JIEKIIU S 22

KAHOHUYECKUE
[IPEOBPA3OBAHUA
(IIPOAOJI>KEHUE)

Ha mpormuioit iekiun ObL1a HayaTa HOBasd TeMa — KaHOHMYecKue rmpeobpa3oBanusa. Ha-
IIOMHUM HEKOTODBIE YDABHEHUS W MOHATHUS, KOTOPbIe TaM BBO/IMJINCH.

[Iycts umeercs cucrtema auddepeHnaIbHbIX YpaBHeHUN B popMe ypaBHeHnuit ['aMuibTo-
HA:

do, _OH  dp, __OH

7

dat  Op,’ dt ~ dq’

7

i=1,2,..,n. (22.1)

(2

Oyukius Famuibrona 31oit cucrembl H = H(qy, ..., Gy D1y s Py t). DTO 2n ypaBHEHUI
[IepBOro MopsiyiKa. X MOXKHO 3amucaTh B BEKTOPHO-MaTPUIHOl (popme. Breném 2n-mepHbiii

—  def q — def E
BEKTOD & = ]29 . Torna H = H(Z,t). Beeném marpuiyy J = ( 0 ") u crpoky H, =

—E, 0
OH OH OH oH
— |. Marpuna J obiamaer CaeayomuMu CBONCTBaAMMU:

d¢, ~ Oq, Op;, ~ Op,
1. JP=J1t=—J,;

2. J2=—-FE,;

3. detJ = 1.

C yuérom BBenEHHBIX 0003HaUeHUil cucremy ypasuenuii [amuiabrona (23.1) MoxHO niepe-
mcaTh TaK:

dz
— =JHT 22.2
dt x ) ( )
[Tepeiiném B (ha30BOM MPOCTPAHCTBE ¢, P K HOBBIM IIEPEMEHHBIM:
Q Q (q p7 )7 P P (q7p7 )7 Z': 1727"'7n' (22'3)

Bynem npepnosiarath, 9To 3Ta 3aMeHa IIepeMeHHbIX oOpaTuMa, a Bce dpyHkIun Q; u P,
JIBAZKJIbI HENpepbIBHO JuddepeHupyeMbl 1o BceM cBouM aprymertam. Coornortenust (23.3)
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O

TOKe MOYKHO 3allicaTh B BEKTOpHOI dopme. Beaém oboznadenue jj = ( > . Tornma 3amena

IIepeMEHHBIX UMeeT BU/I

(2, 1). (22.4)

<y

y=
CocraBuMm MaTpHILy

0Q,  0Q, 9Q 09,

R
00 00 0Q,  0Q, 0Q,  0Q,

_ 9% _|aq op|_| 9aq T 0q, Op, T 0p,
M=3:=|op op|~|on  of orn  op | 29
o Op dq, 9¢,  Op, op,,
oP, oP, 9P, oP,
9q, 9q, Opy op,,

Tora o6paTuMOCTh 3aMeHbI TIepEeMEHHBIX dKBuBaJsieHTHA paBeHcTBY det M # 0. ObparHoe
mpeobpazoBanue OyIeT UMETh BUJL

T =Z(y,t). (22.6)
[Ipu sToM MaTpuiia oOpaTHO 3aMeHbI OyIeT paBHA
0T
Mil = S5 (227)
9y
[Tosryaum ypaBHeHUSI JBUKEHUS B HOBBIX IT€PEMEHHBIX.
dy 0Oy di 0Oy 0y
L =_2. 24 2 = MJH' + ==, 22.8
dt 0T dt ot v ot ( )
9y
YT10o06bI TOSTYyYUTH ot HY>KHO B3$Th YaCTHYIO ITPOM3BOJIHYO BbipakeHus (23.4) mo Bpeme-
. y
HU, & 3aTeM B [I0JIy9€HHOM BbIDAXKEHWU 3aMEHWUTh BeanduHy T 1o dopmyste (23.6). Torma N
oyner pyHKIUER OT 4.
O6o3uaunMm depe3 @ ncxomayio GYHKIHIO H, BEIUYUCIEHHYIO B HOBBIX IT€PEMEHHBIX:
(1) £ H(Z (5. t), ). (22.9)
HT = (& @ T—MTCIDT (22.10)
o \vox) v )
TaKI/IM 06pa30M, YpaBHEHUA IBU2KEHNA B HOBbBIX II€PEMEHHBIX 6YI[y’I‘ NMETDHb BU]JL
dy 9y
— =MJMT®T + —Z, 22.11
dt T (22.11)
dy Ny
JlemMma 2 /Ijs Toro arobsr matpuna | J N ObLIa CHMMETPUYIECKO#, He0OX0IMMO U JI0CTa-
Y
Togno, 4To6b1 MaTpuna M?T JM aBHo He 3aBHCcena OT t. *

/ Zlas nodzomosku k 9K3aMEHAM TNOAB3YUMECH Y4ebHOoU aumepamypot.
. 06 obHapysHCEHHBIT HEMOUYHOCTNAT U 3AMEUAHUAT NPOCHOA nNucams Ha
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o7
Hok-Bo: IIpeobpazyem marpuiry (J 8—?) :
y

9y 9 ag> 9 (3@) oi
) =J=(Z)=J—= (2] =. 1
@&L J@(m o7 \ot) 5 (22.12)

Tak kak GyHKIHS i JBaXK/Ibl HEIIPEPBIBHO T depeHimpyeMa mo CBOUM apryMeHTaM, TO
B mocjejiHeit popmMysie MOKHO TOMEHSTh MOPSIOK TudOepeHIInpOBaHUS.

0y o [0y . oM
) =J=—|=Z\M1'=J—"—"M". 22.1
(le Jm(%) Y (22.13)

9y
anurieM ycjaoBue CUMMETPUIHOCTH MaTpuiibl | J ot :
y

JWMil = JﬁMﬁl. (2214)

[Tpeobpasyem Bobipazkenue (22.14):

( oM )7’ oM

oM T T OMT 1 OMT
J—M1> = (Mt JT = —(M7T J. 22.15
( ot ( ) ot (M) ot ( )
Takum 06pazom, paBeHCTBO (22.14) MOXKHO TI€penucaTh Tak:
1 OMT oM
M7y J=—J "M 22.16
(M) ot ot ( )
VuMuOXKEM 06e gacTu 3Toit hopmynsl ciaesa Ha M7T, a cipasa — ma M. Ilomyanm
oM™ oM
JM = —-MTJ — 22.17
ot ot ’ ( )
o(MTIM)
—=0. 22.18
Taxum obpaszoM, paseHcTBo (22.14) skpuBagenTHO ToMy, 9o Marpuna M7T.JM e zaBucut
ot Bpemenu. CjeqoBaTeIbHO, YTBEPXKICHNE JIEMMbI BEPHO. [

Tenepp BcmoMHUM (hakKT M3 Kypca MaTeMaTUIEeCKOrO aHAJU3a, KOTOPBIA IIPUTOIATCS

ay (2, ..., Tp,)
B masbueiimem. Pacemorpum muddepennuanbuyio dopmy a - dZ, vae a = ,

a,, (zy,...,z,,)
Ly
:Bm

13 kypca MaTeMaTHIecKOro aHAJIM3a U3BECTHO, 4TO YTOOBI Bhipazkenue (22.19) 6bL10 1moi-
HBIM T HEPEHITUATIOM, HY2KHO, ITOOBI

a-di = aydry +--+a,dz,,. (22.19)

aa, 8@ :
A (22.20)

dr; Oz,

/ Zlas nodzomosku k 9K3aMEHAM TNOAB3YUMECH Y4ebHOoU aumepamypot.
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oa

Wnu, uTo 3KBUBAJIEHTHO, MaTPUTIA 9 JOJI2KHA, OBITH CHMMETPUYIECKO. ITOT (PaKT IMOHA-
x

100UTCA B TAJBHEHNIIIEM ITIOBECTBOBAHUN.

Urak, ypasHernus (22.11) B HOBBIX MEPEMEHHBIX He 00s13aTEILHO UMEIOT FaMUIBTOHOBY
dopmy. VIx He Bcera MOKHO 3alicaTh B BHJE

dQ, or 4P, or .
@ ~op @ = agy TLhem (22.21)

7

rje I' = I'(y, t) urpaer poab dyukiuu Famusabrona. Wim, B MaTpuanom Buje,

dy
A JFg, (22.22)
dt

Ho nasmee peun OyaeT miTu TOJBKO O TAKUX ITPEOOPA30BAHUAX, KOTOPbIE COXPAHIIOT T'a-
MWJIBTOHOBY (hOpMy ypaBHeHUii. I3ydenne Takux mpeoOpa30BaHUM U ABJISAETCS IEIbIO JIaH-
HOT'O pa3zesa Kypca.

Onpedenernue 60: Ilpeobpazosarue (23.4) Hazvisaemces KAHOHUMECKUM, €CAU OHO A00YI0
2AMUNDIMOHOBY CUCTMEMY NEPEBOIUM 8 2AMUABIOHOBY, 803MONCHO, ¢ Opy20l dynryuet Ia-
muavmona L. &

BamMeTnm, 9TO ecIu HeKoe Ipeodpa3oBaHue MEPEBOUT KOHKPETHYIO TaMUJIBTOHOBY CHCTE-
My B FaMHUJIBTOHOBY K€, TO 9TO €IIé He O3HAYAET, YTO OHO KaHoHm4Yeckoe. Hampumep, ecan
ucxonnas pyukiusa amuabrona H = 0, To Jyirobast HEBBIPOXKIEHHAS HE 3aBUCHAIIAs OT BpeMe-
HU 3aMEHAa MEPEMEHHBIX MEPEBOJIUT UCXOIHYIO CUCTEMY B FAMUJIBTOHOBY CUCTEMY C HYJIEBOM
dyukmueit lamunbrona. Ho He Bce Takme 3aMeHBI TIePEMEHHBIX SIBJISIOTCS KAHOHUYIECKUMH.

[TousiTrie KAHOHUYECKUX TTPEOOPABOBAHMIT JIE2KUT B OCHOBE AIlIapaTa, KOTOPbIN MTO3BOJISET
YIPOIIATH YPABHEHUSI JBUXKEHUsI C COXPAHEHNEM UX TaMUJIbTOHOBOU (POPMbBI. DTH IIPeodpas3o-
BaHUs MOSBUJINCH M3 MATEMATHKN, TaM OHU HA3BIBAJINCH KACATEIbHBIMU ITPEOOPA30OBAHUSMU.

[Tocyie BBe/ieHUST TOHATHS KAHOHUYIECKUX MIPEOOPA30OBAHUN BO3ZHUKAIOT JIBA BAXKHBIX BO-
mpoca.

1. Kak ycTaHOBUTB, SBJIsIETCS JIX JaHHOE KOHKPETHOE TTPeo0pPa30BaHNE KAHOHUIECKIM

2. Ecnu npeobpazoBanue sBJsieTCd KAHOHUYECKUM, KAaKOW OyJieT HOBas (PyHKIMA [aMuib-
TOHA?

Ha stoit eknuu OyeT pacCMOTPEH IEePBbIi U3 9TUX BOIIPOCOB.

Teopema 30 [lis Toro, urobel npeobpazosanue (23.4) ABISIOCH KAHOHUYECKUM, HEOOXOH-
MO ¥ JOCTATOYIHO, YTOOBI CYIECTBOBAJIO YuCy0 ¢ #+ () Takoe, 910

MTJM = clJ.| (22.23)

*

YHucso ¢ Ha3bIBaeTCs BAJIEHTHOCTBIO peobOpasoanust. Eciu ¢ = 1, To mpeobpa3oBaHue
HAa3bIBAETCA YHUBAJIEHTHBIM. Jallle BCETO B JIUTEPATYPE U TEOPETUUIECKON (DUBUKE UCIIOTb-
3yIOTCS YHUBaJICHTHBIE ITpeoOpa3oBanus. Ho, Kak cjeayer u3 TeopeMbl, KJIacC KAHOHUIECKUX
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npeobpaszoBanuii bosiee mMUpok. Hale Bcero n3MeHEeHHEeM MAaCIITada 110 KOOPAUHATAM YIAETCs
cleaTh KOHCTAHTY ¢ PABHOHN eIUHHUIIE.
Marpurna M, ymoBieTBopsitoiiasi coOoTHOIeHn o (23.8), Ha3bIBaeTCsi 000BIIEHHO-CUMITIIEKTUIECKOM.
FEcau ipu 3Tom ¢ = 1, To oHa Ha3bIBaeTCs CUMILIEKTUYIECKO. Bo3bMEM ompenennTesib oT
obenx wacreil paBeHcTBa (23.8):

(det M)*> = ¢ = det M = +c™. (22.24)

Takum obpazom, 0O0OIIEHHO-CUMILIEKTUYECKAS MATPUIIA ABISIETCS HEBBIPOXKJIEHHOM.
—1 _
VYMuoKUM 06e "acTn paseHcTBa (23.8) caesa mHa (M7T) ", a cipasa — na M. Torga

J=c(MT)" M, (22.25)

Bbraucsmm obpaTHyo MaTpuily or obenx dacreil paBencTsa (22.25):

1
—J=-MJMT, (22.26)
&

(MJIMT = cJ. (22.27)

Boipaxenus (23.8) u (23.9) sKkBUBATIEHTHBL.

/ Zlas nodzomosku k 9K3aMEHAM TNOAB3YUMECH Y4ebHOoU aumepamypot.
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Tereps j1okaxkeM cHOPMYIUPOBAHHYIO TEOPEMY.

Hoxk-Bo: 1). Jocraroynocts. [lycTs cyiecTByeT Takoe YUC/Io ¢, YTO BINOJIHSIETCS YCIOBUE
(23.8) (mnm (23.9)). Haiiném B npeobpa3oBaHHO CHCTEMbI ypaBHEHWIA:

dy 9y
— = Jc®l' + ==, 22.28
dt T (22.28)
T 9y
Matpunia M JM* He 3aBUCHUT OT BpEMEHHU, 3HAYUT, COIJIACHO JiemMe, MaTpuna | J En
Ny 9y T
ABJIIETCA CUMMETPUIECKON. DTO 3HAYUT, 4TO J 5 = —R,, rne R — nekoropas dyHKIHSA.
Crajio ObITh,
9y
= JR]. 22.29
T (22.29)

C y4uérom sToro ypasaenus (22.28) 3ammIryTcs B BAIE
W _ jeqT 4 JRT = J (c®+R)" (22.30)
dt v v v '

U3 Beipazkenus (22.30) BUHO, 9TO TPeoOPa30BAHHBIE YPABHEHMS UMEIOT BUJ| yPABHEHUIA
lamuiibrona, a noBag dyukinua [amuibrona [' = ¢® 4+ R, 3na4uT, JOCTATOYHOCTD JIOKA3a-
Ha. ® — 310 crapas dyukiusa [amuiabTona, BhIpakeHHAs Yepe3 HOBbIE IepeMeHHble, a R
HAXOJUTCS U3 COOTHOIIEHNUs (22.29) 110 M3BECTHBIM B MAaTEMATHYECKON (DU3MKE AJITOPUTMAM.

O6parum BHUMaHME, YTO HOBasg yHKINA ['aMUIbTOHA 3aBUCUT OT BAJIEHTHOCTU IIPEOOpa-
30BaHnd, a QYHKIMS R BO3HUKIIA U3-32 TOTO, 9YTO IIPeoOpa30BaHNE 3aBUCEIO IBHO OT BPEMEHH.
Hwu BasenTHOCTD, HU (byHKIMA R He 3aBUCAT OT UCXOAHON pyHKIMM ['amMuibTOHA.

2). Heobxomumocts Ilycrs npeobpazoBanune (23.4) nepeBoaut Ja00yI0 TaMUIBTOHOBY
cucreMy B raMusibTOHOBY. [lpu Jsito6oit ucxoanoii dyukiyum amuibrona ypasaenns (22.11)
umetor dhopmy lammnbrona. JlokazkeM, 9ro BbinoJsHsieTcs yciaosue (23.8) (mim (23.9)).

IIycte ® = 0. Torma vacTHast TPOU3BOIHAS 9y MOKeT ObITh 3ammcana B Buje (22.29).

ot

0
YpaBHeHUs! JIOJKHBI UMETh CTPYKTYpPY (22.22), 3HAaYUT, MaTpUIA <J —y> ABJIAETCS CUM-

ot

)
MmeTpuueckoit. CreoBaTebHO, coryiacHo jgemMme, Marpunia MTJM He 3aBUCHT 9BHO OT Bpe-

menn. Urobbl mpeobpasoBaHHble ypaBHeHUs: uMesn dhopmy (22.22), HyKHO, 9TOOBI TIEPBOE
ciaraemoe B (22.11) Toxke ObLIO MPEJICTABUMO B BBIIIEYTOMSIHYTOM BH/IE:

—

MJM"®T = JGT, (22.31)

— IMJM"®T = GT. (22.32)

Beeném marpuiy A £ —JMJIMT = |ay|7_,. Ona ne sasucur siBHO or Bpemenu. Tereps
(22.32) samuceiBaercs B Buge AP = G

0P 0G N 0P
il 22.33
ayk TZ krq, ayr ayl TZ Irg ayr ( )
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[IepekpécTHble TPOU3BOIHBIE IOJI2KHBI ObITH PABHBI:
0 (& 9 0 (& 9P
— a—— | = = a,— | . 292.34
y, (Z; * 3%) Ay, (Z; : (‘3y7~) (22:34

DTO yCJIOBHE UHTEIPUPYEMOCTH, U OHO JIOJIKHO BBITOJHATHCS TPH JIF000H dyHKImn P.
ITycrs ® 3aBucut T0os1bKO OT ¥,. Torga pasencrso (22.34) nepenuinercss B BUE

0 0P 0 0P

_ a = a 5 22.35
Y, ( kk@?Jk) dyy, < lk@ﬂk) ( )

Oay, 0 0*® Oay,, 0P 0P
. +a = . +a,,——. 22.36
dy, Oy, "oy oy, By, By, "oy} (22:36)

[Tpeanonoxum, aro k #* [. Torna 8— = 0, u mosry4aeM, 4To
Ay, 9y,
Dayy, 8alk) 0P oAk

_ —a . 22.37
( 9y, Oyy, ) Oyy, " 6,%% ( )

Canesa crout mepBas npousBogHas oT ¢, a cipaBa — BTOpas npou3BogHasi. UToObI paBeH-

cTBO (22.37) BBIMONHSATIOCH st I000i dyukmn P(y, ), Heobxoaumo, arobsr a;, = 0. Toraa
a

kk

W3 TOTO YK€ PABEHCTBA CJIEIYET, ITO = 0. Urak, ycraHoBjeHO, 9TO B MaTpuiie A Heamna-

k
rOHaJIbHBIE 3JIEMEHTBI PABHBI HYJIIO, a JJMArOHAJIbHbBIE JIEMEHTHI () 3aBUCAT TOJBKO OT Y.
Tenepsb nepeitiém k pasercTBy (22.35), cHoBa mosiarasi, 9to pyHKIus P npousBosbHA.
[Iepenumiem ero ¢ y4éToM BBINIECKA3aHHOIO:

0°® 0°®

A ———— = Ay ————. 22.38
H ayk ayz . 891 8yk ( )

0°® 0%®
Ay, Oy, Ay, Oy,
SHAYUT, Q) = Q. DTO MOXKET BBIIIOJIHATHCS, TOJIBKO €CJIM BCE JUAlOHAJIbHBIE JJIEMEHTHI
pPaBHBI OJTHOH U TOI ke KoHcTanTe. Obo3HaunM eé kKak c. Temepsr marpura A mmeer Bum A =
cE,, . Koucranra ¢ He MOXKeT PaBHATHCS HYJIIO, HHAYE OIIPEe/IeIUTeb MAaTpuIlbl A paBHsca
OBbI HYJIIO.
Nrak, nosyueHo ciieiyroriee yTBEPKICHUE:

Tak kak dysrims @ gBazkabl HeIpepbIBHO auddepeHupyeMa, TO

— JMJMT = A= cE,,, (22.39)

MJIMT = clJ. (22.40)

D10 He YTO MHOE, KaK paBeHCTBO (23.9), skBUBajeHTHOE paBeHCTBY (23.8). 3HaunT, HEOO-
XOIMMOCTE TOXKE JIOKA3aHA. [

Jokazannas Teopema Ha€T yA0OHBIN CIIOCOO JJIA MTPOBEPKH, ABJISIETCS JIX ONPEJIeJIEHHOE
mpeobpa3zoBaHre KAHOHUYECKUM. [IJ1sT 9TOro Hy2KHO BBIYUCIUTL MaTpuily M u IpoBEepUTH
ycsoBue (23.8).
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CdopmymupyeM HECKOJIBKO YTBEPXKIEHUIl, SKBUBAJEHTHBIX JAHHOMY Ha 3TON JIEKIIH
OlpeIe/IeHNI0 KAaHOHUYIEeCKUX ImpeodbpaszoBanuii. VX Toxke MOXKHO Oy/IeT MCIOJb30BaTh KaK
orpejiesieHre TaKux mpeodpa3oBanuii. B cuty 09eBUIHON IPOCTOTHI I0KA3aTETHCTBA HEKOTO-
PBIX U3 HUX HE TIPUBOJIATCH.

BamnuireM ycjaoBue KaHOHUYIHOCTH 1uepe3 cKoOku Jlarpamxxka. HamomuuMm ompesenenne 31o-

ro nonarusa. Paccmarpusammeb 2n QyHKmMit oT nepemeHHbx T, y: ¢, m W, 5 = 1,...,n.
CkoOxkoit Jlarpamxka 3Tux QYHKINNH HA3BIBAETCS BEJIUINHA
" (00, 0V, O¢p. 0V,
> 0;00; 09, 0%;) (22.41)
Oxr 0Oy 0y Ox

J=1

[pumem Q; 3 3amennt nepemennbix (23.3) 3a ¢, a P; — 3a W;. Torga pasencrso (23.8)
mpeobpasyercsi B

MTJM — ( ||[QiJQk]
_H[Qiapk]“?,kzl H[piapk]H?,kzl

||[qi,pk1||i,k_1> _ (_(]{J Eo> , (22.42)

n

Takum 06pa3zoM, HEOOXOAUMOE U JOCTATOYHOE KAHOHUYHOCTHU npeobpazoBanus (23.3) 3a-
IIACHIBAETCS B BUJIE

[9:, 9] =0, [p;» ] =0, [9;, Pr) = €Oy, i,k=1,...,n. (22.43)

Teneps 3aruieM ycjioBue KaHOHUIHOCTH Yepe3 ckobku [lyaccona. [Ipeobpazyem cooTHo-
menue (23.9):

T _ ||<Q7,7Qk:)”?k;:1 ”(QZ,Pk)ka_l) :( 0 En)
M (_”(Q%’Pk”wk_l ”(Pi’Pk)”Zk:l —F 0 ’ (22-44)

n

C y4€ToM 3TOro HEOOXOAMMOE U JOCTATOYHOE KAHOHUIHOCTHU IIpeobpasoanus (23.4) 3a-
MMUCHIBAETCS B BUJIE

(Qi7 Qk) = 07 (sz Pk:) = 07 (Qz? Pk) = Cdik? i? k= 17 ey T (2245)

Yreepxkaenus (22.43) u (22.45) MOKHO ObLTIO ObI IPUHATH 32 ONPE/EIeHNe KAHOHTIECKUX
npeobpaszosanmii. Torjga MoxkHO 6610 GBI MOy YUTH U KpuTepun (23.8) u (23.9).
Emé onun BaxKHBII KpuTepuili KAHOHUIHOCTH IIPeoOpa30BaHMsl 3aIlUChIBAeTCA depe3 aud-

depeHnuaIbHYI0 POpMy.

YrBepxkaenune 6 i kanonndHOCTH TpeobpasoBanus (23.4) HEOOXOAUMO ¥ JOCTATOYHO,
9TOOBI CYIIECTBOBAJIO 9nCIO ¢ # () TaKOe, 9TO BhIPAYKEHUE

c Zpk 0qy, — Z P, 6Qy, (22.46)
k=1 k=1

siBJIsteTCst OJTHBIM i depennmaiom Hekoit byukiyn F'(q, p,t). [puaém muddepermnmas Ge-
pPETCs TOJILKO TI0 ¢ U P, & t CAUTAETCS TTAPAMETPOM. *

B Texnnueckoii JIATEpaType 9aCTO YUCJIO C OIIyCKaloT, II0Jiarasd €ro paBHBIM €JIUHUIIE.
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Jok-Bo: BoipasuMm 0Q), 1epe3 muddepeHnnaibl HCXOIHBIX T€PEMEHHbIX:

_ N (99 0Qy,
6Q, = Z; ( 9. 5q; + o, op; | . (22.47)
Bammiiem Boipazkenue (22.46) B Buje
> (X, 8q; + Y 0py) (22.48)
=1
3@ oQ
I',HGX _sz ZPI 8 ZPI 8]9;

Bblpa}KeHI/Ie (22 48) HBJIHGTCH HOJIHbIM nuddepeHnnaioM, eciu IePpeKPECTHBIE ITPOU3BO/I-
HbIe OJITUHAKOBBI:

0X. Y, 0X. oY, 0X.

i _ k, i k7 i . (22.49)
Oq, 0q; opy, Op; Opy, dq;

Oxa3bpiBaeTCst, 9TO 3TU TPHU YCJIOBHS SKBUBAJEHTHI TPEM DPABEHCTBAM B KPHUTEPUU Ue-

pe3 ckoOku Jlarpanxka (MOXKHO IIPOBEPUTH ITO B KAYECTBE YIPAYKHEHMUS ):

[9:, 9] =0, [p;» ] =0, [9;, D) = €Oy, i,k=1,... n. (22.50)
[ ]

BouJtee 1os1pobHO 0 KAHOHUYECKUX ITPE0Opa30BaHMil HAITMCAHO HA CTPAHUYKE JIEKTOpa Ha
caiite Kadeapbl TEOPETUIECKON MEXaHUKH.

[IpuBesém ngaTh TPUMEPOB KAaHOHUYIECKUX TIpeobpazoBanuiti. B Hux 6y;:LeM “ACXOJTHYTO dyHK-
o Namunbrona kak H = H(q, p,t), a npeobpasoBannyo — Kak [ = F(Q P, t).

1. PaccMOTpHM TOXKJIECTBEHHYIO 3aMeHy nepeMeHHbX: Q) = q;, P, = p;, j = 1,...,n

Torpma TpuBnasbabiM obpasom I' = H(Q, P, t). Urak, ToxkaecTrBeHHOE Ipeobpa3oBaHue
ABJIIETCS KAHOHUIECKUM.

2. Ilomensiem posigsMU KOOPJAMHATHI U UMITYTbCHI: Qj =p;, Pp=4q;,75=1..,n Shvo)
mpeoOpa30BaHe TOXKe KaHOHUYECKOe, ero BaJleHTHOCTb paBHa —1. HoBasa dyukiua ['a-
muibToHa I' = —H (P, Q, t).

3. Wsmennm macmtab no KoopuHaTaM M uMIyabcaM: (), = agq;, P, = PBp;, j=1,...,n
9T0 mpeobpazoBaHne — KAHOHUYIECKOE ¢ BaJeHTHOCTHIO ¢ = «f. Hoas dpynknmsa [a-

MHJIbTOHaF—aBH<Q P,t).
a B

4. IlycTb cucrema npeicTaBsgeT co0OM OJTHOMEPHBIH OCIMLIATOP ¢ pyHKImeid ['aMuibTona

H= 3 (p* + w*¢?). Beipasum crapble IepeMeHHbIE Yepe3 HOBbIe CJIEYIONUM 00pasoM:

2P
q= \/ — sin Q, p = V2wP cos Q. (22.51)

OkasbIBaeTCs, 9TO ITO YHUBAJEHTHOE KAHOHUIECKOe mpeobpaszoBanme. HoBas dyHKIMS
lamunprona I' = wP. Takyto 3ameny npugyman llyarkape, nsydas HeOecHYIO MeXaHU-

KY.
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1
5. Ilycts H = 3 (¢*> + p?). CoBepmmm 3aMeHy NepeMeHHBIX () = qcost — psint, gsint +

pcost. DTo mpeobpazoBaHUe SIBJSIETCH KAHOHUYIECKUM YHUBAJICHTHBIM TPE0OPA30BaHY-

eM. Urorosasa dyukius lamuasrona I' = 0.

HOCJIG,I[HI/IG ABa IIpUMeEpa IIOKa3bIBalOT, YTO KaAaHOHUYICCKUE Hp€O6pa3OBaHI/I$I nHorJa IIO3BO-
JIAIOT 3HAYUTEJIbHO YIIPOCTUTHL CUCTEMY ypaBHeHI/Iﬁ Tlamuibrona. 1x nHTerpupoBaHue I10CJIe

IIpUMEHEHNA Hp606pa30BaHI/IS{ nHorga CTaHOBUTCA TPpHUBUAJIbHBIM.
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