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Tema 1: «<BBEJEHUE B UCCJIEJOBAHUE OIEPAIIMIA B SKOHOMMKE»
1. Uctopus pazsutus Uccnenoanus Onepanuit

2. OcoOeHHOCTH TUCIUILIMHBI UCCIIeIOBAaHUE ONepalinii

3. OCHOBHBIE ATallbl ONEPATUOHHOTO UCCIICIOBAHUS

1. Uctopus pazsutus UcciienoBanus onepanui

UccnenoBanne onepamnmii (MO) — 3TO mpuMeHEHHE MAaTeMaTHYECKHUX, KOJTMYECTBEHHBIX
METOJIOB JJIi OOOCHOBAaHUS pPELICHUH BO BCEX OOJIACTAX ILEJICHANpPaBICHHON YelloBeYeCKOi
nesitenbHOCTH (Bentiiens E.C. Beenenue B MO). UccnenoBanme omnepammii  (MO) — 310
IIPUMEHEHNE MAaTeMaTHYeCKUX METOAOB JJIi MOJEIMPOBAaHMSA CUCTEM U aHaIW3a HX
xapakrepuctuk (Taxa X, Beenenue B 1O).

B 1935 r B BenukoOpuraHuum ¢ 1eIbI0 MOATOTOBKM 3((EKTUBHBIX CPEJCTB
MIPOTUBOJCICTBHUS BO3pacTalollell yrpo3e €O CTOPOHBI BOEHHO-BO3IYIIHbIX cuil [epmanHumn
yueHble Ha4danu (OPCHPOBAHHYIO TOATOTOBKY CEpPHHM 3KCIEPUMEHTOB, HAINPABICHHBIX Ha
pa3paboTKy CHUCTEMBbI OOHapy>KeHHUs caMoJieTOB. [IpuHIIUIT TEUCTBUS STOM CHCTEMBI COCTOSUT B
U3IIyYEHUHN PaJUOBOJIH HA3€MHBIM PaHOINEPEIATUNKOM C MOCIEAYIOLUIUM IIPUEMOM H3ITyUEHUS,
OTpa)kaeMoOro OT  caMojieTa; Takas CXeMa  BIIOCJIEJICTBUU  TMOJy4YWiIa  Ha3BaHUE
pannoIOKaMOHHONW. DTH paboThl ObLIM HauaThl B OpdopaHuce, pacloloKEeHHOM Ha BOCTOUHOM
nobepexnse BenmkoOputanuu ceBepHee ycThs Tem3sl moutu Ha 100 KM, a 3aTeM MPOIOJKEHBI B
Boncu (Ha 16 kM 10XkHEe), TIe BIOCIEACTBUN ObuIa c(hOpMHUPOBAaHA MCCIIE0BATEIbCKAsl TPYTINa U
YCTaHOBJICHO pa3paboTaHHOE 000PYIOBaHUE.

B rTeuenme mocienyoommx Tpex JeT Obula MOATBEPXKICHA TEXHUYECKas
paboTOCIOCOOHOCTh YCTAHOBIIEHHBIX CPEICTB OOHApPY>KEHHUS M CO3[aHbl MPAKTUYECKUE METObI
CIIEKEHMsSI 3a CaMOJIETOM M OIOBEIIEHUS O €ro mnosiieHuu. OJIHAKo MJI1 IOBBIIICHUS
3(h(HEKTUBHOCTH ONEpamuii TmepexBaTta OpHUTAHCKas HCTPEOWTENbHAs aBUAlMS HYXJATach B
CHUCTEME COIPOBOXKJIEHUS M HABEIEHUS CaMOJIETOB-TiepexBaTuMKoB. [loaTOMy He3aBHCHMO OT
paboT 1O CO3IaHUI0 CHCTeMbl OOHapykeHus (4To ObUIO MPOAMKTOBAHO HHTEpEcaMu
cekpeTrHocTH) B Havyasne 1936 - xoHue 1937 rr. ObumM Hauarbl pabOTHI MO OCYIIECTBICHUIO
"sxcnepumenta burrun Xwunn", uaeto koroporo mpemioxun I'enpu Taitzapa. McrpeOurenu,
B3JIETAOLME C adpoApoma B burrmn Xwiie, pacnoioKEHHOM HECKOJIBKO kkHee JIoHmoHa,
UCIOJB30BAIUCh B  KadecTBE MOJENEeH BPaKECKHX CaMOJIETOB, JBI)KEHHE KOTOPBIX
IIPOCIEKUBAJIOCh 0 CHUTHAjJaM MX PagUOTEXHUYECKHUX YCTpoHcTB. CrexxeHue 3a Jpyroi
rpynnoi ucrpedurenei, NpeACcTaBIsSIONIUX CaMOJIEThI-IEPEXBATYMKHU, TAKKE OCYIIECTBISIIOCH C
MIOMOIIBIO0 PAJMOTEXHUYECKHX YCTPOMCTB. DTH CaMOJEThl HANpABIINCh B 30HY OOEBBIX
nerctBrud. b./IMKkeHC IpoBeI aHAIU3 MOJIYYEHHBIX PE3YIbTATOB.

K xonmy 1937 1. 00e cuctembl - cucreMa OOHApYXEHUS U CIEKEHUS 32 OJAMHOYHBIM
arakyroumuMm caMosieToM mnpotuBHUMKAa (boacw) u cucremMa CcOnpoBOXKICHHS U HaBEACHUS
B3aUMOJICHCTBYIONNX UCTPEeOUTEIeH BOGHHO-BO3LYIIHBIX Ul 000poHb! (burrun Xusmn) - cranu
pa3pabatbiBaThCcsi coBMeCTHO. HeoOxoaumocTh obecriedeHusl COITacOBAaHHBIX ACMCTBHI BCex
YYaCTHUKOB TakuX OOEBBIX OMNepaluii, T.e. JIOAEH M TEXHHUUYECKUX CPEICTB MOApA3ACICHUH,
JEHUCTBYIOIIMX B BO3AyXe M Ha 3emiie, MoTpeboBana, 4ToObl AT PaOOTHI MPOBOIWINCH B
YCIIOBUAX TECHEHIIEro COTPYAHHYECTBAa ydeHbIX ¢ odunepamu u ciayxamumu BBC. "Takum
oOpaszom, B mepuoa Mexay jgetom 1936 r. m jmerom 1937 1. Oblma co3maHa TEXHUYECKAs H
OpraHu3aIOHHAass OCHOBA CUCTEMbI ONEPaTUBHOTO YIpaBJICHUs, 0e3 KOTOpoil OOeBbIe NEHCTBHS
BenukoOputanuu He CMOTITH OBl 3aBEPIIUTHCS TIOOSION U BPS JIK OOCCIIEYHTh 3aIUTy CTPaHBI".
JlanpHeliee pa3BUTHE UCCIEAOBAaHMUN OCYIIECTBISUIOCH B HANpaBICHUM IIEpexona OT
TEXHUYECKUX DSKCIIEPUMEHTOB K pa3paboTke HPQPEKTUBHOM TAaKTUKU BEJCHHS BOEHHBIX
JEeUCTBUH, MpUYeM U 3TH pabOThl TakKe MPOBOJWINCH MPU TECHOM COTPYIHHUYECTBE YUEHBIX C
MHXEHEPHO-TEXHUYECKUM NIEPCOHAIIOM.

I[Io Mepe TOro Kak HOBBIE TAaKTHYECKHE OINEpaluud OTpabaThIBAIIUCh B pPaMKax
KpYNTHOMAcCIUTAaOHBIX y4eOHBIX NEHCTBUII B BO3/AyXe, Y4YEHbIE CTajld YIENIATh Bce Oobliee



BHUMaHUE olleHKe 3(deKkTuBHOCTH pa3pabarsiBaeMbIX omneparuif. [IpuMeHUTEIbHO Kak pa3 K
TakuM uccinenoBanusaMm A.Pays, xotopeiii B 1938 1. pykoBoamn HaydHoM rpynmoid B boxcw,
UCTIOJIb30BAJI TEPMHUH '"ONEpaliOHHOE HCccieloBaHue"; MO-BUAUMOMY, 3TOT TEpMHH 0O0s3aH
CBOMM IPOUCXOKICHIUEM UMEHHO EMY.

Takum oOpa3oM, crpaBeUIMBO cuuTaTh Boicu MecToM 3apoXKA€HUS HOBOTO HAYyYHOI'O
HamnpaBJI€HUs] - UCCIEJOBAHMUS OIepaluii, Ha3plBaeMOro B AHIIUU  ONEPaALMOHHBIM
uccieioBaHueM, a nepuox ¢ 1935 nmo 1938 r. - BpemeHneM GpopMHUPOBaHHS OCHOBHBIX MOJI0KEHHUH
3TOTO0 HAyYHOT'O HANpaBIICHUS.

K 1939 . . Vunesamc, pykoBonutens padboT B boxcu, nepemen B pacnopspkeHHe mTada
UCTPEOUTENbHOM aBUallii OPUTAHCKUX BOCHHO-BO3IYIIHBIX CHJI, C TEM YTOOBI MPUCOECTUHUTHCS
K BHOBb CO3/JaHHOM 10J1 pyKoBoJCTBOM ["aponbia JlapaHepa rpymnie, npoaoKUBIIEH paboThI IO
olleHKe A(P(GEeKTUBHOCTH U COBEPUICHCTBOBAHUIO TAaKTUYECKUX omnepauuid. B  TeueHue
MOCJIEAYIOIUX ABYX JIET IIEHHOCTb 3TUX HAyYHBIX HMCCIEAOBAaHUM, MPOBOAMMBIX C YyYacCTHEM
o(HIIepCKOro cOoCTaBa apMHM, OblIa MOATBEP)KIEHA CTONb yOEIWTENbHO, YTO aHAJIOTHYHBIE
HayuyHbIE MO/Ipa3/ieleHusl ObIIM OPraHMW30BaHbl MpH ITabe 6OoMOAPIUPOBOYHON aBUAIMU (IO
pykoBoacTBoM b.JlukkeHca), mTabe OeperoBoil aBuanuy (BHIMONHSAIOMEH (DYHKIUU BeIEHUs
BO3/YIIHBIX OOEBBIX JAEWUCTBUI MPOTHB MOJBOAHBIX JIOJOK) M ImTa0e OpUTAHCKUX CHII
IIPOTUBOBO3IYIIHON OOOPOHBI.

MaccupoBaHHbIli HOUHOW HaneT Ha BenukoOpuranuto oceHbio 1940 . mocraBui
KOMaHJIOBaHHWE CHJI IPOTHUBOBO3IYIIHOW OOOPOHBI MEpe] JIMIOM CIOKHBIX TEXHUYECKUX H
ONEPALMOHHBIX MpoOneM. YToObl o0ecreunTh HX pelleHHe, K HaydHOH Trpymne mpu
KOMaHJIOBaHUHU 3TUMHU cuiiaMu npucoenunmics [1.biexket, pusmk, nonyyuBmunii BOOCIAEACTBUH
3a CBOM paboThI MO UCCIIEIOBAaHUIO KOCMHUecKuX Jiyueil HobeneBckyto nmpemuto. Bekope Bokpyr
Hero copMupoBagach akTUBHO M MPOJYKTUBHO paboTaromiasi rpyIna uccieqoBaTese, cTapuias
n3BeCTHOM Kak "kpyxok biekkera". B mapre 1941 r. brnekker mnepemien B paclopspKeHUE
KOMaH/IOBaHUs OeperoBoil aBUAIUM, TJ€ OpraHM30BaJl HOBBIA OT/AEN HUCCIENIOBaHUs ONepalui,
KOTOPBIN BHEC 3aMETHBIIM BKJIaJ B MOBBIIIEHUE Y3PPEKTUBHOCTH pabOThI 3TOr0 KOMaHA0BaHus. B
nekabpe 1941 r. ¢ brexkkeroM KOHCYJIBTHPOBAJIUCH O BO3MOXKHOCTH OpraHM3allMi OTAea
UCCJIEIOBAHNS ONEpaluii MpH aaMUPAITEHCTBE, M DbBIEKKET cOCTaBMI KpaTKyl HaMATHYIO
3aMKCKy, O3aIyiaBJICHHYI0 "YdeHble B cdepe omeparroHHbIX ucciaenaoBanmit” (Scietists at the
Operational level), koropasi oka3zana 3HaYMTEIbHOE BIMSHHE HAa OPraHU3AlMI0 AHAJOTHYHBIX
pabor mo obe cropoHsl AmiaHTukd. B sHBape 1942 1. brekker meperien B pacnopsikeHHE
aZIMUpAITENCTBA U1 OPraHU3allui TaM paboT M0 UCCIIEIOBAHHUIO OIIEPALIHA.

BriocnencTBuu otnen uccienoBaHus onepanuii KOMaHI0BaHUS OeperoBoil aBUalluy CTajl
SAPOM TPYIIBl MCCIEIOBAHUS OINEpalnuii OpUTAHCKOM apMuU, M HPU KaKJOM M3 OCHOBHBIX
BOCHHBIX KOMaHJHBIX OpraHoB BenukoOputaHuu (Kak B caMOil CTpaHe, Tak M Ha JPyTUX
TEPPUTOPUSX) ObUTH CPOPMUPOBAHBI COOTBETCTBYIOIINE OT/IEbI.

Korma B BoMHy Berynwin CoeauHeHHble lllTarel, kOMaHIHBIE OpraHbl UX BOEHHO-
MOPCKHUX U BOEHHO-BO3JYIITHBIX CHJI CTAJIM OCO3HABATH 11€71€CO00Pa3HOCTh MPUBIICUEHUS YUSHBIX
K pa3zpaboTke BoeHHbIX onepauuii. B 1942 r. kanutan B.belikep, oduiiep npoTUBOIOA0UHBIX CHIT
aTIIaHTHYecKoro (IoTa, MPEUIOKUII OPraHHW30BaTh IPYIIY IO HCCIEAO0BAaHMUIO ONEpanuil mpu
KOMaHJIOBaHUU TPOTUBOJOAOYHBIMU cuiiamMu. dopmynupys conepkaHue pabOT W IPUHLIHUIIBI
KOMIIJIEKTAI[MK TPYTIIIBI, OH MCIIOJIb30BaJ Psi/i MOJIOKEHUH NaMsATHOM 3anucku biekkera ot 1941
r. B a1y rpynmy, BOOCIeACTBUM MEPEMMEHOBAHHYIO B TPYIINY IO HCCIEJOBAHUIO ONEpaluil U
MOJYMHEHHYIO IITA0-KBapTHpE IJIaBHOKOMAHJYIOIIEro BoeHHO-Mopckumu cuiamu CIIA, B
KauecTBe pyKoBoauTenss mnpoekra Obul mpuriameH D.Mop3 (busuk no mnpodeccun) wus
MaccauyceTckoro  TEXHOJOTMYECKOI0  MHCTUTYyTa, a Ha  JOJDKHOCTh  HadaJbHHKA
WCCIIeI0BaTEIBCKOM Tpynibl Ha3HaueH YwibsaMm [llokmu u3 ¢upmer Bell Telephone Labaratories,
BIIOCJIC/ICTBUH cTaBlIel jaypearoM HoOeneBckoit mpemun 3a paboThl Mo TpaH3ucTopam. B 3to
K€ BpEeMs KOMaHAOBAaHME BOCHHO-BO3AyIIHbIX cui CIIA komanaupoBano B Ammwoo Ui
U3y4CHUS OIbITa OpraHu3aluy HCCiefoBaHuN omnepauuil B.boprona Jluuda, ropucra,
HaxOJMBIIETOCS B TO BpeMs Ha JEHCTBUTETHbHON BOeHHOW ciyxOe. I[locme Toro kak oH



NpeACTaBU JIOKIJIAJ, COACPXALIU BBIBOJBI O ILIEIECOO0Pa3HOCTH OpraHM3alliU aHAJTOTHYHBIX
pador B CIIA, emy ObUT0 MpemIOKEeHO CHOPMHUPOBATH OTAET HCCIEAOBAHHS OIEpanuid B
BocbMoi apmuu BBC (6oMOapanpoBoyHOl aBHaliu), BIIOCIEACTBUH MEPEIUCIONNPOBAaHHON B
Benuko6puranuto. [lepBrie pabOTHHKHM 3TOro OTAeNa MpUOBUIM Ha MECTO CIY>KObI B OKTAOpe
1942 1. K koHIy BOWMHBI Ipynmna IO HCCIEIOBAaHUIO ONEPALMd IPU KOMaHAOBAaHUU BOEHHO-
Mopckumu cunamu CIIA yxe HacuuThIBaia B CBOeM cocTase cBblle 70 HaydHbIX paOOTHHUKOB, a
KOMaHJI0BaHHE€ BOeHHO-BO3AylHbIX cil CHIA non pykoBoacTBoMm JIMua OpraHM30Bajio CBBILIE
IBYX JI€CATKOB OTJ/IEJIOB HCCIIEOBAaHMS ONEepaluii Kak B THUJIOBBIX YaCTSIX, TaK U B apMHH,
Be/IyIIMX OOeBble NeHCTBUS 3a TPaHUIIEH.

KomannoBanne BOEHHO-BO3AYIIHBIMU cuiiaMu KaHajpl Takke NpOSBUIO HHTEpEC K
BOIIPOCAaM OPTraHM3AlMKM U TPOBEJIEHUS OINEPAllMOHHBIX MCCIENOBaHMM M HauuHas ¢ 1942 r.
c(hOopMUPOBAJIO TPU COOTBETCTBYIOIINX OT/AENA.

CosepiieHHO He3aBUCHMMO Ominuc A.JKOHCOH, CIEeIUaTU3UPOBABIIMNACA B 0O0JIACTH
UCCJIEIOBAHUN MarHeTu3Ma, pa3padoTan aHaJOTHYHbIE KOHIICTIIIMK HCCIEI0BaHUS ONEepalui u
NPUMEHHUI UX K TIpUeMaM BEJICHUS MUHHON BOMHBI; €ro UJeH, UCIOIb30BaHHbIE NIPU pa3paboOTKe
COOTBETCTBYIOUINX HACTyHaTeIbHBIX TAKTUYECKUX ONEpPAlLUi, CHITPAIM BaXXHYIO POJib B OOEBBIX
JNEUCTBUAX HA THUXOM OKeaHe.

KomaHnzioBaHHsI BOOPYXKEHHBIX CHJ rocyaapctB ocu Pum - bepnun - Tokmo meTonsl
HCCJIEJOBAHNS ONIEpaLliii HE MCII0JIb30BAJIH.

Wmerommecss uctopudeckue JTOKYMEHThl UM apXWBbl HE MO3BOJSIOT TOYHO YCTaHOBUTH
KOJIMYECTBO TE€X YUEHBIX, KOTOPbIe OBUIM 3aHATHI HCCIIEOBAaHUEM OIle- paluii BO BpeMs BTOPOi
MHUPOBOI BOMHBI, OJJHAKO Ja’k€ OCTOPOKHBIE OLIEHKH CBUIETEILCTBYIOT O TOM, UTO 00IlIee YHCIIO
TakuX ydeHbIX B AHmmu, AMepuke u Kanane npesbimano 700 ugenosek. VX nesTenbHOCTS,
CIIMIIKOM pa3HOOOpa3Has JJIsl TOro, 4YTOObI MOXHO OBLIO OXapaKTepHU30BaTh €€ MOJTHOCTHIO, HE
TOJIKO OXBaTbhlBaJla JJIEMEHTbl TEXHUYECKUX PELIEHUH, OLIEHKH pE3YJIbTaTOB TaKTHUYECKHUX
ormepanuii W HOBIIECTB (0 4YeM YK€ TOBOPUJIIOCHh), HO U BKJIIOYala MpUMEHEHHE
COOTBETCTBYIOIIMX 3HAHUHN MPH TJIAHUPOBAHUHU TAKTUYECKUX ONEpaluii U BHIPAOOTKE CTpaTeruu.
Haubonee BaxHbIM a1t Oyaymiero ObUIO TO, YTO MHOTHE W3 CHEHUAIHMCTOB YBUIEIU B TaKUX
HAay4YHBIX pa3pabOTKaX BOCHHOTO BPEMEHHU 3apOXKJACHHUE HOBOW HaykH O (PYyHKIIMOHAJIBHBIX
CHUCTEMax, a TaKK€ BO3MOXKHOCTH HCIIOJIb30BAHUS COOTBETCTBYIOIIMX HAyYHBIX 3HAHUW Ui
MHOTHUX BHUJIOB A€ATEILHOCTH B MUPHOE BpEMSI.

O0630pHI Hccnen0BaHU BOGHHOTO BPEMEHH COZEpKAaTcs B YaCTHOCTH B KHUTEe Mop3a u
Kumbenna, Ha KOTOpOil B OCHOBHOM M 0a3u- pyeTcs NpHUBeIeHHas BBIIIE KpaTKas CIpaBKa I10
HCTOPHUH Pa3BUTHUS UCCIIETOBAHMS ONIepallnil.

[Tocne BTOpoit MUPOBOI BOMHBI CIIEUAIUCTBI OCO3HAIM, YTO paboTaM IO HUCCIIETOBAHHIO
orepalyii B TOM €ro NMOHMMaHUHU, KOTOPOE€ CJIOXKHIOCH BO BpeMsl BOMHBI, MpEANIeCTBOBAIN
MHOTHE MCCIECJOBaHUS AHAJOTMYHOM HAINpaBICHHOCTH, Hampumep pabora JlaHuectepa 1o
MOJICIUPOBAHUIO OOEBBIX Omepalui, BbIMONHEHHas B 1916 1., paboThl MO TEOPUM MaccOBOTO
oOCITy>)KUBaHMs OpilaHra, HaIIeAIINe MPAKTUYECKYI0 peaju3alMio B Havajle J(BaJALAToOro
cronerus B Konenrarene, uccienoBanus JleBuHcona B 061acTi pO3HUYHOM TOPTrOBJIM B Hauaje
20-x ronoB. OTHaKO 3T MCCIIEOBAHUS OCTABAIHMCh Pa3pO3HEHHBIMH JI0 TEX IMOp, IOKa He ObUIH
MOJXBAYeHbl OOIIMM IOTOKOM pa3paboTOK, Ha4yajlo KOTOPOTO TOJBKO YTO OBLIO KpaTko
OXapakTepu30BaHO. TakuM 00pa3oM, €CcTh JOCTATOYHBIE OCHOBAaHHUS CUMTATh, YTO MOSBICHUE
METO/IOB HCCJIEIOBaHUSI ONEepalluii CBSI3aHO C BBIIEJICHHUEM CaMOCTOATEIbHON O0JIaCTH HAy4YHOU
JeSTeNbHOCTH, UMEIOIIEH MPOIODKUTENIbHYIO MCTOPHUIO, HA4ajJ0 KOTOPOW MOJOXKWUIM paboThI,
IIPOBE/ICHHBIE BO BPEMSI BTOPOI MUPOBOI BOMHBI.

OueBHHO, YTO MHOTHE M3 MEPBBIX UCCIE0BaTeIeH B 00IaCTH UCCIEIOBAHUS ONepaIiii
CUMTAJIA CBOIO pabOTy HAy4YHOU NESITEIbHOCTHIO; TaK, B MaMsITHOM 3amucke biekkera ot 1941 r.
MOJYEPKHUBAIIOCh, YTO paboTa JODKHA COCTOSTH B "HAyYHOM HCCIEIOBAaHMU omepanuii”, u
ocoboe BHMMaHME OOpalagoch Ha TO, YTO YCJIOBHUS JOJDKHBI COOTBETCTBOBaTb HMMEHHO
HayyHOMY Xapakrepy pabotel: "HeoOxomuma Takas 0oOCTaHOBKa, KOTOpas CYyIIECTBYeT B
MEPBOKJIACCHOM YHCTO HAyYHO-HCCIIEOBATEIbCKOM MHCTUTYTE, M KBalIU(UKAIMS KaJpoB



JIOJKHA YIAOBJIETBOPSATH COOTBETCTBYIOIIUM TpeOOBaHUAM".

Bo Bropoii mamsTHOM 3amucke ("O HEKOTOPBIX aCMEKTaX METOJOJOTUU HCCIICTOBAHUS
onepauuit"), cocraBneHHoi B 1941 r, Ho 3arem mnepepaboranHoil B Mae 1943 r, brekker
Pa3BUBAET ATHU MOJOKEHUS U oTMedaeT: "O4eBUIHON 0COOCHHOCTHIO MCCIIEOBAHUS OTICPAIIHA B
TOM BHJIE, B KOTOPOM OHO IIPOBOJIUTCSI B HACTOSAIIEE BPEMS, SABJISIETCS TO, UTO OHO JOJDKHO UMETH
CTpOro npakTuiyeckuit xapakrep. Ero nems - coneiicTBOBaTh HAXOXKACHUIO CIIOCOOOB MOBBIIICHUS
3P PEeKTUBHOCTH OOEBBIX OIEpaluii, BHIMOIHAEMBIX B JaHHBIM MOMEHT WJIM IUIAHUPYEMbIX Ha
Oynymee. YtoObl J0OWTHCS DTOTO, W3YYAIOTCA MPEAIICCTBYIOIIME OIEpaIui; 3aTeM
pa3pabaThIBalOTCS TECOPHH, OOBSCHSIOMNE HAOII0jaeMble (akThl, U B KOHIIE KOHIIOB U (aKThl, U
TEOPUHU UCTIONB3YIOTCS ISl IPOTHO3a OTHOCUTEIBHO MPEICTOSALINX OTeparuil...

[Iporuo3upoBanue OyaymMX COOBITHI, KOHEYHO, BCEIZa CONPSDKEHO CO 3HAYMTEIbHOM
HEOIpPeIeICHHOCThIO, HO OIBIT MOKa3aj, YTO BOMPEKH LIMPOKO PACTIPOCTPAHEHHOMY MHEHMIO
KOJIMYECTBEHHBIE IPOTHO3bl MOXKHO CJAENaTh JOCTaTO4YHO. OTO B 3HAUYUTEIBHON CTEIEHU
00yCJIOBJIEHO T€M OOCTOSITEIbCTBOM, YTO MHOTHE (PAKTOPBI, XapaKTEpHU3YIOLIUE ONepaluio, B
TE€UYEHHE JIOCTaTOYHO NPOIOJKUTEIBHOIO MEPUOJAa BPEMEHU OCTAOTCS MOYTH HEU3MEHHBIMH.
Takast cTaOMJIBHOCTH Ka)X€TCsl JOBOJIBHO HEOXUJAHHOM, €CIM MMEThb B BHJIY MHOXECTBO
CIIy4ailHBIX COOBITHH M TE€X MHIUBHUIYaJIbHBIX OCOOEHHOCTEH U CIIOCOOHOCTEH Jrofe, KoTopble
OOBIYHO MPOSBISAIOTCS JaXke B xoje HeOonpmux omepanuil. OgHako Bce 3TH pazauyuus i
OOJIBIIIOTO YHKCIIA ONIEPALUi CITIAKUBAIOTCS, U YaCTO OKa3bIBACTCsl, YTO OOOOIIEHHBIE Pe3yabTaThl
CPABHUTEIBHO YCTOWUYNBBL."

B pesynbrare cBoux wuccienoBanuii Mop3 u KumOenn Taxke HNPUILIM K BBIBOLY, YTO
"MmoBeieHne KPYMHBIX MOjpasesieHni (’KMBOW CHJIbl U TEXHHMKH), OCYIIECTBISIOUINX CIIOXKHBIE
olepalyy, XapaKTepU3yeTcs YAMBHUTEIBHOM YCTOWYMBOCTHIO, IIO3BOJISIIOIIECH IIPENICKA3bIBATh
UCXOJ] TAKUX ONepaluil C TOM CTENeHbI0 TOYHOCTH, KOTOPYIO HE MOTIIIM NPEIBUACTH YUEHBIE,
paborTatoriye B 00JIaCTH €CTECTBEHHBIX HayK'.

Takum 00pa3oMm, MepBble CHEUAIHUCTHI MO MCCIEIOBAHUIO OIEpalvii UMeNH SCHOE
NpEeACTaBICHUE O TOM, YTO HOBHM3HA HX JEATENBHOCTU O0OycCJOBJE€HAa JBYMs (aKTopamu:
CBOMCTBaMU (PYHKIMOHAJIBHBIX CHUCTEM, pPAacCMaTpuUBAaEMbIX B KadeCTBE OOBEKTOB HAyYHBIX
UCCNIEIOBAaHUN, W aJMUHHUCTPAaTUBHBIMU  CTPYKTYypamH, (OPMHUPYEMBIMH C  IEJIbIO
CBOEBPEMEHHOM NPAKTUYECKOW peaau3alyy peuleHui, NPUHUMAEMBbIX HAa OCHOBE pE3yJIbTAaTOB
9THX UCCIIEOBAHUN.

Takoe moHMMaHUe CYIIHOCTH HCCIIEI0BaHUS ONepalfii OCTAaeTCsl BEPHBIM U B HAIIM JTHU.

Lenbp Hayku - MOHATH M JaTh OOBSCHEHHWE TOMY, YTO HPOHMCXOTUT B MPUPOAE, T.C.
WCCIIEIOBAaTh  SABJICHUS  pPEAlbHOM  JICMCTBUTENBHOCTH. Hamie noHMMaHue  NpUpObl
pacnpoCTpaHEHNs] KaK Ha €CTECTBEHHBIE SIBIICHUS, TaK U HAa T€ DJIEMEHTBI, KOTOPBIE CO3/1aHbI
YeJIOBEUECKOM JeSITeNbHOCTIO (SBICHUEM CUMTAETCA BCE, YTO MPOMCXOAUT B 3TUX AJIEMEHTaX
WM OCYILLECTBIISIETCS] HAMH).

Hayka HaumHaeTcsi ¢ THIATENIbHO OPraHW30BAaHHOTO HAOIOACHUS HU3Y4YaeMbIX SIBICHUH.
[Tony4yeHHbsle B pe3yibprare HaOMIOIEHHS JAHHbIE NMPHUBOAAT YUYEHOTO K pa3paboTKe TEOpHi,
YBS3BIBAIOUIMX ATH (DAKTHI, a TaKXKEe NAIOLIUX YMO3PUTEIbHOE OINHCaHWE M OOBSCHEHUE HX.
3areM 3TH TEOpUU MOTYT pa3BUBAThHCs 0e3 oOpalleHus K HaOmoAeHUsAM; OoJiee CyIIeCTBEHHO TO,
YTO OHHM CHOCOOHBI J1aTh MpeJCKa3aHWe TOTo, YTO MPOU30MAET IMOJA BIHUSHHUEM pa3IUYHBIX
ycnoBuid. [locie 3Toro TeopeTndeckue BBIBOABI MPOBEPSIOTCS IMyTeM HOBBIX HaONIOAeHUMN
COOTBETCTBYIOUIUX SIBIICHUI; €CIH BBIBOJBI TEOPUH COIVIACYIOTCS C JaHHBIMHU, MOTYyYEHHBIMU B
pe3ynbTare 3TUX HaOMIOCHUH, YBEPEHHOCTh B NMPABUIBHOCTH TEOPHH BO3PACTAET, B MPOTUBHOM
cllyyae €€ cleAyeT NpU3HATh HECOCTOATENbHONW WJIM YyCOBEpIIEHCTBOBaTh. KemeHu maer
CJIETYIOIIYI0 OOOOIICHHYIO XapaKTePUCTUKY TaKOTo Mpoliecca:

"Kak HEOIHOKpaTHO MOAYEpKHUBaJ DWHIITEHH, Hayka JOJDKHA HAYMHATHCSA C (aKTOB U
KOHYaThCsl (pakTaMu (HE3aBUCHMO OT TEOPETUYECKHX MOCTPOCHMH, CO3aHHBIX MEXIY HUMH).
VY4eHslil - 3TO Mpex/e Bcero HaOmroaaTenb. 3aTeM OH IMBITAETCS BCECTOPOHHE OINHUCATh TO, UTO
yBHJEN, W TO, YTO OXHJAeT YBUAECTh B Oynymem. basupysce Ha Teopuu, OH Jienaer
MpeJICKa3aHus, CIIPaBEUIMBOCTh KOTOPBIX CHOBA MTPOBEPSIET TOJIBKO (PaKTamH.



Haubonee xapakrepHas depTa Takoro METO/Aa - €ro HUKIUYHOCTh. OH HaYMHAETCS C
(daktoB, koHYaeTcs (aktamu, W (HAKTHl, 3aBEPIIAIOIINE OAWH IUKJ, SBISIOTCS HadajJoM
CJIEIYIOLIEro IUKJIA. YUYEHBIM CUUTAET CBOIO TEOPHI0O HEOKOHYATEIbHON M TOTOB OTKAa3aThCsl OT
Hee BCSIKMM pa3, Korjma (pakTel HE TOATBEPKIAIOT €€ Tpeackazanuid. Ecnmu psg HaOmoneHui,
MpEeHA3HAUYCHHBIX JUIsI TPOBEPKH CIIPaBEJIMBOCTH HEKOTOPBIX IMPEACKa3aHUM, BBIHYXAACT HAC
OTKa3aThCsl OT TEOPUHU, MBI WIEM HOBYIO WJIM 0OJiee COBEPIICHHYIO TeopHuio. Tak Kak HaydHOE
MO3HAHUE TPENICTaBIsIeT co00il OECKOHEUHYIO IIeTh Pa3BUTHS, MOKHO OXXHJATh OCCKOHEYHOTO
MPOIOIHKEHUS U 3TOTO NUKJIMYECKOTo Tporecca’.

ToNnbKO 4YTO ONUCAHHBIA MPOLIECC COCTABIAET CYyTh HAYYHOIO METOJA, a HayKa - 3TO
COBOKYIHOCTh 3HAaHWM, TOJYYEHHBIX B pe3yJbTaTe MPUMEHEHHUS JTOTO METOJa K SBICHUSM
OKpYyXarollen Hac AeHCTBUTEIbHOCTH.

Takum 06pa3oM, IMEHHO HAyYHBIH METOJl OOBEIUHSAET BCe HAYKH; TO, UYTO OTIUYACT OJHY
HayKy OT JOpYyTOM, - 3TO cepa sSBICHUI OKpPY>KAIOIIEr0 MHUpa, BEIOpAaHHAS KaXJAOW W3 HHUX IS
M3y4deHUsI U 00BbsCHEHHs. Tak, aCTpOHOM CIIEAWT 3a JBKEHUEM TUTAHET, 3BE3] M APYTHX TEJ BO
Bcenennoii; reonor u3y4aeT siBICHUS B 36MHOM KOpE U T.1.

Opnako B JaHHOM BOIIPOCE CIEAYET MPOSBIATH OCTOPOXHOCTh W HE BOCIPUHHUMATH
TaKyl0 CXeMy HAy4YHOTO METO/la KaK OMXEBHOPUCTHUECKOE OIMHCaHUE ACSITENbHOCTH YYEHOTO.
XOTsl OTHeNbHBICE HAy4dyHbIE pa0OTHl JACHUCTBUTENBHO CIEAYIOT HW3JIOKCHHOMY TPUHIIMITY, B
OOJIBIIMHCTBE CITy4YacB OH HE BBIICPKUBACTCS; HAMPUMED, ObIBACT TaK, YTO TEOPUU MOSBIISIOTCS
JI0 TOTO, KaK OOHApy>KEHBI COOTBETCTBYIOIINE UM SIBJICHUs (HEIOCTATOK, IOBOJBHO THITHYHBIN
JUIsL UCCIIEIOBAHUS Olepaluii Ha COBPEMEHHOM JTare), a TEOPUH, OCHOBAHHBIE HA M3yUYEHUU
OTIENBHBIX SIBIICHUU, JOJTO OCTAIOTCS HETMPOBEPEHHBIMH HOBBIMH (aKTaMH W T.JI. TakuM
o0pa3oM, y4eHbI MOXKET HauaTh paboTy C JHOOOr0 3Tara OMHWCAaHHOTO MPOoIlecca U JIBUTaThCs B
m000M HamNpaBiICHUW IS TONy4YeHHUs Kpymnuil 3HaHui. OJHAKO OKOHYATENbHBIH CHHTE3
MOTBEPKACHHBIX 3HAHUM IOCTUTAETCSI B COOTBETCTBUU C ONMMCAHHOM CXEMOW HayuYHOTO METOa.

2.2. UccnenoBanue onepanui Kak HayKa

Crnenys U3M0KEHHBIM COOOpakeHUssM 0 GUI0COPCKUX aCMeKTax HayKH, MOXHO CKa3aTh,
YTO B HWCCJICIOBAHWU OIEpAIldi HCIIONB3YEeTCs] HAYYHBIM METOJ ISl M3yYCeHHs] U OOBSICHCHHS
SIBIICHUH, CBSI3aHHBIX ¢ (PYHKIMOHAIBHBIMH CHCTEMaMH, TaK KaK B paMKax JaHHOW TUCITUTLIAHBI
M3y4YaeTcsl ONpPEICICHHBIN KPYT SABJICHUN PeaJbHON JEUCTBUTEIBHOCTH. Takne CUCTEMBI HEPEIKO
BKJIFOUAIOT JIOACH M MEXaHU3Mbl, KOTOpbIe JEHCTBYIOT B YCIOBUSX PEAIbHOTO MHPA, MPUYEM
CJIOBY '""MexaHu3M'" MBI MPUJIaeM JOCTAaTOYHO OO0IIee 3HAUYEHHEe, OXBATHIBAIOIIEE BCE Cydau - OT
MEXaHUYECKUX YCTPOUCTB, OOBIUHO OMpPENeIsIeMbIX X Ha3BaHUSMU, 0 CIOXKHBIX COIUATBHBIX
CTPYKTYP, PyHKIIMOHUPYIOIITNX B COOTBETCTBUU C YCTAHOBJIICHHBIMU TTPaBUJIAMHU.

Hayunas mucnumivHa, Ha3pIBaeMasl HCCICIOBAaHHEM OIepaluii, HaOIoNaeT peaabHbIE
SIBJICHUSI, CBSI3aHHBIE C (YHKIIMOHAIBHBIMH CHCTEMaMH, pa3padarbiBaeT Teopuu (KOTOpPHIS
MHOTHE HCCJIEIOBATEIH HA3bIBAIOT MOJAENSMH), TpeAHA3HAYCHHBIC IS OOBSICHEHUS NaHHBIX
SIBJICHWM, WCTIONB3YEeT 3TH TEOPUH JIA OINUCAHMS TOTO, YTO MPOM3OHAECT MpU HU3MEHEHUU
YCIIOBUH, U IPOBEPSET MpeAcKa3zaHUs HOBBIMU HAOIIOCHHUSIMH.

Takum 00pa3oM, UCClIeIOBaHNE ONEpallnii- HayKa, TaK KaK 3Ta JUCIUILIMNHA UCTIOJIb3YyeT
METOJl JUIsl TIOJyYEHUsSI COOTBETCTBYIOUIMX 3HAHUN W OTIMYAETCS OT JIPYTUX HayK MPEAMETOM
uccnenoBannii. OHa M3ydaeT SIBJICHHS CBS3aHHBIE C (YHKIIMOHAIHHBIMH CHCTEMaMH, B TOM
acrnekTe, KOTOPbIM MOUTH HE pacCMaTpUBAETCS IPYTMMHU HayKamHu.

YuuTeiBas dTanbl peaqu3aiii HAydYHOTO METO/AA, IS JIF00OM HAyYHOW TUCIIUTIIUHBI
MOXKHO  OXHJaTh CHUCTEMATHYECKUX MyONUKAalMiA  YeThIpeX KaTeropuid, B  KOTOPBIX
COOTBETCTBEHHO TIPHUBOJATCA PE3YyIbTaThl, TOJy4aeMble TpU HAOMIOACHUHM SBICHUU, |
CHeNHalbHbIe CIIOCOOBI MPOBEICHUS TAKUX HAOMIOACHHUIA; Ta0TCS TTOCTPOCHHSI MAaTeMaTHIECKUX
MoJIeTiel; OMHUCHIBACTCS NMPUMEHEHHUE STHUX MOJENeH IS COCTaBICHHUS MPOTHO3a Ha OCHOBE
MOJIYYEHHBIX PE3yJIbTAaTOB; IPOBOAUTCS MPOBEPKA MMPOTHO30B CPABHEHUS C PE3yJIbTaTaMU HOBBIX
HaOJIFOEHUIA.

COBOKYMHOCTh MaTeMaTUYECKUX MOJENel UCCIEeIOBaHMsI OMepaliii MOXHO pa3OuTh Ha
TPH TPYTIIIBL.



K nepBoii rpymnme oTHOCATCS 1eTepMUHUPOBAHHBIE MOJIEIIH, KOTOPBIE ObUTN pa3paboTaHbl
Mocjie  BTOPOM  MHPBOM  BOWHBI:  JIMHEMHOE  MPOrpaMMHUPOBAHHUE,  LIEJIOYUCIECHHOE
porpaMMHUpOBaHKUEe, Teopusi rpadoB, MOTOKH B CETAX, FEOMETPUUECKOE MPOTrpaMMHUpPOBAHHE,
HEJIMHEWHOE MNpOorpaMMHUpOBaHUE, MPOrpaMMHUPOBaHUE JUIsl  ciiydas 3adad  OOJbIION
Pa3MEpHOCTH, TEOPUS ONITUMAJIBHOTO YIIPABICHUS.

Ko BTOpO# rpyIie OTHOCATCS CTOXaCTUYECKHE MOJENH: CIy4YalHbIE MPOLECCHI, TEOPHUs
MaccoBOTO OOCITyKUBaHHsI, TEOPHsI MOJIE3HOCTH, aHAJIN3 YIPABIAIONNX PEIICHUN, TEOpUs Urp,
TEOpHsI IOUCKA, MIMUTAITMOHHOE MOJIECIINPOBAHUE U TMHAMUYECKOE POTPaMMHUPOBAHUE.

Tperbto  Tpymnmbl  COCTaBISIIOT — Haubolee  BaXKHbIE  MOJENH, pa3padoTaHHbIE
MPUMEHUTEIBHO K TPUHAIUATH TPYIIAM IPOLECCOB, SBISIOMIMXCS JOCTATOYHO OOIMMH IS
MHOT'MX 00JlacTell IPUMEHEHUS! METOJIOB UCCIIEIOBAHMUS ONlEepaLnii:

. IPOTHO3UPOBAHUS;

. yueTa (pUHAHCOBOM JEATEIBHOCTH U YIIPABICHUS YKOHOMHUKOM;
. cOBITa U peKIIaMBl;

. YIIPABIICHUS TPYAOBBIMHU PECYpPCaMU;

. SJKOHOMHYECKOT0 aHaJIN3a NHBECTUILIUM;

. ”HPOPMAITMOHHBIX CUCTEM ISl YIIPABICHHUS;

. BBIYUCIIUTENbHBIX U HHPOPMALIMOHHBIX CHCTEM;

. BbIOOpa, IUTAHUPOBAHMS U YIIPABICHUS pa3pabOTKOM MpOeKTa;
. YIPABIICHMS 3aIIaCaMU;

10. cocraBneHus KajleHIapHBIX IJIAHOB POU3BOACTBA U MOCIIEI0BATEIbHOCTH PadoT;

11. 3aMeHbI, pEMOHTA U aHAJIW3a HAJEKHOCTH 000PYI0BaHMUS;

12. pa3MenieHust U 3arpy3Ku pOU3BOJICTBEHHBIX MOLTHOCTEN;

12. nnmaHupoBaHUS TPOU3BOJICTBA.

Haubonee xopomo MeToabl MCCIEAOBAaHMs Omepanuii mo cocrosHuto Ha 1975 rox ans
CIIeTYIONTUX O0JIaCTeH:

BOEHHBIE MTPOOIEMBI,

paboTa rocyJapCTBEHHBIX OPTaHOB,

TOPOJCKHE CUCTEMBI,

3IpaBOOXPAHCHHE,

cHCTeMbl 00pa30BaHMs,

TPaHCIIOPT,

KOMMYHaJIbHOE 00CITy’)KMBaHHUE,

OTPAaCIH MPOMBIIIJIEHHOTO POU3BOJCTBA
o TEXHOJIOTMYECKHE MTPOLIECCHI.

Ha nporsokeHun Bce MCTOPUM Pa3BUTHS METONOB MCCIENOBAHUS OIEpalluil Hay4yHBIE
paOOTHUKHU cJeIoBadl pekoMeHaauusM biekkera (M3 €ro mnamsATHOM 3amUCKH), COINIACHO
KOTOPbIM HCCJIEIOBaHME OINepanuii, Kak M Jr0as Japyras Hayka, He Oasupyercs Ha
HCITIOJIB30BaHUM TOYHBIX KOMHMH aHATIUTHYECKUX METOMOB Kakoi-11bo Opyroil Hayku, a TpeOyeT
pa3pabOTKu CBOEro COOCTBEHHOTO MAaTreMaTHYecKOro ammapara - METOJOB HCCIIEAOBaHUs
onepaluii - OPUEHTHPOBAHHOIO Ha cHENM(UKY, MNPHUCYLIyl0 3Tod oOJacTH M 3agadam
UCCJIEIOBaHNA. OTOT amnmapar HE JOJDKEH OCTaBaTbCsl HEM3MEHHBIM; HA0OOpOT, OH JOJIKEH
MEHSATBCSI B COOTBETCTBHH € XapaKTEPOM MCCIENYEMBIX 3a/1a4.

Bo Bpems BTOpoii MUpPOBOI BOWHBI OOJBIIMHCTBO PadOT MO WCCIICOBAHUIO OTEparuii
OCHOBBIBAJIOCH HAa aJaNTallid METONOB M IOAXOJAOB, 3aMMCTBOBaHHBIX W3 IPYTHX HayK; B
YaCTHOCTH, IOCTpOeHUE OONBIIMHCTBA MAaTeMaTHYEeCKHMX Mojeseld  0a3upoBajoch Ha
HENOCPEACTBEHHOM HCIIOJB30BaHUU CPEJICTB MAaTeMaTHMYECKOIO aHaJn3a, ammnapara TEOpUU
BEPOSITHOCTEN M CTATUCTUKH, U JIOBOJIBHO YacTO OTIPAaBHBIM MOMEHTOM IIOCTPOEHUS MOJENeH
CILy’KHJIO CXOZCTBO C MOJENSIMH, UCTIOIb3YyEMBIMHU APYTHMHU HayKaMH. 3aMETHBIM HUCKIIIOYEHHEM
U3 9TOTO MpaBHJjIa CTalla pa3padoTKa TEOPHH TMOUCKA, BHIITOJHEHHAS TPYTIIOHN 10 HCCIeJOBAHUIO
onepauuii npu BMC CIIA. Takum o00pa3oM, HOBbIE TEOPETHMUYECKUE HAINPABICHUS OBLIM
pa3BUTHl B OCHOBHOM B IOCIIeBOCHHOE BpeMs. OCHOBBI TEOpWHU BeICHUs OOEBBIX IEHCTBUI
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3anoxensl Jlanuectepom B 1916 1.; U XOTS BO BpeMsl BOMHBI MaTeéMaTHYECKUE ACIEKTHI 3TOMN
TEOPUU HCCIEIOBAIUCH JOCTATOYHO HHTEHCUBHO, HEMOCPEJICTBEHHOIO MPUMEHEHUS IpU
pa3paboTKe onepalyii BOCHHOTO BpeMEHHU OHa He Hamula. JlefcTBUTENbHO, BIIOTH 10 1954 1. aTa
Teopus He ObUIa JJOCTAaTOYHO MPOBEPEHA.

OpHako nocsie BTOpoil MUPOBOW BOIHBI UCCIIE0BAaHUS HOBBIX SIBJIEHUIN PEaIbHOTO MUpa
U TEOPHH JUIsl UX OOBSICHEHUS Pa3BUBAJINCh OYEHb HHTEHCUBHO.

3apokJIeHHE UCCIIEIOBAHUS OTIepalluii KaK HayYHOH JTUCIUITIMHBI OBLIO
00yCJIOBJIEHO HEOTIIOXKHBIM TPeOOBaHUEM PEILIEHUS BaXKHBIX MpaKkTHUeCcKUX mpoodiem. [lostomy
B IIpOIlecce CTAHOBJICHUS U Pa3BUTHS UCCIICIOBAHUS ONlEpalluii Hay4dHble paOOTHUKHU, KOTOpBIE
3aHUMAJICh COOTBETCTBYIOIIMMHU UCCIIEJOBAHUAMHU, HE TOJIBKO 3AJI0KUIN (PyHAAMEHT
HEKOTOpPOro HOBOTO HAy4YHOI'O HAIIPaBJIEHHUs, HO U UCTIOIb30BAJIN NIOJYyUYEHHBIEC 3HAHUS IS
MIPAKTHUECKOTO pellleHus: mpodieM. B TedeHre BToporo u TpeThero AeCITUIIETHI CBOETO
CYLIECTBOBAHUS I'PYTIIbI IO UCCIEIOBAHUIO ONIEPALNN 3HAYUTEIBHO BBIPOCIIH U CTAJIH
JIOCTaTOYHO OTIIMYAThCS IPYT OT Jpyra o HarpaBieHusIM. OIHaKo TeCHas CBSA3b MEKIY
HCCIIEIOBATEIbCKUMU M IMTPAKTUYECKUMH aCIIeKTaMU pa3paboTOK OcTaBalach XapaKTepHOM
0COOEHHOCTBIO TAHHOW JUCITUTUTMHBL: TEPMUH "HCCIICIOBAaHUE OTepaIiuii’ Kak pa3 u
MOJYEPKHUBAET UX HEPA3PBIBHOCTH. MTaK, nccie10BaHUE ONepaly BKIIOYAET KaK HAyqHOE
UCCIJIEIOBAHUE CUCTEM, TaK U COOTBETCTBYIOLIUE BU/IbI TEXHUUECKOH 1€ TeIbHOCTH,
HaIpaBJICHHON Ha MPAKTUYECKYIO PEaIN3alliI0 PE3YIbTaTOB TAKUX HCCIIEI0BAaHUM.

OpHako 3TH NPUKIIAIHBIE ACTIEKThI UCCIIEOBAHUS ONlepalluii MPEANoNaraoT He
TOJIBKO ITPOCTOE MPUMEHEHNE 3HAHUM, IOJYUYEHHBIX B PE3yJbTaTe UCIOIb30BAHUS TEOPUH, HO
TpeOyIOT U HAJIMYUsl TBOPUECKOTO Havajia (OpHUEeHTaluU paboThl B JKEIaeMbIX HalpaBICHUIX), a
TaKke Mpo(heCcCHOHAIBHOTO YMEHHSI U HABBIKOB MTPAKTUYECKOTO MPOSKTUPOBAHUS
(HarpaBJIEHHBIX Ha BBITIOJIHEHUE TPeOyeMbIX 3a/1a4 WM pelIeHrne BaxHbIX podiem). Kpome
TOTO, B&YKHO 00ECTIEYUTh BHEIPEHUE PE3yIbTaTOB padoT.

BBuny cexperHocTy nNoApoOHOCTH HCCIEI0BaHUN BOGHHOTO BPEMEHH J0JIT0e
BpeMs HE HaXOJWJIN OTPAXXCHHUsSI B OTKPBITOH Me4aTH; OJHAKO TE€Nepb MHOTOE U3 TOTO, YTO ObLIO
C/IeJIaHO B TOT MEPUO, ke onmyOnnkoBaHo. M B HacTosIee BpeMs psiji MPaKTUUECKUX aClEeKTOB
HCCIIEIOBaHUS OTIEpaLluii HE PACCMATPUBAETCS B OTKPBITHIX MyOIMKAIMAX U3-3a OTPAHUYCHUH,
HaKJIa/IbIBAEMBIX MPOMBIIIIEHHBIMUA (PUPMaMU U 3aKOHOAATENIbHBIMU OopranaMu. O1HaKo
HMEIOLIAsCS JINTEPATYPA, XOTS U MIPEICTABIECHA B CUIIY YKa3aHHBIX OTPaHUYEHUM
MIPEUMYIIECTBEHHO pa00TaMU TEOPETUUECKOTO XapaKTepa, BCe e COAECPKUT OMHCAHUE MHOTHUX
IIPUMEPOB MCIIOJIB30BAHNS METOA0B UCCIIEI0BaHMs onepanuil. Jlaxe rnpu cirydaliHOM MTOMCKE
myOJIMKALUKA COOTBETCTBYIOIIETO XapaKTepa MOKHO BCTPETUTh MHTEPECHBIE U BIIEUATIISIONINE
IIPUMEpPBI IPUMEHEHNS METO/1a UCCIIEI0BAaHUS OIIEPALIUH.

OpHako IUTEpaTyphl, OCBEIAOIIEH OIBIT TBOPYECKOTO MOAX0Aa U KOHKPETHOTO
MIPOEKTHPOBAHUS Ha Oa3e METOI0B HCCIIEIOBAHUS ONEpPaIfii, CPaBHUTENb HO MaJIO.
HauGonbmmii onbIT B 5TOM OTHOIIICHUH HAKOIUICH B BOCHHOW 00JIacTH, HO B HACTOSIIEE BPEMS
3aMETEH CYLIECTBEHHBIN IPOIPECC U B HEBOCHHBIX MTPHIIOKEHUSIX.

Bormpocs! npogeccnoHanbHOro OTHOMIEHUS K MTPAKTUYECKON CTOPOHE
WCCIIEIOBaHUS OTIEPALIMi U peau3aliy ero pe3yybTaToB 00CyX/IaIich yKe B EPBhIX paboTax;
B HUX MOJYEPKHUBAJIACh BAKHOCTh ITHX BOMPOCOB U COJIEPIKATIUCh COOTBETCTBYIOIINE
pexomenganuu. Hanpumep, brekker, a Takxxe Mop3 1 Kem6e1, 0CHOBBIBasICh Ha IPAKTHUECKOM
OTIbITE CBOEH pabOThI BO BpeMs BOWHBI, pacCMaTpHUBAJId BOIPOC O TOM, KaKUM 00pa3oM
CMELUANCTY CJIeAYeT MOTYUUTh O00pEeHHEe CBOCH pabOThI, B KAKMX YCIOBUSAX JOIDKHA
BBITIOHATHCS pab0Ta, U KaKie OTHOUICHHSI OH JI0JDKEH MOAIEPKUBATh C TEMH, KTO MOJIb3yeTCs
€ro peKOMeHAAIMUAMU. B CBA3M € 3TUM ClIeAyeT OTMETUTD YETHIPE MOMEHTA:

Bomnpocsl, cBg3aHHbIE C TPOBEIEHUEM HCCIIEI0OBAHUS ONEpaIHii.

Komuccust Amepurkanckoro oduiecTsa o uccienoBanuo onepauuit (Operations Research
Society of America - ORSA) chopmynrpoBasia HEKOTOPbIE PYKOBOASIIINE TPUHILUIIBI 110
MIOPS/IKY TIPOBEJICHUS UCCIIEIOBAHMUS ONlepaluii. DTO MpeIoKeHne ObUIO BCTPEYEHO Ha MEPBBIX
Mopax BechbMa KpUTHYEC- KU, U XOTs cHOpMYyIUpOBaHHBIE TPUHIIUIIBI OMTUPAIOTCS HA



IIPAKTUYECKUH OIBIT BOCHHOTO BPEMEHU U JIBYX IOCIEAYIOIIUX AECATUIETUH, [I0-BUIUMOMY,
ellle paHo TOBOPUTH O TOM, OyIyT JIU OHU IPUHATHI B KAYECTBE MOCTOSIHHOTO PYKOBOJICTBA B
MPAaKTUYECKOM JeSITeIbHOCTH MTPU U3MEHEHUN OOCTaHOBKH B OyIyIIeM.

B3anMooTHOIIEHUS TPyl UCCIIEIOBAHUS ONIEPALMI C OPTaHU3alUAMU-3aKa3unKaMHu.

HccnenoBanue omepanuii peaausyeTcss B YCIOBHUSX, (OPMHUPYEMBIX KOJUIEKTHBAMH
monied, 1 (paKTUYeCKH KOHEYHas €ro Lejib - MOHATh UX MOBEJIEHUE C TeM, YTOObl HAlpaBUTh UX
JEUCTBUS B JKEIATECIIbHOM HAIIpaBICHUU. B NEHCTBUTEIBHOCTH K€ IEATEIbHOCTD, CBSI3aHHAs C
WCCJIEIOBAHUEM OIlepaliii, CTAHOBUTHCS JIMIIb OJHHUM H3 3JIEMEHTOB IOBEICHHUS CIOKHON
CHCTEMBI, KOTOPYIO MbI Ha3blBaeM OOJBIIUM KOJJIEKTHBOM Jrofei. I[loHmManue 3TOro
€CTECTBEHHO IMPUBOJINT K BaXKHBIM BBIBO/IAM IPAKTHYECKOIO XapaKTepa.

B mpenenax ogHOM INIaBbl HEBO3MOXKHO HCUEPIIBIBAIOLIE ONMCATh HCTOPUIO PA3BUTHUSA
METOJIOB MCCIIEIOBAHNN Olepaluii B TEUEHUE TOCIEIHUX TpexX AecatuneTuil. [loatomy B nanHOM
IJIaBe JAeTCs JIUIIb OYeHb KPaTKOe U3JI0KEHHE HEKOTOPhIX Ooliee popMaibHbIX BOpocoB. K Hum
OTHOCATCSI HEKOTOPBIE XapaKTEpHbIE TEHIACHIUN Pa3BUTHS METOJOB MCCIEIOBAaHUs ONEpaluil B
paccMaTpuBaeMoM IEpHOJIE, BOSHUKHOBEHUE M pa3BUTHE MPO(PECCHOHANBHBIX acCOIMAUi, pOCT
KOJINYECTBA M3/1ABAEMBIX XKYPHAJIOB U KHUI 10 UCCJIEIOBAHUIO ONEPALMA M Pa3BUTHUE CHCTEMBI
po¢eCCHOHAIBHOTO 00Pa30BaHMUA.

XoTst OOJBUIMHCTBO CHEIHATNCTOB, 3aHUMABLIMXCS BO BpeMs BOMHBI MCCIIEAOBaHUSIMU
ornepanuii, BEPHYJIHCh IOCIE €€ OKOHYAaHUS K CBOCH JTOBOCHHOM AEATENbHOCTH, CO cdepoit
BOCHHBIX IPWIOKEHUM OCTaJOCh CBS3aHHBIM CHJIBHOE SIpO CHEHUAIUCTOB, IKEJIABIINX
MIPOJOJKUTE COTPYAHUYECTBO, KOTOPOE OKAa3aJl0Ch BeCbMa IIPOAYKTHUBHBIM B IoJbl BOWHBIL. B
MOCJEAYIOIIEE NECITUIETHE 3HAYUTEIbHOE Pa3BUTHE METOJOB MCCIENOBAaHUS ONEpaluii UMENIO
MECTO HE TOJIbKO Ha 3TOW OCHOBE, HO M 3a CUET CO3AaHMs HOBBIX nonpaszaeneHuil. Tak, B CIIA
rpynna no wucciaeaosanuio onepaunid BMC mpeBparwiack B pacCHIMPEHHYO TPYIITY OLICHKH
orepauuit (mox pykoBoxcTBoM JIxakunto CreifHxapaa), paOOTaloUIyl0 IO KOHTPAKTy C
MaccauycerckuM TexHonorundeckum HHCTUTYTOM. BBC CIA Taxxe pacIIMpHiIn CBOM OTAEIIbI
uccnenoBanusa omnepauuit (mox HawyanoMm Jle-Poit A.bpazepca), a B 1948 r. xomaHnoBaHue
cyxomyTHeiMu Boiickamu CIIIA 1o xoHTpakry ¢ yHuBepcuteToM JxoHa lonkuHca
copMHpOBaJIO yHpaBlIeHUE MO HccienoBaHuio onepanuil. B 1949 r. oObeanHEHHBIN KOMUTET
HayaJIbHUKOB IITA0OB CO3/ajl TPYNIy OLIEHKH CHUCTEM BOOPYXEHHMS, MEPBBIM TEXHHUYECKHM
JTUPEKTOPOM KOTOpoit Obl1 HazHaueH @umun M.Mop3. B To ke Bpemst B BBC yupeaunu Ilpoexr
POH/I mpu aBumanmonHoi kopriopanuu "dyrmiac", a B 1949 1. 310 moapasneneHue cTaio yxke
xoprnopauueit POH/I. K Hauany 50-X ro0oB 3TH OpraHu3alyy ObLIM YKOMIUIEKTOBAaHBI IITATOM
COTPYAHHUKOB, YHCIEHHOCTh KOTOPOTO MPEBBIIAIA YACICHHOCTD JINII, 3AHUMABIINXCSI B BOEHHOE
BpeMsl MCCIIEJOBAaHUEM OIlepaluii BO BCEX CTPAaHaX-COKO3HHMKAX, BMECTE B3ATBHIX, IIPUYEM OTHU
opraHuzanuy 00ecTeunBalid OYEeHb ITUPOKHI JUana3oH HCCICAOBAHUMN JUIsl OpraHU3aIlfii-
3aKka34iKoB. [10J00HBIM ke 00pa30M, XOTS M HE CTOJIb MHTEHCUBHO, MPOUCXOAMIIO paCIIUpEeHue
¢bponTa uccnenosanuit onepanuii B Kanage u BenukoOpurtanuu.

[Tocne okoHYaHUsI BOWHBI 3TH OpraHU3alMi 00paTUiIM CBOE BHUMAaHKE Ha IIMPOKHUHA KPyT
po0JieM, CBSI3aHHBIX C IJITAHUPOBAHUEM, U MTOTYYUIIM MHOTO TOJIE3HBIX PE3YJIbTaTOB B TAKUX
HaIpaBJIEHUAX, KaK MOJIEIMpPOBaHHe ¢ oMoIbio DBM, ananus no kpureputo "3arparsl-Beiroaa’”
Y CUCTEMHBIH aHau3; ObLIN TOCTUTHYTHI 3HAUNTENbHbBIE YCIIEXU B TEOPUU MOUCKA, TEOPUH UTD,
IPOTpaMMUPOBAHUH, TEOPUHU TIOJIE3HOCTH U B APYTHX oOnacTsx. Pacnonaras MHOTOUYHCIEHHBIM
IIEPCOHAJIOM, 3TH OPTaHU3aLUN CMOIIIH, 3HAYUTEIBHO PACIIUPHUB KPYT IPOBOAMMBIX
UCCIIEIOBAaHUHN, IPUCTYNUTH K KPYITHOMACIITAOHOMY MCCIIEIOBAHUIO BOCHHBIX CTPATErHid.
OnHOBpeMEeHHO (UPMBI, BHITTOTHSIONINE 3aKa3bl BOGHHBIX BEJOMCTB, CYIIECTBEHHO PACLIIUPUII
paboTHI IO UCCIIEOBAHMIO ONEpalMii MPUMEHHUTEIBHO K 3asiBKaM Ha IPOEKTHBIE Pa3pabOoTKH U
UCCJIEIOBAHUS B 00J1aCTH IUIAHUPOBAHMUS, a PsJl GUPM, 3aHUMABIINXCS UCKIIOUUTEIBHO
HCCIIEIOBATEIbCKUMU pabOTaMU, IPUCTYIHMIIN K MIPOBEACHUIO OOJIBIIOr0 00beMa Takux padoT
BOEHHOT'0O Xapakrepa.

biarogapss 5ToMy IIPOM30LIIM KOPEHHBIE W3MEHEHHUs B IUIAHUPOBAHUU WU INPUHATUU
BOKHEUINUX PEIICHH B 00JacTH BOCHHOW cTpareruu. OpHako 3TO ObUIO OOYCIIOBIEHO HE



TOJIBKO TPOBEIEHHBIMM HMCCIIEN0BAaHUSAMH, HO U BIMSHUEM MHOTHUX JIML[ U3 MCCIEA0BATEIbCKUX
OpraHM3alyii, 3aHSABUIMX KJIIOYEBbIE IOCTHI B BOCHHBIX BEIOMCTBAaX. Tak, Hampumep, MOCT
HayaJIbHUKa KOHTPOJIBHO-(DMHAHCOBOTO yrpaBieHuss MUHUCTepcTBa 00oponsl CIIIA ¢ 1961 mo
1965 r. 3anuman Yapnp3 [x.XuTd, KpynHblii 3koHOMUCT Kopriopauuu POHJI, O6biBIIMil panee
Npe3uICHTOM AMEpUKAaHCKOTOo oOIIecTBa MO MCCIeJOBaHUIO omepanuif, a B 1973 r. apyroi
pykoBogsmuid pabotHuk koprnopauuu POHJL - JDxkeitmc Plllnesunrep - Obul Ha3zHaueH
MUHHCTpOM 0060poHb! CIIA.

XOoTs uccaenoBaHus ONepaluii U OKa3ajlo CUJIbHOE BIUSHUE Ha IUIAHWPOBAHHWE BOCHHOM
CTpaTery U CHUCTEM BOOPYXKEHUS, BBI3BIBACT OOJIBIOE YIUBIEHHE TOT (PAKT, YTO MOITYUCHHBIC
BBIBOJIBI HE CMOIVIM CYIIECTBEHHO MOBIMATh HA BOCHHYIO NOAUTUKY CIIIA B CBSI3M ¢ BOMHOMN BO
BrerHame.

OpnHoBpeMeHHO HaOMIONAICs POCT HCCIENOBAHMN OmNepaluii B OCHOBHBIX OTPacisix
IIPOMBILIUIEHHOCTH M B HAy4yHOW neArenbHOCTH yHuUBepcureroB. K 1955 . mentp TsxecTtu
MHTEPECOB HCCIIEOBATEIbCKUX TPYII CTajl SBHO CMEIAThCsl B CTOPOHY pabOT B HEBOCHHBIX
chepax. OpHuM U3 mOKazareneil 3Toro Obul OBICTPBIM pocT mociae 1954 1 rpymnmsl
UCCleIoBaTeNe, KOHLUEHTPUPYIOIIMX BHUMAaHHME HA HAyYHBIX METOJax YIpaBieHus, T.e.
CIEIMAIN3UPOBAHHOM HAIPABIEHUH, KOTOPOE OTIMYAETCS OT MCCIEAOBAaHUS ONEPALUN TOJIBKO
PSAAOM HECYLIECTBEHHBIX MPU3HAKOB.

Vxe B 1955 . @unun M.Mop3 cMmor 1ate 0030p COCTOSHHSI UCCIIEOBaHMS ONepanuil 1
caenan MpeIoKeHUE YIelsITh Oojbllle BHUMAaHUS (PyHAAMEHTAJbHBIM TEOPETHUECKUM
MOJIOKEHUSIM, DSKCIIEPUMEHTaM M TIOATOTOBKE HOBBIX CIIEHUAIUCTOB B JaHHOW o00jacTu.
HeoOxomumo cka3arb 00 SHEpPrUYHBIX Mepax, MNPUHATBIX B CBSA3M C HEOOXOJUMOCTHIO
MOATOTOBKHM CHEIMAJIMCTOB [0 HCCIIEAOBaHHUIO onepaiuid. OnHaKo crenuaibHble padoThl,
MOCBSIIICHHbIE pEaM3alliid Pe3yJbTaTOB MCCIEAOBAaHUS ONepalui, IOoKa eIle CIUIIKOM
Pa3pO3HEHBI U HE CTOJIb 3HAYUTEIIBHBI.

B nocnegnee gecsaTuineTMe  HaOMIOAANOCh  HEMPEPHIBHOE  pPACIIUpEHHE  Ccdepbl
NPUMEHEHHUs CHUCTEMHOIO II0/IX0Jla B HOBBIX HAMpABICHUSAX, OCOOEHHO 3aMETHOE B TaKHUX
o0acTX TpakJaHCKOTO YIIpaBJIEHUS, KaK OXpaHa OOIIECTBEHHOTO IMOpsJKa, TPaHCIOPT,
npoOieMbl  ympaBieHHsT pPOCTOM M Pa3BUTHEM TOPOJOB, JKWIMIIHOE CTPOUTENHCTBO,
3/IpaBOOXpaHEHKE, 00pa30BaHUE M COIMANbHBIC YCayru. Tak, Hampumep, B 1968 1. ObT OCHOBaH
MHCTHTYT TOPOJICKOTO XO3SiicTBa, a B 1969 I. - MHCTHTYT passutus ropona Hiuro-Hopka. O6a
3THX MHCTUTYyTa pa3padoTaiu BechbMa pa3HooOpa3Hble U 3((eKTHUBHBIE MPOrpaMMbl, B KOTOPBIX
IIPeyCMaTpPUBAJIOCh UCIIOJIBb30BAaHUE METOIOB MCCIEA0BaHUsA onepaunil. @upMbl, HAKOIUBLINE
OTIBIT 10 MPUMEHEHHUI0 METOJIOB MCCJIeIOBaHMs ONepaluii B BOGHHOM 00JacTH, CyIIeCTBEHHBIM
00pa3oM CHocoOCTBOBAIM PACIIMPEHHUIO HCIOJIB30BAHUS 3THUX METOJOB NpPU PpEIICHUH 3a]1ady
rpa)/JIaHCKOTo ympaBieHus. B HacTosiee BpeMs B OpraHax TIpakJaHCKOIO YyIpaBiIeHHs Ha
(benepaabHOM ypOoBHE pabOTAIOT HECKOJIBKO COTEH CHEIMAIMCTOB MO MCCIEIOBAHUIO OIEpaluii,
OITHAKO OHM Paccpe0TOUYEHbI 0 HEOONIBIINM IpyNIaM WIN Jaxe padoTaloT B OIUHOUYKY. Takum
0o0pa3oM, CIpaBeUIMBO OICHUTh COCTOSIHME PA3BUTHUS HCCIICAOBaHMS oOlepaluil B 00JIacTH
rpaxaanckoro ymnpasieHus B CIIA wa 1975 r kak ganexko He OTBEYAIOIIEE CYLIECTBYIOIIUM
NOTPEOHOCTSM, OJTHAKO 3TO HAIpaBJIEHUE UMEET NEPCIEKTHBBI 3aMETHOTO Pa3BUTHA B OyayILeM.

HccnenoBanus omepauuii B JpyTUX CTpaHaX XapaKTEPHU3YIOTCA CXOAHBIMH YepTamMHu U
IpoIeccaMu, HO B TO e BPeMsi UMEIOT CBOM 0COOCHHOCTH, KOTOPbIE CIMIIKOM MHOTOYHMCIICHHBI.

OOmast oreHKa pa3BUTHSA MCCIIENOBAaHUS OIepanuid 1o cocTosHuio Ha 1975 T
CBUJETEIBCTBYET O HAJIMYUN HECKOJIBKUX XapaKTEPHBIX TEHIEHIHH, OTHU U3 KOTOPBIX SIBIISIOTCA
CONIACyIOIMMUCA, a OPyrMe€ - B HEKOTOPOM CTENEHM B3aMMHO NPOTHBOpedrBbBIMH. C OgHOU
CTOPOHBI, B TOCJIEAHUE TPUILATH JIET ObUT JOCTUTHYT 3HAUUTEIbHBIH Mporpecc B 00IaCTH
TEOPETUYECKUX HCCIECAOBAaHUN U NPUIOKEHUN, MOPOXKIAIOUINI YyBCTBO YIAOBIETBOPEHUS U
OLIYIIEHHWE BBICOKOTO IMpodeccruoHanu3Ma. C Jpyroil CTOPOHBI, CYIIECTBYET BIMATEIbHOE
MEHBIIMHCTBO CIENHUAIUCTOB, KOTOPbIE HE Pa3/eaioT HAaCTymaTeabHol punocodpun Yepumena,
HACTAaWBAIOIIETO Ha PACIIMPEHUH AacleKTOB M 00jacTell MPUMEHEHHs CHUCTEMHOTO MOJXOAaA.
Hekoropsie nuiia BUAAT TOJNBKO HETOCTAaTKU U HEYAAaYH B TaHHOW cdepe AedaTeIbHOCTH, HO €CTh



U Takue, KTO CocoOeH BUAETh BKJIAJ, KOTOPBINA JEHCTBUTEIBHO ClIENIaH U KOTOPBI MOXET OBITh
caenat. O ToM, YTO JlaHHas JUCLMIIMHA COXPAHSIET CBOIO KU3HECTIOCOOHOCTh, CBUIETEIbCTBYET
TO, YTO CYUIECTBYeT HMHTEHCHBHBII B3aMMHBI 0OMeH uHpopManuell Mexay BceMHu
3aMHTEPECOBaHHBIMM  cTOopoHamMu. C  MOMOIIBIO  METOJOB  HCCIENOBAaHUS  ONepanuil
paccMaTpuBalOTCsl CaMble PA3JIMYHBIE 33Jaud, YTO PACIIUPSIET TEOPETUYECKYIO OCHOBY ATHUX
METO/IOB U MIEPCIIEKTUBY UX Pa3BUTHSL.

4.2. llpodeccuonanpHbie 001IECTBA

B ampene 1948 . HECKOBKO yY€HBIX, IPUHUMABIINX BO BPEMsI BTOPOl MUPOBO BOWMHBI
JesITeIbHOE yYacTHue B UCCIIECAOBAHUX olepauuii B AHIIMU U IEPUOIUYECKH COOMPABIIUXCS Ha
Heo(UIIUATIbHBIE BCTPEUH ISl 00CYKICHHSI CBOMX PabOT, MPUIILUIA K COTIAIIIEHUIO O TOM, YTOOBI
BBICTYNIUTh B KauecTBe yupenuteneil Kimyba uccnenoBanus onepanuii; ero nepBbIM IMOYETHBIM
cekperapem crtan Jx.A.Jbkyke. Llens cozmanus kimy0a cocrosuia B TOM, 4YTOOBI TMPHUIATh
HEO(UIMAILHBIM TBOPYECKMM BCTpEYaM YUYCHBIX perysipHbIi  Xapakrep. B  TteueHue
MOCJIEAYIOIUX HIECTH JEeT B MEePUOJ MEXAYy CEHTIOpeM M MaeM B mnomerieHuun KoponeBckoro
obmecTBa (CoaeicTBUs ycrexaM ecTecTBO3HaHMsA) B JIOHJOHE €XEeroJHO MPOBOAMIIHMCH TaKue
BCTpeUH, Ha KOTOphIXx wieHbl Kiyba oOcykganu BOMpPOCH HUCHOJIb30BaHHUS METOJOB
HCCIIEIOBaHMSA olepaluii B cepe yclIyr ¥ BO MHOTHX O0JacTAX XO3AHCTBA, BKIIIOUYAs CEJIbCKOE
XO3MHCTBO,  XJIOMYAaTOOyMa)kHYIO, OOYyBHYIO, YIOJIbHYIO, METaJUIyprU4ecKyl0  OTpaciu
IIPOMBILIUIEHHOCTH, JIEKTPOIHEPIE€TUKY, ) KUBOTHOBOJICTBO, CTPOUTENIBCTBO M TPAHCIIOPT.

Kny6om Obl1 ocHoBaH xypHan Operational Research Quarterly, nepBeiit Homep kKoToporo
BhIIIEN B cBeT B MapTe 1950 r.; ero pexakropamu 0pi1u Maxkc /[3Buc u P.OaucoH.

VYuurtbiBas pacTyliuii MHTEpec K JaHHOM HayuHoW nucuuruinbHe, 10 HosOps 1953 r
YjieHbl KiIy0a NpUHSUIM pemieHne o0 opranuzanuu OOIecTBa MO HMCCIECJOBAHUIO OINEpanuit
(Operational Research Society - ORS), wieHamMu KOTOpOTO MOIJIM CTaTh BCE JIHUIIA,
3aHUMaroIMecs STUMH Bompocamu. IlepBeIM mpexacenareneM oobmecTBa Obul  U30paH
O.I'Bencoypx-/lxoyHc.

Mexny tem HarmumonaneHbiM uccienoBarenbckum coBetom CIIIA B 1949 1 Obin
yupexaeH KomuTer 1o ucciieoBaHuio onepaiuii; ero npeacenareneM crai ['opac K.JIeBuHCOH -
aCTpPOHOM IO 0Opa30BaHUIO, KOTOPBIM HE3aBHCHMO OT JpPyrux uccienoBarenei B 20-x rompax
HayajJ 3aHUMaThCsl BOIPOCAMHU HCCIE0BaHUS omnepauuii B obiactu Toprosiu. Llens co3manus
KOMHUTETa COCTOsJIa B MOBBIIIEHNH MHTEpEca K MCCIEJOBaHUIO Olepaluii B HEBOCHHOU cdepe;
Ul 3TOTO KOMUTET ONMyOJIMKOBaJ TMOMYYMBIIMHA IIMPOKOE PACHpPOCTPAHEHHE TEXHUYECKUI
IIPOCIIEKT II0 MUCCIEN0BAaHUIO OINEpalyii CO CIENHAIbHBIMA PEKOMEHIALUSAMU JI1 HEBOCHHBIX
npunoxkennii. B guBape 1952 r. ero agecArh cCHeNMaduCTOB IO MCCIEAOBAHUIO ONEpalnid
BcTpetmiiuck B Kempumke, mr. Maccauycere, uist o0cyx- aeHust mep no cosnanuto B CIIIA
npodeccroHanbHOM acconmanuu. [lociae BTOpoid, Gosiee MPOAOHKUTEIBFHOW BCTPEYH B MapTe,
MOCBSIIIEHHON JaJIbHEHIIeH AeTannu3aliy IIaHoB, 26-27 Mas B HLm-ﬁopKe ObLIO MPOBENEHO
coOpaHue, Ha KOTOpOM OBUIO CO3/1aHO AMEPHUKAHCKOE OOIIECTBO MO MCCIICIOBAHUIO ONEpAIlHil
(ORSA). ®unmun M.Mop3, SBASIOUINICS BJOXHOBHUTEIEM BCEX JTHX JACUCTBHI, ObLT M30paH
nepBbIM ero npe3ugeHToM. [lepBoe 3aceganrie HOBOro o0IIecTBa COCTOSIIOCH B HOsiOpe 1952 1,
KOTJIa BBIIIET M3 MEYaTH MepBbId HOMEp *KypHaja 3Toro odmectBa - Journal of the Operations
Research Society of America (pemakropom ero Obut TopuroH Ileimxk); B 1956 1. Ha3BaHue
KypHaia 6b110 n3mMeHeHo Ha Operations Research.

Hpyras rpynma HaydHbix paOoTHHKOB CIIIA ocHoBasia B 1953 T. MHCTUTYT Hay4HBIX
metonoB ynpasieHus (The Institute of Management Sciences - TIMS), MexIyHapoaHYIO
OpraHu3aluio, OOIBIIMHCTBO WieHOB KoTopoil padoraer B CIIA. IlepBbIM mpe3ueHTOM 3TOi
opranuzanuu Obi1 n306pan YwibaMm Y.Kynep. IlepBbeiii HOMep >KypHajia 3TOro MHCTUTYTa -
Management Science - BbImen B cBeT B ceHTAOpe 1954 r.; ero pemakropom Obu1 K.Vact
Uepumen.

B suBape 1955 1. Paccen JI.Axod, BBIIBUHYTBIN B TO BpeMsi KaHAWJATOM Ha JIOJKHOCTb
Bune-npesunera ORSA, mnpemnoxun b.II1.PaiiBerty, cekperapto ORS, opranusosars
MEXIYHApOIHYI0 KOH(EpEeHIMIO 10 HCCIEA0BAaHUIO OIepaiuil. DTo MpeanoXkeHue cpasy xKe



HAIIUIO TOAJEPXKKY, U ObLII cPOPMUPOBAH OpPraHU3alMOHHBIN KOMUTET, B COCTaB KOTOPOTO BOLLIN
B KauecTBe conpencenareneit Yapnes ['ynsu (ot ORS) u TopnaTton Ileitmxk (or ORSA u TIMS). 2-
5 cents6ps 1957 . B OxcdopAckoM YHHMBEPCHTETE COCTOSJIAach IepBas MEXIyHapoJIHas
KOH(epeHIUs 10 UCCIIEA0BAaHUIO ONepanuii, B KoTopoil npuHsum yyactue 250 neneraros u3 21
crpanbl. [locnenyromue MexayHapogHble KOH(pEpeHIHH MpOBOAWIMCH B Jiikc-uH-IIpoBHHCE
(1960), Ocno (1963), Kembpumxe, mr.Maccauycerc (1966), Benetiun (1969), lyonune (1972),
Toxno u Kuorto (1975). Tpynsl 3TuX KOH(EpeHIUH SBISIIMCH CBOCOOPA3HBIMH JJOKYMEHTaMH,
MOKA3bIBAIOIIMMU TEKYIIEe COCTOSHUE U JOCTUTHYTHIE YCIEXH B OOJIACTH HCCIIENO0- BaHUSA
oIeparuii BO BCEM MUpE.

Ha mepBoii mMexayHapomHou koHpepenuuu B Okcdopae ObIT  cocTaBlieH
NpeIBAPUTEIbHBIN  IJIaH  JesATeIbHOCTH  MexayHaponHoi — ¢exepauuu  ofmiecTtBa IO
uccinenoanuio onepanuii (International Federation of Operational Research Societies - [IFORS),
ounmaneHo yupexaeHHod 1 sHBaps 1959 . M uMmeBmIeH cHayala B CBOEM COCTaBe TPH
opranmzammu: ORS, ORSA wu ®panmys3ckoe o0OMIECTBO MO HCCICAOBAHUIO OTEPAIHA
(ocHoBanHoe B 1956 r.). IlepBbim cexperapeMm IFORS 6b11 Yapnss ['ynu.

B nepuon ¢ 1959 no 1975 1. k IFORS npucoeannunucey 24 HaMOHANBbHBIX OOIIECTBA
Apyrux crpas; npogeccruonanbhas accounanust YCCP ycranoBmiia tecHble KOHTakThl ¢ [IFORS
[0 KaHajJaM COOTBETCTBYIOUIETO0 aJMHUHUCTPATUBHOTO oOpraHa. MHCTUTYT HayuyHBIX METOJOB
ynpaBieHuss u  OOmectBo MO0  MareMaTW4ecKoMy  INPOrpaMMHpOBAaHUIO,  Oyaydyu
MEXIyHApOIHBIMU OpPTaHU3AlUSIMH, HA OCHOBE CIIELUATIbHOIO COMIAIICHUS TAK)Ke YCTaHOBUIIU
corpynHudectBo ¢ IFORS. Csaszu ¢ IFORS nogaepxuBaeT v 01Ha U3 y3KOCIEIMATN3UPOBAHHBIX
rpynmn. OJHaKo COUCOK OpraHM3allMif, He OTpaXkaeT B MOJHON Mepe MaclTaboB HCCIIETOBAHUS
onepauuii. Hampumep, wieHamu AMepHKaHCKOro oOIIecTBa IO MCCIEJOBAHUIO OIEpalui,
KOTOPOE SIBJISIETCS. HAIMOHAJIBHOM opraHu3anuei, B 1974 1. cocTosnm criennannucTel He MeHee 67
crpad. Takum o0pa3oM, ecTb BC€ OCHOBAHMS CUMTATh, YTO METO/bI MCCIEIOBAHUS ONeparuii
MOJTyYMJIH BCEMHPHOE pacipOCTpaHEeHHUE.

YCTaHOBUTH  TOYHOE  YHUCIO  CHELHUAIUCTOB  BCEX CTpaH, MPOo(heCcCHOHAIBHO
3aHUMAIOLMXCSA HCCIeIOBaHUEM OIlepaliii, He TNpPEeACTaBIsSETCS BO3MOXKHBIM, OJHAKO IIO
JAHHBIM O KOJIMYECTBE WICHOB opraHuzauui, Bxomaumx B IFORS u coTpygHuuaromux c 3Toi
denepanueit, ’To 9UCI0 MO cocTostHUIO Ha 1975 1., MOXKHO TpyOO OLIEHUTH B Tipenenax 25-35
TBIC. YEJIOBEK.

4.3. Kauru

Bckope mocne OkoHUaHHMsSI BTOpOM MHPOBOM BOMHBI ObUIM HamUCaHbl TPU KHHUTH, B
KOTOPBIX Ha MPOECCHOHATEHOM YPOBHE PACCMOTPEHBI BOIIPOCHI, KacaroIluecs: pa3BUTHS UICH U
METOJIOB UCCIIEIOBAHUS ONepaliii B BOGHHOE BPEMs, OJHAKO CPABHUTENILHO OBICTPO BHIILIA B
CBET TOJBKO OfHAa W3 HUX - "Metoasl uccnenoBanus omnepanmit" ®.Mopza u JI.KumbGenna.
[lepBoe mpaBUTENLCTBEHHOE M3JaHHE 3TOM KHUTU B 1946 1. 6but0 cexpeTHbIM, B 1948 1. rpud
CEKPETHOCTH C Hee ObUI CHAT, U B 1951 1. oHa BbIIIIa B OTKPHITOM K3AaHuU. OHAKO MOITy4YeHHE
MIPAaBUTEIILCTBEHHOTO PAa3peIICHUs] Ha OTKPBITYIO MyOJIHKAIMIO ABYX APYTMX KHHI 3aTSHYJIOCH
Oosee yem Ha yeTBepTh Beka. [loaTomy B TeueHue psaa netr kaura @.Mopza u JI.Kumbemnna Obut
€IMHCTBEHHOW OOIIENOCTYIHONM KHUTOH, B KOTOPOM IOCIIEI0BATEIbHO HU3JI0KEHBl OCHOBBI
WCCIIEIOBAHMS ONepaIu.

Uepe3 HECKOIBKO JIeT, B Hauane 50-x rojoB, ObUIO U31aHO HECKOJIBKO COOPHUKOB CTaTe
1 JIOKJIa/10B.

IlepBbIM y4eOHUKOM TIOCIEBOCHHOIO BpPEMEHH, CO3/JaHHBIM Ha OCHOBE Y4eOHOMH
mporpaMMbl U Kypca Jekinuil, Obuta kHura Yepumena, Axoda, u ApHoda "Bmenenue B
HCCJIEJOBAHNUE Olepanuil’, KoTopas NOIy4YWIa IIUPOKOE pacHpoOCTpaHEHHME U BO MHOIOM
COJIEHCTBOBAJIA YCTAHOBIICHUIO OCHOBHOW MTPOOIEMATUKN JAHHOU JUCITATIITUHBI.

TeM BpeMeHEM CTalM MOSBIATHCA KHUTHM, MUMEIOLIME KOHKPETHYH HAIPaBJIEHHOCTD,
Harpumep: "Benenne B teopuro urp" Mak-Kuncu, "CoBpemennsiii crparer” Jlx.Bunbsamca,
"lunamuueckoe nporpammupoBanue” P.bennmana, "Urpel u pemenus” P.JIstoca u X.Paiidsl,
"JluneitHoe mporpammupoBanue (Metoabl u mnpuiaoxkeHus)" C.l'acca, "Teopus rpados u ee



npumeHeHusa" K.bepxa, "MaremaTtnueckue METOAbI B TEOPUU UIP, NPOrpaMMHUPOBAHUU U
skoHomuke" C.Kapnu- Ha, "Maremartuueckue Mmetonsl uccieaoBanusa omnepamnuit”" T.Caaru, a
TaKXe psl APYTUX KHUL.

K 1960 r. paznuynbie 1O HAyYHOMY YPOBHIO MOHOTpaduu U yUeOHUKH CTaJIN MOSIBIATHCS
JOCTAaTOYHO PErylIsIpHO, a K 1965 TI. MOTOK KHHUI cTajd BechbMa OOWJIBHBIM M B TEUECHUE
MOCJIEAYIOIIUX JIECATH JIET HE YMEHBIIHUIICS.

Ocoboro ynoMuHaHus 3aciaykuBaeT BbimeaAmuid B 1969 r. yuebnuk I.Barunepa "OcHOBBI
WCCIIENOBAaHMs onepanui'. DTONW KHUTe, MOJY4YMBIIEH IIMPOKOE pacmpocTpaHeHue, B 1969 r
Obula mpucyxaeHa npemus JlaHuecrepa, yupexaeHHas AMEPHKaHCKMM OOIIECTBOM IO
HCCIICTOBAHUIO OTEepaIinii.

4.4. IlpodeccuonansHoe 00pazoBaHUE

B nepBble MOCIEBOECHHbIE TOAbl  OOJBIIMHCTBO ONBITHBIX  CIELUUATUCTOB IO
UCCIICIOBAHUIO OMEpalui, Kak MpaBUIO, CYUTAIM OOJNIACTh CBOEH JEATEIIBHOCTU elle
HEJ0CTAaTOYHO TOATOTOBIEHHOW K peaju3alliy MIMPOKON MporpamMmbl OQHUIIHANIBHBIX METOJOB
oOyuenusi. Hanmuume Takoro oOpa3oBaHHMs WJIM K€ NPAKTHUECKUH ONBIT HCCIEIOBAHUN B
KOHKPETHOM 00JIaCTH CUMTAINCh PAaBHO3HAUYHBIMU (PaKTOpaMu, U, MOXKATYH, MPEANOYTECHUE TaxKe
OT/laBaloCh BTOpoMy (aktopy. Takoe mpenamoureHue ObUIO OOYCIOBIEHO OONBIINM
MPAKTHYECKUM OIBITOM MEPBBIX HCCleAoBaTeNell B 00JIacTH UCCIe0BaHuUs OTepalHii.

OnHako OpraHW3allMOHHbBIE YCJIOBHS JJIsl MOJATOTOBKHM CHELMATMCTOB OBUIM CO3aHBI
noctaroyHo ObicTpo. B Hauane 50-x ronoB Haubosee pacnpocTpaHeHHON (POpMOil MOATOTOBKHU B
psize cTpaH ObUTM KPaTKOCPOUHbIE KYypChl Pa3IMYHON MPOIOKUTEIBHOCTH, a B pAJe MECT Obuia
HayaTa MOATOTOBKA MO0 YHUBEPCUTETCKOM mporpamme. B TeueHne nocieayomux AecsITH JIET 3TH
porpaMMbl 00y4deHHs cTanu Oosiee pa3HOOOPa3HBIMU U HACBHIIIEHHBIMH, O YeM CBUCTEIbCTBYET
Marepuain. Tak, 1O JaHHBIM, COAepXalluMci B oOTdyeTe AMEpPHUKAHCKOTO O00IlecTBa II0
uccienoBanuio onepauii 3a 1973 r., B CILIA HacuuThIBaJIOCh HE MEHEE 53 YHMBEPCUTETCKUX
porpaMM, B JpPyTUX CTpaHax HaONIOJaloch aHAJIOTMYHOE pa3BUTHE O(UUHMATBHBIX (OpM
MOJTOTOBKH CHeUUaNuCcTOB. Takum o0Opa3oMm, B HacTOsIIee BpeMsl CTYACHTY Mpeararorcs
HIMPOKHE BO3MOXKHOCTH BbIOOpA MPOrpaMMbl MPOQPeCcCHOHATBLHOTO 00pa30BaHMUs.

IlogroroBka B COOTBETCTBMM C JTHMU O(UIHAIBHBIMU TpOrpaMMaMM  cTaja
MPU3HABAThCS BAKHBIM IMOKa3zaTesieM KBaJIM(UKAIMK CHEIHaliCTa MPH MOCTYIUIEHUHU €ero Ha
paGoty B maHHOM oOmact, Oyab 3TO IpenojaBaHHe, Hay4yHas paOoTa HIM NpaKkTHYECKas
NeSITeNIbHOCTb.

Poccuiickoe Hayunoe o6mmectBo UccnenoBanus onepauuit (PHONO)

Ocnosano 6 1996 200y

KopHu wuccrnenoBanus omepanuil yxonaT B JaJIEKyl0 HCTOpHIO. Pe3koe yBennueHue
pa3MepoB TMPOU3BOJCTBA, pa3eCHHE TpyAa OOYCIOBHIO TOCTENECHHYIO nuddepeHuraiio
ynpaBieH4yeckoro Tpyaa. llosBunack HEOOXOIUMOCTh B IUIAHUPOBAHWU MaTepUANbHBIX,
TPYZIOBBIX U JICHEKHBIX PECYPCOB, B yUeTe U aHaJlM3€ Tpy/a U BbIpabOTKe MPOrHo3a Ha Oyay1iee.
B ynpaBneHdyeckoMm ammapare Hayajdd BBIICNIATHCS MOApa3leieHUs: OTAeN (PUHAHCOB, COBITA,
OyXraJiTepuH, IUIAHOBO SKOHOMMYECKHHM OTHEeN W Jpyrue, NpPUHSABIINE Ha ceOs OTHeNIbHbIE
ynpaBieH4YeCKUe (PyHKIUH.

K aToMy neproty oTHOCSTCS HiepBble padOThI 110 UCCIIEOBAHUIO B 00JIACTU OpraHU3aIiH
TpyJa U YIpaBieHHs - IEPBbIE MPEIBECTHUKHU OyIylieil HayKu.

Kak camocTosiTenbHOE HaydyHOE HAIpaBlIEHHWE HCCIEA0BaHUE OIepanuii opopMHIOCH B
Hauase 40-x rogos.

[TepBbie myOnMKaluy Mo UCce0BaHMIO onepanuii oTHocATes K 1939-1940 rr, B KOTOpBIX
METOZBl IPUMEHEHBI JUIsl PEICHNs] BOEHHBIX 3a7a4, B YaCTHOCTHU JJI aHAJIM3a U UCCIIEJOBAHUS
BOEHHBIX ornepanuii. OTcrona U MOuUI0 Ha3BaHUE NUCHUIUIMHBL. [lo3Hee MPUHIMIBI U METOJIbI
UCCIICIOBAHUS Olepaluil CTalnd TNPUMEHAThCA B cdepe NPOMBIIUIEHHO (UHAHCOBOTO
yopasineHus. C  yBelW4YeHHMEM MacIITabOB  MPOU3BOACTBA  PACIIMPSUIMCH — MacluTaObl
OIIEPAIIMOHHBIX HCCIIEIOBAHUM, Kpyr pEIIaeMbIX 3a/1a4,COBEPIIEHCTBOBAIUCH METOABI HOBOU
HayKU.



Bo3nukina HeoOXOAMMOCTh B TOATOTOBKE KaJpOB CIELUAIUCTOB IO HCCIEJOBAHUIO
omepanuii - onepaunoHucroB. B Benymux ynuepcuterax CIIIA um AHmuu BoepBble OBLIO
HAyaTo CUCTEMAaTHUYECKOE MPEN0JaBaHUE Kypca HCCIIEN0BAaHUE ONIEPALMIIO

Bo3Hukia HEoOXONMMMOCTH B KOOPAMHALMKM  pabOThl  MHOTOTBICAYHOW — apMUU
OIEPALMOHUCTOB, B PEryJsIpHOM OOMEHE TEOPETUYECKUMM HCCIICAOBAHUSIMU U MPHUKIATHBIMU
pa3zpaboTKamu.

C s1oii nenbto B 1957 1. 6bi1a co3nana MexayHaponHas Gpeaeparus HCCiIea0BaHHs
onepanuii [IFORS , B cocTaB KOTOPOi BXOWIIN HAITMOHAJIbHBIE O0IECTBA U KOMUTETHI 110
UCCIJIEJOBAHUIO ONIEPALii MHOTUX CTPaH.

B co3nanue coBpeMeHHOro MaTeMaTu4ecKoro anmapara u pa3BUTHE MHOTHX
HarpaBJIeHUH HCClleIoBaHMA onepanuii 000l BKIIaJ] BHECTH poccuiickue yuensie JI.B.
Kanroposuu, H.I1. bycnenxo, E.C. Bentuens, H.H. Bopo6ses, H.H. Moucees, /I.b. IOnun u
MHorue apyrue. Ocobo cieayetr oTMETHTh poiib akajnemuka JI.B. KantopoBuua, kotopsiii B 1939
I cOpMyIIHPOBaJ HOBBIH KJacC yCIOBHO-IKCTPEMAJIbHBIX 3a7a4 U MPEII0oKIIT YHUBEPCATbHBIN
METOJ UX PELICHMS], [T0JI0KUB HauyaJl0 HOBOMY HAIPaBJIEHUIO IPUKJIATHOW MaTEMaTHKU —
JIMHENHOMY IPOTPaMMHUPOBAHUIO.

3HaunTeNbHBIN BKJIa B OPMUPOBAHHUE U PA3BUTHE UCCIICAOBAHUS ONepaui
BHecC)H 3apyoOexHbie yuenbie P. Akod, P. bernvan, I. JQanmur, I Kyn, [Ix. Hetiman, T. Caatu, P.
Yepumen, A. Kodman u ap.

[Ipeamer u nenp uccneaoBaHMs Onepanui

HccnenoBanue omnepauuii - Hayka, 3aHUMAaromiascs pa3pabOTKOW U MPaKTHYECKUM
MPUMEHEHUEM METOI0B HauboJiee ONTUMAIBLHOTO YIPABICHUS OPraHU3alMOHHBIMU CHCTEMaMHU.

[IpeameT wmccienoBaHUsl OMEPAM - CHCTEMBl OPTaHU3AIMOHHOTO YIIPABJICHHS WIH
OpraHM3alMK, KOTOPHIE COCTOST M3 OOJBIIOr0 YHCla B3aMMOACHUCTBYIOIIUX MEXIY COOOM
MOJpa3/ieJIeHUI He BCera COMACyIOIINXCS MEXKy cO00M 1 MOTYT ObITh POTUBOIOJIOMKHBI.

VYopaBnenue r000H CHUCTEeMOW  peanu3yeTrcss Kak [Mpolecc, MOJYUHSIOIIUNCS
OTIPEICIICHHBIM 3aKOHOMEPHOCTSIM. VX 3HaHWE TTOMOTaeT OMPEIEIUTh YCIOBHsI, HEOOXOIUMBIE U
JOCTATOYHbIE JJI1 OCYIIECTBICHUS JAHHOTO

nporiecca. [ aToro Bce mapameTpsl, XapaKTepU3yIOIIUe MPOIecC U BHEIIHUE yCIIOBHUS,
JIOJKHBI OBITh KOTMYECTBEHHO OTPeIeTeHbI, n3MepeHbl. CliejoBaTeIbHO

Llens uccaenoBanus oneparuii - KOIMIECTBEHHOE 000CHOBAaHUE IPUHUMAEMBIX PEIICHUI
10 YNPABJIEHUIO OPraHU3aLUIMU

Pemenue, koTopoe OKa3pIBacTCs HAWOOJEE BBITOJHBIM JIJII BCEH OpraHU3AINH
HA3bIBACTCS ONTUMANBHBIM, a peElIeHHe Hauboyee BHITOJHOEC OJHOMY WM HECKOIBKHM
ToIpaseIeHUsIM OyIeT CyOONTUMAThHBIM

1.2 Oco0eHHOCTH HcCIIeI0BAHNS ONepPalui

©  CHCTeMHBIH MMOJXO/ K aHAIN3y MOCTaBICHHOW MPOOJIEMBI.
CHCTEeMHBIN aHaIN3 ABISIETCS OCHOBHBIM MCTOAOJIOTMYCCKUM IPHUHIUIIOM HUCCICIOBAHUA
oreparyii, KOTOPBI COCTOUT B TOM. YTO JIF00ast 33/1a4a, Kakoil Obl YaCTHOW OHA HE Ka3ajach,
paccMaTpuBaeTCs CTOUKU 3PEHHUS €€ BIUSHUA Ha KpUTepuil PyHKIIMOHUPOBAHUS BCEH CUCTEMBI

° Jlyist uccneoBaHus ONepanuii XapakTepHO, YTO TIPH PEIICHUHU KaXK 10U mpoOIeMbl
BO3HUKAIOT BCE HOBBIE U HOBBIC 3a/1aud. Eciu cHavana CTaBUTCS y3KWE LTI, IPUMEHEHUE
OTePaMOHHBIX MeT0I0B Hed(dekTnBHO. Hanbomnpimmii 3¢(hekT MOKeT OBITh JOCTUTHYT TOJIBKO
MIPU HEMPEPHIBHOM HMCCIICIOBAaHUH, 00SCIICIMBAIOIIEM ITPEEMCTBEHHOCTD B IEPEX0/I€ OT OAHOM
3a/1a4M K JIpyTOM.

o OnHOM U3 CYIIECTBEHHBIX OCOOSHHOCTEH UCCIIeIOBAHUS ONIEpAIUil IBISETCS
CTpPEMJICHHE HAUTH ONTUMAJIbHOE PEIICHUE MOCTaBICHHOM 3a/1aun. OJHAKO, YACTO TaKOe
pelIeHNE OKa3bIBACTCS HEJIOCTHXKUMBIM M3-32 OTPAHUYECHUM, HAKJIaIbIBAEMBIX UMEIOIIMMUCS B



HAJIMYMU pecypcaMy WM YpOBHEM COBpEMEHHOM Hayku. Hanmpumep, 17151 KOMOMHATOPHBIX 3aj1ad,
B YaCTHOCTH 3aJ1a4 KaJICHJApHOTO IJIaHUPOBaHUs P YKCIIE CTAaHKOB Oeree 4 onTUMalIbHOE
peLIeHUE IIPU COBPEMEHHOM YPOBHE Pa3BUTHsI MATEMATUKH OKA3bIBACTCS BOZMOKHBIM HAWTU
JIUIIB MIPOCTHIM MepedopoM BapuaHToB. OHAKO JAaXKe MPU HEOONBIINX N YUCIO BO3MOKHBIX
BapHUaHTOB OKa3bIBa€TCS HACTOJBKO BEJIMKO, UTO MepedOp BCEX BAPUAHTOB MPH CYIIECTBYIOLINX
OrpaHHYeHUSIX Ha ObIcTOpozeiicTBre DBM u nomycTtuMoe MalliMHHOE BpeMsl MPAaKTUUYECKU
HEMBICITMMBI

Torna npuxoaAUTCS OrpaHUYMBATHCS MOMCKOM JOCTATOYHO XOPOILEro WK CyOONITHMAIBHOTO
pelieHus.

o Oco0OeHHOCTh OMepallMOHHBIX UCCIIETOBAHUM COCTOUT U B TOM, YTO OHU
MIPBOJATCS KOMIUIEKCHO, 10 MHOTUM HaIlpaBiIeHUsAM. I IPOBEACHUS TaKOTO UCCIIEIOBAHNS
co3JaeTcs oNepalMoHHas Tpynna. B ee cocTaB BXOAAT CieNUaNINCThI Pa3IMYHbIX 00IacTel:
VUHXEHEPBI, MATEMATUKHU, SKOHOMHUCTBI, COL[UOJIOTH, IICUXOJIOTH.

3 OcHOBHBIE 3TaIbI ONIEPAIMOHHOIO MCCJIeI0BAHNS

ITocranoBKa 3a/1aun.

[lepBoHa4YanbHO 337349y GOPMYIHPYIOT C TOYKH 3PEHUS 3aKa3unka. Bo BpeMs aHamm3a CHCTEMBI
3ajja4a MOCTENEHHO YTOUYHSAETCS.

dopmanuzanus 3a1a4u.

[Tomy4yuB 1OCTATOUHO CTPOTYIO M JJOTMYECKH HEMTPOTHUBOPEUMBYIO, COAEPKATEIBHYIO
MIOCTaHOBKY 3aJ1au¥, HY>KHO IIOCTPOUTDH €€ MareMaTHUECKYI0 MOJIENb.

HaxoxeHre MeTosia perieHusl.

JU1 HaXOXKAEHHSI ONTUMAJIBHOTO PEIICHHUS B 3aBUCUMOCTH OT CTPYKTYPBI 33J1aul IPUMEHSIOT T
VI MHbIE METO/IbI TEOPUU ONTUMAJIBHBIX PEICHUH, Ha3bIBAEMbIE TAKXKe METOJIaMU
MaTeMaTU4YECKOT0 MPOrpaMMHUPOBAHUSL.

ITpoBepka U KOPPEKTUPOBKA MOZAEIIH.

B cnoxHbIX cucTeMax, K KOTOPBIM OTHOCSATCS CUCTEMBI OPTraHU3al[MOHHOTO TUIIA, MOAEIb JINIIb
YAaCTUYHO OTpa)kaeT peasibHbli nporecc. [loaTomy HeoOxoauma mpoBepKa CTENEHU
COOTBETCTBUSI MJIM a/IEKBaTHOCTH MOJIETN U peanbHOro npouecca. [IpoBepky npou3BoasT
CpaBHEHHMEM NPEACKAa3aHHOTO MOBEACHUS C (PAKTUYECKUM IIPU N3MEHEHNHU 3HAYeHUH BHEIIHUX
HEyIpaBIsIeMbIX Bo3aeiicTBUi. KoppekTupoBka MOKET MOTpeOOBaTh JOMOTHUTEIBHBIX
UCCIIeIOBaHUN 00BEKTa, YTOUHEHHS CTPYKTYpPbl MaTEMaTHYECKON MOJIENIN, MHOTOYMCICHHBIX
M3MEHEHUH nepeMeHHbIX. TakuM o0pa3oM, 4 3Tania MHOTOKPaTHO IMOBTOPSIIOTCS, MIOKa HE OyayT
JOCTUTHYTO YAOBJIETBOPUTENBLHOE COOTBETCTBHE MEX/Ty BBIXOIaMU O0BEKTa U MOJIEIIH.
Peanu3zanus HailieHHOTO pelIeHNs Ha PAKTHKE.

BHeznpeHne MOXHO paccMaTpuBaTh Kak CaMOCTOATENBHYIO 3a/1auy, IPUMEHHB K HEl CHUCTEMHBIH
MOJIXOJT ¥ AaHAJIU3.

Knaccudukanus 3a1ay uccieoBaHus onepaluii no ypoBHi0 HHPOpPMAaIUK O CUTyalluu

1. JleTepMUHUPOBAHHBIM YPOBEHb - HauboJee MPOCTO yPOBEHb HHPOPMAIIMH O CUTYAIHH -
KOTJIa YCITIOBHSI, B KOTOPBIX MPUHUMAIOTCS PEIIEHNUS, U3BECTHBI MOJIHOCTBIO.

2. CroxacTHyeckuii ypoBEHb - YPOBEHbB, P KOTOPOM HU3BECTHO MHOKECTBO BO3MOXKHBIX
BapHAHTOB YCJIOBHI U UX BEPOATHOCTHOE paclpesiesicHHe.

3. HeonpenenenHslil ypoBEHb - yPOBEHB, KOT/Ia N3BECTHO MHOXKECTBO BO3MOYKHBIX
BapHaHTOB, HO Oe3 Kakoi 1100 nHpopMauu 00 UX BEPOSATHOCTSIX.

JI1g n3ydeHuns pa3inuuHbIX SKOHOMUYECKUX SIBJICHUN DKOHOMHUCTBI HCIIONIB3YIOT X
YIpOIIEHHbIE POpMaibHbIE OMMCAaHMs, Ha3bIBA€Mble SKOHOMHUYECKUMH MoziesiMu. CTpost
MOJIETTH, OHU BBISIBIISIOT CYIIECTBEHHbIE (DAaKTOPBI, ONPEIEIAIONINE UCCIeyeMOoe ABJICHNE, U
0TOpachIBAIOT JI€TaIH, HECYIIECTBEHHBIE JIIsl pEIICHUS TOCTaBICHHOM MPOOIEeMBbI.

dopmanuzanus OCHOBHBIX 0COOCHHOCTEN (DYHKIIMOHUPOBAHUS SKOHOMUYECKIX
00BEKTOB MO3BOJISIET OLIEHUTh BO3MOXKHBIE TIOCIEACTBUS BO3ACHCTBUS HA HUX U UCIIOJIb30BaTh
TaKHe OLICHKHU B YIIPaBJICHUU.



HccnenoBanue onepauuii — HayyHasi TUCIMIUIMHA, 3aHUMAIOIIAscs pa3paboTKoi u
MIPAKTUYECKUM NIPUMEHEHHEM METOJI0B Hanbosee 3(h(peKTUBHOTO YIIpaBlIeHUs Pa3IMYHbIMU
OpraHU3allMOHHBIMU CUCTEMAMU.

[Ipu permenny KOHKPETHOM 3a/1a4M yIPaBICHMs IPUMEHEHNE METOJJOB HCCIIEI0BaHUS
omnepanui nNpeanoiaraeT:

* IOCTPOEHNE IKOHOMUYECKHUX M MaTEMATUYECKUX MOJEIEH U1 3a1a4
MPUHSTHS PEIICHUS B CIIOKHBIX CUTYALUSAX WU B YCJIOBUSIX HEOINPEIEICHHOCTH;

* U3y4YEHHE B3aUMOCBSI3€H, ONPEIEISIIOIINX BIOCIEACTBUY IPUHATHE PEIICHUN, U
yCTaHOBJIEHHE KpUTepHeB 3 PEeKTUBHOCTH, TTO3BOJSIOLUINX OLIEHUBATH PEUMYILIECTBO TOTO WU
WHOTO BapHaHTa JICUCTBUSI.

HccnenoBanue oneparuii, B YaCTHOCTH B (PMHAHCOBO-IKOHOMHUECKOH chepe u OusHece,
IIOMOT'A€T JIMILY, IPUHUMAIOIIEMY PELIEHHUE, TPOU3BECTH KPUTUYECKUIN aHAJIN3 CUTYyalluu U B
pe3ynbrare 0ojiee 000CHOBAHHO U MOCIJIEOBATENBHO MPOBOJUTH OMPEACICHHYIO OJIUTUKY WIIH
CTpATErHio MOBEJCHHS MIPU PELICHUN CIIOXKHBIX, KOMIIEKCHBIX TPOOIEM.

Cy1iecTBYIOT pa3IUyYHbIe MOIX0/IbI K MPUHSATHIO PEILICHUH:

- MICUXOJIOTUYECKHM, Ha OCHOBE METO/]a aHAJIOTUI;
— MHTYWUTHUBHBIN, HA OCHOBE NIPEIIECTBYIOLIETO ONBITA;
Ha OCHOBE 3/[paBOT0 CMbICIIA U T.II.

OnHako NpUHUMATH YIPaBICHYECKUE U UHBIE PEIIEHUs B SKOHOMUKE, B chepe
TEXHOJIOTUH TIPOU3BOJICTBA, B (PMHAHCOBOM 00JIacTH, B OM3HECE M IPYTUX OTPACIISAX XO3SHUCTBA C
MIOMOIIBIO TOJILKO JIMYHOT'O OMBITA, 3PaBOTO CMBICIIA U MHTYUIIUH Majo 3((eKTuBHO, a Mopoii u
omn604HO. CIOXKHBIN XapaKTep pbIHOYHON 3KOHOMUKHU MPEIBIBISIET OoJiee cephe3HbIe
TpeOOBaHUs K 000CHOBAHUIO MPUHATHS PEILICHUM, XOTS U IePeUnCIIEHHbIE HEb3sl a0COIIOTHO
cOpaceiBath co cuera. OMHUM U3 CIOCOOOB Y/IOBJIETBOPEHUS ITUX TPeOOBaHUM SABISETCS
MIOCTAHOBKA MPOOJIEMbI IPUHSTHS PELICHUH Ha MaTeMaTH4ecKylo OCHOBY. B aToM HeT HHYero
HEOOBIYHOTO, TOCKOJIbKY COBPEMEHHAsi YKOHOMHUYECKas HayKa CYLIECTBEHHO OMHUPAETCs Ha
MaTeMaTU4ECKOE MOJEIINPOBAHNE IKOHOMUYECKUX MPOLIECCOB U IPOHU3aHA PA3ITUYHBIM
MaTeMaTHYECKUM arraparoM, a IPUMEHSIONIUICS B Hell MaTeMaTHu4ecKUi S3bIK MO3BOJISIET
OoJiee ONpeAeICHHO U OJJHO3HAUYHO (hOPMYIINPOBATh IKOHOMHUECKUE (PaKThI U 3aKOHBI.

KonTponbHbIe BOIIPOCHI

1. PacckaxuTe 0 IpeANOChIIKaX, HCTOPUH BO3HUKHOBEHHE U pa3BuTHE Hayku «lccinemoBanme
onepanumn»

2. Ilepeucnute 0COOCHHOCTH TUCIUTIIIMHBI «ACCIIEIOBAHHUE OTIEPAITHii)

3. [aiiTe onpeneneHue «Mccae0BaHue Onepanuii

4. ITpeunciiiTe OCHOBHBIE ATAIlbl ONIEPAIIMOHHOTO UCCIICTIOBAHUS

5. [IpuBenute KnaccuuKamio 3a1a4 UCCICTOBAHMS ONEpalui



Tema 2: 3axaun JMHEHHOT0 NPOrPAMMHPOBAHMSA
2.1. PemreHue 3a71a4 JIJMHEHHOI0 NPOrPaMMHUPOBAHNS rPapuuecKUM METOA0M

1. ®opMyIHpOBKa 33141 U €€ TEOMETPUUYECKOE UCTOIKOBAHUE
2. DKOHOMUYECKAsi HHTEePIIpeTalus 3a/1a4 JIMHEMHOTO MTPOrpaMMHUPOBAHUS
3. AHanM3 4yBCTBUTEIBHOCTHU 3a/1a49M JINHEWHOTO TPOTrPAMMUPOBAHMS

1. ®opMyJIMPOBKA 32/1a4U U €€ TeOMeTPUYECKoe HCTOJIKOBaAHHe
3ajauu MaTeMaTUYeCKOro MPOrpaMMHUPOBAHMS — 3TO 3a/1a4M Ha MOUCK ONTUMAJILHOTO

peleHus
3ajaya ONTUMU3ALIUN:

f(x) — max (min), x € X, 20e

X — oonycmumoe MHO*CECmBO,

f(x) — yenesas gpynxyus
Ecnu GyHKIMS UMeeT TMHEHHBINH BUJL:

aaxitaxet.....+ta, X, + b
pedb UAET O 3aJa4M JIMHENHOTO ITPOTPAMMUPOBAHHUS
OcHOBHbIE NOHATHSA U 0003HAYEHMS:

1. JTroGoe x € X Ha3bIBACTCS 0ONYCHIUMbBIM PeUleHUEM

2. lomycTuMoOe pelieHue, naroiee max (min) f(x), Ha3bIBaeTCI ORMUMATbHBIM PeUleHUeM
(ni1anom)

3. HepaBeHcTBa HAa3bIBAIOTCS 02PAHUYEHUAMU

4. Pemenuie cucTeMbl BCEX HEPABEHCTB HA3BIBACTCS 001ACHIbIO OONYCHIUMBIX PeUleHUTl

Haubonee yacto BCcTpevaroTcst 1Be pa3HOBUIHOCTH 3a/1a4 JMHEHMHOTO MpOrpaMMHUpPOBaHHUS:
1. Kanonnyeckas (ocHoBHast). Cuctema OrpaHU4eHUN, TOMUMO TPUBUAJIBHBIX OTPAaHUYECHUH,
BKJIIOYAET B C€0s TOJILKO YPABHEHHS.
2. CranpaprHas (cumMmeTpu4Hasi). Cuctema OrpaHU4eHUN COCTOUT TOJIBKO U3 HEPABEHCTB
CrangapTHbIii BU;
f(x) =-2x;+ x>+ 1— min

da—2X+1>0

Xi- X2 2> 0

x1>0,x,>

Kanonnueckuii BUI:
X —2X-X3+1=0

Xi- X2 7‘X4: 0
X1, X02,K3, X4 > 0 X2

Jnax fonax = + 0

/.

\4
\4

X1

0 Puc 1.1. 3a0aua umeem 0 Puc 1.2. lJenesas ¢hynkyus

, eouHcmeenHoe peuteHue \ He oepaHuyena

A 4
X2 T X2

X A
é ol N B
o >
/ 7
Cc > X, /‘ c >

O Puc 1.3. Cucmema 0

Oepanuuenuii HecoemecmHua



Ilpumep pewenusn 3a0auu
Haiimu max u min ¢pynkyuu f(x) = x; +x> npu 3a0anHotl cucmeme 02paHudeHui:

2%+ 4x, <
-4x+ 2%,
X1+ 3%, >

16
<38
9

x1>20,x> | 0

IHocmpoum mHo20y201bHUK peuwteHU:

Buipasum x; uepes x;:

eS4- T X
w< 4t 2 Q)
223 1 1« 0)
x1>0,%> | 0(4)

2. Illocmpoum epaghuxu gpynkyuii:

1
X2:4—T X1 x; |0 8
X2:4+ 2X1 x| 4 0
1
X, =3 - 10Xy

l
Hajizem KoOpAMHATHI TOYEK nggé
1. ITepeceuenuem npsimoit (1) u Tipsimoit (2771

0
CUCHHH

mpamMbIx (1), (i),(3):

FIBJISICTCS TOYKa A

]

(1

\4

X1



4 - % X1 =4 +2x
1

- 2 X -2x=0

X1 :O,X2:4

Tak, koopaunats! Touku A (0,4)
Tak kak f(x) = x; + x,, To 3HaueHne QyHKuMU B Touke A f(0,4) = 4
2. [lepeceuenuem npsamoii (1) u mpsimotii (3) siBisieTcst Touka B:

1 1

4 - EX]:?)— X1

-
-

Taxk, koopournamul mouxku B (6,1)
Tax kax F(x) = x; + x2, mo 3Hauenue @ynuxyuu ¢ mouxe A — F(6,1) = 9

3. T. XK. IO yCJOBHIO 3a/1a4K1
A nunuu (1) u (3) nepecekarorcst TaMm, rae x;< 0,
To xoopaunats! Touku C (0,3)

Tak kak f(x) = x; + x, To 3HaueHue ¢pynkuu B Touke C £(0,3) = 3

4. Tak max f(x) B Touke B, ¢ koopaunaramu (6,1)

X2
4

max (6,1), f=7

3anaya 00 UCHOJIbL30BAHUN PECYPCOB (IJIAHUPOBAHWHU IIPOU3BOIACTBA)

Heo0xommmMo cocTaBUTh TaKOM TUIaH MPOU3BOACTBA MPOAYKIIUH, IPH KOTOPOM MPHOBLIL OT €€
peanu3anuu OyJeT MaKCUMaIbHOI.

Beenem crenyroniie 0003HaYCHUS:
X ;— uucno eOunuy npodykyuu P;, 3anianuposannoii K npousso0cmasy;
b .— 3anac pecypca S,
a; — yucno eOunuy pecypca S:, 3ampadusaemoe Ha eOuHuyy npooykyuu P,
¢ i— npubwlib om pearuzayuu npooykyuu P;

Torma Moznenb 3aga4u OyIeT UMETh BU/I;

fx) =cix;+cxt ...+ cuxy — max



all X1 T A X2+ ..+ apx, <b;
anx;+ am | X2t ..+ awx, <b

x>0i= | 1 +n
[IpuGbLIL OT eIMHMIILI IPOAYKLUHU P cocTasnseT 2 pyois, a OT eAMHULLI IPOAYKIUK P,

Bup pecypca 3anac pecypca | UHCIIO eIMHUIL pecypca, 3aTpaunBaeMbIX
Ha M3TOTOBJIEHUE €IMHMIIBI IPOTYKIHH

P1 PZ

S 18 1 3

S 16 2 1

S 5 - 1

S4 21 3 -

OKOHOMHKO-MaTeMaTH4ecKas MOJICIIb:

at3 < 18
2.X1+.XQS g 16
X2 §5 “
<21

x> 0,x> | 0

3ana4ya 0 cOCTABJIEHUH PANIMOHA (TEXHOJOrHYecKas 3a1a4a)
Heo0xommmo cocTaBUTh TakoW JHEBHOW PaIMOH, UMEIOIINI MUHUMAIIBHYIO CTOUMOCTH, B
KOTOPOM COJIepKaHNe KaXKIOTO BU/Ia TTUTATEIHHBIX BEIISCTB OBLIIO OBI HE MCHEE
YCTaHOBIICHHOTO Tpe/eia.

BBeznem crnenyromme 0003HaYCHUS:

X ; — YUCIO eOUHUY KOPMA J-20 8004d;
b i— Heobx00UMbLLL MUHUMYM COOEPHCAHUSL 8 PAYUOHE NUMAMENbHO20 eeujecmaa S |,
@ j — YUCTO eOUHUY NUMAamenbHo20 geujecmsa S i, 8 eOuHUYe Kopmd j-20 8uod,
€ i— CMOUMOCMb eOUHUYbL KOPMA j-20 8U0A

Torma Moznenb 3aga4u OyJIeT UMETh BU/I;

fx) =cix;tcxo+ ...+ cux, — min
a1 Xrtap X2+ ot amx, =b;
anx;tanw: < X2t ..t Qun Xy =Dy
X; = O,i: \ 1l +n

Croumocts 1kr xopMma Buna I — 4 py6ms, a Buaa Il — 6 pyoneid. Mcrions3ys
JTaHHBIC TaOIHIBI, HEOOXOIMMO COCTABUTh TAaKOH PAIlOH IMUTAHUS, YTOOBI CTOMMOCTH ObLTa
MUHHMAJIBHOH, a COIepKaHNe Ka)/I0TO BUIA MMUTATEIbHBIX BEIIECTB ObLIIO HE MEHEe
YCTaHOBJIEHHOTO TIpe/iena.

ITnrtaraensHoe HeoOxomumerii | Yncito eauHAI] ITATEILHOTO BELIECTBA B




BCILICCTBO MUHUMYM 1kr KOopMa
S 7

S 9 3 1

Ss 8 1 2

S3 12 1 3

DKOHOMHUKO-MaTeMaTru4yecKas MOJECIIb:

3X1 + 3)(?2 Z 9
x;+ 2x;> “‘ 8
X+ 6x, =12
X120, x> \‘ 0
3anaya 00 ) HCI0Jb30BAHUH MOIITHOCTEH (3a1a4a 0 3arpy3ke 000 OBaAHNUA

[IpeanpusTuio 3aJaH IUIaH IPOU3BOACTBA MPOIYKIIMHU 110 BPEMEHH U HOMEHKJIAaType: Tpedyercs
3a BpeMsl T BBIITYCTUTB Ny, Ny,....N €AUHAL TpOoayKUuu Pi,Ps,....Py . [Iponykums nponsBoauTcs Ha
CTaHKax Si, S,,... Sm . I K&XXI0T0 CTaHKa N3BECTHBI IPOU3BOAUTEIILHOCTD ajj U 3aTPaThl bjj HA

U3TOTOBJIEHUE NPOLYKIMH PjHa cTaHke SiB €AMHUIlY BPEMEHH.
HeoOxonumo cocTaBuTh Takoil miiaH padoThl CTAHKOB, YTOOBI 3aTpaThl HA IPOU3BOICTBO BCEM
HPOLYKIMU ObUIM MUHUMAJIbHBIMU.

OKOHOMHUKO-MaTEMATHYECKas MOJIENIh 3aJIa4H
O0603HaYUM Xjj — BpEMs B TCUCHUEC KOTOPOI'0O CTAHOK Si 6y)leT 3aHAT U3rOTOBJICHUEM IIPOAYKIHNU

P;

xXu + xpt ooxu <T A Xyt X t oo.Qui Xmp = Ny
X21 t X0+ o x =T ApXptT axXn + Q2 Xm2 = N2
Xmi T Xm2 + oo X T Qe X1kt AuXok t oo Ak Xk = N

fx) =buxu+bixp+...t buxXmx — min

3. AHAJIU3 YyBCTBUTEJIbHOCTH31a41 JIUHEHHOT0 MPOrPaMMHUPOBAHUS
[NEPBAA 3AJJAYA HA UYBCTBUTEJIBHOCTh:

Ha cko0JIbKO COKPATUTh WIN YBEJIHUYHUTH 3aMachl pecypcoB?

1. Ha ckonbKo MOXKHO yBEJIMYHTH 3ar1ac HEKOTOPOTo pecypca sl YIyqIleHUs TOITyYEeHHOTO
ONTUMAJILHOTO 3Ha4eHUs 1enieBoi pyHkuuu {7

2. Ha ckoibKO MOXHO CHU3UTBH 3aIlac HEKOTOPOTO pecypca MPU COXPaHEHHUH MOTy4eHHOTO
ONTUMAJIbHOTO 3HAYEHUS 1IEJICBOM (PYHKIIUN?



OrmpenenuTe CyTOUYHYIO MMPOU3BOACTBEHHYIO ITPOrpaMMy HEOOJBIIIOTO 11eXa IO MOIINUBY KEHCKON
onexpl. TpebyeTcs yCTaHOBUTH KOTMYECTBO OPIOK M F0OOK, KOTOPBIE HYXKHO CIIUThH 32 CYTKH,
€CJTM M3BECTHBI 3aTPaThl HA MOIIUB ATUX U3ICTUN U UX IIEHA peanu3aniu Ha peiHKe. CyTOUHBIN
crpoc Ha Oproku He mpeBbiaet 18mrt. Jloxon H1omKkeH ObITh MaKCUMaTbHBIM

[Ipou3sBoncTBEHHBIC (PAKTOPHI Pacxonpl Ha 1 rotoBoe MakcrumanbHO
H37IeTne BO3MOXKHOM
6piok (06K CYTOUYHBIN 3amac
Tkaab, M 1,5 2 42
TpymoeMKocTh, gen/gac 3 2 60
Haknagnsie pacxomsl, pyo. 5 5 200
Lena 1 n3nenus, pyo. 60 50

Nmeem 3a1aqy TMHEWHOTO MPOTPAMMHUPOBAHHS:
f(x1,x2) = 60x; + 50X, — max

1,5X1 + 2X2 / S 42

3xi+2x, | <60

S5x1+5x, < | 200

X1 < 18 \
X1, X2 > 0 \
Permmm 3aj1auy rpaguaecKuM crmocooom
A x I'paduyeckoe n300paxeHue NPOCTPAHCTBA PellIeHUH 3a1a4uu
40
4)
Max f(12,12) = 12*60 + 12*50 = 1320p
B
21
12
D
A E @ ey 3) >
0 20 28 40

OrpanuyeHust JTMHEHHONW MOJEIN
KIIACCUPUITUPYIOT HA:

- ceasvigarowjue(akTuBHbIe) — nipsiMble (1) u (2)

- Hecsazvlsalowue (HEAKTUBHEBIC)

[Tpsimasi, mpencTaBiIsIoNIas CBSI3bIBAIOINEE OTPAHUMYEHHUE TOJIKHA POXOIUTH Yepe3
ONTUMAJIbHYIO TOUKY

Ecnu orpannuenne — CBSI3bIBAIOINIEE, TO COOTBETCTBYIOLINI €My pecypc Ha3bIBACTCS
Oepuyumnvim

Pecypc, ¢ KOTOpBIM aCCOIMMPOBAHO HECBS3BIBAIOIIEE OTPAHHUCHUE — HedehuyumHulil



OrpanudeHus, KOTOPbIC HE YYaCTBYIOT B (DOPMUPOBAHUU MPOCTPAHCTBA JOMYCTUMBIX 3HAYCHUN
— u30bLIMOYHbBIE

AHanu3 MoeN Ha YyBCTBUTEIbHOCTh BKJIIOUAET:

1) npesenbHO OMyCTUMOE yBEJIHMUEHHE 3amaca JAe(QUIUMTHOTO pecypca, O3BOJIsoIIee
YAYYIIUTh HallZICHHOE ONTHMAJIbHOE PEIICHUE;

2) npeAenbHO IOMYCTUMOE CHI)KEHHE 3araca HeZIe(UIUTHOTO pecypca, He U3MEHSIoIIee
HalJIEHHOTO paHee ONTUMAFHOTO 3HAYeHHUS 11eNIeBON (DYHKLIUU

X2 HN3menenue CYTOYHOI'O 3a1maca TKaHu
4
0 ) Max f (0,30)
MaxkcumaibHo I[Ol'[yCTI/IMHﬁ CyTO‘IHLIﬁ 3arac TKaHH.
M 1,5%0 + 2*30 = 60m

Tax, 3armac TKaHH MOYKHO YBEJIMYHUTh Ha
60M — 42m = 18Mm

A Tloxox coctasut = 0%60 + 30%50 = 1500 p.
Ipupoct noxoma = 180p.

(%)

(12,1p)

v

0 E 20 28 40 X
:k Xs HN3meHeHnune cyro4Horo ponga padouero BpeMeHU
)
2"
B
2
21
)
A 3 >
1
0 E ool g 40) xi
A x Vsvenenne CYTOYHOIO 3aMaca CPeACTB Ha HAKJIA/HbIe
pacxonbl
40 )
Max f(12,12)
TpeOyemast BellMuMHa CYyTOYHBIX HAKJIAJHBIX PacXOI0B:
B 2 5%12+5*%12 = 120py6
21 Tak, CHIDKEHHE CYyTOYHBIX PAaCXOIOB
120 — 200 = -80p
Hoxon cocraBur = 12*60 + 12*50 = 1320 p
[Tpupoct noxoma = 0 p

v

>
S
™
N /
(e}
—
=
N—
[\
i’°\
N
< N
93]
-
>



X2 H3meHeHme cripoca Ha OPIOKHU

)
B \
21
2.1R)
D
A 2 T 3 >
0 218y oy 40) X

Pe3yabTaThl NPpOBEAEHHOI0 MCCJIEI0OBAHUS MOKHO CBECTH B Ta0/IuIy:

Pecypcol Tun pecypcos MakcuManbHO€E u3MeHeHue | MakcuMallbHO U3MEHEHHE 0X0/1a
3amaca pecypcoB OT peaJi3aluH, p.
1 JeburnurHbiii 60 —42 =18 m. 1500 — 1320 =180 p.
2 JedbunurHerit 69 — 60 =9 gen/ yac 1455 — 1320 =15 p.
3 M36bITOYHBIIH 120 — 200 = -80 py®. 1320 — 1320 =0 p.
4 HenedumurHbniz 12 -18 =- 6 mt 1320 -1320=0p

BTOPAA 3AJJAYA HA UYBCTBUTEJIbHOCTb:
YBeqmmueHne 00beMa KaAKOro pecypca Hauoosiee BbITOIHO?

[TycTh IEHHOCTH TOTIOMHUTEIBLHON €AMHULIBI pecypca 1 — Yi . Toraa Benmu4rHa y; OnpenesseTcs
U3 COOTHOILIEHUS:

yi= MaKCHMaJbHOE MpHpalieHne ONTUMAaILHOTHO 3HaYeHus 1oxoaa F / MakcumanbHO
JOMyCTUMBIN TPUPOCT pecypca |

180 pvd
Tak,y;= 18u =10 pyo/m

> BEVO

y: = 04y = 15 py6/uen-uac

TPETDBHA 3AJAYA HA HYBCTBUTEJIbBHOCTD:



B kakux npenesnax xomycTumMo u3MeHeHue k03¢ punueHToB pyHKunu?

1. KakoB 1uana3oH W3MEHEHHS TOTO WM MHOTO KO3 PUITMCHTA [IeTIeBON (DYHKITUH,IPU KOTOPOM
HE TIPOUCXOAUT U3MEHEHUS ONITUMATBHOTO PEIICHHUS?

2. Ha ckonbKo crieyeT U3MEHUTh TOT WM UHOM KO UIIUEHT 1eTeBoi (PyHKIINU, YTOOBI
M3MEHUTh CTaTyC HEKOTOPOTo pecypca?
[TocTpoum rpaduk Hamiei neneBon GyHKIUH:
F= 60X1 + 50X2

Tak, rpagukom 1eneBoil pyHKIUYU ABISIETCS NMpsAMasi, MPOXOAAIIas Yepe3 ONTUMAaIbHYIO0 TOUKY
C(12,12).
[Ipsimas mepecekaeT och opauHar B Touke (0;26,4),

och abcrucce B Touke (22;0)

A x5
40 4
)
2
26,
F= 60x1 + 50x2
B 21
C
3
)
(1
A \ >
. EXN N 28 ™

X1

[Tpu usmenenuu C, u C; rpaduk 1eneBoit GyHKIMH BpaliaeTcs BOKpYT Touku C:

Ecmn C, yBennunBaercs nnu C,; yMeHbIIAeTCs, IPsiMasi BpalaeTcsl 10 4aCOBOW CTPEJIKE

Ecnu C, ymensmaercs niu C, yBenTu4UMBaeTCs, IpsiMasi BpallaeTcs MPOTUB YaCOBOM CTPEJIKU
Bbrunciium rpaHuiel FHTEpBaoB BO3MOXHBIX Kosnebanuii C, u C,, pu koTopbix C ocTaHeTcs
ONTHMAJIBHON.

3aduxcupyem C, = 50, Torna nenenast QyHKIUA:

F [ [
Cxi +50x:=F,x2= %5 — =5 *Xi,0Ie =z TaHIreHC yIva HaKJIoHa npsamoi (1)

u

Touka C Gyzner ocTaBaTbcsi ONTUMAIBHOM /10 T€X MOp, TOKa HAKJIOH MPSAMON He BBIIIET 3a
IIpeJiebl, ONpeesieMble HAKIIOHaMU NPsAMBIX orpanuyeHuit (1) u (2)
3

TanreHc yria HaksioHa [uist ipsimoit (1) paBen 4

3
-

U1 nipsimoi (2) paBeH



A X2

40

(1 -
A EXN B S

0

Omnpenenum auamnas3oH KonebaHuii ¢
) 3

an = , Torma c;=37,5

cI

a0

|_.l|'..l.I

,Torga c; =75

Takum 06p2130M HHTCPBAJI USMCHCHUSA C1,B KOTOPOM TOUYKA C — CAUWHCTBCHHAA OIITUMAJIbHAA,

omnpenensiercss HepaBeHCTBOM 37,5 < ¢; <75

3adukcupyem c,= 60, Torna neneBas QyHKIHS:

F= 60X1 + CX»

F 60
X2= 2 - 2 X
60 3
2 = 2 ,0=40
60 3
-3 = 4 ,C2:80

Takum 06p2130M HHTCPBAJI USMCHCHUS C2,B KOTOPOM TOYKA C — CAWHCTBCHHAA OIITUMAJIbHAA,

onpenensiercss HepaBeHCTBOM 40 < ¢, < 80

Kak tonbko ¢; = 37,510m1., pecypc (2) cTaHOBUTCS HEAEHUIUTHBIM. T. €., €CIIH JJOXOJI OT
IIPOAAKU OJHUX OpIOK CTaHET MeHbIe 37,5 10JUl., Ha/lo IepecMaTprBaTh CyTOUHYIO
MPOU3BOJICTBEHHYIO Mporpammy. Teneps X; =21, X, =0

Korna 3nauenue C, npeBbICUT 75 A0MII., CyTOUHAs IPOU3BOACTBEHHAs ITporpaMma Oyet
npeaycMarpuBaTh 18 Oprok u 3 000K (ONTUMAJIBHBIN MIaH — Touka D)



Tema 2 : 3agaum TMHEHOr0 NPOrPAMMHUPOBAHUS:
2.2. PemieHue 3a1a4 JIMHEHHOI0 IPOrPaMMHUPOBAHMS CUMILIEKC-METOA0M, AHAJIH3 U
IKOHOMHYECKAsi MHTepnpeTanus NoJay4eHHbIX pPe3yJbTaToOB

1. Anroputm pemenus 3JII1 cuMIIeKHBIM METOI0M
2. AHanu3 4yBCTBUTEIBHOCTH M CUMILIEK-METO/
3. Ananus uyBctBuTenbHOCTH 3JIIT ¢ momorisio cpencte MS EXcel

1. Anroputm pemienusi 3JII1 cuMILIeKHBIM MeTOIOM
Pemuts 3a1a4y TMHEMHOIO MPOrpaMMUPOBAHUS:
f(x1,X2)=2x; +X, — max

3X1 S 27

2x, < 30

X1+X2 520
Xi,X2> 0

CuMInieKc- METOIOM.
Haiitu onTumanbHbIii POU3BOICTBEHHBIH IUTAH U MAKCUMAJIbHYIO IPUOBLID.

OmpenenuTh CBOOOIHBIN 3amac KakI0Tro pecypca

Pemum 3amavy rpadudeckum crocobom
A x,

Max f(9,11) = 9*2 + 111 = 29p

N

15

| -
9 y g
X1
0 20
Cumiekc-mMeTon
[puBenem crucTeMy HEPAaBEHCTB K KAHOHUYECKOMY BHIY:

3x; + X3 = 27
2X2 + I X4 = 30

X1 tXo L +x5=20

IHlaz 1

Cocrasum cumimiekc Tabnuiry (IlepBasi cumniexkc-Tadamua):

BasucHele Ilepemennsie [IpaBas
nepemennbie [x1  x2 S1 S2 S3 |gacte b
S1 3 0 1 0 0 27

S2 0 2 0 1 0 0

S3 1 1 0 0 1 20
Ilenepas 2 -1 0 0 0 0
byuxuus, p




Hlaz 2. Onpenenum Beayiuit croaden, cTpoky U Beaymuit anemMeHT
IlepBas cumniekc-TadJMIa ¢ Y4€TOM OTHOIIEHUI

Basucueie | [lepemenHHbIe [paBas | OtHOMmICHNMS b
nepemenssl [x1  x2 SI S2 S3 4acTh b |3JI€MEHT Bel.CToNona
e
S1 3 0 1 0 0 27 27

= =9 Bexn.ctpoka
S2 0o 2 0 1 0 0 30

o -
S3 1 1 0 0 1 20 20

i 20

IleneBas 20 -1 0 0 0 0
GbyHKIUA, p

Hlar 3. Pa3zgenum Bce 37eMEHTHI BeAyLIEH CTPOKH Ha BEAYLIUH 3JIEMEeHT — 3.
Bropas cumriuiekc-rabnuna

Bazucueie | [lepemeHHbIC IIpaBas | OtHOWICHHMS b| 3IeMEHT Bea.CTONONA
nepemenssl (X1  x2 S1 S2 S3 4acTh b

e

x1 : 0 l 0 0 9 Hosas R1 = [Ipommas R1* Bexymmit amemMeHT
S2 0o 2 0 1 0 30 Hosas R2 = Ipommast R2 — 0 * Hosas R1
S3 0 . 1 0 . 11 Hogast R3 = INpomast R3 — 1 * Hopas R1
Heneas 2 18 Hogas P = I[Ipommast P - (-2) * Hosast R1
GbyHKIWMA, p 0 -1 3 0 0

lar 2 u 3 moaBTOpSIETCS 0 TEX MOP, MOKa HEe Oy/IEeT JOCTUTHYTA HEOTPHUIIATETLHOCTh BCEX

9JIEMEHTOB 11€71€BOH (PyHKIMH

Bropasi cummiekc-Tadmna ¢ y4eToM OTHOILICHHUH

bazucubie Ilepemennsie [IpaBass | OtHOWmICHHUS b|
nepemensnsle (x1 x2 S1 S2 S3 4acTh b |3JI€MEHT Bel.CToNona
x1 1 9 9

1 0 2 0 0 A T
S2 0 2 0 1 0 30 30

- =15

S3 1 11 11

0 1 -7 0 1 1 = 11 Ben.cTpoka
Ienenas 2 18
dyHKUMSA, D 0 -1 3 0 0

TpeTrbsi, HTOroBasi CUMILIEKC-TA0JIMIIA




basucHele Ilepemennsle [paBast | OtHOIEHHS b| SNeMeHT Bes.cTonona
mepemennble [x1  x2 S1 S2 S3 |gacte b

x1 1 9 Hogas R1 = IIpommast R1 — 0 - Hosast R3
1 0 2z 0 0
S2 2 8 Hosas R2 = [Ipomnast R2 — 2 - Hosas R3
0 0 T 1 -2
x2 l 11 Hogas R3 = IIpomwnas R3 - Bexymmii
0 - 3 0 1 DJIEMEHT
Lenesas 1 29 Hogas P = IIpouuas P - (-1) - HoBas R3
dyHKLHS, P 0 O P 0 1
HNHTepnperanus HTOrOBOM CHMILIEKC-TA0IN I
BasucHele Ilepemennsle [IpaBas
nepemennbie |x1  x2  S1 S2 S3 |gacte b
x1 1 9 3uradenue x1
1 0 7 0 0
S2 2 8 3HaveHue pecypea S2
0 0 7 1 -2 peeyp
x2 1 11 3HadeHue x2
0 1 -7 0 1
eneBas 1 29 MaxkcuManbHOE 3HaYeHHE TPUOBLIH
dyHKLHS, P 0 0 3 0 1

Pecypchl s; ¥ S5 pacX0OIyrOTCS MOTHOCTBIO M SBJISIOTCS JS(PUIIUTHBIMU
Ocratok pecypca s, = 8

1

TeneBasi neHa 1151 orpanndenus (1) cocraBnser 32 , ans orpanuueHus (3) — 1

1
Ecnu peanuzyercs 1kr pecypca s; cBepX HOpMbI, IPUObUTL BO3pAcTeT HA 3 Y.€.

2. AHAJIM3 YYBCTBUTEJIBHOCTH U CUMILTIEKC METO/
[Tonp3ysich TaHHBIMH MTOTYYEHHON WTOTOBOW CHMILIEKC-TAONUIBI OMPEaeITUM:
1. BiusiHue Ha ONITUMANIbHOE PEIICHUE 33/1a4M CBEPXHOPMATUBHOIO 3amaca pecypca Sl B
Kosmyectse 1 kr
2. BiusiHue Ha ONTUMAJIBHOE PEIICHME 3aJayd CBEPXHOPMATUBHOIO 3amnaca pecypca Sl B
KOJIMYECTBE 2 KT
3. BausHue Ha ONTUMAJIBHOE PEIICHUE 3aJ1a4M YMEJIMYEHHUE 3anaca pecypca S3 Ha S kr
4. MakcumanbHOE JONOJHUTEIBHOE KOJIMYECTBO pecypca S3, KOTOpOE HCIOJIb3YETCs
MIOJIHOCTBIO M HE MPUBOJIUT K CO3/IaHUIO U3JIHUIIKA pecypca
5. Biusinue Ha onTUManbHOE PEIICHUE 3a/1a4M YMEHbIIIEHUE 3amaca pecypca S1 B KonruecTBe
2xr

1. MoauduuupoBaHHbIe 3J1eMEHThI HTOTOBOH CUMMILIEKC-TA0IUIbI (MIPU HAJWYUM 1 KT
pecypca S1 10n0THUTEIBHO)

‘ Bbasucusie ‘ [Tepemennsie [IpaBas gacTb, MomupUIPOBAaHHEIE b ‘




nepemenssle (x1 x2 S1 S2 S3
x1 1/3 1 1
9+(3)=97%
S2 2/3 2 2
8+(3)=873
x2 -1/3 1 2
1N—(3)=10 7
IeneBas 1/3 1 1
(ymuus, p 2403729 5
A X> 3x=27
20
3x=28
_>
15 \
C % :
913 © >
1
0 20 H

2. MonudguunpoBaHHbIE 3JIEMEHTbl HTOTOBOM CUMILJIEKC-TA0MIbI (IPY HAJUYHUHU 2 KT

pecypca S1 10n0THUTEIBHO)

Bazucuble [Tepemenubie [paBas yacTb, MomudUIPOBaHHEIE b
nepemenssle (x1 x2 S1 S2 S3
x1 1 1 2

32 9+42(3)=9 3
S2 2 2 1

32 8+2(3)=9 7
x2 1 1 1

-7 2 11—2(73)=10 7

Llenenas 1 1 2
dyHKIHS, P 2 2 29 +2+( 2 )=29 3

3. Mogu¢guunpoBaHHbIe 3J1eMEHTbI HTOTOBOH CUMILIEKC-TA0JIMIBI (IPH YBeJIMYEHUH HA 5

KT pecypca S3)
basucubie [Tepemennbie IIpaBas yacTs, MOAUPUIPOBAHHBIE b
mepemenssle (x1  x2 S1 S2 S3
x1 0-5 9+0=9
S2 25 8+ (-10)=-2
x2 1-5 I1+(5)=16
IeneBas 1-5 29+ (5)=34
¢byHKUIWMA, p




4. Jl1a onpenesieHusi MAKCHMAJIbHOI0 I0NOJTHATEJILHOI0 KOJIMYecTBA pecypca S3, koropoe

HCI0JIb3YyeTCsl MOJTHOCTBHIO M He IPUBOIMT K CO3IaHMI0 M3JMIIKA pecypca NpUpaBHseM
3HA4YeHHs cTOI01A S3 K HYJI10:

8+(-2:r)=0, Tak r =4 KI.

T. e. Orpannyenmne (3) Oyaer UMeTh BHA:

X+y=24
2
20
Cl
15
C
9
0 913 20 Xi

5. MoauguuupoBaHHbIe 3J1eMEHThI HUTOTOBOH CUMILJIEKC-TA0JMIbI (IPU YMEHbIIEHUH 2 KT
pecypca S1)

Basucusie [Tepemennsie [paBas gacTb, MomudpUIPOBAaHHEIE b
nepemennele |x1 x2 S1 S2 S3

x1

Laa ||—-
[\S)
\O
—_~

Laa || A
~—

I
oo
Lix ||—l-

S2

'-'-'|| -
[\
oo
—~
|J.J| |-
N—
Il
(o)
l..l.lll A

x2

1
|..l.l|l—l-

[\
—_

—_

1

~

1
l..l.lll
N~

Il

—_—

[
'-'-'|| -]

Ileneas
¢byHKUIWMA, p

|..'-'|I—'-
\S]
[\
\O
—_~
l..l.l|| A
~
Il
[\o]
o0

3. Anaau3 uyBcrBuTebHOCTH 3JII1 ¢ momombio cpencrs MS Excel
Pacemorpum crnenyromryro 3J111:
f(x) =7,5x1+3x2+6x3+12x4—max

2x1+x2+0,5x3+4x4 <2400

x1+5x2+3x3 < 1200

3x1+6x3+x4 <2000

x1,2,3,4 >0.

Haunéwm c oru€ra pesynsraros. [Ipuseném ero Bun:



Al B | C | e E | |

5
B Ueneean A4edka (hMakcumym

7 HAuyeinka Hrmn HcxoaHo Peszynetart

5 FGE4 LD 0,000 7884 298 Tk
— Bee
11 |Mzmenaemee aueiikm

12 Hyenka Hrmna HcxoaHo PezyneTar

13 FE54 NpogyeETA, 0,000 0,000

14 FCH4 npodykrB 0,000 148 760

15 FOg4 nponyeTc 0,000 152 066

16 FER4 nponykTD 0,000 543 802

17
18|

19 |OrpaHM4eHmA

U AYEARd FimH JHAYEHAE  Wopmylid  LTdIye  rasHang

21 BFF1Z  orpanmuennel 2400 000 §F$12<=%HF12 ceazanHoe 0

221 BFRI3 orpanmuennell 1200 000 §F$13<=%HF13 ceazanHoe 0

23| BFR14 orpanmuennelll 2000 000 §FH14<=FHE14 ceazaHHoe 0

24| §B%4  npopyktA 0,000 $654==0 CEAZAHHOE 0000

25 §CH npopykrB 148,760 CHd==0 He ceAzad. 148,760

26 §0%4  npopykrC 152 066 $0%4==0 He cefzad. 1520656

27 3ER  npogyktD 543,802 FER ==0 He cEAzad. 543802

OTpaHUYEHUS Ha PECYPCHI ABISIOTCS CBA3aHHBIMH, TO 3TO TOBOPUT O TOM, YTO BCE PECYPChI OBbLIN
UCIOJIb30BaHbl. J[pyrumu cioBamu, Bce pecypchl SBISIOTCS Ae(PULUTHBIMU.
PaccmoTpum OTYET IO YCTOMYHUBOCTH:

Al B | C | D | E | F | G | H L
5
B |zmeHAemEle AYEiKd
7 Peszynet.  Hopmup. Leneson  Honyctumoe [Honyctumoe
8 | Hueika Hma 3HaveHne ctoumocTe Koadpdmument Yeenuvenune Ymenowenue
g 6% npogyerh 0,000 -1082 75 DOB1983471 TE+30
Nl 0k noannvigh 147 RN N NN 3 7A  NA913N4347
11 %064 npogykrC 152 0BG 0,000 B 318 0178571429
12| $ER4  npopykrD 543 502 0,000 12 15 0135135135
13

14 | OrpaHuyeHua

14 Pezynet. Teneepaa Orpanuyenne [onyctumoe [onyctumoe
16| Hueika Hmn 3Ha4yeHue LUena [lpaeasa 4acte YeenwqeHue YMeHoweHue
Ir [TLT T LIIIJGI'II'IHEI'II’IEI LU LU FAREFEN LA [N (N . PN T P P P
18| $F$13  orpanuyenwell 1200000 0,074 1200 1096k pbEE7 752 ROGRSSY
19| §F14  orpanuyenwell 2000000 0,744 2000 1500 520
20

21

aHruiickoro: cost reduction — yMeHbIIIEHHE 3aTpaT) MPEACTABIAET COO0H TOMOTHUTEIbHBIE
JIBOMCTBEHHBIE NTepeMeHHbIe. OHU MMOKa3bIBAIOT, HACKOIBKO 110 MOYJII0 YMEHBUIUTCS 1ieJeBast
(GyHKLUS TIpU IPUHYIUTEIHHOM BBITYCKE €MHULIBI JAHHOM MpoayKiuK. B Haem npumepe
HOPMHPOBaHHAasi CTOUMOCTb 10 IPOAYKTY A He paBHa Hym0. Clie10BaTesIbHO, €CIIA MBI OyeM
NPUHYAUTENIBHO BBITYCKaTh €IMHUILY POAYKTa A, To 1esieBast GyHKIus ymenbmutces Ha 0,062.
Jlpyrumu ciioBaMH, BBIITYCK MPOIYKTa A SIBIISIETCS HEPEHTAOETHHBIM (HETIPUOBLTEHBIM ).



JonycTumMoe yBeIMUYEHHE IOKAa3bIBAET, HACKOJIBKO MAKCHUMAJIBbHO MOXHO YBEIMUYUTH
ko3 uimeHT 1eneBoil QpyHKUMHU (LIEHYy MNPOAYKTa), 4TOObI CTPYKTypa ONTHMAJIbHOIO IJIaHa
ocrajach HpexHel. JlomycTuMoe yMeHbIIEHHE, HAaoOOpOT, MOKa3bIBAET, HACKOJIBKO MOXHO
MaKCUMaJIbHO yMEHbIUTh Kod(hdumuent LD, uToObl ocTamack mNpexHEH CTPyKTypa
ONTUMAaNbHOTO I1aHa. Hampumep, B Hamied 3aaade, yToOBI BBIMYCK HPOAyKTa A ocTaBajcs
HEpEeHTa0eNIbHbIM, MaKCHUMaJbHO  JIONMyCTUMOE yBEJIWYEHHE €ro IeHbl  COCTaBIsieT
npubnmuzutensHo 0.06. lomycTuMoe ke yMEeHbIIEHHE IMPeACTaBiIseT co00il OrpoMHOE YHCIO.
OTO NOHSATHO, T.K., eml€ OOJbIlle YMEHBUIMB ILIEHY HEPEHTAOeNbHOIrO0 MPOAYKTa, CAENaTh €ro
pEeHTa0eTbHBIM HEBO3MOXKHO.

TeneBast nena B oru€rax Excel mpencrtaBnsier coOoii aBoiCTBEHHBIE TIepeMeHHbIe. OHU
MOKa3bIBAIOT, KaK M3MEHHUTCA IieieBast (GyHKUUS MPU M3MEHEHUs 3amaca pecypca Ha €IWHUILY.
[lonsATHO, 4YTO ecnM pecypc HCHOIB30BAaH IIOJIHOCTBIO, TO TEHEBas I€Ha 3TOr0 pecypca
nonoxutenbHa. Harmpumep, ecian Mel yBenuuuM 3anac pecypcea | Ha equnuiy, to L1 Bo3pactér
Ha 2,628 (pecypc I sBisieTcst caMmbIM NpUOPUTETHBIM). JlOMTyCcTUMOE yBEIMUYEHUE U YMEHbILIEHUE
MOKa3bIBAIOT TPAaHHUIBI, B KOTOPBIX MOTYT U3MEHATBCA pPECypChl, UTOOBI CTPYKTypa
ONTUMAJBHOTO pEeUIeHHs, T.€. HOMEHKJIATypa BBINYCKaeMOW MPOAYKIHUH, OCTAIUCh 0e3
U3MCHECHUM.

Al B [ ¢ [ Db [E[ F [ 6 [H 4 [ K
_4

]
B LUeneeoe

7 Huenka HmA ZHAYEHHE

g FER LD 7084 255
=

10
11 Haimenaemoe Huw#Huig Uenepoe Bepxuui Lleneeoe
12 Hyenka Hma FHAYeHHe npegen pesyneTart npegen pezynLTat
13| 5B MPOAYKTA, 0,000 0,000 V554,295 0,000 V584,295
14| HCH npoaykTb 1458 760 0,000 435,017 148 760 7554 295
15| $DH npoayeTC 152 065 0,000 B9 .50 152066 7554 295
16| $ERM npoaykTD 545 802 0,000 1358 675 43802 7554 295
17

B otuére ykazansl 3Hauenus L{® npu BeIMycke JaHHOTO TUIA MPOIYKIUU HA HIYKHEM M BEpXHEM
npenaenax. Tak, 3Hauenue LH® 6971,901 coorBeTcTBYET TOMY, 4TO IPOAYKT C HE BBIMTYCKACTCSI.

OTtuétel Excel obecieunBatoT Bceit HeoOxonuMoit nHpopmaluent A MPOBEICHHUSI TIOJIHOTO
aHan3a JUHEWHOW MOJEIH.



Tema 2 : 3agaum TMHEHOr0 NPOrPAMMHUPOBAHUS:
2.3. /IBoiicTBeHHbIE 321a4M JIMHEITHOTO NPOrPAMMHUPOBAHNSA: 0COOEHHOCTH, AJITOPUTM
peleHns, aHAJIU3 3 1IeMEHTOB

f(x) = cix; + caxz Z() = b1y + by:+bsy;— min
anpyr tapy: tas;ys =c;
axy: tany: tasys=c:

anXx;+apnx: <b
a x;+an»x; <b;
as; x; +asx; <b;
x> 0,i=1+n
Yi, 2,320
Kaxmoit 3amaue TMHEHHOTO MPOTPpaMMHUPOBAHHUS COOTBETCTBYET 3aj1a4a ABOWCTBEHHAs /
conpsizKeHHAasl TI0 OTHOIICHHIO K UCXOIHOM 3a1a4e
b — 3amac pecypca Si, ajj— YHCIO IUHUIL TOTPeOIIsIEeMOTro pecypca Si ipu MPOU3BOACTBE
1
€MHUIIBI TPOAYKIIHU Pj

Y .y ,y -LEHBI HA PECYPCHI
1 2 3

3anaTBI Ha 3aKYIIKYy 9TUX pECYpCOB OOJXKHBL OBITH MHHUMAJIBHBIMU, T. €..

Z(y) = b1 Vi + b2y2+b3y3—> min
C npyroii CTOPOHBI, MPEANPUSITHE, TPOAAIOIICE PECYPCHI, 3aNHTEPECOBAHO B TOM, YTOOBI
MOJIy4eHHAs BhIpy4YKa Obljla HE MEHEE TOH CyMMBI, KOTOPYIO MPEANPHUATHE MOIJIO MOIYIUTh TPH
nepepadboTKe pecypcoB B TOTOBYIO MPOIYKIIHIO.
Ha usrorosnenue npoaykuuu P, pacxomyercs ai pecypca S, axi pecypcea Ss, as; pecypca
S;. CaenoBareabHO:

anpyr tapy: taz;ys =c;
apyrtany: taxnys: = c
HeHBI Ha pECypChbl BEJIMYNHBI HC MOI'YT 6BITI> OTPHULATCIIbHBIMU, 3HAYUT
Y .y .y 20
1 2 3

DopMyIUpPOBKA IBOVCTBEHHOW 3aa4H:

HaiiTu Takoit Habop OLIEHOK pPecypcoB, MPU KOTOPBIX OOIIHE 3aTpaThl a Pecypchl OyAyT
MHUHHUMAJIBHBIMU IIPH YCIIOBUH, YTO 3aTPAThl HA PECYPCHI IIPU MPOU3BOACTBE KaXKJOIO BUIA
MPOAYKIUU OyAyT HE MEHEE BBIPYUKH C peali3aliy TOH MPOTYKIIUU

CBoiicTBa B3aMMHO JIBOMCTBEHHBIX 321a4:

1. B onHo 3a1a4e UIIYT MAaKCUMYM 11e7IeBOM (DYHKIIMH, & B IPYyTrOil MUHHUMYM.

2. KoadumueHTs mpu epeMeHHBIX B MENIEBON (GYHKIIUU OJHON 3a1auu SIBIISTFOTCS
CBOOOJIHBIMH YJICHAMHU CHCTEMBI OTPaHUYCHH B TPYTOM.

3. Kaxnast u3 3a1a4 3a/1aHa B CTaHIAPTHOU (hopMe, IpUYeM B 3a/1aue Ha MAaKCHMYM BCe
HEPaBEHCTBA BU/IA « < », a B 33Jlady€ HAa MUHUMYM — BCE HEPABEHCTBA BHJA « > ».

4. Marpuna ko3(hGUIMEHTOB IPU TIEPEMEHHBIX B CHCTEMaxX OTPAHWYECHUH SIBIISIOTCS
TPAHCIIOPTUPOBAHHBIMU JIPYT K JPYTyY
5. Yuciio HEpaBEHCTB B CUCTEME OIPAaHUYEHUN OJTHOM 3aJ]a4X COBIIAJAET C YHCIOM IIEPEMEHHBIX
B JIpyTOM 3a1aye.

6. YCII0BUSI HEOTPHUIIATEILHOCTH IEPEMEHHBIX UMEIOTCSl B 00HX 3a/1adax.



IIpumep pemieHus 3agaqu.
CocTaBuTh ABOMCTBEHHYIO 3a7a4y JJIsl 38 JaHHOM.
Jana neneBast pyHkms f(x) = -x; + 2x, —max
U cuctema orpaHnveHui:

2X1— X2 Z / 1

-X) + 4X2 < “ 24

Xxi—x< | 3

Xi+tx225 %

X, X220

HpI/IBeI[CM CUCTEMY HECPABCHCTB K IIPABUJIBHOMY BHUY (LITO6I)I BCC 3HAKW HEPABCHCTB
COOTBETCTBOBAJIN 3a1a4€ HaA MaKCI/IMYM)Z
- 2X1 + X2 / S - 1

-X1 + 4X2 S “ 24

X1 — X2 S | 3

-X1- X2 S - ‘ 5

X;, X2> 0



Tema 2 : 3agaum TMHEHOr0 NPOrPAMMHUPOBAHUS:
2.4. TpancnopTHas 3a1a4a B 3KOHOMHUKE IPeANPUATHSA

1. AnropuT™m penieHus TpaHCIIOPTHOM 3a1a4u
2. 3ama4a 0 Ha3HAYEHUAX,
3. 3ajaua KOMMUBOSDKEPA
4. DKOHOMUYECKHE 33]]a4H, CBOJAIINECS K TPAHCIIOPTHON MOJIEIIH:

4.1. OnTuManabHOE pacrpeieneHne 000pya0BaHMs;

4.2. ®opMUpoBaHUE ONTUMAJIBHOTO MITAaTa (PUPMBI;

4.3. 3agaya KaJIeHJApHOHTO IJIJaHUPOBaHMsI IPOU3BOJICTBA;

1. AnropuT™m pemieHusi TPAHCIIOPTHOM 3a1a4u:

[IpumeneHre anropuT™Ma TPAHCIIOPTHOU 3a/1a4u TPeOyeT BBITIOJHEHUE CIICTYIOIINX
MIPEAIOCHUIOK:

1. lomkHa ObITh H3BECTHA CTOUMOCTD MEPEBO3KU €AMHUILIBI MPOTYKIT U3 KAXKIOTO
MyHKTa MPOU3BOJICTBA B KAXK/IbIHM MyHKT HA3HAYEHUSI.

2. lomxeH ObITh U3BECTEH 3amac MPOJYKTOB B KaX10M IIYHKTE IPOU3BO/ICTBA

3. M3BecTHBI MOTPEOHOCTH B MPOAYKTAX B KAXKJIOM IyHKTE MOTpeOIeHUs
O6miee nmpeIoKeHHE TOJIJIKHO OBITh paBHO 00IIEMY CITPOCY

ANTOpUTM pelieHus TPaHCIIOPTHOM 3a7jauyil COCTOUT U3 4 3TamnoB:

Jran 1. [IpeacraBnenue 1aHHBIX B (OpMe CTaHIAPTHON TaOJIUIBI U TIOMCK JIFOO0T0
JIOIIyCTUMOTI'O paclpeielIeHus: peCypcoB.

ﬂonycmuMblM Haszbvleaemcsa makoe pacnpedeﬂeuue pecypcos, Komopoe no3eojiaem

y00671€meopum 6ecb CHpOC 6 NYHKMAX HA3ZHAYEHUA U 6bl8E3MU 8€Ch 3aNaAc NPOOYKNOoe U3
HYHKMO6 RPou3eo0cmea

Jtan 2. [IpoBepka OJIIy4eHHOTO paclpeesIEeHUs] PECYPCOB HA ONITUMAJIbHOCTb.
Jran 3. Eciau nonydeHHOE pacipeeleHue peCypCoB HE SIBISETCS ONTUMAIbHBIM, TO
pecypchl iepepacnpeieNatoTces, CHUXKas CTOMMOCTb TPAaCIIOPTUPOBKU

Jrtan 4. [loBTOpHAas MpoBepKa ONTUMAIBHOCTH IMOTYYEHHOTO PacIpeesICHHsI peCypPCOB
Ipumep 3axa4m.

Tpu Toproseix ckiaga P, Q, R — MoryTt nocraBiaTh HEKOTOpO€E U3/ieIKeE B KoudecTse 9, 4
1 8 eAMHUI] COOTBETCTBEHHO. BeIMUnHEBI cripoca TpeX Mara3uHOB PO3HUYHOM TOProOBIIH,
Haxomsamuxcs B myHkTax A, B u C, Ha 3710 u3nenue pasHel 3, 5 1 6 €IMHNLIAM COOTBETCTBEHHO.
KakoBa MHUHHMMaNbHAasi CTOUMOCTb TPAHCIIOPTUPOBKH U3/IENIUI OT MOCTABIIUKOB NOTpeOUTEIsIM?
EnuHuyHbIe N30EPKKU TPAaHIIOPTUPOBKYU IPUBEICHBI B TA0I.:

TTocTaBmnk TpaHcoopT. H3OepRKHI I7Id OO0t oobeM
MarasHHOB, y.€. 3a €IIHHIIITY IpPeIIoKSHILT
A B C
P 10 20 5 9
Q > 10 8 4
R 1 20 7 8
O6muii 06LeM
3 5 6
crnpoca

Pemenue COanancupoBaHHasi TPAaHCTIOPTHAS TAOJIUIIA:



ITocTaBmuk TpaHcropT. H3TEPAKKIH 11T O0mit 0dsem
MarasiHOB, V.€. 32 € JHHIIY MPEAIOKeHILA
A B C (DIKTIBHEI
P 10 20 5 0
Q 2 10 8 0
R 1 20 7 0
O6muii 06beM
3 5 6 7 21
crpoca

Metoa 1. MeTon MUHUMAJIBLHOM CTOUMOCTH

1. B x1eTKy ¢ MUHMMaJIbHON €MHUYHON CTOMMOCTBIO 3allMChIBAlOT HAUOObIIIEE
BO3MOYKHO€ KOJI-BO ITPOAYKTA

2. [Tpon3BoauTCs KOPPEKTUPOBKA OCTABIINXCSA 00bEM MPEATIOKEHUS U oTpeOHOCTEel

3. Beibupaercs cie.kiieTka ¢ HAMMEHbIIEH CTOUMOCTBIO, B KOTOPYIO TIOMEIIaeTCst
HauOoIbIlIee BO3MOKHOE KOJTMUYECTBO POIYKTa, U T. A. Jlo TeX mop, moka Crpoc U NpeyioKeHue
HE CTaHyT PaBHBIMH HYJIIO

4. Ecnu HauMeHbllee 3Ha4YeHUEe CTOUMOCTH COOTBETCTBYET OoJiee 4eM OFHOM KIIETKU
TaOJIMILIbI, BEIOOP OCYILECTBIIAETCS CIy4alHbIM 00pa3oM.

HavanwHoe pacpeaciICHUC peCypCoB, IMMOJIYUYCHHOC MECTOAOM MHUHUMAaIbHOH CTOUMOCTH

Toprossrit Posumunerit Marazma Obmee
CKIIA] . _| mpennoKeHie
CRTIal A B C Oukrisreri| TP

) 9] T
; E P O G R 1 R
R 3 [ 1@ 4 7] 0\i 8510

_ 3 -
O6mas —35 —6—
OTpedHOCTH 0 —+0 —4-0

Crommocts = (3*1) + (4*10) +(1%20) + (2*5) + (4*7) +(7%0) = 101

Metoa Borens.

OcHoBaH Ha «tpagHoit croumocTiy». LlITpadHas cTOUMOCTb 715 KaXKA0H CTPOKU U
CTONIOIa — Pa3HOCTh MEXy HanOoJee JelIeBbIM MapIPyTOM H CIECIYIOIIUM 32 HUM C TOUKH
3pEHHUsI KPUTEPUSI MUHUMHU3ALMY CTOUMOCTH NIEPEBO3OK.

CyTp MeTOa COCTONT B MUHMMM3AIMH IITPadoB.

AJropurm:

1. BeruucnuTh 3Ha4eHUs MWTPa(HON CTOMMOCTH sl KaXKA0H CTPOKU U CTOI0a

2. BeiOpate cTpoKy uiy crosber] ¢ HauOoJbIINM 3HAYCHUEM IITPadHOM cToMMOCTH, U B
KJIETKY C HAUMEHBLINM 3HaU€HUEM CTOMMOCTH IEPEBO3KH Ul JAHHOM CTPOKHU U cTONIONA
MIOMEIIAETCsl HauOOJIbLIEE KOTMYECTBO IPOLYKTA.

3. IlpoBecTy KOPPEKTUPOBKA UTOTOBBIX 3HAYEHUH 110 CTPOKAM M CTOJI0LAM TaOIULIbI

4. B ctpokax mwiu cToiduax, rjae npeayio)KeHUe Ui CIPOC PaBHbI HYJIO CTaBUTCS
IIPOYEPK



5. IlpousBecTu BO3Bpar K mary 1 u nepecynrars mrpadHble CTOMMOCTH 0e3 ydera
KIIETOK, T7I€ YKa3aHbI [IEPEBO3KHU, UIH KJIETOK, I71€ CTOUT IIPOYEPK
HauanpHO€ pacnpeneneHue nepeBo3oK, Moly4eHHOe MeTonoM Borens

Toprossblii PosxuuaHbIil MmarasuH Oburee | tpaduas
cKi1an A B C OuxrieEp| 1RSI CITC_))IU\;OCTB

—9-82 0| 5 5

2

Lh

) 20|  [5]
. 2], o] s
R NET N A

o] o] o
:

O6mas 3 5 —6- 72— 21
[HoTpeOHO CTH| 0] —1-0 0 0

1-it rrpad 1 10 2 0]

2-1f urrpady o 0 2 0]

3-11 mrrpad - 0 2 0

JTan 2 pemieHUs TPAHCIOPTHOHH 3a1a4H

Hpoeepka Ha onmumdajibHOCmMb

1. Ecau pemieHre onTuMaibHO, KOJIMYECTBO 3all0JIHEHHBIX KJIeTOK OyneT (m+n-1), rae
M — KOJI-BO TOPTOBBIX CKJIAJIOB
N — KOJI-BO pO3HUYHBIX Mara3uHOB

2. Ecnu ycnoBue 1.1 BeINONHAETCA NPUMEHSIOT 2 METO/Ia IPOBEPKU Ha ONTUMAJIBHOCTB!

Meron 1 — Metop cTynieHek

Merton 2 — Metog MOJIN (MoauduipoBaHbIX pactpeaeIeHnii)

ITpoBepka HayaIBbHOTO pacpeieeHus IePEeBO30K Ha ONTUMATbHOCTh — MeTO[
CTYNeHeK

Toprossrii Posanunerii marazun Obmee
Croan A B C DuxrimpEpii| TPEIOKCHIS
, el I A 1 S 1

2 10 ~ | 8 -] 0
Q 11 B s 9 19 & GBJ— 4
p— — S
1 20 7 —.| 0
R 3 L 1 L 4 L (\-2)L 8
Oﬁma’f 3 5 6 7 21
MOTPeOHOCTH

Meton MOJIM ocHOBaH Ha BBIYMCIICHUU TEHEBBIX 1IEH

TeneBble LIEHBI 715 KOXKI0M MycTON (He0a3UCHOM) KIIETKU MOYKHO HANUTH U3
COOTHOIIIEHUS:



Toe ul — KOMNnOHeHRma, coomeemcmeyrouasl cnpoke,

V . — KOMNOHEHmMA, cOOMEemcmayouas cmoioyy
i,"J] — HOMep cmpoKu u cmonoya

Ota TeHeBas 1IeHa OTPakaeT JOMOIHUTENbHYIO CTOUMOCTh TPAHCIOPTUPOBKH €AMHHIIBI
U3JIENNA U3 MTyHKTA 1 B IyHKT j.

Ecnu Bce TeHEeBbIE LIEHBI MTOJIOKUTENIBHBI UM PaBHBI HYIIO (S i > 0), To peuieHue
ONTUMAJIBHO

C 13° 5= u; + vy onst sanonnenno kiemxu (P, C)

C 14” 0= u; v, 0711 3anonHenHou kiemxu (P, ouxmusnwiii)
C33 =7= ug T vy ons 3anonnennou kiemxu (R,C)

C3] =1= uztv, o5 3anonnenHou kiemxu (R,A)

C32 =20 = ugtv, o7 3anonHenHou kiemxu (R,B)

C22 =10= Uy tv, ons 3anonnennot kiemxu (Q,B)

Ilycmov ul = 0. CreoosamenvHo V3 =5, vy =0, Us =2, v, =1, v, =]8, Uy = -8
Iloocmasum nonyyennvle snauenus 6 S B =c i (ul. +v ]) U NOYYUM MEHesble YEHblL!
S,, =10— (0 + (-1)) = +11 ona nycmoii knemxu (P, A)

SZ =20— (0 + 18) = +2 ona nycmotii knemxu (P, B)
SZI =2-(-8— 1) = +11 ona nycmoii knemku (Q A)
S23 =8- (-8 +5) = +11 onsa nycmoii knemxu (Q, C)
S24 =0- (-8 + 0) = +8 ona nycmotui knemxu (Q, puxmugmwiii)

(2 + 0) = -2 ons nycmoii kriemku (R, ¢pukmugnwiii)
rFonyquHLIe 3HAUCHHUS 3aHOCSTCS B TPAHCIIOPTHYIO TAOJHILY:

IIpumenenne metoga MOJIU nuist NPOBEPKH HA ONTHUMAJBHOCTH HAYAJIbHOTO
pacnpeejeHus epPeBO30K

Toprossrii Po3HianEeNl Maraznn Obmee
CKIIAL . = [ IIPCAJIOAKCHIIC
CRTan A B C OUKTIBHBI] T

> E_\/, m ‘i__gﬁ, @ 2 \i 7 m 9

& 2] o Gl @
Q Jj 4 ) ¢8 4
20 7 ~|0
R L 1 L 4 L ( -ZJ— 8
- Oman 3.
5 11,
Oomag 3 5 6 . 21 OUCK
IIOTPEOHOCTDH

onmumailbH0O20 peuieéHus

1. Ecnu TpancnopTHas Tabnuia conepkuT oonee 1 mycToi KIETKH ¢ OTPHUIATeIbHBIM
3HAYECHUEM TE€HEBOH IIEHBI, TO BEIOUPAETCS Ta, KOTOPOH COOTBETCTBYET HAMOOJBIIIEE 3HAYCHHE 110



a0COJIFOTHOU BEIUYUHE

2. Ctpoutcst CTyneHYaThIi UK
3. BBIABIAIOTCS KJIETKH, KOJTMYECTBO MEPEBO30K B KOTOPBIX HEOOXOAUMO COKPAaTUTh U
oIpeesIeHNe BEJTMUMHBI 3TUX COKpAIIEHUI TakuM 00pa3oM, YTOObI HU O/THO U3 3HAUEHUH
IIEPEBO30K HE OKA3aJ10Ch OTPULIATEIbHBIM

Crynenvarsrit uki aiis (R, puxTuBHBIN)

C DUKTHBHEIT

-~ - o

P 2 7

HE=ND

R 4 \2)

[lepepacnpenenenre nepeBo3oK

Toprossrit PosHITHbIT MarasmnH Obree
CRIaT A B C Ouxrippt| PETOACHIE

I T A EI R T
. L] b o,
R 3\L 1@ 4-4u owm 8

Obmas 3
HOTpedHOCTH

IIpoBepum nanHOE penieHue
Ha ONTUMalIbHOCTh MeTomoM MOJIU:

C13=5=u1+v3 nonooicum ul = 0, mozoa v3=5
Cra=0=u*vy Vg~
C34=0=u3+v4 u3=0
C3]=1=u3+v] v]=1
C32=20=u3+v2 v2=20
C22=10=u2+v2 uz——]()

TaK, TCHCBBIC ICHBI COOTBCTCTBYIOIIHC ITYCTBIM KJICTKaM 6y,Z[YT PaBHBI:

S, =10—(0+1)=+9
S,,=20—(0+20)=0
Sy, =2-(-10+1)=+11
Sy3=8-(-10+5) =+13
Sy =0-(-10+0)=+10
Sy =7—(0+5) =+2

T. K. HA OJJHO U3 3HAYCHUM TEHEBBIX ICH HC OTpULATCIBHO, MMOJTYYCHHOC PCIICHHUC
ABJIACTCA OIITUMAJIbHBIM



MunumaiabHast CTOUMOCTD paBHa:
101 + (4*(-2)) = 93

2. 3a1a4a 0 HA3HAYCHUAX
Oco0EHHOCTH 3a1a4U O HA3HAYCHUIX:

1. Ynciio myHKTOB MPOU3BOJACTBA PABHO YMCIY ITYHKTOB Ha3HaueHUs. TpaHCIoOpTHas
Tabnauma uMmeeT GopMmy KBajpara

2. B xaXJ1I0M IIyHKTe Ha3HaueHUst 00beM MOTpeOHOCTH paBeH 1. BennuuHa npeaioxkeHus
Ka)KJIOTO ITyHKTa MPOU3BOJCTBA paBHa |

_ Oran2

1. HaiiTu cTpoky, cofep alilyto TolIbKo 1 HyJaeBoe 3HadeHHE CTOMMOCTH, U B KIIETKY,
COOTBCTCTBYIOIIYO JAHHOMY 3HAYCHUIO, IOMCCTUTDH 1 snement. Eciin Takue CTPOKHU
OTCYTCTBYIOT, JOITyCTUMO HayaTh C JIIOOOTr0 HYJIEBOI0 3HAYEHUSI CTOUMOCTH

2. 3a4epKHYTh OCTABIIHNECS HYJEBbIE 3HAYEHMSI TAaHHOTO CTOJI01a

3. IToBropsTh n.1 ¥ 2 10 TEX MOP, OKA MPOIOHKEHUE OMMCAHHON MPOLEYPbl OKaXeTCs
HEBO3MOKHBIM

Oran 3

1. [IpoBecT MUHUMAIBHOE YHUCIIO MPSIMBIX Yepe3 CTPOKU U CTOJIOIBI MAaTPHULIBI (HE IO
JUArOHAJIsIM) TaKUM 00pa3oM, YTOOBI OHU MTPOXOAMIIN YEPE3 BCE HYJIHU, COJEPIKAIINUECs B TaOIUIIe
2. HaiiTu HauMeHbIIUI CpeaU IEMEHTOB, YEPE3 KOTOPbIE HE MPOXOAUT HU OJIHA U3
IIPOBEJICHHBIX MPSMBIX.

3. BeruecTsb €ro u3 Bcex JIEMEHTOB, Yepe3 KOTOPbIE HE MPOXOAAT IPsSIMbIe

4. I[TpubaBUTh HaMIEHHBIH JIEMEHT KO BCEM 3JI€MEHTaM TaOJHIIbl, KOTOPBIE JIeXkKaT Ha
[IEPECEUEHUH IPOBEIECHHBIX PAHEE NIPSIMBIX

5. Bce anemMeHTBl MaTpullbl, Yepe3 KOTOpPbIe MPOXOAUT TOIBKO OFHA MpsiMasi, OCTaBUTh 0e3
W3MEHEHUs

IIpumep pelieHus 321241 0 HA3HAYEHUAX

Hekoropast komnanus umeet 4 cObITOBbIE 0a3bl U 4 3aKa3a, KOTOPbIE HEOOXOIUMO
J0ocTaBUTh noTpeduTensaM. Kaxnoe ckiiagckoe oMeneHue MOKET pa3MeCTUTh | 3akas.
PaccrosiHue Mex 1y CKIaaMu U HOTpeOuTensiMU yKa3zaHbl B Tabnuie. Kak cienyer

pacmipeaenuTh 3aKa3bl 0 COBITOBBIM 0a3aM, 4TOOBI 00111ast JaANTFHOCTh TPAHCIIOPTUPOBKHU ObLIa
MUHUMaAJILHON

Toprosas PaccTosiHIE, MIIB 710 TOTpeduTeTeil
basza I 11 I v
A 68 72 75 83
B 56 60 58 63
C 38 40 35 45
D 47 42 40 45
BrisaBiienue
HAaUMCHBIINX 3JICMCHTOB 110 CTPOKaM
Toprosas PaccTosHIe, MIIb 10 IOTpeduTeTeil Harnvesbim
6asa I 11 11 v ot
A 68 72 75 3 68
B 56 60 58 63 56
C 38 40 35 45 35
D 47 42 40 45 40




Brruntanre HauMEHbBIIIETO JIEMEHTA 110 CTPOKaM U BBISBICHHE HAUMEHBIIIETO YIEMEHTa
10 CTOJIOIIaM

0 4 7 15
0 4 2 7

3 5 0 10

7 2 0 5

0 2 0 5 \

HarnMeHBIIII 3IeMeHT cToI6ma -~

BrlunTanrue HaMMEHBIIETO AJIEMEHTA I10 CTOH6LIaM

0 2 7 10
0 2 2 2
3 3 0] 5
7 0 0 0

Ha3naueHnue B KJIETKH C HYJICBBIMH 3HAYCHUSAMU

m 2 7 10
— > > 2
3 3 (o] 5
7 [0] o —o-

HpOBQ)ICHI/IC MPAMBIX YCPC3 HYJICBBIC 3JICMCHTBI

D i 10
2 P 2

B 3 0 5

i 1§} 1§}
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BTOpOC AJIBTCPHATUBHOC PCHICHUC
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MuHuManbHas JalbHOCTh IEPEBO30K IS KaXKIO0TO U3 TPEX PEIICHUIA:
Pemenne 1: 68 + 60 + 35 + 45 =208 muin

Pemenue 2: 68 + 63 + 35 + 42 = 208 Muib

Pemenue 3: 72 + 56 + 35 + 45 = 208 muin

OO61mas JanbHOCTH 7Sl BCEX TPEX PeLIeHUH OJIMHAKOBa

3. 3agaua KOMMOBHSIKEpPa

Hmeetcst n ropoaoB, 3aHyMepoBaHHBIX yucinamu 1,2,...,n. Jng mo6oi mapsl TopoaoB (i,))
3aaHo paccTtosiHue (Bpems, myteBble pacxonsl) C(i,j) > 0 mexay vumu. [lostomy B 00mem
ciyuae C(i,j) # C(j,1). KommuBosikep, Bble3kast U3 Kakoro-imbo ropoja, J0KeH MOCETUTh BCe
ropoja Mo OJHOMY pa3y M BEpHYTHCS B HCXONHBIA ropoxa. HeoOXxomumo ompenenuTh TaKyro
MOCIIeI0BATENILHOCTh 00b€3/1a TOPOA0B, MPH KOTOPOH AJTMHA MapLIpyTa Obula Obl MUHUMAJIBHOM.

Jpyras umHTEepnperanus 3TOM 3aJa4M CBA3aHAa ¢ MUHUMHU3ALMEN BPEMEHH NEPEHAIATOK
npu oOpaboTKe Ha OAHOM CTaHKe MapTUM W3 n pasziauuHbiX geraneil. 3peck C(i,j) - Bpems
NepeHaNaZIK| TIPU TIepexone OT 00paboTKu aeranu 1 K oOpaboTke neranu j. TpeOyercs HailTh
MOCIIEI0BATENILHOCT 00Pa0OTKH JieTaneld, MUHUMU3UPYIOILYIO 0011ee BpeMsl TepeHana oK.

JI71st 3anMcy TOCTAaHOBKH 33J]a4¥ B TEPMUHAX IIEJIOYHUCICHHOTO JIMHEHHOTO
IPOrpaMMHUPOBAHMS ONpeeauM OyJIeBbl IEPEMEHHBIE CIIEAYIOIINUM 00pazoM: X y = 1 , eciu
KOMMUBOSDKED TTEpPee3kKaeT U i-ro ropoja B j-if; Xy = 0, B mpoTUBHOM cirydae. Torna 3agaqa
3aKJII0YAETCsl B OTBICKAHUU 3HAYEHUI MIEPEMEHHBIX X y YOBJIETBOPSIOLINX CIEIYIOIINM
COOTHOIIICHHSIM:

Z Zcij'Xij — min
i=1j=1
MIPU YCIIOBUSAX

Y xi=1, j=1,..,m (Bbe3n B roporn j )
=1

> x3=1, j=1,..,n (Bbe3n u3 ropoxa ij)
j=1

u—utnex;<n-1(i1#])(
xij= {0,1},ui > 0, uenste, i=1,....m, j=1,....n
OrpanundeHus TpeOYyIOT, 9TOOBI MApPIIPYT 0OPA30BHIBAII KOHTYP.



4. JKOHOMHUYECKHe 32/1a4H, CBOASALIMECH K TPAHNOPTHON Moe N
4.1. OnTumManbHOe pacnpenesaeHne 000py10BaHUA

Ob6opynoBaHre m pa3IUYHbIX BUAOB HY)KHO paclpeieUuTh MeXIy N pabounMu
ydacTkaMmu. [Ipon3BoauTENHOCTD €AMHUIIBI 000PYIOBaHUS 1-T0 BUJIA HA J-M paboyeM ydyacTke
paBHa pij;; 1=1,...,m;j = 1,...,n. ITorpeOHOCTS j-TO yuacTKa B 000pYJ0OBaHMHU COCTABIAET bj , j =
1,...,n. 3anac o0opynoBaHus i-ro BUAa paBeH aj , 1 = 1,...,m. Haiitu pacripenenenue
000pyI0BaHUS 1O pabOUMM y4acTKaM, IPH KOTOPOM CyMMapHasi POU3BOJUTEIHHOCTD
MaKCHMaJbHa.
JlanHas 3ajada  OTHOCHUTCS K KJIAacCy TPAaHCHOPTHBIX 3aJad NpU  YCIOBUH, HYTO
[IPOU3BOJUTEIBHOCTh JIMHEMHO 3aBHCUT OT KOJIMYECTBA HCIIOJIB3yEMOro 00OpYIOBAHHUSA.
[TocraBuikaMu B 3ajaue SIBISIOTCS pa3iMYHBIE BHUIBI OOOPYJOBaHUS, IMOTPEOUTENAMU —
palourie y4yacTKH.

4.2. ®opMupOBaHME ONITUMAJIBHOIO IITATA GUPMBI.

@upma nHabupaer mTar coTpynHukoB. OHa pacmojaraeT n TpyHnnamMH pPasIdYHbBIX
JOJDKHOCTEH 10 bj BakaHTHBIX €QMHUL] B KaXIOoW rpynmne, j = 1,...,n. Kangunare! ans 3aHaTus
JOJDKHOCTEHN MPOXOAAT TECTUPOBAHUE, IO PE3yJbTaTaM KOTOPOro X pas3leisioT Ha m IpyIIl MO
ai KaHIUJATOB B Kaxaod rpymme, i = 1,....m. J[ms Kaxmoro kKaHawmara W3 1-OM TPYIIITBI
TpeOyroTCsl ONpEeIICHHbIE 3aTpaThl Cij HAa OOydeHHe Ul 3aHATHUS j-OM JOIKHOCTH, 1=1,...,m;
Jj=1,...,n. (B uacTtHOCTH, HekoTOpble cij = 0, T.e. KaHAMIAT IOJHOCTBIO COOTBETCTBYET
JOJDKHOCTH, MM Cij = o0, T.€. KaHAMJAT BOOOINE HE MOXET 3aHATh JAaHHYIO IOJKHOCTB.)
TpeOyercs pacnpenenuTb KaHIAWAATOB Ha JOKHOCTH, 3aTPaTUB MUHHMAJIbHBIE CPE/ICTBA HA UX
oOy4eHwue.

[Ipenmonoxxum, dYro oOIIee 4YHCIO KaHAWIATOB COOTBETCTBYET YHCIY BaKaHTHBIX
nomkHocteil. (Eciam 310 He Tak, TO cleayeT MpOCTO MpojenaTh mpeodpazoBanue paznena 4.1.)
Torna nanHas 3aja4a COOTBETCTBYET TPAHCHOPTHOM Mozeiau. B poiau mocTaBUIMKOB BHICTYHAIOT
TpyNIbl KaHAWIATOB, a B PO MOTpeduTeneil — rpynmsl JODKHOCTEH. B kauecTBe Tapudos Ha
MIEPEBO3KU pacCcMaTpUBAIOTCS 3aTpaThl Ha epeodyydeHue.

4.3. 3aia4ya KaJeHIAPHOI0 IVIAHNPOBAHMS NIPOU3BOICTBA.

PaccMorpuMm  3amady  KaleHOapHOTO  IUIAHUPOBAaHUS — Tpou3BoicTBa Ha N
noclenoBareNbHeIX dTamax. Crnpoc W3MeHseTcss BO BpPEeMEHH, HO JerepMuHupoBaH. Crpoc
MOXXHO YNOBJIETBOPUTH JIMOO IMyTEeM HW3MEHEHHsS YPOBHS 3amaca NpH IMOCTOSHHOM OObeMe
IPOU3BOJICTBA, MO0 32 CUET U3MEHEHHS 00beMa MPOU3BOJICTBA P TOCTOSHHOM YPOBHE 3araca,
100 TMyTeM U3MEHEHHMS M YPOBHS 3aIaca, M BhIITycKa. MI3MeHeHus: o0beMa MpOn3BOACTBA MOKHO
TOOHTHCS, TPOBOS CBEPXYpOUHBIE PaOOThI, a MI3MEHEHUS YPOBHS 3amaca MOKHO O00ECTIEYHTh 3a
CYET CO3/IaHMs ITIOCTOSIHHOTO IOJIOKUTEIBHOTO 3amaca, JIMOO 3a CYET HEeyIOBIECTBOPEHHOTO
crpoca.

HyXHO OTBICKaTh KaJeHTapHBIN IUIaH MPOU3BOACTBA Ha N 3TarnoB, MUHUMHU3UPYIOLIHA
CyMMapHbI€ 3aTparhl. B Mojenu npeamonaratoTcs HyleBble 3aTpaThl Ha oopMIIeHHE 3aKa3a A
nro0oro stama. B o0miem ciydae normyckaercs Ae(UIMT MPH YCIOBHH, YTO BECh 33JI0JKEHHBIH
CTIPOC JOJDKEH OBITh YIOBIETBOPEH K KOHILYy dTarma N. DTH yCIIOBHSI MOXHO 3allucarh B BHIE
TPaHCIIOPTHOM 3a1a4u.

Tema 3: Moaesu ITMHAMHYECKOT0 IPOrPAMMUPOBAHUSA U CETEBOI0 IVIAHMPOBAHMS B
IKOHOMHUKeE
1. CereBas MOzIE€Nb U €€ OCHOBHBIE JIEMEHTHI
2. [IpaBuia moCTPOEHUS CETEBBIX TpaduKOB

1. CeTeBasi MoaeJb M €€ OCHOBHBIE DJIEMEHThI



I'pa¢ — KOHCTPYKIUS U3 BEPIIUH U pedep

BepuiuHbl — TOYKH

PebGpa — coenuHsonye JIMHUNA

I'pa¢d HaspiBaeTca Jil1€POBBIM, €CIIN CYIIECTBYET Iy Th, O3BOJISIOIIMNI PUNTH B Ty K€
BEpIIKHY, U3 KOTOPOH BBILIUTH, TIPOHIS 1O KaXKIOMY peOpy, TOJIBKO OUH pa3.

I'pad HaspiBaercd | aMUIBTOHOBBIM, €CIIA CYLIECTBYET
My Th, O3BOJISIOLIUI OOOWTH BCE BEPILIMHBIL, 3aX0/1 B KAXKAYIO TOJBKO OJUH pa3

JepeBoM Ha3biBaeTcs rpad), qro0bie BE BEPIIMHBI KOTOPOTO COSTUHEHBI TOJIBKO OTHUM
pedbpom

Cxema nepeso3ox moeapoe mexcoy ckiadamu

CeteBasi MoeJIb TIPECTABIISICT COOOM IJIaH BBHITTOTHEHUS HEKOTOPOTO KOMILIEKCa
B3aMMOCBSI3aHHBIX PadoT (ormepariuii), 3aJaHHOTO B (hOpMe CETH, N300paKeHHE KOTOPOM
HA3BIBACTCS CeTeBbIM rpaukomM

OcHoBHOe HazHaYeHHe CeTeBOro IaHupoBanus u ynpapjienns (CITY):
- (opMHpOBaHHE KaJICHIAPHOTO TUTAHA Pealn3aliui KOMITIeKca padoT;

- mpuHATHE 3(P(PEKTUBHBIX PEIICHUN B TIPOLIECCE BBIMOIHEHUS ATOTO TUIaHA
I'maBHEIE DIIEMEHTHI CETEBOU MOJEIIN:

- coObITHS (0003HAYAIOTCS BEpPIIMHAMU TpadoB)

- paboTHhI (yTH)

Co0bITHE — PTO MOMEHT 3aBEPIICHUS KAaKOTO-TH00 MpoIiecca, OTpakarolui OTASIbHBIA dTall
BBITTOJIHCHUSA ITPOCKTA

Co0bITHE HCX0HOE (HAYAJIbHOE) — HE HMEET
MPEANISCTBYIONMIUX padOT U COOBITHIA,

CoobITHE 3aBepHIaloNIee (KOHEYH0e) — He UMeeT
MOCJICAYIOIMUX pabOT U COOBITHI
Pabota MoxeT ObITh TPEX BUIIOB:

1) neiicTBUTEJbHAs PadoTa — MPOTSHKEHHBIA BO BPEMEHH MPOILIecC, TPeOyIOInii 3aTpat
pecypcoB;

2) o:XKuAaAHMe — IPOTSHKEHHBIN BO BpeMEHH Ipoliece, He TpeOyIoIHii 3aTpaT Tpy/a;



3) pukTHBHAas padoTa (3aBHCHMOCTB) — JIOTHUECKAs CBA3h MEXKIY JABYMS WA HECKOJIBKUMHU
paboTtamu, He TPeOYIOMIMMU 3aTpaT TPyAa, MAaTEPUATBHBIX PECYPCOB U BPEMEHH.

IyTh - mo6ast mocnea0BaTeIbHOCTh PA0OT, B KOTOPOH KOHEUHOE COOBITHE KaXKI0H PabOTHI
COBIIAJIa€T C Ha4YaJIbHBIM COOBITHEM CIIENYIOMICH 3a

Hel paboThI.

Hoanblii nyTh (L)) — m000# yTh, HAYAJIO KOTOPOTO COBMAIACT C HCXOAHBIM COOBITHEM CETH, a
KOHEIl — C 3aBEPLIAOLIHM.

HawubGonee HpOI[O.H)KI/ITeHBHHﬁ MOJIHBIN IMyTh B CCTCBOM rpa(bm(e Ha3bIBACTCA KPUTHYECCKHUM.
KpurnyecKkuMH Ha3BEIBAIOTCS pa6OTI)I n CO6BITI/I$I, PACIIOIIOKCHHBIC HA KPUTHYCCKOM ITYTH.

JImuHa KPUTHYECKOTO IMyTH HA3bIBACTCS KPUTHUECKAM BPEMEHEM (CPOKOM) CETEBOTO rpaduka
(Txp).

Kpnanecxoe BpeMs — OTO HAMMEHBIICES
BpPEMA BBIINIOJIHCHHA BCETO KOMILIICKCA pa60T.

CereBoil rpag K MOXET UMETh HECKOIBKO PA3IMYHBIX KPUTUYECKUX ITyTEH, HO BCE OHU UMEIOT
OJIHY U Ty K€ JUIMHY

2. IIpaBujia nocTpoeHus1 ceTeBbIX rpaguKoB
1. B ceTeBoit Moaenu He TOMKHO OBITh «TYMHUKOBBIX» COOBITHH (M3 KOTOPHIX HE BBIXOAUT HU
ofHa paboTa,3a UCKITFOUYEHUEM 3aBEPIIAIONIETO COOBITHS)
2. B cereBoM rpaduike He JOIKHO ObITh «XBOCTOBBIX» COOBITHII (KOTOPHIM HE MPEIIIECTBYET
X0Ts OBl OJTHA paboTa, 32 UCKITFOUEHUEM HCXOIHOTO).
3. B ceTn He TODKHO OBITH 3aMKHYTBIX KOHTYPOB H METENb, (ITyTeH, COSAMHSIONNX HEKOTOPHIE
COOBITHS C HUMH K€ CaMUMU)
4. JIroObie 1Ba COOBITHS TOJDKHBI OBITh HETTOCPEJICTBEHHO CBSI3aHBI HE OOJIee YeM OTHON
paboToii.
5. B cetn pekomeHayeTCs UMETh OTHO MCXOIHOE M OJTHO 3aBepIaroiiee COObITHE.
6. CereBoii rpaduk 10KeH OBITh YIIOPSAI0YEH.

BpemeHHbIe napamMeTpbl ceTeBbiX rpadukoB

[MapameTpbl cObbITUNA:
- PaHHUI CPOK CBEPLLEHNS i-r0 COObITHS

tp() = maxijft,(i) + t(.i)]

- N03gHUN (NpeAenbHbIA)CPOK CBEPLLEHMS i-r0 COBbLITUSA

tn(l) = min i,j[tn ) — t(/,l)]

- pe3epB BpeMeHU R(i)ro cobbiTus

R(i) = ta(i) - to()

NapameTpbl paborT:

- paHHWI CPOK t . (i,j) HaYana paboTsl (i,j) coBnagaeT ¢ paHHUM CPOKOM
HaCTYNMeHMs Ha4YanbHoro cobbltna i:  t pu(i,f) =t (i)

- pal.-ll.-II/ll?l CPOK tpo_(i:j) OKOHYaHusi pabomel (ij):

t po(lsf) =t (i) + t(j,j) .

- NO34HUN CPOK t no(i,j) OKOHYaHKMSA paboThl (i,j) coBNnagaeT ¢ NO3gHMM CPOKOM KOHEYHOro
cobbITuA

toofhi) = tal) 3

- MO34HUI CPOK th(/_,) Hayana pabortsbl (j,j):

t nu(i,j) = tn (i) — t(i,))

- pesepB BpemeHu Nyt R(L) =t , - {(L)




IIpumep pemenns 3agaun. J{s 3aJaHHOTO CETEBOTO Tpaduka pacCUUTATh BCE MapaMeTphbl
COOBITUH U paboT, ONIPEeIETUTh KPUTUYECKUN YTh U €r0 JUTUHY

[TapameTpbl cOOBITHIT ceTEBOTO TpaduKa

Honmep 5 )

codprmma | © I 2 3] 4 516 7 8 9 |10 | 11

Panniin 0 8 17 13 23 | 20| 29| 33 | 37 42 48 | 61

CPOK

HMoszmmit | | 9 | 40| 13| 26| 20| 29| 43 |38 | 42 | 48 | 61

CPOK

PesepB 1o | 1| 23| of 3| 0| 0|10l 0] o0 |0

BpeMeHII

K quecmn HYTB 00pa3yroT CIIeIYIOIIHE COOBITHS
65 B 5 % 10 511
Ecro npogomkutenbHOCTh cocTaBiseT 61 neHb
Ne | Pabora | [Ipomomkutens Cpoku Hagajia 1 OKOHYaHUA paboT Pezeps Bpemenu Rp(i,j)
HOCTB paboT .. .. ..
(i) t (i) tpo (i,j) tnn (i) tno (i,j)

101 8 "0 8 ] 9 1
2 ©0,3) 13 0 13 0 13 0
3| (0,5) 9 0 9 1 20 1
41 (1,2 9 8 17 31 40 23
5 (1,4) 6 8 14 20 26 12
6 | (1,3) 4 8 12 9 13 1
7 2,7 3 17 20 40 43 23
8 | (3,4 10 13 23 16 26 3
9 | (35) 13 20 13 20 0




10| (3,6) 6 13 19 23 29 10
11| 4,7) 8 23 31 35 43 12
12| (4,6) 3 23 26 26 29 3
13| (5,6) 9 20 29 20 29 0
14| (58) 10 20 30 28 38 8
15| (5,9) 6 20 26 36 42 16
16 | (8,7) 4 29 33 39 43 10
17 | (6,10) 5 29 34 43 48 14
18| (6,9) 13 29 42 29 42 0
19| (6,8) 8 29 37 30 38 1
20 | (7, 10) 5 33 38 43 48 10
21| (8,9) 4 37 41 38 42 1
22 | (9, 10) 6 42 48 42 48 0
23 | (9, 1) 17 42 59 44 61 2
24 | (10,11) 13 48 61 48 61 0

Koadpdunmentom HanpspkenHoct K # paboThl (1,]) Ha3pIBa€TCsl OTHOIICHHE
MPOIODKUTENIEHOCTH HECOBIAAAIONINX (3aKITIOYCHHBIX MEKAY OHUMHU M TEMH e COOBITUSIMH)
OTpPE3KOB IyTH, OAHUM N3 KOTOPBIX SBISAETCSITYTh MAKCUMAIbHON MPOJOIKUTEILHOCTH,
MPOXOAALINH Yepe3 JaHHYI0 padoTy, a IpyruM — KPUTUUECKHH My Th:
t(Lmax) — t'kp
Ku (1,i) = tkp—t'xp
I'me t(Lmax) — mpoAoKUTENBHOCTS MAKCUMAIILHOTO MY TH, MIPOXOAIIETo Yepe3 padoTty (i,))
Tkp — NPOAOIKUTETHHOCTH (UTMHA) KPUTUIECKOTO MyTH
T'kp — NPOAOIKUTETHHOCTH OTPE3Ka pacCMaTprUBaeMOro MyTH, COBMAIAIOIIETO C KPUTHYECKUM
nyTemM
Rn(i.j)
Ka(j)=1- txkp—tkp
Rn (i,j) - momHbIi pezeps BpemeHH padorT (i,))

Koa¢¢unmeHT HanmpspkeHHOCTH 10a3bIBAET CTETIEHb TPYIHOCTH BBITIOIHEHHS B CPOK KaXK 10U
IpyIIbl paboT HEKPUTHUECKOTO ITyTH

Tema 4: 3agaun NPUHATHS PelIeHUd B YCJIOBHUSIX HEONPeaeJJeHHOCTH
4.1. Teopust urp

1. IlonsiTve 1 KIaccUPUKALMS UTP
2.I'eoMeTprydecKass UHTEpPIIPETaLs UTPbI 2X2

1. IlonsiTue U KiIaccupuKaAusa urp

Astopsl Teopun urp: Jx.®on Heitman u O. Monrepureps (1944r)
Teopust Urp — 3TO METOJBI MATEMATUYECKON TEOPUH JJIS pEIICHUs 3a/1a4 KOH(PIUKTHBIX
CUTyaluin

JieMeHTbI KOHQUINKTA:
1) Urpoky — MHOXKECTBO 3aMHTEPECOBAHHBIX CTOPOH
2) Crpareruu (Xopl) — BO3MOXKHBIE IEHCTBUS KaXk/10T0 UTPOKa

3) CDYHK!!I/II/I BBIMTI'PBIIIA (INIATEKA) — MHTEPECHI KaXKJI0I0 UTPOKa



Monenbs KOH(PIUKTHON CUTYaIlMi Ha3bIBACTCSI HTPOii

HpuzHaku kaaccupurkanum urp:

- YHCJIO UTPOKOB;

- YHCJIO CTPATEruii;

- CBOMCTBA (DYHKITUH BBIUTPHIIIIA;

- BOBMOXXHOCTb MPEJIBAPUTENBHBIX IIEPETOBOPOB

- BOBMOKHOCTb B3aHMMOJICUCTBHUS B XO/I€ UTPhI

1) Urpa Ha3piBaeTCsS MAPHOIA, €CITM B HEH y4acTBYIOT 2 UTPOKA, MHOKeCTBEHHOM, €CITH YUCIIO
WUTPOKOB OOJIee IBYX;

2) Urpa Ha3pIBaeTCs ¢ HYJI€BOI CYMMOIi 1T AHTATOHUCTHYECKOM,eCITH BBIUTPHIIT OTHOTO U3
WUTPOKO PABEH MPOUTPHIILY IPYTrOTro

3) Urpa Ha3bpIBaeTCS € MOCTOSIHHON PA3HOCTBIO — €CJIM UTPOKHU BBIMTPHIBAIOT U MPOUTPHIBAIOT
OJTHOBPEMEHHO;

4) Urpa Ha3bIBaeTCs] KOHEYHOI,eCIIH y KaKI0TO UTPOKA UMEETCSI KOHEUHOE KOTUYECTBO
cTpaTreruii, 1 0€CKOHeYHO# — B TPOTHUBHOM CJIydae

5) BecKOATUIIMOHHBIMH HA3bIBAIOTCS UTPHI, B KOTOPBIX HTPOKH HE UMEIOT MpaBa BCTYIATh B
comaieHus, 00pa3oBbIBaTh KOATUIINHA. B KOAJTHIIMOHHON MTPe UTPOKH MOTYT BCTYIIaTh B
COTTIAIICHHUS U 00Pa30BBIBATH KOAIHIINY;

6) B KoonepaTnBHO# MIpe KOAINUIIUY ONpeieNieHbI 3apaHee (10 Hayada urpsl). B
HEKOOIEePATUBHOM UTPE - PELICHUS] IPUHUMAIOTCSA HE3aBUCHUMO JPYT OT JAPyTa B XOJAE UTPHI;
7) KomOuHATOpPHbIE UTPbI — YHCIIO UCXOJI0OB, CTPAaTEruii, (PakTOpOB - KOHEYHOE, HE OYCHb
OonbIoe

8) B cayyailHbIX MTpax KOJIMYECTBO UCXOA0B HE 3aBUCHUT OT MTOBEJCHUS UTpOKa. B
CTPATErn4ecKMX — OJIMH YYACTHUK HAXOIUTCS B COCTOSTHUM HEOOPEAeIEHHOCTH OTHOCUTEIBHO
MOBEJICHUS JPYTUX YYaCTHUKOB UTPHI;

9) MarpuyHas urpa — 5T0 KOHEYHAs HTpa IBYX UTPOKOB C HYJIEBOW CyMMOM, B KOTOPO
3a1at0TCS BBIMTPBIIIN IEPBOTO UTPOKA B BUJIE MATPHILIBI.

X0/1 HITPoKa BHIOOP M OCYIIECTBICHHUE OTHOTO U3 MPEMYCMOTPEHHOTO MPaBUIIAMHU JCHCTBHIMA

JIMYHBINA X0 — CO3HATENbHBIN BEIOOP UTPOKOM OJTHOTO U3 BO3MOXKHBIX J€UCTBUN
CayuaiiHblii X01 — 3TO CcIy4aifHO BEIOpaHHOE JIeiicTBHE

Crparerusi Mrpbl — COBOKYITHOCTb MPaBUJI, ONIPEIEISIFOIINX BBIOOp ACHCTBUS IPH KaXKIOM
XO0JI€ B 3aBUCHMOCTH OT CJIOKMBLIEHCS CUTyallun

PenieHue Mrpbl — MOKMCK CTPAaTETUu AJIsl KaX10r0 HPOKa,KOTOPast yIOBJIETBOPSET YCIOBHUIO
ONTUMAJIBHOCTH, T. €. OMH U3 UTPOKOB IOJy4aeT MAKCUMAJIbHBIM BBIUTPHIIL, KOIJa BTOPOil
MIPUIEPIKUBAETCS CBOCH cTpareruu

OnTuManbHbIe CTPATETHH JOJDKHBI YIOBIETBOPATH YCJIOBHIO YCTOHYHUBOCTH, T. €. JItobomy 13
UTPOKOB JIOJ’KHO OBITh HEBBITOJIHO OTKA3bIBaThCS OT CBOEH CTpaTeruu B 3TOM Urpe
Ilnare:xxHasi MaTpULa — 3TO MaTpulla, JEMEHTaMU KOTOPOH SBIISAIOTCS
BBIUTPBILIN,COOTBETCTBYIOIINE CTPATETUSIM UTPOKOB

Hu:xHsas neHa Urpsl () (MAKCUMUHHBIA BBIMTPBII — MAaKCUMHH) — 3TO TapaHTUPOBAHHBIH
BBIMTPBILI IIEPBOTO UTPOKA MIPU JHOO0N CTpaTeruy BTOPOTO UTPOKaA (M3 KaXKJOU CTPOKH
BbIOMpPaeM MHUHHUMAJIBHOE Yacylo, a 3aTeM U3 BCEX MUHUMYMOB OepeM Hanbonbiuii. Ctparerus
Ha3bIBACTCS] MAKCUMHUHHOM.

Bepxnsisi neHa Mrpbl — (MUHUMAKCHBIN BBIMTPBILI — MUHUMAKC) — 3TO FapaHTUPOBAHBIN
pourpslii Broporo urpoka (M3 kaxaoro ctonOua BeIOMpaeM MakCHUMaIbHOE YHCIIO, a 3aTEM U3
BCEX MaKCUMyMOB OepeM HanMeHbIni). CTparerus Ha3blBaeTCsl MUHUMAKCHOM.

Ecnu BepXHss ¥ HUOKHSIS LIEHBI UTPHI COBITAIAIOT, TO ATA 11€HA HA3bIBACTCS YNCTOW 1IEHOW UTPhI
MuHUMaKCHBIE CTPAaTETNN,COOTBETCTBYIOLIUE [IEHE UTPBI, SBISAIOTCSA ONTUMAIbHBIMU
CTpaTeTUsAMHU WIH PEIICHUEM UTPHI.

Jlpyrue TepMHHBI U NIOHATHS

Br160p 1 ocyiiecTBiIeHne 0JHOTO U3 MPEyCMOTPEHHBIX MTpaBHIaMU ACHCTBUI HA3bIBACTCS




X0/10M MI'POKA. X0l MOTYT OBbITh JIMYHBIMH U CITyYalHBIMHU.

JIMYHBINA X0 — 3TO CO3HATENBHBIN BHIOOP UTPOKOM OJTHOTO M3 BO3BMOKHBIX ACHCTBUM.
CayuaiiHblii X0/1 — 3T0 CiIy4aifHO BEIOpaHHOE JieiicTBUE (BBIOOP KapThl U3 MEPETACOBAHHOM
KOJIOJIBI ).

Crparerueii Mrpoka Ha3bpIBa€TCS COBOKYITHOCTH ITPABUJI, OMPEAEISIONIUX BEIOOp AEHCTBUS MIPH
Ka’KJIOM XOZI€ B 3aBUCUMOCTH OT CJIOKUBILIEHCS CUTYaIIUH.

YroObl pelIUTh MIPY WU HAWTH pelIeHHE UTPHI, CIEIYET A KaKI0ro UrpoKa BbIOPATh
CTPATEerui0, KOTOPas yI0BJAETBOPsET YCJIOBHIO ONTHUMANbHOCTH.

YcjioBUe ONTUMAJBLHOCTH: OJUH U3 UTPOKOB I0JIy4aeT MAKCUMAaJIbHBIA BBIMTPBIL, KOIJa
BTOPOM IPUIEPKUBAETCA CBOECU CTpaTeruu. B To ke BpeMst BTOPOI UTPOK JTOJKEH UMETh
MUHHUMAJIBHBIN IIPOUTPBILL, €CIIU IEPBBIN IPUACPKUBACTCS CBOCH CTPATErvu.

Takue cTpareruy Ha3bIBAIOTCS ONTUMAIBHBIMA

OnTuManbHble CTpaTeruy JOJKHBI YIOBIETBOPSITH YCIOBUIO YCTOMYUBOCTH.

Lleab1o TEOpUHU MIP ABJSIETCS ONpeae/eHHe ONTUMAJBHON CTPATErHH LIS KAK/A0I0 HTPOKA
Boiurpeiim — 310 Mepa s¢dexTa i urpoka

B meopuu uep vluepvius 00ndicen usmepamuscsi 0043amenbHo KOIU4ecnmeeHHo.

Ilpumep pewenusa 3ad0auu. Virpa B «OpISTHKY».
Ecnu 06a BIOUparoT ogrHaKOBBIE cTpaTeruu (00a ToBopsT “open’), To 1-i BeiurpeiBaet 1 pyonb
(a BTOpOI1 MpoUrphHIBaET);
€CJIM BBIOMPAIOT pa3HbIe, TO 2-i BBIUTPHIBACT.
Marpuna BeMrpsiiia nepsoro urpoka (H1)

Open Pemxa
Open 1 -1
Penika -1 1
Marpuna BeMrpsiiia sroporo urpoka (H2)
Open Pemxka
Open -1 1
Pemka 1 -1

Jlia anTaronucTuueckux urp Bcerna H1=—H2.
Marpuna, aeMeHTaMy KOTOPOU SIBJIIFOTCS] BBIMTPBIIIH, COOTBETCTBYIOIINE CTPATETUSIM UTPOKOB,
Ha3bIBACTCS IJIATEKHON MATPUIEH MW MATPUIIEH UIPbI.

Huxnsisi neHa urpbl (0) (MAKCHMWHHBIA BHIMTPbII — MAKCMMHH) — 3TO TApaHTUPOBaHHBIN
BBIMTPBILI MIEPBOTO UTPOKA MIPH KOO0 cTpaTeruu Broporo urpoka. Ctparerus,
COOTBETCTBYIOLIAasi MAKCUMHUHY Ha3bIBA€TCS MAKCMMHHHOM.

BerHﬂﬂ IEHA UT'PbI !ﬁ! (MUHUMAKCHBINI BBLIMTPBII — MHUHHAMAKC) — 3TO I‘apaHTI/IpOBaHHHﬁ

IIPOUTPBILI BTOPOTO Urpoka. CTparerusi, COOTBETCTBYIOIIAsi MUHUMAKCY, Ha3bIBAETCS
MHHHUMAKCHOM.
[TpuHuMI, AUKTYIOUMI UTPOKaM BIOOP Hanbosee <KOCTOPOKHBIX > MUHUMAKCHOM U



MaKCUMHUHHOM CTp&TGFHﬁ, Ha3bIBACTCA NPUHIMAINIOM MUHUMAKCA.

Ecan BCPXHA U HUKHAA LCHBI UT'PBI COBIIAAA0T (X:B: ﬂ , TO 3Ta I€HA HAa3bIBACTCA YHUCTOH

IEHOH UIPbI WM IIEHOW MI'PLI.

MunnMaKkCcHBIE CTpaTerur, COOTBCTCTBYIOUINEC [ICHE UTPEI, ABJIAIOTCA ONTUMAJALHBIMU

CTpATErussMy UJIU PEIIEHUEM UT'PDbI.

[Tapa cTpareruii JaeT ONTUMaJIbHOE PEIICHUE UIPBI TOTNIA U TOJIBKO TOTA, KOrjaa

COOTBCTCTByIOH_II/Iﬁ QJICMCHT MAaTpHUIIbL (pasMep BbIUT'PbIIA- Hponrpmma) SABIIACTCA
OTHOBPEMECHHO HauOOJBIINM B CBOEM CTOJ'I6IIC M HaMEHBIITUM B CBOCH CTPOKE.

Taxast cuTyanus, €ciii OHa CyLIECTBYET, HA3bIBACTCS CENJI0BOM TOYKOI.
Ilpumep pewenusa 3aoauu.

OHpe,Z[eJ'II/ITL BCPXHIOKO U HUKHIOKO LICHY HI'PBI, 3aJIaHHOM IIJIaTeKHOM ManI/II_ICI\/'I. Nwmeer mu urpa

CEUIOBYIO TOUKY?

[InarexxHast MaTpuna Urpsl:

0,5 0,6 08
P= 09 0,7 08
0,7 0,6 0,6
Bl B2 B3 a
Al Q.5 0.6 0.8 0.5
A2 0.9 0,7 0.8 0.7
A3 0.7 0.6 0.6 0.6
p 0.9 0.7 0.8 0.7

o= =d=0,7— uena urpsl. Ceanonas Touka (A2,B2)

2. 'eomeTpHuyeckasi HHTEpHpeTaAUMs UIPHI 2X2

ITycts nmeetcs aBa urpoka A u B. V kaxnoro u3 urpoxos no ase crpareruu (Al u A2 y urpoka

A, B1 u B2 y urpoka B). Urpa ¢ HyneBoit cymMoit

Bl

Bl

Al

l'eomempuueckas unmepnpemayus cmpame2uii Nep8o2o USPOoKa

v

B2
BI

N

4

P

A2

P,

X

Bl

Al

\

\

\
2

Sa

A2

Al



Pemenue urpel rpadpuueckuM cnocooom
Otpes3ok BIN — MUHMMaTbHBINA BHIMTPBILI UTPOKA A TIPU UCIOIB30BAaHUH JIFO0OM cMelIaHHON
CTpaTeru, eciim Urpok B BeiOpan crpareruto Bl.
Amnanoruuno, orpe3ok B2N — Boiurpsiir urpoka A, eciau urpok B BeiOpan crpateruto B2.
CnenoBarenbHO, ONITUMAJIBHYIO CTPATETHIO ONpeNEseT Touka N, To €eCTh MUHUMAJIbHBIN
BBIMTPBINI IOCTUTAET MAaKCUMyMa.
BaskHo NOMHUTE.
I'padpruecku MOXKHO pELIUTD UTPY, €CIU B UTPE YUACTBYIOT TOJIBKO JIBA UTPOKA Uy OTHOTO U3
UTPOKOB HUMEETCSI TOJIBKO JIBE CTpaTeruu (y BTOPOro UTpoka — Jr000e KOJTUUECTBO CTPATEeTHil).

2. IlpuBeneHHe MaTPUYHOM UIPHI K 3a/1a4e JIHMHEIHOT0 NPOrPaMMHUPOBAHUS

Ilpumep pewenusa 3adauu. Ilpennpusitue MOXKeT BbITyCKaTh 3 BUAa npoaykuuu Al, A2 u A3,
NoJTy4ast IPU ATOM MPUOBLIb, 3aBUCSIILYIO OT CIIPOCa, KOTOPBI MOXET ObITh B OJHOM M3 4-X
cocrostuii (B1, B2, B3, B4). DneMeHTsI MaTeXHOW MaTpULbl XapaKTePU3YyIOT MPUObLIb,
KOTOPYIO TOJIy4aT MPH BBITYCKE 1-if MPOIYKIUH MPH j-M COCTOSHUH CIIPOCa.

OnpenenuTts oNTUMaIbHbIE IPONOPIUH B BBIITYCKaeMOW MPOAYKIINUH, TapaHTUPYIOIIKE
MaKCHMHU3ALMIO CPEHEH BeTUYMHBI MPUOBUIH NIPH JIFOOOM COCTOSIHUM CIIPOCA, CUUTAs €ro
OTIpe/IeTICHHBIM.

Bl B2 B3 B4 o
Al 3 3 6 8 3
A2 9 10 4 2 2
A3 7 7 5 4 4
B 9 6 8 6 4

T. K. 0 # 3, TO ce/uIoBast TOUKa OTCYTCTBYeT. Perienue OysieM UCKaTh B CMEIIAHHBIX CTPATETUSIX.
UtoObI MpUBECTU UTPY K 3a/1a4€ JUHEWHOTO MPOrpaMMHPOBAaHHMSL, 0003HAUYNM:

Pi qi y

Yi = —— Tema 4: 3agaun NpUHATHSA pelIeHUi B
YCJIOBHSIX HEONpeleJIeHHOCTH

4.2. CroxacTuuyecke MOJeJIM B IKOHOMHKE:

CHCTEeMbI MAaCCOBOI0 00CTYKUBAHUS

1. CtpykTypa 1 kiaccuukaiys CHCTEeMbl MAaCCOBOTO OOCITYKUBaHUS

2. CucteMbl MacCOBOTO OOCITY>)KMBaHUS C OTKAa3aMHU

3. CucremMbl MaccoOBOTO OOCITYKMBAHHS C HEOTPAHHUUEHHBI OXKUJJaHHEM

4. CucteMbl MaccOBOro 0OCTYKUBAHUS C OKUJAHUEM U OTPAaHUYEHHOM JUIMHON odepeau

d d

Crpykrypa n kiaccugukanms cucreM Maccooro oocayxusanus (CMQO)



BHenpouasoacT. TpaHcnopTHbIe
Npown3soacTBO chepa Nepeso3ku CBA3sb
| | lopoackasa
CHabxxeHne || Mapukmaxepckue Takecun L poA
CBA3b
PemoHT pysoBbie MexxayropooHsas
1 obopyooeaHuA | Macrepckue | NEepeBO3KU 1 CBA3b
KoHTponb
L p ATenne Maccaxupckne | | Cronbl
aqecTsa nepeBoO3KK 3aKkasoB
npoayKuum
OnToBas U PasmelieHrne
— PoaHun4Hasa — py3os Ha
TOoproensa CKnagax

OcHogHble Iemenmbl CUCIEM MACCOBO20 OONYHCUBAHUA:
1. Bxoosuwuii nomox mpeboeanuii,

2. Haxonumens(ouepeos),

3. Ilpubopul (kananvl 00CayHCUBanus),

4. Bvixoosiuuii nomox

> a)
1 2 3 4 5
Quepenb
> MpocToi kaHana
tj e
o | A A t
- 6)
1 2 3 4 5

Monienb paGoThl CUCTEMBI MACCOBOTO OOCITYKUBAHUS

CTpeJsIKu — MOMEHTBI IOCTYJIEHUH TpeOOBaHUH B CHCTEMY

IIpsiMOyroJibHMKHU — BpeMst 00CTy)KMUBaHUS

B 3aBucumocTH oT mpaBmi 00pa3oBaHUs ouepenu paznudaroT cienyronme CMO:

1) cucmemot ¢ omkazamu (pu 3aHATOCTH BCEX KAHAIOB OOCITY)KUBAHHS 3asiBKA MTOKHIAET
CUCTEMY HEOOCTY)KEHHOH ),

2) cucmemsl ¢ HeOZpaHUYEeHHOU 0uepedblo (3as1BKa BCTACT B OYEPE/Ib, €CIIM B MOMEHT €€
MOCTYTUICHUSI BCE KaHAJIbl 00CITY>KUBaHUsI ObLIN 3aHSTHI);

3) cucmemui ¢ oxcudanuem u 02panudeHHoll ouepeovio ( BpeMs 0KUJAHNS OTPaHUUYEHHO
KaKUMU-JTHUO00 yCIOBUSMH WIH CYIIECTBYIOT OTPaHUYEHHUS Ha YUCIIO 3asIBOK, CTOSAIIUX B OYEPEIN)

XapaKkTepUCTUKU BXOSIIETO MOTOKA TpeOOBaHui:

1) CTa!!HOHa[!HBIﬁ — BEPOATHOCTH IMOIMaJJaHusl TOIO UJIM MHOT'O YHUCJia COOBITHH Ha y4acCToOK
BpPEMCHU OHpCILGJ’ICHHOfI JAJIMHBI 3aBUCUT TOJIBKO OT AJIMHBI 9TOTI'0 Y4aCTKa,

2) NOTOK 0e3 MocaeACTBHIA — YMCIIO COOBITHH, TOTAIAI0NINX Ha HEKOTOPBIA yJ4aCTOK BPEMEHH,



HE 3aBUCHUT OT YHCJIa COOBITUH, MOMAIAIIINX HA JPYTHE;

3) opaAMHAPHBI — MTOTOK, TJI€ HEBO3MOXKHO OTHOBPEMEHHOE MOCTYTICHUE IBYX WK OoJiee
COOBITHH

[ToTrok TpeOoBaHMIT HA3BIBACTCS MYACCOHOBCKUM (IIPOCTEUIIINM), €CITH OH 00JIafaeT Tpemst
CBOMCTBaMU:

- CTallMOHAPEH,;

- OpIVHApEH

- HE UMEeT IOCISICTBUI

Hnmencusnocmoio OTOKA 3a5IBOK A Ha3bIBACTCS CPEIHEE YUCIIO 3asIBOK, TTOCTYIAIOIINX U3
IOTOKA 32 €IMHUILY BPEMEHH.

J1J1s CTalMOHApHOTO TOTOKA HHTEHCUBHOCTH TIOCTOSTHHA.
1
A=~
T
I'me 1 - cpenHee 3HaueHUE MHTEPBATA BPEMEHU MEXKY BYMS COCETHUMU 3assBKaMHU
1
= S~
t 00cI
u
t — Cpe/iHee YHCIIO 3asiBOK, 00CTYKUBAEMBIX B €IMHUILY BpEMEHU
o0ca

L - HHTEHCUBHOCTbH ITOTOKa 00CTY)KUBaHUS

3arpy3ka cucTeMbl — 3TO CPEIHEE YHCIIO 3aBOK, MPOXOIAIINX 32 CPETHEE BPEMsI
00CITy>)KUBaHUS OJHOH 3asiBKU

3arpy3ka cucTeMbl 3TO OTHOILICHHE HHTEHCUBHOCTH BXOASIIETO IMMOTOKA K HHTCHCUBHOCTH
MOTOKA OOCITY>KUBAHHS

A
I‘=\
o

2. CucreMbl MaCCOBOT0 00CTY;KMBAHUS € OTKa3aMu

HNmMmeercs n kaHAJIOB B O6CJ'Iy>KI/IBaHI/II/I, Ha KOTOPBIC INIOCTYMACT IMOTOK 3adBOK C HHTCHCHUBHOCTBIO
A.

[Totok oOcyXMBaHMs IMEET UHTCHCUBHOCTS |l (BeIMYMHA, OOpaTHas CpeTHEMY BpEMEHU
o0CITy>)KUBaHUS f00OCT ).

Tpebyetcst HaiiTn BeposiTHOCTH cocTostHuN CMO 1 xapakTepucTuku ee 3pGEeKTUBHOCTH.

UYepes Pk (t) 0603HauMM BEpOSTHOCTH TOTO, YTO B MOMEHT BpEMEHHU t crcTeMa OyleT HaXOIUThCS
B cocTOosIHMU Sk

- BeposITHOCTE TOr0, YTO 0OCAYKUBAHUEM 3aHATHI k anmaparoB (JIMHHUHA, IPHOOPOB)

rk



k — KOITMYECTBO 3aHATHIX arraparos,
A — HHTEHCUBHOCThH ITOTOKA 3a4BOK,
UL — UHTCHCUBHOCTDH IIOTOKA O6CJ'Iy)KI/IBaHI/I}I.

BG[ZOSITHOCTB IIPOCTOA (TOT0, 9TO BCE 06CJ'Iy>KI/IBaIO!![I/Ie arnmnapaTsl CBO6OZ!HBI, HET 3a9BOK):

0 r*
n
k=0 k!
Be[ZO}ITHOCTL OTKas3a (BGQOﬂTHOCTB TOro, 4TO BCEC O6CHY)KI/IB3.IOEI/I€ H[!I/I60[2BI 3aHATHI):
rk
“n! P,
_ —_ —— = n
P OoTK - P n - r.k =r n_’
k=0 k.’

OTHOCHUTEIBHAS TTPOITYCKHAS CTIOCOOHOCTh — CPEAHSIS A0S MPHUIIEIINX 3asIBOK,
O6CJ'IY)KI/IB8.CMBIX CUCTEMOM P
0
Po6cn=1—Pomk=1- r" i
AOcomroTHas MPOIMyCKHaA CIIOCOOHOCTH — CpCAHCC YUCIIO 3asBOK, 06CJ'Iy>KI/IBaeMBIX B CIMHUIY
BPEMEHU

A = A+ Poobcn
Cpeleee YHUCJIO 3aHATHIX KaHAJIOB
A
K= =r- P o6cn
) '

JloJ1s KaHAJIOB, 3aHATBIX OCITYKUBAaHHEM (KOA(PPHUIIMEHT HArpy3KH)

k
9= ™5

LIpumep pewenus 3adayu.
Ha Bxon TpexkananbHoit CMO ¢ oTka3aMu IOCTyHaeT MOTOK 3aiBOK C MHTEHCUBHOCTBIO A = 4

3assBKM B MUHYTY. Bpemsi oOcTy)kKuBaHUsI 3asIBKH OJTHUM KaHAJIOM t = -0,5 munyt. Haiitn
00cn

IIOKa3arciin paGOTBI CUCTCMBI.

Pewenue.
Haxoaum BeposTHOCTB ITpocTos TpexkaHaibHO CMO:

3arpy3Kka CHCTEMBI (CpeHEee YHCIIO 3asBOK, MPUXOIAIINX 33 CPEIHEe BpeMst 00CITyKUBaHHS
OJTHOM 3as1BKH)
n =3
5 - ! = 0,158
0 2 22 2°
1 + 1

* 3

-
2!



BepositHOCTE 0TKa3a onpezernseM 1o Gopmyie:
. Ep , 0.158
- e
=T =2 31 =0,21
Potk

OTHOCHUTENBHAS TIPOITYCKHASI CTIOCOOHOCTH CUCTEMBI:

Po
n _n!
1P =1-1r T =1-021 =079

PobOcn OTK

AOGcoI0THAS IPOITyCKHAs CIIOCOOHOCTh CUCTEMBI (CpPEIHEe YHCIIO 3asIBOK, 0OCITYKUBAEMbIX B
€IMHUILY BPEMEHH ):
A= A-Pobcn=4 -0,79 =3,16

Cpennee 4ncio 3aHATHIX KAHAJIOB:
A
K= = r- Poscn
=2 -:0,79=1,58
\‘L s s

Jlonist KaHaJIOB, PHFATHIX 00CTyKUBaHUEM:
J

k 3
q=—_=—_ =053
n

Cpennee Bpems npedbiBanus 3as8ku B CMO:
tCMO = 0,79 : 0,5 = 0,395MI/IH

3. CucremMbl MacCcOBOr0 00CTYKMBAHMS C HEOTPAHUYEHHbI 0KHIAHUEM

[Tycth umeetcs n-kanaiabHast CMO ¢ odepe/iblo, Ha KOTOPYIO HE HAJIOKEHO OrpaHUYCHUIN
HU TIO JUIMHE OYepe/I, HU TI0 BPEMECHH OKUaHUs. B CHITy HEOTpaHMUEHHOCTH OUePeIn Kax1ast
3asiBKa PaHO MJIU TMO3HO OyJeT 00CITyKeHa, ITOATOMY
Pobcn =1, Pomx = 0.
Jliis CMO ¢ HeorpaHUYCHHOW 0Yepe/Ibl0 HAKIIaIbIBACTCS OTPAHUYCHHE

k

<1
hs

Ecnu 310 ycnoBue HapylIeHo, TO o4epesib PacTeT 10 OECKOHEUHOCTH, HACTYTIAET SABJICHHUE
<KB3pEIBa>>.
- Bepoamnocmu npocmos (Toro, 4To Bce 00CTyKMBAIOIIHE aNnaparsl CBOOOIHBI, HET 3as1BOK):

, il
Y— +

k! n! (n-r)



Bepoamnocmb 3anamocmu oécnyycueanuem k Kananoe:
Po

pPk=r* ,1<k<n
n!

Bepo;lmnocmb 3anamocmu 06CleDlCll8aHu€M 6cCex Kanaioe npu omcymcmeuu ouepeou:

Po
n

Pnzr n!

Bepwzmnocmb Haiuyun 0ltepe0u €CTb BEPOATHOCTH TOr'0, 4TO YHCJIO TpC6OBaHI/II\/'I B CUCTCEMCEC
0OJIBIIIE YHCIIa KAHAJIOB:

Po

P - rk+1 —
o4 n! (n-r)

Bepo;lmuocmb 07171 3a36KU RONACMDb 6 oqepedb €CTb BEPOATHOCTDH 3aHATOCTH BCCX KaHAJIOB, 3Ta
BCPOATHOCTH paBHA CYMME BCPOSITHOCTCﬁ HaJIN4YHg O4CpCaU U 3aHATOCTHU BCEX 71 KAHAJIOB IIpH
OTCYTCTBHUU OYCPEIU:

P =P +P =r" . P

8]
3aH n o (n _ 1)! (n _ r)

Cpeonee yucno 3aHAmMuIX 00CIYHCUBAHUEM KAHALOB:

ﬂozm KaHa106, 3aHAMbLX 06CleJfCll8tlHue.MZ
q n

Cpeonee uucno 3aa60kK 6 ouepedu (JUIMHA OUEPEH)

P

L:l,n+1 o .
(n- 1! n-r-

- Cpeonee uucno 3aa60kK é cucmeme
M=L+k=L+r
- Cpeonee epems 0)cUOAHUA 3AA6KU 8 OUepeou



Cpeonee épemsa npedvleanus 3a16Ku 6 cucmeme

T=t+ —— T=""

Ilpumep pewenusa 3aoauu.

Ha Bxon TpexkananbHoit CMO ¢ HEOrpaHMUEHHOM 04epeIbIO ITOCTYIAET MOTOK 3asBOK C
MHTEHCUBHOCTHIO A = 4 3asBKM B MUHYTY. CpeiHee BpeMsi 00CITyKUBaHUS 3aIBKU f00C1 =

0,5 4. Haiitu noka3arenu 3ppeKTuBHOCTH pabOThI CUCTEMBI.

Pewenue

Jlist paccMaTpuBaeMOM CUCTEMBI
1

n=3,1=4m=_—_=2, r=—=21=-<]
0.5 LL 1 3

OmnpenenseM BepOSTHOCTH MPOCTOS 1O hopMyIIe:

k
n+1
0 , F ¥

& ol (-1 120 31 31(3—2)

CpenHee 4ncio 3asiBOK B OU€peId HaX0uM 110 Gpopmyrie:

P 1/9 8

o 4 _

L=r>~ . ——  _ 27 =
(l’l-l)! (n_r)l 2?(3*2)~ 9

Cpennee BpeMsi 0)kKMJaHUS 3asBKH B OUE€pEIN CUUTaeM 1o popmyre

L 89 2
T=—=— =" =022%
A 49

Cpennee Bpemsi TipeObIBaHUS 3a5BKH B CUCTEME

L
n

4. CucreMbl MacCOBOr0 00CTY;KMBAHUS € 0KUIAHUEM U OTPAHNYCHHOI JVINHOM o4epeau
Nmeetca n-kanansHas CMO ¢ oxxuaHieM, B KOTOPOH KOJIMYECTBO 3asIBOK, CTOSIIUX B

ouepecau, OrpaHUYCHO YHUCJIOM m, T.C. 3adBKa, 3aCTaBllIasA BCC KaHAJIbl 3aHATBIMH, CTAHOBUTCA B

o4epelib, TOJIbKO €CIIU B HEH HAXOAUTCSI MEHee m 3as1BOK. EciM 4Kcio 3asBOK B O4epe Iy paBHO

m, TO MOCJIICAHAA HpI/IGBIBH_IaSI 3asBKa B OUCPCAb HC CTAHOBUTCA U MOKUJACT CUCTEMY

HE0OCITy>KeHHOM.



Cucrembl ¢ OTpaHUYEHHON OYEePeIbIO SBISIOTCS 0000IIEHUEM IBYX PACCMOTPEHHBIX paHee
CMO: npu m = 0 nonygaem CMO c¢ otkazamu, nipu m = ¥ nomydaem CMO ¢ oxxugaHueM.
- Beposamnocms npocmos (Toro, 4TO BCe 0OCTYKMBAIOIINE anmapaTsl CBOOOIHBI, HET 3asBOK):

1
P =
0
N rk rt r
S (1=
0kt n'(n—r) n

Bepoamnocms omkaza 6 o6ciyscusanuu paBHa BEPOSTHOCTU TOTO, UTO B OUEPEIU YXKE CTOST M
3asBOK

Ommnocumensvnas nponycKHas cnOCOOHOCMb €CTh BETMYNHA JOTIOIHSIONIAs BEPOATHOCTD
OTKa3a J10 1, T.e BepOATHOCTh OOCITYKUBAHHUS

P06cn=1 'Pomx
Abcontomnan nponycKHas cnOCOOHOCHIb:

A=A (1 — POTK) = APogea

Cpeduee HYUC/I0 3aHAmMbILX 06Cﬂyofcueanuem Kanaoe:

Cpeonee uucno 3aa60k 6 ouepeou (CpeHss JIMHA OYEPEIN)

m—1 m—2

r r 'y
r P (—-(m+l)(—) +m(—)
n n n
t:
T
n!(n-— )2
n



Cpeounee uucno 3aa60k 6 cucmeme:
M=L+k

Cpeonee epems npedvleanus 3a16Ku 6 cucmeme

Ilpumep pewienusa 3aoauu.
B mapukmaxepckoii paborarot 3 Mactepa, B 3alie OXKHIaHUS PACTIONOXKEHO 3 CTyna.
[ToTOK KTMEHTOB UMEET UHTEHCUBHOCTH A = 12 kiIMeHTOB B yac. CpegHee BpeMs 00CTyKUBaHUS
3asBKU 20 = 1 = 06cn m ¢ MmuH. OnpeneanuTh OTHOCUTENBHYIO U A0CONIOTHYIO MIPOIYCKHYIO
CTIIOCOOHOCTh CHCTEMBI, CPE/THEE YUCIIO 3aHATHIX KPeCces, CPEIHIOI0 [UTHHY OUepeH, CpeaHee
BpeMs1, KOTOPOE€ KJIIMEHT MPOBOJUT B MAPUKMAXEPCKOM.
Pewenue
JI1s naHHOM 3aga4u r
n=3m=3 1=12m=3 r="=4 —=

1
P =
0
. rk rnfl r =
T —+ (1-CH™)
=0k n!' (n—r) n
1
= 0.012
4: 43 44 43
(154 + o = e (1-( )
2 31 31(3-4) 3}
BeposTHOCTE 0TKa3a B 00CTy)KUBAaHUU:
P oot
b _p  _iem =470 D02 <0307

n'n™
OTHOCHUTENbHAS MMPOITyCKHAaA CHOCO6HOCTB, T. €. BepO}ITHOCTb O6CHy)KI/IBaHI/IH:
P =1 —Poe=1— 0,307 = 0,693

AOCOIIOTHASI TIPOITYCKHAs CIOCOOHOCTH (CpeIHEe YHCIIO 3asBOK, 00CITYKMBAEMbIX B SAMHUILY
BpPEMEHM):

A=\- Pobcn=12- 0,693 =8,32



Cpez[Hee YHMCJIO 3aHATBIX OGCJ'Iy}KI/IBaHI/ICM KaHaJIOB (HapI/IKMaxepOB)Z

A 8.32
= = 2,78
3

Cpennee yncio 3as8BOK B ouepeu (CpeHsis ATMHA OYepe/in)

m—1 m—2

r r r
r P (—-(m+tl)(—) +m¢c—)
n n n
t:
r
n!(n-— )~
n
4 4+ 43
470,012 (—)-4-¢—) +3-))
3 3 3
= = 1,56
4
31(1- —)?
3

Cpennee Bpemsi O)KUaHUS 00CTY)KHBAHUS B OUEPEIH

=0,134

CpenHee 4nciio 3asIBOK B CUCTEME
M=L+k=1,56+2,78=4,34
Cpennee Bpemsi IpeObIBaHUS 3asBKU B CUCTEME

M 4,34
T=— = =0,3614
A 12
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