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TPAHCOOPMAIINA BOJIH B CPEJE CO CJYYAVIHBIMI
HEOTHOPOJHOCTAMUI

I'. M. 3acaasecruii, H. H. Duaonenrxo
(Hococubupck)

dpdexr Tpamchopmanun BomH B CIa00HeOIHOPOSIHO cpeje 3aRIiovaeTes
B cienyfomem. IlycTh B cpese Bo3MOKHB IBa THIIA CBA3AHHEIX KoxeGanuii Ay,
' hy, OIHCEIBaeMBEIX, CRajkeM, YPaBHEHUAMHI

d2hy
dx?

G+ I (@) by = 0t () Iy (1)

- Neg {2V Ay = k() A,

3iech z — mapaMeTp HeoZHOpoxHOCTH. B OHOPOMHOM CJIy9ae MOKHO
| IepeiTH K HOPMAaJBHBIM KojeOaHmsam s
‘ a*H
152 2
g o ueisa— 0

TJie BONHOBBIE BEKTOpPa ¢; , HOPMaJbHEX KojebaHmii ONIPefiesiAITCA M3 ypas-
HeHUIT

13 =2 (b + ?) & V a (b — kad)® I o2 (2)

B craGoneogmopomrom cayuae, Korfia Ky, o — «Mepiennsiey ¢QymrKmum
KOOPAMHATHL

% (Ingy, ) <q, o (3)

NpubIMKeHHEIME pemenusamu (1) OYIyT «KBasHHOPMANBHEIE» KOJIeOaHMs

Mg P exp {:t i§ 1, 2(2") dxl} (%)

Vq1, 2

7€ ¢y, HO-TIPEKHEEMY OILpe/ieIeHEl ypaBHeHHEM (2).

B onmpepenennsix o6macTax m, B 9acTHOCTH, B OKPECTHOCTSAX TOUEK, TIe ¢y = ¢y, Pelle-
HHsL THIA (4) CTAHOBATCA HeCIpaBeruBsiMu, 11pn TIPOXO0KEHIM TaKOTO POJia Pe30HAHCHBIX
- 0acTell aMINIUTY/B KBAa3HHOPMATHHEX KOTeGaHMI CKAaYK000pa3HO MEHAITCA II0 CPABHE-
HHI0 ¢ HAYaJIbHBIME (siBreHme CTOKCA), W MPOUCXONUT KaK Ol mepepacupeniesieHIe SHEPrun
NEHRNY KBaSHHOPMATbLHHIME KonebamuaMu. TepMuH «TpaHChOPMALA BOTH) Oymer memonn-
S0BAH MMEHHO [JF OUUCAHHOTO SIBJICHHSA, & TOYKH DE3OHAHCOB, B KOTOPHX ¢y = g5, OyIOyT
HaSHIBATLCA TOUKAMN TpaHchopManum. SBrerne TpaHCHOPMALUT BOIH B ca1ab0He OHOD O HOH
tpefie JOCTATOYHO XOPOLIO H3YYEHO B CBABU C PABIMUHEIMU aCTPOPUBMIECKUMIL BOIPOCAMIE
['"3] m Bompocamu marpeBa miasMEl [476]. DopmanbHON OCHOBON I BEMHCITCHHS K039(-
punuenTOB TpaHCHOPMALUE MOKeT CIy:RuTh it cucreMsl (1) passmrsii ITykennGeprom
MeTox [?] cIUBKE acHMITOTHYeCKIX pemennii (4) Ipu Tepexofie Yepes OKPECTHOCTD TOUKH
TpaBcHopMa UL,

Ilpn mpoxosspiennE BONH wepes MOCTATOYHO GOTBINME OGBHEME! ILTASMEL 9HCIO0 TOYEK
 TPaHCHOpPMALUT MOMKET ObiPh 6ONbIIEM. FCTeCTBEHHO COMTATD X pacIipefieleHNe XaOoTHue-
CREM U 3a7laHHBIM B BUJle HEKOTODPOil Cayvaiimoii hyuKnnn KoopauHaTH. BosHmRaer Bompoc
00 OIMCAHWK KHHETHKH BOJIH B Cpejie CO CTYHaHO PACION O3KeHHBIME TOTKAMHT TPaHC(hopMa-
qui. PopmMasbHO 3a/1aua JHATOTHYHA CHCTEME CBSIBZAHHLIX OCIMIIIIATOPOB, IPOXOIAIUX Yepes
PE3OHATCH B CIyvaiitbie MOMeHTH BpeMeHu. Huske pasBuBaeTcs MeToN pemenus DOmo0HOro
poja Bamad. /

-
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HaggeM ¢ pAccMOTPeHHs e[[HHATHOTO AKTa rpancdopmarum. IIycrs
I HeKOTOPHIX BHAUCHUI 2 CIeBa OT o6macTi TpaHcpopManuy PeleHue ypas-

menus (1) mpemcTaBieHo B BUJS
H=AH + ALY - g

Cmpasa oT of6macTn TpaEcGOpMAIIE POIIeHNe HMEeT BILL
H = AfHi + A HyY

31ech CBA3L MERAY (A*, A™) m (A1, A,) ompefersaeTcs ypasreruem [°]

( At < ie'®cosa sina ( Ay
Ag* ) = sina ie~*® cosa ) A, ) (3)
. 1
sing=¢%, d= 7‘ <§ (g1 — q2) dx l

3nech naTerpan B § Gepercs 10 KOHTYDY, O0XBaTHBAIOMEMY /(B KOMILTEKC~
HO COMPSReHHEIe TOTKI TpaHcQopMAuH; ( — H3BECTHAA ¢asza, KoTopas B
AaNbHEIIeM OKAajKeTCA He CYINEeCTBeHHO. Kasxpsiit akT TpaHchopManun
MOJKHO pAaccMaTpHEBATh KaK (CTOIKHOBEHNME) BOIH, a MaTpumy mepexofa oT
(4,, 45 & (A%, A,*) — ®ak omeparop CTOJKHOBEHHA. '

Marpuma mepexofa Me:KAy HOCJe[OBATEIBHEIMA CTOJIKHOBOHUAMA HMEE

BUT

. io+iS iSagi

ie tcosa eSrsina ;

M 3R : Slsgql (x')dz', S2= ng (x')dz" (6]
eiSiginag ie®tiS:cosa .

Brech mHTerpaisl B S1, GepyTCs MEHKIY [ByMs GrmKaifmiumMu TOYRAMI
tpamchopmaruu. [laa TOro qT06H ®30e/KaTh BO3MOKHOCTH IEPEKPBITHA 00
macteii TpacopMarui, OTPAHMIAMCH CIyHaeM JOCTATOYHO PEJIKHX CTOIKHO1

peruilt m moTpedyeMm
lgisiA (7

rge | — cpejHee DACCTOAHMES MEKAY TOTHAMU rpamchopmanun. Hepasen
crso (7) mpUBOAMT, B YACTHOCTH, K TOMY, uro (asosse Haber: Sy, S, B (6
BeINMKH, T MOKHO TpeHeGpeds (asoi ©.

TIpeAmooKuM Tenepp, 9To B HeKOTOPOil HadaubHON TOUKEe Z, 33/jaH BEK
Top A, ¢ KOMIIOHeHTaMHI (4,®, A,®) m Ha oTpe3Ke MyTH IO I BOJIHA WCIBITHI
BaeT 7 CTOMKHOBEHWIl (IPOXORUT 72 TOIEK rparcdopmanum). Torga B ToIKa
x BekTOp A, MOKeT GHTH IPEJICTABIEH B BH/S

A, (z) = MM, - - M 1A (20)

3mecs My = My (Zp-1, z,) I OIPeJIeNseTca dopmyamoit (6), B KOTOPOi TO
Koit TparchopMaIIn Gymer Iy, BCe IapaMeTpPHl 3aBUCAT OT momepa k, a m
Terpalisl B S, prramensoTCA HA AyTe MOKIY Zpq ¥ Ty 3871298 3aAKII0IAETC
B OIPe/IEIeHAN CPE/{HeT0 3HATOHNA ¢A (), yCPeFHEHHOTO IO BCEM BOBMO '
HEIM BapUAHTAM pPasMeIeHUsI Towek TpaHCPOpMAIHU HA (29, ). bymem cu
TaTh pPacIpeleeHne IOCIe/[HNX IIyacCOHOBCKUM, a BEJIMYMHY @ IOKa I
cToAHHOIl (oTpaHMYeHNE HA a4 GymeT CHATO HIKe). JTO 03HATAET, UTO BEPOs ‘
HOCTH TOABJIEHWA TOUKE TpaHchopMamuu B DICMOHTE dz pasma [~'dz.

PaccMoTpuM CHCTEMY

%:iglU—iEké(x—:ck)(aV——ﬂz— v)

—

%:iqﬁ—i%é(m—xﬂ(aU—% )
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rme z;, Toukm Tpamchopmanuu. Herpymmo ybemurhbes, 9To MaTpuIa mepexofa
pemeruii cmeteMbr (8) MesKIy [BYMSA IOCJIEA0BATEILHEIME TOYKAME TPaHCPOD-
Marnuu ToxxmecTBenHa ¢ (6), ecam MONOKUTH

U=VaH, V=VaH 9)

s (9) caenyer, aro xBagpaTs ammautysn U, V coBmagaior ¢ geAcTBHAME
coorBercrBenHO H - m H,-Koumebanumii, m 3a7jaqy 00 yCpPeZHEOHUU DENIeHUH CH-
- cremsl (1) MOYKHO 3aMEHHTH DKBWBAJEHTHOM 3ajjadeil 00 yCpeJHEHAN peIleHmH
cucreMmsr (8).
Brepem ¢ymrumio pacmpepenenusn f (xz, Uy, U,, Vi, V,), THE

Uy =RelUis - Uy =Im U, i~ Vy = Rely V= Q¥
\ tav,dv,av, av, =1

Kunmermaeckoe ypaBmenwme s [ MOMKHO IOJYYUTH OORYHBIM 00paszoM
(cM., mampumep, [°])

7] 7] b7)
ai 1U26 +Q1U16f q:V> (’)V +Q2V1 f = S* {f} (10)

riqe CTONKHOBUTEJIbHEI YJI€H HMeeT BU[,
Ha {f} == %‘ [f (x’ Ul*y UZ*y Vl*, V2*) TR f]! f i f(x1 Ul) UZ, Vlv V2) (11)

Koopamaars U, ,*, Vy,* onpegenaorca m3 ycioBuA, 4TO B pesyabTare
CTOJKHOBeHHS OHM IpHHUMaoT 3Hauenusa U,,, V,,. ¥Ypasmemma (10), (11)
mMeloT Bup o0mUHOTO ypaBuenusa HouaMmoropoa — Qemnepa AisA paspHB-
'HOTO caydaiiEoro mponecca. Vs cucremsr (8), winu us (5) um (9), mMeeM

U* = U, cosa + V; sin a, Uy* = —U,;cosa + V,sin a
V¥ =U;sina +Vycosa,” Vy* =U,sina—V,cosa (12)

Ilpeo6pasoBammsa (12) Tax sxe, kak u (9), (6), coXpaHAIT WHBAPUAHTHON

BeNUIUHY
I = | Up A4 | V= q; | Hy|® +.q, |H, |? 13)

MMEIONIYI0 CMBICA TIOJHOTO JeHCTBHUA CHCTeMH JBYX KojaebGammii. [leiicTBme
CTOIKHOBEHHU BaKI0YaeTcsg B Iepepacmpefeiiennu afguabaTuIeCKWX WH-
BapWAHTOB KayKAOT0 W3 KojebaHmii.

Vpasuerus (10), (11) mosBoasror BHUMCAUTH 000l MOMEHT (YHKINE
pacupenenenns f. DuswdecKuii WHTEPEC MPENCTABIAET BHUHUCICHIE CPOIHUX
3HAYCHUWH ammabaTWYecKUX WHBAPWAHTOB KaykA0T0 U3 THIOOB KOJeOaHWIi,
T. €., COTJIACHO (13) cpep;lmx JUP>, <|V[?y. Yumoxaa (10) mocuemoBaTens-

vo Ha U2, U,%, U,U, ... ¥ UHTETPEUPYS 10 BceMy (asoBOMY IPOCTpaH-
CTBY, TOJydaeM
. d;f;} = o a<11> i gm Ly + i 2a T
Tow _ Sre gy dve <Iz>—s"‘2“ (T (14)
d <Im> = (gs— fh) {Tary
d—fiI;}z =—(¢2—q1) <112> e 5121251 ) 4 sn;fa oo~ sm ln)

Iy = U+ U - Ly = V2LV 112:U1V1+U2V2=ReUV
121: U]_Vg = UZVI ST T III‘IZYI7
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Us (14) n (13) maxogum cranmoHapHOE pPENICHUE
Iy =<l = 1Al i) =T =0 (15)
Pesynprar (15), B wacTHOCTH, 03HAYaeT, 4TO €CAM HA TPAHUIE IITA3MEL
6b110 BO36YK/IEHO TOMBKO KojJe0aHme ¢ 3afaHHEIM 3HAYeHHeM [, TO IO mpo-
XOJKJCHUM [[OCTATOYHO WIMPOKOTO CJOA BTOPOe KoaeGaHWe 3HAYUTENHHO |
«HarpeBaercsy.

[Tepeiiem Temeps K OMMCAHWIO Hmpomecca NPUGIMKEHHA K PABHOBECHIO. |

Pemenme cucremsr (14) oThickuBaeM B Buje ~ e**. YpaBHeHHme JiIf X

w40 [451.?#l+(91—q2)2}%+2(q1—%)2 't —0  (16) |

W3 rtpex kopmeit ypaBuenus (16) — oguH OTpHUIATEILHHINH W Ba KOMI- |

JIEKCHO COUPAKEHHBIX ¢ OTPHULATENbHON [MeHCTBUTEIHLHON YacThIO.
HnmeEa penakcaruu ompejesisieTcss KOpPHEM X%, [JIA Kotoporo | Re %y | —

MUHUMAaJIbHO, BpinmineM sHaueHmsA Ho A HEKOTOPBIX IPeHeabHBIX CJIydaeB |

%Oz-——l/lo, ZOIQ1—‘]2I>1, lO :l/4Sin2a :
%o =~ — s (g1 — q2) lo; Ll — | <1 (17)

Bropoii ciywaii BBUTY ycooBuS pPeAKHX CTOJKHOBeHHiT (7) MomkeT ocy-
M[ECTBIATHCA JIMIIb IPH TOCTATOYHO MAJBIX 3HAYCHUAX (¢ — ().
Ecnu Tenepsr mapameTp CTONKHOBEHHS @ CYUTATh CAyIaHEIM ¢ (yHKIUeit
pacupefieneHus w (a)
w(a)da =1

To B ypasuenuu (10) cronkmoBuTenbHSI wien S*{f} samengercs Ha

«S* > = \w(@) §* {f (a)} da
CootrsercTBeHHO B ypaBuenum (16) caemyer zamenuTs sin? ¢ mHa
({sin2a>> = S w{a)sin?ada

B sarmiouenue crenaem npa sameuanms. IlepBoe CBA3AHO ¢ TeM, 9TO PACCMATPHBATLCE
TONBKO TOYKH TpPaHCHOpMALmE ¢y = ¢p. CymeCTBYIOT M Apyrue OcoGeHHOCTH pemeHm
(4),— Hampumep, B TOUKaX, Ifie q;, = 0. Hax morasauo B [1°], mocremsme nmpueogsr & 06-
HIeMy pOCTY B CpefHeM ajuabaTmiecKoro muBapuanta / Beeil cucremsl. PacemoTpenme, mpo-
BefleHHOe BEINIe, eCTECTBEHHO Lpejmonaraer, 4To shQeKTs, CBIsaHHKE ¢ TpaHChOopManme
tana (5), OyAyT ocHOBHEIMIL. BTopoe 3aMedaHme CBABAHO ¢ BOBMORHOCTBIO IIPOCTOTO 0O0OMIe-
HUSI WBJOKeHHOI0 MeTOofa JJIA IPOUBBOABHOTO YWCHA CBA3AHHHIX Koje(anmii,
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