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Ob M3OILTAHATU3ME B IPOM3BOJIbHBIX
OINTUYECKHIX CHUCTEMAX

C. A. Poduonos

Wsnaraeics ofmuii MOAX0R K U30TLIAHATHAMY B ONTHYECKHX CHETOMAxX ¢ MO3HUIHUIT Teo-
PUU ONTHIECKOTro M300pakeHusi. J[iis MPOMBBOIBHON ONTHHECKOI®CICTEMEL JIOKa3bIBaeTCS
Teopema, 1To IpH HajIeskameM BEOope abeppaniuoHHON QYHREMN 1 0600MmeHHEX 3PadvKo-
BRIX KOOPAMHAT IPOU3BOAHAA aleppauloHHON GYHKIUH 110 KOODIUHATE IPEMETa eCTh -
cropens B mpeo6pasoBaHNN 3DadKOBHIX KOOPAHHAT. PAeCMOTpeHHe ocHOBaHO Ha Mojenu
PadOTHL ONTHYECKOH CHCTEMBI, B KOTOPOIl BpalleHue Jy4eil TpH CMeIIEHNI TOTKH npeaMera
UPOMCXOANT BOKPYT TOUEK IepeceueHNs UX ¢ TOBEDXHOCTHIO alepTypHOil pumadparMsL.

BBegewnme

Kuaccmaeckas rteopms maommamatwsma [1~°] passmra mas oceBoil 30HE
IEHTPAPOBAHHBIX ONTHIECKUX CHCTEM ¢ m300pajkeHmeM Ha KOHEYHOM PacCTosi-
HOM, 9T0 OTPAHHINBACT NPUMEHEHUE HTOTO IIOAOTBOPHOIO MOHATHS IPH IIPO-
CKTHPOBAHUM COBPEMEHHBIX CJOKHBIX cucreM. HepmaBHme mommiTkm pasButh
Knaccmieckyio Teopuio [®~*), mokasanm He0GXOAEMOCTH W AKTYaNBHOCTH pas-
paloTKm TeopHEm W3OMMaHATHAMA B TECHOH CBAZH C Teopmeir aGeppamumii m
dopMupoBarms omtmueckoro mzobpaskemma. Ilpm srtoMm mis IIPOW3BOJIBHEIX
ONTHIECKAX CHCTeM BO3HUKAIOT [ONOJHHUTEIbHEE TPYNHOCTH, CBSA3AHHEE,
BO-IIEPBBIX, C HENOCTOSHCTBOM YBeJIWYeHHS B DPA3IMIHHIX HANPABICHHAX
(amamopdmpoBaEmeM), 4TO mpHm HECOBIAJCHHH HaUOpaBleHusA aHaMOpPupo-
BaHUA C 0CAMHE KOOPAMHAT IPUBOJAUT K HEOOXOMMMOCTH PACCMOTDEHHS BMECTO
eAMHOTO YBEJUICHHA — MaTpuisl yseamdenmii ['°], Bo-BTOpHIX, ¢ Hempmme-
HUMOCTDIO MOHATHA 3PAaYKOB Kak m300paskeHMii amepTypHOil AmadparMs, mo-
CKOMBKY 9TH M300pakeHus PasIudHbl JUIA PasIMIHLIX Tydeil TydKa, B-TPETHEX,
¢ \HeoGXOIMOCTBI0 PACCMOTPEHNS CHCTEMHI ¢ M300pakeHHeM Ha OECKOHETHO
00IBOIOM pacCTOSHWM.

B macroameii crarpe manaraercs o6mui mOAX0 K MBOILIAHATHAMY B ONTH-
HEeCKHUX CHCTeMaX ¢ MOBUINI TeoPHH H300PaKEHNs, ¢ YIETOM BCeX IepedncIeH-
HBIX (aKTOpOB.

Nsonmnamarnsm B o6meit Teopun
m3obpakeHus

B obmeit Teopmm msolpaskemms [+ 2] crpormii mam rao6arbEEN W30-
nnaHaTH3M a1000ro m306paskamomero mpuGopa 3aKT0UAETCA B WHBADHAHT-
HOCTH K CABHTIY m300paskaiomero omepatopa L

I(x—a) Y I'(x* — a’) npu aw6om a,

rae I (x) m I' (x") — ¢ynrnunm 0600menHo0fi HHTEHCHBHOCTH TpeJMeTa W H30-
Opaxenusa, X m X' — JByMepHEIe BEKTODHl 0000IeHHEIX KOODAWHAT Ha IIpe-
Mere m m300pajkeHnE, a W a’ — BEKTODH CMEIIeHMI IpepMera m m30Gpaske-
HU#A, CBA3AHHBIE MEKNY c000ii Yepes HEBHIPOKIEHHY0 MaTpuny 2 X 2 0606men-
HHX yBeamuenmi [1°]: a’'=TVa.
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N3o6paskatomuii omepaTop AJs JIHHEHHHX MpHOOpPOB, KAk M3BECTHO, MO-
;keT OBITH BHIpa/KeH depe3 (QYHKIUIO, ONMCHBAIOMYI0 M300pasKeHme TOUeT-
mOrO 0o0BeKTa, — Pynrmmo paccesnms Toukn (DPT) A (x, x'—Vx), KoTopas
B ¢JIydae CTPOTOTO M30IJIAHATH3MA He 3aBHCHT OT X.

Tak Kak cTpormii rr106aibHEL MB0IIAHATA3M COOIIO/[AeTCSA HA MPAKTHKEe
Kpaiime peako, pabora TpEHGOpA PACCMATPHBACTCA B OTHENBHBIX HEGOMIb-
mmx msomIaHaTHUecKmX somax ['°], ma Koropere pasbmBaercs moJie 3pPeHH,
IpHE 3TOM B Ipefelax B30HE MOKHO IpeHe0peub BHICIIAMEI CTEMeHAME OT X
(KOTOpHIiT Temepb W3MEPAETCS OTHOCHTENBHO IEHTDA B0HBI) I IPEJCTABATH
somanpayio OPT B Bume CyMMH IepBHIX ABYX dieHoB psma Teimopa mo X

ok (0, Ax')

hi(x; AX') =h (0,Ax7) + o Xy

rae h (0, Ax’) — ®PT B menrpe [aHHOH B0HEI, Ax'=x'—Vx. VYcuaosme
HB0MIAHATHAMA 3aK/II09AETCS B paBeHCTBEe HyTio mpomssojmoit ok (0, Ax')/dx
or ®PT mo cMemeHmo mpegMeTa, HOPMa 3TON MPOM3BOMHON MOJKET CIYKATH
Mepoil Hem30ILIAHATH3MA, a 3ajlavueil Teopmm H3OIIAHATAZMA B ONTHIECKAX
CHCTEMAX SABJIAETCS OIEHKA MMEHHO 9TON BeJIWUHWHBI, T. €. M0 CYIIECTBY,.paCs
CMOTpeHHAS HUKe TeOPHs, Kak W BCe APyrHe, mMeer [eJ0 ¢ 30HAJIbHBIM HEs
W30MIaHATH3MOM IIEPBOTO HOPAMIKA.
MsonaaEaTum3M B ONTHYECKHX CHCTE M@AX—
o0mMuUMT MOTXON

@OPT onTnuecKAX CACTEM IOTHOCTHIO OMpefeasdercs abeppaniisAMi, a TakKe
dopmoii, pasmepaMnm ¥ TPONyCKaHHEM 3padKa [14]. Bymem{camrarh, 4T0 IIO-
caefame GAKTOPHL OCTAITCS MOCTOAHHBIMI C TOYHOCTHIO(AO BeJIHIHH BTOPOTO
HOPAMKA MATOCTH IPH CMEIeHNH TOYKH IIPeJMeTaq. B)HTOM CIydae Hemso-
IIaHATHAM Ompefensercs mamenernmeM abeppanmii. Myers w (x, y) — HEKOTO-
pas QyHKIEs, ONECHBAOMAs aepparun CHCTeMbl\B mpefleiax JaHHOM 30HHI,
X — BEKTOp KOOPIEHAT TOUKH IIpefMerTa, A\ KOTOpoil ompesensiorcs abep-
pammm, y — BEKTOD HEKOTOPHM 00pa3eM OIpefelleHHBIX KOODAMHAT Jyda
B IydYKe (Ha BXOJHOM 3padKe), Ha30BeM MX 0000MIEHHBIME BXOJHBIMU 3PadKO-
BEIME KoopjmmHaTtamu. Taxkmm o0pazoy, mOjo;KeHme Jyda, BXOJAMEr0 B CH-
cTeMy, BIIOJTHE ONpefelseTcsi erd KoOpAFHATAMA X I Yy, T. €. IeTHPhMA mapa-
merpamum. IlpegcraBisaa w (x, §) By, BHUIe

ow (0,
w (x (0, y) + 2 s,

rae w (0, y) — abeppanmonHas QYHKINA B IEHTPe JAHHOW B0HHI, MOJYYHM,
970 HEem30ILIAHATAZM “OITHIECKHX CHCTEM ONPeAeaseTcsi IPOM3BOJHOR
ow (0, y)/0x aGeppan@oHHOM (YHKINM B MEHTPE 30HEL 10 CMEIIEHMIO IpesMeTa.
3Has 9Ty IPOHBBOLHYIO, JErKO HAWTH M IPOH3BOJHYIO OPT.

BmefieM B ‘paccMoTpeHme BeKTOD Y BHIXOTHEIX 00OOIIEHHEIX 3DAYKOBBIX
KOOD/EHAT, AHATOTHIHEIA 110 CMBICIY BekTopy y. Torma mosmo copmymm-
poBaTh OBILYI0 JUIs JAIOGHX ONTHIECKAX CHCTEM TeOpeMmy, 4ro IpH COOTBETCT-
Bylomes “Br60pe aGeppanuoHHOil QYHKIHE w W 3PAIKOBHIX KOOPAWMHAT y M

’

Y CIPaBeJINBO COOTHOIICHHE

rows(0, y)
. YoX

rife V — maTpmma 0006IIeHHAIX B30HAABHHIX yBeqmdenmii, /' — MHIGKC TPaHC-
moHmpoBanus. Jlmade roBops, MOPOW3BOJHAA OT aGeppanmoHHOR (QyHKIUN
0 KOOpAMHATE MpefMeTa ecTh AHMCTOPCHA B IPeoGpasoBaHmm 3PAaTKOBHIX
KoopamHAT. YCIoBHe maomIaHaTmaMa Tpelyver pasemcrsa (1) myiio.

—vIy—y, )

Mogeas paGoTH ONTHIECKON CUCTEOMBH

Pe3y.]II:TaTbI TeOpHU:l OITHIECKOTO M306pa;ﬂeﬂvm 1 m30IlIaHaTmaMa B KO-
HEIHOM UTOTre OmpemaeadaoTca Hp]Z[HHTOfI MOJOeJIbIO pa60TbI ONTUYECKOM CHCTEeMBI,
upu 9TOM 1A M30IIJIaHATI3MaA 0Cc00eHHO CYIIECTBEHHO OIIpeJeInTh, YTO M3Me-
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HACTCA OpH cMemenun npeamera. Hamomunm, uto Mt paccMaTpEBaeM 30HAIb-
HYI0 MOJE€JIb, T. e. paboOTy ONTHYECKOH CHCTEME B IpefielaX CpPaBHATEIBHO
HeGOJIbIIOf 30HH IpexMera.

M= me makmagpBaeMm EmRakmx OTPaHMYEHHN HAa KOHCTPYKIHIO W CHMMET-
PUIO CHCTEMBI, KOTOPas MOJKET COTep;KaTh m pacTpoBsrie, u roxorpaduueckme
JIEMEHTEl, HOTpeGyeM JWIIb, UTOGEH IIOBEPXHOCTS OpeIMETOB M IOBEPXHOCTDH
n300paskennii He Gwum O COLIPSAYREHEL ¢ IOBEPXHOCTHIO ANEPTYPHOH ma~
$parmer, T. e. cymectBoBazo He Goxee OTHOTO JIyda, COeRWHAIONEr0 J0GLHIe
TOYKH OTHX HOBEPXHOCTEIl.

IIpumem, gto B cmereme OTCYTCTBYeT BUHBETHPOBAHHE W TabapHTh Iy49Ka)
UAYyMero OT NaHHOW TOYKM IIpeAMeTa, LedmKOM OLPENeIAIOTCA ONHOM amép-
TypHOI nmadparmoit. Ilpm Hammamm BUHBETHDPOBAHUS, T. €. OTpaHAYeHUs
IydKa HECKONBKHMEU AmadparmMamm, crporo TOBOD:, HEBO3MOKHO <C | €aMOTO
Hauama rosopurh 00 H3OMIAHATHAME, OCKOIbKY O0YeBUJIHO, YTO, (BUHBETHPO-
BaHHE IPUBOAUT K IHHEHHOH 3aBHCHMOCTH GOPMEI I PasMepoB 3pauka, a cie-
nosarenrsHo, m OPT or momoskenms Toukn mpenmera. OgEako maMeHeHe dopmmr
1 DasMepoB 3padKka, KaK H3BECTHO, B 3HAYHTENLHO MeHBIell CTemeHu
Brusier Ha OPT, gem mamenenme abeppamuit, mO3TOMY, (IpeHeOperasa mameHe-
HHEM 3pavKa, MOKHO PacCMaTPUBATH M CHCTEMEL G BUHBETHDOBAHEEM, BBOLS
OKBHUBATICHTHYIO alePTYpHYI0 Amadparmy, obeceumBalontyio Takme e raGa-
PUTEl IY9KA W TaKoe jKe IepeMemeHme Jydeit IpH, CMEINEHNT ITPeIMeTa, Kak
U BCe numadparMsl, y4acTBYOIIHe B BUHBETHPOBAHNH.

B rakoit momemm MEr ecrecrmemmo DONy9aeM, '4TO IPH CMEINEeHUN TOTKI
UIpefMeTa Jy9nm BpamaloTcs BOKPYT CBOUX TOUEK HepeceveHns ¢ MOBEPXHOCTHIO
anepTypHO# nmapparmMel. 37ech BO3MOKEHA HEKOTOpas HEeOUpeeleHHOCTS,
[IOCKOJIbKY HSBECTEH TOJNBKO KOHTYD Afadparmbr. Ilpavem 3a momepxmocTs
AuaQparMbl Ty HOBEPXHOCTDH, IT0 KOTOPO#l CKOTB3AT KOHTYD auadparme
[IpI USMEHEHUN ee pasMepos. Ecin 8 anepryproit fuadparme momenien ¢uisTp
CO CIOJKHOI IIPOCTPaHCTBEHHOIT CTPYKTYPOH, TO 3a MOBEPXHOCTH HumadparMer
UPUHEMAETCA MOBEPXHOCTH pTORO (PuibTpa.

O600mennsme KOODPAHHEATEH
Ha OnpenpMere m n3o6paskenun

Cymecrsennoii. uaérpio UPUHATOH MOJENH ABIAIOTCA ONPEHETEHHS BEKTO-
POB 0606menHEX KoopanHAT X 7 X’ Ha upenvere m u3o6paskernmn. Ecrectsenno,
T0 oTH ompesieNeHus OyAyT PasAHYHEIME s GIU3KOT0 M YAaIeHHOTO mpen-
MeTa m m300pasienus (OyJeM paccMATPHBATD OTH TOHSTHS I B CMEICJIE, yKa-
3aHHOM B, palote [15]),

B mepeom caywae — Gamskoro OpeaMeTa MIM H300paKeHHA (HA (KOHEU-
HOM < pacerosnnn») — 06006meHHbe KoopamuaTel JamHEeHHB. IlomectmM mHa-
Iada cuereM KoOpAMHAT 0xyz U 0'x'y’z’ B MenTpH 30H A, m A; npenvera u m3o-
Opamenns Takmm oGpasoM, 4TOOH HIockoctn oxy m 0'z'y’ Kacaames moBepx-
HOCTell Ipenvera m m306paskeHns (pmc. 1, a). Torma BEKTODPH 0000meHHbIX
RoopimuaT X m X’ €cTh JIByMepHEe BEKTODH a m a’ OPOEKIHI TpexXMepHEIX
Papuyc-BekTOpoB & m & ! Touek A mw A’ Ha KOODAMHATHBIE TIOCKOCTH 0ZY
m o'z'y’ coorBercTBeHHO

X=a, x'=a’, (2)

Ynanennsiit mpegmer mam m300pasenne XxapakTepuayorcs TeM, 9UTO WX
KOOpPIMHATEL PacCMATPHBAIOTES KaK YIJIOBHE, UTO OPHEBOJUT K HEOOXOAMMOCTH
BBECTH HeKOTOpHe moaiockt O m O’ (menTpsI 3PavKOB), W3 KOTOPHIX MpPOM3-
BOJWITCA OHEHKA YIioBHX Beamdmu. IlomMectnM B momochr Hawasa CHCTeM
ROOpAUHAT, HANDABUB OCH Z, z' TaK, 4TOGH OHE IIPOXOTEIH gepes IEHTPH
30H A, u 4 (puc. 1, 6). Ipexmomossum, uro yuacrkm IIOBEPXHOCTEH mpeaMeTa
1 300pasKeHNA B Ipefe;ax JAHHON 30HH GIUZKE K cpepaM, KOHIEHTpmI-
HEIM O 1 O’ ', M I, — DafEyCH 9THX cdep. Has npegvera winm m3o0paskenns,

! 3nech 1 B nanbHelinem, aToGE oTaMgaTh ABYMEDHBIE BEKTOPEL OT TPeXMePHHIX Oy iem
HocsiefHMe Besjie, IJe OHM BCTPEYAIOTCH, OTMEYATh CTPEIKoil cBepXy.
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HaXO[JAMUXCA CTPOTO0 HA 0ECKOHEYHOCTH, BTH PATMyChl 0ECKOHEYHO BEIHMKH,
HO MH He OIDAHMYMBAEMCS TAKHM CJIydaeM, Hamle OompeeseHme yIaJeHHOTO
IpejMeTa MIH H300paKeHus JOIyCKaeT JM00ke BeINIUHH T\, WIH T, TaK Kak
B coorBercTBuE ¢ ['°] 510 Ompesenenne 03HATAET JNIIE, UTO KOOPAEHATH IPeJ-
MeTa HJIN M300payKeHHS PACCMATPUBAIOTCSA KaK YIJIOBEE.

Puc. 1. OGoOueHHBIe KOOPAUHATE HA  IpeMeTe U M300paKeHuu.

a — A caydad OauSKUX mpegmera u udo0pajkeHMs,; 6 — OJIA YOAJEeHHBIX IIpegMera M u300parke.

HUA. Sy u S;i — IOBEPXHOCTH Ipenmera if u30bpaskeHus, Ao n A6 — ILIeHTPHI 30H IpexamMera, ¥ msobpa-

JKeHmnsA, A — MPOM3BOJIBHAA TOYKA IMperpera, A’»<— TOUKa IepecedeHHSA C MOBEPXHOCTHI0O MB006PaKEHUA

Jyd4a, BBHIXOAAMEr0o M3 TOYKH A, A": — TQUKA , mAeadbHOro (GezabeppallMOHHOro) mu300pAKEHUSA TOUKK
A, AJl — aneprypHas puadparma, Sp 1 S;, — BXOJHAaA 1 BHIXOAHAA cepsl CpaBHEHHUA.

Urak, ompemeanM~BEKTOpHl 00OOIEHHEIX KOOPAEHAT X W X (YIVIOBHIX
AJSL AHHOTO CJydas) Kak fleleHHbe HA —T, I —I BEKTOPHI IPOCKIH TOYeK

A m A’ Ha KOODAMHATHEIE MIOCKOCTH 0xY U 0'Z'Y’ COOTBETCTBEHHO

G 3 ’

X'=—rpla=—pa; X' =—r, "a’'=—pa’, (3)

e p, =1 JQ =", "

IIpoBenem. depes momiocsr 0 1 o' cdepsr S, 1 S ¢ meATpamMu B ToUKax A,
u Ag, paguycs otux cep r, m r,. PaccMoTpmM HeKOTOPHIE peanbHBIE Iy,
BEXOfAmmil n8 ToukE A mpeamera, nepecekaomuii cdepsr S, m S, m moBepx-
HOCTH m300paykenus B Toukax P, P’ m A’ coorsercrsenno (pumc. 1, 6). OGos-
'HQYMM OpPT HTOr0 Jyda B IPOCTPAHCTBE IpPeAMETOB §, a m3o0pakeHmi §'.
PaccmorpmyM Tak;ke BCIIOMOTATeNBHBIE JIy9H {, X {, B IPOCTPAHCTBE IPe-
MeTOB U {;, (; B IpOCTpaHCTBe UMB300pasKeHMil, IPOBEJIEHHbE, KaK IOKA3aHO
ma puc. 1, 6. Herpynuo yBumers, aro o6o0mennse kKoopauaaTsl Todexk A m A’
mepecedeHuA Ayda {( C MOBEPXHOCTAME IpefMeTa U H300paskeHH:, Ompese-
neHHBIe opmyrnamu (3), MOTYT GHITH TaKyKe BEIPAKEHEHI 2

X=—q; =— (q — go) = —Aq; X' =—q1=~—(q' — q) =—Aq’, (4)

2 Boslee TOUHOe BHIPAKEHME, KAK MOMIHO TOKA3aTh, MMEeT BUN X = — ([ +q0qg’) Aq,
frb , ! ' ,
=—(I +q0qOT) Aq’, rpe I —epmamunag Marpuna 2 X 2. Ilpm p,, ¢p—>0 B coorser-
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TA€ 4, Go» G; W T. I. — IBYMEPHEE BEKTOPH IPOEKI[mil COOTBETCTBYIOMUX
OPTOB Ha KOOPAWHATHLIE IIOCKOCTH 0zy m 0'z'y’, opuyeMm

Q0 = —0pP; do=—p,p’, (5)

Tle p I p’ BeKTOpH mpoeknmii Touex P m P’ Ha 3TH ILIOCKOCTH.
B Bararogenne OIIpefieInM BEKTOp 0GOOMmEHHBIX MOImepeTHEIX abeppamnuit
Ax’ raroro-mm6o ayua kax Pas3HOCTH

Ax' =x’ — Vx, (6)

rie V — marpuna oGo6menmpix YBeIn9eHnii.

AGeppanumornnmas OyYyHRKOHE S ‘
ZITeopeMa mMBONTAaHATHSMa )

AbGeppanmonnas ¢yEKmus n0iKHA OBTH (yHRImElH KOOpAHMHEAT JTyd4a m
AOJUKHA XapaKTePHB0BATH OTKIOHEHWEe Jyda OT H/IeaTBHOTO “OJOKEeHTs.
Hpmvensemsie  abeppanmonmsie OYERIIE — nu6o BOJIHOBasT - abeppamnus,
aubo sitkoHambr [1:5: 15, 14] __ go TOJATCA JIsi HamIeil MeJid,,TaK KaK B HUX
He YUUTEIBAETCA IOJIOKEHMe AalepTypHOl Amapparmer,  Ilocrpomy  mamry
abeppanuonHyio byHKIHIIO, Hanmpumep, Ha 0ase M#EKOHATa, ¢ M0GABOTHBIM
WICHOM o, YUUTHBAIOIEM amepTypHYIo mmadparyy: w=E+ .

Jas 6mmskoro maoGpamenns B kavecrse F €CTECTBEHHO BHIOpDATh CMeImaH-
HEIA dlikoman Fy (x, q') — ONTHYECKYIO NIMHY WIy4a OT TOYKH mpeamera A
R0 ocHOBaHms M, HEPOEHANKYAAPA, OUYIMIEHHOIO HA JyY q’ m3 Toukm 4;
UNearbHOro m300paKkeHus ¢ 0606menHOH Koopummaroit Vx, mam, 9to To ke
camoe, diKOHAN K3y 0T TOUKE mpepmera A0 jocmoBanms M|, mepueEamKyIsapa,
OIYIMEHHOTO Ha YT U3 IEHTPa 30HH A, WIioc wier n’ (Vx)! q’ [3mech ucmoms-
30BaHA MAaTPHYHAS BalUCh CKAIADPHOTO MTPOH3BENCHUS (Vx, q') Bertopos
Vxin q’, n’ — morasarexs UPEIOMTEHNA B MPOCTPAHCTBE M300paskenmit],

Haitgem mommsrit nupdepenyman sitkonana E,

AEy=dEy + dfg (VXY q']=dEy + n'dxv g’ + n'dq'?vx, (7)
HO dE,, =xax wusBectho [*¢],” paBen —nda’q — n'dq'’8', the n — mokasatens

2 da
OpeJIOMIIEHNA B HpOCIpaHCTBe IpeaMeToB. Tak kak da:( o) & o 07 3K0TO

usobpamenns a'= (}5) v 10 dEgy= —nda’q— n'dq'’x'. Obtequnan c (7N,

TIOJ1y 9 MM
dEy= —nda’q — n'dq'? (x’ — Vx) - n'dxTv7q’. (8)

HAns yranennoro usobpasxenus BEeKTOp ' He ompefesfer eqWHCTBEHHOrO
JyHa, W 10oTOMy B KadecTBe F BHOHMpaeM KOOpZUHATHEL siikoHan F, (x, p'),
PABHBIN ONTHYECKOll [IMHEe jIyya OT TOYKK npexmera 1o Ttoukm P, BHIXOLHOMN
Cepsl ¢ LEHTPOM B TOURe A; mneansuoro m3o6paskenus UM, 4TO TO Ke camoe, -

“mo BEIXOAHOH cepst S, ¢ merTpom B TOuKe A mmioc wien n'! {Vx)ip’

Homamiit muddepeniiman storo siikonasa paBeH

MAE, = dE,, - n’de.VETp’ + n'dp'V¥x. 9)

B coorsercrsum ¢ [*%] muddepennman TOYEUHOTO HiiKOHANAa MEMAY J0GHMU
ABYMSA TOYKaMW paBeH
dE\g = —ndd"q + n’'dp'q’,

rre & n p' — paguyc-BekTOpH (TpexMepHbIle) HAYANBHOR U KOHEUHOI TOUeK, {

u {' — rpexmepHEe oprer ayua. Ho da :(%a), nosromy nda’q=—nda’q, rne

da u q— nBymeprnie. [agee, dp' G = dp'” (G, +Aq') =dp'7Aq, mar xax

cTBUU ¢ (D) uien qoqg’ u qiq;—>0, a B UPaKTHYECKUX CIAy4YadX He HPEeBHIIAeT M0
Hopme 0.01, 7. e. orHOCHTEIBHAS NOrpemHOCTs (4) He Gomee 10/,
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d“),T—hI_O -/ d—b[ >/
P'"q,=0 B cmay oproromanbHoCTH {, ¥ dp’, MOCKOIEKY , — HOpMAJIb cepsr
S5, a TouKa P! pesxur Ha cgepe. BripasuM TpexMepHEIe BeKTODHL Yepes IBY-

o (dp' Aq'y, o _ (4o
MepHBIe B BUJE dp’:( ); Aq’:( ); q :( 9), TOT/1a
dz’ AZ )P T \z!

dp'TAq’ = dp’TAq’ + d2'AZ". (10)

~ Ho P/ ects pammyc-BeKTop TOYkM Ha cfepe U Y/OBIETBOPAET YPABHEHMIO
cepst  2z' — o (@'"p +2")=0 wmm dz' :(p;dp’Tp’)/(l —pyz'). G mpyroit
CTOPOHEI, IpH MasioM Aq’ q(;TAq' =0, orkyma AZ' :—-‘q[)TAq’/Z’. .
Jerko yBugers, uro 1 —p'z' =7 = Y q,"q,, Torma ¢ ygerom (10)

dp”"qla;"Aq’ e
=020 —= —ap" (I 4+ quq5") Aq

1—aqp 9

dp'7Aq = dp"Aq’ +

T )
(ecs mpeneOpeYs BHICIINME CTEIeHAME (g q,), 970 B COOTBETCTBMU CO GHOCKOIi >

pasuO dp’ TAx!. O6beguHAsA BCe pe3yIbTaTh, MOTyINM OKOHIATEABHO NS IOJ-
goro nmpdepennmana dE; ¢

dE, — —ndaTq — n'dp'T (x* — Vx) + n’dx"VTp'. L (1)

BBojs 0600MEHHEe KOOPAMHATH TpefMeTa B COOTBeTCTBHE & (2), (3),
(4), (5) B Bepawenns (8) u (11), MoxHO moydnTH 07HO 0GOGIMEHHOR BEIpasKe-
HEe, 00BeIWHAIONee WX, eCIH OIPeJeJnTh BEKTOPH BXONHBIX 3PaYKOBEIX
KOODAMHAT JTyYa ¥ @ BBHIXOJHHIX 00OOTIEHHHIX KOODAMHAT JIydd Y, ‘CaemyomuM
ob6pasom: :

q’ s 6amskoro mpepMera (miinm m300paMkeHus),

q . ’ ’
y=n{p, Yo {p’ VI8 yAaJeHHOro mpeaMera (I, H800pasKeHus). (12)

~ TlopcraBaaa (12) 3 (8) m (11), mocae HEKOTOpPEIX 1rpeo0pasoBaHA IOIY-
anM
dE = dx" (V7y; —y) —@¥alx’ — Vx) (13)
I B COOTBETCTBHH C ONpeje/eHHeM adeppanmoHHOH (yHKIUH
dw = dxT (VTy, — y) Ndyi? (x’ — V) +do. (14)

Y, B1eChb HEe MOJKeT CIY;KUTHBeKTQPOM BBHIXOJHEIX 3DadKOBHIX KOODAMHAT,
TaKk KakK, BO-IIEPBHIX, 3aBHCUT OF X, &, BO-BTOPHIX, B o0meMm ciydae He OJHO-
3HAYHO OIpeexser JIyd, HAIPHAMep, ecAm pasMepsl BEIXOJHOTO 3pavka H
KPY/KKa DaccesHma NOMepedHHx abepparmit ofHoro mopspka. [las moxyde-
HUA HE3aBHCHMEIX 3PAUKOBHIX KOODAHHAT M [OKasarTeancTBa Teopemsl (1)
paccMoTpEM dacTHBHL Judphepennuan dw, abeppanuoHHOE GYHKIHE IPH CMe-
MeHNN TOYKA mpefMera “ma dx. OH merko Mosker OHITH IOJNydYeH U3 MPeIAy-
mero BEIpajkeHms, eGpu Haiitm wacTHbril Aupdepennuman dy), MBMEHOHNA BEHI-
XOMHHX KOOPHUHAT Jyda [PH CMEIIeHHH IpeaMera. IToT audpepenmmar
3aBHCHT OT BEIDOpPA TOUKE BpAMIeHNs Jyda OPH CMeIIeHHH: {mpenmera u B CO-
OTBETCTBUM, ¢ HANICH MOJEIBI0O OMpeIeseTcs CTPYKTYpPOd B IIPOCTPAHCTBE
u300pakenlsa OECKOHEYHO Y3KOTO IIy4KA, BHIXOJAMEr0 M3 TOTKH P, mepe-
ceuefilig JTYUa C IOBEPXHOCTHIO ameprypHoit nmadparmer. CpoiicTBa TAKOTO
pydka HOJHOCTHIO OMPENeNIAI0TCA CHMMeTPIIeCKOM marpmmeir 2X 2.

A, Buégem ary marpuiy T ciexymomum 00pasou:

1
oy, [ dq’ :TT’dx’ miia 0amaxoro ma3obpamennd,
4% :——0—;- I { { (15)
|( dp’:TT’dx’ 715 yaJeHHOTO M300paskeHus.

Jasa yjameHHOro M300pasKeHUsA dJeMeHTHl MaTpuipl 7' uMeioT pasMepHOCTh
eMUHMI[ JUIMHE, a A Oansroro msobpakenus — oOparayio. [Iia KOHKpeTHBIX
cucrem Marpuna 7’ Moer GHITH HOTyYeHa pacueroM ABYX GeckomedHo GIMBKHX
K JAHHOMY, HEKOMIUIAHADHHIX ¢ HUM Jydeil (guddepeHimasos iydeir), mexo-
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AAmux us rouku P, Ilyers pma stux myweit momyuens: smawenms nuddepen-
o & ’
IITHa.HOB TomepeuHsX adeppamnmii i BBHIXOJHBIX KOOPAMHAT ax;, dx,, dy;;, dy;,.
orja

T = (dx{dx;)™! (dyjidyy,). :
IlopcraBum (15) B (14), BEIpasws dx' ¢ yuerom (6) B Bume dx' =d (Ax') |-
~+ Vdx. Ilocie smemenraprbx npeobpasoBaHuii MOTyUIM :

dio, == dal [V (ul co TR = ]l e — (ax")T 77Ax’, (16)

3aMeTnM, 4T0 TOCIeHWH uiIeH B HTOM BHIpa;KeHUHW ecThb Auddepenman
o r B N
KBajpaTuuHOii opmer Ax'” 7T'Ax'/2, &
N3 (16) ecrecTBenHO BHITeRaer orpejielienie Bexktopa y' 0GOGIIEHHBIX', Bhi-
XOAHBIX 3PAYKOBBIX KOOIWHAT, HE3ABUCHMBIX OT CMEIeHHs IIpeMera, VLS

'q' — T'AX’ g Gnmakoro maobpaskends, /%,
; n'p’ —T'AX' pua ymastemHOro 300 paKeTHA,
M paBeHCTBO ®=— Ax'’7/Ax/ /2, 1. e. ompenenenue a6eppéuﬁﬁgxdﬁ by HRIIU®
B BUJe ]

Lo 4

1
wix v —F +—2-Ax’TT’Ax,'.;" o (18)
OxonuaTtesnsuo TNOIYyYUM IIPU YKa3aHHBIX onpegeﬁeﬁﬁﬂx

dw, = dx” (VTy’ — y) wm %E—: Ty y. (19)

OGcyxpaenme _peB3yaIbrTaTos

OcmoBHEIME pesyabraTamu PacCMOTDPEHHOM Teopum ABIAITCA 0600ImeH-
HPI6 3DAiKOBEIe KOOPAMHATH y\UH y # aGeppanmoEmas ¢ymrmma w (x, ),
OIMCEIBAIOMTe CBOMCTBA ONTHYECKOH CHCTEMBI B IPHHATON MONETH C amep-
TYPHOI AunadparMoii u yABIeTBOpAIOITe reopeme msomranaruama (19). Irum
Ba/KHBIM NOHATHAM, OUDENGNeHHNM BEpamenmamu (12), (17) u (18), mommo

Puc. 2. K reomerpuueckoii UHTepHpeTanuu abeppanuoHHol (GyHKIUUL 1 3PavYKOBHIX KO-
OpAMHAT.

APgA’ — peanbHEi 1yu, APgA’ — JoMaHHL ayd.
1

OPHAATh IPOCTOH TeOMeTPHIECKH CMBICI. Pacemorpum mya AP,A’ u Gynem
BpamaTb BTOPYIO (IIOJIOBHHKY» 3TOTO Jyd4a, HAYIIYI0 OT TOUKE P, anepryp-
HOI Auadparmsr 1o Toukm A’ maoGpaskenns, BOKDYT TOYKm P, 0 cOBMemeHns
¢ TouKoil A’ mAeanbHOro m306parKeHM- (pmc. 2). Ilocue aToro Mer moxydaem
nomanslii frya AP,A), Buxomammii ms Toukm A opeaMera M IPHXOJAINIA
B TOURY HpealbHOTo m3o0paskenus. B ofmem caydae sror myu TePIHT H3JI0M
B Touke P, ero mepecedenns ¢ amepTypHOii amadparMoii m 03TOMY He ABIA-
eTCA B IeJIOM peaJbHEIM JYI0M, OJHAKO KasKlad M3 ero «I0JOBHHOKY AP,
u P,A) ecTh 0Tpesok peanbHOTo aydYa. Berxommas KOODAMHATA Y,;, 9TOTO Tyda
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B coorBerctBmu ¢ (15) ¢ TounOCTRIO M0 (AX')? ecth Y]—T'Ax’, 1. €. coBmagaer
¢ BEIXOIHOW 3pauxoBoil KooppuuaToir (17).

Onrryeckas AIuHA HTOTO Jyda 70 Toukm A’ B cayuae Gam3roro maobpaske-
HUSA WIN 70 TOUYKE P, nud yHadeHHOTo m300pajKeHms MOKeT OBITH BEIpajKeHa
B BHJe Tpex wieHOB psaga Teitmopa sitkonana £

E(4)=E (A') — 57 A%’ 4 5 x'T —— e (20)

ox"”

Jlasa monydeHus BeKTOpa IEePBHX NPOM3BOAHBIX OF /X m MaTpHIBI BTOPHIX
npousBofgHKX 02E/0x® Bocmoabdyemcs gopmydroit (13), B Koropyio TOJICTABAM
dy, w3 (15). B pesyabprare momyamm fus gacrHoro Audpdepermmana E mo x’

dE,, =—dx'’T’ (x' — Vx),
OTKYJAA
2
-g—f—,-:—T’ (x' —Vx)=—T'Ax" u %:—T’.

IMopcraBasasa moaydenHsie Beipaskermsa B (20), yBmamM, d9To OITHYECKAd
mamua aomanoro ayda AP, A u ects ¢ TouHOCTHIO 0 (AX')® mama aGeppamu-
omnasa ¢yuxmus (18).

Wrax, ™Mbl DOJy9mam, 9T0 00Ias TeOPHS H30IJIAHATH3MA, OCHOBAHHASM
Ha OTpPAHMYEHHM IYYKOB AaIepTypHOH AmadparMoil, mPEBOAUT K. Heobxomnm-
MOCTH ONHICAaHmA abeppamnumil ONTHYECKHX cucTeM (QYHKIuUed, IpefcTaBiiAio-
meit co0oit OmTHUECKYI0 [IMHY JIyda, BHIXOJAMEr0 W3 TOUYKHU TIpeiMera,
TepUAMEro B o06meM ciaydae M3JI0M B TOYKe IepPecedeHms erQ @, almeprypHoi
amadparMoil W ITOMAJAIOMEro B TOYKY HIEATLHOT0 m300padkennsa. Apry-
MeHTaMu (GYHKIUU SABIAOTCS 0000IeHHBIe KOOPAMHATH HTOTO0 Jyda — YIJo-
BHIe (HANPABJIAION[Ie KOCHHYCH OPTA Jyda ¢ OCAMA X Uy ) A1 6Im3K0T0 Ipef-
MeTa WO M300pajkeHus U JHHEHHbEe (KOOPAWHATH TOURM IepecedeHmsA Jyda
co chepamu S, mam S)) ANA yAATEHHOTO.
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