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Annomayus

B nannoli crarbe paccMarpuBaeTcs 3a/iada BOCCTAHOBJIEHUS CBSI3HOCTH OMOPHBIX JIUHHMA Ha
KBa3HUIIEPHOANICCKIX N300paKeHUX. [Ipr 3TOM BBIIOJIHSIETCS YCIOBUE COXpaHEHUS (POPMBI KpH-
Bol. ONMKCHIBAIOTCS TPH METOJIA: MOAU(DUIIMPOBAHHOE MPOTATHBAHUE JTMHUY BIOJIb MO HAIIPaB-
JICHWH W [[BA BapHaHTa PEIICHUS BapHAIlMOHHON 3a[aui - KOHEYHO-PA3HOCTHBIH METOJ M MCIIOJb-

30BaHHE ypaBHeHHs Dinepa-Jlarpamka.

Beeoenue

MHorre n300paKeHHsI €CTECTBEHHOTO U HCKYCCT-
BEHHOTO MPOHCXOXKACHUS XapaKTEepH3YIOTCS HATMIHEM
Keazunepuoouyeckux cmpykmyp. OHH ONPENENSIOTCS Ha-
JIMYUEM MHOTOKOHTYPHOH YTIOPSIIOYEHHOUW TEKCTYphl C
BBIPAKECHHOW OpHeHTaIpel. B kaxkmod Mamoil o0mactu
KBa3UIIEPUOIMUECKOH CTPYKTYPBHI QYHKIHUS SIPKOCTH SBIIS-
eTCsl TIEPUOIMIECKON BIIOJIb HEKOTOPOTO HAIpaBICHUS U
BU3YaJIbHO BBIPAKAETCS B CHCTEME MapalIeNbHbIX MOJIOC.
[Tprmepbl TakuX M300pakKeHUH IPUBEAEHBI HA puC. 1.

Puc. 1. Ksazunepuoouueckue uzoopaxcenus:
a) dakmunozpamma, 6) unmepghepoepamma

OnHUM U3 METO/IOB aHalM3a TaKUX H300pakeHuH
SIBIIICTCS. UCIOJb30BAHUE OMOPHBIX JHHUM, MOA KOTO-
PBIMH TIOHMMAFOTCSI LEHTPBI CBETJIBIX M (MJIM) TEMHBIX
nosoc. M3-3a Hanu4usa IIyMOB M JUCKPETHU3ALMU H30-
Opa’keHHs! IMHUN IIEHTPOB II0JIOC MOTYT OKa3aThes pa-
30pBaHHBIMHU. [loaTOMy HEOOXOAMM 3Tam yCTpaHEHHS
pPa3pbIBOB OTMOPHBIX JIMHUM, MPUUYEM Ba)KHO HE MPOCTO
COEAMHHUTH TOYKU Pa3pbIBa, HO M IO BO3MOXKHOCTH 00-
Jlee TOYHO BOCCTaHOBHTH (DOPMY KPHBOI Ha ydacTke
pas3peIBa.

[IpennaraeMele alropuTMBI HCIOIB3YIOT MOJIE Ha-
HpaBieHuH [1], MO3TOMY MBI OrpaHUYMBAEMCS KBa3UIIE-
PHONYECKIMHU M300PKEHUSMH, TaK KaK TOJBKO IS
9TOrO KJlacca BO3MOXKHO JOCTaTOYHO TOYHOE MOCTPOe-
HUe 1oJis HanpasieHuid. [loa yriiom noJsist HarpaBieHUN
y(x,y) no onpederenuro TIOHAMACTCS Yroj HAKIOHA

KacaTeJbHOM K JIMHUU YPOBHS (DYHKIMH SIPKOCTH H30-
OpaxeHust B Touke (x,)). Bo3MOXHO mCHONb30BaHUE

OIHUCHIBAEMBIX AJITOPUTMOB M JUIsl U300paXkeHHi Opeso-
suonblx cmpykmyp (IPOTSDKEHHBIE PEBOBHUIHBIC HITH
ceT4yaTrbie 0OBEKTHI, ONPE/ICNsIEMbIe TAKUMH TTOHSTHSIMH,
KaK y3J1bl U BETBH; MPUMeEP HA pHC. 2), HO HEOOXOUMO
MPOBEACHUE IKCIIEPUMEHTOB, KOTOPBIE MOTYT JIOKa3aTh
€ro MpaBOMEPHOCTb.

Puc. 2. [ipesosuonas cmpykmypa — cocyowl cepoya

Buioop coedunaemvix mouex

B memom mporiecc 00pabOTKH KBa3HIIEPHOANIEC-
CKUX N300pakeHUH BO MHOTHX CIIy4yastX COCTOMT U3 He-
CKOJIBKHX CTaJHi, HOCIEIHENH U3 KOTOPBIX IOCBSILEHA
JaHHas CTaTbs:

1. OunpTpanys UIryMoB.

2. IloctpoeHue mousi HampaBieHUH (QUIBTPOBAHHOTO
n300pakeHHsI.

3. BhblpeneHne ONOPHBIX JMHUHA Ha (UIBTPOBAHHOM
n300paKEeHHH.

4. ®unpTpanus H300paXeHUs OMOPHBIX JTHHUH.

5. Haxoxaenne BceX TOUYEK pa3pblBa M BBIOOpP COEIH-
HSIEMBIX TOYEK.

6. CoenuHeHNe BRIOPAHHBIX TOYEK.

Be100op TOueK, MOAIEKAIMX COETUHEHHIO, SIBIIA-
€TCsl JOCTaTOYHO CIIOKHOM 3azadyeil, KoTopas Jydlle
peuiaercs NpU HAIMYUK HEKOTOPOH anpHOpHOW WH-
dbopmaru 00 wHccieayeMoM H300paxeHuu, Gopme u
HanpaBJICHUU OIIOPHbBIX JIMHUM, O[l,I/IH n3 aJIroppuyTMoB
npuBenéH B pabote [2]. JIpyrol anropurm cocTOWT B
cienyromeM. Eciim HavanbHast TO4ka paspblBa 3ajaHa,
TO KOHEYHas MIIETCS M3 YCIOBHS MUHUMYyMa (DYHKIHO-
Hana (cM. HIke Qopmyiy (8)) B MPennoIOKEHUH, 9TO
Pa3phIB COEAUHAETCS NPAMOLL TUHUEH.

Tak kak B CTaThbe HET MPUBSA3KU K KOHKPETHOMY
THUITy U300pa)KeHUH, MPEAIIoIaraeTcs, 4To MoIeKaINe
COEIMHEHUIO TOYKH PA3PBIBOB yXKE 3a/1aHbI.

Moougpuyuposannoe npomazueanue 1uHull
60016 NONIAL HANPAGIEHUIL

ITycTs Ham HW3BecTHAa HadaJbHAs TOYKAa pPa3pbiBa
(x,, ¥y)- B aTOM ciiyuae 3amauy Haxo)kaeHHsS KpUBOH
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MOXKHO paccMmaTpuBaTh Kak 3amady Komm. OHa Oyner
BBITJISIETh CIIEAYIOIUM 00pa3oM:

y'=f(x)
Yo = (%)) |
rae f(x,y)=tgy(x,y) - TaHTCHC yIJia TOJs HAIpaB-

(1)

JeHni B Touke (x, V).

Tak kak JaHHBII METOJ| HE HCIOJIb3YyeT HHpOpMa-
LIAI0 O KOHEYHOH TOYKE, HET rapaHTUH, YTO MbI IPUAEM
B HeE WU3-3a IOrPEIIHOCTU IOJsl HampasiieHud. Bos-
MOJKHBI OUTMOKH TPEX THUIIOB — «TJI00ANBHBIN MPOMaxy,
MOMaJJaHuE Ha JIMHUIO 32 KOHEYHOUM TOYKOMH, onajgaHue
Ha COCEIHIO JIMHUIO (cM. puc. 3). Bmecte ¢ Tem nas-
HBIM aIrOPUTM UMEET HU3KYIO BBIYUCIUTEIBHYIO CIIOXK-
HOCTb. A IIaBHOE, €r0 MOXHO HCIOJIb30BaTh B Cllydae
HAXOXKJCHUSI TOYKH Pa3pbiBa BOJM3W TPaHHIBI H300pa-
JKEHHS, KOTa KOHEYHast TOYKa OTCYTCTBYET.

Npmmm=
-
pmmm=

a) 0) 6)
Puc. 3. Buoul owubok 6 memooe npomsaeu8aHus IUHuUL
Ecnu u3BecTHbI Kak HawanbHas (X, V,), TaK H
KOHeuHas (x,, y,) TOYKHU Pa3pblBa, MOXKHO 3HAYUTENb-

HO IIOBBICUTH TOYHOCTh COCAUHCHUSA HyTéM Cﬂe[[yIOHICﬁ
MOZ!I/ISl!I/IKa!!I/H/I ajropurma. B ﬂaﬂbHeﬁmCM 6yHeM CUH-
TaTh, 4YTO

Yo =Yy W Xy <X . (2)

DTOro BCeraa MOXHO JOOHTHCS MOBOPOTOM CHC-
TEMbI KOOpAHHAT.

Tak kak umeroTcs JABC€ TOYKH, MOXHO IIOJYYHTH
JABC JIMHUU, pCHINB COOTBCTCTBYIOMINEC 3a1a1n Komm:

£=r(x5 " ¥'=f(x,5)
Yo :f(xo) v, =¥(x,)
C y4éToM IUCKPETHOCTH PELIEHUE IONyYaeM B

3)

BUJIE JIBYX IOCJIEA0BATEIbHOCTEHN { ﬁ};v u { j/}f)v , TIpu-
4yéM BO BTOPOW MOCIIEN0BATEIBHOCTH HyMEpaLUs TaKkKe
Uzt oT Touku (Xx,, y,). B mocinenosatensHOCTH { ﬁ}f)v
HauOoJIee TOYHBIMHU SIBIISIIOTCS] TICPBBIC YICHBI, & B IIO-
CJIeJIOBATEIEHOCTH { )7}3/ — nocnennue. Mcexons us ato-
ro, MOXKHO HOJYYHTH OoJjiee TOYHYIO IOCIIEIOBATEINb-

—N
HOCTb {y}o Ipy TOMOIIIHX B3BCHINMBAHUA:
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Vi=wg+(A-w)y ,0<w <1 ,ic[0;N], (4

N
rzie {w} , - HCKOTOpasi BecoBasi IIOCIICAOBATEIIBHOCTb,
npuaém 0<w, <1, ie(O;N), w, =1, w, =0. IIpume-
POM TakoOW BECOBOW IMOCIIENOBATEIBLHOCTH MOMKET CIIy-

KUTh TOCIIEI0BATEIbHOCTD, U3MEHSIOMIASACS 110 JIMHEH-
HOMY 3aKOHY:

3, =w =(N—i)/N, ie[0;N]. )

OTOT METOJ| TapaHTUPYET COSANHEHNE HAa4YaIbHBIX
U KOHEYHBIX TOYEK M HE JIOIYCKaeT OIIMOOK, CBOWCT-
BEHHBIX OCHOBHOMY Metoay (puc. 4). IIpu 3ToM OH co-
XpaHsAeT NPHUCYIIYI0 OCHOBHOMY JITOPUTMY CKOPOCTH U
HPOCTOTY pean3alny.

N~ -l
el
o -9

Puc. 4. Unmocmpayus moougpuyuposaniozo
aneopumma nPomAUBaAHUA TUHUL

Haxoscoenue onmumanvhoit Kpueoil coeOuHeHus

3amavuy HaXOXIEHUS KPUBOW, COSAUHSIONMIEH TOU-
Ku (X,¥,) 41 (X,,¥,), MO)KHO pacCMaTpuBaTh KaK 3a-
Jlaqy MAHUMH3AIKU CISAYIOMIEro (hyHKIIMOHANA:
F= (XTS)| P2000) _ i2v(xy) |2 ds | (6)
(x0,%0)
rae o(x,y) — Yrod HakJIOHa HCKOMOW KpHUBOU
(tga=y"), y(x,y) — yroxa mous Hanpasieuuii. Ha pu-

CYHKE 5 NpHUBeleHa T'eOMETpUYECKas WILTFOCTPALHS
PacCTOsIHUS, UCIIOJIB3yeMOro B (pyHKIIMOHATTE.
p= |ei2°‘ —eiz“’| =2|sin(a.—y)|. (7)
YuureBas (7), GyHKIHOHAN (6) MOXKHO 3aIlUCaTh
B CIIC/IYIOIIIEM BH/IC:
(x5,75)
F= j sin® (o —y)ds . (8)
(x9,%0)
Huxe paccmarpuBaroTcs 1Ba METO/Aa HAXOXKACHUS
MUHAMYMa (yHKIHoHamna (8).
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Puc. 5. Hnmocmpayus y2noeoeo paccmosnus

Munumuzayus ynKyuonana npu nOMOuU peuwienus
ypasnenusa Jiinepa-Jlazpansica

[Tocne mpeoOpa3oBaHMsl HMOABIHTETPAITBEHOTO BBI-
paskeHus



¥ cos® y +sin’ y — y'sin’ 2y
1+y" )

sin’ (o —y) =

ds =1+ y"dx

[OJIy4aeM CJIEAYIOLIYI0 BapHalMOHHYIO 3anady. Haiitu
MHHHMYM (pyHKIHOHaIa

F = [ (3 cos’ y+sin y — y'sin’ 2y)— (10)
y y y-y v

2

I+y
MPHA KPAEBBIX YCIOBHSIX:
= X,
Yo »( 0) . (1 1)
v, =y(x,)

OyHkuus, peanusyonias MUHUMYM (yHKIHOHA-
Ja, JOJDKHA YJOBJETBOPSTh YpaBHEHWIO Oiepa-
Jlarpanxa[3]:

d —

o, -50,=0, (12)
rne ®=®(x,y,y") - mnoAbIHTErpajgbHas (GYHKIHS,
®,, 0, - gacrHble npoussojHble @ 1m0 y U y' coor-
BETCTBEHHO. [10/ICTaBIsIs MOABIHTEIPATbHYO (DYHKIIHIO
u3 (10) B (12), nomyyaem:

(1+y72) yrZ%_’_yr%_y/% +
y y o
3 r.n , , ,
S (20 - Ay )
7 , , (13)
+y"f1(2+3y'2)+(2+y'2) y'a—{;+y’za—£ -

, 0 o) 0 ,0
y &L 0@ O 9

=0,
Ox oy Ox oy

_ y"j‘z _
rac
fi=cos’ (W(x, »)); fo =sin’(y(x,»)); f, =sin’Qy(x,)).

Honyunmn nuddepeHunansHoe ypaBHEHHE BTO-
poro mopsiaka ¢ kpaeBsiMu ycaoBusamiu (11). Ctporo ro-
BOPsI, MBI UIMEEM el1E 1Ba KPaeBBIX YCIOBHUS — 3HAYCHUS
NPOM3BOAHBIX Ha KOHIIAX OTpe3Ka Tarke M3BecTHBI. Ho
3T YCJIOBUS HEBO3MOXKHO HCIIOJNB30BaTh, TaK Kak
muddepeHmansHOoe ypaBHEHHE BTOPOrO MOPsIKa He
MOXKET UMETb YEThIPE MPOU3BOJIBHBIX IIOCTOSHHBIX.

ITony4yenHoe ypaBHEHHE TPOMO3JKO U HETMHEHHO
OTHOCUTECJIIBHO MNPOU3BOJAHBIX, YTO HEC IMO3BOJIACT MPH-
MCHATH «OAHOIIPOXOJAHBIC» METOJblI TUIIA METOJa IIPO-
roHKH. PemieHne jxe METOJIOM TPHCTPENKH TpedyeT
3HAUUTENBHO Ooiblero o0b&Ma BeruMcieHHH. Kpowme
Toro, GyHKIMU f, f,, f; HE BBIpa)KaloTCi aHAIUTHYe-

CKH, IO3TOMY, Y4YUTBIBAsA IMOTPCIIHOCTb OLICHKU I10JIA
HaHpaBﬂeHHﬁ, CICAYCT OXHUJAATb 3HAYUTCIIBHBIC I10-
rp€IIHOCTHU IPpW BBIYUCICHUN TPOU3BOJHBIX OTUX
(bYHKIMH 10 pa3HOCTHOH CXEMe.

Hcxons u3 BhIIecKa3aHHOTO, MOMPOOyeM yIpo-
CTHUTH TIOJIydeHHOE ypaBHeHHe. J[i1s 3Toro BMecTo pac-
cTosiHUS 0 Xopge (7) UCHOoIbp3yeM PacCTOSHHE IO JH-
HUH TaHTEHCOB (puc. 6):

r:|tgoc—tg\y|=|y’—tg\|/|. (14)
IIpu ycrmoBum (2) 3TO BHOJHE MPaBOMEPHO. DTO
e YCJIOBHE NPH MPEIIIOJIIOKESHUH, YTO JJIHHA Pa3pbiBa

HE BEJMKa 10 CPAaBHEHHUIO C PaJMyCcOM KPHBU3HBI JIU-
HUH, TIO3BOJISIET HHTETPUPOBATH HE TI0 ds, a 1Mo dXx.
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Puc. 6. [ipyeas gpopma yenoeozo paccmosmusi

B pesynbprare BMecTo QyHKmoHana (10) mmeem
crenyommi GyHKINOHAT:

F=[('-f)dx, (15)
rne [ =tg(w(x,y)). KpaeBbie ycnoBus (11) coxpans-
forcsi.  CoOTBEeTCTByIOIIee  ypaBHeHHE  Diinepa-
Jlarpamxa:

2y”—fz—g=0. (16)

oy Ox

N B sTOM ciyyae MBI IIOJIy4aeM HEJIMHEHHYIO
KpaeBylo 33j1a4y, Tak Kak f 3aBHCUT OT X U ), HO
ypaBHEHHE MMEeT 3HAuUTENbHO Oojee MpOCTON BUL,
YTO COKpaTHT 00BhEM BEIUMCIeHHA. [lomydenHyo 3a1a-
4y MOYKHO PEIINTh METOJOM HPHUCTPEIKH, PACCMOTPEB
3amauy Komm u Bappupyst 3Ha4€HUE Y, :

RS aPS/NC/A

7 2 f6y+6x

Yo = y(xp) . (17
y(,):y,(xo)

3a HauajpHOE NpHOMIDKEHHE V, OepéM TaHreHC

yTJ1a TI0JIsl HalpaBJIeHUH B TOUKe (X, V,) -

Memoo KoneuHvIx paznocmeil

Kak yxe oTMe4anoch BEIIIE, BRIYACICHUE TTPOU3-
BOJIHBIX TIOJISI HAMPABJICHHUI IPOUCXOINUT CO 3HAYUTEIh-
HOW MOTPEIIHOCTEI0. KpoMe Toro, mpy pelieHry 3a1aun
Komm m00BIM 9YHCIIEHHBIM METOJOM IIOTPEITHOCTh
YBEIIMIUBACTCS IO Mepe OTHAICHHS OT HaYaJIbHOU TOY-
k. OmHAaKO ecTh BO3MOXXHOCTh M30aBUTHCA U OT BHI-
YHUCIICHHUS MTPOU3BOIHBIX IO HAIPABJICHUH 1, BOOOIIIE,
ot petteHus auddepeHunanbHoro ypasuenus. st ato-
ro MpUMEHACTCA METOH, HECKOJIbKO HaHOMI/lHa}OHJ,l/II‘/II
npsimole Memoobl PEIICHUS] BAPUAIIMOHHBIX 3a1a4 [3].

Paccmotpum (8) B Buze

szsinz(a—\y) 1+ 7 dx . (18)

Kpaesrie ycmoBus (11) coxpanstorcs. 3amumieMm
npuOIIMKEHHOE 3HAYCHUE (PYHKIIHOHANA 110 KBaIpaTyp-
HOU (opMyIIe Tpamenid:
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N-1
F :f‘);zf'v+2fi — min
i=1

i =sin® (aretg y] —y(x, y))1+ ¥/, i €[0,N]
X, =x,+h-i, i€[0,N]

r_ Vi T Vi
=2t = ie[0,N 19
Vi 7 [0, V] (19)
N =N r_ Vv T VN
yO h ’yN l’l
h:xs_xo
N

Yo =Y(%), Yy =y, = ¥(x,).

3mece N — KONHMYECTBO 3BEHBEB B pazOueHuu. Ta-
KM 00pa3oM, MBI 3aMEHIUIH 33/1a9y MUHUMH3AIUN (QyHK-
IHOHANA 3amayedl MuHUMu3anuu QyHkipn N —1 mepe-
MCHHOH, TO eCTh  3ajaveii MOWCKAa  BEKTOpa
Y =,Yys--»Vy_). llpu 3TOM Bce TOUKH pa3OMeHHs

PaBHOIPABHBI, U IMOTPELIHOCTh OyJeT NPUMEPHO OAWHA-
KOBOW 10 BCEMY OTPE3KY MHTErpupoBaHHs. XOTS 00bEM
BBIYMCIICHUIN YBCIMYUBACTCA 110 CPABHCHHIO C PCHICHUEM
i depeHIMaTbHOTO YpaBHEHHS, HO TIPU PEAIbHOI JITMHE
Pa3pbIBOB ITO YBEIMUEHUE HE OUEHB CYIIECTBEHHO.

Ecnu ucnonesyercss onuH U3 METOJOB CITyCKa, TO B
KauecTBE HAa4aJIbHOTO MPUOJIMKEHUSI MOYKHO B3SITh 3Hade-
HHS, COOTBETCTBYIOIIME COCJWHEHHIO TOYEK pa3phIBa
npsaMoit uHued. Ho cXxoquMocTh MOXKHO YITyUIIUTb, ECIIH
B3Th O0JIee TOYHOE HAayaJbHOE MPUOMDKEHHE — HATPH-
Mep, MOJIy4eHHOE MpPU MOMOIIM MOIU(DHUIMPOBAHHOTO
MPOTATUBAHMS JIMHUH BJOJIb TI0JISI HAIIPABICHUH.

IKcnepumenmanvhvle UCC1€006AHUSA

Juis uccrenoBaHust OBUTH IPOTPAMMHO pealiu30-
BaHBI TPHU W3 ONMHCAHHBIX BHIIIE aTOPUTMOB: MOAU(U-
MUPOBAaHHOE MPOTATHBAHNE JIHAW BIOJb MOJIS HAIpaB-
JIeHWit; MuHMMU3anus GyHKIHOHANa (B yHpOLIEHHOMN
dopme (15)) npu momou ypaBHeHHs Oiiepa-
Jlarpamxka; KOMOHMHAIMS TPOTATMBAHUS JIMHUU BIOJIb
T0JISL HAIIPaBJIEHUH M METO/1a KOHEYHBIX PA3HOCTEH.

3aBUCUMOCTb TIOTPEIIHOCTH COEAWHEHUS! JIMHUN
OT pa3IMYHBIX MMAPaMETPOB H3ydalach Ha CHHTE3UPO-
BaHHOM TE€CTOBOM H300pakeHuu (puc. 7).

[Tone HampaBileHUI A HCIOIH30BATIOCH HE TEOPETH-
YECKH PACCUUTAHHOE, a TOCTPOCHHOE IIPH ITOMOIIN
JTUCTIEPCHOHHOTO METOJa C HWHTEPHOJSIHMEH W TOocie-
IYIOIIETO CTIIaXWBAaHUA. TOYKH pa3phiBa CO3IABAIHCH
HCKYCCTBEHHO.

3asucumocms nozpewHocmu om paouyca Kpusus-
Hbl onopHoti auHuu. s nccnemoBaHWS OBUTH B3SITHI
Pa3phIBBI C TOCTOSIHHOM JIMHOM, HO pPa3IMYHBIM yjanie-
HHEM OT LieHTpa H300paxkeHus. Pe3ynbTaThl MoKazanu,
YTO B COOTBCTCTBHUU C alIPUOPHBIMU MPCATIOIOKCHUAMU
C YBEINMYCHWEM paguyca KPHUBU3HBI IOTPEIIHOCTD
YMCHBIIAeTCs, IPUIEM BHAYaJe Pe3KO, a 3aTeM JI0CTa-
TOYHO MeJIeHHO. Tako#l BUI 3aBUCUMOCTH MOKHO 00b-
SICHUTB TEM, YTO TIPU MaJIOM paJnyce KPUBHU3HEI KpOMe
BIVSIHASL JTUCKPETH3AIMH CKa3bIBaeTcs OOJNbINas II0-
TPEITHOCTh TIOCTPOCHUS TOJS HANpaBICHUH B LIEHTpE
M300paKeHUS.
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Puc. 7. Tecmosoe uzobpasicenue

3asucumocms nocpewHocmu om OIUHbL PA3PLIEA
onopHou aunuu. JJi1 UCCaenoBaHUs ObBUIM B3AThI pas-
PBIBEI C IMIOCTOSTHHBIM yJTAJICHUEM OT IIEHTpPa H300paxe-
HUSl, HO pa3IU4HON anuHOW. Pe3ynbrarhl mokaszanu,
9TO, KaK U 0KUAAIOCH, C YBEIMUCHHEM JUIUHBI pa3phiBa
MOTPEITHOCTh yBenmuuBaeTcs. [Ipu 3TOM 3aBHCUMOCTH
MOTPEITHOCTH OT JUTMHBI pa3phIBa UMEeT JIMHEWHBINA Xa-
pakTep (TpexarmonaraeMblii BUJ 3aBUCHMOCTH TEOPETH-
YeCKH HE OIpEeNeNsics) BIUIOTh JO JJIHHBI pa3phiBa,
MPUMEPHO PAaBHOW TONyTOpa pagnycaM KpPHUBU3HEI
OonopHOW JvHuM. Jlanee JTMHENHHBIA BUA Hapyllaercs —
3aBHCUMOCTh CTAaHOBUTCS IHJI000pa3HOH. DTO CBSI3aHO
C TeM, 4TO IPH NMPHUOJIIKEHUU Pa30pBAaHHOTO yyacTKa K
YETBEPTH OKPYKHOCTH HAYMHAIOT HApPYyIIAThCs YCIIO-
BUs1, IMEBIIIHECS B BUIY ITPH IOCTPOCHUH aJITOPUTMOB.

3asucumocmb nozpewtHocmu om y2i1a HAKIOHA
Kpusotl 6 yewmpe paspviea. Takoe UCCIieIOBaHHE OBLIO
HY)KHO TI0 TOH MpPHYHHE, YTO PACTPOBOE H300pakeHHE
UMeeT TMPHOPUTETHBIC HampaBieHus. s wmccremosa-
HUSL OBITH B3STHI Pa3phIBBI C MTOCTOSIHHBIM yIaJeHUEM
OT ICHTPa W300PaKCHHST M MOCTOSHHOW JJIMHOM, HO C
Pa3IMYHBIM YTJIOM HAKJIOHA. Pe3ynbTaTel OKa3amm, 9To
HET BBIPQXCHHOW 3aBUCHMOCTH MOTPEIIHOCTH OT yrja
HaKJIOHAa KPUBOH.

3asucumocmsb  nocpewiHocmu  om  OMHOWEHUS
wym/cuenan. VlccnemoBaHusl MPOBOAMINCH TPU TTOCTO-
SIHHBIX TOYKAaX Pa3pbiBa U U3MEHACMOH TUCIIEPCHU IIy-
Ma. Pe3ynmpTaThl mOKa3aiw, YTO MPH BO3PACTAHHH OT-
Homenus mym/curnan (d*) or 0 go 0,08 morpemHoCTH
JTUHEWHO yBenwuyuBaercs. [Ipw 3TOM 3HAYUTEITHHOTO
YBEJIIMYCHUS HE MPOUCXOJUT — MAKCHMAIIFHOE OTKIIOHE-
HUE YBEMYMBAETCS Ha 2-2,5 THKCENs; CpeIHeKBapa-
trueckoe Ha 0,15 mukcemei. DTH BeIUYUHBI OJU3KU
(mpu pemeHnn ypaBHeHHs Oiiepa-Jlarpamxa BaBoe
MEHbIIIE) K MOTPEUTHOCTH PU HYJIEBOM IITyMe.

Kpome TOrOo, METOAB!I MCHBITHIBAINCH HA PEajb-
HOM H300pa)KCHUH, MOJYYCHHOM IPU CTPYKTYPHOM OC-
BEIIICHUU M30THYTOr0 JIuCTa Oymaru (puc. 8).

Puc. 8. Jlucm 6ymazu 6 cmpykxmypnom ceeme



Ha puc. 9 mpuBeneno OwHapHOe H300pakeHHE
OTIOPHBIX JIMHWM, a Ha pucyHke 10 — m3o00paxeHus mo-
CJI€ BOCCTAHOBJIEHMS CBSI3HOCTH JIMHUI Ppa3JIMIHbIMHA
METOIaMHU.

|
e

Puc. 10. Pe3yrnemam eoccmano@nenus c653H0CMu.

a) Memoo npoms2ueanusl 800Jib NOJISL HANPAGIEHU,

0) MemooO pewenus ypaguernus Dinepa-Jlazpanica,
8) KOHEeUHO-PA3ZHOCIHbIL Memoo

3aknouenue

Pe3ynbraThl 3KCIEPUMEHTOB HA TECTOBOM H30-
OpakeHHMH TOKa3allk, 4TO B OOmeM cilydae TOYHOCTP
METoJla MHHHUMM3ALMK (YHKIMOHAIA MpPH OMOIIH
ypaBHeHHs ODiinepa-Jlarpamka 3HAYUTENEHO MEHBIIIE,
YeM y JPYIHX METOJOB, YTO MOXKHO OOBSICHUTH HU3KOH
TOYHOCTBIO BBIYMCIICHUS YaCTHBIX MPOM3BOAHBIX MO
HampaBJieHni. BMmecte ¢ TeM, Ha peanbHBIX H300pake-
HUSIX pe3yJIbTaT MOJIydaeTcs BIOJHE YAOBIETBOPUTENb-
HBIM, TaK KakK O6]>ILIHO JJIMHa paspbiBa U KPHBHU3HA
ONOPHOM JIMHUM HEBEJIMKHU. TakKe BBIACHUIIOCH, YTO
KOHEYHO-Pa3HOCTHBIA METOJ MpH CYIIECTBEHHOM YBe-
JTMYeHUH O0BEMa BBIYMCICHUI TPU OOJIBIION JUIMHE
Pa3pbIBOB IIOYTH HE AT yMEHBUICHHUS IOTPELIHOCTH
[0 CPAaBHEHMIO C TNPOTSATHBAHHEM JIMHUH BIOJb MO
HanpaBieHui. [IpaBga 3To MOXXeT OBITH CBA3aHO C TEM,
YTO METOJ CITyCKa MPUBOJMT K JIOKATbHOMY MHHUMYMY,
OmmkaiilieMy K HadalbHOMY HPUOMIDKEHHIO, a HE K
robanbHOMYy MHUHUMYMY. I103TOMYy MOXHO HaJeaThCs
Ha yJIydlIeHHe pe3ysbTaTa, €ClM BMECTO METO/a CITyC-
Ka NPUMEHUTHh TAKOW METOJ MUHUMU3ALUHU, KOTOPBII
rapaHTHPYeT AOCTH)KEHHE III00aIbHOrO MUHUMYMa.

OnucaHHbIE B CTaTbe METOABI MOXHO IPUMEHATH
JUIsl IIMPOKOTO KJlacca 3a/1a4, I03TOMY pelieHune oo uc-
MOJIb30BaHUM KOHKPETHOTO METOJa WJIM KOMOWHALUH
METOJIOB JIyYllle NMPUHUMAaTh B 3aBUCHMOCTH OT THIIA
N300paKeHUN.
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Connecting reference lines using a directional field
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Abstract

The article discusses the problem of reconstructing the connectivity of reference lines on
quasiperiodic images. In this case, the condition of maintaining the curve shape is fulfilled.
Three methods are described: a modified line-drawing along the directional field and two
options for solving the variational problem: the finite-difference method and the Euler-
Lagrange equation.
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