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HaKonneH~e 3KCnep~MBHTanbHO~ ~H¢opMa~~~ 0 COCTO~H~~X ~pacT
n~H~~ ~ 85n~3~ Hee cras~T aKryanbH~e 3aAaY~ ~x ~ccnen.oaaH~~ 
8 M~KpocKonw-leCK~X MOAen~x, YYVITbiBaiOU..I~X o5onoYeYHYto CTPYKTYPY 
~n.pa 111 KorepeHTHble KonneKT~BHble 3¢¢eKTb1, o5ycnosneHHble B3a~Mo
n.e~CT8V!eM HyKnoHoa. M~KpocKon~YecKoe on~caHV!e KaK HVI3Kone~a~V!X 

BV!5pa4V!OHH~X COCTO~HVI~, TaK VI CBO~CTB rV!raHTCKV!X pe30HaHCOB 
80 8pa~ato~V!XC~ ~Apax OCHOBaHO Ha 3aAaHVIV! H€KOTOporo apa~aiOU..Ie

roc~ o5onoYeYHoro noreH4~ana (cpen.Hero non~) ~ ocraTOYHoro 
83aV!MOAe~cTBV!~ MB*AY HyKnoHaM\11 1 11. OcraToYH~e B3aV!Mon.e~CTBV!~ 
noA5V!patoTC$l ~3 coo5pa~eH~$l npocroTbl, a cvmosbJe napaMeTpbl 83a~
MOAe~cTBVI$l onpen.en~toTC$l \113 3HeprV!~ HV!~a~WV!X KOnneKTV!BH~X B03-
5yH\A€HV!~. 0YBBll!.ll,HO, YTO KOr.ll,a HBCKOnbKO pa3nV!YHbiX no ClllMMeT
P"" B3a"MOAe~CTB"~ "rpa~T Ba~HY~ ponb B $OPM"POBaH"" KOnneKT"B
HOro COCTO$lH~~, TaKO~ nOAXOA CHV!*aeT 3Bp~CT~Y€CKYIO 4€HHOCTb 
TeOpV!~, a TaKH\€ HaAeH\HOCTb B npeACKa3aHV!Vl TBX VlnVI V!H~X $lBneHV!~. 

Heo5XOAV!MOCTb cornaCOBaHV!R OCTaTOYHbiX B3aV!MOA€~CTB~~ C no
TBH4V!anoM cpen.Hero nonR HeOAHOKpaTHO OTMeYanacb a nV!Teparype 
(eM., Hanp"Mep, 12 - 01 ). ~cnonb30BaH"e np"H~~nos ~Hsap~aHTHOCT~ 
B ¢opMe 3aKOHOB COXpaHeHV!~ n03BOn~eT pa3B~BaTb H€05XOAV!Mble 
TeopeTV!Y€CKV!€ CX€Mbl nOCTpOeHVI$l OCTaT04Hb\X B3a~MO.ll,€V!CT8~ii1. B Ya
CTHOCTVI, a pa5orax 151 5btn npen,norKeH npocroi/1 MeTOA caMocornaco
aaHV!~, 8 KOTOPOM OCTaTOYH~e B3aV!MOAeii1CTB~~ CTpORTCR no 3aAaH
HOMY o5onoYeYHOMY noreH4V1any c noMo~bto npV!H4V!noa ~HBapV!aHTHo

CT~. np\11 3TOM V!cnonb3YIOTCR crpyKTYPHble npen.nono»<eHV!~ o cenapa-
5enbHOCT~ V!CKOM~X B3aV!MOAeii1CTBV!i/1 VI 05 aKc~anbHO~ C~MMeTpV!V! V!C
XOAHOrO o6onOY€YHOrO noTeH4\11ana. no.ll,YepKHeM, 4TO npo6neMa yye
Ta apa~eHV!R \11 era an~RHV!~ Ha xapaKrep ocraroYHoro B3aV!Moaeil1cT
a~~ a pa6orax 12 - 51 aoo5~e He paccMaTp~eanacb. KpoMe Taro, np~ 
Bb!COK~X CnV!HaX RllBPHO~ C~CTeMe 3HepreT~Y€CK~ BbtrOlJ.Ha noTepR 
aKC~anbHOii1 CV!MMeTp~~, 0 YeM CB~AeT€J1bCTBYIOT pacYeTb\ 3BOnl04~~ 
¢opMb! 6biCTpoapa~ato~V!XC~ KaK XOnOlJ.HbiX /fi/, TaK VI HarpeTb!X 
~Aep /7. st. 

B AaHHO~ pa6oTe, ~cnonb3y~ TOnbKO npeAnono~eH~e o cenapa-
5enbHOCTVI, Mb\ nonyY~M OCTaTOYHbl€ B3a~MOAeii1CTB~S1, o6ycnosneHHb\€ 
HapyweHV!eM poTa~~OHHO~ ~ TpaHCnR~~OHHO~ C~MMeTpV!S1M~, AnS1 no
TeH~~ana TpeXOCHOrO Bpa~a~eroc~ OC~~nn~Topa. aanee OyAeT on~
CaH npocTo~ cnoco6 nocTpoeH~~ B 3TOM noTeH~~ane TpaHcn~~~oH
HO -LI!HBapV!aHTHbiX OKTynonbHbiX B3aV!MOtleliiCTBV!~, KOTOpb!i/1 MOH{eT 
5b!Tb LI!CnOnb30BaH AnS1 KOHCTpy!t1pOBaHV!R B nocneAHBM B3aV!MOA€~CT-
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e~~ npo~3eonbHO~ Mynbr~nonbHocr~. He Hapywamm~x era pora~~oH
HO~ ~ TpaHCn~4~0HHO~ C~MMeTp~~-

1. KaYecreeHH~e acneKTb! en~~H~~ spameH~~ Ha MHor~e xapaKre
p~cr~K~ aTOMHOro ~Apa MO~HO ~ccneAOB3Tb B MOAen~, B KOTOpO~ 
HyKnCHb! AB~}HYTC~ e cpeAHeM none HeaKcl!1anbHoro epaUJ,aiOlJ.Ieroc~ 

oc~~nn~ropa: 

h (!1) ~ 
p2 

--+ 
2m 

(1) 

!_ m((u 2 x 2 +(,) 2 y2 +(.u 2 z 2 ) -ne 
2 X Y Z X 

Cso~crea peweHl/1~ raM~nbTOH~aHa (1) noApo5Ho ~ccneAoBanl!1cb 

s pa5orax 19-121, rAe 5b!n AaH AeranbHb!~ aHan~3 ~3MeHeHlr1s:l napa
Merpoe, xapaKTep~3YIOWII!X s:IAePHYIO ¢opMy. nanHas:l 3Hepr~s:l C\..1CTeMbl, 
onpeAen~eMa~ raMl!1nbTOHl!1aHoM (1), Bblpa}Haercs:~ nocpeACTBoM coor
HoweHI/1~ 

( 2) 

( 3) 

rAe w± - co5creeHHWe Yacrorw, 
2 2 

2 (IJY + (Uz 2 1 2 2 2 
w ~ ----- + !.l ± _,[(w -w ) 

:! 2 2 y z 
( 4) 

lr1 ~ i - COOTBeTCTBYIOU\351 CYMMa Y~Cna KB3HTOB B 3anonHeHHbiX co-
CTOs:IH~s:IX. 

npeAnOnO}HeHII1e o5 II130TpOnHOM pacnpeAeneHII1111 CKOpOCTe~ B CII1-
CTeMe, xapaKrepV13yeMo~ raM~nbTOHVlaHoM ( 1 ), raK }He, KaK II! eapll1a
L\~OHHbl~ np~HL\~n B OTCYTCTB~e epalljeH~" ( {) = 0) np~BOA~T K ycno-
8111\0 /1_3/: 

KOTopoe VIHTepnperVIpyercs:~ KaK rpe5osaHII!e cornacoeaHII1s:l pacnpeAe
neH~" nnorHocr~ ~ Ae~opMal\~~ noreHL\~ana. KorAa yrnosa" Yacro
ra spameHII1s:l {l# 0, rpe5oeaH111e ~3oTponHoro pacnpeAeneHII!R cKo
pocre~ eo epaw,a~e~cs:~ c111creMe onpeAens:~ercs:~ cooTHoWeH~-
eM /10,11,131: 

w I "" w I "" w I "" canst , 
XX++--

( 5) 
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Koropoe sneYeT 3a co5o~ rsepaorenbH~~ xapaKrep spa~eH~~ an~ 
npo~3BonbHbiX n. nacnetJ,H~e 3KCnep~MeHranbH~e AaHH~e ~ccneaosa
HVH1 BbiCOKOCn\11HOBbiX. COCT07=1HV1~, nonyYaBMbiX B pe3ynbTaTe (HI, xn)peaK~Vl~ 1141, noarsep~aa~r raKoe noseaeH\11e. noaroMy HV1me MW 5yAeM V1cnonb30BaTb ycnos\11e caMocornacosaH\11~ (5), Koropoe, socnonb3osaswV!cb pe3ynbraraMVI pa5or llO,tt/, MOIHHo nepenVlCaTb 
8 BV1A8 

2 2 2 ~ 2 _ 2 2 2 2 2 2 w o <R > '"'X >(w -!J )<Y >~(,, -!J )<z >~----- (6} X y Z 3 

rAe ycpetJ,HBH\118 Vlti,BT no- OCHOBHOMY COCTORHVl~ raMV1nbTOHV1aHa (1), 

/ln11 BbiBOll,a HE06XOAli1MbiX COOTHOW8HV1Lii YAD5HO npetJ,CTaBVITb raM"nbTOH"aH (1} B cneAYIOU1e~ (jJOpMe: 
1 _,2 1 [ 2 2 2 2 2 2 2 2 h(rJ)~2mV + 2 m wxx dr<>y-fl )y +(w,-!1 )z] ( 7} 

rAe 
-> 

n~cn.o,o) 

YT05bi nOCTPOVITb OCTaTOYHbl€ B3aLI!MOABii1CTBVIR, reHePVlPYfOl4lll8 KOnneKT~BHble B036Y~AeH~H, KOTOpble CBH3aH~ C HapyweH~eM BHyrpeHH~X ClllMM8Tp~V!, BOCnonb3yeMOI M8TOAOM, 1113nO)f{eHHbiM 8 /13/. 2. TpaHCnH~LIIOHHy~ CLIIMMeTp~~ 111CXOAHOrO raMLIInbTOHLIIaHa.(l) MQ)f{HO BOCCTaHOBLIITb, paCCMaTpii1BaH Bap111a~~~ OAHOYaCTII1YHOro noreH
LJ,~ana raMVInbTQHVIaHa ( 7) no OTHOW8H~f0 K rpeM H83aB~CLIIMbiM KOOpA111HaraM xi : 

F. ~- _!_ _JLY_. (8} 1 kl axi 
8 KaYeCTB8 TaKOBbiX Mbl Bbi5LIIpaeM CM8[48HLIIH x, y, z. 8 cnyYae AB111-
)f{8H~H C Mana~ aMnni.IITYAO~ B3ai.IIMOA8~CT8111e, BOCCTaHaBni.IIBa~[Uee 
C!IIMM8TPV1~, HapyweHHY~ nOT8HLJ,LIIanOM, B np!115nlll)f{8HLIILII CP8AHero nonH MO)f{HQ 3anLIICaTb 8 BLIIA8 

H e3 = k i a i F i • (9} 

(10} 
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CornacosaH~e ~ocr~raerc~ 3a eYer TaKa~ HOPM~POBK~ ai, np~ Ko
ropolil <Fi >=a i ; a ycpe~HeH\IIe npoV13BO~It1TCfl np1t1 rex 3HaYeHit151X 
napaMeTpOB ~e¢opMa~lt1\11 111n111 OCUVInnfiTOpH~X YaCTOT, KOTOp~e onpe
AenHffiTCH ~3 ycnos~" caMocornacosaH~H (5) ~n~ (6). 

npfiMOe BbiYit1CneHt.1e n03BOnfleT nonyYit1Tb He06XO~It1Mble BbtpaH{eHit151. 
Hanp~Mep, 

F ~--1 _ _£1_~-1-.L[h p J~--1-mru Jkr(Y -Y ) (11) X k ax k t. 1 

X k X 3 lt 1-1 • X X X 

3Aecb Y A~ = Y A~ ( 8, q,) - c<jlep~YecK~e <jlyHKl1"~, onpeAeneHHble B c~
creMe KBaHroeaHVIfl c ocb~ z. Coorsercrsy~afl KoHcraHra lt1Meer 
B~A 

A k ~-.<[[ h,p ],p 1>~ -mAw 2 
lJ: 1i2 lJ: X X (12) 

OcTaTOYHOe B3aW-10Ae"CTB~e ( 9), onpeAenHeMoe BblpameH"HM~ ( 11), 
( 12), MOH<HO npeACTaB~Tb 8 np~BbiYHO" <jJOpMe A~nonb-A"nonbHOro 
B3a"MOAe"CTB~H ( CM. , Hanp~Mep, /t5/ ) : 

( ) 
K _, +-

H - ~ - 1 -ot+l oi-J 
AMn 2 1 1 ( 13) 

- w 
~VIHaTbl X = _l!_ X • 

"'o 
OnepaTOpbl, COOTBeTCTBY~VIe CMetlleHII110 B~Onb KOOp~VIHaT y \11 z ~ 

VIMeiOT 8111tl 

j e 0 2 
oi+'~-1 -(rY +rY )~ "'y ----1-(rY +rY ) (16) 

v2 u --~' "'~ v2 u !-! 

- - r:;_ne 
0 !0 -rY IO ~ .j _'::£.._Z --- rY !O . (17) 

'"2 0 

3Aecb yepTa s <jlopMynax (16), (17) o5o3HaYaeT npeo5pa3oBaH~e Ae-
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• 

KapTOBbiX KOOPA~HaT y = 
- (!)~ _Q2 !

----
~ z = ------ z 

2 
COOTBeTcT-

"o 
B€HHO. 0TM€T~M, YTO np~ TaKa~ napaMeTp~3a4~~ KOHCTaHTa ~30CKa
ns:~pHOIO a~nonbHoro s3a~MoAe~crs~~ K1 OKa3biBaercs:~ yH~sepcanbHO~ 
ans:~ scex KDMnoHeHT ~3DCKan~pHbiX a~nonbHbiX c~n, soccraHaBn~sa~
LUliiX TpaHCn514~0HHYIO C~MM€TPVIIO TpexaKCl!lanbHOIO BpaJ.UaiOli..I€10Cs:! oc-
4lllnns:~Topa, VI He 3aBl!IC~T or npoeK4~~ AlllnDnbHoro oneparopa 
Ha OCb Z. B OTCyTeTBl/1€ Bpa~eH~~ ans:~ aKelllanbHO-el/IMMeTpliiYHOIO no
TeH4l!lana oeu,vmmnopa (rux :o: ruv i. (,);;) np\11 craHtJ,apTHOM onpeaeneHllllll 
oneparopa AlllnonbHoro MOMeHT.3 D101 =o rY 1m Mbl nonyyaeM pe3ynbTaT 
pa5or 15 ', Koraa 3as\11e\11MoeTb or ae¢opMaL.J,llllll noreH4t11ana cpeaHero 
nons:~ oeTaTOYHOIO ~30eKan51pHOIO A~nOnbHOIO B3al!IMOtJ,e~eTBllls:l nepe
aaeTeH noepetJ,eTBOM pa3nl/IYHbiX KOHeTaHT 

K 
4rr ITI('.Jf 

=--a--A-· i=x,y,z. (18) 

OKoHYarenbHO raMlllnbTOHlllaH HeaKe~anbHOro spalllaiO~eroes:~ s:~apa VIMe
er BliiA 

( 19) 

(20) 

lA€ KliiHeMaTl/IY€CKl/le KOppen$14lll~ (20) BOeCTaHaBnliiBaiOT erO TpaHcns:~-
4liiOHHYIO VIHBapV1aHTHOCTb ~ rapaHTVIpyiOT BbltJ,eneH~e tJ.Bt.1H\€Ht.1$1 L.J,€HTpa 
Mace KaK e05CTB€HHOIO eoeT0$1Hlll$1 e HyneBO~ 3Heprllle~. 3TO oeo5eH
HO saH\HO nplll ont.1CaHVIVI 1- VI Q- KonneKTVIBH~X B035Y1HA€HVI~, TaK 
KaK el!lnbl KopVIOnl/lea npl!IBOtJ,51T K VIX eVInbHOMY eMeWVIBaH~IO y~He 8 o5-
nacT~ He5onbw~x 3HaYeHVI~ yrnosoro MOMeHTa. 

3. BpaLUarenbHYIO VIHBaplllaHTHOeTb HeaKelllanbHDro spa~al0llleroc51 
OCL.J,VInn$1TOpa MOIHHO BOCeTaHOBVITb, paeCMaTpVIBa$1 83aVIMOtJ,e~eTBt.1e, 
KOTOpoe B03Hl/IKaeT 3a eyer sapVIaL.J,VIVI OtJ,HOYaeT~YHOIO noreHL.J,VIana 
no OTHOWeHVIIO K n$1Tlll He3aBVIeVIM~M KOOptJ,VIHaTaM. B KaYeeTBe raKo
BbiX Moryr 5~Tb Bbi5paH~ Tplll yrna q , A VI e , CB513aHHble e nasa-- X y Z poTaMVI BOKpyr OCelli X, y, z eDOTBeTeTBeHHO; a TaKIHe ABe KOOp-
A~HaTbl - napaMeTpbl Ae<!JopMalj~~ , ~ y, xapaKTep~3YIOl!1~e <jlopMy •A
pa VI onpeaen$1eMble BblpaJoHeH~51MVI: 

v 
X 

v 
y 

2 2 v 3 . 
"= 1 + - ( cos y - -- ( sm y 

3 3 

2 2 · 1 3 . + - f cos v + __ v_ f sm y , 
3 . 3 

( 21) 
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v 
z 

2 w, 
--~1 

w~ 
4 

--fC0S}' 
3 

( 21 ) 

0QH3KO nocrpoeH~e OCTaTOYHOrO 833~MOA€~CTB~~. BOCCTaHaBn~Ba~
~ero rpaHcn~4~0HHY~ c~MMerp~~ paccMarp~saeMoro noreH~~ana, y~e 

conep~~T yKa3aH~e Ha 5onee npocro~ cnoco6 Aocr~*eH~~ ~en~: 
He05XOA~MO A053B~Tb K ~CXOAHOMY raM~nbTOH~aHy OCT3TOYHOe 833~
MOAe~CTB~e, B KOTOpOM 8 KOOPA~HaTHOM npeacraeneH~~ npoeeaeHO 
MacwTa5Hoe npeo5pa3oBaH"e B"Aa: 

i = .;-;::- · X , 
X 

y = v :--=-r-. y • 
y 

(22) 

2 I 2 ,\ = n (s)o • 

CneAY" 3TOMY peljenTy, A05ae"M K raM~nbTOH"aHy 110(!1) KBaA
pynonb-KeaapynonbHoe B3a~MoAe~cre~e B~Aa 

5 
( n) ~ _:g_ :1: a+ Q 

a 2m- 2m 
2 m= 1 

(23) 

(24) 

2 4rr mr,Jo 
K ---------
2- 6 A<R2> 

(25) 

~ y5eA~MCR, YTO OHO BOCCTaHaBn~eaeT Bpa~arenbHY~ ~HBap~aHT

HOCTb ~CXOAHOfO raM"nbTOH"aHa ( 1). C 3TOi;i ljenb!O Bblpa3~M ra
M~nbTOH~aH (23) Yepe3 cneAy~~e KOMO~Halj~~ onepaTopoe: 

- 2 y 
Q2o~r 20 (26) 

- {+} _l_(r2Y + r2 y (27) Ql v2 21 2-1 

_,_, 
__l __ ( r2 y21 - r2 Y (28) 

Q\ 2-l 
v'2 

- t+l _1 (r2Y22 + r2 y 2-2 (29) 
Q2 

v'2 
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_,_, i -2y _____ _ 
Q 2 ~ ---.=- ( r 22 - r 

2 
y 2- 2 ) (30) 

\/2 

~cnonb3Y" cooTHoweH"" (22), a TaK~e ycnos~" cornacosaH"" (6), 
s~pa3"M oneparop~ (26)-(30) Yepe3 o5~YH~e oneparop~ rAyAg: 

-Q ,/ 5 2 y 1 ( 5 2 20 =~--(2v ··v -v )r +- 4v +v +v - A)r Y + 6 zxy ooa zyx 20 

1 3 + --\1- (v -IJ -A) 
3 4 y X 

_ _l_ (r 2 Y 
- 22 

Qt+J 
1 

v'2 

---- i 2 2 ='/vv -----(rY +rY ), 
+ - v2" 21 2-1 

1 1 2 2 + - (v + v -A) -- (r Y 2 + r Y
2_ 

2 ) , 
2 x y v2" 2 

-{-) ------ i 2 2 
Q

2 ~ v v (v -A)--= (r Y
22 

-r Y
2

_
2

) 
X y y2 

(31) 

(32) 

(33) 

(34) 

(35) 

Bblpa~eH~H AD" oneparopoB (31)- (35), KOCAa BpaUieH"e OTCyTCTByeT 
(A = 0), cosnaAaiOT c pe3ynbTaTOM pa5oTbl /16/, a np~ aKc~anbHO" 
c~MMerp"~ HAp a (w = '" "w : y~ 0) ~ A = 0 socnpo"3BOAn pe-

l X y Z 
3YDbTaT pa5oT 16- 19c 

~cnonb3Y" ycnos"" caMocornacosaH~" (6), HeTPYAHO y5eA"TbCH, 
YTO cpeAH~e 3HaYeH~" oneparopos (31)-(35) pasH~ Hyn10, ro ecrb 
OH~ He BHOC~T ~3M€H€H~e B nOT€H4~an CP€AHero non~. C Apyro~ 
CTOPOHb!, OH~ BOCCTaHaBn~Ba~T Bpa~aTenbHY~ ~Heap~aHTHOCTb ra
M~nbTOH~aHa TpexocHoro spa~a~~erocH oc~~nn~Topa. B 3TOM MO~Ho 
y0eA~TbC~, Hanp~Mep, nocTpO~B 83a~MOA€~CTB~e, KOTOpoe B03H~Ka
eT 3a eYer nosopoTa Ha yron BY BoKpyr oc" y, ~cnonb3YH (8) 
" ( 10): 
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flanee, c noMo~b~ ycnoe~~ caMocornacoeaHM~ (6) M~ nonyYMM 

+ llo =ke Fe 
y y y 

(38) 

rAe c"nosa" KoHcTa'!_Ta K 2 onpeaen"erc" cjJopMyno~ (25), a BbtpaH<e
H"e An" onepnopa Q\-1 aaerc" cjJopMyno~ ( 32). 

4. np"MeH"" MaCWTa5Hoe npeo5pa3o8aH~e (22), MOH<HO nocTpo
~Tb cenapa5enbHO€ OCT3TOYHO€ B33MMOA€~CT8Me An~ noTeH~Mana He
aKCManbHOrO epa~a~~eroc~ oc~~nn~ropa npo~3BOnbHO~ MynbT~nonb
HOCT~. npM 3TOM OHO He 5yAeT HapywaTb H~ Bpa~aTenbHY~, 
HM Tp3HCn~~MOHHY~ MHBapMaHTHOCTM, no Kpa~He~ Mepe, 8 npM5nM~e
HMM cnyya~H~X ¢a3. Heo5XOAMMO OTM€TMTb, YTO ycnoBM~ CaMOCOrna
C083H~~ (6) npMBOA~T K 33BMCMMOCTM CBO~CTB BM5pa~MOHHbiX COCTO~
H\11~, B tJ.3HHOM cnyYae, KBatJ.pynonbHO~ npMpOtJ.bl He TOnbKO OT yrno-
80~ Y3CTOTbl Bpa~eHM~, HO M MOHOnOnbHb!X CTeneHe~ CB050ilbl ~/lpa 
(eM. cjJ. (31) M (34)); TO ecTb reHep~pyeMwx oneparopaM~ Apyro~ 
MynbTMnonbHOCTM, HO TO~ ~e Y€THOCTM. KoHCTaHTa 833MMO/l€~CTB!t1~ 
KX oKa3~Baerc~ yHMBepcanbHo~: OIJ.Ha 1t1 ra ~e An~ KaffillO~ M3 KoM
noHeHT OCT3TOYHOrO B33~MOAeViCTBM~ /l3HHOVi MynbTVmon-bHOCTM X, 
a pac~enneHMe pa3nlt14H~X KoMnoHeHT onpetJ.en~erc~ nocpetJ.CTBOM 
cjJaKTOpos Macwra5Horo npeo5pa3oBaH""· 

EcrecrseHH~M waroM ~en~erc~ np~MeHeH~e onMcaHHOro cnoco5a 
npM MCCneAOB3Hit1V1 OKTynonbHbiX 8035YH<A€HMVi BO epa~al0ll\lt1XC~ Ae¢op
MVIp083HHbiX ~tJ.paX. 3TM B035YH<A€HM~ reHepMpyiQTC~ OKTynonbHb!MM 
B33111MOA€ViCTBIII~M~, He MeHee 83H<Hb1Mit1 nplll Ont..-1C3HV!It1 B~5patJ,MOHHbiX 
cocro~H~Vi, YeM tJ.MnonbH~e 1t1 KBatJ.pynonbH~e. Cenapa6enbH~e lt13o
CKan~pHble oKrynonbHble B3alt1MO,Il,eCkre~51, He Hapywa10111tt1e rpaHcn51-
LI,MOHHO~ IIIH83pVIaHTHOCT!t1 raMIIInbTOHMaHa (1), COrnaCHO Bb~€1t13no
H<eHHOMy, 5YAYT onpetJ.en~TbC51 raM~nbTOHit13HOM 

HOKT 
r + r 

3m 3ftl 
(39) 

F r" y . 
3m 3m (40) 

K = 
3 

2 
4rr moJo 

----~ 

7 A <R 4 > 
( 41) 

TaK »<e, KaK ~ B cnyYae KBaiJ.pynonbHoro B3a~MoAe~cTBM~, YA05Ho 
Bblpa3~TE raM~nbTOH~aH ( 39) Yepe3 cneAY\0\U~e KOM5~Hau,vm onepa
Topoe F 3m : 
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( 43) 

(44) 

(45) 

(46) 

(47) 

(48) 

~cnonb3Y~ COOTHOWeH~~ (22) COBMeCTHO C ycnOB~~M~ CaMOCOrnaco
BBHMR (6), oneparop~ (42)-(48) Mo•Ho s~pa3"Tb Yepe3 oneparop~ 
r 'Y, s cneaYIOU1e(,1 <jJopMe: 

"'' _ (v -\)1/2 
F ~ -~-- [ ( 4 11 + 3 v + 3 v - 7 A ) r 3 Y + 0 lQ Z X y 30 

+J2i (2v -v -v -A) <R 2 >rY -
Z X y 10 (49) 

- J ..1£.._ (v - v + \)(r" y32 +,a y3 2 )], 2 X y ' -

(v -;1,)112 Ft1 ~-L----[(16v +v +3v -191.) 2Q Z X y 

115-
-J2- (vx -vy+\)i(r

3
Y33 +r

3
Y

3 _
3

) + (50) 

,-;-;- 2 i +y.ttt(4v -3!1 -v -A)<R >-- (rY 11 +rY 1 )], Z y X /2 -1 
- v - (-) J vx 1 3 3 F1 ~ - [ (16v + 3v +v -17 1.) -- (r Y

31 - r Y ) -2Q Z X Y - 3-1 J2 
-JiSCv -v +,\) 1 (r3 Y -r3 Y ) - (51) 

X J V 2 33 3-3 

~ 2 1 - J14 (4v -3v -v -31.) <R > --(rY -rY )]. Z X y 12· 11 11 

-(+) (vz->.)112 1 3 
F ~------ [(v +I' -A) ---(r Y +r3 Y ) -2 2 X y J2 32 3-2 
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/3( sy +,/7(,. _,, +') R2 ] -v5 vx-''y+,\)r' 30 15 "x y t\ < >rYto' 

F {+) 
3 

~ \f ,, t' ,_, -~- ( r 3 Y 
X + - /2 32 

- ,s y ) • 
3-2 

(!J ->..)1(2 
_:_z_ ___ r < 3 ,. +" 

4 X y 
-A) _i_ (r3 y 

- 33 -.,:2 

(52) 

(53) 

- J]._ (v -v +A) __ i_ (r 3 Y + r 3 Y ) + (54) 5 X Y ,:2 31 3-1 ,.-
+\'~(v -v +A)<R.2 >--i-(rY

11
+rY

1
_

1
)], 5 X y \( 2 

- {-) \,v- 1 
F3 ---'--[(v +3,, -3A)--(r3 Y -r3Y )-, .:Lc" -v +A)x 4 X Y .f2 33 3- 3 5 X Y (

55 ) 

+ ..l--(r3
Y31 -r 3Y3 1 )-J 42 (•• -v +X)<R 2>J-(rY -rY )] . ,-2 ' - 5 X Y ,-- 11 1-1 ' v v2 
2 <R >0 ,, "+(v +I' )(t• -A)+A(,\-2t•) <R 2 >- --- -~:' ___ :_ _ _:: ___ :_ __________ ! ____ ' (56) 

3A vx ''+ ''-
rM 

<R 2 > ::o _:t AR 2 • 
0 5 0 

B swpa~e"~"x An" onepaTopos (49)-(55) npoeeaeHa n~Heap~•·~~" 
R 2 => <R2>, Koropas:l, eoo5ll.le roaop~, cnpaaen.nL-1Ba ronbKO e npV1-
5nVI~eHMVI cnyya~HO~ ¢a3bl. nerKo y6eAVITbC~, YTO 8 3TOM ffi€ npVI-
5n~~eH~~ onepaTOPbl (49)-(55) KOMMYT~py~T CO BCeM~ KOMnOHeHTa
MVI nonHero VIMnynbca, a cpen.HVIe 3HaYeHVI~ 3TVIX oneparopoe no oc
HOBHOMY COCTO~HVI~ raMVInbTOHVIHaHa (1) paBH~ Hyn~. TaK ~e, KaK 
VI a cnyYae KBan.pynonbH~x oneparopoa, Macwra6Hoe npeo5pa3oea
H~e (22) np~BOA~T K cno~HO~ CTPYKType OKTynonbHWX onepaTopOB, 
Koropwe 3aBVIc~r or oneparopog .npyro~ MynbT~nonbHOCT~ (a~nonb
Hot:1), HO TOt:1 a<e YeTHOCTL-1. 8blpaa<eH~fl ,D.nfl HVIX nepeXO,lJ.fiT B CTaH
IJ.apTHble cfloeMbl r!l Y 3m TOnbKO B OTCyTCTBVIe Bpal1.1€HV1fl ,\ = 0 VI npVI 
c¢epVI'-i€CKOVI CVIMMeTpVI~ noTeH~VIana rapMOHVIY€CKOro OC~VInnfiTOpa 
v ~v -v - 1 . B cneay1001e~ pa5oTe Mbl aeTanbHO ~ccneayeM sn~"-Y Z X _ 
H~e caMOCornacoBaHHOrO OKTynonbHOfO B3aVIMOileVICTB~fl Ha MVIKpO-
CK00\114€CKO€ Onl!ICaH~e fiBn€HitHl BbiCTpa!11BaH~fl 8 H~3KOnea<autV1X QK
TynonbH~X COCTOfiHit151X 120 1

, a TaKa<e Ha B€POfiTHOCTb aneKTPVIYeCKVIX 
,lJ.VInonbH~X nepeXO,lJ.OB Vl3 3TVIX COCTOfiHVI~ Ha CQCTOfiH\1151 !t1pacr-n~
H\111t1, BenV141t1Ha KOTOpb!X CVInbHO 3aBit1CVIT OT TOHKVIX ,lJ.€Tane~ CTpyK
Typbl. 
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5. BoccTaHoaneH~e poTa4~0HHo~ ~ TpaHcn~4~0HHo~ c~MMeTp~~ raM~nbTOH~aHa spa~a~~eroc~ TpexocHoro oc4~nn~Topa (1) a np~-6n~~eH~~ cnyYa~Hblx ¢a3 no3Bon~eT OAH03HaYHbiM o6pa30M onpeaen~Tb 3aBVICVIMOCTb 3dJ¢eKTVIBHbiX CVIn 8 cnyYae cenapa5enbHOrO B3aVIM04€~CTBVI~ aT yrnoao~ YaCTOTbl apa~eHVIR n VI naoaMeTpoa Ae¢opMaUVIVI nOT€H4VIana f VI y. KaK noKa3an aHanVI3, aenVIYVIHa KOHCTaHT~ V130CKanRpHoro B3aVIMOA€~CTBVIR RBnReTCR €AVIHO~ ,llnR BC€X KOMnoH€HT OCTaTOYHOrO B3aVIMO,ll€~CTBVIR AaHHO~ MynbTVInDnbHOCT~ VI OnpeAenReTCR BbipameHVIeM, nonyYeHHbiM B MOHOrpa¢V1VI ' 131 ,llnR cctJepVIYeCKOrO Heapa~a~~erocR ocu~nnRTopa. TaKVIM o5pa30M, npV!MeHeHV!e ycnosVI~ CaMOCornaCOBaHVIR (6), COOTB€TCTBY~~VIX VI30TpOnHOMY pacnpe,lleneHVI~ cKopocTe~ a CVICTeMe, VI MacwTa5Horo npeo5pa30BaHVIR aeKaprosbiX Koop~"HaT (22) no3son•er nocrpo"Tb He HapywaiOw"e HVI poTaUVIOHHO~, HVI TpaHCnRUVIOHHO~ CVIMM€TPVI~ OCTaTOYHble B3aVIMOA€~CTBVIR npOV13BOnbHO~ MjnbTVInOnbHOCTVI ~ ~CKn~YVITb H€Onpe,lleneHHOCTb onpe,lleneHVIR COOTB€TCTBy~~e~ c~nOBO~ KOHCTaHTbl~ YTO He yaanocb ao KOHUa CAenaTb, HanpVIMep, npVI nocrpoeHVIVI OKTynonbHoro B3a~Mo,lle~CTBVI8 a 1 21 '. CTaHOBl!lTCH noH5HHO~ Tpe5yeMaH 3a
Yacry~ 3KCnepVIM€HTOM BapVIaUVIR CVInOBbiX KOHCTaHT ,llnR pa3nVIYHbiX KOMnOH€HT ,llaHHOro TV!na MynbTVInonbHOro a3aVIMOAe~CTBVIR npVI VICnonb30BaHVIVI 05biYHOil1 napaMeTpV13aUVIVI MynbTVInonbHbiX Cl!1n B BVI,ll€ oneparopoB rAy ,\/1 /l5/ . ECT€CTB€HHbiM BblrnR,llVIT VI TOT ¢aKT, YTO npVI onV!caHVIVI B035YlHA€HHOro C0CTORH!I1H, KOTOpOe onpeaenR€TCR, B OCHOBHOM, B3a~MO,lle~CTBVIeM ,llaHHO~ MynbTVInOnbHOCTVI, He05XO,lll!1MO YYVITbiBaTb VI BKna,ll B3aVIMO,ll€~CTBVIH ,lJ,pyroi/i Mynbn·monbHOCT\11, HO TO~ me Y€THOCT~. 0YeBVIAHO, YTO OTCYTCTBVI€ cornacOBaHVIH ocraroYHoro B3al!1MOAeliicraVIR c Vlcnonb3yeMbiM noreHLJ,VIanoM cpe,lJ,Hero nonR Aenaer AOCTaTOYHO cno~H~M OTAeneH~e HecP~3~Y€CKli1X acP¢eKTOB, a cne,llOBaTenLHO, MO~eT np\IIB€CT~ K Henpasl!1nbHO~ VIHTepnpeTaUVIVI nonyY€HH~X pe3ynbTaTOB. 
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