?or] 

'¾+[606] 

~2+[651] 
l,,2.-fno] 
.3;: t[-64?] z_ 
3/ 2.: f 761] 

'l2 +[64oJ 

·Sii_-[752] 
3/2. +[633} 

3/2+[631] 

'l2 -('743] 

~2+[622] 

½+[624) 

¾-[?aj 
½+[631] 

'~-[72ij 
~ 2+[6IiJ 

Ta6Jil!Ila 2e. 

2I6 < A< 224 , £. = O .I5 

£IS) C(N) }. (NJ C(N-1} )\ ( N-J) . J E tS) 

f, liJ, M,{. /:, ,:,. H3/, t. .JJ. K 'ij[lvnl11Ji 
I,~.-

s:83 9/2 +(6I5J ?:os 

s:a6 ., -'%-[7I6] ?:rs 

5:92 1/2. +[620] 7:16 

s:94 3/2. +[622] ?!I? 
5:98 ~h. +[604] 7:21 

6:oo '1/2- +[6□6) ?:27 

6:02 1~ -[7o71 7.29 

6:03 .3/2 +[6n] 7.35 

6:rr -1/2 +[613] 7.37 

6:23 '12. -[76lj 7:40 

6:24 · 3,tz -[752] 7.47 

6:26 1/z + [6II.] 7:48 

6.35 1/2. .:.[?so] 7:54 

6:37 

6.60 

6.66 0.69 6.621 - -
6.67 o:w 6:654 0~62 6.640 
6.68 0.84 6:686 0.70 6:673 
6:71 0.87 6:718 0.74 6.704 
6:74 0:90 6.750 0.77 6.735 
6:77 0.91 6:783 

-o. 78 ·6. 766 

6~79 0:91 6:81? 0.79 6.802 
6:81 . 

·" 

6:89 

6:90 

6:91 

6:99 

7:02 

7.04 I 
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Tac5:rnma 2x. Tac5Jll!U8 23. 

224( A(230 , E. = 0.20 226( A< 256 , £ = 0.24 

;V . I{ rr/}vn1A] /;{~} C(N) Ji r11J C(t,/-/J 'J-..(,V-1) 
,<r,[tVn/1] £1.5) 

;,,;. M"ilf. t.w, H!>b 1. ,!,·,'.9 A~o 

51 :-[s1~ 5.81 1½_ .:.[725] 7:12 

?-2 -[sriJ 5.85 1/z +[620] 7.14 

Si2 +[642] 5.87 3;2. +[622] 7:16 

ij2. +[633] 5.99 ~2. +[604] 7.27 

7;2 -:[503] 6.03 1/;2. -r6I] 7.28 

v2 :fsrn] 6.05 '¾.- 7!6] 7:29 

3/2.'."~12] . 6.07. f'l2.:t-[606] 7:33 

-h_-[sos] 6.G8 312. .:{752] 7.38 

. .9/2 +~24] 6.!3 3/2.!L_6II] 7·.39 
11;, + 615] 6.30 Yz. -[7so1 7!42 2.-

312.-[sorJ 6.33 1/2,![612] 7.;43 

. 3/2. -:t03] 6:35 · '3/z:[707] 7.48 

~2 - sor] 6:44 3/i_-[74!} 7,;5! 

.112 +[65IJ 6:48 ,,,,T,.l 6:49 

'12. + 640] 6:56 

312 + 6421 6.59 

!34 '12. - 770] 6:61 0:79 6:634 0.66 6.6!8 

136 .3;2 -t76I] 6:65 0~80 6.67! 0.66 6~653 

!38 3;2. +[63!] 6:69 0.79 6:709 o.s8 6:689 

140 3/2 -[752] 6:73 0.78 6.·749 0~64 6.727 

142 5i2.+(633] 6:74 0.75 6/792 0:60 6.780 

144 'l2 •{743] 6~83 0.75 6~836 o:s9 6.808 

5i2. +[622} 6:8s 

'12. +[63!] 6~91 

1/2. ;[624] 6:92 

.9;2 -[734] 6;97 

7/2 +[6I3J 7~05 

.912.+[6151 7.II 

N /{'Tl [/ilrr111] f{sJ C(tV) /\ ((',/) C(llf-!) ),.{#-/) /~(ji [!In/\] EIS) 

J; ,:,, H':)b p..:,, H~!, 1. .:,. t,~. 

1/2. +[642] 5.87 '';2 -[725] 7;19 

5",1z -[s12] 5.88 312. +~22] 7.20 

712 -[ sr4_] s:93 S; +~Is] 7~2! 

7/2. ![633] 6:v2 ·,/: -[761J 7:22 

!;2 :[srn] 6:12 3/2 "[52] 7:35 

.3;2 :[s12] 6:B '12. - 750] 7.36 

712 -[503] 6:1s 11
2 

+ 880] 7.40 

9;2. ![624] 6:19 9;2 +t 604] 7.41 

~l;z. -[sos] 6:20 /31.- 7!6] 7:42 

11/2. + ~615] 6:40 % +~87!] 
7:45 

'12 ! 65!] 6:42 ll/z_+ 606] 7.47 

. 3/2. :-~OI] 6:45 3;z.+t6II] 
7.48 

.312. - 503] 6:47 , %.- 74!] 7:49 

'12. +f 640] 6:53 

'12 : 50!] 6~55 

1/2 -[770] 6.56 

3; +f 642] 6~57 

31:- 761] 6:61 

1J6 131 +[6o6J 6.63 a.so 6.677 0.68 6.662 
lJB 31~ ![63Ij 6:69 0.76 6:7!6 o:64 6:692 
140 3/2. -[752] 6.;7! 0.70 6.757 o.s8 6~737 
142 5;2 ![633] 6~75 0~65 

.• 

6.806 0~48 6~788 
l44 712. -[743] 6~85 0.64 6.858 0.42 6~825 
146 'lz + [63IJ 6.90 o:s9 6.904 0~43 6.874 
148 S-;2 +[622] 6.9I o:s7 6~949 0.42 6~932 
150 ½ +[624] 6.96 0.53 6.998 0~34 6;971 
152 9j2 -[734} 7 .oo 0.49 7.062 o.oo 7~054 
154 7/2. + [6!3] 7 .I4 0~60 ?.II? 0.27 7~077 

156 1
/2 +fo201 . 7~18 o.63 7.156 o:47 7.!36 

18 
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Ta6na~u 3a + 3s. 

O~HoqacTll'!HHe ypOBHM cpe,ll!ero nona ,· KOppen~MOHHHe @YJ!~MM M 

Xl!Mll'!eCKMe naTeimaanu npOTOHHOH CHCTeuu. 

z 

42 

44 

46 

48 

50 

52 

54 

56 

58 

60 

62 

64 

. 66 

Ta6m!Ila3a • 

IOO<"A<ISO , £ = 0 

n t' j E(S) C(l) 

hw.., H,6 

I c/3/2 3:40 

2 S 1/2. 3:so 
I d3fz. 3:65 

If ~2 4:08 

2 f}z_ 4:40 

I f 3/2. 4:43 
2 p 1;2 4:so 

I :J-- .9;2. 4:70 
II n I:30 
II n I~25 
n II I:07 
n II U';.00 

I _(112 s:rs I.IO 
n n I~06 
n II I.I2 
n n LI6 

2 d5), 
2 s:22 I~IO 
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