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cn-123 

BbJ'IHcneuue MHHHMYMOB xaanpaTH'IHt>ro c!Jyaxuuoaana MeTo.QoM 

nHHeapH38UHH 

OporpaMMa HWeT MRBHMYM c!Jyuxuuoaana 

M ., 
n 2 
:£ [ F

1 
-l(a

1 
, ••• a ;x ... z l] ru 

1,.1 m I I I 

no napaMeTpaM a 
1 

, ••• a m , c aa.QaHHoro H8'18nbBOro npu6nRlKeHH!I. 

06pameuue: 

K - I 0 

K 
"I " 2 

17 
3 

K+ I 17 

K+2 17 

K + 3 17 

K + 4 17 

x/ 
rn - 'IHCnO napaMeTpOB 

D - 'IHCnO TO'Ielt, 

16 

0 

0 

yql 

yq2 

0 

K 7501 7610 

m 0123 s 

K <f> D 

<a.> 8 M3Y f 30H 

p A B 

<I> 8 BX 8 BbiX 

S - 'IHCnO !l'leelt, OTBe.QeHHhlX .Qn!l OfiHC8HH!I O.QHOI! TO'IItH (~yHKUHH, sec, KOOp.QH

H8Tbl), 

f - TO'IHOCTb, 

<a 1 > - aa'lanbHble napaMeTphl m WTylt, 38TeM 

bk- m WTYK - H8'18nbHble, orpaHH'IHB810WRe War 'IHCna, 38TeM, 

x/.QonlKBO 6hlTb m ~ 2, 'ITO cs!laaHO c oco6eaaocTbiO CU-37. Oua ae o6pamaeT 
·MaTpRUbl nepsoro nopH.QKa. OpH ueo6xo.QHMOCTH aai!TH MHHHMYM no O.QHOMY napaMeT
PY cnenyeT ssecTR nononuaTenbHblll 4JR1tTRBHblll napaMeTp H aac!JRJtcHposaTb ero. 
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Y'-11 

M 0 - 6onbwoe '!Reno, 3aBe.QOMO npeBbiWaiOwee Ha'!anbHoe 3Ha'!eRRe cjlyaKnHoaanil, 

3aTeM ' 2 D 2 • 0 H 3aTeM 4 m + 4 + so + m pa6o'!RX gqeeK,Beero 

6 m + 6 + sn + m 
2

, 

npR3HaK R HOMep neHTbi RnR 6apa6aaa, eenH '!RenoBoll: MaTepHan paenono

}l{eH aa M3Y, 

'!Reno 308 (MaeeRBOB Ha 6apa6aae), OTBe.QeHHhlX ITO.Q rpyiTIThl 'IRenoaoro 
30H 

MaTepHana ITO D TO'!eK B. Ka}I{.QOA, 

a - an pee nepBoA 30Hbi ( MaeeHBa) aa neHTe ( 6apa6aae), 
M3Y 

a - BXOJl H BbiXOJl apHcjJMeTH'!eeKOil '!SeTH, 
BbiX 

a , 
BX 

aBbiX .QOIT}I{HS 6WTb nyeTOA 

<I> 
m 

K 

!l'!ell:Koil, 

anpee eoe'IBTaHHOll: cjlyHKUBH, ene.QOM :~a Hell: JlOIIlKHbl eTO!ITb 
d I 

IlpOH3BO.QHb!X -;r;;-;:- ( Bbi'!HeiT!IIOTC!I B apHcjJMeTHKe), 
lc 

B !!'IeAKe e HOMepoM K .QOIT}I{eH CTO!!Tb ynpaMl!IOUIRI! KOJl: 

100 + p nl n2 , n3 

HMeiOwaeell B naMliTH b k - opraHB'IHBaiOWHe '!Rena nepen uenonb30BaHHeM 

YMH0}1{8IOTell H8 M8CWT86Hblll: MHO}I{BTenh 2 P. 

D I , n 2 Be.QaiOT 8BTOMaTH'!eCKHM Bbi60pOM b k 

ecnH D I = 0, n 2 "' 7777, TO b k ljlHKeRpOBaHbl. 

D I - 'IHCITO .QOITyeTHMbiX yMeHbWeHRll: mara Ha O.QHOA HTepSUHH, 

D - 'IHCITO RTepaUHH noene nOCITP..QHero HeBbiiTOITHeHHll ycnOBHll eXO.QHMOCTB 

Mq+I.<Mq KOr.Qa MOlKHO ITOnbiTBTbC!I yBenR'IRTb b k 

Xopowo pa6oTaiOT 

D I= 0002, D 
2 

a 0001 H D 1"' 0002, ·n 2'" 0002, 

D '!Reno nTepauull:, nocne KoToporo npoaexo.QBT BWXO.ll R3 nporpaMMbi ae3a-

BHeRMO OT TO'IHOeTR. 

B H'!ell:Ke k + 1 pacnonaraeTeH WKana ljlRKeanBH napaMeTpoB. Ecnu B 

-OM JlDOH'IHOM pa3p!!Jle WK8Ilbl (cnpaBa HaneBO) eTOHT 1, TO i -biA napa-

MeTp tPIIKCHpyeTeH (He MeHHeTeH B npouecee nORCKU MHHH.MyMa). Ecnu WKana He 

noMeWSCTCSI B O.QHOii Sl'!ei!Ke, TO ee npO.QOIT}I{eHHe paenonaraeTC!I B H'!eliKe lc + 2. 

Y'-12 - nornqecKaH cyMMa npH3H8Ka Baona .QBHHbiX H BbiBOna pe3ynbTBTOB: 

01 - anon '!Hcnoaoro MaTepnana c nepcjloKapT, 

02 - neqaTb I!Tepaunli. 

4 

,ill .. 
•( 
\ 

J 
-1· 

~,, 

04 

10 

20 

40 

p 

A-B 

- eqeT KpBBOl! no eOe'IHT8HHbiM KOaljlljlHUHeHTSM B ee ne'!o!ITb, 

ne'!8Tb M8TpHUbl OWB6oK - nee!ITB'IH851; 

nepljlop8UH51 M8TpBllbl OWH60K, 

neplj!Op8UHSI OKOH'ISTeiTbHb!X KO~!flljlBUHeHTOB - BOebMepB'IHS!I, 

ne'!aTaeTeH KalKl1851 P-all HTep811H5lo eenH eCTb npB3H8K 02 B Y'-1
2

• 

npH C'leTe KpBBOft MOJKeT Bbi.Q8B8TbC!I H8 ne'!8Tb 3HB'IeHI!e aenR•!HH 

(A) •• (B)- B K8lKliOll: TO'!Ke, npa B BCIT '" 0 9T8 ne'!STb 6nOKHpyeTC!I. 

"2 
( nepB851 CTpOK8 HRijlOpM8UHR) • EcnH II' 2 • 0, TO npu Ka>K.QOM HOBOM 

o6paweHRH K Cn-123 OHa 38HOBO Bbl3biB8eTC!I HB pa6oqee none H H8CTp8RBaeTC!I 

no napaMeTpaM ae3aaucuMo oT Toro, 6bina nu oaa eTepTa unu seT. 

npu "
2 

= 1, ecnu nporpaMMa ae eTepTa, cqeT Be.QeTeH no aacTpoeuuoA npe>K-

.Qe nporpaMMe ue3aBHCHMO oT yKa3aauoA aaljlopMaUHH. Tor.Qa aapaaHTbi MoryT oTnH 

'18TbC51 TOITbKO 3118'1eiiHeM 'IHCITOBbiX BenH'IHH, yKS38HHblX B HH$OpM8UHH npH nepBO

H8'18IlbHOM o6pameHHH K cn-0123. BBO.ll '!Hcnoaoro MaTepuana c nep$oKapT npH 

noBTOpHOM o6paWeHHH K Cn 6:00KRpyeTC51. 

Tbl 

Ecm1 a Y'-1
2 

3a.QaH npH3HSK 02, TO nc'!aTaiOTCH npoMe>KyTO'IHbir:l pc3ynbTa-

Ka>Knoi'I P-oll: uTepauuu a cne.QyiOmeM nopHAKe: 

N ° RTepaUHH } CTOITbKO pa3, CKOITbKO HTep8UHSI nOBTOpHnaCb, 

M 

N° HTepaUHII KOrlla He BbiiTOITH51ITOeb ycnoBHe eXO/lHMOCTH. 

M 

R~ 
R~ 
0~ 

0 m) 

aal~ 

- ljlaKTOpbl KOppenHUHH, 

- OWH6KB napaMeTpOB, 

- napaMeTpbi, COOTBeTCTBYIOillHe cyMMe (nocneAHell: H3 HaneqaTaHHbiX) 

T.e. HOBbie nonpaBKH eme ue yqTeuw, 

K = max 
k 
~ 

ok 
., 

A - o6pe3SIOillHA MHO>KHTenb, orpaHH'IHB810IllRA war. 

HTepauau HyMepyiOTeH c ayneBoA B .Qanee. 

HyneBaH· uTepaUB!I cooTBeTCTByeT uaqanbHbiM, 3a.QaHHbiM napaMeTpaM. EcnH 

ecTb npH3HaK ne'!aTH HTepauan, TO Bcerna ne'!aTaeTc!l nocneAHH!I aTepauaH, ueaa 

BHCHMO oT ee uoMepa. npu'!eM eenH ee uoMep ue cornacyeTC!I c P 
(qepe3 
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eKOIIbKO HTepauna neqaTb), To noenenuss HTepanns noaTopseTes nns neqaTH npo

MeJKyTO'IHbiX pe3yiibTaTOB. noenenHHH HTepaUHH MOJKeT nOBTOpHTbeH npH P .j 0 , 

naJKe eenn neT npuanaKa 02 a YLJ
2

• B TOM enyqae, Korna HTepanuu ue neqaTaiOT-

es, Jlii51 SKOHOMHH BpeMeHH eqeTa JKenaTeiibHO HMeTb P = 0. ne'IBTb BeneTeH no 

Cn-110 B peJKHMe III ( HBKOnneuue Ha 6yljlepe) e UJeeTbiO pa6o'IHMH gqeftKaMH. 

Lfuenoaoil MaTepuan F 1 , a 1 , x 
1 

, y 
1 MOJKeT BBOnHTbeH IIH60 eaMoil 

cn-123 e nepljloKapT HIIH nporpaMMHeTOM. B nepBOM enyqae MaTepnan npo6uaaeTeH 

B neeHTH'IHOil eHeTeMe HB nepljloKapTbl MaeeHBBMH no n To'leK a enenyiOmeM 

nopHnKe: 

Flal xl yl ... F ~a2x2 y~ 

H KBJKJlblil MaeeHB eua6JKaeTe51 eaoeil: KOHTpOIIbHOii CyMMOH, eenH MaeeHBOB HeeKOIIb

KO. MaeeHBbi nomKHbi 6brTb paauorl nnHHbr. Eenn a YLf 
1 

ue uynb, To quenoaorl Ma

Tepuan 6yneT noMaeeuauo 3anueau lia 6apa6au HIIH nenTy (eornaeuo YLf 1, ua Mee-

TO, eooTBeTCTBYIOl!lee A ) e npenaapHTeiibHblM nepeBOllOM B JlBOH'IHYIO eneTeMy May 
1 

H nepecqeTOM OillH60K B aeea w1• --:::r- (nenOIIb30BBHHe M3Y 06H3aTeiibHO, ee-
01 

IIH '!Reno MaeeHBOB 60IIbUJe '!eM onHH) • 

Eenn 'IHeiiOBOH MaTepHaii BBOnHTeH eaMHM nporpaMMHeTOM, IIH60 Bbl'IHenHeTeH 

B npoi'paMMe, TO OH nonJKeH 6biTb noMemeH, HB'IHHaH e gqefiKH <a I>+ 6 m + 6 , 

nn6o aanueau ua M3Y a naonqnoM anne e yKa3auneM a o6onx enyqagx aeeoa w 
1 

BMeeTO 0 J • 

3anaune y -oil TO'IKH uyneaoro aeea w
1 

85 
HIIH 0 J > 2 3KBHB81I9HTHO 

Bb!KHnBTBaHHIO TO'IKH H3 '!HeiiOBOI'O MaTepnana. 

8 nponeeee HTepaUHH Cn-123 He BeneT e'!eTa B TaKOi! TO'!Ke,H, enenoBaTeiib

HO, noTepb apeMenn ue npouexonnT. 

Cn-123 nepenaeT ynpaaneune Ha BpH~MeTH'!eeKyiO qaeTb lliiH eqeTa 

; X ••• Z 
J 

( 

H ee nponaaonnhrx _d_f__ a TO'!Ke I x , y ••• z 1 e 
· d a k I I J 

uaxonnTeH a qnenoaoM MaTepuane). TaK, uanpnMep, TeKy-

I (a 
1 

, ... a 

PA =<x 1 >-2 
X J 

mee X t MOJKeT 6biTb Bbi6paHO B HyJKHyiO nporpaMMHeTy gqeriKy npH nOMOI!lH KO

MaHnbi 4 00; 0002, 0000 <x>, noKa ue nenopqeuo eonepJKuMoe PA. 

Eenn eeTb ~yHKUHH ueeKOIIbKHX nepeMeHHbiX, TO OeTaiibHble n·epeMeHHble 

MOI'yT 6biTb Bbr6paHbl npH nOMOI!lH KOMann: 

4 

4 

00 

00 

6 

0003 

0004 

0000 

0000 

< y > 

<z> 

~'-

npa nOMOI!lB KOMaHnbi 

4 00 0000 0000 <F > 
MOJKeT 6biTb Bbr6paHO F J , a npn noMomn 

4 00 0001 0000 <w > 
I Bee WI ""--::2"• eenn OHH 38'IeM-IIH60 noH8Jl06HTe51 B apH~MeTHqeeKol1 qaeTH a • 

J 

n p H 3 H a K 04 B YLf
2 

CqeT n neqaTb Kpnaoil: I( a I , x ... z l oT uai!neuubrx napaMeTpoB 
m J J 

... a 

a 
1 

, ... am no noenenHeil rpynne qnenoaor·o MaTepnana ( eenn rpynna onua, 

TO no aeeMy qnenoaoMy MaTepnany). 

B KBJKnOil TO'!Ke neqaTaeTeH 

f (X 
J 

a (I (x 
1 

)) 

( F 1 ~1 1(x 1 ))~ 

X J ' 

(A l ... ( B l- nononunTenbHaH Bhrnaqa, eenu oua ue aa6noKnpoaaua • 

3neeb: U (f ( Xj )) - KOpHnop OillH60K 

Fj -f(Xj) )
2 

-aKnan naauoil 3KenepHM9HTa1IbHOi! TO'IKH B eyMMY 003BOII519T KOH

TpOIIHpOBaTb KaqeeTBO pemeHHH H 3anaaaeMbiX TO'I9K. 8 enyqae eTaTHeTH'!eeKOil 
n- m ) 

aanaqn oH non>Ken 6biTb 6nu3oK K ennauue ( To'Iuee, K aennqnue ---;- • neqa-

OJ 

TaeTeH TOIIbKO nepBall KOOpnHHaTa xI ) OeTa1IbHbl9 

neqaTaHbl BO aenoMOI'BTeiibHOil BblllB'Ie ( A ) .;.. (B) • 

npn lK91IBRHH MOI'yT 6biTb OT-

neqaTb KpHBOit B9ll9TC51 H B TO'IKaX e HyneBbiMH aeeaMH, 'ITO MOlK9T 6biTb 

HenOIIb30BBHO lliiSI noeTpoeHHSI KpHBOil no HHTepeeyiOWHM TO'!KaM, 

LfTo6bl uaneqaTaTb KpHBbre no seeM rpynnaM qnenoaoro MaTepuana, a ue 

7 
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TonLKO no nocnenaeA, ny~no B o6pawenaa c Cn-123 aa6noKapoaaTb neqaTb KpH

aoA, a cpaay nocne Bbixona aa cn-1 23 BbmonnHTb cneny!OWYIO nporpaMMy: 

y 072 K - I 

y +1 272 

y +2 652 0303 
. 

7615 

y +3 513 0203 y+10 0244 

Y+4 516 0214 y +5 0271 

y+5 516 0244 y+6 0201 

y +6 516 0300 y +1 0054 

y +7 316 y + 11 0047 0302 

y +10 000 0041 

3necb K - 1 - anpec nepaoA cTpoKa o6paweHHR K Cn-123, cnenaaaoro 

nepen BbmonsesaeM nassoA nporpaMMbi. 

neqaTb npoH3BOnHTCR no cn-110 B pe~HMe II (HaKonneaae H8 YK838HHOM 

none) C HCnOnb30B8HH9M 2 m + 2 pa6oqHX SI'I99K. ne'I8Tb M8TpHUbl OWH60K npo

H3BOnHTCR no Cn-110 B pe~HMe I (c HCnonb30B8HH9M 2 m + 2 pa60'IHX gqeeK). 

nepcpopaUHR MaTpHUbl OWH60K H K03C)x!JHUH9BTOB - no Cn-16. 

Pa6o'I·He g q e A K H 

nocne BblflOnHeHHR oqepenHOil HTepaUHH ( T8KlK9 H nocne BbiXOna H3 Cn-123) 

B gqellKax <a 1 > ••• <a f> +m-1 saxonRTCR napaMeTpbi, cooTBeTCTBYIOWae nocnensell 

nonyqeanoA cyMMe, T.e. 6ea nonpaBoK, nony'leBBbiX B nocnenaeM npa6nHJKeHHH. B 

R'lei!Kax <a 1 > + m ••• < a 1 >+2m-1 saxonRTCSI b k - orpaHH'Ienue mara. B 

cnyqae 8BTOM8THqecKOrO Bbi60pa OBH OTnH'I810TCR OT yKa3aHHbiX BHa'lane. 

B gqei!Ke <a f>+ 2m naxonHTCR nocnenHRR cyMMa M • 

B gqeilKe <a 
1 

> + 2m + 1 -c'leT'lHK n '~ ( 'IHCno HTepauuA, npowenwux 6ea 

yMeHbW9HHR b k ) • 

B R'l9I1Ke < a 1 > + 2m + 2 

1\ak 
K ., max ___ :.;...._ 

k uk 

B gqeAKe < a 
1 

> + 2m + 3 A - o6peaa10wHA war MBo~HTenb. 

B gqeAKe <a 
1 

> + 2m+ 4. ... <a 
1 

>+3m+3 L\ak""onpaBKH, nony'leHHbie B nocnen-

neii HTepauaH ( ae yMno~eHHbie na A ) • 

8 

l, 

''I 

1..' 

8gqel!:Kax<a 1>+6m+6 ... <a 1 >+6m +6 +sn-1 

Tepaan (nocnennRR rpynna, ecnH ax necKonbKo). 

'lHCnOBOil Ma-

B gqel!:KaX < a
1 

> +6m +6 + sn ... <a 1 >+6m+6+sn+m
2 

-1 ~>.:aTpHua oma6oK, 

COOTB9TCTBYIOW8R aal!:neHHbiM napaMeTpaM. 

nonb3yRCb 9TOil HH~OpMaUHei!, npor.paMMHCT MO~eT Opr8HH30B8Tb H9CTaanapT

Hbli! KOHTpOnb TO'IHOCTH, 8 npH JKCnS!IHH H !ICCTa!lnapTHbl9 orpaHa'leaag mara, IIOB

TOpHbiM o6pame!IH9M K Cn-123 IIOCne aana!I!IOI'O qacna aTepaUHI! (B 'JaCTHOCTH, npH 

n 
3 

.. 0 B yrrpaansnoweM Kone), a TaKJKe o6noaneaae nporpaMMbi nocne aanaaaoro 

qacna aTepaual!:. 

YnpaBnRIOWHH KOU, WKana ~HKCaUH:! H TO'IHOCTb f MOryT aanaBaTbCR Ha ll3Y 

a MeHRTbCR B npouecce HTepaUHII, nng qero MOlKHO HCnOnb30B8Tb onepaTHBHbie an

peca paa6noKapOB8HHOI'O llJY HnH lK9 Bbi6HpaTb KOUhi DO 20-ol! onepaUHH B yKa3aH

Hbie B HH~OpMaUHH gqel!:KH BHyTpa apH~MeTH'19CKOil qacTa. 

"a 

BbiXOn H3 Cn-123 ocywecTBnReTCSI nH60 no 'IHCny HTepaual!:, ecnH ORO 60nbW9 

, na6o no TO'IHOCTH, ecna 

I( • max 
k 

L\ a k I < f • 
u 

k 

Cn-123 3aHHM89T 470 R'I99K ( II -1 =0467).nocne HaCTpOl!:KH H aaTHpaHHR 

HaCTpoe'IHOii '18CTH n- 1=0302. Cn-123 BHyTpa ce6R o6pawaeTCSI K CT8HU8pTHbiM 

nporpaMMaM: cn-0002, cn-0016, cn-0033, cn-0037, cn-0110, cn-0111, cn-0113, 

cn-115. 

Cn-0033, Cn-0037, Cn-0 113, Cn-0 115 HCnOnb3YIOTCSI BO BCeX cny'ISRX. 

Cn-0002 acnonbayeTCSI UnR nepesona 'IHCnOBOrO MaTepaana, ecna B o6pame

HHH C Cn-0123 npenyCMOTpeH ero BBOU C nep<jloKapT. 

Cn-0016 - ecna npenycMOTpena nep~opaUHSI ak ana KoacjJ!jlauHeHTOB M8T-

pHUbi owa6oK. 

Cn-0110 - ecnH npenycMOTpeaa rre'I8Tb peaynbTaTOB. 

Cn-0 111 - ecnH npeUYCMOTpCHbl C'leT a ne'I8Tb KpHBOl!: nnSI Bbl'IHCn9HHR ee 

Kopanopa owa6oK u (I ( x 1 l l . 

BoaMOlKHble aaapHilHLJe OCT8HOBbl npa pa6oTe c cn-123 

A + 140 neneaae aa bk 2P ( aanpaMep, KaKoe-na6o bk • 0 ana Kon onepa-
cn 

+24 
A en 

uaa B ynpaanSIIOmeM Kone paaea nyniO). 

B qacnoBOM MSTepaane uk • 0 ( B qacTHOCTH, aeaepHo yKaaaao qacno 

TO'ICK). 
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A +221 
en 

10 
AaocT H3-3B cnHUJKOM 6onbUJHX KoppensulH1i ( R k :>10 ) • 

A +13 He coammaeT K:'£ y '!Hcnoaoro MaTepuana. 
en 

A +51 He 'IHTaeTcSI 'IHcnoaoli: MaTepuan c M3Y (uanpHMep, M3Y yxa3auo 
en 

OUJH60'IHO), 

AaocT ua Cn-37 (a Sl'!eilKe 7610 KOA 016, ,A +110): 
en 

OnpenenHTenb MaTpHUbi paaeu uymo, uanpnMep, H3-3B cnHUJKOM 6onblliHX 

KOppenSIUHif HnH H3-38 TOlKAeCTBeHHoro uynSI OAHOH H3 npOH3BOilHbiX: 

</> k ( .x l, unu H3-3a cnHUJKOM Menxoro MacUiTa6a y napaMeTpoa. 

AaocT ua Cn-113 (a Sl'!e!!Ke 7610 KOA 016, 1 A +213): 
en 

cllopMRpOBBHHe MBTpHllb! Z I k 

Heyna'IHbll1 MacmTa6 y napaMeTpoa ( cnHUJKOM xpynHhiii), 

npOH3BOAHbie CJIHUIKOM nenHKH, 

3necb A en - Ha'lano cn-123 Ha pa6o'!eM none HC-2. MIIIIHMBJibHOe Pn HC-2, 

npu KOTOpOM MOlKBT pa60T8Tb cn-123, 6600. npu Pn=6000 ua Pn on-

uoapeMenuo noMeutaiOTCSI ace HYlKHbie nonnporpaMMbi, 

KpaTKoe onucauHe MeTona nHueapH3aunH a npnMeueuuu K 

MBTOilY Hai!MBHblliHX KBaApaTOB 

HaXOAIITCSI Ha6op napnMeTpOB a I ••• a m , npH KOTOpoM ljlyHKUIISI 

l(a 
1 

••• am ,x
1 

) ·nyqme acero npoXOiliiT no SKcnepi!MBHTanbHbiM 3Ha'IBHHSIM F
1 

C OUIH6KaMH a j , COOTBBTCTBYIOUIHM KOOplli!HaTSM x j 
1 

113 YCJIOBHSI MHHHMyMa cyM
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ll 
al 
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m 

0 6 o 3 u a 'I e n H SI 

wl 
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a2 
j 

'IHCJIO SKCnepHMe!ITanbHbiX TO'IeK, 

'!Reno aapbHpyeMbiX napaMeTpon, 

- nee 

F -l{a .•. a ,x 
l I m 

d r 
) ' </> k - ---;;-;;-yj 

AnropHTM 

I. npu neKOTOpbiX Ha'!aJibHbiX 3Hll'IBHHSIX napaMeTpOB Bbl'IHCJISIIOTCSI aenH'IHHbi: 

xl 2 
MHHHMH38UHSI ljlyHKUHOH8JI8 THna f W ( X) Y (a 1 ... a.,, X) d X CBOAHTCSI K MHHH-

MH3aUHH cyMMbl, ecnu anTerpan 3aMBHSieTCSI npn6nnlKenuoii xaanpaTypuollljlopMy

noll. 

I 
.~ 

I 

l 
10 £' 

.... , .. --.....- ---·~..;.Ji·~···" ---

M •l:w Y
2 

J j J 

'I' •l:wlyJcpk 
k j 

z 1 k-~ w 1 </> 1 </>k 
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2. HaxonSITCSI nonpaBKH ~ak K 3Ha'!eHHSIM napaMeTpoa 

Ecnn lj>yHKUHSI 

m I 
~a k • ~ ( .z - ) k I 'I' I ' 

I• I 

nHHeiiRO 3aBHCHT OT napaMeTpOB, TO HCK0Mbl9 3Ra'leRHSI 

napaMeTpoa 6ynyT 
0 

a k • a k +~a k 

B uennuelluoM cny'lae cTpOHTCSI HTepaUHOHHbiii npouecc a~+l) • a <f> +A~ ad'> , 
<f) k k 

npononlKaeMblll no Tex nop, noxa ~ a k ae cTaayT nocTaTo'lao MBJibiMH. npouecc 

CXOAHTCSI TeM 6biCTpee, '!eM 6nnlKe Mbl nOAXOilHM K MHRHMyMy, 

BnanH OT peUJeRHSI nonpaBKH ae Aa!OT npaBHJibROII B9JIH'IHHbl UJara, XOTSI aeK

+ 
Top ~ a •I ~a I"·~ am I acerna uanpaanea a cTopoay yMeabmeanSI cyMMbi M 

nosTOMy BBOAHTCSI orpaHH'IeHHe'mara. 

Koslj>lj>uuneuTaM naeTcSI npupameaue 

~':k 
~a k 

• A~ a k 
max I 1 , ~ 

bk 
~ 

Taxoe npeo6pa30BBHHe ae MeHSieT aanpaaneHHSI UJara ~a , ao orpaHH'IHBaeT 

ero B9JIH'IHHaMH b k , pa3HbiMH no pa3RbiM nepeMeHHbiM, H He yMeRbWaeT CKO

poCTH cxonHMOCTH a oxpecTHOCTH MHRHMyMa, xorna \~ak I< bk · 3To aan6onee 

npOCTOe H yno6aoe orpaHH'IeHHe mara H3 MHOrHX B03MOlKHbiX, 

B nnueiiuoM cny'lae b k HYlKHO Bbi6paTb llOCTaTO'IHO 6onbWHMH, 'IT06bi nony-

'IHTb pemeHHe Ha nepBOII lKe HTepaUHH, npellyCMOTpeHa B03MOlKHOCTb aBTOMaTH
~ .. a 

'!ecxoro Bb16opa b k • Ecnu ua llBHHOM UJare ljlynxuuouan soopoc, TO war 

H b k llOJilKHbl 6b1Tb yMeHbUJellbl ( HallpHMep, BllBOe), ,llJIS! yCTOH'IHBOCTH C'leTa 

110 OTHOWeHHIO K C60SIM H OUJH6KaM OKpyrneHHSI TaKoe yMe.HbllleHHe MOl!<eT nenaTbCSI 

TOllbKO KOHe'iHOe 'IHCJIO 11 I pa3 ua JlaHHOM mare. EcnH lPYHKUifOiiaJI yMeHbUI8-

I Aa k I 
BTCSI Ha naHIIOM UJare, TO Ha cneny10UieM mare Te b k , llJISI KOTOpHX ~>I • 

k 

MOlKHO yBeJIH'IHTb ( BllBOe), ,llnSI SKOHOMHH BpBMeHH TaKoe yBeJIH'IeHHe cnenyeT 

npoH3BOilHTb qepe3 KaKoe-To 'IHCno uTepauuii n 2 nocne rrocnenuero Apo6neHHSI 

mnra. 

II 



OxaabiaaeTCSI, 'ITO M8TpHil8 OWH60K H8ll.Q9HHbiX nap8M9Tpoa Oll8HBBa8'J'CS MBT

pHUSi! ( z-l )
1 

k , COC'IRTBHHOll npR HBi!.QeHHOM H8HIJY'IW8M Ha6ope napaMeTpoa. 

B qacTHOCTR, owa6xa napaMeTpa ak 

uk •'1/ (z -l)kk 

Kopa.ctop owa6oK aaA.cteaaoA xpaaoA acT& 

u(f(xl )) •'1/ tk(z-l)lk </>1 (xl )</>k(xl) 

8 cnyqae, ecnH C9M9llCTBO. KpHabiX I ( X • a I ···a m ) cnoco6HO OnHC8Tb 9KCnepH

MSHT H 9KCnepHM9HT8llbHbl8 .Q8HHbl9 BepHbi, a TOM 'IHCIJ8 aepRO yK838Rbl H OWH6Jc:H 

U l , TO 6y.cteT HM9Tb M9CTO Mmln• D- m llllSI H8All9HRbiX napaM9Tpoa. 

none3HOA xap8KT9pHCTHKOA 38ll8'1H SIBnSIIDTCSI ~BKTOpbl KOppenHilBH: 

Rk • z kk(z-l) kk 

Rk::! 1 · R km1 ,ecnH k -napaMeTp H9 CKOppenHpOBaR CO ac.eMH OCT81JbRbiMH. 

npa o6paW9RHH M8TpHilbl 6yll9T nOT9pSIHO He M9HbW9 BepRbiX 3RBKOa, '19M 

nopH.QOK M8KCHM8llbHOrO ~8KTOp8 KOppenSIIlHH, 

KpoMe TOro, R k nOK83hiB89T, ao CKOIJbKO pa3 6biiJ8 6bl M9RbW9 llHCnepCHSI 

U ;k napaM9Tp8 8k , 9CIJH 6bi ace OCT81JbRbi9 napaMeTpbl 6biiJB TO'IHO H3B9CTBbl, 

nro6oA napaMeTp 8 k MOlK9T 6biTb ~HKCHpOaBR 6e3 H3M9R9RHSI CX9Mbl pac-

'leTa, ecnH abi'19pKHYTb k-ro CTpOKY H k_,IA CTOn6en Z lk , a HB COOT1'9TCTayro-

Wee MecTo .ctaaroaana z 1 k nocTaaHTb, aanpaMep, 1 ( z k k • 1 l · K ~HKCHpoaa-

HHJO 'IBCTH napaM9Tpoa npHXOllHTCSI npH6erBTb, HanpHMep, B Clly'lae CIJHWKOM 6onb

WHX KoppenHUHA H3-38 H9KOppeKTHOll nOCTBHOaKH 38ll8'1H HllH H9.QOCT8TO'IHOCTH 

sxcnep~~MenTanhHbiX .ctBHHhiX unH HBXOlKllSHHH nonnoro na6opa napaMeTpoa. HaA-

.cteHHbie OWH6KH U k aepHbl llHWb a TOM cnyqae, 9CllH OHH cna6o M9HSIIDTCSI npH 

H3M9H9HHH napaM9Tpoa a npeuenax OWH60K (STO BHllHO a npOil9CC9 HT9p81lHA), 

T,e, KOr.Qa H9llHH9HHOCTb 38,Q8'1H H9 CllHWKOM aenHKa. B npOTHaHOM cnyqae Tpe-

6yeTCSI llOnonHHT9llbH09 HCCll9.QOaaHH9, npa 9TOM MOJK9T HCnOllb30a8TbCSI ~BKT, 

'ITO npH H3M9H9HHH K8KOrO-TO nap8M9Tp8 HB aeiJH'IHHY ero OWH6KH OT 3H8'19HHSI 

a MHHHMyMe H MHHHMH381lHH no aceM OCT8llbHbiM napaMeTpaM CyMMa M aoa-

pacTaeT npHMepao na euHHHuy. B cnyqae rayccoacJc:oro xapaKTepa owa6oK sKc

nepHMSHTa H OTCyTCTaHSI CHCT9M8TH'I9CKHX Oll!H60K H8H.Q9HHbl9 peWSHHSI COOTa9T

B9TCTayJOT MBKCHMyMy ~yHKUHH npaauonouo6HR, CHCT9M8TH'I9CKHe Oll!H6KH H3a9CTHO-

12 

L'--·· 

-: _, ,_.;l_ :::~i.~lllll 

ro X8p8KT9p8 TBKlK9 MOryT Y'IHTb!BaTbCSI a npe.ctenax TOil lK9 CX9Mbl BBeLleHHSM 

KOppenRilHOBHbiX HOpM, 

CneuyeT aaMeTHTh, 'ITO npa Tpe6oaaHHH cnHWKOM 6onhwol! TO'IHOCTH HTepa

UHOHHhiA llp01l9CC MOlK9T He COi!THCb H3-38 noTepH TO'IHOCTH HB OKpyrneHHRX HllH 

H9TO'IHOCTH MSTpHilbl Zlk • OCo6eHHO B Cnyqae 60nbWHX KOpp91JRUHi!, 

nponecc MOlK9T T8KlK9 H9 COHTHCb npH .QBHHhlX ~HKCHpoaaHHblX b k • Tor-

x/ • 
liB HX HylKHO YM9HbWHTb • KpoMe TOro, cywecTayJOT llOlKHbl9 MHBHMyMbl", no-

RBnRIDWH9CSI B peaynhT8T9 lliJOXOll nap8M9TpH381lHH, KOTOpb!9 MOryT 6b!Tb yHH'I

TOlK9Hbl 38M9HOll napaMeTpoa (HX cne.ctyeT H36eraTb), 

llaHHhiA M9TOll H9 CXO.QHTCR K TSKHM MHHHMyMaM, TBK KBK a HHX U k .. "'\~8k-. 

TaM ae Meaee ecna b k 6yllyT .QOCTBTO'IHO MBIJhi, TO KOs$1>HilH9BTbl He CMoryT 

BhiCKO'IHTb H3 o6naCTH TBKOrO MRHHMyMB R 6y.ctyT "6onTBTbCR' BOKpyr Hero, no-

ll06Hblll MHHRMyM nerxo On03H8Tb, TBK KBK npH yM9HbW9HHH b k 

xx/ 
H U k aoapacTyT 

nonpaaKH ~a k 

npa KOppeKTROll llOCTBHOaKe CT8THCTH'I9CKOA 38ll8'1H MHHHM81JbH8SI CyMM8 

Mmln n - m , I)ll9 

D 

m 

llOllH09 'IHCIJO TO'IEHt C HSHyneabiMH B9C8MH, 

'IHCIJO t~e(j:IHK<CHpOBBHHbiX napaMeTpOB 

ll 
C B9pORTHOCTbJO OTKIJOH9HHR OT CpellH9rO 3H8'19HHR cor naCHO X;; _ .;;' pacnpeueneHHJO. 

nporpaMMB MOlK9T nou6Hp8Tb H8HIJy'IWH9 napaM9Tpbl llO p83HOp0llBOA HH~pMSUHH, 

llnH STOrO p83HbiM BHll8M HB~OpMBUHH .QOIJlKHB 6b1Tb COllOCT8Bn9H8 CBOSI o6naCTb 

nepeM9BBbiX HIJH lK9 BB8ll9H8 llOllOIJHHT91JbH8SI KOOpllHB8T8, liBnllioUISSICll npH3B8KOM 

uanaoA aa~opManaa. HanpaMep, nocTaaneaa sauaqa: aaATR xpaayro f (" 1 •;: l • 

KOTOp8SI ny'IW8 acero Hll9T no 9KCnepHM9HT81JbRbiM TO'IKBM F I :!:: U I H OllROBpe-

M9BHO f f( x, 8 .. ) d x nyqwe acero cooTaeTcTayeT saaqeRHJO I ± ~I 

x/ , 
MoryT 6biTb cny'IBH, KOr.cta pewesHe MOlKHO HailTH TOIJbKO npH aaTOMBTH-

qeCKOM abi6ope b k ( A< 1 ace apeMB), ecna aa c'leT cHnbHOA aenaseAaocTH aa-

.QS'IH a OKpeCTHOCTH MHHHMyMa HapyweHO ycnoaae nif~IJHlK9HHO-BbJOTOHOaCKOft 

cxo.ctHMOCTH ll z - 1 Q II < 1 • rue Q lk .. ~ "' 1 Y 1 d a 
1 

d! k • 

xx/ 
npa aaTOM8TH'19CKOM abi6ope 

H3aOIJbHOA TO'IK8 B8KOTOpoA 

bk 

qepes BblpOlKll8BBhiA MRHHMyM, HB 

13 

nponecc MOlK9T CXO.QHTbCSI K npo

ranepnoaepXBOCTH, npOXOllSIW8i! 

KOTOpOA Det ( Z lk ) = 0. 



LlnH ::n-oro I nomKna 6biTb rrocTaaneua a cooTaeTCTBHe ycnoanaH xoop.nu

uaTa X I H3 KSKOi!-nH60 06/lSCTH x ±. /),. X H BKnt0'18H8 B 'IHC/lOBOi! MSTepHS/l 

aMecTe c I H w I .. 8~ 2 , a apu<JIMeTH'IeCKSH 'ISCTb, uarrucaunaH nporpaMMHc-

TOM, llpH 110118.QSHHH x B 06/lSCTb x .:1: /),. x .QOnJKHS Bbi.QSBSTb BMecTO f ( X , 1) 

H ee 11pOH3BO.QHblX 3H8'18HHSI 

f f(x ,'t )dx d 
H 

d a k 
f f (X 

.. 
' a ) d X, 

Auanorlf'IHO MOryT ~lliSTbCSI CIICT8Mbl H8/lHH~HbiX ypaaneHHi!. LlnH 9Toro KSlK.QO

MY yp8BH8HIIIO .QO/llKHbl 6biTb 110CT8B/l8Hbl B COOTB8TCTBHe CBOH YCilOBH&Ie SeC H 

KOOP.QIIH8Tbl. 

OpaBbie 'ISCTH 6ynyT urpaTb ponh aKcrrepuMeHTS/lbH&IX 3HS'IeHHI! F 1 
x/ 

llp!I y.QS'IHOM Bbi6ope aecoa KoppellSIIlHH MoryT 6&!Tb CBe.QeHbl K MHHHMYMY • 

MeTon nuueapH3SilHII orrucau a pa6oTe C.H. Coxonoaa, H.H. Cunuua 'HaxolK

neune MHHHMyMoB <JiyHKilHOHanoa MeTonoM nuueap!I3BilHII". ( OperrpHHT OHflH, Ll-810, 

Lly6na, 1961 ) . 

Llpyrol! crroco6 CTa6nnH3BilHH rrpouecca cxonnMOCTH MeTona, auanorH'IHoro 

H3/lO~<eHHOMy, OCHOBSHH&Ii! HS KOppeK'iliiH MBTpHUbl , 011HC8H B pa6oTe 

D.W.Marquardt. An.Algoribn for Least- Squares Estimation of Nonlinear Parameters. 

"J. Soc. Industr. and Appl. Math., " 1963 , 11, N 2 , 147 -151. 

0H 6onee HaaelKeH B C/lOlKHbiX CHTySUHSIX, O.QHSKO B He O'leHb llllOXHX CllY

'IBSIX Tpe6yeT 6onblllero 'IRena HTepauul!. 

AaTop 6naronapeH H.IO. lllnpHKOBOI!, H.H. Wenonueay, B.n. naxoMOBy 38 

UeHH&Ie 38Me'ISHIIH II 110M01llb B o<JiopMneHHH pa60Tbl. 

x/ 
011THM8/lbHbl8 aeca MOryT 6&1Tb 011peneneH&l H3 YCilOBHSI MHHHMS/lbHOi! llOTepB 

HHtj>OpMBilHH 38 C'leT OKpyrneHHit 11pH tj>opMHpOBSHHH MSTpHUbl z I k , Beca ypaBHe

HHi! 61lH3KH K OI1THM8/lbHbiM, eC/lH ORB ttp0110pUHOH8/lbHbl Be/lH'IHHSM 

1 I i ( d II ) 2 
k=l dak 

LlanbHell:wee cymecTBeHHOe YllY'IIlleHHe MOlKeT 6&1Tb .QOCTHrHyTO TO/lbKO 38 C'leT 

11peo6p830B8HHSI CHCT&Mbl ypaaReHHll K CHCT&Me C llY'IIll&ll: o6yC/lOB/l8HHOCTbiO. 

14 

~ 
(. 

J 
:I 
~~ 

' ;,I 

':I 

~ 

flqel!xa 

2305 
2306 
2307 

2310 

2311 

2312 

2~13 

2314 

2315 

2316 

2317 

2320 

2321 

2322 

2323 

2324 

2325 

2326 

2327 

2330 

2331 

2332 

2333 

. ···------~·-····~----~·--·----·-·-~·----------.. 

Ta6nuua ycnoBHbiX '!Keen nnH MHK 

Ycnoauoe "!Reno 

1000 
1020 
1040 

1060 

1100 

II20 

1140 

II60 

1200 

1220 

1240 

1260 

1300 
. 

1320 

1340 

1360 

1400 

1420 

1440 

1460 

1500 

1520 

1540 
. 

15 

ConeplKHMoe 

m 

2 
m 

s 
k 

S(n-1 l 

Mn: £
308

-1; MB :(f-1)(Sni-1 

Mn-0001 MB - Sn + 1 

a M3Y 

<z >- 7 
n 

< zk>-6 

A 

B 

< a 1 >-I 

<b t>-1 

a
1

+2m-l 

a
1 

+3m-l 

a
1

+4m-1 

a
1

+5m-1 

< F > - 7 'IHC/l. MaT. 

<f> 

a BX 

a BbiX 



~= 

Ycnoaaoe 'IHCDO 

!321 

1341 

!361 

1362 

1363 

1364 

!365 

!405 

1425 

1445 

I4b5 

!466 

!46? 

!22? 

!240 

20!4 

20!5 

20!6 

20!? 

2020 

202! 

PacnpeneneHHe naMSITH naSI MHK 

a I a I 

a
1 

+ m b I 

a 
1 

+2m s n-1 

a 1 +2m+ 1 
(0) 

Dll 

a 1+2m+2 

a +2m+3 
I 

a
1

+2m+4 

a
1 

+3m+4 

a 
1 

+ 4m + 4 

a
1
+5m +4 

a 1 +6m+4 

a
1

+6m+5 

a 1 +6m +6 

a 1 + 6m+an+6 

a
1

+6m+an+6+m ll 

D 

D 
4 

D 
a 

D a 

sn 

N 
I 

16 
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c'leT'IBit, 'lepe3 cxon~oxo waroB nocne noc

nenaero HBBbiDODBBRHSI yCDOBHSI CXO/lHMO

CTB MOlKBO yaanB'IBTb War 

'IHCOO HT9p8UHA1 DOCile ltOTOp~ro npOBCXO

/lBT Bb!XO/l H3 MHK B938BHCHMO OT TO'I

BOCTH 

C'IBT'IHK .QOSI Cn-110 

Wlt808 cj!HitCSUHH 
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Hee > KOJl c ayneBb!MH nA H llJA), HHa'le DYJlYT Bb!BeJleHbl nHiliHHe 'IRena. 

B nporpaMMe npenycMoTpeao TpH peJKHMa pa6oTbi: 
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