
5. Cucme-nta sbttT )Knbtx me"n uecQepuuecrcoii (topntl

panbHylo n.rrocKocTb rrrapoB, orrpeAeJItloIIIHX 3Ty cBt3b, To pa.IIHyc npoxola cBf3H

JIe)Kr,rr Ha ToqKe nepeceqeHHfl cBfl3rlc 3Tofi nJlocKocTbro. EcnH )Ke cBr3b He nepccc-

Kaer rleHTpurrrbHyro nnocKocTb, ro paAHyc npoxoAa cBr3H orrpeAenseTcr paAHycoru

KaHaJra Bopouoro Ha KoHue 3rofi cB.rr3rr (paauycoM HHrepcrurruarrbHoi.r cQeprr rra

oAHoM H3 y3JroB, Koropble gra cBt3b coeAuHser). 3gecs LIMeer Mecro rrorrHar aHaJro-

rvr c'reM, KaK orrpe,uentnct paAuyc npoxoAa cBt3I{ AJUI oAHHaKoBbrx urapon (crur.

3 .3  .2) .
BaxHsrrnr NfoMeHToM qBrrerct ro, qro S-cerxa BopoHoro HcqeprrbrBaer rpacK-

Topprv, rro KoropbrM Molr(Ho rrepeMeurarb 3oHA rrpeAenbHoro pa3Mepa. ApyrHMH cJro-
BaNrH, ecJrH MexAy AByMq Aa-rreKHMH y3naMr.r S-cerru BopoHoro r{eBo3MoxHo nepc-

ABlrHyrb 3oHA 3aAaHHoro paAr{yca, p.Brrraflcb rro xarofi-ro qe[orrKe cnatefi, To He
cy[lecrByer HHKaKoro Apyroro nyrr.r BHyrpH grofr cncreMbr ruapoB, no KoropoMy
yAanocb 6u neperraecrnTb 3oHA Me)KAy yKa3aHHbrMH y3nanH. 3ro cneAyer H3 roro,
qro rpaeKTopur, rrpoxoArrrlaflHe rro cBs3r{, a cneAoBareJrbHo, rAe-To BHyrpH S-o6na-
crH BopoHoro, He Moxer JIHMHTHpoBaTb ABH)I(eHHe 3oHAa rrpeAenbHoro pa3ruepa.

[efrcrnureJlbHo, 3Aecb Mbr BcerAa HaxoAurvrc.s 6nuxe K oAHoMy ruapy, qeM K Apyrtrru
uapaM cr{creMbl. 3ro o3Haqaer, qro B oKpecrHocrz raxoir rot{Kr{ BcerAa Moxer rro-
Mecrl{Tbct 3oI{A 6orsurero paAl{yca, qervr ror, rreHTp Koroporo ne)KHT Ha uaurefr rpa-
eKTopHH, a rloBepxHocrb pKe ynepJlacb s 6nnxafiutuir uap. llpoure roBopr, ecJrrr
MbI ABHraeM 3oHA 6onrurero paAnyca, treM Mr.rHr{MaJrbHoe paccrorHHe or rpaer(To-
pHI{ Ao rloBepxHocrI{ ruapa, To B KpHTHT{ecrufr lrorr.reHT HMeercr Bo3Mo)r(Hocrb coil-
TH c rpaeKToplru I{ Bce-TaKL{ npoBecru 3oHA BrrepeA. 

'fo 
xe caMoe Mo)KHo cKa3arb

rlpo rpaeKTopulo, [poxoAtlrlyrc rro rpaHu ^S-o6.uacru. Tan ro)Ke ecrb Bo3Mo)KHocrb
3oHAy "oto4BuHyrbcf," or rlapbl lrrapoB. Pealrsoe y3Koe ropno co3Aanr ronbKo rpu
trrap a. P a:rrrep r epeMelqaeMoro 3oHAa nl{Murrrpyerc-s BeJrHrrH H o ir p aguy ca S- xan al a
Boponoro. lloeroMy aHanu3 HMeHHo S-cerru Bopouoro no3Bonfl.er cyrlrrb o Bo3-
Mo)KHrIX rrepcMeulcHr{trx 3oHAa rrpeAeJrbHoro pa3Mepa BHyrpH cncreurr {B }.

fIpone4eHHbIMIr paccyxAenLrflv-.rr trru QarrnqecKu o6o6rqunri reopeMy o rrro-
6alruou [epeMeIIIeH:rra Ha cncreMbr rrrapoB pa3Horo paAuyca. Pesror\aHpyfl, Mo)KHo
cKa3arb: Hasuea4uottuoil xapmoil cucmewbt wapo6 flBnflemcfl ee S-cemrca Bopottozo.

5. CIICTEMA BbITII/KJIbIX TEJI HECOEPHIIECKOTZ OOPNMT

S-o6racrr Boponoro Mo)KHo, or{eBHAHo, onpeAeJruTb He ronbKo Anr uapoB, Ho
v !.nfl, cI,IcreM Ten coBepIrIeHHo rrpolr3Bonrnoff Soprrau. leficrnHreJrbHo, Ar-fi 1106o-
ro reJla B cncreMe KaKLIX- nvt6o ApyrHX Ten BcerAa MoxHo roBopurb o6 o6,racrH
rrpocrpaHcrBa, 6nuxafiurefi x nosepxHocru AaHHor-o reJra. B o6urerta cnyqae S-o6na-
cru Moryr 6rrrr BecbMa cJIo)KHoro crpoeHuxn o6taAarb Heo6rlqubrMu csoficreaN{H.
OAuaro ecJII{ orpaHuqllTbct roJIbKo BbrrryKJrbrMn TeJraMH, To, HecMorp-rr Ha Kaxyuty-
rocs 6esHaAexHocrr npo6neMbl, yAaercr cAenarb HHTepecHrre o6o6rqetr4r) 6oncc
Toro, LIcrIoJIb3oBarb ux Ans npaKru.{ecxofi pa6orrr, HailprrMep, Errfl [ccneAoBat:afl
crpyKrypbr rrop B cucreMax rrpsMr,tx ttuttui,t vrrrr rMtrHHApoB.
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Vucmu I. Outoeu Memoda

5.1. O6o6uleHuq pa36ueHur BopoHoro

C ltarelraruqecxoli ToTIKH 3peHHrI, [epexoA or cuc'tett,r6r rorreqHbrx qcH rpoB ri
ancartSnro,{pyrl{x o6tcxros -_ 3ro HeKoropoe o6o6rqeHHe pa:6treHrr.f, Bopouoro. B

AaHHoNt c.t lyqae Hac HHTepecye'r BnoJrHe KoHKpe'rHoe o6o6rqeHuc, rAe paccrorHyc

o'r rorJKH p npocrpaHc'rBa H3Meptercr Ao noBepxHocrpr o6r-cxTa, rrptrrre\{ c noMo-
utF,Io o6bI'Itictl"t leKaproBoii lreprt. Mcxly re\,r n NrarcruarHxc r.r3Be crHo r\,rHoxecrBO
caMblx pa3ilHllHbrx o6o6UcHttl"{, MHorLIe r{3 Koropblx rltory'r }tN{erb orHoruc}rfic- K
(tn:uxe I{nrI ApyrIINl ecrecrBeHHbrM rrayKaN{ ToJrbKo B oqeHb ra,rexoli [epc[eKTHBc.

5. I. I. Mametttanruqecxufi ssz,,tnd ua o6o6u4euun

floEpo6Hrte o6cvx AeHfir lr o6:op Soruuoro KoJrurrecrBa N{arcrralrrrrccKux
pa6or o6 o6o6uteHl{tx pas6uenux BopoHoro HMercrcr B KH}rrc 12]. l lpo6,rclra pac-
cMarpHBael'ct B cal\IoM o6ulent BH,ue. lciicrnlll'e.rrbHo, rrvcrr. B rrpocrparrcrBe -r-rrc-
6or"r parl.lepHocrl{ tn,3BKIrrrAoBoI{ rrnlr HcKpHBJreHHoj\{, cyu{ccrBycr aHcaM6,rr rlrcx-
pcrHbIX o6rcKroe {O);.3arcqa cccrouT B ToM, .rro6br "rplrngcarb" 

Ka)Kgyto rorrKy
rrpocrpal{crBa K cBoeMV o6rexry O,. [nr3Toro IocraroqHo BBecrrr "rpaBruro nprrr]rrc-
t<tt" (assignment rull) 6(p,O,) . LIz 6ecxoHe.{Horo pa:uoo6pa3r4fl BccBo3r\roxubrx
npaBHn I\{aTcMarrIKII rpeAJIafaIOT HMerb Aeno roJIbKo c reMu, Koropbre yloBjrcrtso-
ptror cJieAyrcUrll\,{ cBoI"{crBaM: l) xaxlaq roqKa p fipvrrrvcaHa xors 6rr x oArro\{y
o6texrv u 2) truox(ccrBo ror{eK, rlpuHaAnc)fiarqnx o6ureil rpaHyrre o6ofirqcnHlrx
o6lacre ti B opo Horo AByx o6rexroe, AoJr)KHo rrpeAcTaB-[.rrrb MHoxe crBo pa3Nr ep H o c -
rn m-1, o6u{cli rpaHrIIIe rpex o6.,Iac'reii - pa3MepHocru nt-2, H raK Aance. f lepeoc
rpeSonaul{e BecbN{a o6uce II BbItIoirH flercnAl.rr Bcex pa3yrvrHbrx rrpaBun nplrnl.rcxrr 6.
Bropori ilyHKT Ka)herct Ha nepBbrui ssrnr{A cJro)KHbrr\r trnr [oHrrMaHHr, oAHaKo, roBo-
pfl npoCTLIN,I fl3bIKO\{, OH O3HaqaeT, qTO BCe 3JIcMeTITLI rpaHIIU O6O6utCnsux O6lac-
lcii tsopolloro Hc ron)KHr,I SsIrr "f oltcll,rMrl". 3To rpe6oearrr{e- TaKr(c Bccrllii Bi,i-
rro"rHrcrc rr rrfl -r rcl6 srx c cre crB e HH brx o6o 6ure nlrti.

OcHosHoI"I nyr[, rnfl BapHaIIilu rlpaBrrJra [prr[HCr(H d - rcilo.]rb:loBaHgc pa3-
xpItIIIbIX cuoco6os &qt{ orlpcAeneHnr "paccrolHnl" d( p,O i'} t\.{cxliy ro.rroil rrpocrpar{-
crRap tt o6scKTol\{ cllcrel\rbl Oi I l npocrciirueNr c,'rvqae, ec.rr]t o6rexl t 'or(c rorrKil
(ucrirp). B KaqecrBe raxolr NIcpbI Hcrro-irb:iylorcr pa3Jiur{rrbre dryrrxqnr{ or- rci(apro-
soii vc-pr,I paccrorHxfl r\rclr(Av roqxoi:i p rr IaHHbrr\{ ucHl'por\{ Hrn{, Hanpolr.rB. KilKrrc-
,ru6o HeAexaproBbr l\{epbl.In.s paccrorHlr.s. Taxoe o6o6ueuHoe "paccrorHrrc" 

ria3bi-
Baror Lbronoi generatton distarics (Nrepa Airr rcHepaunu o6-nacrer-r BopoHor.o). B
cnvqac [port)KeHustx o6reKToB (,rltuttli, rex) o6urrHo orpaHnqr{Baro'rcr roj]bKo jle-
xaproroli uepofi, Ho B KaqecrBe Mcpbl reHepaqrln o6nacu.r Bopor{oro r4crroJ'rb3vior.
KaK lI I\{bI, Ir{HHltMaJIbIlOe paccTotlHHe oT TOttKH p AO TOqCK, COCTaBJIf,TOUIUX O6terT

o'. I.tx rpexMepHblx TcJI 3To, pa3yMeercr, ToriKLr iloBepxrrocrrl, AJrt rrrrH1n.-- BCc
Tot{Kll IrLrLrvLt. C nououlbro 3aAaHnofi rvrepri o[peAeJrriolcr [onynpocrpaHc.rBa, or-
HocqulHecx (upuuficaHHble) x 4nyrr,r UeHrpaM O,n O,(dominance regions). 06o6-
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5. Cucme"ua sunyKuux mer uecrpepuuecrcoti (top.ttut

Puc.  51.  J luuns,  pa3Aenrrcu laq
rrnocKocTb Me)KAy AByM.rr oTpe3Ka-
MH rrprMbrx L,u I, .  Vvacrxu I,  3 u
3' s.sns.torcr xyckar,au napa6orrr
(uex4y ro.rxofi u nprrraoii). V.racr-
xtr 2 u 2' -- npxurre (6uccerrpuca
Nrexgy lrpllrsruu). VqacrxH 4 u 4'
'foxc [ptMbte, Ho Tenepb oHH Ae-
JlqT rulocKoc'I'b Me)KAy TOqKaMU Ha
KoHrrax orpe3KoB. Pucynox us pa6o-
rrr [35].

uIeHHas o6lacrr BopoHoro lonyqaerct orrrrb xe KaK nepeceqeHrre Bcex raKrrx 11o-
nylpocrpaHcrB IIeHTpa O, oruocvrenbHo Bcex ApyrHX o6texros cucreMbr.

Muoro pa6or trocBtureHo HccJIeAoBaHr{ro o6racrefi Bopouoro xnr orpc3KoB
rlpf,Ilrblx Ha rIJIocKocrIr. Ha puc. 51 noxa: aHa rvHwr BopoHoro (bisector), pa:4ena-
Ioulat llJlocKocrb Me)KIy AByMt oTpe3KaMH np-sMbIX. I4HrepecHo orruerrrrb, qro y)Kc
Anj[ raKHX npocrblx o6rexroB 3Ta ITHHHfl cocror4T H3 KycKoB pa3nnr{Horo SygNquo-
HanbHoro BHAa. leficrrnreJlbHo, yqacroK 1 npe4craBJrrer co6oli uapa6ony (nuuun
Bopouoro MexAy roqKoii u npxwroir). Ha 3roM yrracrKe rrycra.s cQepa [enoHe Kaca_
ercfl xoHequofr TorrKH orpe3Ka L,unuyrpeHHrrx ror{eK orpe3Ka Lr.Yuactxu 2 u 2, -
tlp'qMble, 3To tlpocro 6ucceKTpuca MexAy HarrruMr.r orpe3KaM rr, nycrafl cQepa 3Ae cb
cKoJIb3lIT no BHyrpeHHI'IM ToqKaM o6oux orpe3xoB. Yqacrxz 3 u 3'on-flrb napa6o,rrn-
rrecKHe' 3Aecb rlycra-fi c0epa Kacaerct y)Ke KoHrIa orpe3Ka l,,uwyrpeHHHX rovcx 2,.
Haxoneq, yqacrKu 4 u 4'cHosa 'rp.aMble, Ho re[epb oHH Aenf,T rrrrocKocrb Mc)KJIy
TOqKaMrr Ha KoHuax oTpe3KOB.

Baxsul,r N{oMeHToM 3lecb tBrtrercq ro, rrro 3TH orpe3Krr rnaAKo ncpcxoilrr
xpyr B Apyra' 3arueruu, qro Lr ̂ nfl TpexMepHoro cnyqar S-noscpxHocrb ncc{cpn-
tIccKHX reJr cocrour (xporrae peAKux ucKnroqewnfi) H3 KycKoB pa3JrpqHoro (ryuxquo-
HiulbHoro Br4Ia.llpu erolt oHa raKxe BcerAa ocraercr uaExoli. HuNc Nrbr-eulc Bcp-
HeMcq K 3ToMy rroJre3HoMy Saxry.

5.1.2. MeduanbHue ocu

Cyuecrnyer ,{pyrafl 3araqa, rAe I{cnorrb3yrorcr r\{eroAbr, 6rn:xHe K Harxer\{y.
Llryvaerct reoMerpuqecKoe Mecro roqeK, paBHoyAarreHHbrx or rpaHHrI o6rexra 3a-
AauHofi Qopurr. 3Aecr HMeror Aerlo, HanplrMep, c rroJrocrbro BHyrpH crrJroruHoir cpc-
AbrLlilLr' Hao6opor' c AoMeHoM orlpeAeresnofi Qoprrmr. !n,a nonocru (lorr,reua; crpo-
flTcfl TaK Hzt3bIBaeMbIe MeAuanbHble ocu (medial axis). B uaruefi TepMHHoJrorH' ?ro
TpaeKTopnfl, orr[cF.lBaeMa-fl nycrofi cQepofi .{elone, nepeMeulaelrori BHyrpu o6tex-
Ta' Kacatcb ero noBepxHocru.LIr"reflMeltuanbHble ocu, HerpyrHo BoccraHoBr.rrb 6op-My AaHHOIO TeJIa' a 3TO O3HaqaeT' rITO MbI [OnyqaeM BO3MO)KHOcTr, 3KSHSMHO Xpa-
HI{rb unSoplrallHro o Qoprrae o6renra (lrexauuvecxofi ilerarrl,HarrpuMep) n narr,rxrra
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Vacmu L OcHoed uemoda

Puc. 52. MeAnalrsble ocu Ar.q o6rerra cJIo)KHoii Sop-
rtarr. I-(eHrp nycrofr cQeprr [eloue, xacaroruefrct rpa-

nl.rq o6rerra, nepeMeuraerc.s BAonb :rux oceil. Pltcy-

HoK H3 xHuru [2].

KoMrrbrorepa (crra. [2, 13]). Ha puc. 52 noKasaHbl retlo cno)I(Hofi Soprnllr H MeAHaJIb-

Hbrc ocH BHyTpH Hefo.

5. 1, 3. M od aryo,{ttcon csHs-lUlers

lxoHcou n Mal n 1939 roAy rrpeAJro)KHnH npocryro MoAeJIb roMoreusoii HyKnea-

r1w, Koropa.rr [pr{BoArrr K piBnHrrHbIM TurIaM pa:6ueHnr npocrpaHcrBa Ha tqefrKn

i36]. flpoUecc Bo3Ht{KHoBeHrrf, 3epeH HoBofi Qa:rr B crlyqae, HarIpI{Mep, KpHcraJInH-

3auHH nepeoxna)KAeHHofi )KHAKocrvr Lrilvr npeBpalqeHnfl, arvropSHoii Qa:rr B KpIIc-

TaJrrrgqecKyro Mo)r(er 6urs orrncaH cneAyloullM HarrqAHbIM o6pa:orra. flpegno:rara-

ercr, r{To 3apoAbrrrrtr Hosofi $a:rr Bo3HIlKa}or He3aBucHMo B pa3nuqHbtx vecrax o6-

pa3qa H B cnyqafiusre MorvreHTbr BpeMeHH. BOSUUKHyB, 3apOAbIII HaqItHaCT paCri{. B

npocrefirueM cnyqae npeArrolaraerc.s, rITo ero pocr HAer c rlocrotlrnofr cKopocrbro

v B paIAaJrF,HoM HarrpaBneHuu. EclH ABa 3epHa Bcrperurlucb cBoHMll rloBepxHocrt-

MH, rO r{X ABH)KeHHe HaBCTpeqy Apyr Apyly npeKpaqaeTcfl., Ho pocT [IpoAon)Kaerct

B ApyrHX HarrpaBneHzflx. Taxoli trpoqecc [poAon)Kaercfl, rloKa HoBat $ara He 3a[oJI-

Hr{T Bce npocrpaHcrBo. Ha puc. 53 noxasaHbl rlocneAoBarenbHble 3TaIIbI pocra 3c-

peH (-aveer< /{xoHcoHa-Mana).
3ra uoAenb yctretuHo HcrroJrb3yercs LI B HaIrIe BpeMt. Ceil'Iac ce Ha3blBaror

ruoAenbrc JMAK (Johnson-Mehl-Avrami-Kolmogorov modcl), AoIIorIHu Qrr-

3urrccKyro r{Aero H nepBbre Qoprnrynst dxoHcoua u Mgra [36] AocrH)KeHlltl\{H Anpa-

MV v Syn4arnreHTaJrbHbrMn MareMarHqecKHMH pe3ynbraraMn KoluoropoBa (onr. pa-

6orsr 137-39) H ccbrrrKr{ n Hnx). OcHonHa-s qenb :rofr MoAenH - pacqer 3aBHcHMo-

cru o6terrlnoli 1onv Hoeori Qa:u or BpeMeun. 3ra 3aila'ta AancKo He npocrafl v34a

Brr11flH4fl. pacryulnx 3epeH Apyr Ha Apyra. OAnarco p.nfl. lnac rlpeAcraBJltcr HHTepec

Apyroii acneKT MoAerru, a HMeHHo Mo3aHKa 3epeH, nonyr{HBluas.cfl. trocJle noJlHoro

3aBeprrreHux $asonoro nepexoAa. 3Aecr Moryr [onyqarbc.s BecbMa pzBnnr{Hble pa3-

6uewus..3rofi :aAa.refi u ee o6o6uleHu.rrMu 3aHuMaorct MareMarHKH (ctnt., Hailptr-

Mep, 140-431, a raK)Ke t2]). B o6ulervr cnyqae QnHarllnrre sqefrxu B Mo3aHKe Moryr

HMerb cno)KHyro, seo6uquyro Sopuy, oco6eHHo ecJII4 He orpaHl4tluBarbct rlocrotH-

Hofi cxopocrbro pocra 3epeH. OAsaxo B rlpocrefiurlrx cnyqatx Mo3aHKa [xonco-
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5. Cucmenq sbtnyu,tux nten rtecrfuepttuecxoti (toptttt

ao\!?o

Puc.53. f locregonareJlbHlle 3raIIbI pocra 3epeH HoBor-r $a:rr B f lpoqecce /{NoHcoua-,Mr;ra.
To'Ixalttr u qn$parrll{ noKa3aHbr MecroIroJIo)KeHH.rr r{ MoN{eHTbI BpeMeHH Bo3HrrKHoBeHl.rr 3apolbr-
uel"t. 3epua He nepeKpblBarorct, a HX cKopocrb pocra rrocro.rrHHa B paAr{aJr[,Horu HanpaBncHyrr.
Ptrcyuox n: xHnru [2].

Ha-M:la [peBpaulaerct B 3HaKoMrre pas6lreHwfl. I lerxo y6egnrlcr, rrro B cnyrrac
oAHoBpeMcHIIoro notBJIeHLIt Bcex 3apoAbrrrreit (t,: 0, gr.f, Bcex i) n nocrosHuoli
cKopocru pocra v ronyqaerc.fl o6rIqHoe paz6ueruue BopoHoro Anq cHcreMbr 1oqeK,
Ha KOTOpbTX BO3HHKnrr 3apoAbrrx[ 3epeH.

Ecln )Ke rIoflBJIeIIHe 3apoAbrrrJefi pacrmryro Bo BpeMeHH (xaxgulr HMeer cBoe
BpeMt po)KAeHHt tt),ro rorAa nonyqaercr y)Ke 3HaKoMoe uarr,r S-pas6HeHHe Boporro-
ro HeKoropofr cucreMbl IxapoB pa3Horo paAnyca. lel"rcrnuTeJrbHo, rrycrb ABa coccA-
Hrrx 3cpH a i u j 3apoAunHcb B MoMeHTbr BpeMeHH t, u tr. Paccroquue or rrpou3Bonb-
soli roqrrr p Ha rloBepxHocru KoHTar(ra 3Trrx 3epeH Ao rreHTp a i zanucsrBaercr KaK /; :
: l '(l - ti), a ro IreHTpaj rcax r,: v(t - t).3aecr, t - MoMeHr BpervreHtr, KorAa rrporr3o-
rueJr KoHTaKT 3epeH B ToqKe p. Pa:rrocrb 3THX paccrorHuii,

t - i  _ r i _ y ( / i _ t i )

Hc 3aBucHT or I, a c,tegoBareJlbllo, nrt6opa roqKu p. Apyrw,ur cJroBaMH, pa3l{ocrb
paccrotHufr or npou3BonrHoii TotIKH rloBepxHocrn KoHTaKTa Ao AByx 3a.{aHgbrx ro-
LICK tBJlgcrct KoHcrautoii, a 3To, KaK MbI 3HaeM, o3Harlaer, LITO raKoe rcoN{crpHqcc_
I(oc Mecro roqeK tBJlterct rltnep6onofi (rHnep6onouAorr.r) (otl. 4.2.1). TaxHrvr o6pa-
3ol\'{, flqerircH [xoHcoHa-M3na flpeAcraBrrrror co6ofi S-pa:6ueHr,re cpcrer\{br rua-
poB, HMerorqHX paAnycbr R,-- t , t . .

BH4uo, uro o6cyxAaeN{ble MareruarnKaMpr pa3nHqHbre 3aKoHbr, rcHcpr{pyrcurrc
IrocJlctroBa'reJlbl{ocrb Bo3HIIKHoBeHHf, 3apoAbrrrreri, nplreoArl Ha Haucru r3brKc, K
pi l3JlHqHbIM AHcrlepcHbIIu cocraBaM cr.rcreMbr uapoB {Bi. (O 3aKorroN{epHocrrx pac-
noJ'Io)KcIIIrt 3apolbtueii B npocrpaHcrBe MareMaruKu He roBoprl noApa3yMcBar BCc-
rAa, r lro HX pacnpelcneHue cnyuafiuoe.) lonyqeHne o roM, qro cr(opocrb pocra
3apoAbIIrIefi zaF.ucHT or BpeMeHII HnH pa3nuqHa An.rr pa3Hbrx 3epeH, rrpHBoAHT, Kar{
y)Ke orMeqaJrocb:, K HoBbIM THrraM paz6uerrufi.
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Vacmu I. Ocuoeur aemodq

5.2. Par6neune BopoHoro cl{creMbl BbInyKJIbIx reJI

flpo4onxurnr o6cyxleHne o6o6uleH wx paz6vennfl, B opoH oro-7] cloH c, op r{ -

eHrupyrcb Ha Susuxo-xuMHqecKrre npHJIo)KeHHt. flepexogt K cucrervre Hec$epr4-
qecKHX qacrur1, Mbr orpaHur{HBaeMct BsITIyKTIrIMH TeJIaMH. Onu o6naAaror reoMcr-

puqecKHM csofrcrsoM, cyruecrBeHHbrM Arrs Haruero aHaJrr{3a, a HMeHHo: paccrorHHc

or nro6oii TorrKrr [pocrpaHcrBa Ao rroBepxHocru BblrryKJroro rena oAHo3HaqHo o[-

peAeneHHo. 3roro ycnoBlrr Aocraror{Ho, vro6u pa:6ueHue BopoHoro, a BMecre c

HHM H cerKa Boponoro rarofi cr{creMbr ren cyqecrBoBaJrn H yAoBnerBoprnu ueo6-

xoAHMbrM Anr Harxux rrpHMeHeuufi croficreau. Anaru3 cucreMbl HeBbrrryKnbrx ren

rrpeAcraBrs.ercs.3Har{HTeJnuo 6onee cJroxHbru. Ha puc.54, a noKa3aH rrpuMep He-

BbrrryKJroro reJra. Bu4uo, r{To Altr HeKoropbrx rorreK rrpocrpaHcrBa Mo)Ker cyxtrc-

crBoBarb HecKorrbKo 6rnxafiruux ror{eK Ha raKoM TeJre. llycrax c$epa r\,rox(er Ka-

carbcs. ero 6oree qeM B oAHofi ToqKe. S-cerra Bopouoro cucreMbr raKr4x reJr HMeer
"ueprnrre" KoHqbr, BXoAfluIHe BHyrpb BbreMKpI HeBbInyKJIoro reJla (prc. 54, 5).3a-

MerHM, rrro rorIKH piBBerBJrer{Hr Ha KaHaJIe BopoHoro 3Aecb He tBJlrrorcfl y3narulr

cerKu BopoHoro B HarueM cMbicJle, a flpeAcraBJr.rrror rr3JroMbr Ha KaHulrre BopoHoro.

5. 2. I. IlpedeapumerbHue zeomempuqecKue 3uJneqaHufl

[rrx upanruqecrofi pa6oru yAo6no orpeAenr{rr QyrctyLtrc paccn'to.flHun d,(r),

Koropar Ars ruo6ofi roqxu [pocrpaHcrBap c KoopAI{HaraMH r 3aAaer ]MHLtltqrune

paccmotHue or erofi Tor{KH Ao rroBepxHocru 3aAaHHoro o6rercra i. finxrer upocron

Qoprvrrr :ra SyHrur{ff BbrnucbrBaercr c rroMorqrro Qoprnryn aHanrrn.{ecxoli reoMer-
pHV. Haupuvrep,r i ls  t r rapapaArrycaR,urruMeeM d,(r) :  l r - r i l  -Ri ,  rAC r i -Koop-

AHHarbr rreHTpa uapa. [r.a nunyKnblx TeJI, KaK orMeqarocr, QyHrcrlur paccrorHut

oAHo3HarrHa 4ils, nrc6ofi TorrKH rrpocrpaHcrBa BHe reJra. f,pyroe Ba)r(Hoe csoiicreo

dryHxquu paccrofiHrrfl B roM, rlro oHa arrQQepeHrrnpyeMall4,45]. Ee rpoH3BoAHyro

Puc. 54. flycrax cQepa Moxer Kacarbct HecKonbKr{x roqeK noBepxHocru HeBbrnyKnoro rena oA-
HoBpeMeHHo (a). Oparneur S-cerxu Bopouoro MexAy HeBbrnyKJrbrMH TenaruH; Hr\rercTcr rynuKo-
Bbre KoHrIbr, HAyuIue BHyrpb BbreMKH, H H3JroMbr Ha KaHaJre Boponoro (6).

68



5. Cucmeuo rdnyKndx me.ry uecQepuuecrcoil rloptrt t

Mo)KHo BbltrHcrtrb rlo BceM KoopAHHaraM B lro6ofi ToqKe npocrpaHcrBa. 3ro ceoi{-
CTBO Ka)KeTCq OqeBHAHbIM An.fl rnaAKI4x TeJr THrra [rapa, oAHaKO OHO C[paBcAJrHBO H
Anr ren c ocrpbrMu pe6partrH r{ BeprxuHaM.LL HarrpHMep D,nn nonr{3npoB, orpc3KoB
rIp.f,MbIX H T.tI. CleAcrnneM 3Toro cnoficrsa Syuxrlull paccrorH Hn flBnfle,rcx grrQ0c-
peHllupyeMocrb rloBepxHocrefr 14 KaH€IJIon Boponoro (cu. HuNe). llocleAnufi 1|axr
6yaer ilpHHIIHTII'IaJIeH AJI.tI Hac, TaK KaK oH [o3BoJrrer rrpHMeHHTb MeroA HHSHHrrrc-
3HMaJlbHbrx cMeureHlrfr e aJrropHTMe pacqera cerKr.r BopoHoro.

PaccltorpuM Ha[rH ocHoBHbIe reoMerpuqecKue nocrpoeH nn. f i ln npocrorbr
He 6yleu 6oluue HcrloJlb3onarr 6yxny S n rrx HunBaHvrflx. PaHee :ro 6uro HyxHo,
'Iro6rt [oAqepKHyrb pzBHlrIIy Mexry KoHcrpyKtfr4flMkr,rrocrpoeHHbrMu orHocuTeJrbrro
rloBepxHocrefr HnH IIeHTpoB luapon. Telepr,palorax c uecQepgr{ecKHMH TcJ'raMrr, B
3ToM ner neo6xoAlrMocrl{, TaK KaK 3Aecb pa6ora HAer roJrbKo c S-nocrpocHrirr\{H.

Iloeepntocmb Bopouozo Fat) onpeAen.rrercr KaK reoruerprrqecKoe r\,rccro ro-
qeK, paBHoyAaneHHbIX or rloBepxHocreii AByx rel i lr 7. OHa 3aAacrcr, oqcBtrAHO,
ypaBHeHHeu d,(r): d/r). [nx naprt 6ecxoueqHbrx rp.sMbrx ltrunit,HarprrMcp, ]\rox(-
Ho y6e4urbct, tITo 3To runep6onu.{ecKufi napa6olonA, KoHKperHsrir BHr r(oroporo
3aBr4crrr or B3aHMHoro pacflono)KeHnfl luuuit. HanolrHllM, rrro nycrar cQepa, Kacarc-
ulatc.q oAHoBpeMeHHo AByx reJI, Jre)Krrr cBoHM ueHTpoM Ha noBepxHocrH Bopouoro.

Kauan Bopouozo CatG) - 3ro reoMerpr.rqecKoe Mccro roqeK, paBrroyAarreH-
HbIX or rpex rel. OH, or{eBHAHo, 3a.uaercfl crrcreMofi ypanu euuir C,(r) : cl /r) 

: d rG)
H npeAcraBJl.[er co6ofi JIHHHIO B rlpocrpaHcrBe, Koropa-rr ecrb nepecerreHHe noBcpx-
socrefi BopoHoro coorBercrByroxlnx reJr. IfeHrp nycrofi c(repu, Kacaroulciic.q cno_
eri uonepxHocrblo oAHoBpeMeHHo rpex reJr, HaxorHTcfl Ha KarraJre BopoHoro. flpn
ABH)KeHHH rarofi cQeprr ee IIeHTp cKorlb3ur no KaHany BopoHoro AaHHoir rpo4xu
Ten.

vsen Bopoltozo D,,1r'ecrt roqKa, paBHoyAaJreHHar or r{crbrpex rcJr. oH .serqer-
cs IIeHrpoM rlycroir c0epu, BnHcaHHofi ruex4y AaHHofi qcrBepxoli re,r. Bunyx.ur,rc
TcJIa onpeAentlor rlo oAHofi ToqKe Ha:rofi cQepe, T.e. qerbrpbMr roqKaMH KacaHH;1
orlpcAenrror c Qepy oAHo3HarrHo.

3auernlt, qro B cnyqae oAHHaKoBbrx uapoB y3en BopoHoro cAnHcrscrrHr,lr-J
An.fl AaHHofi'rernepKH lxapoB. B o6rqerra cnyqae HX Mo)Ker 6rrrr HecKorrbKo. Yxc l,rl
IxapoB pa3Horo patrnyca, rar< o6cpxlanocb, HX Mo)Ker 6urt gva. fltn reJr Apyror-I
Sopr'rrr HX Mo)Ker 6rtrr eule 6onsrue. 3ror MoMeHT He TaK nplrHrlnrr vaJrelAnr pa3-
BHTllfl KoHrIenqHH HaBHfarIHoHHofi raprtr, Ho npuBoAr.rr K ToMy, rrro rroHflTHe cHN{_
[JreKca {enoHe rep.rrer oAHo3HarrHocrb.

O1tttcmu Bopouozo ecrb o6lacrr npocrpaHcrBa, lnuxafimafl K AaHHoruy rcny.
lpanu o6tacru BopoHoro oSpa:yrorc.rr KycKaMH rroBepxHocrefr BopoHoro, pe6pa -
3TO OTpe3KH KaHaron BopoHoro, a Bepur4H y3nbr BopoHoro. KaxAa.q o6racrs
Bopouoro tBnterct KHpTIH.ITIKoM pas1ueuun Bopouozo AaHHoro agcalr6 1s. Ha
puc. 55 noKa3aHa o6lacm BopoHoro Anr cQepoqr.rnuHApa, pac[ono)KeHHoro BHyr-
pH HeyroPtAor{euHofi usorpouuofi yrlaKoBKr.r c0epoqunnHApoB, H3yqaeMofi s Ha-
uefi pa6ore [46].
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Vacmu I. Ocuoew uemoda

Puc. 55. O6nacrs BopoHoro 4nr cQepoqrnuHApa BHyrpH Heyrop.rAoqeHuoli ct4creMbl cQepoqr.r-

nr.rHApoB.

5.2.2. O pazdueHuu Bopottozo cucmertbt sunyK.Itux nt&'t

CSopuylupyeM ocHoBHoe yrBepxleHr.re o pa:6ueHulr BopoHoro An-s o6qero

cnyqa.s BbrrryKJrblx reJr. Msr He rrpHBoAHM rroJlHoro AoKa3arerlbcrBa 3Toro yrBep)K-

reHr4fl, nocKoirbKy 3To rpe6yer cKpynynesHofi MareMaruqecxofi pa6orrt, a orpaHn-
I{HMC' TOIIbKO PA3YMHbIMI{ AOBOAAM}I B CTO NOJIb3Y, HE COMHEBA'Cb B ETO CIPABCINH-

BOCTI,I.

TEOPEMA 6. OinacmLt Bopouozo npoltsno.ruuoii cucmeMbt rbtnyKnbtx nlet tte

exodnm dpvz e dpyza u sAnolrHflnm npocmpoHcmso, 61t)1trav cveJlcttbtrlLt no Lletu.tl

epaHnw. Pas6ueuue npocmpaHcmna ua o1.ryacmu BopoHozo oduosua,tuo onpedetn-

emcn sadauuoil cucme.Moit u, uao6opom, oduosua.aHo ee onpedennem.

flepnrrfi 3Tarr AoKa3areJrbcrBa arofr TeopeMbr Mo)KHo npoBecru raK )Ke, KaK

An.rr coorBercrByroulefi reopeMLr An.lt cr{creMbr rorrerrHblx IIeHTpoB HrrLr urapon. Tav

coBceNr He r,rcnoJrb3yercr ror Saxr, r{To MbI HMeeM Aeno I,IMeHHo c uapaMn. Baxsa

ToJrbKo oAHo3HarrHocrb paccro.rrHprs or mo6ofi TorrKI{ [pocrpaHcrBa Ao noBepxHoc-

rlr lro6oro o6rerra cr{creMsr. Bce BbrrryKnble reJla, KaK 3To rIoAqepKLIBaJIocb BbIIrIe,

yAoBnerBopsrcT 3roMy ycnoBHlo.

OAHarco Ha 3Tane AoKa3areJrbcrBa cMe)KHocrI{ rro uenblM fpaH.aM o6lacrefi Bo-

poHoro HMerorcr pa3illartnfl,. HauolrHr.rM, cMexHocrb no IIenbIM fpaHtM MHororpaH-

HrrKoB Boponoro BbrreKuula I{3 Toro, rrro ABe ttnocKocrll BopoHoro coBnaAaror noJI-

Hocrblo, ecJru r.rMelor o6urufi KycoK (,urq connap,enur rIJIocKocrefi AocraroqHo lrrlerb

rpu o6qHX roqKu). AuanorulrHo 6uro Anr ruflep6onou4on BopoHoro, AJII coBna-

4'el:afl, rroBepxHocrefi BToporo rroprAKa AocraroqHo AeBtru o6ulltx roqeK. B cnyuae
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5. Cucrne.va rbutyKrbtx n1e-7 uec(tepuvecxoti rpoprtur

rIpoH3BoJIbHbIX B[,IrIyKnbIX TCJI Saxr coBrIaAeHHfl noBepxHocreli BopoHoro no HX
o6ulcir .qacrv, no-BHAI{tvIoMy, ITHKeM He rrccJreAoBaJrcr. 3lo Hc npocroii rrrornrcur, TaK
KaK N{bI 3HaeM, qro rloBepxHocru BopoHoro s o6u-1eN{ cnyqae Moryr cocrorrb tr3
.racrefi pa3Horo Qyur<unoH€LrrbHoro BuAa.

5.2.3. Cemxa Bopottozo cucmeMu sunyK.nbrx mea

flpHHltlrat cnpaBeAJIIrBoclb reopeMbr 6 o pa:6ueHuu Boporroro crrcrcMbr rrpo-
II3BOIIbHbIX BbIfIyKJIbIX TeJI, MbI AOIIyCKaeM CyXIeCTBOBaHHe efo ceTKLr BopoHorcl -

cerKH Bcex pe6ep H B€pIIIHH o6lacrefi Boponoro n pa:6neHHH BopoHoro AaHrroro
ascar,r6ns. Ha pnc. 56 uoxasaHa cerKa BopoHoro Anx cncrcMbr AByMepHsrx crfcpo-
TIHIHHApOB.

Cerxa BopoHoro e o6qeM cnyqae rarcKc BbrrroJrHrer ponb uaBgr-auqoHnofi
Kaprbl nycroro rlpocrpaHcrBa BHyrpH cr4creMbr npou3BoJrbHbrx BbrrryKnbrx re-rr. Tor
Oaxr, qro cerKa Bopouoro JIe)KHT r uy6uue [ycroro npocrpaHcrBa, cxeAycr Hc-
rocpetrcrBeHHo H3 onpeAeJleHHt o6lacru BopoHoro. /{eficrnuTeJrbrro, ecJrH rubr cMc-
crl'IMc.fl co cBt3H cerKu, Koropa.rr ecrb He qro rrHoe, KaK o6uee pe6po cMcxHbrx
o6nacrefi Bopouoro, To IvIbI nonaAaeM BHyrpb oAnoii us o6racrefr BopoHoro rr, rro
orlpcAeneHHto, oKaxeMcs 6nuxc K 3ToMy reny. B sroN,{ cMbrcne cBr3b ccrKH Bopo-
rrofo o[.rrrb rBJr.rrercfl "QapnarepoM" 

MexAy AByMr COCerr{HM14 y3ilaMi1^.
O6parurrl BHoBb BHIIMaHHe Ha Bo3Mo)KHocrb cerKH BopoHoro o6ulero cnyqat

6rtrr HeoAHocBs:sofi. Taxoe orMeqaracb Ax.q cucreMbr rrrapoB, cgrrbHo pa3ngqaro-
ulHxcff t lo pa3Mepy, rIpH rIX crlcrruaJrbHoM pacnono)KeHuu (uv1.4.3.1).K ctracrbx),
6ollruuHcrBo HccneAyeMbIX n Qu:uxe o6reruon Aaror o/IHocBr3Hbre cerKH Bopo-
Horo. Hau onbrr pacrreroB no3Bonter AyMarb, r{To cerKa Bopouoro ,BJrrerc, oAHo_
csr:HoIi Anq AocrarotlHo olHopoAHbrx cucreMnrrnyrubrx reJr npocrofi (ioprvru (nps-
I \ Ibtc I IHIT HH. \HI tHUeptr) .

Puc. 56. l{symepHar Hnrrrocrpaqu.r pa:6u-
euuii BopoHofo AJrr cncrelmr cdtepoqu-
JrHHApoB. O6nacrs BopoHoro Anr ueHT-
paJrbHoro re,ra o6seAeHa xupHoli ll.rur.r-
eii. Celxa Bopouoro Jlexur n r,ry6unc
rryc'rofo rrpocTpaHcTBa ruexAy TeJraMH.
Kaxgsrr'r y3en cerKrr Bopouoro qBJr.qerc.q

u c HTpo r!,r e n H c aH H o ii ( n urep crlrq r.r a,r s H o fr )
cQeprr. KaxAa.s cB.rr3b cerKn Bopouoro
rBr.sercfl Qapnarepon Ha ily-tzr Me)KAy
coceAHHM n y 3 ilauu. Oua xapanrepr.r3yer-
c.s cBoHNr paAuycoM y3Koro rop;ra (ua puc.
noKa3aHbr rurpr{xoBbrMH oKpyxuocrrnru).
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