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NMPEAUCNIOBMUE

MeTonb 3KOHOMHKO-MaTeEMaTHYECKOTO MOAEIMPOBaHMS, BO3MOXHOCTH
MPUMEHEHHUS KOTOPBIX CYLLIECTBEHHO PacLUMPUINCH Giaroaapsi COBpEMEHHOMY
nporpaMMHoOMY obecrnieueHu1o [TOBM, npencrasasdior co6oit onMH U3 Haubosee
IMHAMHUYHO Pa3BUBAIOLIMXCS Pa3ie/iOB NMPUKIATHON S3KOHOMHYECKOH HayKH.

CoBpeMEHHBIIT 3KOHOMHUCT JOJIXEH XOPOLIO Pa3bupaTsCsi B 3KOHOMUKO-Ma-
TEMaTHYECKHX METOIAX, YMETb UX NPAKTUYECKHU NMPUMEHSATH A1 MOAETUPOBAHUSA
peaTbHBIX 3KOHOMUYECKUX CUTyalUil. DTO MO3BOJMUT JIy4llle YCBOUTb TEOPETHYE-
CKHeE BOMpPOCHI COBPEMEHHOH 3KOHOMHUKH, MOBBICUTh YPOBEHb KBIM(DUKALUU U
ob1eit npodeCCHOHANBHON KYJIbTYPhl CIELUATHUCTA.

B yye6HOM nocoOMM CUCTEMAaTHYECKH M3N1araloTCs METOIbl SKOHOMHKO-Ma-
TEMaTHYECKOro MOIECIMPOBaHHSI, KOTOPbIE LUIMPOKO UCMONB3YIOTCS B Pa3/IMYHbIX
061aCTAX 3KOHOMHKM, TPH TNPUHATHM YNPABIEHYECKUX PELIEHUH B (pUHaHCO-
BOIt cepe B Cuy pa3paboTaHHOCTM MaTeMaTHYECKOro anmapara ¥ BO3MOXHOC-
THU MPAKTUYECKOH peain3aLuH.

ITocobue BKIIOYAET ABEHAOLATh IJ1aB, KOTOpble 0ObEAMHEHBI B IBa pa3ac/a.

Paznmen 1 nocesilieH BEPOSTHOCTHO-CTATUCTUYECKUM METOAAaM MOAENUPOBa-
HUST 3KOHOMHYECKHX CUCTEM, @ TAKKE TEOPETUYECKMM OCHOBAM BEPOSITHOCTHBIX
METOJOB. ABTOPBI U3/araloT T¢ BOMPOCHI TEOPHUHM BEPOSITHOCTEH U MaTeMaTHYeC-
KOM CTATUCTHUKH, 3HAHHE KOTOPBIX SABJSIETCS HEOGXOMUMBIM MUHUMYMOM JUTS yC-
BOEHUST MaTepuala, paCCMaTPMBAEMOr0 B MOC/IEAYIOLIUX I/IaBax.

3HayMUTEBHOE MECTO OTBEACHO MPUMEHEHHIO MapKOBCKMX Cy4aifHbIX MpPO-
LIECCOB [UIl MOZENUPOBAHUST 3KOHOMMYECKHUX CUCTEM, a TAKXKE MCIIONb30BaHHIO
annapara TEOpMH MacCOBOrO OOCTYXXMBaHMsI ISl pelieHUs1 (PHHAHCOBO-3KOHO-
MHUYECKHX 3aay. Jlasee aBTOpbl pACCMaTPUBAIOT BO3MOXHOCTH NIPUMEHEHUS Me-
TOAA CTATUCTHYECKOro MoAeaupoBaHus (Meroxa MoHte-Kapiio).

JlocTaTOYHO MOAPOOHO PacCCMOTPEHBI METOABl U MOIENU KOPPEISLMOHHO-
pPErpecCHOHHOro aHaiu3a. PerpecCHOHHBII U KOPPEISILMOHHBIH aHAIU3 Haxo-
JIUT LUMPOKOE MPUMEHEHHUE NMPH UCCJIEAOBaHUU 3aBUCUMOCTEl U B3aUMOCBS3Ei
MEXIOY SBJIEHUSIMU B 3KOHOMHUKE, NMPU NPOTrHO3UPOBAHUU U PELUEHUM 3amay
Ou3Hec-TUIaHUpOBaHUA. B HacTosiee BpeMsi GONBLIMHCTBO OGBEKTUBHO CYLLE-
CTBYIOLIMX 3aBUCUMOCTEH MEXAY (GUHAHCOBO-3KOHOMUYECKHUMHU SIBICHUSMHU UC-
C/IeOBaHBI U U3YYEHbl TEOPETUUECKH. 3HAYHUTEIbHO BaXXHEE KOJMYECTBEHHO M3~
MEPUTb TECHOTY NMPUYMHHO-CIEACTBEHHBIX CBf3ei B 9KOHOMMKE U (DHHaHcax,
MOHSATb NMPUPOAY MCCIELYEMBIX MPOLECCOB. DTO MO3BOJIUT BO3AEHCTBOBATh Ha
BBISIBJIEHHBIE (DAaKTOPBI, BMELUMBATLCSI B COOTBETCTBYIOLUMI 3KOHOMHUYECKHH
MPOLIECC C LIEbIO MOJYYEHUS] HYXHBIX PE3YJIBTATOB. B CBA3M € 3TUM K amnmnapa-
Ty KOPPEJISILLMOHHO-PErPECCMOHHOIO aHajiM3a B X0l€ CBOMX MCC/IEIOBaHMIT 00-
paLIAIOTCA KaK 9KOHOMMCTBI-MIPAKTUKH, TaK U HayuHble paGOTHUKH.



BHUMaHKE K METONAM KOPPEJSILLMOHHO-PErPECCUOHHOrO aHaIM3a 0COOEHHO
BO3POC/IO B CBAI3U C MOSIBIEHUEM COBPEMEHHBIX NMPOrPAMMHBIX MPOAYKTOB VIS
KOMIBIOTEPOB, PEATU3YIOILMX 3TU U APYTHE MaTEMATHKO-CTATUCTUYECKHE METO-
nbl. Eciv paHblle nakeTbl NPUKIAAHBIX MPOrpaMM MO MaTeMaTHKO-CTaTHCTHYE-
CKUM MeTolaM ObUIM OPUEHTUPOBAHEI B OCHOBHOM Ha NMPO(ECCHOHANBHBIX MOJIb-
3oBaTefieit (MaTeMaTHKOB-NPUKIAMHUKOB), TO LIMPOKO PaClpOCTPaHEHHBIE Ce-
roaHs tabanuHbeie npoueccopsl Excel, Bxoasiine B U3BECTHBIH NMpoaykT MS
Office, He TpeOYIOT OT MCCJIENOBaTENS MOATOTOBKH, BBIXOASILEH 32 PAMKH KO-
HOMMYECKOTO BY3a.

YyeGHoe nocobue — NMpaKTUUYECKOe PYKOBOACTBO MO KOPPEJSILIMOHHO-per-
PECCUOHHOMY aHaNIU3y, KOTOPOE NMOMOXET CTYIEHTaM, acClUpaHTaM, MEHEIXe-
paM OB/IaNeTb STUMM METONAMH aHanu3a. PacCMOTPEHHbIE METOABI U MOAEIH
MPOrHO3UPOBAHUS BPEMEHHBIX PSIOB KOHOMHYECKHUX MOKa3areneil 0CobeHHO
aKTyaJbHbI Ul COBPEMEHHBIX CTYIEHTOB 9KOHOMMYECKHX CMELHAbHOCTEIA,

Paznen 11 mocBsiLieH MeTonaM ONMTUMHU3ALUMH: IMHEHHOMY, IMHAMHUUYECKOMY;,
napaMeTPUUYECKOMY, LIEJTOYUCIEHHOMY MPOrPaMMHUPOBaHHUIO, TEOPHUU UID.

Hapsany co cBeaAeHMSIMU TEOPETHYECKOTrO XapakTepa B MOCOOMM pa3bupaer-
cs1 60/1b1LIOE KOJMYECTBO MPUMEPOB M 3a11ay, LieJib KOTOPBIX — YICHEHHE OCHOB-
HBIX MOHATHH M MaTEMaTUYECKHUX METONOB. B KOHIEe KaX1oii IIaBbl MPUBOIST-
cs 3aa4yM U1l CaMOCTOSITENIBHOTO pelleHUsl. 3a1auM noaobpaHbl U COCTABJIEHbI
€ 0c00OM TILATEJIBHOCTBIO U MOTYT CIYXHMTb ISl IIPOBEPKH CTENEHH YCBOEHUS
YuTaTENIEM M3YYEHHOro Marepuana. [IpMMepsl M 3amayd MPeayCMAaTPUBAIOT HE-
60/bLIONH OOBEM BBIYMCIECHMH M MOTYT GBbITh MCMOJIb30BaHBI Ha MPAaKTHYECKHUX
3aHATHSAX NPU U3YYEHHUH Kypca «DKOHOMHKO-MAaTEMaTHYECKUE METOMIbI».

JIONONMHUTENbHBIE TEOPETUUECKHUE CBEICHUS LIS Goee rTybOKOro U3ydyeHus
TOrO WJIM MHOTO pa3iefia MOXHO MOMYYHUTh U3 KHUL, PUBEAEHHBIX B CITUCKE JIU-
TEPaTyphl.

M3yyeHune Bcex pas3nesioB 9KOHOMMKO-MAaTeMaTHUYECKMX METONOB, M3jarac-
MBIX aBTOPaMH B yueGHOM Mocobuu, npeaycMoTpeHo TocynapcTBeHHBEIM 06pa3o-
BaTe/JIbHBIM CTAHAAPTOM 0 KOHOMUYECKUM CMELIMANbHOCTAM.

ITocoGue HanmUCaHO Ha OCHOBE MHOTOJIETHErO OMNBITA NPENOAABAaHUSA 3KOHO-
MMKO-MaTEMAaTUYECKHUX METONOB U MOJEJeit B BBICLUMX YYEOHBIX 3aBeNcHMSX, a
TAKKEe Ha OCHOBE PELICHMs psifia MPAaKTHUYECKHUX 3a1ay, KOTOpble BCTPEYATUCh
aBTOpaM B HaydHO-MCCJIENOBaTE/NbCKON pabore.

ABTOpBl BbIPAaXaloT 671aroJapHOCTh YBaXaeMbIM PELEH3eHTaM M NpU3Ha-
TENIbHBI UM 3a LIEHHBIE 3aMEYaHMsl, KOTOpbIE YIYYLIMIU UITOXKEHUE MaTepHana,
— Kacdenpe NpUKIALHOA MaTeMaTUKU M UHGopMaTHKK CTaBpOMOALCKOrO rocy-
JApCTBEHHOTO YHMBepcUTeTa M npodeccopy Kadenpbl MaTeMaTHYecKoro mMoue-
JIMPOBaHUSI SKOHOMHYECKMX TNpoueccoB PuHaHcoBOi akagemuu npu ITpasu-
tensctBe PO JI. I. JIabckepy.



BepoaTHOCTHO-CTATHCTHYECKHE
METOAbl MOJAECIHPOBAHMA
IKOHOMMYECKHX CHCTEM
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OcHOBbI BEpPOATHOCTHbIX MEeToA0B
aHanu3a u MmoaenupoBaHus
3KOHOMMYECKUX Cuctem

1.1. dnemMmeHTapHbIe NOHATUSA
O cny4aiHbIX COObITUSNAX,
BeNUYNHaxX U PYHKLUAX

ITon coObiTHEM MOHUMAETCSl BCSIKUM (haKT, KOTOPBI MOXET IMpo-
MU30MTU B HaHHBIX YCJIOBUSIX. Teopusi BEPOSITHOCTEN pacCMaTPUBAET CO-
OBITHSI B TECHOM CBA3M C TEMU YCJIIOBUSIMU, B KOTOPBIX OHM HAaCTyMNalOT.
COBOKYIMHOCTb YCJIOBUI, B KOTOPBIX pacCMaTpUBAeTCsl NaHHOE COObI-
THE, Ha3blBalOT KOMHNAEKCOM YCA06uil, a peaJl3allMI0 3TOr0 KOMILIEKca
YCIOBUI Ha NMPaKTUKE — ucnbimaruem. B 3aBUCUMOCTH OT CBSI3U MeXIY
COOBITUSIMM M COOTBETCTBYIOIIMMHU KOMILUIEKCAMU YCJIOBUH pas3jiMyaloT
JOCTOBEpHbIE, HEBO3MOXHBIE U CJIydaifHble COOBITHS.

LocmosepHbim Ha3bIBAETCSl TAKOE COOBITHE, KOTOPOE HACTYIAET KaX-
OBl pa3 NMpy peayiM3allMy JaHHOTO KOMIUIeKca yCIoeuii. JJocTtoBepHoe
coObiTHe 0003HaYuM yepe3 U.

He603moxcHbiM Ha3BIBaETCSl COOBITHE, KOTOPOE HUKOTIA HE HaCTy-
MaeT NMpU pean3alii JaHHOTO KOMIUIeKca ycsioBuil. HeBo3MoXxHoe co-
ObITHE 0003HAYUM CUMBOJIOM .

Cayuaiineim Ha3bIBAECTCSI COOBITHE, KOTOPOE MOXET JIMOO HACTYNHUTh
Npy pealn3allMd JaHHOTO KOMILJIEKca YCJIOBMH, JIMGO HE HACTYMMTh.
JocToBepHOE U HEBO3MOXHOE COOBITUSI MOTYT pacCMaTpUBaThCsl Kak
KpaitHWe YacTHBIE ClIydau ClIydalHBIX cOObITHil. CiydaifHble COOBITHUS
o6o3HauuMm uepes A, B, C...



ComlacHO TEOPETHKO-MHOXECTBEHHOMY IOAXOAY MPU pacCMOTpe-
HUM TIOHSTHSI «CIYy4aifHOE COOBITHE» BBEAEM IIOHSITUE «3JIEMEHTapHOE
COOBITHEY.

DnemenmapHoe cobbimue — 3TO OAUH U3 HECKOJIBKHMX BO3MOXHBIX,
HO HECOBMECTHBIX MCXOJOB TOTO MJIM MHOro omnbita (McnbitaHust). Co-
BOKYITHOCTb WJIM MHOXECTBO UX COCTaBJISIOT MPOCTPAaHCTBO 3JIEMEHTAp-
HBIX COOBITHA.

B o61uieM ciyyae MpOCTPaHCTBO 3JIEMEHTAapHBIX COOBITUII MOXET
OBITh J1II060I MPUPOABI: KOHEYHBIM U OECKOHEYHBIM, IUCKPETHBIM U He-
npepeIBHBIM. IIpOCTPaHCTBO 3JIEMEHTAPHBIX COOBITUI SIBJISETCSI CUHO-
HUMOM JIOCTOBEPHOIO COOBITHUS, TaK KaK OXMH U3 €ro 3JIEMEHTOB He-
NpeMeHHO HacTynuT. KpoMe Toro, CyuiecTByeT NMOHSATUE «ITyCTOE MHO-
XKECTBO». DTO MHOXECTBO, HE COAEpXKalliee JIEMEHTAPHBIX COOBITUH.
OuyeBHIHO, YTO NMYCTOE MHOXECTBO SIBJISIETCS CUHOHUMOM HEBO3MOX-
HOro coouitus. IlpM U3ydeHUM ciiyyaiHBIX COOBITHII B Xome pa3paboT-
KW MaTeMaTHYeCKUX MoJeseil 9KOHOMHYECKUX CHUCTEM HUCIONb3YeTcs,
KakK NpaBUJIO, HE OIHO, a IpyIna cCOObITHI, MEXIy KOTOPBIMU CYLIECT-
BYIOT ONpee/ieHHbIe COOTHOLIEHHS, TO3BOJISIIOLLME BbIpaXKaTh OOHU CO-
OBbITHS Yepe3 ApYyTHeE.

PaccMOTpUM 3TH COOTHOLUEHMS.

1. Cobbtmue A codepycumcs 6 coboimuu B (A € B). Ecnu npu Kax-
JIOM HCINBITAHUHU, NP KOTOPOM IPOUCXOAMUT COOBITUE A, HENMPEMEHHO
NPOUCXOOUT U COOBITHE B, TO TOBOPAT, YTO COOBITHE A CONEPXUTCS B
COOBITUM B, UM NPUHAIIEXUT COOBITHIO B.

2. Toxucoecmeennsie coboimus (A = B). Ecnu cobbiTie A cOmepXUTCS
B COOBITUM B, a cOObITHE B CONEPXUTCS B COOBITUM A, TO TOBOPAT, YTO
COOBITUSI A U B TOXAECTBEHHBI, WJIM PAaBHOCHJIbHBI.

3. Ilpouseedenue cobvimuii. TIpousBeneHueM (WM IepeceYeHHEM)
cobnITUiT A M B Ha3wiBaeTcsi cobbiTHE C, COCTOsIILEE B COBMECTHOM Ha-
CTYIJIEHUM 3TUX COOBITHH. IpyruMHu cioBaMu, MHOXECTBO C COLNEPXUT
3JIEMEHTBI, MpUHaUIeXallue MHOXecTBaM A U B. IIpou3BeneHue coObi-
TUIi 3aMUCHIBAETCS B BUIE:

C=A-BwmmC=AnNB, (L.1)
A=A A,

rae M — 3HAaK nepeceyeHus.

4. Hecoemecmnuole cobvimua. CoObiTvsA A U B Ha3bIBaIOTCSI HECO-
BMECTHBIMH, €CJIM UX COBMECTHOE MOSBJIEHUE IPH MCIBITAHUKU HEBO3-
MOXHO. YCJI0BHE HECOBMECTHOCTM 3aIMChIBAETCS B BHIE:

A-B=0. (1.2)

5. Cymma cobotmuii (o6sedunenue cobotmuii). CyMMoit cobbITHI A U
B nasmiBaercst cobsitue C, COCTOsLLEE B HACTYIUIEHUM XOTA GbI OTHOTO
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U3 ITHUX COObITHH. MHOXeCTBO C COAEPXHUT IJIEMEHTHI, NPUHAIEXa-~
e XOTSA OBl ONHOMY M3 MHOXECTB A wWiu B:

C=A+BuwmC=A0U B, (1.3)
A=A+ A4,

rae U — 3HaK OObEOAUHEHUS.

6. Iloanan epynna co6oimui. CoObITUSI A U B COCTaBJSIIOT IMOJIHYIO
rpynny coOBITUH, €CNM NPH pealu3alvy 3aJaHHOTO KOMIUIEKCa YCIO-
BHMiIl HEMPEMEHHO IMOSBUTCS XOTA OBl OMHO M3 3THX COObITUI. CymMma
BCEX TaKHUX COOBITHI €CTh COOBITHE JOCTOBEPHOE:

C=A+ B=U. (1.4)
7. Ilpomueonoaoxcnoe co6otmue. [IBa coObITUS A U1 A (unTaercs «He

A») Ha3BIBAIOTCHA MPOTHUBOMOJOXHBLIMH, €CJIM OHM COCTAaBJAIOT MOJHYIO
IPYINY HECOBMECTHBIX COOBITHIA, T.€. YIOBJIETBOPAIOT YCIOBHIO:

A+A=U A A= D. (1.5)

BcsikoMy COOBITHIO NP JaHHOM KOMILJIEKCE YCIOBHII COOTBETCTBY-
€T onpelesieHHasl CTeneHb BO3MOXHOCTH. boJjiee BO3MOXHBIE COGBITHA
HPU MHOTOKDATHBIX MUCIBITAHUSIX B CPEIHEM HACTYTAIOT Yalle, a MEHee
BO3MOXHbBIE — pexXe. Jacmomoii cobbimus Ha3bIBAETCA OTHOLIEHHE YUC-
JIa UCTIBITAHUHN, B KOTOPBIX MOSIBUJIOCH JaHHOE COObITHE, U OGLIEr0 YHC-
Jia ucneiTanuit. Yactora cobGbiTHSI A paBHa: :

pray="A
n (1.6)

rae n — oblee YMCNO NPOBEAEHHBIX UCTIBITAHMUIA;
m(A) — YMCNO MCMBITAHMI, B KOTOPBIX HACTYNMUJIO COOBITHE A.

YacTtora 10CTOBEPHOro cobbTHS U paBHA eIMHULIE:
n
P*{U)=—=1.
n
YacTora HEBO3MOXHOIO COOBITHSI paBHA HYJIIO:
P*(@)=—=0

YacroTa cnyyaifHOro coObITUSI A HaxoouTcs B uHTepBane [0;1]:

0<P*A) < 1.



CnenyeT OTMETUTD, UTO YacTOTa CIy4aifHOrO COOBITHSI 00JIalaeT yc-
TOMYMBOCTBIO, YTO JOKa3bIBaeTcsl M ¢hopMyaupyetcsi B Teopeme 5. bep-
HYJUIH, OTHOCSILENCS K 3aKOHY GOJIBIHMX YMCE.

CBOMCTBO YCTOMYHUBOCTH YaCTOTHI CJIYYaifHOTO COOBITHS 0Tpa>|<ae'r
CBSI3b MEXIY KOMIUJIEKCOM YCJIOBHUII U BO3MOXHOCTBIO HACTYIJIEHUS
COOBITHI NpU HaHHOM KoMmruiekce. KonnyecTBeHHOH Mepoil CTeneHHU
BO3MOXHOCTHU MOSIBJIEHUSI COOBITUS ISl 3aJaHHOTO KOMILJIEKCa YCJIO-
BMl sIBJIsIETCS @eposmHocmb cobbimus. Uem 6Gosiee BO3MOXHO TOSIBJIE-
HHE CIy4aifHOro co6bITUs, TEM 6OJbllE €ro BepoATHOCTh. Hao6opor,
YeM MEHee BO3MOXKHO TMOSIBJIEHUE COOBITHSI, TEM MEHbLIE €ro BEpOST-
HOCTb.

BeposATHOCTb U 4acToTa co61>1'm51 TECHO CBSI3aHbl MeXIY COO0OIil.
3Hast 4acTOTY, BBIYMCIEHHYIO NpPU JHOCTAaTOYHO OOJIBIIIOM YHUCJIE HCIBI-
TaHUM, €CTb BCE OCHOBAaHMSI CYUTATh €€ OJIM3KON K COOTBETCTBYIOLLEH
BEPOSITHOCTU U TOJIaraTh, YTO

P(4)= P*(A)—’"ff’ 7

Takoit crioco6 onpeneneHus: BEpOSITHOCTU coObITUsl P(A) Ha3blBaeT-
CA cmamucmu4ecKum.

CaoiicTBa BeposATHOCTEH COOBITHIA
1. BeposiTHOCTh HEBO3MOXHOTO COOBITUS paBHa HYJIIO, T. €.

P(@) =

2. lna no60oro cobuITUSI A BEPOSTHOCT NMPOTUBONONOXHOTO COOBI-
TUSI A paBHa:

PA) =1 — P(A). (1.8)
3. Eciu cob6siTie A Bieuer 3a co6oif coomtie B, T. €. A C B, TO

P(A) < P(B). (1.9)

4. BeposITHOCTh COOBITHA A 3aKJIIOYEHA MEXAY HYJIEM U eIUHULEH,
T €.

S P(A) < 1. (1.10)

5. BeposiTHOCTh ABYX COObITHMIt A U B paBHa cyMMe BepOSITHOCTEI
3TUX COOBITUIN Ge3 BEPOSITHOCTU MX MPOU3BENCHMUS:

P(A + B) = P(A) + P(B) — P(AB). (1.11)



BeposiTHOCTE COOBITUSI ONIPENENSETCA NPU YCIOBUU peau3aluu He-
KOTOPOH COBOKYIHOCTH ycJIOBUIA. Eci HUKaKUX OrpaHUYeHUi, KpoMe
YHOMSIHYTBIX YCJIOBUIi, IPU BBIYUCIEHUU BEpOSITHOCTU P(A) He Haara-
€TCsl, TO TaKUe BEPOSITHOCTH Ha3BIBAIOTCS Oe3yc106Hboimu. ONHAKO B psi-
Jie Cy4yaeB MPUXONUTCS HAXOAUTb BEPOSITHOCTU COOBITHI MPHU YCIOBUH,
YTO MPOMU3OLLIO HEKOTOPOE COOBITHE B, UMEIOLIEE MOJOXUTEIbHYIO BE-
POSITHOCTB. Takue BEpOSITHOCTH Ha3bIBAIOTCS YCA08HbIMU U 0003HAYAIOT-
csa P(A/B).

CoObiTHE A HaA3BIBAETCS He3aeucuUMbimM OT APYTOro COOBITUS B, ecnu
BEPOSITHOCTb COOBITUSI A HE U3MEHSIETCSI OT TOrO, HacTynaer cobsitue B
WY HET. B npoTHUBONONIOXHOM ciiydae cOObITUE A Ha3bIBACTCS 3a8UCU-
Mbim OT cobbiTus B. CnenoBaTesibHO, €C/IM COOBITUSL A U B He3aBUCHU-
Mble, T0 P(A/B) = P(A).

BeposSiTHOCTh NpOM3BEAEHUS ABYX COOBITUI paBHA NMPOM3BEACHMIO
BEPOSITHOCTU OTHOTO M3 3TUX COOBITUI Ha YCJIOBHYIO BEPOSTHOCTh ApY-
TOrO TIPU YCJIOBUM, UTO MEPBOE MPOU3IOILIO:

P(AB) = P(A) - P(B/A) = P(B) - P(A/B). (1.12)
BeposiTHOCTE MpOU3BEAEHHUSI HE3aBUCUMBIX COOBITUI paBHa:

"~ P(AB) = P(A) - P(B). J (1.13)

BeposiTHOCTh NMPOU3BEAECHUSI n CAY4ailHBIX COOBITUH paBHA NMpPOU3-
BEIEHHUIO BEPOSITHOCTH OZHOTO U3 HUX Ha YCJIOBHBIE BEPOSITHOCTHU OC-
TaJIbHBIX, BBIYMCJCHHBIX IPU YCJIOBUM, YTO BCE MPEIIIECTBYIOLINE CO-
OBITUSI TIPOU3OLLIH.

IIpasuno caoxncenus eeposmrocmeii 08yx cobbimuii 3aNIUCHIBAETCS Clie-

AYIOUIUM 00pa3oM:
P(A + B) = P(A) + P(B) — P(AB). (1.14)
YuTaeTcs 3TO NPaBUIO TaK: BEPOSITHOCTb HACTYIJIEHUS] XOTS OBbI OJI-
HOTO M3 JIBYX COOBITMII paBHa CyMME€ BEpPOSITHOCTEH 3THUX COOBITUII 6€3

BEPOSTHOCTH MX COBMECTHOTO HACTYILIEHUS.
Ecnu co6bITHS HECOBMECTHBI, TO MPABUIIO CIOXEHHUS BEPOATHOCTE

MPUHKUMAET BUA:
P(A + B) = P(4) + P(B). (1.15)

Ecnu HeCOBMECTHBIE COOBITUSI COCTaBJSIOT MNOJIHYIO rpymnmny, T. €.

A1+A2+...+An=UI/[AiAj=®,l'¢j,

10 P f;A,. =§)P(A,«)=l. (1.16)

i=1 i=1



CnyyaiiHble COOBITHSI MOTYT OBITH NMPENCTaBICHBI Yepe3 ciydaitHble
BeJIMYUHBL. TIOHSTHE «CnyyaliHast BEIMYUHA» paclIupsieT 06aacTb NpH-
MEHEHHUSI BEPOSTHOCTHBIX METONOB B pELUCHUM NMPAKTHUYECKUX 3anady,
MO3BOJISIET MCCJIEAOBaTh Gosiee CIOXHbIE clydaiiHble sBineHus. Cayyaii-
HoU Ha3bIBa€TCsl Takasli BEJIUUYMHA, KOTOpasl B PE3yJIbTaTE MCIBITAHUS
(peau3aLuy ONpeaeIEHHOro KOMIUIEKCA YCJIOBUI) MOXET MPUHATH TO
WIM UHOE 3HaYeHHe, TPUYEM 10 MCIBITAHUSI HEU3BECTHO, KAaKOE UMEH-
HO. Ecnu noBTOpSATh MCNBITAHHUSI, TO PE3YNbTATOM KaXAOro Oymer ka-
Koe-u60 OAHO 3Ha4YeHME CIY4alHOH BEJIUYMHBI U3 MHOXECTBA BO3-
MOXHBIX.

CnyyaiiHble BEJTMYMHBI MOAPA3AESAIOTCS Ha AMCKPETHLIE U Herpe-
PBIBHEIE. '

MHOXeCTBO 3HaYeHUN duckpemHoll cAy4aiHol éeauuurbl KOHEYHO
WM CYETHO, HalpUMeEp:

® KOJIMYECTBO OTKA30B aBTOMOOUJIEH aBTONPEANPUSITUS B TEUEHUE
pabouyeit CMEHBI;

® yycyio paboyux, NpUUIENNX B OyXrajarepuio 3aBofia B TeUEHHUE
OIIHOTO yaca Nojyyatb 3apaboTHYyIO IUIaTy U T. [I.

MHoOXecTBO 3HaYeHUI HenpepbiGHOl cay4aliHOi 6eau4u bl TIPEICTaB-
JisetT cob0oii MHOXECTBO BCEX TOYEK, MPUHAMLIEXAIUX KaKOMY-TU00 UH-
TepBaJly YUCJIOBOI OCHU, HaNpUMeEp:

® pacxol TOIJIMBa Ha KWJIOMETp npobera;

e BpeMs1 6€30TKa3HON pabOThl aBTOMOOUJIS U T. [.

Kpome nuckpeTHOH ¥ HENpPepBIBHOM ClydallHbIX BEJIMYUH BCTpeya-
I0TCSI CAYHaliHble 6eAUMUHbI CMEUWARHO20 MUna, IJIsi KOTOPBIX Hapsny C
y4aCTKaMU HENpEepbIBHBIX 3HAYCHUH UMEIOTCS OTHENbHBIE, U30JIMPO-
BaHHbIE 3HAYEHMSI.

His Toro 4ytoGBl 3aaTh CIy4yallHYIO BEJIMYMHY, HEOOXOOMMO 3alaTh
MHOX€ECTBO 3HaY€HHUI, KOTOPbIE OHa MOXET NpUHUMaTh. OTHaKO OIHO-
ro nepeyHs: 3HaYeHUM CiIydyalHOW BENUYUHBI €lle HENOCTAaTOYHO IS
KaKuX-11M00 CylieCcTBEHHBIX BbIBOAOB. HyXHO elle 3HaTh, KaK 4acro,
T.€. C KaKO# BEpOATHOCTHIO, OHa NMPUHMUMAET 3TH 3HayeHUs1. OTBET Ha
MOCTaBJIEHHBIH BONPOC AaeT MCYEPNBIBAIOLLAS XapaKTepUCTHKA Clydaii-
HOW BEJIUYUHBI — 3aKOH €€ pacrpeieyiCHUs.

3akon pacnpedenenus NpenCTaBIsieT OO0 COOTHOILIEHUE, TTO3BOJISI-
IOLLEE ONPENEUTh BEPOSITHOCTh MOSBJIEHUS CNy4yalHO! BEJUYUHBI B
n1060M HHTEpBaje (M, B YACTHOCTU, BEPOSTHOCTH JIIOOBIX 3HAYeHHUH
CIy4ailHOW BEJIUYUHBI). .

OcHOBHBIMM (pOpMaMU 3aKOHa pacrnpenesieHUs SIBJSIOTCS: Psf pac-
npefeseHus, GYHKUUS pacnpelesieHUs] U TUIOTHOCTb pacnpelesieHus.

Ps0 pacnpedenenus npeacTaBisieT coboi TabiMILy, B KOTOpOil nepe-
YHCJIEHBI BO3MOXHBIE 3HAYEHUS CIIy4yaifHON BEJTMYMHBI U COOTBETCTBY-
IOLME UM BEPOSITHOCTH:
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Ta6auua 1.1
Pan pacnpenenenus

Xi Xy X, Xy
Pi P 1)) Dn

B T1abn. 1.1 x; — i-e 3HaYeHHUe CiTy4yailHOM BEJTMYMHBI X;
D; — BEPOATHOCTD MOSIBJICHUS i-TO 3HAUYEHUSI CIIy4aifHO! BEJIMYUHBI X.

Mpu stom X2 =1.
]

Imnupuveckuii pad pacripele/IeHUs] MPEACTaBNIsSET co0oi TabiauLy, B
KOTOpO# MepeyncieHsl HabmonaeMble 3HayeHust (haKTHyecKue peanusa-
LMU) CIy4yalHOI BEJIMYMHBI U COOTBETCTBYIOLIME UM YacTOTHI (Tabi. 1.2).

Ta6bnauua 1.2
DMIHpHYeCKHii Pl pacnpeneieHHs
X; X Xy X3 et X,
m; m np ms e m,

B Tabn. 1.2 x; — i-a ¢axtuyeckas (Habmoaaemas) peanusauusi Ciy-
YaifHOM BEJIMYUHEI X;

m; — KOJIMYECTBO MNOSBJIEHHH (YacTOTa) BEIMYMHEI X;.

Psnanl pacnipeneneHus, oOpa3oBaHHbIE U3 3HAYEHUI CIyyailHOM Be-
JIMYMHBI, XapaKTepU3yIolleil KaueCTBEHHbBIN NMPU3HAK, Ha3bIBAIOTCS am-
pubymuenvimu. Psiaet pacnipenesieHuit, 00pa3oBaHHBIE U3 3HAYEHUH CITy-
YallHO! BEJIMYUHBI, XapaKTEepU3YIOLIeH KOJIMYECTBEHHDbI NMpU3HAK AB-
JieHUs1 (COOBITHUS), HAa3BIBAIOTCSI BADUAUUOHHBIMU.

Psig pacnipefieJieHHs HE MOXET CJIYKMTh XapaKTepUCTUKON Herpe-
PHIBHOM CJIyYaiiHON BEJIMYMHBI, MTOCKOJIbKY 3HAQUEHUSI 3TON BEJIMMMHBI
HEJIb3S1 MEPEeYNC/IUTh, TaK KaK MHOXECTBO MX HecueTHO. Kpome Toro,
BEPOSITHOCTb OTIEJILHOTO 3HAYEHHs] HENPEPBIBHOMN CiIy4ailHOH BeNIMYU-
Hbl paBHa HYJIIO.

J1s XapaKTepUCTUKH HEIMpephIBHOM CJIy4aiHO#M BEJIMYMHBI ONpee-
JIAIOT BEPOSITHOCTH IOSIBJIEHUS 3HAYEHUS CIYJYailHON BEJIMUMHBI MEHb-
IIEro X, T X — TeKYllast IepeMEeHHast, T. €. ONPEIESIOT BEPOSITHOCTD
cobpiTHa X < X. BeposiTHOCTh 3TOro COOLITHS 3aBHCHUT OT X, T. €. SIBJIsI-
ercs dyHkuuein x. Ota GyHKUMS Ha3bIBaeTCs @yHKYuell pacnpedenenus
cayuaiinoi eeauqunst X v o603Havaerca F(x):

Fx) = P(X < x). (1.17)

Takum oGpa3omM, GyHKUMEN pacripelie/IeHHs Cly4aitHON BeJIMYMHBI
X Ha3pIBaeTcsl (DyHKUMSI apryMeHTa X, paBHas BEPOATHOCTH TOTO, YTO
cnyvaiiHas BeJIMYMHA X IIPUMET J1I060€e 3HauYeHHe, MEHbILEE X.
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BeposTHOCTD MONafgaHus Cy4ailHON BEJIMYMHBI B MMOJY3aMKHYTHIM
UHTEpBa [a, b) paBHA pa3HOCTH 3Ha4YeHHIt PYHKUMH pacrpesie/ieHusl B

ToYyKax b u a:
P(a < x < b) = Fb) — Fa). (1.18)

DyHKIUA pacnpenesieHUs1 eCTh HeyObiBaloliast GyHKIUs, 3HaYeHUS
KOTOpOif HaYMHAIOTCS C HYJ W AOXOINAT A0 €AMHHUIIbI, TPUYEM B OT-
JENbHBIX CNydasx QYHKUMS MOXET UMEThb CKauyKM — pa3phiBbl. DyHK-
LMIO pacripefesieH!s] TUCKPETHOM CIy4aitHOW BEJIMYMHBI MOXHO OIpe-
IIeNINTD, 3HAS ee pAA pacnpeneseHus, no dopmye

F(x)= Y P(x;), (1.19)

X;<x

rae CyMMHpPOBaHHE pacrpoCTPaHSAETCA HA 3HAYEHHUA X;, KOTOPHIC MCHbBLIE X.

CnenyeT OTMETUTh, YTO DYHKUMS pacripele/ieHUs] JUCKPETHOM ciy-
YaiiHO! BEJIMYMHBI YBEJIMUMBACTCS CKaYKaMU Kbl pa3, korga X npu
CBOEM M3MEHEHHMH IPOXOIUT Yepe3 KaKoe-HUOYIAb U3 BO3MOXHBIX 3Ha-
YEHHUI X, NpUYEM BeJIMYMHA CKayKa paBHA BEPOSITHOCTH 3TOrO 3Haye-
HMSI. MeXny ABYMsSI COCEIHMMM 3HAYEHMUSIMU BeJIMUMHBI X byHKIUA
F(x) nocrosiHHa.

ITockosibKY [UIsl HENIPEPBIBHOM ClIyyaifHOW BEJTMYMHBI HEJIb3SI MC-
MOJIb30BaTh B KAYyeCTBE XapaKTEPUCTUKU BEPOSITHOCTDH IOSIBJIEHUS €€
OTHE/IbHBIX 3HaYE€HUM, TO. ONPEAEISIOT BEPOSTHOCTD MOSBJIEHUS CIy-
YaifHOI BEJIMYMHBI B MpeJieiax MajJloro MHTepBaia [x, X + Ax), MpUMBbI-
Kalouero K x. PasnenuB 3Ty BEepOSITHOCTb Ha JUIMHY MHTepBaia Ax, Ha-
XOIAT CPEOHIOI0 IUIOTHOCTb BEPOSITHOCTM U IPU HEOrPAaHUYEHHOM
YMEHbILIEHHH [UIMHBI WHTEpBaJia MEPEXOASAT K Ipeey, KOTOphIii sABs-
€TCA IUIOTHOCTBIO PACIpe/ie/ieHusl B TOUKE X:

P(x< X <x+Ax)
o .

S(x)= Alggo (1.20)

ITromuocme pacnpedenenus f(x) eCcTh Npelies OTHOLIEHHUSI BEPOSITHO-
CTH IONagaHus CIy4yailHOM BEJIMYMHBI HA MAJIBIH Y4acCTOK U JJIMHBI 3TO-
ro y4Jacrka InpH €€ HEOrpaHMYEHHOM YMEHBILICHHUH.

BeposiTHOCTD TomnagaHusl Cy4yailHOI BEJIMYMHBI Ha NMPOM3BOJIBHBINMA
yuyacToK [a, b) paBHa:

b
P(a< X <b)=] f(x)-dx. (1.21)

I/IHTCl"paJ'[ B GECKOHEYHBIX npeacaax or IJOTHOCTH pacCnpeacjacHUsA

(=]
paBEH €OQUHHULE, T. €. j f(x)-dx=1. DTO OYeBHIHO, TaK KaK YKa3aH-
—00
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HBI# MHTErpajl BbIpaXXaeT BEpOSATHOCTb JOCTOBEPHOTO COOBITUS — MOMNa-
JaHUs CIyyailHON BEJIMYMHBI HA y4acCTOK OT —oo 0 oo, a 3HAYUT, PaBeH
eOUHULE.

Ipaguk naomuocmu pacnpedenenus Ha3bIBaeTCsl KpUBOM pacrnpene-
JIeHus, Jiexalleit B BepxHeil MmojymiockocTd. Kpuast pacnpenencHus
COBMECTHO C OCbI0 aGCIIMCC OrpaHUYMBAET IUIONIaAb, PABHYIO €IHHMIIE
(puc. 1.1).

f(x)4

0 a b X

Puc. 1.1. Ipaduk nioTHocTH pacnpeneneHus (KpyMBas pacnpeleieHus )

BepoaTHOCTh MoOnailaHusl Ha y4yacToK [a, b) paBHa IUIOIagy Orpa-
HUYEHHOMN KPUBOH pacrnpelesieHUsl, ONMpaIoLIeiicss Ha y4yacTokK [a, b)
(Ha puc. 1.1 — 3awITpUXOBaHHas! IUIOLIANb).

ILnoTHOCTB pacnpeneieHUsl €CTh NMPOU3BOAHAsA (DYHKIIMHU pacrpee-
neHus. C nIpyroit CTOpOHBI,

Fx) = P(X < x) = P(— < X < x),
OTKyZa .
F(x)= | f(x)-dx. (1.22)

BennunHy F(x) Ha3HIBAaIOT uHmezpanvHoli gynkyueil pacnpedenerus
seauyunst X. BennuuHa f{x) — nuddepenunanbHas GyHKUUA pacnpene-
JIEHUs cNydaifHoit BeMynHbl X. I OLIEeHKH OCOOEHHOCTEH 3aKOHOB
pacripefiesieHusi Cly4ailHbIX BEJIMYMH ONPEAESISIIOT YHCJIOBLIE XapaKTe-
PHMCTHUKH 3THX BEJIMYMH. '
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1.2. YucnoBbie xapakTepmcTuKu
CNy4aiHbIX BEJSINYUH

Ilpu peimreHMM MHOIMX NMPAaKTUYECKHUX 3a1ay YacTO JOCTaTOYHO yKa-
3aTh OTAEJIbHBIE YUCJIOBBIE XapaKTEPUCTHKH, ONMpPEIENSIOLUe 0COOEH-
HOCTH TOTO WJIM MHOTO pacHpeleieHUs CAy4yaiiHON BEJMYMHBI. DTO
MpeXIe BCEro cpedHee 3HaveHue, KOTOPOE NMPHHAIJIEKHUT K XapaKTepUC-
THKaM TOJIOXEHHS CIyJalHOH BEJIMYMHEI, T. €. IPEACTaBISET TaKylo Be-
JIMYUHY, OTHOCUTEJILHO KOTOPOi KaKMM-TO 06pa3oM IpynmupyloTcs,
pacceuBalOTCsl BCEBO3MOXHBIC 3HAYEHUS CIy4yalHOW BEJMYUHBI.

CpenHee 3HaYEHHUE, WIM MaTeMaTHYeCKOE OXHAAHHUE IUCKPETHOM
CIy4yailHOM BEJIMYMHBI, BRIYMCISETCS MO (HopmMyJie

n
M[x]=m, =a= leipn (1.23)
1=

e X; — BO3MOXHbIE 3HaYEHHUs CIy4aitHON BETHYMHEI X;
P; — BEPOSITHOCTb NOSBJIEHHUS i-TO BO3MOXHOIO 3HA4Y€HMsl CIy4yalHOH Be-
JIMYUHBI X,

Mamemamuueckoe oxcudaHue SIBISIETCS TEOPETUYECKON XapaKTepuC-
TUKOI Cly4yalHO! BEJIMYUHBI.

DOMIIMPUYECKOH XapaKTEPUCTUKON CIIy4aHHOW BEJIMYMHBI SBJISIETCS
IMnupuyeckas cpedHas, BblYUcCsieMas 1o dbopMyie

X{-mp+ Xy -my+..+X,-m, ix m;
=Y x-

X=M*[X]= —+
[X] N PR

(1.24)

WIK ' n
M*[X]= lei-p*(xi), A
. i= )

m;
rae P*(xi)=7 — 4aCToTa 3HayeHUH x; mpu N HabmomeHHUAX (UCTIBITAHUSX);

n
N=3%m;
i=1 ,
m; — KOJIMYECTBO NOABJICHHUI 3HaUYeHUH X; NpH N HaGIOAEHUAX.

DMIMpUYECKasT CPEIHSSI CIy4aifHOM BEJIMYMHBI 110 MEpe yBEINYe-
HUSI MCNBITAaHU#M (HaGMoAeHUi) MpUOOpeTaeT TEHAEHLUMIO CTaOWIN3H-
pOBaTbCsl OTHOCUTEIBHO NMOCTOSIHHON BEJWYMHBI — MAaTEMaTUYECKOIo
OXHIaHUA.

JlJ1s1 HenpephIBHOM CirydyailHOIM BEJIMYMHBI X MaTeMaTHUYeCKOe OXH-
JIaHUE OTpPEeNeNIeTCS] HHTErpaJoM:
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M[X}=a=}°x-f(x)-dx. (1.25)

KpoMe MaTeMaTH4YeCKOro OXWIAHUS HAa NMpPaKTUKE UHOTIOA TNpUMe-
HSIIOTCSI M JOPYTHE XapaKTEPHCTHKH MOJIOXEHUs, B YACTHOCTH MeIuaHa
M MOJia CIYy4YaifHOUN BEJIMYMUHBI.

Meduanoii Me cnyyailHOM BEIMUMHBI Ha3bIBA€TCA Takas BeJIMYMHA,
OTHOCHTEJIbHO KOTOPOH paBHOBEPOSITHO MOJyY€HHE OOJBILETO WU
MEHBLIEr0 3HAYEHUS CIYHaHHON BEJTMYHMHBL:

P(X > Me) = P(X < Me). (1.26)

MenuaHy NpUMEHSIOT B KQUeCTBE XapaKTEPHCTUKU Psiia pacripene-
JIEHHS B Te€X CJIy4asiX, KOTJAa MUMEIOTCA OYeHb Oonwuine KojeGaHus ciy-
YyaifHO! BeJIMYMHLI. B 3TOM Cjiyyae Ha 3MIIMPHUYECKYIO CpeaHion M*[X]
OyayT oka3biBaThb CHJIbHOE BJIMSIHWE KpallHHE 3HauyeHUsl ciyyalHoM
BEJIMYMUHBI, a MEIMaHa MEHee YYBCTBUTEJIbHA K KpaWHHUM 3HAYEHUSIM
cayvyaitHoll BenMuMHBI. Ha MeamaHy BAMSIET HE CTOJIbKO KojiebaHue
B 3HAYEHHSX CIy4yailHON BeJIMYMHBI X, CKOJILKO KOJeOGaHUs B 4acToTe
NOSIBJICHUSI TOTO WJIM MHOTO 3HAYEHMS Cly4yalHO# BenUuYHHBL. Meaua-
HY HEOOXOIMMO BBIYMCIATH B IOMONHEHHE K MaTEMaTHYECKOMY OXHUIa-
HHUIO B CJIy4ae pacrnpefefieHui, UMeIolmx 60abIIYI0 CKOIIEHHOCTS',

Modoid Mo OUCKpEeTHOI cinydyaifHOM BETMYMHBI Ha3blBaeTCs €€ 3Ha-
YyeHHue, obnagaiouiee HanbosblIel BEpOATHOCTHIO. [J1s1 HenpepbIBHOIM
cny4yaiHO BEIMYMHBI MOJA €CTh TaKOE 3HAUYE€HHUE, KOTOPOE OTBEYAaeT
MaKCHMAaJIbHOM TUIOTHOCTH pacripelesieHus.

B o6iieM ciyyae MaTeMaTHYeCKOe OXHMIAaHUeE, MelMaHa U Moja
He coBHajaioT. B wyacTHOM ciyyae npM CUMMETPUYHOM pacrpenese-
HHMH BCE TPHM XapaKTEPHCTHKHU TOJOXEHUS CIy4ailHON BEJIMYHUHBI COB-
Nagaior. ‘

JIns oLeHKH cTeneHH pa3bpoca, pacCeMBaHMA 3HAYEHUH CaydyailHON
BEJHYHHBI OTHOCHTENLHO CPEAHETO BBIYUCISIOT CIEAYIOLIME XapaKTe-
PHCTUKH:

® THCHEPCHIO;

e CpelHee KBaJIpaTHYECKOE OTKJIIOHEHHE;

o K09 PULHEHT BapHaLINH.

Hucnepcueii Ha3plBaeTCd MaTeMaTHYeCKOE OXHAAaHUE KBaapaTa
OTKJIOHEHHH CJlydaifHOM BEJIMYMHBI OT CBOEr0 MaTEMaTHYECKOTO OXH-
JaHUS: '

D, = o} = M{(X — my)?]. (1.27)

' O THnax pacripefeaeHui cM. noapasg. 1.3.
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YeM Oonblle AUCIEPCHS, TEM B CpeaHeM 0oblle OTKIOHEHUE 3Ha-
YeHUH Ciay4aiHOU BEJIMYMHBI OTHOCUTEJIBHO MAaTeMaTUYECKOro OXHuaa-
HMS, T. €. OyneT OoJibllie pacCeMBaHUE CIyYaHHON BETUYHUHBI.

lIchepcm{ JUCKPETHOW CNyyailHON BEJMYMHBI BBIMMCISIETCA 1O

¢dopmyne
2_ < 2 '
¥ = 2 (x —my)” - p(x;). (1.28)

i=1
Jvcnepcusi HeNpephiBHOMN ClyyalHOR BETMYMHBI paBHa:

= T (x=m)?- f(x)-dx. (1.29)

Hapsiny ¢ nucniepcueit cayvyailHO# BEJIMYUHBI, B KQYECTBE XapakTe-
PUCTHKHM pacCeMBAHUs CAy4YaiiHOW BEJUUMHBI UCIOJB3YETCS cpedHee
Keadpamu4eckoe OmMKAOHeHUe, KOTOPOE PaBHO IOJOXHUTEJbHOMY 3Haye-
HHUIO KOPHSI KBaIpaTHOTO U3 JUCIIEPCHUM.

CpenHee KBaApaTUYECKOE OTKIIOHEHHE UMEET OJUHAKOBYIO pa3Mep-
HOCTb CO CIyYallHON BEJIMYMHON, B 3TOM COCTOUT €€ MPEUMYILIECTBO
OTHOCHUTEJIBHO IUCTIEPCUH. '

DMIIUPUYECKHE 3HAYEHUS XapaKTePUCTUK paccenBaHm BBIYUCISIIOT
no ¢opmMynam:

[UCTIepCHUs

n _ m:
= Zl(x,- -%)? Tvl' (1.30)
=
CpeaHEE KBaApaTHYCCKOE OTKIIOHEHHE

(1.31)

st MasbIX BBIOOPOK, €CJIM YUCJIO MCTBITAaHUi (HabiaioneHuit) He
npessimaer N < 30, To XapaKTEPUCTUKH pacCEUBaHUS BHIYUCIIAIOTCS 1O

dhopmynam:
JUCTIEPCHUST
n _ m;
= Zl(x,- -x)° St (1.32)
1=
cpelHee KBaIpaTUYeCKOe OTKJIOHEHHE
5o o2 m
O, = Zl(xi -X) Vo1 (1.33)
=
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Bennuunsl Oxz U O, NMOKa3bIBAIOT abGCOMIOTHOE OTKJIOHEHHE OT cpen-

HETo 3HAYEHHUS CIYYaiHOM BEJMYMHBI, YTO HEIOCTATOYHO XapaKTepH-
3yeT YPOBEHb €€ paccenBaHus. OTHOCUTEIBbHOM XapaKTepUCTHKOM pac-
CEMBaHUA ABNAETCS K03pguyuenm apuayuu, BHIYUCIIIEMbIN KaK OTHO-
LIEHWE CPEJIHEro KBaApaTHYECKOTO OTKJIOHEHHMS M 3IMIMPUYECKOMH
cpemHei ’

=9§.100%, (1.34)

y=Sx (1.35)
x

KosdpduumeHT Baprauuu MOXeT HCIOJIb30BAThCA UISI CPaBHEHHUSA
MepBl pacceMBaHMs (KOJEOJEMOCTH) CAYYalHBIX BEJIMYMH, UMEIOIMX
Pa3IMYHYI0 pa3MEPHOCTb.

1.3. CtatucTtunuyeckas oLeHKa 3aKOHOB
pacnpepeneHns cny4yaHbiX BEJINYUH

DMIIUPUYECKHUE PSIbI pacripeieSieHUsl, MTolyYaeMble TP 06paboTke
NMEPBUYHBIX CTATUCTUYECKHX HAHHBIX, 0DOPMIIAIOTCS B TaGivuax Wid
U300paxarTcs rpaduyecKu MOCPENCTBOM I'eOMETPUUYECKUX 00pa3oB —
TOYEK, JIMHUHA U PUTYyp B pas3IMYHBIX coyeTaHUusiX. ITocTpoeHune sMmu-
puyeckux rpauKoOB M OUAarpaMM NO3BOJSIET YCTAHOBUTb Ha NMEPBOM
JTafe UCCIENOBAaHMUSI K KaKOMY TUIY TEOPETHMYECKHUX pacrpeleeHui
OJIXe BCEro MoJIydeHHOE IMITUPHYECKOE pacrpeleseHue, 4to oberya-
€T BBIOOD KOHKDETHBIX TEXHUYECKHX MPUEMOB 00paGOTKU MCXOMHBIX
JaHHBIX.

Jns npuMeHeHus rpacUYecKOro MeToAa aHaau3a pacnpeneseHHi
HeOoOXOOMMO 3HATh, KaK CTPOMTh IpadMKH pacrpeieseHusi, Kakue Cy-
LIECTBYIOT TUIIBI pacIpeAe/ieHUil U KaKUMHU CBOMCTBaMM 00JIamaloT Te-
OpETHUYECKHUE paclpeleaeHusl.

IToxaxeM, KaKuM 06pa3oM MPOU3BOAUTCA 0OpabOTKa CTaTUCTHYEC-
KOro Marepuayia ;i HaXOXIEHHS 3aKOHOB pacIpenesiCHUS CydyailHOH
BeJIMUUHBI. s 3Toro 6yneM paccMaTpuBaTh HEKOTOPYIO CIy4aHHYIO
BeanunHy X. IIpy GyHKIMOHMPOBAaHUM 3KOHOMUYECKON CHUCTEMBI UJIU
€ 3JIeMeHTa B TeY€HHEe HEKOTOPOro BPEMEHH ! CiydaiiHasi BeJIMUMHA X
MOXET NPUHSATH 7 ONpeaesieHHbIX 3HaYyeHU. COBOKYITHOCTb 3THX CITy-
YalHBIX 3HAYEHHUH CIyyallHOM BEJIMYMHBI B MaTeMaTHU4YeCKON CTaTUCTU-
Ke Ha3bIBaeTCs cmamucmuyeckoii evibopkoii oobeMa n. Ecnu pacmono-
XUTh OTAEJbHBIE 3HAYEHHUs CIydyalHOH BeJMYMHBI X B BO3pacTraloliem
WY YOBIBAIOILIEM IOPSIAKE U yKa3aTb OTHOCHUTEJIbHO KaXIOro 3Haye-
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HHUA, KaK 4aCTO OHO BCTPEYaJIOCh B JAHHON COBOKYMHOCTH, TO MOJy-
YUTCS IMIIMPHYECKOE paclipeiesieHue ciyyaHol BeJUYMHBI, WIM Ba-
PHALIMOHHBINA psAll, HA OCHOBAaHHH KOTOPOTO ONPENENAIOTCS aHATUTHYe-
ckasf opMa HEM3BECTHOM IUIOTHOCTH BEPOSATHOCTH f{x), GYHKUHMS pac-
npeaeneHuss F(x) 1 OoLleHMBAIOTCS BXOASLIME B Hee MapaMeTphl.

PaccMoTpuM moapo6Hee npouesypy NMOCTPOEHHUsI BapHALIMOHHOTO
pazna.

Bech nuana3oH 3HaYeHM HeNpepbHIBHON CIy4ailHON BeJHYMHBI X
pa3buBaeTcsi Ha MHTEpBaJIbl. Jlanee MONCUYMTHIBAETCS KOJNMYECTBO 3Ha-
4YeHUH m; cnydaiiHOH BEJTMYMHBI X, IPUXOASAILEHCS HAa KaXIbli MHTEp-
Bajl, U OIpeAesIAeTCS YacToTa ee NOMaJaHHs B NAHHbIH MHTEPBaI IO
¢opmyne

. .
P =%. (1.36)

Ecnu cnyyaiiHas BeJIM4MHa X TPUHMMAET 3Ha4YeHHE, ToMNajaolee
'Ha rpaHuly i-ro u (i + 1)-ro HHTEpBaJIOB, TO 3TO 3HAYE€HHE YYHUTBIBAET-
cs B yMcisie nonaganui B (i + 1)-# uHTEpBai.

Onpenenus TaKUM 00pa3oM YaCTOTHI TOMANaHHs CIy4yaitHOU BeJiM-
YyuHBl X B KaXAblit HHTEPBAJI, MOJyYUM BapHALIMOHHBIA (CTaTHCTHUYEC-
KHWi) psll, KOTOpLIA npeacTaBieH B Tabm. 1.3.

Ta6auua 1.3
BapuaumonHblit psan
HHTtepsan h—1n h—1h e L — iy e — Ly
Yacrora p* rt r r* ).

OnTtrManbHas AJIMHA MHTEpBaja omnpeaensercs no dopmyiie

X = Xmi
Ax= max min ,
143,21 1gn (1.37)

TH€ Xmax — Xmin — Pa3Max BapUHaLMy CIy4aifHO BEATHYMHBI X.
YHUCIO MHTEPBAJIOB OyIEeT paBHO:

k=____&"max;x"mi , : (1.38)

Ecnu k He 1ies10€ YHUCIO, TO B Ka4eCTBE YHCJIa HHTEPBAJIOB HaXO
B3sTh OyXaiilliee K K LieJloe YKCI0, He MeHblllee k.

BapuanmoHHble psiibl MOTYT ObITh M306paxeHbl rpadHYecKH B BH-
Jle TIOJITOHA pacripelie/IeHHsI 1 THCTOTPaMMBI.
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IToaueon pacnpedenenus npeacTaBisieT cO00H MHOIOYTOJIBHUK, KOTO-
phifi CTPOMTCSI Ha NPSIMOYTOJIBHOM KOODIMHATHOM CETKE CleIyIOLIUM
obpa3oM. B BbIOpaHHBIX MaciuTabax Ha OCH abCHMCC HAHOCHUTCA MIKajia
s pakTUYECKHUX 3HAYEHMI CiyyailHOM BeJIMYMHBI X, HA OCH OpOWHAT—

« m
Mis 4acToT p =— (puc. 1.2). ITonp3ysch 3TMMH LIKanaMM, HaHO-
n ‘ '

m; m
CAT TOYKM M; ¢ xoopauHaTaMM Xx; ¥ —-. Touku Ml(xl,—n—l-),
n
m ) m
Mz(xz,—nl), e Mk(xk,-;’i) COEOVHAIOT JIOMaHOH nuHue M; M,

M; ... M; ... M. KpaitHue Touku M| u M, ecii OHU He JIeXaT Ha OCU
(Ox, cCOeIMHSIOT TaKXKE CO CMEXHBIMH TOYKAMHU COOTBETCTBEHHO My(xg, 0)
U My (X441, 0) Ha ocu abcuucc. TlonyyeHHbIH TakMM 06pa3oM MHOTO-
yronbHUK My My M, ... M; ... M; M}, ABJISIETCSI MOJUTOHOM paclipese-
JIEHMSI.

maA
LY
P n
M;
/r
/7 :\\
M \
-3\\ // : \
Mz/ S 1 \
] 1 \\
M | ] '
: ! | N y
M, ] 1 ] \I\
0 1 1 [ k1 >
0 Xo Xq Xa X3 ces X; vas Xy Xyt X

Puc. 1.2. ITonuroH pacnpeneneHusi peaju3auuii ciyyaifHoit BENUYMHBL X

IlonuroHsl pacrpeneneHus Yale BCEro NpUMMEHIOTCS ISk Uu3o0pa-
XeHHsl JUCKPETHBIX BapHaLUOHHBIX PSIOB.

Tucmoepamma pacnpedenenus peanuszauuil ciydalHOU BEJIMYMHBI
NPUMEHsIETCSL U1 rpadMYecKoro U300paxXeHUsi UHTEPBAIBHBIX PSIOB
pacnipeneneHusa. OHa npeacTaBisieT coO60i MHOTOYTONbHUK, MOCTPOSH-
HBIA C MOMOILBIO CMEXHEIX MPSIMOYTOJILHMKOB. B cilyyae HenmpepbIBHBIX
paBHBIX MHTEPBAJIOB C LIMPHHON MHTEpBajla AX MCTOrpaMMa CTPOUTCS
caenyomuM oopasoM (puc. 1.3).
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Ax | Ax | Ax | Ax | Ax | Ax

xXv

[ A D G P S M J

Puc. 1.3. TucrorpaMMa pacnpeneieHus

B BriOpaHHBIX MacuITabax Ha OCHM abCLUMCC HAHOCHUTCS IIKaja IS
peajuM3aluit ciydyailHO# BeJHYMHBI X, HA OCH OpAUHAT — BEJIUYMHBI
*

%x.' ITonp3ysick 3TUMM IIKaJaMH, CTPOSIT NMPSAMOYroJbHUKU ABCD,

DEFG, ..., OCHOBaHMSI KOTOPBIX COOTBETCTBYIOT IIMDUHE MHTEPBaIa AX,
* * *

a BBICOTBI paBHbl OTHOLUEHUSIM —1-)'—, ﬁz—,..., -pL, MHOroyroasHuK
Ax™  Ax Ax

ABCEF ... QORJA ¥ siBIsieTCS THCTOTPaMMOM pacrpeie/ieHusI.

TucrorpaMMbl yalilie BCEro NPUMEHSIIOTCS )11 U300paKeHUsI BapHa-
LIMOHHBIX PSOB C HEMPEPLIBHEIMU 3HAYEHUSIMU ClyYyallHON BEJIMYHUHBI
X. Ilpy yMeHbLIEHUH BEJMYUHBI KaXAOro MHTEpBaja rucrorpamMma Gy-
IeT NpUONUXKaTbCsl K HEKOTOPOH IJIaBHOM KPUBOH, COOTBETCTBYIOLIEH
rpaduKy GyHKIMU TIOTHOCTH pacIpelesieHUsl CydyalHOW BeJIMYMHBI
X. CnenoBaTenbHO, B pe3y/ibTaTe MOCTPOEHUS THCTOTPaMMBbI MOXHO IO-
JIyYUTb MpeacTaBieHue o auddepeHIHaNIbHOM 3aKOHE pacnpenesieHus
ciIy4yaiHOM BEJIMYUHBI X.

Imnupuneckas (cmamucmuveckas) QyHKYUs pacnpeaeeHus CTPOUT-
cs ciaenyomuM ob6pa3om. Han kaxaeiM oTpe3koM ocu abeuucc (Ax),
HU300paxalolMM PacCTOsTHHE MeXIy KOHLIAaMH MHTEpPBAJIOB, IIPOBOAMT-
Csl OTPE30K FOPU3OHTAJILHOM NMpAMOi Ha YPOBHE OpAHHATHI, PaBHOM Be-
JIMYMHE HAKOIUIEHHOM YacTOThl; KOHLbI TOPU3OHTAILHBIX OTPE3KOB CO-
€IMHSIOTCS. BEPTUKAJIbHBIMU JIMHUSIMH,

Cratucruyeckasi GyHKUUs pacnpenenenuss F*(X) npencrasisier co-
6oit yacTtoTy cobbiTHil X < X B JaHHO#H BBICOpKE:
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Cox * * )
F(x)=P (X<x)= X p (X<Xx;), (1.39)
x;<x
IIE X — TeKymias NepeMeHHas;
p* — YACTOTA, WIH CTATHCTHYECKAs] BEPOSTHOCTD, COBBITHSL.

HepaBeHcTBO X; < X IIOA 3HAKOM CYMMBI YKa3bIBaeT, YTO CyMMHUPO-
BaHHE PAcMpOCTPaHAETCS Ha BCE Te 3HAYEHHS X;, KOTOPbIe MEHBIUE X.

3HayeHus F*(x;) mpu maHHOM 3Ha4E€HHUH X; ompenesieTcs: no dop-
MyJie

F‘(x,-):%, (1.40)

A€ n; — YUCJIO OMBITOB, NPHU KOTOPBIX X < X;.

I1pu HeOrpaHUYEHHOM YBEJIMYEHHUH YUCIIA OMBITOB (HabGM0aeHUi) n
cornacHo Teopeme SI. BepHymnu npu a060M X; YyactoTa COOBITHS
P*(X < x;) npubnuxaercsi (CXOOUTCA NMO BEPOSITHOCTH) K BEPOSITHOCTH
aroro cobbitusi. CiefoBaTeNnbHO, €CIM X — HeNnpepbIBHAS BEJIMYUHA, TO
MpH YBeJIMYEHUU # rpaduK GyHKUMM F*(x) npubImxKaeTcs: K IUIaBHOIM
KpUBO# F(X) — UHTerpaibHOI (yHKIMU paclpeaeseHUs BeJUYUHbI X.-

Takum o6pasoM, rpacduueckoe U300paxXeHUe PSIOB paclpeesieHus
JlaeT BO3MOXHOCTh HaIJIAAHO MPEACTaBUTh SMIIUPUYECKOE pacrpenesne-
HUE peanu3auuil ciy4ailHON BEJMYUHBI U BbIPA3UTh 3aKOHOMEPHOCTD
€€ pachpeneeHus MyTeM MOCTPOEHUsI CTaTUCTUYECKOH MHTErpaibHOMN
¢(YHKUMU pacrpeleieHus.

IIpumep 1.1. Ilocmpoums rucTorpaMMy M CTaTUCTHUUECKYIO (DyHK-
LHMIO pacrpele/ieHUs 4acoBOil BHIPAaGOTKHM MOJBMXHOTO COCTaBa aBTO-
MpeaNpPUSATHUS.

3HayeHUs] YacOBOI BhIPAGOTKM MOJy4YEHbI B Xol4e HaOJIOAEHMS 3a
pabotoit aBToMobOMIIeii-camocBasioB KaMA3-5511 B TeueHUe KaneHmap-
Horo roga. O6beM BrIGOpKHM coctaswin n = 100 nHaGmionenuii. Pasmax
BapUalMU PaBeH:

R = Xpay — Xmin = 15,13 — 4,0 = 11,13,

BennunMHa MHTepBajia BapMallMOHHOTO psiia ompenesieHa mo ¢op-

myne (1.37) _ Xmax ~Xmin __15,13-4,0

Ax= = =1,5.
1+3,21-1gn  1+3,21-1g100

KonnyecTBO MHTEPBAJIOB BapHaLIMOHHOTO Psiia PaBHO:

& = Xmax = Xmin _ 15,13-4,0 ~7.42=8,
Ax L5
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BapuauMoHHBIN psii 4aCOBOM BEIpAOOTKH aBTOMOOWIS MPECTaB/IEH
B Tabn. 1.4.

Ta6nuua 1.4
Bapuauuonnsiii pan 9acoBoii BLIPAGOTKN aBTOMOOWIA

Vnrep- 145 5|5.57,0(7,0-8,5|8,5-10 [10-11,5| 11,5— | 13,0 |14,5-16

Ban Ax;,
- 13,0 14,5

Yacrora | 0,07 0,14 0,17 0,17 0,15 0,14 0,11 0,05
bi

Pewernue

s TOCTpOeHMs TUCTOrPaMMBI OIpEeNeIMM €€ OpAMHATHI U3 BhHIpa-
XKEHHS:

m; __p_,_=
nix Ax G
OTcloga HaXOOUM:
* *
1 £ _007 5 B 05 4
YRR 0,047, A= 15 =0k
* 014 e 014
2) £~2—=-——= 6) _p'6—=—,—"'=
A= 15 0,093; Ax 1S 0,093;
3 £ _O017_ 7y P O _( 073
YRR 0,113; A= 15 0073
pi 017 ps 0,05
4 P4 _ 70113 8) £_-2-_0,033.
Ax 1,5 Ax 15 T

OCHOBBIBasiCb Ha JaHHBIX Tabj. 1.4 ¥ NMpoOBENEeHHBIX pacyeTax,
MOCTPOMM TrHUcTOrpaMmy (puc. 1.4).

Cnenyer OTMETUTh, YTO NIPU HEOTPAaHUYEHHOM YBEJIMYEHUH O0BEMaA
BBIOOPKHU 1 KpUBasi THCTOrPaMMBbl YacTOT COBIafaeT ¢ rpadMKOM IJIOT-
HOCTH BEPOSITHOCTEH.

ITocTpouM cTaTHCTHYECKYIO (DYHKLIMIO pacipene/ieHUs YaCOBOM BhI-
paboOTKH aBTOMOOWIS:

1) npu x < 4 F*(x;) = 0;
2)mpn 4 <x<5,5 F*(x,) = 0,07;
)npu 5,5<x<7 F*(x;) = 0,21;
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0,12+

0,14
0,08
0,06
0,04

0,02

4) npun

S

4 55

7

8,5

10

11,5

13

14,5

16

Puc. 1.4. uicTorpaMMa 4acoBoOil BEIpaGOTKH aBTOMOOWIIS

7<x<8,)5

S)ynmpu 8,5<x<10

6) npu

7)npu 11,5<x <13

8) mpu

10<x < 11,5

13<x<14,5

9) npu 14,5< x < 16,0

X

Ipaduk cratucTuueckoil HYHKLUUU pacrpene/eHHs MPpeacTaBieH Ha

puc. 1.5.
F*(x)

N

0,8
0,6
0,4 -

0,2

_3Ll__

g 4 55

Puc. 1.5. Cratuctuyeckast GyHKUUS pacripefeseHust

7

8,5

10

11,5

13

4acoBoif BEIpa6OTKH aBTOMOOMIIS

14,5

16

X
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Craructuueckass (pyHKUMSI pacipenesieH|st CiydyaiHoi BeJTUYMHbI
BCErAa €CTh pa3phiBHAsA CTymeHYaras (yHKIUSI, CKAYKK KOTOpO#l Mpo-
HCXOIAT B TOYKAX, COOTBETCTBYIOIIMX BO3MOXHBIM 3HAUYEHUSIM Clydaii-
HOM BEJIMYMHBI, U PaBHBI SMIUPUYECKUM BEPOSITHOCTSIM 3THX 3Hade-
uuit. CyMMa Bcex CKaykoB ¢yHKUMM F*(x) paBHa emuHuue. 1o Mepe
yBeJIMYEHUSI 00beMa BHIOOPDKU M YMEHbIUEHHUSI MHTEPBAIOB AX YHMCIIO
CKayKOB CTAaHOBMTCS OOJIbILIE, 2 CAMU CKaYKH — MEHbILE; CTyleH4YaTas
KpUBasi CTAHOBUTCS GoJiee IUIaBHOM; CiyyaifHasi BEJIMYMHA MMOCTENEHHO
NpUOJINXKAeTCsT K HEMPEePhIBHOM BEJIMYMHE, a €€ CTaTUCTHYeCKasA (PyHK-
LIMS pacrpenesieHus] — K HENpepbhIBHOM (PYHKUMM — UHTETPaJIbHOM
¢yHKuuu pacnpeneneHust F(x).

1.4. OCHOBHbIE 3aKOHbI pacripeaeneHusa
CNY4aWHbIX BEJINYUH

IMTonuroH pacnpenefeHuss ¥ THCTOrpaMMa €CTh peai3alusl pacrpe-
JeJieHUs1 BbIGOPOYHO# COBOKYITHOCTH NMPU OrpaHMYEHHOM YHCJIE Ha-
6monenuit (N), a npenenbHas KpuBast Ipu N — oo ABJSIETCS pacrpene-
JIEHHEM TeHEepPabHOM COBOKYITHOCTH. PacnpeneneHue reHepaibHOi co-
BOKYITHOCTH SIBJISIETCH TEOPETHYECKUM pacrpemeseHueM. OTIeabHbIE
pacrnpefie/ieHUs] U3y4eHbl M MOINAIOTCS TOYHOMY aHATUTUYECKOMY OIHU-
canuio. [IpuBeaeM HEKOTOPHIE U3 HUX.

' AucCKpeTHbIe 3aKOHbI pacnpeaeneHns

A. Bunomnainbhoe pacnpeneiienne. DT0 pacnpenesieHue yucna X no-
SIBJIEHUS] COOBITUSI A B CEPUU U3 n HE3aBUCUMBIX MCIBITAaHU. Beposar-
HOCTb HacCTYIUIEHUS] COOBITUSI A B KaXIOM MCIIBITAHUU paBHa p, a Be-
POSITHOCTB €ro OTCYTCTBMSI ¢ = 1 — p. B KaXIOM HCNBITAHUU BO3MOX-
HBI JBa MUCXOJAa: HACTYIUIEHHE WJIM HEHacTyIuieHue coObiTusi A. Ilpu
c(HOpMY/TMPOBaHHBIX YCJIOBUSIX DSl pacrpelesiCHUs] YUCIa MOSIBIEHUS
coObITUsi A onpenensiercst dopmynoit bepHysuiu

P(X=m) = Cp"(1 — p)"™™(m = 0,1, ... n), (1.41)
UINn )

!
P(X=m)=;!-(-’-'n—_'_m—)!p'"(1— M (m=0,, .., n), (1.42)

rae P(X = m) — BEpOSAATHOCTb MOSIBJICHUSI COOBITUSI A paBHa m pa3 B CEPUMU U3
n UCTBITAHUM.

Xapakrep GMHOMHUAIBHOTO pacIpele/ieHUs ONpeaesieTCs] ABYMs
napaMeTpamu p ¥ n. Ha puc. 1.6 mokasaHbl MHOTOYTOJIBHUKH GHHOMH-
JTbHOTO PACIPEAEICHUS [UIT HEKOTOPBIX 3HAYEHU 3TUX BEJIUYHUH.
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P(x=m) 4
] p=09,n=3
- p=05n=3
0 m

Puc. 1.6. IIpuMepbl KPUBBIX GHHOMHAIBHOTO PACTpEneNeHUS

OmnpenenuM YUCIOBbIE XapaKTePUCTUKU GMHOMHAIIBHOTO pacrpee-
JIeHUsl CJIyJailHOU BEIUYUHBI X
MaTeMaTYeCcKoe OXHIaHUE

M[X] = np; (1.43)
ANCIIEPCUIO
D, = npg = np(1 - p); - (1.44)

K03(GHUUHEHT acCUMMETPUM (CKOLLIEHHOCTH) pacrlpeaesieHUs

ay =5 (1.45)
npq

K03(pdULUEHT 3Kclecca (Mepa KPYTOCTH) paclipeaeaeHUst

_1-6pg

C
¥ npg

(1.46)

W3 dopmyn (1.45) u (1.46) crenyeTt, 4yTO NpU p = g OMHOMHAILHOE
pacrpenesicHue CUMMETPUYHO OTHOCHUTEIBHO MAaTEMaTHYECKOTO OXHKAa-
HUS, CJIENOBaTeNIbHO, 3KCLECC MOCTUTaeT HauboJiblliee MO MOAYIIIO
oTpularenbHoe 3HayeHue. Ecnu ¢, > 0 MMeeTcsl NONOXHUTEBHBINA 3KC-
Hecc (BeplLIMHA CHWJIBHO BBITSIHYTa); €ciu ¢, < 0 — OoTpULATENbHBIH
3Kclecc (HU3KOBEpPUIMHHASL KpUBasi); eclu ¢, = 0 — HOpMaJibHOE pac-
npeaesieHue.
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Ecny a, > 0 — acHMMeTpHs TOJIOXHUTENIbHAS;

ecmm a, < 0 — acuMMeTpHUsl OTpHLIATENbHAS;

eciu a, = 0 — pacrnpelesieHue CUMMETPHYHOE.

IIpumep 1.2. TexHHyeckass CUCTEMA COCTOMT U3 NSTH HE3aBUCHUMO
JpYT OT Apyra GyHKUHOHHUPYIOWHUX Y3T0B. Onpedeaums MaTeMaTHYECKOE
OXuIaHWe, TUCIEPCHIO, CPeNHEe KBalpaTUYeCKOe OTKJIOHEHHE YHMCJia
OTKa30B Y3JI0B, €CJIM BEPOSATHOCTh OTKa3a J1io6oro u3 Hux p = 0,2.

Pewenue
1. MareMaTHYeCcKOe OXHIaHHE YKCJIa OTKA30B:

MX]=np=5-02=1.
2. Jucnepcus: ‘
D,=npg=5.0,2.08=0,8.

3. CpenHee KBafipaTHYeCKOE OTKIIOHEHHE:
Oy = \/Dx = \/0,8 =0,8944.

4. KoadhdpUIIMEeHT aCUMMETPHU:

Ll e = =0,671.
\/ \/5 0,2-0,8
5. KoaduumeHr skcuecca:
_1-6pg 1-6-0,2-0,8 ~0,05.

= Thpg | 5.02.08

B. Pacnpenenenne ITyaccona. [laHHOe pacnpeneieHHe SIBISETCS Tpe-
JEJBHBIM CllyyaeM GMHOMMAJILHOIO pacipeaeeHus. [Ipeanooxum, 4ro
B OMHOMMAJIBLHOM pacnpenejeHUH p — 0 U n — oo, TaK, YTO /2 - p —
— M[X] = a > 0. Torna IJIOTHOCTh BEPOSITHOCTH OMHOMHAIBLHOTO pac-
NpeneaeHusl IpUHUMAET BUI:

P(x=m)=——2="_.¢7% k=0,1,2,.., (1.47)

yTO U sABNseTcs pacnpeneneHueM Ilyaccona. ®opmyna (1.47) Beipaxa-
eT psan pacnpeneneHus Ilyaccona. 3ametum, yto pacnpeneneHue Ilyac-
COHa 3aBMCHUT TOJILKO OT OJHOrO NMapameTpa — MaTeMaTHYeCKOTo OXH-
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nauus M[X] = a. OCHOBHBIE YUCJIOBbIE XapaKTEPHCTHKHU CIIydaifHOM Be-
JIMYMHBL, UMeloLIel pacnipeneneHue IlyaccoHa, paBHEI BelMduHe a > 0,
a MIMEHHO JUCIIEPCHUs CIyYaiiHOM BeJIMYMHBI X, UMEIOLLEl pacnpenene-
Hue ITyaccoHa, YMC/IEHHO paBHA €€ MAaTEMAaTHMYECKOMY OXMIAHMIO.
DTUM CBOMCTBOM TONB3YIOTCA IS OLEHKH OJIM30CTH IMITMPUYECKOrO
pacrnipefejieHust K pacripeaenenuio Ilyaccona.

Ha puc. 1.7 nokasaHsl KpuBble pacripeaeneHus Ilyaccona, orBeya-
JOIIME Pa3JIMYHBIM 3HAYEHUSAM MAaTEMATHYeCKOTO OXHIAHUA:

P(X=m)%

0.4
! a;=1
03‘/\/’]
Y e
A
o2 A N
q

0,1
|4 y \\0—_-. P\‘_\‘-\‘ R

b—o

/
D
[

1]
[¢;]

3Y

o 2 4 6 8 10 12

Puc. 1.7. Kpusble pacnipeneneHus IlyaccoHa

W3 puc. 1.7 cnenyeT, 4TO NMpH YBEJIMYEHUU MaTEMATHYECKOTO OXH-
JIaHUA @ KpuBkle pacnpeneneHus IlyaccoHa craHOBATCA Gojiee CUMMET-
puyHbIMU. TIpu a 2 10 + 11 HECUMMETPUYHOCTD pacIpele/ieHUs TpaK-
TUYECKHU He oIlyllaeTcs U 3aKoH IlyaccoHa MOXHO 3aMeHSATb HOpMaJlh-
HBIM 3aKOHOM DacIpelie/ieHUsI C OTNpeNeIEeHHBIMM JOMYILEHUSIMHU.

ITpumep 1.3. Onpedeasumsv BepoSTHOCTb TOrO, YTo Ha A3C Haxo-
JIUTCA ONUH WJIM XOTS Obl OMUH aBTOMOGUJIb, €CJIM CpPeAHEe YUCIO aBTO-
MoOuJelt, HaxonsSIIMXCS B JaHHOM MHTepBajie BpeMeHU Ha A3C, a = 3.

Pewenue

1. BeposaTHOCTb HaXxoXHEHHUsI ofHOro aBroMobuisisa Ha A3C cre-
Iylomiasi:

P(X=1)=gm—‘-e"“ =4 e -g.e0=3.¢73 20,149

2. BepostHocTh TOro, uro Ha A3C HaxomuTcs XOTs OBl OOUH aBTO-
MOOWJIb, paBHAa BEPOSATHOCTH TOro, Yto Ha A3C HaxoauTcs He MeHee
OIHOTO aBTOMOOWIS, T. €.

0
a  -a -3
P(X21)=1—P(X=0)=1——07-e =1-e¢°=0,95.
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HenpepbiBHbIE pacnpeaeneHus BepoSTHOCTEeN

B. HopmanbHoe pacnpenenenue. HanGonee M3BECTHBIM HENpEPHIB-
HBbIM pacrpelesieHUEM SIBJISIETCS HopMaibHOe. IIJIOTHOCTE HOPMaTbHO-
ro pacnpenesieHus1 onpenensiercs no dopmysne

2
: _(_X:ﬂzs)_
fx)=—m—.e 2 . (1.48)
o,V2n

HenpepbiBHas ciyyailHast BeJlMuMHa X MPUHUMAET 3HAYEHUS OT
—oo 10 +oo, COOTBETCTBYIOIIASA DYHKIIUSA pacnpelesieHUs] paBHa:

(x_mx)
1 ¥ 202
F(x)=—F=- Ie x dx. (1.49)
' 0, V2N e

Tunuunsie rpaMKU TIOTHOCTU BEPOATHOCTH f{X) U PyHKLIUU HOp-
MaJIbHOTO pacnpeieyieHUs] NpUBEAeHbI Ha puc. 1.8.

f(x) , Fix) 4
1,0
7 1
&m Y
}
1
0 m, X 0 m, X
a) NMJIOTHOCTb BEPOSATHOCTH 6) ¢yHKUMS HOPMANBHOIO pacnpeaesie-

HHA

Puc. 1.8. Ipaduku KpUBbIX HOPMAJILHOIO pacnpeaeieHUs

KpuBoii NJI0THOCTH BEPOATHOCTH f{X) HOPMaJIBHOIO pacmpenee-
HUS SIBJISETCS IUIaBHasl KOJIOKOJooOpa3Hasi CHMMETPUYHas KpuBas,
ypaBHEHHe KoTopoit — ¢opmyna (1.48).

IlepeyrcnUM OCHOBHBbIE CBOWCTBA HOPMAJIBHOTO PacNpeneeHUs.

1. HopMmanbHOE pacnpefeneHe MOMHOCTbIO XapaKTepU3yeTcsl MaTe-
MaTHYECKUM OXHUAAHUEM U JUCIIEPCHUEN.

2. KpuBasi TUIOTHOCTH BEPOSITHOCTH f{X) HOPMaJILHOTO pacmpezeJie-
HUSI CHUMMETPHYHA OTHOCHTEJIBHO MAaTEMaTUYECKOTO OXHIAHUS m,.
MaxkcuMyM TUIOTHOCTH pacnpelesieHUs] COOTBETCTBYET abcuucce, paB-
HO# m,.
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3. Ipu |x| — o BeTBM KPUBOH pacrpedeNeHUs] aCUMIITOTHYECKH
npubnuxarorcst K ocu Ox.

4. MaremMaTH4eckoe OXHAaHHE CIyYailHO! BeJIMYMHBI X, pacrpene-
JIEHHOM B COOTBETCTBHM C HOPMAaJIbHBIM 3aKOHOM, COBIIaJaeT MO BEIH-
YHHE C €€ MOAOI U MEIUAHOM.

5. KoadduimeHTE aCHMMETPHH U 3KCI€CCa HOPMAJILHOTO paclipe-
JeNeHUs paBHbI HYIIO.

BenuyMHa MaTeMaTHYECKOTO OXHAAHUS He BIUSIET Ha (OpMy KpH-
BOH TUIOTHOCTH pacmpeneeHus flx). C Bo3pacTaHMEM G, MaKCHMaJlb-

Hasi OpaIUHaTa KpUBOU 1 MOCTOSIHHO YOBIBa€T U HOpMaJibHast
o V2n
KpHUBasi CTaHOBUTCS Bce Gosiee nosioroif. IIpy yMEHbILIEHUH O, HOp-
MaJibHasl KPMBasi CTAaHOBUTCSI BCE Kpy4e, T. €. PaCTATUBAETCS BAOJb OCH
opauHart. I[Ipu 3HaueHuu 6, = 1 u m, = 0 HOPMAILHYIO KPUBYIO Ha3bl-
BAlOT HOPMUPOBAHHOU, @ COOTBETCTBYIOLUIUN 3aKOH paclpeleseHUs —
CMAaHOGPMHbIM HOPMAALHBIM 3AKOHOM pacnpedenenus C MIOTHOCTbIO

z2

1 ——
f@=|—|e 2, —o<z<o. (1.50)
\N2m
CoortseTcTByIomas (pyHKUUsSI pacnpeaeeHUss UMeeT BUA:
2
z( 1 -52—- J
)= || o) Pk (1L.51)
- (x —mx)
IMyrem noncraHoBku Z =", HOpMaNbHOE pacrpeneneHue

X
NPOU3BOJIBHBIMU NapaMeTpaMH m, U O, NMPHBOAUTCS K CTaHAAPTHOMY
BUAY. BeposTHOCTD MomnagaHus CydaifHOM BETMYUHBI B 3alaHHBIA MH-
TepBaJl OT O. 10 f3 paBHa:

P(a < X< B) = F(B) — F(o), (1.52)
rae : 8 r ( )2-
1 - B_mx
FB)=—r=- ————t | dX. 1.53
®) Gx*/;; _.LCXP- 203‘ ( )
r 2 '
1 o —(oc—mx)
F(o)=—F—=" — 1 dX. 1.54
© ox\/ﬁ —J;exp 203c ( )
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HUHrerpanst (1.53) u (1.54) He BhIpaXxaloTcsl Yepe3 3JeMEHTApHbBIE
bYHKUMH, TOITOMY Ui BHIYUCAEHUH 1o cdopmyse (1.52) o6bI4HO OCcy-
IECTBIIAIOT 3aMEHY 7, = B-my) " oz (2= o nepexomst k dbyHK-

X X
HH CTaHAAPTHOTO HOPMaJILHOTO 3aKOHA pacrpeieeHus, KoTopas UMe-
et Bun dopmyasl (1.51). Torma

Po < X< B) = FP) — Aa) = D(zp) — D(zy).

3HaveHUs GYHKLUHM CTAaHIAPTHOIO HOPMAaJIbHOTO 3aKOHa paclpene-
JIeHHs1 TaOyIMPOBaHbl M NPUBENEHBI B MPUJIOXKEHHH 6.

OTKJIOHEHHUS CIyJyaifHOU BETUYMHBI X OT MaTEMaTUYECKOTO OXMIA-
HUS MPaKTUYECKH 3aKIIOYeHbl B MHTEepBale 130,, NMPU 3TOM BEpOST-
HOCTb MomnagaHusi X' B JaHHbII MHTepBai paBHa 0,9973.

ITpumep 1.4. CpenHee BpeMst OGCITYyXXMBaHUS TEPCOHATIBHOTO KOM-
neiotepa (ITK) ¢+ = 2 4. CpeaHee KBaapaTHYECKOE OTKJIIOHEHHE Bpe-
MEHH OOCIYXUBaHHs paBHO O, = 0,403 u.

Onpedeaums BEPOSATHOCTh OKOH4YaHMSI o6ciyxuBaHus [1K B Teve-
HUEe UHTEepBajia BpeMeHH oT 1,5 mo 2,5 4.

Pewmenue

1. BepoATHOCTb MoONafaHus CAy4aifHON BEJIUYUHEI { B HHTEPBaAJ
[1,5; 2,5] Oymer paBHa:

p(1,5<1<2,5) = F_2,5 — K1,5).
2. OnpenenuM z
-1 n-t
b 4D

o, = 177 g,
_(215_2)_ .
~ 0,403 =124
_5-2)
=70403 - 1,24.

3. ITo TabnuuaM MpWIOXeHHUsT 6 ONpenes M 3HaYeHe CTAHIAPTHOM
HOPM&JIbHOUN (DYHKUUHU pacCHpeACACHHS:

D(zp) = P(1,24) = 0,892;
D(z)) = P(-1,24) = 0,107.
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4. BeposiTHOCTL OKOHYaHMs obciyxuBaHust I1K B TeyeHue uHTEDP-
Baja BpeMeHH [1,5; 2,5] Oyner paBHa:

p(1,5 <t <2,5) = d(z,) — () = 0,892 — 0,107 = 0,785.
I'. T'aMma-pacnpeesiense u pacnpeaeienue Dpaanra. Heorpuuarens-

Hasg cliyyaiiHas BeIWYMHa X UMeEET raMma-paclipelieJieHue, ecliu ee
IUTOTHOCTb paclpefeieHHs BHIYKCISETCS 10 popmyrie

)\.k xk—l e—kx
fk(x)=——r—(k-)—— npu x > 0, (1.55)
me A>0uk>0;
I'(k) — ramMa-¢dbyHKuMS paBHa:
Ik)= (I) et dy, (1.56)
ecnu k — uenoe HEOTPHLATEJbHOC YUCIO, TO
Ik) = k! 1.57)

MareMaTHYeCKOe OXHIAHHE CAYYaifHOW BEIUYMHBI X, MOAYHHEH-
HOU raMMme-pacripeesicHUIO, paBHO:

me = (1.58)

IIpu 3TOM Aucnepcusi BEMUYMHBL X onpenensieTcst no popmye

.
22

X

(1.59)

Ilpu uenom k > 1 ramMmma-pacripeie/ieHHe NpeBPaILAETCs B pacrpe-
JeNieHue Dpiiadra k-ro mopsjuka, T. €.

A -(Ax)k-l .e-lx

Ji(x)= D!

(x>0; k=1,2,...). (1.60)

3akoHy DpiaHra k-ro nmopsigka NMOAYMHEHa CYMMa HEe3aBHCHMBIX
ClyyadHBIX BEJIMYMH X + X, + ... + X}, KaXIasi U3 KOTOPHIX pacrpene-
JIEHA IO MOKa3aTe/IbHOMY 3aKOHY C MapaMeTpoM A.

IIpu k = 1 raMMa-pacrnpeaeaeHye MnMpespalaeTcs B r0Ka3aTeIbHOE
pacripenesieHye ¢ MapamMmeTpoM A.
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. ITokasareasHoe pacnpeaenenne. HerpepblBHas ciyyaitHas Besu-
4YMHA X MMEET N0Ka3aTe/IbHOE PaCTIPENeNieHUe, eCll €€ TUIOTHOCTh Pac-
NIpeNeIeHUs BeIpaxaercs: GopMyoi

) =A-e™ x>0. (1.61)

ITonoxurensHast BEJIMYMUHA A SBJISETCS MapaMeTPoOM MOKa3aTeIbHO-
rO pacnpelesIeHus.

DyHKIMSA pacupeneieHus cayyaiiHoi BeJIMYMHBI X BHITJISIOUT Clie-
IYIOIIUM 00pa3oM:

Fx)=1—e™ 1>0,0<x< . (1.62)

Ipadbuku GYHKUMH M IVIOTHOCTH IOKa3aTeJIbHOTO pachpenesieHus
NMpHUBeAEHH! Ha puc. 1.9.

F(x) f(x)
A
! A

|

1

]

1 1

| ]

4 > T L >
0 my X 0 m, X
a) byHKUMS MMOKa3aTeJbHOIO 6) MJIOTHOCTh NMOKAa3aTeJIbHOTO
pacnpenesnieHus pacrnpencaeHus

Puc. 1.9. Ipaduky noxasareabHOro pacnpeaeaeHust

MareMaTHYeCKOe OXHUIOAHUE CIYYaifHOW BEIUYMHBI X, MMEIOILEH
MoKa3areJIbHOE paclpeeieHue, 00paTHO €ro rnapaMeTpy, T. €.

my =5 (1.63)

Hucnepcus city4aitHoi BeJIMYMHEI X, HMEIOLIIEi IToKa3aTeJbHOe pac-
npelesieHue, paBHa:

1
D, =l—2. (1.64)
Orcrona
Oy =7, T.. Oy x—%. (1.65)
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KoadduuneHt Bapuauuu ciydailHON BETMYMHBI X, UMEIOIIEH 10-
Ka3aTeJbHOE paclpelesieHUe, paBeH eIHULIEe:

CylecTByeT BaXHOE COOTHOLIEHHE MEXIY MyaCCOHOBCKHMM M 3KC-
MOHEHIMAIbHBIM pacnpeneeHusIMUA. Ecy ciydaitHas BeJIMYMHA IO~
yuHeHa 3akoHy IlyaccoHa M mpencTaBiseT cOG0OH YHMCIO OTKa30B B
eIUHHUIy BPEMEHM, TO ClydailHas BeJIMYMHA, KOTOpas ONpENessieT
MPOMEXYTOK BPEMEHH MEXIY HBYMS IIOCJIEIOBATENbHBIMU OTKa3aMH,
pacripefiejieHa 110 3KCIOHEHLUMAIBHOMY 3aKOHY. DKCIOHEHIUATbHOE
pacnpeiesiecHie MOXHO B CYLIHOCTH BBIBECTH U3 pacnpeneneHus Ily-
accoHa.

E. PaBHomepHoe pacnpenenenue. HenpepbiBHas ciiydaiiHasi BEIUYU-
Ha X UMeeT paBHOMEpHOE pacripefejieHue Ha oTpeske [a, b], ecnu Ha
3TOM OTpe3Ke IUIOTHOCTDb paclpene/ieHUs] OCTOSIHHA, a BHE €r0 — paB-
Ha HYyJIO:

1
f)={b-a

0 x2b; x<a.

Mpu a< x<b; (1.66)

KpuBasi paBHOMepHOIO pacrnpeneseHus] oKa3aHa Ha puc. 1.10.

0 - >
a m, b X

Puc. 1.10. KpuBass paBHOMEPHOTO pacrnpeaeaeHus

3HayeHus f{x) B KpaifHUX TOYKax a u b ydyactka (a, b) He yKasbiBa-
I0TCSI, TaK KaK BEPOSITHOCTb MOMAJaHUs-B JIOOYI0O U3 3TUX TOYEK ISt
HEMNPEPBIBHON CiIy4yaitHOI BeJIMYMHBI X paBHa HYJIIO.
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Kpusas paBHoMmepHoro pacnpeneneHus (puc. 1.10) umeet Bux nps-
MOYTOJIbBHHKA, OIMPAIOLLErocsl Ha y4acTok [a, b]).

MarteMaTHyecKoe OXHIaHUe CNy4yalHOU BENUYHUHBI X, UMewolIei
paBHOMEDHOE pacripefie/ieHue Ha yyacTke [a, b], paBHO:

a+b

5 (1.67)

m, =

Hucrniepcus ciyvaitHo# BeJTMYMHBI X, MMelolleil paBHOMEPHOE pac-
npejeaeHne Ha yyactke [a, b], BeIuMcasieTca o Gopmye

_(-a’

1.68
B (1.68)

Dx
Orclona

0, =D, =22, BY:
x *=20% (1.69)

BeposiTHOCTB nonaxaHusi pPABHOMEPHO PACTIPENEICHHOMN cy4aiiHOM
BeJIMYUHBI X Ha y4yactok [a, ] BeipasuM ¢opMytoit

P(a<X<ﬁ)=%—“-9‘- (1.70)

IIpumep 1.5. Tposeitbycsl MpUOBIBAIOT HA OCTAHOBKY 4epe3 4
MHUH. KakoBa BEpOSTHOCTb TOTO, YTO BpeMsi OXHAAHUS TpoJUIeibyca He
MpeBLICUT 3 MUH?

Pewenue »
Tak kak (B — o) = 3 muH, a (b — a) = 4 MMH, TO

P(0<X<3)=%=0,75.

1.5. BbiGOp TeopeTnyeckoro 3akoHa
pacnpeneneHus Cry4aHOW BeJSINYNHbDI

B m1060M CTaTMCTUYECKOM pacHpeieieHUH MPUCYTCTBYIOT JIEMEH-
ThI CJIy4aiiHOCTH, U, KaK CJICACTBUE, IKCIIEPUMEHTAIIbHBIE TOYKH THCTO-
rpaMMBbl OOBIYHO KOJIEGIOTCS OT OTBITa K ONBITY OKOJIO HEU3BECTHOM
KPUBOIf UICTUHHOIO pacrpeesieHUs.

Ipy HAIMYUU YUCJIOBBIX XapaKTEPUCTUK CITyyallHOM BETMIMHBI (Ma-
TEMaTUYECKOTO OXMAAHUSI, AUCIEPCHU, KOdDDHUIIMEHTA BapHallMK)
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3aKOHBI €€ pacrnpenesieHusi MOTYT GBITh ONpeNeieHbl B IEPBOM MPHGIH-

XXEeHUH 1o Tabu. 1.5.

Tabnuua 1.5

3aKoHbI pacnpeseseHns CIy4aiiHOH NOIOKHUTENbHON BEIUTHHBI .
B 3aBMCHMOCTH OT KO3 HUUHEHTA BAPHALHH

Ipenenst u3MeHeHus KoabduLueHTa
BapHauuu V,

3aKoH pacrnpeieseHUs CaydaitHo
BEJIMYUHBI X

V,<03 HopmanbHeri
03<V¥,<04 Tamma-pacnpezaesieHue
0,4< Vx <1 Beit6ymnna
Ve= DKcnoHeHUHanbHbIH, TlyaccoHa

Jist 6oJiee TOYHOTO OMNpeleeHUs] TEOPETUYECKOro 3aKOHa pacrpe-
JIeJIEHUST TIPOBOASAT AOMOJHUTENbHYIO CTATUCTUYECKYIO 00paboTKy HaH-
HbIX. I1pn 06paGoTKe CTATUCTHYECKUX MaHHBIX PELIAIOT BOMPOC O TOM,
KakK 1momo6parth [UIsi UCXOMHOTO CTaTUCTHYECKOrO pslia TEOPETHYECKYIO
KPMBYIO pacipefieJieHUsl, KoTopasi Bhlpaxkajia Obl JIMILD CYILECTBEHHBIE
4YepThl CTaTUCTUYECKOr0 MaTepuayia, HO He clydalHOCTH, 0OYCNIOBIEH-
Hble HEIOCTAaTOYHBIM 00BEMOM BBIGOPDKM SKCIEPUMEHTAIbHBIX JaHHBIX.
Ilon nocmpoeruem meopemuyeckoii kpugoii pacnpedenenus NMOHUMAETCS
Takasg 00paboTKa CTaTUCTUYECKUX AaHHBIX, KOraa obecrneyuBaeTcs Mnoa-
6op HanGoJiee MOAXOMSIILIErOo TEOPETUYECKOro 3aKOHA pacIpeae/ieHHs,
3aJiaBaeMoro Jubo (yHkuueit pacnpeneneHust F(x), 1M60 MIOTHOCTHIO
pacnpeneneHus fx).

[l MOCTPOEHUS TEOPETUYECKON KpUBOW paclpenefeHUs UCXOm-
HBI# CTAaTUCTHYECKUU DS pacnpenesieHUs] allpOKCUMHUPYETCsS OMHOM
u3 nuddepeHUHaNbHBIX GYHKLIMIA TEOPETUYECKOTO pacnpeneneHus f(x).
IIpu 3TOM BBHIOMpaeTcs Takass ¢pyHKUHA f{x), KoTopasi obecreynBayia Gbl
MaKCHUMaJIbHOE NMPUOIMXEHUE TEOPETHYECKUX MAHHBIX K SMIIMPUYEC-
KuM fix) = f*(x). i1 OUEHKHM MPaBAONOAOOHUSI 3TOro MPUOIHUXKEHHOrO
paBeHCTBa pa3paboTaHO HECKOJILKO KPUTEPHEB COIJIACHUsI ITPOBEPSIEMBIX
TUIIOTE3 OTHOCUTENBHO BUAa QYHKUUH fX).

Han6onee YHNOTPEOUTEIbHBIMH KPUTEPUSIMHU COIJIACUS SBISIIOTCSA
Kpumepuii x Iupcona n kpumepuii Koamoeoposa. 111 npuMepa noapoo-
HO pPacCMOTPUM KpUTEPH xz ITupcoHa.

Kpurepwnii x2 IMupcona. CoriacCHO KpUTEPHIO x2 IIupcoHa B Kayecrt-
BE€ MEPHI PaCXOXAECHUS MEXIY TEOPETUYECKUM 3aKOHOM DaclpeneaeHHs
U CTaTMCTUYECKHUM paclpelesieHHEM BhIOpaHa BeJIMYKHA, ONpelesnse-
Masl CJIEAYIOUINM BBIpaXEHUEM:!
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k (pr—p.)2
2=n.zgp’__p_')_, ‘ (171)
i=1 b;
e Kk — YMCJIO MHTEPBAIOB CTATUCTUYECKOTO PsIAa;
p; — CTaTUCTHYECKAsi BEPOSITHOCTb MOMAAaHUsl CAY4aiHOH BEJMYMHBI B
WHTEpBaJI;
p; — TEOPETHYECKasl BEPOATHOCTh NMONAaAaHUs Cly4yaitHO# BENMYUHBI X B
i-A UHTEpBAJ.

* My
YuuThiBasi COOTHOWIEHME p; =—=, BeIpaxeHHue (1.71) nmocne npe-
n

06pa30BaHHﬁ 3almUCbIBacM B BUIC!:

k 2

2 (m; —n-p;)
X =y —t—" 1.72
i=1 n-p; ( )

rae m; — SMIUPUYECKOE KOJMYECTBO 3HAYEHUI Cay4aifHON BEJIMYMHEI, Nona-
JAloLUX B i-ii MHTEpBaJ.

1st TOro YTOGHB! BBISICHUTD, SIBJISIETCS JIK ITOJIY4EHHOE PAaCXOXICHHE
X° CIydailHBIM 3a CYeT OTPaHMYEHHOr0 0O0beMa BLIGODKM WIM CBUAE-
TEJILCTBYET O HAJIMYUU CYLIECTBEHHOMN pa3sHULIBI MEXAY TEOPETUUECKUM
W CTAaTHCTHYECKUM pacrpeie/eHUsAMH, HE06X0 OfHMO BBIYMCIIUTH BEpO-
SITHOCTb TaKOTO PacXOXACHUS A 2 x T. e. P(x° < A < o0) BEepOSITHOCTb
TOTO, YTO 32 CYET YUCTO CJIydallHbIX MPUYMH MeEpa PacXOXIAECHUS Teope-
THUYECKOTO M CTATUCTUYECKOTO pacmpeacsieHuit A OyneT He MEHblle,
yeM (pakTUUYECKOE 3HAYEHUE ) U1l JaHHOM BhIOOpPKM. BenuuuHa Bepo-
ATHOCTH PAacXOXKIEHUs ONpEfiesaeTcst Mo CHC].[HaJIbeIM TabauuaM 1pu
U3BECTHBIX 3HAYEHMSIX F U ).

Yucino creneHeit cBOGOAD! F BBIYUCISETCS UIS1 AJAHHOTO CTaTUCTHYE-
CKOTO psiia pacrnpeAe/ieHUs Kak

r=k—1 (1.73)
rae / — YUCNO MCYUCIIEHHBIX CTATUCTHYECKUX XapaKTEPUCTHK (CPemHssl, AUC-

nepcus U T. J.), UCMOJIb30BAHHBIX NPU BEIYMCIEHUM TEOPETHYECKOro
pacnpenesieHus.

Ecnu uckoMasi BEpOSITHOCTb OKAXETCSl OYeHb MaJIO, MPaKTUYECKH
MeHble 0,1, TO BHIOpAaHHOE TEOPETUYECKOE pacrpelesieHue Cleayer
CYUTaTh HeyJayHbIM. IIpH OTHOCUTENBHO GOJIBILIOM 3HAYEHUH HCKOMO
BEPOSTHOCTH TEOPETUYECKOE paclpeae/ieHHe MOXHO MPU3HATh He Mpo-
TUBOpEYAUIUM OIBITHBIM JaHHBIM.

CrenyeT OTMETUTb, YTO KPUTEPHIA x IIupcoHa nNpuMMeHUM B TeX
cay4dasix, Korga o6seM BbIOOpKHU n 2 100 U B KaXIOM MHTEpBaJie YMCIIO
HaOmoaeHuit He MeHee m; = 5.
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Ipumep 1.6. ITons3ysace KpuTeprueM x2 IMupcoHa, monobpath Te-
OpETHYECKHIT 3aKOH pacHpeleseHHs U1 4acOBOH BBIPABGOTKM aBTOMO-
6uneit KamA3-5511, cratuctuyeckoe pacnpenejieHUe KOTOpOH npuBe-
IeHo B Tabn. 1.4 npumepa 1.1.

Pewenue

ITo ¢opMe rucrorpammsel puc. 1.4 MOXHO NPEANONOXHUTh, YTO Ya-
coBasi BbIpabOTKa aBTOMOOWJISI TIOAYMHSETCS! HOPMAJILHOMY 3aKOHY.

JInsl OLleHKH YUCJIOBBIX XapaKTePUCTUK HOPMAJIBHOTO pacrpenesie-
HUS BBIYUCITUM:

MaTeMaTHyeckoe OXHIaHue

k *
my = Zla?ipi =4,75-0,07+6,25-0,14+7,75-0,17+9,25-0,17 +
1=

+ 10,75 - 0,15 + 12,25 - 0,14 + 13,75 - 0,11 + 15,25 - 0,05 =9,7 1;

JIUCTIEPCUIO
k . :
D, =% (m,-X;)p; =(9,7-4,75)-0,07+(9,7-6,25)-0,14 +
i=1

+9,7-17,75) - 0,17 + (9,7 — 9,25) - 0,17 + (9,7 — 10,75) - 0,15 +
+ (9,7 -12,25) - 0,14 + (9,7 — 13,75) - 0,11 + (9,7 — 15,25) - 0,05 = 8,48,
Tae X; — 3HaYEHUE CepelUHbI i-T0 UHTEPBaIa.

Cpanee KBaApaTU4Y€CKOE€ OTKJIIOHCHHUE

Oy =+/Dy =/8,483 =2,91.

Koad¢uuneHT Bapuauuu

V,=—%=22=(0,3.
* me 97 7
Benuuuna V, = 0,3 cBUAETENBCTBYET O TOM, YTO TEOPETHYECKOE pac-

npeaeneHue 6nu3xo K HOpDMaJIbHOMY 3aKOHy pacmpenenieHus. IIpose-

PUM JAHHYIO THUIIOTE3Y, BOCIIO/Ib30BaBLIMCh KPUTEPUEM COIJIaCHS X~
OnpeaennM TeOpeTHYECKYIO BEPOSTHOCTD MOMANaHUs 3HayeHU i Ya-

COBOil BHIPAOOTKH aBTOMOOWIJIS B 3aJaHHbIE MHTEPBAJIbI, UCIONb3YyA

dopmyny (1.52)
pi= F(xi+1)-F(x,-)=cI>(.’ﬁ”_10;”2‘.) _q,( X —mx)’
X

TIE X;, X;4; — TPAHULBI i-ro MHTepBana (Tabn. 1.4).
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3aTeM COCTaBUM CPaBHUTEJbHYIO Tabuuuy (Tabn. 1.6) yucen noma-
JaHuil B MHTEPBAIBl M; U COOTBETCTBYIOIUUX 3Ha4eHUH np; (n = 100).

Ta6nuua 1.6

CpaBHuTENbHAS TA0IHLA

HHrepsan,
Ax;, T

4-5,515,5-7,0/7,0-8,5|8,5-10110-11,511,5-13,0|13,0—14,5(14,5-16

Konnuecr-
BO Habmo-| 7 14 17 17 15 14 11
JEHUHR, m;

TeopeTH-
yeckoe

Konuyecr-| S 11 17 | 21 20 14 8
BO HabJo-
HOEHHIA, np;

HOCTpOHM rpad)mc TEOPCTUYECCKOro pacnpe€acjecHuss 1 COBMCCTUM

€ro ¢ TUCTOrpaMMoOi CTaTUCTUYECKOTO pacnpeneneHus (puc. 1.11).

a(x) 0112_‘T /7’\
0,1 ‘ /

N

0,08

o) 0,06
) =g

0,04
N

0,02 \

v

R
0_5’ 4 55 7 85 10 11,56 13 145 16
mx

Puc. 1.11. Pacnpenenenue yacoBoil BIpabOTKM aBTOMOOHIIS

BrruvciuM 3HaYeHUE MEPHI PacXOXIEHHS MO popMyne

8 (m; —np;)?
x2=z(ml npl) _—_5’01.

i=1 np;
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OnpenenyM YKUCIO CTETeHENR CBOOOIBI
r=k-1=8-2=6.
ITo mpunoxeHuio 8 st ¥ = 6 HaXOOUM CJIEAYIOLIEE:

npu x = 3,83 p =07,
Nnpu x = 5,35 p=0,5.

CnenoBaTeIbHO, UICKOMasi BEPOSTHOCTb p NMpPHU x2 = 5,01 nmpubau-
XeHHO paBHa p = (,545. DTa BepOSITHOCTb MaJIOi He SBJISIETCS; MO3TO-
My TUIIOTE3Y O TOM, YTO YacoBas BbIPabOTKAa aBTOMOOMWJISI pacrpenesie-
Ha 110 HOPMaJILHOMY 3aKOHY, MOXHO CUMTaTh MPaBIONOL0OHOM.

‘3apaumn

1.1. Y3 nBaguaTy COTPYOHUKOB MaJiOrQ MpPEeANpUATHS MNSITh ONO3aa-
JIM K Hayayiy paboyero JaHs.

Onpedenume 4acTOTy ONO3[IaHUII COTPYIHUKOB.

1.2. ABTOMOGWJIMCT COBEpILIAET JBE MOMBITKU C 1IeJIbI0 IPEOHoJIe-
HHS1 JOPOXHOIO NMPENSTCTBUSA. BEpOATHOCTL MPEOMOJNICHUS MPENSATCT-
BMS MPU KaXIOi MOMNBITKE OAMHaKoBa M paBHa 0,8.

Haiidume BepOSITHOCTb TOrO, UTO B pe3yJibTaTe ABYX MOMNBITOK Mpe-
MATCTBUE OyIEeT NPEONOIEHO XOTA Obl OJUH pas.

1.3. Onpedeaume maTeMaTH4ECKOE OXHUIaHHE U MOLY YHCJIa OCTaHO-
BOK aBTOOYca mepeln cBeTodopamM Ha MaplupyTe, €cld clydailHasl Be-
JIMYrHa X — 4YMCJIO OCTAHOBOK — 3a/iaHa CJeaylolieil Tabnuieit pacrpe-
IECHUS:

X; 0 1 2 3 4 5
p(x) 0,05 0,05 0,2 0,5 0,1 0,1

1.4. Onpedenume cpeliHee KBalpaTUYECKOE OTKJIIOHEHUE YUCTIa OTKa-
30B 000PYNOBaHUs, €CJIH CIydaifHas BeJIMYMHA X — YMCJIO OTKa30B 000~
pyIOBaHUS — 3alaHa ClIeAyIolleil Tabauuei paclpeneaeHus:

x; 0 1 2 3 4 5 6
p(x;) 03 | o1 | 005 | 0,1 0,2 0,2 | 0,05

1.5. B 3anaue 1.4 onpedesume xoa3pdUIMEHT BapHaLlMU CllyyaHOM!
BEJIMYUHBI X.

1.6. Ilocmpoiime rUucTOrpaMMy 4acOBOM MPOU3BOAUTEILHOCTH OHO-
ro paboyero B TeueHHe KajeHmapHoro nepuoaa. O6beM BBIGOPKHU CO-
craBus 200 HaGmoneHu. BapyallMOHHBIN psg MPOU3BONUTETLHOCTH
paboyero NMpeacTaB/ieH B CEAYIOIIEH TabauLe:
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Wntepsain, 3-4 | 45| 56| 67| 7-8 | 89 | 9—10 | 10-11
Ax; (en.)

Yacrora, p* | 0,03 | 0,10 | 0,15 | 0,19 | 0,24 | 0,12 | 0,11 | 0,06

1.7. o paHHbIM 3ana4M 1.6 nocmpoiime CTaTUCTUYECKYIO DYHKIIUIO
pacrnpe/e/ieHUs YaCOBOM MPOU3BOAMTEILHOCTH paboyero.

1.8. Majnoe npeanpusiTue uMeeT 16 aBTOMOOUIEH, paGOTalOIINX He-
3aBHCUMO JpYr OT Ipyra.

Onpedeaume MaTeMaTUYECKOE OXUIAHUE, AUCIIEPCUIO, CPEOHEE KBa-
JIpaTUYECKOe OTKJIOHEHHME YMCJIa OTKa30B aBTOMOOWJIEi, €C/IM BEpOsT-
HOCTb OTKa3a JIo60ro U3 Hux pasHa p = 0,3.

1.9. Yucno npoBepoK NpeANnpUATHS B TeYEHUE rofa UHCIEKIUei
SIBJISIETCS1 CIy4ailtHO#M BeJIMYMHOM, uMeloulel pacnpeneneHue I[lyaccona.

Onpedeaume BEPOSTHOCTb TOTO, YTO HA MPEANPUSITUH OyIeT NpOU3Be-
AgHa B TEYEHME KalICHIAPHOTO roja ofHa MM XOTs Obl ONHA NPOBEPKA,
€CJIM CpefHee YMCIIO MPOBEPOK Ha JaHHOM BPEMEHHOM UHTepBalie a = 4.

1.10. Ha npeanpusaTtuu patoraet 50 cTaHKOB. BeposiTHOCTH OTKa3a
kaxporo u3 Hux — 0,002. Yuciao oTKa30B CTAaHKOB — ciyyailHass BeIU-
4YHHa, UMelomas pacnpeaeaenue ITyaccona.

Onpedenume BepOSITHOCTb 0€30TKa3HOTO (hYHKIIMOHUPOBAHHUS BCEX
3JIEMEHTOB. '

1.11. TToe3na MeTpononuTeHa ciaenywoT yepe3 1,5 MuH. Kakosa 6e-
DpOsImHOCMb TOTO, YTO BPEMSI OXHMIAHUS Moe3aa He MPEeBBICUT 1| MUH?

1.12. CpenHsig yacoBasi Belpyyka MarasuHa B = 100 . e. CpenHee
KBaZIpaTH4eCKOe OTKIOHEHHE YacoBOii BBIDYYKH Oz = 25 1. e. YacoBas
BBIpYYKa €CTh CJlyyailHasl BeJIMUMHA, TOAYMHEHHAs] HOPMaJIbHOMY 3aK0-
HY pacrpelesieHHUs.

Onpedenume BEPOSITHOCTH MOJIyYEHUS] B TEYEHHE OJHOrO Yaca BbI-
pyuku B pasmepe ot 80 mo 120 o. e.

1.13. ABTOGYCHI MPUOBIBAIOT Ha OCTAHOBKY Yepe3 6 MUH. Kakosa ge-
POAMHOCMb TOTO, YTO BpeMsl OXMIaHUs aBTOOyca He MPEBBICUT 5 MUH?

1.14. O6beM npojax ToBapa B TEUEHHUE Mecsilia eCTh CJIydaiiHas Be-
JIMYMHA, TIOAYMHEHHAs! HOPMAJIbHOMY 3aKOHY pacrnpeleieHHs ¢ mnapa-
metpamu x = 500 u o, = 120 1. e.

Onpedeaume BEpOSITHOCTb NPOAAXHU TOBapa B TEYEHHE OTHOTO MECS-
1a Ha cymmy ot 480 mo 600 n. e.

1.15. Ha npeanpusatuu pa6oraer 50 CrieuMajucTOB, BEPOATHOCTh
HEBBIXOHA CIELMaJIMCTa Ha paboTy nmo NMpUyYUMHe GoJie3HU paBHa 0,001.
Yucao 3a60/1eBUIMX CIMELMAIUCTOB — C/IydaiiHas BEJIUYMHA, UMEKOLIasi
pacnpenenenue Ilyaccona.

Onpedeaume BEPOSTHOCTH BbIXOJA Ha pabOTYy BCEX CIELUATUCTOB.

1.16. ITocmpoiime rucTorpaMmy 4acOBOI TOProBoii BeIpyYKH (X) Ma-
ra3yHa B Te€YEHHE KajeHaapHoro nepuoma. O6beM BBHIOOPDKHM COCTABUJI
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150 HaGmonenuit. BapualvoHHBIN psii TOProBOil BBIPYYKH IpEACTaB-
JIEH B cieayloiiei tabauue (4. e.):

Wnrepsan, 34 | 45| 56 | 6-7 | 7-8 | 89 | 9-10 |10-11
(en.)y Ax;

YacroTa, p;* | 0,03 | 0,10 | 0,15 | 0,19 | 0,24 | 0,12 | 0,11 | 0,06

1.17. Tlo nauHBIM 3amauu 1.16 nocmpoiime cTaTUCTUYECKYIO (DYHK-
LMIO pacrpenesieHus: YaCoOBOM TOProBOW BBIPYYKH.

1.18. Tlone3ysace kputepuem - [IupcoHa, nodbepume TeopeTuyec-
KU1 3aKOH pacIpene/IeHus1 JUIsl YaCOBOM NMPOU3BOAMTEILHOCTH paboue-
ro, CTaTUCTUYECKOE pacnpele/ieHre KOTOpoil npuBeneHo B 3anaye 1.6.

1.19. ITonw3ysace kputepueM y- [IupcoHa, nodbepume TeopeTHuec-
KU 3aKOH pacnpeaeeHus] [UIsl YaCOBOW TOProBOil BBIPYYKH, CTATHCTHU-
4yecKoe pacrpele/ieHre KOTOPOi MpUBeaeHO B 3anaye 1.16.

1.20. IlpeanpusitTie UMEET 5 CTAHKOB IO MPOM3BOACTBY KaMHs, pa-
GoTalolMX HE3aBUCUMO IpYT OT Ipyra. BeposiTHOCTE oTKa3a Jitoboro us3
Hux p = 0,25.

Onpedeaume mapaMeTpbl 3aKOHa GMHOMUAJILHOIO pacnpeneeHust
Clly4yaiHOW BEJIMYMHBI — YUCJIO OTKA30B CTAHKOB.

1.21. Onpedeaume cpenHee KBaApaTUYECKOE OTKJIOHEHUE U JUCTIEP-
CHMIO YMCJIla OTKa30B aBTOMOOWJIEN, ecnu ciyyaitHass BenuuuHa X —
YHCJIO OTKA30B aBTOMOOMJIEH — 3allaHa CJIeAYIOILei Tabnuueil pacnpe-
LeJIEHUS:

X; 0 1 2 3 4 5 6 7

plx; 0,2 0,15 | 0,15 0,1 0,25 | 0,04 | 0,06 | 0,05

Inmasa 2

MopenupoBaHme 3KOHOMMUYECKUX
CUCTEM C UCNOJIb30OBAaHNEM
MapPKOBCKUX CJly4amHbIX NpPoOLLecCcoB

2.1. OCHOBHbIE MOHATUS MaPKOBCKUX
npoueccos

Dyukius X(f) Ha3bIBaeTCsl cay4aiinold, eClii €€ 3HaAYEHUE MPU JII0-
OOM apryMeHTe f SIBJISIETCS CIyYaHHO!W BETUYMHOM.

CnyvaitHas ¢yHKUusa X(f), apryMeHTOM KOTOpPO# SIBISIETCS] BpEMH,
HA3bIBACTCS CAYHAUHBIM NPOUECCOM.
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MapKoBCKUe IMPOLIECCH ABJISIIOTCS YaCTHBIM BHIIOM CJTyYaiHHBIX MTPO-
ueccoB. Ocoboe MeCTO MapKOBCKHX IPOLIECCOB CPEIU IPYTHX KJIacCOB
CIy4yalHBIX MPOLECCOB OOYCIOBIEHO CIENYIOLIMMU OOCTOSTENbCTBAMU:
JUISI MapKOBCKMX ITPOLIECCOB XOPOIIO pa3paboTaH MaTeMaTU4YeCKUi ar-
napat, MO3BOJISIIOIIMI pellaTh MHOTHME NMPaKTUYECKUE 3aadyHu; C MOMO-
HIBI0 MAPKOBCKHUX MPOLIECCOB MOXHO OMUCATh (TOYHO WIM NMPUOIMXKEH-
HO) MOBEACHUE JOCTATOYHO CJIOXHBIX CUCTEM.

Onpedeaenue. CnyyaitHeiii mpoluecc, NMpOTEKAIOUIN B Ka-
KO#-mubo cucteme S, Ha3bIBA€TCS MapKOBCKUM (MJIM MPOLECCOM
6e3 mocyieneicTBUS), €CIM OH 00NadaeT CIeAYIOIIUM CBOWCTBOM:
Uit 11I060r0 MOMEHTa BPEMEHH #; BEPOSITHOCTh JIIOOOTO0 COCTOSTHUS
cucTeMbl B OyaylieM (TIpH f > f;) 3aBUCUT TOJIBKO OT €€ COCTOSIHUS
B HacTosiieM (MpH ! = fj) U HE 3aBUCUT OT TOTrO, KOTa U KakuM 06-
pa3oM cucTeMa S MpUIlLia B 3TO COCTOSIHUE.

Knaccudukanus mapkoBckux npoueccoB. Knaccudukauusi MapkoB-
CKHUX CIyYyalHBIX IPOLIECCOB MPOU3BOAUTCS B 3aBUCHMOCTH OT HENpe-
PBIBHOCTH MJIM ITUCKPETHOCTHM MHOXECTBA 3HaYeHUit pyHKuuu X(f) u
napamerpa ?.

Paznuyalor cienymolne OCHOBHBIE BHUIbl MapKOBCKHUX CJIyYaiiHbIX
MPOLIECCOB:

® C IMCKPETHBIMU COCTOSIHUSIMH M OUCKPETHBIM BpeMeHeM (Liernb
MapkoBa);

® C HENpepbIBHBIMU COCTOSIHUSIMU U IUCKPETHBIM BpeMeHeM (Map-
KOBCKHE ITOCJIEI0BATEILHOCTH);

® C IUCKPETHBIMM COCTOSSHUSIMU M HENPEPBIBHBIM BpeMeHEM (He-
npepeiBHas Lienb MapkoBa);

® C HENpepbIBHBIM COCTOSTHUEM M HEeNpepbIBHBIM BpEMEHEM.

B nanHo#t paboTte 6yayT paccMaTpUBaTLCA TOJBKO MapKOBCKUE ITPO-
LECChl C MUCKPETHBIMU COCTOSIHUSIMU Sy, Sy, ..., 5.

Ipad cocrosimii. MapKOBCKHE NTPOLECCH C TUCKPETHBIMH COCTOSI~
HMSIMU YIOOHO MJUTIOCTPMPOBATh C NMOMOIIIBIO TaK Ha3biBaeMoro rpaga
coctossHMi (puc. 2.1), rae KpyXKaMH OOGO3HA4YeHBl COCTOSIHUS
Sy, 8y, ... CHUCTEMHI S, a CTPeIKaMU — BO3MOXHBIE MEPEXOMBbI U3 COCTO-
siHUA B cocTosiHUEe. Ha rpade oTMeYaroTCsl TOJIBKO HEMOCPEACTBEHHbIE
Mepexonbl, a He Mepexonbl Yepe3 Apyrue CoCcTossHUs. Bo3MoXHbIE 3a-
JEPXKHU B NMPEXHEM COCTOSTHUM U300PAXKAIOT «IETIEH», T. €. CTPEJIKOH,
HarpaBJIEHHON M3 MaHHOTO COCTOSIHUA B Hero xe. YMCJIO cCOCTOSIHUiA
CHCTEMBI MOXET ObITh KaK KOHEYHBIM, TaK U OECKOHEYHBIM (HO CYEeT-
HbIM). [Ipumep rpacda cocTossHMI cucTeMBI S NpeacTasieH Ha puc.2.1.
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Puc. 2.1. Ipad cocTosiHUiI cHCTEMBI S

2.2. MapkoBckue uenu

MapKoBCKUit ClTydaiHBIH MPOLECC ¢ AMCKPETHBIMU COCTOSTHUAIMHU U
JMCKPETHBIM BPEMEHEM Ha3bIBAIOT MAPKOBCKOU yenvio. LI TaKOro npo-
Lecca MOMEHTHI 1y, 1, ..., KOTJa CUCTeMa .S MOXET MEHSTb CBOE COCTO-
sIHHEe, pacCMaTPHUBAIOT KaK IOC/IeAOBaTe/bHbIE LIark Mpoilecca, a B Ka-
YyeCcTBE apryMeHTa, OT KOTOPOTO 3aBUCHUT IPOILIECC, BHICTYIAeT He BpeMs
t, a HoMep miara 1, 2, ..., k, ... Ciy4yaiiHbIii poliecC B 9TOM CJ/Iy4Yae Xa-
PaKTepU3YeTCs NMOCJenoBaTelbHOCThI0 cocTostnuit S(0), S(1), S(2), ...,
S(k), ..., rme S(0) — HayanbHOE COCTOSTHUE CHCTEMBI (Iepex MepBHIM
waromM); S(1) — cocrossHHe CUCTEMBI NOcCie nepsoro uiara; S(k) — co-
CTOSIHHE CUCTEMEI IOCJIe K-TO 1ara..

Cobrrtne {S(k) = Si}, cocTo;uuee B TOM ‘{TO cpasy nocJje k-ro ma-
ra CUCTeMa HaXOAMTCs B COCTOSIHUM S;(i = 1, 2, ...), ABnsgeTcs cnyyai-
HBIM cobniTHeM. TlocnenoBarenbHOCTh coctostHui S(0), S(1), ..., S(k),
... MOXHO pacCMaTpUBaTh KaK IOCJIEAOBaTEIbHOCTh CIIyYalHBIX COOBI-
Tuit. Takas ciyyaifHast TIOCTI€AOBATENbHOCTh COOBITHI Ha3bIBAETCS MAp-
KO0BCKOU yenvio, €ClI )1 KaXAOTo LIara BEPOSITHOCTh Mepexoaa U3 JIo-
Goro cocrosiHus S; B J1I060€ S; HE 3aBUCUT OT TOTO, KOIA M KaK CHUCTe-
Ma IpUlLUIa B COCTOSTHHE S;. Haqa.anoe cocrosiHue S(0) MoxeT GHITh
33JaHHBIM 3apaHee WIH CJIy4ailHbIM.

Beposmrocmamu cocmosaruii yenu Mapkoéa Ha3bIBaIOTCS BEPOSTHOC-
T P{(k) Toro, yro nocne k-ro wara (1 mo (k + 1)-ro) cucrema S Gyner
HaxXOIUThCS B COCTOSIHUH Si(i = 1, 2, ..., n). OueBUAHO, WA mo6oro k

3 P(k)=1. @.1)
i=1

Hauansnsim pacnpedeneruem eepoamrocmeii MApKo8cKol yenu Ha3bl-
BaeTCs pacrpelieJieHUE BEpOSITHOCTEH COCTOSIHMI B Havajie Ipolecca:

P(0), Py0), ..., P(0), ..., P,(0). 2.2)
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B yacTHOM ciyyae, eCi HayaJlbHOE COCTOSIHME CHCTEMBI S B TOY-
HocTu M3BecTHO S(0) = §;, To HayanbHas BepositHocTs P,(0) = 1, a Bce
OCTaJIbHBIE PaBHBI HYIJIIO.

Beposamnocmoio nepexoda (nepexoqHON BepOSTHOCTBIO) Ha k-M 1uare
M3 COCTOSIHUSA S; B COCTOSTHUE S; HA3BIBAETCS YC/IOBHASI BEPOSTHOCTD TO-
ro, 4To cucteMa S rnocsue k-ro 1ara OKaxeTcsi B COCTOSIHUM S; ITpH yc-
JIOBHM, YTO HEMOCPEACTBEHHO Mepen 3TUM (rocie k — 1 maraf OHa Ha-
XOZMNIAch B COCTOSIHMH ;.

ITockonbKy cHcTeMa MOXET NpeObIBaTh B OMHOM M3 N COCTOSIHMIA,
TO JUTSl KaXIOro MOMEHTa BpeMEHH ! HEOOXOAMMO 3a1aTh #° BEPOSITHO-
cTell mepexona P,-j KOTOpbi€ YNOOHO NMpeACTaBUTb B BUIE CJEAyIOHICH
MaTpHLbIL:

(A, Ry .. B,

7=\ 5. 5. : @3)

Pnl 312 P””_J

rie Py — BEpOSTHOCTD MEPEXOia 32 OJMH LUAr U3 COCTOSIHMUSA S; B COCTOSIHME Sj;
P;; — BEPOSTHOCTb 3aIEPXKKU CHUCTEMbl B COCTOSHUH ;.

Marpuua (2.3) Ha3bIBaeTCs nepexoOHold WIN Mampuyell nepexooHbX
éepoamnocmeil.

Ecnu nepexongHbie BEpOSTHOCTH HE 3aBUCSAT OT HOMepa wiara (OT
BpEMEHH), a 3aBHUCSAT TOJILKO OT TOro, M3 KaKOro COCTOSIHMSI B KaKoe
OCYUIECTBJISIETCSI TIEPEXOJ, TO COOTBETCTBYIOMIasl Lienb MapkoBa Ha3bl-
BaeTCs 00HOPOOHOU.

ITepexonHele BEPOSATHOCTH OLHOPOAHOM MapKOBCKOW uenu Py 06-
pasyrom keadpamuyo mampuyy pazmepa n X n. OTMETHM HEKOTODBIE €€
0COOEHHOCTH:

1. Kaxnas crpoka xapakTepu3yeT BbIOpaHHOE COCTOSIHME CHCTEMBI,
a ee 3JIEMEHTBI MpPEACTaBISIOT CO00i BEPOSATHOCTH BCEX BO3MOXHBIX
MepexoqoB 3a OAMH Liar U3 BbIOpaAaHHOro (M3 i-ro) COCTOSIHUSI, B TOM
4yycle U Iepexon B caMoe cebsl.

2. DJIeMEHTBI CTOJIOLOB MOKa3bIBAalOT BEPOSTHOCTH BCEX BO3MOX-
HBIX NEPEXOdOB CHUCTEMBbl 3a OJMH WIar B 3aJaHHOE (j-€) COCTOsIHUE
(MHauye roBopsi, CTPOKa XapaKTepPH3YET BEPOSATHOCTD MEPEX0aa CUCTEMBI
U3 COCTOSIHUS, CTONOELl — B COCTOSIHME).

3. CyMMa BepOSITHOCTEM KaXIoil CTpOKHM paBHa €IMHHMIIE, TaK KakK
nepexobl 06pa3yIoT IMOJIHYIO TPYIY HECOBMECTHBIX COOBITHIA:
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n
> Pj=1, i=l,n. (2.4)
J=1

4. Tlo rnaBHON OWaroHaJld MaTPULIBI NEPEXOAHBIX BEPOSITHOCTEIA
CTOAT BEPOATHOCTU P; TOro, YTO CHCTEMa HE BBIHAET M3 COCTOSHUSA S,
a OCTaHETCSl B HEM.

Ecnu mnst oqHOpOAHOM MapKOBCKO# LieNHM 3aJaHbl HayaJbHOE pac-
npeJeeHNe BEpOITHOCTEH (2.2) U MaTpHLia NEPEXOIHEBIX BEPOITHOCTEH
[1P;]l (2.3), To BeposiTHOCTH cocTOsiHmi cucteMbl P(k) (i = 1,n; j =1,n)
ONpeneNAIOTCS 0 PEKYPPEeHTHOI dopmyne:

Pky= 3 Py(k=1)- Py, G=Lm j=Ln). 2.5)
j=1

IMpumep 2.1. PaccMoTpuM npouecc GyHKUMOHUPOBAHUSI CHCTE-
MbI aBToMoOwWIs. Ilycth aBTOMOOWIB (CHUCTEMa) B Te4EHHE OIHOI cMe-
HBI (CYTOK) MOXET HaXOAMThCS B OIXHOM M3 JBYX COCTOSIHHIA: MCIIpaB-
HOM (S)) u HeucnipaBHOM (5,). Ipad cocTosiHMI1 CUCTEMBI NpeACTaBIeH
Ha puc. 2.2.

P12 = 0,2

P,;=0,9

P|1=o'8 P22=0,1

Puc. 2.2. Ipad cocrosiHuit aBTOMOOMIIS

B pesynbrate npoBeleHHS MAcCOBBIX HaGJIONEHMIt 3a paboTOl aB-
TOMOGHIISL COCTaB/IEHa CJAEAYIOLas MaTpULia BEPOSITHOCTEN Mepexoma:

0,8 0,2
"P"f||=[0’9 0,1 J’ (2.6)

rae Py; = 0,8 — BEPOATHOCTH TOTO, YTO aBTOMOOMJIb OCTAHETCSI B UCNPaBHOM

COCTOSIHU U,

P, = 0,2 — BEpoATHOCTb Mepexoa aBTOMOOUIISI U3 COCTOSIHMSI «HMCIpa-
BEH» B COCTOSIHME «HEMCIPaBEH»;

Py = 0,9 — BepoATHOCTH Mepexona aBTOMOOHIISI M3 COCTOSHUSA «HeMcrnpa-
BEH» B COCTOSIHHE «HUCIPABEH»;

Py, = 0,1 — BEpPOATHOCTb TOTrO, YTO ABTOMOOMJIbL OCTAHETCS B COCTOSIHUU
«HEHUCIPABEH».

» BekTop HavyaNbHBIX BEPOSITHOCTEN COCTOSIHUII aBTOMOOMJIS 3alaH
P(0)=m, T.€. B(0)=0 u PA(0)=1.
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TpebyeTcs onpedeaums BEPOATHOCTH COCTOSTHUI aBTOMOOUNS yepes
TPOE CYTOK.

Hcnonp3ys MaTpuily NnepexoqHbIX BEPOATHOCTEH, OMpenesiuM Bepo-
ATHOCTH COCTOSIHUI P{K) mocie nepBoro 1ara (rocjie nepBbIX CyTOK):

Py(1) = Py(0)Py; + Py(0)Py; =0-0,8+1-0,9=0,9;
Py(1) = P(0)Pyy + Py(0)Ppy =0 - 0,2 + 1 -0,1 = 0,1.

BeposITHOCTH COCTOSIHUI MOCJIe BTOPOro Iuara (IMocjie BTOPBIX Cy-
TOK) TaKOBBI:

Py(2) = P,(1)P;, + Py(1)Py; = 0,9 - 0,8 + 0,1 - 0,9 = 0,81;
P2(2) = P](I)Plz + Pz(l)Pzz = 0,9 . 0,2 + 0,1 . 0,1 = 0,19.

BeposiTHOCTH COCTOSIHMI MOCJe TPEThErO Liara (Mmocjie TPETbUX Cy-
TOK) paBHbI

Pi(3) = Py(Q)Py; + Py(2)Py; = 0,81 - 0,8 + 0,19 - 0,9 = 0,819;
Py(3) = P,(2)P, + P5(2)Py; = 0,81 - 0,2 + 0,19 - 0,1 = 0,181.

TakuM 06pa3oM, Mociie TPETbUX CYTOK aBTOMOOWIb OyAeT Haxo-
JIUTBCSI B UCIIPAaBHOM COCTOSSHUM C BeposTHOCTBIO 0,819 U B COCTOSIHUH
«HeHucnpaBeH» ¢ BeposTHocThio 0,181,

IIpumep 2.2. B mpouecce akcruyatauu 3BM MoxeT paccMaTpu-
BaThCsl KakK dbu3nyeckas cucreMa S, KOTopas B pe3yjbraTe IPOBEPKHU
MOXET OKa3aThCsl B OLHOM U3 CJIEAYIOLUHUX COCTOSTHMIA:

S} — OBM nonHOCTHIO UCIIPaBHa;

S, — OBM uMeeT HEUCIIPaBHOCTH B ONIEpaTUBHON MaMsITH, MPH KO-
TOPBIX OHA MOXET pelIaTh 3aJayH;

S3 — OBM nMeeT cyliecTBEHHbIE HEMCITPABHOCTH M MOXET pellaTh
OrpaHUYEHHBIH KJIacC 3a/1ay;

S4 — DBM NOMHOCTHIO BBILLIA U3 CTPOSI.

B HavanbHbBIiT MOMeHT BpeMeHH DBM nosHocThIO HcIpaBHa (CO-
crosiHue Sp). IIposepka DBM mnpoussoautcss B GUKCHPOBAHHLIE MO-
MEHTHI BPEMEHH ¥, I, 3. [Iponecc, npoTekalomuii B CUCTEME S, MOXKET
paccMaTpHuBaTbCsl KaK OTHOpPOIHAs MapKOBCKasl Ieb C TPeMS LaraMu
(nepBast, BTOpasi, TPEThs MpoBepku DBM). Marpuiua nepexogHbIX BEpo-
SITHOCTE MMEET BUA:

03 04 0,1 0,2

0 02 05 03
1]= 0 0 04 06|
0 0 0 10
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Onpedeaume BEPOATHOCTH cocTosiHMt DBM mocsie Tpex mpoBepok.

Pewernue

Ipad cocrosiHMit uMeeT BUI, MOKa3aHHBIN Ha puc. 2.3. [IpoTHB Kax-
JIO# CTPEJIKM IPOCTaB/ieHa COOTBETCTBYIOILIAsl BEPOSITHOCTh IEpexoa.
HauanbHeie BeposTHOCTH cocTossHUA Py(0) = 1; Py(0) = P3(0) = P4(0) = 0.

04

Si

» 0,2
0,1

Puc. 2.3. Ipad cocrossunit DBM

ITo ¢opmyne (2.5), yauTeIBas B CyMMe BEPOSITHOCTEH TOJILKO T€ CO-
CTOSIHHS, U3 KOTOPBIX BO3MOXEH HEMOCPEACTBEHHBIH MEPEXO B JAHHOE

COCTOSITHUC, HAXOOUM!

Pi(1) = P1(0)Py,
Py(1) = Pi(0)Py,
P3(1) = Pl(O)Pl3
Py(1) = P1(0)Py4

o

1.
1-
1.
1-

0,3=10,3;
0,4 =0,4;
0,1 =0,1;
0,2=10,2;

Py(2) = Py(1)P;; = 0,3 - 0,3 = 0,09;
Py(2) = P(1)P}; + Py(1)Pyy= 0,3 - 0,4 + 0,4 - 0,2 = 0,20;
Py(2) = Py(1)P}; + Py(1)Py; + P3(1)P33= 0,27,

Py(2) = Pi(1)Pyy + Py(1)Pyy + P3(1)P3y + Py(1)Pyy= 0,44;

P1(3) = P1(2)P“ = 0,09 . 0,3 = 0,027,

P,(3) = Py(2)Pyy + Py(2)Pyy= 0,09 - 0,4 + 0,20 - 0,2 = 0,076;
P3(3) = P1(2)P13 + P2(2)P23 + P3(2)P33= 0,217,

Py(3) = Py Q)P4 + Py(2)Pyy + P3(2)P3y + Py(2) P4y = 0,680.

HTak, BepoITHOCTH cOCTOSIHUIT DBM rmocie Tpex nmpoBepoK Cliemy-
oume: Py(3) = 0,027; Py(3) = 0,076; P5(3) = 0,217; P43y = 0,680.
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2.3. HenpepbiBHbIEe Lenn MapkoBa

MapKOBCKHIA CTyyaifHbI# MPOLIECC-C AUCKPETHBIMU COCTOSSHUSIMU U
HeNpepbIBHBIM BPEMEHEM Ha3bIBAETCS Henpepui8Holi yenvro Mapkosa nipu
YCJIOBUM, YTO MEPEXOH CUCTEMBI M3 COCTOSIHUSI B COCTOSTHUE MPOMCXO-
IMT He B (UKCUPOBAHHLIE, a B CIy4yaifHble MOMEHTbI BPEMEHHM.

B 3KOHOMMKE YacTO BCTPEYAIOTCS CUTYallMM, KOTOpbIE YKa3aTh 3a-
paHee HeBO3MOXHO. Hanpumep, i106ast netanb UM arperat aBToMoou-
Jisi MOTYT BBIMTH M3 CTpOsl B JIOOOH, HEMpeACKa3yeMblil 3apaHee MO-
MEHT BpeMeHHU. ISl OnmMcaHUsl TaKMX CHUCTEM B OTHEJIbHBIX CIy4asix
MOXHO HCIOJIb30BaTh MaTeMaTUYeCKHUI anmapaT HempepbIBHOM Lienu
Mapkosa.

IMycTe cucTeMa XapakTepU3YeTcsl # COCTOSIHUAMM Sy, Sy, Sy, ..., Sy,
a Mepexoi M3 COCTOSIHUSI B COCTOSTHUE MOXET OCYLIECTBIISTHCS B JIIOOOIA
MOMEHT BpeMeHU. O603HauuM uepe3 Py(f) BEpOSITHOCTb TOTO, YTO B MO-
MEHT BpeMeHM ¢ cucTeMa S 6yIdeT HaxomuThes B cocTosiHuu S; (i = 0,1,

., n). TpeGyercsi onpeneauTs Mig JIOOOro ¢ BEPOSATHOCTH COCTOSIHUIMA
Po(t), Py(1), ..., P,(H). OueBuagHO, 4TO

S R0)=1
i=0

[ npouecca ¢ HENPEPbIBHBIM BPEMEHEM BMECTO NMEPEXOAHBIX BE-
POSITHOCTE i1 P paccMaTpUBalOTCSl TJIOTHOCTH BEPOSITHOCTEN Iepexona
)»,J, npeIIC'raBnmomne co0oit mpenes OTHOLLEHHUSI BEPOSITHOCTU MeEpPEXo-
Ja CHCTEMBI 3a BpeMs Af U3 COCTOSIHMS S; B COCTOSIHHE S K IUIMHE Mpo-
MeXyTKa Af:

Aj(@®)= lim Mt—), 2.7

ar—0 At

rie Py(f; Af) — BEpOSTHOCTb TOTO, YTO CUCTEMA, NPEOLIBABLIAS B MOMEHT f B CO-
CTOSIHMH S, 3a BpeMsi Af NepeitneT U3 Hero B cocTosiHue S; (npu
3TOM BCeraa i #Jj).

Ecim }» = const, TO NMPOLIECC HA3BIBAETCS 0OHOPOOHBIM, €CIIN TUIOT-
HOCTb Bepomx-locm 3aBHCHUT OT BpeMEeHHU A, = }»,/(t), TO — HEOOHODOOHbIM.
IIpy pacCMOTpPeHUM HENpPEePHIBHBIX MAaPKOBCKHUX MPOLIECCOB TIPUHSI-
TO TNPEACTABJISITh MEPEXOAbl CUCTEMBI S U3 COCTOSSHUSI B COCTOSSHHME KakK
MPOUCXOMSILIIUE MO BIMSHUEM HEKOTODPBIX MOTOKOB coObITHIt'. ITomo-
Kom cobbimuii Ha3bIBaeTCs MOC/IEI0BATEIbHOCTh ONHOPOIHBIX COOBITHIA,

' Benmyens E. C., Oguapos JI. A. TIpukinagHeie 3a1a4y TEOPUH BEPOSITHOCTEMN.
— M.: Paguo u cBsasp, 1983.
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CJIEMYIOIIMX OXHO 3a IPYIMM 4Yepe3 KaKue-To, BOOOIile roBops, Ciaydaii-
Hble MHTEepBaJbl BpeMeHU. IIJIOTHOCTh BEPOSATHOCTH Mepexoda MHTEpP-
TpeTUPYeTCsl KaK MHTEHCUBHOCTD 7& COOTBETCTBYIOILIMX ITOTOKOB COOBI-
Tiii. ECi Bce 3TH MMOTOKHU nyaCCOHOBCKnc TO NMpoLecc, NMPOTEKAIOIIMIA
B cucTeMe S, 6yIeT MapKOBCKUM.

IIp1 M3yyeHUU MApKOBCKUX CJIyYailHbIX MPOLECCOB C AMCKPETHBI-
MM COCTOSIHUSIMU U HETpEPBIBHBIM BpeMEHEM B rpacde COCTOSHMM Hal
CTpeJIKaMH, BEyIMMH U3 COCTOSIHUS S; B ), MIPOCTaBJISIIOT COOTBETCT-
BYIOLIIE NHTEHCUBHOCTHU )» Taxkoit rpad) cocm;mpm Ha3bIBAIOT pazme-
YEHHbIM.

IMycrth cucrema S UMeeT KOHEYHOE YUCIIO COCTOSAHMI Sy, S, ..., S,
CnyyaifHblii mpolecc, MPOTEKaloWMil B 3TOH CUCTEME, ONMUCHIBAETCS
BEPOSITHOCTSIMM COCTOSIHMIt Py(1), Pi(1), ... P,(0), tae P(f) — BeposiT-
HOCTb TOTO, YTO CUCTeMaA S B MOMEHT ! HAXOAMUTCS B COCTOSIHUM S;. [Lis
Joboro ¢

n
3 P()=1.
i=0

BepoaTHocTH cOCTOAHMH P(f) HaXOAAT NMyTEM DPELIEHHsS CHUCTEMBI
Ooughgpepenyuanvrbix ypagrenuii (ypaenenuii Koamozoposa), MMeOILIUX BUL

an@)

o imm«)szxw @8)

roe i = 0,1,

BennunHa A;P(f) Ha3bIBaCTCSl NOMOKOM 8epOAMHOCMU nepexoda u3
cocmosnus S; B .S‘, TNIpYYeM UHTEHCUBHOCTb MIOTOKOB A;; MOXET 3aBUCETh
OT BpEMEHU WIH 6I>IT1> MOCTOSTHHOM.

VYpaBHeHus (2.8) cOCTaBASIOT MO pa3MEUYEHHOMY rpady cOCTOSSHUI
CHUCTEMBI, TOJNb3YSCh CIACAYIOLUUM MHEMOHUYECKUM NPAGUAOM:

MPON3BOJHAS BEPOSITHOCTH KaXJOT0 COCTOSTHUSI paBHAa CYMME BCEX

TMOTOKOB BEPOSITHOCTU, MAYLIMX M3 OPYTMX COCTOSIHMU B JaHHOE

COCTOSIHME, MUHYC CyMMa BC€X OTOKOB BEPOSTHOCTH, UAYILHMX U3

JaHHOTO COCTOSIHMA B JApyrue.

YT06bl pelIUTh cHCTeMY AubbepeHINaNbHBIX ypaBHeHUH (2.8),
HY>XKHO 3aflaThb Ha4aJbHOE pacnpeaecneHue BeposatHocteit Py(0), P(0), ...,
P(0), ..., P,(0). Ina pewmieHUs NPUMEHSIOT YUCIEHHbIE METOMBI.

®duHanbHbIe BEPOATHOCTN COCTOSTHUIA

Ecnu mpolecc, MpOTEKaIOWHKiA B CUCTEME, UTUTCSI JOCTATOYHO I0JI-
ro, TO UMEET CMBICJI TOBOPUTH O NMPENEIbHOM MOBEJEHUN BEPOSATHOCTEN
P(t) MpU ¢ — 0. B HEKOTOPBIX CIy4asX CYLIECTBYIOT (DMHAIbHbIE (npe-
JIeJIbHBIE) BEPOSITHOCTH COCTOSTHUIA:
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B, =1lim F (),
t—ro0
roe i = 0,1, ..., n,

HE 3aBUCHAILHE OT TOro, B KAKOM COCTOSIHUM cHCTeMa S HaXxOAujIach B
HayaIbHBIM MOMEHT. [OBOPSIT, YTO B CUCTEME S YCTAaHaBIMBAaeTCs MNpe-
JIENbHBIN CTALIMOHAPHBIA peXHM, B XOle KOTOPOrO OHa MEepeXOOUT M3
COCTOSIHUSI B COCTOSIHME, HO BEPOSITHOCTH COCTOSIHUM P; yXe He MEeHs-
fotcsi. CucreMa, Uil KOTOPOil CyLECTBYIOT (pMHaIbHBIE BEPOSTHOCTH,
HasbIBaeTCsl 3p200u4eckoii, a COOTBETCTBYIOLLUIA CayyaitHbIi npolecc —
2pe00uUHEeCKUM.

DuHaNbHbIE BEPOSATHOCTH COCTOSIHUIA (€C/IM OHU CYLIECTBYIOT) MO-
TYT OBITH MOJIyYeHbl MYyTEM PEILIEHUS] CUCTEMBI JIMHEMHHBIX anrebpanyec-
KMX YpaBHEHUH, KOTOPBIE MOMy4yaloTcs U3 JuddepeHIMaNbHBIX YpaBHE-
Huit KonmMoropoBa, eciii MpUpaBHATh MPOU3BOIHbIE K HYJIIO,  BEPOSIT-
HOCTHBIE (PYHKUMH cOCTOSAHUN Pi(f), ..., P,(f) B IpaBbIX YacCTsAX ypaBHE-
HU# (2.8) 3aMEHUTh COOTBETCTBEHHO Ha HEM3BECTHbIe (UHAIbHEIE
BEPOSITHOCTH Py, ..., P,

TakuM 06pa3oM, IUISi CUCTEMBI S C # COCTOSSHUSIMU TOJIY4aeTcsl CH-
cTeMa A JIMHEMHBIX OMHOPOAHBIX aJire0panyecKux YpaBHEHUH ¢ #n HeU3-
BECTHBIMU Py, Py, ..., P,, KOTOpBIE MOXHO HaiTH C TOYHOCTBIO IO MPO-
M3BOJIBHOTO MHOXHUTeNs. s HaxoXAEHWs TOYHOro 3HaueHus P,
Py, ..., P, K ypaBHEHHAM J0OAaBJIAIOT HOPMHUPOBOYHOE yciioBue Py + Py +
+ ...+ P, = 1, monb3ysich KOTOPbIM MOXHO BBIPAa3UTh JIOOYIO U3 BEPO-
SITHOCTEN P; uepe3 ApYTHE M OTOPOCUTH OLHO M3 YpaBHEHUH.

IIpumep 2.3. UMeeTca pa3MedeHHBIN rpad COCTOSHUN CUCTEMBI S
(puc. 2.4). HeobxoanMo coctaBUTh CHCTEMY aUGbdepeHIIUaTbHBIX ypaB-
HeHuit KosMoroposa u 3anmucaTh HayajbHBIE YCJIIOBMSA IUISl pEILIEHUs
3TOW CUCTEMBI, €CJIM U3BECTHO, YTO B HAYaJIbHBI MOMEHT CUCTEMA Ha-
XOIWIaCh B COCTOSSHUH Sj.

Puc. 2.4. Ipad cocTossHMIT CHCTEMBI
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Pewenue

CornacHo NpUBEAEHHOMY MHEMOHHYECKOMY MpaBUITy CUCTEMa UG-
¢epeHLIHATbHBIX ypaBHeHm»‘: Konmoroposa umeet Bun

CZP =A31 P +A g1 Py —Ap P - Mg B

‘ZZ =Ap B ~ APy

) % =A33Py —(A31 Py + A3q Py +A35 Py); (2.9)
‘ZP =AiaP + A3 Py +hsaBs —Ag1 Py

‘ZP =A3sP3+Ase By,

HauanpHele ycinoBusi ipu ¢t = 0:
P1= 1;P2=P3=P4=P5=0.

PaccMoTpuM, YTO MpOM30MAET C CUCTEMOIi S, onuchiBaeMoi aud-
dbepeHuHaNbHBIMK ypaBHeHUsIMU KonMoroposa, npu ¢ — <. V3BecTHO,
YTO B CIy4ae COOOLIAIOILUXCS COCTOSHUI GYHKUUU Pi(9), Py(), ..., P,(?)
CTpeMATCA K NpenesbHbIM ((DHUHATBHBIM) BEPOSITHOCTSIM COCTOSIHHM CH-
cteMbl 5. OUHAIbHbIE BEPOSITHOCTH HE 3aBUCAT OT BpeMeHH. I1oaTomy
B cucreMe auddepeHuranbHbIX YypaBHeHU KonMmoroposa Bce JieBbie
YaCTH ypaBHEHH# (POU3BOAHBIE) MPUHMMAIOT PaBHHIMU Hym0. I[Ipn
9TOM cucteMa auddepeHIHATBHBIX ypaBHeﬂvm MPEBPATUTCS B CUCTEMY
JIMHEMHBIX anrebpanyecKux ypaBHEHHH.

Jlis Hamiero mpuMepa cuctema (2.9) oyner UMeTb BUIT

[0=23,P; +Ag1 Py~ (M2 B - A14R)

0=ApA -ApnP

10=A3 P ~(A3) Py + 34 3 +A35P3) (2.10)
0=A14R +A34 Py +hs4Ps g1 Py

0=435P; ~As4 .

Pewras ee ¢ yuetoM ycnosust Py + Py + P; + P, + Ps = 1, nonyyum
BCE TNpPEJE/IbHEIE BEPOATHOCTU. DTH BEPOATHOCTH MPEACTAB/ISAIOT COOOM
HE 4TO MHOE, KaK CPEeIHEEe OTHOCUTEIbHOE BPeMsl NPEOLIBAHUSI CHCTE-
MBI B JAHHOM COCTOSIHMH.
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Heo6xogumbie u [OCTaTOYHbIE YCNOBUA
cyuwecrsoBaHns PUHaNbHbIX BEPOSTHOCTEN

HOns cymecTBoBaHUS (GMHAIBHBIX BEPOSITHOCTEN OQHOIO YCJIOBHUS
A;; = const HeZOCTaTOYHO, TPEOYETCs BHINOJHEHHE €lUe HEKOTOPBIX YC-
JIOBMIA, TIPOBEPUTh KOTOPbIE MOXHO MO rpady COCTOsSIHMI, BBIIEJIMB B
HEM TaK Ha3bIBaeMbIe CYILIECTBEHHbIE M HECYILIECTBEHHbIE COCTOSTHMS.

CocrosiHue S; Ha3bIBAETCS CYUeCMBEHHbIM, €CTTH HET JIPYTOro COCTO-
STHUS .S}-, T. €. TaKOT0, 4TO, NMEPENAs OMHAXIBI KAKUM-TO CIIOCOOOM U3 S;
B §j, CHCTeMa yXe HEe MOXET BEpHYThCs B 5.

Bce cocTosHus, He oGnanaioliMe TaKMM CBONCTBOM, Ha3bIBalOTCS
HecyujeCmeeHHbIMU.

PaccMoTpuM npuMep, NpeICTaBIeHHBINA Ha puc. 2.5.

Puc. 2.5. Ipad cocrossHHit CUCTEMEI .S

CocrosiHust Sy, Sy U S5 — HECYIIECTBEHHBIE, TaK KaK U3 S| MOXHO
yiTH, HalIpUMep, B COCTOSTHHE S; U HE BEPHYTHCS, @ U3 COCTOSIHUA S —
B COCTOSIHME S3 WM S4 U HE BEPHYTHCSl, aHUIOTUYHO M3 COCTOSIHUS
S5 — B coctosHuE Sg ¥ S7. COCTOSIHHSA S3, Sy, Sg M S7 — CYyILECTBEHHBIE
COCTOSTHMSI.

Teopema. Ilpun KOHEYHOM YMCIIE COCTOSIHUI JUISL CyLIECTBOBa~

HUS QUHABHBIX BEPOSITHOCTEH Heobxo0umo u docmamouro, YTOObBI

U3 KaXIOro CyLIECTBEHHOTO COCTOSIHUS MOXHO OBUIO (32 KaKoe-To

YHCJIO 11AroB) NMEPENHTH B KaXIO€e APYroe CYIECTBEHHOE COCTOSTHUE.

Ipad u3 npumepa puc. 2.5 3TOMy YCIOBHMIO HE YHOBJIETBOPSIET, TaK
KaK U3 CYIIECTBEHHOIO COCTOSIHUSA S, HENb3s EPETH B CYILECTBEHHOE
cocrosiHue S7. Ecnn cucremMa § MMeeT KOHEYHOE YHCIIO COCTOSHUM S,
Sy, ...y Sy, TO IS CYLIECTBOBAaHHS GUMHANBHBIX BEPOSITHOCTEHN JOCTAaTOY-
HO, YTOOBI U3 JIIOOOTO COCTOSTHMS CHCTEMBI MOXHO OBUIO (3a KaKoe-TO
YKCJIO 11aroB) MepeiT B JII0OOE OPYroe COCTOSTHUE.

Ecau uncino cocrosuuit Sy, S, ..., S, 6eCKOHEYHO, TO 3TO yCJIOBHE
nmepectaeT GbITh JOCTATOYHBIM, U CYLIECTBOBaHHE (PMHAIBHBIX BEPOST-
HOCTE# 3aBHCHUT HE TOJIBKO OT rpacda COCTOSSHHMI, HO U OT MHTEHCHBHO-
CTH )"’I'
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IIpyu uccenoBaHMU HENpPEPHIBHBIX MAapKOBCKUX Lieneil, KaKk ObLIO
yXe OTMEYEHO, 4acTO OBIBAET YOOOHO MPEACTABUThL MEPEXOH CHUCTEMBI
M3 COCTOSIHUS B COCTOSIHHE KaK BO3[IEHCTBHE KAKMX-TO MOTOKOB COOBI-
TUI (ITOTOK 3asiBOK Ha OOCJy>XMBaHUE, TOTOK aBTOMOGWIEi, MOTOK 10~
KYMEHTOB U T. I.). Pasnuyaior cnenyiouine ocHoéHsle c80licmeda, KOTo-
pPbIMHM MOTYT 06s1afaTh CllyyaifHble MOTOKU COOBITHIA:

® CTallMOHApPHOCTb;

® OpIMHAPHOCTD;

® OTCYTCTBME IOCJIEIEHCTBUSL.

CBOICTBO cmayuorapHocmu TIPOSIBNISIETCSI B TOM, YTO BEPOSTHOCTh
MOMAagaHUs TOTO WJIM MHOTO YHCJIa COOBITMI Ha Y4acCTOK BPEMEHHU T 3a-
BHCHUT TOJIbKO OT JUIMHBI YYacTKa U HE 3aBHCHUT OT PACIOJIOXEHHS Ha
ocu 0¢. JIpyruMu clioBaMH, CTaLIMOHAPHOCTb O3HA4YaeT HEM3MEHHOCTh
BEpPOSITHOCTHOIO peXHMa IOTOKa COObITHIf BO BpeMeHHU. IToTok, obma-
NAIOIUHA CBONCTBOM CTallMOHAPHOCTH, HA3bIBAIOT CMAyuUoHaprovim. Ins
CTallHOHAPHOIO MOTOKA CpelHEee YUCJIO COOBITHIA, BO3NEHCTBYIOIMX Ha
CHCTEMY B T€YEHHE €IMHHULILI BpEMEHH, OCTAETCS MOCTOSHHBIM. Pealib-
Hbl€ MOTOKH COOBITHIA B 3KOHOMMKE IpPEANPUSITUS SBJISIOTCS B ACHCT-
BUTEJIbBHOCTH CTallMOHAPHBIMU JIMIIb Ha OFPAaHUYEHHBIX YYacTKax Bpe-
MEHHU.

CBOWCTBO 0pduHaprocmu TMOTOKA MPUCYTCTBYET, €CJIU BEPOSITHOCTD
MoMnajaHMs Ha 3JIeMEHTapHBII y4aCTOK BPEMEHU OBYX M Oosiee COOLITHI
NpeHeOpeXXUMO Masa Mo CPaBHEHHMIO C JUTMHOM 3TOro yyactka. CBoiicT-
BO OPAMHAPHOCTH O3HAYAEeT, YTO 32 MaJIblii MPOMEXYTOK BPEMEHH IpaK-
TUYECKM HEBO3MOXHO MOsIBIIeHUE Oojiee oqHOro coopiTusa. IloTok, 06-
JIalalolKii CBOMCTBOM 0pO0uHapHOCMU, HA3bIBAIOT OpOuHapHum. Peanb-
HbI€ MOTOKH COOBITMH B Pa3JIMYHBIX SIKOHOMHUYECKHUX CHCTEMaAX JIMOO
SIBJISIIOTCS OPAMHAPHBIMM, JIHGO MOTYT GBITh IOCTATOYHO MPOCTO MPHUBE-
JIEHbl K OPAMHAPHBIM.

Omcymcmeue nocaedeiicmeus — 3TO CBONCTBO IMOTOKA, KOTOPOE CO-
CTOUT B TOM, YTO VIS JIIOOBIX HeENepeceKalolUXCsl y4acTKOB BPEMEHH
KOJINYECTBO COOBITHH, MOMANAIOIINX HA OOUH M3 HUX, HE 3aBUCHT OT
TOTO, CKOJIBKO COOBITHII MONajo Ha ApYrMe y4acTKu BpeMeHM. IToTok,
00JIafalolHii CBOMCTBOM OTCYTCTBHS IMOC/IENEHCTBHUS, Ha3bIBAIOT HOMO-
KoM 6e3 nocaedeiicmeus. TToTOK COOBITHIT, OMHOBPEMEHHO O0JIaHaloMi
CBOWCTBaAaMHU CTAalMOHAPHOCTHU, OPAMHAPHOCTU U OTCYTCTBMSI MOCenei-
CTBMSI, Ha3bIBAa€TCsl NMPOCTEHLIUM TTOTOKOM COOBITHIA.

Ilon HHTEHCHUBHOCTBIO NMOTOKA MOHUMAIOT

., m(tt+t

A(f) = lim T D). @.11)
-0 T

rae m(t, t + T) — cpeAHee YUCIO COObITHIA B (1, 1 + T).
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g mpocTeiiero MoToka MHTEHCUBHOCTb A = const. Eciiu morok
COOBITHIf HE UMEET MOCJIEeACHCTBUSI, OPEUHAPEH, HO HE CTallMOHApEH,
TO €ro Ha3bIBAIOT HECMAUUOHAPHbIM NYACCOHOBCKUM NOMOKOM, a €r0 UH-
TEHCUBHOCTb 3aBMCHMT OT BpEMEHH, T. €. A = A (f).

B nyacCOHOBCKOM MOTOKE COOBITUI (CTALIMOHAPDHOM H HECTalHO-
HapHOM) YHCJIO COOBITMI MOTOKA, MOMAaJaloUIMX Ha JI000H y4acTok,
pacripeenaeHo no 3axowny Ilyaccona:

. . .
Pm=—’;'1”!—e” m=0,1,..., 2.12)

rae P,, — BEPOSITHOCTb MONAaZaHMUs Ha y4acToK m CoObITHI (nmpuioxeHue 7);
a — cpelHee YMCIO0 COOBITHIA, MPUXOASLIEECS] HA YYaCTOK.

H)‘[ﬂ HpOCTeﬁI].ICI‘O IMOTOKa a = }\.1:, a JUTA HECTAallTMOHAPHOTrO ITyacCo-
HOBCKOI'O IOTOKa
fo+‘t
a= [ Mndt, (2.13)
i
rae T — JJIMHA YYacTKa BPEMEHH;
fy — HayayIo yyacrtka T.

OTMeTHM elile OHO BaXHOE CBOMCTBO IPOCTEIIIEro MOTOKA COObI-
THi. TIPOMEXYTOK BPEMEHH ¢ MEXIY COCEHMMHU COGBLITUAMY pacnpe/e-
JIeH 110 TOoKa3aTeJIbHOMY 3aKOHY, a ero cpefaHee 3HayeHue T U cpelHee
KBaJpaTUYECKOE OTKJIIOHEHUE G paBHEI, T. €.

T=0c= (2.14)

b

>

rae A — MHTEHCUBHOCTb MOTOKA.

st HecTalMOHAPHOrO MyaCCOHOBCKOTO MTOTOKA 3aKOH pacrpeesie-
HHUSI TIPOMEXYTKA ! yXXe He SIBJISeTCA IOKa3aTeJIbHbIM, TaK KaK 3aBUCUT
OT MoJIOXeHHUS Ha ocu 0f 1 BuIa 3aBUCUMOCTH A(f). OQHAKO IS HEKO-
TOPBIX 3334 IIPU CPABHUTEIBHO HEOOIBIINX U3MEHEHUAX A(f) Ero MOX-
HO TIPHOIMXEHHO CYMTATh [MOKa3aTeJIbHBIM C MHTEHCHBHOCTBIO A, paB-
HOIt CpeIHEMY 3Ha4eHHUIO A(7).

TakuM o6pa3oMm, isi UCClleAyeMOi CUCTEMBI § C JUCKPETHBIMH CO-
CTOSIHUSIMU M HETNIPEPLIBHBIM BPEMEHEM IepeXOAnl U3 COCTOSIHUSL B CO-
CTOSTHUE TIPOUCXOIST MOA AECHCTBMEM MYaCCOHOBCKHUX NMOTOKOB COOBI-
TUH C OMNpeAceHHON MHTEHCUBHOCTBIO Ay.
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PaccMoTpuM ellle OIHY THIIMYHYIO CXEMY HEINPEPBIBHBIX MapKOB-
CKMX LEMNeil, TaK Ha3bIBaEMYIO CXeMY rubejid U pa3sMHOXEHHS, YacTO
BCTPEYAIOUIYIOCS B Pa3HOOOPA3HBIX NMPAKTHYECKUX 3anayax.

MapkoBCKHUil Npouecc ¢ IUCKPETHBIMU COCTOSTHUAMH Sy, Sy, S5,
..., S, Ha3bIBAETCS NPOLIECCOM 2ubeau U pa3MHOXCeHUs, eCIU BCE COCTOSI-
HHSI MOXHO BBITSIHYTh B OIHY LIEMIOYKY, B KOTOPOH KaXIoe U3 CPeIHUX
COCTOSIHUH (Sy, Sy, ..., S,_1) MOXET NEPEXONUTH TOJBKO B COCEIHHUE CO-
CTOSIHMSI, KOTOpBIE, B CBOIO OYepeb, IEPEXOIAT O0paTHO, a KpailHUe CO-
CTOsIHHUA (Sp U S,,) NEPeXOAT TOIBKO B COCENIHHE COCTOSAHMSA (puc. 2.6).

'

Ao(t) Aq(2) o) Meo(t)  Mgei(t) Rll)  Apo(t)  Apqft)
> | o 1 o —
wa(t) poft) pa(t) () ) () pas(8) pa(t)

Puc. 2.6. Ipad cocrosHmit mist nmpouecca rubein U pa3sMHOXEHHS

HasBaHue B3STO U3 GHOJIOTMYECKUX 331ay, IIe COCTOSIHUE MOMyJIsi-
UM S, O3HayaeT HaIM4YMe B Hell k envHuL ocobeil.

ITepexona BpaBO CBsI3aH C pa3MHOXEHHWEM €IMHML, a BJIEBO — C HX
rubebIo.

Ao(D), A(D), Ay(0), ..., A,_1(f) — NHTEHCUBHOCTH Pa3MHOXEHHSI,

wi (), ua(d, ..., () — MHTEHCUBHOCTH THUOEIH.

Y A ¥ L MHOEKC TOTO COCTOSIHMSI, U3 KOTOPOTO CTPEJIKA BHIXOMHUT.

C cocrosiHueM S, cBs3aHa Hecay4aiiHasl BeJTMYMHA X): €CJIU CUCTe-
Ma S B MOMEHT BPEMEHH ! HAXOOUTCA B COCTOSIHUM Sj, TO AUCKDETHas
ciay4aitHass BelMYWHA X(f), cBA3aHHas ¢ (YHKIIMOHUPOBAaHUEM CHCTE-
Mbl, IPUHUMAaET 3Ha4YeHHue k. TakuM oOGpa3oM, Mojy4yaeM CilydyailHbIi
npouecc X(f), KOTOpHI B CIyvaitHble, 3apaHee HEU3BECTHbIE MOMEHTHI
BPEMEHM CKAYKOM M3MEHSET CBOE COCTOSTHHUE.

Mapkoeckum npoyeccom eubeau U pazmMHONCEHUA C HENPEPbIGHbIM 8pe-
MeHem Ha3bIBAaETCS TAKOM CIIyYallHBIN MpOLIECC, KOTOPBIH MOXET MpH-
HUMATh TOJIBKO LieJIble HEOTpHUaTeIbHble 3HauyeHHUs. MI3MeHeHus 3Toro
Tpoliecca MOTYT NPOUCXOIUTh B JIIOOOW MOMEHT BPEMEHH, T. €. B JIIO-
00if MOMEHT BPEMEHU OH MOXET JIMOO YBEJIMYUTHCA Ha €AMHULY, JIHGO
YMEHBIIUTLCSA Ha eIUHUILY, TUOO OCTAaThCS HEM3MEHHBIM.

B npakTuke BCTpeYaloTCs MPOLECCH YMCTOTO Pa3MHOXEHHUS U YHUC-
TOM rubenun. Ilpoyeccom yucmozo pasmHoNCerUus Ha3bIBAaETCs TAKOM Mpo-
uecc rubesid ¥ pasMHOXEHHSI, Yy KOTOPOTO MHTEHCUBHOCTH BCEX NOTO-
KOB TuGeaud paBHBI HYJIO, aHaJOTMYHO MPOUECCOM HUCMOU 2ubenu
Ha3bIBAETCS TaKO# mpouecc rMbe U pasMHOXEHHS, Y KOTOPOTO MH-
TEHCUBHOCTH BCEX ITOTOKOB pPa3MHOXEHHUS PaBHbI HYIIO.
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ITpumep 2.4. PaccMOTpUM 3KCIUlyaTalMI0 MOJeseil aBToMoOuei
OIHOI MapKu B KPYMHOW TPaHCMOPTHON dupMe (Ha NMpeaAnpusTUH).
MHTEHCUBHOCTb MOCTYIJIEHUS] aBTOMOOWJIEl Ha NMpEeANpUsITHE paBHA
A(¢). Kaxnplif HOCTYNUBIIWI Ha MpearpHsITHE aBTOMOOWIb CITUCHIBAET-
cs1 yepe3 ciyyaitHoe BpeMsi 7. Cpok ciyx06bl aBToMobunss T pacnpe-
JieJIeH MO MoKa3aTeJbHOMY 3aKOHY ¢ napameTpoM W. IIpouecc axcrutya-
TallMM aBTOMOOUJIEN SIBJISIETCS CYYaitHBIM NpolieccoM. A(f) — YUCIIO aB-
TOMOGWIeH NaHHOW MapKM, HaXONSILMUXCSA B 3KCIUTyaTallUd B MOMEHT f.

Haiidem omHOMEDPHBI 3aKOH pacrpeeieHus Cly4aitHoOro npotecca
P(t) = P{(A(?) = i}, ecim:

1) HeT orpaHUYEHU Ha YUCIIO IKCIUIyaTUPYyEeMbIX MalllUH;

2) Ha MPEeANPUATHU MOXET DKCIUTyaTHUPOBATLCSI HE 60Jiee # aBTOMO~
ounen.

Pewenue

1. CiyyaiiHblit Ipoliecc 3KCIUTyaTallud aBTOMOOWJIEH eCTh Mpoliece
rubesd ¥ pasMHOXEHHS, pasMeYeHHbIN rpad KOTOPOro MpeacTaBlieH Ha
puc. 2.7.

A(t) A1) A1)
n g (i+1) p

Puc. 2.7. Ipad cocrogHuii

CucreMa ypaBHeHuit KosMoropoBa, cooTBeTCTBYIOLIas 3TOMY rpa-
by, nmeeT BUA

fi%ot_(_’l =R (1) - M) Py 1)
....... ...................................... (2. 15)
df}f”- =MOP_1 (D) +(E +DUP () - MO+ P (),

roe i =1, 2,...

Ecnu B HayaJIbHBIE MOMEHT BpeMeHHU ¢ = 0 Ha NMpeJnpUSATHH He Obi-
JIO HY OJHOTO aBTOMOOGWJISI, TO pellaTh 3Ty CUCTEMY ypaBHEHUH HYXHO
NpH HayalbHBIX ycnoBuax Py(0) =1, P(0) =0 (i =1, 2, ...). Ecau npu
t = 0 Ha npeanpusiTuM GbUIO k aBTOMOOWIIEH (kK = 1, 2, ...), TO HaYaIb-
HbIE YCJIOBUSI OYIYyT UMETb BHUI

PO =1,P0)=0(=1,2,..i#Kk).
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2. Ecnu Ha mpeanpusATUM MOXET IKCILTyaTUpOBaThCsl He Goee n
aBTOMOOWIEH MoJeNieil OIHOI MapKH, TO UMEET MECTO IMPOLECC ruben
Y pa3MHOXEHHUS C OTPAaHUYEHHBIM YUCJIOM COCTOSIHUM 1, pa3Me4YeHHBI
rpad KOTOpOro MpeAcTaBleH Ha puc. 2.8.

At) A A A
(Soy=(s) :::::: 6 —5.)
1 ip (it1)p np

Puc. 2.8. Ipad cocrosumit

Cucrema ypaBHeHuit KonMoropoBa njsi pa3MeyeHHoro rpada
(puc. 2.8) umeet BUA:

DO _ur0-20 80
—dg(t)"~<’)P—1<f)+<l+1)u1’,+x(t) MO+ P () i=Ln-1 (2.16)
dz(t)“l(f)P _1(0) = npB, ().

DTy CUCTEMY HAO pelllaTh MPU HAYATBHBIX YCJIOBHUSX, PACCMOTpPEH-
HBIX BellIE. Pemienns cucrem ypaBHeHwii (2.15) u (2.16) sasasworcs on-
HOMEPHBIMU 3aKOHaMU pacnpeleneHus P(f). OTeicKaHUe pelueHHii CH-
crem (2.15) u (2.16) B oGuIeM BuOe MpU MPOU3BOJBHOM BUIE MYHKLIHMH
A(Y) npencTaBiasgeT 3HAYUTEbHBIE TPYAHOCTH M HE UMEET NPAaKTHUECKUX
TPUJIOXKEHHUH.

IIp¥ NMOCTOSHHBIX UHTEHCUBHOCTSIX MOTOKOB T'MGENM U pa3sMHOXe-
HUS M KOHEYHOM YUCJIe COCTOSIHUI OyHeT CyLIecTBOBaTh CTAallMOHAp-
HBIH pexuM. CucreMa S ¢ KOHEUHBIM YUCIOM COCTOsIHUIA (n + 1), B KO-
TOPOIl NMpOoTEeKaeT npouecc rubesu U pa3MHOXEHHUS C MOCTOSIHHBIMU
MHTEHCUBHOCTSAMH IMOTOKOB I'MOENM U pa3sMHOXEHHUS, SABJSETCS Ipo-
cTeiilieil aproayeckoi cucteMoil. PasmeueHHbIi rpad cocTossHUIN Mis
TaKO# CHCTEMBI MpeACTaB/ieH Ha puc. 2.9.

IIpenensHbie (GUHaNIbHBIE) BEPOSITHOCTU COCTOSTHUM IUISI MPOCTEii-
LLIETO ProAuyeckoro npouecca rubeanm U pa3sMHOXEHUs!, HaXOSLLETrOCs
B CTallUOHAPHOM PEXUME, OIpPeIesIoTCs Mo ciaenyouM GopMynam:

Pk=M'PO’ k=1,2,.,n; (2.17)
Mg oo Bg
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A Ap-y

@@ ::::::

3] Mi+1 Hn

Puc. 2.9. Ipad cocrosHuit

-1
Py ={l+ﬂ)-+ ATUAT T T R )»,,_1} ) (2.18)
K1 K2 | R 2
IIpasuao. BeposTHOCTb k-TO COCTOSIHUSI B CXeME THOEIU U
pa3MHOXEHHUs1 paBHa JpOOH, B YUCIIMTENE KOTOPOIl CTOUT IPOU3BE-
JEHHe BCEX MHTEHCUBHOCTEN Pa3MHOXEHMs, CTOSIIIMX JieBee Sy, a B
3HaMeHaTesle — IPOU3BeNEeHUE BCEX MHTEHCUBHOCTeH rubesnu, cTo-
SILLUX JieBee Sy, YMHOXEHHON Ha BEpOATHOCTb KpaifHero JIeBoro co-
CTOSIHMSI CUCTEMBI Py
B npumepe 2.4 sl CTallMOHAPHOTO pPEXHMa €CJIM WHTEHCUBHOCTD
MOCTYIJIEHUS] aBTOMOOWIeil mocTosiHHasa (A(f) = A = const), To pu-
HaJIbHbI€ BEPOSITHOCTH COCTOSIHUM TP YCJIOBMH, YTO HET OrpaHUYEHU I
Ha YKMCJI0O aBTOMOOUJIEH Ha MpeanpusTUH, PaBHBI:

A

Py=e ¥, (2.19)

(2.20)

IIpu 3TOM MaTeMaTUYECKOE OXUAAHUE YUCIIA SKCITYaTUDYEMBIX aB-
TOMOOHUJIEN paBHO €ro OJUCIIEPCUM:

M[A(r)‘1=D[A<t>1=§. 221

Ecnu cyuiecTByeT orpaHM4YeHUe IO YKMCIy aBTOMOOWIEH Ha INpen-
npusaATHU (He 6osiee n), TO GUHANIBHbIE BEPOSITHOCTH PaBHBI
e—O.
Py =0 (2.22)
> ok ~e—%’
A k=0
roe o =—.
n
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Olk
Pk =R) -—E!—, (223)

rne k=0,1,2, ..., n

MareMmaTnyeckoe OXUIaHHE YUCA 9KCILJIyaTUPYEMBIX aBTOMOOM -
Jieil B CTAallMOHAPpHOM DPEXHME

M[A®]= éok Py (2.24)

IIpumep 2.5. B cocraB DBM BXozsT 4eThipe HaKOMUTENSI HA Mar-
HuTHbIX guckax (HMJI). bpuraga B cocraBe YeThIpEX YeJIOBEK OGCIIy-
XHUBaIOILIETO NMepCOHaIa MPOBOAUT MPOMWIAKTUYECKUA PEMOHT KaXI0-
ro aucka. CyMMapHBIif MOTOK MOMEHTOB OKOHYaHMS PEMOHTOB LI
BCeil 6puranbl — MyaCCOHOBCKMI C MHTEHCUBHOCTBIO A(f). TTocie OKOH-
YaHHUS PEMOHTa IUCK MPOBEPSETCS; C BEPOATHOCTHIO P OH OKa3bIBaeT-
cs1 paboTOCIOCOOHBIM (BpeMsl NIPOBEPKHM Majio, ¥ UM MOXHO IpeHe-
6peyb MO CpaBHEHMIO CO BpeMeHeM npodunakTuku). Eciu puck oxa-
3ajicsi HepaboOTOCMIOCOGHBIM, TO BHOBb IPOBOJUTCSI €r0 NpoduiIakTuKa
(BpeMsi Ha KOTOPYIO HE 3aBHUCHUT OT TOro, IIPOBOAMJIACH JIM OHa paHee)
U T.A. B HavanbHbiii MOMeHT Bce HMJI HyXnaiorcsi B mpodHIakTHYe-
CKOM peMOHTE'.

Tpebyemcs:

1) mocTpouTth rpad COCTOSIHMI U1 CUCTEMBI S (qublpe HMIO);

2) Hanucarbh AU depeHIHANIBHBIE YPaBHEHUS IS BEPOSATHOCTEM
COCTOSIHMIA;

3) HaiiTH MaTeMaTM4yeCcKoe OXMAaHHE YUCla OUCKOB M, yCNEUHO
MPOILEAIIUX MPOPUIAKTUKY K MOMEHTY T.

Pewenue

1. Ipad cocrosiHuit moka3aH Ha puc. 2.10, B KOTOpoM

Sp — Bce yeteipe HMJI HyXxpalorcsi B TPOGHIAaKTUYECKOM PEMOHTE;

§; — onud HM]I ycnmemHo mpouien npoq)unakmxy, a tpu HMJI
HYXIAIOTCSI B MPO(MUIAKTUYECKOM PEMOHTE;

S, — nea HM/I ycneurHo npouuiy npodunakTUKy, a JBa HYXIaloT-
¢ B NpoGUJIAKTUYECKOM PEMOHTE;

S3 — Tpu HM/1 ycnewHo npouuty npoduiaakTUKy, OAMH HyXIaeT-
cs B MpOoGdUIAKTUIECKOM PEMOHTE;

S4 — Bce yetbipe HMJI ycnemHo npouuiy npoduIaKTHUKYy.

! Benmuyens E. C., Osyapos JI. A. TIpukinagHbie 3a1a4u Teopun BEPOSATHOCTEIA.
— M.: Paguo u cBa3b, 1983.
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PA(t) PA(t) PA(t) PA(t)

(S)—AS)——(s)—()—(

Puc. 2.10. Ipad cocTosiHUit cUCTEMBI

Kaxnpiit mpodUIaKTUYECKU PEMOHT YCIEIIHO 3aKaHYMBAaeTCs C
BEPOATHOCTBIO p, YTO PAaBHOCWJILHO p-NpeoOpa3OBaHUIO NMOTOKA OKOH-
YaHUH PEMOHTOB, TOCJIE KOTOPOTO OH OCTAeTCsl MYaCCOHOBCKHM, HO C
MHTEHCUBHOCTBIO pA(f). B 3TOM MpuMepe Mbl MIMEEM JIEJIO C IPOLIECCOM
YMCTOrO Pa3MHOXEHHUS C OFPAaHUYEHHBIM YHUCJIOM COCTOSTHMIA.

2. YpaBHeHus KosMoroposa UMEIOT CJeIYIOLIMIA BU:

dpRy(1)
dt
dR()
dt
an@)
» dt
ar@)
dt
dPy()
dt
Havanensie ycnosus Py(0) = 1; P(0) = ... = P,(0) = 0. IIpu mo-

CTOSIHHOM MHTEHCUBHOCTH A(f) = A ¥ BEpOATHOCTH COCTOSIHMIA OIpejie-
JIIOTCA TI0 CJenyloluM dopMyaam: :

=-pA)Ry();

=pA(O)(Py() - A());

=pA()(B (1) - B (1)); (2.25)
= pA() (P (1) - P3(D));

= pMO (D).

Py(t) = e Py(1) = Apte ™",
3
BO)= O";’ o p)= O‘p’ ) ot (2.26)

&mﬂ—%ma

3. Maremaruyeckoe OXMAAHUE YMCJIA QUCKOB, YCTEIIHO MPOLIEN-
WX TpoUIAKTUKY K MOMEHTY T, PaBHO:

n-1
My = Y iR +nB, (D), (2.27)
20
rae n = 4. !
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Hpumep 2.6. PaccMOTpHUM NMPOM3BOJICTBO aBTOMOOHJIEH Ha 3aBoje.
IToToK npoU3BOAUMEBIX aBTOMOGWIEH — HeCTAaUMOHAPHBIN IyacCOHOB-
CKHUil ¢ MHTEHCUBHOCTBIO A(7). HaitmeM oqHOMEpHBIi 3aKOH pacipenese-
HUS CJIy4aifHoro mpouecca X(f) — YMCIO0 BBHITYIUEHHBIX aBTOMOGHIEH K
MOMEHTY BPEMEHH !, €CJTH B MOMEHT ¢ = () HayaT BBHIIYCK aBTOMOOHIIEN.

Pewenue

QO4YeBUIHO, YTO 31€Ch NPOLIECC YUCTOTO pa3MHOXEHHUs Ge3 orpaHu-
YEHMS Ha YUCJIO COCTOSIHUM, IPH 3TOM A,(f) = A(f), TaK KaK MHTEHCHUB-
HOCTb BBIIIYCKa aBTOMOOWJIEH HE 3aBUCUT OT TOTO, CKOJIbKO UX YX€E BbI-
nyueHo. Ipad cocrosiHuit TaKoro npoiecca nokasaH Ha puc. 2.11.

At) MDA

Puc. 2.11. Ipad cocrossHui

OnHOMEpHBI 3aKOH pacIpeneneHus ciaydaifHoro npouecca X(#) mwis
rpada, u3o6paxkeHHOro Ha puc. 2.11, onpenensieTcs cnenyiouleil cucre-
Mot ypaBHeHHi1 KosMoroposa:

AR
4 - APy (D)
‘”;f’) AP+ AMNOP (@), i=12,..

....................................................................

Tak Kak YHCJIO BBINYLIEHHBIX aBTOMOOmIel X(f) Ha moboi pukcu-
pPOBaHHEI MOMEHT ? pacrpejiesieHO Io 3aKoHy ITyaccoHa ¢ mapameTpoM

a(t)= })»(t)dt,
0

TO '
PX(t)=i}=P(f)= ["(’)] e 9 =01, 2, ..

MIX(0] = DIX(1)] = a(@).

PaccMmoTpeHHBIIT B 3TOM NpuMepe npouecc X(f) Ha3bIBaeTCs HeOOHO-
poorbim npoyeccom Ilvaccona. Ecan MHTEHCUBHOCTD A(f) = A = const, TO
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MOJIYYUM 00HOpOOHutl npoyecc Ilyaccona. Ins Takoro mpouecca npu
Py(0) =1, P0) =0 (G > 0)

i
P{X(t):i}:P,-(t):Q‘i"—)-e‘”, i=0,1,2, ...

Xapaxkrepuctikamu npouecca Ilyaccona Gyayr

MIX(n] = DX(1)] = At.

2.4. MogenupoBaHue padoTbl
NMOABUXHOIrO COCTaBa C UCNOJIb30BaHUEM
MapKOBCKUX CJly4arHbIX NPOLLECCOB

IIpencraBUM aBTOMOOMJIb KaK HEKOTOPYIO CUCTEMY S C IUCKPETHEI-
MU COCTOSIHMSIMHU Sy, Sy, ..., S,, KOTOpast MEPEXOAUT U3 COCTOSIHUS B
COCTOSIHME MOJ BIUSIHUEM CJy4ailHBIX COOBITHI (OTKAa30B).

Ha cranguu nporHo3upoBaHus (IIaHUPOBaHMs) paboThl aBTOMOOH-
Jis 1e1ecoo0pasHO paccMaTpUBaTh CJIEAYIOUINE COCTOSHHSA, B KOTOPBIX
MOABUXHON COCTaB MOXET HaXOHDUTHCS B IPOLECCE IKCIUTyaTalUU U
KOTOpBIE XapaKTePHU3YIOTCS LIETOAHEBHBIMU MPOCTOSIMHU:

Sy — ucrnpaBeH, paboTaer;

S| — HaxonuTcs Ha KanutanbHOM peMoHTe (KP);

S, — npoxonut TO-2;

§3 — HaxomuTcs B TeKywiem peMmoHte (TP); -

S4 — vcnpaBeH, He paboTaeT MO OpraHU3auXOHHBIM NpUYMHaM (6e3
BOAMTEJISI, HIMH, 3alacHBIX YacTei);

S5 — He paboTaerT, CHATHE arperarta A4 OTHPaBKU Ha KalUTaJIbHBIA
PEMOHT;

S — He paboTaeT, CIMCaHHe arperara, 3aMeHa Ha HOBBIH;

§; — ucnpaseH, He paboraeT (BBIXOOHBIE U NPa3THUYHbIE THH);

Sg — CIIUCHIBaeTCH.

Hano oTMeTUTh, YTO B HaCTOSIlIee BpeMsl BEILIENIEPEYHCIIEHHBIE CO-
CTOSIHUSI aBTOMOOUJISI TUTAHUPYIOTCSI IIPU pa3paGoTKe IOA0BOM nporpam-
MBI paboThHI aBTOTpaHCNOpTHOrO npeanpusatus (ATII), npu 3ToM cocro-
AHUs S5, S5, Sg OOBENUHSIOTCS B OMHO COCTOSIHME «Haxomutcsl B TP».

Jlna aHanmu3a mpolecca 3KCIUTyaTallMM aBTOMOOWISA KaK CIydaifHoO-
ro mnpouecca C AMCKPETHBIMU COCTOSTHUSIMM YIOOHO BOCITOJIb30BaThCs
TEOMETPUYECKON CXxeMOil, TaK Ha3blBaéMbIM TIpaOoM COCTOSSHUH
(puc. 2.12). Ipad cocTossHUIT M300paxkaeT BO3MOXHBIE COCTOSTHHSI aBTO-
MOOWISI U €ro BO3MOXHbBIE NEPEXOAbI U3 COCTOSIHUSI B COCTOSIHHE.

Ha puc. 2.12 yepe3 )»ij ¥ W; 0603HaYeHBI MJIOTHOCTH BEPOATHOC-
Tei nepexona aBTOMOOHUIS U3 COCTOSIHUS S; B COCTOSTHUE Sj. Hamnpu-
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Puc. 2.12. Ipad cocTosiHMit aBTOMOGMISA

Mep, Ay3 — IUIOTHOCTb BEPOSITHOCTH Nepexona aBTOMOGHIISI U3 COCTO-
SIHUS «MCIIpaBeH, paboTaeT» B COCTOSIHUE «HAXOOUTCSI B TEKYILIEM pe-
MOHTE».

MOXHO CYUTaTh, YTO COOBITUSI, NEPEBOASAILINE aBTOMOOU/IL U3 CO-
CTOSTHUSI B COCTOSIHUE, TNPEACTABJISIOT COO0M MOTOKM COOBITHIT (Hanpu-
Mep, NMOTOKM OTKa3oB). EciiM Bce MOTOKM COOBITHH, NEepeBOASIIIUE CUC-
Temy (aBTOMOOWJIb) U3 COCTOSIHMSI B COCTOSIHUE, ITyaCCOHOBCKHE (CTa-
LMOHAPHBIE WU HECTAUMOHAPHBIE), TO MPOLECC, MPOTEKAIOUINIA B CHC-
TeMe, OyaeT MapKOBCKUM, @ IUIOTHOCTU BEPOSITHOCTH Tiepexona A; B
HeTNpepbIBHON 1end MapkoBa NpeacTaBisiioT co00if MHTEHCUBHOCTHU
NIOTOKa COOBITHIA, TEPEBOMSILETO CUCTEMY U3 COCTOSIHHMS S; B COCTOSI-
Hue S;. Hanpnwmep, Ag3 — MHTEHCHBHOCTb IIOTOKa OTKa30B aBTOMOOU-
Jisl, KOTOPHI NMEpeBOOUT aBTOMOOMW/Ib M3 COCTOSIHUSI «MCIIpaBeH, pabo-
TaeT» B COCTOSIHME «Haxomutcs B TP».

PaccMatpuBaeMble COCTOSIHUsI aBTOMOGWIISL §; XapaKTepHU3ylOTCs
CpeIHHM YUCJIOM JIHE NMpeObIBaHUS aBTOMOOWIISI B KaX/IOM COCTOSTHUU
Aj. Tokasatenu [J; HaXOAAT OTpaXeHHE B CTATUCTUYECKOH OTYETHO-
CTH aBTOTPAHCIOPTHOro npeanpusitus. OTHOLIEHUE

=L : (2.28)

rae }IK — YKCJIO KaJieHAApHBIX OHEH B rony.

JlK MOXHO TPaKTOBaTbhb KakK BCpOﬂTHOCTb HaXOXJIEHUs aBTOMOOWJISI
Bj M COCTOSTHUH.
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_BepositTHocTH cocTosiHuit aBTOMoOMs Py, Py, Py, ..., P, ..., P, KaK
dyHkuuu nmpobera B cjiydyae MapKOBCKOTO Ipoliecca ¢ JMUCKPETHBIMHU
COCTOSIHMSIMM U HEINpEPBIBHEIM BPEMEHEM YIOBJIETBOPSIOT OINpeneseH-
Horo Buaa nuddepeHUNaNbHbIM ypaBHEHUSIM (ypaBHeHUsM Kosmoro-
poOBa), 3an1CLIBAEMBIM B BUJIE

rdp L n n-1
IHWD) __p S hoi)- Py (D) + S mip(L)PAL)
dL i=1 i1
dP(L) '
JEED 0 i (1) B (D BAD) 2.29)
dP,(L
L2 — t (DAL,

rae P{L) — BEpOSATHOCTb HaXOXIEHWsSI aBTOMOOMJISA B i-M COCTOSIHMM, i = 0, n;
Agi(L) — VIHTEHCHBHOCTb MEpexoJa aBTOMOOWIISI U3 HYJIEBOTO B i-€ COCTOSI-
Hue, i = 1, n;
(L) — MHTEHCUBHOCTb MEPEXOAa U3 i-T0 B HyJIEBOE COCTOSIHUE,
i=1,n-1,
£, — K03(PULIMEHT, OTpaXaloMmMii CBSI3b MEXAY HapaboTKaMU B JHSAX U
KWIOMETpax npobera (CpeXHECYTOUHBIN NMPOOGET, ThHIC. KM).

Yucno ypaBHeHUH B cucteMe (2.29) 3aBUCHUT OT YMCJIa COCTOSIHUM
aBTOMOOWISI. BepOsATHOCTh HaxOXIEHUSI aBTOMOOUJISI B COCTOSIHUM «HUC-
npaseH-paboTaeT» Py(L) npencrasisier co6oit K03(PpGHUUMEHT BBIMYCKA
o, (L), a cymma BepositHocTeit Po(L) + Py(L) + Py(L) = k(L) — x03¢-
(bULMEHT TEXHUYECKOI TOTOBHOCTH aBTOMOOWJIS.

ITockosbKy OOJIBIIMHCTBO MHTEHCUBHOCTEH mepexoma 3aBUCST
OT npobera, TO pelieHHe CUCTEMBI (2.29) MPOU3BOIUTCS C MOMOILLbIO Me-
TOJOB YMCJIEHHOTO WHTErPUPOBAHUS, HanipuMep Memoda Pynee-Kymma.

Heo06xonuMo y4ecTh, 4TO VISl pacyeTa NpOU3BOACTBEHHON MporpaM-
Mel ATTI TpeGyeTcs 3ayacTyio onpenesiaTh MokKas3aTesId paboThl IPYIIIIbI
aBTOMOOMJIEH OmnpenesieHHONH MoJeny j-ro Bo3pacta (KodbULMeHT BbI-
nycka M rofoBoil npober aBTOMOOMJIS j-i BO3pACTHOM IPYMNIIbI).

s onucanus npouecca PyHKUMOHUPOBAHUSL TPYTITBI aBTOMOOH-
JIe MOXeET OBIThb UCIOJIb30BAH Memo0d OUHAMUKU CPeOHUX. DTOT METOX
BBITEKAET U3 TEOPUU MAPKOBCKHUX CIIy4YaHBIX MPOLECCOB. YI00CTBO €ro
3aKJIIOYAETCsl B TOM, YTO, 3Hasi BO3MOXHBIE COCTOSIHUS OOHOro (YCJIOB-
HOT0) aBTOMOOMJI, MOXHO MOAEIUPOBaTh mnpouecc (HyHKLUMOHUPOBa-
HMS TPYNBI U3 JI000T0 YKUCiia aBTOMOOMWIIEH.

CxemMa, u3sobpaxalouiasi npouecc padboTbl yCIOBHOTO aBTOMOOWIIS
OMnpeeIeHHON MOAENU, aHaJIoTMYHa cxeMme puc. 2.12, nuiib ¢ Toi pa3-
HULEH, 4TO Yepe3 A; M W; 0003HAYeHbI CPEAHNE UHTEHCUBHOCTH IIOTO-
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KOB COOBITHI, MEPEBOISIIIIUX ABTOMOGMIIb U3 COCTOSIHUS S; B COCTOSTHHE
S;, 1 Hao6OpOT. [Ip1 ITOM KaXA0€ COCTOSIHME XapaKTepU3YeTCst CpefHen
‘IHCIICHHOCTHO aBTOMOOUIIEH N (t), HaxXOOAILLMXCS B HEM B MOMEHT Bpe-
MeHHM ¢. OYeBUIHO, YTO st mo6oro ! cyMMa YUCJIEHHOCTEI BCEX COCTO-
SIHMI1 paBHa OOILEIl YUCIIEHHOCTH aBTOMOOWIEH HCCIIeayeMOii IPYIINbI:

8
N =3 Ni@®).
j=0

Bennunna N(#) mis 1106010 ¢ NpeacTasiseT coboit ciyyaiiHylo Be-
JIMYMHY, a NIPU MeHmomcrvxc;l t — cnyJyaitHyl0 GYHKUWIO BPEMEHH.

3Has rpad cocTossiHU# (puc. 2.12) U COOTBETCTBYIOLIME UHTEHCHB-
HOCTH N€pexona A U L, ONPENENIMM CPEAHUE YUCTIEHHOCTH aBTOMOGH -
neit Ny(L), Ny(L), Nz(t ... » Vg(L) kak pyHkuuu npobdera L.

CornacHo rpady cocro;mm?l (puc. 2.12) cucrema nuddepeHaIb-
HbIX YpaBHEHUH [UISl CpEIHMX YMCIEHHOCTE! COCTOSTHUI 3amuiueTcs
CJIEAYIOLIMM 00pa3oM:

“dNo(L)
dL
+ Ao(L) + Ag7(L) + Agg(L)] + pyo(L) - Ny(L) + pyo(L) - No(L) +
+ uzp(L) - N3(L) + Wgo(L) - Ng(L) + pso(L) Ns(L) + pgo(L) - Ng(L) +
+ ugo(L) - No(L);

=—fc- NO(L)[}“OI(L) +}\.02(L) +}\.03(L) +}»04(L) +A05(L) +

dl\;‘L(L) =Le- No(L)-Agi (L)~ (L) Ny(L);

i’%zLiélzec - No(L)-Aga(L) —pag(L)- Na(L);
fiivig—):ec-NO(L)~7»03(L)-M30(L)'NB(L); (2:30)
fi%(él:ec-NO(L)-AM(L)—M(L)-N4<L):

51%2 =L+ No(L)-Aos(L) —mso(L)- Ns(L);
_‘i’_VfLLLLec.N(,(L)-Aos(L)—u60<L)~N6<L>;

)y No(D) Aoy (D) o (L) (D)
.d—l\-}%ﬂc']vo(ll)'los(ld)-
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OtHouweHnune Ny(L)/N paBHO K03(pGPHLUHUEHTY BbIITyCKa aBTOMOGH-
Jiei ompenesieHHOM MoOAeNu Ha mnpobere L ¢ Hayajla UX 3KCIUIyaTal{du,
a otHoweHue [Ny(L) + Ny(L) + Ny(L)]/N — xo3hppuLmeHTy TeXHuYe-
CKOIf TOTOBHOCTH aBTOMOOMUJIEH.

HoxaxeM, 4to ¢opMybl IJisl onpelesieHust K03 ULHMEHTOB TEXHU-
4eCKOW TOTOBHOCTH (K,), BBINIYCKa MOABUXHOIO cocTaBa (Ol;) SIBISIOTCS
YACTHBIM CJTy4aeM, COOTBETCTBYIOIIMM CTallMOHAPDHOMY PELLIEHUIO CHUCTE-
Mbl ypaBHeHHit (2.30), onucbiBalolieit PyHKIUMOHHPOBAaHHE aBTOMapKa.

s pacuera cpelHeil YHCIEHHOCTH aBTOMOOWJIEH, HaXOMsIIMXCSA B
HCIIPaBHOM COCTOSTHMH, MOXHO TIpeBapUTEIbHO OObEAMHUTH COCTOSTHUS
S|, S5, Sg B 0IHO cocTostHHeE: «McnpaBeH» — S|. Toraa rpad cocrosHuit
YCJIOBHOTO aBTOMOOWJISI TIDUMET BUJI, TIPEACTaBIeHHbIN Ha puc. 2.13.

Puc. 2.13. Tpad cocTosHuii yCIOBHOrO aBTOMOOMIS

Cucrema auddepeHIHalbHBIX YPABHEHUMA VIS CPEAHMX YUCIEHHO-
CTeil TIOABMXHOIO COCTaBa 3alMIIETCH CIEAYIOLMM 00pa3oM:

% =2, (A2 (0) +A13() +A14(0)- Ny (O +pg (0)- Na(O) +
+u31(0) - N3(0) +pg1(£)- Ng(6)
1 dJZ(f) =—51(0)- No(D)+ £ Ni (£)-A12(0) (23D
I3 ’
I o s N3O + L6 N{ O Dax(®
4 ,
IR0 O Na(O+ £ N] (O M1a(0),
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ITonoXuM JieBble YaCTH YpaBHEHHWI PaBHBIMU HYJIIO, ITOJYYMM CHUC-
TeMy anre6pandecKuX ypaBHEHHWH IS CpeIHUX YMCIEHHOCTEN COCTOS-
HMIt aBTONapKa, paboTalolliero B CTAlMOHAPHOM peXHMe:

r0=—€c(7tlz +M3+Aa)N] +pg Ny +i3 N3+ Ny

J0= by Ny +£cAp Ny (2.32)
0=—pu3 N3 +£A 3Ny

0=—tugy Ny + £y .

Peurum cucteMy anrebpanyeCKuX ypaBHEHHU ¢ yUeTOM TaK Ha3bIBa-
€MOro HOpMHpPOBOYHOI'O YCJIOBUA:
» NO = N] + N2 + N3 + N4, (2.33)

rae Ny — CpeIHECITUCOYHAs YUCJIEHHOCTb aBTOMapKa, LIT.
0

st npumepa u3 cucteMbl (2.32) onpenesiiM HEM3BECTHBIE CpEAHHE
YHCJIEHHOCTH COCTOSIHMM, Ucrions3ys N,’. Tak, H3 BTOPOro U TPETHErO
YDPaBHEHUH UMeeM :

Ny=¢, My 22 Ny (2.34)
€y
Ny=e M3y 2.35)
‘3 ,
CornacHo HOPMHPOBOYHOMY YCJIOBHIO ‘
N4 = NO - Nl, - N2 - N3. (236)

Torna
Ng=No- (Nl +le ﬁ FN[ 2 "'3]=

=Ny - (1+z Ao, 7‘13JN1
Hzl e
Iloncraensig B nepBoe ypaBHeHHe (2.32), MOAYyINM:

0= —ec(l,lz + )\.13 + )\.14)N,, + ZCA'IZNII + fc)"lf‘Nl, +

+H41[N0—(l+fc% l ﬁ;i)Nl]

=-—f A'14Nl +uq1 Ny - }L41(l+f A +€ A'13)]\’
ot “H3
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Pa3IlCJ'[Y[M TNOJIYY4EHHOC YpaBHEHHUE Ha u412
A ’ A ,
-2, 4N, +N0—(1+£c—‘l+ecﬂ3—)N1 =0.
K41 K21 H31

IMocnenHee YPaBHEHUE MOXHO 3anucarb CJIE€AYIOILUM 06pa30M:

No =[1+ec"—'2+e63ﬁ+5‘—4—ec)1v{.
M2t K31 K41

Toraa k03¢ PUUHUEHT TEXHNYECKOH FOTOBHOCTU PaBEH:

’

N, 1

NO 1+€c[h2.+_):_1i+_).\'l_{),
M2 H31 H4

(2.37)

e Ay, Ag3, Aj4 — MHTEHCHBHOCTH MeEpexoja aBTOMOGMIS B COCTOSIHMS «TeX-
HUYECKOE OOCTYXKUBAHUE», «TEKYLUIMII PEMOHT», «KaNUTalb-
HBIi PEMOHT» COOTBETCTBEHHO, OTK/THIC. KM;
Ha1s H31s Mgy — MHTEHCUBHOCTH BOCCTAaHOBJIEHMS, paBHbIE OOPAaTHBIM Cpel-
HUM BEJIMYMHAM MPONOKUTENBHOCTH COOTBETCTBYIOLIMX
PEMOHTHBIX BO3ICHCTBUN TEXHUYECKOTO OGCIYXHUBAHUS
(TO-2), tekywero peMoHTa (TP), KanuTanbHOro peMOHTa
(KP), oTK/meHb.

OTHoweHne
OTK
Aj _ ThIC.KM __IEHb
Wji  OTK  THIC.KM
IeHb

A '
Takum obpazomMm, E’L=d j — YHENbHAs BETUYMHA, XapaKTepH3yio-
Ji
1Iasg KOMu4ecTBo AHel B j-M cocrosHuu (TO-2, TP, KP) Ha 1 ThiC. KM
npoGera. Torna ¢opMyny (2.37) MOXHO 3anucaTh B BUAE:

1 1
- - 2.38
S Y, (dy+ds+dy) 1+L.drop 239

OueBuaHo, ¢opmyna (2.38) ecTh YacCTHBIA Cilyyail, COOTBETCTBYIO-
LIUH CTaUMOHAPHOMY peXUMY paboThl aBTOMOOWISI, KOTOPHIH ABJSETCS
pelieHHeM CUCTEMbI arebpandecKuX ypaBHEHUIA.
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PaccMOTpUM Bce NMOTOKM COOBITUIA, MEPEBOASILIME YCJIOBHbIH aBTO-
MOOWJIb U3 COCTOSIHUSI B COCTOSIHUE. XapaKTep MOTOKAa OTKa30B aBTOMO-
OuJIsl, TEPEBOASIIIETO YCIOBHBI aBTOMOOUIIbL U3 COCTOSIHUSI «UCNPABEH,
paboTaeT» B COCTOSIHUE «HAXOAUTCS B TEKYLIEM DEMOHTE», HE U3MEHSI-
ercs. [1pu onpenesieHMHU €ro BeJIMYUHBI YYUTHIBAETCSI BO3pACTHAS CTPYK-
Typa aBTOMOOUJIEH TAHHOW MOMEIH.

HapaGoTka 00 NnepBOro KanmUTaIbHOTO PEMOHTa aBTOMOOWJISL MOM-
YUHSIETCS HOPMAJILHOMY 3aKOHY pacrpeaeseHus ¢ Ko3¢pduuueHToM Ba-
puaunu 0,1-0,33. BMecTe ¢ TeM cieayeT OTMETUTh 3HaYMTEJbHOE abCco-
JIIOTHOE paccerBaHMe NMpoOEroB A0 NEPBOrO KaNUTaIbHOTO PEMOHTA aB-
TOMOOWIS B MCCJIEAYEMBIX I'PYINax MOABUXHOIO coctaBa. Pazmax Mex-
Iy MHUHMMaJbHBIM U MaKCHUMaJIbHbIM NpoberaMM MOXET COCTaBUTh
npoGer, MpUMEPHO paBHbBIl CpeaHeMy NMpobery 40 MepBOro KamuTajlb-
HOTO PEMOHTA 3TUX aBTOMOOUJICH.

Takum 00pa3oM, MOTOK COOBITUIA, KOTOPBIi MEPEBOAUT aBTOMOGHIJIb
B COCTOSTHUE «KaITUTAJIBLHBIA PEMOHT», IIPOTEKAeT Ha 3HAYUTEJIbHOM HMH-
TepBajie MpoGera. B 3ToM noToke MHTEHCUBHOCTH Ag (L) (cpenHee yuc-
JIO COOBITHIT B eIUHHULY Npobera) 3aBUCHT OT Npobera, T. €. MOTOK SIB-
JISETCSl HeCTaMOHAPHBIM.

OueBUIHO, Ha MaJIOM MHTEpBaJie npobera aBToMOOwWIst (1—2 ThIC. KM)
MHTEHCHUBHOCTB Ag; (L) MEHSIETCSl CPaBHUTENBHO MeIUIEHHO. B 3TOM Ciy-
yae 3aKOH paclnpeaesieHus] HapaOoTKU 10 KalUTAJIbHOTO PEMOHTa MOX-
HO NMPUGIMKEHHO CYUTATh MOKA3aTeNbHbIM, 8 MHTEHCUBHOCTb A MpHU-
HUMaTb PaBHOI cpeIHEMY 3HaueHMIO Ag;(L) Ha 3ToM MHTepBaje. AHa-
JIOTUYHBIE YTBEPXACHUS CIpaBeIUBbl OTHOCUTEJIBHO NOTOKOB OTKa-
30B, NEPEeBOAAIIMX YCIOBHBIA aBTOMOOU/Ib B COCTOSIHUS «KalUTaIbHbIMH
PEMOHT arperara» M «CIIMCaHUE arperarar.

OO6wwMi MOTOK OTKa30B, CBS3aHHBIA C MOMaJaHUEM aBTOMOOHJIEH
uccnenyeMmoit rpynmnsl B TO-2, nojyyaeTcsi nyTeM HaJIOXKEHMS (Cyrep-
Mo3uLMM) MOTokKoB «TO-2» 3TUX aBTOMOOHMIE#. Kak moka3bsiBaloT pac-
YyeThl, pacrnpeieieHie UHTepBaia npobera Mexay COOBITUSIMM B 3TOM
MOTOKE TMOAYMHSETCS IoKa3aTeJbHOMY 3akoHy. IIpu 3ToM noToK
«TO-2» Bcex ucClieayeMbIX aBTOMOOWIEH SIBSIETCS TyaCCOHOBCKHUM.

OG6pa3 nmoToka OTKa30B, CBSI3aHHOIO CO CIIMCAHUEM aBTOMOOWJIS,
SIBJISIETCS YCJAOBHBIM. JIeACTBUTENBHO, €CJIA aBTOMOOWIb OTKa3blBaeT B
TOT MOMEHT, KOrJia IPOMCXOOUT NepBoe COOBITUE JaHHOIO MOTOKA, TO
COBEPIIEHHO BCE paBHO, MPOAOJIXKAETCS MOCJIE ITOr0 NMOTOK OTKAa30B
WJIM npeKpallaeTcs: cyapba aBTOMOOWISI OT 3TOr0 YK€ He 3aBUCUT. B
cllyyae Korja 3jieMeHT (aBTOMOOWJIb) HE MOIJIEXUT BOCCTaHOBJIEHUIO,
MOTOK OTKa30B SIBJISETCS ITyaCCOHOBCKHUM.

IToTok 0TKa30B aBTOMOOWJIS, CBSI3aHHBINM CO CMMCAHUEM, SIBJIETCS
HECTallMOHAPHBIM, TaK KaK Mpober 40 CMMCaHUs MOIBUXHOIO0 COCTaBa
MOAYUHSETCS 3aKOHY pacrpelesieHUs, OTJIMYHOMY OT NOKa3aTeJIbHOro.
OuyeBHUOHO, Ha MaJIoOM MHTepBaje npobera aBTOMOOWIS (1—2 THIC. KM)
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MHTEHCHBHOCTh OTKAa30B MEHSIETCS CPAaBHUTENBHO MEUIEHHO, B TAKOM
clyvae 3aKOH pachpenesieHUs] COOBITUIT MOXHO NPHUOIU3UTENBHO CUM-
TaTh MOKAa3aTeJbHBIM M U ONMCAHHUS MNpolecca IKCIUTyaTalliud aBTO-
MOOMJISL UCIIOIB30BAaTh MAPKOBCKYIO CXEMY.

XapakTep OCTaJIbHBIX NOTOKOB COOBITHII, CBSI3aHHBIX C IPOLIECCOM
paboTHl TPYIIbEl aBTOMOGUIIE, HEe U3MEHSETCS.

TakuM 06pa3oM, Bce CpenHME MMOTOKH, NEPEBOASIIIUE YCIOBHBIN aB-
TOMOOWIb U3 COCTOSIHUS B COCTOSTHHE, JTMOO ITyaCCOHOBCKHUE, JINOO CBO-
IATCS K HUM IIyTeM PacCMOTPEHMS Tpoliecca 3KCIUTyaTallid Ha MasbIX
HHTEpBajiaX npobdera (1—2 ThIC. KM) U KOPPEKTUPOBKH MCXOIHOIO MO-
TOKa OTKa30B A€Tajicil ISl UCKIIIOYEHUS MOCAeAeHCTBUA. DTO MO3BOJISI-
€T UCIOJIb30BaTh METON OMHAMUKHU CPEOHHUX [UlSl ONMUCAHMUA Ipouecca
3KCIUTyaTallUM FPYIIbI aBTOMOOWJIEH.

B Ta6n. 2.1 npnBeneHu ¢hopMyJIBI JUIST pacyeTa HHTEHCUBHOCTEH TTe-
pexona A; u W

Ta6nauua 2.1
HHTeHCHBHOCTH mepexona A.y H Wy JUIs pacyera
KOMIUIEKCHBIX NOKAa3aTeseil HaJleXXHOCTH aBTomoOmneii MA3

®opmyna, npUHATas

HHTeHCHBHOCTD B pacuere IIpumMeyanue
HcnpaseH — ‘ K IInoTHOCTH pacmpenene-
KanUTaIbHbIA PEMOHT Aor= X 0x(L) HMA HapaboTKu 10 k-ro

k=1 } KalMTaJbHOrO PEMOHTA
aBTOMOOMIA — @i(L)
Jroi — TUIOTHOCTB pacnpe-
Vcnpasen — = IeNeHUsl HapaboTKK 0
npoxozut Texuuyeckoe | Ao2(L)= X froi(L) | iro TO-2;
o6cnyxusanue (TO-2) = - | Ly — cpemmHsis mepuo-
Aoa(L) = (L) muuHocTh TO-2
Menpase r Wk Grasos £ et mo
HaXOMUTC B TEKYLIEM Aoa(L)= E_l‘”f (L) UHTepBaiaM npobera L;
DEMOHTE f= .| F— uucno JUTH asTomo-
6uns, Wt
HcnpaBeH — )»04([4) - p(L) Tnp — CpeaHee BpeEMA
NpOCTauBaeT Mo opra- Z g -l MCXIy NpOCTOSIMH;
p 0 op Aoa(L) = (LT np) I, — cpemHecyTOuHbI

HM3aLMOHHBIM TIPUYU-
HaM (6e3 BoauTeNISt
HT 1)

npo6er, ThIC. KM;
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ITpodosxcenue

HMHTEHCUBHOCTD

®opmyna, MpUHsATAs
B pacyeTe

ITpumeyaHue

HcnpaBeH —
KaNUTAIbHBIA pPEMOHT
arperarta

' N
Aos(L) = Elwﬁp (L)
n=

) — mapamMeTp MnoTo-
Ka OTKa30B aBTOMOOMIA,
CBA3aHHBIX C KalUTalb-
HBIM PEMOHTOM €T0 arpe-
raToB

Kp ar
n

HcnpaBeH —
CIMCaHWe arperara

N
AO6(L) = Z m:}]ﬂ ar
n=l1

o' *'(L) — napamerp no-
TOKa OTKa30B aBTOMOOM-
Jisl, CBAA3AHHEIX CO CIIMCa-
HHMEM arperaros;

N — yucno arperaTtoB

HcnpaseH — He pabora- Agr(L) = p(L) T,.x — cpeaHee BpeMst
eT (MpasgHuyHble U BB- | Ao(L)y = (I, . T wn) - | MEXIY MpocTOAMM
XOIHBIE AHH)

HcnpaBeH — cnucaHue Aos(L) = F(L), f(L) — byHKUusA 1

aBTOMOOUIIS

=f(L)/11 = F(D)],
Ags(L) = (L — Ly)/o
L > 270 TBIC. KM

TUJIOTHOCTb pachpesaese-
HUSI HapaboTKU IO CnU-
CaHUsl aBTOMOOWISA; MpH-
HATO pacnpeneneHue Pa-
Jigsl ¢ mapaMeTpamu

6% = 40% hic. KM;

Ly = 270 ThIC. KM

KanuTanbHblii PEMOHT o = (T,xp)" T, — cpeaHss mponoi-

— HCTIpaBeH XHUTENbHOCTb KATNUTaNb-
HOTO PEMOHTa

TO-2 — ucnpaseH Mo = (Tro)™ T,, — cpenHsis Mpojo-

XHUTeapHoCcTh TO-2

HaxoauTcsi B TeKyleM
PEMOHTE — MCIMPAaBEH

Hao(L) = n(L),
Ho(L) = (T ,)

T, — cpenHsisi NpOIOIXH-
TENBHOCTb TEKYILETO pe-
MOHTa

IIpocrauBaeT no opra-
HU3aLUOHHBIM TNMPHYH-
HaM — MCNpaBeH

pao = (T

Tn — Cp€aHAA NPOOOJIXHU-
TECJIBHOCTb NMPOCTOSI

KanurtanbHbelif peMOHT
arperata — MCNpaBeH

pso(L) = (T &)™

T, — cpemusisi npoxon-
XUTENLHOCTb  MPOCTOSI
NMpPU CHATHM arperata
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Ipodonxcenue

®opmyna, npuHsITast
M HTEHCHUBHOCTD p gpa’cqgre IIpuMeyaHue
CnucaHue arperara — Iy = f el T; — cpegHee BpeMs 3a-
HUCNPpAaBCH “60( ) - ( p ) MEHBI arperaTta
HcnpaseH, He paboTtaer e T -
(n A3MHMUHBIE U BBI- Hao(L) = (T o) Thp — CPEMHsAA MpoKion
p ) JXKUTENBHOCTh MPOCTOSA
XOOHBIE THU) — MCIpa-
BEH, paboraet

3nayeHust napaMerpoB Mogenau (2.30) Ags(L), Ags(L), Agg(L) MoryT
OBITH onpenesieHbl AByMsl criocobamu. COrfacHO MepBOMY CIIOcoGy Io-
JIydeHHbIe 3HAYEeHUsI IIapaMeTPOB IMOTOKA OTKA30B aBTOMOOMIISI, CBSI3aH-
HBIX C €ro TeKYIIMM PEMOHTOM, KalIUTAJIbHBIM PEMOHTOM H CITMCaHUEM
€ro arperaToB, anMmpoOKCUMHUPYIOTCS 3KCIOHEHLMATBHBIMY 3aBUCUMOC-
TIMHU CJIeAYIOLIEro BHIa:

MiAL) =exp(ay + a; . x+ ... + a, . x"),

rae x — npober aBTOMOOWJISI ¢ Hayasia KCIJIyaTaluuu, ThIC. KM;
i — HOMep COCTOSIHMSI, B KOTOPOM HaXomuTcsl aBToMoGwIb, i = 3,5,6.

Ownbka annpoKCUMaluU NMPU HEOOJBIUUX 1 OBIBa€T BHICOKOH U
MoxeT pocturath 10—20%. DTo OOMH U3 IIABHBIX HEJIOCTATKOB MEPBO-
ro crnocoba, CymecTBEHHO CHMXAIOUIUMH TOYHOCTh IMOCJEAYIOIIUX pac-
4YeTOB rofoBoro npobera. Yka3aHHbIII HELOCTaTOK MOXHO MCKJIIOUHTb.

CoriacHO BTOpPOMY CIIOcO0Y IMapaMeTpsl Ags, Ags, Agg 3aAIOTCS TUC-
KPETHO ISl KaXJ0ro MHTEpBaja npobera M SBASIOTCS MOCTOSHHBIMM
BEJMUMHAMM Ha KaXAOM 3aJaHHOM WHTepBaie Nnpobera, COCTaBISIO-
mem 10—20 ThIC. KM, HO 3HAYEHUSI STUX MapaMeTPOB MEHSIOTCS B Teye-
HUe mnpobera ¢ Hayajla 3KCIUIyaTalUd aBTOMOOWIS CKaykooOGpasHO OT
OIHOTO MHTEpBaJia K APYTOMY.

MeToa AMHaMUKU CPeIHUX MOXET ObITh UCIIONIL30BAH U IJISI ONpe-
neneHusi Ko3d@uuMeHTa BBIITyCKa aBTONapKa, COCTOSILLETO U3 aBTOMO-
Owieit pa3HbIX MOZEJIEH.

YKazaHHas 3aaya MOXET ObITh pelieHa IByMs crioco6aMu. IlepBriit
croco6 COCTOMT B PaCCMOTPEHUH U30JMPOBAHHOTO MpoLecca IKCITya-
TallUH COBOKYITHOCTH aBTOMOOWJIE! ONHOI MOneHu.

Bropoit crnoco6 npeamnonaraeT pacCMOTpeHHe npouecca GhyHKIIUO-
HUPOBaHUS MoJesei aBToOMOOWIed MHOroMapoOYyHOro napka B LesioM. B
3TOM cilyyae 6e3 NPUHLUMUITHATbHBIX H3MEHEHUI MOXET ObITh UCIIOJIB30-
BaH M3JIOXEHHBII BhIlIE COco6, pasHULA OyIET TOJLKO B TOM, YTO
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yucino aucddepeHUNANbHBIX YPAaBHEHUI YBEJIUYUTCS B 1 pa3, TAEe n —
YUCJIO MOZEJei MOABUXKHOIO COCTaBa, OOCIY>XXUBAaeMbIX Ha OXHUX U TeX
xe noctax TO u TP. Mcnonb3oBaHue MeToga AMHAMUKU CPENHUX VTSI
omnpeneseHus: K03HGUIUEHTOB TEXHHYECKOH TOTOBHOCTU M BBIMYCKa
aBTOMOOWIEH MoJesieil pa3HOMapoYyHOro Mapka' Mo3BOJISIET YYECTh Or-
paHMYEHHOE KOJIU4ecTBO noctoB M nposeaeHus TO u TP,

Ipu omnpeneneHun KO3GULIUEHTOB TEXHUYECKOH TOTOBHOCTH U
BBIITyCKAa aBTOMOOMWJIEHl pa3sHOMApOYHOro napka Heo0XoOUMO pa3OUTh
BCE MOJIEJIU IMOABUXHOIO COCTaBa, 3KcIutyaTupyiowerocs B ATII, Ha
IPYIIBI, BKJIKOYAIOLUIME aBTOMOOUIU TEX MOAEJEH, KOTOPbIe OOCIYXU-
BalOTCS Ha OAHUX U Tex xe nocrax TO-2 u TP. s Kaxnoit rpymnmnsl Mo-
Jeieil MOABUXKHOIO COCTaBa CTPOMTCS eAuHasi cucreMa auddepeHn-
aJbHBIX YpaBHEHUH, onuchkiBaouiasi GyHKIUOHUPOBAHUE COOTBETCTBY-
IOLIE# TpyIIbsl aBTOMOOWIEH'.

3apauun

2.1. B MOMEHTBI BpEMEHH /|, t,, {3 IPOBOAUTCS OCMOTD SBM Bos-
MOXHBHI CJieAyIolIue COCTOTHUSI DBM:

Sy — MOJHOCTBIO MCIPaBHa;

§; — He3HayMTeNbHBIE HEHCIPAaBHOCTH, KOTOPBIE MO3BOMISIOT JKC-
ryatupoBath 9BM;

S, — cyluecTBEHHbIe HEHCIIPaBHOCTH, AAlOLIMEe BO3MOXHOCTh pe-
1IaTh OrPaHMYEHHOE YUCIIO 331ay;

§3 — DBM MOMHOCTBIO BbILLIA U3 CTPOS.

Marpuua nepexonHslx BEPOSITHOCTEN UMEET BUL

05 03 0,2 0
O 0,4 0,4 0,2
"B.l" 0 0’3 0’7
O 0 0 1

ITTocmpoiime rpad cocrosiuuii. Haiidume BEPOSITHOCTH COCTOSIHMIA
DYBM nocne ogHOro, ABYX, TPeX OCMOTPOB, eciin BHauaje (rmpu ¢ = 0)
DBM 65bU1a NOJHOCTBHIO UCIIPABHA.

2.2. Mara3uH npojaeTt ABe Mapku aBToMoOuneit A u B. Ombit 3Kc-
IUTyaTallMM 3TUX MapOK aBTOMOOWJIEH CBUIETENBbCTBYET O TOM, YTO IUISL

! TIpuMeps! pacueta KoadduuMeHTa BhIycKa U K03¢hHHULMEHTa TEXHUYECKOI
TFOTOBHOCTH /IS Pa3IMYHBIX MApOK TMOXBHXKHOIO COCTaBa CM.. Bepexcroii B. H.,
bepexcrnas E. B. MeToabl U MOIENH YMPaBJICHUS MaTCPUAIbHBIMHU MOTOKAMM
MMKPOJIOTHCTUYECKOI CUCTEMBI aBTOMPEANPUsITUA. — CTaBponob: MHTeeKT-
cepBuc, 1996.
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HHUX UMEIOT MECTO pa3/IMYHble MaTpULbl MEPEXOMHBIX BEPOSITHOCTEH,
COOTBETCTBYIOIIME COCTOSSHUSM: paboTaeT XopouIo (CocTosiHue 1) u Tpe-
OyeT peMOHTa (COCTOSIHUE 2):

0,9 01
78)! A Py= ;
aBTOMOGH/Ib Mapku A Py 06 04
aBTOMOGWIIb Mapku B Pg = 08 02 .
07 03

DJeMEeHTH MaTpUUbl Mepexona ONpelesieHbl Ha TOHOBOM NMEepHOLI
SKCILJIyaTallM aBTOMOOMIS.

Tpebyemcs:

1) HaifTM BEPOSTHOCTU COCTOSTHUM IUIST KaXIOW MapKy aBTOMOOHUJIA
nocJie ABYXJIeTHEH SKCIUIyaTallMH, €CJIM B HaYaJIbHOM COCTOSSHUU aBTO-
MOOWJIb «pabOTaeT XOPOILIO»;

2) onpenenuTh MapKy aBTOMOOWJISI, SIBJISIIONIYIOCS ©GoJsiee Mpenrno-
YTUTEJIBHO U TPpUOOPETEHUS B JIMYHOE IMOJIb30BaHUE.

2.3. CucreMa S-aBTOMOOHJIb MOXET HAaXOAUThCA B OMHOM M3 IIATH
BO3MOXHBIX COCTOSTHMIA:

HCIpaBeH, paboTaeT;

HEUCINpaBeH, OXUIAET OCMOTPA;

OCMaTpHUBaeTcs;

PEMOHTUPYETCS;

CITMCHIBAETCS.

ITocrpoiite rpadp cOCTOSTHUI CHCTEMBI.

2.4. OpraHusauus o NpPoKaTy aBTOMOOUJIEH B ropole BbIIAET aB-
TOMOOWJIM HanpoKaT B TpexX NMyHKTax ropona: A, B, C. KinueHTsl Moryt
BO3BpallaTh aBTOMOOWIM B JIIOO0OM M3 TpeX MYHKTOB. AHAIM3 Ipolecca
BO3BpallleHUsT aBTOMOOWJEH M3 MpoKaTa B TEYEHHUE rofa IoKasasl, YTo
KJIMEHTB BO3BpalllaloT aBTOMOOWIM B IMyHKTH A, B, C B cooTBeTCTBUHU
CO CJIEAYIOLIUMH BEPOSITHOCTSIMHU:

s T — IlyHkTHI NpiemMa aBTOMOGUNEH
A B C
A 0,8 0,2 0
B 0,2 0 0,8
C 0,2 0,2 0,6

Tpebyemcs:

1) B MpeAnoaoXeHUU, YTO YUCIO KJIMEHTOB B TOpOJe HE U3MEHSIET-
csl, HAWTU NPOLEHTHOE paclpelesieHue KIMEHTOB, BO3BpalllalolINX aB-
TOMOGWJIM IO CTaHLUSM IpoKaTa K KOHLY roga, €Cid B Hayajie rozxa
OHO OBIJIO paBHOMEDHEBIM;
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2) HaWTH BEPOSITHOCTU COCTOSTHMI B YCTAHOBHMBILIEMCSI PEXHUME;

3) onpenenuTh MYHKT MPOKaTa, y KOTOPOro 6osee Leaecoodpa3Ho
CTPOUTH CTAHLIMIO 110 PEMOHTY aBTOMOOWJIEIA.

2.5. PaccMaTpuBaeTcsl MpOLIECC HAKOIUIEHUSI TEPMHHOB B IMHAMHU-~
YeCKOM cjioBape (Te3aypyce) npu (yHKIMOHUPOBaHMU aBTOMAaTH3UPO-
BaHHOTro 6aHka AaHHBIX (ABJl). CyuiHoCTh npouecca B TOM, YTO TEPMU-
HBI 3aHOCATCS B CJIOBaphb IO M€pe HX MOSIBJIEHUS B TOM MHGOpPMaIUH,
kotopasi BBogutcsi B AbJl. Hanpumep, B AbJl aBToOMaTu3upoBaHHOM
cucteMsl ynpasieHust mpousBoactBoM (ACYII) MoryT B KayecTBe Tep-
MHHOB 3aHOCHThCS HaMMEHOBaHWsI OpraHU3aluil, ¢ KOTOPHIMH JaHHOE
MpEeANpPUATHE MONAEPXUBAET MPOU3BOACTBEHHbIE OTHOLUEHUs. JIuHa-
MHYECKUH CIOBapb HAMMEHOBAaHUM TaKMX OpraHM3alMi O6yldeT Hakam-
quBathcsl B ABJ] ACYII nmo Mepe MosiBJIeHHsS 3THX HaMMEHOBaHUIii B
enMHULax nHpopMauuu, BBoauMbIX B AB/I.

B xaxnoit ennHuue MHpopMauuu, nocrynaiowmeit B ABJl, B cpen-
HEM BCTPEYaeTCsl X TEPMUHOB CJIOBapsi, @ MHTEHCUBHOCTb MOCTYILIE-
HuA eauHu MHGopMauuu B ABI] paBHa X(f). CnenoBarebHO, MHTEH-
CHBHOCTb NOTOKAa TEPMUHOB CJIOBaps B HH(GOPMaLWH, IOCTYNAIOILEH B
ABJl, 6yzeT A(f) = xA(?). IIpennonaraercs, 4T0 MOTOK TEPMHHOB CJIO-
Baps SIBJISIETCS] MyaCCOHOBCKMM. UHCJIO TEPMHHOB CJIOBapsl n SIBJISIETCS
KOHEYHBIM M HeCIy4aiHBIM, XOTsI, BO3BMOXHO, U HEU3BECTHBIM HaM 3a-
paHee. Bce TepMHHBI ClIOBapsi MOTYT HaXOAMThCA B equHULIE HHOpMa-
MU C OMUHAKOBOI BEPOSITHOCTHIO. B Cj10Baph 3aHOCSTCSI, ECTECTBEHHO,
JIUIIB T€ TEPMUHBI, KOTOPBIE JO CHX IOP elle He BCTPEYATUCh B eAMHU-
Lax uHGopMaluH.

Tpebyemcs HATH MaTeMaTHYeCKOE OXHIAHUE U nncnepcmo YyHucia
TEPMHHOB, HAKOIUIEHHBIX B JUHAMUYECKOM CJIOBape’.

2.6. Bonutens TakcH OGHApY:KUJI, YTO €CJIM OH HaXOMMTCS B ropoie
A, 10 B cpeaHeM B 8 ciyvasx u3 10 OH Be3eT ClIeqyIolero naccaxupa B
ropox b, B ocranbHbIX ciydasix 6ymer moesaka mo roponay A. Eciau xe
OH HaxoauTcs B ropoae b, To B cpenHeM B 4 ciyyasx u3 10 oH Beser
CJICAYIOLIETO MaccaXupa B ropol A, B OCTJIbHBIX XK€ ClIydasix Oyner mo-
e3nka 1o ropoay b.

Tpebyemcs:

1) nepeyncINTL BO3MOXHEIE COCTOSIHMSL Tpollecca U IOCTPOMUTH

rpad coCTOsSIHMH;

2) 3anucaTh MaTpUIly MEPEXOMAHBIX BEPOSATHOCTEI;

3) HaliTH BEpPOSITHOCTHU COCTOSIHMI IMOCJIe OBYX LIAroB Ipoliecca,

ecnm:
a) B HAYJILHOM COCTOSIHUM BOAUTENIb HAXOOUTCS B ropoue A;
0) B HaYaJIbHOM COCTOSIHUHM BOIUTEb HAXOOMUTCS B ropoie b;
4) Hal'TH BEPOSITHOCTU COCTOSIHMIA B YCTAHOBHBILUEMCS PEXXHME.

! Benmyeaw E. C., Osuapos JI. A. TlpuxnagHble 3a1a4y TEOPHHM BEPOSITHOC-
Teit. — M.: Paguo u cBs3pb, 1983.
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2.7. Cuctema S npeacTaBiisieT cCo00i TEXHUYECKOe YCTPOMCTBO, CO-
CTosilLiee U3 m Y3JIOB U BPEMST OT BDEMEHHU (B MOMEHTHI 1y, Iy, ..., #;) TION-
Bepraouieecs NpopuIaKTHIeCKOMY OCMOTPY U peMOHTY. Ilocie Kaxmo-
ro mara (MOMEHTa OCMOTpPa M PEMOHTA) CHUCTEMa MOXET OKa3aThCs B
OIIHOM M3 CJIEAYIOLIUX COCTOSTHUM:

Sp — Bce y3nbl HCTIpaBHBI (HU OAMH HE 3aMEHSJICS HOBBLIM);

S| — OOMH y3es 3aMEHEH HOBBIM, OCTaJIbHBIE UCIIPaBHBI;

S, — IBa y31a 3aMEHEHbl HOBBIMH, OCTAJIbHbIE MCITPABHBI;

S; — i y3n0B (i < m) 3aM€HEHBI HOBBIMH, OCTAJIbHBIE MCIIPABHBI;

S,, — BCE m y310B 3aMEHEHBI HOBbIMH.

CyMMapHBIif TOTOK MOMEHTOB OKOHYaHUsI OCMOTPOB IJIS1 BCEX Y3-
JIOB — IIyaCCOHOBCKMIA C MHTEHCHBHOCTHIO A = 4. BeposiTHOCTb TOTrO,
YTO B MOMEHT NPOGUIIAKTUKHU y3eJl MPUIETCA 3aMEHUTh HOBBIM, paBHa
P =0,4.

PaccmarpuBas npouecc NpohUIaKTHYeCKOT0O OCMOTpPa MU PEMOHTA
(3aMeHbI) KaK MapKOBCKHI1 MPOLIECC pa3sMHOXEHUS, 8b/HUCAUME BEPOSIT-
HOCTH COCTOSIHMI cHCTeMBI (S) B CTALIMOHAPHOM pexuMe (it m = 3),
€C/IM B HaYaJIbHbI# MOMEHT BpEMEHHU BCE Y3JIbl UICIIPaBHBI'.

2.8. TexHuyeckoe yCTPONCTBO UMEET JBa BO3MOXKHBIX COCTOSTHMS:

S} — ucnpaBHoO, paboTaeT;

S, — HeUcnpaBHO, PEMOHTHDYETCSI.

MaTtpuia nepexogHbIX BEPOSITHOCTEN UMEET BUA:

0,7 0,3
||P'l"= 08 0,2

ITocmpoiime epag cocrosinuit. Haiidume BepOSATHOCTH COCTOSTHUM
MOCJIe TPETHETO 1Iara U B YCTAHOBUBILIEMCS PEXUME, €CIIM B HAYATbHOM
COCTOSIHMM TEXHMYECKOE YCTPOMCTBO MCHPAaBHO.

2.9. CucreMa S coctouT U3 ABYX y310B — I u II, Kaxnpiii U3 KoTo-
PBIX MOXET B X0Jie¢ paGOThl CUCTEeMbI OTKa3aTh (BBIATH U3 CTPOS).

Ilepexucaume BO3MOXHBIE COCTOSTHHUSI CUCTEMBI U nocmpoiime rpad
COCTOSIHM# JUIS1 IBYX CIIy4yaes:

1) peMOHT y3/10B B mpolecce paGoThl CUCTEMBI He MPOU3BOAMUTCS

(4ucTHIN Mpouecc rubesu CUCTEMBI);

2) oTKa3aBILUMIii y3eJ] HEMeIJIEHHO HauMHAEeT BOCCTaHaBIMBAThCS.

2.10. B ropoze uspatorcst Tpu XxypHana: Cy, C,, C3, ¥ UMTaTeIM BbI-
MUCHIBAIOT TOJLKO OJUH M3 HMX. ITycTh B cpeHEM YMTaTEeNU CTPEMSIT-
CA MMOMEHATH XYypHaJ, T. €. MOANMMCATLCA Ha Apyroi He 6Gojiee OMHOIO
pasa B Toll, U BEpPOSTHOCTU TaKMX MU3MEHEHHUIi MOCTOSAHHBI. Pe3ynbrarhl
MapKEeTHMHIOBBIX HCCJIEIOBAaHUM CIIpoca 4YWTaTesieil Ha XYpHalbl Jajiu
cieayiouiee MpoLeHTHOE COOTHOLIEHUE:

' Benmyens E. C., Osuapos JI. A. IlpuknaaHeie 3aa4y TEOPUM BEPOATHOC-
Teil. — M.: Paauo u cBa3p, 1983.
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80% umrareneit C; noanucheiBaiotcs: Ha Cy;

15% uurateneit C, nognuceiBaiorcs Ha Cs;

8% uurateneit C; nonnuceiBarorca Ha Cj.

Tpebyemcs:

1) 3anucaTh MaTpULy MEPEXOMHBIX BEPOSITHOCTEN MUIsl CPEAHUX TO-
JOBBIX U3MEHEHHU;

2) NMpeRnoJOXHUTb, YTO OOLIEEe YUCIIO NMOAMTUCYUKOB B TOPONIE MOCTO-
SIHHO, M OIPENEINTb, KaKas IO U3 UX Yucia OyJeT MOMITUCHI-
BaThCSl Ha yKa3aHHbIE XYypDHaJIbl Yepe3 Ba rofa, €Ci Mo COCTO-
SIHMIO Ha 1 ssHBaps TeKyLUEro roaa KaXablil XypHaJl UMeJl O0HHa-
KOBO€ YMCJIO NMOXNHMCYUKOB,;

3) HaliTH BEPOSITHOCTH COCTOSIHMII B YCTAHOBUBILUEMCSl pEeXUME U
OMNpeneUTh XypPHall, KOTOPbIi GyIeT MOJb30BaThCSI HAaUOOJb-
LM CIIPOCOM Yy YHUTaTeNEeH.

2.11. TexHnyeckoe YCTPOHWCTBO COCTOMT U3 zuayx Y3JI0B M1 MOXET Ha-

XOIUTHCS B ONHOM M3 CJIEAYIOLLHX COCTOSTHHIA:

oba y3na ucnpaBHbI, paboTaloT;

HEUCIpaBeH TOJILKO MEPBBIH y3e;

HEUCTIPaBEH TOJILKO BTOPOii y3en;

HEHUCIpaBHbBI 06a y3na.

BeposSITHOCTD BBIXOAa M3 CTPOS (OTKA30B) MOC/IE MECSIYHOU IKCIUTY-
aTalluMy Juls nepBoro y3na — Py = 0,4; wisa Broporo y3na — P, = 0,3, a
BEPOSTHOCTb COBMECTHOTO BbIXOZa X U3 CTpost — Pj 5, = 0,1. B ncxon-
HOM COCTOSIHMM 00a y3/1a MCIpaBHbI, pabOTaIoT.

3anuwiume MaTpyLLy NepeXOAHBIX BEPOSTHOCTEH U Halidume BEPOSIT-
HOCTHU COCTOSTHHIt MOCJIE ABYXMECSYHOMN 2KCIUTyaTalluH.

2.12. PasMeyeHHBlit rpa¢ COCTOSIHUI CHUCTEMBI S UMEET BUA, MTOKa-
3aHHBIN Ha puc. 2.14.

Puc. 2.14. Ipad cocrogHuit
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3anuwume cucteMmy nuddepeHIHaANBHBIX ypaBHeHHT KoMoroposa
M HadaJIbHBIE€ YCJIOBUS ISl PELIEHUS CUCTEMBI, €CJIM M3BECTHO, YTO B
HayaJbHBIIl MOMEHT CUCTEMa HaXOOUTCS B COCTOSIHUU ).

2.13. DkoHOMHYECKAsT cCUCTEMA S MMEET BO3MOXHBIE COCTOSTHUA:
Sy, Sy, 83, S4. PasMeueHHHIH rpad COCTOSIHUMIT CHCTEMBI C YKa3aHHEM
YHCJIEHHBIX 3HAaYeHHW HHTEHCUBHOCTEM Mepexoaa ImoKa3aH Ha puc. 2.15.

Puc. 2.15. Ipad cocTosiHHit cCHCTEMBI

Boiyucaume BEPOSATHOCTH COCTOSIHUM B CTALIMOHAPHOM pEXUME.

2.14. PasMeudeHHbII rpad COCTOSTHUUA IKOHOMHUYECKON CHUCTEMBI C
yKa3aHMEM YUCIEHHBIX 3HAaYeHUM MHTEHCHUBHOCTEH Iepexofa CUCTEMBI
nokasaH Ha puc. 2.16.

Puc. 2.16. Ipad cocTossHMit CUCTEMBI

Hanuwume anre6panyecKye ypaBHEHMS IJII BEPOATHOCTEH COCTOSA-
HUI B YCTAaHOBHMBLIEMCSI pexuMe. Onpedeaume GUHANbHEIE BEPOATHOC-

TH COCTOSIHUIA CHCTEMHI.
2.15. Ipad cocTOSSHM#H CHUCTEMBI MMEET BHI, MPHUBEOECHHBIN Ha

puc. 2.17.
A2 Az

32 /3-1\1 33

)

Puc. 2.17. Ipad cocTOsIHMI CUCTEMBI
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Hanuwume anredpandyeckue ypaBHEHHUS IJsI BEPOSATHOCTEN COCTO-
SIHU{ B CTALIMOHAPDHOM pEXHUME U Halidume BBIDAXEHUE IS THUX Be-
POSITHOCTEH.

2.16. Haiidume BepOSITHOCTH COCTOSIHWI B YCTAaHOBMBILIEMCSI PEXM-
Me JUIst TIpoLecca THOeIM M pa3MHOXEHHUsI, rpach KOTOPOTo NMpeACTaBieH
Ha puc. 2.18.

2 1 3

S )R S ) S5 S
VT T &

Puc. 2.18. Ipad cocTosiHHit CUCTEMBI

2.17. Ha aBrotpaHcnioptHoM npennpuatuu (ATIT) skcrutyaTHpyoT-
Csl MOIEJIM aBTOMOOWIEeH oqHON Mapku. NHTEHCUBHOCTD NOCTYIUIEHUS
Ha ATII HoBbIx aBTOMOGMIIEH A = 5 aBT/rog. CpenHuit cpok CiyxObl
aBTOMOOMNA 0 cnucanusa T, = 7 jieT. Benuunna T, pacnpenesneHa —

IO 1OKa3aTeJILHOMY 3aKOHY C NapaMeTpoM =?l-—.
cn

Haiidume GuHaNbHBIE BEPOSITHOCTH U MaTeMaTHYeCKOe OXHWAaHHe
YUCJia 9KCIUTyaTUPYyeMBIX aBTOMOOWJIEH B CTALIMOHAPHOM DEXUME, eCIIH
yucio asromoouneit B ATII He orpaHUYeHO.

2.18. B 3amaue 2.17 4nClIO 3KCILUTyaTUPYEMbIX aBTOMOOHJIEH OrpaHu-
YyeHo, n = 60 eguHML.

Haiidume buHaNbHBIE BEPOSITHOCTH U MaTeMaTU4YeCKOe OXHAaHUE
YHUCiia IKCIUTyaTUPYEMBIX aBTOMOOMJIEH B CTallMOHAPHOM peXHUME Ha
ATIL.

2.19. Haiidume BEpOSITHOCTH COCTOSIHUI B CTAllMOHAPDHOM DEXHMeE
IUIs1 Tpolecca rubei U pa3MHOXEHMs, rpad KOTOpOro nokasaH Ha
puc. 2.19.

3 4 2 3
Si 1 \32/‘ 3 \33/‘ 2 Sa 5

Puc. 2.19. Ipad cocTosiHMi CUCTEMBI

2.20. Cucrema yyeTa Ha NMPEOTNIPUSITUU UCIIOJIB3YeT KOMITBIOTEPHYIO
ceTh, B COCTaB KOTOPOH ‘BXOAMT # = 6 NEPCOHAIbHBIX KOMIIBIOTEPOB
(ITK). ExeronHo oOcCnyXuBalOMMi MEPCOHaAN MPOBOAUT MPOGUIIAKTH-
yeckuit ‘ocmotp Kaxaoro [TK. CyMMapHBbIii TOTOK MOMEHTOB OKOHYa-
HUSI TPOPMITAKTHYECKUX OCMOTPOB VISl BCETO YYacCTBYIOLIETO NMEpPCoHa-
Jia — MyaCCOHOBCKMM ¢ MHTEHCUBHOCTBIO A = 0,5 4~ (4UCJIO COOBITHI
B eAWHULY BpeMeHM). [lociie OKOHYaHMSI OCMOTpa C BEPOSITHOCTHIO
P = 0,86 ycranaBnuaetcsa, uto I1K — paGorocmocoGusit. Ecnu ITK
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0Ka3aics HepaGoTOCMOCOOHBIM, TO BHOBb MPOBOAMUTCS NMPOdUIAKTHUKA.
B HayanbHbI MOMeHT Bce [1K KOMIMBIOTEPHOI CeTH HYXHAIOTCS B MPO-
(bnIaKTHYECKOM OCMOTPE.

Iocmpoiime rpad coctossHuit gus cucremsl S (6 1K), nanuwume
nuddepeHIMaNTbHbIE YPAaBHEHUST ISl BEPOSTHOCTEN cocTosiHUit. Haii-
Oume BEpOSITHOCTU COCTOSTHUM P{(3) M MaTeMaTH4YeCKOe OXHUAaHHUE YyC-
Jla NEePCOHAJIHBIX KOMIBIOTEPOB (M3), yCrieuHo npoueammnx npodu-
JIAKTUKY TOCJIE TPEX YacoOB C Hayaja obciayxuBaHus (1 = 3).

2.21. Ucnons3yitite ycnosue 3anayd 2.20, 3a UCKIIOYEHUEM TOTO,
uTO CHCTEMa YueTa NPEANPUATUS MPUMEHSET He LIECTb, a JeCATh nep-
COH&IbHBIX KOMITBIOTEPOB.

2.22. Pa3MeyeHHBIH rpa¢ COCTOSHUII B YyCTAHOBMBLIEMCS peXuMe
IUISL TIpoliecca TMOeIM U pa3MHOXEHUS IpuBeaeH Ha puc. 2.20. .

2 3 5

o\ w0\ >
S, K 2 S, Y La T ’IO
G 4 \2/‘ 1 @ 6 Ss

Puc. 2.20. Ipad cocTosiHMiT CHCTEMBI

2.23. Ipad cocTossHUN cUCTEMBI UMEET BMUI, NMPUBEAEHHBIH Ha
puc. 2.21.

Puc. 2.21. Ipad cocTostHMIT cHCTEMBI

Haiidume BEpOATHOCTU COCTOSIHUM CUCTEMBI B CTallHOHAPDHOM
pexXuMme.

2.24. PaccMaTpuBaeTcsi MPOU3BOJACTBO MEPCOHAIBHBIX KOMITbIOTE-
poB Ha 3aBozge. [TOTOK MpOU3BOAUMBIX KOMl'lblOTepOB - npoc:'renumu
MyacCCOHOBCKHI ¢ MHTEHCUBHOCTBIO A(f) = A = 1200 rox~ (‘IPIC.T[O KOM-
NbIOTEPOB B TOM). '

Onpedeaume BepoSITHOCTH Bbinmycka 5000 KoMIbloTepoB. 3a 4eThipe
roma paGoOTHl 3aBOAA @biMUCAUME XAaPAKTEPUCTUKHU IpoLecca npouaBon-
crBa I1K m[X(#)] u D[X(¥)], npu ¢t = 4 rona.

ITocmpoiime rpad cocrosiHUit npouecca npoussonactsa ITK.
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2.25. AymuTopckast ¢upMa pa3paGaThIBaeT MPOEKTHI OTHENBHBIX HO-
KYMEHTOB mis1 6 npeanpusituii. [IoTok pa3paGaTbiBaeMBIX JOKYMEHTOB —
MPOCTEN N NTYaCCOHOBCKUM C MHTEHCUBHOCTBIO A = 2 mecsua” !, On-
pelleJIuTe 3aKOH pacrlpeaeseHusi ciydaifHoro mpouecca X(f) — 4ucio
pa3pabaTbiBaeMBIX JOKYMEHTOB Ha MOMEHT BpeMeHHU ¢ = 2 Mecslla, ec-
J1 B MOMeHT ¢ = () HayaTa pa3paboTKa JOKYMEHTOB.

Boeivucaume mMarematndeckoe oxunanue M[X(f)] caywaitHoro mpo-
unecca X(f), npeaBapuTesIbHO MOCTPOMB pa3sMEYEHHBIH rpad COCTOSTHUM.

2.26. PasMeueHHbIN rpad COCTOSIHUI B YCTAHOBMBLIEMCS pEXHUMeE
JUISL TIpoliecca THOeNM M pa3sMHOXEHMS TIpUBENEH Ha puc. 2.22.

3 1 2 4 5
N N
S Sz S; J¢ S4 Ss Se
1 N~ 2 = 3 2 3

Puc. 2.22. Ipad cOCTOSIHMI CUCTEMBI

Haiidume BEPOSITHOCTH COCTOSIHUH.
2.27. Ipad cocTossHMiT cUCTeMbl MMeeT BMI, NPUBEICHHBIN Ha
puc. 2.23.

Puc. 2.23. Ipad cocTossHUit cUCTEMBI

Haiidume BepOSITHOCTH COCTOSIHUA B CTallMOHAPDHOM peEXHMeE.

2.28. PazmeueHHBI rpad COCTOAHUIN NpecTaBiieH Ha puc. 2.24.

Haiidume BepOSITHOCTH cOCTOsIHUM S; M XapakTepuCTHKY M[X(¥)] Ha
MOMEHT BPEMEHH ! = 3,

B—E—O—E—E
Puc. 2.24. Ipad cocrosiHuit cucTeMbl
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2.29. PazmeyeHHbI Tpad COCTOSIHMI MpeACTaBleH HA puc. 2.25.
Haiidume BEpOSITHOCTH COCTOSIHUI S; U XapaKTepUCTHKY M[X(t)] Ha
MOMEHT BPEMEHH ¢ = 4.

3 3 3
(s)——(s—(s)—(5)
Puc. 2.25. Ipad cocTOsSsHHI# CUCTEMBI

2.30. PasmeueHHbIit Tpad COCTOSTHMM NpeAcTaBieH Ha puc. 2.26.

5 5 5 5 5 5
(S5 )——s)—(s)—(S)—>
Puc. 2.26. Ipad cocTostHuM cUCTEMBI

Haiioume BeposiTHOCTH cocTOosTHUH S; U xapaktepuctTukun M[X(f)] u
DIX(H] nns t = 2.

Mmasa 3

MoagenuposaHue cucrtem
MacCOBOro oocnyxusaHus

3.1. KomnoHeHTb! U knaccudukaumsa
Mopaesieii MaccoBoro o6cnyxueaHus

PaccMOTpeHHBIN B 1. 2 MapKOBCKMI CyyalHBI# MpOLECC C JIUC-
KPETHBIMHM COCTOSIHUSIMU UM HEINPEPHIBHBIM BPEMEHEM MMEET MECTO B
CHCTeMaX MacCOBOTO OGCJIy>KHBaHMS.

Cucmembl MAccoo20 00CAYHCUBAHUS — FTO TAaKHE CUCTEMBI, B KOTO-
pbi€ B CilyyaliHble MOMEHTBI BPEMEHHU TMOCTYNAIOT 3asiBKM Ha OOCITyXH-
BaHHUE, MPH 3TOM IOCTYMUBILIKE 3asIBKH OOC/IYXXHBAIOTCSI C NMOMOILIbIO
HMEIOLIUXCS B PACHOPSIKEHUHM CHCTEMbI KaHAJIOB O0C/Ty>XHBaHMS.

C nmo3uuMu MOAETUPOBAHMS IMPOLIECCA MAaCCOBOTO OOCTYXXHBaHHUS
CHUTYaLlMH, KOrna obpa3yroTcst ouepenu 3assBOK (TpeboBaHMit) Ha ob6CITy-
>XKMBaHUE, BOSHUKAIOT CJIeAyIOLIUM obpa3oM. ITocTynmuB B 06CTyXHUBaKO-
LIYI0O CUCTEMY, TpeOOBaHUE MPHUCOEIMHSIETCS K oYyepeau Ipyrux (paHee
MOCTYNMUBIUKX) TpeGoBaHuil. KaHam o6CnyXHBaHUs BEIOHpaeT TpeboBa-
HHE U3 HaXONSUIMXCS B OYEpPEOIH, C TeM 4YTOOBI MPUCTYIHUTh K €ro 00-
cnyxuBaHuio. ITocse 3aBeplueHUs] MpoLEeaypsl OOCTYy>KMBAaHUSI O4epe-
HOrO TpeOOBaHUSI KaHa OOCY>XXUBAHUS IPUCTYIMAET K 0OCIYXHBAHHIO
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cjieqylomero Tpe6oBaHMs, €CIM TaKoe MMeeTcsi B OJ0Ke OXHAAHHS.
Iukn GyHKIMOHMPOBAHHUS CHCTEMBI MacCOBOrO OGCTYXXMBaHMs OJ00-
HOrO pojia MOBTOPSIETCSI MHOTOKPAaTHO B TEYEHHE BCEro nepuoaa padbo-
Thl OoGCIyXHBalowed cucteMbl. [IpU 3TOM mpeamnosnaraeTcs, YTo Irnepe-
X0 CUCTEMBI Ha OOCTyXXMBaHHE O4YEPEIHOT0o TpeGOBaHUS MOC/E 3aBep-
IIEeHUs 00C/Iy>XXHBaHHS MPEABIAYIUETO TPeOOBaHUS NMPOUCXOAUT MIHO-
BEHHO, B CJIyyaifHble MOMEHTBI BPEMEHH.

IIpuMepaMu cUCTEM MacCOBOTO OGCIY>XMBaHHSI MOTYT CIIYXXHTh:

® TIOCTBI TEXHHYECKOTO OOC/Ty>KHUBaHUSI aBTOMOGUJIEI;

® TIOCThl PEMOHTa aBTOMOGWJIEH;

® [IEPCOHAIbHbIE KOMITBIOTEPDI, 0OC/Ty>)KUBAIOLME MOCTYTIAIOIIHNE 3a-
SIBKM WIM TpeOOBaHMUSI Ha pellieHHEe TeX WIM MHBIX 3ajay;

® CTaHIIMHY TEXHUYECKOTo OOCIYXXHMBaHHs aBTOMOGWUIIEI;

® aynuTOpcKue (DUPMBI;

® OTHEJIBl HAJIOTOBBIX MHCIEKUMH, 3aHUMAIOLIUECT NMPUEMKOH M
MPOBEPKOI TEKYILIEH OTYETHOCTU NPEAIIPUATHIA;

o TeJiepOHHbIE CTAHUIUM U T. I.

OCHOBHHIMH KOMIIOHEHTAaMU CHUCTEMbl MacCOBOro OGCIYKMBaHMS
J060r0 BUAA SIBJISIIOTCS:

® BXOJZHOH MOTOK NMOCTYNaIOUIUX TPeOOBaHUN WM 3asIBOK Ha 006CTy-
XHUBaHUE; '

o TMCUHUIUIMHA OYEPEIH;

® MEXaHU3M OOCIy>XUBaHUSI.

PackpoeM comepxaHue KaxXAaoro U3 yKa3aHHBIX BbIllle KOMIIOHEHTOB.

JInst omucaHus 6x00H020 homoka mpebo8aruil HYXKHO 3a1aTh BEPOSIT-
HOCTHBII 3aKOH, ONpEIeSIOIHUI MOCIe0BaTeIbHOCT MOMEHTOB I10-
CTYIUIeHUsT TPeOOBaHUIi Ha 00CTy>KMBaHUE M YKa3aTh KOJIMYECTBO TaKUX
TpeGOBaHHUIA B KaXIOM OYepPEeqIHOM MocTyruieHuH. Ilpu 3TtoM, Kak npa-
BWJIO, ONEPHUPYIOT MOHSITHEM <«BEPOSTHOCTHOE pacIpeie/ieHHe MOMEH-
TOB IOCTYIUIEHUs] TpeOOBaHHUit». 3IeCh MOTYT IOCTYNaTh KaK eIMHUY-
Hble, TaK U TPYMNIOBLIE TpeOOBaHUs (TpeOOBaHUS MOCTYMAIOT IPyNnamMu
B CUCTeMY). B mocneaHeM ciyyae OOBIYHO peyb MAET O CHCTeMe 00CIy-
XXKHMBaHMS C MapajUieIbHO-TPYNIIIOBHIM OGCIY>XMBaHHEM.

Jucyunauna ovepedu — 310 BaXHBI KOMIIOHEHT CUCTEMbI MaCcCOBO-
ro oOC/IyXUBaHUsI, OH OINpeaessieT MPUHLMUI, B COOTBETCTBUM C KOTO-
PHIM TMOCTYNaIOIMe Ha BXOX OOC/IyXuBaloluieit cucteMbl TpeGOBaHUs
MOAKITIOYAIOTCS U3 O4Yepeny K Inpouenype obemyxubaHus. Yaiie Bcero
HUCIOJIb3YIOTC TUCUMITIMHBI OYEpPEIH, OMNpenesieMble CIeoyIOLIUMHU
MpaBUJIaMH:

® TNIEPBHIM MPHILET — MEPBBIM OOCITY>XMBACILICS;

® TIpHUILIEJ MOCJEAHUM — OOC/Ty>XXUBACIIbCS MEPBLIM;

e CiayyaiHBIN OTOOp 3as1BOK;

e 0TGOp 3as1BOK ITO KPUTEPHIO NMPUOPUTETHOCTH;
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_® OrpaHMYEHHME BPEMEHHM OXHIAHUSA MOMEHTA HACTYIJIEHHs 06Ciy-
XHUBaHHSl (MMEET MECTO O4yepelb C OrpaHUYEHHBIM BPEMEHEM OXHIa-
HHS 00CTTY>KMBaHUS, YTO ACCOLIUUPYETCS C IOHSITUEM «IOMYCTUMAas IJIN-
Ha oyepeau»).

Mexanuzm obcayxcusanus OonpenenseTcss XxapakKTepUCTHKaMHU caMoit
npouenypsl 06CIy>)XMBaHUS U CTPYKTYPOil OOC/IyXHUBAIOLLEH CUCTEMBI.
K xapakTeprCTHKaM mpoueaypbl 0OCIYXXHUBaHUSI OTHOCSTCS: MPOJOJI-
XHTEJbHOCTb NMpPOLEAYPbl 00C/TYy)XMBaHUS U KOJIMYECTBO TPEOOBaHMH,
YIOOBJIETBOPSIEMBIX B pe3yJIbTaTe BBIMOJHEHHUS KaXIOil TaKoW mpoueny-
phl. 15 aHaJIMTUYECKOTO ONTUCAHUS XapaKTEPUCTUK MPOLeRyphl 00CIy-
XHBaHHS OIMEPUPYIOT MOHATUEM «BEPOSITHOCTHOE pacrpelesieHHe Bpe-
MEHH OOCTy>XKUBaHHUs TpeGOBaHUN».

CrenyeT OTMETHTb, YTO BpeMsl OOCITyXXHBaHMS 3asiBKM 3aBHCUT OT
XapaxTepa caMoOi 3asiBKM WIM TpeOOBaHUl KJIMEHTAa U OT COCTOSIHUA U
BO3MOXHOCTEH 0OC/Ty>XXHBaloleH CUCTEMBL. B psine ciyyaeB MPUXOAUT-
Csl TaKX€ YYMTBIBaTb BEPOSITHOCTb BBIXOHA OOCIYXHBAIOLIETro Mpubopa
M0 UCTEYEHUU HEKOTOPOro OrpaHMYEHHOrO MHTEPBajia BpEMEHH.

CTpyKTypa 00CIyXMBaIOLLEH CHUCTEMBI ONPERENseTCS KOMMYECTBOM
U B3aHMHBIM DacCIOJIOXKEHUEM KaHAJIOB OOC/Iy>XMBaHUSl (MEXaHU3MOB,
npu6opoB U T. 1.). IIpexne Bcero cieayer MOAYEPKHYTh, YTO CHCTEMA
0GCJY>)KMBaHHUSI MOXET MMEThb He OJMH KaHaj oOGCiyXHBaHHUS, a He-
CKOJIBKO; CHCTEMA TaKOro poaa crnocoGHa o6CiTyXXuBaTb OXHOBPEMEHHO
HECKOJIBKO TpeGoBaHMil. B 3TOM ciiyyae Bce KaHaJibl OGCIy>KMBaHHUS
MpeAiaraloT OJHHU U T€ XK€ YCIYTH, M, CIeIOBaTEIbHO, MOXHO YTBEpX-
I1aTh, YTO MUMEET MECTO MapajuiejibHOe OOCIyXXHUBaHHUE.

CucreMa o6GCIyXXMBaHUSI MOXET COCTOSITb M3 HECKOJIbKUX Pa3HO-
THITHBIX KaHAJIOB OOCTyXXHBaHHUs, Yepe3 KOTOPbIE JO/DKHO IPOUTH Kax-
Joe obciyxuBaeMoe TpeboBaHuUeE, T. €. B 00CIyXHUBaIOlIel CUCTEME TTPO-
uenypbl OOCHIy>XMBaHUSI TpeOGOBaHMI PEaTU3YIOTCSl MOCAEAOBATENIBHO.
MexaHu3M OGCITYy>XKHBaHHUsSI OMNpENesieT XapaKTePUCTUKH BBIXOISILETO
(06cmyXeHHOro) Mmoroka TpeGoBaHUM.

PaccMoOTpeB OCHOBHbIE KOMITOHEHTBI CUCTEM OOCITY>KMBaHUS, MOX-~
HO KOHCTaTHPOBaTh, YTO (PYyHKLIMOHAJIbHbIE BO3MOXHOCTH JII0O0H CHUC-
TEMbl MacCOBOro OOC/IyXXHUBaHHUSI ONPEAEISIOTCS CAELYIOIIUMU OCHOB-
HBIMHU (paKTOpaMu:

® BEPOSITHOCTHBIM paclpele/ieHUEM MOMEHTOB IMOCTYIUIEHUH 3a-
SIBOK Ha o6GCiyXMBaHue (€IMHMYHBIX WIM [PYNIOBBIX);

® BEPOSTHOCTHBIM paclpefe/ieHUEM BPEMEHU MPOLODKUTEIBHOCTH
06C/IyXHUBaHUS;

o KoH(pUrypanueit obciyxuBaloleil cucTeMsl (rapauie/ibHOe, Mo-
CliefoBaTeIbHOE UJIM TNapauleIbHO-IIOC/e0BaTeIbHOE 00CIyXUBaHHE);

® KOJIMYECTBOM U IPOU3BOLUTEILHOCTBIO O0CTYXXHBAIOLIMX KaHAJIOB;

® IUCLHUIUIMHON oyepeny;

® MOUIHOCTBIO HCTOYHHUKA TPeOOBaHMI.
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B kayecTBe OCHOBHBIX KpUTEpUEB 3P(HEKTUBHOCTH (PYHKLIMOHUPO-
BaHMsI CUCTEM MacCOBOrO OOGC/TYy>XHBaHHMS B 3aBUCMMOCTH OT XapakTepa
pelIaeMoi 3aJayM MOTYT BBICTYTATh: '

® BEPOSITHOCTb HEMEUIEHHOTO OOCTY>KMBaHMSI MOCTYIIUBUIEH 3asBKH;

® BEpOSITHOCTb OTKa3a B OOCJIYKMBAaHUM IOCTYIHUBLIEH 3asBKH;

® OTHOCHMTEJIbHAsA U a0COMIOTHAs MPOIYCKHAsi CIIOCOOHOCTb CUCTEMBI;

& CPeHHUIA MPOLEHT 3as1BOK, MOJYYUBIUUX OTKa3 B OOCITYXKMBAaHHH;

e cpellHee BpeMs OXHUIaHHUS B O4YEpelH;

® CpelnHsIsl [UIMHA OYepeny;

e CpenHMIt 10xo OT (PYHKIIMOHMPOBAHMSI CUCTEMBI B €AMHUILY Bpe-
MEHHM U T. II.

ITpeomemom meopuu mMaccoozo o6cayiHcuearus sIBISIETCSl YCTAHOBJIE-
HME 3aBUCUMOCTH MeXay (pakTopaMu, onpelessomuMy QyHKLIMOHAb-
Hble BO3MOXHOCTH CHCTEMBI MacCOBOTO OOCIYyXXMBaHMS, U 3(pdeKTuB-
HOCTBIO ¢¢ (PYHKIIMOHMPOBAaHHUs. B GOJNIBIIMHCTBE CIydyaeB BCE Iapame-
TPHl, ONMMCHIBAIOIIME CUCTEMBbl MacCOBOTO OOCIIY>XXMBaHUs, SIBJSIOTCS
Cy4yaifHBIMU BEJIMYMHAMHU WIH YHKUUAMM, TO3TOMY 3TH CUCTEMBI OT-
HOCSITCSI K CTOXaCTHYECKHUM CHUCTEMaM.

CnyJaiiHbli XxapaKTep MMOTOKa 3asBOK (TpebOBaHMil), a TaKkKe, B 00-
IIEM CJIy4ae, U IUIMTEJIBHOCTH OOCIy>XKHBAaHUs MPUBOOUT K TOMY, YTO B
CHCTEME MAacCOBOro OOCJYyXHMBaHHUsI MPOUCXOOUT CJIy4JalHBIN MpolLece.
ITo xapakTepy ciy4yaifHOTroO MHpoLecca, MPOUCXOASIIEro B CUCTEME Mac-
coBoro oocnyxuBaHust (CMO), pa3nuyaioT CUCTEMbl MapKOBCKHE U He-
MapKOBCKHe. B mapkoeckux cucmemax BXoAsilIMi MOTOK TpeGOBaHMIA U
BBIXOJSIIMI MOTOK OOCTYXXEHHBIX TPeOOBaHUI (3aBOK) SIBJISIIOTCS ITy-
aCCOHOBCKUMHU. ITyacCOHOBCKHME ITOTOKH IMO3BOJISIOT JIEFKO OMUCaTh U
MOCTPOUTh MAaTEMAaTUYECKYIO MOJE/Ib CUCTEMbI MacCOBOTO OOC/Ty>KHBa-~
Husl. JlaHHbIE MOIEIM UMEIOT JOCTaTOYHO MPOCThIE PELIEHHS, TO3TOMY
OOJIBIIMHCTBO U3BECTHHIX MPUIOXEHUH TEOPHUH MacCOBOrO OOC/TyXHBa-
HUSI UCTIOJIB3YIOT MapKOBCKYIO cxeMy. B ciyyae Hemapkosckux npoyeccoe
3aja4d MCCIIeIOBaHUSI CUCTEM MacCOBOTO OOCIY>XHBAHHUSI 3HAYMTEIbHO
YCIIOXHSIIOTCS M TPeOYIOT ITPUMEHEHHUsST CTaTUCTUYECKOTO MOJEIMPOBa-
HHSA, YUCJIEHHBIX METOIOB C MCITOJb30BaHHEM DBM.

HesaBucuMo oT xapakTepa Mnpolecca, IMpOTEKaloLIero B CHCTEME
MaccoBOro o0CTy>)XHBaHMs, pa3IMyaloT ABa OCHOBHbIX Buaa CMO:

® CHCTEMBI C OTKa3aMH, B KOTOPBIX 3asiBKa, ITOCTYIMBIIAsl B CHCTE-
My B MOMEHT, KOTJla BC€ KaHaJbl 3aHSTHI, MOJyJaeT OTKa3 U Cpa3y Xe
MOKUOAET oYepenb;

® CHCTEMBI C OXHIaHHEM (OYepenblo), B KOTOPHIX 3asiBKa, MOCTY-
NMUBLIas B MOMEHT, KOTJa BCe KaHAIbl OOCIYXXMBaHUS 3aHSTHI, CTaHO-
BUTCSl B OYepedb U XIET, TOKa He OCBOOOAUTCSI OAMH M3 KaHaJIOB.

CucTeMbl MacCOBOTO OOC/Ty>KMBaHMS C OXHIAHUEM HEJNSATCS Ha CH-
CTEMBI C OrPaHUYEHHBIM OXUIAHMEM M CUCTEMBI C HEOTPaHHUYEHHBIM
OXHUAAHUEM.
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B cucTteMax ¢ ogpaHuueHHbIM 0Xcudaruem MOXET OrpaHUYHBAThLCS:

e [UIMHA OYepeny;

e BpeMsl NpeOBIBaHUSL B OYEpEaU.

B cucteMax ¢ HeoepanuuenHbiM 0XcudaHuem 3asiBKa, CTOSIIIAS B OYe-
penu, XAeT 006CIy>XUBaHUS HEOTPaHUYEHHO JOJITO, T.€. I0Ka HE MOAOH-
IIET oYepeb.

Bce cucteMbl MacCOBOro OOCIY>XKMBaHUSI pa3jIMYaloT MO YHMCIY Ka-
HaJIOB OOCITY>KMBaHUS:

® OIHOKaHAJIbHbIE CUCTEMBI;

® MHOTOKaHJTbHbIE CHCTEMBI.

IpuBenenHas kiaccugpukauus CMO ssnsieTcs ycnoBHoi. Ha npak-
THKE Yallle BCET0 CUCTEMBI MAaCCOBOT0 OOCTY>XXMBaHHS BBICTYNAIOT B Ka-
YyecTBe CMEILUAaHHBIX cMcTeM. HanpuMep, 3asBKM OXMIAIOT Hayaia o6-
CIIY>XXMBaHMS O ONpEAESIEHHOrO0 MOMEHTA, IOCJIe Yero CUCTeMa Hayu-
HaeT paboTaTh KaK CUCTEMA C OTKa3aMH.

3.2. OnpepeneHue xapakrepmcTumk
CUCTEM MACCOBOro oocnyxmBaHus

OpHokaHanbHasa Moaesnb C nyacCOHOBCKMUM
BXOAHbIM MOTOKOM C 3KCNOHeHUuaJibHbIM
pacnpegpeneHneMm onnuTesibHOCTU o6cny>xu3a|-|m|

ITpocreiimas oqHOKAHAILHASA MOZENb. TaKOit MOZIEJIBIO C BEPOSTHOCT-
HBIMH BXOIHBIM MOTOKOM M TMPOLIEAYpOil OOCITYyXXMBAHHS SBISETCSI MO-
ZIeJib, XapaKTepu3yeMasi 10Ka3aTe/IbHBIM paclpefeIeHHEM KaK IIUTENb-
HOCTe{l MHTEPBAJIOB MEXIY MOCTYIUIEHUSIMM TpeOOBaHUM, TaKk U IJIU-
TeJIbHOCTEH 06CIyxXuBaHus. IIpy 3TOM IUIOTHOCTB pacrpenesieHus AJiu-
TEJILHOCTE! MHTEPBAIOB MEXIY MOCTYTUIEHUSIMU TPeOOBaHUIT UMEET BUL

[ =re™, (3.1)

rzie A — MHTEHCHBHOCTb TOCTYTUIEHHS 3asIBOK B CHCTEMY.
TLIOTHOCTb pacripeie/ieHHs JUTUTENBHOCTEH 06CIyXHBaHHS:
N
L) = pe ™, (3.2)

rae 4 — MHTEHCUBHOCTDH 006CIyXKMBaHMSI.

IToroxu 3asiBOK U OOCIY>XUBaHUi MpoCTeHILIMeE.

Ilycts cucreMa paGoraet ¢ omkazamu. HeobXxonuMo onpeneauTsb
abCOJIIOTHYIO U OTHOCHUTEJILHYIO TIPOMYCKHYIO CIIOCOOHOCTh CUCTEMBIL.

IIpencraBuM DaHHYIO CMCTEMY MacCOBOTO OOC/IYXXMBaHHUS B BUIE
rpada (puc. 3.1), y KOTOpOro MMeIOTCS IBa COCTOSTHUS:

Sy — KaHaJ cBOOOJIeH (OXUIaHuUE);

S| — KaHaJ1 3aHAT (MIeT 00CIyXXHUBaHUE 3asiBKH).
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Puc. 3.1. Ipad cocrosiHuit ogHoxaHasbHOK CMO ¢ OTKa3aMK

O603HaYMM BEPOSITHOCTH COCTOSTHMIA:

Py(f) — BEpOATHOCTb COCTOSIHUS «KaHaJl CBOOOIEH»;

P;(f) — BEpOSITHOCTb COCTOSTHMSI «KaHaJl 3aHST».

ITo pasmeueHHOMYy rpady cocTosHMit (puc. 3.1) cocTaBUM CHCTEMY
muddepeHUMANBHBIX ypaBHEHMIT KoMoroposa mJist BEpOSTHOCTENH CO-
CTOSIHUM:

ARG _ gy +uBo);
-+ (3.3)

dP
40 - wr+1R0).

Cucrema nuHeiiHbIx auddepeHUUaATbHbIX ypaBHEHUH (3.3) uMmeeT
pELIeHNE C Y4ETOM HOPpMHPOBOYHOTO ycnosust Py(f) + Pi(¢) = 1. Pewue-
HHME JAaHHOM CHUCTEMBI Ha3bIBAaETCSI HEYCTAHOBUBIUMMCS, IIOCKOIBLKY OHO
HENOCPEICTBEHHO 3aBUCHUT OT ! U BBHIIVISIAUT CJIEAYIOIIMM 0Opa3oM:

~+py B, 3.4
A+ue +A+u’ G

By(@)=

Pi(0) =1 - Py(@). 3.5)

HetpynHo yGenuthbes, uTo i ogHokaHaiubHOi CMO ¢ orkasamu
BEPOSITHOCTb Py(f) €CTh He 4TO MHOE, KaK OTHOCHTENIbHAs MPONYCKHast
CMOCOOHOCTH CUCTEMBI ¢.

HleiicTBUTENBHO, Py — BEPOATHOCTD TOrO, YTO B MOMEHT  KaHaJ CBO-
OoneH U 3asiBKa, NMpUIlIeaIiass K MOMEHTY /, OyneT o6CnyKeHa, a cliefo-
BaTeJIbHO, 11 JAHHOTO MOMEHTA BPEMEHM ! CpeiHEee OTHOILLIEHHE YHCa
OOCIIYXEHHEIX 3asIBOK K YMCJYy NOCTYNMUBILUMX TaKXe PaBHO Py(f), T. €.

g = Py(). (3.6)
ITo ucreyeHnu GONBILIOTO UHTEPBaIA BPEMEHU (TIPH ¢ — o) JOCTU-

raeTcsi CTalMOHAPHBIA (YCTAHOBUBIIMHCS) PEXUM:

= py=—t_
9=h pin _ (3.7)
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3Hast OTHOCUTEJIbHYIO MPOMYCKHYIO CLIOCOOHOCTD, JIETKO HailTh ab-
COJIIOTHY10. AGCOJIIOTHASI MPONMYCKHAsi CMIOCOOHOCTh (A) — cpemHee yuc-
JIO 3aIBOK, KOTOPOE MOXET OOC/Iy>KUTh CUCTEMA MacCOBOT0O 0OC/TyXHBa-
HMS B €AMHUILY BPEMEHMU:

A

A=hq= At

(3.8)

BepoAaTHOCTh 0TKa3a B 06CTyKMBaHMM 3aBKH GYIET paBHA BEPOAT-
HOCTHU COCTOSTHHUSI «KaHaJl 3aHAT»:
U A

Poxk=R=1-R= _m_lﬂx (3.9)

JanHas BenMyMHa Py, MOXET OBITb MHTEPIPETUPOBaHA KaK Cpel-
HSsl JOJIS HEOOCTY>KEHHBIX 3asIBOK Cpeld MOJAHHBIX.

IIpumep 3.1. I[Tycts ogHOoKaHanbHass CMO ¢ oTKazaMM NpeAcTaB-
JisetT coboit ofMH MOCT exeaHeBHOro o6emyxuBanus (EO) mns Moiiku
aBroMoOuieil. 3asiBka — aBTOMOOUJIb, MPUOBIBIIMHA B MOMEHT, KOraa
MOCT 3aHST, — NOJIy4aeT OTKa3 B OOC/HyXMBaHUMU. IHTEHCUBHOCTD MO-
TOKa aBToMoOwieit A = 1,0 (aBToMoOWIb B yac). CpeqHssl MPOLOJIKHU-
TEeJBHOCTh 00ciayxXuBaHusl — 1,8 yaca. I1oTok aBTOMOOMJIEHf U MOTOK
00CTy>KUBaHU SIBSIIOTCSI MPOCTEUILIMMU.

TpebyeTcsi onpeaeNuTh B YCTAHOBUBLIEMCS pEXHUME npencnwuc
3HaYEHMUS: :

OTHOCUTEJIbHOM MPOMYCKHOM CIIOCOOHOCTH ¢

a0COJIIOTHOM MPOIMYCKHOM CIIOCOOHOCTH A;

BEPOSITHOCTH OTKa3a Py,

CpaBHuTte (hakTHyecKyio NponyckHylo criocooHocte CMO ¢ HOMHU-
HaJIbHO#, KOoTopasi Obljna Obl, eciyd Obl KaXIblif aBTOMOOUIIb OOCITY>KM-
BaJica TOYHO 1,8 4yaca ¥ aBTOMOOUNM CJIENOBaJiM OOUH 3a APYTUM 0Oe3
nepepbiBa.

Pewmenue
1. OnpeneauM HHTEHCUBHOCTb MOTOKA OOCTY>XUBaHUS:

1 1
=—=—=0,555.
u t06 1,8 . X

2. BBIYKCIIUM OTHOCHMTEJIBHYIO MPOIYCKHYIO CIIOCOGHOCTD:

88



BennuyuHa g 0O3HaYaeT, YTO B YCTAHOBHMBILIEMCSI pEXUMeE cucTeMa Oy-
JeT o6CIyXXuBaTh NMPpUMepHO 35% mnpubsiBalomux Ha mocr EO aBTomo-
ouei.

3. AGCOJTIOTHYIO MPOITYCKHYIO CIIOCOOHOCTD ONpee/uM 1o ¢opMye:

A=X-g=1-0,35 = 0,356.

D70 03HayaeT, uto cucrema (nmoct EQ) cnocobHa OCYIL(CCTBP[TB B
cpeadeM 0,356 obcnyxuBaHUST aBTOMOOMIIEH B yac.
3. BCpOﬂTHOCTb OTKa3sa:

P =1—g=1-0,356=0,644.

DTO 03HAYaeT, YTO OKOJO 65% NpuCHIBIIMX aBTOMOOUJIE Ha MOCT
EO mnonyyar oTka3 B 00CITy>)KMBaHUM.
4. OnpeneauM HOMUHAIBHYIO MPOIMYCKHYIO0 CIOCOOHOCTh CUCTEMBI:

1
Ayom = .—l— =—=0,555 (aBTrOMOOUNEH B Yac).

’oﬁcn 1’8

Oka3sbiBaeTcs, 4To A, B 1,5 pasa (g’; 52 = 1,5) 6osnble, yeM dak-
b

THYeCKasl MPOMYCKHasA CIIOCOOHOCTb, BBIMMCIIEHHAsA C YYETOM Ciyvalii-
HOTO XapaKTepa NMOTOKa 3asiBOK M BPEMEHU OOCTY>XKMBaHMUS.

OnnokananpbHasi CMO ¢ oxunaanueM. CrucreMa MacCOBOTO 0OCTYXH-
BaHMS MMeEET OWH KaHaJl. BXoAAumil MOTOK 3asiBOK Ha OOCIyXHBaHHE
— IPOCTEHILINI MOTOK C MHTEHCUBHOCTHIO A. MIHTEHCHMBHOCTb MOTOKA
0o0CIyXMBaHUSl paBHa W (T. €. B CpEIHEM HENPEPBIBHO 3aHSTHIN KaHal
OyneT BblAABaTh | OOCIIY>XEHHBIX 3aBOK). JUIMTENBHOCTh OOCIYyXHBa-
HUSL — CJlyyailHasl BeJIMYMHA, MOAYMHEHHAs MOKa3aTeJbHOMY 3aKOHY
pacnpenenaeHus. [ToTok oOCIy>XKUBaHUIA SIBJISIETCS MPOCTEHILIUM ITyacco-
HOBCKMM ITOTOKOM COOBITHI1. 3asiBKa, MOCTYIHMBILIAs B MOMEHT, KOTAa
KaHaJI 3aHST, CTAHOBUTCS B OYEPEAb M OXUIAET OOCITyXUBaHHUSI.

IIpenmnosoxuM, YTO HE3ABUCUMO OT TOr0, CKOJIbKO TPeGOBaHMM 1MO-
CTyIaeT Ha BXOH OOC/IyXHWBalOlIeH CUCTEMBI, JaHHasi cucTeMa (odepelnb
+ o6CyXMBaeMble KJIMEHTBI) HE MOXET BMECTUTDb Gosiee N-TpeGoBaHU
(3as1BOK), T. €. KJIMEHThI, HE MOMNaBLINE B OXHAAHWE, BBIHYXIEHBI 00-
CIIy>XHBAaThCSl B IpyToM Mecte. HakoHel, ICTOYHMK, MOPOXIAIoUIMii 3a-
SIBKM Ha 0OCIy>XHBaHHE, UMEET HEOrpaHUYEHHYIO (DECKOHEYHO 0OJb-
LIYI0) EMKOCTb.

Ipad cocrossHuit CMO B 3TOM cjiydyae MMeEET BUI, NMOKAa3aHHBIM Ha
puc. 3.2.
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Puc. 3.2. Ipad cocrosHuit ogHokaHanbHO# CMO ¢ oxumaHueM
(cxeMa rHbend U pa3MHOXEHHS)

CocrosiHust CMO UMEIOT CIeayIonyi0 MUHTEPIpEeTaLHIo:
S — KaHaJI CBOOOJEH;

S| — KaHaJ 3aHAT (OYEPEAH HET);

S, — KaHaJI 3aHST (OfHa 3asiBKa CTOMUT B OYEPEH);

....................................

....................................

Sy — kaHai 3aHAT (N — 1 3a9BOK CTOUT B OYEPEAH).
CTrauMOHapHbI# Npouecc B JAHHOH cUCTeMe GYNET OMUCHIBAThCS
caenymouieil cucreMoi anre6panyecKiux ypaBHEHU:

1~(=p)B, + Py +pF1 =0, 0<n<N; (3.10)

:_PN +p-PN_1 =0, . n=N,

0 A
e p=—;
K
n — HOMEP COCTOSIHMSA.

Pewtenue npuBeaeHHON BbIle CUCTEMBI ypaBHEHHH (3.10) mna Ha-
weit Mmogenn CMO umeer B

(——llﬂ—).p", 0#1, n=0,1,2,.., N
P =

l_pN+l (311)
1 o=l
N+ "7
p=_l7P (3.12)
0 l_pN"’l’
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Tornma
P0~p” p#l, n=12,..., N,

P = 1

L p-l
v+ P

CrnenyeT OTMETUTD, YTO BHIIIOJHEHUE YCJIOBHSI CTallHOHAPHOCTH
A
p=;<1 st faHHoit CMO Heo6s13aTesIbHO, NMOCKOJIBKY YHCIO AOIY-

CKaeMbIX B OOCIYXXHMBAIOLLYI0 CUCTEMY 3asBOK KOHTPOJUPYETCS MyTeM
BBEJICHUSI OTPaHMYEHUS Ha JUTMHY odyepeau (KOTopasi He MOXET IMpeBbI-
math N — 1), a He COOTHOLIEHUEM MEXIYy WHTEHCHUBHOCTSIMM BXOIHO-
ro MOTOKA, T. €. He OTHOLIEHHEM A/U = p.

OnpenenuM xapakmepucmukyu o0nokaranvholi CMO ¢ oXugaHueM u
OrpaHUYEHHOH JUTMHOM ouepeau, pasHoi (N — 1):

BEPOSITHOCTb OTKa3a B OOCTY>XXUBAHUU 3asBKH:

(—L_—Q—Jp’v, p#l,
Forx =Py = I-p

N+l (3.13)
(N1+'1)’ p=L
OTHOCHUTCJIbHAsA NMPOITYyCKHas CIMTOCOOHOCTh CUCTEMBI:
g=1-Pyy = | (.14)
oy P
aGCOMIOTHas TIPOIYCKHAs CTIOCOGHOCT:
A=q- A (3.15)
CPE€OHEEC YUCJIO HAXOMAIHUXCS B CUCTEMC 3a4BOK:
p-[l-(N+1).pN +N-p”+1]
Le=2nmbh=\" a-p.a-p™) SEENCT
N/2, p=l
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Cp€aHEC BpEMs l'lpC6bIBaHPl$I 3as9BKH B CUCTEME:

Lg
We = —2; 3.17
$TM-Py) 317
CpelHssl NMPOAOJXUTENbHOCTh NMpeObIBAHUS KJIMEHTA (3asABKH) B

ouepenu:
W,=Ws—1/u; (3.18)

cpellHee YMUCJIO 3as9BOK (KJIMEHTOB) B odepead (JUIMHA ouepenu):
L,= M1 - Py)W, (3.19)

Paccmorpum npuMep ogHokKaHanpHOU CMO ¢ oXulaHHEM.

IIpumep 3.2. Crneunanu3upoBaHHBIM MOCT AMATHOCTUKHU MpE.-
cTaBisgeT co60i omHoKaHaIbHYI0 CMO. UHC/IO CTOSHOK I aBTOMO-
Ouieit, OXMIaIUX TPOBEIEHUSI JUarHOCTUKHM, OTPAaHHYEHO U PaBHO
3 [(N — 1) = 3]. Ecnu Bce CTOSAHKM 3aHSATHI, T. €. B OYEPEOH yXe Haxo-
JIUTCSI TPYU aBTOMOOWJISI, TO O4YepEIHO aBTOMOOWIb, MPUOBIBIIMI Ha
IUarHOCTUKY, B ouepelns Ha oOCay:XKUBaHWE He cTaHoBUTCA. I1oTOK aB-
TOMOGWJIEeH, MPUOBIBAIOIIUX HA AMArHOCTHKY, pacripelesieH MO 3aKOHY
IlyaccoHa ¥ UMeeT UHTEHCUBHOCTh A = 0,85 (aBTOMOGUIA B Yac). Bpe-
Msl IMarHOCTUKH aBTOMOOWJISI pacIlpeiesieHO MO MOKa3aTeJIbHOMY 3aKO0-
HY U B cpeaHeM paBHo 1,05 yac.

Tpebyemca onpedeaums BEpOSITHOCTHBIE XapaKTEPUCTHUKH TOCTa -
arHOCTUKH, paGOoTaIOLEro B CTALlMOHAPHOM PEXHME.

Pewenue

1. ITapaMeTp moToKa 0GCIyXHBaHUII aBTOMOOUIIEH:

2. MpuBeneHHass HHTEHCHBHOCTb MOTOKA aBTOMOOWJIEH OMpenesns-
€TCsl KaK OTHOILEHHWEe WHTEHCHBHOCTEH A U U, T. €.

3. BoiuncnuM (pUHaIBHbIE BEPOSITHOCTH CUCTEMBI:

1-p _ 1-0,893

B = =
O C oM 120,893

~0,248;
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P, =pP, = 0,893 - 0,248 = 0,221;
P, = p?Py= 0,893% - 0,248 = 0,198;
P; = p’Py=0,893% . 0,248 = 0,177,
P, = p*Py= 0,893 . 0,248 = 0,158.

4. BeposSTHOCTbL OTKa3a B OOCIY>XMBaHUH aBTOMOOHJIS:
Py = Py = p*Py = 0,158.
5. OTHOCHTeNbHAs NMPONMYCKHAs CHOCOGHOCTh MOCTa JUarHOCTUKH:
g=1-P,,=1-0,158 = 0,842.
6. AGCOMIOTHAs TPOMNYCKHAs CIIOCOOHOCTh MOCTa JUATHOCTHKH
A=A-q=0,85-0,842 = 0,716 (aBTOMOGUIIA B Yac).

7. CpenHee 4KCJIO aBTOMOOWJIEH, HAXOAALIUXCSA Ha OGCIyKHBaHUM
U B ouepedu (T.€. B CHCTEME MacCOBOI0 OOCJIy>KMBaHHS):

p[l—(N +1)pV +Np”+1]
T a-pa-e™hy
| 0,893.[1-(4+1)-0,893% +4.0,8937]
(1-0,893)-(1-0,893°)

Lg

=1,77.

8. CpenHee BpeMst MpeObIBAHUSA aBTOMOOUJISI B CHCTEME:

weoLs 177
STX(1-Py) 085(1-0,158)

=2,473 vaca.

9. CpenHsisi MPOAOJDKUTENILHOCTh MPEObIBaHUS 3asIBKM B OYepeH Ha
0o0CTyXHUBaHUE:

W, = Ws— 1/u= 2,473 — 1/0,952 = 1,423 yaca.

10. CpenHee 4HCIIO 3a4BOK B oyepeau (IIMHA OYepeln):

L,=A(1-Py)W,=085-(1-0,158) - 1,423 = 1,02.
Pa6oTy paccMOTpEHHOr0 NoCcTa AMarHOCTUKU MOXHO CUMUTATh YIOB-
JIETBOPHUTENbHOMN, TaK KaK MOCT JUAarHOCTUKHU He OBGCIY>XHBAeT aBTOMO-

6unu B cpeaHeM B 15,8% ciyyaeB (Pyy = 0,158).
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OpnokananpbHas CMO c¢ oxupanneM 0e3 orpaHMYeHHsI HA BMeCTH-
MOCTb 0JIoKa oxupmanms (T. €. N — ). OcTaybHble YCJIOBUS (PyHKIIHMO-
HupoBaHuss CMO ocraioTcs 6e3 U3BMEHEHHUIA.

CrauMoOHapHBIi pexXXuM GYHKUMOHUpOBaHUs HaHHoit CMO cyue-
CTBYET NpH ¢ — oo i oGoro n = 0, 1, 2, ... u xorga A < . Cucrema
anrebpanyeckux ypaBHeHHH, onuchiBalomux pabory CMO npu ¢ — oo
s moboro n = 0, 1, 2, ..., UMeeT BUA

AP, +uP —-(A+w)P, =0, n>0.

PeuieHue naHHOM CHCTEMBI YpaBHEHUII MMEET BN
P,=(1-pp" n=0,1,2,.., (3.21)
rme p=A/u<1.

XapaKTepucTHKH onHoKaHainbHOM CMO c¢ oxuumanueM, 6e3 orpa-

HUYEHHUS Ha JUIMHY OYepelH, CAEoyIOLIHe:
CpeliHee YHCIO HAXOMSLIUXCS B CHCTEME KJIMEHTOB (3asBOK) Ha 00-

CJIYXKUBAaHHUEC!

Lg= 3 np,=—2—; (3.22)
n=0 1-p

CpEOHsASA NPOIOJLKUTCIBHOCTD anﬁbIBaHldﬂ KJINEHTA B CUCTEMC!

W, _Ls ! (3.23)

ST Twa-o)]

CpellHee YMCJIO KIMEHTOB B OYepean Ha OOCIyXHBaAHUM:

A p2
L,=Lg-—= ; (3.24)
¥ po(1-p)
CpeOHSIS MPOAOJDKUTENbHOCTD NMpeObIBaHUS KJIMEHTA B OYEPEIH:
, . .
W=t - (3.25)
A [ua-p)

IIpumep 3.3. BCHOMHUM O CUTyallUM, paCCMOTPEHHOU B IMpUMepe
3.2, rne peyb uueT 0 GYHKUHOHHPOBAHUM IMOCTAa OUArHOCTUKH. ITycTh
paccMaTpMBaeMbIil MOCT IMarHOCTUKHU pacriojiaraeéT HeOrpaHUYEHHBIM
KOJIMYECTBOM TUIOIIANOK JUISI CTOSSHKH NPHOBIBAIOUIMX Ha OOCITyXHBa-
HHMe aBTOMOOWJIEH, T. €. JUIMHA OYepeld He OrpaHHYEHa.
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Tpebyetcs onpenenuTh GUHAIBHbIE 3HAYEHUS CIIEAYIOLIMX BEPOSIT-
HOCTHBIX XapaKTepPHCTHUK:

® BEPOSITHOCTH COCTOSIHMI CUCTEMBI (IIOCTa JUAarHOCTHKM);

® cpelHeEe YUCIO aBTOMOOMIIEH, HaxooslIMxcsl B cucreMe (Ha 06-
CIIYXMBaHUU U B O4YEepean);

® CPEIHIOI MPONOIKUTENbHOCTh NPeOBIBaHMSI aBTOMOOWISL B CHC-
Teme (Ha OOCITYXXHMBAHMHU U B OUEpEeOH);

® cpelHee YUC/I0 aBTOMOOWIEH B oyepenu Ha 0GCIy>XXHMBaHUY;

® CPEIHIOI TPOJOJDKUTENBHOCTh MPEOLIBAHUSI aBTOMOOWIS B Ove-

penu.
Pewenue

1. ITapaMeTp NOTOKa OGC/IYXMBAaHUS W M TIPUBELCHHAs HHTEHCHUB-
HOCTb [TOTOKa aBTOMOGHIIEN P OnpenesieHbl B IpuMepe 3.2:

u = 0,952; p = 0,893.
2. BrunCInM NpefiesibHble BEPOATHOCTH CUCTEMBI O (OpMyJiaM

Py=1-—p=1-10893=0,107;

Pl = (1 —p)p, =(1-0893) 0893 =0,09;
=(1-p) p = (1 — 0,893) - 0,893% = 0,085;
=(1-p) p = (1 — 0,893) - 0,893> = 0,076;

P4 =(1-p) p = (1 — 0,893) - 0,893* = 0,068;

Ps=(1—p)p°=(1-0893) 0,893 =0,06l ur

Cnenyer oTMETHTb, YTO P ONpeEae/ieT AOJNI0 BPEMEHH, B TCYEHHUE
KOTOPOI'O IIOCT JUAarHOCTHKM BBIHYXIEHHO Oe3neiicTByeT (IpocTanBa-
eT). B Hamem npumMepe oHa cocrasisiet 10,7%, Tak Kak Py = 0,107.

3. CpenHee 4yKuclIO aBTOMOOMJIEH, HaxoOAIIMXCS B cUCTeEMe (Ha 06-
CIYXWBaHUN U B OYEPEIN):

p 0,893

Lg=-F—=-2%" _g346
S 1-p 1-0,893 A

4. Cpcm-um NPOAOJIKMTECIIBHOCTD l’IpC6LIBaHPIH KIIMEHTA B CUCTEMC!

Lg 1 1

Vs =3 “Tai—p] [o952-a-0893] 0

5. CpenHee YMC/IO aBTOMOOWIEH B ouyepean Ha OOCHyXHBaHME:

A p* 08932

L,=Lg-== = =7,453.
TS T LT (1-p) (1-0,893)
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6. Cpenssisi MpoIOJDKUTENBHOCTD NPeGhIBAHUS aBTOMOGHIISL B OUEpelu:
[ 0,893

W = = =8,76 .
9= —p) " 0.952(1-0,803) o766 uac

7. OTHOCHUTE IbHAS TIPOMYCKHAsA CIIOCOOHOCTh CUCTEMBI:
q=1,

T. €. KaXaas 3asiBKa, MpUIIeALIasl B CUCTEMY, OyIeT oOCIyXeHa.,
8. AGcosoTHas MPOMyCKHast CIIOCOGHOCTE:

A=Ag=0,85-1=0,85.

CrnenyeT OTMETUTD, UTO MPEANPUSATHE, OCYIIECTBISIOLIEE AUArHOC-
TUKY aBTOMOOWIEii, NMpexXe BCero MHTEPECYET KOJIUYECTBO KJIUEHTOB,
KOTOPOE MOCETUT MOCT NUAaTHOCTUKHU MPU CHITHU OrpaHUYEHMS Ha
IUTMHY OYepeni.

HonycTtuM, B NnepBOHaYaIbHOM BapUaHTe KOJIMYECTBO MECT IUISl CTO-
SIHKY MPUOBIBaIOLIUX aBTOMOOUJIEH GbUTO paBHO TpeM (CM. mpumep 3.2).
Yacrora m BOZHMKHOBEHHUS CUTyallMi, Koraa NMpUOBIBAIOIIMNA Ha MOCT
JIUArHOCTUKU aBTOMOOW/Ib HE MMEET BO3MOXHOCTH NPUCOEAMHUTHCS K
ouepenu:

m=MAP N

B nawem npumepe npu N=3 + 1 =4 u p = 0,893,
m =M\ Pyp*=0,85-0,248 - 0,8934 = 0,134 aBTOMOGWI B yac.

IIpu 12-yacoBoM pexuMe pabOThI IMOCTAa TUArHOCTUKM 3TO SKBUBA-
JIEHTHO TOMY, YTO IOCT JUATHOCTUKHU B CpPEIHEM 3a CMEHY (OeHb) OymeT
Tepsth 12 - 0,134 = 1,6 aBTOMOGHIIA.

CHsATHE OrpaHUYEeHMs] Ha JUTMHY OYEpeaM IMO3BOJIAET YBEJIUYUTh KO-
JINYECTBO OGCITYXKEHHBIX KIMEHTOB B HalleM NMpUMepe B cpeaHeM Ha 1,6
aBTOMOOWIS 32 cMeHY (12 4. paGoThl) MOCTa AUArHOCTHKM. SACHO, 4TO pe-
LIEHUE OTHOCUTEJBHO PaCIIUPEHMs IUIOIIAAM IJI CTOSHKH aBTOMOOH-
Jiei, IpUOBIBAIOIIUX HA TIOCT AMArHOCTUKH, JTOJDKHO OCHOBBIBATHCS Ha
OLIEHKE 3KOHOMMYECKOTO yllep6a, KOTOPHIii OGYCIOBIEH MOTEped K-
€HTOB NPU HATUYUU BCETO TPEX MECT JUISI CTOSIHKU 3TUX aBTOMOOUJIE.

MHorokaHanbHasi MoAeNlb C MyaCCOHOBCKUM
BXOAHbIM NMOTOKOM U 3KCMOHEHLMAJIbHbIM
pacnpepeneHMeM [UIMTesNIbHOCTU 06CNnyXuBaHUS

Monemm ¢ n oOcayXuBalOImUMMH KaHajJamMi. B nopasnsiomeM GoJib-
IHMHCTBE CJIydyaeB Ha MPaKTHUKE CUCTEMBI MacCCOBOrO OOCIYy>KMBaHUS SIB-
JITIOTCSI MHOTOKaHaIbHBIMH, U, CJIEIOBATeNIbHO, Modeau ¢ n obcayxcusa-
rouwumu kanasamu (rae n > 1) NMPeaCTaBASIOT HECOMHEHHBINA UHTEpEC.
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ITpouecc MaccoBOro o6cayKMBaHHUsI, ONMMCBHIBAEMBII TaHHOI Moze-
JIBIO, XapaKTePU3YeTC WHTEHCUBHOCTBIO BXOJHOIO IOTOKA A, IIPU 3TOM
napajjieJ;IbHO MOXET OOC/IYXHUBAaThCsl HEe 0oJyiee /7 KIIMEHTOB (3asiBOK).
CpenHsisi MPONOJIXUTEIBHOCTh OOCIY:XKMBAHUSI OQHOMN 3asBKH paBHSET-
cs 1/u. BxomHoIt U BBIXOOHOM MOTOKHU SIBISIOTCSI TyaCCOHOBCKUMHU. Pe-
XUM (DYHKUMOHMPOBAHUSI TOTO WJIM MHOTO OOCHYXKMBAaIOLIEro KaHaja
HE BJIUSIET Ha PeXUM (YHKIIMOHUPOBAHUS IPYTHX OOCIYXXMBAIOIMX Ka-
HaJIOB CUCTEMBI, NMPUYEM MLJIUTEJBHOCTb NMPOLEAYPH OOCIYyXUBaHUS
KaXIbIM U3 KaHAJIOB SIBJIAETCS CJIyYaWHOI BEJIMYMHOW, MOAYMHEHHOMN
9KCIIOHEHUIHAJIBHOMY 3aKOHY pacrnpezeyeHusi. KoHeuHas 1e/ib UCNoJb-
30BaHUS A NMapauleJIbHO BKJIIOYEHHBIX OOCHYXXHBAIOLIMX KaHAJIOB 3a-
KJIIOYAeTCsl B MOBBIIIEHUM (110 CPAaBHEHHUIO C OJHOKAHAJIBHOW CHUCTe-
MOI1) CKOpOCTH 00C/IyXMBaHUS TpeOOBaHUI 3a CYET O0OCITY>KMBaHUS OJI-
HOBPEMEHHO A KJIMEHTOB.

Ipad cocTossHUIT MHOTOKaHAJIBHONH CHUCTEMBI MacCOBOTO OOCITyXKU-
BaHMSl C OTKa3aMU UMeEET BUM, MMOKa3aHHBIA Ha puc. 3.3.

=B @

kp  (k+1)p nu

Puc. 3.3. Ipad cocrosiHuit MHorokaHaibHoit CMO ¢ oTkazaMu

CocrossHus nanHo#t CMO HMMEOT ClieayIollyl0 UHTEpIpeTalUIo;
Sy — BCe KaHaJIbl CBOOOIHBI;
S| — 3aHAT OOMH KaHaJl, OCTajlbHble CBOOOMHEI;

S} — 3aHATHI POBHO K KaHAJIOB, OCTAJIbHbIE CBOGOIHHI;

ceeevssassesene .

S, — 3aHsm>1 BCE # KaHaJIOB, 3asBKa IOJIy4YaeT OTKa3 B OOCIYXH-
BaHWH.

VpasHenust KonMoropoBa [Jisi BEPOSITHOCTEN COCTOSIHMIA CUCTEMBI
Py, ..., P, ..., P, OyoyT UMETh CJCAYIOIUMIA BUA:

dp,
—_ =)\ P

dt ARy tu-B;

dP,

*d =A-Pey - tk-p)-Po+p-(k+1)-Pyy 1Sk<n-1 (3.26)
dP,
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HauansHbie YCJIOBHUSI pCIICHUA CUCTEMBI TAKOBBI:

Py(0) = 1, Py(0) = Py(0) = ... = P,(0) = ... = P,(0) = 0.
CTal.lPIOHapHOC PCLICHUE CUCTCMbI UMCCT BUI.
o .
AR
K __P -
Pe=— " Py, k=0,1,2,...,n
_' )
‘ "=°l"' (3.27)
Py=r——=, k=0,1,2,...,n,
n -k
v P
roe P=&
pit .

Dopmysbl VIt BBIYUCICHUS BEPOATHOCTEH Py, Ha3bIBalOTCH opmy-
aamu Ipraxeaq.
OnpenenuM BEPOSITHOCTHBIE XapaKTEPUCTHKU (YHKUMOHHPOBAaHHUS
MHozokanansHoi CMO ¢ omkazamu 6 CmayuoOHAPHOM pexcume.
BeposatHocTs 0TKa3a onpenenseT dopmyna
n

2. (3.28)

Porx =P = al

3asBKa NOJMyYaeT OTKa3, C/IM NPUXOAUT B MOMEHT, KOTa BCE 1 Ka-
HaJIOB 3aHATHL. BennmunHa Py, XapakTepusyeT ITOJHOTY OOCIyXHBaHHS
BXOJISILIErO MOTOKA.

BeposTHOCTB TOro, YTO 3asiBKa GylneT MPHHATA K OOCIYXHBaHHIO
(OHa Xe — OTHOCHTE/IbHAsl NPOINYCKHAast CMTOCOGHOCTh CUCTEMBI g) JO-
MONMHAET Py 10 EAMHHULIBL

q=1-pm=1_%ﬂ!..p0,‘ (3.29)
AGCOJIIOTHasI IPONYCKHAasi CNIOCOOHOCTh NOKa3bIBaeTcsl GopMyoit
A=Xr-qg=2% - (1- Py (3.30)

CpenHee YUCIIO KAHAIOB, 3aHATHIX 0GCTyXUBaHHeM (K ), Ceayiolee:
— n .
k=Y k-P=p-(1- Pyy)- (3.31)
k=1

BennunHa kK XapaKTepH3yeT cTeneHb 3arpy3ku CMO.
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IIpumep 3.4. Iycts n-xanansHas CMO npencrasisieT cO60i BHI-
yucauteabHbiit neHTp (BLI) ¢ TpeMsa (n = 3) B3aMMoO3aMeHSEMBIMH
II9BM pns peuieHMs nocTynamolmux 3agad. [ToTok 3amay, mocrymnaio-
mux Ha BLI, umMeer MHTEHCUBHOCTb A = 1 3amaye B yac. CpeHss npo-
JOJDKMTENIBHOCTh OOCITYXKUBaHUA f,6., = 1,8 yac. IIoTOK 3as1BOK Ha pe-
HieHUe 3aa4y U MOTOK OOCIYXXHBAHHUS 3THX 3asiBOK SIBJISTIOTCS NMPOCTE -
IIUMH.

Tpebyemcs BHIMUCIUTH (PUHAIBHBIE 3HAYEHHUS:

BEPOSITHOCTU cocTostHMit BII;

BEPOSITHOCTH OTKa3a B OOC/Ty>KHBaHUM 3asiBKH;

OTHOCMTEJIBHOM NPONYCKHOI criocooHocTt BII;

aGconoTHOM nponyckHoi cnoco6Hoctu BII;

cpenHero yucia 3aHaTbix [I9BM Ha BII.

OrnpenenuTe, CKOJBKO JOIOJHUTENBHO Hano npuodpectu [TOBM,
yTOOBI YBEJIMYHUTD NPOMYCKHYIO criocobHocTh BII B 2 pasa.

Pewenue

1. OnpenenuM napaMeTp U MOTOKa OGCITYXUBaHUI:

2. HpMBCHCHHaﬂ HMHTCHCHUBHOCTD ITOTOKA 3asBOK paBHa:
p = A/ = 1/0,555 = 1,8.

3. IpenenbHBIE BEPOSATHOCTH COCTOSIHMI HaiiieM no ¢opmyniam Dp-
nanra (3.27):

. 0 .
}’1 =FP0 =1’8.P0,

—"2'11) =162
03
P3 =¥P0 =0,97-P0;
1 1
B = 3 pk ‘1+1,8+1,62+0,97”°’186’
kEO k!
P, =1,8-0,186 = 0,334;
P, = 1,620,186 = 0,301;
P, = 0,97 - 0,186 = 0,180,
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4. BCDOHTHOCTB OTKa3a B 06CHY)KHB&HPIH 3asaBKH
Py = Py = 0,180.

5. OTHOCHUTeNbHAs NMPONYCKHasi cnoco6HocTs BI]
g=1-P,=1-0,180 = 0,820.

OTK
6. AGCOJTIOTHas! TIPOMYCKHasi cnnocobHocTh BI]
A=XA-g=1.0,820 = 0,820.

7. CpenHee YMCIO 3aHATHIX KaHa1oB — [I9BM
k=p-(1-Py)=18-(1-0,180) = 1,476.

TakuMm oGpa3om, npu ycraHoBuBUHIEMCS pexume paborsi CMO B
cpenHeM OyneT 3aHATO 1,5 KOMMBIOTEPA M3 TPEX — OCTAJIbHBIE MOJITOpa
Oyayt npocrtauBarb. Paboty paccMorpeHHoro Bl Bpsn 1M MOXHO cuu-
TaThb yOOBJIETBOPUTENILHOM, TaK KaK LIEHTP He OOCJIYXHBaeT 3asiBKH B
cpenHeM B 18% cnyuaes (P; = 0,180). OueBHIHO, YTO NMPONMYCKHYIO
crocoGHoCcTh BLI npu JaHHBIX A ¥ 4 MOXHO YBEJIMYHTH TOJNBKO 33 CYET
yBesmueHust yuciaa IIOBM.

OnpenenuM, CKOJIbKO HYXXHO ucnonb3oBath [I9BM, 4ToOH coKpa-
THTb YMCJIO HEOOC/yXXEHHBIX 3asBOK, Imoctynaomux Ha BII, B 10 pa3s,
T.€. YTOObI BEPOSITHOCTbh OTKa3a B PEelLIEHUM 3aJay He IMpPeBOCXOmWia
0,0180. s sToro ucnonndyeM dopMmyiy (3.28):

n

LA

P =
OTK n!

CocTaBuM ClIEYIOUIYIO TaG/uIly:

n 1 2 3 4 5 6

Py 0,357 0,226 0,186 0,172 0,167 0,166

Py 0,643 0,367 0,18 0,075 0,026 0,0078

AHanu3upys JaHHbIe TabaKLbI, CJAEAYyET OTMETHTD, YTO pacLIMpEHHE
yycaa kaHaioB BII npu gaHHBIX 3HaYeHHsX A U W A0 6 exunul [I9BM
MO3BOJIUT OGECIEYNTh YHOBJIETBOPEHHE 3asIBOK Ha peElEHME 3aday Ha
99,22%, Tak KaK NpU # = 6 BEPOSATHOCTb OTKa3a B 0GCIyXUBaHUHU (Pyr,)
cocrasiser 0,0078.
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MHorokaHajbHas CHCTEMa MaCCOBOr0 OOCJIYXKHMBAHHA C OXMIAAHHEM.
TIpouecc MaccoBOro o6C/IyXHBaHUS C OXMIAHUEM XapaKTepU3yeTCs
CHAEOYIOUIUM: BXOIDHOM U BBIXOMHOM TOTOKH SIBJIAIOTCS NMyaCCOHOBCKM-
MH C MHTEHCHBHOCTSMHM A M |I COOTBETCTBEHHO; Mapajjie/IbHO MOTYT
obcnyxuBaTecsi He 6onee C xinenToB. Cucrema uMeeT C KaHaoB 06-
cayxuBaHusi. CpelHas MPOAOJXUTEIBHOCTh OOCIYXXUBAHUSA OXHOTO
KJIMEHTa paBHa 1/M.

B ycraHoBuBIIEMCS peXuMe (PYHKIIMOHUPOBAaHKE MHOTOKaHaJIbHOMN
CMO c oxugaHHeM U HEOTpaHUYEHHOH oYepebio MOXET ObITh OnHca-
HO C MOMOIIBIO CHUCTEMBI aJIre6panyecKuX ypaBHEHUI:

0=A'Pn—]_0"+n'u)Pn+(n+l)p'Pn-l-l

npu 1 £n<C; (3.32)
0=AP_—-A+C-wP,+CpP,,
npu n 2 C.

Peurenue cucremsl ypaBHeHHi (3.32) uMeeT BUI:
n

P, =%TP°’ npu 0<n<C, (3.33)
] =—‘£—-—P0, npu n=C, (3.34)
cicne
rae
-1
c-1 p_n- pC

(3.35)

p={s B+t .
n=0 2 o)
cs[l-(a)]

Pemienune OyneT AeiCTBUTENLHBIM, €CJIM BHINOJHAETCS CJIEAYIOLIEe

A
CJIOBUE: | — |<1.
¥ [P« C ] <

BepoATHOCTHbBIE XapaKTEPUCTUKH (DYHKIIMOHHPOBAHHSA B CTALMO-
HapHOM peXUMe MHo2okaHnanvholi CMO ¢ ooxcudanuem u Heoepanu4eHHOl
04epedsbio OTIPEAENAIOTCS TIO CleAYIOIUM (hopMynam:

BEPOSATHOCTb TOTO, YTO B CHCTEME HaXOMUTCS N KIMEHTOB Ha 00CTy-
KUBaHWH, omnpenaeisiercs no dpopmynam (3.33) u (3.34);

CpeiHee YMCIIO KJIMEHTOB B OYepenu Ha 00CIyXuBaHHE

C-p
L, =\———|F; (3.36)
T lc-p?
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cpenHee YMCIO0 HAXOMALIMXCA B CHCTEME KJIMEHTOB (3asBOK Ha 00-
CIIyXHMBaHUE U B OYEPEIH)

Ls=1L, +p; (3.37)

CpenHsisi MPONOXUTENBHOCTD NMPEeObIBAHUA KJINEHTA (3asiBKH Ha 06-
CJIYXHBaHHUE) B OUepeau

L
=9. : .
e oo

CpeaHsA NMPOAOJLKUTCIIPHOCTD HpCGbIBaHHH KJIMCHTa B CUCTCMC

1
Ws=W, +H' (3.39)

PaccMOTpUM NMpUMepbl MHOTOKaHAIBHOW CHCTEMBI MacCOBOTO 00-
CIYXXHBaHHs C OXUIaHUEM.

IIpumep 3.5. Mexanuyeckasi MacTepckas 3aBofa C TpeMs IOCTa-
MU (KaHajlaMH) BBIITOJIHSET pEMOHT MaJloif MexaHu3aluuu. TToToK Heuc-
MpaBHBIX MEXaHU3MOB, MPHOBIBAIOLINX B MAacTEePCKylO, — IyaCCOHOB-
CKHMil M1 MMeeT UHTEHCUBHOCTb A = 2,5 MeXaHM3Ma B CYTKH, CpelHee
BpeMsi PEMOHTa OJHOTO MEeXaHH3Ma pPacIpelleJIeHO IO I0Ka3aTeIbHOMY
3aKOHy M paBHO ! = 0,5 cyt. IIpeanonoxum, YTo Ipyroif MactepcKoi
Ha 3aBOJIE€ HET, U, 3HAYUT, oYepelb MEXaHU3MOB MEPE] MaCTEPCKO MO-
KET pacTH NPAKTHYECKN HEOrPaHHYEHHO.

Tpebyemcs BBIMUCIUTD CHeNyIOLLME MPEAeIbHbIE 3HAYEHHUS BEPOSIT-
HOCTHBIX XapaKTePUCTUK CHCTEMEI:

BEPOSITHOCTH COCTOSTHHI CHCTEMBI;

CpeaHee YUCIIO 3asBOK B OYepenu Ha 0OCITy>KMBaHHE;

CpeaHee YHUCI0 HaXOASIIMXCSA B CHCTEME 3asBOK;

CPEeIHIOI0 MPOXO/IKUTENBHOCTh NMPEOIBAHUS 3asBKM B OYepely;

CPEIHIOI0 NPOIOLKUTEIBHOCTh NPEObIBAHUS 3aIBKM B CHCTEME.

Pewenue

1. OnpenenuM mapaMeTp NMOTOKa OGCAYXMBaHU M

1

p===1/0,5=2.

4

2. IlpuBeneHHass HHTEHCUBHOCTD IOTOKA 3asiBOK
p=A/u=2,5/2,0=1.25,
npH 3TOM A/ - ¢ = 2,5/2 - 3 = 0,41.
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TTockonbKy A/U « ¢ <, TO ouepens He pacTeT Ge3rpaHUYHO U B CHC-
TEME HACTyMaeT NpelesbHbIi CTalMOHAPHBIH PeXXUM paGoThI.
3. BBIYHMCINM BEPOSTHOCTH COCTOSIHMIA CHCTEMBI;

C-141
1)0:: ZP—'+ p - = ==
n=0 oli-| 2
. : C pl p2 p3
I+ —+—+—
' o2 3 1-P
13
_ 1 - 1 =0,279;
2 3
P P 2 3
I+p+=-+ o 1+1,25+1’25 s
: 6-(1-5) 2 1,25
3 1=

1
R =%. Py =1,25-0,279=0,349;

2 2
_p° _125
B =2 Ry =22-0279=0218;
3 3
p” , 1,25
P =5n ==22-0279=0,091;
4 4
p,=F P0=1—25— 0,279=0,028.

]

4. BeposITHOCTh OTCYTCTBMSI O4Yepead Y MacTepcKoii
Ppo=Py+P +P)+ P3=
= 0,279 + 0,349 + 0,218 + 0,091 = 0,937.

5. CpenHee 4YMCIIO 3a9BOK B o4yepea Ha OOCITyXHBaHHE

L=|: Cp Jpcz[_ﬂﬁi_}.o,om.—.o,nl.

lc-p? (3-1,25)
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6. CpeaHee YMCIIO HAaXONSLIUXCS B CHUCTEME 3asiBOK
Lg=L,+p=0,111+125= 1,361.

7. CpenHsisi NPOJOIKUTEIbHOCTb NPeObIBaHUSI MEXaHU3Ma B o4yepe-
1 Ha oOCIyXUBaHHE
L, 0,111

Wq = > = —2,—5 =0,044 CyTOK..

8. CpenHsisi MpOOOJIXUTENbHOCTh NMpPeObIBAHUSA MeXaHH3Ma B Mac-
TEPCKOIi (B CUCTEME)
1

Wg = Wq +E =0,044 +—;— =0,544 cytok.

Mogenb o6cnyXuBaHusi MalLMHHOIO NapkKa

Monens o6CyXMBaHUS MAallMHHOTO INapka NpeAcTaBsieT coboit
MO0enb 3aMKHYMOU CUCmeMbl MACCO8020 OBCAYHCUBAHUA.

o cux mop Mbl pacCMaTpUBAJIM TOJIBKO TaKUe CHUCTEMBI MaCCOBOTO
06CTyXUBaHMS, TSI KOTOPBIX MHTEHCUBHOCTb A BXOJSILETO MOTOKA 3a-
SIBOK HE 3aBUCUT OT COCTOSIHUSI CUCTEMBI. B 3TOM cJlyyae UCTOYHUK 3a-
SIBOK SIBJISIETCSI BHEWIHUM IO oTHouieHHio K CMQO U reHepupyeT Heo-
rpaHUYEHHBIN MOTOK TpeGoBaHMil. PaccMOTpUM cUCTEMBI MacCOBOTO
00CTyXMBaHMS, LIS KOTOPBIX A 3aBUCHUT OT COCTOSIHUSI CUCTEMBI, MPH-
YeM UCTOYHUK TpeOOBaHMUH SBJISICTCSI BHYTPEHHUM M T€HEPUPYET orpa-
HUYEHHBIN MMOTOK 3asBOK.

HanpuMep, obGcyXuBaeTcsl MAalIMHHBIN TMapK, cocTosiuii u3 N
MalllMH, Opuranoi R MexaHukoB (N > R), npuyeM Kaxnas MalliMHa MO-
XEeT 06CIYXXUBAaThCSA TOJBKO OAHUM MEXaHMKOM. 31eCh MalllMHBI SBJISI-
I0TCSI UICTOYHUKAMU TpeGOBaHMM (3asBOK Ha 0OC/IyXMBaHUE), a Mexa-
HUKU — OOCHyXHBaOUWIMMU KaHajamMu. HeucnpaBHasi MaliMHa rocie
00CTy>kMBaHUS UCTIONB3YETCS] 110 CBOEMY TNMPSIMOMY Ha3HaYE€HUIO U CTa-
HOBUTCSI MOTEHUHAJbBHBIM UCTOYHUKOM BO3HUKHOBEHHUS TpeGOBaHUM
Ha obcayxuBaHue. OY4eBUIHO, YTO HHTEHCUBHOCTDL A 3aBUCHT OT TOTO,
CKOJILKO MAallMH B JAaHHBI# MOMEHT HaXxOOUTCS B 3KCIUIyaTaluUM
(N — k) ¥ cKoJIbKO MalllMH OOCJIYXXUBAETCS WIX CTOUT B OuY€penu, OXKHU-
nas oocayxuaHus (k).

B paccMmaTtpuBaeMoit MOeUM €eMKOCTh UCTOUHUKA TpeOOBaHUM cie-
JIyeT CYMTaTh OrpaHUYeHHOMN. Bxomsumit moTok TpeGOBaHUIA UCXOIUT
U3 OrPaHUYEHHOrO YUCNIA IKCIUIyaTUpyeMbIX MaluH (N — k), KoTopble
B CJIy4yailHble MOMEHTBI BPEMEHM BBIXOHSAT M3 CTPOsI U TpeOYIOT 00Ciy-
xuBaHus. I1pu aToM Kaxnas MauwrmHa u3 (N — k) HaXoQUTCS B KCIUTY-
atauuu. [eHepupyeT NyacCOHOBCKMI IOTOK TpeGOBaHUM C MHTEHCHB-
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HOCTBIO A HE3aBUCHUMO OT JIDYTUX OOBEKTOB; OOLINI (CyMMapHBIil) BXO-
JIALUMA NTOTOK MMEET UHTEHCUBHOCTb (N — k) . A. TpeGoBaHue, nocry-
MUBILEE B CUCTEMY B MOMEHT, KOraa CBoOOAEH XOTsl Obl OOMH KaHa,
HeMeJIJIEHHO MIET Ha o6einyxuBanue. Ecin TpeGoBaHHMeE 3acTaeT BCe Ka-
HaJIbl 3aHATBIMU OOCJIy>)KMBaHUEM JAPYTUX TpeOOBaHUIl, TO OHO HE IO-
KHUOAET CUCTEMY, a CTAHOBMTCSI B OU€pe/lb U XAET, NTOKa OAMH U3 KaHa-
JIOB HE CTAHET CBOOOAHBIM.

Takum 06pa3oM, B 3aMKHYTOH CHCTEME MaCcCOBOTO OGCITYXHBaHMS
BXOJSIUMI NOTOK TpeOGOBaHUi (HOPMUDPYETCA U3 BBIXOASLIETO.

CocrosiHMe §), CUCTEMBI XapaKTepU3yeTcs OOILUM YHMCIOM TpeGoBa-
HUH, HAXOMSIILIMXCS Ha OOCIYXUBAaHUM U B O4Yepeau, paBHBIM k. s
' paccMaTpUBaEeMOii 3aMKHYTOI1 CUCTEMbBI, o4eBUAHO, Kk = 0, 1, 2, ..., V.
[Tpu 3TOM, €Ciii cHCTeMa HaXOLUTCSI B COCTOSIHUHU S, TO YUCIIO OOBEK-
TOB, HAXOMSILLIUXCS B 9KCIUTyaTallMu, paBHO (N — k).

Ecau A — MHTEHCHUBHOCTb NOTOKA TPeOOBaHUN B pacyeTe Ha OOHY
MalluHy, TO '

{(N—k)J» 0<k<N,
Ap =

0 k>N,

k-u, 0<k<R,

Kg =1R-p  R<k<N,
0 k>N.

Cucrema anreﬁpanqecrmx ypaBHCHPIﬁ, OIMUCBHIBAIOLLIUX pa60Ty 35-
MKHyTOii CMO B CTallMOHAapHOM pEXHME, BBIIJIIAUT CJIEAYIOIIHUM 06-
pasoMm:

0=-pNF) +B;

0=(N -k +DpP_y ~[(N ~k)p+k]P +(k +1)Pyy 0<k<R,
0=(N-k+DpP_|~[(N-k)-p+R|P +RPy;  R<k<N,
0= pPN_l - RPN .

(3.40)

Pewas JAaHHYIO CHCTEMY, HAXOOUM BEPOATHOCThb k-TO COCTOSIHUS:

Nk
NP p 1<k<R, |
KN — k)t 10 <
_ A (3.41)
k Nl.pk
P By R<K<N.
RURKR (N - k)
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N
BennunHa Py onpenenseTcs M3 YCJIOBUSI HOPMUpOBaHust Y, B =1

MOJIyYEHHBIX pe3yabTaToB 1o ¢opmynam (3.41) mia P, k=1, 2, ..., N.
OrnpenenuM CIeaylolIue 6eposmHOCMHble XAPAKMepUCMuKU CUChmemb:
CpellHee YUCJIO TpeOOBaHMI B OYepei Ha OOC/TyXXHBaHUE

N
L,= kg,R(k ~-R)Py; 3.42)

cpeaHee 4YMCIO TpeOGOBaHUM, HaXOAAIMXCS B cUcTeMe (Ha oGciy-
XXMBaHUU U B O4YEPEIH)

N
Lg= Y kP; (3.43)
R=1

CpeaHee YUCIIO MEXaHWKOB (KaHaJiOB), MPOCTAMBAIOILIMUX U3-33 OT-
CYTCTBHUSI pabOThI
—  R-l
R,= Y (R-k)P,; : , (3.44)
k=0

K03¢hGUUMEHT MPOCTOST 0OCIYXHBaeMOro o0bekTa (MalllMHbI) B
ouepenu

I
o =7V1; (3.45)

K03 DHLHEHT UCITONIB30BAHUA OOBEKTOB (MAalLIMH)
. L
oy =1-{ =1 .
2 ( N ) (3.46)
K03(PULUHMEHT NPOCTOsT 00CIYKUBAIOLIUX KaHAIOB (MEXaHHUKOB)
O3 =

R, (3.47)
R

cpeaHee BpeMsl OXKUAAHHUST OOCIYXHBaHMS (BpeMsl OXUIaHUS 00-
CIIYXWBaHHUsI B OYEpEdH)

W =_1..(1‘°‘2)_l, (3.48)
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Ipumep 3.6. ITycte nns o6CayXUBaHUA NECATH TNEPCOHATBHBIX
komnbioTepoB (ITK) BoiaeieHO ABa MHXEHEpa OAMHAKOBOH MPOU3BOAM-
TeJILHOCTH. T10TOK OTKa30B (HEMCIpPaBHOCTEN) OXHOIO KOMITHIOTEPA —
MTyaCCOHOBCKHUM ¢ HHTEHCUBHOCTHIO A = 0,2. BpeMst o6cnyxuBanus ITK
NOAYMHSAETCS TOKa3aTeJbHOMY 3akoHy. CpenHee BpeMs o6CIyXMBaHMA
onHoro ITK omHuM HHXeHepoM cocTasisieT: ¢ = 1,25 vac.

Bo3MOXHBI clieqyolie BapHaHTBl OpraHU3aluU OOCHYyXMBaHUS

IIK:

e 00a MHXEHepa 0OCIYXHBAIOT BCE NECATh KOMIIBIOTEPOB, TaK YTO
npu otkasze ITK ero oGciayxuBaeT OfMH U3 CBOOOOHBIX MHXEHEPOB, B
3TOM ciaydae R = 2, N = 10;

® KaXIbiii U3 JABYX WHXEHEPOB OOCIYXMBAeT IO MATh 3aKperieH-
Hblx 3a HUM IIK. B 3ToM cnywae R=1, N= 5.

Heo6xonuMo BeIOpaTh HaWJIYYIIMA BapMaHT OpraHU3allM¥ o0CITy-
xuBanusa ITK.

Pewenue

1. BorynciuM napametp o0CHYXXKHUBaHUS

3. BeluvciiuM BepOSITHOCTHBIE XapakTepucTiku CMO mis aByx Ba-
pUaHTOB opraHu3auuu otcayxuBaHus I1K.

Bapuanm 1
e OmnpenenuM BEPOSTHOCTH COCTOSTHHUIA CHCTEMBI:
| N !~p"
k(N -k)!
Npk
R-RFR. (N -k)!

R, 1<k<R
P =

.Py R<k<N;

1010,25!

= Tqo—my =25 B
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_1010,25%- R
2:22°2.(10-2)!
_ 100,25
2232 10-3)!
_1010,25%- By
* T 2242 (10- 4

) =2,812- B;

Py=2,812-Ry;

=2,461'P0;

101:0,25° - By

5= = 1,846 . Po;
2.2572.(10-5)! _

101.0,25% - B

y = ——— 0 = 1,154 By;
2.26-2.(10-6)! _

100,257 - By
2.27-2.(10-7)!
_1010,25%- By
2.28-2.(10-8)!

=0,577- By;

=0,216- By;

1010,25° - By
B= 57 qo_on
2:2972.(10-9)!
_1010,250. By
2.219-2.10-10)!

=0,054- By;

30 =0,007- A

N
e VuuteiBas, yto Y, Py =1, u ucnons3ysa pesynsratel pacuyera Py,
k=0

BBIYMCIINM Py

N
Y P =Py+2,5 Py+2,812-By+2,81- By +...+0,007- By =1.

Otkyna Py = 0,065,

TOoroa
P, =0,162; P, = 0,183; P; = 0,182; P, = 0,160;

Ps = 0,11; Pg = 0,075; P; = 0,037; Py = 0,014;
Py = 0,003; P,y = 0,000.
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OmnpenenuM cpefHee YUCIO KOMIBIOTEPOB B OYepeld Ha oGciy-
XHBaHHeE:

' N
Ly= Y (k=R)-P =
k=R

=0+(3-2)-0,182+@4-2)-0,160+(5-2)-0,11+(6-2)-
- 0,075 + (7 - 2) - 0,037 + (8 -2) - 0,014 + (9 — 2) - 0,003 =
= (0,182 + 0,32 + 0,33 + 0,3 + 0,185 + 0,084 + 0,021 = 1,42.

Onpenenum cpenree yucno MK, Haxomsmuxcss B cucreMe (Ha 06-
CJIYXXMBaHHH M B OYEPEIH):

N
Ls= Zk'Pk=
k=1

=I’Pl+2'P2+3'P3+4’P4+5'P5+6'P6+7'P7+
+8-Pg+9-Py+10- Py =
=0,162+2-0,183+3-0,182+4-0,16 +5.0,11 +
+6-0,075+7-0,037 + 80,014 +9-0,003+10-0=3,11.

Onpenenum cpefiHee YUCIO UHXKEHEPOB, MPOCTaUBAIOILUX U3-3a OT-
CYTCTBHS pabOTHI:

—  R-1
R,= Y (R-k)- P, =(2-0)- Py +(2-1)- B =2-0,065+1-0,162=0,292.
k=0

KoadpuumneHT mpoctosi nepCcoHaIbHOrO KOMIBIOTEPAa B OYEpend

CJIEAYIOLIUIA:
L, 1,42
=L =2220,142.
MV T Y
Ko3¢pdHuneHT UCIONB30BaHUSI KOMIBIOTEPOB OMpeEAeIseTcs 10
¢dopMmyie

KoadduuueHT MpocTos 06CIyXKHBaIOIUX HHXEHEPOB PaCCYNTHIBA-

€TCA Tak:
R, 0,292
=Bn _ D72 .
o3 % 2 0,146
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Cpennee BpeMst oxunanus ITK obenyxuBaHus
1 {[1-ay 1 1 1-0,689 1

W, =—. —— I —— —— . ———— .

‘ x[( @ )J 702 068 08 0 T

Bapuanm 2

OrmnpenenuM BepOSTHOCTH COCTOSHUIA CHCTEMBI:

N'pF
P __. 1Sk<R;
KN~ 0 k<R,
k= k
1.
k]i'p By R<Kk<N;
R-RFR.(N -k
510,25 .
=G =125 By
025" Py=1,25-Fy;
Pp o 0T
51-0,25° ,
Ps—m'ﬂ)—O,%S'R),
_50.25% o ko b
4= gy Fo =048 R

Ps=5!-0,25°. Py= 0,117 - Py;

5

S P, = Py +1,25- By +1,25- Py +0,938- Py +0,469- Py +0,117- B =1.
k=0 )

Ortkyna Py = 0,199,
TOrzAa

P, = 0,249; P, = 0,249; P; = 0,187; P, = 0,093; Ps = 0,023.
. Cpezmee 9YUCIO0 KOMHMGTCDOB B o4Ye€peau Ha OGCJ'IY)K]/IBaHHC TaKOBO:
N
L, =k§R(k -R)-B, =
=(2-1)-0,249 + (3 —1)- 0,187 + (4 —1) - 0,093 + (5 — 1) - 0,023 = 0,994.
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CpenHee YHCI0 KOMITBIOTEPOB, HAXOMALIMXC Ha OOCIYXUBAHUU M
B OYepeNd, PACCYMTHIBAETCS TaK:

N ,
L=Y k-P=B+2-Py+3-P+4-Py+5. P =
k=1

=0,249 +2-0,249 +3.0,187 +4-0,093 + 5-0,023 = 1,8.

CpenHee YHCI0 MHXEHEPOB, NPOCTAMBAIOLIHUX H3-3a OTCYTCTBHS
paboThI:

_ R-
R,= 3 (R-k)- P, =(1-0)- By =0,199.
k=0

KoadduuueHT npocTost NepcOHaJIbHOTO KOMIBIOTEPA B OYEPEIU:

Koad¢puumeHT ucnonb3oBaHusi KOMIbIOTEPOB:

a2=1—(-%S—J 1 (158] 0,64.

KoadduiumeHt npoctos o6CayKMBAIOIINX WHXEHEPOB:

Cpennee Bpemst oxumaHus ITK oGcnyxuBaHUs:
1{l-0p] 1 1 (1-0,64 1
W =| -1 ——= — =],
g (x]( % ) m 02( 064) 0,8~ 136 wac.

CaeeM MMOJyYeHHBIE Pe3yJIbTaThl [0 IBYM BapHaHTaM B Cienylo-
LIy10 Tabauiy:

HTOroBbie BEPOSTHOCTHBIE Bapuanrsl
XapaKTePUCTUKH 1 2
o 0,142 0,199
o 0,689 0,64
o 0,146 0,199
W,, uac. 1,01 1,56
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TakuM 00pa3oM, B BapraHTe 1 KaXIblii KOMIIBIOTEP CTOUT B OYyepe-
IM B OXHMIaHMU Hayajla ero oO0CIyXUBaHMUS NMpUOau3uTenabHo 0,142 ya-
CTH paboyero BpeMEHHM, UTO MEHBIIIE 3TOro MoKa3aTesisl IPYU BapyuaHTe 2
opraHu3auuu pabor. Jdanee B BapuaHTe 1 BeposiTHOCTh TOro, Yto I1K B
Mo6oit MOMEHT BpeMeHHU OyneT paboTaTh BhIlE, YEM B BapuaHTe 2, U
paBHa oz'z = 0,689 > oc22 = 0,64. OueBMOHO, BapHaHT |1 opraHU3aLMH
pa6or no o6cmyxuBanuio IIK agdekruBHee, yeM BapuaHT 2.

3apaum

3.1. OgHokaHanbHass CMO ¢ orka3aMu NpeacTaBisieT coboi OmHYy
TeneOHHYIO JIMHUIO. 3asiBKa (BHI30B), MpHUILEAIIasi B MOMEHT, KOrga
JIMHUS 3aHsTa, MojiyyaeT oTKa3. Bce MOTOKM COOBITHMI mpocTeiuue.
WHreHcuBHOCTL noToka A = 0,95 Bri3oBa B MMHYTY. CpenHss nponon-
>KUTEJIBHOCTh pasroBopa /! = 1 MHH.

Onpedeaume BEepOSITHOCTHBIE XapakTepucTuku CMO B ycraHOBUB-
LIEMCSl pEXHMeE pabOoThI.

3.2. B ogHokaHanbHyl0o CMO ¢ oTKazaMM II0CTyTaeT NMpocTeiui no-
TOK 3as1BOK C MHTEHCHMBHOCTBIO A = 0,5 3aBKM B MMHYTY. Bpems o6cry-
KMBaHMsI 3asIBKM MMeeT M0Ka3aTeIbHOe pacrpeneneHue ¢ ¢ = 1,5 MUH.

Onpedeaume BepOSITHOCTHBIE XapakTepucTUKH CMO B ycTaHOBUB-
meMcsl pexXuMe paGoTHl.

3.3. B BBIYHCJIMUTEJBHOM LEHTpE pPabOTaeT 5 MepCOHaJIbHBIX KOM-
nbiotepoB (ITK). IIpocTeitinit moTok 3amay, mocrymnaiowux Ha Bl
MMeeT UHTeHCUBHOCTh A = 10 3amay B yac. CpeaHee BpeMsl peleHUs
3aga4yM paBHO 12 MUH. 3asiBKa mmoJiyyaer otkas, eciu Bce I1K 3aHATHL

Haiidume BEepOATHOCTHBIE XapaKTEPUCTUKU CUCTEMBI 06CIyKUBa-
Hus (BLI).

3.4. B aynutopckyio ¢upMy MOCTYyTaeT MPOCTEHILNI MOTOK 3asBOK
Ha 0OCIyXMBaHHE C MHTEHCHBHOCTBIO A = 1,5 3asBKU B OeHb. Bpemsi
00CIyXXMBaHUs paclpelie/ieHO MO MoKasaTeJIbHOMY 3aKOHY MU PaBHO B
CpelHEeM TpeM IHSIM. AynuTOpcKasi prpmMa pacrosaraeT MsTblo HE3aBU-
CHMBIMM OyXrajJTepaMM, BBHIMTOJHSIOUIMMH ayOqUTOPCKUE MPOBepKU (06-
cayXuBaHue 3asBOK). Ouepenb 3asiBOK He orpaHuyeHa. JUCUHUILIMHA
oyepeau He periaMeHTHpOBaHa.

Onpedenume BepOSITHOCTHbIE XapaKTePUCTUKHU ayAUTOPCKOM (hUpMBbI
KaK CHUCTEMBbl MacCOBOro OOCJIy>)KMBaHHsI, paboTalolleil B CTallMOHAp-
HOM pEXMME.

3.5. Ha nyHKT TeXxocMOTpa MOCTYIAeT MPOCTEHIINI MOTOK 3asiBOK
(aBTOMOOMJIEN) HHTEHCUBHOCTH A = 4 MalllMHBI B yac. Bpems ocMoTtpa
pacripeiefIeHO 10 MoKa3aTeJIbHOMY 3aKOHY M PaBHO B CpelHEM 17 MUH.,
B OYepel¥ MOXET HaXOAUTLCSl HE Gosiee 5 aBTOMOOMIIEHA.
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Onpedenume BEPOSITHOCTHBIE XapaKTEePUCTUKHU NMyHKTa TEXOCMOTPA B
YCTaHOBHMBHIEMCS pEXHUME. _

3.6. Ucrnone3yiite ycnosusa 3anauu 3.5 (A = 4; ¢t = 17 mun.). OnHa-
KO OrpaHMYEHHUs] Ha OYyepelb CHSITHI

Boiuucaume BEpOSITHOCTHBIE XapaKTEPUCTUKM MYHKTa TEXOCMOTpa B
YCTaHOBHUBILIEMCSl PEXHME.

Onpedeaume, 3¢ GEKTUBHO JIM CHSITUE OTPAaHUYEHUS Ha AJIUHY OYye-
penu.

3.7. Ha npoMmIlIZIEHHOM NpPEINpHUSTHH pellaeTcsl BOIPOC O TOM,
CKOJIbKO NMOTPeOYeTCSI MEXaHMKOB JUIs1 paGoThl B peMOHTHOM Lexe. [TycTh
npeanpusitTie uMeetr 10 MauinH, TpeOYIOLUX PEMOHTA C yYETOM 4YHCia
peMoHTHpylomuxcsa. OTKassl MallMH MPOUCXOAAT C 4YacToTroit A = 10
OTK/yac. Ins ycTpaHeHHUs] HEUCIIPAaBHOCTU MEXaHUKY TpebyeTcsl B Cpell-
HeM { = 3 MuH. PacrpelnenieHue MOMEHTOB BO3HMKHOBEHHUSI OTKa30B
SIBJIIETCSL MMyaCCOHOBCKUM, a MPONOJXKMTEIbHOCTb BBIMOJHEHUS pe-
MOHTHBIX paboT pacrpezaeeHa 3KCIOHEHIIMaIbHO. BO3MOXHO opraHu-
30BaTh 4 WK 6 pabo4yMX MECT B Liexe IS MEXaHUKOB NPEIIPUSITHUSA.

Heobxodumo evibpams Haubosee 3¢ GeKTUBHBIM BapUaHT obecrneye-
HMSI PEMOHTHOTO 1ieXa pabOYMMH MECTaMH LIS MEXaHUKOB.

3.8. B OyxranTepuu NmpeanpUsTUs UMEIOTCS [Ba Kaccupa, KaXIbli
M3 KOTOPBIX MOXET 0OC/IyXHUTb B cpeHeM 30 coTpyaHUKOB B yac. Ilo-
TOK COTPYAHMKOB, NOJIy4YaloluX 3apaboTHYIO IU1aTy, — NMPOCTEUIIUH, C
WHTEHCUBHOCTBIO, paBHOM 40 coTpyaHuKoB B yac. Ouepeab B Kacce He
orpaHuyeHa. JUCLHMIUIMHA OYepeay He perlaMeHTUpoBaHa. Bpemst 06-
CNYXHUBaHUS OAYMHEHO SKCMOHEHUHUATBHOMY 3aKOHY pachpeieieHus.

Boivucaume BepOSITHOCTHBIE xapakTepucTuku CMO B cTtanmoHap-
HOM peXHME U ONpeaeuTe HeJecoOo0pa3sHOCTh pHUeMa TPEThEro KacCH-
pa Ha NpeanpusTHe, paboTaIOLIETO C TaKOi Xe MPOU3BOAUTENbHOCTBIO,
KakK M INepBbIe JIBa.

3.9. B MHCTpyMEHTAJIbHOM OTHEJIEHUH COOPOYHOro 1iexa paGoTaloT
TPH KJIagoBlIMKa. B cpenHeM 3a 1 MUH. 3a MHCTpYMeHTOM nipuxomsir 0,8
pa6ouero (A = 0,8). O6¢cayxuBaHHE OOHOrO paboyero 3aHUMaeT y Kia-
JoBuika ¢t = 1,0 mud. Ouepenb He UMeeT orpaHu4eHust. M3BecTHO, YTO
MOTOK paboyMX 32 UHCTPYMEHTOM — MyaCCOHOBCKMIA, a BpeEMS 0OCITyXH-
BaHUsl MOMYMHEHO SKCIOHEHLMATbHOMY 3aKOHY pacrnpeneneHust. Ctou-
MOCTh 1 MUH. paboTsl padoyero paBHa 30 1. €., a KnagoBiumka — 15 1. e.

Haiioume cpeaHye NoOTepH Liexa NMpU JaHHOW OpraHusauuu obciy-
>KMBaHUS B UHCTPYMEHTJIBHOM OTIEJIEHHH (CTOMMOCTb NMPOCTOs1) MpH
CTal[MOHAPHOM peXHUMe paGoThI.

3.10. BuneTtHasa kacca paGortaeT 6e3 nmepepbiBa. buiaeTel mpomaeT
onuH Kaccup. CpenHee BpeMsi 06CTYXXMBaHUS — 2 MMH. Ha KaXJIOro ye-
JoBeka. CpenHee YUCIIO MacCaXUpPOB, XKEJAIOUIMX MPUOOPECTH OGUIIETHI
B Kacce B Te4eHHe OQHOro yaca, paBHo A = 20 macc/4ac. Bce moToxu B
CHUCTEMe INpocCTeilne.
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Onpedenume CpeAHIOO IUIMHY OYEPEAM, BEPOSTHOCTh MPOCTOS Kac-
cHupa, cpeHee BpeMsl HaXOXIEHHUs TNaccaxupa B OGuyeTHOH Kacce (B
-odyepend U Ha OOCIyXXHBaHWHU), CpedHEe BpeMsi OXXHMIAHUSI B OYepenu B
YCJIOBUSIX CTALlMOHAPHOTO peXuMa pabGoThl KacChl.

3.11. ITocT AMarHOCTUKU aBTOMOOWIEH IpeNCTaBisieT co0oil OgHO-
KaHabHy10 CMO c orkazamu. 3asiBKa Ha JWArHOCTHUKY, MOCTYTIMBLIAS
B MOMEHT, KOTJa IOCT 3aHST, MoJiyyaeT oTKa3. IHTEHCUBHOCTh NOTOKA
3a1BOK Ha AMarHoCTUKY A = 0,5 aBromo6uisa B yac. CpeaHsas mpoaosn-
>KUTEJIbHOCTh JUAarHOCTHKHU ¢ = 1,2 4. Bce mOTOKM COOBITUIH B CUCTEME
NPOCTEHLIHE.

Onpedeaume B YCTAaHOBHUBIIEMCSI DEXHME BEPOSITHOCTHBIE XapaKTe-
PUCTHKM CHCTEMBI. _ _

3.12. Ucnonw3yitte ycnosus 3agayn 3.11 (A = 0,5; 1 = 1,2 vac.).
OnHako BMecTo onHokaHansHOH CMO (n = 1) paccMaTpuBaeTcs Tpex-
KaHaIbHasg (n = 3), T. €. YUCJIO TOCTOB AMATHOCTUKU aBTOMOOUIIEH yBe-
JIMYEHO IO TpeX.

Haiioume BeposiTHOCTHBIE XapakTepuCTUKH CMO B yCTaHOBMBILIEM-
csl peXHME.

3.13. ABro3anpaBoyHasi CTaHIUSA npencrasiser coboit CMO c oxn-
HHUM KaHaJIOM OOCIY>XXMBaHHUSI M OMHOM KoymoHKoi. ITnowanka npu A3C
JIOTYCKaeT NMpebblBaHKE B OYepelH Ha 3alpaBKy He 6oJiee TpeX aBTOMO-
owueit onHoBpeMeHHOo. Ecii B ouepeny yxxe HaxXomMTCSt TPU aBTOMOOH-
Jisl, ouepeaHON aBTOMOOHJIb, NMPUOBIBIIMA K CTAaHLIMM, B OYepEdb HE
CTaHOBUTCS, a NMpoe3xaeT MUMO. IToToK aBTOMOGMIIEH, MPUOBIBAIOUINX
IUISl 3aTIpaBKM, UMEET UHTEHCUBHOCTb A = 0,7 aBTOMOOWJISI B MMHYTY.
IIpouecc 3ampaBku NMpoxoypkaeTcsi B cpeaHeM 1,25 muH. Bece moTtoku
npocTenuue.

Onpedenume BEpOSATHOCTHBIE XapakTepucTHKM CMO B cTanuoHap-
HOM peXHMe.

3.14. Ucnons3yitte ycnosust 3agayu 3.13. OnHako orpaHUYeHHS Ha
IUTHHY OYEpEAM CHSATHI.

Haiidume BeposiTHOCTHEIE XxapakTepucTHKH CMO B cTailMoHapHOM
peXHUMe.

Onpedenume, BHITOOHO JIM B JTaHHOM CUTyallMH CHSATHE OrpaHUYEHHS
Ha JUIMHY OYEPEAH B NMPEATIONOXEHUH, YTO AOMOJHUTEIbHBIX (PUHAHCO-
BbIX PECYPCOB He TpeOyeTcs UIsl pacliMpeHus ruowanky npu A3C.

3.15. Ha xene3HONOPOXHYIO COPTHUPOBOYHYIO TOPKY NpUGHIBAIOT
COCTaBBI C MHTEHCUBHOCTBIO A = 2 cocTaBa B yac. CpefiHee BpeMs, B Te-
YeHUEe KOTOpPOro ropka oocnyxusaet coctas, paBHO 0,4 yac. CocTaBhl,
npubbIBaloNIe B MOMEHT, KOT/a TOpKa 3aHsTa, CTAHOBSTCSA B OYepeNb
M OXHUIAIOT B MapKe MPHUOBITHS, [Ie MUMEETCSl TPH 3alacHBIX NYTH, Ha
KaXIOM M3 KOTODBIX MOXET OXHOaTb OOWH cocTaB. CocTaB, NMpUOLIB-
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LM B MOMEHT, KOIla BCE TPU 3amacHbIX MyTH B MapKe MpUOBLITUS 3a-
HATHI, CTAHOBHUTCSI B OY€peab Ha BHEIUHUN MyTh. Bce MOTOKM COOBITHIA
MpOCTEHLLIKE.

I1pu ycTaHOBUBLUEMCSI pEXUME Halidume:

CpelHee YMCJIO COCTaBOB, OXMIAIOUIMX B oYepenu (KakK B IMapke
NPUOBITHS, TaK ¥ BHE €r0);

cpelqHee BpeMsl OXUAAHMS B MapKe MPUOLITMSA M Ha BHELUIHMX ITy-
TSX;

cpelnHee BpeMsl OXKMIAHHs COCTaBa B CHCTeEMe OOCIyXKMBaHHUS,

BEPOSITHOCTh TOTO, YTO NMPUOBIBILIMI COCTaB 3aifMET MECTO Ha BHEIL-
HUX TMYTAX.

3.16. PaccmatpuBaerca pa6ora A3C, Ha KOTOpOU MMEIOTCS TPH 3a-
NpPaBOYHBIE KOJOHKH. 3ampaBKa OAHOW MalUWMHbBI JJIUTCA B CpelHeM 3
MUH. B cpenneM Ha A3C Kaxaylo MUHYTY NMPUOBIBaeT MalllMHa, HYXIa-
IoLHasiCsl B 3aMpaBKe O€H3MHOM. YKCIO MECT B OYEPEAN HE OTPaHUYEHO.
Bce MalMHbl, BCTaBlUIME B OYEpEdb Ha 3alpaBKy, JOXHIAIOTCS CBOei
ouepeau. Bce moToku B cUCTEME MpOCTEHLINE.

Onpedeaume BepOSITHOCTHBIE XapaKTepUCTUKU pabothlt A3C B cra-
LMOHAPHOM pEXHUME.

3.17. Ha cra"Huuo texuu4yeckoro oocnyxuanust (CTO) aBToMo6u-
Jieif KaXnIble JBa yaca MOAbE3XaeT B CpelHEM ofHa MamiuHa. CTaHius
uMeeT 6 noctoB o6cayxuBaHug. Ouepeah aBTOMOOHIIEH, OXUIAIOLIMX
o0CTy>XUBaHMsl, He orpaHU4YeHa. CpeaHee BpeMsl OOCIyXKHMBaHUS OIXHOIM
MallMHBl — 2 yaca. Bce MOTOKM B CUCTEME MPOCTEHIIKE.

Onpedeaume BEPOSITHOCTHBIE XapaKTEPUCTUKU CTAHLUUU TEXHUYEC-
KOro o0C/Iy>)KMBaHHUSI aBTOMOOUJIICHA.

3.18. Ucnonsayiite ycnoBus 3agaun 3.17, ogHako Ha CTO HeT BO3-
MOXHOCTH OpPraHM30BaTh CTOSHKY JUISI aBTOMOOMJIEH, OXUIAIOMIUX 06-
cnyxuBanusi. Kaxmpiit aBToMOOWIb, MPUOBIBAIOLIKIT B MOMEHT, KOrma
BCE€ IMOCTHI 3aHATHI, MOJYYAET OTKa3 B OOCIY>KMBaHUU.

Onpedeaume BepOATHOCTHBIE XxapakTepucTuk CTO aBTOMOOUIIEIHA.

3.19. B BHIYHMCIIUTENBHOM LIEHTPE PaGoOTAIOT 9 MEepCOHANBHBIX KOM-
nbiotepoB (ITK). ITpocTeitinit MOTOK HEUCNPABHOCTE HMMeEET HMH-
TeHCUBHOCTB 0,3 oTKa3a B AeHb. CpellHee BpeMsT yCTpaHEHUS OHOM He-
HCIIPaBHOCTH OJHUM WHXEHepoM paBHO 1,5 yac. KommnbloTephl oGCiy-
XMBAIOT TPU WHXEHepa C OQMHAKOBOM MPOU3BOAUTENBHOCTHIO. Bee mo-
TOKH COOBITHIf mpocTeifie. Bo3MOXHBI ClIeAylOUIie BapHaHThI Opra-
Hu3auuu obcayxuBanus IMK: ‘

TPU MHXEHepa 00CIYXXHBAIOT BCE 9 KOMITBIOTEPOB, TaK YTO NPH OT-
ka3e [IK ero obGcnyxuBaeT OOUH U3 CBOOOIHBIX MHXEHEPOB, B 3TOM
ciyqsae R=3; N=09;
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KaXIblif U3 TPEX MHXEHEPOB OOCIYXMBAET MO TP 3aKPEIUIEHHBIX
3a HuM IIK. B atom cnyyae R = 1; N= 3.

Heo6xonuMo abibpame HawNydlIMil BapMaHT OpraHM3alUMH O6GCIy-
xuBaHus I1K.

3.20. Majioe TPaHCIOPTHOE IMPEeATIPUATHE SKCILUTyaTHUPYET AECATh
Mojeieit aproMoOwieit ogHoit Mapku. ITpocreifiinii MOTOK OTKa30B aB-
TOMOOWIENH MMeeT MHTEHCHMBHOCTh A = 0,25 oTKasa B meHb. CpenHee
BpeMS YCTPaHEHHsI OAHOTO OTKa3a aBTOMOOWISI OQJHUM MEXaHMKOM paB-
HO 2 yac. Bce moTtoku coObITHIT mpocreiimue. Bo3MOXHBI ABa BapHaH-
Ta 00CITYXXHUBaHUS:

BCe aBTOMOGWIM OOCIYXHBAIOT IBa MEXaHMKa C OQUHAKOBOW Mpo-
U3BOAUTENILHOCTBIO;

BCE aBTOMOOWJIY NMPEANPUATHS OOCTYXXKHBAIOT TPH MEXaHHKa C OlH-
HaKOBO NMPOU3BOAUTEILHOCTBIO.

Heo6xonuMo ewvibpame HaWIydLIM# BapMaHT OpraHM3allMU 06GCIy-
>KHBaHHUSI aBTOMOOWIIEH.

3.21. Ha Bxon TenepoHHON CTaHLMM, UMelOLIeH 9 KaHAIOB 00CIy-
XHBaHMs, MOCTyNaeT B cpeaHeM 120 3a9BOK B yac. 3asiBKa MoJydaeT OT-
Ka3, ecJid Bce KaHasbl 3aHAThL. CpeHee BpeMsl 00CTyXXHBaHUsI B OMHOM
KaHaJie paBHO 4 MMH. Bce MOTOKM B CUCTEME IPOCTeHIIHeE,

Onpedenume BEpOSTHOCTHbIE XapaKTEPUCTUKHU TeNe(OHHON CTaH-
MM, BhIcTynawoluieit B kauecrse CMO.

3.22. B MarasuHe paGoTaeT OOWH IMpoAaBell, KOTOPbIii MOXET 00-
cnyxuth B cpeaHeM 30 nmokymareneit B yac. IToTok mokymareseit npo-
CTeIMii ¢ MHTEHCUBHOCTBIO, paBHOM 60 mokymnaresM B yac. Bce mo-
KYTIaTeJIU «HETEPIIEJIUBbIE» U YXOUAT, €CIM B OYepeld CTOUT 5 YEIOBEK
(moMHMO 0GCTyXMBaeMbIx). Bce MOTOKM COOBITHIT IpoCTEHIINE.,

Onpedeaume cnenylouye BEPOSITHOCTHBIE XapaKTEPUCTUKH Marasu-
Ha JUIS CTaAlIMOHAPHOTrO peXHMa paboTHI:

BEPOSITHOCTb OOCITY>XXUBaHHS MOKyHaTeJst;

abCOJIOTHYIO IIPOMYCKHYIO CIIOCOGHOCTh Mara3uHa;

CPEIHIO JJIMHY OYepeau;

cpenHee BpeMs OXHIAaHHUS B OYEpEaM;

. cpeqHee BpeMsi BCero o0CTYXHBaHUS;

BEPOSTHOCTb MPOCTOSI MPOAABLIA.

3.23. PaccmarpuBaetcs pabora A3C, Ha KOTOpoit HMCCTCﬂ MATH 3a-
MPaBOYHBIX KOJIOHOK. 3anpaBKa OAHON MalUMHBI IUTUTCS B CpeaHeM 4
MuUH. B cpenneM Ha A3C Kaxayio MUHYTY NpUObIBaeT MalllMHA, HYXIa-
Iolasics B 3ampaBke OeH3MHOM. UMCJIO MECT B OYepedu He OrpaHHuYe-
HO. Bce MallMHBI, BCTaBLIKME B OYEpEdb, JOXHIAIOTCA CBOEH ouepenu.
Bce nmoToxu coObITHI MpocTeHIneE.

Onpedenume BEpOSITHOCTHBIE XapaKTepuCTUKU A3C m)is cTallMOHap-
HOTO peXxuma.
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3.24. Vimeetca aByxkaHanbHast npocreiimast CMO c¢ orkasamu. Ha
€€ BXOJ MOCTYNaeT MOTOK 3aABOK C MHTEHCUBHOCTBIO A = 3 3asBKM B
yac. CpenHee BpeMsi OOCIyXHBaHUSI ogHOM 3asiBKM ¢ = 0,5 yac. Kax-
[ast o0Coy>XeHHas 3asiBKa NMpUHOCHT noxof S A. €. ComepxaHue KaHaia
obxoxutcs 3 a. e./yac.

Pewume, BBITOOHO JIM B 9KOHOMUYECKOM OTHOLIEHUH YBEJIUYUTH
yucio KaHanmoB CMO go Tpex.

3.25. IloOcuumaiime BepOSITHOCTHBIE XapaKTEPUCTUKH ISl TPOCTeH -
wek onHokaHaibHOH CMO ¢ TpeMst MECTaMM B OYEPEH NP YCIOBUSAX
A = 4 3agBku/4yac; t = 0,5 yac.

Boiachume, KaK 3TH XapaKTePHUCTUKU H3MEHSTCS, €CNIH YBEJTHUYHTh
YHCJIO MECT B OYEPEAU O YEThIPEX.

3.26. Kak uameHnstcs xapakrepuctuku 3cdgexkrusHoctdu CMO B 3a-
Jage 3.25, ecnid A M L OCTAIOTCSl MIPEXHUMH, @ OTPAaHHYEHUE HA YHCJIO
MECT B OY€peqy CHSTO.

3.27. OnnokaHanbHast CMO — DBM, Ha KOTOpYyI0 MOCTYMAIOT 3a-
ABKH (Tpe6oBaHMsI Ha pacyeTsl). ITOTOK 3asBOK mpocTeiilinii co cpen-
HUM UHTEPBAJIOM MexXny 3asiBKaMu ¢ = 10 MuH. BpeMst o6cnyxuBaHus
pacnpenesieHO MO 3KCHOHEHUHANbHOMY 3aKOHY C MaTeMaTHYeCKUM
OXHAAHHUEM ! ogc; = 8 MUH.

Onpedeaume cpenHee yucio 3asBok B CMO, cpenHee YHCIO 3asiBOK
B OYepelnH, cpeHee BpeMs IpeObiBaHUS 3as1BKH B CHCTEME U B OYEpeH.

3.28. Cucrema MaccoBOro oocy>kKuBaHUsi — OUJIeTHas Kacca ¢ Tpe-
Ms OKOLIKaMH (C TpeMs KacCHpaMH) M HEOrpaHMYEHHOM ouyepensio.
ITaccaxupoB, XeJaIOUWIMX KYIIUTh OWJIET, IPUXOOUT B CPEOHEM 5 4eJio-
Bek 3a 20 MuH. IToTOK MmaccaXupoB MOXHO CYMTaTh npocreifium. Kac-
CHUp B cpeHeM OO0CIyXHBaeT Tpex rnaccaxupoB 3a 10 MmuH. Bpems 06-
CIIY>XXHBaHMS TTOOYMHEHO MOKa3aTeJIbHOMY 3aKOHY pacrpelesieHHs .

Onpedeaume BepOSITHOCTHbIE XapaKTepucTuku CMO B cranuoHap-
HOM peXHMe.

3.29. Texuuyeckue ycrpoiictBa (TY) MOryT BpeMsi OT BpeMEHU Bbl-
XOOUTb U3 CTposi (0TKa3biBaTh). [1oTOK 0TKa30B TY mpocTeiiunii ¢ MH-
TEHCHBHOCTBIO A = 1,6 OoTKa3a B CyTKH. Bpems BoccTaHoBieHust TY
MMEET 3KCIIOHEHIIMAILHOE pacrpeeieHue. MaTeMaTHeCKoe OXHIaHHE
BpeMeHH oOcayxuBaHus ¢ = 0,5 cyrok. Konn4yecTBO KaHaIOB, BBIITOJI-
Hsloumx oocayxuBanue TY, paBHo 5 en. KonuuyecTBo 3asiBOK B oyepe-
U HEe OrpaHUYEeHO.

Onpedeaume BepOSITHOCTHbBIE XapakTepucTUKU CMO, BbINONHSIO-
e obcayxuaHue TY B yCTaHOBUBILIEMCSI PEXHME.

3.30. Kax u3MeHATCS BepOATHOCTHBIE XapakTepucTuku CMO 3ana-
yn 3.29, eCJIM A U | OCTAIOTCS MpPEXHHUMH, HO YHCJIO KaHAJIOB 0OCITY-
XUBaHHUSA YMEHBUIUTCH IO ABYX?
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nhaBsa 4
CraTtucruyeckoe mogenvposaHme
SKOHOMMYECKMX CUCTEM

4.1. TeopeTnyeckme OCHOBblI MeToAA

MeTon CTaTUCTMYECKOTrO MoJeIupoBaHus (Wi Metox MonTe-Kap-
JI0) — 3TO CNOCO0 HUCCeAOBAHUSA MOBEACHUS BEPOSTHOCTHBIX CHCTEM
(3KOHOMUYECKHMX, TEXHUYECKUX M T. [I.) B YCIIOBUSX, KOIa HE U3BECTHBI
B MOJIHON Mepe BHYTPEHHHE B3aMMOAEICTBHMS B 3THX CHUCTEMaX.

DTOT METOI 3aKJII0YAETCs B BOCIIPOU3BEACHUH MCCIIEAYyeMOro GHu3n-
YeCKOro mnpoLecca Mpy MOMOLUM BEPOSITHOCTHON MaTeMaTH4eCcKOil Mo-
JIEJIA M BBIYMCIIEHUU XapaKTePUCTHK 3TOro mpoiecca. OxHO Takoe BOC-
npousBeneHue GYHKUHMOHMPOBAHUSA CHCTEMBI HA3bIBAIOT peaausauyuei,
wiu ucnsimanuem. Tlocie KaXnoro UCIbITAHUS PETUCTPUPYIOT COBOKYTI-
HOCTb MapaMeTPOB, XapaKTepU3YILUX CIyYalHBIH MCXOH peau3aluu.
MeTon 0CHOBaH Ha MHOTOKPATHBIX MCIBITAHUAX MMOCTPOEHHOM MOIEIU
C MOC/ENYIOUIEN CTATUCTHIECKOM 06GPaGOTKOM MOMYYEHHBIX HAaHHBIX C
LIeJIbIO ONPENENICHUS YUCIIOBBIX XapaKTEPUCTUK pacCMaTpUBaeMoOro Mpo-
Lecca B BUJE CTaTUCTUYECKUX OLIEHOK ero napamerpos. IIpouecc Mone-
JIUpOBaHUA (PYHKLMOHUPOBaHUSI SKOHOMMYECKONH CHUCTEMBI CBOAMTCA K
MallMHHOM MMHUTAUMU U3y4aeMOro Ipolecca, KOTOPhIi KaK Obl KOIHU-
pyercsi Ha 9BM co BceMU COMPOBOXAAIOLIUMHU €r0 CYy4alHOCTSIMH.

[TepBbie cBeaeHus: o Metoae MoHTe-Kapso GbUiu OnmyG/IuKOBaHb B
koHLe 1940-x rr. ABTOpaMH MeETOAA SIBJIAIOTCS aMEpPUKaHCKHE MaTeMa-
tuku Jx. Heliman u C. Ynam. B Hauueii ctpaHe nepBble paGoThl GbLIN
ony6nukoBaHbl B 1955—1956 rr. B.B. Yasuanunse, 10.A. peitnepom u
B.C. BnaguMHpOBBIM.

OCHOBHBIM METOLOM CTAaTUCTUYECKOTO MOZEIUPOBAHUS SBISAETCS
3aKoH 6onbwux Hucen. 3aKOH OOJIBIIMX YUCEN B TEOPUU BEPOATHOCTEM
IOKa3bIBaeT MJISl Pa3jiIMYHbIX YCJIOBUH CXOOUMOCTb MO BEPOSATHOCTHU
CpPEOHUX 3HAYEHUU pe3ysbTaTOB GOJBIIOro YMcia HaGMIoAeHU K HEKO-
TOPBIM MOCTOSTHHBIM BEJITMYMHAM.

ITon 3akoHOM GONBIIMX YKCENT MOHUMAIOT psin TeopeM. Hampumep,
onHa u3 meopem I1.JI. Yebviuesa dopMynupyercs Tak:

«[Ipy HeOrpaHUYEHHOM YBEJIMYEHMH YHUC/Ia HE3aBUCUMBIX HUC-
NbITaHUil n cpegHee apudMeTHYecKoe CBOOOIHBIX OT CUCTEMaTHYe-
CKHUX OLIMGOK ¥ PaBHOTOYHBIX PE3Y/IbTaTOB HabmoneHuit &; ciyyaii-
HOU BenM4MHB &, UMerolleit KoHeunyio mucnepcuio D(E), cxomuT-
s O BEPOSITHOCTH K MaTeMaTHuecKoMy oxunanuio M(E) stoit ciy-
YallHOH BEJIMYUHBI»., DTO MOXHO 3alHCaTh B CJICAYIOLIEM BHUIE:
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i&i
lim P{{=—— M(E)|<e}=1, (4.1)

n—oo n

ra¢ € — CKOJIb YrOOHO MaJasl NMOJOXUTEIbHAsI BEJIMYHHA.

Teopema bepuyaru dopmynupyercs Tak: «[Ipu HeorpaHU4YEHHOM
YBEJTMYEHUH YUCJIa HE3aBUCUMBIX UCIIBITAHUN B OMHUX M TEX XE yC-
JIOBUSIX 4acToTa P*(A) HaCTyIUJIEHUsI ClIy4alHOro CoObITUS A CXO-
JUTCSI IO BEPOSITHOCTH K €r0 BEPOSITHOCTH P», T. €.

*

lim P2~ Pl<eb=1. (4.2)

n—yoo n

CornacHo maHHOH TEOPEME U1 NMOJNYyYCHUSA BCPOSITHOCTH KAKOIo-
60 CoOBITHS, HaTNpUMEp BEPOSATHOCTH COCTOSTHUH HEKOTOPOH CHUCTE-

*

Mbl Py(7), i = 0,k, BBIMCIISIOT YacTOTl P =" s onHo#t peanusa-
n

UMM (MCMBITaHUS), AaJiee MPOBOIAT MONOOHBIE BBHIYUCIACHUS LI YKCIa
peaid3aluii, paBHOTO n. Pe3ynsraThl YCPEOHSIOT M 3TUM CaMbIM C He-
KOTOPBIM MPUOIMKEHHEM TOJY4alOT UCKOMBIE BEPOSITHOCTU COCTOSTHH i
cucteMbl. Ha oCHOBe BBRIYHMCJIEHHBIX BEPOSITHOCTEIH ONPEAESIOT APyTHE
XapaKTepPUCTHKHU cUcTeMbl. ClieayeT OTMETUTD, YTO YeM OOJbIIE YHUCIIO
peau3aluii n, TEM TOYHEE PE3YyJILTaThl BHIYUCIEHUS UCKOMBIX BEJTUYHH
(BEpOSTHOCTEN COCTOSIHUH CHCTEMBI).

IlocnenHee yTBepXAEHHE JIETKO AOKA3aTh. I'Ipeunonox(uM YTO Tpe-
OyeTcsl HAaliTM HEU3BECTHYIO BeaMuMHY m. [TonGepeM Takylo ciaydailHy10
BenunHy &, uto6bl M(E) = m u D(E) = b PaccMoTpuM n ciaydaifHbIX
BeMuuH &, &, &, ..., &,, pacnpeneneHne KOTOPBIX COBNANAET C pac-
npeneyneHueM &. ECiiM n 1O0CTaTOYHO BEJIMKO, TO COMIACHO LEHTPAIbLHOM
NpelebHON TeopeMe pacripesiesieHne CyMMse p, = &; + &, + ... + &, Gy-
JIeT TPUOJMXEHHO HOPMAJILHBIM C TMapaMeTpaMHu a = nm; 6° = n b2.

W3 npaBuia «Tpex CUrM»

Pla — 30 <&<a+ 30} =0,997 4.3)

CJIEYeT, YTO
P{nm 36 <p, <nm+3bvn } =0,997.

Pasnenum HepaBeHCTBO, crosliee B GUIYpHON CKOOKE, Ha 1 M IO-
JIYYUM 3KBUBAJIEHTHOE HEPABEHCTBO C TOM Xe BEPOSTHOCTHIO:
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Pm—3—b £)—"-<m+—3i =0,997.
W

DTO COOTHOILLIEHUE MOXHO 3alucaTh B BUMIE

P —l-f‘,&—m <-§é— =0,997
2R Nl el 9

CootHoueHue (4.4) onpenensieT METO pacyeTa m U OLEHKY Io-
rpeitHoCTH. B camoM jeine, HailieM » 3HaYeHUi CclyyaifHON BeuuuHbI £,
W3 BeipaxeHus (4.4) BUOHO, UTO cpeliHee apu(dMEeTHYECKOEe 3THX 3Ha-
yeHMi 6yaeT npubnuxeHHo paBHO m. C BeposaTHOCTBIO P = 0,997 omm6-

Ka TaKOro NMPHUGNKEHUsI HE TPEBOCXOOUT BeMUYMHbBL 3b / «/;1- OueBun-

HO, 3Ta OlMOKa CTPEMUTCS K HYJIO C POCTOM A, YTO U TpeOOBAIOCH
JIOKa3aTh.

PewreHue 060# 3agauuM METOOOM CTaTUCTHYECKOTO MOAEJIMpPOBa-
HMSI COCTOUT B CJIEAYIOLIEM:

e pa3paboTKe U MOCTPOEHUU CTPYKTYPHOW CXEMBI MPOLIECCa, BhISIB-
JICHUU OCHOBHBIX B3aUMOCBSI3ei;

e (hopMasIbHOM OMUCAHUM NPOLIecca;

® MOJEJMPOBAHUM CIYYAHBIX SIBJIEHUI (CaydyailHbIX COOBITHUIA, CITy-
YaiHBIX BEJMYMH, CJIyYalHBIX (PYHKLMIT), CONMPOBOXIAIOUIUX (HYHKIU-
OHUPOBaHUE MCCIEAYeMOI CHCTEMBI;

® MOJEJUPOBaHUU (C UCIOJB3OBAHUEM NAaHHBIX, MOJYYEHHBIX Ha
npeabigynieM 3Tane) GyHKUMOHUPOBaHUSI CUCTEMBI — BOCIIPOU3BEJE-
HUM TIpoOliecCa B COOTBETCTBUU C pPa3pabOTaHHOI CTPYKTYPHO# cxeMoi
U HOpManbHbIM ONMMCAHUEM;

® HaKOIJIEHUU PE3YJIbTATOB MOIEIUPOBAHUSI, UX CTATUCTUUYECKOM
00paboTke, aHaJIU3e U 0OOOILIEHUH.

B oTnuuue OT OMMCaHHBIX paHee MaTeMaTUYECKHX MOJIeJieif, pe-
3yJIBTAaThl KOTOPBIX OTPaXaJU yCTOMYMBOE BO BPEMEHU MOBEAEHUE CHUC-
TEMBbI, PE3y/IbTaThl, OJYy4aeMble NIPU CTATUCTUYECKOM MOIETMPOBAHUH,
TIOABEPKEHBI IKCIMEPUMEHTAIBHBIM OIIMOKaM. DTO O3HAYyaeT, YTO JIKO-
00e yTBepXIeHUE, Kacalollleecsl XapaKTepPUCTUK MOIEIUPYEMOIi CUCTe-
MBI, JOJDKHO OCHOBBIBATbCSl HAa pe3YJIbTaTaX COOTBETCTBYIOUIUX CTAaTHUC-
TUYECKUX NPOBEPOK.

DKCNepUMEHTaIbHbIE OUIUOKU MPU CTATUCTUYECKOM MOIEIMPOBa-
HUU B 3HAUYUTEJBHOU CTENEHU 3aBUCAT OT TOYHOCTU MOJEIUPOBaHUS
CJIyJaitHBIX SIBJIEHU#, COMPOBOXMAIOMIMX (YHKIIMOHUPOBAHUE UCCIIERy-
€MOM CHUCTEMBI.

H3BecTHO, YTO NpH HU3Y4YEHUH BEPOSITHOCTHBIX CUCTEM CilydaiHbIE
SIBJIEHUSI MOTYT UHTEPIIPETUPOBATHLCSI B BUAIE CIydyailHBIX COOBITHH, ClIy-
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YaliHBIX BEJIMYMH U ciiydalHbIX GyHKUMI. CiaenoBaTeabHO, MOAEIUPO-
BaHME CIy4YalHBIX SIBICHUH CBOAUTCS K MOMAEIMPOBAHMIO CIyYaWHBIX
COOBITHH, CIy4alHBIX BEJIMUMH U claydaiHbIX GyHKUMHA. Tak Kak ciy-
yaiHble COOBITUSA U CIydaiiHble (PYHKLMM MOTYT OBITH NPEICTABJIEHEI
yepe3 ciaydyailHble BeJIMYMHBI, TO U MOAEJIMPOBaHUE CIYyYaHHBIX COOBI-
TUH U CIyJaiHBIX (PYHKUMI TPOU3BOAMTCS C MOMOILBIO CJIyYaiiHBIX Be-
JIMYMH. B CBSI3M € 3TUM pacCMOTPUM CHayasa CrnocoObl MOAEIUPOBAHHUS
CJly4allHbIX BEJIMYMH.

MonempoBaHue CIy4aidlHbIX BeAMYHH. 151 MogeIMpoBaHus ciyvaii-
HO BETMUMHBI HEOOXOAMMO 3HATh €€ 3aKOH pacnpeneneHus. Hanbosnee
0bwum cnocobom TOJydYeHUs MOCHEI0BATEIbHOCTU CIyYaHHBIX YHCE,
pacnpeneseHHBIX 10 NMPOU3BOJBHOMY 3aKOHY, SIBJISIETCS CIOCO6, B OC-
HOBE KOTOPOTO JIEXUT UX GOPMUPOBaHHE U3 UCXOQHOI NOC/IEI0BaTE b~
HOCTHU CJIy4aiHBIX YMCeJI, paclipeiesieHHbIX B uHTepBaie [0,1] mo pas-
HOMEPHOMY 3aKOHY.

PasHomepro pacnpedenentvie 6 unmepgane [0,1] nocaredosamensHocmu
CAYHaliHbIX ucens MOXHO TIOJIYYUTh TpeMsl CIIOCOOaMu:

® HCIT0JIb30BAHUEM TaGIMLL CIy4alfHBIX YMCET;

® IIPUMEHEHUEM Te€HEPATOPOB CJIYYaifHBIX YMCE;

® METOJIOM IICEBIOCTYYalHBIX YHCEIL.

IIpu pelieHuM 3anayu 6e3 mpuMeHeHUst DBM uaiue Bcero ucnosin-
3yIOT TaGJIMIBI CAyYailHBIX Yuces. B TabGiauuax ciaydailHbIX Yuces Ciy-
yaifHele LUMGPHl HMUTUPYIOT 3HAYEHUSI TUCKPETHOM CIydalHOW BeEIM-
YMHBI C PABHOMEPHBIM paclipefe/ieHueM:

x{0o 1 2 3 .. 9
pil 01 01 01 01 .. 0Ll

IIpu cocTaBJIeHNHU TaKUX TaGJIMLL BHITIOJIHSIETCS TPpeGOBaHUE, YTOOBI
Kaxnas u3 atux uudp ot 0; 1;...; 9 BcTpeyanach NpuMepHO OOUHAKOBO
4acTO U HE3aBUCUMO OT IPYTUX C BepOsITHOCTHIO p; = 0,1.

CaMag Gosbiliasi U3 ONYGIMKOBAHHBIX TAaOGJULl CAYYaHHBIX YMCE
comepxut 1 000 000 uucdp. TaGauubl CAy4ailHBIX YUCEST COCTAaBUTh HE
TakK npocto. OHU TPeOYIOT TUIATEJILHOW MPOBEPKH C MOMOILBIO CIEeLHU-
QIBHBIX CTATUCTUYECKUX TECTOB.

IIpu peweHuu 3agay Ha IBM mist BHIpaOOTKHM CIydaHBIX YUCe,
pPaBHOMEPHO paclpee/ieHHbIX B MHTepBaie [0,1], MOryT mpuUMeEHSTbCS
reHepaTophbl CJIy4aiiHbIX yucen. JlaHHbIe reHepaTopbl MPeoopasyloT pe-
3yNbTaThl CIydyaiiHOTO (U3UYECKOro Mpouecca B JBOUYHBIE yucia. B
KayecTBe CJIy4yaifHOTro (PM3NYECKOTOo Mpoliecca 0OBIYHO UCITONB3YIOT COG-
CTBEHHBIE IIYMH (CTy4aifHBIM 0Gpa3oM MeHsIIoLIeecs HalpsiKeHHe).
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Hedocmamku dannozo cnocoba noay4enus cay4aiinbix 4ucen CIERyIo-
ue:

1) TPpyIHO NMPOBEPUTh Ka4E€CTBO BhIpaOaThIBAEMBIX YMCEI;

2) cny4yailHbIe 4yMC/ia HE BOCIIPOM3BOAMMBI (€CJIM UX HE 3alIOMH-
HaTb), U, KaK CJICACTBUE, HEJIb3SI MOBTOPUTh pacueT Ha DBM misa uc-
KJIIOYEHUs ClydyalHOro cOosl.

IMonyyeHue rnceBAOCTy4IaiiHBIX YU CEJl C PABHOMEPHBIM 3aKOHOM pac-
MpeaesieHUs 3aKJII0YaeTcs B BLIpabOTKE MCeBOOCTyYailHbIX yuce. [lces-
docayuailiHble Yucaa — 3TO YUCHA, NMOJYYEHHBIE TIO Kakoii-1u6o dopmy-
Jie ¥ UMUTHPYIOIIME 3HAYEHHUS clydyaiiHOH BeauyuHbl. [lox cioBoM
«AMUTHUPYIOLLIME» MOAPA3YMEBAETCS, YTO 3TU YUCJIA YIOBJIETBOPSIOT psi-
Iy TECTOB TaK, KaK €CJii Obl OHHM ObUIM 3HAYEHUSIMHU 3TOH CllydaifHOM
BEJIMYUHBI.

IlepBblif JITOPUTM U1 MOJMYYEHUS TCEBOOCTYYAHHBIX YUCEN TpE-
noxun Jx. HeiiMaH. DTO Tak Ha3bIBaeMblil Memod cepedunsl Keadpa-
mog, KOTOPbIH 3aKJII0YAETCSl B CJEAYIOLIEM:

Yo = 0,9876, y,* = 0,97535376,
¥, = 0,5353, y,% = 0,28654609,
Y, = 0,6546 u T. 1.

AJNTOpUTM cebsl He onmpaBaal: MOJyYUSIOCh GOJIbIIE, YeM HYXHO,
MaJibIX 3Ha4yeHUH y; — ClydaifHBIX yuces. B Hacrosiuee Bpems pa3pabo-
TaHO MHOXECTBO &JITOPUTMOB [UIS TTOJIYYEHHUS MCEBIOCTYyYaifHBIX YHUCEIL.

HasoBeM docmourncmea memooa ncesdocayuaiinbix ucen.

1. Ha nmosyyeHHe KaXnoro cjay4aifHOro 4ucjia 3aTpayuBaeTcs He-
CKOJIBKO ITPOCTBIX OMNE€palMif, TaK YTO CKOPOCTb F€HEPUPOBAHUS CIIy-
YaWHBIX YUCEJ UMEET TOT XK€ MOPSIOK, YTO U CKOPOCTh paboTsl DBM.

2. Manslif 06eM nmamsiti 3BM i nporpaMMHpOBaHHSI.

3. JTIroboe U3 Yuces JIErko BOCIIPOU3BECTH.

4. KayecTBO reHepUpyeMBIX CIYYaifHBIX YMCEJ HOCTaTOYHO NMpOBE-
PUTb OJMH pa3.

INomasnsolee YMCiIO pacyeToB Mo merogy Mounre-Kapso ocyiue-
CTBJISIETCSI C UCNOJIB30BaHUEM IICeBAOCTy4YaiiHbIX ynuces. OT nmocienosa-
TEJIBHOCTU CIIy4YaHBIX YUCEJ, PABHOMEPHO pacHpelesieHHbIX B MHTEP-
Bajie [0,1], HETPYIHO NepelTH K MOCJeI0BATEIbHOCTU CIYYaiHBIX YH-
CeJl ¢ MPOU3BOJIBHO 3alaHHBIM 3aKOHOM pacrpee/iIeHHs .

CylecTByeT OCHOBHOE COOTHOLIEHHWE, CBS3BIBAIOLLEE CIydYaifHbIE
Yyyca ¢ 3alaHHbIM 3aKOHOM paclipeieJIeHUsI M CilydyaifHble YHCJIa C paB-
HOMEPHBIM 3aKOHOM pacnpenenaeHus B uHrepsaie [0,1]. CyTb ero co-
CTOUT B TOM, YTO ISl MpeoOpa3oBaHUs MOC/IENOBATEIBHOCTU CTyYaii-
HBIX YMCeJI C PABHOMEPHBIM 3aKOHOM pacripenesieHus: B uHTepBae [0,1]
B IOCJIEIOBATEIbHOCTh CJYYailHBIX 4MCeJ C 3aNaHHOM (PyHKLMeir pac-
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npeneneHuss F(x) HeOOXOAMMO M3 COBOKYITHOCTU CIYYaWHBIX YMCEN C
PaBHOMEPHBIM 3aKOHOM pacnpeneneHusi B uHtepsaie [0,1] BeiGpaTh
cilydaitHOe Yuciio & U pellinTh ypaBHEHHUE:

OTHOCHUTECJIBHO X.

Fx)=¢

4.5)

PenreHue ypaBHeHHS NPEACTABISICT COO0OM CIydyalHOE YHUCIIO U3 CO-
BOKYITHOCTH CJIyYaWHBIX YMCEJI, MMEIONIMX DYHKIIMIO pacnpeneieHus

F(x).

B cayyae xorna BMecTo GyHKUMH pacnpeneieHus F(x) 3a1aHa 1mior-
HOCTb BepOsITHOCTH f{x), cooTHOWEeHHe (4.5) MPUHUMAET BHUA:

[ f()ax=E

(4.6)

s psina 3aKOHOB pacrnpeesieHus, HanboJiee 4YacTo BCTpeYarOnX-
cd B peaJIbHOW KOHOMUKE, MOJIyYeHO aHAIMTUYECKOE PEllIeHHE ypaB-
HeHus (4.6), pe3yabTaThl KOTOPOTo MpUBeAeHs! B Tab. 4.1.

Ta6nuua 4.1

DopMybl VISl MOAETHPOBAHUS CIY4AHBIX BEJTHIUH

3aKOH pacrpeaeaeHHst
CIYy4alHOM! BEJIMYMHBI

TInoTHOCTB pacrpeneneHus

®opmyna g
MOIEIMPOBaHUS
CJIyYyailHON BEJIMYMHBL

DKCMOHEHLMAIBHEII

fix) = re™

1
X; = —'xlnf_,i

Beiibyna

a-1 a
aj x X
=) en{3)

x=—b (In&)”

TamMa-pacnpenesneHue
(N — uesnble Yyucna)

) =Eghxgn-d
r'(m)

- nl 1
xi-“xjgl n(1-¢;)

HopmanbHoe

_G=®?
e 20?

f(x)=

ov2n

n
X =5C.+Q[E§1 —6]
i=1

ITapameTps! 3akoHa pacnpedenerus Beiibysa BbIOUpalOTCS MO TabiIu-

HaM IIPHJIOKCHHSA.
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IIpumep 4.1. B pe3syasrate cTaTUCTUYECKON OOPabOTKH 3IKCHEPH-
MEHTaIbHBIX JAHHBIX MOJYYEHBI CJICAYIOIME 3HAYEHUSI XapaKTepUCTUK
cayvaiiHoit BennunHel X: X = 40,7 u o = 30,2. YcTaHOB/IEHO, 4YTO BEJH-
ydHa X pacnpenesieHa B COOTBETCTBUM C 3aKOHOM BeiiGyna.

Onpedeaume napaMeTpbl JAHHOTO 3aKOHA.

Pewenue

1. BeryucnuM ko3¢pdULMEHT Bapyaluuy ciay4aitHO# BeMYMHBI X'

2. Ucxoas u3 3HayeHUs Ko3duLMeHTa BapHallMH, ONPENEIUM 10
TabanLaM NpUWIOXKEHHs napaMeTpsl a U C,. BeMuMHbI MapaMeTpoB NpU
V = 0,742 paBunl a = 1,4; C, = 0,659.

3. Buiuucium napametp b no ¢opmyine:

b=—=—""=458. (4.7)

IlapaMeTpbl raMMa-paclpefe/ieHUs BBIYUCIUM IO CJIEAYIOLIUM
¢opmynam:

-

A:-;—Z-; (4.8)
=2

n =%)2—. (4.9)

IIpumep 4.2. BpeMsa obcnyXuBaHMs naccaxupa B Kacce A3po-
¢dnora nomunHeHO ramma-pacnpesesneHuio. IIpy 3ToM U3BeCTHO cpel-
Hee 3HaYeHUE BPEMEHU OOCIYyXXMBaHMsS ! = 42 MHH.; CpeHee KBalpa-
THYECKOE OTKJIOHEHHUE BpEMeHHU paBHO 14,8 MMH.

Buiuucaume napaMeTpsl 3aKOHa pacrpeeieHHs .

Pewenue

1. BolunciuM napamerp A:
A=—=——=0,191746.
4,8)
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2. BeauuuHy mapaMeTpa ) ONpenenuM 1o cieayioueit hopmyie:
n="T-=—"==874826=9.

Mpumep 4.3. Jna [TK MHTEHCUBHOCTb MOTOKa OTKa30B A = 1,2
OTK/CYTKH.

Onpedeaume NoOCIENOBATEIbHOCTh 3HAYEHUH NMPOMO/KUTEIbHOCTH
HHTEpBaIOB Mexnay oTka3aMu I1K. M3BecTHO, YTO 3TU MHTEPBAIBI OMH-
CHIBAIOTCS TIOKA3aTeIbHLIM 3aKOHOM pacIpeacieHus.

Pewenue

OrnpenenuM NpoOAOIXUTENBHOCTh MHTEPBAJa MEXAY OTKa3aMH f;,
ucronb3ys ¢opMyny IS MOAETMPOBaHMS CIy4aifHOH BEJIMYMHBI, pac-
MpeAEICHHO! B COOTBETCTBUM C IKCIIOHEHLIMAIBHBIM 3aKOHOM:

1
Li=x = —x'lﬂgi.
3HayeHus &; onpenenuM MNo TabNuLaM CIydaifHbIX YHCe.
,%onycmm €, = 0,7182; &, = 0,4365; &3 = 0,1548; &, = 0,8731.
orma _

4= —%ln0,7182 =6,6 cyTOK;

= —-112-an,4365 =16,6 cyTok;

ty= —-1—151n0,1548 =37,3 cyrok;

1 =—Il—2-ln0,8731 =27 CYTOK U T. 1.

MogenupoBanue ciydaifHbix co6biTii. MoaenupoBaHue ciaydyaifHo-
ro COOBITHS 3aKJII0YAeTCs B BOCNIPOM3BEACHUH (haKTa MOSBICHUS WU
HEIOSBJIEHUSI CIy4aifHOTO COOBITHSL B COOTBETCTBHM C 3alJaHHOH ero
BEPOATHOCTBIO. MoenMpoBaHUe MONHOM IPYNIBl HECOBMECTHBIX CO-
ObITHI Ay, A3, ..., Ay, BEPOATHOCTH KOTOPBIX P(A;) = P; i = 1, n u3-
BECTHBI, MOXHO CBECTH K MOAETMPOBAHHUIO TUCKPETHOH CiydaifHOix
BEJIMYUHBI Y, UMelolIelt 3aKOH pacrpeneieHus

P(yl) = Pi,
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rJie BEPOSITHOCTU €€ BO3MOXHBIX 3HaYCHU M
P(y;) = P(4) = P,

OueBUAHO, YTO NMPHHATHE B MCTILITAHUM AUCKDPETHON ClydaifHOM
BEJIMYMHOM Y BO3MOXHOIO 3HAUYEHUS y; PABHOCHJILHO IMOSIBJIEHUIO B UC-
NBITAaHUU COOBITHS A;. IIpH NMpaKTHYECKOH peanu3aluy JaHHOTO CIIOCO-
6a Ha €JMHUYHOM OTPE3KE YMCJIOBOH OCH OTKJIAIbIBAlOT WHTEPBAJIbI
Ai = P; (puc. 4.1).

A1 A2 . Aa [ XXX An

r T + T P4 T

Puc. 4.1. Unrepsansl A; = P;

BripabaThIiBaloT paBHOMEPHO pacmnpenejeHHoe Ha uHtepBane [0,1]
cnyyaifHOe YHCIIO &I U TIPOBEPSIOT YCJIOBUE

k-1 k
zlasgj<zlg. (4.10)
1= =

IIpu BeIMmosHEHUU yciioBUA (4.10) CYUMTAIOT, YTO NMPU HCMBITAHUU
HaCTYNWIO COOBITHE A;.

HeTpynHo 3aMeTUTh, YTO MOAEJMpoBaHUe (haKTa MOSIBICHUS] OJHO-
ro co6bITHA A, UMEIOLLETO BEpOSITHOCTh P(A4), CBOOAMTCS K MOJEIMpPOBa-
HUIO TNOJTHOM TPYMIIbl JBYX HECOBMECTHBIX COOBITHH, T. €. IIPOTUBOIO-
JIOXHBIX COOBITHH ¢ BeposiTHOCTAMU P(A) u P(A) = 1 — P(A).

ITpumep 4.4. BeposiTHOCTh MOSIBIEHUSI COGBITUSI A B KOXIOM MC-
neitTanuu P(4) = 0,75.

CmoOeaupyiime TpU UCNBITAHUS U onpedeaume TOCIEA0BATEILHOCTh
peaJM3alu COOBITUS A.

Pewenue

OTNOXHUM Ha €QUHUYHOM OTPE3KE YMCJIOBOH ocH Touky E = 0,75 u
OyneM CUMTaTh, YTO eC/H caydaiiHoe yucno &; < E, To B MCIIBITAHUH Ha-
cTynuio cobsitie A. B mpotuBHOM ciydae npu &; > E HacTynmuio coGsl-
THEe A, T. €. COObITHE A HE UMEJIO MECTa.

ITycth U3 Tabaulbl BBIOpaHbl pABHOMEPHO pacrpeie/IeHHbIE Ha HH-
tepsasie [0,1] cayyaitnsle yucna &; = 0,925; &, = 0,135; &; = 0,088. Tor-
Ja TIpYU TPEX MCIBITAHUAX IMOJYYHUM CIEAYIOUIYIO MOCEN0BATENbHOCTD
peanu3aluu COObITHI: A ; A; A.

MopnenupoBaHHE COBMECTHBIX (3aBUCUMBIX H HE3aBHUCHMBIX) COOBI-
TH# MOXHO BBIITOJTHUTD ABYMSI CIIOCOOaMH.
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ITepeuwiii cnoco6b. Ha nepBoM 3Tane MOAEIMPOBAHUS OTPEIESTIOT
BCE BO3MOXHBIE UCXOIbI MOSIBJIEHUSI COBMECTHBIX COOBITHI B UCIBITA-
HUH (HaXOMAT TMOJIHYIO TPYIIY HECOBMECTHBIX COOBITUI U BHIYMCISIOT
UX BeposTHOcTH). Ha mocnenyiouieM 3tane paGoT MOCTYNalOT Tak
Xe, KaK M NMPU MOJAETUPOBAHUM INOJHOU IPYNIBl HECOBMECTHEIX CO-
OBITHI.

IIpumep 4.5. IlycTh npu UCHIBITAHMHM MOTYT UMETh MECTO 3aBHUCH-
MEBIE€ U COBMECTHBIE COOBITHSI A U B, ITpU 3TOM U3BECTHO, uT0o P(4) = 0,7,
P(B) = 0,5; P(AB) = 0,3.

CMmopenupyiite nosiBjieHHe cCOObITUIl A U B B IByX MCHBITaHUSX.

Pewenue

ITpu KaXmIOM HUCIBITAHMH BO3MOXHBI YETBIPE HECOBMECTHBIX MCXO-
J1a, T. €. HACTYIUIEHUE YEThIPEX COOBITHUIA:

1. C, = AB, npu 31oM 1o ycnosuio P(C;) = P(AB) = 0,3.

2. G = AB, ipu 3ToM P(Cy) = P(AB) = P(A) —P(BA) =

=0,7-0,3=04.
3. C; = AB, npu atom P(C;) = P(AB) = P(B) — P(AB) =
=0,5-0,3=0,2.
4. C, = AB, npu 3tom P(Cy) =1—[P(Cy) + P(C,) + P(C3)] =

=1-(,3+0,4+0,2) =0,1.
CmonenupyeM nosHyio rpynny cobeitii Cy, C,, C3, C4 B OByX HC-
neITaHusAX. [IpenBapUTENbHO Ha €NUHUYHOM OTPE3KE YMCIOBOW OCH
(puc. 4.2) otxiansiBaeM UHTEpBabl Ai = P(C), i = 1,4.

Ay =P(Cy) A;=P(C3) A3=P(C3) As=P(Cy)

0 0,3 0,7 0,9 1
Puc. 4.2. UHrtepsanst A; = P(C)

-

ITycTh nony4eHsl (B3STH U3 TaGIMLBI) ClydaiiHble yuciaa & = 0,68
u &, = 0,95. CnyvaitHoe 4ucio &; NPUHALIEXHUT UHTEPBATY A,, M03TO-
My IIpH TIEpBOM MCIBITAaHUM MMEJIO MECTO COObITUE A, a coObiTHE B He
Hactynwio. IIpd BTOPOM HCHBITAHMM CIy4aifHOEe 4MCIo &, MpUHaIe-
XHUT uHTepBany A4. O6a cobbiTUd A U B He UMenH MecrTa.

Bmopoii cnoco6. MoneaupoBaHHE COBMECTHBIX COOBITHIl CO-
CTOUT B pa3birpbiBaHMHU (hakTa MOSBAEHUA KaXIOro U3 COBMECTHBIX
COGBITHI OTAENBHO, NPU 3TOM, €CJIU COOBLITUS 3aBUCHMMBbIE, HEOOXOAM-
MO NpPeIBapUTEILHO OMPEAEIUTh YCIOBHbIE BEPOSITHOCTH.

Ilpumep 4.6. Ucnonw3ys ycnmoBusi npumepa 4.5, cMoaenupyiite
pa3aeibHOE MOSBJICHHUE COOBITHII A U B B OMHOM HCITBITAHHH.
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Pewenue

CobbiThst A ¥ B 3aBUCKMBI, TI03TOMY MPEABAPUTENIBLHO HAXOIUM YC-
JIOBHBIE BeposiTHOCTU P(B/A) n P(B/A):

B)_P4B) _03_3.
A)” P 0,7 T

B)_P(B) _ 02 _P(B)-P(4B) 05-03 02
T P(A) 1-0,7 1-PA)  1-0,7 0,

2
A 3"

3

i MomenupoBaHusl coObITUSI A BepaGoTaeM ciydaitHoe yucno &;.
IMycts §; = 0,96, Tak Kak &; > P(A). CobbiTHEe A B UCTIBITAHUM HE Ha-
CTYITWIO.

Tenepb passirpaeM coObBITHE B NMpH YCJIOBUH, YTO COOBITHE A B MC-
NBITAHUM He uMeno Mecto. ITycTh cnyyaiiHoe yucno &, = 0,22, Torxa,

& < P(B//T ), T e. 0,22<§. CoObITHE B npy MCNBITAHUM HACTYTIWIIO.

IlonsiTHe 0 MoxeMpoBaHMM ciaydaitHbIX GyHkimid. 11 MoaennpoBa-
HMS clydailHbIX GYHKUHMI UCMONB3YIOT ABa criocoba. B nepBoM U3 HuUX
MPUMEHSIOTCS ClieUMaIbHble (PU3UYEeCKHE AaTYMKM, BbipabaThiBaloILMe
HeMpephIBHEIE peau3aluy ciaydaitHou ¢pyHKuuu. Pusndyeckue naTyu-
KH C IMOMOLUBIO CIEeLUaTbHBIX QWILTPOB NMpPeodpa3yloT COOCTBEHHBIE
LIYMBI B cilyyaitHble (PYHKLIMM C 33JaHHBIMU XapaKTepPUCTUKAMHU.

B ocHoBe BTOpOro crnocota MoAEeJUPOBaHUS CIy4aiHBIX (YHKLHMIA
JIEXKUT UCIONB30BaHUE chayyailHbix yucen. [Ipu atoM nosyvaior 3Haue-
HUSl peaiu3allMy MOIEJMPYEMOH CiTydaifHO! (yHKLIMU B M30JMPOBAaH-
HbIX ToyKaX. CylIHOCTb CIoco6a COCTOUT B TOM, YTO BOCIIPOU3BENECHUE
peaTu3aluy ciydyailHo# pyHKIUMU CBOOMUTCS K MOAETMPOBAHUIO CHCTE-
Mbl KOPPEJIMPOBAHHBIX CIYYaifHbIX BEJINYMH.

4.2. MopenupoBaHue CUCTEM
MaccoBOro o6cnyxmBaHus
€ ucnosib3oBaHnem meroaa Moxnre-Kapno

PaccMoTpeHHBIE B IJ1. 3 aHaIUTHYECKUEe MeToabl aHanu3a CMO uc-
XOIAT U3 MPEANONOXEHHUs, YTO BXOASAILME M UCXOISLIUE MTOTOKH Tpebo-
BaHUM SIBJIAIOTCS MPOCTEHIIMMU. 3aBUCUMOCTH, MCIOJIb3YEMBbIE B 3THX
MeTo/ax JJIsl OTpeAesieHUsI IToKa3aresieil KauecTBa 00CayXXUBaHUS, CIIpa-
BEIUTMBLI JIMUIb JUIS YCTAaHOBUBLIErocsl pexuma (yHKUHOHHPOBAHUS
CMO. OgHako B peaibHBIX ycsIoBUSX (DyHKIMOHMpoBaHust CMO ume-
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I0TCS TIEpPEeXOAHbIE PEXUMBI, a BXOASLINE U MCXOMSALINE TTOTOKU TpeGo-
BaHMI1 ABJIAIOTCS AAJIEKO HE MPOCTEHIIMMU. B 3TUX YCIOBUSX LIS OLIEH-
KW KayecTBa (DyHKIIMOHMPOBAHMUS CUCTEM OOCITY>XMBAHHUS HIMPOKO HC-
MOJIL3YIOT Memod cmamucmuyeckux ucnsimanuii (memod Monme-Kapao).
OCHOBOI1 pellleHUs 3alayu ucciienqoBaHus GyHkiMoHupoBanuss CMO B
peasbHBIX YCJIOBUSIX SIBJISETCA CTaTUCTUYECKOE MOAETMPOBaHHNE BXOIS-
IIero MOTOKa TpeGOoBaHUM M TMpolecca UX OOCTYy>KUBaHUA (MCXONSALIETO
MOTOKa TpeGOBaHUIiA).

g penieHus 3amayy CTaTUCTHUECKOTO MOJIEMPOBAaHUS (YHKIIHO-
HupoBaHuss CMO HOKHBI ObITH 3a0aHbl CAEAYIOIMe UCXOMHbIE JaH-
HblE:

e onmucanne CMO (Tum, napaMeTpbl, KpUTepUH 3(PeKTUBHOCTH
paboThl CUCTEMBI); '

e MMapaMeTphbl 3aKOHA pachpeae/ieHUs] NEPUOAUYHOCTH MMOCTYTIEHUS
TpeOOBaHUIl B CUCTEMY;

e MmapaMeTphl 3aKOHa pacnpene/ieHUs] BpeMEHU NPpe6GbIBaHUA TpeGo-
BaHMs B oyepenu (st CMO c oxugaHueM);

e rTapaMeTphbl 3aKOHA pacIpene/ieH|s] BpeMEHH O0CYXXHBaHUS Tpe-
0OBaHMI B CUCTEME.

PelieHue 3a1au CTaTUCTHYECKOTO MOJEIMPOBaHUS (PYHKIIMOHUPO-
BaHusg CMO ckiaabiBaeTcsl U3 CJIEAYIOLIMX 3TaIMOB.

1. BelpaGaThIBalOT paBHOMEPHO paclpelesieHHOe CllydaifHOe YHuC-
no &,

2. PaBHOMEPHO pacripelie/IeHHbIE CJTydaifHble YKMClia Ipeodpa3yioT B
BEJIMYMHBI C 33JaHHBIM 3aKOHOM DAacIIpENE/ICHHS:

® WHTEpBaJ BPEMEHU MEXIY MOCTYIUIEHUSIMU TPEOOBaHUI B CUCTE-
My (Arp);

e BpeMs yxofia 3asiBK1 U3 ouepenu (it CMO ¢ orpaHMYeHHOU IJiU-
HOIl ouepenu);

o JUIMTEJIbHOCTh BPEMEHM OOCIYXXMBaHUs TpeOOBaHHUA KaHajlaMU
(Atg)).

3. OnpenensaioT MOMEHTbHI HACTYTUIEHUS COOBITHIA:

® NOCTYyIUIEHHe TpeGOBaHUSA Ha 0OCIYy>XUBaHUE;

® yXOI TpeOOBaHUS U3 OYEpPEaM;

® OKOHYaHHE OOCIYXMBAHUS TPeOOBaHHUS B KaHAJIaX CUCTEMBI.

4. Mopenupyiot ¢yHkunoHupoaHue CMO B 11€JIOM M HaKalIMBa-
IOT CTaTUCTHYECKHE JaHHbIE O MpoLecce 0OCTyXKMBaHMUS.

5. YcTaHaBIMBAIOT HOBBII MOMEHT IMOCTYIUIEHUS TPeGOBaHUSA B CHU-
CTEMY, U BBIYMCIUTENbHAS MpPOLeAypa MOBTOPSETCS B COOTBETCTBUM C
U3JIOXKEHHBIM.
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6. OmnpenensioT nokasareau KayectBa yHKUHOHMpoBaHUuss CMO
nyreM 00pabOTKH pe3yabTaTOB MOIEJIMPOBAaHUS METOJAMU MaTeMaTHye-
CKOHM CTaTUCTHUKHU.

MeTonuKy pelleHHUs 3aayd pacCMOTPUM Ha npumepe MOOeAuposa-
wua CMO ¢ omkazamu.

ITycth cucreMa MMeeT ABa OQHOTUITHBIX KaHala, paboTalolMX C OT-
Ka3zaMH, MPUYEM MOMEHTHI BDEMEHHM OKOHYaHHUS 00CIYKMBaHUS Ha Nep-
BOM KaHaJie 0003HaYMM 4YEpE3 f);, HAa BTOPOM KaHaJle — yepe3 fp;. 3aKOH
pacrnpefesieHUs] UHTepBajia BPEMEHHU MEXAY CMEXHBIMHU MOCTYNAKILU-
MU TpebOBaHUSMHU 3adaH IUIOTHOCTBIO pacnpeneneHus fi(f7). Hpomon-
XXUTEJIbHOCTb OOCY>XXUBAHUSI TAKOKe SIBJISIETCS CJIyyailHON BeJIMYMHOM C
TUIOTHOCTBIO pacrpenencHus f5(f;).

IIpouenypa peureHus: 3agayud OyneT BBITJISAETH CIEAYIOIIMM 00-
pa3oM:

1. BeipabGaThiBaloT paBHOMEPHO paclpeleieHHOe CilydyailHoe YUC-
Jjo &,

2. PaBHOMEpPHO pacnpelieIeHHOe CiydyailHOe YMCJIO MpeobpasyioT B
BEJIMYMHBI C 3aJaHHBIM 3aKOHOM paclpelesieHus], UCIOb3ysl (POpMYJibl
Ta6s. 4.1. OnpeaensoT peaiM3alUio CydyailHOro MHTEpBaja BpeMeHU
(At7;) Mexny MOCTYIJIEHUSIMU TPEOOBAHUI B CUCTEMY.

3. BBIUMCISIOT MOMEHT IMOCTYIUIEHUSI 3asBKH Ha OGCIYXHBaHHeE:
1=t + Atp.

4. CpaBHUBAIOT MOMEHTbI OKOHYAaHHUSI 0OCTYy>KUBaHHUS MPEALLIECTBY-
IOILMX 3asIBOK Ha MEPBOM /y(;_1y U BTOPOM Z(5; |y KaHaJax.

5. CpaBHMBAIOT MOMEHT IOCTYIUIEHHUS 3asiBKU #; C MUHMUMAIbHBIM
MOMEHTOM OKOHYaHMsl OOCIyXHBaHHUsI (XOMYCTHM, YTO f;_1y < fy;_1)):

a) ecmu [1; — ty;py] < 0, To 3asBKa MmonyyaeT OTKa3s U BbIpabGaThbiBa-
IOT HOBbIA MOMEHT NOCTYIUIEHUS 3asBKM OMMCAaHHBIM CIIOCOOOM;

6) ecu [t; — #);_1y] 2 0, TO MpoMCXOAUT OGCIYXHUBAHHE.

6. IIpy BBLINOJIHEHUH YCJIOBHSA 5 §) ONpenesaioT BpeMsl 00CayXUBa-
HUs -1 3a4BKM Ha NIEpBOM KaHasle Af; MyTeM Npeobpa3oBaHus ciayyaii-
HOJ BEJIMYMHBI &; B BEJIMUMHY (BpeMsi 00CIyXXMBaHUs i-i 3asiBKM) C 3a-
JIaHHBIM 3aKOHOM paclpelesieHus.

7. BBIYMCASIIOT MOMEHT OKOHYaHUS OOCHyXXHBaHUs i-i 3asABKU Ha
MEPBOM KaHaie f); = [t;_py + Afl.

8. YcraHaBnMBalOT HOBBIH MOMEHT IOCTYIUIEHHS 3asiBKM, U BBHIYMC-
JIUTENbHAsI MpoLeAypa MOBTOPSIETCSI B COOTBETCTBUU C U3JIOXKEHHBIM.

9. B xone MozenupoBaHusi CMO HakarMBalOTCS CTaTUCTUYECKUE
JIaHHBIE O MpoLEecce 00CTYXKUBaHUSI.

10. OmnpezensiioT nokKasaTeau KayecTBa (DyHKLIMOHUPOBAHUS CHCTe-
MBI NyTeM 0O6pabOTKH HAKOIUIEHHBIX PEe3yJbTaTOB MOAEIUPOBaHUSI Me-
TOZAaMH MaTeMaTUYECKOI CTaTUCTHKM.
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4.3. MoaenupoBaHue NOTOKOB OTKa30B
3J/IEMEHTOB CJI0XHbIX TEXHU4YECKUX CUCTEM

Ilon caoxcHoli mexnuueckol cucmemoii 6yneM NMOHUMATh CUCTEMY,
COCTOSILIYIO M3 3J7IeMEHTOB (IBa M Oosee). OTKa3 OOJHOrO U3 3JIEMEHTOB
CHCTEMBI NTPUBOAMT K OTKA3y CUCTEMBI B LIEJIOM.

PaccMOTpHM MOC/IeA0BATEIBHOCTb 3aMEH HEKOTOPOTO OIpeeieH-
HOTO 3jIeMeHTa Z TaHHOTO HAaMMEHOBaHUsA. DKCIUTyaTallisl KaXIOro HO-
BOTO 3JIeMEHTa HaYMHAETCS] C MOMEHTa OKOHYAaHHS CPOKa CJIyXObI Ipe-
apiayitero. ITepBrlit 3J1leMEHT OTpabaThIBaeT BpeMSI At,, BTOpOil — At,,
TpETHl — A3 U T. .

CnyyaifHast CUTyalUHUs, CJOXUBILASICA B K-M ONBITE (CUTYaLlMH) JUIS
3JIEMEHTa Z, IIoKa3aHa Ha puc. 4.3.

Aty Aty Aty Aty

0 Lik tox 7

Puc. 4.3. BpemenHas smiopa ciiydaifHO# CUTyauMu MPU k-M ombiTe
B CJiyyae MFHOBEHHOIO BOCCTAHOBJICHMSI OTKa3aBlled CUCTEMBI
MYTEM 3aMEHBbI JIEMEHTA

Ha puc. 4.3 BUOHO, YTO CUCTEMA HAaYUHAET CBOIO paboOTy B MOMEHT
BpeMeHH ¢ = 0 u, oTpaboTaB ciy4aitHOE BpeMsl Afj;, BLIXOOMT U3 CTPOSI
B MOMEHT ty; = Af};. B 3TOT MOMEHT CHCTEMa MTHOBEHHO BOCCTaHaBJIH-
BaeTCs' (3/IEMEHT 3aMEHSIETCsI) M CHOBa paboTaeT ciiyyaiiHoe BpeMs Aty
Ilo ucTeYeHUH HEKOTOPOro BPEMEHM CHUCTEMa (3I/IEMEHT) BHOBb BBIXO-
JIUT U3 CTPOSI B MOMEHT Iy, = Aty + Aty = 1), + Aty ¥ BHOBb MTHOBEH-
HO BOCCTaHaBJIUBaEeTCS.

CyHTaloT, 4YTO UHTEPBAIbl BPEMEHU MEXAY OTKa3aMU Af, Aty ...,
At TIPEACTaBIISIOT COGON CUCTEMY B3aUMHO HE3aBMCHUMBIX CIy4aiHbBIX
BEJIMYUH C IVIOTHOCTAMHU pacnpczlcneﬂmx HapabOTOK MEXIy OTKa3aMH
ﬂAtl)’ f(AtZ) f(At3)’ [H) ﬂA D

MOMEHTHI O0TKa30B WIH BOCCTAHOBJIEHUH OOpa3yloT B KaXIOM k-M
onbiTe (MCMBITAHUM) PSI YUCE MO CIEAYIOIIEMY IIPaBUIY:

k= Aty
by = Aty + Aty =ty + Aty
ty = Atlk + AtZk + At3k= by + At3k (4.11)

90000 000000000000000000000000000000000000sr0vecsessecssnssesorons

ik = Atlk + AtZk + ..+ Atpk = t(p—l)k + Atpk

! 3mech MOXHO CYUTATh, YTO BOCCTAHOBJIEHUE NMPOUCXOTUT MFHOBEHHO.
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2 pl ‘
tpk =.21A’ik = .ZIAtik +A’pk’ (4.12)
1= =
roe #; — BpeMs paboThl (HapaboTKa) 3JIEMEHTa 10 i-r0 OTKa3a B K-M OIBITE,
yac, i = 1,p, k = N,
Aty — Bpems paboThl (HapaGoTKa) 3j1eMeHTa MexXay (i — 1)-M U i-M OTKa-
3aMU B k- peanusaumu, vac, i = 1,p, k = 1, N,

Yucna tyy, ty, ..., I, OOPa3YIOT CAY4aHHBIH MIOTOK, KOTOPBIA Ha3bI-
BAETCSl NPOUECCOM B0CCMAHOBAEHUS. DTOT NMPOLECC ABJISETCA Pa3IUYHBIM
JUISI pa3JIMYHBIX 3JIEMEHTOB U MTPOAOJIKAETCS 1O OKOHYAHUS CPOKa CIIyX-
OBl cUCTEMBbI. M3ydeHHEeM TaKMX MPOLIECCOB 3aHMMAETCS meopuss 60c-
CMaHoeneHUs.

N3 Gonpiioro KoJMYyecTBa pasIMYHbIX MPOLECCOB BOCCTAHOBJIEHUS
IUISI UCCIIEJOBAHUS HAIEXXHOCTH 3JIEMEHTOB TEXHUYECKOU CUCTEMBI (KaK
HEPEMOHTHPYEMBIX, TAK U PEMOHTUPYEMBIX) UCIONB3YIOT TPH THUITA ITPO-
LIECCOB:

e [IPOCTOIA, MPH KOTOPOM Bce (YHKIIMU pacrpenesieHuss HapaGoToK
JI0 TIEPBOTO U MeXIy NMOCNEAYIOIIUMHU OTKa3aMU Fi(f) paBHBI;

e 00N, TPU KOTOPOM BUA GYHKUUHU pacnpelesieHUs: HapaGoTKH
0 TMEepBOTr0 OTKa3a 3JIeMEHTa, YCTAHOBJIEHHOTO B CUCTEME 3aBOJOM-
HU3rOTOBUTEJIEM, OTJIMYAETCS OT BUJa (PYHKUMI pacnpenesieHHs Hapa-
GOTOK 3/7IEMEHTOB NPH MOCHENYIOIIUX 3aMeHax, T. e. F|(f) # Fy(1),
i=2,3,4,..,;

® CJIOXHBIN, IPU KOTOPOM Bce QYHKUUH pacnpenencHus Fi(f) pas-
JIMYHBI.

OCHOBHOIf XapaKTepUCTHUKON Ipoliecca BOCCTAHOBJIEHUS SIBJISIETCS
¢yHKkuMa BoccTaHOBNAEHHUS Q(f) M ee nuddepeHIMaIbHAs XapaKTepuc-
THKa — IUIOTHOCTb BOCCTAHOBJIEHUSI (f), OmNpene/isieMble 10 CJEoy10-
UM ¢opmMynam:

Q=3 F,®); @.13)
n=1 )
() = i_’ilf,,a), (4.14)

rae f,(f) u F,(f) — COOTBETCTBEHHO IIOTHOCTb U (YHKLMS PacIpeleNeHUs] Ha-
paboTKM 10 n-TO OTKa3a.

B cnyyae He3aBUCHMMOCTM HapaGOTOK MeEXIy OTKa3aMH (YHKIIUU
pacrnipeneneHust F,(f) HapabOTOK [0 n-TO OTKa3a HaxomsTCA IMyTeM IIO-
CNeq0BaTeIbHOTO MPUMEHEHUS NPAGUAa CBEPMKU 0N CYMMbL 08YX CAy-
YAUHbIX BENUHUH.
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1
F, ()= F,_ (1) F(At,) = [ F,_ (t — At)-dF (A?); (4.15)
0

Fi(9) = FQ).

AHaiu3 M KiaccuduKalus METOAOB pacyeTa rapaMeTpa U Beayliei
¢YHKIMH NOTOKA OTKAa30B INMpHUBEIEHBI B KHUTre aBTOpoB'. CnenyeT oT-
METUTb, YTO CJIOXKHOCTh NMOJYYEHUS aHAUTUTHYECKUX BBIPAXKEHUH IS
Q) 1 oY) no ¢opmynam (4.13), (4.14) cocTouT B TOM, YTO CBEpTKa
(4.15) b IUISS HEKOTOPHIX 3aKOHOB pacIpele/ieHUs] BHIYUCIISETCS B
KOHEYHOM BuIe. Mcrnosib30BaHUE aHAJIUTHYECKUX METOJOB pacyeTa
TUIOTHOCTH () U PYHKUMHU BOCCTAHOBJICHUS £2(f) OrpaHMYEHO M3-3a
CIIOXHOCTH MaTeMaTHyecKoil (hopMau3aliui IIPUMEHSEMBIX CTpaTeruit
BOCCTAHOBJIEHUS] PabOTOCITOCOGHOCTH TEXHUYECKHUX CUCTEM U HeoOXo-
JMMOCTH y4yeTa MHOXECTBa (haKTOpOB, BIMSIOIIUX HA 3aMEHY 3JIeMEHTa
B cucteMe. B aTux ycnosusix Hanbonee 3¢ GeKTUBHBIM METOAOM pacye-
Ta Q(f) U w(f) aBnsetrcs Meton MoHTe-Kapio.

Pacuem eedyweii ynxyuu u napamempa nomoka omka3zos 3TUM Me-
TOIOM B CJIyyae MpPOCTOro, OOLUETrO UJIM CIIOXHOTO IPOLIECCOB MPOU3BO-
IUTCS B CJICAYIOILIEM TOPSIIKE.

ITo u3BeCTHBIM 3aKOHaM paclpeneNeHUs HapaboTOK 3JIEMEHTOB C
Hcnoab3oBaHueM ¢dopmyn npeobpaszoBaHus (T1abi.4.1) MomenupyoTcs
MacCHBHI CJIY4YalfHBIX BEIMYMH Aty Mexay (i — 1)-M M i-M OTKazamu.
Pa3sMepHOCTh KaXnoro MaccuBa paBHa N.

Janee BHIUMCIAIOTCS 3HAYEHUs] HapaGOTOK no i-ro oTKasa fy Io
cnenyomuM GopMysiaM:

L =t -y + Aty (4.16)
Ly = Aty, 4.17)

rae i — HOMEp OTKasa, | = 1,p; , D;
k — HOMep peau3alMy MPU MOAEJUPOBAHUHU, kK = l N;
J — MakKCHMMaJIbHOE YMUCJO OTKA30B 3JIEMEHTA, NojyyaeMoe B k-il peain3a-
LMY CJIy4aifHOro rpotecca.

3aTeM MoJIyYyeHHbIE ClIydaiiHble BEJIMYMHBI HApaGOTOK #; TPYIITHPY-
I0TCS 110 MHTEPBaJlaM BPEMEHH.

Homepa uHTepBaIOB, B KOTOpHIE ITOMAJAI0T MOMEHTE BO3HUKHOBE-
HUS OTKA30B f14, Iy, v Ly +vs Ipks OTIPENENSIOTCS TO BOPMYIE

' Bepexcnoii B. H., Bepexcnas E. B. Metoasl ¥ MOeNH yNpaBieHUs] MaTepu-
aJIbHBIMH MOTOKaMM MMKPOJIOTMCTHYECKOH CHUCTEMbl aBTOMPEANPHUATHS. —
Craspononb: UHTenekT-cepsuc, 1996.
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Y= CEIL( At) (4.18)

lik 2
rae CE”—( At) — HauMMeHbILEe LEN0E YUCTO, HE Meubmee( A’; ]

At — BEeJMYMHA MHTEPBAJla BPEMEHHU.

IMapameTp ¥ Beayuias (QYHKIMS NMOTOKA OTKAa30B B j-M MHTEepBaie
BPEMEHH OIPENENAIOTCS MO CJEAYIOLUM PopMyJiaMm:

n

0, 0=2" =5 o 4.19)
S

Q;(n= 5 S ny = =4 (4.20)

J=li=1

rIe ny; — 4YMCIO MoMagaHui Ciy4yaifHoM HapaGoTKH M0 i-ro 0TKa3a f B j-i HH-
TepBal BpeMeHH (f = 1, h) 3a N peanusauuii.

ny =5 n; 4.21)
i=1
Si=n
h p Sy=n +n
Y Y=t , (4.22)

Sp=m+m+..+n;+..+n,
e & — MaKCHMAIbHOE YUCJIO HHTEPBAJIOB BDEMEHH.

Meroauka pacyera napameTpa (f) U Benyuieil ¢yHKUUH HecTalu-
OHApHOTrO IMOTOKa OTKAa30B C MCIIOJIb30BAaHUEM METOAA CTAaTUCTHYECKHUX
HCIIBITAaHU MOAPOOHO pacCMOTpPEeHa B KHUTE aBTOPOB'.

IIpumep 4.7. 3akoHHI pacnpene/ieHus HapabOTOK 3JIEMEHTa CUC-
TEMBbI 10 MEPBOTO U BTOPOrO OTKA30B U COOTBETCTBYIOILME MapaMeTphbl
3TUX 3aKOHOB TNpUBENCHBI B Tab. 4.2.

! bepexcroii B. H., bepexcnas E. B. Meronsl 1 MOIENH YNIpaBI€HUS MaTepPHU-
TBHBIMM TTOTOKaMH MMKDOJIOTMCTHYECKOH CHCTEMBI aBTONpeanpusTys. — Cra-
BpornoJib: UHTeIIekT-cepBuc, 1996.
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Tabnauua 4.2
3akonbl pacnpeneneHuss HapaGoToK

ITapameTpbl 3aKOHa
Ne oTka3za 3aKoH pacnpeacacHus
a(\) b
1 Beiibyna 1,4 45,8
2 DKCMOHEHUMANBHBII 0,30 —

’
Onpedeaume HOMeEpa BPEMEHHbIX MHTEPBAJIOB, HA KOTOPHIX NMpPO-
U30MAYT NEePBbIif M BTOPOIl OTKA3bl B X0/ NEPBOrO OMNBITA (MCIIBITAHUS)
(At = 1 4ac).

Pewenue

1. BriGepeM paBHOMEPHO pacripelelieHHOe ciiydaitHoe yucio. Jo-
nyctuM &; = 0,725.

2. BelyuciauM cityyaifHble 3HaYeHUsI HapaboOTOK Ha OTKAa3 3JIEMEHTA,
ucnoJib3yst GopMysel Tabu. 4.1.

ty = Aty = — b - (Ing))% = —45,8 - (In 0,725)"/1* = 20,37 uac.;
hy =t T Ap; :

At21=—l-ln§1= 013 In0,725=1,07 yac.;

t21 = t“ + AtZI = 20 37 + 1 07 = 21 44 yac.
3. OnpegennuM HOMeEp BpemeHHoro HHTEpBaja, HA KOTOPOM IpO-
WU30MAYT OTKAa3bl

y= CEIL(Q‘-) :
Al

MEepBHIA OTKa3

y= CEIL(’“) CEIL{20137) 21
y= CEIL(Q;J CEIl{zllM) 2.

B xone nepBon peanui3aliuy JIECMECHT CUCTEMBI HCpBBIH pa3 OTKaXET

Ha 21-M BPCMCHHOM WHTEpBaJie, @ BTOPOW OTKa3 MpOU30iIeT Ha 22-M
BPEMEHHOM HHTEpBAJIE.

BTOpOI1 OTKa3
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3apaum

4.1. TleproAMYHOCTH MOCTYIUIEHHUS 3asIBOK Ha OOC/Iy>XHMBaHHE MOJ-
YMHEHa 0Ka3aTeJbHOMY 3aKOHY pacnpeneneHus. CpeqHuil uHTepBan
MEXIy IMOCTYIUIEHUSIMU 3asiBOK B CUCTEMY paBeH { = 2 yac.

Onpedeaume TOCIEN0BATEILHOCT 3HAYEHUN MPOAOIKUTEIBHOCTH
HHTEPBAJIOB MEXIY IMOCTYIUIEHUSMU 3asiBOK. YHCNIO peanu3anuii paB-
Ho 10.

4.2. BpeMs obGcnmyxuBaHusl paOOTHUKA TIPENNIPUSITUS Kaccoil Oyx-
raJITEPUM SIBJISIETCS CAy4YalHOW BEJWYMHOI, paclpelesleHHONH B COOT-
BETCTBUM C 3aKOHOM Beitbyna. CpenHee BpeMsi 0OCiIyXuBaHus { = 3
MHH., CpellHee KBaJpaTUYeCKOoe OTKJIOHEHHE PaBHO G = 2 MMUH.

Tpebyemca CMOAENUPOBATh CIY4YaiiHyI0 BEJMYMHY, OTBEYAIOLIYIO
3THUM YCJIOBUSIM. UMciio peanu3auuii npuHATE paBHBIM 10.

4.3. Ilpu o6paboTKe IKCIEPUMEHTAIBHBIX JAHHBIX OBLIO YCTaHOB-
JIEHO, YTO BpEMS, paCXOLyeMOe Ha CTaHIIMU TEXHUYECKOTO OOC/TyXXHBa-
HUst aBTOMOOUJIEH Ul 3aMeHBl ABUTaTeNs, pacnpelesaeHo MO0 HOpMalb-
HOMY 3aKOHY, MapaMeTpbl KOToporo x = 2,8 yac. Ha OOUH ABUraTesb U
oz = 0,6 yac. '

Tpebyemca cMomenupoBaTh il OTMEYEHHBIX YCJIOBUH CllyyailHYIo
BEJIMYMHY — Bpems X, pacxomyemoe i 3aMeHbl apurartessi. Yucio pe-
aJIM3allMii IPUHATh PaBHBIM 5.

4.4. BpeMsi npoBepKU MPUEMKHU KBapTaJIbHOTO OTYETa UHCIIEKTOPOM
HaJIOTOBOM CIyXOBbI (f) BeMMUYMHA cllyyaliHasi, paclpeie/ieHHasl B COOT-
BETCTBUH C 3aKOHOM Beitbyna. CpenHee BpeMst NMpPOBEPKH U NMPHEMKH
paBHO ¢t = 20 MuH. KosdduuueHT BapuauuM BETUYMHBI ! paBeH
V,=0,52.

Tpebyemca cMOOENMpPOBATh ISl 3aJaHHBIX YCIOBUH CyyallHble YUC-
Ja ¢t (YUCJIO peanu3aluuii NpUHSATh paBHEIM 10).

4.5. CpeHee YHiCIO UCIPaBHBIX CTAaHKOB B TOKapHOM Li€Xe Ha 3a-
BoZie paBHO X = 6. CpeqHee KBafpaTMYECKOe OTKIOHEHHE Of = 2,2.

Tpebyemca cMoneMpPOBaTh YUCJIO UCIIPABHBIX CTAHKOB B 1ieXe (YHUC-
JIO peajiM3allMil paBHO 5) MpPHU YCJOBUM, UTO CJydailHasi BeIMYMHa X
HMEET raMMa-pacripeaeieHue.

4.6. BeposiTHOCTb 3aMeHBbl HEUCITPABHOM JETAIN Ha HOBYIO IIpH pe-
MOHTE aBTOMOOMJISL B KaXIOM UCHbITaHUU p = 0,63,

Cmooeauposams NATh UCNBITAHUM U onpedeaums TOCIEAOBATENb-
HOCTb 3aMEHBI I€TAIM Ha HOBYK) WJIM BOCCTAHOBJIEHHYIO.

4.7. Tlpy ucCnpITAHUU MOTYT UMEThb MECTO 3aBUCHMBbIE U COBMECT-
Hble TPU COOBITUS: pabOTaeT TOJBLKO MEPBBI KacCUp MO BblIaye 3apa-
OOTHOI IJIaThl, pabOTaeT TOJBLKO BTOPOIt KaccUp, paboTaloT 0ba Kaccu-
pa. [1py 3TOM M3BECTHO, YTO BEPOSITHOCTb pabOTHI MEPBOro Kaccupa
paBHa 0,6; BepOoSITHOCTb paGOTHI BTOPOro Kaccupa paBHa 0,7; BeposiT-
HOCTb paboThl ABYX KaccupoB paBHa 0,4.
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Cmodeauposames BO3MOXHOCTb peau3alluy AByX COOBITHIA: paboTaeT
TOJILKO TMEPBBIi Kaccup; paboTaeT TOJBKO BTOPOM KacCCUP B TPEX MCIIBbI-
TaHUSIX.

4.8. Vi3BecTHBI 3aKOHBI pacrpefe/ieHus] HapaboTOK 3JIEMEHTa CHC-
TEeMBI IO MEPBOro U BTOPOro oTka3oB. CpenHue 3HAYEHUS U CpPeIHHE
KBapaTHYECKHE OTKJIOHEHUSI HapaOOTOK IPUBEAEHBI B CIIEAYIOIIEH Tat-
JIdLe:

: Cpennee
Ne 3akoH CpenHee 3HaueHue KBaJpaTH4YeCKOe
oTKa3a pacrnpeneneHus HapaboTKH, 4ac. OTKJIOHEHHE
HapaboTKH, yac.
1 Beiibyna 50 28
2 TFaMMa-pacnpegeneHue 40 15

Onpedeaume TapaMeTp U BeAyllylo (YHKUHUIO ITOTOKA OTKA30B 3Jjie-
MEHTa MO MHTepBajaM BpeMeHH (At = 10 uac.). Yucyio peanusaunuit
N =10.

4.9. Ucnonb3yst yciaoBus 3amaunt 4.8, onpedesume HOMEpP MHTEPBAJIA,
B KOTOPBIi MNOMageT MaKCUMaJIbHOE KOJIMYECTBO OTKA30B.

4.10. Cucrema umeert aBa seMeHTa. CpeHsis NEPUOINYHOCTD MeEp-
BOTO 3/ieMeHTa ¢ | = 60 vac., BToporo aneMeHTa — ! 5 = 85 uvac. Ilepu-
OIMYHOCTM OTKa3a MEPBOr0 U BTOPOTO JIEMEHTOB — CJIyyailHbIE BEJH-
YUHBI, TOAYNHEHHBIE IKCIIOHEHUIMATBHOMY 3aKOHY pacIpeaesieHHs.

Onpedeaume napameTp U GYHKUHMIO pacnpelesieHUs MOToKa OTKa-
30B CUCTEMBI 110 MHTEpPBalaM BpeMeHU Af = 8 yac. Yuciio peanusauunit
N = 10.

4.11. Hcnonb3ys ycnosus 3amauu 4.10, onpedesume HoMepa UHTEP-
BaJIOB, B KOTOpPbIE MOMNaxyT MaKCUMaJIbHble KOJIMYECTBAa OTKA30B MEePBO-
ro, BTOPOTO 3JIEMEHTOB M B LIEJIOM BCEIl CUCTEMBI.

4.12. I1ycTb NpU UCTIBITAHUM MOTYT UMETb MECTO 3aBUCUMBIE U COB-
MeCTHbIe COObITUS A U D. V3BeCTHO, YTO BEPOSITHOCTH TOSIBJICHUS CO-
6uiTHit paBubl P(A) = 0,6; P(D) = 0,3, a TakKe BEPOSITHOCTb COBMECT-
HOTro nosiBieHus cobbuituii A u D: P(AD) = 0,4.

Cmooenupyiime nosiBieHUe COOBITUIA A U D B NSATH UCIBITAHHUSIX.

4.13. TlepuoaUYHOCTb MPOBEPKU NPEANPUSITHII HAJIOTOBOH MHCIIEK-
LMY — BeJMYMHA ciydaiiHast (Af), MTOXYMHSIOLIASCS 3aKOHY raMMa-pac-
npenesieHusi. CpegHU MHTEpBal mpoBepku Ar = 2,5 mec. Koadbduuu-
€HT BapMallMu BeJIUYMHHI Af paseH V = (,38.

Tpebyemca cMOOeNIUpOBATh JJT 3aBaHHBIX YCJIOBHH BO3MOXHBIE MO-
MEHTBI TPOBEPOK TIPEANPUSTHS HAIOTOBOM MHCIEKIMeNd (YUCTIO peau-
3auMii MPUHATH paBHbIM 10).

4.14. Vicnonw3ys ycnoBus 3anauu 4.13, onpedesume KONMUYECTBO NPO-
BEPOK HaJIOrOBOM MHCMEKUHMEH 3a NepBbIi roa paGoThl MPEANPUATHS.
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4.15. CpenHee yucao paboTamolyx MalIMH Ha 3asome x = 25. Ko-
3¢ dULMEHT Bapualuy yKcia padoraomux ¥V = 0,6.

Tpebyemcs cMonenupoBaTh YUCIO pabOTaIOIIMX MAallMH Ha 3aBOJE
(uucno peanusauuit paBHo 10). CnyyaitHas BenMurHa X HMeeT pacrpe-
nenenue Beiibyna.

4.16. ITocne xaxmoit MPOBEPKM MPEANPHUSATHS HAJIOTOBOM MHCIEK-
LIMEil BEPOSITHOCTD IMOSIBJIEHUsSI HEOOXOAMMOCTH ayIUTOPCKOH NMPOBEPKU
naHHoro npeanpustus P = 0,72.

CmoOeaupyiime 11€CTb UCIBITAHUIA.

Onpedeaume NOCJENOBATENILHOCTh NMPOBEAECHMST Pa3IUYHBIX ITPOBE-
POK IPEATIPUSITUS.

haBa 5

MeToasbl U mopenu
KOpPPEeNsLuUOHHO-PEerpecCMoHHOro
aHanu3sa

5.1. O6wmne csepeHuns

BOJIBILIMHCTBO SIBJIEHUH M MPOLIECCOB B 9KOHOMHUKE HAXOMATCS B MO-
CTOSIHHOM B3aMMHOH M BceoxBaThiBalolleit 00beKTUBHON cBsizu. Mccie-
[IOBaHHE 3aBUCHMOCTEI1 U B3aMMOCBSI3eH MEXNY OOBEKTHBHO CYILECTBY-
IOLMMM SIBJIEHUSIMHU U NPOLIECCAaMU UTPAET GOJBLIYIO POJIb B SKOHOMMKE.
OHO 1aeT BO3MOXHOCTb ITy0XXe MOHSTh CJIOXHBIA MEXaHU3M NPUYMHHO-
CJIeACTBEHHBIX OTHOIIEHUI MeXOy sIBNeHUSIMU. sl uccienoBaHUsl MH-
TEHCUBHOCTH, BHJa U (hOpMBI 3aBUCUMOCTEH LLIMPOKO NMPUMEHSETCS KO-
PEJIILIMOHHO-PErPeCCUOHHBIN aHATU3, KOTOPBIN SIBJSIETCS METOIMUYEC-
KM MHCTDYMEHTapHUeM IpH pellieHHUH 3aiay NMPOrHO3UPOBAHMS, IUIAHH-
POBaHUS U aHAJIN3a XO3IUCTBEHHON AEATESIbHOCTU NPEANIPUATUI.

Pa3nuyalor nBa BUIa 3aBUCHMOCTE MEXAY SKOHOMMYECKMMH SIB-
JIEHUSIMU ¥ IIPOLIECCAMMU:

o QYHKUHMOHAIbHYIO;

® CTOXaCTMYECKYIO (BEPOSITHOCTHYIO, CTATUCTHYECKYIO).

B cnyyae GpyHKUMOHAJIBHOI 3aBUCHMMOCTH UMEETCS OJIHO3HAYHOE
oTOOpaXkeHHE MHOXeCTBa A Ha MHOXeCTBO B. MHOXecTBO A Ha3bIBalOT
obsacTblo onpeneneHus: GyHKUHMH, a MHOXECTBO B — MHOXECTBOM 3Ha-
YeHUI (pyHKUUM.

DyHKUMOHAIbHAS 3aBUCHMOCTb BCTPEYAETCsl peAKo. B GONBIIMHCT-
Be ciiyyaeB GyHKUMS (Y) unu apryMeHT (X) — ciiydyaliHble BEJIMUMHBI. X
U Y noABepXEeHHbI ACHCTBUIO pa3slIUYHBIX CIy4yalHbIX (PaKTOpOB, Cpeayu
KOTOPBIX MOTYT OBbITh (hbaKTOPHI, OOIIIME TSI ABYX CJy4ailHBIX BEJIMYMH.

Ecnu Ha ciyvaifHylo BeIMYMHY X nedcTBYIOT (akropsl Zj, 2, ...,
Vi, Vo, aHa Y — Zy, 75, V), V3 ..., TO HaIMYKE ABYX OOLIMX (aKTOpPOB
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Z; ¥ V] NO3BOJIUT TOBOPUTb O BEPOSITHOCTHOM WJIM CTAaTUCTUYECKOH 3a-
BUCHUMOCTH MeXay X u Y.
Onpedeaenue. Cmamucmuueckoli Ha3bIBaeTCs 3aBUCHMOCTb

MEXy CJIyYallHBIMU BEIMYMHAMH, MPH KOTOPOI M3MEHEHUE OMHOMN

U3 BEJIMYUH BJIEYET 3a COOON M3MEHEHHE 3aKOHa paclpelesieHUs

JOPYTrO# BEJIUYMHBI.

B 4yacTHOM ciTyyae CTaTHCTHYeCKasl 3aBUCUMOCTb IPOSIBIISIETCH B
TOM, YTO NMPU U3MEHEHHUH OTHOM M3 BEJIMYUH U3MEHSETCA MaTeMaTHye-
CKOE OXMZaHUe Apyroif. B aToM ciyyae roBOpAT O KOPPENISIUHHM HIIH
KOPPEISILIHOHHON 3aBUCHMOCTH.

CrarucTuyeckasi 3aBUCUMOCTh TIPOSIBJIAETCS TOJIBKO B MacCOBOM
Ipouecce, Mpy GONbIIOM YHUC/IEe EOUHUL COBOKYITHOCTH.

ITpu croxacTUuecKON 3aKOHOMEPHOCTH IS 3aJaHHBIX 3HAYEHHIA
3aBUCUMOM NMEPEMEHHOM MOXHO yKa3aTh pS 3HaYECHU OOBSICHSIONIEH
MepeMEeHHOM, CydyallHO pacCeIHHBIX B MHTepBaie. KaxmoMy ¢pHKCHpO-
BaHHOMY 3HAY€HUIO apryMeHTa COOTBETCTBYET OINpEJEe/IEHHOE CTaTUCTH-
YyecKoe pacrpeneieHre 3HaYeHUH HYHKIMU. DTO 06YCIOBIMBAETCS TEM,
YTO 3aBUCHUMas MEPEMEHHas, KPOMe BbIIEJIEHHO! NMEpeMEHHOM, Mmoa-
BEpXEHA BJIUSHMIO PSAAa HEKOHTPOJIMPYEMBIX MJIM HEYYTEHHBIX (PakTo-
poB. ITOCKONbKY 3HaYeHHUsI 3aBUCUMOI NEPEMEHHOI MOABEPXEHBI CITy-
YyaifHOMy pa36pocy, OHM He MOTYT OBITh NpPEICKa3aHbl C JOCTAaTOYHOM
TOYHOCTBIO, @ TOJILKO YKa3aHbI C ONpeleJIEHHON BEpOSTHOCTEHIO.

B 3KOHOMMKE NPUXOAMTCS UMETH JIEJI0 CO MHOTMMHU SIBJICHHUSIMH,
HMEIOIIMMHM BEPOSITHOCTHBIH Xapakrep. HanpuMep, K 4uciy ciaydaiHbIX
BEJIMYMH MOXHO OTHECTH CTOMMOCTbH NMPOXYKUMH, JOXOABI MpPEANPHS-
THSI, MEXPEMOHTHBIN MpoOer aBTOMOOWIEH, BpeMsi peMOHTa 0GOpyI0-
BaHUS U T. [I.

OIHOCTOPOHHSIS BEPOSITHOCTHAS 3aBUCUMOCTb MEXIY ClydailHbIMU
BeJIMYMHAMHU €CTb perpeccus. OHa ycTaHaBIMBAET COOTBETCTBHE MEXIY
STUMH BEJIMYMHAMU.

OIHOCTOPOHHSISI CTOXaCTHYECKasi 3aBUCUMOCTh BbIpaXaeTcs ¢ Io-
MOIIBIO (QYHKIIMH, KOTOpast Ha3bIBAETCS pezpeccue.

Buasl perpeccuii.

1. Perpeccusi OTHOCHUTENIBHO YHCJIA NTEPEMEHHBIX:

® IIPOCTasi PErpeccusi — Perpeccust MeXay ABYMsl NIEPEMEHHBIMU;

® MHOXECTBEHHAs pETPeCCUsl — PErpeccHsi MeXIy 3aBUCUMOIL Tiepe-
MEHHOH y U HECKOJIBKUMU OOBSCHSIOIUIUMHU NEPEMEHHBIMH X[, X3, ...,
X, MHOXECTBEHHas! JIMHEIHAasA perpeccust MMeeT CIeAyolMi BU:

y=ag+tax +ax+ .. +a,x, (5.1)
roe y — QYHKUHUA PErpeCcCHH;
X1y X2, +ees Xy — HE3ABUCHMEIC TIEPEMEH-IE;
ay, ay, ..., @, — Ko3hGHLUMEHTH perpeccuy;
ay — cBOOOIHBIN Yl€H YpaBHEHMS;
m — yuco (akTopoB, BKIIOYAEMBIX B MOIEJIb.
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2. Perpeccust OTHOCHTEJILHO (hOpMBI 3aBUCHMOCTH:

o JIMHEWHAas1 perpeccusi, BelpaxaeMasl JUHeHON (PyHKUMe;

e HeJIMHEHas perpeccus, BbipaxaeMasi HeJIMHEHHON dDyHKIMei.

3. B 3aBHCHMMOCTH OT XapaKTepa perpecCUM pasjIM4yaloTcsl CJeaylo-
LMe €€ BUIBL:

® [10JIOXHTEJIbHASI PErpeccust: OHa UMEET MECTO, €CJIU C YBEJIMYEHU -
eM (YMeHbIIIEHHEM) OOBSCHSIONIEH MepeMeHHONH 3HAaYeHHUSI 3aBUCHMON
MEPEMEHHON TaKXe COOTBETCTBEHHO YBEJIMYUBAIOTCS (YMEHbILAIOTCS);

e OTpULATEJIbHAs PErpeccusi: B 3TOM Ciyyae C YBEJMYEHUEM WJIM
YMEHBILIEHUEM OOBSCHSIOLIEH MEpEeMEHHOI 3aBUCHMasl NMEepeMeHHast
YMEHBLLIAETCS WM YBEJIUYHUBACTCS.

4. OTHOCHUTEJILHO THIIa COEIMHEHUS SIBJICHUN pa3inyaloTcs:

e HEINOCPEICTBEHHAsl Perpeccus: B 3TOM Cjlyyae 3aBUCHMasi U 00b-
SICHSIIOLLIAS] TIEPEMEHHbBIE CBSI3aHbI HEMOCPEICTBEHHO JIPYT C IPYroM;

® KOCBEHHasl perpeccHsi; B 3TOM Ciiyyae OOBSICHSIONIAS IepeMEHHast
IECTBYET Ha 3aBUCUMYIO Yepe3 psil APYTMX NMEPEMEHHBIX;

® JIOXHAsI perpeccusi: OHa BO3HMKAET NMpH (HOpMaJIbHOM MOAXOHE K
HCCJIelyeMbIM SIBJIEHUSM 0€3 YSICHEHUS TOro, Kakue NMpUYUHBI 00yCI0B-
JIMBAIOT IaHHYIO CBSI3b.

Perpeccust TecHO cBs3aHa ¢ Koppensiuuei. Koppeasyus B LIMPOKOM
CMBICJIE CJIOBA O3HAYaeT CBsI3b, COOTHOLLIEHHE MEXIY OOBEKTUBHO Cy-
LIECTBYIOIIMMH SIBIEHUSIMHU. CBA3U MEXIY SBIEHUSIMU MOTYT OBITh pa3-
JMYHBI 110 cujie. [Ipu U3MEepeHUU TECHOTHI CBSI3M TOBOPSIT O KOppes-
LIMM B Y3KOM CMBICJIE cjioBa. Ecnu ciyyaiiHble repeMeHHbIE IIPUYUHHO
00YCJIOBJIEHBI © MOXHO B BEPOSTHOCTHOM CMBIC/IE BBICKA3aThCsl 00 MX
CBSI3M, TO MMEETCS KOPPESLMS.

TToHATHST «KOPPESLUSA» U «PETPECCUST» TECHO CBSI3aHBI MEXIY CO-
6oit. B KOppeNALMOHHOM aHaJIM3e OLIEHUBAETCS CUJIa CBS3M, a B per-
PECCHOHHOM aHanu3e uccienyercs ee dopma. Koppensuus B IIMPOKOM
CMbICJIE OOBEOUHSAET KOPPEJSILIMIO B Y3KOM CMBICJIE U PETPECCHIO.

Koppensiuusi, kKak ¥ perpeccus, UMEeT pa3jIMuHble BUObI, TaK pa3-
JINYaIoT:

1) oTHOCUTEJIBHO XapakTepa —

® TIOJIOXUTEJIbHYIO;

® OTPULIATEJIbHYIO;

2) OTHOCHTEJIBHO YHCJIa TEPEMEHHBIX —

® TIPOCTYI10;

® MHOXECTBEHHYIO;

® YaCTHYIO;

3) OTHOCHUTENIBHO (DOPMHI CBSI3U —

® JIMHENHYIO;

® HEJMHENHYIO;
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4) OTHOCHUTEJIBHO THIIA COEIUHEHUS —

® HETNOCpEeACTBEHHYIO;

® KOCBEHHYIO;

® JIOXHYIO.

JI1060e MpHYHHHOE BJIMSAHHE MOXET BbIPaXaTbcs JIMOO (DYHKIHO-
HaJIbHOM, TM60 KOppensauMoHHOM! cBA3b10. Ho He Kaxnas dyHKuMS Hin
KOppEJISILIMS COOTBETCTBYET NMPUYHHHOM 3aBUCUMOCTH MEXIY SIBJIEHMS -
mu. IToaromy Tpebyercsi 0bsi3aTeIbHOE UCCIENOBaHUE TIPUYUHHO-CIIEA-
CTBEHHBLIX CBSI3eM.

HccnenoBaHue KOpPEeNSILIMOHHBIX CBSI3€i Mbl Ha3blBaeM Koppeasyu-
OHHbIM GHAAU30M, @ VCCIIENOBaHUE OOJHOCTOPOHHMX CTOXaCTHYECKMX 3a-
BUCHMOCTEN — pezpeccuonnbim anaau3om. KoppeasiuMOHHBI! M perpec-
CHOHHBII aHaAJIU3 UMEIOT CBOM 3aJayM.

3azaun KoppesIMOHHOrO AHAIM3A,

1. 3MepeHUe CTerieHH CBS3HOCTHU (TECHOTBI, CHJIbI) ABYX M OoJjiee
SIBJIEeHU#. 30ech peyb MIET B OCHOBHOM O IOATBEPXKICHUHU YK€ U3BECT-
HBIX CBS3CIA.

2. O160p (hakTOpPOB, OKa3bIBaIOLWIMX HauboJiee CyLIeCTBEHHOE BJIM-
SIHWE Ha pe3yJILTaTUBHBIM NPpU3HAaK Ha OCHOBE U3MEPEHHUS TECHOTHI CBSI-
31 MEXAY SBJIEHUSIMHU.

3. OGHapyXeHHe HEeU3BECTHBIX MPUYMHHBIX CBs3eil. Koppensuus
HETMOCPEACTBEHHO HE BBISIBJISIET IPUYMHHBIX CBSI3€il MEXIY SIBJICHUSIMH,
HO YCTaHaBJIMBaeT CTENEHb HEOOXOMMMOCTH ITHUX CBs3eil U JOCTOBEP-
HOCTb CYXIEeHHUI 00 ux HanuuuM. [IpuyuHHBIA XapaKTep CBS3€i BhHIsIC-
HSIETCS C TOMOMUIBIO JIOTHYECKH-TIPOdeCCHOHANBHBIX PACCY>XXAEHUH, pac-
KDPBIBaIOLIUMX MEXaHU3M CBsI3eil.

3anaum perpecCHOHHOTO aHAJM3a.

1. YcraHoBneHue ¢(HOpMB 3aBUCUMOCTU (JIMHEIHas WJIM HEJMHEH-
Hasi; TIOJIOXHUTEIbHASE WM OTPULIATEbHAS U T. 1.).

2. OnpeneneHue ¢yHKLHHU PErpecCUd M YCTAaHOBJIEHUE BJIMSTHMS
(haxTOpOB Ha 3aBUCHUMYIO NEpEeMeHHYI0. BaXXHO He TOJIBKO ONpEAETUTD
bopMy perpeccuy, yKasath OGLIYyI0 TEHACHIMIO U3BMEHEHUS 3aBUCUMOIA
MepeMEHHOM, HO M BBISICHMTb, KAKOBO ObUTIO OBl JefiCTBUE HA 3aBUCH-
MYIO NIepEMEHHYIO DIaBHBIX (haKTOpOB, €Ciy Obl MpoYne He U3MEHSTUCH
U ecny Obl ObUIM MCKITIOUEHBI CilydaiiHble 3jieMeHThl. s aToro ompe-
REJSIIOT QYHKUMIO PErpecCMd B BUIE MaTeMaTU4YeCKOTO ypaBHEHMS TO-
IO WJIM MHOTO THUIIa.

3. OueHKa HEM3BECTHLIX 3HAUYE€HUU 3aBUCHMOI MEPEMEHHOM, T. €.
pellieHNe 3aJay SKCTPANoIsILMM U MHTepno/siuy. B xone skcrpanons-
LIMM PacHpoCTPaHSAIOTCS TEHOEHLMM, YCTAHOBJIEHHbIE B NPOLLIOM, Ha
Oynymuii nepuo. DKCTPANOIALMS UIMPOKO UCTIONB3YeTCsT B IPOTHO3HU -
pOBaHMM. B Xxolle MHTEPIOISALNHU ONPEAEISIOT HEAOCTAIOLINE 3HAYEHHUS,
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COOTBETCTBYIOILIME MOMEHTAM BPEMEHU MEXIY M3BECTHHIMM MOMEHTa-
MH, T. €. ONPENESIOT 3HAYEHUs] 3aBUCUMOMN MEpEMEHHON BHYTPDU UH-
TepBaJla 3alaHHbIX 3Ha4eHUH (PakTopoB.

PaccmotpuM nonpobHee perpeccuio.

BbiGOpPOUHbIE ypaBHEHUs perpeccuu

VYcnoBHOE MaTeMaTH4YE€CKOE OXHUIAHUE CIIyYaWHOW BEJIUYHUHBI Y:
M(Y/X) ectb ¢dyHKUHUs OT X, KOTOpasi Ha3bIBaeTCSA hyHKUuell pezpeccuu
U paBHa f{x), T. €.

M(Y/X) = fix); (52)
MX/Y) = ¢0). (5.3)

Ipaduyeckoe nzobpaxeHue fx) win @(y) Ha3bIBAETCS AUHUel pezpec-
cuu, a 3anucaHHble ypaBHeHUS (5.2) U (5.3) — ypagrenusmu peepeccuu.

IMockosbKy yclIOBHOE MaTeMaTH4YecKoe OXHAaHUue M ciydaitHOH
BEJIMYMHBI Y ecTh MYHKUHUS OT (X), TO €ro OLEHKa y, T. €. YCIOBHas
cpenHsas, Takke sBisieTcd ¢yHKuueid ot X. O603HaYuM 3Ty (DYHKLHIO

4epe3 ,
= f*). 54

YpaBHeHue (5.4) onpenensieT BHIGOPOYHOE YpaBHEHHE PErPecCUU Y
Ha x. Cama dbyHKuus f*(x) Ha3bIBaeTCs 8b/00po4Holl peepeccueli Y Ha X,
a rpaduk f*(x) — evibopounol peepeccueli. AHaIOTUYHO OIpPENEISIETCS
JUISL CIydaWHBbIX BEJIMYUH X'

AHAJIOTHYHO

X, = Q*(»). (5.5)

DyHKIHUs perpeccuy HeobpaTMMa, TaK KaK peyb MAET O CPEOHUX
BEJIMYMHAX [UISI HEKOTOPOro KOHKPETHOro 3HaYyeHMs (pakropa.

DyHKuMa perpeccMd (GOpMaJibHO YCTaHaBJIMBAaeT COOTBETCTBHE
MEXIY MepeMEHHBIMU X U Y, XOTsl Takodl 3aBUCHMMOCTH MOXET M He
OBITh B SKOHOMHUKE (JIOXXHAsI perpeccusi).

JinnenHan perpeccus

ITycTh 3agaHa cucTeMa CJIy4aifHbIX BeJIMYUH X U Y M cllydaiiHbie Be-
JIMYUHBI X U Y 3aBUCUMBIL.

IIpencraBuM OOHY M3 CIAy4alHBIX BEJIMMMH KaK JIMHEHHYIO (PYHK-
LIMIO OPYrOi CIy4aHON BEJIMYHHBI X:

Y=g =a+fx (5.6)

rae o, 8 — mapaMeTpsl, KOTOpBIE MOMJIEXAT ONPENENCHUIO.
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B o61ieM cityyae 3TH mapaMeTpbl MOTYT ObITh OTIpEACIEHbI pa3iny-
HBIMM criocobaMM, Hanbojiee 4acTO UCIOJIb3YETCS! METON HAaMMEHBIIUX
kBaapatoB (MHK).

DyHKUUIO g(X) HA3bIBAIOT HAUAYHUWUM Npubauxceruem B CMBICIIE
MHK, ecau Marematnyeckoe oxmumaHue M[Y — g(x)]2 NpPUHUMAET Ha-
MMEHbILIee BO3MOXHOE 3HAUYEHHE.

B 3TOoM cnyyae dyHkuMIO g(x) Ha3bIBAIOT cpedHell Keadpamuyeckol
peepeccueli Y Ha X. MOXHO 10Ka3aTh, YTO JIMHEWHAs CPEOHSAS KBaapa-
THYECKasl Pperpeccusi UMeeT BUIL:

Oy Oy
g(x)=oc+Bx=my—ro_ mx+ro X, 6.7
X X
THe my, m, — MaTeMaTHYecKnUe OXMIAHUs Cy4aiiHbIX BEIM4KMH X, Y cooTBeTcT-
BEHHO;
Oy, O, — CPENHME KBA[PAaTUYECKNE OTKIOHEHMs! Cy4aiiHbIX BENMYMH X, ¥
COOTBETCTBEHHO;
r — k03GbULMEHT MapHOR KOPPEJISLUMH, KOTOPHIA onpenenseTcs mno
¢dopmyne
M
p=—2X , (5.8)
0,0y
rae Mxy — KOBapHvauus.
My, = MI(X — my) - (Y — m))], (5.9)

c
TOrga [3:,-;1 — k03(duumueHT perpeccuu. Bo3Hukaer npobiema omn-
X
peneseHys mapaMeTpoB O M 3 Ha OCHOBE BBHIOODKHU.

PaccMOTpuM omnpelesieHue napamMeTpoB BHIOPAHHOTO YpaBHEHUS
MpsSIMO JIMHUU CPeIHEel KBaApaTUYECKO perpeccuu 1o HeCrpynnupo-
BaHHBIM JaHHBIM. ITycTh U3y4yaeTcs cucTeMa KOJUYECTBEHHBIX NPHU3Ha-
k0B (X, 1), T. . BenyTcs1 HaOMONEHMS 32 IBYXMEPHOH ClyyaitHO# BeJu-
yyHo# (X, Y). IIycTb B pe3ynbraTe n HabMOAEHUI NOMYyYEeHO n Map Y-
cen (xl) yl)a (x2) y2)’ cey (xna yn)~

TpeGyeTcst MO MOJIyYEHHBIM TaHHBIM HaTH BBIGOPOYHOE YpaBHEHHE
NpsIMOH JIMHUHU CPeAHEI KBaApaTU4eCcKOil perpeccuu:

y,=kx+b.

ITockonbKy HaHHBIE HECTPYNIMPOBaHHbBIE, T. €. KaXKIast mapa 4uce
BCTPEYAETCS OAMH pa3, TO MOXHO NEPEUTH OT YCIIOBHOM CpenHei K me-
peMeHHO# y. YrioBoit koadduumeHT kK 0603HaYUM depe3 K = p U Ha-

: c
30BEM €ro BEIOOPOYHOH OLIEHKOH Ko3dduuueHTa perpeccuu B=r—=.
X
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Hrak, TpebyeTcst HallTH: v
y=px+b. (5.10)

O4eBUIHO, MapaMeTPhl P U b HYXHO Moxobparh TakK, YTOObI TOYKU
(x15 ¥1)s (X2, ¥2), «es (Xps Yp), TIOCTPOCHHBIE 110 UCXOXHBIM JAHHBIM, Jie-
XaJld Kak MOXHO Oyxe K npsimoit (5.10) (puc. S.1).

1

\ 4

Puc. 5.1. [luHaMuKa U3MeHEHHUs MpU3HaKa Y

YTOYHHUM CMBICJ 3TOro TpeboBaHHUs. Jist 3TOro BBEeIEM clieayloliee
nmoHsiTue. Ha3oBeM OTKIIOHEHHEM Pa3HOCTh BUIA:

),i - J’,(i = 1) '2’ R3] n))

rae Y; — BeryMcaseTcss no ypaBHeHHUIo (5.10) u cooTBeTCTBYeT HabM0AaEeMOMY
3HAYEHHMIO X;
y; — HabnlogaeMasi OpAMHaTa, COOTBETCTBYIOILAS X;.

ITon6Gepem mapaMeTphl P ¥ b Tak, YTOOBI CyMMa KBaJpaTOB yKa3aH-
HbIX OTKJIOHEHHUI ObL1a HAUMEHBLIECH:

N 2
> (Y; - y;)” > min.

i=1

B atoM cocTroMT TpeGoBaHME METOJa HAUMEHBLIMX KBaIpaTOB
(MHK).
DT1a cyMMa ecth HyHKUUSA F OTHICKMBAEMbIX IIapaMeTpoB P U b:

F(p,b)= zl ;- ;)
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HIIHA .
n
F(p,b)= zl (ox; +b-y)*.
i=

s oThICKaHUSI min HaieM 4YaCTHbIE NMPOU3BOIHBIE U MPUPABHSI-
€M HX K HYJIO:

dF n

T=22(pxi +b-y;)-x; =0,
i=l
dF

" 2(§(px +b-y;)=0.

Hanee zanumem CUCTCMY.

(f‘,x,z)p+(2x,J b- Zx,y,

i=1 i=1

L

n n n n
IS MpOCTOTHI BMECTO 3, Xj, X, x,z, Y X;¥i, X y¥; GyoeM mucarhb
i=l =l =1 i=1

2x, sz, 2xy, Xy (MHOEKC | OMyCKaeM), TOrna:
(2x2)o+(2x)8=3x,
(Zx)p+nb=2y.

TMonyuunu cucreMy ABYX JIMHEHHBIX YPAaBHEHUI OTHOCUTEIBLHO P U
b. Pemiast 3Ty CUCTEMY, IONYUUM:

M=z

n
x,«)p+nb—2y,- =

i=l

1

=___—-—"E’2‘y”2"22y, (5.11)
x —(Ex)

EyEx -ExExy (5.12)
n¥ x? -(Zx)

MeToa HaMMEHBIIMX KBaJpaTOB TPUMEHSIETCS U JIS1 HAXOXICHUS
MapaMeTpoB MHOXECTBEHHOM perpeccud. B 3ToM ciyyae 4UCIO JIUHEH-
HEBIX YpaBHEHMII BO3pacTaer, U TaKUe CUCTEMEI YPaBHEHHUI pelialoTcs C
noMouisio DBM.

145



OCHOBHbIE NOHATUS
KOppEensauMoOHHO-perpecCMoOHHOro aHanusaa

1. CpenHee 3HayeHUe MEePEMEHHOMN OMpeaessieTcs Mo Cleaylomei
¢opmyne

o

X
F=izl (5.13)
1/}

T€ X; — IMIIMPUYECKOE 3HAYEHHE NMEPEMEHHOM X;
n — 4YUCJIo HaGMIOnEeHUIA.

2. Iucnepcus

< =2
2 (x; - X)
gl=izl (5.14)
* n-1
3. KoBapuauus
n
Covyy = le(xi -%)-(; - 9)]- (5.15)
1=

4. KoadduimeHT Koppensunu
%[0 =90 -]
Iy = ;“ - : (5.16)
% -x)%. % 0 ~-5)?
= i=

KoagppuiumeHT KOppeasiuuy XapaKTepu3yeT TECHOTY, WIH CHIY
CBSI3W MEXIY NMEPEMEHHBIMU Y M X. 3HAYCHHUsI, IPUHUMACMBIC Iy, 3a-
KJIIO4YEeHHI B npeaenax or — 1 go + 1. I1pu moysoXuTeTbHOM 3HaYEHUH
Fyy MMEET MECTO IOJIOKUTEIbHASL KOPPENSILAS, T. €. C YBEJIUIEHUEM
(yMeHblLIEHHEM) 3HAYEHUN OMHON NMEepeMeHHOM (x) 3HaYeHHe IOPYroi
(¥) COOTBETCTBEHHO yBeaUuYMBaeTcsa (yMeHbluaetcs). [Ipu oTpuuaresnsb-
HOM 3HA4Y€HHH r,, UMEET MECTO OTpHUIIATEJIbHAsA KOPpEJasUUs, T. €. C
yBeJIMYEeHHEM (YMEHbIIEHMEM) 3HaYEHU I X 3HAUYEHUST ¥ COOTBETCTBEH-
HO YMeHbIUaITCs (yBeauuuBalorcs). [Ipy u3ydyeHUM 3KOHOMHYECKOTO
SIBJIEHWS, 3aBHUCSILET0 OT MHOTHUX (paKTOPOB, CTPOUTCS MHOXECTBEH-
Hasl perpecCUOHHas 3aBUCMMOCTb. B 3TOM ciiyyae JUIsl XapaKTepUCTH-
KU TECHOTHI CBSI3U UCIONb3YeTCsA KOG PULIMEHT MHOXECTBEHHON KOP-
pensiuum: :
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2

o
R= |1-—¢, (5.17)
Co6ur
19i( sz — OCTaTo4YyHasA AUCNnepcus 3aBUCHUMOM HCpCMCHHOl’l;
026w — OOLLAs MCNIEPCHS 3ABUCHMOH MEPEMEHHO.
5. O61uasa gucnepcus onpenensercs mo gopmye
n -\2
) Xz (.Vi 4 )
i=1
G == (5.18)
o6 n-1

Bennunna ogﬁm XapaKTepu3yeT pa3bpoc HaOMOAeHUI GaKTHYEeCKHUX
3HAYEHHUH OT CPEIHEro 3HA4YEHHs Y .
6. OcTraToyHas QUcCIepcHs OTIPENeIsieTCs 1Mo cienyoueit hpopmyie

n 2
, 2z (i - ¥ir)
Oocr =’:"';':1'—_'a (5.19)

TI€ Vi — TEOPETHYECKHE 3HAYECHHS NMEPEMEHHOMN y, MOJYyYEHHEIE 1O YpaBHe-
HH10 perpeccuH (5.1) npH MoJCTaHOBKE B Hero HabmogaeMbIx GakTH-
YECKUX 3HAYEHHUM X;.

OcTtaToyHasi JUCNEPCUST XapaKTepU3YeT Ty YacTb pacCesiHUs Mepe-
MEHHOM y, KOTOpasi BO3HMKAaeT M3-3a BCSIKOTO pola CiIy4yaWHOCTEH U
BIIUSIHUSL HEYYTEHHBIX (HaKTOpOB.

7. Koadb¢uumneHT neTepMUHALMHN CIYXHUT OIS OLUEHKH TOYHOCTH
PErpeccUH, T. €. COOTBETCTBHS IMOJyYEHHOTO YPaBHEHUSI PErPECCHH UMe-
I0LIMMCS] SMITUPUYECKUM IaHHBIM, U BBHIYMCIsieTcs o ¢opmysie

Ocr
O=1- B (5.20)
Oo6m

Hamensiercs 0 B ipenenax or 0 no 1, T e.

0<Oc<1.
Mogenb CUMTaeTCsl TeM ToyHee, yeM omxe [ K 1, T. €. yeM MeHb-
HI€ Oper.
CraHgapTHas OIIMOKa OLIEHKHA paBHa ofm.
— 0(2)cr 2 2
Ecmu II = 0, 3TO 3HaYHT OTHOUIEHHE 2 =1, T €. O%er = O'ooms
o6

M, CIeIOBATENBHO, Y =y . B 2TOM ciyyae npsmas perpeccuu 6yaeT ma-
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pajuUiesibHa OCH X, KOPPEJISIIMOHHO-PETPECCUOHHAs CBA3b MeXny X u Y
0.2

orcyrcTByeT. Ecu I = 1, 3Hauwmr, 2°°T =0, T. e. om 0. Orciona
Co6m

Yi = Vi, T. €. BcE HabM0aeMBbI€ TOUKH JIEXAT HA ITOCTPOEHHOMN NMpPSIMOH,

CJIeIOBaTe/IbHO, 3aBUCUMOCTb (DYHKIIMOHAIbHAS.

8. Koppe/iiInOHHOE OTHOLIEHUE UCIONB3YETCS ISl OLEHKU TECHO-

Thl CBSI3M MEXIY IBYMS SIBJI€HUSMHU, B YACTHOCTH IUISl ONpeNEIeHUS

TECHOTHI CBSI3M MCXOLHOTO Psifia y; C TEOPETUYECKUM PSIIOM ;.. Koppe-

JIALMOHHOE OTHOLUEHHE OMPEAENSIOT 10 AaHHBIM, CTPYHIHMPOBAHHBEIM

o oOBSICHAIOLIEH NepeMeHHON Mo cienylouieh ¢dopMyse

3. (vir - 72
n=f— (5.21)
2 ;-9

5.2. UcxoaHble NpeanochiNKu
perpeccuoHHOro aHanusa
M CBOMCTBA OLLEHOK

IIpuMeHeHHe MeToda HaMMEHBLIUX KBaApaTOB IS ONpeAeSeHUs
NapaMeTpPOB PErpecCHM IMPEAIoaraeT BBIMOJIHEHHE HEKOTOPHIX Mpen-
MOCHUIOK'.,

OtMeTuM HauGoJiee CYNIECTBEHHBIE U3 HUX.

ITpednocwaka 1. TIpy HaXOXIEHUH OLIEHOK IIEPEMEHHON y npeJ-
ITOJIATaeTCs CyLIECTBOBaHUE 3aBUCUMOCTHU NIEPEMEHHOMN Y TONBKO OT TeX
OOBSICHSIOIIUX TEPEMEHHBIX, KOTOPhIE BOLLIM B MOIENb (PErpeccuio).
Bnusinne nmpounx ¢akTopoB M CaydyaHOCTEH Y4MTHIBAaeTCA Ciy4aitHOi
BO3MYLLIAIOLIEN niepeMeHHOl z. IIpy aTOM nonaraeM, YTo w1 PUKCUPO-
BaHHBIX 3HaYCHMI NEpeMEeHHBIX x{i = 1,m) cpeaHee 3HaYeHUe mepe-
MEHHOH Z paBHO HYIIO.

ITpednocunka 2. Tlpepnonaraercs, YTo BIUSHHE HEYYTEHHBIX
daxTopos mocrosinHO. TaK, MpH PacCMOTPEHMHM BPEMEHHBIX DSIOB B
pa3MyHble NMEPHOABI 3TH HEYYTEHHBIE (PaKTOPHI OKa3bIBAlOT OXMHAKO-
BO€ BJIMSTHUE.

ITpednocwaka 3. OTCYTCTBYET aBTOKOPPE/SILIMS MEXIY BO3MYILa-
IOUIMMH TTEPEMEHHBIMH Z.

IIpednocwuiaka 4. Yucno HaGmoaeHUH JOIXHO NMPEBHILLIATE YHCIIO
MapaMeTpOB PErPecCHH, HHaYe, HEBO3MOXHA OLIEHKA 3THX IapaMeTpoB.

" @epcmep 3., Peny B. MeToobl KOPPENALMOHHOIO M PErPECCHOHHOr0 aHa-
Jm3a. — M.: ®UHAHCH U CTaTHCTHKA, 1983.
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ITpednocwaka 5. Ilpeanosnaraercs OQHOCTOPOHHSSI 3aBUCMMOCTb
NepeMeHHOM y oT ¢akTopoB x(i = 1,m), OTCYTCTBHE B3aUMOCBSI3U.

ITpednoceiaka 6. 3aBucuMass IepeMEHHasgs y M (PaKTOpHI
x{(i = 1, m) pacnpeaeaeHsl HOPMAJIBHO.

C noMOILBIO PErPECCHOHHOrO aHaNK3a MPU YKa3aHHBIX BhILIE NPEa-
TIOCBUIKAX. HAXOISAT OLEHKU IapaMeTpoB, HauboJiee XOPOILO COIIACylo-
IMecs ¢ OMBITHBIMU JaHHBIMU. JJaHHbIE OLIEHKH JOJDKHBI 06/1a0aTh Orl-
pelesIEeHHBIMM CBOMCTBaMU. PacCMOTPUM HEKOTOpBIE U3 STHUX CBOMNCTB
(6e3 moKa3aTe/IbCTBA).

1. Hecmewennocms ouenox napamempog pezpeccuu. OueHKa rmapame-
TPOB PErpecCHM Ha3bIBAaeTCSd HECMELIEHHOM, eclid i J1000ro Gpukcu-
POBaHHOTO YKMCJIa HabGJI0AeHUI BHIMOJIHSAETCS PaBEHCTBO MaTeMaTUyec-
KOTO OXHJaHHs MapaMeTpa M 3HayeHHusl nmapaMmeTpa perpeccum. Hamo
OTMETUTD, YTO OLIEHKHU, MOJIyYEHHbIE METOJOM HaWMEHBLUMX KBalpa-
TOB, 00J1afaloT CBOMCTBOM HECMEILIEHHOCTH.

2. Cocmosmenvrocmbs 0ueHOK napamempos pezpeccuu. JlaHHOe CBOii-
CTBO COCTOMT B TOM, 4YTO C POCTOM 00beMa BBIOODKHM OlieHKa IapaMeT-
pa perpeccuu b CXOOMTCS K TEOPETHYECKOMY 3HA4E€HMIO Napamerpa B
(BBIYUCJIEHHOTO O BCEi reHepajibHOM COBOKYMHOCTH), T. €. OlNMOKa
OLEHKHM CTPEMHUTCS K HYJIO:

P( lim b) =. (5.22)

n—e

3. Ippexmuenocme ouenox napamempos pezpeccuu. HecmeieHHas
OLIEHKA MapaMeTpa perpecCUu Ha3bIBaeTCsA HeCMeELleHHON 3¢ deKTHB-
HOH, €CJIM OHa CpeAM BCEX NMPOYMX HECMELIEHHBIX OLIEHOK 3TOrO Xe MNa-
paMeTpa obyiagaeT HaMMEHbIIEH nucrnepcuei.

4. Jocmamounocms ouenxu. Ecnv § npeacrasinsier coGoit JocTaToY-
HYIO OLIEHKY ITapaMeTpa b, TO He CYIIECTBYET IPYroil OLeHKH! 3TOro Ma-
paMeTpa, KOTOPYI0O MOXHO IMOJYYUTh MO BLIOOPKE M3 HEKOTOPOM reHe-
paJIbHOM COBOKYMHOCTU M KOTOpasi Jajia Obl JOMOJHUTEIbHYIO UH)Op-
Mauuio o HeM. P. @uiep mokasan, 4To KOJUYECTBO U3MEPUMOMN HMH-
dopmaunu, comepxaluieiics B HEKOTOPOH OLieHKE, paBHO 0OpaTHOM
BEJIMYMHE OT ee aucrepcud. TakuM oOpa3oM, MOHATHE AOCTATOYHOCTH
3KBMBAJIEHTHO TPeOOBaHUI0O MUHUMAIBHON Aucnepcuu. JocraTtoyHas
OlLIEHKa C HEOOXOMUMOCTBIO JO/DKHA OBITh 3((HEKTUBHOM U, ciieaoBa-
TEJIbHO, TAKXX€ COCTOSITEJIbHON MU HECMEIEHHOIA.

5.3. 3Tanbl NOCTPOEHUS MHOropaKTOPHON
KOppEensauuoHHO-perpeccCMoHHOn Mmoaenv

Pa3pa6orka Mome/in ¥ HCClIeNOBaHHE 3KOHOMMYECKHX ITPOLIECCOB
JIOJUKHBI BBITIOJIHATBCS 1O CJIEAYIOLIUM 3TaraM:
1) anpHopHOe McClleoBaHHE SKOHOMUYECKO MPOOJIEME;
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2) ¢dopMupoBaHue nepevHsl GaKkTOpOB M UX JIOTMYECKHUI aHATU3;

3) cO0p UCXOOHBIX JaHHBIX U UX NepBUYHAsE 0OpaboTKa;

4) cneuudukanus GyHKIUU PETPECCHH;

5) oueHKa (YHKIIMU PETPECCUM;

6) otGop rnaBHBIX (aKTOPOB;

7) mpoBepKa ageKBaTHOCTH MOJENH;

8) axoHOMMYECKass MHTEPIIpETALUS;

9) NporHo3upoBaHHE HEU3BECTHLIX 3HAYEHUH 3aBUCUMOM Mepe-
MEHHOM.

PaccmorpumM nogpoGHee coaepXaHHe 3TAIoB.

A. Anpuopnoe uccaedosanue sxonomuueckoii npobaemot. B cooTBeTCT-
BHM C 1ieJIblI0 paboThl Ha OCHOBE 3HaHUI MaKpO-H MHKPO3KOHOMMKH
KOHKPETU3UPYIOTCS SIBJIEHUSI, IPOLIECChI, 3aBUCUMOCTh MEXIY KOTOPBI-
MH MOMIEXHUT oueHKe. [Ipu 3ToM moapasymeBaeTcst Mpexae BCEro Yet-
KO€ OIpeleieHue SKOHOMUYECKHUX SIBJIEHUH, YCTAaHOBJIEHUE OOBEKTOB U
nepuoaa MccieloBaHUs.

Ha 3ToMm 3Tame uccieloBaHUSI NOJMXKHBI ObITh CHOPMYIUPOBAHBI
3KOHOMMYECKH OCMBICIEHHBIE U MPHEMJIEMbIE TMIIOTE3bI O 3aBUCHUMOC-
TH SKOHOMMYECKHUX SIBJICHUH.

b. Dopmuposanue nepeuna gaxmopos u ux aocuveckuii anaaus. s
omnpeneseHUs Haubosiee pa3yMHOro YKciia MEPEMEHHBIX B PErPECCHOH-
HOM MOJeNM MpeXJe BCEro OPUEHTUPYIOTCS Ha COOGpaXkeHUs npodec-
CHOHAJILHO-TEOPETHYECKOro Xapakrepa. Mcxons u3 GpU3sn4eckoro CMbic-
JIa SIBJIEHMS, IPOU3BOIAT KIIAaCCU(MUKALIMIO TEPEMEHHBIX HA 3aBUCHMYIO
U OOBACHSIOLLYIO.

B. Cop ucxoonvix dannvix u ux nepsuqnasn obpabomka. I1py nocrpoe-
HHMM MOJEIM UCXOAHasi HHGOopMaLMsl MOXET GbITH COOpaHa B TpeX BHAAX:

e TMHaAMUYECKUE (BpeMeHHL'Ie) psiabl;

e NpPOCTpaHCTBEHHas: MHGopMaluss — UHbOpMalus o paboTe He-
CKOJIBKMX OOBEKTOB B OJHOM pa3pe3e BpEMEHH;

e cMeHHast — TabnuyHas ¢opma. MHdopMalug o pabore HECKONb-
KMX OOBEKTOB 3a pa3Hble NEPUOLIHI.

O6beM BBHIOOPKM 3aBUCHUT OT YUcCaa (HaKTOpPOB, BKITIOYaEMBIX B MO-
JIeJIb C YYETOM CBOOOXHOrO WwieHa. s monyyeHus CTaTUCTHYECKHU 3Ha-
YUMOHN MoIenu TpeGyercs Ha oOuH (akTop 06beM BBHIOGOPKH, paBHBIN
1 = 5 + 8 HabmogeHuit. Hanpumep, eciu B Modenb BKIIOYAIOTCS: TPU
¢akTopa, TO MUHMMAJIbHBIA 00BEM BBIOOPKHU

Rin =5 (m+n)=5-(3+1) =20,

rae m — 4ucno $HakTopoB, BKIIOYAaEMbIX B MOICNB,
n — 4UCNO CBOOOIHBIX YICHOB B YPAaBHEHMH.

Ecnu B KBapTaJIbHOM pa3pe3e COOMpaTh JaHHEIE, TO HAlO HX COOM-
patb 3a 5 et [20/4].
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I. Cneyugpurayus ¢pynkuuu peepeccuu. Ha taHHOM 3Tarne KcciieaoBa-
HUS JaeTcsl KOHKpeTHast popMynMpoBKa runoresst o opMe CBsI3u (Jiu-
HEHHass WM HeJIMHEeHHas, NpocTasi WM MHOXECTBEHHas U T. A.). s
3TOr0 UCMOJb3YIOTCS Pa3IMYHble KPUTEPUH ISl IPOBEPKU COCTOSITEIb-
HOCTHM TMIOTETMYECKOTrO BHIAa 3aBUCMMOCTU. Ha 3TOM 3rtame nposepsi-
I0TCS1 IPEANIOCBUTKA KOPPEISLIMOHHO-PErPECCUOHHOTO aHaIu3a.

. Ouenxa pynxuuu peepeccuu. 30eCh ONPEAEISIOTCS YUCIOBBIE 3HA-
YeHHUs MapaMeTPOB perpeccCMy M BBIYUCIIEHUE psiia MokKasareyieit, xa-
PaKTepU3YIOLIUX TOYHOCTb PETPECCUMOHHOTO aHAIU3A.

E. Ombop enaenbix paxmopos. Bribop dakTopoB — oCHOBa ISl MO-
CTPOEHUsI MHOro(aKTOPHOH KOPPEISLMOHHO-PErpeCCHOHHON MOIEIH.

Ha srane ¢opmupoBaHus nepeyHsi GakTOpOB U KX JIOTUYECKOTO
aHanMM3a cobUpaloTcsl Bce BO3MOXHbIE dhakTophl, 06614HO Gosiee 20—30
¢akropoB. HO 3T0 HeynoOGHO 15t aHanM3a, U MOAENIb, BKJIIOYAlOLIast
20—-30 ¢dakropos, Gyner HeycroiiunBa. HeycTOHYMBOCT MOIEIHU HAXO-
IUT BIpaXEHHUE B TOM, YTO B HEHl M3MEHEHHE HEKOTOPBIX cbax'ropon Be-
JET K YBEJIUYEHUIO Y BMECTO CHUXKEHHUS Y.

Masio pakTopoB — TOXE MJIOX0. DTO MOXET MPHUBECTH K OLLIHOKaAM
MpY NPUHITHU PElIeHU# B Xole aHanu3a Mogenu. [Toatomy Heobxonu-
MO BbIOMpaTh 0oJiee pallMOHAJIBHBHIN NepeyeHb (HaKTOpOB. I'Ipu 3TOM
MPOBOASAT aHAIU3 (HakTOPOB Ha MYJBTUKOJIJIMHEADHOCTb.

AHaJIM3 M COCOObI CHMXXEHHUS BJIMSHHA MYJIbTHKOJUIMHEAPHOCTH HA
3HAYMMOCTb MOJeM. MYJIBTUKO/UIMHEAPHOCTh — TMOMapHasi KOppeJsiiu-
OHHasi 3aBUCHUMOCTb MexXay (akropaMu.

MynbTUKOJUIMHEapHAas: 3aBUCUMOCTb IPUCYTCTBYET, €clid Koadbdu-
LMEHT MapHo# koppensuuu r; = 2 0,70 + 0, 80.

OTpuuarensHoe Boaneucmne MYJIETUKOJIJITMHEAPDHOCTH COCTOUT B
CIeAyIOUIEM:

1) ycnoxHsieTcs nmpoleaypa BbiGopa IIaBHBIX (haKTOpOB;

2) ucKaxaercsi CMBICT Ko3¢duiMeHTa MHOXECTBEHHON KOppeJsi-
MK (OH MpeArnosaraeT He3aBUCUMOCTb HaKTOpOB);

3) YCIIOXHSIIOTCA BBIYMCJICHUS TIPU MOCTPOEHUM CaMOil MOZENH;

4) cHUXKaeTCcsl TOYHOCTbh OLIEHKU NMapaMeTPOB PETPeECCUM, HCKaXaET-
cs1 OLIEHKA JUCITEPCHU.

CrnencTBueM CHHXEHMS] TOYHOCTH SIBJISIETCSI HEHAJEXHOCTb KO3¢-
GULMEHTOB PErpeccu U OTYACTH HENMPUEMIIEMOCTh UX UCIIONb30BaHUS
JUTSE MHTEPIpeTallMy KaK Mephbl BO3IEHCTBUS COOTBETCTBYIOLIEH 0OBsC-
HSIOILEN MEepeMEHHOM Ha 3aBUCHUMYIO NTEPEMEHHYIO.

OueHku Ko3(PuuueHTa CTAaHOBATCS OYEHBb YYBCTBUTEIBHBIMU K
BBIOOPOYHEIM HaOmoaeHusIM. HeGoJibloe yBennyeHue o0bema BbIOOp-
KM MOXET MPUBECTH K OYEHb CHJIbHBIM CABMIaM B 3HAYEHMUSIX OLECHOK.
Kpome Toro, cranzapTHbie OIUMOKHM OLIEHOK BXOIAT B (hOPMYJIbI KpUTE-
pHsl 3HAYUMOCTH, TMO3TOMY NMPUMEHEHHE CAaMHX KPUTEPUEB CTAHOBUTCS
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TaKKe HeHaleXHbIM. M3 cKka3aHHOro SICHO, YTO MCCJIEAOBaTEe b TO/DKEH
NBITATbCSl YCTAHOBUTH CTOXAaCTHYECKYIO0 MYJBTHKO/UIMHEAPHOCTh H 1O
BO3MOXXHOCTH YCTPaHUTH €e.

Jnst u3MepeHus: MYJILTHKOJUIMHEAPHOCTH MOXHO MCIIOJIb30BaTh KO-
3¢bdHULMEHT MHOXECTBEHHOMN IeTepMUHALUU

1= R%, (5.23)
rae R — Ko3pdULUHEHT MHOXECTBEHHOM KOPPEISLIMH.

ITpu OTCYTCTBHUM MYJIETUKOUIMHEAPHOCTH (aKTOpPOB

m
I=75dy,, (5.24)
j=1
rae dyj — k03¢ UUMEHT NapHOK feTepMMHALMH, BBIYMUCISEMBI O (opMye
dy; =1y, (5.25)

rme r,; — Ko3(p$UUMEHT NapHOH KOPPETAUMH MEXAY j-M (HAKTOPOM U 3aBUCH-
MO NEepEMEHHOM Y.

ITpy HaJIMYMK MYJIETHKOJIJIMHEAPHOCTH COOTHOoLIeHHe (5.24) He co-
omogaercsa. [ToaToMy B KayecTBE Mephl MYJIBTHKOJJIMHEAPHOCTH HC-
MOJIL3YETCS CIIENYIOIIAST Pa3HOCTh:

M=]- ﬁldyj. (5.26)
j:

YeM MeHbILE 3Ta Pa3HOCTb, TEM MEHbIIE MYJBTHKOJIMHEAPHOCTb.
Hdna ycTpaHeHUSI MYJIBTUKO/UIMHEAPHOCTH UCIIOJIB3YETCS Memod UCKAH-
YeHUs nepemeHHbiX. DTOT METO 3aKJTIOYAeTCA B TOM, YTO BEICOKO KOppe-
JIUpOBaHHbIE OOBACHSIONIME MepeMeHHbIe ((HDaKTOphl) YCTPAHAIOTCA M3
perpeccu M OHa 3aHOBO olieHHBaeTcs. OTOOp nepeMeHHBIX, ToMIeXa-
IIUX UCKITIOYEHMIO, TIPOU3BOIUTCA C MOMOIIBIO K03 hULIMEHTOB map-
HOM Koppesisiunu. ONBIT MOKa3bIBAET, YTO €CJIU |ry~| 20,70, To omHY H3
MepEMEHHBIX MOXHO HCKIIIOYMTb, HO KaKyl0 NMEPEMEHHYI0 UCKIIIOYHUTD
U3 aHaJIM3a, pelialoT MCXOIS M3 YIPaBIAeMOCTH (PaKTOpPOB Ha ypOBHE
MPEeIIPUSTHUS.

OOGBIYHO B MOZEJIH OCTaBJAIOT TOT (hakTop, Ha KOTOPHIA MOXHO
pa3paboTaTh MepONpHUATHE, 00ecIeyrnBalolee YIyJdllieHHe 3HaYeHUs
atoro ¢akropa B IIaHUpyeMOM roay. Bo3moxHa cutyauus, korga oba
MYJIBTUKOJUIMHEAPHBIX (HaKTOpa YIMpaBisieMbl Ha YPOBHE MPEINPUSTHUSA.
Peuintsh Bonpoc 06 MCKITIOYEHMH TOTO WK HHOTO (haKTopa MOXHO TOJIb-
KO B COOTBETCTBHMHM C INPOLENYpPOit OTOOpa raBHBIX (aKTOPOB.
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O160p (HaKTOPOB HE CAMOCTOATEJLHBIN IPOLIECC, OH COMPOBOXIA-
eTCa MOCTpoeHHeM Mojeiu. IIpuHATHe peleHus 06 UCKITIOYeHNH dak-
TOPOB MPOM3BOAUTCSA Ha OCHOBE aHaJIM3a 3HAYEHMIA CIeLHAJIbHBIX CTa-
TUCTHYECKUX XApaKTEPUCTUK M C YYETOM YINpasiiseMOCTH (haKTOpOB Ha
YPOBHE IpPEeaNPUATHS.

ITpouexypa oTéopa raBHeIX dakTopoB. DTa NMpoLEAypa 00513aTeIBHO
BKJIIOYAET CJIEAYIOLINE STarbl:

1. Ananuz pakmopog Ha MyabmuKoAAUHEaPHOCMb U ee UCKAIOYeHUe.
3nmech MPOU3BOAMTCS aHAJIU3 3HAYeHUH KO3(GULIMEHTOB NMapHOK KOp-
PeNsILmMu ry MeXIy GakTopamu X; U X;.

2. Ananu3z mecrhomsl 83aumocea3u gakmopos (x) ¢ 3asucumoi nepe-
MeHHol ().

s aHasM3a TeCHOTHI B3aUMOCBSI3M X U Y UCTIOJIB3YIOTCS 3HAYEHUS
Ko3d¢uLMeHTa NTapHOi Koppenasuuu Mexnay dakropoMm U dyHKUUEH
(rxy). BenuunHa I'vy OTIDENENAETCA Ha 9BM u npexacrapieHa B Koppe-
JIALIMOHHOM MaTpulle Buaa (Tadn. S5.1).

Ta6bnuua 5.1
Koppensuuonnas Matpuua
Ne ’ '
. x X; X X,

nepeMeHHOM L 2 3 ' m y

X 1 ey e, Tex., ey

X, e, 1 T e, ey

X3 e, e, 1 Ty, Iy

Xm T, Ty Fxpxs 1 Ty

y r)’x 1 r}'xz r)’xl - r}’xu 1

@axTopsl, 111 KOTOPBIX ryy, = 0, T. €. He CBA3aHHBIE C y, MOAIEXAT
HUCKJIIOUEHHUIO B mepBylo ovepens. PakTopsl, UMEIOLIME HaUMEHBIIee
3HAYEHHE Iyy, MOTYT OBITh MOTEHUMAIBHO UCKIIIOYEHBI U3 Mozeau. Bo-
Mpoc 00 MX OKOHYATEJIbHOM MCKJIIOUEHHH PEIIAeTCsl B XOHEe aHaIu3a
JIPYTUX CTAaTUCTUYECKUX XapaKTePUCTHUK.

3. Anaau3z ko3gguyuenmos B paxmopos, Komopsie NHOMEHYUANLHO MO-
2ym Oblmb UCKNIOUEHbL.

KosdduiiueHT § yuuTrIBaeT BIUSHUE aHATU3UPYEMBIX (aKTOPOB
Ha y C y4eTOM pas3inyuii B ypoBHe HUX Kosnebnemoctu. Koadbopuumenr
f mokasbIBaeT, HACKOJILKO CUIM (CpeIHHX KBaIpaTUYECKHUX OTKIOHe-
HUH) U3MEHsEeTCS DYHKUUA C U3MEHEHHEM COOTBETCTBYIOILEIO apry-
MEHTa Ha OOHY CUIMY NpH (GPUKCHPOBAaHHOM 3HAYEHUH OCTAIBHBIX ap-
I'YMEHTOB:
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o
By =a; o"k , (5.27)
y

rae B; — kosdduumenr p k-ro dakropa;
Oy, — CPEeAHEe KBAAPATHIECKOE OTKIIOHEHHE k-ro dakTopa;
O, — CpejHee KBaPAaTHIECKOE OTKIOHEHHE DYHKLMH;
a; — K03bG ULMEHT PErpeccuu npu k-Mm dakrope.

M3 n1Byx $akTOpoOB X; U X; MOXET ObITh HCKIIIOYEH TOT (HakTop, KO-
TOPBIN MMeeT MeHblllee 3HaYeHHUe f.

JonycTuM, UCKJTIOUEHHIO TOMIEXHUT OAUH U3 MYJIBTUKOJUIMHEAPHBIX
(axTopoB x; wm x;. OGa ¢akropa ynpasisieMbl Ha YpOBHE NpeAnpHs-
THs1, KO9QHULMEHTBI PETPECCUH @; M d; CTATUCTUYECKU 3HAYNUMbl. Dak-
TOp X; GoJiee TECHO CBS3AH C Y, T. €. Fyy > Fyy, HO NP 3TOM By < B B
3TOM CJIyyae OOBIYHO MCKJIIOYEHUIO nozmexﬁr dakrop x;. ' !

4. IIposepka ko3¢puyuenmos pezpeccuy Ha CMAMUCMUYECKYIO 3HAYU-
MOCMb.

[MpoBepka MOXET OBITh MPOU3BEJEHA ABYMsI CITOCOOaMU:

® pOBEPKa CTaTUCTUYECKOH 3HAYMMOCTU a; 1o Kpumepuro Cmoio-

derma TIpOBOOUTCA MO caeaywoueit hopmyse
=<—, (5.28)

rae a, — K02OGOUUMEHT perpeccuun npu k-M ¢dakrope;
Sa,“' CTAaHIApTHOE OTKJIOHEHME OLCHKHU MapameTpa a;'.

Yucno creneHei cBOGOALI CTATUCTUKH #;, paBHO
f=n—-—m-1,
ra€e m — KOJUYECTBO (baKTOpOB, BKJIIOYEHHBLIX B MOJCJIb.

3HayeHue ¢, BolYUCIEMOE MO (5.28), CPaBHUBAIOT C KPUTUYECKHM
3HAYEHHUEM I, HAMICHHBIM N0 MPUJIOXEHHMIO | TIPU 3aNaHHOM YPOBHE
3HAYUMOCTH O U YHCJIE CTeNeHel cBOGOAB! f (IByXCTOPOHHSISI KpUTHYE-
cKast 00J1acTh).

Ecnu £ 2 14, TO g cyliecTBeHHO Gombiue 0, a pakrop x; okasbiBa-
€T CyLIeCTBEHHOE BIMsHUe Ha y. IIpu 3ToM (bakTop X, OcTapisieM B MO-
aemu. Ecmu 1 < t, TO pakTOp HCKIII0YaEM U3 MOZENH;

e NPOBEpKa CTAaTUCTHYECKOH 3HAUUMOCTH ay, 1o kpumepuro Puwepa —

2

Fp=| 2| =12, (5.29)
Sa,

re £ — MHOTOMEpHbII aHAJIOT KpUTepusi CThIOACHTA.

' @epcmep D., Peny B. MeToabl KOPPEASILMOHHOTO M PErPECCMOHHOrO aHa-
nu3a. — M.: @UHaHCH U cTaTUCTHKa, 1983,
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Yucno creneHeit cBoGonbl - CTAaTUCTUKU Fy ciepywouee: fi = 1,
f, =n — m — 1. 3Hauenue F, Bpruncasemoe no dopmyne (5.29), cpas-
HUBAIOT C KPUTHYECKUM 3HaYeHUeM Fy o, HAlICHHBIM IO MPUIIOXe-
HUIO 2, TIPY 3alaHHBIX YPOBHE 3HAYMMOCTH O M 4HCIIe cTeneHei cBo6o-
1B £y, fo-

Ecnu Fy 2 Fyz, TO O — CYIIECTBEHHO 6onbe 0, a paxTOp X} OKa-
3bIBAET CYILIECTBEHHOE BiMsiHUE Ha y. IIpu 3TOM (akTop X; ocTaBiseM
B moztesu. Ecin Fy < Fyr g, TO akTop MCKIIOYAEM U3 MOJENH.

5. Ananu3 gpakmopoé Ha ynpaensemocmo.

B xome ysiornyeckoro aHajiM3a Ha OCHOBE KOHOMHYECKHMX 3HAHHUM

HCCJIeIOBaTeNIb JOJDKEH CAEIATh BBHIBOJ: MOXHO JIM pa3paGoTaTbh opra-
HU3aLHOHHO-TEXHUYECKUE MEPOIIPHUATHS, HAIpaBJIeHHbIE HA YJydlIe-
HMeE (M3MeHeHHe) BhIOpaHHBIX (haKTOPOB Ha ypoBHE npenmnpusatust. Ec-
JIM 3TO BO3MOXHO, TO JaHHBIe (aKkTOpHl ynpas/sgeMbl. Heynpasisemble
¢akTophl Ha YPOBHE NPEANPUITHS MOTYT OBITh UCKIIOYEHBI U3 MOJEJIH.
HanpumMep, u3 aByx $GakTopoB x; — CpeJHSAS TEXHUYECKAs CKOPOCTh aB-
TOMOOMIEH U X, — BpeMsl TTOrpy3K1-pa3rpy3ky Ha OIHY €31KY NpH pa-
BEHCTBE WM OJM3KMX 1O 3HAYCHMIO TAKMX XapaKTEPHCTHUK, KaK ry , U
Py By, ¥ By, UckioueHHIo nogaexuT x;. Ha yposue ATII npaxkrtuue-
CRM HEBO3MOXHO IOBIMSTH Ha 3HAYEHHE TEXHUYECKOH CKOPOCTH, KO-
TOpasi 3aBUCUT B OCHOBHOM OT KJIMMATHYECKHUX YCIOBHUH M BEJTUYMHBI
TPAHCIIOPTHOTO IOTOKa.

6. Cmpoumcs Ho8as peepeccUoHHas modens be3 UCKAIOHEHHbIX gakmo-
pog. Ins 3Toit Momenu onpenensercd Ko3dhGUUHMEHT MHOXECTBEHHON
JeTepMUHauuu .

7. Hcenedosanue yenecoobpasnocmu uckaroverus axmopos usz mode-
AU C NOMOUBIO KO3uyuenma demepmurayuu.

IIpexnme yeM BBHIHECTU pelieHHE 00 UCKIIOUEHUU NEPEMEHHBIX U3
aHaJiu3a B CWJIy UX HE3HAYMMOIO BJIMSIHUS Ha 3aBUCHUMYIO IepEMEH-
HYI0, TPOM3BOIAT MCCAEIOBaHUSA C MOMOILbIO KoadduureHra nerep-
MHUHALKU.

B niepBoit perpeccUr COAEPXKUTCA M OOBSICHSIOIIMX ITEPEMEHHBIX, BO
BTOpPOI — TOJIBKO YacTh U3 HUX, @ UMEHHO m; OOBACHSIOUIMX IIepeMeH-
HbIX. I[Ipu 3TOoM m = m; + m,, T. €. BO BTOPYIO PETPECCUIO MBI HE BKIIO-
YWIU M, OOBSICHAIOIIMX NEpPEeMEHHBIX. Teneph CieayeT MpOBEPUTh, BHO-
CSIT JIX COBMECTHO 3TH M, NEPEMEHHBIX CYLLIECTBEHHYIO JOJIO B O0BSICHE-
HUE BapHalUU NEPEMEHHON y. JIjIs1 3TOro UCMONb3YEeTCsl CTATHCTHKA

(B =By )-(n=m~1)

F = n—m)-a-1,)

» (5.30)

KOTopasi UMeeT F-pacripefieieHue ¢ fy =m —m; =myufr=n—m—1
CTeneHsaMH cBoboabl. 3aech [, 03HadyaeT Ko3hPULMEHT AeTepMUHALUU
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pErpeccum ¢ m OOBACHSIOIIMMU NEPEMEHHBIMY, a ,ZI,,, — K03(pdULUEeHT
JEeTePMUHALIMY Perpeccuu ¢ m;-¢hakropaMu.

Pasnocrs ([, — 4, ) B uucautene GpopMysl sBIsEeTCS Mepoit H0-
MOJIHUTEJIBHOTO OOBSICHEHUS BapHallMU NMEPEMEHHOM y 3a cYeT BKITIOYe-
HUS1 M) NIEPEMEHHBIX.

Kputnyeckoe sHaueHue Fy, HaXomaT no Tabiauue F-pacrpeneneHus
IpY 3aJaHHOM YPOBHE 3HAUYUMOCTH O U f] U f, cTeneHsax cBoboasl. Ec-
m F<F fya» TO BKITIOYEHUE JOTIONHUTENILHO OOBSACHSIOUIUX NEPEMEH-
HBIX COBMECTHO HE OKa3blBaeT 3HAYUMOTO BJIIMSIHUSI Ha TNIEPEMEHHYIO Y.
Ecm F > F, f,fyo» TO M2 OOBACHSIONINX MEPEMEHHBIX COBMECTHO OKa3bl-
BalOT CylIeCTBEHHOE BJIMSIHME Ha BapUalMIO NMEepeMeHHOM y, U, clelo-
BaTENbHO, B 3TOM Clly4ae BCe m, NEpeMEeHHbIE HElb3sl UCKIIIOYaTh U3
MOJEJIH.

[Ipu peanusauuu nepsoit cutyauuu (F < F; /20‘) ¢akTOpHl OKOHYa-
TEJIbHO HUCKIIIOYAIOTCSl U3 MOZEIU.

XK. Ilposepra adexeammnocmu mooeau.

JlaHHBIR 3Tan aHaJM3a BKJIIOYAET CJIeAyIOLME MPOLEAYphI:

® OUEHKY 3Hauumocmu Ko3ghguyuenma demepmunayuu. JJaHHas OlleH-
Ka HeoOXxoauMa ISl pelIeHUs] BONPOCA: OKa3blBalOT JIM BbIOpaHHbIE
(akTophl BIUSIHHE HA 3aBUCUMYIO NepeMeHHYy0? OLeHKY 3HaYMMOCTH
I cienyet MpoOBOOUTH, TaK KaK MOXET CJIOXHUTBCS TakKasl CUTyallusl, KOr-
Ja BeMuMHa Ko3cdbduiueHTa nreTepMUHalUU OyIeT LEJIMKOM O0YCIOB-
JIeHa clydyailHbIMM KosieGaHMSIMM B BHIOODKE, Ha OCHOBE KOTOpOil OH
BBIYMCIIEH. DTO OOBSCHSIETCS TEM, YTO BeJIMYUHA [I CylIECTBEHHO 3aBU-
CHUT OT 00beMa BBIOOPKH.

N oueHKH 3HaYMMOCTH Ko3dduIiMeHTa MHOXECTBEHHOM aeTep-
MHUHALUU UCTIONb3YETCsl Cleaylolasi CTaTUCTHKA:

_Amn-m-1)
m1-1) ’

KOTOpasi UMeeT F-paclipelieJieHue ¢ fi =m u f, =n — m — 1 crenexs-
MU cBoGoabl. 3mech [ = R2, a m — KOJIMYECTBO YYMTHIBAEMBLIX OOBSIC-
HAIOIIMX NepPeMEHHBIX ((haKTOpOB).

3HaueHUe CTAaTUCTUKHU F, BBIYUCJIEHHOE MO 3MIIUPUYECKUM HNaH-
HBIM, CPaBHUBAETCs C TabJIMYHBIM 3HaYeHUeM Fy . Kputnieckoe 3Ha-
YeHHE OMPEAEIISIETCS 1O MPUJIOXKEHUIO 2 10 3aJ1aHHomy 0. U CTENEHSAM
cBoGonsl fi U fp. Ecin F > Fyr . TO BHIMMCIEHHBIH KO3(D@UUUEHT fe-
TePMHUHALUU 3HAYMMO o*mnqae'rcx ot 0 U, ceI0BaTeIbHO, BKJIIOYEH-
HbI€ B PErPeCCUI0 NEPEMEHHBIE TOCTaTOYHO OOBSICHSIOT 3aBUCUMYIO T1e-
PEMEHHYIO, YTO TO3BOJIIET FOBOPUTh O 3HAYMMOCTHU CaMOil perpeccuu
(Monenu);

® npogepky Kawecmea noobopa meopemuueckoeo ypasrenus. OHa mpo-
BOJIMUTCSl C UCIIOJNIb30BAaHUEM CpelHel OmMOKY anmpokcuMauuu. Cpen-
HSs olIMOKa annpoKCUMAallUM PErpeccuu onpenensieTcs no gopmye:

(5.31)
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Yi~ Vit
Vit

® guiMUCAeHUE CNeYUAnbHbIX noKa3ameneii, KOTOpble NPUMEHSIOTCH
IUISL XapaKTEePHUCTHKHN BO3IEHCTBUSA OTHENBHBIX (DaKTOPOB Ha pe3ynbTH-
pYIOLIUI moka3arenb, To KO3DMULHUEHT 31aCTUYHOCTH, KOTOPBIN I10-
Ka3bIBaeT, Ha CKOJIbKO IMPOLIEHTOB B CpeXHeM H3MeHseTcs pyHKuus ¢
U3MEHEHHEM apryMeHTa Ha 1% mnpu (MKCHPOBaHHBIX 3HAYEHHSX ApY-
THX apTYMEHTOB;

f‘, -100%; (5.32)

i=1

II
=|o—-

D, =a -~k (5.33)
k k y

JOJIA BIUSTHUS KaXKIOro d)aK'ropa : B OTIEJIBHOCTU Ha BapHalHIo }':
&= Bj ) (5.34)
rae Bj — koapuumeHT Geta dakropa x;.

[Tokasarens g; sBNsA€TCS MepOd BapMalMy PE3YJIBTaTUBHOIO NpH-
3HaKa 3a CyeT PIBOJIPIpOBaHHOI‘O BnusHus axropa x;. Crenyer orMe-
TUTb, YTO CUCTEMa (PaKTOPOB, BXOIALIasi B MONE/Ib PETPECCUH, — 3TO HE
MpoCTast UX CyMMa, TaK-KaK CHCTeMa IMpearnoiaracT BHyTpEHHUE CBS3H,
B3aMMOJIEHCTBIE COCTABJIAIOLINX ee JIeMeHTOB. Jle/icTBHE CHUCTEMBI He
paBHO apudMETHYECKON CyMMe BO3ZEHCTBUI COCTaBISIOUIUX €€ 3Je-
MeHTOB. [103TOMYy HEOOXOOUMO ONpEeneaUuTh MOKa3aTejlb CUCTEMHOIO
addekra paxTOpoB N;:

-3
j=1

Ha ocHOBe aHaln3a CNEUUAILHBIX MMOKa3aTejied ¥ 3HaYeHUH map-
HOW KOPpENSALUH X C y JENaloT BHIBOA, KaKHe M3 INIaBHEIX (akTOpOB
OKas3bIBalOT HauGoJIblIee BIUSHME Ha y. Tlocie 3TOro nepexomaT K pas-
paBoTKe OpraHM3allHOHHO-TEXHHYECKMX MEPONPHATHI, HampaBIeHHBIX
Ha yJIydllleHWe 3HaYeHH 3THUX (haKTOpOB, C LE/BIO MOBHIIEHHUS (CHM-
XEHHUS) pe3yJNETaTUBHOIO MOKA3aTeNs y.

3. Sxonomuneckan unmepnpemayus.

Pe3ynsraThl perpecCMOHHOrO aHajiu3a CPaBHMBAIOTCHA C I'MITOTE3a-
MM, COPMYJIUPOBAaHHEIMM Ha MIEPBOM 3Talle MCC/IEI0BaHUA, U OLEHH-
BaeTCs MX IPaBIONOLO0HEe ¢ SKOHOMHYECKOH TOYKH 3pEHHU.

' Eruceesa H. H., KO36awmee M. M, O6ias Teopus CTaTUCTUKH. — M.: Ou-
HAHCBl U CTATUCTHKA, 1999,
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- H. Ilpoznosupoeanue Heu3gecmuyIx 3HAHERUN 3a6UCUMOY NEPeMEHHON.

IonyyeHHOe ypaBHEHHE PETPECCUM HAXOOUT MPAaKTHYECKOE NPUMe-
HEHUe B MPOrHOCTUYECKOM aHanmu3e. [IporHo3 mojyyaioT MmyTeM Mof-
CTaHOBKH B PETrPeCCHIO C YUCIEHHO OLIEHEHHBIMHU ITapaMeTpaMy 3Haue-
Huil ¢akropos. CienyeT NOAYEPKHYTh, YTO NMPOTHO3UPOBAHUE PE3YJIb-
TaTOB MO PErpecCUH Jy4llle MOAAAETCs CONEpXKaTeJbHOW MHTEpIpETa-
MM, YeM TNpoCTas 3KCTpamoyslUsl TeHAEHLHMH, TaKk KakK IOJHee
YYUTHIBaETCSl IPUPORA HccienyeMoro siBneHus. bosiee noapo6HoO Bo-
MPOCHI MPOTHO3HPOBaHMSI PaCCMOTPEHBI B CIIEAYIOLIEH I1aBe.

maBa 6

MeToabl n moaenn
NPOrHo3upoBaHUS
BPEeMEeHHbIX PSA0B
3KOHOMMYECKMX nokKkasarenemn

6.1. OCHOBHbIE NONMIOXEHUA U MOHATUSNA
B NPOrHO3uUpOBaHUN BPEMEHHbIX pPAaoB

Cpeny GOJIBILIOrO pa3’HOOGPa3sHsi IKOHOMHKO-MATEMATHYECKUX Me-
TONOB, UCTOJIL3YEMBIX [UISI PELIEHHS 3a0a4 YIIpaBJIeHHUs MPEeANpUATHEM,
0c000e MECTO 3aHMMAIOT METOABI U MOJENH NMPOTHO3UPOBAHUS.

Crnenyer pasnuyaTh IBa TMOHATHS, CBA3aHHBIX C MPOrHO3MPOBAHM-
€M, — NpeJCcKa3aHHe U COOCTBEHHO MPOTHO3MPOBaHME.

Ilon npedckaszanuem MOHUMAIOT CYyXIeHHE O OYIAYILEM COCTOSIHMH
Npoliecca, OCHOBAHHOE Ha CyOBEKTUBHOM «B3BEIUMBAHMH» GOJIBLIOTO
yucyia (akTopoB KaueCTBEHHOTO M KOJMYECTBEHHOro xapakrepa. [Ipo-
2HO3UPOBAHUE — 3TO UCCIIENOBATEIbCKUI TpOlIeCC, B pe3y/bTaTe KOTO-
pOro MOJIy4YaloT NMPOrHO3 O COCTOSIHUM oGbeKTa. IIporHo3 sBseTcs Be-
POSITHOCTHBIM CYXIEHHEM O BO3MOXHOM COCTOSHHHM OGBEKTa WM 00
aJIETEPHATUBHBIX MYTAX €r0 HOCTUXEHUs. VI3BECTHO GOJIBILIOE KOJIHMYeE-
CTBO METONOB, METOIUK M CITOCOGOB MPOrHO3UpoBaHus. Bce oHU OCHO-
BaHbl Ha JBYX KPalHUX MOAXONAX: 3BPUCTHYECKOM M MaTEMaTHYECKOM.

DBpUCTHYECKHE METOIBI Ga3HPYIOTCA HA MCIOJNb30BAaHUU SBIEHUM
WIH TIPOLIECCOB, HE Moanaloumxcs ¢GopMaaiu3aluu.

g MaTeMaTHYeCKMX METONOB MPOrHO3MPOBAHUS XapaKTepeH IO/~
60p ¥ 000CHOBaHHE MaTeMaTHYECKOM MOIEIH UCCIIeNyeMOTO Mpoliecca,
a TakXxe CIoco6OB ONpelesieHHUs1 €€ HEM3BECTHBIX ITapaMeTpoB. 3agaya
MPOrHO3MPOBAaHHS TMPH 3TOM CBOOUTCA K PELIEHUIO ypaBHEHH, omnu-
CHIBAIOIIUX JAHHYIO MOJENb IS 3alaHHOIO MOMEHTA BPEMEHH.
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Cpenu MaTeMaTHYeCKMX METOHOB IPOTHO3MPOBAaHHUSI B OCOOYIO
IpYIIY BBIAEJSIOTCS METOAbl SKCTPANOJSILUHUU, KOTOPHIE OTIUYAIOTCS
MPOCTOTOM, HAIIAHOCTHIO M JIETKO peanu3yiotca Ha 9BM. Metoaoo-
ruyeckasi NpeanochuiKa KCTPAaNoJsiUUd COCTOMT B NPU3HAHUHM Tpe-
HMYILLIECTBEHHOH! CBSI3M MEXAY NMPOLLIbIM, HAaCTOSIUUM U OyoyIIMM.
Ilpu 3TOM pa3BUTHE SKOHOMUYECKUX sIBJICHUA HauGosee MONHO Haxo-
IUT CBOE OTPaXe€HHUE BO BPEMEHHBIX psilax, KOTOPHIE MPEICTABISIOT CO-
6011 ynopsigoyeHHbIe BO BpeMEHU HabOphl U3MEpeHUI KaKux-J1nbo xa-
PaKTepUCTUK HCCIIeNyeMoro obbekTa, mpouecca. [1oaToMy HesaBUCH-
Masi iepeMeHHas /i1 BpEMEHHOro psiga, 3TO, KaK MpaBUJIO, KaJeHaap-
HBIE PaBHBIE OTPE3KH BPEMEHH (TOA, KBapTall, MECSL U T. A.). OCHOBHON
YepToii, BbIAEAAIOIEH BpemcHbee psAbl Cpeau Apyrux BUAOB CTaTUCTU-
YECKUX HaHHBIX, SIBJIAECTCS CYLLECTBEHHOCTh MOpPSAKAa, B KOTOPOM IpO-
U3BOASTCS HaGNIOAEHUS.

B xoxe peuleHus 3ajayd NMPOTHO3UPOBAHMSA MOJIb3YIOTCS OrpaHu-
YEHHBIM KOJMYECTBOM MHGOPMALMU 06 ONHOMEPHOM BPEMEHHOM DSIIE
KOHEeYHOH WnHbL. IIpu 3TOM B 9KOHOMMKE MCCIIENYIOTCSI QUCKPETHBIE
BPEMEHHBIE PSIBI, HAGMIONAeMBIE B IUCKPETHBIE MOMEHTHI BPEMEHH.

JuMcKpeTHbI BpeMEHHOH Psii MOXKHO pacCMaTpHUBaTh Kak IMOC/ieN0-
BaTeJIbHOCTb 3HAYEHHUH Yy, V3, ..., Y, B MOMEHTBI BPEMEHH I, WJIK COKpa-
IWeHHO y(t = 1, 2, ..., n).

BpeMeHHO# psim MOXeT OBITh MpEACTaBJIEH B CJEAYIOLIEM BUIE:

Vi=x+¢g, 6.1)

[Oe X, — NEeTePMUHUPOBAHHAS HECNyyaiiHasi KOMIIOHEHTA IpoLecca;
€ — CTOXaCTHYeCKast CNyyaiiHas KOMIIOHEHTA MPOLECCa.

JleTepMUHMpOBaHHAs! KOMIIOHEHTa (TPEHA) X, XapaKTePU3YeT Cylle-
CTBYIOLLYIO JMHAMMKY IIpoLiecca B LIeJIOM, OCHOBHYIO, [UTUTEJbHYIO TEH-
JEHIMIO U3MEHEHUST U3yyaeMoro nokasatessi. CToxacTuyeckasi KOMIO-
HEHTA €, OTPaXaeT Ciy4aiiHble KoJebaHUsl MM LIyMBl npouecca. 3aga-
Yya MPOrHO3UPOBAHUS, B YACTHOCTH, COCTOMT B OMNpENEIEHNH BUIA IKC-
TPanoJUpyIOLIMX GYHKLUUHN X, U €, HA OCHOBE MCXOOHBIX IMITHUPUUECKUX
IaHHBIX.

OTtpe3ok BpeMeHH { OT MOMEHTa BPEMEHH f, IJI1 KOTOPOrO MMEIOT-
csl MOCJeIHUE CTaTUCTUYECKUE JaHHble 00 M3y4aeMOM Ipolecce, OO
MOMEHTa, K KOTOPOMY OTHOCHUTCSL IIDOFHO3, Ha3bIBaeTCsl nepuodom yn-
pexcdenus (MepUOIOM IPOrHo3a). B 3aBUCUMOCTH OT IUIMTEIBHOCTH Ie-
proJa ynpexneHus NMPUMEHUTEIbHO K SKOHOMMKE pa3jIMYaloT TpU BU-
Jla IMporHo3sa:
® KpaTKOCPOYHBIE — C ncpnonom YNpPeXIEHUs] OT HECKOJBKUX JHEH 10

TpeX JeT;
® CpeIHECPOYHBIE — OT TpexX OO 5 JIET;
® JI0JIFOCPOYHBIE — OT 5 JIET U BBILLE.
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ITpu nporHo3upoBaHUH, KaK MPaBUJIO, B TOYKE MMPOrHO3a OLIEHUBa-
IOT MaTeMaTHYeCKOe OXUAaHKe Tpoliecca (TOYEUHEI MTPOrHo3) U BEIM-
YHHY MHTEpBaIa, B KOTOPLIA C 3aJaHHOI BEPOSITHOCTHIO MOMALET Mpo-
rHO3UpYeMOe 3HaueHHe mpolecca (MHTepBaJIbHBIN MpOrHo3). Pesynsra-
ThI 9KCTPANOJISALUM Haubosiee HaneXHbI IPH KPATKO- M CPeIHECPOYHOM
NpOrHo3upoBaHuU. [Ipu 3TOM NpeanonaraeTcs, YTO COBOKYITHOCTD (hak-
TOPOB, ONpPENeISIBIIMX TEHACHIINIO BPEMEHHOTO psiia B MPOILLIOM, B
CpegHEM COXpaHHMT CBOIO CHJIy M HampaBleHHe NEHCTBUS B T€YEHHUE
MIPOrHO3MPYEMOTO IepHoIa.

B 3KOHOMMYECKOI JIUTEpaType MpeaiaraeTcs LKUPOKMIA CIIEKTp Me-
TONOB IKCTPAnoaALUU. OCTAHOBUMCSI Ha KPaTKON XapaKTEPUCTHUKE OC-
HOBHBIX METOIOB NaHHOMN IPYNIILI.

6.2. XapakTepuctunka MeTonoB
“n moaenen NpPorHo3npoBaHnUN
nokasarteneit paboTbl NnpeanpuUATUA

B nHacrosiliee BpeMs pa3paboraHa OoJibLiasi rpymnna 3KCTpamnoss-
LUOHHBIX METOOB NMPOrHO3UPOBAaHUS OTAEJIbHBIX IKOHOMHUYECKHUX T1O-
Kasateseii. B faHHO# rpymnime METOLOB MOXHO BBIAEIUTH CJIEAYIOLIME:

1) ocHOBaHHbIE Ha NMOCTPOEHUU MHOTO(aKTOPHBIX KOPPESLIMOH-
HO-pEerpecCMOHHBIX MOJEINEi;

2) aBTOPErpecCHH, YYMTHIBAIOIIME B3aMMOCBSI3b WIEHOB BPEMEHHO-
ro psina;

3) ocHOBaHHBIE Ha Pa3JIOXKEHUH BPEMEHHOTO psila Ha KOMIIOHEHTHI:
rJlaBHasi TeHAEHUUS (TPeHMO), CE30HHBIE KOJeOaHus U cliyyaitHasi co-
CTaBJsIIouIast;

4) NO3BOJISIIOUINE YYECTh HEPABHO3HAYHOCTb MCXOAHBIX JaHHBIX;

5) NpsiIMOi 3KCTPANOJSILIMK, IIPU 3TOM UCIOJb3YIOTCS pa3Hble TPeH-
JIOBbIE MOJIEJIH.

Koporko oxapakrtepu3syeM 314 MeToAbl. [1py MpOrHo3MpoBaHUU Me-
TOAOM KOPPEJNSILMOHHO-PErPECCHOHHOr0 aHaJIM3a CTPOUTCS MOJEJb,
BKJIIOYalo1asi Habop NepeMeHHBIX, OT KOTOPBIX 3aBHCUT NOBeIeHHE
¢yHkuMH. OCHOBHBIM HENOCTATKOM 3TOrO IMOAXOAA SIBJSIETCS TO, YTO
Heo6XxoauMel c60op U o6paboTka GONBUIMX MAacCMBOB MH(MOPMaLUM TI0
IpyIe OAHOPOOHBIX MPEANPUATUIA U IIPOrHO3MPOBaHUE CaMHUX OOBsIC-
HSIOUIMX NepeMeHHBIX. IIpU 3TOM ocTaeTcsi OTKPHITHIM BOIPOC O IpO-
THO3MPOBAaHUM MoOKa3aTesieil paboOTHl NMPEANpPUATHH, HE BOLIEHIIMX B
TPYTIY OOHOPOIHBIX.

Jnst maHHBIX METOIOB XapakKTepHa HEBBICOKAas TOYHOCTb IMPOrHo3a
IUISI KOHKPETHOTO, OTIEJbHOTO IPEATIPUSITHS.

ABTOpErpecCMOHHbIE MOJEJIM Yallle BCEro UCIONb3YIOTCS WIS Ipo-
THO3MPOBaHMS T€X SKOHOMUYECKUX MPOLECCOB, UIsI KOTOPHIX BHELIHHUIA

MeXaHM3M MX (POPMUPOBAHMS YETKO HE OINpenesieH, U MpaKTUYECKH He-
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BO3MOXHO BBIIEJIUTh CTaGWIbHBIE BO BPEMEHHM HMPHUYHHHO-CJIEACTBEH-
Hble CBsI3U. [IpUMEHEHHUe 3TUX MOAENe LeIeco00pa3Ho U LIl CHILHO
aBTOKOPPENMPOBAHHBIX IMHAMHYECKUX PAIOB.

TaBHas waest METOLOB aBTOPErPECCHM COCTOMT B TOM, YTO Oymylnue
3HaYeHUs BPEMEHHOTrO psia He MOTYT MPOM3BOJILHO OTKJIOHATHCS B
GONBILYIO MIIM MEHBLUYIO CTOPOHY OT NMPEALIECTBYIOIMX 3HAYEHUH Bpe-
MEHHOTO psiia, KAKUMHU 6bl TPUYMHAMHU HHU GBUIM BBI3BaHbI STH OTKJIO-
HeHHUs. Bo BpeMEHHEIX psiiax SKOHOMHYECKUX MOKasaTesieil CyilecTBy-
€T CBSI3b MEX/Y HEJaBHO PEaIM30BaHHBIMU 3HAYEHHUSIMH U 3HAYEHUEM,
peausylomMMca B 61u3koM OynyireM. CMBICT 3TOM CBA3H TakoB, YTO
€CJIM MeXI1y GJIM3KUMH 3HAYEHHUSIMU BPEMEHHOTO psia CYILIECTBYET KOp-
peJIlys, TO MOXHO MOCTPOUTh MPOTHO3 IOKa3aTens. Mozenb aBTope-
rpeccuu MMeEET BUI:

nw=atay,  tay,t ..t apym (6.2)

roe ay, ay, ay, ..., 4, — NapaMeTpbl YpaBHECHUS aBTOPErPECCUU;
Vs — 3HaA4YCHHUC IMHAMHUYCCKOro psifa rnokasatelid.

CuHMTalIOT, YTO MPU pacyeTe HEOOXOAMMO IIPOBOIAUTH JTMMUHHPOBA-
HUE MYJIBTHKOJUIMHEADHOCTH B MaTpHIlE BXOJHBIX MapaMeTpoB (¥,_i,
Vi—2s +-s Vim)- A1 YIIyYlIEeHUsI IPOTHO3UPYIOUINX CBOICTB Mozenu (6.2)
B HEE MOXHO BBECTH ()aKTOp BPEMEHHU B BHIE CaMOCTOSITEJILHOM Iepe-
MeHHOH. TTono6GHBII moaXox B psiie CJydyaeB CYLIECTBEHHO YBEJIUYMBa-
€T TOYHOCTb MPOTHO3a, YTO OOBACHSIETCS Y4ETOM JIMHEHHOIO TpeH a.

MeTonbl, OCHOBaHHbIE Ha pa3jIOXeHWH BPEMEHHOrO pslla Ha KOM-
MOHEHTHl — IJIaBHAS TEHJEHIINSI, CE30HHBIE KOJeOaHUs U CaydaitHas
COCTaBJISIIOILAsl, — MO3BOJIAIOT ONMCATh IMOYTH JIIO00 SKOHOMUYECKHIA
MpoLIecC, HE3aBUCUMO OT €ro XapakTepa.

Ilpu anAMTUBHOM CBA3M MEXIYy KOMIIOHEHTaMK MOJE/Ib UMEET BUI:

=yt (6.3)
roe y,’ — CoCTaBjigoLiasg, onuchiBarIlasg TPCHI.
Cocrapnstowas y,” onpeaessieTcs no ¢opmyie
wE=w-y (6.4)

U MOXeET OBITh pasyioxeHa B psn Pypee:

yi=ay+ Z(a, -cosit, + b;sinit,) +&;. 6.5)

[_

@opMysbl LIS ONpeAeNeHHs] TapaMeTpoB ypaBHeHUs (6.5) mpuse-
neHbl B pa6orax JI. I. Jlabekepa, JI. O. baGemko «Teopuss MaccoBoro
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00CIyXXHBaHUS B 9KOHOMHUYecKoit cepe» u A. A. Ppenkens «Martema-
THYECKHME METOIbI aHaIM3a AMHAMUKHU U MPOTHO3UPOBAHHUS MPOU3BOAU-
TEJIBHOCTU TPYyHa».

Mouznenb «rapMOHUYECKUI (UIETP» C yYETOM CTAaTUCTUYECKH 3Ha-
YUMBIX TADMOHMK aHAJIOIMYHA BbILLE ONUMCAaHHON Mozaeau. OLeHKa 3Ha-
YUMOCTH i-i rapMOHMKM PacCYMTBIBAETCA MO ciexnyioueit ¢popmyse:

2
n'Sét

_— (6.6)
g ”'(al’2 +bi2)
rae Sza — JUCNEepCHUst OCTATKOB.
HCCMCIHCHH&H OLICHKAa Sz g, PaCCYHUTLIBACTCA TaK:
z yi-n-a} ——z(a, +b?)
S = (6.7)

& n-2m—]

U MoAYMHsIeTCs mMpuUMepHO F-pacnpeaeneHuio Puumepa ¢ vi = 2 U
Vv, = n — 5 CTENEHsAMM CBOOOJBI.

IIpoBeneHHbIE pacyeTsl MOKa3ald, YTO NMPU HMCIOJIL30BAaHUU MoJe-
Jieif rapMOHMYECKOro (WIETpa HEOOXOOUMO C OCTOPOXHOCTBIO IMOIXO-
JUTb K BBIOOPY BEJTMYMHBI NPEANPOrHO3HOTO MEPUOA, TaK KaK BEJIUYH-
Ha NMpeANpOrHO3HOIo Nnepuoja B 3HAYUTENbHOUN CTENMeHH OMNpenessieT
TOYHOCTb NPOTHO3a.

PaccMOTpeHHbIE BbIllle METOIBI HE MO3BOJISIIOT B IOCTaTOYHOI CTe-
MEeHU y4eCcTb HEPaBHO3HAYHOCTh MCXOMHBIX JaHHbIX. K 4Mciy MeTonoB,
YYUTBIBAIOIIMX HEPaBHO3HAYHOCTh JIaHHBIX, MOXXHO OTHECTH:

e METOJ aBTOPETrpecCUM ¢ Nocienyolei agantanued Ko3ahGUINEeHTOB
ypaBHEHMUS,;
® METOJ, B3BELIEHHBIX OTKJIOHEHMIA.

HAns anantauuv Ko3(ppUIUEHTOB MOLENU aBTOPETPECCUH MOXET
OBITh UCIIOJIB30BaH METOX HaucKopeifiero crycka'. CorjacHo JTaHHOMY
MeToly mpolenypa nepecyera ko3¢hpdGuLUMeHTOB ypaBHEHUs aBTOperpec-
CHM OCYIUECTBJISIETCS CJIEAYIOIUMM O0OpasoM:

A=A, — k —grad(3,), - (6.8)
rie A — BEKTOp HOBBIX KO3¢bDULHEHTOB;
. — BEKTOpP CTapbX KO3()@PHULMEHTOB;
k — xoadduuueHt, k > 0;

4,4, — olMOKa NporHo3a B Toyke (f + 1).

V Jdyxunckuii B. C., 3aiiyee E. H., bepexcroi B. H. Moaenn U alropuTMmbl
yrpaBJieHHs1 OGCAYXXHBAaHMEM U PEMOHTOM aBTOTPAHCIOPTHBIX CpeacTB. — Cnb.:
Cnl'BA, 1997.
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Iocne nnddepeHunposanus (dopmyna 6.8) nmo koapduureHTaM g;
M COOTBETCTBYIOLLIUX NPeoOpa3’oBaHUi MOTYYHM

grad() = =2, . X, (6.9)

rae x; — BEKTOp 3HAYEHUH BXOAHBIX NMEPEMEHHBIX B TOYKE /.

TakuM 06pa3oM, OTKOPPEKTHPOBaHHBIE OLEHKH KO3(PGDHUIHEHTOB
ornpenensaoTcs mo ¢hopmyie

A=A, + 2k . Ly . X, (6.10)

B ypaBHeHMH (6.10) HeU3BECTHRIM sABIgeTCd KO3 DUIHEHT K, KO-
TOpBI MOXET OBITh MAEHTHGHUUUPOBAH KaK K03 GdULIMEHT, onpenensi-
oL CKOPOCTb OBUXXEHHUSI B HANlpaBJIEeHUH, OOpaTHOM rpagueHTy. s
ONpefe/ieHHs] 3HaueHUsa Ko3GhGHUUMEeHTa Kk MCIONb3YeTCS UTepaTUBHAs
npouenypa, onucaHHasi B pabore B. C. Jlykunckoro, E. M. 3aiiuesa,
B. U. BepexHoro «Moaenu ¥ airOpUuTMBI YIIpaBJIeHUsI 00CTy)KUBaHUEM
U PEMOHTOM aBTOTPAHCIOPTHHIX CPEACTB». 3aMETHM, YTO aJamnTalus
MPOU3BOAMUTCA JIMOO MO MOCIEAHEMY SMITUPUYECKOMY 3HAYEHUIO, JTHOO
MO TpeAbIAYIeMY IPOU3BOJHOMY 3HAYEHHIO.

Merton B3BELIEHHBIX OTKJIOHEHWH NOCTATOYHO NMOAPOOHO H3JIOXEH
B pa6ote JI. I. Jla6ckepa, JI. O. BaGeiko «Teopusi MacCOBOTO O6CITyXH-
BaHHUA B 9KOHOMHUYECKOI cdepe». Ui CpaBHEHUS TOYHOCTH NMPOTHO3-
HBIX OLIEHOK, ITOJIyJaeMBIX C MCIOJIb30BaHHEM PaCCMOTPEHHBIX BhILIE
METONOB, ObUI NMPOU3BEAEH PETPOCIHEKTUBHBINA IIPOTHO3 IOKa3aTeeit
pabGoThl MOJBMXHOIO COCTaBa HECATH TPAHCIIOPTHBIX IPEINPUSATHIA.
O6beM BBIGOpKM cocTaBui Gojiee 857 BapuaHTOB pacueToB. CpemHue
omn6Ku NMpUBEAEHE! B Tabi. 6.1.

Ta6auua 6.1
Mopgenn nporHo3upoBaHus Nokasareneii paGoTbl aBroMoOHIeit
Ne HauMeHoBaHMe MoIeay NPOrHO3UPOBAHUS Cpennas oumGra
n/n nporHo3sa, %
1 ABtoperpeccusi 6e3 yyeta BpeMEHH 1,89
2 ABTOperpeccusi ¢ yY4eTOM BPEMEHH 2,94
3 «[apMoHmnyeckuit punsrp» 6€3 yuera 3HaUUMOCTH 1,9
4 «[apmMoHnyeckuit GUILTP» C y4ETOM 3HAYUMOCTH 2,34
5 Meroa B3BEIIEHHBIX OTKJIOHEHUH 2,24
6 | ABToperpeccus 6e3 yyeta BpEMEHH M C TOC/eny- 1,82
JoLIeRt aganTauMeil mapaMeTpoB MOOEH
7 ABTOpErpeccusi C YYETOM BPEMEHH U INOCHIERYIO- 1,94
e aganTauudel rnapaMeTpoB MOACIH
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AHanu3 o600k (Tabn. 6.1) NO3BONAET CAENATh CJIEAYIOLNE BHIBOIBI.

Bce Monenu NMporHo3WpoBaHUs 00J1agaloT HOCTATOYHO BLICOKOM
TOYHOCTBIO. Haubosiee TOYHBIM METOAOM MPOTHO3UPOBAHMS TOKa3aTe-
Jieit paboThl TPAHCMOPTHBIX NMPEANPUSITUIA SIBISIETCSA aBTOperpeccus 6e3
ydeTa ¢akropa BpeMEHM U C Nocienyrouiei agantauuei ko3agpduLmeH-
TOB JaHHOU Momenu (E=1,82%).

Mopenb aBTOperpeccum 6e3 ydyeta akropa BpeMEHH M C IOC/IENY-
olLei agantaiueid KoapOUIIMEHTOB JAaHHON MOJEIM B OTAEJIBHBIX CIy-
Yyasgx MOXET 3HAYUTEJIbHO YCTYTIaTh M0 TOYHOCTH APYTUM MOAEJISM Ipo-
rHosupoBaHusi. Hanpumep, npu nporHo3MpoBaHUU Nokasarelisd GaiaH-
COBOJi NpUOBLUTM OLIKMOKA MPOTHO3a oKa3anack B 2,61 pa3a Gojbiiie, Yyem
olIMbKa MpOorHo3a, MoJiydeHHOTO C MCIOJb30BaHUEM METOMA B3BEUIEH-
HBIX OTKJIOHeHM#. OOlliee YMCIIO CJIyyaeB, KOrIa MoJe/ib aBTOPErpecCU
0e3 yyeTa BpEeMEHH U C NOCjeayloleil agantaumeit KoabpuunueHToB
JAHHOI MOIeNH OKa3ajlach Jy4yllei 10 TOYHOCTH, cocTaBuio 67%. IMo-
3TOMY ISl IIPOTHO3UPOBAaHUSI SKOHOMMYECKHMX IMOKa3aTesieil paGoThl
MPEANPUATHII HEOOXOAMMO HCIOIB30BaTh KOMILUIEKC MOJEJeil MpOrHo-
3UpOBAaHUS, NIPUBEIEHHBIX B Ta0. 6.1.

CJI0XHOCTh MaTeMaTUYECKOro anrmnapara Mojeieil MporHo3upoBa-
HH#, TIPeICTaBJIEHHbIX B Tab. 6.1, He onmpaBabiBaeT ce6s. s momyye-
HMSI TOYHBIX OLIEHOK IIPOTHO3UPOBAHUS B KaXIOM Cilydyae HEOOXOOUMO
HCIOJIb30BaTh 3TH MOJEIM NIPOrHO3UPOBAHMS B KOMIUIEKCE, YTO 3HAYU-
TEJbHO YBEJUYUBAET BpeMsl Ha IMOJy4eHHUE IIPOrHO3a.

IIpoBeneHHbIE MCCNIENOBaHUS MOKA3AIM, YTO NMPU KPAaTKOCPOYHOM
MPOTHO3UPOBaHUM (HAa OOUH TOMA) TOKa3aTesieit paGoThI MpeaNnpUITHI
1esecoobpa3Ho UCIONb30BaTh KOMIUIEKC TPEHAOBLIX Mozeseit Tab. 6.2,
KOTOPBIit MO3BOJISIET C JOCTAaTOYHON TOYHOCTBIO ONUCATh JUHAMHUKY I10-
KasaTenei.

Ta6nauua 6.2
Tabauua KoIOB M Moeieil MporHosa
Ne Ne
n/n Monens NporHo3upoBaHUs n/n Mozenb NporHo3upoBaHUs
1 y=A+Bx 9 y=-Ax
2 y=1/(A+ Bx) 10 y=A+ Bln(x)
3 y=A+ B/x 11 y=A+ Blog(x)
4 y=x/(A+ BX) 12 y=A/(B + x)
5 y=AF 13 y=Ax/(B+x)
6 y = Aexp(BXx) 14 y = A exp (B/x)
7 y = 109 15 y=A 1047
8 y=1/(A + B exp (—x)) 16 y=A+ B(Y
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B cBs3M C BBHIIEU3JIOXEHHBIM OCTAHOBUMCSA 0oJiee HETaJlbHO Ha
MpoLeAYype MPOrHO3UPOBAHUS C NTOMOMIBIO MPSIMOIl 3KCTPAMNOJISALINHU.

6.3. NporHoaupoBaHue
C NMOMOLLLIO METOA0B 3KCTPanonauuun

IIporHo3upoBaHue C MOMOILbIO METOOOB IKCTPANOSLMHU JOJIKHO
BKJIIOYATh CJIELYIOUIME ITanbl paborT.

A. Yemanoeaenue yeau u 3adauu uccaedosanusn, anaausz obsexkma npo-
2HO3UpOBaHuUA.

ITporHo3npoBaHHe pPa3BUTHUS JII000I CUCTEMBI (ITpeaANpUsITUS, DUp-
MBI U T. A.) TIpEObsBAsieT crneurcduyeckue TpeboBaHUS K MapaMmerpam
(00BEKTaM), XapaKTepU3YIOLIUM U OMNpeAesloluM ee passurue. Io-
3TOMY HEOOXOAMMO Ha MEpBOM 3Tane paboT NMPOBECTU JETABHOE JIOTH-
4YeCcKoe M3yYyeHHUEe CHUCTEMBI: 3aBUCMMOCTbh PacCMaTpUBAeMOro o0beKTa
(napameTpa, nokasatesisi) OT APYTUX CHCTEM OJHOIO YPOBHS U cybcuc-
TeMBbl (CUCTeMBI GoJiee BBICOKOTO YPOBHSI); B3aUMOCBSI3b MEXIY JaHHBIM
00BEKTOM U IPYTMMHU OOBEKTaMU CHUCTEMBI; YCTAHOBJIEHME XapaKTepa
MpelOCTaBJIeHUs CTATUCTUYECKUX HAHHBIX 00 OOBEKTE.

b. IToozomosexa ucxodnvix 0anHbIX.

PaGoTh M0 3TOMY 3Tany HauMHAIOTCS C MPOBEPKU BPEMEHHOTO psi-
J1a, B pe3y/jbTaTe KOTOPOH YCTaHaBJIMBAIOTCS MOJHOTA psja (Haluyue
JIAaHHBIX 32 KaXIbIi roa (MecsL, KBapTaJl) peTPOCMEKTUBHOTO NMEPUOAA),
COMOCTaBUMOCTb AaHHBIX U, B Cllydyae HEOOXOAUMOCTH, IPOBEPKA METO-
JUKU TIPUBEAEHMS] JAaHHBIX K comoctaBumoMy Buny. Ecnu BpeMeHHO#
pA MPENCTaB/IEH He MOJHOCTbIO, TO HEOOXOAMMO HENOCTAIOLIME JaH-
HbIE OMNpPEJENUTh C MOMOILBIO TEX WU MHBIX METONOB PlHTcpl'IOJIHLlP[PI B
3aBUCHMOCTH OT XapakTepa MpOTeKaHUs Mpolecca.

Hapsiny ¢ 3TMM ocyluecTBisieTcs: Takke ¢GOpMUpOBaHUE MacCHUBa
byHK1U, KOTOpBIA B MOC/eayoieM OyIeT MCHONb30BaH IS Bblﬁopa
BHJa MaTeMaTHYeCKOi MOJEJH.

B. Duavmpayus ucxodnozo epemennozo paoa.

B pesynbrate 3TOI NpoLEAypbl YCTPAHSIIOTCS Cily4aiiHble BO3MYyILie-
HUA (baykTyaluuu), BO3HUKAIOLUME MOJA BO3NCHCTBUEM HEYYTECHHBIX
(axTopoB MK OMIMGOK U3MEPEHUSI OTHOCUTENILHO Haubosiee BEpOSTHO-
ro NpoTeKaHusl Mpolecca, U TEM CaMbIM UCKIIIOYAeTCsl MCKaxalollee
BIIMSIHUE CJIy4YaiiHBIX Koie0aHWil Ha BbIOOp BUaa perpeccun. Ouibrpa-
LML UCXOAHOTO JUHAMUYECKOTO psfla BKJIIOYAET €ro CrjiaXuBaHUE U
BbIpaBHUBaHUE.

Cenaxcuganue pUMEHSIETCS] AJIS1 YCTPAaHEHUS CIIyYallHBIX OTKJIOHE-
HMI (1IyMa) U3 3KCMEPUMEHTAIbHBIX 3HaY€HU ucxoaHoro psana. Cria-
>KUBaHUE MPOU3BOIUTCH C MOMOLIBIO MHOTOWIEHOB, MPUOIHXAIOLIUX
(06BIYHO MO METOLY HAMMEHBIIMX KBAAPATOB) TPYMIbl ONBITHBIX TOYEK.
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Haunyyniee criaxuBaHue TNOJTy4YaeTcsl IJIs1 CPEJHUX TOYEK IPYIIIIbI, TO-
3TOMY XK€JIaTeJIbHO BHIOMpaTh HEYETHOE KOJIMYECTBO TOYEK B CIJIAXKHMBA-
eMoii rpynne. O6BIYHO UX BHIOMpAlOT TPU WIM nsaTh. Hampumep, no
MEPBBIM TPEM TOYKaM (Y, Vp, ¥3) CIVIXHUBAIOT CPEIHION y,, 3aT€M MO
cnenyioweil Tpoitke (¥, ¥3, ¥4) CIIAXHUBAIOT ¥3 U T. 4. KpaliHue Touku
CIVIAXUBAIOT I10 CMELHANBHBIM GopMyaMm.

Yaiue Bcero Uist CIIaXXUBaHUs NPUMEHSIIOT TIMHEHHYIO 3aBUCUMOCTb.
Torna dopMynbl criaXuBaHUA VI IPYIN U3 TPEX TOYEK UMEIOT BUI;

N 1
Yo =301+ %0 +y41); (6.11)
P : 6.12
V-1 =g(5y_1 +2y0 +¥41); (6.12)
5 o] : (6.13
Va1 =gy + 200+ y); 13)
Tae Yo, ﬁo — 3Ha4YeHUA UCXOAHOM U CriIaXXeHHOMN (YHKIUUIt B cpegHeit Touke
. rpynmnbl;
Y_1, Y_1 — 3HaUYEHUS UCXOMNHOMN U CIIaXeHHOI (QYHKLUIt B JNIEeBOi TOYKe
rpyNIbi;
Y1, j:‘+| — 3Ha4YEeHUSA MCXOOHOM U CriIaXeHHOM (yHKUMIT B mpaBoit TOYKe
TPYHIBL.

®opmynst (6.12), (6.13) IpUMEHSIOTCS LI CITIAXUBAHUS KpaiHUX
ToYek psana. Uit criaXuBaHMs 1O HATH TOYKaM (OpMyYNBI UMEIOT BHA:

Yo =%(,V-2 Y1V Ve ) - (6.14)
.?_1 = %(4)'.2 +3y_1 +2Y0 + Y41); (6.15)
Fu=350m1 +290 #3011 +47.2) (616)
}f_z =%(3y_2 +20 + Vi1 = Vi2); (6.17)
§i2=3(v2 430+ 291 +3010). (619)

CriaxuBanue (Iaxe B IIPOCTOM JIMHEHOM BapHaHTE) SABJIAETCS BO
MHOTHX ciTy4asix 9 (eKTHBHBIM CPEICTBOM BBIABIEHUS TPEHAA NPH Ha-
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JIMYUU B DKCIIEPUMEHTAIbHBIX TOUKAX CIIyYailHBIX MOMEX M OLIMGOK U3-
MEpEeHHUs.

Buipasnueanue npumensietcs ais 6ojiee yaoGHOro IpeaCTaBIEHUs
MCXOIHOTO psina 6e3 U3MEHEHHS €r0 YUCIOBBIX 3HaYeHUit. BripaBHMBa-
HUEM Ha3bIBaeTCs IPUBEIECHHUE MCXOAHON 3MITUPUYECKOH (DopMyibl

y =, a, b), (6.19)
roe ¢t  — Bpems,
a, b — napameTpsl,
K BUOY
y=aT+ b, (6.20)

Hcnons3oBaHue OByXnapaMeTpUUECKOi 3aBUCUMOCTH (6.19) o6bsc-
HSIETCS1 e HAaUOOJNBUIMM PacCIpOCTPAaHEHUEM B IPAKTUKE NMPOTHO3HUPO-
BaHMsl ¥ CPABHUTE/ILHO MPOCTBIMU CIIOCOGAMM TMOJTYYEHHS! BbIpaBHUBA-
eMbIX popmys1. DYHKLMH ¢ GOMBIIUM (YeM 2) YHCIIOM NapaMETPOB Bbl-
paBHUBAIOTCS He Bcerga, U GOpMysbl UMEIOT IPOMO3IKUIA BU.

Hau6onee pacnpocTpaHEeHHBIMU CIIOCOOAMU BbIDAaBHUBAHMS SIBJISI-
10TCs JlorapuMHUpPOBaHUE U 3aMEHA NEPEMEHHBIX.

Mpumep 6.1. JaHa ucxonHas GyHkuust y = ar’.

JlorapudmMupys, nonyyum lgy = lga + b - lgt.

BBons 3ameHy nepeMeHHBIX, uMeeM: T = lgt;, Y =Igy; Y= a,T + by,
rae a; = b; by = lga.

ITepecTponB UCXOIHBIE JaHHBIE (TOYKM) Ha JlorapupMUYecKoii Oy-
Mmare, MOJy4YuM JIMHEHHYIO 3aBUCMMOCTb, C KOTOpOW Jierye paboTarb U
onpenensatsb Ko3bGUIUMEHTb. 3aTeEM HYXHO NEPECYUTATh Pe3y/IbTaThl
no ¢opMysiaM, 0OpaTHEIM UCXOZHOMY NPeoOpa3oBaHHUIO.

Ipumep 6.2. JaHa ucxonHas dopmynay = a - e,

BripaBHuBaHue gy =lga + b - t - Ige; a; = b - 1ge; b; = lga,

Torma
=lgy=0b; +a -t

I 6.3. = .
puMep JlaHa ucxomHas d)OpMy.Il? y P

1
BripaBHuBaHue Y = -; =a' +b.

Ilpumep 6.4. JaHa ucxonHas ¢opMyna y = .
a+b-e’

BripaBHUBaHUE Y = y T=e'; ay=b; by=a; Y=b+a,-T

MoxHo paccMaTpuBaTh BbIpaBHUBAaHUE HE KaK METON INpEACTaBJiC-
HHUA MCXOOHOro JMHaAMHUYECKOro psnaa, a Kak METod HEIOCPEACTBEHHO-
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ro NMpUOIMXKEHHOTO ONpPENENEHHUs TTapaMETPOB alNpOKCUMHUpPYIOLIEH

(byHKUMH, YTO YaCTO U JEJIaeTCsl Ha TPAKTUKE.

I Jloeuueckuii ombop eudoe annpokxcumupyrouieii Qynxuuu.

. Ha ocHoBe u3y4eHHs] CTATUCTUYECKUX JAAHHBIX U JIOTHYECKOTO aHa-
JIn3a MPOTEKaHHUs U3y4aeMOoro npoliecca M3 3alaHHOrO MaccuBa (PyHK-
LMt OTOMPAIOTCS HAauOoJIee MPUEMIIEMbIE BUIbI YPaBHEHUH CBSI3U. DTOT
3Tarn HeoOGXOAMM, TaK KakK IMO3BOJIAET NPU O0TOOpe DYHKIHUH y4ecTh OC-
HOBHbIE YCJIOBUS MPOTEKaHUS pacCMaTpyMBaeMOro Inpotecca U TpeboBa-
HMS1, IPEOBSIBJIIEMBIE K MaTeMaTH4YeCKoi Moaenu. Ha 3ToM arare nomk-
HbI OBITh PELIECHBI CJEAYIOLINEe BOITPOCHI:

e SBJISIETCS JIM UCCJICAYEMBIiA MMOKa3aTeNnb BENUYUHOM, MOHOTOHHO BO3-
pacrawoouleii (yobiBaloleil), CTabUIbHOMN, NMepUOaUYECKOH, UMEIoLIeH
OIMH UM HECKONBKO 3KCTPEMYMOB;

® OrpaHMYECH JIM MOKa3aTejlb CBEPXYy UM CHU3Y KaKMM-JIMOO mnpene-
JIoM;
uMeeT v GyHKUHMS, onpenensiionas npouece, ToykKy neperuoa;
obnamaet 1y aHanu3upyemasi GyHKIUSI CBOCTBOM CUMMETPUYHOCTH;

® MMEET JIM NPOLECC YETKOE OrpaHUYEHHE Pa3BUTHUSI BO BPEMEHM.

PaccMoTpuM Te (byHKUMH, KOTOPbIE MPEANOYTUTENBHO HUCIOJIb30-
BaTh B IIPOrHO3HON KCTPAIOJSLHUM.

B kadecTBe annmpoKCUMHPYIOUIMX (YHKLUUI Yallle BCEro HUCIOJb3Y-
I0TCSI pa3jIMYHbIE TOJIMHOMBI C OTPaHUYEHUEM YHCJIa WIEHOB (CTEIEHHU
MoJIMHOMa). DTO

CMeneHHOU NOAUHOM

‘ n .
yt)=ay+ ¥ a;t'; (6.21)
i=1
IKCNOHEHUUANbHBIE NOAUHOM
n .
y(t)=expla+ X ait' |; (6.22)
i=1
eunepboauyeckuli NOAUHOM
LU |
yn=ag+ 33—, (6.23)
i=1 a,-t
rae y — MPOrHO3WPYEMBIN MMOKa3aTeb;
t — BpeMms,
ay, ay, ..., a, — napaMeTpsl (K03 UUMEHTDI), MOMNEXALUME ONPEAEIEHHIO.

OMBIT MPUMEHEHUS aNMPOKCUMHUPYIOMIMX PYHKIIMH IS LIeei npo-
THO3MPOBAaHHUS MOKa3bIBa€T, YTO HauboOsee NMPOCThIMU (MaTeMaTUYECKHU)
Y 4allle BCETO0 MCIOJb3yeMbIMH SIBJIAIIOTCS ClIeAyloIye PyHKIIUU:
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o JIMHeHas y() =a + by (6.24)

e KBaJpaTUYHast y@® =a+ bt + ct; (6.25)

e CTerneHHas (1) = at’; (6.26)

® SKCIIOHEHIUAJIbHAS y(®) = aexp(br); (6.27)

o Monu(UIMPOBAHHAS IKCIIOHEHTA Y(f) = k — ae’b'; (6.28)
b

o runepbonyeckas y(f)=a +c—_;7; (6.29)

e JIOTMCTHYECKAsI KPUBasi W)=——, (6.30)
1+be

rae a, b, ¢, k — napametpsl.

Koroa 3T0 BO3MOXHO, NMpU BBHIGOpPE BHAA annpOKCUMMPYIOLLEiH
¢ynkuuu npuberaor K rpaduyeckoMy crnocoby nonbopa Mo BUILY TO-
YyeK BPEMEHHOrO psna, pacnoJIOXEHHbIX Ha miuockoctd y0f. Eciu no
rpaduky nogo6parb GyHKUHMIO TPYAHO, HHOrAa NMpUOEraloT K aHAIU3y
MPOU3BOIHBIX OT COOTBETCTBYIOIIMX BUIOB (DYHKIMI anmmpoKCUMalUU
(v pasHocTelt Ay, Ay, A;, ...) COOTBETCTBYIOLLETO MOPSAKA.

BuiGupaloT Ty GYHKIUMIO JUIS TTPOTHO3a, apudMeTHyecKast CpeaHss
IUIs1 Pa3HOCTHOTO psiia KOTOpOro OyaeT paBHa HYMIO WM 6JM3Ka K Hy-
JI10 10 abCOMIIOTHOI BEIMYMHE. .

OkoHYaTeabHOE pellieHHe O BUAE alMpOKCUMUpYOIe byHKuuH
MOXET OBITh MPUHATO MOCJIE ONpeeSICHUs ee NapaMeTpoB U BepudHUKa-
LIMM TIPOTHO3a MO PETPOCHEKTUBHOMY psiny. [103TOMY 1Sl MPOrHO3UpPO-
BaHMSl MCNOJB3YIOT HECKOJBKO MOAXOASLUMX amnMpOKCUMHUPYIOUIUX
¢yHKUHMI, ¢ TeM YTOGHI TMOCJe OLIEHKU TOYHOCTU BbIOpaTh Haubonee
THIOAXOAAIYIO.

. Ouenxa mamemamuyeckoii Mooeau npozHO3UPOBAHUA.

Ha sTOM 3Tamne uccienoBaHMsi ONMpPENENSIOTCA IMapaMeTphl pa3iny-
HBIX BUAOB anmnpokKcuMupyomux ¢ynkuunit. Haubonee pacrpocTpaHeH-
HBIMU METOaMHU OLIEHKM MapaMeTpoB anMpOKCUMMUPYIOLIHUX 3aBUCHUMO-
CTeif ABJSIIOTCA MeToH HauMeHbIuux KBaapatoB (MHK) u ero monudu-
Kallu¥, METOJA DKCIOHEHUHABHOTO CIJIaXWBaHUsI, METOA BEPOSITHOCT-
HOTO MOIEJTMPOBAHUs, METO aIaNTHBHOIO CIJI&XKHMBaHMUSI.

PaccMmorpum mis npumepa MHK ¥ Meton 3KCNOHEHUMATBbHOTO
CTJIaXUBaHUS. :

Memod rHaumeHbwUX K8aOpamMog COCTOUT B ONpPENEJIEHUU MMapaMeT-
POB MOJe/M TpeHAa, MUHUMU3UDYIOLIUX €€ OTKJIOHEHHE OT TOYEK UC-
XOZHOrO BPEMEHHOTrO psiaa:
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n .
S= -21 i —¥;)? - min, (6.31)
=

rae y;— pacdyeTHble (TEOPETHYECKHE) 3HAUYEHHSI UCXOMHOTO psina;
— (baKTHYECKHE 3HAYECHUS] UCXOOHOTO psina; .
n — 4YUCIA0 HAGMIOACHHUIA.

Knaccuyeckuit MeTON HaMMEHBLIUX KBaApaTOB INpEIIoJiaraeT paB-
HOLIEHHOCTb MCXOAHOM MH(OpMauuu B Moaeau. B peanbHO# Xe mpak-
THKe Oymyiliee MoBeAeHue npoLecca B 6oJIblIel CTENIEHH OnpenesseTcs
MO3IHNUMHU HabGMIOMEHUSIMU, YeM PaHHUMMU. Pedb MIeT 0 IMCKOHTHPOBa-
HMM, T. €. yMEHBIIEHUM UEHHOCTH OoJiee paHHel MHOpMaIUu.

JMCKOHTUPOBaHHE YYUTHIBAIOT NMyTeM BBeleHUs B Momeb (6.31)
HekoTopbix BecoB f3; < 1. Torna

n
S= Zlﬁi(ﬁi - yi)* - min.
i=

Koadduuuents ; Moryt GbITh 3amaHbl B YMCJIOBO dopMe WM B
BUe QYHKUMOHAIBHOI 3aBUCHMOCTH TaKHM 06pa3oM, 4TOOHI MO Mepe
TPONBUXEHHUS B TPOILIOE BECA YOBIBANIL.

MeTon HaMMEHBUIMX KBaJpaTOB LIMPOKO NMPUMEHSAETCS MpHU MHpo-
TFHO3UPOBAaHUU, YTO OOBACHSIETCS €ro MPOCTOTOM U JIETKOCTBIO peain3a-
uuu Ha DBM. K Hemocratkam MHK MoXHO oTHecTH ciieayiouiee.

Bo-mnepBbiX, MOJEb TPEHIA XECTKO (PUKCUPYETCS, U C IMTOMOLIbIO
MHK MOXHO NMOJy4UTh MIPOTHO3 Ha HEOOJBILION MEPUOM YTIPEXICHUS.
IToaromy MHK oTHOCAT K MeTogaM KpaTKOCPOYHOTrO NMPOTHO3UpPOBa-
HHAL.

Bo-BTOpBIX, 3HAYUTENBHYIO TPYAHOCTb MPEACTaBJIsIET MpaBUIbHBII
BBIOOp BHIa MOJENH, a TaKKe O0OOCHOBaHME U BHIOOD BECOB BO B3BE-
LIEHHOM METOE€ HaMMEHBIIMX KBagpaToB.

Hakoneu, MHK o4eHb MpoCTO peaiu3yeTcs TONBKO ISl IMHEMHBIX
M JIMHEApU3YEMBIX 3aBUCUMOCTE, KOraa il NMOoJXy4eHHUsI OLEHOK KO3~
¢uULMeHTOB MOJeJiell peuraeTcsi CucTeMa JMHEMHBIX ypaBHeHUH. 3amaya
3HAYMTEJBHO YCJIOXHSETCS, €CIIH ISl MPOrHO3a MCIOJb3YyeTCs (byHKun-
OHaJIbHAsl 3aBUCMMOCTb, HE CBOAMMAsI K JIMHEHHOM.

Memod 3xcnonenyuansHo2o ceaaxcueanus sBisercs 3PGEKTUBHBIM U
HaJeXHbIM METOAOM CPEIHECPOYHOTO MPOTrHO3UPOBAHUSI.

3mech cnefyeT OCTaHOBUTHCSI Oosiee MOAPOOHO Ha yyere BaKHOCTHU
PETPOCIEKTUBHOI MHOpMaIUH.

IIpaxkTuyecku Gomnbliee 3HaYEHUE MJISI IOCTPOEHHUS MPOrHO3a MMe-
eT MHGOpMaUMsl, ONMMCHIBAIOILIAs TPOLIECC B MOMEHTBI BPEMEHH, CTOSI-
1Me OJUXe K HacTosilieMy (HYJIEBOMY) MOMEHTY BpeMeHU. YeM naib-
1ie MBI YIJIyOJisieMcsl B PETPOCIIEKIMIO, TEM MeHee LIEHHOI JUIsl TPOrHo-
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3a CTAaHOBUTCS HHQOpMauKsa. DTO MOXHO y4eCTb, MPUIABAs WIEHAM
MICXOZHOTO THHAMMYECKOTO psiia HEKOTOPHIE BECa, TeM GOJIBIUHE, YeM
OJIMXe HaXOMUTCS TOYKAa K Hayajly NepHojaa IMporHosa.

DTO MOJSIOXEHHE JIEXHT B OCHOBE METOJA SKCIIOHEHHAIILHOTO CIJIa-
xuBaHUs. CYIIHOCTh METOa 3aKJIIOYAETCS B CIIAXXUBAHHH MCXOIIHOTrO
JHHAMHYECKOTO psiia B3BEILIEHHOM CKONBb3sIIeH cpenHei, Beca KOTOpO
(®;) MOMYMHSIOTCS KCIOHEHLUUAILHOMY 3aKOHY (pHc. 6.1).

A}y

-
o

w

e ettt £

4

T
o
3

Puc. 6.1. KoadpuuneHT 3KCMOHEHUMANIBHOTO CIIAXUBAHUSA

IlycTs MCXOOHBIA AHHAMHYECKUH pAX OHHCLIB&CTCH IMOJIMHOMOM
CJ!CJIYXOU.ICI‘O BUOa:

b 2 b;
2 P
Ye=by+bt+=Lt totLEtPrg = 3 Ll e, (632
. p: j=0 J!
rae by, by, by, ..., b, — KO3ULMEHTHI;
P — TMOPSIAOK IOJIMHOMA;
& — cayyaiiHas owHOKa.

MeTtoa 3KCOHEHIMAIBHOTO CIIAXHUBAHUS MO3BOJISIET NMOCTPOUTH
Takoe OMucaHue mpouecca (6.32), NpH KOTOPOM 6onee MO3AHUM Ha-
OoneHUsIM TPUAAIOTCS 60)'[5111]/[6 Beca 110 CPaBHEHHUIO C PAHHMMH Ha-
GAIOACHUAMHU, TIPUYEM Beca HaGMIoneHUH yOBIBAIOT MO 3KCIIOHEHTE.
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BoipaxeHnue

sH(y) = azu —ay' ST (y) (6.33)

'._

Ha3BIBACTCS IKCNOHEHYUAanbHOl cpedHeli k-20 nopadka Ans psipa y,, rne o
— napameTp CIIaXUBaHMS.

B pacueTax 3KCNOHEHUHAIbHYIO CPEAHIOID ONPENE/ISIOT, NMONb3YSCh
pexyppeHTHoIt (opMyIoii, moaydyeHHoIt bpayHoM:

sMy) = ask1 g) + (1 - 0)s, W) (6.34)

Hcnonp3zoBanue COOTHOIIEHUS (6.34) npennosnaraet 3agaHue Ha-
YaJIbHBIX YCJIOBU SO“], Sot ], S0[ ’, KOTOpbI€ MOTYT GOBITh ONpene/IeHbI
no ¢opMysne bpayHa—Meiiepa:

Sy = 2( 1)P-?-——:—7- > jP(l-a ——:7——' (6.35)

e p=12,.,n+1;
~
b — oueHKH K03¢pPULHEHTOB.

OueHkM K03(pGULHEHTOB MPOTHO3UPYIOLIETO MOJIMHOMA OMpPEAEIsi-
IOT Yepe3 IKCIIOHEHUMAIbHbIE CpeIHHE MO (PyHIaMEHTaILHONH TeopeMe
Bpayna—Meiiepa. B aToM ciyyae K0apHHUMEHTHI b; HAXOAT PeIeHH-
eM cuctemnl (p — 1) ypaBHeHHuii ¢ (p + 1) Heusnecmbmu CBSI3BIBAIO-
e napaMeTpsl MOJIMHOMA C UCXOOHOH MH(OpMauuei.

PaccMOTpUM NMpUMEHEHHE METOAA 3KCIOHEHIMAIBHOIO CIJIaXHBa-
HUSI JUIsl IByX Haubosee yrnoTpeOUTEIbHbIX ClydyaeB, KOTAa TPEeHI, ONMH-
ChIBaeTCs JIMHEHHOM (yHKIMEH ¥ napabosioii.

JIuneitHas Monenp BpayHa

W= bo + blt + €. (6.36)
HavanbHble MpUOIMXKEHHUS I Clyyasl JIMHETHOro TpeHAa paBHBI

(no dopmyne (6.35)):
IKCIOHEHIMAbHAA CpeaHas 1-ro mopska:

SM(y) =ty -%b,; (6.37)

IKCNMOHCHUHAIbHAsA CPpEAHAA 2-to nopsiakKa:

S12(y) = — 2= “)b,. (6.38)
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3Has HavyaJIbHBIE YCJIOBUS Som U Som M 3Ha4YeHHE IapameTpa o,

BBIYMCJISIIOT 9KCIIOHEHUIMAIbHBIE CPeNHUE 1-T0 1 2-ro nopsaka:

S,[”(y) =ay, + (1 - a)St—[l”(y);
SPp) = astl + (1 - S, Pw).

OueHku K03¢GHHIUEHTOB JMHEHHOrO TPEHIA:

by = 25) — 520);
b =12 sMw)- s

ITporHo3 Ha / waros (Ha BpeMs #|) paBeH: y, = by + b 1t

Ownbka MporHosa

=g, |—*_ _ —o)? _ 2.2
o—oe,\/(z_a)3[l+4(l o) +5(1-0a)” +20(4 -3¢, + 20 tg].

ITapaGonu4eckuii TpeHI
' 1
yi=by+hyt +-2—b2t2 +&;.

HavanbHbie npuGIMXeHust

S0 =t~ + 22y

sy =ty - 20 a)bl+(l—a2)fz_2a)bz;
- —o)(4 -

SFh=by - + T,

OKCIOHEHIHAILHBIE CPEIHHE
SH) = ay, + (1 - o5, o);
2@ = as @) + (1 — 0S5, F);
P = a5 @) + (1 - s P

(6.39)
(6.40)

(6.41)

(6.42)

(6.43)

(6.44)

(6.45)

(6.46)

(6.47)

(6.48)
(6.49)
(6.50)

OueHkd Ko3dpUIHEHTOB MapaboauyecKol 3aBUCHUMOCTH IJisl

TpeHaa

173



by = 315Mp) ~ SPp)) + SP); (6.51)

b =—"[6-500510) - 25- 40050 +4-3035P ) | (652
(1-0)?

R —_Tsfi)- 25‘2‘<y>+sl3‘<y>] (6.53)

ITporHo3 Ha MOMEHT ¥,

* A A 1 AA
- Vi =bo +bite + 5058} (6.54)

Oumbka nporHosa
oy =0, \/2a+3a2 +30% . (6.55)

s MeToga 3KCHOHEHLIMATBHOTO CIIAXXHBAHUSI OCHOBHBIM ¥ HaM-
GoJiee TPYOHBIM MOMEHTOM SIBJISIETCSI BHIOOp NapaMeTpa CrIaXHBaHUS
O, HaYaJIbHBIX YCJIOBUH M CTEMEHH MPOTHO3MPYIOLIEro MOJHHOMA.

ITapaMmeTp crjiaXXuBaHHs O ONpelessieT OLEeHKU Ko3¢hGULMEHTOB
MOJEJIH, a CJIEAOBATEeNIbHO, Pe3yJIbTaThl IIPOTHO3a.

B 3aBUCHMMOCTH OT BEJIMYHUHBI MapaMeTpa NMPOrHO3HbIE OLIEHKH II0-
Pa3sHOMY YYUTBHIBAIOT BJIUSTHHE UCXOMHOTrO psiia HaGMoNeHU: YeM G0JIb-
we o, TeM GoJibllie BKJIaH MOC/IEeOIHUX HaOmoaeHuil B dopMUpOBaHHE
TpeHJa, a BIMSHUE HadaJIbHBIX YCJIOBUH yObIBaeT ObicTpo. Ilpu mManom
0. MPOTHO3HbIE OLIEHKH YYUTBHIBAIOT BCE HAOMIOAEHUS, IIPH 3TOM YMEHb-
WIeHWE BJIMSHUA Gosiee paHHeH WHOpPMaLMU MIPOUCXOAUT MEMJIEHHO.

It npUOIMXEHHOM OLEHKH O U3BECTHBI JBa OCHOBHBIX COOTHO-
LIEHUS:

e coomHowerue Bpayna, BbIBEIEHHOE M3 YCJIOBUS PaBEHCTBA CKOJIb3S-
LIei U SKCIOHEHLUMAIbHON cpeaHei

' 2
== 6.56
a=s— (6.56)

rae N — YKCJIO TOYEK psna, MUl KOTOPHIX IMHAMUKA psilia CYUTACTCS OLHOPOL-
HOIi ¥ YCTONYMBON (YUCJIO TOYEK B MHTEPBAJIC CIIAXUBaHUsI).

2
HWHorna oz:m, rae n — 4YUciio HabmomeHUi (To4ek) B peTpo-

CIICKTUBHOM IWHaAMHYE€CKOM pAny,
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o coomuowenue Meiiepa

a=2n (6.57)
O¢

rae o, — CpenHsAs KBaapaTHYeCKas omnbka MoIesu;
O — CpE€OHssI KBaapaTUieCcKas omMbKa HCXOOHOIO psiaa.

OnHako JOCTOBEPHO OMpPEAENUTh G, U O U3 UCXOOHON MH(pOpMa-
UMM OYeHb CJIOXHO, MO3TOMY HCIOJb30BaHHE COOTHOuIeHUd (6.57) 3a-
TPYAHEHO.

O4eBUIHO, YTO BBIGOp MapaMeTpa O HY>KHO CBS3BIBaTh C TOYHOCTBIO
MPOTHO3a, NMO3TOMY Ui 605ee 000CHOBAaHHOIO BHIOOpa O MOXHO HC-
MOJIB30BaTh NMpolueaypy 0600IIEHHOTO CIJIaXXBaHMSI.

B atoMm cnyuae monyyarotcs ciaenyiouiMe COOTHOLUEHUS, CBSI3bIBaIO-
HIMe JUCTIEPCUIO MPOTHO3a O“4; Y MapaMeTp CIVIAXMBaHUA O

01 AuHelinol Modeau

2 =—2 [1+4p+5p? +20(1+3B)r+20 23| 62, (6.58
ok =+ ap st e2ua e ol a3

ons KeadpamuuHol mooenu
0%, = [2a + 30 + 3a’t]o,’, (6.59)
tie B =1-q
T — Mepuoj NMporHosa;
O¢ — CpeOoHAsA KBaapaTH4yeCcKas omnbKa arnmnmpoKCUMaluMHu UCXOOHOTO AUHA-
MHYECKOro psana.

IMpu o = 0 BeIpaXEHHUS, CTOSLIME B MpPaBhIX YacTsx dopmya (6.58),
(6.59), o6pawialoTCs B HYJIb, CJIENOBATENBHO, JUIS1 YMEHBIIEHHUS OLIMOKH
MPOrHo3a Heo6X0aUMO BHIOMPATh MUHHUMAJIBHOE OL.

B To Xe BpeMs, 4eM MeHbIIe O, TeM HUXE TOYHOCTh ONpele/ieHUs
HayaJabHBIX YCJIOBUI, a CJIeIOBaTe/IbHO, YXYAIIAeTCS] U KaYyeCTBO NpO-
rHo3a.

Takum o6pa3oM, ucnons3oBanue Gopmyn (6.58), (6.59) npuBoauT K
MPOTUBOPEYHUIO TIpU ONpelNeSieHUM MapaMeTpa CriaXuBaHus. B psne
CJIy4aeB MapaMmeTp O BHIOMpAIOT TaK, YTOObI MUHHUMH3UPOBATh OLIMOKY
MPOrHO3a, PaCCYUTAHHOrO MO PETPOCIEKTUBHON MHGPOpPMaLIMH.

KayecTBO nMporHo3a BO MHOIOM 3aBUCHUT OT BhIOOpa MOpsiaKa Mpo-
FHO3UPYIOLIETO MOJMHOMA. M3BECTHO, YTO NPEBBIILIEHME BTOPOTO MO-
psiiKa MOIETU HE NMPUBOAMT K CYIIECTBEHHOMY YBEJIUYEHUIO TOYHOCTH
MPOrHO3a, HO 3HAYHTEJILHO YCJIIOXHSIET PacyeT.

OTMETUM B 3aKJIIOYEHME, YTO METOH IKCIIOHEHLUAIBHOIO CIJIAXU-
BaHMSA SIBJISIETCSI OOHUM U3 Haubosee 3¢ GeKTUBHBIX, HANEXHBIX U LM~
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POKO NIPUMEHSIEMBbIX METOIOB IPOrHo3upoBaHusi. OH MO3BOJISIET IMOJTY-
YUTh OLEHKY NapaMeTpPOB TPEHIA, XapaKTepU3yIOLHUX HE CPeIHUI ypo-
BEHb MpoOlecca, a TEHAECHUUIO, CIOXUBIIYIOCS K MOMEHTY IOC/IEIHETO
HaGIIOAEHMSI, U MPU TOM OTIMYAETCS MPOCTOTON BBIYUCIUTEIBHBIX
ornepauuil.

IIpumep 6.5. ITycTb 3anaH BpEMEHHOM psif y,:

Ton 1997 1998 1999 2000
t 1 2 3 4
¥ 40 43 46 48

MOXHO cYUTaTh, YTO ANIMPOKCUMHUpYIOLIass hYHKUHUS (TPEHO) OMNU-
CbIBaeTCsl JTMHENHOM dyHKume (puc. 6.2).

55 A
Yt -
50
45
.
40
35
0 1 2 3 4 5 t
Puc. 6.2. IlnHaMuKa H3MEHEHHUs NOKa3aTess ¥,
Ta6nuua 6.3
Pacuernas Tabanua
daxktn- PacueTHble 3HaYeHUs
) t L, +2,7 1 y =y =
1
1997 1 40 1 40 40,2 0,2
1998 2 43 4 86 429 -0,1
1999 3 46 9 138 45,6. -0,4
2000 4 48 16 | 192 48,3 .0,3
Hroro 10 177 30 | 456 - -
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1. Onpenenum KoaUILMEHTH! MPAMOIL y = ay + a;f 1o MeTony Ha-
UMEHBIIUX KBaApaToB. [UIsl 3TOr0 BEIYMCIUM DS IIPOMEXYTOYHBIX 3Ha-~

YyeHUit U UX cCyMMEI. Pe3yneTaTel 3aHeceM B Tabi. 6.3.
Janee HaiigeM

n X
Dy = P-4 10 =120-100 =20;
s 22| 1030
Xyi 2t
D= Vi 12 - 177 10 =750,
Syti Zti| 145630
Dot Zh || 4177
27I%n Sty |10 456 7"
D, 750
= e—— = e—— 7’5,
W=Dy =20
D, 54
=—=-—=2,7
17Dy 20

OKOHYAaTeIbHO YpaBHEHHE MIPSIMOI MMEET BUIL
y=37,5+ 2,71

IloncraBuB B Hero 3HayeHust ¢ = 1, 2, 3, 4, mMoJy4YHM pacyeTHBHIE

3HayeHus TpeHnaa (tabn. 6.3).
OcHoBHasa omnbKa

E 2 0n2ar0m?ana2
o,=\/0’2 +(CO) + (044032

3

2. INapameTp CriaXXUBaHUS

2 2
S S R Rt

3. HavaneHpie yc/IOBUSA

sP=37,5- 1502 2723345,

b
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2(1-0,4)

.2,7=29,4.
R

S =37,5-

4, ﬂﬂf{ t = 2 BBIYMCJIUM 9KCIIOHCHLUHAJIbHBIC CPEAHUE!
S = 0,440 + 0,6 - 33,45 = 36;
S =0,4-36+0,6 29,4 =32
3Ha4YeHUsA K03bPULIMEHTOB:
dy=12-36—132=40,

.3 04
1" 1-0,4

(36-32)=2,6;

NPOTHO3UPYEMbIE 3HAYEHUS:
¥, =40 + 2,6 -1=426;
OTKJIOHEHUS OT (PaKTHYECKOTO 3HAYCHUS:
Ay, = 42,6 — 43 = —0,4.
AHaJIOTMYHBIE BBIYUCIEHUS BHIITOJHUM i t = 3,
t=4,¢t=25.

Pesyneratsl npeacraBuM B Tab. 6.4.

Ta6nuna 6.4
Tunosas TaGimMua s NOCTPOEHUs NMPOrHO3a
N0 METOXY 3KCMOHEHUHAILHOTO CLIAKHBAHHSA
®akru- PacueTHEbIe 3HAaYEHUS
Io, Tepuon, ¢t | _16°KO°
A PHOL T\ sHauenue s sa a0 | a4 |y |ay' =y -y,
Y
1997 1 40
1998 2 43 36 | 32 ] 40 | 2,6 | 42,6 -0,4
1999 3 46 38,6 34,6 42,6 2,7 {453 -0,7
2000 4 48 41,6 | 37,41 45,8 2,8 | 48,6 0,6
2001 t=1 - 44,2 1 40,1 | 48,3 | 2,7 | 51 -
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g t = 3:

S5 =0,4.43 + 0,633 = 38,6;
5[21—04 38,6 + 0,6 - 32 = 34,6;
a0—426 a, 2,7;

3 =42,6 +2,7-1=45,3;
Ay‘=—-0,7.

dnat=4

S =0,4-46 + 0,6 - 38,6 = 41,6;
S{ =0,4.41,6 +0,6 - 34,6 = 37,4;
ao = 45,8; a, 2,8;
ys =458 +2,8-1=48,6;
Ay; = 0,6.
st mocrpoeHust Moen nporHosa (£ = 1) onpenenum

Sl = 0,448 + 0,6 - 41,6 = 44,2;
Ss?1=0,4.442 + 0,6 - 37,4 =40,1;
ao = 48,3; al = 277'
OKOHYaTe/IbHasi MOIE/b IPOTHO3a MMEET BHI
Ve =483+ 2,7 - ¢,

roe £ =1, 2, ... (4TO COOTBETCTBYET ¢ = 5, 1= 6 U T. 11.).

OmubKa nporHosa

o, =03 \/%[1+4.0,6+50.o,62 +0,8-2,8-1+0,32~12] =0,3-0,87 =0,46.
1,

E. Bvibop mamemamuueckoli Modeau npozHO3UpOGaHUA.

BriGop Mozaeneit NporHo3upoBaHus 6a3supyeTcsl Ha OLICHKE UX Kaye-
cTBa. He3aBMCHMMO OT MeTOJa OLIEHKM NapaMeTpoOB MoOJAEJNE SKCTpano-
JAUMH (MPOrHO3MPOBAHMS) MX KaYeCTBO OMpEIENSETCS Ha OCHOBE MC-
CIeIOBaHUsl CBOMCTB OCTaTOYHOH KOMIIOHEHTHL (y; — ¥y), i = 1,n, T. €.
BEJIMYMHBI PACXOXAECHUH HA yYaCTKE alllpOKCHUMAIMH (IIOCTPOEHUS MO-
nenu) Mexay hakTHYECKMMH YPOBHAMHU M MX PaCYETHHIMHU 3HAYEHHSAMH.
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KauecTBO MOIE/IM ONpEAESIseTCS €€ aleKBaTHOCThIO HCCIEAYEMOMY
MPOLIECCY U TOYHOCTBIO. AIEKBaTHOCTb XapaKTEPU3yeTCsl HAIMYUEM M
YYETOM ONPEHCIEHHBIX CTATUCTUYECKUX CBOMCTB, @ TOYHOCTb — CTelle-
HbIO OJIN30CTH K (aKTHYECKHUM JaHHBIM. Mojesb NMpOrHo3upoBaHUS
GymeT CUMTaThCs JydlIei CO CTaTUCTHYECKOM TOYKM 3pEHUs, €CJIM OHa
SIBJISIETCS aleKBaTHO! M 60Jiee TOYHO ONMMCHIBAET UCXOAHBIN HTMHAMHUYe-
CKMH psl.

Mozens MPOrHO3MpPOBaHUSI CUYMTAETCS aJEKBAaTHOM, €CJIM OHA Y4M-
THIBaeT CYLIECTBEHHYIO 3aKOHOMEPHOCTbh HMCC/IeyeMOro npouecca. B
MHOM CJIy4ae €€ HeJb3sl PUMEHSATD IJI aHaJIM3a M MPOTHO3MPOBaHMS.

3aKOHOMEPHOCTb HCCJIEAYEMOro MpoLecca HaxXOOUT OTpaXeHHE B
HIMYHUM OTpeeIEeHHBIX CTATUCTUYECKUX CBOMCTB OCTaTOYHOI KOMIIO-
HEHTBI, 2 UMEHHO: HE3aBUCUMOCTH YPOBHEM, UX CITy4alHOCTH, COOTBET-
CTBMSI HODMJIBHOMY 3aKOHY DacIipelieJIeHUs1 U paBEHCTBa HYJIIO Cpel-
Hell OIHOKHU. ‘

He3aBMCHMMOCTb OCTaTOYHOM KOMITOHEHTBI O3HayaeT OTCYTCTBUE aB-
TOKOPPEJIALMH MEXAY OCTaTKaMH (¥; — V).

IMepeyucnuM nocaedcmeus, vizviéaeMvie Aa8MOKoOppensyuell oc-
mamkos';

1) HemooLEeHKa OTUCMEPCUU OCTAaTKOB (DYHKILIMN PErpeccHi;

2) HaJIMYue OLIMOKHM INPHU OLIEHKE BEIOOPOYHOM JUCITIEPCHUH TapaMe-
TPOB pErpeccHHu.

OuMbKy B BBIYUCIIEHUU DUCIIEPCHI — MPEMNSATCTBUE K KOPPEKTHO-
My NMPUMEHEHHUIO MeTOa HAUMEHBIIMX KBaJApaTOB IPU MOCTPOEHUU MO-
JIEJTM UCXOAHOTO OAMHAMMYECKOTrO psja.

OueBUOHO, BAXHO MMETb KPHUTEPHIA, MO3BOJIAIONINI YCTaHABIMBATh
HIMYHME aBTOKOPpPesIuU. TakuM KpUTepueM sIBIsieTcs: kpumepuii Jap-
buna—Yomcora, B COOTBETCTBUU C KOTOPBIM BBIYUCIISIETCSI CTAaTUCTUKA d:

301 -9 =0t ~yeia]

d=E— , (6.60)
2
)y i —yri)
i=1
THE Y; ¥ioy — YPOBHM (aKTHYECKOro JMHAMHMYECKOTO Psna;
Vais Yriog — TEOpETHYECKHE (MPOrHO3HBIE) YPOBHH IMHAMUYECKOrO Psiia;
n — 006beM BHIOOPKH.

Bo3MoXHbIe 3HAaYEHHUSI CTATUCTHKHU JiexaT B UHTepBasie 0 < d < 4,
CoracHo MeTony [ap6uHa ¥ YOTCOHa CYILECTBYET BEPXHHI d; M HUX-

' CM.: @Pepcmep 3., Peny B. MeTonbl KOPPEISLIMOHHOTO U PErPECCHOHHOTO
aHanu3a. — M.: ®MHaHCH U CTaTHCTHKaA, 1983.
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HU# d,, npenensl 3Ha4eHU I CTAaTUCTUKU d. DT KPUTHYECKHE 3HAYEHMS
3aBUCSAT OT YPOBHSI 3HAYUMOCTH (., 00beMa BHIOOPKH 1 U YHCJIa OOBSC-
HSIOLLUMX NMEPEMEHHBIX m (WISl TPEHAOBBIX Moxeneit m = 1). B mpwio-
XeHuH 4 mpuBeeHbl 3HaYeHUs dy U d,, Wi 5 %-T0 ypOBHS 3HAYUMOC-
T4 1ip4 n oT 15 1o 100 u yucne oGBICHAIOWMX NEpeMEHHBIX OT 1 40 5.

BoruncneHHoe no (6.60) 3HauyeHHe d cpaBHUMBaeTcs C dy U d,, Haii-
JIEHHBIMHU 1O NpUJIOXeHUIO 4. TIpy 3TOM PyKOBOICTBYIOTCS CIIEAYIOLIN-
MU TpaBUIaMHU:

)d,<d<4-—d, NMPUHUMAETCSA THUIIOTE3a: aBTOKOPPENsAIUs

OTCYTCTBYET;
2)0<d<d, NMPUHUMAETCSA TUIOTE3a O CYLWIECTBOBAaHUU

MOJIOXUTEIbHOM aBTOKOPPEISILIMA OCTATKOB;
3)d,<d<d, MpY BLIOPAaHHOM YPOBHE 3HAYMMOCTH HEJIb3s1
U4 —d,<d<4-d, npuiTu K onpenescHHOMY BHIBOAY;
4)4—-d,<d<4 MPUHUMAETCA TUMOTE3a O CYLIECTBOBAaHUU

OTpHLATCN bHOH aBTOKOPPECJILIUHA OCTATKOB.

Kpurepuit Japouna-YorcoHa oGnanaet AByMsi Henocrarkamu. Ilep-
BBl U3 HUX — HaJIMYME O0JIaCTH HEOMNPEAEICHHOCTHU, B KOTOPOii C Mo-
MOILIBIO TaHHOTO KPUTEPHST HEJIb3sl MPUNTU HM K KAKOMY PELICHHIO.
BTropoit HeIoCTaTOK 3aKJIIOYaeTCsl B TOM, YTO NMpU 00bEME BBIOOpPKHU
MeHbLIE 15 11 d He CyleCTBYET KPUTHYECKHMX 3Ha4YeHH# dy, U d,. B
3TOM cJiyyae A OLIEHKM HE3aBMCHMOCTH YPOBHEH psila MOXHO MC-
1o0J1b30BaTh KO3(PGHUMEHT aBTOKOPPEISLMH r,. JJaHHBIH MOKa3aTenb
NMPUOIUKEHHO MOXHO BBIYMCIUTE 1O (opMyie :

r=1-2, (6.61)

2

rae d — cratucrika Jlap6uHa-YoTcoHa.

PacyeTHOE 3Ha4YeHUE r, CPABHUBAIOT C TAOJIMYHEIM 7, (TIPHIIOXKE-
Hue 3). Kputnyeckoe 3HaueHHe KO0IPPHUUHMEHTA aBTOKOPPEIISILIMH Iy
HUMeeT OfHY CTeneHb cBOOOAHLT. €. f = n. Eciu r, < r,, TO ypOBHH
JUHAMHMYECKOTO psifia HE3aBUCUMBL. ,

Jlnst mpoBEPKH CJIyYaHHOCTH YPOBHEMN pslla MOXHO MCIIOJIb30BaTh
KPHUTEpHUil TOBOPOTHBIX TOYEK, KOTOPHIH HAa3bIBAETCS TAKXE KPHTEPH-
€M «IIMKOB» U «BMaAMH». B COOTBETCTBUHU C ITUM KPUTEPHEM KaXIblil
YPOBEHb psiia CPAaBHUBAETCS C IByMs COEAMHEHHBIMU C HUM. Eciin oH
6oJIbllIE MIM MEHBILE UX, TO 3Ta TOYKA CYUTAETCS NOBOPOTHOM. asee
TNOJCYUTBIBAETCS CYMMa NMOBOPOTHBIX TOYEK K.

B cinyyaiitHOM psily YMCeN NOJXKHO BBHIMOJHATLCA CTPOTrO€ Hepa-
BEHCTBO:
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(2n-4) 16n-29 6.62
K> 3 2( 5 ) (6.62)

COOTBETCTBHE Psilla OCTAaTKOB HOPMAJIBHOMY 3aKOHY pachpeleieHus
BaXHO C TOYKH 3PEHMS NPAaBOMEPHOCTH TIOCTPOEHHUS MHTEPBAJIOB IIPO-
riHo3a. OCHOBHBIMHM CBOMCTBaMHM psiila OCTATKOB SIBJIAIOTCS MX CHMMET-
PHUYHOCTb OTHOCHTENILHO TPEHIA ¥ TNpeobiaflaHue MaIbIX 110 aGCOMIOTHOMN
BEJIMYHHE OLIMGOK HaX GONbIIMMH. B 3TOM cBsA3M ompenensieTcs: Giu-
30CTh K COOTBETCTBYIOLIMM NapaMeTpaM HOPMaJIbHOIO 3aKOHA pacrpene-
NeHUss Ko3hPHUHEHTOB aCHMMETPUH — A, (Mepa «CKOLIEHHOCTH») U
aKcuecca — 9y, (Mepa «CKyYeHHOCTH») HabMOOEHUI OKOJIO MOJENH, T. €.

[% ﬁ_'ll(yi ~yi)’? ]

A= = (6.63)
1 n
[;El i yTi)]

(23 00-50%)
By = -3, (6.64)

2
(l > ".V'ri)z)
n =g

Ecnu 3t K03dduuueHTH GJHU3KK K HYJIIO WIH PaBHBl HYTIO, TO
Pl OCTATKOB pacripefe/ieH B COOTBETCTBHU C HOPMAJIbHBIM 3aKOHOM.
Jns OUEeHKH cTeneHu HUX GIM30CTH K HYJIIO BBIYMCIISIOT CPeIHHE KBaj-

PaTHYCCKHE OTKJIIOHCHHSA!
5 - 6(n-2)
TV (m+1)(n+3)’

S = 24n(n-2)(n-3)
(n+D)2(n+3)(n+5)

(6.65)

Ecny BBITOMHSAIOTCS COOTHOLUEHUS:
4] < 1,58,
|9 < 1,58,
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TO CUMTAETCs, YTO paclpeieeHHe psla OCTaTKOB HE MPOTUBOPEYMT
HOpPMaJIbHOMY 3aKoHY. B ciyyae korna

|4, > 28, unu |3 > 28,

TO paclpelesieHUe psiga He COOTBETCTBYET HOPMaJbHOMY 3aKOHY pac-
npeesieH s, U MOCTPOEHHe NOBEPUTENbHBIX HHTEPBAJIOB IPOrHO3a He-
npaBoMouHO. B ciyyae nonagaHus A, 1 9, B 30HY HEONpeAeJeHHOCTH
(Mexmoy moysiyTopa M AByMSI CPeQHEKBAaIPaTHUYECKUMHU OTKIOHEHUSMU)
MOXET OBITb MCIIOJIb30BaH RS-KpUTEpHIii:

RS = (Eqax — Enin)/S> (6.66)
rae Ep.— MaKCHMAalbHbI YPOBEHb PANa OCTATKOB (y; — yr), | = 1,m;
E,in — MUHUMaJIbHBI YPOBEHDb psiia OCTaTKoB (V; — yp), i = 1, n;
S — cpeaHee KBaIpaTH4YeCKOe OTKJIOHEHHE OCTaTKOB.

Ecix 3HaYeHHe 3TOr0 KPUTEPHS IONAafaeT MeXay TabyTHpPOBaHHbI-
MM TpaHULIaMHM C 3aJlaHHBIM YPOBHEM 3HAYUMOCTH (NIPUJIOXEHHE 5),
TO TMIIOTE3a O HOPMAJIbHOM paclpele/ieHUH psiia OCTaTKOB IPUHH-
MaeTcsl.

PaBeHCTBO HYJIO cpemaHeil OIMOKK (MaTeMaTHUYeCKOe OXHUIaHUE.
ClyyaiiHOM MOCJIeA0BATEILHOCTH) NMPOBEPSIOT C IMOMOILUBIO /-KPUTEPHS

CrelofeHTa:
12 \n
i vy Y —. 6.67
7 Z 0= ym)| g (6:67)

Tinoresa paBeHCTBA HyJO CPeAHEN OIMOKU OTKIOHSETCS, €CIH f,
Oornplie TaGIUYHOTO YPOBHS #-KpUTEpHs C f; = (n — 1) cTeneHaMu CBO~
0oabl U BHIOpAaHHBIM YPOBHEM 3HAaYUMOCTH O (TIpuIoXeHue 1).

ITocne mpoBepKH BceX MOJENEil IPOrHO3MPOBaHUS U3 BBIOPaHHO-
ro MacCcHBa Ha aJleKBaTHOCTb HEOOXOJUMO BBINTOJHUTD OLIEHKY HUX TOY-
HOCTH.

B cratucTHYeCcKOM aHaJIM3€ U3BECTHO OOJIBILIOE YUCIIO XapaKTepuc-
THUK TOYHOCTH'.

HawubGosnee yacTo B npakTHYECKOi paboTe BCTPEYalOTCs Cleaylouine
XapaKTEePUCTHKH.

' Yyes IO. B., Muxaiinos IO. b., Kyzsmun B. H. TIporHo3npoBaHue KOJnye-
CTBEHHBIX XapaKTepUCTHK npoueccoB. — M.: CoseTtckoe paauo, 1975.
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1. OueHka cTaHJApTHON OLIMOKHU:

Sl,f(x) = (6.68)
rae n — YUCIO HabMIOIEHUH;
D — YHUCIIO oNnpeacasiCMbIX K03(1)(I)HUHCHTOB MOZICJIH.
2. CpenHsist OTHOCUTEJIbHAsI OLIMOKA -OLEHKH
12274 10905, (6.69)
“n =1 f(x;)
3. CpengHee TUHEHHOE OTKJIOHEHHUE
Z I.VJ S(x; )I
p== (6.70)

\/n(n -1)

4. IllupuHa TOBEPUTEIHLHOIO UHTEpBAIa B TOUKE NMPOrHO3a.

g nonyyeHud JaHHOM CTaTUCTUYECKON OLEHKH OMpeaeMM 10Be-
PHUTENBLHBINA UHTEPBAI B IIPOTHO3UPYEMOM IEPUOIE, T.6. BOZMOXHBIE OT-
KJIOHEHUS TIPOTHO3a OT OCHOBHOM TEHIEHLUH MMPOTEKAHUSI pacCMaTpu-
BaeMoro rnpouecca. i peleHus 3Toi 3amayu MOCTPOUM HHTEPBaJIb-
Hble OLIEHKH MapaMeTpPOB PETPECCUU ay U a; B dopmax:

A A
agy=apgtt,.05,a=a 1t,.0;. 6.71)

. 3Aech CepeiMHaMU MHTEPBAIOB SIBISIOTCS TOYEUHBIC OLEHKH ay u
a,, pacCUMTaHHbIE C TOMOMLIBIO METOJAa HAUMEHBILUX KBaapaToB. Benu-
YMHA f, — TEOPETHYECKOE 3HauyeHHe Kputepysi CThIONEHTA NPH yPOBHE
3Haqnmocm paBHOM 5%, M uucie cTerneHeil CBOOGOOBI, PaBHOM
Vi =n— m — 1 (npunoxenue 1).

CraHzapTHbie OIIMOGKU KO3((HULMEHTOB perpeccuu O, U O; BbI-
YUCJSIIOTCS 110 ClieaylomuM dopmysam:

(6.72)
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HecMmeneHHas OlLieHKA JUCTIEPCUM CIIYYailHOM COCTaBJIAIOLIEH

n
a2 _ 1 2
o' =—7> Z Gi =) (6.73)
n-2;5
Tae X;, y; — daktuieckue 3HAYEHUS TMHAMUYECKUX DSIOB X U y;
Vri — TEOPETMYECKOE 3HAYEHHUE, PACCYUTAHHOE MO YPABHEHHIO PETPECCUM;
X  — cpeaHee 3HaueHHe ¢akTopa X.

Bepxusas Y¢ u nuxHsas Y” rpaHuubl 10BEPUTENBHOTO MHTEPBAJIA B
TOYKE MPOrHOo3a OyayT paBHBI:

6 — 8. 6. .
= flay"; a,°; x,);
(6.74)
—_ H, H,
-ﬂa() s a] ) xn))
raoc aoe; aé‘— BEPXHEE U HUXHEE 3HAYCHHUA NapaMeTpa a; MOACIH NMPOrHoO3a;
alB; a; — BEPXHEE U HUXHEC 3HAYCHMA NnapaMeTpa a; MOIEIU INPOrHO3a;

Xy — 3HAYCHHUE tbaKTopa BpPEMEHH B TOYKE NpPOrHo3a.

IIvpyHa DOBEPUTEILHOTO UHTEPBaJla B TOYKE IPOrHo3a
A=Y®-TY" (6.75)

Hano oTMeTHUTB, YTO IIMPHUHA JOBEPHUTEJILHOIO MHTEPBaJla 3aBHCHT:

® OT YKCJIA CTEMEHEN CBOOOAbl U TEM CaMbIM OT 00beMa BHIOODKH,
T. . YeM Gosbilie 06beM BBIGOPKHM, TEM MEHbLIE (MPH IPOYMX PaBHBIX
YCIIOBHUSIX) 3HAYGHHE KPHTEPHs ! U, CJICHOBATENbHO, YXKE IOBEPUTENb-
HbIl UHTEpBA;

® OT BEJIMYUHBI CTAHAAPTHOI OIMMOKY OLEHKM ITapaMeTpa perpec-
cuu (05, 4 05). YeM MeHble O7 M G;, TeM MEHbILE NPH PaBHBIX yC-
JIOBUSIX LIMPHHA JOBEPUTENILHOTO MHTEpBaJa.

Jlyylreit Mo TOYHOCTH CYMTAETCS Ta MOJEJb, Y KOTOPOil BCe Iepe-
YUCJIEHHBbIE XapaKTePUCTUKH HMEIOT MEHbUIYI0 BeJIHM4YHHY. OgHaKO
3TU MOKa3aTeJIM MO-pa3HOMY OTpaXKaloT CTENEHb TOYHOCTH MOMAENIH U
MO3TOMY HEPEIKO HAlOT MPOTHBOPEYHBbIE BHIBOABI. JIsl OMHO3HAYHO-
ro BbIOOpa Jyylleid MOJENM UCCIEN0BaTe/b JOJKEH BOCIOJb30BaThCS
- 1160 OMHMM OCHOBHBIM ITOKa3aTeJieM, JIM60 00O0OIIEHHBIM KpHUTE-
pHEM.

Htorom paboT nmo BeIGOPY BHIa MaTeMaTHYECKON MOIEIH nporHo-
3a sBysieTcs: opMHUpOBaHHE €€ 00OOILIEHHBIX XapaKTePUCTUK. B 0606-
IEHHYIO XapaKTEPUCTUKY HOJIKHBI OBITh BKJIIOYEHBI BUI YpaBHEHMUS
perpeccuu, 3HayeHHsl ero rmapamMeTpoB, OLIEHKH TOYHOCTH M aieKBaT-
HOCTH MOJEJU U CaMHu npomoax—mc OLIEHKM, TOYEYHbIE MU MHTEP-
BaJIbHbIE.
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6.4. MporHo3npoBaHne Ha OCHOBe
BPEMEHHbIX PSAOB C UCMOJIb30BAaHUEM
nakeTta nporpamm Ans nepcoHanbHbix 3BM

Kak BUIHO U3 BBHILIEU3JIOXKEHHOTO, BHIYUCIUTENbHbIE MTPOLELYPHI
PacCMOTPEHHBIX METOOB MPOTHO3UPOBAaHUS TPOMO3IKH U TPYAOEMKH.
3agaya McciienqoBaTesis 3HaYUTEJbHO 00JieryaeTca npu MCIOJb30Ba-
HMHU TaKeTa NMPUKIAAHBIX nporpaMm st [I9BM, B OCHOBY KOTODBIX
ITOJIOXEHB! PAaCCMOTPEHHBbIE B moapasf. 6.3 aaropuTMbl MPOrHO3Upo-
BaHUS MeTOJdaMU HAaUMEHbUIMX KBAJIpaTOB M 3KCIIOHEHIHAJIbHOIrO
CIJIaXWBaHUS.

HcxonHast mHGOpMalUs MPENOCTABJISIETCS B BUAE BPEMEHHOIO psi-
Jla 3Ha4YeHU TPOTHO3MPYEMOTO MoKazaTens y, rae t =1, 2, 3, ..., N.

IIporHo3 oCyILEeCTBIISIETCS 110 CNELHATBHO MOA0OpaHHOM 3aBUCUMO~
CTH Ha { 11aTOB BIIEPEN, T. €. ONPENENsAeTC Yoy, THE £ = 1,2, 3., M.

IIporpaMMbl HCIOJIB3YIOT CJIEAYIOIIME BUABI IPOTHO30B:

® 3KCTPAMOJISLHUIO C UCMOJIb30BAHUEM 16 IByXMapaMeTpUUeCKUX 3a~
BUCHUMOCTEH;

® SKCIIOHEHIMAIBHOE CITIAXHBaHME,;

® KOMOMHUPOBAHHBIN MPOTrHO3, BKIIOYAIOLIUNA IMPOTHO3bI Ha OCHO-
B€ IKCTPANOJISLUNHU ¥ IKCIIOHEHLIUAIBHOIO CIIaXKUBaHMS.

IIporHo3 ¢ ucmoJib30BaHHEM MeToja 3KcTpanoysiyuu. I1IporHos ocy-
LECTBJISIETCSL 110 OMHOW U3 Mojesieil, MpuBeNeHHbIX B Tabl. 6.2. ITapa-
METpPBI MOJEJIeil ONpenesiioTCsl ¢ UCMOJb30BaHUEM METOJa HauMeHb-
LIUX KBaAparoB. st KaXnod MOIEM paCCYMTBHIBAETCS KOPPEISILUOH-
Hoe OTHouleHue. ITo MakKCHMaTbHOI BeJIMYUHE KOPPESILIUOHHOIO OT-
HOILIEHUS TNPOU3BOAMUTCSA BBHIGOpD MOAENU NPU KOMOWHHUPOBAHHOM
MPOTHO3E.

IIporno3 ¢ UcHoJib30BaHHEM 3KCNOHEHIHAIBHOTO criakuBanus. I1po-
THO3 OCYHIECTBJISIETCS] MO JIMHEHHBIM M NMapadoIMYeCKUM 3aBUCHMOC-
TssM. ITapaMeTpbl Mojeieil pacCYUTHIBAIOTCA MO (opMyJjiaM, Mpeasio-
>KeHHbIM BbpayHoM. BriGop nmapameTpa CriiaXXuBaHUsI O IPOU3BOIUTCS B
npenenax ot 0,1 no 0,9 ¢ mwarom 0,1. ITpy KOMGMHNPOBAaHHOM MPOTrHO-
3¢ BBIOOp MapaMeTpa IMpOM3BOAMTCS IO dopmyne o = 2/(N + 1), roe
N — 4KClIO TOYEK BPEMEHHOro psiua.

Kom0unupoBanHblit nporio3. KoMGUHMPOBaHHBINA MPOrHO3 BKJIIOYA-
€T CJIeOYIOLIUE 3Talbl:

® OLIEHKY NPUHAJIEXKHOCTH BapUaHTOB MPOTHO3a K OJHON COBO-
KYIIHOCTH C UCNOJb30BaHueM KputepueB @uiepa u CTblofeHTa;

e OnpeleneHue BECOBBIX KO3GhMULMEHTOB Uy, Hy;
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® pacyeT MapamMeTpoB KOMOMHUPOBAHHOIO IPOTHO3a 1Mo (GopmynaM
JOUCTIEPCHH:
CpeIHero 3HaYeHHus:

V¥ = B M1 R e (6.76)
IUCcrepcHu
* *
D= Dy1+1) D41
1 = . . ’
[Dl(:+1) + Dz(z+1)]
T Y*|(+1)» Y *2(+1) — CPEIHME 3HAYEHUS MIPOTHOIMPYEMBIX [1APAMETPOB C HC-
NOJIb30BAHNEM IKCTPANOJIALMU M IKCIIOHEHUHAILHOTO
CT/IAXHMBAHUS,;
D* 4+1)> D*3(s+1) — COOTBETCTBEHHO AMCMEPCUM MPOTHO3UPYEMBIX Napame-
TPOB.

B cocraB nakera nporpaMm BXOIST:

e ycnosHseMslit daitn (ocHoBHoe MeHI0) MENU1.EXE;

o ¢aiin nporHo3upoBaHus MeToloM 3kcTpanoysiuudi TREND.TBC;

o (ait1 MPOrHO3MPOBAHMA METOAOM SKCIIOHEHLIMAIBHOTO CIJIaXH-
paHuss ALFA.TBC;

o (baitn xoMGuHMpoBanHoro nporHoda KOMBI. TBC.



PA3JIEJ 1T

OnTHMH3AIMOHHBIE METOAbI
M MOJEJM B YNpaBJICHHH
IKOHOMMYECKHMH CHCTEeMaMu

Mmasa 7
JinHeiiHO€e nporpammupoBaHue

OnTtuMH3alLMOHHas 3a1aya — 3TO 3KOHOMMKO-MaTeMaTH4eckas 3a-
Jaya, KOTOpasi COCTOUT B HAXOXIEHUH ONTUMAIbHOTO (MaKCUMJIBHOTO
WIA MUHUMAaJIbHOIO) 3HaueHMUA LeaeBOi (PYHKUMM, NPUYEM 3HAYEHHUS
MepeMEHHBIX JOJDKHBI TPUHAIUIEXKaTh HEKOTOPOH 00J1aCTH JOMYCTUMBIX
3HAYECHMU.

B camoM o011ieM BUIE 3ajaya MaTeMaTUYECKHU 3arUChIBAETCS TakK:

U=fX) > max; Xe W, (7.1
e X = (xp, X3, ooy Xp);
W — 06nacTh HONYCTUMBIX 3HAYEHUHN MEPEMEHHBIX X1, Xy, ..., Xy}
AX) — ueneBas pyHKUMS.

st TOro 4To6bl PelIUTh 331a4y ONTUMHU3ALMK, JOCTATOYHO HAWTH
€e ONTHMAIbHOE PEIEHUE, T. €. yKa3aTh Xy € W takoe, uyto flX)) = AAX)
npu modom X € W, unv mis cnydas MuHuMu3anuu — f(Xp) < AX) npu
Jobom X € W.

OnTUMHU3alMOHHAs 3a0a4a SIBJISIeTCS Hepa3pellMMOM, ecJId OHa He
HMeeT ONTUMAIBHOTO pelueHUs. B yacTHOCTH, 3amaya MaKCUMHU3AlUU
OynmeT Hepa3pelrma, eciiu ueneBas QyHkuus f{X) He orpaHUYeHa CBEp-
Xy Ha JIOMYCTUMOM MHOXeCTBe W.

MeTonbl pelieHUsI ONTUMU3ALMOHHBIX 3aay 3aBHCAT KaK OT BHIA
ueneBoit dyHkuuu f{X), Tak U OT CTPOECHUS HONMYCTMMOIO MHOXECTBa
W. Ecnu ueneBast ¢pyHKUMS B 3amade sBsieTcs GyHKUMER # rmepeMeH-
HBIX, TO METOJBI PELICHUS Ha3bIBAIOT Memooamu MamemMamu4eckozo npo-
2DAMMUPOBAHUA.

B MaTeMaTU4YeCKOM NMPOrpaMMHPOBAHUH MPUHSATO BBLIAEIATH caedy-
rouue ocHosHble 3adavu 6 3asucumocmu om suda yenegol gynxyuu f(X) u
om obaacmu W-:
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® 3a1aYy JIMHEHHOrO NporpaMMUpoOBaHus, ecinu X) u W nuHeiiHsI,

® 3a1aYU LEJIOYMCIIEHHOrO NMPOrpaMMMPOBaHMS, €CJIM CTAaBUTCS YyC-
JIOBHE LIEIOYHCIIEHHOCTH TTIEPEMEHHBIX X{, X2, ..., Xu3

® 33/1a4 HEJIMHEHHOro NMporpaMMHMpoBaHus, ecinu ¢opMa fX) Ho-
CUT HEJIMHEHHBIN XapakKTep.

7.1. 3apaun nuHemnHoro
nporpaMmmMmpoBaHus

3aoaueii auneiinozo npoepammuposanus Ha3bIBaeTCs 3aqadya UCCIENo-
BaHHA OlepalMii, MaTeMaTHYeCcKass MOJIE/Nb KOTOPOil MMEEeT BUI:

n
f(X)= X c;jx; — max(min); (7.2)
Jj=1
n
Yajx;=b, iel, IcM={,2,.m}; (7.3)
Jj=1
n
Zlay xj<b;, ieM; (7.4)
J= _
x20,je ,JcN={L2,..,n} (7.5)

Ilpu 3TOM cucTreMa JIMHEeHHBIX ypaBHeHHH (7.3) u HepaBeHCTB (7.4),
(7.5), onpenensioiiast AOMYCTUMOE MHOXECTBO pellieHUH 3anayu W), Ha-
3BIBAETCS CUCMEMOI 02panu4erull 3a0a4u AUHelUH020 NPOZPAMMUPOBAHUSA,
a nuHelHas GyHKuMs f{X) Ha3bIBaETCS Yenesol iynkyuel, UM Kpume-
puemM OnmuManbHOCmu.

B yactHOM cay4ae, eciu 1 = O, To cucrema (7.3) — (7.4) cocTout
TOJIBKO M3 JIMHEHHBIX HEPaBEHCTB, a €CU I = M, TO — U3 JMHEHHBIX
YPaBHEHHUH.

Ecnu MmareMaTHyeckasi MOIENb 3aJa4M JIMHEHOro NporpaMMUpoBa-
HHUS MMeeT BU:

. n
f(X)= Zlcj *X j — min; (7.6)
I=
n —
Y a;x=b;, i=lm; 7.7
Jj=1
b; 2 0;
x20,j= 1,n, (7.8)

TO TOBOPAT, YTO 3a/iaya MpEeACTaBjIeHa B KaHOHu4eckoi ghopme.
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JIo0y1o 3amayy TUHEHHOrO NMpOrpaMMHMPOBAaHHUS MOXHO CBECTH K
3ajaye JIMHEHHOro NnporpaMMHpOBaHHUS B KAaHOHM4YECKON dopme. s
3TOro B OOLIEM Cliyyae HY>XXHO YMETbh CBOIMTH 3alayy MaKCUMHU3ALHUU K
3alaye MUHUMH3ALUH; TTEPEXOAUTh OT OrpaHUYEHH HEPaBEHCTB K Or-
PaHUYEHHUSM PaBEHCTB M 3aMEHSATb MepEMEHHbIE, KOTOPbIE HE MOAYHU-
HSIIOTCSI YCJIOBHIO HEOTPHUUATEJIBHOCTH. MaKCHMMM3alMsi HEKOTOPOM
¢GYHKUMM SKBUBAJIEHTHa MUHUMU3ALUUM TON Xe (DyHKUHM, B3SATON C
MPOTUBOMONOXHBIM 3HaKOM, U Ha0OOPOT.

Ilpaeuno npueedenus 3a0auu AUHEHO20 NPOZPAMMUPOBAHUS K KAHOHU-
YeckOMy 6udy COCTOUT B CJIEAYIOLLEM:

1) ecnu B UCXOMHOM 3amaye TpeOYeTCSl OTpeNeIUTh MAKCUMYM JIH-
HeWHOI (PYHKUMH, TO CIEAYET U3MEHUTDb 3HAK U UCKaTh MUHUMYM 3TOM
GYHKLMY;

2) ecny B OrpaHUYEHMSIX MpaBasi YacTb OTPULIATEIBHA, TO CIERYET
YMHOXMHTb 3TO OrpaHMYE€HHUE Ha —1;

3) ecnu cpeay orpaHMYEHHMIT UMEIOTCSI HEpaBEHCTBa, TO MYTEM BBeE-
JIEHUs AOTMOJHHUTENbHBIX HEOTPULIATEBHBIX NIEPEMEHHBIX OHU NpeoGpa-
3YIO0TCSl B PaBEHCTBa;

4) ecnu HEKOTOpasl MIEPEMEHHAsT X, HE UMEET OrPaHUYEHUH MO 3Ha-
KY, TO OHa 3aMeHsIeTCsl (B LieIeBOi (DYHKIHHM U BO BCEX OrpaHUYEHUSIX)
Pa3HOCTBIO MEXAY OBYMSI HOBBIMH HEOTPHULATEIbHBIMU NEPEMEHHBIMU:
Xy = X'y — Xy, TAE ¢ — CBOGOAHBIN MHAEKC, X' 2 0, x, 2 0.

IIpumep 7.1. IlpuBeneHne K KaHOHMYECKOH (popMe 3amauyu Ju-
HEWHOro MporpaMMHPOBaHMS:

min L = 2x; + x5 — X3;

hz —X3S 5;
x1+ X2—'X3Z—l;
le— X2$—3;

xISO, X220,X320.

Pewenue

BBenmeM B KaXIoe YpaBHEHHE CUCTEMEI OTPaHHYEHMI BEIPABHMBAIO-
IIMEe TIEPEMEHHBIE X4, X5, Xg. CHCTEMa 3alMLIETCS B BHIE PaBEHCTB,
IIPUYEM B TMEPBOE M TPEThe YpaBHEHUS CHUCTEMEBI OrPaHUYEHMI Mepe-
MEHHBIE X4, Xg BBOHSATCS B JIEBYIO YaCThb CO 3HaKOM «+», a BO BTOpOE
YPaBHEHHE BBOIMTCS X5 CO 3HAKOM «—». ‘

Hrak:
2x, -x3 +x=5;
x1tx, —x3 —x=-1;
2 —x; +xg =-3;

X420, x20, x4 20.
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Cpo6oaHble WICHB B KAHOHMYECKOU (hopMe AOJKHBI ObITH MOJIO-
KUTEJIbHBIMH, U 3TOTO JBa MOCJIEIHUX YPaBHEHUS YMHOXHUM Ha — 1:

2X2 — X3 +X4=5;
—X] =Xy tx3txs=1;
=2 +x; — xg =3;

B kxaHoHUYeckoi#t opMe 3anucH 3aay JUHEHHOro NMporpaMMHpO-
BaHUS BCe MEPEMEHHBIE, BXOISLIUE B CUCTEMY OIpaHUYCHUMN, JOJDKHBI
OBITb HEOTPHLIATEIBHBIMU. JJOMyCcTUM, YTO

xX1=x;—x, 186X, 20,x;20.

IMoncrasnss AaHHOE BbIpAXXEHHE B CUCTEMY OTPAaHUUYEHMI U Lieye-
BYI0 (PYHKIHMIO U 3aTIUCHIBasi MEPEMEHHbIE B MOPSIKE BO3PACTaHUSI HH-
ZeKca, MOoJIydYuM 3aavy JIMHEHHOro MporpaMMHUpOBaHUsI, MPeACTaBlEH-
HYIO B KAHOHHYECKOi1 dopMe:

ZX2 —X3+X4 =5;
"'X,I—X2 +X3+XS+X7=1;
.—2x,l +X2 —x6+ ZX7 = 3;

Lmin=2x’1 + Xz—__X3—2x7;
X120;x20,i=27.

7.2. NocTpoeHne 3KOHOMUKO-
MaTremMaTu4eckux moaenen sagaud
NIMHEeAHOro NporpaMMupoBaHUNA

PaccMOTpUM npouecc MOCTPOEHHUST MaTeMaTHUYECKUX MOJIeIeil 3anay
JIMHEHOTrO NMpOorpaMMHUpPOBaHUsl Ha MpUMepax.

IIpumep 7.2. OnpeneneHue ONTUMAIBHOIO aCCOPTHUMEHTA IpO-
TYKUHH.

Ipennpustie U3roTaBaMBaeT ABa BUa npoaykuuu — II; u II,, Ko-
TOpasi MOCTYINaeT B ONTOBYIO npoxaaxy. s npou3BoacTBa NPORYKLIMHM
UCTIONB3YIOTCA Ba BUAA ChIpbSl — A U B. MakcHMaJIbHO BO3MOXHBIE 3a-
nachl ChIPbSi B CYTKM COCTaBISIIOT 9 U 13 eaMHM1 COOTBETCTBEHHO. Pac-
XO[ ChIpbSI Ha €AMHMLY NpoAyKUUY Buaa II; u Buaa I1, nan B tabn. 7.1.

OmnbIT paboTsl MOKa3a, YTO CYTOYHBIH CIpOC Ha mponyKuuio IT;
HUKOFJa He MpeBBILIAET cpoca Ha npoaykKuuio /7, 6osiee yeM Ha 1 en.
Kpome Toro, M3BeCTHO, YTO CNpOC Ha NpOAYKLMIO JI, HUKOTIa He Mpe-
BBIILIAET 2 €. B CYTKH.
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Ta6auua 7.1
Pacxox ChipbS MPOXYKUHH

Pacxon cbipbst
Cobipbe Ha 1 ex. mpoxykuuu 3amnac cbipbs, €.
A 2 3 9
B 3 2 13

OnToBble LEHBI EAMHMLBI MPOAYKUUU paBHbL: 3 a. €. — mius [T, u
4 n. e s I,

Kaxoe KoJM4ecTBO NMPOAYKUMHU KaXIOro BUAA HOJIKHO MPOU3BO-
JIWUTh NPEINpPUSATHE, YTOOBI JOXOA OT peajnu3alluM NMPOAYKIIMH GbUT MaK-
CUMAJIbHBIM?

IIpolecc MOCTPOEHUsT MaTEMAaTUYECKO MOMAEIU ISl pelleHUs Mo-
CTaBJIEHHOM 3aayM HaYMHAaeTCd C OTBETOB Ha CJIEAYIOLINE BOIPOCH!'.

1. Onsa onpenefieHUs] KaKUX BEJIWYMH JOJXKHA OBITH ITOCTPOEHA MO-
IeJb, T. €. KaK MICHTUDULUPOBATh nepemerHble NTaHHON 3amaqn?

2. Kakue oepanunenus NOMKXHBI OBITh HAJIOXKEHB Ha MEPEMEHHBIE,
YTOOB! BBIMOJHSUIUCH YCJIOBUSI, XapaKTepHEIE ISl MOIEJUPYEMON CHUC-
TeMnl?

3. B ueM cocrout yeav 3adauu, AT QOCTUXEHUST KOTOPOU M3 BCEX
JOIyCTUMBIX 3HAYEHHH MEPEMEHHBIX HYXXHO BHIOpaTh Te, KOTOpbIe Oy-
YT COOTBETCTBOBaTb ONTUMAIBHOMY (HaWIy4lleMy) pelleHUIO 3aqaun?

OTBeThl Ha BBILLENEPEYUCIEHHBIE BOMPOCH MOTYT OBITh C(HOPMYITH-
pOBaHbl [UISI JaHHO# 3alayM TakK: pUpMe TpeOGyeTcsl ONpeneIuTh 00be-
MbI NIPOM3BOACTBA KaXIOr0 BMAA MPOAYKUHUH B TOHHAX, MAKCUMHU3UPY-
JOLMe OOXOM B . €. OT peayIM3allMi MPOAYKIUH, C YYETOM OrpaHUYECHUIH
Ha CIIPOC U pacXol UCXOMHBIX MPOLYKTOB.

Jist MOCTpOeHUsS MaTeMaTHYECKOM MOJENHM OCTaeTCs TOJbKO MOEH-
TUGULIHUPOBATh NEPEMEHHBIE M MPENCTABUTh LeJlb U OrpaHUYEHHUS B BU-
Jle MaTeMaTUYECKUX (PYHKLMH 3THUX NEepeMEHHBIX.

IpenrnonoxuM, YTo NMPEANPUITHE U3TOTOBUT X; €OAUHULL MPOLYK-
uun I} U x, eaMHUI npoayKuuu I7,. ITockoapKy IpoU3BOACTBO IpPO-
nykuuu II} u IT, orpaHMYeHO MMEIOINMMHCS B PacropsiKeHUH Npen-
MPUSTHSL CBIPbEM KaXIOTO BUJA M CITPOCOM Ha JaHHYIO MPOAYKIHIO, a
TAaKKE YYUTHIBAsl, YTO KOJTUYECTBO U3FOTOBISEMBIX U3IEIUA HE MOXET
OBITh OTPULATEIBHBIM, HOJXKHBI BHITIOJHSATHCA CIEAYIOLIHME HepaBeH-
CTBa:

! Taxa X. BBeneHue B UccienoBaHKe ornepauuii: B 2-x kH. — M.: Mup, 1985.
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2x1 + 3X2 <9;
3x;.+ 2x, < 135
X —x<1;

X3 32,

x; 2 0;

X220.

Joxon or peanu3sauuy x; eIMHUL MPOLYKUMHU [T} U X, eOUHUL IPO-
nykuum 17, coctaBut F = 3x; + 4x,.

TakuM 06pa3oM, MBI IPUXOAUM K CleLyIOLIE MaTeMaTHYeCKOi 3a-
Jade: cpeay BCeX HEOTPULIATEJIbHBIX PELUEHUI JaHHOU CUCTEMBI JIMHEH-
HbIX HEpPaBEHCTB TpeGyeTcsl HaliTU Takoe, NMpH KOTOpoM dbyHkuust F
NPUHUMAET MaKCUMAIbHOE 3HAUCHUS Fi,,.

PaccMoTpeHHas 3ana4ya OTHOCUTCS K pa3psily TUIOBbIX 3a7ay OITH-
MU3aLMU TPOU3BOACTBEHHON MpOrpaMMbl NMpeAnpusiTus. B kauecTse
KPUTEPUEB ONTUMAIBHOCTH B 3TUX 33JayaX MOTYT ObITb TAaKXKe UCIOJb-
30BaHbIl: MPUOBLIb, CEGECTOMMOCTb, HOMEHKJIATypa POU3BOIMMOM Mpo-
IYKUMM U 3aTpaThl CTAHOYHOTO BPEMEHH.

Mpumep 7.3. Vicnonb3oBaHie MOLIHOCTEH 0GOpYIOBaHMUSI.

IIpennpusitue uMeetT m Monelell MalIUH Pa3jIMYHBIX MOILHOCTEH.
3amaH mjaH Mo BpeMEHM U HOMeHKIaType: T — BpeMsl paboThl KaXIoii
MaLIMHBI; MPOAYKLNM j-TO BUAA NOKHO GBITb BBIMYILEHP HE MeHee N,
eIUHHULL

Heo6xonMMO cOCTaBUTh TaKOM IjiaH paboThl 060pYAOBaHUS, YTOOBI
o6ecrneYyuTh MUMHUMAaJIbHbIE 3aTpaThl Ha NMPOU3BOACTBO, €CIM U3BECTHBI
MPOU3BOAUTEILHOCTh KAXION -7 MAIUMHBI [0 BBIMYCKY j-TO BUAA MPO-
AYKUMM b; ¥ CTOMMOCTb €AMHHMLbI BPEMEHH, 3aTPayMBaeMoro i-i ma-
LIXHOW Ha BBINYCK j-TO BUIA NMPOAYKLUH Cjj.

dpyrumu cnosamu, 3agaya Jjist MPEANPUATHS COCTOMUT B ClEMyio-
LIeM: TpeOyeTcsl OINpeaeUuTh BpeMsi paboThl i-ii MAlMHBI MO BBIMYCKY
J-TO BUAA MPOAYKUHH X;, obecrneynBaioliee MUHUMaIbHbIE 3aTpaThl Ha
MPOU3BOACTBO NpPH co6jmonemm OrpaHMYeHHUH Mo 06LIEMY BpeMEHHU
pabotbl MawKH T U 3aJaHHOMY KOJIMYECTBY NMPOAYKUMU N;.

ITo ycnoBuIO 3a1ayy MallMHBI paboTalOT 3aJaHHOe BpeMH T, noaro-
My IaHHOE€ OrpaHMYeHHEe MOXHO NPEACTABUTh B ClEedylOleM BUIE:

x; =T, i=Lm. (7.9)
1

‘Ma

J

OrpaHuUyeHHE 10 3adaHHOMY KOJIMYECTBY NMPOAYKLHUM BHITJISSAUT
cneayomM obpa3oM:

m —
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3amaya peuaeTtCsis Ha MUHUMYM 3aTpaT Ha NMPOU3BOACTBO:

<%y (7.11)

Z i = \

M3
i M=

i

Heo6xon1Mo Takke y4ecTb HEOTPULIATEIBHOCTD MEPEMEHHBIX X;; 2 0.

3agaya nocrasfieHa TaK, YTOObI H3PACXOAOBAaTh BCE OTBEAEHHOE Bpe-
Msl pabOThl MallIUHBI, T. €. 00€CNEeYUTh MOJIHYIO 3arpy3Ky MalluuHbL. [1pu
3TOM KOJIMYECTBO BBHINNYCKaeMOU MPOAYKUMHU KaXAOro BUIA NOJIXKHO
OBITh MO KpalHE Mepe He MEHee N/ OnHako B HEKOTOPBIX CIyqasix He
JIONYCKaeTCsl MpeBbIlLIEHHE TJIaHa N0 HOMEHKJIAType, TOraa orpaHuye-
HUSI MaTeMaTU4YeCKON MOIENM U3MEHSIOTCS CIEAYIOIMM 00pa3oM:

n

2 x; <T, i=lm; (7.12)

Jj=t
m . —_
Elb,-,-x,-,-=Nj, j=Ln; (7.13)
1=

m n )
Zmin=2 X ¢ CijXij- (7.14)

i=1j=1

IIpumep 7.4. MuHuMM3aLMs JUcOalaHCa Ha JIMHUM COOpPKMU.

IpoMblluneHHast pUpMa MPOU3BOAUT U3JeNWe, NpeacTaBisioliee
c000if COOpPKY M3 m pa3jIM4YHBIX Y3JIOB. DTH Y3JIbl U3rOTaBJIMBAIOTCS Ha
n 3aBogax.

M3-3a pasnuuuit B cocTaBe TEXHOJOTMYECKOTro 000OpyNOBaHHUSI MPO-
U3BOAUTEJBHOCTb 3aBOAOB IO BHIMYCKY j-I0O y3/1a HEOOUHAKOBa U paBHa
b,-j. Kaxnapiit i-if 3aBoJ pacrosiaraeT MaKCUMaJIbHBIM CYMMapHBIM pecyp-
COM BPEMEHHU B TEUEHME HEIEeNM IJIsi MPOU3BOACTBA M Y3JIOB, PABHOIO
BesuunHe T}

3amaya COCTOUT B MaKCHMMM3alMM BBIMYCKA M3AEIUH, YTO MO Cylle-
CTBY 3KBUBJICHTHO MMHUMHU3aLMH JUcOalaHCa, BOZHUKAIOIIETO BCeA-
CTBHME HEKOMILJIEKTHOCTH IOCTaBKH IO OJHOMY WJIM MO HECKOJbKUM
BHIlaM Y3JIOB.

B naHHO# 3amauye TpeGyeTcsi ONpeNeIUTh €XEHEAEIbHbIE 3aTPaThl
BpeMEHHM (B yacax) Ha MPOM3BOACTBO J-To y3na Ha i-M 3aBojie, He Mpe-
BBILIAIONINE B CyMME BPEMEHHbIE PECYDChI /-TO 3aBOJA U 0GECTIeYuBal0-
L[M€ MAKCUMAJIbHBIN BBIMTYCK U3HEJIHIA.
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Ilycts x; — HemenbHBIH ¢onHx BpeMeHH (B yacax), BhLIEISEMBIN Ha
3aBoje I )i MPOM3BOACTBA y3ia j. Torma oGbeMbl MPOM3BOACTBA y3ia j
OyayT cCiaenyloLMMH:

n —
2 b,jx,l, j=l,n. (715)
i=1

Tak xaKk B KOHEYHOH COOpKe KaXAplii U3 KOMIUIEKTYIOIIMX Y3JIOB
NpEICTaB/IeH B OMHOM 3K3EMILISIpE, KOJMMYECTBO KOHEYHBIX H3AEJIHH
JIOJDKHO OBITh paBHO KOJIMYECTBY KOMIUIEKTYIOIIMX Y3/I0B, OOBEM Mpo-
M3BOACTBA KOTOPHIX MHHUMAJICH:

mil{ 3, by, j=1,_m). (7.16)
- \i=l

YcnoBue paccMaTpUBaeMoif 3a1ayl YCTAaHABAMBAeT OrpaHUYEHHE Ha
¢oHI BpeMeHH, KOTOPhIM PacIoyiiaraeT 3aBox i.
Takum 06pa3oM, MaTeMaTHYeCKasi MOAEIb MOXET GBITh NPECTaBIIe-

Ha B CJIEIyIOIIEM BHIE.
n(Zb X, J=1 m) (7.17)

Makcumusupyem
Z xy <T;, i=ln; (7.18)
J=1 '

x; 2 0 s Beex i M.

DTta MoJeNb He SIBIAETCS JTHHEHHOM, HO ee MOXHO IPUBECTH K JIU-
HefHOoI#i (hopMe C TOMOLLBIO TPOCTOTO npeoGpasonaHm Ilycts Y — ko-
JIMYECTBO U3LOENHM:

Y= mm(z x5 =N s j=f&). (7.19)
STOMy BBIPAXEHHUIO C MaTEMaTHYECKON TOYKH 3PEHUS SKBUBAJICHT-

Ha cienymouas GopMyITHpOBKa: MAKCHMU3UPOBaTh Z = Y NpH OrpaHu-
YEHUSX

n co—
Y byx; —Y 20, j=1,m; (7.20)
i=l
ZxUST}, t—ln ‘ (7.21)
j=1

x‘-,ZO.zmchcxiuj; Y=0.
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Ipumep 7.5. 3anaya cocraBieHUs] KOPMOBOW CMECH, UM 3aJaya
o nuere'.

ITyctb KpynHas ¢upmMa (ycJIOBHO Ha3oBeM ee «CyneppalMoH») uMe-
€T BO3MOXHOCTb MOKYIATh /M Pa3jiIM4YHbIX BUIOB CHIPbSl U NMPUIOTaB/IM-~
BaTh pa3jIMuyHble BUIbI cMeceil (mponykroB). Kaxablit BUA ChIpbsi conep-
XHUT pa3sHOe KOJIMYECTBO MUTATEbHBIX KOMIIOHEHTOB (WHIPEIUEHTOB).

JlaGopaTopueit (upMbl YCTAaHOBJIEHO, YTO MPOMYKIIMS HOJXKHA YAOB-
JIETBOPSITh MO KpaitHeil Mepe HEKOTOPIM MUHUMAIbHBIM TpeOOBaHUSIM
C TOYKHU 3pEHUS MUTATeJbHOCTH (mosie3HocTH). [Tepen pykoBoacTBOM
(UpMBI CTOUT 3aJ1a4a ONMpPENeUTh KOJIMYECTBO KaXAOro i-ro Chipbs, 00-
pasylollero cMeCb MUHUMAaIbHOW CTOMMOCTH MpPH COOJIIONEHUH Tpebo-
BaHMI1 K OOLIEMY pacxoly CMECH U €€ NMUTATeJbHOCTH.

Pewenue

BBeneM yc/IOBHbIE 0003HAYEHMUS:

X; — KOJIMYECTBO i-TO ChIpbsSl B CMECH;

m — KOJINYECTBO BUIOB ChIPbS;

N — KOJUYECTBO MHIPENUEHTOB B CHIPBE;

@jj —KOJIMYECTBO MHIPEAMEHTA J, COLEPXKALUErocs B eAMHULE i-T0
BUJIa ChIPbS;

bj — MUHUMaIBHOE KONMYECTBO MHIPEAMEHTA j, CONEPXKALIErocs: B
eIMHULE CMECH;

¢; — CTOUMOCTb €JMHHLbI CBIPBA I}

g — MUHUMAJbHBIA OOLIMI BEC CMECH, UCITOJIb3yeMbIil (PHPMOIA.

3anaya MOXeET ObITh MpPEACTaBJICHA B BUIE

mm 2 clxl ’ (7'22)

TpH C/IEAYIOIMX OTPaHHYEHHAX:
Ha OOILMI PACcXO[ CMECH:

Y xi2q; (7.23)
Ha MUTATCJIBHOCTL CMECHU.

m m —_—
Zlaijxi 2b; 21 x;, Jj=ln; (7.24)
= i=

Ha HCOTPHULIATCJIBHOCTh NEPEMEHHBIX:
x20,i=T,m. | (7.25)

' Benmyens E. C., Osyapos JI. A. TIpuknagHble 3a0a4yy TEOPUH BEPOSITHOC-
Teil. — M.: Paano u cBsa3b, 1983.
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IIpumep 7.6. 3anaya cocTaBleHUS XKUIKUX CMECEH.

Eie oauMH Kiacc Mopesieil, aHaIOTMYHBIX PAaCCMOTPEHHBIM BBILIE,
BO3HUKAET MPU PEHIEHUU IKOHOMHYECKOI MpobieMbl, CBSI3aHHOM C U3-
TOTOBJIEHUEM CMeCei pa3sIMUHBIX XKUIKOCTEHN C LIEJIbIO MONYYEHUS MOJIb-
3YIOHIMXCSI CIIPOCOM TOTOBBIX MPOAYKTOB.

IMpencraBuM cebe dhuUpMy, TOPryIOLIyI0 pa3IM4YHOIO poga XUMHYEC-
KUMHU NMPOAYKTaMM, KaXAbI U3 KOTOPBIX SBJSETCS CMECHIO HECKOIBKUX
KOMITOHEeHTOB. [Ipennonoxum, 4yTo 31a (pupMa IUIAHUPYET U3TrOTOBJIE-
HUe cMeceit m-BunoB. O603HAYUM MojJiexalliee orpeaesieHUIO KoJiuue-
CTBO JIUTPOB i-TO XMMUYECKOTO KOMITOHEHTA, UCIIOJIb3YEMOTrO LIS TMOoJy-
YeHMs j-TO MPOAYKTa Yepe3 X;. Bynem npeanosnarars, 4To

x;20,i=1,n,j=1m.

IMepBas rpynmna orpaHMYEHUt OTHOCUTCSA K o6beMaM morpebisie-
MBIX XMMHUYECKHX KOMIIOHEHTOB:

m J—

Sx; <8, i=ln, (7.26)

i=l _

raoe Sl — 00BbeM i-ro XMMHUYECKOTO KOMITOHCHTA, KOTOPBIM pacriojiaract (bupMa
B Hayaj¢ njaHMUpPyeMoro rnepuonaa.

Bropas rpynmna orpaHuYeHU#t oTpaxkaeT TpeboBaHME, 3aKIIIOYaIOLLIE-
ecs B TOM, YTOOBI 3aMJIaHUPOBAHHBINA BBIMYCK MPOAYKLUU XOTS Gbl B
MMHUMAJIbHON CTENEHU YOOBJIETBOPSUI UMEIOLUUICA CIIPOC Ha KaXAbIA
U3 XMMUYECKHUX MPOAYKTOB, T. €.

n —— .
EXUZDJ, j=l,m, (727)
i=1

rae D; — MMHUMAIBHBIA CNIPOC Ha MPOAYKLMIO j B TEYEHHE IUIAHUPYEMOTO Te-
puoza.

Tperbst rpynna orpaHU4YEHUI CBs3aHa C TEXHOJIOTHUYECKHMMH OCO-
OEHHOCTSIMHU, KOTOpble HEOOXOAMMO MPUHUMATh BO BHUMaHHUE TpH MpHU-
TOTOBJICHUHM CMECHU, HAallpUMEP NMPOCTOE OrpPaHUYEHHUE, ONPEAE/IsieMOe
HEKOTOPBIMH MHMHHUMAJIbHO JOMYCTUMBIMHU 3HAYCHUSAMHU, OTHOILUEHUS
Mexay o0beMaMH ABYX XMMHUYECKUX KOMIIOHEHTOB B MPOLIECCE MOJIyYe-
HUS NPOAYKTA j:

Xij

2r WM Xx; —r. X420,
xi+lj

rae r — HEKOTOopas 3aJaHHaslk KOHCTaHTa.
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O603HauuB yepe3 Pj; IOXOA C €AMHHULbI MPOAYKLUMH X;, 3aMULIEM
ueseBylo ¢GyHKLHMIO:

Zom =3 5 P, X } (7.28)
i=1j=1

IIpumep 7.7. 3amaya 0 pacKpoe WIM O MUHUMH3ALUU OOPE3KOB.

JlaHHas 3amaya COCTOMT B pa3paboTKe TaKMX TEXHOJIOTMYECKHX IUia-
HOB PacKposi, IPU KOTOPBIX MOJIy4aeTCcsl HEOOXOAUMBIN KOMIUIEKC 3aro-
TOBOK, a OTXOOBHI (IO JUTHHE, IJIOLAAH, 00bEMY, MacCe WIM CTOMMOCTH)
CBOZSATCA K MUHUMYMY.

Hanpumep, nponykuusi 6yMaxXHOM (pUpPMBI BBIITYCKaeTCst B BUIE Oy-
MaXHBIX PYJIOHOB CTaHOAPTHOM wiMpuHBI L. ITo cneyuaibHbIM 3aKa3am
norpedureneit ¢upMa NOCTaBISIET PYJIOHBI APYTUX pa3MepoB, VISl 3TO-
ro MPOU3BOAMUTCS pa3pe3aHHe CTAHOAPTHBHIX PYJIOHOB. TUITHYHBIE 3aKa-
3Bl Ha PYJIOHBI HECTAHAAPTHBIX Pa3sMEPOB MOTYT BKJIIOYATh /1 BUIOB LUK~
puHoit {(i = 1,m). N3BecTHa NOTPeOHOCTb B HECTAHAAPTHBIX PYJIOHAX
KaXIoro BMAa, OHa paBHa b;. BO3MOXHBI 1 pa3IMYHBIX BAPHAHTOB IO-
CTPOEHUS TEXHOJIOTUYECKOM KapThl paCKpPOsl PYJIOHOB CTaHAAPTHOM LU~
PHMHBI L Ha pYJIOHBI IJTMHOM £,

OGo3HaynM Yepes a; KOJIUYECTBO PYJIOHOB i-TO BUIA, TONY4aeMbIX
MpU pacKpoe eIVHHULILI CTaHZAPTHOrO PYJIOHA IO j-My BapuaHty. [Ipu
KaXIOM BapUaHTe pacKposl Ha KaXIbli CTAHIAPTHHIN PYJIOH BO3MOXHBI
norepy, pasHbie P;. K noTepsm cieayeT OTHOCUTb TaKXe M3ObITOYHbIE
PYJIOHBI HeCTaHnapTHoﬁ IUTMHBI [;, TIOJIy4aeMBble NMpH pa3jIMuHbIX Bapu-
aHTax packpost yj;, J =T1,n.

B kayecTBe NepeMeHHBIX CJIEAYET UAEHTHU(HUIIMPOBATh KOJIHYECTBO
CTaHOApPTHBIX PYJIOHOB, KOTOPBIE AOJIKHBI GBITH pa3pe3aHbl NPH j-M Ba-
puaHTe packpos. OnpexesuM NEPEeMEHHYIO CJEAyIOIIUMM 006pa3oM:
X; — KO/IMYECTBO CTaHAAPTHBIX PYJIOHOB, pa3pe3aeMbIX MO BapHUAHTY j,
Jj=1,n.

IleneBast GyHKIUA — MUHUMYM OTXOHNOB IIPH Packpoe

Zmin = 2 P; jXxjt Zl EI.Vy (7.29)
=1j=

OrpaHUyeHUE Ha YIOBJIETBOPEHHUE CIpoca MOTpeOUTENA

n n
bi=3Y ayx; - X y;, %;20, y;20. (7.30)
J=1 J=1
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IIpumep 7.8. MHOrOCTOPOHHMI1 KOMMEpPYECKHIT apOUTpax'.

B cdepe mestenpHOCTH, CBA3aHHOU C BATIOTHBIMU M OGUPXEBBIMH
olnepalusIMM, a TakKKe KOMMEPUYECKHMMHU CAEIKAMU KOHTPAKTHOIO Xa-
pakTepa, BO3MOXHBI Pa3IMYHOro poja TPaHCAKLMU, TO3BOJISIIOIINE U3-
BJIEKaTh NMPUOBUTL Ha pasHHULIE B Kypce BaTIOT. TaKoro poja TpaHCaKILHH
Ha3bIBAIOTCS KOMMeEpPHECKUM apOumpaxcem.

IIpencraBumM cebGe KoOMMepcaHTa (YCJIOBHO Ha3oBeM ero N), umero-
LIIET0 BO3MOXHOCTh PeaJIu30BaTh MHOTOCTOPOHHUIT KOMMEpPYECKHUI ap-
outpax. I1peanosoXuM, YTO YMC/IO BATIOTHBIX PHIHKOB, BOBJIEYEHHBIX
B TPaHCAKLMOHHYIO NeITeIbHOCTh KOMMepcaHTa N, paBHSIETCS LIECTH,
a MaKCUMAaJIbHOE€ YMCJIO BO3MOXHBIX TPAaHCAKLUMUI PaBHSIETCS IEBSITH.
ITogpoGHbIE MaHHBIE, XapaKTepPU3YyIOUIME pacCMaTpUBaeMylo 3aaavy,
NpuBeAeHbI B Tabu. 7.2.

Ta6nuua 7.2
MHOroCTOpOHHHII KOMMepYECKHii apouTpax
. Tun TpaHcakUuMH Bo3mox-
BanoTHBIH i HOCTD
HOMHHA 1 2 3 4 S 6 7 8 9 phiHKa
I e he | hs| 1| -1 .20
11 -1 [p) 9 20
111 -1 7 rig 20
v -1 -1 >0
\' -1 Isg >0
VI -1 rs7 -1 >0
Paamep Xp | X | x3 | x4 | x5 | X6 | X7 | xg | Xo
TPaHCAaKLUHU

Ipu TpaHCaKUMU X POAaXKa eANHHULBI BAIOTHOTO HOMHHaIA (LeH-
HbIx O6yMar) II no3sonsier npuo6GpecTH ry; EAMHULL BATIOTHOTO HOMHHA-
na 1. Ilpu TpaHcakuuM X7 B3aMEH €AMHHULBI BAJIIOTHOrO HOMHUHana |
MOXHO TOJIYYUTb F37 €IMHUL BaJloTHOro HoMuHana III u rg; eqMHUL
BaJIIOTHOro HoMHHaja VI. OcTajibHble TpaHCAaKUUU paclIn(ppOBBIBAIOT-
Csl QHAIOTMYHO. 3HAYEHHUS Fjj MOTYT GBITH APOGHBIMH. 3aMeTuM, 4YTO
npu o6oit TpaHcakuuu x; (i = 1, 2, 3, 4, 5) KaXIblit U3 BaTIOTHBIX HO-
MHMHAJIOB MOXHO OOMEHSATh Ha BaMIOTHBIH HOMMHan I. Cnemyer ob6pa-
TUTh BHUMaHMe Ha NPaBUJIO BLIOOpA 3HaKa nepen NnokasareasiMi B TaoJl.
7.2. YToGBl OT/IMYATH KYIUIIO OT NMPOAAXH, OyIeM COOTBETCTBEHHO MC-
MOJIb30BaTh 3HAKM «ILJIIOC» U «MHHYC» TEpell MOoKa3aTesiIMU, XapaKTe-
PU3YIOIIMMHU JTaHHYIO TPaHCaKIIUIO.

! Taxa X. BeeneHue B uccnegoBaHue onepaunii: B 2-x kH. — M.: Mup, 1985.
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PaccMoTpuM HIOeaNU3MpOBaHHBIN Ciyyail, Korma Bce TPaHCAKLMH
KoMMepcaHTa N BHIOMHSAIOTCS OQHOBpeMeHHO. OrpaHMyeHus onpese-
JISIIOTCSL €IMHCTBEHHBIM TPeGOBaHUEM — TPAHCAKLMS BO3MOXHA JIMUIb
IIpY YCJIOBUH, €CJIM KOMMepCcaHT N pacrojiaraeT HaIMYHBIMH LEHHBIMU
Ooymaramu. JIpyrMMH CJIOBaMH, KOJIMYECTBO MPOJAHHBIX LIEHHBIX Oymar
He IOJ/DKHO IPEBBIIIATh KOJHMYECTBO NPHOOPETEHHbIX. JJaHHbIe OrpaHu-
YeHHsT UMEIOT BUA

rixy t Xy Xyt orgxg torsxs —xg — x720;
—x; + rygxg + Xy 2 0;

—Xy + ryx; + rygxg = 0;

—x3 = X3 + Iygxg 2 0;

—Xx4 + rsgxg 2 0;

—X5 + rgmx; — x9 2 0;

x20,j=1,0.

ITycth ueneBast (pyHKIUS MpeacTaBisieT cO00il YMCThIH JOXOM, BbI-
paXeHHBI B eJMHMLIAX BJIIOTHOrO HOMMHAaNA I, T. €. 3a1aya COCTOUT B
TOM, YTOOBI

Zmax = fX1 t ripxy + ripxs + rgxg +orisxs — xg — x3.

IIpumep 7.9. TpancnopTHas 3anaya.

WMeeTcst Tpu MOCTaBLIMKA M YEThIPE MOTPEOGUTEJsI OOAHOPOLHOM
NpOAYKUMH. MI3BECTHBI 3aTpaThl Ha NMEPEBO3KY Ipy3a OT KaXIOro Io-
CTaBILIMKA KAXIOMY MOTpeOHTENIO. 0603Haun ux i=1,3;j=1,4.
3anacel rpy30B y NOCTaBILMKOB PaBHBEL g;, | = Iﬁasccmu HOTpc6-
HOCTH KaXIOTO NMOTpebuTesNst b Jj= 1,4 ByneM cqma'rb, YTO CyMMap-
Hbl€ MOTPEOGHOCTH paBHBI cymmaprxM 3amnacam:

TpeOyeTcs cOCTaBUTh TaKOW IJIaH NMEepPeBO30K, YTOObI 00ECIEeYUTh
MMHUMAa/bHBIE CYMMapHbIE 3aTPaThl NPH TMOJHOM YIOBJIETBOPEHMH 10~
TpeGHOCTEIA.

BBeneM nepeMeHHbIe Xj; — KOJIMYECTBO rpys3a, MepeBO3UMOro OT
i-ro TNMocCTaBIUIMKA j-MYy NOTPEOUTEITIO.

OrpaHUYeHHUs 3aJa4M BBITJISIAAT CJEIyIOLIUM 00pa3oM:

® NOTPEOHOCTU BCEX MOTPEOUTENEN HOXHBI OBbITh YIOBJIETBOPEHDI
MOJIHOCTBIO:
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x|+ X1 +x31=by;

X3 + X3 + X33 =by; (7.31)
x13.+ X3 + X33 = b3; :

X4+ Xpq + X34 =by;

WIM B 00IlIEM BUIE:

3 —
lejj=bj, j=1)4;
i=

¢ I'Py3 OT NOCTaBLINKa NOJIXKCH OBITb BBIBE3€H IOJHOCTHIO:

X1t X2t X3t X4 = a5
X1+ X9 +X93+ X4 =5 ) (732)
X301 +X3p + X33 + X34 =a3;

WY B OOLLEM BUIE:

Z xy =a;, l'=vl, N
Jj=

® YCJIOBUC HEOTPUUATCJIBHOCTU NEPEMCHHBIX!

x;20,i=1,3, j=1,4

Lenesas GyHKUMSA OO/KHA MMUHMMU3MPOBATh CyMMapHbI€ 3aTPaThl
Ha TepeBO3KY:

3 4
Zmin = E E nyy (7.33)
i=1j=1

KonuuecTBo NOCTaBLIMKOB M MOTPEOUTENIEH B OCLIEM CTyYyae MOXET
ObITh MTPOU3BOJIBHBEIM (= 2).

MpbI paccMOTpeny JeBATh TPUMEPOB TUIIOBLIX 3a7a4 JIMHEHHOTO IIpo-
rpamMmupoBaHusi. O6001Iast UX, MOXHO CAEJaTh CJEAYIOUIUE 8b/600b!.

1. OrpaHuyeHus B 3ajayax JIMHEWHOro NMporpaMMHMpOBaHUsS MOTYT
OBITh BRID@XKEHBI KaK PaBEHCTBaMM, TaK U HEPaBEHCTBaMU.

2. JIluHetHas (byHKLIMST MOXET CTPEMHUTBHCSA KaK K MaKCUMYMY, TaK U
K MHUHUMYMY.

3. I[lepeMeHHbIE B 3a7ayax BCceria HEOTPULIATEJIbHBL.

HanomuuM, 4to ot M060# U3 BBIILENEPEYUCICHHBIX 3a1a4 MOXHO
MEepeRTU K KAHOHUYECKO# (OCHOBHOM) 3a/iaye JIMHEHHOTO NpOorpaMMH-~
pOBaHMSI.
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7.3. Npadpuyeckoe peweHne 3agaum
JIMHEMHOro NporpamMmMmnpoBaHus

Ipadpuyeckuii crocod pelreHUs 3amay JUHEHHOro NporpaMM1poBa-
HMS LIeJIeCOOOpa3HO MCIONIb30BaTh JUIS:

e pellieHUs 3agay C JByMS IlepeMEHHBIMHU, KOTAa OrPaHUYEHUS BbI-
paxeHbl HEPABEHCTBaMM;

® pellieHHs 3aJa4 CO MHOTHMMH NEPEMEHHBIMU IIPH YCJIOBUM, YTO B
HUX KaHOHMYECKOMW 3aMuCH COAEPXHUTCS He GoJjiee ABYX CBOOOMHBIX ITe-
peEMEHHBIX.

3anuuieM 3agayy JUHEHHOro NporpaMMHPOBaHUs C ABYMs mepe-
MEHHBIMHU:

ueneBast GpyHKLIUA:

Zmax = €% + cxxp; (7.34)
OIrpaHHUYCHHUSA:

ayx; +apx; <by;

ay x| +apx) <by; (7.35)

ceeee seeevssssncnes

am X1 +a,)X) Sbm;
X2 0; % 2 0. (7.36)

Kaxnoe u3 HepaBeHCTB (7.35) — (7.36) cucCTeMEBl OorpaHU4YeHMit 3a-
Ayl TEOMETPHYECKH OMNpeENsiET MOIYIIOCKOCTh COOTBETCTBEHHO C
TPaHUYHBIMH TNPSMBIMU a;1X) + apx; = b; (i = 1,m); x; = 0; x, = 0. B
TOM CJly4yae, ec/ii cucteMa HepaBeHCTB (7.35) — (7.36) coBmecTHa, 06-
JIaCTb €€ pelleHUI eCTb MHOXECTBO TOYEK, NPUHAIIEXAIMX BCEM YKa-
3aHHBIM MOJIYIJIOCKOCTSIM. Tak Kak MHOXECTBO TOYEK IepecedyeHUs
JNaHHBIX MOJIYTUIOCKOCTEH — BBIMYKJIOE, TO 00JIaCTblO AONYCTUMBIX pe-
IUEHUH SIBJISIETCS BBIMYKJIOE MHOXECTBO, KOTOPOE Ha3bIBAETCS MHO20-
yeoasHukom peuieHUiH. CTOPOHBI 3TOTO MHOTOYTOJIbHUKA JIeXaT Ha Ipsi-
MBIX, YPABHEHHSI KOTOPBIX MOJy4aloTCs] U3 UCXOAHOM CUCTEMBI OTpaHU-
YeHUI 3aMeHO# 3HAaKOB HEPaBEHCTB Ha 3HAKM PaBEHCTB.

OG6s1acThIO NOMYCTUMBIX pPELIEHUIt CUCTEMBI HepaBeHCTB (7.35) —
(7.36) MOXeT GBITH:

® BBINYKJIbIIi MHOTOYTOJIbHUK;

® BBINYKJIasi MHOTOYTOJIbHAasi HEOTpaHUYEHHasi 00JIaCTb;

e nycTast 001acCTh;

° JyY; '

® OTpE30K;

® CIVMHCTBEHHAs TOYKa.
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Lenesas ¢yHkuus (7.34) onpenenseT Ha MIOCKOCTH CEMEHCTBO Ma-
PJUIENIbHBIX NMPSIMBIX, KaXOOM U3 KOTOPLIX COOTBETCTBYET OIpENEICH-
HOe 3HayeHue Z.

Bekrop C = (¢y; ¢,) C KOOpOIUHATAMHU C| U C,, TEPNEHINKYIAPHBIN
STUM MNpPSIMBIM, YKa3blBaeT HaIpaB/ieHHEe HAaUCKOPEHIIEero BO3pacTaHus
Z, a NpOTUBOMOJIOXHBIN BEKTOp — HallpaBlieHUe yObIBaHUSA Z.

Ecnu B omHOI U TOI Xe cUCTeME KOOpAMHAT U300pa3uTh 06J1acTh
JIOTNYCTUMEIX PeleHHMi cucreMel HepaBeHCTB (7.35) — (7.36) u cemeit-
CTBO MapaJUIe/IbHBIX NpSIMEIX (7.34), To 3amavya ONpenesieHUs MaKCUMY-
Ma GYHKUHUHU Z CBEJETCS K HaXOXAECHUIO B JOMYCTUMOMN 00J1aCTU TOYKH,
yepe3 KOTOPYIO MPOXOOMUT MpsiMasi U3 ceMelcTBa Z = const, ¥ KOTOpast
COOTBETCTBYET HauGONbLIEMY 3HAaYEHHIO MapaMeTpa Z.

DTa TOYKa CyLIECTBYET TOr4a, KOrga MHOTOYTONbHUK PELIEHUH He
MYCT U Ha HeM ueieBas (hyHKUUs orpaHUYeHa cBepxy. IIpH yKasaHHBIX
YCJIOBUSIX B OOHOW M3 BEPIIMH MHOTOYrOJbHUKA DELICHU 1ieseBas
¢YHKUHUS TPUHMUMAET MaKCUMaJIbHOE 3HAaYEHHUE.

st onpeneneHusi JaHHOW BEpPLIMHBI MMOCTPOUM JIMHUIO YPOBHSA
Z = cyx| + cyxy = 0, MPOXOAAILYIO Y€EPE3 HA4YaI0 KOOPAWHAT M MepIeH-
IMKYJsApHYI0 BeKTopy C = (cy;cy), ¥ OyneM IepeaBurath €€ B Harpas-
neHuu Bekropa C = (c;;¢,) IO TeX Nop, MOKa OHa HE KOCHETCA MOCIe-
Heil KpaiiHeil (YrJI0BOi) TOYKM MHOroyrojibHuka pewieHuit. Koopau-
HaThl YKa3aHHOM TOYKU M ONpPEHEsIIOT ONTHUMAJIbHBINA IUIaH JaHHOM
3ajlayy. ’

3akaH4YMBasi paCCMOTPEHHE FeOMETPUYECKON MHTEpIpeTaliMy 3a1a-
yu (7.34) — (7.36), oTMETUM, YTO NPH HAXOXIEHHUM €€ PELICHUS] MOTYT
BCTPETUTBCS ClIy4ad, H306pakeHHble Ha puc. 7.1 — 7.4. Puc. 7.1 xapak-

X, 4 X, 4

C -
Xq
Z=0 ~Z=0
Puc. 7.1. Ontumym Puc. 7.2. Ontumym
byHKuMHN Z IOCTHXHUM B TOYKE A ¢byHxuuu Z nocruraercs

B JiioGoli Touke [AB]
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Z=0 Z=0
Puc. 7.3. Ontumym Puc. 7.4. O6nactb
GYHKUMHM Z HETOCTHXHM JOMYCTUMBIX PELUEHUN —

nycrasi 06J1acTb

TepU3yeT TaKoil ciyyail, koraa uesieBass ¢yHKUMS MPUHUMAET MaKCH-
MaJIbHOE 3HaY€HME B €IUHCTBeHHOI Touke A. M3 puc. 7.2 BUOHO, YTO
MaKCHMaJIbHOEe 3HaYeHHUe LiejieBas (PyHKLHUS MPUHUMAET B JIIOOOH TOY-
Ke oTpe3ka AB.

Ha puc. 7.3 u3obpaxeH ciyyail, KOraa MakCUMyM HEIOCTHXXUM, a
Ha puc. 7.4 — ciyyaii, KOria cuCTeMa OrpaHU4YeHUi 3a0a4l HECOBMECT-
Ha. OTMETHM, YTO HAXOXIEHHE MMUHHUMAJILHOrO 3HayeHus1 Z MpH JaH-
HOM cHCTeMe OrpaHUYEHHUI OTIIMYAETCS OT HAXOXIEHMS €€ MaKCUMalb-
HOTO 3HaYeHHs MPHU TeX e OrPaHUYECHHUSAX JIMLIb TEM, YTO JIMHHUS ypOB-
Hs Z mepenBUraeTcs He B HanpabieHMH BekTopa C = (c|;c;), a B Ipo-
THUBONOJIOKHOM HanpaBjieHWU. TakuM 00pa3oM, OTMEUYEHHBIE BHIIE
cllyyad, BCTpeyaloluecs MpU HaXOXIEHMH MaKCHMaJIbHOTO 3HAYyeHMS
uesaeBo# GyHKLUHUM, UMEIOT MECTO U MpHU ONpeAesieHUd €€ MUHUMAJIb-
HOTO 3HaYeHMS.

J7s1 npakTHYeCKOTo pellieHust 3a1ayd JMHEMHOro nporpaMM1poBa-
Hus (7.34) — (7.36) Ha OCHOBe ee TeOMETPUUYECKOM MHTEPIIPETALIMM He-
00X0oOMMO CleaylolIee.

1. [TocTpouTh NMpsiMBIE, YpaBHEHHUST KOTOPBIX IOJIYYalOTCSI B pe3yib-
Tate 3aMeHbl B orpaHuyeHmsix (7.35) — (7.36) 3HakOB HepaBEHCTB Ha
3HAKW PaBEHCTB.

2. HaiiTu moaymniaockocTH, onpenefiseMbie KaXIbiM M3 OrpaHH4Ye-
HUH 3a7ayu. _

3. OnpenenuTh MHOTOYTONIBHUK PELIEHUI.

4. IToctponts BekTOp C = (Cy3507).

5. IToctpouts npsaMyio Z = ¢yx; + ¢,x; = 0, NpOXOISLIYyIO Yepe3 Ha-
YyaJio KOOpAMHAT U MepHeHANKY/SIpHYIO BekTopy C.
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_ 6. Ilepensurate npsamylo Z = ¢;x; + C;x, B HanpaBJIeHUH BEKTOpa
C, B pe3yisTaTe 4yero JIMO0 HaXomsAT TOYKY (TOYKH), B KOTOPOIi LiejieBast
¢YHKUHMS MPUHMMAET MaKCMMaJIbHOE 3HaYeHUe, JIMOO yCTaHABIMBAIOT
HEOrpaHMYEHHOCTh (PYHKLUUH CBEPXy Ha MHOXECTBE IJIAHOB.

7. OnpeneuTh KOOPAMHATHI TOYKH MaKCUMyMa (GYHKLUH U BBIYHC-
JIUTh 3HA4YEHHE LIeJIeBOi PYHKUHUHM B ITOH TOUKE.

IIpumep 7.10. PaccMOTpUM pelleHUE 33da4d 00 aCCOPTHMEHTE
MpORyKUHH (IIpUMep 7.2) TEOMETPUYECKUM CIIOCOOOM.

Pewenue

ITocTpouM MHOroyroabHHMK peumieHuit (puc. 7.5). s 3T0ro B cuc-
TeMe KoopauHaT X;0X, Ha INIOCKOCTH M300pa3uM IrpaHUYHBIC MpPsIMBIE:

2+ =9 (L);
3x, + hz =13 (Lz), :
x1—x =1 (Ly);
Xy 2 (L4).

B3asiB Kaky10-11M60 TOYKY, HallpUMep Hayalo KOOPAUHAT, YCTAHOBUM,
KaKyIO MOJIyTUIOCKOCTh OMpeAesIsieT COOTBETCTBYIOLIEE HepaBeHCTBO. [1o-
JIYIJIOCKOCTH, OMpee/isieMble HEpaBEHCTBAMM, Ha pUC. 7.5 MoKa3aHbI
crpesikaMd. O0JIaCThIO pellieHH SBIAETCS MHOToyrojasHUK OABCD.

Jnst moctpoeHus npsiMoit Z = 3x; + 4x) = 0 CTPOMM BEKTOp-Tpalu-
eHT C = (3;4) 1 yepe3 Touky 0 MPOBOAMM NPSIMYIO, NEPNEHIUKYISPHYIO
emy. IToctpoennyio npamyo Z = 0 nepemeniaeM napajiesbHO CaMoi
cebe B HampaBjieHHH BekTtopa C. U3 puc. 7.5 ciemayet, 4YTO MO OTHOILIE-
HHUIO K MHOTOYTOJIbHUKY DELUIEHUI1 ONMOPHOI 3Ta NnpsiMasi CTAaHOBUTCSL B
touke C, rae PpyHKIUS MPUHUMAET MaKCUMaabHOe 3HayeHHe. Touka C
JIEXUT Ha NepecedeHUH npsiMbix L U L. JIid onpeneneHus ee KOOpau-
HaT peLIM CHCTEMY YPaBHEHHUA: :

2x; +3x =9;
X] —Xp = 1.
OnTumansHblil MNaH 3agaum x; = 2,4; x,=1,4. Iloncrasnss 3Haue-
HUSA X| U X; B IMHEHHYI0 GYHKLHUIO, MOJYYUM:
Zpax =3-24+4-14=128.
ITonyyeHHOE pelleHHE O3HAYAET, YTO OOBEM MPOU3BOACTBA MPOAYK-

uuu I7; nomxeH ObITh paBeH 2,4 en., a npoaykuuu IT, — 1,4 en. Jdoxon,
MOJIy4yaeMbId B 3TOM Cliyyae, coctaBuT: Z = 12,8 1. e.
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Puc. 7.5. PewieHue 3ana4u JJHHEHHOrO NMPOrpaMMHPOBAHHS
reOMETPHYECKHM CIIOCO60M

TeoMeTpUyeCKUM CIIOCOOOM MOXHO TaKKe pelluaTh 3aqadM JIMHEH-
HOTO NPOTrpaMMHUPOBaHUS C YHCJIOM NepeMeHHBIX Gonee aByx. st aTo-
ro UCXOHOHYIO 33fa4yy npeoOpa3yior memodom Xopdana—Iaycca (npwio-
xenue 11).

IIpumep 7.11.

X] =Xy +4x3-2x4=2
3x; +2x9 —x3+4x4 =3;
x; 20, i=1,4

Zm=4xl—hz+X3—X4.

Hcnons3ys meron XopnaHa—Ilaycca, mpou3BeeM ABa MOJHBIX MC-
KIIIOYEHHS X| U Xy4:

-1 4 -2
3 2 -1 4

2
3

4
=
11

1 -1 4 2|2 |4
0 5 -13 Jio[-3
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1 0 14 ol 1,4 l 3,2
= .
0 05 -13 1

-0,3 | -0,1
B pesynbTaTe NMPUXOOUM K CHUCTEME
X1 +1,4x3 = 1’4;
0,5xp —1,3x3 + x4 =-0,3,

OTKyzia
x1 =1,4-1,4x3;
x4 =-0,3-0,5x; +1,3x3.

IMoncrasnsisi 3TV 3HaYEHUs B JIMHEHHYI0 QYHKUMIO Z ¥ OTOpackiBasi
B NOCJIEIHEH cucTeMe 0a3uCHbIE NepeMEHHbIE, MTOJIyYUM 3aaayvy, Belpa-

Xa A L2
3+
2+
+1B D Ly

-3l

-4t

9]}

-5

-6l

Puc. 7.6. [eoMeTpryeckast MHTEPNpETaLMs PEILEHUS 3a1ayu
JIMHEHHOI0 NPOrpaMMUpPOBAHUS
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KEHHYIO TOJILKO Y€PE3 CBOOONHBIE HEU3BECTHBIE X; U X3. HaiineM Mak-
CHMaJIbHOE 3HAY€HHE JIMHEHHOM (YyHKUUHU

Z=359—59%; - 1,5%,

NpH CJAEAYIOUIUX OrPaHUYEHUSIX:
x3<1; 0,5%; — 1,3x3 < 0,3.

ITocTpoUM MHOTOYTOJNILHUK PEIIEHUI U JIUHEHHYIO (DYHKUHUIO B CH-
cteme koopauHar X,0X; (puc. 7.6). CornacHo puc. 7.6 nuHeitHas GyHK-
UM MPUHUMAET MaKCUMAaJIbHOE 3HaYeHUE B TOYKE A, KOTOpas JIEXHUT
Ha repece4eHUM NpsiMbIx L, u X; = 0. Ee xoopaunarst (0;0,23).

MaxkcuMmayibHOe 3HayeHUe QYHKIUU

Zpax =59 -59-023 - 1,5-0=4,54.

Jlisl OTBICKaHMSI ONTHUMANBLHOIO IJIaHa MCXOAHOW 3ajayM MoACTaB-
JisieM B NpeoOpa3’oBaHHYIO CHUCTEMY X; U x3.OKOHYaTe/NbHO MoJyyaeM
X =(1,078; 0; 0,23; 0,001).

7.4. AHanu3 mopenen
Ha YYBCTBUTEJIbHOCTb

AHanu3 MojeNedl Ha YyBCTBUTEJIBHOCTb — 3TO MPOLIECC, peaTu3ye-
MBIH ITOCJIE MOJYYEHUS ONITUMAJIBHOTO pelleHus. B paMkax Takoro aHa-
JIM3a BBISIBJISIETCSI YYBCTBUTEJIIBHOCTh ONTHUMAJIBHOTO PEIIEHHS K OIpe-
JIeJICHHBIM U3MEHEHHUSIM UCXONHOM Monenu. B 3agaye 06 accopTuMeHTe
MpOAYKUMH (TIpuMep 7.2) MOXET MPEeACTaBJIsATh HHTEPEC BOIIPOC O TOM,
KakK MOBJIMSIET Ha ONTHMAJIbHOE pEUIEHHE YBEJINYEHHE U YMEHbIIEHUE
crpoca Ha MPOAYKLMUIO WUJIM 3alacOB MCXOIHOTO CHIpbsi. Bo3MoOXHO,
TaKXe MOTpeOyeTCsl aHAIU3 BIIMSIHUSL PBIHOYHBIX LIEH Ha ONTHMaJIbHOE
peleHue.

IIpu TakoM aHanu3e BCETAa PacCMaTPUBAETCS KOMILIEKC JIMHEHHBIX
ONTUMM3ALIMOHHBIX MOAENE. DTO NPUAAET MOLEIH ONMpPEICIEHHYIO IU-
HaMHUYHOCTb, ITO3BOJISIIOLLYIO UCCIEJOBATENI0 MPOAHATU3UPOBATh BIIMS-
HHME BO3MOXHBIX UBMEHEHHUI UCXOMHBIX YCJIOBUIT Ha MOJIyYeHHOE paHee
ONTUMAaJIbHOE pellieHue. JIuHaMUYecKre XapaKTepUCTUKY Mofesteit hak-
THUYECKU OTOOpaXaloT aHAJIOTUYHBIE XapaKTEPUCTHKH, CBOMCTBEHHEIE
peasibHBIM MpoieccaMm. OTCYyTCTBUE METOIOB, MO3BOJISIIOUINX BBISIBJIATH
BJIUSIHUE BO3MOXHBIX U3MEHEHHMI MapaMeTpOB MOJEIM Ha ONTHMAJIb-
HO€E pellieHUEe, MOXET NIPUBECTH K TOMY, YTO IOJYYeHHOE (CTATHYECKOE)
pelIeHHe YyCTapeeT elle A0 CBoeil peastn3auuu. s MpoBeeHUS aHaIu-

208



3a MOJIIEJIM Ha YYBCTBUTEJIBHOCTD C YCIIEXOM MOTYT OBITh UCIIOJIb30BaHBI
rpacduyecKre METOMbI'.

PaccMOTpUM ocHosHble 3a0a4u aHa..U3a HA 4Yy8CMBUMENbHOCMb Ha
npumepe 7.10. ,

3anmava 1. AHaIuM3 U3MEHEHUI 3aMacoB PECYPCOB.

ITocie HaxoXAeHUSs ONTUMAIbHOTO PELIEHHUS NPEICTaB/IsSEeTCs BIIOJI~
HE JIOTMYHBIM BBISICHUTb, KaK OTPa3uTCs Ha ONTUMAJIbHOM DEUIEHUU
HU3MEHEHHE 3aMacoB pecypcoB. i1 3Toro Heo6X0AUMO OTBETUTH Ha JiBa
BOIpoca:

1. Ha cKoJBKO MOXHO YBEJIHWYHUTH 3arac HEKOTOPOro pecypca IUist
YAYYIIEHUS TIOJNyYEHHOTO ONTHMAJIbHOrO 3HAYCHUs LeJNeBOH (YHK-
uuu Z?

2. Ha cko1bKO MOXHO CHM3MUTh 3alac HEKOTOPOro pecypca INpu
COXpPaHEHUM TIOJIyYYEHHOTO ONTHMaJIBHOTO 3HAYeHUs lLeneBoi yHK-
uuu Z?

IIpexne yeM OTBETUTh Ha MOCTABJIEHHBIE BONPOCHI, KIaCCU(ULIM-
pyeM orpaHMYeHHE JIMHEHHONH MOIE/NM KaK CBSI3bIBAlOLIME (aKTUBHBIE)
W HecBsi3bIBalolIMe (HEaKTUBHbIE) orpaHuyeHus. [IpsiMas, npexcrasis-
I0Ilasl CBSI3BIBAIOIIEE OTrpaHUYEHUE, NOKHA MPOXOOUTh Yepe3 ONTH-
MaJIBHYIO TOYKY, B TIPOTUBHOM CJIyyae, COOTBETCTBYIOLIEE OrpaHUYEHHE
Oymer HecBsi3bIiBaOLIMM. Ha puc. 7.5 CBA3BIBAIOIIMMHU OTpaHUYEHHSIMU
ABJsAI0TCA orpaHuyeHus (1) u (3), npelacraBieHHbIe NMPAMBIMH Ly ¥ L
COOTBETCTBEHHO, T. €. Te, KOTOPbI€ OINpeNe/SIIOT 3arnachl HCXOOHBIX pe-
cypcoB. OrpanuyeHue (1) onpenensier 3anachl Cbipbsi A. OrpaHuyeHue
(3) ompenensieT COOTHOLIEHHE CIPOCA HA BRIMYCKAEMYIO MPOAYKIHIO.

Ecnu HeKoTOpoe OrpaHMYeHUE SIBJISIETCSl CBSI3BIBAIOLLUM, TO COOT-
BETCTBYIOIIMI pecypc OTHOCAT K pa3psiy Ae(ULMTHBIX PECYpPCOB, TaK
KakK OH MCITOJIb3YeTCsl MOJIHOCThIO. Pecypc, ¢ KOTOpBIM acCOLIMUPOBAHO
HECBSI3bIBAIOLIEE OrpaHUYEHME, CIENyeT OTHECTHU K pa3psny Henedu-
LIMTHBIX PECYpCoOB (T. €. UMEIOLMXCA B HEKOTOPOM M30bITKE). B Halem
MpUMeEpPe HECBSA3BIBAIOIIMMU OrpaHHYEHUSIMU aBsitotcs (2) u (4). Crne-
IIOBaTEJIbHO, PECYPC — ChIpbe B — HeleULIUTHBIM, T. €. UMEETCS B U3-
ObITKE, a CIPOC Ha MponyKLuio I1, He OyAeT YAOBIETBOPEH MOMHOCTHIO
(B TabauLe — pecypchl 2 U 4).

IIpu aHamu3e MOMENN Ha YYBCTBUTEJIbHOCTb K NMpPaBBbIM YacTSM Or-
PaHUYEHUH ONpeneNsioTCs:

1) npenenbHO AOMYCTHUMOE YBEJIMUEHHUE 3anaca He(ULUTHOrO pe-
cypca, Mo3BoJIsiiollee yay4lIuTh HalileHHOe ONTUMAabHOE pelleHME;

2) mpeaenbHO IOIMYCTUMOE CHHXXEHUWE 3araca Hele(pULIMTHOrO pe-
cypca, He U3MEHsIolllee HalAeHHOe paHee ONTUMANIBHOE 3HAaYeHUE lie-
JIeBOi (DYHKUHMH.

! Taxa X. BBeneHue B uccienoBaHue onepauuii: B 2-x . — M.: Mup, 1985.
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B HameMm npumepe coipbe A M1 COOTHOIIEHHE CIPOCa Ha BHINTYCKa-
eMylo npoaykuuio /1, u II, sBasiiorcs AePUUUTHBIMU pecypcaMu (B
Tabn. 7.3 — pecypcer 1, 3).

PaccmoTpuM cHayana pecypc — chipbe A. Ha puc. 7.7 npu yBenunye-
HUM 3amaca 3TOro pecypca npsmasi L, nepeMeuiaercs BBEpX, napai-
JIeJIbHO caMoit ceGe, 10 Touku K, B KOTOpOil nepecekaioTcs TMHUU Or-
paHnueHuit Ly, Ly u Ly. B Touke K orpanndenus (2), (3) u (4) crano-
BATCA CBSA3BIBAIOLIMMH; OTITUMAILHOMY PELLEHHUIO TIPU ITOM COOTBETCT-
BYeT To4Ka K, a NMpOCTPAaHCTBOM (IONMYCTUMBIX) PELIEHUI CTaHOBUTCS
MHoroyroJbHUK AK/[0. B Touke K orpanuyeHue (1) (mas pecypca A)
CTaHOBHTCS M3OBITOYHBIM, TaK Kak JIIOOOH HalbHEHIIMI pOCT 3amaca
COOTBETCTBYIOIIETO pecypca He BIMAET HM Ha MPOCTPAHCTBO PEILCHMIA,
HU Ha ONTUMAJIbHOE pellleHHe.

TakuM o6pa3om, 00beM pecypca A He CIeAyeT YBEJIMYMBATh CBEpX
TOro Ipenesna, KOrga COOTBETCTBYIOLIee eMy orpaHuuyeHue (1) craHo-
BUTCSA M30GBITOYHBIM, T. €. NpsiMast (1) NMPOXOAUT Yyepe3 HOBYIO OINTH-
MaIbHYIO TOYKY K. DTOT NpenesbHbIl YPOBEHDb OIPEIC/ISIETCS CIEAYyIO-

X2 A

Puc. 7.7. TeomeTpuyeckass MHTepNpeTaLUs PELICHUS 3a0a4YU
JIMHEHOro NporpaMMHpOBaHHs (M3MEHEHHE pecypca A)
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IMM 06pa3oM. YCTaHaBIMBAIOTCS KOOPAMHATHI TOYKM K, B KOTOpO# e~
pecexaloTcs npsAMbie L,, Ly U Ly, T. €. HAXOMUTCS PEIICHUE CHCTEMBI
ypaBHEHHI
3x; +2x =13;
X —xp =1,
X2 =2.
B pesynbrate nosmyyaercs x; = 3 H x, = 2. 3areM, myTeM NOACTA-

HOBKM KOOpAMHAT TOYKM K B JIEBYIO 4acTh orpaHnuueHus (1), onpenens-
€TCA MaKCMMaJIbHO JOMYCTHUMBIH 3amac pecypca A:

2+ =2-3+3.2=12

Puc. 7.8 wUTIOCTpUpYeT CHTYallMIo, KOIia pacCMaTpUBaeTCsl BOMPOC
06 M3MEHEHHH COOTHOLIEHMs Crpoca Ha npoaykuuio I1) u IT,.

X2 A

Puc. 7.8. TeomeTpnyeckass HHTEPNPETALIMS PELICHUS 3a1a4M JIMHEITHOTO
MPOrPaMMMPOBaHUsA (M3MEHEHHE CIIPOCA Ha MPOLYKLIKIO)
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HoBoit onTUManbHOI TOYKOM CTAaHOBHUTCA Touyka E, rie mepeceka-
10Tcsl mpsimble Ly U L,. KoopaMHaThl JaHHOH TOYKH HAXOHSATCS MyTeEM
pelieHust cucTeMsl ypaBHeHM# (1) u (2) cremyomuM o6pa3om:

2x;+3x, =9;
3x; +2x, =13,

B pesynvrate noayvaercs x; = 4,2; x, = 0,2, npuyeM CyTOUHBIi
CIpOC Ha MpOoAYKUMIO /1] He JOJLKEH MpEBbIIIATh CIIPOC Ha MPOLYKLHUIO
IT, Ha BenuyuHy x; — x, = 4,2 — 0,2 = 4 en.

HaneHeiiee yBesMyeHHe pa3pbiBa B CIIpoce Ha Mpomykuuio /1) u
IT, He GyneT BAUATL Ha ONTHMAJIbHOE PELIECHHUE.

PaccMmoTpuM Bompoc 06 YMEHBIIEHUH TMPaBOil YaCTU HECBSI3bIBAIO-
MX orpaHuyeHuit. OrpaHuyeHue (4) x, < 2 GUKCUPYET NpenesbHbIA
ypoBeHb cripoca Ha npoaykuuio I7,. U3 puc. 7.5 cnenyert, 4to, He U3Me-
HSIS ONTHMAJIBHOTO pelleHHs, npsaMylo L, (AB) MOXHO omyckaTh BHU3
JIO mepeceyeHus: ¢ onTUMaibHOM Toukoit C. Tak kak Touka C UMeeT KO-
opauHaTH x| = 2,4; x, = 1,4, yMeHbllIeHHE Crpoca Ha npoaykuuio /7,
IO BEJMYUHBI X, = 1,4 HUKaK HE MOBJIUSAET HAa ONTUMAJIBHOCTb paHee
MOJTyYEHHOTO peLIeHHS.

PaccMotpuM orpanunyeHue (2) 3x; + 2x, < 13, KkoTropoe npeacTaBis-
eT co00i1 orpaHUYeHUE Ha HereULUTHBINA pecypc — cbipse B. Y B aTOM
clyyae MpaBylO YaCThb — 3amachl ChIpbsi B — MOXHO YMEHbILATh IO TeX
nop, noka npsiMasi L, He gocturHet Touku C. IIpu 3TOM npaBasi yacTh
orpaHu4eHus (2) craHer paBHo#t 3x; + 2x, =3 - 2,4 + 2 - 1,4 = 10,0,
YTO MO3BOJISIET 3aMUCaTh 3TO OrpaHUYEHHe B Buae: 3x; + 2x; < 10. Bror
pe3yJIbTaT MOKa3bIBaET, YTO paHee MOJYYEeHHOE ONTHMAIbHOE pelleHUe
He U3MEHUTCS, €CJIM CYTOYHBIiA 3amac pecypca B yMeHBIUMTb Ha 3 enl.

Pesynbrarhl NpOBEIEHHOrO aHaJIM3a MOXHO CBECTH B Tabi. 7.3:

Ta6nuua 7.3
MakcuManbHoe
MakcuManbsHoe
Pe- T yBeJIMYEHHE AOX0Aa
W pecypca H3MEHEHMe 3armaca
cypc OT U3MEHEHMS pecypca,
pecypca, en.
y. I. €.
1 (4) HedbnuntHbiit 12 -9 =+3 17 - 12,8= 44,2
2(B) HenebuuunTtHbIi 10 —13=-3 12,8 — 12,8=0
3 HeduunTHbII 4 -1 =43 13,4 — 12,8 = +0,6
4 HenedunuutHblit 1,4 -2 =-0,6 12,8 — 12,8=0
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3adaua 2 OnpeneneHue Haubosiee BBITOAHOTO pecypca.

B 3anaye 1 aHanM3a Ha YYBCTBUTEJbHOCTh Mbl UCCIIENOBAIU BJIUS-
HUE Ha ONTHUMYM YyBeJIMYEHUsT 06beMa neULUTHBIX pecypcoB. [1pu or-
DaHUYEHUSIX, CBSI3aHHBIX C HOMOJHUTEJIbHBIM NPUBJIEUEHUEM DECYp-
COB, €CTECTBEHHO 3aJaTh BOINPOC: KAKOMY M3 PECYpCOB CJIEAYET OTAATh
NpPEANOoYTeHHE NPU BIOXEHUM TOMOJHUTENbHBIX cpeacTB? s atoro
BBOAMTCSl XapaKTePUCTUKA LIEHHOCTH KaXIOi NOMOJHUTENbHON enu-
HHMLIB OepUUUTHOIO pecypca, BblpaXaeMasi Yepe3 COOTBETCTBYIOLIEE
OpUpalleHHe ONTUMAJIbHOrO 3HaueHus uejseBod pyHkuuu. Takyio xa-
pPaKTepUCTUKY Uil pacCMaTpHBaeMOro MpUMepa MOXHO MOJYYUTb He-
TIOCPEACTBEHHO U3 TabJHUILbl, B KOTOPOii IDUBEAEHABI PE3YJIBTATHl pelie-
HUA 3anayd 1 Ha YyyBCTBUTENbHOCTh. OGO3HAYUM LEHHOCTh JOMOJIHU-
TEeJbHON €IMHMLBI pecypca i yepe3 y;. BenuuuHa y; onpenensercs u3
COOTHOULIEHUS

MakcuManbHOe npupalleHue Z

Yi= .
MaxcuMaibHO OMYCTUMBIi IPUPOCT pecypca i

Pe3ynabTaThl pacyeTa LEHHOCTH €IMHHUIBI KaXIOr0 M3 PECYypCOB
npeacTaBjieHbl B Ta0. 7.4:

Ta6nuua 7.4
Pecypc i Tun pecypca 3HayeHHe y;
1 (A4) HeduumtHorit 4,2/3 = 1,4
2 (B) HenebuuutHblit 0/(=3) =0
3 JebuLUTHBIH 0,6/3 =0,2
4 HeneduuutHoiit 0/(-0,6) =0

IMonydyeHHBbIe pe3y/abTaThl CBUAETENLCTBYIOT O TOM, YTO IOMOJIHH-
TeJIbHBbIE BJIOXEHUS B IEPBYIO OYepelb CJEAyeT HalpaBUTh Ha yBeJude-
HUE pecypca A ¥ JIMIIb 3aTeM — Ha HOPMHPOBAHHE COOTHOLLIEHUSA CIIPO-
ca Ha nponykuuio /1, u npoaykumio /7,. Yto Kacaercs HeaePULIMTHBIX
pecypcoB, TO, KaK U CJIeJOBaJIO OXUAATh, UX 00bEM YBEJIUYMBATh He
clenyer. .

3adaua 3. OnpeneneHue MpeneioB U3MEHEHUSI K03dULIHEHTOB
LeJIeBOi (DYHKLINH.

H3meHeHne kK03 GULMEHTOB LEJeBO PYHKUMH OKa3bIBaET BJIMS-
HHE Ha HAKJIOH NPSMOii, KOTOpas NMpeACTaB/sIeT 3Ty (PYHKLHUIO B IIPU-
HATO# cucteMe KoopauHar. Bapuauus koadduuueHToB LeneBoit PyHK-
LUUU MOXET MPUBECTH K U3MEHEHHUIO COBOKYIMHOCTH CBSI3bIBAIOIIMX OT-
paHMYEHMI1 U, ClIeIOBaTEJbHO, CTaTyca TOrO MJIM MHOTrO pecypca (T. €.
cnenath HeneUUMTHHI pecypc nepUIIMTHBIM, U HA060pPOT).
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Ilpu aHanM3e Momesid Ha YyBCTBUTEIBHOCTh PaCCMOTPEHHE KO3¢h-
duumreHToB UeeBON (YHKUMHU HEOOXOAMMO IOOMOJHMTb HCCIIENO-
BaHHMEM CJIeJYIOLIUX BOMPOCOB:

1) KaKoB JUana3oH U3MEHEHHUS TOTO MJIH MHOro Ko3dduLKeHTa Le-
J1eBOit MYHKLMH, TPH KOTOPOM HE NMPOUCXOOUT U3MEHEHHUS ONMTHUMAaJib-
HOTO pelieHus?

2) Ha CKOJIbKO CJIENYeT M3MEHHUTh TOT MJIM MHOI K03 dHUILHEHT
LeJeBoi (yHKIHH, YTOOB CHEJIaTh HEKOTOPHIH HeXedHLUTHBIN pe-
cypc HedUIMTHBIM, U, HA000pOT, AeULIUTHBI pecypc clejaTh He-
nebULUTHBEIM?

OTBeTHM Ha MMOCTaBJICHHbIE BOIPOCHI Ha HAILEM hpuMmepe.

PaccmarpyBasi nepBblii BOpoc, 0603HaYMM Yepe3 ¢y U C; JOXOIBI
MPEANPHUATHS OT MPOAAXM €AMHHMULI MpodyKuuu I1; u II, cOOTBETCT-
BeHHO. Torma ueneByio ¢yHKUMIO MOXHO NpEACTaBUTh B CJEAYyIOLIEM
BHIE:

Z = cix1 + %y

Ha puc. 7.5 BUIHO, YTO NMpH YBEJIMYEHUH €| WIN YMEHBILUEHUHU C)
npsMasi, MpeACTaBsIoas uejieBylo GyHKuuio Z, Bpautaercs (BOKpyr
Toyku C) mo yacoBoit cTpenke. Eciy Xe ¢; yMEHbILAeTcsl WK ¢, YBETH-
YUBAETCs, 3Ta MpsiMasi BpalllaeTCsl B MPOTUBOIOJIOXXHOM HaNpaBJIeHUH —
IPOTHB 4YacoBO# crpenku. TakuM obGpa3oM, Touka C OyIeT ocTaBaThCs
ONTUMAJIBHON TOYKOM A0 TeX MOp, MOKa HAKJIOH MpPSIMOi He BBHIAAET 3a
Mpenesbl, onpeae/sieMble HaKJIOHAaMU NMPSIMBIX ST orpaHu4eHuit (1)
u (3).

Korzna HaKkJIOH NpsiMO# Z cTaHET paBHBIM HAKJIOHY NpsiMOit L, no-
JIyYUM [IB€ aJbTePHATUBHbIE ONMTHUMAJbHBIE YIrJOBble TOYKH — C U B.
AHaJIOTHYHO, €CJIM HAKJIOH MpsAMOit Z CTaHET paBHBIM HaKJIOHY MpsIMOi
U1t orpaHu4eHust (3), OyaeM MMeTh ajlbTepHAaTHBHbIE ONTHUMAJIbHEIE YT~
sioBble Touku C ¥ D. Hannyue aibTepHATUBHBIX ONTUMYMOB CBUJIETEJIb-
CTBYET O TOM, YTO OIHO U TO X€ ONTUMaJIbHOE 3HaYeHUEe Z MOXET JIO-
CTUraThCsl MPU Pa3TMYHBIX 3HAYEHUSAX MEPEMEHHBIX X U X,. Kak Tonb-
KO HAaKJIOH NpSIMOM BBIMAET 3a NMpenesbl yKasaHHOTO BBIILIE MHTEpBaJia
¢}, MOJIyYUM HEKOTOPOE HOBOE ONTHMAIbLHOE PELIECHHE.

PaccMoTpuM Ha HauleM npuMepe, KaKUM o0pa3oM MOXHO HaiTH
JOMYCTUMBII MHTEpBaJl M3MEHEHHUS ¢, TPH KOoTOopoM Touka C ocraercs
ontuManbHOH. McxonHoe 3HayeHUe kKo3dduumeHTa ¢, = 4 ocTaBUM He-
u3MeHHbIM. Ha puc. 7.5 BUAHO, YTO 3HAYEHHE €| MOXHO YMEHBIIATh IO
TeX TMop, Moka npsiMast Z He COBMaJeT ¢ npsiMoit L, (orpe3ok BC).

OT0 KpailiHee MUHUMaJIbHOE 3HaYeHUE KO3(HUILHMEHTA ¢; MOXHO
OnpeleauTh U3 PaBEHCTBA YIJIOB HAKJIOHOB NMpsiMOi Z u nipsAMoii L. Tak

" c .
KaK TaHTeHC YTJla HaKJIOHA JUIsl psIMOil Z paBeH Tl’ a s npsiMoii (1)
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) .
paBE€H -:-5-, TO MUHHUMaJIbHOE€ 3HA4Y€HUE C¢; ONPENCIIUM K3 paBEHCTBA

C| 2 . 8

277 0TKyZa min ¢, =§, Ha puc 7.5 BMIHO, YTO 3HaYEHHE C| MOX-
HO yBeJIMYMBaTb OecnpelesbHO, TaK KakK npsaMmas Z NMpU ¢, = 4 u
¢; — + oo He coBmazgaer ¢ npsiMoit L; (otpe3ok DC) U, CIEHOBATENLHO,

Touka C npu Bcex 3HaYeHUsX KoddduiuneHTa ¢ Zg OyneT eqUHCTBEH-
HO# ONMTUMAIBHOM.

HHTepBan U3MeHEHHUS ¢, B KOTOPOM ToukKa C MO-IpeXHEMY OcTa-
€TCSl €MUHCTBEHHOI ONTMMAJILHONW TOYKOM, OIpeNesIeTCs HEPAaBEHCT-

8 8
BOM -5<C, <+, IIpu ¢ =3 ONMTUMAJIBHBIMM YTJIOBBIMU TOYKaMHU
6ynyr xak Touka C, Tak ¥ Touka B. Kak Toiapko K03(dPHLUUEHT ¢; cTa-
HOBMTCSI MEHbILIE g , OITUMYM CMELLAeTCs B TOUKY B.

MOXHO 3aMETHTh, 4TO, KaK TOJIBKO K03(pdHLUEHT ¢| OKa3bIBaeTCs
MeHbIIE S , pecypc 3 cTtaHOBMUTCH HeaeULMTHBIM, a pecypc 4 — Jne-
3

buuTHBIM. N1 NpeanpusaTUs 3TO O3HAYAET CJIEAYIOLLEe: eCIU JOXOM

OT NNIpooaXXu €AUHHULBI MPOAYKIITUN 17 1 CTAaHET MEHBLIEC -5 a. €., TO Hau-

0osiee BHITOIHAsl MPOU3BOACTBEHHAsI MpPOrpaMMa MpEeAnpUsTUS HOJDKHA
HpeaycMaTpUBaTh BBIMTYCK MAKCHUMAJIBHO JOMYCTUMOTO KOJIMYECTBA MPO-
AykuuH I, (MOJHOCTBIO YOOBJIETBOPATh CHPOC Ha MpOAYKUHMIo [1;).
ITpu 3TOM COOTHOWIEHME cripoca Ha npoayKuuio I1; u IT, He 6yner
JUMUTHPOBATh 00BEMBI IIPOU3BOACTBA, UTO OOYCIIOBUT Hele(bHLIMTHOCTD

pecypca (3). YBenuuenue KoapgpuuueHTa ¢; CBbILIE 3 I. €. HE CHUMa-

et npobnemy neduuuta pecypcoB (1) u (3). Touka C — TouKa nepece-
YyeHus npsiMbIX L) U L3 — ocTaeTcst Bce BpeMsl ONTUMAIbHOM.

7.5. Cumnnekc-meTon

O6wasa ngesa cuMnnekc-meToaa

Hna Hayayna paboThl TpeOyeTcst, YTOOBI 3aJaHHasi CUCTEMA OrpaHU-
YeHUH BbIpaxajaachb paBEeHCTBaMHU, MPUYEM B 3TOM CUCTEME OrpaHuye-
HUM IOJDKHBI OBITH BhIAEJIEHBI Oa3HCHbIE HEM3BECTHBIE. PelieHue 3ama-
Y4 NMpH MOMOIIM CUMIUIEKC-METOHA pachanaeTcs Ha psia uaroB. Ha
KaXZIOM 1lIare OT JaHHOro 6asuca b nepexomsit K Apyromy, HoBomy Oa-
3UCy B! ¢ Takum pacyeToM, YTOObI 3HaYeHHUE (PYHKIUMU Z YMEHBILIAIOCh,
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T. €. Zp < Zg. Jis nepexola K HOBOMy 6a3ucy U3 craporo 6asuca yna-
JIIeTCSl OHA U3 MEepPeMEeHHBIX U BMECTO Hee BBOIAMTCS Apyrasi U3 4ucia
cnoGonkax. ITocne KOHEYHOro YMCa LIaroB HaXOAUTCS HEKOTOPHIii 6a-
3uc B¢ ), UL KOTOPOTO Zgk) €CTh UCKOMBI MUHUMYM JUISl JIMHEHHOM
¢yHKIUMHM Z, a COOTBETCTBYIOIIEE GAa3UCHOE PEelIeHUE SIBJISIETCSI OINTH-
MaJIbHBIM JIUOO BBISICHSIETCS, YTO 3alaya HE UMEET PEILEHMUS.

AnroputmMm cumnnexkc-merona
PaccMOoTpuM cHcTeMy OrpaHMYeHMH U JMHelHy0 GopMy BuIa:

ap X +apxy .t apx, =b;

Ay X] +AxXy +...+ax,Xx, =b2; (7 37)

A1 X1 + A Xy + oot Ay Xy = by
Zmin = + C1Xy + CrXy + ...+ CrXns (738)
%20 i=Tn (7.39)

Hcnonws3ys meron XKopnana—TIaycca (npunoxeHue 11), npuBenem
3aNMCaHHYIO CUCTEMY K BHIY, Tie BblOeJIeHbl 6a3lCHbIE NIEPEMEHHBIE.

BBeneM yciioBHbIE 0003HAYEHUS:

X1 X2, ..., X, — Oa3UCHBIE TIECDEMECHHBIE;

Xpt1s> Xpt2s ooy X, — CBOOOMHBIE EPEMEHHBIE.

xp =B1 = (041 Xps] + 042X oo+ 0 Xy);
X3 =P2 —(0gp41Xr41 + 0242 Xp42 +ooH U2 Xy); (7.40)

Xp =B = (Qprs1Xp41 +0ppy2Xps2 oot QU Xp);

Znin = Yo — WX T YX2 o 1X). (7.41)

Ilo mocnegHe# cucteMe OorpaHUYeHU U HeleBOi GYHKUMU Z MOCT-
pouM Tabi. 7.5. '

JlaHHas TabnMLa Ha3bIBAETCSl CUMILIEKC-Tabnueit. Bee manpHeiime
npeoOpa3oBaHUsl CBSI3aHBI ¢ U3BMEHEHHEM COIEPXaHMUS 3TOW TabGIMIIBI.

Aneopumm cumnaexc-memoda CBOIUTCS K CIEIYIOIIEMY.

1. B nocnenHeit CTpokKe CUMIUIEKC-TaOMULIBI HAXOMSAT HAUMEHBLINMA
MOJIOXUTENIbHBIN 9JIeMEHT, He cyuTast cBobomHoro wieHa. CronGel, co-
OTBETCTBYIOLIMI 3TOMY JIEMEHTY, CYUTAETCS pa3pelLIalOLUM.
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Ta6a u. ua 7.5
Cumnekc-Tadauua

CBoGonHbIE
HEU3-
BECT- Cro6 .
BOOOAHBIIH
HbIE X+ X2 X,
Ba_ YJICH
3UCHBIE
HEU3-
BECTHbBIE
X) B Qe Oy qyy
X3 B, Oloptt 0lort2 . Oy
Xr Br Ot g Oyt g oo Oy
Zrin Yo Yr+1 Yr+2 Yn

2. BBIYUCASIOT OTHOLIEHHE CBOOOMHBIX YWIEHOB K IOJIOXUTEIbHBIM
3JIEMEHTaM pa3pellamllero croybua (CUMIUIeKC-oTHoLeHue). Haxonar
HauMMeEHbIIIee U3 3TUX CHUMIUIEKC-OTHOILLIEHUH, OHO COOTBETCTBYET pa3-
pellalolei CTpoKe. _ .

3. Ha nepeceueHnM pa3pelanmeii CTpOKM M pa3peniaiouiero croit-
Ha HaXOMMUTCS pa3pellalolIit IeMEHT.

4. Ecin MMeeTcss HECKOJIBKO OOWHAKOBBIX MO BEJIWYMHE CHUMII-
JIEKC-OTHOIIEHU, TO BhIOUpaAIOT Jo6oe U3 HUX. To Xe caMoe OTHO-
CUTCSI K MOJIOXKHUTEJIbHBIM 3JIEMEHTAM MOCHEAHEA CTPOKU CHMIIEKC-
TaBIULIBI.

5. TTocne HaxoXIEHHUsl pa3pellaloliero 3JIEMEHTa NePeXonsiT K clie-
nytouei Tabnmuie. HeusBecTHbIE nmepeMeHHbIE, COOTBETCTBYIOIIME pa3-
peuiamlouieit cTpoke U cronoduy, MeHsIOT MectaMu. [Ipu 3TOM OasucHas
nepeMeHHasl CTAHOBUTCS CBOGOJIHOI NMepeMeHHOM, U Hao60poT. CuMIl-
JieKc-TabNuiia npeoGpa3oBaHa CiaeayiolM obpa3oM (Tabin. 7.6).

6. DnemeHT Tabs. 7.6, COOTBETCTBYIOIIMIA pa3pelialoIeMy JIeMeH-
Ty Tabs. 7.5, paBeH 0OpaTHOH BeJIMYMHE pa3pelialOlIEro 3JeMEHTa.

7. DneMeHThI CTPOKM Tab1. 7.6, COOTBETCTBYIOIUE JIEMEHTaM pa3-
pelaoliei cTpoku T1abn. 7.5, Moay4aloTcsl MyTeM AEJIEHHUS] COOTBETCT-
BYIOILIMX 9JIEMEHTOB Tab. 7.5 Ha paspelialomnil 3JIEMEHT.

8. DneMeHTHI cTONGIA Ta6. 7.6, COOTBETCTBYIOIIME IIEMEHTAM pa3-
pelawlero cronbua Tabmn. 7.5, noiy4yaloTcs MyTeM AeJIEHUST COOTBETCT-
BYIOILIMX 3JIEMEHTOB Ta0. 7.5 Ha paspelialolnil 3JIEeMEHT U GepyTcs ¢
MPOTUBOMOJIOXKHBIM 3HAKOM.

9. OcTanbHBIC 3JIEMEHTbI BBIYUC/ISIOTCS IO IPaBUIy MPSIMOYTOJib-
HHUKa: MBICJIEHHO BbIYEPYMBAEM NMPSAMOYTOJbHUK B Tabj. 7.6, omHa Bep-
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Tabnuua 7.6
ITpeoGpazoBaHne CHMILIEKC-TAOIHIBI

Csoboxn-
HBIC HEC-
H3BECT- Cro6
BOGOIHBIN
HBIC Xt Xy Xy
Ba- 4aeH
3UCHBIC
HEU3-
BECTHBIC
X B Qe 1 Oyn
r+2 eee
Xr+2 X1r+2 X1r+2 ' Qyre2
X _%or+2
' Q1r+2
x G2
.
Qre2
z. _Yr+2
'min
O1re2

LIMHa KOTOPOro COBMAJaeT C paspellialoiiuM 3JIEMEHTOM, a Apyrasi — C
3JIEMEHTOM, 00pa3 KOTOPOro MBI MILEM; OCTaJbHbIE JBE BEPIIMHBI OI-
penesnsioTcss OAHO3HaYyHO. Torna MCKOMBIN 3JIeMeHT U3 Tabn. 7.6 oyner
paBeH COOTBETCTBYIOLIEMY 3JIEMEHTY Tabia. 7.5 MUHYC ApoOb, B 3HaMme-
HaTeJle KOTOPOH CTOUT pa3pellarolivil 3JIEMEHT, a B YMCIHTENIE — MPO-
M3BENEHUE JIEMEHTOB U3 ABYX HEUCIOJb30BAHHBIX BEPIUMH INPSMO-
yroJbHHUKa.

10. Kak Toneko nmony4utcs Tabiauiia, B KOTOpPOil B MOCAEAHENH CTpO-
K€ BCE 3JIEMEHTHl OTPULIATEIbHbI, CUMTAETCH, YTO MUHUMYM HaileH.
MuHuManbHOe 3HaYeHUe QYHKUMU paBHO CBOOOZHOMY YIEHY B CTPOKE
uesieBoi (yHKLMM, a ONITUMAIBHOE pellieHUe OMpeaessieTcs] CBOOOIHBI-
MM WieHaMu Npyu 6a3UCHBIX epeMeHHbIX. Bce cBOGOIHbIE TEpEMEHHbIE
B 3TOM C/Iydae paBHBI HYIIIO.

11. Ecnu B pa3peluaounieM. CTOJNOLE BCE 37IEMEHTh OTPHULATEJIbHBI,
TO 3aiaya HE UMEET pelleHU (MUHUMYM HE JOCTUTAETCs).

Ilpumep 7.12. PenieHue 3amaym CUMIUIEKC-METOIOM:

—=X] + X3 +X3 =l;
X] —Xp +X4 =1,
(X +x +x5=2.
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Zmax=2x1—x2+3x3—-—2x4+x5.

IlpuBeneM 3amayuy K BUIY, AONYCKAIOIIEMY TPUMEHEHUE CUMILIEKC-
aITOpUTMa: '

x3=1—(=x + x);
X3 =1-(x; —x);
X5 =2 — (X1 + x).
IToncTaBUM B BBID@XEHHME Zp,, BETUYHHEI X3, X4, X5:
Zmax = 6Xl - 7x2 + 3.
ITo anroput™y 1eneBass PyHKIMs JOJDKHA CTPEMUTLCSI K MUHUMYMY:

Zmin=_Zmax=—'6xl+7x2_3=_3_(6x1_7x2)'

CocraBUM cUMILIEKC-Tabmuuy (Tabn. 7.7).

Ta6bauua 7.7
CBoGonHbIE
HeM3B:3‘e CBOE:?:M" x Xy
basucHble
HEN3BECTHBIE
X3 1 -1 !
x4 1 [1] !
Xs 2 1 !
Ziin -3 6 il
1

PaspickyBaeM B MOC/HEOHENH CTPOKE HAUMEHBIUWH MOJOXHUTEIbHBIN
9JIEMEHT, B HallleM NpUMepe OH paBeH + 6, mepBhIi cTosbeL] KO3 DH-
IMeHTOB Oymer paspelaiouiuM. OnpenenuM OTHOILIEHHE CBOOOIHBIX
YIEHOB K ITOJIOXKMTEIbHBIM 3JIEMEHTaM paspeluaiouiero crondua. Mu-
HUMaJIbHOE CUMIUIEKC-OTHOLIEHHE paBHO 1. Paspemiaiomuii ajeMeHT
HaXONUTCs Ha MEPECEYeHUU CTPOKHU NMEPEMEHHOMN X4 M cTONIOLA — X|.

IMepexonuM K crenymouieit Tabaule, UCMOIb3Ys MPaBWIO MPSIMO-
yronbHUKa (Tabn. 7.8): '
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Ta6nauua 7.8

CBoGonHble
HEU3BECT- CBoOGOIHBI

Xy X2

HblE YJIeH

BasucHeblie

HEU3BECTHEIE

X3
X4
Xs
Zin -9 -6 -1

—_— N
—
|
—

B nocneaHedt cTpoke HET MOJOXMUTEIbHBIX 3JIEMEHTOB, CJleOBa-
TEJIbHO, ONTUMAJIbHOE PELIEHUE HaileHOo:

Zain == % X=(0; 0; 2% 1; 1); Zingy = = Zonin = 9.

7.6. MeToAabl HaXOXAEeHUS
OMOPHOro peLweHus 3apauin
JINHEHOro NporpaMmMmMpoBaHusa

MeTopa uckyccTeeHHoro 6asuca

CdopMupoBaHHLI BhILIE ATTOPUTM CUMILIEKC-METONA MOXHO ITpH-
MEHSITB JIMUIb B TOM CJIyyae, eC/IM BbIIEJIEHO IIEPBOE JOMYCTUMOE pellle-
HUe, T. €. UICXOOHAas 3afaya JIMHEHHOro MporpaMMMpOBaHus MpuUBeaeHA

K BUOY .
xp =Py (O p41Xp41 HO 42 Xp 42 oo F 0 X,);

Xp =Bp = (0 ps1Xps1 + 0y ps2Xp 42 +ooF LppXp);

Znin = Y0 — (Wre1Xrt1 + Yr2Xmi2 + o+ YX).

Ipu atom B, 2 0, ..., B, 2 0, Toraa, NONOXKUB CBOGOAHBIE HEU3BECT-
HBIE X,+], X.43, X, DAaBHBIMHM HYJIIO, TOJy4YaeM OIOPHOE pelIeHHE
x; = By; X = By .; X, = B

PaccMOTpUM METON HaXOXAEHUS ONMOPHOTO PELIEHUS], OCHOBaHHBI
Ha BBEACHUM MCKYCCTBCHHBIX NEpEMEHHBIX. {51 3TOrO 3amuuieM 3ama-
4yy JIMHEHOro NMporpaMMMpOBaHus B 0o0lieM Buae. bymem paccMarpu-
BaTh 3aJa4y C YUCJIOM HEU3BECTHBIX 1 U F OrPaHUYCHUSIMMU:

220



a1 x) +apxy +...tax, =b|;
: (7.42)

X +apx) +...+apyXx, =b,.

Ilepenuuiem cucreMy (7.42) B npyrom Buze. i 3TOro BBeAEM HUC-
KYCCTBEHHbIE TIEPEMEHHBIE Y, V), ..., V, TaK, YTOOBI ObLI BbIAEIEH Oa-
3uc. Torma cucrema NpUMeT BUJ

n =b — (a1 %1 +appxy +...+a,x,);
: (7.43)
Yr=b, = (a1 X1 +ap3%y +...+ A,y x,).

Cucrtemsnl (7.42) u (7.43) 6yayT SKBUBJICHTHBI B TOM CJIy4ae, €CJIH
BCe y;, Wis i =_1,r 6ynyr paBHel 0. Kpome Toro, Mbl C4MTaeM, 4To BCE
b;20 s i = 1,r. B npOTUBHOM CJly4yae COOTBETCTBYIOIIME OrpaHHYe-
HUA U3 cucteMnl (7.42) yMHOXuM Ha — 1. Jlng Toro 4yroGnl y; O6bUIH
paBHbl 0, MBI JOJDKHBI Mpeo6pa3oBaTh 3aqayy TaKUM 0OpasoM, 4YTOObI
BCE MCKYCCTBEHHbIE NTePEMEHHBIE y; EPEeUUId B CBOOOIHBIE HEM3BECT-
HEIE.

B 3TOM ciryvyae cucreMa (7.43) nocnie npeoOpa3oBaHUsI IPUMET BUL;

X1 =By (0 p41Xp41 T O p32Xp42 He F QX HON Fot CpYy)s
: (7.44)

Xp =By = (Qppr1Xps1 +Qppp2Xp s oot Oy Xy +Cp Y+t Crp Yy ).

Ot cucreMsl (7.43) k cucteme (7.44) Bceraa MOXHO NEpeNTH 1L1ara-
MM CUMIUIeKC-MeToAa. IIpu TakoM mepexoje B KauyeCcTBE JIUHEHHOM
$opMbI paccMaTpuBalOT GQYHKIIUIO

Fon=»nty»n+E+y, (7.45)

pPaBHYIO CYMM€ MCKYCCTBEHHBIX NepeMeHHBIX. Ilepexon 3akaHYMBAIOT,
Koraa Fp;, = 0 1 BCe MCKYCCTBEHHBIE TIEpEMEHHBIE y; NIEPEBEACHBI B
CBOOOIHBIE HEU3BECTHBHIE.

AHayI3 BADHAHTOB pereHuit

1. Ecnu Fyy, # 0, a BCe y; mepeBenieHsl B CBOGOAHBIE MEPEMEHHBIE,
TO 3a7aYa He UMEET NMOJOXHUTEIBbHOTO PELIEHHS.

2. Ecim F;, = 0, a yacTe y; octanace B 6a3uce, To Ui nepeBoia
HX B CBOOOOHBIE MEpPeMEHHbIE HEOOXONMMO MPUMEHSATH CIELHaTbHbIE
NPHEMBL.
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B cuMIuieKc-TabauLe, CoOoTBeTCTBYIONIElH cucteMe (7.44), mocne To-
ro kak Fy;, = 0, a Bce y; — CBOOONHDIE, BLIYEPKMBAIOT CTPOKY WISt Fin
U CTOJIOUBI IS y¥; M pEIlaloT 3afady JUlsl MCXOZHOH JIMHeHo# dhopMbl
Zmin'

PexoMeHayeTCsl BBOAIUTh MMHUMYM HUCKYCCTBEHHBIX NEPEMEHHBIX.

IMpumep 7.13. Peurenne 3amayu JIMHEHHOrO NMporpaMMHpPOBaHUs
CHUMILUIEKC-METOAOM. 1A HaxoxcOeHus onopHo20 NAGHA UCN0AL308aAMb Me-
mo0 UCKYCCIMBEHHbIX NePeMEHHbIX.

OrpaHHYeHMS:

3x1 =5x3 +x3+2x4 =1;
2x) —2x9 + x4 — X5 =—4;
Xp —3Xy +2x4 — X5 =-5.

Ienesas dynxkuus:
Zgin =X + sz,x,-ZO, I'=-l—,-§.

B 6a3nc MOXHO BBIICIHMTh NIEPEMEHHYIO X3. BBEeaeM IBe MCKycCT-
BEHHbIE NIEPEMEHHBIE — J| M V.

X3 =1- (3x1 b 5x2 + Z)C4);

no =42+ 20— x4+ x5);

V2. =5 —(=x +3x — 2x4 + x5);

Zpin = 0 — (=x; — 2xy);

Fuin =Y1 +y2=9 — (=3x; + 5x; = 3x4 + 2x5).

CocraBUM cuMILIEKC-Tabnuuy (tabn. 7.9):

Ta6auua 7.9
CBoOonHble
HEU3BECTHbIE Caobox-
X X3 X4 Xs
HBIA WieH
Bba3sucHble
HEU3BECTHHIC
X3 1 3 -5 2 0
» 4 -2 2 -1 m
2 5 -1 3 -2 1
Zin 0 -1 -2 0 0
F min 9 -3 5 -3 2
T
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HauMeHbIM# TOJTOXUTENbHBIN 3JIEMEHT B CTPOKE JIMHEHHOM (op-
MBl Fp;, = 2. Paspemaoniuit 27eMeHT HaXOOUTCS Ha IE€pECEYEHUHU

cTonbua NepeMeHHOMN x5 ¥ CTPOKHM INIEPEMEHHOM ;.

3anosHUM CAeayolylo CUMILIEKC-Tabnuuy (tadin. 7.10):

Ta6auua 7.10

CBoGoaHbie
HEM3BECTHBIE | S
HBI YeH * * X4 N
ba3ucHble
HEU3BECTHBIE
X3 1 3 -5 2 0
Xs 4 -2 2 -1
» 1 1 [1] -1 -1
Zein 0 -1 -2 0 0
Froin 1 1 1 -1 -2
)

HauMeHbUINI NONOXUTENbHBIN 3JIEMEHT B CTPOKE JIMHEIHOU dhop-
MBl Fi, = 1. MUHUManbHOE CHMIUIEKC-OTHOLIEHUE COOTBETCTBYET
CTpOKE IEPEMEHHOM Y.

3anoJIHUM HOBYIO CUMILUIEKC-Tabiuuy (Tabn. 7.11);

Ta6aunua 7.11

CpobonHbie
€U3BECTHBIC

Bba3ucHbie
HEU3BECTHBIE

Csobox-
HBII YJieH

Xi

Y2

X4 ig!

X3

Xs

X2
Zmin
F min ~

S N - NN

-1

-1 -1
-2 -1
0 -1

Tak KaK Fy;;, = 0, a y; 4 y, IEpPeBEAEHBI B UUCIIO CBOOOIHBIX, Mepe-
XOI K IEepBOMY OMOPHOMY pellieHUIO 3aBepileH. CTPOKY, COOTBETCTBY-
IOWIYIO Fp;n, U CTONOLBI IEPEMEHHBIX ¥} U Yy, BHIYEPKHMBAEM B IOC/IE-
Heit Tab/inue U MepenuchiBaeM ee B HOBOM Bue (Tadi. 7.12):

223




Ta6nauna 7.12

CaoGonHble
Heu3BecTHble | CBOGOIHBIA
X X4
Ba3ucHele YJieH
HENU3BECTHBIE
X3 6 -3
Xs 2 —4 1
X, 1 1 -1
Zin 2 1 -2

Pewnm 3agady 11s1 HCXOOHOM JMHERHOR opMbl Z ;.. B Tabi. 7.12
HaxoOuM paspelialolinii anemMeHT. OH paBeH 8. BuinonHss aeiicTBust
COIJIaCHO aITOPUTMY CUMILIEKC-METOAA, MOMy4yuM Tabim. 7.13:

Ta6auua 7.13

CBoGoaHbIE
Hen3BeCTHble | CBOOOIHBII
B X3 X4
a3UCHBIE YIeH
HEU3BECTHBIE
X 6/8 1/8 —3/8
xs 5 4/8 ~12/8
X3 2/8 -1/8 -5/8
Zoin 10/8 -1/8 —13/8

B nocnenHeilt cTpoke (Z,;,) NMOMOXUTENbHBIX JIEMEHTOB HET, CJle-

AOBATEJIbHO, ONTUMAJIbHOC PEUICHHUC HalOeHo.

3HayeHHe ueneBoi GYHKUMH Z;, paBHO 10/8. OnTUMabHbIi 1aH

X = (6/8; 2/8; 0; 0; 5).

BTopoi anroputm OTbICKaHUSA ONMOPHOro NnaaHa

HyCTb 3ajaya JMHEIHHOro NnporpaMMMpOBaHUs 3allMcaHa B KAHOHU-

YE€CKOM BUIE:

a1 X +apxy +..+ay,x, =b;

A1 X| + A Xy + oo+ QX = by
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Zin = C1X1 T Cxp + .o+ ¢, X5 (7.47)
6;20,i=1,m, x,20,j=1,n.

- MocTpouM nepayo Tabauiy Kopaana—Iaycca mis 3amay (7.46) u
(7.47). Ona ennHOOOpa3usi BHIYUCIUTEILHON TMpoLeAYphl K MCXOMHOM
TabJIMLE MPUITKCBHIBAEM CTPOKY LieJIeBOH (DYHKLIMU:

aqp gy . @y | b |2

(7.48)
Aml Gmp o G | b Z m

aq ¢ .. ¢ | 0]X,

Ilocne npuBeaeHUs CUCTEMbl OTPaHUYEHUIN K €IUHUYHOMY Gasucy
ueneBast GyHKuUsA, KaK ¥ Ga3UCHbBIE NiepeMEeHHbIE, OyaeT BhIpaXKeHa ye-
pe3 CBOOOIHBIE MepeMeHHble. AHATOTMYHBIM MPUEMOM MBI TOJIL30Ba-
JINCh, KOTa peliaiy 3afayd rpaduyeckuM METOJOM C YUCIIOM Tepe-
MEHHBIX 6ojee OByX.

AJroput™ MeToaa

1. 3anuurem 3anady B dopme (7.48), npu 3TOM BCe JIEMEHTHI CTOGLA
CBOBOMHBIX WIEHOB b; NOJDKHBI GbITh HEOTPULATENbHBL b; > 0, | = 1,m.
YpaBHeHUsI CUCTEMBI (7 46), B KOTOPLIX CBOOOAHBIE WIEHBI OTPULIATESb-
Hbl, IPEABAPUTEIBHO HY>XKHO YMHOXHUTH Ha —1.

2. Tabnuuy (7.48) npeobpa3yeM wwaraMu KopaaHa—Iaycca uckiio-
yeHuii. [Ipy 3TOM Ha KaXIOM Liare pa3pellalolUM MOXET OBITb BbI-
O6paH Js1io6oit cTonbel, comepxXaluit XoTs Obl OAUH TOJOXUTEIbHBIN
aneMeHT. CTpoka lejieBoii GYHKUMH Ha BbIOOP pa3pellaloluX CTOJG-
LIOB BJIMSTHHE HE OKa3bIBAET.

3. Paspeiaioniasi crpoka OnpeaessieTcs: 1o HauMeHbLIEMY U3 OTHO-
LIEHU# CBOOOAHBIX WIEHOB K IOJIOXKUTEJILHBIM 3JIEMEHTaM pa3peliaio-
1Eero cTonbua. '

4. B npouecce npeoOpa3oBaHUil BHIYEPKUBAEM CTPOKH, COCTOSILIIE
U3 ONHUX HyNEH.

5. Ecnu B npouecce npeobpa3oBaHMii BCTpeYaeTCs CTPOKa, BCE dJie-
MEHTbI KOTOPOW HYJIM, a CBOOOLHBIN YJIEH OTVIMYEH OT HyJsl, TO 3ajaya
He UMeeT pelieHus. EcM BCTPETUTCS CTPOKa, B KOTOPOH, KpOME CBO-
GOIHOro WieHa, APYTHX MOJIOXUTEIbHBIX JIEMEHTOB HET, TO FOBOPAT,
YTO 3a/laya HE MUMEET MOJOXUTEIbHBIX PELICHHIA.

Ioacnenue. B 1.1 ayiropuTMa npeanosiaraercs, YTO BCE JIEMEHTHI
crosibla cBOOOIHBIX WIEHOB HEOTPULATEIbHBL. JTO TpeGOBaHUE HEOOsI-
3aresbHO. B ciyyae korma B cTosnGlLe CBOOOAHBIX WIEHOB BCTpe‘{a]OTc}I
OTpHULATe/IbHbIe YUCia, OyaeM MOJIb30BaThCAd TEOPEMOM.
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Teopema. Ecau paspewarowuii snemenm 6vlbupames no HauMeHo-

Wemy noA0MCUMeENbHOMY CUMNAEKC-OMHOUeHUI0, mo nocie waza Xop-

dana—Iaycca c80600nbill neH 8 pa3pewiaroujeii cmpoke CmMaHo8umMcs

NOA0XHCUMEAbHBIM, G OCMANbHbIE HAEHbl COXPAHAIOM €8O 3HAK.

Bri60op pa3spelIaloiero 3JeMeHTa NPpOU3BOAAT UHaye, a UMEHHO.

1. IIpocMaTpUBalOT CTPOKY, COOTBETCTBYIOLLYIO KaKOMY-JTUO0 OTpU-
LaTeJIbHOMY CBOOOIHOMY wWieHY. BriOupaloT B Heit Kakoii-1ubo oTpuLia-
TEJIbHBINA 3JIEMEHT — COOTBETCTBYIOLLMI 3TOMY 3JIEMEHTY CTONIOEL OyaeT
pa3spelanoyM. '

2. Beifbop pa3pewialoniero 3jeMeHTa MPOU3BOAUTCS 10 MUHUMAJIb-
HOMY IOJIOXHTEJIBHOMY CUMIUIEKC-OTHOHIeHUI0. Ecnu 3amaua paspe-
LIMMa, TO Yepe3 KOHEYHOe YMCJIO HIaroB MOJIy4aloT IEpBOE AOMYCTUMOE
pelIeHHe U MOXHO NMPUMEHSTh CUMILIEKC-METO/.

B HekOTOpbIX Cliyyasix HaliIeHHOe TaKUM 06pa3oM NepBOe AOMYCTH-
MO€ PElLEHHE SIBJISETCS Takoke U ONTHUMAJIbHBIM PEHICHUEM.

IMpumep 7.14. OnpeneneHue ONOpPHOro IUIaHa.

JaHa cienymoolas cucreMa:

X+ Xy —x3—x4 =—4;

x| —2xy — X3~ X5 =~T, (7.49)

2x, =Xy +X4+X5 =7,

Zo =3 =X + 5; (7.50)
X > 0, i= 1,—5

JlBa CBOOOIHBIX WiIEHA B CUCTEME OrpaHUYEHUI OTPULIATEIIBHI, 110~
9TOMY Tepel TeM, KakK 3amucath 3ajayy B Buume (7.48), yMHOXHUM
COOTBeTCTBYIOLIME ypaBHEHUSA (7.49) Ha —1:

=X =Xy +x3+x4=4;
=X;+2xy +x3+x5 =T,
2x1 =%y + x4+ x5 =T,

Zpax = 3% —xp + 5.

3anuileM JaHHYIO 3afayy B BUJE BhIpaxeHHUs 7.48 u noaydyum tabi.
7.14.

Bri6epeM npou3BoOJIbHO CTOJIOEL C MOJIOXHUTENIbHBIM 3JIEMEHTOM.
3aTeM Mo MUHUMAJILHOMY MOJIOXKUTEJIBHOMY OTHOLUEHHIO HAXOAMM pas-
pelialomuii 3yieMeHT. B HaleM npuMepe OH paBeH 1 M HaXxomUTCS Ha
nepeceyeHun CTobua NepeMEHHON X4 U NMEPBOM CTPOKH (3JEMEHT OT-
MeyeH KBaaparoMm). BeinmosiHss npeobpasoBaHusi 2KopaaHa—Iaycca, no-
JiyyuM Taon. 7.15.
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Ta6nuua 7.14

Xy po) X3 X4 X5 CBO‘S:)::Hﬁ E
-1 -1 1 [1] 0 4 4 |«
-1 2 1 0 1 7 10
2 -1 0 1 1 7 10
3 -1 0 0 0 5 7
T
Tab6nauua 7.15
CBobGoaHsIit

Xy X, X3 X4 X5 ‘UI:H Z
-1 -1 1 1 0 4 4
-1 2 1 0 1 7 10

0 -1 0 (1] 3 6 |«

-1 0 0 0 5 7

T

BelmtonHssE B JasibHERLIEM Bce OEHCTBUSL aJITOPUTMA, MOMYYUM psil
CJAEQYIOLIMX aHATIOTHYHBIX Tabau (Tadm. 7.16, 7.17):

Ta6nuua 7.16

X X X X, x5 CBO‘{GJ:.LL::[HIK 5
-1 -1 1 1 0 4 4
—4 2 0 0 4 4
3 0 -1 0 1 3 6
3 -1 0 0 0 5 7
Ta6nuua 7.17
X X X3 X4 Xs CBO‘?:;{HHﬁ z
1 -2 0 1 0 2 2
-2 1 1 0 0 2 2
1 1 0 0 1 5 8
3 -1 0 0 0 5 7
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Ha manHOM 3Tane pacyetroB B TabGJ. 7.17 Mbl MOJYYUIIH TPU HYJe-
BBIX CTOJIOLIA, YTO COOTBETCTBYET KOJUYECTBY OrPaHHYEHUN B NIpUMeEpeE.
3mecr He0OXOAMMO 3aKOHYUTH Npeobpa3oBaHus XKopnaHa—Iaycca.

3anuiueM Hamy 3azaqy u3 Tabn. 7.17 tak:

X1 —=2Xxy +x4=2 x4 =2-(x1 —2x7);
X +Xxy +x5=5 X5 =5-(x +X);

ITonyyeHO nepBoe NOMYCTUMOE PELIEHME, BbIACAUM ero. Jis 3toro
nosoxuM x; = 0; x,= 0, Torma X = (0; 0; 2; 2; 5); Zpax = 5.
3agaya penieHa.

7.7. AKOHOMUUYECKas UHTepnpeTauus
peLieHus 3aaauun JIMHEAHOro
nporpaMmmMmupoBaHus

Jio6asi 5KOHOMUKO-MaTeMaTHyeckKasi MOJEb JUIIb YIPOIIEHHO,
rpy60o oTo0paxaeT peaibHbIi 9KOHOMUYECKUII NPOLECC, U 3TO YIPOIlle-
HME CYILIECTBEHHO CKa3bIBaeTCsl Ha Mojy4yaeMbix pesyasratax. Mccneno-
BareJsisl BPSA JIM YCTpOWsa Obl 3aKIIOYMTENIbHAs CUMIUIEKC-TabauLa, U3
KOTOPO# MOXHO ObLIO Obl NOJIYYUTh TOJILKO CITMCOK TEPEMEHHBIX U UX
3HaueHus1. Ha caMoM xe fejie pe3yJbTUpyOlasi CUMIJIeKC-Tabnuna
«HaChIlLIEHa» BECbMa BaXXHBIMHU JaHHBIMHU, JIMIIL HEOOJBILIYIO YacTh KO-
TOPBHIX COCTaBJISIIOT ONTUMAJIbHbIE 3HaYeHUS MepeMeHHbIX. U3 cumm-
JIEKC-TabIU LBl MOXHO NOJYYUTh HHGHOPMALHUIO OTHOCHTEJIBHO:

® ONTUMAJILHOrO pELIEHMUS;

® CTaTyca pecypcoB;

® IIEHHOCTHM KaXIOro pecypca;

® YYBCTBUTEJILHOCTH ONTUMAJILHOTO PEIIEHUSI K U3MEHEHMIO 3ama-
COB pecypcoB, BapyHaUMsIM KO3(pDHUIIMEHTOB LeaeBoi GyHKIUMU U UH-
TEHCUBHOCTH TOTPEGJIEHUS PECYPCOB.

CBeleHMs1, OTHOCSILLIMECS K NIEPBBIM TPEM MYHKTaM, MOXHO M3BJIeYb
HEMOCPEACTBEHHO U3 MTOrOBOi cUMILUIeKC-Tabnuubl. ITonyyeHue uH-
dopMaiuu, OTHOCSALIEHCS K YETBEPTOMY IYHKTY, TPeOYeT JOMOJHHU-
TEJIbHBIX BbIYMCIIEHUH.

s wutiocTpallud BO3MOXHOCTE! MOJIyYeHUsl YKa3aHHOH BhIILE
MHGbOPMaLIMU U3 3aKIIOYUTEIbHONH CUMIUIEKC-TabJULIbI BOCIIONb3YeMCSI
ONsTh 3aayeil 06 acCOPTUMEHTE MpoayKuuM (nmpumep 7.2). Dta 3amava
dopMynupyeTcs ciaeayiolM oo6pa3om:
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MaKCUMM3UPOBaTh: Z = 3x; + 4x, (moxon);

IIpY CJIeAYIOIIUX OrpaHuyeHusx: 2x; + 3x, <9 (cbipbe A),
3x; + 2x, <13 (ceipbe B),
X —x<1 (cmpoc),
X, <2 (crnipoc).

OnTuManbHas CUMIUIEKC-TabMLa uMeeT Bua (Tab. 7.18):

Tabnuua 7.18

CaoGonHble
HeusBecTHbie | CBOGOMHBII
Ba3sucHsle YleH Y1 V3
HEU3BECTHBIE
X 2,4 0,2 0,6
Yy 3 -1 -1
Vs 0,6 -0,2 0,4
X, 1,4 0,2 , -0,4
Znax 12,8 1,4 0,2

B Tabnuue VpJ= 1,4 — BeIpaBHUBAIOILKE NTEPEMEHHBIE.

OnrumanbHoe pemienue. C TOUKM 3peHUS TPAKTUYECKOTO MCITONb30-
BaHMs pe3yJIbTAaTOB pelIeHUs 3aJad JUHEHHOro NMporpaMMHUpOBaHMS
Ki1accudukauus rnepeMeHHbIX Ha 0a3suCHble U HeOa3UCHbIE HE UMeEeT
3HAYeHUS U NMpPHU aHAJIW3€ ONTUMAJILHOIO PELIEHUS] MOXET HE YYUThI-
BaThcsl. IlepeMeHHBIE, OTCYTCTBYIOIIME B CUMIUIEKC-TabULIe B CTONOLE
«0a3uCcHEIE TepeMEeHHbIe», 00s13aTeIbHO UMEIOT HYJIEBOE 3HaUYeHue. 3Ha-
YEeHHUS OCTaJIbHBIX NEPEMEHHBIX MPUBOLSATCS B CTONOLIE «CBOOOAHBIE
YWIEHBI».

IIpu viHTepnpeTallid pe3yJbTaTOB ONTMMMU3AUMU B 3agaye 00 ac-
COPTMMEHTE NMPOAYKIMU HAC TMpeXIe BCEro MHTEPECYIOT OOBEMBI PO~
U3BOACTBA NMpoaykuuu I} u I1,, T. €. 3Ha4eHHUs yNpaBIsieMbIX NTepeMeH-
HBIX X] U X,. Micrionb3ys JaHHBIE, codepXalliecss B CUMIUIEKC-TabnuLe
JUISL ONITUMAJIBHOTO PELIEHUSI, OCHOBHbBIE PE3YyJbTaThl MOXHO MpencTa-
BUTb B cjieayionieM suae (taéu. 7.19):
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Ta6auua 7.19

YnpasnseMble OnTuManpHbIe
Pewienue
NnepeMeHHbIE 3Ha4YeHUs

b 2,4 O6GbeM NMpOU3BOACTBA MPOIYK-
: uuu I1; gonxeH GBITh paBeH

2,4 en. B CYTKH

X, 1,4 O6beM NMpoU3BOACTBA NMPOIYK-

uuu [T, nonxeH 6BITb paBeH

1,4 ex. B cyTku

Zinax 12,8 Jloxon OT peanu3auuu NMPOAYK-
uuu Gyner paseH 12,8 o. e.
B CYTKHU

Crartyc pecypcoB. B nonpasn. 7.4 pecypchbl OTHOCWIKMCH OO K Jie-
GULMTHBIM, THOO K Heae(UIUTHBIM — B 3aBUCUMOCTHU OT TOrO, IOJIHOE
MJIM YaCTUYHOE HX HUCIIOJIb30BaHHME MpPEeNycCMaTPpUBAET ONTUMAIbHOE pe-
mweHue 3ama4yn. Ceifyac 1e/ib COCTOMT B TOM, YTOOBI MOJYYUTh COOTBET-
CTBYIOILYIO HH(OPMALIMIO HEMOCPEACTBEHHO U3 ONMTUMAJIbHOM TaG/IMIIbL.

B Mozenn, nocTpoeHHOM Ui 3a1a4i 06 aCCOPTUMEHTE MPOAYKUUH,
bUrypUpyIOT YeThIpe OrpaHUYEHHsI CO 3HAKOM «<». [lepBbie OBa orpa-
HUYeHUS (Ompenensiiouiue JONMYCTUMBIA PacXod MCXOJHOTO ChIPhA)
MpeACTaBISIOT CO00i UCTHUHHBIE OrpaHHYEHMs] Ha pecypchl. TpeTbe M
YeTBEPTOE OTPaHMYEHUSI OTHOCATCS K CIIpOCY. DTU TPeOGOBaHUSI MOXHO
paccMaTpMBaTh KaK OrpaHHYeHUS Ha COOTBETCTBYIOLLME PECYPCHI, TaK
KaK yBeJIHYeHHEe CIpoca Ha TMPOAYKIMIO SKBUBAJIEHTHO PAaCILMPEHUIO
MpeICTaBUTENLCTBA NMPEANPUATUS HA PhIHKe cObITa. B oTHOMIEHUHU bu-
HaHCOBBIX CPEACTB Takas CHUTYallMsl UMEET Te Xe IOCJEeACTBUSA, YTO U
yBeJIMYeHHE 3amacoB pecypcoB, Tpebyolllee pachpenesieHUs AOMOJIHU-
TEJIbHBIX BJIOXECHUIA. :

M3 BBIIIEU3NIOXEHHOTO CIIEAYeT, YTO CTaTyC pecypcoB (IeUIIUTHBIA
WIN HeleDUIUTHBIN) 1ig 11060i Modeau JIMHEMHOro nporpaMMHUpoBa-
HHMSI MOXHO YCTAHOBHMTb HEIOCPEACTBEHHO M3 Pe3y/ETUPYIOIEH CUMIT-
JIeKC-TabIuLbI, OOpalllas BHUMaHHe Ha 3HaYeHUs BbIpaBHUBAIOLLIMX I1€-
peMeHHbIX. [IpUMeHUTEIBbHO K Hallei 3amaye MOXHO NMPUBECTH ClIeay-
IOILYI0 CBOIHYIO Tabauuy (tadn. 7.20).

ITonoxurenbHOEe 3HaUYeHHE BHIPAaBHUBAIOUIEH MEepeMEHHON yKa3bl-
BaeT Ha HEIOJIHOE MCII0JIb30BaHME COOTBETCTBYIOIIErO pecypca, T. €.
JIaHHBIA pecypc siBisieTcsl HenedULNTHBIM. ECiM Xe BbIpaBHMBAIOILAsI
nepeMeHHas paBHa 0, TO 9TO CBUAETEJILCTBYET O MOJIHOM MOTPEOJICHUHU
COOTBETCTBYIOLIErO pecypca. M3 cBonHo Tads. 7.20 BUAHO, YTO pecyp-
CHI 2 ¥ 4 cBA3aHBI C 3arlacaMM ChIpbsi B M BO3MOXHOCTSIMU COBITA MpO-
nykuuu IT,. TToaroMy s060€ yBeTUYEHUE UX 3alacoB CBEPX YCTaHOB-
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Ta6nunua 7.20

Pecypc BripaBHMBalOILAs Craryc pecypca
nepeMeHHast

Cripbe A »n=_0 HebuumtHbtit
Coipbe B »=3 HenedbuuntHbiit
ITpeBbiLieHHE 06EMa MPOU3BOLI- y3=0 JeduumnTHBIM
cTBa nporyKuuu I7, mo oTHoiue-’
HMIO K 00BbeMy MPOM3BOACTBA
nponykuuu 11,
Cnpoc Ha npoaykuuio 11, Y4 =106 HenebuumnTHbI

JIEHHOTO MaKCHMAaJIbHOTO 3HAY€HHUsI NPUBEIET JHUIUb K TOMY, YTO OHH
CTaHyT elle Goyee HeneUUUTHBIMU, ONMTUMANIbHOE pELIEHHE 3alayu
TIPY 5TOM OCTAHETCS] HEM3MEHHBIM.

Pecypcel, yBeqnyeHHe 3alacoB KOTOPBIX MO3BOJSIET YJAYYLIUTH pe-
meHue (YBEJMYUTh JHOXOM), — 3TO ChIpbe A U BO3MOXHOCTU MO COBITY
npoaykuuu /I1;, MOCKONBbKY U3 ONTHUMAJbHOH CHMIUIEKC-TabaULIbl
(tabn. 7.18) BUAHO, YTO OHU AePULUTHBIE. B CBSI3U C 3TUM JIOTUYHO
MOCTaBUTh BOIPOC: KAKOMY U3 Ne(PULIMTHBIX PECYPCOB CJIEAYET OTIATh
MPEANOYTEHUE MPU BJIOXKEHUU IOMOJHUTENIbHBIX CPENCTB Ha yBeJIHYe-
HHME KX 3aacoB, C TEM YTOOBI MOJYYUTb OT HUX MAKCUMaJIbHYIO OTHA-
yy? OTBET Ha 3TOT BOIMpPOC OYyNET AaH B CJIEAYIOIEM pa3fesie 3TOi Ijia-
BBI, [I€ PaCCMATPUBAETCS] LEHHOCTh Pa3JIMYHbIX PECYPCOB.

Iennoctp pecypca. LIeHHOCTb pecypca XapaKTepU3yeTcsl BEJTUUMHOIM
YAYJILIEHUS ONMTUMAJIBHOTO 3HAYEHUSl Z, NMPUXOISIIErOCs Ha €IUHMIY
MpUpocTa 00beMa JaHHOro pecypca. Ipaduyeckass MHTepIpeTalus 3TO-
IO OTpele/IeHUs] MPUMEHHUTEIBLHO K YCJIOBUSM 33a4yd 00 aCCOPTUMEHTE
MpoAyKUMH ObLIa JaHa B noapasn. 7.4 (Bropasi 3amaya Ha YyBCTBUTEJIb-
HOCTb). Ipaduyeckuil aHaMIU3 MOKA3bIBAET, YTO LIEHHOCTb PECYPCOB
1, 2, 3 u 4 paBHa:

U, = 1,4 1. e. Ha eqMHHULY IPUPOCTA 3aNacOB pecypca ChIpbs A;

U2 =0, U4 = 0; .

U; = 0,2 A. e. Ha EAMHMILY MPUPOCTA NPEBLILLIEHUS TPOU3BOACTBA
MpoayKUUM /1; N0 OTHOLIEHHUIO K 00bEMY IIPOU3BOLACTBA NPO-
nykuuu I1,.

Dta UHdOpMaLMs NpeIcTaBjieHa B ONTHMaJibHON Tabnuue (Tadi.
7.18). ObpatuM BHMMaHKE Ha 3HauYeHUs1 KO3()ODUIUEHTOB Z-ypaBHe-
HUS, CTOSALUMX MPU NMEPEMEHHBIX HAayaJbHOIO 6asuca yy, y;, Y3 U Vs
3HayeHusa ykasaHHBIX Ko3dduuueHTon (1,4; 0; 0,2; 0) B TOUHOCTH CO-
OTBETCTBYIOT 3HaueHusM Uy; Uy; Us; Uy ‘
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Xota B noapasn. 7.4 ObUIM IaHBI HEOOXOAMMBIEC Pa3bSICHEHUS, CBSI-
3aHHBIE C ONpelneIeHUEM LIEHHOCTH PecypCoB, MOKaXeM, KaKUM o6pa-
30M aHAJIOTUYHBIN pE3yJBTaT MOXHO MOJYYUTh HENMOCPEIACTBEHHO M3
CHMIUIEKC-TaOIH1LbI.

PaccMOTpUM Z-ypaBHEHME ONTUMAIBHOW CUMILIEKC-TabMULIbI pe-
LIEHUS 33Jla4U 00 aCCOPTUMEHTE NMPOAYKLINU:

Z=128 (14 -y, +0-p, +0,2-y; + 0 - ).

IMonoxurenbHoOe NMpUpallieHUE MEPEMEHHOI y; OTHOCHTENLHO €e
TEKYyIero HYyJIeBOro 3HA4YeHHUS MNPUBOAUT K IPONOPLUUOHAUTLHOMY
yMEHbLIEHHIO Z, npu4eM KO3(h(PHULMEHT NMPONOPUHOHAIBHOCTH paBeH
1,4 0. e. OgHaKO M3 NEPBOro OrpaHUYEHUS] MOAEIIM CJIEAYET

2+ 3ty =9,

T. €. YBEJIMYEHHE Y| SKBUBAICHTHO CHIXXEHHIO 3amaca pecypca 1 (ChIpbst
A). Otciona ciefyeT, YTO YMeHbIIeHUe 3araca MepBoro pecypca BbI3bI-
BaeT NPONMOPLUOHATILHOE YMEHbLIEHUE LieaeBoii ¢hyHKUUU Z ¢ KOahbu-
LMEHTOM MPOMNOPLUHOHATBHOCTH, paBHBIM 1,4 1. e. AHAIOrHYHbIE pac-
CYXIEeHHUs CIIpaBeLJIMBBI M JUIsSl pecypca 3.

B oTHOmIEHUH pecypcoB 2 ¥ 4 GbLUIO YCTAaHOBJIEHO, YTO UX LIEHHOCTD
paBHa 0 (U, = U; = 0). BT0ro u cneaoBaio 0XHUAATh, TaK KaK PECYpChl
2 ¥ 4 oxasauCh HeaePUUMTHBIMU., Takoi pe3ysbrar MoJydaercs BCsi-
KWI pa3, KOrma COOTBETCTBYIOUIUE BhIpaBHUBAIOILIME NEPEMEHHBIE HME-
IOT MOJIOXHUTEJIbHOE 3HaYECHHE.

HecMOTpst Ha TO YTO LIEHHOCTb PAa3IMYHBIX PECYPCOB, OIpeaessieMast
3HaYEHUSAMHU NepeMeHHbIX U, ObuUla MpeAcTaB/ieHa B CTOMMOCTHOM (. €.)
BBIPAXEHHH, €€ HEJIb3s1 OTOXAECTBISATh C JECTBUTEIbHBIMU LIEHAMH, IO
KOTOPBIM BO3MOXHA 3aKYIKa COOTBETCTBYIOILUX pecypcoB. Ha camom ne-
Jie peyb UIET O HEKOTOPOH Mepe, UMEIoIIEeH IKOHOMUYECKYIO TTPUPONY U
KOJIMYECTBEHHO XapaKTepHU3YIOLEH LIeHHOCTh pecypca TOJIbKO OTHOCH-
TeJIbHO MOJyYEHHOTO ONMTUMAILHOrO 3HayeHust Z. I1pu u3aMeHeHuH orpa-
HUYEHUH MOMEIM COOTBETCTBYIOLLME 3KOHOMHYECKUE OLEHKH OyoyT Me-
HSIThCA JaXe TOTAA, KOTaa ONTUMHU3UPYEMBIii IPOLIECC NPEANOaraeT npu-
MEHEHHUE TexX Xe pecypcoB. [103ToMy npu xapakTepHUCTUKE LIEHHOCTH pe-
CYpPCOB 3KOHOMMCTHI NPEANIOYUTAIOT UCIOIb30BaTh TaKNUé TEPMUHBI, KaK
TeHeBasl lieHa WIM JBOMCTBEHHasl OLEHKAa. 3aMETUM, YTO TeHeBas lieHa
XapakTepu3yeT UHTEHCUBHOCTD YJIYYIIEHUsS] ONTUMAJILHOrO pelieHus Z.
OnHako npu 3TOM He GUKCUPYETCS MHTEPBal 3HAYEHUI yBeJIMYeHUs 3a-
MacoB PecypCcoB, MPHU KOTOPHIX MHTEHCHUBHOCTb YJIYYLIEHHs leIeBOi
(bYHKIIMH OCTaeTCsl NOCTOAHHOM. )11 GOJIBIIMHCTBA MPAKTUYECKUX CUTY-
alMit JIOTUYHO TIPEANONIOXUTh HAJIMYUEe BEPXHETO MNpenesia yBeJIUYeHUs
3amnacoB, MpH NMPEBLILIEHHUH KOTOPOTO COOTBETCTBYIOLIEE OrpaHHYeHMe
CTAaHOBUTCSI M3OBITOYHBIM, YTO B CBOIO OuYepenb NMPUBOAUT K HOBOMY 6a-
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3UCHOMY PELIEHUIO U COOTBETCTBYIOILIMM €MY HOBBIM TEHEBBIM LieHAM.
Huxe ornpenesieTcss MHTEPBaJl 3HAYEHMIA 3aMacoB pecypca, MPH KOTOPhIX
‘COOTBETCTBYIOIIEE OrPaHUYEHHE HE CTAHOBUTCS H3OGBITOYHBIM.

MakcuMaibHOe H3MeHeHHe 3anaca pecypca. I1pu peireHuH Bonpo-
ca 0 TOM, 3amac KaKoro U3 pecypcoB CJIeQyeT YBEJIMYMUBATh B IIEPBYIO OYeE-
peab, OOBIYHO MCMOJB3YIOTCSl JBOMCTBEHHBIE OLICHKU (TEHEBBIE LIEHBI).
YToO6B! OMpeneUTh MHTEPBAJI 3HAUYEHUIT U3MEHEHUS 3amaca pecypca, npu
KOTOPBIX JBOHCTBEHHAasi OLIEHKa JaHHOrO pecypca, hurypupymouias B 3a-
KJTIOYHUTETBHONW CUMIUIEKC-TabJIH1le, OCTAeTCSl HEM3MEHHOI, HE0OXOXMMO
BBIMIOJIHUTD Psill JONOJMHUTEbHBIX BhruMcieHuid. [lonoxumM, yto B 3ana-
ye 00 acCOpPTUMEHTE MPOIYKLMHU 3amac MepBoro pecypca (Coipbsi A) U3-
MEHWICS Ha A}, T. €. 3anac coipbs A coctaBuT (9 + A)) enuHuil. Beenem
3TO U3MEHEHHME B HAYaJIbHYI0 CUMILUIEKC-TaOMUIly M 3aTeM BBINOJIHUM
BCIO TMOCJIE0BATE/IbBHOCTh BHIYMCIIEHUIA.

IToCcKONBbKY 3/7IEMEHTBI MpPaBbIX YacTeil OrpaHMYEHHMl HUKOrAa He
HCIOJIB3YIOTCSI B KQUECTBE pa3pelIaloliuX, TO OYeBMIHO, YTO Ha Kax-
JOM MTepalMM BBIYUCIIEHMI A, OyIeT OKa3blBaTb BJIIMSIHME TOJBKO Ha
3HAYEHMS 3JIEMEHTOB CTOJIOLA «CBOGOMHBIC YIEHBI»,

Pe3ynbraTel BBIYUCIEHUI 3JEMEHTOB CTOJIOLA «CBOGOMHBIE WICHBI»
cBeneHnl B Tabn. 7.21:

Ta6nuua 7.21

3HAYEeHHUS 3JIEMEHTOB CTOJIOLA «CBOOOAHBIE YIECHBI»
YpaBHeHUE
HavanpHas OntuManbHast
CUMILIEKC-Tabnuua CUMILIEKC-TabauLa

Z 0 12,8 + 1,4 - A
1 9+ A 2,4+ 0,2 A
2 13 3-1-4,
3 1 0,6 — 0,2 A,
4 2 1,4 +0,2 - A

Bce M3MeHEHUs 3JIEMEHTOB CTONOLA «CBOGOAHBIE WICHBI» OMpeEne-
JISIIOTCSl HEMOCPEACTBEHHO MO JAHHBIM, COAEPXAlIUMCSl B CUMILIEKC-
Tabmuuax. Kaxnablit ameMeHT cTonbua «cBOOOAHBIE WIEHbI» MPEeACTaBIsi-
€T coboif CyMMy ABYX BEJIMUMH:

1) nmocrosiHHO#;

2) 4neHa, TMHEHHO 3aBUCSILETO OT A;.

ITocTostHHBIE COOTBETCTBYIOT YUCIaM, KOTOPBIE (burypupyloT B OI- -
TUMaJIbHOHM CHMIUIEKC-TabNuLe A0 BBeAEHUS A B cTONOLE «CBOOOAHDIE
wieHbl». Ko3(dhuuueHTs Mpu A; BO BTOPHIX CIaraéMbIX paBHbI KO3¢-
¢HULMEHTaM NPU | B ONTUMAJIBHONW CUMILIEKC-TabIuLE.
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3aMeTHM, YTO NMpH aHaJIU3e U3MEHEHUI B IPaBBIX YaCTSIX BTOPOTO,
TPETBETO U YETBEPTOrO OrpaHUYEHHUI HY>KHO M0JIb30BaThCsl KO3 PULIM-
€HTaMHU TPH MEPEMEHHBIX Yj, V3, Y4 COOTBETCTBEHHO.

Tak kak BBeAeHME A CKa3blBAeTCs JMILUb Ha MPaBOil YaCTU OrpaHu-
YyeHHUH (Ha 2/1IeMeHTax cTonblua «CBOOOAHbBIE YeHbI»), U3BMEHEHHUE 3ama-
ca pecypca MOXET IMOBJHUSATh TOJbKO Ha JOMYCTUMOCTb pewrenus. ITo-
3TOMY A HE MOXET IPUHHUMATh 3HAYCHUH, NIPU KOTOPhIX KaKas-In6o U3
0a3UCHBIX MEepeMeHHbIX CTAHOBUTCS OoTpuLaTesbHON. V3 3TOrO cienyer,
4TO BEJIMYMHA A JO/LDKHA ObITb OTpaHMYEHA TaKUM MHTEPBAIOM 3Haye-
HMH, IpU KOTOPOM BBINOJIHAETCS YCJIOBUE HEOTPULATEIBHOCTH TMpPaBbIX
yacTeil orpaHUYEHHUH B pe3yJIbTHPYIOIEH CUMILUIEKC-Ta0IuLE, T. €.

X, =24+02-A,20; (7.51)
»=3-1-4,20; (7.52)
Ya=0,6-02-A,>0; (7.53)
X =1,4+0,2-A,20. (7.54)

JLst onpefieieHNst JOMYCTUMOrO MHTepBala U3MEHEHUsSI A| paccMo-
TPUM [Ba Ciyyas. ’

Cayuaii 1. A1 > 0.

CootHowenus (7.51) u (7.54) Bcerma BeIMONHSAIOTCSA npu A 2 0.
CootHowreHus (7.52) u (7.53) onpenensior ciaeaylolue npeneabHbie
3HaueHus A A} < 3; A} < 3. TakuM 06pa3oM, Bce YEThIPE COQTHOLLE-
HUS BBINIONHAIOTCS MpU A < 3.

Cayuaii 2: A} < 0.

CoornoueHus (7.52) u (7.53) einonusiores npu A; < 0. CootHo-
weHus (7.51) u (7.54) cnipaBeqyuBel pu Ay = — 12; A| 2 —7 cooTBeT-
CTBEHHO.

TaxuM o6pa3oM, 06a COOTHOLIEHHUS CNpPaBEMIUBhI P Ay > —7.

OObeauHssT pe3yJbTaThl, MOJyYEHHbIE IS 000MX CIydyaeB, MOXHO
crenath BBIBOA, YTO NMpHU —7 < A} < 3 pelleHHe paccMaTpuBaeMoii cuc-
TeMbl Bceraa Oyner nomyctuMbiM. JIio6oe 3HaueHHe A;, BhIXOXsliee 3a
MpeJesl yKasaHHOro MHTepBaia (T.e. yMeHbLUEHHUe 3amaca Chippsi A 6O-
Jiee YeM Ha 7 eJUHUL WIM yBeJIHYeHHe Oojiee YeM Ha 3 eMUHHULIBI), IIPU-
BelET K HEJOMYCTUMOCTH PELIEeHHSI 1 HOBOM COBOKYMHOCTH Ga3MCHBIX
MePEMEHHBIX.

AHaJM3 Ha YYBCTBHTEJIBHOCTb ONTHMAJILHOTO pellieHHs] K BapHaluu
Ko3¢dunmenToB nenepoii pynkuuu. B nmoapasa. 7.4 Ha ocHoBe rpaduye-
CKOro NpeICcTaBJIeHUs] MOJEIM ObLIO NMOKa3aHO, YTO MPHU OMNpeae/IeHHBIX
3HAYEHUSIX U3MEHEHUs KO3 GIULIMEHTOB LeeBoit GYHKLUHUHU ONTHUMAIIb-
Hbl€ 3HAYE€HUSI NTEPEMEHHBIX OCTAIOTCS HEM3MEHHBIMU (XOTS ONTHUMAJIb-
HO€ 3HaueHHe Z MpH 3TOM MeHseTcs). Bo3Bpailuasich K 3TOMy BOIPOCY,
MOKaXeM, KaKMM 00pa3oM MHTEPECYIOIIyI0 Hac MH(OpMaluio MOXHO
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MOJIYYUTh U3 JAHHBIX, COAEPXKAIIMUXCS B ONTUMAJIBHON CHMILUIEKC-Tab-
JIMLE.

Crnenyer OTMETUTD, YTO YpaBHEHHE 1ieeBOM PYHKIIMU TAaKXKe HE UC-
MOJIb3YETCS1 B KaYeCTBE Bedyllero ypaBHeHUs1. [103ToMy 100bIe M3MeHe-
HMS1 KO3(dHUMEHTOB LeNeBoil ¢YHKIIMM OKAXYT BJIUSIHHME TOJIBKO Ha
Z-ypaBHEHHUE Pe3yJIBTHPYIOLLIEH CUMIUIEKC-Ta0NIHIEL. DTO O3HAYAET, YTO
TaKHe W3MEHEHHUs] MOTYT CAejaTh MOJydeHHOe pellieHHe HEeONTHMalb-
HBIM. Hama uenp 3aKimio4yaercs B TOM, YTOOBl HaliTM MHTEPBAILI U3Me-
HeHuil K03¢(}PHUIHUEHTOB LeeBO (PYHKLIMHU, TIPH KOTOPBIX ONTHUMAaJIb-
Hble 3HaYeHHUS MEPEMEHHBIX OCTAIOTCSI HEHM3MEHHBIMU.

Yr1obbl MoKa3aTh, KaK BBIMOJHSIOTCS COOTBETCTBYIOLIME BBIYUCIIE-
HUs, TOJIOXKHUM, YTO JOXOI, IMOJNy4yaeMblif ¢ eIMHHULB! nponykuuu [7;,
usMensiercst ot 3 1o 3 + §;, rme §; MOXeT ObITh KaK MOJIOXKUTEBHbIM,
TaK U OTpHLATeIbHBIM YucioM. LleneBast GyHKIMS B 3TOM Cily4ae MpH-
HYMaeT CIEeNYyIOLMA BUL:

Zmax = (3 + 81)x1 + 4XZ.

Ecnu BoCIonb30BaThCst AAHHBIMU HauyaIbHOM CHMIIIEKC-TaGIMLIBI U
BBITIOJIHUTDb BCE BBIYMCIICHUS, HEOOXOAUMBIE IJTSI MONYYEHUS] ONITHMATb-
HO# CHMIUIEKC-TaGIULIbl, TO MOCTenHee Z,, -YPaBHEHHE OYIeT BBIMISA-
IETh CIEAYIOLIMM 00pa3oM:

CBoGoaHble CpoboaHble y
NepEMEHHbIE YIEHBI N 2
Z 12,8 + 2,4 5, 14+025 |02+068,

D710 ypaBHeHHUE (CTPOKa LieJieBoi PyHKIMHU) OTIMYaeTCs OT Z-ypaB-
HEHWsI O BBENEHUS &) TOJNIBKO HAIMYUEM WIEHOB, colepxaiux 6. Ko-
acdduuueHTs npu §; paBHH K03 dHULHEHTaM NPH COOTBETCTBYIOLIMX
NIEpEMEHHBIX B X|-YPaBHEHHH (X|-CTPOKa) CUMILIEKC-TabJIULbl LIS TIO-
JIyY4EHHOTO paHee ONTUMAIbHOIO PELUEHMUS:

CBoGOaHBIE
nepeMeHHbie |  CBoGonHbIE y y
Ba3ucHble YIEHBI ! 3
nepeMeHHbIE
X 2,4 0,2 0,6

MBI paccMaTpUBaeM X;-ypaBHEHHE, TaK KaK KO3(GPHULMEHT HMEHHO
MPH 3TOI MEPEMEHHOM B BBIPAXXEHHUM LIS 1ieJieBoi (PYHKLUMU B HaYallb-
HO#M CHMILIEKC-TabuLle U3MEHWICS Ha J;.
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OnTuMayibHble 3HAYE€HHUs MEPEMEHHBIX OYIYT OCTaBaThCsl HEU3MEH-
HBIMM TIPU 3HAYEHMSX O;, YAOBJICTBOPSIOLIMX YCJIOBHIO HEOTPHLIATEIb-
HOCTH (3aaya Ha OTBHICKAaHHE MakCUMyma) BceX K03 HULHEHTOB MpHU
CBOOOIHBIX MEPEMEHHBIX B Z-ypaBHEHUHM. TakuM o6Gpa3oM, HOJXKHBI
BBITIOJIHATBCS CJIEAYIOLIME HEPAaBEHCTBA:

0;
0

W3 nepBoro HepaBeHCTBA MOJMy4YaeM, 4To §; > —7, a U3 BTOPOTO CJie-

1
IyeT, YTo §; 2—3-. DTU pe3ysIbTaThl ONPENeNIOT Mpeaesbl U3MEHEHHS

ko3 duLreHTa ——% <8 < +eo.

- TakuM oGpa3oM, IpU YMEHbIIEHUH KO3 dHUILIMeHTa LieJieBoi (QyHK-

3 3

IIPU €r0 YBEJIUYEHUHU O oo ONTUMAIbHBIE 3HAYEHUS] NIEPEMEHHBIX OC-
TAIOTCSI HEM3MEHHBIMH. DTOT BBIBOJ COBMANAET C pe3yapTaToOM, NOJIY-

YeHHBIM B noapasn. 7.4.
CienyeT OTMETUTD, YTO ONTUMAIbHOE 3HaYeHUE Z OyaeT U3MEHSTh-

. , 1 2
LIMM TIPU TMEPEMEHHOI X| KO 3HAa4Y€HWsI, PaBHOTO 3+[—— =2=, Wi

' 1
csl B COOTBETCTBUHU C BhipaxeHueM (12,8 + 2,4 §,), rue -3581 < +oo,

MBI paccMOTpeNnu ciydyait u3MeHeHHMs1 KoddduiueHTa mpu 6asuc-
HOHM mepeMeHHOH x;. B ciyyae uaMeHeHust koaddHiMeHTa TPU CBO-
OOIHOI MepeMEeHHOM B 11eJIeBOil DYHKUMHM MPOUCXOAUT U3MEHEHHE KO-
acduumeHTa TONBKO NMPU JAHHON NMEPEMEHHOI B ONTUMAJIBHON CHUMIT-
Jiekc-Tabnuue. PaccMOTpUM B KayecTBe WJUIIOCTpaLlMM CJy4yaii, Koraa
K03 dULHMEHT NMpH cBOOOLHON MEpPEeMEHHOH y; (mepBasi BhIpaBHUBAIO-
1asi nepeMeHHas1) uaMeHsiercs or 0 1o J,. BeimonHeHne npeobpasona-
HUI, HEOOXOOUMBIX JUISI MOJyYeHHUs 3aKIIOYUTENbHON CUMILIEKC-Tab-
JINUBI, TPUBOAUT K CJIEAYIOLIEMY PE3yJIbTUPYIOLIEMY Z-ypaBHEHHUIO:

CsoGonHble CoboaHble y y
nepeMeHHbIE WIeHBI ! 2
Z nax 12,8 1,4 -5, 0,2

M3 npuBeneHHOro ¢parMeHTa 3aKJIIOYUTEIBHON CUMILIEKC-TaGIu-
bl BUOHO, YTO €OUMHCTBEHHOC OTJIUYHUEC OT Z-ypaBHCHI/IH J0 BBCIOCHHUA
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&, cocTouT B TOM, 4TO KO3 HULIUEHT NPH y3 yMEHBLIMWICA Ha §;. Takum
00pa3oM, K03 GULIMEHT NMpU CBOOOAHOMH NEPEMEHHON B pe3yJIbTUPYIO-
1eM Z-ypaBHEHMH HYXHO YMEHBLUUTD Ha Ty X€ BEJIMYHHY, HA KOTOPYIO
OH YBEJIMYUBAJICS B MCXOIHOM Z-ypaBHEHHHM.

7.8. ABOiACTBEHHbIE 3ap/a4um
JIMHENHOro NporpaMmMupoBaHus

B3anmoasoiicTBeHHble 3a5a9H. PaccMOTpuM 3a1avyy o6 MCMONb30Ba-
HUM pecypcos. ITycts npeanpustue Ne 1 Npon3BOOUT # BUIOB MPOXYK-
LM U UCTIONB3YET m BUOOB ChIpbst. M3BeCTHA NMPUOLLIL, MONyYaeMas C
€IWHHULBI IPOAYKUMH C;, j = 1, n. I3BECTHBI TEXHONIOTHYECKHE KO3 DHU-
uueHTsl ay, | = 1,m, j = 1,n. TpeGyeTcs opraHu30BaTh MPOM3BOACTBO
TaK, YToObl MpeanpusATUIo Obla obecrieyeHa MaKCUMaIbHasi PUOBLIb.

CBeneM Bce MCXOOHBIE JaHHBIE B Tabn. 7.22:
TaGnauua 7.22

LeHsr 3anacsl Mponykuus
Ha pecypchl ChIPbsl 1, 1, 1,
u a, ayy ayp e ap
L)) a a) - 4y o
Um An am Am2 e Amn
IMpuGsuib C ¢ () Cpy
COUHULIBI
MIPOAYKUMH

3anuiieM B 061IEM BHAE 9KOHOMHKO-MAaTEMAaTHYECKYIO MOIE/b 3a-
Hayu_06 HUCMONb30BaHUM PecypcoB. [lisi 3TOTO BBEAEM NEPEMEHHBIE X;,
Jj = 1,n — KOIM4eCTBO MPOAYKIHH j-r0 BUAa. Torma orpaHMYeHHUs] Ha
CHIpbE 3aIMIIYTCS B BUIE
apx; +tapxg + .. tax, < ag;
ayxy + apxy + ... tayx, < ay; (7.55)

a1y + amaX2 + .. +amnxn s -

LeneBas PpyHKLUHUSA, onpenensionias MakKCUMyM NPUObUIH, UMEET

BUA
Zpax = C1Xp T opxp + .o+ Xy (7.56)

x20,j=1,n
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ITo 3TUM Xe MCXOOHBIM AaHHHIM chopMyIHpyeM 3amady Mo npen-
npusitTuio Ne 2.

HonyctuM, npeanpusatie Ne 2 pelinio 3aKynuTh BCE PECYPChI, KO-
TOPLIMH pacrosiaraet npeanpusatTae Ne 1. B aToM ciiyyae npeanpusaTHIO
Ne 2 He0GXOAMMO YCTAaHOBUTH ONTUMAJIbHBIE LIEHBI HAa 3TH PECYpPCHI, HC-
XOIST U3 CAeQYruUX YCA08uil:

1) obmiasi CTOMMOCTb peCypcoB ISt peanpusiTis Ne 2 noimkHa GbITh
MHUHUMAIbHOM;

2) 3a KaXIblii BUA pecypca npeanpusatuio Ne 1 Hamo yriaTUTh He
MEHEe TOil CyMMBI, KOTOPYIO 3TO NpPEANPUATHE MOXET MOJy4yaTh MpH
nepepaboTKe JaHHOTO BUAA pecypca B FOTOBYIO NMPOOYKUHIO.

O003HauYMM LIEHBI, IO KOTOPBIM MNpeanpHusaTue Ne 2 mokymaer pe-
cypchl y npeanpuatis Ne 1, gepes u;, { = 1,m. 3anuiueM 3KOHOMUKO-
MaTeMaTHYeCKYI0 MOXE/b JJIS NMpeanpusaTuss Ne 2 ¢ ydyeToM BhIIIEeyKa-
3aHHBIX yClIOBHi 1) 1 2).

LeneBass pyHKUMS, omnpenensiomiai MUHUMAJIbHYIO CYMMapHYIO
CTOMMOCTb PECYPCOB, UIMEET BUL,

Lyin = ayuy + aguy + ... + apu,. (7.57)
B COOTBETCTBHMHM C YCIOBUEM 2) 3aNUIIEM CHCTEMY OrpaHMYEHHUIL:

apuy + a) Uy + ...+ Amilm 2 Cys
ajply + Axly + ..+ Aol > Cy, (7 58)
apuy tayuy t ..t a,u, 2c,

Cpasnum mamemamueckue modeau 3adau (7.55), (7.56) n (7.57),
(7.58):

1) YuC/IO HEM3BECTHBIX OJHOM 3aayd pPaBHO YMCJY OrpaHUYEHHI
ApYroi 3agayu;

2) Marpuuia Ko3¢phHUIIMEHTOB CUCTEMBl OrPaHUYEHHU TMOJIy4aeTCs
OIIHa U3 APYroi IMyTeM TPaHCMOHHUPOBAHUS;

3) HepaBeHCTBa B CHCT€MaxX OrpaHUYEHUH MMEIOT MPOTHUBOMOJIOX-
HBIA CMBICII;

4) cBOOOIHBIE YJIEHBI CUCTEMBbl OTPAaHUYEHHUI OQHOM U3 3amay cTa-
HOBATCA KO3(dHUMEeHTaMH LieJieBOH (PYHKLMHU Ipyroi 3amauu, Ko3g-
¢uLMeHTH LeNIeBOi GYHKIIMY NpeBpalialoTCs B CBOOOAHEIE WIEHBI Or-
PaHUYEHHUIA;

5) ueneBble GYHKUWHU B 3aja4aX UMEIOT MPOTHBONOJIOXHBIA CMBICIT:
B MEpBOH — max, BO BTOPOi — min.

3axayy JIMHERHOro NMporpaMMHpOBaHMsl, 00OJIanaloLIe MAThIO YKa-
3aHHBIMU (HOPMATBLHBIMHU NMPU3HAKaAMHU, Ha3bIBAIOTCS CUMMEMPUHHbIMU.
OmHa M3 HUX Ha3bIBae€TCS OCHOBHOM, a Apyrasi — JBOHCTBEHHOIA.
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B nMHeiHOM MpPOrpaMMHMPOBAHUH KPOME CUMMETPHYHBIX JABOMCT-
BEHHBIX Map CYIIECTBYIOT HECUMMETPUYHbIE ABOUCTBEHHBIE MAphI, KO-
TOpble MUMEIOT CIAEAYIOWUN BHI:

OCHOBHas 3aaya

a;xy + a19Xy + ..+ Ay = bl;
: (7.59)
am1X) + ampX2 Tt AmXn = bm;

Zax = C1X1 T Xy + o F oy (7.60)

x20,j=1,n
JIBOMCTBEHHas 3aaya
Lo =by toyy +.oo + by (7.61)

aytayt .t agy,Scp
: (71.62)

aypp tayyy t e t Ay < Cp

OTH 331a4¥ OTIIMYAIOTCS OT CHMMETPUYHOI Mapbl JByMsS OCOOEHHO-
CTAMU:

1) orpannyenus 3agayu (7.59)—(7.60) BrIpaXeHbl ypaBHEHUAMH
BMECTO HEPaBEHCTB,;

2) B 3agave (7.61)—(7.62) OTCYTCTBYIOT YCJIOBMSI HEOTPULATENBHOC-
TH NEPEMEHHBIX y;, | = 1, m.

OO6mee npaBuI0 MOCTpoeHUs ABOWCTBeHHOH mapbl. K nATH npusHa-
KaM, c(OpMYJIMPOBAaHHBIM paHee, HEOOXOMUMO H00aBUTh CIIEAYIONINE:

1) B MCXOOHOI1 3amaye OrpaHUYEHMs] HEPABEHCTBA CJIEAYET 3arMChl-
BaThb CO 3HAKOM 2, €CJIH LieJieBasi GyHKUMS CTPEMHUTCS K min, U CO 3Ha-
KOM <, ecny ueneBas pyHKUHUS CTPEMHUTCSA K max;

2) KaxIoMy OrpaHUYEHHIO HEPaBEeHCTBAa HCXOTHOM 3alayd COOTBET-
CTBYET B IBOMCTBEHHOM 3ajaye yCJIOBME HEOTPHLATEIbHOCTH IIEpEMEH-
HBIX y; 2 0; ’

3) KaXxaoMy YCJIOBUIO PaBEHCTBa COOTBETCTBYET NepeMeHHast y; 6e3
OTpaHHYEHHs Ha 3HaK, 1 HA060POT: HEOTPHULATEIbLHBIM NIEPEMEHHBIM X
U3 OCHOBHOI1 3a1ayy B IBOMCTBEHHOM 3allaye COOTBETCTBYIOT OrpaHUyYe-
HUSI HEpaBEHCTBA, 2 HEOrPaHUYEHHBIM IO 3HAKy NEPEMEHHBIM COOTBET-
CTBYIOT pDaBeHCTBa.
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IIpumep 7.15.
HaHna caeayroowmas cucreMa:

X1 +2x2 +X3 29;
2x1 +X3 >4,

leO;X2ZO;X3ZO;

me =X + Xy + X3.

IMpoBepsieM ycnoBue: LeneBast (pYHKUMSI CTPEMMTCS K min, a 3HaK
HEpaBEHCTBa JODKEH ObITh >. MicxomHast 3aaya COOTBETCTBYET HaHHO-
My YCJIOBHIO, © MOXHO Cpa3y NMpPUCTYNUTh K MOCTPOCHUIO CUMMETPHY-
HOI1 IBOHCTBEHHOH mMaphl.

Tax Kak B npsAMO¥ 3a1aye B CUCTEME OTPAaHUYEHMI 11Ba HEPABEHCT-
Ba, TO B JBOMCTBEHHOIi OYIET [BE MEPEMEHHBIX U U Uy, IpUYeM u; = 0,
Uy >0.

LleneBas dbyHKUMS

Zax = u; + 4u,.
YyureiBasi, yTO LeneBasg (GyHKUHMS Ha max ¥ B ApPSMOM 3amaye

x; 2 0; xp 2 0; x3 2 0, To cucTemMa OrpaHMYEHMIi 3aNUILETCS B CIEdy-
IOLIEM BHIE:

u +2uy <1l
2y <1,
w+up<l.
IIpumep 7.16.
HNmeeM cucremy
xp —2xy +x3 43x4 -2x5 = 6,
2x; +3x3 -2x3° -x4 +x5 < 4,
x +3x3 -4x; = 8,

x; 2 0; x3 2 0; x5 2 0; x, ¥ X5 HE UMEIOT OrpaHUYEHHUs 3HAKA,
Zmin=x1 - 2X2 +X3—X4+XS.
Tak kak ueneBass GyHKUHMS Ha min, TO B UCXOAHOI 3amaye OrpaHU-

YEHHUS HEepaBeHCTBa JOJIXKHBI UMETh 3HaK 2. YMHOXHM BTOpPOC HEpPABEH-
CTBO CUCTEMBI Ha —1:

—ZXI“3XZ+ZX3 +X4—'XSZ—4.

240



B npsamoii 3agaye yucno orpaHUYEHU paBHO 3, 3HAYUT, B ABOMCT-
BCHHOH OyAeT TpW NMEPEMEHHBIX: U|; Up; U3. TaK Kak uy U U3 COOTBETCT-
BYIOT HEPABEHCTBaM, TO U, = 0; u3 = 0. ITapaMeTp u; COOTBETCTBYET pa-
BEHCTBY, IIO3TOMY 4| — MepPeMEHHas1 6€3 OrpaHMYEHHUs 3HaKa.

Yucio orpaHUYEeHU# B ABOMCTBEHHOHN 3ajaye paBHO S5, Tak Kak B
NpSIMOiA 3aiaye MSATh NEpPEMEHHBIX, B TOM YHUCJE NEpBOE, TPEThE U Isi-
TO€ OrpaHUYEHHUst OYAYT HEpaBEHCTBaMH, MOTOMY YTO OHH COOTBETCTBY-
0T HEOTPHLATENbHBIM MEPEMEHHBIM, a BTOPOE M YETBEPTOE OrpaHuye-
HUs OYRYT YpaBHEHUSIMHU, TaK KaK COOTBETCTBYIOT IIEPEMEHHBIM 6e3 or-
paHUYeHMs 3Haka. 3amulIeM JBOMCTBEHHYIO 3aladyy C YYETOM BBILIEH3-
JIOXKEHHOTO:

ueneBasi pyHKIUS

Ly = 6uy — 4uy + 8us;
OrpaHHYeHHs

u1—2u2+u3sl;

—-2u1 bt 3142 = —2,
U+ 2uy +3u;< 1;
“3uyp tupy =1,

—2u1 — Uy — 4143 <1.

Pemenue CHMMETPHYHBIX ABOMCTBEHHBIX 3a4a4. ChopMynupyem Ge3
JIOKa3aTeJIbCTBA TEOPEMY, CNPaBEIJIMBYIO Ul JIOOBIX JBOMCTBEHHBIX
3anay.

Teopema (nepBas teopeMa ABOWCTBeHHOCTH). Ecau odna us3
deolicmeerHbIX 3a0a4 umeem ONMUMAAbHOE pewleHue, mo u 0pyz2as ezo
umeem. Ilpuvem 3KcmpemanvHble 3HAYEHUA Yenevlx yHKYuli cosna-
darom. Ecau dce 8 00Hoil 3a0a4e yenesas QyHKYUA He 0zpaHu4ena, mo
deoiicmeennas eii 3a0a4a npomueopevusa.
3anuuieM B OOLIEM BUAE NPSIMYIO U ABONCTBEHHYIO 3allayM JIMHEH-

HOro NpPOrpaMMHpPOBaHMSI:

1) npsimas 3amava:

ot appgt .t ax, <ag
: (7.63)
X t Xy + o F AppX, S G ’
Zmax =X tepxp . F 0,

x,'ZO;i‘= 1, n;
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2) IBOMCTBEHHas:
an + Ay ly + ..+ Al > Cys
Ay T ayiy oo F Ayl 2 Cp;
Lyin = ayuy + ayuy + ... + aju,;

ujZO,i= 1,m.

(7.64)

Ipeo6pasyem 3amaun (7.63) u (7.64) K BuUAy, KOMYCKAOLIEMY MPH-
MEHEHHE CUMILUIEKC-IropuT™a. Iyt 3TOro BBeAeM BbIPaBHMBAIOLIME
MEPEMEHHBIE Y, | = 1,m B mpsiMyI0 3aa4y M v;, i = 1,n — B OBONCTBEH-

HYIO 3azayy:
1) npsamas:

yi=a;—(ayx; tapx, + .. +a,x,);

Ym = m — (amlxl + (29 +.t amnxn);

Zinax = 0 = (—€1X) — €%y — ... — CXp);
2) nBOMCTBEHHAS:
V= ¢ — (—ayuy - 02192 — e = Qilp);
Vp = —Cp — (a1l — ayulty — ... — Qupliy,);
Lyin =0 — (—ayuy — ayuy — ... — ayuy,).

(7.63")

(7.64)

Moctpoum mna 3anay (7.63°) u (7.64°) obwyro cumnaexc-mabauyy
(tabn. 7.23), mpudeM 3Ta TabMULia UMEET OOMOJHUTENIbHBIE CTONGEL U

CTPOKY LISl ABOMCTBEHHON 3amavyu:

Ta6nauua 7.23

JIBoRcTBEeHHast v v, v, Lein
3agaya C X X Xn cBoOOgHBIE
b YJIEHBI
i N ap ap ain a,
—U Y2 an axn ayn a
—Up Ym A1 Qm [ Qp
Zmax —c, -, —Cp 0
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3agauu, npencraBieHHbIE B o01ed cuMIekc-tabnuie (Tabn. 7.23),
pelaloTcsi OOBIYHBIM CHMIUIEKC-METOJOM, &JITOPUTM KOTOPOTO INpHBe-
IEH BBILLE.

CdopmynnpyeM NMPU3HAKM ONTUMAJIBHOCTH ABONCTBEHHOM Maphl
3ama4: A

o TIaHbl X = (X, Xy, ..., X,) ¥ U= (uy, uy, ..., U,,) ONTUMANbHEI, €C-
T Zinax(X) = Lipin(0);

o pewieHUd X = (xy, Xy, ..., X,) U U= (uy, uy, ..., u,;) ONTUMAJILHEIL,
€CJIM BCE NPOM3BENEHMS COMNPSOKEHHBIX YCJIOBUH IUISL 3TUX PElIeHHIA

paBHH 0.
3anuuieM cieayloue ConpsiXXeHHbIE YCIOBHS:
I rpynna:
(@ —apx; —apxy — .. —ayx,) U =0;
(am — QpiXy — QppXy — .o — mnxn) Uy = 0

II rpynna nomyyaercs, €CJIM YMHOXMTD Ha X, X, ..., X,, BRIDOXXEHMUs
Tt GA3UCHBIX MMEPEMEHHBIX BOWCTBEHHOM 3amayH:

(a“ul + Ay + ..+ i, — Cl) Xy = 0;
(ayuy + ayuy + ..o+ apuu, — ¢, x, = 0.

IIpumep 7.17. Ilo ucxonHoO#M 3amaye MOCTPOUTDH ABOWCTBEHHYIO M
HalTH ONTUMAJILHOE pellleHHe 00eux 3amay.

Zpax = —3%1 F+ 5xp + x5 + x5

3x1 +8x2+x3+x4<50‘
Sx; — 4xy — x3 + x4 2 145
j_>_0,_]—1,4

CornacHo o61IEMy NpaBUJTy COCTaBJIE€HHS JBOMCTBEHHBIX 3aay 3a-
THIIEM:
3uy + Suy 2 -3
8u1 - 4“2 2 5,
Uy —uy 21
uytu 21;

Lmin = 50“1 + 14“2;
Uy 1 uy 2 0.
PewrnM 3amayd B eIMHON cUMIUieKc-Tabnuue. s 3Toro npeacra-
BHM MX B BUAE, MO3BOJSIOIEM IIPUMEHUTh CUMIUIEKC-METON:
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1) npsamas 3adaua:
BBOAMM BBIPaBHUBAIONLIME NEPEMEHHBIE X5, Xg:

x5 =50 — (3x; + 8x; + x3 + xy);
X6 = 14 — (le - 4X2 — X3 + x4);

Zax = 0 — (Bxp — 5x3 — x3 — x3);

2) deoiicmeeHHas 3adaua:.
BBOAMM B JIEBYIO YacTh OTpaHHYEeHHUH BHIPaBHMBAIOIIHE NEPEMEH-

HEIE V|, V3, V3, V4 CO 3HAKOM «—»:

vy = 3 - (—3u| —5“2);
V) = — 5— (—8111 +4ll2);
v3=— 1= (—u + wy);
V4 = -1 - (ul - UZ);

Luin = 0 — (=50u; — 14uy).

Hrtak, coctaBuM Tabnuily, BHELIHUI KOHTYp KOTOpoOil oGpasyer
JBOMCTBEHHYIO 33aJa4y, BHYyTPEHHUI — NpsMylo 3aaauy (tabn. 7.24):

Ta6nuua 7.24

b* Vi 12} V3 V4 Lenin
- C : CBOOOIHBIE
C b % % %3 %4 YJIEHBI

—u xs 3 B 1 1 50
- xg 5 = -1 1 14
Cao6on- Zax 3 -5 -1 -1 0

HbIE

YJIeHBI

T

*b — 6a3uCHbIe MepeMEHHBIE,
**C — cBOOOAHBIE NMEpeMEHHBIE.

ByneM paboTaTh N0 CUMIUIEKC-METOAY, HO TaK KakK 3amucaHHas B
mocieaHe cTpouke ¢GYHKIUS CTPEMUTCS K MaKCHUMYyMY, TO B 3TOM
CTpOYKe MBI OyIeM MCKaTh HAMMEHBUINI OTPULIATENLHEBIN JIEMEHT.

ITocTpoum uTOroByIO Tabiauny (Tabmn. 7.25):
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Ta6aunua 7.25

" b* \Z u V3 V4 Liin
* C CBOOOIHBIE
C b u s s = YJIEHBI
—v, x, 38 1/8 1/8 50/8
—u, X 52/8 4/8 —4/8 12/8 39
Csobon- Znax 39/8 5/8 -3/8 -3/8 | 250/8
HBIE 1
YJIEHBI
B* v uy 12 V4 Lo
* C CBOOOIHBIE
c |3) 1 s 2 4 YJICHBI
—V3 X3 3 1 8 1 50
—u Xg 8 1 4 64
Caobon- Zax 6 1 3 0 50
HbIEe
YJIEHBI T
B* Vi U \4] U Lyyin
* C CcBOGOAHbBIE
¢ b X s K % YIEHBI
—V; X3 -1 1/2 6 -1/2 18
—Vs X4 4 1 / 2 2 1 / 2 32
Csob6of- Zinax 6 1 3 0 50
HblE
YJIEHBI

HTtak, MBI MIOJIyYHIH UTOTOBYIO Tabauuy (tabn. 7.25), B nocnenHei
CTPOYKE KOTOPOIl HET OTPHMLATENbHBIX 3JIEMEHTOB, CJIEAOBATEJIbHO, 3a-
a4y peuIeHBI:

npsmast 3agada X = (0; 0; 18; 32), Z,, = 50;
nBoicTBeHHas 3agada U = (1; 0), Ly, = 50.
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IIpoBepyM MOJIyYEHHOE pELIEHHE Ha ONTUMAJIbHOCTD:
ycnosue 1) BoimonHeHo: Z (X) = L (U) = 50.
L7151 BBITIOJTHEHUST YCJIOBUSL 2) COCTAaBUM IMPOU3BENEHMS COTPSIKEH-
HBIX YCJIOBHIA:
xvp=x 3= (3u; —5u)) =03—-(3-1-5-0)=0;
Xy =X (=5 —(-8u; +4uy)) =0(-5-(-8-1+4.0))=0;
X3V3 = X3 (—1 - (—Ul + uz)) =18 (—1 — (—l + O)) = 0,
Xy =X4 (-1 = (mup —up)) = 18 (= 1-(-1-10)) =0;
uxs =up (50— Gx; +8x; +x3+x))=1(50-3-0+8-0+18 +

+32))=0;
upcg =ty (14 — (Sx; —4x; —x3 +x)) =0 (14 —(5-0—4-0— 18 +
+32)) = 0.

Hrtak, 06a yCJIOBUSI BBIMOJHSIOTCS, 3HAYUT, MOJYYEHHBINH TUIaH —

ONTHUMAaJIbHBIN.
PaccMoTpeHHyI0 3amauy npumepa 7.17 MOXHO pelnTh MHaue. s
3TOro He0OXOIUMO:
1) pelliUTh NPSAMYIO 3afayy OOBIYHBIM CHMILIEKC-MeTOonOM. Perire-
HUe MOJyYyuM cienymoowee: Z,. = 50; X = (0; 0; 18; 32);
2) coCTaBUTh NPOU3BEAEHHUE CONPSIXKEHHBIX YCIIOBUH U IPUPABHSITH
ux 0:
xv = x1 3 = (=3u; — Suy));
Xvy = X3 (= 5 — (—8u; + 4uy));
x3v3 = X3 (= 1 = (—uy + wp));
Xgvg = X4 (= 1 = (—uy — wy));

UiXs = U (50 bl (3x] + 8x2 + X3 + x4));
UxXg = Uy (14 bl (5X1 - 4X2 - X3 + X4)).

IToncraBuM BeKTOp X B 3alMCaHHbIE YCJIOBMSI, TOraa OymeM HMMETH:

18- (=1 = (—uy +uy)) =0;
32 (=1 = (=uy — uy)) = 0.

ITocne npeobpa3oBaHUil MOIYYUM:

1+(—u1+u2)=0;
1+ (= uy — 1) =0,

Otkyna u; = 1; uy = 0, Ly, = 50, TaK Kak Zp,, = Ly, 3Ha4MT, 3a-
Jlaya pellieHa BEPHO.
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7.9. AKOHOMUKO-MaTeMmaTuiyeckuim aHanus
NOJZIY4EeHHbIX ONTUMANbHbIX PeLUeHU

OnTuMabHOe pellleHHe 3aiaYyr JJMHEHOTro MporpaMMUPOBaHUsT Cy-
LIECTBEHHO 3aBUCHUT OT PEaIbHOM 3KOHOMMHYECKOM CUTYyallUM, CKJIaJbl-
Baloleiicss Ha npeanpusaTuy. Ha pemeHue 3agayu MOTYT MOBJUSTE Clie-
Iylolue 3KOHOMUYECKUE CUTYallUU:

1) u3amMeHeHue 3anMacoB peCypCoB;

2) BHeApeHHE HOBOrO TEXHOJIOTMYECKOIo cIocoba MpoM3BOIACTBA,
MO3BOJISAIOILETO CHU3UTDh PAcXoOl Chipbsi A U B;

3) mpousoueqIMe U3MEHEHHS B LIECHOBOW NOJUTHUKE Ha MpeNNpHUsi-
THH;

4) mpennosiaraeTcsl BHIIYCK HOBOIO BHUAa MPOLYKLHUH.

Pe3ynbrartsl BAUSIHUS JAHHBIX 9KOHOMMYECKMX CHUTyalUUH Ha ONMTHU-
MaJIbHOE pelIEHHE MOXHO MOJYYMTh B XO[€ MPOBENEHUS] SKOHOMHKO-~
MaTeMaTUYECKOro aHaJM3a MOJEIN Ha YyBCTBUTEIbHOCTD.

AHanu3 Ha 4y8cmeumenbHOCMb ONMUMAABHO20 peulerus ©a3upyeTcs
Ha CJIeQYyIOIUMX CBOMCTBAaX JBOWCTBEHHBIX OLICHOK.

1. JIBOMCTBEHHBIE OLIEHKH XapaKTepU3YIOT JeUUUTHOCTb pecyp-
coB. BennunHa #; B ONTUMAJILHOM PEILIEHUH NBONCTBEHHON 3a1a4yH SB-
JISIeTCS OLIEHKOM I-ro pecypca; yeM Ooiibllie 3HAU€HUE OUEHKH U;, TEM
BbIlIE AeuunuTHOCTD pecypea. st HeneduuuTHOrO pecypea u; = 0.

2. JIBoHCTBEHHBIE OLIEHKM MOKa3bIBAIOT, KaK BIUSIOT U3MEHEHMS
MpaBoOi YaCTHU OrpaHUYeHHUIi (3a11acoB peCcypcoB) Ha 3HaYeHUE LEJIEBO
dyHnkuuu. I1pakTuyeckuit HHTEPEC NMPEACTaBASIOT TPaHULBI (HUXHSS U
BEPXHS$Is1) U3MEHEHMS] PECYPCOB, B KOTOPBIX BEJIMYUHBI OLIEHOK OCTAlOT-
Csl HEU3MEHHBIMU.

3. JIBoiiCTBEHHBIE OLIEHKH SIBJISSIOTCS MoKa3arejaeM 3(PheKTHBHOCTH
MPOU3BOJCTBA OTHEJIbHBIX BUAOB IMPOAYKUHH C MMO3HUHH KPUTEPUS OIl-
TUMaJIbHOCTU. C 3TON TOYKY 3PEHUST B ONTUMAIbHBII TUTaH MOXET ObITh
BKJIIOYEHA JIMIIb Ta MPOAYKUHUS j-TO BUIA, IS KOTOPOI BBIMOJHSIETCS
yclioBUE

m
2 a,ju,- < Cj,
i=1

Tae u; — ONTUMAIbHOE 3HAYCHHE JBOHCTBEHHON OLIEHKHU i-Tr0 pecypca;
Q;; — TEXHONIOTMYECKUE KOIDDHLMEHTDI;
¢; — [OXO[l, MOJIy4aeMBblif C eIUHULEI MPOLYKUMH j-TO BUAA;
m — KOJMYECTBO BUIOB PECYPCOB.

4. JIBOIICTBEHHbBIE OLIEHKH TMO3BOJSIOT NMPOBECTU CPaBHEHHE CyM-
MapHBIX YCJIOBHBIX 3aTpaT U pe3yJ/ibTaToB.

DTO CBOMCTBO CJEAyeT M3 MPUHIIMIA IBOWCTBEHHOCTH, B KOTOPOM
YCTaHABJIMBAETCS CBA3b MEXAY 3HAYCHUAMH (YHKIIMU MPSMOM U JABOM-
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CTBEHHOM 3amay, T. €. Zy,, = Zy, (noapa3a. 7.8). Ot1o o3HayaeT, YTo
OLIEHKAa BCeX 3aTpaTr NMPOU3BOACTBA AOJDKHA PaBHATHCS OLEHKE NMPOU3-
BEIEHHOTO ITPOAYKTA. :

Hcnonp3ys naHHBle CBOMCTBA ABOMCTBEHHBIX OLIEHOK, NMPOBEIEM
aHaJIM3 U3MEHEHHMH MCXOMHOM 3amayd, KOTOPLIE MOTYT IIPUBECTH K He-
TIOMYCTUMOCTH U HEONITUMAJIBHOCTH PElIeHHUS.

OO0OpaTUMCsl K KOHKPETHOM 3ajaye ¥ MpOWUIIOCTPUPYEM MpHUMEHE-
HHUE aHaIM3a ONMTUMATBHOTO PEIIEHUS HA YyBCTBUTEILHOCTb Ha IpHUMeE-
pe 3agayd ONTHMM3ALIMU acCCOPTMMEHTA BHIMYCKaeMOW INPOXYKLIMU
(nipumep 7.2).

CoctaBUM MaTeMaTHYECKHE MOJIE/IM MPIMOI U JBONCTBEHHOI 3a1ay.

1) npamas 3adaua:

MaKCHMMH3UPOBaTh JOXOM

Zax = 3% + 4x, (7.65)

TIpY OTPaHUYEHHUAX
2x; +3x;<9  (ceipbe A);
3x; + 2x, <13 (cwipbe B); (7.66)
Xy —x;<1  (cnpoc);
x, £2  (cmpoc);

X1 % 2 0; (7.67)
2) deoiicmeennas 3ada4a:.
MUHHMHU3UPOBATh
Liin = 94y + 13uy + uy + 2uy (7.68)
npu orpéﬂuqeﬂnﬂx
2up + 3uy +u323; (7.69)

Sup + 2uy —u3 tuy 24
uy; Uy; usz; Uy 2 0. (7.70)

YCTaHOBUB COOTBETCTBME MEXIY NEPEMEHHBIMU OOEUX 3aad U pe-
1iast 3a0a4y CUMIIJIEKC-METONOM, 3alHUILIEM MTOTOBYIO TabaHLy C ONTH-
MaJIbHBIM pelieHneM (Tabn. 7.26).

B tabauue v;, v, — BHIpaBHMBAIOLIME MEPEMEHHbIE JBONCTBEHHOM
3a0a4M; X3, X4, X5, X — BbIpAaBHUBAIOLIME TIEPEMEHHBIE NIPSIMON 3aJa4H;
u; — IBOMCTBEHHAs OLEHKa i-ro pecypca (i = 1, 4).
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Ta6bnuua 7.26
Hrorosas Tabanna

b* U U Lmin
C CBOOOAHBIE
c B X3 s 4JIEHBI
-V Xy 0,2 0,6 2,4
—Up X4 -1 -1 3
—Uy X6 —0,2 0,4 0,6
-V, X 0,2 —0,4 1 ,4
Csob6on- Znax 1,4 0,2 12,8
HblE
4JICHBI

H3MeHeHHe 3amacoB pecypcoB. 3HaYeHUE ABOMCTBEHHOM OLIEHKH TO-
ro WIM MHOTO pecypca IMOKa3bIBaeT, HACKOJIbKO BO3pOCJIO Obl 3HaUYEHHE
uesjeBoi pyHKuMH, eciu 6bl 00beM AAHHOTO pecypca (3amac) yBesu-
ynsica Ha 1 ex. Ha ocHOBe BBILLIEU3IOXEHHBIX CBOWCTB JBOHCTBEHHBIX
OLIEHOK MOXHO 3aMucarh Cieayiollee:

’ AZ = u; . Abi, (771)

rae u; — OBOWCTBEHHAA OLECHKA i-ro pecypca;
Ab; — mpHpallleHHE i-ro pecypca;
AZ — u3MeHeHMe UeNEBOI QYHKLIMH.

B HameM mpumepe yBeJiMueHHE Chipbsg A Ha | en. mpuBeso Obl K
pocty Z,.« Ha l,4en. (AZ=u, . Aby=14-1=14).

JBoiicTBeHHas OlIEHKA Ui HeleUIMTHOIO pecypca paBHa HYyIIO,
TaK KaK pecypc MCIOJIb3YeTCSl He MOJHOCTHIO M YBEJIMYEHHE €ro 3ama-
coB (Ab;) He MOBNMSET HAa ONTUMAIbHOE pelleHue. B Hawem npumepe
uy = uy = 0, crenoBaTenbHO, pecypcsl 2 U 4 HeaeduUUTHBIE. M36BITOK
pecypca 2 (ceipbsi B) cocraBnsier 3 en. (x4 = 3 en.), a pecypca 4 — 0,6
el. (xg= 0,6 en.).

Hcnone3ysa aHanuTHyeckoe BeipaXeHue (7.71), Mbl MOXEM BHISIBUTH
TOJIKO HalpaBjJIeHUE HESATEJBHOCTH IO YCTPAHEHUIO «Y3KHX» MECT,
obGecrnieynBalollee HauboJIblilee U3MEHEHHE 1ieJIeBO (hyHKUMH. DTO U3~
MEHEHHUE OTpelieIieTCs] BEIMYMHOM U; U MOXET GBITh YCTAHOBJIEHO JIMIIb
TOTAA, KOIJa NpPU M3MEHEHUU BEJIMYMH b; 3HAUCHUsS MEPEMEHHBIX U;,
COOTBETCTBYIOIIMX JBOWCTBEHHOM 3a7aye, B ONMTUMAIBHOM IUIaHE OCTa-
IOTCSI HEM3MEHHBIMH. B CBA3M ¢ 3TUM HEOOXOMHMMO OIPENE/IUTh TaKHe
WHTEpBaJIbl U3MEHEHHUSI KaXIOro U3 CBOOOIHBIX WJIEHOB CHUCTEMBI JIU-
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HeHHBIX OrpaHUYEHUH, B KOTOPHIX ONTUMAJIbHBIN IUJIaH ABOACTBEHHOM
3agayu He MeHsercs. [IpenenbHble OLEHKH Ab; HUXHETO U BEPXHEro
MPUpPOCTa 3aMacoB i[-ro pecypca MOXHO OINPENENUTh MO CIECAYIOIIUM
bopmynam:

AL =min st dk, > 0; (1.72)
k dkl :

max
k {dkt }

rae x; — 3HauyeHMe k-ii 6a3UCHOI MEPEMEHHOI U3 ONTHUMANBHOIO PEILCHUS;
dy;— 3NMEMEHTHl 06paTHOH MaTpuubl KO3(QGHUUMEHTOB NpH Ga3UCHBIX Me-
PEMEHHBIX.

AB®) = st dy; < 0, (1.73)

DeMeHTHl 06paTHOH MaTpULbI dy; HAXOOATCS B MTOTOBON CHUMII-
nekc-tabnuue (1aba. 7.26). Onpenenum no dopmynam (7.72)—(7.73)
BO3MOXHBIE NpPENe/bl U3MEHEHUs 3alacoB pecypca 1, MpH KOTOpPHIX
JIBOMCTBEHHBIE OLIEHKH HE U3MEHSIOTCS.

Abl(") =mkin{-5L}, st dy; > 0;

kl
" X x . 12,4 1,4
= i SR G et A 2 QS
mm{d“,du} mm{o’z, > ;
5 _lmax] 4. X6 || | o 13 . 06 |
Ab —max{d4l,d6l}—max{_l,_ P =3

HMHTepBas YCTOWYUBOCTH OLIEHOK IO OTHOLUEHUIO U MU3MEHEHHIO
pecypca 1 Oyner paseH:

by — by by + b,°l = [9 — 7; 9 + 3] = [2; 12].

Bo3MoXHbIE Npenesibl U3BMEHEHMS 3amacoB JedHLMTHOTO pecypca
3, NMpU KOTOPBIX ABOMCTBEHHBIE OLIEHKU HE U3MEHSIOTCS, ONPENessioT-
cs ciienyoum obpa3oM:
} =1,5;

X . Xg . 2,4
Ab3' —mm{ } mm{—
di3” dg3 0

N
o
=)\

»I

250



A} =

) 3 1,4
= 3,5.
max{d43 dzs} 'max{ 1"-0 4}1

HMHTepBan yCTOMYMBOCTH OLIEHOK IO OTHOINEHHIO K HU3MEHEHHUIO
pecypca 3 (COOTHOWIEHHME crnipoca Ha mpoayKuMio I1; u II,) 6yner
paBeH:

[b5 — Abs"; by + Ab®] = [1 — 1,5; 1 + 3,5] = [~ 0,5; 4,5].

HepeduuurHbiii pecypc (2 u 4) UCNOAb3YeTCS B IIPOM3BOACTBE HE
MOJIHOCTBIO, TIO3TOMY BEpXHsISI IpaHMIA UHTEpPBaJia YCTOWYMUBOCTH OIl-
penesisieTcst OTHO3HAYHO UCXOAHBIMU JaHHBIMU (b = 13; by = 2). Hux-
HIOIO TPaHMIY YCTOHYMBOCTH MOXHO OIPEAETUThb, MUCIIOIb3Ys JNaHHbIE
Tabn. 7.24, yyuThiBasg, YTO HEHYJIEBbIE BbIPAaBHUBAIOLIME TIEPEMEHHEIE,
Boluequine B 6a3uc, XapakTepu3ylOT BeJIMYMHY M306bITKa Hee(ULIUTHO-
ro pecypca. B HauieM npumepe M30BITOK Hede(ULIMTHOTO pecypca Oy-
JIET paBeH:

Abze =Xq4 = 3u Ab4” =Xg = 0,6.
Torna uHTEpBaIBl YCTONYMBOCTH OLIEHOK IO OTHOLUEHUIO K U3MEHE-

HUIO pecypCoB 2 U 4 BBIUMCIISIOTCS CJIEOYIOIIMM 00pa3oMm:
U1t pecypca 2:

[6, — Aby; byl = [13 — 3; 13] = [10; 13];

I pecypca 4:

[by — Abg"; 4] = [2 — 0,6; 2] = [1,4; 2].

Tak Kak U3MEHEHHUS PeCypCcOB HaXOIATCS B Npedesiax YCTONYMBOCTH
OLIEHOK, TO MX pa3fie/IbHOE BIUSIHUE Ha BEJIUYUHY JOXONOB AZ; ... OIl-
pelieNsieTCsl MPOU3BENEHUEM OLIEHKH U; U BEJIMYMHBI Ab;:

AZ| pax = 1,4 - [12 = 2] =

AZy max = 0 - [13 — 10] = 0;

AZy ax = 0,2 - [45 - (- 0,9)] =1;
AZy max =0-[2-1,4]1=0.

CyMMapHOe BO3MOXHOE YyBeJIMYeHHE ONTHMMAJIBHOTO 3HAYEHUS
(yHKUMU COCTaBUT:

AZpoy = uy - A + uy - Ab® = 1,4-3+0,2-35=49 1 e.
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3mech MOXHO ONpEEIUTh TAKXKE L1e1eCO00Pa3HOCTh AOTOJIHUTENb-
HOTO NMPUOOPpETEHUS Ae(PULIUTHOTIO pecypca, UCMOJb3Ysl YETBEPTOE CBOM-
CTBO JIBOMCTBEHHBIX OLIEHOK. HanpuMep, onpenenntb, BBITOTHO JIK NPU-
o0peTaTh JOMOJHUTENBHO pecypc 1 (coipbe A) B pa3mepe 2 ell. MO LieHe
¢, =0,51.¢e. 3a 1 en. pecypca.

[pupaienue pecypca 1 Ha BenuduHy Ab; = 2 el. HaXOAUTCA B Mpe-
Jleflax yCTOWYMBOCTH JBOWCTBEHHBIX OLeHOK. CienoBaTensHo, AZ, ., =
=Ab; . u;=2.1,4=2_8 en., B To BpeMs KaK 3aTpaTel Ha npuodpeTe-
HMe 2 el. pecypca 1 BMAa COCTaBJISIOT;

Ac=Ab-¢;=2-05=1nc¢.

ITockonpKy BeMYMHA IONOJTHUTENbHBIX AOXONOB (AZ,. ) Gonblie
JOTIOJTHUTENBHBIX 3aTpaT, 3aKynaTb pecypc 1 B pasmepe 2 el. MO lieHe
¢; = 0,5 1. e. uenecooGpasHo. '

Heo6xon¥Mo MOAYEPKHYTh, YTO U3MEHEHHME MNpaBbIX YacTeil orpa-
HUYEHUH MOXET MOBJIHUATL TOJBKO Ha 3JIEMEHTHI NPaBOH YacTH CUMII-
JIeKC-TabIHULBI ¥, CJIENOBATENbHO, HA JOMYCTUMOCTb CaMOI0 PEILEHHSI.
[ToaTOMy, HyXHO NpH BCAKOM U3MEHEHMM Ab; B MCXOOHBIX YCJIOBHUAX
MpPOBOIUTH PAaCYEThl HOBBIX 3HAUYECHUH 3JIEMEHTOB NPAaBON YaCTH CHUMII-
JieKC-Tab/IMLIbL. .

BHe/ipeHHe HOBOrO TeXHOJIOrHYECKOro crnocoda npousBoacTea. HoBblii
TEXHOJIOTUYECKUI CIMOCO0 NMpOM3BOACTBA IMpearnoaaraeT JUOO0 BBITYCK
HOBOIO BHIA NMPOAYKIMH, JUOO U3MEHEHUE TEXHOJIOTHYECKUX KO3 Du-
LIMEHTOB, CTOSIILIMX B JIEBOM YacTH orpaHUyYeHuit. s onpeneneHus 3¢-
¢(eKTUBHOCTH BHEIPSIEMOTO0 HOBOIO TEXHOJIOTHYECKOTO CIocoba ¢ ycrne-
XOM MOTYT OBITb MCIOJIb30BaHbI JBOMCTBEHHBIE OLIEHKH.

CornacHo TpeTbeMy CBONCTBY JBOMCTBEHHBIX OLIEHOK B ONTHMAaJib-
HbIfl MJIaH BKJIIOYAETCS HOBasl MPOMYKLMS j-ro BHAA, IUIsl KOTOPOi BBbI-
TIOJTHSIETCS YCJIOBHE

m
Ela,vju,- <cj. (7.74)

_ <OuEHMM LeIeCO0BPa3HOCTb BBEAEHNS B ONTHMAIBHBLA IUIaH 3aja-
yu (7.65 — 7.67) NPOAYKIUH TPETbErO BUAA (X3), IUIsI KOTOPOI TEXHOJIO-
ruyeckue KoadULMEHTHI ay3 =3 ell., a3 = 1 en., a noxon — c3 = 8 4. €.

(al3u1 + 023142) —C3= (3 . 1,4 +1. 0) - 8= —3,8.

Tak Kak J0XOIB! MPEBLIIIAIOT 3aTpaThl, TO BBEAECHME B ILUIAH TPETh-
€ro BuIa NMPOAYKLMH BBITOLHO.
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3apaun

ITocTpouTh MaTeMaTHYECKYI0 MOZIENb 321341 JIMHEIHOro Nporpam-

muposanusa (7.1 — 7.30).

7.1. ABroTpaHcnoptHoMy npeanpusaTuio (ATII) HeoGxoauMo OcBO-
60QuTh M3-TIOJ Ipy3a CKJIaJCKHE NMOMELIEHUs KJIMEHTa. BrIBO3 rpysa
clieyeT OCyLIECTBUTh B [Ba peiica KOJJOHHaMU aBTOMOOWJIEH. YcioBus
NnepeBO3KH TPeOylOT, YTOOBI B COCTaBe KaXIOW KOJNOHHBI, NMpelHa3Ha-
YeHHOM IS BBIBO3a Ipy3a B INepBbIil paitoH, Obl1o 8 aBTOMOOMIEH
3WJI-131 u 8 aBromMoOuneit 3NJI-130; B KonoHHax BToporo peiica 8 aB-
tomobuneit 3UJI-130 u 16 — MA3-500. Kaxxnast U3 KOTOHH MOXET clie-
JaTh 3a CYTKH OJWHAKOBOE KOJIMYECTBO NMoe3noK. [IapK moaBHMXHOro
coctaBa ATII cocrout u3 32 aBromo6uneit 31UJI-131 rpysonogbeMHoOC-
Th10 3 T, 48 aBTOMOGUNEll 3UJI-130 rpysonoxbeMHOCThIO 4 T, 48 aBTO-
moouneit MA3-500 rpy3onoabeMHOCTBIO 7,5 T.

Onpedeaume KONUYECTBO KOJIOHH, KOTOpPO€ HYXHO HamnpaBUThb B
KaXIbIi paiioH, YTOObI MepeBe3TH HauboJiblllee KOJUYECTBO Ipy3a.

7.2. VI3 nmyHKTa A B IIYHKT B €XeIHEBHO OTIPABISIOTCS MacCaXup-
CKHe M CKOphle noe3na. JlaHHsle 06 OpraHU3aly NepeBO30K Cleayio-

mue:

KosnuyecTBo BaroHOB B MOE3a€
IMoe3na
6GaraxkHblii | MOYTOBbIN | MTALKAPT |KYNEHHBIA| MSITKUi
CKopblIit 1 1 5 6 3
ITaccaxupckuit 1 - 8 4 1
Yuciio naccaxmpos - — 58 40 32
ITapk BaroHoB 12 8 81 70 26

CKOJNBKO JOJMXHO OBITh CHOPMHPOBAHO CKOPBIX U NMACCAXKUPCKUX
NOe3/0B, YTOOb! NEepeBe3TH HauGOoJIblliee KOJIMYECTBO MacCakXupoB?

7.3. YeTbipe OBOLIEXpaHWIMILIA KaXAbli AeHb 0GECNEeYnBaIOT Kap-
TodesieM Tpu Mara3uHa. MarasuHbI NOJaIu 3asiBKA COOTBETCTBEHHO Ha
17, 12 1 32 1. OBoOLIEXpaHWIHILA UMEIOT COOTBeTCTBEHHO 20, 20, 15 1
25 1. Tapuds! (B n.e. 3a 1 T) yKazaHsl B cienyoouieil Tabauue:

Mara3uHbl
OBoleXpaHUIHILA
1 2 3
-1 2 7 4
2 3 2 1
3 5 6 2
4 3 4 7
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Cocmagbme TNJNaH TEepeBO30K, MUHUMM3HUPYIOLUIMIA CyMMapHbIe
TPaHCHOPTHBIE PACXO/bI.

7.4. meloTca IBa CKiiaga roTOBOM MPOAYKUUU: A; U A, ¢ 3amaca-
Mu ogHoponHoro rpy3a 200 u 300 T. BTOT rpy3 HEOOXOAMMO JOCTABUTH
TpeM notpeburensm: By, B, u By B konmuuectse 100, 150, 250 T coot-
BeTCTBeHHO. CTOMMOCTH NepeBo3KH 1 T rpy3a U3 ckiaga A; motTpeGure-
nsM By, B, u By paBHa §, 3, 6 n.e., a u3 ckiana A, TeM Xe noTpeGuTe-
JsM — 3, 4, 2 1.e. COOTBETCTBEHHO.

Cocmaebme mnJNaH TEepeBO30K, MHHHUMHM3HUPYIOUIHA CyMMapHbIE
TPaHCIIOPTHEIE PaCXO/bI.

7.5. Ilpu oTKOpME KaXI0€ XUBOTHOE JOJIKHO MOJy4aTh HE MeHee 9
en. 6enkoB, 8 exn. yrneBonoB U 11 en. nporeuHa. st cocraBieHus pa-
LIMOHA MCHOJIL3YIOT JBa BHIa KOpPMa, NMPEICTABIIEHHBIX B ClIEAYIOLIEH
Tabnmie:

KosnuecTBO €AMHUL MUTATEIbHBIX BELLECTB
ITuraresbHbIE Ha 1 Kr
BELECTBA
KopMa 1 Kopma 2
benku 3 1
Yrnesonbt 1 2
ITpotenH 1 6

CrouMocTs 1 Kr KOpMa nepBoro suaa — 4 a.e., BToporo — 6 n.e.

Cocmagbme DTHEBHOUM pallMOH MHUTATEJIbHOCTH, UMEIOUIUA MHHH-
MaJIbHYI0O CTOMMOCTb.

7.6. Xo3giicTBO pacroJyiaraet CJeAylIUMHA pecypcaMu: IUIoLIaab —
100 en., Tpyn — 120 en., tara — 80 ex. Xo3siCTBO MPOU3BOAUT YEThIpE
Bupa nponykuuu I1,, IT,, 115, II,. Opranu3sauus NpoU3BOJCTBA XapaK-
TepU3YeTCsl CleayloLIe TabauLei:

OXOX OT
Mponyxurs 3arpaThl Ha | eX. MPOAYKLMM lelnuuﬁubl
TUIoanb TPyQ TSIra NPOAYKLMU

m, 2 2 2 1

1, 3 1 3 4

m 4 2 1 3

1, 5 4 1 5

Cocmasvme TIaH BBITYCKA MPOAYKIIMH, O0ECTIEYHBAIOLIMI X03SHCT-
BY MaKCHUMaJIbHYIO TIPUOBLIb.

7.7. Lex BoinyckaeT TpaHchopMaTOpsl AByX BUIOB. 11 H3roTOBJIE-
HUS TpaHC(HOPMATOPOB OOOUX BHIOB MCHOJB3YIOTCS XEJIE€30 U IPOBO-
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Joka. O61mit 3amac xejne3a — 3 T, mpoBoyiokd — 18 T. Ha omuH TpaHc-
¢opMaTop nepBOro BMIa pacXooylOTCsl 5 KT Xejie3a M 3 KI' IPOBOJIOKH,
a Ha OJlMH TpaHcdOpMaTOp BTOPOro BUAA PACXOOYIOTCS 3 Kr Xejie3a ¥ 2
KT TIPOBOJIOKH. 3a KaXmblii pean3oBaHHEBINA TpaHc¢hOpMaTop MepBOro
BHIA 3aBOJ MMOJy4YaeT NpuoObUIb 3 A. €., BTOporo — 4 1. e.

Cocmaebme TJIaH BhINYCKa TpaHchOpMaTopoB, 0GecreYnBalOIHH
3aBONly MaKCHMAIbHYIO TIPUOBLIB.

7.8. CoBx03 OTBeJN TpH 3eMeJbHBIX MaccuBa pasmepoM 5000, 8000,
9000 ra Ha NOCEBBI PXH, MIIEHULbI, KYKYpy3bl. CpenHssi ypoxalHOCTb
B LIECHTHEpax Ha 1 ra mo MaccuBaM yKa3aHa B C/eAyIolieH tabnuie:

Maccusbl
IToceBbl
I 11 III
Poxb 12 14 15
IMrennua 14 14 22
Kyxypysa 30 35 25

3a 1 1 pXHU COBX0O3 mojay4yaet 2 1. €., 3a 1 1 mueHHus — 2,8 1. e.,
3a 1 u Kykypy3sl — 1,4 1. e.

CK0bKO TEKTAPOB M Ha KAKUX MacCHBaxX COBXO3 JOJLKEH OTBECTH Ha
KaXIyl KYJBTYpY, YTOOBI MOJYYHTh MAaKCUMAJIbHYIO BBIPYYKY, €CJIU IO
IUTaHy OH 006s13aH caats He MeHee 1900 T pxu, 158 000 T nueHUUH U
30 000 T KyKypy3b1?

7.9. Tpu THIA CaMOJIETOB CJIEAYET PACNpPEAC/IUTh MEXIY YEThIpbMS
aBUATMHUAMU. JlaHHbIe 06 OpraHu3aluy Mpolecca NepeBo30K MpHBeE-
JeHbl B cieayouei Tadbauie:

MecsuHbIi DKCIuTyaTalu-

00BEM MEPEBO- | OHHBIE PACXOIBI

Yucao 30K OOHHM  |Ha OAMH CaMoJIET]

Tun camonera CaMOJIETOB, CaMOJIETOM MO |10 aBHAJMHUSAM,
el aBHAJIMHUAM, ell. I. €.

I I IV I | IT I} IV

1 50 15110120150} 15/20]25140

2 20 20125(10)10|70]28]15]45

3 30 35{50({30)45|140}70]50] 65

Pacnpedeaume caMoneTsl N0 aBUUIMHUSAM TaK, 4TOOBI MPH MHUHH-
MaJIbHBIX CyMMapHBIX 3KCIUTyaTallUOHHBIX 3aTpaTax MepeBe3TH 10 Kax-
ZIOM U3 YeTbipeX aBUAUIMHUH COOTBETCTBEHHO He MeHee 300, 200, 1000,
500 en. rpysa.
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7.10. metoTcs yeThipe onepaTuBHbIe 6a3bl U TpH Lead. B cuiy
pasjiMyMs B TMIIaX CaMOJIETOB M BBHICOTE ITOJieTa BeCc OOMO, JocTaBsie-
MBIX C J11060# 6a3bl K JIIOOOH Leu, OnpeAesnsieTcs no cieaywlei Tab-
JIULE: ' :

Basa Lem
1 2 3
1 8 6 5
2 6 6 6
3 10 8 4
4 8 6 4

JIHeBHass MHTEHCUBHOCTb KaXnoil 6a3el cocTtasisger 150 camosnero-
BbUIETOB B IeHb. Ha Kaxnyio uenb» HeobxoauMo opraHusosats 200 ca-

MOJIETO-BBUIETOB B J€Hb.

Onpedeaume TUIaH BBUIETOB C KaXmoi Ga3bl K KaxaoW LeJd, Jalo-
M MaKCUMAIbHBINA 001MIT Bec 60MO, HOCTaBAAEMBIX K LEIIM.

7.11. U3 tpex npoaykroB — I, II, III cocraBnserca cMmech. B coctas
CMECH JIOJDKHO BXOIUTH HE MeHee 6 ell. XMMIYECKOTO BellecTsa A, 8 en. —
BeuiecTBa B u He MeHee 12 en. BewecrBa C. CTpyKTypa XMUMHYECKHX Be-
LIECTB NIpUBEACHA B cieaywouieil Tabauue:

ConepxaHue XUMHYECKOTO BEILECTBA
B | en. mpomyxuuu Croumocrs 1 en.
Tpozykr A B C NPOAYKLUU
I 2 1 3 2
II 1 2 4 3
11 3 1,5 2 2,5

Cocmasbme Hauboree JCUICBYIO CMECh.

7.12. B MHCTUTYTE MPOBOOUTCA KOHKYPC Ha JIYYIIYIO CTEHTa3eTy.
OnHoMy CTYIEHTY IaHO CJIeAyIolliee MOpyYeHHeE:

e KYIIUTh aKBapeJabHOI Kpacku 1o ueHe 30 a. €. 3a KOpoOKY, LIBETHbIE
KapaHzawy no ueHe 20 4. e. 3a KOpoOKy, JIMHEHKHU 1o ueHe 12 . e.,
6siokHOTH 110 1eHe 10 n. e.;

® KpacoK HYXHO KyNHUTb HE MEHee TpeX KOpoGOK, 6JOKHOTOB —
CTOJIBKO, CKOJIbKO KOpPOOOK KapaHmalleil H KpacOK BMECTE, JIMHEEK He
6onee natu. Ha nokynku Bbuensercsas He meHee 300 a. e.

B kakom koauuecmse CTyAeHT HONXEH KYIUTh yKa3aHHbIE NpeaMe-
ThbI, YTOOBI OOIlIEE€ YHCIIO MPEAMETOB ObUIO HAMOOMBIINM?
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7.13. 3aBonbl N2 1, 2, 3 mpou3BOAST OMHOPOAHYIO MPOAYKIMIO B KO-
JnyectBe coorBeTcTBeHHO 500, 400 1 510 enuHuu. Ce6eCTOMMOCTH NMPO-
M3BOACTBA €AWHULIBI MPOMYKIUKU Ha 3aBoAe Ne 1 cocrasnser 25 o. e., Ha
3aBofe Ne 2 — 20 n. e., Ha 3aBoae Ne 3 — 23 n. e. ITpoaykius ornpas-
JiseTcsi B MyHKTHI A, B, C, notpe6HocTH KoTophix paBHbI 310, 390 u 450
enuHuiaM. CTOMMOCTH TepeBO30K 1 ell. MpOAYKLUHUM 3alaHbl MaTpUIIeii

751
c=[2 3 2|
354

Cocmasbsme ONTHUMAJIbHBINA IJIaH NEPEBO30K MPOAYKLUU TNPU YCIO-
BMM, YTO KOMMYHUKALIMU MeXIy 3aBOJOM No 2 U MYHKTOM A He MO03BO-
JIAIOT TIPOMNYCKAaTh B paccMaTpuBaeMBblil nepuon 6omaee 250 eqMHMILL PO~
JYKLHH.

7.14. Llex BrimyckaeT Tpu Buaa aetaieit — A, B, C. Kaxnaa nertaib
oOpabaTbiBaeTcs TpeMs ctaHkaMu. OpraHu3allisi MPOU3BOACTBA B liexe
XapakTepu3yeTcs cieaylolei Tabauueit:

CTaHoK HnutenbHocTh 06paboTku metanu, MMH. | DoHI BpeMeHH,
A B C yac
I 12 10 9 220
1 15 18 20 400
111 6 4 4 100
OtnyckHas LeHa 30 32 .30 .
3a OHY JeTanb

Cocmagsme TUIAH 3arpy3KH CTaHKOB, OOECTIEYHBAIOIIMIA LIEXy MOJTY-
YeHHe MaKCUMaJIbHON MPHOBLIH.

7.15. IIpeanpusTiHe DO/DKHO BHITYCKAaTh JBa BUOA MPOAYKIUMH — A
U B, Ucnosnb3ys mpu 3TOM MMOCJIeJ0BaTeIbHO YEThIpe CTaHKA. JJaHHBIE O
TEXHOJIOTMYECKOM TPOLIECCE YKa3aHbl B CleayIollel TabmuLe:

CranoK TpynoemkocTs Ha 1 ea. npoaykuuu | DoHg Bpemenn,
A B yac.

1 3 3 15

2 2 6 18

3 4 0 16

4 1 2 8
IMpu6eip Ha 1 en. 2 3
MPOAYKUUHU (I. €.)
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Cocmassme TJIaH BBINYCKa NMPOAYKUUH, obecrneyuBaloOUil npea-
MPUSITHIO HAaUOOJBLLYIO MPUOBLIE.

7.16. Ha npeanpuaTuy Uil MPOU3BOJACTBA 3aMacHbIX yacTed IS
aBTOMOOMJIEH HCNOJIb3YIOTCS TPM BUIA pecypcoB. BbinmyckaloTcs TpU
BHMIA 3anacHbIx yacTteil. OpraHu3auusi MPOM3BOACTBA HAa NPEANPUSITUI
XapakTepu3yeTcsl clienyioulieil Tabnuuei:

Pacxon mMatepuasioB Ha MPOU3BOIACTBO
Pecypchi OJIHOI 3aMacHO# 4acTH, Kr 3anac pecypcos,
1 2 3 Kkr

I 5 5 2 1200

11 4 — 3 300

II1 - 2 4 800
[Mpu6bLL OT ) 8 6
peanu3auumu
OIHOI 3amacHoO
yacty (. e.)

Cocmasbme T1aH TIPOM3BOJCTBA 3aMacCHBIX YacTeil, 0becrneuynBar-
LM NPEANPUATHIO MAKCUMATbHYIO NIPUOBLIE.

7.17. UMeroTcs TpU CnielMaTM3UPOBaHHBIE MAaCTEPCKHE MO PEMOH-
Ty gsuraresieit. UX npou3BOACTBEHHbIE MOUIHOCTH PaBHbI COOTBETCT-
BenHo 100, 700, 980 pemonTOoB B roa. B maTtu paitoHax, oGciyxuBae-
MBIX 3TUMHM MacCTepCKHMHM, NMOTPeGHOCTb B PEMOHTE paBHa COOTBETCT-
BeHHo 90, 180, 150, 120, 80 mBuraresneit B rog. 3aTpaTbl Ha MEPEBO3KY
OIIHOTO JBUIaTelid U3 palfiOHOB K MAacTEPCKUM CJlIeAyIOLIHe:

Pattomst Macrepckue
1 2 3
1 4,5 3,7 8,3
2 2,1 4,3 2,4
3 7,5 7,1 4,2
4 53 1,2 6,2
5 4,1 6,7 3,1

Cnaanupyiime KOJJMYECTBO PEMOHTOB KaXI0i MaCTEPCKOM I KaX-
JOro U3 paitoHOB, MUHUMHU3UPYIOLLIEE CYMMapHbIe TPAHCIIOPTHBIE pac-
XOJBL.

7.18. HedrenepepabaTbiBalownit 3aBoj MoJy4aeT YeThipe mojydatd-
pukara: 400 Teic. 1 ankunara, 250 ThIC. JT KpeKHHT-6eH3MHa, 350 ThIC. 11
6eH3MHa npsMoit nmeperonku ¥ 100 TeIc. J1 U30omeHTOHA. B pe3yabrare
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CMEILIMBAaHMS STHX YEThIpeX KOMIIOHEHTOB B Pa3HbIX PONOPUMSIX 0Opa-
3yeTcsl TpM COpTa aBMAIlMOHHOro GeH3uHa: 6eH3MH A-2:3:5:2, 6GeH3UH
B-3:1:2:1, 6eH3uH C-2:2:1:3. CToMMOCTb | TBHIC. J1 yKa3aHHBIX COPTOB
OeH3MHa xapakTtepusyetcst uucaamu 120 n.e., 100 a. e., 150 g. e.
Cocmasbme TUTaH BBINTYCKAa Pa3sHbIX COPTOB aBUALIMOHHOTO GeH3MHa
U3 YCJIOBUSA IMOJyYEHUS MaKCUMAaJIbHON CTOMMOCTH BCEil MPOLYKLIMH.
7.19. TIlnaHUpyeTCs HAaHECEHUE yAapa M0 HEKOTOPOMY OOBEKTY TpeMsl
pa3IMYHBIMHM BHAAMHU OPYXMS: OPYyXXHEM A — B T€YEHHE 3 MHH., OPYXH-
eM b — B TeueHue 5 MUH., opyxkueM B — B TeueHue 4 MUH. Bo3MOXHO-
CTH CpelICTB 00€CIeYeHs1 CTPe/ibObI TAKOBBI, UTO NTPH MPUMEHEHHH OpY-
XU A B TeueHHE 3 MHH., opyxusl b B TeueHHe 2 MUH., opyxus B B Te-
yeHue 4 MUH. OOlllee KOJHYECTBO 3aJIMOB HE JOMXKHO IpeBbIIaTh 15.
Tlpu npuMeHEHUHU OpyXus A B TeueHHe 2 MUH. ¥ opyxusi B B TeueHue 3
MMH. 00liiee KOJTMYECTBO 3aIIIOB He IOJDKHO MnpeBbiiarh 8 en. Kpome To-
ro, JJIs1 TIPpeoAOJIeHUsI MPOTUBOACHCTBYUSI MPOTUBHMKA HEOOXOAMMO, YTO-
OBl KOJIMYECTBO 3A/INOB OpyxXueM B 3a 1 MUH. ObUIO GoJbLIe, YeM S e,
Paccuumaiime temn ctpenb6bl (KOJIMYECTBO 3A/IMOB B 1 MUH.) BCEMH
BUAAMH OPYXHsI, IPH KOTOPOM 0OGLIee KOJIUYECTBO 3a/IMOB B yaape Oy-
JET HaUuOOJBLINUM.
7.20. meetcst 5 pakeT 1 5 ueneil. BeposiTHOCTb MOpPaXeHUs LeIH
KaXJo# U3 pakeT 3aJaHa B cleAymouieil tabauue:

Hemn
PakeTnl
1 2 3 4 5
1 0,12 0,02 0,50 0,43 0,15
2 0,71 0,18 0,81 0,05 0,26
3 0,84 0,76 0,26 0,37 0,52
4 0,22 0,45 0,83 0,81 0,65
5 0,49 0,02 0,50 0,26 0,27

Pacnpedeaume paxkeTsl 1O 1EJAM TaK, YTOOBI MAaTEMAaTUYECKOE OXH-~
JlaHWe YMCJia TTOPaXKEHHBIX Liesieil ObLI0 MAaKCUMAIbHBIM.

7.21. [Insg y4acTUsl B COPEBHOBaHHAX CIIOPTKITYO HOJDKEH BBICTABHUTH
KOMaHAy, cocTosAllyio U3 crioprcMeHoB I u II pa3psanos. CopeBHOBaHUSA
npoBoJsATCs Mo Gery, mIpelKKaM B BBICOTY, NIPbDKKaM B JUIMHY. B Gere
IOJDKHBI y4acTBOBaTh 5 CIIOPTCMEHOB, B IPbIXKKaxX B [UIMHY — 8 CIOPT-
'CMEHOB, a B IPbDKKax B BeICOTY — He Gosiee 10. KoanyecTBo OYKOB, ra-
pPaHTUPYEMBIX CIIOPTCMEHY KaXAOro paspsiia Mo KaXAOoMy Buly, yKaza-
HO B cjenyloueil tTabauue:

Paspsn Ber | TIpbIXKM B BBICOTY TIpbIXKH B IIHHY
I 4 5 5
II 2 3 3
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Pacnpedeaume cniopTCMEHOB B KOMaHIBbl TaK, 4TOObI CyMMa OYKOB
KOMaHbl OblJTa HAaUOOJBILIEH, €CJTU U3BECTHO, YTO B KoMmaHze I paspsin
HUMEIOT TOJILKO 10 CIOpTCMEHOB.

7.22. IIpennpusTHIO 3aaHa MecsiyHas NMporpamMma Ha U3roToBJie-
HHUe 4YeThIpeX TUIOB M3IEJMH B KOJIMYECTBaX COOTBETCTBEHHO 5000,
2000, 3000 u 1800 wTt. Ha npeanpusTMM UMEETCS TPU TPYNIBI CTAHKOB
C Pa3IMYHOI MPOU3BOAUTENLHOCTE. CyMMapHOe JOMYCTUMOE BpeMs
IUI KaXIO# IpynIbl CTAHKOB COCTaBJisseT coorBeTcTBeHHO 800, 1000,
1500 yac. JaHHBIE O TEXHOJOTHYECKOM NpOLECCEe yKa3aHbl B CJIEoYIO-
uiei rabauue: ‘

HopMmbl BpeMeHHM Ha Usnepxxu
Ne rpynnst H3rOTOBJIEHUE OXHOTO Ha U3rOTOBJIEHHE OIHOTO
CTaHKOB u3nenus, vac. usnenus, I. €.

I II M1 v I I m .| v

1 05 | 015 | 0,4 06 | 0,12 | 0,2 03 | 0,25
2 04 | 0,12 | 0,2 05 | 0,16 | 0,14 | 0,35 { 0,2
3 | 0,42 | 0,14 | 0,35 | 0,45 | 0,17 | 0,25 | 0,4 0,3

Pacnpedeaume 3nenust Mo CTaHKaM TaK, YTOOBI MeCSYHAsA IIporpam-
Ma ObLIa BBINIOJTHEHA NMPU HAaMMEHBILMX U3IEPXKKax.

7.23. 3BepodepMa BrIpalllUuBaeT YePHO-OypbIX JIUCULl M necuoB. Ha
3Bepodepme umeercst 10 000 kierok. B ogHol Ki1eTke MOTyT ObITh JIM-
60 nBe yucel, 1160 1 neceu. Ilo nuaHy Ha depme HOMKHO OBITH HE Me-
Hee 3000 nuc u 6000 mecuoB. B omHM CyTKM HeOGXOOMMO BLIIABaTh
Kax[oi juce kopMa — 4 en., a KaxuoMy necuy — 5 en. @epma exe-
JHEBHO MoXeT UMeTh He Gosee 200 000 exHUL KopMa. OT peanu3auuu
OIHOI WIKYpKHU JUCH ¢depMa nonyyaet npuosuts 10 a.e., a OT peannsa-
LIMH OJHOM LIKYPKH Iecua — 5 1. €.

Kakoe KoJM4eCcTBO JIMCULl U MECLOB HYXHO JepXxaThb Ha ¢depMme,
YTOOBI NMOJYYUTh HAUGOJBUIYIO MPUOBUIL?

7.24. Haiioume onTUMaibHOE pacrnpenesieHue TpeX BUIOB MeXaHU3-
MOB, UMEIOLIMXCA B KosmyecTBax 45, 20 u 35, Mexny 4eTHIpbMS y4acT-
KaMH paboT, MOTPeOHOCTH KOTOPHIX COOTBETCTBEHHO paBHhI 10, 20, 30,
40 npu cnenyioumeil MaTpulle NPOU3BOAUTEIBHOCTH:

3210
W=2 5 3 4f.
1 0 4 2

7.25. iMe10TCa 1Ba 3j1eBaTOpa, B KOTOPHIX COCPEAOTOYEHO COOTBET-
ctBeHHO 4200 u 1200 T 3epHa. 3epHO HEOOXOIUMO NEPEBE3TH TPEM XJE-
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603aBonaM B konmuectse 1000, 2000 1 1600 T kaxmoMy. PacctosiHue ot
3J1eBaTOpa A0 XJIe603aBOMAOB yKa3aHO B Clelayloleil Tabnuie:

Xne603aBoabl
DneBaTopsl
1 2 3
1 20 30 50
2 60 20 40

3arpathbl Ha nepeBo3Ky 1 T mpoaykra Ha 1 KM cocTaBiisioT 25 1.e.

Cnaanupyiime niepeBO3KM 3epHa U3 YCJIOBUSI MUHMMM3allMM TPaHC-
MOPTHEIX PacXOJOB.

7.26. U3 nByx copToB GeH3MHA 00pa3yloTCs ABE CMCCH — A uB.
CMCCL A conepxut 6ensuHa 60% 1-ro copta u 40% 2-ro copTa; cMech

— 80% 1-ro copra u 20% 2-ro copra. llena 1 xr cmecu A — 10 m.e., a
cmecn B - 12 n.e.

Cocmasbme TIaH 0Gpa30oBaHUsI cMeceil, TP KOTOPOM OyHeT IMoiy-
YyeH MaKCHUMAaJIbHBI JOXOH, €CJM B HaJIUYUU UMeeTcs OeH3uHa 50 T
1-ro copra u 30 T 2-rO copra.

7.27. MeloTcs IBE MOYBEHHO-KJIMMATHYECKHUE 30HbI, TUIOIAIH KO-
TOPBIX COOTBETCTBEHHO paBHbI 0,8 M 0,6 MiH ra. JlaHHble 06 ypoxaii-
HOCTH 3€PHOBRLIX KYJIBTYp NpPUBEIEHBI B CIEAYIONICH Tabaule:

3epHOBBIE KyBTYDBL VYpoxaitHocTb (11/ra) CTOMMO(;TB l u,
1-s1 30Ha 2-51 30Ha A e
O3uMble 20 25 8
SIpoBblie 25 20 7

Onpedeaume pa3Mepbl NOCEBHBIX IIOLLANEH O3UMBIX U SIPOBBIX KYJIb-
TYp, HEOOXOAMMBIE JJII JOCTHXEHHUS MAaKCUMaJIbHOIO BbIXOAA MPOIYK-
UMM B CTOUMOCTHOM BBIPAXEHHH.

7.28. Ha cTpOMTENBCTBO YEThIpEX OOBEKTOB KMUPIHY IMOCTYIMAET C
TpeX 3aBOAOB. 3aBOAbI UMEIOT Ha CKJIaJax cooTBeTcTBeHHO 50, 100 u 50
ThIC. IUT. KUpnu4ya. OObekThl TpebyloT cooTBeTcTBeHHO 50, 70, 40, 40
ThIC. IUT. KUpnnya. Tapudsl (B 4.€./ThIC. IIT) MPUBEIEHDI B CIEAYIOIIEH
Tabnuue:

3aBoabl O6mbekThI
1 2 3 4
1 2 6 2 3
2 5 2 1 7
3 4 5 7 8
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Cocmaesme TIaH TEPEeBO30K, MHHHUMM3HMPYIOUIHA CyMMapHBIE
TPAHCITOPTHLIE PACXOXHI.

7.29. Ing nonuBa pa3IMYHBIX YYaCTKOB Calla, Ha KOTOPHIX PacTyT
CNIUBBI, SIOJIOHU, IPyLIH, CIyXaT TpU Kojoaua. Kosoausl MOryT nath
cootBercTBeHHO 180, 90 u 40 Begep Boabl. Y4acTKu caja TpeOyioT IS
noauBa coorBercTBeHHO 100, 120 u 90 Bemep Boabl. PaccrosHus
(B MeTpax) OT KOJIOALIEB J0 YYacTKOB Cajia yKa3aHbl B clieaylolieii Tab-
JIMLe:

Yyactku
Konoaust
CJIUBBI AOJOHU rpyiu
1 10 5 12
2 23 28 33
3 43 40 39

Onpedenume, Kak Jiy4dllie OpraHU30BaTh MOJHUB?

7.30. Ha 3aBoie BBINYCKAIOT M3IEJHUS YeTbipex TUIOB. OT peain3a-
uuMM 1 ef. KaxIgoro M3nenus 3aBOA IOJNy4yaeT NMpHUObUIb COOTBETCTBEHHO
2, 1, 3, 5 n.e. Ha u3roroBneHue U3ACIUI pacXONYIOTCS PeCypChl TpeX
THUIIOB: HEPrusi, MaTepuabl, Tpyd. JaHHBIE O TEXHOJOTHYECKOM IIpO-
Hecce IPUBENEHD! B cleayolieil Tabnuue:

3aTpaThl peCypCOB Ha eIUHHULY U3AETUS 3anacel
Pecypchi
I II III v pecypcos, en.
DHeprus 2 3 1 2 30
Marepuansl 4 2 1 2 40
Tpyn 1 2 3 1 25

Cnaarupyiime IpOU3BOICTBO U3AENUN Tak, 4TOObl NMPUOBUIL OT MX
peanu3aluy Obl1a HaubobLIEH.

PemuTe 3axaun auHeifHoro mporpammuposanns (7.31 — 7.60)
rpad)HyecKUM METOIOM, NPOBEANTE AHAJIH3 HA YYBCTBUTEILHOCTS.

Bo Bcex 3amayax x; = 0, x; 2 0.
7.31. W= 2x; — 5x; = min;

3x; +4x £6; 3x; +5x5 28;
2x +3x; <4. ' ‘ -3x; +10x, <16.

7.32. W =x; — 4x; — min;
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7.33.

7.35.

7.37.

7.39.

7.41.

7.43.

7.45.

F=x; +x, - max;
X| +3JC2 330;
2x + x5 <20.

F = 2x; + 3x, - max;
x =4
Xy 23;

X +x5 <8.

W = x; — 3x, = min;

—X] +2x5 <6;
x) +2x5 <5.

W = x| + 4x; — max;

X) +Xp <7
x1S3;

X3 <1.

W= 2x; + 2x; — min;

x| +xy 24
—X] +2X2 <8.

W =x; + x; & max;

3x; + x5 £20;
2x; +3x, <30.

W= 2x; + 7x, - max
x23;
xy 24,
2x; +2xp <9.

tl

7.34. W= 2x; + 2x; — min;

X] + X, >1;
'—xl + X <lI.

7.36. W = x; — 3x, — min;

x]+xy<3;
-x] +2x5 <5.

7.38. W= 2x; + 5x; = max;
x; +x<500;
x; <400;
xp £300.

7.40. W= 2x; + x, = max;

2x; +6x,5 <15;
4x1 +3x2 <1l1.

7.42. W= 3x; + 2x, = max;
x 2l
X, 20,6;
0,1x; +0,4x, <2.
7.44. W = 5x; + x; — max;
3x +6x;, <11;
x; £2,75;
3x; <Ll

7.46. W = x| — 2x, — min;

x; +10x, <1;
—2x1 + 24X2 <L
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7.47.

7.49.

7.51.

7.53.

7.55.

7.57.

7.59.

264

W = x; + 3x, — max;
4x; +8x, <17,
Xi 33;
Xy <2..

W = 2x; + 3x, — min;
S5xp+2xy 235
—4X1 +6x2 <9.

W = 4x; — x, — min;
4x) +6x, <9;

{—le +8x; <4.

W = x; + 5x; = max;
2x; +x, <8§;

{xl +3x, <7.

W =x + 4x, - max;

(x] 24,

1% 25;

3x; +x <16.

W =x; + 3x, = max;

]6X| + 4X2 < 9,

1% S}';

X2 S%.

W = 3x; + x, > min;

4X1 + X 2 5;
-—3x| + 1OX2 <50.

7.48.

7.50.

7.52.

7.54.

7.56.

7.58.

7.60.

W = 2x; + 4x, = max;

4x; + x5 <15;
X| +6X2 <7.

W = 4x; + 6x, — max;
x; +15x <32;
x <31
bY) <2.

W = 2x|; + x, — min;

5%, +3%x7 2 7;
—2x|+9x2 <21.
W= 2x; + x, —» min;
5x1 +3X2 >7,
—2x|+9x2 <21.

W = 3x; — 2x, — min;

2x) +5x <8;
=3x; +8xy <4.

W = 5x; + 4x, — max;

4x1 +X) S9,
X +3x2 <6.

W = 3x; + 0,5x, — max;
x <2
xy 218; .
2x) +5x5 212.



3anaun auHeitHoro nporpammupoBanus (7.61 — 7.90) penmre cumn-
JeKC-METOJOM M NpOBeIUTe aHAJIH3 MOJeNeil HA YyBCTBHTEIbHOCTD,
chopMyIHpYiiTe IBOCTBEHHYIO 3a/1a4y K HCXOJHOM M pelluTe ee.

7.61. max L = Xy — ZX2 + ZX3 + 3X4;

hl+kz+x3+x4=lo;

x20;j=1,4.

7.62. max L = 2x; + x, + x3 + 2x4;

X+ 2 + x3 + 2x4 = 16;
2x1+x2+2x3+x4=14;
2xl+2x2—2x3+x4=4;

x20,j=1,4

7.63. min L = 3x; + 2x; + x3 + x4

le+2.)Q+3X4=9;
x2+ZX3+X4=4;
xl+2xz+2x3+2x4=8;

x20;j=1,74.
7.64. min L = 3x; + 2x; + x3 + 2xy;

le +3.X2+3X4= 10,
x2+2x3+x4=4;
Xy + 20 + 203 + 2x4 = 8;

x20;j=114"

7.65. max L = x; + 2x, + 3x; + Xy

2x1+x2+3x3+x4=12;
xl+2xz+x3+2x4=8;
3x; + 3x; + x5+ 3x4 = 15;

x20,j=1,4

7.66. max L = 2x; — x; + 3x3 — 2x4;

x1+x2+2x3-x4=3;
2x1+x2—x3+2x4=4;
X1+ 20 +tx3+x4=235;

x20;j=1,4
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7.67. min L = 2x; + x5 + 2x3 + 2x,;

2 +xy + 25+ x4 =8
x1+2XZ-|'X3+ZX4=10;
2x1+x2+2X3+2.X4=10;

x20;,j=1,4

7.68. min L = X + ZXZ + x3 + x4,

xXp+tx,—x3tx4=4
le+x2+2x3—x4=4;
X —x tx3+x,=2

ijO;j=T,—4.

7.69. min L = 4x; + 2x; + 2x3 + xy;

x1+x2 +X3+2.X4=8;

le+x2+x3+2x4=10;

X; +xy + 23— 24 = 6;
x20,j=1,4

7.70. min L = x| + 2x; + 3x3 + 4x,;
X +X2—2X3+X4=2;

xl—sz+x3+2x4=4;
Xy + 2+ 203 + 24 = 8§

x20j=1,4

7.71. max L = x; + 2x; + 3x3 — xy;

Xp X txytx =4
Xy + 20 +x3+ 2 =6
x; + 26 + 23 + x4 = 6

ijO;j=T,_74_.

7.72. min L = x; — 2x; + 3x3 + xy;
Xt X+ 223+ x4 =17,
xl—sz+x3+2x4=l;
3x1+x2+3x3+2x4= 13,

%20j=T74
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7.73.

7.74.

7.75.

7.76.

7.77.

7.78.

maxL=3x1+x2+2x3+x4;
x1+2xz+2x4=6;
hz+2X3+X4=7;
X\t +x3+ 2 =7,;
x20,j=1,4
max L = 2x; + x5 + 3x3 + 2xy;
XZ+2.X3+ZX4=8;
o+ 22+t x3+x,=09;
2xl+2X3+X4=8;
xl~20;j=1,4.

max L = 2x; + x; — x3 + 2xy;

x2+x3+2x4=6;
x1+2xz+2x3=10;

x20,j=1,4

minL=x1+2x2—x3+3x4;

x1+2X3+ZX4=5;
x1+.X2+2X3=4;
2, + x3 =4

x20j=1,4
min L =x; + x; — 2x3 + 2xy;

X+ x+x,=75;

2 +x3=13;
le+X3=6;
x20,j=1,4

min L = x; — 2x; + 2x3 + 3xy;
xl+x2+2x4=4;
Xy + 23+ x4 =6;
x,—sz+x3+x4=6;
x20,j=1,4
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7.79.

7.80.

7.81.

7.82.

7.83.

7.84.

268

minL=—2x2+x3;
—2XI+X2+X4=O;
xXp—Xxp +x3=2;
0 —xp + 4xy3 — x4 = 12
x20;,j=1,4
minL=4x1+2x2+2x3+x4;v
x1+x2+x3+2x4=8;
2 + xy + x3 + 204 = 10;
xp+x +x3—2x=6;.
x20,j=1,4

maxL=4x1+3x2+ZX3+x4,

x1—3x2+x3+x4=6;
xl—kz+X3+2.X4=4;
x1+x3=l;

%20j=1,

N

min L = x; + x, + x3 + xy4;

3x1 + sz + 5x3 + X4 = 22;
le + SXZ + 4X3 + X4 = 24,
3x1 + 4x2 + SX3 + X4 = 26,

x20;j=1,4

max L = x; — x3 + x3 — X4,

3x1+x3+2x4=2;
—xl+x2+x3+5x4=5;

x20,j=1,4

max L = 2x; — xp + 3x3 — 5xy;

x; +x, +x3=06;
x2+x3+x4=9;
X3+ x4+ x5 = 12;
X4+XS+X6=15;

x20,j=1,6.



7.85.

7.86.

7.87.

7.88.

7.89.

7.90.

minL=2xl—-x2+3x3—Zx4+x5;
—x1+x2+x3=l;
X tx+x4=1;
xp+xy+x5=2;
x20;j=1,5.
max L = 2x; — x; + x3 — 3x4 + 4xs;
X —x2+ 3X3 —18.X4 + ZX5=—4;
le — X3 + 4X3 - 2IX4 + 4x5= 22;
3X1 + kz + 8X3 —43X4+ 11XS= 38,
x20;/=1,5.

min L = 3x; — 2x; + x3 + 8xs;
Xy — ZX2 - 10X4 + 3XS = 12,
2x; — 3x) — 15x3 — 10x4 + 6x5 = 28;
le — Xy + 8JC3 bt 6X4 + IOXS= 40,

x20;j=175.

maXL=3xl+4xZ+2X3+6X4;
le+3x2+2X3+3X4= 10;
hz+2X3+X4=7;
x1+3X2+2.X'3+SX4=8;
x;20;j=1,5.
min L = 2x; + x; + x3 + 2x4;
2xl+.X2+3XJ+X4=20;
Xl+hz+X3+2X4=30;
3x; + 3x; + x3 + 3x4 = 40;
ijO;j=1,4.
maxL=x1+2x2+3x3+4X4;
x; +x;, + x3 + x4 = 60;
x1+2X2+XJ+4X4=9;
2x1 + 3x2+4x3 + IX4= 12,

ijO;j=—1—,—4-'.
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masa 8

TpaHCNOpTHbIE 3aAa4U JIMHEeHOro
nporpaMmmMupoBaHug

8.1. NMNocraHoBKa 3apaun

IMon TepMHUHOM «TPaHCIOPTHBIE 3aJayMl» MOHUMAETCS LIMPOKHIA
KPYT 3a7a4 He TOJbKO TPaHCIIOPTHOTO XapakKrepa. OOLIMM Uil HUX SIB-
JIsieTcsl, KaK MpaBUJIO, pAaclpelne/ieHUEe PECYPCOB, HaXOUSLIUXCA Yy m
NMpOU3BOAUTENEH (ITOCTABIIMKOB), MO 7 MOTPEOUTENISIM 3TUX PECYPCOB.

Ha aBTOMOGMIBHOM TPaHCIOPTE HanboJIee YacTo BCTPEYAIOTCs Clie-
JNyIOUIME 33034y, OTHOCSIIHECS K TPaHCIOPTHBIM:

o NpUKperUieHne norpebuTesieil pecypca K MpOU3BOIUTENISAM;

® MPUBA3KA MYHKTOB OTIIPABJIEHUs K MyHKTaM Ha3HAYeHMS;

e B3aMMHasl MPUBSI3Ka I'PY30NOTOKOB MPSIMOro M OOpaTHOro Ha-
NpaBJIEHUH;

® OTIE/IbHBIE 33Ja4¥ ONTUMAJIBHON 3arpy3KHy NMPOMBIILIEHHOTO 000-
PYAOBaHHUS;

® ONTUMAJIbHOE paclipenesieHue 0O0beMOB BBIITYCKA MPOMBIIIJIEHHOM
MPOOYKIIMK MEXAY 3aBOAAMU-U3TOTOBUTENIAIMU U AP.

PaccMOTpUM 3KOHOMHMKO-MaTeMaTHYECKYl0 MOIE/b IPUKPEIUIEHUS
MYHKTOB OTIIPaBJIEeHUs K MYHKTaM Ha3HavyeHHus. VIMeoTcs m MyHKTOB
OTIIPaBJIEHUs Ipy3a ¥ OOBEMBI OTIIPABIEHHUS MO KaXIOMY NYHKTY 4y, a;,
.., a,,. VI3BeCTHa NOTpeOHOCTL B Ipy3ax b, b,, ..., b, Mo KaxmoMy u3
n TMyHKTOB Ha3HaueHUs. 3aJaHa MaTpHlla CTOMMOCTEN JOCTaBKH IO
KaXIOMy BapHaHty ¢, i = 1,m, j = 1,n. HeobxoanMmo paccyurars on-

. Ta6bauua 8.1
Hcxoanbie naHHble
ITotpeburenu 3amnachl
ITocTaBlUMKH (06BEMBI
B, B, B, OTNpAB/EHHUS)
4, n (4V) Cin
X1 X12 Xin a,
Az 1 Cy» vee Con
X21 X0 X2n a
A, Cmi Cr2 Coan a
Xml Xm2 Xmn : "
IToTpeGHOCTH b, b, b,
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THMaJIbHBIN IUIaH NMEPEBO30K, T. €. ONMpPEAEIUTDb, CKOJIBKO Ipy3a JOIKHO
OBITh OTIIPABJIEHO U3 KaXIOro /-ro MyHKTa OTIpaB/ieHUs (OT MOCTaBIIU-
Ka) B KaXIblH j-# MYHKT Ha3Ha4YeHHMsl (X0 MOTPeGHTENsT) X;; C MUHHU-
MaJIbHBIMM TPaHCIIOPTHBIMU U3AEPXKKAMH.

B o01eM Bue MCXOAHbIE HaHHbBIE MPEACTaBAEHbI B Taba. 8.1,

TpaHCHOPTHaH 3azaya Ha3bIBACTCA 3(1Kpblm0£7, €CJIM CYMMapHbIH

m
06BbEM OTNPAB/IAEMBIX TPY30B | 3, g; | PaBeH CyMMapHOMY 0GbEMY I0-
. i=1

n
TPEGHOCTH B ITUX IPy3aX 1O MyHKTaM Ha3HaYeHMs | 3, b; |:
Jj=1

J=

Ecnu takoro paBeHCTBa HET (IOTPEOHOCTH BbILIE 3allacoB MU Ha-
000poT), 3a1a4y Ha3bIBAIOT OMKPLIMOU, T. €..

It HanucaHus MOIENN HeoOXOAMMO BCe YCN0BHSA (OrpaHMYEHHs)
U LeJIEBYIO (DYHKUMIO NPEACTABUTh B BUIE MATEMATUYECKUX YPaBHEHUI.
Bce rpy3ssl U3 i TyHKTOB JOJKHBI OBITh OTIIPABNEHBI, T. €.:

n
z x,~j =a;, i=1lm. (83)
J=l

Bce j nyHKTBI (IIOTpeOUTENN) TOKHBI ObITh 00ECNIEYEHB] TPY3aMU B
IUIAHOBOM 00BEME: :

m ,
ley =b;, j=Ln. (8.4)
i=

CyMMaprIC 00BbEMBI OTNpPaBJICHUA HOJIXXKHBI PABHATBCSA CyMMap-
HbIM 00bE€MaM Ha3HaYeHUS:

JOJKHO BBIMOJHATBCS YCJIOBUE HEOTPULATEIBHOCTH IEPEMEHHBIX:
X;2 0, i= 1,m; j=1,n. IlepeBo3KH HEOOXOAUMO OCYLIECTBUTb C MH-
HUMAaJIbHBIMH TPAHCIIOPTHBIMU U3AEpXKaMU (bYHKILMS Lien):
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m n
Zmin = E E Cy'xy'. (86)
i=1j=1

B momenu (8.3) — (8.6) BMeCTO MaTpHMIBI CTOMMOCTEN IEPEBO30K
(cj) MoryT 3anaBaThCsi MaTPULIbI PacCTOSHUA. B TakoM ciyyae B Kaye-
CTBe LieJIeBOi (DyHKIIUM pacCMaTPUBAETCS MUHUMYM CYMMapHOM TpaHC-
noptHo# pa6otsl. Kak BuaHO U3 BeipaxeHus (8.5), ypaBHeHHe GajiaHca
SIBJISIETCS 00OSI3aTENBHBIM YCJIOBUEM PEUICHUSI TPAHCIIOPTHOM 3aiayM.
IMosTOMy, KOrna B MCXOOHBIX YCJIOBUSIX laHA OTKpPBITas 3aJaya, TO €€
HeoO0XOIMMO NPUBECTHU K 3aKpbITOil popme. B cnyyae ecnu

® IOTPeOHOCTY MO MYHKTaM Ha3HAYE€HUS MPEBBIILAIOT 3aMachl MyHK-
TOB OTIIPABJIEHUS], TO BBOAUTCSA (DUKTUBHBII MOCTABIIMK C HEIOCTAIO-
IIMM 00BbEMOM OTIIPABJICHHUS;

® 3arachl MOCTaBIIMKOB MPEBBIIIAIOT MOTPEOHOCTH MOTPeGUTENE,
TO BBOAMUTCA (DUKTUBHBIA MOTpeOUTENb C HEOOXOAUMBIM OOBEMOM IO-
TpebJieHUs.

BapuaHTbl, CBA3bIBaIONINE (PUKTHBHBIE MYHKTHI C peaibHBIMH, UME-
IOT Hy/NeBble OUeHKHU. [Tocne BBeaeHUss GUKTUBHBIX MyHKTOB 3ajaya pe-
1IAeTCS KakK 3aKphiTas.

TpaHCNOPTHBIM 3alayaM MPUCYIIM CJIEAYIOLIHEe OCOOEHHOCTH:

® paCrpeleIeHUIO MOUIeXAaT OJHOPOIHbIE PECYDCHI;

® YCJIOBUSI 3a]a4M OMMCHIBAIOTCS TOJBKO YpaBHEHUSIMHU;

® BCE MEPEMEHHBIE BBIPAXAIOTCA B OAMHAKOBBIX €AMHULIAX U3MEpPE-~
HMUS,

e BO BCEX YpaBHEHHUSX KO3(GDULUMEHTH NPH HEU3BECTHBIX PaBHEI
€OUHULIE;

e Kaxaasi HeU3BECTHAsl BCTPEYAETCs TOJNBKO B ABYX YPaBHEHMSIX CHU-
CTEMBI OrPaHUYEHUIA.

TpaHCHOpPTHBIE 3alaYyy MOTYT PELLaThCs CUMILIEKC-MeTonoM. OnHa-
KO MepeYrCIeHHbIE OCOOEHHOCTH NO3BOJISIIOT IJIS TPAHCITOPTHBIX 3a/1ay
MPUMEHATh 00Jige MPOCTbIE METOABI PELICHUS.

8.2. Anroputm MmeToaa NOTEHLManoB

Haubonee pacnpoCTpaHEHHBIM METONOM pEIUEHHUS] TPAHCHOPTHBIX
3a1a4 ABJIAETCA Menod nOMeHUUuano8.

PemieHue 3amauM METONOM IMOTEHLMAJIOB BKJIIOYAET cnenyxoumc
amanet:

1) pa3pabOTKy HaYaJIbHOIO IUIaHa (OMOPHOrO PELICHHUS);

2) pacyeT MOTEHLHAJIOB; .

3) nMpoBepKy IUIaHa Ha ONTHMAJILHOCTD;

4) NMOUCK MaKCUMaJIbHOTO 3B€HAa HEONTHUMAJIBLHOCTH (ECIH YCIOBHE
. 3 He ObUIO JOCTUTHYTO);

5) cocTaBieHUE KOHTYpa NnepepaclpencsieHusl pecypcos;
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6) ompeneieHMe MUHUMAJIBHOTO 3JIeMEHTa B KOHTYpe mepepacrpe-
JEJIeHUs1 U Tepepacripefe/ieHie pecypcoB IO KOHTYpY;

7) nonyyeHue HOBOTO IUIaHA.

OnucaHHas Mnpolieaypa MOBTOPSIETCS HECKONBKO pa3 (MTepaLuii),
MoKa He OyJeT HaliIeHO ONTUMAaIbHOE pellieHue. BRIYUCIUTENbHBIN -
TOPUTM JUISI KaXIOit UTepaliMyd HEe MEHSIETCS.

JJIst TpaHCIIOPTHOM 3amadyy CYIIECTBYET HECKOJIBKO METOHOB OThIC-
KaHUsI Ha4aJIbHOrO IJIaHa (OITOPHOTO PELICHUS):

e METOJ CeBepo-3anagHoro yria,

e MeTON MHUHUMAJIbHOM CTOMMOCTH;

® METOJ IBOWHOrO MPEATIOYTEHUS U T. M.

BbruvcnUTENBHBIA aJITOPUTM METOHa MOTEHLIMAJIOB PAaCCMOTPUM Ha
NpUMeEpPEe pelieHUsi KOHKPETHOW 3ala4yd MPUKPEILUIEHUS TYHKTOB OT-
npasiaeHus [ = 1,3 X nyHktaM HaszHayeHus j = 1,4. B cooTBeTCTBUM C
NPUHATHIMHA B nogpasfl. 8.1 0603HaYeHUAMM UCXOMHBIE JaHHBIE 3aJa4d
MpUBeAEHHBI B TaO. 8.2.

Tabnuua 8.2
Hcxonnbie naHHble
IToTpeburenu
ITocraByukyu 3anacel
B, B, B B,

A 1 2 3 4 60

A, 4 3 2 0 80

A 0 2 2 1 100
IToTpeGHOCTD 40 60 80 60 240

HauvasipHbl#i IJ1aH MOXHO COCTaBUTh ONHUM M3 NEPEYUCTICHHBIX BbI-
e MeTomoB. Bocnosnib3yeMcst Haubosiee NMPOCTBIM METOIOM — Memooom
ce6epo-3anadHozo yena. B COOTBETCTBUU C 3TUM METOIOM 3arpyska Kie-
TOK (pacrpelejieHue 06beMOB MYHKTOB OTIPABIEHUS 0 MYHKTaM Ha-
3HAYE€HUS) HAYMHAETCS C BEpXHEH JIEBOM KJIETKM («CeBepoO-3amanHas»
4YacTh TaOJIMIIbI) U MPOJOJDKAETCS BHU3 M BIPABO (IO JUArOHAIN).

Ilo ykazaHHOMY MpaBHJy 3arpyxaeMm MepBYIO KIeTKy (i — j) =
= (1 — 1) Ha OCHOBe CJIeyIOLETO YCIOBUS:

X1 = min {a,; b} = min {60; 40} = 40.

TakuM 06pa3oM, TepBbIi MYHKT Ha3HAYEHUs 3arpyXeH, a MepBbIil
NYHKT OTNPaBIeHUsS] MMeET OCTaTKH Ipy3a Aa; = 60 — 40 = 20, xoTo-
pble U pacrpefe/iseM Ha BTOPOI MYHKT Ha3HAYEeHHSA:

X3 = min {Aa;; by} = min {20; 60} = 20; Ab, = 40.
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ITpononmxas npeobpa3oBaHMsl aHAJIOTMYHBIM 00pa3oM, MOJIyYyaeM:
Xy, = min {a,; Ab;} = min {80; 40} = 40; Ab =40 u . 1.

Pe3ynbraThl Ha4aJbHOTO IJIaHA M pacuyeTa MOTEHLMAJIOB IpPeACTaB-
JieHsl B Ta6na. 8.3.

: Tabauua 8.3
HayanbHblit IIaH NepeBO30K
INotpeburtenu
ITocraBUIMKHU 3amnachl o
B, B, By B,
1 2 3 4
A, P_40 20 3 60 0
4 [3]3 2 0
A, 40 P 40 80 1
® 0 2 p 2 1
A; 3Q 40 60 100 1
IToTpe6GHOCTD 40 60 80 60 240
B 1 2 1 0

B mpotiecce pelueHHs Mocije Kaxaoit uTepauuu (B TOM YUCIIE U TO-
cJ1e ToJIyYeHUs1 JOMYCTUMOTrO pellleHHs ) MO 3arpyXeHHBIM KJIeTKaM Ipo-
BepsIETCH BBIMTOJIHEHUE CJIEAYIOUIErO YCIOBUSL:

N=m+n-1 8.7)

B nawem npuMepe m = 3, n = 4, a YUCJIO 3arPY>XEHHBIX KJIETOK
paBHO 6, T. €. cCOOTBeTCTBYET ycaoBuio (8.7): N=3 + 4 — 1 = 6. Ecin
ycnoBue (8.7) He BBITIONHSIETCS, TUIAH Ha3bBIBAeTCS 8bipOXcOeHHbIM. B
3TOM cJly4yae B JIIOOble CBOGOIHbIE KJIIETKH HalO MOCTaBUTh CTOIBLKO HY-
Jie#t, yToOBI C UX Y4YeTOM BBINOJHAIOCH ycnoBue (8.7). KieTka, B KOTO-
pOii CTOMT HOJb, CUMTAETCA 3aHATONH. 3HayeHMe 1eneBoit pyHkuuM no
pe3yJibTaTaM pacyeTa JOMYCTHMOTO IIaHa

Mz
M=

Z=3 3 c;x; =1-40+2-20+3-40+2-40+2-40+1-60=420 n.e.

1

-
1}
—

J

PacueT nmoTeHUMAaNOB BBITOJHSIOT IO 3arpyXxk€HHbIM KIICTKaM, A
KOTOPBIX OOJDKHO BBIINTOJHATHCS CJICAYIOLICEC paBEHCTBO:
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o + B =y (8.8)
rae o; — MOTEHUHaN i-i CTPOKM;
B; — mortenuman j-ro cronGua.

Beruucinsist moTeHuMas o BelpaxeHuo (8.8), mpuHUMaeM i nep-
Boif ctpoku o; = (. Micnionb3ys 3arpyxeHHble KIeTku (i —j) = (1 — 1),
(1 — 2), nonyyaem:

atB=c;=0+B,=5pB =1
atPh=cp=0+P,=2p,=2

Jlajnee mo 3arpy>eHHBIM KJieTKaM (2 — 2), (2 — 3) omnpenenseM apy-
rMe MOTeHIHANBL

G+ B=3%a+2=30=1
a+Bs=21+B;=2p3=1

PesyneraThl pacueTa MOTEHIIMAIOB MPEICTaBJEHbI B Taba 8.3.
IIpoBepsieM IJ1aH Ha ONTHMAIBHOCTE 110 He3arpy>XeHHBIM KJIETKaM,
UCIIOJNIB3YS Clleaylolliee HePaBEeHCTBO:

(oF + ﬁj < Cg'. (8.9)

Ecnu mis He3arpyXeHHBIX KJIETOK ycjoBue (8.9) BBINMOIHSAETCS, TO
raH — ontuMaibHbli. 1o Tabn. 8.3 ocyiiecTBiisseM NMPOBEPKY Hayajlb-
HOTO TUIaHa Ha ONMTUMAJIbBHOCTD:

G-H=(=3), 0+1<3;
(—j)=(-4), 0+0<4

G- =01, 1+1<4
(-j)=(0Q=4), 1+0>0, Acy=1;
(G-)=03=1), 1+1>0, Acy=2
(-j)=@(3=2, 1+2>2,  Acy=L

Hrak, mo TpeM KietkaM ycjioBue (8.9) He BBINOJHSETCS, ClIeIOBa-
TeJIbHO, HAYaJIbHBIA TUIaH TpeOyeT yaydyuwieHus. XapakTepuCTHKH Acy
MOKa3bIBalOT pa3Mep KOHOMHHU TPaHCIOPTHBIX M3EepXeK Ha 1 ex. me-
pEeBO3UMOTO Irpy3a. B HailleM npuMepe HauGOJBIIYI0 SKOHOMHIO MOXHO
MOJy4HTh MO KieTKe (I —j) = (3 — 1), rae Acy; = 2 > {Acyy; Acs,). Cre-
JOBaTeIbHO, KJIETKY (3—1) He0OX0RMMO 3arpy3uTh 3a CYET Iepepacrpe-
JEJICHUST peCypcoB M3 IPYrHX 3arpy>XeHHBIX KjieTok. B 1a6n. 8.3 knerky
(3—1) nomeyaeM 3HAKOM «+», TaK KaK 3[€Chb B HAaYaJIbHOM ILUIaHE Haxo-
JIUTCS BEPIIMHA MaKCUMaJIbHOM HEONTHMAIbHOCTH.
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Konmyp nepepacnpedenenus pecypcos COCTaBJSIOT IO CJIEAYIOIIUM
MpaBUIaM:

® 3TOT KOHTYp NPEACTaB/SIET 3aMKHYTbIif MHOTOYTOJIBHMK C BEpILH-
HaMH B 3arpyXCHHBIX KJIETKaX, 3a UCKIIOYEHHUEM KJIETKU C BEPILHMHOM
MaKCHMAJIbHOU HEONMTHUMAJILHOCTU «+», M 3BEHbSMH, JIEXKALUIUMH BIOJb
CTPOK M CTOJIOLIOB MaTpHULIbI;

e JIOMaHas JIMHUSL JOJDKHA OBbITh CBSI3aHHOI B TOM CMBICJIE, YTO M3
JII0OO# ee BEpIUMHBI MOXHO MOMacTh B JIIOOYIO APYryl0 BEpLUHHY IO
3BEHBSIM JIOMAHOI LieNH (110 CTPOKE WM MO CTOIGLY);

e B KaX[0if BepILIMHE KOHTYpa BCTPEYAlOTCS TOJIBKO Ba 3B€Ha, OM-
HO M3 HMX pacIiojiaraeTcs 1o CTPoKe, APyroe — Io CTOJIOLY;

® YUCJIO BEpPIIMH KOHTypa YETHOE, BCE OHU B IMpolecce Mepepac-
MpeJesieHHs OeSITCSl Ha 3arpyXaeMble M pasrpyXaeMble;

® B KaXIOi CTpoKe (CToyOLEe) MMEIOTCS JBE BEPLUMHBI: OOHA — 3a-
rpyXaemMas, apyrasi — pasrpyxaemas.

B 3T0i1 KJIeTKe HaMe4yaeM OAHY U3 BEPLUIMH KOHTYpa U Jajiee Mo Bbi-
LIEU3JIOXEHHBIM MpaBUIaM CTPOMM KOHTYP, BEpLUMHBI KOTOPOTO OyayT
HaxoouThca B KieTtkax (3—-1) — (1-1) — (1-2) — (2-2) — (2-3) —
— (3-3). BepimiMHBl KOHTYpa MOC/IE€OOBaTEIbHO NMOJpa3fie/sieM Ha 3a-
rpyxaeMblie (3) u pasrpyxaemsie (P), HauMHast ¢ BepUIMHbI MaKCUMaJlb-
HOI HEONTHUMAJIBLHOCTH «+» (Tadi. 8.3).

INepepacnpeneneHre pecypcoB MO KOHTYPY OCYILECTBIISIETCS C Lie-
JIbIO MOJIyYeHHMS] ONTMMAJIBHOTO IUlaHa. B mpoluecce nepepacnpenese-
HUSI PeCypCOB IO KOHTYPY B COOTBETCTBMH C YCIIOBUEM HEOTpHLIATEJb-
HOCTH MEPEMEHHBIX X;; HU OJHO M3 3THX 3HaYEHHH He JOJDKHO MpeBpa-
TUTbCSI B OTpULIATeJIbHOE YuCIO. [103TOMY aHaIM3UPYIOT TOJIBKO KJIET-
KU, TOMEYeHHBle 3HAaKOM P, M3 KOTOpBIX BHIOMpPAIOT KIETKY C
MHUHUMAaIbHBIM 00bEMOM INEPEBO30K. B HauieM npumMepe Xy, = min{40;
40; 40} = 40. CnenoBatenbHo, KieTku (1—1), (2—2), (3—3) noaHOCTHIO
pasrpyxaiworcs. B xierke (1-2) 3arpy3ka ysenuyurca Ha 40 ¥ HOCTHr-
HeT 60, B kieTke (2—3) 3arpy3ka coctasuT 40 + 40 = 80, 1 xieTKa
(3—1) 3arpy3utcs Ha 40 (tabu. 8.4).

ITposepsieM ycnoue N = m + n — 1. B Hamiem npumepe m = 3,
n = 4, a YUCJIO 3arpy>XeHHBIX KJIETOK PaBHO 4, T. €. YCJIOBHE HE BHIMOJI-
HseTcs M 6 # 4. B mpoliecce mepepacnpeesieH|UsI pecypcoB MPOU30IILIa
MOJIHAsI Pa3rpy3Ka TpeX KJIETOK, a Mbl JOJDKHBI OCBOOOAUTH TOJIBKO OJI-
Hy KJIeTKy. B 3TOM ciiyyae cnenyer B ABE KJIETKU MPOCTaBUTh HYJIU (HY-
JIEBOIl pecypc) M CUMTaTh YCJIIOBHO UX 3arpyXeHHbIMU. Hampumep, B
etk (1—1) u (3—3) npocraBuM HyneBo# pecypc (puc. 8.4). Ilonyye-
HU€ HOBOTIO IIaHa (MUTEepalMK) OCYLIECTBIISIETCS] B TOM Xe€ MOpsiAKe, KO-
TOpBIA ObUT PAaCCMOTPEH BBILLE, T. €.

® [0 3arpy>XeHHBIM KJIeTKaM (B COOTBETCTBMU C HOBOM 3arpy3Koif)
BBIYUC/ISIIOTCS MOTEHUMAIIBI O; U Bs

276



Ta6naunua 8.4
TlepBbiii nIaH nepeBo3oK

INotpeGurenu
INocTtaBUIMKH 3amacet a,
By B, B, B,
1 2 3 4
Ay 0 60 60 0
4 3 2 ® 0
A, g0 P |3 80 -1
0 2 2 1
A; 40 05~ p 60 100 -1
INotpeGHOCTH 40 60 80 60 240
B 1 2 3 2

® [10 HE3arpy>X€HHBIM KJIETKAaM NMPOM3BOAUTCA MPOBEPKA IUIaHA Ha
ONTUMANIBHOCTb; '

® HAXOOMTCSl BEpLUMHA MAaKCUMaJIbHON HEONTUMAIBHOCTH U CTPO-
HUTCST HOBBI KOHTYp Nepepacrpenc/icHusI ¥ T. 4., KO TE€X MOp, MoKa He
OynmeT HaliJeHO ONTUMAJIBHOE pellIeHUE, YIOBJETBOPSIOLIEe HEPABEHCT-
By (8.9).

Ilo pe3ynbraTaMm NepBOil MTEpaUMH UMEEM

M3
M=

Z=3 3 cyx;=2-60+2-80+1-60+0-40 =340,

i=1j=1
Huxe nmpuBedeHBI pacyeTsl MO BTOPOH HUTEPALMM M ONTHMAJIbHBIN

IJIaH.
IToucK MOTEHLMATOB CICAYIOLIUIA;

a +B =1 0+B, =1 Bi=1
o +B,=12; 0+B,=2; B, =2
o+ P3=2; o +3=2 o, = —1;
o3 + B, =0; o3 +1=0; o3 =-—1;
a3+ B3=2; -1+83=2 B;=3;
a3+ By =1; -1+ B4=1; Bsa =2

ITpoBeseM NpoBEPKY Ha ONTHMAaJIbHOCTE:

(i-)=(1-3);0+3<3;
(i-)=(1-4);0+2<4
i-N=Q@-1);1-1<4
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(-N=2-2;2-1<3
(-)=03-2);2-1<2
(i-)=2-4);2-1>0.
Knetky (2—4) HeoGX0aMMO 3arpy3uTh.
B cooTBeTCTBHU C MepepacrpeleeHUEM PeCypcoB M0 KOHTYpY MO-
JiyyaeM Tabi1. 8.5, 11l KOTOPOi BHOBb PaCCYMTBIBAEM MOTEHLMAJIBI O U

Bj, M MOCJIEA0BATEIbHOCTh BBIYUCIIEHUI MTOBTOPSAETCS.

Ta6auua 8.5
OnTHMANBLHBIN N1aH IepeBo30K
IMoTpeburenu
TMocraBuiuku 3anachl o
B, B, B, B,
1 2 3 4
A 0 60 60 0
4 3 2 0
A 20 60 80 —1
0 2 2 1
Ay 40 60 100 -1
IMoTpe6GHOCTD 40 60 80 60 240
B; 1 2 3 1

[l pacnipesiesieHust, MOMy4YeHHOro B Tabu. 8.5, ycnosue o; + Bj <S¢y
BBITIOJTHAETCS, CJIeI0BaTebHO, TUTaH — ONMTHMAIbHBIH.
TpaHCcnOpTHBIE U3OEPXKKH IO ONTHUMAJIBHOMY IUTaHY CJIEAYIOLIHE:

m n
Z=3% 3 c;x;=1.0+2-60+2-20+0-60+0-40+2-60=280 n.e.
i=1j=1

TaxuM 06pa3oM, MOCTPOEHHEM HAYAILHOTO IJIaHa C MOCIEAYIOIUM
pacyeToM JIBYX MTepalMil MOJy4yeHO ONTHMMAIbHOE pElieHHe MO MpH-
KpPEeIUIEHUIO ITYHKTOB OTIpPAaBJACHMS IPy30B K IMYHKTaM Ha3HayeHUs.

- 8.83. YcnoXxHeHHble 3apaun
TPaAHCNOPTHOro TUna

Hamu PacCMOTpeHaA KJIaCCUYECKasi TpaHCIMMOPTHas 3ajgaya, Ha KOTO-
poii Mmoka3aHO, KakK HCITOJIB3YETCA METOA IMOTCHLMAJIOB JUI HaXOXIC-
HMSI ONTUMAJIBHOIO TJIaHa. B 3KOHOMHKeE NpeanpusaTus TakKue 3aJavyu
BCTPEYAIOTCsl KpaHe peako. OGrIyHO npu COCTaBJIEHUM IKOHOMHUKO-
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MaTeMaTHYeCKOi MOMAENU B 3ala4yd TPAHCIIOPTHOTO THUIA MPUXOIUTCS
BBOAMTD LIEJIBIA PSI OOMOJMHUTENILHBIX OrPaHUYEHHI, a 3aTeM MOJIb30-
BaThCSl METOAOM IOTEHLIMAJIOB.

Psii 3KOHOMHUYECKHUX 3a1ay JIETKO CBOAMMBI K TPAHCITOPTHOM 3anave.
PaccMoTpuM HauGosiee 4acTO BCTPEYAIOUINECS CUMYAUUU 8 I3KOHOMUKE
npeonpusmus.

1. OTaenbHBIE MOCTaBKU OT ONPEIE/IEHHBIX MOCTaBLUIMKOB HEKOTO-
PBIM NOTPEOHUTENISAIM NO/DKHBI ObITh UCKIIIOUEHBI (M3-3a OTCYTCTBUS He-
00XOINMMBIX YCJIOBUil XpaHEHHUsI, YpE3MEPHOI Meperpy3kKu KOMMYHHKa-
LMii U T. 1.). DTO orpaHUYeHHe TpebyeT, YTOOH B MaTpHlie MePeBO30K,
comepxalileii ONTUMAJIbHBIA IJIaH, OMpene/ieHHbIe KJIETKH OCTaBaIHCh
cBoGomHbeIMH. TToclenHee NOCTUraeTCsI UCKYCCTBEHHBIM 3aBBIILIEHHEM
3aTpaT Ha MEPEBO3KM Cj; B KIJIETKAX, MIEPEBO3KM YePE3 KOTOPbIE ClIEAYeT
3anpeTuThb. IIpU 3TOM NPOU3BOLAT 3aBbIILIEHME BEJIMYMHBI C; 1O TAKUX
3HaYeHM i, KOTOpble OYAYT 3aBeqOMO GOJble BCEX, C KOTOPHIMU MX
MPHUIETCSl CPaBHUBATh B MPOLIECCE PELUEHUS 3alayH.

2. Ha mpennpusiTii HEOOXOAMMO OINpeNeIMTh MUHUMAIbHbIE CyM-
MapHBbI€ 3aTpaThl Ha NIPOU3BOACTBO M TPAHCIIOPTUPOBKY NpoayKUuu. C
MOMOOHOM 3aayeil CTAIKMBAIOTCS NP PELUEHUH BOMPOCOB, CBA3aHHBIX
C ONTHUMAIbHBIM pa3MeleHHUEM MPOU3BOACTBEHHBIX OOBEKTOB. 31€Ch
MOXET OKa3aThCsl 9KOHOMUYECKH OoJiee BBITOOHBIM AOCTAaBJISTbH CBHIPBE
13 Gosiee OTOAIEHHBIX IYHKTOB, HO 3aTO NPU MEHbILUEH ero cebecTou-
MOCTH. B Takux 3ajavyax 3a KpUTEPHil ONTUMATbLHOCTH PUHUMAIOT CyM-
My 3aTpaT Ha MPOU3BOACTBO M TPAHCMOPTHPOBKY MPOLYKIIMH.

3. Psa TpaHCMOPTHBIX MAapLIPYTOB, IO KOTOPBIM HEOOXOAUMO HO-
CTaBUTb IPY3bl, UMEIOT OTPAHUYEHUSI MO IPOITYCKHONU CIMOCOOHOCTH.
Ecmu, Hanpumep, no mapuipyTy A4;B; MOXHO IpOBeCTH He Gonee g enu-
HUL Ipy3a, T0 B; cronbeu Manuubl pa3buBaeTcs Ha JBa CTOJOLA —
B;wn B B HCpBOM CTOJIOLE CIIPOC MPUHUMAETCS PaBHBIM Pa3sHOCTH
MC)Kle }lel/lCTBI/ITeJ'lebIM CHpocoM b; u orpaHuyeHueM g: b’; = b; — g, Bo
BTOPOM — pPaBHBIM OTPaHHYEHHIO q, T. €. b” q. 3anaT1>1 Cji B o6oux
CTOJI01[aXx OXMHAKOBbl M PaBHBl JAHHBIM, HO B IepBOM crosibue B, B
KJIETKE, COOTBETCTBYIOILIEH OrpaHUYEHUIO {, BMECTO UICTHHHOTO Tapmba
€7 CTABUTCA MCKYCCTBEHHO 3aBbIIIEHHBIA Tapud M (kieTka 610KUpyeT-
cs1). 3aTeM 3aJaya pelraeTcss OObIMHBIM CITOCOGOM.

4. TocTaBKH M0 OMNpeeIeHHbIM MapIIpyTaM 00s3aTeNIbHbI U TOJIK-
HBI BONTH B ONTUMAJBHBIN IJIaH HE3aBUCMMO OT TOTO, BHITOJHO 3TO
WU HeT. B 3TOM ciiyyae yMeHBLIAIOT 3amac rpy3a y NOCTaBLIMKOB H
CIpocC MOTpeGHUTeNeil U pelaloT 3a1a4yy OTHOCUTEIbHO TeX MOCTaBOK,
KOTOphIe Heobs3aTeabHbl. [TomyyeHHOe pelleHHe KOPPEKTUPYIOT C y4e-
TOM 00513aTeJIbHBIX MOCTABOK.

5. DxoHOMMYeCKas 3aaya He SIBJIIETCS TPAHCIOPTHOM, HO B MarTe-
MaTHYECKOM OTHOLUEHHH MOA00HA TPAHCIIOPTHOM, TaK KaK ONMUCHIBAET-
Csl aHAIOTMYHON MOJENbI0, HalpuMep pacrnpeieieHre Npou3BOACTBa

279



U3 MEXIY NPeANPUSITUSIMUA, ONITUMAIbHOE 3aKpeIUIEeHEe MEXaHU3-
MOB I10 ONpeaeJeHHbIM BUAaM paboThI.

6. Heo6xoouMo MaKCHMMHU3HUPOBaTh LEJEBYIO (PYHKLUUIO 3amayu
TPaHCMOPTHOrO TUMA. B 3TOM CUTyaLlMW NP COCTAaBIEHUU ONMOPHOIO
MJlaHa B TEPBYIO OYepeAb CTapaloTCs 3allOJIHUTh KJIETKU ¢ Haubonee
BBICOKMMM 3HAYCHUsIMH noxasatelieil ¢;. Boibop Kietku, moatexauieit
3aMOJIHEHUIO TIPU MEPEXoJe OT OOHOTO JOMYCTUMOTO IIaHa K APYroMy,
JOJDKEH MPOU3BOAUTHECS HE 10 MUHUMAJIBbHON OTPHULATEbHOM pa3HMIIE
[ej — (a; + B/)], a mo MakcMMabHOl MOJOXUTENLHON pasHuLE [c; —
— (o t+ ﬁj)]. OntuManbHBIM OYIeT IUIaH, KOTOpOMY B mocieqHei Tab-
JIMLIE COMYTCTBYIOT CBOOQIHBIE KJIETKU C HEMOJOXUTEIbHBIMU 3IEMEH-
TaMH: BCe pasHOCTH [c; — (a; + Bj)] <0.

7. HeoOxonoMMO B OOHO BpeMsl paclpelesUuTh Ipy3 pa3jUyHOro po-
[1a 1o notpedbuTeNaM. 3anayu JaHHOTO TUINA Ha3bIBAIOTCS MHOZONPOOYK-
moebiMu mpancnopmusiMu 3a0avamu. B 3THX 3amayax rMoCTaBILIMKHK M PO-
JIOB IpY30B pa30MBAIOTCA Ha m YCJIOBHBIX MOCTaBLUIMKOB, a MOTpeOUTE-
JIX n pOIOB I'Py30B pa3bKMBAIOTCA Ha A YCJIOBHBIX noTpeduteneit. C yye-
TOM 3TO# pa3OMBKH COCTAaBJIAIOT MMOJHYIO TPAHCIIOPTHYIO Tabnuuy. I1pu
3TOM 3aMETHM, YTO HEKOTOPbIE MapLIPYThl A;B; NOIKHBI GBITH 6I0KH-
pOBaHbl (3aKpBITHI), MOCKOJbKY B JAHHOW MOCTAaHOBKE 3aJayd Ipy3bl
pasHOro poja He MOTYT 3aMEHSTb ApYyr Apyra. 9TMM mapuipyram 4;B;
JIOJDXHA COOTBETCTBOBATh OYEHb BHICOKAs CTOMMOCTb IMEpPeBO3KU. MHO-
rONMpOAYKTOBYIO 3aJayy He BCeraa O0sI3aTeIbHO OMUCHIBATh OAHOU MO-
nenslo. HanpuMep, eciiv MocTaBKM Ipy30B pa3/IMYHOrO poja He3aBUCH-
MBI, TO 3ala4y MOXHO IMpEACTaBUTh B BUIE KOMIUIEKCA TPAHCIOPTHBIX
3a0a4 Mo KaxunoMmy pony rpysa. OQHako eciy MeXIy Tpy3aMH pasind-
HOTO POJia CYUIECTBYET CBsA3b (HanpuMep, OMHHU U3 IPy30B MOXHO 3aMe-
HHUTb IPYTMMH), TO B OOLIEM ClTyyae UCXOAHYIO MOJEJb (3aliayy) He yna-
€Tcs pa3dUTh Ha KOMIUIEKC MPOCTBIX TPAHCIOPTHBIX 3aaad.

PaccMoTpuM npuMepsl 3ajiady TPaHCIIOPTHOTO THUIIA.

IIpumep 8.1. OnHo depMepckoe x034iCTBO (A4;) MMeeT npojo-
BOJILCTBEHHOE 3€PHO IBYX BHIOB: 3 Thic. T — III knacca U 4 THIC. T —
IV kinacca. Bropoe ¢epMepckoe xo3siicTBO (A4,) TakXe MMeeT 3epHO
IByx kjaccoB: 5 teic. T — III xyacca u 2 Teic. T — IV Kitacca. 3epHO
JIOJKHO OBITh BBIBE3EHO Ha [Ba 3JieBaTOpa: Ha MEpBHIH 3aneBatop (B;)
HeobX0aMMO TocTaBuTh 2 ThIC. T meHULb 111 knacca, 3 Teic. T mie-
Huubl IV kiracca ¥ ocTayibHBIe 2 THIC. T IMILIEHUIIBI JIIOGOrO KJiacca.

AHaJIOTMYHO BTOpO# 3jeBatop (B,) mokeH Monyyuth 8,25 ThIC. T,
u3 HuX meHuusi — 1 teic. T I1I kimacca u 1,5 Thic. T IV Kiacca.

CrouMocTb NMepeBo3KM B 1. €. 1 T 3epHa COCTaBJSIET: U3 IMYHKTA A,
B NyHKTH B U B, — 1 1 1,5 COOTBETCTBEHHO; U3 NMyHKTa A, B MyHKTHI
B v By —2wu1 1. e COOTBETCTBEHHO.

CocTaBUTb ONTUMAIBHBIN TUTaH MEPEeBO30K.
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Pewenue

Kaxpnoro mocraBiiyka ycJJOBHO pa30MBaeM Ha JBE YacTU COIJIaCHO
IBYM BMJaM 3epHa (A13 U A14; A23 " A24), aHaJIOTMYHO NoTpeburenei
pa36uBaeM Ha TpH yactu (mweHuua III xiacca, IV kinacca u mo6oii
KJ1acc): B,3, Bl4 " BIO, a TaKxe 323, B24 " BZO. IToTpebHOCTH NpeBbIILaA-
IOT 3anacsl, 103TOMY BBOAMM (PUKTMBHOTO NOCTaBIIMKA A;. YacTb kine-
TOK B TaGiuuUe 3anupaeM OOJbUIMMU YUCIaMU M; HanpuMep, B KIIETKE
(1; 2) crouT GONBLIOE YUCIIO. DTO 3HAYUT, YTO MOCTABLIMK A13 HE MO-
KET YAOBJIETBOPUTDH MOTPeOUTENS B,4 nweHuuei IV kinacca 3a cuer
umewoueiics neHuusl 111 knacca.

C yyeTOM cHeJlaHHBIX 3aMe€YaHUH COCTaBUM MEPBYIO TaGIuLy
(Taba. 8.6).

TaGnuua 8.6
Hcxoanble JaHHbIE
IoTpeGuTenu
MocTaBWMKH B, B ::::::aCT,
B3 B B B B4 | BY
1 M 1 1,5 M 1,5
AP 3
M 1 1 M 1,5 1,5
A At 4
2 M 2 1 M 1
M 2 2 M 1 1
A, A 2
0 0 0 0 0 0
A 1,25
Crnpoc,
ng. T 2 3 2 1| 15575 15,25

ITepeBo3KM OT (PUKTUBHOIO MOCTaBLIMKA HE MPOU3BOAATCS, MO3TO-
MY Cs5; = C57 = C53 = C54 = Cs5 = C5¢ = 0. Bennunna M HamHoro 607b-
we ¢;. IIpuMeHsss MeTOA MOTEHUMAIOB, B UTOTe MOJIYYMM TaGruuy C
OINTHMAJILHBIM pellleHHeM (Tabin. 8.7).

Anaauz pewenus.

ITepBhIif MocTaBLIMK MOCTaBUT Ha MEPBHIH 3seBatop (B;) MEHU-
uy III knacca (x,; = 2); mmueHuny IV kiacca (x,; = 3), a Takke miue-
Huny mooboro xiacca (III unu IV) (x13 = 1; x5 = 1).

Bropoit nmocraBlyK (4,) MOCTaBUT Ha BTOpPOM 3nmesarop (B,) miue-
Huuy III knacca (x3; = 1), muenuny IV xiacca (x45 = 1,5) ¥ 4yacTHuHO
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Ta6nuua 8.7
OnTHMaibLHOE penieHue '

ITotpeburenu
INocTaBlnKy B, B, 3:::&:1:
B|3 . B|4 BIO 323 B24 Bzo
1 M 1 1,5 M 1,
A3 | 2 | 3 3
M 1 1 M 1,5 1,5
A, Al 3 1 4
2 M 2 1 M 1 '
A} 1 4 5
M 2 2 M 1 1
A 4 L5 | 05 2
0 0 0 0 0 0
A 1,25 1,25
Cnpoc,
THIC. T 2 3 2 1 1,5 | 575 15,25

mobylo mieHuny (x3g = 4; x4 = 0,5). IloTpeGHOCTD 371€BaTOpa B JIIO-
60H MiIEHULE He YAOBJIETBOpeHa Ha 1,25 ThIC. T (X5 = 1,25). MuHu-
MaJIbHbIE 3aTpaThl Ha IEPEBO3KY COCTAaBWIU: Z;, = 14 1. e.

IIpumep 8.2. Monenb NpOU3BOACTBA C 3aMacaMu.

dupma nepeBOAUT CBOI rOJIOBHOI 3aBOM Ha NMPOU3BOJACTBO OIpeEE-
JIEHHOTO BHIA U3AENUil, KOTOpBIE OYyIYyT BBLITYCKATLCS B T€YEHUE YETHI-
pex MecsleB. BeJJMYMHBI cripoca B TEYEHHUE 3THUX YEThIpEX MECSIIEB CO-
crasisiot 100, 200, 180 u 300 usnenuit COOTBETCTBEHHO. B Kaxmplilt Me-
CS1[ CIIPOC MOXHO YIOBJIETBOPUTD 33 CYET:

® 3a1aCOB U3JIE/IUIA, MPOU3BEAEHHBIX B IIPOILIOM MECSLE, COXPaHSI-
IOLUXCS JUISL peayiu3aluy B Oyayuiem;

® IIPOM3BOJICTBA U3NEJIUNA B TEYEHHUE TEKYLIEro MeCsla;

® U30bITKA IIPOU3BOJCTBA U3l B OoJiee MO3THHUE MECSLBI B CYET
HEBBITNIOJIHEHHBIX 3aKa30B.

3arpaThl Ha OJHO H3MAE/IME B KaXIOM MeCslle COCTaBIsioT 4 1. €.
Hsznenve, npousseneHHoe WIS Gojiee MO3AHEN peaau3alliM, BJICYET 3a
c000i1 JONOJHUTENbHBIE U3NEPXKHU Ha XpaHeHue B 0,5 1. e. B Mecail. C
JIpYTOif CTOPOHBI, KAXKI0€ U3Je/INe, BBIIIYCKAEMOE B CUET HEBBITIOJIHEH-
HBIX 3aKa30B, obJyaraercs 1TpacdoM B pa3mepe 2 1. €. B MeCHII.

O6BeM NPOM3BOACTBA U3IAETUA MEHSETCA OT MeCALIa K MECSILly B 3a-
BUCHUMOCTHU OT BBINYCKA IpPYTMX HU3AeNnuil. B paccMarpuBaeMble YeThIpe
Mecsina npenrnonaraercs Bbimyck 50, 180, 280 u 270 usnenuit cOOTBET-
CTBEHHO.

282



TpeGyeTcs COCTaBUTh IUIAH, UMEIOIIUA MUHUMAIBHYIO CTOUMOCTD

MPOM3BOACTBA Y XPaHEHUS W3IEIIHIA.

Pewenue

3amayy MOXHO cOpMyIHpOBaTh KaK TPAHCIIOPTHYIO. DKBUBAJIEHT- |

HOCTb MEXAY 3JIEMEHTaMH NPOU3BOACTBEHHOH U TPAaHCIIOPTHOH CUCTEM
yCTaHaBJIMBaeTCs CleAylolM obpa3oM (Tabi. 8.8):

Ta6nauua 8.8

Tpchnop'rHaﬂ CcUcTEMA

IIpou3BoOCTBEHHAsI CUCTEMA

1. UcxoaHblit nyHKT §

2. TlyHKT Ha3HauyeHus j

3. IlpemnoxeHne B MyHKTE i

4. Cnipoc B NMyHKTE j

5. CTOMMOCTb NEPEBO3KU U3 i U j

1. Ilepuon nmpou3sBonacTsa i

2. Ilepuon notpeGieHus j

3. O6beM NpoU3BOACTBA 33 MEPUOL i
4. Peanu3auus 3a nepuox j

5. CToMMOCTb NPOU3BOACTBA U

XpaHEHHUA 3a Nepuom i U j

Ilepen HaMu CTPYKTypa TpaHCIOPTHOU Monesau. s paccMarpuBa-
€MOH 3a1aYi CTOMMOCTD «I1€PEBO3KW» U3IENUA U3 NIEpUOLA [ B MEPUOL

J BbIpaxaeTcsl Kak:

e CTOMMOCTb MPOU3BOACTBA B i-U NMEPUOA, i = J;
e CTOMMOCTb NMPOU3BOACTBA B i-il MEPUOL IUTIOC CTOU-
Cj = MOCTb 3af€pXKHU OT i 10 j, i < J;
® CTOMMOCTb IIPOU3BOJICTBA B i~ MepUo. IUTIOC 1Tpad
3a HapylIeHHe CpokKa, i > j.

U3 onpeneneHus c; Ciefyet, YTO 3aTpathl B MIEPUOL i NIPU pearu3a-
LMY NPOAYKUMU B TOT Xe nepuoid / (i = j) OLUEHUBAIOTCS TOJNBKO CTOU-
MOCTbIO NpOU3BOACTBa. Ecnu B nepuon i mpou3BOAUTCS MPOAYKLIMS,
KoTopas 6ynet norpebsarbes nos3xe (i < j), To UMEIOT MECTO JOTOJTHU-
TEJIbHbIE U3IEPXKH, CBSI3aHHbIE C XpaHEHHEM. AHAJIOTUYHO IPOU3BOI-
CTBO B i-i1 mepuon B CYET HEBLITTOJIHEHHBIX 3aKa30B i > j BJIEYET 3a CO-
60if nonosHUTENbHBIE pacxonbl B Buie mrpada. Hampumep,

= 4 a. €.,

¢y =4+ (0,5+0,5 =5nce,;
ey =4+Q+2+2)=10ne.

Hcxonnas TPaHCIIOpTHast TabJaMLUa BRIISIAUT CIIETYIONIUM 06pa30M

(Tabn. 8.9).
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Ta6nuua 8.9
HUcxonnbvie nanHbie

I Iepuog 06BeM
epuoa 1 2 3 4 MPOU3BOACTBA
4 4,5 5 5,5
1 50
6 4 4,5 5
2 180
8 6 4 4,5
3 280
10 8 6 4
4 270
Cnpoc 100 200 180 300

3amaya peuiaeTcsi OGBIYHBIM METOAOM IOTEHI[MANOB Ha MHHUMYM
3aTpaT 10 MPOU3BOJACTBY M XPAHEHMIO TPONYKIIHH.

IIpumep 8.3. MeloTcs Tpu copra 6ymaru B Konuuectse 10, 8 u
5 T, KOTOPYI0O MOXHO MCMOJIb30BaTh Ha U3JaHHE YEThIpeX KHUT THpa-
xom 8000, 6000, 10 000, 15 000 sk3eMmasipoB. Pacxox Gymaru Ha of-
Hy KHuUTY cocTtasiser: 0,6; 0,4; 0,8; 0,5 kr, a ce6eCTOMMOCTh THpaXxa
KHHMTH TIPH MCIOJIb30BaHUM i-TO copTa GyMaru 3amaercs cjeayloiei
MaTpuuei (4. e.):

24 16 32 25
c;=|18 24 24 20|.
30 24 16 20

OnpeneauTsh ONTUMAIBHOE pacnpefesieHue GYMaXXHBIX pe3epBOB.

Pewenue

3amaya 1o CBOEMY 3KOHOMHYECKOMY CMBICY He SIBJISETCS TPaHC-
MOPTHOM, B TO Xe BPEMSI MOXHO MOCTPOUTh MAaTEMAaTHUYECKYIO MOMEJIb,
aHAJIOTMYHYIO TPAHCIIOPTHOM 3ajaye.

IMoTtpe6HOCTH B OyMare JIerko ONpele/IuTb, 3Hasi TUPAaX M pacxol Ha

OHY KHHUrY (T):
8000 - 0,6 = 4,8;
15000 - 0,4 = 6;
6000 - 0,8 = 4,8;
10 000 - 0,5 = 5.
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O6wiue 3anacel GyMaru COCTaBsiIoT 23 T, a o6LIMe NOTPe6HOCTH —
20,5 1, N03TOMY HEOOXOAMMO B TabIULy BBECTH (PUKTUBHBIHA TUpax Bj
C HYJIEeBBIMH 3aTpaTaMM. B CBS3M C TEM YTO MBI COCTaBJIsSIEM MOAE/b OT-
HOCHTE/IbHO Gymary, a MaTpua ¢; XapakTepu3yeT ceGeCTOMMOCTD neva-
TaHUSI KHUTH, HEOOXOIMMO MCXOTHYIO MaTpULly Npeobpa3oBaTh OTHO-
CUTE/IbHO efMHUUBI 6yMaru (Kaxiablil cTONGEL MaTPULbI C; Pasienm
Ha KOJIMYeCTBO Oymaru, npuxonsileiics Ha OOHY KHHUTY).

CornacHO M3JI0XEHHOMY COCTaBUM NepBYylo Tabnuuy (tabn. 8.10).

Ta6nauua 8.10
Hcxonnbie naHHbie

I IMoTpe6urenu 3anachi,
OCTaBILUMKH
B, B, B, B, Bs T
40 20 80 50 0
A 10
30 30 60 40 0
A, 8
50 30 40 40 0
A; 5
IMoTtpe6- 4,8 4.8 6 5 2,4 23
HOCTb, T

Hcnonp3yss METOA MOTEHLUMANIOB, MOJYYUM ONTUMAIbHOE pelIeHHe
(Tabu. 8.11).

.Taﬁnuua 8.11
OnTHManbHOE pemeHue

- IMotpeburenu 3amachi,
OCTaBLUMKHU
B 1 B2 B 3 - B4 B 5‘ T
40 20 80 50 0
A, ' 4,8 2,8 2,4 10
30 30 60 40 0
A, 4,8 1 2,2 8
50 30 40 40 0
4 > 5
IToTtpe6- 4.8 4.8 6 5 2,4 23
HOCTb, T
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Anaau3s pewenus.

Bymaru 1-ro coprta B Koauyectse 4,8 T 3aTpayeHO Ha U3NaHUE BTO-
poii KHUTH; 2,8 T — Ha MU3NaHUE YETBEPTOM KHUTH; 2,4 T — HE MCHOJIb-
30BaHO. bymaru 2-ro copra 3aTpayeHO: Ha NepByIo KHUTY — 4,8 T; Ha u3-
naHue TpeTbed KHUrM — 1,0 T; Ha U3MaHUE YETBEPTOA KHUTH — 2,2 T;
OGymara 3-ro copra MCIOJIb30BaHa Ha U3JaHME TPETheil KHUTH B KOJIMYe-
CTBE 5 T.

8.4. Metop, ®dorens

Kak u3BeCTHO, METOI MOTEHILIMAJIOB MO3BOJSET 32 KOHEYHOE YHCIIO
111arOB HAUTH ONTUMAIbHBIN TUIaH, CJENOBATEIbHO, XEIaTEIbHO, YTOOI
MepBbI ONMOPHBIA MIaH ObUT 6JIMXE K onTUMabHOMY. Crioco6 noJtyde-
HHS OMOPHOTO IUIaHa, NMpPeIOXEeHHbI aMEPUKAHCKHUM y4eHBIM Y. Po-
rejieM, MO3BOJISIET HANTH NMpPaKTUYECKH ONTUMAIbHBIN MaH. HaiineH-
HBIM TJIaH WM COBMAaZeHHWE C ONTHUMAJbHBIM, WIN HE3HAUYMTEJBHO OT
HEro OTJIMYaeTcsl.

Cnoco6 Porena paccmMorpuM B Tabi. 8.12. Ipoiecc HaunHaeTca ¢
olnpenesieHUs pa3sHOCTEH MEXIy NBYMS HaUMEHBIIUMHU 3JIEMEHTaMH
KaXI0H CTPOKM M Kaxmoro cronbua tadbnuubl. Tak, B cronbue Bs Mu-
HUMAJIbHBIA 3JIEMEHT paBeH 3, CJeNyIOLUUMiA 32 HUM MO BEJUYMHE 3Jie-
MEHT — 8, pa3HOCTb MEXIY HUMHU paBHa 5. Ta U IPYTUE Pa3HOCTH MO
CTPOKaM M CTOJIOLAM 3amucaHbl B TaO/Mly. 3aTeM U3 BCEX PasHOCTE
BhIOMpaeTcs Haubosbllass. B npuBeneHHOM npuMepe 3T0 A = 6 B CTpo-
Ke Ag. MMHMMaIbHBIA 3JIEMEHT B COOTBETCTBYIOIIENH CTPOKE PaBeH 5 U
COBINAaNaeT ¢ KIEeTKON (AgBy), clola Xe 3anuChIBAeTCA MOCTaBKa (CM.
Tabn. 8.12).

Bce 3amachl Ag ucueprnaHsl, IO3TOMY 3Ty CTPOKY B AaJIbHEHILIEM He
paccMaTpuBaeM (€€ MOXHO BHIYEPKHYTH).

Cwmeicn cniocoba Porenst nerko noHsATb. HalineHHblE pa3HOCTH IMO-
Ka3bIBalOT, HaCKOJILKO OoJibliie OYAYT 3aTpaThl, €CJIK B COOTBETCTBYIO-
eM cronbue (WM CTPOKe) IOCTaBKa OYIET 3anucaHa He B KIIETKY, Tie
HaXOAMUTCSI MUHUMAJIbHBIM B 3TOM CTOJIOLIE (CTPOKE) 3/EMEHT, a B KJIET-
KY, TI€ HaXOAUTCS 3JIEMEHT, CJIEAYIOLIHI 32 HUM IO BEJIMYHHE.

Teneps, Korma U3 pacCCMOTPEHUSI UCKITIOYEHBI 3JIEMEHTHI CTOJIGLA
B,, U3MeHAI0TCS pa3HOCTH MO CTPOKaM, HO MO CTOJA6LAM OHU He U3Me-
HSIOTCS (CM. 4-10 CTPOKY M cTonbew). B cronbue B, octanach pa3HOCTb
A = 6, OHa U ABISIETCA HAUOOJbILIEH.

HaxonuMm B ctonbue B, MUHMMAaJIbHBIH 3JIEMEHT, paBHBIN 3, U B
KJIeTKy A;B, nenaeM nocraBky. BHOBb HaxoguM pa3HOCTH (CM. 5-10
CTPOKY M CTOJIOELI).

OnsATe UMeeM B MaKCUMaJIbHbIE Pa3HOCTU B CTPOKe A3 U B CTONO-
ue B3 (A = 4). B cTpoke A; MUHUMAJIbHBIH 21€MEHT 13 B A3B3;, HO OH
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, Tab6nauua 8.12
IIpuMep Haxoxknaenus onopxoro miana meroaoM ®orens

‘ Pasnoctn
By | By| By | B, | Bs | Bg | B 32;3’ MO CTPOYKaM
1{2(3[4]5
EE 5 71 9| 1 4
A, 17 | 12 1|30 [2]2(2]1]1
14| 12] 10| 1w 8 6 3
A 2 3 29 |31313]3]3
71 of 3| 17| | 4] 2
Ay 19 8 1 28 |2]2]2(4|4
35| 32| 29| 26| 23| 20| 20
Ay 27 27 |o]ofo|o]o
7] wf 3| 6] 12 8 5
As 1nl1s | 26 (2({2f2]3]3
5| 20| 15 s| n| 7] 2
Ag 25 25 |6]—|-|-]-
10| 8 9|l 16| 12f 17{ 10
Az 24 24 |111]1]1]1
2| s 8 8 3 15| 2
Ag 23 23 |[1|1]|-{-|-
IMoTpe6- 1712 19 33 1491 39 43 | 212
HOCTH
1 = 1 2 3 2 5 2 1
[
8
2 5 1 2 3 1 5 2 1
S
3l elel6] a3 | 1] 211
£
4l g =643 |1|2]1
g
5 - | - 4 3 1 2 1

He ABJISETCA MMHMUMAIbHBIM B CBOEM CToJIOLEe. TOYHO Takke He SABJSET-
€l MUHUMAaJIbHBIM B CBOEH CTPOKE MMHHMMAaJIbHBIN 2JIEMEHT CTOj0Ua Bs.

Ecny yyuTBhIBaTh, YTO MBI UILEM HE aGCONIOTHBIN ONTUMYM, a JIMILIbL
OIUH U3 6a3MCOB, MOXHO IIPOM3BOJILHO BBIOpPATh WM CTPOKY A;, MM
cronben B;. Ho MOXHO BBIYUCIHUTH B COOTBETCTBYIOLUUX CTONOLE M
CTPOKE BTOpbIE Pa3HOCTH — 3TO Pa3HOCTU MeEXIYy MUHUMAJIbHBIMH 3JIe-
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MEHTaMH M 3JIEMEHTaMH, He OJIMXaiIIMMU K HUM 1O BEJIUYMHE, a Clie-
JyIOIIMMHU 32 HUMM.
Bropas pasHocTs List cTonbua B; paBHa (9 — 5 = 4), a Juis CTpOKU
A3 (21 — 13 = 8), mo3TOMY MOCTaBKY HalO CAEJNaTh B KIETKY A3B;.
[MpoBonsi aHAJIOTMYHBIE PACCYXIEHUSI, MOXHO MOJYYUTh JONYCTH-
MBI muaH (cM. Tabiu.), obuiuMe 3aTpaThl Ha NEPEBO3KY COCTABJSIOT
Z = 1818.

8.5. TpaHcnopTHas 3apaya
B CeTeBOi NOCTaHOBKe

Ecnu ycnoBHsl TpaHCIIOPTHO#H 3aayd 3aiaHbl B BUIE CXEMBbI, Ha KO-
TOPOii YCJIOBHO M300paX€HBbl MOCTABIIMKHU, MOTPEOUTENIH U CBA3BIBAIO-
IIME UX OOPOTH, YKa3aHbl BEJIMYMHBI 3arMacoB I'py3a M IMOTPEOHOCTH B
HeM, a Takxke uncna Cj, SBISIOLIMECS TOKA3aTeNSIMM NPUHATOTO B 3ajia-
ye KPUTEPHUST ONTUMAIBHOCTH (Tapubl, PACCTOSIHUS U T. I1.), TO TOBOPSIT,
YTO TPAHCIOPTHAs 3ajaya MOCTaB/ieHa B ceTeBoit ¢opme (puc. 8.1). -

Puc. 8.1. TpaHcnopTHas 3amaya B ceTeBoit hopme

TIyHKTBI pacnofoXXeHHUs MOCTaBIIMKOB U NOTpeOuTeNei OyaeM 13o-
OpaxaTh KpyXKaMH U Ha3blBaTh BeplIMHaMU (Yy3JlaMH) CETH, 3amachl
rpy3a Oyzem 3almiChIBaTh B KpYXKax IMOJOXHUTEJIbHBIMH, a IIOTPEGHOCTH
— OTpHLATEJIbHBIMU YHMCIaMU. JIOpOTH, CBSI3BIBAIOIINE MyHKTHI pacio-
JIOXXEHUs] U NMOTpeOsIeHHs Tpy3a, OyneM U300paxaTb JUHUSAMH M Ha3bl-
BaThb peOpaMu (ayramu, 3BeHbsIMH) ceTH. Ha ceTH MoryT ObITh H300pa-
JKEHBI BEPIUMHBI, B KOTOPDBIX HET HU MOCTaBUIMKOB, HU MOTpPeOUTENEH.
Hanuuue Takux BepIIMH HE MOBJIMSIET Ha COCOO PELIEHHs, €CIM CYHU-
TaTh, YTO 3alachl (MOTPEOHOCTU) rpy3a B HMX paBHBI HYJIIO.
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Paznuumus Mexay TpaHCIMOPTHBIMM 33aJayaMy B MaTPUYHOM U ceTe-
Boi (popMax BecbMa He3HAYMTEJIbHBI, TAK KaK METOIbl UX PEIlIeHUs OC-
HOBaHbl Ha OIHUX M TeX e uaesix (MeTox MOTEHLMAJIOB).

PewieHue 3amayu Ha CETH HAYMHAETCS C MOCTPOEHHUS] HAYAIBHOTO
onopHoro muaHa. IlociaenoBareIbHOCTh PELUIEHHUS 3alayd pacCMOTpEHa
Ha KOHKpeTHOM mnpuMepe (cM. puc. 8.1). [loctaBKy rpysa U3 BepLIMHBI
B BepIUHMHY OyreM 0003HayaTh CTpEJSKaMM C yKa3aHWEM BeJIMYHMHBI MO-
CTaBOK.

OnopHbI#i NJIaH JOJDKEH YAOBJIETBOPATH CJIEAYIOIIUM TpeOOBaAHUSM:

1) Bce 3amachl JOJDKHBI OBITH pacrpelesieHbl, a MOTPeOHOCTU YIOB-
JIETBOPEHBI;

2) K KaXOoil BeplIMHE JOJIKHA MOAXOOUTh MM BBIXOOUTH U3 Hee
XOTS OBbI OlHA CTPENKa;

3) ob1iee KOMUYECTBO CTPEJIOK JOJLDKHO OBITh HAa €IMHMILY MEHbIIEe
yycsa BepwivH (n + m — 1);

4) CTpeJIKM He JOKHBI 00pa30oBbIBaTh 3aMKHYTBIN KOHTYP.

Ilnan pacnpeneneHusi rpys3a, OTBEYAIOIIMH 3TUM TpPeOOBaHUSAM,
MpeJacTaBlieH Ha puc. 8.2.

Puc. 8.2. IIpuMep ormopHOro MiaH pacrnpeaeneHus
Ipy3a Npu pelIeHUM 33a1aYyd Ha CETH

Hasnee ciaenyeT NpOBEPUTH IJIaH HA ONTUMAIBHOCTD. 151 3TOTO BbI-
yycisieM nmoteHUManbsl. OMHON M3 BEpIIUH (Hanmpumep, BepuinHe 1)
MPUCBOMM HEKOTOPOE 3Ha4Y€HUE MOTeHUMala (Hanpumep, paBHoe 10).
JJ1s1 HarMsaIHOCTH MOTEHIIMAJHI OyIeM 3aKiitodyaTh B paMku. ITocie sto-
ro, ABUTAsiCh MO CTPEJKaM, OMNpENE/sieM MOTEHLUAIbI OCTAJIbHBIX BEp-
LIWH, PYKOBOICTBYSICh MPAaBUJIOM: €CJIM CTPEJIKA BBIXOAUT M3 BEPLUMHBI,
TO K MOTEHLHATY 3TOM BepIUMHBI Np1baBisieM nokasaresb Cj; KpUTepust

289



ONTMMAILHOCTH, €CJIM Xe HaNpaBleHNe CTPEJIKK MPOTHBONONOXHO, Cj
BblunTaeM (cM. puc. 8.2).

ITocne BhIYMCIEHUS MOTEHIMANOB HAXOAST XapaKTEPUCTUKU pebep
6e3 CTpeJIoK IO MpaBuIy: U3 OOJIBLIETO MOTEHIMaIa BEIYUTAETCS MEHB-
LUM#, @ Pa3HOCTh BBIYMTAETCS U3 mokasatens Cj;, OTBEYAIOLIEro JaHHO-
My peOpy.

Ecnu Bce peGpa 6e3 CTpesOK MMEIOT HeOTpHLATe/IbHbIE XapaKTepH-
CTUKM, TO COCTABJIEHHBIN TUIaH SIBJISIETCSI ONTHUMAJIbHBIM.

BBIYKCINM XapaKTepUCTUKHU pebep 6e3 CTpesoK

S5'7 =5 - (13 - 7) = —1; S4,6 = 1, S4‘3 = 0, S2‘3 = -2.

JBa peGpa UMeIOT OTPHLATENbHbIE XapaKTEPUCTUKH, B 3TOM Cllyyae
BbIOMpaeTcsl peOpo ¢ HaUMEHbILIEH OTPULIATENIBHOM XapaKTEpUCTUKON U
K HEMY MOIPUCOBBIBAETCS HOBasi CTpesiKa, MPH 3TOM 00pa3yeTcs 3aMK-
HYTBIIf KOHTYp U3 cTpenok. HoBasi cTpesika HamnpasisieTcsi OT BEPLUMHBI
C MEHBLUMM NOTEHLUAIOM K BEpLIMHE C OOJBLIMM MOTEHLUATIOM.

B HauleM nmpuMepe HOBasi CTpeJika HampasjieHa OT BepluuHbI I k
BepirHe III (1utpuxoBast TUHUS (CM. puc. 8.2).

Jlns onpeneneHus: BEIMYMHBI MOCTaBKYU (p) Ast pebpa S,3 paccMa-
TPUBAIOTCSI BCE CTPEJIKM OOPa30BaBLUIEroCs 3aMKHYTOTO KOHTYpa, UMe-
IolliMe HanpaBieHWe, IPOTUBOMNOIOXHOE HOBOM CTpeJiKe (Yy4acTok S,3),
Y Cpeid HUX HaXOOUTCS CTPeJiKa ¢ HAUMEHBILIEH TOCTaBKOM A (B HallleM
npumepe A = 15 Ha pebpe Sg 7). BoiOpaHHas Takum 06pa3soM BeTHYMHA
npuobaBisieTcss KO BCEM IMOCTaBKaM B CTPEJIKax, UMEIOILUX TO XE€ Ha-
MpaB/IcHKEe, YTO U HOBAsl CTpeJiKa, U BBIYUTAETCS U3 NOCTABOK B CTpEJI-
KaX, MMEIOLIMX NMPOTUBOIOJIOXHOe HanpasieHue. [loctaBku B cTpesi-
KaxX, He BXOOSIIMX B KOHTYP, COXpPaHSIOTCS Heu3MeHHbIMU. CTpesiKa, Ha

Puc. 8.3. HoBblif OnopHBIit MIaH pacnpeaeneHus rpysa
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KOTOPO# BbIOpaHO YHCIO A, TMKBUIUPYETCS M OOlliee YHUCIO CTPEIOK
ocrtaeTcst mpeXXHUM. HoBbIif ONOPHBIN TUTaH NpeACTaB/ieH Ha puc. 8.3.

INonyyeHHBIH MJIaH HCCAEOYETCS Ha ONTHMMAaJIbHOCTb, MOJOGHO
npensiaymeMy. ClesnaB elle 1Iar, NMOJYyYUM ONTHMAJIbHBIN IUTaH (puc.
8.4), xorma Bce xapax‘repncmxn S Ha y4acTKax 6e3 CTPEJIOK HEOTpH-
LATEJIbHBI.

Puc. 8.4. OnTUManbHLBIA NNIaH pacnpeAeneHus rpy3a

Onpenenum 3HadeHHe LETeBON GyHKIIMHU:

Zpin=100-2+25-14+15-3+70-3+10- 6+20 5 = 640.
BripoxzaeHue miaHa TPaHCIOPTHOM 3alayd B CETEBOI MOCTAaHOBKE
MPOSIBJISIETCS] B TOM, 4TO IIPHY NOJTHOM MCIIOJNB30BaHUM 3alacoB U IMOJ-
HOM YIOBJIETBOPEHUHU NMOTPEOHOCTEH KOJIUYECTBO CTPEJIOK OKa3bIBaeTCs
MeHbIE YeM m + n — 1, rae n — MOCTaBIIMKH, a M — NOTPEOUTETH.

Hns npeononeHUs BBHIPOXIEHUS BBOAUTCS HYXHOE KOJIMYECTBO
CTPEJIOK C HYJIEBHIMM IIOCTaBKaMH, HaIllpaBJIEHHE CTPEJIOK BhIOMpaeT-
Csl MPOU3BOJILHO, OJHAKO OHU HE JOJLKHBI 00pa30oBbIBaTh 3aMKHYTBIM
KOHTYP.

B ciyyae oTKphITO# MOJEIN BBOAAT (PUKTUBHOIO NMOTpeduTess (mo-
CTaBILIHMKA) CO CITPOCOM, PaBHBIM HebasaHCcy. UKTUBHBIN MOTPEGUTEND
(ITOCTaBILMK) COEANHSETCS AyraMU HENMOCPEACTBEHHO CO BCEMM ITOCTaB-
IMKaMH (IIOTpeOUTENSIMU), NIPH 3TOM mnokasaTenu Cj; pebep, CoeanHs-
IOLIUX QUKTHBHOTO MOTpeOUTENs (MOCTaBLINKA) C peanu-mmn MOCTaB-
LIMKaMH (MOTpeOUTENsIMHU), cilenyeT 6paTb ONMHAKOBBIMU M CpaBHH-
TEJIbHO GOJBLIUMH. DTO AENAETCS A TOTO, YTOOBl UCKIIOYHTH BO3-
MOXHOCTb MCIHOJB30BaHUS (UKTUBHOI BEpUIMHBI B KavyecTBE
MPOMEXYTOYHOTO MyHKTa.
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8.6. [locTraBka rpy3a B KpaTyailumii CpoK

B npakTHyecKoi AESTEIbHOCTH MOTYT BOZHUKHYTb CUTYallMH, KOT-
Jla Hac B MEPBYIO OYepelb MHTEPECYIOT He 3aTpaThl Ha INEepeBO3KY rpysa
(MX MUHMMH3aLMs), a BpeMsT JOCTaBKHU 3THUX rpy30B norpeburensiM. Ha-
MpUMep, NMPH MOATOTOBKE KPYIHLIX BOEHHBIX ONepaLHtii, Korga Heobxo-
IMMO B KpaTyallIM#i CPOK COCPENOTOYUTb PECYpChl B HaMeYeHHBIX
MyHKTaX WJIH NPH CTUXUIAHBIX OEOCTBUSX (3eMJIETPSCEHUE, yparaHsl M
T. 1.), BO3HUKAET 3aiaya obecrneyeHus NocTpagaBliMX pailOHOB pa3iny-
HBIMHU pecypcaMH B KpaTyalllMii CpOK.

Hns peuwieHust NoQOOHBIX 3aay paCCMOTPEHHBIA paHee MeTon IO-
TEHLIMAJIOB HENMPUToAeH. DTU 3aJayM PeIlaloTcsl C MOMOLUIBIO creyluans-
H020 anzopumma.

1. JTio6bIM cIOCOGOM CTPOMM OOWH U3 OMOPHEIX TUIAHOB.

2. OmnpezensieM HauGONBLINIA IJIEMEHT ¢” U3 BCeX Iy, COOTBETCTBYIO-
LUMX 3aHATBHIM KJIETKAM, M BCE KJIETKH C JIEMEHTaMH f; > 1’ (3T0 MOryT
ObITh JIULLIb CBOOOAHBIE KIIETKM) BbIUEPKUBAIOTCS.

3. HaynHas ¢ KJNeTKH ¢ HaubGoJIbIIMM BpeMeHEM ITOCTaBKHU ¢’, CTPO-
UM DPa3rpy304YHBbIA LMK TaK, YTOOBI KJIETKU C HEYETHBIMU HOMEpaMu
(cuuTast MepBOil pas3rpyXaeMylo KJIETKY C 3JIEMEHTOM ¢”) ObUIM 3aHSITHI-
M. OgHa M3 BepIMH Pa3rpy304HOro LHUKiIa OyaeT cBoOOAHOI. B 06-
LIEM CiIyyae NOCTPOEHME pas3rpy30YHOro LMK/Ia HEOAHO3HAYHO.

4. CnenaB B CBOOOAHYIO BEPLIMHY LIMKJIa MOCTaBKY P, MPOBOAUM
KOMIIEHCAllUM MO BEpLIMHAM LIMKJIa, ONpelelisieM BEJIUYMHY p (TakK Xe,
KakK B METOJE MOTEeHUHATIOB), CTPOUM HOBBI IUIaH.

5. TlepexoauM KO BTOPOMY NYHKTY aJilTOPHUTMa, €CTECTBEHHO, He
YYUTBIBasl paHee BbIYEPKHYTbIE KJIETKH.

6. AJITOPUTMOM TOJIb3yeMCsl IO TeX TOp, NoKa MOCTPOeHUE Pasrpy-
30YHOTO LIMK/IAa CTAHOBUTCS HEBO3MOXHBIM.

7. IocneaHuit MoAy4EeHHBIN IUIAH SIBJISETCS ONTUMAIbHBIM, Hau-
GoJiblliee BpeMsi, COOTBETCTBYIOLIEE 3aHATOM KJIETKE B 3TOM IUIaHe, OIl-
pelensieT HaMMeHblllee BpeMs MO JOCTaBKe IPy30B BCEM MOTPEOUTENISM.

IIpumep 8.4.

OnpenenuTbh ONTUMAIBHBIN IJIaH MEPEBO30K U3 YCJIOBUSL JOCTAaBKU
rpy3a B Kpartyaimuit cpok. M3BecTHHl pecypcwl a;: 30; 35; 40, motpe6-
HocTH 6 20; 34; 16; 10; 25 n matpuua

rae f; — BpeMs, 3aTpaylBacMoe Ha NEPEBO3KY Ipy3a U3 i-ro nNyHKTa OoTnpasJje-
HuS B k-H NYHKT Ha3HAYCHHA.
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Pewenue
3anmuuieM B BUIE TAOJMLIBI UCXOJHYIO MH(pOPMALIMIO U BHECEM B
Hee OAMH U3 ONMOPHEBIX IIaHOB (IyHKT 1 ajaropurTMma).

Tabnuua 8.13
Hcxonnas nndopmauus 1 OnopHelii miaH

IMocras- Totpeburenn 3anacsl,
m"K" B, A 32 B3 B4 BS T
2 6 3 4 8
A, 20 10 30
1 5 6 9 7
A, 24 11—-p p 35
3 4 1 6 10
Ay S+p 10 25-p 40
IMoTpe6-
HOCTD, T 20 34 16 10 25 105

CornacHO MyHKTY 2 ajroputMa t’ = f35 = 10 cTpouM LMK nepepac-
yeta (3-it myHKT). B cBOGOOHYI0 BeplIMHY LKKJA (2,5) nejlaeM nocraB-
Ky p U MPOBOAUM KOMIIEHCALIMM MO BEPIIMHAM LIMKJA, 3aTe€M OIpene-

JISIEM BEJIMYUHY P:
p=11

CTpOMM HOBHII IIaH U MEPEXOOUM K NMYHKTY 2 ajaropurtma (TabJ.
8.14).

Ta6aunua 8.14
TIpoMexXyTOYHbII MIaH pacnpeneseHus

TTocras- Totpebutenn 3anacsl,
LLHUKH Bl BZ 33 B4 BS T
2 6 3 4 8
A, 20—-p | 10+p 30
1 5 6 9 7
4 24-p +p | 35
3 4 1 6 1
A, p 16 10 14—-p, 40
IMorpe6-
HOCTD, T 20 34 16 10 25 105
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B HoBo#t TabGmuue ¢’ = t35 = 10 (kieTka 3,5 okasanach He MOJHO-
CTbIO pa3rpyxeHHoit). I3 aHaiu3a HOBOro LIMKIJIA MepecyeTa 3aKioya-
eM: p = 14; ctpouM HOBHI IU1aH (Tab6u. 8.15).

Ta6nuua 8.15
OnTuManbHblit NJIaH
ITocTas- TorpeGurenu 3anacsl,
LLIMKU Bl BZ B3 B4 BS T
2 6 3 4 8
A, 6 24 30
1 5 6 9 7
A, 10 25 35
3 4 1 6 10
A, 14 - 16 10 40
ITorpe6-
HOCTB, T 20 34 16 10 25 105

t’ = t)s > 7, BLIYEPKMBAEM BCE CBOOOIHBIE KJIETKH, MU KOTOPBIX ;2 7.
Jns panbHERUIero ynaydilleHUs IUlaHa HeoOXOIMMO pasrpy3uThb KIIETKY
(2,5), HO MOCTPOEHHE PA3rpPy304HOro LUKJA Il 3TOM KJIETKH HEBO3-
MOXHO. Ha OCHOBaHMM 3TOro 3aKJII0YaeM, YTO pPEUICHHUE, ITOJTyYeHHOE B
nocjaeaHe Tabnuue, SBIASETCS ONTUMAJIBHBIM, O0ECIIeYMBaIOIIUM HE-
PEBO3KHM 3a BpeMS Iy, = 7.

3apaun

8.1. B nynkrax A u B Haxopsatcst coorBeTcTBeHHO 150 U 90 T ropio-
yero. Ilynkram 1, 2, 3 TpeGyiorcst cooTBeTcTBeHHO 60, 70, 110 T ropio-
yero. CTOUMOCTH nepeBo3KH 1 T ropiouero u3 NMyHKTa A B MyHKTHI 1, 2,
3 paBHa 60, 10, 40 ThIC. py0. 3a 1 T COOTBETCTBEHHO, a U3 IIyHKTa B B
nyHkTsl 1, 2, 3 — 120, 20, 80 TriC. py6. 32 1 T COOTBETCTBEHHO.

Cocmagbme 1U1aH NEPEBO30K roplovyero, MUHUMH3UPYIOLIUI 00111yI0
CYMMY TPaHCHOPTHBIX pacXoIOB.

8.2. Tpu 3aBozZa BBHINYCKAIOT I'PY30BBIE aBTOMOOMJIM, KOTOPEIE OT-
MpaBJISIOTCS YeThlpeM noTpebutensiM. IlepBoiit 3aBoa nocrasisier 90
miatdopM rpy3oBUKOB, BTopoit — 30 minardopm, Tpetuii — 40 mar-
tbopmM. Tpebyemca nocmagume nnaTHOPMBI CIEAYIOLIUM MOTPECUTENSIM:
nepsoMy — 70 wr., BTopoMy — 30, TpeTbeMy — 20, yeTBepTOMY — 40 LIT.
CTOHMMOCTH TIEPEBO3KH OAHOI TTaTOpPMBl OT MOCTABLIMKA JO MOTPeOH-
Tessl yKa3aHa B cienyiollueit Tabauue (1. e.):
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IMocTapIMKH MorpebuTenn
1 2 3 2
I 18 20 14 10
II 10 20 40 30
I 16 22 10 20

Cocmaebme ONTUMANbHBIA TUIAH JOCTAaBKHU I'PY30BbIX aBTOMOOHIIEH.

8.3. CTpounTensCTBO MaruCTpaJIbHOM JOPOTH BKIJIIOYAET 3a/1a4y 3amnoj-
HEHMSI UMEIOLUIMXCS Ha Tpacce BBIOOMH IO YPOBHS OCHOBHOMI JIOPOTH M
Cpe3aHMsl B HEKOTOPBIX MECTaX JOpOrH BbICTYNOB. Cpe3aHHBIM IPYHTOM
3aMOTHAIOTCS BhIOOMHBI. [TepeBo3Ka rpyHTa OCYLIECTB/ISIETCS TPY30BHKa-
MM OIMHAKOBOH Ipy30MmoabEMHOCTH. PaccTosiHME B KMJIOMETpax OT Cpe-
30B 10 BbIOOMH U 00beM paboT yKa3aHbl B CeRyIOLIEl Tabnuie:

IMotpebuTtenu Hanuyue
ITocTaBUIMKK
: I 1l 111 TPyHTA, T
A 1 2 3 110
B 1 3 130
C 1 2 4 20
Tpebyemoe
KOJIMYECTBO
IpYHTa, T 100 140 60

Cocmasbme TnaH nepeBO30K, MUHUMU3UPYIOIMI o0muii npober
rpy30BHKOB.

8.4. Ipys, XxpaHALIMICA Ha TpPeX CKJIamax U TpeOYIOLIUH A mepe-
Bo3kd 60, 80, 106 aBTOMAIIMH COOTBETCTBEHHO, HEOOXOAMMO IEpeBes-
TH B YeTbIpe MarasuHa. [leppoMy MarasuHy TpebGyetrcs 44 MalIMHBI Tpy-
3a, BTopoMy — 70, TpetbeMy — SO U uerBepTOoMy — 82 MauiMHbl. CTou-
MOCTb npobera ogHON aBTOMAaIIMHBI 3a 1 KM coctasisier 10 a. e. Pac-
CTOSIHMSI OT CKJIa[IOB 10 MarasMHOB yKa3aHbl B CJIEAYIOLIEH Tabauue:

Cx1ams! MarasuHsl
1 2 3 4
1 13 17 6 8
2 7 10 41
3 12 18 2 22

Cocmaebme ONTUMAJIBHBIM 1O CTOUMOCTH IUIaH TNMEPEBO3KHU Ipysa OT
CKJIaqOB 1O Mara3uHoOB.
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8.5. Ha cxitagax A, B, C Haxomutcst copToBoe 3epHo 100, 150, 250 T,
KOTOpO€ HYXHO JOCTaBUTb B 4YeThipe MyHKTa. IIyHKTy 1 HeoGXxoauMo
nocraButb 50 T, nyHkry 2 — 100, nynkry 3 — 200, nyukry 4 — 150 T
coproBoro 3epHa. CTOMMOCTb JOCTaBKU 1 T 3epHa CO CKiiaga A B yKa-
3aHHBIE MMYHKTHI COOTBETCTBEHHO paBHa (a. e.) 80, 30, 50, 20; co ckna-
ma B — 40, 10, 60, 70; co cxirana C — 10, 90, 40, 30.

Cocmasbme ONTUMAaNbHBIN IJIaH NEPEBO3KU 3€pHA U3 YCIIOBHSI MU-
HHUMYMa CTOMMOCTH IE€PEBO3KHU.

8.6. 3aBox umeet Tpu uexa — A, B, C u uetnlpe cknama — 1; 2; 3;
4. Lex A npousBomut 30 Teic. T u3nenuii, uex B — 40; uex C — 20
ThIC. 1T, u3aenuit. IlponyckHasi CmoCOGHOCTL CKJIANOB 3a TO XE BpEMs
XapaKTepU3YeTCsl CIEOYIOIMMHU IMoKa3aTeJasaMu: ckiian 1 — 20 ThiCc. IUT.
usgenuii; cxnan 2 — 30; cxian 3 — 30 u ckiag 4 — 10 Thic. WIT. U3me-
Juii. CTOUMOCTb NMepeBO3KM | THIC. IUT. U3ACJMN U3 1ieXa A Ha CKJIaabl
1, 2, 3, 4 — coorBercTBeHHO (a. e.): 20, 30, 40, 40, u3 uexa B — co-
otBetcTBeHHO 30, 20, 50, 10, a u3 uexa C — coorsercrBeHHO 40, 30,
20, 60.

Cocmasbme TaKo# IIaH NEPEBO3KU U3IECNHUI, MPU KOTOPOM pPacxo-
Ibl Ha nepeBo3Ky 90 ThIC. WUT. U3AENUH OBLIM Obl HAMMEHBLUIUMH,

8.7. Ha cTpouTeNbHOM IOJIMTOHE MMEETCS MATh KUPIHUYHBIX 3aBO-
0B, 00bEM TTPOM3BOACTBA KOTOPHIX B CYTKM paBeH 600; 600; 500; 650;
700 1. 3aBOABI YAOBJIETBOPSIOT MOTPEOHOCTH CEMH CTPOUTEIBLHBIX O0B-
€KTOB COOTBETCTBEHHO B KosnuectBe 350; 450; 300; 450; 300; 200;
450 1. OcTaBUIMICS KMPIIUY OTIPABJISIIOT 10 XeJIe3HON Topore B Apyrue
paiioHbl. KUpNUY Ha CTPOUTE/IbHBIE OOBEKTHI JOCTABJISIETCS aBTOMO-
OUJIBHBEIM TPAHCIIOPTOM. PaccTosiHMEe B KUJIOMETpax OT 3aBOIOB A0 O0b-
€KTOB YKa3aHO B Clieylollueil Tabiuiie:

OGBEKTHI
3aBoabl

Bl Bz B3 B4 B5 Bs B7
A, 14 5 10 8 16 10 25
A, 13 4 11 9 20 12 23
A, 18 8 14 18 23 13 21
Ay 14 7 13 19 15 16 23
As 11 15 14 25 19 15 20

Onpedeaume, ¢ KaKuX 3aBOJOB U Ha KaKve OOBEKTHI JOMIXKEH NOCTaB-
JIATBCS KMPIHMY, a TAKXKE KaKHE 3aBOAbI U B KAKOM KOJIMYECTBE JOJIXKHBI
OTNPABJISITh KUPIUY B JPYTHe paiiOHbI, YTOOB!I TPAHCIIOPTHBIE U3AEPXK-
KU IO JOCTaBKe KMpIH4Ya aBTOTPAHCIOPTOM ObUIM MHUHHUMAJbHBIMH.
CTOMMOCTb MepeBO3KU 1 T KMpIHUYa aBTOTPAHCIIOPTOM YIOBJIETBOPSIET
ycioBuio ¢ = a + d(4 — 1), tne a = 25 0. e, d = 5 0. e,
¢ — npober, KM.
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8.8. MmMeioTca ABe craHUMM TexHUYecKoro obocayxusaHusi (CTO),
BBIMOJHAIOIIME PEMOHTHBIE pabOoThI I TPEX aBTONpeanpusThii. ITpous-
BoactBeHHBIe MolHOocTH CTO, crouMocTh peMOHTa B pa3nuyHbix CTO,
3aTpaThl Ha TPAHCMOPTUPOBKY OT aBTomnpeanpusatuit Ha CTO u oGpatHo
Y TPOTHO3UPYEMOE KOJIMYECTBO PEMOHTOB B IJIAHUPYEMOM IEepHOIE Ha
KaXXIOM aBTONpPEANPUATUM TPUBEAECHBI B CJIEAYIOLIEH TabauLe:

Croumocts | 3aTPaThl Ha TpaHcnopTuposky, | Ilpousson-
CTO pEMOHTA efl., TEIC. PYO. CTBEHHast
MOLLHOCTb,
A e. ATII-1 | ATII-2 | ATII-3 T,
1 520 60 70 20 10
2 710 40 50 30 8
Iorpe6Hoe
KOJINYECTBO,
a. €. 6 7 5 18

Tpebyemcs onpeneanTb, KAKOE KOJMYECTBO aBTOMAILMH U3 KaXKIOro
aBTOINPENNPUATUS HEOOXOOIMMO OTPEeMOHTHpOBaTh Ha Kaxmoi CTO,
4YTOGBl CyMMapHbl€ PacXofibl HA PEMOHT U TPAHCIMOPTHPOBKY ObLIH MU~
HUMAaJIbHBIMHU.

8.9. Haiinure onTUMaJIbHBIN TUIaH pacripele/ieHUs1 3asiBOK Ha pe-
MOHT I YCJIOBUIA, MMPUBENEHHBIX B CJIEAYIOLEN Tabaulie:

3atpathl Ha | 3aTpaThl Ha TPAHCTIOPTHPOBKY, -
TO ¥ peMOHT THIC. PYG. l'(l:pomBon-
CTO OIHOTO TBEHHAA
aBTOMOﬁVUIﬂ, ATII-1 | ATII-2 | ATII-3| ATII-4 MOUIUI:OCTB’
T.
a.e.
1 720 20 40 30 10 80
2 650 30 20 25 45 20
3 690 35 50 20 30 40
IIporHo3u- .
pyemoe
KOJINYECTBO
TO, en. 30 | 10| 4 | 2

8.10. MMeroTcs OBa XpaHUIMILA C OJHOPOIHBIM IPOAYKTOM, B KO-
TOopbIX cocpepoToyeHo 200 u 120 T mpoayKTa cooTBeTCTBeHHO. IIpomyk-
Thl HEOOXOIUMO IIEPEBE3TH TPEM NOTPEOUTENSIM COOTBETCTBEHHO B KO-
suyectse 80, 100 u 120 T. PaccTosTHUS OT XpaHWIMI OO TIOTpeOuTeNe

(B XM) cienyiouiue:
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Iotpeburenu
XpaHunuiue
1 2 3
1 20 30 50
2 60 20 40

3aTpaThl Ha MepeBo3KY 1 T MPOAYKTa Ha 1 KM MOCTOSTHHBI M PaBHBI
5n.e.

Onpedeaume TUIaH MEPEBO30K MPOLYKTAa OT XpaHMUJIMUL JO MOTpeOu-
TeJei U3 YCJIOBUSI MUHMMHU3ALMHU TPAHCIIOPTHBIX PacXOJOB.

8.11. IIpoMBILITEHHBIH KOHLIEPH UMEET IBa 3aBOjia U NATh CKJIAJA0B
B pa3JIMYHbIX pErMOHax cTpaHbl. Kaxablit Mecs1y nepBblit 3aBOJ NMPOU3-
BoauTt 40, a Bropoit — 70 en. npoaykuuu. Best nmponykius, npou3Boau-
Mas 3aBOJaMH, JOJXHA ObITh HamnpaB/ieHa Ha CKJIaabl. BMecTHMOCTh
MepBOro ckiana pasHa 20 exn. npoaykuuu; BToporo — 30; Tpeteero — 15;
yeTBepToro — 27; nsaroro — 28 en. M3nepXKH TpaHCNOPTUPOBKH IPO-
IYKHHM OT 3aBOJa A0 CKIaja ciaeayiomue (ea.):

‘3aBonbl Crnanet
1 2 3 4 5
1 520 480 650 500 720
2 450 525 630 560 750

Pacnpedesume T1aH MEepeBO30K M3 YCIOBUSI MUHMUMU3ALMHK €XeMe-
CAYHBIX paCcXOIOB Ha TPAaHCMOPTHUPOBKY.

8.12. Tpu HedTenepepaGaTHIBAIONIMX 3aBOAA C CYTOYHOM IPOM3BO-
nuTesibHoCcThIo 10; 8 1 6 MUTH rayuloHOB GeH3MHA CHabXaloT TpH GeH30-
XpaHUJIULIA, CIIPOC KOTOPBIX cocTaBiseT 6; 11 u 7 MJIH raytoHoB. beH-
3MH TPaHCIOPTUpYyeTCs B OGeH30XxpaHWIMLIA 10 Tpybomposony. Ctou-
MOCTb NepeKayky GeH3MHa Ha 1 KM cocTaBisieT S 1. €. Ha 100 raJjutoHOB.
3aBox 1 He cBsi3aH ¢ xpaHwiMuieM 3. PaccrosiHue oT 3aBOIOB A0 GeH-

30XpaHWIMLL cienytouiee (KM):

Homep BeH3oxpaHuImiLa

3aBoga 1 2 3
1 100 150 -
2 420 180 60
3 200 280 120

Cihopmyaupyiime COOTBETCTBYIOLIYIO TPAHCIIOPTHYIO 3a1a4yy M pPelIn-
T€ Ha MUHMMYM TPaHCITOPTHBIX 3aTpar.
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8.13. ITyctb B 3amaue 8.12 mpou3BoAUTENBHOCTh HedTenepepabaThiBa-
joiero 3asofa 1 cHu3mwiach 10 8 MITH rajutoHoB. KpoMe Toro, obsizaTesib-
HO MOJIHOE YIOBJIETBOPEHHUE cripoca 6eH3oxpaHwiniia 2. HegonoctaBku B
xpaHmwmina 1 u 3 urrpagyrorcs Ha cyMMy 8 1. €. 32 KaXKIObIi Ta/UIoH.

Cchopmyaupyiime cOOTBETCTBYIOLLYIO TPAaHCTIOPTHYIO 3alauy M pellu-
Te Ha MUHUMYM H3IEPXEK.

8.14. ABTOMOGMJIY NEPEBO3SITCS Ha TpailJiepax U3 TpeX LIEHTPOB pac-
npenejaeHus natu npoaasiaM. CTOMMOCTD NEPEBO3KM B pacueTe Ha 1 km
MyTH, TPOiICHHOro TpaitiepoM, pasHa 60 a. e. OauH Tpaiiiep MOXeT
nepeBo3uTh A0 15 aBromMoOwmieit. CTOUMOCTb MEPEBO3OK HE 3aBUCHUT OT
TOT0, HacKOJIbKO TOJIHO 3arpyxaercsl Tpaitiep. B nmpuBeneHHOH HUXe
TaOJMIE yKa3aHbl pacCTOSTHUSA (KM) MEXIy LUEHTPaMH paclpeacaeHUust 1
NMpoAaBUaMH, a TaKXe BEJUYMHBI, XapaKTePHU3IYIOUIUE €XEMECAYHBIN
CIpoc U 00beMbI ITOCTABOK, UCYMCIIIEMbIE KOJTUYECTBOM aBTOMOOMIEH: -

Heutp ITponasis! O6BeM
pacnpefe- 1 > 3 4 5 MOCTaBOK,

JIeHUs LIT.

1 80 120 180 150 50 300

2 60 70 50 65 90 350

3 30 80 120 140 90 120

Cnpoc Ha

aBTOMOOWIIH,

UT. 110 250 140 150 120 770

Onpedeaume MUMHUMAJILHBIE 3aTpaThl HAa NOCTaBKY aBTOMOOWJIEH.

8.15. Peuurte 3amavy pacnpeneieHUSI CTaHKOB YEThIpEX pas3jiny-
HBIX TMIOB IO IIeCTH THNaM pa6oT. Ilycts umelorcsa 30; 45; 25 u 20
CTaHKOB COOTBETCTBYIOIIMX TUMOB. IllecTh TUMOB paGoOT XapaKTepH3y-
torca 30; 20; 10; 40; 10 un 10 onepaunsiMyd cOOTBEeTCTBEHHO. Ha cran-
Ke 3 He MOXET BBINMOJHATLCA pa6ora 6. Mcxoma u3 Ko3adduuueHTOB
CTOMMOCTH OTfepalldM, MPEICTABJICHHBIX B Cleayloueil Tabmuue, no-
cmpoiime MOIeNb U 8biN0ARUME ONITUMAJIbHOE pacrnpenejieHHe CTaHKOB
no paboram:

Tun pabor
Tun cTaHKOB
1 2 3 4 5 6
1 10 1 3 7 14 8
2 4 8 12 2 10 7
3 12 3 14 6 2 -
4 11 12 5 1 3
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8.16. B maHHOi1 TpaHCIOPTHO# 3afaye CyMMapHbIil CIpOC MpeBOC-
XOMUT CyMMapHbIi 00beM MpousBoacTsa. Ilycts mTpadrsl 3a Hexomoc-
TaBKY €OMHHULBI MPOAYKLMU B MyHKThl Ha3HauyeHUs 1, 2 U 3 paBHBI
COOTBETCTBEHHO 5, 3 M 2.

HcxonHble faHHBIE CIIEAYIOLINE:

IMotpeburenn O06beM npous-
3asonsl 1 2 3 BOJCTBA, ILT.
Ay 3 2 4 50
A, 5 4 5 75
A; 1 6 7 30
IToTpeGHOCTS,
LT 60 40 70

Haiioume onTUMaJIbHOE peLICHUE.

8.17. Ilycts B 3amaue 8.16 He BBemeHBI WITpadbl, a CIPOC NMYHKTA
Ha3HayeHHUs1 1 DOJDKEH OBITh MOJTHOCTBIO YIOBJIETBOPEH.

Cehopmyaupyiime HOBYIO 3aayy M Haiidume ONTUMAILHOE PEUICHHE.

8.18. B Tabnuue nmpencrabieHa HecOalaHCMPOBaHHasi TPAHCIIOPT-
Has 3ajaya, B KOTOPOiIi Ha3HayaeTcsl IlaTa 3a XpaHEHHe KaXIOoi elu-
HUILBl HEBBIBE3EHHOIO0 U3 MCXONHOTrO MyHKTa i rpy3a. Ilycts Koaddu-
LIMEHTbl CTOUMOCTH XpaHEHMS rpy3a B MCXOIHBIX MyHKTax 1; 2 u 3 co-
OTBETCTBEHHO PaBHH 5; 6 U 2.

MyHKTEI Motpe6urenu
XpaHEHMsI 3anacsl
(cknanel) 1 2 3 NMPOAYKUHUH, T
1 1 0 4 300
2 3 1 2 400
3 1 2 1 250
Cnpoc, T 280 320 200

HaiinuTe onTUMaNbHOE pelIEHUE, €CJIM BECh OOBEM Ipy3a UCXOAHO-
ro NMyHKTa 2 JOJDKEH OBITh BBIBE3EH IUISI TOrO, YTOObI OCBOOOIMTHL MEC-
TO JUI1 HOBOH NMPOAYKUMH.

Jns 3anau 8.19 — 8.38 naHo ciemyiomee yciioBue.

HMeroTcst TpH NyHKTA MOCTaBKM OIHOPOLHOTO Ipy3a — Ay; Ay; A3 1
NATh NYHKTOB MOTpPeONeHUs 3TOro rpy3a — By; B,; Bs; By, Bs. B nyHk-
Tax A; Ay; A3 HAXOOUTCA TPY3 d;; @y, a3 COOTBETCTBEHHO. Ipy3 Heobxo-
JUMO NOCTaBUTb B NMYHKTH By; B,; Bs; By, Bs B xonuuectse by; by; bs;
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by; bs cCOOTBETCTBEHHO. PaccTosiHMS MEXAy MyHKTaMU 3adaHbl Cleayio-
uieit MaTpuuei (Km):

dy dy .. dgs
D= d2] d22 eee d25 .
d3l d32 oo d35

Tpebyemca HaliTH ONTUMANIBHBIN TUIaH 3aKPEIUIEHUS NMOTpe6GuTENEH
3a MOCTaBLUUKAMU OXHOPOJHOIO Ipy3a MpH YCJIOBUM MUHUMU3ALUHU 00-
uiero npofera aBTOMOOUJIEH, UCIIOJIB3YS TTapaMeTphbi, NPEACTaBICHHbIE

HHXE.
8.19. AT = (a;; ay; ay) = (200; 175; 225);
BT = (by; by; by; by bs) = (100; 130; 80; 190; 100);
57425
D=7 1 3 1 10|
2368 7

8.20. AT (a1; ay; a3) = (200; 450; 250);
BT = (by; by; b3; by; bs) = (100; 125; 325; 250; 100);

[

58 7 10 3
D=|4 2 2 5 6|

7359 2
8.21. AT = (ay; a2, a;) = (250; 200; 200);

BT = (by; by; b3; by; bs) = (120; 130; 100; 160; 110);

27 36 35 31 29
D={22 23 26 32 35)
35 42 38 32 39

8.22. AT (ay; az, az) = (350; 330; 270);
BT = (by; by; b3; by; bs) = (210; 170; 220; 150; 200);

312 9 1 7
D=|2 4 11 2 10}
7 14 12 5 8

301



8.23. 4 = (ay; ay; a3) = (300; 250; 200);
BT = (by; by; by; by; bs) = (210; 170; 220; 150; 200);
4 8 13 2 7
D={9 4 11 9 17|
316 10 1 4

8.24. A7 = (a;; ay; a3) = (350; 200; 300);
BT = (by: by; by by; bs) = (170; 140; 200; 195; 145);

2 14 16 28 30

D=|19 17 26 36 36|

37 30 31 39 41

8.25. 47 = (a;; a; a3) = (200; 250; 200);
BT = (by; by; b; by; bs) = (190; 100; 120; 110; 130);

28 27 18 27 24
D=|18 26 27 32 21|
27 33 23 31 34

8.26. 47 = (ay; ay; a3) = (230; 250; 170);
B = ( 1 b2, b3, b4, b5) = (140; 90; 160; 110, 150),

4 19 25 26 35

D={42 25 27 15 38|

46 27 36 40 45

8.27. AT = (al, ay; as) = (200; 300; 250);

= (by; by: by; by; bs) = (210; 150; 120; 135; 135);
20 10 12 13 16
=[25 19 20 14 10|
17 18 15 10 17

8.28. AT = (a; ay; a3) = (200; 350; 300);

= (by; by; by; by; bs) = (270; 130; 190; 150; 110);
24 50 45 27 15
D={20 32 40 35 30|
2 16 18 28 20

A
BT
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8.29. 4

8.30. 4

8.31. 4

8.32.

8.33.

8.34.

= (a}; ay; as) = (150; 150; 200);
B" ——(b,, by; by; by; bs) = (100; 70; 130; 110; 90);
15 3 6 10 30
D=|12 8 12 16 25|
14 11 9 8 15
= (a;; ay; a3) = (330; 270; 350);
BT —(b,,bz, by; by bs) = (220; 170; 210; 150; 200);
10 12 11 20 40
D={14 8 9 11 15|
8 6 12 14 20

= (a;; ay; a3) = (150; 200; 100);
BT = (by; by; by; by; bs) = (90; 150; 75; 60; 75);

15 23 26 19 18
D=|17 13 14 25 10|
12 21 24 12 9

A 7= (ay; ay; ay) = (300; 350; 200);
= (by; by: by; by bs) = (145; 195; 200; 140; 170);

18 30 35 25 40
D=[12 14 22 20 35|
10 28 23 19 30
AT = (ay; ay; a3) = (300; 300; 250);
BT = (b, by, by; by bs) = (150; 140; 115; 225; 220);
18 20 23 15 24
D=|25 15 16 19 29|
6 11 10 8 9

AT = (ay; ay; a3) = (300; 230; 320);
BT = (by: by; by; bg; bs) = (190; 150; 130; 180; 200);

25 20 22 31 32
D=[11 18 20 15 16|
10 9 16 20 25

303



8.35. AT = (a; ay; as) = (300; 250; 300);
BT —(bl, by; by; by; bs) = (130; 130; 150; 190; 250);

17 21 24 32 24
D={23 10 15 20 26|
20 25 22 24 25

8.36. AT = (ay; ay; a5) = (200; 300; 250);
BT = (b; by; by; by; bs) = (120; 140; 160; 180; 150);

16 21 24 22 20
D={25 30 35 20 27|
34 26 25 28 21

8.37. AT = (a;; ay; a3) = (270; 450; 330);
BT = (by; by; by; by; bs) = (190; 210; 200; 230; 220);

37 30 15 20 35

D=[16 20 12 17 21|

10 26 20 25 29

8.38. = (ay; a2, asz) = (210; 450; 290);
= (by; by; b3; by bs) = (200; 220; 170; 210; 150);
19 25 30 32 20 '
D=]40 21 12 21 41|
15 14 28 27 22

8.39. Tpu 3aBoga NMPOM3BOAST NMPOAYKLMIO B o6beMax: 200, 300, 500
ell. DTa MPOXYKLMS HEOOXOAMMa YETHIPEM MOTPEOUTENSIM B KOJTHYECTBE:
210, 320, 150 u 200 en. ToroBas MpOMYKLHUS MOCTYIAET MOTPEOUTEISIM
yepe3 ciagel D; U D,, eMKOCTb KOTOPBIX COOTBETCTBEHHO paBHa 500 u
300 en. TpaHCOPTHBIE pacXoAbl Ha JOCTaBKY €OMHHULIBI MPOAYKLUWU Ha
CKJIa[pl ¥ CO CKJIANOB NMOTpebuTeNAM 3amaHbl MaTpuuamu C u C,.

21

qds sl i1
25

Heobx00umo cOCTaBUTH IJIaH JOCTAaBKH MPOLYKLHHU OT 3aBOIOB K
MOTPEOUTENISAIM C YyYETOM HAaMMEHBLIMX 3aTpaT.
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Haimu metomom @oreist riaH nepeBo3ok B 3agayax 8.40—8.43:

8.40
IToTpeburenun
ITocTaBminku 3amnac
Bl BZ B3 B4
4 4 ’ 3 ol s
IToTpeGHOCTH 95 38 50 70
. 8.41
IToTpeGuTenu
IMocraBwyKyU 3anac
B, B, By B, Bs By By
A 10 8 2 5 4 8 7
4, 8 7 1 5 2 4 9 45
A ; 9 11 13 7 1 3 8 45
A 4 10 10 2 6 4 5 9 10
A s 9 8 2 4 3 4 8 5
TMotpe6roctu | 30 20 15 30 20 30 20
8.42
IToTtpebuTtenu
ITocTaBLIMKK - 3anac
B, B, By | By | B;s By | B; | Bg
4 21 19 17 18 15 16 27 18 650
4, 16 14 7 20 18 19 15 20 600
A 3 15 13 11 18 19 22 23 14 200
A . 14 12 12 17 21 23 14 14 100
As 10 11 10 20 16 21 12 12 200
TMorpe6Hocru | 200 | 300 | 400 | 250 | 150 | 100 | 150 | 300
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8.43

Torpeburenu
IMocTaBUIMKH 3anac
B, B, By B, Bs By B;
A 19 24 26 28 30 22 18 450
4, 31 29 27 25 21 21 19 450
A, 25 15 17 22 24 18 13 300
A, 28 25 21 20 23 27 29 400
A s 13 20 27 18 14 30 24 350
Motpe6Hoct | 100 350 50 150 | 200 | 300 | 350

Heo6xonuMo peuInTs TpaHCIOPTHLIE 3anauM 8.44+8.47, 3anaHHbIE B
ceteBoit popme (puc. 8.5-8.8):
8.44.
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Puc. 8.7.

8.47.
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Mmaea 9
Teopua Urp N NPUHATUA peLueHuit

9.1. OcHOBHbIE NOHATUA

PaccMoTpeHHbIe 33124y JIMHEHHOTO MPOrpaMMHUPOBaHUsl (HOpPMYJIU-
POBINCH U PEelIIUCh B NPEANOJOXEHUN HATUYUS NOAHOU UHgopma-
yuu. X MOXHO OTHECTH K COBOKYITHOCTHU 3aay NMPUHATHUS PELICHUM B
YCJIOBMSIX olipenesieHHOCTH. HanpuMep, B TpaHCIOPTHOM 3agaye M3-
HEPXKHU ¢y, CBSI3AHHBIE C JOCTaBKOH Ipysa OT /-T0 MOCTaBIUHMKA K j-My
MOTPEGUTEIIO, CYUTATUCH HUKCUPOBAHHOW BeanyuHol. Ecim x; — on-
TUMaJIbHOE 3HAYE€HUE NEPEMEHHOMN, onpenesnsiioueit 0GbeM MEepeBO30K
rpy3a OT i-r0 MOCTaBLIMKa K j-MY IOTPEOUTENIO, TO OOLIMIT BKIAA B U3-
IEepXKH OT TPAHCMOPTHPOBKH IPY30B paBeH MPOM3BEACHHIO C;j, KOTOPOE
TaKXKe SBJIsIeTCS (PUKCUPOBAHHON BEJIMYMHOIM. NTPU 3alaHHOM 3HAYEeHUH
X;. B peasibHbIX 9KOHOMHMYECKUX YC/IOBHSX MPUXOANTCS PEIUaTh OTAENb-
Hme 3aa4d MPU OrpaHUYEHHOCTH, HETOYHOCTH UCXOZHOW MHpopMa-
LIMM 0 caMOM OOBEKTE Y BHELIHEH cpene, B KOTOpOil OH GyHKILMOHUDY-
€T U pa3BMBaeTCs.

IIpM NpUHATUM YTpaBJIEHYECKUX pelieHHi 0 (PYyHKLUHMOHHUPOBaHUHN
Y pa3BUTUHM S3KOHOMHMYECKOTO 00beKTa HEOOXOAMMO YUYUTHIBATh BAXKHYIO
XapaKTEePUCTHKY BHEIUHEH cpellbl — HEeONpeneeHHOCTb.

ITon neonpedesennocmeio ciieyeT MOHUMATh OTCYTCTBHE, HETOJIHO-
TY, HEIOCTAaTOYHOCTh MH(pOpMaLUU 00 0O0beKTe, npoliecce, ABJEHUHU
WJIM HEYBePEHHOCTb B IOCTOBEPHOCTH HWH(OpPMaUMH. B ycnoBusix pbl-
HOYHOI KOHOMMKH CYLIIECTBYET MHOXECTBO UCTOYHUKOB BOZHMKHOBE-
HMSI HEOTPEeOEJeHHOCTH MJIS PasjIMYHBIX SKOHOMHYECKUX OOBEKTOB.
HanpuMep, K OCHOBHBIM UCTOYHMKAaM BO3HMKHOBEHHUSI HeOMpeleseH-
HOCTHM Ha TPAHCIOPTE MOXHO OTHECTH CJIeXYIOLIHE:

1) cyuiecTBeHHYI0 3aBUCHUMOCTb TPAHCIOPTHOIO Mpoliecca OT Mo-
TOAHBIX ycjoBUH. Hanmpumep, morogHsie yCjaOBHUSi MOTYT BBI3BaTh He-
NpeABUOEHHbIE TMOCJIEACTBUS B TMEpPEBO3Kax CEJIbCKOXO3SHCTBEHHOM
TNPOIYKLIMH;

2) HaJlMyue, KpOMe TPAHCIIOPTHOrO NpPEANPUSITHS, APYTUX YYaCTHH-
KOB TPaHCIIOPTHOTO IpOoLecca — IOCTABILIMKOB Ipy30B, MOTpeOUTENEH
rpy30B, AU u np.; pe3ynbTaT UX BAUSHUS Ha TPAHCMOPTHBIN TMpolecc
HOCHUT HEOIpeleJeHHbIt 1 HEOOHO3HAYHBII XapaKTep;

3) Hainyue B paboTe aBTOTPAHCIIOPTA 3JEMEHTOB BEPOATHOCTH M
cay4yalHOCTH (HafeXHOCTh MOABUXHOIO COCTaBa, HEPaBHOMEPHOCTD
CIpoca Ha TPaHCMOPTHBIE YCJIYTH BO BPEMEHHU M Ip.);

4) HeOOCTaTOYHOCTh, HeNoJHOTa UH(popMauuu o6 oObeKTe, Nnpo-
Lecce, SIBIEHUH, MO OTHOLUEHUIO K KOTOPOMY NPUHMMAETCSl peLIeHUeE,
OrpaHUYEeHHOCTh B cOOpe U 00paboTke MH(POpMalLUH, MOCTOSIHHAS €€
N3MEHYMBOCTb;
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5) HaiMyhe B OOIUECTBEHHOM XM3HU CTpPaHbl NMPOTHBOOOPCTBYIO-
WIMX TEHIECHLHU, CTOIKHOBEHHUE NMPOTUBOPEYUBBIX UHTEPECOB;

6) HEBO3MOXHOCTh OQHO3HAYHOW OLIEHKH OOBEKTA IMPH CIOXMB-
LIMXCS B JAHHBIX YCJIOBHUSIX YPOBHE M METOAAX HayYHOTrO NMO3HaHMS;

7) oTHOCUTE/IbHAs! OTPAaHUYEHHOCTbh CO3HATEJIbHON NESITEJIbHOCTH
JIML, MPUHUMAIONIETO pellieHHe, CYIIECTBYIOIME Pa3/IMYUs B COLMAID-
HO-TICUXOJIOTUYECKMX YCTAHOBKaX, UeaIaX, HAMEPEHUSIX, OLIEHKaX, CTe-
peoTUnax NnoBeleHHUSI.

HeonpeneneHHOCTs OOYCIOBIMBAET MOSBICHUE CUTYyallUil, HE UMe-
IOILMX OJHO3HAYHOro Mcxona (pewenus). Cpeau pasaTudHbIX BUAOB CH-
Tyaluit, C KOTOPbIMM B IIPOLIECCE NMPOU3BOACTBA CTATKUBAIOTCS IpPE.-
MPUATHS, 0CO00E MECTO 3aHUMAIOT CUTYallUH PUCKa.

Tlon cumyayueii pucka ciaenyet NOHUMATh COYETaHUE, COBOKYITHOCTb
Pa3IMYHBIX OOCTOSITENILCTB U YCJIOBUIA, CO3Mal0IIMX OOCTAaHOBKY TOTO
WJIM MHOTO BMAA AeSTeabHOCTH. Eil COMyTCTBYIOT TPH YCJIOBMS:

® HaJIMYHE HEOIpPEIeJIEHHOCTH;

e HeOOXOOUMOCTh BhIOOpa ajbTepHaTHBHI (OTKa3 OT BhIOOpa TaKo-
BBIX SIBJISETCSI Pa3HOBUIHOCTBIO aJIbTEPHATHUBBI);

® BO3MOXHOCTh OLIEHMTh BEPOSITHOCTh OCYLUECTBJIEHHSI BbIOHpae-
MBIX aJIBTEPHATHUB.

TakuM o0Gpa3oM, €CJIM CYIIECTBYET BO3IMOXHOCTb KOJIMYECTBEHHO U
Ka4yeCTBEHHO OIpENeINTh CTeNEeHb BEPOITHOCTU TOTO WJIK HHOTO Bapu-
aHTa, TO 3TO U OYyIeT CUTyalMsl pUCKa.

Hns1 Toro 4To6bl CHATH CUTYalMI0 PUCKA, PYKOBOOUTENIHU MPEATIPU-
SITUI BBIHYXIEHBI TPUHUMATh PeIeHUs] M CTPEMUTHCS PEAIM30BaTh HX.
DTOT NpPOLECC HaXOOUT CBOE BBIPAXEHHE B MOHATHM «pUCK». HecMmort-
PS Ha TO YTO PUCK OOBEKTMBHO MPHUCYTCTBYET BO BCex cepax obuiecT-
BEHHOH XM3HU U B GOJILLIMHCTBE BUAOB YIPABJICHYECKOM NEATEIBHOC-
TH, OOHAPYXHWBAeTCsl, YTO MOHATHE «PHUCK» 10 CHUX IOP HE MNOJYyYHIIO
YHUBEPCAJIbHOU TPaKTOBKH.

Crnenyet ynmoMsiHyTh 00 9KOHOMHYECKOM PHCKE NMPUMEHHUTENIBHO K
NpoleccaM MPUHATHUS pellieHUi B YCIIOBUSIX HEONPENEJEHHOCTH U PH-
CKa, HHBIMH CJIOBaMM, B yCJIOBUSAX Aeduuuta MHGOpMaUUM MK He-
YBEPEHHOCTH B JOCTOBEPHOCTH MH(pOpMauuH. B 3TOM ciyyae puck
MPENCTAaET B BUJE COBOKYMHOCTH BEPOSTHBIX I9KOHOMHYECKHX, MOJH-
THYECKHMX, HPABCTBEHHBIX U IPYTUX MOJOXHUTEJIbHBIX U HEOJIAaronpusT-
HBIX MOCJIEACTBUI, KOTOPbIE MOTYT HACTYNMUTh NPH peaIM3alMH BbI-
OpaHHBIX peumieHUit. OTnipeaes MM pUCK Kak lieJieHanpaBeHHble OefcT-
BHS, B XOJIe KOTOPHIX MMEETCS BO3MOXHOCTb KOJJUYECTBEHHO M Kaye-
CTBEHHO OLIEHUTb BEPOSITHOCTb NOCTHXXEHUS XEJaeMOro pe3yJskrara,
HEeyNayu U OTKJIOHEHHUS OT LEJH (MOJOXHUTEIBHOTO MJIM OTpHLATE/b-
HOTO CBOICTBA).
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[Ipouecc ycTaHOBJNIEHUSI PHIHOYHBIX OTHOLIEHWH B Hallleil CTpaHe
TOPOXAAET Pa3jIMYHbIE BUIbI PUCKOBBIX CUTyaluit, 6Gonee Toro, B paGo-
T€ NMPEeaNpPUITUIL PUCK CTAHOBUTCS HEOOXOAMMBIM U 00s13aTEIbHBIM €ro
KOMIIOHEHTOM.

YT1o0OB! MPOWLTIOCTPUPOBATh PA3IMYUE MEXAY CUTyallMsIMU, KOraa
MPUXOOUTCSI IPUHUMATh PEIIEHUS B YCIOBUSX PUCKA WIM B YCIOBMSIX
HEeONpeaeSIEHHOCTH, pACCMOTPUM 3aJiadyy ONTHMAaIBLHOrO BbIGOpa accop-
THMEHTa BBIITYCKaeMOMN NMPOLYKLINH.

B yciioBusiX pucKa JOXOL ¢; OT peau3aluuy eJUHULBI NPOAYKLMH j
He siBsieTcsl GUKCUPOBaHHOM BeauuuHOi. Hamportus, aTo ciyyaitHas
BeJIMYMHA, TOYHOE YUCJIOBOE 3HaYEHUE KOTOPOI He U3BECTHO, HO OMNU-
CBIBAETCS C MOMOIIBI0 PYHKLUUM pacnpeneeHus j(cj). Yactp moxona
c;, ompenesseMas npo;(yxvuneﬁ J, TaKxe cny:xam-laﬂ BEJIMYMHA, €CJIU
Aaxe 3Ha4eHHe NMEPEeMEHHO X;, ONpelesisioliell ypOBEHb BBINYCKa Mpo-
IYKLWH j, 3aaHO.

B ycnoBusax HeomnpeneseHHOCTH QYHKLUUS pacnpene/eHus j;(c) He-
U3BECTHA. B AECTBUTENBHOCTH HEONPEAEJEHHOCTh HE O3HAYyaeT IoJ-
HOro OTCYTCTBHMSA MH(pOpMalKHU 0 3agade. HarmpuMep, U3BECTHO, YTO ¢
MOXET NPUHUMATD NMATh 3HAYEHUH, HO HEU3BECTHBI BEPOSITHOCTH 3THX
3HaYeHU. DTa CUTyallMsl pacCMaTPUBAeTCsl KaK NMPUHSTHE PELUEHUId B
YCJIOBUSIX HEONPEIETEHHOCTH.

Takum o6pa3oM, ¢ TOYKH 3PEHUSI MOTHOTHI UCXOOHBIX JAHHBIX OI-
pPEeNeNIEHHOCTh U HEOMNpeneeHHOCTh MPEACTAB/SIIOT Ba KpailHUX CIly-
yasi, a PUCK OMPEHE/SIET MPOMEXYTOYHYIO CUTYallUl0, B KOTOPOi TNpHU-
XOOUTCSI MPUHUMATh pelIeHUE.

CreneHb HEMH(OPMUPOBAHHOCTHU JAHHBIX OINpEAE/isieT, KaKUM 00-
pa3oM 3amavya opMaiu3yercsl M pelaercs.

[Ipu peuieHuH 3a7a4y B YCIOBHUSIX HEONPENEJIEHHOCTU BHELIHEH cpe-
bl Hanbosee yacto BO3HUKAIOT ABe cUTyauuu. [Ipu mepBoit cuTyauuu
caMa cHcTeMa MpeMnsTCTBYET NMPUHATUIO PEUICHUM, HampuMep 3axaya
cocTaBjIeHHUs rpaduKa BbIITycKa Ha paboTy MOABMXHOIO COCTaBa, 3aHU-
MaIoILEToCsl NMEePeBO3KOM CENbXO3NPOAYKLUHUH, B 3aBUCUMOCTH OT TOrO,
Oyzmer moxab wiu HeT. B 3T0it 3agaye npupoaa 6yaeT BOCIIPUHUMATHCS
KaK «I100poXeiaTe/IbHblii» NMPOTUBHUK.

Bo BTOpOI#1 cCUTyauuK BO3MOXHO HAJIMYME KOHKYPEHLIMH, KOTIa ABa
(unu 6onee) ydaCTHMKA HaxoAATCS B KOH(MIUKTE U KaXIblii CTPEMUTCS
KaK MOXHO 00Jibllle BBIMIPATh y IPYroro (Ipyrux). 3ta CUTyalus OTIU-
YyaeTcsl OT OOBIYHBIX NMPOLIECCOB MPUHSATHS PELIEHUN B YCIOBUSAX HEO-
NMpedeseHHOCTH TEM, YTO JULY, NMPUHUMAIOLLEMY pelleHHE, TTPOTUBO-
CTOUT MBICJISIIUMH NPOTUBHUK. Teopusi, B KOTOPOU paccMaTpUBaIOTCS
3a/1a4y TIPUHSITUS PELIEHU B YCIIOBUSIX HEONPEAENEHHOCTH NPU HAIU-
YUY MPOTUBHUKA («I0GPOXKENATETbHOrOo» UM MBICJSIIIErO), U3BECTHA
KaK meopus uep.
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9.2. MpuHaTHe pewieHunin
B YyCNIOBUSIX MOJIHOWA ONpeAeneHHOCTHU

MarteMatuyeckyue MOIEIH HCCIEAYEMBIX SIBIEHUN MU NPOLECCOB
MOTYT OBbITh 3alaHbl B BUIE TAOJHL, JIEMEHTAMH KOTOPBIX SABISIOTCS
3HayeHHUS YaCTHBIX KpuTepueB 3¢ GHeKTUBHOCTH DYHKLMOHUPOBAHUS
CHCTEMbI, BRIYUCJICHHBIE U1 KAXIOU M3 CPaBHUBAEMbIX CTpaTeruil npu
CTPOTO 3aJIaHHBIX BHEIIHHUX YCJIOBUsIX. I paccMaTpuUBaeMbIX YCIOBHUIA
MPUHATHE PELUEHUN MOXET MPOU3BOAUTHCS:

® 110 OHOMY KPHUTEPHIO;
® 110 HECKOJIBKMM KPUTEPUSIM.

ITpumep 9.1. OnnHoit U3 pupmM TpebyeTcs: BLIOpaTh ONTHUMAIbHYIO
CTpaTerio Mo o6ecreyeHUI0 HOBOTO TTPOU3BOIACTBA 00opynoBaHueM. C
MTOMOIUBIO 3KCMEPUMEHTANIbHBIX HaOMIONEHUI ObUTH OonpenesieHbl 3Ha-
YEHHUS YACTHBIX KpUTEPUEB DYHKIIMOHUPOBAHUS COOTBETCTBYIOLIETO
060pynOBaHus (a;), BBIMYCKAEMOrO TPEMS 3aBOJAaMU-M3TOTOBUTENISIMH.
Paccmorpum ILaHHI:IC IUTS BBIOOpA ONMTHMAILHOM CTPAaTEruM B YCJIOBHSIX
MOJIHOW onpegeneHHOCcTH (Tabn. 9.1).

Tabnuna 9.1
BapuaHTh! YactHble KpuTepun 3¢¢dekTMBHOCTH 060pyaOBaHUA™
060pyIOBaHHUS [ nonu- | cTouMocTs, | SHeproem- | HamexHocT®,
(ctparerun, TENBHOCTD, I e. KOCTb, y. e
pelIeHHs) L e. y. €.
O6opynoBaHue
3asoza 1,
X a =3 ap =17 a3 =35 a, =6
O6opynoBaHue
3aBoja 2,
X a3 =3 n =4 ayp =17 ay =3
O6opynoBaHue
3aBona 3,
X3 3 =4 32 =16 ay =2 a3y =4

* 3HaYeHHs YaCTHBIX KPHTCPHEB AaHBI B YCJIOBHBIX €AHHHLIAX.

Ha ocHOBe 3KCIEpPTHBIX OLUEHOK GbLIM TaKXe ONpeesieHbl Beca ya-
CTHBIX KPUTEDPHUEB A;, j

M

=0,4;

)\.2 = 0,2,

)\3 = 0,1,

A.4 = 0,3

OueBUIHO, BLIOOP ONMTUMAIBHOM cTpaTernu (BapuaHTa 060pyHOBa-
HMSI) TTO OJHOMY KPUTEPHIO B JAaHHOM 3ajaye HE BBI3bIBACT 3aTpyHHE-
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Hui. Hanpumep, ecnu oueHUBaTh 000OpyIOBaHHE MO HameXHOCTH, TO
JY4ILIHUM SBIsETCA 060pyAoBaHME 3aBoda 1 (cTpaTerus x).

BBIOOp ONTUMAJILHOTO PELIEHUS MO KOMITIEKCY HECKOJIBKUX KPUTE-
pHUeB (B HallleM NPUMEPE — IO YETHIPEM KPUTEPHUSIM) SIBISETCS 3adauel
MHO2OKPUMEPUANBHOI.

OOouH U3 MOAXONOB K PElIEHHWI0 MHOTOKPUTEPUATIBHBIX 3a1ay yI-
paBJICHUsl CBs3aH C MpouUeaypoii oO0pa3oBaHUsI 0000IIEHHONH (YHKUUHU
F; (a;; ap; ap; ... a;,), MOHOTOHHO 3aBUCSILEN OT KPUTEPHUEB a;; dp;
as; ...; a;,- JlaHHas npolenypa Ha3bIBaeTCs npouedypoii (memodom) ceep-
moiganus kpumepues. CylIECTBYET HECKOJBKO METOJOB CBEPTHIBAHUS,
Hanpumep:

e METON aJOAUTUBHON ONTUMHU3ALMHU;

® METOJ MHOTOLIEJIEBOI1 ONTUMHU3ALUMU U OP.

PaccMoTpuM nonpobHee mMemod adoumusHol onmumu3ayuu.

IIycTb

n
Fi(ay)= 2 A;-a;. .1
J=

3mech BoipaxeHue (9.1) onpenensieT alIUTUBHBIA KPUTEPHIl ONTHU-
MaJIbHOCTU. BeNMUYMHBI A; SIBJSIIOTCS. BECOBBIMU KO3 dULIMEHTaMu, KO-
TOpbIE OMNpEAENIAIOT B KOJUYECTBEHHON (popMe CTeneHb NMpeanoyTeHUus
J-TO KpUTepus MO CPaBHEHHUIO C IPYTMMHU KpUTepusmu. Jdpyrumu cio-
BaMH, KOI(GGULMEHTBI A; ONpPEAENSIOT BaXHOCTb j-TO KPUTEPHS ONTH-
ManbHOCTU. IIpu 3TOM 0Gonee BaXXHOMY KPUTEPHUIO NMPUITMCBIBAETCS
GoabLIMI Bec, a 0OLIast BAXXHOCTh BCeX KPUTEPHEB paBHA eIUHUIIE, T. €.

n _
2 )\._/ =1, }"20’ j=1»n' (92)
jl

O6Gob1eHHass GyHKuMs neau (9.1) MoxXeT ObITh UCIOJIB30BaHa ISt
CBepMbIBAHUS YACMHbIX KpUMepues ONMmuManrbHoCmu, eCliu;

® yacTHbIe (JIOKAJIbHbIE) KPUTEPUU KOMUUYECTBEHHO COM3MEPUMBI 110
BaXXHOCTH, T. €. K&XXIOMY M3 HUX MOXHO MOCTaBUTb B COOTBETCTBUE HeE-
KOTOPOE YHUCIIO A;, KOTOPOE YUCIEHHO XapakTePU3yeT €r0 BaXHOCTb M0
OTHOLLIEHUIO K JIPYTUM KPUTEPUSIM;

® YACTHBIE KPUTEPUU SIBJISIOTCS ONHOPOAHBLIMU (MMEIOT OAWHAKO-
BYIO Pa3MEPHOCTb; B HallleM NMpUMepe KPUTEPUHU «CTOMMOCTb 060pYHO-
BaHUSI» U «IIPOU3BOAMUTENBLHOCT 00OPYNOBaHHUS» B YCJIOBHBIX AEHEX-
HbBIX eAUHULAX OyAyT OXHOPOAHBIMH).

B 3TOM cnydae misl pelieHUs 3alayd MHOTOKPUTEPUAIbHOM OINTH-
MU3alUM OKa3bIBAETCSl CIpaBeLIMBbIM MMPUMEHEHHE aJTUTUBHOIO KpH-
TepUs ONTUMAILHOCTH.

Honyctum, B npuMepe 9.1 He0GXOAMMO BBIOPAaTh ONTUMAJIbHBIN Ba-
PHAHT 000OpYHOBaHUS MO IBYM OOHOPOIHBIM JIOKATBHBIM KPUTEPHUSIM:

® MIPOM3BOIUTEIBLHOCTE (1. €.);

® CTOUMOCTb 00OpynOBaHMs (1. €.).
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Ha ocHOBE 3KCIepTHBIX OLIEHOK GbUIM OTpeAeSieHbl BECOBBIE KO-
(ULMEHTHI 3THX ABYX YaCTHBIX KpuTepHes: A; = 0,667, A, = 0,333. Bol-
YHCIUM aIIUTHBHBIA KPUTEPUI ONTUMAIBHOCTH Ul TPEX BAPUAHTOB:

F,(alj) = A’l ay + }\.2 ap = 0,667 -5+ 0,333 -7 = 5,666,
Fz(azj) = }\.1 a + Az ay = 0,667 -3+ 0,333 -4 = 3,333,
F3(03j) = )\.1 asy + }\.2 as = 0,667 -4 + 0,333 - 6= 4,666

OueBUIHO, NepBblil BApUAHT 000PYIOBaHUS MO IBYM YaCTHBIM CTO-
MMOCTHBIM KPUTEpPUSIM OYZET ONTHMMAIbHBIM, TaK Kak Fp,, = Fi(a}) =
= 5,666. B nmpumepe 9.1 yeThipe JIOKAJIBHBIX KPUTEPUSI HE OJHOPOMHEI,
T.€. UMEIOT pa3/IMYHbie eqUHUIBI U3MEpPEHHUsI. B 3TOM ciiyyae TpeGyeTcst
HOpManu3auusi KputrepueB. Ilon Hopmanruzayueii kpumepueg TIOHUMAET-
csl Takasl IOCJIENOBaTeNbHOCTh MpOLEAYp, C MOMOIIbIO KOTOPOi BCe
KPUTEPUHU TIPUBOIATCS K eNMHOMY, Oe3pa3sMepHOMY MacllTaby U3Mepe-
Hus. K HacTosiuieMy BpeMeHH pa3paboTaHO GOJbIIOE KOJIMYECTBO CXEM
HOpMaJiu3auuu. PacCMOTPpUM HEKOTOpbIE U3 HHX.

OnpeneauM MakCMMYyM U MHUHHMMYM KaXIOro JIOK&JIbHOTO KpUTe-
pus, T. €.

aj+ = max ay, i = 1,m; 9.3)
a;” = min ay, i = 1,m. 9.4)

BrigenuM rpynny KpUuTepueB a; Jj = 1,4, KOTOpBIE MAKCUMU3UPYIOT-
Csl TP PELICHUN 3alauu, U TPYNny KpUTepues a;, j = £ + 1,n, XoTOpHIE
MWHUMMU3UPYIOTCS NPHU PELIEHUU 3aJayH.

Torma B COOTBETCTBUHM C NMPUHUMITIOM MaKCUMaIbHOWU 3(p(deKTUBHO-
CTM HOPMAJIM30BaHHbIE KPUTEPUM ONPEACIAIOTCS U3 CIEAYIOLIMX COOT-
HOILUEHMUI:

A _ 9 —
ajj'" +° J =14 (95)
aj
8;=1--L j=7+1
gy =t "." J= » n (96)
aj
. .
WIH ay=——7=, J=14 9.7
aj —aj
a; —a;
Gy =—t—=, j=t+l,n (9.8)
aj -aj
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OnTtuManbHbBIM OYyOET TOT BapuaHT (CTpaTerusi), KOTOphlii oGecre-
YHUBaeT MaKCUMAJIbHOE 3Ha4eHUe (HYHKUMM LIEJTH:

Jj=1

B cOOTBETCTBUM C NMPUHIIUIIOM MUHUMAIBHOMR NOTEPH HOPMAJIU30-
BaHHbIE KPUTEPHUU OIPELESIOTCS U3 COOTHOIIECHHUM

a.. —
ay = _%a J=1’ > (9-10)
aj
R a,_',' ] .
@y=—"r, J=ttlon CO.1)
4j
WIH +
R a: —a:; L
gy =——%, j=14 (.12)
aj—aj
n a: —a; .
gj=—t—=L, j=t+ln (9.13)
aj—aj

Ilp1 3TOM ONTUMAIBHLIM OYIET TOT BapHaHT (CTPATeTHsl), KOTOPHIi
obecrieynBaeT MUHUMaJIbHOE 3HaYeHHe pyHKuuu ueau (9.9).

IIpumep 9.2.

Ucnonb3ys gaHHbie npuMepa 9.1, onpeaeauTe ONTUMAIbHYIO CTpa-
TErUuI0 BrIOOpa 0OOpPYAOBaHMS U3 TpeX BO3MOXHEIX (m = 3) ¢ yyeToM
YEeThIPEX JIOKATBHBIX KPUTEPUEB (1 = 4).

Pewenue

1. OnpeseauM max ¥ min KaXIOro JIOKATBHOTO KPUTEPHS:
at=5a"=74a"=74a," =6.

2. IIpu peuieHUH 3aKa4d MAaKCUMHU3UPYIOTCS MepBBIA (IPOU3BOIU-
TEJIHOCTb) M YE€TBEPTHIA (HaAEXHOCTb) KPUTEPHUU, & MUHUMHU3UPYIOT-
cs BTOPO#i (CTOMMOCTb 000pYIOBaHMs) U TPETUH (9HEPTrOEMKOCTb) KpU-
TEpHUM.

3. Mcxona U3 npUHUHMIIA MaKCUMM3aIHK 3¢ GeKTUBHOCTH, HOpMa-
JIU3YeM KPUTEPHHU:
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Gy =—01:
il 01+
a =
11 al+ 5
P =ﬂl=§=0’6’
21 ai,, 5
=240
3 01+
o =4
i4 01
A a4 _§=1;
a14=-T_6
a4
4 _.‘1_21‘.:2’.:0"5’
axy = + 6
a4
a34=i=—§-
ayq =——
34 a6
4, =1-212
i2 a;
) 9L2_=1_Z.=0
92 =1 7
3
axy _ _i=_,
ap=1-"0=1"777
a
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ai3—1-';;:f
223—1-%23}_ _;=0’
b=t Ge153

4. OnpenenuM 0000LIEHHYIO (DYHKIHIO LIEJIH 110 KaXIOMY BapUaHTY:
Fi=May+tXhaptrzaptiay=

=0,4-1+0,2-0+0,1- 2+031 =0,729;

Fy=Mhjdy + XAy Gy +A3ay +Agapy =
=0,4-0,6+0,2~7:;-+0,1'0+0,3-0,5=0,476;

Fy=Ajaz tAaptryapn+riay=

0,4-0,8+0,2-2+0,1.2+0,3.2 =0,603.
7 7 3

OnTUMaIBHBIM SIBJISIETCS TIEPBBIi BapHaHT O0OpPYHOBaHHUsS, TaK KakK
Foax = F1 = 0,729.

PaccMOTpeHHBIN TTOAXOA K PELIEHUI0 MHOTOKPUTEPHAJIBHBIX 3a1a4
3a4acTyl0 TIPUMEHSIETCS TIPU pPEellIeHUM SKOHOMUYECKHUX 3a1ay, CBS3aH-
HBIX C OLICHKOH KayeCcTBa IPOMBILLJIEHHOW NPOAYKLIMU U OLIEHKOMH ypOB-
HSI TEXHHUYECKOTO COBEPLICHCTBA TEXHUYECKUX YCTPOMCTB U CHCTEM IIO
HECKOJIbKUM IOKa3aTessiM.

JpyruM BO3MOXHBIM METOIOM pELIEHUS] MHOTOKPUTEPHAIbHBIX 3a-
Jlay ABJSETCA Memod nocredoéamenvHbix ycmynok. BHauane Kputepuu
PaHXHPYIOTCS U HYMEPYIOTCS B MOpPsIIKE YObIBaHUSI BaXXHOCTH. AOCO-
JIIOTHOE 3HaYeHHe KO3(P(PULIMEHTOB BaXXHOCTH A Ha 3TOM 3Tarne He MI-
paeT HUKakoil ponu. ONTUMU3UPYETCS TePBbIii no BaXHOCTH KpUTEpPHi
a; ¥ OTIPENEJISIETCS €r0 IKCTPEMANIBHOE 3HAYEHHE al 3aTeM Ha3HayaerT-
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cs BEJIMYMHA JONMYCTHUMOIO OTKJIOHEHHSI KPMTEPHUSA OT ONTHUMAILHOIO
3HayeHHsl (YCTynKa) Aa; U UILETCS SKCTPEMaJbHOE 3Hau€HUE BTOPOTO
MO BAXHOCTU KPHTEPHUS @y, TIPU YCIIOBUH, YTO OTKIIOHEHHME MEPBOTO OT
OINITUMAILHOrO 3HAaYeHUsI He IMPEB30MAET BEJMYMHBI YCTYNKH. 3aTeM
Ha3Ha4aeTcs YCTYyIKa JJI1 BTOPOro KpUTepus, U 3ajlaya ONTUMHU3UPYET-
Cs IO TPETHEMY KPUTEPHIO M T. . TakuM 06pa3oM, MHOTOKPHUTEPHAIIb-
Has 3a1aya ONTUMHU3ALNH 3aMEHSETCS TTOC/IEA0BATEIbHOCThIO OHOKPHU -
TepUANbHBIX 3a1ay. PelleHne Kaxmoi Mpeablayliei 3agayv UCIIONb3Y-
€TCS NPH PELIEHUU MOCJIEAYIOWMX LISt GOPMUPOBAHHS IOIOIHUTE b-
HBIX YCJIOBUM, COCTOSAILMX B OrPaHMYEHNH HA BEJIMYMHY YCTYIMKHU.

9.3. MpuHaTue peweHnii B YCII0BUSX pUCKa

OCHOBHBIMU KPUTEPUSIMHM OLIEHKHM IIPMHUMaeMbIX PELIEHHU B YCJIO-
BUSIX PMCKa SIBJISIIOTCS:

® OXUIaeMOe 3HAYEHUE PE3yJIbTaTa;

® OXHIAaeMOe 3HauYeHHE pe3ysibTaTa B COYETAaHUM ¢ MUHUMH3aUHUei
ero auciiepcum;

® H3BECTHBIN NMpEIEIbHBII YPOBEHDb PE3yJbTaTa;

e HauboJiee BEpOSTHOE COOBITHE (MCXOO) B OyayLUEM.

Kpumepuii oxcudaemozo 3HaveHus UCNONb3YETCS B Cly4yasx, Korma
TpeOyeTCsl ONnpeae/uTh IKCTPEMaJIbHOE 3HaYeHUE (max WU min) pe-
3yJILTATUBHOTO IMOoKa3aresis (MpuObUIb, pacxodbl, 3KOHOMUYECKHE TOTE~
p4 U T A.). [IpuMeHeHe 3TOro KpUTEpUsi paCCMOTPUM Ha KOHKPETHOM
npuMepe, CBI3aHHOM C NMOCTAHOBKOM 3aayM NMPOBEIEHUS PEMOHTHO-
rnpodunakTudecKux Bo3aeicTBuil aBToMOGWIei. ONTHMaIbHOE KO-
YECTBO PEMOHTHBIX BO3IEHCTBUIA, OINpenEIECHHOE MUHUMU3ALUENA CyM-
MapHBIX 3aTpaT Ha 3aJaHHOi HapaboTKe L, C yUeTOM PUCKOB INpOITyCKa
OTKa30B M BbINOJHEHUS JUILHUX TO, NMpUpaBHUBAETCA K KOJHUYECTBY
TO Ha ykazaHHOM Ipobere. Moenb JaHHOM 3a1ayyl SBJISETCS MOJIEJIbIO
BEPOSITHOCTHOTO CIpOCa Ha PEMOHTHI C MTHOBEHHBIM BOCCTaHOBJIEHU-
eM. 31ecb MMHUMHU3UPYIOTCS CYMMapHbIe U3AEPXKM 3a npober L, xo-
TOpbIE ONMPEAESIOTCS 3aTpaTaMy Ha IJIAaHOBBIA PEMOHT S npoduiak-
TUKY STO Y HEé3allJIaHUPOBaHHBI aBapUAHBIA PEMOHT Sm, paccMmaTpu-
BaeMbIif KakK 1uTpad 3a rmpomyck OTKasa:

§=S8,+ S + Sy — min. (9.14)

CocTaBnsiole CyMMapHbIX 3aTpaT GopMyisl (9.14) 3aBUCAT OT KO-
JIMYECTBA PEMOHTHO-NPO(MUIAKTHYECKUX OMepalMmii 3a HapaboTky L,
orpenessieMeIX No ¢opMyse

petx (9.15)

rae Ly, — HapaGoTKa 10 OTKa3a.
ot
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Hapa6GoTka 00 oTKa3a — BeJIMYMHA CllyqaifHasi, onpenensieMas IioT-
HocTbio pacnpeneneHust Ly), Ly, < L,. B cuny cmyqaitHoctu Ly, Be-
JIMYHMHA h TaKXe OyAeT CIydyailHO! C IUTOTHOCTBIO pacripenesieHus

: /(—Li) 9.16)
n

Hcnonb3ys f{n) Kak BeCOBYIO (G)YHKLIMIO M BbIpaXasl COCTaB/SIOIIHE
CYMMapHbIX 3aTpaT Yepe3 COOTBETCTBYIOLIME CTOUMOCTH u3 (9.14), mo-
JIyYHM ‘

§=Cpn, + prTO(”p —n) f(n)dn +°j? C(n—ny) f(nydn— min, (9.17)
0

np

rae C, — CpemHssi CTOMMOCTb NMpPEAYNPEAUTENBHOrO (TUIAaHOBOTO) PEMOHTA;
C:o — CpPEIHSIsi CTOMMOCTb NMPOMUNAKTUKH (WU YOBITOK OT HELOUCITONB30-
BaHMs pecypca 3aMeHeHHBIX nipu TO neraneit);
C, — ywepb6 (wtpad) OT Mponycka OTKasa (WJIM CTOMMOCTb YCTPaHEHUS
aBapHifHOro otkasa). OuesugHo, C; > C,.

Wnrerpan (9.16) B npenenax [0, np] COOTBETCTBYET PUCKY BBINOJIHE-
Hus JguiiHUX TO (u36bITOYHOCTE 3aTpat Ha TO), a uHTerpan B npeae-
nax [ny, o] — pUCKy NpoOMycKa aBapUitHbIX OTKa30B (M36LITOYHOCTH 3a-
tpaT Ha TP mo norpe6HocTu). M3 ypaBHeHuUs (9.17) HaxoouM OMNTH-
MaJIbHOE KOJIMYECTBO PEMOHTOB n, Ha npobere L, (06b14HO L, — mpo-
6er no KP). Janee, 3aMeHss1 HEOOXOAUMBIE PEMOHTHI OOC/Ty>XKMBaHUSMH,
IIpY KOTOPBIX BBIMTOJIHAETCSI KOMIUIEKC ONepauuii mo npeaynpexmneHHuIo
OTKa30B, BKJIIOYAs NpeaynpeauTe/bHble 3aMeHbl AeTajlei, MOoJTyYuM

Lo = L/ n, (9.18)

Hpumep 9.3. Onpenenutb ONTUMANIBHYIO NepuoauyHocTh TO (y. €.)
npu L, = 200 teic. kM, Cy, = 69, C, = 24, C,, = 15, ecnu HapaboOTKH
IO OTKa3a MMEIOT HOPMAaJIbHOE paclpelesieHHe C napamerpamu L, =
= 20 TBIC. KM ¥ Oy = 5 TBIC. KM. ‘

Lor "Zor)2

o
f(Lm)=——oL b -0’5'( - 9.19)

Pewenue

BeimonHuB npeoGpa3zoBaHue pacnpeaeneHus (9.19) no dopmyine
(9.15), noayuum (n = 1):
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L/
OT

L
= -0,5 .
fn)= 2 o; ,——CXP (9.20)

Ilocne moacraHoBku BeipaxeHUs (9.20) B (9.17) nonyyuM 3amavy
ONTHMH3ALMH, IJI1 PelIeHUsT KOTOPOH BOCIOJIb3yeMCsl MaTeMaTU4ec-
kuM naketom EUREKA.

Pemas 3agady, Nosy4uM ONTUMANBHYIO NEPUOAUYHOCTL Lg = 15,3
THIC. KM Npy n, = 13,08, xoTopasi obecreynBaeT MUHUMAIbHbBIE CyM-
MapHbI€ U3IEPXKH S.

Kpurepuit 0xxugaeMoro 3HayeHUsl MO3BOJAET MOJYYUTh AOCTOBEP-
HblE OLIEHKM B CJIy4yae, KOra OOHO U TO X€ pelleHUE IPUXOZUTCS MpPH-
HMMaTh JOCTaTOYHO GOJBILIOE YUCIIO Pa3, TAK KaK 3aMeHa MareMaThye-
CKOro OXMIaHHUS BHIGOPOYHBIMM JAHHBIMHM [PaBOMEPHa JIMLIbL INPHU
60sb1IOM 00BEME BBIGOPKH.

Ecin Heo6XOAMMOCTh B MPUHATUHU PELIEHUST BCTPEYAETCSl PEAKO, TO
BbIOOPOYHOE 3HAYEHHUE MOXET 3HAYMTEJbHO OTJIMYAThCSl OT MaTreMaTH-
YeCKOro OXHAaHUsSI, a MPUMEHEHHE KPUTEPUSI OXHIAEMBIX 3HAYEHU M
MOXET TIPUBOJUTb K OLIMOOYHBIM pe3yibsraTaM. B Takux ciyyasix peko-
MEHIYEeTCSl TIPUMEHSITb Kpumepuii 0icudaemoz0 3Ha4eHus 8 COHemanuy ¢
MuHumMu3ayueli e2o ducnepcuu, 4T0 NpubaMXKaeT BLIGOPOUYHOE 3HAYCHHE
K MaTeMaTHYeCcKOMy OXHUIaHuio. Kputepuil npuHHMMaeT clieaylolmuii
BUA;

{M(X)+K‘D(X)——>min ©.21)

M(X)-K-D(X)— max,

rie X  — chayyaitHas BeJMYMHA (HANPUMED, CYMMApHBIE U3IEPXKKH);
D(X) — aucriepcust 3TOi BENTUYMHBL;
K  — 3amaHHasg NOCTOSIHHast.

TTocTosiHHy1I0 K MHOIIa MHTEPNPETUPYIOT KaK YPOBEHb HECKJIOHHO-
CTHU K pUCKyY. Cunraetcst, yTo K ONpeNensieT «CTeNneHb BAXKHOCTU» AUC-
nepcun D(X) no otHoweHuio K M(X). Hanpumep, npeanpruHUMaTeb,
0CODEHHO OCTpPO pearupymoumuil Ha 6oJblLIMe OTPULATE/IbHBIE OTKIOHE-
HMS pUOBLIK BHU3 oT M(X), MoxeT BhiOpaTh K MHOTO 60JbllIe EAUHU-
ubl. D10 npuaaetr GONbIIUI BeC AUCHEPCHMH M MPHUBOLUT K PELIEHUIO,
yMEHbLIAIOWEMY OOJbLINE MOTEPU NMPUOLLIH.

Kpumepuii npedenbrozo ypoers He MO3BOJISIET MOJYYUTb ONTHUMAJIb-
HOE pellieHHe, HAUTH MaKCUMYyM NPUObUIM U MMHUMYM PacxodoB. OTOT
KPUTEPHil 1aeT BOZMOXHOCTD OIpPEAC/IUTb MpUEMIIEMbIil (ZOMYCTUMBII)
croco6 aeiictuit. Hanpumep, TpaHcnopTHasi ¢yMpMa pacrponaeT aBTo-
MoOuM, ObIBIIME B 9KCIUlyatauuu. ITo Kaxnoi mMomenu aBTOMOOHUNS
ONpeleIeHHOr0 Bo3pacra OINpeAesisieTcs JUMUTHAS leHa, T. €. MUHU-
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Ma&IBHO AOMyCTUMasl LieHa nponaxu asromobuns. Ilponaxa aBToMoGu-
JIeH IO LIEHE HMXE JIMMUTHON MpPHUBEAET K YOBITOYHOH paboTe TpaHC-
MOPTHON (DUPMBI. DTO U €CTb NpeNeNbHBI ypOBEHb, MO3BOJISIOLIUIA
TPaHCIOPTHOM (hUpMe COTTIAaCUTHCS Ha MEPBOE XK€ MPEBBILIAIONIEE ITOT
YPOBEHb INPEIIOXKEHUE LieHbl. Takoi KpUTEPU HE OMpenessieT ONTHU-
MaJIbHOE pelIeHHE, MOCKOJbKY OAHO U3 IMOCIEeAYIOIIUX MPEIIOXEHHU M
MOXeT 0Ka3aThCsl 6oJiee BHITOJHBIM, YEM NMPUHSTOE.

OaHO U3 NPEeUMYILECTB KPUTEPHUS NIPEEIbHOTO YPOBHS 3aK/IIOYaeT-
Cs B TOM, YTO IUIsl HErO HeT HeOOXOAMMOCTH 3aJaBaTh B SIBHOM BHIE
IJIOTHOCTh paclpencsieHus1 ClydailHbIX BeJUYUH. B Hauiem npumepe
clydaifHasi BeJJMYMHA — DBIHOYHAas LieHa aBroMoOuns. TpaHcrnopTHas
¢dupma pacrnonaraer uHdopMalLMel O paclpeneNeHUU PHIHOYHBIX LIEH
Ha roxpoOHbIe aBTOMOOUIIN B HESIBHOM BUe. IHaye npH MoJIHOM OTCYT-
CcTBUM MHGOPMaLMHU O paclpelieIeHUHM PHIHOYHBIX LieH dupMa yCTaHO-
BWIa Obl NpeaesibHble LIEHBl Ha aBTOMOOMWIM OYE€Hb BHICOKMMH WIM, Ha-
000pOT, OYEHb HU3KUMHU.

Kpumepuii naubonee seposmrnozo co6umuﬂ (ucxo0a) OCHOBaH Ha Tpe-
00pa3oBaHUM CIy4yailHOH CUTyallMd B AETEPMHUHUPOBaHHYIO ITYyTEM 3a-
MEHBI' CIy4ailHOi BEJIMYMHBI €JUHCTBEHHBIM 3HaUY€HUEM, UMEIOLIUM
HauOOJBIIYIO BEPOSITHOCTh peaIU3aLyu.

9.4. MNpuHaTHe peLwueHun v
B YC/IOBUSIX HEONpeAaesneHHOCTHn

HeonpeneneHHOCTD SIBASETCS XapaKTePUCTUKONW BHEUIHEH Cpebl
(rpuponbl), B KOTOPOil MPUHUMAETCS YIIPaBIEHYECKOE PELIEHHUE O pa3-
BUTUU (UM (PYHKLUMOHUPOBAHUU) IKOHOMHUYECKOTO 00beKTa. 31ech Oy-
JIeM paccMaTpuBaTh HEOINPEIEIEHHOCTD «IPUPO/bl», BRI3BAHHYIO OTCYT-
CTBHMEM, HEJOCTATKOM MHGOPMalUK O e ACTBUTEIBHBIX YCIOBUSX ((hak-~
TOpax), IPH KOTOPBIX Pa3BUBAETCS OOBEKT YNpaBicHUs. BHEUIHss cpe-
Ia («IpUpoaa») MOXET HaxOAUTHCS B OMHOM M3 MHOXECTBA BO3MOXHBIX
COCTOSIHMI. DTO MHOXECTBO MOXET OBITb KOHEYHBIM M OECKOHEYHBIM.
ByneM cunTaTh, YTO MHOXECTBO COCTOSSHMH KOHEYHO WIM IO KpaiiHeii
Mepe KOJIMYECTBO COCTOSIHUN MOXHO NMPOHYMEpPOBaTh.

TTycTs S; — COCTOSTHUE «ITPUPOABI», TIPH 3TOM i = 1, n, TOE N — YHC-
JIO BO3MOXHBIX COCTOSIHMH. Bce BO3MOXHBIE COCTOSTHMSI U3BECTHBI, HE
HU3BECTHO TOJBKO, KaKO€ COCTOSIHUE OyIEeT UMETh MECTO B YCJIOBHSIX,
KOra IUIAaHUPYETCSl peayiM3aliisi MTPUHUMAEMOrO YIIPaBIEHYECKOTo pe-
weHusl. ByneM cuuTaTh, YTO MHOXECTBO YNPABJIEHYECKUX PELIEHHI
(r1aHoB) R; Taxoke KOHEYHO U paBHO m. Peanusauus R; niana B ycio-
BHUSIX, Koma «IIpUpoJa» HaxoaUTCs B S; COCTOSIHUH, npnnonm' K ompe-
JIeJICHHOMY pe3yJIbTaTy, KOTOPBIH MOXHO OLICHUTb, BBEAS KOJIMYECTBEH-
HYyIO Mepy. B KauecTBe 3TOi Mephl MOTYT CIIYXXUTh BBIMTPBIILIM OT IpHU-
HUMaeMoro peileHus (IJ1aHa); MOTEPH OT NMPUHMMAEMOro pEIIeHHSs, a
TaKKe MOJIE3HOCTh, PUCK W APYTHE KOJIUYECTBEHHBIE KPUTEPUU.
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JaHHble, HEOOXONUMBIE [UISI TIPUHSTHS PELIEHUS B YCIOBUSX HEO-
MpENESICHHOCTH, OOBIYHO 3analoTcss B (popMe MaTpHIlbl, CTPOKU KOTO-
pOif COOTBETCTBYIOT BO3MOXHBIM IEACTBUSIM (YNpaBJeHUECKUM pelle-
HUSA) R;, a CTONGUBI — BO3MOXHBIM COCTOSIHMSIM «TIPUPOABD> S;.

I[onyCTuM KaX[oMy R;-My HEHCTBMIO M KaXIOMy BO3MOXHOMY
S;-My COCTOSIHHIO «npnponbl» COOTBETCTBYET pe3yJbraT (MCXOM), OTpe-
IEeNSIOIUN pe3yasTaT (BBIMIPBHILL, MONE3HOCTh) NPHU BBIOOPE j-TO neicT-
BUsI M PeaJIU3alUHU i-TO COCTOsIHUS, — V).

S]v S2 S,' e Sn
R Vi V2~ Vi o Vin
R, | V- V- D 2T 7
'2 :21 32 :21 ?n 9.22)
R\ Vi Vip o Vi o Vi

CrenoBateIbHO, MaTeMaTHYECKash MOJE/b 3a0a4 MPUHATHS pelle-
HMIi onpezessieTcs MHOXECTBOM COCTOsIHH {S;}, MHOXECTBOM IUIaHOB

(cTpareruit) {R;} u MaTpuueit BO3SMOXHBIX pe3yssTatos ||V B xauect-
BE pe3ym>'ra'ron B OTAEJIbHBIX 3a/layaX pacCMaTpUBaeTCsl MaTpHlia pH-
cKoB ||rj.

Pncx — Me€pa HECOOTBETCTBHSI MEXIY Pa3HBIMU BO3MOXHBIMU pe-
3yJIbTaTaMU MPUHATUS ONpEHEJICHHBIX CTpaTeruil (aeicTBuit).

DJIeMEHTBbI MaTPULI PUCKOB [7;{| CBA3aHbI C 3/IEMEHTAMH MaTPHIIBI
MOJIE3HOCTEN (BBIMIPBILIEH) CIEAYIOIIMM COOTHOLIEHUEM:

'}'i=Vi‘ij

(9.23)

rae V; = max V; — MakCHMAalbHbIA 3JIEMEHT B CTOAOLE / MaTpUubl Mo-
J JIE3HOCTEH.

Ecnyu Matpuuia BOSMOXHBIX pe3yisTatos ||V mpeacrasnser co6oit
MaTpHLy TOTePh (3aTparT), TO 3JEMEHTHl MaTPHLIbl PUCKOB 7| crenyer
onpenensarts 1no dopmyne

ri=V;—V, (9.24)

rae V; = min V; — MUHUMAabHBIA 3J1€MEHT B CTOJIGLE i MAaTPULBI OTEPh
J - (pe3y/bTaToB).
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TakuM 06pa3oM, pUCK — 3TO Pa3HOCTb MEXIY pe3y/JbTaToM, KOTO-
pBIif MOXHO MOJYYHTb, €CJIM 3HAaTh NEHCTBUTEJIBHOE COCTOSIHHE <«IIPH-
POIBI», U Pe3yJIbTaTOM, KOTOPBIA GYIET MOJydeH IMpH j-i cTpaTeruu.

Marpuua puckoB faeT 6osiee HaMIAAHYIO KapTUHY HEOIpeleIeHHOM
CHUTyallMH, YEM MATpHULIa BBIMIPBILICH (II0JE3HOCTEIA).

HenocpencTseHHlit aHanmu3 MaTpull Beiurpbiweit ||Vl nu puckos
IIr; ,|| He MO3BOJISIET B OOLIEM C/Iyyae MPHUHATH pellieHHe no BBIOOpY OI1-
THMaJIbHOH cTparterdu (IuiaHa), 3a MCKJIIOYEHUEM TPUBHAJIBHOIO CJTy-
yas, KOrga BBIMTPBIUIM NPU OOHOM CTpaTeruH BhIlIe, YeM MpH 060
JIpYroil LIS KaXIOTO COCTOSIHUS <«IIPHUPOMBI» (3JIEMEHTHI MATPULIBI BbI-
UTpBILLEH B HEKOTOPOI1 cTpoKe Oosblile, YeM B 11060 U3 npyrux). Ipy-
IMMH CJIOBaMH, UMEETCA B HAIMYMM «IOMHUHUPYIOIIAs» CTpaTerus.

JJ1 IpUHATHSA PeLUEHHUsI B YCIIOBUAX HEONPEAEIEHHOCTH UCIIO/b3Y-
eTCcs psAld KpuTepueB. PacCMOTpPUM HEKOTOpblE U3 HHMX. DTO KpUTEPHI
Jlannaca, kputepuit Banbaa, kpurepuit CaBuaxa, kpurepuit Iypsuua.

Kpurepuit JIaniaca. DTOT KPUTEPUIT OITUPAETC Ha «[IPUHLUIT HEOO-
CTaTOYHOTO OCHOBaHHUS» Jlamaca, CONIaCHO KOTOPOMY BCE COCTOSIHUSI
«I1IpUpOdbD> S}, [ = 1,n MoyaraloTcs paBHOBEPOSITHBIMU. B COOTBETCTBUHU
C 3TUM NPUHLMIIOM KaXIOMY COCTOSIHUIO S; CTaBUTCSI BEPOSITHOCTS (;,
onpenensieMas Mo ¢opmyne

1 (9.25)
g =—.
n

Ilpu 3TOM HCXOLHON MOXET pacCMaTpUBAaThCH 3adaya MPUHATHSA
peuIeHUs B YC/IOBUAX PUCKa, KOraa BhiOUpaeTcsa AeicTue R;, mawouiee
HaubObLINH OXXKMAAEMbIH BBIMIPBILL JIJISt MPUHATHS pCI].ICHHH JUTS KaX-
IOTO NEUCTBUA R; BHIYMCIAIOT CpenHee ‘apU(PMETUYECKOE 3HAYEHHE BbI-
UIpHILIA:

g ’
M;(R==XV;. (9.26)
J ni=1 J
Cpenu M;(R) BBIOMPAIOT MaKCUMaJIbHOE 3HAaYeHHe, KOTOpoe Gymer

COOTBCTCTBOBaTb ONTUMAaJIbHON cTpaTeruu R;.
Jpyrumu cioBaMu, HaxXOOUTCA neﬁcume R; , cootBeTCTBYIOLIEE

max (1 n
~¥V. . . 27
(i)

Ecnu B HCXOOHO# 3ajaye MaTpULa BO3MOXHBIX PE3Yy/AbLTaTOB Ipen-
CTaBJieHa MaTpuLeil pUCKOB HI};II, TO KpuTepuit Jlannaca npuHUMaeT
cJleayoluil Bua:
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min {l 5 rj,.}. | 9.28)

Mpumep 9.4. OnHO U3 TPAHCTIOPTHBIX NPEATIPUATHI JOJDKHO OTpe-
JIEJIUTh YPOBEHb CBOUX MPOBO3HBIX BO3MOXHOCTEH TaK, YTOOBI YIOBJIE-
TBOPHUTH CIIPOC KJIMEHTOB Ha TPAHCIIOPTHEIE YC/TYTH Ha IUTAaHUPYEMBIit TIe-
pyoa. Cripoc Ha TPaHCIIOPTHBIE YCJTYTU HE U3BECTEH, HO OXHUAAeTCs (Mpo-
THO3UPYETCS), YTO OH MOXET NMPHUHATbh OZHO M3 YeThIpex 3HaueHuii: 10,
15, 20 wiu 25 ThIC. T. JIJI KaXIOTO YPOBHS CIIPOCa CYILIECTBYET HaWIy4-
IUMH ypOBeHb NMPOBO3HBIX BO3MOXHOCTE! TPaHCIIOPTHOIrO MPEATIPUSTHUS
(C TOYKH 3peHHUs] BO3MOXHBIX 3aTpaT). OTKIIOHEHUS OT 3THUX YPOBHEIA
MPHUBOASAT K JOIOJHUTEBHBIM 3aTpaTaM JIM0O U3-3a NMPEBBILIEHHUS MPO-
BO3HBIX BO3MOXHOCTE! HaJ CripocoM (M3-3a MPOCTOSI MOABHXXHOTO CO-
cTaBa), JIMOO M3-3a HENOJHOro YIOBJIETBOPEHMS CIIpOCAa Ha TPaHCHOPT-
Hble ycinyrd. Huxe npuBomurcs tabi. 9.3, ompenesnsiiomasi BO3MOXHbIE
MPOrHO3UpYeMble 3aTpaThl Ha Pa3sBUTHE NPOBO3HBIX BO3MOXHOCTEIA:

Ta6nuua 9.3
BapuaHTH! NPOBOIHBIX BapuaHTHl Cripoca Ha TPaHCIIOPTHBIE
BO3MOXHOCTEN TPAaHCMOPTHOTO YCIymH, A. ©.
MPEANPUATHUS 1 2 3 4
1 6 12 20 24
2 9 7 9 28
3 23 18 15 19
4 27 24 21 15

Heo6xonumo BeIOpaTh ONTUMAIBHYIO CTPATETUIO.

Pewenue

CorylacHO YCJIOBMIO 3aayd MMEIOTCS YeThIpe BapvaHTa CIpoca Ha
TPaHCIIOPTHBIE YCJYTH, YTO PABHO3HAYHO HAJIMYMIO YETHIPEX COCTOSTHUM
«TIpUpOIBI»: S}, Sy, 53, S4. VI3BECTHBI TaKXKe YETBIPE CTPATETMU Pa3BH-
THSI TIPOBO3HBIX BO3MOXHOCTEH TPaHCIIOPTHOTO MpennpusaTus: Ry, R,,
R;, R4 3atpathl Ha pa3BUTHE IPOBO3HLIX BO3MOXHOCTEH NpHU Kaxnoi
nape S§; ¥ R; 3agaHbl cieayiouei MaTpuLei (tabnuueit):

| S 8§ 83 Sy

Rj6 12 20 24
V=R, |9 7 9 28
R; |23 18 15 19
R4 |27 24 21 15.
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Mpunuun Jlannaca npeanonaraet, 4to Sy, Sy, S3, S4 paBHOBEPOSAT-

1
Hbl. Clie1oBaTeNbHO, P{S=S,-}=-:;=Z=O,25, i=1,2,3,4uoxunae-

MBbI€ 3aTpaThl MIPU Pa3IMYHBIX AEHCTBUAX R|, Ry, R3, R4 COCTaBIAIOT:

WIR,) = 0,25 (6 + 12 + 20 + 24) = 15,5;
WiRy} = 0,25 (9 + 7 + 9 + 28) = 13,25;

W{R;} = 0,25 (23 + 18 + 15 + 19) = 18,75;
W{R,} = 0,25 (27 + 24 + 21 + 15) = 21,75.

TakuM 06pa3oM, HawIydlueil cTpaTerueit pa3BUTUS IIPOBO3HBIX BO3-
MOXHOCTEH B COOTBETCTBUM C KpuTepueM Jlamiaca 6yner R;.

Kpurepnii Basbga (MUHUMaKCHBIM WIM MaKCUMHHHBINA KPUTEPUIL).
IIpuMeHeHHe JaHHOTO KpUTEpHUs He TpeOyeT 3HaHUSl BEPOSITHOCTEH CO-
CTOSIHU# S;. DTOT KPUTEPU ONMHpaeTcs Ha NPUHUMUN Haubonbluei oc-
TOPOXHOCTH, MOCKOJIbKY OH OCHOBBIBA€TCSl Ha BbIOOpE Hawyylleid U3
HaUXyOLUMX CTpaTerui Rj.

Ecau B ncxoxHoit Marpuue (Mo YC/IOBMIO 3agavu) pe3ynavrar Vj
TIPECTABJSET NOTEPH JINLA, TPUHUMAIOLLIETO pelleHHe, TO TIPH BrIOOpe
ONTUMAJIBHON CTpaTerMy MCIOJb3YETCS MUHUMAKCHbIU Kpumepui. st
‘OMpe/eNeHHs] ONTUMAIBHON CTPaTeruu R; HeoGxonnMo B Kax[oii CTpoke

MaTpHULbl Pe3y/IETaTOB HAaWTH HauGOMbLINiL /eMeHT max{V;}, a 3aTeM
{

BbIGMpaeTcs ieficTBUe R; (CTpoOKa j), KOTOPOMY GyneT COOTBETCTBOBATb
HaMMEHbLIUH 3JIEMEHT M3 3THX HauOOJBILIMUX 3JIEMEHTOB, T. €. ACHCT-
BUE, ONpENeIAIoliee pe3y/ibTaT, paBHbII
W =min max {vi} (9.29)
Ecnu B McXoQHO# MaTpHLE 1O YCIOBHIO 3a1ayud pesy.sTar Vj; npex-
CTaBJISIET BBIMIPbILI (ITOJIE3HOCTD) JIMLA, IPUHUMAIOILIETO PEILEHHE, TO
MpU BBIOOPE ONTUMAILHOW CTPAaTErMU UCNOJb3YETCH MAKCUMUHHbBIE KpU-
mepuil.
Hnist onpeneneHus: ONTUMANIbHOM CTpaTeruu R; B KaXIOW CTpOKe
MaTpHULbl PE3y/IbTATOB HaXOAAT HAMMEHBLINH 3neMeHT miny V¢, a 3a-
J
TeM BbIGMpaeTcs neiicTBUe R; (CTPOKa j), KOTOPOMY GynyT COOTBETCTBO-

BaTb HauOONbLIME JIEMEHThl U3 3TUX HAUMEHBIIUX 3JIEMEHTOB, T. €.
IeiCcTBUE, ONpeNeNsIoniee pe3yabTaT, paBHbIA

W =minmax { Vji}.

i (9.30)
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ITpumep 9.5. PaccmorpuM npumep 9.4. Tak Kak V; B 3TOM npume-
pe npeacTaBiseT notepu (3aTparbl), MPUMEHUM MMHHUMAKCHBIM KpUTe-
puii. HeoGxoauMele pe3y/ibTaThl BEIYMCJIEHHS NPUBEAEHEI B Ta6. 9.4:

Ta6bnuua 9.4
CocrosHus 3aTparhl, A. €.
Si (7 max W=
C1pa- {Vi} }|= min max {V;}
Terusa R; Si 5 53 Ss
R 6 12 20 24 24 -~
R, 9 7 9 28 28 -
R, 23 18 15 19 23 23
R, 27 24 21 15 27 -

TaxkumM oOpa3oM, HawTyylieit cTpaTerueil pa3BUTHsI MPOBO3HBIX BO3-
MOXHOCTE! B COOTBETCTBUM C MHHUMAKCHBIM KPUTEPHEM «IYYLIUM U3
XyOWHX» OyHET TpeThd, T. €. Rj. ’

MuHuMakCHBI KpuTepuil Basbla MHOTAAa MPUBOAUT K HEIOTHY-
HBIM BBIBOJIaM M3-3a CBOEil YpPe3MEPHO «IeCCUMHUCTHYHOCTH». «Ilec-
CUMMCTHYHOCTb» 3TOrO KpUTEpUs MCTpaBiisieT Kputepuii CaBumaxa.

Kputepuit Copumka UCIOb3yeT MAaTPULY PUCKOB |rll. DneMeHTsI
JMaHHOM MaTpHUIIBI MOXHO ONpeaeauTh no ¢opmynam (9.23), (9.24), xo-
TOpBIE TEPENHILIEM B CIIEAYIOLEM BUIE:

m:;lx{Vj,-}—Vji, eciu V — BBIMIPBIII :
. (9.31)

s Vji—min{Vj,-}, ecnu V — notepu.
J

9T0 03HAYaeT, 4TO 7j; €CTh PA3HOCTb MEXAY HAWIYYLIMM 3HAYEHHU-
eM B cronbue i 1 3HayeHussMH Vj; npu ToM Xke /. OTMETHM, YTO He3a-
BHUCHMO OT TOTO, SIBJISIETCS JIU Vj,~ JI0XOAOM (BBIMTPBIILIEM) WJIH MOTEPS-
MU (3aTpaTamu), rj; B 060UX Ciy4asix ONpeneNsieT BEIMYMHY NOTEPD JIu-
Lla, MpuHUMaloLlero pemeHue. CaenqoBaTesibHO, MOXHO NMPUMEHSATh K
rj; TOJIBKO MUHUMAKCHBIH KpuTepuid. Kpurepuit Casumka peKoMeHay-
€T B YCIOBHMSIX HEOMNPELEIEHHOCTH BLIGHPATh Ty CTPAaTeruio R;, mpu Ko-
TOPOif BeJIMYMHA PUCKA NMPUHUMAET HaMMEHbllee 3HaYeHUEe B caMoil
HeOIaronpusATHOM cUTyauuu (KOraa pUcK MakKCHMAaJIEH).

Ilpumep 9.6. PaccMoTpuM npumep 9.4. 3anaHHast MaTpuLa Ornpe-
nensiet notepu (3artpartel). [To ¢opmysie (9.31) BHIMUCIUM 3JIEMEHTHI
MaTpHLIbl PUCKOB ||r;:
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RO 5 11 9
bil=r |3 o o 13.
Ry |17 11 6 4
Rel21 17 12 0

IMosyyeHHBIE PE3YJILTATHl BHIYUCIEHUI C UCIONB30BaHUEM KpHUTE-
pysi MUHMMaNibHOro pucka CaBumxa ogopMuM B Tabi. 9.5.

Ta6auua 9.5
CocrosiHue BenuuyuHa pucka, 1. €.
5 ) ) s

CTpa_ i max {r/l} - min max {’},}
Terus R; S S, S; M

R, 0 5 11 9 11 11

R, 3 0 0 13 13 -

Ry 17 11 6 4 17 -

R, 21 17 12 0 21 -

BBenenne BeaMuMHBI pUCKa 7;; IPUBENIO K BBIGOPY MeEpBOii cTpare-
ruu R, obecrneynBaolleii HAMMEHBIINE NTOTEPH (3aTpaThl) B CaMOii He-
6J1IaronmpHsITHOI CUTYalUMM (KOrxa pUCK MakCUMAaJeH).

IMpumeHenune kputepuss Ca3BUIXKA MO3BOISAET JIOOBIMU MYTAMU M3-
6exarb OOJIBLIOTO pUCKa MPH BHIOOpE CTpaTerMy, a 3HAYUT, U30€XKaTh
OOJIBLLIETO MPOUTpHILIA (ITOTEPD).

Kpurepnii I'ypsuna. OcHOBaH Ha CJEXYIOLIMX ABYX MPEANONOXEHH-

SIX: «[IPUPOJA» MOXET HAXOAMUTHCS B CAMOM HEBBITOIHOM COCTOSIHHM C

BEPOSITHOCTBIO (1 — ) U B CaMOM BBITOJHOM COCTOSIHUM C BEPOSITHOC-

TbIO O, rae o — koapduuueHt nosepuss. Ecau pesyiavrar V; —

MPUOBLIb, MOJNE3HOCTh, JOXOX U T. M., TO KpuTepuil [ypBuLa 3anuceiBa-
eTCsl Tak: _

W = max[oc maxV; + (1 —cx)min Vii ] (9.32)

j i i
Korza V; npencrasnsier 3atpatsl (110TepH), TO BHIOUPAIOT JeiCTBHE,
Jaroiee

W min = minl:am}ani +(1 —a)mngﬂ:I. 9.33)
J ! i

Ecimu o = 0, monyyuM NMeCCUMHUCTUYECKUIA KpuTepuil Banbaa.
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Eciu o = 1, To npuUxoguM K peuialolleMy HpaBUly BHAa
mja;xm}n Vii unu K Tak Ha3blBaeMoOil CTPAaTErMU «3[0PQBOTO ONTHMHU-
CTa», T. €. KPUTEPUI CIIMILIKOM ONTHMMCTUYHBIA.

Kpurepuii [ypBulia ycraHaBiuBaeT GajlaHC MEXAY ClydasiMd Kpaii-
HEro necCUMMM3Ma M KpaifHero onTtuMH3Ma NMyTEM B3BELLIMBAaHUS 00OMX
crniocoGoB MOBEAECHUS COOTBETCTBYIOIIMMU BecaMu (1 — o) u o, rae
0 < a £ 1. 3HayeHue ¢ oT 0 10 1 MOXET ONpeneNATsC B 3aBUCUMOCTH
OT CKJIOHHOCTH JIMLIA, IPUHUMAIOLIETO PElIEHHUE, K TIECCUMU3MY HJIU K
onTUMHU3MY. TIpH OTCYTCTBHM SIpDKO BBIP@XEHHOH CKIOHHOCTH o = 0,5
NpeAcTaBisieTcsl Hauboiee pasyMHOM.

IIpumep 9.7. Kpurepuit IypBuua ucnonssyeM B npumepe 9.4. Ilo-
noxuM o = 0,5. Pe3ynbraThl HEOOXOOMMBIX BBIYUCIIEHUH NpUBEIEHBI B
Tab. 9.6.

Ta6bnanua 9.6
W, maxV; minVy; | o-min¥; +(1~-a)-maxVy minW;
i i i i J
Wi 6 24 15 15
w, 7 28 17,5 ‘ -
W 15 23 19 -
A 15 27 21 —

OnTuManbHOE pellieHUe 3aKToyaeTcs B Bbioope W.

TaxuM o6pa3om, B pUMepe MPEeACTOUT CAeIaTh BHIOOD:

no kpurepuio Jlannaca — BeIGOp cTpaTeruu Rj;

o Kpurtepuio Banpna — BbIOGOp cTpareruu Rs;

no kpurepuio CaBumxa — BbIGOp cTpareruu Ry;

no kpurepuio Iypsuua — BeiGop crpareruu Ry nmpu o = 0,5, a ec-
JIK JIMLO, MPUHUMAIOLIEe pellieHHe, — neccMMUCT (o = 0), To BbIGOD
cTpateruu Rj.

Kakoe U3 BO3MOXHBIX pELIEHUI NMpeanoyTUTeIbHee?

DTO onpenesisieTcs BBIGOPOM COOTBETCTBYIOLLErO KpuTepus (Jlara-
ca, Baynpaa, Casumxa unu Iypsuia).

BrIGOp KpUTEpHS MPUHSTHS PELIEHUN B YCIIOBUSIX HEONPEAETIEHHO~
CTU SIBJISETCS Haubosee CIOXHBIM U OTBETCTBEHHBIM 3TallOM B UCCIIe-
oBaHUU onepauuil. [Ipy 3TOM He CyLIeCTBYET KaKMX-JTMO0 OGLIMX CO-
BETOB WM pekoMeHaauuil. Beibop KpuTepust JODKHO NPOU3BOAMUTD JIU-
1o, npuHuMaiolliee pemeHue (JITIP), ¢ yyeToM KOHKpeTHOI cneundu-
KM peuiaeMoi 3alayd U B COOTBETCTBUM CO CBOMMHU LEJISIMH, a TaKkKe
ONHUpasiCh Ha NPOLUIbII ONBIT U COOCTBEHHYIO UHTYHLUIO.

B yacTHOCTH, ecM Aaxe MUHUMAaJIbHBIH PUCK HEIONYCTUM, TO Clie-
JlyeT NpUMEHSITh Kputepuit Banpaa. Ecnu, Ha060poT, onpeneseHHBbI
puckK BriosiHe npuemieM U JITTP HaMepeHO BIOXUTH B HEKOTOPOE Ipea-
MPUSATHUE CTOJIBKO CPEICTB, YTOObI IOTOM OHO HE COXaJeJlo, YTO, BIOXe-
HO CJIMILKOM MaJlo, TO BBIOUpAIOT Kputepuit CaBuaxa.
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9.5. Teopusa urp

B oTiauuMe OoT pacCMOTPEHHBIX BbILIE 3aay MPUHSITUS pELIEHUN B
YCJIOBMSIX OINPENEIEHHOCTU, PUCKA U HEOMPENENEHHOCTU, B KOTOPBIX
BHEIIHSAS cpefa (mpupoAa) Mpeamnosarajiach MacCUBHON, B KOH(MIUKT-
HBIX CUTyaLlMsIX UMEIOTCS NPOTUBOAENHCTBYIOIIME CTOPOHBI, MHTEPECH
KOTOPBIX MPOTUBOINOJOXHBI. [IpM KOHMIUKTHBIX CUTYyaLMsX peLUeHHUs
MPUHHMMAIOTCSl B YCJIOBUSIX HEOIPEAEJIEHHOCTH ABYMS M Oojiee pasyM-
HBIMM NMPOTUBHUKAMM, KaXIblii U3 KOTOPBIX CTPEMHUTCS ONTUMU3UPO-
BaTb CBOM PELUEHUS 3a CYET Apyrux. Teopus, 3aHUMaIOLLAsACs TIPUHSI-
THEM pEIUEHUN B YCIOBUSX KOHQIMKTHBIX CHUTyallMil, Ha3bIBaeTCS
meopueii urp. MaremaTtnyeckast Moe/b KOH(QJIMKTHOI CUTyallMu Npea-
cTaBisieT co0Oi UTpY.

Hrpa — 3TO COBOKYNHOCTb MpaBuJ, ONUCHIBAIOLIMX CYLIHOCTb KOH-
¢uKTHOM cuTyauuu. STU NpaBwia yCTaHaBJIWBaIOT:

e BbIOOp OoOpa3a AeHCTBUSI UTPOKOB Ha KAXIOM 3Talle Urphl;

¢ uHdOPMaLMIO, KOTOPO# 06JsiafaeT KaxXIblit UTPOK MPU OCYIIECTB-
JIEHUM TaKuX BbIOODOB;

® IUIaTy JUIs1 KaXZOTO UIrpoka Iocje 3aBeplueHus Jodoro stamna
UTDBI.

Urpy MOXHO OnpenenuTs CiaenyiommuM obpa3oM:

® UMEIOTCSl 1 KOH(MDJIUKTYIOUIMX CTOPOH (MTPOKOB), MPUHUMAIOUIUX
peleHUs, UHTEPEChl KOTOPBIX HE COBMAAaloT;

e chopMy/nMpoBaHbl NpaBuia BbIOOpAa TOMYCTUMBIX CTpaTeruid, u3-
BECTHbIE UTPOKaM; .

e omnpenesieH Habop BO3MOXHBIX KOHEYHBIX COCTOSIHUN UIpbI (Ha-
MPUMEp, BBIUIPBILL, HUYBSI, IPOUTDBILL);

® BCEM UIrpoKaMm (Y4acTHMKaM HWIPbI) 3apaHee M3BECTHBI IUIATEXH,
COOTBETCTBYIOILME KaXIOMYy BO3MOXHOMY KOHEYHOMY COCTOSIHHIO.
TInarexu 3anaiorcs B Buae MaTpuubl A = ||a;].

B 3aBMCHMOCTH OT Yucla KOH(MDJIUKTYIOLIMX CTOPOH MIPhl JEJSTCS
Ha napHble (C JByMsl UTPOKaMM) U MHOXECTBEHHbIE (MMEIOLIUE HE Me-
Hee Tpex UrpokoB). Kaxnbiii UTPOK UMEET HEKOTOPOE MHOXECTBO (KO-
HEYHOe WJIM GECKOHEYHOE) BO3MOXHBIX BHIOOPOB, T. €. CTpaTeruii.

Cmpameeueli uepbl Ha3blBa€TCsl COBOKYTTHOCTb IIPaBUJI, ONpeEesio-
LIUX MMOBEAEHKE UIPOKa OT Hayajla UIphl J0 ee 3aBepiueHHust. CtpaTeruu
KaXXIOTO MIrpoKa OMNpeNensiioT pe3yJjibTaThl WM Iu1atexu B urpe. Mrpa
Ha3bIBAETCsl Uepoll ¢ Hynegol cymMmoii, €ClNv MPOUTPBILI OLHOTO MIpoOKa
paBeH BBIMIPBIIY APYrOro, B MPOTUBHOM Cllyyae OHa Ha3bIBaeTCsl uepoil
C HeHynesol CyMMOl.

B nmonpasz. 9.5 paccMaTpuBaloTCs TOJIBKO MTPHI ABYX JIUL C HYJIEBOH
cymMmoit. 3agaHue ctpareruit (A U B) IByX UrpOKOB B MMapHOW Urpe Moj-
HOCTBIO ONpEIENSIET €€ UCXOM, T. €. BBIMTPBILL OJHOrO WJIM MPOUTPHILI
apyroro. Mrpa Ha3blBaeTCsl KOHe4HOU, €CJIM Y KaXAO0ro Urpoka UMeeTcs
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KOHEYHOE YMCJIO CTpaTeruii. Pe3yabratbl KOHEUYHON NApHOM MIPBI C HY-
JIEBOI1 CYMMO# MOXHO 3a/1aBaTh MaTPULEH, CTPOKHM U CTONOLIBI KOTOPOi
COOTBETCTBYIOT Pa3/IMYHbIM CTPATETUsIM, a €€ 3JIEMEHTHl — BBIUIPbILLIAM
OJIHO¥ CTOPOHBI (paBHBIE MPOMUIPHILIAM APYTOii). DTa MaTpULia Ha3bIBa-
€TCSl naamedxcHoli mampuyeli WU Mampuyeil uzpel.

Ecnu nepBblif UITPOK UMEET m CTpaTeryid, a BTOPOil — n CTpaTerwii,
TO TOBOPSIT, YTO MBI UMEEM JEJIO C UTPOii m XA,

PaccMoTtpum urpy m x n. IlycTb 3a1aHbl MHOXECTBO CTpaTeruii: Jyis
[IepBOro Urpoka {4;}, mis BTOporo urpoka {B;}, nuatexHas matpuua
Amxn = ||a||, rne a; — BHIUTPBILI MEPBOTO nrpoxa WM TIPOMTPHILI BTO-
pOro Mrpoka rnpu BblGope MMH CTpaTeruii 4; 1 B; cooTBeTcTBeHHO. Kax-
IIbIii U3 UTPOKOB BHIOMPAET OMHO3HAYHO C BepOHTHOCTb}O 1 HEKOTOpYIO
CTpaTeruio, T.e. MOJIb3yeTCsl NMPU BbIOOpE peLIeHUs Yucmol cmpameeueil.
I1pu 3TOM pewterue Urpbl GYIEeT B YUCTBIX cTpaTerusix. [10CKoNbKy UHTE-
pechl UTPOKOB MPOTHUBOMOJIOXHBI, TO NMEPBbI UTPOK CTPEMHUTCS] MaKCH-
MM3UPOBaTh CBOI BBIMIPHILI, @ BTOPOIl UTPOK, HA060OPOT, MUHUMHU3UPO-
BaTb CBOM NMPOUTIPHILL.

PeuieHue Mrpbl COCTOMT B ONpeAeSeHUM HauJlyyllieid CTpaTeruu
KaXAbIM UTPOKOM. BrIGOp Hawy4liei cTpaTerii OQJHUM MTPOKOM IpO-
BOAMUTCSI MPU MOJTHOM OTCYTCTBUM MH(OpPMALMM O NMPUHUMAEMOM pe-
LIEHUU BTOPHIM UTpOoKOM. ClieayeT OTMETUTb, YTO U MEPBLIA, U BTOPOIi
UTPOK SIBJISIIOTCSI pa3yMHBIMHM NPOTUBHUKAaMH, KOTOpbIE HaxOOATCS B
COCTOSIHMHU KOH®MMKTA. [103TOMY IS pElIeHUST UTPBI ABYX JIMLL C HyJie-
BOH CYMMOI1 MCMOJIb3YeTCSl OYEHb «[TECCUMUCTUYHBII» KPUTEPHIA, TaK
Ha3blBaeMblil KPUTEPUN MUHU-MaKCa-MaKcumuHa. DTOT KPUTEPHIl pac-
cMOTpeH B noapasa. 9.4. OCHOBHOE OTJIMYME 3aKJIIOYAeTCsl B TOM, YTO:
paHee «pypoaa» He pacCMaTpUBaiaCh KaK aKTUBHbIA NPOTUBHUK, TOT-
Jla KaK B TEOPUM MUTP KaXIbIii UTPOK HEHCTBYET pa3yMHO H, CJieloBa-
TEJIbHO, MBITAETCS aKTMBHO NMOMEIIATh CBOEMY MPOTUBHUKY. Tak, eciu
MEPBbIIl UTPOK MPHUMEHSIET CTPATETUIO A;, TO BTOPOH OYIET CTPEMHTHCS
K TOMY, YTOGbI BHIGOPOM COOTBETCTBYIOLIEH CTpaTeruu B; cBeCTH BbIMI-
PBILLI MEPBOTO UrpOKa K MUHMUMYMY, YTO PaBHO3HAYHO cseneumo CBOETO
Mpourpsilia K MUHUMYMY. BenunHa 3T0oro MUHMMyMa

o; = m!naij, i=l,m. (9.34)
! .

IlepBelit UTPOK (MPH JIOOBIX OTBETAX MPOTUBHUKA) OYAET CTPEMHUTh-
Cs1 HaliTU TaKylo CTpaTeruio, Npu KOTOPOii a; o6pailaeTcs B MaKCUMyM:

0 =maxo,; =maxmina;. (9.35)
Cd i
BennunHa o Ha3bIBaeTCA HudcHell yenod uepst. Eit COOTBETCTBYET

MaKCUMUWHHasl CTpaTerusi, MIpuaepXUBasiCb KOTOPOH MEPBbIN UTPOK MPU
J1I00BIX CTpaTerusix MPOTUBHHUKA 0OECNEUYUT cebe BBIMTPBILI, HE MEHb-
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WUt o. JpyriMy cIOBaMH, HUXHSS 1I€HA UIPhI ABJSAETCS TapaHTUPO-
BaHHBIM BBIMIPBILLIEM TIEPBOro UrpokKa Mnpu JTIIOOBIX CTpaTerusiX BTOPOro
UIpoKa.

AHJIOTMYHO OIPENEIUM IO KaXKIOMy CTONOLY MarpuLs! 3 ; j =maxa.
j =1, n, HaiileM MMHMMAIbHOE 3HAYEHUE By i

BenunuuHa [ Ha3biBaeTcsl gepxHell yenol uzpsl. Eil COOTBETCTBYET
MHMHMMAKCHasl CTpaTeruss BTOporo urpoka. BemnuuHa  mpeacrasiser
€000 rapaHTMPOBAHHBI MPOUTPHILLI BTOPOro UrpoKa IpH 000 cTpa-
TETMU NEPBOrO MIpoKa.

IIpumep 9.8. Jana rutarexHas Marpuua 3 X 4, KoTopas onpene-
JIAET BBIMIPHIIUM UTPOKa A. BHIYMCINTD HMUXHIOIO U BEPXHIOKO LIEHH! 3a-
IaHHOI UIDEHL.

10 4 11 7
A=|oyl=| 7 6 8 20|
6 2 1 11
Pewenue
[MpencraBuM Hamy urpy B Buae taém. 9.7:
Ta6bauua 9.7
Crpareruu Crpareruu BTOPOTO Urpoka, B; 3Haue-
NMepBOro Urpoka, HHUe, o
A; B, B, B, B, o
Aj 10 4 11 7 4 -
Ay 7 6 20 6 6
A; 6 2 1 11 1 -
3Hauenmue P, 10 6 11 20 -
B - 6 - - - | -

Ecnu urpox A BeIOHMpAeT MepBYIO CTPaTerHio, OH MOXET IOJYYUThb
BHIMIpBIII B pa3Mepe 10, 4, 11 unu 7 A. €. B 3aBUCUMOCTH OT BbIOpaH-
HOM CTpaTeruu UrpokoM B. I1pu 3TOM BHIMIPBILI UTPOKa GyIeT He MEHb-
we o; = min{10; 4; 11; 7} = 4 0. e. HE3aBUCUMO OT MOBEICHHS MIPOKa
B. AHaJIOTMYHO IpH Bmﬁopc UTPOKOM A BTOPOIi CTpaTeruy rapaHTUpO-
BaHHBIN BBIMIPHILI O, = min{7; 6; 8; 20} = 6 n. e. IIpu BeIGOpe Urpo-
KOM A TpeTbeil CTpaTerMu BHIMIDPBIII i3 = min{6; 2; 1; 11} =1 n. e.

Takum o6pa3om, MUHMMaJIbHblE 3HauYeHUs o, [ = 1,3 omnpexe-
JIFIOT MUHUMAQJIbHO TapaHTUPOBAHHBIM BHIMTPBIII [JI1 HrpokKa A,
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€C/IM OH BHIOMPAET COOTBETCTBYIOWIYIO CTpaTeruro i. BeauuuHa
maxa,; = max{4; 6; 1}=6 I.e. OyoeT rapaHTUPOBAaHHBIM BBHIUTPBILLIEM MT-
!

poka A npu mo0bIX CTpaTerusix urpoka B. BeiOpaHHast UTPOKOM A BTO-
past CTpaTerusi Ha3blBAETCS MAKCUMURKOU cmpameeuell, a COOTBETCTBYIO-
1ee ee 3HaYeHHE BBIMIPHILIA O = 6 A. €. OyAeT HHXXHEH LEeHOH UIDBI.

BTopoii MTPOK CTPEMUTCSI MUHUMH3UPOBATh CBOW MPOMIPHILL. BbI-
6paB nepBylo cTpaTeruio f3;, HTpoK B MOXeT NpourpaTh He Gosee yem
B; = max{10; 7; 6} = 10 1. e. He3aBUCHUMO OT BLIGOpA CTPATErMHU UTPOKOM
A. AHaJIOTMYHO paccyXnasi, OJyYHM CJICAYIOLIME pe3yabTaThl (4. €.):

B, = max {4; 6; 2} = 6; B; = max {11; §; 1} = 11;
B4 = max {7; 20; 11} = 20.

Hrpok B BbIGHpaeT cTpaTertio f3;, KOTopasi MUHUMHU3UPYET €ro MaK-
CHUMaJIbHBIE TIPOUTPHIILIN:

B=mjinBj =min{10;6;11;20}=6 n.e.

Benuuuna = 6 1. e. 6ygeT rapaHTUPOBaHHBIM MPOUTPBILIEM MIPO-
Ka B npu mo6bIX cTpaterusix urpoka A. Bei6paHHass HTPOKOM B BTopast
CTpaTerusi Ha3bIBAeTCS MUHUMAKCHOU cmpamezueii, a COOTBETCTBYIOLIEE
ee 3HaueHue npourpbilia 3, = 6 A. €. GyaeT BepXHEi LEHON UIPHI. ’

CrenyeT OTMETHTb, 4TO IS J1I060# MaTpuubl A = [l BrimonHseT-
Cs1 HEPaBEHCTBO

B> a. (9:37)

Ecnu B = o, T. €. BEpXHSS LieHa paBHA HMXHEN LEHE UTPHI, TO CO-
OTBETCTBYIOLLME YUCThIE CTPATErMH Ha3bIBAIOTCSI ONMUMANbHBIMU, A TIPO
UTPY TOBOPSAT, YTO OHA UMeEET cedro8yro moyky. CemnoBasi TOYKa SIBJIS-
€TCI MHUHMMAJIbHBIM 3JIEMEHTOM COOTBETCTBYIOLIEH CTPOKH M MaKCH-
MaJIbHBIM 3JIEMEHTOM COOTBETCTBYIOLLErO CTOAOLA. DTa TOUKA ECTh TOY-
Ka PaBHOBECHS UIPbI, ONpPEAesIoas OQJHO3HAYHO ONTUMaJIbHBIE CTpa-
Terud. ONTUMAJIBHOCTh 3[€Ch O3HAYAET, YTO HM OAHUH HUTPOK HE CTpe-
MUTCSI U3BMEHHUTh CBOIO CTPAaTernio, Tak Kak €ro NpOTUBHUK MOXET Ha
3TO OTBETUTH BBIOOPOM APYIrOi CTpaTeruu, Aalolleid XyalIvit Wi nep-
BOTO MTPOKa pe3yJIbTaT.

BenuunHa C = = o Ha3bIBaeTCcs yerol uepbi. OHa onpenesieT
CpPEeOHUIt BHIMIPBILI UTpOKa A U CpeIHUIl MPOUTPHIIL UTPOKa B npH uc-
MOJIb30BAHUU MMM ONTHUMAJIbHBIX CTpaTervii. B HauieM npumepe LieHa
urpsl C = 6 1. e., ONTUMalbHas Mapa cTpaTeruit — A, u B,.

Ecau B niarexHoi MaTpuLie A BCe 3JEMEHTHI CTPOKH A; = (a;, G,
..+» ;) HE MEHBLIE COOTBETCTBYIOLUMX 3IEMEHTOB CTPOKHU Ay, = (ayy, 84,
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.oy Qgp), @ 11O KpaliHel Mepe OAMH CTporo 6oJibllie, TO CTpOKa A; Ha3bl-
BaeTCsl domunupyowjeil, a CTpoKa A, — domunupyemoii.

AHAJIOTMYHBI MOHSTUS «IOMMHHUPYIOIIMI CTONOEL» U «TOMHHHUDPYE-
Masl CTPOKa».

[IepBOMY HUrpOKYy HEBHITOOHO NMPUMEHSATb CTPaTErMM, KOTOPHIM CO-
OTBETCTBYIOT JOMMHHUPYEMBIE CTPOKH; BTOPOMY HI'POKY HEBBITOIHO MPH-
MEHSATb CTPAaTernu, KOTOPHIM COOTBETCTBYIOT JOMHUHHPYIOLIME CTONOLIBI.
ilo3TOMY NMpHU peUIeHUH UTPbl MOXHO YMEHBLIUThL pa3Mephl IIaTeXHOi
MaTpHULbl MYyTEM yOAIEHUS U3 Hee JOMHHHMPYIOLIUX CTOJIOLIOB U TOMH-~
HHUPYEMBIX CTPOK.

IIpumep 9.9. Ins urpsl ¢ IuiaTeXHoO MaTpuLei

2 35
A={4 -2 3
6 -1 4

HalIUTE CTpAaTerMyd UIPOKOB U LIEHY MIPBI.

Pewenue

DNEMEHT a3; = —1 ABNASETCS HAUMEHBLIMM B TPEThEH CTPOKE U Ha-
HOOJIIIUM BO BTOPOM CTOJIOLIE, T. €. OH SIBJIAETCS CEMJIOBOI TOYKOMA.
ITostoMy ueHa urpel C = — 1, a ONTUMabHbIEe CTPATETrHH MIPOKOB:
nepBoro — As, a BToporo — B,.

Hcnonb3yss NMOHATUSL AOMHHUPYEMBIX CTPOK U JOMHHHMPYIOLIMX
CTONOLOB, 3a7ayy MOXHO PEIIUTh CJIeAYIOLIUM 00pa3oM.

B Marpuue A TpeThs CTpoKa JOMMHMPYET HaJ BTOpPOil, MO3TOMY
BTOPYIO MOXHO U3bATbh U3 IUIATEXHOW MaTpuubl. B pesynbrate mony-

YHUTCA MaTpHla
2 35
A = .
! (6 -1 4)

B Matpuue A; nepBblit U TPETUIT CTONOLBI AJOMUHHUPYIOT Hal BTO-
pBIM, CJIEIOBATENBHO, UX MOXHO U3bATb. B pe3dynbrate muarexHasi Ma-

TPHLIA IPUHUMAET BUJ
-3
Ay = .

B Matpuue A4, BTOpasi CTpoka NJOMHUHMpYeT. Ilocne BbIYEPKUBaHHUS
TIOJIYUTCSl MaTpULa A3, COCTOSILIAs U3 OJHOTO JIEMEHTa:

A3 = (—1).

DJNIEMEHT MaTpHLbI A3 U OMpelessieT pelleHUe Halled 3alayu.
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OTnenbHbIE UTPBI MOTYT HE UMETh CEMJIOBBIX TOUEK, T. €. Y KaX[IO-
ro Urpoka He CYLIECTBYET €AMHCTBEHHOMH, Haubosiee HamexXHOH cTpa-
Teruu. B 3TOM cliyyae MCIONB3YIOT cMewanHnyo cTparernio. CMellaH-
Has CTpaTerus COCTOMT B TOM, YTO B XOAE UTIpbl MPOUCXOAMUT Ciydai-
HBIA BBIOOP CTpaTeruu U3 HEKOTOPOrO MHOXECTBA CMELIAHHBIX CTpa-
TEruii ¥ ISl KAKAON CMEIIAaHHON CTPaTeruy yKa3blBaeTCsl BEPOSATHOCTD
ee BoiGopa. CMelIaHHas CTpaTerus Iisi HTPoKa A NpeACTaBIsieT coboi
BEKTOD

P=|" (9.38)

rae P; — BEpOSITHOCTD BBIGOPA i-i CTPaTerMy UIPOKOM M YLOBJETBOPSIET CNENY-
IOLLMM YCIOBUSIM:

P20,i=1,m;

XF=1 (9:39)

AHJIOTMYHO CMELIaHHasi CTpaTerusi Mrpoka B npencrabisieT coboi
BEKTOp ‘

Q= O L (9.40)
dn

TIe g; — BEPOATHOCTD BbIOOpA j-# CTpaTeruu UrpokoM B — yooOBNETBOPSIET Clie-
AYIOLUM YCIOBHSAM;

420,j=1n; 9.41)

Zlqj =1 (9.42)
J= .

InatexxHass MaTpyLa UIpbl MMeeT cienyonmit Bux (tabn. 9.8):
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Tabnauua 9.8

Bl q @ a0 dn
A i .
Py ay ap ap ayn .
P as an an a0
Py ay ay ay ay,
Pm Qm1 Am2 Qm3 o Qmn

Hrpok A BbIGUpaeT cTpaTeruio P; Tak, 4To6bl MAKCHMH3UPOBaTh Ha-
HMEHBIUUIA oxcudaemolii 8biuzpbis IO CTONOLIAM TUIATEXHOM MaTpPHLIBI,
TOra KakK UIPOK B BBIGMpAeT CTPATErHIo ¢g; C UeIbi0 MUHUMHU3MPOBATh
HauOOJBIINI 0xcudaemblii npouspsiui 1o CTpOKaM. MaremaTuyecku KpH-
Tepuil MUHMMaKca MpU CMELIAaHHBIX CTPATETrHsIX MOXET OBITh ONKMCaH
crenyowuM ob6pasom. Mirpok A BeibHpaer crpareruio P;, gaolyio

m
max{minl 3a1-8, Bap B San-Bafl. 043
i =

Hrpok B BbIOHpaeT CTpaTeruio gj> AQIOLLYIO

n 14 n
min{max ¥ a;;:qj, X @ Gjrr X Omivq; |1 (9.44)
q; Jj=1 Jj=1 Jj=1

Korma crparerun P,~° " qjo ONTHMAJIBHEI, TO BBIMOJIHSAETCS CTPOroe
PaBEHCTBO MEXIY MaKCUMWHHBIM OXHIAEMBIM BBIMIPBHILIEM U MHHH-
MaKCHBIM IIPOMIDHILIEM, a PEe3YJbTUPYIOlIee 3HaYeHUEe PaBHO OMTH-
MaIBHOMY (OXHIAeMOMY) 3HAYEHMIO MUTDHI.

DTOT BBIBOA ClenyeT U3 meopemsi GoH Heiimana o munumarce. Teo-
peMa yTBEpXZaeT, YTO BbIpaXeHus (9.43), (9.44) UMEIOT OOHO U TO Xe
3HayeHue M(Py,Q,), Ha3piBaeMoe yeroii uzpel. Eciu P;' u g;’ — onru-
MaJIbHBIE PELIEHHS )11 O00MX UTPOKOB, Kaxa.uomx 3JIEMEHTY l'l)IaTe)KHOH
MaTpHLbl @; COOTBETCTBYET BEPOSTHOCTD P; CnenoBatesbHO, OI-
THUMaJIBHOE oxymaemoe 3HAYeHHE UTPHI

( Po,Qo) (9.45)

LMs
M:

lyPi ‘11'

Jj
IleHa Mrpsl 3aKII04€Ha MEXIY HUXHEH M BEDXHEH LIEHaMM, T. €.
< M(Py, Qp) < B.
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PelunuTs KOHEYHYIO UTPY — 3TO 3HAYUT HYXHO HalWTH BEKTODPHl P U
Q (onTUMabHBIE CTPaTETUH), YAOBIETBOPSIOINE TEOPEME O MUHHUMAaK-
ce, a CJlenoBaTelbHO, MOJYYUTh BEIUYMHY OXUIAEMOroO IulaTexa
M(Py, Qp) — UEHY WIPBHIL.

CBOICTBO ONTUMAIBHOCTA O3HAYAET, YTO JII0OOE OTCTYIUIEHHE Of-
HOTO U3 MIPOKOB OT ONTUMAJIBHOI CTpaTeruu (IIpH YCJIOBUH, YTO BTO-
pOif UTPOK NMPOAOJIXKAET NMPUAEPXKUBATLCA CBOEH ONTUMAIBHON cTpare-
M) TPY MHOTOKPAaTHOM MOBTOPEHUU UTPBI MOXET TOJBKO YMEHbIUUTh
€r0 CPeIHMI BHIMIPHIIU (YBETUYUTh CPEIHUHA MPOUTPHILI).

PewieHue urpbl 06/afaeT OAHUM BaXHBIM CBOWCTBOM: €C/IM UIPOK
A MCNoNIb3YeT CBOIO ONTHUMANBHYIO CTpaTerdio, a Urpok B cMelluBaeT
CBOHU CTPaTETMU B JIIOOBIX MPONOPLUSAX, TO CPEAHUIT BBIMIPHILI UIPOKa
A He ymeHbuiaercs. CtpaTeruu, KOTOpblE CMELIHMBAIOTCS LI MOJy4e-
HUSI ONTUMAJILHON CTpaTeruu, OyaeM HasbiBaTh nodesHsimu. JJoKasaHo,
YTO Yy UTPbl M X N CYLIECTBYET TAaKOE ONTHUMAJIIbHOE pEleHUE, YTO YUC-
JIO MOJIE3HBIX CTPATETUil C KaXIOH CTOPOHBI HE MPEBOCXOAUT MUHHU-
MaJIBHOTO U3 YUCEJ m U n.

M3BeCTHO HECKOJIBKO METOIOB HaXOXIEHMS! ONTUMAIbHBIX CTparte-
I'Mif B Urpax ABYyX JIMLl C HYJeBOH cyMMoii. PaccMOTpUM OOMH M3 METO-
IIOB — Memo0 AUHEH020 NPOZPAMMUPOBAHUA 0Nl HAXOHNCOEHUS DEUUEHUR Uzp.

Ilycte urpa m X n He MMeeT ONTHUMAJbHOIO PELIEHUS] HENMOCPEACT-
BEHHO B YHMCTBIX CTPaTErusx, T. €. OTCYTCTBYET CEIJIOBast TOYKa (o # f3).
OnTuMalibHOE pellleHWe HeOOXOAMMO MCKaTh B 00JaCTH CMEIIaHHBIX
ctpaTteruii. TIpeanosoxuM, 4To BCe m CTpaTeruii Urpoka A moJyie3HbIE.
Onpenennm BEPOSITHOCTH UX NPUMEHEHUS B CMELIAHHOH ONMTUMAaIbHOM
cTpateriv. O603HaYUM 3TH BEPOATHOCTH uepe3 P, i = 1,m, a ueHy ur-
pbl — 4yepe3 M. OnTuMalibHasi CMelIaHHast CTpaTerus Urpoka A omnpene-
nsercs U3 ycnoBusa (9.43):

max<min Ea,l P,,Za,z P,.,Za,,,

i=1 =l i=1
ITycTh

M =min 5_‘,1a,1 P,,}_‘,a,z P,,. ,Za,,, % |- (9.46)
=

IToCKOJIBKY NpPH ONTUMAIBHOM CTpaTeTHM CPEIHUM BBIMTPHILI He
MeHblIe M npu a1060it cTpaTerny MPOTUBHUKA, TO CIpaBeLIMBa CUCTE-
Ma 1 HEPABEHCTB:

P,-a“+P2-02,+...+Pm-am12M;
P1~a]2+P2~022+...+Pm-am22M;

sesecasssssensesessastsssstecrerssssessssssnes

P,-a,,,+P2-az,,+...+Pm~a,,m2M,

(9.47)
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WIN m __ ' '
Xa;-B2M, j=ln. (9.48)
i=1

‘ Torna 3agaya OTHICKAHUS ONTHMAIbLHOM CMEILIAHHOM CTpaTeruu Wr-
poka A MOXeT ObITb c(hOpMyIMpOBaHa B BUIE 3ala4yM JIMHEHHOro Ipo-
rpaMMUPOBaHUS.

Jist 3TOro Heo6Xo0AMMO MAaKCUMM3UPOBaTh Z = M Tpu OorpaHuye-
HUSX

- _
Ya;-B2M, j=ln;
i=1
(9.49)

P=1, P20, i=lm.

Ms

i=1

BBeneM HOBble HEM3BECTHHIE:

P -

X = —AZ,..., Xm = M

- YTOGBl UCKJIIOYUTb BO3MOXHOCTDb JEJIeHUS Ha HYJb, YBEJNYUM lLie-
HY UIDHl Ha NoJioXuTeabHoe Yucio C. JIsi 3TOro JOCTaTOYHO KO BCEM
3/eMEHTaM MaTpulbl ||a;{| Mpu6aBUTL OAHO U TO Xe€ TONOXHUTENbHOE
yucno C, NpU 3TOM BCE MEMEHTHI a;; CIEaTh NONOXUTENbHBIMA. Crie-
IyeT OTMETUTb, YTO 3Ta ONEPAlMs He MEHSET MCKOMBIX ONTUMAIbHBIX
CTpaTeruii, MOCKONbKY

m m l
X Ph=l, 0 ¥Xx; =
i=1 i=1 ,
Pa3genuM neByio M mpaBylo YacTH HepaBeHCTB (9.48) u (9.49) Ha M,
MOJIyYHM:
apx; tayxy .t anx, 21,
apxy tapXy t ..t apx, 215
eeteeteet e e st ta et e besta e sesaaeaten (9.50)
ayXy tayx, t.otax, 21,

X\ Xy + ot Xpy =ﬁll—' (9.51)
B cuny Toro yto
max M = min—;z = min{xl +Xxy 4.+ x,,,},
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3azadya NpUHUMACT BPIlI

Z= Xy + Xy + ..+ Xm (952)
NpU OrpaHUYEHHAX _
m —
Yaj-x; 21, j=ln (9.53)
i=1

s vrpoka B onTHMayibHasi CTPATErHsl ONpPENENSETCS U3 YCIOBHS
(9.44):

n n n
minimax| ¥ @1;4;, % @2q s> % Omi 4>
qj j=1 Jj=1 J=1

TP OrpaHUYEHUSIX

qtgt+.tg, =1 (9.54)

Dra 3aJaya 3alKCHIBAETCS KaK CUMMETPUYHAs ABOWCTBEHHAs 3a1a-
Yya IMHEWHOro IMporpaMMUpPOBaHus K 3amadye urpoka A(9.52), (9.53):
MaKCUMHU3UPOBaTh

L=Y,+Y,+..+7, (9.55)
NPpHU OrpaHUYCHUAX ‘
n
j=
Y,20,j=1,n,
1 9; . —
me L=or, ¥j=o7, j=Ln.

3amauyyu UrpokoB A U B pelaior OGBIYHBIM CUMILIEKC-METOIOM.
IMpumep 9.10. PaccMotpum Urpy 3 x 4:
B

12 3 4 | a
1 4 3 2 -5 | -5
A 2| =2 5 -1 4 | =2
3 | -3 2 -3 6 | -3
Bl 4 5 2

Onpeznenum o; u B,

rae O; — MUHUMYM B i-if CTpOKe,
B; — makcumyM B j-M cTonGue.

337



Huxusis HeHa urpbl paBHa MaKCUMHHY 00 = —2, BEpXHss lieHa MI-
pbl paBHa MuHMMakcy B = 2. Tak kaK o # [, TO ceqioBast TOYKA MIPHI
OTCYTCTBYET, 3aJaya JOJDKHA PelaThbCcsl B CMEIUIAHHbIX CTPATEerUsX.

HuxHss neHa Mrpbl — YMCIO OTPULATENIbHOE (O = —2), MOITOMY,
BO3MOXHO, 3HaYeHUe Urpbel M He OyneT nonoxutenbHbiM. Yucno C, Ko-
TOPOE HEOBXONUMO MPUOABUTH KO BCEM 3JIEMEHTaM MaTpULbl, JOJDKHO
6b1Th He Menblle 2. Ilycth C = 6. Torma Marpuua NpUHUMAET BUI

B
2 3 4
1 10 9 8 1
A 2 4 11 5 10
3 3 8 3 12

3agaya urpoka B 3anucriBaeTcs B ¢opMe 3anauM JMHEHHOro mpo-
rpaMMHPOBaHUA

Ly =Y+ Hh+t 1+ 7Y,
MMPpH OrpaHUYCHUSAX!

10Y, + 9Y, +8Y3 + Y4 <];

411 +11Y, +5Y; +10Y, <1;

3N+ 8Y, +3Y3+12Y, <1;
Y20, j=1,4

Petas 3aaady CUMIUICKC-METOAOM, IMOJYYUM!:
L = 0,16, ¥, = 0; Y, = 0; ¥; = 0,12; ¥, = 0,04,

Taxum 06pa3oM, pelieHHeM MCXOQHOM 3a1ayH 6yJeT Cleaylollee:

=%_C=O—,11_6"6=0’25;
q?-%=5’%g“0?
g-%zgﬁ-—o,ﬁ;
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B Hamem n%nmepe nepBasi ¥ BTOpas CTpaTerMy urpoka B Gecnosnes-
HBI, TaK KaK ¢; = q20 = (. IIpu cnyyaiftHOM yYepelOBaHUM TPETbEH U
YETBEPTO CTpaTeruif ¢ OTHOCHUTEJBHBIMU 4acCTOTaMH q3° =0,75u
q4° = (0,25 COOTBETCTBEHHO UIPOKY B obecrieueH CpeaHMil BHIMIPHILI B
pasmepe M = 0,25.

OnTUMaibHbIe CTPaTErMM MTPOKa A IONMYYaloTCs U3 pellieHUs ABO-
CTBEHHO} 3ajlayM.

B Hacrosiiee BpeMs pa3BUTHE TEOPUU MUTP BHILLIO AAJIEKO 3a Ipe-
ZIeJIbl PACCMOTPEHHOTO HaMU NMPOCTEHILIEro ciiydast apHbIX UTP C HyJe-
BOi cymmoii. OIHaKO OrpaHUYEHHBIH 00BEM KHUIH HE NO3BOJIAET AaTh
npeIcTaBiieHHe 0 GoJiee CJOXHBIX pas3fesiax COBpEMEHHOU TEOpUH HUTD,
TaKUX, KaK MHOXECTBEHHbIe KOaJMLIMOHHBIE Urpbl, JuddepeHunab-
HbIE UIPbI U Ip.

3apaum

9.1. )i n9TH MPOEKTOB TEXHUYECKHUX CHCTEM ONpelesieHbl OTHOCH~
TeJIbHbIE €MUHUYHBIE MOKA3aTeIM TEXHHYECKOTO COBEPLUIEHCTBA KOHCT~
PYKUHMH ¥ KO3((PHUIUMEHTH BECOMOCTH €IMHUYHBIX Mmokasaresyieil. Yuc-
JIEeHHbIE 3HAYEHHUs E€OMHUYHBIX IMOKa3aTejeil U Ko3(hE HULHEHTOB BECO-
MOCTH NIpUBEEHBI B Cleaylomeit Tabaune:

OTHOCHTENbHBIE EfMHUYHDIE TT0KA3aTeN N
BapuaHTh -
TCXHUYECKHX | ClIOXK- BDEMCHU | aproma- | Mouwo- | yHudu-
cucTeM HOCTH Beca | MOMTO™ | rysaimu | e KaUuu
TOBKH
I 1,0 0,088 1,0 1,0 0,72 0,614
11 0,72 1,0 0,8 0,78 0,81 0,420
I 0,658 0,358 0,765 0,782 0,525 0,915
v 0,425 0,97 0,755 0,70 0,98 0,31
v 0,467 0,555 0,865 0,705 0,865 0,650
Koadpuun-
EHTHI Beca 0,157 0,124 0,210 0,195 0,174 0,140

IIposedume paHXNpOBaHHE MPOEKTOB TEXHUYECKUX CHUCTEM MO KOM-
MJIEKCHOMY KPHUTEPHIO.

9.2. OnHoit u3 ¢pupM TpebyeTcs BRIOPATh ONTHMAIBHYIO CTPATETHIO
M0 TEXHUYECKOMY OOECIEeYEeHHUIO NMpoliecca YNpaBjieHHUsI MPOU3BOICT-
BoM. C NOMOLIBIO CTATUCTUYECKHUX HAHHBIX U MH(POPMALUM COOTBETCT-

339




BYIOLLIMX 3aBOAOB-M3TOTOBUTENEH GBLIN ONpPENEIeHbI JIOKAIbHbIE KPUTE-
puu GyHKUHOHUPOBaHUsT Heo6xoauMoro o6opynoBaHus. McxomHbie
IaHHbIe MPEACTABJIEHbI B CleAyouleil Tabauie:

JlokansHble Kputepuy 3¢ beKTUBHOCTH 060pyn0BaHHA*
BapuaHThbI
06OpyIOBaHMS TIPOU3BOIH - CTOMMOCTb 06beM HAZIEXHOCTD,
TEJILHOCTb, |0GOpyHOBaHMS, MaMsITH,
n. e. I. e. y. €. y. e
I 100 5 5 8
II 150 6 8 5
I 120 4 6,5 6
v 200 7 6 4
Koapduun- :
€HTHI Beca 0,25 0,20 0,32 0,23
* 3HayeHHUA JIOKAIbHBIX KPUTEPUEB AaHBI B YCJIOBHBIX €IMHHULIAX.

9.3. IIig LIeCTH NMPOEKTOB TPAHCIIOPTHRIX YCTPOMCTB OMNpEAEIEHBI
OTHOCHTEJIbHBIE €IMHUYHBIE [TOKa3aTeM TEXHHMYECKOTO COBEPILEHCTBA
KOHCTPYKUMH. UKMCNeHHBIE 3HAYeHHUs eQMHUYHEIX [T0OKa3aTeseil ¥ CooT-

BETCTBYIOLIME BeCOBble KO3 dULMEHTH MPUBEIEHHI B CIemylomeil Tab-
JIULE:

BapuaHTs! OTHOCHTE/IbHBIE €AMHUYHBIE NIOKA3aTeNH
TPAHCMOPT- | ¢yopoc- | mpouHo- | mepe- | ycToitum- | MeTamto- | MowuHo-
HBIX TH, CTH, TPy3Kd, | BOCTH, [EMKOCTH,| CTH,
YCTPOMCTB K K K K, Ks Kq
I 1,0 0,798 0,92 1,0 1,0 0,77
II 1,0 1,0 0,65 0,92 0,94 0,92
III 1,0 0,93 0,924 1,0 0,98 0,95
v 0,87 0,96 0,91 0,915 0,99 0,85
v 0,85 0,97 1,0 0,90 0,7 0,82
VI 0,88 0,78 0,75 0,967 0,8 1,0
Koadbduuu-
€HTBI BEca 0,210 0,195 0,174 0,157 0,124 0,140

IIposedume paHXUPOBKY MPOEKTOB TEXHUYECKUX CHUCTEM MO KOM-
TUTEKCHOMY KPHTEDHIO.

9.4. AGCOTIOTHEIE ITOKA3aTeNIM KayecTBa JBUraTe/Ieil pasIMyHbIX Ba-
PHaHTOB NPUBEACHDI B ClleAyIoLIeH Tabauie:
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IToka3arenu KauecTpa

BapuaHThbI

JIBUrartenei MOILHOCTb, KpYTSILIMI Macca,

J. C. MOMEHT, KIC - M Kr

1 180 67 850

2 176 70 1000

3 176 68 860

4 181 67 820

S 177 68 860

6 180 66 800

7 175 69 900

8 176 67 850

9 180 68,2 880

10 179 38,5 870
KoadduumeHTs! Beca 0,4 0,24 0,36

Haiidume onTUMaJBHBIA BapMaHT JABUTATEIS.

9.5. Iokazatenu 3¢dPeKTUBHOCTH paGOTHl NPEANIPUSTHH NpUBEae-
HHI B cJienylollen Tabnuue:

INTokasatenu 3¢ deKTMBHOCTH paboThl NpeanpUATHA
Ne cebecTou-
Tpen- MOCTb donmo- | MPOM3BO-
npuaTHss | NMPUOLLI, R JOXOJBI, oTxava, JUTEJb-
I. . I. e. HOCTb,
NPOLYKLHUH, y. €.
I. e. Y. e
I 30,0 40,0 20,0 0,2 300
11 25,0 20,0 30,0 0,3 200
111 40,0 45,0 54,0 0,1 250
v 28,0 30,0 35,0 0,4 160
\% 15,0 12,0 20,0 0,25 280
A% 50,0 30,0 40,0 0,21 120
BecoBbie
K03 du-
LIMEHTBI 0,32 0,23 0,15 0,20 0,10

Beibepume Hanbonee 3phekTUBHO paboTaloluee MpealpusiTUe.
9.6. PaccMOTpUM ClieyloUlyIo IUIaTeXHYI0O MaTpully (MaTpuly Io-

XOZOB):
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SS08S S S S S

R | 15 12 1 -3 18 20
R, | 2 15 9 7 1 3
Ry | © 6 15 21 -2 5
R, | 8 20 12 3 0 4

BeposiTHOCTH COCTOSIHMI IPUPOABI {S} HeusBecTHbI. Omnpenenute
ONTHMAJIBHYIO CTPaTeTHIO R;, UCNOb3ys Kpmepvm Jlannaca u Makcu-
MuHa. CpasHume NOJYYEHHBIE PELICHUS.

9.7. Cpagrume peuieHus B 3amaye 9.6 Mpu UCHOJIB30BAHUM KPHUTE-
pueB Casumxa u [ypBuua (nosoxute o = 0,4).

9.8. OIMH U3 NATH CTAHKOB JOJKEH OBITh BBIOpAH M1 U3rOTOBJIE-
HUs MapTUU U3AEJINH, pa3Mep KOTopoil Q MOXET MPUHMMATh TPU 3Ha-
geHus: 150; 200; 350. IpoussoacTBeHHble 3aTparsl C; IS { CTaHKa 3a-
JalTcs creayiouein opmynoi

Ci = Pi + C. Q.
Hannele P; ¥ ¢; MpUBEAEHBI HUXE B TaOIULE:
Monenb cTaHkKa
IToka3zarenu ) 5 3 4 5
P; 30 80 50 160 100
¢ 14 6 10 5 4

Pewrvre 3amavy M KaXAOro M3 ClelylolMx Kpurtepues Jlaraca,
Banbna, Casumxa u Iypeuna (nonoxure o = 0,6). [TonydeHHbIE pelie-
HHUSI CpaBHHTE.

9.9. Ilpu BeIGOpe cTpaternu R; (j = 1 1,3) KaXmoMy BO3MOXHOMY CO-
CTOSHHIO NPHPOABL S{i = 1,4) COOTBCTCTB)’CT OIMH pe3yNbTaT (HCXOX)

Vil =1, 1,3; i = 1,4). DneMeHTHI Vii» SIBNSIIOLMECS MEPOH TOTEPh MPH
MPUHATUM PELIEHUS, TIPUBEACHBI HUXE B Tabnuue (I. e.):

Crpaternu CocTosiHMe NMPUPOIBI
’ S S, S; Sy
R, 2 6 D) 8
R, 3 9 1 4
Ry 5 1 6 2
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Boibepume onTUMalIbHOE pelLIEHUE B COOTBETCTBUM C KPUTEPUSIMH
Jlannaca, Banbna, Casumxka u Iypsuua (npu o = 0,5).

9.10. HameuaeTcst KpynmHOMaciutaGHOe MPOU3BOACTBO JIETKOBBIX aB-
Tomobunei. MIMEIOTCS 4eThipe BapvaHTa IIPOEKTa aBTOMOGHIIS
Ry(j = 1,4). Onpenenena sxoHOMHIecKasi IPPEKTUBHOCTD Vj; Kaxa0ro
NPOEKTa B 3aBUCUMOCTH OT peHTabebHOCTH Mpou3soacTsa. I1o ncreye-
HUU Tpex CpoKoB S;(i = 1,3) paccMaTpuBalOTCsl KaK HEKOTOPBIE COCTO-
SIHUSL cpensl (MpUpoabl). 3HaYeHUs] SIKOHOMHUYECKON 3((heKTHBHOCTH
JUISl pa3JIMYHBIX MMPOEKTOB U COCTOSIHUI NMPHUPOABI MPUBEIEHBI B CIEHY-
olei Tabnuue (I. e.):

CocTosiHME NPUPOLIBI
IIpoexTsl
S, . S, S;
R, 20 25 15
R, 25 24 10
R, 15 28 12
R, 9 30 20

Tpebyemcs BHIOpATh JIy4UIMI NMPOEKT JIETKOBOTO aBTOMOOWISA IS
MPOU3BOACTBA, UCIONb3yd Kputepuu Jlariaca, Bansaa, Casumka u Iyp-
puua npu o = 0,1. CpaBHMTE peuieHUs] U CAEAlTE BHIBOMKI.

9.11. Onpedeaume THIN 3JIEKTPOCTAHIIMHM, KOTOPYIO HEOOXOOUMO IT0-
CTPOMTS [Is1 YIOBJIETBOPEHUS SHEPTETUYECKUX IOTPEOHOCTEN! KOMIUIEK-
ca KDYIHBIX MPOMBIIUIEHHBIX NMPeInpUsITHIl. MHOXECTBO BO3MOXHBIX
CTpaTerdit B 3ajaye BKJIIOYAET CJIELYIOLIME MapaMeTphl:

R — coopyxaeTcsl rTHAPOCTaHLINS;

R, — coopyxaeTcst TEILTOCTaHLUS;

R; — coopyxaercsi aTOMHasi CTaHLMA.

DKoHOMHUYecKast 3¢(PEeKTHBHOCTh COOPYKEHHUS 3JIEKTPOCTAHLIMY 3a-
BMCHUT OT BJIMSIHUSA CITy4ailHBIX (haKTOpOB, 06pa3yIOLIMX MHOXECTBO CO-
crossHuit npuponsl Si(i = 1, 95).

PesynrraThl pacyeTa 3KOHOMHYeCKON 3¢ (HEKTUBHOCTU NpPUBEIEHBI
B cJienywouleil Tabnuue:

Tun CoCTosIHHE TTPUPOLDI
CTaHIMH S S s, S, S5
R, 40 70 30 25 45
R, 60 50 45 20 30
Ry 50 30 40 35 60
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9.12. dupma paccMaTpHBaET BOIIPOC O CTPOUTEJILCTBE CTAHLIUU TEX-
Huyeckoro obcayxuaHus (CTO) aBromo6Guneit. CocraBiieHa cMeTa
pacxolloB Ha CTPOUTEIBCTBO CTAHUMM C Pa3IMYHBIM KOJHYECTBOM 00-
CIIYXXMBaeMbIX aBTOMOOMJIEH, a TaKKE PacCCUMTAH OXHIaeMbIi J0XOI B
3aBUCUMOCTH OT Y OBJIETBODEHHUS ITPOTHO3UPYEMOTO CIIpOca Ha npeia-
raembie ycayru CTO (nporHo3upyeMoe KOJM4eCTBO OOCIYXEHHBIX aB-
TOMOOMJIEH B IEHCTBUTEIBHOCTH). B 3aBUCMMOCTH OT IPUHSATOrO pellie-
HMSI — MPOEKTHOTO KOJUYECTBA OOCITYXKMBaeMbIX aBTOMOOUJIEN B CYTKH
(npoext CTO) R; ¥ BeJMYMHBI NPOTHO3UPYEMOTrO CIPOCA Ha YCIYIU
CTO — l'lOCTpOCHa HUXecseayloias Tabinia exXeroqHelx ¢HUHAHCOBBIX
pe3yasTaToB (Ioxomd, H. €.):

Tpoexsi TIporHo3upyeMasi BeIMYMHA YIOBJIETBOPIEMOCTH CNpoOca
CTO 0 10 20 30 40 50
20 -120 60 240 250 250 250

30 —-160 15 190 380 390 390

40 -210 -30 150 330 500 500

50 -270 —80 100 280 470 680

Onpedeaume Hawnydunit mpoext CTO ¢ UCMoNIb30BaHMEM KPUTEPH-
eB Jlamiaca, Banbaa, Caumxa n Iypsuua (npu o = 0,5).

9.13. Haitnurte cemioBylo TOYKY W 3HAYEHHE WTPBI VI KaXAOi W3
IBYX ciaeayromwux urp. IlnaTexXHble MaTpULIBI UMEIOT BUI:

8 6 2 8 4. =5 “7‘ 61
A=[a;|=|8 9 4 5| B=|p,]=|". 2 <}
10 -3 -5
75735
7 2 -10 6

9.14. Onpedenume obnacT 3Ha4eHUH X, ISl KOTOPBIX CTPATerHu A,
¥ B, 6yayT ONTUMaJIbHBIMU B CJIEIYIOLIUX HUIPax:

1 4 6 2 45
A=|5 x 9 B=|10 x 6|
7 3 4 4 8 3

9.15. Onpedeaume, GynyT U 3HAYEHUS CJIEOYIOLIMX UTp OOJbIIIE,
MEHBbIIIE WIK PaBHbI HYIIIO;

344



-3

-2

B 3amayax 9.16 — 9.30 peuiure urpy c niaateXxHoi MaTpuleEH.

9.17.

9.16.

© O oo
wvi N -

<t ©~ AN

=

9.19.

v oon O

9.18.

9.21.

9.20.

1
10
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9.24.

9.26.

9.28.

9.30.

2 -1 3
1 2 -2}
0 3 5
26 45
536 2/
7213
21 3 0
2 4 -1 5|
57 -4 3
3421
520 3
03 5 4
masa 10

9.25.

9.27.

9.29.

1 -1 3
A=|5 2 -4
3 4 0
2 4 5
A=[1 -1 3 2
5 2 -4 0
2 3 -1 4
A=|3 2 4 1
4 -1 0 -2

HenuHeHoe nporpammmupoBaHue

10.1. NleoMmeTpuuyeckas nHTepnperTauus
3a/1a4 HEeIMHEeWHOro NpPorpaMMmMpoBaHNS

Ecnu neneBass GyHKUMS WIM CUCTEMA OTpaHMYEHUI (MM U Ta U
Jpyras) COOEPXHT BLIpAXEHMSI, HE JIMHEHHBIE OTHOCUTEIBHO UCKOMBIX
BEJIMYUH, TO MMEEM 3aJ1avyy HEJIMHEWHOTO NMPOrpaMMHpPOBaHUSL.

O6uwas GopMyITHMpPOBKa 3ala4Yd UMEET BUI:

Zmax,min = F(xl, XZ, vee

MPU OTPaHUYECHUSX
[ix15 X9, s %) 20, X2 0,i=1,mj=1,n.

346

) Xp) (10.1)



Ecnu Bce HepaBeHCTBa Npeobpa3oBaTh B YPaBHEHUS, TO MOJYYUM
KJIACCHYECKYIO 3afayy Ha YCIOBHBIH 3KCTPEMYM, KOTOpasi MOXET ObITh
pelieHa MeTonoM MHoxuTeneit Jlarpanxa. IIpakruyecku cucreMsl No-
JIy4aloTCsl TPYIHO pa3peliMMbIMU, TO3TOMY OrpaHUYEHHUS NPEeoOpas3yIoT
B HEPaBEHCTBa, M 3aJlauyy pPElIalOT METOJaMU MaTeMaTHYeCKOro Ipo-
rpaMMupoBaHusi. CylIeCTBYIOLIME METOABI MO3BOJSIOT pellaTh y3KUi
KJ1acc 3a1ay.

C noMoupio 60JbUIMHCTBA BEIYUCITUTEIBHBIX METOLOB MOXHO Haif-
TH TOYKY JIOK&JIBHOTO ONTHMYMa, HO HEJb3S1 YCTAHOBUTD, SIBISETCS JIU
OHa TOYKO# INoGaTbHOro (aGCOIOTHOrO) ONTUMYyMa MJIM HET.

Ecnu B 3amayax JMHEHOTO MPOrpaMMHUpPOBaHUS TOYKA IKCTpEMyMa
SIBJISIETCS BEPLUMHOI MHOTOTpaHHHMKA, TO B 3aayaX HEJIMHEHHOTO Mpo-
IrpaMMHUPOBAHMsI OHA MOXET JieXaTh B BEpLIMHE MHOTOTpaHHHUKa, Ha
pelpe (rpaHu) wid BHYTpH obyiactd. Eciiu 3amaya cOnepXUT HeJUHe-
HbI€ OFPAaHUYEHUS, TO 06JIaCTh JOMYCTUMBIX PELUEHUH HE ABJSIETCS BbI-
NyKJIOH U KpOME II06aibHOro ONTHMyMa MOTYT CYLIECTBOBaTh TOYKH
JIOKaJILHOTO ONTHUMYMa.

PaccMOTpUM HECKOJIBKO NMPUMEPOB pelIeHUs 3a1ay rpapuyecKum
METOIOM.

Ipumep 10.1.
Zaxmin = 206 = 5)* + (¢ = 7)?
x+ 2y <12
x+y<9;
x20;y20.
Pewenue

IToctpouM obnactb JonycTuMbIx pewieHuit (puc. 10.1):

C >
> x
0 AN, 12~
Puc. 10.1. O6aacTb JOMYCTUMbIX PELUEHUMN
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Ha stoMm Xxe rpacduke NMOCTPOMM OOHY U3 CeMelCTBa LIEJIEBBIX
¢yHkumit, mng 3Toro npeobpasyeM Z B KaHOHHYECKYI0 (dopMmy

Y] _7m2
(xZ /5; +(y Z7) =1. TonyyuM ypaBHEHHE IJUIUINCA C IOJYOCAMHU

a=JZ/2; b=\/2, IMonaras Z = 16, umeeM b = 4; a = 2,8. CornacHo
4YepTexy MaKCHMallbHoe 3HaueHMe Z pocruraercs B Touke (0;0) Z.., =
=2 .25+ 49 = 99; Z;, AocTUraercs B Touke D, B KOTOpPOii 3JUIMIC
kacaercsi ob6nacty OABC. [Ins HaxOoXIEHHMS KOOpPAMHAT TOYKU D
NMpUpaBHsSIEM YIJIOBble KO3(DHULUMEHTH mnepBoit NMpsAMoOil M 1esieBoit

dynkumm: y = — 1/2x — 6; 0 = 4(x — 5) + 2(y — 7)y'; ! =-@;
_1/2=_2(x _75); ynpouiasi, nmoayyuM: 4(x — 5) =y - 7.
y —
Pemast coBMecTHO CUCTEMY
[(4(x=5)=y-7
x+2y=12,

HaxOOIUM KOOPAOAHWHAThl TOYKH
D (38/9; 35/9).
Zinin = 2(38/9 — 5)* + (35/9 - 7)? = 11.

Ipumep 10.2. , ,
Zmax, min = X1~ t X
Xy + X, < 4;
X +x,25; x; 2 0;
x <7,
X, 2 6; x; 2 0.
Pewenue

B atoM ciyyae o6iacTh AOMYCTUMBIX PELIEHUI HE SIBJISIETCS BBINYK-
JIOA U COCTOMT M3 ABYX OTHE/IBbHBIX yacTeit (puc. 10.2).

MunumasibHOe 3HaueHue GyHkuuu Z = 11 mocTuraercs B ToYKax A
(1;49) u L (4; 1). DyHkuusa Z uMeeT Ba JIOKAJTbHBIX MAKCHMyMa: B TOY-

xax D (2/3; 6); Z = 328/9 u B Touxe M (7; 4/7); z =227 Touxa M
ABJIAETCS TOYKOMN rﬂOGaJIBHOFO MaKCHMyMa. 49
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Puc. 10.2. O6nactb DOMYyCTUMBIX DEILEHUM

10.2. MeTon mHOXuUTenei JlarpaHxa

IlycTh 3anaHa 3alaya MaTeMaTHYECKOrO IPOrpaMMMpPOBaHHUs: MaK-
CHMHU3UPOBaTh QYHKIHIO

Z=f(x], X35 voes X)) =0 (10.2)
TIpY OrPaHUYEHUSIX
&= (x5, %3 ..., x,) =0;i=1, m. (10.3)

OrpaHuyeHHUs B 3a1aye 3aJaHbl YpaBHEHUSIMH, TTIO3TOMY IS €€ pe-
IIEHUSI MOXHO BOCHOJIb30BaThCSl KIaCCHYECKUM METOLOM OTBICKaHMSI
YCJIOBHOTO 3KCTpeMyMa GYHKIMII HECKOJIbKUX NepeMeHHBbIX. IIpu aToM
nojiaraeM, yro @yHkuum (10.2) u (10.3.) HenmpepbIBHB BMECTE CO CBO-
HMMH TepBBIMH YaCTHBIMU TPOM3BOJHBIMH.

s pelieHUs 3ana4d cocTaBUM (QYHKIIHIO

F (X1, X35 ooy Xpy Apy ooy Apy) =
: b o (10.4)
= f(X]5 X35 ooy Xp) + Z NG (X1, X5 eey Xp).

oF JoF

Oﬂpe}le)'lldM YaCTHbIC MPOU3BOAHBIC —— U —— U NIPUPABHSIEM HUX
0x j oA i

HYJIIO. B pe3yapraTe NOIy4YuM CHUCTEMY ypaBHeHuﬁ

349



aF —_
Z)» j=Ln;

ax ax (10.5)

oF o

a)\'l —g,(XI,xz, xn)=0; l=1,m.

Oynkuus (10.4) HasbiBaeTcs gynkyueti Jlaepanxca, a YUCIA — MHOXCU-
mensamu Jlacpauxca. Ecnu dynkuus (10.2) B Touke O = (x,o, x2°, vy x,?)

HMEET SKCTPEMYM, TO CYLLIECTBYeT 'raKon Bextop AV = ()»1 , Az 5 ees A,,?),
YTO TOYKA (X] ) X3 5ees Xp s Al , AZ - )»,,,0) ABJISIETCA pelleHUEM CHUC-
TeMb! (10.5). CnenoBarenbHO, peluas CP[CTCMy (10.5), mosyyuM MHOXe-
CTBO TOYEK, B KOTOPbIX (DYHKUHUSA Z MUMEET IKCTPEMaIbHbIE 3HAYEHHS.
IIpu 3TOM HEM3BECTEH CNOCOO OMNpeAcJeHHUs TOUYEK IJIOOAUIBHOrO MUHHU-
MyMa Wid Makcumyma. OHAKO, €CJIM pElleHUs] CUCTEMBI HAlIEHBI, TO
I onpelesieHUs] II60aJIbHOro MakCuMyMmMa (MUHHUMYMa) JOCTaTOYHO
HaWTH 3HaYeHHs] GYHKUUU Z B COOTBETCTBYIOUIMX TOYKax. Meron MHoO-
xuTteneit JlarpaHxa uMeeT orpaHUYeHHOE MPUMEHEHHE, TaK KaK CHCTe-
ma (10.5), xaKk npaBWIO, UMEET HECKOJBKO pelieHuil. PaccMoTpum
NpUMeEp NPUMEHEHHUSI MeTola MHOXHUTeei JlarpaHxa.
IIpumep 10.3. HaiiTH TOUKY YCJIOBHOrO 3KCTpeMyMma hyHKUHUHU

Z = x1x3 + X X3
HpY OrpaHUYECHHAX

Xt xy=2;
X2+X3=2.

Pewenue
CocrtaBuM ¢yHKUHUIO JlarpaHxa
F = (x;, x5, X3, Ay, Ap) =
=xx + x5 + A(x] + x5 — 2) + Ay(xp + x3 = 2)

1 npoauddepeHUHpPYEM €€ MO BCEM NMEPEMEHHBIM: X}, X, X3, Ay, Aj.
IIpupaBHUBasi NPOU3BOAHBIE K HYJ/IIO, NMOJIYYUM CUCTEMY ypaBHEHMUit

Xy +}\,1 =0;
x+ x3 +Ap +A, =0;
Xy +A2 =O;
X+ X -2 =0
Xy + X3 -2 =0
W3 nepBoro u TpeThero ypaBHEHHs CJIELYET, YTO A; = Ay = —x,,

Torga
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xl - 2xz + XJ = 0,
x +tx,=2;
Xy + X3 = 2.

Peutasi cUCTEMY, MONYYHM X| = X; = X3 = 1;

Z=2,

10.3. papgueHTHLIVi MeToA,
Bo3ssMeM [Uis NIPOCTOTHI LEIEBYIO (PYHKLMIO C ABYMS HE3ABMCHMBI-
MU MepeMEeHHbIMH:
Z = F (x1, xp). (10.6)
M306pa3um JUHUHK YpOBHS 3TON PyHKUMH HaA pHuc. 10.3.

X2
' 3

Q
- :

0 4 v X

Puc. 10.3. JIuuuu ypoBHsSt GyHKUMK Z

BpiGepeM HEKOTOPYIO TOYKY A U BBIYUCIUM ISl Hee 3HaYeHMe Z.
Ecnu caABUHYTBLCS M3 TOYKH A Ha OOHO M TO X€ PAacCTOSHHE B Pa3HbIX
HarnpaBleHHUsIX, TO GyHKIMOHAN Z UBMEHUTCS Ha Pa3HYIO BEJIHYMHY.

Y1068 OBICTPEE JOCTHYD IKCTPEMYMA, HaO ABUI'ATbCS B HaNpabie-
HUM HauboJIbLIero U3MeHEeHUs Z.

Haitnem yactHble npou3BoaHble GYHKUUH Z ¥ BBIYUCIIUM HX 3Ha-
yeHUs1 B Touke A. ITonyuum

az) (az
o) \oxy )
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Ilpumem HaliieHHbIE YUCIA 32 KOOPAUHATH HEKOTOPOTO BEKTOpa U
MOCTPOUM 3TOT BekTop Ha puc. 10.3. Oka3biBaeTcs, YTO €CJIHU U3 TOYKH
A nepeMeLIaTeCs BOOJIb NMPSIMO#, MapajUieIbHON YKa3aHHOMY BEKTODY,
To DyHKUMS Z OyneT U3MEHSTHCA OBICTpEe BCEro: B HalpaBJIEHWU BEK-
TOpa YBEJIMYUBATLCSI, B OOpAaTHOM — YMEHbILATHCS.

BekTop, KOOpIMHAaTAMU KOTOPOTO CJIyXKaT 3HAYEHHUS YACTHBIX MPO-
U3BOAHBIX QyHKUUU Z = F (x|, X,), Ha3bIBACTCS 2padueHmom 3moii QyHK -
yuu v 0603HavYaeTCs

Z dZ

gra adZ 5 axlA asz

o

B xaxmoit Touke rpagueHT Oymer cBoil. OH MOKa3bIBaeT HaIpasjie-
HHe HauOoJIblliero Bo3pacTaHus (yHKUMH B JAaHHON TOYKE, KOTOPOE
Bceraa NeprneHAUKYISPHO NMPOXOMsLIeit yepe3 Hee IMHUM YPOBHSI.

Ha 3ToM CBOICTBE M OCHOBAH I'PalUEHTHBI METOI pElICHUS 3a1ay
HEJIMHEHOro rporpaMMHUpoBaHus. BeiOpaB B 06J1aCTH JOMYCTUMBIX pe-
LIEHUI TMepBOHAYAJILHYIO TOYKY A U YOEOUBILKCH, YTO OHA HE SIBJISIETCS
ONTUMAJIPHOM, JajibHeHIee ABUXEHHUE OCYLIECTBIISIEM LieJIeHAINIpaBJIeH-
HO. JUIs 3TOrO BBIYMCIISIEM B BBIGPAHHOI TOYKE KOOPAMHATHI TPaIUEH-

Ta UeseBoi QyHKUUHU
(2z) (2z.
axl A’ 8x2 A

CocTraBiisieM NapaMeTpHYECKHe YPaBHEHHUS NPSIMOM, IPOXOdALIei
Yepe3 TOUKY A NMapajUleJIbHO rPaJueHTy:

0 =xD [ Z]
1= axl A

- (32 ) " (10.7)
vaA . .

B cnyvyae HaxOXIEHHUs MaKCUMyMa IepeMellaeMcs IO NMpsSMOil B
HanpasJIeHUH rpagueHTa (¢ > 0), st MUHUMHU3aUUU GYHKIMU ABHXEM-
csl B TMIPOTUBOIOJIOXKHOM HamnpasiaeHuHu (f < 0).

TIpu 3TOM BO3MOXHBI Ba CIoco6a rnepeMeIieHus.
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1. I3 HayajibHOM TOYKHM ABHXXEMCSI B HalpaBJIEeHUU IpanveHTa Jd0
TeX MOop, MoKa LejeBas GyHKUMS MEepeCcTaHeT BO3pacTaTh. DTO ABUXKE-
HHE OCYLLUECTBJIIETCS MOCTENMEHHBIM YBEJMUYEHHEM TapaMeTpa f, Npu-
yeM, I KaXIOoro 3Ha4eHUs HaXOAMTCS BeJWYMHa ¢yHKUHMOHaNa, a
TaKXe MpOBEPSIETCS AOMYCTUMOCTDb MOJYYEHHOro peuieHusi. JJoCTUTHYB
HauWBbICIIEH B TaHHOM HaIpaBJIEeHUM TOYKU (TO4Ka B Ha puc. 10.3),
CHOBa OMpeaesisieM rPaJueHT U N0 HOBOMY HalpaBJIeHUIO NlepeMellaeM-
Csl HA MaKCMMaJIbHO BO3MOXHYIO BEJIMYUHY U T. A.

Takoii MoOpsANOK pacyeTOB COOTBETCTBYET HAUCKOPEHIIEMY MOIBEMY
W IpUMEHSIETCS TOraa, Koraa 3HaueHue GyHKIMOHaIa BBIYUCIUTD MPO-
LIe, YEM €ro rpaJueHT.

B 3amayax Ha MUHUMYM JBMXXE€HHE MPOMCXOAUT B CTOPOHY yObIBa-
HMST QYHKLMH, U TaKOW METON HOCUT Ha3BaHUE Hauckopeiiuiezo cnycka.

2. VI3 HayajpHOM TOYKM NO JIMHUM, MapajuleJIbHOM TpaiMeHTy, me-
peMeliaeMcsl Ha HEKOTOPbI MHTEpBal A, XapakTepu3yeMblit 3HaUeHHEM
napaMetpa /. Bo BTopoii Touke omnpeesseM CBOM IPaIveHT U TI0 HOBO-
My HalpaB/IEHHIO CHOBa NepeMelliaeMcst Ha BeTuuuHy 4. [oayyaem Tpe-
ThIO TOYKY U T. I. Tak HEOOJIbLIMMH MEPEXOAaMHU, KOPPEKTUPYS BCSIKUIA
pa3 HamnpaB/JIeHWE IBUXEHHS], JOCTUTaeM TOYKHU, COOTBETCTBYIOLIEH OI1-
THUMaJIbHOMY 3HayeHUI0 (yHKLUMOHana (MaKCUMyM, MUHUMYM). Ilpu-
3HAKOM JOCTHXEHHUSI ONTUMYMa SIBJISIETCSI MOJYYEeHUE HYJIEBBIX COCTaB-
JISSIOLUX TpaueHTa.

ITpu nepeMellleHHHU IO HANPABJIEHUIO T'PAIMEHTa MOXET OKa3aThbCsl,
YTO HaiileHHasl TOYKa JIEXHUT BHE 00JacTH (T. €. Ha JaHHOM Luare repe-
ceyeHa rpaHuua obsactu). B 3ToM ciyyae 3KCTpeMyM, KakK NpaBHIIO,
JIOCTUTAETCS Ha TpaHuULie, U €r0 HaXOXAEHUE YCIOXHSETCS.

BosBpar B 06J1aCTb MPOCTHIM YMEHBIIEHUEM MOCJEAHErO Liara He-
3¢ deKTHBeH, MOCKOJABKY HET YBEPEHHOCTH, YTO 3KCTPEMaJIbHAs TOYKa
HaXOAMTCSl B MEPECEYEHUU C TpaHULEl UMEHHO 3TOTO HalpaBJIEHHUS.
Heo6xonuM BO3BpaT ¢ OAHOBPEMEHHBIM CMELIEHUEM B CTOPOHY OMNTH-
MyMa.

PaccMotpuM puc. 10.4, roe o61acTs JONYCTUMBIX PeLIeHHI MoKa3a-
Ha XUPHBIMU JIMHUSIMM, @ JIMHUS YPOBHS (PYHKLMOHAJIA — TOHKHMH.

W3 Touku A nepeMeliaeMcst o HOPMaIM K JJMHUU YPOBHS U ToOrMa-
JlaeM 3a rpaHully o0siacTi B TOYKY B. Tak Kak ONTUMYM JOCTUTraeTcs B
Touke M, BO3BpaT B 00J1acTh N0 JUHUU BA Gecrosne3eH.

PaccMoTpuM nmoapoGHO ydyacTOK HApyLIEHHON IpaHMIbI, IIPeICTaB-
JIeHHbIH Ha puc. 10.5.

HanpapneHue NMepBOHAYAJIBHOIO IBUXEHUSI AB NnepneHauKyIsipHO
KacaTeJbHOI B Touke A. IIpu Bo3BpallleHUM U3 TOYKHU B B 3a1aHHYIO 00-
JlacTh OyzeM nepeMeLllaTbes o npsiMoit BQ, KoTopasi nepneHIuKyJspHa
K KacaTeJbHOM, MpoBeaeHHO# Yyepe3 Touky Q. MHbiMU cinoBamu, BC
JOJLKHO OBITh HOpPMAIBIO K rpaHule y; HoBoe HanpasneHue BC orkio-
HUTCA OT MpeXHEro AB Ha yron o. OTKJIOHEHHE OYIAET B Ty CTOPOHY, IIe
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0 v X1

Puc. 10.4. O6nactb DOMYCTUMBIX PEILEHUN U JIMHUHN YPOBHS (DYHKLHMOHANA

B

Puc. 10.5. Yyacrok 065acTH JONYCTUMbIX DELUEHUH

HaXOAMUTCA TOYKA, COOTBETCTBYIOLIAs ONTHMAJbHOMY ITaHy. Tak Kak
ToykKa B HaxoouTcsi BOJMM3M IpaHHUIIbI, 32 HANpaBJiecHHWE BO3BpaTa B 00-
JIaCTh MOXHO TNPUHSITh HalpaBjieHUe IpaiueHTa GYHKLIHMH y; B TOUKE B.

Ilpung B Touky C, ABUXEMCS 10 HanpaBiieHUIo grad Z, nonanaemM B
Touky D u T. &. (puc. 10.4). IIpu3HaKkoM NosyyeHUs ONTUMYMa SIBISIET-
csl KOJUIMHeapHOCTb BekTopoB grad Z u grad y;. KonnvHeapHOCTbh Bek-
TOPOB IPOBEPSIETCS MPOMNOPLUHMOHATBHOCTbIO COOTBETCTBYIOIIMX KOOP-

JHUHaT.
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Ins ycKopeHHs1 CXOIMMOCTH Tipoliecca, IMocjie OOQHOro-ABYX 3MI3a-
rOB, HeNAlOT 1iar B HampaeieHUH AC, T. €. IIOYTH NapajiesibHO IpaHu-
1le, MpH 3TOM TapaMeTp ! 6epyT Gosabuie o6biyHOro. M3 HOBO# TOYKH
MPOJOJIKAETCS OMSATh 3Ur3aroo6pa3HOe ABUXKEHHUE K ONTHMYMY.

IMpumep 10.4. Haiitn MakcumyM byHKUUHU Z = xlz + 4x, npu yc-
JIOBUH

4x? + 9x° < 36; x;20;x,20.
Pewenue
YpaBHEeHHe TPaHUIbI MEPENUiIeM B IPYTOM BUIE

y =136 — 4x,2 — 9x,2 2 0.
Bo3bsMeM npou3BonbHYI0 TOYKy A (2; 1): Tak Kak y4 = 11 > 0, cne-
JOBaTeJIbHO, OHA NMPHHAUIEXHUT 00JIaCTU JOMYCTUMBIX pEILeHUM
Z,;=2+4.1=38.

YacTtHbie npou3BoaHbIe GYHKUMU Z UMEIOT BUA;

z_, oz
b aX2

axl
3x2 A

axl A
CnenosartensHo, grad Z, (4; 4) u B Touke A GyHKUMM Z HEe NOCTH-
raeT MakCMMyMa. 3aruiueM ypaBHeHHE TIpsIMO#, mpoxonsiiueii yepes
TOYKY A, NMapaUIEJIbHYIO TPaIUeHTY:
x =2+44;
Xy =1+4t.

:4;

B TOYKe A:

ITonarast ¢t = 0,05, moayyum

x1=2+4-0,05=2,2;
x;=1+4-0,05=1,2.

Touka B (2,2; 1,2) nexuT B 3alaHHOMH 00JIaCTH, TaK KakK
Yp=36-4-22"-9.122=3,68>0;
Zp=22*+4.1,2=9464.
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JLis nepexona B HOBYIO TOYKY HaXOAMM KOOPAWHATH FPafiueHTa IS

TOYKH B:
(QZ— =2,2=44; -a-g— =4,
axl B 8x2 B

CocrapisieM ypaBHEHHE JIMHUU TIEPEMELLIEHUS U3 TOYKH B:

X = 2,2 + 4,4’;
Xy = 1,2 + 41

Ipunasas mapaMeTpy ¢ NpexHee 3HAYEHHE, MOMyYaeM:

X1 = 2,42,
Xy = 1,40,

nonagaeM B Touky C (2,42; 1,40), Tak KaK
Ve=36—4-2422-9.1,40*=-504<0.

CnenoBarenbHo, Touka C JIEeXUT BHe 06GJacTH JOMYCTUMEBIX pelle-
Hu#t. HeoO6xonuMo BEpHYTbCS B 001aCTh U COBUHYTHCSI B CTOPOHY OIl-
TuMyMa. Haxonum rpanueHT rpaHUuYHON pyHKUMM B TOuKe C:

—=8x;; %=18x2;

(—a—y-] =-19,4; i"—) =-252;
91 o 9 )¢

grad yo(-19,4; —25,2).

JBuxeHue u3 Touku C GyaeM OCyIIECTBJIATh BOOJb JUHUHU
x; = 2,42 — 19,41
x; = 1,40 — 25,21,

YuutbiBass 6OJblIYIO a0CONIOTHYIO BEIMYHHY KOOPAWHAT IpaiueH-
Ta, YMEHBLIUM TapameTp 7, nonyctuM ¢ = 0,01.
- Ionyyum Touky D (2,23; 1,15).
ITpoBepsieM NMpPUHAIIEXKHOCTE TOYKH D 3agaHHON obnacTu:

yp=136-4-223-9.1,152=422>0.
VYcnoBue BHITIONHSIETCS, pellieHUE OOMYCTHMO:
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Zp=223*+4-1,15=09,57,

KOTOpOE, M0 CPaBHEHUIO C TOYKOI B, HECKOJBKO YMEHBIIMIOCH. B Haii-
JEHHBIX COCEAHHUX TOYKaX B u D 3HauyeHus1 Z GJIU3KH MexXay coboii, aTo
yKa3blBaeT Ha CMELIEHHUE ONTUMAJbHON TOYKHM BHOJb JUHHHU YPOBHS
uesneBoit ¢yHKUMH. IS YCKOpPEHUSI CXOOUMOCTH Npolecca caesiaeM
war B HanpasiaeHun BD. KoopauHataMH BEKTOpa, napaieiabHoro BD,
OyayT pa3HOCTH COOTBETCTBYIOLIMX KOOpAMHAT ToyeK B u D:

xl(BD) _ xl(D) _xl(B) =2,23-2,20=0,03;
ngD) _ ng) _ng) =1,15-1,20=-0,05.

YpaBHeHHUE NpPSIMOi, NPOXOAsLLIE yepe3 ToOuKy D B HanpaB/ieHUH
BD, umeer BUA:
x; = 2,23 + 0,03¢;
x, = 1,15 — 0,052

ITapameTp ¢ Hago OGpaTh OOJILIUMM, YTOOBl CABUT BAOJb T'PaHMIIBI
ObL1 cymecTBeHHBIM. Tonaras ¢ = 5, nonyuum touky E (2,38; 0,90)

yg=6,09>0; Zp=2738%+4.0,90 =9,2.

Touka E nexut B 3anaHHoit obnactu. U3 Touku E mepemecTumcs
napajuieJibHO rpagueHTy Z. [Iisi 3Toro HaxoauM

(B_Z) =4,76; (E.Z_J =4; gradZg(4,76; 4);
ox; E ox; E

x, = 2,38 + 4,761;
x; = 0,90 + 4r.

ITpu t = 0,05 nepexoauM B Touky F (2,62; 1,10). Touka F nexur 3a
rpaHulei 06J1acTH, TaK Kak

yp=36—4.262"-9.1,10=-231<0.

Bo3Bpar B IOMyCTUMYIO 06JacTh HEOGXOAMMO BECTH IO Harpasiie-

HHIO BEKTOpa
sz(i’i’-) =-21,0; (—a—y—J =-19,8;
ox; ) ox3 )
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Ipexne yeM nenarb MEepexold, BHIYHCIMM OTHOLUEHUS OXHOUMEH-
HbIX KoopauHat grad Zg v grad yg

476 _ -0,226; 4 =-0,202.

21,0 -19,8

OTHolLeHUs GMU3KM APYT K APYTY, T. €. BeKTophl grad Zg u grad yp
MPaKTUYECKHU KOJUIMHEAPHBI U IIPOTHBOIOJIOXHO HampaBieHbl. JBuxXe-

HUE 1o HUM OyZAeT NMPOMCXONUTh B3al-Briepel yepe3 rpaHuuy. [loatomy,
4YTOOBI MONMACTh B 00J1aCTh OJIMXe K rpaHulle, nomoxuM ¢ = 0,005 u me-
peigeM B Touky G (2,52; 1,00)

yg=136—-4-2522-9.1,00>=1,6>0.
CJIClIOBaTCJIBHO, TOYKa JIEXUT B 3alaHHOM 06JiacTH:
Zg=2,52%+4 1,00 = 10,35.

TMomyueHHsIit peaynsrar x; = 2,52; x, = 1,00; Z = 10,35 MOXHO c4u-
TaTh ONTHMAJIbHBIM: €0 MOXHO YTOYHMThb HaJIbHEUIIMMH LIaraMu 0
MOJIHOM KOJUIMHEAPHOCTH IPaIMEHTOB lIeJIEBOM U IPaHUYHOM (DPYHKIIHIA.
JABUXeHHE TOYKU BO BpPEMS NMOHMCKA MOXHO MNMpEACTaBUTh HAa PHC.

10.6.

=x1

Puc. 10.6. IIpuMep HaAXOXIECHUS ONTHMAJILHOIO pPELIEHUS
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10.4. MHorouenesbie 3a4a4M JIMHENHOro
nporpaMmmMupoBaHus

M3BecTHO, YTO 3KOHOMHYECKast 3¢ deKTUBHOCTh MPOU3BOACTBA KO-
JIMYECTBEHHO U3MEPSIETCA CUCTEMOIT 9KOHOMUYECKHX NoKa3aTeneii. Tak,
B NMPOMBILLUIEHHOM IPOU3BOACTBE BaXXHBIMHU IMOKa3aTeasiMU 3¢ dexTuB-
HOCTH SIBJISIOTCS: POCT MPOU3BOAUTEIbHOCTH TPyda, NMPUOBLIb, pEHTa-
6eJIbHOCTD M Ip. MaKcuMaibHOe 3HaYeHHe OHOTO U3 IMoKa3areseil elle
HE O3HAYaeT, YTO TO WM MHOE MNpeAnpusiTie paboTtaeT Jydiue. TonbKo
CHCTeMa INokKasareseil MoXeT XapaKTepu3oBaTh 3(PGEKTUBHOCTb BCETO
MPOU3BOJCTBA.

3agauM, peuiaeMble C yYeTOM MHOXECTBA IOKa3aTesIeit Wi KpUTe-
pHUEB, HOCAT Ha3BaHUE MHozoyeneéwx. TlNaHbl 3ana4y, MOJNydYeHHBIE IO
pa3HbIM KPUTEPUSIM, OYAYT OTIMYATBCS OLMUH OT ApPYroro. MoXHO s
KaXJ0TO IJ1aHa ONPEAETUTh BCE UHTEPECYIOLIME Hac MoKa3aTelu, 1 Io-
cJie UX CPaBHEHMS] OCTAHOBMTbCS Ha TOM, KOTODPBIi MO3BOJIET MOJY-
YUTh JOCTAaTOYHO BBICOKYIO 3(pGeKTMBHOCTb BCero npousBonacTsa. Eciu
Xe U3 MOJIydEHHBIX TUIAHOB HeJIb3Sl BBIOPATh IJIaH, KOTOPHIi obGecrneyu-
BaJ1 OBl HEOOXOAUMYIO 3(P(HEKTUBHOCTb, MOXHO BOCIOJIb30BATLCS CIle-
LHATBHEIM METOIOM, TaK Ha3bIBAEMBIM Memodom YCMynox.

PaccMOTpUM nepevuii npuem Ha KOHKPETHOI 3a1aye.

C noMol1ubio AByX ONepaluii MpOM3BOAUTCS ABa BUAA NMPOAYKLUMH —
A u B. Tlpu npou3BOACTBE NpoAyKTa A Ha KaXI0i onepauuy 3aTpayu-
BaeTcs 3 yaca, a NMpU NMPOU3BOJACTBE MPOAYKTa B COOTBETCTBEHHO 4 U 5
yacoB. O6lee HATMYME BPEMEHU JUIA TIEPBOi M BTOPOi onepauuy 18 u
21 yac. CTOMMOCTb €IHHULIBI IPOAYKUUH A — 3 py0., a NpoAyKUHUU B —
8 py0.

ITpoBecT aHaIu3 pabOThI MPEITIPUSITUSI C YYETOM PA3TUYHBIX LIeJIei:

a) MaKCUMYM TIpUOBLIN;

©) MaKCMMyM BBINYCKAa NMPOAYKLIMY;

B) Hawlyylllee UCIONb30BaHUE 060pYIOBaHUS.

0O603HauYUM 4EpPe3 X| 1 X, KONUYECTBO NPOAYKLUUH BUAOB A U B, BbI-
MYyLIEHHBIX NPEATIPUITHEM.

Hcnonb3ys BBEACHHBIE NIEPEMEHHbBIE, OTPAaHUUEHUSI MOXHO 3aIlucaTh

3x; + 4x; < 18;
3x; + 5x, £ 21;
x120; x20.
ITonyyeHHBIE OrpaHUYEHUSI MOXHO 3alucaTh B BUAE YpaBHEHM
3x, + 4x2 + X3 = 18,
3x1 + 5x2 + X4 = 21,
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TI€ X3 U X4 BBIPAXAIOT HEMCIIONB30BAHHOE BPEMsl Ha TMepBOit U BTO-
poii onepauusx.

LleneBble GYHKUMM COTJacHO TPEM C(HOPMYJIUPOBAHHBIM LESIM
MOXHO MpPEJICTaBUTh B BHIE:

a) Zpax = 3x; + 8x3 0 - x5 + 0 - xy;

6) Zpax =X+ x 10 - x3 + 0 - x4

B) Zin =0-x, +0:x, + x5 + x4

Pewenue 3anauym «a» npeacrtasiaeHo B Taba. 10.1.

Tab6auua 10.1
Pemenne 3a1a4u 1o a) KPHTEPHIO

0 3 8 0 0
X X3 X3 X4 z
0 P 18 3 4 1 0 26
0 X4 21 3 0 1 30
0 -3 | -8 0 0 -11
0 X3 6/5 | 3/5 0 1 | =45 | 2
x; | 215 | 3/5 ' 0 1/5 6
168/5 | 9/5 0 0 8/5 37

B MHIEKCHOI CTpOKe HET OTPULIATENbHBIX 3JIEMEHTOB, ClIeq0Ba-
TeJIbHO, TOJYy4YeHO peleHue (I1aH), COOTBETCTBYIOIEE MaKCUMAIbHOM

MpUOBLIN:
X = (0; 21/5; 6/5; 0); Zyax = 33,6.

Anaaus pewenus

1. ITponykuus Buna A He Npou3BonUTCs x; = 0, a MPOAYKUMS BUIa
B npoussoautca 21/6 enuHuL.

2. x3 = 6/5 yka3bIBaeT Ha TO, YTO MO TOMY IIaHY NPOU3BOACTBEH-
HOe 06OopyIOBaHME NPHU BHIMIOJHEHUM MEPBOM Omepaluy MpOCTauBaeT
6/5 u.

3. MakcuManbHas npuobUTL paBHa 33,6 pyo.

4. DneMeHT 9/5 B MHIEKCHOM CTPOKE yKa3blBaeT Ha TO, YTO AOIOJI-
HUTEJIbHOE MPOU3BOACTBO OAHOM €AWHMUUBI MPOAYKUUH A YMEHBIUAET
npubeLUIL Ha 9/5 pyo.

5. 3HayeHHe MHAeKca 3/5 yKa3biBaeT Ha TO, YTO JOINOHUTENbHBIN
yac paboThl 060PYNOBaHHUS MPH BHIOJHEHUW BTOPOM ONepaluy yBeau-
yuBaeT npubeuth Ha 8/5 py6. COOTBETCTBEHHO COKpAlUEHUE BpEMEHU
paboThl Ha OJWH Yac YMEeHbLUAeT NMpUOLUIL Ha 8/5 pyo.

Pewenue 3anaum «6» CUMILIEKC-METOAOM MpeACTaBieHo B Tabu. 10.2.
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Ta6nuuna 10.2
Pemenne 3anaun no G) KpUTepuio

0 1 1 0 0
X1 X3 X3 X4 z
x3 18 4 1 0 26

0 X4 21 3 5 0 1 30

0 -1 -1 0 0 -2
1 Xy 6 1 4/3 1/3 0 29/3
0 X4 3 3/05 1 -1 1 4

6 9/05 1/3 1/3 0 20/3
Anaaus pewenusn

1. MpousBonuTCA 1IECTh ENMHULL NPOAYKUMH A x| = 6, MPOAYKUHMA
BUIa B He mpousBoouTcs x; = 0.

2. x3 = 0 MPOM3BOACTBEHHBIE MOILIHOCTH TIPH BBITIOJIHEHHH TIEPBOMH
ornepauuH MCIONb3YIOTCSl MOJHOCTBIO. X4 = 3 — NMPOM3BOACTBEHHBIE
MOILIHOCTH IIpU BHIMOJIHEHUH BTOPOi OMepanud He MCIOJIb30BaHbI B
TeYeHUe 3 yacos.

3. 1/3 B cTonbuEe X, MOKa3bIBaeT, HACKOIBLKO COKPATHJICA 00BEM
MPOMYKUHH, €CJIM U3TOTOBUTh €NIMHULY NPOAYKLUHU BUIa B. 1/3 B cton6-
L€ X3 O3HAYyaeT, YTO YBEIMYEHUE BPEMEHU PabOTHI Ha NEPBOii onepauuu
(Ha 1 yac) MO3BOJIUT BBIMYCTUTh N00aBO4YHO 1/3 u3nmenus Buaa.

4. O61was npu6bLLIL paBHa 6 - 3 = 18 py6.

Pewenue 3a1a4y «B» CUMILUIEKC-METOAOM MpeacTaBaeHo B Tada. 10.3.

Anaaus peuenus

1. Hynp B cTONOLIe KOHCTAHT MOKAa3bIBa€T, YTO UMEIOLIMUECS MOLL-~
HOCTH HUCIIOJIb3YIOTCS MOJHOCTHIO. (BpeMst mpocTosi o6opynoBaHus
paBHo 0).

2. IIponykuuu Bua A Mpou3BOAATCA ABE €AUHULBI (X = 2), a npo-
OyKUMM BUAa B Tpu egMHHULBI (x; = 3).

3. [IpuOBLIL NP OCYILECTBJIEHUH MTPOrpaMMbl MAaKCUMAaJIbHOTO HC-
MOJIb30BaHUSI 000pyloBaHUA paBHa 3 - 2 + 3 - § = 30 py6.

Hns cpaBHEHMST MOJIyYEHHBIX pellleHUIl CBeleM pe3y/nbrTaThl B Tab-
auny (tabn. 10.4).

Ecnu oueHuBaTh paboTy MpPEANPUATHS IO TPEM MoKa3aTessM (Tabit.
10.4), TO BIOJIHE OYEBMAHO, YTO TPETHII BapUAHT HAWIYUILMIA.

PaccMOTpUM emopoii cnocob (MeTol YCTYTIOK), BHayaie chopMyu-
pyeM aJITOPUTM METOIA.
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Peuenne 3ana4yu no B) KpUTEPHIO

Ta6auua 10.3

0 0 0 -1 -1
Xy X3 X3 X4 z
-1 X3 18 3 4 1 0 26
-1 x4 21 0 1 30
-39 -6 -9 0 0 -54
-1 X3 6/5 3/5 0 1 —4/5 2
0 X, 21/5 3/5 0 1/5 6
—-6/5 -3/5 0 0 9/5 0
Xy 2 1 0 5/3 —4/3 10/3
0 X, 3 0 1 -1 1 4
0 0 0 1 1 2
x=(2;30;0),
Ziin =0
Ta6nauua 104
Pemenne 3a1a4u No TPeM KPHTEPHAM
Konw{e“crno O6uee Heucnonp3oBaHHas
Kpurepuii M3LENNHA, €L | v npye- IMpuGbLIL MOUIHOCTb
A B | CTBO, €L I II | Bcero
MakcumyM npu- 0 4,2 4,2 33,6 1,2 0 1,2
ObLIH
MakcumyM npo- 6 0 6 18,0 0 3 3
IyKLHH
MuHuMyM Bpe- 2 3 5 30,0 0 0 0
MEHHM MpOCTOs
o0opynoBaHuUs

1. PacnojioXuTh KpUTEPUU IO MX 3HAYMMOCTU (HanboJjiee BaXKHBIA
CYUTAETCS MEPBBIM).
2. PewuTs 3amaqy no nepBoMy Kputepuio, Z; = Z;* , T. €. OTBICKaTh
3KCTpeMalbHOE 3HaYeHUe Z* ueneBoit GyHKUUU Z).
3. CpenaTbh YCTYNKy MO NMEPBOMY KPHMTEPHIO, HHBIMU CJIOBaMH,

YMEHBIUUTDb BEJIMYUHY Z) H0 3HaueHusa Z; = K} Z1*; 0 < K| < 1.
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4. B 3amauy BBECTU JOMOJIHUTE/NBHOE OrpaHuYeHHe Z = K Z*.
5. Pewnth 3amayy 1o BTOPOMY KpuTepuio Z, = Z,*.
6. OGpaTuThbCs K MYHKTY 3, CAEAATh YCTYNKY UL BTOPOTO KPUTEPHUS
Zz = KzZz*; 0< Kz <1
7. Beectu B 3ajady JOMOJIHMTENBHOE OrpaHuyueHue Z; > K,Z,*.
8. Hosylo 3amayy, yXe ¢ OByMs NOMOJHUTENBHBIMU OrPaHHYEHMSI-
MH, PEIUUTh MO0 TPEThEMY KPUTEPHIO U T. I. ‘
9. Ilpouecc urepauuy 3aKaHYMBaeTCs, KOrIa pelieHue OyaeT nony-
YEHO 110 BCEM KPUTEPHSIM.
ITposeaeM reoMeTpUYECKYIO HHTEPNPETALMIO 3TOTO METOAA.
Pewnts 3amayy mo ABYM KDHMTEPHSM, CuMTas NepBhIi Hambosee
NpeANOYTUTENbHBIM. Ero OTK/IOHEHHE OT MaKCHMaJIbHOTO COCTaBJsIeT
He 6onee 10%.
Zimax = X1t 205 Zymin =X + Xp;
Xy + ZXZ 2 6,
x; <4,
Xy < 5,
x20;x,20.

Pewenue

Hcnons3yst nepBblii KpUTEPHit, HAXOAUM 00JIaCTh JOMYCTUMBIX pe-
weHuit ABC/]. MakcuMaJIbHOE 3HauY€HME LeneBON GYHKLMU JOCTUIaeT-
cs B Touke C (4,5), npencrasiaeHHoit Ha rpaduke (puc. 10.7).

Henaem ycrynky Ha 10% f; = 0,9 . 14 = 12,6; nony4yaem HOMONTHHU-
TEeJIbHOE OTpaHuyYeHue x; + 2x, > 12,6 (Ha puc. 10.7 — npsmas). C yue-
TOM JOTIOJIHUTEILHOrO OrpaHHUYEHHS 00J1aCThIO PEILIEHHUS SIBIISIETCS Tpe-
yronpHUK ECK. MuHMMaibHOE 3HaYeHHUe LeeBoi GYHKUMH Z, NOCTU-
raercsl B Touke E (2,6; 5).

X2
TB \E_|C i

K v
N,

TETTErrrrerert

LN

Puc. 10.7. Ipadpuyeckoe peuieHUe MHOTOKPUTEPUANIBHON 3amayu
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TakuM o6pa3oM, riaH B Touyke E (2,6; 5) 6yner HauGonee apdek-
TUBHBIM NIPU JAHHBIX YCJIOBHUSX

x = (2,6;5), Zimax = 12,6; Zoyin = 7.6-
3apaum

Ucnonb3ys rpaduyeckuit MeTon, HaiiTU Haubosblliee U HAUMEHb-
Liee 3HaYeHUs clenyrolux GyHKIMA:
10.1. Zy, = (x; — 6) + (x — 2)
X1 + 27(2 <8
I +x, <15
x+txy21
x120;x,20.

10.2. Z, = 2(x; — 7)* + 4(x, — 3)?
Xy + ZJQ >2
Xy + Xy <6
2x1 + Xy <11
x;20;x,20.

10.3. Z,,, = 2x; — 0,2x,2 + 3x, — 0,2x,?
2, +3x,< 13
le + Xy <10
x;20;x,20.

104. Z,,, = 3x; — 0,3x,2 + 6x; — 0,3x,°
9x, + 8x; < 72
X + 2x2 <10
Xy 2 0, Xy > 0.

Pewiuth rpagueHTHBIM METOIOM, HauMHas MpOLIECC ONTUMHU3ALIHU-
OHHOrO NMOMCKa C yKa3aHHOH TOYKM Xy U COMPOBOXKHAsl PELICHUE rpa-
¢uKoM:

x1+ 2_<_7

10.6. Zp, = 2x; — 0,1x;2 + 3x; — 0,1x,2
5x1 + 2)Q > 30
3x; +4x, <24
X20x20
X = (3; ).
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10.7. O6paborka neraneit A, B u C MOXeT NMpOU3BOAUTLECA HAa Tpex
crankax (I, II, III). B TaGauue ykasaHbl HOpMbI 3aTpaT BpEMEHH Ha 00-
paboTKy CTAHKOM COOTBETCTBYIOLLIEH IEeTaNM, LieHa OAHOM neTtanu (B pyo.),
CTOMMOCTD | yaca paGoThl CTaHKA M NpeAe]bHOE BpeMs paboOThl CTaHKa.

Hetann Hopma BpemeHU Crou- | Tpezens-
CraHkH A B C MOCTb | HOE BpeMs
1 0,2 0,1 0,05 30 40
1l 0,6 0,3 0,2 10 60
I 0,2 0,1 0,4 20 30
Ilena 10 16 12

CocTaBUTh MaTEMaTHYECKYIO MOJENb 10 ONPEAEICHHUIO ONTHMAalb-
HOM NMPOU3BOACTBEHHOI MPOrpaMMbI, Mpearnosarast, YTo Kaxmnas AeTalb
MpHU €€ HU3TOTOBJIEHUHU MOJIXHA IOCIEAOBaTEIbHO 00pabaThiBaThCS Ha
KaXJIOM M3 CTAHKOB:

a) MakKCHMYM TOBapHO NMPOAYKLUHUH;

0) MaKCHMYM IPUOBLIH;

B) MAaKCMMYM NPOAYKLUH B HATYPaTbHOM BbIPaXEHUH;

r) MaKCUMYM TOBapHOM MPOAYKUMH MPH 3aJaHHOM aCCOPTHMEHTE
3:2:1.

IIpoBecTH CpaBHUTENBHBIN aHATU3 MOJYYEHHBIX pelIeHHH.

10.8. HaiiTH KOMIPOMHCCHOE pelleHHEe C YYETOM OTKJIOHEHMS OT
MaKCHMAITBHOTO 3HaYeHHUA MO MepBOMY KputepHio Ha 40%.

Zimax = X1 X5
Zymin = X1 T 3x3;
3x1+ ZX2 > 9,
le -3 X < 8,
—X1 +3 Xy < 2,
Xy < 5;

Xy 2 0; Xy > 0.

10.9. HaiiTy KOMNpOMHCCHOE pEINEHME 3aAayd, CUMTas BTOpOMH
KpUTEPHIt Haubosee NpearnoYTUTENbHEIM. Ero OTKIOHEHHE OT MUHH-
MaJibHOro 3HayeHus 20%.

Zlmax 2xl + 4-7‘2 ’ Z2mm X) + X25
4x1 + 4x2
lle + 3x2>24,
x,S3,
xZS 3,
x120;x,2 0.

365



masea 11
AuHaMunuyeckoe nporpaMmmMmmpoBaHue

11.1. OOWMe NOHATUA O ANHAMUYECKOM
nporpaMmMupoBaHun

Pa3BuTHe MPOU3BOAMTEIBHBIX CHJI M YCIIOXKHEHHUE CBSI3eit B OOLIECT-
B€ NMPHUBEIN K HEOOXOMMMOCTH Hay4HOrO IMOAXOAa K MpoOGjieMe IUIaHU-
poBaHHUS U yrpaBieHus. OKa3ajioch, YTO MHOTHE 3afayd IUTAaHUMPOBa-
HMS M YTIPaBJIECHHSI MOXHO TPaKTOBaTh KaK IPOLIECC MO3TAITHOrO BBIOO-
pa (MPUHSATUS PEIUCHHIA).

3amayd ONTUMAJIbHOIO TUIAHUPOBAaHUS (YNpPaBICHUS) OOBIYHO CO-
CTOSIT B caenyloueM. PaccMaTpuBaeTcst HEKOTOpasi CUCTeEMa .S, COCTOSI-
HHE KOTOpOo#l co BpeMeHeM MeHseTcs. IIpoliecc U3MEHEHHUsT COCTOSTHUIA
CHCTEMBI — YNIPABJISIEMBIM, T. €. MOXHO BJIMATh Ha €ro XOA MOCPEICTBOM
BbIOOpa ynpasisowux ¢akropoB U;. C npoueccoM CB3aH HEKOTOPLIH
Kputepuit W, xapaxTepHu3yIOLUMI KayeCTBO YNMpaBJIEHHUS] UM 3aBUCSLUMIA
oT Hero. ONTUMaIBHOCTD IUIAHMPOBAaHUS O3HayaeT BHIOOP HAWJIY4ILIEro
ynpaBJieHUsl i OJOCTHXEHUS MOCTaBJICHHON LieNU, T.€. BHIOOp TakOro
U, uyto6sl W(U) 6bUI0 ONTUMAIBHEIM.

3amayd IMHAMHYECKOTo MpOrpaMMHMPOBaHMUSI MMEIOT psl OCOGEH-
HOCTEM.

1. B HUX paccMaTpUBaeTCs IpPOLIECC MTOBEIEHHUS CUCTEMBI BO Bpe-
MEHH.

2. CocTosiHME CHCTEMBI B KaXIblii MOMEHT BPEMEHU OZHO3HAYHO
omnpeaenseTcsl YUCJIEHHBIMU 3HaYeHUSIMU HeOoJbIIoro Habopa mnapa-
METpOB.

3. Onepauust BbIOOpa pELIEHUsS] COCTOMT B NMpeoOpa3oBaHUM 3TOrO
Ha0opa napaMeTpoB B TaKOH e HaGop ¢ APYrMMH YMCJIOBBIMU 3Haye-
HUSIMH.

4. Ecnu cucrteMa B pacCMaTpPUBaeMblii MOMEHT BPEMEHHM HaXOXUTCS
B HEKOTOPOM COCTOSIHMH, TO €€ TTOBEICHUE B HAIbHEHIIEM ONpeaensieT-
CSl 3TUM COCTOSIHUEM M BBIOMpaeMbIM YTIPaBJIIEHHEM, HO HE 3aBUCHUT OT
NnpeabicTopuy (T. €. OT TOro, B KAKUX COCTOSTHUSIX HaXxOAWJach CHCTEMA
10 3TOT0 MOMEHTA).

Ilyctb UMeeTcsl cucteMa S, COCTOSIHUE KOTOpPO# XapaKTepu3yeTcs
BEKTOPOM X = (X1, X3, ..., Xp).

YucneHHoe 3HauyeHHE Habopa MmapaMeTpOB B MOMEHT BPEMEHH i

0003HayuUM 4Yepe3 X;.
Ilycte B MOMEHT i Ha CUCTEMYy .S BO3AEHCTBYET ynpaBisiioluil hak-
top U’, B pe3y/abTaTe KOTOPOroO B CJIEAYIOIIMI MOMEHT i + 1 OHa mepe-
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XOIMT B HOBOE cocTosiHue. CMMBOIMYECKH TaKOH nepexonq MOXXHO rnpen-
CTaBUTh B BUIC

= i -
, SeHY =5 S Y.

IMMpumep 11.1. TycTe UMeeTCA CeTb OOPOT, COEOUHSIOILUX HAce-
JIeHHBIe NYHKTHl. PacCMOTpUM B KayecTBe CUCTEMBI YeJIOBEKa, Mepe-
JBUTAIOLLIErocss U3 OMHOro MyHKTa B APYroi.

Ilpouecc ABMXEHMSI €CTECTBEHHO pacCMaTpHUBaTh KaK MHOrO3Tarl-
HbIi. Kaxaslit 3Tan COCTOMT B Nepexojie U3 OAHOIO NMYHKTAa B COCEOHUI
U coBepluaeTcs (YCJIOBHO) 3a eOUHUILY BpeMeHHU. UenoBek, HaXonsaIuii-
Csl B MOMEHT i B KaKOM-TO NyHKTe K;, BOOGIE rOBOpsi, MOXKET U3 HETO
NONacTh B pa3/MYHble COCENHME NYHKTHL. Yrnpasienue U’, npuHuMae-
MO€ CHUCTEMOIt — Y€JIOBEKOM, M OYyIET ONpelnessiTe BEHIOOP KOHKPETHOTO
coceqHero nyHkra Ky, B KOTOpbI/ 4esoBeK OydeT ABUratbcsi U3 K.
OueBHAHO, YTO CIIEAYIOLHE COCTOSHUS YesloBeKa (MYHKT K;y;), B KOTO-
POM OH OKaXeTCs 4Yepe3 eJUHMIY BPEMEHHU, OMHO3HAYHO OMNpelesaeTcs
€ro NpeblAyIIUM COCTOSSHUEM K; (TYHKTOM, Te OH ObUT) U MPUHATHIM
ynpasneHdeM U' — pelleHHeM Kyla JIBUIaThCs. _

Ecnu B HallleM NpUMepe YeJIOBEK NOCTaBUJI LIeJIb MONAacTh U3 MyHK-
Ta A B MyHKT B, TO €CTECTBEHHO BO3HUKAET 3ajaya BhIGpaTh ynpasie-
HHME TaK, 4ToObl IBUXEHHUE U3 A B B mpoxoauno no kparyaiiemy my-
TH. ONTUMAIbLHOE YIpaB/ieHHE — 3TO MOCJIEA0BAaTENbLHOCTh PELIEHUH O
TOM, Yepe3 KakKue MyHKTbl Halo ABUIAThCS, YTOOBI MPONAECHHBIA MyTh
U3 A B B Gb1 caMbIM KOPOTKMM M3 BCEX BO3MOXHBIX.

Cneuucduka Meroga IMHaMUYECKOTO MPOrpaMMUPOBAHUSI COCTOMUT
B TOM, YTO AJIS OTHICKAHMS ONMTUMAJILHOIO YINpaBJeHHUs U3ydyaeMblii
npotiecc pacwieHeH Ha 3Tanbl. OH NMpeacTaBaseTCs KaK pa3BUBaIOIU-
Csl IO 3Tanam, NpUYEeM KaXIbIi pa3 ONTHUMU3UPYETCS YINpaBICeHHUEM
TOJILKO Ha OJHOM 3Tarle.

JdyHaMnyeckoe MporpaMMHUpOBaHue (TJIaHUPOBaHUE) — 3TO IUIAHH-
poBaHME AANbHOBUAHOE, C YYeTOM Oymdylliero, a He OIM30pyKOe, Koraa
PYKOBOICTBYIOTCSI IIPUHLIMITOM WIMILB OBl XOPOILO ceifyac, a TaM — YTO
Oynet».

Kak xe HaxoouTh ONTUMAIBLHOE YTIIpaB/ieHHe B MHOTOLIaroBOM Mpo-
necce? OGuiee NMPaBUJIO COCTOMT B TOM, YTO YIpaBJICHME Ha KaXIOM
miare Hamo BbIGUpaTh ¢ yyeToMm Oyayuiero. M3 atoro nmpaBuia ecTb Mc-
KJIIOYEHHE — 3TO MOCJEAHUI 1ar, e MOXHO NeiCTBOBaTh 6€3 orsa-
KM Ha Oyayluee: ero Ha MocjieHeM llIare Her.

VYrnpapneHue Ha MOC/JEOHEM liiare Halo BeIGUpATh TaK, YTOOLI MOJTy-
yuTh Haubonpuinit acpdexr 6e3 yyera Gyayiuero (Tak Kak ero Her). ITo-
3TOMY IpPOLIECC AMHAMHUYECKOro IIaHHPOBAaHUSL €CTECTBEHHO pa3Bopa-
YUBAETCsS C KOHIA, CHayaia IUTaHupyeTcst nocinenHuit war. Kak xe aro
TJITAHUPOBATh, €CJIM HEU3BECTHO, YeM KOHYMIICS NpPeANOoCHeqHM 1iar
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OueBMIHO, HAlO COEIAaTh Pa3IMYHBIE MIPEIIIONOXEHHUS O TOM, YeM KOH-
YMJICS TPENNOCIENHUM LIar, ¥ i KaXIOro M3 HUX BHIOpATh yrpasiie-
HUe Ha nociaenHeM. TakuM 06pa3oM, NPUXOAUM K IOHATHIO YCIIOBHO
ONTHMAJILHOTO YIPABJIEHUS] — ONTUMAILHOIO YNPABIEHHUS, HAIEHHO-
rO B NPENOJOXEHNH, YTO MPEABLAYIIUI LIar OKOHYMIICH TaK-TO.

JuHaMHMyecKoe IpOorpaMMHpPOBaHME OCHOBBIBAETCS Ha NPUHLIMIIE
HaXOXIEHHUA Ha KaX/IOM LIare yCJIOBHO ONTUMAILHOIO YIPaBIeHHUS IS
KaXI0ro BO3MOXHOIO MCXO[a NMpeILIECTBYIOIETO 1lIara.

PyKOBOICTBYACh 3TUM NPUHLMUIIOM, Mbl pa3BOpPauMBaeM IPOLIECC
HaXOXIEHUSA ONTHMAJIBLHOIO YNpaBieHMs C KOHLA, HaXols cHayaua yc-
JIOBHO ONTHMAJIbHOE YIpaBJeHUE IJIsI KaXIOro BO3MOXHOIO Mcxoja
NpeINnocaeIHEro 1iara, a 3aTeM Ha OCHOBE €ro YCJOBHO ONTHMATIbHOE
yrpaBjieHHe Ha MpeanocjieqHeM 1are U T. 1., IIoKa He JOiaeM 10 mep-
Boro 1ara. Ha nepBoM 1liare HaM Hauo J€aTh TMIIOTE3Bl O COCTOSHUU
CUCTEMBI — MBI 3HaeM, C YEr0 HAUYMHAETCA MPOLIECC, U MOXEM C Y4ETOM
HalIEHHBIX YCJIOBHO ONTHUMAJIbHBIX YIPABAEHUH Ha MOCIEAYIOWMX 111a-
rax HaiTH 6e3ycJ0BHO ONTUMAJIBHOE YIpaBleHHE Ha IIEPBOM lLare, T. €.
TaKoe YNpasJeHHE, KOTOPOE C Y4ETOM BCEX YCIOBHO ONTUMAIBHBIX YII-
paBJIeHUil Ha MOCeNyIOUMX 1Iarax JaeT ONTUMAILHOE yrpaBleHue Uis
'BCEro Inpoiecca.

HTak, METOMOJOrUsl AMHAMUYECKOTO MPOrPaMMUPOBAaHHUS COCTOUT
B pacwi€HEHUH 3aJa4y Ha 3Talbl U MO3TalTHOM MOCTPOEHUM ONTHMAJIb-
HOTO YIMpaBJeHUs Ha KaXIOM llare.

11.2. 3apava o 3ameHe 06opyaoBaHus

WMpeu y NMpUHUMIB JUHAMUYECKOTO MPOrpaMMHUPOBAHUSI PAaCCMOT-
pUM Ha MPOCTOM MpUMEpE, MNOAOOPaHHOM TaK, YTOOBI OCHOBHBIE MIIEU
He 3arpOMOXIATUCh TEXHUUYECKUMH HeTalIsIMU. B CBS3M c 3TUM Halua
3a7aya OyAeT MpenesbHO MPOCTOM, HO 3a CYET HEKOTOPBIX U3MEHEHUIA
MOXET OBIThb ClieJlaHa aJlcKBaTHOM NECTBUTEIbHOCTH.

H3BecTHO, YTO MpobiemMa 3aMeHbl CTaporo napka MallMH HOBBIMH,
YCTapeBIUMX OPYAUIl — COBPEMEHHBIMHM — OJIHA U3 OCHOBHBIX NpOOIEM
UHIYCTPUM.

OG6opynoBaHUE CO BpEMEHEM M3HAllMBaeTCsl, cTapeeT GU3NUecKu U
«MOpaJIbHO»; B NPOLIECCE IKCIUTyaTallMM JUOO NajaeT MPOU3BOAUTEb-
HOCTb 000pPYZOBaHMS, JTUOO PACTYT IKCIUIyaTallUOHHBIE PacXoibl, JIMOO
U To M apyroe. IToaToMy 3anaya o 3aMeHe 000pYyIOBaHHUSI BECbMa aKTy-
ajibHa.

dopMynMpoBKa 3alayM: pacCMaTpUBaeTCsl IUIAHOBHIH MEpHON U3
HECKOJIBKMX JIET, B Hayajie KOTOPOro UMEETCS OfHa MalluHa GUKCUPO-
BaHHOTO Bo3pacTa. B mpouecce paGoTel MalllMHA JAeT €XEroaHO IOXOM,
TpebyeT 3KCIUIyaTallUOHHBIX 3aTpaT U MMEET OCTaTOYHYI0 CTOUMOCTb,
MPUYEM BCE MEPEYUCIIEHHBIE XapaKTEPUCTUKM 3aBUCAT OT BO3pacTa Ma-
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WHKHBL. B m1060i1 rog MauiMHy MOXHO COXpaHWMTb WJIM MPOJATh IO OC-
TaTOYHOW CTOMMOCTH U KYIHUTbh HOBYIO IO M3BECTHOM LieHEe (KOTopast
MOXET MEHSIThCS CO BpeMeHeM). 3aaya COCTOMUT B CJICAYIOLIEM: LIS
KaXJO0ro rojia B IUIAHOBOM MEPHOJE HAAO PEUIUTh — COXPAHATb UMEIO-
LYIOCA B 3TOT MOMEHT MAIIMHY UJIK MPOJATh €€ U KYIIUTbh HOBYIO C TEM,
yToOBl CyMMapHasi NpUOBUIb 3a BECh IJIAHOBLIA mepuond Obuia MaKCH-
MaJIbHOH.

IMepexon cucteMbl S U3 ONHOTO COCTOSIHMSA B Apyroe 3a 1 roxm B 3a-
BUCUMOCTH OT NMPUHSITOrO PELIEHUS MOXHO U300pa3uTh rpaduyecku

(puc. 11.1).
t

S

Sipq(t+1)

MawwuHa
Bo3pacra +1

CoxpaHeHue
MalLLUUHBI

S®

3ameHa

MalUUHbI
S

i4(1) Mawuna

Bospacra 1 rog
>N

n=N N-1 N—-i—1

Puc. 11.1. Ilepexon cucreMsl S U3 COCTOSIHUSI B «HOBOE» COCTOSIHHE 3a 1 rox

BseneM B paccMoTpeHue (QYHKUMIO f,(f) — BEIMYMHY CYMMapHOTo
noxoma (mpuObUTH) 3a MOCJIEOHUE 1 JIET IUIAHOBOTO MepHoJa IpHU yClIo-
BHMM, YTO B Hayajie 3TOro MepHoja U3 n JIeT UMEETCsl MalllMHa BO3pacTa 7.

Qyuxumu fi(), (), ..., [(1), yIUTBIBaIOWIME BKJIAJ MOCAECAYIOLIUX
waroB B oo1mmii addexT, HaswiBaloTCs gyHkyusmu beaamana — no da-
MMWJIMM aMepUKaHCKoro matematuka P. beinnmaHa, co3gatenss Merona
JMHAMHUYECKOTO NMporpaMmupoBaHus. C MoMoubio 3THX (GyHKUUN Be-
JIeTCSl aHaIM3 3aJay JUHAMMYECKOro MporpaMMupoBaHus. OQ4eBUIHO,
€CJIM Mbl CyMEEM BBIYUCIUTS f,(f;) U HaliTU MOJUTUKY 3aMeH, TO 3TO U
OyneT peliieHUE 3aJayH.

IIpennonoxuM, 4To K Hayajly MOCJEAHEro rofa MiaHOBOrO MEepUo-
Ia n = 1y Hac UMeeTCs MalllMHa Bo3pacTa /. B HalueM pacrnopsokKeHUU
JIB€ BOBMOXHOCTH. PaccMoTpuM MX.
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Bozmoxcrocms 1-2: COXpPaHUTh MaAUIUHY H, CJICOOBATCJIbHO, MNOJNY-
YUTh 3a MOCNEOHUN roa AOXON

Z(H — U(@). (11.1)

BBenem crenyiomue 0603HaYEHHUS:

t — Bo3pacT MamuHel: t =0, 1, 2, ..., (f = 0 — COOTBETCTBYET HC-
MOJIb30BAaHUIO HOBOM MalUMHBI, f = | — COOTBETCTBYET HUC-
MOJIb30BAaHUIO MalUWHBI Bo3pacTta 1 rog ¥ T.A4.);

Z(f) — cTOMMOCTb IPOAYKIIMH, MTPOU3BOAUMOM 3a 1 ron Ha Malu-
He BO3pacTa f;

U(Y) — akcruryarallMOHHBIE 3aTpaThl 3a 1 rog Ha MallMHY BOo3pacTa
Y

S() — ocraToyHass CTOMMOCTb MallIMHBI BO3pacTa f;

T  — Texyulee BpeMs B IUIAHOBOM NEpHOIE; A

P(T) — neHa HOBoO# MawiuHBI B rony 7T (MOXET MEHSTBCSI CO BpeMe-
HEM OT U3MEHEHMS 1ieH; IJIs1 NMPOCTOThI OYAEM CYUTATh, YTO
P(T) = P, 1. e. He 3aBUCHUT OT BPEMEHH);

Iy — HayalbHBbI BO3pacT MallMHBI;

N — [UIMHa TUIaHOBOTO MepHoaa.

MBI cienany psn ynpoumeHHi, YToGbl He OC/IOXHSITh aHaIM3a 3a0a-
yy. Tak, Hanpumep, Mbl cuuTaeM, yto ¢yHknuu Z(¢), U(r), S(H) He 3a-
BUCHAT OT TEKYILETO BPEMEHH.

B Haleit 3ana4ye B KaueCTBE CHCTEMBI .S paCCMaTPUBAeTCs MaLIMHa,
Habop napaMeTpoB, XapaKTEpU3YIOLIHUX €€ COCTOSIHUE, COCTOMT U3 €U H-
CTBEHHOr0 napaMeTrpa — BO3pacTa MalIMHBl. B KauyecTBe BO3MOXHBIX
ynpaBJIeHUH pacCMaTpHBAIOTCS OBa PELIEHUS — O COXPAHEHHUHM UMEI0-
LIeicsa MallMHBL M O €€ 3aMeHE Ha HOBYIO. YCJIOBUMCSI CUMTATh, YTO pe-
IIEHUS] TPUHUMAIOTCSE B MOMEHTHI n = N; N — 1:... 1. TakuM obpa3oM,
MJIAHOBbLIN NMEPHOJ pa30UT Ha LIark JUIMHON B 1 TOA M B KaXAbIH U3 HUX
pellaeTcs — COXpPaHHUTb WM 3aMEHUTh MaIlIWHY.

Boamoxchocmes 2-a: MponaTh MMEIOILYIOCS MAaUIMHY U KyNHUTb HO-
BYIO, YTO OGECIIEYUT B MOCJAEAHHUI roJ JOXOL

S — P+ Z(0) — U(0). (11.2)

st IpUHATUS pelieHUsT HEOOXOAMMO BHIYUCINTL PyHKUMIO Ben-
MaHa f{(f), KxoTopasi [Uisl Halllero ciy4yas UMEEeT BUA;

ZO-U@) COXpaHeHHE MaLINHBEL;

S(@)-P+Z(0)-U(0) 3amena MawmnHbI. (11.3)

fl(t)=maX{

3agaua Oyaer peuieHa, €CJM MBI ONpeaeJ UM NMpUObLIb 32 BECh ILIa-
HOBBLIH MepHol, T.e. HaiiieM 3HayeHHe DYHKUMHU fp(f). BHayane nomsl-
TaeMCsl YCTaHOBUTD CBSI3b MEXAY BBIPRKEHUSIMH
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Sav 1 Why (11.4)

Ecnu cBsa3b MeXny HUMH OyeT HaliieHa, TO NMOC/ieA0BaTe/IbHO, IBHU-
rasch ¢ KOHLa, rae n = 1, u 3Had f{(f), cMoxeM HalTu fo(?), ..., [,(0), ...,
fn(D) ¥ TeM caMbIM pELIMTD 3aJavy.

HTak, npeanojoXxuMm, 4To ¢ KOHLA IUIAHOBOIO MEPHOJIa OCTaeTCs
n + 1 rom; B HalleM pacropsiXXeHMH MMEETCS MalllMHa Bo3pacTa ! U MBI
MILEM ONTHMAJbHYIO NOJUTUKY IUIS Nepuoaa AJIUHOMK n + 1 rom. Dot
nepuoj pa3buBaeTcst Ha ABe yactu (puc. 11.2).

1 n ner
| T
o 1

-y

Puc. 11.2.

PaccMOTpHM Bce BO3MOXHBIE PEIEHMS B «IIEPBOM TOLY» JUIS Ma-
IIMHBI BO3pacTa ! ¥ IS KaXIOro COCTOSHHSI CHUCTEMBI HaiiieM ONTu-
MAIBHYIO MOJUTHKY B OCTaBUIEWCS YaCTH M3 N MOCHeIHHX JieT. Tak Mbl
MOJIYYUM TOJIUTMKH Ha BeChb Mepuon U3 n + 1 MOCAeIHUX JIET, Jyqiiast
13 KOTOPHIX U OYNET YCJIOBHO ONTHMMAJIBHOM I BCETO Mepuofa.

B ciyyae coxpaHeHMsI MallIMHbI JOXOI 32 PaCCMAaTpHUBaEMBblii MepH-
O[l OTpEeMENISIeTCsI BEIPAXKEHHEM:

Z(t) — U@ + £t + 1). (11.5)

B cny4ae 3aMeHBl MalIMHBl aHAJIOTMYHON MMEEM:
St — P+ Z(0) — U0) + f,(1). (11.6)

JINs MPUHSITHUS OKOHYATEJIbHOTO DPEIIEHUs . BHIMUCIUM (YHKIIUIO
BennmaHa Buaa

ZO-U@)+ [, +1) COXpaHEHHUE MALIUHBI;

Tt = max{s 0-P+Z(0)-U(0)+ f,(1) 3amena MamnHsl. (1L.7)

PexyppentHsie ¢opMyisl (11.3.; 11.7) mo3BoONSIIOT peajIu30BaTh KOH-
LEMUHI0 TMHAMHYECKOro IPOrpaMMUPOBaHUsl U Pa3BEPHYTh Ipolecc
HaX0XIEHHUsI ONTUMAJILHOMN IMMOJIMTHKM C KOHLA, MOCJeI0BaTe/IbHO Ha-
xona f1(), /,(D, ..., [u()), ..., /() BN pa3snU4HBIX 3HAYEHHUH .

Mpumep 11.1. Iycts dyHkuuu Z(f), U(f) u 3Hauenus A = Z(f) —
— U(¢) 3agansl Tabn. 11.1.

MpEI orpaHMYMJIMCh MalIMHOM Bo3pacTa ¢ < 10 JieT, Tak KaK U3 Tabil.
11.1 BugHO, YTO MaliMHA Bo3pacra ¢ > 10 JieT HeBbITOOHA. byneM cyu-
TaTh YCJIOBHO (WISl MPOCTOTHI BHIYUCIIEHUI), YTO:
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1) ocTaToyHasi CTOMMOCTb MallIMHBI paBHa 0;
2) 1ieHa HOBOif MallIMHBI CO BpEMEHEM He MEHseTcs U paBHa 10 yc-
JIOBHBIM €IMHHUIIAM;
3) mmHa mwiaHoBoro nepuona N pasHa 10 romam, T. e. S(f) = 0;
P=10.
Ta6auna 11.1
HMcxonnbie naHHbIE

t 0 1 2 3 4 5 6 7 8 9 | 10
Z(1) 20120 20| 19| 19| 18| 18 | 17| 17| 16 | 15
U 10 | 11| 12 12 | 13| 13| 14| 14| 15| 15 | 15

A 10 9 8 7 6 5 4 3 2 1 0

Torma ¢opmysnsr (11.3 u 11.6) npuHUMAIOT BUI
Si(®) = Z(t) — U(f) coxpaHeHHE MALUUHBIL. (11.8)

Z@®)~-U@)+ f,(t+1) coxpaHeHHE MaLIMHBI,
Jn(D) 3aMeHa MaLIMHBI.

fn+1(t)=maX{ (11.9)

Hcnonb3ya momyvyeHHsle GopMybl, BBIYUCIUM 3HAYEHUS GYHKIUMH
besuMaHa f,(f) npu pasnuyHbIX n ¥ f. 3HaueHUs PyHKLui Oynem BIM-
chIBaTh B Tabn. 11.2.

Ta6auua 11.2

Pewenne 3axayu o 3ameHe 0GOpYI0OBaHHS C HCNO/IB30BAHHEM METOAA
JMHAMHYECKOTO NMPOrPAMMHPOBAHHS

10 Mol1]2]3[a]s|6|7|8]9]10
A |10 9 |8 |76 5|43 [2]1
Ay ||| |Blulo[oo[9] 9]
A |z |w|a|s|v|vu|v|u|u|u]n
s |34 30 [ 26 [24 [ 24 [ 24 [ 2424 [ 24| 24 | 2
50 (40|35 [ 32|31 [30] 3030 [30[30]30]30
s 45 [ a1 [ 39 [ 37 [ 36 [ 35] 35 [ 35 [35 ] 35 | 35
A | st |as a3 ar[ar a4 [a1]a]|a
A) |58 | 54|51 |48 |48 | 48 | 48 | 48 | 48 | 48 | 48
/) | 64 | 60 | 56 | 55| 54| 54| 54| 54 | 54| 54| 54
o) |70 | 65 | 63 |61 | 60 | 60 | 60 | 60 | 60 | 60 | 60
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3anosHeHUe TabJuIBI OyAeM NMPOU3BOAUTH MO CTPOKaM: CHavala
3ar0JIHUM TEPBYIO CTPOKY, TOTOM BTOPYIO U T. A. 3aMETHUM, 4TO COIJiac-
HO (opMmysne (11.8.) neppas crpoka Tabn. 11.2 coBnanaer ¢ nmociaexHe
crpokoit Tabn. 11.1.

Tenepsb nepeiiieM K 3anOIHEHUIO BTOPOM CTPOKH TaGJIMIIEL:

Z(0)=U (0 1 CoxpaHeHHe
f2(0)=max{ ©) ()+f1<>=m{w+9=19 coxpare
FAG) 9
' : ZA)-U(y+ £ (2) 9+8 CoXpaHeHHe
SH(D)= max{fl(l) B = max{9 =17 MallIHHBbI,
' Z(S)-U( 6 - [5+4 COXpaHeHMe
f2(5)=max{fl((1; O+ /i )=max{9+ =9 MamuHsL

3nece 00e TIOJIMTUKN — COXPaHEHUsS U 3aMeHbl — 00ecneyuBaoT
OIMHAKOBYIO MPUObUIL — 9 eIMHHUL], BLIOMPAEM B 3TOM CJIy4ae «CTapyio»
MalllMHY, K KOTOpO# «NpuBLIKIN». [anee

ZO)-UEO+AD __
AW

4+3
ax o =9 3aMeHa MalIMHBL.

H(6)= max{

Ja Toro yroOsl B Tabnulie pa3inyarh, B pe3yJbTaTe KaKoW MoJiu-
THKH TIONY4aeTcsl ONTUMATbHbIN NOXOA (T. €. B JaHHOM ciiydae f5(6)),
MbI GyAeM BEJIMYMHY ONTUMAJIBHOIO JOXOAa, COOTBETCTBYIOLIYIO MOJH-
THKE 3aMEHbl, 3aMUChIBaThb OCOOBIM LIBETOM, HANpUMEP, KPaCHBIM.
Utak, 3HayeHue f5(6) B Tabnuue GyaeT 3amuCcaHO KPaCHBIM LBETOM.

MoxHo nmoka3ats, 4To f5(7) = f,(8) = f5(9) = f,(10) = 9 u coorseT-
CTBYET 3aM€HE MAallMHBI.

INocne 3anosHeHus1 BTOpoii cTpoku Tabauus! (11.2) 3anonHsieM Tpe-
THIO, YETBEPTYIO M T.A. B MTOre YepHslif LBET B TaOJIMLE COOTBETCTBYET
MOJIUTHKE COXPAHEHMSI MAIIMHBI, a KPaCHbI/ — MONMTHKE €€ 3aMEHBHI (B
Tabs. 11.2 XupHas yepTa OTHEJISIET YepHbIE U KPACHBIE YUCTIA).

Iloctpoennast Tabn. 11.2 comepXUT OYeHb MHOTO LIEHHOW MH(Op-
MalMM U MO3BOJISIET PellaTh LEJIbIA pSAJ OMHOTHITHBIX 3ahad.

JlonycTuMm, BHavajie MMeeTCs MalluMHa Bo3dpacrta 7 JieT. ITocMoTpum,
KakoBa OyneT OonTHMaJibHas MOJUTHKA NCHCTBUNA U1 MOJYYEHHUS] MaK-
cUMaJIbHOM npuOsUIM 3a 10 JleT IIaHOBOro nepuoaa.
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BenuunHa MakcMMaJIbHO# npuOBUIH (coryiacHo Tabn. 11.2) onpene-
nsiercst dyHkuueir Besmana f1o(7) = 60. Tenepb HaliieM ONTUMAIBHYIO
MTOJIUTUKY, 00ECIIEYHUBAIOIYIO 3TY MPHUOBLIb.

Tak xax fi((7) BIMCaHO B TaGJINIy KPaCHBIM LBETOM, TO JUI JOCTH-
KEHUS MaKCHMAaJIbHOM NMPUOBLUIM HEOGXOIUMO B IEPBOM TOIy paccMar-
pHBaeMOro IepHoia 3aMeHHUTb MalllMHy Ha HOBYI0. ITo UCTeYeHUHU on-
HOTO roja MbI 3a 9 JIeT 10 KOHIIA IJIAaHOBOTO rnepuoia OyneM UMETb Ma-
LIKMHY BO3pacTa OAMH roa. Terneps Hamo AeiCTBOBAaThH ONTHMAJIBLHO B OC-
TaBIIMMCS MEPUOJ, pacrojiaras MalllMHOM BO3pacTa OOMH TOA, T. €
HaiTu fo(1) u3 mesaru jetr. M3 tabn. 11.2 BuaHo, 4TO fo(1) — yepHoe,
CJIeN0BaTEIbHO, BO BTOPOM Oy HAaAO COXpaHUTh MaliMHy. PaccMarpu-
Basl NpoLecc Mo rogam, 3aMedaeM: fg(2) — 4epHoe, f7(3) — uyepHoe,
J5(4) — uepHoe, f5(5) — kpacHoe. ITocnenHee BeipaxeHue (f5(5) — Kkpac-
HOE) yKa3blBaeT Ha TO, YTO IO MCTEYEHHH ISATH JIET MJIaHOBOTO MEPUO-
J1a MallIMHY Hago MEHSTh Ha HOBYIO. JleiicTBYs Aajiee ONTUMANIBHO, Hali-
JieM TIoC/IeoBaTeNbHO: f(1) — YepHoe, f3(2) — yepHoe, f;5(3) — yepHoe,
/f1(4) — yepHoe. HItak, ucrnone3ys tabi. 11.2, Mbl HaliieM ONTUMAJIbHYIO
MOJIUTHKY, KOTOPYIO MOXHO IPEACTaBUTb CXEMOM '

f10(7) 3aMeHa -f9( 1 ) COXpaHECHHE -&(2) COXpaHEHHE f7(3) coxpaHeHuef6(4) COXpaHEHHE
-fé(s) 3aM€Ha f;‘( 1 ) COXpaHEHHE -f3(2) COXpaHECHHE -f2(3) COXpaHEHHE -fl (4) ) *

B paccMoTpeHHOI# 3amaye YMCI0 BO3MOXHBIX pelieHHi, MpUHUMa-
€MBIX €XeroaHo, paBHO ABYM (COXpPaHUTb MAlLMHY WIM 3aMeHHUTb). Ha
NpaKTUKE 4acTO MPHMEHSIOT PEIEHHE O MOKYNKE HEHOBOW MaLIMHBI; B
3TOM CJlydyae HEOOXOOMMO BKJIIOYHTb B YHMCJIO BO3MOXHBIX pelUeHHMH
(ympaByieHH#) pellleHHe: 3aMEHUTh MMEIOLLYIOCSI MallIMHy BO3pacTa ! Ha
MallIMHYy Bo3pacTa #; < 5 (Ha CTapylo 3aMEHSITb HEBBITOIHO).

B atoM caydae pexyppeHTHbIe ¢opmynnl (11.3 u 11.7) cyiecrBeH-
HO YCIOXHSIOTCA. JMHAMHYECKOE NpPOrpaMMHMPOBAHHE IO3BOJISET
y4YecTb Bce pelieHus (YIpaBJieHHs ), KOTOPhIe BHI3BIBAIOT MPAKTHYECKHUI
HHTEpEC.

B} DeKTUBHOCTS AMHAMHYECKOTO MPOrpaMMHPOBaHHUs 00YC/IOBIEHA
HCIOJIb30BaHUEM pPeKyppeHTHBIX dopmyn (11.3; 11.7), no3Boasiomux
OCYIIECTBUTh pallMOHAJBHBIIM MPOLECC MOUCKA ONTUMAJIbHBIX BapuaH-
TOB, YeM MOJIHBIHA mepebop BapMaHTOB. DTO JEJaeTCsl MPH MOMOIIU
¢yukuuit bennmaHa, Hecymmux uHGopMauuio o6 ONTUMAJIBHOM IpPO-
JIOJDKEHHUH TIpouecca.
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Mmaga 12
Mapamerpuyeckoe
nporpaMmmMmmpoBaHue

12.1. MNocTaHoBKa 3apaumn
U reoMeTpu4YeCcKnii MeTo ee peLlueHus

3afayy nmapaMeTpUyYeCKoro MporpaMMHPOBaHUS SIBJISTIOTCSA 00001LIe-
HHUEM 3aJay JIMHEHOro NporpaMMHUpPOBaHMs. DTO 00OGILIEHHE COCTOUT
B TOM, YTO McXogHasi MHGopMalus 3a0ay napaMeTpUYECKOro nporpam-
MHMPOBaHHUSI U3MEHSETCH JUHENHO B 3aBUCHMOCTH OT HEKOTOPOTO Iapa-
MeTtpa. Ecnu npeanosioXuTs, HarpuMep, YTO NMpOU3BeAeHHast Mpearnpu-
SITUEM MPOAYKUMS MOMIEXKUT XPaHEHUIO, TO €€ CTOMMOCTb OyIeT CKiia-
JIbIBaThCS U3 JIBYX YacTei:

MOCTOSIHHOM — CTOMMOCTH IMPOAYKLUMHM Ha MOMEHT M3rOTOBJIEHUS;

NEPEMEHHON — 3aBUCSIIEHA OT CpOKa XpaHEHUS NPOAYKLMH.

LleneBast GyHKUMSA, €CIM OHA OTPAXAaeT CTOUMOCTh, OYIIEeT BhIpaXeHa
yepe3 K03 DUUUEHTDI, TUHEHHO 3aBUCSILIIUE OT MapaMeTpa ¢ (Bpemsi).

YacTo Ha NMpaKTHKE BCTPEYAIOTCS 3aJayM, B KOTOPBIX 3HAYEHHE KO-
3¢pPULMEeHTOB 1ieseBOH (PYHKIMHU H3BECTHBI JIMIIb NMPUOGIMXKEHHO.
IIpencraBuB ux B BUAE JMHEHHBIX QYHKIUIA MapaMeTpa f, MOXHO Mpo-
aHAJIM3UPOBATh PEUICHUS 3aJa4 MPU Pa3IMYHBIX 3HAYEHHUSIX ITUX KO3(D-
GULMEHTOB. AHAJIOTUYHO MOXHO MPOBECTU UCCIICIOBAHUS ISl Cllydas,
KOTAa U3MEHSIOTCS KO3(DGUIUEHTHI CUCTEMBI OrpaHU4eHuUit. OcraHo-
BMMCS TOJIBKO Ha LiejieBoi ¢yHkumu. Mtak, 3agaya 3aKkjio4aercs B cie-
nywouieM. JlaHa cucTeMa OrpaHUYEHU:

a1 Xy +apxy +...+a,x, Sal
axxy +ayXy +.+ay,x, <a

A1 X) tApoXy +...+ Ay X, < a,
X 20, j=Ln
3anmaHa neneBast GyHKUUSA Z:
n
Z, =j§l(cj +d;t)x ; — max, (12.2)

B KOTOpO# K03(hGhHULUUEHTH IIPY NMEPEMEHHBIX SIBISIIOTCS JTMHEHAHBIMHU
dyukuusmMu napamerpa t, f € [a, f].
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B maHHOM ciy4ae OTNpeneSUuTh MPOCTO ONTHUMATBHBIN IJIaH HeJb3s,
TaK KaK OH MOXET U3MEHSThCS MPH Pa3IMYHbIX 3Ha4eHUusxX ¢. [ToaTomy
3anaya ¢opMyJIHpYeTCsl CIEAYIOIUM 006pa3oM: TpebyeTcsl pa3buTh OTpe-
30K [al, B]. Ha KOHEYHOE YMUCJIO UHTEPBAIOB, B KOTOPHIX LiejieBast (hyHK-
uus Z, OCTUraeT MakCuMyMa (MMHHMMYMa) B OLHOH M TOi X€ BepIlUHU-
He MHOTOrpaHHHMKa PEILEeHU.

IIpoBeneM reoMeTpUUYECKYIO HHTEPIIPETALIMIO 3aia4yl apaMeTpuye-
cKkoro mporpaMMupoBaHus. Ilonarast + = o0 U OrpaHUYMBAsICh TOJIBKO
IBYMsl NepeMEeHHBIMHU, IOJlydaeM OOBIYHYIO 3ajayy JIMHEHHOro mpo-
rpamMMupoBaHus (puc. 12.1).

N,

N,
™ Zov(max)
A,
Zal(max)
» X1

Puc. 12.1. TeoMeTpuyecKass MHTEPNIPETALMS 3a0a4Yn

IIpu t = o’ U3MeHsAI0TCA KOI(MGULIMEHTHI LIeJeBOi (hYHKLMH, reo-
METPHYECKU 3TO 3HAUMUT, YTO MpsiMasi, COOTBETCTBYIOWasl Z, , TOBEPHY-
Jlacb Ha HEKOTOpbIi yros. M3 puc. 12.1 cienyer, 4to Z ., AOCTHUraeT-
Csl B TOUKE Ay, @ Zy sy — B TOUKE A;. ECTECTBEHHO NPEANONOXHUTD, YTO
MPH HEKOTOPOM 3HAYeHHWU t” MaKCUMaJIbHOEe 3HaYeHUe JOCTHIaeTCsl Ofl-
HOBPEMEHHO B TOYKax A; U A,. B aTOM ciyyae npsiMasi, COOTBETCTBYIO-
11as LeJIeBoi' GYyHKLUMHM, Napajuie/ibHa CTOpOHE A;A; MHOTOYTOJIbHHMKA
pewieHnit. DUKCUPOBaHHOE 3HAYEHHUE !’ ABNSAETCS TPAaHUYHON TOYKOM
MeXIy IBYMsl COCeIHMMM MHTepBalaMu oTpe3ka [o, B]. Ucxoas u3 u3-
JIOXEHHOro, 3amayy MapamMeTpuyecKoro nporpaMMHpOBaHUs C ABYMsI
NepeMeHHBIMH MOXHO PeLIUTh rpadpuuecKHu.

IIpumep 12.1. Paz6uth otpe3ok # € [0; 8] Ha Takue WHTEPBAIBI, B
KOTOpBIX LiesieBast pyHKuus Z, = 4x; + (2 + f)x, ROCTUraeT MaKCUMyMa
B OHOW M TO Xe BEpIIMHE MHOTOIPAaHHMKA DEIeHUI, U HAaWTH COOT-
BETCTBYIOILLIEE 3HAYEHHUE MEPEMEHHBIX:
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le - 5x2 < 10,
Xy + Xy 2 5,
—X| — X5 4

4x; + 5x, < 40;

x; 20;x;20.

Pewenue

IMonoxus ¢ = 0 (HaMMeHbIlIEEe 3HAYEHHUE ! U3 33TaHHOTO MPOMEXYT-
Ka), HaXOOMM TeOMETPUYECKH Zy,, (pHc. 12.2) B Touke C.

Hanee npupaBHsieM Z, K HylIO X HaxoAWM ypaBHEHME pa3pelualo-
1en NnpsMoil npu Jo6om £

Xy =——X].
2 241!

BeinuuieM yriosoi koadduuueHT K, 3TOi NpsAMOR U HMccienyeMm
€ro noBeAeHWe NMpU U3MEHeHUM mapameTpa . K, = —4/(2 + 1) npu
t=0; K, =-2.

X2

Puc. 12.2. TeoMeTpH4ecKoe pelIeHHe 3aTa4yu
MapaMeTPUYECKOTro NPOrpaMMHUpPOBaHUS
Haitnem npousBoanyio yriaosoro ko3dbduuueHTa no napamerpy £
’_ 2
(K)' = -4/(2 + »°.

Tak Kak nMpou3BogHass MpPH JIIOGOM ! MOJOXUTENbHA, YIJIOBOM KO-
abbULMeHT NMpU YBeIMYEHHUH { Bo3pacTaeT. HaitneM npenen ero Bospa-
CTaHUsA :
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timK, = tim(=4 / 2 +1)) = -0,

t—3e0

Ilpu t — +oo yrioBoit K03 duuueHT K, npubanxkaercs K HyI0 €O
CTOPOHBI OTpPULIATENIbHBIX 3HAYEHUIA, CJIEJOBATEIbHO, pa3pellaloias
npsaMasl MOBOPAaYMBaETCs MPOTUB YaCOBOI CTPEJIKM IO Mpeae/IbHOTO ro-
PU3OHTaIBHOTO MosioXkeHusl. B mpolecce ykasaHHOro aHanu3a HeobXo0-
JHUMO TOHSATH, YTO NMPH BEPTUKAIBHOM IOJIOXEHUM MNMPAMOI yIJIOBOM
K03¢hpHLHEeHT KaK (yHKUMS TepNUT paspbiB. IIpH BpallleHUM IpPSIMOii
MPOTUB YaCOBOM CTPENIKM OT OCH abCLUCC [0 BEPTUKAILHOIO IMOJIOXKE-
HUS yrioBoi KoadduuueHT Bo3pactaeT oT 0 A0 +oo, MpH AaibHEHILIEM
BpallleHMH NpsSMOi OH Bo3pacTaeT OT —ee 10 0.

B paccMaTpuBaeMOM MpUMepe NMpU U3MEHEHUH mnapaMeTpa ! OT Hy-
JISl 10 HEKOTOPOTO 3HAaY€HUS MaKCUMaJbHOE 3Ha4YeHHe LieJieBoi (pyHK-
uuu Gynet B BepiuMHe C, 3aTeM B HEKOTOPbI PUKCHPOBAHHBIA MOMEHT
BpeMEHU ONTUMYM OyIeT HOCTHraThCsl Ha oTpe3ke BC, a 3aTeM OH Ie-
pefaeT B TOUKY B U OCTaHeTcs B Hell 1J1s1 BceX 3HauyeHui ¢ orpe3ka [0;
8]. OnpenenuM 3HayeHME napaMeTpa f, IpH KOTOPOM Z,,, GYIET COOT-
BETCTBOBaTh BCEM TOYKaM orpe3ka BC.

ITockonbKy B 3TOT MOMeHT npsiMmasi BC W paspelaolas npsMas
IOJDKHBI OBITh MapajuleibHbl, NPUPaBHSAEM HMX YIJIOBble KO3(dHUIINEH-
Thl. YrnoBoit koadduuueHT npsmoit BC, Kpr = —4/5, cnenosatensHo,
—4/(2 + 1) = —4/5, otkyna t = 3. Utax, npu 0 < ¢ < 3 onTUManbHOE pe-
weHue Oymet B BepwnHe C (8,3; 1,3), npu ¢ = 3 OHO JOCTHraeTcs Ha
BceM oTpe3ke BC, a mpu 3 << 8 — B Touke B (2,2; 6,2).

12.2. AHanuTU4YeCcKnii meTopn,
peweHUs 3apa4 napameTpuyeckoro
nporpamMmMupoBaHuUs

AJITOPUTM pelleHHUs 3agayu B obleil (GopMe COCTOMT M3 ABYX
yacrei. _

1. ®ukcupyeM 3HaueHHE ! U3 3aJaHHOTO MPOMEXYTKA, JOMYCTHM
camoe MeHbllee ¢ = o. Torna B ueneBoit GyHKIUU Bce KOIPGUIIUEHTEI
CTaHYT NOCTOSTHHbIMU. PellaeM MOJIyYeHHYIO 3aiaqyy CHUMILIEKC-METO-
JOM M HaXOAMM BEPLUINHY, B KOTOPOH Z;, HOCTUraeT MakCHUMyMa.

2. OnpenensieM Bce 3HAYEHUS MapaMeTpa f, Ik KOTOPEIX MaKCUMYM
JOCTUTaeTcs B TOH Xe BepluvHe. HallieHHBbI UHTEpBa UCKITIOYaeM U3
3amaHHOTO oTpe3ka [o, B]. [t ocTaBluerocs HHTEpBaia CHOBa pellaeM
3ajavy, T. €. nepexoauM K 1.1 anroputMa. Tak mpoaoskaeM A0 Tex Iop,
noka He OyzmeT pa3ziesieH Ha YaCTUYHbIe MHTEPBaJIbl BeCh OTpe3oK[a, f].

IIpoaHanM3KMpyeM MyHKTHI airopurMa Gosee moapoGHO.
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1. Ionaras ¢ = o, ueneBass byHKUHUS NPUHUMAST BUI:
n
Za =j§ (CI +dja)xj.

CocrasiisieM NepBYyI0 CUMILIEKC-TabIM1Ly, 100aBIsist [Be CTPOKHU: ISt
K03 duLHMeHTOB ¢; U d; (Tabn. 12.1):

Ta6auua 12.1
@opMa cHMIUIEKC-TAGINIBI IS PelleHAs 3a1a4H
NapaMeTpUYECcKOro MporpaMMHUPOBAHUS

Cso6GoaHniit | CoGon-
HbIE X1y X2y e Xp [Xp+1 Xntm
BasucHelit YJEHBI
Xn+ 1 ap 1
. 1
a; 1
Xn+m am 1
Zo 0 —(c; + d|a) ... 00... 0
— (¢, + d,0)
— ¢y, — Cpene —c, | 00.. 0
Z
—d, —d,... —d,| 00.. 0

B ctpoke Z, Tabn. 12.1 B xaxaoM crosbue dhaxTHyecku 6yneT cro-
ATb OJHO YUCIIO, PaBHOE ¢; + d/0. B MOCIEAHNX ABYX CTpOKax 3armuca-
Hbl UHIEKCHI IMHEHHOM ¢GOpMBI Z; U1 NPOU3BOJIBHOIO MapaMeTpa 1.

OGBIYHBIM CUMILIEKC-METONOM HaxOAUM ONTUMAIbHBIN IUIaH, MPHU-
4eM 3THM Xe NPeoOdpa3soBaHUAM MOIBEPraloTCA 3JEMEHTHI IBYX IOC/E] -
HUX CTPOK. B urore monyyaem maHHble Tabm. 12.2.

Heob6xonuMoO OTMETUTB, YTO B Tabi. 12.2 CTOMOLBI, COOTBETCTBYIO-
1e 6a3sMCHBIM MEPEMEHHBIM, SIBJISIIOTCS HYJIEBBIMM (T. €. comepxar 1
Ha IepeceYeHuH S-cTonb1a U S-CTPOKH, a OCTAIbHBIE HYIIH).

TTOCKONBKY TJIaH, NOJy4eHHBIA B Tab6m. 12.2, onTHMaleH, BCe KO-
a3 PHULMEHTH Z, CTPOKH HEOTPULATEIbHBIL:

(o +gp) 20.
ITocne 3TOrO NMEPEXOAUM KO BTOPOMY ITYHKTY anroputMma. Hano BbI-
JeJIUTh MHTEPBAl BPEMEHHU f, B KOTOPOM MaKCUMyM Z, IOCTUIAETCS B
TOI Xe BepuiHe. HBIMM ClOBaMU, HaJ0 HaUTH Takue 3HAYEHUS !, LI
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Tadauua 12.2
OOummii BUI ONTHMAJIBHOTO MJIAHA

Cpo6onHnit | CoGon- —_
Hble X1y X2y ver X, x" e
Ba3ucHBli WIEHBI et m
Xy b] 1
1
Xs bs b" 1
Xn+m 1
Za P+Qy [P+ qi0.. pyt @O [ Ppim™ Gn+m®
P Py... Py Pn+m
Z
o qi... qn dn+m

KOTOPBIX IJIaH, MOJy4eHHBIH B TabJs. 12.2, OyneT ocTaBaThCs ONTHUMAJb-
HeIM. IlnaH onrtumaneH, eciu Bce Ko3bULUKEHTE GYHKUUN Z, OyAyT
HEOTPULIATEJIbHBI:

Pr+ait20
P2 +qyt20 (12.3)

Cronb1bl, COOTBETCTBYIOLINE Ga3MCHBIM NMEePEeMEHHBIM, MOXHO He
paccMmaTtpuBaTh. M3 pelieHus NMOJyYeHHOU CHCTEMBbl HEPABEHCTB MOX-
HO HaliTH UHTEPECYIOLIUI Hac UHTEpBal.

Paccmompum HeckoabKo cay4aes: .

a) Ilycts Bce K03hdULUEHTHI g > 0,j=1,n. Torga t > —pj/qj, na-
paMeTp ¢, ynoBieTBopsouinii cucreme (12.3), onpenensercss BeIpaxe-

p .
HHeM !2max —q—/ . BepxHsia rpaHuua s ¢ CTPEMHUTCS K + oo,
J
TakuM o6pa3oM, OKOHYATEJILHO

‘ D
oy =max(—-q-/—')St(+oo=a2. (12.4)
J

B untepBaie (12.4) ueneBast GyHKUUS ZOCTUTAET MaKCUMyMa B TOM
Xe BepLIHHE.
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6) Ilycts Bce ko3 PuuMeHTH ¢; < 0, Toraa us (12.3) umeem ¢ <
< —pj/q;. Anst TOro 4TOGH! 3HAYEHHE ! YLOBNETBOPSIO BCei chCTeMe

. Pj
(12.3), HEO6XOMMMO MONOXHTH [ < min — |- HuxHss rpanuua ais ¢
CTPEMUTCS K — oo, [IO3TOMY J

oy = —eo(t < min (—p;/q)) = 0, (12.5)

B) I1ycTb Cpeau 3/1EMEHTOB ¢; UMEIOTCS KaK MOJIOXUTENbHBIE, TaK U
OTpULIATEIbHbIE YHCIA.

PasnenuB HepaBeHCTBAa cUcTeMbl (12.3) Ha ABe rpymnmnbl COOTBETCT-
BEHHO 3HaKaM ¢;, nojyyaeM a8a uHTepBana (12.4) u (12.5), oGbenuHss
3TU UHTEPBAIbI, MOJYYUM

a; = max (—p;/q) <t < min (=p;/g)= .
(12.6)
>0 ¢<0

r) Ecnu ¢; = 0, To cooTBeTCTBYIOLIMI KOIDDULIMEHT DyHKUUU OY-
JIET HEOTPHULATEIbHBIM NIPH JIIO6OM f, TO3TOMY Ha TaKO# CTOJOEL MOX-
HO He o0pauiaTh BHUMaHMSI.

CpaBHHBaeM MOJMYYeHHbI MHTepBan (Ctj; Oy) C 3amaHHBIM [, PB].
HesaBucuMo OT 3HaueHHUs O, JI€BOii rpaHulIeit nepBoro HHTepBana Gy-
IET O, TaK Kak o; 6onbiue o 66Th He MoxeT. Eciu a, > 8, To Bech oT-
Pe30K MomnajfaeT BHYTpb HHTEpBana [a, 0], ¥ 3adaya peuieHa. s jio-
6oro 3HaueHus mapameTpa ! € [0, ] MakcUMyM Z, nocTUraercss B On-
HOM M TOI Xe BEpILUHE

[}
+™

| Q5.
o

Ecnu o, < B, To HallleHHBI MHTEPBAT UCKJIIOYaEM U3 PaccMOTpe-
HMS M pellaeM 3amayy [UIs OCTaBLIErocss MHTepBana (o, ). Qs atoro
rosaraeM t = 0y U 3aMEHSIEM CTPOKY Z, CTPOKOH Z,,. 3a pa3peliaio-
1K cTONOEl B HOBOM TabJulle BHIOMpAaeM TOT, 110 KOTOPOMY OINpene-
JIEHO 3HaueHMe ! = O, (B 3TOM CTOJNOLE Ha NEPECEUEHUH C Zy,-CTPOKOMH
HaxOMMTCS 3JIEMEHT, paBHbIi HyM0). ECIM HYIM HaxomsaTCsl B HECKOJb-
KHX CcTOJI0LAX, TO 3a pa3pellalolinii MOXHO OpaTth 1000 U3 HUX.

s HaiiieHHOTO pelleHUsI CHOBA OMNpelessieM MHTepBal U3MEHe-
HMS napameTpa f U T. 1. Eciu B paspeuialonieM CToibue He OKaXeTcsi
MOJIOXHUTENbHBIX IJIEMEHTOB, 3aa4a Ha OCTaBILEMCSI HHTEpBaJjle He HMe-
€T pelleHMs.
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IIpumep 12.2. PewuuTs 3aayy napamMeTpHYECKOro nNporpaMMHUpo-
BaHUs '
2X1 +3x2 +X3 <l

3x; +2x7 -2x3<3;
4x +2xy +x3<4;
x;20 j=-1-;—3;
Z, =t +(1+1)x, +(6—2t)x3 — max;
tell; 8].

Pewenue

ITpuBeneM 3anauy K BUIY, JONYCKAIOWEMy NPMMEHEHHE AITOPUTMa,
M HaigeM BBIpAXEHHE LeaeBoi GYHKUUM Npu =] (JieBBIii KOHeEll 3a-
IIaHHOTO ITPOMEXYTKA):

'2x1 +3x) +x3+ x4 =];
3xp+x3-2x3+  x5+x¢=3;
4x1 +2JC2 +X3+ Xg =4;

Zl =X +2x2 +4X3 — max.

CocTaBUM NMEPBYIO CUMILIEKC-TaGIHIY C TOMOJHUTEbHEIMH CTPOY-
KamM U1 GYHKIUYU Z; ¥ BBITIOJTHUM NMpeobpa3oBaHUE CUMIUIEKC-Tabu-
LB JUTA pelleHus 3agaud (tabmn. 12.3—12.4).

Ta6nuua 12.3-

0 1 2 4 0 0 0
Cso-
6on-
HBIE
Ba- CB. 4 X X | x3 X4 Xs Xg x
3UC-
HbIE
X4 1 3 1 0 0
X5 3 3 1 -2 0 1 0
Xg 4 2 1 0 0 1
Z, 0 -1 -2 —4 0 0 0
0 0 -1 -6 0 0 0
Z,
0 -1 -1 2 0 0 0




Ta6nuua 12.4

0 1 2 4 0 0 0
Cso-
6ox-
HbIE
CB. 4 Xy x; X3 X4 X5 X6 z
ba-
3uC-
HblE
X3 1 2 3 1 1 0 0
X 5 7 7 0 2 1 0
Xg 3 2 -1 0 -1 0 1
Z 4 7 10 0 4 0 0
Z 6 12 17 0 6 0 0
-2 -5 -7 0 -2 0 0
Ta6bnunua 12.5
0 1 2 4 0 0 0
Cso-
6on-
HblE
CB. Y X X X3 Xy X5 Xg z
Ba-
3uc-
HBbIE
X3 1 3 1 1 0 0
X 5 7 7 0 2 1 0
Xg 3 2 | 0 -1 0 1
Zyys 6/5 0 1/5 0 6/5 0 0
6 12 17 0 6 0 0
Z
-2 -5 -7 0 =2 0 0

383



Ta6nuua 12.6

0 1 2 4 0 0 0
Cso-
6on-
HBIE
CB. 4 b X, X3 X4 X5 Xg z
ba-
3HcC-
HBIE
x| 1/2 1 3/2 1/2 1/2 0 0
X5 3/2 0 =7/2 | =7/2 | =372 1 0
Xg 2 0 —4 -1 -2 0 1
Zyys 6/5 0 1/5 0 6/5 0 0
z 0 0 -1 -6 0 0 0
t
1/2 0 1/2 5/2 1/2 0 0

B T1a6n. 12.4 nony4yeHO ONTUMAIBHOE PELIEHHE, TaK KaK BCe KO3(d-
uumeHTsl Z;-cTpoku HeoTpuuareabHel — x = (0; 0; 1; 0; 5; 3). Ompe-
JIEJIMM UHTEPBAJ IS ¢, B KOTOPOM ONTUMAJIbHOE pelIeHUe OyIeT B TOi
Xe BepiunHe. Tak Kak Bce g <0 (ta6n. 12.4), To cornacHo (12.5)
oy = —oo, Oy = 12,5,

Jnsa Hauero ciyyast o = 1 (JieBblif KOHell 3aJaHHOTO OTpe3Ka). Ta-
KUM 00pa3oM, Ha otpeske [1; 12/5] pemienue 6yaer B Touke x = (0; 0,1;
0; 5; 3). UckmoyaeM HaifIeHHBIA OTPE30K M3 PACCMOTPEHMS M peliaeM
3ajady Ui ocTaBuierocs orpeska [12/5; 8]. dna 3Ttoro, mojaras
t = 12/5, BRIYMCIIAEM AJIT HETO CTPOKY Zyy/5- B nepsom cron6ue nomy-
YMM HYJIb; OCTIbHBIE KOIDOULMEHTEI Z|)/5 CTPOKH MOJIOKHUTEIBHBI, a
JpYyrHe 3JIEMEHTBI OCTAIOTCS MPEeXHUMH (Tabn. 12.5). 3a paspeanommii
crosibery B Tabn. 12.5 BeIOMpaeM TOT, MO0 KOTOPOMY ONpEAESIEHO 3Haye-
HUe ¢ = a,. Eciu HyaM HaxomsTcsl B HECKOJIBKUX CTONOLAX, TO 3a pa3-
pelialoluii MOXHO GpaTh Jo6oi u3 Hux. Hoselit mian x = (1/2; 0; 0;
0; 3/12; 0) onTuMaseH, Tak Kak B CTPOKe Zj,/s HET OTPHULATENbHBIX
3JIEMEHTOB (NMPaKTHYECKHU 3JIEMEHTHl CTPOKH 12/5 OCTNIMCh Ge3 u3-
MEHEHHS).

B nocnenxeit crpoke ta6i. 12.6 Bce ¢; > 0, mo3TOMy cortacHo (Taour.
12.6) oy = 12/5, 0y = +oo; t € [12/5; é]. Takum o6pa3om, 3aJaHHBI
MPOMEXYTOK pa3OMJICSl Ha JBa; npu ¢ = 12/5 onTUMaNbHOE 3HAYEHUE
JOCTUTaeTcsl B 00eMX BEpUIMHAX U B JIIOOOH TOUKE, SIBIAIOLIEHCS X BbI-
MyKJIOH JIMHENHOW KOMOMHauuei

A=}\.1Al +}\.2A2; AIZO; }\.220; }\.1 +}\.2= 1.
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3agaumn
12.1. Peuwnth rpaduyecKuM METOAOM

Z,= (2 + 2)x; + (4 — 20)x, > max;
Xy +x,26;
x; < 4
le + Xy < 10,
x120;,x20; te [1; 15].

12.2.

Z,=4x; + (2 + t)x; > max;
le - SX2 < 10;
x; +x,25;
—X + Xy < 4;
4x; + 5x, < 40;
x;20;x,20; te [0; 8].

12.3. PelinTh aHAIMTHYECKU

Z;=(1+0x;+ (2 - Ox, + (2 - 30x3 + (1 — 2)x4 > max;
xp+x+ 23 — x4 <55
X1 + ZXZ +X4S 7,
Xy +X3_‘|: ZX4S 3,
x20;j=14; te [1; 20].

12.4.
Z; = (10 — 100)x; + (9 + 6)x; + (7 — 20)x3 — max;
X1 + Xy < 5;
le + X3 < 7,
X1. + sz_"_' 3x3 < 3;
x20;j=13;te [1; 10].
12.5.

Z,=tx; + (1 + Hx; — max;
—3x1 + 4x2 < 12,
4x; + x, < 8;
x20;x20; 7€ [1; 7].
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Mmasa 13
LlenouncneHHoe
nporpaMmmMmupoBaHue

MocraHoBKa 3agaumn
“ anropuTMm peluexus

TTo cMBbICTy MHOTHX 3alfady Tpe6GyeTcsl, YTOOB 3HaYeHHE HEU3BECT-
HBIX B ONTHMAJIbHOM IIJIaHE BHIPAXaJUCh LEJbIMU unciaMu. K HUM OT-
HOCAITCS 3aa4YH, Y KOTOPBIX MIepeMEHHbIE BEJTHYMHBI O3HAYAIOT KOJIHYeE-
CTBO €AMHHUL HEAETMMOM MPOLYKLMHU, HAIPUMED, paclpeaeeHue Mpo-
M3BOACTBEHHBIX 3alaHUil MeXIy NMpelNpUATHAMH, pacKpoit martepua-
JIOB, 3arpy3ka o6GOpynOBaHMs, paclipelejieHue CyaOB [0 JIMHUSAM,
CaMoJIETOB MO peiicam, a TakKXe 3ala4yd IO NMPOU3BOACTBY HEAETUMOM
npoaykuuu. EciM eqMHMIIa COCTABISAET MalylO0 YaCTh BCETO 0ObeMa
NIPOM3BOACTBA, TO ONTUMAJILHOE pEIICHUE HAXOOAT OGBIYHBIM CHMII-
JIEKC-METOIOM, OKDYIJISI1 €r0 A0 LIEJIbIX €QUHHIL, UCXOAS U3 CMBIC/IA 3a-
Jayu. B MpOTHBHOM CJiydae OKpYIJIEHME MOXET IPUBECTH K PELIEHMIO,
HE YIOBJIETBOPSIOILEMY CUCTEME OrPaHMYEHHUI (OCOBEHHO, eC/IM 3HaYe-
HUS HEU3BECTHBIX BbIpAXEHBI MaJbIMU uuciamu). [ToaToMy mns Ha-
XOXIEHUS ONTHUMAJLHOIO LIEJOYUCIEHHOTO PELIEHUsS HYXEH OCOObII
ITOPUTM.

Hnesa Takoro ajaroputMa 3akKiIiO4aeTcs B CJIEAYIOLIEM: BHavaje yc-
JIOBUE LEJOYUCIEHHOCTH HE NMPUHUMAETCH BO BHUMAHME U CHMILIEKC-
METOIOM OTHLICKMBAETCS ONTHMAIbHBIN Iu1aH. ECIM 3TOT MJaH Helleno-
YUCJIEHHBIN, COCTABJIAETCS AOMOJHUTENLHOE OrpaHUYEHHE, KOTOPOMY
YIOBJIETBOPAET JII060€E LIEJIOYUCIEHHOE PELlIEHHE, HO 3aBEOMO HE YIOB-
JIETBOPSAET HalileHHOe.

IMocsie BBEJIEHUS ITOTO OrPaHUYEHMs B 3aHadyy IUIAH CTAHOBUTCSA
HEIOMYCTUMBIM, M PEUIEHUE MPONOJIKAETCS OMNSATDH A0 MOJNYYEeHHUsT ONTH-
MyMa. EciM HOBBIH ONTUMAIBLHEIN IUIAH TAKXE OKAXETCH HELEJOYUC-
JIEHHBIM, CHOBa (hOPMYJIUPYETCS IOMOJHUTEILHOE OrpaHUYEHUE U VIS
pacIIMpeHHON 3a1a4y CHOBA HAXOMUTCS ONTHMYM H T. A.

TeoMeTpUYeCcKH IOMOJHUTEILHOMY OTPaHUYEHHUIO COOTBETCTBYET
TMIIEPIIJIOCKOCTb, KOTOPAst OTCEKAeT OT MHOTOIPAaHHMKA PEUIEHUN Ka-
KYIO-TO 4acCTh BMECTE C BEPILMHOMN, KOTOPOIl COOTBETCTBYET HELIETOYHC-
JieHHoe peureHue. TIpyu 3TOM Bce TOYKH C LEJOYMCIEHHBIMU KOOPAHHA-
TaMHY OCTalOTCSI B HOBOM MHOTIOrPaHHHUKE, TaK YTO YEPE3 HECKOJIbKO
onepalMii Takask TO4Ka CTAHOBUTCS BEPILIMHOM C LEJOUYHUCIEHHEIMU KO-
opauHaraMu (puc. 13.1). “
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Z ax (koopauHatel ApoGHbie)

MnepnnockocTtu

Z ax (KoOpAvHaTsl uenble)

0 X1
Puc. 13.1. TeomeTpnyeckass MHTEPNPETALUA PELICHUS 3aauyu
LEJIOYUCEHHOTO NPOrpaMMUPOBaHHUS

ITycte TpebGyercsi HAUTH MAKCUMYM LieJieBOH QYyHKLMH

Zpax = Pixp + Pyxy + ... + Ppx, (13.1)
MPH OTPaHUYECHUAX

a1 x) +a3Xy +...+ 41X, S q)

............................................. (13'2)
A1 X) + A Xy + .ot By Xy < Gy

X j >0 j =1, n
He Hapyias oGILHOCTH, MOXHO NpEANONIOXUTh, YTO BCe KOIDDH-

LHUEHTH cucTeMbl (13.2) BbIpaXKaloTcsl LENBIMU YHCIaMHU.
IIpuBOIMM CHUCTEMY K BUAY

ap Xy +apxy ... ta X, + Y =q
.................................................... R (13.3)
A1 X1 +ApXy +...FApup Xy + Yy =4y

rae y; — BbIpaBHUBAKOLINE HEU3BECTHBIE.
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OTMeTHM, YTO LENOYHMCIEHHOCTb NEPEMEHHBIX X; BIEYET 3a ool

LIEJIOYUCJIEHHOCTh NIEPEMEHHBIX ;.
CocTaBUM MNEPBYIO CUMIUIEKC-TAOIHUILy W IOCIE / 1aroB MojJyyuM
ONTUMANbHBIA IUIAH, KOTOPHIA MOXHO INMPEACTaBUTh IOCIAEAHEN CUMII-
JIEKC-TaOIULIEH.
Ta6nuua 13.1
OOwHit BHI NepBOii CUMILIEKC-TA0MIUbI PeUIeHUst 3a1a4YH
1eJIOYUCIIEHHOTO MPOrpaMMHPOBAHUS

C | CBobomnbilit
5 wien Y- Yo Xe+1 Xn
X1 bl b”... bll .. bln
Xe by byyy... by by,
Ye+1 bty big+1)1 be+1ye bot1;n
Ym bm b,,,]... bml bmn
Znax (0] gy 4 a,

Ecnu Bce cBoGOIHBIE WIEHB Leible — 3agaya pewena. Jisa yno6er-
Ba Bce 6a3uCHBbIE NEpeMEHHBle 0603HauYuM M,(i = 1,m), a Bce cBobon-
HBIE NIEpEMEHHBIE §j, j =1, n, Torma Tabauua npumet Bum (Tadn. 13.2):

Ta6auua 13.2

C | CBoGoaHblit
5 wieH S & &
m bl b”... b”j bl,,
n; bi bil"' b” e bl'”
o b, by by by
Zinax Q qq--. q; a,

C uesblo YIpoIIeHHUs B TabJIMIIE OMYyLIEHBI:
a) CTOJIOLIBI, COOTBETCTBYIOLLME GA3UCHBIM IEPEMEHHEIM;

0) LieJieBasi CTPOKa;
B) KOHTPOJIbHBIH cTONGELL.
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IMycts cBOGOOHBIN YJieH b; sABJIAETCA OPOOHBIM, B 3TOH X€ CTpPOKa
cpenu Ko3hdUIIMEHTOB b,~j MOTYT OBITh KaK APOOHBIE, TaK U Lebie. OG0~
3Ha4MM OYKBOW 1 C COOTBETCTBYIOIUMMM WHAEKCAaMH aHTbe OT by U b

E(by) = ny; Eb) = n;.

BeruuciauM pa3sHOCTH MEXIY COOTBETCTBYIOIUIMMHU KO3IULIMEH-
Tamu U E:

By =by —ny;
By = by ~ns. (13.4)
DTH pa3HOCTH YAOBJAETBOPSIOT YCIOBUAM
0<By(1;
Y (13.5)
0<B(1.

BeinuuieM U3 TabauLbl BHIDAXKEHUE LIS 1); U 3aMEHMM B HEM K0O3(-
¢HULMEHTH coriacHo yciosuio (13.4), Torna nomyuum:

n; =(Bil +nil)'("§l)+~»-+(ﬁin +nin)(“§n)+ﬁi +n;;

n n (13.6)
n; = Zl”g'(—éj)"'ni + Zlﬁij(—&.j)‘FBi'
Jj= Jj=
IMepenuiueM MOCeMHeEe BHIPAXEHHUE B IPYIOM BUIE
S ==2By(-8;)-B; =Zn;(=€ ;) +n; —m;. (13.7)
J i

Ecnu &; 1 1; — uensle, To U3 npasoit yactu (13.7) cnenyer, uto S; —
uenoe; Tak Kak & > 0; n; 2 0, a u3 cpenneit yactu (13.7) cinemyer
S; 2 —f;; yuutsiBas BeipaxeHue (13.5), 3awmoyaeM, 4To S; MOXET IpH-
HUMaTh 3HayeHus: 0, 1, 2, ... U T. I.

Bei6od. Tpu MOGBIX LENBIX HEOTPULATEIbHBIX M); U &;, S; NIPUHUMa-
€T LeJible HeOTpULaTe/IbHble 3HAaYEHHUSI.

BBeneM B 3amayy JOMOJIHUTEJIbHOE orpaHudeHue (tabia. 13.3), uc-
TOJIL3Ys TMOAYEPKHYTYIO YacTh BeipaxkeHus (13.7).

JOoNONMHUTEIbHOMY OTPaHMYEHUIO YIOBJIETBOPSET JIIO00I 1eIo4yuc-
JICHHBIA TUIaH U3JaHUS, B TO XK€ BpeMsl HaWJEHHBbIA paHee ONTHUMaJlb-
HBII IUJIaH AJIs pacUIMPEHHON 3ajadyy SBJISETCS HEAONYCTHUMBIM, TakK
Kak S; = —b; < 0.

s paciiMpeHHOMN 3amayd OOBIYHBIM ITYTEM OTBICKMBAETCS CHaya-
Jla JOTMYCTUMBIH IUIaH, a 3aTEM ONTUMAJIbHBIMA.

389



Ta6nauua 13.3

C | CBoGonHBbiit )
B uIeH S Y &
T]l ) bl b“... blU e bm
T]m _bml —b“... _bm_/ cee "'bmn
S —B; —Biy-. —By —Bin
z Q qp... q; an

Ecau B Kakoii-J1n60 cTpoKe TaGnuubl (KpOMe CTPOKH Z) CBOGOIHBIM
yjieH ApoOHBIN, a Bce nmpoure KOIPPULUUEHTHI Liesble, LEeJTOYHUCIEHHBIX
pELIEHUN HeT.

IIpumep

Zmax= 2)(1 +x2 - 3X3;
X+ 30—ty =4
5x) —x3+y, =12;
2 —xy+ 33+ y; =4,
%520j=13
yi20,i=1,3.

ITocne nByx 11aroB NpUMEHEHUS CHUMIUIEKC-METOAA MPUXOOUM K
ONTHMAJILHOMY IUIaHY, NIpeacTaBjIeHHOMY B TaG. 13.4.

Peiuenne onTuMaitbHOE, HO ApoGHoe x = (16/7; 4/7; 0).

Bri6bupaeM cpeau cBOGOIHBIX WiEHOB OpPOOHBINA, HanpuMmep, 4/7 u3
nepBoit ctpok. ITo ¢popmynam (13.6) HaxomguM KoadbHLHEHT AOMOJI-
HUTEJNILHOTO OTPaHUYEHUS:

1 6 2 2

= e —— —1 = m— ) = —

5117()7,512707,

4 4

Bis=-1-(-D=0;  By=2-0==.

OrpaHuueHue S| UMeeT BULL:

6 2 4
Si-Zy3=zn-0-X3==.
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Ta6nuua 13.4

v ” X3 Caoffg:bm
X, -1/7 2/7 -1 4/7
» —-15/7 -5/7 -6 4/7
X 3/7 1/7 1 16/7
VA 5/7 4/7 4 36/7

BBeneMm 310 orpaHuueHue B Tabn. 13.4 U nonydyum cienyloluiee:

Ta6bnuua 13.5

s yl X , Cnof;él:bm
X, -1/7 2/7 -1 4/7
» —15/7 =5/7 —6 4/7
Xy 3/7 1/7 1 16/7
S ~6/7 [=2/7 ] 0 —4/7
zZ 5/7 4/7 4 36/7

IIpuMeHss TeopeMy, HaXOIUM HNOIYCTUMOE peleHHe, NIPEACTaBIeH-

Hoe B Tabia. 13.6.

Ta6auua 13.6

s S, X CBOL?:::[;M
X3 -1 1 -1 0
» 0 =5/2 -6 2
X 0 1/2 1 2
N 3 =7/2 0 2
V4 -1 2 4 4

IMonyyeHHBIH MIaH HEONTUMaIEH (B NOC/AEOHEH CTPOKE HUMEIOTCS
OTpHULIATENIbHBIE 3JIEMEHTHI): MOCJIE €llle OJHOro Iiara IMoJiydyaeM OITH-
MaJIbHBIH TUTaH, HO HElleJIOYUCIIEHHBI, II03TOMY COCTaBJIsieM JONOJHH-
TEJIbHOE OTpaHUYEHME IO NMEpBOM CTPOKE U mnonydyaeM Ttabi. 13.7.

391




Tao6nauua 13.7

»3 s, X3 CBO‘?):)::bm

X, 1/3 -1/6 -1 2/3
Vs 0 -5/2 -6 2
x| 0 172 1 2
V3 1/3 -7/6 0 2/3
S, [-1/3] ~5/6 0 -2/3
z 1/3 5/6 4 14/3

Bn=1/3

B2 =5/6

Bi3=0

By =2/3

anMeHﬂﬂ TEOPEMY O HAXOXIOCHUHU OONYCTHUMOrO IUIaHa, NoJy4YyaeM

OIHOBPEMEHHO ONTUMAJILHBINA U LIEJIOYUCIIEHHBINA TUIaH.



NMPUJ1I0XEHUSA

IIpunoxenue 1
IlpouenTHbie TOYKH pacnpenenenus Crplonenta (1)

Yucno YpoBeHb 3HAYMMOCTH

cTeneHei

CBO6OIbI 20 10 5 2 1,0 0,05
1 3,078 6,314 | 12,706 | 31,821 63,657 127,3
2 1,886 2,920 4,303 6,965 9,925 14,089
3 1,638 353 3,152 4,541 5,841 7,453
4 533 132 2,776 3,747 4,604 5,598
5 476 0,15 571 365 0,32 4,773
6 4440 1,943 447 143 3,307 317
7 415 895 365 299 499 29
8 397 860 306 890 355 3,833
9 383 833 262 821 250 690
10 372 812 226 764 169 581
11 363 796 201 718 108 497
12 356 872 179 681 0,55 428
13 350 771 160 650 0,12 372
14 345 716. © 145 624 2,977 326
15 341 553 131 602 947 286
16 337 746 120 583 921 252
17 333 740 111 567 898 222
18 1,330 734 101 552 878 197
19 1,328 729 93 539 861 174
20 325 725 86 528 845 153
21 323 721 80 518 831 135
22 321 717 74 503 819 119
23 319 714 69 500 807 104
24 318 711 64 492 2,80 91
25 1,316 1,706 2,60 2,485 2,787 3,078
26 215 706 56 479 779 67
27 314 703 52 473 771 57
28 313 701 43 467 763 47
29 311 699 45 462 756 38
30 310 697 42 467 750 20
40 303 684 21 423 704 2,971
60 296 671 000 390 660 2,915
120 289 658 1,980 358 617 2,860
) 282 645 1,960 326 576 2,807
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IIpunoxenne 2

ITpouenTHbie TOUKH pacnpeneienus Oumepa (mpu & = 0,05, i =m, f=n—m - 1)
Yucno creneHei h
ceoGoxsl f, 1 314 s |6 |7 |89 10|11 |12|14]15]16]20
1 161,4 215,71224,61230,2|234,01236,8238,9{240,5|241,9| 243 | 244 | 245 | 246 | 246 |248,0
2 18,51 19,16119,25119,30}19,33|19,35{19,37| 19,38 19,40| 14,4 {19,41}19,42{19,43119,41]19,45
3 10,13 9,2519,1219,05|8,94 8,8 |8,85]|8,81|8,79 8,76 | 8,74 | 8,71 | 8,70 | 8,69 | 8,66
4 7,71 6,59 16,39 6,26 | 6,16 { 6,09 | 6,04 | 6,00 | 5,59 | 5,93 | 5,91 | 5,87 | 5,86 | 5,84 | 5,80
5 6,65 5,41 15,1915,05]14,95|4,88|4,82(4,774,74| 4,7 |4,68|4,644,62| 4,6 | 4,56
6 5,99 4,76 | 4,53 1 4,39 | 4,26 | 4,21 | 4,15 | 4,10 | 4,06 | 4,03 4 0 3,96 3,94 | 3,92 | 3,87
7 5,59 4,35(4,1313,97|3,8713,79 3,73 3,68 | 3,64 | 3,6 |3,57]3,52]|3,51]3,49] 3,44
8 5,32 4,07 | 3,84 | 3,69 3,53 ,513,4413,39 3,35 3, 31 3,28 13,23 13,23 3,2 3,15
9 5,12 3,86 3,63 3,48 13,37 13,29 3,233,181 3,14 3,1 3,07 | 3,02 3,01 2,93 2,94
10 4,96 3,71 3,48 | 3,333,221 3,14 3,07 | 3,02 2,98 2,94 12,91 (2,861]2,85]2,82]2,77
11 4,84 3,59 { 3,36 3 2 13,09]3,0012951 2,9 |235]2,821]2,79]2,7412,74 2,7 2,65
12 4,75 3,49 | 3,26 | 3, 1 3 0(291]2,85| 2,8 [2,75]2,72|2,692,64|2,62| 2,6 |2,54
13 4, 67 3,41 3,18 13,032, 92 2,83 12,77 | 2, 71 2,67 | 2,63 2,6 2,5512,53|2,51|2,46
14 4,6 3,34 | 3,11 12,9 |2,85]2,76 | 2,7 | 2,65 2,6 2,56 2,53 2 48 2,46 2,44 | 2,39
15 4,54 3,29 | 3,06 2 9 12,79 12,711 2,64 2,59 2,54 | 2,51 2 48 12,431 2,4 |12,39|2,33
16 4,49 3,24 13,01 ) 2,8512,7412,66}2,59|2,54]2,49|2,45(2,42]2,3712,35]2,33] 2,28
17 4,45 3,201 2,96 | 2,81 2 7 12,61]2,55]2,49]2,43]2,41 2,38 2,3312,3112,29]2,23
18 4,41 3,16 12,93 12,77 | 2, 66 2,58 | 2,511 2,46 2 41 12,37 (2,34 2,29 2,27 12,2512,19
19 4,38 3,13 2 9 (2,74]2,63|2,54]2,48 2,42 2,38 2,34]2,31|2,26]2,23]2,21]2,16
20 4,35 3,10 2,87 { 2,71 2,60 2,5112,45(2,39]2,35]3,31|2,38]2,23 2,2 2,18 | 2,12
21 4,32 3,07 12,84 12,63]2,57]2,49]|2 42 2,37 2,3212,28 12,251 2,2 12,1312,15}2,10
22 4,3 3,05 2,82 2,66 | 2,55 | 2,46 2 41234123 1226]2,28]2,18]2,15]}2,13]2,07
23 4, 23 3,031 2,8 12,6412,53]2,44]2, 37 2,32 12, 27 2,24 2,2 2,142,131 2,10 2,05
24 4,26 3,01 12,78 12,62|2,61]2,42 2,36 2 312,25(2,22{2,18]2,13}2,11]2,09]2,03
25 4,24 2991276 | 2,6 |2 49 24 12,3412,2812,241 2,2 2 16 | 2,11 2, ,09 1 2,06 | 2,01




Ilpnnoxenue 3
KpurHueckue 3navenns koddpduumeHTa UMKIHYECKOH 2BTOKOPPEIALMH

f IMonoxXuTenbHble 3HAYCHUA OTpuuaTeNbHblE 3HAYEHUA
5% 1% 5% 1%
5 0,253 0,297 —0,753 -0,798
6 0,345 0,447 -0,708 -0,863
7 0,370 0,510 -0,674 -0,799
8 0,371 0,531 —0,625 —0,764
9 0,366 0,533 —0,593 -0,737
10 0,360 0,525 —0,564 —-0,705
11 0,353 0,515 -0,539 -0,679
12 0,348 0,505 -0,516 —0,655
13 0,341 0,495 —0,497 —0,634
14 0,335 0,485 -0,479 —0,615
15 0,328 0,475 —0,462 -0,597
20 0,299 0,432 -0,399 -0,524
25 0,276 0,398 -0,356 —-0,473
30 0,257 0,370 —0,325 —0,433
35 0,242 0,347 -0,300 —0,401
40 0,229 0,326 —0,279 -0,376
45 0,218 0,314 —0,262 —0,356
50 0,208 0,301 —0,248 —0,339
55 0,199 0,289 —0,236 -0,324
60 0,191 0,278 —0,225 —0,310
65 0,184 0,268 -0,216 —0,298
70 0,178 0,259 —0,207 -0,287
75 0,173 0,250 -0,199 -0,276
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Ilpunoxenue 4

Kpurryeckue 3uavenust cratuctuku J{apouna—Yorcona
npu 5%-HOM ypoBHE 3HAYMMOCTH

d | d | ¢ [ a4 | a | a | d]d]| 4|4

15 | 1,08 | 1,36 | 0,95 | 1,54 | 0,82 | 1,75 | 0,69 | 1,97 | 0,56 | 2,21
16 | 1,10 | 1,37 { 0,98 | 1,54 | 1,86 | 1,73 | 0,74 | 1,93 | 0,62 | 2,15
17 | 1,13 | 1,38 | 1,02 | 1,54 | 1,90 | 1,71 | 0,78 | 1,90 | 0,67 | 2,10
18 | 1,16 | 1,39 | 1,05 | 1,53 { 0,93 | 1,69 | 0,82 | 1,87 | 0,71 | 2,06
19 | 1,18 | 1,40 | 1,08 | 1,53 | 0,97 | 1,68 | 0,86 | 1,85 | 0,75 | 2,02
20 | 1,20 | 1,41 | 1,10 | 1,54 1 1,68 | 0,90 | 1,83 | 0,79 | 1,99
21 | 1,22 | 1,42 | 1,13 | 1,54 | 1,03 | 1,67 | 0,93 | 1,81 | 0,83 | 1,96 |.
22 | 1,24 | 1,43} 1,15 | 1,54 | 1,05 | 1,66 | 0,96 | 1,80 | 0,86 | 1,94
23 [ 1,26 | 1,44 | 1,17 | 1,54 | 1,08 | 1,66 | 0,99 | 1,79 | 0,90 | 1,92
24 | 1,27 | 1,45 | 1,19 | 1,55 | 1,10 | 1,66 | 1,01 | 1,78 | 0,93 | 1,90
25 | 1,29 | 1,45 1,21 | 1,55 | 1,12 | 1,66 | 1,04 | 1,77 | 0,95 | 1,89
26 | 1,30 | 1,46 | 1,22 | 1,55 | 1,14 | 1,65 | 1,06 | 1,76 | 0,98 | 1,88
27 | 1,32 | 1,47 | 1,24 | 1,56 | 1,16 | 1,65 | 1,08 | 1,76 | 1,01 | 1,86
28 [ 1,33 | 1,48 | 1,26 | 1,56 | 1,18 | 1,65 | 1,10 | 1,75 | 1,03 | 1,85
29 [ 1,34 1,48 | 1,27 | 1,56 | 1,20 | 1,65 | 1,12 | 1,74 | 1,05 | 1,84
30 | 1,35 1,49 | 1,28 | 1,57 | 1,21 | 1,66 | 1,14 | 1,74 | 1,07 | 1,83
31 | 1,36 | 1,50 | 1,30 | 1,57 { 1,23 | 1,65 | 1,16 | 1,74 | 1,09 | 1,83
32 | 1,37 | 1,50 | 1,31 | 1,57 | 1,24 | 1,65 | 1,18 | 1,73 | 1,11 | 1,82
33 | 1,38 | 1,51 | 1,32 | 1,58 | 1,26 | 1,65 | 1,19 | 1,73 | 1,13 | 1,81
34 | 1,39 1,51 | 1,33 1,58 1,27 | 1,65 | 1,21 | 1,73 | 1,15 | 1,81
35 | 1,40 | 1,52 1,34 | 1,58 | 1,28 | 1,65 | 1,22 | 1,73 | 1,16 | 1,80

Ilpunoxenue 5
TaGauua KpuTHYeckux ypoBHeit RS-kpurepus

KonunuecTBo HaGMIOIEHUI Tpanuua RS-xputepus
HUXHSAA - BEPXHSA

10 2,67 3,69

15 2,96 4,14

20 3,18 . 4,49

25 3,34 4,71

30 3,47 4,89
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IIpnnoxenue 6
@yunkuus pacnpeaenenus 1ua 3akona I'aycca
2

X D*(x) X D*(x) X D*(x) X D*(x) X D*(x)
-3,00{ 0,001 | —1,18 { 0,119 { —0,38 | 0,352 | 0,42 | 0,663 | 1,22 | 0,889
-2,90} 0,002 | —-1,16 | 0,123 | —0,36 | 0,359 | 0,44 | 0,670 | 1,24 | 0,893
-2,80} 0,003 | —1,14} 0,127 | —0,34} 0,367 | 0,46 | 0,677 | 1,26 | 0,896
-2,70{ 0,003 { —1,12 | 0,131 | —0,32{ 0,374 | 0,48 | 0,684 | 1,28 | 0,900
-2,60| 0,005 { —1,10| 0,136 | —0,30 | 0,382 | 0,50 { 0,691 { 1,30 | 0,903
-2,50} 0,006 { —1,08 | 0,140 | —0,28 | 0,390 | 0,52 | 0,698 | 1,32 | 0,907
-2,40} 0,008 | —1,06 | 0,145 | —0,26 | 0,397 | 0,54 | 0,705 | 1,34 | 0,910
-2,30{ 0,011 { —1,04 | 0,149 | —0,24 | 0,405 | 0,56 | 0,712 | 1,36 | 0,913
-2,25( 0,012 [ —=1,02 | 0,154 { —0,22 | 0,413 | 0,58 | 0,719 | 1,38 | 0,916
-2,20] 0,014 | —1,00 | 0,159 { —0,20 | 0,421 | 0,60 | 0,726 | 1,40 | 0,919
-2,151 0,016 | —0,98 | 0,164 | —0,18 | 0,429 | 0,62 | 0,732 | 1,42 | 0,922
-2,10{ 0,018 { —0,96 | 0,169 | —0,16 | 0,436 | 0,64 | 0,739 | 1,44 | 0,925
-2,051 0,020 { —0,94 | 0,174 | —0,14 | 0,444 | 0,66 | 0,745 | 1,46 | 0,928
-2,001} 0,023 | -0,92 | 0,179 | —0,12 | 0,452 | 0,68 | 0,752 | 1,48 | 0,931
-1,951] 0,026 | —0,90 | 0,184 { —0,10 | 0,460 | 0,70 | 0,758 | 1,50 | 0,933
-1,90{ 0,029 | —0,88 | 0,189 | —0,08 { 0,468 | 0,72 | 0,764 | 1,54 { 0,938
—-1,85] 0,032 | —-0,86 | 0,195 | -0,06 | 0,476 | 0,74 | 0,770 | 1,58 | 0,943
-1,80 | 0,036 | —0,84 | 0,200 | —0,04 | 0,484 | 0,76 | 0,776 | 1,62 | 0,947
-1,75] 0,040 | —0,82 | 0,206 | —0,02 | 0,492 | 0,78 | 0,782 | 1,66 | 0,952
-1,70| 0,045 { —0,80 | 0,212 { 0,00 | 0,500 { 0,80 | 0,788 | 1,70 | 0,955
-1,66 | 0,048 { —0,78 | 0,218 | 0,02 | 0,508 | 0,82 | 0,794 | 1,75 | 0,960
-1,621 0,053 | -0,76 ) 0,224 | 0,04 | 0,516 | 0,84 | 0,800 | 1,80 | 0,964
-1,58 | 0,057 | —0,74 | 0,230 | 0,06 | 0,524 | 0,86 } 0,805 | 1,85 | 0,968
—-1,54] 0,062 | —0,72 { 0,236 | 0,08 | 0,532 | 0,88 | 0,811 { 1,90 | 0,971
-1,50 | 0,067 { —0,70 | 0,242 | 0,10 | 0,540 | 0,90 | 0,816 { 1,95 | 0,974
—1,48 1 0,069 | —0,68 | 0,248 | 0,12 | 0,548 | 0,92 | 0,821 | 2,00 | 0,977
—1,46 | 0,072 | —0,66 | 0,255 { 0,14 | 0,556 | 0,94 | 0,826 | 2,05 | 0,980
—1,44 | 0,075 | —0,64 | 0,261 | 0,16 | 0,564 | 0,96 | 0,831 | 2,10 | 0,982
-1,421 0,078 | —0,62 | 0,268 | 0,18 | 0,571 | 0,98 | 0,836 | 2,15 | 0,984
-1,40] 0,081 | —0,60 { 0,274 | 0,20 | 0,579 | 1,00 | 0,841 | 2,20 | 0,986
-1,38] 0,084 | —0,58 | 0,281 | 0,22 | 0,587 | 1,02 | 0,846 | 2,25 | 0,988
-1,36 | 0,087 | —0,56 | 0,288 | 0,24 | 0,595 | 1,04 | 0,851 | 2,30 | 0,989
—1,34( 0,090 | —0,541 0,295 | 0,26 | 0,603 | 1,06 | 0,855 | 2,40 | 0,992
-1,32| 0,093 | 0,52} 0,302 | 0,28 | 0,610 | 1,08 | 0,860 | 2,50 | 0,994
-1,30 | 0,097 | —0,50 | 0,309 | 0,30 | 0,618 } 1,10 | 0,864 | 2,60 | 0,995
-1,28 | 0,100 | —0,48 | 0,316 | 0,32 | 0,626 | 1,12 | 0,869 | 2,70 { 0,997
-1,26 | 0,104 | —0,46 | 0,323 | 0,34 | 0,633 | 1,14 | 0,873 | 2,80 | 0,997
-1,24] 0,107 | —0,44 | 0,330 | 0,36 |' 0,641 | 1,16 } 0,877 | 2,90 | 0,998
-1,22 10,111 | -0,42| 0,337 | 0,38 | 0,648 | 1,18 | 0,881 | 3,00 | 0,999
-1,20{ 0,115 [ —0,40 | 0,345 | 0,40 | 0,655 1,20 | 0,885
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Ilpunoxenue 7

a
m
011021]03]04¢(051]061|07](O08]09 1 1,5 2 2,5 3 3,5 4

0 10,904}0,818 | 0,740 | 0,670 | 0,606 | 0,548 | 0,496 | 0,449 | 0,406 | 0,367 | 0,223 | 0,135 | 0,082 | 0,049 | 0,030 | 0,018
1 10,090]0,163 0,222 {0,268 | 0,303 | 0,329 | 0,347 | 0,359 | 0,365 | 0,367 | 0,334 | 0,270 | 0,205 { 0,149 | 0,105 | 0,073
2 {0,00410,016 | 0,03310,053 10,075 0,098 | 0,121 | 0,143 | 0,164 | 0,183 | 0,251 | 0,270 | 0,256 | 0,224 | 0,184 | 0,146
3 10,000 0,001 0,003 0,007 {0,012 0,019 | 0,028 | 0,038 | 0,049 | 0,061 | 0,125 0,180 | 0,213 | 0,224 | 0,215 | 0,195
4 — 10,000 { 0,000 | 0,000 | 0,001 | 0,002 | 0,004 | 0,007 | 0,011 0,015 | 0,047 | 0,090 | 0,133 | 0,168 | 0,188 | 0,195
5 - - - — {0,000 {0,000 | 0,000 { 0,001 | 0,002 | 0,003 | 0,014 | 0,036 | 0,066 | 0,100 | 0,132 | 0,156
6 - - - - - - — 10,000 | 0,000 { 0,000 {0,003 {0,012 | 0,027 | 0,050 { 0,077 | 0,104
7 - - - - - - - - - — 10,000 0,0030,009 {0,021 | 0,038 | 0,059
8 - - - - - - - - - - — 10,0001 0,003 | 0,008 | 0,016 | 0,029
9 - - - - - - - - - - - — 10,000 | 0,002} 0,006 | 0,013
10 - - - - - - - - - - - - - . 10,000 ] 0,002 | 0,005
11 - - - - - - - - - - - - - — 10,000 0,001
12 - - - - - - - - - - - - - - — 10,000




66¢

TTpodoaxcenue

4,5

5,5

6,5

7,5

8,5

12

14

16

18

VO UNHAEWN—~O

0,011
0,049
0,112
0,168
0,189
0,170
0,128
0,082
0,046
0,023
0,010
0,004
0,001
0, 000

0,006
0,033
0,084
0,140
0,175
0,175
0,146
0,104
0,065
0,036
0,018
0,008
0,003
0,001
0, 000

0,004
0,022
0,061
0,113
0,155
0,171
0,157
0,123
0,084

10,051

0,028
0,014
0,006
0,002
0,001
0, 000

0,002
0,014
0,044
0,089
0,133
0,160
0,160
0,137
0,103
0,068
0,041

10,022

0,011
0,005
0,002
0, 000

0,001
0,009
0,031
0,068
0,111
0,145
0,157
0,146
0,118
0,085
0,055
0,032
0,017
0,008
0,004
0,001
0,000

0,000
0,006
0,022
0,052
0,091
0,127
0,149
0,149
0,130
0,101
0,070
0,045
0,026
0,014
0,007
0,003
0,001
0, 000

0,000
0,004
0,015
0,038
0,072
0,109
0,136
0,146
0,137
0,114
0,085
0,058
0,036
0,021
0,011
0,005
0,002
0,001
0, 000

0,000
0,002
0,010
0,028
0,057
0,091
0,122
0,139
0,139
0,124
0,099
0,072
0,048
0,029
0,016
0,009
0,004
0,002
0, 000

0,000
0,001
0,007
0,020
0,044
0,075
0,106
0,129
0,137
0,129
0,110
0,085
0,060
0,039
0,023
0,013
0,007
0,003
0,001
0, 000

0,000
0,001
0,004
0,014
0,033
0,060
0,091
0,117
0,131
0,131
0,118
0,097
0,072
0,050
0,032
0,019
0,010
0,005
0,002
0,001
0, 000

0,000
0,001
0,005
0,012
0,025
0,043
0,065
0,087
0,104
0,114
0,114
0,105
0,090
0,072
0,054
0,038
0,025
0,016
0,009
0,005
0,003
0,001
0,000

0,000
0,001
0,003
0,008
0,017
0,030
0,047
0,066
0,084
0,098
0,105
0,105
0,098
0,086
0,071
0,055
0,040
0,028
0,019
0,012
0,007
0,004
0,002

0,000
0,001
0,002
0,005
0,011
0,021
0,034
0,049
0,066
0,081
0,093
0,099
0,099
0,093
0,083
0,069
0,055
0,042
0,030
0,021
0,014
0,009

0,000
0,001
0,004
0,008
0,014
0,024
0,036
0,050
0,065
0,078
0,088
0,093
0,093
0,088
0,079
0,068
0,055
0,043
0,032
0,023




Ilpunoxenue 8
KpuTHYecKHe TOYKH pacnpesieieHus xz IMupcona

r | P=099|P=095|P=090|P=010|P=005|P=0,0l
1 U0 w0 0,01 2,70 3,84 6,63
2 0,02 0,10 0,21 4,60 5,99 9,21
3 0,11 0,35 0,58 6,25 7,81 11,3
4 0,29 0,71 1,06 7,77 9,48 13,2
5 0,55 1,14 1,61 9,23 11,0 15,0
6 0,87 1,63 2,20 10,6 12,6 16,8
7 1,23 2,16 2,83 12,0 14,1 18,4
8 1,64 2,73 3,48 13,3 15,5 20,0
9 2,08 3,32 4,16 14,6 16,9 21,6
10 2,55 3,94 4,86 15,9 18,3 23,2
11 3,05 4,57 5,57 17,2 19,7 24,7
12 3,57 5,22 6,30 18,5 21,0 26,2
13 4,10 5,89 7,04 19,8 2,4 27,6
14 4,66 6,57 7,78 21,0 23,7 29,1
15 5,22 7,26 8,54 2,3 25,0 30,5
16 5,81 7,96 9,31 23,5 26,3 31,9
17 6,40 8,67 10,0 24,7 27,6 33,4
18 7,01 9,39 10,8 25,9 28,8 34,8
19 7,63 10,1 11,6 27,2 30,1 36,1
20 8,26 10,8 12,4 28,4 31,4 37,5
21 8,89 11,5 13,2 29,6 32,6 38,9
2 9,54 12,3 14,0 30,8 33,9 40,2
23 10,1 13,0 14,8 32,0 35,1 41,6
24 10,8 13,8 15,6 33,1 36,4 42,9
25 11,5 14,6 16,4 34,3 37,6 44,3
26 12,1 15,3 17,2 35,5 38,8 45,6
27 12,8 16,1 18,1 36,7 40,1 46,9
28 13,5 16,9 18,9 37,9 41,3 48,2
29 14,2 17,7 19,7 39,0 42,5 49,5
30 14,9 18,4 20,5 40,2 43,7 50,5
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A. HenpepbigHbie pacnpeneieHHs

Ilpunoxenue

Buan pacnpenesieHHii ¥ HX OCHOBHbIE XapaKTePHCTHKH

Pacnpenenenue OGHaCTbu ITnotHOCTH MareMaTHyeckoe Tucnepcus Mona
3HaYEHU I pacnpeneneHus OXMAAHUE
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B. JluckperHble pacupeneieHHs

ITpodonxcerue

O6nactb

MaremaTtuyeckoe

Pacnpenenenune AHAYCHMUIL BeposTHocTh OXUIANHE Hucnepcust
Bunomuanshoe |0, 1,2, .., n P,(m)=C,"p"¢"™" np npq
Tunepreomer- 0,1,.. Cﬁcﬁ_”h M M(N -M)n(N -n)
HYECKOe min(M, n) Py == N 2
Ilyaccona 0,1,2,.. m A A
Py=—e?
m!
Teometpuueckoe | 0, 1, 2, Pp= pqm-l 1 q
P P’
OtpuuarensHoe | r,r+ 1, .. = C ”::} VL r q"
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61 19
15 47
94 55
42 48
23 52

04 49
00 54
35 96
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IIpunoxenue 10

PaBHOMEpHO pacnpe/ielleHHble CTydaiiHble YHCIa

77
99
43
87
98

38
81
93

61

77

39
39
19
07
25

96

97



80
05

17
23
56
15
86

07

80 83
88 52

90 05
46 14
54 14
51 49
43 19

62 48
51 62
10 04
24 91
33 25

94 39
84 56
44 98
47 79
49 41

72
09

92
74
87
60
81

02
15
27
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33
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96
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INpunoxenue 11

3ajmanne s pacyeTHo-rpadHueckoil paGoTs
«Monennpopanue nokasareyieil HaXeXXHOCTH TEXHHYECKHX CHCTEM
€ HCMO/b30BAHHEM ANMAPATA MAPKOBCKHUX CJYYAiMHBIX NPOLECCOB»

Bapuanm 1

IMpeacrtaBuM aBTOMOOHJIb KaK HEKOTOPYIO CUCTEMY S C ZUCKPETHBIMU
COCTOSIHUSIMH S, S2, .es Sy, KOTOpPasl MEPEXONMT U3 COCTOSIHMS S; B COCTO-
aune Si(i = 1, 2, Jj=1,2, .., n) nox Bo3aeHCTBUEM IyaCCOHOBCKHX
l'IOTOKOB coﬁu’mﬁ (OTKaaoB) c MHTechBHocmMu )» ByneM paccMmaTtpu-
BaTh CJIEAYIOLIHE COCTOSIHUSI aBTOMOGHIISI, B KOTOPBIX OH MOXET HaXOAUTb-
CA B MPOLIECCE IKCIUIyaTALIMM M KOTOPbIE XapaKTEPU3YIOTCS LETOIHEBHBIMU
MIPOCTOSIMH:

S| — ucrpaBeH, paboTaer;

S, — NpOXOOUT TEXHUYECKOE OOCITyXHBaHHUE;

S3 — HaXOOMTCS B TEKYIIEM PEMOHTE;

S4 — HaxoOMTCS B KalTUTAILHOM PEMOHTE;

Ss — NpOBOOMTCS 3aMEHa arperara;

Sg — vcripaBeH, He paboTaeT MO OpraHU3alMOHHBIM TIPUYMHAM;

S7 — HcnpaBeH, He paboTaeT, BEIXOOHBIE M MPa3THUYHBIE THHU;

Sg — criuceiBaeTcs.

PaccMaTprBaeMble COCTOAHMA §; aBTOMOGWISI XapaKTEPU3YIOTCS Cpea-
HHUM 4YHUCJIOM AHEHU mnpebbIBaHUsI aBTOMOOHUJIS B KaXIOM j-M COCTOSIHUH
G=12,..,n) k. OrHoweHue

roe Qg — YuCa0 KaleHIapHBIX OHEH B rody, MOXHO TPAaKTOBATb KaK BEPOSIT-
HOCTb HaxOXIEHUsS aBTOMOOMJIA B j-M COCTOSTHUM P;.

BepositHocTn P; siBnsiioTest GyHKUMAMH npoGera asromobmist P(L).

BeposiTHOCTB Haxoxnel-ma aBTOMOOWJISI B COCTOSTHMM S| (HCHpaBCH
paboraet) P|(L) npencrapnsieT co6oit KoadbHLUHEHT BBIITycKa aBTOMOGHIISI
— OIOVH U3 OCHOBHBIX IMOKa3aTeseil paboThl aBTONPEANIPUATHS.

Bo3MoXHbIe mepexonsl aBTOMOGHISI U3 COCTOSIHUSL S; B COCTOSIHME S
OMNMCaHbl MaTPULIEH MEPEXOIOB.

CooTBeTCTBYIOLME UHTEHCUBHOCTH MOTOKOB COGBITUH A, mepesons-
LHX aBTOMOGMIIb U3 COCTOSIHUS S; B COCTOSIHME S, ONpeNensioTest no ¢op-
MyJiaM, TIpUBEdEHHBIM B Ta6u. IT. 11 1.

Tpebyemca:

1. IMocTpouTh pa3MevyeHHBIH rpac COCTOSAHUI CHCTEMBI S-aBTOMOOHITb
MO 3aaHHO! MaTpHlEe MepexXonoB.

2. OnpenenuTh HHTEHCUBHOCTH Ay, HCTIONB3Yst opMyinbt Tabn. I1.11.2.
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HHTeHCHBHOCTH nepexoaa

Tabnauua I1.11.1

HNHTEHCUBHOCTD dopmyna nis pacuera IIpumeyanue
1 2 3
HcnpaseH — npoxoaur 1 L., — npoGer as-
TO-2 Ap(L)y=— TOMOGWJIS 10
Ly TO-2, ThIC. KM
HcnpaBeH — HaxoauTCs B Ai3(L) = exp(—0,8 +
TEKYLIEM PEMOHTE +0,08 - L)

I/ICl'lpaBCH — HaxooMuTCA B
KaNnuTaJIbHOM PEMOHTC

Aa(L) = exp(—0,3 +
+ 0,002 - L)

HcnpaeeH — 3amMeHa

KU(L) = exp(—0,4 +

arperara + 0,004 - L)

Hcnpasen — He paGoTaer 1 € — cpenue-

10 OPraHM3alMOHHBIM Mg(L)= ?ec Tonr CyTO4HBIA npoGer,

NnpUYMHaAM P ThIC. KM;
Topr — IHHU npo-
CTOs1 MO OpraHM3a-
LMOHHBIM TIPHUYH-
HaMm

Hcnpasen — He paboraer 1 Taux — NPa3aHUY-

(NpasgHUYHbIE, BHIXOAHBIC )‘17(1‘):7—.'77— HBIE M BbIXOIHbIE

cc BbIX

IHU) IHHU

UcnpaseH — cnucaHue ) L-1L, Lo = 400 ThiC. KM;

aBTOMOGWIIA Ag(L) =5 S = 300 THiC. KM

Hcxonmble NaHHbIE U OTIPEETEHHUS Ayl
CcpelHeCcyTOYHbBIN npoder — 0,2 ThIC. KM;

cpeliHee BpeMs1 NPOCTOSI aBTOMOOMIISI B TEKYLEM peMOHTe — 1,5 mHs;

CpefiHee BpeMs NPOCTOS 110 OPraHU3aLMOHHBIM MPUYMHAM — 2 JHS;
OCTAJIbHBIE TaHHbIE BHIOMPAIOTCH, UCXONS U3 NMPOGDECCHOHANTBHBIX CO-

obpaxeHUi.

3. CocraButh cuctemy anddepeHuHnanbHbix ypaBHeHUT KonMoroposa
M pelnTsh €€ MeTonoM PyHre—KyTra ¢ MCNONIb30BaHUEM CTAHOAPTHOM Mpo-
rpaMMbl HA DBM npu cnenyolmux ycaoBHUsX:
a) npenxesnibl MHTErpUPOBaHUSA: HIXHMI — 0, BepxHUit — 20;
6) war uHTerpupoBaHus — 0,5;
B) HavaipHble yenoBus: Pi(L) = 1, P(L) =0,j=2,3, .., n;
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r) pe3ynbTaThl BBIBECTH Ha MeyaTh B Toukax 1, 5, 10, 15, 20 ¢ TouyHOC-
10 E = 107",

4. TonyyuTb 3HayeHUs1 KO03¢dHLMEHTa BbITycKa aBToMOOMNs Pi(L) u
MOCTPOUTD rpachvK 3aBUCHMOCTH K03¢(DHIIMEHTA BBINYCKa OT npobera.

5. OnpenenuThb BAUSIHME Ha U3MEHEHUE KO3 DUUHEHTa BBINMYCKa Cpel-~
HECYTOYHOro MpoGera W CpeIHEero BPEeMEHU MPOCTOS B PEMOHTE; U3MeHeE-
HUe 3Ha4YeHUs 3TUX rnokasateneil Ha 40—60 %. ITocTpouTts rpaduku.

ITpumeuanus:

NHTEHCUBHOCTD
1
Aj=—
j b
T;

rae T; — cpexHee BpeMst NPeGBHIBAaHUSA B i-M COCTOSTHUM.

NHTteHcuBHOCTh Ajg = 0 it L < 400 Thic. KM.
Jns npuBeieHNsI BCEX HHTEHCUBHOCTEN repexona A K eAMHbIM €AMHHU-
LlaM U3MEPEeHUs 1 MHTEHCUBHOCTH nepexona u3 1-ro co-
JIEHb (CYTKH)
CTOsIHMs (aBTOMOGWIIb MCTIPAaBEH) BO BCE j-€ COCTOSIHMS A; MPH COCTaBe-
HUM IuddepeHInaNbHBIX YPAaBHEHUH YMHOXAIOTCA Ha KO3(h(OULHMEHT £,
(cpemHecyTOYHBIN mpober).

Bapuanm 2

B npouecce akcrutyarauuu OBM MoxeT paccMaTpuBaThCs Kak (pU3U-~
yeckast cucTteMa S, KOTopasi B pe3y/ibTaTe MPOBEPKH MOXET 0Ka3aThCsl B OlI-
HOM M3 CJICXYIOLHUX COCTOSIHUIA:

S; — OBM nosHOCTBIO HCTIPaBHa;

Sy — OBM uMeeT He3HauUTENbHBIE HEMCIIPABHOCTH B ONEpPaTUBHOMN
MaMsATH, NMPU KOTOPBIX OHa MOXET pellaTh 3alauyH;

S3 — DBM nMeeT cyLIECTBEHHBIE HEMCITPAaBHOCTH U MOXET pellaTh Or-
PaHWYEHHBIN KJIacC 3a1ay; ’

S4 — OBM mnonHOCTBIO BhILLIA U3 CTPOS;

S5 — OBM HaxoauTcs Ha NpOGHUIAKTHUKE;

S¢ — 9BM He paboTaeT no opraHM3aLlMOHHBIM NMPUYHHAM;

S; — OBM He paboTaeT, npa3sgHUYHbIE U ApYTHE Hepabouue QHM;

Sg — OBM cnuceiBaeTcs.

PaccmatpuBaembie cocTosiHus S; DBM xapakTepu3yloTCst CPEAHNM Bpe-
MeHeM T npeGbiBaHust OBM B KaXIOM j-M COCTOSHUH.

OTHOlUeHUE

K=y,

rae T — Bo3MOXHOEe BpeMsi paboTel DBM B naHHBI neprof (Mecsil, KBapTai,
FOA M T. [I.), MOXHO TPAKTOBATb K@K BEPOSTHOCTD F£; HAXOXAECHHS OBM
B j-M COCTOSIHMH.
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BeposiTHOCTH P ABNAIOTCA (YHKLHUSAMU BPEMEHH P(t) BeposiTHOCTB
HaxoxnaeHuss 9BM B cocTostHuM P(f) = Pi() + Py(¥) MO)KCT OBITh UCTOJIKO-
BaHa KaK BEPOSITHOCTb 0e30TKa3HOM paboThl OBM, T. €. Kak OqUH U3 NoKa-
3aTeNieil HaIeXHOCTH TEXHUYECKOM CHCTEMBI.

BoaMmoxHbIe nepexoap! cucteMbl S-OBM u3 cocTosiHus S; B COCTOSIHUE
S(i=1,2,..,n,j=1,2, .. n) onucaHsl MaTpULIE! NMEpeXOIOB.

COOTBCTCTBYIOI.LIHe HHTechBHocm TIOTOKOB COGBITHH A, NeEpeBOas-
wux IBM M3 COCTOSIHMS S; B COCTOSIHME ), ONPEAENSIOTCS 10 dbopmynam,
NpUBEAEHHBIM B Tabn. IT. 11 2.

Tpebyemcs:

1. ocTpouts pa3MeyeHHBIN rpad cocTosiHui cucteMbl S-ODBM no 3a-
JaHHON MaTpHUle MepeXOnOB.

Ta6nuua I1.11.2
HHTEeHCHBHOCTH mepexoaa

HMHTEeHCHBHOCTD @opmyna uis pacyera IIpuMeyanue
Ap(?) 0.25 T, — cpenHee Bpems pa-
A ()= } Gotel DBM 10 nosiBieHus
H HE3HAYUTEJILHOM HeHc-
NPaBHOCTH;
T,=0,1-T

rae T — obLiee BO3MOX-
Hoe Bpems paGorsl O9BM
3a JaHHbIM NepUon

A3 A3 = 0,25 - exp(—0,8 +
+ 0,08 - 7)
Aia(d Aia(® = 0,22 - exp(-0,3 +
+ 0,002 - 1)
Als(f) Als(f) = 0,24 . exp(—0,4 +
+ 0,004 - 9
Aig() 1 Topr — cpenHee Bpemst
16 Me(n) = npocros 9BM no opranu-
Topr
32U MOHHBIM TIPUYUHAM
1 Thp — cpenHee Bpems
A0 M) =m—
Top NPOCTOs B NPa3qHUYHBIE
IHH
- , ) tg = 1 200 TBIC. Y
Aig() Ms(f) = S =72 000 THiC. ¥
A =0

npu ¢ <1 200 ThIC. Y
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2. OnpenennuTb UHTEHCUBHOCTH A,, ucnosnb3ys ¢opmynsl Tabn. I1.11.2.
NHTEHCUBHOCTH )» ; OTIPEENAOTCS IO (bopmynaM A = 1/T;, rae T; — cpen-
Hee BpeMs l'lpeﬁblBaHPlﬂ cucteMsl S B i-M cocTom-mu 3a nal-mblﬁ 10307 (0):
(Mecsll, KBapTaj, TOA U T. I.).

3. CocraButh cucteMy nuddepeHUHaNbHBIX ypaBHeHUH KonMoroposa
U pelnTh ee MeToIoM PyHre—KyTra ¢ Mcronb3oBaHMEM CTaHAAPTHOMN Mpo-
rpaMMbl Ha OBM ripu clienyonmx yCiaoBUsIX:

a) npeneabl HHTErpUPOBaHUS: HIXXHMIT — 0, BepxHMit — 50;

6) war uHTerpupoBaHus — 0,5;

B) HayayibHBble ycnoBust: Pi(f) = 1, P(1) = =2,3,

r) peayanaTbx BbIBECTH Ha MeyvaTh B TO'-IKaX 1 5, 10 15 50 C TOYHO-
ctoio E = 107>,

4. ITonyyutb 3HaYEHUS BepOﬂTHocm 6e30TKa3HOoi paboTel IBM P(F) u
MOCTPOUTD rpadhuK 3aBUCHMOCTH BEPOSITHOCTU OT BPEMEHH.

Jns pelwieHuss He0OXOAHMO HCNOIbL3OBATH
ClleyIouue BAPHAHTHI HCXOAHBIX JAHHBIX

(0 — Het mepexona; 1 — BO3MOXEH TMepexomn)

Ne 1
CocTosiHUSI aBTOMOOWIS MaTtpuiua BO3MOXHBIX MEPEXOq0B
CocrossHus DBM 1 2 3 5 6 8
1 0 1 1 1 1 1
2 1 0 0 0 0 o0
3 1 1 0 1 1 0
5 1 1 1 0 1 1
6 1 1 1 1 0 1
8 0 0 0 0o 0 O
Ne 2
CocTosiHUs aBTOMOOMNSA MaTtpuia BOBMOXHBIX I1€PeX0n0B
CocrossHus DBM 1 2 3 4 8
1 0 1 1 1
2 1 0 1 0 0
3 1 1 0 0 o0
4 1 1 0o 0 O
8 0 0 o 0 O
Ne 3
CocTosiHUS aBTOMOOWIS MaTtpHia BOZMOXHBIX MEPEXOIOB
Cocrosinnsga 9BM 1 2 3 5 7 8
1 0 1 1 1 1 1
2 1 0 1 1 1 0
3 1 1 0 1 1 0
5 1 1 0 0 1 0
7 1 1 1 1 0 1
8 0 0 0O 0 o0 O

410



CocTosiHUsT aBTOMOOMIIS
Cocrosiuuss 9BM

COCTOSIHUS aBTOMOGHIIS
Cocrosnusa DBM

CoCTOSIHUS aBTOMOOWISI
Cocrosinus 9BM

CocTosiHHsS aBTOMOOWIS
CocroaHus O9BM

Ne 4

Martpuua BO3MOXHBIX NepexonoB

1 2 3 5 7 8
1 0 1 1 1 1 1
2 1 0 1 0 1 1
3 1 1 0 1 1 0
5 1 1 0 0 1 0
7 1 1 1 1 0 1
8 0 0 O 0 0 o
Ne 5
Marpuiua BO3MOXHBIX MEPEXOIOB

1 2 3 7 8
1 0 1 1 1 1 1
2 1 0 0O 0 0 o0
3 1 1 0 1 1 0
4 1 1 o 0 0 0
7 1 1 1 1 0 1
8 0 0 0O 0 0 o0
Ne 6
Martpuua BO3MOXHBIX TIEPEXOAOB

1 2 5 8
1 0 1 1 1
2 1 0 1 0
5 1 1 0 o0
8 0 0 0 0
Ne 7
Martpuuia BO3MOXHBIX NEPEXon0B

1 2 3 4 8
1 0 1 1 1 1
2 1 0 0 0 0
3 1 0 0 0 0
4 1 1 1 0 0
8 0 0 0 0 O
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CocTostHUSI aBTOMOOWISA
Cocrosinus D9BM

CocTosiHUSI aBTOMOOHIIS
CocTtosiuus DBM

CocTrosgHuss aBTOMOGHNA
Cocrosinus 9BM

CocTossHHMSI aBTOMOOWIA
Cocrosinusg 9BM

412

Ne 8

MartpHLua BO3MOXHBIX IIEPEXOAOB

1 2 3 7
1 0 1 1 1
2 1 0 0 0
3 1 0 0 0
7 1 1 1 0
Ne 9
MaTtpuiia BOBMOXHBIX MEPEXoaoB
1 2 3 4 7
1 0 1 1 1 1
2 1 0 0o 0 0
3 1 1 0 1 1
4 1 1 1 0 1
7 1 1 1 1 0
Ne 10
Martpuua BO3MOXHBIX TIEpEXON0B
1 2 6
1 0 1 1 1 1
2 1 0 0 1 1
3 1 0 0 1 1
5 1 1 0 0 1
6 1 1 1 1 0
Ne 11
Marpuia BO3MOXHEIX NMEPEXOIOB
1 2 3 4 6 7
1 0 1 1 1 1 1
2 1 0 1 1 1 1
3 1 0 0 0 1 1
4 1 1 1 0 1 1
6 1 1 1 1 0 1
7 1 1 1 1 1 0



CocTostHUs aBTOMOOWIS
CocrosaHus 9BM

CocTOsIHUS aBTOMOOWIIA
Cocroanus OBM

CocTOsIHMA aBTOMOOWIS
Coctoauus 9BM

CocTossHHs1 aBTOMOOWIS
Cocrosinua 9BM

Ne 12

Martpuiia BO3MOXHBIX NIEPEXOIOB
1 2 8

1 0 1 1 1

2 1 0 1 0

3 1 1 0 0

8 0 0 0 0

Ne 13

MaTtpHua BO3MOXHBIX IIEPEXONOB
1 2 3 5 8

1 0 1 1 1 1

2 1 0 1 0o o0

3 1 1 0 1 0

5 1 1 o 0 O

8 0 0 0 0 0

Ne 14

Marpuiua BO3MOXHBIX TIEpPeX0q0B
1 3 5 7

1 0 1 1 1

3 1 0 1 1

5 1 1 0 1

7 0 0 0 0

Ne 15

MaTpsia BO3MOXHBIX IEpEX0N0B
1 3 5 6 7

1 0 1 1 1 1

3 1 0 1 1 1

5 1 0 0 1 1

6 1 1 1 0 1

7 1 1 1 1 0
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CocTOsIHHSI aBTOMOOMIIS
Cocrosanuss 9BM

CocTOsSIHHSI aBTOMOOMISA
CocrosaHus 9BM

CocTosiHUSL aBTOMOOHIIS
Cocrosinust 9BM

CoctosiHHs aBTOMOOWIA
CocrossHus SBM
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Ne 16

Martp#iia BO3SMOXHBIX NEPEXOIOB

1 2 S 7 8
1 0 1 1 1 1
2 1 0 1 1 1
h) 1 1 0 1 0
7 1 1 1 0 0
8 0 0 0o 0 0
Ne 17

Ma'rpuua BO3MOXHBIX MMCPEXOA0B

1

2

5

7

1 0 1 1 1

2 1 0 1 1

5 1 1 0 1

7 1 1 1 0

Ne 18

MarpHiua BO3MOXHBIX [1EPEXONOB
1 2 5 8

1 0 1 1 1

2 1 0 1 0

5 1 1 0 0

8 0 0 0 0

Ne 19

MartpHua BO3MOXHEIX MEPEXOLOB
1 2 5 6 8

1 0 1 1 1 1

2 1 0 1 1 0

) 1 1 0 1 0

6 1 1 1 0 o0

8 0 0 0 0 O



CocTossHUA aBTOMOOWNS
Cocrosinug 9BM

CocTositHusA aBTOMOOMISA
Cocrosinua 9BM

CocTosiHHust aBTOMOOUNSA
Cocrosiuns DBM

Ne 20

MaTtpuua BO3MOXHBIX IEPEXOIOB

1 5 6 7 8
1 0 1 1 1 1 1
2 1 0 1 1 1 0
5 1 1 0 1 1 0
6 1 1 1 0 1 0
7 1 1 1 1 0 0
8 0 0 0 0 0 0
Ne 21
Marpuia BO3MOXHBIX MEPEXONOB

1 2 4 8
1 0 1 1 1
2 1 0 1 0
4 1 1 0 0
8 0 0 0 0
Ne 22
MaTtpH1ua BO3MOXHBIX IE€PEXOIOB

1 2 4 7 8
1 0 1 1 1 1
2 1 0 1 1 0
4 1 1 0 1 0
7 1 1 1 0 0
8 0 0 0 0 0

ITpumep. ITpeanonoxum, 4To cuctemMa S-aBTOMOGUIIL MOXET HaXOAUThb-
Csl B CJIETYIOLIMX COCTOSTHUAX: S}, §3, S5, S7. BO3MOXHBIE Nepexobl CHCTE-

Mbl § U3 COCTOSIHHSI B COCTOSIHME yKa3aHbl B MaTpHLIE:
MaTtpuua BO3MOXHBIX NEPEXONOB

N W) e

O = O =

O = O W

(0 — HeT mepexona; 1 — BO3MOXEH NMEPEXONH).
Hcnonb3ys MaTpully BO3MOXHBIX NMEPEXONOB, NOCTPOUM pa3Me4yeHHbI

rpad COCTOAHHIt cucTeMbl S-aBToMoOwIb (puc. I1.11.1).

OO == ln
O == |

415



Puc. I1.11.1. Ipad cocToaHuit cucteMol §

OnpeznenmM HHTEHCUBHOCTH Ay, ucnons3ys TaGn.IL11.1.

HcxonHble naHHBIE:

CpeqHECYTOYHBIH npober £, = 0,25 TrIC. KM;

CpefiHee BpeMs MpOCTOsl aBTOMOOWIIA B TeKylleM peMoHTe T3 = 1 nHio.
OcrasnbHble JaHHBIE BBIOMPAIOTCS, UCXOASA M3 NMPOodECCHOHANIBHBIX COO0pa-
KEHHIA:

KOJIMYECTBO BBIXOAHBIX M MPAa3sAHUYHBIX THEH

T,ux = 60 nHei;

cpexHee BpeMs 3aMeHbI arperata

Ts = 5,0 gHsaM.
A3 = exp(—0,8 + 0,08 - L);
A5 = exp(—0,4 + 0,004 - L);

1 1
A7 = = -=0,0667,
Ut Tyux  0,25-60 ,
1 1
A =—=—=1;
ST
135=0,1,
A37=0,01,
1 1
Asy == =2=0,2
51 TS 5
Asz = 0,02;
As; = 0,002

CocraBuM cucremy nuddepeHUHaNbHBIX YpaBHeHUiT KoaMoroposa mis
BEPOSATHOCTEH cocTosiHUi P, rae i =1, 3, 5, 7:
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n
dL
dpy
dL
dp,

dL

dP,

==R- (A3 +Ajs+A17) Lec + A3y Py +Asy - B

==P3-(A3; +A35+A37)+A 13- B £ +As3- Bs;

(IL. 11.1)

=P5-(Asy+As3+Asy)+A1s- P -l +Azs- Py

=L =A7-BLec+A37-Py+dsy - B

dL

Pewrum 31y cucreMy metonoM PyHre—KyTTa ¢ MCHONb30BaHUEM CTaH-

JapTHOM nmporpamMmel Ha DBM npu cieayoumx yCaoBHUsIX:

a) npelesibl MHTErPUPOBaHUS: HIXKHMIT — 0, BepxHuit — 35;

6) war uHTerpupoBanus — 0,5;

B) HayanbHble ycnoBust: Pi(L) = 1; Py(L) = 0; Ps(L) = 0; Py(L) = 0
r) pe3yabTaThl BRIBENEHHUS Ha MevyaTh ¢ TOYHOCTHIO £ = 107 B TOukax

L5, .., 35

g pewieHus! 3a1a4 MOXHO BOCIOJIB30BaThCSl MPOrPaMMHBIM MPOIYK-
oM MATHCAD 6.0 PLUS.
ITonyyum 3HaueHue ko3hduLmeHTa Brinycka asTomobmwns Py(L) B 3a-

BUCHMOCTH OT npobera aproMobwns L (ta6n. I1. 11.3).

3nauenns KO9QQHUIHEHTA BHITYCKA aBTOMOOHIA

Ta6nauua I1.11.3

L Py(L) Py(L) Ps(L) Py(L)
1 0,787 0,0622 0,136 0,0152
5 0,512 0,0824 0,345 0,0614
10 0,419 0,0972 0,376 0,108
15 0,364 0,123 0,363 0,150
20 0,312 0,156 0,344 0,188
25 0,260 0,193 0,323 0,224
30 0,162 0,269 0,218 0,288

Jnsa Toro ytoObl ONpPENeNUTh BIMSIHHE Ha U3MEHeHHe Ko3dduumeHTa
BBINYCKa CPENHECYTOYHOro npobera £, ¥ CPEIHETO BPEMEHH NPOCTOSI B pe-
MoHTe T3, U3MEHMM 3TH NoKa3aTeNu. YBenuuuM {.. v T3 Ha 50%. Torma

= 0,375 ThiC. KM; T3 =

1,5 nHs.
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C n3MeHeHMEM 3THX NOKa3aTeseil:

A7 = 0,0444;
1 2
A3p === =0,6667;
T3
}.35 = 0,0667,
A37 = 0,0067.

OcranbHble A; OCTAIOTCA 6€3 H3MEHEHMUSL.

PewunM cuctemy MetooM PyHre—KyTTa ¢ UCMONIB30BaHHEM CTAaHIAPTHOM
nporpaMmsl Ha TISBM c yyeTtoM HOBBIX 3HaYE€HMIA HHTEHCUBHOCTEH M (.

IMonyuuM HoOBbIE 3HaYeHUsI KO3(dHULMEHTa BbITTycKa aBToMoGWsA Py(L)
(tabn. I1.11.4).

: Ta6auua I1.11.4
3Hauenus Ko3(p(uuueHTa BHINYCKa aBTOMOOHIA

L Py(L) Py(L) Py(L) Py(L)
1 0,694 0,102 0,189 0,0144
5 0,387 0,142 0,418 0,0534
10 0,314 0,162 0,433 0,0915
15 0,266 0,200 0,408 0,126
20 0,221 0,246 0,375 0,158
25 0,177 0,295 0,341 0,187
30 0,137 0,341 0,308 0,214
35 0,103 0,383 0,276 0,239

Bbieod. TIpy yBeMYEHHUHM CPEIHEro BPEMEHH MPOCTOS aBTOMOOWISA B
PEMOHTE M CpeIXHECYTOYHOro npobera Ha 50% ko3bbHUUEHT BbIMyCKa
ymenbluaerca. ITonyyeHHass MmateMatudyeckas momenb (I1.11.1) dpyHkumo-
HUPOBaHHUS aBTOMOGWISI NO3BONSIET NPOCHAEUTD BIUSTHUE PAIMYHBIX YCJIO-
BUI 3KCIUTyaTaUMM Ha K03 HULIUEHT BHINYCKA aBTOMOGHIIA.




IIpunoxenue 12
Merton XKopnana—Taycca

HYCTB 3ajlaya JIMHEItHOro NporpaMMUpPOBaHUs 3allMcaHa B KAHOHUYEC-
KOM BHIC:

a1 Xy +appxy ... +a, X, =b1

AmX) Ty Xyt Ay Xy = Opys
Z qin =C1 X +C3X3 +..HCp Xy,

b,'ZO, i=l, m, XJ'ZO, j=l, n.

Jinsi KOMIIAKTHOCTA COCTaBUM I 3alMMCaHHOM 3aJayy XXOPAAHOBCKYIO
TaOJIMLY, B KOTOPOil MPUITHILIEM CTPOKY, COOTBETCTBYIOLIYIO LieIeBOi (PyHK-
uvm Z:

ay ap - a,lh| X
Al G2 - Oy By | X
g € .. ¢ |0]X,

Anroput™ Meroaa

1. 3anucartp 3amavyy B (popMe XOpAAHOBCKON TabGiMLBI, DY 3TOM BCe
3JIEMEHTHI cToNbUa CBOGOOHBIX WIEHOB b; MOJIXHBI ObITh HEOTPHLIATENbHBI
b; 20, i = 1,m. YpaBHEHUsI CUCTEMBI, B KOTOPbIX CBOGOIAHbBIE WIEHB! OTPH-
L{aTeJIbHbI, MPEXBapUTEIILHO HYXXHO YMHOXMWTb Ha —1.

2. TaGnuuy npeoGpasyem LIaraMH XOPIAHOBCKHX UCKIOYeHHid. [Ipu
3TOM Ha KaXIOM pa3peuialolieM Liare MoxeT ObiTb BblOpaH Jil060# cTOMN-
6ell, comepXalllHii XOTs1 Obl OJHUH MOJOXUTENbHBIN 2eMeHT. CTpoka Lene-
BO (PYHKLMH Ha BHIOOp pa3pellaloliuX CTOJOLIOB BIHUSHUS HE OKa3bIBaET.

3. Paspelualoiiasi ctpoka ONpeAessieTcsl 0 HaMMEHbUIEMY U3 OTHOLUE-
HUH CBOOOIHBIX YJIEHOB K INMOJIOXHUTEJIbHBIM 2JIEMEHTaM pa3pelialoLero
cronbua.

4. B npouecce npeo6pa3oBaHui BEIYEPKHMBAIOTCS CTPOKHM, COCTOSLIME
U3 OMHMUX HYJIEH.

S. Ecnu B npouecce npeobpa3oBaHUil BCTpeyaeTcd CTPOKa, BCE ANEMEH-
ThI KOTOPO# HY/IU, a CBOGOIHBIN WiIEH OTJIMYEH OT HYJIS, TO 3aaya He UMe-
eT pewleHus. Eciu BCTpEeTUTCA CTPOKA, B KOTOPOi KpoMe CBOOOIHOrO 4Jie-
Ha JPYTHX MOJIOXHUTENbHBIX 3JICMEHTOB HET, TO FOBOPSAT, YTO 3aaya HE UMe-
€T MOJIOXKUTENIbHBIX PEILICHHIA.
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IIpumep. HaiiTh onopHbIit naH 3agayu JTMHEHHOrO NMPOrpaMMHUpPOBa-

HUA. .
min L =x; +2x3 +3x3 +4x4

Xy +x9 =2x3+x4 =2
X =2x3 +x3 +2x4 =4
Xp +2x +2x3 +2x4 =8,

XjZO; j=1, 4.

Pewenue
1. CTpouM MepByIO XOPAaHOBCKYIO TabJIMLLy, MOC/IENHSAsA CTPOKa KOTO-
poit siBnseTcs cTpokoit ueneBoi ¢pyHkunu ( Tabn. I1.12.1)

Ta6anua I1.12.1

X1 X3 X3 X4 C4

(1) 1 =2 2
1 -2 1 4
1 2 2 2 8

-1 -2 -3 -4 0

2. Ta6n. I1.12.1 u Bce nmocneayoue Tabauubl npeobpasyeM LiaraMu
XXOpAaHOBCKHMX NMpeobpa3oBaHuii. IIpu 3ToM Ha Kaxmom ware (tabn. I1.12.1,
Tabn. I1.12.2, tabn. I1.12.3) paspewaoum BeiGupaeM o6oit cronbel, co-
IepXaluuit XoTst 661 OOMMH MOJIOXUTENBHBIN 2/IeMEHT. Paspelaioias cTpoka
BLIOHpAETCS MO0 HaMMEHBLIEMY TOJOXHUTEILHOMY OTHOLUEHHIO CBOGOIHBIX
YJIEHOB K 3JIEMEHTaM paspeluarouiero cronbua. Ha nepeceyenun paspeiua-
Iollero cronbua U paspeliaiolieil CTPOKM HAXOOMUTCS pa3pellalouiuii je-
MeHT: B Ta6n. I1.12.1 oH paBeH 1, B Tabn. I1.12.2 — 1, B Tabn. I1.12.3 — 5.

3. Ilepexoaum K caenytouieit Tabnuue (tabn. I1.12.2), B KOTOpPOIt CTON-
6el, COOTBETCTBYIOILMIA pa3peltalonieMy cronduy tabn. I1.12.1, ssasiercs
HYJIEBBIM, @ 3JIEMEHTBbl CTPOKH, COOTBETCTBYIOLIME 3JIEMEHTHI pa3pelialo-
uieit crpoku Ta6n. I1.12.1, monyyaioTcst myTeM OejIeHUs] COOTBETCTBYIOLIMX
aneMeHTOB Tab. I1.12.1 Ha pa3pewanowmuit 3meMeHT. OcTabHbIE JIEMEHTHI
Tabn. 1.12.2 BHIYMCASIIOTCS MO NMpPaBWIY MPSMOYTOJbHUKA: UCKOMBIN 3j1e-
MeHT U3 Tabu. I1.12.2 6yxeT paBeH COOTBETCTBYIOLIEMY 3JIEMEHTY TabJl.
I1.12.1 MuHyc ApoOb, B YMCIUTENIE KOTOPOiIl CTOUT MPOU3BEACHHE 3JIEMEH -
TOB M3 IBYX IMPOTHBOIMOJIOXHBIX BEPLUHH MPSIMOYTOJIbHUKA, 4 B 3HAMeHaTe-
Jie — pa3pellaolnii JIEMEHT.

B omHoOIt 1 TO#t Xe CTpoKe IBaXIbl BHIOMpATh pa3pellalolInii 3JIEMEHT
HENb34.

4. Koraa nocine psiga npeo6pa3oBaHuil OyIET MOJyYeHO CTOJIBKO Xe Hy-
JIEBbIX CTOJIOLIOB, CKOJIBKO M YPaBHEHMII B CHCTEMe OrpaHUYeHMii, rnpeosd-
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pa3oBaHHUsl HEOOXOOUMO 3aKOHYMTh. B Hamem ciyyae npeoOpa3oBaHus 3a-
KaH4uBaloTCA Ha 4-M 1uare (tabn. I1.12.4), Tak KaK YMCJIO HYJIEBBLIX CTOJIO-
LIOB B MocJieAHel TabjauLe paBHO 3, M YMCJIO YpaBHEHHMI B CUCTEME Orpa-
HHYEHMH paBHO 3.

Ta6auua I1.12.2

x X, X3 X4 CY
1 1 -2 1 2
0 -3 3 1) 2
0 1 4 1 6
0 -1 -5 -3 2
Ta6nuua I1.12.3
Xy X, X3 X4 C4
1 4 -1 0 0
0 -3 3 1 2
0 4 &) 0 4
0 -10 -8 0 8
Ta6nuua I1.12.4
X X X3 X4 (oL
1 24/5 0 0 4/5
0 =11/5 0 1 14/5
0 4/5 1 0 4/5
0 -18/5 0 0 72/5

W3 ta6n. I1.12.4 nonyyrM HavyanbHbIA OINOPHBIN MMJaH:

Lmin= —-gg-xz +

24

4

3
5’

MpuHsB x; = 0, NONyYWIM MEPBOE AOMYCTUMOE PELICHHE:

Lmin=? MpH x| =

5

4.
; X =0; X3=35 Xa=

14
T
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