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BBe.D;eHHe 

Q63op. llpit:MeHeHU51 Haufio.nee pacnpOCTpaHeHHbiX MeTO,llOB OllTit:Mit:3aUit:ll (Me

TO,ll HhiOTOHa, MeTOJl ceKyiUit:X It: T.,n.) co,nepiKit:TC51, HanpHMep,B KHHre [1). 3Tit: 

MeTOJlhl B OCHOBHOM OplleHTit:pOBaHhl Ha llOit:CK .liOKa.llhHOrO , Mit:HllMyMa, 'ITO 
onpe,ne.n51eT JaBit:CIIMOCTh peJy.nsTaTa oT · Ha'laJihHoro npit:6.nmKeH~H. OiiTn

Ma.nhHhiM 51B.ll51eTC51 TaKOH Bbif5op Ha'lairbHOrO llJlllfi.llllJKeHllll, np~ KOTOpOM r.n~ 
fia.nhHhiH Mit:HllMYM HaXO,llllTC51 B . ofi.naCTll ,neiic-r'Bnll llCllO.llh3yeMoro Me~,na .. 

' O,nHaKo 3TO B03MOJKHO'_,lla.neKO He ncer,na. Ilo3TOMy.,n.n51 llOBhiWeHHll ynepeH

HOCTll B pe3y.llhTaTe JaqatTyiO_ HeOfiXO,llHMO npuMeHeime .ziono.nHllTe.llhHhiX Me

TO,llOB, noJBO.llliiOIUit:X "J3hiTacKit:B<:tTh" roti:Ky cocTOHHllll a.nropnTMa H3 .noKa.nh

HhiX MllHuMyMon. II.naToii 3a 'ITO ofihi'IHO xnJilleTCll iap,nit:Ha.nhHOe yc.nmKHeHit:e 

cTpyKTYPI>I a.nrop~TMa n cHnJKeHue ycToiiqunoi:Tn ero p~oTbi. Ilpu peweHit:H 

npaKTU'IeCKit:X 3a,naq pa3MepHOCTh npocTpaHCTBa,·n KOTOpOM 3a,llaHa ue.neBa51 

!)>yHKUll51, ofihi'IHO 6b1naeT micTO.llhKO ne.nnKa, <ITO Bbl6op Ha'la.nhHoro npn6.nn

JKeHnll, ,llOCTaTO'IHO 6.n~3KOro K OllTllMYMY, npe,llCTaB.lllleT COfiOH CaMOCTOliTe.llh

HYIO c.noJKHYIO 3a,naqy. 

B ,naHHoii pa6oTe npe,n.naraeTcll HOBhiH MeTo,n noncKa r.no6atJi~oro MnHnMy

Ma, KOTOphiH Mhi Ha3na.nn rpanuTaUit:OHHhiM. OH He Tpe6yeT Ha'la.nbHOro npH-

6.nnJKeHll51 n He 3aBit:CllT OT Hanpan.neHit:ll rpa,nit:eHTa n .noKa.nbHl>IX oco6eHHo

cTeii ue.nenoii !}>yHKUnu. Ilpuno,nliTCllll o6cyJK,naiOTCll pe3y.nhTaThi npuMeHeHHll 
MeTO,lla K 3a,naqe reoMeTpit:'leCKOH peKOHCTpyKUllll COfihiTUH B :3KcnepuMeHTax 

!}>li311Kll BhiCOKIIX 3Hepruii, a TaKJKe p,e3y.llhTaThi, no.ny'leHHhie Ha cneUHa.llhHhiX 

TecTOBhiX ¢YHKU1151X: pacwnpeHHall !}>yHKUit:ll Po3eH6poKa, pacwnpeHHall o6o6-

rueH~all !)>yHKUllll Ilay::~.n.na; !)>yirKUllll Tima cnupa.nenn,naoro JKe.no6a, !}>yHKUllll 

By,na It: ,nuno.nbHhie peweTKu. 

1 . 3a.naqa reoMeTpuqec:Koii peKOHCTpyKI(HH C0:-

6b1THH B 3KcnepuMeHTe NE~Q 

PaccMoTpuM. rp~BHTaunoHHbiii: Mero,n Ha npHMepe peweHH51 3a,naqH noit:ci<a 

r.nofia.nbHOrO MHHit:MyMa, B03HllKWeH npH ofipafiOTKe ,llaHHblX 3KcnepnMeHTa 

NEMO [2, 3) no fi3Y'I~HHI01 j3j32v n j3j30v-pacna,non 100Mo H ;ipyr~x '51,llep .llJ1ll. -

onpe,ne.neHHll ::~!}>qleKTit:BHOH MaCChi MaiiopaHOBCKOro HeHTpHHO Hit:JKe 0;1 38 .. , 
TpeKOBa51 qacTh neTeKTOpa (pH c. 1) COCTOHT H3 OKTaroHa.nbHbiXreiirepOB- . 

. . . ~·· '. 

CKHX ll'leeK, Kall(,llall II3 KOTOpblX HMeeT UeHTpa.llbHYIO CHrHa.nbHYIO npono-
.liO'IKY, OKpy)KeiiHYIO 8 3a3eM.neiiHhiMH npOBO.liO'IKaMH. 5I iie:ii:KU 'IIMerOT pa3Mep 

32 MM B ,llit:aMeTpe'u 2.7 M B ,n.nuHy. 0KTaroHa.nhHble li,:IeHK_It: HeMHOro .zie!)>op:-: 

MllpOBaHbl1 'ITOfihi ofipa30BaTb UII.liiiH,llpit:'leCKYIO reoMeTpli101 It: !)>op-MIIpyiOT 

noc.ne:UonaTe.nl.HocTb 4'-2-3 c.noen. ll-H!f>opMaunll C·li"IeHKH. n03BOJili~T·onpe,ne
miTh paCCT051Hit:e, Ha KOTOpOM npo.neTe.na .;IaCTUUa OT ueHTpa.nbHOft npOBO.liO'I~ 

1 el!\tJUiut ~lilra ~~~-:rciji -,. 
j . i ml~liiir!X ucc!le.la~aU~I . 
\ ~~SJlidOTrzKA --· 
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PHc.:l. 06m11ii BHLl:YcTaHoBKH NEM0-:3 

Kii, H KOOp.Llliiia~y B~OJib np'o~~JIO~KH. biK~.UaeMOe.,pa3peUieHH~K~op.L\HH~TI!hlX 
n3M:epei~IIii ur· :::::!. 0.5 r.~M noi:I~peK 'rrpo~om)qKH ·~ uL :::::! 5 MM B.LlOJihnp1:monoqK11:. 

Oco6ennocThiO 3KcnepiiMeHTa, cymecTBennoii:. np11 reoMeTp.\f~ecKoii: pei<on

cTpyKUHH C06biTHH, .liBJI.liCTC.ll HaJIHqHe HH3K03HeprHqHhiX 3JieKTpOHOB, TaK qfo 

npHXO.L\HTC~ yqnThi~aTh 3$_cpei<;Thi MnoroKpanmropacce.HHH.ll B ra3e ir ,L\a)I<;e ne-
ynpyroe a3a~MQ,L\eHCTBIIeG .II}.?OBOJIOqKaMH. . , , .. . .. 

3a,Lla'Ia rno6aJibHOH .OIITIUdll~anH~ B03IlliKa~~ npii' ITOIICKe CJieil~B· (TpeKoB) -

3ap.H)KeHHhiX qacTIIU a .LleTeKTope. PaccMoTpHM rrpocTeii:IIIyiO cnTyanniO, Ko

r.zia neT MarunTuoro· noJI.H,-HeT li.ry~rbaoro cpa6aThi~aHI~.H rrpoao,;oqeK u ne; 

rrponycKOB B KaMepax ... B· 3TOM. cnyqae. pa3yMHO: orrpe,LleJIHT~ TpeK 'IaC,Tlinhl. c 
MuoroKpa.Ynhi:r.I'pacceauneM KaK· liaii6o,;ee rnam(yiO nuilniO·, · K:acaiOmy~c.H acex 

OKpy)KiiocTeii'ao:Kpyr cpa6oTaBIIIIIX npoaonoqeK ( T:K. Mhi 3Hae~ TOJihK~ pac

CTO.liHIIe ir.o npoaom)qKII)n nepe~eKaiOIUy!O ace cn~u- ,L\eTeKTOp~ (c¥. pnc.2). 
fmi.LlK'ocThiO nuH:im a ,LlaniroM cny.qae· Iia3hma~rc~- cyMio.m aen'wrnu :r.ielihiiinx 

yrJici_B Me)K.LlY rip.H:r.-ii,iMII, Cb,Llep)KarUIIMM o6pa3yi0m~e 3TY ni!uuro coce,L\~Ille np.H-
MommeiiHbie oTpe3K'il. · . . · .. · : .· . · • . . . . 

Qqemi.Llilo, q'fo 'H:iinie Tpe6oa~H:ne ·oTc.yir:T~ua illy':r.ioBhix ·cjJa6a;:b~a~~m'i: 
npol:lorioqek · ~l'ano yripomaeT ~u'i-yauiiio aciiem.:Tane ne~o- ripaaoi1 neoilp~.Ll~n~u~ · 

•. ~~- _, .. ·\ .. · -~. ,·, . •:.' . : : .. .\ .,, -~ ~· _."' ' : ... · .-. 
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Puc. 2. llpnMep TpeKa c .Mnoro

KpaTHhiM pacCe)IHUeM 

v ~ 
a) 'b) 

· Puc. :3. llouci rno6anhn~ro Mn-) 

HIIMyMa CTaH.LlapTHhiM MeTO,L\OM 

(a) ll rpaBUTaUUOHHhiM l\teTO.LlOM 

(b) 

uocTn .LlpeiicpoBhiX )lqeeK. 3na.H rrpnMepuo uarrpasneune TpeKa, Mhi ue 3HaeM r 

KaKoii cToponhi npoiiOJIO'IKn (neaoii nnu rrpaaoii) on npoiiieJI. TaKnM o6pa3oM, 

HMeK>TC.ll ,L\Be B03MO)Kllble TO'!Kll KaCaHII.ll Ka)K,L\Oll OKpy)KHOCTJI, O,L\Ha II3 KOTO

phiX JIO)l(Ha.H, 'ITO B pe3yJihTaTe IIJHIBO.Lll!T .K lOQ%. reoMeTpii'IeCKOMY IIIyMy! 
B :}TOM CJiyqae 3a,L\a'Ia CIIO,L\UTC.ll K MUHIIMU3aUHU q>yHKUIIU, UMeiOlUell MHO

ro JIOKaJihHhiX MIIHJIMYMOB. 06hi'IH0 C.TaH,LlapTHble MeTo.Llhl MIIHliMU3aUJIU (5] 
CTapTyiOT C TO'IKJI Ua IIOBepXHOCTH q>yHKlllill II TeM .IIJIH IIHhiM CIIOC060M. MH

HliMII3UpyiOT cpyHKUliK) B JIOKaJibHOll 06JiaCTU BOKpyr 3TOll TO'IKU Ha Ka)K,LlOM 

III are nTepannounoi1 nponenn>hi.. TaKa)! npone.Llypa nMeeT 6oJihiiiYIO sepo.HT
HoCTh 3aKoHqni:bc.H II JIOKaJihHOM MliHnMyMe. CymecTBYK)T MeTO.Llhi, II03BOJI.liiO

IJIUe "Bh!TaCKIIBaTb" TOqKy COCTO.liHII.ll aJirOJ?llTMa ll3 JIOKaJibHhiX MHHliMYMOB, 

rrnaToii: 3a ,'ITO o6hi~IHo .HBJI.HeTc)l Kap.LlHHaJihHc;>e ycJio)Kneuue cTpyKTYPhi aii-
ropnT~~ n CHII~enue ycT~~'IIIBOCTU ero pa60Thi. . . 

B cooTse·rcTanu r. pa6oToii [4] parcMoTpnM necKoJihKO unoii no.LlXO.Ll K rro

naime;rnoii rrpo6neMe. llycTh ,Llana onnoMepna.H tl>YHKUif)l F(;r ), JIMeiDWa.H onuu 

l'H06aJihHhiii II HeCKOJihKO JIOKanhHhiX MIIHHMYMOB BHy rpH tllliKCIIpOBaHHOrO OT- · 

pe3Ka. llpe,LlJiaraeTC.ll, UCII01Ih3Y.ll CTaH,L\a~THhH; rpa.LlUe!ITHbie MeTO.L\hl, c:ap~ 
TO BaTh O.L\HOBpeMeHHO 113 .LlBYX ToqeK. ua rrpoTnaorroJIO)KHhiX Y'IaCTKax rpauu

llhl. . TaKnM o6pa3oM, paccMaTp;m~eTc.H .LlBe ·'.'qac.Z.nnhr", KoTophie .LlBIDKyTc.H 

no rpa.LlnenTy q>yHKUIIH · F ( x) .· B ~nyqae rrorra,LlaHit.H, II noKaJihHhie MHHHMYMhl,. 
Ml')KJlY "'IaCTUUaMn'' B03HUKaK)T CIIJihl B3aliMHOro npnT.HJKeHII.ll,·ncnBOJiliiOlUUe 

npeo,L\oneTi, noTeunnaJihHhiii 6aphep u· npo.LlOR)KIIT~. JlBU)KeHne II mmpaBJiemm 

q)a,LlneHTa (puc. :3). Crlna .TaKOI'O .LlBYX'IaCTII'IHoro B3ai!MO.LleiicTBIIll :ml3rirnT 

oT noM epa JITepauun i1 yaenu;uu3aeTc.H oT IIIara K uiary. KpnTepneM ocTimo

aa .HBJI.HeTc.H coana,L\eune Kocij>.LliiHaT ir.annhiX "•mcTnu" c onpe.LleJienuoh. TO'!-: · 
noc·ThiO _: ycnoane rno6aJibHoro MIIHHMyMa. :-)-r'oT. an.ropnTM 6a:-~;rpyeTc~ na 

KJiaccnqecKoii 3a.Lla'Ie ~a-rel'viaTwrecKoro · anamna, li3Bl'CTHoii. KaK "Teoper.~a. o 

nnyx MUJIIIUHonepax''. 6oJiee IIO.Llpo6J_Io MaTeMaTriq'erKne acneKThl IIJ~e.rr~rarae-
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PIIc. 4. IlpiiMep noiici<a TpeK·a c IICnci.ril:i3osaH:neM rpasnrauiioml:oro MeTana 
~ , ' . . 

PncynoK 4 neMoncTpiipyeT n'l'epauiio~iiYK>' npouenypy. nolicKa TpeKa :meK- , 

Tpoua c ·IIcnon~JosatmeM rpaBIITauiiolinoro MeT"on·a. Pa3BIITiie nTepiuiiicHinoro · 

npouecca na 'piicynKe nJieT··cne})xy Ii1in3~ Hatiano HTepaunii np'e.dc:TanneH:o mi. 

BepXH~M pncyHKe. 3necb poJib ·"tiaCTIIU" 'IIrpaiOT JIBe JIHHUII, nepBOifaqaJibHO 

KacaiOuiiieca oKpy:amocTeii csepxy·II· cHn3y. 51cno, 'IT~ 3';rO rpa~II-'IHhie'noJmJI<e~' 
una; u pe'aJILHhrii cni~JI .·meKTpona· uaxoiu-ITc~ M:e;.r;.ri/ HIIMII. B ~pouecce IITe'pa~ · 
unii IIJieT· crna:tKIIBaime 3TIIX' nuniiii II npnTa:tKeHIIe· II* K ·KpaaM oKpy)KH:ocTeii, 

tiT~· asnaeTca cTpeMneniieM BhlllOJIHIITh cpii3~'IecKue y'cJiosn~ 'n Mo)l{eT paccwi~ · 
Tj)iiBaThca KaK rpaJllteHTHhiii·cnycK. HcnoJib3i:maHIIe rpaBIITaun~imoro 1\IeTOJia' 

( npuTa:tKeniie- Me:.Kny· iunmaMn) ·ri03Bomi:eT Ii::i6e)Ka.Ti. rioKaJihHhrx' MllHIIMyMo~· 
n noBhiiiiaeT ~cpcpeKTIIBHo:cTh noncKa TpeKa · 6~n3Ko _K 100% .rina M:noroKpaT

no pacceaHIIbiX Tj)eKOB," B TO. BpeMa KaK HCUOJih36BaHIIe TOJihKO CTanjxapTHbiX' . 

MeTOJIOB JiaeT 3cp'cpeKTIIBHO~Tb 92-96% na.>ke' B6one·e: llpOCTbiX ciiytiaax npa

MOJIUHeiiHbDC TpeKOB. B cpeJII{eM Tpe6yeTca 10-'-'-15 IIT~pauuii JIJIH JIOC~H~eliiiH 
fJI06aJ"ILIIOro MifHUMyMa. 'AnaJI()fii'lHble npll~epbl ·nortcKa TpeKOB npeJICTaBJie~ 
HLI TaK;.r;e Iia http: /i'nuweb. j inr: dubna. su/LNP/NEMO/nemoiiiN .htlnl c uc-
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llOJib30BaHIIeM H3biKa nporpaMMI1pOBaHHH Java. 

2 . . rpaBHTai(HOHHhiH. anropHTM B. k-MepHOM 

IIpOCTpaHCTBe 

3aJia'Ia 6e3ycnosnoii onTIIMII3aUIIII B k-MeplioM eBKJIUJIOBOM npocTpaHCTBe Rk 
cpopMyJIIIpyeTCH CJie.IIyiO!IIIIM o6pa30M: 

IlAHO: F: Rk-+ R .. 
HAHTH: r • E Rk : F(r *) :S: F(r'), Vr E Rk. 
OtieBUJIHO, 'ITO na;.r;e na nnocKocTII HBHO ne JIOCTaTO'IHO JIBYX "qacTIIU" 

JIJia noncKa rno6aJILHoro 'lKCTpeMyMa. CnenyeT OTMeTUTh, tiTo,cpyHKUIIH MO

:tKeT nMeTh B Ka<lecTBe 3KCTpel\mJILHOro MHO:tKetTBa:tKeno6a II T.n:, 'ITO ·nHor:Ua 

TaK:tKe npeJICTannaeT IIHTepec. . . . . . .. . . . 
IIepeiineM K 3aJiatie MaKCIIMII3aunii II nonLrTaeMca CHII3M;b .:r,p·~6osa~IIeHa 

maJIKOCTh uenenoii cpyHKUIIII. Ilmr 3TOro ucnoJib3YeM cpii3HqecKIIe au.iuioriiii, 

BBOJIH CUJibl B3aUMOJieHCTBIIH Me:tKJIY "tiaCTIIUaMII" o6p~THO nponopUIIOHMb~O 
paCCTOHHIIIO Me:tKJIY HIIMII. B OCHOBe npeJIJiaraeMoro MeTOJia JieLKaT rpaBUT~UII
OHllbiH (npuno:tKeHIIe A) u reneTil'IecKHii (npiiJio:tKeHIIe B) anropnTMhi. IIycTL 

N - KOJIIItiecTno MaTepiiaJlhHLIX "qacTnu" (rno6yn), pasHoMepii~ pa~npene
JieHnLrx BHYTPII cna3noii 3aMKHyToii o6nacTII (Top a) 'u. B3aiJMo.neii~TBY~llliiX c 

CI1JIOH06paTHO nponopUIIOHaJibHOH KBaJipaTy paCCTOHHII51 (n HarneM CJIJ'!ae 3TO 

rpaswrauiioHHLre cunhr). Macca ~-acTIIULI 3aB~CIIT oT ,ee Koop.nix1u~T . .n paniia 

3Ha'IeHUIO uenesoii <PYHKUilll B 3TOH TO,'IKe, T.e. Ma~ca i:ii rno6yJibl ;,li = F(fi). 
PaccMaTpiniaeTca MOJieJIL rpaBIITauuonnoro B3aiiMOJieiicTBHa· tia,cTIIU .6e3 

CTOJIKHOBeHIIii.· MaTepuaJihHLie TO~KH non neiicTBIIeM rpaBIITaUII~HiiLIX CIIJI 

CTHfiiBaiOTCH K UeHTpy Mace cuc.:reMbi: T.e. K.TeM nono6JiaCT~M, rne.3Hatie

HIIe cpyHKUIIII MaKCIIMaJibHO. KpoMe. Taro, no aHanoriin c reneTIItiecKnMn anro

piiTMaMII [6], B KOTOpbiX BbiJieJiai~Tca ~eHLI c :tKeJiaTeJILHhiMII MyTaunaMII,.:~Ia 
Ka)KJIOM IIIare no speMenu cpnKciipyeTca nono;.r;emxe onpenenennoro. tiii~Jia ~au-

6onee "Ta:tKeJihrx" rno6yn, 'ITO opnBOJIUT K nepeMe!IIeHIIIO JIIIIIIh Tex rno6yn, 

Macca KOTOpbiX cpaBHIITeJibHO MaJia. 8 3aBIICIIMOCTU OT UeJieBOH cpyHKUIIII II 

OT pacnOJIO:tKeHIIH OnTIIMyMa BHYTPII paCCMaTpiiBaeMOH noBepXHOCTU, UeHTp 

Mace MO:tKeT He COBnaJiaTb C 06JiaCTbiO KOHUeHTpaUUII Haii60Jiee .TH:tKeJibiX:fJI0-

6yJI, 'ITO B CBOIO O'IepeJib npiiBOJIUT K YJiaJieHIIIO BCeX "cno60J{HbiX" fJio6yJI 
OT TO'IKII 3KCTpeMyMa. l{Jia })eiiieHIIH 3TOH :npo6JieMbl HeiTOJIBII:tKHbie rJio6y

Jibl HaJ{eJIHIOTCH cpiiKTilBHOH Maccofi, B HeCKOJibKO pa3 npeBhiiiiaiO!IIefi UeJieByiO 

cpyHKUIIID. 

JicnOJib30BaHIIe BpameHIIH CIICTeMbl rJio6yJI, KOTOpbie MO:tKHO IIHTepnpeTU

poBaTh KaK annpOKCIIMaUIIIO reHeTU'IeCKOfO anJ:'opiiTMa IIJIII cneUUaJibHbiH BI1Jl 

cToxacTntiecKoro B036y)KJleHua cncTeMLI, no3BOJiaeT II36eraTb KOHTpnpiiMepos, 
B03HUKaiOmnx B cnytiae tiiicToii rpannTaunonnoii ananoruu. B <lacTiiocTn; ripii 
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CKOUJieHHH rJio6yJI B OKpeCTHOCTH Ce,llJIOBOii ·TO'IKH Ml).Jlble B03MJllleHIIll, Bhi-
3BaHHbie BparneHHeM CHCTeMhi, ll03BOJ!JUOT JJIJ'IillUTh TO'IHOCTh H3XO:lK,lleHUll 

MaKcnMyMa. Eonee nonpo6Ho paccMoTpnM Bonpoc 3aUHKJIHBaHJUI. llonycTnM, 
'ITO TpaeKTopua qacTnUhi m~·oEla3~TeJihHO 6yneFnm:lTHO noKpbiBaTh Top, T·.e. 

OHa MO:lKeT BepHyThCll B CBOIO rrepBOH3'IaJihHYIO TO'IKY llOCJie KOHetJHOrO 'Il!CJia 
o6opOTOB BOKpyr OCII Topa, TOr,lla TpaeKTO}JIIll '{)yJteT 3-aMKHYTOH, ~".llBII:lKe
'HIIe .-.,nepl!O.llii'IeCKIIM. ,B _.lleHCTBl!TeJibHOCTll, .Ha OCHOB3Hl!II TeopeMbl lJeiiK

COTo [7], 3aMKHYThie TpaeKropuu na Tope MeHee BepciaTHhi, '!eM nnoTHo noKphi
BaiOmHe ero. TaKnM o6pa3oM,nepnonnqecKue .llBn:lKeHHa ne ycToii~IIIBhi OTHocn

TeJihHO MaJihiX B03Mymennii, poJihKOTOpi:ix nrpaeT reneTnqecKnii anropnTM. 

3. Pe3yJihTaThr TeCTHpoBaHHH anropHTMa 

TotiHOCTh perneHna n cKopocTh cxonnMocTn anropnTMa 3aBncaT o~ •inci1a B:ia

HMoneiicTBYIOlliiiX qacTIIU· n oT pa3MepH~crn 3anatJn. HpennaraeMhrii anro

. pHTM He rapaHTnpyeT f!OHCK TO'IHOro rno6aJibHoro 3KCTpe~yMa, HO OB. ,llaeT 

~X:opornee HatJaJihHoe rrpn6nn:lKenne .llJill cTannapTHhix MeTO.llOB orrTnMn3aunn. 
_ -TaK)Ke IIMeeTca B03MO)KHOCTh npocJie,lliiTh IIOBeilenne cpyHKIUIII B OKpeCTHOCTll 
''3KCTpeMyMa'. , 

AnropnTM ycrreulno rrpornen arrpo6aun10 ·na cTannapTHhiX TeCTOBhiX <f!YHK
. u!t'ix: pacrnnp'enHaa cpyHI(uu}I Po3eH6poKa; pacrnnpennaa o6o6rnennaa <fJYHK

una Ilay::mna,· cpyHKrrni Tnrra crrnpaneBnnnoro 2Keno6a; 'cpynKUH~ By.ha. ;hn 

· qiyH:Kuiul .rrpencTaBJiaiOT co6oii · IIO.llMHO:lKecTBo Te~T6s~l:'X' · 3ana4, o6hi'!Ho ·. nc-
, ' ' • ' • ~ " ,< - • ~ , ' 

. llOJih3yeMbiX ,llJill TeCTIIJlOB3Hll}l B IICCJie,llOBaTeJibCKUX IIpOeKTaX II ,llJill TeCTII-

poBanna IIoBoro MeTona .na piomlreii cTaniln pa3pa6oTKn: IIonnhiii rrepeqenb 

TecTOBhiX 3anaq .llJI~ BcecTopcmnero TecTnpoBanna anropn~Ma rrpnBO.lliiTCll B. 
pa6oTe [8]. · 

B Ka:lK.llOM cnyqae 3anaerca n cKanapHhiX <PYHKUHii oT n nen3Be~THhix:. 
J;(x), i = l..n, x - n-MepHhiii BeKTop. UeiieBaa <flynKuna nna 6e3yCJioBnoii 
MIIHIIMII33UIII1 

n 

f(x) ~ Lf;(x)2
,. !(;;*) = 0.' 

i=l 
"' 

B nporpaMMHOM peann3aunn. MaKCIIMII3npyeTCll <PYHKUIIa 

F(x) = f/{!.+1), F(x*) = 1. 

Hu:lKe nepeqncJ-Ieinibie TeeTOBhie cpyHKUIHI npnBe.LieHbl B CTaHnapTifOH, cpop
MymipOBKe n ncrronh3yeMaa npn pacqeTax 3aMena KoopnnHaT: cpyHKUUll P63en-

6poKa (x; __:, 2 · x;), fPJHKUIIll llay3nim (xi ---7 x;- 0~5),,cnnpaneBIIJIHhiii :lKeno6 

(Xt-+ Xt +.0.5, X2-+ X2- 0.5, _x3-+ X3 :_ 0.5), rlJYHKUIIa By,Ua (x; ~ 2 ·xi)'. 
TaKnM o6pa3oM;x* = (0.5, ... , 0.5). :- . - ·' _ 
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BnyTJHI ennuwmoro n-Mepuoro Ky6a pacnpenenanocb 100 qacnm, B3anMo

neiicTBYIOIIIHX Me:>KJIY co6oii. IJony'!eHbl CJ!e,llyiOIIIlle pe3ynhT3Thl. 

3.1. PacuntpeHHrui lf>YHKIUIH Po3eH6poKa; 
- - l. 

11 - JII06oe llOJIO:>Kll'reJ!bHOe 'IIICJIO, KpaTHOe 2; 

hi-J(X) = 10 · (J:2;- J:~i-I). h;(J:) =I- J::?i-1, i = l...n/2. 

·~KCHt'JlllMeHT3JibHblt' ,llaHHhiP 

npu 11 = 2 Fmax = O.H!J!J!J. J"• = (0.497,0.495) (cl\1. pur. 5),. 

·r--
j 

:. ···~;;_,,," 
)" 

l 

I -·-·-
l~-~ -- ·----------------j- .• 

Puc. 5. npnMep KOli{''IHOH KOH
<tmrypaunn .llJill rjJyHKu·uu· Po3eH-
6poKa 

npn n = 4 Fmax = 0.992, x• = (0.478, 0.459;0.47:3,0.446): 

· 3necb n nanee 'Illcno twtroB anropuTMa 6bmo Bhi6pauo paBHhiM :~0. Ilo:: 

npo6nee pa36ep-eM rny.tmftu = 4. PaccMoTpnM rqwpy c' ueHTpOM·B TO<JKe 

( 0.5, 0.5, 0.5, 0.5), paJiuyc -KOTOJlOll Ha llOIJll.llOK MeHbWe parCTOli:HUll OT UPH

Tpa .llO TO'IKll 3KcnepUMt'HTaJIJ .• HOfO. :~KeTpeMyMa. :~ua'!eHIHI UP1ll~BOH; <flYHKUllll ·; 

Ha llOBepXHOeTII TaKOH C<flepbl HOJlll.llKa 0.91-0.97; 'ITO MO:>KHO llOJIY'HITh Herro

epeJIC.TBeHJIO, pa36paCbiBall: CJIV'IallHhiM o6pa30M TO'IKII 110 ccpepe II :Bhi'IIICJillll 
... ' > • A ' < ' • > • > 

3Ha'!euna cpyHKium. TaKHM o6pa3oM, ueneBall: qJyHKUIIll nMeeT y3Knii "rop6'', 

Ha KoTopoM pacnonmKeua TO'!Ka rno6anbuoro ~K~TpeMyMa. Auanorn•IHhie pe
'JYJibTaTbi BepHbl H JlJlll OCT<tJlhHbiX TPCTOBbiX cpyHKIUIH. 

3.2. Pacum:peHHrui o6o6meHHrui lf>YHKUIUI ITay3JIJia 

11 - mo6oe UOJIO:>Kll'reJibHOt' 'HICJIO, KpaTHOt'4, i = l. .. n/4; 

/4;-a( :!:} = .1:4;-:J + I 0 · J:4i-2· !4i'-2(J:) = v5. (J:4i-l - J:-1;). 

!4i-I(J:) = (x4i..:~-- 2 · J:4i-tl2, /4;(:~:) ·= v'IO. (:~:4i-3 ·_ J:4if. 

7 

(# 



'~KcnepliMCHTanbHbW naHHble 
npii n = 4,. Fmax = 0.9999, x* = (0.478, 0.502, 0.495, 0.495 ). 

3.3. cflyHKUH.H THIIR CIIHpaJieBH.tiHoro ;)l{eno6a 

n = :3, fa(x) = x3, 

} 2 ")I/2 ) ft(x) = 10 · (x3- 10 · O(xr, r.2 ), h(r.) = 10 · ((x 1 + r.:; - 1 , 

O(xr,x2) = (7r/2)arctan(xz/xl), xr > 0, 
•' . 

O(xr,x2) = (7r/2)arctan(x:~/xl)+0.5, x 1 < 0. 

'7KcnepiiMCHTanbHb!P naHHble 
Fmax = 0.979, x* = (0.501, 0.4:37, 0.393). 

3.4. cflyHKUH.H By.ua 

';)Ta tPYHKUII.H C'liiTaeTC.H cn0:lfOIOll C TO'lKII 3peHIIH llOliCXa 3KCTpeMyMa. 11 = 4, 

f(x) • , 2 ? 2 2 ? 
l00·(xj-x2) +(1-xr)-+HO·(x3 -x4} ·+(l-x3)-+ 

2 2 ) +10.1·((1-.3:2) +(l-a:4) )+ 19.8·(1-x2 (l-x4). 

:?KcnepnMeHTanLHbJe naHHbie 

Fmax = 0.994, x* = (0 . .519,0.538,0.479,0.461). 

3. 5. .UnrronbHbie .. pemeTKH 

AnropnTM 6i.m npnMenen nna 3anaqn onTnMn3aunn cncTeM nnnonLHbiX perne
TOK [9]: 3Ta 3anaqa B03HIIKaeT KaK cocTasnaa qacTb npo6neMhl naiinyqrnero 
oueniiBaHII~I.CIIrnana npn sapll:auiiii reoMeTpiiii pacnonoJKeHIIH II3McpiiTenbHhiX 
npii6opos: · Uenesaa <PYHKUII.H onpenenaeTca qepe3 napaMeTphi TaK na3b!Bael\toii: · 
.unnonbnoii: J)ernE'.TKn - naT'liiKOB, pacnonoJKeHHhiX rio Kpyry nnH s pan II xa
pa~t'epn3yroiunMIIca nauny'llliiiMII yrnaMII npiieMa. 

-"!·I: F = det(HT H)~ max 

Sill ao cos ao 

H= .. .. ... .. .. .... -.-.. 
Sill an cos an 

ao = 0, 1r 2: ai 2: 0, i = I, ... , n 

(nna n = 2 xi =: (0.:33, 0.67), x; = (0.67, 0.33), Fmax = 2.25). 

8 

¢ 

l·l' 
I' 
f 
I 

( 

rl 
l 

B nsyMepnoM cnyqae nonyqenhr pe3ynhTaTbl, cosna.uaromiie c pe3yni.TiJ.Ta-: 
Mil rpa.UHCHTHbiX MCTO.llOB: 

F~ax = 2.24998, xi = (0.333, 0.665), 
F;,ax = 2.24997, x; = (0.665, 0.337). 
.Una TpexMepnofi 3a.l{a'lii 3KCTpeManbHOC MHOJKCCTBO B npoeKUIIaX Ha OCH · 

KOOp.UIIHaT npe.UCTaBnaeT'co6ofi OTpC3KII npaMbiX niiHHll. 

3aKJII01JeHHe 

fpaBIITaUIIOHHblll MCTO.ll llOIICKa rno6anbHOro Mli~IIMy~a tPYHKUIIII o,irnoro IInH · 
necxonLKIIX nepeMeHHhiX ycnernno npornen anpo6auiiro na cTannapTHhiX Te
CTOBhiX tPYHKUIIax: pacrnll:pennaa tPYHKUIIH Po3en6poxa, ·pacrnnpennaa o6o6-
rnennaa tPYHKUHH Ilay3nna, <Pynxuna · TIIna cnnpaneBII.UHoro JKeno6a, <Pynxuna 
Byna. :7TH tPYHKUIIII npencTaBn.HIOT co6ofi no.UMHOJKCCTB() TCCTOBhiX 3anaq, 
o6brqno ucnonL3yeMbiX · nna TecTuposanria s IIccnenosaTenhcKnx npoeKTax u 
nnH TCCTIIpoBaHIIa HOBOro MeTO.l{a Ha paHHefi CTa.UUII pa3pa60TKH. B cnyqae 
3KcnepuMeHTa NEM0-3 nonyqena 6nii3Kaa K 100% 34J.tfJeKTIIBHocTh 3Toro.Me- . 
TO.Ua npu pelwncipyuposaniiii TpeKoB 3ap~~eHH~Ix qacTIIU. KaK ~oKa3~no, . 
3TOT anropwrM ;aK-Ke none3~H npu Bhiasnelmh. ox'pec;no~Teii: 3KCTpe,MyMoB. 

Anairm! KnacciiqecKofi niiTepai-yphi no m,}qucnuTenh~~~ MaTeMaTn~e no~ 
' ' ~ ' . 

3BOnaeT YTBCp)I(JlaTb, 'lTO npeJ(nO.lKeHHhlll MCTO.ll aBnaeTCa HOBbiM, H liMCeT 
onpeneneniihle npeiiMymecTsa ·rio cpaanennro c npy~uMu. Me;Oll· ne.·, .s:snHeT:-: . 
C.H CUnhHO 3aBIICalliHM OT nanpa~~ennH rp~JllieHTa U: noKanhHhiX. oc~6eHHO- . , 

' j,' •• ',• .· ·' •. '. .· . . '. . . . 

CTefi ueneBOH tPYHKUUII .. IlpUMeH.HTb .l{aHHblH MeTO.ll nna penieHHH. KOHKpeTHOH;:: 
npaKTH'lecKoii ·3ana~m ueJieco~6pa3HO. ~· cosciKyn.HOCTII. c Tpa.uuun6nnhiMH. an
ropiiTMaMu, ucnonh3ya, nanpiiMep, • HhiOTolioscKue' IITepauuu .uira yTo'lHeHII~ 
3KCTpeMyMa. 

IlpH~ox{eHHe A. rpan:O:':l'anuoHHOe 

B3aHMO,n;eiiCTBHe 

.Usn.JKeHIIe oT.uenhnoii: qacTIIUhi onpe.uenaeTc.H .ueii:cTsneM npuno.JK.ennoro :K Heii: 
3a.uannoro BHernnero nona E (10]. Ecnu"3TO none noTCHUUaJl~Ho; TC)e~ r.ih)Kno 
npe.ucTaBUTh c noMOllihiO cxanapnoro noienuuana <I> 

E =- \7 <1> • 

"CocTOHHIIe" "To~reqnofi 'laCTIIUbl MaCChi m', onpeneJiaeTca. IIICCTblO KOOp.UII
HaTaMU r= {x,y,z}, V= {v.,,vy,Vz}, npii'leM 

{ 
r=v 

. ~=-~'V<I>(r) 
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(B c~yqae rpftBHTaUHOHHoro nona e:::; m) .. 
CornacHo 3aKOHaM .llBIDKemur HhiOTOHa 

fh:::; L_l'! .. e;ei (fi- rj) 
{ 

fi=vi 

' ' ' 1=1,3:;t• _711; ' ' - ... 

1Si'SN, 

(B cnyqae rpaBHTaUHOHHhiX CHn e; = m;V-G). 
PaccMoTpHM npocTeii:myiO pa3HOCTHYIO cxeMy. ITyr.Th t- rror.ToaHHbiii: mar 

rro BpeMeHn,-a = v',- ycKopeHne, TOr.lla 

{ 

m·(f':'- f':') =n , N 1 • 1 
a; =-Cr'£i=l_,i:;ti lfi'-,ijl3 

ii"ft 2 

r[+l = iT + Vft + =r-
i)?+1 = ii'!' +an,. t. 
' ' 

ITpime.lleHHbie Bhime <j)opMynhi M02KHO nosTopHTh .11na o6u.tero · r.nyqaa, Ko
r.lla:pa3MepHOCTh rrpocTp~HCTBa paBHa k, C TOH liiimh pa3HHUeif, 'ITO MO.llynh 

paCCTOaHH51 Me2K.llY .llByMa 'laC.TUUaMH 6y.lleT B03BO.llHTbCa B CTerreHb, paBHYKl 
pa3MepHOCTH ·npocTpaHCTBa. 

· .Una .llaHHOH CIICTeMbi ypaBHeHIIH 'larue HCIIOnb3yeTca pa3HOCTHaa CXeMa "c 

rrepemarnBaHneM", TaK KaK Koop.llHHaTbi n cKopocTn qar.THU M02KHO_ orrpe.lle
naTh TOnhKO B •Iepe.llyiOruueca· MOMeHThi BpeMeHn. Mbi orpa:Hu'IIIMr.a TeM, '!To 

npil Bbi'IIICneHHII KOOp.lliiHaT.6y.lleM.IICTIOnh30BaTb cpe.llHee 3Ha'leHHe CKOpOCTH 
·, ;;:. . ' ii'!'+iJ?+l . 

3a nor.~e~nue .llBa marana BpeMe~m: ' 2 ' 
HaqanhHhie cKopocTH qacTnu paBHhi HyniO, u 3To ycnosue coxpanaeTCH 

Ha Ka2K.llOM mare. TaKHM o6pa3oM, cKopocTH He HaKannnBaiOTCH. BBe.lleHHhie 

orpaHII'leHIIH onpaB.llaHbi TeM, 'ITO Mbl He CTaBnnH nepe.11 co6oif 3a.llaqy rrony

'lllTb a6conKJTHo TO'IHYIO MO.llenh rpasnTaunoHHOro B3aHMO.lleifcTBIIH: ITo Toii 
2Kenpii'IIIHe B <})opMyne .11na Bhi'IIICnenna ycKopeHHH MO.llynh paCCTOHHIIH 803-

BO.llliTCH.B KBa.llpaT, H B r.nyqae MHOrOMepHoro npocTpaHC.TBa rpaBHTaUHOHHaH 
nocTOHHHaH G = 1. 

_ T~~n~i ~6p,a3o~t; cPopMynhi ~pnHnMaiOT su.11 

' . . ("" "") 

{ 

= _ _ , ""'N mi r; - ri 
a; - C. ~i=l,j:;ti Iff- ijl3 
iJ?+l = ii"ft 

I , I .. - = + =+1 =n 
r~+l :::; r"'!' + V; Vi t + !!i_t2 
' ' 2 1 ' 
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IlpHJIO:>KeHHe ·B.- AnnpoKCHMan;~ui · reHeTH'lecKoro. 
aJiropHTl\fa 

• " ~-. ·~. ; ••• ¢ ~-:, .,.·· •• ,_: ..... ,, •• ~·~ 
feHeTII'IeC.Kliii anropiiTM M02KHO. IIHTepnpeTHpOBaTb KaK HeKOTOpbllf liOBQ-
poT" [11]:· Ko6p.11nmiT6I qacTUUhi s ~toMeHT · speMeHn t;' Bhi_•mr.iiaiO:rr.a_·•Iepe3 

C.~C.e.llHlle KOOp.llliH<tTbi B MOMeHT Bpei\IeHII i;-:-·1· ITyr.Th pa'3MelJHOC.Tb nponpaH..: 
cTBa- pasna k. Ha' KmK.iiOI\t mare. "nosopo{.". nponrXO.llllT'B. HeK~Topoii .. nnocl<o

C~ll '_(Jx1xi (i,j ~ :,, · .. ; k, i ¥ j), r.lle xi, xi Bbi6IipaiOTCa cnyq~iiHhiM ~6pa3c>M: 
06oJHa'IIIM 'xi·= X, xi = y Ii p~r~l.'t~Tpl!M nnbr.K~cTh Oxy. ' > ·-~' ·- ' -' ' ' 

ITo ananohm r rpaBU'}'auneii, rj>opMyJihi llnH Bhi'lnoremla KooplliiHaT i-ii 
'liiC'TIIU.bl' UMeK>T BUll 

{ 
.- ' . ( " ") 

J;~·+ I = x;, - t2 ""'ry . .. -. 111j Y; . ..,- y4 
. '· ._ ' . ~;=l,;;tz_, lr'-!'- f'!-1~ 

, I } 

'n+l _ n 2 N mj(xi' _: x'-') 
Y; - Y; + t_ ~i~~.i:;ti lrY ~-r;·l~ 

•, .... ., ':" 

OCTaJlbHbiP. KOOp.llllHaTbl Ha llaHHOM mare He U3MeHaTC.H. 
' j • ' '· ~ • l ~ ' • ' " 

IlpHno:>KeHHe C. MaTeMaT:H'lec:KHe 3aMe'laHH.si. · 
;\ I • ! • ;, •:,; 11 '-

KaK y2Ke yKa3LIBam~ct., npe.lln02KeHIIhiH MeTO.ll 6a3npyerca ua Knacr.n•Ier.Kdii 3a~ 
Jia'IP MaTeMaTli•IeCKtWO aiw:m-n.a; 113BeCTH(ni KaK ~'Te'ol)e~m: o'JrBYX .MIIJiiiUllOHe

pax'' "B MaTeMaTn-<,er.KoiinpaK-TnKe [12] rniipoKo u3s'erTHhi t'mcneniihie ·MeTo.ixhi, 

6a3upyK>lllUer.H ua' Tl~Opt;MP. EonLuano.:..BeiiepniTpacr.a, rnellC.TBI!e~IIi3' KOTOpoii' 
u_'HBJiae-'rr.a "TeopeMa o .llByx'MIIiiitUJi.oiiepax'~. 'O.llHaKomi)Ke np1i s'b16ope ue-: 

CKOJibKHX pa6oqnx -TO'leK B urcne.riyeMOll' o6naCTli BO MHOriix KnarcuqecKhx aJI

ropiiTMaX, no cymeCTBY, rrpuryTr.T~iye-'r Toni.lio OllHa aliTnsnaa pa6oqaH '-'ro'IKai 
a ocraiiLHhte HBnHIOTC.H_ sr.noMoraTenbHLIMll. K ToMy :lKe 1ia pacr.MaTpiiBaeMbie' 

tl>YIIKUIUI· 06bJ<IHo HaKna.llbiBaK)·rr.H, onpelleneHHbie llOilOnUUTenhHbJe orpaiUI'lP._:' 

HUH. llpRMep~M MoryT r.ny2KUTh l'CJIOBUe Jhini!llitia (1:3] unn yrno'siie CTporoif 1 

YHllMOllanhHOCTU [14] B MeTO.lle 1IOMaHbiX [15]. lf.11efiHO UOX02KIIll Ha npe.lln02KeH

Hblll anrop!ITM MeTO.ll IIOKpb!Tllll [16] UMeeT orpaHII'IeHUe.B_Blf.lle.nor.TOaHC.TBa, 
IWHC.TaHTbl B yr.nOBIIII JJnnrnnua. ::ho )Ke orpaini-lu_;Hll~ nJ;;,'r.yTr.~tye'r ~j 

1

B nJ)y.:., 

roif pe~m~.~auuii MeTOlla poKl~hrJ'uii: [17,: 18]_,,KOT?PC~:H, ~?o6!lle .I'o~opa. M02K,!i~ 
6hiTh npe.llr.TaBJ:ieua B Tept\iumix n'pellJI02Kenuoro B :noii PC~;60Tf, 1\leTo.lla, npn 
c.neuuanhnoM Bhi6op~ rp'asnT~uiio~rioro npaimna.-To ~e'raMbt; Mb}Kuo ri.i~:mTh 
II 0 MeTO.lle [19], UC.IIOJIL3YIOllieM yrnOBble KO:lqHJH!UIIeHTbl XOJlJl.,I\IIIIIUI\111311p)'
eMOll tf>yHKUIUI M~~2KllY cmpe.llelie'u}rbiMII TO'IKaM, nony•ia'K>IUIII\iJI'r.~. njm IIOIICKP 
MHHUMy.Ma. , ,, : . , ; : .. ' ' ' ' ; , 

lf11e~ ·nepeMeruat<HUPiiCH oT O.llHoro JioKaJihHoro,MIIIIIIMYI\Ia K llJiymMy pa-
6o'!eii TO'IKII aJirOJliiTMa l!CiiOJib30llaJiaC.L II pauee,[2Q};- 110 :IIJlii':~T~M iKHflBIIOP 
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BHnMaHne yJiemwoch Jin¢¢epeuuna.JihHhiM csoll:cTBaM !'fCCneJiyeMoll: ¢YHKUifll. 
OTMeTIIM, qTO 6bmo npoBeJieHo cneunanhHOe nccneJIOBaHne Ha npeJIMeT nc
nonh30BaHIIll MeTOJia, IIOJI06Horo npeJI1IO)KeHHOMy: <IJopMynupOBKa U)leH MeTO
)la liB1Illf'TCll O'WHb noXO)Kf'ii na KnaccuqecKJH' pa6oTbi. Pe3y1IhTaT, OJIIJaKO, 
oKa3<i..'lc~ oTpnuaTeJihHhiM, qTo no3BonlleT rosop1~Th o6 ymtKa.JihHOcTii npe.rr-
no)KeHHoro anropnTMa. 

;, H~. llhiTaliCb yMa1IUTh )lOCTOJIHCTBa HOBOrO Mf'TO)la, OTMeTIIM, qTo OH He 
liB;i~-r'cll JHUBepcaJibHbiM If UMeeT CBOIO o6naCTh npnMeHUMOCTU: !.pyHKUllll 
Mopca nccne.rrye!l.toro ¢ynKunonana JIOJI)KHa o6na.rraTh .rrocTaToqnoii cnMMe
Tpnell:. Mepoii CliMMeTpnn MO)KeT cny.iK'nTh COBOKynHall HOpMa Mep MHO
;..KeCTB; nonyqeHHhiX onepaunell: cnMMeTpnqHoll: pa3HOCTII Me)K.rry orpaHnqeH
HhiMn MHO:..KeCTBaMII, rpaHUUaMII KOTOpbiX liB1IliiOTCll KOMIIOHeHThl CBli3HOCTII, 
o6pa3oBaHHhie npn nocTpoeHnn ¢ynKunn Mopca coOTBeTCTBYIOUJero ypoBHll. 
lla6bi He 6hiTh r01IOCJIOBHhJMII, paCCMOTpUM cne;:iyiOUJllll KOHTpnpnMep, OTpa
;..KaiOUJifll 3aBUCIIMOCTb BbJIIOJIHf'HIHI npe.UllOJIO)KeHUll IIH.UYKUIIII OT mara IIH
.UYKUIUI npn lfCIIOJlb~10BaHIIlf IITepauuif ll))f',UJIO)KeHHOrO MeTO,Ua. 

PaccMoTpiiM fPYHKUIIK> o.rruoro nepeMeHHoro, na.rrrpaqmK KOTopoll: orpaHII
<JeH: KOHTypoM, HanoMIIHaKJUJifM. "so3MyUJeHHhiii" KOHTYP uu<}:lphr 7, nosepuy
ThiH Ha 90 rpa.rrycos B noJIO)KUTeJihHOM HanpasneHIIU. TaKUM o6pa3oM, B JIOCTa
ToqHoll: 6JIII30CTII, HO If Ha .UOCTaTO'IHOM y)laJieHIIJf OT nesoro Kpall ,liCCJie)lyeMO
ro 0Tpe3Ka pacno~o:..KeH rno6an~Hhlll MIIHUMYM c o<JeHh Ma1Ib!M "6ac.cell:HOM" 
Jl?KanbHOfO npiiTli)K<,Hllll, rJie Mepoll: 3Toro 6accell:Ha cny)KUT Mepa orpaHiflleH
Hoii BHY!P~~HOCTII cooTBeTCTBYIOUJell: KOMnoueHThi ·CBli3HOCTII q}yHKUIIH Mop-

. ca. Pli.UOM :..K~ c npaBbiM KpaeM oTpe3Ka pacnonaraeTcll KpyToll: cKaT B noKa.Jih
Hhiif ,MllHIIMyM. Bee <JucneHHhie napaMeTphi, onpeJieJiliiOUJIIe 'ITII paccTOliHIIll, 
liOJI6Itpa!OTCll lf3 XapaKTepiiCTIIK MeTO)la. Ilpii IICII01Ih30BaHIIlf rpaBIITaUUOH
Horo MeTO)la npaBall TO<JKa oqeHb 6b!CT)JO CKaTbJBaeTCll .UOCTaTO'IHO Hlf3KO, 
<JT06hi nepeTliHYTh nesy10 qepe3 6accell:H noKaJihHOro npnTli)KeHRll rno6anhHO
ro MIIHIIMyMa - Tpe6yeMoe npOTliBOpe<me nony<JeHO. Cne,nyeT OTMeTIITh, 'ITO 
<}JyHKUifll CO CTOJlh 3K30TII<JeCKJIM liOBe)leHIIeM ll))lf li))OBe)leHIIIf npaKTII<JeCKIIX 
IICCJie~oBaHIIH He BCTpe~IaiOTCll, .'ITO If onpeJif'JllleT OTCYTCTBIIC .TaKOBhiX B (8]. 
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