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C pa3BHTHBM CBBpXTBKy'lell MO.IJ.BSIH SIJJ.pa UOSIBHSI8Cb B03MO)I(HOCTb Bhl'IHCSISITb aueprHH 

uepoTatUIOHHhiX soa6y)I(JJ.BHHhiX cocTOSl.HKll 'leTuo-'IBTHhlX s.aep. OcHOBHhie nonO)I(BHKSI csepx

TeKy'lell MO.O.BiiK Sl,apa H MBTO.O.hl Bhl'IHCSIBHKll xapSKTBpKCTHK CHSibHO ,ae4JopMHpOB8HHhiX SI.O.Bp 

Ill 
K3SJO)I(BHhl s • Hau6onee xopowo uay'leHhi aKcnepnMeHTanbHo soa6y)I(JJ.BHHhle COCTO.IIHKS! 

'IBTHo-qeTHhiX s.aep s o6nacTn 150 ::; A ::; 190. Auanua aKcnepnMeHTanbHhiX .aaHHhiX H 

Bbi'IHCSIBHKSI aHeprKll .O.BYXKB83K'I8CTK'IHbiX B036y)I(JJ.9HHbiX COCTOSIHKll 'IBTH0-'19THblX g,aep B 

/2/ /2/ 
aToll o6nacTK .aau~or s • B .aononueuue K pac'!eTaM s 6brnu npose.aeHhi Bbi'IKcneuus 

9HeprHH SI.O.ep B aTOll o6naCTH 0 peayllbT8Tbl KOTOpbiX npHBB.O.BHbl B 
131 

nepBbiB paC'IBThl SHeprKll .0.BYXKB83H'I8CTK'IHblX ypOBHell '19TH0-'19THb!X H.0.9p B o6naCTH 

/41 
228 ~ A < 254 6bmK BhmonueHhi B • Bonae nonHble uccne.aosauus caollcTB Tpaucypa-

- /5/ 
HOBbiX aneMeHTOB ua ocuose csepxTeKy'lell Mo.aenu a.apa npoae.aeHhi a • B aToll pa6oTe 

napaMeTpbl MOil.Br:H 6blnH Bhl6p~aHbl Ha OCHOBe 9KCnepKMBHTMbHblX .0.8HHhlX UO O.O.HOKB83H'IaC

TH'IHblM ypoBHSIM He'leTHbiX A - st.aep H napHhiM aueprKSIM. B Hell npoauanuauposaHbi seposT-

HOCTH {3 - nepeXO.O.OB H BenH'IHHhl aueprHH .O.ByXKB83H'I8CTH'IHhiX ypOBHell 'IBTHO-'IBTHblX 

s.aep, o.auaKo npuse.aeHbi .aaHHbie TOnhKO no a.apaM Pu 
240 

u Cm 
244 ~• 

B uacToHwell pa6oTe pacc'IHTSHhl auepru11 .asyxKB83H'ISCTH'IHbiX soa6y)I(JJ.9HHhiX coc-

TOSIHHll 'IBTH0-'19THhlX CHnbHO ,ae4JopMHpOB8HHhiX Sl..O.Bp B 06naCTH 228 ~ •A .::; 254. npuse-

.O.BHhl aueprHH KOSinBKTHBHhiX H .O.ByXKB83H'I8CTH'IHhiX B036y)I(Jl9HHh!X COCTOSIHHII T9X Sl,aep, 

no KOTOphiM HMBIOTCH SKcnepHMBHTanbHhiB .aaHHbiB o uepoTaUHOHHhiX yposusx. PeaynhTSThi 

151 
.0.8HHOJl pa60Tbl COBM9CTHO C peaynbT8T8MH U03BOSISIIOT nony'IHTb aHeprHH .O.BYXKB83H-

'ISCTH'IHhlX COCTOHHHJl .0.0 2 Mas .anst BC9X '19TH0-'19THbiX SI.O.Bp C 138 "S_ N ~~ !54 H 

90 .::; z s 100. 

8 p8C'I9T8X 6blnH HCnOnb30B8Hbl BOSIHOBbiB 4JyHKUHH H CXBMhl 0JlHO'I8CTH'IHhiX ypOBHBJl 

161 
noTeuuuana HunbccoHa • 3Hepruu OJlHO'lSCTH'IHhiX yposueA cpeauero nons E ('s) , Koppe-

nstUHOHHhl9 4JyHKUKH c H XHMH'IBCKH9 UOT9HUH8nhl A JlSISI OCHOBHhiX COCTOSIHKII cue-

TeM, c '19THbiM H He'leTHbiM 'laQSJON• H~)<KJJOHOB, aanKCallbl B Ta6nuue I. XapaKTepucTKKH oc-

HOBHbiX cocTOHHHll He'!eTHhiX A - saep npuseaeHhi .anst nonHOThi. KaaHTOBhiB •mcna1 xa-

p8KTBpH3YIOUlH9 0JlH0'18CTH'IHhiB ypOBHH CpBJlH9r9 UOSIH 0603H8'1H!llf '1Bp93 Nn Af . , e.cnR 

K a A + I , K qepea Nn. A + , ecnu K a. A- I. 3aecb N - nonHoe 'IHcno ocuunnSITOpHhiX 

KB8HTOB 1 n . - 'IKCSIO OCUHSISISITOpHhiX KBSHTOB BJ;lOSib OCH, nepn9HLlHKynS1pHOll K OCH CHM-

MBTpHH RJ;tpa, A - npoeKUHSI yrnosoro MOMBHT8 1{8 OCb CHMM9TpHK SIJ;tpa, I - npo-

9KUHSI CUKH8 H8 81'/ y OCb. Bee BBSIH'IHHbl B Ta6nuue 1 npHBBLlBHbl B E!JlHHHUSX 
0 •I 3 

h cu
0 

- ,41 A Maa, npH'IeM ux aHa'leHHst 6nH3KH K .naHHhiM a/5/ Pac'leThi npoBO-

3 
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JlSITCSI npH OJlHOl! H TOll >K9 paBHOB9CHOl! Jl9<fJOpMaUHH JlnSI BC9X SIJl9p, 

Yfa cpaeHeHHSI paCC'IKTaHHb!X 3Ha'I9HHl! napHbiX 3HeprHl! C eenH'IHHaMH napHbiX 3Hepral\ 

/5/ 
H8l!Jl9HHbiMH H3 p83HOCTel! MaCC S!Jlep, B nony'leHbl cneJlyiOWHe 3Ha'I9HHSI KOHCTaHT nap-

HOT'O eaaHMOJl9l!CTBHSI: 

G 
N 

G . 
26 

T 
29 

T 

M3B, 
(I) 

M3B, 

3TH 3Ha'leHHSI G H G KCITOnb3yiOTCSI B HaCTOSIWell pa6oTe, 3aM9THM, 'ITO KOHCTSHTbl 
N • 

GN I{ G. , onHCbiBaeMbie (I), ynoTpe6nSIIOTCSI Tax>Ke npK pac'leTax e o6nacTK 

!50 ~ A < 190. 

PeaynbTaTbi pac'leTOB 3HeprHII .neyxxsaaH'IaCTR'IHbiX H xonnexTRBHbiX cocTOSIHHII JlaHbl 

B Ta6nRuax 2-JJ, Caaqana npHB9Jl9Hbl Jl8HHbi9, OTHOCSIWH9CSI K KonneKTHBHbiM COCTOSIHRSIM, 

.nanee aanHcaHhi 3HeprHR .nsyxxs83R'IacTH'IHbiX aeiiTpOHHhiX R npoTOHHhiX cocTOSIHHII, B 

csepxTeKy'lell MOJl9nR S!Jlpa KOnneKTRBHbl9 H9pOT8UHOHHbl9 COCTOSIHHSI '19TH0-'19T.Hb!X SIJlep .,; 
paCCMaTpHBaiOTCSI KSK cynepn03RUHH p83HOT'O poJla JlBYXKB83H'I8CTH'IHbiX COCTOSIHHI!, 3HeprRH 

xonnexTHBHbiX xsa.npynonbHhiX H OKTynonbHhiX cocTOSIHRII paCC'IHTaHbl a
17

•
81

• B Ta6nHuax 

2-JJ Jlnll raMMa-eRt5paUHOHHbiX R OKTynonbHb!X COCTOSIHRII npHB9Jl9HO no TpH JlBYXKBa3R'IaC

TR'IHbiX COCTOSIHRSI, XOTOpb!e JlaiOT HaH60nbWHI! BKnaJl B Jl8HH09 XonneXTHBHOe COCTOSIHR9, 

3-roT exnaJl nony'leH H3 ycnOBHSI HOpMHpOBXR BOnHOBOI! <flyHXUHH COOrB9TCTBYIOlU9r'O xonnex-

TRBHOT'O COCTOSIHHSI, 0H Bb!pa>KeH B npOU9HTaX, npH'IeM 'lepea nn 060aHa'leHbl HeiiTpOHHbie, 

a qepea pp - npOTO,HHble JlByXXB83H'IaCTH'IHbie COCTOSIHHSI, Te COCTOSIHHSI, XOTOpbie He 

npO!!BnSIIOTCSI XaK JlBYXKB83R'I8CTH'IHJ¥e, a y'laCTByiOT B Ot5paaoeaHHH COOTB9TCTBYIOlUHX xon

neXTRBHb!X COCTOSIHHI!, B 9TRX Ta6nuuax HM910T ITOM9TXY •xonn•, ,LlnSI XOnneXTRBHb!X COC' 

TOSIHHl! npHB9Jl9Hbl COOTBeTCTByiOlURe 9XcnepHMeHTanbHbie JlaHHbie, B3SITbie Ha/
9-!8/ 

8 nepBOII rpa<fle 'IBCTH TB6nRU 2-JJ, OTHOCSilUei!CII X JlBYXKBa3H'IaCTH'IHbiM COCTOIIHHSIM, 

.naHbi HX xoa<fJRrypauRH, npH'IeM qepea K o6oaa_aqeH nocne.nHRII aanonaeHHbiii ypoeeab 

cpe.nHero nonSI s MOJlenR aeaaBHCHMbiX 'laCTHU, qepea K + 1- nepBbiii aeaanonaeHHbiii 

ypoeeab H T,Jl, KsaHTOBbie xapaxTepHCTRKH cocTOSIHHII !{, K+1, K- 1 K JlpyrKX aanHca-

Hbl BHH3y COOTB9TCTByiOlUell 'laCTR Ta6nKUbl, 80 BTOpOII XOnOHXe npHB9Jl9Hb1 np09XUHSI non-

HOT'O MOM9HTB Ha OCb CHMMeTpHH S!Jlpa K K '19THOCTb IT , npK'19M CHaqana - KX 

3Ha'leHKSI JlnSI COCTOSIHKII c I - 0 , xoTopbie, cornacHo npasuny !annaxepa, HMeiOT 

MeHbWYIO 9HeprHIO, a HK>Ke - c I= 1 , 3aMeTHM, 'ITO B Tex cnyqagx, xor.na .nn11 o.n-

/19/ 
Horo ua cocTOIIHHII .ny6neTa KIT = 0- , TO, xax noxaaaao s , npasuno 1 ann ax epa Hapy-

WaeTCSI H COCTOSIHHe C K ,I 0 scer.na RMeeT 6onee HH3KYIO 9HeprHIO, a 3HeprHSI CnHHOBOr'O 

pacwenneHHSI OXa3b!BBeTCSI ManoA, ,Llanee npHB9JleHbl 3HeprHK JlByXXBa3H'IaCTH'IHbiX COCTOSI

HHII, paCC'IHTaHHbie HB OCHOBe csepXTeXy'lell MOJlenH SIJlpB C yqeTOM 3<fl<fleKT8 6nOXHpOBXH, 

B 3THX Ta6nHuax npuee.neHbi 3Hepruu scex .neyxxsaau'lacTH'IHhiX COCTOIIHKII .no 2 M9B, 

4 

,\1 

/20/ 
3aM9TKM, 'ITO B npe.nno>KeH 6onee TO'IHbll! M9T0Jl JlnSI paC'IeTa 3HeprHII JlByx-

KBa3H'I8CTK'IHb!X cocTOSIHHli. CpaeHeHHSI peaynbTaToe, nony'leHHhiX s
1201

, c HalUHMH noxa-

3hiB8JOT, liTO TO"'HOCTb H8CTOHWHX p8Cll9TOB HBnSieTCH ,llOCT8TOliHO XOpOWeR. 

3HeprHH KOnneXTKBHbiX COCTOSIHHII, paCC'IHTaHHbl9 Ha OCHOBe CBepxTeXy'lell MOJlenH 

S!Jlpa, JlOCTaTO'IHO XOpOWO COrnacyiOTCSI C COOTB9TCTBYIOlUHMH 3KCnepHMeHTanbHb!MH JlaH

HbiMH, f'aa COCTOSIHHJ! o6na.naeT SIOXO Bb!pa>KeHHb!MH XOnneXTHBHb!MK CBOllcTBBMK, HanpH-

Mep, B Th 228 
JlnSI raMMa-eH6paUHOHHOr'O COCTOSIHKSI HaH60nbWKe BXnaJlbl OT JlByXxea-

aK.CTK'IHbiX COCTOSIHHJ! paBHbl J6%, 8% 7% H T,Jl, ,LlpyrHe KOnneKTKBHb!9 COCTOSIHHSI no 

CBOHM CBOl!CTBaM npH6nH>KaiOTCSI K JlBYXXB83H'IaCTH'IHbiM, Tax, HanpHMep, B COCTOSIHHH c 

KIT= 2- B U 
234 

JlBYXKB83K'IaCTH'IHOe Hel!TpOHHOe COCTOSIHHe 631 f - 743 f JlaeT 

BKnaJl, paBHbiJ! 7~. EcnH BXnBJl OJlHOr'O JlByxxsaaH'IaCTH'IHOrO COCTOSIHHSI B JlaHHOe XOn

neKTHBHOe COCTOSIHHe npeBhiWSeT 95%, TO TaXOe COCTOSIHHe paCCMaTpHeaeTCSI XSX JlByx-
234 

XBa3H'IaCTK'IHOe, HanpKMep, B U B HaHHH3Wee COCTOSIHKe C f{IT = ,J- JlBYXXBa3H'IaCTH'I-

HOe Hei!TpOHHOe COCTOSIHHe 63Jt - 743 t .naeT BXnBJl, paBHblll 99,8%, 

PstJl .nsyxxeaaH'IBCTR'IHbiX COCTOSIHHII c KIT , COOTBeTCTBYIOWHM XBBJlpynOnbHbiM R 

OKTynonbHblM COCTOSIHHSIM, He npKHKMaeT y'laCTHSI B 06paaosaHHH XOnneKTRBHbiX COCTOSIHRJ!, 

0HH npO!!BnSIIOTCSI TOnbXO KSX 'IKCTbie JlBYXXBa3R'IBCTR'IHbl9 COCTOSIHRSI, Tax, HanpKMep, B 

cnyqae KIT= 2+ Hel!TpOHHOe COCTOSIHHe 63Jf - 622 + , npOTOHHb!9 COCTOSIHHSI 523f 

530+ 5J4t - 52Jf H JlpyrHe npOHBnSIIOTCSI TOnbXO XaX JlByXXBB3H'I8CTH'IHbie, 

KaK 6blno OTM&"'&HO Bblwe,- pae'l~bl npOB9:1l9Hbl npu OJlHOM H TOM >Ke nono>KeHHH 

yposaell Cp&JlH&r'O nonH JlnH ecex SIJlep, T,e, xax 6b! npR OJlHOJ! paBHOB~CHOII Jl9<fJOpMBUHH 
I 

.nnH scex HJ::tep. O.nHaxo .nnH nerxRx RaoTonos Th H U P,aBHosecHbie .ne¢opMaUHH 

HeCXOnbKO M9HbW9, '19M JlnH OCTanbHbiX HJl9p B o6naCTH 228 :::_ ·A ~ 254, n09TOMY TO'I

HOCTb pac'I9TOB JlnSI HHX MO>KeT 6b!Tb HeCXOnbXO xy.nwel!, '19M JlnSI OCTanbHbiX SIJl9p, Bbi

'IHCneHHSI He npOBOJlHnHCb JlnH H30TOnoB·· C A < 228, nOCKOnbKY JlnH HHX npHWnOCb 6bi 

H3MeHRTb nono>KeHHe yposHell cpe.naero nonS! no cpasaeHHIO c .nai!HbiMR s Ta6nHue I. 

Kax HaeecTHO, aeT 9xcnepRMeHTanbHbiX .naHHbiX o6 o.nHoxsaaH'IaCTH'IHbiX yposHHX ae'le-r-

Hb!X A - HJ::tep c N > !53 H Z > 99, H n03TOMy H9SICHO, HaCXOnbXO npaBHnbHO 

cxeMol! HKnbccoaa Olll!CbiBBeTCSI nono>KeaHe yposael! cpe.naero nonH c N > !53 K Z > 99. 

B csHaK c 9TRM peaynbTaTbi pac'leToB 9HeprRll xonneXTRBHbiX K .nsyxxsaaR"'BCTR'IHbiX eoa-

6y>KJl9HHbiX COCTOSIHHII .nnH K30TOnos Cl K Fm HBnHIOTCSI MeHee H8Jl9>KHb!MR, '19M 

J::tnH OCTanbHbiX SIJ::tep, 

/5/ uo 244 
,LlaHHbie, npKee.neHHbie s Ta6nuuax 2-11 K .nn11 Pu H Cm , noasonHIOT 

aal!TR 9HeprHR .nsyxxsaaH'IacTH'IHbiX. cocTOHHRll .nnH scex KaoTonoe Th u • Pu 

Cm , Cl K Fm B ·o6nacTH 228 ::; A s 254. 3TO cBSI'3etHo c TeM, 'ITO 3HeprRK 

.neyxxeaaK"!acTK'IHbiX yposHel! OJlHHBKQBbi .nnH •>cex HJlep c .naHHbiMH Z HnH .naHHbiMK N 

5 



us 
TaK, HanpHMep, .onH 

91
CfH0 .oayxKBB3H'<acnt'IHbte npoTOHHr.te ypoBHII .llBHbt a TaonH -

ue 10 , a HeATpOHHhl~- a TaonHue 9. 

3KC11epHMeHTanbHb!e .oaHHbte 00 .llBYXKBa3H'IaCTII'IHb!X ypOBHHX 'leTHo-qeTHblX H.ll8p l'l 

oonacnt 228 s A s 254 '<pe3abt'<aAHo CKY.llHbi. TaK, HMeeTCH .oayxKaa3H'IaCTII'<Hoe coc-

TOS1HH8 B Cm 
244 

C [( TT = 6 + II KOHqlllrypauHeA nn 622 ~ + 624 t , 3Hepri!H KOTOpo-
/5/ 

ro, cornacHo , paaHa 0,92 Msa, 'ITO xopowo cornacyeTCH c sKcnepHMenTanbHbiM 3HI>-

tteHH9M 

c [(" 

1,042 Msa. Bbt'IIICnenHaH aenii'IIIHa 
244 

= 6 - Ha .OaHHOe COCTOHHIIe Cm 

log it = 6,0 .onH f3 - pacna.oa 
>44 

Atr. 

npaKTII'IeGKII coana.oaeT co aHa'leHIIeM 

log ft = 5,9 nony'<eHHOM Ha onbtTe. VlMeiOwllecH sKcnepHMeHTanbHbte .oaHHbte yKa3bt-

BBIOT Ha cyWeCTBOaaHIIe cpaaHIITenbHO HH3KOne)KaWHX .llBYXKaa3H'IaC'N!'IHb!X COCTOHHIIA a 
228 234 

Th , U , Pu 
240 

H a .opyr11x H.opax, o.oHaKo .onH onpe.oeneHHH aenii'IIIH Krr H 

KOHqlllrypaUIIA .llBYXKBa3H'IaCTII'IHb!X COCTOHHIIA HeOOXO.llHMbl .oanbHeAwHe 3KCnepHMeHTanb

Hhte l!ccne.ooaaHHH. Mo)KHO l!a.oeHTbCH, 'ITO .oaHHbte no sHepriiHM HepoTauiiOHHhiX aoaoy)K

.oeHHbiX COCTOHHIIA, npHae.oeHHbte B Tafineuax 2-}}, OKa)KyTCH none3Hb!MII np11 a11an113e 3Kc-

rrepHM9HTBnbHhiX .0.8HHhiX. 

B aaKniO'IeHHe abtpa)KaeM onaro.oapHOCTb T. Bepewy, npiiHHMaaweMy yqaCTIIe a Ha

qanbHOA cTa.OIIII HacToHwero 11ccne.ooaaHHH, 11 H.A. Bya.oaaHHOl! aa npoae.oeHIIe '<HcneHHhtx 

pacqeToa. 
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TAlillll!lA ! 
0AHoqacTHqHue ypoaHH cpeAHero no~H 

---------------------------
z N..,&A.Z §i!1 ... ~ t,C:., 
N -----
----- ----

89 651 1' 0,68 

91 5JO f 0,75 

93 642 t 0,8J 

95 52J ~ 0,86 

97 521 t 0,98 

99 6JJ t 0,99 

IJ7 6JI t 0,71 

IJ9 752 t 0,72 

141 6JJ ~ 0,78 

14J 74J1' 0,85 

!415 6JI ~ 0,90 

147 622 t 0,97 

!49 624 ~ 1,03 

151 7J4 1 1,10 

15J 620 1' 1,17 

lietHall CKCteM8 
,i!.of"j A-'~ IV+ J. 

c.;.,.:.. )..j1t.:.: 

ilpOTOHHall CHCTeWa 

0,141 0,75J 

o,Do 0,80J 

0,120 0,859 

O,IIO 0,92! 

0,109 0,987 

0,104 1,045 

-
HeAtpOHRall CICtewa -
O,II9 0,7J4 

O,II2 0,778 

0,104 0,826 

0,099 0,880 

0,097 0,9J6 

0,099 0,994 

0,107 1,048 

O,II7 1,094 

0,126 1,IJJ 

8 

He4eTHall CHCtewa 
Z -o~..w. N 

c.;.,..:.. ">.lt..:.. 

0,121 0,7J3 

0,105 0,788 

0,09J 0,82J 

0,076 0,899 

0,077 0,94! 

0,074 1,025 

O,IOO o,7II 

0,091 0,759 

0,078 0,80J 

0,068 0,850 

0,061 0,910 

0,059 0,964 

0,068 I,02J 

0,084 1,070 

0,101 1,109 

J 'I 

J 
,, 

l 

I 
q 
ih 
j~ 

KTT 

0-

2+ 

0+ 

2-

I-

~.w:g.iJ!Q!L_ 
Pac4et. 3KcnepHweHt. 

0,14 o,J28 

0,6 0,969 

1,4 I,I2J 

I,I 

~!lliU 

3RepretH4eCKHe ypoBHK 
Th••l 

,. lSI 

Ko~~eKTHBRUe COCT OliHHII 

CtpyltTypa COCT OIIHHH 

nn6J~-752! 2~, nn6Jlf-76ltl?*, pp660f-5JOf 1~ 

nn74Jf-76ltl~, nn6Jll-t-6Jl•~, pp5J2~- 5JOf 7~ 

nn6Jlf-74Jt65~, pp642f-5JOtl~, pp6~11+5JOt~ 

nn6Jlt-752t64~, pp65lt-5JOtl2~, nn6JJ~-76lf '* 



3HeprHH (lias) 

TAl>JIHUA.J 

3HepreTH'I8CKHe ypOBHH Th''" 
P t4o 

KOAleKTH8HW8 COCTOHHHH 

KlT Pac4er, 3KcneplllleHT. 
CrpyKTypa COC TOHHHB 

0- 0,50 
0+ 0,5 
2+ 0,74 
I- I,I 
2- I,4 

--------· 
0,508 
0,634 
0,783 
0,954 

nn6JJ~-752t 27.,pp660f-,JOf14*• nn6J1f-761f1~ 

nn74Jt-761t1~,nn631f+631~1J*, nn6JJI-6J~ 12,6 J 
nn6Jlt-752tJ~, nn6JJ~-74JtJ~, pp65lf-5JOfl4* 
nn6Jlf-74Jf84*,pp642f-5J016J, pp6,lf+,J01 J* 

~yXKBa3Hl!aCTH'IHW8 COCTOHHHH 
--------------------------HeArpoHHwe llpoTOHHWe 

COCTOBHII8 I-(1T 3Hep r11a (1138) COCTOHHHe Klf :JHepru (ll:lB) 

K,K+I 5- I,2 K,K+1 I- K ....... 
1,7 0- !tOll, 2- KOJU, 

K-I,K+I 4+ I,J K+I,K+2 2- KOJU, I,8 I+ 3-

K,K+2 I+ 1,5 K-1,K+I 2+ KO.I.I, I,8 6+ I+ 

K+I ,l\+2 6- I,5 K,K+2 I+ 1,9 I- KOJU, 4+ 

.K-I,K I- KOAl, 1,5 K+I ,K+J )+ 2,0 4- 2+ 

K-I,K+2 2- KOIU, 1,5 K-I,K+2 4- 2,0 5- I-

K-2,K+I 4- 1,6 K-2,K+l I- 2,0 1- KOAA, 0- xou. 

K,K+3 3- I,B K,K+3 4- 2,0 2- ltOAl, I-

K+I,K+3 2+ KOAJI, 1,8 K-I,K 3- 2,1 3+ 0- ltOll, 

K-2,K I+ I,9 K+2,K+3 5- 2,2 4+ 0- !tOll, 
K-2,K-I 3- I,9 0- KOJIA, 

K-2=761 t , K-I e63I f , K= 752 t , K-2 ~400t , K-I =532~ , K=65I f • K+I =633+ , K•2 = 743f , K+3 • 63H K+I ·530f , K+2 • 642t, K+3 = 52Jf. 

IO 

~-~---~~-~---------

,, 

TAEJI!!UA 4 
Ll:l. 

3He preTH'I8CKH8 ypOB HH soT h.Hs -------- -----------KOAA8ltTHBHWe COCTOBHHH 

CrpyKTypa COCIOHHHH K 11 .2!!!m!.iii:J!!.2__ __ 
__ Pacm:..-.1!2.!!.ill~lle~H!;r'"'-'----

0+ 
2+ 
0-

0,85 
0,8 

0,725 
0,788 
I,045 

HellrpoHHwe 

nn6JJ~-631~25*, nn6J1t+6J1~ 15*• nn74Jf-761f 13* 
nn6JJ~-7,212~, pp660f-5JOf16J, nn622f-752t 1~ 

lsyXKBa3H4aCTII'IHWe ~OCTOBI!IIB ·---------llpOTOHHW8 

CocroHHHe KIT 3Hepru (1138) Coer OHHI!e K1f 3Heprn (1138) 
-----

K,K+l 6- I,I I- Konn. 

K,K+2 2+ I<•·AA· I,4 3+ 

K-I,K+I I+ I,4 6+ 

K-2, K+I 2- JtOJIJI, I,5 5-
K+I,K+2 4- I,5 3-

K-I,K+2 3- I,6 2-

K-I,K 5- I,7 0- KOJIA, 

K-2,K 4+ 1,7 I+ 

K, K+3 5+ I, 8 0+ !tOll, 

K+I,K+3 I- KOJIJI, I,9 6-

K-2,K-I I- xo u. 2,0 4-

K+2,K+3 3+ 2,1 2+ 

K-2=63If , K-I =7521, K= 633f. 
K+I =743f , K+2 = 631J , K+3 = 622 t 

II 

K,K+I I- KOAJI, I,7 2- Konn. 

K+I,K+2 2- KOJIA, I,B 3-

K-I,K~I 
2+ KOJIJI, 1,8 I+ 

K,K+2 I+ I,9 4+ 
K+I ,K+3 3+ 2,0 2+ 

K-I,K+2 4- 2,0 I-
~-

K-2 ,K+I I- 2,0 0- ltOJIA, 

K,K+3 4- 2,0 I-

K-I,K 3- 2,1 0- KOAJI, 

K+2,K+3 5- 2,2 0- ltOAJI, 

K-2 =400t, K-I = 532f., K = 65If 
K+I =530f, K+2 = 642 f , K+3 = 523 ~ 



J.<TT 

0-
0+ 
2+ 
2-
I-

3H~ri!R (!tJA2 
Pac'let.-:l'Kciiepl!lleHT7"" 

0,60 0,564 
0,8 0,69J 
0,9 0,868 
I,1 (I,OI8) 
I,I 

HeltrpoHH!ie 

T A!ill!ll:!!2 
::Jaep reti!'IBCKI!e ypoBI!I! 

KoJIIleKTHBH!iB COCT OllHHR 

u~·:. 
91 1•0 

Ctpyxrypa COCTORHI!R 

nn6JJ~-752fJ~, nn6Jlt-76ltl~, pp6511-52lf 9~ 

nn74Jf-761f2~,nn6J1f+6J1~14~, nn6JJ~-6J1~ 14~ 

nn6J1t-74Jf7~,pp642f-5JOf1~, nn642•-74Jf 2~ 
nn6J1f-752f42~, nn6JJ~-74JfJ~, pp65lf-5JOf7* 

lBYXKBa3l!'laCTH'IH!iB COCTORHI!R 

llpOTOH.!!!!J1 

CocTORHHe 1(.7T ::Jaepri!R (Ibn) CocroRHHe t<.11 3aeprHR (113s) 

K, K+I 5- 1,2 0- KOI!JI, 

K-I,K+I 4+ I,J I+ 

K,K+2 I+ I,5 6+ 

K+I 1K+2 J- I,5 I- KOJIJI, 

K-1,1( I- KOI!Jl, I,5 4-

K-I,K+2 2- KOI!Jl, I,5 5-

K-2,K+I 4- I,6 I- KOIIJI, 

K1K+J J- I,8 2-

K+I ,K+J 2+ KOJII!, I,8 J+ 

K-2,K I+ 1,8 4+ 
K-2,K-I J- I,9 0- KOJIJI, 

K-2= 76H I K-I =6JI t' K= 752 t 
K+I = 6JJ~ K+2 = 74Jf, K+J = 6Jil 

I2 

----
K,K+I 2- KOI!Il, 1,4 J-

.K,K+2 '3+ I,5 2+ 

K+I 1K+2 5- I,7 0- KOJIJI, 

K-I,K+I I+ 1,8 4+ 

K-I 1K+2 4- I,9 J.o 

K-2,K+I 4- 2,0 I-

K-I,K I- KOI!Il, 2,0 2- KOI!JI, 

K-2,K 2+ KOJIJI, 2,2 I+ 

K-2 =5321, K-I = 65! 1, K= 5JO t 
K+ I =6112 t, K+2 = 52H 

KTI -~!iJrHR -~•'-"3""'8"-) -
Pac'let, 3xcnepHM8HT. 

--------· 
0- 0,86 0,788 
0+ O,BII 
2+ 0,9 0,922 
2- I,J (1,240) 
0+ 
I- I,4 

1,049 

T AliJ!!!!l!..§_ 

3HepreTI!'IBCKI!e YPOBHH 

l(O!II!OKTHBI!ble COCTORHi!R 

'"' •:u, .. 

Crpyxrypa COCTORHHR 

nn6JJ~-752 t 2~,11Jl622t -7!52fll*1 pp6511-521 t 11* 

nn6JJI-6J1~J~,nn6Jlf+6J1+ 1~, 11Jl74Jf-76lf 14* 
IIJl6Jlf-74Jf7~1 pp642f-!5JOfl'*, pp6!5lf+!5JOfl* 

nn6JJI-74Jf84*1 11Jl622f-74Jf4., pp65lf-5JOt ,. 
-----lBYXKBa3H'IaCTH'IH!i8 COCT ORRJIR 

--------------------------HelttpoHHite llpOTOHHwe 

CocTORHI!e KTI 3Hepri!R (113B) COctORHH8 K7T Jaepr1111 (lin) -------------------
K,K+I 6- I,I I- KOJIJI, 

K,K+2 2+ KOJIJI, I,4 J+ 

K-I,K+l I+ I,4 6+ 

K-2 1K+I 2- .ICOJIJI, I,5 5-

K<-l,K+2 4- I,5 J-

K-I,K+2 3- I,6 2-

K-I,K 5- I,7 0- ltOJIJI, 

K-2,K 4+ I,7 I+ 

K,K+3 5+ 1,8 0+ ltOJIJI, 

K+I 1K+3 I- ltOJIIl, I,9 6-

K-2,K-1 1- KOJIJI, 2,0 4-
-------

K-2 =6Jif, K-I=752t, K= 633l, K+I * 743t 
K+2 = 63H, K+J • 622 t 

IJ 

K,K+I 2- ltOJIJI, 
3- 1,4 

K,K+2 J+ 1,5 2+ 

K+I 1K+2 5- 1,6 0- KOJIJI, 

K-I ,K+I I+ 1,8 4+ 

K-I,K+2 4- I, 9 I-

K-2,K+I 4-
~ .• o I-

K-I,K I- XCIJIJI, 2,0 2- ltOJIJI, 

K-2 1K 2+ ltOJIJI, 2,2 I+ 

K-2 = 532l-, K-I = 651 t, K= 530 t 
K+I = 6421 I K+2 = 52H • 



----------· 
------3HePri!R (l.laJJ) 

1-\lf __ Pa~eT. 3Kc~t. 
0- 0,9 0,679 
0+ 0,930 
i'+ 1,2 I,062 

llelltpOHH!le 

COCTORHI!e K7T 3nepri!R (LI3B) 
----------------
K,K+I 3+ 

2+ 0,9 

K-I ,I\+ I I- 1,3 6-

K,K+2 3• I,3 4+ 

lt-I,K 4- I,5 3-

K-I,K+2 7- I,6 0- K•••· 
I\+ I ,K+2 6+ I,6 I+ 

K-2,K+I 5+ I,? 0+ KOT.Jl, 

K,K+3 5- I,8 4-
l\-2,K 2+ KOJ!Jl, 2,0 3+ 

K+I,K+2 6+ 2,0 I+ 

K-2= 633+, K-I =743 t, K=63H 
It+ I= 622 t, Y.+2 R 624~, K+J =734f 

TW!lliA.-1 1SI 

3Heprf'TI!'IeCKI!e ypOBHII 9~U,~, 
KoJ!JleKTIIBH!le COCTOalll!JI 

CtpyKTypa COCTOJIHIIJI 

nn624•-743t 1~, pp651f-521f 12~, pp660f-530t 1~ 

nn622f-620f 18%, nn6))~-6)1.16*• pp,)2~+5)0f 6* 

nsyXKBa3l!'laCTI!'IH!le COCTOJIHHJI ---------------------npoTOHH!le 

CocTOJIHMe K7T 3nepri!JI (Mas) 

2-K,K+I 3- I,4 

K,K+2 
3+ I,5 2+ 

K+I,K+2 5- 1,6 0- KOJ!Jl, 

K-I,K+I I+ I,8 4+ 

l\-I,K+2 4- I,8 I-

K-2,K+I 4- I,9 I-
K-I,K !- 2,0 2-
K-2,K 

2+ KOJ!Jl, 2,2 I+ 

I+ K1K+3 2+ KOJ!Jl, 2,2 

K-2 ·532., K-I = 65lt, K= 530 t 
K+I = 6421, K+2 = 52H, K+J =52 It . 
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T AEJI HJM.Ji '1.:1 " ' 
3HepretH'IeCKI!e YPOBHII 9~ I u ••~ 

---------------------------------·-----
KoJ!JleKTIIBH!le COCTORHI!R 

KIT 
~prHJI~l__ 
Pac4P.T. 3Kcnepl!llenr. 
--------

0- I,O 0,605 
0+ 0,940 
2+ I,I 1,030 
I- I,I 

---------
---
HelltpoHHiltJ 

-

CTpyx Typa COCTORIIIIII 

pp6421-52)~18%, nn622t-?52114* 0 pp65lf-52lf 1)% 

nn6J)~-6)1~ 40% 1 nn6)lf+6)1~1J%, nn74J1-76lf 6% 

nn6221-74J168%, nn6JJ~-74Jf 16%, pp642f-521 f 8% 

nsyxKBa3l!'laCTI!'IHile COCTORHI!II 

flpOTOHHUe 

COCT ORHI!e K.7T :JntJpr1111 (M~B) CoCT OflHI!O KlT :Jnepr1111 (M8B) - ---'f-K,lt+ I 3- v,g K,K+I 5- I,I 0- KOJ!Jl, 
I- KOJ!Jl, !(

1
1{+2. 

6- I,J K.,I,K+I 3+ 1,6 2+ 
<!+ KOJIJJ, K-I ,K+I 3+ I,J K-I,K 2- I, 7 J-
J+ K+ I 1K+2 2+ I,5 K,l\+2 I- KOJ!Jl, I,tl 4-
6-lt-I,K 
I- KOJIJJ, I,!i !(,K+J I. I,tl 6+ 

1\-I ,K+2 5+ 
0+ KOJ!Jl, I,6 lt+I,K+2 lj+ 

1,8 I+ 
3-1\-2,1(d 
2- I,7 It+ I ,K+J 6- I,9 f I-
7-K,I(+J 
0- KOJ!Jl, I,? K-2,K+I 4- 2,0 I-

K+l,K+J 3+ 
4+ I,9 K-I,K+2 I+ 2,0 2+ KOJ!Jl, 
I+ K-2,!\ 
6+ I,9 K-2,K 1+ ;:,I 4+ 

K+2,K+J 6+ 
l+ 2,2 

----------
K-2= 752 t , K-I =6JJ~, K= 74Jt 
I\ +I =631 ~. K+2 = 622 t, K+ J =624~ 

K-2 =65I t, K-I =530 t, K= 642 t 
K+I = 52JI, K+2 m 52I I, K+J = 6JJt, 

I5 



1,<1'f 

2+ 
0+ 
0-
2-

1111,11 IU)!'I).IIJ!I)III! 

TAEJJHUA 9 
H~ 

:lHep reTI!4eCKHe YPOBHII ,_C """<S• 

KoRReKTIIBHHe COCTOHHHH 
3HeprHH (II3B) 

CTpyxrypa COCTOHHHH 
Pac4eT. 3KcnepHMeHr. 

0,8 DD6221-620t:l7'1o,DD624~-622124~ ,nn62H+ 620 1' 6 ~ 

1,2 pp6511-521t 1'71>, pp642f-52H 14~, DJt.6:llt-76H 14 * 
I,I nn622t-7J41 61~, pp6JJI-52lf )2~, nn624~-725f 1 ~ 

-
JByXKBa3H4aCTH4HHe COCTOHHHH 

HellrpoHHLie IJpOTOHHHe 

CocroHHI!e Kn 3Hepri!ll (llaB) CocroHHHe K1T 3Hepr1111 (II3B) 
-

K,K+I 8- I,I K,K+I 4+ I,3 I- I+ 

K-I ,K+I 2- KORR, I,4 K,K+2 6- 1,3 7- I-

K,K+2 4+ I,5 KTI,K+I I- I,5 3+ 4-

K-I,K 6+ I,5 K-I,K+2 I+ I, 5 I+ 6+ 

K,K•-3 7+ 1,6 K+I,K+2 2- K044, I, 7 0+ K04JI, 5-

I~-I,K+2 2+ K•"'-"· I,7 K-I,K 5- I,8 3+ 0- KORR, 

K-•I,K+2 4- I,8 K,K+3 I+ 1,8 5- 6+ 

K-2,K+I 5- I,8 K-2,K+I I+ 2,0 4- 2+ KOJIJI, 

K+I,K+J I- I,9 8-

K-2,K 3+ I,9 4+ 

K+ I,K+4 6- 2,0 3----
K-2 =63I. , K-1 =622f, Ka 624t It-2 = 5301', K-1 = 642 t , K = 523t, 
K+I a734t, K+2 • 620t, K+3 = 61~ K+4 = 6221 K+I = 521 t, K+2 = 633 t, K+J = 5I4L 
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TAEJI!!UA 10 ·~· 
3HepreTI!4eCKHe ypOBHH 5I c 1.., 

KORReKTHBHLie COCTOHHHII 

3HeprHH (II~B) 
CrpyKTypa COCTOHHHH 

K7T Pac4eT. 3KcnepHMeHT. 

2+ 0,8 1,032 nn622f-62012~,nn624~-622125~,nn622t+ 62ot 18 ~ 

0+ 

~ByXKBa3H4aCTII4HLie C09TOHHIIH 

lle11TpOHHLI8 IJpoTOHHHe 

COCTOHHI!e JOT 3HeprHH (lloB) CocroHHHe KTf 3HeprKH (1138) 

K,K+I 4- I,4 K,K+I 2- o,s 
5- 5-

K-I,K 8- I,5 K,K+2 5+ 1,4 
I- 2+ 

K,K+2 l- 1,5 K+I,K+2 7- I,4 
8- 0-

K,K+J 6- I,6 K-I ,K+1 6- 1,7 
J- 1-

K-I ,K+1 4+ I,6 K-I,I< 4+ 1,7 
J+ I+ 

K-I,K+2 7+ I,7 0+ K044, K-2,K+I I+ 1,8 6+ 

K-2,K 2- I,8 K-2,!\ 1- I,B 
7- 4-

K+l ,K+2 J+ 1,8 K-I,K+2 I+ I,8 
4+ 6+ 

2+ K044. I g K,K+3 2+ KOR4, 2,0 
K+I,K+J I+ ' 

I+ 

K-2,K+I 2+ KORR, I 9 I~+I,K+J 4- 2,0 
J+ ' J-

K+I,K+4 5- 1,9 K+I ,K+4 I+ 2,0 
6- 8+ 

K+2,K+J 5+ 2,0 2+ 
!{-2 ,It-I 6+ 2,0 I+ 

K-2=622t, I<-I=624t, K=734 t , K+ I·620f, 
K+2=6IJ t, K+J=62U,K+4=725t • 

K-2=6421,K-1=52JtlK=52If~K+I=6JJ1, 
K+2=514,j,,!{+J =52I , K+4= '4t • 
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... 

K7T 

2+ 

0+ 

TAlilliDJA II 

3HeprefH4eCKHe ypoBRH 

KonneKTHBHHe COCTORHHR 
"0 

··~ F, ,,. 

:lHeprHR (II3B) 
PacqeTH,3KcnepeueHT. 

CTpYKTypa COCTORRKR 

----------------~----------------------
0,5 0,692 nn62N+620 t )~0 nn61Jf- 611 t 30%,pp52lf+521J. 20% 

ABYXKBa3KqacTH4R~e COCTORHKR 

lieiiTpOHR!i6 IlpOTOHH~e 

COCTORHI!e K1T :JHeprHR (113B) COCT ORHHe K1T :lHeprKR (M3B) ----
K-1,K 4- 1,5 5-

K-1 ,K+I I- I,5 8-

K,K+I 3+ I,5 4+ 

K-I,K+2 6- I,5 3-

K,K+2 2+ Konn. I 6 I+ ' 

K,K+J 5- I,6 6-

K•I,K+2 5+ I,6 2+ 

K+I,K+3 2- I, 7 9-

K+I,K+4 8+ I,7 I+ 

K+2,K+3 7- I,7 4-
K-2,K 4+ I,8 3+ 
K-2 ,K+I 7+ I,8 0+ Konn. 
K-2,K-I !l- I,!l I-
K-2=624J., K-1=734 t, l\=6?0t, K+I=6IJ f,. 
KI2=622 ~. K+ 3=725', K+ 4=6I5 ~ . 

K,K+I 7- 0,9 0-

K-1,K+I 5+ I,O 2+ 

K-I,K 2- I,4 5-

K,K+2 4- I,5 3-

K-I,K+2 2+ Konn. 1,5 I+ 

lt,K+3 I+ I,5 !l+ 

K+I,K+2 3+ I,6 4+ 

K+I,K+3 8- I,7 I-

K-2 ,K+I I+ I,!l 6+ 

K+1,K+4 6+ 2,0 I+ 

K-2=523~, K-I=52It, K-633t, K+I=5I4~, 

K+2=52I ~. K+3 =6241', K+4•5I2t • 

....._), __ _ 


