JIBOMCTBEHHBIN CUMILIEKC-METO]I
(obocHoBaHME U peasn3aIs)

A. O. Maxopun*

Mapt 2016 1.

Annoranus

B namHOI 1OSICHUTEJIHHO 3alICKE PACCMOTPEHO MATEeMaTHYIECKOe
obocHOBaHME MOJIMMUIIMPOBAHHOIO JBOWCTBEHHOTO CUMILJIEKC-METOJIA,
[IPETHA3HAYEHHOTO JjIs PEeIeHus 3a/ad JIMHEHHOTO TPOrPAMMUPOBa-
HUsl, & TAKKe MPUBEIECHO OIMCAHUE TPOTPAMMHBIX MOJYJIEH, BXOJIs-
mux B cocraB nakera GLPK, koropble peajmn3yioT yKazaHHBIH MeTOJ
Ha s13bike mporpammupoBannst ANSI C 89.

Jannast pabora siBJIsIeTCsI JIOTMIECKUM TIPOJIOJKeHneM paboTst [1].
3/1eCh UCIIOIB3YIOTCS T€ YK€ OCHOBHBIE TIOHSATHUSI 1 0003HAYEHUs, U KPO-
Me TOoro, janHag pabora 3aumcrsyer u3 1] BbiBog MHOrUX hOpMYJI U
COOTHOIIICHU.

*Kadenpa npukiagroii nuundopmaruku, MOCKOBCKUI aBUAIMOHHBIN HHCTUTYT, MOCKBa,
Poccus. E-mail: <mao@gnu.org>.



Conep>kaHue

1 OO6inue cBeageHusa
1.1 Pabounit popmar Jlll-zamaum . . . . . . ... ... ... ...
1.2 BazucHbIe pereHnst TpIMOi 3aJaTh . . . . . . . . . . . . . . .
1.3 VYcmoBUS ONTUMATBHOCTH . . . v v o v o v o e e e e e e e e
1.4 poiictBennas JIlI-zamaga . . . . . . . . ... .. ... .. ..
1.5 DasucHble perenust IBOUCTBEHHON 3a0a9U . . . . . . . . . . .
1.6 /IBOMCTBEHHBIN CUMILIEKC-METO/T . « . « « « « « o o o o o oo . .
2 JIBoiicTBeHHBIII BbIOOP Da3uCHOII mepeMeHHO’
2.1 JlsoiicrBennoe mpasmiao Jlammura . . . .. ... L. L L L
2.2 JlpoiicTBeHHBIN MeTO ] Haubojee KPyToro pedpa . . . . . . . .
2.3 JlBoiicTBEHHBIN TPOEKIIMOHHDBIN MeTO/I HAnbOoIee KPyTOro
PEOPA . . . . e
2.4 JIBoiicTBeHHBIN MeTOI olleHMBaHUA Devex . . . . . . . . . ..
3 BoiicTBeHHblii BBIOOpP HEOA3UCHOII TIEPEMEHHOI
3.1 «CrangapTHbIil» JBOWCTBEHHBIA METOM, . . . . . . . . . . . ..
3.2 JIBOMCTBEHHBIM METOM XaPPUC . . . « « o o o v o oo e oo oo
3.3 JIMUHHOIMATOBBIM METOM, . . . . « o« « v e e e e e e o
3.3.1 O0mast UAEST . . . v o v e e e e e
3.3.2  OmnumcaHme METOMA . . . . « v v v et e
JIureparypa

ITpunoxkenue. Ilporpammuas peasim3aiius
IT1.1 Mogyas SPYCHUZR — nBoiicTBeHHBI BBIOOD HGa3UCHOI ITe-

PEMEHHOM . . . . . . . . . ..o
I1.1.1 spy_chuzr sel — orGop mOAXOMSANINX TEPEMEHHBIX
I1.1.2 spy_ chuzr std — BeIOOp 6a3uCHOIl IEpEeMeHHOMH

1o JIBoficTBeHHOMY mpaBmiy anmura . . . . . . . . .
I1.1.3 Crpykrypusrit Tunr SPYSE . . . . . ... ... .. ..
I1.1.4 spy_alloc se — pa3smerenue MacCUBOB . . . . . . . .
I1.1.5 spy_reset refsp — mepeoripeiesieHne 3TaJOHHOTO

OPOCTPAHCTBA . .« « « « o v e e e e e et e e e
I1.1.6 spy eval gamma i — mnpsiMoe BBIUYUCIEHUE BECOBOTO

MHOXKHTEIIST . « o « o v o e e e e e e e e e e e
I1.1.7 spy_chuzr pse — BbIOOD Oa3uUCHOI TEPEMEHHON

10 JTBOMICTBEHHOMY METOMY HamboJiee KpyToro pedbpa
I1.1.8 spy_update gamma — rmepecyeT BECOBbIX MHOXKUTE-

JIelt JIIsT CMEXKHOIO Oasmea . . . . . . . . . . . . .. ..
I1.1.9 spy_free se — ocBoboxjeHre MACCUBOB . . . . . . . .

O 1 O = = =

10

16
16
17

19
24

26
26
29
33
33
37

40

41

41
41

41
42
42
43
43

43



I1.2 Mogyas SPYCHUZC — nBoiicTBeHHbIil BLIOOD HEOA3UCHOIA TTe-

PEMEHHOM . . . . . . . . . ..o
I1.2.1 spy_chuzc std — «cTranmapTHBIit» JBOHCTBEHHBIN BbI-
O6op HEDA3UCHON MEePEeMEeHHONH . . . . . . . . . . . . ..
[1.2.2 spy_chuzc std — BbibOp HEbDa3uCHON HIEpEeMEHHOMN
IO JTBOMICTBEHHOMY METOLY XapPpUC . . . . . . . . . . .
11.2.3 Crpykrypusiit Tun SPYBP . . . . ... ... ... ..



1 OO6mue cBegeHus

1.1 Pabounii dopmar JIII-3amaun

B paccmarpuBaeMoii peanusanuu UCIOJIb3YeTCsl TOT ke pabouull dopmam
3a1a4n JimHeliHoro nporpamvuposanus (JII1-3azaqu), aro u B [1]:

z=c'z+cy — min (1.1)
Az =10 (1.2)
I<z<u (1.3)

rje © = (ry) — BEKTOD II€PEeMEHHBIX, z — IeseBas GyHknus, ¢ = (cx) —
BEKTOp KO3 PUIUEHTOB 1e1eBoil (DYyHKIMU, ¢() — IOCTOSIHHLII YJIeH Ie/1eBoil
dbyuxiyn, A = (a;;) — Marpuna koaddunuenTos orpanuyenuii, b = (b;) —
BEKTOp NpaBbIX vacreil orpanndennii, | = (lx) — BEKTOp HUXKHUX TDAHUIL
HEePEMEHHBIX, U = (U)) — BEKTOP BEPXHUX I'DAHUIL IEPEMEHHBIX.

Ecin nukusst (BepxHsisi) PaHUIA EPEMEHHOI T) OTCYTCTBYyeT, TO (hop-
MaJbHO cuuTaercs, 9ro lp = —oo (up = +o0). Ilepemennasi, y KOTOpOii
OTCYTCTBYIOT 00€ I'DAaHUIIbI, HA3bIBAETCs 80000101 (Heozparuyernoli) nepe-
mennot. Ecmu Iy = ug, TO nepeMeHHast Tj CUNTaeTCsa Gurcuposantoil.

B manbreiimen npeamosaraeTest, 9TO YUCIO MEPEMEHHBIX PABHO 11, & IHC-
70 orpannvenuii-pasercts (1.2) pasuo m, mostromy marpuna A umeer m
cTpoK u n croubros. Takxke npejnosaraercs, 9ro rank(A) = m, 1. e. uro A
UMeeT IOJIHBIH CTPOYHbINA panr (Bce CTPOKM yKA3aHHOW MATPUIIBI JIMHEHHO
HE3aBHUCHMO), OTKY/Id, B YACTHOCTH, CJIEYeT, 4TO m < n.

1.2 bBaswucHble penieHusi IPpAMOI 3aa9u

Basucnoe pemmenne JIII-3amaan (1.1)—(1.3) oxHo3HAYHO OLpEEIEHO, €Cim
yKa3aHO, KaKue [epeMeHHbIe SIBJISIIOTCsI 6a3UCHBIMU, & KaKue HeOa3UCHBIMH,
1 JJIsT KasKI0i HeDA3MCHOMN ITepeMeHHoil, nMeroIeil 0be HUKHIOIO U BEPXHIOIO
TPaHUITBL, JOTIOTHATETLHO YKA3AHO, KaKasl U3 9TUX JBYX TDAHUI] aKTHBHA.!

IIycte II — mogxossmas epecTaHOBOYHAS MaTPUIlA TaKas, 9To:

H:L‘z(xB),Hc:<CB>,Hl:<lB),Hu:<u3>, (1.4)
TN CN IN un

rae p = [(B)i] — BEKTOP GA3UCHBIX IIePEMEHHbIX, TN = [(ZN);j] — BEKTOP
HeOA3MCHBIX [ePeMeHHbIX, ¢ = [(¢g);] u ¢y = [(cN);] — BekTOpPBI KO3bDH-
1meHToB 1esesoit dynkiwmn, g = [(Ip)i] n [N = [(In);] — BeKTOPBHI HIZKHEX
rpanu, up = [(up);] u uny = [(un);j] — BEKTOPBI BEPXHUX IPAHHUI], COOTBET-
CTBEHHO, GA3VMCHBIX ¥ HEOA3MCHBIX II€PEMEHHbIX.

1Cwm. Goutee oApOBHOE U3JIOKEHNE MaTepUasa JAHHOTO moapasena B [1, noapasm. 1.2
n 1.3].



Tax kak cToa6LIBI MATPUIILL KOAMMUIMEHTOB orpanndennii A naxoasres
BO B3aUMHO OJIHO3HAYHOM COOTBETCTBHU C II€PEMEHHbIMU T = (Zj), TO pas-
OmeHue IepeMeHHbIX Ha 6a3MCHble U HeDa3UCHBLIE IOCPEICTBOM MaTpHilbl 11
ITOPOXKIAeT COOTBETCTBYOIIEe pa3bueHne cToJIONOB MaTpullbl A:

(B|N) = A1l”, (1.5)

rge B — HEBBIPOXKJIEHHAsI MATPUIlA TOPSJKA 1M, COCTABJEHHAsI U3 CTOJIO-
1oB A, COOTBETCTBYOIMUX GA3ZMCHBIM IIEPEMEHHBIM, U Ha3blBaeMasi 6a3ucHol
mampuyed (nm npocto 6azucom), N — m x (n—m)-MaTpuiia, cocTaBaeHHast
u3 CcToJI010B A, COOTBETCTBYIONMX HEOA3UCHBIM I€PEMEHHBIM.

Basucnast marpunia B npeoaraerTcsi HeBLIPOXKIEHHON, ITO TO3BOJIAET
sIBHO BBIPA3UTh IEJIEBYIO (DYHKITUIO U Da3UCHDbIE IepeMEeHHbIe Yepe3 Heba3mc-
HBIC TIEPEMEHHBIE U TeM caMbIM 3ammcarsh ucxoanyio JIII-zamaay (1.1)—(1.3)
B npeobpazosarmom eude Jijist 3aJaHHOrO Oasuca:

z=d zy + dy — min (1.6)
rp=ZxN+g (1.7)
I <zp<up (1.8)
In <zy <uy (1.9)
re
==-B"!N, (1.10)
g= B, (1.11)
d=cn+Eleg=cy — N, (1.12)
m=BTep, (1.13)
do = 7Tb + cp. (1.14)

Baecs = = (&) — m x (n—m)-maTpuna, Ha3bIBaEMast CUMNAEKC-Mabiuyed,
g = (gi) — M-BEKTOp, HA3BIBAEMBIN NPEOOPAZOGAHHBIM BEKMOPOM NPAGHLT
wacmet oepanuverud, d = (dj) — (n — Mm)-BEKTOP OMHOCUMENLHHIL OUEHOK
HEOAZUCHBLT NEPEMEHHBIT, T = (T;) — M-BEKTOP CUMNACKCHOIT MHOACUME-
setl, dy — TOCTOSIHHBIN WJIEH MPeodpPa30BaHHO 1e/1eBoil DyHKIIIH.

IIycre f = (fj) — (n — m)-BexTOp 3HaYEHUT aKTUBHBIX I'DAHUI] HeOa-
3UCHBIX IepeMeHHBIX, T. €. f; = (In); wmm f; = (un);. Torma snauenns
[EPEMEHHBIX B 0A3MCHOM DEINEeHUN PaBHbI:

x:HT(§i>:HT<§>, (1.15)

B=(8)=-B'Nf+B 'b=Ef+g (1.16)

€CTh M-BEKTOP 3HAYEHUN OA3UCHBIX ITEPEMEHHDIX.

rae



1.3 VYciaoBud onTUMaJILHOCTU

HeobxoaumMmble n mocraTodnble ycjioBus onrtuMasabHocT st JIII-3amaam B
dbopmare (1.1)—(1.3) umeror ciemyromuii BuI:

Az =1b (1.17)

I<z<wu (1.18)

ATr 4+ 2T+ A" =c (1.19)

AT >0, AW <0 (1.20)

(zi — A =0 (1.21)

(xr —up)A, =0 (1.22)

rae m= (m) — BeKTOp MHOXKuTeseil Jlarpan:xka it orpaHnaeHuii-paBeHCTB
(1.2), A" = (\}) mw A= = (\,) — BexTopsl MuOXKUTesell Jlarpamka st

HIDKHOX U BEPXHUX I'DAHUIL [IepeMeHHbIX (orpanudenuii-uepasencts) (1.3),
COOTBETCTBEHHO.

Yenosust (1.17) u (1.18) coorsercrytor orpanudenusiv (1.2) u (1.3) uc-
xoxuoit JITI-3amadu n o3HavIaIoT, YTO ONTHMAJIBLHOE PEIIEHUe JOJIKHO OBITDH
JIOILYCTHMBIM.

Yemosue (1.19) o3navaer, 9TO B ONTUMAJIBHON TOUKE T'PAUEHT IIEJIEBOIT
DyHKIWMN JI0JI7KEH TPUHA/IC’KATH OPTONOHAJILHOMY JIONOJIHEHUIO addUHHO-
'O IIOJIIPOCTPAHCTBA, 00PA30BAHHOIO AKTHBHBIME OIPAHNIEHNUSIMH U3 THCIIA
(1.17) u (1.18), a 3Ha4MT, JOJKEH OBITH JIMHEHHOH KoMOUHAIE HOpMaJteii
K PHIIEPILUIOCKOCTSIM, COOTBETCTBYIOIIUM OT/IEJIbHBIM AKTHBHBIM OIDAHUYEHN-
M, TJe MHO)KuTesn Jlarpamzka cyTb Ko3(HUIMEHTHI 9TOM JMHEHONH KOM-
Gunaiuu. Hapyienue 5Toro ycjaoBusi 03HAYAET, YTO MPOEKIUsS IPaJUeHTa,
U CJII0BATEIIBHO, IPOEKINST aHTHIPA/IEHTa 11es1eBoil GyHkiun na addu-
HO€ IOJIIPOCTPAHCTBO AKTHBHBIX OIDAHMYEHUIl OTIIMIHBI OT HyJIsl, OITOMY
BO3MOKHO CMEIIEHIe TOYKH Ol OCTPBIM YIVIOM K aHTUIDAUEHTY I[eJIeBOi
dyHKIUU, IpU KOTOPOM TOYKA HE IMOKUJIaeT ykKaszaHuoe adduuHoe mominpo-
CTPAHCTBO, & 3HAYUT, OCTAETCS JTOIYCTUMOIL.

Yeaosus (1.20) o3HAYAIOT, 9TO B ONTHMAJIBHON TOYKE HE CYIIECTBYET JI0-
ITYCTUMBIX HATIPABJICHHH,? KOTOPBIe 06Pa3yIoT OCTPBIf YTOI C aHTHTPA/HEH-
ToM 1esieBoit pyukIwn. Hapyienne sToro ycoBusi 03HadaeT, ITO BO3MOYKHO
CMeIIeHNe TOYKHU [OJ[ OCTPBIM YIVIOM K aHTUTPAJMEHTY, IPH KOTOPOM TOYKA
CMEIAeTCsl «BIIyOb» MHOYKECTBA JIOIYCTHMBIX DEIIEHUil, T. €. KOrja OJHO
WJIN HECKOJIBKO aKTHBHBIX OIPAHMYEHUH [1epecTaroT ObITh aKTUBHBIMH.

Yemosus (1.21) u (1.22), KOTOpPbIE HABBIBAIOTCS YCAOSUAMU DONOAHAIOULET
HeHCeCTNKOCMU, O3HAYAIOT, YTO B OUTHMAJIBHON TOUYKE HEHYJIEBbIe MHOXKHUTE-
mu Jlarpanka MOI'YT HMeTh TOJIKO AKTHBHBIE OrDAHUTIEHHS.

Q,Z[OHyCTI/IMbIe HallpaBJeHus 00pPa3yIOT BBINMYKJIBII MHOTOIPDAHHBIH KOHYC C BEPIINHON
B 3aJJAHHOM JIOIyCTUMOH ToUKe (He 06A3aTEIbHO BEPITHHE MHOTOIPAHHOTO MHOYKECTBA J10-
IIyCTUMBIX PENIEHWH), TPAHAMHU KOTOPOrO SIBJISIIOTCS TUIIEPIIOCKOCTH AKTUBHBIX OTDAHM-
YEeHUN.



1.4 IBoiicrBeHHas JIII-3asjaua

Bagaqa, deoticmeentan K 3adanHO0il (npamoti) 3a/1ade — 9T0 3a/a9a, KOTopast
UMeeT Te K€ YCJIOBUSI OITUMAJILHOCTH, UTO W IIPsiMasi 3a/1a9a, HO B KOTOPOii
HepeMEHHBIMI SIBJISIOTCS MHOXKATEN Jlarpamka, Ha3bIBaeMble B 9TOM CJIy-
qae 060UCTNEENHDIMU NEPEMEHHBLMU.

YUT06bI YHPOCTUTH BBIKJIAJIKH, OIPAHHYIUMCS CJIydaeM, KOorja Bce mepe-
mensble npsvoii JITT-3agaqaun (1.1)—(1.3) umeror 06e HUMKHIOI W BEPXHIOO
T'PaAHUIIbI (06LLH/H>’I cirydait OyaeT pacCMOTPEH IPU U3JI0KEHUHU JTBOMCTBEHHOTO
CHMILIEKC-MeTO/1a). B 9ToM citydae cooTBeTcTBYyIONIAs JBOMCTBEHHAS 33 /1498
TaKKe SBJISAETCs 3a/adeil JTMHeHOrO IPOrpaMMUPOBAHUS U UMEeT CJIEJYIO-

I BU:
C=b"m+ "2 + AT +¢p — max (1.23)
ATr+ 0T+ 0" =c (1.24)
AT >0, A <0 (1.25)
rie ¢ — JBoiicTBenHas nesesas GyHKIus, 7, AT, AT — BeKTOpbI ABOICTBEH-

HBIX IIepeMeHHBIX (MHOkuTesteii Jlarpamnrka). 3aMeTnM, 9TO IepeMeHHbIE T;
He OrpaHMYeHBI 110 3HAKY.>
Vcxonst m3 mpakKTUIecKuX COOOParKeHU OIpeIenM BEKTOD KOMOUHUDO-
sanHuir deoticmeennvir nepemennvir (MuokuTesteit Jlarpanxka) A = (A;) Kak
CYyMMY:
A=AT+ . (1.26)

[TockosibKy HUXKHSAS M BEePXHes TDAHUIIBLI IIEPEMEHHOIT X, IPAMOI 3aa4n He
MOT'YT GBITH AKTHBHBI OJIHOBPEMEHHO,* TO 13 YCII0BHIl TOOTHATIONIEH HeXKeCT-
kocru (1.21) u (1.22) caenyer, uro Af A, = 0. Takum obpasom, ¢ yuerom
orpanuyenuii Ha 3Haku (1.25) 3HaYEeHME KOMOWHMPOBAHHON JIBOCTBEHHOI
IepPEMEHHOI )\, OJJHO3HAYHO OIIpejielideT 3HAUYEHHs IBOICTBEHHBIX IIepeMeH-
HBIX )\: A

ecim A\, = 0, TO A;{f =\, =0;

ecim A\, > 0, 10 A\ = A, A, = 0; (1.27)

eciim A\, < 0, TO )\g =0, A\, = M.

Coornomtenust (1.26) u (1.27) nossosisitor 3anmcars JBoiicrBennyo JIIT-
sazady (1.23)—(1.25) B 9KBUBAJIEHTHOM BUJIE:

C=b"m+1"AT +ut A7 + ¢p — max (1.28)

ATn 4 =c¢ (1.29)

rie (KOMOMHUPOBAHHBIE) JBOJICTBEHHBIE TIEPEMEHHBIE A\, HE OPAHUYEHBI 110
3HAKY.

3Tak xkax oHE COOTBETCTBYIOT OIDAHUYCHUAM-PABEHCTBAM IIPAMOU 3a1a49H.
4Cnyqa171 (DUKCHPOBAHHON TEPEMEHHOI, T. €. KOTJa [ = Uk, MOYXKHO PACCMAaTPUBATDH KaK
IIPEJIeJIBHBII CIIy4ail JBYCTOPOHHEro orpanndenus lp — e < xx < up + € npu € — 0.



1.5 basucHble penieHust JBONCTBEHHON 3a/la4n

ITockonbky nBoiicTBennast 3aaada (1.23)—(1.25) saBisiercs 0ObITHON 3a1ateit
JIMHEHTHOTO TIPOTPAMMUPOBAHUs, TO JIJI Hee MOYKHO OIPEICUTh MOHATHE Da-
3HCa U COOTBETCTBYIONIErO OA3UCHOIO PEIIeHHs] aHAJIOIUYHO TOMY, KaK 3TO
clesiao B mozpas. 1.2 st npsivoit 3agaqn (1.1)—(1.3). IIpu srom Bak-
HEHIIIM 00CTOATE/ILCTBOM, JIEXKAIIUM B OCHOBE JIBONCTBEHHOI'O CHMILIEKC-
MeTo/[a, SBJISETCS TO, YTO YCJIOBHs JonoJHsiomeil Hexkecrkocrn (1.21) u
(1.22) 103BOJISIIOT YCTAHOBUTDH €CTECTBEHHOE B3aMMHO OJIHO3HAYHOE COOTBET-
CTBHE MEXK/Iy BCEBO3MOXKHBIME OA3MCHBIMI PEIICHUSAME (KaK JOIYCTHMBIMI,
TakK 1 He;LonyCTHMHMH) OpsAMOI M JBONMCTBEHHON 3a1a4.

JlotycTuM, 9TO ¢ TOUKHU 3peHusl HpsIMOil 3a/a4n IepeMeHHast Tj Oasuc-
Hadd. B 9TOM CJiy4dae €€ I'PaHUIIbL lk n up ABJIAIOTCA HEaKTUBHBIMHA OI'paHUYIe-
HUSIMIE, U TOTJIA U3 YCJIOBH jonosHstomeii nexkecrkocru (1.21) u (1.22) cite-
JIyeT, 9TO COOTBETCTBYIOIINE JIBOICTBEHHBbIE IIepEMEHHbBIE )\: 1 A, JIOJIZKHBI
ObITh paBHBI Hymo. Ho ¢ Toukn 3peHus JBONCTBEHHOI 3a/[a41 9TO O3HAYAET,
9TO HyJieBble rpaHuIlbl (1.25) 1BOHCTBEHHBIX IIEPEMEHHBIX )\2' U A, ABJISIOTCS
AKTUBHBIMU OIDAHNYEHHUSAME, U II09TOMY 00e STH IlepeMeHHble HeOa3UCHbIE.
Homycrum nasee, 4To nepeMeHHasi T HeOa3UCHAs C aKTUBHOI HUXKHEI rpa-
auteit . Torma aBoiicTBeHHAasT IepeMeHHAs )\,": baszncHasi, IMOCKOJIbKY OHA
MOYKeT IPHHAMATDL HEeHyJIeBble 3HaYeHns, a A\, HebasHCHasd, TaK KaK Bepx-
Hedasd TPaHUa U ABJIACTCA HEaAKTUBHBIM OI'DaHUYICHUEM. AAHa.J'[Ol"I/ILIHO7 ecJin
HepeMeHHas T Heba3UCHasl ¢ aKTUBHOW BepxHeil rpanureil uy, To 6a3mc-
HOlt OyzieT JBOliCTBeHHAsl IepeMeHHasd A, , a )\: OymerT HeDA3UCHOM, TaK KaK
HIDKHSISL PPAHUIA [f, ABJISETCS HEAKTUBHBIM OIDAHIYEHUEM.

HotycTuM Teneps, 4To JJIst IPsIMOil 3a/ja4r OIIPe/Ie/IeH HEKOTOPBII Oa3Huc,
T. €. yKasaHa IIOJXOJAINas IlepecTaHOBOYHAs MarTpuiia II, omnpenessioniast
6asucHble xp 1 HEba3UCHBIE Ty HepeMenHble (1.4), a TakXKe yKasaHO, KaKue
MMEHHO TPAHUIbI (HUKHSIS U/IH BEPXH:As) HeOA3UCHBIX [IEPEMEHHBIX SIBJISIOT-
Csl aKTUBHBIMH. 3aMETHM, YTO KasKJOil IIepeMEHHOI Ty IPSMOil 3a/1a4u co-
orBeTcTBYeT (KOMOHHUPOBAHHAsT) IBOJICTBEHHAS IepeMeHHAs A\, = A + A; .
Do o3HavaeT, 4To st Bekropa A (1.26) marpuna II onpejensier pasbuenue,
uyenTuaHOe pasbuenmio (1.4):

AB M+ A

I\ =TI\ + X)) = =

AN At Ay ) (1.30)

rJie aBoiicteennas nepemennas (Ag); = (A5); + (Ap)i cooTsercTByer 6asnc-
HOIl [IepeMEeHHO (£ ); U I09TOMY, KaK 9TO ObLIO OTMEUEHO BBIIIe, sIBJISETCS
nebasncHoii (B ToM cMblicie, 4T 0be repemennbie (Af); u (Ap); Hebasucubre),
a jpoiicTBennas nepemennas (Ay); = (A\%); + (Ay); coorercTByer Heba-
3UCHOI IlepeMeHHON (T); U MOITOMY sBJISETCs OA3MCHOI (B TOM CMBICIIE,
4TO O7iHA U3 nepeMeHHbIX (A5); u (A\p); Gasucuast, a apyras HeGasncHast).
Urak, 6a3uc npsimoit JITT-3amaqau (1.1)—(1.3) oHO3HAYHO OLpeiesisieT co-

orBercTByIomuii 6aszuc asoiicreennoii JII1-3amaqn (1.28)—(1.29), B KoTopom



Ga3MCHBIME SIBJISAIOTCS JIBOHCTBEHHbIE TlepeMennble (Ay); 1 7;,° a Hebasmc-
HBIMH — J[BOHCTBEHHBIE IIepeMeHHbIe (Ap);. DTO MO3BOJISIET SIBHO BBIPA3HUTD
JIBOMICTBEHHYIO TIeJIeBYI0 (DYHKIIUIO M JIBOWCTBEHHbIE OA3UCHBbIE TIepEMEHHbIE
qepes rH‘BOI';'ICTBeHH])Ie He6a,3I/ICHI)Ie InepeMeHHble U TeM CaMBbIM OIIPpE/Ie/INTH
KOMIIOHEHTBI JIBOHCTBEHHOIO HA3UCHOTO PEIEHKs] AHAJIOIUIHO TOMY, KaK 3TO
CJIEJIAHO JIJIsI TIPSIMOTO Ga3uCHOrO perenus (cM. moapasz. 1.2).

BoimosmauM nmpeobpaszoBanne JBOWCTBEHHON CHCTEMBI OrpaHUYeHHit-pa-
BercTB (1.29), st wero ymuoxkum marpuily 11 cieBa Ha obe wacTu 3TOi
CUCTEMBI:

A 7w + I\ = I,
orkyza ¢ yaerom (1.4), (1.5) u (1.30) mosyunm:

BT T4 A\ _ ([ cB
NT Ay /) \env )’
YTO SKBUBAJICHTHO CJICIYIOMIEH CHCTEME:

{ BT7T+)\BZCB

NT7T+/\N =y (131)

Basucnast marpuna B mo onpenenennio 6a3ucHOro pernennst npsmoit JITT-
3aJ1a9U SIBJISIETCS] HEBBIPOXKIEHHON, 9TO TO3BOJISIET PA3PENIuTh IEPBYIO MO/l
cucremy (1.33) orHOCHTEJILHO BEKTOpa T

™= B_T(CB — )\B) = —B_T)\B + B_TCB. (1.32)

Hanbreiimas mojcraHoBKa BelpazkeHust juist m u3 (1.34) Bo BTOpYIO HOICH-
cremy (1.33) mo3BoJISIET PA3PEIUTD ITY HOJACUCTEMY OTHOCUTEIBHO AN :

A =-N'arteny=N'BTA\g—N'B T+ ey,

NJI1 OKOHYATE/IbHO:
Ay =—-ET g +d, (1.33)

re = =—B7IN,d=cy+Z"cp.

B aBoiicTBeHHOM 6a3UCHOM pENICHUN 3HAUEHUsI BCEX HEOA3MCHBIX JIBOM-
CTBEHHBIX IEPEMEHHBIX (Ap); PABHBI HYJIIO (TaK KAK COOTBETCTBYIOIIHE JTBOM-
crBennble nepemennble (Af); u (A\3); HAXOAATCA HA CBOMX AKTUBHBIX HyJIe-
BBIX TDAHHIIAX), a 3HAUEHHs OA3NCHBIX HepeMeHHBIX m; u (Ay); (a 3HaUwT,
(A§); 1 (\y);) onpenesstiores dopmystamu (1.32) u (1.33). Takum o6paszom,
00beIMHEHHBIN BEKTOP 3HAYEHUI BCEX JIBOMCTBEHHBIX IEPEMEHHBIX B JIBOM-
cTBeHHOM OasmcHOM pertennn ¢ ydaeroM (1.30) pasen:

(Z):(I HT> i% :<I HT)

®TTOCKOIBKY T; COOTBETCTBYIOT OIpaHHYeHHsIM-paBeHcTBaM npsiMoit JITI-3anaum, Koro-
pble aKTUBHBI B JIIOOOM 6a3MCHOM PEIeHUN.

B tcp

-T
0 S (1.34)
d




Conocrapiisis Ipeobpa3oBaHHYIO CHCTEMY OrpaHudeHuii-pasencTs (1.33)
u 3HaueHus nepeMeHHbIX (1.34) mus nBoiicTBeHHOl 3a1a4u ¢ Ipeobpa3oBaH-
HOiT cucTeMoit orpanndennii-pasencts (1.7) u komnonentamu (1.10), (1.12)
u (1.13) coorBercrBytoOIIEii IPSIMOIT 33/1a41, MOKHO OTMETHUTb, UTO:

JBOHCTBEeHHAs CUMILIeKc-Tabmuma (—=7 ) ecTh TPaHCIOHNPOBAHHAS TIPs-
Mmast cuMmiiekc-rabunia = (1.10), B3siTas ¢ 06paTHBIM 3HAKOM;

3HaYeHUs OA3WMCHBIX HMEPEMEHHBIX 7; JBOHCTBCHHON 3a]1a4l PaBHBI 3Ha-
YeHMsIM CHUMILIEKCHBIX MHOXKuTestedi (1.13) npsimoii 3a1a4u;

3HAUEHUs GA3UCHBIX IePEeMEHHBIX (AN ); JBONCTBEHHON 32,1841 PABHBI OT-
HOCHUTEIbHBIM OrleHKaM dj; (1.12) npsimoit 3aakn.

CooTBercTByIOIIEe TpeodpaszoBaHme IeIeBol PYHKINN IBONCTBEHHON 3a-
Jladn PacCMOTPEHO B CJIeAYIOLeM IoJpasiele.

1.6 JIBOiiCTBEHHBIII CUMIIJIEKC-METO/I

Zsoticmeennviti cumnaerc-memod — 3TO YUCJIEHHBLIA Meroy pernenust JIII-
sanad, npemnoxkennsiit K. Jlemke (C. E. Lemke) [2] B 1953 r. (cm. Takxe [3]).
JlaHHBIT MeTO/T sIBJISIETCS BaApUAHTOM CHUMILJIEKC-METO/a, B OCHOBE KOTOPOIO
JIEXKUT T€OPUS JTBOUCTBEHHOCTH.

YMECTHO OTMETUTDb, UTO JBONCTBEHHBLIN CHMIIJIEKC-METOJ, II0 CYIIECTBY
IIpeICTaBIsieT coDOIl MPSIMOM CUMILIIEKC-METO ], TPUMEHEHHBI K JBOMCTBEH-
HOIT 3a/1ade, HO CHOPMYJIMPOBAHHBIN B TEPMUHAX MPSIMOil 33/ 1a9H.

Kax u B cioywae mpsamoit JIII-3amgatn, MHOXKECTBO JOIMYCTUMBIX peIie-
nuit gBoiicrBennoit JIII-3agaun mpeacrasiisier coboii BBITYKJIOE MHOIOTI'PAH-
HOE MHOXKECTBO, BEPIITUHBI KOTOPOTO COOTBETCTBYIOT JOIYCTUMBIM Oa3UCHBIM
pemtenusim JiBoficrBenHo# JIII-3ayauu. Eciu JiBu2KeHUE BJIOJIB HEKOTOPOI'O
pebpa IpUBOAUT K YJIYUIIEHUIO JBOHCTBEHHON I€JIeBOM (DYHKIIUU, TO BbI-
MMOJTHAETCS TIepeX0/], B CMEXKHYIO BEPIIUHY C JIyYIINM 3HaYEeHUEM JTBOMCTBEH-
HOil 1eseBoil byHKIMU. YKA3AHHBINA MIPOIECC MOBTOPIETC 0 TEX IOP, I0-
Ka He OyIer HaiigeHa BepIInHa, COOTBETCTBYIOIIAS ONTUMAILHOMY PEIIeHUIO
napoticrBennoit JIII-3agaun. A Tak Kax yc/oBHsI ONTUMAJBHOCTH MPSIMOM 1
aBoiicteenubix JIII-3a/1a9 COBITAIAIOT, TO ONTUMAJIBLHOE PEIIeHNE TBONCTBEH-
noit JITI-3aa4u OyteT onpeiesisiTb COOTBETCTBYIOIIEE ONITUMAJILHOE PeIlleHre
apsmoit JITI-3amaqan.

Paccmorpum asirebpamdeckoe onmcanne JIBOMCTBEHHOIO CHMILIEKC-METO-
Ja npumMennrensio K JIII-3anade B popmare (1.28)—(1.29) (Cum. anamornd-
HO€E ONUCAHKE HPSMOro CUMILIEKC-MeToa B [1].)

JotmyctuM, 9TO y HAC UMEETCs JIOMyCTUMOE JIBOMCTBEHHOE Oa3mcHOe pe-
merre (1.34), onpejessieMoe moJxojsieii nepecraHoBoYHON Marpuieii 11.
Torna apoiicTBeHHy O TeaeByo dyHKIMO (1.28) MOXKHO 3anucaTh B CIIeiy-
TOIEM BHUJIE:

¢ = b7 + TP TN 4+ T TITTIA + oo — s
=b'r+ lB)\E + lN)\E + UB)\E + UN)\;V + ¢o
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JBnxenue Brosb pebpa MHOXKECTBA, JOIMYCTUMBIX PENIEHUN JIBONRCTBEH-
woit JITT-3a1a9u 03Ha9aeT, 9YTO COOTBETCTBYIOIIAs 9TOMY pebpy HebasucHast
JIBOICTBEHHAs TIEPEMEHHAs HAYMHAECT U3MEHATHCS B JIONyCTUMOM HAIIPaBJIe-
HUW: YBEJUIMBATHCS, €CJTH B TEKYIeM Da3uce ak TUBHOM sIBJISIETCS €€ HUMKHSST
IPaHUIA, UM YMEHBIIATHCS, €CJIA B TEKYIIEM 06a31ce aKTUBHOMN sIBJISIETCA €€
BepXHss rpaHuiia. [Ipu 9T0M HAC MHTEPECYIOT Te HEOA3UCHDIE JIBOICTBEHHBIE
HepeMeHHble, U3MEHEeHNe KOTOPBIX B JOIYCTUMOM HAIIPABICHUN PUBOIUT K
yaaydiennio (YBeIMIeHnIo) TBONCTBEHHOI 11e1eBO (DY HKITHIH.

B pasz. 1.5 6bu10 oTMedeHo, UTO U3 JBYX nepemenubix (AL); u (Ay);
OJTHA W3 HUX Bcerja Oas3mcHasi, a apyraga HebasmcHas. Jlomyctum, 910 HEba-
3ucHoll ABJseTcs nepementas (A})j, KOTopas HAYHHAET BO3PACTATD, TAK KaK
B TeKylleM 0a3uce aKTHUBHON sBJISIETCsI ee HUXKHsisi (HyJieBasi) rpanuna. U3
(1.32) m (1.33) coremyer, 9TO OCTAJIBLHBIE JIBONCTBEHHBIE IIEPEMEHHBIE HE 3a-
Bucar or (A}); u (A\y)j, 09TOMY BeslejicTBIE coxpanenns pasencTsa (1.24)
LU JIBUKEHHHU BJIOJIb pebpa Jpyras (6asucHas) mepeMenHas (Ay); HadHeT
IPOIIOPIMOHATIBLHO yObIBaTh. A 1ocK0IbKY (In); < (un)j, TO IBOMICTBEHHAS
resieBasd PYHKIMS IPU TAKOM M3MEHEHNN IePEMEHHBIX OyaeT aub0 yObIBaTh
(ecmm (In); < (un);), mubo ocraBaTbes HemsMennoil (ecau (Inv); = (un)j).
CoBeplIleHHO aHAJIOIMYHO MOYKHO ITOKa3aTh, YTO €CJIM HeDa3UCHOI epeMeH-
HOII siByIsteTCsA (A );, TO ee M3MEHEHHE B JIOIYCTUMOM HAIIpaBJIeHNH (yMeHb-
UJeHHe) TaK>Ke He MOXKET IIPUBECTU K YBEJIWYCHUIO JBOMCTBEHHON I1eJIeBOI
dbyuxmuu. M3 ckazannoro cjemyer, 9To Jisi BbIOOpa MOXo/dmnel nebasuc-
HOI IBONCTBEHHON IEPEMEHHO TOCTATOTHO OIPAHNINTHCS HEOA3MCHBIMA TIe-
pemennbivu (A5); 1 (AR)i.

BameTum Jasiee, 9TO UPHU JBUXKEHUN BJOJb Pedpa BIUIOTH 0 CMEXKHOMI
BEPINUHBI COCTaB OA3UCHBIX U HEOA3UCHBIX IEPEMEHHBIX He U3MEHSIeTCs. DTO,
B YaCTHOCTH, O3HAYAET, UTO IPU U3MEHEHUU KAKOM-11b0 HeOA3UCHON Iepe-
mennoit (A}); mmm (A\g); ecin nepemennas (A}); 6asucuast, To (Ay); Oyjer
ocraBaTbcs HeGa3ucHOI (paBHOil Hys0), 1 Haobopor. [onaras cocras Ga-
3UCHBIX U HEOA3UCHBIX [TEPEMEHHBIX HEM3MEHHBIM ¥ UCIOJIb3Ysl COOTHOIIEHNE
(1.26), npescraBum jpoiicrBennyto neneByto dyukinuio (1.35) B Bue:

C=b"1+ fIAN + M5 +upAp + o, (1.36)

rae f; = (In);, ecmun (A}); Gasucuas, a (\y); nebasucnas, u f; = (un);,
ecim (A};); nebasucmas, a (\y); 6asucnas. Ilogcrapum Tenepnb B (1.36) BbI-
paxkenue Jyist  u3 (1.32) u Beipaxkenue jyist Ay u3 (1.33):
C=b"(-B TAp+ B Tep) + fT(—ETAp +d) + IA§ + upAp + o =
= —(fT21 + "B )X +IpA; +upry + 0T B Tep + fTd+co =
=—Cf+B ) Ag+igAf+upAg+ (B ) ep+ fld+co =
= —BTAp +I\5 +uprp+9lceg+ fld+co
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OTKY/Ia, BBIIIOJIHSISI [TOJICTAHOBKY A\p = )\E + )\E, OKOHYATEJIbHO II0JIyY1M:
C=(s—B)"A5+ (us — B) A5 + Co, (1.37)

rae B=Ef+g,9=B""b, (=g cg+ fTd+co.

B dopmyse (1.37) koadbdurnmentsr (Ip); — 5; u (up); — [i npencrapis-
0T COOOI omHocumenvHvle 0UEHKU COOTBETCTBYIOIINX JIBOMCTBEHHBIX Heba-
3UCHBIX TepeMeHHbIX (AG); 1 (A\f)i DTH OIEHKH IOKa3bIBAIOT CyMMapHOe
(T. €. mpsiMOe U KOCBEHHOE Yepe3 JIBOfiCTBEeHHbIEe Oa3UCHbIE IeDEMEHHbIE) BJIH-
sIHME YKA3aHHBIX JTBOMCTBEHHBIX HEOA3MCHBIX MIEPEMEHHBIX Ha JBONCTBEHHYIO
IIeJIEBYIO (DYHKITHIO.

B ciygae makcuMmmzanum aBukeHne BIOJIbL BBIOPAHHOTO pebpa I0JKHO
IPUBOJUTH K yBEJMYEHUIO (JIBONCTBEHHOI) 1esieBoit dyHkiyu. Tak Kak Bbl-
6op pebpa coorTBeTCTBYET BHIOODY (IBOMCTBEHHOlT) HEOA3UCHOI IIepeMeHHBbII,
9TO O3HAYAET, 9TO MBI MOXKEM BBIOPATH JIIOOYIO IIEPEMEHHYIO (Aig,)i, KOTOpast
uMeeT HOJIOKUTeNbHY0 o1eHKY (Ip); — f;, Tak KaK u3MeHeHHe TOii 1lepeMeH-
HOIl B JIOIyCTUMOM HAIIPABJIEHUM COOTBETCTBYET €€ BO3PACTAHUIO, JINOO JII0-
Oyto mepeMenHyIo (Ag )i, KOTOpast UMeeT OTPHIATEeIbHYIO ONeHKY (uRB); — 3,
TaK KaK U3MEHEHUEe ITOH IMepeMeHHO B JIOIyCTUMOM HAIIPABIEHUHA COOTBET-
CTByeT ee YOBIBAHWMIO. 3aMETHM TEIE€Pb, YTO C TOUKHU 3PEHUST IPSIMON 331891
[ ecTb BEKTOD 3HAYEHUIT Oa3UCHDBIX TEPEMEHHBIX 25 B TeKyIeM basuce (1.16).
ITosToMy BBIOOD JIBOMCTBEHHON HEOA3MCHON IIepeMEHHOM ()\JBr,)i, JIJ1s1 KOTOPOH
(Ig)i — Bi > 0, ¢ ToUKH 3peHUs TPSMOIl 3a/1adi COOTBETCTBYET BBIOOPY Ha-
3HCHOlI 1epeMeHHoil (T5);, /I KOTOPOl MMeeT MeCTO HapylleHue HUKHEil
rpanuipl 3; < (Ip);. AHasorudaHo, BBIOOD JBOfiCTBEHHON HEOA3UCHON ITEepe-
MEHHOI ()‘B)iv U1 KOTOPO (u B)i — B; < 0, ¢ TOYKH 3peHus IPSIMO 3a1a49u
COOTBETCTBYET BHIOOPY OA3UCHOI ITepeMEHHOIT (m B)u JJIsl KOTOPOM UMeeT Me-
CTO HapyleHue Bepxueil rpanunst 5; > (up);.

Cremyer OTMETUTH, ITO PACCMOTPEHHOE IIPABUJIO BBIOOPA JTBOMCTBEHHOM
Heba3nCHON MepeMeHHON aBTOMATUYIECKN YIUTBIBAET OOIUil CIydail, KOoriaa
COOTBETCTBYIOMIAsT (6a3uCHAsl) IepeMeHHasl IIPSMOi 3a1auu (5 ); He OrpaHuU-
YeHa cHU3Y U/ cBepxy. leficrBuresnsro, ecm (Ip); = —00 (coOTBETCTBEH-
HO, (up); = +00), To dopmansHo (Ig); — B = —oo < 0 (cooTBETCTBEHHO,
(up); — Bi = +oo > 0), nosromy (A\f); (coorsercrsenno, (A\5);) He Gymer
MTOAXOMSINEH TBOMCTBEHHON HEOA3MCHOI IIepeMeHHOI, obeciiednBaroNieil yBe-
JITJIeHne JTBOMCTBEHHO 11e/1eBO#t (DyHKIINHN.

JomycruM, 910 BRIOpaHa IMOAXOINAs JIBONCTBEHHAsT HeDAa3MCHAsI Iepe-
MEHHAast ()\E)p um (Ag)p, U3MEHEHne KOTOPOii B JIOIYCTUMOM HAIIPABJICHUM
[IPUBOJUT K yBEJIMIEHUIO ABONCTBEHHO 11esteBoit pyukmuu. B coorBeTcTBUN
¢ (1.26) B ciryuae BbIGOpa (M%), MBI MOXKEM CUHTATH, ITO COOTBETCTBYIOMIAL
KoMOuHNpoBaHHas HeGasucHas nepementas (Ap), = (A\5)p HaumHAET BO3-
pacrars, a B ciry4ae Beibopa (Ag), — 910 (AB), = (A\g)p HaUnMHAET YyOBIBATE.
IIpu sToM m3Menenue (Ap), B BHIODAHHOM HAIIPABJIEHHU IPUBEJET K H3Me-
HEHUIO [[BOHCTBEHHBIX OA3UCHBIX IEPEMEHHBIX T; U (AN)j B COOTBETCTBUH C
pasencrsoM (1.33).
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Tekyree 6a3ucHOE peleHNe TPEJIIOJIAraeTCsl JIBOWCTBEHHO JIOMYCTUMBIM.
Dro osnauaer, aro e (An); = (AL); (nebasucnas nepemennas npamMoit
JI-3amaun (ry); ¥MeeT aKTHBHYIO HIKHIOIO I'panuily), To d; > 0, a eciu
(An)j = (A\y); (nebasucuas nepemennas mupsmoit JIII-3amaun (xy); umeer
AKTHBHYIO BepxHiolo rpanmuiy), To d; < 0.5 TlonsaTno, uro ecsm B Iporecce
U3MEHEHHUsI [[BOCTBEHHOIT HeOA3UCHOI TTlepeMeHHOlt (AR), B BHIODAHHOM Ha-
IPaBJIHUN HEKOTOpasi JiBolicTBeHHas GasncHas nepemennast (Ay)g = (AL)q
wit (An)q = (Ay)q 1EPBOIl JOCTUTHET CBOEH HyJIeBOii IPAHMIIBI, TO 9TO Oy-
JIeT O3HAYATH, YTO MBI JJOCTHIJIN CMEXKHOIT BEPIIUHDI, U JaJbHeliee n3MeHe-
mre (Ap)p, B BLIODAHHOM HAIIPABICHUN HEBO3MOXKHO, TAK KAK 9TO IIPHBEJET
K HAPYIIEHWIO HYJIEBON T'DAHUIBI COOTBETCTBYIONIEH IBONCTBEHHON Oasmc-
HOIl TIEPEMEHHOM, & 3HAYNT, K BBIXOJLY M3 MHOXKECTBA JIOIYCTUMbIX PelleHuil
nBoiictBennoit JITI-3amaqmn.

Yrobbl HAWTH JBOMCTBEHHYIO GA3UCHYIO MEPEMEHHYIO, OMPEIEJISIIONLYIO
CMEXKHOE JIBOHCTBEHHOE GA3UCHOE pEIlleHne, TTOJI0KAM

(AB)p = 39, (138)

rae s = +1 (coorsercrrenno, s = —1), ecim (Ag), = (A\f), Bospacraer
(coorBercrBenno, ecin (Ap)y, = (Ag)p yObiBaer), # > 0 — ckajusgpHBIl Ha-
pamMerp Jiyda, KOTOPBIi MCXOJUT U3 TEKyIlell BEPIIMHBI U HAIPABICHUE KO-
TOPOIO COBIIAJIAET C HAIIPABJICHHEM DEOpa, COOTBETCTBYIONIETO BBIOPAHHO
Heba3MCHOl TepeMeHHOl (Ap)p. 3aMeTHM, UTO yBeJaHdeHHe mapamerpa 6,
HAYMHAS C HyJIsI, COOTBETCTBYET M3MEHEHUIO (Ap), B BBIODAHHOM Halpas-
JICHWH, HAaYWHAsI C ee aKTUBHON HyJieBOil rpanuribl. [I0CKOIBKY OCTa/IbHbBIE
JIBOJiCTBEHHBIC HeOA3NCHBIE [IEPEMEHHBIE He U3MEHSIOTCsI, TO ¢ y4aeToM (1.33)
OTJIeIbHAs JBOIICTBEHHAs Oa3ucHasl epeMeHHast (A ); OyaeT 3aBuceTh oT
CJIEIYIOIIAM OOPa30M:

(An)j = dj — &pjsh, (1.39)
riae dj — 3Hadenne (Ay); B TeKylleM Oa3MCHOM pemieHnu, &,j — SJI€MEHT
cuMIIeKc-Tabmunpl = = —B~'N. OueBnano, uro eciu &pjs < 0 (coorser-

crBenHO, ecan &pjs > 0), To mepemennast (Ay); yObIBaeT (COOTBETCTBEHHO,
Bospactaer) Baosb ayda. [lostomy (An); = (AN); (¢ Tekymum 3navenuem
dj > 0) mocTHTHET CBOe HHUKHEH HyseBoil rpanuipl, 100 (An); = (Ay);
(c Texymmm 3uaderneM d; < 0) IOCTUTHET CBOel BepXHEll Hy/I€BOi IPAHUIbI
upu 0 = 0;, rie

0; = —, (1.40)

5Takum o6pazomM, ¢ Touky 3penust npsmoil JITI-3a1auu JBOACTBEHHAS] JTOIYCTHMOCTD
O3HAYAET «CEEPTONMUMAALHOCTL> B TOM CMBICJIE, YTO OTHOCUTEJIbHBIE OIIEHKU BCeX Heba-
3UCHBIX [TEPEMEHHBIX UMEIOT TPABUJIbHBIE 3HAKU, U €CJTH ObI IIPU 9TOM BCe HGA3UCHBIE TIepe-
MEHHBIE HAXOIUJIMCH BHYTPH CBOUX I'PAHUIL (yCIOBHE IPAMOMN JOIyCTUMOCTH ), TO PEIICHUE
OBbLIIO ObI OIITUMAJIHLHBIM.
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a 3HAYNT, IIPU BO3pACTAHWUN f, HAUNHAs C HYJIsI, nepeot JOCTUTHET CBOEH Hy-
JIEBOII I'DAHUIIBI Ta [[BOCTBEHHAs Oa3ucHas epeMeHHast (AN )q, st KOTOPOii

0y = Omin = gg% 0;. (1.41)
3aMeTHUM, 9YTO BO3MOXKEH CJydail, Kormaa Oy, = 00, KOTOPbI 03HAYAEeT, 9TO
nBoiictennas JIII-3a1a9a mMeeT HeOrpaHMYEHHBINH ONTHMYM (MAKCHMYM),
OTKy/la B COOTBETCTBUH C TeOpHEil JIBONCTBEHHOCTH CJIEJyeT, YTO IpsiMast
JIII-3agata He UMeeT MOIMYCTUMBIX PEIleHwmi.

Ecmn Opin = 64, TO B CMEKHOM [JBOHCTBEHHOM OA3MCHOM DEIIEHHH Ta
HIZKHsIS (COOTBETCTBEHHO, BEPXHsisl) HyJleBasi TDaHUIA (BONCTBEHHOl 6a3mc-
Hoit nepementoft (Ay), = (A})q (coorBercrrento, (An)y = (Ay)q), KOTOpas
MPENATCTBYET MaJbHEHINIeMy M3MEHEHUIO TBONCTBEHHON HEOA3MCHON Iepe-
MeHHOiT (AR), B BBIODAHHOM HAIIPABJICHHN, T. €. KOTOPast OIIPeJesseT Ben-
YnHy 64, CTAHOBUTCS AKTHBHOI, a TeKyllas aKTUBHAs (HyJeBas) TPAHHIA
nepementoit (Ag), = (A5)p wiu (Ag), = (A\3)p, HAOGOPOT, HEpecTaeT ObITH
akTuBHOIL. JIpyrumu cioBamu, nepementsie (Ag)y, 1 (AN ), B CMEKHOM JBOM-
CTBEHHOM 06a3uce MEHSIIOTCS POsIsIMI: (Ap), CTAaHOBUTCA OA3UCHON (BXOIHUT B
6azuc), a (Ay)q cTaHoBHTCs HEOAZUCHON (BBIXOAUT U3 Gasmca).

Eciu cpaBHUTH CBOHCTBA IIPSIMOTO ¥ JBOICTBEHHOTO JOIIyCTHMBIX Oa3MC-
HBIX PEIICHUi ¢ TOYKHU 3PEHnsl YCJIOBHii ontumaiabHocTn (cM. pasf. 1.3), o
MOXKHO 3aMETHUTb, YTO [IPSIMOE JIOIYCTUMO€E, HO HeOITHMAJIbHOEe Ha3iCHOe pe-
IIEHNE YJIOBJIETBOPSIET BCEM YCIOBHSIM, 3a HCK/IoUeHneM yciaosus (1.20), a
JIBOMICTBEHHOE JIOIlyCTUMOE, HO HEONTUMAaJIbHOEe DA3MCHOe pellleHne y/I0BJIe-
TBOpsIET BCEM YCJIOBHAM, 3a HCK/odenneM yciaosus (1.18). Takum obpaszom,
IPSIMOI  CUMILTIEKC-METO/I TIOJJIEPXKUBAET MPSIMYIO JOIyCTUMOCTh 0a3UCHO-
rO peIleHnsl U IBITAETCHA CIeIaTh €ro JBONCTBEHHO JIOIMYCTUMBIM, a JIBOM-
CTBEHHBIH CHMILIIEKC-METOJI, HA00OPOT, MOJJIEPXKUBAET JIBOHCTBEHHYIO JIOILy-
CTHMOCTD GA3MCHOTO PEIIEHNs U IBITAETCS €T0 CAETATH IPSAMO JIOYCTUMBIM.

B sakirouenne paccMOTpUM IPUHIUIIHAJIBHYIO CXEMy JIBOHCTBEHHOI'O
CHMILJIEKC-METO/1a, BBIPA’KEHHOI'O B T€PMUHAX OA3MCHLIX peIIeHuil npAmol
J-3amauan (1.1)—(1.3),” mosaras, ¥To 3a/aH0 HEKOTOPOE HAYAILHOE JIBOTi-
CTBEHHO JIOIyCcTUMOe 0a3ucHoe pereHne (yKa3aHO, Kakue IIepeMeHHbIe siB-
JSAI0TCsT OA3UCHBIMU, KaKie HeOA3UCHBIME, 1 Jist HeOA3UCHBIX [IEPEMEHHBIX
yKa3aHbl UX aKTUBHbIE TDAHUIIBI).

JABOUCTBEHHBIN CUMILIEKC-METO/L

Hlaz 1. Beraucanrs = (f5;) — BEKTOP TEKyIINX 3HAYECHWUN OA3MCHBIX
nepeMennbiX £g = [(2B);] (1.16), d = (d;) — BEKTOp OTHOCUTEIBHBIX OIEHOK
Heba3MCHBIX HepeMeHHbIX Ty = [(zn);] (1.12).

Ilaz 2. Boibpars 6a3uCHYI0 IlepeMeHHyI0 (X B )p, KOTOPast HapyIIaeT CBOIO
HIZKHIOIO MJIM BEPXHIOIO IPAHMUILY, T. €. [is KoTopoii nMeet Mecto 3, < (Ig),

"Panee y2Ke ObLIO OTMEYEHO, YTO JIBOMCTBEHHBIN CHUMILIIEKC-METO/, BLIPAKEHHBIH B T€P-
MHHaX JBOWCTBEHHON 3a/la4M, HUYEeM He OTJIMYaeTCd OT NPAMOIO CUMILIEKC-MeTOIa.
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win 3, > (up)p. Ecin Boibop nesosmoxken, To CTOIl — rexyruee 6a3ucnoe
DEIIEHUE SABJISAETCA ONTUMAJIBHBIM.

Ilaz 3. Boibpars Heb6a3UCHYIO IIEPEMEHHYIO (I N )q, KOTOPas COOTBETCTBY-
er BestmauHe 0y = Opin (1.41). Ecim Opin = 00, T. €. BBIOOD HEBO3MOXKEH, TO
CTOII — JIII-3a1a4a HE UMEET JOIYCTUMBIX PEIICHU.

Hlaz 4. Iepeiitu x cMmexxaOMy Gasucy: ecin 3, < (Ip), (COOTBETCTBEHHO,
ecin B, > (up)p), TO HOMETUTH IEPEMEHHYIO (TR), KaK HeOA3UCHYIO C aK-
THBHO{I HUKHel (COOTBETCTBEHHO, BEPXHeil) IPAHUIEil, a mepeMeHHyIo (T )q
ITIOMETHUTh KaK Oa3uCHYIO.

Bepuyrbesa k mary 1. B

Kak n B ciyuae IpsiMOro CHUMILIEKC-METO/Ia, BO3MOXKHBI JBa BapHaHTA
JIBOMICTBEHHOTO CHMILIEKC-MeTO1a — mabauywnsit |1, mogpasz. 1.4], B koro-
pom cumiiekc-rabiuia = (1.10) XpaHuTCst 1 HepecunTHIBACTCSI B SIBHOM BH/IE
KaK J[ByMEPHBIl MaccuB, u moduduyuposarnuiti [1, pass. 2|, B Koropom st
BBIUUCJIEHNs BCEX HEOOXOIMMBIX BEJIMYHH HCIOJIb3yeTCsl IOAXOsINee Ipei-
crasiienne 6asucHoi Marpuiel B (1.5).
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2 JIBoiicTBeHHBIII BHIOOp 0a3MCHOI IepeMeHHOI

B cooTBercTBUM ¢ IPUHIUIINAIBHON CXeMOM IBOMCTBEHHOIO CHMILIEKC-METO-
Jla, PACCMOTPEHHOU B KOHIlE mojpa3sz. 1.6, Ha mrare 2 Tpebyercss BbIOpATb
HOJXO/ISIILY 10 GA3KMCHYIO EPEMEHHYIO (LR )y, KOTOpasi HAPYIIAeT CBOIO HHK-
HIOIO MJIM BEPXHIOIO TPAHMUILY B TeKyleM 6asucuom pemennn.® C aBoiicTBen-
HOIl TOYKM 3peHHUs YKA3aHHBLIN BBHIOOP IKBUBAJICHTEH BBIOODY IIOJIXOJIATIEH
JBOiicTBeHHOI HebasuCHOI mepementoit (Ag), = (Ap),) i (Ag), = (Ap),
(B 3aBHCHMOCTH OT TOrO, KaKasl I'DAHHIA [epeMeHHOHl (rp), HapylleHa),
u3MeHeHne KOTOPOH B JIOIYCTHMOM HAITPABJIEHUN HMPUBOIUT K YJIYUIIEHUIO
(yBesimvenuio) JBoiicrBeHHOl 1esieBoit dbyukiuu. Kak u B ciydae mpsMoro
CHMILIEKC-METO/Ia, TeOMETPUIECKN BHIOOD MOIXOISAINEl TBOMCTBEHHON mepe-
MEHHOiI COOTBETCTBYeT BHIOOPY pebpa MHOIOTDAHHOI'O MHOXKECTBA JOIYCTHU-
MbBIX pemrenuii asoiicrBennoit JIII-3agaun, ncxonsinero n3 Tekyieil Bepim-
HBI, BJIOJIb KOTOPOro (pebpa) UMeeT MeCTO yJIydIlleHHe JIBOCTBEHHON Iese-
BOit byHKIHH.

[Mycrs I C {1,...,m} — MHOXKECTBO MHJIEKCOB OA3UCHBIX MEPEMEHHBIX
(xB)i, M1 KOTOPBIX B TeKyteM 6asuce 6o f; < (Ip); (HapyleHa HUKHssT
rpanura), aubo [; > (up); (HapyiieHa BepxHsisi rpanuna). Ecaun [ # &,
TO TeKylllee DA3MCHOE pEIIeHre HE SIBJISETCS ONTUMAJBHBIM, U B 3TOM CJIy-
Jae B KadecTBe 6a3nCHOM ImepeMeHHO MOXKHO, B IIPUHITAIIE, BRIOPATH JII00YIO
nepemennyto u3 . Takum obpazom, mpobsiema BbIOOpa COCTOUT B HPUHS-
THH PelleHus, KaKyl0 IMEHHO Da3uCHYIO IIepEMEHHYIO CJIeJ/lyeT BhIOMpaTh Ha
KaXKJION uTepanuu JBONCTBEHHOIO CHUMILIEKC-METOIA.

B nmammom pazsese paccMOTpPEHBI OCHOBHBIE CTPATErny BHIOOPa 6a3uCHOM
[IEPEMEHHOIA, TTOJIYIUBIINE TPAKTUIECKOE [TPUMEHEHNE.

2.1 JIBoiicTBeHHOe mpaBmJio JlaHiura

Jlsoticmeennoe npasuso JlaHyuea TpencTaBiIsgeT COOOM aHAJIOD OOBITHOIO
npasnita Jdanmura (cm. [1, mogpasa. 3.1|) mpuMeHnTeNBHO K JIBOHCTBEHHO-
MY CHMILJIEKC-METOJLY.

OmnpeesiuM HapyIleHne IPAHUIBI GA3UCHON IIepeMeHHOM (TR); CIeLyIo-
muM 00pa3oM:

(I)i — Biy ecm B; < (I)i
ri=1< 0, ecn (Ig)i < Bi < (uB)i (2.1)
(up)i — Bi, ecm B; > (up);

BameTuM, 9TO 7; SBJSIETCS OTHOCUTEIBHOMN OIEHKON TiepeMeHHol (Ap); s
nBoiicTBenHoil 1eseoit dynkun (1.37). [losromy mpoiicTBeHHOE TPABUIO
Hanmura cocrout B BeIGOpe GA3UCHOII IEPEMEHHOM (T3), ¢ MAKCHMAJIbHBIM

8TTockobKy Ga3iCHBbIE IIEpEMEHHBIE COOTBETCTBYIOT CTPOKAM TEKYIIEH CHMILIEKC-
rabuuns! (1.10), TO JAHHYIO ONEPAIHIO YaCTO HA3BIBAIOT 6b5i60POM CIMPOKU.
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10 a6COJHOTHOI71 BeJIMYMHE HapyIIE€HUEM TI'DaHUIIbI:
_ . 2.2
75| = max|ri], (2.2)

TaK KaK B 9TOM CJIydae COOTBETCTBYIOIIAs IBOICTBEeHHAs HeOA3MCHAs Iepe-
MeHHast (Ap), Oy/leT UMeTh MAKCUMAJIbHYIO IO aOCOIIOTHOI BeJIMYMHE OTHO-
cuTesIbHYIO oneHKy. IIpu sToMm, oueBnano, ecim 1, > 0, TO ciemyer yBeandn-
Bath (AB)p, = (AB),, a ecimu 1, < 0, To crezyer ymenbmars (Ag)y = (AB),, -

Ipoiicreennoe npasuio Jannura o6/1a1aeT TeM »Ke HEeIOCTATKOM, U4TO 1
npsimoe npaBwio Jlannura, a UMEHHO, €r0 aCUMMETPHUsS SIBJIAETCI BO MHO-
I'UX cjly4dadX OPUYNHON MEeIJIEeHHON CXOJMMOCTHU JBOVCTBEHHOI'O CUMILJIEKC-
merojia (moapobree 06 3roMm cM. |1, mogpasm. 3.1 u 3.2|).

2.2 JIBoiicTBeHHBIII MeTO/] HanboJiee KpyToro pedpa

Zlsoticmeernuiti memod naubosee Kpymoz0 pebpa sIBASIETCS aHAJIOTOM OObIU-
HOT'O MeToJ1a Hanbosree KpyToro pebpa (cM. |1, moapass. 3.2|) npumenuTeabHO
K JIBOCTBEHHOMY CUMILIEKC-METOTY. B COOTBETCTBUM ¢ 9TUM METOIOM TIPe/I-
JIAraeTCsl BLIOUPATD Ty MOAXOMSIIYIO0 GA3UCHYIO IIepeMeHHyI0 (ZR)p, A KO-
TOpOIl HaIlpaB/ieHHEe pPedpa, OIPEJe/ITeMOro COOTBETCTBYIONIEH TBOWCTBEH-
HOIl 1epeMeHHON (AR),, 0Opasyer Hambosee OCTPBI yros ¢ HalpPaBJIEHU-
eM IpajJueHTa ABOUCTBEHHO 1e/1eBOil (DyHKIIMI B IIPOCTPAHCTBE GCEX IBOM-
CTBEHHBIX TlepeMeHHbIX T, AT 1 A~ npoiicreennoit JIIT-3amauu (1.23)—(1.25).

Yro0bI TOJIyIUTh JIBOWCTBEHHBIN aHAJIOr METOa Hanbojee KpyToro peod-
pa, HaiieM JBOWCTBEHHYIO CUMILIEKC-TabauIy i AsoiicrBennoit JIII-3ama-
an (1.23)—(1.25). ITo onpejiesieHno cUMILIEKC-TabJIMIA [IOKA3bIBAET SIBHYIO
3aBUCUMOCTH 0a3MCHBIX IEPEMEHHBIX OT HEDA3UCHBIX JJIs TEKYIIero basuca.
Kax y»xe 661710 0OTMEYEHO B Tofpas3 L. 1.5, Bce JBONRCTBEHHbIE TIEPEMEHHDBIE T;
AByIsIoTCsA 6asncHbMH, (A}); 1 (Ap); — HeGA3HCHBIME, M CPE/TH KayKIoii Ta-
Bl JBOfiCTBEHHBIX TlepeMeHHbIX (AL); 1 (Ay); o/Ha mepemennas GasucHas,
a Jpyrast HebasucHasi. Tak Kak OT/Ie/JbHBIE IT€PEMEeHHbIE )\;F u )‘j_ AMEIOT
HUJIEHTUYIHBIE CTOJIONBI B MATPUIlE KOI(DPUIMEHTOB OTpaHUYeHU-paBEeHCTR
(1.24), To 6e3 orpaHuveHUsT OOIIHOCTU MOYKHO CUUTATH, YTO BCE [IEPEMEHHbBIE
(A\}); aBasoTes GasucHbiMm, a (Ay)j — HEOAZUCHBIME, IOCKOJIBKY B3aHMHAast
3aMeHa TUX IEPEMEHHBIX HE BJIMSIET HA JBOWCTBEHHYIO CUMILIEKC-TAOJINILY.

Tornma u3 (1.30), (1.32) u (1.33) mmeem:

T = —B*T)\E - B*T)\Eg + B Tep
+ = = = -
Ay = —_T)\E—HT/\B—)\N—Fd

nJIn B I\IanH‘{HOfI 3allCH.

A\t
7r -B~T —B7T 0 ? B Tcp
P A W= = ot g )
AN
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OTKY/Ia CJIEJYET, ITO J80TUCMBEHHAA CUMNAECKC-MAOAUYG TIPEJICTABIISIET CODOI
CJIETYIONIYIO0 MATPHILY:

-B T _BT
= o ) (2.3)

[
|

B coorBercTBum ¢ meromom nambosee kpyroro pebpa |1, mompasm. 3.2]
pu BbIOOpe HEDA3WCHON ITepEMEHHOI ee OTHOCUTE/IbHAsT OIEHKA MACIITa-
OupyeTcss HOPMOI COOTBETCTBYIOIIEIO CTOJIOINA CHUMILIEKC-TabIuIbl. B pac-
CMaTpUBAEMOM CJIydae, KakK 9TO ObLIO OTMEYeHO B mojpasi. 1.6, jpocrarod-
HO OTPAHUYNTHLCS HEOA3UCHBIMM IePEMEHHBIMI )\E I A\g. A Tak Kak obe
[epeMeHHLIe ()\E)i i (Ag)i UMEIOT WIEHTHYHBIE CTOJIONBI B JBOICTBEHHOI
cuMILIeKc-Tadsmnre (2.3), To BLIOOP OJHOI M3 9TUX JBYX [IEPEMEHHBIX SKBU-
BaJIEHTEH BBIOOPY COOTBETCTBYIOIIEH KOMOMHIUPOBAHHOI IBONCTBEHHOI 11epe-
MeHHOH (Ap);. Takum 06pazom, MbI TI0JIydaeM CJIeyIolee IIPaBIIo BEI6Opa
epeMeHHoit (AR)p, & 3HAYUT, U IepeMeHHOI (2 B)p, KOTOPOE SIBJISETCS JBOM-
CTBEHHBIM aHaJ0roM npasuia |1, noapasz. 3.2, dbopmysa (3.15)]:

2 2
T .
R (2.4)
Yp el 7y

3ech r; ecTb OTHOCHTE/IbHAs OIEHKA IHepeMeHHON (Ap); Jis JIBOHCTBEH-
HOI 1HesreBoil (PyHKINU, COBHAJAIONAA C HAPYIICHHEM TPAHUIBI [IEPEMEH-
Hoit (xp); (cm. (2.1)). Benumuuna ~; upezcrasisier coboii KBaJIpaT JJTHHBI
BEKTOPa-IIPUPAIICHUS B IIPOCTPAHCTBE BCEX JBOMCTBEHHBIX IIEPEMEHHBIX, CO-
OTBETCTBYIOIIErO €JIMHUIHOMY [IPUPAIIEHUIO [IepeMeHHol (Ag);, U ABJIsgeTCs
JIBOICTBEHHBIM aHasioroM st |1, mogpasm. 3.2, dopmya (3.10)]:

o m n—m
%-z1+EZ-TE¢=1+P¢TPi+fiT§i=1+ZP?j+Z&‘Qja (2.5)
Jj=1 Jj=1
rie E — 4-it cTosbery JBojicTBeHHOM cuMIuTekc-Tabmubl (2.3), p; = (pij) —
i1 crpoka Marpunpl B~ n & = (&) — -1 cTpoka cuMILIeKc-TabuIpbl =
st Tekytero 6asuca mnpsmoit JIII-3amagn.

HernocpeicrBennoe BuIMUCIEHUE OHON BEJIMYUHBI 7y; TPeOyeT JBYX OIle-
panuii o6paruaoro npeobpazosanusi (BTRAN), nmosromy npu mpakTudeckoM
NPUMEHEHUH MeTo/la HauboJsiee KPyToro pebpa BCAKHI pa3 IpH Mepexole K
CMEXKHOMY 0a3ucy CiejlyeT HCIOJb30BaTh nepecuem BeJudnH y = (7y;) s
emexkHoro Gasuca. Oaako, Kak Obuio ykazano B [1, nompasn. 3.2|, merosn
Hambojiee KpyToro pedpa MMeeT CyIIECTBEHHBLIN HEIOCTATOK, CBA3AHHDIN C
TeM, 9TO JIJI HEro B OOINEM cCjiydae He CyIecTByeT 3(h@PEeKTUBHOIO CIrocoda
UHUYUAAU30UUY BeTTMIUH Y = (7;) 1Ist 3a/1aHHOro (HadaabHOro) 6asuca. [1o-
3TOMY COOTBETCTBYIOIIE (POPMYJILI IIEpecdeTa 3/1eCh He PACCMAaTPUBAIOTCS.
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2.3 /IBoiicTBEHHBIII NPOEKIIMOHHBII MeTO HanboJjiee KPyTOro
pebpa

eoticmeennbitll npoexyuontoi memod Haubosee Kpymozo pedpa sSBISETCs
aHaJIOrOM OOBIYHOTO IPOEKIMOHHOIO MeToJ/a HamboJiee KpyToro pebpa (cM.
[1, mogpaszn. 3.3|) npuMeHUTENBLHO K JABOMCTBEHHOMY CHMILIEKC-MeTOLy. Ta-
KM 00pa30M, B PACCMATPUBAEMOM CJIydae 3TO O3HAYAET, UTO YTJIbI MEXKLy
HalpaB/JIeHUAME pedep JBOCTBEHHOIO MHOTOIDAHHOTO MHOXKECTBA, JIOITYCTHU-
MBIX PeIleHni U IpajiieHTOM JIBONCTBEHHON Ie1eBoi (DYHKITUN U3MEPSIOT-
csl He BO BCeM IIPOCTPaHCTBE JIBOMCTBEHHBIX NepeMeHHBIX T, AT 1 A7, a B
HEKOTOPOM 9MAAOHHOM NOONPOCMPAHCMEe, KOTOPOE SIBJISIETCST KOOPIMHAT-
HBIM IIOJIIPOCTPAHCTBOM, OIIPEJE/ISEMbIM JBOIICTBEHHBIMU HEOA3UCHBIMU 1€~
DPEMEHHBIMU Ha HEKOTOPOIi IIPOU3BOJILHO BBIODAHHOI uTeparuu (JIBOHCTBEH-
HOTO) cuMILiekc-MeTosa. [Ipu srom npasuso Beibopa (2.4) ocraercst TeMm xe,
HO BEeJINYMHBL Y = (7;), BBEJIEHHbIE B IPEJBIIYIIEM TI0Jpa3/ieie, OlpeIeisi-
FOTCsT MHAYe, 9TOOBI Telepb OHU COOTBETCTBOBAJIM U3MEPEHHUIO YIJIOB B 3Ta-
JIOHHOM TOJIITPOCTPAHCTBE.

IIycts V' — srajsonHoe KOOPAUHATHOE IOIIIPOCTPAHCTBO IBONCTBEHHDBIX
[ePEeMEHHBIX, KOTOPOE TIEPBOHAYAILHO (T. €. Ha, HEKOTOPOIi POU3BOIHHO BbI-
OpaHHOl UTepaIuu CUMILIEKC-METO/Ia) COBIIAJIAET C IO IIPOCTPAHCTBOM Heba-
3UCHBIX TEPEMEHHBIX, U JOIYCTAM, UTO (bOpMyJIaN[l, noxpasz. 3.3, (3.27)]
IPUMEHsIeTCsl K JBOCTBEHHON cuMiLiekc-Tabsmie = (2.3), rje y; OTHOCUTCs
K i-My cTOJI01y 910 cuminiekc-Tabmmiel, 1 < i < m+m+(n—m). Kak 6610
OTMEUEHO B 10jipas . 1.6, BEIOOD HEDA3UCHBIX IIEPEMEHHBIX OMPDAHUINBACTCS
TOJILKO TIEPEMCHHBIMA B, ()\E),- 11 (A3)i, HOITOMY BEJIMYHHBI Y; JIsT CTOJIO-
moBm+m+1<i<m+m+ (n—m) He npeacTaBIsAOT uHTEpeca. Kpome
Toro, nepementsie (Af); 1 (A3); IMEIOT UJEHTHHBIE CTOJIOILI B ABOHCTEEH-
HO# CHUMILIEKC-TAOJIUIE, CAEIOBATENBHO, V; = Ym-+i, [IOITOMY JOCTATOIHO
UMeTh BeJIUYUHBI y; Juinh jyid 1 < 4 < m, T. e. JiJIsl TIEPBBIX M CTOJIOIOB
IBOMCTBEHHOI CHMILIEKC-TabanuIbl. HakoHer, 3aMeTuM, 9TO JIBONCTBEHHBIE
nepeMeHHble T = (7;) OCTaloTCs GA3UCHBIMU B JIOOOM JIBOHCTBEHHOM Gas3mc-
HOM DPEeIeHNH, TI03TOMY V MO2KeT BKJIIOYATh TOJIHKO IIEPEMEHHDBIE BHUJIA )\;r u
AL
JIBOICTBEHHOM CHMIIIEKC-TAOINIIBI, COIePKAIINX MaTpuiy B~ L.

OrpejiesiuM ciieLyIoIume BCIIOMOTaTe IbHbIE BEJIMYUHBI JIJI TeKYyIero ba-

a 3HAQ4YUT, B BbIpazKCHUE JIJIs1 7y; HE BOfI,ZLyT QJIEMEHTDBI IIEPBBIX 71 CTPOK

3HCA: Ow)
|1, ecm (An); €V

nj o { 0, ecJin (AN)J‘ ¢ V (2'6)
1, ecm (AB)i €V

51 o { 0, eCJIn ()\B)z € Vv (2'7)

riie (Ay)j € V (coorsercrsento, (Ag); € V) osnauaer, uro mbo (A}); € V,
mbo (AY); € V (coorsercreento, mmbo (A5); & V., mbo (A\5); & V), Tax
Kak obe ImepeMeHHbIe )\;r u )\j_ HEe MOT'YT OBITH OA3WCHBIMU OHOBPEMEHHO.
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Torja, ¢ y4eToM CJleJaHHbIX BbIle 3aMedanuii, dopmysa [1, noapasm. 3.3,
(3.27)] mpumennTenbHO K JBOMICTBEHHOl cuMILIeKc-TadmIe (2.3) Oyaer cie-
,ZLyIOH_lefI:g

Vi=0i+Y & i=1...,m, (2.8)

jec

rie C ={j:n; =1} = {j : (A\n); € V} — MHOXKeCTBO HHJEKCOB JIBOii-
CTBEHHBIX OA3UCHBIX I€PEMEHHBIX, MPUHAJJIEXKAIMX TATOHHOMY IOJIIPO-
CTPAHCTBY, §;j — JIEMEHTBI IIPSIMOIi (He ABOACTBEHHOI!) CHMIITIEKC-TabIHITbI
E=-B'N.

JomycTum, 9To Jyist TeKyIero 6asuca seanausbl y; (2.8) ussecrusl. lo-
IyCTUM TaK’Ke, 9TO B CMeKHOM Dasuce IepeMeHHast (T 5), CTAHOBUTCS HEOa-
3UCHOM, & () — 6asucHoit. C TOUKU 3peHust JBOHCTBEHHOTO CHMILJIEKC-Me-
TO/Ia 9TO Oy/leT 03HAYATDH, UYTO B CMEXKHOM Oa3uce HeDa3uCHAsI IIEPEMEHHAs
(AB)p = (A\})p mmm (Ag)y, = (A\p)p cranoButcst GasucHoil, a GasucHas Ie-
pemennast (Ay)g = (AN)q wmm (An)q = (Ay)g cranosurcs nebasucuoit. Hac
uHTEpecyoT (hbOPMYJIbI IepecdeTa BEJIUYUH y; DU [EPEXoje K CMEXKHOMY
bazucy.

Jljist HavYaja paCCMOTPHM II€PECTeT BeJIHMIHHbI 7, IS BeIyIleil CTPOKH
(i = p).1% B coorsercTBum C (2.8) mMeen:

Tp = gp + Zﬁi;j'

Tak Kax B cMeskHOM Oasuce (Ap)p U (AN)q MEHSIIOTCS MECTAMH, TO 0p = g,

7, = 0p u C\{q} = C\{q}. Hosromy:
= -3 =2 z 22
Tp = op + anpq + Z 5pj =g+ 5P§pq + Z éhm"
jeC\{q} jeC\{q}

Ucnonb3yst hopMysibl mepecdeTa 3JIeMEHTOB CHMILIEKC-TAOAIIBI IS CMEXK-
Horo Gasuca |1, moxpass. 1.4, (1.33)—(1.36)|, mosxyunm:

1\2 £, 2
wones() 2 (8)
P T G j€C\{q} S

- 3, (&)
(qu t 2 e )

jeC\{q}

3ameTnM, 9TO:

o' -n(s)
Z(qu "\, ) ©

jeC 7€C\{q}

991y ke POPMYITY MOXKHO TIOJTYyIUTh U G0JIee KOPOTKHM ITyTEM, €CITH B KAUECTBE JBOIi-
CTBEHHOHN CUMILIEKC-TaO/INIBI B3ITh MATPUILY 3aBUCHMOCTH Ay OT Ap (1.33).
103 nech nMeroTCs B BULY CTPOKH IIPSIMO cnMILIeKc-Tabuuip = = —B 1N,
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IIO9TOMY:

fpj>2:1 5 2
<5pq> +Z<5pq o |t

Jjec jec
OTKYJa OKOHYATEJIHLHO IIOJIYYLM:
_ 1
Tp = 2 (2.9)
Dq

PacemoTpuM Tenepb nepecyer BeJMIrH 7y; JJIsl OCTAJbHBIX CTPOK (i 7 D).
B coorsercrBun ¢ (2.8) numeem:

_ = =2
¥ =0;+ Z §ij-
jeC
Hockonbky @ # p, TO 0; = ;. Kpome Toro, Kax ye GbLJIO OTMEUYEHO BBIIIE,
M, = 6p m C\{q} = C\{q}. llosromy:
_ = =2 =2 =2 =2
J€C\{q} i€C\{a}

Ucnosnb3yst (hopMyJibl mepecueTa 3JeMEeHTOB CUMILIEKC-Tab/ b JJIsT CMEeXK-
Horo Gazuca |1, noxpaszn. 1.4, (1.33)—(1.36)|, noxyunm:

0\ 2 e N2
V=8 + 8 (ZZ) + > <§ij - 52;;”)

jeC\{q}

3ameTnM, 9TO:

Ce o\ 2 , 2 N2
Z <£U - glqgm) = Tlq <§iq - 5lquq) + Z <fij - &qép]> =
Spa $pa €pq

jee jeC\ia}
= > (&-j - i’gpj) ,
J€C\{q} pa
IIO3TOMY:
Vi = 0+ (g“’) +> <ng 51;5193) =
pq jec pq
=0; +9p (?q> + Z 52-2]- + Z (&g@]) Z flj?qu _
P jec jec Pq jec Pq
=[G+ &)+ <§Zq> DI —2(%>Z§m§m‘,
€pg &pq

jel jel
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OTKY/Ia CJIEJLyeT, YTO:

- giq 2 Eiq B )
Yi=vit\{ ] w2 E :gwgm'
Epq Epq

jeC
n—m
Cymma Z &ii&pi = Z &ijnj&p; MPEACTaBIAeT cOO0I CKAJIAPHOE IPON3BeIe-
jeC j=1
HUE i-fi CTPOKM CUMILIEKC-Ta0IuIbl & = ({ZJ) =ZTe; = —NTBTe¢; u Bek-
topa HEp, te & = (§,5) = Zle, = —NTB Te, — p-a (Besymas) crpoxa

cumiuiekc-Tabmnpl, H = diag(n;) — AnaronajbHass MaTpHIlA, COCTABIICHHAS
u3 Besimand 7); (2.6). IosTomy:

D Gy = (HE) & = —(HE) ' NT'B™Te; = —(BT'NHE,) e;.
jeC

Takum obpa3oM, OKOHUIATETHHO NMEEM:

2
= _ Sig §ig -1 T
’Yz‘—%‘-i-( > ’yp+2< )(B NHE,) 6. (2.10)
€pg €
Kax u B ciaydae OOBIYHOrO MPOEKIITMOHHOTO METOJa Hambojiee KPyToro
pebpa, MHOTOKPATHBIIT IiepecueT BeanduH y; mo dopmynam (2.9) u (2.10) mo-
2KeT IIpUBECTU K OTKJIOHECHHIO 9TUX BEJIMINH OT UX TOYHBIX 3Ha4YeHUi BcCIIe I-
cTBUE OIMMOOK OKpyryieHust. [lo9ToMy, YTOOBI yMEHBITUTD BIIMSIHUE ITUX OIIIH-
60k, B hopmyiie (2.9) peKOMeHIyeTcs, BO-IIEPBBIX, UCIOIb30BaTH HE TEKYIIEe
3HAUEHHE 7Yy, a Oojlee TOYHOE 3HAYEHHE, BBIYUCIEHHOE HEIOCPEJCTBEHHO II0
dbopmyiie (2.8):
_ 2
Yp = 0p + E £pj' (2.11)
jec

Kpowme Toro, MO:KHO 3aMETUTD, UTO IS § £ P:

_ < =2 =2 -2
V=0t ) € =0t 0l + Y, &2
jeC jeC\{a} (2.12)

2 i\
> 0; + 0pliq = 0i + 0p <€lq> :
pq

[TosToMmy ecn BCjIeICTBIE OMMOOK OKPYTJIEHUsT 3HAUEHUE 7;, BEIYUCICHHOE
1o dopmyite (2.10), oka3piBaeTCs MEHbIIE IPABOIl YacT HepaBeHCTBa (2.12),
TO B KauecTBe H60jiee TOYHOTO 3HAUEHUS 7y; UMEET CMBIC]T MCIIOJIb30BATEH Be-
JIMYUHY B TPaBO 4aCTH YKA3aHHOTO HEPABEHCTBA.

Homyctum, aTo p-a1 Bemymas cTrpoka &, = (§,;) u ¢-it (Beaymuit) cromberr
Eq = (&iq) Tekymeit cuMIIeKkc-Tabunnel yKe Borauciaensl. Torga npakrude-
CKasl CXeMa Tepecyuera BEJUYIWH <y; JJIsT CMEXKHOTO 0a3mca B COOTBETCTBUN
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C JIBOMCTBEHHBIM IIPOEKIIMOHHBIM METOJIOM HamboJjiee KPyTOro pedpa MOXKeT
OBITH CJIeIYIOIIeH.
1. BeraucuTs 60siee TOUHOE 3HAUEHUE Y, [ TEKYIIero 6asmca:

=0+ ) &

jeC
2. BeraucymmTs BCrioMoraTe/ibHbIN BEKTOP, UCIIOIb3Yst oneparimio FTRAN:
u= B 'NHE,

rae H = diag(n;) — anaronajbHast MaTpHIla, COCTABI€HHAS U3 BEJIMYUH 1);.
3. Bomonuutes . 4—5 gt =1,...,p—1L,p+1,...,m.
4. BuraucuTh BCIIOMOTATETHHYIO BEJTUIUHY

ri = &iq/&pa-
5. BoruncanTs Beslmduny 7, s CMEXKHOTO Oasuca:
¥, = max(y; + riyp + 2riug, 6 + 6pr?),

rae u; = ule; — i-s1 KOMIOHEHTA BEKTODA .
6. BerauciuTh BeTUIUHY Vp I CMEZKHOTO basmuca:

ﬁp - 7}7/53(1 |

Hawasnbnoe onpe/esienne (MHUIIAIA3AINS) U I€PEOPEICJICHAE STATOH-
HOI'O IOJIPOCTPAHCTBA BOZMOXKHBI Ha JII000I MTEpaIii IBOCTBEHHOIO CUM-
IJIEKC-MEeTO/[la M COCTOAT B TOM, YTO I3TAJIOHHBIM IIOAIIPOCTPAHCTBOM CTaHO-
BUTCsI TEKYIIEE MMOAIPOCTPAHCTBO JIBOWCTBEHHBLIX HEOA3MCHBIX IEPEMEHHBIX
A = (AB)i, COOTBETCTBYIONMX GA3UCHBIM TI€PEMEHHBIM g = (g ); ¢ TOYKN
spenus npsmoit JIIT-3amauu. B coorsercreun ¢ dopmynamu (2.6) u (2.7) sro
osHavaeT, 4To 1); = 0 qst Bcex j = 1,...,n —m (a sHaunt, C = &) n §; = 1
st Beex @ = 1,...,m. Takum obpasom, Kak 310 ciaemyer u3 (2.8), cpasy
II0CJIE€ MHUIIUAJIN3allu UJIN IIepeolIpeJe/ICHN A 3Ta/JIOHHOIO IIOJAIIPOCTPpaHCTBa
nmeeT Mecto v; = 1 jiid Beex ¢ = 1,...,m.

TTockoJibKy JIBOMCTBEHHBIN ITPOEKITMOHHBIN MeTO 1 HanboJjiee KpyToro peb-
pa OCHOBaH Ha U3MEPEHUH YIJIOB B MOAIIPOCTPAHCTBE, & HE BO BCEM ITPOCTPAH-
cTBe (IBONCTBEHHBIX ) IEPEMEHHBIX, TO BPEMsI OT BPEMEHH (HalpUMep, Yepes3
kaxkpre 500 mm 1000 mreparyii JBOMCTBEHHOIO CHMILIEKC-METO/A) PEKO-
MEH/LyeTCS BBIIOJHATH IIEPEOIPe/Ie/IEHIe STaJOHHOIO IOIIIPOCTPAHCTBA.

B zakmrodenne eme pa3d OTMETHM, UTO JABOMCTBEHHBIM MTPOEKIIMOHHBIMN
MeTo1, HarboJjiee KpyToro pedpa B TOTHOCTH COBIIQJIAET C OOBITHBIM ITPOEK-
IIMOHHBIM MeTojloM Hambosiee KpyToro pebpa [1, mogpasm. 3.3|, ecim mpsi-
MO CUMILTEKC-METO/], IPUMEHSETC JJIs perenns JBoiicTennoi JI11-3agaqan
(1.23)—(1.25).
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2.4 JIBoiicTBeHHBIII MeTOJ olleHUBaHusa Devex

Jleoticmeennviiis memod ouenusanus Devexr siBJIsieTcsi aHAJIONOM OOBITHOTO
Meroza onenusanust Devex (cM. [1, moxpasz. 3.4]) npuMeHHTEIBHO K JBOM-
CTBEHHOMY CHUMILIEKC-MeTo Ly, Kak mpsiMoit, Tak U JIBOWCTBEHHBIN BAPUAHTHI
JaHHOro Mertona Obum npesyroxkensr I1. Xappuc (P. M. J. Harris) [4], kro
epBoii obpaTuia BHUMaHUe Ha acMMMETDHUIO npasuia JlaHmura u mucxojst
U3 SMIUPUYECKUX COOOParKEeHUI MPeJJIOKIIA U3MEPITh yTOJ MEXKJLy Bbl-
OGupaeMbIM HAIIPABJIEHUEM U TPAJIMEHTOM IeJIeBOi (hYHKIIUU He B TEKYyIIeM
HOJIIIPOCTPAHCTBE HEOA3UCHBIX MEPEMEHHBIX, KOTOPOE U3MEHSIeTCS Ha KaXK-
JIoit urepanun, a B GUKIUPOBAHHOM (STAJOHHOM) IIOJIIPOCTPAHCTBE.

JIBoiicTBeHHBIN MeTOJ| OlleHMBaHUs Devex M0 CyIIeCTBY IPEICTABIISAET
c06oii IBOMCTBEHHBI IPOEKIMOHHBIH MeTo HauboJsiee KPyTOro pebpa (CM.
nozipas. 2.3), rje eJJUHCTBEHHOE OTJIMYUe COCTOUT B TOM, UTO JJIsl IepecdeTa
MacIITabupyoIUX BeJIUIrH 7; (2.8) ucnosnb3yercs npudinzxkeHaast GopmMysia,
KOTOPYIO MOKHO TIOJTydnuTh 13 hbopmyasl (2.10), ecan orOpocuTh mocse/Hee
cJIaraeMoe:

(G
Yi =i + &) ¥ (2.13)

B nmamrOM citydae TpebyeTcs JIMIIb OJHA OIEpAIys IPSMOro Ipeodpa3oBa-
aust (FTRAN) na kax10if urepanuy ABOHCTBEHHOIO CUMILIEKC-METOJIA JIJIsT
BLIMHC/ICHHS SJIEMEHTOB BE/IyIIero CTOMOIA CHMILTeKC-Tabmibl 2, = (&),
ITO3TOMY HCITOJIb30BaHUE JIBOMCTBEHHOIO MeTOJa OlleHuBaHusI Devex mo3Bo-
JisieT ¢OKOHOMUTDL oy omepanmio FTRAN ma kaxkoit urepanum mo cpas-
HEHWIO C JBOMCTBEHHBIM ITPOEKIIMOHHBIM METOIOM HamboJiee KPyToro pedpa.

Homyctum, aro p-s (Bemymias) crpoka &, = (&pj) 1 ¢-it (Beymuii) cros-
Ger =4 = (&q) TeKyImeil CUMILIEKC-TaOIMIBI y2Ke BBIYUCIEHBI. Toraa mpak-
THYECKas CXeMa IepecdyeTa BeJIMYUH 7y; JJIsd CMEXHOro 0asnca B COOTBET-
CTBUU C JIBOHCTBEHHBIM METOJIOM OIeHWBaHUSA Devex MOoKeT OBITH CJIe/IyIo-
mieit. (3/1ech cauTaeTes1, 9To ITATOHHOE MOJIIPOCTPAHCTBO V' IBOWCTBEHHBIX
IIEPEMEHHBIX OIIPeJIeIEHO IOCPEICTBOM BenduH 1) (2.6) u 6; (2.7) Touno Tak
JKe, Kak U B CJIydae JBOICTBEHHOTO MeTo/la HauboJiee KpyToro pebpa.)

1. BeraucuTe TOUHOE 3HAYEHHUE ), JJId TEeKyIero basmca:

Yp = 0p + Z fgj,
jel
tne C ={j:n; =1} ={j : (An); € V} — MHOXKeCTBO HHJIEKCOB JBOM-
CTBEHHBIX OA3UCHBIX MMEPEMEHHBIX, TPUHAIJIECYKAIIAN STAJOHHOMY ITOIIIPO-
crpancTBy. (3amerum, 9to B coorBercTBuU ¢ dopmysoit (2.13) BeauduHbI
~; MOHOTOHHO BO3pacTaioT. 1103TOMYy ecjim BBIYUCIEHHOE TOYHOE 3HAUEHUE
’yp SHAYUTE/JIbHO OT/IMIa€TCA OT €ro TEeKYIIEero HpI/I6.HI/I)KeHHOFO 3HaYCHUA,
CJIeJIyeT TePeoIpe/Ie/INTh ITATOHHOE MOINPOCTPAHCTBO. )

"9ror cronber TakiKe UCMOML3YeTCs IS TIepecyeTa 3HAYEHNI Ga3UCHbIX TePeMEeHHBIX
upsimoit JITT-3anaun (eum. [1, noxpasn. 2.3]).
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2. BeruncanTh BesmauHbL Y, ¢ = 1,...,p—1,p+1,...,m A9 cCMEXKHOTO
bazuca:

Yo =i + (&ia/&pa)* W

3. Berancure BesmuuHy 7, It CMEKHOTO Gasuca:

- 2
Vo = W/ Epg u

Bribop 6asucHoit mepeMeHHOil (Tg),, COOTBETCTBYIOMIUIT BHIOODPY IBOIi-
CTBeHHOIT HeOa3UCHOII mepeMeHHON (Ap)p, BbIIONHsAETCS 110 bopmyie (2.4)
AHAJIOTUYHO TOMY, KaK 3TO JIEJAeTCsS TPHU UCIOIL30BAHUE JBOWCTBEHHOTO
IIPOEKITMOHHOIO MeToa Hambosiee KpyToro pebpa. HagambHoe omnpesenenue
(MHUIMATM3AIWS) U [IePeOIpeIeIeHIe TATOHHOTO MOAIIPOCTPAHCTBA TAKKe
BBITIOJTHSIIOTCST aHAJIOTTIHBIM 00Pa30M.
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3 /IBoiicTBeHHBII BHIOOpP HEOA3MCHOI ITepeMeHHO

B cooTBercTBUM ¢ IPUHIUIINAIBHON CXeMOM IBOMCTBEHHOIO CHMILIEKC-METO-
J1a, PACCMOTPEHHO# B KOHIlEe mmoapasa. 1.6, Ha mare 3 Tpebyercst OIpeae/InTh
Omin — aOCOJIIOTHYIO BeJIMUIUHY ITpUpAIleHns] JBONCTBEHHON HeOa3MCHOM ITe-
pementoit (Ag), = (A\}), wmm (Ag)y, = (A3)p, COOTBETCTBYIOIEH BBHIGPAL-
HOI 6a3MCHOI IepeMeHHOit (£ R)p, B TeM CaMbIM BBIODATh HEOAZUCHYIO IIepe-
MEHHYIO (:cN)q,12 COOTBETCTBYIOILYIO JIBONCTBEHHON Oa3MCHON IepeMeHHOM
(AN)g = (A%)q mm (An)y = (Ay)g, KOTOpast mepBoit jocturaer cpoeit (my-
JIeBO{T) I'PAHUIBI IPH U3MeHeHHN (AR)p B JOIYCTHMOM HAIIPABJIEHUH.

Kak u B cityuae npsiMOro CUMILIEKC-METO/1a, TEOMETPUIECKH BBIOOD JIBOT-
CTBEHHOI 0a3MCHOI TEepEeMEeHHON IpenCcTaBJIsIeT coOOil OmpeseieHne TPaHu
(PUIIEPIIOCKOCTH ), COOTBETCTBYIOMIEH (HUZKHEH WM BepxHeii) HyJeBoii rpa-
HUIE ABOMCTBEHHON 0OA3MCHOI IepeMeHHOI, KoTopas (rpaHb) BCTpeYaeTcd
[IEpBOIl IIPHU JABMXKEHUH BIIOJIb pedpa MHOTOIPAHHOIO MHOXKECTBA JIOIIYCTH-
MbIX periennit apoticrsennoit JI11-3amaxu, ncxosinero u3 TekyIeilt BepIimHbl
1 COOTBETCTBYIOIIErO BHIOPAHHON ABONCTBEHHON HEOA3UCHON ITEpEMEHHON, 1
KoTOpas (IpaHb), TaKUM 00Pa30M, ONpeJIe/isieT CMEXKHYIO BEPIIHUHY, T/ Ta
I'PaHb CTAHOBUTCH aKTUBHBIM OI'DAHUYCHUEM.

3.1 «CranmapTHblii» JBOWCTBEHHBbII METO/

Paccmorpum BHAUAsE «cmandapmuoilis dsoticmeennvili memod Bbibopa Heba-
3ucHOil nepemenHoil (textbook dual ratio test). Dror meros coorBercTByeT
6ykBasibHOMY cienoBanuio dopmyiam (1.38)—(1.41) u corykut, Takum 06-
pPa3oM, OCHOBOM JIJTst APYTHX METOJOB BBHIOODA.

IIpexcraBum muO)kecTBO nHekcoB J = {1,...,n —m} Bcex HeOA3UCHBIX
IIePEMEHHBIX (ZN); B BHJE CJIEIYIONEro pa3oneHns:

J=JrpUJ,UJyUJg, (3.1)

rie Jp — cBobGoHbIe (HEOrpaHUYEHHBIE 110 3HAKY ) HeOa3UCHBIE [IepEeMEeHHbIE,
J;, — Hebas3ucHbBIE IepeMeHHbIe ¢ AaKTUBHOM HUKHEW rpanunmeii, Jiy — mHebda-
3UCHBIE [IEPEMEHHbIE C AaKTUBHON BepxHell rpaunutieil, Jg — pukcupoBaHubie
Heba3mCHBIE TTepeMeHHbIe. Torma n3 oupeaenenus: Asoicteennoi JIII-3agaan
U KOMOMHWPOBAHHBIX JIBOMCTBEHHBIX [IEPEMEHHbIX (CM. moapas. 1.4) ciemy-
€T, 4TO JJIs TeKylero basuca:

ecmu (zn); € Jp, 1o (AN); = (AN); = A\y)j = 0, 1. e. (Ay); sBageTCH
GbUKCHPOBAHHOI B HYJIE;

ecmn (zy); € Jr, To (AN); = (AY); = 0, 1. e. (AN)j UMeeT HUKHIOI
HYJIEBYIO TDAHUILY;

ecmn (zn)j € Ju, 10 (An); = (Ay); < 0, m e. (AN); UMeeT BEPXHIOIO
HYJIEBYIO TDAHUILY;

2TockonbKy HeGA3UCHBIE TIEPEMEHHbIE IIPSIMOM 3aJa4H COOTBETCTBYIOT CTOJIBIAM TEKY-
meit cumMiiekc-Tabumnp (1.10), To JaHHYIO OIEpaNUIO YacTO HA3BIBAIOT 8b160POM CTOAGYA.
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ecmu (zy); € Jg, To mbo (Ay); = (A); >0, mbo (An); = (Ay); <0,
T. e. (AN); sBJIsIeTCs: CBOOOMHOM (HE OrpAHMYEHHOIT 10 3HAKY ).

CrieioBaTeIbHO, OCKOJIBKY TEKYIIUiT 6A3KC IPE/IIoIaraeTcs JBOHCTBEH-
HO JIOIyCTUMBIM, IIPU U3MEHEHUU BLIOPAHHON JTBOMCTBEHHOM HEOA3UCHOI 11e-
peMeHHOit (AB)p B JOIYCTUMOM HAIIPABIEHUH JABONCTBEHHAs OA3UCHASI IIEPe-
MeHHast (AN); MOXKET JOCTHYb CBOEH HyJIeBO I'PAHHIIBI B JABYX CIIydasiX:

ecmn (zy)j € JpUJp u (An); = (AY); yObiBaeT, Tak Kak B TeKylem
basuce (An); = dj > 0;

ecmn (xn); € JrUJp u (An); = (Ay);j BO3pacraer, Tak Kak B TEKyIIeM
basuce (An); = d; <O0.

«CranapTHbIii» ABOACTBEHHDIA METO, BLIOOpa HEDA3UCHON IIepeMeHHOi
(xN)q mokazam Ha puc. 3.1.

«CTAHIAPTHBIN» ABONCTBEHHBIN METO/],
/* ycranoBuThb s, 4T00bI OGecednts § = s(Ag), > 0 */
s := if (Ap), Bospacraer then + 1 else — 1;
/* BHauase HUUEro He BBIGpaHO */
q:=0, Opin 1= 00;
/* ocuoBHO#t Tk */
for j:=1,...,n—m do
if s&,; >0 AND (j € Jp OR j € Jp) then
/* (An)j = d;j > 0 yObIBaeT u orpaHndeHa CHU3Y HyjeM */
else if s§,; <0 AND (j € Jr OR j € Jy) then
/* (An); = dj < 0 Bo3pacTaer u orpaHuveHa CBepXy HyJem */
else
/* (AN); He MOXkKeT HOCTHYb HyJlsl IpH Bo3pacranun 6 */
continue;
end if
/* (An); mocruraer mysst npu 6 = 60; >0 */
0 := s(d;/&p));
if amin > Hj then
q =7, Omin 1= 0j;
end if
end for
if ¢ = 0 then STOP; /* Oin = 00 */

Puc. 3.1. «CrangapTablil» JBORCTBEHHBIA METOJI, BLIOOpa HeOA3UCHOM
HepeMEeHHOi (T )g.

Kak u B citygae mpsgMoro CUMILJIEKC-METO/IA, PACCMOTPEHHbBIN «CTAHIAPT-
HBII» JTBOWCTBEHHBIH MeTOI PAbOTOCIIOCOOEH JIUITD IIPU OTCYTCTBUHU OIMIHOOK
OKpyIieHust. B ycioBusX NpuOIMKEHHBIX BBITHCIEHUIT HEIOCPEICTBEHHOE
HCTIOB30BAHUE JIAHHOTO METO/Ia COTPOBOYKIAETCS CJICIYIONIME TTpobieMa-
mu (cMm. Takzke [1, moxpaszn. 4.1 u 4.2]):
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1. Henpuemaemoili gedyusuti snemernm. Beaymmit 5JieMEeHT — 3TO 9JIEMEHT
pq TeKyImeit cumiutekc-radimmpt (1.10), cooTBeTcTBYyONHIT BRIOPAHHBIM Oa-
sucHoit (rp), u nebasucuoit (ry), HepemenubiM. Ecim He y4nrbBaTh ab-
COJIIOTHYIO BeJUUNHY &pq IIPH BBIOOPE (TN )g, TO CIMIIKOM MAaJblil 10 ab-
COJIFOTHO BEeJIMYUHE BEJYIIUI 3JIEMEHT MOXKET IPUBECTH K OYEHb ILJIOXOH
00yCJIOBJIEHHOCTH OA3MCHON MATPHUIILI JIJIT CMEXKHOTO Da3mca ¥, KaK CJIell-
CTBHUE, K CYIIECTBEHHOMY YXVJIIIEHUIO TOYHOCTH BCEX KOMIIOHEHT 0Aa3MCHOTO
pelleHwusi.

2. Meoticmeennasn evposcdennocms. Ba3nucHoe pernenne siBIsteTcst IBOI-
CTBEHHO BBIPOXKJIEHHBIM, €CJIM JIJIsi OJIHON WJIM HECKOJbKUX JBONCTBEHHBIX
HeOA3MCHBIX IepeMEeHHbIX nMeeT MecTo 0 = Onin = 0. /BoiicTBennas BbI-
POXKJIEHHOCTD 3aMeJJISIeT CXOIUMOCTb U MOXKET IIPUBECTU K 3aI[UKJIUBAHUIO
JBOUCTBEHHOTI'O CUMILJIEKC-METO/IA.

3. Hapywenue dsoticmeennoti donycmumocmu. Tak Kak B TeKyieM Oa-
3UCHOM PEIeHNN BEKTOP OTHOCHTEJIBHBIX OIEHOK HEeOA3MCHBIX IePEMEHHBIX
d = (dj), KOTOpBIE SIBJISIOTCS 3HAYEHHUSIMH COOTBETCTBYIOMINX JBOHCTBEH-
HBIX 0A3MCHBIX IMEPEMEHHBIX, BBIUUCISIETCST IPUOJIMAKEHHO, TO TIPU IEPeXoIe
K 0YePeIHOMY CMEYKHOMY 0a31Cy MOXKET CJIYUUTHCH, YTO HEKOTOPbIE U3 yKa-
3aHHBIX BEJIMYHH OyIyT MMeTh HelpaBUIbHBIN 3HaK (dj < 0 mus (zy); ¢
AKTUBHOW HW2KHEN T'paHuIei W dj > 0 s (a:N)j C aKTUBHOW BepxHEN
IPAHUIIEH ).

YTo6bI 9aCTUIHO M30ABUTHCSI OT MEPEUNCTIEHHBIX TPOOIEM, «CTaHIAPT-
HBIil» JTBOMCTBEHHBIN METOJ MOXKHO HECKOJIBKO YIIYUIIUTh, UCIIOIb3Ys TE Ke
[PUEMBI, 9TO ¥ Jisi OOBIYHOIO «CTaHJIAPTHOrO» MeToza |1, mompasz. 4.2],
CJIETY FOIIM 0OPa30M.

1. Ilepe/t BBIIOJTHEHUEM OYEPETHON UTEPAIINN BBIIOJIHATE IPOBEPKY, 9TO
dj > —61 (coorBercrBeHHO, dj < +01) AJIst BceX HeOA3UCHBIX IE€PEMEHHBIX
(N);j ¢ aKTUBHOII HUKHEl (COOTBETCTBEHHO, BEPXHeli) IDaHMUIEH, T. €. 4TO
TeKyIee 6a3uCHOe PENIeHuE siBISETCs JBOMCTBEHHO JIOIYCTUMbBIM B IIPEJIEIax
3aaHHOrO Jomycka 01 > 0 (mampumep, s §p = 107°. Ecin xKe ykazanHble
yCJIOBUS HAPYIIAETCHA, TO CJIEIyeT TPEKPATUTH IIOUCK OINTUMAJILHOTO pPellre-
HUsI U TIEPEUTH K MOUCKY JBOMCTBEHHO JIOIYCTUMOTO HA3UCHOTO PEIIEHUST JJIsT
BOCCTAHOBJIEHUS [TBOMCTBEHHOM JIOIyCTUMOCTH Oa3mca.

2. Bcon (—01 <)d; < 0 (coorsercrsenno, 0 < d;(< +61)) mst (zn); ¢
AKTUBHON HUXKHeEN (COOTBeTCTBeHHo, BerHeﬁ) IpaHulleil, To € JUHCTBECHHBIN
BBIXOJ[ B PAMKAX <«CTAHJIAPTHOIO» JIBONCTBEHHOI'O METO/A — CYUTATDH, UTO
TOYHOE 3HaYeHHe d; B 3TUX CIydadX PABHO HYJIO.

3. Ecin dj < 40 (coorsercrenno, dj > —4) mist (), ¢ AKTUBHOMN HIK-
Heit (cooTBeTCTBEHHO, BepXHeil) rpamuteil (mampumep, a1 § = 1077), To mo
AHAJIOTUU C IIPEJIBIILYIIUM IIYHKTOM MOYXKHO CUYHTATH, YTO TOYHOE 3HAYCHUE
d; B 3TUX CIIydasX TaK:Ke PaBHO HyJIO. JTO HO3BOJISET MCKYCCTBEHHO yBe-
JINYUATH JIBOMCTBEHHYIO BBIPOXKIEHHOCTH OA3UCHOIO PENIEHUS U TEM CaMBIM
obecrieunTb OOJIBITYIO CBOOOLY BHIOOPA BEIYINErOo 3JIEMEHTA.
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4. Eom |&y;] < e (nanpumep, gz ¢ = 10710), 1. e. ecou smement
CI/IMH.HGKC—T&6JII/ILH:I SABJISIETCS OYEHDL MaJIbIM II0 abCOJIIOTHOM BeJanm4duHe, To
cUnNTaTh, UTO B 3TOM ciydae &,; = 0, T. e. 4TO JBOiicTBeHHasA OGasmCHas
epeMeHHast (A ); He 3aBUCHT OT BLIOPAHHOII [BONCTBEHHOl HEOA3NUCHOI ITe-
pemennoit (Ag)p. (3amernum, 4TO ecyim TOYHOE 3HAUEHHE pj Ha CAMOM Jiejie
OTJIMYHO OT HyJIsl, TO IPOILYCK (An) j MOKeT IIPUBECTH K HapPYIIEHUIO JIBO-
CTBEHHOM JIOIyCTHIMOCTH B CMEXKHOM Oasmce. )

CxeMa VIIYYIIEHHOT'O «CTaHIapTHOI'O» ,HBOIZCTBGHHOFO MeTO/Ja ITOKa3aHa
Ha puc. 3.2.

ViIydINeHHBbI «CTaHJAPTHBIN» JBOWCTBEHHBIN METO JaeT BO3MOYKHOCTH
YACTUYHO Pa3pentuTh IpobsieMy Beylero saementa [1, noapass. 4.1], a rak-
JKe IpobJIeMy HapyIIeHHsI JBOICTBEHHON JIOIYCTUMOCTH (€CJIM 9TO HapyIIe-
HE€ He MPEBBIAeT 3aaHH0ro goiycka). OIHaKO, KaK 1 €ro IPSMOil aHAJIOT
[1, mompaszs. 4.2|, TaHHBI METOI MMeeT PsiJi HEJTOCTATKOB, CBSI3AHHBIX B OC-
HOBHOM C TPYJIHOCTBIO BBIOOPA TOIXOSIINX JOMYCKOB.

3.2 JIBoiicTBeHHBII MeTOJ] Xappuc

Alsoticmeenmviti memod Xappuc siBisieTcsi JIBONCTBEHHBIM aHAJIOTOM METO/Ia
Xappuc st npsiMoro cuminieke-mMeroga (em. |1, moppasm. 4.3]). O6a srux
meroja 6putn npemioxkens! I1. Xappuc (P. M. J. Harris) B ee pa6ore [4].
OcHoBHast 1/iesi JIBONCTBEHHOI'O BapUaHTa OCHOBAHA HA KOHCTPYKTHUBHOM HC-
HOJIL30BAHNH BO3MOXKHOIO HAPYIIIeHNsI (Hy/IeBbIX ) IPAHUIL JBOICTBEHHBIX Oa-
3UCHBIX IIepEMEHHBIX AN = [(An);] B TeKyIneM OasHCHOM pEIICHHH C TeM,
9TO0OBI YBEJIMYUTH CBODOJIY BBIOOpPA M TEM CaMbIM ODECIeIUTh BBIOOD IBOM-
CTBEHHOI 6a3MCHON HIepeMeHHOM ¢ 6oJiee TIOIXOSIIIM BELy M 3JIEMEHTOM
CUMILJIEKC-TaOIAIIBL.

Kak u B cirydae IpsIMOro CHMILIEKC-METOJ1a, JIBOHCTBEHHBII MeToj Xap-
puc (puc. 3.3) BKIIOUaeT jBa srana (IPOCMOTpA JBONCTBEHHBIX OA3UCHBIX
nepeMeHHBIX ANy = [(An);]). IlepBerit aTan ciyKuT ajas oupeleseHus Be-
JIMMUHBL Opyin, TP 9TOM B JI@HHOM CIlyuae, B OTJIHUHE OT «CTAHJAPTHOIO>
Meroja (CcM. mozapass. 3.1), HCIOIB3YIOTCS HE MCXO/HbIE HyJIEBble I'DAHUIIbI
JBOfICTBEHHBIX 6a3UCHBIX TepeMeHHbIX (AL); > 0 u (Ay); < 0, a ocrabien-
Hbte rpauipl (AY); > —6 u (Ay); < +0, tie § > 0 — 3a/aHHbIl J0IyCK Ha
HADYIIEHHE JBOCTBCHHBIX Tpatul, JTo o3HauaeT, 910 1 0 < fyin BHIXOL
3HAYEHUIH JIBOJICTBEHHBIX GA3MCHBIX [IEPEMEHHBIX 33 HYJIEBYIO IPAHUILY HE MO-
JKET IIPEBBICUTD 33/IAHHOIO JIOIYCKa 0. 3aTeM Ha BTOPOM JTalle BBIIOJIHAETCS
BBIOOD [JBOCTBEHHOI GasnCHOIl epeMeHHON (AN )q, ISl KOTOPOii

€pql = max ‘5pj|a (3.2)
j€J+UJ77 ejgem‘m

rie JT = {j e JpUJp : &pj > 0} — MHOKECTBO /IBOIICTBEHHBIX OA3UCHBIX
nepemennbix (Ay); = (AL );, KOTopble yObIBAIOT P BO3PACTAHIH IAPAMET-
pa b, J- ={j € JprUJy :&; <0} — MHOXKeCTBO ABOICTBEHHBLIX Oa3UC-
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VJIYUIIEHHBIN « CTAHIAPTHBIN» JIBONCTBEHHBIT METO/,
/* ompeneuTs s, 4T06bI 0GecednTh 6 = s(Ag), > 0 */
s := if (Ap)p Bospacraer then + 1 else — 1;
/* BHauase HuUero He BeIGpaHO */
q:= 0, Onin 1= 00;
/* ocuoBHoIt Tk */
for j:=1,...,n—mdo
if s&,; > +¢ AND (j € Jp OR j € J) then
/* (AN)j = d;j > 0 yObIBaeT u orpaHndeHa CHH3y HyjeM */
if dj < —01 then
STOP; /* upesameproe HapyIieHne rpaHuis */
else if d; < +¢6 then

d; :=0;
else

dj :=dj;
end if

else if s,; < —e AND (j € Jr OR j € Jy) then
/* (AN);j = d;j < 0 BO3pacTaer u orpaHuYeHa CBEPXY HysaeMm */
if dj > —|—51 then
STOP; /* upesamepnoe HapymeHre rpaHuIbl */
else if d; > —) then

d; :=0;
else
dj = dj;
end if
else
/* (AN); He MOXkKeT TOCTHYb HyJIsl IpU Bo3pacTanun 6 */
continue;
end if

/* (AN); mocruraer myss upu § =60; >0 */
0; := 5(d;j/&p;);
if 00 > Hj OR (Hmin = 9]) AND ‘qu‘ < ’fpj‘ then
q:=7, Onin = 9]';
end if
end for
if ¢ = 0 then STOP; /* Bospacranue f ne orpanuveno */

Puc. 3.2. VaydimeHHbIil «CTaHIapTHBINY JIBOWCTBEHHBIH METO, BHIOOpA
HeOa3UCHON IepeMeHHOi (TN )q.
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JIBOMCTBEHHBIN METO/ XAPPUC

/* ompeneuTs s, 4T06bI 0GecednTh 6 = s(Ag), > 0 */

s := if (Ap)p Bospacraer then + 1 else — 1;

/* mepspIit mpocMoTp */

Omin := 00;

for j:=1,...,n—m do

if s€,; > +& AND (j € Jp OR j € Ji) then
/* (An);j = d;j > 0 yObIBaeT u orpaHndeHa CHU3Y HyjeM */
if d; < =41 then
STOP; /* upeamepHoe HapylleHue rpaHuiibl */

else if d; < 0 then

d; :==0+9;
else

d; :=d; + 6;
end if

else if s§,; < —< AND (j € Jr OR j € Jy) then
/* (AN); = d;j < 0 Bo3pacTaer u orpaHuveHa CBepXy HyJem */
if d; > +d1 then
STOP; /* upeamepHoe HapyieHue rpanuibl */
else if d; > 0 then

dj :==0—9;
else
d; :==d; — 6;
end if
else
/* (AN); He MOXKeT HOoCTHYb HyJlsl IpH Bo3pacranun 6 */
continue;
end if

/* (ANn); mocturaer F6 upu 6 = % >0%*/
0 :=s(dj/&ps);
Omin = min(‘gminv 9]');
end for
if 5min = oo then STOP; /* Bospacranue 0 ne orpanundeno */
/* BrOpoii ipocmoTp */
q:=0;
for j:=1,...,n—m do
if s&,; > +e AND (j € Jr OR j € J) then
/* (An); = d;j > 0 yOpIBaeT u orpaHnYeHa CHU3Y HyseM */
nop;
else if s&,; < — AND (j € Jr OR j € Jy) then
/* (An); = dj < 0 Bo3pacTaer n orpaHuveHa CBepXy Hysem */
nop;
else
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/* (AN); He MOXKeT HOoCTHYb HyJlsl IpH Bo3pacranun 6 */
continue;
end if
/* (ANn); mocturaer Hysst npu 6 = 60; >0 */
0; = 5(d;j/&pj);
if 0; < Omin AND (¢ =0 OR &y < ;) then
q:=J;
end if
end for
assert q # 0;

Puc. 3.3. IpoitcTBennsIit MeTon Xappuc BbIOOpa HeOA3UCHOI
IepeMeHHOM (T )g-

HBIX HepeMeHHBIX (Ay)j = (Ay)j, KOTOpBIE BO3PACTAIOT IIPH BO3PACTAHHH
napamerpa 0, §; = d;/§,; — 3nadenue @, upu KoTopoM nepemennast (Ay);
JOCTUraeT CBOEH HyJIeBOW I'DAHMUIIbI.

Benenersuie ocnabienust Hy/TeBBIX TPAHUTL JIBOACTBEHHBIX GA3HCHBIX TTe-
PEMEHHBIX UMeeT MeCTO HePpaBEHCTBO Oin > Omin, e Opin — MaKcuMaJbHOe
[IpUpPAIEHNEe TapaMeTpa Jayda §, Koropoe ObLIo ObI ONpeIeeHO «CTaHIapT-
HBIM» METOJIOM JIJIsl HeocJIabJIeHHbIX (HYJIeBbIX) IDaHuUll. Beseacrsue 31oro
B MeTojie Xappuc MOAB/ILAETCA ITOIOJTHUTENbHAS CBOOOAA, KOTOPas MCIOJIb-
3yercs Jjisi BBIOOpa JIBORCTBEHHOI 6a3uCHOi iepeMeHHOn (A N)q ¢ HAmboOICE
HOJXOSAIINM (MAaKCUMAJIBHBIM [0 abCOJIOTHOM BeJIPI‘{I/IHe)~K09(b(bI/ILLI/IeHTOM
&pq B coorBercTBHE ¢ ycioBueM (3.2). A Tak Kak 0; < Opin, TO Hapymre-
Hie (HyJIeBBIX) I'DAHUIL JIBOHCTBEHHBIX OA3UCHBIX HEPEMEHHBIX B CMEXKHOM
0a3MCHOM pEIIeHUH HE IIPEBLICUT BEJMYUHBI JOIYCKA 0.

Meton Xappuc ocHOBaH Ha HESIBHOM IIPEIIIOIOXKEHNN, UTO B TEKYIIEM Oa-
3UCHOM PEIICHUH JIBOMCTBEHHBIC OA3MCHBIE IEPEMEHHBIE He HAPYIIAIOT CBOMX
rpanut. OJHAKO MOXKET CJIyIUThCs (XOTst Obl B pe3ysibrare MPUMEHEHUs! Ca-
MOro MeTo/1a Xapprc), 9To (B Ipeeax A0IMycKa d1) TaKoe HapyIICHNE IMeET
Mecto, T. e. Koryia (—8; <)d; < 0 st (An); = (Af); mm 0 < dj(< +61) iz
(An)j = (Ay)j, e dj — 3Hagenne (Ay); B TeKyIeM 6asnuce (OTHOCHTEIbHAS
onenka (xy);). Ecam mpu arom Takast n1BoficTBeHHas 6a3uCHAs HepeMeHHAs
IPEeNsATCTBYeT yBeamdenuio napamerpa ¢, ro Xappuc [4] npesiaraer 6paTnh
Omin = 0. Ho, kak y»ke 66110 ormedeHo B |1, moapas. 4.3] B aHATIOrUIHOM Cu-
Tyalluu JIsg TPSMOTO CUMILIEKC-METO/a, HAPYIIeHNE JBOMCTBEHHBIX MPAHUIL
MOZKET OBITh CJIeJICTBIEM OIINOOK OKPYIVIEHHUS, [I03TOMY MMEETCs OOJIbIIe OC-
HOBAHUIl CYNTATH, YTO «TOYHOE» 3HAUeHHe d;j /I yKa3aHHBIX (AN); PABHO
nymo. Takoe M3MEHEHHnE IO CPABHEHMIO ¢ OPUTHHAJIBLHBIM METOIOM XappPUC
(orpaxcentoe Ha puc. 3.3), gaer 66bIIyI0 cBOGOTY BHIOOPA, Tak Kak obec-
neanBaeT O, > 0 Jake B caydae HapyIIEHUs JBOMCTBEHHBIX TPAHUI. 1lpn
9TOM MOXKHO OXKHJIATh, YTO BOZMOYKHOE JIOTIOJTHUTETLHOE HAPYIIIEHUE IPAHUIL
JIBOICTBEHHBIX DA3UCHBIX IEPEMEHHBIX OYZET OCTABATLCA B IPEIEIAX paspe-
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IIEHHOTO JIOIYCKAa, TeM 60Jjiee, UTO Ha MOCJIEIYIONUX UTePAIusIX U3MEHEHU s
3Ha4YeHuil d; MOryT IPUBECTH K yMEHBIIEHHIO OOIeil cTelleHH HapyIlleHUsI
TpaHUIl.

B szaksodenune MOXKHO OTMETHUTD, UTO €CJIM JIBOMCTBEHHBLIN MeTon Xap-
PHC IPUBOJUT K BBIOOPY JABOMCTBEHHOM 6a3UCHO ITepeMEeHHOM, OTINIHON OT
TO#, KOTOpasi ObLTa OBl BHIOpaHA C MCIOJIb30BAHUEM <«CTaHIAPTHOIO» JIBOII-
CTBEHHOI'O METOJ[a, TO 3TOT BBIOOD BCErjla COOTBETCTBYET DOJIbIIEMY ITPUPA-
MEHUIO TTapaMeTpa Jyda #, 9To CyIeCTBEHHO C TOUYKU 3PEHUsl IPEI0TBPAIIle-
HUsl 3aIUKJINBAHUS JIBOMCTBEHHOTO CUMILIEKC-METO/Ia, U D0JIee OIXOIAIIEMY
(6obIIIeMy 110 aBGCOJIIOTHO BEJIUUHHE) BELYIIEMY SJIEMEHTY pg, ITO CyIIe-
CTBEHHO C TOYKU 3PEHUS YNCJICHHON yCTONYMBOCTH.

3.3 JInmHHOIIAroBBINT METOJT
3.3.1 O6mas naes

Homycrnm, aro Bce nepemenusie ncxouoit JIIT-3amaun (1.1)—(1.3) nmetor
00e HUKHIOI 1 BEPXHIOI TPAHUIIBI, 1 PACCMOTPUM COOTBETCTBYIOIILYIO JIBO-
crBernyio JIII-3amaay (1.28)—(1.29). Bamernm, ITO CHCTEMa OrpaHUTIEHHI-
PaBEHCTB JABONCTBEHHO 33241 (1.29) BKJTIOUAET TOJbKO KOMOMHUPOBAHHBIE
JBoiicTBeHHbIe mepeMeHHble A = (\g). YToObI BBIPA3UTD JABOMCTBEHHYIO Iie-
neByto dyuknuio (1.28) takxke depe3 3T KOMOMHUPOBAHHBIE II€PEMEHHbBIE,
OIIPEJIEJINM CJIEJYIOIINE BCIIOMOTraTe bHble PYHKINN JIJI KaXK/10ii KoMOuHu-
POBAHHOI TIEPEMEHHON Ag:

lk)\lm ecJn )\lc = )\2_ > 0

uk/\k, ecJin )\k = A’; S 0

Yr(Ax) = (3.3)

[MockonbKy (cm. mogpasza. 1.4) A\, = )\z + A, u /\,j)\,; = 0, 1. e. x0T OBI
OJTHA W3 MEPEMEHHBIX )\Z 1 A\, paBHa HyJI0, TO JapoficTeennyto JIII-3ama1y
(1.28)—(1.29) MOKHO 3aIUCATDh B CJIELYIOIIEM BH/JIE, HCIIOJIB3Ys TOJIBKO JABOM-
crBeHuble nepeMennbe T = (m;) 1 A = (Ag):

C=b"m+ > r(\) + co — max (3.4)
k
ATr+x=c¢ (3.5)

ITo onpezenennto kaxkast GyHKus Py () SBISETCS HEIPEPLIBHON Ky-
COYHO-JIMHEHOM (hyHKIMeHl ¢ eIWHCTBEHHON TOYKON m3yioma B Hyse. Ilpum
STOM, TaK Kak [}, < Uy, JUIs KarK10it mepeMenHoi xy, npsimoit JIIT-3aaau’?, o
KaxKJjiasd Takas MYHKIMS, KPOME TOT'0, SABJIsieTCH BBIITYKJON BBepX. [Ipumep

dbyukuun () nokazan Ha puc. 3.4.

138 nporussOM ciryuae npsivast JITI-3a1a4a He nMesta GBI JIOMYCTUMBIX PEIIEHHTIA.
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Puc. 3.4. Ilpumep dbyuxmn ().

Takum obpasom, nesesast dynkius (3.4), Oygaydn CyMMOil BBIIYKJIBIX
BBepx ynkmmii,'* cama ecrh BeITyKIas BBepX cenepabesbHas® KyCOdHO-
simHeiinast pyHkiusi. C JIpyrofl CTOPOHBI, MHOXKECTBO JIOIMYCTHMBIX pellie-
Huit 3a0a49u (3.4)—(3.5), T. €. MHOXKECTBO TOYEK, YJIOBJIETBOPSIONIUX CUCTEME
orpanudennuii-pasencts (3.5), apnsgerca miockuM,'S a smaumT, BLITYKIBIM.
CrenoBaresibHO, ¢ yIeTOM MaKCHMU3AIINN JBONCTBEHHYIO 33129y B (hopMare
(3.4)—(3.5) MoxkHO KitaccudunupoBaTh Kak 3a/a4dy BBIILYKJIOTO TPOrPAMMI-
poBaHus ¢ cenapadebHON KyCOUHO-TUHEHHON 1e1eBoit hyHKIMeN u JuHeli-
HBIMHU OTPAHUYEHUSIMI-PABEHCTBAMH.

B npumnrnurie, ecin He npuruMaTh BO BHMaHue 3hPEKTUBHOCTD, JIO0YIO
3aJ1a1y BBITYKJIOTO MTPOTPAMMUPOBAHHUST C CHCTEMOMN JIMHEHHBIX OTPaHIIeHU
B BHU/JI€ PABEHCTB MOKHO PEIIUTh, UCIIOIb3Ys CJIETYIONLYI0 IPOCTYIO TEXHUKY.
JlomycTtuMm, 9T0 y HAC UMEETCsT HEKOTOpast TEKYIIasl JOMyCTUMAast TOUKa. Bbi-
OepeM JIOIyCTIMOE HAIPABJIEHUE, BIIOJb KOTOPOTO UMEET MECTO YJIyUIleHue
1esieBoit (pyHKImMu. ['eoMeTprudecKkn 9TO HAIlpaBJIEHHE IIPEICTABJIsIET CODO
JIyd, UCXOJISIIINN U3 JOMyCTUMON TOYKU ¥ MPUHAIEKAIINN TIJIOCKOMY MHO-
JKECTBY, OIIPEIeIsIeMOMY CHCTEMOI OrpaHuvIeHni-paBencTs. Een Takoro Ha-
paBJjieHNs He CYIIECTBYET, TO TEKYIasi TOUKA sIBJISETCsI HICKOMbBIM (IIpUdeM,
1106 IbHBIM) ONTHMAJIBHBIM pellleHreM. B IPOTHBHOM cilydae CJIesiaeM Iar
B BBIODAHHOM HANPABJIEHUN B TOUYKY C JIyUIINM 3HAYEHUEM TEJIEBOi (DYHKITUN
U IIOBTOPUM IIOUCK, UCIIOJIb3Yyd HOBYIO TOYKY B KadecTBe TeKyIleil.

[Tpumenurensno K 3amade (3.4)—(3.5) paccMOTpeHHAsT TEXHUKA O3HAYa-
er caenyromee. Ilyers (70, A\%) — rekymas momycrumas Touxa, (7', \) —

14 NTuneiineie dbyHKmm bim; SBIAIOTCE YACTHBIM CIYYa€M BBIIYK/IBIX BBEPX (DYHKIIMIA.

5 meromas Bum cyMMBI DYHKIHH, KayKIas X3 KOTOPBIX 3aBUCHT TOJIBKO OT OZIHOM ITe-
PEeMeHHOM.

16 [Trockoe mmosicecmeo sto apyroe nassamme adpGUHHONO MOIIPOCTPAHCTEA.
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Puc. 3.5. lamenenue jpoiicTBenHoil nesteBoii dyukmuu (3.4)
BJIOJIb JIya.

[IPOM3BOJIBHAS JIOIIyCTUMAs TOUKa, OIPEIEJISIIoNIee BHIOPAHHOE HAIIPABJICHNE.
Torma s1y4, ucxoaamunii u3 TEKyIIe TOYKA U UIYIINi B BEBIOpAHHOM HAIIPaB-
JICHUH €CThb CJIEJIYIOIIee MHOYKECTBO (JIOIYCTUMBIX) TOYEK:

()=o) (). 50

rie 6 > 0 — mapamerp Jiyda. [ToCKOIBKY JIy4 €CTh BBITYKJI0€ MHOKECTBO, TO
Ha 9TOM MHOXKecTBe (T. e. BJIOJIb Jiy4a) neeBas Gyukmus ¢ = ((0) rakxke
Oy/1eT HEMPEPBIBHOM KyCOYHO-JIMHEHHON 1 BBIMYKJIOi BBepX (puc. 3.5). [Ipn
9TOM TOYKH u3JioMa 1esieBoit dyukmuu 01, f2, ... CyTh TOUKH, TJIe MepeMeH-
HBbIE \j II€PECEKAIOT HYJIEBYIO TOUKY IPH BO3PACTAHUM IapaMerpa Jiyda 6 B
coorBeTcTBHA C (3.6).

Permmenne npoiicrsennoii JIII-3amaun (1.23)—(1.25) cumiiekc-MeTo/[0M 110
cymecTBy ecThb pertenne JIII-3amaun (1.28)—(1.29), a ciemoBaresnbHo, U 3a-
nauan (3.4)—(3.5), Tak Kak BCe 9TH TPH 3aJa49u SKBUBAJEHTHbL. OTMeTnM,
oflHAKO, uTO cuMiuiekc-MeTos pemaer JITI-3amaay (1.23)—(1.25) B upocrpan-
CTBe JIBOICTBEHHBIX MepeMeHHBbIX (7, AT, A7), r1e neneBas dbyHKIuUs ABJIsA-
eTcsl JIMHEeHHOM, a ImepeMeHHbIe AT U A\~ MMeoT HyseBble TpaHuIbl. B To »xe
BpewMsi, 3aa4a (3.4)—(3.5) ccopmyaupoBaHa B IPOCTPAHCTBE JIBOACTBEHHBIX
nepeMeHHbIX (7, A), TJe IejeBast QYHKIUs sIBJIsIeTCsl HEJMHEHHOl, a mepe-
MeHHBIEe He OrpaHmueHbl o 3Haky.!! ITo3TOMy MMeeT CMBICT PacCMOTDETD
IPUHIUINAIBHYIO CXeMY CHMIUIEKC-MeTosa (eM. noapas. 1.6) ¢ Touku 3pe-
HUsI M3JI07KEHHOI BbIIe o0mieil Texnukn permenus 3agadn (3.4)—(3.5), aro
[03BOJISIET YCTAHOBUTH CJIEJLYIOIIEe.

1. Texymeit TouKoil siBIsIeTCsT NBOMCTBEHHOE OasncHoe permrenue (1.34).

2. JomycTunMoe HalIpaBJIEHHE OIIPEJIEISeTCsl BBIOOPOM JBOICTBEHHON He-
6azucHoil nepemennoit (A\}), wiu (A\g)p, H3MeHeHne (yBeJMIeHne WM, COOT-
BETCTBEHHO, YMEHbBIIICHUE) KOTOPOI IIPUBOJUT K YLy YIIeHUIO (YBETMIECHUIO)

Y"TIpu yenosuu, uTo Bee epementbre ncxonoi JIT-zamaun (1.1)—(1.3) umeror o6e Hirk-
HIOIO M BEPXHIOIO MPAHMIIBL.
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JBOMiCTBEHHON 1esieBoii (byHKImu. [eoMeTpUIecKr B IPOCTPAHCTBE JIBOIi-
CTBEHHBIX TlepeMeHHbIX (7, AT, A7) 3T0 HampaB/eHne ecTh HAIlPABJIEHHE CO-
OTBETCTBYIOIIEro pebpa MHOIOTPAHHOI'O MHOXKECTBa, UCXOJSIIEr0 U3 TEKYy-
mieii Bepumabl. C Toukn 3penust 3a1a4un (3.4)—(3.5) Takoii BbIOOP 03HAUAET,
qt0 0 = +(AB)p, ecin (AB)p = (A5)p, wm 0 = —(Ag)p, ecu (Ag)p = (Ag)p,
rie (Ag)p = (Af)p + (A\p)p — KoMOHHHpOBaHHAs ABOfiCTBeHHAsl HebA3UCHAsL
nepeMenHasi, § > 0 — napameTp Jiyda.

3. Benuumna mrara npu BospactaHuu napamerpa  orpejesnsiercs BbiOo-
poM JBoiicTBenHol GazucHoil nepemennoil (A%)q i (Ay)q, KoTopas (yobi-
Basl MM, COOTBETCTBEHHO, BO3pAcTasi) IEePBOil JI0CTUraeT CBOeil HyJIeBOi rpa-
nunpl. eomerpudecku B mpocrpanctee (m, AT, A7) 3T0 cooTBeTCTBYET J10-
CTUKEHHMIO CMEXKHOI BEpITMHBI MHOIOIPAHHOTO MHOXKECTBA IPH JIBUYKEHUN
BI0JIb BbIOpanHoro pebpa. JlocTaTrodHo 0UeBHIHO, UTO C TOYKU 3PEHUS 3a-
Jaan (3.4)—(3.5) Taxoii BEIGOP COOTBETCTBYET caMol Nnepeoti TOUKe M3IOMa
(0 = 01 na puc. 3.5), rje COOTBETCTBYOIIAsi KOMOMHUPOBaHHAsI Ga3UCHAsI
nepemennas (Ay)g = (A{)q + (Ay)q carmoti nepeoti nepecexkaer HyJb.

OcHoBHas Ujesd JAUHHOWA206020 Memoda BRIOOpa ABONCTBEHHON Gasuc-
HOIt 1epeMeHHOiT (AN )q (H, COOTBETCTBEHHO, HEOA3HMCHOI IEPeMEHHOM (XN )q
upsivoii JITI-3az1a41) cocTouT B TOM, YTOOBI IIPU YBEJTMYEHUU IIAPAMETPA
Jiyda 6 He OCTaHABIUBATHCS B CAMO IEpBOit TouKe m3jaoma 6 = 01, a npo-
doavicams yseaunusamsd 6 10 TeX IMOp, MOKa ITO IMPUBOIUT K YIIyUIIECHHIO
(YBeJII/I‘{eHI/IIO) JBONCTBEHHOI 11e/1eBOil (DyHKIIH.

C roukn 3penus pemenus apoiicrsennoit JIII-3amaan (1.23)—(1.25) Ta-
KO#l JIJTMHHOIIATOBLI METOJI MOXKHO HHTEPIPETHPOBATD CJICIYIOMMM 00pa-
zoM. [lycTh mapamerp jyda 6 miepecekaer TOUKY U3JI0Ma JBONCTBEHHON Tie/1e-
Boit dyukImnu (3.4). D10 O3HAUAET, YTO HEKOTOPasi KOMOMHUPOBAHHAS JIBOM-
crBennas Gasucuas nepemennas (Ay); = (Ay); + (A\y); uepecekaer Hysb,
YTO, B CBOIO 04epe/lb, 03HAYAET, YTO JINO0 6a3uCcHasl IepeMeHHasT (AE) j (yOBI-
Basi) JIOCTUTAET CBOEHl HUZKHEH HYJIeBOi IPAHUIbI, JHOO Oa3UCHAsT TepEeMEH-
Has (\y); (Bo3pacrast) gocruraer csoeii BepxHeii Hy/1eBoil rpanumpt. Ilycrs,
HaIIpUMep, TaKOi 0A3MCHON MepEMEHHON SIBJISIETCST ()\}) j- Torma, 9T00OBI IPH
JavIbHelieM yBeaudennn § npejoTBpaTHTh BhIxog (A}); B HemomycTHMYyIO
(orpunaTesbHyI0) 00JIACTh, IOCTATOYHO BBIBECTH ee u3 Hasuca, a BMECTO Hee
BBecTH B Gasuc jpoiicTBennyto nepementyio (Ay);.'® 3nech Takxke BaxKiHO
3aMeTHTDb, ¥To mepemennbie (AL); m (A\y); HMEIOT WIEHTHIHBIE (€MHI-
HBIE) CTOJIOIBI B Marpuile KoadduimenTos orpanndenuit (1.24) npoiicTBeH-
woit JIII-3aga4uu, mosTomy ykazaHHOE H3MeHeHUe Oa3uca He U3MEHAEM TEKy-
niyto 6asucuyio marpuiy B (1.5).

Ecan paccmarpuBaTh [AJIMHHOIIATOBBIN BapWaHT ABOMCTBEHHOI'O CHUMII-
JIEKC-METO/Ta C TOUKM 3peHust ncxoamnoii (mpsvoit) JIIT-3amaun (1.1)—(1.3), To
Iepexojl Yepe3 TOUKYy M3J0Ma, JBOMCTBEHHON Ie/ieBoil (hyHKINM, Tle JIBOIi-

18Kax yxe 66110 orMeueno B mompass. 1.5, ecu omma us mepemenueix (A%); u (Ay);
GasucHasi, TO Apyras obs3aTeIbHO HeOA3UCHASI.
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crBennble nepementsie (A%); n (Ay); Mensiorcs Mectamu B Gasuce, O3Ha-
JaeT, Y9TO COOTBETCTBYIOIIas HeOa3MCHasl IepeMeHHas (I ); MEPEXOIUT CO
CBOEl TEKyIIel aKTUBHOM T'PaHUILI Ha MPOTHBOIOJJOXKHYIO, OCTABASICH TIPU
sToM HebGazucHoit. ¥

JIMMHHOIMATOBBIN BAPUAHT JIBORCTBEHHOTO CHMILIEKC-METOMa UMEeT JBa
CYIIECTBEHHBIX [IPEUMYIIECTBA 110 CPABHEHUIO C JIPYTUMU BapUaHTaMU, PAC-
CMOTPEHHBIMU B MPEIBIIYIINAX MOIPA3IETAX:

1) qymHHOMIArOBAsSI UTEpAIKs, KAK [IPABUIIO, obecriednBaeT 6oJIbIIee pu-
parrenne JBOWCTBEHHON I1e/IeBOM (DYHKIINK, YTO, B KOHEIHOM HUTOTe, MOYKET
[IPUBECTU K 3HAYUTEIHHOMY COKPAINEHUIO ODIEro Unuc/ia UTepaui;

2) B Ka4eCTBe TOUKH, OLPEJIEIISIIONIell Belnunny mara (& 3HAUUT, 1 CMeXK-
HbII 6a3KC), MOKHO OPaTh J1I00YI0 TOUKY H3JI0Ma ) JIBOICTBEHHOI Iie/IeBOi
dbynkimu, 1st koropoii ((0;) > ((0), rae ((0) — 3HaueHme ABOHCTBEHHOI Iie-
JieBoit pyHknmn B Tekymeit Touke § = 0. [TockonbKy Takux TOUeK, Kak Mpa-
BUJIO, HECKOJIBKO, TO 9TO JaeT OGJIBIIYIO0 CBOOOILY BHIOOPA, UTO CYIIECTBEHHO
C TOYKHU 3peHns 00ecreveHnsl YNCJIEHHON yCTONINBOCTH.

Ilo Bceit BUAMMOCTH, BIIEPBbIE JJINHHOIIATOBBIN BAPUAHT IBONCTBEHHOTO
CHMILTIEKC-MeTO 1A ObLT TIpeitozKeH B pabote |5]. Bosee coBpemennoe nsozke-
HIE 3TOr0 METOJ[a BMeCTe C Pe3y/IbTaTaMU YUC/IEHHBIX KCIIEPUMEHTOB JAHO
B pabore [6]. B pabore |7] paccMOTpeHbBI pasiMYHbIE ACIEKTHI Pean3aiun
9TOT0 METOJIA.

3.3.2 Ommucanue meroga

[TpuMeHeHre JTMHHOIIAIOBOIO METO/Ia HAYMHAETCS C OIPEIEIeHUs BCeX TO-
YeK U3JI0Ma JIBOHCTBEHHOI IeseBoil dyHKImu (cM. puc. 3.5).
[Tycrs (cm. (1.38))
(AB)p = sb, (3.7)

rae (AB)p, — BBIOpaHHAsI MOIXOJSINAs IBOICTBEHHAsT HeDA3UCHAS IIepEeMeH-
nast, s = +1 (s = —1), ecim (A\p), BO3pacTaeT (COOTBETCTBEHHO, yOLIBAET),
6 > 0 — ckansapHblil napamerp Jyda. IIocKoIbKy ocrajbHBIE JIBOHCTBEH-
Hble HeOA3UCHbIE IIepEMEHHBbIe He M3MEHSIOTCs, OCTaBasCh PABHBIMU HYJIIO,
To B coorBercTBuU ¢ (1.33) oTmesbHast ABOfiCTBeHHAs HA3MCHAST TIE€PEMEHHAST
(An); s3aBucut ot 6 ciaemyronmm obpasom (cm. (1.39)):

(An)j = dj — s&p;, (3.8)

rae d; — 3Hadenue (A\y); B TEKyIieM GA3HCHOM pelreHnn, &,j — SJEMEHT
cuMIIeKc-Tabuisl = = —B~ I N. Torna n3 (3.8) ciremyer, 94TO TOUKA U3IOMA

19TJosTOMY B AHIIIOS3BIMHOI IUTEPATYPE [UIMHHOMIATOBEI BBHIGOD HEGA3MCHOIN ITepeMeH-
HOH (TN)q B IBOWCTBEHHOM CHMILIEKC-METOJIE TakKe HasbiBatoT “flipping ratio test” mim
“flip-flop ratio test” (ot anru. flip — menkars, flip-flop — menkatonwmii 3ByK ), pasymes 1oz
9TUM CKa4KOOOPA3HBIN Hepexos (<«IepemieKuBaHne» ) OTJE/IbHBIX HeOA3MCHBIX II€PEMeH-
HBIX C OOHOM aKTHUBHOU I'DAHUIBI HA APYTYIO.
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§ = 0; nBoiicTBeHHON IeTeBOl DYHKIMH, T. €. TOUKa, rie (Ay); Hepecekaer
HyJIb, onpegesiercs yciaosueM (em. (1.40))
by =50 (3.9)
pj
BameTnM, 4TO JBOMCTBeHHBIE Ga3HCHBIE HepeMeHHbIe (AN)j, [l KOTOPBIX
0; < 0, He IPUHUMAIOTCA BO BHUMAHHE, TaK KaK OHH yXOAAT OT HyJd IpH
JIBUZKEHUE BJIOJIh JIYYA.
Hanee #e0bX0IMMO OIIPEIEINTD BEIUINHY HAKJIOHA TBONCTBEHHON Tie/Te-
BOIl (DYHKIMU CrpaBa OT KAyKJIOW TOYKH M3JI0Ma (MEXKJLy TOYKAMH H3JI0Ma
9Ta BEJIMYMHA OCTAETCsI OCTOSHHOI ):

dg

= 1 —. 3.10
0—>19r;l+0 do ( )

Uj
U3 (1.37) caemyer, 4To B HadaabHOIT ToUke ) = Oy = 0 BeJMYIHHA HAKIIOHA

paBHa
vo = |pl, (3.11)

rJie 1p — OTHOCHUTEJIbHAs OIEHKa BBIODAHHON JBOMCTBEHHON HEOA3MCHOM ITe-
pemennoit (Ag), (cM. (2.1)). Bes orpanndenust 0OIHOCTH MOYKHO CYHTATD,
g0 Oy = 0 < 01 < 0y... . Torga, sHas BeIMYHMHY HAKJIOHA Vj_1 B TOYKE
0 = 0;_1, MOXKHO OIpPEJIC/IUTEL BeJMUNHY HaKJIOHa vj B Touke ¢ = 0, ciemy-
FOIIIUM 0OPa30M.

Homyerum st onpesenentoctn, 9to (Ag), = (A5), = 0, T. e. 9T0 BHI-

Yy pat pen I B)p — B/p — Yoy b e

OpaHHas JBOIMCTBEeHHAs HeOA3KMCHAasI IIepeMenHast Bo3pacraeT. [loHsiTHO, 94TO B
00J1aCcTAX, He COAePXKAIINX TOYEK U3JI0Ma, JBOMCTBEHHAs IejieBast (DyHKIU
JIMHEHAHO 3aBUCUT OT ABOMCTBEHHLIX IE€PEMEHHBIX, 8 3HAYUT, TaM CIIPABEIJIU-
BO coorHoienne (1.37). B gacTHOCTH, 9TO COOTHOIIEHUE CHPABEJIMBO JIJIsI
Jyda, COOTBETCTBYIOIIEro Bo3pacTanuio (Ap), B auanasone 0;_1 < 6 < 6;.
Torna, MOCKOJIBKY BCe OCTajbHBIE JTBOWCTBEHHBbIE HEOA3UCHBIE MTEPEMEHHBIE
ocrarorcst HyJieBbiME, 13 (1.37) ciejyer, 9To B yKa3aHHOM JIMAIIA30HE:

C(0) = [(IB)p — Bl (Af)p = vj-10), (3.12)

rae (Ig)p 1 By = el (2f+B7'b) — coOTBETCTBEHHO, HIXKHSS TPAHUIIA I TEKY-
mee (B yKa3aHHOM JHalla30He) 3HaUeHne OA3UCHON HepeMeHHOil (ZR)), Ips-
moit JITT-3ayiaun, f — BeKTOp aKTUBHBIX I'pAHUI] (B yKA3aHHOM JMAlla30He)
HeOa3UCHBIX llepeMeHHbIX =y upsmoit JIII-3anaun, e, — p-it crobery eqummd-
Hoit Mmarpuiel. Ilyers Teneps napaMerp , Bo3pacrasi, IEPEXOAUT Yepe3 TOU-
Ky 0, BcIeJicTBIE UYero JBOiicTBeHHas Oa3uCHasI IepeMenHas (Ay); mepece-
KaeT CBOIO HyJieByto rpanuity. C Touku 3penust npsimoii JI11-3a1a1u 5170 03HA-
JaeT, ITO COOTBETCTBYIOINasl Heba3ucHasl lepeMeHHasl (T ); HEPEXOAUT CO
cBOEH Tekymell aKTUBHON TPAHUILI HA ITPOTUBOIOIOKHYIO, KOTOPasd CTAHO-
BHUTCs aKTHBHO, CKasKeM, C HIKHeil rpaHuIipl (1) Ha BEPXHIOW (UN);, 9TO
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COOTBETCTBYET BO3PACTAHMUIO (AN );j. DTO, B CBOIO OUepe/ib, IPUBEIET K H3Me-
HEHHUIO BEKTOPa aKTUBHBIX I'PaHUIl f HeOA3UCHBIX HepeMeHHbIX mpsiMoii JITI-
3aia4u, KoTopslii nosryunt npupamenne Af = [(un);—(In);le; (e ej — j-it
cTosIber] eJIMHIMIHO MATPUIBI), U KAK CJIEJICTBUE, K U3MEHEHUIO BEJIMIMHBI
Bp, KoTOpast nostyunut npupaiienne AfS, = egEAf =&pil(un)j — (In);], toe
&pj — dneMenT cuMmiuiekc-Tabmmnpl = = —B~IN. Ho u3 (3.12) caexyer, uto
Ap) Kak pa3 U eCThb IpPHpAIeHie BeJIMYNHBI HAKJIOHA (C IIPOTHBOIIOJIOKHBIM
3HAKOM) IIPH IlepecedeHnH TOUYKH u3joma f;, T. e. v; = vj_1 — Af).

ist obiiero ciydasi He TPYAHO MOKA3aTh, YTO UCKOMbBIE BEJIMYUHBI Ha-
KJIOHOB OIPEJIEJISIIOTCS CJIEJLYIOIIUM PEKYPPEHTHBIM COOTHOIIIEHUEM:

v; = vj—1 — [§psl(un); — (In);]] - (3.13)

Heobxoanmo 3ameTnTsb, uTo ecau B npsimoit JIII-3amade mmeroTcst Heba-
3UCHBIE [IEPEMEHHBIE C OJHOCTOPOHHUMH I'PDAHUIIAMU, TO COOTBETCTBYIOIIASI
JIBOMiCTBEeHHAsT 6a3MCHAs TIEPEMEHHAsl, KOTOpasi nepeoti JOCTUraeT CBOeil Hy-
JIEBOI TPAHUIIBI, ONIpeJIe/isieT MaKCuMaJlbHOe 3HaUeHe apaMerpa jyda. Ha-
npuMep, ecan (Zy); HAXOAUTCA Ha CBOeH HUKHel akTHBHOI rpanue (In);
U He nMeeT BepxHeil rpanuisl (popmasibho, (uy); = +00), U IPH 3TOM CO-
OTBETCTBYIOIIAs JABOICTBEHHAs Oa3uCHas mepeMeHHast (Ay)j, YMEHbBIIAsIChH,
JIOCTHUTAeT CBOEl HUKHEHl HyJIeBOI I'paHuIbl npu 0 = i, TO HaJibHeiIee
yBeJmueHne ) CTaHOBUTCsI HEBO3MOXKHBIM, TaK Kak u3 (3.13) ciemyer, uro
vj = —oo. C roukm 3pennus gsoiicreennoii JIII-3amaun (1.23)—(1.25) sTo
obycsioByIeHo TeM, 4To (Ay); = 0, U 1I09TOMY yMeHbIIeHIe KOMOMHIPOBAH-
HOII 1epeMenHoii (Ay); orpanudeno cuusy mysem.?"

ITosryaenne nndopManumm o MOBEICHUN IBOMCTBEHHOM I1e/1€BOH (byHKITIN
BJIOJIb JIyUa 3aBEPIIAETCs ONPEJIeJIEHNeM ee IPUPAIIEHUI OTHOCUTETHLHO Ha-
vasipHOro 3Hadenus ((fy) = ((0) B Touxkax usnaoma 6 = 6, ¢ momomnipio cire-

JIYIONIUX PEKYPPEHTHBIX (DOPMYJI:
AC(6p) =0, (3.14)

AC(0;) = AC(0-1) +vj-1(0; — 0-1). (3.15)

Kaxk y»ke ObL710 OTMEYEHO B IIPEIBIIAYINEM TOAPa3/Iee, B KAIeCTBe JIBOI-
CTBEHHOI 6a3MCHON HepeMeHHOi (AN); MOXKHO BBIODATDH JIIOOYIO I€peMeH-
Hy1o (AN)j, m1st Kotopoit A((#;) > 0, T. e. KOTOpast 06eCIIeYNBAET yBeIHIe-
HUe JBOHCTBeHHON meseBoil dyukimu. IIpu sToM BBIGOD (AN ), OAHO3HATHO
onpeziesisieT BeIOOp HebasucHOl mepemenHoit ncxomuoil JIII-3amaun (xx)q,
KOTOPYIO CJIeJyeT BBeCTH B Oas3mc.

20TakuM obpaszoM, ecn B mpsmoit JITI-3a1ade HeT MepeMEHHEIX ¢ ABYCTOPOHHUMI Orpa-
HUYEHUSIMU, TO IIPEUMYIIECTBA JUTMHHOMIATOBOTO METOA TEPSAIOTCS, TAK KaK OH CTAHOBUT-
Cs1 9KBHUBAJIEHTHBIM OOBIMHOMY MeTojay Bbibopa. OJHAKO 9Ty CUTyanuio B OOJIBIIMHCTBE
CJIyYaeB YJIaeTCsl WCIIPABUTD, IMOCKOJBbKY BMECTO OTCYTCTBYIOIIUX T'DAHUIL ITE€PEMEHHBIX
MO>KHO HCIIOJIb30BaTh UX HMCKYCCTBEHHBbIE HESIBHBIE I'DAHUIIBI, KOTOPBIE ABJIAIOTCS CJIE-
CTBUEM JIpyrux orpanudenuii npsamont JIII-3anaqnm.
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ITpniaoxkenune

ITporpammMmuas peajmu3annd

II.1 Moayns SPYCHUZR — nBoiicTBeHHbIII BhIOOp Oa3mc-
HOIl mepeMeHHOI

II.1.1 spy chuzr sel — or6op nmoaxoadaimux rnepemMeHHbIX

int spy_chuzr_sel(SPXLP x1lp, const double betal/*1+m*/],
double tol, double toll, int list[/*1+4m*/]);

JlaHHast moANporpaMMa BBIIOJIHSET 0TOOP MOAXOISIINX OA3UCHBIX IIepe-
MEHHBIX, T. €. 6A3UCHBIX [IEPEMEHHbIX (X p);, 3HAYeHUs (3; KOTOPBIX B TEKY-
meM Ga3uCHOM PeIeHnH HAPYIIAIOT COOTBETCTBYIOIIYIO HIKHIOW (Ip); nin
BEPXHIOI (up); IPAHUILY.

KomnonenTs! BekTOpa 3Ha4YeHUiT 6a3UCHBIX TepeMEHHbIX 5 = ([3;) J0XK-
HBI HAXOJUTKLCS B stueiikax maccusa betal[1], ..., beta[m].

Basucnast nepemennast (rp); canTaercs MOIXOJSIIEN, eciin HapyIlleHa ee
HUKHSS TPAHUIA:

,Bi < (lB)z — 0; g 6; = tol —|—t0l1’(13)i’,
NJIN BEPXHAA I'PaHUIla:
Bi > (uB)Z +0; s 6; = tol + tOlﬂ(uB)ﬂ,

rae tol n toll — 3amaHHbBIE JIOIYCKH.

Ha BbIx0/1€ TIO/IITPOrpaMMa 3aIlIUChIBAET HOMEPA ¢ TOAXOMATINX OA3UCHBIX
nepeMeHHbIX (2p); B sdeiiku MaccuBa list[1], ..., list [num], rje obree
qncsI0 TakuxX mepeMeHHBIX 0 < num < m BO3BpaIaeTcs B KAUeCTBe PE3YIIbTa-
ta. (Ecim ykazaresnb na maccus list 3ajan kak NULL, TO HOMepa 6a3UCHBIX
[EPEMEHHBIX HE 3aIHChIBAIOTCS. )

II.1.2 spy chuzr std — BeiGop 6a3ucHOli MepeMeHHO
no aBoiicTBeHHOMY IpaBuiy JlaHmura

int spy_chuzr_std(SPXLP x1p, const double betal/*1+m*/],
int num, const int list[]);

JlanHas TOANpOrpaMMa BBIIOJHAET «CTaHIAPTHBIA» BLIOOD HambOJIee
HOIXO/sIel Ga3UCHOIl IepeMeHHO (£ ), B COOTBETCTBUU C JBOHCTBEHHBIM
npasmioM anmwra (cM. mogpasm. 2.1):

[7p] = max|ri,

41



rae I C{1,...,m} — MHOXKECTBO HOMEPOB MOIXOISAIINX OAZUCHBIX T€PEMEH-
HBIX, I'; — BEJIMYMHA HAPYIIEHUs TPaHUIIBI [lepeMeHHoil (2 5);, olpeessiemast
CIIETY FOIIIM 00pa30M:

(IB)i — Bi, ecmm f3; < (Ip)i
ri=1< 0, ecin (Ig)i < Bi < (up)i
(up)i — Bi, ecmm B; > (up);

KomnonenTs! BekTOpa 3HaYeHUiT 6a3UCHBIX epeMeHHbIX 5 = ([3;) J0/K-

HbI HAXOIUThCHA B ddeiikax maccuBa betall], ..., beta[m].
Howmepa noaxoasamux 6a3uCHBIX TEPEMEHHBIX ¢ € I JOIKHBI HAXOIUTHCS
B siyeiikax maccusa list[1], ..., list[num], rige num = |[I| > 0 — obmee

YHCJIO TAKUX [EPEMEHHBIX.
Ha BbIXOJIe mojmporpamMmMa BO3BpalaeT HOMEp p BbIOpaHHOI Gas3ncHOI
HepeMEeHHOM (ZB)p.

I1.1.3 Crpykrypssbii Tun SPYSE

CrpykrypHblit Tun gaHHbIX SPYSE HCHOJIB3yeTCs MOAIPOrPAMMAME, PEAJIU-
3YIONMMH JIBOMCTBEHHBIN MMPOEKIMOHHBIN MeTo/I Hanbojee KpPyToro pedbpa
(cMm. mompas. 2.3) W JABOICTBEHHBINH MeTOJ OleHuBaHus Devex (cM. moj-
pasm. 2.4).

Crpykrypa SPYSE uMeeT CjIe/IyIoniue moJis:

int valid — ecJii JaHHBII IPU3HAK yCTAHOBJICH, TO COAEPXKUMOE CTPYK-
TYPBI ABJISIETCS AefICTBUTENBHLIM. B TPOTUBHOM cilydae, €CJIH JTaHHBIA MpU-
3HaK COPOIIEH, COIEPKUMOE CTPYKTYPhI HE JeHCTBUTEIBLHO.

char *refsp — ykazaresib Ha MaccuB JuHbl 1 + n. HAueiika refsp[0]
e ucnosb3yercsa. Adeiika refsplk], 1 < k < n, comepKuT Npu3HAK TOI'O,
9TO IIEPEMEHHAA T NPUHAJIC?KAT 3TAJOHHOMY IIPOCTPAHCTBY IEPEMEHHBIX
vV C E™

double *gamma — yKa3aresib HA MacCHUB JIUHBI 1 +m. fyeiika gamma [0]
He ucnosbdyercs. fdueiika [i], 1 < i < m, colepKUT BECOBOH MHOKHUTEJb
vi (2.8) ms mapymenunst rpanunpst r; (2.1) 6asucnoit nepementoii (zp); B
TeKyIeM basuce.

double *work — yKasarejb Ha paboOUMit MAaCCUB IJIUMHBI 1 + M.

II.1.4 spy_ alloc_ se — pasmelieHne MacCuBOB

void spy_alloc_se(SPXLP *1lp, SPYSE *se);

JlaHHast moAnporpaMmMa BBIIOJHSIET OTBEIEHUE aMITH JJIsT BCEX MacCCH-
BOB, BXOJISIIMX B cOCTaB 0ObekTa se (6JI0K JAaHHBIX JBOHCTBEHHOTO MTPOEK-
IMOHHOI'0 MeToIa HanboJjiee KpyToro pedbpa 1 IBOHCTBEHHOI'O METO/1a OLEHHU-
Banus Devex), UCroJib3yst Jijist 3T0ro MHGOPMAIMIO 0 Pa3MEPHOCTH paboueii
JITI-3a1aqm.
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I1.1.5 spy reset refsp — mepeomnpenejeHue 3TAJTOHHOTO
OpOCTPaHCTBA

void spy_reset_refsp(SPXLP *1lp, SPYSE *se);

JlamHas mommporpaMmMa BBITIOIHSET MIePeoIpeie/IeHre ITaJTOHHOTO TPO-
CTPAHCTBA, BKJ/IIOYas B HET'O IE€pEMEHHbIE, KOTOPLIE ABJISIIOTCA OA3MCHBIMU B
TeKyIneM 0a3unce, a TaK»Ke YCTaHAB/IUBAET BCE BECOBLIE MHOXKUTE/H 7y; PaB-
HBIMU €JIUHUTIE.

I1.1.6 spy eval gamma i — nmpsiMmoe BbIYHCJIEHHE BECOBOTO
MHOXKUTEJ

double spy_eval_gamma_i(SPXLP *1lp, SPYSE *se, int i);

JlaHHast TIOIIpOrpaMMa BBITIOJHAET HEIIOCPEJACTBEHHOE BLIUUCICHHE Be-
coBoro MHOXKHUTEJs Y5, 1 <4 < m, s Tekyiero 6asuca 1o dopmyie (2.8).

I1.1.7 spy chuzr pse — BbIGOp Ga3zucHOil mepeMeHHOIk
MO JIBOMCTBEHHOMY MeTOAy HamboJjiee KpyToro pedpa

int spy_chuzr_pse(SPXLP x*1p, SPYSE *se, const double
beta[/*1+m*/], int num, const int list[]);

Jlamnas moamporpaMMa BbIIOJTHIET BEIOOD HauboJIee MoAXoIdIei basuc-
HOU IlepeMeHHON (x B)p B COOTBETCTBUU C JBOMCTBEHHBIM METOJIOM HamboJee
KpyToro pebpa (2.4):

5
— = max —,
Tp el

rae I C {1,...,m} — MHOXKECTBO HOMEPOB HOJIXOJSIINX OA3UCHBIX II€Pe-

MEHHBIX, 7; — BeJIMYMHA HAPYIIEHUs] TPAHUIBI epeMenHoil (xp); (eM. moj-
pazm. 11.1.2), 7; — BecoBoit MHOKHUTEIb HAPYIIEHNUS] TPAHUIIBI.
KomnonenTsl BekTOpa 3HaYeHU T 6a3UCHBIX epeMeHHbIX 3 = ([3;) J0/K-

HBI HAXOIUThCA B ddeiikax maccuBa betall], ..., beta[m].
Howmepa moxoasimux 6a3uCcHBIX IEPEMEHHBIX § € | TOJIKHBI HAXOUTHCS
B stueiikax maccuBa list[1], ..., list[num], rue num = |[I| > 0 — obree

9HCJIO0 TAKUX TIePEeMEHHBIX.
Ha BbIXOZmE moamporpamma BO3BpalllaeT HOMEpP P BbBIOpaHHON 0Oa3mcHOI
HEPEMEHHOM (ZB)p.
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I1.1.8 spy update gamma — mepecYeT BECOBBIX MHOXKUTe-
Jeil nJisi cMexkHoro 6a3muca

double spy_update_gamma(SPXLP *1p, SPXSE #*se, int p, int q,
const double trow[/*1+n-m#*/], const double tcol[/*1+m*/]);

Jannast moamporpaMma BBIIOJIHSET TOYHBIN II€pecieT BEKTOPa BECOBBIX
muOXKHUTENEH 7 = (7;) (2.8), HCIONB3YEMbIX B JBOHCTBEHHOM HPOECKIMOHHOM
MeTo/ie Hanbosiee KpyToro pebpa, Jijisi CMEeKHOro Hasuca.

CouepzkuMoe 00bEKTa S€ JIOJZKHO ObITh AeACTBUTE/ILHBIM U JIOJXKHO CO-
OTBETCTBOBATL TEKYIIEMY Oa3uCy.

[Tapamerp 1 < p < m 3a1aeT HOMep GA3UCHOI IEpeMeHHOIT (£B)p, KOTO-
pasi CTaHOBUTCSI HEOA3HMCHOIT IIepeMeHHON (T ), B CMEXKHOM Oasuce.

[Tapamerp 1 < ¢ < n —m 3amaer HoMep HeOABUCHON IIepeMeHHOM (TN )q,
KOTOpas CTAHOBUTCSI OA3MCHON IepeMeHHOl (TR), B CMezKHOM basuce.

Maccus trow JIOJIZKeH COoJIepzKaTh SJIEMEHTHI P-if (BeyIeit) CTPOKY CHMII-
nekc-Tabiuipl &, = (§,;) B Aveiikax trow[1], ..., trow[n-m]. (ra crpoka
JIOJIZKHA COOTBETCTBOBATH TEKYyIEeMy 6as3ucy.)

Maccus tcol HO/IZKEH COAEPKATb SJIEMEHTHI ¢-TO (BEyIIero) Crosdma
CUMILTIEKC-TaOMHIBL =y = (&j4) B sueiikax tcol[1], ..., tcol[m]. (Dror
cToJIGeIL JIOJIXKEH COOTBETCTBOBATH TEKYIIeMy 0a3ucy.)

J71s1 mepectera BeCOBBIX MHOXKHUTEJIEN MOIIPOrpaMMa HCIOIb3YET AJIro-
PUTM, IPUBEAEHHBIN B TTOApa3i. 2.3.

[MoxmporpaMma TakzkKe BBIUNC/ISET OTHOCUTEIBHYIO ONIHOKY:

-yl
1+ |’Yp| ’

rie 7; — MeHee TOYHOE 3HAa4YCHHNE BECOBOTO MHOXKHTEJIA 7, Ha BXOAE B MOJ-
nporpaMMmy, U BO3BpalllaeT e B KadecTBe pesysbrara. (Beissiaromas mpo-
rpaMMa MOXKeT IIepeolpe/le/IUTh 3TAJIOHHOE IIPOCTPAHCTBO, €C/IU BeJIMUYUHA
€ OKa3bIBAEeTCs CJIUIIKOM OOJIBIION, TAK KaK B 9TOM CJIydae JPyI'He BeCOBBIE
MHOXKUTEJIN BEPOSITHO TOYKE SIBJISIIOTCST HEJIOCTATOYHO TOUHBIMIL. )

II.1.9 spy free se — ocBoGoxkJeHue MacCUBOB
void spy_free_se(SPXLP *lp, SPXSE *se);

,Z[aHHaH noJIrporpaMMa BbIIIOJIHAECT OCBO60}K,HGHI/IG naMATH, 3aHATOI BCe-
M MaCCHUBaMM, BXOAAIIIMMU B COCTaB 00BEKTA Se.
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I1.2 Moanyns SPYCHUZC — nBoiicTBeHHBIIT BEIOODP Heba3mc-
HOIl TTepeMeHHO’

I1.2.1 spy chuzc std — «cramgapTHbIii» JABOICTBEHHBINA BBIOOD
HeDa3uCHOI TTepeMeHHO

int spy_chuzc_std(SPXLP *1lp, const double d[/*1+n-m*/],
double r, const double trow[/*1+n-m*/], double tol_piv,
double tol, double toll);

JlamHas moamporpaMMa peain3yer yiIydIleHHbI «CTaHIapTHBINY IBOM-
CTBEHHBII MeToJ| BbIOOpa HebasucHoil nepemennoit (), (cM. mogpaszn. 3.1)
npumennTesibHo K JIIT-3aa4e B pabouem dopmare (1.1)—(1.3).

KOMIOHEHTBI BEKTOPA OTHOCUTEIBHBIX OIEHOK HEOA3UCHBIX II€PEMEHHbBIX
d = (dj) momKHBI HAXOMUThCs B stdeiikax Maccusa d[1], ..., d[n-m]. ITpex-
HOJIAraeTCsi, YTO B Ipejesax JOIMYCKa 5TU OIEHKH MMEIOT <«IIPaBH/IbHBIC>
3HAK.

ITapamerp r 3amaeT HapylleHHe TPAHUIBI BLIOPAHHONW Oa3MCHON mepe-
MenHoit (xg)p. Ecin r = (1), — By > 0, 10 (), HApyIIAET CBOIO HUAKHIOIO
IPAHUILY, I B 9TOM CJIydae [[BONCTBeHHasl HeOa3UCHasI IHepeMeHHasi (Ag), =
= (A})p 6ospacmaem. Ecin e 7 = (up)y, — By < 0, 10 (¥p), Hapymaer
CBOIO HUJKHIOIO TDAHHUILy, U B 3TOM CJIydae JBOHCTBEHHasi HeOa3MCHasl I1e-
pemennas (Ag), = (Ag)p yowveaem. (3amernm, 9TO 7 €CTh OTHOCHTE/IBHAS
OIIEHKA JBOHCTBEHHOI IepeMeHHOiT (AB)p.)

DJleMeHTBI CTPOKH TeKyleil cuMiuiekc-rabmunet &, = (&pj), cooTBer-
CTBYyIOIIIel BBIODAHHO 0GA3UCHON HEePEeMEHHOi (ZB)p, [OJKHBI HAXOIUTHCS
B gueiikax maccuBa trow[1], ..., trow[n-m].

ITapamerp tol_piv 3asiaeT IOMYyCK Ha abCOJIIOTHYIO BEJIMYUHY JIEMEH-
TOB cuMILIeKkc-Tabsunel. Ecnn |€,j] < tol_piv, To aBoiicTBenHas Ga3ucHast
nepeMeHHasi (A ); HPOIyCKAeTCs, T. €. CINTACTCs, ITO 3Ta IIepeMeHHas He
3aBUCHUT OT ITapamMerpa Jy4a 6.

[Tapamerpsr tol u toll 3a7af0T JIOIMYCKU, KOTOPBIE UCIOIB3YIOTCS JIJIst
CO31aHUsA UCKYCCTBEHHON JABOMCTBEHHON BBLIPOXKJICHHOCTHU C LIEJILIO yBeJld-
qenust cBoGojbl BBIGOpa Bejymero snementa. Eem (Ay); = (AY); = 0 u
dj < +5j WJI €CJIN ()\N)j = (/\]_V)J <0Omn dj > —(5]', rie (Sj = tOl—i—tOll‘(CN)j‘
u (cy); — xoaddurment 1eeBoit GbyHKIUN IpU HEOAZUCHON HEepPEMEHHO
(N)j, TO cUMTAETCsA, UTO B IIpejesiaX JOIMYCKa OTHOCHTEIbHAs OIEHKa d;
paBHA HYJIIO.

ITomnporpamma ompenensier nomep 1 < g < n — m Heba3uCHON mepe-
MEHHOI (a: N)q, JI7IsT KOTOPO# COOTBETCTBYIOIIAs IBONCTBEHHASI Oa3uCHasI TIe-
pemennas (Ay)g = (AN)g wm (An)q = (Ay)g, KOTOpas nepsoii jocTuraer
CBOEl HyJIeBOHU I'PAHUIIBI LIPU BO3PACTaHUU IlapaMeTpa JBONCTBEHHOI'O JIy4da
6 > 0, u Bo3BpaIaeT HOMEp ¢ B KadecTBe pedyjbrara. B ToM ciydae, KO-
IJIa BO3MOXKHO HEOTPaHHIEHHOe BO3pacTaHue mapamMerpa , moamporpaMmma
BO3BpAIAET HYJIb.
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I1.2.2 spy chuzc std — BbIGOp HeGazuCHOII MepeMeHHOoM
MO ABOMCTBEHHOMY METO/Iy Xappuc

int spy_chuzc_harris(SPXLP *1lp, const double d[/*1+n-m*/],
double r, const double trow[/*1+n-m*/], double tol_piv,
double tol, double toll);

JlamHas moamporpaMMa peain3yeT JBOMCTBEHHBIN MeTO T Xappuc BLIOOpa
Heba3uCHON nepeMeHHoit (ry), (cM. moxpasz. 3.2) npumenuresnsuo K JIIT-
3ajade B pabodeM dopmare (1.1)—(1.3).

Bce mapameTpsl OAIpOrpaMMBl, 3a HCKIIOYeHHeM tol u toll, a Takike
BO3BpAIIAEMO€e 3HAUEHNE MMEIOT TOT K€ CMBIC/, YTO W JIsl [IOJIIPOrPAMMBI
spy_chuzc_std (cwm. Bbie).

ITapamerpnr tol u toll 3amaroT JOIYCKU Ha HApYyIIEHUE HYJIEBLIX I'pa-
HHI[ OTHOCHTEJIBHBIX OIEHOK HEDA3NUCHBIX IepeMeHHBIX. [ljist oTHOCHTe b
HOI OIleHKH dj TaKoii JOIyCK IpHHUMaeTcs paBHBIM 0; = tol + toli|(cn)jl,
rie (cn); — kodbduiuenT neaeBoit GyHKIUN 1pu HeOAZUCHON HepeMeHHO

(xn);-

I1.2.3 Crpykrypsusiit Tun SPYBP

CrpykrypHblit TuI JaHHBIX SPYBP ompejesnser OTAE/bHYIO TOUYKY H3/I0Ma
JIBOMCTBEHHOI 1eJIeBOi (PYHKINNA. DTOT THUI JAHHBIX HUCIIOJb3YETCs TOIIPO-
rpaMMaM¥, PEAJU3YIONUMU JIBOMCTBEHHBII JJIMHHOIIATOBBI BBIOOD HebAa-
3MCHOIT TIepeMeHHoi (cM. moapas. 3.3).

CrpykTrypa SPYBP uMmeeT cjie/IyIoniue moJisi:

int j — HOMep aBoOHCTBeHHOI GasucHOW nepemeHHON (AN) j» KOTopas
IepeceKaeT HyJIb B COOTBETCTBYIONIEH TOYKE N3J10Ma IIPU BO3PACTAHUH ITapa-
Merpa Jy4a 6.

int teta — smauenme mapamerpa jayda 6 = 0; > 0 B COOTBETCTBYIOIIEH
Touke u3ioma (cm. (3.9)).

double dz — mpupainenue ABoiicTBeHHON memeBoil dynkiun AE(6;) B
COOTBETCTBYIOMIEl ToUKe m310Ma (cM. (3.15)).
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