
lvt - 19 t-
OB'bEnHHEHHblti 

HHCTHTYT 
.HnEPHbiX 

11CCnEnOBAHHI1 

ny6Ha 

- ~ • -• ~ . 
' ·• s 
= :r 
! ... a ~ 
= 

P4 · 3329 

" JI.A. MaJioa, B.r. CoJioabea, l-1.~. XpHcToa 

flAPHbiE KOPPEJI.HIU1l1 
CBEPXflPOBO~.HIUErO 'rnflA M.H .H,ZJ;EP 

B OBJIAC'rn 100<A<256 



<, 

P4 · 3329 

JLA. Manos, B.r . CoJJOBbeB, H .~ . XpHCTOB 

llAPHHE KOPPERHUHH 
CBEPXllPOBO~Il{ErO 'rnnA MH ~EP 

B OBJIAC'rn IOO<A<256 

HanpaBneso B .H<P 



npK npoa e aeHKM Bbl'IKCn9HKl! 1 CBSI3aHH biX C napHb!Mf! KOppenSIUf!SIMf! HyKnOHOB 

CB e pxnpOBOaSIIU9I"O TKIIa, npKHf!MaiOTCSI 80 BHf!MaHK e B ccj:JepK'19CKf!X Hapax ypOBHf! 

cpeaH e ro nonH, cooTBeTcTayiOmKe nocneaH91! H93anonH9HHoll o6ono'!K9, a a a e cj:Jop­

MKpoaaHHbiX Hapax- cymecTB9HHo 6on blll9e '!Keno ypoaHel!o 3To npKBOaKT K pa3-

nK'!HbiM 3Ha'!9HIISIM KOHCTal!T napHOI"O B3af!MOa91!CTBIISI GN (Hei!TpOHHaSI Cf!CT9Ma) 

11 G z ( npoTOHHaSI .cllcTewa) anH ccj:J9pllq9CKHX 11 a9cj:JopMKpoaaHHbiX Ha9po Bo3HKKa9T 

aonpoc - MO}I{HO nH napHb!e KoppenHUKII so ac9x Hapax B o6nacTH 100 <A < 256 

onKcaTb c oaHKMf! f! T9Mf! }1{9 3Ha'!9HIISIMII G z A II G~ np11 OaiiHaKOBOM Ko-

n H'!9CTB 9 npKHf!MaeMb!X BO BHIIMaHK9 ypoBH91! Cp9aH9I"O nonS!) Knll }1{9 a nSI Ka}l{aOI! 

rpyn n bl Ha9p cneay9T IICnonb30BaTb CBOK 3Ha'!9HHSI 3TIIX KOHCTaHTo 

8 HaCTOSIIUell pa6oTe paCC'IIITaHb! napHb19 3 H9pi"IIII II 1!3 cpaBH9HHSI HX C 3Kcne-

pHM9HTanbHb!MH 3Ha'!9Hf!SIMII, nonyqeHHb!MH 1!3 pa3HOCT91! Mace Ha9p, Hal!a9Hb! ae­

nK'If!Hbl G N H G z 0 np11B9a9Hb! CX9Mbl oaHO'!aCTH'IHbiX ypOBH91!, paCC'IHTaHHb!e 

c MOaHcj:JKuHpoaaHHbiM noT9HuHanoM HHnbCcoHa ,a TaK}I{9 Kopp9nSIUHOHHbi9 cj:JyHKUHH H 

XHMH'I9CKII9 nOT9HUHanbl anSI OCHOBHb!X COCTOSIHHI! H9'19THb!X II '19TH0-'19THblX Ha9p, 

npl! 113Y'I9HIIII CBOI!CTB Cp9aHIIX II TSI}I{9nb!X Haep IUHpOKO HCIIOnb3yiOTCSI Cxe­

/1/ 
Mb! oaHo'!aCTH'IHbix ypoaHel! cpeaHero nonS! noT9HUHana Hlln&ccoHa , npHaeaeH-

/2/ 
Hbl9 B o 8BHa y TOI"O, 'ITO 3TH CX9 Mbl He aaiOT npaallnbl!b!X KBaHTOBbiX 'IHC9n 

/3/ 
a nSI OCHOBHb!X COCTOSIHIII! H9KOTOpb!X H9'19THb!X Ha9p, TO B I! pHae apyrHX pa-

/2/ 
6oT npoaeaeHbl aononHHT9nbHble no cpaaH9HHIO c caaHI"H OTaen&HbiX ypoaHel! 

11 noao6ono'!9K o C o6cTB9HHb!e aonHOBbi9 cj:JyHKUHH 11 co6cTB9HHbie 3Ha'!eHIISI raMIInb­

TOHHaHa cpeaH9I"O nonS! Heo6xoaHMbl anSI Bbl'IHCn9HHSI 3H9pi"HI! I! CTpyKTypb! B036y}l{­

aeHHblX COCTOSIHHI! SI.Ll9J?o EcnH npH paC'!9TaX CB9pXT9KY'I.IIX xapaKT9J?IICTIIK Haep 

CYlll9CTB9HHa nnoTHOCTb OaHO'!aCTI!'!Hb!X ypOBH91! B6nH31! noaepXHOCTH ¢epM11 1 TO 

npl! Bbl'II!Cn9HHII OaHOcj:JOHOHHb!X B036y}l{a9HHb!X COCTOSIHHI! 60nblll09 3Ha'!9HH9 HM910T 

/4 5/ 
BOnHOBbl9 cj:JyHKUHII I! 3H9 pi"Hit anSI 6onbWOI"O 'IIICna oaHO'!aC TH'IHb!X ypOBH91! ' 

nonO}I{9HIJ9 oaHo'!aCTI!'!Hb!X ypOBH91! cpeaHero nonS! OC069HHO CHnbi!O BnHSI9T Ha 
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p ac'-le T bi ( c y '-!e T OM a 3 aHM OJle l!cTBIHI KB a3 H'-! a CTHU c cjJoH o HaM H) c paaHHTe n bH O c •wb­

/ 6,7 I 
H O B036y)I(LieHH b!X COC T O SIHHl! B H e '-! e TH b!X a e¢o p M HpOBaHHb!X S! Ll pax • n o3 TO-

MY Heo6xoJlH MO npoae cTH y T O '-!H e HHe c x e M OLIH O '-! a cTH'-IHhlX ypo aH e A cpe n H e r o n o nS! 

181 
H enaaH o a 6bina npoae n e Ha MOLIH cjJHKaUHSI noTe HUiiana HHnbc c o Ha nyTe M 

aae neHHSI n onon HHTe nbHoro '-!n e H a , npo nopuH o H . .m bHoro < 12 > ~ N(N+3) 
---2- , T .e . 

npon o pUH OH a !lbH Or O KB a LipaTy o n e paTOpa M OM e HT8, yc peLIHe HHOrO n o CO C TOSIHHSIM C 

Ll 8H Hb! M N • Y4e T 3 T O r o a o6aa o '-!Horo <JneH a n o3a o nHn n ocTpOHTb c xeMy OJl i-10-

'!8C T H4Hb!X ypOBH e l! Ll llSI S!Ll e p B o6n aC TH d KTHHH LlOB C OLlHHMH H T eM H )l(e napaM e Tpa ­

/2/ 
MH 11 H X anSI a c ex N H yM e HbWHTb, no cpaaHeHHIO c , KOnH'-!eCTBO 

CLlBHrOB OTLle!lbHb!X n OLI 0 6 0n04eK H 'IHC!lO napaMeTpOB LlllSI S!Ll i: !J B o 6 naCTH 

! 50 < A < 190 . 3Ha'!eHHSI napaM e Tpoa noTeHuHana HHnbCcoHa, npHaeaeHHbie 

181 
a Ta6 naue I, 6 nH3KH K n aHHbiM a • 0HH Bbi 6 paHbi TaK, '!T06 bi nony'!HTb HaHny'l-

w ee OllHCaHH e OCHOBHb!X COCTOSIHHl! H e '!e THb!X N H He'!eTHbiX Z a e cjJopMHpo-

aaHHb!X S! Jlep, 

H a pHc. 1-4 npHaeaeHbi cxeMw OLIHO'!aCTH'IHbiX ypoaHel! . Ka)l(aoe cocTOSIHH e 

xapaKTepH3yeTC SI 3Ha'!eHHSIMH npeKUHH K CnHHa Ha OCb CHMMeTpHH S!Llp8 H 'leT-

HOCTb!O 11 , a T8K)I(e acHMilTOTH'IeCKHMH KaaHTOBbiMH 'IHcnaMH N n A • N - non-

HOe 'IHC!lO O C UH!lllSITOpHb!X KBaHTOB, "· - 'IHC!lO OC UH!lllSITOpHblX KBaHTOB BLlO!lb 

ocH CHMMeTpHH S!Llpa, A - npoeKUHSI yrnoaoro MOMeHTd Ha OCb CHMMeTpH H S!Jlpa) . 

3 HeprHH 0LlHO'I8CTH'!Hb!X COCTOSIHHJ! LiaHbl B eLIHHHUax 11 ~ ~ 41 A -I/<J 
0 

napa M eTp necjJopMauHH t ~ 8 + 116 8 2 
• Heo6xoJlHMOCTb npHae aeHHSI 3 THx 

/2/ 
CXeM CBSI 3 aHa C TeM, 'ITO OHH H e CKO!lbKO ny'!We, '-!eM CXeMbl B , npe JlcTaanSI-

lOT ypOBHH cpe JlHero nonS! H SIBnSIIOTCSI 3Ha'!HTe !lbHO 6onee llO!lHb!MH. 

Ha pHc. I H e IlOMeCTH!lHCb C OCTOSIHHSI C Z < 28 nono)l(eHHe 3 THx nono-

6 on o '! e K np11 f ~ 0 cne ay10wee : f 
7
/2 

0 0 

-4,2 11 £ 
0 d!/2 

0 
-3,711 "'o 

s 1/2 - 3, 511 "' 0 
• nono)l(eHHe llOLI06ono'-!eK c N <SO. H d s/2 -3, 371! w 

0 

LlO n OnH SIIO W HX pHC . 2, 

f s/2 -4,711 0 

"' 0 

0 
HBnSie TcSI cneayiO W HM: g I -5,1 "h w 

0 g 2 0 0 

p sh -4, 6 11 w 
0 

, f 7 I 2 
-4, 2411 cu 

0 

c cjJepH'! e c K HX HLie p npoaeneHbi n o cxe M a M, LIBHHbiM ·Ha pHc . 

38 HC K!liO '-! e HHe M a Hel!TpOHHol! CHCTeMe non o6ono'!eK j I H 
0 15 2 0 

KOT Op b !X llOBbiW e Ha H8 0,25 11 W O , 8 BTOp8S1 - H8 0,1 1\ W O 

0 
• p 1/2 -4,7811 "' 0 . 

Bee pac '! e Tbi anSI 

H 2 , npH f = Q 

i 
1312

, nepaaH H3 

B biw e npHaeneHHbie cxeMbi OJlHO'IBCTH'IHbiX ypoaHel! MoryT cny>KHTb ocHoaol! 

n p H npoBeQeHHH p83!lH'IHbiX p8C'!eTOB, OUeHOK H npH HHTepnpeT8UHH 3 KC n epHMeH­

T 8 1lbHb!X LIBHHbiX. B H e KoTopbiX Bbi'!Hcn eHHHx, aepoSITHo, np HLieTcSI npoaoaHTb no­

nonHHTen bHbie cMewe HHSI KBK noao6ono'!eK, TBK H oTaenbHbiX ypoaHel!. Oco6eHHo 
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6onbllllie li3MeHeHiiSI B n o no)l{eHiili nono6 ono'leK npoeonSITCSI np!i Bhl'llicneHHii ypoe -

/ 9-12/ 
H 9 A CcP9 p!i'19CKiiX Sine p ( CM . , H811p!iMep, ) • 3TH CX9Mbl MoryT OK838TbCSI 

T8K )I{ 9 none3Hb!Mii nnSI n poeeneHHSI Cp8BH9HHSI C onH0'18CTii'IHb!MH ypOBHSIMH noTeH-

13 14 15/ 
uHan& By n c a-C aKc oaa ( e M., aanpHMep, ' ' ) • 

BaaHMoneAcTBHSI, npHeon SilllHe K napHb!M KoppenSIUHSIM caepxnpoeonSilllero 

THna, onpe n e nSI :OTC SI neyMSI K OHCTBHTBMH : G N nnSI aeATpoHHolt cHcTeMb! H G z 

- nnSI npoTo aao A . Pac qeThl nnSI npoToHHoA H aeATpoHHoA cHcTeM npoeonSITCSI Heaa­

BHCHM O . 3H8'19 HHSI a THX KOHCTBHT nonyqaiDT H3 Cp8BH9HHSI eenH'IHH napHhiX aHeprliA, 

p8CC'IIiT8HHb!X no cPOpM y n e ( nnSI H9ATpOHHOA CHCT9Mb!) 

p 
N 

t-1 35;(Z,N-1 )+&(Z,N+1)-3&(Z,N)-&(Z,N-2)l 
(I) 

CO 3H8'19HHSIMH p N , nonyqeHHb!Mii li3 aKcnepHM9HT8nbHb!X naHHhiX no M8CC8M 

Sinep. 3necb . & ( z, N) - aHeprHH Sinep, Bhl'llicneHHbre no ct>opMynaM TeopHH 

• ./16 / 
napHhiX KOppenSIUHA HnH aKcnep!iM9HT8nbHb!9 3H8'19HHSI M8CC Sinep, 83S!Tb!9 

/17/ 
li3 • PaccMaTp!iBBeMbre Sinpa paa6HTbr Ha o6nacTH B aaeHCHMOCTH OT paeHoeec-

HOlt nect>opMBUHH Sinep B OCHOBHb!X COCTOSIHHSIX ( CM Ta6nHUy 2) o 

PeaynbTBTb! cpaeHeHHSI pacc'IHTaHHb!X aaaqeaHA napHbrx aHeprHA c nony'leH-

Hh!Mii H3 aKcnep!iM9HT8nbHhiX naHHhiX no p83HOCTSIM Mace Sinep npHBeneHb! H8 

p!ico5,6. Pac'leTbl napHb!X aHeprHA BblllOnHeHbi nnSI Hnep B o6nacTH !50 < A < 256 

CO cnenyiDlllHMii 3H8'19HH!1Mii KOHCT8HT: 

G 23 M ·Na -A- aB, (2) 

G .1!_ Mas 
z A ' 

PacqeThl B o6n a cTH 100 < A < 1 5 0 BbwonHeHhl c KOHCTBHTBMH 

(3) 

C =A Mae z A ' 
T oe, B o 6 naCTH cpenHHX Sinep KOHCT8HThl YM9Hbll18IDTCSI li npOHCXOnHT c6n!i)I{9HH9 

aHa'l e HHA KOHCTBHT GN H Gz o YMeHbll19Hiie KOHCTBHT GN H Gz no cpaeHe-

HRID C p8C'I9T8MH B 
116

•
181 

CB!I38HO C T9M, 'ITO B H8CTO!IlllHX p8C'I9T8X CyMMHpOBa -

42 43 36 B /16,18/. MO)I{HO HRe npoeonHnocb no - ypoBH!IM cpenHero non!! eMeCTO 
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yny4WK Tb c ornaCKB T BOpKK C 3 KcnepHMBHTOM, B CflK 3H84BHHg KOHCT8HT 88pbHpo-

88Tb 8 HHTe p8an a x: 8 o6nac TH ! 50 < A < 256 

G = 
22, 5 ± 0, 5 

, Gz= 
~. 5± 0, 5 

f\1.sa , 
N A 

Msa 
A 

(2
1

) 

8 o6nac TH 100 < A < ! 50 

1 °, S ± 0, 5 G _ 22, 5 ± 0, S 
Msa G N ~ A Msa ' z- A 

I 
(3) 

8 nepeXOLlHblX o6naCTHX HLlBp, rne p aBHOBBCHblB JJ.BijJOpM8lllili MBHHIOTCH OT 

HLlp8 K HLlPY, 3 HeprKH, C BH38HH8H C nepecTpOlfKOl! CTpyKTypbl OLlHOrO HLlp8 no 

/19/ 
Cp8BHBHKIO C LlpyrliM ( CM ., HanpKMBp, ) , BXOLlliT B napHyJO 3Heprli!O, BCflli 

pac'!e T npoaOLlliTb no cjJopMyne (I). B TBKHX cny'!aHx nyqw e nonb30B8TbCH cjJopMy­

noll 

P =_l_ l2cl(ZN-l)-<1(Z,N)-<1(Z,N-2)l. 
N 2 ' 

(4) 

npli p8C4BT8X no (4) H86fli0Ll8BTCH YMBHbWBHKB nB ;JHb!X 3HBprlil! y HLlBp, HMeJO-

w Hx MaraqecKiie 3HB'IBHHg N liflli z 
VJs cpaBHBHiiSI, npoBBLlBHHOrO H8 pKC. 5,6, BKLlHO, 'ITO nonyqe HO y Ll08flB T80-

p!iTBfl bHOB COrnBCHB MB >KLlY pBC'IBTHb!Mii H 3 KC11 B pHMBHT8flbHb!MK 3H84BHHHMH nap­

Hb!X 3HeprKl!. 803MO>KHOCTb OnKC8HKH napHblX 3 H e prKl! C O U HKMH H TBMH >KB 3 H8-

4 B HKHMH KOHCTBHT GNA K G zA a o6nacTH H nep ! 50 < A < 256, cocToHwell 

K3 necjJopMHpOB8HHbiX H ccjJepK4BCKHX li30TOn OB, n03BOflHB T nOLlT8B pLlliTb Bbl80Ll, 4TO 

npH6nH>KBHHe G = const H8nHeTC H nocTBTO'IHO xop o wH M. KpoMe T oro, 3 TO o6cToH-

TBfl b C TBO C03Ll8BT 6onee H8LlB>KHYIO OCH08Y LlflH p8C'IB T8 X8p8KTBpHCTKK HLlBP 

nepBXOLlHbiX OT n e cjJopMHpOB8HHblX K ccjJepH4B C KKM BHyTpH o6naCTH ! 50 < A < 256. 

Ha OCH08B cjJopMyn TBOpHH napHbiX KOppenHUHl! CBBpxnpOBOLlHWBrO TKll8 (eM., 

/16,!8/ 
HanpKMep, )p8CC'IHT8Hbl KOppenHUHOHHbiB cjJyHKUHH li XliMH4BCKiiB nOTB HUH8flhl 

ang OCHOBHb!X COCTOgHHl! 4BTH0-4B THbiX 1i HB'IB THblX A gnep B o6naCTH !00 < A<256. 

B pac'!eTax Hcnonb3oaaHbi ypoaHH cpenHero nonH, llBHHbiB Ha pHc. 1-4, H 3Haqe-

HHg G N H G z , onpe neneHHbie (2 ' ) H (3 ' ) • Pe3ynbTBTbi pac'leTa npen-

6 



CTBB.'leHbl B Bli ae T d6nHU 2 H 3, rae npH B e aeHbl KOppem!IIIiOHHbie <j:lyHKUHH C(Z+l) 

H XHMH'!eCKHe n OTeHUHBnbi A ( Z + 1) C HCTeM, COCTOliWHX H3 '!eTHOf'O '!Hen a npOTOHOB, 

H Bbl 'lliCneHHbi X C y'leTOM s<j:l<j:leKTB 6nOKHpOBKH C ( Z) H ,\( Z) anll OCHOBHbiX COCTO­

liHHl! CHCTeM , COCTOliWHX H3 He'!eTHOf'O 'IHC nB npOTOHOB1 H paBHOBeCHbie ae<j:lopMa -

UHH COO TB e TCTByiOW ii X ll aep. 8enH 'IIiHbl KOppen l!UHOHHb!X <j:lyHKUHl! C (Z+1) , 

C(Z) (C(N+l), C(N)) anll ae<j:lopM!iposaHHbiX Haep, npHse aeHHbie B Ta6nHuax 

2 li 3, cornacyiOTCll C a enli'lliHaMii, nony'leHHb!MH B 
13

•
4

•
5

•
201

, 4TO Kacae TCll ae­

nH'IIi H KOppenl!UiiOHHbiX ci- yHKillil! anSI c<j:l e pli'!eCKHX llaep, TO TyT cyweCTByeT ao­
/12/ 

sonhH O 6onbw o l! paa H o6o l!. 8 pllae pa6 oT, HanpliMep, B nony'leHo, 'ITO Koppe-

nliUiiOHHbie <j:lyHK I!Iili anll onpeaeneHHoro aHa'!eHiill N HnH Z CHnbHO MeHl!IOTCll 

npH n e p e xoae o T oaHol! c xeMbi oaHoqacTii'IHbiX yposHelt K apyrol!. nonyqeHHbie 

HaMH 3Ha'!eHiill K Oppenl!UHOHHbiX <j:lyHKUiil! anll c<j:lepli'leCKHX llaep liBnliiOTCll HaH-

60nbWHMii no cpasHeHiiiO C apyrHMii pa60TaMii: OHH HaH6one e 6nH3KH K KOppenl!­

/10/ 
UHOHHbl)l <j:lyHKI:Ii SH l , llf. liBeaeHHbl~f B HaM Ka>KeTcll, 'ITO B pl!ae pa6oT 6hinH 

B 3 l!Tbi aaHii >KeHHbi e aHa'!eHHll KOHcTaHT GN li G z , 'ITO .tpliseno K cnHWKOM Ma­

n biM Ben li'lliHaM KOppe nl!UHOHHblX tPYHKUHl!. 

3Ha'!eHHSI KOppenl!UHOHHbiX <j:lyHKUiil! MeaneHHo pacTyT c yMeHbWeHH e M A 

0 Hii o6paWBIOTCll B Hynb anll llaep C 'IHCnOM Hel!TpOHOB Hnli npOTOHOB, pBBHblM 

MBf'li'!e c KHM '!H cn aM. BcneacTBHH s<j:l<j:leKTa 6noKHpOBKH Koppe nl!UHOHHbie ¢yHKUHH 

an SI OCH OBHbiX COCTOliHHl! He'!eTHb!X CliCTeM MeHbWe KOppenl!UHOHHb!X tPYHKUHl! CHC­

TeM, COCTOSIWHX H3 '!eTHOI'O 'IHCna HyKnOHOB • .[lnl! c<j:lepH'!eCKiiX Haep ( KpOMe 

6n113KHX K MBI'Ii'leCKHM) STO yMeHbWeHiie COCTaBnSieT (10- 15) %, anll ae<j:lopMH-

poB d HHbiX Haep - ( 15 - 30) % • CnHWKOM 6onbwoe yMeHbWeHHe C(N) no cpas-

H e HHIO c C(N+1) , KOTOpo e Ha6niOaaeTCll B OTaenbHbiX c n y'!al!X, CBll3aHO C He-

T O'IHOCTbiO liCnonb30BaHHOI'O MaTeMaTH'IeCKOI'O MeToaa, 

EcnH KOppenSIUHOHHbie <j:lyHKUHH B 6onbWHHCTBe cnyqaes Mano MeHl!IOTCSI npH 

nepexoae OT oaHoro llapa K a pyroMy, TO yMeHbWeHHe nonHoll s HeprliH Hel!TpoHHol! 

(npOTOHH Ol!) CliCTeMbl lia-aa napHbll( KOpp~nliUHl!, T.e, s e nH'IHHa 

3aBH Cii T OT H3MeHeHHl! A , o co6eHHo B o6nacTH c<j:lepH'IeCKHX Haep. 

0 H a MeHSieTCll OT Hynll ao asyx-Tpex ~SB B 6 nH3H Ma!'H'IeCKiiX 'IHCen, ysenH 'IHBB­

e T CSI ao a syx ~ sa anll Siae p nepexoaHol! o6nacTii H ao (4-5 ) ~sa npH N=70-74. 

8 o6nacTii ae<j:lopM ii posaHHbiX Haep s enli'lliHa 

OK OnO COO TB e T C TByiOWiiX BenH'IIiH C ( N + 1 ) 

6(G=0)-f. (G ) 
N 

(linli C ( Z + 1 ) 

<j:lniOKTyHpyeT 

) • B cpeaHeM 

onycKaHHe nonHol! s H e prlili Ha-aa napHbiX Kopp e nSIUiil! B c<j:lapH'!ecKHX Hapax 6on b­

we , '!eM B ae<j:lopMHpOBaHHbiX • 

7 



LJ.aHHbl e B H8CTOSIWe l! pa6oTe cxeMbl OLlHOqBCTHqHblX ypOBlh>l!, BeJ!JiqHHbl KOp 

peJISIUHOHHbiX tPYH KUHI! H XH Mf!qeCKHX riOTeHUH8JI OB MOf'y T 6ui Tb nef'KO HCilO<I b:JOB8Hbl 

LlJISI npoaeneHHSI o ueHOK MHOf'HX tPH3HqeCKHX np oueCCOB, ripOH CXOLlSIIIlHX B cr jJepH­

qec KHX H ne<1:JopMHpOB 8HHbiX S1 Llp8x. 

B 3 BKmoqeHHe Bbipa)i{aeM rny6oKyiO 6naronapHOCTh 1:3.B.nawKe aHqy 3 a no-

MOWb npH np oaeneHtm qHcneHHhiX pacqeToB . 
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PyKonHc b nocTynHna a Ha.llaTen bCKH A OT.llen 

16 MBSI 1967 r . 



N 

3 

4 

5 

6*) 

7 

4 

5 

6 

7 

8 

lf) 

TaCiJII! Ua I . 

ilapaMeTp~ ITOT8HI.\M8R8 H"RhCCOHB 

H e ~TpOH~ ilpOTOH~ 

·'J! }l 

0.0637 0.35 

0.0637 0.35 

0.0637 0.42 

0.0660 0.30 

0.0660 0.30 

0.0660 0.30 

0.0660 0.30 

0.0660 0.30 

0.0660 0.30 

0.0660 0.30 

J\RH riO)IOCiORO'IKII 

C.liBIIr OCinacTh OCinacn 
ITOJIOCiORO'IeK 

Hi18P N :I: }I a.11ep 
< B e11. Aw, > 

d 3/2, +O.IO 

2 0.0637 0 

3 0.0637 0.60 

4 0.0637 0.60 4~z, 88 

9 9/2, +0.18 58~N~I36 5 0.0637 0.60 

6 0.0637 0.30 

3 0.0577 0.65 

4 0.0577 0.65 

5 0 . 0577 0.65 

!3~)/~ 156 6 0.0577 0.65 90d~I02 

7 0.0577 0.65 

i 13/2 B3HT~ CRSJIYD~e napaMeTp~; ~ = 0. 0637 

;t = 0.42 . 
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C(lf·l) 
' .N f. 

&M3l! 

57 I.3I 

59 I.37 

61 1.34 

63 I.38 

65 1.39 

67 I.3I 

69 0 1.34 

7I 1.33 

73 1.28 

75 I.20 

77 1.05 

79 0,81 

81 0 

83 0.79 

85 I.OI 

87 I.I6 

89 I.I5 

9I I.I2 

93 1.07 

95 I.OI 

97 0.95 

99 0.88 

IOI 0.27 0,86 

103 0.82 

IOS 0.81 

107 0.82 

I09 0.94 

Ta 6m11.1a 2. 

KoppenHUHOHH~B ~YHK~HH H XHMHqecKHe 

ITOTBHUH8~ AnH HBRTpOH~X CHCTBU. 

;\ (N'·i~ erN) A{ H) C{llrl), ;\(JN), 
I 

s <~~~ · A ,:;. 1 •A · iw,. N e 
1 e p, . hi.J, s Mal! s Mal! 

5.627 I.~ 5.599 III 0.90 6.933 

5.670 1.I5 5.648 II3 0,89 6.977 

5.715 1.13 5.698 II5 0.20 0.84 7.024 

5.757 1.19 5.747 II? 0,77 7.085 

5.800 I.I8 5.776 II9 0.84 7.149 

5.836 1.14 5.809 121 0.70 7.035 

5.873 1.18 5.850 123 0.46 7.084 

5.908 1.19 5.888 125 0 7.148 

5.943 I. I? 5.924 127 . 0.58 7.470 

5,977 I.IU 5.960 129 0 U,76 7.500 

6. 013 0.97 5.997 131 0,88 7.529 

6.052 0.75 6.028 133 0.95 7.557 

6.098 0 6.071 135 I.oo 7.584 

6.433 0 6.416 137 0.83 7.320 

6.468 0.72 6.455 139 0.77 7.357 

6.502 0.94 6.491 141 0,69 7.400 

6.400 1.00 6.383 143 0.62 7.453 

6.443 0,96 6.4I9 145 0,60 7.5II 

6.488 0,92 6.463 147 0.62 7.564 

6.537 0.84 6.516 149 0.24 0.57 7.617 

6.591 0.73 6.569 lSI 0.63 7,668 

6.647 0.65 6.608 153 0.69 7.7II 

6.704 0.64 6.679 !55 0.73 7.747 

6.764 0.55 6.738 157 0.76 7. 782 

6.827 0.53 6.788 

6,894 0.48 6.875 

6.952 0.63 6.908 

II 

CWJ, ). ( il) 

s Mal! 1 e,4.hW .. 

0.72 6,901 

0,73 6.953 

0.70 7.003 

0.55 7.072 

0.48 7.1~ 

0.63 7.013 

0.35 7.~9 

0 7.068 

0 7.456 

0.54 7.488 

0,71 7.518 

0,82 7.548 

0,89 7.577 

0,73 7.306 

0.66 7.334 

0.57 7.382 

0.40 7.430 

0.32 7.477 

0.40 7.534 

0.34 7.599 

0.37 7.642 

0.50 7.685 

0,59 7.73I 

0.63 7.763 



C(Z•i), ). (l•i), 

z c: 
• M3B & ep, /;01, 

43 1.38 5, 004 

45 1.30 5.058 

47 1.07 5.!!6 

49 0 5. 200 

51 0.90 5.489 

53 0 1.!3 5.530 

55 1.17 5,576 

57 1.16 5,617 

59 1.18 5.652 

61 1.22 5.687 

61 1.03 5.655 

63 1.04 5.720 

65 0.27 1.03 5.788 

67 1.09 5.857 

69 0. 98 5. 925 

7I 0. 99 5. 985 
L___ --- -

Tae5Jill!18 3. 

KoppenHnH OHHHe WYHK!\KK K XHMMqeCKKe 

nOTeH[\K8nH ~H npOTOHHHX CKCTeu, 

C(l)
1 

A ( z), C(l•l), Mz+J.), 

seAL> 
z c 

b •A· i w> llaB llaB 

1, !3 4.972 73 0.96 6.002 

1.12 5.029 75 0.2( 1.00 6.062 
0,94 5.087 77 0.84 &.004 
0 5.158 79 0,67 6.060 

0 5.468 81 0 6.124 

0.82 5.514 83 0 0,69 6.385 

0.95 5.563 85 0,86 6.425 

0,98 5.607 87 0.96 6.464 

1.04 5.633 89 0.92 6.332 

1.10 5.67! 91 0.88 6.374 

0.73 5.610 93 0.81 6. 421 

o. 76 5.690 95 0.24 0.77 6.473 

0.72 5.761 97 0.73 6,529 

0,69 5.821 99 0,69 6. 590 

0. 65 5.892 101 0,72 6.652 

0.7! 5. 955 103 0.76 6. 706 

12 

C(l), )..(z.) , 

, t.t aB 1 eA. fw. 

0.67 5.966 

0,7! 6.033 

0.70 5.961 

0.55 6.030 

0 6.076 

0 6.363 

0.62 6.407 

0.78 6.449 

0.79 6.312 
' 

0.74 6.357 ' 
I 

0,67 6.393 I 

0.60 6.452 

0.54 6.491 

0,46 6. 572 

0,42 6.615 I 

0.55 6.678 



fw. 

~ ~ 
.. ;'a' ~ """;""~ 

~ 
~ ~ 

~ 4 ...!....~ ~ ..!... 

7.0 

I . 
~ .;.#t- I .;, . -.!;!. '!'- -1- ...., 

6.5 

@ 

6.0 

d~~~~~~~~~~= ,,. 
5.5 

5.0 

---- ------
p~ -c.-=:---;::~----
1 ft. -.-:;-::::-::._-..:-_:-_-_-_-=-=::::_-_-_-:_-=====-=-==--------- .._ 

0 0.10 0.20 0.30 

PHc.l. 0.oHO"'8CTH"'Hbie ypoBHH .On51 H e "'e THbiX z !I.Oep B oonaCTH 44,::: z.::: 88. 
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