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B pa6oTe /l I BIIepBbie 6hinlJ: IlpOBeAeHbl pac'!eTbl CBepxTeKy•rnx CBOM

CTB smep Amil umpoKOl'O AIJ:8Il83OHa IJ:3MeHeHIJ:SI MaCCOBOl'O qu:cna ( 100 <'\< 25!:l}. 

TaKoe u:ccneAOBaHu:e 6hrno npoAenaHo Ansi Toro, 'IT06hr eAU:HhIM o6pa30M no

ny'!U:Th Heo6xomrMbie AnSI pacqeTOB SIAepHOM CTpyKTypb! xapaKTepU:CTH'IeCKHe 

BenU:'IIJ:Hbl CBepxTeKy'leM MOAenn: -SIApa. B Ka'!eCTBe cpeAHero. nonsi· SIApa B 

pa6ciTe /l / 3a OCHOBY 6hma B3SITa MOAu:ct>u:uu:poBaHHaSI cxeMa Hn:nbCCOHa 
121

• 

B HaCTOSimee BpeMSI B paC'!eTaX SIAepHblX CBOMCTB BCe qame n:cnonb-

3yeTCSI 6onee peanU:CTH'!eCKHM IlOTeHun:an ByAca-CaKCOHa 13- 61 • He OCTa

HaBnu:BaSICb 6onee IlOAp06HO Ha npeu:MymeCTBaX 9TOl'O IIOTeHun:ana, yKameM, 

'ITO OH U:MeeT KOHe'!HyIO rny6nHy u: 6onee TO'IHO, 'IeM IIOTeHUU:an Hn:nhCCO

Ha, y'IHTbIBaeT ponh SIAepHOH IlOBepXHOCTIJ:. YAo6CTBO IlOTeHUU:ana ByAca-CaK

COHa npOSIBnSieTCSI
0 

tt B TOM, 'ITO AnSI O'IeHh lllHpOKOH o6naCTll SIAep - OT ner

KIJ:X AO CaMbIX TSIMe.ribIX_ - ero napaMeTpbl npaKTU:'IeCKIJ: He MeHSIIOTCSI / S,' 

npu:qeM He IlpOU:3BOAIJ:TCSI IlpOH3BOnhHhIX CABHI'OB KaKn:x-nu:60 YPOBHefi n:nn: 

cneuu:anbHOI'O IJ:3MeHeHn:SI napaMeTpOB AnSI OTAenbHbIX IlOA06onoqeK. B CBSI31J: 

C 9TIJ:M npeACTaBnSieTCSI Heo6XOAllMb!M n:ccneAOBaTb napHbie Koppensiun:u: B 

CTOnb me umpoKOM o6naCTII SIAep (100 <A <254), IICIIOnb3YSI B pac'!eTaX 

noTeHun:an ByAca-CaKCOHa. 

B AaHHOM pa6ore npecneAyIOTCSI ABe uenu: Bo-nepBbIX, IIOA06paTb KOH

CTaHTbl napHoro B381J:MOAeHCTBIJ:SI nnsi SI/lep C 100 <i\< 254 IJ: rrony'IIHb CBepx

TeKy'!U:e xapaKTepU:CTIJ:KIJ: OCHOB!lb!X COCTOSIHIIH 9TIJ:X sinep j BO-BTOpblX, u:ccne

AOB8Tb 38BIJ:CIIMOCTb KOHCTaHThl napHOI'O B38HMOAeHCTBHSI OT MaCCOBOI'O 

'IHCna A ·, Aect>opMaun:u:, 'IU:Cna HeiiTpOHOB H IIpOTOHOB B SIApe. 
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BcSI 11ccneAyeMaSI o6nacTb 61,ma pa3611Ta Ha 11 30H, 06'heA11HSIIOIUIIX 

SIApa, KOTOpbie Mano pa3nll'18IOTCSI IIO MaCCOBOMY 'IHCny II IIMeJOT rrp116n11a11-

TenbHO paBHbie Benl!'lliHbl AecpopMaUllll OCHOBHbIX COCTOSIHIIH. TTapaMeTpbl rro

TeHu11ana ByAca-CaKCOHa AnSI 150 <A < 190 11 A> 230 B3SITbI HaMII 113 

pa6oT 14,51 . B OCTanbHblX cny'laSIX Mbl IIOA06pan11 IIX, OCHOBb!B8SICb Ha pa-

6oTaX I 3,6/ Ii pyKOBOACTBYSICb TeM, 'IT06bI OAHO'l8CTll'IHaSI cxeMa rrpaBllnbHO 

rrepeAaBana CIIIIHbl OCHOBHblX COCTOSIHIIH He'leTHblX SIAep II aHeprHIO CBSI3ll 

rrocneAHero HyKnoHa. 3T11 rrapaMeTpbI rrp11BeAeHhI B Ta6nuue I. 

B3aHMOAeii:CTBlle, IIpllBOASIIUee K rrapHblM. KOppenSIUHSIM CBepxrrpOBOASI-

mero T11rra, B cpeAHHX II TSI)KenhIX SIApax ( I'Ae n - p -KoppenSIUlill OTCyT-

CTBYl<?T) xapaKTep11ayeTCSI ABYMSI KOHCTaHTaMH G N II G z ( An SI Heii:TpOHHOll 

II rrpoTOHHOll CIICTeM, COOTBeTCTBeHHO). 

3Ha'leHIISI 9TliX KOHCTaHT 061,1:HO rrony'laJOT, cpaBHIIBaSI BenH'lliHbl napHbIX 

9Hepr0ii:, paCC'IIIT8HHbie no cpopMyne (AnSI Heii:TpOHOB): 

P = _J._ I 3 & ( Z , N -1 ) + & Z, N +.l )-3 & ( Z, N )-& Z, N-2) I , (1) 
N 4 , . . 

co 3Ha'leHIISIMII p N , nony'leHHb!MII 83 9Kcnep11MeHTanbHbIX AaHHb!X no MaC

CaM SIAep. 3AeCb ·5; ( N,Z)- 9Hepr1111 SIAep, BhI'lllcneHHbie no cpopMynaM CBepx

TeKy'leii: MOAen11 17 /, Hnll 9Kcnep11MeHTanbHbie 3Ha'leHIISI Mace SIAep, B3SITbie 

H8MII 83 /S/. 

0AHaKO B rrepeXOAHb!X o6naCTSIX SIAep, I'Ae paBHOBeCHble AecpopMaUHII 

MeHSIIOTCSI OT SIApa K SIAPY, B rrapHyIO 9HeprHIO, pacC'IIIT8HHYIO IIO ¢opMyne 

( 1)' BOHAeT 9HepI'IISI, CBSI3aHH8SI C rrepecTpoii:Koii: CTpyKTypb! AaHHOI'O SIApa 

no cpaBHeHHIO C 'coceAHIIMII 191• noaTOMY B TaKIIX' cny'laSIX nyqme rronb30-

BaTbCSI cpopMynoii:: 

P = _l I 2& (Z,N-1) -·& (z;N) -& (Z,N-2) I . 
N 2 . 

(2) 

3To yMe~bIIIaeT OI1Ill6K11 B onpeAeneHllli rrapHbIX sHepr11ii: AnSI SIAep nepeXOA

HbIX o6_nacTeii:. 

KpoMe Toro, IIOCKOnbKY AnSI SIAep, 6n113KIIX K M8I'll'leCK!iM, CBepxTeKy

'1851 MOAe~b pa6oTaeT rrnoxo (XOTSI napHOe B3allMOAeii:CTBlle II 3A0Cb 11rpaeT 

O'leHb Ba)KHYJO ponb)' TO AnSI 9TIIX SIAep Henb3SI np11MeHSITb cpopMynhI ( 1 )- (2). 
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A 
IDS 
I2I 
137 
I55 
165 
173 
181 
195 
209 
223 
239 

A-
IDS 
121 
137 
155 

I 165 
173 
181 
195 
209 
223 
239 

Ta6mu:ia I 

IIapaMeTpbl flOT6HIU'l8JI8 By,i:ica-CaKCOH8 

HeHTPOHHb16 CHCT6Mbl 

N \/o r .. d... ~1. ~'i ~ ! 
l .. 
! 

61 44,5 I,29 I,61 0 0 0,413 / 
69 45,5 I,28 I,61 0 0 0,413 j 
79 43,4 .I,28 l,6I 0 0 o,413 I 
93 44,2 1,26 .l,59 0,3I 0 o,36 I 
97 44,8 1,26 1,59 0,31 0 0,362 

ID3 44,l 1,26 1,59 0,26 0 0,365 
ID9 43,4 1,26 I,59 0,23 0 0,370 i 
II9 45,0 1,26 ; 1,58 0 0 0,379 ! 

127 45,6 l 1,26 ' 1,58 0 0 0,376 , 
135 45,5 i 1,26 1,58 0,16 0 0,374 ' 
146 46,7 I l ,26 \ 1,45 0,20 0,08 0,43 j 

llpOTOHHb16 CHCT6MH 

z v .. r .. rJ.. ~2 ~" clC. 

45 52,5 1,29 1,61 0 0 0,413 
53 55,8 1,28 1,61 0 0 0,413 
59 54,9 1,28 · 1,61 0 0 0,413 
63 59,2 1,24 1,59 0,31 0 0,356 
67 60,0 1,24 1,59 0,31 , 0 0,356 
67 60,0 1,24 1,59 0,26 0 0,356 
73 59,8 1,24 1,59 0,23 0 0,365 
?? 59,4 j 1,24 1,58 0 0 0,374 
81 60,0 I 1,24 1,58 0 0 0,385 
89 60,l I l ,24. 1,58 0,16 0 0,369 
93 61,0 I 1,24 1,55 i 0,20 0,08 0,375 
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B BTOM cnyqae KOHCTaHTY crrapIIBaHIIH G N( II G z ) cne)lyeT orrpe)lenHTb, 

IICIIOnb3YH Teopmo rrapHblX BII6pauIIii /IO/. ilnH MaI'II'IeCKIIX H)lep rrapHOe 

B38IIMO)leil:CTBIIe OTB0TCTB0HHO 38 IIOHBneHIIe KonneKTIIBH.bIX B036y)K)l0HIIii (rrap

Hb!X BII6pauIIii), sHeprIIH KoTopbIX orrpellenmoTCH us cne)lyrournx ypaBHe

HIIii /lO, 1l /: 

I 

!3)leCb 

2 
'°"l; N 

(2jp + 1 ) 
I 

- I 
i P 2 ( E i -.\) + w + 

p -

+I 
ih 

(2j h + 1 

2(.\-Eih) ± 
I 

W+ 

j p H j h - MOMeHTbl ypOBHeii C BHeprueii .El 

(3) 

pacrrono)KeHHbIX 

Bblllle ( j = j P) unu Hll)K0 ( j = j h ) IIOBepXHOCTII <t>epMII ,\ , Wt_ - BHepI'IIli 

BH6pauuii. OcHOBHbie COCTOHHH$I H)lep C 'IliCnOM qaCTHU, OTnli'IaIOIIIHMCH Ha 

-t_ 2 OT MaI'H'IeCKOI'O, HBnHJOTCH rrpu )laHHOM IIO)lXO)le BH6paUHOHHbIMH COCTOH-

HHHMH BTOI'O MaI'li'I0CKOI'O HJlpa C BHepI'!iHMli w 1 H w I 'COOTBeTCTBeH-

+ 
HO. Orrpe)lenHH H3 BKCIIepIIMeHTanbHblX )laHHbIX IIO MaccaM H)lep Benli'IliHY 

{ 2l;; (Z,N) _ [i, CZ, N+ 2 )- ti, (Z,N-2) l 

II rrpupaBHIIBaH ee w 1 + w I 
+ 

, HaXOllIIM G N (JlnH G z aHanoru'IHO). 

TaKliM o6pa30M, )lnH Ka)K)l0ll 1i3 30H, Ha KOTOpbie paa6HTa paCCMaTpH

BaeMaH o6nacTb H)lep, IIO)l61ipanocb TaKOe 3Ha'IeHIIe KOHCTaHTbl G N IInli 

G z , IIpH KOTOpOM rronyqaeTCH HaunyqIIIee cornacue 8KCIIepIIMeHTanbHb!X 

H TeopeTli'IeCKHX 3Ha'IeHIIii BHepruii rrapHblX BH6pauuii unu rrapHb!X BHepruii 

)lnH H)lep BCeii 30Hbl. Y cnoBHO Ha30BeM 8TH 3Ha'IeHIIH GN,Z BKCITepHMeHTanb-

HbIMH. 

Cyll!eCTByeT pHll Ka'IeCTBeHHbIX rrpellIIOnO)KeHliii O 38BHCliMOCTII KOHCTaH-

Tb! crrapnBaHHH OT TaKIIX xapaKTepIICT!iK H)lep, KaK MaCCOBOe 'IHCno 

J1e¢opM~UIIH Il Jlp. 

Bxparue OHH CBOJJ.HTCH K cneJJ.yIOIUeMy: 

A, 

1. TiocKonbKY cnnbl, rrpIIBOJ:l51II!_He K rrapHbIM KOppenHUilHM, HBnHIOTCSI 

KOpOTKO)leiiCTBY!OIUIIMil, TO .rpy6o IIX MO)KHO 3aMeHIITb Ha 8 - qiyHKUIIIO 

B rrpocTpaHCTBe KOOPllilHaT. IToBTOMY B IIMIIynbCHOM rrpocTpaHCTBe OHil 6y)lyT 

IIOCTOHHHbIMil Il, cne)lOBaTenbHO, MaTpil'IHbie aneMeHTbl OT HIIX rrpn6nH)K0HHO 

MO)KHO C'IIlT8Tb He 38BHCHII!IIMH OT O)lHO'IaCTII'IHb!X COCTOHHIIii S , S , , T.e. 

G (s+, s-; s ~ -s '+) =G=const.KaK rroKa3aHo B 
1121 , BTO HBnHeTCH )lOBOnb

Ho xopornn:M rrpu6nu)KeHneM·. 

6 

,! 

113 BTOro )Ke rrpe)lrr·ono)KeHIIH O KOPOTKO)leiiCTBYIOII!eM xapaKTepe rrap

HOI'O .B3aHMO)leil:CTBHH cne)lyeT, 'ITO MaTpH'IHbie aneMeHTbl BTOI'O B3aHMO)leii-

' CTBHH )lOn)KHb! o6paTHO rrporropuu_oHanbHO 3aBHCeTb OT 061,eMa CHCTeMbI, T.e. 

' 
G "' _l_. IToBTOMy B 6onbIIIHHCTBe pa6oT, Y'IliTbIBa!OII!liX rrapHbie KOppeJrn

.\ 
UHli. B Hllpax, rrpeJlrronaranocb, 'ITO 

G N, z X A gN, z = const (4) 

HerrocpeJl<;:TBeHHbie liCCne)lOBaHliH IIOKa3bIBa!OT, 'ITO g z -> g N • 

2. TaKoe paanu'IHe KOHCTaHT rrapHOI'O B3aHMO)leil:CTBliH )lnH HeHTpOHOB 

H rrpoTOHOB MO)KHO o6bHCHHTb Ka'IeCTBeHHO cneJ1yJOII!IIM o6pa30M I l 31 : )lnH 

TH)Ken&IX H)lep KHHElTII'I.eCKaH BHepI'liH rrpoTOHOB, 6nH3KliX K ITOBepXHOCTII cj)ep

MII, MeHbrne KHHeTII'IeCKOH 8HepI'liH HeiiTpOHOB. DBHI'aHCb 6onee Me)lneHHO, 

rrpOTOHbl c6nH)K8!0TC51 Ha MeHbrnee paCCTOHHHe, 'IeM Heil:TpOHbl, IIOBTOMY OT

TanKHBaTenb!Ib!H KOp MeHbille CKa3bIBaeTC51 Ha HX B3aHMOJleHCTB!ili, a 8TO, 

B CBO!O Qqepe)lb, ycnnuBaeT liX a¢¢eKT!iBHoe IIpliT51)KeHHe. MO)KHO yqeCTb BTy 

pa3HHIIY, BBe)lH )lnH G N, z cneJ1yromyro 3aBHCliMOCTb: 

- N-Z 
G N,zxA =go+ gt --A- (5) 

3. B rrocneanee BpeMH ITOHBlinHCb pa60Tbl / 13- 151, B KOTOpb!X o6cy)K/:la

eTC51 BOIIpoc o 3aBHCHMOCTli G or rrnoiuaaH rrosepXHOCTli 5!/:lpa (G ,,,SJ, 'ITO 

Ka'IeCTBeHHO o6oCHOBb!BaeTC51 ee Ba)Kf!6H ponb!O B B03HHKHOBeHIIli crrapnaa-

HIIH /t 5 ,i 7 /_ B pa6oTe 
1161 , HaIIpliMep, rroKa3aHo, 'ITO B 6eCKOHe'IHOH 51):lep

HOH Ma Tepuu rrapeoe asauMOJleiicTBIIe ropaaao cna6ee, qeM BTO cne)lyeT us 

BMIIlipH'IBCKliX aaHHbIX ):la)Ke , JlnH caMbIX · TH)KenhIX 51/:lep • EcnII )KB yqeCTb 

BnilHHile IIOBepXHOCTII 51Jlpa, TO )lnH KOp~enHUilOHHOH ¢YHKUIIli rrony'IaIOTCSI 

3Ha'IBHIIH, cornacyromaec51 C BKCIIepliMBHTOM. IT03TOMY. B pa6oTe 
1161 

)lenaeT-·, 
CH Bb!BO)l 06 OIIpBJ1BnHJOII!efi ponil ITOBepXHOCTil 51)lpa B .IIOH~llBHIIII BqlqJB~;;/i' 

crrapnsaHHH. B pa6oTe 1171 aHanor11qH&Iii pesynbTaT rrony.'leH B paMKaX ·slab_ 

MO):lenn (IIOKa3aHO, 'ITO aena'InHa KoppenHUIIOHHOii ¢YHKUilll cnnbHO 3aBIICHT 

OT TOni.l!HHbl cnoH 6ecKOHB'IHOii 51)lepHOii MaTepaH). 

Bee BTO rrpHBO/:IHT K BblBOJlY, 'ITO rrapHoe B3aHMOJleil:CTBIIB rrpOilCXOJlilT 

B OCHOBIIOM Ha IIOBepXHOCTH HJlpa.OcHOBaHHOe Ha BTHX paccy)KJ:(eHHHX rrpeJl-~· 
7 



I 
nono)KeH!i:e, 'ITO G = s , 6binO y)Ke HCIIOnb30B8HO ,unsi 06'1,SICHeHHSI 3KCIIepHMeH-

~anhHOrO ¢aKTa yBenutieHHSI KoppenSIUHOHHOll ¢yHKUHH B ce,unoBOll TO'!Ke ,ue-

lmuerocsi S!,UpihIIO cpaBH0HHIO C ee Bentt'IHHOll B OCHOBHOM COCTOSIHJIJI 
1141• 

I Ecnu yq~CTh, 'ITO noBepxHOCTb ,ue¢opMupoBaHHoro SIApa 6y,ueT 6onbwe 

no cpaBHeHHIO C noBepXHOCTb!O cqiepH'leCKOI'O si,upa TOH )K0 · MaCCbI, a, cne,uo-
1 • 

BaTe.llbHO, o6t,eMa ( B npe,unonmKeHHH H0C)KHM80MOCTH sr,uepHOI'O BeIUeCTBa) J 

I 

:To MO)KHO O)KU,U8Tb, 'ITO ,UJlSI ,ueqiopMupoBaHHblX SI,!lep G 6y,ueT 6onh11Ie, tieM 

~nsi c¢eputieCKHX, T.e. G =G(/3) • ITo3TOMY B .uaHHofi pa60Te Mb! npe,unona-
1 

I 
raeM, 'ITO nOMHMO OCHOBHOll 38BHCHMOCTH G OT A 1 ,U8B80MOll ( 4) H.llH 

( 5) J UMeeTCSI eme .uononHttTenbHblll 'l.lleH, nponopUHOH8.llbHblll YB0.11H'l0HHIO nno-

IU8.UH noBepXHOCTH si,upa 38 C'leT ,uecpopMaUHH ( /J,. G - /J,. s - {32 A 2/ 3 ) • 

TaKHM o6pa30M, pe3IOMHpy SI BbIIIIeCKa3aHHOe, MO)KHO HanttcaTb cne,uy10-

IUHe cpopMynh1 ,unsi G : 

2 5/3 
G N,Z A = g N,Z + gN',z {:3 A (8) 

unu 

G A N - z , /3 2 ,\ 5 /3 
= g O + g 1 -- + g ' N,Z A N,Z 

(7) 

ITepefi,UeM Tenepb K pe3y.llhTaTaM Henocpe,uCTBeHHbIX pactieTOB B0.11U'IHH 

G N H G z ,unsi si,uep .uaHHOfi o6naCTH. Ha pttc. 1 npnBe.UeHbI ycpe,uHeHHb1e 

no 30He 3HatieHHSI Benn'IHH G 3 Kcn. An G 3Kcn. A , nonytieHHbie c ncnonh-
N Z 

30BaHJieM ypoBHefi cpe.uHero nonsr noTeHuuana By.uca-CaKCoHa. B pactieTax 

Y'IJITbiB8.llHCb BCe ypoBHJl cpe.uHero nonsr OT .UHa SIMbl ,no 3HepI'JIJl +10 M3B. 

0TJ10)K0HHbie Ha rpa¢nKe OIIIH6KH B0.11H'IHH G8 KCn. A COOTBeTCTBYIOT 3K-
N, Z 

cnepJIM0HTanbHbIM OIIIJI6KaM B onpe,ueneHJIH Mace S!Aep. 113 pHCYHKa. 1 BHJ::\HO, 

'ITO B 30HaX, COOTB0TCTBYIOIUHX AeqiopMHp.oBaHHbIM SIAP8M peAK03eMe.llbHOit If 

TpaHcypaHOBOii o6nacTefi, B0.llH'IIIHbl GN, Z. A B03pacTa!OT Ha 15-25% 

no cpaBHeHJIIO C HX 3HatieHHSIMH A.llSI c¢epuqeCKHX SIAep. Ha 3TOM )Ke pHCYHKe 

npJIB0A0Hbl B0.11Jl'IHHbi G N ' z A J nony'leHHhie no ¢opMynaM ( 6 )-( 7) co 

C.110AYIOIUHMJI napaMeTpaMJI: 

8 

1f , I 

,l . 

·I 

1 
l 

G,,•.4, 
Ma8 

zz 

t + ! ! "j f t 
,s ~ ! t 16~ X er 2 

/DO ISO 200 250 ""II 

- - -

Gill, 
M38 

..j 

26~ t t ! ~ Zltj 
zz 

i 
! 

zo -I . 

♦ ~ 0 

18 ~ 1 
~ l> 

--r---r 
100 150 200 250 11· 

Pttc. 1, IToBeAeHne BenntinH G N A ( BepxHHii pucyHoK) JI G zA ( HJI)KHJifi 

pttcyHoK) B 3aBHCHMOCTH OT aTOMHOI'O Beca. 06o3Ha'leHUSI: + - 3Ha'l0HHSI 

G N z A , nony'leHHble H3 cpaBH0HHSI TeopeTH'l0CKIIX H 3KCIIepHMeHTa.llb-

HbIX ~apHbIX 3Hepruii. IToKa3aHhl OIIIH6KJI, COOTB0TCTBYIOIUJle 3KCnep11Me11Ta.llb

HbIM OIIIH6KaM B onpeAe.lleHHH Mace S!Aep. 0 - 3HatieHJISI G N zA , rrony

'10HHbJe no ¢opMyne (6). X - GHa'leHHSI G N .Ji , nonytieHHbie' no qiopMyne 
(7). ' . 
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g ~ 16,5 MsB; g = 19,5 MsB; 

(8) 
N z 

g ~ = 0,0064 MsB; g; = 0,016 MsB; 

g 0= 18,0 MsB; g i= 8,9 MsB • (9) 

B1urno, 'ITO BbI'll!CneHHhie no cpopMynaM (6)-(7) Ben11'lHHhI GN A on11HaKo-,z 

BO ynoBneTBOpHTenbHO cornacyIOTCSI C SMIIIIPll'leCKIIMH 3Ha'l0HIISIMII G SKCII,A , 
N,Z 

ToT cpaKT, 'ITO o6a Bb1pm1<eH1iSI IIpliBOnSIT K H03Ha'IHTenhHO OTnli'laIOIUliMqs:r 

pe3ynbTaTa'M, CBSI3aH co cna6b!M 113MeHeHlieM Benli'll!Hbl N-Z 
-y- B paccMaT-

PliBaeMOll o6naCTli s:rnep. 0TKnOHeHliSI OT cpopMyn (6 )-(7), liMe!OII11ieC1t B rrepe

xonHbIX o6naCTSIX, MO)KHO OTHeCTli 3a C'leT yIIOMliHaBIIIef'OCSI BnliSIHliSI SHepf'lili 

rrepecTpofiKa. Jlmr MaI'H'leCKIIX .1;1nep 3Ha'leH11s:r G N, z ·A , rrony'leHHbie B paM

Kax TeOpliH rrapHbIX B!16pauufi, TaK)Ke YAOBneTBOpHTenbHO cornacyIOTCSI C rrpen

no)KeHHOll 3aB!ICHMOCTb!O ( 6 )-( 7 J. 

Pe3ynbTaTbl naHHofi pa60Tbl HeCKOnbKO OTn11'1a!OTCSI 'oT pe3ynbTaTOB pa-

60Tbl /l 1• B 
I 

l 
1 

~e~li'lliHbI G A nns:r o6naCTH 100 <A < 150 TaK)Ke MeHb-
N, Z 

IIIe, 'leM nns:r s:rnep penKo3eMenbHofi Ii TpaHcypaHoBofi o6nacTefi, onHaKo rrpo-

Bana IIPli A "' 208 3aMe'leHO He 6bmo. 3To pa3nli'IHe MO)KHO o6'bSICHliTb cne

nyIOillliMli Ilpli'lliHaMH: OTnli'IH0M CXeM H11nhCCOHa Ii Bynca-CaKCOHa B naHHofi 

o6naCT1i, a TaK)Ke lif'HOplipOBaHlieM HeKoppeKTHOCTli acnonh30BaHliSI ¢opMyn 

(1)-(2) nns:r s:rnep, 6nH3KHX K MaI'H'leCKliM. 

q T06bi liCKnIO'lli Tb IlOSIBneHae B03MO)KHbIX Hecpli31i'leCKHX scpcpeKTOB B li3-

MeHeHHH BenH'lliHbl G . A , CBSI3aHHbIX C npoli3BOnbHO BbI6paHHhIM o6pe-
N, ~ 

3aHlieM 'IHcna Y'lliTbIBaeMbIX YPOBHefi, Mb! npoBena paC'leTbI, Y'IIITh!BaSI YPOB-

Hli OT nHa SIMbI no +5 MsB H no O MsB, a TaK)Ke cyMMlipys:r BO Bcex s:rnpax 

no onnHaKOBOMY 'lliCny ypoBHefi (- 45), B3SITbIX CHMMeTpli'IHO OTHOCliTenhHO 

IlOBepXHOCTH <t>epMli. p e3ynbTaTbl nony'IHnHCh aHanOI'li'IHbie. l CM. Ta6nuuy 2 J. 

KoHe'IHo, a6conIOTH1;,ie Benu'lliHbI G N, z A 3aBUCSIT. oi- 'llicna Y'lliTbIBaeMbIX 

YPOBHefi, onHaKO STa rrepeHopM!!pOBKa He CKa3b!BaeTCSI Ha o6rueM xapaKTepe 

U3MeHeHliSI STUX BenU'IHH C A , a TaK)Ke Ha Benli'IHHax C H A J 'ITO 

HaxonHTCSI B nonHOM c~rnacau C BbIBonaMU pa60Tbl /7 /. CnenyeT OTMeTUTh, 

onHaKo, 'ITO yBena'leHue 'IUCna ypoBHefi cyMMliPOBaHUSI IlpliBOnliT K crna)KH

BaHU!O MenKUX Heperyns:rpHOCTefi B IlOBeAeHlili GN, z A • 3T1i Heperyns:rpHOCTU 
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I Ta6n11ya·2 

8Hat1eHHH G11 1. x A { Mev) H trncno yt1HTID3aew.x ypoBHe~ ( n. ) ,1.t1IH 
I . 

paan11t1HHX noporoB o6peaaHHH no aHeprim { c. ) • 

HettTpOHHHe CHCT6MH 

A 105 121 13? 153 165 173 !Bl 195 209 223 239 
)'2. 0 0 0 0.31 0.31 0.26 0.23 0 0 0.16 0.20 

t!:O G .. xt\ 19.2 19.l 19.2 21.7 23.6 22.8 23.5 !8.0 18.0 19.4 19.I 
t\, 4I 48 60 58 58 63 66 86 92 90 no 

t*S 
G11 ir.A 17.3 17.0 19.0 19-~I 20.5 20.I 20.3 !7.4 17.6 IB.I 17.9 

t\ 5? 63 63 ?2 77 78 81 96 98 no II6 

cJIO 
G1111~ 17.0 16.3 17.9 IB.5 19.8 19.8 19.2 17.0 !6.9 17.3 18.3 

" 57 7I ?7 80 80 85 96 II2 II4 II5 !28 . 
h. .. 145 G .. ~A 17 .6 18.4 22.l 21.I 23.3 23.0 23.5 2!.3 21.7 22.I 24.4 

Ilp0T0HHH6 CHCT6MH 
. 

A 105 121 137 Tc;-:i; ... ..,.., 165 173 18! 195 209 223 239 

/32. 0 0 0 0,3! 0,31 0,26 0,23 0 0 0,16 ~o 
,,=0.08 

E~O G.)I A 27.I 23.0 21.I 30.0 32.0 32.0 29.3 28.2 22.0 28.8 30.8 
. t\. 28 41 41 45 50 50 53 57 57 57 61 

~~s 
Ga.•A 21.4 21.7 19.0 26.9 29.5 29.2 2?.0 26.7 19.0 25.0 26~8 

h 41 45 52 54 58 58 63 63 76 76 7?. 

E~IO 
G,.iiA 20.9 19.5 IS.I 25.l 26.7 26.6 24.8 24.4 !8.0 23.2 25.3 

h 52 62 63 67 74 76 ?8 85 90 88 89 
h--45 G,.ll A 2I.? 2!.8 20.0 - 3I.2 3I.O 29.7 - 120.9 28.5 3!.3 

~, 
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CBSI38Hbl C OTCYTCTBll9M nnaBHOI'O ll3MeHeHRSI •rncna Y'IllTb!B89MbIX ypoBHefi 

np0: nepeXO/le OT 0/lHOM 30Hbl K llPYI'Oll ( CM. Ta6n0:uy 2). 

LlaHHble 0:ccne/lOB8HllSI npecne/lOBan0: ll llPYI'YlO uenb - nony'IllTb Ha oc

HOBe ¢opMyn TeOpllll napHb!X Koppensru0:fi CBepxTeKY'Ille xapaKTepHCTHKH /lnH 

OCHOBHbIX COCTOHHHM H/lep BCefi H3y'IaeMofi o5naCTH C A·> 100. 

B. Ta5nnuax 3 H 4 npRB9/l9Hbl 3Ha'I.9HHH C ll ,\ /lnH OCHOBHb!X coc-

TOHHHfi 'I9THO-'I9THb!X H He'IeTHb!X H/lep • .LlaeTCH /lBa Ha5opa STHX BenH'IHH, 

rrony'IeHHhIX c onTnManbHhIMH 3Ha'IeHHHMH G N ,z /lnsr Ka:lK/lOfi 30HhI ( G N ,? 

G sKcn: 
N,Z H co 3H8'I9HHHMH, Bbl'IHCneHHblMH no ¢opMyne (8). Henocpe/l-

CTBeHHOe cpaBHeHne nO/lTB9P)KJl8eT HX COBna/leHHe B npe/le_nax 10;..20% 38 

ncKnIO'IeHneM caMbIX neI'KHX H/lep ,n H/lep, 5nn3K!1X K MaI'H'IeCKHM. Llnsr cnc

TeM, COCT05111!HX H3 He'IeTHOI'O 'IHcna 'I8CTHU, Kopp_en_SIUHOHHbie ¢YHKUHH ll xn..: 

MH'IeCKHe noTeHunanbI Bbl'IllcneHbl C y'IeTOM s¢¢ 9KTa 5noKnpOBKH. BenH'IllHbl 

Koppensru0:oHHhIX ¢yHKUHfi C ( Z ), C ( Z. -1 ), C ( N) , C ( N- l), npnBe/leHHh1e 

B Ta5nHuax 3 n 4, xoporno COI'nacyIOTCSI c BenH'IHHaMH, nony'IeHHblMH B pa-

5oTe 11 I. 

3Ha'IeHH51 KoppenHUHOHHb!X tjiyHKUHM Me/lneHHO y5bIB8lOT C yBenn'IeHH9M 

A • OHn o5pall!a!OTCH B Hynb /lnSI H/lep c 'IHCnOM HelITpOHOB nnn npOTOH0B, 

paBHbIM M8I'H'I9CKHM 'IHCnaM. Bcne/lCTBHe s¢¢eKT8 5noKllpOBKH KOppenSIIIHOH

Hhie ¢YHKUHll /lnsr OCHOBHbIX COCTOHHHfi He'IeTHbIX CllCTeM MeHbllle_ KOppenH

UHOHHbIX ¢yHKUHfi CHCTeM, C0CTOHll!HX ll3 'IeTHOI'O 'IHCna HyKnOH0B, ·LlnH c¢e

PH'I9CKHi ·.srnep (KpOM~ 61Il!3KllX K· M8I'_H'I~CKHM) STO yMeHbllieHne COCTaBnHeT 

10-15%, nnH lle¢opMllpOBaHHblX H/lep - 15-30%. CnnrnKOM 5onblll0e yMeHbllleHHe 

Cl N -1 J no cp~BHeHn10 c C l NJ , K0Topoe Ha6n10naeTcsr B 0'f/l9IlbHhIX cny'IaHx, 

CB.SI38HO C HeTO'IH0CTblO llCnonb30BaHHOI'0 MaTeMaTR'IeCK0I'O MeT0/la. 

IToCKOnbKY cnapnBaHne OK83hIBaeT 6onbllIOe BilH51HHe Ha MH0I'He CBOMCT

Ba H/lep, TO nony'IeHHhie npu naHHoM nccne/lOBaHHR CBepxTeKy'IHe xapaKTe

pncTHKH_ .srnep - . KOppenHUHOHHbie ¢YHKUHll ll XllMH'I9CKlle noTeHUH8Ilbl - MOI'YT 

5b!Tb lllllp0KO Rcnonb30B8Hbl np0: H3y'IeHHH cneKTpOB srnep, HX CBOMCTB OTHO-

CHTenbH0 a f3 - pacnanoB, y -nepeXO/lOB H T./l~ 

B 3aKmotJeane Bbll)c':i.°XrneM 6naroaapHOCTb aa nOMOlllb II KpIITII'I0CKII0 

3aMetJaHHSI B.r. C onoabeBy II p .B. n)Konocy. 
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Ta<51.IHU8 3 

KoppenHUliOHHli6 ~YHKUH~ H XHMnqeCKli6 IlOT6HUli81.lli ~JIB 

HB~TpOHHliX CliCT6M (B MaB) 

t,l 
C (tJ) ). ( N) C(N-1) ). (N-\) 

G im . G~ tu- - r, G: = r;'U.• ('> ito. 

G = G! .. -=Goi G-,." "" G,tG .. G .. -G .. G,.=-G-11 G=C 11 N ti II N . 

i 
I i 58 1,18 I,28 -6,78 -5,76 0,90 1,01 ~7,02 -7,0l 

60 1,28 I,38 -6,43 -6,42 I,.08 1,14 -6,61 -6,60 

62 1,34 I,46 -6,09 -6,09 I,IO 1,25 -6,23 -6,22 

64 1,38 1,51 -5,76 -5,76 1,20 I,33 -5,87 -5,86 

66 1,42 1,27 -8,4! -8,41 1,16 I,06 -8,66 -8,66 

68 1,42 I,32 -8,IO -8,IO 1,20. 1,14 -8,32 -8,32 

70 I,40 1,34 -7,82 -7,82 1,19 1,19 -8,00 -8,00 

72 I,32 1,33 - 7, 55 I-7, 55 1,21 I,21 -7,71 -7,7! 

74 I,29 I,29 - 7,29 l-7,29 I,18 I,18 -7,43. -7,43 

76 I,2! I,21 - 7 ,02 i-7 ,02 
' 

1,12 1,12 -7,16 -7,!6 

78 I,06 1,06 -6,76 i-6,76 0,99 0,99 -6,90 -6,90 

80 0,85 0,69 -7,03 j-7 ,22 0,79 0',64 -7;18 -7',34 
; 

82 o o -6,70 '-6,97 o o -6;86' -7,IO 

84 0,83 0,65 -3, 72 :-3,55 
. ! 

o 0 -3-,88 -3,68 

86 I,09 0,85 -3,38 1-3,25 0,76 0,58 -3,5! -3;37 
i 

88 I,!3 0,98 -3,05 ;-2,93 0,90 0,75 -3,14 -3,03 

90 I,!3 I,20 -5,75 !-5,75 0,95 I,03 -5,90 -5,90. 

92 I,II I,!9 -5,42 -5~42 0,95 'l,03- -5,64 -5,64 

94 1,07 I,!5 -5,09 -5,08 0,92 0,99 -:-5,27 -5,26, 

96 I,00 0,92 -6,!5 -6,17 0,85 0,78 -6,30 _:6,32 

98 0,89 0,82 -5,75 -5,77 0,72 0,64: -5,9! i-5,92 

~ 
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Ta6nHU8 3 (npo~OJllltBHHe) 

N 
C(N) A(N) C ( N-1) ~ ( N-1) 

ti< r, 'tt., .. 

G_.-=-c.: 
n ... " $1.c.1111 r-G,.:.CN G-11:. c .. G-11""C~ G.,=-GII G-w-::.G .. Gtl:G,N G-11 =- G11 

troo 0,83 0,71 -5,31 -5,33 0,58 0,49 -5,62 -5,64 
[02 0,80 0,68 -5,47 -5,48 0,62 0,47 -5,62 -5,62 
104 0,79 0,64 -5,03 -5,04 0,54 0,34 -5,26 -5,27 
106 0,74 0,60 -4,59 -4,62 0,53 0,39 -4,90 -4,93 
II08 0,86 0,65 -4,43 -4,42 0,52 0,06 -4,67 -4,66 
!IO 0,90 0,72 :-4,00 -3,98 0,63 0,41 -4,28 -4,26 
II2 0,92 o, 75 :-3,62 -3,62 0,7I 0,55 - 3,84 -3,83 
II4 0,91 o, 73 !-3,23 -3,25 0,71 0,54 - 3,38 -3,39 
II6 0,91 0,98 -6, 75 -6,78 0,99 0,91 -·6,87 -6,89 
II8 0,89 0,92 :-6,54 :- G ,57 0,92 0,84 -6,65 -6,67 
120 0,85 0,83 -6,32 -6,36 0,84 0,77 - 6,47 -6,51 
122 0,77 : o, 70 -6,09 -6,14 0,71 0,63 j-6,231-6,27 
124 0,43 . 0,35 -7 ,61 -7,66 0,33 0,25:- 7,70 :-7,74 

! ; 

126 0 0 -7,25 -7,29 0 0 !- 7,73 :_7,79 
' 128 0,60 0,55 :-4,64 -4,57 0 0 :-4,72 -4,64 

130 0,81 0,75 -4,45 -4,39 0,57 o,52 :-4,52 ·-4,45 
132 0,82 0,88 -4,26 -4,21 0,70 O,?I '-4,32 -4,27 
134 0,83 0,83 - 5,96 !- 5,96 0,67 0,67 ;- 6,II - 6,12 

: ! l 
136 0,82 0,86 -5,70 ,-5,70 0,70 0,70!- 5,80 .-5,80 

i 138 0,80 0,89 -5,45 '-5,45 0,70 o, 74 !- 5,60 - 5,60 
140 0,70 0,70 -7,73 ;_7,73 0,57 0,5.? :- 7 ,91 - 7 ,91 
142 0,64 0164 - 7 ,3Lf .-7 ,34 0,44 0,44 ;_ 7 ,45 - 7 ,45 
I44 0,68 0,68 - 6 ,96 .-6,96 0,39 0,39 /_ 7 ,24 - 7 ,24 
146 0,71 0,7I -6,64 :-6,64 0,52 0,52 -6,83 - G,83 
148 0,72 I 

0,72 -6,34 1-6,34 0,55 0,55 - 6,46 - 6,46 
150 0,7I o,n -6,01 l-6,or 0,52 0,52 -6,IS -6,IS 
152 0,74 / 0,74 i-5,66·:-S,66 , 0,49. 0,49 1- 5,82 .- 5,82 
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Ta6nHU8 4 

KoppenHUHOHHlie ~YHKUHH H XHMH~eCKHe llOT8HUH8nli ~nH 

npOTOHHliX CHCTeM ( B MaB) 

C(z.) ~('2.) C(z.-1) .>.(z.-1) 
z tw. ~ - ~ 11t,.. ~ - ,..... - ~ 

G-z.:: G-a. G&:: Gi. G, = Gz. Gi. = G, G-::.C G=-G G&- G.. G-.. - G-.., Z. z. Z l 

·• 

40 I,36 1,06 -7,90 -7,83 1,04 0,63 -8,30 -8,28 
42 i',42 1,14 -7,44 -7,42 1,17 0,90 -7,74 -7,68 

44 1,40 1,14 -7,01 -7,05 1,20 0,97 -7,26 -7,26 
.46 1,28 1,07 -6,60 -6,.70 1,14 0,92 -6,83 -6,90 
48 1,07 0,76 -9,22 -9,49 0,96 0,68 -9,45 -9,66' 
50 0 0 -8,69 -9,16 0 0 -8,95 -9,33 
52 0,92 0,92 -4,87 -4,87 0 0 -4,99 -4,99 
54 1,02 1,23 -4,57 -4,57 0,80 0,87 -4,67 -4,67 
56 1,06 1,19 -4,77 -4,83 0,86 0,97 -4,86 -4,93 
58 1,16 1,30 -4,53 -4,58. 0,99 1,12 -4,62 -4,68 
60 1,22 1,38 -4,29 -4,33 1,07 1,21 -4,39 -4,43 . 
62 1,19 1,34 -7,28 -7,28 0,87 I,04 -7,59 -7,58 
64 I,17 1,32 -6,73 -6,72 0,88 1,02 -7,06 -7,04 
66 I,15 1,24 -7,62 -7,61 0,81 0,90 -7,95 -7,94 
68 1,08 1,19 -6,86 -6,86 0,55 0,69 -7,16 -7,16 
70 I,04 0,95 -6,25 -6,23 0,33 0 -6,61 -6,46 
72 1,02 1,10 -6,56 -5,63 0,73 0,65 -6,79 -6,02 
74 1,03 I,03 -6,04 -6,04 0,72 0,72 -6,25 -6,25 
76 , 1,07 1,07 -5,43 -5,42 0,60 0,60 -5,65 -5,64. 
78 0,94 0,46 -6,70 -6,78 0,79 0 -7,05 -7,06 
80 0,76 0,39 -6,26 -6,46 0,61 0,27 -6,49 -6,58 
82 0 -0 -5,77 -6,15 0 0 -6,15 -6,45 
84 0,51 0,62 . -4,19 -4,35 0 0 -4,25 -4,43 
86 0,70 0,84 -4,04 -4,IB 0,49: 0,59 -4,09 -4,24 
88 0,97 0,97 · -4,66 -4,66 0,77 t 0,77 -4,85 -4,85 
90 0,88 0,97 . -6,26 -6,25 0,7I 0,80 -6,44 -6,43 
92 0,82 0,92 -5,84 -5,83 0,58 [ 0,70 

I 
-6,0I -6,00 

94 0,80 0,90 :-5,37. -5,37 o,49 I 0,62 -5,65 -5,64 
96 0,81 0,91 ; -4,89 -4,90 0,49 I 0,61 -5,09 -5,IO 
98 0,85 0,95 -4,44 -4,45 I -4,?I o,54 I o,66 -4,71 
100 0,90 I,00 -4,00 -4,0I 0,61 0,72 -4,14 -4.16 
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