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A H H o T a u H H 

B pa6oTe naeTcH onHCSHHe nporpaMMbi o6pa6oTKH asTOMSTHO~ nneHKH Ha aneKTpoHHO~ 

Bbl'IHCnHTenbHO~ M8WHHe, H3naraJOTCH MeTOnbi crn8)!(HB8HHH KpHBblX npH llOMOI.l..\H llOnHHOMOB 

2-ro H 4-ro nopHnKOB, npennaraeTCH HOBbl~ MeTon llOHCKa COOTBeTCTBeHHblX TO'IeK. 



06pa60TKa 9KCnepHMeHTaJibHbiX .aaHHbiX Ha 9JleKTpOHHbiX Bbi'IHCJIHTeJibH.biX MaWHHaX B 

OYIHYI Ha'lanacb B 1957 ro.ay. 

nepBaSI nporpaMMa Ha MaWHHY *Ypan* ObiJla COCTaBJieHa n.KymoKHHOlt . 
> 

8 .llaJibHeltweM no 6onee paCWHpeHHbiM H YTO'IHeHHbiM aa.aaHHSIM OT !PH3HKOB-9KCnepHMeH

/5/ 
TaTOpOB Ob!JIH COCTaBJieH bl nporpaMMbl Ha MaWHHbl *CTpena* (A.TarHHUeBa, CM. ) H "KHeB" 

(n.He!Pe.abeBa, n.KymoKHHa, T.nyahiHHHa, r.TeHTIOKOBa, n.nenHJIOBa, n.3Hnb6ep). 

8 HacToS!wee speMSI npaKTH'IeCKH scSI o6pa6oTKa aKcnepHMeHTaJibHbiX .aaHHbiX, nonyqaeMbiX 

Ha nponaHOBOlt KaMepe J183, Be.lleTCSI Ha MaWHHe M-20, Ha KOTOpOlt CneuHaJibHO LlllSI 9TOlt aa

.aa'IH c.aenaH BBO.ll c nep!PoneHTbi , 

C Ha'laJia 1962 r'O.lla HCXOLlHbie .aaHHbie LlllSI MaTeMaTH'IeCKOlt 06pa60TKH nocTynaiOT Ha 

MaWHHY C npOCMOTpOBblX aBTOMaTOB, nporpaMMa o6pa60TKH 9KCnepHMeHTaJibHbiX .aaHHbiX COCTaB

JieHa B OCHOBHOM no aa.aaHHI0 1 H3JIO)f(eHHOMY B LlOKJia.lle E,H, Kna.aHHUKOlt Ha COBeWaHHH no 

121 
MeTOLlHKe o6pa6oTKH !PoTorpa¢Hlt, nonyqaeMbiX Ha nyabipbKOBbiX KaMepax (eM. ). O.aHaKo B 

npouecce pa60Tbl Hall nporpaMMOlt npHWJIOCb B HeCKOJlbKHX MeCTax yKJIOHHTbCSI OT 3a.llaHHSI, 

TaK, B CBSI3H C nJIOXOlt paOOTOlt nporpaMMbl no Cr'Jia)!(HBaHHIO KpHBOlt, HaMH ObiJI no.apOOHO HCCJie

LlOBaH BOnpoc 0 1'\b!Opoce nJIOXO H3MepeHHbiX TO'IeK (eM, § 2 H § 3), Mbl OCTaHOBHJIHCb Ha Bb!Opo• 

Ce TO'IeK no KpHBOlt 4-ro nOpS!.llKa, KaK HaHOOJiee nO.llXOLlS!Welt LlllSI .llaHHOlt aa.aa'IH, 

5biJia LlOOaBJielia cneuHaJibHaSI nporpaMMa BBO.lla HCXOLlHbiX .aaHHblX C nep!Pon.eHTbl C KOH-

TpOJieM npaBHJlbHOCTH BBO.lla, 

npH HaXO)!(.lleHHH COOTBeTCTBeHHbiX TO'IeK JIHHeltHaSI HHTepnOJISIUHSI 3aMeHeHa napa60JIH'IeCKOA 

C HCnOJib30BaHHeM CTaH.aapTHOA no.anporpaMMbl, 'ITO 3Ha'IHTeJibHO COKpaTHJIO BCIO nporpaMMy, 

YfMeiOTCSI H .llpyr'He, MeHee 3Ha'IHTeJibHhie I OTKJIOHeHHSI OT ynOMS!HyTOr'O aa.aaHHSI, 

§ 1 HaCTOS!WeA pa60Tbl noCBS!WeH onHCaHHIO nporpaMMbl Ha MaWHHy M-20 LlllSI o6pa60TKH 

x) 
9KCnepHMeHTaJibHblX .aaHHbiX, nOCTynaiOWHX C 1IpOCMOTpOBbiX aBTOMaTOB 

8 § 2 OnHCbiBaeTCSI nporpaMMa Bb!Opoca TO'IeK Ha nJIOCKOCTH no KpHBOA 4-ro nOpS!LlKa, 

8 § 3 paCCMaTpHBaeTCSI Bb!Opoc TO'IeK npH annpOKCHMaUHH npoeKUHH TpeKa napa60JIOlt 

2-ro nOpS!.llKa, a TaK)!(e npe.anaraeTCSI HOBbllt MeTOLl HaXO)!(.lleHHSI COOTBeTCTBeHHbiX TO'IeK. 

XOTSI MaTepHaJI § 3 He BKJliO'IeH B npol'paMMY, O.llHaK01 ero CO.llep)!(aHHe npe.acTaBJISieT 

MeTO.llH'IeCKHlt HHTepec H MO)!(eT HaATH npaKTH'IeCKOe OCyWeCTBJieHHe B LlPYr'HX nporpaMMaX 

o6paOOTKH 9KCnepHMeHTaJibHbiX .aaHHbiX, 

X 
OnHChiBaeMasr nporpaMMa c.aenaHa TaK*e H .ansr o6pa6oTKH .aaHHhiX Ha MaWHHe "KHes: 

YIMeiOTCSI sapHaHTbi aToll nporpaMMhi Ha MaWHHy M-20 H Ha MaWHHy "KHeB" .ansr o6pa6oTKH 

.aaHHbiX 1 IIOCTynSIOWHX C H3MepHT9JlbHblX MHKpOCKOnOB. 
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0TMeTRM 1 'ITO B COCTaBneHRR nporpaMMb! 1 OnRCb!Bae Mo l!: B § } , npHHRManR y'l aCTHe 

o. EnaroHpaBOBa, H.roBopyH, K • .LlaHRnOBa, KRM 3e nxeHb, J1.J1en~rnoBa, 1/l.CrrnRH, r. TeHTJQ

KOBa, illeHb 4yH Xya. PyKOBOLlRna COCTaBneHReM nporpaMMbl r. T eH TIOKOBa. C 'IRTaeM CBORM 

npRS!THbiM .aonroM no6naro.aapRTb E.Kna.aHRUKYJO R r .OcocKoBa 3 a n one3Hbre o6cy:>K.aeHRSI, 

§ I. On~rcaH~re nporpaMMbi o6pa60TKR aBTOMaTHOl!: nneHKR Ha 3neKTpOHHOl!: 

Bhi'IRCnRTenbHOl!: Maw~rHe M-20 

B 3TOM naparpa¢e yKa3aHbi nopS!LlOK pa3MeweHRSI ~rcxo.aHhiX .aaHHbiX Ha nneHKe, TRnhr 

06pa6aTbiBaeMbiX C06biTHl!: H .UaHO KpaTKOe OnHCBHHe nporpBMMbl o6pa60TKR aBTOMaTHOl!: nneHKH 

c 6noK-cxeMol!: ynpaBnSIJOWel!: nporpaMMbi, 

nopS!AOK pa3MeuteHRSI RHdJOpMaURR 

VfCXOLlHbie .aaHHbie LlnS! 3a.Ua'IH npo6RB810TCSI Ha KRHOneHTe aBTOMaTOM B cne.ayJOuteM 

nopR.aKe: 

1 Ka.ap: HOMep 30Hhi 3aHRMaeT pa3pR.dhr 1, 2, 3, 4, 5, 6, 7, 9, 10. MaKCHManbHbil!: 

HOMep 30Hbl 377, npH3HaK 30Hbl 3aHRMaeT 3 CTpOKJ B }1 LlOpO:>KKe, 

2 Kagp: HoMep nneHKH 3aHHMaeT c 25 no 36 pa3pS!Llhi ( N max = 999), HOMep co6hiTRSI -

c 13 no 24 pa3pS!Llbi ( Nmax =999). 06a HOMepa B LlBOH'IHo-.aeCSITH'IHOM Ko.ae. 

3 Kagp: 'IHCnO TpeKOB B C06b!THR 3aHHMaeT }, 2, 3, 5, 6, 7 pa3pS!Llbl B LlBOR'lHOM KOLle, 

4 Ka.ap: Sl'lel!:KH npH3HaKa nap II nwa ( H3nOMbi) 

13-16 pa3pRLlhi•( I) -hrl!: cne.a } 

17-20 pa3pS!Llhi·( I + J ) -hrl!: cne.a 
1 napa ( I, I+ J ) 

21-24 pa3pS!Llbi·(I + 2) -ol!: cne.a } 

25-28 pa3pS!LlhH I+ 3) -Hl!: cne.a 
2 napa ( I + 2, I + 3) 

29-32 pa3pS!Llhi-( I+ 4) - hrl!: cne.a } 

33-36 pa3pS!Llhi (I+ 5) -hrl!: cne.a 
3 napa (I +4, I +5) 

5 Ka.ap: nycTol!:. 

6 Kagp: Sl~el!:Ka npH3HaKa C06biTHl!: IIJ TRna ( R3nOM C BHnKol!:) 

21-24 pa3pS!Llhi-(/+3) -Hl!: cne.a 

13-16 pa3pS!Llhi- (/) -hrl!: cne.a } 

17-20 pa3pS!Llbi-( 1+2) -ol!: cne.a 1 co6brT~re (1,1+2, 1+3) 

25-28 pa3pR.ahr-( I+ 4) -hrl!: cne.a 

29-32 pa3pS!Llhi-..(/ + 6) -ol!: cne.a 

33-36 pa3pS!Llhi-(1+7) -ol!: cne.a 
} 2 C06biTHe (I+ 4, I + 6 , I + 1) 

7 Ka.ap: nycTol!:. 
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8 Ka.ap: gqeltKa npH3HaKa nap THna (BH1IKH) 

13-16 pa3pS!.Obi; :1p06HBaeTCSI :} 17-20 pa3pS!.Obi1 npo6HaaeTcSI 
1 BH11Ka (I, I + 1 ) 

J' 
npo6HaaeTcR (1, I) 

21-24 pa3pS!.Obll npo6HsaeTCSI 

:.2} 25-28 
2 BH11Ka (I+ 2, 1+3 ) npo6HsaeTCSI ( 1, I+ 2 ) 

pa3pSI.Obll npo6HBaeTCSI j 

29-32 pa3pS!.Obi1 npo6HaaeTCSI 

:+4} 33-36 
3 BH11Ka (I+ 4, I+ 5 np06HBaeTCSI ( 1, I + 4 ) . 

pa3pS!.Qbl.ll npo6HaaeTCSI J 

9 Ka.ap: nycTolt 

10- 12 Ka.apbi: penepHbie TO'lKH neaoro Ka.apa 

13- ( 20K+ 12) Ka.apbi: Koop.aHHaTbi TO'leK cne.aoa nesoro Ka.apa 

(20K+13)- (20K+15) Kagpbi: penepHbie TO'lKH npasoro Ka.apa 

(20K +16)- (40K +15) Kagpbi: Koop.aHHaTbi TO'leK cne.aoa npasoro Ka.apa 

(40K+16)- (40K +35) Kagpbi: nyCTbie 

Ha BCeX Ka.apax C KOOp.OHHaTaMH TO'leK cne.aa KOOp.OHHaTa Y 3aHHMaeT 1-18 pa3pS!.Obi, 

KOOp.QHHaTa X -21-38 pa3pS!.Obl, 

nPY1ME4AHY1H 

1. HoMepa cne.aoa ao acex gqeltKaX npH3HaKOa, a TaK)!{e ace KOOp.OHHaTbl TO'leK 3a.Qa!OTCSI 

a .aaOH'iHOM KO.Qe, 

2. Koop.aHHaTbi Ka)!{.aoro cne.aa 3aHHMaiOT Ha nep¢oneHTe acer.aa 19 Ka.apoa + o.aHH 

nycTolt. He.aocTarowee .no 20 'lHCno HeHyneabiX KOop.aHHaT .aononHSieTCSI nycTbiMH Ka.apaMH, 

KonH'leCTao cne.aoa a co6biTHH ~ 15, 4Hcno TO'leK Ha cne.ae B~n~ 19 . EcnH a pe3y1lbTa-

Te abi6poca ft OKa)!{eTCSI < 8 , TO Bbi.aaeTCSI cneuHa1lbHBilt npH3HaK KO.pOTKOrO cne.aa H 9TOT 

cne.a He 06C'iHTbJaaeTCSI, npH ab!6poce 1-olt TO'iKH cne.aa TaK)!{e abi,aaeTCSI CneuHa1lbHbllt npH3-

HaK, npH OTCyTcTaHH 1-lt TO'lKH nepaoro cne.aa H1IH a cnyqae KopoTKoro nepaoro cne.aa ace 

C06biTHe He C'iHTaeTCSI, Ha neqaTb abi,aaeTCSI HOMep TI1l8HKH 1 HOMep C06biTHSI H yC1IOBHbllt npH3-

HaK: 999999999. 

nporpaMMa MO)!{eT o6pa6aTbJaaTb 4 THna C06biTHlt, 

1. 3ae3.aa. 4Hcno nyqelt + nepBH'lHbilt cne.a ,~ 15. 

npHHa.ane)!{H OCTb I -ro nyqa 3Be3.ae onpe.aenSieTCSI 

nporpaMMHbiM nyTeM, 

PHc. 1. 

EcnH 
q 2. • 

(X I- X I) + ( y I - y I ) + ( % I - %I r <0 04 
I I I I I I -I I 

r.ae I I 1.. 1 " 1 X I 1 y
1 1 Z I KOOp.QHHaThl· -on TO'iKH -ro cne.aa, 

xl yl zl- KOpp.aHHaThi 1 ;..olt TO'iKH -ro cne.aa, 
I' I I 1 
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TO -ThiA cnen npHHanne)!{HT 3Be3ne. EcnH 1-aH TO'!Ka -Toro c nena oKa3hiBaeTCSI Bhi-

6poweHHo.A, To npHHanne)!{HOCTb 3Be3ne onpenenHeTC H no 2-olt TO'!Ke. nocne y cTaHoaneHHSI npH-

Hanne)!{HOCTH i -Toro cnena 3B 33ne a Ka'!ecTa e 1-olt TO'!KH 3Toro cn ena 6epeTcSI 1-aSI TO'!Ka 

!-oro cnena. 

2. BHnKa. 4Hcno BHnoK ~ 3. 

\4 _L 
\,... L•4 

~I '~·43 
\.~! . 

L+2 

PHC. 2. 

3. Yf3nOM. 4HCnO H3nOMOB <- 3. 

PHc. 3. 

npH3H8K BHnKH npo6HB8eTCSI B 8 Kanpe B BHne: 

(J,i); (1, i+2);(1,i+4l EcnH onHH H3 cnenoa, o6pa3yiO-

WHX BHnKy, KOpOTKHH HnH OTCyTCTBYIOT 1-e TO'!KH 060HX 

cnenoa, TO BHnKa He C'!HT8eTCSI. Ha neqaTb B 3TOM 

cny'!ae BhillaiOTCSI HynH. EcnH OTCYTCTByeT !-aS! TO'!K8 

OllHOrO H3 cnenoB, TO eMy npHCB8HB8eTCSI B Ka'!eCTBe 

1-o.A TO'!KH 1-aSI TO'!Ka npyroro cn-ena. 

npli3H8K H3nOM8 npo6HB8eTCSI B 4-oM Kanpe B BHne: 

( i, ; + 1 ); ( ; + 2, ; + 3 ) ; ( ; + 4 , ; + 5 j . 

EcnH onHH H3 cnenoa, o6pa3yiOWHX H3noM, KopoTKHA 1 HnH 

Bb!6poWeHa TO'!K8 B38HMOlleHCTBHSI 060HX CnenoB, TO 

H3nOM He C'!HT8<1!!TCSI , H8 ne'!8Tb Bhlll8IOTCSI HynH, npH 
... 

Bb!6poce TO'!KH B38HMOneHCTBHSI TOnbKO Hll OllHOM H3 

cnenoa 3Ta TO'!Ka 6epeTCSI H3 npyroro cnena. 

4. Co6hiTHSI 111 THna ( H3noM c BHnKo.A). 4Hcno co6biTHA ~ 2. 

' ;. .. ., 
~ 

' . rl•3 
V2. 
PHc. 4. 

HyMepauHSI cnenoa. 

npli3H8K 38DHChiB8eTCSI B 6-oM Kanpe B BHne: ( i, j + 2, i+J), 

YcnoBHSI B03MO)!{HOCTH nnSI c'!eTa np!i' Bhi6poce TO'!KH 

B38HMOne.ACTBHSI Hnli KOpOTKHX cnenaX· Te )!{e, 'ITO If B 

cny'!ae BHnKH nnSI ( i + 2) H ( i + 3 ) cnenoa, H B cny-

qae H3noMa nnSI ( i ) , ( i + 7 ) cnenoa. npir'!eM, ecnH 

H3nOM He MO)!{eT 6b!Tb COC'!HT8H 1 TO BHnK8 TO)!{e He 

C'!HT8eTCSI, 

J]nSI 3Be3nhi HyMepauHSI cnenoa npOH3BOnbHaSI. Cnenhi, o6pa3yiOwHe npyrolt THn co6biTHSI 

(aHnKa, H3noM, H3noM c BHnKoA) HMeiOT nocnenoaaTenbHhie HOMepa, npH'IeM ace cnenhi, OTHo

CSIWHecSI K ll8HHOMY THny C06b!THSI, HyMepyiOTCSI nonpSin. nocnenOB8TenbHOCTb caMHX THDOB co-

6b!THH 6e3p83nH'!H8, HanpHMep, C06biTHe COCTOHT H3 15 cnenoa: nepBH'!HbiH, 2 BHnKH, 1 H3nOM, 

2 H3nOM8 C BHnKOlt, 

J]onycTHMhi cnenyiOLUHe aapHaHThi HyMepauHH cnenoa: 
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l. BHnKH: 2,3 H 4,5 

Vl'anoMbi: 6, 7 

VfanOMbl C BHnK8MH: 8, 9, 10, 11; 12, 13, 14, 15. 

2. BHnKH: 4,5; 6,7 

Vl'anoM: 2,3 

VfanOMbl C BHnK8MH: 8,9,10,11~ 12, 13, 14, 15. 

3. BHnKH: 10, 11; 12, 13 

Vl'anoM: 14, 15 

VfanOMbl C BHnK8MH: 2,3,4,5; 6,7,8,9, 

4. BHnKH: 12, 13, 15 

5. Vl'anoM: 10, 11 

VfanOMbl C BHnKSMH: 2,3,5; 6,7,8,9. 

nporp8MM8 o6pa60TKH BKnJO'l89T B ce6SI 9 nporp8MM, 

nPOrPAMMA M 1 

nporp8MM8 BBO.ll8 C nneHKH 

nporp8MM8 BBO.llHT HCXO.llHbl9 .ll8HHble, H86HTbl9 H8 nepcponeHTe, 

MaTepHan BBO.llHTCSI no 30H8M, npH'19M BBO.ll npOHCXO.llHT no B03p8CT810ll{HM, HOMepaM 

O.llHOA '19THOCTH,nocne 06C'l9T8 BC9X 30H O.llHOA '19THOCTH nporpaMMOA npe.aycMOTpeHa CM9H8 

'leTHOCTH aoH. HoMepa aoH Ha nneHKe .aon)KHbi 6biTb npo6HThi B nopH.aKe soapacTaHHH, npH aToM 

H8HM9HblltHA HOMep H HenocpeJJCTB9HHO cne.ayJOlltHA 38 HHM, .llOn)KHbl OTnH'l8TbCH He 60nbW9, 

'19M Ha 9JlHHHUy; NJ max- N3 min <0037 8 • r.ae NJ 03H8'189T HOMep 30Hbl, npH HapyweHHH nocne.a-. 

Hero ycnOBHH npe.aycMOTpeHa OCT8HOBK8 . 

BBO.ll npOH3BO.llHTCH C KOHTpOneM, npH TpOAHOM H9COBn8JJ9HHH KOHTpOnbHbiX CyMM K8KoA

nH60 30Hbl HOMep 3TOA 30Hbl Bbl.ll89TCH Ha ne'l8Tb, 

nocne o6cqeTa scex aoH Ha nneHKe npe.aycMoTpeHa cneuHanbHaH ocTaHOBKa, 

no npH3H8KY ( 1 B 24 p83pH.ll9 Ll3Yl) B9Cb M8T9pHan C nepcponeHTbl aanHCbiB89TCH H8 Mar-

HHTHy!O neHTY ( C KOHTpOneM) H 38T9M HCXO.llHble .ll8HHbl9 H8 C'l9T nO.ll810TCH C MarHHTHOA 

neHThi. 

nPOrPAMMA N!? 2 

npoHaBO.llHT aHanHa Ha Bbi6poc co6biTHH B uenoM HnH oT.aenbHoro cne.aa. EcnH co6biTHe 

npo6HTO H8B9pHO, TO .aaeTCSI cneuHanbHbiA npH3H8K ( 1 B 41 paapH.ll9) • npH HanH'IHH 3TOrO npH

aHaKa BB9.ll9HH8SI 30H8 He C'IHT89TCH, Ha ne'l8Tb Bbl.ll89TCH HOMep nneHKH, HOMep C06biTHH H 

cneuHanbHhiA npHaHaK: 001 001 001. 

EcnH H9B9pHO H3MepeH cne.a ( H8 neB OM HnH npaBOM K8Jlp9), TO npo6HB89TCH 1 B 40 paa

pH.lle n106oro Ha 19 Ka.apos aToro cne.aa. npH HanH'IHH aToro npHaHaKa HHcpopMaUHH o cne.ae 

386biB89TCH, . 
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I" 

KonH'leCTBO sepHbiX H HesepHbiX cne.aos He .aon)KHO rrpeBbiW8Tb o6wero KOnH'! e CTBa .ao

rrycTHMbiX (15). 

nPOrPAMMA N2 Z 

Pa3MewaeT K00p.OHH8Tbl perrepHbiX TO'!eK B SI'IeitK8X Il8MSITI1 M8WHHbl B COOTBeTCTBHH C 

IIp8BHnOM 38IIHCH 'IHCen C IIn8B8IOWeit 38IISITOit H C'!HT8eT BenH'IHHbl 1, CBSI38HHbie C perrepHbiMI1 

TO'!K8MH 1 He06X0.0HMbie ,anSI rrpeo6pa30B8HHSI HCXO.OHbiX .08HHbiX B CHCTeMy K00p.011H8T C H8'!8nOM 

B TO'!Ke S 

nPOrPAMMA N2 3 

06pa6aThlB8eT K00p.OHH8Thl TO'!eK TpeKa H8 IIp8BOM H neBO M K8.apax, 8H8nOI"'H'IHO KOOp.OHHa-

T8M perrepHhlX TO'!eK, C'!HT8eT KOnH'!eCTBO TO'!eK H8 IIp8BOM H neBOM K8.0p8X 1 IIpH'!eM CnyqaitHO 

IIp06HThle HynH Bhl6p8ChlB8IOTCSI. 3aTeM IIpOHCXO.OHT C'!eT COOTBeTCTBe HHhlX TO'!eK 11 IIpOCTpaH

CTBBHHhlX K00p.011H8T. 

8bi.Q8eT Ha rre'!8Tb: 

l. Koop.OHH8Tbl perrepHbiX TO'!eK H K00p.011H8Tbl TpeKa H8 np8BOM H neBOM CHHMK8X . 

2. n pOCTp8HCTBeHHbie K00p.OHH8Tbl TO'!eK TpeKa. 

nPOrPAMMA N2 4 

npoH3BO.QHT Bbi6pOC TO'!eK B npOCTp8HCTBe, C'!I1T8eT KOnH'!e CTBO OC T8BWHXCSI TO'! e K; B 

cnyqae Bbi6poca rrepsoit HnH rrocne.aHeit TO'IKH TpeKa Bbi.aaeT crreu11anbHbie npa3H8KH; 

nSieT IIpHHB.One)KHOCTb TpeKa K 3Be3.ae. 

onpe.ae-

Bw.aaeT H8 IIe'!8Tb Ta6nHUY H3nOMOB 1 Ta6nHUy Bhl6pOCOB 11 OKOH'!8TenbHhle npOCTp8HCTBeH

Hhle K00p.OHH8Thl. 

nPOrPAMMA N2 5 

npoeKUHSI cne.aa Ha rrnocKOCTb xy arrrrpoKCHMHpyeTCSI rrapa6onoit. C'!HTBIOTCSI ace Tpe6ye

Mbie BenH'IHHbl ,anSI OT.Q e nbHOr'O TpeKa. Pe3ynbT8Tbl 38HOCSITCSI B II8MSITb M8WI1Hbl H Bbi.08IOTCSI 

Ha neqaTb. 

nPOrPAMMA N2 6 

C'!HTaeT 3Be3.ay. P e3ynbT8Tbi Bbi.aaeT Ha rreqaTb. 
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nPOrPAMMA N2 7 

C'IHT8eT BHllKY, H3110M, H3110M C BHllKOlt, nony'IBIOUlHeCSI npH C'leTe BHllKH HCXOLlHbie 

aaHHbie LlllSI apyrHx nporpaMM aanHCbiBBIOTCSI B naMS!Tb, Bee peaynbTBTbi BbiLlBeT Ha ne'laTb . 

nPOrPAMMA N2 8 

YnpaBllSI!OlllBSI nporpaMMa 

(:::M, 6noK-cXeMy; B 6noK-cXeMe He OTpa)KeH LlBOltHOlt npocqeT, HMeiOUlHltCS! B nporpBMMe), 

OpraHH38UHSI LlBOAHoro npoc'leTa, 

JlBOltHolt npOC'leT ynpaBllSieTCSI pa3pSI.UOM 2 Sl'leAKH 7771. npH OTCyTCTBHH npH3H8K8 LlBO.A-

HOrO npOC'leTa K8)1(Ll8SI ne'l8Tb npOH3BOLlHTCSI 06bi'IHbiM nopS!LlKOM, 

EcnH ecTb npHaHaK LlBOltHoro npocqeTa, TO npH nepBoM npoc'leTe BbiLlB'IH Ha ne'laTb HeT, 

8MeCTO neqaTH npOH3BOLlHTCSI KOHTpOllbHOe CYMMHpOB8HHe M8TepH8118 0 BbiL18B8eMoro H8 ne'l8Tb; 

CyMMbl 38llOMHHSIOTCSI B Sl'l, 7001-7037, npH BTOpOM npOC'leTe BHOBb npOH3BOLlHTCSI KOHTpOllb

HOe CyMM!ipOB8HHe TOrO )Ke M8TepH8118 H cpaBHeHHe C paHee llOlly'leHHOlt COOTBeTCTBYIOWeA 

cyMMOA. npH COBll8LleHHH cyMM npOH3BOLlHTCSI ne'l8Tb H Ll81lbHeAwHA C'leT. EcnH K8K8SI-11H60 

KOHTp011bH8SI CYMM8 He COBll8118 C paHee COC'IHT8HHOlt, TO C'leT H8'1HH8eTCSI CH8'18118 0 HO llOBTop

HOlt ne'l8TH np8BH1lbHO COC'IHT8HHOrO M8TepH8118 He npOH3BOLlHTCSI, 

YnpaBneHHe neqaTbiO H LlBOAHbiM npocqeTOM c nyllbTa, 

flq, 7771: paapSILl 1 ynpaBnsteT BbiLlB'leA nporpaMMbi N!! 4 

p83pSILl 2 ynp8B11SieT LlBOltHbiM npOC'leTOM 

pa3pSILl 3 ynp8BllS!eT Bb!Ll8'lelt nporp8MMbl N2 9 

paapSILl 4 ynpaBnsteT BbiLlB'leA nporpaMMbi N!! 3 
( KOOPL1HH8Tbl H8 llllOCKOCTH) 

paapSILl 5 ynpaBnsteT BbiLlB'leA nporpaMMbi N9 3 
(npocTpaHcTBeHHhle KOOPLlHHBThl) 

pa3pSILl 24 ynp8B11SieT pa6oTolt C M8rHHTHOA 

neHTOlt npH BBOLle HCXOLlHhlX L18HHhlX 

nPOrPAMMA 

0 

1 
0 

0 
1 

0 
1 

0 
1 

1 
0 

HeT Bb!Ll8'1H 

eCTb Bb!Ll8'18 

L1B8 npOC'leTa 

OLlHH npocqeT 

HeT Bb!Ll8'1H 

ecTb Bbi~aqa 

HeT Bb!Ll8'1H 

eCTb Bb!Ll8'18 

HeT BbiL18'1H 

eCTb Bb!Ll8'18 

pa6oTa BBOL18 c M8rH,lleHTOlt 

pa6oTa BBOL18 6e3 M8rH,lleHTblo 

npoH3BOLlHT Bbi6pOC TO'leK H8 llllOCKOCTH, noapo6HOe OllHC8HHe 9TOlt nporp8MMbl 

CM, B § 2, 
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0012 
0013 
0014 

0015 

PACIIPE.llEJIEIIKE IIAWlT H 

)i! 30Hii 
)i! nneHKH J C001iTHH 

liHCno TpeKOB 

npH3HaK H3nOMOB 

0023 
0024 

•••• 
1160 

xpaHHTCH 
pe3ynbTaTH 
5-oA nporp. 

0016 0 

0017 

0020 

002! 

0022 

0023 
0024 
0025 

~~~} 
1!60 

1161 } 

i~;i 

~~~~ 1 
I44IJ 

141•2 
1443 
I 1•41• 
1445 
1446 

npH3HaK BHnOK 

0 

npH3HaK H3nOMOB C BHnKaMH 

0 

~} At8614!- penepHII"-
5 rot~ . ,.. 
KOOp~HHaTii TOlleK TpeKa 
neslie; npaBHe penepHHe; 
npa.Biie 

l 

npOCTpaHCTBeHHiie KOOpAHHaTii 

rpeKa: =cfJ... , Xc ; 

~ J 0 0 0 I 'jc. ; ~f 1° 
0 0 

I ~I( ' 

paOOliHe HlleAKH 

HCXO~Hiie 
.n;aHHble 
.n.nH 
C001iTHH 

0 00 ~ 0 0 liHcno TOlleK B TpeKe 

0 00 ./(" 0 0 liHcno TpeKOB 

0 00 24.1/ 0 0 
0 00 H· 

' 0 0 HOMep reKymero TpeKa 

HOMep TpeKa B CHCTeMe nnasanmeA 3anHToA 
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{
0 00 0000 0000 0000 - H8T 3B83~~ 

1447 npH3HaK 3B83~~ () 00 0000 0000 000! - 8CTb 3B83~a 

1450 npH3HaK HanH4HH nocne~He« TQqKH{! 00 0 0 0 -eCTb K-TaH T04Ka 
-10 00 0 0 0- H8T K-TOR T04KH 

145!} 
•••• KOHCTaHT~, CBH3aHH~e C penepH~MH T04KaMH 
1460 

!46! 0 00 000! 0001 
pa6ota c 
MarHHTHOR 
neHTOR 

1462 0 00 ~· f 0 0 

!III 

11
1 ne4aT& npor.p. ~ 4 

_ ..._ ___ o~HH npocqeT 
..._ ___ BH~aqa nporp. ~ 9 
----- B~~aqa nporp. Jt 3 (Hex. ~aHH~e 

Ha nnOCKOCTH) 

~------------neqaTh npOCTpaHCTB8HHHX KOOp
~HHaT. 

!463 npH3HaK 

1464} 

HanH4HH l-oR T04KH (aHanorH4HO !450) 

•••• pa6o4He 
1477 

H4eRKH ~nH Cll-110. (CII-110 - nporpauMa ne4aTH). 

1650 nporpaM»a » 2' 1500} 

2427} 
21~77 pa6o4He H4eRKH nporpaw~ ~ 9 

3141} 
3177 neqaTb nporpaMM~ ~ 9 

b 

3436} 
3477 CB060~H~ 

4021} 4077 CB060~H~ 

4400 1 pa6o4He HlleRKH nporpawu ~ 4 
4477 I 
56!7 } CB060~HH 
6077 

12 

!65!} 
2426 nporpaMMa ~ 3 

2500} 
3JL•O nporpaMMa i 5 

.3200 
3435 } nporpaMMa ~ 6 

3500} 
4020 nporpaMMa ~ 4 

4100 } nporpaMMa ~ 9 
4377 

4500 } nporpaMMa ~ 7 
5616 

6!00} nporpaMMa ~I 
6247 



6250} 
6315 nporpaMMa ~ 2 

7000 
7001 
.... KOHTpORbH~e CYMMU 

. 7037 

7040 C4eT4HK 4HCna npOC4eTOB 
7041 C49T4HK ~ I 
7042 C40T4HK ~ 2 
Pado4ee none c 7200. 

6330} ' 
6772 ynpaBnsunuaH nporpaMMa(~~ 

PACIT.PE~EHEHHE llAMHTM HA EAPAEAHAX 

BAPAEAH 1e I. 

Ha KeCTax C 1500 UO 6775 HaxO~TCH BCH UporpauMa O~HHM MaCCHBOK, 

EAPAEAH le 2. 

Ha MecTax C I300 UO 1406 HaxO~HTCH KOHTpOnhHHe CYMMH BBO~Moro Ka

TepHana H pa6oque aqe~KH uporpaMMH t I. 

Ha KeCTaX C 0012 no 1I60 paaMe~aDTCH HCXO~~e ~aHHHe O~HOrO C06~TMH, 

BAPAEAH 1f! 3, 

Ha 6apa6aHe re 3 aanucaHa HHTepupeTHpym~aa CHCTeMa (MC), 
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I. npHsH.np.(5) 
2 .• ~ Tpexa 
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4. Co:J f /I,Ltf 

5. Sin <f . 
6. 4/J., 
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I2. 
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36. dfJ~. 
-s1. dA~~ 

B~~qA HA ITEqATb 

nporp. re 6 
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npHSH.np.(6) 

Co:J e.,i 
Sin cl?i 
C0:1 r./J.,.i 
"c a:/ e.,, 

P/ 
t'/ 

• 
m~. 

BHJIKa 

4 
N! BHJIIm 

~8 
.u~ 
712A4 

7l-'4 

Co.tf 
o{. i,,18) 
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HSJIOM HSJIOK C BHJIKOJ 

5 6 
~ H3JIOKa N! H3JIOMa C BHJIK. 

CoJJ ;;;1;8 oL (i., l•f} &8 
4C'aJ /7ZA4 

~;( (;;~ 
d. (~i.--.z.) 

4 c():J 
ni c(}j} 

d.. (.l~i.~3) 

4Wl 
~}(i-~-'8) 

JCoi 
rr 
!/ 

• m;. \m-=g3'1 
" 'lli 

tJfi 
. -tJ 7fli. 

~) '·~·) &td' (Ojj 
cL {-14,1) 

J1WJ 
Swr, t i., i .. f 
pf 

J. pi.,.., 
/3,a 
~~ , .... 
'ij i,i,
Sfn.cp 
Co:!¢ 
L'l{, 
LxL 
Lv 
L~ 
L~ 

PHc. 6. 
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§ 2. Bbi6t>l,oc TO'IeK no KpHaol!: 4-ro rropSI.llKa 

' 

Haw OIIbiT o6C'IeTa TpeKOB IIOKa3an, 'ITO Bbi6pOC TO'IeK uenecoo5pa3HO IIpOH3BO.llHTb 

ewe .ao rronyqeHHSI rrpocTpaHCTBeHHhlX Koop.aHHaT - cpa3y rrocne aao.aa 'IHCnoaoro MaTepHana 

.anSI rrpaaoro H .anSI neaoro Ka.apa. npH 3TOM nnoxHe TO'IKH He yqacTByJOT B .aanbHel!:wHx orre-

paUHSIX H He CMOryT npHBeCTH K aBOCTaM H K yxy .llilleHHIO pe3ynbTaTa. 

Yf305pa)!(eHHSI TpeKa Ha rrpaB OM H neBOM Ka.apax arrrrpOKCHMHpy!OTCSI KpHBOl!: 'leTBepTOrO 

IIOpSI.llKa H TO'IKH 1 rrnoxo no)!(aWHeCSI Ha 3TY KpHBYIO, Bhi6paCbiBaJOTCSI. C'!eT IIOKa3an, 'ITO 

Bhi5poc c KpHBOl!: qeTaepToro rropSI.aKa pa5oTaeT xopowo. 

0IIHCaHHe MeTO.lla H rrporpaMMbl Bb!6poca 

nporpaMMa COCTOHT H3 .llBYX 5nOKOB. 

1. EnoK. OH npoH3BO.llHT: 

a) npoBe,lleHHe qepe3 CHCTeMy 3a.llaHHbiX TO'IeK npSIMOl!: no MeTo.lly 

HaHMeHbWHX KBa.apaToB. KoscpcpHuHeHThi a 1 H a 2 HaXO.llSITCSI H3 ycnOBHl!: MHHHMyMa cpyHKUHO-

Han a n 2 

cl> = ~ ( y I - a I X I - a2 ) 
I= I 

= (J' 
a a 1 

HMeJOWHX BH.ll anre5paH'IeCKHX ypaBHeHHl!:: 

n 

= ~ y 
I= I I 

0' 

5) npeo6pa30BaHHe CHCTeMbl KOOp.llHHaT IIO cpOpMynaM: 

+ 

n n 

x' --~-- + a,y 
vi~ y1+ af 

_ J __ ( a 1 ~ y
1 

+ ~ x
1

) 

ny1+ a~ 1=1 1=1 

I 
3.lleCb B Ka'leCTBe OCH X 5epeTCSI IIpSIMaSI, IIpOBe.lleHHaSI qepe3 3a.llaHHhie TO'IKH no MeTO.lly 

HaHMeH billHX KBa.apaTOB. 

II pnoK 

8 3TOM 5nOKe IIpOH3BO.llHTCSI IIpOBe.aeHHe B HOBOl!: CHCTeMe KOOp.llHHBT KpHBOl!: 4-ro IIOpSI.ll

Ka IIO MeTO .lly HaHMeHbillHX KBa,llpaTOB, a TaK)!(e C'IHTaeTCSI 3Ha'leHHe cpyHKUHOHana. YfMeeTCSI 

B03MO)!(HOCTb IIony'IHTb :OTKnOHeHHSI Ka)!(,llOl!: TO'IKH OT rronyqeHHOl!: KpHBOl!:. EnoK B CBOIO O'lepe.llb 

no.apa3 aenSieTCSI Ha cne.ayrowHe qacTH: 

a) Bbi6op caM oro 6onbworo "' X, a~ & H caMoro Manoro x, 1n = a 'IHCen C pe.llH X I 

a+ b 2 
-2-' ---o:.~>--

.anSI rrocne.ayrowero rrpeo6pa3oBaHHSI oTpe3Ka H 3arOTOBKa KOHCTaHT 

[ a, b J K [-1, + 1] rro cpopMyne 

x" 
2 

(X ' a + lJ 
b- a 2 
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5) 3arOTOBK8 KOacpqlHI.tHeHTOB M8TpHI.tbl anre5p8H"!eCKOA CHCTeMbl LlnH H8X0)1{Ll e HHH KpHBOH 

"!eTBepToro 110pHLlK8 110 M e TOLlY H8HMeHblliHX KB8Llp8TOB, K pHBYIO rrpeLlC T8BnHeM B B HLle: 

4 

y' =I 
I k=O 

ak pk ( x" 
I ) ' 

rae P,. ( x") - rronHHOMbi ne)I{8HLlpa. BcneacTBHe Hx opToroHan bHOCTH H a oTpe3Ke ( -1 1 + l) 

rrony qaeM8H anre5paH"!eCK8H CHCTeMa: 

II a ,.e II ; ;; ( l ) 

Bceraa 5yaeT xopol.llo p el.llaTbCH, CHcTeMa ( 1) rronyqaeTCH H3 ycnoBHA MHHHMyMa cj:lyHKI.tHOHana 

<I> = i, ( y 1 
- f a I< PI< ( x ~~ )) 

2
• 

I= 1 I I<= 0 

3neMeH T 8MH M8TpHI.tbl H BeKTOpOB ( 1) 5yLlyT: 

n aLe = I p ()(II ) p n ( x" ) ' 
" I= 1 It I L I 

a CJ ,_ ( n n 
, b ... = I y I p (X ~I) 

1=1 It Ill 

B) n o ny"!eHHe pel.ll eHH H CHCTeM.bl H H8XO)I{LleHHe LlHCI1epcHH 

(1 

r Lle <IJ O - 3H8"!eHHe MHHHMYM8 cpyHKllHOH8n8, 

v <1>0 
n -5 

Pa5oTa rrporpaMMbi 

CHaqana pa5oTaeT 5noK I 1 3aTeM 5noK II , YrrpasnHIOI.liBH "'BCTb rrporpaMMbi rrpoH3BOLlHT 

cpaBHeHHe rronyqeHHoA LlHcrrepcHH c 38Ll8HHOA u • EcnH 
:3T 

u -u>O 
:3T 

(2) 

TO C"'HT8eTCH 1 "'TO rrnOXHX TO"!eK HeT H 11pOHCXOLlHT BbiXOLl H3 rrporpBMMbl, EcnH )l{e OK8)1{eTCH 1 

"'TO Q. - C1 < 0 1 TO rrporp8MM8 11pH 110MOWH 5nOK8 Il H8XOLlHT cpeLlH BCeX TO"!eK T8KYIO TO"'KY 1 

aT 
OTKnOHeHHe KOTOpOH 5yaeT H8H50JiblliHM 1 H LlBnee Bb!5p8CbiB8eT :3TY TO"!Ky, nocne Bb!5poca OLl-

HOH TO"'KH BCe H8"1HH8eTCH CH8"18n8 1 T,e, 11pOBO.z::!.HTCH 11pHM8H ( 5JIOK 1) t H8XOLlHTCH HOBOe (1 

(5noK II ) H rrpOH3BOLlHTCH CHOBa rrpoBepKa. Bbt5poc TO"!eK 6yaeT rrpoHCXOLlHTb ao Tex rrop 1 rroKa 

He 5yLleT Bbll10nHeHO ycnOBHe TO"'HOCTH HJIH :>Ke TO"!eK OCT8HeTCH MeHbl.lle BOCbMH, 

§ 3. Bbt5poc TO"!eK no rrapa5one 2-ro rropHLlKB, Haxo)l{aeHHe 

COOTBeTCTBeHHWX TO"!eK 

8 :3TOM naparpacpe 110Llp05HO p8CCM8TpHB8eTCH 81111pOKCHM8llHH CHHMKOB TpeK8 rrapa5onOH 1 

Bbi5poC 11JIOX~ H3MepeHHbiX TO"!eK ( OTLlenbHO H8 neB OM H 11p8BOM K8Llp8X) H Ll8eTCH HBrJIHLlHO 

reoMeTpH"!eCKHA MeTOLl H8X0)1{LleHHH COOT~eTCTBeHHbiX TO"!eK, 

1. ArrrrpOKCHM8I.tHH CHHMK8 TpeKa 118p850JIOH H Bbt5poc TO"!eK 

/2/ 
n ocne rrepexoaa K KOOpLlHHaTaM ( x 

1 
, y' Jr I = 7,2, .. , N ) ( CM. 1 CTp, 6) 

I 0 I 

rronyqeaayiO cepHIO TO"!eK arrrrpoKCHMHpyeM rrpH rroMOWH rrapa5onbi, Bo3MO:>KHbi asa cnyqag, 
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1-hl~ cnyq8~. Kora8 BhlnonHHeTcH y c nosHe 

I y' 
N 

y' 
I 

< I x' - x' I . 
N I 

B 9TOM c nyq8e q e p e3 T OqKH (X, y, )) ( i = 1121 ••• I N ) 
I I I 

y = Ax + B. 

nposoaHM npHMyJO 

Ko9cpqmuHeHTbi A H B H8xoaHM no MeToay H8HMeHbWHX KB8ap8TOB: Bbip8:>KeHH e 

N 

w ~ (y' 
I= I I 

-Ax' -8) 1 

I 

npHHHM8eT H8HMeHbWee 3H8qeHHe npH BbiDOnHeHHH ycnOBH~: 

aw 0 
a A 

P ew8H CHCTeMy yp8BHeHH~ ( 1 ) , nonyqHM 

aw = 0 . 
an 

rae 

npRMYIO y = Ax+ IJ 

A 

t\ 

!:1' 

0 

N N N 
tl ~ x' ' - ~ x' '5.: ' 

I = I I yl I= I I I= !1 
~~'-----'~---~--

/">, • 

PHc, 7. 

* 

N 

~ x' 
I=I I 

npHHHM8eM 38 OCb Ox H OBOH CHCTeMbl KoopaHH8T x*O*y * . npH 

9 TOM 38 HOBO<:! H8q8nO K OOpaHH8T npHHHM8eM TOqKy 0 *(X 
1 

y ) , rae 
0 0 

2 

17 
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Yron nosopoTa onpe~enHeM no ¢opMynaM 

sin cp 

c:os cp 

A 

tv'1+A'" 

1 
t~7 

npnqeM npH Bhl6ope 3H8KOB nepea KB8~paTHhlMH KOpHHMH pyKOBO~CTByeMCH npasnnoM: . 

sign (sin cp) • sign(y' - y' ) >0 
N 1 

T,e. aHaK sin cp ~on)l{eH cosna~aTb co aHaKOM paaH ocTH (y' - y' 
N 1 

• AHanornqHo 

sign ( c:os cp) • sign ( x' - x' ) > 0 , 
N 1 

T,e, 3H8K C:OS cp ( . . 
~On)l{eH COBIT8~8Tb CO 3H8KOM pa3HOCTH X N - X 1 

(2) 

(3) 

3aMeqaHn e : npn yKaaaHHOM Bbi6ope sin cp n c:oscp 

MIA 

nonO)I{HTenbHOe HanpasneHne ocn 0 x* 

npn6nn)l{eHHO cosna~aeT c HanpasneHneM seKTopa 1 N 
r~e 

(Pnc. 7). M (x' 
1 1 

' y; ) ' M N (x~ • , YN 

nepexo~HM K Hosoa CHCTeMe K00p~HH8T X*O*Y* no ¢opMynaM: 

X* = ( X 0 
- X ) C:OS cp + ( y ' - y ) sin cp 1 

I I 0 I 0 

y * =- ( x' - x ) sin cp + ( y' - y ) c:os cp • 
I I 0 I 0 

4epea ToqKH ( x * , y * ) , (I = 1,2, ••• , N ) nposo~HM napa6ony 
I I 

y * = a (X*) 2 + b X* + C: • 

(4) 

(5) 

4Hcna a , b H C: onpe~enHJOTCH no M9TO~Y H8HM9HbWHX KB8~p8TOB: MHHHMYM Bb!p8)1{9HHH 

N f lf. :a, 2 W = I y* - ftfx* - bx* - c:J 
I"' 1 I \' I I 

~OCTHraeTCH npH Bb!ITOnHeHHH ycnosna: 

a w ., o, 
a a 

PewaH cHcTeMy ypasHeHna ( 6), nonyqHM: 

r~e !l ecTb onpe~ennTenb CHCTeMhi ( 6), 

/1. 

N 

I 
I= 1 

*4 
XI 

N 
I x* 3 

1-= 1 I 

aw 
a~> 

a "' fl. 
!l 

, .. h 
!l 

c = ~~ 
!l 

N 3 
I x* 

I I"' 1 

N 2 
I xj 

1"'1 

N N 

I 
I =1 

x* 2 I x* 
I I =1 I 
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0 ' 
aw 
ac 

N 1 
I x* 

I 
I= 1 

N 

I x; 
1=1 

tl 

= 0. ( 6) 

( 7) 



a 11
8 

, 11 b , 11 ~ rronyqa!OTCH H3 11 

CTon6ua (cOOTB8TCTB8HHO) CTOn6uoM: 

B peaynbTaTe aaMeHbi rrepsoro, BToparo HnH TpeTb8ro 

N 
* 2 ~ X y* 

I= 1 I I 

N 
~ x* y* 

1=1 I I 

N 

2 y* 
I= 1 I 

H H8XO.UHM 

- N (8) 2 
- c ) 2 w 2 (y* ax* fa* 

min I =1 I I I 

Terrepb llpOH3BO.UHM Bb!6poc rrnoxo H3M8p8HHbiX TO'i8K, a HM8HHO: Bb!6paCbiBaiOTCH Te Toq-

KH ( x; , r: ) , .nnH KOTOpb!X BblllOnHH8TCH ycnOBH8 

-ox* 
2 

- bx* 
I I 

-c J (9) 

nocne Bb!6poca ( x; , r; ) , y.nosneTBOpSI!Oll.{HX ycnOBHIO (9), qepe3 OCTaBWH8CH TO'iKH 

( x; , rl' ) OllHTb llpOBO.UHM llpHMYIO 
J 

y Ax+ B 

H T • .n. npouecc TJpO.O.On)KaeTCH .no T8X rrop, llOKa BCe OCTaBWH8CH TO'iKH 

Y.UOBneTBOpHTb ycnOBHIO 

l r* -ax/ -bx*- c 1 < 2...; wmln 
I I I --,-::--r 

npHM8'iaHH8. 

AHanOI"H'iHO 8llllpOKCHMHpyeTCSI CHHMOK Tp8K8 (X 1' ' Y'1 

TO'ieK .nenaeM TBK )Ke, J.aK H .nnH nesoro Ka.npa. 

2-11 cnyqaJ1 - Kor.na BbmonHHeTCH ycnosue 

I r' 
N 

-y 
1 

> x' - x' I . 
N i 

B 8TOM cnyqae qepea TO'iKH ( x' 
I ) ( i = 1,2, .. ·. ~ · N 

· KoacpcpHoHeHTbi c H D 

r.ne 

x = cy + D 

H8XO.UHM llO cpopMynaM: 

C=~ 11 , 

.0= 11D __ 11 __ , 

N N N 
11 =N ~ (y' )

2 -(2 y' ) 2, 11 d" N 2 
I= 1 I I= 1 I 1=1 

N N N 

x'l 

11 = 
D 

2 x' 
I 

2 (y' 
::z 

) - 2 x' 
I I I= 1 I= 1 I= 1 
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y' 
I 

y' 
I 

Ha rrpaBoM Ka.npe. Bbi6poc 

llpOBO.UHM llpHMYIO 

N N 
2 x' 2 y' 
I=- 1 I I= 1 I 

N 

2 y' 
I 

I= 1 



* npSIMYIO x- cr + o npHHHMaeM 38 ocb 0 X Hosoil CHCTeMbi Koop.llHHaT. 

Yron nosopoTa a onpe.llenReTCH no cj:JopMynaM: 

sin a = 
± y'J + C2 

c 
cos a = t. y' 

1 
+ C 2 

Bbi6op 3H8KOB nepe.ll KopHHMH B nocne.llHHx cj:JopMynax onpe.llenHeTCH H3 ycnosHi! 

sign ( sin a) • sign ( y' 
N 

sign ( cos a ) • sign ( x~ 

Y; 

- x' 
I 

) > 0, 

) > 0. 

Haqano HOBOA CHCTeMbl KOOp.llHH8T 0 * ( x 0 , Y0 ) H8XO.llHM no cj:JopMynaM 

<t>opMynhi npeo6pa30B8HHH: 

x* = ( x' 
I I 

y* 
I 

- ( x' 
I 

nanee qepe3 TO"'KH ( x; , Y; 

Y; + y'N 
Yo 

l 

x 0 "' C y
0 

+ 0 

x
0 

) cos a + ( y'
1 

- Y 
0 

x ) sin a + ( y' - y 
0 I 0 

npoBO.llHM napa6ony 

sin a , 

cos a 

2 
y* = a x* + b x * + c 

npH STOM KOScpcpHUHeiiTbl a b H C onpe.llenHIOTCSI no TeM >Ke cpopMynaM, "'TO H B 

cnyqae I. Bbi6poc TO"'eK .llenaeTCH T8K me, KaK H B cnyqae I. 

2. Haxom.lleHHe cooTBeTCTBeHHhiX_~ 

121 z 
J3y.lleM HCXO.llliTb 1!:3 npe.llnOnO>KeHHH (eM. ), "'TO -SI KOOp.llHII8T8 · z,. TO'IKH B npo-

CTp8HCTBe K8M9phl, nony"'eHH8SI npH ycnOBHH, "'TO OCb OZ cosna.llaeT c oCbiO nesoro o6oeK-

THB8 H Z -H KOOp.llHH8T8 l II TOA >Ke TO"'KI1, rronyqeHH8SI npH ycnOBHH, "'TO OCb 

eT C OCbiO npasoro o6oeKTHB8, p8BHbl Me)KJly co6oA, T,e., "'TO 

OZ cosna.lla-

Ho 

=y' n 2 + (n 2-l) 
p p 

=y' n2+(n2-l) 
p p 

l,_ = Zn 
( IO) 

ZA = f1 ( x~ , y~ , x', , y~ ) = 

x~2 + y~ 2 
v1 

fsy 
• [ ' , Y .. 

X - Xn' .-,-
4 y,. 

------:~v:;---] , _ H + d ( 1 - y' ( 
2 

J) x
4

2+ r .. 2 
o n2+ n • • 2 

e e Y 

Zn = f2 ( x~, r; , x~ , y~ ) 

x~2 + y~2. 
y 2 

Dv 
' ' X~ -l'A,--- x. 

x,. 
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. } l 
- H + d ( J - X~ ' + y~ ' 

0 2 
c y 



nyCTb Mbl Bbi6panH H8 n e BOM K8.Upe H8KOTOpy10 cj:JHKCHpOB8HHYIO TO'!Ky ( ~ , r.: ) . no.UCT8Bn51SI 

f 2 BM8CTO X~ H r: cj:JHKCHpOB8HHbl8 'IHCna X~ H ~ , nonyt.tHM .a.ae nosepxHoc-

TH B CHCT8M8 K00p.UHH8T 
. , 

)(" y, z 

H 

Z = F2 ( x~, y~ ) "' f / x~ , i). , x'n, y~ ) , 

0'!8BH.UH0 1 'ITO H8 nHHHH nepeCe'!8HHH M N 3THX nsyx noaepxHocTeli 6yaeM HMeTb: 

(eM. pHC. 8). 

0 

I 
Yn 

m 

X~ 

Pnc. 8. 

D.nH H8X0)!(.0:8HI!H COOTB 8 TCTB8HHOJi TO'IKH H8 np8BOM K8Ilpe llpHM8HHM M8TOil XOp.U. CocTa-

BHM p83HOCTb 
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F ( x'n , y~ ) = F
1 

( x~ , y~ ) - Fi x',, Y~ 
( 11 ) 

H 6y.aeM onpe.aenSITb ee 3H8K B TO'lKax npasoro Ka.apa. 

nycTb B HeKOTOpoA TO 'IKe (I ) F (II > 0 ' a B TO 'IKe ( Il) F (II) < 0 , Tor .a a npe.anona-

raeM, 'ITO HCKOM8SI TO'lK8 ( x', ' i;. ) H8XO.OHTCSI Ha 0Tpe3 Ke n pS! MOJl, coe.aHHSIIO W eM TO'lKH 

(I) rl (II). 

CocTaBHM ypasHeHHe npSIMoA, npoxo.aHweA qepe 3 TO'lKH (I) H (II) 

X -XI Y - YI - ---
xll -XI yll - y I 

HnH 

Y = YI + Y11 - YI ( x - xI) 
X -X 

II I 

(3,aeCb HH.OeKCbl • n" H WTpHXH (') ,anSI npOCTOTbl ony W eHbl), 

no.acTaBnSISI ( 12) B ( 11) nony'lHM 38BHCHMOCTb TOnbKO OT 

<II = <ll(x'") iF F [ x~ , y~ (x~ ) ] 

Yn' 

.IU1.z) (/'(xz )) 

0 ~ 

PHc. 9. 

' x, 

z,' 

(~E,cp("u>) 

Yepe3 TO'lKH A(xl'<ll(xiJlt S(xii'<II(xll))nposo.aHM xop.ay AB (eM, pHC, 9), 

Y -<ll(xrJ , X - Xz 

XII- XI (ll(x 11) -<!l(xl) 

OTCI0.08 H8XO.OHM TO'lKY nep~ceqeHHSI xop.abi A B c OCbiO ox;., 

22 

(12) 



Xll- XI 

<l>(xii)- <t>(x I) 

flo cpopMyne ( 12) HaXOLJ.HM 3Ha'l8HH8 YIII , a 3aTeM 3 Ha'leHH e B TO'IK8 xui 

,D.anee C paBHHBaeM 3HaK <l>(x III) CO 3HaKaMH <tJ ( X 

1) e cnH 3HaK <l>( X III) COBrra.a.aeT CO 3HaKOM tf> (XI ) 1 TO XOpLJ.y rrpOBOLl.HM 'l8p83 TO'IKH 

( X If <tJ (X II) ) H 

2) ecnH 3HaK <l>(xw) rrpOTHBOITOnO)K 8H 3HaKy <tJ (X I ) 1 TO XOpLJ.y rrpOBOLl.HM 'l8p83 TO'IKH 

llpouecc 3aKaH'lHBa8TCSI rrpH Ll.OCTH)K8HHH 3aLJ.aHH OJ;\ TO'IHOCTH, 
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