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1 OO6mue cBeaeHUs

1.1 Pabounii dbopmar JIII-3amaun

B paccmarpupaemoil peanmsanpn UCIOIL3YeTCA TaK HA3bIBACMBI pabovuli
opmam 3amaun muHeitHOrO porpaMmuposanus (JIIT-3amaun):

z=cl'z +cy— min (1.1)
Az =1b (1.2)
<z <u (1.3)

rae * = (ry) — BEKTODP IEPEMEHHBIX, 2z — IleJjeBas yHKIusA, ¢ = (cg) —
BEKTOP KO3 PUIMEHTOB IeIeBOi (DYHKINHU, ¢y — HOCTOSTHHBIN WJIeH IeJIeBOM
dbyukuun, A = (a;,) — marpuna koaddurentos orpanuyenuii, b = (b;) —
BEKTOD HPaBbIX vacreil orpanndennii, | = (l) — BEKTOp HUXKHUX T'DAHUIL
HepeMeHHbIX, U = (U) — BEKTODP BEPXHUX I'DAHUIL IIEPEMEHHBIX.

Eciin HuokHsist (BepxHsisl) MPAHUIA IEPEMEHHOIl T) 0TCyTCTBYyeT, TO (hop-
MaJbHO cuuTaercs, 910 lp = —oo (up = +o0). Ilepemennasi, y KoTOpOii
OTCYTCTBYIOT 00€ I'DAHUIIbI, HA3bIBAETCS 8000010t (Heozparuyernoti) nepe-
Mmennot. Ecmu l, = uy, To mepeMeHHast T) CUUTAETCS GUKCUPOSAHHOT.

B nasnbreiinem mpeoaraeTcst, 9To IUCI0 TEPEMEHHBIX PABHO 7, & TUC-
JI0 orpanmdeHuii-paseHcTs (1.2) paBHO m, mosTtomy Marpuna A mmeer m
CTPOK ® 711 CTOJIOTOB. Tak»Ke Ipejo/iaraeTcs, YTo 9Ta, MATPHUIA UMEET T0JI-
HBI cTpounbiit panr rank(A) = m, 1. e. uTo Bce cTpoku A JmHeiiHo He3aBu-
CHUMBI, OTKY/a, B YACTHOCTHU, CJEHYET, IT0 m < 1.

1.2 bBasucHble pelieHus:

[Tpu pemenun JIII-3ama9u cCUMILIEKC-METOIOM CPEIU BCEBO3MOXKHBIX JOILY-
CTUMBIX PEIIeHnuil, T. €. TOYeK, YIOBIETBOPAIOMINX BCEM OIPDAHUIEHUSM, OCO-
OyI0 pOJIb UTPAIOT TaK HA3bIBAEMbIE 0a3UCHbIE PeuleHUsA. | eOMeTpUIecKn 10-
IIyCTHUMBbIe Oa3UCHBIE PEIIEHU COOTBETCTBYIOT BEPIINHAM (KPAHIM TOUKaM)
BBIITYKJIOTO MHOTOTPAHHOTO MHOYKecTBa! jomycTumbix Touex JITI-3a1aun, rie
KaKJasl BEPIINHA ONpPEeJe/IseTCsl KaK TOYKa IepecedeHnsl rpaHeil (rumep-
ILJIOCKOCTEiT), COOTBETCTBYIONMUX AKTUBHLIM? JTMHEHHO HE3ABUCHMBIM OTDa-
HIIEHUAM.

Tax xak jurs JIII-3amaan (1.1)—(1.3) npe/mosaraeTcst, 9To BCe OrpaHU-
vyenusi (1.2) smHeiiHo He3aBMCHMBI (MaTpuia A MMeeT IOJHBI CTPOYHbIIH
paHr), TO, SIBJISISICH PABEHCTBAMHU, BCE 9TH OrPaHNIEHHs Oy/LyT aKTUBHBI B
moboM GazucHoM pemternn. Cie/[0BaTeNIbHO, JJIsi OJJHO3ZHAYHOIO OIIpejesie-
HUSA 0a3MCHOTrO PelIcHNs KaK TOYKH B 1I-MEPHOM IIPOCTPAHCTBE IePEeMEHHBIX

'Bcim 5T0 MHO>KECTBO OrpaHIYeHO, TO OHO IIPEJCTABIISIET COBOM BBITYKJIbIil MHOTOIDaH-
HUK.

2B mamnoM ciydae 60iee IPABAIBHBIM GbIIO Obl HA3BIBATD 9TU OIPAHUYCHANA COA3LEA-
OWUMU.



x = (x) K m orpannueHnsM-pasercTBaM (1.2) He0OX0OUMO J06ABHUTD elrle
N — M aKTUBHBIX OPAHUYEHUI U3 THC/Ia IPAHUI] HepeMeHHbIX (1.3).

[Iepemennble, IrpaHUIIBI KOTOPBIX SIBJSIIOTCS AKTUBHBIMU ONDAHUYEHUSIMU
B 6A3MCHOM DEIIEeHNY, HA3BIBAIOTC HEOA3UCHbIM (HE3ABUCUMbLMU) Nepemet-
Howmy. OcTajbHble IlepeMeHHble ¢ HeaKTUBHBIMHU I'DAHUIAMU HAa3bIBAIOTCS
bazuchvmu (3asucumovimu) nepementoimu. TI0CKOIbKY HUMKHSIS U BEPXHssI
IPAaHUIILl HEGAZMCHOM TIePEMEHHOM He MOy T GBIThH AKTHBHEI OHOBPEMEHHO,>
TO B JIFOOOM 0A3MCHOM pEIeHNu Bceraa OyneT n — m HeDas3uCHBIX U m Oa-
3UCHBIX [TEPEMEHHBIX.

Takum obpaszom, 6azucHoe perenne JIIT-3amaun (1.1)—(1.3) omnozHau-
HO OIIPEJIeIEHO, €CJIU yKa3aHOo, KaKHe IePEMEHHbIE SIBJIAIOTCA 0a3UCHBIMU,
a Kakue HeDA3UCHBIME, U JIJIs KayKJ0i HeOA3MCHON MepeMEeHHON, UMEIOIei
06e (HIZKHIOIO U BEPXHIOIO) MPAHUIIBI, TAKXKE YKA3aHO KaKasi UMEHHO U3 TUX
rpanutl akTuBHa. [Ipu 3TOM TpebyeTcst, 9T0OBI BCe . aKTUBHBIX OTPAHUICHUI
OBLIN JIMHEHHO HE3ABUCUMDBIM.

[Tepeiiiem k asredbpanmdeckoMy ONnuCaHUIO Oa3ucHbIX pernenuii. [lycrs

Hx—<$B>,Hc—<CB>,Hl—<lB>,Hu—<uB>, (1.4)
TN CN IN un

rie IT — noxxozsimast nmepecraHoBouHasi Marpuiia, £ = [(zg);] — BEKTOD
6a3nCHBIX II€PEeMEHHbIX, TN = [(ZN);j] — BeKTOp HeOA3HCHBIX IEPEMEHHBIX,
cg = [(cB)i) m en = [(en);] — BekTOPBI KO3 bUIIEHTOB TIe/IeBO DYHK-

mu, g = [(Ig):] u Iy = [(In);] — BexTOpBI HIZKHUX Tpanul, up = [(up)i]
u uy = [(un);] — BEKTOPBI BEPXHHX I'DAHUII, COOTBETCTBEHHO, OA3MCHBIX
u HeGasucHbIX nepeMenHbix. Coornomenue (1.4) MO3BOJSIET HPEICTABUTH
orpanuuenus-pasencTsa (1.2) B cienyoneM SKBUBAJCHTHOM BH/IE:

ATz = b & (B|N)<§B>:b & Brgp+Nazy=0b, (1.5)
N

e
(B|N) = All". (1.6)

3necy B — KBajipaTHasi MaTPUILA [TOPSIAKA 1M, HA3bIBAEMass 0a3UuUCHOT MaM-
puyet (MM MpoCcTo 6a3ucom). DTa MaTPUIA COCTABICHA U3 CTOJIOIOB UCXO/I-
HO#l MaTpuilkl KO3(hMUINEHTOB OrpaHUdIeHnit A, COOTBETCTBYOMNX Oasuc-
HBIM TepeMeHHbIM. MaTpuria N uMeeT m CTPOK U 1.—m CTOJIOTOB, KOTOPBIMI
SIBJITFOTCSL CTOJIONBI A, COOTBETCTBYOIIME HEOA3UCHBIM TIEPEMEHHBIM.

IIycte f = (fj) — BeKTOp AKTHBHBIX I'DAHHI] HeOA3UCHBIX II€pEMEH-
ueix, T. €. fj = (Iv); wim f; = (un);. Torma GasucHoe perenne ompeie-
JISIETCsT CIeYIONIEH CHCTeMOl N ypaBHEHMIA, COCTABIEHHON U3 1M AKTUBHBIX

3Cnyqal71 (DUKCHPOBAHHON TEPEMEHHOI, T. €. KOTJa I = Uk, MOYXKHO PACCMATPUBATDH KaK
NIPeJIeJIBHBIIN CIIy4ail JBYCTOPOHHEro orpanndeHus lp — € < xx < up + € npu € — 0.



orpannvenuii-paseHcTs (1.2) B dpopme (1.5) 1 n—m akTUBHBIX rpaHuI] Heba-
SUCHBIX IT€PEMEHHBIX:

(1.7)

{ Brg+Nzy =0
zy = f

Tak Kak BCe aKTUBHBIE OIPDAHUYEHUS IPEIONIATAIOTCS JIMHEHHO HE3aBUCH-
MBIMHU, TO Marpura cucreMbl (1.7) HEBBIDOXKJIEHHAsI, OTKY/a CJIE/YeT, UTO
OasucHass MaTpuia B Tak»Ke HEBLIPOXKICHHAsS. DTO MO3BOJIAET Pa3PElIUTh
cucremy orpanndenuii-paseHcts (1.2) B dpopme (1.5) ornocurensHo Gasuc-
HBIX IIEPEMEHHBIX, YTOOBI IBHO BHIPA3UTH NX Yepe3 HebasuCHbIe IIepeMeHHbIe:

tg=—-B 'Nay+B ' & zp=ZEzy+g, (1.8)

rae
==-B7!N, (1.9)
g=B""b. (1.10)

Buech = = (&) — m X (n—m)-MaTpuIia, Ha3bIBAEMAS CUMNACKC-MAbAUYET,
g = (¢i) — M-BEKTOD, HA3BIBAEMBIN NPEOOPAZOBANHBIM GEKMOPOM NPAGHIL
yacmet; 02paHuveHus.

Omnpegenenus (1.9) n (1.10) ¢ yuerom coornomenus (1.4) mossosstior
3anucarb 6a3nUCHOE pellleHre Kak perieHne cucreMsl (1.7):

x:HT(i§>:HT</;), (1.11)

B=(Bi)=—-B Nf+B'b=2f+g (1.12)

€CTh M-BEKTOP 3HAYEHUI OA3UCHBIX [TEPEMEHHBIX B 0A3MCHOM pEIIeHUH.

rae

ITpumenarue. MoxKeT CayduThes, 9T0 HeGA3UCHON ABJISAeTCsS CBOOOIHAS
nepemennas® (zx); = Tk, y KOTOPOit OTCYTCTBYIOT 06e HUKHsAsS U BEPXHedA
rpanunpl (I = —oo u up = +00). Torma Mbr MokeM hopMaIbHO paccMaT-
pUBATH TaKyIO IIEPEMEHHYIO KaK CyMMY JBYX IIEPEMEHHBIX Ty = X} + T}, TJe
x) > 0 (HeorpunaresnbHas mepeMennas), xj < 0 (HemosoKuTeIbHAS MEpe-
Mennas). Ilepementbie @) # &, He MOTYT GbITH GA3HCHBIME OHOBPEMEHHO,
Tak KaK B IPOTHBHOM Cjydae B OasucHoil marpuiie B Obumm Obl 1Ba OmmHA-
KOBBIX, a 3HAYHT, JUHEIHO 3aBUCUMBIX CTOJIONA. 1103TOMY, €ciu Xy, ABJISeTCs
6a3uCHOl U ee TeKylllee 3HAUYEHUE HEOTPUIATETHHO (HEIOJOXKHUTEIBHO), TO
9TO SKBHUBAJEHTHO TOMY, 9TO GA3MCHOMN sIBJIAETCS lepeMeHHast &), (COOTBET-
CTBEHHO, T},), & IepeMeHHas1 &), (COOTBETCTBEHHO, ), ) ABJISAETCs HeOASUCHOM I
[OSTOMY HAXOJIUTCS Ha CBOell akTUBHOI HyseBoil rpanutne. CiiegoBarenHo,
€CIIN T ABJIAETCA HEDA3UCHOI, TO 3TO SKBUBAJIEHTHO TOMY, UTO 00€ IIepe-
MeHHBIE T}, ¥ ¥}, HeOasuCHbIe, a 3HAYNT, (GPOPMABLHO MOXKHO CIATATH, 9TO B

4TakyIo nepeMenHyI0 GoJlee IPABIIILHO GO GBI HA3BIBATE CYNEPOA3UCHOT IO AHATIOTHH
¢ CynepOa3UCHBIMH [IEDEMEHHBIMH B 3aJ[a4aX C HeJIMHEWHOMN IesieBoil byHKIMEN.



9TOM CJly4ae 3HadYeHUe IePeMeHHOl (T ); = 2 B 6a3UCHOM DEIeHHN PABHO
HYJIFO, KaK ecJIi OBl 9Ta [epeMeHHasT UMeJia AaKTUBHYIO HYJIEBYIO TDAHUILY.

BasuchHoe perenne siBasieTcst JTOIMYyCTUMBIM, €CJIM 3HAYEHHS BCEX IE€pe-
MEHHBIX VIOBJIETBOPAIOT BceM orpanutdenusm JIII-3agaan. Tak kak cooTHO-
menne (1.8) 9KBUBaJIEHTHO MCXOHOI cHCTeMe orpaHndeHuii-paencTs (1.2),
TO J1I000€ 0A3MCHOE PEeIleHNe IO OIPEIACIECHUIO YIOBIETBOPIET STUM OTPAHU-
qenusM. Kpome Toro, 3HaueHns HeOA3UCHBIX IIePEMEHHBIX B JTI000M 0a3MCHOM
PellleHNH COBIIAJAI0T € UX TPAHUIAME, [O3TOMY HapyiieHue rpanut, (1.3)
BO3MOXKHO TOJIBKO JJIsT OA3HCHBIX ITepeMeHHBIX. Takum obpaszoM, GasmcHoe
pelieHue (1.11) SIBJISIETCsI JIONYCTUMBIM TOJIbKO ecn g < B < up, T. e. ecu
3HaYeHUs BCeX 0A3UCHBIX IEPEMEHHBIX HAXOIATCS BHYTPU COOTBETCTBYIONINX
IpaHUIL.

Besikoe HeomycTrMoe 6a3ucHOe pelleHre XapaKTepu3yeTcs: TeM, ITO XO-
Ts1 OBbI O/1HA 6a3UCHAS ITEpEMEHHAs B 9TOM PEIIeHUN HAPYIIAeT CBOIO HUYKHIOIO
NI BEPXHIOIO T'PAHUILY. FeOMeTpI/ILIeCKI/I HEJIO0IIyCTUMbIE 6a3I/ICHbIe pernienunda
TaKKe [MPEJICTABIISIIOT cO00T TOUKY IepecedeHnst rpaHeii (MumepIiockocreii),
COOTBETCTBYIONINX aKTUBHBIM JIMHEITHO HEe3aBUCUMbBIM OorpaHMYeHUudAM, OJHa-
KO 9TH TOYKHN JIE’KAT BHE BBIIMYKJIOTO MHOTOI'PDAHHOIO MHOYKECTBA JIOITYCTH-
MbIxX perennii JITI-3amaxn.

1.3 CumMniaekc-MeTo[,

CuMILIeKc-MeTo 1 — 9TO YUCIeHHbIH MeTos, pemrenus JII1-3a1at1, pazpaboramn-
moiit JIxx. danmurom (G. B. Dantzig) B 1947 1.5

C reoMeTpuvIecKOl TOUKM 3peHHUs 00Iast Uest CUMILIEKC-METOa J0CTa-
TOYHO IIPOCTA U 3aKJII0YAETCs B CeyomneM. [1peImosoKum, 910 Mbl HAX0-
JUMCSI B HEKOTOPO# BepIIUHE MHOTOIPAHHOTO MHOXKECTBA JOIMYCTUMBIX Pe-
mennii JII1-3amaqn. 13 9ol BepIIMHBI UCXOAAT pebpa, BEAYIINE B CMENCHDLE
BepIiuHbl. Kciu aBmKkeHne BIOJIb KaKOro-iubo pedpa NPUBOAUT K YJIyHIIIe-
HUIO I1eJIeBOH (DYHKIIUN, TO MBI IIEPEXOINM B COOTBETCTBYIOIILYIO CMEXKHYIO
BEpIUHY C JIYYIIUM 3HAYeHHeM IeJIeBOM (PYHKIIUU, TTOCIEe Tero MOBTOPSEM
BCe CHaYaJja JI0 TE€X IIOP, IOKa 9TO BO3MOXKHO. IIOCKOIbKY WHCI0 BEpIITUH
MHOT'OIPAHHOI'O MHOXKECTBa, C KOHEUHBIM UHCJIOM I'DaHell KOHETHO, TO TOCJIe
BBITIOJTHEHNsT KOHeYHOro® 4mciia 1maroB Mbl IPHJEM B BEPIINHY, U3 KOTO-
POl Iepexo B CMEXKHYIO BEPIIUHY C JIyUIIUM 3HAUYEHUEM TIeJIEBON (DYHKITUN
HeBO3MOXKeH. Bepmmaa, 00j1agaomas yKa3aHHbIM CBOMCTBOM, OYIeT OITH-
MaJIbHBIM perrerueM JITI-3amaqam.

Paccymorpum anrebpamdeckoe onmcanne CUMILIEKC-METO/1a TPUMEHUTE b
Ho Kk JIII-3ayiaue B dpopmare (1.1)—(1.3).

[Tycrb y Hac umeercs gonycrumoe Gasuchoe pertenne (1.11), coorser-
CTBYIOIIIee TEKYIEeil BepIINHE MHOIOTPAHHOI'O MHOXKECTBA, JIOIIYCTUMBIX pe-

®BrepBble CHMILIEKC-MeToT 6BLT omy6mikoBan B pabote [1]. Cum. Takuxe [2].
IIpu ycoBun, 9TO NPHHATH HEOGXOMMBIE MEDHI, PE/IOTBPAIIAIONIIE 3AIHKIMBAHNE,
KOTOpPOE BO3MOKHO, €CJIM UMEIOTCH KPAaTHbIE (COBIAJAOIMeE) BEPIINHBL.



mennii. JIBuzkenue Bjiosib pebpa 110 HAIPABJICHUIO K CMEXKHOI BepINUHE Xa-
PAKTEPHU3YETCA TEM, UTO KaKOe-Tu60 OJHO AKTUBHOE OTPAHUIeHUE [IEPECTALT
ObITH AKTUBHBIM, B TO BPEMSI KaK OCTaJbHbIe AKTUBHBIE OIPAHUYEHUsT OCTa-
10TCsl akTUBHBIME. Tak Kak orpaHuveHusi-paBeHcTBa (1.2) aKTHBHBI B JIIO-
60M Oa3MCHBIM PEIEeHUH, TO YKA3aHHBIM OIPAHUYEHUEM MOXKET ObITh TOJBLKO
orpannvenue Buga (1.3), T. e. akTUBHAasl rpaHUIA KAKOW-mb0 HEGA3UCHOI
nepemenHoii (zy);. Takum ob6pasoM, IBHKeHHE BIOJIb pebpa O3HAYAET, UTO
COOTBETCTBYIOIAsi 3TOMY pebpy HebasucHasi IepeMeHHasi HAYUHAeT WU3Me-
HSTBCS B JIOIYCTHMOM HAIIPABJIEHUN: YBEJIUIUBATHCS, €CJI aKTHBHOI ObLIa
ee HIIKHSAS IPaHUIla, WA YMEHBIIAThCs, €CJIU aKTUBHON OblIa ee BepXHssl
IPaHUIIA.

IIpeamomnoxkum, 4ro HeOA3UCHAs HepeMeHHas (T ); U3MEHSeTCS B JI0-
IycTUMOM Hanpasijenuu. B coorsercrsun ¢ (1.8) 910 npuseger K usMeHe-
HUIO GA3UCHBIX IIEPEMEHHBIX, & TakzKe IeseBoi (byHKIun. UToObl ONEHUTH
cyMMapHoe u3MeHeHue Ieseoit dbyukimu (1.1), obycioBieHoe u3MeHeHneM
HeOA3MCHON 1 GA3UCHBIX [IEPEMEHHDIX, 3alliIIeM ee B CJIeJlyIOeM BUJIE, UC-
1oJb3yst coorHomtenne (1.4):

T
2=z + ¢ = (CB > <$B ) +co = chB + C%x]\/ +co, (1.13)
CN TN

nocyie dero nojcrasuM B (1.13) Beipaxkenue mist xp u3 (1.8). B pesynbrare
IIOJTyIHM:

z=c5(-B 'Nay + B71b) + chay +co =

= (& —cEB 'N)ay +cEB b+ ¢o =

(1.14)
= (CN — NTB_TCB)TJJN + (B_TCB)Tb +co =
= deN + dp,
riue
d:CN—i-ETCB:CN—NTﬂ', (1.15)
=B Tep, (1.16)
do = 7Tb + cp. (1.17)

Baeck d = (dj) — BEKTOp TaK HA3BIBAEMBIX OMHOCUMEADHBIT OUEHOK Heba-
sucnulT nepementviz,’ TIe OTHOCHTEbHAS ONeHKa dj TIOKa3bIBAeT CyMMAap-
HOe (T. €. IPsIMOe U KOCBEHHOE Uepe3 OA3MCHbIe [IepeMeHHble) BIIiAHne Heba-
3UCHOI IepeMeHHOM (2 ); Ha IeseByI0 QYHKIIUIO IIPU YCIOBUU, YTO OCTATIb-
Hble HeOA3NCHBIE IepeMeHHble He H3MeHsIoTCs. Bektop 7 = (m;) — 910

7]KOMI'[OHGHTI)I BEKTOpa d CyTb 3Ha4YeHUsA MHOXKUTEJEH .HarpaH}Ka JJId aKTUBHBIX I'Da-
HUIL HeOA3UCHBIX IIepeMEeHHbIX.



BEKTODP TaK HA3BIBAEMBIX OUEHOK NPasuix wacmel ozpanuverud (MM cum-
NAEKCHBIT MHodcumenet),® Tie oTeHKa MPaBoil YacTH ; TOKA3LIBACT BJIH-
HHe M3MEHEHMS IPaBOil 9acTH ¢-I0 orpaHudeHus b; Ha IeJIeBYI0 QYHKIIHIO.
CkaJispHasi BeJIMInHa dj €CTh IIOCTOSHHBINA YJIeH IIPeodpa30BaHHOI 1e1eBOoit
dbyukunun (1.14).

B ciayuae mMuHuMuM3anuu IBMKEHHE BIOJbL BLIOPAHHOTO pedpa JI0XKHO
MIPUBOJUTL K YMEHBIIEHHIO 1ejieBoit pyHKIun. Tak Kak BeIOOp pebpa cooT-
BETCTBYET BLIOODY HEOA3UCHON MEPEMEHHONM, 9TO 03HAYAET, UTO MbI MOYKEM
BBIOpaTH JTI0OYI0 HEOA3WCHYIO MEPEMEHHYIO C aKTUBHONW HUXKHEH TpaHuIei,
OTHOCUTEIbHAS OIIEHKA KOTOPOI OTpHUIATE/IbHA, UK JIIOOYI0 HEOA3UCHYO I1e-
PEMEHHYIO C aKTUBHOI BepXHel I'paHulleil, OTHOCATE/IbHAas OIlCHKa KOTOPOU
[TOJIOZKUTE/IbHA, ITOCKOJIBKY H3MEHEHHE TaKOi IepeMEHHOH B JIOILyCTHMOM
HaIlpaBJICHUHU JACT yMeHbIeHue 1ejieBoit dynknuu. B ciydae cBoOOmHOIM
HeDA3MCHOI MEPEMEHHON JI0CTATOYHO, 9TOOBI €6 OTHOCUTEIbHAs OIeHKa Obl-
Jla, HeHyJIeBOH, TaK KakK CBODO/IHAS ITepeMEeHHAas MOXKET U3MEHATHCS B JIIOOOM
HalpaBJieHnH. Ecan npu 9ToM He HaiigeTcss Hu OIHOM moaxomsieil nebasuc-
HOIl TIEpEMEHHOM, TO TeKyIlee OAa3MCHOE PEIIEHUE COOTBETCTBYET MUHUMYMY
1esieBoit pyHKIuM (SIBJISIeTCs ONTUMAIBHBIM). 3aMEeTHM, 9TO OOBITHO HMe-
€TCdA HECKOJIBKO ITOAXOAAINX He6aBI/ICHbIX IIEepEMEHHBIX, IIO3TOMY BO3HHUKaET
mpobiieMa BbIOOpa HamboJee MOAXOIsIel HeOa3UCHON TepeMeHHOM.

Homycrum, 4ro BbOpaHa IOAXOANAsl HeOa3UCHAs lepeMenHast (TN )y U
9Ta MepeMeHHasl HAIMHAET M3MEHSIThCS B JIOMYyCTHMOM HAIPABJICHHU (BO3-
pacrarb Wi yObIBaTh), IPH 9TOM OCTAJbHbIE HEOA3UCHBIE IEPEMEHHBIE OCTa~
I0TCSI Ha CBOMX aKTHBHBIX Ipanunax. Torma B coorsercrsun ¢ (1.8) HaunyT
M3MEHSIThbCA Oa3uCHbIE IepeMeHHbIe £p. 1aK Kak Tekylnee 0a3MCHOe pelre-
HEE [PEJIIoJaraeTcsi JOIyCTUMbIM, TO B HAYaJIbHbIH MOMEHT, Korja (z N)q
HaxXOIUTCsl Ha CBOEHl aKTHUBHON I'paHuUIlle, Bce Ga3UCHbIE IepeMeHHble OYIyT
HaXOAUThCA BHYTPHU CBOUX Ipanutl. [IoHATHO, ITO ecjiu B mpoliecce n3MeHe-
Hust (2)q HeKoTOpasi GasucHas IepeMeHHast (T ), HePBOil JOCTUTHET CBOEl
(mppKHelt uM BepxHeit) rpanunel, mbo cama HebazucHasi HepeMenHast (T )q
IIEPBO# JIOCTUTHET CBOEH IPOTUBOIIOJIOKHONW T'PAHUIIBI, TO ITO OYIeT O3Ha-
9aTh, YTO MBI JOCTHIVIH CMEKHOII BEpIIHUHBI 1 Ja/IbHeliiee u3MeHenue (),
B TOM K€ HAIIPABJIEHUN HEBO3MOXKHO, TaK KaK 9TO IPUBEJET K HAPYIIEHUIO
IPaHUIBl COOTBETCTBYIOIIEH ITEPEMEHHO, a 3HAYUT, K BBIXOMLY 38 IIpeIesibl
JAOIIYCTUMOI'O MHOXKECTBa.

Yrob6bl HallTH IEpPEeMEHHYIO, OIPEIEJIAONIYI0 CMEXKHOEe OA3MCHOE pele-
HUEe, ITOJIO2KHUM

(xN)g = fq+ 0, (1.18)

rae fy — aKTuBHAs IpaHUIA HEGA3MCHOI HepeMeHHOIl (N )g B TeKyIeM Oa-
3UCHOM pelnennn, s = —sign dy (s = +1, eczm dy < 0, 1. e. (zN), BO3pac-
Taer, wian § = —1, ecsim dy > 0, 1. e. (xn), yObiBaer), > 0 — crajsipHbLA

8 KOMIOHEHTBI BEKTODA T CyTh 3HAMEHHsS MHOXKHTENe# JIarpamka Jist OrpaHITeHmii-
pasencrs (1.2).
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napaMerp Jiyda, KOTOPbIil HCXOIUT U3 TeKYIIeil BePIIUHbI U HAIIPABJIEHHE KO-
TOPOTO COBNAJIAET C HAIPABJICHUEM pebpa, COOTBETCTBYIOMIETO MePEeMEeHHO
(xN)q. BaMernM, UTO yBesdeHne apaMeTpa  HaunHasi C HyJlst COOTBETCTBY-
eT U3MeHeHnIo (I ), B JOIMyCTHMOM HAIIPABJIEHHN HAYHHAsS C ee aKTHBHOI
rpanuisl fg. ITockosbKy ocraibHble HeGA3UCHBIE IEPEMEHHbIE He N3MEHSIIOT-
cst, To ¢ yaeroM (1.8) u (1.12) ormesnbHas 6a3ucHas nepeMentast (zg); Oyaer
3aBUCETD OT 0 CJIEYIONINM 0OPa30M:

(xB)i = Bi + &igsh, (1.19)

rae f; — sHadenue (rp); B TEKyleM Ga3uCHOM pelleHuu, &, — SIEMEHT
cumiekc-Tabsupt (1.9). OgeBunno, uro ecim s < 0, To (rp); yObIBaET
BIOJIb JIy4a, a ecan 45 > 0, 1o (rp); Bo3pacraer BIOMIL Jiyda. IlosTomy
(xp); nocrurner cpoeii HukHeil rpanunpl (Ig); win BepxHeil rpanunpst (ug);
npu 0 = 0; > 0, tre

(Ig)i — Bi

———, ecin g5 <0
0; — Sigs (1.20)
ur): — B:
M’ ecJin giqs >0
§iq3
a 3HA4UT, Nepeoti JOCTUIHET CBOEl IPaHuIlbl Ta Ga3ucHas epeMeHHast (3 )p,
JITA KOTOPOM
0, = min6;. (1.21)
(2

Kpome rToro, nebasucnasi nepemennast (zy)q JOCTHIHET CBOEH IPOTHBOIO-
JIOXKHOI rpanutsl npu 6 = 6y > 0, rae

0o = [(In)g = (un)ql- (1.22)

HoaTOMy JIY9 OCTaHETCS B JIOIMYCTUMOM MHOXKecTBe Tipn () < 0 < Omin, Tae
Omin = min(6,, 6p). (1.23)

Taxum o6pazoM, BeauauHa Oy, M03BOJIAET UACHTUMUIUPOBATH [IEPEMEH-
HYIO, KOTOpasi IePBOIl JOCTUraeT CBOEH I'PAHUIIBI U TEM CAMBIM OIPEIETISeT
cMekHoe OasmucHoe perreHue: ecin Opin = 0p, TO 9T0 OasuCcHas IepeMeH-
Hast (ZR)p, & ecilt Omin = Oy, TO 310 HebasuCHast HepeMeHHas (T )q. Hyx-
HO TaKXKe€ 3aMETUTh, YTO BO3ZMOXKEH CAydail Onin = 00, KOTOPBIA O3HAYAET,
gro JI[T-3aa1a nmeer HeorpaHUYEHHBIH ONTUMYM (MUHUMYM), T. €. B 9TOM
cllydyae BO3MOXKHO HEOrPDAHHMYEHHOE YMEHbIIeHHe LEeaeBOil (DYHKIUMH BIOJIb
COOTBETCTBYIOIIETO JIyYa.

Ecmn Opmin = 6, T0O B cMeKHOM 0a3MCHOM DeIIeHHH Ta, (HHKHSIS HIIH
BEpXHsisl) TPAHUIA IE€PEeMEHHON (ZR)p, KOTOpas IPEHATCTBYET JajbHeiilre-
My H3MEHEHHIO (TN )q, T. €. KOTODPas OILpejesisieT BeInduHy 6, CTaHOBUTCS
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AKTUBHOII, a TeKyllas aKTHBHAs IPaHUINa f; epeMeHHOil (zy )y, HA0OOPOT,
repecraer ObITHL aKTUBHON. pyrumu ciioBaMu, B CMeKHOM Oa3mce mepeMen-
uble (Tp)p U (TN)q MEHSIOTCS POJISIME: (ZR), CTAHOBUTCH HEOGA3UCHOI (BBI-
xomuT u3 Gasuca), a (zn), craHoBuTcs GasucHoil (BxozuT B Gasuc). Ecim
x’e Omin = 6o, TO B cMexkHOM Oasmce IepeMeHHas (Ty), ocTaercs Heba-
3HMCHOIi, OJIHAKO aKTUBHOI CTAHOBUTCsI €€ MIPOTUBOIOJIOKHAS IPAHUIA. SHAsT
BEJIMUUHY Opnin MOYKHO TaK¥Ke ONPEE/UTh BEJTUUIUHY [TPUPAIIEHUsT TIeJIeBOI
GbYHKIMN IpU TIepexo/ie OT TEKYIIEro 0a3uca K CMEXKHOMY:

Az = —|dgfmin| < 0. (1.24)

Bribop 6a3ucHoit mepemMeHHON MOXKET 0Ka3aTbCsl HEOHO3ZHATHBIM, €CJIU
HECKOJIBKO TIEPEMEHHBIX OJTHOBPEMEHHO (T. €. IIPH OHOM ¥ TOM K€ 3HAYCHUH
0 = Omin) JOCTUIAIOT CBOMX I'DAHUI, IPUIEM T4 HEOJHO3HATHOCTH OOBIU-
HO ycyryoussiercst cutyanmeit Oy = 0. B mociennem ciydae npu mepexo-
Jle K CMeKHOMY Oasucy 1esieBast (byHKIUS HE U3MEHSIETCs, MO3TOMY, €CJIn
He TPUHUMATD CIEUATBLHBIX MED, BO3MOXKHO 3alUK/INBAHNE METO/IA, KOTIa
MIPOUCXOJTUT BO3BPAT K OJTHOMY M3 MPEJILIIYIIX OA3UCHBIX PEITIEHUIH.

B zakmrodenne paccMOTpUM TPUHIUIHAIBHYIO CXEMY CHMILIEKC-METOIA
npumennrensio K JIII-3amaqge (1.1)—(1.3), mosarasi, 9T0 3a7aH0 HEKOTOPOE
HAYAJIbHOE JIOIYCTUMOE Oa3uCcHOe pernenne (yKa3zaHo, KaKue MepeMeHHbIE siB-
JISTIOTCST OA3UCHBIMU, KaKne HeOA3UCHBIMU, W JjI HeDA3UCHBIX TePEMEHHBIX
yKa3aHbl UX aKTUBHbIE IDAHUIIBI).

CUMITJIEKC-METO/],

Ilaz 1. Beraucaurs f = (3;) — BEKTOP TEKyIIUX 3HAYECHWN OA3UCHBIX
nepemennsiX £g = [(2g);] (1.12), d = (d;) — BEKTOp OTHOCUTEILHBIX OIIEHOK
Heba3UCHBIX HepeMeHHbIX TN = [(zn);] (1.16).

Ilaz 2. BeibpaTh MOAXOAILYI0 HEOA3UCHYIO NMEPEMEHHYIO (TN )q, H3Me-
HEeHUEe KOTOPOii B JIOIYCTUMOM HAIPaBJIEHUN yMEHbIIAeT 1eIeByI0 (hyHKUIO,
T. €. OTHOCUTeJIbHasI OlleHKa dy KOTOPOil nMeeT «HellpaBu/IbHbI» 3nak. Heba-
3UCHasl llepeMeHHasl (T ); CINTAETCS MOIXOISIIEdt, ecn:

dj <0 u (ry); IMeeT aKTHBHYIO HUZKHIOIO T'DAHHILY;

d; >0 u (ry); IMeeT aKTHBHYIO BEPXHIOIO IDAHMILY;

d; # 0 u (xn); aBageTCsS CBOOOIHON (HEOIDAHUYEHHOIT) ePEMEHHOIH.

OuKcHpoBaHHbIE HEOA3NCHBIE MEPEMEHHbIE HE MOTYT M3MEHATHLCS U I10-
9TOMY He BKJIIOYAIOTCS B YHCJIO TTOIXOJSIINX.

Ecim Beibop HEeBO3MOXKeH, TO CTOII — Tekyiee 6asucHoe pelreHne siB-
JISIETCST ONITUMAJILHBIM.

Illaz 3. Oupenenutsb Oy — abCONIOTHYIO BEJIUUUHY PUPAIIEHUS BbI-
OpamHOil HeOa3UCHON HepeMeHHOi (T ), B cMekHOM Oasuce (1.23).

Ecin Omin = oo, To CTOII — JIII-3aga4ua uMeer HeorpaHUYeHHBIA MUHU-
MYM.

Hlaz 4. Ecin Opin = 6, (1.21), T0 momeTuts mepeMenuyio (rp), Kak
HeDA3UCHYIO C AKTUBHON HUKHEW MJIM BEPXHEHl IpaHulieil B 3aBUCUMOCTH OT
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Beibopa 0; = 0, (1.20), a nepemennyio (), IOMeTUTH Kak Gaszuciyio. Ecim
Ke Opin = Oy (1.22), To U3MEHUTD TEKYIIYI0 AKTUBHYIO I'DAHUILY [IePEMEeHHOT
(xN)q Ha IPOTHBOIOIOKHYIO.

Bepuyrbes x mary 1. B

1.4 Tabaum4uHbIlii CUMIIJIEKC-METOT

Tabauurold cumnaerc-memod — 3T0 BAPUAHT CHMILIEKC-METOJIA, B KOTOPOM
JUTst OIIPEJICTICHUS BCEX HEOOXOMMBIX BEJMUIMH HCIOIb3YyeTcst Tab/aua (JBy-
MEpPHBIii MACCUB), COOTBETCTBYIOIIAs TAK HA3BIBAEMON npeobpas3osantot (1im
mexywet) 3adave.

ITpeobpasoBannast 3aja4a nostydaercs u3 ucxonuoit JIII-3aga4am nocpes-
CTBOM SKBHUBAJIEHTHOI'O JINHEHHOTO IPeobpasoBanus,’ KOTOPOe HPHMEHIeTCsI
JUIsl TOTO, Y4TOOBI SIBHO BBIPA3UTH IeJIEBYI0 (DYHKIMIO U GA3UCHBIE TIEPEMEH-
Hble Yepe3 HeGa3UCHBIE TIepeMEHHBbIE.

Tax, musa JIII-3agaan B dopmare (1.1)—(1.3) npeobpasoBannas 3a/1ada

UMeeT cJedyfomuii ¢popMar:

z=d zyN + dy — min (1.25)

rp=ZTN +g¢ (1.26)

Ip <z <up (1.27)

In <zy <uy (1.28)

rjie £p — BEKTOP OA3UCHBIX IIEPEMEHHBIX, LN — BEKTODP HEOA3UCHBIX IIe-

peMeHHBIX, d — BEKTOP OTHOCUTEJIbHBIX OIEHOK HEDA3MCHBIX ITePEeMEHHBIX
(1.15), dy — mocrosmubLT WwieH nmpeobpa3oBanHoil neseBoit dyuxmun (1.17),
E — cumiuiekc-Tabimna (1.9), g — npeobpa3oBaHHbIi BEKTOP [IPABBIX YacTeit
orpanmienuit (1.10).

CyrecTBennast 0COOEHHOCTD MTPEOOPA30OBAHHON 3a/1a41i COCTOUT B TOM,
9TO ee OCHOBHBIE KOMIIOHEHTHI (d, dy, E, ¢g) OTHOCATCS K TEKyIeMy 6asucy,
[IO9TOMY BCSIKHU pa3 IPHU HePeXoJie K CMEXKHOMY 0a3ucy HeOOXOIUMO BBITIOJI-
HATH IIepecdeT 3TUX KOMIIOHEHT.

['maBHBIM IpeUMyIIIECTBOM TaOJMIHOTO CUMILIEKC-METO/IA SIBJISIETCS PO~
CTOTa €ro Peajim3allny, MOCKOJIbKY BCsl HeoOXoanMasi nH(POPMAIUs TOCTYII-
Ha B sBHOM BHje. Y Ouako g npaxTudeckoro pemnenns JIII-3ama4a Ta6-
JIMIHBII CHUMILJIEKC-METO/] B HaCTOdAIIee BpeMs IIOYTU HE IIPUMEHAEeTCd B OC-
HOBHOM M3-3a €0 HU3KOU BBIYUCIUTEIbHON 5p(DEeKTUBHOCTH, 0COOEHHO IpH

9910 mpeobpazoBaHme, KOTOPOE MOMKHO BBIIOJHUTH, MCIOIB3YST METOM HMCKITIOUEHMS
Iaycca—2Kopaana, npeacrapisier coBoii yMHoxenue B! ciieBa Ha HCXOIHYIO MATPHILY
kosbbummentos orpanudenuit (1.6) AIIT = (B|N), B pesy/bTare 4ero HOJIy4acTCs MaT-
punia B~ (B|N) = (I|B™'N) = (I| — E), coorsercrayromas (1.26).

YOHau6osee oruersinBo 910 mposiBasiercst aist JII-3anau B crangaprHOM dopMare, rie
BMecTO rpanur obmero suja (1.3) ucronb3yorcs ycioBus HeorpunareabHoctu ¢ > 0: B
9TOM CJIyvae Bce HeDA3UCHBIE MEpEMEHHbIE UMEIOT HYyJIEBble aKTUBHBIE TPAHUIIBI, TTOITOMY
TeKyIlee 3HaYEeHNe I[eJIeBON (DYHKITNU PABHO dp, & TEKYyIUe 3HAYeHnsT OA3NCHBIX IIEPEMEH-
HBIX PaBHBI JIEMEHTaM BEKTOpa ¢.
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pemennn paspexkeHHbix JIII-3amad Boicokoit pasmepnoctn. Hampumep, mHa
KaxKJIOl ureparuu TabJUIHOTO CUMILIEKC-METOa HeOOXOMMO BBIIOJIHSITH
repecyder Beell CUMILIEKC-TabIUIbI =, XOTsI JJjIsi BBIOOpa Oa3uCHON IepeMeH-
HOI HY2K€H BCEro OJUH CTOJI0eI] 9Toi MaTpuIbl. [Ipu sToM maxke ecyin ucxo-
Hast MaTpuIa A sBJISIeTCs JOCTATOYHO PAa3PEXKEHHOMN, 3aII0JIHEHNE CUMILIEKC-
Tabmunpl = = —B !N B obmieM ciiydae MOXKeT GBITh TOPa3/I0 BBIIIE.

B macrosimiee Bpemsi Haunbosiee IMIMPOKO UCIIOIB3YEeTCsI BAapUAHT, HA3bIBA~
eMbIil MOJUPUUUPOSAHHBIM CUMNAEKC-MEMOJOM (CM. CIIELYIONTHHA PA3Ie).
B sToM BapmanTe KOMIIOHEHTHI ITPEOOPA30BAHHON 3a1a9 HE XPAHATCA B SIB-
HOM BHJIE, & BCE UCIOJIB3YEMbIE BEJIUUUHBI BBIYUCJISIOTCS TOJIBKO 110 MEpe
HEOOXOIUMOCTH, UTO IO3BOJISIET CYIECTBEHHO MMOBBICUTH BBIYUC/IUTE/HHYIO
3¢pdeKTUBHOCTL MeToAa. TeM He MeHee, MOIMMDUIIMPOBAHHBLIA CUMILIEKC-
METOJ| TaK»Ke MCIIOJIb3yeT KOMITIOHEHTHI ITPe00Pa30BAHHON 3aJ1a11, TIO9TOMY
MMeeT CMBICJI PACCMOTPETH 3JeCh (POPMYJIbI TAOJIUIHOIO CHUMILIEKC-METOIA
JUIsi Tiepecdera KOMIIOHEHT npeobpasoBanHoil 3agaqn (1.25)—(1.28) upu ne-
pexojie K CMeXKHOMY 6a3uCy, MMOCKOJIbKY 9T (DOPMYJIbI MOYKHO HUCIIOJIb30BATH
JUIsT BBIBOZA (OPMYJI IIepecdeTa JIPYTUX BeJUYIUH, CBA3AHHBIX C TEKYIUM
0a3MCHBIM PEIIeHUEM.

Y1066l yIIPOCTUTH BBIBOJ, yKA3aHHBIX (DOPMYJI, 3aMETUM, UTO CTPOKY IIe-
neBoit dynkmuu (1.25) MOXKHO paccMaTpUBaTh KaK CTPOKY CBOOOTHOI Hasmc-
HOIt nepemenHol (r5)o = 2. AHaJIOrUYHO, IPEOOPA30BAHHBIN BEKTOD [IPABBIX
JacTell OrpaHnIeHn g MOXKHO PacCMaTPUBATL KaK CTOJIOEI] (PUKCUPOBAHHOMN
Heba3uCcHON epeMenHoil (2y)g = 1. D10 mo3Bossier 00beJUHUTH OCHOBHBIE
kommionenTsl (d, do, Z, g) B pacwupennyio cumn.aexc-mabiuy:'t

- do d¥
= = () = ( o d ) (1.20)
g E
a Takke o0beauHnTh pasencrsa (1.25) u (1.26) B 0HO paBeHCTBO:
Irp = E*IL’N. (130)

Homyctum, uTo 6a3ucHast epeMeHHas (LR), CTAHOBHTCH HeOA3MCHOII 1
3aHEMaeT MecTo Heba3uCHOll nepeMennoil (zy )y, KOTOpasi, B CBOIO OYepe/b,
CTAHOBUTCs OA3MCHON M 3aHMMaeT MeCTO IepeMeHHO (rp),. Hac mHTepe-
cy1oT (hopMyJIbI TIepecyeTa 3JIeMEeHTOB PACIIUPEHHON CUMILIEKC-TabuIbl =
IIpH Iepexojie K CMeXKHOMY 0as3ucy.

Y100l BBIPA3UTh HOBYIO Ga3ucHylo mepeMeHnyio (Tp), = (Tn)q depes
HOBBINT HaOOP HEOA3ZMCHBIX MMEPEMEHHBIX, BK/IOYAIONINN HOBYIO HEOA3UCHYIO
epeMeHHy10 (TN )q = (ZB)p, IpeobpasyeM cHadasIa p-10 (BEIYILYIO) CTPOKY

"'Yra pacmmpennas cuMineKc-TabiImIa, IPEeICTABIEHHAS B BHJIE J[BYMEPHOIO MACCH-
Ba, SIBJISIETCSI TOW OCHOBHOM CTPYKTYPOIl JaHHBIX, KOTOPasl UCIOJb3YEeTCs B TaOJIMIHOM
CUMILJIEKC-MEeTO/IE.
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cucrembl paseHcrs (1.30

n—

):

m
= &pi(TN)j = Epg(an) +me (zn);

J=0 i7#4q
OTKYy/1a
(TN)q :g Zg (1.31)
P j#aq P

Uckmounm renepb (2n)q U3 OCTAJIBHBIX CTPOK cucreMmbl paseHcTs (1.30),
Jutst dero mnojacraBuM (zn)q u3 (1.31) B Kazk1y1o i-10 cTPOKy (i # p):

(xB)i = g’b] IN ji= gzq(mN + Z&] $N
Jj=0 J#4q
_ ?q Z fzqu] )j + Z&J (iUN)j _ (1_32)
Pa J#q J#aq
= gzq pT Z <§Z] 5@;pr> (‘TN)j‘
g j#q g

Koaddunuenrsr npu nepemennbix B pasercrBax (1.31) u (1.32) siBis-
IOTCsT JIEMEHTAMHU HOBOW PACIIMPEHHON CHUMILIEKC-TaOIUIIbI == (E”) TS
CMEXKHOro 6a3mca, BbIpaXKEHHBIE Yepe3 9JIEMEHTHI UCXOIHON pacIIupeHHOR
CHMILTEKC-Tab/uIbl =% = §;; Jula Tekymiero 6asuca. TakuM obpaszoMm, moJTy-
qaeM cieytomnme (popMyJIbl IIepecderas

€pg = €0 (1.33)

€pj = —Zﬂ = —Epulpir J# 4 (1.34)

&ig = gp = Epoliar 1 FD- (1.35)

€ij = &ij — &g]im = &ij — Eiglps = Cij + &igpjy 1 F DT F 4 (1.36)

Hynesasi crpoka pacrupenHoii cuminiekc-Tabsmipt (1.29) coorBercrByer
cTpOKe TiesieBoii pyHKImu B npeobpasosanuoil 3a1ade (1.25), . e. z = (zp)o.
[TosTomy popMyIIbl IIepecdeTa OTHOCUTENBHBIX OIEHOK dj = & U HOCTOSIH-
Horo 4eHa dy = &y coBuagaoT ¢ dhopmynamu (1.35) u (1.36) upu i = 0:

d, = é = &,,dg, (1.37)
_ d.& - _ _ ,
dj =dj — Dopj _ dj — dybpj = dj +dy€,5, §#q (1.38)

gpq
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2 MomndunnpoBaHHBII CUMILIEKC-METO/,

Moodupuyuposarmoidi cumnaerc-memod [3, 4, 5| — 9T0 BapuaHT CHUMILIEKC-
METO/Ia, B KOTOPOM JJI BHIYHCJICHUS BCEX HEOOXOOMMBIX BEJIMYUH HCIIOJIb-
3yercsi MOJIXOJIsIee IpeJicTaBleHre TeKyieil 6asucHoii marpunpst B (1.6),
nosposgomee 3p@PEKTUBHO BIIOIHATL OCHOBHBIE OIEPAIMH C 3TOH MaTpHU-
neit (noxpasz,. 2.1). B owmnuane or TabIuYHOrO CHMILIEKC-METO/A, (CM. IO/
paszn. 1.4), mpeobpasosamnmas 3amada (1.25)—(1.28), 3a nckmovenneM ee oT-
JEJIbHBIX KOMIIOHEHT, B fIBHOM BHJI€ HE XPpaHUTCA, ITO IIO3BOJIACT CYIIIEeCTBEH-
HO HOBBICUTH BBIYUCIUTEILHYIO 9 (MEKTUBHOCTD CUMILIEKC-METO 18, 0COOEH-
HO IIpM pelleHuHu pa3peKeHHbIX JIII-3a1a4 60JIbIIol pasMepHOCTH.

2.1 PakTopusalus 0a3UCHOI MaTPUIbI

[Tpencrasmenne Tekyieit basucHoit MaTpuilbl B, ucmoab3yemoe B Momudm-
[UPOBAHHOM CUMILIEKC-METOJIE, OOBIYHO (XOTsI U He 00sI3aTeIbHO) UMeeT BUJ
MaTpu4HOil pakTopu3aIuu, rjue B npejcraBieHa B BUJE IIPOU3BEIEHNs MaT-
PUIL CHENHATBHON cTpyKTYpbL 2 [09TOMYy yKazaHHOE MpPe/ICTABICHAC HA3BI-
BaeTCs B JajbHeHeM gakmopusayuets 6a3ucHot Mampuybt.

C TouKM 3peHusi CUMILIEKC-METO/Ia BUJ KOHKPETHOH (akTopu3anuu Ha-
3UCHOI MATPUIIBI SIBJISIETCST HecylecTBeHHbIM. OTHAKO IIPEJIIIOJIAraeTCsl, ITO
HCIIoIb3yeMasi (pakTopusarus obecrieanBaeT 3(hHEeKTUBHOE BHIIIOJTHEHUE CJIe-
AYIOHX 9eThbIpeX OCHOBHBIX OHepaL[Hﬁ:

1. Hauanavnoe evivucaerue gaxmopusdanyuy. VIcxoaubiMu JTaHHBIMU 3TON
omepaIu sABJIAeTCd 3a/annas marpuna B. PesynbraToMm dBjIsieTcst BbHIYHC-
JienHast aKTOPU3AIUs ITOW MATPHUIIBL.

2. Ilpamoe npeobpasosarue (FTRAN). Dra oneparusi npeJCTaBisieT co-
6oit pemtenue cucreMbl Bx = y (Wiu, 9T0O TO Ke caMoe, BBIUUCIEHHE BEKTOPA
r = B~'y) ana sagamnoro sekropa .13

3. Obpammnoe npeobpasosanue (BTRAN). Dra onepanus mnpejcrapiser
coboit pemenne cucrembl BTx = gy (mmm, 9To TO e caMoe, BBIYHC/ICHHE
BexTopa = = B~ Ty) 118 3aaHHOrO BEKTODA. ¥.

4. IHepecuem daxmopusayuu nocae 3amenv. cmoabya. VIcXomHbIME JaH-
HBIMU STOH Olepaluu sBjisgeTcsd (GaKTOPU3aIus TeKyIeit MaTpuisl B u 3a-
JIAHHBIN BEKTOP, KOTOPBII 3aMeHsIeT HEKOTOPLIN CTOJI0eI B TEeKYIIeil MaTpu-
1le, 9TO JaeT HOBYIO Marpuily B. PesymbraToM omeparuu siBisercs hakTo-
puzaIus HOBOH MaTpUIL 5.

Hpumevwarnue. Koukpernas peajusaiius (pakTopusamnyu 6a3ucHO MaTpu-
bl OOBIYHO OIPAHUYUBAET YUC/IO TIepecdeToB dhakTopusanun (HalpuMep, He
6ostee 50 mim 100), 9r0 06YCIIOBIEHO, B OCHOBHOM, TEXHUYIECKUMU TIPUIUHA~
Mn (HaKOHHeHI/Ie BbIYNUCJ/INTEJIbHBIX HOI‘peH_IHOCTeI‘/‘I7 IIepernoJiHeHne MaCCUuBOB,
gpe3MepHoe 3aroJiHeHue, u T. 1.). OJHAKO 9TO OrpaHUYCHUE HE SIBJISETCSI

2T pumepoM bakTOPH3AIMN MOKET CIIy?KUTH TPEYTOJIbHOE PA3JIOXKEHHE.
13311ech © U y — 9TO IMPONU3BONIBHEIE BEKTOPHI, HE CBsI3aHHbIE ¢ JIII-3a1adeii.
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KPUTHIECKUM JIJIsi MOJIU(DUITTPOBAHHOTO CUMILIEKC-METO/Ia, TaK KaK BCErja
nMeeTcCd BOSMOXKHOCTH BBIIIOJTHUTH HaYaJIbHOE€ BBIYUCJICHUE Cba.KTOpI/I:SaL[I/II/I.

Peammzarus dakropuzanuu 6a3uCHON MATPHUITHI TPAKTUYIECCKH HE CBsI3a-
Ha C peain3alyeil CUMILIEKC-MEeTO/1a U MPEeJICTaB/IsIeT cODOM CaMOCTOSTE b
HYIO IIpO0JIeMy, KOTOpas 3/1eCh He 00CYZKIaeTC .

B zakiouenue paccMorpuM GopMysIbl Ipeodpa3oBanus 0a3UCHON MaT-
PHUIIBI TIPU 3aMeHe cToJIONna. DT POPMYJIbl He 3aBUCHT OT BUJIA KOHKPETHOM
daxkTOpU3AIUN U TTOITOMY HX MOXKHO HCIIOJIB30BATH JJIs IIEpecueTa JAPYTux
BEJINYNH, CBSI3AHHBIX C OA3MCHON MATPUIIEH.

Urak, mycTs p-it crosiber; Mmarpuiibl B 3aMeHsIeTCsi CTOJIOIOM U, B PE3YJib-
TaTe Wero IoaydaeTcs MaTpuia B.

Tak kak B — HEeBBIPOXKJIEHHAs] MATPHUIIA, TO UMEET MECTO PABEHCTBO

B'B=1 (2.1)
Omnpenenum marpuity H ciemyromuMm obpa3oM:
B™'B=H. (2.2)

[Tockosbky B oTiimdaercst OT B TOJIBKO p-M CTOJOIOM, TO U3 COIOCTABICHUS
(2.1) u (2.2) cremyer, uro H ommdvaercst oT eMHAIHON MaTpuIpl I Takke
TOJIBKO P-M CTOJIOIIOM M [I09TOMY MMEeT BU/I:

1 hap

rae p-it cronbery sroit Mmarpuisl Hy, = (hjp) yAOBIETBOPSIET PABEHCTBY
B~ = H,. (2.4)

Ymuoxkasi ciaeBa B Ha 00e acTu paBeHCTBa (2.2), MOIyINM OCHOBHYIO (op-
MyJ1y Ipeodpa3oBaHus Oa3UCHON MATPUIIBL:

B = BH. (2.5)

DopMmysibl Tpeodpa30BaAHUS )i OOPATHBIX MATPHUIL HEIIOCPEICTBEHHO CJIETY-
10T u3 (2.5):
B '=H'B, (2.6)

B '=pTHT, (2.7)
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rue

1 _hlp/hpp

I - pfl,p/hpp
H'= 1/hpp : (2.8)

- p+1,p/hpp 1

_hmp/hpp 1

(Takum obpaszom, MmaTpuna B Gy1eT HeBBIPOXKICHHOI TOJILKO B TOM CIIydae,
€CJIN IHArOHAJIBHBIN 9JIEMEHT My, MaTpuibl H OTINYeH OT HyJIs. )

IIpumevarue. Paccmorpennbie (hOpMyIbl MOXKHO HCIOJIB30BATD IJIsT JI0-
CTATOYHO TPOCTON peasm3anuu (HPAKTOPU3AIUA B BUJE TaK HA3BIBAEMOTO
«ama-gaiinay |4, 6]. B aroii peasmsanun Tekyas 6asucHas Marpuna B xpa-
HUTCsL B CJIEJIYIONEM (paKTOPU30BAHHOM BHU/IE:

B = BoH, ... Hy, (2.9)

rae By — HavasbHas GasucHasi MaTpuna (T. €. [OCJe BBIIOJHEHUsT Olepa-
n BeraucaeHnst dakropusamuu B = By), npejcTaBieHHas B MOXOISIIEM
dakropnzoBaHHOM BHJe (HAIpUMEpP, B BUJE OOBIYHOIO TPEYIOJILHOTO Pa3-
JIOXKEHUsT), Mo3BOJIsAoNeM 3hMEKTHBHO pelaTh CUCTeMbl Buja Bor = y u
Blz =vy; Hy, ..., Hy — marpuns suja (2.3), OTpazaromniye 3aMemHy cToj6-
0B B By 1 XpaHHMBIE B BUJE TIOCTIEI0BATEIbHOTO (daiira (MaccuBa), HA3bI-
BaeMoro «dra-aiti» (tak kak Oyksa H 1oxoxka Ha I'DeYecKylo «dTa). U3
(2.9) crenyer, uro:

v=B"ly=H .. H'Bj'y, (2.10)

T. e. onepario FTRAN M0KHO BBITOJIHUTE, pelliasi BHAYAJe CUCTEMY C MaT-
puneit By u 3aremM nocsegosaresibao ¢ marputiamu Hy, ..., Hy («3ra-daiin»
IPOCMATPHUBAETCS B IPSIMOM TOPSIJIKE, OTKY/a HA3BAHUE OIEPAIIUHA — IIPAMOE
upeobpaszosanue). Tpancrnonupyst obe yacru dopmyist (2.10), mosmyanm:

v=BTy=B,"H"...H Ty, (2.11)

T. e. onepannio BTRAN MOXXHO BBIIIOJIHATE, pellias I0C/IeI0BATEILHO CUCTE-
MBI C MaTPHUIIAMU HkT, .., H {F U 3aTeM C MaTpuiei BOT («aTa-daitny mpo-
CMaTpPHUBaETCst B 00paTHOM IMOPSIJIKE, OTKY/IA HA3BAHUE OIepaInn — 00paTHOe
npeobpasosanue). Hakoner, omnepaiusi 3aMeHbl CTOJOIA TIPEICTABIISAET CO-
Ooit BeIumCIIeHnE U obaByieHne o4depeiHoil MaTpulibl Hy 1 K dhakTopusaum
(2.9), T. e. B KoHerr «3Ta-daiiaay. (Ormernm, uro jyist hakrTopusanuu By Tak-
JK€ MOXKHO HCIIOJIb30BATh «3dTa-(ailiy, MOCKOIbKY JI00YI0O HEBBIPOXK ICHHYIO
MAaTPUILy MOXKHO MOJIYy9UTh, TOCJIEI0BATEbHO 3aMEHssI CTOJIOIBI €IMHTTIHON
MaTpPHUIIBL. )
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2.2 OcHOBHBIE onepanuu

Ananus npUHINIAAILHON CXeMBbI CHMILIEKC-MeToa (cM. moapas. 1.3) mos-
BOJISIET BBIJICJIUTH CJIEJLYOIINE OCHOBHBIE OIIEPAIMN, KOTOPbIe HEOOXO/MMBI
upn pemtennn JII-3amaan (1.1)—(1.3) MoAuQUIUPOBAHHBIM CHMILIEKC-Me-
TOJIOM.

1. Bwoucaenue snauenuti 6asucnor nepemenmvixr [ = (f5;). Bekrop S
HEeOOXO/IUM JIJIs1 OIIPE/ICJICHIs BeJMIUHBL Onyin (1.23), 1. e. jy1st BeIOGOpa 6asuc-
HOIl [IEPEMEHHOIi, KOTOPYIO CJIe/LyeT HCKIIOYNTh U3 ducia 6asucHeix. Kpome
TOr0, 3TOT BEKTOP BMECTE ¢ BEKTOPOM AKTUBHBIX I'PAHMUIL (T. €. TEKYIHUX 3Ha-
YeHWil) HeOA3UCHBIX IIEPEMEHHBIX [ OlPeiessieT TeKyIlee J0IyCTUMOoe 6a3Hc-
noe pemrerne (1.11). V3 (1.12) ciemyer, 9T0 BEKTOP /3 MOKHO BBIUHC/IUTD,
ucnoyis3yst onepanuio FTRAN (em. mogpasz. 2.1), no dopmysre:

B=B"1b—-Nf), (2.12)

rie b — BekTOp mpaBbIX dacTeil orpanmdennii (1.2), N — marpurna (1.6),
COCTaBJIEHHAST W3 CTOJIOIIOB MATPHUILI KO3 duimenToB orpanndennit A, co-
OTBETCTBYIOIIUX HEOA3UCHBIM ITIEPEMEHHBIM X .

2. Buyucaenue cumnaekcuor muoscumenet m = (m;). Bekrop 7 HE06-
XOJUM JIJIsl BBIYHMCJIEHUsT OTHOCUTEBLHBIX OIEHOK HeDA3UCHBIX IIePEMEHHBIX.
DTOT BEKTOP MOXKHO BBIYHMCJINTD, ucnoJib3ys oneparuio BTRAN (cm. mos-
paszj. 2.1), o dbopmyse (1.16):

m =B Tcp, (2.13)

rIe cg — BEKTOP KO3 DUIIMEHTOB IeeBOil (DyHKINK npu OA3UCHBIX IIepe-
MeHHBIX T (1.4).

3. Buivucaenue omuocumenvnvix ouernor d = (dj). Bekrop d Heobxoamm
JIJIst BBIOOpaA HEDAZUCHON IIEPEMEHHO, KOTOPYIO CJIeIYeT BKJIIOUYUTH B UUCJIO
6a3uCHBIX. DTOT BEKTOP MOYKHO BBIUUCIHUTH 110 hopmysie (1.15):

d=cy—NTr, (2.14)

CN — BEKTOpP K03 PUIMEHTOB 11e/1eBOM (DyHKIMHU TP HEOA3UCHBIX II€PEeMEH-
ueix £y (1.4). Bamerum, uro ykazaHHasi hopMyJia M03B0JsieT 3(DHEKTUBHO
BBIYHCJIATH OTHOCHTEJIbHBIE OIEHKH OTJIEJbHBIX HEOA3UCHBIX II€PEMEHHDIX.
Ilycrs (xN); = ) — HekoTopast HebasucHas nepemenHas. Torga ee orHOCH-
TeIbHAA OLEHKa eCTb d; = ede, rje ej — j-it cronber eIMHIYHON MaTPUILLL.
[TosTomy:

d; = e;‘»FcN - e;‘-FNTﬂ' = (en)j — NjT7r =cp— Aln, (2.15)
rie (cn) j = cx — Koaddunuent nenesoit Gynknun u N; = Aj — croubers

MaTPHUIBI KO3hDPUIMEHTOB OrpanndeHunil, COOTBETCTBYIOIINE HeOA3NCHOI 11e-
peMeHHoOil (TN)j = T
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4. Buvucaenue cmoabuya cumnaekc-mabauyvt Zq = (§q), KOTOPBI COOT-
BETCTBYeT BBIOpaHHOI HebGa3MCHOI nepementoit (zy)q. Bexrop-cronber 2,
COBMECTHO C BEKTOPOM TEKYIIUX 3HAYCHUIT OA3UCHBIX MEPEMEHHBIX [ HEO0D-
XOJIUM [[JIsI OIIPEJIeNIeHIsT BeMINHBL Oimin (cM. Bbimne). Tak kak =, = Zey, re
eq — @-it crosber exuHIIHON MaTpuipl, To u3 (1.9) ciaemyer, aro crosber =,
MOXKHO BBIYUCJIUTE, UCIIOJIb3yst oneparuio FTRAN, o dpopmyie:

=,=—-B 'Ne,=-B"'N,, (2.16)

riae Ny — cronber; MaTpunbl KO3 UIIEeHToB orpanndennii A, COOTBETCTBY-
fomuit HeOA3UCHOI IIepeMeHHON (T ).

5. Ilepexod x cmeorcromy 6a3ucy. JTa onepalnsi COCTOUT B 3aMEHE CTOJIO-
na B, Tekymeil 6asucnoit marpunpl B cronbinom N, Tekymeit marpunst IV,
IJle UHIEKCHI P U ¢ OUPEIEsIsiOTCs BLIOPAHHBIME Oa3ucHON (rpg), U HEOa-
3UCHOI (2 ) HEPEMEHHBIMU, B PE3YJIbTATe HYEero IIOJIydaeTcsl HOBas Oasmc-
Hasl MATPUIa B, COOTBETCTBYIONIAs CMeKHOMY 6a3ucy. 110cKobKy 6a3ucHast
MaTPHUIA HE XPAHUTCS sIBHO, & MCIIOJIb3yeTCs ee (PAKTOPUIAIMS, TO BBIIOJI-
HEHUE JaHHOW OIepaliui CBOJAUTCS K Iepecuery akTopusanuu 06a3MCHON
Marpunsl (eM. moapasf. 2.1).

Bcee nepeunciiennbie onepaiun JI0MycKaoT 3P@MEKTUBHOE BBIIOJHEHHE,
ecsin MaTpuna ko3 buInenToB orpanndenuit A nocrymHa 1o croabman.

B sakimouenne oTMeTuM, 9TO €CJIM MPUIACPKUBATHCS ITPUHIIMITHAILHON
CXeMBI CUMILIEKC-METO/Ia U3 mopas3 . 1.3, To KaxKgasi nTepariusi MOIHupUIim-
POBAHHOI'O CUMILIEKC-MeTOa TpebyeT BhlnoJHeHns aByX oneparuii FTRAN,
onuoii onepariun BTRAN, u onHoro nepecuera gpaxropusaiun TeKyeil 6a-
3MCHOI MaTPHUIIBI ITOCJIE 3aMEHBI CTOJIOIA.

2.3 Ilepecuer KOMIOHEHT GA3MCHOTO peHIeHUS

[Tpu pemmennn JII1-3amax1 60bII0NH PA3MEPHOCTH YUCIO UTEPAIUN CUMILICKC-
METOJ[a MOYKET JIOCTUIaTh JIECATKOB M COTEH Thicsid. llosromy juisi 1MOBBI-
MIEHUST BBITUCIUTETbHON 9 DEeKTUBHOCTH MOJAMMUITUTPOBAHHOIO CUMILIEKC-
MeTOJ[a Ha KaKJ0i UTepaIui BMECTO MPSIMOTO BBIYUCJIEHUS] OCHOBHBIX KOM-
noHeHT GasucHoro perierust 1o dopmyaam (2.12), (2.13) u (2.14) Bbiroguee
BBIIIOJIHATD UX IIEPECUET, T. €. UCIIOJIb30BATH U3BECTHbIE 3HAYEHHS STUX KOM-
IIOHEHT B TEKYIIEM Oa3uce JIjist BRIYUC/ICHUsI UX 3HAYEHUN B CMEXKHOM Dasuce.
31ech HEOOXOJAUMO OTMETUTDL, YTO IIOJOOHLIA Iepecder Hem30exKHO COIPO-
BOXKJIA€TCs HAKOILIEHUEM OIMMOOK OKPYIJIEHUS, TIO9TOMY BpPEMsi OT BpeMe-
HI CJIEJIyeT UCIIOJIB30BaTh [IPSIMOE BBIYUCJICHNE STHX KOMIIOHEHT (HAIPUMED,
BCSKUI pa3 IMOCJie HAYAJbHOI'O BhIYHMC/IEHUs (hakTopusanuu 6a3uCcHON MaT-

DHUIIbI).

14Pa3n1/1‘{1/1e MeK/1y CTPOYIHBIM U CTO.J'I6I_LOBI)IM npencraB/JIeHUAMA MaTPUIIBI ABJIAETCH Cy-
HIeCTBEHHBIM TOJIBKO €CJIN JJIsl XpaHEeHUud MaTPHUIIbl UCIIOJIb3YyeTCA pa3pe)KeHHbII71 (bOpMaT.
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ITepecuer 3nauenuii 6a3ucHbix nepemeHHbrx 5 = (f3;). Ilycrs mepe-
MeHHast (ZR)p BHIXOAUT U3 6asnca Ha CBOIO aKTHBHYIO rpanuity ¢t = (Ip), win
t = (uB)p, a HepemenHas (xy), Bxomur B 6a3uc. Tak kak ocrajbHble HeOa-
3HUCHBbIE [IEPEMEHHbIe He U3MEHSIFOTCsl, TO BEKTODP IIPUpAIleHnil HeOa3uCHBIX
[EPEMEHHBIX [IPU [EPEX0JIe K CMEXKHOMY 0A3MCy eCTh

Azy = A(xN)qeq, (2.17)

rae A(xy), — UpupalieHue nepeMeHHoil (T )g, €q — ¢-i cTosber eHI-
HOit MaTpuiel. VI3 coorHomenust (1.8) ciemyer, 910 B 9TOM Cjiydae BEKTOD
[IpUpaIennii 0A3MCHBIX TEPEMEHHBIX PABEH

Axp =EAzN = A(zn)Zeq = A(zN)qEq, (2.18)

rae = = (&q) — ¢-it crombern Tekymeit cumintekc-Tabaumpl. B gacrnocrn,
JJIsT OTIEJILHON Oa3MCHON epeMEHHONR NMEeeM:

A(w8)i = €gA(an ). (2.19)
Bnas mpupaienne nepeMeHHoil (£g)p, KOTOPOe, OYEeBHIHO, PABHO
A(xzB)p =1t — Bp, (2.20)

rae [, — 3HaYeHHe ITOI epeMeHHOil B TeKyIeM Oasuce, u3 Gopmyist (2.19)
P § = P CJIeJIyeT, YTO COOTBETCTBYIOIIee IPUPAIIEHIe IIepeMeHHO (2 )q

pasio’®
A t—
Arn)q = p)y _ 1= 5p (2.21)
Epg Epg
A Tak Kak B cMekHOM basuce (2 )y 3aHEMAET MeCTO (ZB)p, TO
By = fo+ Alxn)g, (2.22)

rae f, — aKTUBHAs IDAHUIA IePEMEHHO (T ), B TeKymeM Oasuce. Ocraib-
Hble Oa3MCHBIE TIEPEMEHHBIE OCTAIOTCsT DA3MCHBIMHI B CMEXKHOM Dasnce, MO3TO-
my u3 (2.19) caemyer, aro

Bi = Bi + A(zp)i = Bi + &igA(xN)g, @ # P (2.23)

B crenumanbHOM cilydae, KOIjia B CMEXKHOM Oasmce IepeMeHHas (TN )q
IIePEXOIUT CO CBOEH TeKyIeil aKTUBHOW TI'paHUIBI HA IIPOTUBOIIOJIOXKHYIO,
JIUIST OTIPEJIeJICHIs MIPUPAIECHIsT 9TOI HepeMeHHoit BMecto (opmysisr (2.21)
CJIEJIyeT HUCIIOJIb30BaTh (POPMYILY

Alzn)g = s[(un)q — (In)dl, (2.24)

15HOHS{THO, YTO €CJIU BBIOOD NMEPEMEHHO# (5 )p BBIIOJIHSIICA HA OCHOBE BEJIUUUHBI Omin
(cM. IPUHIMINAIBHYIO CXEMY CHMILIEKC-MeToa, noapas. 1.3), 1o A(xn)q = SOmin-
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rae s = +1, ecim (zn)y Bo3pacraer, wm s = —1, eciu (zy ), yoesaer. Ilpu
9TOM 3HAYEHUS GCex OABUCHBIX MMEPEMEHHBIX [TePECIUTHIBAIOTCS 110 (HhOpMyJIe
(2.23).

Ucnosnbzosanue opmyn nepecuera (2.22) u (2.23) 103BOJIsSET CIKOHO-
MuTh onny omepanuio FTRAN nHa kaxkmoit urepanun MOIUQPUIMPOBAHHO-
IO CUMILIEKC-METO/I&, MOCKOJIbKY UCIOJIb3YEMbIil B 9TUX (hOpMyJIax cTojberr
CHUMILTIEKC-TAOJIHIBI =, yKe OyeT BeIanciieH paree (OH TpebyerTcst [IIst ompe-
JIeJIEHUs] BEJTMIUHBI Opyip ) -

ITepecuyer oTHOCUTENBHBIX OLEHOK d = (dj). Popmyiisl epecdera OT-
HOCHUTEJIbHBIX OIEHOK HEOA3WCHBIX MepeMeHHbIX — 3T0 dopmyrsl (1.37) u
(1.38) (cm. moapazy 1.4):

- d
dg = 2+ 2.25
§pq (2.25)
dj = dj — fpj ¢ JF 4 (2.26)

3aMeTHuM, YTO B CIENUaJIbHOM CIydae, KOra B CMEXKHOM Hasuce Heba3ucHasi
epeMeHHast (2 )q EPEXOUT CO CBOEH TeKyIeil aKTHBHOI IPAHMIIBI HA ITPO-
TUBOIOJIOZKHYIO, 6 OTHOCUTE/IbHBIC OIIEHKH, BKJII0Yasd ONEHKY dg, OCTAIOTCS
HEUSMEHNHDLMU.

IIpumevarue. Tak Kax mepecdeT COMPOBOXKIACTCS OIMIMOKAME OKPYyTJIe-
HUsI, TO TIepe]T BHIYUC/ICHUEM Eq 1o popmysie (2.25) 1es1ecoobpasHo UCTIONB30-
BaTh yKe BBIMHCICHHBII CTOI0eI S, TeKyIe# cuMILIeKC-Tab/IuIIbI JJId ps-
MOro, a 3Ha4uT, O0jIee TOYHOrO BeIUUCIeHUs dy B TeKyieM Oasuce. [Tockosb-

Ky dg = egd, rje eq — @-# cTobern eJMHUYHON MaTPHUIIBI, TO HEOOXOAUMAs
T

, Ha obe wacru pasencrsa (1.15):

dopmyia mosrydaeTcs yMHOXKEHIEM CJIEBa, €
dg = (cn)q+Elcp. (2.27)

st mepecdeTa OIEHOK IO yKa3aHHBIM (POPMYJIaM TpedyeTcst p-si CTPOKa
cuMIuIeKc-Tabinpl £, = (&p;) B TekymieM basuce. Tak xak £, = ETep, rie
ep — p-if cronbery equHUYHON MaTpuIpl, To u3 (1.9) ciemyer, 1T0 BeKTOP &)
MOYKHO BBIYHCJIATD 10 (hopMyIIe:

& =—-NT'BTe,=-NT)p, (2.28)

IJle BEKTOp p €CTh p-si CTPOKa obpaTHO# MaTpuisl B!, KOTOpEIl MOXKHO
BBIUHCIUTD, UCTTONIB3yst omeparnnio BTRAN:

p=DB"Te,. (2.29)

CpasuuBasi hbopmyiibl (2.28) u (2.29) ¢ popmysiaMu IpsiMOTO BbIYUCIEHUS
oneHoK (2.13) u (2.14) MOXKHO 3aMETHUTb, UTO OHU UMEIOT HJIEHTHYHYIO CTPYK-
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Typy, ¢ m0sTOMY Ha IIEPBBIil B3IVISIT EpecueT OTHOCHTE/IBHBIX OICHOK HE H03-
BOJIAET IIOBBICUTH SCbeeKTI/IBHOCTb BBIUYUCJIEHUN 11O CpaBHEHUIO C UX IIPAMBIM
BbrancsieaneM. OJIHAKO, B OTJIMYUE OT BeKTOpa g B hopmyiie (2.13), BekTop
ep ABJIAETCA €AUHUIHBIM BEKTOPOM, IIO3TOMY MOZ2KHO O2KNJIaTh, 9TO BEKTOPD
p Oyner 6oJiee paspeKEHHBIM, YeM BEKTOD 7. IDTO, BO-IIEPBBIX, MOXKET yBe-
mnauThb 3bdekTuBHOCTD BbinoHenus onepaiun BTRAN (uro, koneuHo, 3a-
BHCHT OT UCIIOJIB3yeMoil pakTopusarn 6azucHoit Marpurisl). VI Bo-BTOpHIX,
Pa3pEeKEeHHOCTh BEKTOPa P MOXKHO HCIOJIB30BATDH it Oosiee 3DPEKTUBHO-
ro BBRIMHCAeHus cTpokn §p. Ilociennee obcTOATEIHLCTBO 00YCIOBIEHO TEM,
YTO IIPOU3BEJIEHNE MATPUILI Ha, BEKTOP MOYXKHO BBIUHUCJISITE JBYMsl CIIOCODA-
MH: KaK CKaJISIPHbIE [IPOU3BEJIEHUS CTPOK MATPHUIbI Ha 33/IaHHBII BEKTOD U
KaK JIMHEHHYI0 KOMOWHAIINIO CTOJOIOB MaTpuiibl. [lepBeiit criocod He 1o3-
BOJISIET yYEeCTh Pas3peskeHHOCTh 3aJ[aHHOTO BEKTOPA, HO IPU UCIOJb30BaHUT
BTOPOT'O CIIOCOOA MOYXKHO MPOIYCKATH T€ CTOJIOIBI MATPHUIIBI, KOTOPBIM COOT-
BETCTBYIOT HyJIEBbIE 2JIEeMEHTHI BeKTopa. [IpumennresbHo K (opmyste (2.28),
rie cronbuamu N7 gpisiorces crpokn marpuisl N, BTOPOi Criocob o3Hadaer,
YTO BEKTOD &), BHIYHUC/IACTCS KaK JIMHeliHas KoOMOMHAIUs CTPOK MaTpUIbl [V :

m
&=-NTp=— Z pi (i-s1 crpoka MaTpuier V). (2.30)
i=1
DddekruBHOE ncnosb3oBanue dhopmyibl (2.30) BO3MOXKHO JIUIIL B TOM
caydae, Korja MaTpuiia N JocTynHa o cTpokaM. [losToMy BO3HUKaeT Tex-
HUYIecKas mpobiieMa, TaK KaK CTAHIAPTHBIA BapraHT MOAUMUIIMPOBAHHOTO
CUMIIJIEKC-METO/1a MTPEIIOIAraeT XpaHeHNe B STBHOM BUJIE JIUIITh MATPHUITHI KO-
s¢ddunuentos orpannuennii A B paspezkeHHOM cToIOI0BOM hopmMare (a Tak-
’Ke GasncHoil MaTpuibl B B hakTOPH30BaAaHHOM BUJIE).
st pemnenust ykasanHoii npobiemsr P. Bukcon (R. E. Bixby) 7] npex-
JIaraeT XpaHuTh Marpuily N B pa3peskeHHOM CTPOYHOM (popMaTe. 3aMeTHM,
qr0o MaTpuiia N u3MeHsIeTCsl Ha KaXKJI0i UTepaliui, 03TOMY BCSIKUi pas3 1o-
cle mepexoJia K CMexkKHoMy Oasucy craphlit crosber; Ny, COOTBETCTBYIOMITIT
BBIOpAHHON HeOA3UCHOM [IEPEMEHHOI (X )4, CIIeLyeT 3aMeHsITh HOBBIM CTOJIO-
oM Ay, COOTBETCTBYIOMIUM BBIODAHHON Ga3UCHOII IIepeMeHHON (L)) = L.
Tak kak N XpaHUTCsI IO CTPOKAM, TO JIJIsT 9TOTO CHAYAJIA HY>KHO TPONTH 1Mo
HEHYJIEBBIM JIEMEHTaM CTApOro CTOJIOIA, KOTOPBIA JOCTYIIEH KaK COOTBET-
CTBYIOITHH CTOMOEIT MATPUIBI A, yIAIUTEL 9TH 3JIEMEHTHI U3 CTPOK [V, mmocie
9ero MPOUTH 110 HEHYJIEBBIM 3JIEMEHTAaM HOBOTO CTOJIONa Ay U J106aBATH 3TH
asteMeHTHI B crpoku N. Ilo Beeit BuauMocTn TeXHUKYy BukcOn nmeeT CMBICT
IIPUMEHATDH B TeX C/IydadX, KOorjga 60.HI)I_HI/IHCTBO CTO.H6I_[OB MaTPpUITbL A ABJIA-
IOTCsI JIOCTATOYHO PA3PEKEHHBIMU (UTO SIBJISICTCS TUIIMIHBIM JIJIs1 OOJIBIITIH-
crBa peasbubix JIII-3ama19).

16310 cBsI3aHO C TEM, UTO P-I0 CTPOKY CHMILIEKC-TaG/IMIIBI MOYKHO PACCMATPUBATH KAK
CTPOKY OTHOCHUTEJILHBIX OIEHOK HEOA3MCHBIX MEPEMEHHBIX IS TeIeBOi (DYHKITUH, TIe KO-
s dunuent npu 6a3uCHOl epeMeHHo (X B)p, PABEH eIUHUIE, a KOIDMOUIUEHTHI IPH BCEX
OCTaJIbHBIX [IEPEMEHHBIX PABHBI HYJIIO.
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B kadecTBe KOMIIPOMECCHOIO BapHaHTa BMECTO XpaHEHHWs MaTpuiibl N
MOXKHO XPaHUTH JIyOJIMKAT MaTpUIBl A B paspeskeHHOM CTPOYHOM popMaTe.
DTO JIaeT MPEUMYIIECTBO 110 CPABHEHUIO C TEXHUKON BUkcOU, TOCKOJIBKY MaT-
puita A ocTaercst HeU3MEHHO ITpH Tepexojie K cMexkHoMy Oasucy. OHaKo B
9TOM CJIydae HelOCPeICTBEHHOE UCII0Ib30BaHue hopmyiibl (2.30) okasbiBaeT-
ca HeBO3MOKHBIM. [ToaToMy BMeCTO BbIYMCIeHHA BEKTOpa &), KaK JMHelHOi
KOMOMHAIN CTPOK MaTpunbl N IpejyjiaraeTcs BBIMUCIATH BEKTOP () Kak
JINHEHHYIO0 KOMOMHAIIUIO CTPOK MaTpuiibl A:

m
ap=—ATp=— Z pi (i-s1 crpoka MaTpuiel A). (2.31)
i=1

[TockoambKy cTOMOIEI N SBISIOTCS TTOIMHOYKECTBOM CTOJIOIOB A, TO UCTIOTH-
3ys coornormrenue (1.6) Tpebyemblit BEKTOp &, MOXKHO COOpATh U3 COOTBET-
CTBYIOIIMX 3JIEMEHTOB BEKTOPA (. 3AMETHM, UYTO IPHU BBIYNCJICHUN JTHHEl-
HOl KOMOUHAINH (v BHIYUCIISIOTCS. <JIUIIHEE» 3JIEMEHTHI (COOTBETCTBYIOINE
CTOJIOIAM MATPHUITEI B),17 nosromy 3ddekruBHOCT hopmysibl (2.31) cHu-
JKaeTcs ¢ POCTOM YHCJIa HEHYIEBLIX 3JIEMEHTOB BEKTOpa p. B cBa3m ¢ 3THM
ucnosb3oBaTh dopmyiy (2.31) npemiaraercs JIMIIb B TeX CJydasiX, KOIJIA
3all0JIHEHNE p He O4YeHb Besqnko (ckaxkeM, He Gosiee 10%), a B OCTAIBHBIX
CIlydasX BBIYHC/IATD 9JEMEHTbI BeKTOpa &, KaK OOLIMHbIe CKaJIAPHbIE IPOU3-
BejieHUs CTOJIONOB N Ha BEKTOD p.

"I ruME «IMIIHEME> 3eMEHTAMH GyIyT, OUEBHIHO, SJEMCHTHI CIAHHYHOIO BEKTODA
ep, Tak Kak u3 dpopmyasl (2.29) cienyer, 4aro BTp=e,.
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3 Bpibop Heba3uCcHOIT TIepeMeHHO

B cooTBeTrcTBHUM ¢ TPUHITNNHAIBLHON CXeMOH CHMILIEKC-METOIa, PACCMOTPEH-
HO#T B KOHIIEe TIogpa3. 1.3, Ha 1mare 2 Tpebyercs BhIOpATDH IMOIXOISIY 0 Heba-
3UCHYIO IIEPEMEHHYIO (T )q, U3MEHEHIe KOTOPO B [OIyCTHMOM HAIIpaBJIe-
HIHI TIPUBOIAT K yJIy9IIeHuio (yMenbIenno) rejesoit bynxmam. '® C reomer-
PUYECKOl TOUKHU 3peHus BLIOOD HEOA3UCHO MIEPEMEHHON COOTBETCTBYET BbI-
60py pebpa MHOTOIPAHHOI'O MHOXKECTBa JoIycTuMbIX perrennii JITI-3a1ax1m,
UCXOJISIIETO W3 TEKYIIEl BEPIIUHBI, BJOJIb KOTOPOT'O UMEET MECTO YJLy IIeHne
1eJIeBoM (PyHKITNM.

Mycrs J C {1,...,m — m} — MHOXKECTBO UHJEKCOB HEOA3UCHBIX IMEpe-
MEHHBIX (% );, OTHOCUTEIbHA OlleHKA d; KOTOPBIX IMeET «HeIpPaBUIbHbIN»
sHak. Ecmu J # @, To TeKyIee 6a3ucHOE pelleHre He sIBJISIETCS ONTHMAb-
HBIM, U B 9TOM CJIydae B KauecTBe HeOA3UCHOM MepeMEHHON MOKHO, B IIPUH-
e, BHIOpaTh 10010 epeMennyto u3 J. Takum obpasom, mpobsiema BbIOO-
pa COCTOUT B NPUHSITUN PEIeHNs, KAaKy UMEHHO HeDA3UCHYIO ITepEMEHHY O
cJieJlyeT BhIOMpaTh Ha KaKJ0i UTEPAIUU CUMILIEKC-METO/IA.

B mamHOM pazmesne paccMOTpeHBI OCHOBHBIE CTpaTEernu BbIOOpa Hebasmc-
HOfl ITepEeMEHHO, oIy IUBIIIIE TPAKTUYIECKOEe IPUMEHEHNE.

3.1 IlpaBuio lanmnura

IIpasuno Janyuea |2] cocront B BEIGOPE MOAXOsAIIEH HEOA3UCHOI TTepeMeH-
HOI ¢ MAKCHMAJBHON IO abCOIIOTHON BeJMYNHE OTHOCHTEILHON OIEHKOIA,
T. €. IepeMeHHoi (N )q, /I KOTOpOii

d,| = dil. 3.1
‘q‘ r?g}dﬂ (3.1)

ITocko/bKy HpH M3MeHeHHH HeOA3MCHOIT HepeMeHHOil (X ); Ha BeJndn-
HYy § IeeBad PyHKINA U3MEHdAeTCs Ha BeJmInny d;s, To npasuio Janmmra
obecrieynBaeT HaubOJIbINIEE OTHOCUTEILHOE YIIyYIlIeHNE 1e1eBOi (PYHKIINU.

OCHOBHBIM TIPEUMYIIECTBOM IpaBuiia JaHiura sBisieTcs ero mpocrora,
IIO9TOMY OHO <BJIAETCA TPAJUIMUOHHBIM JIJIs1 Ta6.HI/ILIHOFO CHUMILJIEKC-METO/1a.
Onrako akTuIecKoe u3MeHEeHne 1eJIeBOi (DYHKIUHU [IPU [IEPEXO0JIe K CMEekK-
HOMY 0a3ucy oIpeessieTcss He TOJBKO OTHOCUTEIBHON OIeHKON BhIOpaHHOM
HeOa3MCHON MepeMeHHO, HO 1 (DAKTUIECKUM M3MEHEHINEM 3TO ITepeMeHHO1,
T. e. BeJMInHOM Oy (1.23), KoTOpast 3aBUCAT OT BLIOPAHHOI HEGA3UCHOI T1e-
pemennoii. I1pu sToM, Kak 1moka3bIBaeT IPAKTHKA, UCIOJb30BAHIE IIPABUIIA
Jannura npu perrennn peasbHbiX JIII-3a1a9 Bo MHOTHX CJIydsX ITPUBOJIUAT K
CYIIECTBEHHO OOJIBINEMY YHCIY UTEPaIuil CUMILIEKC-METO/1a, HeOOXOINMBIX
JIJIST TOCTU2KEHUsT ONTUMAJIBHON TOUKH, TI0 CDABHEHUIO C JIDYTUMU, MEHEe TPH-
BUAJIbHBIMU CTPATErUsIMU BBIOOPA HEOA3MCHON MTEPEEMHHOMN.

BTlockombKy HeGA3UCHBIE IIEPEMEHHBIE COOTBETCTBYIOT CTOJIOIAM TEKYIeil CHMIIIEKC-
Tabiuns! (1.8), TO JaHHYIO OIEPAIMIO YaCTO HA3BIBAIOT 66160POM CMOAGYA.
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3.2 Merox Haubosiee KpyToro pedpa

B cBoeit crarwe (8] I1. Xappuc (P. M. J. Harris) samerniia, 910 BO3MOKHOI
HpI/I‘II/IHOﬁ CJINIIIKOM MeﬂﬂeHHOI'?I CXOAMMOCTH CUMIIJIEKC-METOda IIPU UCITIOJIb-
30BaHUM TpaBuia Jlanmura sBisieTcst ero acuMmMerpus. JleficTBuTeIbHO, 3TO
IPaBUIO OCHOBAHO HA UCIOIb30BAHHU OTHOCHUTEIBHBIX ONeHOK dj. OxmHako
OTIEHKA, KOTOPAsl SIBJISTETCS MAKCUMAJIBHON 0 abCOTIOTHON BEJTMINHE C TOY-
KU 3pEHUs TeKyInero 6asmca y»ke MOXKeT He OBITh TAKOBOW C TOUKU 3PEHUs.
CMEXKHOTr0 0asmnca, IMOCKOJIbKY CHMILIEKC-Tab/IAIA IjIsi CMEXKHOTO Oa3mca mo-
JlydaeTcst B pesy/bTare JUHEHHOro npeobpasoBanus,'? koropoe He sBiIseTCH
OPTOI'OHAJIBHBIM, & 3HAYUT, HE COXPaHAET PAaCCTOAHUA U YIJIBI.

Yrobbl ycrpanuth ykazaunyio acummerputo, /1. Tombadap6 (D. Gold-
farb) u Txx. Pun (J. K. Reid) npemozkuim ncrons3osars memod naubosee
kpymozo pebpa (steepest edge) [9]. B coorBercTBumM € 3THM METOIOM IpEIa-
raeTcsd BbIOMPATH TY MOAXOMNAILYI0 HEDA3UCHYIO IIEPEMEHHYIO, JIJId KOTOPOii
HallpaBJIEHNE, OIIPEIE/IsIEMOE COOTBETCTBYIOMNM pebpoM, oOpa3yer HanboJiee
OCTPBIIl yT0JI ¢ HATIPABJIEHUEM AHTUTPAIUEHTa (B CJIydae MUHUMUABAINAN ) UJIH
rpajinenTa (B cirydae MaKCHUMU3AINN) T1eIeBOi (byHKITHIH.

OrnmunrenbHast 0COOEHHOCTh METOa HamboJiee KPyToro pedpa COCTOUT
B TOM, YTO YKA3aHHBIN yroJl U3MepsieTcsi B IIPOCTPAHCTBE BeeX (6a3uCHBIX U
HEeOA3UCHBIX) TIEPEMEHHBIX, a 3HAYHUT, HE 3aBUCUT OT TEKyIIero 6asmca, mo-
CKOJIBKY IIPOCTPAHCTBO BCEX IIEPEMEHHBIX OCTAETCs OJHUM M TE€M YK€ Ha IIPO-
TSYKEHUN BeeX mrTeparuii. B aTom cMbicsie mpasuio JlaHnura cooTBeTCTBYET
BBIOOpY pebpa MHOrOrpaHHHKA, KOTOPOe TakxKe obpadyer Hambojiee OCTPBIi
YTOJI C AHTUTPATMEHTOM (UJIH TPAMEHTOM B CJIyIae MAKCHMU3AIINN ) [eJIeBOil
GbYHKITHH, HO TOJBKO B MEKYUEM NOOINPOCMPAHCNGE HEOAZUCHDIT NEePEMEH-
HOLET, KOTOPOE 3aBUCUT OT TEKYIETro 0A3Mca U, CJIeJOBATENHHO, U3MEHSIETCS
Ha KaXKJIOH MTepauu, ITO MPUBOIUT K HOSBJIEHUIO ACUMMETPHUH.

Paccymorpum BBIBOZ COOTBETCTBYIOMNX (POPMY.I.

Omyckas niepecranoBounyto marpuily 11 B dhopmyse (1.11) s3amumenm Te-
KyTee Oa3MCHOE PelieHue B BUIE:

1‘0 = (.I'B;xN) = [(Z‘B)l,. cey (I‘B)m; ({13]\[)1, ey (.Z‘N)n_m}.

FeOMeTpI/I‘IeCKI/I TO4YKa .’I}O ABJIAETCA TeKyL[LefI BepH_II/IHOIU/I MHOT'OT'PaHHOI'O MHO-

JKeCTBa B MPOCTpaHCcTBe 6cex nepeMenubix JIII-3amagn. Homyctum Temeps,
9TO HEKOTOPasl HeDA3MCHAsI IlepeMeHHast (X ); MOy YnIa eUHIIHOE IPUPa-
IeHne, IPUYEM BCe OCTaJIbHbIe HeDA3UCHBIE TIepeMEeHHbBIE OCTAJINCh HEN3MEH-
ueivu. 13 (1.8) cieayer, 94To B pesysbrare HOJIYIUTCS CJAEIYIONas TOUKA:

o [(:EB);[ —l—flj, ey (SUB)m +§mj; (xN)l, ce, (.TN)]' +1,..., (J:N)n_m],

—_

rie £1j, -+ -, §mj — JIEMEHTEBI j-TO CTOJIONa TeKyIel CHMILIeKC-Tab bl =.
[TockosbKy yKazaHHasl CMeIIeHHasI TOYKa JIEXKUT Ha IPSIMO, MPOXOIsIeit

9310 npeobpasoBaHEe COOTBETCTBYET OJHOMY IIArY MCK/IIOYEHHsI Merojga Laycca—
?Kopana.
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Jepes3 pedpo MHOIOTPAHHOI'O MHOYKECTBA, COOTBETCTBYIOIIEro HEOA3UCHOIA I1e-
pemeHHOIl (Zx);, TO HaIIpaBJIeHHEe TOr0 pebpa COBIAIAET C HAIPABICHHEM
BEKTOPAa-IIPUPAIIECHUS:

Arl =27 — 2% = (&, ..., &mj;0,...,1,...,0), (3.2)

rJie eMHUIR PACIIOIOKEHA B MO3UIHA (TN );.
Hac MHTEPecyeT yrosl (; MeK/y Halpab/leHneM pebpa MHOI'OI'PaAHHOI'O
MHOXKecTBa Az’ u rpajgueHToM LeseBoil pyHkmuyu V z:

~ (Aa)TVz
053 = Aa V-] (33)
Jl1st mesteBoii GYHKINM UMeeM z = ¢! & = cgrp + CNEN, OTKYIA:
Vz=c= [(CB)I, ey (CB)m; (CN>1, ey (CN)n—m]' (34)

Bamerum, aro u3 ¢opmys (1.15) u (1.16) ¢ yaerom onpenenenust (1.9) cie-
ayer d = ey — NTB™Teg = ZTcp + cn. Iosromy, ncnosnsys GpopMyIist
(3.3) u (3.4), umeem:

(A2))TVz = &;(en)i+ (en); = E] es + (en); = dj, (3.5)

i=1

rae Z; — j-# crosber; TeKymeil CUMILIeKC-TaOmIp!, d; — OTHOCHTE/IbHAS
olleHKa Heba3ucHoOl repeMennoii (xy);. Iloncrapisis nasnee BbIparkeHne s
CKaJIsIPHOTO Tpou3sBejsierns u3 (3.5) B (3.3) OKOHUYATEJILHO Oy IUM:

dj

R 3.6)
1Az (

Cos ; =

rue

m 1/2
Az || = (ngj + 1) = (=g, + 1)V2, (3.7)

=1
V2] = lle] = (cTe)'/2. (3-8)

TTockombKy rpamuent 1eneBoit dyHkuu Vz = ¢ = const He 3aBUCHT
OT TeKyIero 6as3mca, To Jjisd IpUMeHeHUsI MeToa Hanbojiee KPyToro pedbpa
J0CTaTOYHO 3HaThb TOJIBKO OTHOCHUTEJIbHBbIC OIICHKU d] 1 HOPMBI BEKTOPOB-
npupamennit ||Az/||. TIpu sToM BBEIGOP Hamboee TOIXOAAIICH HeGa3UCHOL
HEePEMEHHOM (X)), OLUPENENSIeTCsl CIIELYIONIM IPABUIOM (CP. ¢ IPABHIOM
Hanrmwra n3 nonpass 3.1):

gl o Al |d;]
|Azd||  jes ||Axd|  jed (E?Ej—i—l)l/?

(3.9)
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B citydae TabIMMHOTO CHMILIEKC-METO/Ia Bhiaucienne HopuM || Ax? || ve Bbi-
3bIBAET 3aTPYAHEHNIl, OCKOIbKY CHMIUIEKC-TaOMHIa = = &;; JOCTyIHa B
SIBHOM BHJIE Ha Kak10il urepamnuu. OIHAKO, €CJIU UCIIOJIB3YeTCs MOJAUMPUI-
POBaHHBIIl CUMILIEKC-METOJI, BBIYHUCICHHE OTJ/IEIbHOrO CcTojI0na Z;, HeobXo-
JMMOTo s Berauciaenus ||Az’||, Tpebyer mpuMeHeHHs OIEpaIim MpPsSMOTo
upeobpazosarust (FTRAN). ITosromy npsivmoe BeIYnC/I€HNE YKA3AHHBIX HOPM
JUUIsT BCeX HEOA3MCHBIX TIEPEMEHHBIX XOTsI U BO3MOXKHO, HO SIBJISIETCS HEOTIPAB-
JIAHHO TPY/JI0EMKHM, M3-33 9€ro Takoil Crocob He HAXOJUT IPAKTUIECKOrO
[IPUMEHEHUSI.

Yro6bl u36aBUTHCST OT HEOOXOIUMOCTU $IBHOIO BBIYHCJICHUsS] HOPM BEK-
TOPOB-TIPUPAIIEHHI JIJIsT BCeX HeDA3MCHBIX MePEMEeHHBbIX Ha KayKJO0i urepa-
[[1M CUMILJIEKC-MEeTOJ1a, B pabore 9| ObLu mpejiozkeHbl hopMyJIbl iepecueTa
9TUX HOPM IIPH [epexojie K CMeKHOMY 6asucy (110 aHaJOrHU C I1epecdyeToM
KOMITOHEHT Ga3MCHOTO peleHust u3 mojapasi. 2.3). PaccMorpum BBIBOJL 9THX
dopmyir.

Beesem st yio6cTBa BEJIMIUHBL:

m
= lAd P =145 =14+> &, j=1,...,n—m, (3.10)
=1

U JIOIYCTHM, YTO JJI TEKyIIero 6asuca 3T BeJIMYUHBI y2Ke u3BecTHbl. [Jlo-
IIyCTHM TaKKe, 9T0 B CME’KHOM 0a3uce IepeMeHHast (T 3), CTAHOBUTCS Hebar-
3UCHOIA, & (X )q — OA3MCHOI, T. €. BEJYIIIM 3JIEMEHTOM CHMILIEKC-TaOJIUIIbI
apsgercs §pq. Hac unrepecyior opmyiinl nepecdera BeJIMHUH Y JJIs CMEXK-
Horo Oasuca.

PaccmorpuM BHawase mepecueT BETMYUHBI 7Y, JJIA BEJYIIEIO CTOJIONA
(j = q). Ucnonbsysi dopmy/bl nepecdera 3JeMEHTOB CHMILIEKC-TaOJIUIIbI
(1.33)—(1.36) u3 mogpaszzn. 1.4, nmeem:

2 N2
_1+Z§w—1+€pq+zgm_l+(€l> +Z(§q>
P4 izp \SPa

i#p
3aMeTuM, ITo:
) () 5 )
>(e 2 le,) e,
i i#p i#p
[IO9TOMY:
_ (1 &Gq\'_ 1 )
Tq = +Z ) 1+Zgiq ’
qu qu nq i

OTKYyJda OKOHYAaTEJIbHO CJIEAYEeT, ITO:
1

Y, = 2% (3.11)
Pq
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PaccmoTpuM Teneph IepecdeT BEJIMYHH 7y, JIIs OCTAaJIbHBIX CTOJIOIOB
(J # q). CuoBa ucrosb3yst GOPMYJIBL IIEPECUeTa IEMEHTOB CUMILTIEKC-Tab 1~
et (1.33)—(1.36) u3 moxpaszs. 1.4, nmeem:

N 2 e N2
’Yj:1+szfj:1+§§j+z'f?j:1+<§m> +Z<§ij_§z§§pj> )
i i#p pPq itp pq

3aMeTum, 9To:
> (fz‘j - &ggpj)Q =>. (&j - &gépj)Z + (fpj - §pg gpj)Q =
i Pa itp Pq Pq
_ o giquj > ?
> (e-522)
MOTOMY::

v =1+ (fm) + Z (fz‘j - &q{m) =
Epq - &pg

)

— 14 (5103)2 Y <§iq§pj>2 2} §i&iglpj _
Epg : Epg P Epg

7 7

(1 + Z ?,) + <ZZ> (1 - Z 3,1) —2 (ZZ) Zgzjgiq.

_ fpj ? gpj
V=t (qu) Vg — 2 <€pq> Zfijqu-

Cymma E &ij&pq TIPEJICTaBIIACT CODOI CKaJIIpHOE IIPOU3BE/IeHNe j-T0 CTOJIO-

OTKyJla:

7
118, CUMILIEKC-TaOIAIIBL:
E; =Zej =B 'Nej = -B'N;
=i = =6 = J = J
I ee ¢-ro (BeiyImnero) cTosbna =g, IO9TOMY:
E: _wTe _(_p-lnyy= — _ NIRRT
gijgpq — —j—=q — ( B NJ)“q - Nj B —q-
i

Taxum 06pa3oM, OKOHIATEIBHO IIOJIYIaeM:

Vi =+ (2’:) Yy + 2 (Z‘:]) NI'B™TE,. (3.12)
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Ucnonbzosanue dopmysibl nepecuera (3.12) tpebyer aByx ornepaiuii 06-
parHoro upeobpazosanns (BTRAN) na kakmoit nrepanun MoauduImpoBa-
HOI'O CUMILIEKC-METOIA: OJHA OLEpalys Hy»KHa, JIJIsl BLIYUCICHHS JIeMEHTOB
BeJlyIell CTPOKM CUMILICKC-Tab/IuIb &) = (§pj),20 a BTOpasd — JJIsl BBIYUC-
JIEHUsI BEKTOPA B_TEq.

CﬂeﬂyeT OTMETUTb, YTO MHOFOKpaTHbeI mnepecdeT BEJINYNH ’)/j BcCIIeI-
CTBHUE OIINOOK OKPYTJIEHUs] MOXKET IIPUBECTH K 3HAUUTEHHOMY OTKJIOHEHHIIO
ATUX BEJIMYMH OT UX TOYHBIX 3HAUYEHUIA. r'ITO6I)I YMEHBbIIUTDL BJ/IMAHHE OIIU-
6ok OkpyriieHus, B pabore [3| mpemaraercs, BO-I€PBBIX, MCIIOJIL30BATH B
dbopmyite (3.11) He Tekyiee 3HAYEHUE Y, C MIPEAbLIYIIel nTepauu, a 6osee
TOYHOE 3HAYEHNEe TOI BEJIMYMHBI, BHIYUCIEHHOE HEIOCPEICTBEHHO 110 (op-
myste (3.10):

Yo =1+ & (3.13)

YTO HE BBI3LIBACT 3aTPYAHEHUII, MOCKOIBKY B CIydae MOAUQUITPOBAHHOIO
CHUMILTIEKC-METO/[a BeLymuil cTosiber Tekyeil cuMiuteke-Tabaumsl =, = (iq)
JIOCTYTIEH B IBHOM BHJIC. BO-BTOPBIX, MOYKHO 3aMETUTh, UTO:

2

_ ) ) —2 —2 Epi

%‘_1+Zfij_1+§m+zfz‘j21+§pj_1+(éi]) - (314
( i#p

Hosromy, ecitn BesecTBrE OMMOOK OKPYIVICHUSI 3HAUEHNUE 7, BBIYHCJICHHOE
no dopmyste (3.12), oka3bIBaeTCs MEHBINE, YeM MpaBasi 9acTh HEPABEHCTBA
(3.14), To B KauecTBe GoJIee TOTHOrO 3HAMEHUS 7, MPEJTATAETCS MCTIOTB30-
BaTh BEJMYUHY B IIPABOH 9aCTU YKA3aHHOI'O HEPABEHCTBA.

Jomnycrum, aro p-s1 (Begymias) cTpoka &, = (§p;) U ¢-it (Bemymuit) cros-
Gery 24 = (&q) TeKymIeil cuMILTIEKC-TabIMAIBI y2Ke BblYUCIeHbl. Torma mpak-
THYeCKas CXeMa Ilepecuera BeJUYHH 7; JJis CMEXKHOro Oasuca MoxKeT OBbITh
CJICLYIOILICH.

1. BeraucsuTs 60siee TOUHOE 3HAUEHME 7Y, JJId TEKyIIero b6asmuca:

m
_ Z 2
Yq = 1+ fiq'
i=1
2. Berauesimts BeoMoraTeIbHbIH BEKTOP, HCHOIL3Yst onieparmio BTRAN:
—_ pT=
u=B""Z5,.

3. Bemonmaute nmn. 4—6 g 5 =1,...,¢q—1,q+1,...,n—m.
4. BuraucauTh BCIIOMOTATEIbHYIO BEJIUINHY

rj = &pj/Epg-

2091 cTpoKa TaKKe UCIIOIB3YETCs /ISl MepecueTa OTHOCHTETBHBIX OIEHOK HeOA3MCHBIX
HepeMeHHBIX (CM. mogpas. 2.3).
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5. BeramcsimTh BcoMoraTeabHOe CKaJIIPHOE IPOU3BEICHIE:
AT
sj = Nj u,

rae N;j — j-it cronben marpunp! N, T. . cToa0en MaTpullbl KoadduuuenTos
orpaHnmYenuii A, cooOTBeTCTBYOIINI HeOA3UCHOM HepeMeHHOi (TN );.
6. Beraucsnrs BemiuHy 7, Jyls CMEKHOrO basnca:

;= max(y; + 137 + 2rjsj, 1+77).

7. Berancsnnre Besmuuny 5, Ui cMeKHOIO Oasuca:

Vq = ’Yq/é’gq .

[Mocnenmee 3amevdanne KacaeTcst HCIOJIb30Banus npasuia (3.9). Yrobol
n3bexkaTh M3BJIEUEHUsT KBAJAPATHOTO KOPHs MJIsI BHIOOpa HeDa3MCHON Imepe-
MeHHOIT (TN ), 0 MeToIy Hambosee KPyTOro pebpa, MOXKHO HCIOIBL30BATDH
9KBUBAJICHTHOE IIPaBUJIO:

& 4
— = max —. (3.15)
Vg IS

[IpakTuvaeckoe perienne 3a1a4 JIUHEHHOTO ITPOIPAMMHUPOBAHUSI C UCITOJThb-
30BaHUEM MeTO/1a HamboJsiee KpyToro pebpa B OOJBIIMHCTBE CIyYIaeB MIPUBO-
JUT K CyIIECTBEHHOMY COKPAIIEHHMIO YHCJIa MUTEPAIdil CHMILIEKC-METOIa 110
CPaBHEHHIO CO CTAHJIAPTHBIM IIPABUJIOM BBIOOpa HEDA3UCHBIX MEPEMEHHBIX,
1 KaK CJIEJCTBHE 9TOr0, K YMEHBIIEHUIO ODIIEro BPEMEHH PEIeHUs JTaKe C
ydeToM TOro, 9To Ha Ka.)KﬂOfI nrepanun MpuxXoauTbHCA BBIIIOJTHATL JOITOJIHN-
TeJbHbIE BBIYUCIICHUSI.

Opnrako Meroy HamboJiee KPyTOro pebpa HMMeeT OJUH CyIIeCTBEeHHBIH
MIPaKTUIECKU HegocTaToK. Kak y»ke ObLIO OTMEYEHO BBIIIE, MHOTOKPATHDIH
nepecdeT BeJIMYUH ’}/J Ha Ka}K,ZLOfI nrepamnnuu CUMILJIEKC-METO/a MOZKET ITpuBe-
CTH K 3HAYUTEJILHOMY OTKJIOHEHUIO 9TUX BEJIUYNH OT UX TOYHBIX SHAYCHU
BeJiesicTBUE OMUOOK OKpyrieHusi. [loaToMy B KaKONH-TO MOMEHT MOXKET BO3-
HUKHYTH HEOOXOIMMOCTD IIPSIMOTO BBIYUCJIEHUSI STUX BEJIMIUH JIJIsT TeKYIIe-
ro 6asuca HenocpeacTBeHHO 1o (opmyiie (3.10), st gero TpedyeTcst BbIYUC-
JINTH 6Ce CTOJIOIBI TEKYIIEH CUMILIEKC-Ta0IUIbl. C IPaKTHIeCKOi TOUKHI 3pe-
HHS 3TO ABJISIETCsI HEIIPHEMJIEMbBIM, TaK KaK B CJIydae MOAU(MHUIINPOBAHHOIO
CHUMILJIEKC-METO/Ia BBIYUC/ICHUE OTHOTO CTOJIOA CHMILIEKC-Ta0 IUIbl TpedyeT
BBINIOJIHEHUST OJIHOM omeparuu psiMoro npeobpazosanust (FTRAN).

AHajioruvHast CHTyalls BOSHUKAET U [IePe]] BBIIIOJIHEHUEM CAMOU [TePBOi
UTEPAIIH CHMILTIEKC-MeTOJIa, KOT/[a BeJIMUINHEL 7, ellle He n3BecTHbl. Mcmosn-
soBanue Gopmysibl (3.10) He BbI3bIBAET 3aTPY/IHEHUI JIHUIIb B €JMHCTBEHHOM
c/lydae, a IMEHHO, KOT/[a HAYaIbHBIN 0a3UC MOJTHOCTHIO COCTOUT U3 BCIIOMO-
raTeJbHbIX HePeMEeHHBIX orpanmdenuii?! (T. e. Korja Bce HCXOIHBIE CTDYK-
TypHBIE IT€PEMEHHbBIE SIBIIAIOTCS HEOA3NCHBIMMI), IMOCKOJBKY B 9TOM CIIydae

21 Bresienne BCIIOMOTraTeILHBIX HEOTPHIATEIBHEIX MITH HEIOIOKITEIbHBIX TEePEMEHHBIX
B OUpaHUYIEHUs 33149 SBJISAETCS CTAHIAPTHON TEXHUKON Mpeobpa30BaHMs HEPABEHCTB K
BUJY PaBEHCTB.
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B =1, tak uto £ = —B7!N = —N. Oanaxo cTaHjapTHBIi HaYaIbLHbIT
0a3uc sBJISIETCS B HEKOTOPOM CMblII€ MCKJIIOYEHHEM, ITOCKOJIbKY BCE COBpe-
MeHHBIE MTaKeThl JTUHEHHOTO MPOrPaAMMUPOBAHUS UCHOJB3YIOT T€ WJIN WHbIE
MIPOIEIyPhI JJisi (POPMUPOBAHUS MEHEE TPUBUAJILHOI'O HAYAJILHOTO Oasuca.
To ke camoe OTHOCHTCS M K MOBTOPHOW ONTUMU3AIUU, HAIIPUMED, [IPU UC-
MTOJIb30BAHUM TEXHUKU T'€HEPAIUU CTOJIONOB, T/ie HAYAJIbHBIM 0a3MCOM CIIy-
JKUT ONITUMAJIBHBIN 6a3UC peayIupoBAHHON 38 a4,

3.3 Ilpoeknmonnblii MeToa HauboJiee KPyTOro peopa

Ipoexyuornoiti memod Haubosee KpYymozo pebpa SBISTETCS PA3BUTHEM METO-
Jla HamboJsiee KPyToro pebpa, pacCMOTPEHHOTO B MPEJBLIYINEM TOApa3ieie.
OcHoBHASI BJ€sT 9TOTO METO/[A COCTOUT B TOM, YTOOBI H3MEPSTE yIUIbI j (3.3)
HEe B MIPOCTPAHCTBE BCEX TEepeMeHHBIX K™, a B HEKOTOPOM TO/NPOCTPAHCTBE
V C E™, HAa3BIBAEMOM 3MAAOHHDIM, KOTOPOE TAK>Ke OCTAETCS HEM3MEHHBIM
Ha TMPOTSKEHUH JIOCTATOYHO OOJIBIOTO UHCIa UTEPaIyii CHMILIEKC-METO/IA.
Jpyrumu cjoBamu, B 9TOM MeToze BMecTo (Gopmysbl (3.3) UCHOIB3yeTcst
dopmyna: '
(Azi,)TVzy

v (3.16)
[Azy [|[[Vav]]

S¥; =
rae Az{, u Vzy — IPOEKINH, COOTBETCTBEHHO, BEKTOPOB Azd u Vz na sta-
Jioruoe nogpocTpancTso V. [Ipu 3ToMm ¢ mpakTuveckoit TOUKN 3peHust Hau-
60J1e€ TIOIXOISIIIINM STAJIOHHBIM TTOITPOCTPAHCTBOM SABJISAETCS KOOPIUHATHOE
noONPOCMPANCME0, ONPEJIEIIeMoe HeOA3UCHBIMU EPEMEHHBIMI HA HEKOTO-
pOit TPOU3BOJILHO BHIOPAHHON MTEpAINN CHUMILIEKC-METO/IA.

Ipumeuarue. IIpaBoMOYHOCTDL BBIOOPA TOANPOCTPAHCTBA HEDAZUCHBIX
MMEPEMEHHBIX B KATECTBE STAJOHHOTO UMeeT cjeayiomee obocHoBanue. [1pn
paccMoTpeHnr TabJIMYHOrO CUMILIEKC-MeToa (eM. 1moapas. 1.4) 6b110 oTMe-
9eHO, 4TO IpeobpasoBanHas 3a1ada (1.25)—(1.28), umeromas MecTo Ha OT-
JIEJIHHOM UTepaIun CUMILIEKC-MeTO/1a, 9KBUBajenTHa ucxoaHoi JII1-3amaue
(1.1)—(1.3). Ecam uckiounTsb GasucHble I€peMeHHbIe U3 IPeodpasoBaHHOI
3aJIa4N, TO MBI TIOJTYIIM CJIEIYIONIYIO Pedyuuposantyio 3a1ady:

z=d zn + dy — min

Ilp <Exn+g<up
INn <zy <uny

DTa peayupoBaHHas 3a/1a9a, OYEBUIHO, TAKYKe SKBUBAJIEHTHA UCXOIHOMN 3a-
Jade, HO BKJIIOYAET TOJIbLKO HeDA3UCHDBIE ITePEeMEHHBbIC UCXOIHON 3aatu, KO-
TOpbIE MOYKHO PaCCMATPUBATL KaK OOBIYHBIE IEPEMEHHDBIE PEIyIINPOBAHHOMN
zagaqau. TakuM oOpa3oM, IPOCTPAHCTBO BCEX MEPEMEHHBIX PEIyIIUPOBAHHOM
3aJa9d — ITO MOAIMPOCTPAHCTBO HEOA3MCHBIX MTEPEMEHHBIX MCXOIHON 3a1a-
i, BRIOPAHHBIX HA COOTBETCTBYIOIIEH uTepamuu cuMmiiiekc-meromna. Cremno-
BaTeIbHO, METOJ Hanbojiee KPyTOro pedbpa B IPOCTPAHCTBE BCEX TIEPEMEHHBIX
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MPUMEHUTEHHO K PEIYyIUPOBAHHON 3a/jaue SKBUBAJIEHTEH MPOEKITMOHHOMY
MeTO/y HamboJiee KPyToro pebpa B MOAIMPOCTPAHCTBE HEOA3NUCHBIX TTePEMEH-
HBIX TPUMEHUTEHHO K MCXOIHOM 3a/1ade.

Paccmorpum BBIBOJL COOTBETCTBYIONIX (POPMYJI, MOJIATAsT, ITO BEKTOD-
npupamenne Azl mveer sug (3.2).

IIycte V' — sTayioHHOE KOOPIMHATHOE IMOIIPOCTPAHCTBO MEPEMEHHBIX,
KOTOPO€ TEPBOHAYAJILHO (T. €. Ha HEKOTOPOI MPOM3BOJILHO BHIOPAHHON WTe-
paIyu CUMIIJIEKC-METOJIa) COBIAIAET € MOAIPOCTPAHCTBOM HEOA3UCHBIX II6-
pemeHHBIX. OmpeeinM CIeTyIoNHe BCIOMOTATEIHHBIE BETUIUHBI JJIT TEKY-
mero basucas:

[ 1, ecm (zp)i€V

i = { 0, ecmu (zp); €V (3.17)
1, ecm (zn); €V

05 = { 0, ecmu (zn); €V (3.18)

Omnyckast nepecranoodnyio Marpuiy II B dopmyse (1.11), MoxkuO cun-
Tarh, uto Azl = (Azly; Az’y) u Vz = (Vzp; Vzy), rae nogsexropbl Azl 1
V ZB COOTBETCTBYIOT GA3MCHBLIM IIEPEMEHHBIM T g, a II0J[BEKTOPLI Aasgv uVzay
COOTBETCTBYIOT HeOA3HCHBIM HepeMeHHBIM T . [103TOMy IPOEKINH yKa3aH-
HBIX BEKTOPOB Ha HOJIPOCTPAHCTBO V GyIyT paBHLL:

Aa:{/ = (nAx%; (SAl’g\[), (3.19)

Vzy = (nVzp;dVzy), (3.20)
rae n = diag(n;), 6 = diag(d;) — nmaronamsusre (0,1)-marpuipt. (Apyravu
CJIOBaMH, IPOEKIUsS BEKTOPA Ha IIOAIPOCTPAHCTBO V' MOJIydaeTcs B pe3yilb-
TaTe 3aMEHBl HyJIsIMH T€X €r0 KOODJIMHAT, KOTOpbIe He BXOZAT B V.)

O6parnmcst BHaYase K CKaJISIPHOMY IIPOM3BEJICHUIO B THCIUTEIE (POPMY-
st (3.16). Ucnonbsyst coorromenust (3.19) u (3.20), a Tak»Ke yIUTBIBasL, 9TO
n'n=nnéT§ = 4§, nomyanm:

(Az])TVzy = (Aal) 0 nVzp + (Axly) 676V 2 = 1)
j .
B

= (A2 TV zp + (Aa:gv)Tév,zB = (A2 TV zy.

B smo6om 6asuce ucxonnast nenesas dyukius (1.1) sKkBuBajieHTHA 11€5TI€-
Boit yHKIIN mpeobpaszosamHoil samaun (1.25).22 CrenosaTebHo, TpH Hc-

2Menenyro byuxmuio npeobpasosannoit 3agaau (1.25) MOXKHO MOSYYUTH BHIYHTAHE-
€M U3 WUCXOMHOMU IIesIeBO# (DyHKITIH (1.1) JIMHEHHOW KOMOMHAIINKA OTPAHUYIEHUA-PABEHCTB
(1.2), ecu B KadecTBe KO3(MDMUIUEHTOB ITOH JIMHEHHONH KOMOMHAIMH UCIOIb30BATH CAM-
IJIEKCHBI€ MHO>KUATEJIN T; ( 1.16). 3ameTnM, 9TO KO3 MOUIINEHTHI OTIETBHOTO OTPAHUIEHUSI-
PaBEHCTBa OIIPEAEJIAIOT BEKTOP, OPTOIOHAJIBHBIA K IIJIOCKOMY MHOXKECTBY (a(beI/IHHOMy
IIOANIPOCTPAHCTBY) TOUYEK, YJIOBJIETBOPSIONIMX CUCTEME OrpaHudeHuii-pasexcts (1.2), mo-
9TOMY JIMHEHHAsT KOMOWHAIIUST TAKMX BEKTOPOB TaKiKe OyIeT 00Ja1aTh 3TUM CBONCTBOM
oproronajbaocTr. OTCIONA CIIEAyeT, 9TO IPAJINEHThl SKBUBAJEHTHBIX HEJEBbIX (DYHKIIHI
OTJINYAIOTCA APYT OT JApyra JIUIIb 3TOH OPTOrOHAJIBHOI COCTaBJISIONIEH.
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nosb3oBanun (opmyiist (3.16) Mbl BpaBe cuuTaTh, YTO HAYMHAS C TO UTe-
panun CHUMILIEKC-MEeTOa, KOTIa BBIMOJIHSAETCS (PUKCAIUST STAJOHHOTO ITOI-
pOCTPaHCTBa V, MBI BMECTO MCXOIHOI IesreBoil GyHKIHU z = cla + cg
UMeeM JIeJIO C 9Keusasenmmol 1eaeBoil dyHKImel mpeodpa30oBaHHON 3a1a-
yn z = dlay + dy [uIs yKa3aHHOH HAYAIbLHOH HTEpAINN, KAK €CJH Obl
HUCXO/IHOM OblLIa 9Ta SKBUBAJEHTHAs IejieBast pyHKIMsI. [IoCKOIBbKY ke Ha
STON HavajubHON mrepanuun 6 = diag(d;) = [ (eauHHMYHAs MAaTpHIA), TO
Vz=Vzy = (0;d), orkyna ¢ yaerom (3.5) cieiyer, 9To

(A TV 2y = (A29)TV 2 = dj. (3.22)

BaykHo 0TMeTHTD, 4TO oTHOCUTe bHbIe onenkn d; = (Ax?)Vz jyist nexos-
HOIl 1eJIeBo#l PyHKIUN 2 = L+ cond; = (Aa:j )TVZV JITA 9KBABAJIEHTHON
1eJsieBoit pyHKIUN 2 = dT N +do (e d m x OTHOCSATCSI K UTepPaIn, Ha KO-
TOPOI TPOUCXOIUT (DUKCAIIUS ITATOHHOTO HOAIIPOCTPAHCTBA) OYAYT OJHUMI
U TEMU K€ Ha BCEX MOCJIELYIONUX NTEPAIUAX CUMILIEKC-METO/Ia BCIEJICTBUAEC
SKBUBAJIEHTHOCTU TeJIeBbIX (byHKIMiA. [TosToMy s1jisi BBIYMCIEHUs] OTHOCH-
TEJbHBIX OIEHOK j, KOTOPBIE OTHOCSATCH K SKBHBAJEHTHON Iie/IeBOil (byHK-
[U¥, HUKaKas 3aMeHa Ko OUIIMEeHTOB NCXOMHON 11e1eBOit (DyHKIMH HE Tpe-
Oyercs.

[MoscranoBka cKaJsipHOTO IIpousBe/ieHust u3 (3.21) B uncauresns dhopmy-
bl (3.16) ¢ yuerom (3.22) gaetr cielyolee BbIpayKeHHe JIjisk HHTEPECYOIIEro
Hac yriia (IOJ4epKHEM, YTO Telepb Mbl PACCMATPHBACM YIOJI MEXK/LY IPOCK-
upeii Bekropa-upupamenus [|Azy, || u npoexuueii rpauenra | Vzy || oxeusa-
AeHmHol 11e1eBol (DYHKIMH, 9TO OJHAKO HE MEHSIET CYIIEeCTBa JIEJIa):

d;

—d (3.23)
Az || Ve |

S(pj:

Tax xkak Vz = const u sTaj0oHHOE TMOAMPOCTPAHCTBO V' HE 3aBUCUT OT Te-
Kymero Gazuca (ocraercs Hem3MeHHBLIM), To Vzy = const.?? Tlostomy mis
IIPOEKIIMOHHOIO MeTOa Hanbojiee KpyToro pedpa BbIOOD HanbOIee MOIX0 s~
mieit HeOa3UCHOI IepeMeHHOIT (), OIIpeessaeTcst CAeAYIOMIM IPABUIOM:

% = max Lj‘,, (3.24)
Az || Ged || A
KOTOPOE sIBJISI€TCsT aHAIoroM pasuia (3.9) jyist 06bIMHOro MeTo/a Hanbotee
KpyToro pebpa (cM. moapas. 3.2).

Ilepeiiem Temeph K HOpMaM IPOEKINI BEKTOPOB-IIPUPAIIEHUN Ha dTa-
JIOHHOE TToAIIpocTpancTBo. M3 dopmysn (3.2) u (3.19) cremyer, uro

Al’{/ = (nl{lja e ,nmfmj; 0, ey 5]‘, N ,O), (325)

230ueBnno, uro Vz = V2 B COOTBETCTBHHI C ONPEJIEIEHHEM JaHHOIN 9KBHBAJIEHTHOI
1e1eBoit (OyHKIIHH.
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OTKY/da:

m 1/2 1/2
i (T ra) - (Tars) . om

=1 1€ER
rne R={i:n =1} = {i : ()i € V} — MHOXKeCTBO HHJEKCOB OA3UCHBIX
[IePEMEHHBIX, [IPUHAJJIEZKAIIUX ITAJTOHHOMY IIOJ[IIPOCTPAHCTBY.
Beegem gyist y06cTBa BEMIHHBL:

vi= AP =6+ & j=1,....n—m, (3.27)
i€ER

KOTOpBbIe aHajaorngubl Beananaam (3.10) B 06braHOM MeToe Hambosee Kpy-
TOrO pebpa, U JOMYCTUM, UTO JJIsI TEKYIIero 6a3mca 9TH BEJUTUHBI yKe 13-
BecTHBL. JloIycTHM Tak>Ke, 9TO B CMEKHOM Oa3rce IepeMenHast (L), CTaHO-
BUTCs HeOA3UCHOM, a (X ), — OA3UCHOIL, T. €. BEYIIIM 3JIEMEHTOM CHMILIEKC-
Tabmunbl ABigercs §,y. Hac unarepecyror dbopmMybl nepecueTa BeJIUUNH 7,
JIJIST CMEXKHOTO bazuca.

Paccmorpum BHavasie mepecder BeTMYHHEBI 7Y, JJIs BEJYIIETO CTOJIONA
( = q). B coorBercrBum ¢ (3.27) umeem:

_ = —2
Ty =04+ Y &y
i€R
Tak xak B cmexkHOM 6azuce (Tp), u (TN)q MEHSIOTCA MECTaMU, TO 7, = Jg,
dg = np 1 R\{p} = R\{p}. [osromy:
Vo =00 +Tiplpg + D Eg=1p+0aCpq+ > &
i€R\{p} i€R\{p}

Ucnonbayst bopmysier nepecyera (1.33)—(1.36), momyuanm:

1\2 13 2
wenen(d) 3 ()"
R ey N7

e 3, (6)
<§pq T]p+ Z épq 7

icR\{p}

3aMeTum, 9To:

) ()
2(5 &) "

IIO9TOMY:

i€R\{p}

B 1)? ANER! )
= (o) () - o (6 e,
é-pq icR qu gpq iCR

OTKya cJjieayeT, 9To:
_ 1
Pq
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PaccmoTpuM Teneph IepecdeT BEJIMYHH 7y, JIIs OCTAaJIbHBIX CTOJIOIOB
( # q). B coorsercruu ¢ (3.27) nmeem:

_ < =2
7 =05+ )&y
i€R
Hockoubky j # ¢, TO J; = &;. Kpome Toro, Kak yzKe GbLIO OTMEUEHO BbilIe,
M, = 6 m R\{p} = R\{p}. [losromy:
_ = =2 =2 =2 =2
V=0 Myt D Gy =0+ Y &
i€R\{p} ieR\{p}
Ucnonbayst bopmysier nepecyera (1.33)—(1.36), nomyuanm:
_ &) Eigoi \’
yj:5j+5q<§m + Z §ij — ng
pq i€R\{p} pq

3aMeTum, 9To:

e N2 A\ 2 e N2
Z <£’LJ _ glqu]> — 77p (gp] _ gpqu]) 4 Z (5@] _ glquj)
gpq qu ‘Spq

ek icR\{p}

_ L 5iq§pj>2
> (&; o)

icR\{p}

II03TOMY:

N 2 e N2
Vj =05+ 0 <§m> + <£m’ - &qu]) -
Epg Py Epg
= 0; + 4, <§Z> +3 ey <£§f:ﬂ) 2} Efﬂifm _

i€ER i€ER 1€ER

(5 +Z@J) (52) <5q+253q> -2(Z) et

1€ER i€ER i€ER

OTKYZa CJIeJIyeT, UTO:

7]' =75+ <€P]) Yq — (§p]> nggzq
qu épq

i€ER

m

Cymma g &ii&iq = E &ijNi&iq MPeJCTaBIsgeT coOOll CKaIaApHOe IIpou3Be/ie-
i€R i=1

Hue j-ro crosbia cumiuiekc-Tabmmnpt 25 = (&;;) = —B~IN; u Bekropa HZ,,
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rae =24 = (&g) = —B_qu — ¢-it (Bemymuii) crosber; CUMILIEKC-Tab HIIbI,
H = diag(n;) — nuaronajbHast MATPUIA, COCTABJICHHAST 13 BeanduH 1; (3.17).
[TosTomy:
=T (7= T T 77—
> &ijkiq=E] (HZ,) = —N] BTHE,.
1€ER

Taxum 06pa3oM, OKOHIATETHHO Oy TaeM:

Vi =+ (Z;) Yo +2 <§Z> N/'B THZ,. (3.29)

MoxHo BuzieTh, uro dbopmyssl nepecdera (3.28) u (3.29) coBnajaior c
anasornaHbiMu popmynamu (3.11) n (3.12) st 06bMHOrO MeTona HAnbo-
Jiee KpyToro pebpa. Enuncreennoe oTimdne COCTOUT B TOM, UTO B popmyJie
(3.12) obpaTHOE MpeodbpazoBaHue IPUMEHSIETCST HEIIOCPEICTBEHHO K BEJLyIIe-
My CTOJIOIY CHMILIEKC-TabJnIbL 24, & B dopmyie (3.29) — k BekTopy HE=q,
KOTOPBIii MOJIyYaeTCsl 3aMEeHON HEKOTOPDIX 9JIEMEHTOB BEJIYIIEro CTOJIONa Hy-
gsmu. Takum obpazoM, oba MeTo/a UMEIOT OJWHAKOBYIO BBIYUCIUTEHLHYIO
TPYJIOEMKOCTb.

Kak u B ciry1uae 06bI9HOTO MeTo/1a HanboJiee KpyToro pebpa, MHOTOKpaT-
HbIl TIepecder BeawduH 7y; 10 dopmynam (3.28) u (3.29) Moxker mpuBecTH
K OTKJIOHEHUIO 3THX BEJIMYUH OT MX TOYHBIX 3HAYEHHUH BCJIEJICTBUE ONMOOK
okpyrienus. [TosTomy, 9T00bI yMEHBINIUTE BIUSHAE TAKAX OMIUOOK, MOYKHO
OPUMEHSITh TY K€ TeXHUKY, 4To u panee. Tak, B dopmyie (3.28) pekomen-
JIyeTcsl HCIIO/Ib30BaTh He TEKyIlee 3HAYCHNE Yq C IIPEbIILyIell nTepamnn, a
6oJiee TOUHOE 3HAYEHUE STON BEJUIMHDI, BBIYUCIECHHOE HEIOCPEJICTBEHHO 110
dbopmyse (3.27):

Yo =0q+ )& (3.30)
1ER

Kpowme Toro, M0KHO 3aMEeTUTD, UTO:

= —2 —2 —2
v; :5j+Z§ij:5j+5q§pj+ Z §ij =
icR i€R\{p} (3.31)

2 i\’
95 + 5quj = 0; + (;J) :
pq

Taxum obpasoM, eciu BesieJCTBHE OMMOOK OKPYIVIEHHs! 3HAYEHHUE 7, BbI-
quciaentoe mo dopmyse (3.29), okasblBaeTCs MEHbINE, YeM I[paBasi 9acTb
HepasencTBa (3.31), To B KauecTBe 60JIee TOTHOTO 3HATCHHST 7Y ; IMEET CMBIC]T
HCTIOIL30BATD BEJIMIUHY B TIPABOH JaCTH YKA3aHHOTO HEPABEHCTBA.

Jomycrum, arto p-s1 (Begymiast) cTpoka &, = (&p;) U ¢-it (Bemymmit) cros-
Ger =4 = (&) TekymIei cuMILTIEKC-Tab/NIIbL y2Ke BhrauceHsl. Torga mpakru-
YecKasl CXeMa IIepecteTa BeJIMINH y; JIId CMEXKHOro 6a31ca B COOTBETCTBHIH C
ITPOEKIIMOHHBIM METOIO0M Hanbojiee KPyToro pebpa MOKeT ObITh CJIe Iy IOIIeit.

v
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1. BerauciuTe 60iee TOUHOE 3HAUEHME 7Y, JJId TEKyIIero 6asmca:
_ Z 2
Vg = 5‘1 + giq'
1€ER
2. Beraucsinth BCroMoraTe/ibHbIA BEKTOD, UC0Jb3yst oneparmio BTRAN:

u = B_T(HEq)u

rie H = diag(n;) — aumaronanbHasi MaTpuIia, COCTaBJICHHAsS U3 BEJUYUH 1);.
3. Bemoanuts nt. 4—6 nng j=1,...,q— 1,9+ 1,...,n—m.
4. BblUUCIUTD BCIOMOTATEIBHYIO BEJTMIUHY:

rj = &pj/Epg-
5. BbI‘{I/ICJH/ITI) BCIIOMOTr'aTe€JIbHOE CKaJIsIpHOE ITPOU3BEICHUEC!:
AT
sj = Nj u,

rae N;j — j-it cronben marpunsl IV, T. €. crojben MaTpuibl KoaddunuenTos
orpanmdennii A, coorBercTByoONMil HEGAZUCHOIT TepeMeHHOM (T );.
6. BeraucsmTs Bemuny 7, JJ1s CMEKHOrO basnca:

y; = max(y; + r]2-7q + 2755, 6; + 5qr]2-).

7. Boraucjmrb BEJIMINHY 7{1 JJIgd CME2KHOTI'O basuca:

=~ _ 2
’Yq - ’YQ/gpq' n
IMocrentee 3aMedanie KacaeTcsl UCIOIb30Baust paBuia (3.24). Yrobsl
, j 1/2
HE U3BJICKATH KBaJIPATHLI KOPEHb JJIst BHIMUCICHHE HOPMBI ||A{, | = 'yj/

pHu BeIOOpe HEOA3UCHOIT IEPEMEHHOM (TN )q, MOKHO UCIOJIb30BATH SKBUBA-
JIEHTHOE IPABUJIO, KOTOPOE COBIaaeT ¢ npasmioM (3.15) u3 mogpasm. 3.2:
d; 4j
— = max —. (3.32)
Vg  IES
IIpoexmmonnbrit MeTo HambOIEE KPYyTOro pedpa MMeeT Te 2Ke IOJIOXKU-
TeJIbHbIE CBOWCTBA, UTO U OOBIYHBIN MeTOJI HanboJyiee KPyToro pebpa B mpo-
CcTpaHCTBe BcexX mepeMeHHbIX. OJIHAKO BO3MOXKHOCTB NEPEONPEIEACHUA ITa-
JIOHHOT'O TIOJIIIPOCTPAHCTBA Ha JIIOOON UTepaIlinu CUMILIEKC-METOIA TI03BOJISET
n30aBUTHCS OT OCHOBHOT'O HEJOCTATKA, IIPUCYIIETO OOBIYHOMY METOJYy Hau-
boJiee KpyTOTrO pebpa M CBA3AHHOIO C HEOOXOAMMOCTBHIO BBIYHMC/IEHUS] BCEX
CTOJIOLOB CUMILIEKC-TA0JIUIIbI.
Hawanbnoe onpeesienne (MHUIUAIA3AINS) U IEPEOIPEICICHAE STATOH-
HOTO MOJIITPOCTPAHCTBA BO3MOXKHBI Ha JIFOOOI UTEpAIMN CUMILIEKC-METO/Ia
U COCTOAT B TOM, YTO ITAJOHHBIM ITOIIPOCTPAHCTBOM CTAHOBHUTCH TEKYIIEE
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MTOJIIIPOCTPAHCTBO HEOA3UCHBIX IIEPeMEeHHBIX. B cooTBeTcTBUEN ¢ hopMyiaMu
(3.17) u (3.18) sro oznavaer, uro 1; = 0 mius Beex i = 1,...,m (a 3HauwrT,
R=0)ud; =1nnascex j =1,...,n—m. Takum 06pa3zom, Kax 3T0 cjeyer
u3 (3.27), cpasy 1ocjie MHUIUAJIN3AIUE UM [epeolpeieieHusl TaJIOHHOTO
HOJIIPOCTPAHCTBA UMeeT MecTo v; = 1 jia Beex j = 1,...,n —m.

TTockombKy MPOEKIIMOHHBIN MeTO I, Hanbojee KpyToro pebpa OCHOBaH Ha
U3MEPEHUN YIVIOB B IIOJIIPOCTPAHCTBE, & HE BO BCEM IIPOCTPAHCTBE IIepe-
MEHHBIX, TO BpeMsi OT BpeMeHu (Hampumep, depe3 kaxkipie 500 mmu 1000
UTEepaIii CHMIIJICKC-METO/[a) PEKOMEHJIYeTCs BBIOJHATH II€PEOIPE/IC/ICHIE
9TAJIOHHOT'O ITO/IIIPOCTPAHCTBA..

B zaksioyenne orMeTuM, YTO NPOEKITMOHHBIA MeToJ| Haubojee KPyTOro
pebpa o CyIIecTBY COBHAJAET ¢ METOJIOM orennBanusi Devex [8] (em. mos-
pasj. 3.4). OCHOBHOE OTJIMYKE COCTOUT B TOM, UTO B JIAHHOM METOJIE BECOBbIE
MHOXKHUTENN 7, (3.27) ImepecunThIBAIOTCS TOYHO, KaK 3TO OBLIO IPEJIOKEHO B
crarbe [10] X. I'punbeprom (H. J. Greenberg) n Txx. Kasanowm (J. E. Kalan),
a B MeTozie Devex UCIIOJIb3yeTcst UX JIOCTATOYHO Ipybast arrpOKCHMAIIHS.

3.4 Metona onilennBanusa Devex

Memod ouenusarus Devexr — 310 MeTos BbIOOpa HEOA3UCHON MEPEMEHHOI,
KoTopbIii Obu1 mpesyiozken 1. Xappuc (P. M. J. Harris) npu paspaborke
cucrembl Devex [8]. Xappuc nepsoii obpaTuia BHUMaHHE Ha aCHMMETDPUIO
npasmiia Jlannura u UCxo/sd U3 SMIMPUIECKUX COOOPaKEHUl IpeJIoKIIIa
U3MEPSITH YTOJI MEXKJTy BHIOMpaEeMbIM HAIIPABJIEHUEM U T'PAJUECHTOM I€/I€BOI
bYHKIMM He B TEKYIIEM IOAIPOCTPAHCTBE HEDAZUCHBIX HEPEMEHHBIX, KOTO-
poe U3MEeHsieTCsl Ha KaxKjoii urepaiuu, a B (DUKCUPOBAHHOM (3TAJOHHOM )
ITOJIIPOCTPAHCTBE.

Uctopudecku meroy oneHnBanusi Devex ObLT IIEPBBIM METOJIOM BBIOOpA
HeGA3KMCHON [IepeMeHHOli, B KOTOPOM HCIOJIb3YeTCsl ujlest ITaJIOHHOIO (Hems-
MEHHOI'0) MOJIIPOCTPAHCTBA. DTOT METOJ, [0 CYIIECTBY COBIIAJIAET C IIPOEK-
IIMOHHBIM MeTojloM Hambosiee KpyToro pebpa (cum. moppasi. 3.3). Ero ejaun-
CTBEHHOE OTJIMYHE COCTOUT B TOM, UTO JIJIS IIEPECUETa MACIITAOUPYIONINX Be-
JIAYIRH (3.27)%* Xappuc ucromb3yer npubIHKEHHYI0 (hOPMYIy, KOTOPYIO
MOKHO TTOJTy9IuTh 13 popmynl (3.29), ecin 0OTOPOCATH MOCIIEHEE CIATAEMOE:

2

— ‘Spj

ks ( Vg (3.33)
€pq

B manHoM citydae Tpebyercs JIMIIBb OJHA Ollepaliisi 0OpaTHOro Ipeobpaso-

Banusi (BTRAN) Ha KaxK/10if uTepanuy CUMILIEKC-METO/IA JJI BBIYUCJICHNUST

3JIEMEHTOB BeJyIeil CTPOKN CHMILIEKC-Tad/uIpbl &, = (fpj),% [IO9TOMY HC-

*'B craTbe [8] BMecTO BesMuUMH 7y; HCHIONB3yIOTCA camn HOpMbL Tj = \/4; = Az,
KoTopble Xappuc HasblBaeT «tread» (aHIVI. — IIMpHUHA XOMA).

2531 cTPOKA TAKIKE UCTIOTB3YETCS /ISl ePeceTa OTHOCUTETBHBIX OIEHOK HeGA3UCHBIX
nepeMeHHBIX (cM. moapasz. 2.3).
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[IOJIb30BAHNE METOHa OLEHUBaHUA Devex I03BOJIIeT COKOHOMUTL OIHY OIle-
paruio BTRAN Ha Kazk10il uTepaluu 110 CpaBHEHUIO ¢ METOJaMKU HauboJiee
KpyToro pebpa.

Jomycrum, arto p-s1 (Begymiast) cTpoka &, = (&p;) U ¢-it (Bemymmmit) cros-
Ger =, = (&) TekymIeil cuMILIeKC-Tab/nIbL y2Ke Beraucaensl. Torga mpakru-
yecKas CXeMa Ilepecuera BeJMYHH 7y, JIJI CMEXKHOro 6a3nca B COOTBETCTBUH
¢ MeTosioM oreHuBanus Devex MoxeT 6bITh ciaeayommeii. (31ech canraercs,
YTO STAJOHHOE HOAIPOCTPAHCTBO V IIEPEMEHHBLIX OIPEIEICHO MOCPEICTBOM
Bestrand 1); (3.17) 1 6; (3.18) TouHO Tak Ke, KaK U B CJIydae IPOEKI[MOHHOIO
MeTosia HanboJiee KpyToro pebpa.)

1. BerancanTs TOYHOE 3HAYEHME BEJMYUHBI 7Y, JJIS TeKyInero 6asmca:

Vg = 5‘1 + Zf?qv

i€ER

rne R={i:n; =1} = {i: (zB); € V} — MHOXKecTBO UH/IeKCOB GA3UCHBIX I1€-
PEMEHHBIX, IIPUHAJJICZKAIINX STAJTOHHOMY MTOANPOCTPAHCTBY. (3aMeTnM, 4To
B cooTBeTCTBHU C GopmyJIoit (3.33) BEIMYUHBI Y; MOHOTOHHO BO3PACTAIOT.
[TosToMy eci BBIMUC/IEHHOE TOYHOE 3HAUCHHE Y 3HAYUTETLHO OTJINYaeTCs
OT €ro TEeKYIIEro Mpub/IMKEHHOTO 3HAYCHUS, CJIEJYeT MEPEOIPEETUTh ITa-
JIOHHOE ITOZIIPOCTPAHCTBO. )

2. Berunemrs Bemaunel 5, j = 1,...,q—1,q+1,...,n—m nna cmex-
HOTrO Oasuca:

Vi =t (5pj/qu)27q-

3. BpruucauTh Beslmauny g JJis CMEXKHOro Dasuca:

Tq:fYQ/é.;Q)q .

Bai6op HebGasucHOIT mepeMeHHOM (X )q BBIIOIHSETCS 1O mpasmiy (3.32)
AHAJIOTMYHO TOMY, KaK 3TO JeJIACTCs IIPU UCIOJIb30BAHNN IIPOEKINOHHOTO Me-
Tozta HanboJsiee KpyToro pebpa. HauasbpHoe onpeesenne (MHUIMAIA3AINS) 1
IEPEONpPEeIeICHIE STAJOHHOTO IOAIIPOCTPAHCTBA TAKKE BBITOJHAIOTCS aHa-
JIOTUYIHBIM 0Opa30M.
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4 Bpi6oop 6a3ucHOIT mepeMeHHOit

B cooTBeTrcTBHUM ¢ TPUHITNNHAIBLHON CXeMOH CHMILIEKC-METOIa, PACCMOTPEH-
HO#1 B KOHIIE TIojipas . 1.3, Ha mare 3 Tpebyercs onpeaesnTsb Oy, — abCcoIroT-
HYIO BEJIMYUHY IPUPAIIEHUs BLIOPAHHONW HEOA3UCHON ITepeMeHHOM (J:N)q, u
TeM caMbIM BBIGpaTh (mar 4) 6azucHyro nepeMennyio (2 ),,20 Kotopas mep-
BO{i IOCTHIAeT CBOEH IPAHUIIBI IPU U3MEHEHNH (TN )q B JOIYCTHMOM HallpaB-
sieanu. C reoOMeTpUYecKOil TOYKHU 3peHrs BIOOD OA3UCHON ITepEMEHHON COOT-
BETCTBYET OIPEJIEJIEHUIO TPAHU (TUIIEPILIOCKOCTH ), COOTBETCTBYIOIIEH (HIXK-
Hell WiIi BepxHeit) rpanuie 6a3uCcHOi IepeMeHHOI, KOTopast (TpaHb) BCTpeda-
eTcs TIepBOii TIEPBO#i IPH JIBUXKEHUN BJIOJIb peOpa MHOIOIPDAHHOI'O MHOXKECTBA
nponyctuMmbix pemtenunit JIT1-3ama4un, ncxomsmiero nu3 Tekyuieil BEpIInHbI U CO-
OTBETCTBYIOIIEr0 BHIOPAHHON HEOA3UCHON IIEPEMEHHOM, 1 KoTopasi (IpaHb),
TaKUM 00pa30M, OIpeesIsieT CMEeXKHYIO BEPIIUHY, [Jle 9Ta TPaHb CTAHOBUTCS
AKTUBHBIM OTDaHUYCHUEM.

st yuporeHusi W3JI0XKeHUsI BCIOJIy B JAHHOM pasjiejie BMECTO TDaHUIL
nepemennbix obmero Buga | < x < u (1.3) paccmarpuBaercst mpocTeiiniee
YCJIOBHE HEOTPHUIIATEILHOCTH TiepeMeHHbIX x > 0 (T. e. cayyail, korga | = 0 u
1 = +00), 9TO, OJHAKO, He BJIUSET Ha OBIIHOCTD TIOJTy9aeMbIX Pe3yTbTaToB. 2’

B ykazamnom mpocteiiiiiem ciiyuae aKk TUBHON IpaHulieil BLIOpanHoit neba-
3UCHOIT IlepeMeHHOi (2 ), B TeKyIIeM 6a3sHCHOM PeIleHIN MOZKET ObITh TOJIb-
KO ee HIKHsisl HyJleBasi rpaHuiia, nosromy u3 (1.18) ciemayer, uro s = +1 u
(xn)q = 0, 1. e. 3HaUeHne BBIOPAHHON HeOA3MCHON II€PEMEHHOl COBIIAIAET
C TapaMeTpPOM JIyda, BIIOJb KOTOPOIO IMPOUCXOJUT JIBUYKEHHE. 3aBUCUMOCTh
(1.19) ornenbhoii 6asucHoil epeMenHo# (zg); OT § B 9TOM cilydae IPHHE-
MaeT BUJI:

(xB)i = Bi + &igh, (4.1)

rae B; > 0 — 3nadenue (rp); B TeKylleM Oa3sHCHOM pelleHnn, &;; — I€MEHT
cumiuiekc-Tabumiet (1.9). Tak Kak B paccMaTpuBaMOM ciiydae GasuCHBIE T1e-
peMeHHble TakzKe NMEIOT HyJseBble (HirKHne) rpanunsl, To u3 (1.20) ciaemyer,
970 (2 B); MOXKET JIOCTHYb CBOEH HYJIEBOI I'DAHUIIbI JIUIIE YObIBAs, T. €. KOIJIa
ig <0, mpu 0 = 0; > 0, rze
_Bi
éiq ’
CooreercrBenHo, npasuio Beibopa (1.21) 6asucHoii nepemenHoit (zg)p upu-
HUMAET BH/I:

0; = (4.2)

Omin = 0p = gml<% 0;. (4.3)
iq

26TockonbKy GasHCHBIE TTEPEMEHHBIE COOTBETCTBYIOT CTPOKAM TEKyIIel CHMILIeKC-Tab-
qunpt (1.8), TO JaHHYIO OLEPAIMIO YACTO HA3BIBAIOT 66l00POM CIMPOKU.

2"Tax xax JITT-3amaqy (1.1)—(1.3) Beeraa MokHO TPeoGPa3OBATH K SKBUBaTeHTHOH JITIT-
3a/iade ¢ HeOTPUIATEBHBIME IEPEMEHHBIMH.
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4.1 IIpobJiiema BeayIiero sjeMeHTa

Bedywuti snemenm — 310 d1eMeHT &y, TeKyieil cuMiutexc-rabsmiust (1.9),
COOTBETCTBYIOIINI BHIODAHHBIM 0a3uCHOI (Tp), U HeOA3UCHON (XN )y Tepe-

MEHHBIM.
Bamerum BHauase, uTo u3z =, = —B~IN, (2.16) cienyer:
B=,+ Ny, =0, (4.4)
U B Pa3BEpHYTOM BHJIE:
m
Bifiq + Nq = 0’ (4‘5)
1=1

rje B; — i-# cTonbery Tekymeil 6a3ucHoil MaTpuIpl, §;; — - 37IeMEHT g-ro
(Bemyrmero) cTosbria TeKyIe cuMILIeKC-TabanIbl 24, N, — crosber MaTpu-
116l KO3 DUIUEHTOB OrpAHUIEHUI, COOTBETCTBYIONINIT BRIOpDAHHON Hebasuc-
HOI1 IepemenHoit (2 ),. Basucnast MaTpuna ayis cMeskHOro 6asuca B modty-
JaeTcd U3 Marpunbl B 3amenoit cronbmna B, croabrnom Ny. Ilostomy ecm
pg = 0, To u3 (4.5) crejyer, uTO B 3TOM Citydae cToibLl B GyLyT JuHeiino
3aBHCHMBIMH, & 3HAYHUT, [IEPEXO K CMEKHOMY 6a3ucy OyreT HeBO3MOKEH.

JIoru4yHo 02KM1aTh, 4YTO YeM OJIMKe K HYJII0 Oy/1eT BeJIyIInii SJIEMEHT, TEM
XyzKe Oyner oOyc/ioB/IeHa Oa3ruCcHasi MaTPHUIA JJisi CMEXKHOTo 0as3nca, U TeM
xy2Ke Oyaer Tounoctsb pedyabraTos omneparuii FTRAN u BTRAN jyist rakoit
6a3uCHON MATPHUIBI. JTO MOATBEPKIAETCs (DOPMYJIaMU [EPECYeTa dJIEMEH-
TOB CUMILIEKC-Tab/IUIbI TIPU Tiepexojie K cMexkHoMmy Oasucy (1.36) u (1.38)
(M. mompasg. 1.4): ecou Begymmit sjeMenT g OJHU30K K HyJIO, TO u3 &
u d; GyaeT BEIMUTATLCA BEJIMYUHLI ¢ OOJIBIINM HOPSIKOM, YTO H3-3a Orpa-
HUYECHHON Pa3pAAHOCTU MOXKET NPUBECTUA K YACTUYHOU WM ITOJTHON IOoTepe
3HaYamMUX NUdP B UCXOAHBIX BeuIuHax &;; U d;.

Ipaxmura Aunetinozo npoepammuposaHus, NOKA3bEaem, 4Mo NPu PEGNU-
3aUUY CUMNAEKC-MEMOIa NPobAEMA 8EIYULL20 IACMEHTNG ABAAECTNCS 2NAAEEH-
cmeyrwet. Eciin abcoslfoTHAST BeJTUMIUHA BEJIYIIETO JIEMEHTA OKA3bIBAETCST
HEIIPUEMJIEMO MaJIOi, TO OOBITHO 9TO MPUBOANT K CYIIECTBEHHON [TOTEPE TOU-
HOCTH BCEX BBIYHUC/ISIEMBIX BEJIMUNH U, KaK CJIEJICTBHE, K YNCJIEHHOW HEYCTOM-
9UBOCTH METO/IA.

3/1ecb yMECTHO OTMETHUTDH AHAJOTHIHYIO MPODJIEMY, KOTOPasi BO3HUKAET
IpH peajm3annn MeToa uckiodenns Laycca.?® Jlo Tex mop, moka YUIKnH-
con (J. H. Wilkinson) B cBoeit padore [11] He o6parui BuuManue Ha dyHa-
MEHTAJIbHYIO POJIb BBIOODA BEIYIIETrO 3JIeMEHTa, CAUTAJIOCH, ITO METO WC-
KJIOUeHus [aycca sIBJIsIeTCsS 9UCJIEHHO HEHAJIEXKHBIM U MOYKET ITPUMEHSThCS
JIUIST IPAKTHYIECKOTO PEIeHNsI CHCTEM JIUIb ¢ O49eHb MajbiM (He Gosee 10)

28[Tepecuer cHMITIEKC-TAGIMIEL IO (POPMY/IAM U3 TOAPa3f. 1.4 IO CYINeCTBY IIpeICTaB-
Jster coboil ofuH mar MeTo/a ucKIodenus laycca—2Kopaana.
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YHCJIOM YPaBHEHUN M HEM3BECTHBIX. DTO OBLIO CBSI3aHO C TEM, U9TO HEyIad-
HBII BBIOOD BEIYIINX JIEMEHTOB B IIPOIECCE UCKJITIOUEHUsT OOBITHO TPUBOIIIT
K KaTacTpodUIECKON IOTEpe TOYHOCTH U, KAK CJIEJACTBUE, K HEBEPHBIM pe-
3yJIBTATAM.

B ormimume or meroma umckiodenust aycca, riie mMeercss HOCTaTOYHO
Gosbias cBo6oja BEIGOPa BEJLYINEro JeMeHTa (HaIpUMeD, CPey SJIeMeH-
TOB BEJLYIIEro CTOJIONA WJIN CPEN BCEX JIEMEHTOB aKTHBHOMN MOJMATPUIIHI),
BbIOOD 6A3UCHOI NIepeMeHHOl TIoIrHeH yesioBuio (4.3), KOTOpoe IpakTuye-
CKI Cy’KaeT CBOOOy BBIOOpA JI0 €IMHCTBEHHOTO 3JIEMEHTa, 38 MCKJ/IIOUEHN-
eM CJIydaeB, KOIJla HECKOJIbKO OA3MCHBIX [EPEMEHHbIX (T3 ); OJHOBPEMEHHO,
T. €. IIPH OJJHOM U TOM 2Ke 3HadeHun 0; = Oniy (Kak npasmwio, upu Oy, = 0),
JOCTUTaIOT CBOEH HYJIEBOIl I'DaHUIIBI.

ITockombKy BBIOOP HpHEMJIEMOrO IO AOCOIIOTHON BEJIUYUHE BeILyIIero
9JIEMEHTa MMeeT NPUHIUNINAIbHOE 3HaYeHUe I IYUCJIEHHON YCTOMIMBOCTH
CHUMILJIEKC-METOA, TO JIOJIKHBI ObITh ITPEIYCMOTPEHBI MEPhI, TO3BOJISIONINE
YBEeJIMYIUTH ¢BOOOMLY BhIOOpa. K Takmm MepaM MOXKHO OTHECTH:

ocytabsierne yeaosus (4.3) 3a cuer paspenienns He3HAIUTETLHOTO (B Ipe-
Jlesiax JIOMycKa) BbIXOJIa 3HAYCHUI OA3UCHBIX MEPEMEHBIX 3a MPEJIEJIbl CBOUX
TPaHUII;

ocnabyieHne TpaHnI] IePEMEHHBIX;

BBIOOD APYTOi MOAXOIdAIIel HeDa3uCHOI epeMeHHOI (1‘ N)q-

(BepositHo, mocsesitsisi BOSMOXKHOCTD, aHAJIOTHYHAST TaCTUIHOMY BBIOO-
Py BeIyIIEro sjeMeHTa B MeTojle HCKJIOYeHus laycca, siBjisercss HamboJiee
ajiekBaTHOil. OJHAKO B cilydae MOIU(PUIIMPOBAHHOIO CHMILIEKC-METO/IA €e
HCIIOJIb30BaHNE 3aTPYJAHSIETCS TEM, YTO JJjIsl 3TOTO MOXKET ITOTPeOOBATHCS
IIPOCMOTP OOJIBIIOTO YUCIIA, CTOJIOIOB CUMILIEKC-TaOIUIIBI, 8 3HAYNAT, BHIITOJI-
enue 6osbinoro yncia onepanuii FTRAN, HeOOXOMUMBIX [1JIs1 BHIUUCIEHUS
9THUX CTOJIOIOB. )

4.2 «CrasgapTHblii» MeTOn

«Cmandapmmwvitis memod BbIbOpa basucHoil epeMenHoil (textbook ratio test)
COOTBETCTBYeT OyKBaJIbHOMY cilejoBanuio dhopmysam (4.2) u (4.3) (puc. 4.1).

B ycioBusix npubiinmzKeHHbIX BBIYUCJIEHNN UCIOJIB30BAHUE «CTaHAPTHO-
ro» MeToJa BhIOOpa DA3UCHON MEPEMEHHON COIMPOBOXKIAETCS CJIEITY FOIITIMHI
IpobIEMAMU.

1. Henpuemaemviti eedywuti anemenm. BozamokHOCTD BBIOOpa HosIee moji-
XOJIATIEr0 BEIYIIETO SJIEMEHTa UMEEeTCsT TOJIBKO B Ciydae, Koraa 6; = Opnipn
JIJIT HECKOJIBKUX OA3MCHBIX [T€PEMEHHBIX.

2. Buipootcdennoe pewenue. BasncHoe pereHne siBsieTcst BhIPOXKIEHHbBIM,
eCcau JIJist OJHOW WJIM HECKOJbKUX Oa3MCHBIX IEPEMEHHBIX HUMEET MeCTO
0; = Omin = 0. Kak y»Ke OBLIO OTMEUEHO paHee, 9TO 3aMeJJISIET CXOINMOCTD
U MOXKET IPUBECTH K 3aIUKJIUBAHUIO CHMILIEKC-METO/IA.
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«CTAHJAPTHEBIN»> METO/I
/* BHauase HU4Yero He BeIGpaHO */
p =0, Onin = 00;
/* ocuoBHOIt K */
fori:=1,...,m do
if &, < 0 then
/* (xp); yobiBaer npu Bo3pacranuu 6 */
0; := —Bi/&ig;
/* (xp); mocruraer Hysst upu 0 = 6; */
if Oin > 6; OR (Qmjn =0, AND |£pq| < |§zq|) then
p:=1, Omin := 0;;
end if
end if
end for
if p = 0 then STOP; /* &4 > 0 must Beex @ */

Puc. 4.1. «Crangaprublit» MeToj BbIOOpa 6a3UCHOI IIepeMEeHHO.

3. Hapywenrue 2panuy. Tak Kak BEKTOP 3HAYEHUH HA3UCHBIX TIEPEMEHHBIX
B TeKyIieM 6a3ucHoM perteHnn [ = ([;) BBIYUCIAETCS TPUOINKEHHO, TO IPH
nmepexojie K 04epeHOMY CMEXKHOMY OashCcy MOXKeT cyduTbest, uro ; < 0
JIJTs1 OJTHOM MJIM HECKOJIbKUX OA3UCHBIX IIEPEMEHHBIX, T. €. (HyJIeBble) IPAHUIIbI
COOTBETCTBYIOINIIX OA3UCHBIX MEPEMEHHBIX MOTYT OKA3aThCsl HAPYITIEHHBIMH.
Hazke eciu HapylieHne TPaHUIBI sIBJISIETCS] HE3HAYUTEILHBIM (B IIpejiesiax
JIOIYCKA), HEeJIb3sI CKa3aTh, HAPYIIEHA JIU IPAHUIA B JI€fiCTBUTEILHOCTH HJIN
HET, TaK KaK TOYHbIe 3HavYeHus [3; He m3BecTHbI. OJHAKO B JIFOOOM CJIydae
TIPU UCTIOTF30BAHIN «CTAHIAPTHOTO» METO/Ia BhIOOpa 6a3nucHO epeMeHHOoi
Oyzer uMeThb MecTo Oyin < 0, T. e. B cMexKHOM DOa3rce BIOpaHHas IepeMEeHHAas
(¥N)q U3MEHNTCS B HEJOIYCTHMOM HAallpaBJIeHHN (yMEHBIINTCS), a 3HAYUNT,
Takke OyjieT HapyniaTh CBOK (HYJIEBYIO) TDAHMUILY.

C y9eToM BBIMIEN3TOKEHHOTO «CTAHJIAPTHBIY METO MOYKHO HECKOJHKO
YIYYIIATE CIEAYIONIM 00pa3oM.

1. Iepen BHIIOIHEHNEM O9EPEIHON NTEPAIINN BBITOJIHATD IPOBEPKY, YTO
Bi > —01 1 Bcex OA3UCHBIX IIEPEMEHHBIX, T. €. ITO TeKyIee Da3ucHoOe perrre-
HUe SIBJISI€TCs JOIYCTUMBIM B IIpejieiax 3aJJaHHoro jomycka 61 > 0 (Hampu-
Mep, g 6; = 107%). Ecim ke ykazaHHOe ycIoBHe HAPYITAETCsl, TO CIICLyeT
NPEKPATUTH TOUCK ONTUMAJBLHOIO PEIeHNsl U MepefiTu K MOUCKY JOIMyCTH-
MOTO 6a3MCHOTO PENTeHUs JJIsT BOCCTAHOBJIEHUS JOMYCTUMOCTH Oa3uca.

2. Ecmu (—01 <)B; < 0, TO eJIMHCTBEHHBII BBIXOJ B PAMKAX «CTAHIAPT-
HOTO» CUMILJIEKC-METOJIa — CINTATh, ITO TOYHOE 3HAUEHNE [3; B 9TOM CJIyIae
PABHO HYJIIO.

3. Ecrm B; < +6 (manpumep, mis 6 = 1077), To o anajoruu ¢ mpebiTy-
M TTYHKTOM MOYKHO CUHUTATh, YTO TOYHOE 3HAUEHUE [; B 9TOM CJIy9Iae TaK-
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JK€ PABHO HYJIIO. DTO MMO3BOJISIET MCKYCCTBEHHO YBEJIMUIUTH BBIPOXKIEHHOCTD
0a3MCHOrO pEIIeHns W T€M CaMbIM PACIINPUTHL CBOOOIY BBIOOpA BEIYIIETrO
9JIEMEHTA.

4. Eem |&4] < e (manpumep, mst € = 10710), 1. e. ecom snement cum-
[JIEKC-TAOJIUIIBI SBJISETCST OU€Hb MAJIBIM [0 abCOJIIOTHOl BeJIMYMHE, TO CUU-
TaTh, 9TO B 9TOM ciydae &g = 0, T. e. 4T0 GasucHas IepeMeHHasl (TB);
He 3aBHCHT OT BBIOpAHHOII HeOa3MUCHOIl mepeMeHHO (TN )q. (3amernM, 4ro
€cJIu TOYHOe 3HadeHHe & Ha CAMOM JeJIe OTJIMYHO OT HyJIsI, TO IIPOIYCK (T R);
MOKET [IPUBECTH K HAPYIIEHUIO TPAHUIIBI ITOI IEPEMEHHON B CMEKHOM Oa-
3uce.)

CxeMa yJIydIlIeHHOTO «CTaHJIapTHOrO» MeToja IIoKa3aHa Ha puc. 4.2.

VJIVUIIIEHHBI «CTAHJIAPTHBI» METO/]
/* BHauase HUUero He BeIGpaHO */
p =0, Omin = 00;
/* ocuoBHOIt Tk */
fori:=1,...,m do
if Bz < —61 then
STOP; /* upeamepnoe HapylieHHe rpaHuIbl */
else if §; < +0 then

Bi = 0;
elsg

Bi = Bi;
end if

if &ig < —€ /* [&ig] = € */ then
/* (zp); yowiBaeT npu Bozpactanuu 0 */
0; := —Bi/&ig;
/* (xp); nocruraer nysst upu 0 = 6; */
if Oin > 6; OR (Hmin =0, AND |qu| < |fzq|) then
p:=1, Omin := 0;;
end if
end if
end for
if p =0 then STOP; /* &4 > —¢ ausa Becex i */

Puc. 4.2. VaydimeHHBIN «CTAHAAPTHBIN METO/I.

Ucnionp3oBanne yiIydIeHHOTO «CTaHJIAPTHOTO» METO/a BbIOOpa Oasuc-
HOI TIEPEMEHHOH MO3BOJISIET YaCTUIHO PA3PEIUTh MPOOIEMy BEIYIIEro dJIe-
MEHTa, a TaKzKe MPobJIeMy HAPYIIeHHs TPAHUIL (€C/Ii 9TO HapYIIeHHe He pe-
BBIIIIAET 3aJIAHHOTO JIOIyCKa). Tem He MeHee yiIydIIeHHbI MeTo UMeeT PsijL
HEJIOCTATKOB.

O/ivH U3 HEJIOCTATKOB CBSI3aH C BBIOOPOM JIOIIYCKA € HA BELYIIUI 9JIEMEHT.
3ajlanne CIUNIKOM MAJIOTro JIOIYCKa MOYKET IIPUBECTU K BBIOOPY 0a3uCHOII 11e-
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PEMEHHOM, JIjisT KOTOPOH BEJAYIU 3JIEMEHT SIBSETCS HEMPUEMJIIEMO MAJIbIM
110 abCOJIFOTHOM BeJIMYMHE, & CJUIIKOM OOJIBIION JIOMYCK MOYKET IIPUBECTH K
MPOITYCKY HEKOTOPBIX HA3NCHBIX MEPEMEHHBIX U, KaK CAeJCTBUE, K HAPYIIIe-
HUIO JOIIYCTUMOCTHU peEHIeHusd JIjId CMEXKHOT'O 63.314(3&.

Jpyroit HemocTaTOK CBSI3aH C BHIOOPOM JIOMYCKA & JJIsT CO3AHUST UCKYC-
CTBEHHOW BBIPOXKJIEHHOCTH Oa3ucHOro perieHus. CHUITKOM MAJIBIH JIOIYCK
YMEHBINAET CBOOOTY BBIOOPA, 9TO MOYKET IPUBECTH K BLIOOPY OA3UCHOI mTepe-
MEHHOI1 ¢ HelrpueMJjieMO MaJIbIM 110 a6CO.HIOTHOI7I BeJIMIMHE BEeAyIIUM dJIEMEH-
ToM. Ecin ke yKa3aHHBIN TOMYCK B3STH CJAUIIKOM OOJIBIAM ¥ JJIsT BHIODAH-
HOU 6a3mCHOIl IHepeMenHoil (rg), Oyaer umerh Mecto 0 < [,(< ), To dak-
THYIeCKOe HEHYJIeBOE H3MEeHeHNe apaMeTpa Jiyda Omin = —Bp/Epg > 0 MozkeT
OPUBECTH K TOMY, 4TO KaKas-Tubo JApyrasi 6a3ucHast nepeMerHasi (rp);, Ko-
TOpas UMeeT JIOCTATOYHO DOJILINOM OTpUNATe/IbHLIN Koaddunuent &y u 11
KOTOpOii ; > ¢ (BCaeacTBHE Wero sra MepeMeHHasi He MOXKET ObITh BbIOpa-
Ha), TOJIYIUT CJIMITKOM 60.HI)LHO€ OTpUunaTe/IbHOE IIPpUPpAIICHUE U ITO3TOMY
HAPYIIHUT CBOIO HYJIEBYIO TPAHUILY B CMEKHOM HA3MCHOM PEIEeHUH CBEPX Pas-
PEIeHHOrO JOMyCKa..

4.3 Meton Xappuc

OmHa U3 OCHOBHBIX IIPo0JIEM, KOTOPas BOSHUKAET IIPU BBEIOOpE Ha3UCHOI I1e-
PEMEHHO{T COCTOUT B TOM, YTO BHIOpaHHAsI Oa3MCHAs IlepeMeHHast (LB ), nMeerT
HeIpHeM/IeMO Majblil Koaddunuent (Bemymuii smeMent) &g, OAHAKO BBIOOD
ApyTroit H6oJtee moaXoIsAIel OA3UCHON TePEMEHHON «OJIOKUPYETCsT» HYJIEBbIM
WM CJIUIITKOM OJIM3KHMM K HYJIIO 3HadeHuneM 3, B TeKyIeM 6asuce. [Ipmvepom
MOXKET CJIYZKATH CJICAYIONas CATYAI:

(z5)1 = —1.0000000 - 6 + 1.0
(zp)2 = —0.0000001 - § + 0.0000000999

B mannom ciyuae 61 = 1 u 09 = 0.999, nosromy Opin = 02. Eciin ciienosarh
«CTaHJAPTHOMY» METO/Y, TO MOXKHO BBIODATH TOJBKO (ZpB)2, XOTS BBIOOD
(zp)1 6611 66 rOpa3IO 6oJIee MPEIIOUTUTEIBHBIM C TOUKH 3PEHUsI BEJTHINHbBI
BEJLYIIETO JIEMEHTA.

[IpakTuka JUHEHHOrO TPOrPAMMHUPOBAHUS TOKA3BIBAET, UTO OYEHH Ya-
CTO peaJIbHbIE ﬂH—3aﬂa“H/I NMEIOT BBIPOXKJICHHBIE WJIN ITOYTH BBIPOXKJICHHDBIC
Oa3uCHBbIC PENIEHUs, T/ie TEeKyIue 3HaUYeHus [3; HEKOTOPhIX OA3UCHBIX IIepe-
MEHHBIX OKa3bIBAIOTCA 6HI/I3KI/IMI/I K HYJIIO. HpI/I 9TOM YKa3aHHbIC 3HaYCHUA
MOI'YT HEMHOTO (B IIpeJiesiax JIOIYyCKa) HapyIiaTh HyJIeBble TPAHUIIBI COOTBET-
CTBYIOIMINX OA3UCHBIX IIEPEMEHHBIX, UTO SBJIACTCA HOPMAaJIbHOU cuTyarueil B
YCJIOBUSIX TTPUOJINKEHHBIX BBIUYNCIECHUI.

B cBoeit crarse [8] I1. Xappuc (P. M. J. Harris) npe/ygioxKunia uctons3o-
BaTh yKa3aHHOE HAPYIIEHUE IPAHUI, KOHCTPYKTUBHBIM 00pa30M, 4TOOBI yBe-
JITYUTH CBOOOJIY BBIOOpA M TEM CAMbBIM ODECIeYUTh BLIOOD 6a3ucHO Iepe-
MEeHHOi1 ¢ 60Jiee TOJIXOSAIINUM BELYIITUM SJIEMEHTOM.
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[TpuMeHnTETHEHO K PACCMOTPEHHOMY BBIIIE TIPUMEPY HJiest Xappuc COCTO-
UT B TOM, 4TOOBI IpuU jtocTizKeHnu 0 Besmansbl Oy = 0.999, xorja (2 )2 nep-
BOIl ocTuraeT cBoeil HyJ/IeBO TPAHUIILI, NPodoascums yBeandenne 6 110 Be-
Ja4auHbL ] = 1, Korjia cBOeil HyJIeBOi I'PaHUIbI JIOCTUIHET (T5)1 € IIpHeMJIe-
MbIM KO3 dunmenrom. [Tousrao, 4To 910 pUBEIET K BHIXOAY (T5)2 B HEJIO-
IyCTUMYO (OTPHIATESIBHYIO) 00JIACTh, OJHAKO, IOCKOJIBKY COOTBETCTBYIO-
it Ko3pOUIMEHT 0YeHb MaJI, TO U HApYIIIeHHe TPAHUIILI TOXKe Oy1eT O9eHb
Masié (u cocrasuT B mamHoM ciydae —0.0000001 + 0.0000000999 ~ 10~10).

Meton Xappuc (puc. 4.3) COCTOHT M3 JBYX 9TaIOB (IPOCMOTPOB CIIHC-
Ka 6a3ucHbIX NepeMeHHbIX). Ha nepsoM srare onpejiessiercst BeJmauHa Oy,
KOTOpasi, B OTJIMYNE OT «CTAHJIAPTHOrO» MeToza (CM. moapas. 4.2), onpee-
JISIETCsI He JIJIsl MCXOJIHBIX HYJIEBBIX IPAHUI] Oa3UCHBIX epeMeHHbIX (x3); > 0,
a JyIsi ocaabsieHHbIX TpaHul (xg); > —0, rue 0 > 0 — 3aj1aHHbIil JIOIYCK Ha
HapyIlleHne IpaHull. JTo o3HadaeT, 9To i 6 < O,i, BBIXOI 3HaYeHHil Oa-
3UCHBIX [TEPEMEHHBIX 3a HYJIEBYIO I'DAHUILY HE MOXKET MPEBBICUTH 3aaHHOTO
jomycka 0. Ha BTOpoM sTame BBITOIHSETCST BBIOOD GA3UCHON MepeMeHHON
(xB)p, AT KOTOPOIt

|$pal = max _ [&ql, (4.6)
£iq<0, 8;<Omin
rae 0; = —f; /&y — BenMUMHA MapamMerpa Jiyda ¢, Ipu KOTOPOM IIepeMeHHast
(zp); mocruraer cBoeil MCXOIHON HyJI€BOH (HE OCJIA0JIEHHON) IPAHMUIIBL.

[TonaTHO, 9TO BCJIEICTBHE OCTAOIEHUSA IPAHUI, OA3UCHBIX IEPEMEHHBIX
AMEEeT MECTO HePaBEHCTBO Omin = Omin, T Onin — MaKCHMAJILHOE IIPUPa-
IMeHne mapaMeTpa Jiyda, KOTopoe ObLIO ObI OMPEIEIEHO «CTAHTAPTHBIMS Me-
TOJIOM JIJIsi UCXOJHBIX HYJIEBBIX (HEOCIabJIeHHBIX) IDAHUI] OA3UCHBIX IMepe-
MeHHBIX. TakuMm oO6paszoM, B MeToje XapPHUC IOSBISIETCS TOMOJTHATEIbHAS
¢B000Ia, KOTOPYIO MOYKHO UCTIOJIBE30BATD JIJIsT BBIOOpa GA3UCHOM TepeMeHHOMN
¢ HauboJiee TOJXOSAMMM (MAKCHMAJIBHBIM 0 abCOJIOTHON BEJMYUHE) KO-
SCb(bI/IHI/IeHTOM &pq B coorBercTBHN C ycioBueM (4.6). IIpu 5TOM, HOCKOIBKY
0p < Omin, BBIXOJ] 3HAYUEHUIT OA3UCHBIX IIEPEMEHHBIX 3a IPEeJe/Ibl UX HYJIEBBIX
TPAHUI] B CMEKHOM 0a3mnce He MPEBBICUT BEJIUIUHBI JOMYCKa, .

Unes Xappuc ocHOBaHA HA HESIBHOM TIPEJITOJOKEHUN, YTO B TEKYIIEM
0a3uCHOM pelleHnn 0a3uCHbIE TIepeMeHHbBIE He HapyInaloT cBoux rpaHuil. O1-
HAKO MOXKET CJIYUIUThCs (XOTst ObI B pe3ysibTare IPUMEHEHUsI CAMOTO METOa
Xappuc), uro (B npejiesax J0IycKa) Takoe HapyllleHre nMeeT Mecto. B srom
ciydae, T. e. ecin (61 <)fB; < 0 u &g < 0 x0Tst ObI 151 OHOIT 6a3UCHOIT HTEpe-
MeHHOlt (2p);, Xappuc [8] npearaer 6pars Oy, = 0. C apyroii croponsl,
KaK y2Ke OBLIO OTMEYEHO B MPEABLIYIIeM Mopaszesre, HeOoIbIoe HapyIie-
HUE TPAHUIIBI MOYXKET OBITh OOYCJIOBJIEHO OIMOKAME OKPYIJIEHUsI, TIO3TOMY
C TMPAKTUIECKON TOYKHU 3PEHMsT MMeeTCsl OOJIbIle OCHOBAHUI CUMTATH, UTO
B ciydae §; < 0 «TouHOe» 3HAUYeHWE [3; paBHO Hysi0. Takoe M3MeHEHUE 10
CPABHEHMIO C OPUTMHAJIBHBIM MeToZoM Xappuc (orpazxkeHuoe Ha puc. 4.3)
JaerT 06bIIyI0 CBOOOLY BBIOOpA, MOCKOJIBKY B 9TOM CJIydae BCErJa HMeeT
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METO/ XAPPUC
/* nepsbiii ipocmoTp */
5111111 =00
fori:=1,...,m do
if 8; < —4; then
STOP; /* upesmepnoe HapyIieHne rpanuipbl */
else if §; <0 then

Bi == 0;
elsNe

Bi == Bi;
end if

if §ig < —€ /* [&iql = € */ then
/* (zp)i ybwiBaeT npu Bozpactanuu 0 */
0; == —(B; +9)/&ig3 B
/* (zp)i nocruraer (—J) npu 0 = 0; */
Omin = min(emina 01),
end if
end for
if Oinin = 0o then STOP; /* &y > —e mus Beex @ */
/* Bropoii pocmoTp */
p:=0;
fori:=1,...,m do
if §iqg < —& /* [&ig| > € */ then
/* (xp); yobiBaer nipu Bo3pacranuu 0 */
0; == —Bi/Eiqs
/* (zp); nocruraer wyna npu 6 = 0; */
if 92 S emm then
pi=1
end if
end if
end for
assert p # 0;

Puc. 4.3. Meron Xappuc Beibopa 6a3uCHO# 11€peMEHHOI.
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MecTO Opin > 0. [Ipu 5TOM MOXKHO 0XKHJIATH, YTO BO3MOXKHOE JIOTIOJTHUTEI b
HOE HADYIIIEHNE TPAHUIL BCE YKe OYIEeT OCTABATHCS B TIPEIEIAX PA3PENICHHOTO
JIOITyCKa, TeM DoJiee, ITO Ha TOCIEIYIOIINX UTEPAINAX HEKOTOPbIE Oa3UCHBIE
InepeMeHHbIe, HapyHIIalollue CBOU I'DAHUILbI, MOI'yT BO3PpaCTHU U TEM CaMbIM
YMEHBINUTE OBIIYIO0 CTENeHb HAPYIIEeHUs TPAHUIIL.

B zaksodenune orMeTrM, 9TO €CJM METOJ, XappUC MPUBOAUT K BBIOODY
0a3MCHOI ITepeMeHHOM, OTIMIHON OT TOH, KoTOopas Obljaa Obl BRIOpaHa C HC-
[TOJIb30BAHUEM «CTAHIAPTHOIO» METOA, TO STOT BBIOOD BCEr[a COOTBETCTBY-
eT GOoJIbIITeMY TPUPAIIECHUIO TapaMeTpa JIyda €, 9To CyNeCTBEHHO ¢ TOYKN
3peHUus PeJOTBPAIEHUs 3allUKINBAHUS CUMILJIEKC-METOo/a, U 0oJjiee moIxo-
nseMy (6osIbIeMy 110 abCOTIOTHOI BeTMIHHE) BEYIIEMY SJIEMEHTY &pg, ITO
CYIIECTBEHHO C TOUYKU 3PEHUsT IUCJICHHONW YCTONIUBOCTH.
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5 OrTbICKaHEe HAYaAJIBHOTO AOIIyCTUMOTO 0as3mca

B obmem citydae MOXKHO cumTaTh, 9To Iipu pernennn JII1-3amatdun nmeercs
HEKOTOPBII HavaIbHBIA 0asnc, ompelessiiomnii HadaJbHoe Oa3MCHOe pelle-
nue. st mpuMeHeHus CUMILIEKC-MeTO/1a STOT 0A3WC JOJI2KEH ObITh JIOIYCTU-
MBIM, IIO9TOMY €CJIM HadaJbHBIH 6a3UC He SIBJIAETCS JIOIYCTUMBIM, BO3HUKAET
pobJieMa OTBICKAHUSI HAYaIbHOIO JOITYCTUMOTO Oa3nca.

IIpakTrdecKknii MOIXO K PEIIEHUIO YKA3aHHOM ITPOOI€EMBI COCTOUT B IIPU-
MEHEHUHU CUMILIEKC-MEeTOa JJIsi OTBICKAHUS OINTHMAJILHOIO 6a3mca HEKOTO-
poit scnomozamenvroti JIII-3adaywu, 3Hast KOTOPBI MOXKHO ITOCTPOUTH JOILY-
cTuMBblii 6a3uc ncxoxuoit JITI-3agaum u 3aTeM UCIOJIL30BATH €r0 B KAYECTBE
HavaJbHOTO. TaKyl TEXHUKY OOBIYHO HA3BIBAIOT J6YLIMANMHLIM CUMNAEKC-
MEMOoJoM, TLIe TEPBBI 3Tall COOTBETCTBYET PEIIEHUI0 BCIIOMOIaTe/JIbHON 3a-
Jladu, & BTOPOIl — PeIeHNIo OCHOBHOM (MCXO/HOI) 3a1auu.

BameruM, 1To HOpPMUPOBAHUE HAYAILHOTO (HE 00SI3aTEIBHO JOIYCTUMO-
ro) 6asuca Jyist IEPBOTO JTAlla IIPEJICTABISIET CO0OH CAMOCTOSITENBHYIO TIPO-
OJ1eMy, KOTOpast 37eCh HE PACCMaTPUBAETCSI.

5.1 OrpanuveHusi B ctraHgapTHoM dopmare

O6parumMcs BHaYajie K Harbojee IPOCTOMY CJIydalo, KOrJa CUCTEMa OIPAHU-
aenwnit JIII-3amaqm mmeer cranmapTHBIA popMaT, T. €. BMECTO I'PAHUI] ODIIEro
Busia (1.3) 3a/aHbI yCIOBUS HEOTPHUIIATEIHLHOCTU IIEPEMEHHBIX. B 91OM CIty-
qae JIOMyCTUMBIM OA3WCHBIM pelrenneM Oyjer Jjiroboe HeoTpulaTebHoe Da-
3uCHOe perienne cucreMbl paBeHcTB (1.2). Takum obpazom, Ham Tpebyercs
HaiiTu 6a3MCHOe pellleHre, yIOBIETBOPSIIOIIEe CJIeIYIONIAM YCIOBUSIM:

Az =0 (5.1)

x>0 (5.2)

Paccmorpum Bemomorarespuyio JIII-3amady, Takyke MpeCcTaBICHHYIO B
crapgapTHOM dopmare:

7=1Ty = Zyl — min (5.3)
Az +y=1> (5.4)
z,y >0 (5.5)

rje y = (Yi) — BEKTODP 6CNOMO2AMENLHHIT TIEPEMEHHBIX, UMEIOIIUX CMBICJI
ne6a30k,?? Z — BeroMoraTesbHas IeseBast (DYHKINS, IIPEICTAB/IAIONIAT CO-
6oit cymmy mesasok. KiroueBbIM sIBJIETCA CJIEMLYIONIEe CBONWCTBO MAHHOM

29Tak Kak i-e PaBEHCTBO BCIIOMOTaTeJIbHON 3a/lauy UMEeeT BUJL E aikxr +yi = bi, TO Y;
k
€CTh Pa3HOCTH (HEBA3KA) MEXK/Ly IIPABON U JIEBOIl 9aCTSMU COOTBETCTBYIOIIETO MCXOIHOIO

pasencrsa (5.1).
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BeromoraresibHoit JITT-3amaqu. [Tpe/monozkim, 4T0 BCXoHAs cuCTeMa Orpa-
mangennii (5.1)—(5.2) umeer gomycrumoe pernenue. Torja, BKIOYasi B 9TO
pellleHne HyJIEBbIE HEBA3KH Y;, MbI IIOJIY IMM OHTHMAJIBHOE PEIIeHIe BCIIOMO-
rarensuoii JITI-3aa91, MOCKOIBLKY CyMMa HEBA3OK 2, Oy/lydn CyMMO# HeoT-
PHIATEBLHBIX IEPEMEHHBIX, He MOXKET ObITh MenbIne Hysst. 1 naobopor, ecim
y HaC UMeeTcs KaKoe-nbo ONTUMaJIbHOe pelenne BerioMorarenbuoit JIT1-3a-
qaan (5.3)—(5.5), B KOTOpOM CyMMa HEBSI30K Z paBHA HYJIIO, TO HCKJIIOYast
U3 9TOrO peIlleHMs] HEeBSI3KU Y;, KOTOpble OyJyT PaBHBbI HYJIIO, TaK KakK UX
CyMMa PaBHA HYJIIO, MBI IIOJIY'IHM JIOILyCTUMO€E DEIIeHIe NCXOAHON CHCTEMBI
orpanundenuii. Crie/JoBaTe/IbHO, MHOYKECTBO JIOIYCTUMBIX PEIIEHHUH HCXOIHOM
cucrembl orpannyennii (5.1)—(5.2) coBmagaer ¢ MHOXKECTBOM ONTUMAJIbHBIX
perrennii BciomoraresbHoit JII1-3amaan (5.3)—(5.5), B KOTOPBIX CyMMa HEBs-
30K Z paBHa HYJII0. DTO O3HAYAET, YTO JJIsI OTBICKAHUS JOITYCTUMOTO pPellre-
HHsI HCXOJTHOM CHCTEMbI OTPaHNIeHHI JJOCTATOYHO HAfTH ONTHMAJIBHOE Pelile-
Hue BeriomoraresbHoil JIIT-3ama4qm. 3amernm Takzke, 4TO €CJIM MUHUMAJIbHAST
CyMMa HEBSI30K Z OKA3bIBAETCS IIOJIOXKUTEILHOMN, a He HyJIeBOi, TO HCXO/IHAST
crucTeMa OrpaHUYEHUIl SIBJISETCS HECOBMECTHOI (He MMeeT JIOIyCTHMBIX Pe-
IICHUIA ).

BenomorarenbHhast 3a1a4a (5.3)—(5.5) siBisiercst 3a/a4eil JIHHEHHOIO 1Ipo-
IPaMMHPOBAHNSL, IIOITOMY JJISI €€ PEIIEHNUs] MOKHO HCIOIb30BaTh CHMILTIEKC-
mero. [IpumeuaresbHo, 9TO It JTAHHON BCIOMOTraTEIBHON 33/ [a9u BCErjia
MOXKHO YKa3aTh HAJIaJIbHBIN JOIYCTUMBIH Oa3uC, IOITOMY IpPOOIeMa OTBIC-
KaHUsl TaKoro 6asmca He BO3HHMKAeT. B sToM HauanbHOM 6asuce rp = y
(6a3MCHBIMU SIBJISIIOTCSI BCIIOMOTATEJIbHBIE [IePEMEHHbIe-HEBSI3KN) U LN = &
(HEOA3MCHBIMA SIBJISIIOTCS HCXOJHBIE mepeMeHHble). [lockompKy nebasncHbie
HepeMeHHble HAXOJSATCsl Ha CBOMX aKTHUBHBIX HYJIEBBIX I'DAHUIAX, TO 3HAUE-
HIsI Oa3UCHBIX [IEPEMEHHBIX ¥ = (Y;) B TAKOM 0a3MCHOM pelleHnn Oy/1yT paB-
ubl b = (b;). Bes orpanmyenusi 06IIHOCTH MOXKHO canTaTh, uro b = (b;) > 0,
T. €. 9TO Bee npasble Yactu paBeHcTs (5.1) Heorpunareasusl (B caydae b; < 0
JIOCTATOYHO YMHOYXKHUTH 00€ Y4acTH i-I'0 PABEHCTBA HA —1), II09TOMY yKa3aH-
HOe Da3mUCHOe perrenne OyIeT JOMYCTUMbIM, & 3HATHT, €r0 MOKHO HCIIOJIb30-
BaTh B KAUeCTBE HAYAJILHOIO 6a3uca Py PEIIeHNH BCIIOMOTraTe IbHOI 3a/1ax1
CHMILTIEKC-METOJIOM.

Jomycrum, 9T0 MBI HAIIUIM ONTHMAJIbHOE OA3MCHOE PEIIECHNE BCIOMOIa-
resibHOf JITT-3amaun (5.3)—(5.5), B KOTOPOM CyMMa HEBSI30K Z, a 3HAYWT,
U BCe OTJEJIbHBIE HEBSI3KH Y; PABHBI HY/0. UTOOBI IepeiiTi K JIOIyCTHMO-
My 6a3UCHOMY DEIICHHIO HCXOAHOI cucreMmbl orpanndennii (5.1)—(5.2) Mbr
JIOJIZKHBI MCKJIIOUUTD U3 ONTHMAJILHOIO OA3MCHOTO PEIIEHUs] BCIIOMOTATe b
Hoii JIII-3a/a4n Bce BCHoMoraTesbHbIE [EPEMEHHBIE Y, [TOCKOJIbKY MX HeT
B HCXOAHOI cumcreme orpammdenuii. B ToMm cirydae, Korja Bce ¥ SABIAIOTCS
Heba3uCHbIMU, IPo0OJIeM He BosHuKaeT. OIHAKO, eCJIn HEKOTOPasi lIepeMeHHast
Y; SIBJISIETCsT OA3UCHOM, XOTS U PABHOMN HYJIO, €e HeJIb3s MPOCTO NCKIIOYATD
u3 6asnca, HOCKOJIBKY TOIJIa YUCIO0 OA3UCHBIX [EPEMEHHBIX CTAHET MEHbIIe
YHCIIa OTPAHIYIEHUH-PABEHCTB, ITO IPOTHBOPEYIUT OIPEEIeHIIO OA3NCHOTO
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perenus (M. mogpasy. 1.2). OjuH 13 BO3SMOXKHBIX CIIOCOOOB COCTOUT B TOM,
9TOOBI IIPEIBAPUTEILHO <«BBITHATH» BCIIOMOIATE/IBHYIO MEPEMEHHYIO ¥; U3
qnciia 6a3uCHBIX, 3aMEHUB €€ Ha MOJIXOJISIIYI0 HeDA3UCHYIO UCXOHYIO Iepe-
MeHHYIO Zj.30

[Tepeunciium OCHOBHBIE TTPAKTUYIECKHUE HEJIOCTATKH PACCMOTPEHHOI'O Me-
TOJ[& OTBICKAHWS HAYAJHLHOTO DA3UCHOTO JOIYCTUMOIO PEIIeHNUsI:

(a) cucrema orpaHWYeHU JOJKHA UMETh CTaHIAPTHBIH (hopmar;

(b) Tpebyercst BK/IIOUEHHE JIONOJTHUTEIbHBIX IEPEMEHHBIX 1J; BO BCIIOMO-
raresnbuyio JII1-3anaqay;

(c) pemenne BeromorarenbHoit JIII-3a1a4n MOXKHO HAYUHATH TOJIBKO C
IIPEJIOTIPEIeJIEHHOTO ba3uca, Ijie Tp = Yy U TN = T, 9TO HE IO3BOJISAET UC-
HOJIb30BaTh KaKoi-ymbo Jpyroit (3a/aHHbIi) HAYaJIbHbLH 6a3uc;

(d) BosHHKaer mpobsema HpeodpasoBaHUsl ONTUMAJIBLHOTO Da3Uca BCIIO-
morarenbaoit JIII-3a1a4un B omycTuMblilt 6a3uC UCXOHON CUCTEMbI OI'DAHU-
YEHU, ecJii HEKOTOPhIE ITEPEMEHHBIE ¥; OKA3bIBAIOTCSI OA3UCHBIMU.

Yrobbl yerpanuThb Hegocrarku (¢) u (d), HEBSI3KM MOYKHO OTHECTH HE K
orpanmnyenusiM-paseHcreaM (5.1), a K ycsioBusim HeorpuiaresbHoctu (5.2).
B sTom ciygae Becriomorarennras JIII-3agada Oymer ciemyrorieii:

7=—1Ty=— Zyk — min (5.6)
k

Ax 4+ Ay =0 (5.7)

r+y=0 (5.8)

x>0, y<O0 (5.9)

He cocrasisier Tpyna y6euThcsi B TOM, 9TO, KaK M paHee, MHOYKECTBO JIOITy-
CTHMBIX DeNIeHHi NCXOIHOi cucreMbl orpanndennii (5.1)—(5.2) coBmamaer ¢
MHOKECTBOM OIITUMAJIbHBIX PEIIeHui TaHHOi BerioMoraresbroil JIIT-3amaqan,
B KOTOPBIX CyMMa HEBSI30K Z, & 3HAUUT, U BCE OT/IEJIbHBIE HEBSIZKNU Yj, PABHBI
HYJIIO.

[Tycrb JaH HEKOTODBIN NPOM3BOJIBHBIN (HepoycTuMblii) 6asuc (rpg, T N)
JUTst MCXO/IHOM cucTeMbl orpanmdennii (5.1)—(5.2). Dror 6a3uc Beerga Bo3-
MOXKHO ITPeoOpPa3oBaTh B COOTBETCTBYIONMIMI JIOMYCTUMBIH Oa3uC it BCIIO-
morarensHoi JIII-3amaan (5.6)—(5.9) u 3areM HCHONIBL30BATH MOCJETHAN B
KadecTBe HAYAIBHOIO JOIYyCTHMOIo 0asmca Il CHUMILIEKC-MeTo/1a. IToObI
chOpMHEPOBATE TOT HAYAJIBHBI JIOIYCTUMBIH 6A31C, MBI BHAYAJIE PACIIAPSI-
eM MHOYKECTBO HeOA3MCHBIX IEPEMEHHBIX X, BKJIIOYasi B HETO BCE BCIIOMOTa~
TeJIbHBIE [IepeMeHHbIe Y. B pesysbrare Mbl HOIydnM Ga3uC [T BCIOMOTa-
resibHOI JITT-3a1a4m, re Bee GasucHble nepeMeHHble (25 ); OY/yT PaBHBL TEM

30Takoit IepeMeHHOIT MOXKeT GLITh MCXOHAs HeGA3NUCHAS! IEPEMEHHAS, HMEIOIAsT HEHY-
JIEBOii 9j1eMeHT B TeKymieil cumiuiekc-rabiune (1.9). MoxkHO mokasaTb, 4TO yKasaHHAs
TepeMeHHast BCerjia HalIeTcs, eC/i MaTpuiia A UMeeT MOJTHBIN CTpOYHbIN paHr. [Ipu sToMm
B IIOJIy I€HHOM CMEKHOM 0a3rce 3HAYUEHUsI IEPEMEHHDBIX He N3MEHATCS, & 3HAYUT, CMEKHBIN
6a3nc Tak»Ke OyIeT ONTUMAJIBHBIM.
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JKe 3HaYeHusM [3;, 9To M B Oasuce MCXOHOM CHCTEMbl OrpaHUYeHuii, a Bce
Heba3UCHBIE IepeMeHHble OyIyT paBHbI Hyt0. Jlastee mys kaxkporo B; < 0 Mbl
BBIBOJIUM U3 6a3uca mepeMeHHy o (£ p); = X U BKII0OYaeM BMECTO Hee B 6a3uc
COOTBETCTBYIOILYIO [IEPEMEHHYTO k. [I0OCKOIBKY NepeMeHHbIE Tf U Y UMEIOT
OJIMHAKOBBIE CTOJIONLI B MaTpuile Ko3(hMUIMEHTOB CUCTEMbl OrpaHUYeHUii-
paseHctB (5.7)—(5.8), To moCiIe YKa3aHHON 3aMEHBI [IEPEMEHHBIX MATPHIIbI
B u N (1.6) He u3MeHATCs, a 3HAYAT, 3HAYEHHEM OA3MCHON IEePEMEHHOI Y
ocraercs (; < 0. Takum o6pa3oM, MOC/Ie BBIIOJIHEHUS] BCEX HEOOXOIUMbIX
3aMeH IIEPEMEHHBIX MBI HOJIy9InM 6asuc, e 6asucHoil mepeMennoil (zp);
siBJIsieTCst Jinbo MCXojHast nepemenHas xp (ecau ; > 0), aubo Bcromora-
TesibHasl niepeMenHast Yy (ecau B; < 0). OueBuHO, UTO MOJTyUEHHBIN Gasuc
Byzer JomycTuMbIM it Beromoraresbroit JITT-3amaun (5.6)—(5.9).

Paccemorpennstii Bropoii MeTos1 rakzke cBobojieH oT Hejocrarka (d). Jeii-
CTBUTEJIHHO, MYCTh MbI HOJIYYUIN ONTUMAJIbHOE OA3MCHOE PEIEeHHe BCIIOMO-
raresibHoil JITT-3amaun (5.6)—(5.9), B KOTOPOM CyMMa HEBSI30K Z, & 3HAUUT, 1
BCE OTJIEJIbHBIE HEBSI3KU Y PABHBI HY/II0. ECIM B 3TOM ONTHMAJIBHOM pellie-
HUM TIEPEMEHHAsl Yj sIBJIAETCsI OGA3UCHOM, TO COOTBETCTBYIOIIAs TIE€PEMEHHAST
Zp He MOXKeT ObITh 6asucHoil (nHave B GasumcHOil Marpurie B ObLan ObI 1Ba
UJIEHTUYHBIX CTOJIONA, YTO HEBO3MOYKHO, IMOCKOJBKY B — HEBBIPOXKICHHASI
MATPHIA). DTO MO3BOJISIET BBIBECTH U3 YNCJIA OA3UCHBIX EPEMEHHYIO Yk, 3a-
MeHsisl ee IiepeMeHHOM xy. Kak yrke ObLI0 0OTMEeUeHO BhIllie, o00Has! 3aMeHa
[epeMeHHbIX B 6a3uce He U3MEHsIeT 3HaUYeHN OA3UCHBIX [IePEMEHHBIX, TI09TO0-
My TEKYIIUM 3HAYECHUEM Tj OCTAHETCS HYJlb.

Hr0o6b1 0cBOGOUTHCs OT HejocTaTKa (b), 3aMeTuM, 94T0 BO BTOPOM MeTO-
Jie TIepeMeHHBbIe T, U Y BXOJAT B orpanmdenus (5.7)—(5.8) Bcromorareib-
woit JIII-3agauu B Busme cymmbr. [lockonbky zp > 0 u yp < 0, npuyem 3Tu
[epeMeHHble He MOTYT ObITh OA3UCHBIME OJHOBPEMEHHO, X CYMMY MOKHO
3aMEHUTb 00HOT TEPEMEHHOI:

Tr = T + Yk, (5.10)

3HAYEHHE KOTOPOI OJHO3HAYHO OIPE/IE/IACT 3HAUYCHHs 00CHX [IEPEMEHHBIX T
u Yy B orgenbHocTH. [eiictBurenbho, ecian (xp); = Tk, T. €. Tj SABIAETCS
Oa3uCHOM, nMest 3HaUYeHHe [3;, TO ciaydait 5; > 0 o3Hauyaer, 4T0 B Oasuce Ha-
xXoauTes T = (Xp)i, IPA TOM Yj sBJIsieTCs HeOA3NUCHOM (M paBHOI HyIIO),
a caydvaii ; < 0 o3nauaer, 4yro B Gasuce HaxoAuTcs (£p); = Yk, UPU ITOM
x) sBIsiercs HebasucHON (1 paBHOll Hymo). Ecin ke T siBisiercst Hebasmc-
HOli, 9TO O3HAYaeT, 4TO 00€ NEPEMEHHbIE T) W Yj SIBJISAIOTCS HEOA3UCHBIMU
(paBHBIMHU HYJIIO).

YT06Bl MOTHOCTHIO M30ABUTHCS OT IIEPEMEHHBIX T H Yk, JOCTATOYHO
IIPEJICTABUTH CyMMy HeBsi30K (5.6) B Bue:

7= (@), (5.11)
k
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0 Tk

Puc. 5.1. Kycouno-nuneitnast dyukimst 1(Ty).

e T, — «koMOuHupoBanHasy nepementast (5.10), (T ) — KycodHO-IHHE-
Has pyuknus (puc. 5.1), onpeessieMast CeLyOImuM 00pa3oM:

0, ecmu x>0

V(@) =9 - ~ (5.12)
—Tp, ecau xp <0
B nTore Mbl mOJIyUnM CIELYIOIIYIO BCIOMOIATE/ILHYIO 3a0a9y:
Z=) ¢(F}) — min (5.13)
k
Ax =0b (5.14)

Koropas sksusasenmna JII-3amaqe (5.6)—(5.9). Dra 3amaua umeer Heaunet-
HYy10 (KyCOTHO-JIMHEHHYIO) T1eIeBYI0 (DYHKIMIO W HOITOMY YK€ He sIBJISETCS
3ajiaveli JINHEITHOrO MTPOrpaMMUPOBaHUs. 3aMETUM TaK¥XKe, 4TO MHOXKECTBO
[epeMeHHbIX TO 3a/1a4u [0 CYIIEeCTBY COBIAJIAET ¢ MHOXKECTBOM II€pEMeH-
HBIX MCXOJHON cucTeMbl orpanndennii (5.1)—(5.2), oxHako, ycioBusi HEOT-
puriaresbHoCcTH (5.2) B JIAHHOM CJIydae OTCYTCTBYIOT, IIOCKOJIBKY II€pEeMeH-
HBbIE Tf, Oyydn CyMMOIl HEOTPHUIATEILHOI M HEIOJIOKHUTEIHHBIX ePEMEH-
ubix (5.10), MoryT mmers Jr060it 3HAK.

Oyuxmio (k) (5.12) MoxKHO paccMaTpuBaTh Kak «Inrpad» 3a HapyIe-
HUE YCJIOBUIT HeoTpunarebHocTu (5.2) oTnenbHOl nepeMeHHol Ty [loaromy
nesieBast Gyukiys z (5.13) npescrapiiser coboil TaK HA3BIBAEMYIO WMpadh-
nyto dynryuro. Ha MHOMXKeCTBe JIOIMYCTUMBIX PEIICHUIl NCXOIHON CHCTeMBbI
orpanndenuii (5.1)—(5.2) s1a dyHKIWS paBHA HYJIO, & BHE 9TOrO MHOXKE-
CTBa IPUHIMAET IOJIOKUTE/IbHbIC 3HAYCHHS. !

MozkHo 3aMeTuTh, 9TO )(T)) ABISETCS BBIIYKJION KyCOYHO-JIMHEHHOI
dbyukimeii, oTkyIa ciaeayer, 9To mrpadHast GYHKIMS Z €CTh BBIILyKJIasi Cela-
pabebHAAS? KyCcOTHO-MHeiHast hyHKIMA. MHOMXKECTBO JOTYCTUMBIX Peltie-
HUI BCIIOMOTATEIBHO 33/[a9i, T. €. MHOYKECTBO TOYEK, YJIOBJIETBOPSIIONINX

31 Takum 06pasoM, 9T0 SHEWHAA WMPAPHAAL BYHKUUA, TAK KAK OHA OIIPE/IIEHa, Ha BCEM
IIPOCTPAHCTBE ITePEMEHHBIX.

32meromast B CyMMBbI DYHKIUH, KayK/1as 13 KOTOPBIX 3aBUCUT TOJBHKO OT OHOM IIe-
PEeMeHHOMN.
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cucTeMe JIMHEHHBIX orpanmuennii-pasencts (5.14), apiserca miockmm,> a

SHAYUT, BBILYKJBLIM. Beromoraresnbuyio 3anady (5.13)—(5.14), Takum obpa-
30M, MOKHO KJIACCH(UINPOBATH KaK 3a/ady BBILYKJIOIO IPOrPAMMHUPOBa-
HUs ¢ cenapabesbHON KyCOYHO-JIMHENHOM 11es1eBOil (DYHKITMEH 1 JTUHEHHBIMI
OrpaHIIeHUAMH-PABEHCTBAMU.

Texnuka perrenust BcriomoraresbHoil 3agaqan (5.13)—(5.14) 3xech He pac-
CMaTPHUBAETCsI, TIOCKOJIBKY B CJIE/IYIONINX Opa3esiaX pacCMOTPeH boree 00-
muil caydait TpUMEHUTEIFHO K MCXOMHON crucTeMe orpaHuvYeHnil B pabouem
dbopmare (1.2)—(1.3). OTMeTHM 0JHAKO, UTO IIPUMEHEHHE CUMILIEKC-METO/IA
JUUTsl PEIIeHNsT yKA3aHHO BCIIOMOIaTe IbHOM 38/[a4i BBIILYKJIOIO IIPOIPAMMU-
POBaHNSI €CTh Ha CAMOM Jiejle IIPUMEHEHHEe CHMILIEKC-MeTO/a JIJIsl PEIIeHNsT
sksuBasteHTHOI JIIT-3a1aun (5.6)—(5.9), r/1e KOMOMHEPOBAHHBIE IIEPEMEHHbIE
T}, OJIHOBPEMEHHO UTPAIOT POJIb KAK UCXOJHBIX IIEPEMEHHBIX L), TaK U BCIO-
MOTaTEJIbHBIX TEPEMEHHBIX Y.

5.2 BcnomoraresbHasg 3ajiava AJid OrPaHUYEHU B obOIeM
dopmare

Pacemorpum JITI-3a1a4y B pabouem (obmem) dopmare (1.1)—(1.3). B srom
ciiydae HaM TpeOyercst HaliTn 6asucHoe pelienne, yI0BIeTBOPSIIONIee CIIeLy-
OIUM YCJIOBUSIM:

Az =b (5.15)
[<z<u (5.16)

Vcnob3yst M3BECTHYIO TEXHUKY, YKA3aHHYIO CUCTEMY OIPAHUYCHUN MOYK-
HO npeobpasoBarb K cradgapraHomy dopmary (5.1)—(5.2). Oguako Takoii
HOJIXOJI, CJIEJyeT CUYUTATh HEY/IOBJIETBOPUTENLHBIM C IPAKTUYECKON TOYKU
3peHust, TaK KaK B 9TOM CJIydae TpeOyeTcst BKIIOYaTh B 3a/a9y JTOMOJIHUTEb-
HbIe TIepeMeHHbIe U OrpaHndenust. [109ToMy MbI CiiejlyeM MOJIXO0/Ly, PACCMOT-
PEHHOMY B IPEAbIAYHIEM IIO/Apa3/e/ie, IPUMEHAA €ro K CUCTEME OFpaHI/I“IeHI/Iﬁ
B obmeMm dopmare.

B JAaHHOM CJjiydae OT/ie/IbHasd UCXO/Hasd IIepEeEMEHHad T MO2KET UMETb O6e
HUZKHIOIO [, M BEPXHIOIO U TpaHUIbl. [103TOMY B KadecTBe 3JIeMEHTApHOI
mrpaduoit dynknun BMecto (5.12) MBI UCIOIB3YEM AHAJOIUIHYIO BBIITYK-
JIYIO KYCOUHO-JIMHEHHYIO (byHKIMIO (puc. 5.2), OUpeessieMylo CJie Ly OIIIM
obpazom:
cp (o — k), ecomm xp <l
Yr(zr) = 0, ecim l < xp < ug (5.17)

cg(z‘k —up), €CIam T > ug

rae ¢, < 0, cﬁ > (0 — HeKOoTOpbIe 3aJaHHbIE KOYDDUINEHTHI, NMEOIINe

CMBICJI BECOBBIX MHOXKHTEJIEH (HAIPUMED, B IPOCTEHIeM CIydae MOKHO CUn-
Tath, uto ¢;, = —1 u ¢ = +1).

33 [Trockoe mrosrcecmeo 510 Apyroe HazpaHne abdOUHHOTO MOIIPOCTPAHCTBA.
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Ik U, T

Puc. 5.2. Dnemenrapuas mrpaduas dyaknus Py ().

[TonsiTHO, 9TO HpHUMEHHTENBLHO K cucreme orpanmdenuit (5.15)—(5.16)
BCIIOMOTATEIbHASA 33/1a4a C BBIIYKJOW KYyCOYHO-JIMHEHHON cerapadeIbHO
mrrpaduoit dyukimeii, anasornanas 3agade (5.13)—(5.14), 6yner umers cie-
AYIOMUNA BUI:

z= Zd}k(wk) — min (5.18)
k

Az =b (5.19)

Taxum oOpazoMm, st OTBICKAHUS DA3UCHOTO JIOIYCTUMOIO PEIIeHUs JJIst UC-
xozHO# cucrembl orpanndenuii (5.15)—(5.16) Tpebyercst peruTh yKa3aHHYO
BCIIOMOTATEIbHYIO 3ajiady. Ecian 3unadenue mrpaduoit dpyHkiun z B Hall-
JIEHHOM DEIIIeHNN DaBHO HYJIIO, YTO BO3MOXKHO TOJIBKO €CJIM BCE 1), PaBHBI
HYJIIO, 3HAYUT, 3HAYEHUs BCEeX IEPEMEHHBIX T HAXOJIATCA BHYTPU CBOUX I'pa-
Hun. Ecam ke MUHUMaJIbHOE 3HAYeHME MITPadHON MYHKINKA OKaXKEeTCs I10-
JIOZKUTEIBHBIM, TO 9TO OyJIeT 03HAYATD, YTO UCXOJIHAS CUCTEMa OIPAHUYIEHUN
HECOBMECTHA (HE MMeET JIOIYCTUMBIX DelleHwuil).

Benomorarenbhas 3amada (5.18)—(5.19) saBigercs 3aaueii BBILYKJIOTO
IPOrPaAMMUPOBAHUS C HEJIMHEHHON 11esieBoil (DYHKIIUEH, TO9TOMY HEIOCPE/I-
CTBEHHOE IIPUMEHEHUE CUMILJIEKC-MeTOola JJjld PelleHus 3TOH 3ajadu HEeBO3-
MO2KHO. UTOOBI ItepeiiTu K JINHEHHOI TesIeBOoil (DYyHKITUU JIOCTATOYHO 3aMe-
HUTDb KaXKIYIO IIEPEMEHHYIO T} BO BCIIOMOraTeJIbHON 33/1a49€¢ CyMMOMR

n+ v+ (5.20)

B pe3yJIbTaTe 9ero MOIYInTCs CAeAyIoas axsusarenmuan JII1-3adava:

z=(c )y + (¢HTy" = min (5.21)

Az + Ay~ + Ayt =b (5.22)

I<zx<u (5.23)

y~ <0,y >0 (5.24)

ey = (y, ) nuyt = (y,j) — BEKTOPLI, COOTBETCTBEHHO, HUNCHUL U 6EPIL-
HUZ BCIOMOTIATeNbHBIX HepeMeHHbIX, ¢~ = (¢ ) u ¢© = (¢f) — BexrOpbI
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ko3 durmentos mrpadHoii (1e1eBoit) YHKIUI IPU BCIIOMOraTe/IbHBIX T1e-
PEMEHHBIX, B POJIM KOTOPBIX (K03(hMUINEHTOB) BHICTYIAIOT BECOBbIE MHOXKH-
TeJI COOTBETCTBYIOIIUX JIEMEHTAPHBIX MTPAadHBIX (QYHKIMHA (CM. BbIIIE).
OcoBEeHHOCTh TPUMEHEHNST CUMILJIEKC-METO/IA, /I PENICHIS SKBUBAJICHT-
noit JIII-3amaun (5.21)—(5.24) cocTour B TOM, YTO BCHOMOTATeIbHBIE IIEPe-
MEHHBIE ¥/, U ylj npucyrcrBytoT B JIIT-3a1aue Hes6H0 — UX POJIb BBITOTHSIIOT
HCXOJTHBIE TIEPEMEHHBIE L), TTOITOMY MOXKHO CIUTATD, YTO CUMILIEKC-METO/T
IPUMEHsIETCsl HEIIOCPEJICTBEHHO K BCIOMOraresbHol 3amade (5.18)—(5.19).
Bo3MOKHOCTD HCITONB30BAHUST MEPEMEHHDBIX X}, MCXOIHOM CUCTEMBI OTpa-
nuvennit (5.15)—(5.16) B KadecTse HepPeMEHHBIX Y, U Y, BCLOMOIaTeIb-
noii JIII-3amaun (5.21)—(5.24) ocHoBaHa Ha TOM, YTO CYIIECTBYET B3AMMHO-
OJIHO3HAYHOE COOTBETCTBUE MEXKJYy 6Cemu (JOIMyCTUMBIMU ¥ HEJOILYCTUMbI-
MU) Ga3UCHBIME DEIeHUsIMU UCXOJHOI CHCTEeMbI OrpaHudeHuil u donycmu-
MbLMU pelieHnsiMu  BerioMorareabuoit JIII-3amaun. JleficrBuTebHO, MyCTh
(xB,a:N) — 0as3nCHOEe pellleHne MCXOIHOW CHUCTeMbl OTPAaHUYEHUH, JIJIsT KO-
Toporo § = (f;) — BEeKTOp TeKyIIuX 3HAYCHUiT GA3UCHBIX IepeMeHHbIX. Feiu
(ip)i < Bi < (up)i, 7. e. GasucHas nepeMeHHasi (rp); = Xj He HApYIIAET
CBOWMX TPAHUIl, TO B 6asmce Bcromorarenbuoit JIII-3amaam xy siBastercs Ga-
3UCHOH, a ¥y, u y,j — HeDA3UCHBIMEU U TIOTOMY PaBHBIMEU HyJI0. Ecim xe
Bi < (IB)i, T. e. basucnas nepemeHnasi (rp); = Tj HaAPYIIAeT CBOIO HIXK-
HIOIO TpaHuILy, To B 6a3uce BeriomorareabHoi JITT-3a1a4u 6a3ucHol sBIIsieTcst
HUZKHsI BCIOMOTaTeIbHasT TIepeMeHHas ¥, , IepeMeHHast Ty, sABJifeTcs Heba-
3HMCHOIT ¢ aKTUBHOIN HUXKHell rpanuneil (Ig); = i u nepeMeHHast y,j ABJISAETCH
neba3uCHON PABHON HyJ/II0. 3aMETHUM, 9TO B 3TOM CJIydae 3HadeHne 6a3ucHoi
nepeMenHoit y, pasHOo 3; — (Ip); U npeacTaBaAeT cobOil OTPHIATETLHYIO
BeJINUNHY HApYIIeHUsI HUXKHEH I'DaHUIbl IepeMeHHO (rg); = T ¢ TOYKH
3pEHMs MCXOJHON cucTeMbl orpanudenuii. Ananorudso, ecau f; > (up)i,
T. e. GasucHas nepeMeHHasi (rp); = T HapyllaeT CBOI BEPXHIOK I'DAHMUILY,
TO B 6azuce Becomorarenbuoit JIT1-3a1a1un 6a3ucHO SIBIIsIETCST BEPXHSIS BCIIO-
MorareabHast y,:', IIepeMeHHasI Xy SIBJAsIeTCS HeDA3MCHON ¢ aKTUBHOI BepxHel
rpaHulen (uB)i = T} W IIEpEeMEHHaA yk_ SIBJISIETCsT HEDA3MCHON PABHOM HYJIIO.
IMpu sToM 3HauYeHWE GA3UCHON TEepeMeHHOM y,j pasHo f3; — (up); u npej-
cTaBsieT coboil MOMOKUTETBLHYIO BEJININHY HAPYIIEHUST BEPXHEN TPAHUIIBI
HepeMeHHOM (Zp); = Tf C TOYKU 3PEHUsI UCXOHON CHCTEMbI OTDAHUYEHUIA.

5.3 Pemmenne BcnomorareabHoi JIII-3agaun

IIpuMeHeHre CHMIIIEKC-METO/A )1l OTBICKAHUST OA3MCHOTO JOIyCTHMOIO Pe-
IIEHNST ICXO/THOMN CHCTEMBI OrpaHndeHnii B obmiem dpopmare (5.15)—(5.16) 3a-
KJIIOUAeTCsl B TOM, YTO Mbl PelliaeM BCIIOMOIaTesIbHYI0 SKBuBajieHTHYO JITT-
saznady (5.21)—(5.24). Ognako reneps permaemas JII1-3a1aga nmeer nesiBHOE
upejicraBienne (9To0bl U30aBUTHCS OT SIBHOIO BKJIIOYEHHsI B UCXOJHYIO CH-
CTeMy OrpaHIYeHUI BCIOMOTraTe/IbHbIX IIEPeMEHHBIX ¥/, H U ), HO9TOMY IIPO-
IIECC PEIICHUs BBITJISIIAT TaK, KaK ecyir Obl Mbl pertayu oobranyio JII1-3amaqy
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B pabodem dopmare (1.1)—(1.3) ¢ mcxoHOl cHCTEMO CHCTEMON OrpaHu-
genuit (5.15)—(5.16), rae cuneruduka pemaemoii JIII-3amaun yuanrsiBaeTcs
B CaMOl CXeMe CHMILIEKC-MeTo/a (CM. MPUHIUIHAIBHYIO CXeMY CHMILIEKC-
MeTo/la B KOHIIE 1ojipas. 1.3).

PaccmorpuM BHaUasie MpOU3BOJIbHOE (JIOMYCTHMOE WJIM HEJOIYCTUMOE)
fasucHoe pelrenne UCXOAHOI cucreMbl orpanndenuii (5.15)—(5.16) ¢ Toukn
spennst skBuBasentHoit JIIT-3amaqan (5.21)—(5.24). [Iycrs (zp,zn) — Gasuc
UCXOJHOM cucTeMbl OorpaHuyenuii, e 5 = ([3;) — BEKTOP TEKyIIUX 3HAYEHUiT
0a3UCHBIX IIEPEMEHHBIX. JTOT OA3UC OJHO3HAYHO OIPEIENIAeT COOTBETCTBY-
omuit donycmumud 6asuc sxksuBasenTHol JIII-3amaun (cM. tpempitymumii
noxpaszen), riae (rp); = xp — Oa3ucHas IepeMeHHasl UCXOIHON CHCTeMBbI
OrpaHUYECHUN:

ecn (Ig); < Bi < (up); (rpaHuIBl HE HAPYIIEHBI), TO T} — OA3UCHAS C
TeKyluM 3HaveHueM [3;, y, M y; — HeGA3UCHBIE C AKTHBHBIMU HyJICBBIMH
IrpaHuIax;

ecn f3; < (Ip); (Hapymena HIKHAS TpaHMIa), TO Y, — Oa3uCHAd C
rexymum 3HadenueM 3; — (Ig); < 0, xx — Heba3ucHas ¢ AKTUBHON HUYKHEIT
I'paHullei, y,j — Hebas3ucHast ¢ AKTUBHON HYJI€BOI I'PAHUIIEI;

ecin 3; > (up); (HapyleHa BepxXHsisi TPAHWIA), TO ylj — GasucHas C
TekymuM 3uadenueM ; — (up); > 0, xp — HebasucHas ¢ aKTUBHON BepxHEil
rpaHunei, y,j — Heba3ucHas ¢ aKTUBHON HYJIEBOU IDAHUIIEIL;

ecin £ = (TN)j, T. €. Ty, SABJsETCA HeDA3NUCHOI IepeMeHHOIt, TO 0be BCIIo-
MoraTe/IbHble LIepeMeHHbIe §; U Y Takke HeGasHCHble ¢ AKTHBHOIL HyJIeBOiL
IPaHUIE.

[Tepeiiem Tenepb K ONUCAHUIO TPUHITUIIAAIBHON CXEMbI CHMILIEKC-Me-
Toja (cp. ¢ noapasz. 1.3), nonaras, uro Mbl pemaeM JIII-3aza41y B pabouem
dbopmare (1.1)—(1.3), cucrema orpanndennii KOTOPOil COBIAIAET C NCXOIHOM
cucremoii orpanndenuii (5.15)—(5.16), a neseast pyHKIUA OTparkaeT CBOI-
CTBa TEKYIIEro OGA3MCHOTO PEIleHKs ¢ TOYKHM 3peHust skBuBajieHTHOH JITI-
sagaun (5.21)—(5.24).

Hlaz 1a. Beraucants [ (1.12) — BeKTOp TEKYIUX 3HAYCHUIT OA3UCHBIX
[EPEMEHHBIX TJ3.

Ilaz 1b. CdopmupoBars Tekyumii BeKTOp ¢ = (cg) KoabuImeHTon
1e1eBoil (PyHKIMM, COOTBETCTBYIONIUI BEKTOPY K0P DUITUEHTOB mITpadHOI
dyuxnun sBeomoraresnsuoit JIII-3amaqn (5.21):

ecin z = (zg); u B; < (Ig)i = lk, TO ¢ TOYKM 3peHUs IKBUBAJIEHTHOI
JIII-3a1a4m B Gazuce HAXOJUTCS HUZKHAS BCIOMOTaTeIbHast IIePeMEHHAst ;. ,
IO3TOMY B cOOTBETCTBUH C (5.21) yCTaHOBUTE ¢} = ¢ ;

ecn x = (xp); u B < (up); = Uk, TO C TOUKU 3PEHUS] SKBUBAJECHTHOIL
JIIT-3a/1a4n B 6asuce HAXOUTCS BEPXHsisl BCLIOMOraTe IbHasL IePeMEeHHAs Y ,
nosromy B coorsercrsun ¢ (5.21) ycraHoBUTh ¢f = CZ_;

ecmn ¢ = (xp); u (Ig); = lp < Bi < (uB)i = ug, TO C TOYKU 3PEHUS
JIII-3agatm B 6asuce HAXOAUTCS CaMa MCXOIHAs IEePEeMEHHAs Tj, IO3TOMY B
coorBercTBun ¢ (5.21) ycranoBurs cj = 0;
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ecin ke T, = (on);, TO ¢ TOYKH 3peHns sKBuBasenTHoil JIII-3amaun
BCE TPU IIePEMEHHbIE T, ¥, 1 y: SABJIAIOTCA HEOA3MCHBIMU, MIOTOMY yCTa-
HOBHUTD ¢ = (), Kak eciu OBl BCIOMOTaTeIbHbIe MePEMEHHbIC I, U y,j ObLIN
HUCKJIOUYEHbl U3 SKBuBajaenTHoi JIII-3amaqmn.

MoKHO OTMETUTH, YTO HEHYJIEBLIMU OYIYyT TOJBKO KO(DPUIUMEHTHI IPU
0a3MCHBIX IIEPEMEHHBIX, HAPYIIAIONINX CBOU rpaHulibl. [Ipu sToM 3HAK KO3]D-
dunmenTa ¢, MOKa3bIBaeT Kakasi HMEHHO IPAHUIIA IIEPEMEHHOI T HapyIlleHa:

cr < 0 — HapylIeHa HUKHsAST TPAHUTIA;

¢ > 0 — HapylleHa BepXHssST I'PAHUIIA;

cr = 0 — HeT HAPYIIEHUs] TPAHUIL.

Iae 1c. Borancaurs d (1.16) — BEKTOP OTHOCHTEBHBIX OINEHOK Heba-
BUCHBLIX IEPEMEHHBIX I IJIS TEKYIIEero BEKTOpa Kod(pUIMEHTOB LeJIeBOi
dbyukum ¢ = ().

C roukn 3penns sxkpusasentHoit JIII-3amaum d; — 5T0 oTHOCHTE/IBHASL
OIIEHKa MCXOJHOI mepeMeHHoil £ = (2x);, TOCKOIbKY ¢ = 0 (cM. mpejbi-
gyt mar). OTHOCHTeIbHBIE OIEHKH BCIIOMOTraTe/IbHBIX HeOA3MCHBIX TIepe-
MEHHBIX Y, U ylj, Kak 910 ciegyer u3 (1.15), Oy/LyT paBHbI, COOTBETCTBEHHO,
dj +C]; n dj—f—c—]:.

Ilaz 2. Beibparb HOAXOAILYIO HEOAZUCHYIO IIEPEMEHHYIO (TN )q, H3MEHE-
HU€e KOTOPOIl B JOIYCTUMOM HAIIPABJIECHUH YMEHBIIAET LEJeBYI0 (DYHKIIUIO,
T. €. OTHOCUTEJIbHA OLICHKA d; KOTOPOil IMeeT «HelpaBUIbHbLl» 3HaK. Heba-
3UCHAsl llepeMeHHasl (T ); CINTAETCs MOIXOJIIEit, ecn:

dj <0 u (ry); UMeeT aKTHBHYIO HUZKHIOIO I'DAHHILY;

d; >0 u (ry); IMeeT aKTHBHYIO BEPXHIOIO IDAHMILY;

d; # 0 u (xn); sBAAeTCS CBOOOIHON (HEOIDAHUYEHHOIT) ePEeMEHHOIH.

dukcupoBaHHble HEOAZUCHBIE TIEPEMEHHBIE HE MOIYT U3MEHATHCA U I0-
9TOMY He BKJIIOUAIOTCS B YHCJIO Moaxoasux. HebasucHbie BCIIOMOraTeIbHbIe
IEpEMEHHBIC ¥/, U y,j' CYUTAIOTCSA MUCKJIIOYEHHBIMI 13 SKBUBasienTHOH JII1-
3a/1a41 (3aUKCHPOBAHHBIME B HyJTe),3* MoTOMY OHI TaK Ke He BK/IIOYaioTCs
B 9HCJI0 TTOAXoAsmuX. Takum obpa3oM, BRIOpaHHOM HEOA3UCHON ITepeMeHHO
(xN)q MOXKeT OBITH TOJIBKO HEKOTOPAs HCXOIHAS IIEPEMEHHAs L.

Ecsin BbiGOp HEBO3MOXKEH (TeKylee 6a3uCHOE pellleHne SKBUBAJIEHTHOI
JIII-3ama14u siBIsTeTCST ONITUMAJIBHBIM ), TO IEPeiiTH K mary 5.

Ilae 8. OupeneauTsb Oy, — abCOMIOTHYIO BEJIMYUHY TPUPAIIECHUS Bbi-
OpanHOll HeDA3UCHOI IIepeMeHHOiT (TN ), B CMezKHOM basmuce.

Kak u B 06braaOM citydae (em. nogpasi. 1.3) Oy onpejensiercs mo ¢Gpop-
myste (1.23). Opuaako npu onpejesnennn §; (Touku, B KOTOPOil GasucHas 11e-
pemennas (xrp); JoCTHraeT CBOeil rpanuIipl) o dopmyste (1.20) Heobxomumo
YYUTHIBATH, YTO OA3UCHO IMEPEMEHHOM MOXKET OBbITh KaK MCXO/IHAs [T€PEMEH-
Hast T, TaK U BCIIOMOTaTeTbHasA MepeMeHHast i, WJIN y,j [TosTomy B dop-

31Tak kax B MOGOM OITHMAIBHOM PEIICHHH SKBUBaIeTHOM JITI-3a1a5H ¢ HyIeBbIM 3Ha-
4geHneM ITpadHO DYHKIMKE BCe BCIOMOIaTe/IbHbIE IIEPEMEHHbBIE JO/KHBI OOPATUTHCS B
HYJIb.
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myse (1.20) smecro rpanun (Ig); = g u (up); = ug ClIeyeT UCIOJIb30BATH
IPAHMIbI, OIPEIEITeMbIE CJICAYIOIUM 00Pa30M:

lg, ecmm (zg)i = (¢ =0)
(I)i =14 —oo, ecm (zp); =y, (cx<0)
ug, ecau (xg); = y,': (ck > 0)

ug, ecan (xg); =z (¢ =0)
(up); = l, ecmn (xg); =y, (cx <0)
+00, ecmn (z); =y, (cx >0)

Cwbicat rpannt (1)) n (up); MOXKHO HOSICHUTD cieyiomuM obpasom. Ec-
mu (xg); = Tk, TO B TEKYIeM Oa3uce epeMeHHast T, He HApYIIaeT CBOUX Ipa-
HUII, IOSTOMY HCHOJIb3YIOTCA ee OPUTHHAIbHbIC IpaHuisl. Ecmu (xg); = ¥, ,
TO B TEKyIEM Oas3uce Ty HAPYIIAET CBOIO HUKHIO rpanuily. CjemoBaresbHo,
Y, BO3pacTas JOCTUIHET CBOEil BepxXHell HyJEeBOW I'DAHUIbI B TOH »Ke TOUKe
f;, B KOTOpPOIi Bo3pacTasl HOCTHUIJIA Obl CBOEH HusCHel TPAHUILI MCXOIHAS
nepeMeHHasi Ty. AHajorndno, eciu (rp); = y,j, TO B TeKyleM basuce Xy
HapyIIaeT CBOIO BepxHIOK rpanuily. CiieoBaTeabHo, ylj yObIBas JOCTUTHET
CBOell HUKHEW Hy/IeBOW T'DAHMIIBI B TOW 2Ke TOYKe #;, B KOTOpPOW yObIBas
JlocTUTIa 6bI CBOEH 6eprHeli PPAHUIBI UCXOHAS IEPEMEHHAS T .

SameTnm, 9TO caydait Oy = 00, COOTBETCTBYIOIIHMI HEOTPAHUIEHHOMY
MHUHUMYMY MITpadHOM DYHKIINY, HEBO3MOXKEH, ITOCKOJIBKY IMITpadHas PyHK-
Ul 110 OIIPEJIEICHUIO OrPAHNYEHa CHU3Y HYJIEM.

Hlaz 4. Ecmu Omin = 6, (1.21), T0 mOMeTHTD TIepeMeHHyIo (2 3), Kak Heba-
3UCHYIO, a IlepeMeHHyI0 (2 )y Kak Oasuchyto. Ecin ke Opmin = 6y (1.22), To
U3MEHNTH TEKYIIyI0 aKTHBHYIO I'DAHHILy IepeMeHHOi (X ), Ha IPOTHBOIO-
JIOZKHYIO.

Ilepemennasi (zx)q, KOTOpasi CTAHOBUTCSI OA3UCHON — 9TO BCerja HEKO-
TOpasi HCxoHas HepeMenHas (cMm. mar 2). OxHako mepeMentast (Tg)p, Ko-
TOpasi CTAHOBUTCSI HEOA3MCHOM, MOXKET OBITH KaK MCXOIHON IMepeMeHHOI Ty,
TaK U BCIIOMOIaTe/IbHO HepeMEeHHOIl Y, Ml y; Tak Kak B TeKyIem Oazu-
ce BCEryla HaXOJIUTCs POBHO OJ[HA M3 TUX TPeX I[epeMeHHbIX (Jpyrue JBe
JIOJIXKHBI OBITH HEOA3UCHBIMM, IMOCKOJIBKY BCE STH TPU TEPEMEHHBIE MMe-
10T MJIEHTUYHBIE CTOJIONBI B MaTpuile Ko3(MdUIMEeHTOB OrpaHuveHuii), To B
CMEXXHOM 6asuce BCe 9TU TPHU TepeMeHHble OyayT HebasucHbIME. [losToMy
ecin (zB)p = T, TO B CMEXKHOM 0a3nce aKTHBHAs I'DAHMIA TOM IepeMeH-
HOIT onpe/iesistercst 0ObIYHBIM 06pas3oM (cM. mar 4 B mogapas. 1.3). Ecau xke
(B)p = Y, , TO B CMEKHOM 0asmce T, OCTACTCS Ha CBOEil aKTHBHON HIKHElH
rpaHuie, a eciau (Zg)p — y,":, TO B CMEXKHOM Dasuce rj ocTaeTcs Ha CBOeil
aKTUBHOM BepxHeW rpaHuIbl. TaK KaK Xj HUCIOJNB3YeTCs IS IPeICTaBIeHNs
BCEX TPeX TMEPEMEHHBIX, TO MOCIETHNE JIBA CIydas OMPEIe/sIiOT aKTUBHYIO
IPAHUILy X} B CMEKHOM Oasmce.

Bepuyrhes k mary la.
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Llaz 5. Ilycre 2* — 3nadenue mrrpadHOil (pyHKIUN B TEKYIIEM OA3UCHOM
PEIeHIH, KOTOPO€e SIBJISIETCST OIITHUMAJIBHBIM.

Ecmu z* > 0, To CTOII — ucxonnast cucrema orpanndenuii (5.15)—(5.16)
HECOBMECTHA (He MMeeT JIOIyCTUMBIX DeIleHuii).

Eciu z* = 0, To ¢ Touku 3penusi Bcuomoraresabuoit JII1-3a1a4un Bee re-
PEMEHHEBIE ¥, U y,j B TEKyIIeM 0a3UCHOM pellleHny paBHBI Hy/0. Ecym npu
STOM ). WK y,j sIBJIETCsT OA3UCHOM, TO XOTsl (DOPMAJILHO IIepEMEHHAs T
HAPYIIaeT CBOIO HUXKHIOIO WU, COOTBETCTBEHHO, BEPXHIOI IPAHUILY, 9TO Ha-
pymenne pasuo myiio. [losromy CTOIl — Texkymuit onTuManbHbIit 6a3mc
skBuBasieHTHON JIII-3a1aum siBjIsteTCst MOMyCTUMBIM OA3UCOM UCXOJIHOM CH-
crembl orpanndennii (5.15)—(5.16). W

Hpumevarnue. BMecTo ycjioBusi ONTHMAJIBHOCTH, IIPOBEPSIEMOrO Ha, Iia-
re 2, B Ka4eCTBEe YCJIOBUs OCTAHOBA MOYKHO HMCIIOJIB30BATE CJIeyiomiee Hoee
ciaboe yeaopue. [TockobKy B KOHETHOM UTOTE HAM TPeOyeTcsi AOMyCTUMBII
0a3uC UCXOJHON CHCTEMBI OI'PAHUYIEHUIH, TO ITOC/Ie BBIYUC/IEHUST TEKYINX 3Ha~
Jennit 6a3MCHBIX NepeMeHHbIX 5 = (f;) Ha mare la 10CTATOYHO IPOBEPHUTH,
UTO BCE UCXOJIHBIE DA3UCHBIE TEPEMEHHBIE HAXOISITCsI BHYTPU CBOUX T'PaHMUIIL,
T. €. Y4TO BCe 6a3UCHbIE BCIOMOTaTe/IbHbIE TIepEeMEeHHbIC Y U y,:r PAaBHBI HYJIIO.
Eciin 310 ycjioBre BBITIOJIHSIETCsI, MOYKHO Cpaldy MEepeiTH K Iary 5.

B szakmiouenne ormeTuM, UTO IPHU II€peCcUeTe OTHOCUTEJHHBIX OIEHOK
d = (dj) st cmezknOro 6a3uca (CM. moapas. 2.3) HeoOXOAUMO UMETH B BUJLY
crepyiomiee. Popmyra mepecaera (2.25) mosrydeHa MCXO/s M3 YCJIOBHs, 9TO
K03 DUIUEHTHI TeJIeBOl (PYHKIUU B CME2KHOM 0a3uce He U3MEHSIOTCS. DTO
YCJIOBHE BBIIIOJIHSIETCSI, €CJIN C TOYKH 3peHust skBuBasienTHON JIII-3amaun u3
6a3nca BBIXOJUT MCXOAHAs IepeMeHHas (TR)p = Xk, TaK Kak KOo3(hQUIIeHT
mrpadHOil DYHKINU ¢ TPU ITOU IEPEMEHHON OCTAaeTCd PABHBIM HYJIIO B
cMexkHoM Oazuce. OHAKO ecytn u3 6a31ca BBIXOJUT BCIIOMOTATEIbHAS HUK-
ueas (LB)p = Y, WIH BepxHaAd (TR), = y,:' nepeMenHasi, To Kod(pdUuIueHT
mrpadHOit GYHKIUH ¢, KOTOPBIH B TEKYIEM 0a31ce OTHOCUTCS K BCIIOMOTa~
TEJIbHOW IIePEMEHHON U [O9TOMY PaBEH ¢ WJIN c;:, B cMeKHOM Oaszuce 6yaer
OTHOCUTBHCS YK€ K MCXOJHON IePEMEHHON T, a 3HAYUT, Oy/IeT PaBeH HYJIIO
(cm. mar 1b). ITosTomy mocsie nepecuera OTHOCUTEIBHBIX OLEHOK 10 (hop-
mysam (2.25) u (2.26) B ciyuae (zp)p, = y;, wm (2g), = y; Heobxomumo
CKOPPEKTHpPOBATh 3HAUCHHE dg, BBIMUTAS U3 HEIO, COOTBETCTBEHHO, Cj HJIH

¢}, xax 310 Cateyer u3 onpesesnenuit (2.13) u (2.14).
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IIpunoxkenue

ITporpammMmuas peajm3anng

II.1 Moayns SPXLP — ocHOBHBbIE orieparnumn
I1.1.1 Crpykrypsubri Tun SPXLP

CrpykrypHublit Tul JaHHBIX SPXLP HCIIOIB3yeTCs JIJIs IPEJICTABIEHUS UCXO/I-
Hbix janabix JII1-3anaun B pabouem dopmare (1.1)—(1.3), Tekymero 6a3u-
ca, KOTOPLII OLpee/adeTcsd COOTBETCTBYIOIEH IIepeCTAaHOBOYHON MaTpulei
IT (1.4) u npu3HAKAMY AKTUBHBIX IPAHUIL HEOA3UCHBIX TIEPEMEHHBIX, & TAKKe
akropuzarun 6asucuoit marpunpl (1.6) 1uist Tekyiero 6asuca.

Marpuma Ko3pduIuenToB orpaundeduii A uMeeT pasMepHOCTL 1M X N
U XPaHUTCSI B pa3perkKeHHOM CTOJOIOBOM Qopmare. BekTophl XpaHATCSI B
0OBIIHOM ILTOTHOM popMare. s npepcrapierus (hakTopu3anun 0a3snCcHOM
MaTpuibl B, uMeroreii mopsa oK m (10 9uciy 6a3UCHBIX II€PEMEHHBIX, COB-
HaJIAroIIEeMy € YUCJIOM OrPAHIYCHUI-PABEHCTB), UCIIOJIb3YeTCsl CTPYKTY PHBII
T jaHebx BFD (apaiiep dakTopusanuy 6a3uCcHOI MaTPUILBI).

Crpykrypa SPXLP uMeeT CjIe/IyIoniue moJis.

int m — uwncso orpanndenuit-paseHcTs (1.2), yncio cTpok Marpuibl A,
m > 0.

int n — 9KMCIO mEepeMeHHBbIX T = (Tj), YUCJIO CTOJIOIOB MATpHIbI A,
n>m.

int nnz — YNC/IO HEHYJIEBBIX 3JIEMEHTOB B MaTpure A.

int *A_ptr — ykazareyib Ha MaccuB JyuHbI 1 +n+ 1. dueitka A_ptr [0]
me ucmonb3yercs. Aueiika A_ptr[k], 1 < k < n, ompenenser HAYATBHYIO
no3unuio k-ro crojidra marpuiiel A B MaccuBax A_ind w A_val, npu 3TOM
Beerja A ptr[l] =1 (1. e. nepsblil cTo6el] HATMHAESTCS B IIEPBOI O3UIIUH).
A ptr[n+ 1] = nnz + 1 onpejesierT MO3UIMIO, CJAECLYIONIYIO 33 MOCJIEHUM
9JIeMEHTOM B MaccuBax A_ind u A_val (T. e. IO3MIMIO, B KOTOPOii ObI HAYU-
Hascst (n + 1)-it crosberr). CTosbIbl MATPHIIEL CIEYIOT JIPYT 3a APyroM 6e3
[POMEXKYTKOB, [I09TOMY JITMHA (MUCJIO HEHYJIEBBIX 9JIEMEHTOB) k-Io CTOJIONA
paBua A ptr[k+ 1] —A ptr[k] > 0.

int *A_ind — ykazaTejb Ha MaccuB jiyinHbl 1 + nnz. fueiika A_ind [0]
He ucnosib3yercd. Agetikum A_ind[1], ..., A_ind[nnz] comepxkar cTpOYHBIE
HUHJIEKCHI COOTBETCTBYIONIUX IJIEMEHTOB MATPHUITHI A.

double *A_val—ykazaTesb Ha MAacCUB J/InHbI 1 +nnz. A4eiika A_val [0]
He ucnosb3yercs. fueiiku A_val[1], ..., A_val[nnz] comepxar (Henyse-
Bbl€) 3HAYEHUsI COOTBETCTBYIOIINX JIEMEHTOB MaTPUIBL A.
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double *b — ykaszaresb Ha MaccuB JyuHBL 1 + m. Aueiika b[0] He nc-
nosib3yercs. Aqeiika b[i]l, 1 < ¢ < m, comepKuUT 3HaYeHUE MPABON IACTU
i-ro orpannvenusi-paseHcrsa b; (1.2).

double *c — ykasareib Ha MaccuB JumHBLI 1 + n. Adeiika c[0] comep-
JKUT 3HAYCHUST IOCTOSTHHOTO dJIeHa TiesieBoii ynkmumn ¢y (1.1). fHueiika c [k],
1 < k < n, conepxut 3HaveHne KoM DUITNEHTA TEJI€BON (PYHKIINA IIPHA IIe-
PEMEHHON Ty,.

double *1 — ykazarejib Ha MaccuB JuHbl 1 + n. HAueiika 1[0] He wnc-
nosib3yercs. Adeiika 1[k], 1 < k < n, comepKuT 3HadeHne HUXKHEH IPaHUIIbI
I, mepemennoit xy, (1.3). Ecin [, = —o0 (x), He uMeeT HUZKHEH IPAHUIBI), TO
1[k] = —DBL_MAX.

double *u — yKa3arejb Ha MaccuB JauHbl 1 4+ n. HAdeiika u[0] me unc-
noste3yercst. Aueiika ulk], 1 < k < n, conepKuT 3HaU€HNE BEPXHEH TPAHUIBI
uy, mepemennoit ug (1.3). Ecan up, = +o00 (zp He numeer BepxHeil rpaHuiipl),
To ufk] = +DBL_MAX. Eciin xj sBisiercss (bUKCUPOBAHHON NEPEMEHHOI, TO
ulk] = 1[x].

int *head — ykasarejb Ha MacCUB JJIUHBI 1 + n, Ha3bIBAEMBIIl 30420406~
xom basuca. Auetixa head [0] me ucnonb3dyercs. Aueiika head[i], 1 <1 < m,
COJIEP>KUT MCXOIHBIH HOMED k MepeMeHHOH, KOTOpast 3aHUMAET -0 TTO3UITUIO
B BEKTOPe Oa3UCHBIX [IEPEMEHHBIX T, T. €. JIJIsl KOTOpoii (rp); = x. fHueiika
head[m+j], 1 < j < n—m, COIEPKUT UCXOJIHBII HOMED Kk ITIEpEMEHHO, KOTO-
past 3aHIMAeT j-10 MO3UINI0 B BEKTOPE HEOA3UCHBIX MIEPEMHHBIX X, T. €. JJIsI
koropoit (zn); = x. Takum obpa3oM, 3arojo0BoK 6asmca II0 CYIIECTBY 3a-
JlaeT mepectaHoBouHy0 MaTpuily I, koTopas onpejenser pasbueHue nepe-
menHbIX (1.4) Ha GasucHble U HeOGa3UCHBIE B TeKylneM Oasuce: head[k’] = k
osuavaer, aro II[k k] = 1.

char *flag — ykaszaTesb Ha MaccuB JUIUHBI 1+n—m. fueiika flag[0] ne
ucnosibdyercs. Aueiika flagljl, 1 < j < n —m, comepKuT IPpU3HAK aKTUB-
HOIl BepxHell rpaHuIbl J1jis HeOA3UCHOM 1epeMeHHol (x N)j. DTOT NpU3HAK
MOKET OBbITh YCTAHOBJIEH TOJIBKO /I HEDA3UCHBIX IIEPEMEHHBIX, KOTOPbLIE
UMEIOT BEPXHIOIO I'PAHUILY U HE SIBJISIOTCS (PUKCUPOBAHHBIMU.

int valid — ecjiu JAHHBIA TPU3HAK YCTAHOBJIEH, TO (DAKTOPHU3IAINAA Te-
KyTIeit 6a3ucHoOi MaTpuIlbl B sBjisieTcs AeficTBuTeIbHOM. B npoTuBHOM City-
qae, e/ JAaHHBIN MPU3HAK cOPOIIeH, paKTOpU3aIns He AefCTBUTEIbHA.

BFD *bfd — ykasareib Ha japaiiBep dakTopu3anuu 6a3UCHON MaTpPHUIHI
(mporpammusbtii 06bekT Tuia BFD). Peanuzanus sToro apaiisepa mnpe/iiosia-
raeTcs IPUBATHON B TOM CMBICJIE, 9TO ITOJAIIPOrPAMMBbI CHUMILJIEKC-METO 18 He
UMEIOT JJOCTYIIa K ITOJIZAM COOTBETCTBYIOHIECI'O CTPYKTYPHOI'O THIIA.
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I1.1.2 spx factorize — BbIumc/eHue pakTOpU3aAIAU
0a3ucHOIl MaTpPUIIbI

int spx_factorize(SPXLP *1p);

JanHast o/IporpaMMa BEIIHCIISIET HAYAIbHYI0 (QaKTOPU3AIIIO TEKY e
6asucuoit marpurpt B (1.6).

Ecin dbakTopusarus yCIenHo BeIMUCIeHa, IOIIPOrpaMMa yCTaHaBINBA-
eT PU3HAK, 9TO TeKylas HakTOPU3aIUsl sIBJISETCs JAefiCTBUTEBHOMN, U BO3-
BpAIaeT Hy/Ib. B IPOTUBHOM CJIy9ae MoIporpaMma cOpachblBaeT yKa3aHHbII
IPU3HAK U BO3BPAIAET HEHYJIEBOIl KO/, KOTODBIii ObLI Hepeal JpaiiBepoM
dakropuzaiuu (bfd_factorize).

I1.1.3 spx eval beta — BbIumMciieHUMe 3HaYEHUI OAZUCHBIX
nmepeMeHHbIX

void spx_eval_beta(SPXLP *1lp, double betal[/*1+m*/]);

Hannast nopnporpaMma Beraucisier Bektop 3 = (f;) Tekymux 3uade-
Huil 6a3ucHbIX nepeMeHHbIX T = [(zg)] (2.12). (Pakropusaus Texyei
0a3MCHOI MaTPUIILI JOJIXKHA OBITDH ;LeﬁCTBHTeJH)HOI”A.)

Buauase mommporpaMma BeIYHCIsIET MOAUMDUIIMPOBAHHBIN BEKTOD IIpa-
BbIX 4YacTel OrpaHUuYeHunil:

n—m

1

j=

rje b = (b;) — ncxoHBI BEKTOD IIPaBbIX Yacreil orpanudenuii, N — mMarpu-
11a, COCTaBJIEHHAA U3 CTOJIOIOB NCXOAHON MATPUIILI KOI(DDUIIMEHTOB OTPAHI-
deHuil A, cooTBeTCTBYIOMUX HeOA3HCHBIM HepeMeHHBIM f = (fj) — BekTOp
AKTUBHBIX I'DAHUI] HeOA3UCHBIX IIepeMeHHbIX TN = [(zn);], Nj = Ay — crou-
Ger; Marpunpl A, coorBeTcTByIONMiT HEOAZUCHOI NepeMeHHON (TN); = Tk,
fj — snadenue akTuBHON rpanuiel (Iy); = I nm (un); = uj HeOA3HUCHON
epeMeHHoit (ZN); = 2 B TeKyIeM 6a3uce. MaTpudHO-BEKTOPHOE IIPOU3Be-
nenne N f BbIYUC/IsSIeTCS KakK JIMHEHass KOMOMHAIS CTOJIOIOB MAaTPHUILL [V,
YTO II03BOJISCT IIPOILYyCKaTh Te cTosbmbl Nj, s KoTopeix f; = 0.

Barem noguporpaMma BoinosHser omnepannio FTRAN st Borauciienust
BEKTOpa 3HauYeHn H6a3MCHBIX IIePEMEHHBIX B TEKyIIeM Oasuce:

g =B

Ha BBIXOE mOAIIporpaMmMa 3alichblBaeT KOMIIOHEHThI BEIUACICHHOI'O BeK-
Topa 5 = (f3;) B aueiiku MaccuBa betall], ..., beta[m].
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I1.1.4 spx eval obj — BbIumcJIeHUEe 3HAYEHUs 11€JIEBO
dbyHKITUN

double spx_eval_obj(SPXLP *lp, const double betal/*1+m*/]);

JlanHast nojuporpamMMa BbIUUCIISIET 3HAUEHHE 1eJIeBOH (DYHKIUN B TEKy-
meM Gasucnom perternu (1.13):

m n—

m
z=cEB+ N f+eo= Z(CB)zﬂz‘ + (en)jfi + co,
i—1 j=1

rie cg = [(¢p)i| — BekTOP KO3 DUIMEHTOB 11e1eBoil DYHKINY IPH GA3UCHBIX
[epeMeHHbIX, 3 = (f3;) — BEKTOP TEKYIIUX 3HAUCHI Oa3UCHBIX TIEPEMEHHBIX,
cn = [(en);] — BekTOp KO3 DUIMEHTOB He/eBOil DYHKIME IPH HEOA3HCHBIX
nepeMeHHbIX, f = (f;j) — BEKTOp TEKyIIUX aKTHBHBIX I'DAHUI] HeOA3UCHBIX
[IEPEMEHHBIX, ) — OCTOSHHBIN UJIEH IeJIeBOi (DyHKIHN.

KowmnonenTst BekTopa 3 = (5;) JOTKHBI HAXOAUTHCS B sTIEiKaX MacCuBa
betal1l], ..., beta[m].

I1.1.5 spx eval pi — BbIYHUC/IEHUE CUMIIJIEKCHBIX MHOXKU-
TeJieit

void spx_eval_pi(SPXLP *1lp, double pil[/*1+mx*/]);

JlaHnHast mommporpaMMa BBIYUC/ISET BEKTOP CUMILIEKCHBIX MHOYKUTEJEH
m = (m;) (2.13) mua rexyuiero 6asuca. (Pakropusanus rexkyieii 6a3ucHOl
MATPHIIbI JOJZKHA ObITH JIeHiCTBUTEIBHOII. )

Jlist BBIYUC/IEHNUsT BEKTOPa 7 UCosb3yercs oneparust BTRAN:

T = B_TCB,

rie cg = [(¢p)i| — BekTOp KO3 D UIMEHTOB I1e1eBoi DyHKIUY TP GA3UCHBIX
nepeMeHHbIX g = [(zB)i].

Ha BbIx01€ mOJIIIPOrpaMMa 3aIMChIBAET KOMIIOHEHTHI BHIUUCIEHHOTO BEK-
Topa T = (m;) B siueiiku maccuBa pil[1], ..., pil[m].

I1.1.6 spx eval dj — BbIUMCJIEHNE OTHOCUTEJILHOI OIEHKU
Heba3uCHO ITepeMeHHOMN

double spx_eval_dj(SPXLP x1p, const double pil[/*1+m*/], int j);

Jannas moaporpaMMa BEIUUCIIeT OTHOCUTEIbHYIO ONeHKY d; Hebasuc-
HOI epeMenHoit (xN); = 2, 1 < j < n—m, B TeKynieM 6a3HCHOM peIleHnH
o dopmyste (2.15):

dj = cx — AT,

rie ¢, — K03 unmeHT mneieBoil (pyHKImu npu Ty, Ap — k-it cronbern MmaTpu-
1IbI KO3(hPUIIMEHTOB OrpaHUYeHNil, T — BEKTOP CUMILIEKCHBIX MHOXKHTEJIEH
JIJISI TeKYIIero 6asmuca.
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KommnonenTs! BekTopa m = (7;) JIOJKHBI HAXOJUTHCH B sivUeiiKax MacCuBa
pil1l, ..., pilm].

I1.1.7 spx eval tcol — BbIYmMCIIeHUE CTOJIOIA CUMILJIEKC-
TabJJINIIbI

void spx_eval_tcol(SPXLP *lp, int j, double tcol[/*1+mx/]);

JlanHas mojuporpaMMa BBIYUCIISET j-1 CTOJIOEI TeKyIel CUMILIEKC-Tab-
manet 25 = (&5), 1 < j < n—m. (Pakropusanus Texyeil 6a3ucHoil Mar-
PHIIbI JIOJIKHA OBITH JIefiCTBUTE/ILHOIA. )

CronGer; cumineke-TabnIpl Beraucssiercs mo dhopmyite (2.16) ¢ ucmomns-
soBanuem oneparnuu FTRAN:

=. — _Rp-1ln.
E; =—-B"Nj,

rme B — mekymas 6asucHas maTpuia, N; = A — crosaber MaTpuilbl KOd-
GUIMUEeHTOB OrpaHMIeHNt, KOTOPBI COOTBETCTBYET HEOA3UCHON MepeMeHHO

(rn )j = Tk-
Ha BbIXOie OAIIPOrpaMMa, 3aIUCHIBAET 3JIEMEHTBI BBIYHCIEHHOTO CTOJIO-
ma Z; = (&;) B aueiikn MaccuBa tcol[1], ..., tcol[m].

I1.1.8 spx eval rho — BbrumcieHue cTpoku 0OpPATHOI
0a3ucHOll MaTpPUIIbI

void spx_eval_rho(SPXLP *lp, int i, double rhol[/*1+m*/]);

JlamHas moaIporpaMMa BEITUCISIET 1-10 CTPOKY MaTPHUIIBI B_l, rue B —
TekyInasi 6aszucuast Mmarpuna, 1 < i < m. (Pakropusarus Tekyrieii 6a3ucHoil
MATPHUIIBI JOJXKHA OBITH ;LeﬁCTBHTeanoﬁ.)

Crpoka 06paTHOl MaTpuIlbl Bhraucsiercs 1o gopmysie (2.29) ¢ ucnosb-
zoBanueM onepanun BTRAN:

P = BiTelﬁ

rie e; — i-i cToJ0er] e MHUIHON MATPUIILI.

Ha BbIxOie TOAIIpOrpaMMa, 3alUCHIBAET 3JEMEHThI BHIUUCIECHHONR CTPOKU
p = (p;) B siveiiku maccusa rho[1], ..., rho[m].

Ipumenarue. BeKTOp p ABJIAETCA BEKTOPOM CHUMILIEKCHBIX MHOXKHUTEJIEMH
7 s nesieBoii byHkuu z = (xg);.
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I1.1.9 spx eval tij — BbIYKCJIeHUE 2JI€EMEHTA CUMIJIEKC-
TabJINIIbI

double spx_eval_tij(SPXLP *1lp, const double rhol[/*1+m*/],

int j);

[annas moiporpamMma BLIMUC/ISET 3JIEMEeHT &;; TeKyIlel CUMILIeKC-Tab-
munpl = = (&) = —B7IN, 1 <i<m, 1< j<n—m, no dopmyie:

&ij =€ Zej = —e/ B"'Nej = —(Ne;)" (B e;) = =N p,

rae e; moej — i-it m j-i CTOJIOIBI €IMHUIHON MATPHUIIBI, Nj = A, — croi-
Oer; MaTpuUIlbl KOI(MDPUITUEHTOB OTPAHUIHUN, COOTBETCTBYIONINI HEOA3UCHOI
nepemennoit (ry); = xx, p= B~ Te; — i-a cTpoka obpaTHoit GazucHOl MaT-
purpr B~

KomnonenTs! BekTOpa p = (p;) JSOMAKHBI HAXOIUTHCS B sT9eiiKax MaccuBa
rho[1], ..., rho[m].

IIpumevanue. Diement &;; ABgeTCA OTHOCHTEILHON OIEeHKOi d; meba-
3UCHOI IlepeMeHHol (2N ); /s 1eseBoil byHKmu z = (£B);.

I1.1.10 spx eval trow — BbIUKCJ/IEHUE CTPOKU CUMILJIEKC-
TabJINIIbI

void spx_eval_trow(SPXLP *1lp, const double rho[/*1+m*/],
double trowl[/*1+n-m*/]);

JlaHHast TOANpPOrpaMMa BBIUUCIISET -0 CTPOKY TEKYIeil CUMILIEKC-Tab-
munet & = (&5), 1 <i < m.

DJIeMEHTbI CTPOKH CUMILIEKC-Tabmumpl & = (&) maa j = 1,...,n —m
BBIUHUCIISAIOTCS € OMOIIBIO OANPOrpaMMbl spx_eval_tij (cMm. Bbime).

BekTop p = (pj), KOTOPBIil IPEACTABIIAET 4-10 CTPOKY 0OPATHOI Ga3HCHOIT
Marpuisl B! 1o/mKken GBITH IpeIBAPHTEILHO BLIYUCICH C HOMOIIBIO MO/I-
nporpammbl spx_eval_rho (cum. Beime). IIpeamosaraercsi, 970 KOMIIOHEHTBI
9TOr0 BEKTOPA HAXOJSTCd B siueiikax maccuBa rho[1], ..., rho[m].

Ha BoIxOz€e mOIIPOrpamMMa 3aIlliChbIBAET SJIEMEHTHI BHIYUCJIEHHON CTPOKHU
& = (&) B aveiikn maccuBa trow[1], ..., trow[n-m].

Ipumevarue. lannas noamnporpaMma peiHa3HavdeHa TOJIbKO JJIst TECTH-
POBAHUST U OTJIAJIKH.
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I1.1.11 spx update beta — mepecder 3HaueHuii 6a3uCHBIX
nepeMeHHbIX

void spx_update_beta(SPXLP *1lp, double betal[/*1+m*/], int p,
int p_flag, int q, const double tcol[/*1+m*/]);

Jannast mo/porpaMma BBIIOJHSET Iepecder BekTopa 3 = (/f3;) 3Haue-
HUit 6a3uCHBIX epeMeHHbIX xp = [(zp);] (2.12) miusa cmexknoro 6asuca (CM.
nojipasi. 2.3).

Ha Bx0/le KOMIIOHEHTBI BEKTOPa [3 JIJIsl TEKYIIEro OAa3MCa JTOKHBI HAX0-
JUThCA B d4eiikax maccuBa betal1], ..., beta[m].

[Tapamerp 1 < p < m 3amaer HOMep GA3UCHOI HEpeMeHHOIT (ZB),, KOTO-
pasi CTAaHOBUTCSI HEOA3HUCHOIT IIepeMeHHol (T ), B cMexkHOM Gasuce. Crenn-
aJbHbll caydail p < (0 o3HadaeT, 9TO B CMEXKHOM Dasuce HebasucHast repe-
MeHHasI (TN )q IEPEXOJUT CO CBOEi TeKyIueil (HIyKHel I BepXHeil) akTUB-
HOI IPaHUIBI HA IPOTUBOIIOIOXKHYIO, IIPU TOM COCTaB 6A3UCHBIX U HEDA3UC-
HBIX IIEPEMEHHBIX He N3MEHSIETCS.

Ecsin npusnak p_flag ycraHOBJIEH, TO B CMEXKHOM Oa3nce aKTUBHOI I'pa-
HuIeil IepeMeHHol (2 R), CTAaHOBHUTCH ee BepxHsia rpanuia. (B sTom ciyuae
epeMeHHas (L), JO/KHA UMETh BEPXHIOIO IPAHUILY U He ObITh (PHKCHPO-
BAHHOI [IepeMeHHOI. )

[Tapamerp 1 < ¢ < n —m 3agaeT HOMep HEOA3UCHON IIE€peMeHHO (TN ),
KOTOpasi B CMeXKHOM 0a3mce CTaHOBHTCS OA3MCHON IepeMeHHOIl (Tg), (ec-
mr 1 < p < m) niam mepexouT CO CBOEH TeKyIeil akTHBHON I'DAHUILI HA
nporusononoxuyio (ecian p < 0). (B mocrenuem ciryuae nepementast (zy)g
JIOJZKHA UMETh 06€ BEPXHIOI U HUYKHIOIO IPAHUIILI U He ObITh (PUKCHPOBAH-
HOIi TIlepeMeHHOI. )

Maccus tcol JO/IKEH COJEpKaTh 3JIEMEHTHI ¢-TO (BeJyIIero) crosdma
CUMILTIEKC-TabHIBL =y = (&;,) B stueiikax tcol[1], ..., tcol[m]. (Dror
CTOJIOEI TOJIPKEH COOTBETCTBOBATH TEKYIIEMY Oa3mucy.)

st nepecdera 3HaveHNit 6a3UCHBIX IEPEMEHHBIX IIO/IIPOrpaMMa BHAUA-
JIe OIIpejIeliseT pupallenne 6a3uCHOI 1epeMeHHOil (TR), B CMeXKHOM ba3ice
(#O TosBKO ecam 1 < p < m):

0—fBp, ecim —oo < (xg)p < +00
A(xp)p = (IB)p — Bp, ecnu p_flag =0
(uB)p — Bp, eciam p_flag =1

rae [, — 3HadeHHe IepeMeHHoil (), B TekyieM basuce, (Ig), u (up), —
ee HUIKHSIsI U BEPXHsisl TPAHUIIBI. 3aTeM MOIPOrPAMMA OIIPEJIeJIsieT COOTBET-
CTBYyIOIIIee IPHpAIeHIe HeOA3UCHON IepeMeHHOil (), B CMeKHOM basuce:

A(zp)p/Epg; ecm 1 <p<m
Alxn)g =19 (un)g— (IN)g, ecmmp <O0m fy = (In),

(InN)g — (un)g, ecmmp <0mu fy=(un)q
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rae §pq — BELYLIUiT 3JIEMEHT CHMILIEKC-TaOJIUIEL, f; — 3HAYEHHE aKTHBHO
IDaHUIIbI IIePEMEeHHON (2 ), B TeKyleM basuce.
Ecmn 1 < p < 'm, 1o B cmexxnoM Gasuce (Tg), = (N )q, IOSTOMY

Bp =f¢+ A(d’UN)q-

SHaueHnsi OCTAJIBHBIX 0A3UCHBIX MepeMeHHBbIX (zp); mid 1 < i < m, i # p,
IIEPECUNTHIBAIOTCA 110 (POPMY.Ie:

Bi = Bi + &igA(xn)g-

Ha BbIXOz€e mommporpaMma 3alichbiBaeT KOMIIOHEHTHI BEIUMCIEHHOIO BEK-
Topa = (f3;) B siueiiku MaccuBa beta Ha MECTO UCXOJHOIO BeKTOpa f3.

I1.1.12 spx update d — mepecyeT OTHOCHUTEJbHBLIX OIEHOK
Heba3UCHBIX ITepeMeHHbIX

double spx_update_d(SPXLP x*1p, double d[/*1+n-m*/], int p, int
q, const double trow[/*1+n-m*/], const double tcol[/*1+mx*/]);

Jlannas moamporpaMMa BBIIOJIHSIET IepecdeT BeKTopa d = (dj) oTHOCH-
TeJIbHBIX OIEHOK HeOA3MCHBIX IlepeMeHHbIX TN = [(n);] (2.14) mus cmex-
Horo 6asuca (cM. mozgpasi. 2.3).

Ha BX0Jie KOMIIOHEHTBI BeKTOpa d JjIs TEKYIIero 6asuca JOJKHbI HaXo-
JUThCA B g4eiikax maccuBa d[1], ..., d[n-m].

[Tapamerp 1 < p < m 3agaer HOMep 6a3UCHON HepeMeHHOil (2 3),, KOTO-
past CTaHOBUTCsI HEDASKCHOIT IepeMeHHO (TN )q B CMeKHOM Oasuce.

[Tapamerp 1 < ¢ < n —m 3a1aeT HOMep HeOA3UCHON IepeMeHHOM (TN ),
KOTOpAasi CTAHOBUTCsI OA3MCHOI 1epeMeHHoil (T ), B CMEXKHOM basmce.

Maccus trow JOJIKEH CoepKaTh 3JIeMeHThI p-ii (Betyeii) crpoKu CuMII-
nexc-rabuuisl &, = (&p;) B Adeiikax trow[1], ..., trow[n-m]. (Sra crpoka
JIOJIZKHA COOTBETCTBOBATH TEKYIIEMYy Gas3ucy.)

MaccuB tcol J0JIKEH COJEepXKAThb 3JIEMEHTBhI -0 (BeJyIero) crojdna
CUMILTEKC-TabuIbl =y = (&q) B aueiikax tcol[1], ..., tcollm]. (Dror
cTosI6eI JIOJIPKEeH COOTBETCTBOBAThH TEKYIIEMY Da3ucy.)

Jlist mepecdyera OTHOCUTEBHBIX ONEHOK MOJIIPOIPAMMa BHAYAJIE BbIUUC-
Jsier GoJlee TOYHOE 3HAYEHHE OLEHKH dg JJIs TEKyIIero 6asmca 1o dopmyie
(2.27), ucmomnb3yst g-it cTOJIOEI CHMIITIEKC TabJIHIBI Z:

dy = (en)g + ) &iglen)i
=1

rae (cn)g 1 (cp); — KoabdunueHTs 1e71€BOH MYHKIUN IPU IePEMEHHBIX
(xn)q u (zB)i, coorBercrBenno. Takrke HOAIPOrpaMMa BBIYUC/ISET OTHOCH-
TEJLHYIO OINOKY:

_ ldg—dy
14 |dy|
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rie dfz — MeHee TOYHOE 3HAYCHHUE OIEHKHU d, Ha BXOJE B HOANIPOIPAMMY, 1
BO3BpAIIAET 3HAUEHUE € B KadecTBe pedyJbrara. (Bbi3biBatomast nporpamma
MOXKET BBIIOJHUTH HPSIMOE BBIUUCICHUE OTHOCHUTEIBHBIX OIEHOK, €CJIU Be-
JIMYNHA € OKa3bIBa€TCdA CJINIIKOM 60HI)H.IOI>1, TaK KaK B 9TOM CJiy4dae JIpyrue
OTHOCHTEJIbHBIE OIEHKU BEPOSITHO TOXKE SIBJISIIOTCS HEJIOCTATOYHO TOYHBIMU. )
SaTelﬂ noArnporpaMMa BBITUC/IAET OTHOCHUTE/IbHYIO OIEHKY HepeMeHHOfI
(ZNn)q = (xB)p B cMexxHOM Gazuce 1o dopmyste (2.25):
dy=
q g ’
Pq
rae &pg — BeYIIUil SJeMEHT CHMILTEKC-TaOJIHIbI (ero 3HadeHne OepeTcs u3
BeJIyIero crosbia =, Kak 6ojiee TOYHOE), & TaKKe OTHOCUTEIbHBIE OIEHKH
OCTaJIbHBIX HEOA3MCHBIX HepeMeHHbIX (zn); A 1 < j < n —m, j # ¢, 1o
dbopmyse (2.26):
dj = dj — Epjdy,
ryie §pj — DJIeMEHT p-ii CTPOKH CHMILTEKC-TaOIUIIB .

Ha BbIxOJ1€ IOIIPOrpaMMa 3aIiChiBAeT KOMIIOHEHTHI BBIYUCJICHHOTO BEK-
topa d = (d;) B sueiikn MaccuBa d Ha MECTO MCXOJHOIO BeKTOpa d.

I1.1.13 spx change basis — nepexon Kk cmexxkHomy Gasucy
void spx_change_basis(SPXLP x*lp, int p, int p_flag, int q);

Jamnast moporpaMma BBIIOJIHSIET IEPEX0]] K CMEXKHOMY 6asucy, n3Me-
Hslsl 3ar0JI0BOK Oasuca (mosist 1p->head u 1p->flag).

[Tapamerpsl p, p_flag ¥ q UMEIOT TOT YK€ CMBICI, YTO U JYIsi HOIPO-
rpaMMbl spx_update_beta.

I1.1.14 spx update invb — mepecuer dbakTopusanumn
0a3ucHOII MaTpUIIbI

int spx_update_invb(SPXLP #*lp, int i, int k);

Jlannas mommporpaMMa BBIIOJIHAET IepecdeT (hakTopu3anuu 0a3uCHOM
marpunsl B (1.6) mocsie 3ameHsl ee p-ro cTosbia k-M CTOJOIOM MAaTPHIILI
ko3 durmenros orpanndennii A (1.2).

Ilapamerp 1 < p < m 3amaer HOMep CTOJOIA MaTPHUIBl B, KOTOPHIi
JIOJIPKEH OBITH 3aMEHEH.

[Tapamerp 1 < k < n 3amaer HOMep croJIOIAa MaTpuibl A, KOTOPBII
UCIIOJTB3YETCS JIJIsT 3aMEHBI.

Ecin nepecyer dpaxTopusanny yCIeIHo BLITIOJIHEH, IOAIIPOrpaMMa yCTa-
HaBJIMBAET IPHU3HAK, YTO TeKylias (paKTOPU3AIUs ABJISETCH JIeHCTBUTE b
HOI1, ¥ BO3BpAIlaeT HyJ/Ib. B IIPOTHBHOM CJlydae MOIporpaMMa cOpachbiBaeT
YKa3aHHDBI MPU3HAK W BO3BPAIaeT HEHYJIEBON KOJ, KOTOPBIN ObLI IIepeIaH
JpaiiBepom dakropusanuu (bfd_update).
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1.2 Moayns SPXAT — marpuiia A B ctrpoutoMm dopmare
I1.2.1 Crpykrypubrii Tun SPXAT

Crpykrypubiit Tun jganabix SPXAT ucCHOIb3yeTcs JJist PEJICTABICHUS MaT-
puIbl K03 pUIueHToB orpanndeHuii A, uMeromeit m cTpok U n CToJbIoB,
B pa3peKeHHOM CTPOYHOM dopMmaTe.

Jlamnas cTpyKTypa JIOTUYeCKH CBg3aHa cO cTpykKTypoil SPXLP m umeer
CJIEIYIOIINE II0JIA:

int *ptr — ykazaresib Ha MaccuB jymHbL 1 + m + 1. fueiika ptr[0]
He ucnosiblyercda. Aqetika ptr[il, 1 < ¢ < m, oupenesnsger HAYAIBHYIO O-
3UIUIO §-i1 cTpoku Marpunbl A B MaccuBax ind m val, mpu 3TOM BCerja
ptr[1] =1 (T. €. IIepBag CTPOKa HaYMHAeTCd B IIEPBOH IIOBI/IL[I/II/I). Benutun-
na ptr[m+1] = nnz + 1 oupesenser NO3UNNIO, CJIELYIONIYIO 38 ITOCJIETHIM
3JIEMEHTOM B MaccuBax ind m val (T. e. TIO3UINIO, B KOTOPO# ObI HaUMHA-
nack (m + 1)-s crpoka). CTpOKM MaTpPUIBI CJIELYIOT JIPYT 3a JApyrom 06e3

IPOMEXKYTKOB, MO3TOMY JIJIMHA (YMCJIO HEHYJIEBBIX JIEMEHTOB) i~ CTPOKH
MaTpunbl pasHa ptr[i+1] — ptr[i] > 0.

int *ind — ykazaTejb HA MaccuB JUIuHbI 1 +nnz. fddeiika ind [0] He uc-
nosib3yercs. Aueitkn ind[1], ..., ind [nnz] comepzxaT cToJIOIOBbIE NHICKCHI
COOTBETCTBYIOIIUX JEMEHTOB MATPHUITHI A.

double *val — ykaszarejb Ha MaccuB JauHBI 1 + nnz. fdeiika val[0]
He wucnosb3yercs. fueiiku val[1], ..., val[nnz] comepxkar (HeHyJIeBBIE)
3HAYEHUs] COOTBETCTBYIOIINX IJIEMEHTOB MATPHUIHI A.

double *work — yKa3arejb Ha pabOUMii MACCUB JITUHBI 1 + Nn.

I1.2.2 spx alloc_at — pasmenieHune MaccuBoB

void spx_alloc_at(SPXLP *1p, SPXAT *at);

JlanHast mommporpaMma BBIIOJIHSAET OTBEJIEHUE TTAMSITH JIJIsi BCEX MaCCH-
BOB, BXOJSIINUX B cOcTaB o0bekTa at (Marpuia KoadhduIueHToB orpannye-
HUii A B paspeKeHHOM CTPOYHOM opMmaTe), UCIOJL3Ys JJisi 3TOro WHGOP-
MAaIo 0 pasmMepHocTn pabdoqeit JIII-3amaxn.

I1.2.3 spx_build at — ¢popmupoBanune marpunbl orpanmdennii A
B CTpO4YHOM (popmare

void spx_build_at (SPXLP *1p, SPXAT *at);

Ucnonwb3yst npejicraBieHne MaTpUIlbl KoM OUIMEHTOB orpaHudeHmit A
B Pa3peKEeHHOM CTOJIOIOBOM (hopMaTre, KOTOPOe COJIEPKUTCS B 00beKTe 1p,
JaHHAasl TOJIIporpaMmmMa (pOpPMUPYET MPEICTABICHUE ITO MATPUIILI B pa3pe-
JKEHHOM CTPOYHOM (bopMaTe M 3AIKCHIBAET PE3YILTAT B OOHEKT at.

Bei3oBy JaHHOI OAPOrpaMMbL JIOJIYKEH IIPEJIIEeCTBOBATH BBI30OB IO/I-
nporpaMMbl spx_alloc_at.
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I1.2.4 spx at prod — BbIYMCII€eHHEe MATPUYHOIO MPOU3BEJAEHUS
g=y+sATx

void spx_at_prod(SPXLP =*1p, SPXAT =*at, double y[/*1+nx/],
double s, const double x[/*1+m*/]);

,B;aHHaH HO,HHpOFpaMMa HpeﬂHaSHaqua JJIsl BBIYMCJICHN A ManI/I‘{HOFO
HpOI/ISBe,ZLeHI/IHI
— T
y=y+sA x,

rme A — m X n-mMarpuna Ko3p@UIUEHTOB OIpaHUYEHU, T — 3aJJaHHBbII
M-BEKTOP, § — 3aJIaHHBII CKAJIAD, ) — 3aJaHHBII 1-BEKTOP.

Ha BXO/i€ B IOIIAPOTIPpaMMy 3JIEMEHTBI BEKTOPOB I 1 Y JOJI2KHBI HaXO/IUTbh-
¢ B gueiikax maccuBoB x[1], ..., x[m] u y[1], ..., y[n], coorBeTcTBEHHO.
Ha BBIXO/I€ ITOAIIpOTpaMMa 3alliChIBaeT 3JIEMEHThI BBIYUCJIEHHOI'O BEKTOPaA y
B MaCCHB ¥ Ha MECTO UCXOJIHOT'O BEKTODA Y.

[TommporpamMma UCIOIB3yeT CTPOYHOE IPEICTaABIEHNE MATPHUITBI A 1 BbI-
qUC/IIET PE3YIbTUPYIONINI BEKTOP KaK JIMHEHHYI0 KOMOMHAIINIO CTPOK STOM

MaTPpHUIIbL:
m

T=y+s) a,
=1

rie a; — i-s1 CTPOKa MaTPHUILL A.

I1.2.5 spx nt prodl — BbIYKMC/IeHHE MATPUYHOTO NPOU3BEAEHUS
y=y+sN'z

void spx_nt_prodl(SPXLP *1p, SPXAT *at, double y[/*1+n-mx*/],
int ign, double s, const double x[/*1+m*/]);

,ZLaHHaH HognporpaMMa HpeﬂHaSHaqua JJIsl BBIYMCJICHU A ManI/I‘{HOFO
HpOI/ISBe,ZLeHI/IHI
— T
y=y+sN'uz,

rage N —m X (n — m)-marpuna (1.6), cocraBieHHast u3 CTOJIONOB MATPHIIbI
K03 PUIUEHTOB OrpaHuYeHnii A, COOTBETCTBYIONIUX HEOA3UCHBIM II€pEMEH-
HBIM Ty, £ — 3aJaHHbII M-BEKTOP, S — 3aJaHHbII CKaJIdap, Yy — 3aJaHHBINA
(n — m)-BekToOp.

Ha Bxose B momaporpaMmy 3J1eMEeHTBI BEKTOPOB T U Y JIOJI?KHBI HAXOIUTh-
cs B gueiikax maccuBoB x[1], ..., x[m] my[1], ..., y[n-m], coorBeTcTBeHHO.
Ecnu ycranoBien mpu3Hak ign, TO MCXOTHOE CONEPKUMOE MACCHUBA § UTHO-
pupyercst u cuntaercs, 9o y = (. Ha BbIXOme moamporpamMma 3ammchbiBaeT
3JIEMEHTBHI BBIUUCIEHHOTO BEKTOPA 3 HA MECTO UCXOJIHOTO BEKTOPA Y.

U3 pasencrsa (1.6) caiemyer, aTo:



[TosTomy:

(o) = (iame )=o) +onr ( 3 )] -
Cnfur () ],

B coorBercrBun ¢ 31oit popMysIoil o AIporpaMMa BHAYMAJE BRITUCIAET BCIIO-
MOI'aTeJIbHBINA N-BEKTOP:

YCTaHaBJIUBasdA WE = y]v €CIIN T = (IL’N)], Jajiee BbIIUCJ/IZAET BEKTOD
w=w+sAlz,

HCIIOJIb3Ysl MOAIIPOrpaMMy spX_at_prod, mocie uero hopMUpyeT pe3yJibTh-
PyIOIIUil BEKTOP Y, UCIIOJIb3yd COOTBETCTBYIOIIME 3JIEMEHTBI BEKTOpa W:

(5)-m

I1.2.6 spx eval trowl — BbIYHKCJ/IEHUE CTPOKUA CUMILJIEKC-
TabJJINIIbI

void spx_eval_trowl (SPXLP x1p, SPXAT *at, const double
rho[/*14+m*/] , double trow[/*1+n-m*x/]);

JlaHHasT TOAIIPOrpaMMa BBIUUCIISIET (-0 CTPOKY TEKYINeil CUMILIeKc-Tab-
muanpt & = (&), 1 <4 < m, ucrosp3yst CTpOYHOE IIPEJCTABIICHIE MATPHUIIBI
K03 PUIMEHTOB orpaHnyeHnii A.

Bekrop p = (pj), KOTOPBII IPEeJICTABIIAET i-10 CTPOKY 00paTHOI Ha3ucHOi
marpunpsl B!, no/Kken 6BITh HpeBAPUTEIBHO BEIYUC/ICH C IIOMOIIBIO TI0JI-
nporpaMmMbl spx_eval_rho. [Ipenronaraercs, 9T0 KOMIIOHEHTBI 3TOr'O BEK-
TOpa HAXOJISITC B s4deiikax maccuBa rho[1], ..., rho[m].

Nmeercst mBa criocoba BEIYUCIIEHUsT CTPOKU CHMILIEKC-TaOINIIGL.

1. Kakplit a71eMeHT &;; 9TOil CTPOKH BBIYHUCIISETCH KaK CKAJISPHOE IPO-
u3Besenne i j = 1,...,n —m:

m
&ij=—Nlp=—Alp=— Zaikpia
i=1

rae Nj = A — cronber; MaTpuIbl KO3GbQHUIMEHTOB OrPaHUYEHHI, COOT-
BETCTBYIOIUI HeOA3UCHOI epeMenHOil (). Hucao onepanuii B jaHHOM
caydae paBHO YHCJIY HEHYJIEBBIX 3JIEMEHTOB MaTpuibl [N, TaK 49TO OLIEHKA
9TOrO YNCJIa PABHA:

= (TL - m) nni(A>7
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rjae (n —m) — umcso crosdios Marpurpl N, nnz(A)/n — cpentee unciio
HEHYJIEBBIX JIEMEHTOB B OTJIEJILHOM CTOJIONE MATPHUIlbl A, a 3HAYUT, U MAT-
punbr V.

2. Crpoka &; BBIUUCIISETCS KAK 9aCTh JIMHEIHOW KOMOMHAIIMN CTPOK MaT-
purisl A, B3aThIX ¢ Koaddurmentamu p; # 0. Orenka qucia oneparuii 1ist
9TOro criocoba paBHA:

nnz(A
o = nnz(p) A,

rJie nnz(p) — YUCI0 HEHYIJIEBBIX 9JIeMeHTOB BekTopa p, nnz(A)/m — cpeuee
YHCJIO HEHYJIEBBIX 3JIEMEHTOB B OTIEJILHON CTpOKe MaTpulbl A.

Ecin v1 < v2, noanporpaMMa IpuMeHsieT IIepBblii cr1ocod (aHAJIOMMIHO
HojiporpaMMe spx_eval_trow, HO He BBI3bIBasi BHEIIHUX HOJIIPOTPAMM).
Ecnmu xke vl > v2, nognporpamMma IpPUMEHSET BTOPOW CIIOCOD, UCIOIb3YS
JJISl 3TOTO MOAIporpaMMy spx_nt_prodl.

Ha BbIx0/1e TIO/IIPOrpaMMa 3aMUCHIBACT 3JIEMEHTHI BITUCICHHON CTPOKHU
& = (&) B aueiikn maccusa trow[1], ..., trow[n-m].

I1.2.7 spx free at — ocBobGoxaeHme MaccuBoB
void spx_free_at(SPXLP *1lp, SPXAT *at);

ﬂaHHaH noAIporpaMMa BbIITIOJIHACT OCBO60}K,ZL6HI/I€ IIaMATH, 3aHATOI BCe-
M MaCCUBaMM, BXOIAAIITMMU B COCTaB 00beKTa at.
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I1.3 Moaynp SPXNT — marpuna N B ctpoyHom ¢dopmare
I1.3.1 Crpykrypsbiii Tun SPXNT

Crpykrypubiit Tun jganabix SPXNT ucCHOIb3yeTcs JJis PEJICTABICHUS MaT-
punibl N, cocrosineit u3 HeOA3UCHBIX CTOJIOIOB MATPHUIBI KOI(DDUITHEHTOB
orpaHudeHuil A um MMeIomei m CTPOK U 1 — M CTOJOIOB, B PA3PEXKEHHOM
crpouHoM dopMmare.

JlamHas cTPyKTypa JIOTUYECKU CBA3aHa cO CTpykTypoir SPXLP u mmeer
CIeAYIOINE IOJIA:

int *ptr — ykazaTesb Ha mMaccuB AauHbl 1 + m. Aueiika ptr[0] me uc-
mosib3yetcst. Auetika ptr[il, 1 < ¢ < m, ompeenser HATAIHHYIO TTO3UITUIO
i-# crpoku maTpuiibl N B MaccuBax ind u val, nipu aTom Beerma ptr[1] =1
(T. e. mepBasi CTPOKA HAMMHAETCS B [IEPBOM MTO3UIUN). DTH YKA3ATEIN CTPOK
dopMupyIOTCS OJIMH pa3 Kak ecjii Obl OHM COOTBETCTBOBAJIM CTPOKAM MaT-
puIisl A, pactoioyKeHHBIM 6e3 MTPOMEXKYTKOB, T. €. ptr[i+1] — ptr[i] ectn
JUTHA (YMCJI0 HEHYJIEBBIX JIEMEHTOB) i-if cTpoku (i < m) marpursl A u
(nnz 4+ 1) — ptrlm] ecrb jymaa m-it (nocsenneit) crpoku mMarpunsl A, rue
nnz — obIlee YNCI0 HEHYJIEBBIX 9JIEMEHTOB B MaTpuIle A.

int *len — ykaszareysb Ha MaccuB JUHBI 1 + m. HAueiika len[0] me
ucnosibdyercd. Aueiika len[i], 1 < ¢ < m, oupejesnser TEKYILYIO JJIAHY
(4UC/I0 HEHYJIEBBIX 9JIEMEHTOB) i-ii CTPOKH MaTpHIlbl N.

int *ind — ykazaTesb HA MaccuB JUIUHBI 1 +nnz. ddeiika ind [0] ne uc-
nostb3yercst. fueiiku ind [1], ..., ind [nnz] cogep:kaT cTOIOIOBBIE HHIEKCHI
COOTBETCTBYIOIINX 3JIEMEHTOB MaTpUIlbl V.

double *val — ykKazaTesjb Ha MaccuB JIUHBI 1 4+ nnz. ddeiika val[0]
He ucnosb3yercs. fueiiku val[1], ..., vallnnz] coumepxkar (HeHyJseBbIe)
3HAYEHUsT COOTBETCTBYIONINX SJIEMEHTOB MATpUIILI V.

I1.3.2 spx_alloc_nt — pazmelnenue MmaccuBOB
void spx_alloc_nt(SPXLP *1p, SPXNT *nt);

JlamHas moamporpamMMa BBIIOJIHSIET OTBEIEHUE MaMATH JJjIs BCEX MAac-
CHBOB, BXOJISIIUX B cocTaB obbekTa nt (Marpuria N, cocrosimias u3 Heba-
BUCHBIX CTOJOIOB MATPHUILI KO3MPUIMEHTOB orpannyeHuii A u xXpaHumas
B Pa3PEKEHHOM CTPOYHOM (hOpMATE), UCHOJIB3Ysl JJIsd TOr0 HH(MOPMAIHIIO O
pasmeproctu paboueit JIII-3amaqan.
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I1.3.3 spx_init nt — uAMH@anU3anua yKaszaTeJeii CTPOK
void spx_init_nt(SPXLP *1lp, SPXNT #*nt);

JanHast moamporpaMMa BBIIOJHSAET MHUIUAIU3AINI0 (HAYAJIbHYIO yCTa-
HOBKY) yKaszareJeil cTpok MaTpuiibl N, HCHOIb3ysl CTOJIOI0BOE IIPEICTABIIC
Hue MaTpuibl KO3 QUINEeHTOB orpanndenuii A.

JlaHHyTO MOAIIPOrpaMMy JOCTATOYHO BBI3BATH OUH Pa3 HEIIOCPEICTBEHHO
11ocJie BBI30Ba IOAIIPOrpaMMBbl spx_alloc_nt.

I1.3.4 spx nt add col — mobasjeHue 3j1eMeHTOB CTOJI0IIA
void spx_nt_add_col(SPXLP x1p, SPXNT *nt, int j, int k);

Hannas mogmporpammva gobasiger saeMeHTwl crosbna N; = Ap, rue
1 <j7<n-m,1 <k < n, B CrpodHoe IpeicTaB/eHre MaTPHUILI V.
Bes nmpoeepku mpe/ronaraercs, YTo 3JeMEHTBI 3TOr0 CTOJIOIa OTCYTCTBYIOT
B CTPOYHOM IpeicTaBieHnn V.

I1.3.5 spx_build nt — dopmupoBanune marpunnl N 1y TeKyIe-
ro 6asmuca

void spx_build_nt(SPXLP *1p, SPXNT *nt);

Jannas mognporpamMmma (popMUPYeT CTPOUYHOE IIPEICTABICHUE MATPHUIILI
N jtst TeKy1mero 6a3uca, J00aBsis B 9TY MATPUILY CTOJIOIBI MATPUIILI KO-
GUIMEHTOB OrpaHnYeHnul A, COOTBETCTBYIOIINE HEOA3MCHBIM IIEPEMEHHbBIM.

I1.3.6 spx nt del col — yzajienue ajieMeHTOB CTOJIOHA
void spx_nt_del_col(SPXLP x1p, SPXNT *nt, int j, int k);

Hannas moamporpamMa yaaideT s7aeMeHTBl crosbra N; = Ap, rue
1< j<n-—-m,1 <k < n, u3 CTpOIHOr0O IPEICTABJICHUS MATPUIBI V.
Be3 mpoBepku mpemonaraeTcs, YTO 3JIEMEHTBI YKA3aHHOTO CTOJIOIA TTPUCYT-
CTBYIOT B CTPOYHOM HpejcraBienun N.

I1.3.7 spx_ update nt—obnoBinenue marpuubl N Ajs CMEXHOro
6a3muca
void spx_update_nt (SPXLP *1p, SPXNT *nt, int p, int q);

JanHast moamporpamMMa OOHOBJISIET CTPOUHOE IIPeICTaBIeHNEe MATPHUIIBI
N njis cmexxHoro basuca, rje g-ii crosibery sToit marpunpl, 1 < g < n —m,
3aMEHsIeTCs P-M CTOJIONOM Tekyteit 6azucuoit marpunst B, 1 < p < m.
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I1.3.8 spx nt prod — BBIYHMC/IEHHME MATPUYIHOrO MPOU3BEJAEHUS
g=y+sNTz

void spx_nt_prod(SPXLP =*1p, SPXNT *nt, double y[/*1+n-m*/],
int ign, double s, const double x[/*1+m*/]);

ﬂaHHaH HO,HHpOI‘paMMa HpeﬂHaSHaqua JJIsl BBIYMCJICHN A ManI/I‘{HOFO
HpOI/ISBe,ZLeHI/IHI
— T
y=y+sN'uz,

rae N —m X (n — m)-marpuna (1.6), cocraBieHHast U3 CTOJIONOB MATPHIIbI
kK03 PUINEHTOB OrpaHnyYeHnii A, COOTBETCTBYIOINX HEOAZUCHBIM II€PEMEH-
HBIM TN, £ — 3aJaHHBIA M-BEKTOP, § — 3aJaHHbII CKaJsAp, Yy — 3aJaHHbII
(n — m)-BekTOp.

Ha Bx0/1e B OIAPOrpaMMy 371eMEHTBI BEKTOPOB T 1 Y JOJXKHbBI HAXOIUTh-
cs1 B siuelikax MaccuBoB x[1], ... x[m] my[1], ..., y[n-m], coorBeTcTBEHHO.
Ecyin ycraHOBJIEH IIPU3HAK 1gn, TO UCXOJHOE COJEPKUMOE MACCUBA Y UTHO-
pupyerca u camraercs, yro y = 0. Ha BbIXOme mommporpaMma 3aluchIBAET
9JIEMEHTBI BBIYACIEHHOI'O BEKTOPA § Ha MECTO MCXOIHOTO BEKTOPA Y.

IToxmporpaMma UCIOIB3YET CTPOUHOE MIPEACTABICHIE MATPUILI N 1 BbI-
YUCISET Pe3yJbTUPYIOMMI BEKTOP KaK JIMHEHHYI0 KOMOMHAIIMIO CTPOK 3TOI
MaTPHIBL:

m
U=y+sYy v,
i=1
rie v; — i-s CTpoKa Marpuisl N.
I1.3.9 spx free nt — ocBoboxkJeHne MacCUBOB

void spx_free_nt(SPXLP *1p, SPXNT *nt);

JlamHas moamrporpaMMa BbITIOJTHSAET OCBODOYKIEHIE TAMSITH, 3aHITON BCe-
MH MAaCCHBAMH, BXOJISIIUME B COCTaB 00bEKTa nt.

78



I1.4 Moanynr SPXCHUZC — BbIOOp HebA3WCHOII IIepeMeH-
HOU

I1.4.1 spx_chuzc sel — orbop nogxoaamux nepeMeHHbIX

int spx_chuzc_sel(SPXLP #*1p, const double d[/*1+n-m*/],
double tol, double toll, int list[/*1+n-m*/]);

JlamHast TOAIIpOrpaMMa BBITIOJIHSIET OTOOD MOMXOISAIINX HEOA3UCHBIX IIe-
PEMEHHBIX, T. €. HeOA3UCHBIX IIePEMEHHbBIX (£ );, OTHOCUTEIbHAS OIEHKa, d
KOTOPBIX UMeeT «HeraBHHI}HbIﬁ» 3HaK, BCJIE€JACTBHE Yero u3MeHeHue TaKOM
[EPEeMEHHOM B JIOMYCTUMOM HAIPABJICHUN IPUBOJUT K YJIYUIIECHUIO (yMEHb-
IIEHNUIO) 11eJIeBOfi (DyHKIMN.

KOMIIOHEHTBI BeKTOpa OTHOCUTEIBLHBIX OIEHOK HEOA3UCHBIX IEePEMEHHBIX
d = (dj) momKHBI HaxomuTCs B sideiikax maccusa d[1], ..., d[n-m].

Hebasucnas nepemennasi (£ ); CUUTAETCA HOIXOJSIIEH, €CIIn:

dj < —¢j u (TN)j MOXKET BO3PACTATh
dj > +€j u (xrN); MOXKeT yObIBATD

JUIsT
gj = tol + tOll‘(CN)j’7

rae (en)j — xoabduimenT meseBoii GyHKIUN IpH HepeMeHHoil (2 );, tol u
tol; — 3ajaHHbIE JIOIYCKU.

Hpumenarnue. Tak Kak yBeaudeHue Kod3GOUIUEHTOB [EJIEBOH PYHKIINN
B k pa3 yBeJIMUMBAET OTHOCHUTE/IHLHBIEC OIEHKHU TaKXKe B kK pa3, TO 3aJlaHHbIE
jgomycku tol u toly MOJKHBI OBITH COOTBETCTBYIOIIAM OOPA30M ITPOMACIITA~

OUPOBAHBI.
Ha BBIXO/IE TIOATIPOTpaMMA 3aIMCHIBACT HOMEPA j TOAXOIATINX Heba3mc-
HBIX IlepeMeHHBIX (xy); B sdeiiku Maccusa list[1], ..., list[num], rue

obrree qncsio Takux nepemenabix 0 < num < n — m Bo3BpalaeTcsd B Ka-
gyecTBe pesyibrara. (Eciu ykasarens Ha maccus list 3ajgan kak NULL, To
HOMepa HeOA3UCHBIX IEPEMEHHBIX HE 3aIlCHIBAIOTCSL. )

I1.4.2 spx chuzc std — BbIGop HebGa3uCcHOII NepeMeHHOI 1Mo npa-
Buiry Jlanmura

int spx_chuzc_std(SPXLP *1lp, const double d[/*1+n-m*/],
int num, const int list[]);

JanHast moamporpaMMa BBIIOJHSIET <«CTAHIAPTHBIA> BBIOOp Hambosiee
HOIXO/sIIell HeOA3UCHON mepeMeHHON (L), B COOTBETCTBHU C IIPABHJIOM
Hanmura (cm. mogpass. 3.1):

d, = max |d;
g I}@ef\gla
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rme J C {1,...,m — m} — MHOXKECTBO HOMEPOB TOJXOJANINX HEOAZUCHBIX
IIEPEMEHHBIX, d; — OTHOCHTeJIbHAs OIleHKa HebA3MUCHOI 1epeMeHHOil (T ); B
TeKyIneM Oasmce.

KoMIIOHEHTBI BEKTOPa OTHOCUTEILHBIX ONEHOK HEOA3UCHBIX ITEPEMEHHBIX

d = (d;) momKHBI HAXOIUTCH B s4eiikax Maccusa d[1], ..., d[n-m].
Howmepa noaxoagamnux HeOa3UCHBIX IEPEMEHHBIX j € J MOJIKHBI HAXOIUT-
¢ B gueiikax maccuBa 1list[1], ..., list [num], rae num = |J| > 0 — obrmee

YHUCJIO TaKUX IIE€ePEMEHHDBIX.
Ha BBIXOZE MOAIpPOrpamMMa Bo3BpallaeT HOMED ¢ BRIOpaHHON HeOA3UCHOI
HepeMEeHHOi (T )q.

I1.4.3 Crpykrypssbiit Tun SPXSE

Crpykrypablit Tun gaHHbix SPXSE HCHOJIB3yeTCs HOAIPOrPAMMAME, PEAJIU-
3YIOIIMMU IIPOEKITMOHHBII MeTO1 HanboJiee KpyToro pedbpa (cm. mogpasi. 3.3)
u Metos onenuBanust Devex (eMm. mojpass. 3.4).

Crpykrypa SPXSE umeeT cjiejiyomniue moJisl.

int valid — ecJi JaHHBII IPU3HAK yCTAHOBJICH, TO COAECPXKUMOE CTPYK-
TYPHBI SIBJISIETCS JIeICTBATE/IBHBIM. B TPOTUBHOM ciIydae, ecjiu JaHHBIN ITPU-
3HaK COPOIIEeH, COAEPKUMOE CTPYKTYPhI HE JeHCTBATEIHHO.

char *refsp — ykazaresjb Ha MaccuB JuHBL 1 + n. Aueiika refsp[0]
e ucnoyb3yercd. Adeiika refsplk], 1 < k < n, comepKuT NpU3HAK TOTO,
9TO IIEPEMEHHAdA T NPUHAJIC?KAT 3TAJOHHOMY IIPOCTPAHCTBY IIEPEMEHHBIX
vV C E™

double *gamma — yKasaTejgb Ha MaccuB JUHbI 1 + n — m. fueiika
gamma [0] me ucrosb3yercs. Auefika gammaljl, 1 < j < n — m, comepKuT
BECOBOIT MHOXKHUTEND 7y; (3.27) 1jIsi OTHOCHUTENBHON OleHKH d; HeGA3MCHO
IepeMeHHoi (£ ); B TeKyleM Gasuce.

double *work — yKa3sarejb HA pabOUMit MACCUB JJIMHBI 1 + M.

I1.4.4 spx_alloc_ se — pasmeleHne MaccCuBOB
void spx_alloc_se(SPXLP *1lp, SPXSE x*se);

JlaHHasT OANpOrpaMMa BBIIIOJHSIET OTBEIEHNE TAMSITH JIJIsT BCEX MaCCH-
BOB, BXOJIAIIUX B COCTaB 00bekTa se (6JIOK JJAHHBIX IIPOEKIIUOHHOIO METO/a
HauboJiee KPyTOro pebpa 1 MeTo/la OlleHuBaHust Devex), UCI0JIb3ysl It 9TO-
ro nadoOpMaIuo o pasMepHocTu padoueit JII1-3amaqn.
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I1.4.5 spx reset refsp — mepeornpenesienne 3TaJIOHHOTO
OpOCTPaHCTBA

void spx_reset_refsp(SPXLP *1lp, SPXSE *se);

JlamHas moamporpaMmMa BBITIOHSET MIEPeoIpeie/IeHIe ITaJTOHHOTO TPO-
CTPaHCTBA, BKJOYas B HETO IIepEMEHHbIE, KOTOPbIE sIBJISIIOTCsT HEOA3UCHBIMU
B TeKyIleM 0asuce, a TakKe yCTaHaBIUBaeT BCE BECOBbIE MHOXKUTEJIN Y; PaB-
HBIMU €JIUHUTIE.

I1.4.6 spx eval gamma j— nmpsiMoe BbIYHCJIEHUE BECOBOI'O MHO-
KUTEJA

double spx_eval_gamma_j(SPXLP *1lp, SPXSE #*se, int j);

JlamHas moamporpaMMa BBITIOJIHSET HEIMOCPEICTBEHHOE BLIUNC/IEHUE Be-
coporo muoxutesns 7;, 1 < j < n —m, ausg Tekymero 6asuca 1o ¢opmyJe
(3.27).

I1.4.7 spx_chuzc pse — BbIGOp HeGa3MCHOII MEepeMeHHOIi 110 Me-
ToAy HamboJiee KpyToro pebpa

int spx_chuzc_pse(SPXLP x*1p, SPXSE *se, const double
d[/*1+n-m*/], int num, const int list[]);

JlamHast TOAIIPOrpaMMa, BBIIOJIHSIET BBIOOD HamboJIee MOAXOAsIIell Heba-
3UCHO{T IIlepeMeHHOMN (X)), B COOTBETCTBHU C HPOEKIMOHHBIM METOIOM HAU-
6osiee kKpyToro pebpa (3.32):

2 2
dq _ dj
— = max —,
Yq Jjed
rme J C {1,...,m — m} — MHOXKECTBO HOMEPOB IOJXOJANIMUX HEOAZUCHBIX

IIePEMEHHBIX, dj — OTHOCHTe/IbHAs OIEHKa HeOA3MCHOI IIlepeMeHHoi (2 ); B
TeKyIeM 6asuce, ; — BECOBOH MHOXKHUTE/Ib OTHOCUTE/ILHON OIEHKH.
KOMIIOHEHTBI BEKTOPa OTHOCUTE/IbHBIX OICHOK HEOA3MCHBIX IIEPEMEHHBIX

d = (d;) omKHBI HAXOIUTCH B sueiikax Maccusa d[1], ..., d[n-m].
Howmepa noaxonagamnux HeOa3UCHBIX IMEPEMEHHBIX j € J MOJIKHBI HAXOIUT-
ca B gueiikax maccuBa 1ist[1], ..., list [num], rae num = |J| > 0 — obrmee

YUCI0 TAKUX HEePEeMEeHHbBIX.
Ha BBIXOZE MOAIpOrpamMMa Bo3BpalIaeT HOMED ¢ BRIOpaHHON HeOA3UCHOI
HepeMEeHHOi (TN )q.
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I1.4.8 spx update gamma — mepecdeT BECOBBIX MHOXUTe-
Jeil nJist cMeXkHoro 6a3muca

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

Jannast mognporpaMma BBIIOJIHSET TOYHBIN II€pecyeT BEKTOPa BECOBBIX
muozkuTesei v = (y;) (3.27), HCIONB3yeMBIX B IIPOEKIIMOHHOM METOJIe Ham-
6oJiee KpyToro pebpa, Jijisi CMEXKHOro H6a3uca.

CouepkuMoe 00beKTa S€ JJ0JIZKHO OBITh JIEHCTBUTEIbHBIM U COOTBETCTBO-
BaTh TEKyIIeMy Oasucy.

[Tapamerp 1 < p < m 3a1aeT HOMep GA3UCHOI IEPeMeHHOIT (ZB)p, KOTO-
pasi CTAaHOBUTCSI HEOA3HMCHOIT IIepeMeHHOI (T ), B CMEXKHOM basuce.

[Tapamerp 1 < ¢ < n —m 3amaerT HoMep HEOA3UCHON IIepeMeHHOM (T )q,
KOTOpasi CTAHOBUTCSI OA3MCHOI IepeMeHHol (T ), B CMezKHOM basuce.

Maccus trow JOoJIzKeH CoJiep:KaTh JIEMEHTHI P-il (BetyIeii) CTPOKH CHMII-
nekc-Tabimipl &, = (§,;) B aveiikax trow[1], ..., trow[n-m]. (9ra crpoka
JIOJIZKHA COOTBETCTBOBATH TEKYIEeMy 6as3ucy.)

MaccuB tcol JOZKEH COmepKaTh 9JIEMEHTBI -0 (BeJLyInero) crobra
CUMILTIEKC-TaOHIBL =y = (&;,) B stueiikax tcol[1], ..., tcol[m]. (Dror
cToJIGeIL JIOJIXKEH COOTBETCTBOBATH TEKYIIeMy 0a3ucy.)

J71s1 mepectiera BeCOBBIX MHOXKHUTEJIEN MOAIIPOrPaMMa HCIOIb3YET AJIro-
PUTM, IPUBEAEHHBIN B TTOApa3i. 3.3.

[MoxmporpaMma Takzke BBIUNC/ISET OTHOCHTEIBHYIO ONIHOKY:

a7l
1+ |7q‘ ’

rie y,’l — MeHee TOYHOE 3HAa4YCHHE BECOBOTO MHOXKHTEJIA 7Y, Ha BXOAE B MOJ-
IporpaMMmy, U BO3BpalllaeT e B KadecTBe pesysbrara. (BeissiBatomias mpo-
rpaMMa MOXKET IE€PEOIPEJIE/INTh ITAJTOHHOE IIPOCTPAHCTBO, €CJIU BEJIUYUHA
€ OKa3bIBAETCsI CJIUIITKOM OOJIBIION, TaK KAaK B 9TOM CJIydae APyTIue BECOBBLIE
MHOXKHUTEJIN BEPOSITHO TOYKE SIBJISIOTCST HEJIOCTATOYHO TOUHBIMIL. )

I1.4.9 spx free se — ocBoboxkJeHue MacCUBOB
void spx_free_se(SPXLP *lp, SPXSE *se);

ﬂaHHaH noarporpaMMa BbIIIOJIHACT OCBO60}K,H6HI/IG naMATH, 3aHATOI BCe-
MM MaCCHUBaMM, BXOAAIIIMMU B COCTaB 00BEKTA Se.
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I1.5 Moaynr SPXCHUZR — BbIOOp 0a3mucHOii IepeMeHHOoit

I1.5.1 spx chuzr std — «cranmapTHblii» BbIOOP Oa3ucHOI
nepeMeHHOM

int spx_chuzr_std(SPXLP *1lp, int phase, const double
beta[/*1+m*/], int q, double s, const double tcol[/*1+m*/],
int *p_flag, double tol_piv, double tol, double toll);

Jamnast moporpaMMa pean3yeT yuIydIeHHbI «CTaHIapTHDIT» MeTo/
BeIGOpa GaszucHoil nepementoii (zp), (cM. moxpasz. 4.2) HPUMEHUTENILHO K
JI-3amaue B padouem dopmare (1.1)—(1.3).

[TapameTp phase 3ajiaeT 9Tall HOUCKA:

1 — HOWCK JI0IyCTHMOIO pellleHusi. B 9ToM ciydae HmojiporpaMma uc-
Ho/Ib3yeT (bUKTUBHBIE TPAHUILI OA3NCHBIX II€PEMEHHBIX, COOTBETCTBYIOIINE
TOYKaM u3joma mrpadHoit QyHKInm:

. (lB)i7 ecJjin (CB)i =0
()i =< (up)i, ecmu (¢g); >0
—o00, ecau (cp); <0

(UB)ia ecJm (CB)i =0

(up); = +oo, ecau (¢g); >0

(ZB)i; ecJiu (CB)i <0

rae (Ig); u (up); — ucxojnble (OpUrHHAJBHBIE) TPAHUIIBI TIEpeMeHHOl (2 3);,
(cB)i — xoapdurment mrpadHoil GyHKIMU IPU TOf IIEPEMEHHOIA.

2 — IOWCK ONTUMAaJbHOIO PeIleHusl. B 9ToM ciIydae MOAIporpaMma Hc-
HOJIb3YeT UCXO/[Hble (OPUIMHAIbHbIE) IPAHUIIBI OA3UCHBIX I€PEMEHHBIX.

KomnonenTs! BekTOpa 3Ha4YeHUiT 6a3UCHBIX epeMeHHbIX 3 = ([3;) J0K-
HBI HAXOIUTHCS B stuefikax MaccuBa betal[1], ..., beta[m]. IIpeanomaraercs,
9TO B Ipejesax JOIMYCKa 9TH 3HAYEHUsT HAXOIATCA BHYTPHU IPAHUIL COOTBET-
CTBYIOIINX OA3UCHBIX IIE€PEMEHHBIX.

Ilapamerp 1 < ¢ < n — m 3amaeT HOMep BLIOpAHHOII HeOA3MCHOMN Iepe-
MEHHOIT (TN )q-

Ilapamerp s 3a7aeT HampaBIeHNe N3MEHEHNST BEIOpAHHOI HeOA3UCHOIT 1Te-

pemennoit (zy)q: ecn s = +1.0, To (xy), Bo3pacraer, a ecu § = —1.0, To
(xn)q yObIBaer. (Takum 06pasoM, mapaMeTp COOTBETCTBYIOIIETO JIyda €CTh
0 = s[(xn)qg — fq] = 0, roe f;, — 3HaYeHHe aKTUBHOII rpaHUNbI (TN); B
TeKyIeM 6a3uCHOM pellleHn . )

DJleMeHTBI CTOJIONa TeKyIeil cuMiuteKc-Tabaunpl =, = (&;4), cooTBeT-
CTBYIOIIETO BHIOPAHHON HEOGA3UCHON IIepeMeHHOM (T )q, JOMAKHBI HAXOAUThb-
csl B staeiikax maccuBa tcol[1], ..., tcol[m].

[Tapamerp tol_piv 3ajaeT JOIyCK Ha aOCOIIOTHYIO BEJIMYNHY JIEMEHTOB
cumitekc-Tabiuipl. Ecnn |€;4] < tol_piv, To 6asucHast mepeMeHHas (LRB);
HPOILYCKAETCsI, T. €. CINTAETCs, YTO 9T [IEPEMEHHAs HE 3aBUCUT OT IIapaMeT-
pa Jjyua 6.
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ITapamerpnl tol u toll 3a1al0T JOMYCKH, KOTOPBIE MCIOJIb3YIOTCS IJId
CO3/IaHNs MCKYCCTBEHHON BBIPOXKIECHHOCTH C IEJbI0 PACIIMPEHUst CBOOOIBI
BbIOOpa Beyero ssnementa. Eciu 5; < (Ig);+0;, rue 6; = tol+toly|(Ip)i|, To
CUUTAETCsI, YTO B IIPeJiesiaxX JIolycKa [3; coBnajiaer ¢ HuzKHell rpanureit (15);.
Awnagornano, eciu ; > (up); — 0;, tie 0; = tol + toly|(up);|, To cauraercs,
4TO B Ipejieax JIONyCKa [3; COBIAJaeT ¢ BepxHeil rpanuneit (ug);.

ITonmporpamma onpepenser Homep 1 < p < m 0Ga3HCHON IEepeMEHHON
(xB)p, KOTOpAs 1EepBOil JocTHraeT cBoell (HuKHeil MM BepxXHeil) MPaHUIbI
IIpU BO3paCTaHuu mapaMerpa Jjyda 6 > 0, 3anucblBaeT B A9EHKY, 3aIaHHYIO
ykazaresem p_flag, npusnak 371oif rpanuipl (0 — HUXKHsIS TPAHUIA WA
dburcupoBanHoe 3HavueHne, 1 — BEpXHss TPAHWUIA), U BO3BPAIACT HOMED P
B KadecTBe pe3ysbTaTa. Fcim »Ke IepBOil JOCTUraeT CBOEH IPOTHBOIIOJIONK-
HOI TpaHuIbl Heba3UCHAS llepeMeHHast (L )y, TO HOIIPOrpaMMa B KadecTBe
pesynbrara Bospaimaer (—1). B Tom ciaydae, Korma BO3MOKHO HEOIDaHU-
YEHHOE BO3pacTanue mapamMeTpa Jiyda 6, moamporpaMma BO3BPAIaeT HyJlb.

IIpumenarue. IIpu3nak rpaHuIlbl, 3aMUCHIBaeMbIil B s4ueliky p_flag, or-
HOCHUTCSI K HCXOIHON (OpHIMHAJIBHOI) IpaHuIle HepeMeHHOil (£p), U ompe-
JieJisieT IPU3HAK aKTUBHON rpanuiibl 1p->flaglql, KOTOPBIi J0JKEH OBITH
YCTAHOBJIEH JIJIsT YKA3aHHO IIepEMEeHHON B CMEeXKHOM Oasuce.

I1.5.2 spx_ chuzr harris — BbIGOp GasucHOli mepeMeHHOIi 110
MeToay Xappuc

int spx_chuzr_harris(SPXLP *lp, int phase, const double
beta[/*1+m*/], int q, double s, const double tcol[/*1+m*/],
int *p_flag, double tol_piv, double tol, double toll);

Jannas moamporpaMmMa peaausyeT MeTo Xappuc BeIOopa 6a3uCHOI Ie-
pemennoii (), (cm. moapazz. 4.3) npumenurensho k JIII-3ama4ge B pabouem
dbopmare (1.1)—(1.3).

Bce nmapaMeTpbl HOAIIPOrpaMMbI, 3a HCKIOYeHneM tol u toll, a Takxke
BO3BpallaeMoe 3HAYEeHUEe UMEIOT TOT K€ CMBICI, YTO M /IS ITOIIPOrPAMMBI
spx_chuzr_std (cm. Bbie).

[Tapamerpsl tol n toll 3aJal0T JOIMYCKM Ha HAPYIICHUE IPAHMI, HGasumc-
HBIX [epeMeHHbIX. Jljisi HUKHel TpaHuIbl epeMeHHOl (Tp); 9TOT JOIyCK
npuHUMaeTcs: paBHbIM 0; = tol + toly|(Ip)i|, a Juist BepxHeil rpaHuUIbl TOT
JIOIYCK TPpUHUMAETCsE paBHbIM 0; = tol + toli|(up)|.
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I1.6 Moaynr SPXPROB — unrepdeiic aina nakera GLPK

[Iporpammusiit Mogyins SPXPROB peanusyer uarepdeiic Mexk iy nporpam-
MaMu cuMiniekce-Meroaa 1 nakeroM GLPK. OcHoBHbIME (hyHKIMSIMU HHTED-
deiica SIBIAIOTCS:

1. IIpeobpasoBanue ncxomaHoil 3amaun u3 obobmennoro popmara GLPK
B pabounii popmMar. ITO Ipeodpa3oBaHNe MOXKET JIOMOJTHUTETHHO BKIIOYATH
MacIITabupoBaHue 332491, UCKIIUeHnEe HeDa3UCHBIX (DUKCUPOBAHHBIX II€pe-
MEHHBIX U CMEIeHNe I'PAHUIL IEPEMEHHBIX.

2. ObpaTHoe 1TpeodpazoBaHme MOy IeHHOTO DA3UCHOIO peleHnst pabodeit
3ajaqn K 0a3MCHOMY PEIeHUIO0 MCXOMHOW 3ajadu B 0000IIeHHOM (opMmaTe
GLPK. 910 nmpeobpazoBanue BKIIOYAET 0OpPATHOE CMEICHUE 3HAYEHUN I1e-
PEMEHHBIX, BBIYHUC/IEHNE OTHOCUTEIBHBIX OIIEHOK MCKJIFOUEHHBIX HEOA3MCHBIX
[IEPEMEHHBIX U JEMACIITAONPOBAHUE BCEX KOMIIOHEHT PEIeHUs .

I1.6.1 IIpeobpaszoBanue JIII-zamauu k pabouemy dpopmary

Ha yposme npukianuoit nmporpammbl B nakere GLPK wmcmonbsyercss 0606-
wennviti popmar JITI-3amaqn:

z=cl'z 4 ¢g — min / max (T1.1)
L< Az <U (I1.2)
I<z<u (I1.3)

KOTOPBINI UMeeT CJeIVIONNe JIBa OCHOBHBIX OTJINYHUsi OT pabouero dpopmara
(1.1)—(1.3):

BO3MOXKHA KaK MUHUMHU3AIUs, TaK ¥ MAKCUMU3AIUs 1eaeBoil (hyHKImn
(pabounit hopmaT mpeosaraeT TOIHLKO MIHIMUABAIINIO);

orpannvenus obmero suga (I1.2) Moryr umers Te ke KOMOUHAIMU TDa-
HUI[, 9TO U orpaHnuenusi Ha nepemenssie (I1.3) (B pabGouem dopmare Bce
orpannvenus (1.2) UMeOT BUJ PABEHCTB).

[Tepexon ot 0606menuoro dbopmara (I1.1)—(I1.3) k pabouemy dopmary
(1.1)—(1.3) ocymecTBIsIeTCS CIEYIONIM 00pa30M.

Pacemorpum i-e orpanudenne nucxoHoil cucremsl orpannyenuii (11.2):

L; < Zazj(ﬂﬁs)j < U, (I1.4)
J

rae (zg)j — CMPYKMypHAA nepemennas, T. €. epeMeHHast T; B 0003HaTeHISIX
ucxoguoii JITI-3amaun (I1.1)—(11.3). st nupeobpasoBanust K pabouemy ¢hop-
MaTy 3TO OrpaHMYEHUE 3aMEHSIETCS CJIEAYIONUM OTPAHMYEHUEM, NMEIOIIIM
B/, PABEHCTBA!

(zR)i = Zaij(xs)j, (IL.5)
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rje (TR)i — 6CNOMO2AMEADHAA NEPEMEHHAA i-TO OIPAHUYECHUS. JHAUCHUE
(xR); coBnajaer co 3HaYEHNEM COOTBETCTBYIOIIEI JnHeHON HOPMbI HCXOI-
HOI'O OrPaHHYEHHS, YTO O3BOJIAET IIEPEHECTH UCXOAHbIE TPAHUIIL] IMHEHHOM
(boprI Ha 3Ty BCHOMOFaTeJIbHyIO HepeMeHHny:

Li < (xR)Z < Uz'- (H.G)

Ouesnyno, aro orpanudenns (I1.5) u (I1.6) SKBUBaJIEHTHDBI HCXOHOMY Orpa-
nuuennio (11.4).

IIpumeuarue. B HEKOTOpPBIX MMakeTax JIMHEHHOrO IIPOrPAMMUPOBAHUST
peobpa3oBaHne OrpaHUYEHUN-HEPABEHCTB K BUJY PABEHCTB BBITIOJIHSIETCS
nnade. Tak, orpaHUYeHIe-HEPABEHCTBO . Gy < b; 3aMEHSIETCsI OrpaHim-
qeHneM ) a;T; + yi = b;, rme y; > 0 — HeoTpUIATESbHAS NepeMenHas
nedocmamea, a OrpaHIYeHHe-HEPABEHCTBO » | A;T; > b; 3aMeHsieTcsl orpa-
HUYEHNEM ) | a;jT; — Y; = b;, rae y; > 0 — HeoTpHIATEIbHAS NePeMeHHa
usdbvmxa. Takoit crocod mpeobpa30BaHUsa B OCHOBHOM OObSICHSIETCSI ICTOPHU-
YeCKUMU TTPUIUHAMH, TIOCKOJIBKY B PAHHUX PEAM3AIUIX CHUMILIEKC-METOA
npuMensuics cmandapmmnt gopmam JIII-3agaam, rie BMeCTo rpaHuIl nepe-
MeHHBIX 001ero Buja (1.3) ucmosb30Bainch 6ojiee IPOCThIEe YCIOBUST HEOT-
PHUIATEILHOCTH MTEPEMEHHBIX.

B pesysibrare BKIIIOYeHMs BerioMoraTesbHbIX IepeMmennbix JIII-3amada
(I1.1)—(I1.3) 6ymer uMeTH CJIe/ Ly O BT

z=0"2gp + c'zg + co — min / max

xr = Azg (IL7)
L<axp<U
[ <zg<u
riae ¢r = [(ZR)i] — BEeKTOp BCIOMOraTe/IbHBIX HEPEMEHHbIX, L5 = [(Zg);] —

BEKTOP CTPYKTYDHBIX (MCXOJHBIX) I€peMeHHbIX. (3aMernm, 4ro BCIOMOra-
TeJIbHBbIE TIePEeMEeHHbIE BXOJIAT B IeJIEBYIO (DYHKITUIO C HyJIeBbIMU K03bduiu-
eHTaMH. )

C dbopmasbHOil TOUYKK 3peHust HET HUKAKOTO P3N MEXK Ly CTPYKTYP-
HBIMU U BCIIOMOTaTE/IbHBIMU [IEPEMEHHBIMU, MTOITOMY BCE 3TH IIEPEMEHHBIE
MOXKHO OOBEJMHUTH B OJWH BEKTOP TEPEMEHHBIX. DTO TO3BOJISIET CIUTATH,
gro JIII-3anaua (I1.7) npencrasiena B pabouem dbopmare (eciau He PUHU-
MaThb BO BHUMAHME CJIydail MAaKCHMU3AIIHN):

z:<O>T<$R>+Co—>min/max (IL.8)

c xrg

(1] —A) < R > —0 (I1.9)

rs

(0)=()=(4) o
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BarkHO OTMETHTB, YTO BCIIOMOrATEIbHBIE IEPEMEHHBIE BKJIIOYAIOTCHA BO
sce orpanmnyenus (I1.2) ucxounnoii JIIT-3aa4m, gazxe eciim HEKOTOPBIE U3 HUX
yzKe UMEIOT BUJI PABEHCTB (T. €. Jist KOTopbix L; = U;), Tak 9To pacuupernas,
mampuya koagduyuenmos oepanuvenuts (I | —A) Beerga comepKuT ejuHnd-
HyI0 moaMaTpuny I, COOTBETCTBYIONIYIO €OMHUYHBIM KO3(P(PUIMEHTAM IpU
BCIIOMOTATEJIbHBIX [TEPEMEHHBIX. DTO FapaHTUPYET, UTO YKa3aHHAasl MATPUIIA
BCErla MMEET MOJIHBIA CTPOYHBINA PAHT, T. €. BCE €€ CTPOKH, a 3HAYUT, U BCE
orpanunyenusi-pasencrsa (I1.9) spsirorest JmHEiHO HE3aBUCUMBIMHE, IIPHYEM
Jlazke B Tex ciydasx, Korga B ucxomuoit JIII-zamaue (I1.1)—(I1.3) mmerorcs
JIMHEHHO 3aBUCUMbIE OTPAHUYEeHUsI-PABEHCTRA.

I1.6.2 MacmrabupoBauue JIII-3agaun

[Taker GLPK npenycmarpruBaer BO3MOKHOCTH MacCIIaTOMPOBAHIA UCXOIHBIX
nannbix JIII-3agaqn. MacirabupoBanue 0ObIMHO IPUMEHSIETCS JIJIs YTy JIITie-
HHSA 0OYCJIOBIEHHOCTH MATPHUIIBI KO3(MDPUIIMEHTOB OrpaHuIeHHi, YTO TO3BO-
JIAET IIOBBICUTH TOYHOCTBH BI)ILII/IC.HGHI/H'?'I7 B 9aCTHOCTH, IIPU BBIIIOJIHEHUHN OC-
HOBHBIX oltepanux ¢ 6asucHoii Marpureil (cm. moapasz. 2.1). 3ameruM, 9To
Ha YPOBHE IPUKJIAJHON IPOrpaMMbl UCXOJAHBbIC JAHHbIC XPAHATCS B HEMac-
MITabMPOBAHHOM BHIe — MAaCIITAaOMPOBAHHUE BBIOJIHSIETCS BO BPEMsI IIPeod-
pazoBanug JIII-3agauu x pabouemy dpopmary.

B makere GLPK mpemmnosaraercsi, aro marpuiia Ko3pQOUIMEHTOB orpa-
HudeHnit MacimrabuposanHoii JIII-3agaun umeer BuI:

A = RAS, (IL.11)

rie A — marpuiia KoabGUINEHTOB OrpaHnYeHnil NCXOHOM (HeMacuITabupo-
sannoit) JIII-3amauan (I1.1)—(I1.3), R = diag(r;;) — 3aganmas quaroHabHast
MaTpHIla MacirabupoBanus cTpok, S = diag(sj;) — 3aJaHHas AUATOHAIb-
Has MaTpulla MacmirabupoBanus crosoos. (Bee nuaronanbhbie s1eMeHTHI
T4 U Sjj IPEJIIONAraf0TCs MOJIOXKHTEIbHBIMI. )

IIpumenarue. Boraucienne ykazaHHBIX MaCIITaOUPyOMIX MaTpull R u
S npejcraBiisieT cob0i CAMOCTOSITETLHYIO TTPOHIEMY, KOTOpast 371eCh HEe pac-
CMaTpUuBaeTCH.

Tak kak Macirrabupyrorme MaTpunbl R u S SBISIOTCS HEBBIPOXK IEHHBI-
MU, TO IPUMEHSIST TIOJIXOIATIINE TOXK IeCTBEHHBIE TTPE00PA30BAHNUST K HCXOTHOM
(memacmrrabuposannoii) JIII-3anaqge (I1.7) 6ymem nmers:

z=0"R'Rep +c"'SS 'zg + ¢y — min

Rxp = RASS 'zg
RL < Rzxr < RU

Sl <8 leg < Sy
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wm ¢ yaerom (I1.11):

zZ= OTfR+ET%S + cp — min

~ _ A/,-v
PR AES (I1.12)

e BEJIUMYUHbI C TI/I.Hb,ZLOI'?'I IPpeacTaB/JIAIOT COOTBETCTBYIONINE KOMIIOHEHTDBI
mactrrabuposannoit JITI-3amaqn:

Ir = Rz, Tg= S"lag,

— Sus,
TS (IL.13)
L=RL, U=RU,

(=5, =5

[Tocne mosrydenns MpoMesKyTOIHOTO NN OKOHYATEILHOTO Oa3MCHOTO pe-
mennst Macrirabuposanuoit JIII-3amaan (I1.12) HeoO6xoauMO BBIIOJHUTE 06-
parHoe MacirabupoBanue (JeMacirabupoBaHue), YTo0bl 9TO PEIleHne CO-
OTBETCTBOBAJIO McxonHoil Hemacirabuposanuoit JIIT-3amade (I1.7). demac-
MTaOUPOBAaHNE KOMIIOHEHT OA3UCHOIO PEIleHUs] BBIIOIHSETCS CJIEAYIONIIM
obpasoM.

[Iyctb B; — BBIYUCIEHHOE MACIITaOMPOBaHHOE 3HAUYEeHNE HA3UCHOIN 1epe-
MeHHOI (xp); = o). Tak Kak CBA3b MEXK/y MacCIITAONPOBAHHBIM M HEMAC-
ITaOMPOBAHHBIM 3HAUYEHUSIMU IIEPEMEHHON X, Ta Ke, YTO U MeXK/y IDaHU-
ramu 97oit mepemennoit, To n3 (I1.13) nmeem:

(1/T22)gz, eCJIN Tf = (:BR)l

5B, ecmn xp = (xg);

Bi = (I1.14)

B ciyuae HeOa3UCHBIX IIEPEMEHHBIX JIEMACIITA0NPOBAHNE X 3HAYEHHN He
Tpebyercst, TaK KaK B 9TOM CJIydae MOKHO HCIIOJIb30BATh COOTBETCTBYIOIINE
HCXOIHbIE (HeMACIITAONPOBAHHbIC) AKTHBHBIC TPAHMIIBI STHX MEPEMEHHBIX.

AmnastornvHo, mycrtb d; — BbIYUCIEHHAs] MAaCIITaONPOBaHHAS OTHOCUTEb-
Hasl OIleHKa HeOA3MCHOM mepeMeHHoil (2 ); = &). CBA3b MeK/y MacuTabu-
POBAHHON 1 HEMACIITaOHPOBAHHON OTHOCHTEJILHBIMU OIeHKAMHI Ta Ke, 4TO
u MexkJy KodbduruentaMu 1eaeBoil byHKIUN IpH 3Toi nepeMenHoii. ITo-
stomy u3 (I1.13) mveem:

rid;, ecom xp = (TR);

d; = (I1.15)

(1/sjj)(§j, ecin T, = (T5);

Ilo onpenesieHNIO OTHOCUTEILHBIE OINIEHKU OA3UCHBIX TIEPEMEHHBIX PABHBI
HYJIIO, ITI09TOMY JIEMACIITa0NPOBAHNE TAKUX OIEHOK He TpedyeTrcs.
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B zaxksrouenme ormerum, UTO JeMaciiTabUpOBaHUE 3HAYEHUS IEJI€BOI
dyuKINN B 6a3MCHOM PEIEeHNN TaKKe He TPedyeTcs, IMOCKOIbKY 9TO 3HAYTE-
HEe OyJIeT OJIHUM M TeM Ke Kak JJIsl UCXOIHOil HemacmrabuposanHoii (I1.7),
Tak u Jyist Macurrabuposannoii (I11.12) JIII-3anaw.

11.6.3 W ckarouenne Heba3MCHBIX (PUKCUPOBAHHBIX
nepeMeHHbIX

B coorBercrBun ¢ 0bIiei cxemoii cumMiniekce-meToia (eM. nojgpasi. 1.3) neba-
3UCHBIE (PUKCUPOBAHHBIE TIEPEMEHHBIE HE MOTYT U3MEHATHCH U [I03TOMY HU-
KOIJla He BBIOMPAIOTCS JIJIsl MOCEYIONIEro BBoJa B 6a3uc. DTO MO3BOJISIET
HCKJIIOYUTh Takue mepeMeHHble u3 paboueit JIII-3amaun wa sTame dopmu-
POBaHUsI UCXOJHBIX JIAHHBIX, TOCKOJIbKY HAYAJIbHBINA OGA3UC MPEJIIoIaraeTcst
3aJIAHHBIM U TIOCKOJIBKY HMCKJIIOYEHHE COOTBETCTBYIONIUX CTOJIOIOB M3 MaT-
putibl K03 HUIMEHTOB OrpaHUYIEHN HEe N3MEHAET OA3UCHYIO MATPUILY.

C rouku 3penus JIIT-3amaqau (1.1)—(1.3) uckirouenue Hebas3nuCcHOi HUK-
CHPOBAHHOI ITEPEMEHHON COCTOUT B IMPOCTOM MOACTAHOBKE (DUKCHPOBAHHOIO
3HAYEHUsI ITOM IepeMeHHoit x = (= uy) B neneByto dyuknuio (1.1) u orpa-
ardaenns (1.2). 9To IpUBOAUT K COOTBETCTBYIOMIEMY H3MEHEHHUIO CBOOOTHOTO
YJIeHa 1eJIeBoi (DYHKIMU Co:

66 =0 + cply, (H16)

rie ¢ — KoddduiimenT 1esieBoit GYHKIUNA PU TEPEMEHHON Xk, U BEKTOPa
IIPAaBBIX YacTell OrpaHuIeHuil b:

b =b— Agly, (I1.17)

rine Ay — k-it cronben MmaTpuiibl KO3 UIMEHTOB OrpaHndennii A, cooTBeT-
CTBYIOIIUHA ITIepEeMEHHONR X

IlongaTHO, 9TO 3HAYMEHNE UCK/TIOUEHHOM (DUKCUPOBAHHON IIEPEMEHHON ) B
6a3MCHOM peIlleHn UCXOHOM (BKJrovaromieii sty nepemennyo) JIII-3amaqau
6yzer paBHO [ (= ug). OTHOCHTEIBHYIO OIEHKY d) 9TOI IIeEPEMEHHON MOYKHO
BBIUUCJIUTD, UCTIONB3Ys (opmyiy (2.15):

dk = C — AZW, (H.18)

e ¢ — Ko pUIUEHT 1e/eBoi (pyHKIuUN npu Ty, Ar — cronber Marpu-
bl KO3 DUINEHTOB OrPAHUIEHUN, COOTBETCTBYIONIUN L), T — BEKTOP CUM-
IJIEKCHBIX MHOXKUTEJIEI.

IIpumenanue. AHaIOrNYIHOE UCKIIOUEHNE OA3UCHBIX CBOOOHBIX (HEorpa-
HUYEHHBIX) nepeMeHHbiX B makere GLPK e mpumensiercst mo jBym npuan-
HaM. Bo-TiepBbIX, TaKOe UCKJIIOUEHNEe U3MEHUJIO ObI OA3UCHYIO MaTPHILY, ITO
HOBJIEKJIO OBI 3a c060i HEOOXOAUMOCTD BBIYHCIICHNS (MK TIepecdera) ee hak-
Topusaruu. V1 Bo-BTOpBIX, 9TO DoJiee CYyIEeCTBEHHO, B peasibubix JIII-3a auax
CBODOJIHBIE TIEPEMEHHbBIE BCTPEYAIOTCS JIOCTATOYHO PEJIKO.
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I1.6.4 Cwmerlnienne rpaHuil] NepeMeHHbIX

[Ipu dopmupoBanun ncxomubix ganubix JI11-3agaqu B nakere GLPK mpemy-
cMOTpeHa Heobsi3aTelsIbHasi BOBMOXKHOCTH CMEIEHUs TPAHUIL [IePEMEHHBIX,
KOTOpAast IO3BOJISAET HECKOILKO HOBBICUTH TOUHOCTD PEIEHHS.

C rouku 3pennst paboueii JIIT-3amaun (1.1)—(1.3) cmernenne nepeMeHHOi
I, < x, < uy, Ha ee HIZKHIOIO TPAHUILY [f, (IIPU yCIOBUH, UTO HUKHSIS IPAHUIA
CYIIECTBYET) IIPEJICTAB/ISET CODOM MOICTAHOBKY:

T = o) + g, (I1.19)

rJle HUXKHSAS TPaHUIa HOBOI niepemeHHol 0 < iL‘;C < uy, — I, cTanoBUTCS HYyJIe-
BOil. DTa MOJCTAHOBKA IMPUBOJIUT K U3MEHEHWIO CBOOOJHOIO UJIEHA IEJIEBOI
byHKIIMN Co:

66 = c0 + cglg, (I1.20)

rme ¢ — Ko3(bPUImeHT 1ereBoil (pyHKINY IPU IIEPEMEHHON Xj, U BEKTOPa
MIPaBbIX JacTeil orpaHuvIeHuil b:

Vo=b— Al (11.21)

rae A — k-it cronben MaTpuinbl KO3MOUIUEHTOB orpanndennii A, coorser-
CTBYIOIIUI IEPpEMEHHOU Xk .

Anajornuno, cMmemenue nepeMeHHo [ < xp < ug Ha ee BEPXHIOIO I'pa-
HUIly U (OpU YCJIOBUM, YTO BEPXHsis TPAHUIA CYIIECTBYET) MPEJCTABIISIET
co0Oii TTOICTAHOBKY:

T = T}, + U, (I1.22)

IJle BEPXHss IPAHUIIA HOBOI IIepeMeHHOi [ — up < 37;9 < 0 craHOBUTCA HyJIE-
BOil. DTa MOJCTAHOBKA MPUBOJIUT K COOTBETCTBYIONIEMY M3MEHEHUIO CBOOO/I-
HOT'O “JIeHa IeJIeBOi (DYHKIMHU U BEKTOPA MPABBLIX YacTell OrpaHnIeHuit:

¢y = 0 + cruy, (I1.23)

bV o=b— Ayug. (11.24)

BoccranoBiieHre HECMEIIEHHBIX 3HAYEHUIT TIEPEMEHHBIX B GA3UCHOM pe-
[IeHNH BBINOJHAETCsE B coorBercTBun ¢ dopmyaamu (11.19) u (I1.22). Ipu
9TOM JIOCTATOYHO BOCCTAHABJIUBATHL 3HAYEHUs] TOJHKO OA3UCHBIX MEPEMEH-
HBIX, TAK KaK JIJIsT HEOA3UCHBIX [IEPEMEHHBIX MOYKHO MCIIOJIb30BATH 3HAYEHMUSI
UX MCXOJHBIX (HECMEINEHHbBIX) aKTUBHBIX I'DAHUIIL.

OTMmeTnM, 9TO CMeIeHre I'PAHUI] IePEMEHHBIX He U3MEHsIeT BEKTOD KO-
s durmenToB 1eeBoit hyHkmn ¢ = (cx) 1 MaTpuily KoabOUIeHToB orpa-
Hudennit A = (a;;), & 3HAUUT, He BiaMsieT Ha GasucHyoo marpuiy B u ee
akTOopU3AIKIO, U B YACTHOCTH, OCTABJISET HEM3MEHHBIMH OTHOCUTETHLHBIE
OIIEHKM HEOA3UCHBIX [IEPEMEHHBIX.

90



I1.6.5 OcHoBHbIE TTApaAMETPHI ITOAIPOTrPaAMM

Bo Bcex mommporpammax maHHOTO mofpa3iesna napameTp SPXLP *1p ecTb
yKa3aTeslb Ha IPOrPpaMMHBIN 00bEKT, IpeIcTaB st paboayio JII1-3ama-
1y B dopmare (1.1)—(1.3) (cm. mogpassn. I1.1), mapamerp glp_prob *P ectnb
yKazaTejb Ha IPOTPaAMMHBIN 00bEKT, IpeCcTaBIdomunii ncxoauyio JI11-3a1a-
1y B obobmentom dhopmare GLPK (I1.1)—(I1.3).

IIpeamonaraercs, aro JIII-o6bekT P comepKuT XOTsI ObI OIHY CTPOKY
(P—>m > 0), a TaKzKe OIpeessieT KOPPEKTHBIN TeKy il 6a3nuc u nmeeT Jeii-
CTBUTEJBHYIO (baKTOPU3AIUIO COOTBETCTBYIOIIEH 6a3ucHOit MaTpuiibl (ycra-
HosJieH (irakok P->valid).

I1.6.6 spx_init lp — onpenenenue pasmepHoctu pabodeii
3a/1a49u

void spx_init_1p(SPXLP *lp, glp_prob *P, int excl);

JlanHast mojamporpaMMa ompejesisieT Yucjio OrPaHUYEHUN-PaBEHCTB 11,
YUCTIO TIEPEMEHHBIX 7 W IUCJIO HEHYJIEBBIX 9JIEMEHTOB MATPHUIHI K0P DUIIH-
€HTOB OorpanmveHuii nnz Jyisi pabodeit JIII-3amaqu, koropast cooTBeTCTBYET
ucxoynoii JIIT-3as1a4e P, u 3anuceiBaer stu Besaudnnbl B 06bekT 1p. (ITamsars
JUIst 00 beKTa 1p J10JI7KHA ObITh OTBEJICHA B BBI3BIBAIOIIEH ITpOrpamme. )

Ecin ycranoBjIeH npusHaK excl, TO IPHU OIpeesIeHn Pa3MEepPHOCTH Pa-
6oueit JIII-3aaun canraercs, 4To HeOa3UCHBIE (DUKCUPOBAHHBIE [IEPEMEHHDBIE
OYJlyT UCKJIIOYUEHDI.

Boe30B manHO# IOATPOrpaMMBI TOKEH OBITH MEPBBIM B IEMOYKE BBI30-
BOB IOJIIPOTPaMM, CBa3aHbIX ¢ opmupoBanueM pabdoueit JIII-zamgatuu u ee
HavaJIbHOTO Oa3uca.

I1.6.7 spx_alloc_lp — pasmelnenue MmaccuBoB pabo4eii
3a/1a9un

void spx_alloc_lp(SPXLP *1p);

JlanHas nojiporpaMma BbIIIOJIHAET OTBEJIEHUE TaAMSATH JIJIsl BCEX MaCCH-
BOB, BXOJSIIINX B COCTaB 00beKTa 1p.

BbI30B j1aHHOI TOIIPOrpaMMbI JIOJIZKEH CJI€JI0BATh HEIIOCPEJICTBEHHO 3a
BBI30OBOM HOAIIPOrpaMMbI spx_init_1p.

I1.6.8 spx_build lp — dopmuposanune paboueii zagain

void spx_build_lp(SPXLP *1lp, glp_prob *P, int excl, int shift,
int map[/*1+P->m+P->n*/]);

Jlamnas moammporpaMMa BeITIOJIHSAET ITpeobpasoBanue ucxoauoit JII1-3ana-
au P (I1.1)—(I1.3) B pabouyio JIII-3amaay 1p (1.1)—(1.3). D10 npeobpaszosa-
HHe BKJOYaeT B ceOsd POPpMUPOBAHNE U MACIITAOUPOBAHIE BCEX KOMIIOHEHT
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paboueit JITI-3amaun (cm. mogpasza. 11.6.1 u I11.6.2), 3a uckioyenunem ¢op-
MUPOBAHUS HAYAJIHLHOIO Oa3uca, a Takxke, ecau ucxonanas JII1-3agata nmeer
BHJ MAKCUMU3AIIUN, M3MEHEHNE 3HAKOB KO MUIIUEHTOB U CBOOOIHOIO UjIeHA
1e/1eBOil (DYHKITUHU Ha, MPOTUBOITOJIOYKHBIE.

Ecsn yecranossien npusnak excl, pukcupoBaHHble HEOA3UCHBIE IEPEMEH-
Hble He BKJIOUaloTcest B pabouyio JII-3amaay (em. nogpasm. 11.6.3). B mpo-
THUBHOM CJIy4ae, eCJIu 3TOT IPU3HAK HE ycTaHoBJieH, B pabouyio JIII-3amaqy
BKJIFOUAIOTCsI BCe (BCIIOMOTaTe/IbHBIE U CTPYKTYPHbIE) IIEPEMEHHBIE HCXOIHOI
JIII-3amaxm.

Hpumevarue. 3nauenne Tpu3HaKka excl JOKHO ObITH TEM 2Ke, UTO U [IPU
BBI30BE MOJNPOrpaMMbl Spx_init_lp (cM. BbIIe).

Ecin ycranosiien npusaak shift, moamporpaMma, BeIIOJIHIET CMENEHNne
rpanur (cM. nozxpas. 11.6.4) Bcex mepeMeHHBIX, BKJIIOUAEMBIX B PabOIyIO
JII-3amaay. Eciiu npu aToM HEKOTOpas mepeMeHHasi uMeeT 00e HUXKHIOI U
BEPXHIOK TPAHUIIBI, CMEITIEHNE BBITTOJTHSIETCS K TOI TpaHUIEe, KOTOpas sIBJIsi-
€TCsT MEHBIIEH 0 abCOIIOTHON BEJIMINHE.

Ha BoIxome nofmporpamma popMUpyeT MAaCCUB map, KOTOPBINA COAEPKUAT
14+P->m+P->n sveek (sveiika ¢ ungekcoMm ( He HCIOJIB3yeTCs ), Tae P->m —
YUCJIO CTPOK U P->n — 4ucyio crosibnos B ucxomauoii JIII-3amade. dror maccun
YCTAHABJIUBAET CBS3b MEXKJIy HOMEDPAMH IIEPEMEHHBIX UCXOJIHO n paboueit
JIII-3ama4 caexyionmum ob6pa3oM:

map(i] = 0, 1 < ¢ < P->m, 03Ha4Yaer, 9TO i-s1 BCIIOMOTaTeJbHAs IePEeMEH-
nas ucxoanoit JIII-3amagn 6bL1a nckaodena u3 padodeit JI11-3amaqn;

mapi] = +k, 1 < i < P->m, o3Ha4aeT, YTO i-s1 BCIOMOraTesbHas lepe-
menHas ucxomuoin JII1-3amauu coorBeTcTByeT nepeMentoit xy paboueit JIII-
3aatu;

map[i| = —k, 1 < i < P->m, o3HAYAET, YTO i-si BCIOMOTATEJIbHASI TIepe-
merHas ucxonuoit JIII-3amauu coorBercTBYeT nepeMennoi xy paboueit JIII-
3a/1a9u, IpuvIeM OBbLJIO BBIIIOJIHEHO CMEIEHNE K BepXHell IpaHuiie 3Toi mepe-
MEHHO;

map[P->m+j], 1 < ¢ < P->n, uMeeT TOT JKe CMBICJI, YTO U BBIIIE, HO JJIsi
j-#1 cTpykTypHOI tepemennoit ucxoauoit JIII-3amaqan.

BbI30B manHOI MOAIIPOrpaMMbI JOJIZKEH CJI€/I0BATH HEIIOCPEJICTBEHHO 33,
BBI30BOM HOAIIpOrpaMMbl spx_alloc_lp.

I1.6.9 spx_build basis — dopmuposanue 6aszuca paboueit
3aaa49u

void spx_build_basis(SPXLP *lp, glp_prob *P, const int mapl[]);

Hannas nmogmnporpamma GopMUPYeET Hada bHbII 6a3uc s paboueit JII1-
3aja4qn lp, coOTBeTCTBYIONUil TekyieMy 6aszucy ucxomuoit JIII-3amaum P
(nadopmanust 0 TekyieMm Oa3uce sIBISETCS YaCThI0 MPOrPAMMHOTO OOBLEK-
Ta P), a TakKe nepemernaer jpaiieep dgakropusanuyu 6a3uCHON MATPUIBI U3
obbekTa ucxomuoit JIII-zagaan B 06bekT padoueit JIII-3agaqamn.
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MaccuB map JIOJ2KEH cojiepKaTh HHMOPMAIINIO, KOTOPasi ObLIa 3alncana
noporpaMmoii spx_build_lp (cm. Bbie).

BoI3oB gammHOI MOAIIPOrpaMMBbl 3aBEPIIAET IEINOYKY BBHI30BOB, CBA3AHDBIX
¢ dopmupopanuem padboueit JIII-3amaun u ee HaTaAIBHOTO OA3MUCA, U JTOJIXKEH
cae0BaTh HEIOCPEACTBEHHO 38 BbI30BOM HOAIIpOrpaMMbl spx_build_1p.

I1.6.10 spx store basis — dopMmupoBanue 6azuca UCXOTHOM
3aza4u

void spx_store_basis(SPXLP *lp, glp_prob *P, const int mapl[],
int daeh[/*1+n*/]);

Ucnonb3yst Tekymuit 6asuc padoueit JII1-3a1aum 1p ganHas moamnporpam-
Ma, GOPMUPYET COOTBETCTBYIOMM 6asuc s ucxoxuoit JIII-3amaqu P, aro
BKJIIOYaeT B cebsi ONpeJieJieHne W 3alliCh CTaTyCOB BCEX CTPOK (BCIOMOTa-
TeJIbHBIX IIEPEMEHHBIX ) U BCEX CTOJIOIOB (CTPYKTYPHBIX IIEDEMEHHBIX ), 8 TaK-
»xe (pOpMHUPOBaHME 3ar0JIOBKa Oasuca.

MaccuB map JO/IKEH CO/lepKaTh HHMOPMAIINIO, KOTOPas ObLIa 3aIncana
nozamporpaMmoii spx_build_lp (cwm. BbIIe).

Ha Boixome nogmnporpamma dopmupyer maccuB daeh. DTOT MACCUB CO-
Jepxkut 1+1p->n sueek (sveiika ¢ ungekcom 0 He UCHOIB3YeTCs) U IIPeJl-
crapygeT obparenne Maccuba lp->head, T. e. eciim lp->head[k’] = k, To
daeh[k] = k.

I1.6.11 spx store sol — cdpopmMupoBaHue 6Ga3UCHOrO pPeIEHUSs
HMCXOJHOI 3aga4n

void spx_store_sol(SPXLP *lp, glp_prob *P, int shift,
const int map[], const int daeh[], const double betal],
const double pil[], const double d[]);

JlaHHas moarporpaMMa, BEIIOJIHSIET IIPeodpa3oBaHie TEKYIIEro 6a3mucHO-
ro pemtennst pabodeit JIII-3amaqu 1p (3HadeHnst 6a3UCHBIX TEPEMEHHBIX, CHM-
[JIEKCHBIE MHOXKUTEJIU U OTHOCUTE/IbHBIE OIEHKN HEOA3UCHBIX MIEPEMEHHBIX )
B GasucHoe perterne ucxoauoit JIII-3asaum P (3HAUEHUS U OTHOCUTEJbHbBIE
OIIEHKY BCIIOMOTATEIbHBIX U CTPYKTYPHBIX IIEPEMEHHBIX ). DTO MpeobpasoBa-
HEe BKIIOUAET B ce0s1 IeMacIITabnpoBaHie BCeX KOMIIOHEHT 0a3MCHOIO perre-
Hust (eM. mozgpass. 11.6.2), BeIYHCIEHIE OTHOCUTEIBHBIX OIEHOK MCKJTIOYEH-
HBIX HEOA3UCHBIX NepeMeHHbIX (cM. nojpass. [1.6.3), BoccranoBIeHIE HECMe-
[IEHHBIX 3HAYeHNI 6a3MCHBIX TTepeMeHHbIX (cM. moapas. 11.6.4), m3menenne
3HAKOB OTHOCUTEJIbHBIX OIEHOK Ha MPOTUBONOJIOXKHBIE (ecu ucxomnast JIIT-
3a/1a1a UMeEeT BHUJL MAKCHMU3AINN ), & TAKXKE BBIIUCIICHIE 3HAYCHUS [CJICBOil
dyHKIHUN.

SHavenne npusHaka shift HOKHO OBITH TEM »Ke, YTO W IIPU BBI30BE
nojporpaMmbl spx_build_lp (cM. Bbiie).
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Maccus map J10/KeH cojiepzkaTh HHPOPMAIMIO, KOTOpast ObLIa 3aIicaHa
noporpaMmoii spx_build_lp (cm. Bbie).

Maccus daeh joiKeH coiepzkaTh NHGOPMAIIIO, KOTOPast ObLIa 3alicaHa
HoJporpaMmoii spx_store_basis (cMm. Bblie).

B saueiikax maccusa betal[1], ..., beta[m] H0/IKHBI HAXOAUTHLCS KOM-
[IOHEHTHI BEKTOpa 3HaveHuil GasucHbiX nepemenubix [ = (f;) (1.12) mua
paboueit JIII-3a1a4n.

B sueiikax maccuBa pil[1], ..., pilm] M0/KHBI HAXOIUTHCST KOMIIOHEH-
THI BEKTOpPA CUMILIEKCHBIX MHOkuTeseit m = (m;) (1.16) ms paboueit JIII-
34145 1.

B staeiikax maccuBa d[1], ..., d[n-m] g0/KHBI HAXOAUTHCS KOMIIOHEHTHI

BEKTOpa OTHOCHTE/IbHBIX OIEHOK HeOa3ucHbIX nepeMenubix d = (dj) (1.15)
nmst paboueit JITI-3amaqamn.

I1.6.12 spx free lp — ocBobGoxxJeHue MaccCuBOB

void spx_free_lp(SPXLP *1p);

JlamHas moamporpaMMa BITIOJTHAET OCBODOXK IEHIE TAMSITH, 3aHITON BCe-
MU MaCCHUBAMU, BXOJSIIUMH B COCTaB 00bEKTa 1p.
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