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KaK H3BeCTHO, B H848J1bHbli:i nepHOA pa3BHTV1R KB8HTOBOi:i MeXaHHKYI 

TeopHA raMHJ1bTOHa-RK06H ;rR; nocnymHna onpe,qeneHHOi:i cTyneHb~ 

npa-1 BblBO,Qe OCHOBHblX ypasHeHHail KBBHTOBOIIJ TeOpHH KBK ecTeCTBeH

HblX o606U4eHHiil ypasHeHHH KJ1BCCYI4eCKOH MeXaHHKI-1. TeOPHR r.R 8 Ka

KOaii-TO CTeneHH y>Ke CO,Qep>KYlT 4epTbl BOJlHOB0£::1 TeOpHI-1: nosepXHOCTb 

nOcTOAHHOrO Aei:iCTBYIA COOTBeTCTByeT $pOHTY BOJ1Hb1, a TpaeKTOPYI"1 

AB!I1}f(eHYIR RBJ1AIOTCR opTOrOHBJ1bHblMV1 TpaeKTOPHAMH AJ1R 3THX nosepx

HOCTeail. YpaaHeHHe rR npe,qcTaBnReT co6oH 3aiiKOHBJ1bHOe np!116J1H>Ke

HHe COOTBeTCTBy~ero BOJ1HOBOrO ypaBHeHHA, TaKHMH BOJ1HOB~MH 

ypasHeHHAMH RBJ1RIOTCA s HepenRTHBHtTCKOM cny4ae ypaeHeHHe Wpe

AHHrepa, s penRTHBHCTCKoM - KneHHa-ropAoHa. B csA3H c o6Hapy

meHHeM y 3J1eMeHTapH~X 48CTH~ H09blX CTeneHeail CB060,Qbl - CnHHOBblX 

6b1J1H HaHAeHbl HOBble ypaeHeHHA: B HepenRTHBHCTCKOM c.ny4ae ypas

HeHHe naynH, B penATYIBYlCTCKOM - ,llHpaKa AJ1R CnHH8 1/2 VI npoKa 

AJ1R cnHHa 1 1 11 . nocneAHHe ,qsa ypasHeHHA nony4eHbl nyTeM ¢aKTO

pHaa~HH onepaTopa KneHHa-ropAOHa a 6aaHce cnHHOpH~x H a 6aaHce 

BeKTOPHblX CI>YHK~J.IIail COOTBeTCTBeHHO • .Q.nR ypasHeHHail ,lla.1paKa a.1 npoKa 

HeT COOTBeTCTBYIOU4HX aHanoros B KJ18CCH4eCKOail MeXBHHKe Hano,q06He 

TeopHH r.R, nocne,qosaTeJ1bHbiM pa3 Bill THeM KOTOpbiX OHYI 6bi ABHJ1Y1Cb. 

KaK noKa3aHO 8 pa6oTe 121 , C03ABHHe T8K0£1 TeOpYIH B03MQ)I(H0 B paM

KaX C8MbiX OCHOBHbiX nOHRT\IIi:i KI1aCCH4eCKOH MeX8HHKJ.1. 0,qH8KO CO

OTBeTCTByiOU4ee o606U4eH\IIe nony4eHHbiX ypaBHeHHH Ha KB8HT0Bblail cny-

48H npHBOAHT TOJlbKO ,K ypaBHeHHRM THna npoKa AJ"'R cnii!Ha 1. B 3TOi:i 

CBA3YI npe,qcTasnReTCR HHTepecHbiM HCCJ1e,qOBaHHe T0£::1 ¢oPMYI1HpOBKH 

K118CC\114eCKOH MeXBH\IIKH, KOTOpaA np111Bena 6b1 HenocpeACTBeHHO 

K ypaaHeHHAM naynH H AHpaKa AI1R cnHHa 1/2. 
HacTOAU4aA pa6oTa nocBRU4eHa HccneAosaHH~ ABHHOro eonpoca. 

1. MATPH4HOE nPE~CTABflEHHE TPEXMEPHOrO BEKTOPA 

HMeeT MecTo OAHO aaMe4aTenbHoe npeACTaeneHHe 3-MepHoro seK

Topa a BYIAe MaTpH~bl BToporo nopA,qKa, KOTOpoe noaaonAeT aanHCbl

aaTb OCHOBHble ¢OPMYI1b1 KnaCCH4eCKOti MeXaHHKH B HeCKOJ1bKO HHOM 

BH,qe, B 3TOM cny4ae Mbl scer,qa \IIMeeM B03MO>KHOCTb nepea71TH OT 

M8TpH4HOrO npeACTaaneHHA K SeKTOpHOMy H BOCCT8HOBHTb npe>KHIO~ 

¢opMy aanHCH ~-taeecTHbTX ¢opMyn. O,qHaKo MaTpHu,a eCTb onepaTop, 

AeHcTBYIOU41-1H a cooTseTCTBYIOU4eM npocTpaHcTee. TaKHM o6paaoM, Mbl 

npHXOAHM K AByMepHOMY KOMnneKCHOMY npOCTPBHCTBy, KOTOpoe COOT

BeTCTByeT npOCTPBHCTBY CnYlHOBbiX nepeMeHHbiX. noA06HOe npeACTaB-
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neH~e 8 Kn6CC~4eCKO~ MexaH~Ke 803H~Kn0 8 C8R3H C napaMeTpaM~ K3Hn~-KneHHa, OH~ 6~n~ 8BeAeH~ rna8H~M o6paaoM AnR o6ner4eH~R ~HTerpHpOB6H~R ypa8HeH~~ ~B~meH~R CnOmH~X rHpOCKOnH4eCKHX c~cTeM/3/. 

ConocTaB~M seKTOPY 

/1/ 
4 4 4 

rAe i, j , k - eAHH~4H~e 8eKTopa, MaTPHL4Y 

( 

Z X-i y ) R= 

X+iy -z 
121 

BHA MaTpHtt~ /2/ 8~6paH TaK, 4T06~ onpeAenHTenb M6TPHL4~ COOTBeTCTB08an KBaApaTy AflHH~ 8eKTopa r. B A6HHOM cny4ae 

131 
KaK HeTPYAHO y6eAHTbCR, MaTpHl,4a /2/ RBnReTCR caMoconpRmeHHOH, KpoMe Tore, cneA ee !~~tnH wnyp/ paaeH Hyn~. KaK ~~taaecTHO, o6a 3TH caoHcTaa MaTpH~W coxpaHR~TcR npH noAofiHOM npeo6paao-8aHHH. 
PaccMoTpHM npeo6paao8aH~e noaopoTa nocpeACT80M yrnoa 3Hnepa. PaAH KpaTKOCTH saeAeM o6oaHa4eHHR: 
X± =X ±iy, 

npH nOBOpoTe Ha yron ~ BOKpyr OCH Z AflR aenH4HH X+ , X H z fiyAeM HMeTb cneAY~He ~opMynw npeo6paaoaaHHR: ' -i¢ X±=e x± z'·.=z. 

npH 3TOM(MaTpVIL,ta R nepeXOAHT B M6TPI-14Y R ~ 
' z' x' ) R' = -

x: -z' 
nocpeACT80M noAo6Horo npeo6paaoaaHVIR 

r,qe 

( 

ei¢/2 o ') 
Q¢ = 

0 e-i¢/2 

Q;- MaTPH4a, 3pMHTOBCKio1 conpRmeHH6R C Q~ . 

2 

14! 

/51 



MaTp~~a, COOTBeTCTBY~~aR nosopOTY BOKpyr HOBOH OC~ Ha 

yron 8 npOTHB XOAa YaCOBOH CTpenKH, HMeeT BHA 

cos .§__ 
2 

i sin!!_ 
2 

i sin .§__ 
2 

e cos-
2 

/6/ 

171 

MaTpH~a Q paccMaTpHsaeMoro nonHero nosopoTa 6yAeT pasHa 

npOH3BeAeHH~ MaTpH~ /5/, /6/, /7/: 

•<<!J+O) 12 e 
e cos-

2 

. -•<ifr-¢l 12 . e 
1e sm-

2 

. i(</1--¢) /2 
1e 

. e sm-
2 

-•<</J+¢l 12 e 
e cos--

2 

nonb3YRCb MaTpHYH~M npeACTasneHHeM /2/, MOmHO nepen~caTb 

see OCHOBHble ¢OpMyn~ KnaCCHYeCKOH MeXaHHKH, 3aMeHRR SeKTOpa 

Ha COOTBeTCTBY~~He MaTpH~~. npH 3TOM HaAO HMeTb B BHAY, YTO 

AnHHe BeKTOpa COOTBeTCTByeT onpeAeDHTenb MaTpH~~, a npOH3BOA

Hble OT MaTpHI..I~ HaAO nOHHMaTb B CMbiCI1e npOH3B0AHOi:1 ¢pewe. 

8 TaKOi:1 ¢OpM~I1~0BKe narpaH~HaH CHCTeM~ eCTb CKan~pHa~ 

¢YHK~H~ MaTP~ll R, R : 

£= £(ii.ii ). 
Ha HHTerpai1bHOro npHHLIHna raMHI1bTOHa 

8S=8f £ dt=O 

HaXOAHM ypaaHeHH~ narpaH~a 

d a£ a£ 
--.:-- -=0. 
dt aR aii 

a£ 
p =-

A aR 

!8! 
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npeACTaBnReT co6o~ o6o6~eHH~M HMnynbc. Ero MO*HO npeACTaB~Tb 4epea KOMOOHeHT~ 3-MepHOrO BeKTOpa HMnynbca 

(.:: .. 
p +ip 

X y P~ 

/9/ 
-p 

z 
\ 

2. JlBYMEPHOE KOMnnEKCHOE nPOCTPAHCTBO. CnHHOPbl 
KaK .Y>Ke 6blno OTMe4eHo BbJwe, npeACTaaneHHe aeKTopa /1 I a BHAe MaTp~~~ /2/ npHBOAHT K noHRTH~ ~ByMepHOrO KOMnneKCHOrO npoCTpaHCTBa. AeHcTBHTenbHO, MaTpH~Y R a 3TOM cny4ae MOmHo paccMaTpHBaTb KaK onepaTOp, AeHCTB~~H~ B ABYMepHOM KOMnneKCHOM hpoCTpaHCTBe, KOTOpOe Aanee 6yAeM Ha3b1BaTb COHHOPHbiM npocTpaHCTBOM. 8aeAeM COOTBeTCTBHe MemAy aeKTOpaMH CnJ.1HO,PHOrO npOCTpaHCTBa H BeKTOpaMH 3-MepHOrO npOCTpaHCTBa TaK, 4T06bl ~MellO MeCTO ypaaHeHHe 

v v /10/ 

' u rAe A - co6cTBeHHOe aHa4eHHe MaTPHLtbl R, )- co6cTaeHHble v seKTopa. Co6cTBeHHble aHa4eHHR ypaaHeHHR /10/ HaXOARTCR H3 paaeHCTBa 

z-A x-iy 

X+iy -z-A 

OTKYAd A l = ±r; r - AIIHHa BeKTOpa /1/. TaKi.rM otfhaaoM, KamAOMY seKTopy /1/ H3 3-MepHoro npocTpa.H-cTaa c KOMnoHeHTaMH x , y , z conocTaB11R·eTcR ABa BeKTopa H3 cnHHOpHOrO npOCTpaHCTBa, KOTOpble 6yAeM Ha3biBaTb CnHHOPdMH, cooTaeTcTsy~~"'e co6cTBeHHbiM 3Ha4eHHRM A1 "" A 2 . OpToroHaJlbHOMy npeo6paaoaaHHIO a o6bf4HOM AeHcTBHTen.bHOM npoCTpaHCTBe TpeX H3MepeHHC1 COOTBeTCTByeT YHHTapHaR MaTpH""'a Q, OnpeAenHTeJlb KOTOpOrO paeeH +1, 8 ABYMepHOM ~nneKCHOM 
( u ) : npocTpaHCTBe v 

(u)'~Q(u). 
/11/ v v 

H Hao6opoT, ecnH a cnHHOpHOM npocTpaHCTBe onpeAeneHa yHHTapHaR MaTp~t.ta Q. COOTBeTCTByfOU.IaR OpTOIJ""OHariDHOMy npeo6pa.aosaHHfO /no-
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BOpOTy/ 8 A8YMepHOM KOMnneKCHOM npocTp8HCT8e, TO, KaK ~3BeCT~O, 

MaTp~L(bl /onepaTOPbl/ B 3TOM npOCTp8HCT8e 6YAYT OnpeAemnbCA 

cornacHo $opMyne 

R'~QRQ+. 

4TO co8naAaeT c ¢opMyno~ /4/. 
npocTp8HCTBO ( U V) He RBnAeTCA 4HCTO MaTeM8T~'-leCK0~ KOHCT

PYKUHe~, C03A8HHOi:1 TOnbKO AflA Tore, '-lT06bJ yCTaHOBHTb COOTBeT

CTB~e Me>KAY 3-MepHbiM~ BeKTOpaM~ ~ M8TPH~8MH BTOporO nOpRAK8 .· 

0HO ¢~3H4eCKH BnOnHe peanbHO, 0AH8KO 8 Kn8CC~4eCKOH MeXSHHKe 

Mbl He 8 COCTOAHHH 06Hapy>KHTb ero C nOMOiltbiO ~3BeCTHbiX B38HMQ

AeHCT8~H. Co cm1HOpHbiM npocrpaHcrsoM Mbl cTanKHBaeMCA TonbKO 

8 KB8HTOBO~ MeXSHHKe 8 CHny HeKOMMYT8Tio18HOCTH KOMnOHeHT One

paTopa ~MnynbCa B npHCYTCTBHH BHeWHero nonA. 

3. HEKOTOPbiE ll~HAM~4ECK~E BEJ1~4~Hbl 

B cn~HOPHOM nPOCTPAHCTBE 

CnHHOpHoe npOCTp8HCTBO He o6naA8€T KHHeMSTHKO~ 1-1 AHH8MHKO~ 

KaK T8KOBO~, 3AeCb He HMeeT CMbiCna BBOAI-1Tb nQHAT~e CKOPOCTH, 

YCKOpeHHA H T, A. 0AH8KO 3AeCb HMeiOT CMbiCn nOHAT~R onepaTopa 

CKOPOCTH, oneparopa YCKOpeHHR, 8peMeHHOH 38BHCHMOCTbiO o6naA810T 

TOnbKO onepaTOpbl, Ae~CTBYIOutHe 8 A8HHOM npocrpaHcrse. TaKHM 

o6p830M, HMeeT MeCTO C~Ty8~HR 1 8HanorH4H8A npeACTasneHHIO reH-

3eH6epra B KB8HTOBO~ MeXSH~Ke: A~H8M~KO~ o6naA810T onepaTOpbl, 

a He co6creeHHble seKTOpa A8HHoro npocrpaHcrea. Hanpa-tMep, ypae

HeHHe ABH>KeHHA AnA oneparopa HMnynbca /9/ HMeeT BHA: 

dp ---=F. 
dt 

F=( 
F F+ l I 12/ 

z 

F -F z 

4TO, ecTecrseHHO, coenaAaer c o6~4Hb1MH ypaBHeHHAMH ABH>KeHHR. 

8 HacroRuteH pa6ore Mbl npe)I(Ae scero 6yAeM HHTepecoaaTbCR 

nOHATHeM MOMeHT8 HMnynbC8 B cnHHOpHOM npocTp8HCTBe H ere ypaa

HeHHeM ABH>KeHHR. C 3TOH ~enbiO npoBeAeM HeKOTOPYIO aHanorHIO. 

MOMeHT HMnynbca onpeAenReTCR K8K SeKTOPHOe npOH3BeAeHHe 

HMnynbca HS P8AHYC-BeKTOP 

/13/ 

5 



npeo6paayeM B~pameHHe /13/ TaK, 4T06~ OHO B~rnR.QeflO KaK CTBHe onepaTopa p /COOTBeTCTBYIOllte~ MaTpH(4bl/ Ha BeKTOp /npe.QcTaeneHHbrC1 a BH.Qe 3-cTp04HOro cTon6l-'a/. HMeeM 

0 Pz -Py r, 
~ 

·~ K- -p. 0 px r - pr. y 

py -p. 0 r 
z 

/14/ 

TaK BblrnR.Qio1T MaTplo1(4a p a 3-MepHoM npocTpaHCTBe. /lnR nonHOTbr KapTHHbl 3aMeTJ.IIM, 4TO nO.Q06HW~ BH.Q J.IIMeeT aHTio1Cio1MMeTplo14HaR MaTpH~a noaopoTa pa.QJ.~Jyca-eeKTopa Ha 6ecKoHe4HO Manbrt1 yro!l: 

0 dQ -dQ z y 
dQ -dl1 0 z dQ 

X /15/ 

":::·(J_'T T)' ',TT'f Ft:T~F'"" 
MaTpJ.1[4bl p 11 dfi MOH<HO npe.QCTaBHTb B BH.Qe pa3JlO)f{eHH1t no MaTp-~aM /16/: 

p=pr +pr +pr xx YY zz /17/ 
To4HO TaK H<e MOmHO pa3IlOmlo1Tb MaTplo1[4Y /9/ no cnHHOBbiM MaTPio14aM nayn•: 

P - p a + p a + p a /18/ XX YY zz 

6 



:· = r (: ) ( ::) . 119; 

rAe onepaTop F onpeAen~eTCA B~pameHa-teM /12/. npHpa~eHHR, KO
TOp~e nony~a~T COCTaBnR~He AByMepHoro BeKTOpa npH 6eCKOHe4HO 
ManOM npeo6pa30BBHHH,onpeAenR~TCfl M8TpH4H~M ypaBHeHHeM 

d(:) (:)dn. 
rAe dO- MaTP"4a B"Aa /15/, 

B~pameHHe /16/ ABnReTcA aHanoroM npa-tpa~eHHR 3-MepHoro eeK
TOpa 

d?=fdfi. 

rAe dO- MaTP"4a B"Aa I 15/. 
HanHweM ypaeHeHHR 3Hnepa a cnHHOPHOM npocTpaHcTee. YpaeHe

HHe ABHmeHHR /19/ B nOABH)f(HOH C~CTeMe 3Hnepa npHMeT BHA 

~ 

- ( dKs) 
dt 

d 
,(dt) 

-~ + wK =N 
• 8 

/20/ 

~HXCR CHCTeMax OTC4eTa COOTBeTCTSeHHO; ru - onepaTOp yrnoeoH 
CKOpOCTH Tena, paBHWH 

d{J 
w=--. 

dt 
~ 

npeAnOJ10)f(HM, 4TO w H K 
8 

CBfi38Hbl nocpeACTBOM 11MOMeHT8 HHep4HH11 

Is 

, . -( .~· I 
C y4eTOM /20/ ypasHeH"R /19/ np"MYT B"A 

dKU 
--+cu K +ru K =N 
dt z u + v u 

dK, 
--+wK-wK 
dt - u z v 

-N v 

/21/ 

/22/ 

7 



I (d - I W + I ( (1) ru + ro (,! ) _,_ I ( 6,12 !· r:J 
2 ) -- N ul- Vz nz-+z v- z v 

nocneAH~e ypaaHeH~R RBnR~TCR SHanOrOM ypaaHeH~~ 3~nepa B Cn~HOPHOM npocTpaHCTBe. 

4. An1E6PAH4ECKWE COOTHOWEHHH AnH MOMEHTA HMnYnbCA. YPABHEHHE nAYnH 
npe»<Ae YeM BbJBeCTI-1 ypaaHeH~e naynl-1 AnR Cm1HCl l/2, paCCMOTPI-lM cnyya~ Cnlo1HS 1, K ypaaHeHio1~ nayn~ AfiR Cnlo1HS 1 np~BOART o6bli..!Hble COOTHOWeHI-lR MemAY KOMnOHeHTSM~ MOMeHTa lo1MnynbcS VI vtMnynbCS. Ha4HeM c onpeAeneHio1R MOMeHTa vrMnynbca l..!epea wMnynbc 

H PBA~o1yc-eeKTOP 

B paMKax TeOpH~o1 raMwnbTOHa-RK061o1, rAe 
JS ~ 

p ::=~)~ • 
< X 

S - $YHKL.11-1R 

K "" rot U , 

Ae~cTBio1R, K MO)KHO 

/23/ 

/24/ 

r,qe {j - HeKOTopa~ ¢YHK4HR, ~BJlR~Ll.ISRC~ BeKTOpHbiM SHSJlOrOM CKan~pHoH $YHK4VIH AeHcra~~. B~pa»<eHvre AnR a6con~THoro AH¢$epeH-4V1ana U aan11weM a a~o1,qe: 
~ 4 ~ 

dU ~[ roti! x d-;] + [ grad(vU) + .iL\LJ dt. /25/ at 
0TCIO,qa BVIAHO, liTO AFI~ onpe,qeneHHR u KpOMe Jt He06XOAio1MO eute 3HSTb BeKTOP 

4 ..... ........ au 
-T ~ grad(vU) +-. /26/ at 

I !' KaK _nOKa3aHO B pa6ore 2 
, C ,qpyroH CTOpOHbl, 

-T~..L[pxKJ. 
2m 1271 

noACTaBnRR /24/ H /26/ B /27/, nony4HM ypaBHeHHe AflR U: 
4 

au ..... ... 1 [~ ~ 1 --+grad(vp)~- pxK . /28/ at 2m 

HMeiOT Mecro cne,qy~vre anre6paH4eCKHe coorHOWeHHR Mem,qy eeKropaMH K H T: 

8 



-li"Tl-HK "o. 

(p'K) =o. li>T) ~ o. 

/29/ 

YpasHeH~e /29/ .RBnAeTc.A nepBbiM t<saa~Knaccl-1~ecKI-1M np1116m1>KeHV1eM 

ypaeHeHI-1fl naynlt1 Aflfl cm1Ha 1. KaaHTOBOMexaHI-1lleCK~e ypaaHeHIIIA 

nony4aTc.A, ecn111 a ypaeHeHlii.AX /29/ npolii3BeCTlll aaMeHy set<Topa 
VlMnyflbCa V1 r8MI-1flbTOHV18H8 H8 COOTBeTCTBYIOI.llltle onepaTOpbl no 06~e

npV1H.ATOMY npas111ny: 

·p = -itt-"-+~A, 
a;; c 

JI,~ih_jj_-eQ, 
dt 

(A., (b) - nOT€H,U,lii8J1bl 3J1€KTPOMarHI-1THOrO nOnFI. 

/30/ 

YpaeHeHI-ie naynl-1 AI1.A cm1Ha 1/2 6yAeM BbiBOAHTb aHanorYI4HbiM 

cnoco60M, HapAAY C MOMeHTOM liiMnyflbCa B CnVIHOpHOM npOCTPSHCTBe 

(u.v) seeAeM e1.1.1e aHanor seKTopa T: 
T = P K 

s s 

s /31/ 

T + ...Lp K = o. 
s 2m s 

/32/ 

pT -HK ~o. s s 

B KBaHTOBOM cny4ae onepaTop p eCTb 

(

-ihaaz + ~ Az 
p~ 

-ihL-h.i_+~A 
ax ay c -

a a e 
-ih-+h-+-A 

ax ay c + 

ihL-~A 
a z c z 

/33/ 
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noACTaBJlRR 8 /32/ p H3 /33/ " H H3 /30/' n011Y4HM H3BeCTHOe ypaBHeHJ.1e naynH. 

5. CnHHOPb/ B cnEUHAnbHOA TEOPHH OTHOCHTEnbHOCTH /CTO/ 
MHoro pa6oT nocsR~eHo MaTeMaTH4ecKoH TeopHJ.1 cnHHOpoe 8 4eTWpexMepHOM eBKnHAOBOM J.1 nCeBAOeBK!lHAOBOM npOCTpaHCTBaX, B HaCTO.Aiqei1 pa6oTe Mbl orpaHH4HMC.R onpeAeneHHeM cnr.1Hopa KaK co6cTseHHoro seKTOpa onepaTopa 4-MepHoro nceBAOeBK!lJ.1AOBa npocTpaHcTsa, KOTOp~H s CTO HMeeT BHA 

z x-iy 0 -it 

R~ 
-z -it 0 

0 it z X +iY 

0 x-iy -z 

06oaHa4HM 4epe3 .p~( .p
1 

• .p 
2 

, .p 
3 

• .p 
4 

) 
TorAa 

YpasHeHHe /35/ HMeeT co6cTseHH~e aHa4eHHR 
A ~± S 1,2 • 

rAe S - sem<14HHa HHTepsana. 

/34/ 

/35/ 

HMnynbC, KaHOHH4eCKH conpR>KeHHbiH c onepaTopoM R, HMeeT BHA 

p p +iP 0 -i£ z X y 

p - lp -p - i £ 0 • y z 
/36/ p 

0 i< p p -ip z • y 

i< 0 p +jp -p 
X y z 

PaccMOTpHM C06CTBeHHble 3Ha4eHH.A H C06CTSeHHble seKTopa one-paTopa P: 
P</>~A</>. 

/37/ 

1,0 



3,qecb r:b 4-MepHbli71 cm1Hop, >.. =:! m0 - Macca noKOfl. Ecn1r1 . 1 2 
B ypaBHeHHH /37/ CA611S6M 3aMeHy /30/, TO nony4HM H3BeCTHOe 
ypaBH6HHe aHpaKa. 

B naparpa¢le 3 6blno sae,qeHo onpe,qe.neHHe 11 BeKTOpHoro npoJ.~ts
ae,qeHHFt11 B cnHHOpHOM npOCTpSHCTBe, .KOTOpOe RBI1R6TCR SHSJlOrOM 

06bi4HO~ Onepa~HH BeKTOpHoro npOH3Be,qeHHfl AnR 3-MepHOro BeKTOpa. 
nonb3YACb ,qaHHOH SHSJlOrHe~, npHBe,qeM HeCKOJlbKO ypaaHeHH~, 
npOH380Afl COOTBeTCTBy~y~ 3aMeHy BeKTOpHoro npOH3BeAeHHA 
B ypaBHeHHFIX THna npoKa H 8 ypaaHeHHRX MaKcsenna. 

B pa6oTe121 nony4eHbl cne,qy~~He ypaaHeHHR AflA TeHaopa KHHe
TH4eCKoro MOMeHTa: 

/38/ 

44 4 

(pT) ~ p, (pK) ~0. 

4 4 4 

T=r!-pt, 

/39/ 

I0 =d-1P. 

B cm1HOPHOM npocTpaHcTse aem14r.1Hbl K H T TpaHc¢lopMHpyiOTCft a c.ne
AYIO!J41-1e: 

rAe p- onepaTop ~a /9/, 
M6HHb16 11 Cni-1H0P~ BHAa 

r .1 
s s 

'.~(::)· \~(~J· 

/40/ 

-
11 npOCTpaHCTBeHH~e11 1-1 11 Bpe-

/41/ 

CoeMeCTHO OHI-1 o6pa3y~T 4-MepH~~ cn1-1HOP 

~ ~ (::) 
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,IJ.n.R BeJH.14VIH /40/ cnpaB€AJ1VIBbl CJleAYIOW.VI€ ypaBH€HVI.R: 

PK -f T 
' ' 

m2""'r 
0 s 

/42/ 

YpaBHeHVI.R /42/ .RBJl.R~TC.R aHanoroM ypaBH€HVI~ npoKa B CnVIHOpHOM 
npocTpaHCTBe. CooreercreeHHO aHanor ypaeHeHVI~ MaKcaenna a cn~~~
HOPHOM npOCTPSHCTBe VIM€€T BillA 

pH -<E ~i 
s ' r 

pE - <H ~ i . 
s ' t 

3AeCb F = I ~s ) - en" HOP "HanpR)I(eHHOCT" nonR", 

HOP 11 TOKa' 1
• EnVIHOp Hanp.R>KeHHOCTVI H

8 
VIEs MO>KHO 

cnVIHOpbl-nOTeHLtVISllbl A r ,VI At : 

H8 =pAr -fAt , 

E =pA -<A s t r 

/43/ 

YpaBH€HVI.R /43/ VIHBSpVISHTHbl OTHOCVIT€llbHO 11 Kanl16pOB04HbiX 11 npe
o6pa30BSHVI~ 

A'=A+pf, 
r r 

noA06Ha.R VIHBapVISHTHOCTb HanOMVIHSeT KSJ1V16pOB04HY~ HHBSpHSHTHOCTb 
a 3neKrpOAVIHSMVIKe c yL~eTOM ycnoBVI.R DopeH~a. 

8 3SKJ1104€HVI€ OTM€n1M OCHOBHbl€ MOM€HTbl HSCTORil.l€~ pa60Tbl: 

1. BeKropa o6bii.IHOro 3-MepHoro npocrpaHcrea RBJlRIOTCR onepa
ropaMH no OTHOW€H\.110 K cnHHOpHOMy npOCTpSHCTBy. 

2. BeKTOpHoe npOV13BeAeHVIe paccMaTpHeaercR KSK Ae~CTBVIe aeK
ropa VIMnyJlbCS, npeACTSBJ1€HHOrO B BVIA€ pS3Jl0}1(€HVI.R nO CnHHOBbiM 
MSTPHU.aM I 16/, Ha 3-MepHbl~ eeKrop. AHanor 3To~ onepau.~o·n1 a cn\.1-
HOPHOM npocrpaHCTBe €CTb A€~CTB\.1e oneparopa VIMnYJlbCS /9/ Ha 
cn\.1Hop. 

3. KJlaCCH4€CKHe ypaBH€HHR AJ1R MOM€HTS HMnyJlbCa B B€KTOPHOM 
npOCTpaHCTB€ npVI nepeXOA€ B KBSHTOBYIO 06JlaCTb npVIBOA.RT K ypaa-
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HeH~RM nayn~ ~ npoKa A11R cn~Ha 1, B cn~HOPHOM npocTpaHCTBe 
aHanorr.1llHble onepa4r.114 npr.1B0Af!T K ypaBHeHr.1f!M nay11r.1 14 ,ilYipaKa 
Aflfl cnr.1Ha 1/2. 

4, npe.QCTaBJlfleT YIHTepec paCCMaTpr.1BaTb HeKOTOPble ypaeHeHYif! 
A11R cn~r~Hopos, nonylleHHble no aHanor~r~H c sonHOBbiMJ.1 ypaeHeH~RM~ 
A11R BeKTOpHbiX nonee1 nyTeM 3aMeHbl BeKTOPHOro nPOiri3BeAeHYIR Ha 
COOTBeTCTBY~~ee onepaTOpHoe, BeKTOpOB - Ha COOTBeTCTBy~~lrle 

cn~Hopbl. 

AsTop 6naroAap~T npo~. E.n.m~AKoea 3a nOAAepmKy ~ J.1HTepec 
K pa6oTe, A.6.necTosa - aa nnOAOTBOPHY~ A~CKyccH~. 
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