YAK 65.012.1

npaBneHme B COLMaNIbHO-3KOHOMUYECKMUX CUCTEMAX

DOI: http://doi.org/10.25728/pu.2023.6.2

®OPMWUPOBAHUE NOKONEHUH HOBOW TEXHUKH
KAK 3AJAYA O MOKPbITUX MHOXECTBA

C.A. bapkanos, B.H. bypkos, .H. Kypouka, E.A. CepebpsikoBa

AHHoTanus. [Ipornecc pa3sButust 1000r0 MPeIIPUATHS MPEAIIONIAracT COBEPIICHCTBOBAHIE Me-
XaHU3MOB YIpaBJICHHUS (UPMOH, MO3BOJIIOIUX PYKOBOAWTENIO INPHHHMATh YNPABICHYECKHUC
pelleHNs], OCHOBBIBAsACh Ha JNOCTIKEHMAX HAYKH, a HE CIEAys UHTYUTHUBHBIM IIPEICTABICHHAM,
0a3upPYIOLUIMMCS Ha €ro JMYHOM OIIbITE. A 3TO, B CBOIO OY€pEe/lb, PEAINOIaraeT COBEpPIICHCTBOBA-
HHE Tpoliecca MOJIEIBHOTO o0ecieueH s, NCKITIOYAIOIIEro COBIaICHIE TMKOB MOTPEOIeHUs pe-
CypCOB IIpH paboTe HaJ HECKOJIBKUMHU MpOoeKTaMU. I 3TOH Lenr MOKET IPUMEHSATHCS KOHIIETI-
LSl TTOKOJICHHSI Pa3BUTHsI HOBOW TEXHUKH, (POPMHPYEMOro M3 OTHAEIbHBIX MPOTOTHIIOB, SIBIISIO-
LIMXCSl ICUCTBYIOIIMMHU 00pa3laMy, Ha KOTOPBIX MOXKHO OIPEAEIUTh HEKOTOPBIE OCOOCHHOCTH
(YHKIIMOHUPOBaHUs pa3pabaThIBAEMOro IpOoeKTa. ECTECTBEHHO, YTO HE BECh MOJENBHBIN psil
1IeNIecO00Pa3HO BKIIOYATh B TIOKOJIECHUE PAa3BUTHS HOBOM TEXHUKH. VIMEHHO IO3TOMY BO3HHKAET
3a7a4a 0TO0pa MUHIMAJILHO HEOOXOIMMOTO YHCIIa U3ASIHH 11 9THX neneil. Takas 3amada oTHO-
CHUTCS K KJIacCy 3aJa4 O TOKPHITUH MHOXKECTBA, II0OJTHOM — B TOM ClIy4yae, KOT/ia OTOOpaHHBIE MPO-
TOTHIIBI TOJDKHBI 00/1a1aTh BCEM HAOOPOM CBOWCTB, KOTOPBIMHU 00JIaiaeT pa3padaThIBacMbIli MO-
JETbHBIA PAJ, WIK YaCTHYHOM — B TOM CIlydae, eciH TpeOyeTcsi, 9ToObl 0TOOpaHHBIE 00pa3Ibl
00aany ToIbKO HEKOTOPEIM KOJIMYECTBOM CBOWMCTB. [lyisl pemieHust o0enx 3a1ad MpeacTaBICHE
TOYHBIE AJITOPUTMBI ¥ IPUOIMIKEHHBIE SBPUCTUYECKUE AJITOPUTMBI.

KiaroueBble cjioBa: 3amgava pasMelIeHud, 3aga4ya O MOJHOM MOKPBITHH MHOXKECTBA, 3ajla4ya O YaCTUYHOM
TIOKPBITUM MHO>KECTBaA, JKU3HCHHBIN LUK WHHOBAIIUH, IMOKOJICHUC Pa3sBUTHUA HOBOU TCXHUKH, TIPOTOTHII,

MaTpHla CBOICTB.

BBEAEHUE

[Ipomecc cozmaHust ¥ COBEPIIEHCTBOBAHUS HOBOM
TEXHHUKH SIBISIETCS OJHUM W3 NMPHUOPHUTETHBIX HAIpaB-
neHui pas3Butusi Poccuiickoit ®enepauuu. MMeHHO
MO3TOMY CO3[aHHE NOKOJIEHUH HOBOW TEXHUKH Ipel-
OTIpeZIeTIsieT AOCTIKEHUE OIPEIETICHHOTO TIporpecca B
00JacTH KOHCTPYKTHBHBIX M TEXHOJIOTHYECKUX pere-
HUH, Ha 0a3e KOTOPBIX M OCYIIECTBISETCS WX pa3pa-
6otka [1, 2]. IlpumMeHeHre HOBBIX PEIIEHHH B KOH-
CTPYKTHBHOW U TE€XHOJIOTHUYECKOH cepe mpearnoara-
eT ToJy4eHue oOpas3lloB HOBOHM TEXHHKH, 00Jalaro-
IIMX HOBBIMH (PYHKIIMOHAJIHHBIMH CBOiicTBamHu. Ta-
KM 00pa3oM, co3/laHHe HOBBIX ()YHKIIMOHAIBHBIX
CBOWCTB y pa3zpalaTbIBaeMOro oObeKTa Mpearoiaraet
NPUMEHEHUE  HOBBIX  KOHCTPYKTHUBHO-TEXHOJIOTHU-
YeCKHX pemeHuit |3, 4].

Ho cozmanue o0pa3roB HOBOW TEXHHUKH — OYCHB
TPYOEMKHH IIPOLECC, CBSI3aHHBII CO 3HAYUTEIbHBIMU
3aTpaTaMi MaTepUalbHBIX, KaApOBbIX U (PMHAHCOBBIX
pecypcos. Jlrobast mpoxyKTUBHAS HJies], TOJIOKEHHAS B

OCHOBY TakoW pa3paboTku, OyJeT HaxOoJUTh CBOE
MPUMEHEHUE B HOBBIX TOKOJICHUSX TEXHUKH, 00pa3y-
FOLIUX MOJCTbHBIA psifi. IMEHHO MO3TOMY B TEXHUKE
IIMPOKO HUCITOJIB3YeTCs MOHATHE NMPOTOTHUIA, T. €. pa-
0OTaIOIIEero M3ACIus, MO3BOJISIONIET0 OCYIIESCTBUTH
MOJICIMPOBAHKE TPOIIECCOB, BO3HUKAIOIINX B CO3/1a-
BacMOM HOBOM H3JICIIHU.

Ho B xo71¢ peanu3zaiuu JI000ro MpoeKTa BO3HUKA-
eT TpobieMa PecypcHOT0 00ECTICUeHHUSI, TIOTEHITHATh-
Has BO3MOJKHOCTb PEIICHUS KOTOPOW OCHOBBIBACTCS
Ha TOM, YTO TpeOyeMbIe pecypCchl MOTYT OBITH pacmpe-
JICJICHBI TI0 BPEMECHH B TEUEHHE BCEr0 CPOKa peasin3a-
LMW TIPOEKTA, T. €. OHU HE TPEOYIOTCS «BCE M CPa3y».
A Tak Kak IpeanpusTHe, Kak MpaBUIO, 3aHUMAaETCs
peanuzanueii cpa3y HECKOJbKUX MPOEKTOB, TO HMEHHO
[I03TOMY HEOOXOJMMO OPTaHH30BaTh MPOIIECC BBIMOJI-
HEHUS MPOEKTa TaKUM 00pa3oM, 4TOOBI MUKH TOTPeO-
JICHWsI PECYPCOB HE COBIANAIM C aHAIOTHMYHBIMU IIe-
pHoIaMH B JIPYTHX BBINOJNHSAEMBIX TMpoekTax [5—7].
D10 TpedyeT OCYIIECTBIATH OTOOP MPOTOTHIIOB IS
(hopMHpOBaHUs TIOKOJIEHUS HOBOW TEXHUKH, OTPaHU-
YUBAsICh HEKUM MUHUMAIILHO HEOOXOIUMBIM HX KOJIH-
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YECTBOM, YTO B KaKOW-TO Mepe MO3BOJSET COKPATHTh
00BeM HEOOXOTUMBIX PECYPCOB.

B sToM ciiydae BO3HMKaeT Wjaes pemiaTh 3alady
(hopMHUPOBaHUS TMOKOJICHUSI HOBOM TEXHUKHU TIPH IIO-
MOIIK METOJIOB ONTUMH3AIMM U CTABUTCS BOIPOC O
TOM, KaKHe KPUTEPUH TPUHSATH B KAYECTBE ONTHMH3A-
MUOHHBIX [7, 8]. pyrumu ciioBamu, 4TO XK€ MMEHHO
HEO0XOJMMO ONITUMHU3UPOBATH?

1. NOCTAHOBKA 3AQAYU

Tax xak 1r00ast IpOAyKTHBHAS UAEs, KaK [IPAaBUIIO,
UMEET IPOAOIDKEHUE, BBIPAXKAMOLIEECS B CO3JaHUU
[EJION TMOCIEA0BATEILHOCTH HOBBIX H3JEIUi, 00a-
JAIOIIUX HOBBIMH (PYHKIIMOHAJIBHBIMH CBOMCTBAMH,
BO3HMKAET BOIPOC O TOM, YTO MOKHO HCIIOJIb30BaTh B
Ka4ecTBE MPOTOTHUNA C LEbI0 Pa3padOTKU MOCIEAy-
IOLIEr0 MOKOJICHUS] MHHOBalMH. EcTeCTBEHHO, 4TO B
OCHOBY 0TOOpa TMOJIOKEH NPUHIUIN HICHTUYHOCTH
chepbl PUMEHEHUS: TPAKTOP NPUMEHSIETCS ISl BbI-
MOJIHEHUSI OJHOTO MHOXecTBa paloT, a TaHK Uil —
Jpyroro.

Hamnbonee spxo 3T0 MOXET OBITH BUIAHO Ha IPH-
Mepe pa3BUTHS aBUALMOHHOM TexHUKH. Hampumep,
COBETCKHMM IaCCaXKUPCKUH CaMOJIET Ha PEaKTHUBHOU
Tsare TY-104, sensromuiicss TpeTbuM B Mupe. B mep-
BBIC JIBAa rojia CBOeH skcmryarauuu, ¢ 1956 no 1958 r.,
Ty-104 sBAsICS €IWHCTBEHHBIM 3KCIUTYyaTHPOBAB-
IIMMCS PEaKTUBHBIM MAaCCAKUPCKUM CaMOJIETOM B
MHUpe H3-3a MpeKpalleHus MojeToB OpuraHckoro De
Havilland Comet nerom 1956 r. u 10 BBeIeHUI B
KOMMEPUYECKYI0  OKCIUTyaTalldl0  aMEPHUKaHCKOro
Boeing 707 B oktsa6pe 1958 r. OduumansHo cyiie-
CTBOBANHU cieaytomue mMoaudukamuu camonera: Ty-
104, Ty-104A u Ty-104b. On Beimyckancs g0 1960 r.,
skcrryarupoBaics 1o 1981 r. B mononuenue x TVY-
104 6b11 pa3paboran camonet TY-124, nmeBmuii Mo-
mudukanun TY-124A, TY-124b, TY-124B. Haubonee
ynaunass moaudpukanus TY-124A Obiia Bckope mpe-
oOpa3oBaHa B HOBBII THM camoinera TY-134, koTopsrit
taoke umen 19 momudpuxanuii. Camoner TVY-134
npoussoauics Ao 1989 r. u HaxoauTCA B dKCIITyaTa-
IIUH JI0 CHX T10D.

AHanornyHas KapTHHA U C 3alaJHbIMHA 00pasznaMu
TeXHUKH. Hampumep, M0CTaTOYHO BCIIOMHHUTH OpH-
rauckuit De Havilland Comet — mepBerit B Mupe peak-
TUBHBIM TNaccakupckuil aBuanaiiHep. CyliecTBOBaIU
cnenyromue ero moaudurammu: Comet 1, Comet 1A,
Comet 1XB, Comet 2X u eme 12 npyrux. Camoner
BBITTyCKasICS 10 1964 1. 1 HaXOIUJICs B DKCILTyaTaIliH
1o 1997 r.

ITaccaxxupckuil aBuanaifHep IOJKEH COYETaTh B
cebe CKOpPOCTh M MacCCaXMPOBMECTHMOCTB, T. €. HE0O-

XOJIUMO KaK MOKHO OBICTpee TOCTaBUTh MaKCHMAITBHO
BO3MOXKHOE KOJIMYECTBO MACCAKUPOB B HYKHYIO TOU-
Ky. IMeHHO 1o 3TOMy KIIO4eBOMY (akTopy W HAET
orOop mpu (GOPMHPOBAHMHM MHOXKECTBA ITOKOJICHUM
HOBOH TEXHUKH TAaHHOTO BUA.
CaMBIM TIPOCTBIM pEIICHHEM 110 (HOPMHPOBAHUIO
MOJIETTFHOTO psina ObLI0 OBl BKIIOYEHHE B KadecTBE
MPOTOTHIIA BCETO MHOXKECTBA YK€ CO3JAaHHBIX H37e-
nuii. Ho 310 Heckonmbko n30bITOYHOE pemienne. Kax
MPaBUIIO, OTAEIbHBIC HM3JENIUSl IO CBOMM CBOMCTBaM
MOTYT OBITH TOCTaTOYHO OJM3KH W, COOTBETCTBEHHO,
BBIOMPATh WX BCE B KAYECTBE MIPOTOTHIIA HEIEIECO00-
pasHo. PaunmonanbHee ObuTo OBl BHIOpAaTh HEKOE HX
grcno N. Takum 00pa3oMm, BO3HHKAET MEPBBIN KpUTE-
pI/Iﬁ OINITUMHU3AIVU: MUHUMAJIBHOC KOJIMYCCTBO IIPOTO-
TUTIOB, OTOOPaHHBIX IS Pa3BUTHS WHHOBAIMOHHOTO
MIPOJYKTA.
Homnyctum, umeercs N usnenuii, obnamaromux M
cBoricTBaMu. {7151 TOoro 4yToObl ONKcaTh, KAKMMH CBOIi-
CTBaMH o0JaJjaeT KaxJ10€ U3 U3ZCIHii, BBEIEM MaTpH-
Iy CBOWCTB A, NPOW3BOJIBHBIA D3JIEMEHT KOTOPOi
ajj =1 B ToM ciydae, eciu i-e u3genue obiamaer j-M
CBOMCTBOM, U @jj = 0 B IPOTUBHOM CllyyYae.
Takum oOpas3om, MaTpuia cBoiictB A OyaeT cocTo-
STh U3 HyNed u enuHul. Ecnu mpu dopmupoBaHHU
MaTpHIIBI CBOWCTB WCIOIB30BATH YIOPSIIOYECHHOE II0
BpPEMEHHU CO37aHuss MHOKecTBO m3zeauidi N (a cBoi-
CTBa TPHBS3aHbl K M3MEIHUI0), TO M3IeHs, pa3pado-
TaHHbIE B OoJiee MO3IHEM TIEPHOJIE, KaK MPaBHiIo, 00-
JJagarT HOBBIMHU CBOﬁCTBaMH, HO TCPAIOT HEKOTOPHBIC
ctapblie. B xauecTBe mpuMepa MOXKHO MPUBECTH KIlac-
CHUYECKYIO CUTYaIllI0, OCOOEHHO SPKO MPOSBUBIIYIOCS
B MEPHO/] JUKBUIAIMA YEPHOOBUIBCKON KaTacTpOQBbI:
NpUMEHEHUE MOTYIPOBOAHUKOBON 3JIEMEHTHOW 0a3bl
IMPpUBEJIO K BO3HUKHOBCHHIO COBCPIICHHO HOBBIX
CBOWCTB, HO NPOTHBOPAJUAIMOHHAS yCTONYMBOCTH
anmapaTtypsl Obuia motepsiHa. VIMeHHO mo3TOMy MarT-
puna A OyJner HWMETh JIEHTOOOpPa3HYIO CTPYKTYpY:
3IIEMEHTHI &= 1 OyIyT IrpynnupoBaThCs NpenMyle-
CTBEHHO OKOJIO I'JIaBHOM JUaroHajid, oopa3sysi CBOeo0-
Pa3HYyIO «JICHTY».
CrenoBatesibHO, U3 IKOHOMUYECKHUX COOOpaKEHUH
[9] Bo3HHKaeT 3amada 0TOOpa MUHUMAIHHOTO KOJIHYE-
CTBa MPOTOTHIIOB, KOTOPBIE MOTYT OBITh MCIOJB30Ba-
HBI JUIs TIOCHEyIoNIel pa3paboTKu U3AENHsl ¢ 3ajaH-
HBIM HaOOPOM CBOMCTB.
[IpencraBum 3Ty 3amady Kak 3a1ady LEJIOUYHCIICH-
HOTO JIMHEHHOTrO0 WPOTrpaMMHPOBAaHUS C IIETIEBON
GbyHKIMEH
N
> X — min (1)
i=1

" OIrpaHUYCHUSAMU
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N
i=1

M
Zyl =m, (2)
j=1

% €{0,1}; i=1N;

y; €{0,1; ji=1L M,

rae X; — JBOWYHAs TepeMEHHas, paBHas CIMHHIE B
TOM Cilydae, €Clid i-€ M3[esiie 0TOOpaHO B KadecTBe
NPOTOTHIIA, U HYJIO B MPOTUBHOM CiIydae; M — KOJIU-
YECTBO CBOWCTB, KOTOPBIM JIOJDKHBI YIOBIETBOPSTH
BCE OTOOpaHHBIC MTPOTOTHUITBL; i — TBOMYHAS TIEpEMEH-
Hasl, paBHasl CIUHUIIC B TOM CJIydae, €Cld i-€ u3Ieue
JOJDKHO 00NafaTh 3TUM CBOMCTBOM, M HYIIO B IPO-
TUBHOM CJIydYae.

3amaua (1), (2) mpenmonaraeT ompeacieHUE MU-
HUMaJIbHOTO KOJIMYECTBa MPOTOTHIIOB, KOTOPBIE OYAyT
o0namaTe 3aJaHHBIM KOJMYECTBOM CBOMCTB, YTO KakK
pa3 MOXET MOCIYKUTb OCHOBOH [UIsl JalbHEHIIEro
pa3BUTHA JaHHOW MHHOBALIWH.

Ilo cBoemy xapakTepy paccmaTpuBaeMas 3ajaya
OuYeHb ONM3KA K 33/1a4e O pPa3MelleHUH 0OBEKTOB WH-
(hbpacTpyKTyphl B HEKOTOPOH 00JIaCTH, TJie B KaYeCTBE
00BEKTOB MH(PACTPYKTYPHI BBICTYIAIOT YXKE CyIle-
CTBYIOIIIME WM3/IETHs, a B KadecTBe oOIacTell — CBOW-
CTBa, KOTOPBIMHU JIOJKHBI 00J1a1aTh OTOOpaHHbIE TIPO-
TOTHITHI [9].

[Ipu 5TOM BO3MOKHBI JIBE TIOCTAHOBKH 33JIa4H:

1. Yncno cBOKCTB, KOTOPBIM JOJDKHO YJOBIETBO-
PATH OTOOpaHHOE MHOYECTBO IMPOTOTHIIOB, JOJKHO
OBITH PaBHO OOIEMY YHCIy CBOWMCTB, XapaKTepHOMY
JUTSL BCEH COBOKYITHOCTH HW3JIENHMU, T. €. JODKHO BBI-
MIOJTHATHCS] COOTHOIICHUE BUIA

m=M.
2. Yncno cBOMCTB, KOTOPBIMU 001a1al0T 0TOOpaH-

HBIC IPOTOTHUIIBI, MCHBIIIC WJIK PABHO UX 06H_I6My quc-
J1y, T. €. BBIIIOJIHACTCA HECPABCHCTBO B A

m<M.

3ajaun mepBOro TUIA OTHOCATCA K Kiaccy 3ajad
Teopud rpadoB O IOJHOM IOKPHITUH MHOXKECTBA,
BO3MOXXHBIE aJITOPUTMBI PEUICHUS KOTOPOU MpeacTaB-
neHsl B padore [10]; 3agaun BTOPOro THIA — K KiIaccy
3a/1a9 0 YaCTUIHOM HOKpEITHH. O6€ 3amadu ABISIOTCS
NP-TpyaHBIMU.

2. ANrOPUTM PELLEHUA 3AQAYHX O NONTHOM
NOKPbITUA MHOXECTBA

3ajaua MOJHOTO TOKPBITHS MHOXecTBa (hopMalib-
HO oIuchIBaeTcs 1esneBol Gynkmueit (1) u orpanude-
HUSIMHU (2), U3 KOTOPBIX HCKJIIOYAETCSl BTOPOE OrpaHu-

YeHue, T. €. 3ajJadya NPHOOpeTaeT CIEAYIOMUN BUI.
Henesas dynkmus (1) ocraercsa 6e3 n3MeHeHUs, a CH-
CcTeMa OTpaHHuYCHUI OyJIeT 3amucaHa Tak:

N
i ®)
x €{0,1}; i=1LN.

3amaua (1), (3) oTHOCHTCA K Kiaccy 3ajaad IeJo-
YUCIICHHOTO JIMHEHHOTO TNPOTPaMMHUPOBAHUS H pe-
aThCsl CHMIUICKC-METOJIOM yiKe HE MOXKET.

Ecnun mpoaHanu3upoBaTh CUCTEMY OIpaHUYEHUI
(3), TO cTaHOBHTCS SICHO, YTO CHCTEMa HEPABEHCTB,
MpUBEACHHAS B HEM, MpeAcTaBisieT co00l TpeboBaHue
0 TOM, YTO KaXJ0€ M3 CBOWCTB JIOJPKHO COOTBETCTBO-
BaTh XOTs ObI OTHOMY U3 U3JIEINH.

Ecnu HEekoTOpoMy CBOMCTBY COOTBETCTBYET TOJIb-
KO OIHO M3EJIUE, TO TaKOe M3Jiene OyJeM Ha3bIBaTh
YVHHUKAITbHBIM.

YrBepkaenne 1. Yuuxanvuvie uzdenus 00axicHwl
BKIIOUAMBCS 8 MHONCECTNBO OMOOPAHHBIX NPOMOMU-
noe 8 00513aMmenbHOM NopsioKe.

Joka3zaTtenscTBo. ToONbKO YHUKaAIbHOE U3JEIHE
06na/:[aeT KOHKPCETHBIM CBOﬁCTBOM, HHUKAKOC JApyroe usac-
JIKE 3TOT'0 CBOMCTBa He MMeeT. FIMeHHO MO3TOMY 4Jid TOTO,
9TOOBI 00CCIICYHTh IIOKPBHITHE» BCEX CBOMCTB (opmupye-
MO¥ BBIOOPKOW, HEOOXOAUMO B 3Ty BBHIOOPKY BKIIOYUTH U
JAHHOE U3JEIIHE. ¢

OnpeeuTh HaJMYMe YHUKAJIBHBIX WM3ICIHA J0-
CTaTOYHO NPOCTO: IS 3TOr0 HEOOXOAUMO HaNTH
CyMMy TIO BCEM CTOJOIIaM MAaTpHIIBEI CBOICTB. B Tom
cily4ae, eciiy CyMMa II0 CTOJIOIy paBHA €IWHHIIE, TO
U3JIeNIe, OTBEUAIOIIEe 3TOMY CBOWCTBY, SBJISETCS
YHHUKAQJIBHBIM U €r0 HeOOXOJIUMO 00S3aTEe/IbHO BKIIIO-
YUThH B PEIICHUE.

Ecnmm xe paccMmoTpeTs IpouM3BEACHHE BCEX Hepa-
BEHCTB, BKJIFOUEHHBIX B O'paHUYEHUS, T. €.

M N

D% =1 (4)

j=1i=1
U PacKpbITh Bce CKOOKH, TO TIOIY4UTCS OyIeBbIi MHO-
rowrteH creneHH M. B aTom ciaydae MoxHO copmy-
JUPOBATh CIENYIOIIEE

YrBepkaenne 2. Kaoicooe crazaemoe 0yneso2o
MHozounena M-ii cmenenu packpvlmozo ewipasicenus
(4) npedcmasnsem coboii sapuanm peuteHusi nNOCMAas-
JIEHHOU 3a0a4u, YO0BNeMBOPAIUUL O0SPDAHUYEHUIM
(3), HO He sasnsOWUIics 6 0OWeEM clyuae ONMUMATb-
HbIM peuleHueMm.

JoxaszaTenbcTB 0. Penenne, KOTopoe HEOOXO-
JAAMO TOJIYYUTh, TOJDKHO YAOBJICTBOPATH CUCTEME HECTPO-
THX HEpPaBEHCTB (3), 03HAYAIOUINX, YTO KAXKIOMY CBOWCTBY
JOJDKHO COOTBETCTBOBaTh XOTsI ObI OAHO u3menue. Ecin
U3JeNHe, UMEIOIee 9TO CBOWCTBO, SAWHCTBEHHO, TO Orpa-
HU4eHHe OyIeT BBIIOJIHATHCS B (JOpME paBEHCTBA M TAKOE
usnenue OyneT YHHUKalbHbIM. B mrore BCio cucreMy orpa-
HHYCHHII B BHJE HECTPOTHX HepaBeHCTB (3) MOXHO 3ame-
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HHUTb OJHUM OTPAaHMYCHHEM, NPEACTABIIIOIINM IIPOH3Be-
JIICHAE COMHOXXUTEIICH, ONMCHIBAIOIINX HAa00p M3ICIHH,
KOTOpBIe OynoyT o0iazaTh paccMaTpUBaeMBIM CBOHCTBOM.
Takux wm3nmenuit MOXKeT OBITH HECKONBKO. B Tom ciydae,
KOrZla HA OTHO W3 W3Jenuid He Oynaer obiamarth KaKHM-TO
CBOICTBOM, COMHOXHUTENb, COOTBETCTBYIOLUIHH TaKOMY
CBOICTBY, OyeT coepkaTh OMHH HYIH, 1 caM OyIeT paBeH
HYJTI0, @ TOATOMY BCE€ BBIpaKeHHE OYAET PaBHO HYJIO, YTO
OPUBOJUT K HAPYIICHHIO OrpaHWuYeHUil. J[eWCTBUTENBHO,
BeIpaXkeHUE (4) TpencTaBiseT coOoi Mpou3BeaeHuE, B KO-
TOPOM YHCJIO COMHOXKHUTEJIEH paBHO YHCIy CBOMCTB, KOTO-
peIMu O0namaroT Bce u3zenus, T. . M. B cBoro odepens,
KaXXIIbIii COMHOYKHTEIb MIPEICTABISET cO00i CBOCOOPa3HBIHA
MepeveHb W3MeNni, KOTOpble 00JagaroT TaHHBIM CBOH-
ctBoM. Ecim packpriTh MHOTOWICH (4), TO KaXJoe ciarae-
MOC 6y}1€T HMETh cTereHb M U OIHUCHIBATH OJWH U3 Bapu-
aHTOB O0TOOpa. ¢

TpuBnansHBIM pemieHHeM OyneT BHIOpaTh B Kade-
CTBE MPOTOTHUIIOB BeCh HAOOp u3aeuii, T. €. Bce N, HO
MOYHO U COKPaTUTh BO3MOYKHOE YHCIIO MPETEHIEHTOB
Ha (OpMHUpPOBAHNE HOBOTO IIOKOJICHUS HHHOBAITHM.
DTO BO3MOXXHO B CITydae, €CIl Kakoe-To u3zenne Oy-
JIET 4YaCTUYHO YJIOBIIETBOPATH CBOMCTBAM, KOTOpBIE
MPUCYIIN U HEKOTOPBIM JPYTUM U3JETUSAM, KOTOPHIE B
3TOM cifydae OTOMpaTh HEe HYXHO. DTO COKPATHUT YHC-
70 0TOMpaeMbIX 00pa3IoB I BKIIFOYEHUS B ITOKOJIE-
HUE HOBOM TexHUKHU. [Ipu 3TOM pa3MepHOCTH pelae-
MOM 3aJ]a4¥ MOYXHO COKpPaTUTh Ha CTAJIMH MOATOTOBKU
JTAHHBIX, WCIIOJIb3Yysl MOHATHUE YHUKAIBHOTO H3IEIHNS,
KOTOpPOMY TMpPHUCYLIM CBOMCTBA, OTCYTCTBYIOILUE Y
npyrux wsnenuit. Kak mpaBmiio, K TakuM H3ACITHUSIM
OTHOCSITCSI W3JeNnsl TOCienHe paspaborku. Ecre-
CTBEHHO, TaKWe WM3JEIUA JOJDKHBI BKJIIOYATHCS B pe-
LIEHUE.

Takum oOpa3om, 3ajiada 3akirodaeTcs B OoTOOpe
MUHUMAIILHO HEOOXOJMMOT0 KOJIMYeCTBa MPOTOTH-
OB, KOTOpEIe ObI 00JIa Al BCEMU CBOMCTBAMH, COOT-
BETCTBYIOLIUMU JAHHOMY MOJEIIbHOMY PsIIy U3IEIHM.
Ilpuuem TakuxX MHOMXECTB MOYKET OKa3aThbCsl HECKOJb-
Ko. Bce oHM BBIOMparoTCS W TPEOBSIBIAIOTCS JIHILY,
MIPUHHAMAIOILEMY PELIEHUE, KOTOPOE ONpPENEAeT NpH-
€MJIEMBII BapHUaHT.

MuHuMallbHOE 3HAaYCHUE 11eJIeBO (yHKIMK OyaeT
o0ecreveHo B TOM ciiydyae, KOr/ia BCe OTPaHUYCHHS B
(opMe HecTpOrmx HEPaBEHCTB OYAYT BHITIOIHITHCS
TOJIBKO B BHUJE PABEHCTB. DTO OyaeT O3HA4aTh, YTO
KQXJI0€ CBOMCTBO PEAIM30BAHO TOJBKO JUIsI OJHOTO
u3nenusi. Ho Takoe Ha mNpakTUKe, KaK IPaBUIIO, HE
BCTPEUACTCsl, TaK KaKk OObIYHO KaKJ0€ CBOMCTBO Xa-
pPaKTEepHO IS HECKOJILKUX W3ICTUN. ITO MPUBOANT K
TOMY, 9TO orpanndeHusi (3) OyAyT BBIIOIHATHCS yiKe
B (hopme ctporux HepaBeHcTB [10-12]. Ho ncmons3ys
JIBOMUHBIA XapakTep MEPEeMEHHBIX 3aJauu Xj, MOXKHO
3aMEHUTh CHUCTEMY HEPABEHCTB Ha PEKYPPEHTHYIO
cucteMmy OyJIeBBIX YpaBHEHHA, 4TO IMO3BOJIAET Cop-
MYJIMPOBATh CIEAYIOLIEE

Yreepxnenue 3. Pewenue zaoauu (1), (3) sxeu-
BANICHMHO PeUeHUI0 NOCIeO08AMEIbHOCIU  CLedYIO-
Wux 6Y1e6bIxX YPaAGHEeHUL:

M N

[Dax=k k=12..,1, (5)

j=1i=1

31mech TEOPEeTHYECKH BepxHe# rpanuneit s | Oymer

sesithest sHauenne | =NY | 1.e. BapUaHT, COOTBET-
CTBYIOIIMH cityuaro, koraa Bce N mzgenuii obnamaroT
Bcemu M cBoiictBamu. Ho maHHBIN citydail cOOTBET-
CTBYET TPUBHAJILHOMY PELICHUIO.

JokazaTeabCTBO. 3HAK HEPABCHCTBA B OTPaHH-
yeHuHu (3) IpUMEHEH MOTOMY, YTO B NPHUHILUIE BO3MOXKEH
BAapHaHT, KOrga OAHUM U TEM KC CBOWMCTBOM O6J'Ia£[aCT HC-
CKOJIBKO W3JIelHi, U Toraa BeipakeHue (3) OyneT BBINOJ-
HATBCA KAK CTPOroc¢ HEPaBCHCTBO. YuuteiBas OECJI04YHUCIICH-
HBIN XapakTep 3a7aud MOKHO 3aMEHUTh HEPABEHCTBO (4) Ha
NOCJICA0BATCIIBHOCTh PABCHCTB (5) PaCKpLIBaH BbIpa>KCHHUC
(5), npuxoauMm K OyneBy mojauHOMY cTerneHr M. YuursiBasi,
YTO KaXA0€ TaKO€ cj1aracMoc 6yz[eT OIIMChIBATh OJWH M3
BapUAHTOB PCUICHUA, C LECJIBIO MUHHUMHU3ALOHUU KOJIUYCCTBA
0T6I/IpaeMLIX PI3,Z[€J'IPII>1 HeO6XOI[I/IMO BLI6paTI> TOT YJICH IIO-
JIMHOMA, KOTOPBIM UMECT HAMMCHBIIEC YUCJIO0 COMHOXKUTEC-
neﬁ, HO OHH CTOSIT B MAaKCUMAaJIbHOH CTEIICHH. ¢

[locnenoBarenbHO pernast ypaBHeHue (5) mpu pas-
JIMYHBIX 3HAYCHUSX K, 32 KOHEYHOE YUCIIO HUTEePaLUid
MIPUXOTUM K HICKOMOMY PELICHHIO.

Jiist perieHus MoCTaBIEHHOH 3a/1a4d HEOOXOIMMO
3ammcaTth BeipakeHue (5) B Bume monuHoMa M-it cre-
neHu. s aToil menu B BeIpakeHUH (4) BHIOHpAIOT
NEepPEeMEHHYI0, KOTOpas dYalle BCero BCTpevaeTcsd W,
CJIEZIOBATEIbHO, IPU PACKPBITHH CKOOOK B OyIeBOM
MOJIMHOME OyJeT HaXOAWTHCS B MAaKCHMAJIbHO BO3-
MoxxHou crenern [10, 13, 14]. B sTtom ciywae crpa-
BEJIMBO CIIEAyIolIee

Yr1Bepxnenue 4. Cracaemvie Oyneea nOIUHOMA
(5), umerowue munuMarbHOE YUCIO COMHONCUMENE,
COOMBEMcmayIom ONMUMANLHOMY peuenulo 3a0ayu
(), (3). B smom cayuae 6 makom ciazaemom cooep-
HCUMCSL HAUMEHBLUECE YUCTIO NEPEMEHHBIX Xi, HO KAdiC-
0as U3 HUX uMeem MAaKCUMANbHO BO3MOJICHYIO Chie-
nemb.

JdoxkxaszaTeabcTBo. Kaxagoe uznenue Moxer 00-
Jagatb HECKOJBbKHMMH CBOﬁCTBaMH, Io3TOMY, OT6I/Ipa$I nu3s-
JACus, KOTOPLIC 06J'Ia,HaIOT MaKCHUMaJIbHBIM  4YHCJIOM
CBOﬁCTB, TEM CaMbIM YMCHbIIAEM KOJIUYECTBO OT6I/IpaeMBIX
u3genuil. ¢

Ha ocHoBe cBOICTB OyJ€BBIX MHOTOWIEHOB, 3a-
(DUKCUPOBAaHHBIX B YTBEPXKICHUSAX 1—4, MOXHO TO-
CTPOMTH TOYHBIM aNrOpUTM pemeHus 3axadu. [ng
9TOM 1eM HEeOOXOAWMO IMOJYYHUTH Pa3BEPHYTOE BBI-
paxenne it monuHoMa (4). Ilpuyem He o00s3aTenbHO
TpeOyeTcs MONy4YnTh BCE MHOXKECTBO CIIaraeMbIX BBI-
paxeHus (4) B SBHOM BHJIE, 2 HEOOXOAUMO MOJIYYHUTh
TOJIBKO HECKOJBKO IMEPBBIX CIAracéMbIX, HMEIOIINX
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i

MHUHUMAQJIBHOE YHCJIO COMHOXKHTENIEH B MaKcHMallb-
HOU creneHH. CTeneHb KaXIOro M3 COMHOXKUTENEH
OyneBa MHorowieHa (4) momkHa OBITH paBHA YHCITY
CBOWCTB, KOTOPBIM JOJDKHBI YAOBIETBOPSITH OTOOpaH-
Hble 00pa3mel m3menuil. Kaxpoe Takoe ciiaraeMmoe,
COTJIACHO yTBepXxaAeHnto 4, u OyneT SBIATHCA pere-
HUEM paccMaTpUBaeMoH 3a1auu.

[Ipu 3TOM CrenyeT OTMETHTh, UTO BBIIEICHHE U3
OyneBa MHOTOWIEHA MEPBBIX YJICHOB, COIEPIKAIIMX
MHUHUMAQJIBHOE YHCJIO COMHOXKHTENIEH B MaKcHMallb-
HOU CTeNeHH, JUIS 3a7addl OONBIIONH pa3MepHOCTH AO-
CTaTOYHO TPYJOEMKas U BECbMa 3aTpyAHUTEIbHAs
omepauusi, KOTopasi 10 HAaCTOSIIEr0 BPEMEHH eIle He
KOMIIBIOTEpU3UpOBaHa. B cBs3u ¢ 3TuM npemnaraercs
IBPUCTHYECKHH anroput™m pemenus 3agaun (1), (3),
KOTOPBIH OyneT yno0eH Al KOMIBIOTEPHOH pean3a-
IUHU. AJTOPUTM OCHOBaH Ha HCIOJIb30BAaHMM YTBEp-
kaeuuii 1-4 u cBomuTcs K paboTre ¢ MaTpuuei
CBOJCTB.

Ilpeosapumenvroiii  wae. Co3maTe  MaTpHILY
cBOICcTB pazmepHOcThI0O N X M 1 3amoiHATE ee Hyms-
MH ¥ €IMHHIAMH TI0 CIICYIOUIEMY MPABUITY: €CIH i-€
u3aenue ooIanaeT j-M CBOMCTBOM, TO &;= 1, eciu HeT
— 10 @;; = 0. IIpn 3TOM 4HCIIO CTPOK B JaHHOH MaTpHUIIE
OyIeT paBHO YHCIYy HW3IENNd, a YHCIO CTOJOIOB —
YHCITy CBOMCTB, KOTOPBHIMH OONagar0T 3T W3IENH,
T.¢. N=Nu M'=M, rae N' u M' — BcmomorarenbHbIE
NepeMEHHbIE

Ilaz K. TlpoBepuTh, HMEIOTCS JIH B MAaTPHIE
CBOJCTB €II€ HE BBIYEPKHYThIE CTpOKU. Ecin Her, T. €.
N'= 0, To pemieHne Hai/IeHO U MPOLIECC BBIUYUCIECHUI
3akaHunBaercs. Ecim N'#£ 0, To mpoBepsercs, cyuie-
crByer s 1<i <N Takoe, 9TO BBIMOJHAETCS COOT-
HOLICHUE BUIA

M
Zau =1, | =1,
j=1

Takue mznenust OyQyT YHUKAIBHBIMHA W ITO/JIEKAT
00s13aTeTbHOMY BKJIIOYEHHIO B OTOHMpaemMoe MHOXKe-
CTBO. BhIUuepKkHBaeM i-0 CTPOKY MATPHIIBI U MPHHH-
maeM N'=N'—1, a Takke COOTBETCTBYHOIIUE i
CTONOMUBI, 11 KOTOPBIX BBIMTOJHSAETCS COOTHOIIEHHUE
Buma ;=1 vj=1M"

B cnyuae, ecnu yHUKaJIbHBIX U3JEIUM HET, HCXOI-
Hasi maTpuua ocraercs HeusmeHHoM. [lo matpuie
(v M3MEHEHHOM, WM UCXOIHOM) MPOU3BOAUTCS BHI-
YHUCIIEHUE CYMM II0 CTPOKaM U CTOJIOLaM.

Haxommm ctpoky c HamOombmed cymmoii. Ecmm
TaKUX CTPOK HECKOJBKO, TO OepeM CTpPOKYy ¢
HaUMEHBIIUM HOMepoM. M3penue ¢ 3TUM HOMEpPOM
HEOOXOIUMO BKJIIOUYHTH B BBIOOPKY, a CTPOKH U
CTOJNOIBI, C HUM CBSI3aHHBIC, BEIYEPKHYTh. [loBTOpsieM
mrar K.

Takum 00pa3oM, 3a KOHEYHOE YHUCIIO HTEpaluit
MOJIy4aeM pelIeHUE IOCTABICHHOM 3aJauH.

Uwncmo BO3MOXKHBIX UTepaluii OyIeT SBHO MEHBIIIE
YHUCIIa U3JICIIHM, T. €. OyIeT BBINOIHATHCS COOTHOIIIC-
aue K™ < N. O6bscHIeTCA 9TOT (aKT TeM, UTO Kax-
o€ W3 W3IeNni 00JIagaeT HECKOJIBKUMH CBOMCTBAMH,
U omepaius BhIUCPKUBAHHS CTOJIOLIOB, COOTBETCTBY-
IOIIUX OSTHUM CBOMCTBAM, NPHUBOJUT K HESIBHOMY
YMEHBIIIEHUIO Yrclia 00BheKToB. CBS3aHO 3TO C TEM,
YTO Ha CIEAYIOIIEM IIare HEKOTOPOE U3JEIue, UMe-
I0I[e€ HEKOTOPOE KOJIUYECTBO CBOKCTB, COBIMAIAIOITIX
CO CBOWCTBAMHU YK€ OTOOPaHHOTO, HE CMOXKET IIO-
IacTh B BEIOOPKY, TaK KaK CyMMa IO CTPOKE, COOTBET-
CTBYIOIIIEH ATOMY HW3JIENHI0, JTHOO HEe OyIeT MaKCH-
MaJIbHOH, MO0 BOOOIIE MOXKET OBITh PABHOM HYJIIO.

Hpumep 1. PaccMOoTpyM NpUMEHEHHE aNropUTMa Ha
KOHKpeTHOM npumepe. Ilycts umeerca 7 usnenuii, B COBO-
kynHocTH, oOmamaromux 20-t0 cBoiictBamu, T.e. N =7,
M = 20. MaTpuna cBoOWcTB A mipuBecHa B Ta0I. 1.

HeobxonuMo otobpaTh HEKOTOpPOE KOJMYECTBO H3e-
nuii, koTopoe Okl 00maaano Bcemu 20-10 CBOWCTBaMHU.

Tabnuya 1

Martpuua cBoncte 4 nocne BbifeNneHUA YHUKaNbHOro u3penus

112 3|4 |56 |7 |8 |9 |10|11|12 |13 |14 |1p |36 |27 |38 |19 |20 | >
I 171,110 0]0]|0]|O0 0 0 0 0 D D D D 4
I 111,111 1,000 0 0 0 0 D D D D 6
Il o0 |1 1)1 1 11010 0 0 0 0 D D D D 5
v 000|001 1 1 1 1 1 0 0 0 ( D D D D 6
\Y o|(o0o(o0(0j0]jO0O]O0]|1 1 1 1 1 1 D D D D 6
VI ofo0o;(o0ojo0jo0ojojoy|0j|oO0 0 1 1 1 ] ] i D D D 6
vil | 6—4——8——8—1—6—1—6—6—"—T6—06—1-b 8 8 8 8 ] ] 2 L L | 7
> 2 2333 |3]|2|2]|°2 2 2 2 2 2 2 2 1 1 1 1
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BHauane npomeMOHCTPHPYEM BO3MOXXHOCTH TOYHOT'O
aJITOPUTMA, OCHOBAaHHOTO HA CBOMCTBaX OYJICBBIX MHOIO-
yieHoB [9, 10].

C yd4eToM COKpallleHHs] pa3MEpHOCTH 3aiadd IieneBas
¢ynaxuus (1) u ee cucrema orpanndeHunit (3) B pa3sBepHYTOM
BHUJIC MOTYT OBITh 3aIIKCaHbI B CJICIYIOLIEM BH/IE

X +Xo + X5 + X4 + X5 + X5 +X; —>MiN,
X X 21 X+ X 21,
X Xy + X3 21, X+ Xy + X5 21,
Xo +Xg+ X4 21, Xo + X5+ X4 21,
Xg+Xg =1 Xy +X%5 =1,
Xg+ %521 X, + %5 21,
X5+X 2L X5 +% =21 X5 +X%5 =1,
Xg+X7 2L Xg+X; 21 X5+ X%, =1,
X7 21, % 21, X, 21, %, =21,
B sTom ciydae BeipaskeHHe (4) MOXET OBITh 3aIIMCaHO B
BUJIC

(x1+x2)2><(xl+x2 +x3)2 X (X +x3+x4)2><

x(Xg 4% )% (Xg 4% )° % (% + % )° x (X + % ) 3¢ =1,
Crenenp MHoroujaeHa paBHa 20, 4TO COBMNAJAET C HC-
XOJHBIMH NaHHBIMH. 11 ManbHEHIero perieHus BBIOHpa-
€M 4JIeHbI OyJieBa MHOTOWIEHA B MAKCUMAIILHO BO3MOKHON
creneHu. [Ipu 3TOM cieayeTr yd4ecTb, YTO OT Ka)JOTO
COMHOXUTeNS OylleBa MHOTOWICHa HEOOXOIUMO B3STh
TOJIBKO OJMH 4IEH, KOTOPHIl OyAeT B MaKCHUMaJlbHOH cTe-

neHu. B gjanHOM ciydae 5To OyayT X;, Xg , Xg , X3; UMEETCS

. o 7 6 B .
U Ipyroi BapuaHT BbIOOpA U3IEIHHA: X7, X5, X5, X4, T. €.

® TICPBBI BapHaHT: HEOOXOAWMO OTOOpaTh B KadyecTBE
npororunos 11, III, V u VII nznenus;

® BTOpOH BapHaHT: B Ka4eCTBE MPOTOTUIIOB MOXKHO HC-
nons3oBath 11, IV, V u VII uznenus.

A.s

VYike U3 3TOTr0 MpUMEPA CTAHOBATCS MOHSITHBIMH CIIOX-
HOCTH C TOJyYCHHEM pEIICHHsS U3 OyJIeBOr0 MHOTOWICHA,
TaKk Kak IpoLeAypa BBLAEICHUS WICHOB B MaKCHUMalbHOU
CTereHN OyIeT SBISATHCS TPYIHO(POPMATU30BAHHOW W JIO-
CTaTOYHO CJIOKHOM g mporpammupoBaHusi. B cBszu ¢
STHM PAacCMOTPUM TNPHUMEHEHHE 3BPUCTHYECKOTO aJTOpUT-
Ma, U3JI0’)KEHHOTO BBIIIIE.

Ilpeosapumenvheiii wae. TlocTpouM MaTpHIly CBOMCTB
A, npuBeeHHYIO0 B Ta0. 1.

Illae 1. TIpoBepsieM, UMEIOTCSA JIM HE3aUEPKHYTHIE CTPO-
KM B MaTpule cBoMCTB. Takue ctpoku umerorcs. I[loaromy
BBIJCISIEM YHHKAIBHBIC M3/ENUSA. DTO M3AEIHE MOA HOMeE-
pom VII, obnanaromee corictamu 17, 18, 19, 20, 3akpbI-
BaeT u cBoiicTBa 14, 15, 16. CoOTBETCTBYIOMNE CTOIOIBI U
CTPOKH B Ta0i. 1 ObLIM BBIYEPKHYTHI B IEIAX YMEHBIICHUS
pa3MepHOCTH pemraeMoi 3amaud. Haxomum cyMmMMmBl 110
CTpOKaMm u ctojbiam. Pe3ynbraTsl mpeacTaBieHsl B Ta0I. 2

HaxommMm ctpoky ¢ Hambombireii cymmoil. B manHOM
cllydae TaKUX CTPOK HECKOJbKO: 2, 4, 5 u 6. BuiOupaem
BTOPYIO CTPOKY M BBIYEpKHBAaEM M3 MaTPHUIIBI CBOICTB 3Ty
CTPOKY U cTOJIOIBI. Pe3ynbrar npencrasieH B Tadm. 2.

Llaz 2. TlpoBepsieM, UMEIOTCS T HE3aYEPKHYThIE CTPO-
KM B MaTpule cBoicTB. Takue cTtpoku umerorcs. [loatomy
IIBITAEMCSI BBIJICNTUTh YHUKAIbHbIC N3Aenus. Takux u3aennit
HET, TaK KaK OTCYTCTBYIOT CyMMBI 11O CTOJIOLIaM, paBHBIE 1.
[TosTOMY HaxomuM CTPOKH € HamOoJbIIeH CyMMoOil. OTo
CTpOKa 5 ¢ cymMmMoii, paBHOi 6. COOTBETCTBYIOIINE CTOIOIIBI
W CTPOKH B TaO. 3 OBUIM BBIUYEPKHYTHI B LIEJIAX yMEHbIIIE-
HUSI pa3MEpHOCTH penraeMol 3azadn. HaxomuM cymMmbl 1o
CTpOKaMm u crojbiamM. Pe3ynbTaThl mpezcraBiieHsl B Ta0. 3.

Llaz 3. TIpoBepsieM, UMEIOTCS JIU HE3aUEPKHYTHIE CTPO-
KM B Marpuie cBoicTB. Takue crpokn nmerorcs. [Tostomy
IBITAEMCS BBIICIUTh YHUKAIbHBIEC H3/ienus. Takux u3aenui
HET, TaKk KaK OTCYTCTBYIOT CYMMBI 11O CTOJOIlaM, paBHBIE 1.
[HosToMy HaxoMM CTPOKH ¢ HamOoibpmed cymmoil. Takux
CTPOK JB€: TpPEeThsl M dYeTBepTas C CyMMOMW, paBHOU .
BxitouaeM B BBIOOPKY TpeThe M3jenue. Pe3ynbTarsl npe-
CTaBJICHHI B Ta0II. 4.

Tabauya 2

Martpuua csoiucts 4 nocne nepsoro wara

11234 |56 |7 |89 1011|1213 X
| L | L |0 L |{p|C 0|0}|QO0 0 0 0 0 0
" T ologlogl g 0 0 0 _
m | 9P 1 (Lt 3l1]ojojo]|o|o0o]o0]21
v ) 0 0 il ] 1 1 1 1 0 0 0 4
\% D | D | D D | D | ( 0|11 1 1 1 1 6
VI 0|101|0D0 010 (0|0 |0|O0 0 1 1 1 3
> - - -1-=-1-1-12 2 | 2 2 2 2 2
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Tabnuya 3

Marpuua ceoiicTe 4 nocne BTOpPOro wara

718(9(10(11 1213 |2
Ilojolalo|qg|o]|q]|DO
miilaldl ¢l adlo 1
vit{1](d]3lqg]o 1
v_lao 1 111144160
vijolojajo|1|[1]1]0
si2|-|-]-]-|-|-

Tabnuya 4

Martpuua csoicTte 4 nocne TpeTbero wara

712
1 j0|o0
mii|1
V|11
Vi|o]|o
Y |2

Llaz 4. TIpoBepsieM, UMEIOTCS JIM HE3aUEPKHYTBIE CTPO-
KH B MaTpuIe CBOHCTB. Takux CTPOK yXe HeT, T. €. pelle-
HHE ToJTy4eHo. B cocTaB mpencraBuTesneil HOBOTO MOKOJIe-
HHSA TEXHUKN HeoOxomuMo BBectr manenud I, 11, V u VII.
Ho, kak cienyer u3 mpeaplayIiero mara, IpyruM BapuaH-
TOM penieHus OyzaeT BKJIIOUYeHHe B HaOOp mpencTaBUTeNei
IV usnenus, T.e. elie OJHO MHOXKECTBO U3JICIUN JOHKHO
piarouats |, 1V, V u VII.

BuaHo, 4To pemieHust moiHOCThIO coBrnanu. O6a pere-
HHS BIIOJHE O0ECIHEeYHMBAIOT IIPEJCTABICHHE B MOJEIHHOM
psine Bcex 20-TH CBOMCTB, KOTOPBIMH 00JIaJIAlI0 UCXOJIHOE
MHO)KECTBO W3IICTIHIA. ¢

Ho »10 — peuienue 3amgayn 0 MOJHOM HOKPBITUU
MHOXeCTBa. PelieHue xe 3a1auyu 0 HEMOJIHOM MOKPHI-
TUU MHOXXECTBA MPEACTABIISIET OIpPEHEICHHBIEC TPY.I-
HOCTH, KOTOPBIE CBSI3aHBI C TEM, YTO COBEPIICHHO HE-
SCHO, Kakhe CBOWMCTBa B MTOre OyIyT OTOOpaHbI, TaKk
KaK B UCXOJIHOM MOCTaHOBKE 3TO HE yKa3aHo. To ecTb
OTOOpaHHBIE TIPOTOTHUIIBI JOJDKHEI 00J1afaTh HE BCEH
COBOKYITHOCTBIO CBOWCTB, KOTOPBIMH 00JIaJlaeT BECh
pAll U3MIeNIUiA, a TOJIbKO YacTbl0 M3 HUX, HPUYEM 3Ty
YacTh €€ NPEACTOUT OMNPEIEIIUTh B XOJE PEIICHUS.
DTO 00CTOSATENHCTBO MPENSITCTBYET MPUMEHEHUIO Me-
TOMa TIOCJIENOBATEILHOIO TIPUOJIMKCHHS: BHaJale
paccMmaTtpuBaeTes 3ajaya IOJHOTO MOKPBITUS MHOXKe-
CTBa, 3aT€M MOIIHOCTh MHO>XECTBA YMEHBIIIAECTCS Ha
EIMHUILY W PEIaeTcs 3aJ1a4a O MOKPHITUA MHOKECTBA
MpH JaHHOW MOIIHOCTH W T. JI., TIOKa He Oyner ao-

CTUTHYT TpeOyeMmblii pa3Mep MOKpbITUsA. B naHHOM
Cily4ae BO3HHKAET BOIPOC O TOM, KaKWe CBOWCTBA OT-
OpaceiBaTb. MOXXHO, KOHEYHO K€, BBECTH MPEAIIONO-
KEHHE O TOM, YTO JOJDKHBI OBITh OTOPOILIEHBI CBOW-
CTBa, MPHUCYIIUE CaMbIM PaHHUM OOpaslaM H3/ACIHH,
mpearnonaras, 4ro B Oojiee COBPEMEHHBIX OOpasnax
OHHM B TOM HIJIM MHOM BHUE TaKXe PEaM30BAHBI WM
YK€ 3aMEIalOTCsl HOBBIMHU, 0oJiee COBPEMEHHBIMHU, HO
co cxoxxumu ¢yHkuusmu. Ho nannas mpoGiema ymu-
paercsi B OLEHKY CBOWCTB W3IENHS, PaHKUPOBAHMS
3THX CBOMCTB 110 BaKHOCTH.

3. ANFOPUTM PELLEHUA 3AAAYN YHACTUYHOIO
NOKPbITUA

PaccmoTtpuM 3amady 4acTHYHOTO IOKPBITHS JBY-
nmonsHOTO Tpada. st sToro onpeaenum IBYAOIBHBIH
rpad G(X, Y, W), rae X — MHOXECTBO BEpIIUH IEPBO-
ro cnost (u3aenusi), Y — MHOXKECTBO BEPUIMH BTOPOTO
ciost (cBoiicta), W — mHOXecTBO ayr. [dyra (i, j) € W
B TOM CJIydae, €ciid u3jesue i 00jJagaetT CBOUCTBOM j.
O6o03naunm A ¢ X mommuoxectBo X, B(A) < Ymox-
MHOKECTBO Y, coJieprKailiee BCe BEPIIUHBI, CMEXKHBIE C
A. MoxHO cka3aTb, 4T0 A mokpsiBaeT B(A), Wi MHO-
JKECTBO m3Ienuii A 00JamaeT B COBOKYITHOCTH CBOW-
ctBamu B(A).

3ajady 0 4YacTUYHOM MOKPBITHH CHOPMYIHpyeM
TaK: ONpPEIeTUTh MHOXKECTBO A MHUHUMAJILHOW MOII-
HOCTH TaKoe, 4TO | B(A) | >m.

3amerum, 4to ecim M = M, TO moirydaeM H3BECT-
HYIO 3aJ1a4y O TIOKPBITUH JBYIO0JIBHOTO rpada.

OBpucTtuueckuil (kagHbIi) anropuT™M (OIEHKa
CBEpXY) OyAeT TaKuM.

Illaz 1. OnpenensieM i; € X MakCUMaJIbHOU CTere-
HHU. YjanseM ee ¥ MHOXeCTBO Y; € Y BCeX BEpIIHH,
cMexHbIX ¢ i;. Ecin |Y1 | >m, 3agaya pemena. Eciu
HET, TIEPEXOJUM K CIICAYIOIIEMY IIary.

Illaz K. OmpenenseM Iy MakCUMAaJbHOW CTEICHH.
VYaansem ee W MHOXECTBO Y¢(EY BceX BEpIIuH,

k

CMEXHBIX C Ix. Eciu LJYs 2m, 3amaya pemeHa. Ec-
S=1

JIX HET, IEPEXOJUM K CIEAYIOLIEMY 1Iary.

O4eBHTHO, YTO 32 KOHEYHOE YUCIIO IaroB (He 00-
jee M) 3amava Oyzaer perieHa. [lomydeHHOE penicHUe
JIACT BEPXHIOKO OIeHKY Hp.

IMpumep 2. Paccmorpum rpad (puc. 1). IIpumem m = 8,
T. €. p€9b UAET O IOJTHOM IOKPHITHH.

Illaz 1. Bepmmua 3 € X MMeeT MaKCHMaJIbHYIO CTe-
MeHb. Y IajisieM ee 1 BEpIIUHEI 3, 4, 5, 6, CMEeXHbIE ¢ HEHl.

Hlaz 2. OcraBmmiicst Tpad npuBeaeH Ha puc. 2. 31ech
pemeHne oueBunHO. bepem Bce Bepumssl 1, 2, 3, 4, 5.
Umeem A =(1,2,3,4,5), |A] =5. ¢
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Puc. 3. CereBoe npeacraBiieHHe 3a/1a41

Puc. 1. I'pa¢, paccmaTpuBaeMblii B npumepe 2

Puc. 2. I'pad Ha BTOpOM 11are 5KaJiHOr0 aJIrOpuTMA

4. METOJ, CETEBOTO MPOrPAMMMUPOBAHMS
(OLIEHKA CHM3Y)

Jns monyueHust HWKHEH OLEHKU TPUMEHUM METO]T
CeTeBOro nporpamMmmupoBanus [15].

ChopmynupyeM 000OIIEHHYIO ABOWCTBEHHYIO 3a-
nady. Ha puc. 3 mpuBeneHO ceTeBoe MpelcTaBlIeHHE
NEPBOH 3a7auu.

CormacHO METOAy CETEBOro MpPOrpaMMHUPOBAHHS
nosaraem Bec kaxaou ayri (i, j), 1 € X, j € Y, paBHbIM
lj, toe lj — mpon3BosIbHBIC HEOTPHIATENBHBIC YHCIIA
TaKue, 4To

D=1 i=1N.

jeR

3mech Pi — MHOXECTBO Iyr, MCXOMSIINX U3 BEp-
muHb | € X.
IMoygaem M o1ieHOYHBIX 3314

L; (x) =min > Xl

ieQ;

npu orpannyenusx X = (0, 1)

ZXi >1,

i€Q;

rac Qj — MHOXECTBO AYT, 3aXO[JiAIINX U3 BCPIINMHBI
jeY.
Pemenns 5TUX 33729 UMEIOT BT

=minl;, j=1M .
yj=minly, j=1

Ynops104uM Y; 110 BO3PACTAHUIO, T. €.

Vi< Y2 < ... ¥Yjm-

Teopema 1. Beruuuna
m
H(Y) = Vi (6)
k=L

0aem HUICHIOW OYEHKY 051 UCXOOHOU 3A0aYU.

JaHHas Teopema SIBJISETCS YaCTHBIM cly4aeM 00-
LIE TEOpEMBbI TEOPUM CETEBOTO MPOrpaMMHUpPOBaHHS
[15].

ChopmynupyeM 000OIIEHHYIO ABOWCTBEHHYIO 3a-
naay (O3): ompenemuts (lij), Makcumm3upyrome
oleHKy (6).

Ipumep 3. Paccmorpum rpad, M300paXeHHBIH Ha
puc. 1. 3Hauenus |l npuBeneHsI B Ta0I. 5.
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Tabnuya 5
UcxopaHble paHHble pns 0606WweHHON ABONCTBEHHON 3apayn
i 1 2 3 4 5
G | @Y | 13y | 22 | @24 | B3 | B4 | G5 | B6) | 45 | 47 | 5.6 | (58
3T e[ 1|t 1T [Tt L ][3][¢1]3
L 4 4 4 4 4 4 4 4 4 4 4 4
Nmeem WS, SIBISIOTCS] pABHO3HAYHBIMU, YTO, €CTECTBEHHO, Ha
3 3 1 1 1 MPaKTHKE HE COOTBETCTBYET JCHCTBUTEIBHOCTH. bblO
= Ve = Ya = Ya = Ys =y OBl TIPAaBHJIBHBIM YYECTh BAXXHOCTh KAKIOTO M3
1 3 3 H =4 CBOMCTB, HO 3J€Ch INPUXOJAUTCS CTAJIKUBATLCS TEM,
Ye=4 ' Vi= Ve = T H T YTO BaXKHOCTH CBOKWCTB OyAeT CHJIBHO 3aBHCETH OT
amerum, uro ecnu BT M=7, To HOAYdHM LEeNeBOil ayANTOpUH, Ha KOTOPYIO OPHEHTHPOBAHO

H(y):gl, HO C ydeToM IenouncieHHocTd Fi(X) orenka
4

Oyzmer Taxxe 4.

HonyquHy}o OILICHKY MOKHO HCIIOJIb30BAaThb B MCTOAC
BETBEU U IPaHMUll.

PaccmoTpuM anroputMm peleHus 3aAadd, OCHO-
BaHHBI Ha MeToJe nepebopa, KOTOPHIH MOXKHO MpHU-
MEHUTH NpHU HEOONbIINX 3HaYeHUs X N s pereHus
MOCTAaBJICHHOU 3afaud. [ 3TOoro ompenenseM oTpe-
30K [Hy; Hg— 1] mmeet q = Hg — Hy— 1. Jlenum atot

1
OTPE30K Ha JBE 4YacTH I =Eq (ecmu ( weTHOE) WU

1 1
r= Eq ur= Eq +1 (ecnu  HeuetHoe). [IpoBepsiem

Bce couetanus u3 N o r. Bo3MOXHBI /1Ba BapuaHTAa.

e Haiinercs coueranme 4 Takoe, uro B(A) > m. B
3TOM cily4ae AenuM oTpe3ok [r — 1; Hy] Ha nBe dactu
Y TIOBTOPSIEM TIPOLIEAYPY.

¢ He naiinercs takoro couetanus, uro B(A) > m. B
9TOM Cilydae JICJIUM Ha JBE 4acTH oTpe3ok [r; Hy — 1]
U TIOBTOPSIEM TIPOIEAYPY. 32 KOHEUHOE YMCIIO IIaroB
OyJeT MmoJydeHO OoNTUMalibHOe permieHue. s rpada
u3 npumepa 1 3to oyayt Hg =5, Hy = 4. [TosTomy no-
CTaTOYHO MPOBEPHUTH COYETAHUS U3 5 U 4, YUCIO KO-
TOpBIX paBHO 5. HaxoauMm oONTHUMaBHOE pELICHHE
A=(1,27,8).

3AKNIOMEHUE

B pabote ObpuH paccMOTpPEHBI BO3MOXKHBIE CIIOCO-
OBl pemreHus 3a1aun 00 or6ope 00pa3uoB a1t PopMu-
pOBaHUs TIOKOJIEHHSI HOBOM TEXHHKH. B OCHOBY mpu-
BEJICHHBIX aJITOPUTMOB TIOJIO’KEHA 3a]1a4a O MTOKPHITHU
MHOXecTBa. [IpuBeieHbl alTOPUTMBI pEIleHHs 33134
0 MOJTHOM M YaCTUYHOM ITOKPBITUH MHOKECTBA.

HemocraTtkoM JaHHON MOCTAHOBKU SIBISIETCS TOT
¢axT, 9TO BCe CBOWCTBA, KOTOPHIMU OOJIQAIOT H3/e-

UCCIIeZIOBaHue: IS pa3pabOTINKOB HHHOBAIMU BayKCH
OJIMH HAaOOp CBOKMCTB, a JUIsl MOTPEOUTENS — APYTOH.
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FORMING THE GENERATIONS OF NEW TECHNOLOGICAL PRODUCTS
AS A SET COVERING PROBLEM

S.A. Barkalov', V.N. Burkov?, P.N. Kurochka®, and E.A. Serebryakova®

134 /oronezh State Technical University, Voronezh, Russia

2Trapeznikov Institute of Control Sciences, Russian Academy of Sciences, Moscow, Russia

'54 bsab610@yandex.ru, 4 viab17@bk.ru, °53 kpns5@ramler.ru, “5< sea-parish@mail.ru

Abstract. The development of any enterprise implies improving its control mechanisms for the
manager to make decisions based on the achievements of science rather than intuitive ideas of his
(or her) personal experience. It is necessary to improve the model-building process in order to
eliminate the coinciding peaks of resource consumption when working on multiple projects. For
this purpose, the concept of a generation of new technological products can be adopted: a new
product is formed from separate prototypes (operating models), which can serve to determine
some features of the project under development. Naturally, it is unreasonable to include the entire
model range in the generation of new technological products: one should select the minimum
number of prototypes required. This problem belongs to the class of set covering problems: com-
plete covering (when the selected prototypes must possess the entire set of properties possessed
by the model series under development) or partial covering (when the selected prototypes must
possess only some of these properties). Exact algorithms and approximate heuristic algorithms are
presented to solve both problems.

Keywords: placement problem, complete set covering problem, partial set covering problem, innovation
lifecycle, generation of new technological products, prototype, properties matrix.
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