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BB81l8BII8 

JlB&aMBKY pemeTu pBAa xpacT8llnOB, co~teplKamllx rpynnhl c&IIbKOCBSI3a&KhiX aToMOB, 

MOliUIO OUHChiB8Tb C UOMOmbiO np1115nJIJK8BH!I0 B KOTOpOM rpynna paCCM8TpHB89TC!I K8K lK9CT

K08 Teno c mec-n.JO CTeneB!IMII cBoiSOAhlo TaKoe npaiSolKeBBe Bnonae onpaBnaao, T&K KBK 

saepras CBs3K B rpynne aaMBoro Bblme saepraa CBS3B M8lKJlY rpynnaMB. Ecns nOTeiUlHan 

CB!I3B M9)l(llY rpynnaMB JlOCTSTO'IHO CBIIbHhllt JlnB TOro, 'IT06hl rpynnhl COBepW111111 TOpCKOH

Hble rapMOHH'I8CKH9 KOne6aHRII, TO T8KB8 KOneiSaHR!I pacnpOCTp8KllllOTCB B BHJle BOnK, 

Teopaefi KoneiSaHBlt peweTKH c y'(eToM TOPCHOHHhiX Kone15analt rpynn BTOMOB 3aH&Man-

/l-5/ /5/ 
ca pHJl BBTopoB • Bee pe3yn&TaThl, nony'le&Hhle STHMII aBTopaMa, H~eroTCII B paoOTe , 

Hcnollb3ys sTB pe3yn&TaThl, npoaeneM pac'leT ARcnepcaoaahiX KpHBhiX H cneKTpOB 'IBCTOT 

HOHHOrO KpBCT8llll8 XIIOpRCTOrO 8MMOHBB B UpB6nJI>K8HBII )1(8CTKBX HOHOBo 0 XIIOpHCTOM 8MMQ

·HHH JlOBOIIbHO MHOrO B3B8CTHO B3 JlpyrHX RCC118Jl0B8HRA, OR YJl08118TBOpSeT UpH611H)l(8HHIIM 

TeOpBH B RM88T OTHOCHT911bHO UpOCTYIO KpBCT8111111'18CKYIO CTpyKTypy, 

nn11 NH.,CL a 

NH'~ tL 

N~CL 

Tan a 

tlcttl-

1 175°C 
ljla3a.J..--

••• na 
C~tL 
aeynopBAO'IeH-

HBII 

THna 

C.!> Ct.. 
ynopHJl0'19HH811 

.., ..;-Jj. -23,8°C 
li-'a3a .. ir 

/ 
ljla3a !Jl 

16-81 - -
CTpyKTypa STHX BewecTB B Ka)l(llOlt ojla3e xy5aqecxall , 4>a30Dhlll nepexon U1 - \1 

2. ~ ro1 -
061o!ICHBeTCII He H3M8H9HH8M UOCTOBHHOlt pemeTKH ( ,.0 •3,8756•10 CM ), B pa3pywe-

/9 10/ 
HH8M UOpHJlK8 OpH8HT81lBH 8MMOIIB8BbiX HOHOB ' o 

Bee llBII&Reltmae paccy>KJleHRs ISynyT npoBOJlHT&CB TOIIbKO nns RR3KoTeMnepaTypaoA 

m 161 
ljla3bl !,.!.1. C HCUOIIb30B811B8M o603H8'18HBA, UpRMOBR8MhiX B pa60Te , -nBe sneMeHTap&hle gqeltxa ojla3hl Ill HB)l(O -80,5°C npeJlCT8BII8Bhl Ra pac, I. Onaa -ilii9M8BT8p88B SNeltKa C0Jl8p)l(HT rpynny BTOMOB - 8MMORH9Bhllt HOB ( t : { ) H OJlHH 

OTJlellloBblll 8TOM ( .,.. •1) - BOB XIIOpa, AMMOHB9Bhlil BOB llOCTpOOH B BBll9 T9Tp89Jlp8, 

8 



B ero sepli!HIUIX paCDMOlK8J[H 8TOMbl BOAopOAA (AellTepKSI), B ll8JITP8 - ATOM 830T8o PAe
/11/ 

CTOSIJISI& 430T - BOAOPQA0 ltOTopoe K3MepiUIOC1> M&TOAOM SID&pHOrO p&30IUIHC8 Jl QljlpaJt-
n8/ ~ 

llH&ll aellTpolloa ' , llpJIHliTO paa.llWw (1..•1,035 •10 CM. B JtPKCTarutJI'I&ellol! pem&TJte 

aTOMbl BO,IlOpOtta H&XO,IliiTCSI IIA DSiarOIIIUiliX S118M811T8pHOII nell]la. 

lfacTOTbl BJIYTP&IIHKX xone!Sanl! aMMOneaoro ao11a NH; paBIIbl 822,4; 888,6; 

12 u ""' 578,9; 272,5 •10 1/cell. Jlu fl V'f UMCTHhl TMl>llO llB& nepBW8 '!IICTOTW: 226,9, 

283,6 •1012 1 /en /12,18,14/. 

AMMOIIK&Bhlll JIOH eUT88TCII liC&CTllKM. KalK.IlOM}' ATONY BOAOpOJlA llpiiDSiewaa&TeK TO'Ie'l

/10/ 
Hblll 38p51ll + 1/4 e t 8 lUIOpA - e o JlHHBMH"'eexol! nonspJI381l.R&ll JIOHOB llp&-

He6pera&TCIIo 

JlaRAMK'I&eK811 M8!pKll8 

YenosaMea, 'ITO s seplllK&ax xy6a sneM&IITapsoll nellli:B xnopaeToro aMMOIIKB aaxo

JHITCK aOHbl xnopa, B ll9HTpe - aMMOIIK9Bblll KOBo llMOlK&De mo!Soro HORa Ollp&Jl&nSI&TeB 

B3KTOpOM: 

R; = 2. 'ro Tm + Tt1.2)df42., (1) 

~ 

rna 2_ 1"0- AnHHa rpaaa sneMe&Tapaol! neiiKB, Lm ={ltnr,~.Lmt)- sexTop e lleno'IBenea

HbiMB KOMHOH9HT8Ma, ~(~2.): '1'0 (111)- B9KTOp, Coe)lHHlDOmHII HOH xnopa C !SnaJKallmaM HOHOM 

aaOTa, pacnonoJKeHHbiM s aanpasneiiiiJ( [ 111]• 
Ha11ano eaCT9Mbl KOOpJlaHaT DOM&m&HO B OAHOM aa BTOMOB xnopa. BeKTOp C aH)l9KCOM 

JA.: 1 Ol!pe)lensreT ITOnOJK&HBO BTOMOB lUIOp~, C aHA&KCOM ~ & 2 - BMMOD&Boro BORa. 

XnopHCTWll aMMOHBll npauanne}J[BT It JtplleTannorpaljlB'IeCKOl! rpyrrne rei- . 3Ta rpynna 

coeToaT aa sneM&HTOB nepaoro pona: enaHB'IHWII, '19Tbipe nosopoTa ua 120°, 'I&Twpe nosopo

Ta aa 240° a Tpa nosopOTa lUI 180° a sneMeHTOB BToporo pona: meeTb nnocxocTel! aep

Kanbsoro OTpaJKellllsr a meeTb aepJt&nl>HbiX rrosopOToB. KonH'!ecTso seaas&CBMhiX canosb!X 

fiOCTOSIHHbiX IJ&psol! ltOOpDSIHailBOHHOll cljlepbl O!ibi'IHO YAB&TCSI C01tp8THTb JlO He6onbmoro 

'IRena. JlenaeTCSl STO C HOMOmbiD npeo6pa30B8HBSI MaTpHilbl eanOBbiX nOeTOSIHHbiX o6mero 

Balla. llpa 9TOM PICllOllb3yiDTe!l see Te npeo6pa30BaRall, KOTOpble OCTBBniiiDT BHBapHBHTOM 

B9KTOp, napannenbHbiii aarrpasneHBID paeeMaTpasaeMOII eHnOBoll HOCTOSIHROII1 ana a3M9RIIIDT 

naHHbill sexTop ae npOTasononOJKRbill. PeayllbTBT nony11aeM, pema!l eucTeMy ypasaeHBll (17) 

ana ( 18) 
161

• CHeTeMa ypasaeHBll JlnB TpaucnSlllHORHo-TpaaeniUIHOHHhiX {R R) a Topeaoaao

TopcPIOHHhiX (ee) canOBbiX HOCTOSIHRbiX cym&eTB&HHO OTnB'IaeTeSI 0T CHeT&Mbl ypaBH&Rall 

Jlnsr TpaHeiiiUIHORHG-TOpCHOHHbiX (R e) nOCTOSIRHbiX. 3To llpHBO.!lHT It pa3nH'IHOll CHMMeTpHH 

MaTpan. 
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• 

,·,:. ,, 

.''• 
:.:·;' 

• '1.:'! 
\'\ 
,. 
<i' 
/·' 
;:ii 
~: 

,\1' 

£· 
~I 

t: 
k 
i 
· .. 1/ 

""""--'=-

...... HT8K, eaiiQJlhl& JIOCTOKHHhl& nepsoll ltOOp.!lHH81lHOHROil eljlephl B RanpasneHKB Mlt'l'Opa 

'Y'(l2.) aMeiOT cne.o;yiOJilyro ljlopaey: 

( 
Ct Dt D1.) 

-~(IUtt~''f);:: Dt Ct Di i 
Dt Di Ci 

-p(R8}(~ ,Of) 
( 

0 pi -1-i 'J = -Pt 0 P, · ; 
P1 -Pi 0 

8 B llpOTHBOIIOIIOlKJIOW IUUIP[ c:o~ 0.\ - --- ( 0 -pl. p:l) 
-p-~~~irJ= ~ & ~:Ji -r~r~·lilJ ~ i ~L ~ . 

HaBepcRB Jl8 smrunrTCII aneMeHTOM rpynuhl rcl. . noaTOMY B0311Kit88T p83nH'IH8 Me:..o;y aaa

'IIHIJIDa DOCTOSIJU[biX lliiSI llpOTHBODMOlKHb!X H8npasne&Rllo MaTpaUbl B OCTalll>HblX euinpABlle

/5/ 
HBliX Dony'laiJJTeSI llpH UOMOmH ljlopllzyll npe06pa30BaHBSI (16) H COOTBeTC1'BYIOIUBX npe)lCTA 

lleDll sneMeHTOB eiiMM9TpBHo 

MaTpallbl eHIIOBhiX llOCTOSIHHbiX BTopoll KOOPJl>IRBilHOHHOl c4Jepb1 

o!SpaaOM: 

-~~~~1rJ (
A 0 0) 

= 0 B 0 j 

.l ~eJ1o,tOO\-1 l1 ! r 

0 0 B 

M 

0 
0 

0 
N 

0 ~ )i 

-f(K4(~1~0) 

_.,Re)(~1RO) 

BbtrnaD.l!T eli&AyiOIUIIM 

F 0 0 ') 
0 F 0 i 
0 0 f 

( 
0 0 0) 
0 R Q. ' 

0 -Q -R 
BBO)lSITeB R9KOTOpble DOCTO~e Tp&Tb&l KOOp.!lH(R~llHOwOr Cljll&phl, a HM9HHO: 

-p{Re)(~ tlO) = -~ =~ -b . 
BceMK OCT&nl>Bb!MH ITOCTOS!Illlb!MJI llp&He!ipera&Tell tJtpOM& B38JIMOil&lleTBJUI TO'I&'IBhiX 38pSI

llOB, KOTOpO& y'laTb!SaeTCSI JlpyrRM CJIOCOISOM) • 

11TBK, 'IJICIIO H934BHCKMbiX eKIIOBhiX JIOCTOSIHBbiX eOJtpaTalloe& AO 18, H3 JtOTOpblX 8 

cnpeneneHbl JtynoROBCitHM B38HMOA&lCTBR&M, 

MaTpHllhl ayneaoA JtoopAHR81lHOHROll cljlepbl RNeJOT BHil: 
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(n,O 0) - (~00) -p(RR)(~O~)~ Q Qo Q i -p (RR)(~<f) : Q bo Q i 
OOa.. 0 0 b. 

~00) (000) -p<eet~~J={ 0 Ce 0 j -pCRe)(02.0~0) = 0 0 0 . 
0 0 Co 0 0 0 

Bee BB9)leBBhle eanOBhle UOCTOSIBHhle o6pa3yroT MaTpany p83M9pBOeTII 9 x9, 38BIIeliiilyiO 

'T'OJlhKO OT HB)leJ[eOB m, n ( m,n. - 8Apeea :aneM9HT8pHhiX 11'1991[) • 

f<R~mnJ. 11 1 ~(P.R)(1 ~ )i p<Re)(~ ~ ); 

~ (m n) = I fRRJ(~ i)i f(RPJ(~~J; f(k8}(~l)j I 
(2) 

- -
~(~)(2. ~)j !l9R) (2.~)j p(9$}(2 i )i 

.... 
Bse)leHBe M8Tpan ~(m 0) oonei"'I89T Bhi'Uieneaae :aneMeBTOB )lHH8MB'IeeJ[OJ! M8TpBnhl. 

Canosble nOCTuaBHhle aynesoA KOOpABHanaoaaoA e¢ephl nerxo onpeAenaTb qepea oe

Tan&uhle 6naro)lapg eOOTHOW9HBHM (11) B ( 13) / 5 / 1 KOTOpbie HBnHIOTeg· pe3yn&T8TOM BHB8-

PB8HTHOeTH DOT9BUB8nbHOJ! 3HeprBB KpBeTanna OTHOeaTenbHO ero e)lBHra H DOBOpOTa B npo-

CTpaKCTBe, T.e. 

Uo = -2.[A +2.B ... 2(C1 -tC1)] 

bo::; -2[E -t 2F + 2.(Ci +C2)] (3) 

Co =--2[2.(M+2N)- Bro(Ti +~1 -tQ+2U-1T)]. 
AMMOHBeBhiA HOB paeeMaTpBsaeTeH K8K TO'Ie'IBbiJ! 38pll)l H BeKOTOpbiJ! OCT8TOK

1 
BKniO'IaiO

WHl! aee MynbTBnona. 3neMeBTbi .oaaaMB'IeeKol! MaTpanbi HBnii!OTCH PllilaMB <Pypbe eanoablx 

noeTOIIHBbiX. Hx Bhl'IBeneaae paaoasaeTeH aa .oaa :aTana. Ha nepsoM :aTane xynoaoaeKoe 

6 

' ';::. 

:if 
·f~ 
·;!· 

..1..__._.:!:..,._.,.. 

saaaMo.oel!eTsae To'le'IBbiX aapMos, BXOAliiilee TOnbKO B eanoB&Ie noeTOHHHhle IRRJ , Bhl-
/15 16/ /6/ 

'laenHeTeH MeTOAOM 3san&Aa ' , B KOTOPOM 6bleTpaH exo.oaMOCTb pa.oos (8} Ao-
-,:t 

eT&raeTeH pa36BelllleM eyMMbl DO UpSIMOA pemeTKQ n: 118 ABe: 38TYXBIOinyiO eyMMy no it ... -+ 
B eyMMY DO o6paTaoll pe~eTKe Klh) • 

Ha BTOPOM &Tane y'IBThiBaeTCH ocTan&lloe saaaMo.oelleTliHe. Ero KynoaoseKaH qaen. 

onpe)lenBeT 3H8'19HH9 eanOBhiX DOCTOaB.IlhiX l R e) B (eeJ . fiOCKOnbKy 9TO B38HMO)lelleTBae 

6bleTpo nailaeT e paceTOIIHBeM,. TO MolKJio yqeCTb TOnbKO nepBhle :s:oopMaanaoHilble eljl.tphi,· 
/6/ 

a TeM eaMhiM o6opB4Tb Pllil (8) lla aecKon&KBX qneaax. 

B peayn&TaTe nonyqaeTea ilBll8MH'I9CKaa MaTpana paaMepaoeTa 9 x9, BBnmomaSICa :apMB

Tosol! e KOMnneKeHbiMH :aneM9HT8MH, fiOeKOnbKY B pae'leT&X ll9Y)l06HO onepllp()B&Tb KOMDne&e

HbiMB 'IBCnSMH 1 pa36BB89M .tlBHSMB'IeCKYIO MHTPBilY H8 )lelleTBBT9n&ayiO B MllBMyiO '18eT&! 
- n . I . " . .2 \ 2. ... ..., ·'t C.= 1\ t (.. . Co6eTBeaable :aaaqeaaH At=w,1nfWra sexTopbi W=Q·tL.u eeKymrpaoro 

ypaBBeH&a ~w :.~w HHXO)lBM H3 ypaBHEIHHSI 

(f -k)(~)=i\(~)i !\ = (~ ~)· (4) 

PaaMepaoeTh .oaaaMBqeexoA !\I:&TPBilhi ysenaqanae& l.!l.tlBOe, HO see ee :aneMeHT&I .oelleTB&,... 

TellbHbi, a 

(¥ ~) 

eaMa MaTpBil8 eTana eBMM9TPH'IHOII 

C:~f~~~~~~l D..~[Q!l.D:!~, 0 K~~K:I!! 0 0 0 -1*'"1\-al, 0 -t;!l= 
~~c;!!l o;'(~.O:~~ -K~.O K;!I!J, 0 0 0 -1~~1:~ L'$, 0 -~ 

c:t~ o:t~.D;'JJ~~o o o o -I:t!l,-J:I!).-0!1-L:t!ll.,~. o 
c:"ffil.~~ C..'"(1)K~K:l!\ I~~~~ 0 0 0. 0 -L~~ 

c:~~ ~~K;I!l I~~I~i~fl 0 0 0 L;~o i;~ 
c:~l-~,QO!J ~~~I;I~.I:!~ 0 0 0 -L:!llL~O 

C::ltl, 0 0 0 -L~(~t:l~ 0 -t;~~ 0 
Cn1J 0 L~~l 0 -L;(!l L~. 0 i~~ 0 

0 0 
0 0 

7 

C~l -L:~.L;~ 0 i::ti! c;W 0 0 0 0 
C:~~~~IC~~I O:t~O;lDl 0 K:;ilK:~ "l c;w D:;«l ~ o;41 -L."'n o 1\;i!l 

C:t~ ~ D;!SJ.~ -~-K;«J o 

C..1,~~~ C~'f.!lK;laJ 
c;el~ i-.'11t;~ 

ClJ -t~~~ 
c:.1 0 0 
~0 
~. 



r,11e 9n&MeRTbl onpeAeneabl <l>opMynaMa: 

c::(~)· *~~,[ ~~: -H;~- Mlil +-2[A • 2(Btei+C2ll-2Ar.os21T~-2B!c.os1rrq, .. ~~21Tq.l}, 
t (XX,~~' 'fi!); 

C~lr) ' ( e.l [I." H'' J}. "1 II : M, fi'> ,,~- L "! J ( ~~' ll, ~ <)j 

C:~llJ ="Fit {~.l ~~~ -H~- -M HlE•2(F+G,•C1ll-2Etos2Tiq_.-2.F(cos21Tt1•<a.llli•tl, 
L (AA,~~,n); 

Cut£\ JJ!i lt." H" J} "i\2.>1. Mdh;' 1 ,~- L ·~ 1 (x~, xr, qr); 

o::t~)~~J¥.1'[ -~~+~~]- Y(c, .. c.),o~n~ CD5ITq_, W> TTq,J, (~x.~~.ul; 

I~-(1 ) ~ . 11 . 11 . IT U 1~ "-~ ~Ln lj_, SLn <J., Hn 9_1 I (H, ~~ 1 H)j 

Du(f)• _J_f le,H~J[ -!.~~ +-H~]+- ~(D,+D,)~n1Tq,. ~~nnq, c.osllq_1 }; (l~ 1 Ji!,~z)i ~~ 1'1. iif,F, \ 3'Yj, 1 I ,. I 

IMif)- !ilQcQU · 
"'\tl - ~-CD~ llq_, W5lJfl., SLn Jl~j_a I (X~, X~,~") 

K~(~)~ ~~ )(n TTq_, s(n ITq, ~;os lfq_1 ; K~:l~) .. ~ C.O)Tiq,$inTiq, sinll'lzj 

K!~(~)·-~ ~(nTfq1 cos!Tq~sLn1Tq1 ; 
I 1 . 

L«e (if)_ ..ill..!.hl . 
~~a- ~ c.o~Tiq_,wsllq_~sLnlTq., (A~.~!~~~l; 

C:: !!J~ ro; ( t~lllq_~- c.osl rrq. )(lR- ~c c.o~2.1ltL, ), v-x, 13~· i!l.)j 

K ~e,t,_ ~'* . . K~•ttl- ...'lli... . · ~~ \UI- Vif.'t l>ll'llnq, Sln21T<[~ i '"t1Ulr ~ SLn1Jlq_~ ~lnl.!Tq_, j 

K~(~)·-~ ~in2.nqx :.Ln2lfq_Li 

•. L~;t!)=-~lQ-2.fws2.1Tq_,t21A.~2.Tiq'\], ll'.~, ~~~~~Ji 

1 ae '') 2v~"?f2•rQ ] 1..'tl \&1 =- 1. L -lrw~2.TT9.tt •2U.c.o~2.nq_. , (!fl, 211., !'f)i 

C~ (~) • ttt(M'~-lN) -8T.(P,•~•Qt-lll-l1')-lMc.osl1Tct,-lN(wslllq,•co~z.nq.l}1 
lJ~, Ljpz); . 

{6) 

~1- P.'-'- -w> (h,.. ... q,)(h,..-q,.,) e-¥-Uhw+q.t'+(h,-t~,)l.+(hetq_.)~ 
y!- lx~- f. (hx.,.ql·+(~ +q,'fl1 +(hz+~af 

KpOMe ~: (000) . 

t!'J. = ~1t - ~fTr (hx +-9,x){htj + q,,) e-¥-[~+~·)2.+(h,+q~1.+(hf+q,fJ 
l"S "~- lf(hx+Cl,xf+-(hlf+i'i)2.+(~~.+~)1 • 

KpOMe t•(OOO} • cos 1T (h. rn,+ ht) 
H!1 = 8~[ r-t(~<fxv + 9(0 lrJI;] c.os'IT(tf.x L). + q,~t, r fl. a L!) 
Ji ~ LalfHmKPOMel""(0190) 

8 

' i,l ,, 

·-i 
i,! 

,.I! 
" 

(i 
li·, 

II 
1 

' 

lf r 

rr t2. t(')- 1 e-z .i ltl(•l1fiiJ. \.. - e· + (3 l rrt J H2.2 H H H ~2. H21 
L X~ = ( ~~~ j m "~ .~ m X~ i 

1T {2. 
~ t t) = 'lr e-T ('IT + ~ ) 1- ~~ f ( Vff ); 

{F . 
o/({ft) = ! - f<r f e- VL~d~; 

0 

2. '2.. t2. ' 2. t = Lx + ~ + '-'r. > 

... t- 'i11t 
rAe k • - Q • ~ = 2- It ' 

2.tro h 1 .y-o I 
..... 

npa Ro Rn { 't'o l( l~ l:t l\) 
'r - ~ :: oro m {mt Wl1 Wll) npa 

p. = y 
r-+~ 

( {, - 'IeTHOe ) 

( rrl.i -HS'i8THOe ) 

Bee OCT8n&Hb18 snaMaHTbl MBTpHDbl {5) nony~a~cg DHKnB~eCKOA nepeCTBI!OBKOA HH.Il8KCOB 

X~l 1 ~lJt 1 'lX'i 

OnpeAeneHae 3Ha~eHHA canoBblX nocTOIII!HblX 

KaK ylKe !lbinO CKB3AHO, canOBbl8 nocTOSII!IIbl8 (Re) H (919) onpeAenmoTCR H3 KynoHOB• 

CKOrO noTei!DHBna •. nns HX Bbl'U!Cn8HHR HY>KIIO llliiBlK,Ilbl npOAH<jlljJepeH!lllpOBBTb DOT8llll11Bn&I!YIO 

9HeprHJO KynoHoacxoro B3BHMO.IleACTBHR. CoOTaeTCTByJOmBe BTOpble npoH3BOAHble (22) B 

/5/ 
(23)' !ly.llyT CHnOBbiMH DOCTOIIIII!biMH. CyMMHpOBB.IIH8 no e.~ npOBO,IlHTCR no BTOMBM 
BOAOPOAB pBCCM8TpHBB8MblX BMMOHBaBblX HOHOB. 8 <jla3e !11. BMMOHH8Bble HOHbl OpH8HTH

pOBB.Hbl napannem.ao .11pyr ,11pyry. ·ll09TOM}' 

dr=~t11f), &c11 1), ~ti1IL i}U 11L 
a,.~ ~c11 !), *-trr i), ~(i 1. 1), ~ (i ifJ. 

TuaM o6pa30M, nony'IBIOTCH nocTOHHHble :P~,r~~Q,R,'J'1\J,l,U,tf 1 1V • 
Ha Manb!X paccTORHHHX AeAcTayeT TBXJKe HeKynoaoacxeA nOTeHnaan. llo9TOMY cano-

-olt) 'I)~) 
Bbl8 nOCTOHHHble nepaoA KOOPAHIIBDBOHHOA Ccpepbl CKnBAblBBJOTCR B3 KynOHOBCKBX "-1, 1l.:L 

ID()IJ 'DUIJ II) -ntcJ 1)(WJ 1> occJ 'n 00 
a ae~cynoaoacK.ax nocTOHHHbiX ~t 1 J..z. , T.e. Li, = J:! -1- l. i J l.t, ?' .r2 .fo It. • 
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L 

3Ba'l&II.B:B B&li:OTOpbiX CHliOBbiX IIOCTOSIHHblX Onpenenellbi 8:3 9XCD&pa:MeB'l'an&IIHX 3Ba'l8HBII 

'I&CTOTbl TOpcB:OilBbiX .~:one6aaal!: f..J (o :: Ol aMMouesoro aoaa a 'IAC'l'O'l'bi OUTK'lecxax 
• TOPlo 'J 

IIOII&pe'lllldX Kon&ISaB:B:I! WIJ' (q,: 0) , npa pem&BBB: JlB:.HaMII'l&CKOII M&TpB:nbi (5) Dpa '1.: 0 
nonrraeM 

wr~p (t= o} = - ¥; ( P 1 + P 1. + Q + 2 U - 2. T ) (7) 

rne 

,_ ..l j_)[ e1 
4TI" 

W'l" (q_ =O) = ( Mt + M2. - g r-,,_ '3 

T2.- MOM&HT asepllHII aMMO.IlBesoro aoaa, 

(8) + Y ( C..1 +C1)], 

Ha asanaaa II:OM6B:HilllHOBBbiX nB:BBII HB<ppaB:pacsoro nornomeBBB IIonY'l&BO w rop-
. 12 /18/ 

= '1"3,62 ·10 1/cex , PHil 9ltCD8pBM8HTOS IIO Heynpyi'OMY pacC&SIBHlO MO)lliOIIHblX II&IITpo-

HOB/}7-201 naeT 6onee Mesee 611H3Kae aHa'<esasr 'I&CTO'l'bl Topcao&RbtX Kone6asaa. B pac-

12· 
'IeTax npHBBMa&M aBa'leBBe Wyop- 74,48·10 1/ ceB: (49 MilB ), naHHoe nocnenaell pa6o-

/20/ 'D(t.l) lj)lli) 
T()l! , sa KOToporo nonyqaeM senB'IBJIY cyMMbl .C 1 + l2. • 

'iaCTOTa OllTII'<eCKBX nonepe'lllb!X B:one6aa:aa w'l' t <1. = O)- 34,84. 1 o12 
1 /· CeK nasa 

/12 18/ 
B pa6oTax ' , 

MeTOJl JlliHHHbiX SOliS naeT B03MOlKIIOCTb CBB38Tb CllliOBble IIOCTOSIBBbte C ynpyrHMB 

IIOCTOSIBBbiMB, llnB Ky6B'I8CKOI'O KpHCTanna B:M88TCB Tpll B838BBCHMblX ynpyrsx IIOCTOSIBHbiX: 

/5/ 
C~t., Cur C If If • HcnGnbayH cjlopMYny (57) , s KOTopoll y'IBTblsalO'l'cH Topc:aoaable 

CT8JIOBB CB060)lb1 0 II0~48M 

Cu ::: [X lC X X] + (X X X X) 

Ct2.=2[Xt!Xl!]-[XX~~J +(XX~~) -(.X~~~)+(X't~XJ 

C4't =[XX~~]+ (X~lt~}j 

(B) 

rne CK06KaMH 0603Ba'l&IOTCSI H&KOTOpbla COBOKYIIHOCTH CH1IOSbiX IIOCTOHHHbiX, KsanpaTHble 

cKo6xa aasscSIT TOn&Ko oT noc~omsblx ( ~ R) . 
-tl 

C(l ) . /5/ 
MOlKBO IIOXa3&Tb1 'ITO M&TpB:D.a ~ (29) KB1ISIO'l'CSI Hynesol\ MaTpi!Uel!, Ha 

9TOI'O C1I81lYOT1 'ITO Kpyrnbi& CK06KH (45) 
151

, KpOMe ( ~ >.)(9869) 1 paBHbl JIY1IIO, nocne 

II&CliOlKI!b!X paC'IOTOS IIony'laeM: 

(X ll. X X)= 0 

(xx ~ ~) = 0 

(x~ X~) = ~= CP 1 + J2. -t Q +" 2 u- 2.. r) 

10 

(10) 

(x~ ~x) =- 2.~ lr1 + P,_ +G + 2u -2. 'r) 
nocne sse)l&HHSI 9TBX SblpalK&BBII s ypaBI!8HHSI (9) nony'laeM: 

tJ e.'2. Lt f(q 2. c ) cH = 2,llol.f ~c. + --v;- t A + E + ! + C2. 

~ Lf1ii1. 
C u =-2}58 2 ,.o'l>D. + v-: (2 D1. + 2 D1 -Ct- ~2.- B- F)+ 

+ ..:.I::..t _W;,;;..:..:ro:~:..e (.;..:CJ.:l....:: 0) ( 11 ) 

e"' Lf t'o'J. 
2 'lJa 

c'f&f =-i,Lf02 2 ,..,v. + 'l!a. (B+F +Ct+C2.l-
I'2. Wrop (Q.= 0) 

lf 'lftl 
Oepablli 'lliOH s KalK)lOM SbtpalKOHI!B COOTsOTCTsyeT KYliOHOBCKOMY B3ai!MO)lei!CTBI!l0 TO'Ie'l-

H&tx 3apsrnos. 

Opl! OTCyTCTBI!I! TOpCI!OHHbiX CTeneHell CB060.[lbi R s3a&MO)leliCTBI!R TonbKO neHTpan&-

Hb!MH canaMH )l01IlKHO sblnOlii!!ITbCSI COO'l'Home&Re Kowa ell. =C'4!. TopCI!OHHbiO 

CB060.[lbl sHOCSIT nonpasKy nopBJlKa c11 - Clf'i : 3Is. Wtepl !IJ), 
lf'lltt 

CTeneBB 

0 /21/ 
HaMepeHB!I ynpyrax IIOCTOSIHH&rx xnopscToro aMMOHH!I nposo.nanHCb ae HHJKe 200 K , 

C 11 2 c 11 2c 11 2 
Kor.na '11•4,354•10 JlHHfCM 1 U.• 1,394•10 JlRHfCM ; 1"•1,122'10 JlHH/CM , 

Pa3HOCTb c,1- clflf- 0,277 ·10
11 

JlHI!IcM
2 

6nH3Ka K 3Ha'IOHI!l0 3Ia. w •• , (9.~ D} -

' """~ 11 2 -
0,3414• 10 Jli!HfCM 1 nOny'leHHOMy H3 3Ha'IOHH!I 'laCTOTbl TOpCI!OHHbiX KOne6aHI!JI S ljlaae Jll. 

-~, 11 2/21/ B Heynop!!J:{O'!eHHOll ¢aae - 9Ta pa3HOCTb Mana R pasHa cl'2.- c,'f-0,020 ·10 Jli!HICM • 

¥13 nepe'IHCliOHHb!X 9KCnepRM8HTan&HbiX JlaHHbiX S03MOlKHO onpenena:Tb TOlibKO IISITb 

R3 JleCSITR He1!3B8CTI!biX CHliOSb!X IIOC1'0SIHHbiX, no9TOMY npi!HHMSOTCSI cnenyromee, nocTOSIB

Hble nepsoii KOOPllRHBUROHHOll cljlepb! pasl!bl MOJK.[ly co6ol!: c! :· c.2. I! Dt = Oz. . TaKHe )J(Q 

paseHCTsa BbtnOnHSI!OTC!I npR B38RMO)lei!CTSHR UOHTpan&HbiMH CHnaMH, llanee npennonaraeTCSI, 

'ITO s3aHMO)leilcTBH!I 61IHlK&limHX HOBOS xnopa (A,B) R 6nHJKal!mHX 8MMOHH0Sb!X HOBOS 

( E IF ) MOlKJlY co6olt onaaaKOSbl, T,e, A :::. E I! B = F . nocnenHee npetinoliOlKOHI!e He 

Slii!SIOT CYWOCTS8HHO Ha pe3y1IbTaTb11 TaK KaK 3Ha'leHI!II 9TIIX nOCTOBHHbiX Ma1Ibl, TaKlK9 
1)lll) 1)\11) 

npennonoJKeao, 'ITO .L 1 :. .!.2. • 'iacn e&Hble asaqesas ecex canos&IX nocTOSIHHbiX npasene-

H&t s Ta6nane 1. 

II 



TaiSnBna 

3Ba'l811JUI CBliOBb!X llOCTOJIIIBb!X 

A -2148 llBHICM E --2148 IUIH/CM l -620,5•10-81lBB 

B - 319 llHII/CM F - 819 IUIBICM [l --1,8 •10-8 IUIB 

c~ -5081,5 IUIBICM 
r. -8 'f' -78,7 •10-8 JIBH t •459,1•10 IlKS 

~- 5081,5 nsa/cM 'P2 --1925,1•10-81UIH \V •157,1 •10-8 lUIS 

Di. -6589,5 llHSICM Q --896,7•10-81lHS t1 -16 •-17, 7 '10 .llBH•CM 

~ -6689,5 IUIBICM R --181,e ·to-an.u w •-78,5•10-l
6 

.llBH•CM, 

P83YIDo'I'8Tbl • Bb!BOilbl 

B pe3yllbTaTe pemeuRa IUillaM!I'IeCKOll MaTpSilbl (5) nony'laJOTCSI n•cnepcKOHHble KpR-

/5/ 
Bb18 B CII&KTpbl 'laCTOT (60) , CneltTpbl 'laCTOT ll0lly'l811bl B BBil8 rBCTOrpaMM 83 peme-

liBSI nsuaMB'IecJtoll MaTpBIIb! B 2640TO'Ixax 7l, npocTpaucTBa B nepBoll 3ose BpBnnJOalla, War 

rucTorpaMMbl A'-' • 1,57 • 10
12 

1/ceK. 

.llBcnepcBollable KPBBhle npencT8Blleabl sa pRe, 2. BeTBB Tpaucnmt~~oas&~x JtoneoaaBA 

paCIIOliOJK811bl liBJK8 1 '18M TOpCBOllllbiX1 ltOTOpble IIO'ITB ropB30liT8llbllbl R li83B8'1BT9Jiloll0 pac
-+ 

xonSITca c soapacTallJieM q, . TeKoa BX nosenellJie npBBOilBT K OCTpoMy nuy B cnexTpe 

"18CTOT. 

Ha pac. 3 npencTasneubl cnexTpbl 'I&CTOT coOTseTCTBeHao TpascnSIIlBOHHbiX KoneoallJill 

HOIIOB XliOpa H 8MMOJIJI9Bb1X HOHOB, TOpCHOHIIblX K011908HHJI 8MMOIIH9BbiX HOHOB B llOliHblil 

Cll9KTp '18CTOT, 113 Heynpyroro paCCeSIHBSI M91lli8HHblX HeliTpOHOB MOJKHO Ollp81l8liHTb IIOllo

lK91IH8 MBKCBMyMe CII8KTp8 Tp81ICll511lBOHIIbiX KOli908HHil 8MMOHB8Bb1X HOHOB, B p83Hb1X pa-

/17/ /19/ /20/ 
OOT8X ll810TC51 110liOJK8liB51 M8KCHMyM8 llpH 28 MSB 1 22,2 MSB H 22,8 MSB 

3TH B9liR'IHllbl li8XO.IISITCSI B XOpOW9M COrlleCHH C ll8HHbiMH STHX paC'19TOB, 

fiHK TOpCHOlllibiX ltOli8081IHll llp8llCT8Bll8ll T8KJK8 He pHC, 4, 3Ta rHCTorpeMM8 llOlly'le-

12 
s:a npa yMem.mes:s:oM mare A(.J •0,80·10 1/cex, Wapas:a naxa s:a nonosaue BbiCOTbl pae-

lla npROliH3HTeiJhs:o ~ CJ •0,48 •10
12 

1/ceK (0,82 Mas). Ecna JKe npe.IIIIOliOJKHT&, 'ITO 

1>~- Q 1Htl) .,._., 12 
.Li • (sMecTo11 "L2. ),WRpas:a yB&liH'IHTCH ao LIW •0,75•10 1/ceJt, fiOCKOilbKY 

O(ld tD (II) 
B9H3B9CTHO COOTliOW9HH8 M&JKily IIOCTOHllllbiMR l{ B L2, 1 TO MOlKliO CYil.IITb liHWb 0 

llOp HllK9 B9liR'IHllbl L\ W , 

np08ll8liH3HpyeM, li8CKOllbltO 110ny'I88Mbl8 pe3yllloT8Tbl 'IYBCTBRTellbllbl It llpRIDIM88MblM 

COOTS:OW9llll51M M9JKilY CRliOBbiMR IIOCTOSillllbiMR, H8BOOllbWR8 H3M9li9HH51 DpOHBliHIOTCSI S:a 

rpaHBIIe 30Hbl BpRnmoas:a. He s:aoliiOnaeTCH X8KRX-liROO B3Meueuall ana seTseA Topcao&HhiX 

xone6auBil, Pa3lllllla B 'laCTOTax sa rpaHHne 30IIbl BpBllliJOSSa M&JK.IIY sapaaHTaM.II A: IE B 

12 

A: E cocTaBllaeT oxono 0,76•10
12 

1/ceK nnH onTR'IecKoll npoaOIIhsoll B9TB.II s aanpas

neliRB (100] (BeTBR OCT8lllollbiX lt0li808HRA 118 R3M8HHIOTC51) R 10•10
12 

1/cex- llliH BC8X 

BeTBe.JI 8 B811p8Bll8liRR [11 t] o nocTOHHIIbl8 C1_ H C2. BliBHIOT H8 llHCII8pCROHHbl8 KpRBble 

TOllbKO .a 11811pABII8HRR [.I II] • Pa3BRil8 B '18CTOT8X M9lKllY B8PH8BT8MH c i = i c2. R 

Ct = c2. IIOCTilrarr 7,7 ·10
12 

1 /cex. np.llliSITde COOTS:OmeliRH Di = ! 02. npRBOllHT 

It 110ll'b8MY OUTR'I&CitRX R CIIBJKeJIIIIO nonepe'lllbiX 8KyCTR'I9CKRX B8TB8ll Be B8liR'IRHy IIOPHlllt8 

10,6-10
12 

1/cex no cpasBeHRIO c Dt::. 02. . 
.llRcnepcaoHilhla xpllable 11 cnexTpbl 'laCTOT nns N Dlf C. [ nony'lellbl npa Tax JKe 

3H8'18IlJIRX CBliOBbiX IIOCTOHilllbiX C 3aMeHOll M8CCbl aTOMS BOIIOPOIIa H8 Macey 8TOM8 neiiTe-

12 
pH B. B KTOr.a IIBK TopCKOBIIbiX xoneiSellJill Dony'I88TCSI npR CVrop • 52,68 • 10 1 / cex, a lllHpR-

ll8 ero yaeliR'I[[88eTCa a 1,81 pa3a. Pa3yllbTaTbl RaMepeull li&IOT 3S:a'lel1Ra 

12 /18/ 12 /18/ 
58,62 •10 1/cex R 62,94'10 1/cex , MaxcaMyM cnexTpa 'leCTOT TpeBCliSIIlHos:-

BhiX XOll808llJI.ll aMMOHil8BOrO ROBe CQBRreeTCH .110 20 MSB, 

nony'leBBLI8 pe3yllbT8TLI llOX83b188IOT, 'ITO p8C'I8Tbl llRCII&pCROHHbiX KpBBblX R Cll8KTpOB 

'18CTOT itpRCT8llliOB C Y'18TOM TOpcHOHHbiX xone6aai!.ll CllllbHOCBH38liHblX rpynn 8TOMOB Bll0liH8 

ocymeCTBRMbl, HyJKHo, O.IIHaxo, cxa3eTb, 'ITO 'lllcno cRliOBhiX nocTOSIHllhiX, KOTOpbla HylKHO 

B )l;8HBOll npooneMe Y'IRTbiBATb, oyaeT OOilbme, '18M KOliB'I9CTBO B3MepaeMbiX napaMeTpOB, 

B3 KOTOpLIX OIIP911811RIOTCSI 3ll8't9HR51 STRX IIOCTOHBIILIXo 3Ty Tpy.llliOCTb MOlKHO npeOIIOli9Tb 

TOllbltO H3M9p8BR8M IIBCII&pCBOHHbiX KpRBbiX T8KRX seme CTB, 

AsTop swpaJKaeT 6naronaps:OCTb E.A. Haaxy, «<>.n. Wanapo, A. Ballopexy a B. H11Tny 

38 nellllhle OOCY)I(Il8HilB. 
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Pac. 1. KpacTannaqecKall CTPYKTypa xnopacToro aMMOHHst s lj>a3e ill (HH>Ke -30,5°C), 
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Pac. 3. CneKTpbl 'iaCTOT xnopacToro aMMORHSI, 
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Pac. 4. Cner.:Tp 'i&CTOT TopcaoHJihlX Kone6aHall aMMOHBeBoro BOHa, 

17 


