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OObniag xapaKTepucTuKa padoThl

AKTyaJabHOCTb pabOTHI

Bazaun Teopun AudpakiIny UMEOT KakK (yHIaMeHTaIbHOe, TaK U IIPUKJ/IAIHOE 3HAa-
venne. C TOYKHU 3peHns pyHIaMEHTATbHON HAYKH, 9TO 38191 MaTeMATHIECKOH hu-
3UKU, TEOPETHICCKON aKyCTUKH U 3JIEKTPoIMHAMIUKY. [IpuKia iHoe 3HaMeHne Teopun
JudpaKIny 3aKII0YaeTCsd B ee MCIOIb30BAHUN TPU CUHTE3€e aHTEeHH, pacvueTe BOJI-
HOBBIX II0JIeil B BOJIHOBOJIAX U PE30HATOPAX, U3YUYEHHH IPOIECCa PACCesdHUs BOJIH
Ha Pa3JINYHBIX MPENITCTBUAX (HAIPUMED, JJIsl HYXKJ[ AKyCTOJUATHOCTUKM), pelrie-
HUHM 0OpaTHBIX 33/1a4 J/Isd U PaKIIMOHHONE ToOMOrpadun 1 pacio3HaBaHusi 00Pa30B.
Verennblii aHaJIn3 TaKUX 338129 OOBIYHO BO3MOYKEH TOJIHKO B KOPOTKOBOJTHOBOM ITPH-
osmkennn. OIHAKO CYNIECTBYET y3KHI KJIACC 3aJ1a9, HA3BIBAEMbIX KAHOHUIECKIMU
3a/1a9aMu Teopun U PaAKINU, aHATUTHIECKOe PellleHrne KOTOPBIX H3BECTHO MPU JIIO-
ObIX JyimHAaX BOJTH. K KAHOHMYECKUM OTHOCUTCS, HAIIPUMED, 3a/1ada 3oMMepdesh/ia
o judpakiuu Ha TOJIYIJIOCKOCTH U 3aJa4a O JU(MPAKINU Ha KJIMHE C UMIIEIAHC-
HBbIMH IpaHunaHbiME yeaoBusivu (permennas 1.1 Masoxkunnem). Tounble perennst
9TUX W HEKOTOPBIX JPYTUX 3aJa9 UCHOJIB3YIOTCA JJIS TMOCTPOEHUS MPUOIMKEHHBIX
periennii 0oJiee CIOKHBIX 3aJlad B PAMKaX METOJIOB T'€OMETPUYECKON TeOpUu -
dpakiun, pusnydeckoit Teopun AUMGPAKIUU UIH HEKOTOPBLIX apyrux. Kaxkmas us
9TUX T€OPUil OCHOBBIBAETCS HA TOM, YTO KAHOHUYECKUE FJIEMEHTHI PACIIOJIOKEHDBI Ha
OOJIBITIOM PACCTOSTHUU JIPYT OT JIPYTa, T. €. IPOIEeCC JHUMPpaKkIud Ha HUX TPOUCXO/IAT
He3aBUCUMO. KpoMe TOTo, IpeIoaraeTcs, YTo JOCTATOYHO YIECTh JIUITh HECKOJIb-
KO TIOCJIEJIOBATEIbHBIX aKTOB /I PAKIINN.

[Ipenmer nacrosieit paboTbl — audpaKInOHHbIE 338/aH, JIEZKAINE Ha T'PAHUIIE
MEK/Ty KAHOHUYIECKUMU U “00braubIMU’. C OJIHOW CTOPOHBI, JIJIst 9TUX 3329 HE y/la-
eTCsI IOCTPOUTH peIlieHns B 3aMKHyTol hopme. C APyroit CTOPOHBI, /I 9TUX 33189
V/Ia€TCsl BBIBECTU AHAJMTUYECKHUE COOTHOIIEHUsI, CIPABEJJIUBBIC ITPU JIIOOBIX COOT-
HOIIIEHWSIX JIINHBI BOJIHBI U pa3Mepa paccenBatess. /lannbie cooTHommenus (ypaBHe-
HHUsI) CYIIECTBEHHO PACIHIUPSIIOT BOBMOXKHOCTHU MOJTyY€HUsI TUCJIEHHBIX PEIeHu .

Cpenu 3asa4, paccMaTpuBaeMbix B pabore, Hambosiee aKTyaJ bHBI 3a/1a4uU, CBs-
3aHHbIe ¢ Judpakiueil Ha Konycax. BKJIaJibl KOHUYeCKUX TOYEK HEOOXOUMO YUH-
TBIBATD, €CJIn 00JIACTh HAOJIOJECHUsST HE OCBEIIeHa T'e€OMETPUYECKU OTPAXKCHHBIMU
BOJTHAMH WJIN BOJIHAMM, PaccesiHHbIME pebpamu paccenBaress. CI0KHOCTb TaAKUX
3aJlav CBdA3aHa C TEM, YTO 3aJIa9l TPEXMEPHDI, & PACCEUBATEIN T0JyOECKOHETHHI.
D10 3aTPy/IHAET IPUMEHEHNE MEeTO/Ia TPAaHUIHBIX 3jieMenToB. Hanbosiee coBpemen-
HbIE€ METOJIbI BLIYUC/ICHUS JTU(DPAKITMOHHOTO KO pUImenTa 1y KOHUIECKUX 33184
CBA3aHBI C OTJEJCHUEM DPaJIMAJIBHON MEPEMEHHONH W IMOCTPOEHUEM UHTETIPAJIHLHOTO
[IpeJICTABICHU TI0JI ¢ TIOMOIIBIO TIpeobpaszoBanus Barcona. OHako j1axe mpumMe-
HEHUE CTOJIb Pa3BUTON TEXHUKH OCTABJISIET PsiJi BOIIPOCOB OTKPBITHIMU. [locTaTouHO



OTMETHUTH, YTO 3a IOCJIeTHUE JIeCATh JIeT KOMUCCHUS 110 TOJIAM 1 BojaHaM MexkryHa-
pozmoro corosa o pagnodusnke (URSI) aBak b 00bsaBIIsiIa KOHKYPC HA PEIIeHne
3a/1a4, CBA3AHHBIX C Judpakimeil Ha KOHYCaX.

ILlenp paboThl

[Hesib paboThl 3aK/II09A€TCs B TOCTPOEHUU HOBBIX METOJIOB PeIleHus TU(PaKIIMOH-
HBIX 33/1a9 U B BBIBOJ/IE HOBBIX aHAJIUTUIECKUX COOTHOITEHUN JIJIsT 9TUX 3a/1a4.

MeTtoapl nccjieJ0BaHUS

B pabore ncnoab3yiorcs cieLyionue moaxo bl K Tn(PaKIHOHHBIM 3a1adaM.

1. /IBymepHBbIe CKaJIIpHBbIE TU(PPAKIMOHHBIE 33249l C KYyCOUYHO-TIPAMOJTHHEHHBIMI
M1eaJbHBIMIA TPAHUIIAMU CBOJIATCS C ITOMOIIHIO METO/Ia OTParkKeHnil K 3aJa9aM pac-
ITPOCTPaHEHNs Ha, PA3BETBJIECHHBIX TTOBEPXHOCTAX.

2. 1 KaxK 1011 331041 Ha PA3BETBJIEHHO IIOBEPXHOCTU CTPOATCH KpaeBble (OyHKITUN
['pura. 9TO MOJIT UCTOIHUKOB, JIOKAJIM30BAHHBIX y TOUeK BeTBjeHus. C MOMOIIBIO
Ppopmya pacuiensenus penieHne 3aJa9u O PacCesTHUU IIJIOCKONH BOJITHBI BhIPAsKaeTCsd
gepe3 KpaeBble byuknun ['puna.

3. JlokasbiBaeTcst, 9TO BEKTOP, COCTABICHHBIN U3 BCEX KpaeBbix qyukinit ['puna 3a-
JIatu, yJIOBJIETBOPSIET CUCTEME KOOPIUHAMHBLT YPasHEeHU, TIPeICTaBIIAoNeil coboit
mMHOroMepHoe aud depenimanbHoe ypasHenue (win auddepeHnnaabHoe ypaBHeHe
€ MHOTOMEDHBIM BpeMeHeM ). B kauecTse “MHOrOMepPHOro BpeMeHH BBICTYIIAIOT IPO-
CTPaAHCTBEHHBIE KOOPIUHATHI.

4. Jloka3bIBaeTCsl, 9TO BEKTODP, COCTABJIEHHBII M3 JUarpaMM HAITPaBJIEHHOCTH Kpae-
BbIX byuKIMit ['puna, ynosierBopseT 0ObIKHOBEHHOMY /i epeHITna bHOMY YPaB-
HeHuio. /lanHOe ypaBHEHNE B paboTe Ha3bIBaeTCsA cnexkmparvhoim. Hesapucnmoit me-
PEMEHHOI IBISIETCA YTOJ PACCETHUSI.

5. Ilokazamno, 4To M3MeHEHHE I€OMETPUYECKHUX IapaMeTpPOB 3aJladd COOTBETCTBYET
M30MOHOJIPOMUM CIIEKTPAJLHOTO YpaBHEHNA. B pe3yibrare yaaeTcs MPUMeHUTh pas-
BUTYIO TEXHUKY UCCJIEJIOBAHNS TAKUX M30MOHOJPOMUM U IMTOCTPOUTH IBOJIIOITUOHHBIE
yPaBHEHUs JIJIsi PENIeHUil CIIeKTPAJIbHOIO YPaBHEHUS U JIJIsI €10 KO3(MDPUITMEHTOB.

6. KoopimaaTable n ClieKTpaJibHbIe YpaBHEHUsT SKBUBAJIEHTHBI. C MOMOIIBIO WHTE-
IrpaJIbHBIX Ipeobpas3oBaHuii Tria 3oMMepdesbia MoKa3aHo, ITO IO PENIeHUI0 CIIeK-
TPaJIbHOI'O YPaBHEHUA YJIACTCA IIOCTPOUTH PEIICHUs COOTBETCBYIOIIEI'O KOODANHAT-
HOT'O U HA00OPOT. BBIBOJATCS yC/IOBUS, HAKIA/IbIBAEMbIe HA ACUMIITOTHKY PEIeHI
CIIEKTPaJIbHOI'O YPaBHEHUdA, FrapaHTUPYIOIIe, YTO Y COOTBETCTBYIONIEI'0 KOOPANHAT-



HOI'O ypaBHEHUs MMeeTcsl HabOp peIlleHnil, YAOBJIETBOPAIONINX BCeM (DU3MIECKUM
OTPAHUYEHUSM.

B pesyibrare npuMeneHus JaHHBIX METOJOB JU(DPAKITMOHHAS 33/1a9a CBOJIUTCS
K OOBIKHOBEHHOMY JuddepeHnuajibHOMy YPABHEHUIO C PAIMOHAJILHBIMUA KO3 du-
IIEHTaMM, B KOTOPbIE BXOJIAT HEU3BECTHBIE KOHCTAHTDI. J[J1s1 HaX0XKIeHnsT KOHCTAHT
UCTIOJIB3YIOTCs AIIPUOPHBIE JIAHHBIE O CBA3U ACUMIITOTHK PENIeHUs B PA3TUIHBIX 0CO-
ObIX TOUKaX, T.e. (OPMyJIIpyeTcs OOpaTHas 3a/ada CBI3U JJIs JAHHOI'O YPaBHEHUS.
B mpocreifimnux ciaydasx IpejjIoyKeHbl U peajn30BaHbl 3(DMEKTUBHBIE UNCTIEHHBIE
MEeTO/Ibl pellenns OOpaTHON 3aJla4M CBA3U U OTBHICKAHUS MCKOMBIX JUArDaMM Ha-
MIPaBJIEHHOCTH.

ITpakTnyeckass IeHHOCTh PAOOTHI

Pesynbrarsr paboThbl MOTYT UCIOIB30BATHCA IPU pacdeTax JIuMPAKITMOHHBIX TOJIeH.
Hcrnonb3oBanne 0OBIKHOBEHHBIX UM DepeHnaaIbHbIX YPaBHEHUIT BMECTO TPaIUIU-
OHHBIX [IJIsI TAKUX 3329 NHTEIPAJTHHBIX YPaBHEHUN NN yPaBHEHMI B YaCTHBIX IIPO-
U3BOJIHBIX IIPUBOJUT K 3HAYUTETLHOMY CHUKEHHUIO BDEMEHHU cUeTa M MOTPEOHOCTH B
MAIUHHON TaMsTH.

Anpobamust paboThI

Pesynbrarsr paboThl JIOK/IAIBIBAINCH Ha CJICIYIONNX KOH(DEPEHITHIX:

Annual International Conference "Days on Diffraction"(S.Petersburg) 1999, 2000,
2001, 2002, 2003, 2009;

Workshop on mathematical aspects of diffraction by wedges, cones and other canonical
geometries (Manchester, UK) 1999;

International conference on Modern Group Analysis MOGRAN 9 (Moscow) 2002;
Advanced research workshop "Surface waves in anisotropic and laminated bodies
and defect detection"(Moscow) 2002;

The 8th International Conference on Mathematical and Numerical Aspects of Waves
(Reading, UK) 2007.

The 9th International Conference on Mathematical and Numerical Aspects of Waves
(Pau, France) 20009.

The 9th International Conference on Theoretical and Computational Acoustics,
(Dresden, Germany) 2010.

IIy6aukamun

Conepzkanue iuccepTaiinu oy0JIMKOBaHO B BoceMuaiaru padborax. [Ipumepnoe co-
OTBETCTBHUE MEXKJIy TVIaBaMU JINCCEPTAIINN U CTATbAMU CJIeIyIOIIee:



nepsag riaBa — |1, 2, 3, 4, 5, 6, 7|;
Bropasg riaBa — (8, 9, 10, 11];
TpeThd riaBa — [12];

JerBepras riaaBa — [13, 14, 15];
naTasd riaasa — [16, 17);

mecras riaaBa — [18].

2Kypnasibl, B KOTOPBIX o1ybsmkoBanbl paborsl |1, 2, 3,5, 6,7, 8,9, 12, 13, 16, 17,
18], Brirouenst B ciimcok Scientific Citation Index Expanded. 2Kypnas, B koropom
onybimkoBana pabora |11, Briaroden [lepeuenr BAKa.

2Kypwnas, B koropom omybsmkoBanbl paborst [4, 10, 15, 21|, ymosaerBopser 10~
cTaTovHOMY ycsioBuio BKodenns B [lepeuens BAKa.

Kpowme Toro, maTepuaJ quccepraiyn CynecTBEHHBIM 00Pa30M OIMUPAETC HA TEX-
HUKY BbIBOJIa (DYHKITMOHAJBHBIX YPABHEHUIl, DA3BUTHIX aBTOPOM PaHee JJist KJIUHO-
BBIX 331a4: [19, 20, 21, 22, 23|, Tpu u3 KOTOPBIX BKIOYeHBI B cincok BAKa, a oxxa
— B Scientific Citation Index Expanded.

Pa6orsr 1, 2, 3, 5, 6, 7, 13, 23| BBIIOIHEHBI ¢ COABTOPAMHU.

Ob6beM auccepTalam

Jlucceprarusg cOCTOUT U3 BBEJICHUS, IIECTH IVIaB, 3aKIIOUYEHNU, TTPUIOXKEHUS U CITHC-
Ka JuTepaTypbl n3 169 HamMeHOBaHMI; comepKUT 289 cTpaHUI] MAITTHOTTMCHOTO TEK-
cTa, 77 PUCYHKOB U 3 TaOJIAIIBI.

Conepxkanne padoTbl

IIpuMepbl OCHOBHBIX COOTHOIIIEHUI 1 ypaBHEHMI, Oy YeHHbIX
B pabore

B kadectBe mpumepa BO3bMEM 3aJady O AUMPAKIUU ILJIOCKON BOJIHBI Ha PeEIIeTKe
U3 JIBYX IapaJlieJIbHBIX 110JI0C, PACIIOJIOXKEHHBIX B OJIHOM IL/IoCKOCTU. VIMeHHO 3TOT
[IpUMeEp pacCMaTpPUBAETCsI TIOJAPOOHO B IIEPBBIX TPEX IJIaBaX.

Bynem paccmarpuBaTh JIByMEpHYIO 3aJ1a9y JuMPAKIIUU, T. €. OTPAHUYUMCH Ce-
YeHUeM IIPOCTPAHCTBA IIJIOCKOCTDIO, IMEPIEHIUKYIAPHONE obpasyiomum mnojoc. Cede-
HUEM I10JI0C OYJIyT JBa OTpe3Ka, JerKalllux Ha och x. ['eomeTpust 3aj1adu MMoKa3aHa
nmke Ha Puc. 1. Ha miockoctu BbIoTHSIETCsT ypaBHeHne ['e/lbMroJibiia

Au + kgu = 0. (1)

Ha mosiocax BeITIOTHATOTCS TpannvHble yeaoBud upuxie. Bmecro upuxite MoxKHO
3aJaTh T'PaHUYHbIE ycaoBud HelimaHna, oHako MMIIEIaHCHBIE TPAHUYIHbBIE YCJIOBHS
3a/1aBaTh HEJIb3d — IOCTPOEHHAsI TeOPUs Ha ITOT CIydail He 0000IaeTcs.

6



Y [Tamaromas

Paccesanas .
um BOJIHA

BOJIHA

Puc. 1: T'eomerpus 3a1a4um o JIByX I0J0CaX

OcHoBHas1 (byHKIMS, OMUCHIBAIONIAA PACCesIHUE B JAHHOW CUTYAIlUd — 3TO JIH-
dpakimonnbiii kKoddpdurmerT S, 3aBUCAIIII OT yIJia paccesiHus ¢ U yIJia HaJIeHus
Y. @yukrims S(p; 1)) oupesessier aCMMIITOTHKY IOJIA B JaJIbHell 30He B COOTBETCTBUM
¢ bopmyitoit

eikoR—iW/ll

V2rkoR

Hepe‘{HCﬂI/IM OCHOBHBbI€ COOTHOIIECHUA, ITOJIYHYCHHbIC IJIA ,IL&HHOﬁ 3ala49H.

wC(R, p) = — S(p; )1+ O(R™Y)).

a) Qopmyaa pacusenaenus

BeesieM uernipe Kpaesble dbynkiuu I'puna vl(z,y) ... v (z,y). Kaxnaa uz stux
dyukmit npeacrapisier coboil MmoJe, MOPOKJIEHHOE TOUEIHBIM UCTOYHIUKOM, PACIIO-
JIOXKEHHBIM BOJIM3KM OJIHON M3 BEPIIMH paccenBaresiss. HamoMHUM, 4TO paccMaTpu-
BaeTCs JBYMEpHas 3ajada; TOUYEIHbI NCTOYHWK B HEl COOTBETCTBYET JIMHEHHOMY
UCTOYHUKY, PACIIOJIOKEHHOMY BOJIM3U Kpas M0JIOCHI B TPEXMEPHOM IpocTpaHcTBe. B
JIBYMEPHOM CEeYeHHMH Kpail 1I0JI0CHI eCTh KOHEI[ COOTBETCTBYIOIIEro oTpeska. Byjem
Ha3bIBaTb €0 8ePULUHOU.

PacrioyioxKuTh CTOYHUK HEIIOCPEJICTBEHHO B BEPIIUHE HEJIb3s1, [I09TOMY JIJIsl KOP-
PEKTHOTO OIpeJieIeHNsI T0JIsi CTPOUTCS TPeJIe/IbHbI mepexos. Jljs KaxkIoro u3 de-
ThIpex moJsieit v, m = 1...4 pacrnoyio;KUM HMCTOYHUK HA PACCTOSHUU € OT COOT-
BercTByIomtell BepmmHbl (cv. Puc. 2). Cuity ncrounuka sbibepeM pasuoit (/€)/2.
Pemas coorBercTBytomue indpaKIimoHHbIe 3a/1a41 U TIEpexoid K mpeeny € — 0, mo-
gyunm 1osist v1(z,y) ... vt (2, y). DTUM MOIAM COOTBETCTBYIOT JAMArPAMMBI HAIDAB-
sernoctu S'(p) ... 5*(p). Ormernm, uTo Haiitn Kpaesbie dynkuun ['puna ne Memee
CJIOZKHO, Y€M PEIIUTh UCXOIHY0 HiuPaKINOHHYIO 3a/1a4y.

Dopmyiia pacuelieHrs CBsI3bIBaeT PeIlleHne NCXOIHOM 3a/1a91 ¢ KpaeBbIMU Py HK-
nuavu ['puna:

SHp)S (W) = S(p)S* () + S2p)S* (W) = SMp) S (W)

Sleiy) = = cos ¢ + cos

(2)



g HNCTOYHHK

m=1 T
€
m=2 ‘Ea,
T
m=3 .;g'
T
m=4 L
1
a, a, a, a,

Puc. 2: IlonoxkeHne mCTOYHUKOB JIJIsI OlIpe/ie/ieHre KpaeBbix pyHKIuil ['puna

Taxkum obpazom, dyukiws S(p, 1), 3aBucsinas OT IBYX I€PEMEHHbIX, OKA3bIBAETCSI
BBIDAYKEHA Yepe3 HECKOJIbKO (DyHKIWA S™ (), 3aBUCSIIUX OT OJHON MEPEeMEHHOI.

6) Cnexmpaavroe ypasHenue
[Tepeiiiem oT yr/ioBoit 1epeMeHHoi ¢ K BoHOBOMY uuciay k. Bmecro dyukimii
S™(p) G6yaeM paccMaTpuBaTh QYHKIIH

wok) = — 20 L cos
ko sin ¢

HOCTpOI/IM BEKTOD

Wl
WZ
W3
W4

B pabore mokazano, 4To 3TOT BEKTOD YJIOBJIETBOPsieT OObIKHOBEHHOMY JuddepeH-
[IMAJILHOMY YPaBHEHUIO

W:

d
25 V(k) = K(k)W(k), (3)

KOTOpoe OyJieT Ha3bIBaThCsd crieKTpabHbiM. Matpuna kosdgdurmentor K mmeer
BeCbMa IIPOCTYIO CTPYKTYPY:

iag; 0 0 O
| 0 i, 0 0 | R
K(k) 0 0 iy 0 | TERE TRk (4)
0 0 0 iag



31ech ay . .. as — KOOPJIWHATHI BEPITHH paccenBaTess 1o ocn o, KT — marpuipl, ne
saBucsime oT k (T. . KOHCTAHTBI). DT KOHCTAHTHI HEOOXOIUMO MOJ06paTh TaKUM
obpaszom, 9TobObl ypaBHeHue (3) umesio perenue, ob/aaromniee Hy >KHbIMI CBOCTBa-
MH.

6) D60M0UUOHNBIE YPABHEHUSA

UccteryeM Bompoc 0 TOM, KaK M3MEHSIOTC PEIICHUs TIPU U3MEHEHHS ITapaMeT-
POB paccenBare/isi, a UMEHHO KOOPJWHAT BEPIIUH ... a,,. OKa3bIBAETCsI, TaKue
U3MEHEHUS MOYKHO OINUCATH C IMTOMOIBIO BOJIIOITMOHHBIX YPaBHEHU

0 A

—W=A'W )
8CL]‘ ’ ( )

KO3 DUITUEHTHI KOTOPHIX UMEIOT BU/I

(Krtz,n + K;L,n)(éj,n - 5j,m>

Qp — Gy

A7 (k) = 1k mOmm + (6)
j j + £
Bnecw A}, — snementbl Marpunl A7, a Ko — snementsl Mmatpur K=, TIpeamnona-
raeTcd, 4TO BTOPOe cjaraeMoe paBHO HYJIIO IIPH 1M = N.
C nomoipio ycIoBuit COBMECTHOCTH CHEKTPAJIBHOTIO U KOOPJAMHATHBIX yPaBHEHUIT

0K  OAJ
aaj B ok
MOXKHO TOJIYYUTh 3aMKHYTbIE YPaBHEHUsI, OIMUCHIBAIONIAE IBOJIIOIUIO HEU3BECTHBIX
KOHCTAHT, BXOJAIX B MaTpunnl K+
DBOJIIOIUOHHDBIE YPABHEHUST MOI'YT OBITH IOJIE3HBI B CJIEIYIOIINX OOCTOSITE b~
cTBax. Kak yxKe oTMedasioch, JIJid TOTO YTOOBI BOCIIOJIb30BATHCSA CIEKTPAIbHBIMU
ypaBHEHUSAME, HEOOXOIMMO OCOOBIM 00pa30M 110/100paTh B HUX KOHCTAHTHI. [Iporie-
JIypa X Moadbopa J0CTATOYHO CJI0XKHA. BMECTO 9TOro MO;KHO 1M000paTh KOHCTAHTI
OJIVH pa3 JIjId KAKOro-TO HabOpa reOMEeTPUIECKHUX [apaMeTpoB dj . .. a4 (Hampumep,
IPU JIOCTATOYHO OOJIBIUX JTUHAX OTPE3KOB MOYKHO HCIIOJIB30BATH KOPOTKOBOJIHO-
BOe TPHOJINKEHNe), a 3aTeM HaiiTu KO3 OUIMEHTHI CIeKTPATBHOIO YPABHEHUsT J1JIsT
HY>KHOI'O0 Habopa aj . .. a4 MyTeM YUCJIEHHOTO PEIeHUs SBOJIIOIMUOHHBIX YPABHEHUIA.

+ [A7 K] (7)

2) Koopdunammovie ypasHenus

Panee Bce pe3ysibTarhl KacaJuch JUarpamMM HalpaBjieHHOCTH S™ U CBA3AHHBIX C
nuvu gynkimit W™, PaceMoTpuM Terephb camu Kpaesble gynkimn [puna vl ... v,
Hamomuum, 9to 3t hyHKIMMU ObLIN TOCTpOEeHbI g 3aadn upuxie. /lobaBum
K sToMy Habopy dyHkmmm w'...w?*, KoTopble ABIAIOTCS KpaeBBIMU (ByHKIUSIME
['puna sy 3aga4un Heiimana. VX poJib TOJTHOCTBIO aHAJIOIUYIHA POJIA PYHKIHH 0™
JUUTsl HUX TaK YKe CTPOUTCs (hOopMyJia PaCIIeIIeHus, CIIEKTPAJIbHbBIE U KOOP/IMHATHDLIE

YPaBHEHUA.



[TocTpoum BekTOp-cTOIOELT

u=(v', 040 vt wh w?, W wt)?

B pabore nmokazano, 9To 3TOT BEKTOP Y/OBJETBOPsET YPaBHEHUAM BU/JIA

u _ Xu, gu _ Y u, (8)
ox dy
riae X(z,y) u Y(x,y) — marpurbl Ko3bOUIUEHTOB, UMEIOIIHe JOCTATOYHO TPOCTOI
BUJ[. DJIEMEHTHI TUX MATPUIL — paloHaIbHbIe (DYHKIMKA KOOpAUHAT T 1 ¥. JlaHHble
YpaBHEHU A Ha3BaHbl B pa6OTe KOOpJAnHaTHBIMUA.

DopMaIbHO KOOPJIMHATHBIC yPaBHEHUs MPEJICTABJIAIOT coDOil cucTeMy ypaBHe-
HUI B YACTHBIX ITPOU3BOJIHBIX OOJIee TPOMO3JIKYIO, YeM UCXOHOe ypaBHeHue [ebM-
rosbia. OQHAKO N3yUeHrs CBOMCTB 9TUX yPAaBHEHUI IIPUBOIUT K BLIBOAY O TOM, UTO
cucreMa Bujia (8) npejcrasisier coboit Hanbosiee ecrecTBEHHOE 0OGOOIIEHNE TTOHATUS
OOBIKHOBEHHOT'O JTuHepeHInaIbHOI0 YPABHEHUS HA CJIyUail JIBYX HE3ABUCUMBIX I1€-
peMeHHBIX. Perenne xapakTepu3yeTcsi CBOMM 3HaYeHUEM B OJHONW ITPOM3BOJIHLHOM
TOYKe IIPOCTPaHCTBa. FpaHI/IquIe yC.HOBI/IH TaK2>Ke JOCTaTOYHO ITPOBEPUTDH JIMIIL B
OJTHOIT TOYKE I'PAHUIIBI.

0) Koopdunammovie u cnexmpasvhvie ypasherus 6 “komniexcnot” dopme

Crout yrnomsauyTh 00 y00HO# (hopMe KOOPIMHATHLIX U CHEKTPAJILHBIX yDaBHE-
HUIl, TI03BOJISIONIEH 3amcaTb KodhduimeHTs B KOMIakTHo# opme. Bazknoit oco-
OEHHOCTBIO TAKOI 3aIlUCHU SIBJIIETCS TO, 9TO OHA OKA3BIBAETCsSI YHUBEPCAJIBHON s
ITIPOKOTO KJacca 3a/1ad, T. €. popMa ypaBHEHN! He 3aBUCUT OT 'eOMETPHUU 3a1a9H.
3aBUCHMOCTb BBIPDAyKaeTCd B IMOPsJIKe YPaBHEHUS W YHCJIEHHBIX 3HAYEHUAX Iapa-
MEeTPOB, BXOJLAIINX B KOIPDUITUEHTDI.

“Kommiekcrnast” ¢dopma 3ammcn HamboJiee eCTECTBEHHO BBOIMUTCS IS 3aa9l
ompejiesieHns KpaeBbIxX (hyHKINI ['prHa Ha pasBeTBT/IEHHON ToBepxHOCTU. B padore
paccMaTpUBaIOTCs JiBe Takue moBepxHocTH. OJIHA U3 HUX — 9TO MOBEPXHOCTD JIJIsT
3aJ1a9n JTU@PaKINN Ha MTape KOJJIMHEAPHBIX OTPe3KOB. Takas MOBEPXHOCTH MMeeT
JIBa JINCTa U YeThIpe TOUKM BeTBJeHud. Fe cxema nokazana na Puc. 3a. Bepera pas-
PE30B, TOMEYEHHbIE OJIMHAKOBLIMU IIMPaMU, CKICHBAIOTCA MKy coboit. Bropas
MMOBEPXHOCTh OTHOCHUTCS K YTOJIKOBOMY OTparkaTeJito co mesbio. Ee cxema rmokazana
Ha Puc. 36. OHa nMeer derhipe JInCTa M 9eThIpe TOYKN BeTBjeHus. O0e MoBepXHO-
CTH MMEIOT B KOHEYHOH 00JIACTH TOJBKO TOYKHU BETBJIEHHWsI BTOPOIO TOpsIKa. BbI-
BeJIEHHbIE YPaBHEHUS OTHOCATCS K CJIyYal0 Pa3BETBJIEHHBIX OBEPXHOCTE ¢ ITPOU3-
BOJIbHBIM (KOHEYHBIM ) YUCJIOM JINCTOB ¥ MPOU3BOJIbHBIM (KOHEUHBIM) YHCIOM TOYEK
BETBJIEHUS BTOPOro mopsijika. CauraeM, YTO 9UCI0 TOUEK BETBJICHUs PaBHO N.

OrmpetesuM “KOMILIEKCHBIE KOOP/IMHATHI Ha TIOBEPXHOCTH € IIOMOIIHIO (DOPMYIT

zy = x + 1y, Z_=x —ly, (9)
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BBeJIEM KOMILIEKCHBIE KOOP/IMHATHI TOYEK BETBJICHUS
Pm = Tm + WYm, (10)
a TaKzKe JIOKAJbHbIe KOODIMHATHI
Zm+ = Z+ — Dms Zm— = Z_ — Dm- (11)

OmpeiesmnM Kpaesble ByHKIHN 1 piHa OBePXHOCTH Kak dyHKImE u™*, yaosie-
TBOPSIOINTE Ha JAHHON MOBEPXHOCTU yPABHEHHUIO [ €bMTOJIbIa U YCIOBHUIO M3JIy'e-
HU¢, & B TOYKAaX BETBJIEHUs UMEIOIINe aCUMITOTUKN BHUIA

5m,n -1/2 20m++ 1/2 2Cm—+

W s ) = = e e #23/3 +O(p¥/?) + per.un(12)
S 207" 207"
n 12 MRy T 2y O(p/?) 4 per.an(13)

NI

rae Cf — nenssectHble Ko3bdunuenTsl. B BbIpazKeHUAX IPUCYTCTBYIOT DEryJsip-
Hble YJIeHbI, He UMEIONNe BETBIEHUS U KOHEYHbIE B OKPECTHOCTH COOTBETCTBYIOIIEHN

U™ (Zngy 2n-) = _ﬁ

BepmnHbI. [lepBblil YieH B KaxK0il u3 3TuxX (GOPMYJI HE YIOBJIETBOPAET KPAECBOMY
ycaoBuio MelikcHepa U COOTBETCTBYET HEKOTOPOI KOH(DUTYPATIUN UCTOUYHUKOB BOJIH-
31 TOYKM BeTBjeHnsi. OUEBUIHO, HA KAXK/YI0 TOYKY BETBJICHUA ITPUXOIUTCH 110 JIBE
KpaeBbix (yukiun ['puna.

O60o3Ha4YNM JuarpaMMbl HAIIPaBJICHHOCTH KpaeBbx dynkuuit ['puna xkax S™ ().
Bsesiem BekTOpBI

u= (u1+,...,uN+,u1_,...,uN_)T,
Ut = (S, 9" U= (s, 8 )
B HOBBIX mepeMeHHBIX KOOP/IMHATHBIE YPABHEHUSI 3aITMCHIBAIOTCS KaK
0 0
au = Z+u, iu = Z_U, (14)
r7e KO3 UImenTbl UMeIoT 0JI0IHYI0 (hopMy
Z, —— (241 — P)_1£I/2 +CI) (24 I-P)'CH(z_I— P) 7 (15)
Cy 0
0 Cct
Z_ = — 5\_1 _ — 71_ N . (16)
(2.I-P)"'C (x4 I1-P) (2. I-P) ' (I/2+C2)

Bnecy CT u CL — marpupl, cocrasennble u3 neussecTHbx kKoaddunuentos C)'"
u O, Bxopgamux B acumnroruky (12), (13), CZ u CI — maTpuIpl, cocTaBIeHHbIe
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u3 31eMenToB (P, — P)Cn= u (pr — pm)Cly . I — eaunuunas marpuna N X N.
Haxomnerr,
P = diag(py,...,pN)-
Yepra cBepxy ob03HATaET KOMILIEKCHOE COIPSKEHUE.
CriekTpajibHOE ypaBHEHHE 3allUChIBAETC B (hopme

a
dp

i, e ko 26 Lo
Ut(p) = — (%I +1CT + ‘ 5 ’p + ;0 CtPC;) Ut (p). (17)

Bekropot UT u U™ cBsA3aHBl COOTHONICHUEM

21 .
v = Ageqyt
ko

Marpuust CT, C3, CI, CZ u P aBisiorcst KOHCTAHTAMH, T. €. HE 3aBUCAT OT
KOODJIMHAT T, Y WA yIJIa (. DTH MATPHUILI 3aBUCAT OT T€OMETPUM 3aJa9d U OT
BOJIHOBOTO 4dHCIa kg.

Bazxkno OTMETUTDL, 9YTO BCe IIPUBEIACHHbIC COOTHOIICHUA W YPaBHEHUA ABJIAIOT-
Cd TOYHBIMH B TOM CMBICJIE€, YTO IIPU HUX BbIBOJE HE JIC€JIaJIUCh IIPEAIIOJIOKEHUA O
MaJIOCTU AJIMHBI BOJIHBI II0 CDABHEHHUIO C pa3MEpaMMU pacCeruBaTe Id.

CrpyKTypa paboThbI

Huxke JAa€TCA AeTaJIbHOE OIIMCaHUE COLEP2KaHWA Ka}KlLOfI "3 1JiaB JuUcCCeEpTaliiu.

I'nasa 1

[TepBas riaBa mocssiera hopMysaM paciieryienns. B To BpeMmst, Kak CIIeKTPa/ib-
HbI€ ¥ KOOP/IMHATHBIE YPABHEHUSI TPUMEHUMBbI TOJTHKO K JIBYMEPHBIM 30MMePdeJIb10-
BBIM 3aJ1a9aM Judpakiun, (popMysIbl paclielIeHnsl BBIBOJAATCS JJIsl TOPas3Io OoJiee
ITUPOKOTro KJtacca 3a/ad.

B navasie nepBoit riiaBel hopmyupyeTcs 3aga4a o JudpakIiiuy Ha JBYX [TOJ0CAX.
st sToit 3amauu BBOJATCH KpaeBble dyuknuu ['puna. s sroro wmcnosblyercs
npeJiesibHas TpoIeypa, KpaTKo u3JjoxKeHnnad Bbire. [locie sToro g 3ajadm o
JIBYX TI0JIOCaX BBIBOJIUTCH (DOPMYJIa PACIIEIIEHNS.

OcHOBHOII TIar MOCTpOeHusi (POPMYJIbI PACHIEIIEHNST — IIPUMEHEHHE K BOJTHOBO-
My TIOJIIO OllepaTopa paciierienns. /leficTBue JaHHOTO onepaTopa Ha I0Je JIOJZKHO
00J18/1aTh CJIEYIOIIUMEI CBORCTBAMU:

— oIepaTop JIOJIKEeH IEePEeBOJINTh PeIleHnsl ypaBHeHUsl [eIbMTo/iblla B pelleHus
ypaBHeHud ['e/ibMroJibIia;

— OIEepaTOp JIONKEH COXPAHATh 'PAHUYHBIE YCJIOBHUSA Ha TOBEPXHOCTAX paccenBaTe-
JISt;
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— OIIepaTop JIOJIKEH OOpaIlaTh B HYJIb HAJIAIONLYI0 IJIOCKYIO BOJIHY;
— OIIEpPATOP JIOJIZKEH MIEPEBOUTD PEIEeHNe, YIOBIECTBOPSIOIIEe YCJIOBUIO U3JTY I€HUST
B pEIlleHre, YIOBICTBOPSIONIEE YCIAOBUIO 3Ty ICHUS .

B cayuae, eciin paccenBaTesib UMeeT TOJBKO KOMILIAHAPHDBIE TOBEPXHOCTHU, OIe-
paTop pacIielIeHus MOXKHO BBIOPATb B BHJIC CYMMbI KOHCTAHTBI M OTIEpaTOpa Iud-
depennupoBanus BI0JIb KOOPAUHATEI, HAIIPABICHHON 110 KacaTeIbHOW K paccenBa-
testio. KorcranTa Beibupaercs TakuM 00pa3oM, 9Tobbl 0OPATUTH B HYJIb HAJIAIOILY O
BOJTHY.

0O603Ha49UM UCXOJHOE T10JI€ CUMBOJIOM U, & OLEPATOP PACIICILIEHUs CUMBOJIOM [ .
Pacemorpum dyukio H[u]. Braromapst cBoiicTBaM oliepaTopa paciielyieHnsl, 3Ta
dyukIma npejcrasiser coboit perenne ypapueHus [eibMrosibia, yaoBaIeTBOPIIO-
IIee YCJIOBUIO U3JIyUeHUs U TPAHUYHBIM YCJIOBUSAM Ha paccenBatese. Kpaesoe ycio-
BU€ P 3TOM HAPYIIAETCs, MOCKOIbKY JIuddepeHIaabHbIil OepaTop MOBBIAET
ocoberHocTh BO/IM3U pedbpa. lIpumensas TeopeMy eIMHCTBEHHOCTH, MOJTyYaeM COOT-

HOIIIEeHUE
4

Hlu)(z,y) = Y (=1)" ' Crv™ (2, ), (18)
m=1
rie C,, — K03 UIUEHTDI, CBI3aHHbIE ¢ ACHMIITOTUKON I10JIsI U BOJIM3U KpaeB pac-
cenBatess. Beipaxkernue (18) nassano B pabore (opmynoii paciiemieHus B caaboii
dopme. [ momyderns cuibHON (DOPMBI HEOOXOIMMO N30aBUTHCA OT KOHCTAHT Cp, .
JL1s1 9TOTO IPUMEHSAETCSA TeopeMa B3auMHOCTU. Pe3ysibraTtoMm sBjsieTcss popMyia

Cn(9) = —15™(), (19)

T. e. Ko3ddunuent C, OKA3bIBACTCS BhIPAYKEH Yepe3 3HAYUEHUE TUArPAMMBI HAIIPAB-
naeHHoCTH Kpaepoii dyukmuu ['pura. Ormernm, uro B (19) saBHO yKasaHa 3aBuUCH-
MocTb KoHeTaHT Cy, 0T yruta majienus. Tasnee B bopmyste (18) mpoussoauTest epexo/y
K JiarpaMMaM HallpaBJIEHHOCTH IpaBoil u JieBoil dacTu. Pe3ynbrar ecth (gpopmysia
(2).

[Toxorkast cxema puMeHsieTcs B Iy1aBe 1 K BBIBOLY (hOPMYJI PACIICILICHUS B JIPY-
rux 3ajiladax. Hanbosiee BazKHBIM KJIaCCOM 3aJ1at, OIUChIBAEMbBIX B padOTe, sABJISETCS
KJI1aCC “30MMepPdeTbI0BBIX 3a/1a9. DTO JIByMEepHbBIE CKaJIsIPHBIE Tn(PaKIINOHHBIE 3a-
Jladu, KOTOpPble MOXKHO CBECTH K 3aJ[adaM PaCIpOCTpaHEHUs] HA Pa3BETBJIEHHBIX I10-
BEPXHOCTSX ¢ KOHEIHBIM YHCJIOM JINCTOB U TOYeK BeTByeHusd. Heobxoanmo, 9To0bI B
HCXO/THOM (PUBUYIECKOIT TTOCTAHOBKE BCE SKPAHbI ObLIN KYCOTHO-TIPSIMOJIUHENRHDBI, ITO-
Obl Ha 9TUX dKpaHaX ObLIN 3aJaHbl UjeaJbHbIe IPaHuYIHbIe yesoBus (Jupuxie win
Heiimana), u 91o0bl yroJ1 MexK 1y JIEo0oi napoil 9KpaHoB ObLI PAIMOHAILHBIM, T. €.
€r0 OTHOIIIEHNE K 7 OBLIO PAIMOHAJIBHBIM 9UCIOM. 30MMePMEThI0BbI 33191 P/
CTaBJIAIOT cODOM KJIacc 3a/1ad, K KOTOPbIM IIPUMEHUMbI METOJIbI, pa3BUTHIE B paboTe
(KoOpIMHATHBIE U CIEKTpaJIbHbIE ypaBHEHMs ). PaccmaTpuBaioTces J1Ba mpuMepa: Jiu-
dpaknus Ha gByX T0JI0cax (OTpe3kax) u Jupakius Ha JBYX [MEPIEHIUKYJISTPHBIX
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HOJIYIIPAMBIX, He UMeIonux obmux Touek. [loceanss Kondurypaius B padore Jijist
KpPaTKOCTH Ha3BaHa YTOJKOBBIM OTpazkarejem co Ieabio. CXxeMbl pa3BeTBIEHHBIX
MOBEPXHOCTEH I 9TUX 3a1a4 moKa3aHnbl Ha Puc. 3. OcHOBHBIE pe3yIbTaThl pabOThHI
(koop/HaTHBIE ypaBHeHus (14) u crekTpasbHoe ypasHenue (17)) ocrarorces cipa-
BeJJINBBIMU JIJIsI JTI000# 30MMepdesba0oBoil 3a/1auu ¢ 0COOBIMU TOYKAMU BTOPOTO
HTOPSIIKA.

8..
@*‘

~—

Puc. 3: Ilpumepsl pa3BeTBIEHHBIX TOBEPXHOCTEN 7SI 30MMEPQEIhIOBbIX 3a/1a4

s BbIBOZIa (pOPMYJIBI pacIienieHusT Ha 30MMePdeIbI0BOil MOBEPXHOCTU BBO-
naTes Kpaesble dyHKimn ['puna u™F (1X Kpaesble aCUMITOTUKH BBIIHMCAHBI Bbl-
me). [asee ncrosb3yercst onncantast BLIIIIE IPOTEAYPa, T. €. K MO0 IPUMEHSIETCs
omepaTop PAacCIIEIIeHUsT; ¢ TOMOIIBIO TEOPEMbI €IMHCTBEHHOCTU BBIBOJIUTCS cjiadast
dopmysia paciielyieHust; ¢ IOMOIIHI0 TeOPEMbI B3AUMHOCTU KO3(MDUIMEHTHI c1ad0it
dopMyIIbI pacIieIlIeHIs BhIPaXKaroTCsl depe3 JuarpaMMbl HallPaBJIEHHOCTH KPaeBhIX
dbynxmumit ['pura S™*. PesynbraToM apiderca (hOPMY/Ia PacIerIeHNsT

4
S(@i,mwi,o) - Z Sm+ % o>5m+(901 o) + SmT (¢z O)Sm (Soi,o)} 5
m=1

(20)
rae S — audpaknnoHHbIT Ko3hQUIMEHT 3a/1a4i 0 HaIeHUN IIJIOCKOH BOJHBI, S™T
— JuarpaMMa HallpaBJIeHHOCTU KpaeBoil pyHKInn ['puna, 1) — yroJ najenud, ¢ —
YIOJI paccesHusi, UHJEKCHI ¢, 0 MapKUPYIOT JIUCT 30MMepdebI0oBOi MOBEPXHOCTH,
110 KOTOPOMY pPacIpOCTPaHSETCs TPUXOIAIIas U yXOAAIIasi BOJTHA.

Jlasee B 1epBOil TIaBe BBIBOJAATCA (DOPMYJIbI pPACIICIICHUS I TPEXMEPHBIX
3aj1a4 JUQPaKIUN ¢ IJIOCKUMU PacCEeNBATE/IIMU, UMEIOIUMHU TJIaIKYIO0 IDAHUILY.

4k0(cos © + cos )
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JI1s1 TpeXMepHBIX 3a/1a4 TaKyKe BBOJATCH Kpaebble (DyHKIUM I'puHa, IpH 3TOM
UCTOYHHMKHU BLIOMPAIOTCS JIOKAJIU30BAHHBIMU BOJIM3K KaKoii-1160o Touku pebpa. Tn-
naHoe obo3HaueHne Kpaesoit dyukiuu ['puna umeer sug G(x,y, z;1), tue (z,y, 2)
— JIeKApTOBLI KOOPJIMHATHI TOYKN HaOJIONEHHUd, a | — KOOPJAMHATA, OTCYUTBIBAIO-
mas IyTh BIOJL pedpa paccemBaTesd 10 TOYKH, BOJU3M KOTOPOIl COCPEIOTOYCHbI
HCTOYHUKHN. B HEeKOTOPBIX CIydasX HeOOXOIMMO BBECTH HECKOJILKO KPAaeBLIX (DYHK-
muit I'puHa, COOTBETCTBYIOIINX Pa3JIMYHBIM KOH(MUIYypalyusaM HCTOYHUKOB. IIpume-
poM (bOPMYJIBI pacHielIeHns i TPeXMepHOil 3a1aun aBisgercs (popMy/a, BbIBe-
JIEHHAST JIJI TOHKOI'O IIJIOCKOI'O PACCenBATE/Isd, JIEXKAIIEro B IJIOCKOCTH (I, ), ¢ Ipa-
HUYHBIME yCIOBUAME JIUpHUX/ie Ha rpaHsx:

S(0,,0,; 01, 6) =
i

- ‘ 0,0y 1)Sc (0, 6 1) sin O (1) dl. 21
Wkg(COS@x—l—COSQ;Cn)/FSG( Y )SG( z Uy )Sln@() ( )

Brech S — mudpaKmUOHHBI KO(DMUIIMEHT UCXOMHONW 3aja4dn, Sg — Jauarpamma
HaIpaB/IeHHOCTH Kpaesoil dpyukiun ['puna, 0, Qiy“ — VIJIBI, OIUCHIBAIOIINE HAIIPAB-
JIeHre TTPUX0/1a MaJIafomeil BOIHEL, 0, 6, — yIJIBI, ONUCBIBAIONIIE HAIpaBJICHHIE pac-
cesnusi, © — yroJ MexK/Iy OCbI0O & M KACATEJbHOI K Kpaio PacCeHBATEIS.

[Tpumep (21) wumoctpupyer jgocrourcTsa dopmysr pamiernierus. HeussectHas
byuxmus S(6,,0,; 6™, Qiyn) BBIPAsKaeTCsI ¢ MMOMOIIBIO JIPYTrOil HEeM3BECTHOM (DYHKIINN
Sc:(0z,0,;1). Beraucienne BTOpoii (byHKIME He ILPOIIE, YeM BBIMHCJIEHHE IIEPBOIl.
OtHako (DYHKIMS B JIEBOM 9acTH PABEHCTBA 3aBUCHT OT YETHIPEX CKAJISIPHBIX ITe-
PEMEHHDBIX, B TO BpeMs KakK (DYHKIMs, CTOsAIIAs B IPAaBOW YaCTU 3aBUCUT JIHMIIDb
OT Tpex mepeMeHHbIX. Takum 06paszoM, ducjaeHHOe TabyInpOBaHKe JUArPAMMBbI Ha-
paBJICHHOCTH KpaeBoil dyukiuu ['puna mnpejicraBisgercs MeHee TPYJIOEMKUM, YeM
Ta0y/IUPOBAHNE JTUATPAMMBI JIJIsT UCXOIHOM 3a1a1H.

laiee B 11epBOii TyIaBe yKa3aHBI CIIOCOOBI 0000IEHNsT (DOPMYJIbI PACIIEILICHUS .
OcHoBHBIE HAIlpaBjIeHUsT — 0OJiee CJIOXKHBIE T'DAHUYHBIE YCJIOBUS U 0OOJiee CI0XK-
Hasi T€OMETPHUsI PACCEUBATE/IsI. Y UeT UMIIEIAHCHBIX TPAHUIHBIX YCJIOBHI CBOIUTCS
K [OCTPOEHNIO0 KpaeBbix dyHkIimit ['puna s coorBercTBytomux 3aiad. [locTpoe-
Hue (hopMyJ1 paciienyienus Jiig 6ojee CJI0KHBIX MeOMETpHil paccenBaTesis TpedyeT
[PUMEHEHUsI OMEePATOPOB PACIEIJIeHNsT BBICOKUX IOPSJIKOB. B KadecTBe mpumepa
381291 CO CJIOZKHO TeoMeTpHell paccMaTpPUBAETCs JIByMepHas 3a/ia49a ¢ UJ1eaJIbHbI-
MU TPAHUYBIMU YCJIOBUSIMU Ha KYyCOUHO-JTMHEHHOM paccenBarese. [Ipeamoaraercs,
YTO BCE YUACTKHM PACCEMBATEISI COCTABJISIOT “‘pAIMOHAJILHBIE” YTJIBI C OCBIO X, T. €.
yruibl, paBable 7q;/n. [Tokazano, 4To BceMu CBOWCTBAMHU OIEPATOPA PACIIEILICHHSI
obJta taeT orepaTop

i 0

H, = (—iko)n P, k‘_oa_x - Pn(COS1/}) ) (22)
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rie P,(z) — momunom Hebbimmena, a 1) — yros najenus miockoil Boaner. CooTseT-
CTBEHHO, CTpOUTCA (POPMyJla PaCHICIIEHUs, COJepIKalasd 1 Pa3INIHBIX KPAaeBBIX
dyuknuii ['puna.

I'nasa 2

Bo BTOpoOit TitaBe paccmaTpuBaeTcs 3aja4a O JUGPAKIIU HA JIBYX KOMILIAHAD-
HBIX ToJIocax (oTpeskax). Permaercs BOIpoc 0 HaXOXKI€HNN KpaeBbix dbyHKIwmil ['pu-
Ha Juyid 3aja4u upuxire.

st kaxkoit u3 KpaeBblx pyuknuii ['puna v™ dopmysupyercs OyHKITMOHATb-
Hasl 3ajada, cxoiaHas ¢ 3amaadeii Bunepa-Xomda. s msru ydacTKOB, Ha KOTO-
pble OCh T pa3dUBaeTcs TOYKAMU dj . .. (4, BBOJSTCS MSITh HEU3BECTHBIX (DYHKITUI
Ui(k)...U"(k), ¢ TOIHOCTBIO /IO MHOXKHTEJS MPEACTABIISIONX 000t Pypbe-006-
pasbl 3HaYeHnil MoJsd v WM €ro MPOM3BOJIHON Ha COOTBETCTBYIONINX HMHTEPBAJIAX
(k — BosHoBoe uucsio). CBolicTBa JIAHHBIX HEM3BECTHBIX (DYHKIMIA JA0TCs CTaH-
JIAPTHBIMEA TeopeMaMu. A MMEHHO, YCTAHABIMBAETCS AHAJIUTHIHOCTH B BEpXHEH U
HIUKHEHN TTOJTYTIIIOCKOCTH TIEPEMEHHON Kk U JIe/Taf0TCs ONEHKN POCTA B COOTBETCTBYIO-
et mostytockoctu. Kpome Toro, BeIBOAUTCS (DYHKITMOHAIBLHOE ypaBHEHNE, yCTa-
HaBJIMBAIOIee JIMHENHYIO 3aBUCUMOCTDh MEYKJy HeM3BeCTHBIMU (pyHKIaMU. Takmm
obpaszoM, 3ajia4ua UMPAKINI OKa3bIBAETCs CBeJleHa K (DYHKIIMOHAJILHON 3aJiade, T.
€. K 3ajlavde OTbICKaHus Habopa HEU3BECTHBIX (DYHKIUI, 00/1a/1al0MuX 38/ [aHHbIMI
CBOHCTBaMU.

PaccmarpuBatorest mpoussogable dyuknuit U (k) o nepemennoii k. Herpymo
MIOKa3aTh, 9TO HADOP TAKWX ITPOU3BOIHBIX JJIS KayKJIOf BCIOMOTATETbHON 33/ a4
TaKKe OKa3bIBAETCs CBI3aH M30MOHOJIPOMUEH ¢ MCXOJIHOM (PYHKIMOHAIBLHON 3318~
qeil. DToT HaKT HPUBOJIUT K IOCTPOEHUIO CrieKTpasibHOro ypasuernus (3). Crocob
BBIBOJ[a CIIEKTPAJILHOIO YpaBHEHUs CJIeIyIomnii. 3ajaercs hopMa ypaBHEHUs, KO-
s dunrenT ypaBHeHNsT BbIPAXKACTCA B BUJIE OTHOIICHUS OIpPEJIe/TUTE e, co/lepKa-
X €ro pelleHne, U ¢ MOMOIIBI0 TeopeMbl JIMyBUIIIA ycTaHABIMBAETCS BUJI OIpe-
nemureneit. OrvernM, 9To cama 1o cebe dopma (3) sABIAETCS JTOCTATOYHO OOIIEi.
HerpuBnayibHOCTH CIIEKTPAJIBLHOIO YPABHEHUsI COCTOUT B TOM, UTO ero Koddduiuenr
OKa3bIBAETCS BECbMA TIPOCTOl (paroHabHOl) dyHKImeil nepemMennoii k.

Koadpdbunuent criekrpaabHOro ypaBHeHUs: HE BBIYUC/IAETC gBHO. BMmecTo T0oro
JIOKA3bIBAETCs, 9TO OH UMeeT 3ajannyio popmy. [losromy KoadduimenT okasbBa-
€TCs U3BECTHBIM C TOYHOCTBIO JI0 HECKOJIBKUX CKAJAPHBIX ITapaMeTpoB. DTHU Mapa-
MEeTPbI MOTYT OBITH HaliJIEHBI TOJIHKO YHCJIEHHO. SHAYUTE/IbHBIE YCUIUS TTPUKIA/IbI-
BalOTCs, 9TOOBI KOPPEKTHO cHOPMYIMPOBATH 3319y OTHICKAHUS STUX TaPAMETPOB.

OiHUM W3 METOJIOB, MMOMOTAIONINX B IOUCKE HEU3BECTHBIX MApPAMETPOB, SBJIS-
I0TCs 9BOJIIOIMOHHBIe ypasHeHusi (6), (7). TlepBoe u3 stux ypaBHeHHii onmchBaer
U3MeHEeHNe PelleHns] TPU N3MEHEHUN NeOMEeTPUYECKNX ITapaMeTpPOB 3aJadu. Y paB-
Herue (6) OJIYUEHO ¢ IOMOIIBIO TOTO JKe MPUEMa, ¢ MOMOIILIO KOTOPOTO BBHIBOJUTCS
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CIIEKTPAJIbHOE yPaBHEHHUE, T. €. JIJId 38JIaHHOIO BUJIa YPABHEHHUS aHAJIM3UPYETCH €ro
Koy durment. [{ig anaamsa ucnosb3yercs TeXHUKa onpeenreseii. Y pasuenue (7)
BBIPpAsKaeT COBMECTHOCTD CIEKTpabHOro ypasHenus u (6). Takum obpaszom, (7) ur-
paet poJib ypaBaenusi [1lie3unrepa i cemeiicTBa CleKTPaJIbHBIX YPaBHEHMHIA.

lasee Bo BTOpPOIT ryaBe hopMmyaupyeTcs 3ajada 00 OTHICKAHUKM HEU3BECTHBIX
KOHCTAHT CIIEKTpaJbHOIO ypaBHeHHd. lIpexkie Bcero, aHaau3upyroTcs JIOKAJIbHBIE
(asirebpanveckue) orpaHUYeHNs, HAKJIa/IbIBAeMble Ha HEM3BECTHbIE KOHCTAHTHI. [lo-
Ka3bIBAETCs, UTO IOCTIE YIeTa BCeX JIOKAJbHBIX OIPAHUYEHUN OCTAeTCsI BOCEMb CBO-
OOTHBIX TTAPAMETPOB. 3aTeM (DOPMYITUPYIOTCA OTPAHUYCHUS CBS3U JIJIsI CIIEKTPAJIb-
HOI'O ypaBHEHU:A, T. €. O'PaHNYICHNA, HaKJ/IaJAbIBaeMble Ha MaTPHUIbI, CBA3bIBAIOIINE
Oa3uChl PEIIeHril B PA3/IMIHbIX 0COOBIX TOYKaX. B pesy/brare mosydaercs cucrema
13 BOCbMU OTpaHUYIEHUI, BBHIITOJHEHNE KOTOPBIX FaAPAHTUPYET HAJTUINE Y CIEKTPasIb-
HOT'O ypaBHEHUs PEIIeHUsI, yIOBJIETBOPSIONIEr0 YCIOBUIO BCIIOMOTATEIbHBIX 3a/at
JUI KpaeBbIX pyHKImil ['puna.

Hakonerr, Bo BTOpOIi Iy1aBe MPUBOJIUTCA ITPUMED BBIYUCIEHUN HA OCHOBE CIIEK-
TPAJILHOTO ypaBHEHUs. Bblunciienus mpousBOJATCA Jiid Oojiee MPOCTON 3aJladul O
paccessHU Ha OJIMHOYHON 1oJioce. J[isi OThICKaHWsA HEU3BECTHBIX KOHCTAHT MCITOJIb-
3yeTcs UTepalnoHHas JucaeHHas cxeMa. Pe3yibTaThl pacdeToB CpaBHUBAIOTCS C Pe-
3yJibTaTaMM, IIOJIYYECHHbBIMU CTaHJapPTHBIMU METOJaMU.

I'hasa 8
TpeTbs raBa MOCBAIIEHA BBIBO/LY KOOPIMHATHBIX YPABHEHUI M MCCJIEIOBAHUIO
ux cBoiicTs. [Toj KOOPJIMHATHBIMEI YPABHEHUSIMU [TOHUMAETCS cucTeMa Buja (8).
[1aBa HAYMHAETCS ¢ PACCMOTPEHUsT 00X CBOTCTB cucTeMbl (8). BoiBeieHbr /1Ba
COOTHOIIEHU JIJIs1 KOI(DPUITMEHTOB KOOPUHATHBIX YPaBHEHUI:

9, 0
— X+ XY =—Y+YX 23
oy + ox * (23)
n
2X+X2+2Y+Y2+k2120 (24)
Ox oy 0 '

[IepBoe W3 3THUX YCJIOBUII TapaHTUPYET COBMECTHOCTH KOOPJIMHATHBLIX YpPaBHEHMIT,
a Gs1aroJiaps BTOPOMY YCJIOBHIO BCE KOMIIOHEHTBI JII000TO PEIeHts KOOPMHATHBIX
YPaBHEHUIl YIOBJIETBOPAIOT ypaBHeHWIO [esbMmrosibia. OTMeTnM, 9TO CIIpaBe n-
BOCTb cooTHoImenuii (23) u (24) npuxoauTcs JOKa3bBaTh. A MMEHHO, JAHHBIC CO-
OTHOIIIEHUS CIIPABEIMBLI, €CJIM CYIIeCTBYeT 0a3uC PEeleHuil KOOPAUHATHBIX ypaB-
HEHUil, OJIHO3HAYHBIX Ha JIAHHON PA3BETBJICHHOl [OBEPXHOCTU U YJIOBJIETBOPAIONIAX
BEKTOPHOMY ypaBHeHuo [ejbMrosibia. Takoe J0Ka3aTeIbeTBO IPOBOIUTCS B pabo-
Te.
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B Tpetbeii ry1aBe KOOp/IMHATHBIE YPaBHEHUsI CTPOATCH JJId 3aJa9u O Judpak-
muu Ha JBYX rojocax. C IMoMOIIbIo MeTo/Ia OTPayKeHUil JJaHHAad 3aJ1ava CBOIUTCS
K 30MMepdeIbI0BOI 3a/late O PACIPOCTPAHEHUN HA JIBYXJUCTHOM MMOBEPXHOCTU C
YeTHIPbMSI TOYKaMu BeTBjieHusi. Cxema 9TOH MOBEPXHOCTH IOKa3aHa Ha Puc. 3a.
Nmyrca kpaesbie dynknuu ['puna i jannoit mosepxuoctu. Kakas 3 KpaeBbIxX
dynknumit ['puna MoxkeT OBITH ONpesesleHa KaK Pe3yJbTaT MPeIebHOIO Mepexo/ia
JUIS OIIpeJie/IeHHOM KOHMUTrypalrun UCTOYHNKOB. Beero Kpaesbix dyukimiit ['puna
BOCEMb.

Bsomurcs nousitre o ceepreunysaprvir GYHKIUIX Ha Takoii moBepxHocTH. CBepX-
CUHTYJIAPHBIE (PYHKITUU YJIOBJIETBOPSIOT ypaBHEHUIO ['€TbMIoJIbIla U YCJIOBUIO H3JTY-
qeHnsd 3oMMepdeshia, 0JHAKO He YIOBICTBOPSIIOT KpaeBbIiM yceaoBusaM MeiikcHepa
B TOYKax BeTBjeHusd. CBepXCUHTY IApHAs (DYHKINSA JTO2KHA PACTH BOJIU3U BEPITUHEI
e Geictpee p~ /2.

['1aBHBIM CBOHCTBOM CBEPXCUHTY/ISPHBIX (PYHKIINN SBJISIETCS Cieytoree. Kaxk-
Jlasi CBEepXCUHTYJIsIpHAS (DYHKIMSA MOXKeT OBITh € IMHCTBEHHBIM CIIOCOOOM IIPeJICTaB-
JIeHa Kak JimHeiiHas komOunanus KpaeBbix pynknumii ['puna. Koaddurmentsr muneii-
HOI KOMOWHAITMY HAXOJATCA U3 CTAPIINX YIEHOB aCHMITOTUYECKUX Pa3JIOYKEHUl B
TOYKaxX BeTBjeHUA. Jl0Ka3aTeIbCTBO MPOBOIUTCH € TIOMOIIBIO TEOPEMBI €IMHCTBEH-
HOCTH It pereHus audpakiumonnoit 3aja4uu. Takum obpaszoM, KpaeBbie DyHKITUN
['puna npejgcraBiagior coboit 6a3UC CBEPXCUHTYIAPHBIX (DYHKITUI.

OCHOBHBIM pPe3y/IbTATOM TJIABBI ABJISETCS BBIBOI KOODIUHATHBIX YPABHEHUN J1JTsT

BEKTOPA

COCTOSIIETO U3 BCEX BOCHMU “KOMILIEKCHBIX KpaeBbiX dyuknumii ['puna. [Iag sToro
umercd 16 KoMOMHAIINI TIePBBIX TPOU3BOIHBIX OT KOMIIOHEHT BEKTOpa U, IIPEJICTaB-
JISTIOITUX cO00# cBepXCUHTYIApHBbIe DyHKIIH. OTMETUM, 9T0O KOMOUHAIUY T10/I0UPa-
I0TCsT 0COOBIM 00pPa30M, MMOCKOJIBKY CAMU TIEPBBIE IPOU3BOJ/IHBIE KPACBBIX (DYHKITHI
['puHa He ABJSIOTCSI CBEPXCUHTYJISIPHBIMU (DYHKIUSIMU (OHU PACTYT y TOYEK BETB-
nerns Kak p /%), VIcKOMble BBIDasKeHIs NMEIOT BT

a a m=+ a ma 2
Zm+8_ - Zm—a— ) 8_u . (26)
Z4 Z_ 2
upu m = 1...4. Kaxxgoe u3 3TUX BBIparKeHUI MOXKET OBITH IIPEJICTABICHO KaK

JnHeiiHasg koMmOmHanus KpaeBbix dyukiuit I'puna. B pesynbrare nmosydatorcs 16
JIMHEMHBIX YPaBHEHUI, CBA3BIBAIOIINX IIepBble NIPOU3BO/IHbIE KOMIIOHEHT BEKTOpa U
C caMUM BEeKTOpOM U. Pa3zpernas 3T ypaBHEHUS OTHOCHUTE/IHHO KaXKJIONW M3 IIPO-
M3BOJIHBIX, TOJIyYaeM CHCTeMY KOODJIMHATHBIX ypaBHeHui Buia (14). Diemenrap-
Hble npeobpa3oBanus npespamaor 31y cucremy B (8). Ciemyer ormerutsb, 4ro X
n Y — parnumonajbuble (ODYHKIMA KOOPJUHAT, IPUYEM B YHCIUTEISAX W 3HAMEHATE-
JISIX CTOSAT KBJIPATUYHBIE TTIOJIMHOMbBI IEPEMEHHBIX & U Y. SJHAMEHATE/IM UMEIOT BU]L
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(x — am)2 + yz, T. €. 0COOBIMU TOYKAMHU KOOP/IMHATHBIX ypaBHEHUil Ha IeificTBU-
TEJIbHOI TIJIOCKOCTU SIBJISIIOTCS TOYKM BeTBJIeHUs NoBepxHocTH. llocie ydera Bcex
JIOKAJIbHBIX (a/iredpaniecKix) OrpaHUIeHU OKa3bIBAeTCs, ITO B KOI(DUImeHTH
KOOP/IMHATHBIX YPaBHEHNHI BXOJIAT BOCEMb CKAJAPHBIX ITapaMeTpPOB.

[Ipuem, ocHOBAHHBIN Ha HMCIOJH30BAHUE CBONMCTB CBEPXCUHTYISAPHBIX PEIICHUIH,
MOXKHO TPUMEHUTH K ITPOU3BOIHBIM 10 T€OMETPUYECKUM MTapaMeTpaM 3aJiadn. Tak
CTPOATCA IBOIIOIMOHHBIE YPABHEHUA JJIsI BOJHOBBIX IIOJICH.

[TokazaHo, 9TO CHEKTpaJIbHOE YpaBHEHUE SIBJISETCS CJAEJICTBUEM KOODIMHATHBIX
ypasuenuii. [lepexoj1 oT KOOp/IMHATHBIX YPaBHEHMI K CHEKTPAJILHBIM OCYIIECTBIISA-
€TCsl C TIOMOIIBIO PACCMOTPEHUS aCUMITOTUKU BOJTHOBBIX IOJIEHl Ha OOJIBIIOM Y/Ia-
JIEHUU OT TO4YeK BeTBjeHUA. llosle B JasibHell 30HE MOKET OBITH IPEJICTABIECHO B
BHJIE PsiJIa, CTAPIIUI YIeH KOTOPOTO COJIEPXKUT narpaMMy Hampasjennoctu. Orpa-
HUYEeHNEe KOOPJAMHATHBLIX yPaBHEHUI Ha CTApIIMi 4jIeH JaHHOH aCUMITOTUKH JaeT
CHEKTpaJIbHOE YpaBHEHUE.

L'hasa 4

B uerBeproii 1yiaBe Juccepranun paccMaTpUBaCTC JIByMepHas 3a/1a4a JTudpaK-
1IN Ha JBYX OPTOIOHAJIBHBIX TOJIYIIPAMBIX C UJI€ATbHBIMU FPAHUIHBIME YCJIOBUSAMUI
(cm. Puc. 4). B nepsoit ryiase i 9Toit 3a/1a4uu Oblia BbiBejieHa (DOpMyJia paciier-
JIEHUS, TelepPb BBIBOJSTCA KOOP/IMHATHBIC YpaBHEHUSA U CIIEKTPAJIbHOE YpaBHEHHE.
Kpowme Toro, 3HauuTeIbHBIE YCUIASA TPATITCA HA KOPPEKTHYIO (DOPMYJIUPOBKY 3a-
Javan 06 OllpeJeJIeHNN HEN3BECTHBLIX KOHCTAaHT (T. €. Ha BbIABJICHUE BCEX a.HFe6paI/I—
YeCKUX COOTHOIIEHU, CBA3BIBAIONINX KOHCTAHTBI, BXOJIANINE B KOI(MDMUITMEHTHI KO-
OP/INHATHBIX YPABHEHUIT).

@

a, x

Puc. 4: Teomerpus 3a/1a4u 00 yroJIKOBOM OTpazKaTeJe

Cremyst mporie/iype BBIBOIa KOODJIMHATHBIX yPABHEHWI, OIMUCAHHON B TpeTheit
riaase, nojydaem cucremy (14). PaccmarpuBasi acuMITorndeckue passioXKeHUs pe-
meHuii B JasibHeli 30He, MoJydaeM clieKrpaibioe ypasuenue (17). Ouesuno, dhop-
Ma ypaBHEHUIl He OT/n4YaeTcsd OT (POPMbI, IMOJTYyUEHHON i 3a/a9u O JudpaKIun
Ha JIBYX I10JIOCaX. JTO CBA3AHO C TEM, YTO 00e Pa3BETBJIECHHBIE TOBEPXHOCTU MMe-
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IOT 10 YeThIPe TOYKU BETBJIEHUS B KOHEYHON 00/IACTU, U KayKJasd TOUKA BETBIECHUS
UMeeT BTOPOU Mopsiiok. Pazymmdane 3Tux AByX 3a/1a4 MPOSABJISIETCs, BO-IIEPBLIX, B 110~
JIOZKEHUU OCOOBIX TOYEK, & BO-BTOPBIX, B 3HAUYCHUIX KOHCTAHT C,’L’f u é}{f. Saa4an
UMEIOT Pa3INIHYI0 CTPYKTYPY IVI00ATbHBIX OIPDAHMYEHUI, HAK/Ia/IbIBAEMbIX Ha 3THU
KOHCTAHTHI.

B dgerBepToil ritaBe mopoOHO UCCIIEIYIOTCS COBMECTHDBIE CBOMCTBA pENIeHUl KO-
OP/IMHATHBIX U CIIEKTPAJIbHOIO ypaBHeHnusd. [lepeunciiuM oCHOBHBIE U3 9TUX CBONCTB.
1. CymectByeT mHTErpaJjibHOE ITpPeodpa30BaHUe, CXOJHOE C UHTErPAJIOM 30MMep-
desba, epeBo/Isinee peneHns CleKTPaIbHOTO YPABHEHUS B PEIICHUS KOOP/INHAT-
HBIX ypaBHCHUI.

2. Ecnim m3BecTHO pelrienne KOOPAMHATHBIX YPaBHEHUH U, O/ITHO3HATHOE Ha OTTMCAHHOI
BBIIIIE PA3BETBJIEHHOI MOBEPXHOCTU, TO C TMOMOIILIO KOHTYPHBIX WHTEPAJIOB MOK-
HO IIOCTPOUTDH HeThbIpe JINHEHHO-HE3ABUCUMbBIX PEIleHns TeX ke ypaBuenunit. [lua-
rpaMMBbl HAITPABJIEHHOCTH STUX PENIEHUI IIPEICTaBIIIOT cOO0it 6a3UC pelennii CrieK-
TPaJbHOTO YpaBHEHUS.

3. Ecimm m3BecTHO pelrieHne KOOPAMHATHBIX YPaBHEHUH U, O/THO3HATHOE Ha OTTMCAHHOIM
BBIIIIE PA3BETBJIEHHON MOBEPXHOCTHU, TO C MOMOIIBIO KOHTYPHBIX NHTErPAJIOB MOXKHO
MOCTPOUTH 0A3UC U3 BOCHMHU JINHEHHO-HE3ABUCUMbBIX PEIeHUN STUX YPaBHEHUIA.

JlanbHeiinee W3J/I02KeHNE TTOCBAIIEHO (POPMYIUPOBKE 3a/adu 00 OIpe e/ IeHIun
HEM3BECTHBIX KOHCTAHT. [lokazano, 9To moce ydera BceX ajaredpandecKux OrpaHu-
qeHuit ocraercsa 12 cBoOOIHBIX mapameTpoB. CoOTBETCTBEHHO, HEOOXOIMO ChHOPMY-
JINPOBATH 12 OrpaHWYeHUil, TApDAHTUPYIONINX CYIIECTBOBAHUE PEIIEHNs, NTMEIOIIEro
“pusneckoe”’ moBejieHNe HA PA3BETBJIEHHOM TOBEPXHOCTH.

B kadecTBe OCHOBHOIO MHCTPYMEHTA /[IJIsi OIUCAHUS PENIEHUil CIIEKTPAJIbHOIO
ypaBHEHUsT BBIOMPAIOTCS CTOKCOBBI KOI(DMUITUEHTHI, T. €. KOI(DPUITMEHTHI TIPU JT0-
MUHUPYIONAX SKCIIOHEHITNAIBHBIX dIeHaX B PA3/JNIHBIX 001acTsaX. B coorBeTcTBUN
CO CTPYKTYPOil ypaBHEHUsI, UMEETCsI JiBa Habopa Takmx Kodddunmento. OHn Ha-
3BaHbI B pabore o— u [—rmocienoBareabHOCTAMI. CTPOUTCH CBA3b MEXK/Ly ITHMU
[IOCJIE/IOBATEILHOCTSIMI U BETBJICHUEM COOTBETCTBYIOIIECTO PEIICHIs KOOPINHATHBIX
ypasuennii. Hakoner, opmymupyrorest 12 orpanndenuii, rapaHTUPYIOIIUX, UTO CY-
IIIECTBYeT peIleHne, OTHO3HATHOE Ha ONMCAHHON paHee pa3BETBIEHHON MTOBEPXHOCTH
U YJIOBJIETBOPSIOIIEe YCIOBUIO M3TydeHus. V3 JTOKaJbHBIX CBONHCTB KOOD/IMHATHBIX
YPaBHEHMIT CJIelyeT, YTO JIOKAJIbHbIE OIPDAHIMYEHNS B TOYKAX BETBJIEHUS TAKXKe BbI-
MIOJTHATOTCH.

Bajiata 00 OmpeJie/IeHNN HEU3BECTHBIX KOHCTAHT MOYKET OBITh PEIleHa TOJIHKO
UCJIEHHO.

LThasa 5
[Iaras riaBa mocBsieHa TPeXMEPHOH 3aj1ade 0 JUMPaKIUl CKaISIPHON BOJIHDI
Ha [JIOCKOM KOHYCe (4eTBEpPTBILIOCKOCTH) ¢ I'PaHudHbIME yesioBusivu Jupuxiie. Teo-
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MeTpus 3a/1aun okasana Ha Puc. 5. Ha pucynke m3obparken paccemBaTesb, COBIIa-
JAIOIIHUIT ¢ TEPBBIM KBAJIPAHTOM ILIOCKOCTH (,Y), TOUKH Wy U W HA €IMHUTHON
cdepe, COOTBETCTBYIONINE HAIIPABICHUIO TIAJICHUSI U PACCETHUS, a TaKyKe HAIIPAB/Is-
OIIe KOCUHYCHI Jj1st £ U 1) JIJIsl HAIIpaBJIeHus paccestaust. Harpapisiiorume KOCHHYChI
&o M 1o IS HATIPABJIEHUS TIAJIEHNsT BBOJATCSA CXOIHBIM O0OPa30M.

Cxema 1mojixo/1a K 9Toit 3a1at4e ciaeayiomias. s 3a1a49u o mI10CKoM KOHYCe BBIBO-
JuTcst (popMysia paciiernyieHns B COOTBETCTBUU C IPOIEyPOil, OIUCAHHO B MEPBOit
rnaBe. Jlajiee TpousBOIUTCS OT/IE/IEHUE PAJINAILHON TIepeMeHHOil B cdhepuiecknx
KoopjuHaTax. B pesynbrare JudpakIimoHHbII KOI(DMUIIMEHT BbIpayKaeTcs B BUJIE
KOHTYPHOT'O MHTErpaJia, B MOJABIHTErPAIbHYI0 (DYHKIIMIO KOTOPOTO BXOJINT KpaeBast
dyukiusa 'puna 3agadu na cepe. MurerpupoBanne mpou3BOJUTCA 110 KOHCTAHTE
pasjieseHus.

Puc. 5: I'eomerpus 3a1aun

Bripaxkenne audpaximonroro Koadduimenta depe3 KpaeByio yHknoo ['pu-
HA HA3BaHO B pabore wmoduduyuposarinot dopmyaroti Cmviuwisesa n3-3a CXOIACTBA
¢ 0bbraHoOlt (hopmyiioit CMblIiLIsieBa, BhIparkarolieil 1udpakIinoHHbI KOO hUuimenT
yepes obbrunyio pyuknuio ['puna s 3aga4un va cdepe. Mopudunuposannbie hop-
Mysibl CMBIIILIsIEBa, TMEIOT BT

1 —im[, 1 1 1 1
S(w,wpy) = m/We [0 (wo, V)V (w, v+1)+v (W, v)v (W, v+1)] dv, (27)
1 —imvy, 2 2 2 2
S(w,wpy) = ml@ [v*(wo, V)V (w, v+ 1) +v*(w, V)v* (w0, v+ 1)] dv, (28)
S(w,wp) = ST ET &) T ) /r ” Cy(v)[B(w,wo, V) + B(wy,w,v)]dv, (29)
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B(w,wp,v) = (v (w,v + 1) — v (w,v — 1)) (v*(wo, v + 1) — v*(wp, v — 1)).

Baech S(w,wp) — audpakinuonnblii KoadbduiuenT (wy — HanpapjieHue HajeHus, w
— Hanpasjienue pacceanus), v5?(w, ) — Kpaesble GyHkuun ['puna s 3a1a4uu C
paccenBareneM Jlupuxire. ZIBHBIIN BuI ypaBHEHHSI, KOTOPOMY Y/IOBJIETBOPSIIOT 3TH
dyHKIIMN Be3je, KpOMe KOHIIOB paccenBaTe/isi, eCTh

- 1 - 10 9 1o
At v?— ) o (w,v) = A=— 2 (sngZ )+ — 2
( v 4)” (w,v) =0, sin 6 0 <81n989)+sin298g02 (30)

(31ech 0 m ¢ — yros Mecta u asumyT Ha chepe).
Kpaessie dpynknuu ['puna xapakTepu3yoTcs CJIeIy0nuMI aCUMIITOTHKAMEI BOJIU-
31 KOHIIOB pacCeuBaTe/Id:

G 00) =~ G sin G ZE Qs P 0@, ()

JIOKaJIbHbIe KOODJMHATHI ToKa3aHbl Ha Puc. 6. Konrypa nnrerpuposanus s (27),
(28), (29) ykazamsl B pabore.

Puc. 6: Jlokanbuble chepudeckne KOOPIMHATHI

Buauenne MmoauduInpoBaHHbIX (hopMyst CMBIILISEBA COCTOUT B CJIeLyomeM. Bo-
MIEPBBIX, C TOMOIIBIO 3TUX (POPMYJT 3a/1a4a OTHICKAHUS JUMPAKITNOHHOTO KO3 dpu-
IIEHTA CBOJUTCS K BBIYUCJIEHUIO KpaeBbIX (pyHKImit ['‘puHa m1ta 3amaan vHa cdepe.
Bo-BTopbix, mojgudunuposanubie hopmysabl CMbIILIsEBa OKA3BIBAIOTCS TPEITOYTH-
TeJibHee 00bIYHON (popMyJibl CMBIIILIsIEBa ¢ TOYKU 3PEHUS BBIMUCJ/IEHUs] HHTErPaJIa.
A umenno, 06/1acTh HAIPABJICHN W, JIJIsT KOTOPBIX MMOJIbIHTErpaIbHAsT (DYHKITHS OKa-
3bIBAETCS SKCIIOHEHIINAILHO YOBIBAIOIIEH Ha OECKOHEYHOCTH, OKA3bIBAETC TITUPE JIJIs
MOTUMPUITTPOBAHHBIX (DOPMY.I.
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Jasiee umryTesa Kpaepble ¢pyHKIMU ['puna jura ypasaenus Jlamraca-benbrpavu
Ha cdepe ¢ S9KpaHOM B BHje OOJIBINON jyru jymHOi 7/2. [{ng kpaeBbix dyHKImit
['puna cTposTcs KOOpAMHATHBIE YpaBHEHUs Ha cdepe.

[Iporetypa mocTpoenns KOOPJIMHATHBIX YPaBHEHUI CXOJIHA C IIPOIE/LyPOil, OIr-
caHHO#l B TpeTbeit ry1aBe. CTPONTCST BEKTOP HEM3BECTHBIX U, BKJIFOYAIONIUN IeThIpe
KpaeBbIX (Gyukmnun ['puna: Be KpaeBble pyHKIUN ['puHa Jiisd 32491 ¢ TPAHUIHBI-
mu yeiaopuamu Jdupuxiie (310 dynxuum vh?), 1 1Be — ¢ IPAHUYHBIME YCJIOBUSME
Heiimana (w"?). KoopjunaTHble ypaBHeHUs UIyTca B popme

2u = Xu, iu =Yu. (32)
00 dp

Jl71s1 BBIBO/IA KOOP/IMHATHBIX YPaBHEHUI UCHIOIB3YIOTCA M depeHIuaibHble orepa-
Topel 1Y 93, tne 11 u T, — oneparopsl nuddepeHnupoBaHns 110 JOKAJILHBIM KOOD-
JMHATaM ¢1 U ¢, a T3 — oneparop auddepeHImpoBaHus M0 a3UMYTaJILHON KOOP-
JITHATE (.

BBoauTca noHaATHE O CBEPXCUHTYISPHOM PEIIEHHN KaK O PEIIeHUH, NMeOIeM
BOJIN3M BEPIIUHBI CTEIIEHb POCTA HA €IMHUILY OOJIBIIYIO, YeM 9TO PA3PEIeHO MeHKC-
HEPOBCKUMU ycjioBusME. VIMeeTcss BOceMb CBEPXCUHTYJIIPHBIX KOMOUHAIMI U3 1IPO-
U3BOJIHBIX HEM3BECTHBIX (DYHKITUN, & UMEHHO

T1 [Ul], Tl[wl], TQ[UZ], TQ[’UJ2],

T[] + Th[w'], Ta'] —Taw'], Ts[v?] —Tiw?], Tp[v*] + T3[w?].

Kaxkmag 3 srux hyHkImii MoKeT ObITh TIPEJICTaB/IeHa B BUJIE JIMHEITHOW KOMOWHA-
un KpaeBbix Gyukmmit ['puna. Pazperras mo/ryueHHble BbIPayKeHHS OTHOCHTETBHO
IIPOM3BOJHBIX KpaeBbIX (YHKIWI ['prHa mo KoopamHaTaM, MOIydaeM KOOpIMHAT-
uble ypaaenus B dopme (32). KoaddunmeHTsr 10cTaT09HO TPOMO3IKH, MO3TOMY
37IeCh OHM HE BBIMUCHIBAIOTCH. DTU KOIDMUIINEHTHI COJIEPKAT TPUTOHOMETPUIECKUE
byHKIIMNU KOOp/MHAT ¢ 1 #, & TaK¥Ke JBe HEM3BECTHbIE KOHCTAHTHI.

PaccmaTrpuBaercs npumep perrieHus 3a/1a9u 00 OIpeJIe/IeHNN HEU3BECTHBIX KOH-
CTAHT JIJIsT KOOPJAWHATHBIX ypaBHEHUil rnpu (ukcupoBanaoMm v. Vcmonb3yercs rpa-
JINEHTHBII AJITOPUTM JIJII HAXOXK/IEHUsI HyJIeil HEBA30K IVIOOABLHBIX OTDAaHUYEHUI.
YucieHHbIil 9KCIEPUMEHT TTOKA3bIBaeT OBICTPYIO CXOJMMOCTH aJrOPUTMA.

CrposiTcs 9BOJIIOIMOHHBIE YpaBHEHUS /It KpaeBbiX dyHKIwmit ['puna u Henspect-
HBIX TTapaMeTpoB. K coxKkajeHuio, B JJAaHHOM CJIydae HeJIb3d TMOCTPOUTDH IBOJIIOIIUOH-
HOE YpaBHEHHE 110 KOHCTAHTE Pa3Jie/ieHusd V. BMecTo 3TOro cTpodaTcs 9BOJIONMOHHbIE
YPaBHEHUS 110 YIUIY PACKPbIBa ILIOCKOTO KOHYCA.

Lhasa 6
B mrecroii riaBe mocTpoeHHble panee MeTOAbI (HOpMYysIa PACIIEIVICHUS W CIIEK-
TpaJIbHOE ypaBHEHME) MPUMEHSIOTCS K 3ajade 00 OTPayKeHNH BOJHOBOJHON MOJIBI
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OT OTKPBITOTO KOHIIA IJIOCKOTO BoJHOBOJA (cM. Puc. 7). lannas 3ajada saBisgercs
KJIaccuueckoil 3ayadeii Teopun nudpaxnuu. OHa Oblia pelieHa B CepejiHe IIPO-
mtoro Beka JI.A.Baiiamreiitnom B pamkax Mertoja Bunaepa-Xorda. Heoxumanabiv
U BayKHBIM JIJIA TPAKTUKU PE3YIbTaTOM ABUJICSA KOI(DMUITMEHT OTPAXKEHUS BBICOKO-
YACTOTHON MOJIBI, Ubsl YacTOTa OJiM3Ka K dacToTe orcedku. Okazamoch, 9To Kodh-
dunmenT orpaxkenns 630K K —1, TO €CTh OTKPBITHII KOHEI[ BOJTHOBOJIA SIBJISIETCS
orpakareseMm tuna Jlupuxie (Takoe MOBeIeHME MPEICKAYEMO I HU3KOUACTOM-
1Ot NOPwHes0t MOJIbI, OJTHAKO 3/1eCh 0DCYZK/IAeTCs MPSIMO ITPOTUBOIOJIOKHDIN CJTy-
Jait). Belia BbraucieHa momnpaska, OMICBIBAIOIIAS IOTEPH HA U3JIYUCHUE B OTKPBITOE
POCTPAHCTBO. J[aHHBIIN pe3y/IbTAT MUPOKO UCIOJIb3YETCd MPHU pacdeTe IIOCKOIa-
pPaJIEJIBHBIX PE30HATOPOB.

Y
uin
r
0 ig: \ R
0 0 in a v

Puc. 7: T'eomerpust 3amatdn 06 OoTpaKeHUH MOJIbI OT OTKPBITOIO KOHIIA ILIOCKOIO
BOJTHOBOJIA

[MTecrast rmaBa IocCBsIeHa PacCMOTPEHUIO JTAHHON 3a/adi ¢ ITOMOIIBIO METO-
JIOB, PA3BUTBLIX B juccepTanuu (& MMEHHO, (DOPMYJIbI PACIICIIEHNs] U CIHEKTPATb-
HOro ypaBHenust). llebio siBjsieTcst IpoBepKa paboTOCIIOCOOHOCTH METOJIa, a TaK-
JKe pa3BUTHE HOBOI TEXHUKU PEIICHUs TOJOOHBIX 3aJiad, He POJCTBEHHON METO.Ly
Bunepa-Xonda.

Jlndpaknuonnas 3ajiada ¢ UJICAJTbHBIME TPAMOJIMHEHHBIMI IPAHUIIAMU C TIOMO-
IO METO/Ia OTParkKeHUil CBOAUTCS K 3ajade paclpoCTpaHeHHs Ha pa3BeTBJIEHHOI
IIOBEPXHOCTH. ﬂaHHaH IIOBEPXHOCTb UMeeT 6eCKOHeLIHOG YHCJIO TOYEK BETBJICHUA N
OECKOHEYHOE YHUC/I0 JUCTOB. IIpm 3TOM BCe TOYKM BETBJIEHUSI MUMEIOT BTOPOI MOpPSsI-
JI0K. VIx reomerpuaeckne KOOpauHAThl T = an, y = 0.

Bajlaga paccMaTpUBaETC B KOPOTKOBOJHOBOM IpubmkeHnn. Pukcupyercs HO-
Mep BOJIHOBOJHO# MOJIBI U CUHUTAETCs, UYTO BPEMEHHas JacToTa OJIM3Ka K JacToTe
OTCEUYKU ,ZLaHHOfI MOJIBI. 9TO COOTBETCTBYET TOMY, 4YTO IIapliiaJIbHbIE BOJIHBI PacC-
MIPOCTPAHSIIOTCS TOYTHU 110 HOPMaJIU K OCH BOJIHOBOIA. [1o/b3ysich 3TuM 00CTOSITE Th-
CTBOM, MOKHO TT€peiiTnt OT ypaBHeHUs [ eTbMToIbIa K mapaboTnIecKoMy ypaBHEHHTO
Teopun IudpaKImu

(02 + 2kid, ) @ = 0, (33)
rje U CBA3aHO C BOJHOBBIM TI0JIeM U cooTHolmeHueM u = expiikox}u. Heobxomu-
MO 00paTUTh BHUMaHUE HA TOT (PaKT, YTO OCh X HAIpPaBJICHA MEPIEHINKY/ISIPHA K
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cTeHKaM BOJIHOBOJa. [lapabosmyueckoe ypaBHeHUe OMUCHIBAET IIPHOCEBOI BOJHOBOI
IIpoIlece, T. €. HAllpaBJIeHNe paclpocTpaHeHue BOJTH MAJIO OTKJIOHSAETCS OT OCH .

JlaibHeiinee paccMOTpeHNE TTPOUCXOJIUT B paMKaX CXeMbl, Pa3BUTOH B Juccep-
taruu. BBoguTca KpaeBas dynkmua ['puna v, T. e. 1oJje, MOPOKJIEHHOE UCTOYHU-
KOM, TIOMEIEeHHBIM BOJIM3M TOUYKH BeTBaeHUsI. OTMETHM, 9TO I apaboTnIecKOrO
YPaBHEHUS OTIMajaeT HeOOXOMUMOCTh B UCHOJIB30BAHUU CJIOYKHOU MPEIeTbHOM TTpo-
ey PBI.

BBourcst Takike aumarpaMMa HallpaBJIeHHOCTH KpaeBoil dyukiuu ['puna S(6).
CooTBeTcTByIOIIAs ACUMIITOTUKA UMEET BUL

v(x,0x) = g(x,0x)S(0) + O(x_l/Q), (34)
e
B k‘() ik‘oy2 im
glz,y) =[5 —expy 5 —— (35)

— ¢yuknusa ['puHa HeorpaHWYIEHHON MIOCKOCTH. B 9T0it acuMmmnToTuke mapamverp 6
npejicTaBiisier coboit OTHOIEHNe /Yy, T. €. TAHIeHC COOTBETCTBYIOIIEro YIJIa.
st BBIBOJIA (DOPMYJIBI PACIIEIIEHUS UCTIOJIL3YETCs OIIepaToOpP PaCIIeI/IeHUs

H = 0, + koo™ (36)

Omn obparmaer B HOJIb MAJIAIONLYIO BOJIHY, OJIHAKO IIPUBOJUT K TIOABJICHUIO HCTOTHH-
KOB B TOYKax BeTBJieHus. C IMOMOIILIO T€OPEMBI €IMHCTBEHHOCTU BBIBOJUTCS cyiadast
dopmysia paciierieHus, a ¢ IOMOIIbIO TEOPEMbl B3AUMHOCTU BBIUUC/ISIOTCS HEU3-
BECTHBIE KPaeBble KOIMDMUIMEHTHI U CTPOUTCA CUJIbHAA (DOPMYJIa pacCIIeIIeHUs.
Ona nmeer BU,
S(0,)S(6™)

" ikga (0, + 00,
rjie apameTp 0™ xapakrepusyer yroJi najeHus (OH CBsi3aH C MHJEKCOM I1aJIatomeil
MOJIbI), TapaMeTp 6, XapaKTepu3yeT yroJl OTpayKeHust (OH CBsI3aH ¢ MHIIEKCOM OTPa-
JKEHHOI MOJIbl), a R, — K03 duimenT orparkeHusi.

Hastee jy1st BbraucieHust uarpaMMbl HarpasjieHnoct S(0) crpouTcest criekTpasib-
Hoe ypaBHenue. /st 3T0oro K Kpaepoit dbyukimnu ['puna v mpuMeHsIeTCsl OIIEPATOP

K =z 0, — ikoy. (38)

R

(37)

JlaHHBII omepaTop MepeBOUT PeIleHus TapadoImIecKoro ypasHenus (33) B perie-
uusi. Kpome toro, on obuyssier dyukinuio ['puna (35). Uccemyst noBejienune hyHK-
run K [v] BOJIM3H TOYEK BETBJIEHMsI, IPUMEHsIsI TEOPEMY €IMHCTBEHHOCTH U [IEPEXO/IsT
K JIAJIbHEMY TIOJTIO, TIOJIy9YaeM CIEeKTPAJIbLHOE YpaBHEHHE

dS(0) S : 2

—g = | @ ZnCn exp{ikonafd”/2} | S(0), (39)

n=1
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rie C, — 3nadenud Kpaepoit pyuxnuu ['puna B Toukax BeTBiieHud. /s orbicKaHust
9TUX 3HAYEHUI MCIOJIB3YETC JJOCTATOYHO TOHKUM ITPUEM, MCIOJIB3YIONIUIT TOIOJIO-
M0 Pa3BETBJICHHON MOBEPXHOCTH. B pe3y/brare MOyvaloTcd 3SHAUCHIS

= Ly Ko mina (40)
n \V 2man
Takum obpazoM, quarpaMma HaAIPaBJIECHHOCTU KpaeBoii (pyukImu ['pura MozKeT ObITH
HaiijieHa ¢ moMoIbio ypasHenus (39) u rpannanoro yciaosus S(oco) = 1. Pemenne
HaXOJUTCS B sIBHOM BHUjIe, ¥ KOI(PMUIIMEHT OTParKeHUsI, BBIYUCICHHBIN ¢ €ero 1oMOo-
I[bIO, COBIAJaeT ¢ HaimenubiM J1. A Bajinmreiinom.

IIpunoorcerue

[Ipmnoskenne cocrout n3 Tpex dacreil. IlepBast 9acTh MOCBsIEHA MaTeMaTIIe-
CKOIT cTporocTu. BoJibiitasg 4acTb yTBep:KIeHni paboThl chopMyTMPOBAHA U JIOKA3a-
Ha Ha (PU3UIECKOM YPOBHE CTPOrocTu. B JaHHOM pasjiesie moKa3aHo, KaKuM 00pa3oM
MOXKET OBbITh JOCTUTHYTa MaTeMaTHIecKasd CTPOrOCTb B “TOHKHX MeCTaX pabOTHhl.

Bropast 4acTb IPUIOMKEHHS IOCBAIIECHA COOTHONIEHUIO CUMMETPUU JJIs CIIEK-
TPaJILHOI'O yPaBHEHMs Il 3318491 O JIBYX Hosiocax. IlokazaHo, uto Marpuipl KT,
Bxozgmue B ypasuenue (3), (4), y/I0BI€TBOPSIOT COOTHOIICHHIO

1
EKNZ+K = —51 (41)

rie
= = diag(1, 1,1, —1).

JlaHHOE COOTHOITIEHNE UCTIOIB3YETCS JIJI COKPAIIEHUS YIC/Ia HE3aBUCUMbBIX OT'Pa-
HUYEeHUH 1IpU (POPMYJIMPOBKE 331841 00 OIpE/Ie/IEHMH HEM3BECTHBIX MapPaMeTPOB.

Hakonerr, B Tperbeil 4acTu TPUJIOKEHUS JIJI BBIBOJA (DOPMYJIbI PACIIEILICHU
U KOOP/JMHATHOTO YPaBHEHUsI MPUMEHSACTCA TEXHHUKA JU(PPAKIMOHHOr0 psja. s
3aJ1a9n O AudPaAKIIU Ha JABYX I10JI0CAX CTPOUTCS JU(PPAKIIMOHHDBINA PsI, T. €. IPeJI-
CTaBJICHUE DEIeHUs B BUJIE CYMMBI II0JI€H, NIOJIYUEHHBIX B pe3yJbTaTe Ioceq0Ba-
TEJIbHBIX aKTOB JIMPPAKIINU Ha KpagxX Mojaoc. KaxKJIblil 4jieH psjia BhIpaXKaeTcs B
Dyphe-TpeICTaBIeHNN ¢ TOMOIIBI0 HECKOJBKNX BJIOYKEHHBIX MHTerpaJjos. CTpont-
¢ TEXHUKaA TOYHOTO Mpeobpa3soBaHUs WIEHOB JU(MPAKIIMOHHOTO pajga. C MoMOIIbio
9TON TEXHUKU CTPOUTCA (POpMyJsa PaclielIeHus U CIeKTpaJibHoe ypaBHeHue. Tem
CcaMBbIM JIOCTUTAIOTCS JIBa pe3ysbTrara. Bo-TepBbIX, MPOUCXOIUT BBIBOJ OCHOBHBIX CO-
OTHOIIIEHUII PabOTHI C MOMOIIBIO HE3ABUCUMOI TeXHUKU. BO-BTOPBIX, HEU3BECTHDLIE
KO3 PUITUEHTHI CHEKTPAJIHHOTO YPaBHEHUS OKA3bIBAIOTCSA BBIPAXKEHHBIMU B BUJIE
psJia, WIEHbI KOTOPOI'O MOT'YT OBITh BBIYUC/IEHBI HEIIOCPEICTBEHHO.
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SaruinaeMble OJI0XKCHUSA

1. JTokazaHo, 9T0 Jijisl JIByMEpPHOH 3aJa49u O JudpakIiui Ha JBYX [10JI0CAX CIPaBe]l-
BBl (opMyITa paciienienus (2), ciekrpaiabioe ypasHeHue (3) ¢ KoadduimeHTOM
(4), sBomormonnble ypasHenust (5) u (7), a Tak»Ke KoopuHaTHBIE ypaBHeHus (14) ¢
kosbdunuenramu Buga (15), (16).

2. [Tokazano, 4T0 KO3 DUIMEHT CIIEKTPAILHOIO yPaBHEHUs JIJI 3a/a491 O JIBYX IO~
JIOCaxX 3aBUCUT OT BOCBMHU CKaJIAPHBIX MapameTrpoB. ChopMympoBaHbl OrpaHnde-
HUS CBA3U JIJIs CIIEKTPAJIBHOTO YPaBHEHUS, IIPU BBITIOJIHEHUN KOTOPBIX CYIIECTBYET
pellierne CeKTPaJbHOTO YPaBHEHUS, Y/IOBJIETBOPSIOINIEEe BCEM yCJIOBUAM, HAKJIA IbI-
BaeMbIM Ha JUMDPAKIIMOHHOE T0JIe. DTUX OTPAHUIEHUIN TaKyKe BOCEMb.

3. lokazano, 4T0 jIst IByMePHOIT 33/1a4n 0 JudPaKIUN Ha YTOJIKOBOM OTpazKaTese
co 1esIbIo crpaseymBa Gopmysia paciiemienus (20), koopaunaraoe ypasaenue (14)
¢ koabburmenramu Buga (15), (16), a Takke crekrpaibHoe ypasnernue (17).

4. IlokazaHo, 9TO JIjIs1 33291 PACIIPOCTPAHEHUs Ha MHOT'OJIUCTHOM TTIOBEPXHOCTH, TO-
MOJIOTUA KOTOPO# MPOIMKTOBAaHA 3a/ladeil 00 YTOJIKOBOM OTparKaTeJse CO MEe/IbIo, KO-
3 OUIMEHTHI KOOPIMHATHBIX M CIIEKTPAJIBLHOIO YPABHEHUS 3aBUCAT OT JIBEHAIIATH
CKaJISIpHBIX TapamMeTpoB. ChopMyIMpOBaHbl OIPAHNYIEHNs CBA3U JIJIA CIIEKTPATbHO-
'O ypaBHEHU, TAPAHTUPYIOIINAE CYIIECTBOBAHNE PEIIEHNS, YIOBIETBOPAIONIETO BCEM
cBoiicTBaM (bU3MIECKOro 10/, TaKux OrpaHuvIeHnil JBeHaIIaTh.

5. Jljist TpexmMepHoii 3a/1a4u 0 MU PaKIn Ha YeTBEPTHILIOCKOCTH (TLIIOCKOM KOHYCE)
BBIBeIeHbI hopMmyJIb (27), (28), (29), Beipazkaroriue JudpakIMOHHBI KO3 duImenTt
Jepes dyepe3 Kpaesble pyHKINN ['puna 3aja4um Ha chepe ¢ pa3pe3oM.

6. /s kpaeBbix dyuknumit ['puna 3aja4un Ha cdepe ¢ pa3pe3oM MOCTPOEHBI KOOP-
JUHATHBIE ypasHeHust (32) ¢ koadduimentamu, mpecTapIgonMu coboii sjieMeH-
TapHble QYHKIUN chepuIecKux KoopauHatT. [IpemoxKen nTeparmoHHbIi aJrOPUTM
OTBICKaHHA HEU3BECTHBIX KOHCTAHT, BXOAAIINUX B 3T YPaBHEHUA.

Bce mostyueHHBIE COOTHOIIEHNST SBISIOTCS TOYHBIME (T. €. He aCUMIITOTHYIECKHU-
MH) U CIIPABE/JINBBI IPU JIF0OOM COOTHOIIEHUH JIJTMHBI BOJHBI F PA3MEPOB PACCenBa-
TeJIs.

Hay4ynasa nHoBusHa

HoBbiMu gBISIFOTCSI OCHOBHBIE COOTHOIIIEHUSI, TTOJIy9IeHHbIE W UCCJIeIOBAHHBIE B Pa-
boTe, a UMEHHO:

1. :KOOp,ILI/IHaTHbIe7 CIIEKTPaJIbHbIE U 9BOJIIONUMOHHbBIE YDaBHEHUWA JIJIL ,ILByMepHOfI 3a-
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Jlagu o JudpaKIu Ha JBYX H0JI0CAX.

2. KoopaunaTtHble u crieKTpaJsibHble YpaBHEHUS JIJId 3aJla91 O JU(PPAKIIUA Ha YTOJI-
KOBOM OTpazkaTeJie CO IMIEbIO.

3. @opmyaer (27), (28), (29) mrsa 3agadu o qudpakIul HA 9€TBEPTHILIOCKOCTH.

4. Koopaunarubie ypasaenus (32) s 3aa4u Ha cdhepe ¢ pa3pe3oMm.
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