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AirryanbHOCTb TeMbl 

PeryrrnpHble MaTeM8n14eCKll1e o6pa6oTKll1 Ha 3BM 111HTepcpeporpaMM OT onrn

YeCKll1X noaepXHOCTel/1 C np111MeHeH111eM nonll1HOMll18IlbHblX annpOKCll1Ma4111111 111HTepcpepo

rpaMM H848Illl1 Cll1CTeM8n14BCKll1 npOBOAll1TbCH C ceM111AeCHTblX roAOB [1]. OAH8KO B03-

MO)KHOCTll1 HOBblX MaTeMaTll1YeCKll1X 111 Bbl4111CI1111TeilbHblX cpeACTB He 6b1Illl1 anonHe 04e

HeHbl, nOHHTbl 111 111cnOI1b3088Hbl, 111 BI1111HHll1e CT8pb1X np1118bl4HblX np111eMOB [2], 

orpaHll1411188BWee ccpepy np111MeHeH111H 111 T04HOCTb HOBblX MeT0All1K aTTeCTa4111111, He 6bl

Il0 KPll1Tll14eCKll1 npeOAOileHO. 

a) np111 nony4eHll1111 non111HOMll18IlbHblX annpoKCll1Ma4111111 CYL1.\eCTBOB8Il Heonpaa

A8HHbllll pa3H060111 B Bbi6ope 6a3111CHblX nOI1111HOMOB, YTO Mewano YB111AeTb 06ll.\ee B 

48CTHblX cny4aHX, a T8K)Ke He n0380IlHI10 CTp0111Tb YHll1BepcanbHble KOMnneKCbl o6pa-

6oTK111 111HTepcpeporpaMM no MOAYilbHOMY np111H4111ny. 

6) HeAOCTaTOYHO TOYHble np1116I1ll1)KeHll1H AilH on111C8Hll1H 3cpcpeKTOB CMell.\eHll1H 

HennocK111x noaepxHoCTe111, nnoxo cornacoaaHHble c T04HOCTbto caM0111 MaTeMaT111Ye

CKOIII MOAen111 111HTepcpeporpaMMbl (He x~e ~0,001 MKM), OYeB111AHblM o6pa30M orpaHll1-

411188Illl1 TOYHOCTb 111 o6naCTb np111MeHll1MOCTll1 CT8HA8PTHblX anropll1TMOB MaTeMaTl/14e

CKOIII o6pa60TKll1 T8Kll1X noaepXHOCTell1 AilH yrnOBblX anepryp, 6onbWll1X ~40-50° [3-6]. 

a) HapHAY C nnOX111Mll1 np1116nll1)KeHll1HMll1 AilH 3cpcpeKTOB CMell.\eHll1H Hecoo6pa3-

HOCTll1 TaKOro )1(9 nopHAK8 BHOCll1Il0 np111 6onbWll1X yrn0BblX aneprypax HeaAeKB8THOe 

38Aa4e B3Bew111BaH111e np111 pa3AeneHll1H BKI18AOB B 111HTepcpeporpaMMY, Bbl388HHOe 

TeM, 4TO B HBHOM Bll1Ae M111Hll1Mll138L\111H cpyHKL\1110Hanos AilH p83AeneHll1H BKI18AOB npaK

Tll1YeCKll1 He np111MeHHI18Cb. noMll1MO CHll1)KeHll1H T04HOCTll1 aneCTa4111111 np111 He8AeKB8T

HOM 83BeWll188Hll1111 OTCyTCTBll1e TP8All1L\111111 pa60T8Tb C cpyHKL\1110H8Il8M111 He n0380IlHI10 

o60CHOB8HHO yKa38Tb cny4a111, KOrAa BKI18Abl MOryT 6b1Tb pa3AeneHbl M8TeM8Tll14eCKll1 

(111, COOTBeTcTBeHHO, HeT He06XOA111MOCTll1 B oco6o T04HOIII H8CTpo111Ke 1113Mepll1T8IlbHOIII 

cxeMbl) [7]. C APyro111 CTOpOHbl, He 6b1Il0 3aMe4eHO, CYAH no Illl1Teparype, YTO B PHAe 

TP8All1L\1110HHO nonaraBWll1XCH paapew111Mb1Mll1 cny48HX BKI18Abl pa3AeI1HIOTCH AaneKO He 

scerAa. A B 3Tll1X cny48HX T04HOCTb nopHAKa TOYHOCTll1 caMOl/1 MOAen111 111HTepcpepo

rpaMMbl He MO)KeT 6biTb AOCTll1)Kll1M8 TOilbKO "MaTeMaTll1YeCK111". 

r) noMll1MO yKa3aHHblX BblWe BblYll1Cilll1TeI1bHblX Aeq>eKTOB B MeTOA8X anecra-

4111111 OAHOBpeMeHHO no HeCKOilbKll1M 111HTepcpeporpaMM8M peweH111e 48CTO H8XOAll1I10Cb 

6ea nonHoro 111cnonbaoaaH111H ace111 111HcpOpMa4111111, Hanp111Mep, s MeTOAe a6contoTH0111 
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Ka111,16poeK1,1 1pex 3epKa11 no YeTb1peM 1,1Hrnpcj:leporpaMMaM [8], a np1,1 arreCTa41,11,1 no

eepxHOCT1,1 no HeCK011bKl,1M 1,1HTepcj:leporpaMM8M AaHHble Ha peAKl,IX ceTKax Teps:i11L1Cb, 

YTO Allfl CllO)l(HblX noeepXHOCTei::i, Ha41,1H8l'l co ccj:lep1,14ecK1,1x, 661110 06yc11oe11eHO OT

CyTCT81,1eM Allfl Hl,IX 6831,1COB C pa3Ae11eHHblM1,1 cj:lyHK41,1l'lML1 6a31,1CHblX :meMeHTOB. 

A) B 80-e rOAbl 1,13BeCTHbli1 MeTOA arreCTa41,11,1 6011bWl,1X 3epK811 "nepeHallO)l(e

Hl,leM" He6011bWOrO 3T8110Ha rpynna aBTOpoe (9-14] ow1,160YHblM o6pa30M MOAL1cj:l1,141,1-

poea11a, CHHB He06XOA1,1MOe Tpe6oeaH1,1e nepeKpblTl,ll'l KYC04HO-TeCT1,1pyeMblX 0611ac

Tei::i - l'lBHO Ha TOM He BblCK83blB8eMOM OCHOBaHl,11,1, YTO n0111,1HOMl,1811bHytO annpOKCl,1-

Ma41,1t0 48CTei::i noeepXHOCTl,1 ecerAa MO)l(HO npOA011)1(1,1Tb, HO ynyCTL-18, YTO OHa He TO)l(

AeCTBeHHa C8MOi1 annpOKCL'1Mi,1pyeMoi1 noeepxHOCTl,1, 1,1MeeT coeepweHHO APYrytO 

aHa111,1rn4ecKyt0 np1,1pOAY, YeM pea11bHas:i onrnYec1<as:i noeepxHOCTb. 

e) OTCyTCTBOB8111,1 (nOM1,1MO He6011bwoi::i pa60Tbl (15]) OCHOB8Te11bHble 1,1 w1,1po

KJ,1e 1,1cc11eAOB8HJ,1fl TOYHOCTl,1 BOCCT8HOB11eHJ,1fl B 3881,1C1,1MOCT1,1 OT wyMa, OT ceTOK 1,1 OT 

y1,1c11a n0111,1HOMOB annpoKCL1Ma41,11,1_ 3TOT npo6e11 He06XOAL1MO 6bl110 eocn011HL1Tb. OA

HOepeMeHHO Tpe6oea110Cb cpaBHl,1Tb T04HOCT1,1 pa3111,14HblX MeTOAOB arrecrn41,11,1_ 

)I() He 6bl111,1 AOCT8T04HO eepHo 04eHeHbl ow1,16K1,1 arreCTa41,11,1 KPyTblX ccj:lep1,14e

CKl,1X 3epK811 MeTOAOM rapTM8H8, Bbl388HHble HeonpeAelleHHOCTl'lMl,1 B H8CTpOi1Ke 1,13-

MepL1TellbHOi1 cxeMbl. 

TaKl,IM o6p830M, L1Meew1,1i::\cs:i annapaT B CYI.J..\eCTBeHHblX MOMeHTax 6bl11 He no-

110H, He scerAa AOCT8T04HO TOYeH, a l,IHOrAa 1,1 np1,1H41,1n1,1a11bHO ow1,160YeH. OCHOBHOi1 

38A8Yei::i pa60T, Ha KOTOpblX OCHOBaHa A!,1CCeprn41,1s:i, 1,1 l'l811l'l110Cb C03A8H1,1e MeTOAL1Kl,1 

1,1 annapaTa arreCTa41,11,1 OCHOBHblX Bl,IAOB noeepxHoCTei::i a maeHblX cnoco6ax 1,1HTep

cj:lepoMeTp1,14ecKoro KOHTPOlll'l, cpaBHL1MOi1 no T04HOCTL1 C TOYHOCTbtO caMoi::i MOAe111,1 

l,IHTepcpeporpaMMbl, 1,1 CHa6)1(eH1,1e ee cnpaB04HblM MaTep1,1a110M O 8111,1l'lH1,11,1 wyMa B 

AaHHblX. 

L\enb pa60Tbl. 

C03AaH1,1e MaTeMarnYeCKOro annapaTa BOCCT8HOB11eHl,1l'l Aecj:lopMa41,1i::\ w1,1poKO

ro Kpyra onrnyecK1,1x noeepxHoCTei::i A11H ecex OCHOBHblX cnoco6oe 1,1Hrnpcj:lepoMeTp1,1-

YecKoro KOHTPOlll'l, annapaTa, conoCT8BL1MOro no TOYHOCTl,1 C TOYHOCTbtO CaMoi::i MaTe

MarnYeCKOi::i MOAe111,1 l,IHTepcj:leporpaMMbl. O6ecneYeH1,1e 3TOro annaparn ceeAeH1,1s:iML1 

0 B11L'1l'lHl,11,1 wyMa B A8HHblX Ha TOYHOCTb BOCCT8HOB11eHL1R Kp1,1TJ,1YeCK!,1i::\ 8H8111,13 o6oc

HOB8HHOCTL1 1,1 T04HOCT1,1 pa3111,1YHblX MeTOAOB L'1HTepcpepoMeTp1,14ecKoro KOHTp011R 

2 

OcHOBHble 39Aa•n, 1,1ccneA0B8H"1'1. 

1. nepeoi::i 38AaYei1 A1,1ccepTa41,11,1 661110 pacw1,1peH1,1e 0611aCT1,1 np1,1MeHL1Mocrn 

M8TeMarnYecKoro annapaTa 06pa60TKJ,11,1HTepcj:leporpaMM Ha noeepxHoCT1,1 c 6011bwoi::i 

yr11oeoi::i aneprypoi::i np1,1 coxpaHeH1,11,1 T0YHOCT1,1 eocCTaHoe11eH1,1s:i, xapaKTepHoi::i Allfl 

c11yyas:i n11ocK1,1x noeepxHoCTei::i, 1,1 np1,1 eA1,1HCTBe MeTOA1,1K1,1, 1,1cno11b3YtOI.J..\ei1 no111,1Ho

M1,1a11bHb1e annpoKCi,1Ma41,11,1 l,1HTepcj:leporpaM1y1. CoCTaBHOi::i YaCTbtO 3TOi1 38A8Y1,1 l'l811l'l-

118Cb pa3pa60TK8 MeTOA1,1Kl,1 p83Ae11eHl,1fl BKI18AOB B l,IHTepcj:leporpaMMY OT Ae¢opMa-

41,1i::\ noeepxHOCTei::i 1,1 OT H8CTpOi::\K1,1 1,13Mep1,1Te11bHOi1 t:X9Mbl. 

2. Brnpoi::i 3aAaYei::i 6b111a pa3pa6oTKa a11rop1,1TMOB, Ha1,16011ee no11Ho 1,1 9AeK

eaTHO 1,1cn011b3YtOI.J..\1,1X AaHHbl9 OT Ha6opoe 1,1HTepcj:leporpaMM OT OAHOi::i 1,1111,1 HeCK011b

K1,1X noeepXHOCTei::i. 

3. TpeTbl'l 38AaYa - 1,13y'-leH1,1e 8111,1l'lH1,1l'l wyMa B A8HHblX Ha TOYHOCTb arreCTa-

41,11,1 noeepxHOCTei::i B pa3111,1YHblX cnoco6ax i,1HTepcj:lepoMeTp1,1yecKoro KOHTP011R 

Hay'IH8ff H0B"13Ha. 

Bnepeble C03A8Hbl MaTeMarnYeCKl,19 amop1,1TMbl BOCCT8HOB11eHl,1fl Aecj:lopMa41,1i:;i 

OCHOBHblX 81,1AOB Hen110CKl,1X onrnYeCKl,IX noeepxHOCTei::i C 6011bWOi1 ymoeoi::i anepry

poi::i no 1,1Hrnpcj:leporpaMMaM 1,1 Ha6opaM 1,1Hrnpcj:leporpaMM, pa60Tat01.J..\1,1e c TOYHOCTbtO, 

nopHAK8 T04HOCT1,1 caMoi::i MOAe111,11,1HTepcj:leporpaMMbl (o6b14HO He x~e 0.001 MKM). 

Hay'IHaff 1,1 npaKT"1'1eCKaff 3Ha'IHM0CTb. 

8 pe3y11bT8Te pa6oT, 1,1311araeMblX B Al,1CCeprn41,11,1, C03A8Ha KOMnlleKCHaff Ma

TeMarnyecKas:i 6a3a BblCOKOTOYHOro i,1HTepcj:lepoMeTp1,1yecKoro KOHTpOllff C110)1(HblX on

T1,14eCK1,1X noeepxHoCTei::i B OCHOBHblX MeTOAaX KOHTp011l'l. noKa3aHo, YTO B YaCTl,1 c11y

Yaee BKI18Abl B l,IHTepcj:leporpaMMY OT Aecj:lopMa41,1i:;i noeepXHOCTei::i 1,1 OT H8CTpOi::\K1,1 

pa3Ae11s:ltOTCl'l M8TeM8T1,14eCKl,1, YTO CHi,1M8eT He06XOAi,1MOCTb T04HOi1 H8CTpoi::\K1,1 1,1111,1 

TOYHOi::i i,1Hcj:lOpMa41,11,1 0 Hei::i Allff no11yYeHJ,1fl BblCOKOT04HOi1 arreCTa41,11,1, Allff PHAa Me

TOAOB 1,1 Ci,1Tya41,1i::\ nOK838HO, YTO TaKas:l arreCTa41,1s:i HeB03MO)l(H8. noK838HO T8K)l(e, 

YTO npeA110)l(eHHbli1 paHee 1,1 1,1HTeHC1,18HO pa3pa6aTbl88BWJ,1i1Cs:l 38 py6e)l(OM MeTOA 

BOCCT8HOB11eH1,1s:i noeepxHOCT!,1 no Ha6opy 1,1HTepcj:leporpaMM OT He nepeKpbl88tOI.J..\1,1XCl'l 

YaCTei::i noeepxHOCTl,1 np1,1H41,1n1,1a11bHO ow1,160YeH. npoBeAeHHbli::i w1,1poK1,1i1 aHa111,13 

"B11L1ffHJ,1fl wyMa B AaHHblX Ha TOYHOCTb arreCTa41,11,1 no3B011s:leT y1,1c11eHHO 04eHl,188Tb 

K8YeCTBO pe3y11bT8TOB 1,1 o60CHOB8HHO n11aH1,1pOB8Tb npoeeAeH1,1e l,1HTepcj:lepoMeTp1,1-

4ecK1,1x 1,13MepeH1,1i::\_ Ha OCHOBe pa3pa60TaHHblX M8TeMaT1,14eCKl,1X amop1,1TMOB C03,t18H 
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K0MnJlSKC nporpaMM no 06pa60TKe IIIHTepcpeporpaMM, np111MeHflBWIIIVICfl Allfl aneCTa

l.\111111 :nanoHHblX 39pKaJ1 Ill M9T0A11149CKIIIX pacYeT0B. 

Pe3yllbTaTbl IIICCJ19AOBaHIIIVI, 1113JlaraeMblX B AIIICCeprn4111111, 111cn0J1b30BaJ111ICb np111 

4T9Hllllll Kypca JlSKL\IIIVI no MaTeMaTlll49CKIIIM MST0AaM B0CCTaH0BJ19Hlllfl cpopMbl 0nTlll49-

CKIIIX nosepxHOCTSVI no IIIHTepcpeporpaMMaM B MrTY IIIM. H.3.6ayMaHa B 1993 r. 

Anpo6aL\11fl pa60Tb1. 

OCHOBHbl9 pe3yllbTaTbl AIIICCepTal.\111111 A0KJlaAbIBaJllllCb Ha BceCOI03H0M CSMIIIHa

pe "MeTOAbl K0HTp0llfl cpopMbl 0nTlll49CKIIIX nosepxHoCTevi" (MoCKBa, 1989), Ha Bceco

l03HblX KOHcpepeH4111,1x "Bbl4111CJllllT9JlbHafl qJlll3111Ka Ill MarnMaTlll49CK0e M0ASlllllP0Ba

Hllle" (BonrorpaA, 1988 111 1989 rr.) 111 Ha Me)KAyHap0AHblX KOHcpepeHL\llll'lX 

"MarnMaTlll49CKlll9 MST0Abl peWSHlllfl qJ111311149CKIIIX 3aAa4" (,[\y6Ha, 1993), "MaTeMarn-

49CK0e M0ASJ111IposaH111e III Bbl4111CJ19Hlllfl B qJ1113111K9" (,[\y6Ha, 1996) 111 "AKTya11bHbl8 npo-

611eMbl Bbl4111C11111TellbHOVI qJlll3111Klll" (,[\y6Ha, 1998). Pa3pa60TaHHbl9 a11rop11ITMbl, p/a11111-

30BaHHbl9 B BIIIAS K0MnlleKca nporpaMM, 111cnollb30Ba11111cb Allfl M9T0Alll49CKIIIX 111cc11e

AOBaHIIIVI Ill Allfl KOHKpeTHOVI o6pa6oTKIII AaHHblX K0HTp0llfl 0nTlll49CKIIIX nosepXHOCTSVI B 

ro1t1111M C.lt1.Bas11111osa Ill BO BHlt11t1 M9TP0110r11149CKOVI Clly?K6bl. 

ny61111KaL\l111. 

no TeMe AIIICCeprn4111111 ony611111KOBaHbl 34 pa60Tbl, B TOM 4111C119 M0HorpacplllR 

fl11'1Hoe y'lacT11e aeropa. 

Bee nplllBSASHHble B AIIICCepTal.\111111 pe3yllbTaTbl no11yYeHbl caMIIIM asTOp0M 11111111 

np111 ere Henocpe.QcTBeHH0M yyacrn111. 

O6beM pa6oTbl. 

,[\111ccepTaL-\llll'l C0CT0IIIT 1113 BBSAeHlllfl, weCTIII mas, 3aKJll049Hlllfl Ill np11111o)KeH11IR 

OHa C0ASP)KIIIT 281 CTpaH1114y III BKlllOYaeT 19 Ta611llll.\, 33 p111cyHKa III cnlllC0K 11111rnpaTy

pb1 1113 116 HalllMSHOBaHIIIVI. 

OCHOBHOE CO.QEP)KAHlt1E ,Qlt1CCEPTAl...llt11t1 

Bo Bse,oeHIIIIII AaSTCfl 04eHKa C0CT0f!Hlllfl MaTeMaTlll49CKIIIX pa3pa6oTOK no ane

CTal.\111111 0nTlll49CKIIIX nosepxHOCTSVI no IIIHTepcpeporpaMMaM. <l>opMy11111pyt0TCl'l npo611e

Mbl, paccMaTplllBcieMble B AIIICCepTal.\111111, Ill o6ocHOBblBaeTC5l IIIX aKTya11bH0CTb. On111ca

Ha CTpyKTypa ,QIIICCeprn4111111 Ill KpaTK0 1113110)KSH0 ee C0Aep)KaH111e. 

B nepsovi, BBOAHOVI mase 111311aratOTC5l 061.J.\llle np111H4111nbl IIIHTepcpepoMeTplll4e

CK0ro K0HTp0lll'l 0nTlll49CKIIIX nosepxHoCTevi KaK B IIIX 1113Mep111TellbHOVI YaCTIII, TaK Ill B 
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OcH0BHble 3aAa'll1 11cc11eAOBaHl1VI. 

1. nepsovi 3aAaYevi A11IccepTa4111111 661110 pacw111peH111e 0611acr111 np111MeH111MoCT11 

MaTeMarnYeCK0ro annaparn o6pa6oTKIII IIIHTepcpeporpaMM Ha nosepXHOCTIII C 60JlbWOVI 

yr110BOVI anepTypovi np111 coxpaHSHIIIIII T04H0CTIII B0CCTaH0B119Hlllfl, xapaKTepHOVI Allfl 

c11y4a,1 nll0CKIIIX nosepxHOCTSVI, Ill nplll eAIIIHCTBe MeT0AIIIKIII, 111cno11b3YIOIJ.\eVI no11111HO

M11IallbHbl8 annp0KCIIIMal.\111111 IIIHTepcpeporpaMM. CocraBHOVI yaCTblO 3TOVI 3aAa4111 f!Bllfl-

11acb pa3pa60TKa MST0AIIIKIII pa3AS11eHlllfl BKJla,Q0B B IIIHTepcpeporpaMMY OT ASqJOpMa

L\IIIVI nosepxHOCTSVI Ill OT HaCTpOVIKIII 1113Mep111TellbHOVI GXeMbl. 

2. Brnpovi 3aAa4eVI 6b111a pa3pa60TKa anroplllTM0B, Ha1116011ee no11HO Ill aAeK

saTH0 111cn011b3YIOIJ.\IIIX AaHHble OT Ha6opos 111HTepcpeporpaMM OT OAHOVI IIIJllll HeCKOllb-

KIIIX nosepXHOCTeVI. 

3. TpeTbl'l 3aAa4a - 1113y'-ieHllle Blllllf!Hllll'l wyMa B AaHHblX Ha T04HOCTb anecra-

l.\111111 nosepXHOCTevi B pa3111114Hb1X cnoco6ax 11HTepcpepoMeTp1114eCKOrO KOHTpOllR 

Hay'IHafl H0Bl13Ha. 

BnepBblS C03AaHbl MaTeMaTlll4eCKllle anroplllTMbl B0CCTaHOB119Hlllfl Aecf:JopMal.\lllVI 

0CH0BHblX BIIIA0B HSnll0CKIIIX om1,14eCKlllX nosepxHoCTevi C 60llbWOVI ymosovi anepry

povi no IIIHTSpcpeporpaMMaM Ill Ha6opaM IIIHTepcpeporpaMM, pa60TalOIJ.\llle C T04HOCTblO, 

nopl'lAKa T04H0CTIII caMOVI M0Aelllll IIIHTepcpeporpaMMbl (o6bl4HO He xy?Ke 0.001 MKM). 

Hay'IHafl 11 npaKTl1'18CKafl 3Ha'll1M0CTb. 

B pe3yllbTaTe pa6oT, 111311araeMblX B AIIICCeprn4111111, C03AaHa KOMn11eKCHaf1 Ma

TeMaTIIIYecKafl 6a3a BblC0K0T04H0r0 IIIHTepcpepoMeTp11149CK0rO KOHTPOllfl CJlQ)KHblX on

Tlll4eCKIIIX nosepxHOCTeVI B 0CH0BHblX MeT0AaX K0HTP0llR noKa3aHO, 4TO B YaCTIII CJ1y-

4aes BKJlaAbl B IIIHTepcpeporpaMMY OT Aecf:JopMal.\lllVI nosepxHoCTevi Ill OT HaCTpOV!Klll 

pa3,Qe115llOTCfl MaTeMaTIIIYeCKIII, 4T0 CHIIIMaeT HS06X0AIIIM0CTb T04HOVI HaCTpOVIKIII 11111111 

T04HOVI IIIHqJ0pMa4111111 0 HSVI Allfl no11yYeHlllfl BblCOKOT04HOVI aneCTal.\111"1. ,Qllfl Pf!Aa Me

T0A0B Ill ClllTYal.\lllVI noKa3aH0, 4T0 raKafl aneCTal.\llll'l HeB03MO)KHa. noKa3aHO TaK)Ke, 

4T0 npeAllO)KeHHblVI paHee Ill IIIHTeHCIIIBH0 pa3pa6aTblBaBWIIIVICl'l 3a py6e)KOM MSTOA 

B0CCTaH0BlleHlllfl nosepXH0CTIII no Ha6opy IIIHTepcpeporpaMM OT He nepeKpb1BalOIJ.\"1XCfl 

YaCTevi nosepXH0CTIII nplllHL\lllnlllallbH0 ow11160YeH. nposeAeHHblVI WlllpOKIIIVI aHa111113 

Blllllf!Hlllfl wyMa B AaHHblX Ha T04H0CTb aneCTal.\111111 n03B0115leT 4"1C119HHO 04eH111BaTb 

KaYeCTB0 pe3yllbTaT0B III o6ocH0BaHH0 n11aH111posaTb nposeAeH111e 111HTepcpepoMeTplll-

4ecK11IX lll3MepeHIIIVI. Ha 0CH0Be pa3pa6oTaHHblX MaTeMaT111YeCKIIIX anroplllTMOB C03,QaH 
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KOMnneKc nporpaMM no o6pa6oTKe IIIHTepcpeporpaMM, np111MeH,isw111111c,i Ailfl anecra-

4111111 3TaJl0HHblX 3epKaJl Ill MeT0A1114eCKIIIX pacYeT0B. 

Pe3yJlbTaTbl I/ICCJ1eA0BaH111lll, 1/13IlaraeMblX B AIIICCepTa4111111, 111cn0ilb30BaJ1111Cb np111 

4TeHI/II/I Kypca neK4111111 no MaTeMaT1114eCKIIIM MeTOAaM B0CCTaH0BJleHl/lfl cpopMbl 0nTl/l4e

CKI/IX nosepxHOCTel/1 no IIIHTepcpeporpaMMaM B MrTY IIIM. H.3.6ayMaHa B 1993 r. 

Anpo6a4111H pa60Tb1. 

0CHOBHble pe3yJlbTaTbl AIIICCepTa4111111 A0KilaAblBaJll/lCb Ha BcecOt03HOM CeMI/IHa

pe "MeTOAbl KOHTP0ilfl cjJ0pMbl 0nTl/l4eCKIIIX nosepXH0CTel/1" (M0CKBa, 1989), Ha Bceco

l03HblX KOHcjJepeH4111,ix "Bbl4111CJ1111TeJlbHafl cjJlll31/1Ka Ill MaTeMaTl/l4eCK0e M0AeI1111posa

Hllle" (BonrorpaA, 1988 111 1989 rr.) 111 Ha Me)KAyHap0AHblX K0HcpepeH4111,ix 

"MaTeMaT1114eCKl/le MeT0Abl peweHl/lfl cplll31114eCKI/IX 3aAa4" (,IJ,y6Ha, 1993), "MaTeMaT111-

4ecKOe MOAeI1111posaH111e Ill Bbl41/1CJleHl/lfl B cplll3111Ke" (,IJ,y6Ha, 1996) Ill "AKTyanbHble npo-

6neMbl Bbl4111CJ1111TeJlbHOIII cjJlll3111KIII" (,IJ,y6Ha, 1998). Pa3pa60T8HHble anr0plllTMbl, pea11111-

30BaHHble B BI/IAe K0MnJleKca nporpaMM, 111cn0J1b30BaJ1111Cb Ailfl MeT0Alll4eCKI/IX 111ccne

AOBaH111111 Ill Ailfl KOHKpeTH0III o6pa6oTKIII AaHHblX K0HTp0ilfl 0nT1114eCKI/IX nosepxHocre111 B 

ro1-1111M C.1'1.Bas11111osa Ill BO BHL-11-1 MeTp0Il0r1114eCKOIII CJly?K6bl. 

ny6m1Ka41,11,1. 

no TeMe AIIICCeprn4111111 ony611111KOBaHbl 34 pa60Tbl, B TOM 4111CJle M0H0rpacp111R 

IlW-IHOe y'-laCTl/le aeTopa. 

Bee nplllBeAeHHble B AIIICCepTa4111111 pe3yJlbTaTbl nony4eHbl CaMI/IM aBTOP0M 11111111 

np111 ero HenocpeACTBeHH0M y4acr111111. 

06beM pa6oTbl. 

,IJ,111ccepTa4111,i COCTOIIIT 1113 BBeAeHlllfl, weCTl/1 mas, 3aKJ1t04eHl/lfl III np111J10)KeH111R 

0Ha COAep)KIIIT 281 CTpaH1114y Ill BKJlt04aeT 19 rn6111114, 33 p111cyHKa Ill cn111C0K JllllTepaTy

Pbl 1113 116 Ha111MeH0BaH1111/1. 

OCHOBHOE CO,QEP>KAHt-1E ,Qt-1CCEPTALll,11.-1 

Bo BseneHl/1111 AaeTCfl 04eHKa C0CT0flHlllfl MaTeMaTlll4eCKI/IX pa3pa6oTOK no ane

cra4111111 onrn4ecK111x nosepxHocre111 no IIIHTepcpeporpaMMaM. ct>opMy11111pyt0TCfl npo6ne

Mbl, paccMaTp111saeMble B AIIICCepTa4111111, Ill o6ocHOBblBaeTCfl I/IX aKTyanbH0CTb. On111ca

Ha crpyKTypa AIIICCepTa4111111 Ill KpaTK0 1113Jl0)KeH0 ee C0Aep)KaH111e. 

B nepso111, BBOAHOIII rnase 111311arat0TCfl 061..4111e np111H4111nbI IIIHTepcpepoMeTp1114e

cKoro KOHTpOilfl 0nTlll4eCKIIIX nosepxH0CTel/1 KaK B I/IX 1113Mep111TeJ1bHOIII 4acr111, TaK III B 
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4aCTIII MaTeMaT1114eCK0III o6pa6oTKIII pe3ynbTaTOB 1/13MepeHI/IIII. rnasa 3aKaH4111BaeTCfl 

on111caH111eM opraHlll30BaHH0ro no M0AYilbH0MY np111H4111ny anrop111TMa B0CCTaH0BJleHl/lfl 

B0JlH0B0r0 cpp0HTa no I/IHTepcpeporpaMMe P8AlllailbH0ro CABl/lra. 

,IJ,Ilfl annp0Kc111Ma4111111 IIIHTepcpeporpaMM III Bbl4111CJlfleMblX Ae¢opMa4111111 B Ka4e

crse 6a30BOIII 83flTa n0AX0AflL4afl Ailfl a6eppa41110HHOro (M0AailbH0ro) aHaJ11/13a Ill B 

w111poK0M Kpyre ycnos111111 3aAa4111 06ecneY111sat01..4a,i xopowyto ycro1114111socrb anrop111T

Ma annp0KC111Ma4111111 AaHHblX CI/ICTeMa 0pT0roHaJlbHblX Ha eAIIIHlll4H0M Kpyre n0Jll/lH0M0B 

L\epHIIIKe Z;(r,q>) [16]: 

l 
,jn~+-1 R;:''(r) ff COSfT\(jl, m?O, i - 4eTH. , 

Z;(r,q>) = [n~~-~ Rt~,r) !2 sinll\q>, m;~O, i - He4e TH. , 

\Jn; + 1 R0 , (r), m;-0. 

(n-m)/2 . (n s)t 
R;;'(r) = L (-1 )5 - . ~ ----- rn-2s' 

s-o (n-m ) (n+m ) - s! -
2
--s ! -

2
---s 1 

n; = min{ k ;::: O: (k + 1 ~k + 2) ;::: i} , 
{ 

k n(n + 1)} m, =min k;:c:O: (-1) =(-1)'\ k;:::i-1- ' ~ _ 

0 :::: m :::: n, (n-m) - YeTHoe. 

B npocre111weM sap111aHTe K0HTP0ilfl nnoCK0ro 3epKana B IIIHTepcpepoMeTpe 

<!>11130 C nn0CKIIIM )Ke 3Tail0H0M (p111c.1) B nepsoM np1116J1l11)KeH111111 no 0TH0WeHl/ltO 

Yi ·-

P111c.1. 

Ae¢opMa4111111 Ill CMeL4eHIIIIII 3epKan K I/IX pa3MepaM (06bl4H0 3Ta BeJ111141/1Ha <10-4) pac

CT0flHl/le H(r,q>) Me)l(Ay 06pa1..4eHHblMI/I APYf K Apyry nosepxH0CTflMl/1 3epKaJl C T04H0-

CTbt0 AO 061..4ero Ailfl scex (r,q>) 4enoro 4111cna nonyeonH 3an111cbIsaeTc,i e BIIIAe cyMMbl: 

H(r,q>) = L(r,q>) - S1(r,1t~) - S2(r,q>), 

rAe L(r,q>) - cjJyHK4111fl HaCTpOIIIKIII: paCCT0flHl/le Me)l(Ay 6Jllll)Kal/lWIIIMIII (cpeAHe

KBaApaTl/l4H0 npoBeAeHHblMl/1 no nosepXHOCTflM) nnocK0CTflMIII; S1,2(r,q,) - AecjJopMa-
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4111R, wm "ow1116Ka" (OTKJlOHeH111e OT 6JM>K8111We111 nnOCKOCT111) nosepxHOCTll1 3T8fl0H8 

(S,) 111 anecTyeMOIII nosepXHOCTll1 (S2) . .QecpopMa41111113TaflOH81113BeCTHbl, TOrAa 

L(r,q>) - S{r,q>) = H{r,q>). • 

OnpeAeJ1eH111e 6n111>Ka111we111 nflOCKOCTll1 np111BOAll1T KO BTOPOMY ypasHeHll1IO: 

f [ H(r,q>) - L{r,q>)] 2 rdrdq> ➔ min. (1) 

nycTb hi - Koacp¢1114111eHTb1 pa3no>KeH111R H(r,q>) = Ih;Z;(r,q>). B nnocKOM cnyYae 

L{r,q>) eCTb nnocKOCTb p, + P2 Z2(r,q>) + p3 Z(r,q>), rAe p, - KOHCTaHTa, a P2 111 p3 - ae

flll14111Hbl ABYX HaKJ10HoB. M111H111M1113a4111R (1) AaeT p,=h,, P2=h2, p3=h3, TOrAa 
p 

S(r, q>) = - I hiZ; (r, q> ). 
i=4 

8 nepso111 >Ke mase KaK np111Mep, 111Mel0Ll\111111 KaK 06Ll\eMeTOAll14eCKOe, TaK 111 caMO

CTOl'lTeflbHOe 3Ha4eH111e, paccMOTpeHa 111HTep<peporpaMMa paA111aflbHOro CABll1ra . .QnR 

Hee ypasHeH111e C 111CKOMblM BOflHOBblM <ppOHTOM W(r,q>) 111 HaCTpOIIIKOIII L{r,q>) eCTb: 

L(r,q>) + W(r,q>) - W(pr, q>) = H(r, q>), 

rAe pat1. 3AeCb np111 0srs1 p<1 (TaK >Ke o603Ha4alOT 111 o6paTHylO Beflll14111Hy). 

npe>KAe 111cnonb30san111 "KpyrosbIe" non111H0Mbl a111Aa i"cosmq>, r"sinmq> [6]: 

K n 
I I r"(1- p") (cnm cos mcp + Snm sin ffiq>) = H(r,q>). 

n=O m=O 

3TOT 6a31/1C AaneK OT oprnroHaflbH0r0 1/1 He nOAXOAI/IT AflR M0AYilbHOIII opraH111-

3a4111111 KOMnneKcos nporpaMM 06pa60TK111 111HTepcpeporpaMM. 1,1cnonb3yeM pa3no>KeH111e 

cpp0HTa no n0fll/lHOMaM L!epHI/IKe: 

3 p 

L c;Z;(r,cp) + L c;[Z;(r, cp)- Z;(pr, cp)] = H(r,cp), 
i=1 i=4 

rAe c,, C2, C3 - K03<p<p1114111eHTbl HaCTpOIIIKI/I, p - 41/1Cfl0 n0fll/lHOM0B annpOKCI/IMa4111111. 

4111cno o6ycnosneHHOCTI/I np111 C4eTe C 60-70 n0fll/lH0MaMI/I Ha o6bl4HOIII ceTKe 1/13 300-

400 T04eK COCTaBJlReT C0THll1 l/lfll/l TblCR41/1 (c "KpyroBblMIII" nOI11/1HOMaM111 108 AOCT111raeT

CR np111 45 nOfll/lHOMax). 

OAHaKo: 1) 1/1 np111 3T0M MOAYflbHbllll np111H4111n 06pa60TKI/I I/IHTepcpeporpaMM, K0-

rAa nepBblM 3TanoM o6pa6oTKI/I RBflReTCfl annp0KCI/IMa4111R AaHHblX CTaHAapTHblMll1 no

flll1HOMaMI/I, He co6J110AaeTcR; 2) ABOIIIHOIII C49T 3Ha49HI/IIII n0fll/lHOM0B L1epH111Ke Ha 

ceTKe He>KenaTeneH; 3) AflR peAKll1X ceT0K >KenaTeneH ell\e 6onee YCTOlll41/18bllll anro

Pll1TM. noaToMy pa3pa60TaH anrop111TM, B KOTOpciM A8HHble 1-iHTepcpeporpaMMbl an-
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npoKCI/IMIIIPYIOTCl'l n0fll/lHOMaMI/I UepHIIIKe, a He I/IX pa3H0CTRMI/I {4111Cf10 o6yCflOBfleHHO

CTI/I yMeHbwaeTCR Ha ABa nopRAKa): 
p 
Ih; Z;(r,q>) = H(r,q>). 
i=1 

3aTeM no K03Q)Q)11141/1eHTaM hi HaX0ARTCR K03Q)Q)lll41/1eHTbl Cj cppoHTa C noMOLl\blO 

MaTp1114HblX npeo6pa30BaHI/IIII 0AHIIIX K03<pQ)lll4111eHT0B B APYrllle, nony4eHHblX Bbl41/1C

f19Hl/leM cKanRpHblX npo1113seAeH111111 Zi(r,q>) 111 Zi(pr,q>). 

Bo BTO0OIII mase, so-nepBblX, CTp0IIITCR BblCOKOT04Hbllll anroplllTM anecra4111111 

ccpep1114ecK0111 nosepxHocrn 6e3 orpaH111YeH111111 Ha se11111Y111Hy ymoso111 aneprypbl. .QnR 

3T0ro noTpe6oaanocb yT04HI/ITb Bl/IA cpyHK41/11/1 HaCTpOIIIKI/I Ill I/ICnOflb30BaTb 3an111cb 

¢YHK41110Hafla pa3AefleHl/ll'l BKJlaA0B, AalOLl\YIO 83BeWI/IBaHl/le, paBHOMepHoe no nno

Ll\aAIII KOHTPOfllllpyeMOIII nosepXH0CTI/I. 

z 

----1-----

X 
0 y 

P111c. 2. 

8 nepBOM np111611111>KeHI/II/I no 0TH0WeHI/IIO max{a,b,c} K R, rAe a,b,c - CMell\eHI/IR 

4eHTpa ccpepbl 1/13 cpoKyca ny4Ka BA0flb x,y Ill Z (p111c.2), <pyHK41/1R HaCTpOIIIKI/I I/IMeeT Bl/IA 

d(e,q>) ""a sine cosq> + b sine sincp + c case. 

PaCCT0RHl/le H(r,q>) Me>KAY nosepXH0CTRMI/I Ha 11y4e (e,q>) eCTb (CM. p111c. 3) 

z 

Yz 

P111c. 3. 
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H(0,cp) = d{0,cp) + E - S{0,cp), 

r,qe E - KOHCTaHTa. Tpe6yeTCR Mll1H111Mll13111pOBaTb q:>yHK41110Han Ha '-lacr111 ccpepbl: 

80 2x 

<t>(E,a,b,c) = f f[H(0,cp)-E-d(a,b,c;0,cp)J2 sin0d0dcp. 
0 0 

6aa111c Ha arn111 06nacr111 crpo111TcR no rnny non111HOMOB L1epH111Ke aaMeH0111 

zeo (S ) = z-( sin(e I 2) ) , 
1 ,cp I sin(0

0
12)'cp 

S 0 2x 

f fzr•(0,cp)Zf'(0,cp) sin0d0dcp=4nsin2(0 0 /2)1iii
o 0 

Tor,qa np111 paano)KeH111Rx 

H(6,<p) = L hi 2~ 0 (8,<p), 
i 

sinScos<p = Ici,Z~,"(S,<p), sinSsin<p = Isi,z~.'(S,<p), 
i, i. 

ycnos111e paBeHCTBa Hymo np01113B0,llHblX OT <t>{E,a,b,c) no E, a, b, C ,qaeT: 

E=h1 -h 4 .J3 ctg2 (00 /2), 

a= ('°'h; C; )/('°ct), L., C C ~ C 

ic ic 

c = - h4 .,/3/ sin 2 (S 0 I 2), 

b = ('°' h s- ) / ('°' s2 
) · L., 15 15 ~ 15 1 

is is 

(I:c~) = (I;s~) = (2- 3cos00 + cos 3 00 )/ (12sin 2 (0 0 / 2)) = 1 / g. 
ic is 

(2) 

,QecpopMa4111111 ccpepbl He co,qep)KaT BKna,qa HaCTpOIIIKll1 111 KOHCTaHTbl, n03TOMy 

K03q:>q:>1114111eHTbl e, ee annpoKCll1Ma4111111 non111HoMaM111 z~o (0, (jl) paBHbl: 

e1 = 0, 

e4 =0, 

e =ac -h =Qc'°'hc- -h, 1c 1c 1c 1c ~ Jc Jc 1c 
j, 

e; = b si - h; = g s; "hJ- s1- - hi , 
s s s s L., s s s 

j, 

e; = - h; ,11m1 ,11pyrnx IAH,lleKCOB. 

.QnR nony'-!eH111R peanbH0111 TO'-!Hocr111, He xy,11we111 0.001 "A, np111 So.,; 45°, ,qocrarn'-1-

HO Y48CTb paano)KeH111e Hacrpo111Kll1 ,110 C8,llbMOIII creneH111 BKnl0'-1111TenbHO {lo=Sin(0o/2)): 

t3 t
5 

t7 (t' ts t
7

) ( ) C2 = S3 = t0 - t -T!l - 4;, Cs = S7 = - t + 11) + fa- I 2.J2 , 

( ts 3t
7

) ( ) 7 C15 = S17 = - f + T I 40.,/3 , c30 = s29 = -t0 / 1120. 
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3TOT anrop111TM paa,qeneHll1R BKnaAOB CHll1MaeT He06XOAll1MOCTb TO'-IHOIII (TO'-!Hee 

HeCKOnbKll1X "A,) IOCTll1POBKll1 np111 nony'-leHll1111 111HTepcpeporpaMMbl, orn1114aeT acpq:>eKT 60-

KOBOro CAB111ra OT BKnaAa KOMbl 111 s np111H4111ne noasom1eT anecrosaTb ccpep111'-!ecK111e 

nosepXHOCTl/1 C 6onbWOIII yrnOBOIII anepTypo111 TaK )Ke TO'-IHO, KaK 111 nnOCKll1e. 

Bo i:JTopoM naparpacpe Ta )Ke aaAa'-la paaAeneH111R BKnaAOB np111 KOHTpone ccpe

p1114ecK0111 nosepxHocrn co ccpep1114ecK111M .arnnoHOM pewaeTCH c 111cnonbaosaH111eM 

o6bl'-1HblX non111HOMOB L1epH111Ke 111 np111 ll1HTerp111posaH111111 B q:>yHK41110Hane pa3AeneHll1H no 

nnocKOIII anepType, HO C y'-leTOM cne4111anbHOIII seCOBOIII q:>yHK4111111, 06ecne'-l111Ba10IJ.\elll 

04eHKY Ka'-!ecrna ccpep1114ecK0111 nosepxHocr111 paBHOMepHO no ee nnol.J.\aAll1, a He pas

HOMepHO no ee npoeK4111111 Ha nnocKOCTb, nepneHA111KynHpHyto oc111 ny'-!Ka. 

CBH3b KOOPA111HaT ABYX Cll1CTeM: 

P111c. 4. 

r = Rsine. Ha Kpato anepTypbl r HOpM111pyeTCR Ha eAll1H1114y. CoorneTCTBeHHO R = 

1/sin0o 111 r = sin0/sin0o. 

<t>yHK4111H HaCTpOIIIK111 d(0,cp) nepen111cb1BaeTCH B nepeMeHHblX (r,cp) KaK 

d(r,q,) asin0 0 r cos <p + b sin S0 r sin <p + cF-· r 2 sin 2 00 

a (r IR) cos qi+ b (r / R) sin qi+ cJ1- (r / R)2
. 

1) 06bl'-IHOe YAaneH111e BKnaAa CAB111ra no z TOnbKO 3aHyneH111eM 1-ro 111 4-ro KO-

3q:>q:>1114111eHTOB annpOKCll1Ma4111111 111HTepcpeporpaMMbl non111HOMaM111 Z,(r,cp) COOTB8TCTBy

eT np1116n111)KeHll1IO KOPHR ABYMH '-lneHaM111: 

✓1-r2 /R2 "'1-r2 /(2R2
). 

np111 0o=n/2 06HyneH111e 1-ro 111 4-ro K03q:>-TOB ocraBnReT OT KOPHR cpeAH8-

K88,llpaT111'-IHO: Ha nnOCKOCTll1 anePTYPbl - 0,05, Ha ccpepe - 0,09. 

2) BKnaAbl CAB111f08 no X 111 y, nponop41110HanbHble coscp 111 sincp, YAanRIOTCH 

nonHocrbto aaHyneH111eM 2-ro 1,1 3-ro Koacpcp1114111eHTOB - HO npu ycnoauu, '-!TO cpeAHe

KBaApaT111'-IHb1e 3Ha'-!eHll1H Bbl'-1111CnHtoTCH C seCOM, nocrOHHHblM Ha nnOCKOIII anepTYpe. 

9 



.Qm1 ccpep 6onee aAeKsaTeH sec W80 {r) = 1 / cose = 1 / -h- r2 / R2. TorAa no

no)KeH111e 6n111)Ka111we111 ccpepb1 onpeAen111TCfl MIIIH111M111aa4111e111 cpyHK41110Hana 

<I>(E,asin00 ,bsin00 ,c) = f [ Ih;Z; -E-asine0rcoscp-bsine0rsincp-
; 

- c,/1-r2 sin 2 00 ]
2 

W9 (r) r dr dcp. 
• 0 

0TCIOAa cneAyeT, 4TO 06HyneH111e srnporo K03cpcp1114111eHTa He y6111paeT CASI/Ira no x: 

. f rdrdcp /J 2 rdrdcp 2 asmeo =2h2+2I h;, Z;,Z2 f-'22 Z2 '2 2 ae~Ih;,H;,, -
i,,e2 -✓R- -r- -✓ R -r H2 i, 

TaK KaK Anfl 3TOro Ill APYrllle K03cpcp1114111eHTbl h;, TaK)Ke AOn)KHbl 6b1Tb paBHbl Hynt0. 

CABlllr y6111paeTCfl aaMeH0111 h2' = h2 - (a/2)sin0o = (-hs Hs - h,s H,6 - .•• ) / H2. AHa

nor1114HO Anfl CASlllfOB no y. 

.Qnfl CABlllra no Z aKc111anbHO-CIIIMMeTpi114Hble K03cpcp1114111eHTbl nosepxHOCTIII eCTb 

eio = -hio + Eo1,io + ccio ' 

rAe cio - K03cpcp1114111eHTbl annpOKCIIIMa4111111 KOPHfl non111HOMaM111 Z;(r,cp) . 

~3nO)KeHHafl MeTOAIIIKa 4eHHa csoe111 YHIIISepcanbHOCTblO. 0Ha np111MeH111Ma s 

Tex cny4aflx, KOrAa np111 cnO)KHOIII nosepxHocT111 sseAeH111e 6aa111ca Ha He111 aaTPYAHIII

TenbHO. 0Ha pa6oTaeT Ill TOrAa, KOrAa nosepxHOCTb 04eHb cnO)KHa, Ill HenpoCTO Sbl

seCTl/1 cpopMynbl HaCTpOIIIKIII Ill seca, Ill Aa)Ke TOrAa, KOrAa nosepxHOCTb 3aAaeTCfl 4111C

neHHO Ha HeKOTOpo111 ceTKe. B 3TIIIX cny4aflx BCfl pa6orn MO)KeT npOXOAIIITb C annpoK

CIIIMIIIPYIOl.l.llllMl/1 PHAaMl/1 4111cneHHO Ha 3BM 6e3 111cnonb30SaHI/IH aHan111T1114eCKIIIX 

npo4eAYP- TaKas:i MeTOAIIIKa noasons:ieT arreCTosaTb no IIIHTepcpeporpaMMe npaKT1114e

CKIII nt06yt0 peanbHYIO nosepxHOCTb. 

B TpeTbeM naparpacpe srnpo111 rnasbI noCTpoeH 6aa111c z~o (0, cp) Ha 4aCT111 ccpe

pb1 C SblAeneHHblMl/1 cpyHK4111HMIII HaCTpOIIIKIII, Heo6xOAIIIMbllll Ans:! OAHOSpeMeHHOIII o6-

pa6oTKIII HeCKOnbKIIIX IIIHTepcpeporpaMM OT OAHOI/I nosepxHOCTl/1 C 4enbt0 Ha111ny4wero 

noAasneHI/IH wyMa B AaHHblX 111n111 SOCCTaHosneHI/IH AecpopMa4111111 no HenonHblM no OT

AenbHOCTIII ceTKaM. 

04eSIIIAHO, s Ae¢opMa4111111 ccpep1114eCKOIII nosepXHOCTl/1 AOn)KeH OTCYTCTSOSaTb 

BKnaA cpyHK4111111 CMel.l.leHl/1111 Ill KOHCTaHTbl, T.e. s on111caHI/IIII Ae¢opMa4111111 see 4 napa

MeTpa HaCTpOIIIKl/1 (E,a,b,c) AOn)KHbl 6b1Tb paBHbl HyntO. TorAa (CM. cpopM. (2)), 80-

nepBblX, z~o (0, <p) Ill z:a (0, <p) Ans:! Onl/lCaHIIIH AecpopMa4111111 He Tpe6yt0TCH, CHIii I/IMetOT 
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OTHOWeH111e IIICKnl04111TenbHO K on111caHI/IIO HaCTpOIIIKIII d(0,cp). 80-STOpblX, K03cpcp1114111eH

Tbl e; annpOKCI/IMa4111111 Ae¢opMa4111111 AOn)KHbl YAOSneTBOps:!Tb ycnOBIIIHM: 

Lei ci =0, Leis; =0, 
C C S s 

T.e. Ans:! on111caHI/IH Ae¢opMa4111111 MO)KHO 111cnonb30SaTb MOAlll(plll4111POSaHHble nonl/lHO

Mbl 8AIIIHlll4HOIII a3111MYTanbHOI/I 4aCTOTbl S M8HbW8M Ha 2 KOnlll48CTSe. TorAa 6a3111C Ha 

4aCTI/I ccpepbl C BblAeneHHblMIII cpyHK4llls:!MIII HaCTpOIIIKIII MO)KHQ Bb16paTb TaKIIIM: 

Z~• = -J6 I ✓2-cose0 -cos200 sin0coscp, 

Z~• = -16 I ✓2 - cos 00 - cos2 00 sine sin cp, 

zeo = z8o - c_, z9o i ;c 2 
le le C2 2 1 C 1 

zeo = z8o - S;, z0o j ;c 3 
15 ~s s3 3 1 S 1 

z~o = z~o, Ans:! APYrlllX IIIHA8KCOS. 

8 3TOM cny4ae nepBblMIII 48TblpbMH non111HOMaM111 annpOKCIIIMlllpyeTCH HaCTpOIIIKa, a 

ow1116K111 ccpepbl 6YAYT onlllCblSaTbCH PHAOM, Ha41/1Hal01.l.1111MCH C ns:iTOro HOMepa. 

B 4eTsepTOM naparpacpe noCTpoeH 6aa111c Ha ccpep1114ecKOM KOnb4e AnH cny4as:1 

aepKan C KpyrnblM 4eHTpanbHblM OTBepCTllleM (111n111 38TeHeHl/l8M) Ill np111seA8Hbl cpop

Mynbl Ans:! YAaneHl/151 HaCTpOIIIKIII Ans:! paCTsopos anepTyp npaKTl/l48CKIII AO 7t. 0AHOspe

M8HHO nony4eH HOSbllll anroplllTM ycKopeHHOro Sbl4111CneHI/IH nonl/lHOMOS L1epH111Ke. 

8 nHTOM naparpacpe peweHa 38A848 BOCCT8HOSneHI/IH Ae¢opMa4111111 KS8AP8T

HOI/I B nnaHe 48CTIII 4111nl/lHAP11148CKOIII nosepXHOCTl/1. 

s, st 

------- _______ o 
------6 

·x 
y 

P111c. 5. 

C111CTeMa KOOPAIIIHaT - {{x,0): -Xe~ X ~ Xe, -Bo~ e ~ 80}. B nepsoM np1116nlll)K8HIIIIII 

d(x,e) = {f3x+b) sine+ (yx+c) case. 

13 Ill y eCTb T8HreHCbl yrnos (a npaKTl/l4eCKIII yrnbl) Me)f{Ay npoeK4IIIHMIII oce111 4111nl/lHA

pos Ha nnOCKOCTIII xy Ill XZ COOTSeTCTSeHHO, b Ill C - pacCTOHHIIIH Me)f{Ay OCHMIII 8 

nnocKOCTIII x=O SAOnb Oy Ill Oz COOTSeTCTS8HHO. 
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BBOAVITCH ABYMepHbllli opTOroHailbHbllli, HOpMvrpoBaHHbllli Ha 4Xo8o 6a31,1c c no

MOlJ..lblO nOilVIHOMOB Jle)KaHApa: 

P;,~"80 (x,8) = ✓2m+ 1 ✓2n+ 1 Pm(x/x0) Pn(8 /00). 

MvrHVIMVl3a4vrH cpyHK4VIOHana c seCOM, nOCTOHHHblM Ha nosepXHOCTl,1 4VIIlVIHApa, 

AaeT 3H84eHVIH napaMeTpOB HaCTpOlliKVI yepe3 K03cpcp1,141,1eHTbl annpOKCV1Ma41,11,1: 

_ 4✓3 80 ~ h s 
p - X (28 sin 28 ) L... 1,2k+1 2k+1 ' 

0 0 - 0 k=O 

- 4✓3 80 ~ h c 
Y - Xo (20o + sin 200) k":'o 1,2k 2k ' 

(3) 

b- 4 80 ~ h s -
20 

. 
20 

L... 0,2k+1 2k+1 • 
0 - Stn O k=O 

4 92 co 

C= 202 e . 200 4 . 2 e L ho,2k+2 c2k+2. 
o + o Stn o - Stn o k=O 

3AeCb S2k+1 1,1 C2k (k=O, 1,2, ... ) - K03cpcp1,141,1eHTbl pa3IlO)l{eHl,1H no cpyHK4VlflM 

✓2i+1 Pj(8/8o) cpyHK4vrlli sine 1,1 cos0 COOTBeTCTBeHHO. ,Q11H 80 $ 45° 1,1 CMelJ..leHvrlli 

AO 10A. TOYHOCTb YAaneHV!fl HaCTpolliKVI nyywe 10·3"' AaeT yYeT YeTblpex nepBblX nap 

3TVIX K03cpcp1,141,1eHTOB. nepeXOA OT K03cpcp1,141,1eHTOB hmn annpOKCV1Ma41,11,1 VIHTepcpepo

rpaMMbl K K03cpcp1,141,1eHTaM emn pa3JlO)l{eHvrH AecpopMa41,11,1 CileAytOlJ..IVllli: 

0, m=O, n =0 

b Sn - hon, m = 0, n - HeY 9TH. 

ccn - hon, m=O, n - 49TH., n>O 
9mn = i p / ✓3 h Xo Sn - 1,n, m= 1, 11 - H949TH. 

XoYSn I ✓3 - h1,n, m=1, n - 49TH. 

-hmn, m>1 

,Qnfl OAHOBpeMeHHOlli o6pa60TKVI HeCKOilbKVIX VIHTepcpeporpaMM BBOAVITCH 6a-

31,1C P;,i-0° C BblA9IleHHblMl,1 cpyHK4VIHMl,1 HaCTpolliKVI. I/Ix nHTb: 

P;&·80 = 1, P;r-00 = sine, p1x&·80 = xcos0, P1xf80 = xsine, P~·
80 = cos 8. 

,Qpyrne cpyHK41,11,1 P;,i•80 c m=O 1,1 m=1 onpeAeI1Ht0TCH, 06ecne1.1vrsaH 06Hy11eHvreM 

cyMM B (3) OTCYTCTBvre B Aecj)opMa41,11,1 BKilaAOB CABVlrOB 1,1 HaKilOHOB: 
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pxO,8O = pxO,8O _ S2k+1 pxO,8O 
0,2k+1 - 0,2k+1 S

1 
0,1 

px0 ,Bo = px0 ,Bo _ C2k+2 pXo,0o 
0,2k+2 - 0,2k+2 C

2 
0,2 

, k>O. 
pxO,0O = pxO,0O _ S2k+1 pxO,0O 

1,2k+1 - 1,2k+1 S
1 

1,1 

pxo ,Bo = pXo ,Bo _ C2k pXo ,Bo 
1,2k - 1,2k Co 1,0 

npvr m >1 p~~n8o ea p~~neo. 8 annpOKCV1Ma41,11,1 VIHTepcpeporpaMMbl H(x,8) PHAOM no 3TVIM 

cpyHK4VlflM 

H(x,8) = E-P0_0 + b-P0,1 + y -P1,o + P·P1,1 + c-P0.2 + Ifim,nPm.n, 
m,n 

napbi VIHAeKCOB (m,n) He noBTOpHIOT nHTl,1 BblAeneHHblX nap. 

,Qilfl nepeXOAa K K03cpcp1,14vreHTaM annpoKCV1Ma41,11,1 AecpopMa41,11,1 nOilVIHOMaMvr 

P,';,~,:,8• HaAO TOilbKO Hallirn eo,1, e,.o, e,.,. eo,2 nOACTaHOBKOlli K03cpcp1,14vreHTOB 

em,n = - fim,n' ( m > 1) 

B np11paBHV1BaeMble HYillO cyMMbl B paseHCTBax (*). 

TaKVIM o6pa30M, BO BTOpolli rnase nOMVIMO KOHKpeTHblX pe3yilbTaTOB Ailfl ane

crn41,11,1 ccpepvrYeCKVIX 1,1 41,111V1HAPV1YeCKVIX nosepXHOCTelli C 60ilbWOlli yrnosolli anepTy

polli pa3pa60TaH 06lJ..lvrlli anropvrTM pa3AeneHVIH BKilaAOB B VIHTepcpeporpaMMY OT Ha

CTpOIIIKl,1 1,1 OT co6CTBeHHO Ae¢opMa41,11,1 npaKTvrl.leCKl,1 I1t06011i pea111,1CT1,11.1eCKOlli om1,11.1e

CKOlli nosepXHOCTVI, n03BOilfllOlJ..IVllli nOBblCVITb TOYHOCTb aneCTa41,11,1 CilO)l{HblX nosepx

HOCTelli 811110Tb AO TOYHOCTl,1 caMolli CTaHAapTHolli MOAe111,1 VIHTepcpeporpaMMbl. KpoMe 

Toro, o6pa30BaHbl 6a3V!Cbl, 06ecne1.1vrsatOlJ..IV1e B03MO)l{HOCTb OAHOBpeMeHHOlli COBMe

CTHOlli o6pa60TKl,1 HeCKOilbKVIX VIHTepcpeporpaMM OT OAHOlli 1,1 TOl!i )Ke nosepXHOCTVI. 

8 TOeTbelli rnase no MeTOAVIKe srnporo naparpacpa BTopolli rnaBbl nocTpoeHbr 

MaTeMarn1.1ecKvre anropvrTMbl aneCTa41,11,1 accpep1,11.1ecKvrx nosepxHOCTelli - 31111vrncovrAa, 

napa601101,1p,a 1,1 rnnep6011ovrAa spalJ..leHV!fl - pa60TalOlJ..IVle C BblCOKOlli TOYHOCTblO 1,1 npvr 

60ilbWVIX yrnoBblX anepTypax. ,QnH 3TVIX nosepxHOCTelli cpyHK41,11,1 HaCTpOlliKVI 3aBVICHT 

OT nHrn napaMeTpOB 1,1 KOHCTaHTbl. 8 nepBOM np1,16111,1)1{eHVll,1 nopHAOK CMe1.1,1eHvrlli 6e3-

pa3IlVIYeH, acpcpeKTbl cyMMvrpytOTCR 

1. 31111vrncovrA spalJ..leHvrH x2 + y2 + E z
2 

- R2 
/ E = 0. 
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<t>yHKL\IIHI HaCTpOlliKIII (c T04HOCTbt0 AO KOHCTaHTbl Ill 3HaKOB BKJlaAOB): 

d(r, ~) = [(a+ a y,)R2 -Er2 }coscp+(b+ p E ~ 1 ✓R2 -Er2} sin cp+ 

+ c,;°R2 - Er2 ] / ,JR2 - (E -1) r2 , 

rAe a, b, C - CABlllrlll no X, y, z; a Ill 13 - HaKJlOHbl BOKpyr ocelli y Ill X. 

B CJly4ae ccpepbl E=1, nosopOTbl a Ill 13 He AelliCTBytOT, OCTatOTCR Tplll CABlllra. 

2. ,QnR napa6ono111Aa spaLL.\eHIIIR z = -er2 

d(r, cp) = [a 2er cos( cp - cp 1) + ar sin(cp - cp2) (1 + 2e2r2) + c) / ✓1 + 4e2r2, 

rAe cp, - HanpasneH111e CAB111ra 3epKana, <p2 - HanpasneH111e oc111 spaLL.\eHIIIR (HaKilOHa). 

3. ,QnR r111nep60J10111Aa (x2 + y2) / u2 
- z2 

/ v2 = -1 cpyHKL\IIIR HaCTpOlliKIII'. 

d(r,cp) =[avrcos(cp-cp1 )+a✓r 2 +u2(u2 +v2)r sin(cp-cp2 )/u+cu✓r 2 +u2]1 
/ -Jr2(u2 +v2)+u4. 

np111 Manolli accpeplll4HOCTIII B03MO>KHa MIIIHIIIMlll3a4111R cpyHKL\IIIOHaJla C secoM, 

nOCTORHHblM Ha ccpepe, KOTOpaR nerKO npOBOAIIITCR C 6a3111COM Ha 4aCT111 ccpepbl. 

TOrAa cpyHKL\111111 HaCTpOlliKIII CJleAyeT nepen111caTb B nepeMeHHblX 8 Ill cp . 
p 

L-1rnK, 111MeeM 111HrnpcpeporpaMMY H(r, cp) = l);Z;(r, cp). BKilaAbl s Hee OT pa3HblX 
i=1 

:meMeHTOB HaCTpOlliKIII eCTb YnGn(r,cp). AnnpOKCIIIMlllpyeM Gn: 

p 

Gn = L9JZj(r,cp). 

MIIIHIIIMlll3111pyeM cpyHKL\IIIOHaJl C secOM W(r) (nosepxHOCTIII spaLL.\eHIIIR): 

12• 
<D({y nD = J f[Ih;Z;(r,cp)- LY nL 9JZj(r, cp)]2W(r) rdrdcp. 

O O i n j 

nony4aeTCR CIIICTeMa N ypasHeHllllli OTHOCIIITeJlbHO N napaMeTpOB HaCTpolliKIII 

12. 
f J!Ih;Z;(r,cp)- I YnL9JZj(r,cp))(Igrzk) W(r) rdrdcp = 0. 
0 0 i n j k 

MO>KHO pa3JlO>KIIITb sec W(r) no aKClllaJlbHO-CIIIMMeTplll4HblM nOJllllHOMaM Z;: 

W(r) = Iw;Z;(r,cp). 

TOrAa 803HIIIKaeT CIIICTeMa ypasHeH111lli: 

Lh;L9::-'Iw1J Z;ZkZ1rdrdcp = LYnL9iL9::-'I w1J Z;ZkZ1rdrdcp. 
i k I n i k I 
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MaTp1114a IIIHTerpanos KOMnaKTHO Ta6yn111pyeTCR. PeweHl/le 3TOl!i CIIICTeMbl AaeT 3Ha4e

HIIIR napaMeTpOB HaCTpOlliKIII Ill TeM caMblM Ae¢opMa4111t0 nosepXHOCTIII. 

8 3TOl!i mase yKa3aH BB>KHbllli IIICT04HIIIK 803MO>KHblX ow11160K aTTeCTa4111111. ECJllll 

B IIIHTepcpepoMeTpe 3TaJlOHOM CllY>KIIIT TaKaR nosepxHOCTb, 4TO BKI18A OT ee CMeLL.\eHllllli 

B HaCTpOlliKy IIIM88T TY >Ke cpopMy, 4TO Ill OT KOHTPOillllpyeMolli, AaBaR COBMeCTHO BKI18A 

TOl!i >Ke cpopMbl, TO s cpyHKL\IIIOHane Tpe6yeTCR onpeASJllllTb napaMeTpbl TOJlbKO OAHOl!i 

cpyHKL\111111, Ill 3BAa4a pa3AeJleHIIIR BKJlaAOB pa3pew111Ma OAH03Ha4HO. TaK 6yAeT np111 

cosnaAeHIIIIII (c T04HOCTbt0 AO KOHCTaHTbl) 6J1111>Kalliw111x nosepXHOCTelli AByx 38pKaJl. 

Ecn111 >Ke, KBK 3TO MO>KeT 6b1Tb np111 IIICnOJlb30BaHIIIIII KOppeKTopos ny4Ka, 3TaJlOH Ill KOH

TpOillllpyeMaR nosepxHOCTb IIIMetOT pa3Hble cpopMbl, Ill 06LL-1111lli BKJlaA OT HaCTpOeK AByx 

38pKaJl HeJlb3R IIIMIIITIIIPOBaTb BKilaAOM HaCTpOlliKIII OAHOro 3epKana, TO 38Aa4a BblAe

JleHIIIR A8(pOpMa411111i KOHTPOillllpyeMolli nosepxHOCTIII 1113 IIIHTepcpepoMeTplll48CKIIIX AaH

HblX HS pa3pew111Ma OAH03Ha4HblM o6pa30M. 8 3TOM cny4ae AllR nOBblWeHIIIR T04HOCTIII 

aTTeCTa4111~ He06XOAIIIMO KBK MO>KHO T04Hee 3HaTb nono>KeH111e OAHOro 1113 3epKaJl. 

8 4eTseprnlli mase 1113JlO>KeHbl IIICCJleAOBaHIIIR no BOCCTaHOBJ18Hlllt0 nosepxHO

CTelli no KOM6111Ha41,1RM IIIHTepcpeporpaMM. 

B nepsoM naparpacpe 1113BeCTHbllli MeTOA aTTeCTa4111111 ccpep1114ecKoro 3epKana no 

TpeM IIIHTepcpeporpaMMaM 6e3 IIICnOJlb30BaHIIIR IIIH(pOpMa4111111 06 3TaJlOHe [17,6, 18] 

pacn111caH C nOMOLL.\btO nOJllllHOMOB Ha 4aCTIII ccpepbl C BblAeJleHHblMIII cpyHKL\IIIRMIII Ha

CTpolliKIII. 

1-R IIIHTepcpeporpaMMa - 3epKaJlO S2 co ccpepw-ieCKIIIM 3TaJlOHOM s,; 
2-R IIIHTepcpeporpaMMa - co ccpep1114eCKIIIM 3TaJlOHOM s,, nosepHYTblM no cp Ha it; 

3-R IIIHTepcpeporpaMMa - 3epKaJlO 83, noCTasneHHOe B6Jllll3111 (pOKYCa O ny4Ka, C 

3TaJlOHOM 81 (plllC. 6): 

S3 

S1\ ~ 
'Mi 

]~:: · - - - - -

P111c. 6. 
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YAaJ1eH111e Hacrpoi:;,Klil 1113 annp0Ke111Ma4111111 IIIHTepq:,eporpaMM nOJ11i1HOM8Mlil 

L~o {0,cp) npOlll3BOAIIITeH 06HyJ1eH111eM nepBblX "!eTbtpex K03qJqJ1114llleHTOB. TOrA8 B nep

BblX ABYX paenOJlO)KeHIIIHX pa3HOCTIII XOA8 Jly"lei:;, 38 Bbl'lemoM HacmpoiJKU npeACT8-

BHTeH PHA8Mlil: 

p<'l (0, <i>> = - 2[s, <0, 7t -<i>> + s2 <0, 7t + cp)J = I r?iz~• <0, cp), 
i""5 

~ 

(4) 
p<2l <0,cp) = - 2[s, <0, 7t - cp) + ~2 (0,cp)J = I r?iz~• <0,cp). 

i=5 

8 TpeTbeM paenOJlO)KeHIIIIII pa3HOCTb XOA8 ny"leH M2M3M1 Iii OTp8)f(eHHOro B TO"!Ke M1 

paeHa 2[R1+(e+l)cos0]. TorAa p83HOCTb q:,a3 B TO"!Ke M1 e TO"IHOCTblO AO KOHCT8HTbl 

paeHa {H111>Ke W(0,cp) - q:,poHT eq:,ep111"1eeKoro ny"!Ka}: 

D(8,cp) = W(8,cp) - W(8,1t+cp) - 2S1(8,1t-cp) + 2(e+l)cos0. 

B "18CTIII PHA8, H8"1111H8IOl.1.leHeH e i=5, eoxpaH111TeH ee,i IIIHqJOpMa4111,1 06 S1: 

F(3)(8,cp) = f r?z~o (8,cp) = I wi[2~0 (8,cp )- Zhe, 1t + cp )]- 2S1 (8, 1t - cp) (5) 
i=5 i=5 

0603H8"18H cp(i) (0,cp) ea p(i) (8, 7t + cp)' nOJlY"IIIIM 1113 Tpex ypaeHeH111i:;, (4) Iii (5): 

S2(8, n + cp) = (F(3l + ct,<3) - F(1l -ct><2l) / 4. 

ct>opM8JlbHO TO"IHOCTb 3TOro MeTOA8 K8J11i16poeKIII BbleOKa. Ho B TpeTblO IIIHTep

q:,eporpaMMY A8eT □KJ18A HeOAHOPOAHbli:;, q:,poHT, AJlH annp0Ke111Ma4111111 KOTOporo MO

>KeT noTpe6oeaTbCH Hepea11111CTli1"1eeK111 AJllllHHbli:;, PHA. noaTOMY O>KIIIA8BW8HeH BbleOK8H 

TO"IHOCTb MeTOA8 qJ8KTlll"leeKIII He rapaHTlilpyeTeR 

BTOpOH naparpaq:, B oeHOBHOM AJlH MeTOAlll"!eeKIIIX 4e11eH noee,11.11eH IIIHTepq:,e

porpaMM8M 60KOBOro Iii noeopOTHOro eABlilra Iii B03MO>KHOCTHM arrecra4111111 no HIIIM. 

8 TpeTbeM naparpaq:,e npeAJlO>KeHa MOAIIIQ.)IIIKa4111,1 1113BeCTHOro [8] a11rop111TM8 

o6pa60TKIII A8HHblX MeTOA8 a6eOJllOTHOi:;, K8J11i16pOBKIII (6e3 3TaJlOHa) Tpex nnoeKIIIX 

3epK8Jl no "IElTblpeM IIIHTepq:,eporpaMM8M. 8 3TOM enoeo6e 1113MepHIOTeH paeCTOHHIIIH 

Me>KAy "leTbtpbMH napaM 1113 Tpex 3epKa11, no KpaHHei:;, Mepe OAHa 1113 nap - e noeopoTOM 

(p111e. 7). 8 npocreHWeM eap111aHTe {Iii 38 Bbl"!eTOM Hacrpoi:;,Klil) ypaeHeHIIIH IIIMelOT Bl/IA: 

S1{x,y) + S2{-x,y) = F1{x,y), S3{x,y) + S2(-x,y) = F2(x,y), 

S3(x,y) + S1(-x,y) = F3(x,y), S3,o1{x,y) + S2{-x,y) = F4(x,y). 

3m 111Hq:,opMa4111,1 no3eo11,1eT arrecroeaTb 6e3 aTanoHoe eee Tplil 3epKa11a. 

nepeOH8"18JlbHO pae"!eTbl npOBOAIIIIlllleb no OTAeilbHblM pa3pe3aM no TO"IK8M. 
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P111e. 7. 

8 eTaTbe [8} 111enOI1b30B8Jl8eb nOillilHOMlll8J'lbH8H annpOKel11M84lilH. Koaq:,q:,1114111eHTbl an

np0Ke111Ma4111111 noee'pXHOeTeH nony'-18Jlli1Cb 1113 K03cpcp11t,1111eHTOB annpOKCIIIM81:,1111111 IIIHTep

q:,eporpaMM npHMblM anre6pa111"1eeKIIIM nepee"!eT9M no OAHOMY 1113 B03MO>KHblX nyrni:;, 

nony"leHIIIH peweHIIIH 6e3 y"leTa APYrlllX 111Meio1.11111xe,1 eeH3eH. 1113-38 3TOro He ny"IWIIIM 

o6pa30M nOA8BJlHJleH wyM Iii Bb16111pan111eb yenOBIIIH 1113MepeHl1fl 

3Aeeb 111eKanoeb peweH111e B eMbtene H8111MeHbWll1X KB8AP8TOB, 111enOilb3YIOl.1.lee 

Bee A8HHble. 8 nOAXOAe CT8Tbll1 [8] OnTIIIM8IlbHOe 3H8"1eH111e yrna noeopoTa,cpo ;ac 3n/4M, 

rAe M - M8KelllM8JlbHOe 1113 111enOilb3yeMblX 83111MYT8IlbHOe "lllleno. Hoeoe OnTIIIM8JlbHOe 

(po,., 3n/2M, "!TO nOBblW8eT pa3peweH111e. 8 pe3yJlbT8Te IlY"IW8H TO"IHOCTb MeTOA8 OKa-

3bIB8eTeH npaKT111"1eeKll1 paBHOH TO"IHOCTIII arrecra4111111 e 111Ae8JlbHblM 3T8Jl0HOM. 

AHa11or111'-!HblH anrop111TM pa3pa60TaH III nporpaMMHO pean1113oeaH AilH eq:,ep111"1e

eK111x 3epKan, K8K eorHYTblX, T8K Iii BblnyKilblX 6e3 orpaHlll"leHIIIH Ha yrnoeyto anepTypy. 

B "!eTeepTOM naparpaq:,e paeeMaTp111eatoTeH B03MO>KHOCTIII III enoeo6b1 eoecra

HoeneH111H noeepxHOCTIII no HeeKOJlbKIIIM IIIHTepq:>eporpaMM8M AilH 1) nOA8BileHIIIH wy

Ma B A8HHblX 111 AilH 2) eoecraHOBJleHIIIH noeepxHoern no Ha6opy IIIHTepq:,eporpaMM e 

HeAOeTaTO"IHO npeACT8BIIITeilbHblMIII no OTAeilbHOCTIII A8HHblMIII. 

np111 Han111"!111111 A8HHblX Ha xopow111x eeTKax nepea,i 3aAa"la Mo>KeT pewaTbeH ny

TeM eoecraHOBJleHIIIH q:,opMbl noeepXHOeTIII no OTAeilbHblM IIIHTepq:,eporpaMMaM e no

eneAYIOl.1.IIIIM yepeAHeH111eM pe3yilbTaTOB. Ho eaMblM 061.11111M, nOJlHOCTblO Iii nponop-
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41110H8IlbHO 111enOI1b3YIOI.J..\IIIM see ABHHble s:!Bils:!eTes:! MeTOA "06061.J..\8HHOH IIIHTepcpepo

rpaMMbl". np111 nosTOpHblX Cb8MK8X BKI18A B IIIHTepcpeporpaMMY A8IOT OAH8 Ill Ta )1(8 

nosepxHOCTb Ill pa3Hble HaCTpOHKIII. TorAa np111 on111eaH111111 epa3y seex A8HHblX e nOM0-

1.J..\blO nOill/lHOMlll8IlbHOH annp0Ke111Ma4111111 napaMeTpbl HaCTpOHKIII AOil)KHbl sapb111po

B8Tbes:1 Alls:! pa3HblX lll3MepeHI/IH H838Bl/lel/lMO, napaMeTpbl )1(8 (K03q:>cp1114111eHTbl) no

sepxHOCTIII OCTatoTes:! OAHIIIMIII Ill T8MIII )1(8 Alls:! seex lll3MepeHIIIH. TaKas:! annp0Ke111Ma4111s:1 

MO)K8T 6b1Tb nonyYeHa np111 H8Ill/lYIIIIII 6a3111eos e BblA8I18HHblMIII cpyHK4llls:!MIII HaCTpOHKI/I: 

K p p 

" [" h: Z;(Un , Vn )] 811 + L h; Z;(Un , Vn ) = H(un , Vn ) . (6) L L l I J J J J 
1=1 i=1 i=p+1 

3Aeeb Z;(u,v) - 3H8Y8Hl/le i-ro nOill/lHOMa B TOYKe {u,v); h; - K03cpcp1114111eHTbl annp0Ke111-

Ma4111111; K - Yl/leilO IIIHTepcpeporpaMM; ni - HOMep TOYKIII B j-H IIIHTepcpeporpaMMe; p -

Yl/leilO nOill/lHOMOB annp0Ke111Ma4111111; p - YllleilO nOill/lHOMOB, on111ebl88IOI.J..\IIIX HaCTpOHKy: 

p pasHO 3 Alls:! nnoeKOCTIII, 4 Alls:! ecpepbl, 5 Alls:! 4111Il111HAP8, 6 Alls:! aecpep111yeeKIIIX no

sepxHoCTeH spal.J..\eH111s:1. 

a) MeTOA np111MeHIIIM Alls:! BOeCTaHOBI18Hllls:! eilO)KHblX A8Q)OpMa4111H A8)!(8 B eny

Yae OT:-1oe111T8IlbHO P8AKIIIX eeTOK, He AOnyeK8IOI.J..\IIIX nOAP06Horo soeeTaHOBI18Hllls:! no 

OTA8IlbHblM IIIHTepcpeporpaMM8M. 

6) AHanorl/lYHblH np111eM np111M8HIIIM Alls:! BOeCT8HOBI18Hllls:! A8Q)OpMa4111H nosepx

HOCTeH no M8TOAY rapTMBHa, npoCTp8HCTB8HHOe pa3peweH111e KOTOporo orpaHI/IY8HO. 

B) B 3TOM M8TOA8, OY8BIIIAHO, He06XOAIIIMblM yenOBl/leM BOeCTaHOBI18Hllls:! pe-

8IlbHOH nosepXHOCTIII s:!Bils:!eTes:! eyl.J..\8CTB8HHOe nepeKpblTl/le 06I1aCTeH, eHI/IM88MblX B 

pa3Hb1X IIIHTepcpepo/paMMaX, YTO Tpe6yeTes:! Ails:!
0 

onpeAeI18Hllls:! 838IIIMHblX H8KI10HOB 

pa3Hb1X YaCTeH nosepxHoCT111. OAH8KO J.Thunen, O.Kwon, W.Chow, G.Lawrenee, 

S.Jensen, T.Stuhlinger, J.Negro, R.Day, Th.Beery [9-14] 3TO yenos111e OT6poe111n1111113-3a 

HeOe03HaBaeMoro np111n111ebl88Hllls:! eaMOH OnTI/IYeeKOH nosepxHOCTIII 8H8IllllTI/IYeeKIIIX 

eBOHCTB ee nOill/lHOMlllailbHOH annp0Ke111Ma4111111, YTO np111H4111n111aI1bHO HesepHO. 

B 3TOM naparpacpe pewaeTes:! TaK)Ke 38A8Ya BOeCTaHOBI18Hl/ls:! nosepXHOCTIII 

wapa no IIIHTepcpeporpaMM8M OT nepeKpblB8IOI.J..\IIIXes:! ee o6naCTeH. B CT8Tbe 

[14] Day R. 111 Beery Th. TaK)Ke npeAilO)KI/IIllll peweH111e aHailOrlllYHOH 38A8YIII. OAH8KO: 

1) I/IX anroplllTM 111enOI1b3yeT 6a3111eb1, He snonHe 8A8KB8THble 38A8Ye, 1113-38 Ye

ro 803HIIIK8IOT npo6I18Mbl e TOYHOCTblO annp0Ke111Ma4111111; 
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2) npo4eAypa 6e3 eepb83HblX oeHOB8HIIIH p83A8IleHa Ha ABa 3Tana: annp0Ke111-

Ma4111to KyeOYHblX IIIHTepcpeporpaMM Ill noeneAYIOI.J..\88 H8XO)KA8Hl/le K03cpcp1114111eHTOB 

pa3Il0)K8Hllls:! Ha seeH ecpepe; 

3) K03cpcp1114111eHTbl annpoKel/lMa4111111 AecpopMa4111111 nOill/lHOM8MIII Ha seeH ecpepe 

nonyYatoTes:i 1113 K03cpcp1114111eHTOB annp0Ke111Ma4111111 nOI1IIIHOM8MIII Ha Y8CTs:!X ccpepbl ne

peeYeTOM 1113 OAHoro 6a3111ea B ApyroH - KaK 6yATO peYb IIIAeT seero IllllWb o MaeWTa6-

HblX npeo6paaosaHl/ls:!X 6a3llleHblX cpyHK4IIIH. 4111eno nOill/lHOMOB annp0Ke111Ma4111111 non

HOH nosepxHOCTIII nonaranoeb (KaK Ill APYrlllMIII aBTOpaMIII, YK838HHblMIII B 3TOM pa3Ae

ne) paBHblM Yllleny nOill/lHOMOB annp0Ke111Ma4111111 ee YaCTeH, YTO HenpaBI/IIlbHO. 

COOTB8TCTB8HHO noeileAHeMy nyHKTy 8BTOpbJ Ill paeeMaTplll88IOT nepeKpbITllls:! 

IIIHTepcpeporpaMM K8K TPYAHOCTIII, yeflO)KHS'IIOI.J..\1118 npo4eAYPY H8XO)KA8Hl/ls:! K03cpcp1114111-

8HTOB. To 8CTb cpaKT111YeeK111 eY111TaI10eb, YTO AecpopMa4111s:1 OAHOH Y8CTIII ecpepbl YTO-TO 

rosop111T O A8cpOpMa4111111 B APYrlllX Y8CTs:!X ecpepbl (no 38KOHaM npOAOfl)K8Hllls:! 8H8Ill/lTIII

YeeKIIIX cpyHK4111H), YTO B A8HHOM enyYae HesepHo: peaI1bHas:1 KOHTpOillllpyeMas:i no

sepXHOCTb He s:!Bils:!eTes:! 8H8IllllTIIIYeeKOH, a annp0Ke111Ma4111s:1 60ilbW8H 06naCT111 Tpe6y

eT np111 TOH )1(8 TOYHOCTIII 60ilbWe nOill/lHOMOB, YeM annp0Ke111Ma4111s:1 Y8CTIII 06I1aCT111. 

B Allleeeprn4111111 npeAI10)K8H eneAYIOI.J..\IIIH anroplllTM BOeCTaHOBI18HIIIR B KaYeCT

Be 6aa111ea eCTeCTB8HHO B3s:!Tb nepeHOPMIIIPOB8HHble Ha 41t ecpep111YeeK111e cpyHK4111111: 

ct:>;{0, cp) = [<21 
+ 

1 
)(I- m)!] p1m(cos0)* .J2 sin mcp, i HeY e TH, m ct,. O 

112 !.J2cosmcp,i YEiTH, m ct,. o 

(l+m)! 1, m=O 

CBs:!3b IIIHAeKeos - KaK y nOillllHOMOB L1epH111Ke. 2-s:i, 3-s:i Ill 4-s:i QJYHK4111111 IIIM8IOT cpopMy 

3cpcpeKTOB Ae4eHTPOBOK B nepsoM np1116I11/1)K8HIIIIII. 

PewaeTes:! B eMbleile H8IIIM8HbWIIIX KB8AP8TOB e111CTeMa Alls:! aeero KOMnileKca 

A8HHblX K IIIHTepcpeporpaMM np111 P l/leKOMblX K03cpcp1114111eHT8X annp0Ke111Ma4111111: 

K 4 I P 

°" [°" h; Cl>;(0n ,q>n)] 61i· + Ih; Cl>;(0n ,% ) = H{0n ,q>n )· ~ ~ I I , J J J J 1=1 1=1 1=5 

Cyl.J..\8CTB8HHble nepeKpbITl/ls:! eHIIIM88MblX o6naCTeH 06s:!38TeilbHbl. 

ns:1Tas:1 rnasa noeBs:!I.J..\8Ha sonpocaM TOYHOCTIII BOeCTaHOBI18Hllls:! nosepxHoCTeH. 

B nepBOM naparpacpe Alls:! ecpep111YeeKOH nosepxHoern npoaH8Illll3111pOB8Ha TOY

HOCTb CT8HA8PTHO nplllM8Hs:!8MOH MOA8Illll IIIHTepcpeporpaMMbl B BIIIAe npOCTOH eyMMbl 

BKI18AOB A8Q)OpMa4111111 Ill HaCTpOHKIII. OHa nonyyaeTes:i B nepBOM np1116I1111)K8HIIIIII no OT-

19 



H0WeHI/IIO ~Tl/IX senlll'-IIIIH K pa3MepaM 3epKail Ill B TlllnlllYHblX o6CTOHTeilbCTBax o6ecne

YI/IBaeT T0YH0CTb He Xy')Ke 10-31.. (11111111 MKM). L,fayYeH111e Bill/lHHIIIH BTOporo nopHAKa noKa-

3blBaeT, YTO np111 06blYHblX ycn0BIIIHX 1113MepeHI/IH OH He AaeT Cyl.L\eCTBeHHblX nonpaB0K 

KP0Me cnyYaH aneCTa1..1111111 cerMeHT111posaHH0ro 3epKa11a. 

Bo BT0p0M naparpacpe nHTOH maBbl paCCYIIITblBalOTCH Bbl3BaHHble wyM0M B 

AaHHblX ow1116KIII B0CCTaH0BileHI/IH nosepXHOCTeH Ill BKilaA0B a6eppa1..1111H no IIIHTepcpe

porpaMMaM C 3Tail0H0M Ill paAl/lailbH0ro CABl/lra. np111BeAeHbl Ta6Illlll..lbl pe3yilbTaT0B 

Ailfl KBaApaTHblX ceT0K c YIIICilaMI/I Y3Il0B N "'100, 200, 300 111 400 111 YIIICilaMIII n0ill/lHO

M0B annp0KCI/IMaL.1111111 POT 15 AO 91 (OT 4-H CTeneHI/I AO 12-H), nonyYeHHble B pacYeTaX 

c M0AeilbHblM wyM0M - no 40000 M0AeilbHblX 3awyMileHHblX IIIHTepcpeporpaMM B KalK

A0M cnyyae. nonyYeHbl cpeAHl/le no HIIIM (CM. o6pa3eLI Ta6Illlll..lbl) 

a) cpeAHeKBaApaTIIIYH0e (Ha CeTKe) YKil0HeHl/le er, annp0KCI/IMaL.1111111 OT AaHHblX; 

6) cpeAHeKBaApaTIIIYHaH (no nosepxHOCTIII) ow1116Ka ers B0CCTaH0BileHI/IH no

sepXH0CTIII ( CTp0Ka a ) ; 

B) 01..1eHKa ow1116K111 B0CCTaH0BileHI/IH nosepxH0CTIII no IIIHcp0pMa1..1111111 06 YKil0He

Hi/1111 annpoKCI/IMaL.1111111 OT AaHHblX (CTp0Ka 13) ; 

r) K0peHb 1113 AIIICnepc111111 cpeAHeKBaApaTIIIYHOH ow1116K111 B0CCTaH0BileHI/IH no

sepxH0CTIII (CTp0Ka y); 

A) ow1116K111 B0CCTaH0BileHI/IH K03cpcp1111..1111eHTOB (BKI18A0B a6eppa1..1111H) pa3Ill/lYHblX 

P8AlllailbHblX crnneHeH n (n = 0+nmax) , 

a TaKlKe HeK0T0pble BCn0M0raTeilbHble seill/lYIIIHbl, xapaKTeplll3YIOI.L\llle yCTOHYIIIBOCTb Ill 

T0YH0CTb B0CCTaH0BileHI/IR 

XopowaH 06yc11os11eHH0CTb CI/ICTeM B03HIIIKaeT np111 N/P ~ 4. np111 3T0M Ailfl 

01..1eH0K np111MeHI/IMbl np0CTble cpopMyilbl, CBH3b1Bal01.L\llle pa3Hble 3Tanbl 1113MepeHI/IH Ill 

o6pa60TKIII AaHHblX. B 3TOH 0611aCT111 Ailfl wyMa C eAIIIHIIIYHOH AIIICnepc111eH yKI10HeH111e 

annp0KCI/IMaL.1111111 OT AaHHblX er,"' 0.85+0.90. 3TO C00TH0WeHl/le n03B0IlHeT onpeAeilHTb 

np111MepH0 C nHT111npo1..1eHTHOH T0YH0CTblO wyM 01..1111cpp0BKIII no HeBH3Ke. OHO n03B0Ilfl

eT TaKlKe no 1113BeCTH0MY WYMY er B 01..1111cpp0BKe HaX0AIIITb B K0HeYH0M CYeTe T0YH0CTb 

aneCTa1..1111111 nosepxH0CTIII er •. np111 xopow111x ceTKax er1 = ✓(N - P) / N er , rAe er - se11111Y111-

Ha wyMa. TorAa lKe ow1116Ka aneCTa1..1111111 nosepxHoCT111 cr s = ✓(P- 3) / (N-P) cr1, TO eCTb 

(j 5 = ✓(P- 3) / N (j . Ow1116KIII aneCTaL.1111111 no APYrlllM MeT0AaM K0HTP0ilfl M0ryT 661Tb 
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01..1eHeHbl no ow1116KaM aneCTa1..1111111 C 3Tail0H0M. 6e3 TaKOH IIIHq:JOpMa1..1111111 annapaT aT

TeCTa1..1111111 nosepxHOCTeH no IIIHTepcpeporpaMMaM HBilHeTCH Hen0ilHblM. 

Ta611111ya ow11160K aneCTay111111 
ToYeK ceTKIII N=197; CTeneHb n0ill/lH0Ma nmax = 8; YIIICil0 n0ill/lH0M0B P=45. 4111c110 

06yc11os11eHHOCT111 = 4.5; NIP= 4.38; (N-P)/P = 3.38; SQRT(1/2N) = .0504· 
·-- . --- .. . ., ·-·-··-····- _,.,,,.. ..................... """' ..... .............. 

p= 1.05 1.1 1.2 1.4 1.7 2.0 10.0 I 3TAJlOH 
0 w 11 5 K 11 no B E p X H 0 C T 11 

a 6.77 3.51 f.88 1.09 .78 .67 .50 .50 
13 7.15 3.69 1.97 1.12 .77 .64 .44 .46 
y 1.82 .93 .48 .26 .16 .12 .06 .06 

!! 0 W 11 5 K 11 K 0 3 C]) C]) 11 4 - T 0 B 
0 - - - - - - - .072 
1 - - - - - - - .072 
2 2.994 1.535 .804 .441 .290 .229 .076 .075 
3 1.542 .798 .427 · .241 .159 .123 .075 .075 
4 1.168 .608 .330 .191 .129 .103 .078 .078 
5 .661 .342 .183 .106 .083 .078 .076 .076 
6 .559 .289 .155 .096 .082 .080 .080 .080 
7 .266 .158 .107 .085 .079 .077 .077 .077 
8 .249 .151 .105 .086 .082 .081 .080 .080 

B TpeTbeM naparpacpe cpaBHI/IBalOTCH pa3Hble cnoco6bi o6pa6oTKIII HeCK0ilbKIIIX 

IIIHTepcpeporpaMM OT 0AHOH nosepXH0CTIII B 0TH0WeHi/1111 YyBCTBI/ITeilbH0CTIII K wyMy B 

AaHHblX. OnrnManeH MeTOA "06061.L\eHHOH IIIHTepcpeporpaMMbl" (cpopM. (6)). 

B YernepTOM naparpacpe nHTOH masbl pa3o6paHbl ow1116K111 aneCTa1..1111111 ccpep111-

YecK111x nosepXH0CTeH MeTOA0M rapTMaHa B ccpep111YeCKOM nyYKe (p111c. 8). 

• I 

I I 
' ,. 

0-'- - - -,,l---1- -1-

H 

F~~-j-"--

P111c. 8. 

I 
I 

/ 

MeTOA rapTMaHa aneCTa1..1111111 cpp0HT0B Ill 3epKail C0CT0IIIT B nponycKaHi/1111 CBeTa 

Yepe3 AlllacpparMy O C 0TBepCTIIIHMIII Ill B aHa111113e CMel.L\eHI/IH nHTeH Ha 3KpaHe F OTHO-
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ei.1TeJ1t,HO nOJlO)KeHl-1111, KOTOpb1e OHl,1 38Hl-1M8111,1 661 np1,1 1-1Ae8IlbHblX noeepxHoen1x. 

CMe1.4eHl-1R nRTeH A8IOT l-1Hq:JOpM81..11-1IO O IlOK8IlbHblX H8KI10H8X (np01-13BOAHblX) cppOHTa. 

0AH8KO eMe1.4eHl-1R . nRTeH, Bbl3B8HHble eMeL4eHl-1RMl,1 Al-18<pparMbl 1-1 3Kp8H8 

(cpoTOnnaemHbl), MOryT 661Tb 48CTW-IHO 1,1111,1 nonHOCTblO HeOTI11-141-1Mbl OT eMe1.4eHl-111l, 

Bbl3B8HHblX Ae<peKTaMl-1 cppOHT8. 3cpcpeKTbl paeeMOTpeHbl B nepBOM npi.16m1)KeHl-1l-1. 

1) CABl-1r A1-18cpparMbl K 3epKany 1-!8 h MeHReT yron 8 nRTHa Ha 

t.8 = - (h / 2H)sin28, 

4TO MO)KeT 661Tb nOHRTO K8K B111-1RHl-1e 30H8IlbHOIII owi.16Kl-1 3epKana. 

2) HaKilOH Al-18<pparMbl H8 yron a BOKpyr oe1,1 cpo MeHReT yron 8 nRTH8 Ha 

t.8 = - a sin
2
8 sin(cp-cpo)-

3) npi-1 60KOBOM eABl-1re Al-18cpparMbl Ha s B HanpaeneHl-11-1 cpo 

t.8 = (s I H) eos
2
8 eos(cp-cpo), 

a AilR H8>>s nonRpHbll/1 yron l,1JMeH1-1TeR H8 

t.cp = (s I H tg8) sin(cp-cpo). 

CABl-1rl-1 cpoTOnilaCTl-1Hbl e1.4e B8)KHee. Bee am acpcpeKTbl He MOryT 661Tb 1,130-

6p8)KeHbl KOM61-1H81..11-1elll np01-13BOAHblX OT cpyHKL.11-11-1 HaCTpOIIIKl-1 d(8,cp) no Mepi.1Ai.10-

H8IlbHOMY 1,1 w1,1pOTHOMY HanpaeneHl-1RM, n03TOMY OHl-1 He enonHe OTI11,141,1Mbl OT BKI18-

AOB AelllCTBl-1T9IlbHblX Ae<peKTOB 3epKan 1,1 B eooTBeTCTByt01.4e111 ernneHl-1 HeyeTp8Hl-1Mbl. 

nonblTKl,1 (Ti.1na (19]) l,1X YA8111,1Tb, KOM61-1Hl-1PYR KOOPAl-1H8Tbl nRTeH, Heo6oeHOBaHHbl. 

PeanbHYIO HeonpeAeneHHOCTb KOHTpOilR MeTOAOM rapTMaHa MO)KHO Hal/Im, 

nOACTaBl-1B napaMeTpbl exeMbl KOHTpOilR 1,1 HeT04HOCTl,1 IOCTl-1pOBKl,1 B cpopMyilbl AOno11-

Hl-1TeI1bHblX eMet.4eHl-1lll nRTeH, eoecraHOBl-1B no Hl-1M, K8K no A8HHblM, K8)KyL4yt0eR no

eepXHOCTb 1,1 CT8HA8PTHO yAani.10 Hacrpo111KY. OcraToK YK8)KeT HeycrpaH1-1Myt0 owi.16Ky. 

8 weCTOIII rnaee oni.1eblB810TeR oeHOBHble xapaKTep1-1CTl-1Kl,1 nporpaMMHblX pea

Jll,1381..11-1111 anrop1-1TMOB o6pa60TKl,1 l-1HTepcpeporpaMM, eo3A8HHblX H8 oeHoBe pa3pa6o

T8HHOro MaTeMam<-teeKoro annapara. EA1-1H8R MeTOAl-1K8 paeeMOTpeHl-151 pa3111-14HblX 

MeTOAOB l-1HTepcpepoMeTpi.14eeKOrO KOHTp011R no3B011ReT CTp01-1Tb KOMnneKCbl npo

rpaMM anecra1..11-11-1 noeepxHocre111 no 1-1HTepcpeporpaMMaM no MOAYilbHOMY npi.1H1..1t.1ny. 

nporpaMMbl npi.1MeHRI1l-1eb B ro111 1,1M. C.ll1.Baei.111oea 1,1 BO BHll1111MC, a T8K)Ke AilR 

eoeCTaHOBileHl-151 nosepXHOCTel/1 
ynOMRHYTblX Bb!We MOAeilbHblX pae<-teTOB T04HOCTl-1 

np1,1 Ha111,141,11,1 e11y4a111Horo wyMa B A8HHblX. 
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8 38Kill04eHi.11,1 nepe41,1eneHbl OeHOBHble pe3yilbT8Tbl 1,1 BblBOAbl, nony<-teHHble B 

Al-1eeepra1..11-11-1. 

1. AnR ecpep1,14eeK1-1x, 1..11-1111-1HAp1,14eeK1-1x, napa60111,14eeK1-1x, 1v1nep60111,14eeK1-1x 1,1 

311111-1nm4eeKl-1X 3epK811 e 60ilbWOIII yrnoeoii, anePTYPOIII pa3pa6oTaH B aHa111,1m4eeKOM 

B1-1Ae annapaT BOeCT8HOBI1eHl-1R Ae¢opM81..11-1111, pa6orat01.41,1111 e T04HOCTblO C8MOIII 

CT8HA8PTHOIII MOAen1,1 l,1HTepcpeporpaMMbl. ~83pa6oraHa MeTOAl-1K8 o6pa60TKl,1 C no

A06HOIII T04HOCTblO l-1HTepcpeporpaMM OT APY™X OnTl,14eCKl-1X noeepXHOCTelll, 3aA8HHblX 

B 41,1eneHHOM B1-1Ae Ha eeTKe. YK838Hbl e11y4a1,1, KOrAa 38Aa4a pa3AeI1eHl-1R BKI18AOB B 

1,1HTepcpeporpaMMy OT Ae¢opM81..11-1111 1,1 OT H8CTpOIIIKl,1 He pa3pewi.1Ma OAH03Ha4HO. 8 

OCTailbHblX eny48RX p83B1-1Tbllll annapara eHl-1M8eT He06XOAl-1MOCTb B oeo6o T04HOIII 

H8eTp0111Ke 1,13Mepi.1Te11bHOIII exeMbl, noeKOilbKY M8TeMam4eeK1-1e npo1..1eAYPbl B eoCTOR

Hl,11,1 C BblCOKOIII T04HOCTblO onpeAe111-1Tb 1,1 He06XOAl-1MblM o6pa30M y<-teCTb AelllCTBl,1-

TeI1bHYIO H8CTp0111Ky. 

2. AnR o6pa60TKl,1 Ha6opos 1,1HT9pcpeporpaMM, B TOM 41,1cne OT noeepXHOCTel/1 e 

6011bwo111 yrnoeoii, anepTypo111: 

a) pa3pa6oraH 6111-13Kl-1111 no T04HOCTl,1 K anecra1..11-11-1 e l-1Ae8I1bHblM 3T8110HOM 

M8T9M8m4eCKl-1111 anropl-1TM AI1R MeTOA8 a6eont0THOIII Ka111,16pOBKl,1 Tpex nnoeKl-1X l,1111,1 

ccpep1,14eeK1-1x JepKan no 4eTb1peM l-1HTepcpeporpaMM8M, nonHOCTbtO 1-1cno11bJyt01.41,1111 

see A8HHble, 1,1 YK838Hbl OnTl-1M8IlbHble napaMeTpbl l,1JMepeH1-1111; 

6) pa3pa6oraH MaTeMam4eeK1-1111 anropi.1TM AilR Ka111-16poeK1,1 ecpep1,14eeKoro 

3epKana no TpeM 1-1HrnpcpeporpaMMaM 1,1 noKaJaHo, 4TO npeAnonaraewaRCR paHee Bbl

coKaR T04HOCTb 3TOrO MeTOA8 npaKTi.14eCKl,1 HeAOCTl,1)Kl,1M8; 

e) conocraeneHbl pa3111-14Hble cnoeo6b1 o6pa60TKl-1 Ha6opa l-1HTepcpeporpaMM 

OT OAHOIII noeepXHOCTl-1. AnR pa6orncnoeo6HOCT1,1 Hai.16011ee 8AeKB8THOro 38A84e Me

TOA8 "06061.4eHHOIII 1,1HTepcpeporpaMMbl" nocrpoeHbl 6831-1ebl C BblAeneHHblMl,1 cpyHK

l.ll-1RMl,1 HaCTpOIIIKl,1 AilR l.ll-1111-1HAPl-14eeKl,1X 1,1 ecpep1,14eCKl-1X 3epKan (B TOM 41,1cne 1,1 AilR 

aepKan C 1..1e_HTp8IlbHblM OTBepcri.1eM); 

r) nOK838H8 owi.1604HOCTb npeAJlO)KeHHOro paHee 'MeTOA8 BOCCT8HOBI1eHl-1R 

nosepxHOCTl,1 no l-1HTepcpeporpaMM8M OT He riepeKpblB8IOL4l-1XeR ee 48CTe111; 

3. Ha oeHOB8Hl,11,1 pac4eTOB C MOAeilbHblM wyMOM B ·1-1HTepcpepoMeTpl-14eCKl-1X 

A8HHblX AilR p83111,14HblX ceTOK 1,1 CTeneHel/1 nOill-1HOMOB annp0Kei.1Ma1..11-11-1 nony4eHbl Ha

Ae)KHble 01..1eHKl,1 Bbl3B8HHblX wyMOM owi.160K BOeCTaHOBileHl-151 noeepXHOCTelll 1-1 BKila-
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AOB a6eppa4vilii, HS06XOA"1Mble Aflfl peanbHblX 04eHOK T04HOCT"1 aneCTa41,11,1 1,1 Aflfl 

nnaHviposaHvtfl vt3MepeHvilii. 

4. Anfl. BOCCT8HOBDSH"1fl ASq>OpMa4vilii ccpepvt48CK"1X nosepxHoCTelii no MSTOAY 

rapTM8H8 nOK838HO, 4TO o6bl4Hble HST04HOCT"1 IOCTlllpOBKIII nplllBOAflT K HeyCTpaHIIIMblM 

CYU\SCTBSHHblM owvi6KaM B aneCTa4vi111. YKa3aH anropvtTM nony4eH"1fl 04eHOK T8K"1X 

ow11160K B KOHKPSTHblX cny4af!X. 

TaKVIM o6pa30M, C03A8H8 M8TSM8T"148CK8fl 6a3a Aflfl M8TSM8T"148CKOrO o6ec-

ne4SH"1fl B w111pOK"1X ycnOBlllflX BblCOKOT04HOlii aneCTa4111111 OCHOBHblX TlllnOB OnT"148CK"1X 

nosepxHoCTelii B rnaBHblX BIIIA8X "1HTepcpepoMeTp"148CKOro KOHTpOnfl. 

OcH0BHble 3a11.1vi11.1aeMbIe nono>1<emu1. 

C03A8HIIIS M8TeM8T"148CKOlii 68361 Aflfl M8TeM8T"148CKOro o6ecne4eHl/lfl B w111po

K"1X ycn0BVlflX BblCOKOT04HOlii aneCTa4v.1,1 OCHOBHblX Tvtn0B OnTlll48CK"1X nosepxHOCTelii 

B rnaBHblX B"1A8X IIIHTepcpepoMeTplll48CKOro KOHTpOnfl, a IIIMSHHO: 

1. MeTOA M8TSM8T"148CK0r0 p83AeneHl/lfl BKn8AOB B VIHTepcpeporpaMMY OT AS

cpopMa4vilii OnT"148CKOlii nosepXHOCTIII "1 OT HaCTpO!iiKIII 1113MepvtTeflbHOlii cxeMbl, vicnonb-

3YIOU\"11ii 6a3"1Cbl Ha KOHTpon111pyeMOlii nosepXHOCTIII vtnlll HS06XOA"1MYIO secosyio cpyHK-

41,110 B cpyHKL!VIOHane pa3AeneHl/lfl BKn8AOB. 

2. MaTeM8T"148CK"18 anroplllTMbl BblCOKOT04HOlii (-0,001 MKM) aneCTa41111,1 no 

vtHrnpcpeporpaMMaM HennocKvix nosepxHoCTelii c 6onbwolii yrnosolii anepTYpolii. 

3. AoKa3aTenbCTBO HSB03MO>KHOCT"1 0AH03H84HOro BblASDSHVlfl BKn8A8 H8-

CTpO!iiK"1 B IIIHTepcpeporpaMMY np111 111cnonb30B8H"1111 3T8DOHOB HenOAXOAflU\Slii cpopMbl. 

4. MaTeM8T"148CK"18 anropvtTMbl a6conlOTHOlii Kanvi6p0BK"1 nnoCKVIX 1,1 ccpep1,14e-

CK"1X nosepxHoCTelii no Ha6opaM IIIHTepcpeporpaMM. 

5. MeTOA "0606U1SHHOlii IIIHTepcpeporpaMMbl" aneCTa41,11,1 HennOCKVIX nosepxHO

CTelii C vicnODb30B8H"18M pa3pa60T8HHblX 6a3"1C0B C BblAeneHHblMVI cpyHK4"1flM"1 H8-

CTpO!iiK"1. 

6. AOK838TSflbCTBO Heo60CHOB8HHOCT"1 MSTOA0B aneCTa41,1111 nosepXHOCTVI no 

Ha6opaM VIHTepcpeporpaMM OT He nepeKpb1B8IOU\"1XCfl ee 48CTelii. 

7. O4eHK"1 T04HOCTIII aneCTa41,11,1 nosepxHoCTelii vi BKn8AOB a6eppa4vilii B 3asvi

cvtMOCT"1 OT wyMa B A8HHblX np111 pa3D"14Hb1X CSTK8X "1 CTeneHflX annpoKCVIMVIPYIOU\IIIX 

nonvtHOMOB. 
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