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OB OJJHOM ITOAXOJE K PEMIEHWIO 3ATAYM JTAPBY

Bapaua [ap6y — 3TO 3ajlaua ONpEefeNeHNs BETUNH, XapaKkTEepH3YOLIUX OPHEHTAIHIO '
TBEpOTO Telda B MPOCTPAHCTBE, 110 3afaHHOMY BEKTOpPY YLIIOBOM CKOPDOCTH U Ha-
YaTBHOMY MOJNOXKEHHIO TBEPAOro Tena. 3afava JapOy naBHO NPHBIEKACT BHUMAHAE
nccnepopareneil. B pa6ore Jap6y [1], HOMOXUBILEH HAUaNo 3TUM UCCIENOBAHUIM,
JaHHas 3ajaya CBEJEHA K PEIICHHIO YpaBHEHUs Tuna PUKKATH OTHOCHUTENbHO KOMII-
neKcHOl TepeMentoi. IIpu Bcelt BHEIHEN TPOCTOTE M NPUBIEKATENLHOCTH YPaBHEHN)S,
nonyuenHoro B pabore [{aply, OHO NPAKTHYECKH HE HCHONBL3YETCS MPHU PEIICHHM
KOHKPETHbIX 3anad. Ha mpakTuke OGbIMHO OTJAETCA NPENNOUTEHHE METONAM, OCHO-
BAHHBIM Ha HEMOCPENCTBEHHOM HHTETPHPOBAHNH KMHEMATHIECKUX ypaBHeHuii ITyaccona.
Peiuenne 3agaun Jap6y Opu IPOM3BOILHOM BEKTOPE YIIIOBOH CKOPOCTH HE M3BECTHO,
O[HAKO CYILIECTBYET HETblil Psiil YaCTHBIX CI1y4aes, JOMYCKAOWMX MOCTPOEHHE TOYHOTO
pelueHus 310l 3agayn. Vcenegosanue YCITOBMIL MHTETPUPYEMOCTH 3afiaukt [JapOy MOXKHO
Hantu B [2-4].

Crnenyer OTMETHUTD, TaKXKe, pabory [5], B KOTODO# MOKa3aHa BO3MOXHOCTb aHalu~
THYECKOTOQ pellleHus 3afayuu [JapOy mpH annpoKcuManuu BEKTOpa YIJIOBO# CKOPOCTH
TPUTOHOMETPHIECKUM PSIOM.

B Hacrosledf pa6oTe mpejnaraeTcs aubTEPHATHBHBIA NMOAXON K PELICHHIO 3afatiy
Ilap6y, B OCHOBE KOTOPOTO JIEKHUT MOHATHE TEH30Pa NOBOPOTA ¥ COOTBETCTBYIOLIUX EMY

©  BEKTODOB IIeBOH U mpaBoi yrI0BOH CKOPOCTH. PassuBaeMblil B HacToslel pabore
NOJXOJ] TTO3BOJIMII TOJTY4HTh CIAETYOLIUE PE3YIbTaThI. C

B paMmKax NpejIaraéMoro mojixofa 0Kasazoch BO3MOXHbLIM OTOXASCTBUTE 3afaty
Iap6y c 3agayeil onpeNeleHns BEKTOP-QPYHKIMKA 110 H3BECTHBIM MORYIAM €€ [pOU3-
BOXHBIX. (DTO MPECTABISIETCS HHTEPECHBIM, TOCKONBKY K 3a/1a1e ONPEfeICHNUs BEKTOP-
(PyHKLHH TTO MOAYTISAM €€ IIPOU3BOAHBIX CBORUTCS UENbIR Pl 38721 MEXaHUKH. ) '

IlpenmaraemMplil TIONXOX MO3BOJHUI CBECTH 3apauy Jap6y K PEIICHHIO NuHeHOTO
nucbepeHHaIbHOTO YPABHEHNs] TPETHETO NOPSNKA OTHOCHTENLHO JedcTBUTENLHOR
nemssectHolt. (Kiaccmieckuit MOAX0J, OCHOBaHHbIH Ha ypaBHEHHH Pukxaru, IpUBOAMT K
nuneltHoMy AuddepeHnuaTbHOMy YPaBHEHUIO UeTBEPTOTO MOPAAKAa OTHOCHTEILHO
[efICTBUTENLHOR HEU3BECTHOM.)

TIpeRcTaBieHHOE HIDKE HCCIEflOBAHUE SBISETCA PA3SBUTHEM upnei pa60’rbl [6].

1. Tenzop nosopoTa. JleBblii 1 NMPaBbLi BEKTOPBI YII0BO# cKOpocTH. [IaHHbBL IYHKT
CONEPIKAT KPATKOE H3NOKEHNEe H3BECTHBIX (PAKTOB, HCIIONB3YEMBIX B nanpHefimueM. boree
nopoGHYy0 HHGOPMAIMIO O TEH30pe IOBOPOTA U CBA3AHHBIX C HIM MOHSATHAX MOYKHO HAlTH
B[7, 8. ' i

Onpedenenue. TeH30POM IIOBOPOTA HA3bIBAETCS COOCTBEHHO OPTOTOHATBHBIN TEH30D,
T.€. TEH30p, KOTOPBIH ABISETCS PEIICHHEM YPaBHEHII

P-PT=PT.P=E, detP=+1 .(1.'1)

II151 IPOM3BONBHOIO TEH30pa MOBOPOTa P 1 J06BIX BEKTOPOB a U b crpaBeIHBEI CIE-
[YIOIME TOKAECTBA:

(P-a)-(P-b)=a-b, (P-a)x(P-b)=P-(axb) - . (1.2)
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Teopema o npedcmasaenuu mensopa nosopoma. Ilycrb Rams! TPH IIPOH3BOJBHLIX
JMHHEHHO HE3aBUCUMBIX BekTOpa d;, dy, d; ¥ mycTs JaHe! Tpu BekTopa Dy, D,, D3, koTOpERIE
CBSA3AHBI C HCXONHLIMU BEKTOPAMHU IIOCPEICTBOM TEH30pa oBopora P : D, = P -d;. Torga
TEH30p oBopora P MoXeT GbITh IpeCTaBIeH B BHE ‘

P=D;d' +D,d2 + D;d® ' (1.3)
rae d', d2, d* - BexTOpHI Gasuca, B3auMHOTO K Gazncy d;, do, d;:
dl= d2><d3 ’ d2= d3>(d1 i d3= Aledz ~ (14)
d; - (d; xdj) d, -(d; xd)) d;-(d; xdy)

HoxaszaTenbeTBO TEOPEMbI OCHOBAHO Ha ONPENEIECHNN B3aUMHOTO Gasmca dyd/ = 8{ ,8',-’ -
cuMBON KpoHexepa) u mpejicTaBleHud eqHHAYHOTO ‘Temopa B Buge E =DD! + D,D? +
+D3D3.

Onpedenenue. Tensopsr S(2) u S,(1), olipefensemsle dopmyramu

SO =P©)-P'(®), S,0)=P"()P(1) , (1)

Ha3bIBAIOTCA COOTBETCTBEHHO JIEBBIM H NIPABBIM TEH30POM CIIVHA.-
Onpedenenue. ConyTCTBYIONUMIT BEKTOD JEBOTO TEH30pa CIIMHA H CONYTCTBYIOLUMIA BEK-
TOp NIPAaBOTO TEH30pA CIIUHA ' ‘

S(H)=o()XE, S.()=Q)XE ‘ g (1.6)

Ha3bIBAXOTCSL COOTBETCTBEHHO JIEBBIM H IIPaBbIM BEKTOpaMu yl"JIOBOfI CKOpOCTH.
JleBag u IpaBast yrMOBbI€ CKOPOCTH CBSI3aHbI MEXNYy c000¥ COOTHOIIEHUSIMHA

o(t)=P@)- 1), Qt)=P" () o) ' Cam

'Korga peys upeT o gBIXeHHH aGCONIOTHO TBEPHOTO Tela, AJIsl JIEBOTo BEKTOpPa yrIOBOM
CKOPOCTH  OOBIHO HCIONB3YETCsl TEPMUH "HCTHHHAS YIIIOBask CKOPOCTD”, a NpaBbld BeK-
TOP YI710BO# cKopocTH () NPUHATO Ha3bIBATH "YITOBOH CKOPOCTHIO B Tele".

Eciu Tensop mosopota ussecteH, nepas i IpaBasi YIIOBbIE CKOPOCTH BBIMHCIAIOTCS 1O
¢opmynam [8] '

wt)=-K@PT),, Q)=-%@"-P), 18

OGpatHas 3a7ava (3ajaua OnpeeNenns TeH30pa NOBOPOTA II0 M3BECTHOMY BEKTOPY
YIIOBOH CKOPOCTH) 3HAYUTENHHO CIOXHEe. JTa 3ajiaua N3BECTHA KaK 3ajaua Hap6y u Mo-
3KeT ObITh c(hOPMyNHEpPOBaHa B [IBYX BH[AX, B 3aBHCHMOCTH OT TOTO, KAKOMH BEKTOP YIJIOBOH
CKOPOCTH U3BECTEH ~ JIE€BBIY WK IIPABbIN.

JleBas 3amava JapGy chopMyanpyeTcs Tak

P(?)= ()X P(z), P(0)=P, . (1.9)
\Hpaiaa;[ 3afiava JJapOy uMmeer Buj
P()=P(H)x 1), P(0)=P, (1.10)

. [onycTum, m3BecTeH NEBbI BEKTOP YIiIoBoi ckopocTd w. Torna, peums 3apady JapOy
(1.9), MoxxHO onpenenuTs TEH30p MOoBOpoTa P, a 3aremM, BOCIIOIL30BaBIIACE 2-1 hopmyIoi
u3 (1.7), HaliTH npaBbIi BEKTOp yriaosoi ckopoct: ). Bosmoxen u ApYro¥ mogxop K
onpefenenuio TeHsopa P u pexropa . Viges anbTepHATHBHOTO IOJXONA 3aKIFOUAETCA B
TOM, UTOGHI IIO 3aJlaHHOMY JIEBOMY BEKTODY YINOBOH CKOPOCTH 3, IyTeM pEIIeHHs
HEKOTOPOro () (hepeHIMaTbHOIO YPABHEHHS, OIPENEIUTh IPaBbIii BEKTOP YriIOBOH CKO-
pocrx 2, a 3ateM, 3Has 06a BEKTOpa YrioBoi CKOPOCTH ® 1 ), BOCCTAHOBHTD IO HEM (6e3
TOIONIHUTENIBHOTO HHTEI'PUPOBAHMSA) T€H30p NOBOopoTa P. CKazaHHOE MOXHO JOCIOBHO
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NepeHecTy Ha CIydail, KOrja M3BECTEH NPaBblil BEKTOP YIIOBOM CKOPOCTH Q u 1o "Hemy
TpeGyeTCs ONPEETHTD TEH30p N0BOpOTa P ¥ NeBbIH BEKTOP YIIOBOX CKOPOCTH . ‘

C MaTeMaTHYeCKOfl TOUKH 3pEHHs NTeBas W mpasas 3ajaun JapOy SKBUBAJIEHTHBI.
IMosTOMy, 6€3 OrpaHHICHHAA OOIHOCTH MOXKXHO TOBOPHTD O PEILECHUH OHOH W3 chopMyIn-
pOBaHHBIX BbIIIE 3afla4. B muTeparype, Kax NpaBuio, o6cyxpaaeTcs npasas 3agada J[fapoy.
Husxe GynyT npusefeHbl HOBbIe (POPMYIHPOBKH 00enX 3aja4 I PACCMOTPEHDI B KauecTBe
NpUMEPOB JiBe JMHAMHUYECKHE 3a[ja4H, OfHA U3 KOTOPBIX CBOJAUTCS K npasoil 3anaue [Jap6y,
" a jpyrasi — K JIeBOM. ) :

2. TlpepcTaBienne TeH30pa NOBOPOTA Yepes JEBYIO U MPABYIO YIIOBbIE CKOPOCTH. Hnes
IIPENCTaBIEeHHs TEH30Pa IOBOPOTA UePe3 YIIIOBbIE CKOPOCTH OCHOBAHA Ha CIIC[YFOTIIX daxk-
Tax ¥ COOOpaKEHHAK: S

J. CornacHo TeopeMe O NPEJCTaBIeHn: TeH30pa nosopota (1.3), (1.4), s 3aganus TeH-
30pa nosopora P 10CTaTOYHO 3HATh Tpu napsl BeKTOpoB D, d;, CBA3aHHBIX MEXAY cobol
cootromenusME D; = P - d; (BeKTOpBI d; AOIKHBI GBITH IMHEHHO HE3ABUCHMDI).

2. B xauecTBe OJHOM B3 nap BekTopos D, d; MOTYT GBITH HCIONB30BAHB! BEKTOPDI JIEBOH
A OpaBoifl YrIOBBIX CKOPOCTEH, NOCKOTNBKY, cornacHo gopmynam (1.7), aTu BEKTODBI
CBSI3aHBI MEXAY COBOH cooTHOWEHHEM @ = P- (). '

3. Ecim mafiiyTest ewe e napsl BeKTOPOB fiw), ©(Q), Takue, uro f(w) = P-@(Q)
(BexTops! Q, ¢(), ¢2({2) ROWKHBI GbITH JIAHEHHO He3aBHCHMbI), TO T€H30p noBopoTa P
MOXKHO GyJieT IPefCTaBUThb YCpPe3 9TH apbl BEKTOPOB B BUJE (1.3), (1.4). :

Coortromrennii Taia fi(w) = P-¢,(Q) cyuecrsyer, BOOGIIE TOBOPsL, GECKOHEYHO MHOTO.
ByneM ucnoib3oBaTh Haubosee IpoCThie:

0=P-Q, oxo=P (OxQ)

IloKa3aTeNbCTBO STHX COOTHOLICHHH OCHOBAaHO Ha (popMyirax (1.7), (1.10) m ToxpgecTBax
(1.2):

do:(P~Q)'=P-Q+P‘Q=(P><Q)-Q+P-Q=P-Q

oxXo=FP: YxXP-=P-(2x D)
I/ICK_JIIO‘II/IB n3 paCCMOTpeHI/IH Tpanaanmﬁ cnyqaﬁ IIOCTOSSHHOI'O IIO HanpaBneHmo

BekTOpa 2, TerKO 0Ka3ath, 4r0 BeKTopsI {2, (1, X () NUHEHHO HE3aBHCUMEL.
ViTaK, HAULIKMCH TPY J1apbl BEKTOPOB, YAOBIETBOPSIOMIMX yCIOBHIO TEOPEMBI (1.3), (1.4):°

 0=P- O, &=P-Q, oxo=P-(OxQ) | . @.1)
CrneposaTenbHO, TeH30p nosopora P MoxeT ‘6511‘5 npencraBleH B popme
P=Dd'+D,d*+D.,d’>, D, =w, D,=0, D;=oxe (2.2)
4 _©QD0-4@Q , P-YEO@HQ axQ
(Qx O)? S (QxQ)? (O x Q)2

ITyTeM HECIOXKHBIX NpeoOpa3oBaHuil BHIPAXXCHHE NIl TEH30pa MOBOPOTA (2.2) MOxHO
- NPUBECTH K BUY, "'CAMMETPHYHOMY" OTHOCHTENHHO YIJIOBBIX CKOPOCTE @ 1 Q: .

P = AwQ+ B(0Q) + CoQ+ D(mX o) QX Q) : » @3
CKaﬁaﬁHbIe KOS(p(pﬁuI/IeI-inI A, B, C, D BbIMHCIAIOTCA 11O @opMynaM o | ) ‘

A=Q-OD=6-®D, B=-%(Q*)D=-%(*)D S L (24)

C=02D=w’D, D=1/(Qx Q) =1/(wX @) ~ R R



B TpagumuoHHO#t nocTaHOBKE 3agaua Hap6y — aTo 3agaya onpegenenus TEH30pa NOBO-
POTa IO ONHOMY U3 BEKTOPOB YIIOBOM CKOPOCTH (JIeBOMY ik npasomy). Ona pewmaercs ny-
TEM HHTErpUPOBaHUs COOTBETCTBYIOMIEH CHCTEMBI AndepeHnatbHbIX ypaBHeHUH. Boire
ObLIO MOKA3aHO, YTO €CNH W3BECTHBI 062 BEKTOpA YIIOBOH CKOPOCTH, TEH30p MOBOPOTa
onpefenseTcst 6e3 JONOTHATETHHOIO HHTETPHPOBAHES, COTTACHO opmynam (2.3), (2.4).
Hcxops u3 sToro dakra, 3anaua [lap6y MoKeT GBITH 1n1epeOpMyITMpPOBaHa CIEYIONIUM 06-
pas3oM. .

Jlesasn 3adaua [dap6y: onpenenuTs npaBbIit BEKTOP YINOBOI CKOPOCTH IIO U3BECTHOMY
JIEBOMY. . ' :
Ilpasas sadaua Jap6y: onpenennts nesbIit BEKTOP YINIOBO! CKOPOCTH 11O H3BECTHOMY
IIPaBOMY. A »

Ot GOPMYTUPOBKHE IIONOKEHBI B OCHOBY HOBOrO NOAXOJa K peleHnto 3axayn Jdap6y,
PasBHBAEMOro B HacTosel pabore. ‘

.3. Cxanspublie ypaBHeHUs], CBSI3HIBAIOILHE JIEBYIO U NPABYIO yriIOBBIE CKOPOCTH. DTOT
IIYHKT ArpacT BCIOMOIAaTENbHYIO POIb. 31ECh NIPUBEACHBI CKATAPHBIC COOTHONICHNS, He- -
OOXONHUMBIE IS JANBHEHIIHX TIOCTPOCHHH. BBIBOJ JaHHBIX COOTHOIIEHUI OCHOBAH Ha ypas-
Henmax (1.9), (1.10) u (2.1). ' .

AnreGpandeckuM CIeICTBUEM ypaBHeHmi (2.1) sBnsioTes CKANSIPHBIE COOTHOLIEHHS

0’=Q%, @ 60=0-0 xoa)=(QxQ)> ‘ 3.1)

Hnist nony4yenns: CKaNAPHBIX COOTHOLIECHHH, COJIEPKAIKUX BTOPBIE IIPOH3BOAHBIE YITOBBIX
CKOpOCTei, HEOGXOMIMO PO pEpeHIIPOBATL BTOPOE ypaBHEHHE 13 (2.1). IIpeoGpa-
30BaB Pe3ynbTaT fubepeHEpOBaHTS ¢ yuerom (1.9), (1.10) m Tperbero ypaBHeHHUs u3
(2.1), npuneM K BEKTOPHBIM ypaBHEHHSIM - .

d=P-(Q+0xQ), d-oxd=P - : (3.2)
. Anre6panqeci<HM cnepcrBueM ypasHeHn# (2.1), (3.2) ﬂBJIi[}OTCﬂ‘ CKaJIsIpHBIE COOTHOIHCH:/DI:
@ @=Q+0x0’, & (@Xx0)=0-(Qx0)+@xN)? : (33)
,Q-Q:(;a—mxa))z, Q-(OX Q) =6 (00X @) — (0 X &> (3.4)
(0X®) (DXd)=(Qx0) (OxD) : (3.5)

IMpu BEIBORE coOTHOMIEHTIK (3.1)~(3.5) HCHOMB30BANHCE Toxpecrna (1.2).

3ameuanue. TIonydeHHbIe CKANAPHBIE COOTHOLIEHNS TIO3BOMISIIOT OTOXJIECTBHUTH 3a7aduy
HapGy c 3apagelt onpefenenus: BeKTOp-GhYHKIME MO ee MOAYIIO U MOAYJSAM €€ HepBOi
H BTOPOI NPON3BOJHBIX. - .

HonycruM, m3BeCTEH JEBbIH BEKTOp YriOBOH CKopoct# ®. Torga, coriacHo nepBbIM
mBym Gopmynam u3 (3.1) 1 nepsoit popmyne u3 (3.4), H3BECTHDI MOJRYIH IPOU3BONHBIX
NPaBOrO BEKTOPA YIIOBOH CKOPOCTH

[Q=0,),  [Q=0,(0), 1D, \ (3.6)

Caeposatenbno, eBas 3afaua JIap6y MOKeT ObITH chOpMyITMpOBaHa CIELyIOmUM 00pa-
30M: ONPENETATH MPaBblii BEKTOp YIIOBOH CKOpocTH (2, eCM HM3BECTHDI MOAYIH €ro
TIPOM3BOAHBIX (3.6).

AHAJOrMYHO, €CIIH M3BECTEH NPaBblit BEKTOP YIIOBOM ckopoctr {2, TO, COTIAacHO
. IEpBBIM NIByM (opmynam u3 (3.1) u nepsoit hopmyre u3 (3.3), u3BeCTHDI MOJYJIH NIpO-
U3BOJHBIX JIEBOTO BEKTOPA YIIOBOH CKOPOCTH

lol= (), |ok=£@), o= £ ' 3.7)

u npasast 3ajava HapGy popMynupyeTcs Tak: ONPEAETHTH JIEBBIH BEKTOP YLIOBOH CKO-
POCTH @, €CIIH H3BECTHBI MORYIIH €r0 NPOU3BOIHLIX (3.7).

48



Otroxpecrsienue 3afgaun JapOy u 3agaun onpeencHms BEKTOP-(YHKIMH MO0 MOIYIAM
€¢ NPOU3BOJHBIX NPEJICTABNAETCA HHTEPECHBIM, IOCKONBKY K HOCIENHER CBOJUTCS LENbIi
psifi 3ajiad MeXaHHMKH. B KayecTBe npuMepa NpHBENEM CIEAYIOLIYIO 3afaty: ONpeNeluTh
BEKTOP NOJIOXKEHMs Marepuanbroit Toukyu R(¥), ecmu Mopyns aToro BexTopa, a TaKke
MOJIYJI CKOPOCTH ¥ YCKOPEHHUsT TOUKH SBISIOTCS 3a[aHHBIME (QYHRIUAME BpeMeHH

IRO=r@), IROEV@, [ROEWE | o (3:8)

4. 3agasa onpepenenus: BeKTOP-GYHKIMH N0 €€ CKANAPHBIM XapaKTepucTukaMm. Pac-
CMOTPHUM IPOM3BONBHYH BekTOp-hyskuuio R(#). Bynem IIPENIONATaTh, UTO BEKTOP R(t) He
IOCTOSIHEH 1O Hanpapienmto. Torga BeKTopsI '

=R(t), e,=R(), e3 =R(1)x R() : @
JUHEHHO HE3aBMCHMBI U MX MOXHO HCIOJNB30BaTh B KayecTse Gasuca. IIpecraBuM BEKTOp
R(?) B Buge pasnoxeHus 1o 6asucy (4. 1):

”

R(t) = —a()R() - b(OR(@) + c(H)R(F) X R() ‘ 4.2)
- Kooppunats! BEKTOpa ﬁ(t) B 0asuce (4.2) BEIMUCIAIOTCS IO hOpMyTaMm

a(t)=-R-e? =—(n|RxR]|) - ' (4.3)

by =Rt = BXRVRXR) =yl =_—_R'(R>.<l,})
, (RxR) (RxR)

Ecnu ckanspubie dynxuun a(t), b(t), c(f) — u3BecTHbl, ypaBHeHue (4.2) HpefcTaBisieT co6oi
HeJuHelHoe JudepeHIuanbHoe ypaBHeHTe C ePEeMEHHbBIME K03 (hHUIMEHTAME OTHOCH-
TenbHO BekTOp-pyHKkuuu R(f). Ecin kosdduument c(r) TOXAECTBEHHO paBeH HYINIO, TO
ypaBHeHHe npespamaerca B anneitnoe. Ecmu c(f) # 0, ypasuenume (4.2) MoxeT OBITE Ipu-
BEfIEHO K JIMHEWHOMY OTHOCHTENBHO BekTopa R(#) ypaBrenmio Tpetbero nopsiika. [itst ocy-
IECTBIICHHAS! 3TOT0 NpeoGpasosanus HyxHO: (/) npoguddepernnposats ypasuenne (4.2); °
(2) ymuoxuTh ypaBuenue (4.2) ekropro Ha R(1); (3) cnoxurs [ONIYyYEHHDbIE YPAaBHEHUS U
ypaBHerue (4.2), IpejBapUTEebHO JOMHOXHB UX HA COOTBETCTBYIOIUAE CKATAPHBIE KO-
unuenTel. B pesynbTare DONYYUTCS ypaBHEHHE

R+ A@OR®)+ BOR(®) + CHR(@)=0 4.4)

KO9((UIHEHTHI KOTOPOTO BBIPAaXaroTCs depes Koo duuueHTsl (4.3) 1o dopmyram
A®)=2a(t)=[Inc(O)],  B®)=a(t)+a@) (@)~ [n c(®] )+ b(t) + > (OR* (1)
C@) = b(®) + b(t)(a(t) - [Inc(®)] ) - (H)* OIR* 0] . - 45)

Bb1600: ecim U3BeCTHBI CKASIPHbIE (GYHKIUA BeKTOPa (4.3), 1O 9THM D YHKIIAM MOKHO -
BOCCTAQHOBHUTE CaM BEKTOD IIYTEM PEIIECHNS HEIMHERHOTO AU (hepeHINAIbHOTO ypaBHEHHS
BTOpPOro nopsiaxa (4.2) wim mureiHoro aucdepeHnuanbHOrO ypaBHEHHS TPETHETO NOpsAKa
@.4). -

3ameuarue. Ypapuenus (4.2), (4.4) NIO3BOJIAIOT BOCCTAaHOBUTH HEM3BECTHYIO BEKTOD-
cpyHKumo R(¢) no 3agaHHBIM MORYIIAM ee HpOI/IBBOJIHBIX

H1s1 [OXa3aTeNbCTBA STOTO YTBEPKACHUsI JOCTATOYHO IPHBECTH hopMyITBI, BBIpAXKaIO-

MHe CKajiApHble KOo¢dunuenTs! (4.3) uepes pyukuun | R |, | R )1 R |:
(e Lopay2)) gl LR @) - BRY) V0t
at)=- (1 (R L) )) O

241 1R2;'_2 .o E

)=
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5. Bexropusie gropmymuposku 3agaun dap6y. 3nech 3agaua [JapGy TpakTyeTcs Kak
3ajjaYa ONpPEJIENEHHs OJIHOrO U3 BEKTOPOB YITIOBOW CKOPOCTH, KOIia APYroi “BeKTOp
YIIOBOH CKOpOCTH H3BecTeH. Huxe npemmaratorcs fiBe (hOPMYTHPOBKHE JIEBOH 3amadu
HapOy, ofHa u3 KOTOPHIX Ga3UPYETCs HA HETHHEHHOM ypaBHEHHM BTODOTO MOPsAKA THIIA
(4.2), npyras — Ha TUHEHHOM ypaBHEHHHU TPETHETO NOPAAKa THNA (4.4), X IBE AHAIOTHIHBIE
¢dopmynuposky npasoit 3agauu [1apGy. Ilpeanaraembie (pOpMYTHPOBKH CIIpaBe[THBLI

. TOJIBKO JUI HE NNIOCTOSHHBIX 10 HAIIPABJIEHUIO BEKTOPOB YITTOBBIX CKOpOCTCI/I

Jlesas 3adaqa Japby (3apava ONpENeNeHUs] NPABOrQ BEKTOpA YIIOBOM CKOpOCTI/I no

H3BECTHOMY. IEBOMY). :
Dopmyauposka I. 3agava Koy s onpefeaeHns NpaBoro BEKTOpa YIIoBOH CKOPOCTH

MeET BUN '

Q + a(@)Q + b(6)Q = (@) X O (5.1)

QO =P @y, O0)=P &, - | (5.2)

Kosdpdpunments! a(w), b(®), ¢(w) BHIYUCISIOTCH B COOTBETCTBHE C ¢dopmynamu (4.3)
U CKANSIPHBIMYI COOTHOIIEHUSIME MEKNY YIIOBbIMY ckopocTami (3.1), (3.4), (3.5):
a(w)=—(In| X e D', b(w) = Mx_m)’ c(m) = M

(0% @)? @xd)? ©-3

Dopmyauposxa Il susierca cnegcreueM (opmynuposku 1. Muddepenumansaoe ypas-
.HEHHUE UMEeT BUJ '

’

O+ A2+ B2+ C@)2=0 , ' . 54)

B kauecrse HayaNbHBIX YCIOBHI HCIONB3YIOTCS NupepeHmanbHoe ypasaenue (5.1) npu
t = 0 w HavanpHbie yenosus (5.2). KoaddumuerTs! A(m) B(®), C(w) BBIPAXAIOTCS epes,
a(m), b(m), c(w) no opmynam (4.5).

Ipasasn 3adawa Jap6y (3ajavda onpepesieHus JIeBOI'0 BEKTOpa YIIOBOM CKOPOCTH: IO
H3BECTHOMY IIPaBOMY).

<DopMy/zupoexa . 3apaya Komu fns onpefenesus 1eBoro BeKTopa YIIOBOH CKOPOCTH
nMeeT BHJL

?+a(Q)o+ b(Q)w =c( Q)X @ - | | (5.5
®(0)=PF,-Qy, 6(0)=P,-Qy - ' (5.6)

Koadpdunuentsr a(€2), b(2), c(€2) BuIUHCHIIOTCS B cooTBeTCTBHM ¢ opmynamu (4.3)

"M CKaJISIPHBIMH COOTHOIIICHUSIME MEXKAY yIIIoBbIMU ckopoctsamu (3.1), (3.3), (3.5):

| d(@)=—(n| @xQl, b@)=EXDEXD) © g) L ExD)

, (Qx Q) Q@ xQ)
@opmyﬁupoerca Il sBnserca cunepcrsueM Qopmynuposku 1. Nuddepenuunansuoe

YpaBHEHHE UMEET BUJL \ '

@+ AQ)d +BQ)® + C(Q)w =0 ' o ' (5.8)

B xauecTBe HauaNbHBIX YCIOBHUI HCHONB3YIOTCH puddepermanpaoe ypapaerne (5.5) npn
t = 0 u HauanbHble ycropws (5.6). Koadduuumentsr A(LD), B(.O.) C({2) BeIpakaroTCs Uepes
a(€), b(£2), c(2) no dpopmynam (4.5).

6. CpaBHUTENBHBIH aHAIN3 NpeIaraeMoi i KiaccHyecKkoil ocTaHoBok 3agauu [lapoy.
YpaBuenune Tuna PHKKaTH OTHOCHTENHFHO KOMILICKCHOM HEU3BECTHOH, K KOTOPOMY CBOJIHT-
cs1 3agadva [lapOy B KJIaCCHYECKON OCTAaHOBKE (CM. [9]) HMEET BUJT

2 2

+1 (5.7)

6.1)
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3amena nepemennbIx u = exp(—| (Q, +iQ,)/ zdt/2) nossonser ceecrn ypasuenue (6.1) k
THHEHHOMY YpaBHEHUIO BTOPOro NOpsijiKa ) )

i+(a+ibyi+cu=0 : 6.2)
QQ,-9Q, 0l +Q

’

4
Qf + Q2 4 ,

a=—(n\Q} +Q3), b=0Q;+

JIuHeliHOE ypaBHEHHE BTOpPOro nopgika (6.2) OTHOCHTENbHO KOMIUIEKCHOH HEH3BECTHOH
It =X + [y 3KBHBAJIEHTHO JINHEHHON CHCTEME YETBEPTOTO NMOPSIIKA OTHOCHTEILHO AeHCTBH-
TEIBHBIX HEU3BECTHBIX X, y:

X+ax—by+cx=0, y+ay+bx+cy=0 : (6.3)

Hpennoxe}maz B Hacrosmell pabore ¢GOpMyNIHPOBKA 3ajayuu Hap6y IOpefcTaBIsieT
co06oit TMHEHHOE ypaBHEHHE TPETHETO NOPSAKA OTHOCATENLHO HEM3BECTHON BEKTOp- PyHK-
ud. OTO ypaBHEHHAE HMEET TAKYIO CTPYKTYPY, UTO NPH Hepexofie K KOOPIAHATHON 3aIUCH
OHO PAacHajiaeTCs Ha TPU HE3ABMCHMBIX CKAaNSPHBIX YPABHEHHs, OTIMYAIOIHUXCS IPYT OT
pyra TONBKO OGO3HAUCHHEM HEM3BECTHON (DYHKIHMH, TaK YTO €CIU W3BECTHO pEIICHHE .
OJIHOT'O M3 9THX YPABHEHMH, TO H3BECTHO U PEIIEHHAE ABYX JPYTHUX: :

o, + A, + BQ)d, + C(Q)o, =0
B, +AQ)d, + BQ)d, + C(Q)w, =0 : . (64
B, + A)D, + BEOQ)®, + C(Q)w, =0

Bbiso0. TIpelTosKeHHBII BbIIIE IOAXON K PeLICHMIO 3a0aun [JapOy I03BONAET CBECTH €€
K MTHHEHHOMY nnd)cpepeﬂunaanOMy YPaBHEHHIO TPETBHETO NMOPSJKA, B TO BpeMsi KaK MO~
XOJl, OCHOBAHHbBIH Ha ypaBHEHHMH PHKKAaTH, NIPHBOIUT K CHCTEME JIMHEHHBIX nncp(pepen- ‘
LMaNbHBIX YPABHEHUH, IOPA/IOK KOTOPOH HA ENHUHMIY BBILIE.

7. 3apava o BpalIEeHNH WApa NPU HAMYNH BA3KOro Tpenns. PaccmMarpuBaeTcs TBeproe
TEJIO0 C WAPOBbIM TeH30poM HHepiuu 0 = OE, 3akpemreHsoe B eHTpe Macc ¢ NOMOIIbIO
c@epnqecrcoro mapHApa. B3auMopeicTaue Tena c OKpY2KaloIeil Cpefoi MOfenupyeTes
HEHCTBMEM HA TENO MOMEHTA THHEHHOTO BA3KOI'0 TPEHHS

==K, -, K, =knn+k,(E-nn), n=P-n (7.
¢ yf = K3 12 ’ 0 , .

Tensop Baskoro Tpenns K, xapakrepusyercs nocTosHHbIME KOs duunenTamu ki, ks,
3aBACAIMME OT CBONCTB OKPYKAIOIIEH CPeNbl B NOBEPXHOCTH TeNa, ¥ HANPABIEHAEM OCH
H30TPONMK RN, KECTKO CBA3aHHOM C TenoM (P — TeH30p MOBOpPOTA TeNa, Ny — HaYalbHOES
HANPaBIICHUE BEKTOPA N). Cornacro BTOPOMY 3aKOHY AMHaMMKH O¥inepa, ypaBHEHHE IBU-
KEHUsI TeIa HMEET BHUJL

06 = —[k;nn + k;,(E-nn)]-®, n=P-n, _ (7.2)

HMomuoxus ypasuenue (7.2) cnesa va PT u npoBens HecmoxHbIe NpeoGpa3oBaHus, TOMyIHM
ypaBHEHNE OTHOCHTEJIBHO IIPaBOT0 BEKTOPA YIIIOBON CKOPOCTH

00 =—[knony + ki (E—ngny)] @ | . a3
Pemenne ypaBHenwms (7.3) mmeeT Buj '
L, iy .
Q=my - Qynge ® +{Q) —(ny-Qy)ngle Ae (7.4)

ITocne Toro, xak mpasblif BEKTOpP YIIIOBOM CKOPOCTH OILpPE/eieH, IHHAMAYecKas 3afaua
cBoputcs K 3ajiave JlapOy. Bocnome3opasumck dopmynuposkoit I npasoii 3agaun [ap6y u
- BbIpaxkeHueM (7.4) 1yist NpaBo yrIoBO# CKOPOCTH, IONYYUM ypaBHEHUE [JIsI JIEBOM YITIOBOH
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!

CKOpOCTH

&+2k3+k12 [ +3k3k12+k12 Q2}®+[M@_l
263,
6

o > (QZ)‘},) =0 (7.5)

242 .

~(n0 Q()) e . +[Qu (m, - ‘Q'())“o] e T

Vpasuenme (7.5) EMeeT TOUHOE AHAJUTHUECKOE PEIIEHHE, KOTOPOE MOXKET OBITh Ipeji-
CTaBJICHO B BH[I€ PAaBHOMEPHO CXOASAIIETocs pAfa, KO2(h(HUIMEHTHl KOTOPOTO CBA3AHBI
Me3KJy ‘Co00i PEKYPPEHTHBIMH COOTHOIIECHAAMHE. Perenne ypaBHeHus (7.5) MOKHO HAWTH B
[10], rne o6cyxnaemas 3aja4a paccMOTpeHa B Golee o6men IIOCTaHOBKE (TE€H30p WHEPUUH
Tella — TPaHCBEPCaTbHO-U30TPOIHBIH).

8. 3axava o Bpalennu mapa Nox AeHCTBHEM NOCTOSHHOTO 'Momeu'ra PaccmaTpusaeTcs
wap ¢ TeH30pPOM MHEpIHMH 0 =6E. Llentp macc mapa Henoxsmker. Ha map AeicTByeT
MOCTOSHHBIA 110 BENMIUHE U HAIlPaBIECHAIO MOMEHT M. YpaBHeHue JIBI/DKSHHSI mapa

0o = : (8.1)
JIETKO UHTETPHUPYETCA, B PE3YIBTATE UCTO OHPCHeHﬂCTCﬁ JIEBBIH BEKTOPp yI‘JIOBOI;'I CKOpOCTH
0=0"Mt+0, - (8.2)

U [MHaMzYecKas 3ajiaua CBOJHUTCA K 3afaue [lap6y. Bocnonssosasumch hopMynuposroii 11
neBo¥ 3agaun JapOy, ¢ y9eTOM BBIPAsKEHUS ISl IEBOH yriioBoi CKOpOCTI/I 8.2), nonyth
ypaBHEHHE [l ONPEJICTCHHs NIPaBOK YIIIOBOY CKOPOCTH ,

D+ O2M P +207 M- 0pt + ) — (07 Mt +067'M- @)Q =0 . (8.3)

YpasHenze (8.3) HOIyCcKaeT TOYHOE aHAJTUTHUYECKOE PEIIEHHUE, KOTOPOE BBIPAXKAETCs
uepe3 runepreoMeTpIIecKe Gynxman. ITogpoGHoe 06CyRACHIE 9TOTrO PEIICHMS BBIXONHUT
32 paMKH IaHHOH paboThI.

Agrtop 6naropapur IL.A. }Kmmﬂa n AM. Kpnnuorsa 3a o6cy>1<nenne paboThl U 1O-
JIe3HbIe 3aMEYaHus.
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