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DHHHUKHI C.H.,COAO-
BheB E.A. 

ECTeCTBeHHHe KOOp~HHaTH 
.1lAR sMallH ••• 
P4-85-239. 1985. 

AA Ha6aTH4e CKoe npeACTaBneH~e B 3aAa4e Tpe x Ten y c newHo np~

MeHReTCR Ha npOTR~eH~~ MHor~x n eT KaK AnR paC4eTa ce4eHHA npo
1 1- 4 / ~eCCOB CTonKHOBeHHR Me30aTOMOB C RApaM~ ~30TonOB BOAo poAa 

TaK ~ B aTOMHO~ ~ I-IOJleKYilRpHO~ cllH3~Ke 1 5 / . OAHaKO B 3TOM nOAXOAe 

Aa~~ B cnY4ae He60nbworo 4Hcna OTKPWTWX KaHaJlOB He06xOA~MO ~C
non b30BaTb MHoro 6a3~CHWx aA~a6aT~4eCKHX cllYHK ~ ~ ~ AJlR KoppeKTHO~ 
nOCTaHOBK~ Q~3H4eCKHX rpaHH4HWx yCJlOB~~ 1 6 / ,4T O y cno*HReT pewe

HHe 3aAa4~ pacceRH~R ~ Tpe6yeT pa3pa60TK~ cne~~aJlbHWX aJlrOp~T

MOB 14 •7 / ,8 CBR3H C 3T~M npeAnaraJlCR PRA pe~enToB f10CTpOeH~R 
aA~a6aT~4eCKoro 6a3~ca, MaKC~MaJlbHO corna COBaHHoro C cll~3~4eCK~
M~ rpaH~4HwM~ ycnoBHRM~ npH 6ecKoHe4HoM pa3BeAeH~~ RAe p. nep-
Bble MOAI14>VoKa~~~ TaKoro pOAa onHpan~cb Ha TpaAH~HOHHbl~ 6a3l-tc 3a
Aa4 11 ABYX KynoHoBcKI-1X ~e-HTpOB 1 1.5.8 / , 8 HeAaBH~X pa6 0 Tax 19/ npeAJlO

*eH APyro~ nOAxoA,3aKn~4aBwH~cR B cne~~anbHo~ neperp y n n l-t po BKe 
nOJlHOrO raM~nbTOHHaHa Ha 6~CTPY~ ~ MeAJleHHy~ nOAc~cTeMw_ 

rpaH~4Hwe YCJlOBHR B 3aAa4e Tpex TeJl cllOPM~PY~TCR eCTeCTBeHHW M 
06pa30M B KooPAHHaTil x 51 Ko(j~, Bbl60p KOTOP blX 3aB~C H T OT Toro, KaKaR 
napa 4acTH~ OCTaeTCR B CBR3aHHOM COCTORH~~ npM YAaJleH~~ TpeTbe~ 

4acTH~w. B AaHHO~ pa60Te AJlR C~CTeM~ Tpex 4aCT I1 ~ a ,b ~ c C MilC
Cat~H Ma , Mb H Me BBOARTCR KOOPAHHaTbl, KOTopble Mbi Ha3blBaeM 
eCTeCTBeHHwMH, TaK KaK B aCHMnTOTH4eCK I1 X 06JlaCT RX KOHcll Hrypa
~HOHHoro npOCTpaHCTsa, COOTBeTcTBy~~HX KaHaJlaM peaK~~~ (ac)+b, 
a+(bc) Vo (abhc,OHH nepexoART B npaBHJlbHble KooPAHHaTbl 51K06H 
3THX KaHaJlOB /CM. PHCYHOK/ _ 8 HOBblX KOOPAHHaTa x BOJlHOBble cllYHK~H H 

aAHa6aTH4eCKoro 6a3M ~a COrJlaCOBaHW C QH3114eCKHM H rpaHH4HWMH yc
JlOBHRMH_ ilJlR npOCTOTbi M~ orpaHH4HMCR paCCMOTpeHHeM CJlY4aR HYJleBO
r o nOJlHOrO MOMeHTa CHCTeMbl J = 0, OAHaKO · nOJlY4eHHbie HHHe p e3YJlb
TaTbi cnpaBeAJlI1BW ~ B 06~eM CJlY4ae. B AaJl b He~WeM 6YAe~ C4VoTaTb 
4aCT I1 ~y C JlerKO~ /3JleKTpOH, Me30H/, a 4aCTM~bI a M b TRHeJlWMM 
/RApa 11 30TonOB BOAopOAa/, T.e. M •b > M ,11 n OJlQ}XMM Mc = l.a c 

c 

'A-b L~KOO P Al1 H<l Tbl HK0611 AJU! CIlC TeHbl O R b a b 
Tpex "I ac Tl-Ill; . 

a 
(ab ) 'e a· ( be ) 

( oe)'b 

06b1 4HO AJlR 3aAa4~ Tpe x TeJl B aAHa6aTH4eCKOtl npeACT <lB Jle HVoM 
B Ka4eCTBe He3aB Vo CHMbiX nepeMeHH~x Mcnon b 3 y eTcR paA l1yc-BeKTo p R, 
coeAMHRIOUl H~ RApa a H b H paA~yc-BeKTop 

r.- . /1r . . '.. " -.-...7'=7/ R, ;JII ~" ,' • . , • .•••.•. . ..... ' ...... ..-40 . } . 
~r" . !- .:1 ;-IC r _'!~13llltdJ 1 

.- ~. , ~', ~ ~.;,.. ",.:., ":"~t-'.. .- -.-.... ..... -.- ~ " 



rAe r - paA~yc-BeKTop nerKoA 4aCT~U~ c, oTc4~TaHH~A OT ueHTpa 
Macc TRmen~x 4acT~U a ~ b, np~ 3TOM KOMnOHeHT~ ;' 6epYTcR 
B C~CTeMe KooPA~HaT C OCblO z', HanpaBneHHoA BAonb Me)!("bRAepHoA 
oc~, OTMeT~M, 4TO Ha 4ano Be KTopa ;, 6 3ToA C~CTeMe OTC4eTa 
MO*HO B~6~paTb Ta Kme n~60 B reoMe Tp~4eCKOM ueHTpe RApa, n ~Go 

B OAHOA ~ 3 T04eK a ~n~ b,nOCKonb KY Bc e 3T~ T04K~ ne~aT Ha OC~ 

z' ~, 6narOAapR MaCWTa6HOMY npe06pa30Ba H H~ / 1/, ~x nono~eH~e 
Ha HeA $~Kc~ poBaHo. TaKaR c B060Aa Bw6 0pa 6 YAeT ~cnonb30BaHa 
H~~e - n p~ aHan~3e rpaH ~4H~X ycnoB~A . 

--+ --+
B KOOPAI1HaTaX R , [" ypaBHeH~e WpeA~Hrepa C~C TeMbl Tpex 


4aCT~U nocne OTAeneH~R AB~~eH~R ueHTpa Macc npl1 J = 0 ~MeeT 


B~A 121 di= 1 ) : 


1 1 a 2 a 1 -., a) 1 P ] \If[ - -- --- - R - + -- (r ' V --+, )(1 + R - -- - I'! --+ , + V 'II = ET ,
2M R2 riR aR MR2 r aR 2m R2 r 

/2/ 
rAe 

-1 -1 -1 -1 -1 
M = Ma + Mb m = l+( MII. + Mb) , P = 1+ mr , 21M , v = + Vbc + Vab ,-Vac 

- nOTeHu~an b HaR 3Hepr~R B3aI1MOAeA c TB~R i -~1 ~ j -A 4aCH1U.Vij 
YpaBHeH~e /2/ COAep~HT nepeKpeCTHYIO npO~3BOAHYIO no ;, H R, KO
TopaR AaeT nOCTORHHYIO COC TaBnRlOlllYIO npH R --+00 B HeA~arOHanbHblX 
MaTp~4HbIX 3neMeHTax nonHoro raMl1nbTOH~aHa B TpaA~U~OHHOM aA~a
6aTH4eCKOM 6a3~ce / 2/ , 3TO np~BoA~T K 3anYTwBaHHIO 60nbworo 411cna 
6a311CHbiX $YHKU~A Aa~e s aCHMnTOT~4eCKHX o6naCTRx H K HCKyccTBeH
HOMY pacwHpeH~1O 06naCTH- ~HTerpHpoBaH~R no R, 

BBeAeM BMeCTO R HOBYIO nepeMeHHYIO 

~=vpR /3/ 

H npeAcTaB~M BonHOBYIO $YHKU~IO B~Ae 

- 3 / 2 
'II=~ VP){, /4/ 

1l0PM~poBKa 'II Ha eAHHHUY B I-1CXOAHblX 1<00PAHHaTax R ; aBTOMa-
TI-14eCKH np~BoA~T K TaKoA ~e HOPM~poBKe $YHKU~H )( B HOBWX KOOP
AHHaTax ~,;' C 3neMeHToM 06"eMa <iT = 4 17 ~2d9:p-2 dr', 

B pe3ynbTaTe npe06pa30BaH~R /3/, /4/ H3 / 2/ nonY4aeT~R ypaB

HeH~e WpeA~Hrepa 


Hy=Ey, __ ~__1 }_ 9: 2 _i1___1_ ~ I'! --+ , + _3_ + v , /5/
H - 2M ~2 .19: a5: 2m 5:2 r 8M 5: 2 

KOTopoe, C OAH OA CTOpOHW, He COAep*HT nepeKpeCTHoA npO~3BOAHoA, 
a C APyroA - B HeM coxpaHRIOTCR Bce cneu~$~4eCKl-1e 4epTbi I-1cXOA
Horo ypaBHeHI1R /2/, AenalOlll~e aAI-1a6aTI14eCKOe pa3AeneH~e nepeMeH
H~X B B~6paHH~x KooPA~HaTax ~ ,;' eCTeCTBeHH~M. B OTnl14He OT 

2 

CTaHAapTHoro nOAxoAa ABI-1~eH~e MeAneHHoA nOAC~CTeM~ 3AeCb O[1H
C~BaeTCR HOBOA nepe MeHHoA 9:, ~ H3MeHReTCR raM~nbTOHHaH 6~CTpoA 
nOAc~cTeM~, KOTOp~A B 3TOM cnY4ae HMe eT BHA: 

h _ 1 p2 

- - 2m -2 I'! --+, + V /6/
~ r ' 

04eB ~AHO, 4TO 6naroAapR OTCYTCTB I1 IO B /5/ nepe KpeCTHO~ npO~3BOA
HoA B HOBOM aA~a6aT~4ecKoM 6a3~ce ~ / k - cOBoKynHocTb KBaHTO
B~X 4~cen/ 

hfk (;'; ~)= Ek(!It) Ck(t' ; ~), /7/ 

He B03H~KaeT 06CY~AaBwaRCR B~we np06neMa 3anYT~BaH I1R Gonbworo 

4Hcna 6a3~CHbIX c!lYHKUHA fk B aC~MnTOTH4eCKHx 06naCTRX. 


OCTaHOB I1MCR Tenepb Ha npeAenbH~X cBoAcTBa x KooPA~HaT ~ , r' 
B aC~MnTOT ~4eCKHx 06naCTRX KOH~~rypau~oHHoro npOCTpaHCTBa, co
OTBeTCTBYIOl!l~X pa3n~4H~M KaHanaM peaKUHI-1. PaCCMOTpHM B Ka4eCTBe 
npHMepa cnY4aA, KorAa RAPO b YA a ilReTCR Ha 6eCKOHe4HOCTb,a 4ac
T~Ubl a 11 c OCTalOTCR B CBR3aHHOM COCTORH~H, T.e. Ka Han (ac)+ b , 
04eB ~AHO, 4TO AnR KaHana a +(bc) HY~HO Ton b KO nOMeHRTb MeCTaMI-1 
~HAel(Cbl a ~ b B np~BeAeHHoM H~~e paccMoTpeH~~. B 3TOM npeAene 
B ypaBHeHI-1~ /7/ AnR 6WCTpo A nOAC~CTeMW HY~HO B3RTb eeKTOp 7', 
OTC4~TaHH~~ OT nono~eH~R 4aCTHUbi a, 1-1 pa36HTb K03$QHUHeHT 
m-

1p2 / 9: 2
nepeA onepaTopOM nannaca Ha ABa COMHO~HTenR. nepB~A 

COMHO~I1Tenb p / ~ 2 = R-~ oG"eA~HeHHbIA C nepel~eHHoA r' B onepaTope 
nannaca, B03Bpa~aeT Hac K HCXOAHOMY MacwTa6y AnHH~ /CM. /1//, 
B pe3ynbTaTe 4ero B03HHKaeT RKo6~eBcKHA paAVlYC-BeKTOp CBR-r: ' 
3bIBalOl!l~A 4aCT~UbI a VI c, a OCTaBWHACR MHO~VlTenb P BMeCTe C m 
AaeT npaBHnbHYIO np~BeAeHHYIO Maccy rna aTOMHoro KOMnneKca (a e ) : 

-1 -1 )-1mP -~-~------. (l + M = rna ' 
-1 a

Rr a --+ 00 

nepeMeHHaR !It B 3TOM npeAene nepeXOAI-1T C T04HOCTbIO AO K03cj)$I-1
Ul1eHTa a = (m / ma ) 112 B MOAynb RKo611eBCKoro paAVlYC-BeKTopa R ,a 
coeAHHR~ero ueHTp Macc aToMHoro KOMnneKca (ae) C 4 a CTHueA b: 

- -I 
e/9: 'aIR-(1+M) ra l =aR a , 

Rr -I --+ OQ 

a 

nepeXOAR cornaCHO /8/ OT !J: K RKo6HeBCKoA ne peMe HHoA R , Mbi a 
nonY4a e M npaBl-1nbHYIO np~BeAeH HYIO Ma ccy I-La =M a = M (1+ M )/ ( 1+ M + M )b a a bnepeA BTOpoA np0l-1 3 BOAHoG no R , HeTpYAH~ yGeAHT bc R, 4 TO npl1 KOa 
He 4 HbiX 3Ha4eH HRX R 1-1 r --+ "" KOOPAI-1HaTbl ~,;. ne peXOAAT B KOOP 
AJ-1 HaTbl ~Ko6l-1KaHana (ab) + c , B03HI1KHOBeHI-1e B aC~MnTOT4eCKI1X 06
naCT RX npaB~nb H~X AKo 6 11eBC KI-1X KOOPA~HaT B Kall!AOM KaHane no,q4 e p
K~Ba eT eCTeCTBeHHOCTb n pe06 pa30BaH I1A / 3/ , / 4/ . 

3 



raMHJ1 b TOHVlaH II /S/ no <il0pMe COBn~aeT C raMVlJ1bTOHVlaHOM, no

J1Y 4 eHHbIM B AP yroM nOAxoAe B pa60Tax 91 /He6oJ1bWOe OTJ1V1"lV1e CBR

3C3HO C pa3J1 V1 "lH bIM Bbl6opOM HOPMVlPOB KJ-I BOJ1HOB bIX QYHK~VI~V. OAHa KO 

B 3TVlX pa60Tax aBTOp OWVlGO"lHO oTo~AeCTBJ1ReT nepeMeHHY~ ~ 
C nepeMeHHoi:1 R , ' n03T OMY npa BVlJ1bHaA VlHTepnpeTa~VlR nOJ1 Y"lalO!qVlxcA 

/ 91 ypaBHeHH~ B Te p MVl HC3 x HeB03MO~Ha. 
HCn0J1b30B a HH~A B AC3HHO~ pa60Te nOAxOA RBJ1ReTCR KBaHTOB~M 

a Ha J10 rOM MeTOAa HeC T a~VlOHapHoro MaCWTa6a AJ1V1 H~/MHHA/,pa3paGo
TaH~nro AJ1R . CJ1Y"laR, KorAa ABVI~eHVle TR~eJ1~X "lC3CTVI~ Y"lV1T~BaeTCR 

KJ1aCC H4 e CK V1 . B / 101 3T VlM MeTOAOM 6blJ1a nOAPo6HO VlCCJ1eAOBaHa TO"lHO 

p ewaeMaR MOAeJ1b 0 4aCT VI ~ e B none ABYX paBHoMepHO ABVI~y~VlXCR 

8 -nOTeH~VlanOB, a B / ll / c ero nOMo~bro 6~J1a nOJ1Y"leHa npOCTaR 

CBR3b Me~AY HeCTa~VlOHapHbIMVI peweHVlRMVI CB060AHO~ "laCTVI~bl VI OC

~V1nnRTopa. 4T06~ nY"lwe npocneAVlTb aHanorVlIO Me~AY KBaHTOB~M 

VI KJ1 a CCVl"leCKVlM cnY"la RM VI, KOPOTKO npVlBeAeM OCHOBH~e MOMeHT~ 
MHHA, cneAYR pa60TaM 1 10,11 / . 

npVl KnaCCVl"leCKOM Y"leTe AB VI~eHHR TR~en~x "laCTVI~, AnR J1erKO~ 

"laCT VI ~~ nonY"laeTCR HeCTa ~VlOHapHoe ypaBHeHVle Wpe AVl Hrepa B CHCTe

Me ~eHTpa Macc TR~eJ1bIX "laCTVI~ (m=1i=l) 

1 ... ... 
[--2 ~"'+V ( Ir+y RI)+V (1 ;+Yb R I)l"' = i~ /9/ 

r ac a be at' 

rAe 

Ya =Mb /( Ma+Mb) , Yb = -Ma / (Ma+Mb)' 

R~) - paCCTORHVle Me~AY TR~en~MVI "laCTVI~aMVI a VI b,KoTopoe C"lV1

TaeTCR 3aAaHHo~ ¢YHK~Vle~ BpeMeHVI. B COOTBeTCTBVlVI C paCCMaTpVl

BaeM~M B AC3HHO~ pa60Te cnY"laeM J=O 6YAeM C4 V1 TaTb, "lTO TR~en~e 

"laCT~~~ ABVI*~TCR no npRMo~, cOBnaAalO~e~ , AJ1R onpeAeneHHOCT VI , 

C OCb~ z. nepe~AeM K HOBO~ nepeMeHHo~ 

r' = ?/ R (t) . /10/ 

npVl 3TOM ypaBHeHVle IUpeAVlHr·epa /9/ npVlHVlMaeT BVIA 

1 - 2 ....... "'.'" -1 ' : ... , a",
I - -2 R ~ .... + Va e ( R 1 r + Y k 1 ) + V be ( R 1r + Y k 1 ) + iR R ( r ' V.... ) I '-" = i - - , 
r rat 

/11/ 
rAe k - OPT OCVI Z ,a TO"lKO~ R oGo3Ha"leHa npOVl3BOAHC3R no BpeMeHVI . 

3aHeHa nepeMeHH~X /10/ aHanorVl"lHa 3aMeHe /1/, VI B ypaBHeHVlVI 

/11/ , TaK ~e KC3K VI B /2/, nORBnReTCR npoVl3BeAeHVle OTHOCVlTenb

Horo VlMnynbca TR~en~x "laCTVI~ VI VlMnynbca nerKo~ "laCTVI~~, CBR

3aHHoe C TeM, "lTO HenOABVlX<Hble npe~(Ae TO"lKVI B HOBblX KOOPAVlHaTax 

ABVI~yTCR. KaK VI npVl npeoGpa30BaHVlVI ranVlJ1eR / 5' , AJ1R yCTpaHeHVlR 

3Toro npOVl3BeAeHVlR cneAyeT RBHO BbIAeJ1V1Tb B BOJ1HOBO~ ¢YHK~VlVI 

o606~eHHbl~ TpaHcnR~VloHHbl~ ljJaKTop, Y"lV1TbIBalo~V1~ Vl3MeHeHVle KVlHeI1a.... 
TVlKVI npVl nepeXOAe K nepeMeHHOVl 

~ 

r : 

4 

2 
'-" = R - 3 / 2 exp Ii r R (t) I x ( r', t ) = R-

3/ 2 exp I i 1.. r, 2R (t)R(t) Ix (r\ t) , /12/ 
2R ( t) 2 

HHO~VlTenb R-3 / 2 
B /1 2/ o6ecne"lV1BaeT, KaK VI B /4/ , cox paHeHVle 

HOPMVlPOBKVI AnR BonHOBO~ <ilYH K" VlVI X B HOB~X KOOPA VlH a rax r' , n ow 
CTC3BnRR /12/ B /11/, n OJ1Y"l aeM AJ1 R ~YHK~VlVI x(7',t ) cneAYIO~ee ypaB-
HeH Vle: 

ax 1 -2 ...... ... ... 1" 2 
hcf).' = i at' hcf = - "2 R i'J. -;, + Va e (R I r'+Ya k 1)+ Vbc( R Il"+ybk 1 )+2- RRr ' , 

/13/ 
nepexoA OT BonHoBo.:1 ~YHK~VlVI '-" K OYHK~VlVI X /12/ aHanorVl"leH BBe

AeHVlIO nepeMeHHO.:1 ~ BMeC TO R B cny"lae KBaHTOBOMexaHVl"leCKorO 

ABVI~eHVlR TR~en~X "la C TVI~. B OGO VI X cnY"laRX n p OVl CXOAVlT "laCTVl"lHOe 

BblAeneHVle ABVI~(eH VlR nerKOH "laCTVI~bl 1'13 raMVlnbTOHVlaHC) 6blCTPOH nOA

CVlCTeM~, npVlBOAR~ee K YCTpaHeH Vl IO npOVl3BeAeHVlR VlMnyn bCOB . OTMe

H IM, "lTO npVl R> O · raMVlnbTOHVlaH her VlMeeT Tonb KO AVlcKpeTHbl .:1 

cneKTp, TaK ~e, KaK VI rC3MVlnbTOHVlaH /6 / , KBaHTOBaHVle KOToporo, 

KaK 6YAeT nOKa3aHO HVlme, CBOAVlTCR K 3aAa"le KBaHTOBa HVl R Ha "le
T~peXMepHOH c<ilepe. 

npVl Vlcnonb30BaHVlVI aAVla6aTVl"leCKoro 6a3 V1ca AnR peweHVlR ypaB

HeH VlR /9/ TaK~e B03HVlKalOT TPYAHOCTVI Vl3-3a HecornaCOBC3HHOCTVI 

npeAenbHoro nOBeAeHVlR a AVl a6aTVl 4 e cKVlx BonHOBblX (j)YHK~VI.:1 npVl R ... 00 

C TO"lH~MVI rpaHVl"lH~MVI ycnoBVlRMVl / 5 ,12 / ,B AaHHOM CJ1Y"lae 3TO CBR

3aHO C TeM, "lTO B aAVlC36aTVl"lecKVlx BonHOB~X <ilYHK~VlR X OTCYTCTBY

eT ranVlneeBcKVI.:1 TpaHcnR~VlOHH~H <ilaKTop, Y"lV1T~BC3IO~VI.:1 ABVI~eHVle no

TeH~VlanbHoro ~eHTpa. npeo6pa30BaHVlR /10/, /12/ YCTpaHRIOT 3TOT 

HeAOCTaTOK. B MOAVI¢VI~VlpoBaHHoM ypaBHeHVIVI WpeAVlHrepa /13/ ~eH Tp~ 

HenOABVI~H~, n03TOMY AnR Hero B aAVlaGaTVl"le~KOM 6a3V1ce nonY"laroT

CR TO"lH~e rpaHVl"lH~e ycnoBVlR. npVl nepexoAe K VlCXOAHOH BOJ1HOBOH 

ljJYHK~VlVI npaBVlnbH~R TpaHcnR~VloHH~H $aKTOp nonY"laeTcR Vl3 3KcnOHeH

~VlanbHoro MHOlXVlTenR B /12/. B6J1V13V1 i-ro ~eHTpa i =a,b npVl R ... .,. 
Vl Me eM 

~R ...... 1 2 
exp I i --1---------- exp I i (v. r - - v · t ) I, /14/

2R 1-> "' 1-1 I 2 IR r + Y R ->.,.
i 

--Jo . ' ~ 
rAe vi = -Yi Rk - CKOPOCTb i -ro ~eHTpa. npVl BblBOAe /14/ Vlcnonb

30BanOCb, "lTO vi npVl R->"" CTpeMVlTCR K nocTORHHOMY 3Ha"le HVl IO, 

VI B 3TOH 06naCTVI Iy . 1 R = v . t, 
B 3C3Kn1O"leHVle OTMbTVlM C~R3b BBeAeHHblX Bblwe KooPAVlHC3T ~. r' 

C APyrVlM VI KOOPAVlHaTaMVI, Vlcnonb3yeM~MVI B 3aAa"le Tpe x Ten. BBe

AeHHC3R Ha MH KOOPAVlHaTa MeAneHHO.:1 nOAC HC TeMbl ~ CBR3aHa COOTHO

weHVleM v'M~ = ~a C rVlneppaAVlYCOM ~O' KOTOPbli1 BBOAVITCR B Tex Ba
pVlaHTax 3aAa"lV1 Tpex Ten, KorAa ee nepeBOART Ha c(j)epy B "leT~pex

MepHoM npOCTpaHCTBe / 13 / ,AnR Toro, "lT06bl nonHOCTblO nepe.:1H1 K n1
nepc~ep Vl "l eCKVlM KOOPAVlHaTaM, cneAyeT BBeCTVI yrnoB~e nepeMeHH~e 

a ,0 ,ciJ: 
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ctg a 12 = Vm1M r' , cos () = z'I r' , ~ = arctg y' l x' , 

H BepHYTbCH K HCXOAHO~ BOIl HOBO~ $YHKUHH ~. B 3TOM cn Y4ae 
ypaBHeHI1e WpeAI1Hrepa npH06peTaeT BHA /141 

1_1- [-~ _a_ :R~ _a_ + ~ 0*] + V I ~ = E lJ' , 
2 ~~ a ~a a~O ~a 

rAe 

2 
0*= 1 [~sin2~+_I_~sin(}_~+ 1 _a_]_ 

sin2 a aa aa sin e ae ao sin 20 a ~ 2 

yrIloBaH 4aCTb onepcHopa IlanIlaca B 4eTblpexMepHOM npOCTpaHCTBe, 
B C$epl14eCKHX KOOPAI1HaTax. TaKI1M 06pa30M, AIlH <!>OpMI1pOBaHI1H 
aAI1a6aTI14eCKOro npeACTaBIleHI1H 3aAa4H Tpex Tex MO~HO I1CnOIlb30
BaTb WHPOKH~ Ha60p KOOPAHHaT Ha 4eTblpeXMepHO';' c<!>epe Ic<!>epH4e
CKI1e. TOpOl1AaIlb Hble, 3IlIll1nCO- UI1Ill1HAPl14eCKI1e, 0606l1\eHHbie 3IlIll1nTH
4eCKI1e 115?,AonYCKaIDlI\I1X pa3AeIleHI1e nepeMeHH~x B onepaTo pe KHHe
TH4eCKO';' 3HeprHI1 6~CTPO';' nOACI1CTeM~, KOTOP~';' COBnaAaeT C yrIlo
BO';' 4aCTb ID 4eTblpexMepHoro IlanIlaCI1aHa. B TaK ""'X nepeMeHHblx BOIlHO
B~e $YHKUI111 aAI1a6aTI14e CKOro 6a3Hca HBIlHIDTCH ~YHKUI1HMH yrIloB~x 

KOOPAI1HaT Ha 4eTblpeX~lepHO';' c~epe. AIlH CI1CTeM TI1na e+u, e-H 
aAI1a6aTI14eCKI1';' 6a311C 06~4HO <!>OPMI1PYIDT B rl1nepc<l>epl14eCKI1X KOOP
AI1HaTaX 116.17: 0AHaKO AIlH CI1CTeM C M •b > M ,TaKI1X, KaK Me30MOIlea c 
KYIlbl ddll ,dtj.l I1Ill1 MOIleKYIlHpHbl~ I10H nD+, eCTeCTBeHHO I1CnOIlb30
BaTb c~epOl1AaIlbHble KOOPA~IHaTbl e, 17, q, , CBH3aHHbie C r' = 
= Ix',y',z'l COOTHOWeHI1HMI1 / 11. 

1 2 ~ 	 2 '10x'=2'[(t -1)( 1-17 2 )1 cosq" Y'= ~ [( e - 1 )( 1- 1'/2 )] sin ~ , 

z '= 	~rt17-(Mb-Ma) / (Mb+Ma)]' 

Bbl60p KOOPA I1HaT ~, 17 ,q, HBIlHeTCH B AaHHoM cIlY4ae npeAno4TI1
TeIlbHbIM, Ta K KaK, 6IlaroAapH MaIlOCTI1 napaMeTpa m / M raMI1IlbTOHI1aH 
h CIla60 OTIll14aeTCA OT raM I1JlbTOHI1aHa 3aAa411 ABYX KYIlOHOBCKI1X 
ueHTpoB 11 n03ToMY y3IloB~e nOBepxHocTH aAI1a6aTH4ecKI1x BOIlHOB~X 
<!>YHKI..\H';' fk 6Ill13KI1 K KOOPAI1HaTHbIM nOBepxHocTAM ~ = const , 17 = const , 
~ = const • 

B 3aAa4e Tpex TeIl c Yll\eCTB yeT xopowo I13BeCT HaH np06IleMa IlO
ra pH$MI14eCKoi:; oc06eH Hoc TI1 B T04 Ke TPo';'Horo cOYAa peH HH 1 14 / , 3TI1 
oc 06eHHocH1 4eIl l1KOM CBA 3aH~ C ABHH<eHI1eM no rl1nep paAHYcy ~ C • 
n03ToMY np l1 aAI1a6aT I1 4eCKOM pa3AeIleHI1 11 ne peMe HH~x B ypa BH eHI111 
151 OHI1 He 3aT par HB a~T caM aAI1a6aTI14eCKH';' 6aS MC, a 6YAY T aBTO

aTI14eC KI1 BOC np0 I13BOAHTbCH BOI1HOBO';' ¢YH K I..\ He~ MeAIleHHO';' nOACI1CTe
MbI , 3aB I1CHCiel1 OT KOOPAHHaTbl ~. 
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