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PaccMoTpeHbI UTphl IpeciieIOBaHUs Ha TIIOCKOCTH C MPOCTHIM JABHKEHHEM, B KOTOPBIX NPUHUMAIOT y4acTHE HECKOJIBKO MPEeciieIoBaTee 1
yOeraromux. J[is 3axBata 1eneit MHOXKECTBO HpecieoBaTelieil pa3ouBaeTcs Ha TPYIIbL, IPUYEM ISl KaXK0r0 yOeraromero co3/1aeTcst 01Ha
rpynmna. B kadecTtBe KpuTepHs HCIONB3yeTcss Bpemsi 3axBara. JlokazaHel TeopeMbl O NP-TpynHOCTH 3aad ONTUMHU3AIMU TPYIIT
npecnenoBanus. [IpuBeeHbl pe3yabTaThl YUCICHHBIX YKCIEPHMEHTOB JJIsi COOTBETCTBYIOIIMX BEPCHH METOZA BETBEH M IPaHMI] U METOIa
CITy4aifHOTO MOKCKA C JIOKAJIbHOI ONTHMU3AIHEH.

The differential pursuit-evasion games on a plane are considered. A group of pursuers is created for every evader in a game. The
optimization problem of group composition has been formulated. The theorems about NP-completeness and NP-hardness of pursuit
optimization problems are proved. Numerical methods for solving such optimization problems are constructed. Numerical experiments have
demonstrated high efficiency of the methods.

Beenenue

3ajaun npeciieoBaHus U yOeraHusi, 3aHUMAIOIe OJJHO M3 LIEHTPAJIbHBIX MECT B TEOPHU JAWHAMUYECKHX WIP,
MOYKHO Pa3JeNuTh Ha JBa Kjacca. B 3ajadax mepBOro kjiacca MIpOKH MEpeMEIIaloTcs Ha HEKOTOPOM MHOroo0pasu,
HallpuMep, Ha eBKJ’IHI[OBOﬁ IUIOCKOCTH. DTH 3aa4n TMPHUHATO Ha3bIBAaTbh HCHPEPBIBHBIMU HUI'PaMH IMPCCICIO0BaHUA,
MHOTHE M3 HUX M3y4eHbl B pabote [1]. B 3amagax BTOporo xiacca UrpoKH JBHUraroTCsl 10 pedpam 3ajaHHOro rpada.
BriepBeie Takue 3amaud, KOTOpbIE HA3bIBAIOTCS JUCKPETHBIMH HIPaMH IIPECIEIOBaHMUS, MOAPOOHO paccMOTpPEHHI B
pabote [2].

Kpome ymomsiHyTO# KitaccupHUKAMK, TUHAMUYECKAE WTPHI, cOTIAacHO [1], pa3mensioTcss Ha UTPHI KadyecTBa U
WTPHI CTETICHU. B Wrpax KadecTBa MpeCTaBIseT HHTEPEC ABa MCXoda urpbl. Hampumep, TpeOyeTcs onpeaennTb, MOTYT
JTM TPEeCcieNOBaTeNd 3aXBaTHTh IEJbh OO0 ONpPEACTICHHOTO MOMEHTa BpeMeHH win HeT. OTMeThM, 9TO 3aJadd
MpeceI0OBaHns CO MHOTHMH YYaCTHHKaMH HM3y4aiuch B [3, 4] kak Wrpel kadecTBa. B wurpax cremeHm Tpedyercs
MTOCTPOUTH ONTHMAJIbHBIE CTPATEIHH UTPOKOB, ISl KOTOPBHIX JOCTUTAETCS MHHMMAakC (yHKIWHU IUIaThl. B HacTosmen
pabote 3agaya mpeciaeI0BaHus B MIPEIeIax OJHOM IPYIIIEI PACCMaTPUBACTCS KaK UTPa CTETICHU.

OLIeHKH CJIOKHOCTH JIMCKPETHBIX WIP TPEeciefoBaHusl H3IoXeHbl B padore [5]. Cpemut Takux HMIrp HMMEIOTCS
NP-tpynusie, NP-TpyHbBIC B CHJIBHOM CMbICE (OMPEACICHUs 3THX TMOHATHH MMEIOTCS B padore [6]), a Takke 3ajaaud,
JIOITyCKAIOIIME PELICHHUE 3a BPeMsl, O paHNUEHHOE ITOJIMHOMOM HJIN JIaKe JIMHEHHOH QyHKIMeN OT JJIMHBI OIIMCAHNS UTPHI.

B nmanHO#l pabore wW3yuyaeTcs CIIOKHOCTH HENPEPBIBHBIX 334  IIPECieOBaHMs, B KOTOPHIX YHCIO
TIpeciieoBaTeliel W YUCIo IpecieayeMbIx Oombine oaHoro. Kpurepuii kadyectBa — 3TO BpeMsi OKOHYAHUSI UTPBI, T. €.
BpeMs 3aXBaTa BceX Ieneil. JIBIKeH!sI UTPOKOB CUUTAIOTCS MTPOCTBHIMHE, IIPH 3TOM TIPEINONIATaeTCs, YT0 MaKCHMaTbHAs
CKOpOCTh K@XKIOTO IpecieNoBaTelsi MPEeBOCXOIUT MAaKCHMAIBHYIO CKOpOCTh ItoOoro yoeraromero. Kaxmomy
TIpecIeIOBaTEeNI0 pa3pemIaeTcs 3aXBaTUTh He Oojiee 0HOTO yOeraromero. MHOXKECTBO TpeciienoBareieid pazonuBaercs
Ha TPYMIbI, IPUYEM JUIS KaXKJOH LeNu co3faeTcs oaHa rpynmna [4]. B mo0oii MOMEHT BpEeMEHH TpyMIibl MOTYT OBITh
nepeopmupoBansl. [locne 3axBaTa 1eny BCS TpyIIa BMECTE C IENBI0 BRIOBIBAIOT M3 UIPHL. Bee 1enu HomKHbBI OBITH
3axBaveHbl. Tpelyercss HATH ONTHMAJBHBIA COCTaB TPYMII, T. €. TAKOW, IS KOTOPOTO MOMEHT 3axBaTa MOCIEIHEN
e MUHUMalleH. B kakioii rpymne npecienoBareny U yoerarouuid UrpoK NPUMEHSIOT ONTUMAaJIbHbIE W OJIU3KUE K
HHUM CTPATETHUH IBMKCHUS; TAKOTO POJIa CTPATEIUU U3y4aluch B paborax [1, 7-11].

B Hacrosmieid paboTe mokazaHo, YTO 3ajaya ONTHMM3ALMU COCTaBa TPYII IPECIENOBAHUS SBISETCS
NP-TpynHOH B CHIBHOM CMBICIE, a2 HEKOTOPHIE €€ YacTHBIE ClIydyal AOIYCKAlOT MOJMHOMHAJbHBIE MO BPEMEHHU
QITOPUTMBI PELICHHUS.

1. IlpeciienoBanue 0AHOrO yderawuero
PaccmoTpuM 3amady OnTHMAaIbHOTO MPECIICAOBAHIS OJHOTO YOETaromero rpymmoi npecienosareneid. [lycts Ha
IUIOCKOCTU B TO4Ke X (f) HaxXxoJuTcsl MmpeciiefyeMblii UrpoK E, a B Toukax JX;(f) HaxonsATcs IpecieyIOIIue ero

urpokn P, i=12,...,k. O6oznauum V;(t) ckopoctu wurpokos, i=0,1,2,...,k (HyizeBoe 3HaueHHWE HHIEKca i

OTHOCHUTCSI K UTPOKY E); 31eck V; — nByMepHble BeKTOpbl. Mrpa HaunmHaeTcss B MOMEHT BpeMeHH f = 0. YpaBHEeHUs

JABWIKCHUS UTPOKOB UMEIOT BUJ

X; =V, i=012,...k. (M

i
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Byz[eM CUNUTATh, YTO BBINIOJIHAKOTCA OTPAHUYCHUA

il|<w <o, i=0,1,2,....k, (2)

Te W; — MaKCUMallbHas BEIMYUHA CKOPOCTH, ||X || = wlxz + y2 — JUTMHA BekTopa X = (x, y). Kpowme Toro, ckopocts V;

CUNTAETCA KyCOYHO-HENPEPHIBHON (DYHKIMEH OT BpEMEHH. JTO O3HAYaeT, YTO B KaXKIOM OTPAaHMYCHHOM BPEMEHHOM
MHTEpBAJIE CYIIECTBYET HE OOJbIIe KOHEYHOTO YHCIIa TOYEK pa3phlBa HEPBOTO POAA.
Wrpox i ynpapiseT CBOUMH KOOPAMHATaMH, BBIOMpas B KaxJblii MOMEHT BPEMEHU CKOPOCTb V;. DyHKuus

V;(t) sBnsercst ynpaBieHHEM i-TO Wrpoka. [IBIKEHHE, OCYIIECTBIIIEMOE TaKMM 00pa3oM, Ha3bIBAETCS IPOCTHIM.

I/Irpa CUHUTACTCA BaKOquHHOﬁ, Korga KOOpAWHAThbl OAHOI'0 U3 HpCCHeHOBaTCHeﬁ B HeKOTOpLIfI MOMEHT (=T
COBIIAAAOT € KOOpAUHATAMHU E. HPCCHGZ[OBaTCJ'II/I CTPEMSATCS YMCHBIINUTL BPEMSL T, npecnenyeMmﬁ CTPEMUTCA €T0
YBEIIUYUTH. C‘II/ITaeM, 4qTOo

Wy <w;, i=12,.. k. 3)

CrpaTeruto Wrpoka i MOXKHO OIPENENNTh KaK (PYHKIIHIO S,-(t,] (t)), rae I(t) — mHPOpManIH, IOCTYIHAsS
UTPOKY B MOMEHT ¢. 3HaU€HUEM 3TOH (YHKIMU SBISIETCS yIpaBieHue V;(¢); Urpok i BEIYUCIAET CBOE yIpaBIeHHUE 110
¢dopmyne V; = S[(t, I (t)). Jlanee cuuTaeTCs, YTO CTpATETHsl YOETAIOIIero 3aBHCHT TOJIBKO OT BPEeMEHH U (Pa3oBOro
BEKTOpa, a CTpAaTeruH MpecenoBaTelel 3aBUCAT €lle M OT CKOpOCTH yOeraromero urpoka. Ilycrs X" (f) =
=(X0(t),X NG, ¢ (t)) — (a3oBbIi BEKTOp, COAEpXKALIMKA KOOPIUHATHI UIPOKOB, 3aBHCSIIME OT BPEMEHH.

VYnpasnernus V;(¢) BeMUCISAIOTCS 0 hopMyIaM

Vo) = Solr. X" (), )
Vi) =S, X (0o (0), i = 1,2,k 5)
Ucnone3ys ypasaenus (1), (4), (5), npuxoaum K cucreMe qudpepeHIraibHbIX YpaBHEHUI
Xo(0)= Sl x (1) ©)
X(0) = S,{6 X" (0,80, X (1)), i =120,k , %)
0<t<T, X"(0)=X"; ®)

snech X" — 3ajaHHOE HAYaNbHOE 3HAYEHHE Bektopa X" . Pemennem cucreMbl (6)—(8) cumraercs abCOIIOTHO
HenpepbiBHas (yHkuus X (), NpousBOAHAA KOTOPOM BCIOAY YIOBJIETBOPSET cooTHomeHusM (6), (7) 3a

HUCKJIIOYCHHUEM, 6]>IT]:- MOXKCT, KOHEYHOT'O YMCJia MOMEHTOB BPEMCHU B KaAXKJIAOM OI'paHUYCHHOM BPEMEHHOM OTPE3KE.
Ilycte S = (SI,SZ,...,Sk) — crpaterus mpecienoBaHus. [lapa ctparteruit yoeraHus U mpecieoBaHUSL (SO,S)

Ha3bIBAETCA COBMECTHOM, €CIM CYLIECTBYET €IMHCTBEHHOE pemenue X “(f) cucreMbl ypaBHeHuil (6)—(8), npuuem
ynpasienust V;(t), BerauciseMsle o gopmynam (4), (5), ABIAIOTCSA KyCOYHO-HENPEPHIBHBIMU (YHKIUSAMU OT ! U

YIOBJIETBOPSIOT cooTHomeHussM (2). [lpuBeneHHOE oOmpeseNcHHEe COBMECTHOW MMapbl CTPATETHH aHaJOTHYHO
omnpejiesieHuto, JaHHomy B [11].

Ilycte Bennuuna T|\X “(O),SO,S) paBHa BpEMEHH 3axBaTa LIEJIH, €CIIM CTpaTernu S, M S COBMECTHBI, U PaBHA
00 B IPOTHBHOM citydae. ONTHMaIbHBIM BpEMEHEM MpeciieIOBaHNS Ha30BEM YHCIIO

(" =inf sup T(x"(0),5,.5). )
S()

Slcno, uto wu3 coorHomenuit (3) cmemyer ¢ <oo. Hasoem crparermio S° ONTUManbHOH cTparerueit

IpecneoBaHus, ©CIU I KaKIOM crpareruu S BBIIONHACTCS HepaBeHCTBO I (X ”(0),S0,S*)S t*. Haszosem
cTpateruio S, ONTHUMabHON cTpaTerueil yOeraHms, eciu i KakIOi cTpaTerud S CrpaBeIMBO HEPABEHCTBO
T (X “(0),S; ,S)Zt*. 0O603HaYIM V:(I/I,Vz,...,Vk) YIpaBJICHUE IPECIEeIOBAHUSA, COOTBETCTBYIOIIECE CTpAaTerud JS.
[Ipeamnonoxum, mpeciexyeMblii OOBEKT W TPECIEAOBATENM INPUMEHSIOT ONTHMAaJbHBIC CTpaTeruu S; u S°.
ITonyyaromumecs mpu 3TOM yIpaBJIEHUsI HA30BEM NapOil ONTUMAJIbHBIX YIPaBIECHUI (VO*, V*).

B ciyuae k =2 ontumanbHble ynpasienus YV, u V' ykasansl B padote [1] (pasmen 6.8). [l mpoM3BOIBHBIX
3Ha4YeHUH k 3a/1a41 ONTUMAJIBHOTO MpeciieIOBaHNus H3ydaroTcs B pabdorax [8, 11] .
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Paccmorpum mozppoOHee urpy c IByMms IpeciefoBaTelsMu, T. €. IOpu ycioBuu k =2. OO6o3zHauuM 4;
OKPYXHOCTb AIIOJUIOHHUS, OTHOCSIIYIOCS K Iape UrpokoB £, P, i=1,2. OHa npencraBiseT coO0 reoMeTpuieckoe
MECTO TOYEK, B KOTOPBIX MOTYT BCTPETHTHCS UTPOKH £ U F,, €Clli OHU JBUTAIOTCS PABHOMEPHO M MPSIMOJIMHENHO C
MaKkCHMalbHbIMH CcKopocTsiMu. ITycte ; — 3aMKHYTHIH KPYr ATIOJUIOHHS, COOTBETCTBYIOLIMH OKPYKHOCTH 4.
Torma O =0, (10, — MHOXECTBO TAKUX TOYEK IUIOCKOCTH, 10 KOTOPHIX UTPOK E yCrieBaeT JOMTH He MO3Ke KaXKI0ro
npecienoBarelisi. BHyTpeHHOCT, MHOXecTBa () IpeACTaBisieT co0OW MHOXECTBO TOYEK, A0 KOTOPHIX HIpoK E

ycneBacT Z[OﬁTI/I paHbLIC JIF000TO mpecjaca0BaTelid. HYCTL X* S Q — "Haubolee YAaJleHHad TOYKa OT TOYKH XO us3

MHOXecCTBa (), T. €. Al Kaxaoro X € O crnpaBeAlIuBO HEPABEHCTBO HX* - XOH = "X - X0|| .

OG6o3Ha4uMM S, CTPATErHI0 yOEraromero Urpoka, KOTopas COCTOMT B TOM, Y4TO OH ABUIAETCSl PABHOMEPHO M
NPSMOJIMHERHO ¢ MAaKCHMAJIbHOH CKOPOCTHIO 110 HANPABJIEHMIO K TOuKe X . JI0 MOMEHTa BPEMEHH, PABHOIO
”X*—XOH/WO , 3axBaT MPOM30MTH HE MOXKET, IO3TOMY t*Z“X*—XO“/wO. B nannOii wurpe KaxIaeld U3
npecieaoBaTesield MOKeT NMPUMEHUTh CTpaTeruto mnapamiensHoro commxenus [10]. B pabore [9] mokazano, 4To
NPUMEHEHME KaXKIbIM IIPECNIEOBATENIEeM JTOH CTpaTerMu INPUBOAMT K 3axXBary LEJNU 33 BpPEMs, KOTOpPOE He

MIPEBOCXOAUT BEIINYHHBI ”X ¢ OH / Wy, OTKYJa CII€[yeT HEPaBEHCTBO ¢ S”X - X, 0“ /wo . U3 gByx mocnenHux

* *
HEPaBEHCTB BBITEKAET COOTHOIIEHHE [ = HX -X 0“ / Wy .

VYnpasieHue yOerawoomero HWrpoka, IpU KOTOPOM OH JABHIKETCS PABHOMEPHO U NPSIMOJUHEHHO C
MaKCUMaJIbHOH CKOPOCTBIO TI0 HANpaBJeHUI0 K Touke X', 0603HauuM V. VipaieHue mpecienoBatesieil, npu
KOTOPOM OHM JBUXYTCS PAaBHOMEPHO U MPSAMOJMHENHO C MAaKCUMaJIBbHON CKOPOCTBIO IO HAIPAaBIECHUIO K TOM ke

Touke X, o6osznaunm V. Tlapa (VO*, V*) — mapa ONTHMAIBHBIX YIIPaBJICHHUH.

IIpumep. PaccMoTpuM mpumep WUrpbl ¢ AByMs IpecienoBaresssMu. IlycTh B HadyallbHbIH MOMEHT BPEMEHHU
UrpoK £ HaXOJIUTCS B TOUKE (0,0), npecinenoBarend F u P, Haxo#saTcs B TOYKax (— 1,0) u (1,0), COOTBETCTBEHHO
(pucyHOK).

[Ipeanonokum, OKpyKHOCTH Anoionust 4, n A, nepecekarorcs B AByx Toukax X u X, . B HauanbHerii

v * *
MOMEHT BpPEMEHH LEHTPbl OKpYXKHOCTeH A4, u A, nexar Ha ocu abcuucc. Touku X u X, pacHONOKEHBI

CHMMETPHYHO OTHOCHTENIbHO ocu abcuucce, MHOxectBo Q= (0, (10, mupexacrasiser co0oif 4YacTh IUIOCKOCTH,

KoTopas orpanuyena gyramu X a; X, u X, b,X" . Cpenn Touek mHoxkectBa Q Touku X' u X, Haubolee yaaleHbl

oT y0eraroriero urpoka.
B 3701 Mrpe uMeeTcss MHOXKECTBO Map ONTUMAaNbHBIX yrpasieHnid. OfHA U3 TAKUX Nap NPUBOAUT K TOMY, YTO

BC€ UI'POKU ABUT'aOTCA HpHMOHMHeﬁHO IO HaIpaBJICHUIO K TOYKE X* C MaKCUMaJIbHbIMU CKOPOCTSAMU. leyraﬂ napa
TIPUBOAUT K TOMY, YTO BCE€ UI'POKH ABUTAKOTCA C MAKCUMAJIBHBIMU CKOPOCTAMHU HpﬂMOHI/IHCﬁHO II0 HalIPpaBJICHUIO K

Touke X, .

Ay
A2 X*
A,
Py E P,
| | >
_Il a ap b, b i X
X
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Pucynok. [Ipumep urpsl ¢ AByMsl pecieoBaTeIssMU

Pa3obneMm MMPOMCIKYTOK BPEMCHU UT'PbL [0, T] Ha KOHEYHOC YHCJIO HETICPECCKAIOIUXC IMTPOMEIKYTKOB. HYCTB Ha
HCKOTOPBIX M3 I3TUX MPOMCKYTKOB BCE€ HIPOKHM ABUTAKOTCA C MAKCUMAJIbHBIMH CKOPOCTIAMHU HpHMOHHHeﬂHO mo
HalpaBJICHHUIO K TOYKE X* , @ Ha OCTAJIbHBIX MPOMEIKYTKAX ABUTAIOTCSA C MaKCUMAJIbHBIMU CKOPOCTAMU HpHMOHHHeﬁHO

N0 HanpaBleHHI0 K Touke X, . C TedeHHEM BPEMEHH OKDYXHOCTH ATOWIOHMS A4, M A,, a TakkKe HX TOUKH

nepecedenus X u X, M3MeHSIOT cBoe nojioskenne. COOTBETCTBYIOLIME MAphl YIPABJICHH TAKkKe ONTUMAITBHBI.
Ecnu Bce Mrpokd MPHUMEHSIOT OMMCAHHBIE ONTHMAJIBHBIC YIPABICHUS, TO B KaXABIM MOMEHT BPEMEHH TpHU
WTPOKa PACIIOTIOKEHBI HAa OJHOW MPSMOH, U MpecieIoBaTeIN HaXOAITCS M0 pa3HbIe CTOPOHBI yOEraromero Ha paBHbIX

pacCTodAHUAX OT HETO. 3axBaT LeIu IIPOUCXOAUT B MOMCHT BPEMECHHU “X*“/WO , IOCJIICAHAA BEJIMYMHA NPEACTABIIACT

co00i1 onTUManbHOE BpeMs IpecIeJOBaHHU.

2. 3aga4a onTHMHM3ANMHU TPYII NPeCIe0BAHUSA

Paccmorpum 3agmauy (GOpMHpOBaHHMS ONTHMAAbHBIX TPYNI IPECIEAOBaHUSA B Cilydae, KOrJa 4YHCIO
yberatomux Oonbire oxHoro. IlycTh Ha IUIOCKOCTH HMEIOTCS m HpecienoBaTerled M n yOeraromux, IpuueM
m=n>1. Bce urpokd 00Iagar0OT MPOCTBHIM JABMKEHHEM, MaKCHMallbHas CKOPOCTh Ka)IOTO IMpecieqoBaTes
0oJbpIle MaKCHUMAallbHOW CcKopocTH mroboro yoéeratomero. Jlns kaxkgoro yOeraromero oOpasyercs rpymnmna
IpeciieIoBaTelNiei, KoTopas MOCiie ero 3axBaTa BBHIOBIBACT BMECTe C HMM M3 WUrpbl. llenb cuuraercss 3aXxBayeHHOI,
€CII e¢ KOOPAMHATHI COBIAIAIOT ¢ KOOPIMHATAMHU ONHOTO W3 INpeciemoBaTelieil, BXOJAMMX B rpymnmy. Bee menn
JOJDKHBI OBITH 3axBaueHbl. CUMTAeTCs, YTO VIS KaXKAOH ey 3aJaHbl MUHUMAJIbHOE ¥ MaKCHMAaJIbHOE KOJIMYECTBa
UIPOKOB, KOTOPbIE MOTYT NpUHAJIeKaTh rpynie. Tpedyercs coCTaBUTh IPYIIBI IPECiIeOBaHUsA TaKUM 00pa3oMm,
YTOOBI 0611166 BpEMs 3aBEPILICHUSA UTPBI IPUHHUMAJI0O MUHUMAJIbHOC 3HAYCHUEC.

CuMraeM, 4YTO B KaXKIOH TIpyIIle HIPOKH JCUCTBYIOT cieaytomuM obpazoM. Ecim cymectByer mnapa
ONTHUMAJIbHBIX CTPATETrUi (S[; ,S *), TO OHM IPUMEHSIOTCS HTPOKAMU; BPEMsI 3aXBaTa ¢ BbIYUCIETCS 1O Gopmyde (9).

Ecnu onTHManbHBIX cTpaTeruii HeT, TO A JII0OOro CKOJIb YrOAHO MAajioro IOJOXKUTENBHOTO 4HCia &
CyLIECTBYeT CTparerusi mpecieoBaHus S’ Takas, 4To s JIOOOW CTparernd YKJIOHEHHS S, CIIPaBeUIHBO
HEpaBeHCTBO [ (X “(0),SO,S’)£ t"+¢&; s3mecs wumcno ¢ onpemenserca  ¢dopmymnoit  (9).  ITockombky
t" <supT (X ”(0),SO,S’), TO CYLIECTBYeT CTpaTerdsi MpecienoBaHWs S, Takas, YTO BBHIMOJHIETCS HEPABEHCTBO

SO

t"—e<T (X " (0),S('),S'). CunTaeM, 9TO TPUMEHSETCS Mapa CTpaTeruit (S('),S'). Tak Kak 4HCIO & MOYHO BBIOPAThH

CKOJIb yFOZlHO 6HI/I3KI/IM K HyJ'HO, TO B TaKOﬁ rpynne JJIsI BBIYUCIICHUA BpeMeHI/I 3axBaTa ILCJIN TAKXKE chonmyeM
popmyay (9).
Ilycte nenouncnenHslii BekTop J =( J1sJ2sewws jm) 3aaeT pacHpeeseHue IMpeclefoBaTeNeil Mo TIpymnmam.

UYucno j; 03Ha4aeT HOMEp LIeJIM, KOTOPYIO NMPECIEAYET i-i MpeciiefoBaTelb, i € {1,2,...,m}, Ji € {0,1,2,...,n}. Ecmn
Jj;=0, i-i mpecimenoBarel, He IPUHUMAeT ydacTuss B noroHe. O003HauuM t;(J) ONTUMAJILHOE BpEMs
mpecyeoBaHusl B j-i Tpymme (OTHocsmelcs K j-i menw). [lycTh HatypanbHOE YHCIIO kj(J) PaBHO KOJIMYECTBY
npecienoBarTeeil B j-i rpymmne. 3agady ONTHUMHU3AIIH TPYTII IPEcIeIOBAHIS MOYKHO 3aIIHCaTh CICAYIOINM 00pa3oM:

max ¢;(J)—>min, (10)
‘ J

j=12,..,n

KV <k;(N<k?, j=12,...n; (11)

340€Ch kj(»l) , k}z) 3aJal0T COOTBCTCTBCHHO MHWHHMAJIIBHO BO3MOXHOC W MAKCHMaJIbBHO BO3MOXXHOC YHCIIO

npeciieoBaTeNei B j-i rpyme.
BXO[[H])IMI/I JaHHbIMH 3TOM 3agauu SABJIAIOTCA KOOPAHMHATBHI Ha IJIOCKOCTU BCEX HUI'POKOB B Ha4daJlI€ UIPbI, UX

MaKCHUMaJIbHBIC CKOPOCTH, YHCJIa k}l) N kj(»z) ,m, n. C‘II/ITaCM, YTO BXOJAHBIC JaHHBIC MPCACTABIAOT coboit OCIIBIC YHCiIa,

MAaKCUMAJIbHBIC CKOPOCTHU U YUCJIa k;l) . k}z) , M, n CAHUTAKOTCA IIOJIOKUTCIbHBIMU.

3amaay (10), (11) mHazoBem ontumm3anus rpymm mpecienoBanus (OI'TI). B 3amaue Ttpebyercs Haitu
ONTUMAJILHOE 3HAUEHHUE BEKTOpa J, KOTOPBIM COCTOUT U3 LienblX ynces. II0CKoabKy BXOIHbIE AAHHBIE TAKXKE SBISIOTCA
LeNBIMA YWCIIaMH, TO YMECTEH BOIPOC O TOM, KakoBa aJrOpuTMUYeckas cioxHocTh 3amaun OI'TI. [lamee
JIOKa3bIBAETCS, YTO B OOIIIEM Cliydae 3Ta 3a7a4a sBjisieTcsi NP-TpyHOH B CHIIBHOM CMBICIIC.

B HexoTophIx uyacTHBIX ciydasx 3agada OI'Tl momyckaeTr pemieHue 3a BpeMs, OrpaHMYEHHOE MOJUHOMOM OT
JUIMHBI €€ OMHUCAHus, T. €. IPUHAIISKUT Kiaccy P. PaccmoTrpum onus n3 Hux. Ipeanonoxum, yucio npecienonarenei
paBHO 4HCcIy yOeraoonmx, T. €. m =n . i1 KaXao# 1enu JoKeH ObITh Ha3HA4eH POBHO OJWH IpecienoBareib. Eciun
OJIMH UT'POK IpECIIENYET 1ielb, TO €r0 ONTUMAJIBHOM CTpaTerueil ABJIAETCS ABM)KEHUE C MAKCUMAJIBHOM CKOPOCTBIO IO
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HaINpaBJICHUIO K II€H, @ ONTUMAJIbHON CTpaTerueil yOeraromero siBISIETCS IBI)KEHHE C MAKCUMAaJIbHOW CKOPOCTBIO B
IIPOTHUBOIIOIOKHOM OT ITPECIICA0BATENS HAIPABICHNH.
Ilycrb dj; — HavabHOE PACCTOSHUE MEXKILY I-M HPEC/IeoBaTeNeM | j-i uenbio. OnTHMaIbHOS BpeMs 3axBaTa

ey paBHO d /(w” —woj), IAe wy; ¥ W; O3HAYAKT MAaKCHMAIbHBIC CKOPOCTH YOEraioliero M mpecieioBarelis

COOTBETCTBCHHO.

Ilycts GyneBa nepeMeHHas X; NPUHUMACT 3HAYCHHE 1, €CIM i-i MPECIECAOBATENb HA3HAYCH HA j-IO LEIb, U

npuHUMaeT 3HadueHne 0 B mpoTUBHOM cirydae. 3agaqy OI'Tl MoxHO 3ammcaTts B BHIE

,max ¢y = min, (12)
DX =l =12, (13)
2=l =120, (14)

x; €40, 1} ; (15)

31ech ¢; =d; / (wli - Wo‘/), MHHHMYM HUILETCS [0 HEPEMCHHBIM X;; .

Ecin B 3anaue (12)~(15) xospduuuentsr uenesoii gpyHkuun BoIOpath 1m0 popmyne c; :dl; (wli - Wy j>2 , TO

MHOXCCTBO OIITHUMaJIbHBIX peHIeHI/Iﬁ HC U3MCHUTCH. HpI/I 9TOM HOBBIC KOS(b(l)I/IHI/IeHTLI c if SABJIAIOTCS palluOHAJIbHBIMU

yucnamu. B Takom ciydae g 3agaum (12)—(15) cymiecTByrOT NMOJIMHOMHAJbHBIE IrOpUTMBI peurenus [12], T. e.
3a/1aya PUHAUIEKUT Kiiacey P.

3. NP- TpyaHocTh 321241 ONTUMHM3ALMH TPYII pecje10BaHusl
Jns nokazatensctBa NP-tpynHoctn 3amaum OI'TI paccMoTpum ee uacTHbI ciydail. CuuTaeMm, 4TO YHCIIO
npeciesoBaTesied BIBOE IPEBBINIAET YHUCIO YOErawoIux, T. €. m =2x, IPU 3TOM Ui KaKA0ro yOeraromero JOJDKHbI

1 2 .
ObITh Ha3HAYEHBI POBHO JIBA IIPECIIEOBATENL, kj(- ) = k} V=2, j=12,...,n. Ilyctb Bce n yberarwmumx COCpeIOTOUCHEI B

Hayaje KOOpPAWHAT, /1 IpeclefoBaTeIell HaXOIITCs B TOUYKE (— 1,0) , €llIe n IpecieaoBaTeaell COCPENOTOYEHBI B TOUKE
(1,0).

CuuTtaeM, uTo [UIf MIOOBIX ABYX IpecienoBareneit A u P, Takux, 4To P HaXOAUTCS B TOYKE (— 1,0) ,a b
HAXOJWTCS B TOUKE (1,0), u J1r060ro yoeraromero £ crpaBeAnnBo cieyromee. [IBe OKpyKHOCTH ANOIUIOHUS A4 U A,
MEPECEKAIOTCS WIIN KACAKOTCS; 31€Ch OKPYKHOCTb A; OTHOCHTCS K Iape UTPoKoB E, B, a okpykHOCTb A, — K nape E,
P, (pucynok). [lanee mnpuBEIEHO yCIOBHE, HEOOXOIUMOE M JOCTATOYHOE AN 3TOro. lIocKonbKy Bce WMIPOKH
MIPUMEHSIOT ONTUMAJbHBIC YIPABICHUS, OfHA U3 TOUEK MEPECEUEHHs ITUX OKPYKHOCTEH MpPEACTAaBISIET COOOH TOUKY
3axBara neiu. Ecim Takux Touek aBe, X um X, (PUCYHOK), TO Bpems 3axBara B 00eMX OJMHAKOBO. Jljisi pacueTos,

NPOU3BOJIMMBIX JlaJiee, MOKHO BBIOPATH JIIOOYIO U3 3TUX TOUEK, OCKOJIbKY HaC MHTEPECYET TOJIbKO BpeMs 3aXBaTa.
3agauy OI'TI (10), (11) B paccMaTpiBaeMOM YacTHOM CIIydae 3aIHIIeM B BHIE

F(J)= max t’;(J)7>min, (16)
J=L2,m

k(J)=2, j=12n. (17)

HazoBem pomyctumoe pemenne 3amaun (16), (17) mpaBWIIBHBIM, €CIH OHO YIOBIIETBOPSET CIEAYIOMIEMY
YCIOBHIO: B KaXAOM TpyNIe IPeciefoBaHUs OJUH M3 IBYyX IIpecieqoBaTeleid B HadalbHbI MOMEHT BPEMEHHU
Haxoaurcs B Touke (—1,0), a npyroii B Touke (1,0) . CnpaBemmBa geMma.

Jlemma 1. Jns xaxmoro pemennst J 3amaun OI'TI (16), (17) cymecTByeT npaBuibHOE penieHre J' Takoe, uTo
F(J")< F(J) . CyiiecTByeT MOJTHHOMHAIBHbINH aJrOpuT™, Mpeodpasyrouii pemienue J B peuieHne J' .

JlokazaTenbpCcTBO IEMMEI COlepKUTCS B padote [13].

3amaay OI'Tl (16), (17) B ommMcaHHOM YacTHOM Cily4Yae, IUII KOTOPOH [ONMYyCTHMBIMH SBISIOTCS TOJBKO
MpaBWJIBHBIE PELIeHUs, yaoBieTBopsromue (17), Ha3oBeM onTHMU3aIMs TPpynn npecnenoBanus Ha npsmoin (OITIIT).
[punanum 3anave OI'TII unyto Gopmy.

ITycTh Touka 3axBarta B j-if rpynmne X~ = X ; MMeeT KOOPAMHATBL X, ), (PUCYHOK). B pesyibrare npumeHeHus

o *
ONTUMAIIBHBIX CTPATETHA BCE TP UIPOKA NMPUOBIBAIOT B TOYKY X ; OZHOBPEMEHHO, II0ITOMY CIIPAaBE[JIMBA CHCTEMA

ypaBHEHUI
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2 2 2 ( - )z 2/ 2
xj+yj/w0j xj+1 +Yi)wis
2 2 2 )z 2/ 2
xj—i-yj/woj X, R+ p5)wyg,

03HA4Yar0T COOTBCTCTBCHHO MAaKCHMAJIbHBIC CKOPOCTU y6era10mer0 HUI'poKa U ABYX JOTOHAOINUX

TAC Woj> Wij> W

WUIPOKOB B j-i1 rpynme. [lepenuiieM 3Ty cucteMy ypaBHEHUI B BUIE

2 L2

/ng :(HXj +2xj+1)/w12j,
2 .12

/ng :(HXj i2xj+lj/w§j.

2
Pewas nocnenHo0 CUCTEMY J[BYX JIMHEHHBIX YPAaBHEHMM € JBYMsI HEHU3BECTHBIMU “X}‘“ H X,

|

|

MOTy4aeM

2 2
“X; = 2w§j/(w12j + W, —2w§j). [osTomy (tj (J))2 = “Xj /ng = 2/(w12/ + w3 —2w§/). CrieioBaTesibHO, 3a/auy

OI'TIIT mo>xHO 3amucaTh B BUIE

max 2 (le + w%- —2w§ -)—)min,
] J J J
Jj=12,..,n J

k;j())=2, j=12,....n,

HIJIN
min (wd + w3, — 2w, ) max, (18)
=12, / 7
k()=2, j=12...n. (19)

3agaya OI'TIII B dpopme (18), (19) umeer BapuaHT pacno3HaBaHUs, B KOTOPOM BOIIPOC MOXKHO C(OPMYJIHPOBATH
CJIC/TYFOIIIM 00pa3oM: CyIIECTBYET JIM JIOIyCTUMBIH BEKTOp J TaKOH, 4TO BBIMOJIHSIOTCS HEPaBEHCTBA

2 2 2 .
Wi +wy; —2w0_/- >M, j=12,...,n,

rae M — 1enoe NoJIOKUTEIHLHOE YUCIIO.
M3noxeHHble pacCcy IE€HUs CIPABEUIUBBI TOJIBKO B TOM Cilydae, €Clid B Ka)JOW rpylre NpecieoBaHus JIBE
OKPYKHOCTH ATIOJJIOHUS UMEIOT 00mue TOukd. JIerko okas3arh, 9TO B j-H TPYIIE OKPYKHOCTH ATOJUIOHHS HMEIOT

001I11e TOYKHM TOT/Ia U TOJIBKO TOT/A, KOT/1a BBIIOIHAETCS HEPAaBEHCTBO |w2 W j| < 2wy

CnpaseuBa cieayrouas reopema o NP-nonnote 3agaun OI'TIIL

Teopema 1. 3agaua OI'TIII sBnsiercs NP-nosiHON B CUIIBHOM CMBICTIE.

3amaua OI'TI paccmarpuBaeTcss B ONTHMH3ALHAOHHONW (hopMe. DTO 3HAYUT, YTO TpeOyeTcs HANTH ONTUMAIFHOE

*
pemenne J . CnpaBemnuBa cienyromas Teopema o NP-tpyaHocTn 3agaan OI'TI.

Teopema 2. 3agaga OI'TI siBnsercss NP-TpyaHO# B CHIIBHOM CMBICIIE.

Teopema 1 U 2 JerkKo BBIBOASTCS M3 COOTBETCTBYIOIIMX TeopeM padoTsl [13]. M3 TeopeMbl 2 MOKHO CleiiaTh
BBIBOJIBI O TOM, KaKH€ METOIBI CIeNyeT MPUMEHATh Mis penierns 3anaun OI'TI. B oTinmune oT HEKOTOPBIX YaCTHBIX
CIIy4aeB, OIWH M3 KOTOPBIX PacCMOTpeH B pa3gene 2, B obmem ciydae 3amaga OI'Tl He moxeT OBITH pemieHa
NOJMHOMHAJIBHBIM HIIM TICEBJIONOJIMHOMUANIBHBIM anroputMoM (ripu yciioBun P # NP). [lns pemenus momoOHbIX
3aa4 MPUMEHSIOTCS METOJbl BETBEH M TPaHMIl, METOAbl CIy4alHOTO TOMCKa C JIOKAIbHOW ONTHMHU3AIHEH,
SBPUCTHYECKHE ANTOPUTMBIL.

4. MeTOJII)I ONITUMHU3AIIMHA I'PYIIII NMPECTCA0BaAHUA U PE3YJIbTAaThbl YUCICHHBIX IKCIICPUMEHTOB

B pabote [14] mis onTUMH3aMK TPYII HPECIICAOBAHMS MOCTPOCHBI KOHKPETHBIC BEPCHH METOlIa BETBEH U
TpaHUIl U METOJIa CITyYaifHOTO IMOMCKA C JIOKATbHON ONTHMU3ALUCH.

3nmech mOAPOOHO PACCMOTPUM METOJ CIYYalHOTO IOMCKA C JIOKAIBHOW ONTHMHU3AIUEeH. MeToJ COCTOMT U3
TaKUX IIaroB.

1. CnyuaiiasiM 0Opa3om dopmupyem momyctumoe perienue J 3amaun OI'TI. Mcnonb3ys perienue J B KauecTse
HAYaJbHOTO, C IOMOINBIO AITOPUTMA JIOKAJIBHOW onTuMu3ain A (adroputM A omucaH jaanee) BBIYHCISIEM

JIOKabHBIH onTuMyM J ' .
2. U3 Bcex MOMyYeHHbIX JIOKANBHBIX ONTUMYMOB J' 3amoMHHaeM Hawlydmuil. ECiu BBINONHAETCS KpUTEpHil
OCTaHOBA, IPEKpallaeM BbIYMCICHUS, HHAYE NEePEeXOAuM K 1mary 1. O

Ha mare 1 pemenue J BbIOMpaeTcsi COTJIaCHO paBHOMEpPHOMY (WM OJIM3KOMY K HEMY) paclpelesieHUI0
BEPOSITHOCTEH Ha MHOKECTBE JIOITYCTHMBIX PELICHHH.
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B kxadecTBe KpuTepHs OCTaHOBAa MOXKHO BBIOpATh IOCTH)KEHHE 3apaHee 3aJaHHOTO YHciia MOBTOpeHHs mara |
WIA OCTH)KEHHE 3apaHee 3aJaHHOTO YHWCIIa IIaroB, HA MPOTSDKEHHMHM KOTOPBIX HArIydllee JOCTHTHYTOE 3HA4YCHHE
1eNIeBOM (DYHKIIMK HE U3MEHSCTCS.

AJITOPUTM JIOKaJBHOM ONTHMHU3AIMKA A, WCIONB3YIONIMIA HavalbHOE JOMycTuMoe pemenue J 3amaun OTTI,
COCTOUT M3 CIIEAYIOIIMX LIAroB.

1. Haxogum HOMep j TPYIIIBL, BpeMs IpeciIelOBaHMs B KOTOPOH MaKCUMAITBHO.

2. Iloouepenno ang rpymn j =1,2,...,j, —1,j, +1,...,n BemmonHsem cnenyromee. [lycts /) = {im,ioz,...,io,%} -
MHOXKECTBO NPECIEN0BATENEeH, COCTABIAIONMX TPyHIy j,, a [, = {in,i]z,...,i1 K } — MHOXKECTBO IIpECIIEI0BATENIEH,
COCTAaBJIAIOIIUX TPYIILY j.

IMepepacnpenensist npecienoBateneii MHoxkectBa [, U1, Mexmy rpymmamMu j, ¥ j BCEMH BO3MOXHBIMU
crocobamu, yIOoBJIeTBOpsomMK orpanmdeHnsaM (11), oOpasyem MHOXecTBO map rpynm. B kaxmoi mape mepBas
IpyIna npecieayeT Uelb j,, a Bropas — Lelb j. [lycTb BpeMs peciie[oBaHus B IEPBOii IPYIITE PaBHO £, , @ BO BTOPOi
— 1, . BoibepeMm mapy, B KOTOPO# 0obIuee it 00erX TPYII BpeMsl MPECIENOBAHUS [ = max(t_o,t_l) MUHHMaIbHO. I1ycTh

mepBas rpymna oOpa3oBaHa MHOXECTBOM IIpeciefoBarenei [, = {i21,i22,. colyg, }, a BTOpas — MHOXECTBOM
I; = ii31 21325003 }; npu atoM I UI; =1, UI;. Ecau Bpemst ¢ MeHblile BpeMEHH HPECIIE0BAHUs B HCXOJHOM IpyIIe

Jo» To Tpymmy [, 3ameHMM rpymnnod [,, a rpymmy [, 3amMeHuM rpynmoil [;. IlpomsBeneM COOTBETCTBYIOLIHE
HU3MEHEHMs B BeKTope J U nepeijem k mary 1.

Ecnu He HalineHa rpynmna j, Mo3BOJIAOIIAs YMEHBIINTh MAKCHMaIbHOE BPEMsI IIPECIIEA0BAHUS B TPyNHax j, U j,
BBIYHCIICHUS IPEKpaIiacM. O

BbruncinuTenbHble SKCIEPUMEHTHI IIPOBOAMIIMCH HAa MEPCOHAIILHOM KOMIIBIOTEpE ¢ mpoueccopoM Pentium®
Dual-Core 2,5 GHz. 3agauu OI'TI ¢popmupoBanuce ciydaiiHeiM 00pa3om. [Ipu 3TOM Bce KOOpAMHATEI (T. €. X WU V)
Hene u mpecienoBaTesield CUMTANNCh HE3aBUCHUMBIMHU CIy4YallHBIMU BEJMYMHAMHU, PAaBHOMEPHO pacIpelelIeHHBIMU
Ha OTpe3Ke [—l; 1]. BenuuuHbl cKOpoCcTel Leneil u mnpecieaoBaresiedl CUUTAIUCh HE3aBUCUMBIMM CIIy4ailHBIMHU

BEJINYMHAMU, PABHOMEPHO PACIPEICICHHBIMU HA OTPE3Kax [1; 1,9] u [2; 2,9] COOTBETCTBEHHO.

B Tabauue 1 npuBeneHbl XapaKTEPUCTHKH PaOOTHI METOJa BETBEH M IPaHMIl B 3aBUCUMOCTH OT KOJIUYECTBA
y4yacTHUKOB. [[nst kaxxgoil mapel 3HaueHud m u n pemeHo cro 3anad OI'TI, mocine 4ero BBIYUCIECHBI JAHHBIE,
npuBeneHHble B Tabn. 1. CumBonamu E, M, o 0003HaueHbl COOTBETCTBEHHO CpEJIHEE BPEMsl PELICHHUs 3aJaud,
MaKCUMaJbHOE BpeMs PEIIeHUs 3aJa4i U CTAHAAPTHOE OTKJIOHEHUE BPEMEHH PElIeHUs B CEKyH/Iax.

Tabmauma 1. 3aBucUMOCTh BpeMeHu perrenus 3agaun OI'T] meTomoM BETBEH U IPaHHUIL OT YUCEIT 1 U 1

Ne m n E M o

1 12 6 0.2 8.3 0.9
2 13 6 0.4 13.6 1.5
3 13 7 1.0 27.7 3.6
4 14 7 4.5 108.3 15.7

BrruncnuTenbHble  9KCIEPUMEHTHI TOBOPAT O TOM, YTO cpeaHee Bpems pemieHus 3amgauun OI'TI meromom
BETBEH W TpaHHI] OBICTPO pPacTeT C POCTOM YHCEN m W K, 9TO MOATBEPKIACTCsS NaHHbIMH TaOn. 1. BemuuwHbl E,
M, o, upuBeneHHble B Tabn. 1, CBUACTEILCTBYIOT O HECTAOWJIBLHOM XapakTepe pabotel Meroaa. [lpu
(hMKCHpPOBAHHBIX 3HAYCHUSX BEIUYHMH M W 7 BPEMs pPEUICHHS 3a/Jladydl CHJIBHO 3aBHCHT OT BXOJHBIX JaHHBIX U
KOJIEONIeTCS B IUPOKHUX Ipeeax.

B tabnmue 2 npuBeneHH! pe3yiabTaThl HCIIBITAHUA METOA CIIY9alHOTO IMOUCKA C JIOKAJbHOW ONTHMH3AINEH.
Jnst kaxknod mapel 3HaueHUd m W n pemieHo cro 3agad OITL. Jlns kaxzaol 3agadyud METOAOM BETBEM U IpaHMI]
BBIYUCIIAIOCH TOYHOE ONTUMAIBHOE 3HAUEHHE IeNeBoi (QyHKIMH ¢ . 3aTeM 5Ta e 3ajada pemranach MeTOIOM
CJIyYaifHOTO TIOMCKA C JOKAILHOHM onTuMu3amueil. Bo Bcex cimydyasx ObLTO HaliJICHO ONITHMAIBHOE PEIICHUE.

ITycte C, — KOJIMYECTBO LIAr0B, BHIMOIHEHHBIX METOIOM CIy4alHOrO IOMCKA C JIOKAIbHOW ONTHMHU3ALUENH B

nponecce pemreHns 3agadn OI'TI, T. e. KOJIM4eCTBO BBIMONHEHHBIX m1aros 1 ganHoro meroxa. Ilycts C; — cymmapHoe

KOJIMYECTBO BBLINTOJIHCHHBIX aJITOPUTMOM JIOKaJIbHOM OIITUMHU3AIUN A maros 1 B nmpouecce pCuICHUsA 3aa1a4un OI'TL.
Hanee cumBonamu E,, M, 0, 0003Ha4eHbI COOTBETCTBEHHO CPEIHEE, MAKCHMAJIbHOE 3HA4YCHHE M CTaHIApTHOE
oTKJIOoHeHue Benuuunsl C,, a cumBonamu E;, M, o, 0003Ha4eHb! aHATIOTUYHbIE XaPAKTEPUCTUKYU BeIHUYHHBL C| .

I[aHHBIe Ta6JII/ILILI 2 IMOKAa3bIBAIOT, YTO AJIA MOJYUYCHUSA ONITUMAJIBHOTO PEHICHUA METOOY cnyqaﬁﬁoro IIOMCKa C
JIOKQJTbHOU ONTUMH3AIMEH JIOCTATOYHO HEOOJBIIOr0 KOJHWYSCTBA I/ITepaHI/Iﬁ. KonuyecTBO HMCHONB30BaHHOIO
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MPOLIECCOPHOTO BPEMEHHU 10 CPABHEHHIO CO BPEMEHEM METOJa BETBEH WM rpaHMIl He3HadyuTeabHO. CTaOMIBHOCTH
paboTBl 3TOr0 METOAa MO CPABHEHHIO C METOAOM BETBEH M TIpaHHMI] BBIIE, TaK KaK BEJIMYUHBl O;/E; MeHbIIe
Beanuud o/ E w3 taou. 1.

Tabnwmma 2. 3aBHCHMOCTH KOJNHWYECTBA HWTEPAllii METOAa CIYyYaHOTO TIOMCKAa C JIOKAJTBHOU
ONTHUMU3ALMEH OT YHCEI M U N

Ne m n E, M, oy E, M, o

1 12 6 1.3 6 0.8 10.4 50 7.9
2 13 6 2.2 17 2.5 18.1 150 22.9
3 13 7 1.9 15 2.2 18.3 196 26.6
4 14 7 1.5 17 1.8 15.8 217 22.2

OmnurieM erie OAWH BEIYHCIUTENBHBIN dKcriepuMenT. CirydaitHeIM 00pa3zoM renepupoBanuch 3anagn OI'TI mpu
ycinoBun m=2n. Ilocme 3Toro mns KaxaoW 3aqaud KOOPJAMHATHI # IpeciefoBaTeleil IMojarajiuch paBHBIMU
KOOpJIMHATaM IIeJIei, TaK YTO ONTUMaJIbHOE 3HaUeHHe 1esieBol (pyHKunu kaxaou 3aaaqu OI'T] oka3biBanoch paBHBIM
HyJ0. 3a1auy pellauch METOOM CIy4alfHOro MOMCKA C JIOKAAbHOU onTUMuU3anuen. s kaxxaoi napbsl 3HaUeHUN m
u n pemeHo cro 3agad OI'Tl. Omnuyre oT npexblIyIero 3KCIepruMeHTa 3aKI04aeTcst B OOJMBIINX 3HAYEHUSIX YHCell
m W n, IPA KOTOPBIX PEILINTh 3aJlady METOAOM BETBEH M IpaHMIl HE yaaercs. Pe3ynbTrarhl mpuBeneHsl B Tabi. 3.
Hannapie Tabn. 3 roBopsAT o cTabuiapbHON paboTe METoNa MPU yKa3aHHBIX pa3MEpPHOCTAX 3amad. Bo Bcex cirydasx
HaliieHo onTuManpHOe pemeHne. CpenHee BpeMs pemieHus oqHoi 3amgaun npu yciaosusx m =400, n =200 paBHO
1,0 cek.

Tabnuna 3. 3aBECUMOCTH TPYAOSMKOCTH METOJa CIYYaiHOTO MOWCKA C JIOKAIFHOW ONTHMHU3AIUCH
OT YHCEI M U 1l

Ne m n E, M, oy E| M, o)

1 100 50 2.2 12 2.2 501.0 2493 452.1
2 200 100 5.0 32 5.4 2650.2 15573 2748.7
3 400 200 38.1 275 51.0 46769.2 327643 61905.4

3 PE3YJILTATOB SKCIIEPUMEHTOB MOKHO CACJIAaTh BBIBO/ O BBICOKOM TOYHOCTU U CKOpOCTH METOoAa cnyqaﬁHoro
IIOMCKA C JIOKAJIbHOU 0HTI/IMI/I33HHCI71 JaXe IPH 3HAYUTCIIbHBIX Pa3MEPHOCTAX PCIIACMbIX 3aa4 OI'TlL.

3akio4eHue

B nmanHO# paboTe paccMOTpPEHBI WIPbl MpECieOBaHUA HA IIIOCKOCTH C HPOCTBHIM ABHMKEHHEM, B KOTOPBIX
MIPUHUMAIOT y4JacTHE HECKOJBKO mpecienoBaTencid u yoOerarommx. CUuTaeTcs, 4To KOJMYECTBO IpecienoBaTeneh
OoJpIIe yrcia yoeraromux, # CKOPOCTH IpeciiefoBaTeNei O0IbIe CKOPOCTEH yOeTaloMuX.

Jnst 3axBata neneil MHOXKECTBO HpecienoBaTeneii pa30MBaeTcsi Ha IPYIIBI, IPHYEM AJSI KaXI0Oro yOeraromero
co3maercst omHa rpymma. Ilocie 3axBaTa LEenM BCe MPECIENOBATENM TPYNIbl W yOEraroImuil BHIOBIBAIOT U3 HUIPBL
CunTaercs, 4To B KayKIOH IPYIIE UIPOKH UCTIONb3YIOT ONTHMANIbHBIE CTpaTeruy. B kauecTBe KpUTepusl BEICTYNAET BPEMS
3axBara.

Jokazansl Teopemsl 0 NP-noinHoTe 1 NP-TpyaHOCTH 3a/a4 ONTUMU3AIMK TPYII NpeciIeoBaHusa. JTH 3a1a4u
ABJSIFOTCSL NP-TpyJHBIMU B CHIIBHOM CMBICIIE YoKe B Cilydyae, KOrja JUisl KaJoro yoeraromero Heo0XoauMo Ha3HauUTh
poBHO ABYyX mpecnenoBaTencil. Ha ocHOBe moka3aHHBIX TEOpeM CAEIAaHbI BBIBOABI O TOM, KaKUE METOABI CIEAYeT
NpUMEHSATH 17151 petenus 3agaun OL'TL

BrInoaHEeHHBIE YHCIIEHHBIE KCIIEPUMEHTBI TI03BOJIIOT CAEHATh BBIBOJ O BBICOKOM TOYHOCTU U CKOPOCTH METOA
CJIy4aiHOTO NIOMCKA C JIOKAJIbHOM ONTUMHU3aLUEN 17151 paccMaTpUBaeMOro Kjacca 3aaad.
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