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Tema 1. OcHOBHBIC MOHATHS MATEMATHYECKOI0
MOJEJTMPOBAHUS B JKOHOMUKE

1.1 KpaTkuii ucropuyeckuii 0030p

OKOHOMMKO-MaTeMaTu4ecKMe METO/bl W MOJEIM MPUMEHSIIOT C LENbl0 OTHICKAHUS
HAWIY4ILIEro pelieHus, TO eCTh PELIEeHHUs, ONTUMAIBHOTO B TOM UJIM MHOM CMBICIIE (MaKkCUMyMa
WU MUHUMYMA).

CraHOBIIeHHE MaTeMaTH4YeCKHMX METOJIOB aHalIM3a U BBIPAOOTKHU XO3AWCTBEHHBIX PEIICHUMN
KaK CaMOCTOSITeNIbHOM BeTBU MaTeMaTHKu npousonwio B XVIII Beke.

Bo ®pannun @pancya Kens, Bpad ¥ SJKOHOMUCT, NPEANPHUHSI OJHY U3 IEPBBIX MOIBITOK
SKOHOMHUKO-MAaTE€MaTUYECKOr0 MOJEIUPOBAaHUS MeXaHu3Ma JBWXKEHUs ¢(uHaHcoB. OH
MOCTPOUJI S3KOHOMHUYECKYIO TaOIHIly, paCCMaTPUBAIOLIYI0 SKOHOMHUKY TOCYJapCTBa KaK €IUHYIO
cucteMy. KeHs mnpuMeHMs uIe0 KpPOBOOOpalleHHS UeloBEeKa K KpPyroobopoTy
HSKOHOMHYECKHX OTHOLLIEHUH.

Kapn Mapke, ucnonsizys Tabnunsl Kens, BBen anredpandeckue (Gopmynbl U MedTalnl
«BBIBECTH TJIaBHBIE 3aKOHBI Kpu3ucOB». B paborax Mapkca BmepBble caelaHO MaTema-
THYECKoe (OpMaM30BaHHOE OMKCAaHUE MPOIECcCa PACUIMPEHHOTO BOCIIPOU3BO/ICTBA.

B 1838 roay ¢panmysckuii maremaruk AHtyaH KypHo BbimycTun kaury «lcciaenoBanue
MaTeMaTH4YEeCKUX MPUHLUIIOB Teopuu OorarcrBa». B Hell Oblna BrHepBble IPEAsOkKEHa
MaTeMaTH4ecKas 3aBUCHMOCTb CIpOCa M ILICHBl TOBapa. OTH BEJIHWYUHBI  CBS3aHBI
K03((OUIHMEHTOM 3IaCTMUYHOCTH, KOTOPBIH MOKa3blBaeT, KaK M3MEHSETCS CHPOC MPU POCTe
WU CHMXKEHMU 1ensl Ha 1%. OyHKnMs cnpoca Mo3BOJIMIA BCKPBITH Pl 3aKOHOMEPHOCTEH.
IIponaBare moaopoxke He Bceraa BhITOJHO. Bee 3aBUCHT OT KO3 pUIMEHTa 1aCTUYHOCTH.
Crpoc Ha TOBaphl, A KOTOPBIX OH OOJIbIlIe €AMHMIBI, IPU CHUKEHHM II€HBl PacTeT Tak
OBICTPO, UTO 00IIast MPUOBLTH OT IPOJAKHU YBEITUUYUBACTCS.

B 1874 rony mBeinapckuii skoHomuct JI. Bambpac BBen CTaTUCTUYECKYIO MOJEIb
CHUCTEMBl HKOHOMHYECKOIO PABHOBECHsA, 3aTe€M HTAIbIHCKHM 5»KoHOMHUCT B. Ilapero
IIPEUIOKUI MOJIEIIb PACIIPEACIICHUS JOXO0A0B HACCICHHUS.

Konernr XIX m mawanmo XX Beka XapaKTEpU3yeTCs 3HAYUTEIHHOM aKTHUBHU3alHMEH padoT
Pa3BUBAOIINX MAaTEMaTUYECKUE METO/Ibl PEUICHU YKOHOMUYECKHUX 3anad. OQHON U3 MEepBbIX
3a/1a4, pEMIEHHBIX Ha OCHOBE MaTeMaTH4YECKOIO IOAXO0Ja, SBIAETCA «3ajadya O 3eMJIEKOIe»,
chopmynupoBannas @penepukom Teitmopom B 1885 rogy. B 3amaue Tpeboanoch
ONpeJeNuTh ONTUMAJIBHYIO pA30BYI Maccy Ioa0MpaeMOi 3eMiid, OO0ecreYuBaroIlyIo
MakCUMyM oObema paldoT 3emiieKona 3a JeHb. Eciau 3emiexon 3a pa3 3abupaer MHOTO 3€MJIH, TO
yCTaJIOCTh ero OblcTpo HapactaeT. Ecim Opatk 3a pa3 Mano 3emiu, TO najaer oOmui oobem
pabor.

CraHOBIICHHE COBPEMEHHOIO MAaTE€MaTHMUYECKOIO ammapara ONTHUMAJIbHBIX JKOHOMMUYECKUX
pemeHnii Hauanoch B 40-e roapl, Omaromapst nepBsiM pabotam H. Bunepa, P. bennmana, C.
JlxoHcoHa, JI. B. KantopoBuya.

B 1938 rony nepen aBaauarunstuieTHuM npodeccopom JII'Y Kantoposuuem JI. B. Obina
MIOCTaBJIeHA 3a/1a4a: KaK HAWIy4IIUM 00pa3oM pacrpeaenuTb padoTy BOCBMHU CTaHKOB (paHEPHOTO
TpecTa IpHU YCIOBHUH, YTO U3BECTHA MPOU3BOAUTEIBHOCTD KayKJOTO CTaHKA M0 KaXAOMY U3 IISTH
BUJIOB oOpalaTeiBaeMbIx MaTepuanoB. B 1939 rony Belgaromuiics COBETCKUH MaTeMaTHK U
HSKOHOMHCT IyOaHuKyeT paboTy «MaTemaTuyeckue METOAbl OpraHW3alid M IJIAaHUPOBAHUS
MIPOU3BOJICTBA», B KOTOPOM BHEpBbIE (HOPMYIUPYET 3ajady JHUHEHHOTO MpOrpaMMHUpPOBAHHS U
pa3zpabarbIBaeT anroput™ ee pemieHus. CoBMecTHO ¢ amepuKaHckuM ydeHbIM T. Kymmancom B
1975 roay JI. KantopoBud nosiydaer HoGeneBckyio npemMuio 3a BKJIaJ B TEOPUIO ONTUMHU3AINH
pacnpeneneHus pecypcos.
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Hcropuuecku obmias 3a1a4a JMHEWHOTO POrpaMMHUpoBanus cTaButcs B 1947 rony Jlanuurom
Jbx. u Bynom M. B nemapramente BBC CIIA. Jlanumrom mnpeajiaraercsi yYHUBEpCAJIbHBIN
QITOPUTM pPELIEHUS 3a1a4 JIMHEWHOTO MPOTrpaMMUPOBAHUS, Ha3BAHHBIM UM CHMILIEKC-METOOM.
B 1941 roagy Xwukok u He3zaBucumo oT Hero Kymcman B 1947 romy dopmynupyror
TpaHcnopTHyto 3anauy, Cturiep B 1945 rogy — 3amauy o quere.

B 50-60-x roax mosiBIISIFOTCS 3HAYUTENBHBIE PA0OTHI B 00JIACTH SKOHOMHUKO-MaTEMaTHIECKOTO
MOJIETIMPOBaHUs U y Hac, B ToM uncie: Kantoposuu JI. B. «DxoHOMUYECKH pacyeT HAMITYdIIero
uccnenoBanuss pecypcoB» (1959); Kauroposuu JI. B., TI'aBypun M. K. «lIpumenenue
MaTeMaTH4YeCKUX METOJOB B BOMpPOCaxX aHaiIu3a rpy3onoTokoBy (1949); paborst HoBoxkuiosa B.
B. no ontumanbHOMY TIaHUPOBAHUIO HAPOAHOTO Xo3sicTBa. B 1960 1. akagemuk HemunHoB B.
C. mpu Hoocubupckom otaenennu AH CCCP coznaer 1abopatoprio SKOHOMHUKO-MaTEMaTHIECKOTO
MO/IETIPOBAHUSL.

1.2 MaremaTu4yecKue METOABI U MOJACTUPOBAHUE IKOHOMUYIECCKHUX IMPOHECCOB

TepMuH 9xoHOMUKO-MamemamuyecKue Memoosbl TIOHUMAETCsl Kak 0000mIaromniee Ha3BaHNe
KOMILIEKCAa PKOHOMHUYECKHUX M MAaTeMaTHYECKHX HAYIHBIX TUCIHILUIMH, 00bCIMHEHHBIX IS
W3YYCHHUS COIMATLHO-YKOHOMHYECKUX CUCTEM U TIPOIECCOB.

[ox coyuanvro-s3xonomuyeckoili cucmemori 6yaeM TOHUMATh CIIOXKHYIO BEPOSTHOCTHYIO
TUHAMHYECKYI0  CHCTEMY, OXBAaTBHIBAIOIIYIO  TPOIECCHI  MPOU3BOJICTBA, OOMeEHa,
pacapeaeneHus U MoTpedeHusl MaTepUaJIbHbIX U APYTUX OJar.

OCHOBHBIM METOJIOM HCCIICIOBAHHMSI CHCTEM W TPOIECCOB SBISETCA . Memoo
MoOenuposanusi, T. €. CIoco0 TEOPEeTHUYECKOTO aHajh3a M MPAaKTHUYECKOro JIeCTBUS,
HaIpaBJICHHBIM Ha pa3pabOTKy U UCTIOJb30BaHue mozeneit. [Ipu aTom mox modenvro Oynem
MMOHUMAaTh 00pa3 pealbHOrO 00BEKTa (Tpolecca) B MaTepHaIbHONW WIIM HIealbHOU GopMe
(T. e. omMCaHHBIA 3HAKOBBIMHU CpPEJICTBAMH Ha KaKOM-JTHOO S3BIKE), OTPaKAIOIIUN
CYIIIECTBEHHBIC CBOMCTBA MOACIHUPYEMOTO 00BEKTa (TIpoIlecca) U 3aMEIIArONINi €To B XO/¢
HcceI0BaHUs U ylpaBiieHus. B panbHelineM mbl OyneM roBOpUTH TOJBKO 00 SKOHOMHKO-
MaTeMaTU4eCKOM MOJEIUPOBAaHUH, T. €. 00 ONHCAHWM 3HAKOBBIMH MAaTeMaTHYECKUMH
CpEIICTBaMU COLIMAJIbHO-3KOHOMUYECKUX cucTeM. [IpakThudyeckumMu 3agadyaMu 3KOHOMHKO-
MaTeMaTH4YECKOTr0 MOJICIUPOBAHUS SABISIOTCS:

* aHAJIN3 SKOHOMHYECKUX OOBEKTOB U MIPOIIECCOB;
* IPOTHO3UPOBAHUE PA3BUTHUSI SIKOHOMUYECKUX MPOLIECCOB;
* BBIpa0OTKa YNpaBJIEHYECKUX PEHICHHUH Ha BCEX YPOBHSX XO35MCTBEHHOUN MepapXuu.

Cnenyer, oAaHako, MMETh B BHIY, 4YTO JaJIeKO HE BO BCEX CIyyasxX JaHHBIC,
MOJIyYeHHbIE B pe3yjJbTaTe SKOHOMHKO-MAaTeMaTHYECKOIO0 MOJCIUPOBAHUS, MOTYT
HCIIOJIb30BAThCSl HEMOCPEACTBEHHO KaK TOTOBBIE yIpaBieHYeckue pemieHus. OHU cKopee
MOTYT OBITb PAacCMOTPEHBI KaK «KOHCYJIBTHPYIOIIHE» (coBeTyromue) cpenacrtBa. [Ipunstue
VIPaBJICHYECKUX PEIICHUM ocTaeTcss 3a YeJOBEeKOM. Takum o00pa3oM, 3KOHOMHUKO-
MaTeMaTU4eCcKOe MOJECIUPOBAHUE SIBJISETCS JIUIIbL OJHUM U3 KOMIIOHEHTOB (IIyCTh OYEHb
BaXXHBIM) B  UYEJIOBEKO-MAalIMHHBIX CHCTeMaxX IUIAHUPOBAHUS W  yIPaBJICHUSA
SKOHOMHUYECKUMH CUCTEMaMHU.

BaxxHelmum MOHATHEM MPU YKOHOMUKO-MaTeMaTUYE€CKOM MOJIEIMPOBAHUU, KaK U TpU
BCSIKOM MOJICIUPOBAHUU, SIBJISETCS MOHSATHE @0EeK8AMHOCHMU MOOeauU, T. €. COOTBETCTBUSA
MOJIETIN MOJIEIUPYEMOMY OOBEKTY WJIM MPOLECCY MO TEM CBOMCTBAaM, KOTOPbIE CUUTAIOTCS
CYIIECTBEHHBIMH ISl UcclieoBanus. [IpoBepka aiekBaTHOCTH YKOHOMHKO-MaTeMaTHYECKHUX
MojieJiel SIBJISIETCSl BeCbMa Cephe3HOM MpobaeMoii, TeM Oolee, 4To ee OCIIOXKHSET TPYIHOCTh
W3MEpPEeHHUsT SKOHOMUYECKMX BenuunmH. OjHako 0e3 Takoil MpOBEpKH NPUMEHEHUE
pe3yabTaTOB MOJICIIMPOBAHUS B YIIPABICHYSCKUX PEUICHUSIX MOXKET HE TOJHKO OKa3aThCs
MaJIo TOJIE3HBIM, HO U MPUHECTHU CYIIECTBEHHBIN Bpe.
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B name BpeMs 3KOHOMHMKO-MAaTéMaTH4YE€CKOE€ MOJAEIUPOBAHUE NPUMEHSIIOT K IIUPOKOMY
KJIacCy 3a/lad, CBS3aHHOMY CO CJIO)KHBIMM OpPraHU3allMOHHBIMU CTPYKTYpaMHU COBPEMEHHOU
SKOHOMUKH. Harra ectecTBeHHasi CKIIOHHOCTh CTaBUTh M PEIIATh MOJ0OHBIC 3a/1a4d MPOSBISETCS B
BBIPQKCHUSAX THIIA «C HAUMEHBIIUMH 3aTpaTaMm», «MaKCUMaIbHAs MPUOBLIbY, «IIOJHAS OTAAYa
nu 1. n. Cioma OTHocATcs 3amaun  HamOojee >()(EKTUBHOTO YIPABICHHS NPEANPHUITHEM,
pacnpezielieHus] PecypcoB, YIPaBJICHUS TEXHOJOTMUYECKUMH MPOLIECCAMH, CO3/IaHUSI ONTHUMAJIbHBIX
KOHCTPYKLUH, YIIPaBJIEHUS IPY30II0TOKaMH, [IEPCOHAJIOM U MHOTHE JIpYTHE.

OTH 3a]]aui BO3HUKAIOT HE TOJBKO B MIPOMBIIUIEHHOCTH, HO U B TIOBCEJHEBHOM KM3HU KaXKJ0TO
gesoBeka. Harmpumep, 3a1a4a nporpaMMHpOBaHUs YTpeHHETO oieBanus. *) Ciieyer BRIOpaTh TaKou
BapuUaHT II0CJENIOBATEIbHOCTY OJIEBAaHUS — IPOrpaMMy, KOTOpas I103BOJUT BBIIOJHUTH
OIIpE/ICIICHHbIE OTPAHUYEHUS UM OOLENpUHATHIE NpaBwiia. Eciu nporpamma BKJIIOYAET LIECTh
MIPEIMETOB OJIeXK/Ibl: OOTUHKN» HOCKH, OPIOKH, pyOaliKy, TajJcTyK, NUIKaK  — TO MporpamMma
— 100011 MOPSIIOK, B KOTOPOM MOKHO HAJ€Th 3TU IPEAMETHI. Bcero B 3ToM citydae CyIiecTByeT
6! = 720 pa3muuHBIX TporpaMM. MHOTHE W3 HUX HEJIONMYCTHMBI (HOCKM TOBEpPX OOTHHOK,
TJICTYK TOJ pyOalliKy) U €CliM UX OTOPOCHTh, BCE PABHO OCTAETCS HECKOJIBKO JOMYCTUMBIX
IIporpaMM, KOTOpbIE HYKHO HccienoBaTh. Kak ke BbIOpaTh OKOHYATENBbHOE, ONTUMAaJbHOE
perieHue?

B »sToit mim mo0o#, apyroi 3amade; rie HEOOXOAUMO aHAJU3UPOBATH BCE BO3MOXKHBIC
BAapUAHTHI PEIICHU, U BHIOpATh €IUHCTBEHHBIN, ONTUMAJIbHBIM, UMEeTCsl HEKasi OCHOBHAs 11ENb
(meneBast GyHKIMS, KPUTEPUH KadecTBa), IMO3BOJLIIOMIAS CpaBHUBATh A(H(HEKTUBHOCTh 3THUX
JIOMYCTUMBIX BapUaHTOB (IIporpamm jaedcTBuii). Ecin Mbl MOXeM ykaszaTh 1eleByi0 (QYHKIIHIO,
TO TEM CaMbIM MOKEM BbIOpATh U ONTUMAJbHYIO MIporpammy neicTBuil. Ecnu nenesas pyHkuus
CBs3aHAa C 3aTpaTaMHd BPEMEHH, TO ONTHMajbHas IpOrpaMMa YTPEHHErO OJEBaHHS: HOCKHU,
pyOarika, OprOKH, TaJICTyK, OOTHHKH, MUDKAK — MHHUMHU3HPYET BpeMs Ha ojcBaHuEe 0e3
HapylIeHUsT OOIIENPUHATHIX orpaHndeHnii. Ho Moxer ObITh BBIOpaHa W Jpyras LesneBas
GyHKIMS, HanmpuMep, MUHUMU3ALMS YTPEHHEro IIymMa — KaK MOKHO MEHbIIE OTKPbIBAaTh U
3aKpbIBaTh ABepLbl U mKaduuku. Torna Oyaer u Apyroe onTuMaibHOE pElICHHUE.

3a0auu  mamemamuuecko2o NPOSPAMMUPOBAHUSL  CYULECMEYION MOIbKO MmMo20d, Ko20d
uUMeemcsi MHO20 OONYCMUMbBIX peuleHuti (no Kpaiuelt mepe, om 08yx u 6Oonee). Eciau
oonycmumoe peulenue eOUHCMEEHHOe, MO He GO3HUKAem HUKAKOU Npobiemvl NO HOUCKY
peuweHus.

HeontumaneHoe pemieHne 3TUX 3a1a4 MPUBOIUT K M3JIHMIITHUM 3aTPaTaM ChIpbsi U BPEMEHHU.
JIomyCTHM, YTO TIPH HMHTYUTHBHOM pacIpelelieHHuH JtoJeid Ha paboThl 3()(HEeKTHBHOCTh HX
WCIIOJIb30BAHUS 110 CPAaBHEHUIO C ONTHMAaJIbHBIM BapHAHTOM, PACCUUTAHHBIM Ha KOMIIBIOTEDE,
yxynuiaercs Bcero Ha 3%. Kazanoch Obl, 04eHb HEOOIbIAs MOTPEITHOCT, HA KOTOPYIO MOXHO
U He oOpaTuTh BHUMaHHWs. Takas TMOTPEHIHOCTh O3Hayajia Obl, HAPUMEP, B TOHYAPHOM IIEXE
NpOIUIBIX BeKOB ¢ 30 pabOTHUKAMHU HETOJHYIO 3arpy3Ky B TE€YEHHE PabOyero JHS BCETO JIMIIb
OJIHOTO W3 HHUX. A B Halll JHHU, €CIIM MPUHATH YUCIIO 3aHSATHIX B HAPOJHOM XO3sHCTBE 60 MITH.
YEJIOBEK» TaKasl e MOrPEITHOCTh MOXKET SBUTHCS IPUYMHOM COKpAIICHUS 4Kcia pabouux MecT
MOYTH JUIS 2 MJTH. YEJIOBEK.

1.39Tanbl MaTeMaTHYeCKOr0 MOJAeJIMPOBAHUS

Bergenum miects OCHOBHBIX ATamoB OMM: nocTaHoBKa 3KOHOMHUYECKOM HpO6HeMLI, €C
Ka4eCTBEHHBIN daHaJIn3; IOCTPOCHHC MaTeMaTH4YEeCKOMN MOACIIN, MaTE€MaTUYECKUM aHallu3
MOACIN, MMOATrOTOBKaA HCXOJHOMU I/IH(i)OpMaI_II/II/I; YHUCJIICHHOC PCIICHUEC, aHAJIN3 YUCJICHHBIX
PE3YJIbTATOB U UX MIPUMCHCHHUC. PaCCMOTpI/IM KaxXIbIM 13 3TAIlOB Ooiee HOIlpO6HO.

1. IlocTaHOBKAa IKOHOMHYECKOH MP00JIeMbl U ee KadecTBeHHbIN aHaau3. Ha sTom srane
Tpebyercss cPopMynHpoBaTh CYHUIHOCTh NpOOIEeMBbl, MPUHUMAEMbIE MPEANOCHUIKM U JIOMYy-
meHus. HeoOXoanMO BBIIENNTh BaKHEWIIME 4YepThl M CBOWCTBA MOJAEIMPYEMOTO OOBEKTa,
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U3YYUTh €ro CTPYKTYpY U B3aUMOCBSI3b €T0 DJIEMEHTOB, XOTS OBl MpEIBapHUTEIHHO
copmynupoBaTh TUMOTE3bI, OOBSICHSIIONINE ITOBEJICHUE U Pa3BUTHE OOHEKTA.

2. llocTpoenne mMateMaTH4yecKoii Mogeau. OTo 3Tan (GopMaIu3aluu SKOHOMHUYECKOM
npoOJIeMBI, T. €. BBIPAKEHHUS €€ B BHJI€ KOHKPETHBIX MaTeMaTHYECKHX 3aBUCHUMOCTEH
(¢pyHKIUH, ypaBHEHU, HEPABEHCTB U JIp.). JKenaTreabHO NOCTPOUTh MOJIEb, OTHOCSIITYIOCS
K XOpOIIO HM3YYEHHOMY KIJIACCy MAaTeMaTHUYECKHMX 3aJady, 4TO MOXKET MNoTpedoBaTh He-
KOTOPOT'O YIPOILIEHUS UCXOAHBIX MPEANOCHUIOK MOJEIHN, HE MCKAXXAIOIIErO0 OCHOBHBIX YEPT
MozenupyeMoro oobekta. OIHAKO BO3MOXKHA M TakKas CHTyalus, Korga ¢Gopmaiu3anus
po6eMbl NPUBOJUT K HEU3BECTHOM paHee MaTeMaTUUYECKOU CTPYKTYpe.

JInsi  HEKOTOpBIX  CIIOKHBIX OOBEKTOB  IIEJIECOOOPa3HO CTPOUTH  HECKOJIBKO
pa3HOACHEKTHBIX MOJENEH; IpU 3TOM Kaxkaas MOJEiIb BBIACIAET JHIIb HEKOTOPhIE
CTOPOHBI 00BEKTA, a JPYTue CTOPOHBI YUUTHIBAIOTCS arpErMPOBaHHO U NPHUOITUKEHHO.

3. Maremarudeckuii aHanau3 Moaenau. Ha 3ToM 3Tame 4uCTO MaTeMaTUYECKUMHU
IpUeMaMHu MCCJIEIOBAaHUSl BBIABISAIOTCS OOIIME CBOMCTBA MOAENIM M ee pemieHuil. B
YAaCTHOCTH, BaXHBIM MOMEHTOM SIBJIIETCSA J10KA3aTeIbCTBO CYILIECTBOBAHUS PEILICHUS
chopmynupoBaHHOM 3amauu. llpy  aHAIMTUYECKOM  MCCIEIOBaHUM  BBISICHSETCH,
€IMHCTBEHHO JIU pEeIllIeHHE, KaKhe NMepeMEHHbIE MOTYT BXOJUTh B pPEIlIEHUE, B KaKUX Ipe-
JelaX OHM M3MEHSIOTCS, KaKOBBl TEHJAEHUMU UX HU3MEeHeHHs U T. 1. OJIHako Mojenu
CJIOKHBIX YKOHOMHYECKHUX OOBEKTOB C OOJIBIIUM TPYJIOM MOAAAIOTCS aHAITUTHYECKOMY HC-
CJIE€OBAHUIO; B TAKUX CIyYasX IMEPEXOAsAT K YUCICHHBIM METOJaM HCCIIEI0BaHHUS.

4. TloaroroBka ucxoaHoi uHpopmanumn. B >KOHOMUYECKUX 3aadax 3TO, KaK MPaBUIo,
HauboJiee TPYJOEMKHI 3Tal MOJEIMPOBAHUS, TaK KaK JIeJI0 HE CBOJUTCS K IACCHBHOMY
cOopy JaHHBIX. MaTreMaTH4ecKoe MOJIeIMPOBAaHHUE MPEAbSIBISIET KECTKHe TpeOOoBaHUS K
BXOJHOM WHGOpMauu; MpPU 3TOM HAZ0 NPUHUMATh BO BHUMAHHE HE TOJIHKO NPUHLMITMAIBHYIO
BO3MOYKHOCTh TOATOTOBKM HH(OpMaIu TpeOyeMoro KadyecTBa, HO U 3aTparbl Ha IMOATOTOBKY
MH(POPMAIIMOHHBIX MaccuBOB. B mporiecce norotoBky HH(GOPMALIMK UCHIONB3YIOTCSI METO bl TEOPUU
BEPOSITHOCTEH, TEOPEeTHMYECKOM M MaTeMaTW4ecKOW CTAaTUCTUKU IS OpraHU3allMd BBIOOPOYHBIX
oOcneoBaHUN, OLEHKH JIOCTOBEPHOCTH JaHHbIX U T.0. Ilpu CHUCTEMHOM SKOHOMUKO-
MaTEeMaTUYeCKOM MOJIEIMPOBAHUN PE3yabTaThl (YHKIMOHUPOBAHUS OJHUX MOJEJeH CiyKaT
HCXOTHOM MH(MOpMaIUEn I APYTUX.

5. YucsieHHoe penienue. JTOT 3Tall BKIIOYAET pa3pabOTKy alfTOPUTMOB YHCIICHHOTO PEIIeHHS
3a/1auM, MOATrOTOBKY IporpamMM Ha OBM u HenocpeacTBEHHOE NMPOBEIECHHE PACYETOB; MPU 3TOM
3HAUUTENbHBIE TPYAHOCTH BBI3BIBAIOTCS OOJBIION Pa3zMEPHOCTHIO AKOHOMHYECKUX 3a/1ad. OObIYHO
pacueTbl Ha OCHOBE SKOHOMHUKO-MAaTEMAaTWYECKOM MOJEIM HOCAT MHOTOBapUAaHTHBIA XapakTep.
MHorouncneHHple MOJEIBbHBIE SKCIEPUMEHTHI, W3YYEHHUE IOBEACHUS MOJEIN MpPU pa3IMYHbIX
YCJIOBUSIX BO3MOYKHO MPOBOAUTH Onarogapsi BHICOKOMY OBICTPOAEHCTBUIO COBpeMEHHbIX DBM.
UucneHHoe pelIeHne CYIECTBEHHO JIOTIOIHIET pe3ybTaThl aHATUTUYECKOTO UCCIIEIOBaHMS, a JUIs
MHOTHX MOJIEJIEH SIBJISIETCS €IMHCTBEHHO BO3MOKHBIM. .

6. AHaM3 YHCJIEHHBIX pe3ybTAaTOB W MX nmpuMeHeHue. Ha sToMm s3Tame npexzae Bcero
pemaeTcsi BaXHEHIIMI BOMPOC O MPAaBUIBHOCTH WU TMOJHOTE PE3YNIbTATOB MOJIEIMPOBAHUS U
MIPUMEHUMOCTH MX KaK B MPAKTUYECKOM IESATEIbHOCTH, TaK U B LEISAX YCOBEPIIEHCTBOBAHUSA
Mozienu. IlosTomy B mepByro odepespb J0/bKHA ObITh MPOBE/ICHA MPOBEPKa aIeKBaTHOCTH MOJIEIH
[0 TEM CBOWCTBaM, KOTOpbIE BHIOpPAaHBI B Ka4eCTBE CYIIECTBEHHBIX (IPYTMMM CIOBaMH, JOJDKHbI
OBITH MPOM3BEICHBI BepU(UKAIUS ¥ Banuaanus Mojen)’. [IpuMeHeHne YiCIeHHbIX Pe3ybTaToB
MOJISTUPOBAHUSI B OKOHOMMKE HAllpaBICHO HA pEIIeHHe NPaKTUYeCKUX 3afad (aHaiu3
SKOHOMHYECKUX OOBEKTOB, SKOHOMHYECKOE MPOTHO3MPOBAHUE DPA3BUTUS  XO3SAHCTBEHHBIX U
COIIMAJIBHBIX MTPOLIECCOB, BBIPAOOTKA YIPABICHUECKUX PEIIEHUH Ha BCEX YPOBHAX XO3SMCTBEHHOMH
uepapxum).

Y Bepugpurxayus Momenn — mpoBepKa MPaBHIBHOCTH CTPYKTYPbI (JIOTMKH) MOJEIH, 8a1u0ayus
MO/IEJIM — MIPOBEPKA COOTBETCTBHUS IAHHBIX, OJYYEHHBIX HA OCHOBE MOJIEH, PEATIbHOMY IPOLIECCY.
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[lepeuncnennble 3Tanbl 3KOHOMHUKO-MAaTreMaTHYECKOIO MOJIEIMPOBAHUS HAaXOJATCd B TECHOMU
B3aMOCBA3H, B YaCTHOCTH, MOT'YT MMCTb MCCTO BO3BPATHBLIC CBA3W ITAIIOB. TaK, Ha JTarc I110-
CTPOCHHA MOACIN MOXCT BBIACHUTBHCA, YTO IIOCTAHOBKA 3aJa4v WM IMPOTUBOPCYMUBA, WA
IPUBOJUT K CIHMIIKOM CJIOXHOW MaTEeMaTHYEeCKON MOJENH; B 3TOM Cllydyae HCXOJHAs
MIOCTaHOBKA 3a/Ja4yl JI0JDKHA OBITh CKOppekTHpoBaHa. Hanbonee yacto He0OX0AMMOCTH BO3BpaTa K
NPpCAIICCTBYIOIIMM  OTallaM MOJACIIMPOBAaHWA BO3HHMKACT Ha JTalc IMOATOTOBKH HCXOHHOﬁ
nHpopmanun. Ecnu HeoOxoaumast nHGOpPMAIUS OTCYTCTBYET WM 3aTpaThl Ha €€ TOATOTOBKY
CJIMIIKOM BCJIMKH, ITPUXOAUTCA BO3BPALIATHCA K dTallaM ITOCTAHOBKHU 3aJa41 U €€ (bOpMaJII/I?;aHI/II/I,
9TOOBI IPUCTIOCOOUTHCS K JOCTYITHON MCCIIEI0BATENO HH(DOPMAIIHH.

1.4 Knaccuduxauusi MaTeMaTH4eCcKUX MojieJieil

BriensioT cnenyroniue npu3Haku KiaccupuKaluy, Win KiacCu(ukaimoHHbIe pYOPUKH.

[lo oOmeMy neneBOMY Ha3HAYEHUI OSKOHOMMKO-MAaTEMaTHYECKUE MOJEIU

NEJSTCS Ha meopemuKo-anaiumudeckue, UCIOJIb3yeMble TP U3y4€HUU OOILIMX CBOMCTB U
3aKOHOMEPHOCTEH AKOHOMHYECKUX IPOLIECCOB, U MPUKIAOHble, TIPUMEHSEMBbIE B PELICHUU
KOHKPETHBIX SKOHOMUYECKHUX 3a7la4 aHajln3a, IPOTHO3UPOBaHUA U ynpaBieHus. Paznuunbie
TUTBl MPUKIAAHBIX 3KOHOMHUKO-MAaTeMaTHYeCKUX MOJeNed Kak pa3 M paccMaTpuUBaIOTCS B
JTAaHHOM y4e0HOM MTOCOOHH.
[loctenenu arperupoBaHUusd 00bEeKTOB MOACIUPOBAHUSA MOJECIU Pa3AEIAIOTCS
Ha MAaKpOIKOHOMUYECKUe U MUKPOIKOHOMUYecKue. XOTsI MEXKIY HUMH U HET YeTKOIro pas-
IrpaHUYEHUs, K TMEpBbIM W3 HUX OTHOCAT MOJENH, OTpakawlue (yHKIHOHUPOBaHHE
SKOHOMMKH KaK €IMHOTO IIEJNOT0, B TO BpeMsl KaK MUKPOIKOHOMUYECKHE MOJEIM CBSI3aHbI, Kak
MIPaBUIIO, C TAKUMHU 3BEHBSIMU SKOHOMUKH, KaK MPEANPUATUS U PUPMBI.

I[lo koOHKpeTHOMY NMpeAHAa3HAaYEHUIO, T. € MO LEIU CO3JaHUs U IPUMEHEHUS,
BBIJIETISIIOT Oalancosble MOJIENH, BhIpaXkarolue TpeOOBaHNE COOTBETCTBUSI HATTMUMS PECYPCOB U
UX UCTOJb30BaHUS; MpeH0osble MOJIENU, B KOTOPBIX Pa3BUTHE MOJCIUPYEMON IKOHOMHUYECKOM
CHCTEMBl OTpa)KaeTcsl 4yepe3 TpeHA (UTUTENbHYIO TEHAEHIIMIO) €€ OCHOBHBIX IOKazaTesei; on-
MUMU3AYUOHHble MOJIENH, TpeJHa3HAYeHHbIE Il BbHIOOpa HaWIy4IIero BapuaHTa U3
OTNPENIENICHHOT0 YHClia BapUaHTOB IPOM3BOJICTBA, pACIpeleieHHs WM MOTpeOiIeHus;
UMUMAYUOHHble MOJINH, TpeIHA3HAUYEHHBIC IS HUCIOJNb30BAHUS B IIpOIlecce MAaIUHHOM
MMUTAIMY U3Y4aeMbIX CUCTEM WJIM IPOLIECCOB U JIp.

I[lo Tuny uandbopMamuMU, HCIOIL3YEeMOM B MOJENH, 3KOHOMHKO-MaTEeMAaTUYECKUE
MOJIETIN AETSATCS Ha aHaiumuieckue, TOCTPOCHHbBIE HA allpPUOPHON UHPOpPMAIUU, U uoeHmugu-
yupyembie, IOCTPOCHHBIE HA allOCTEPUOPHON HHPOPMALIUHL.

[loyuetry pakTopa BpeMEHHU MOJCIH MOAPA3ACISIIOTCS HA cmamuyeckue, B KOTOPBIX
BCE 3aBUCHMOCTH OTHECEHBI K OJIHOMY MOMEHTY BPEMEHU, U OuHamuyecKue, OTHUCHIBAIOIINE
HKOHOMHYECKHE CHCTEMbI B PA3BUTHH.

I[lo yuery ¢akTopa HeOompeAeIeHHOCTH MOACIM pacHmajgaloTcs Ha
oemepMUHUpPOB8aHHvle, €CIIM B HHUX pe3ylbTaThl HA BBIXOJEC OJHO3HAYHO OMPEACISIOTCS
YIPaBISIOUIUMHI BO3JCHCTBUSIMU, U crmoxacmuydeckue (BEpOATHOCTHBIE), €CIIU MPU 3aJaHUU Ha
BXOJI€ MOJENIN OIpPEACIEHHON COBOKYITHOCTH 3HAUYEHUN Ha €€ BBIXOJE MOTYT IOJIYy4aTbCs
pa3InyHble Pe3yNbTaThl B 3aBUCUMOCTH OT JAEUCTBHS ClIydaifHOTO (hakTopa.

DKOHOMHUKO-MaTeMaTUYeCKUE MOJIEIM MOTYT KJIacCU(UIMPOBATbCS TakkKe MO THUNY
MaTeMaTHYE€CKOT0 anmapara, HCHoIb3yeMoro B Monenu. Ilo stomy mnpusHaky
MOTYT OBITh BBIJCNICHBl MampuyHvle MOJENU, MOJENU JUHEUHO020 W  HeIUHelHO020
NPOCPAMMUPOBAHUS,  KOPPETAYUOHHO-PESPECCUOHHble MOJEIH, MOJIENH  Meopul  MAacco8020
00CYHCUBAHUSA, MOJCTIH Ceme8o20 NIAHUPOBAHUS U YNPAGIeHUs, MOJCTN meopuu uep u T.J.

Haxoren,, mo Tuny nmoaxonaa K H3y4aeMBbIM COLMAJIbHO-D3KOHOMHUYECKUM
cCUCTeMaM BBIICISAIOT O0ecKpunmugHvle W HOpMAamugHvie MOAEIH. lIpu IecKpUNTUBHOM
(ommcarebHOM) MOJIX0/1€ TOJIYYaroTCsl MOJIENH, MpeIHa3HaueHHbIE [T ONMUCaHUS U OOBSICHEHUS
(dakTuyeckn HAONIOJAeMbIX SBICHUN WM JUIsl TIPOTHO3a JTUX SBIICHUH; B KauecTBE MpuUMepa



11

JECKPUNTUBHBIX MOJEJCH MOXHO IPUBECTH Ha3BaHHBIC paHee OaTaHCOBBIC U TPEHIOBBIE MOJICIH.
[Ipn HOpPMATMBHOM TOJXOJIE MHTEPECYIOTCSI HE TeM, KakhuM 00pa3oM YCTpOEHa M pa3BUBACTCA
HKOHOMHYECKAs CHCTEMa, a KaK OHa JOJDKHA ObITh YCTPOEHA U KaK JIOJDKHA JISWCTBOBATH B CMBICTIC
OTIPE/ICNICHHBIX KpHUTEpHEB. B 4acTHOCTH, BCe ONTUMU3AIMOHHBIE MOJIEIM OTHOCATCS K THUITY
HOPMAaTHUBHBIX; IPYTUM IPUMEPOM MOTYT CIY>KUTh HOPMAaTHBHBIE MOJIEIIN YPOBHSI KH3HU.

PaccMoTpyM B KayecTBe IpuMepa SKOHOMHKO-MATEMAaTHYECKYI0 MOJENb MEXKOTPAcIeBOTO
6ananca (OMM MOB). C yuerom NpuBeICHHBIX BBIIIE KJIACCH(PUKAIMOHHBIX PyOPHK TO MPHUKIA-
Hast, MaKPOOKOHOMHYECKas!, IECKPUTITUBHASL, IE€TCPMUHAPOBAHHAS, OalaHCOBAst, MATPUYHAsT MOJIEIb;
IIPY 3TOM CYILECTBYIOT KaK CTaTUYECKHE, TaK U TMHamuieckne OMM MOB.

Bonpocsl 1y1s1 camonpoBepKHU

Yro mounMaeTcs 1o MaTeMaTU4YCCKUMU METOJJlaMU B DKOHOMHKE?

UYro Takoe colMaabHO-3KOHOMUYECKasl cucreMa?

[lepeuncnure 3a1aun MaTeMaTHYECKOTO MOJIETMPOBAHUS B IKOHOMUKE.

Yro Takoe aJeKBaTHOCTb MOJIENIN?

UYrto Takoe onTUManpHOE pemeHne?

HepeLH/ICJ'II/ITe OCHOBHBIC 3Tallbl MATEMATUYCCKOI'0 MOACIUPOBAHMA.
[lepeuncnure OCHOBHBIE MPU3HAKH KJIaCCU(UKALUKA MaTEMaTHYECKUX MO/IENIEH.

NogakrwdpE
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Tema 2. Moaesn npou3BoACTBA

2.1 Ilpon3BoacTBeHHbIe GyHKIUT

2.1.1 IonsiTHe MPOM3BOICTBEHHOI (PYHKIIMHU OHON MepeMeHHOoii

[IpomsBoacTBeHHass PyHKIMSA - 3TO (YHKIHS, HE3aBUCHMAas MEpeMEHHas KOTOPOW MpUHAMAET
3HAUYCHHUsST OOBEMOB 3aTPAuMBAEMOIO WM HCIOJIB3yeMOro pecypca ((akropa MpOHW3BOJICTBA), a
3aBUCHMasl IEpEMEHHas - 3Ha4YeHUsI 00bEMOB BBIITYCKAEMOM PO TYKIIUN

y=f(x) (2.2)

B dopmyrne (1) X (X=0) u y (Y =0)— uucnossie penmammsl, T.€. y= f (X) ecTh (hyHKIUA
onHOM mnepemeHHOM X. B cBa3u ¢ astum mnpomsBojacTBeHHas ¢yHkumsa (I[1dD) HazpBaercs
oJTHOpecypcHOM wiu ofHoakTopHO [1D, ee 001acTh OnpeAeIeHns - MHOYKECTBO HEOTPHUIIATEITLHBIX

neticrButenbHbIx yncen (T.e. X > 0). 3amucs Y = f (X) 03HAQYaeT, YTO €CIIM PeCypC 3aTpavrBacTCs
W HICTIONB3YeTCs B KONMUecTBe X EIMHUII, TO MPOIyKIHs BhImyckaeTcst B komdectse Y =T (X)
emuauil. [1® 3amaercsd ¢ TOYHOCTBIO J10 mapameTpoB. bojee mpaBUIBHOW SBISIETCS CUMBOJIMKA
y =f(X, @), rme a — Bexrop mapamerpos I1D.

Ipumep 1. Bosemem I B Buge f(X)= axb, rae X - BeJMYMHA 3aTpaduBaeMoro pecypca
(manpumep, paGouero Bpemenn), T(X) — oObem BbITycKkaeMoil TpomyKIMK (HAIPHUMEp, HHCIO
TOTOBBIX K OTHpPAaBKE XOJOIMWIbHUKOB). Bemmumuel 8 u D — mapamerper II®. 3necs & u b -

TIOJIO>KHUTEJILHBIC YU CJIa U YHUCJIO b < 1 .

I'paux nponsBoacTBeHHOM QyHKIMK Y = aX b n300paxeH Ha puc. 2.1.

v

Puc. 2.1

Ha Fpa(pI/IKC BUIOHO, YTO C POCTOM BCJIMYUHBI 3aTPavYrMBaACMOI0 peCypca X o0BeM BBIITYCKa y
PacTeT, OAHAKO IIPHU 3TOM KaXXJasd NOMNOJIHUTCIIbHAA CIUHULIA pECypCa JacCT BCC MEHBIITHN prupocT

o0beMa y BLIl'IyCKElCMOfI MMPOAYKIINH. OTMedeHHOE 00CTOSTEILCTBO (pOCT o0beMa y 1 YMCHBIIICHUC
IIpUpoCTa o0beMa Yy € PpOCTOM BCJIIMYHHBI X) OTpaKacT (bYHI[aMGHTaHBHOG TIOJIOKCHUEC
3KOHOMHUYECKOM TCOpUU (XOpOI_HO TMOATBCPKAACMOC HpaKTHKOﬁ), Ha3bIBACMOC 3aKOHOM
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. b
yoeBaromielt  apdexrusHoctu. 1D Y =aX™ sBmseTcs THUIMYHBIM MPEICTABUTENIEM LIMPOKOTO

Ki1acca 01HO(akTopHbIX [1D.
[1® moryt umeTts pasHble 00JIaCTH UCTIOJIB30BaHus. [IpuHIUI "3aTpaThl - BRITYCK" MOXKET OBITH
peann30oBaH Kak HAa MHUKpPO-, TaK U Ha MaKpO3KOHOMHMYECKOM ypoBHe. CHayana OCTaHOBUMCS Ha

b
MHUKPO’KOHOMHUYECKOM ypoBHE. IIdD Y =aX ™, paccMOTpeHHas! BbIlIE, MOXKET ObITh UCIIOIb30BaHA
JUTSL OTIMCAHMSI B3aMMOCBSI3M MEKITY BEMYMHON 3aTPavurBaeMOro WM HCIONBb3yeMoro pecypca X B

TEUeHUE Tojia Ha OTACIBHOM MPEANPUSTHH ((PUPME) U TOJOBBIM BBITYCKOM PO TYKIIUH Y sroro
npennpustist (Gupmbl). B poram TPOM3BOICTBEHHOM CHCTEMBI 3/1€Ch BBICTYIIAET OTACIBHOE
npennpustie (Gupma) - mmeeM MukposkoHomudeckyto 110 (MUIID). Ha MUKpOIKOHOMIYECKOM
YPOBHE B POJIM MPOU3BOJICTBEHHON CHUCTEMBI MOYKET BBICTYNATh TAKKE OTPAaCib, MEXOTpACIEBOU
IIPON3BOACTBEHHBIN KoMIUIeKC. MUII®D cTposTCs M HCIONIB3YIOTCS. B OCHOBHOM JUTSL PEIIEHUS 33134
aHaIM3a ¥ IUIAaHWPOBAHUS, a TAKOKE 3a]a4 TPOTHOZUPOBAHUSL.

[1® moxer OBITH WCIOJNB30BaHA JUIS ONMMCAHHS B3aUMOCBS3U MEXKIY TOJOBBIMH 3aTpaTaMH
Tpyda B MacmTabe perroHa WM CTPaHbl B IIEJIOM U TOJIOBBIM KOHEYHBIM BBITYCKOM IIPOJIYKIIUH
(MM 0XO/I0M) 3TOTO perMoHa WM CTPaHbl B IEJIOM. 3/1€Ch B POJIU MPOU3BOJCTBEHHONW CHCTEMBbI
BBICTYIIAa€T  XO3SIMCTBEHHas CHCTEMa pErMoHa WM CTpaHbl B  LEJIOM, T.. HMEEM
MAKpOIKOHOMUYECKUll YPOBEHb U MakposkoHomuueckyio [1O (MAIID). MAII® crpostcs u
aKTUBHO WCIOJB3YIOTCS JUIS PEIICHHs BCEX TpeX THIIOB 33j1ad (aHajimM3a, IUIAHWPOBAHHS M
MIPOTHO3UPOBAHHUSA).

TouHOe TONKOBaHME MOHSTUM 3aTpauMBaeMoOro (MM HCMOJIb3YEMOI0) pecypca M BBITyCKaeMOn
MPOAYKIMH, a TakKe BBIOOP E€IMHMII WX H3MEPEHHsl 3aBUCAT OT XapakTepa W MaciTaba
MTPOM3BOJICTBEHHOM CHCTEMBI, 0COOCHHOCTEH peraeMbIX (¢ momoripio [1dD) 3amau (aHATUTHYECKHX,
TUIAHOBBIX, MPOTHO3HBIX), HAJTMYMS UCXOIHBIX JaHHBIX. Ha MUKPOIKOHOMHUYECKOM YPOBHE 3aTpaThl
Y BBIITYCK MOT'YT U3MEPATHCS KaK B HATypaJIbHBIX, TAK U B CTOMMOCTHBIX €AMHMIIAX (IIOKa3aTessX).
l'onoBeie 3arparhl Tpyzma MOTYT ObITh M3MEpPEHBI B 4YeJOBEKO-dacax (00BhEM 4YeOBEKO-4acoB -
HaTypaJIbHBIN TMOKa3aTelh) WIM B PyOIsSX BBIIUIAYEHHOM 3apaOOTHOM IuiaTthl (€€ BeIMYMHA -
CTOMMOCTHBIH 1OKa3aTelb); BBITYCK MPOIYKIIMH MOKET OBbITh MPEICTaBIIEH B IITYKAX WM B IPYTHX
HaTypaJibHbIX €JMHUIIAX (TOHHAX, METpax U T.I1.) WK B BUJIE CBOEH CTOMMOCTH.

Ha wmakposkoHOMHUYECKOM ypOBHE 3aTpaTthl M BBIIYCK M3MEPSIIOTCS, Kak IpaBWio, B
CTOMMOCTHBIX TOKa3aTesiX U MPEACTaBISIIOT cO00M CTOMMOCTHbIE (LIEHHOCTHBIE) arperatbl, T.e.
CYMMapHbI€ BEJIMUMHBI ITPOU3BEICHUI 00bEMOB 3aTpaulBaeMbIX (MJIM UCIIOJIB3YyEMbIX) PECYPCOB U
BBIITYCKAaEMbIX IPOYKTOB Ha UX I[CHBL.

2.1.2 TIpousBoacTBeHHasi GYHKIUS HECKOJILKUX MepeMeHHbIX

HpOI/ISBO,Z[CTBeHHaﬂ (1)YHKI_[I/I$I HCCKOJIbKHUX IICPEMCHHLIX - 9TO (1)YHKI_II/I$I, HC3aBUCHUMBIC
IICPEMCHHBIC Xl,...,Xn KOTOpOﬁ IIPUHUMAKOT 3HAYCHUA 00BEMOB 3aTpauuBacMbIX WU

HUCTIONBE3YEMBIX PECYPCOB (UMCIIO TepeMeHHbIX 1 paBHO umciry pecypcos), a 3HaueHUE (QYHKIMH
MMEET CMBICIT BETMYMH OOBEMOB BBIITYCKA!

y=F(X) =f(X1,....Xp) (2.2)

B dopmyne (2) Y (Y >0) — cxanspras, a X — BeKTopHAs BeTMUMHA, X1,...yXp — KOOPJMHATEI
BekTOpa X, T.€. f(Xl,...,X n) €CThb 4YHuCiIOBas (DYHKIMS HECKOJbKUX (MHOTHMX) HEpPEMEHHBIX
X1,..,Xp . B cBsazu ¢ otum 11D f(Xl,...,X n ) Ha3bIBAIOT MHOTOPECYPCHOM MM MHOTO(aKTOPHOU

[I®. JIna muorodaktopHoii 1P Taxke ucnos3yercs cumponuka T (Xl, . Xn ,8),Tae @ — BeKTOp

niapamerpoB 11O.
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ITo >KOHOMMYECKOMY CMBICIY X1 = 0,...,Xn >0, crenoBarenbHO, 0OIACTBIO OIPEIEICHUS

MHorodaxtopHoit I1® sBisieTcss MHOKECTBO N-MEPHBIX BEKTOPOB X, BCE KOOPAMHATHL X1,...,Xp

KOTOPBIX HEOTPHULIATEIbHBIE YUCIA.

Hnst oTnensHOTO mpeanpusaTust ((GupMbl), BBITYCKAIOIIETO OJHOPOIHBIA HPOAyKT, [ID Moxker
CBSI3BIBATH 00BEM BBIITYCKa (B HATYPAITGHOM HMJIA CTOMMOCTHOM BBIPOKCHUH) C 3aTparamu pabovero
BpEMEHM 10 pa3IM4YHbIM BUJAM TPYJOBOM JAEATEIbHOCTH, PA3IUYHBIX BHJOB  ChIPbS,
KOMILIEKTYIOUIUX M3/IEJIUi, SHEPTUH, OCHOBHOIO KalMTajla (M3MEPEeHHBIX OOBIYHO B HaTypaJlbHbIX
emuHUIAX). [1D Takoro THMa XapakTepU3yIOT JEHCTBYIOIIYIO TEXHOIOTHIO IPEPHATHS ((DHPMBI).

IIpu nmocrpoenun [I® i permoHa WM CTpaHbl B ILIEJIOM B KaueCTBE BEIMYUHBI I'0JIOBOTO
BbIITyCKa Y yarie OepyT COBOKYIIHBIN MPOAYKT (JI0XOA) PETMOHA WM CTPaHbI, UCUUCIISIEMBII1 OOBIYHO
B HEM3MEHHBIX, a HE B TEKYIIMX LieHaX. B kauecTBe pecypcoB paccMaTpUBarOT OCHOBHOM KamuTal
(X1 = K- 00bem ucronbs3yeMoro B TeueHue rojia OCHOBHOTO KamuTana), xuBoi tpya (Xo = L—
KOJIMYECTBO €MHUIl 3aTpauMBacMOro B TEUEHUE TOZa JKMBOIO TPy/ad), UCUUCISEMbIE OOBIMHO B
CTOMMOCTHOM BhIp@KeHHH. Taxum oOpasom, crpost meyxdakropayro I Yy =T(K, L). Or
nByx¢akTopHbix 11D nepexonsaT k TpexpakropHbIM. B kauecTBe TpeThero (pakropa MHOTJAa BBOJST
00BEMBI HCHOJIB3YeMBIX TPUPOAHBIX pecypcoB. Kpome Ttoro, ecim IId crpoutcss 1o JgaHHBIM
BPEMEHHBIX PSJIOB, TO B KauecTBe 0co00ro (hakropa pocTa MPOW3BOJICTBA MOKET OBITh BKIIOYECH
TEXHHUYECKUH TIPOTPECC.

® Yy =F(Xq,...,Xy) HasbBaeTcs cTaTHUECKOM, eC/ ee MapamMeTphl 1 ee xapaktepuctika T ne

3aBUCAT OT BpeMenH [, xoTst 06beMbI pecypcos MoryT 3auceTsh ot Bpemend (X1 (t),..., X (1))

T1D HazpIBacTCS AMHAMMYECKOM, SCIIM:

1) Bpems { ¢urypupyer B KadecTBE CaMOCTOSITENBHOM TEPEMEHHOM BEIMYMHBI (KaKk Obl
CaMOCTOSITEIILHOTO (PaKTOpa MPOW3BO/ICTBA), BIHSIFOLIETO HAa 00BEM BBITYCKAEGMOM TPOTYKIINH,

2) mapamerpsi I[1d u ee xapaxrepuctuka T 3aBucar ot Bpemenn t.

> y= ao(xéJ )az X"

XV

Puc. 2 .2 Puc. 2.3

IIpumep 2. st MOIeMPOBaHKS OTIEITBFHOTO PETMOHA WM CTPaHBbI B LIEJIOM (T.€. [JIsl pelleHHs 3a1a4
Ha MAaKpOIKOHOMMYECKOM, a TaKKE U HA MHUKPO3KOHOMMUYECKOM YPOBHE) yacTo ucnomib3yercs: 11D
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Buja Yy = aOX:T_1 1X32 ,Tne ag,aq,a2 - napamerpsl [1D. D10 NONOKUTENBHBIE OCTOSHHbIE (4acTo a1

v a9 TaKkoBbl, 4to a1 + a9 =1). [P ToMBKO uTO MpHBEAEHHOTO BUA HasbiBaercs 11O Ko6ba-

Hyrnaca (IIOK/I) no umeHn ABYX aMEPUKAHCKUX SKOHOMHUCTOB, IPEJIOKHBIINX €€ UCTIOJIL30BaTh B
1929 r. [IOK]I akTUBHO IIpUMEHSIETCS IS pELLIeHNs] pa3HOOOPa3HbIX TEOPETUUECKUX U PUKIIAIHBIX
3amaq Omaromapsi cBoeil cTpykTypHoi mpocrote. [IOK]l npuHAUIOKHAT K KIacCy TaKk Ha3bIBASMBIX
MyIsTUILIHKaTHBHBIX [1D (MIID). B npunoxenusix [IOK/ X1 = K pasro 06bemy ucnonbsyemoro
OCHOBHOTO KanuTasia (00beMy UCTIONB3yeMBIX OCHOBHBIX (DOHJIOB - B OT€UECTBEHHOW TEPMHUHOJIOTHN),
X9 = L —sarparam xusoro tpyna, Toraa IIOK]] npuobperaer B

y =agK® L%

I'papuxkom 1D Y= aoxflxgz (a1 +a2=1) B TpexMepHOM TIPOCTPAHCTBE SBISETCS

JIByMEpHasi IOBEpXHOCTH [, 3cku3 KoTOpoii mpesicrasieH Ha puc. 2.2. ['paduk I' B paccmarprBaemom
CIlydae eCTh KOHMYECKasl MOBEPXHOCTH, HAITPAaBISIONICH KOTOPOH SBJIAETCS, Hampumep, JmHuS L, a

oOpasyrommmu - Jy4y, BeIxogsmme n3 Touku O. 3adukcupyeMm mepeMeHHylo Xp = Xg. Torma

a a o
y= ao(xg)aZ Xll = abxll 1 MBI nosydaeMm BapuaHT [I®, aHaJIOTMYHBIA PaCCMOTPEHHOMY
Boime (cM. puc. 1 u puc. 2.3). Jlmaus G ecTh mepecedeHre MOBEpXHOCTH [ BepTHKATBHOU
IUIOCKOCTBIO X9 = Xg. Ha puc. 3 mpexacraBnen ¢parmeHT puc. .2, oTHocsmuiica kK ymHna G.

[ToBenenne muanum G oTpakaeT TO OOCTOSITETIHCTBO, YTO C POCTOM 3aTpar TMEPBOTO pecypca oObeM
BBIITYCKA y PAcTeT, HO KaK/ast OTIOTHUTEbHAS €IMHHUIIA TIEPBOTO pecypca 00ecTieYMBaeT BCe MEHBIINIA
HPHPOCT BBIITYcKa Y . IT0 00CTOATENHCTBO MOKHO MPOKOMMEHTHPOBATH CIEAYIOIUM 00pasoM. Eciu

YUCTI0 PAaOOTHUKOB M WX KBAIM(HKAIMS OCTAIOTCS HEW3MEHHBIMH, a YUCIO OOCITY)KHBAGMBIX WMHU
CTaHKOB (KOTOpPOE Y)Ke JOCTATOYHO BEITMKO) YBEIMUYUBACTCSI, HATIPUMED, B JIBA pa3a, TO 3TO €CTECTBEHHO

HE TIPHUBEIET K JABOWHOMY pocTy 00beMa Bbirycka. OTmeTnm, uto ecim a1 + a2 <1, 1o rpadukom
[TDK]I sBiisieTcst HOBEPXHOCTh, KOTOPAsi HATOMUHAET BBITYKIIYIO BBEPX "TOPKY', KpyTH3HA KOTOPOM
nanaer, ecim Touka (X1,X9) nepeMennaercs Ha "ceBepo-BocTok” 110 miockoetd OX1X 9.

Hpumep 3. Jluneiinas I11d (JIID) mmeer Bux: Y =4ag +a1Xq +aoXo (uByxdaxkropHas) u
y=4ag +a1Xq{ +...+apXp (mHorodaxropnas). JIIIP npuHauIeKNT K KIacCy TaK Ha3bIBAEMBIX

ayuTuBHBIX [1D (AIID). Ilepexon ot mynbTurukatuBHON [1D K aagUTUBHON OCYILIECTBISIETCS C
MIOMOIIIBIO Orieparyu Jiorapudmuposanus. st iByXpakTopHOM MyIbTUTTMKATUBHOM [1D

_ a1, a2

stor mepexon mveer Bux INy=Inag+ajinx; +azInX,. Tomras Iny=w;,
Inag =agp; InXq =Vvq; INXy =Vy nonydaem amwmusmyro [Id W =ag+ a1Vq +asVo
Brmomnsss o6patHslit nepexo, 13 ajumTuBHOM 11D nomyunm myneTurumkatueHyto [10.

Ecm cymma noxasareneii crenenn B I1d KoG6a- yrmaca Y =ag K22 paBHa €IWHULIE

(a1 + @5 =1), T0 ee MOXkHO 3amHCaTh B HECKOJILKO JPYroi (popMe:
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y _agKUL®2 _agk™ agk™ (K"
L L (fa & oL

K

JIpobu — =27 u — =K Ha3bIBAIOTCA COOTBEICTBEHHO MPOU3COOUMENLHOCHIBIO MpYOd U

L

KanumaioeoopyHceHHocmuio mpyoa. Vcnonb3ys HOBbIE CHMBOJIBL, TTOTYYHM
a
Z=ap k 1

1.e. 3 MByxdaktoproi [IOK][ nomyunm dopmansro ognodakropuyro [IOK]I. B csizu ¢ Tem, yro
0 <aq <1, u3 nocnenseit GopMmyIbl Criemyer, 9T NPOU3BOMTENBHOCTS TPYIA Z PACTET MEJVICHHEE

€ro KaluTaJioBOOPYKeHHOCTH. OJIHAKO 3TOT BBIBOJ CHpaBemMB i ciydas crarudeckoi [IDK][ B
paMKax CyIIECTBYIOIIUX TEXHOJIOTUH U PECYPCOB.

OrMernm 34€Ch, 4YTO )IpO6B — Ha3bIBACTCs np0u3800ume/lbuocmbto Kanumana WIN

Kanumanoomoauei.
[Tpn moctpoernn [1® nHayuno-texHuueckuii mporpecc (HTII) moxker ObITh ydTeH € MOMOIIBIO

BBenienns Muoxuterst HTTI € pt, rre mapamerp p(p>0) xapakrepu3yeT TeMIl MPUPOCTa BBITYCKA TIOT
pivsiaueM HTTT:

y(t) =P (x1(1), X2(t) (t=0,1,...T)

Ota [1® - mpocreiimii npumep aTuHamudeckoil [1D; oHa BKIIOYAET HEUTPAIbHBIA, TO €CTh HE
MaTepUaTM30BaHHBIN B OHOM 13 ()aKTOPOB, TEXHIMUYECKHIA TPOTPECC.

2.1.3 ®opmaiibHbIe CBOICTBA MPOU3BOACTBEHHBIX (PYHKIMIH

Mpoussoncrennas  pynkiust  f(Xq,X9) kak QopMaibHas KOHCTPYKIMS ONpereieHa B

HEOTPHIIATENHHOM OKTaHTE JBYMEPHOH TwIOcKocTH. T.e. ompenenena mpu X1 =0, X2 20. T
JIOJDKHA YJIOBJIETBOPATH PSAY CBOMCTB:
1. £(0,0)=0; £(0,x,)="F(xy,0)=0.

2.V x(2) > x(0) = f(x(@2)) > f(x(0)); 62)(()() >0; 1=1,2; x(k)=(x1(k),x2(K));

i
0%f (%) <0 0%f (%)

3. > :
O OX1X2

>0: (i=12)

4. f(txq,tx2) =tPf(xq,x2).

5. ManI/II_[a FCCCG, COCTaBJICHHAA U3 BTOPBIX IIPOU3BOJHBIX HpOPI3BOI[CTBCHHOI>i (bYHKLII/II/I

0%t 0%
| ooxf oxaxo
=l 5 2
o°f o°f
OXoX1 x5

OTPULATCIIBEHO OIIPECACIICHA.
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CaoiictBo 1 03Hauaer, 4to 6€3 PeCypCcoB (JIaXKe MPHU OTCYTCTBUM XOTsI ObI OJTHOTO W3 PECYPCOB) HET
BBIITYCKA.

CgoiicTBO 2 0O3HaYaeT, YTo C POCTOM 3aTpar XOTs Obl OJJHOTO pecypca 0ObEeM BBITYCKA pacTeT.
[To70XUTENFHOCTD TEPBOM YaCTHOM MPOU3BOAHON O3HAYAET, YTO C POCTOM 3aTpaT OAHOTO pecypca
NPY HEM3MEHHOM KOJIMYECTBE JAPYroro pecypca 00beM BBITYCKa PacTeT.

CgoiictBO 3 (BTOpas yactHas npousBoaHast [1D HemomoxuTebHa) 03HAYAET, YTO C POCTOM 3aTpar
oJiHoro (1-r0) pecypca npu HEM3MEHHOM KOJIMYECTBE JIPYroro pecypca BEIMUMHA IPUPOCTA BBITYCKa Ha
KaKITYFO JIOTIOTHUTEIIBHYIO €IMHHMITY 1-TO pecypca He pacTeT (3aKoH yObIBaroiiei 3 HeKTHBHOCTH).
HeotpuiarenbHOCT BTOpOM CMEIIAHHOW MPOM3BOJHOM O3HAYAET, YTO IPU POCTE OJHOIO pecypca
npenenbHas 3p(EKTUBHOCTL APYroro pecypca Bo3pactaer. Ecii BBIOMHEHBI YCI0BUS 3, TO TpaduK

[I® ecTh TOBEPXHOCTH, PACIOJOKeHHas B HeorpuiarensHom okrante X1 =0, X2 20, y>0

TPEXMEPHOTro MPOCTPAaHCTBA U BbIMyKJas BBepX. Boobie reomerpuueckuii 0opas I1d nomken npexae
BCET0 acCOLIMUPOBATHCS C BHITYKIION TOPKOM, KpYTH3HA KOTOPOM yObIBAaeT, €CIIM TOUKA (X1 X2) YXOIUT B
miockocti Ox1X2 Ha "ceBepo-BOCTOK".

Caoticteo 4 o3Hauaet, uro I1® smisercss omHopomHoi (yrkumeit crenern P>0. Tpu p>1 ¢
pocrom Maciitaba npoussozictsa B 1 pas (uncio t>1), T.e. ¢ nepexonom ot Bektopa X K BEKTOpY
tX, oObem BbImycka BO3pacTacT B tP pa3, T.e. uMeeM pocT 3(h(HEKTUBHOCTH MPOU3BOJICTBA MPHU
pocte macmraba npomssozicTa. Ilpu P <1 umeem nanenme >QQPEKTHBHOCTH MPOM3BOJCTBA TIPH

pocte Maciraba poussoscTsa. Ilpu P =1 umeem nocTosHHyI0 SpPEKTHBHOCTH IPOU3BOACTBA IIPH

pocTe ero MaciTada (Wi IMeeM He3aBUCHMOCTD YJIEJIbHOTO BBIITyCKa OT MacIuTada Mporu3BOJCTBA.
CaoiicTBO 5 03HayaeT, uto 1D sBinsieTcs BHITYKIIOM BBEpX (QyHKIHEH.

T TIOK]T Y = aoxflxgz (a1 + a9 =1) croiicta 1-5 BHINOMHSIOTCSL.

Jns JITID Y =ag +a1Xy +asXo (ag >0, a1 >0, ap >0) ceoiicrso 1 (npu ag #0) n
CBOMCTBO 4 HE BBITIOJIHAIOTCA, @ MaTpuUlia [ 'ecce He CyIlleCTBYeT.
Mrosxectso Touek (mns) /o yposns 0 = f(X1,X2) (>0 - neiictBurenshoe umco) M

y =T(X1,X2) wnaseBaercs usoxeanmoii unu nunueri yposns 11®. IHBIMU ClIOBAMH, JIMHHS yPOBHSI
g - 3T0 MHOXECTBO TOYEK, B KoTOpoM [1®D nocrossHHa u paBHa (] .
Paznmunbie HaGopbI (Vl, V2) " (Wl, W 2) 3aTpayrBaEMbIX PECYPCOB, MPUHAICKAITUE OJTHOU U

TOM ke M30KBaHTe [ q (re. = f (Vl, V2) =f (Wl, W2) ) TarOT OJIMH 1 TOT e 00bEM BbIITycKa ( .

Puc. 24 Puc. 2.5
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U30KBaHTA  ecTh  JIMHWS, pacrionokeHHas B HEOTPULATEILHOM OKTaHTE
{(le X2)|X1 >0, Xy > 0} mBymepHoi wiockoctn OX1X 2

Ipumep 1. Ha puc. 4 nansl u3okBaHThl £ a1 ,qu [IOKJ. Ormernm, uto n3okBanta £ 92
pacronoxeHHas "ceBepo-BocToUHee" U30BaHThI qq » COOTBETCTBYET OosbilieMy 00beMy BBIITyCKa (T.€.

(02 >0Q1). .Ecim o0beM HCHONBE3yeMOro OCHOBHOIO KalHTaga HEOTPaHMYEHHO pacTeT (T.e.
X1 =K -—>00), 10, kak BumHO Ha puc. 4, 3aTparbl TPyAa HEOrPAHMYEHHO YOBIBAKOT (T.e.
X2 =L —0). Ananoruuno, kax BumHO Ha puc. 2.4, ecmu X9 =L —> 0 10 X =K —>0. Ha
pHC. 5 MaHbl H30KBaHTHI a1 v 92 (q2 > (1) ymneiinoit I[1D.

Ipu N=2 nmna moboii IId, 11 KOTOpoil crpaBelIUMBBI Bee (MM 4acTh) CBOMCTB 1-4,
M30KBaHTa (€CIM OHA HE SIBJISETCS MPSIMOM) €CTh JIMHUSL, KOTOpasi BhIykJia K Touke O.

2.1.4 XapakTeprcTUKH MPOU3BOACTBEHHON (PyHKIIMKI

TpousBoauTenbHoCTs pecypea. [ycts 3anana [1d Y = (X) =f(Xq,X2) . Jipo6s

f(x .
A = &) (i=1, 2) 2.3)
i
HA3bIBACTCA CPEJTHEH MPOM3BOUTEIBHOCTBIO | -T0 pecypea ((akropa mpowspozctsa) (CIID) wim cpemHim
BBIITYCKOM 10 | -My pecypcy ((haKTopy HPOH3BOJICTBA).
Hamomunm, 9ro B cimydae  aByxdaxroprort  IIOKI[ Y =4 K&aL%2 g CpeIHUX

ITPON3BOIUT €IHHOCTE —— W -—— OCHOBHOT'O KarmmTaia U Tpyaa OB MICIIOJIE30BAHBI COOTBETCTBEHHO

TEPMHUHBI POM3BOUTEILHOCTHIO KAUTAIA (WM KAUTAIO0TAA4a) U MPOM3BOIUTEILHOCTH TPY/A.
OTW TEpMUHBI HCIONB3YIOT M TPUMEHUTETBHO K Jt00bIM JBYyX(aktopHbiM 1D, y KoTOpbBIX

X1=K, X2=L.
K L

O6paTHLIe ,[[pO6I/I — W — Ha3bIBAKOTCA COOTBCTCTBCHHO KARUMAI0EMKOCHbIO U mpyOoeMKocmblo

6bINYCKA.

IlepBas wacrHas mponsBoaHas [1D

of (x) ,.
M; = (x) (i=12) 2.4)
i
Ha3bIBACTCS MpeleTbHONH  (MAPKUHAIBLHOM) MPOU3BOIUTETHEHOCTHIO I -ro pecypca  (dakropa
npomsBosicta) (IITID) mmm mpenensHBIM BbITyckoM 10 | -My pecypey ((pakTopy HpoH3BOJICTBA).

O6ozHaurM cumBosiami AXj mipuparnienvie niepementoit Xj, a Ajf (X) - cootserctsyrornee eit yactHoe
THpHpaIeHHe 1. 3nech A1 (X) =F (X1 + AXq,X2) — T (Xq1,X2);
A, T (x)=f(X,X, +AX,)— f(X, X,).Tlpumanex AXj uMeeM NpUOIIKEHHOE PABEHCTBO
M = of (X) N Aif(X) (=1 2)
5Xi AXi
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CnenoBarenbHo, [TTD (mpuOmmKeHHO) TOKA3hIBACT, HA CKOJIBKO €/IMHUL] YBEINUHUTCS 00BEM BBITyCKa
Y, eciu o6beM 3arpar Xj | -To pecypca BbIpacTaeT Ha OHY €IMHHILY IIPH HEM3MEHHBIX 00beMax
JPYrOro 3arpadyrBacMoro pecypcea.

Ipumep 1. s TIOK Y = aoxilxgz Haiity B siBHOM Buge A1,Ao,M1,M»>.

Pentenne 3amaun. Umeewm:

A= Y aoxfl_lxg2 ; A = Y _ agX;1X52 -
X1 X
of of
Ml =—= alAl; M2 =— =a2A2.
6X1 aXZ
M M
—Ll_a <1 M <A —2=a,<1=> My <A,.
Aq Az
Ilocnennue HCPaAaBCHCTBA O3HAYAIOT, YTO MPEACIBbHBIC MMPOU3BOJUTCIBHOCTH | - TO pecypcCa HC

OoutblIe CpeTHEN TIPON3BOIUTEIBHOCTH ITOTO pecypca.
Ilpumep 2. Jna JII® Y=agp +ajXq +asXo (@j >0, 1=1,2,3) maiitu B sBHOM BHJE

A1,Ar,M{,M>.
Pentenne 3amaun. Umeewm:
a X a X
A1=l=—0+a1+a2—2; A2=l=—o+al—1+8.2;
X1 X1 X1 X2 X2 X2
of of
M1=—:a1; M2 =——=4d».
8X1 8X2
M M
LMy <A —2<1I My <A,
Aq A
iacTHYHOCTh. OTHOIICHUE NPEACTbHOW MPOU3BOIUTEIBHOCTH Mi I -ro pecypca K €ro
CpeIHel POU3BOMTEIBHOCTH Ai
M: X; of (X )
Mi_ % A0) g, 5)
Ay f(X) ox

Ha3bIBAETCS (YACTHOI) AACTHYHOCTBIO BBITYCKA IO | -My pecypcey (1o (akTopy mpor3pozcTsa) (IBD).
Cymma Eq + Eo = Ey naswBaercs onacmuunocmeio npoussoocmea.

of (X) AF(X)
3aM€H$I$I HpI/I6J'II/DK€HHO Ha , HOJ'IyLII/IM
Xi AXi
M Aif(X)/AXi
A (X0 X

T.C. E| HpI/I6HI/I)¥(CHHO ITOKAa3bIBACT, HA CKOJIBKO ITPOLICHTOB YBCIUIUTCA BBIITYCK y , €CJIN 3aTpaThbl I-ro

pecypca yBEIM4AaTCA Ha OAWH POUCHT PN HCU3MCHHBIX o0beMax ApPYroro pecypca.

Tpumep 3. Boimwcars B sisroM Buge mist [IOK]] Boipakenns mis Eq,Eo u E.
Pemenue 3amaun. Mmeem:
E]_:al; E2 =aoy, EX =E1+E2 =aq +4ao.
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Ipumep 4. /lna JIIIDO Y =a1X{ +apX9 (ao =0) BbmmMcaTh B SBHOM BHJE BBIPKEHUS IS
E1,E2 u Ey . Pewenne 3anaun. Nmeewm:
ap X aoX
Ei= 17  Ep= 272
aiXq +asXo ai1Xq +asXo

By =E;+E, =1,

IIpenesbHast HOpMa 3aMeHbI (3aMelleHHST) PeCypCcoB.
Hycrs Y =T (X) - Id. Tpenensroii Hopmoit R jj 3aviersl (3avermenyis) I -To pecypca (paxropa

npomsBozcTBa) | -M (ITH3®) HasbIBaETCS BRIpAKEHHE

oXj  of ox; .
Rij =1 L>0 (1,j=12) (2.6)
OXj of [ ox j
TIPH TIOCTOSHHON Y .
3neck | - HOMep 3aMeHAEMOTO pecypca, | -HOMeEp 3aMEIAIOIIEro pecypea. VcToms3yercs: Tatoke

TEpPMUH: TIpEeNbHAS TEXHOJIOTMYECKass HOpMa 3aMeHbl (3amerneHus) |-oro pecypca (dakropa
MPOM3BOJICTBA) | -M pecypcoM ((pakTopoM MPOU3BOJCTBA).
HemocpenctenHo npoepsieTcs, uto mis aByxgaktopHoi 1D cnpaBemmBo paBeHCTBO

E1X)
2= ,
Eoxq

(2.7)

T.e. (penenbHas) HOpMa 3aMEHBI MEPBOTO PEcypca BTOPHIM pPaBHA OTHOIICHUIO AJTACTUYHOCTEH

BBIITYCKa T10 TIEPBOMY U BTOPOMY pecypcaM, YMHOXKEHHOMY Ha OTHOIIEHHE 00bheMa BTOpOTO pecypca K
X1

- I Ha3bIBAETCSA

o6bemy meporo pecypca. Ecu X1 =K, X9 =L, 10 orHOmIeHMe — X5

KaluTaJIOBOOPYKEHHOCTBIO TpyZa. B aToM ciydae (mpeznenbHas) HopMa 3aMeHbl OCHOBHOTO KamluTasia
TPYJOM paBHA OTHOIIEHHUIO AJIACTUYHOCTEN BBIITYCKA [0 OCHOBHOMY KaIllUTaTy U TPYAIY, MOACICHHOMY
Ha KalMTaIOBOOPY>KEHHOCTB TPY/A.

3ameHsisi OECKOHEUHO MaJlble TIPUPAILICHUS dXi Ha KOHeuHble AXj , MOJKHO NMPUOIMKCHHO 3aIicaTh
BBIP)KEHHUE JUTS TIPEACTBHON HOPMBI 3aMelleHusl pecypcoB (11 ByxdakropHoii [1D)
AX 2

AX]_ (28)

Rio ~—

Ha ocHoBanuy (6) nperenbHas HopMa 3aMeHbI pecypcoB R 19 MPHOMIDKEHHO MOKA3bIBAET, HA CKOBKO
©IMHMI] HaJI0 YBEIMYHUThH 3aTpaThl BTOPOrO pecypca (TMpU HEM3MEHHOM BBIITyCKe Y), €CII 3aTpathbl
IIEPBOTO pecypca yMeHbIIaTcsa Ha OfHY enuHuly. CM. puc. 2.6, Ha KOTOPOM BUJIHO, YTO YEM Kpyde

dx

KacareJibHasl K U30KBAHTE |(C{) B TOYKE (Xl, X 2) , TeM OOJIBIIIE BEIpKEHHE — ——= , 1 CJIEJIOBATENBHO,
X1

Tem Gorbirie HopMa 3amerbl R19 mepBoro pecypea Bropbim.
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(x,*Ax,, 0, +Ax))

Puc 2.6

Ipumep S. na [IOK Y = aK¢ LB BBIACATH B SBHOM Bijie Boipakernns Rq1o u Roq.

oyloK _al o _dyloL _BK
oyloL BK' 21T ayloK  aLl’

Pemenne. Rqp =

DJIACTHYHOCTH 3aMellleHUsI PecypcoB

OIMacTHYHOCTh 3aMEHBI Tpyda KalmuTaJOM IMOKAa3bIBACT, HA CKOJBKO MPONCHTOB M3MCHUTCA @OHHOBOOpY)KCHHOCTb

dK Y(
k = K/ L tpyna npu msmerenun npeiensHOil HOpMBI 3aMelierns Tpyfa kamuraiom R k =——— = I"
DT

Ha 1% npu HEM3MEHHOM BBITYCKE MIPOYKIH:

dink
ELk=—o—. 29
dinR LK
K A 1 2
A
3
B
o _)
L
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Puc 2.7
Ha puc. 2.7 nokasana nsoksanta (mumus yposus) II® wa miockoctn KL (06o3mauena undpoii 1).
TlpeaenbHas HOPMA 3aMeHBI TPyJa KamuTanoMm B T. A paBHa TaHreHCy yIia HAaKJIOHA KacaTelbHOM, MPOBEICHHOM
wepes . A (R k =tga). pn nepemewennn u3 . A B 1. B no usoksante naxion xacarensHoit
H
MEHSIETCS, T.e. MECHSCTCS BEIMYMHA RL K - Ilpu atom mensercs n otnomenne K=K /L. D10 otnomenne

MOCTOAHHO BAOJb K&)KI[OI/I HpﬂMOI/I HpOXO}lﬂHIGI/I uepe3 Havalo KOOplII/IHaT BJ0JIb MPAMBIX 2u 3

.

KA K‘

AN

v

L
Puc 2.8a Puc 2.86
Tuneimas [0 Y =a+aK + AL ®ynkuus Ko66a-/[yrnaca Y = aK*L?
K A K A
L L
Puc 2.88 Puc 2.8r

: _ I e
®ynxims Jleontsera Y = Min(aK, SL) Oynkiua Y = a[SK P+(1-8)L p:|
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Ha puc. 2.7 nokasana m3oksanta (1uHus yposns) II® ma mmockoctu KL (06o3nauena madpoii 1).
IIpesensHas HOPMA 3aMEHbI TPYJa KAIUTaIoM B T. A paBHa TAHTEHCY YIia HAKIOHA KACATeNbHOM, IIPOBEICHHOI

qepes . A (R =tgo). Tpu mepememennn w3 . A B 7. B 10 m3oxkBanTe HakmoH KacaTembHOit
p LK pu Tep

mensiercs, T.e. Mensercs emmania R . Tlpu otom mensieres u otnomenne K =K /L. dro otHowenne
i)

TIOCTOSIHHO BJIOJb KaX/101 PAMOM, IPOX0fILIel yepe3 Hayano KOOpAuHa(BA0b IPAMBIX 2 1 3).
Ha puc. 2.8 wsobpawensl mmamm yposHs s mmeiinoir 1@ Y =C+aK+bL, g TOK]

y:aKO‘LB , mia 1O Jleomtsesa Y =mMin(aK,bL) u TI® Comoy (dymxmmm ¢ moctosmHoi

-1/p
MACTHYHOCTBIO 3amemmenns) Y = a[SK_p +(1-9) L_p} 3recs 0<0<1, p=>-1.
Jous  dymcwmn  KooGa-flyrmaca Bk =1.  [Jleiicreuremsro, mveem  dInk =dk/K,
dinR=dR/R;
R =—dK/dL = B/a)(Y/a)Y * @/ P/ %) = B/a)k; dR = (B/ o) dk.
Orciona nonyanm B =1.

Pacemotpnm JureitHo oxHopoaHy0 [1® Conoy (CES dynkmmio)
_ e T
yza[SK P+(1_5)|_ P} (2.10)

Ll—8

Moo nokasats, uto ipu P —> 0 pymxuus Y = aK8 . JleficTBUTENBHO NMEEM

y= al_[a(l_/ K)P + (1—8)J_1/p - aL[S[(L/ K)P -1] +1T1/p.

Pasnoxum B pan seipaxenne B ksagpatubix ckookax (L/K)P —1~plIn(L/K). B pesyabrate nveem

y= aL[SpIn(L/K) +1]—1/p :aL[pV +1]—1/p, rre V=0In(L/K). JTanee

-V
y=alL[pv+1] P = aL[[pv L1 PV} Sale ™V —al(L/K)® =aKk®1 B gy

llpg Pp—>00 mnomyuaem IId Jleonthesa. [lokaxem sro. Ecm K>L, 10 mpupll 1
SK™P 1 (1-8)LP u s O nonyunm Y = aL(l—éS)_l/p —alL. Ecmu K<L, ompupl] 1

SK™P [ (1—8)LP uana I1d noayunm Y = aks P 5 aK. lpu K =L =F nonyuum 1 u.1.1.
1
Jloist TI® Coroy 31aCTHYHOCTB 3aMeLIeHNUs TPy Aa KanuTanoM pasHa E| k = oo
) + p
Orcrona pu P —> 0 momyunm B =1 (pyrkums Ko66a-/lyrnaca). Ipu p —> —Lcnenyer
EL, K — © (auneiinas I1®). IIpu p —> 00 nomyyaem EL,K — 0 (II® Jleontsena) T.e.

q)y}IKI_[I/IH JIeoHThEBA IMEET HYJICBYIO 3JIACTUYHOCTD 3aMCIICHUA: PECYPChI B HEH JTOJDKHBI
HCII0Jb30BaThCSA B 3aJJaHHOM MMpoNnopuun U HE MOTYT 3aMeIlaTh APYr Apyra.

B kauectBe npumepa [1® CES npusenem ¢pyHkiuio, noxydeHnyto I'panadeprom A.I'. ans

skoHOMHKH CCCP 3a nepuon Bpemenu 1960 — 1985 rr.:
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Y =1.002-(0.6412 K08l 0.3588L_O'81)_1/O'81 - 6e3 ydeTa TeXHHYECKOTO IPOrpecca;

Y =0.966- (0.4074K_3'03 + 0.3588L_?"03)_1/3'03 00252t Y4ETOM TEXHHUYECKOTO

nporpecca.

1

[TokasaTenn 31aCTHYHOCTH 3aMeIleHus pecypcoB E| k = —— mmst oTux mByx byHKumii
b}

1+p
pasznuuHbl: B iepBoM cirydae 1o 0.55, Bo BropoMm — 0.25. [Ipyrumu aBTopamu ObLITH HOJTyYEHbI
OIIEHKH AJIACTHYHOCTH 3aMeIleHHs pecypcoB B auarnaszone oT 0.25 mo 0.55. DTo ToBOpUT O TOM,
9TO CTETICHb 3aMEHICMOCTH TPY/Ia ¥ KaluTalla HEBBICOKA, BO BCIKOM CITydac ropasio HIDKE, 9eM

B [I®OK]/I, nnst KOTOpO# OHA paBHA €IUHUIIE.

Hoxon. Iycts gana IOKT u o + 3 =1. Torna

y:ﬂK+QL.

2.11
oK oL @1y

JleficTBUTENBbHO,
%K + %L = aoK*PK + apK LA =ak “LP (0 + B) =y

Ecnu cumrath, 4T0 0OMECTBO COCTOMT TOJBKO M3 PabOTHHKOB M NpeAmpuHUMateneid, a QyHkuus Y

Tpe/CTaBIeHa B CTOMMOCTHOM BBIPAXKEHUH (J0XO OT MPOAAXKHU MPOIYKIKH), TO Bech 1oxo (11) pacmamaercs Ha
JIBE YaCTH, KOTOPBIE MOKHO HA3BATh JOX0J0M MPeANpHHAMATENS (IpeaenbHas QOHI00TAAYA, UK HOpMA IIPUOBLIH,
YMHOKeHHAs Ha 00beM (hOHIOB) U 10X00M PaOOTHUKOB (MpeenbHAs MPOU3BOAUTENLHOCTD TPY/IA, YMHOKEHHAS HA

KOMHMYECTBO TPYIOBBIX PECYPCOB). AHATIOTHYHBIN Pe3yNbTaT MOXKHO MONY4HTh U s duneiHoi [1®D, y kotopoit

a=0.

2.2 3aja4ya npou3BOAUTEIA

CoopmynupyeMm 3amadyy HpPOU3BOJMTENS: HANTH TEXHOJIOTHIO, JAIONIYI0 MAaKCHMAIIBHYIO
TPUOBLTb.
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Beenem nexotopsie pomymienus. [Iycts nponsBojcTBeHHAs (DYHKUIUS TPEANPUSITHS UMEET BH]L
Yy =f(X1,...,Xn) , T.€. 3aTpaTbl OJHO3HAYHO ONPENCIIOT BhITYyCK. IlycTe 0 - HeHa eauHMIBI

BBIITYCKAaeMOH MPOAyKIUH (Oy/1eM CUUTATh €€ MOCTOSTHHOM).
Torna 3a1aua MPOM3BOAUTEIS UIMEET BUJ;

W(X)=p-f(X1,X2,....Xn) = (A X1 + A2X2 +...+ Ay Xp) — Max (2.12)
npu X >0, e Aj - uena I -ro pecypca.

Heobxommmoe ycroBre MakcuMyMa UMeeT BHJT

paa:_—%i=0, i=1..n (2.13)
|

Cucrema ypaBHeHuii (2.13) onpeznenser Touky skcTpeMyma. Marpuiia BTOpbIX TPOM3BOAHBIX (DYHKLIUH
MIpUOBLIH

I'w=p-It,

rne 1'§ - marpuma Bropeix mpomsBommbix I1dD. A Tak kak, martpuma [ecce I's orprmarensao
OlpesieNieHa, TO HaWJeHHoe pelleHrne cucteMbl (2.13) sBisercss TOUKOM MakcMMyMma (YHKLHH
MPUOBLIH.

Urak, coorHomieHust (2.13) maer ONTUMATBHOE PEIICHHE 3a[a49d TPOM3BOJIUTEINS - TEXHOJOTHIO

* * *
{y ,X*}, tne Bextop X* ={X1,...,Xp} - onmnmaibHOe KOMHMYECTBO MEpepabaThIBAEMBIX PECYPCOB,

*
ay =T(X*) - onmmanbHbii 06beM BbITyCKa.

PaccmoTpumM sxoHOMITYeCKHiA cMbICH ypaBHeH i (2.13). TIpeoOpasyem ux k BUIY

Pp— dXi =A i dXi

8xi

311ech COMHOKHTEb JIeBOH 1 TpaBoif yactu X, nperncrasiseT co6oif HeKOTOpOE KOMMYECTBO | -ro
pecypca, TOTOHUTEIHLHO BOBJICYCHHOTO B IPOM3BOJICTBO.

Toryia B JIEBOM YaCTH HMeEM CTOMMOCTB TIPOJTYKTa, JIOMOMHUTENBHO MoJTydenHoro 13 0Xj eumuir
I -ro pecypca, a B paBoii - croumocts OXj emumu |-ro pecypea. IToaydunocs paBHOBECHE: MOKHO
BOBJIEYb B TPOM3BOICTBO JonoyHuTenbHo X emmmit 1 -ro pecypea, oTpats Ha ero 3akyrky AjdXi,

HO BBIMIPBIIA HE OyJeT, TaK KaK MPOJYKIUK OyIeT MOJy4eHO POBHO HA Ty K€ CYMMY, CKOJIBKO
3aTpaTHIIN.

[TosToMy HapamuBaHHe OOBEMOB IPOU3BOACTBA HJAET 1O TEX IMOp, MOKA HE HAYHET
BBINOJTHATHCS cooTHOIIeHHE (13).

TIpumep. 3aBUCHMOCTb BBIPYYKM Y 3a CMEHY OT YMcla CTOJMKOB S M uMcia opuumMantoB F B

nebonbmoM Kade Bopakaercs Qopmynoi Y =140- 52/3F1/4. Pacxonpl Ha OIMH CTOJIMK

cocraBisitoT 50 1.e., 3apruiara oduimanTa - 100 m.e. 3a cmeny. Haiitu ontumanbHeiid pazmep kade,
T.. YHUCIO CTOJNMKOB U 4YHCIO OQHUIIMAHTOB HUX OOCTY)KHBAIOLIIMX, HCXOMAS W3 MaKCMMyma
TMOTy4aeMOU IPHObLTH

Pewenue. CocrasinsieM (pyHKLHIO MPUObLTHA

W(S,F) =140 - S2/3FY4 _ 505 —100F — max

EepeM YAaCTHBIC IPOU3BOIHBIC 110 oberM TNICPEMCHHLIM U IIPUPABHUBACM UX K HYJIFO
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W _140.2 .5 H3E4 _50_,
8S 3
oW 1

OV 140 = .s2/3F=3/4 _100=0.
oF 4

Peruenue sroii cucremsr S=12, F=2.

Ortger: 12 crommkoB u 2 oduimanTa.

2.3 YuerT HAJIOT OB

PaccMoTpyM BiMsTHIE pa3IMYHBIX BUIOB HAJIOTOB Ha XapaKTep TOBEICHHS IPOU3BOIUTETS.

1. Hanoe ¢ npubwbimu. Tpu craBke S Hajyiora mpOM3BOIUTEITH OTUUCIISIET TOCY/IAPCTBY YacTh S TIPHOBLIH.
Torna 3ana4a Mpor3BOIUTEIIS IIPUMET BUJT

W(X)=[p-f(X1,X2,....Xn) — (MX1 + AoXo + ...+ AnXp)] - (1—3) > max

*
SICHO, YTO TIOJIOYKEHHUE TOUKM MaKCUMyMa X  He M3MEHHUTCS, T.K. OHa OYJIET ONPEENATHCS TEMH JKe
ypaBHeHusIMH (13); M3MEHHUTCS TOIBKO YPOBEHb MPUOBLIN
2. Hanoz ¢ npooadxc (axyusueiii nanoe). Tlpu akmU3HOM HAJIOTE TPESAIPHITHEC OTUHCIISIET

TOCY/IapCTBY HEKOTOPYIO CyMMY V 32 K&K MPOIAHHYIO €TUHUITY TIPOTYKITUH.
Torna 3amaya Npou3BOANTENS IPUMET BUJL

W(X)=(p—V) -F(X1,X2,....Xp) — (AMX1 + AoX2 +...4+ AnXy) = Max
B sToM cityuae Touka MakcuMyMa OyJIET OTPENENATECS Y’Ke COOTHOIICHUSIMH, OTIMYIHBIME OT (13), a
MMEHHO

of )
—-V)—=A;, 1=1...,n,
(p V)8Xi T

T.€. TOYKa MAaKCHMyMa CMECTHTCS BJIEBO (Oy/1eT IIpH MeHbIIIX 3HaueHus X ).

2.4 OyHKIMH CIIPOCA HA PecypPChI

*
Haiinennoe pemenne X — cucreMbl ypaBHeHuii (13) - €IMHCTBEHHOE NpH  CHENAHHBIX
npemmonoxkennsix X >0; p>0; A>0. Takum o6pazom, mis JaHHON MPOU3BOICTBEHHOM

ysKimm kaxaomy P u A cootsercTByET X*, re X = d(p,A), nm

Xi = @i (DA, A20ehn), 1 =1,...,0 (2.14)

Ot N ¢$yHKIMI Ha3pIBalOTCs (PYHKLIUSAMH CIPOCA HAa PECYPChI MPU JJAHHBIX [IEHaX Ha TPOJIYKThI
1 PECYPCBL

X CMBICI: €CITM CIIOKUINCH IIeHbI /A Ha pecypchl U 1leHa [) Ha BBITYCKAeMBbIi MPOJIYKT, TO
JIaHHBIA TIPOM3BOJUTEND OINPEIENSAET 10 HUM 00beM IMepepadaThiBaeMbIX PECYPCOB M MILIET MX HA
pbIHKe. 3areM, 3Has 9TU OObEMbI, U3 MPOM3BOJCTBEHHOW (DYHKIIMM OIIPENENSIOTCS BBIITYCKHA Kak

(YHKIIMH TIEH.
Jnst pyHKIMM Crpoca MOYKHO CTPOTO JIOKa3aTh, UTo
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oQ; .
D 0, i=1,..n,
O
T.€. TIOBBIIICHKE TUIATHI 32 PECYPC BCEr/Ia MPUBOUT K COKPAIIICHUIO CIIPOCca Ha 3TOT Pecypc.
Taxxe MOKHO J0Ka3aTb, 4TO
op;  00j . .
R0 =10,
o o

OTO 03HaYaeT, YTo BIMSHUE U3MEHEHMs IUIAThl 32 | -i pecypc Ha crpoc Ha | -u pecypc TOUHO Takoe

K€, KaK ¥ BIIMSTHAE W3MCHEHHS IUIAThI 3 | -1 pecypce Ha CIIpoC Ha | - ¥ pecypc.

HazoBeM pecypchl B3aMMOI0MOTHSIEMbBIMH, SCITH i < 0 u B3anMo3aMeHsIeMBbIMH, €CIU
Ohj
9i >0.
O\ j
Taxum 06pa3oM, 15T B3aHMOIOTIONHAEMBIX PECYPCOB TIOBBIIIICHHE TICHBI HA OJTMH W3 HUX TIPUBOIAT K
TIAJICHUIO CTIPOCca Ha APYroi (HanprMep, OSH3MH 1 MAITMHHOE MAcCIIO), a JUTS B3aMMO3aMEHSIEMBIX PECYPCOB
TIOBBIIICHUE 1IeHBI HA OJIMH W3 HHUX MPUBOIUT K YBEJIMUYCHHIO CIIpOCca Ha Jpyroi (Harmpumep, mmdep u

pyoepow).
2.5 Moaesn neHoo0Opa3oBaHus

[Tycth pemnpusiTHe IEWCTBYET B YCJIOBUSIX HECOBEPIIIEHHOW KOHKYpeHImH. Kakum o0pa3oM BbIOpaTh
TIEHY Ha TOBAp, YTOOBI MAKCUMI3HUPOBATH PHOBLTH?

ITpuGsLTs OT IIpostavky Y €TMHUIL POYKIH 3AIHUILETCS B BUTIE
W(Y) =R(Y) - C(Y)=P(Y) Y = (VY +F) (215)

roe R(Y)=P(Y)-Y - noxonornponaxu Y emmun npoxyxmn o niere P (YY), 3aBucameit o

COBITa; C(Y) = (VY + F) - U3/IEPKKH IPOU3BO/ICTBA: - — IOCTOSIHHBIE M3IEPAKKH, Te. W3IEPHKKH,

BEJTMYMHA KOTOPBIX HE U3MEHSETCS C I3MEHEHHEM 00beMa IPOU3BO/ICTBA (@ IMUHUCTPATUBHBIE PACXO/IbI,
pacxo/ibl, CBSI3aHHBIE C aPEH/ IO, CTIOIb30BaHUEM MAIIUH U 000PYI0BaHMS, KAMUTATLHBIM PEMOHTOM U
T.0L); V - U3JIEPXKKU HA OJTHY €IMHHUITY [TPOIYKIINH (3aTpaThl Ha AWIEKTPOSHEPIUIO, PACXO/THBIC
Marepuaibl U T.11.). Torzaa ycioBre MakcuMyMa MpUObLTH UMEET BUT

dw d
—— = —(P(Y)-Y = (WY +F))=0
dy dy (PCY) ( )
W
dP
—Y+P(Y)-v=0 2.16
v (Y) (216)
dY P
Ecnu ncronb30BaTh MOHSATHE SIACTUYHOCTH cripoca (cObITa) 10 IieHe Z = ﬁ V , To cooTHomenue (16)

3aITMIICTCA B BUIC

iP(Y) FP(Y)=v
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P(Y)=_ % v 2.17)
1+z

Takum oOpazom, (opmyna (17) nmpencraBiser coboi Mozeb IEHOOOPa30BaHKS Ha TMPOIYKIHIO -
Ha3HAYCHHE ONTUMATTGHOM TICHBI (€CIM M3BeCTEH KOA(DPUIMEHT AITACTHIHOCTH CIIPOCa).
Torma MmakcumasbHast PHObLTH cocTaBuT (ToicTaBuM (17) B (15))

W Y)=— Y _F
z+1
Ho peanuzaist monienu (17) Ha MpakTHUKE OCIOXKHSAETCS TEM, YTO KpUBasI CIIPOCA, KaK MPaBHJIO, HE
W3BECTHA.
PaCCMOTpI/IM ABC SMITUPUYICCKUE MOACIIN, KOTOPBIC IO3BOJEAIOT YCTAHOBUTD LICHY, NCXOAA U3 CTCIICHU

JIOCTOBEPHOCTH PHIHOYHON MH(OPMAIINN, UIMEIOILIEHCS B PACTIOPSTKEHUN PYKOBOUTEIS TIPEATIPHSTHSL

byaem cuurarth, 4TO PYKOBOACTBO MNPEANPHUATHS PACIOJIAraeT JOCTOBEPHBIMU CBEICHHUSMH O
CBOMX H3JIEpKKaX W MPEAINoJiaraeT JOCTHYb BIIOJHE OMNpPEAEICHHOrO YPOBHS NPUOBLIM OT

. 0
PO IaKK MPOIYKIMH (Ha30BeM ee yenesoli npubbiivio W ™).

TaroKe, C pasHOH CTEMEHBIO I0CTOBEPHOCTH M3BeCTHA HH(opMarmst o cripoce Q

Qmin < Q< Qrax (218)
1 uH(pOpMaLus O CYIIECTBYIOIKX PHIHOYHBIX [IEHaX Ha MPOAYKThl — aHAJIOTH

Pmin <P < Pprax (2.19)
1 Ecmu 6onee noctoBepHOii siBisieTcs HHGOPMAITHS O CIPOCe, TO, UCTIONB3Ys Gopmyiy (15),

T0 337]aHHOMY Han0oJiee BEPOSITHOMY 3HAYCHHIO CITPOCa QO BBIUKCIISFOT Pa3Mep IICHbBI PO ,
HEOOXO0TUMOH IS TIOTy9IEHHS 11EJIEBOI TIPHOBLITA
0 wO +F
P =v+ 0 (2.20)
2. Eciu cBeieHns o cripoce MEHee JOCTOBEPHBI, YeM O IieHaX, TO cHadaia rmo ¢opmyie (15)
onpezensor cripoc Q k Ul K&KJOT0o 3Ha4YeHNUs LieHbl 13 MHTepBaa (19)

- WOLF

Qk_ Pk—V

(2.21)

3aTeM HKCIIEPTHBIMU METOJaMH OIIEHMBAIOT HauOojee BEPOSTHBINA CIIPOC QO U Janee Mo
bopmyne (20) paccuuTHIBAIOT IEHY PO, COOTBETCTBYIOIIYIO CIIPOCY QO .

[onsaTHO, yT0 MOAenu (20), (21) B3anMocBs3aHbL. X B3aMMOCBSI3b MPOSIBISETCS HE TOIBKO
B TOM, YTO OHH JIOTIOJIHSIIOT APYI APYra, HO U B TOM, YTO OHU TO3BOJISIOT IIPU OIPEAEIICHHBIX
YCIIOBUSIX TIOTYYUTh 3HAUEHUS IIeH, KOTOPBIE, BO-TIEPBBIX, CXOHBI MEXKTy COOOH, 1, BO-BTOPBIX,
OMM3KM K WX ONTHMAIGHBIM YPOBHSIM B COOTBETCTBMHM C TEOpETUUECKUM TpaBwioM (17)
OIIPE/IETICHNS LIEH.

IIpumep. Yiuunslii nposiaBel razeT O6epeT UX B U3/1aTeNbCTBE 10 LIeHe 2 J1.€. 3a 3k3eMIusip. O0beM
nponaky Y cBs3aH ¢ HasHauaeMoit uM teHoit P popmymoit Y = 2800 —1000p ; uznepxku o

MMPOAAKEC PaBHbI 0,1 A.C. Ha SK3CMILIADP. Kaxkoe ontiManbHOE KOIMYECTBO ra3er JOJDKCH 6paﬂ>
MPOAABCIl B U3AATCIILCTBC U KaKOBA OIITUMaJIbHA LCHA IMMPOJIAKHU T a3eThI?
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Pewenue. ynxims pruObLTA 3aIUIIETCS B BUIIC

W(Y)=yp-01ly-2y=yp-21y

Beipasum 11eHy razers! uepe3 00beM IpoIax:

_ 2800 -y (2.22)

1000

Torma GpyHKIHS PUOBLIA UMEET BUJT
W(y) = yp — 2.1y = y(2.8 — 0.001y) — 2.1y = —0.001y? + 0.7y
Bo3bMeM por3BOAHYO 1O Y ¥ IPHUpPaBHSIEM K HYJIHO

W'(y) =-0.002y — 0.7 =0

Orcroza y* =350.

*
U3 (22) momyaaem p = 2.45.
Nrak, onTuMasHas 1ieHa IPOIKH TaseT 2 pyo. 45 KOIL., a oNTHMaTbHOE UX KOJIecTBO — 350

aK3eMIusIpoB. [Tprobuts pu 3T0M — 122,5 pyo. (puc. 1).

o

T L T T = T T T T T

70 140 210 280 350 420 490 560 630 700 770

KommuecTBo OK3EMILIAAPOB Ir'a3€T

Bomnpocsl st caMmonpoBepKu

Jaiite ornpezeneHye npon3BoAcTBeHHON (yHkimm. Kak kiaccupuimpyrorcs

MIPOU3BOICTBEHHBIE (DYHKLIMN?

Yto B cTaTM4eCKO# MPOU3BOACTBEHHOMN (DYHKIIMM HE 3aBHCHUT OT BPEMEHH, a UTO MOXKET 3aBHCETh
OT BpeMeHH?

B yem cyTb 3aKoHa yoObIBaromei 3(hheKTHBHOCTH?

Kax onpenensercs mpon3BoANTEIBHOCTD TPyJa M KalUTaIOBOOPYKEHHOCTb TpyAa? Kak cBs3aHbI
9TH XapaKTepUCTUKU B citydae juHeiHoi [1d u npousBoacTBeHHOM (yHKimn Ko66a-/lyrnaca?
OcHoBHbIE cBOicTBa Tpon3BojAcTBeHHON (yHkuuu. I[Ipumep IID, kotopas oTHENBHBIMU
cBoiicTBaMH He oOnafarot. [IpuMep mpon3BOACTBEHHBIX (PYHKIIMHM, KOTOpbIe 00J1a1al0T BCEMU
OCHOBHBIMH CBOMCTBAMM.

IpuBenuTe XapaKTepUCTHKU OAHO(PAKTOPHOM MPOM3BOICTBEHHOMN (YHKIIMH.

IpuBenuTe XapaKTEepUCTHKH IBYX(AKTOPHOI IPON3BOICTBEHHOMN (DYHKIIUH.
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IloHsTHE N30KBAHTHI U €€ SKOHOMUYECKMH cMBICIL. [locTpouTts n3okBanTy juHerHOM [1D n
TTOKII.
Kak onpenensiercst cpeansist v npeaeabHas IPOU3BOAUTEILHOCTH KanuTaa?

Kax onpenensiercs cpeansisi U npeeiibHas MPOU3BOIUTEIHLHOCTH Tpyaa?

Kakasi cymmecTByeT CBs3b MEXITy IPOU3BOIUTENIFHOCTHIO TPY/Ia U KAIMTaJIOBOOPY)KEHHOCTBIO
Tpyaa B ciydae auHerHo [1® u npousBoacTBenHoi hynkimn Kocoa-/lyrnaca.

CBsi3b MEXIy CpelHed M TpeNeibHOM MPOM3BOMTEBHOCTRIO KanuTaia (Tpyaa) B oOIiem
ClTydae U B ciTydae nmpomn3BojicTBeHHOU (yrkimy Ko6ba-/{yrmaca.

DnacTiuHOCTh BRIMycka 1o 1-My pecypey (1=1,2) u smacTHYHOCTH IIPOM3BOJICTBA.

OKOHOMHUYECKHIA CMBICIT.

Hopma 3ameHbI ofHOTO pecypca IpyruM. DKOHOMHYECKH HHTEPIPETAIMs 3TOTO TOHSTHSL.
I'paduueckas naTepnperanyst.

DMacTUYHOCTh 3aMEICHHS pecypcoB. | padudeckast HHTeprpeTalysi.

Kak mensiercs npeznenbHas HOpMa 3aMEHbI OJTHOTO pecypca IpYruM Mpu ABMKEHUU IO
n3okBaHTe? JlaiiTe coepiKaTeabHyI0 HHTEPIIPETALIMIO XapaKTepy U3MEHEHUS
MpeeIbHON HOPMBI 3aMEHBI.

[MosicauTe cmpici [1d CES. KakoBsl ee CBOMCTBA 1 OCHOBHBIC XapaKTEPUCTHKH?

UTto Takoe M10X0 ] MpeaTpUHUMATENS U T0X0]T paOOTHUKOB?

B yem coCTOUT SKOHOMUYECKHUI CMBICIH 33aJJa4l TPOU3BOIUTEIIS?

Kak BIusIFOT HaJIOTHU Ha XapakTep MPOU3BOIUTENA?

JlaiiTe SJKOHOMHYECKYIO HHTEPIPETANIO (DYHKITUU CIIpOca Ha PeCypChl

Kakue pecypchl Ha3bIBaIOTCSA B3aMMOAOTIONHIEMBIMU, @ KAKUE — B3AMMO3aMEHAEMbIMU ?
[TosicHuTe CMBICI MOCTOSIHHBIX U MTEPEMEHHBIX U3JIEPKEK MPOU3BOJICTBA

Uto Takoe 3MaCTUYHOCTh COPOCA MO LEHE?

Kak cBsi3aHa onTuManbHas 1[ieHa Ha TPOAYKIIMIO C 3JTACTUYHOCTBIO CIPOCA U U3EepKKaMu ?
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Tema 3. @yHKIMS MOJE3HOCTH

OCHOBHBIMM y4YaCTHHKaMH IpOLECCa MPOU3BOJICTBA, PACHpPENeNeHUsT M TOTpeOIeHUs
Onar SIBJISIIOTCS OTJENbHBIE MOTPEOMTENH M NPOM3BOAUTENH. KakIplii M3 HUX HMMEET CBOM
uHTepeckl. [locTporm Teopuio noBeACHUs TOTPEOUTES.

3.1. MHOXkecTBO O0Jar

[Tycte Ha phIHKE ONar WHAWBHIYaTbHOMY NOTPEOUTENIO TperaracTcss N pasIuvHbBIX
Onar. Ilox nabopom 6rae Oynem IMOHUMATh COBOKYITHOCTh HEOTPMLATENBHBIX 4UCEN X,..., X,

rae  X; — KOJIMYECTBO ] -ro Gnara (X; >0, j=1,...,n). Takoii HaGOp HEOTPHUATETHHBIX

4KCell MOXXHO pacCcMaTpuBaTh Kak N -l BekTop X = (Xl,..., Xn) Osar. BeceBo3MoskHBIE HAOOPBI
O5ar o0pasyroT MHOdHCECmEo Onae

n . H
R" :{x:(xi,...,xn), X, 20, ] :1,...,n}, (3.1)
KOTOPO€ TEOMETPUIECKH MTPEICTABISAET COO0M HEOTPUIIATENBHEINA OPTaHT N -T0 MPOCTPAHCTBA.
Jlnist kaskoro Onara | 3aaHbl OrpaHHYCHHS
XM <X <X, =10, (3.2)

[TosTOMY, MHOKECTBO HAGOPOB GI1ar 310 orpanuueHHoe MHOkecTBo (5 B N -0M mpocTpaHcTBe

G:{x:(xl,...,xn); x;“‘” <X, SXTaX, j:l,...,n}. (3.3)

MHoxecTBO HAOOPOB OJIar MOYKET OBITh U HEOTPAHWUYEHHBIM. B 3TOM cirydae ero Mo>KHO
MPEJCTaBUTh KaK

G :{x:(xl,...,xn); X, > x", j:1,...,n} (3.4)
nJin

G:{x:(xl,...,xn); X; <X, j:l,...,n}, (3.5)
IIPU 3TOM HEpaBEHCTBa X i < X;-nin 1580071 XJ- < X;nax MOTYT BBINIOJIHATHCS HE I BCEX j .

B PaCIOPSKCHU U HOTpe6I/ITeJ'I$[ HMCCTCA OIrpaHMYCHHOC KOJIMYCCTBO JCHCIKHBIX CPCIACTB

M (0x01), KOTOpBIE OH MOXET HCIONB30BATh IS IPpHOOpeTerns Giar. Biara mproGperatoTes
[0 I[eHaM, KOTOpbI€ YCTAHABIMBAIOTCS PHIHKOM U HE 3aBUCAT OT OTAEIHHOTO MOTPEOUTES.

O6o3naunm ux [y, P,,..., P, coorBercTBeHHO s 1-r0, 2-ro6ror0100 N-ro Omara. Bexrop

n

p =(p1, Pyyeesy pn) HA3bIBAIOT GEKMOPOM yeH Oiae, IPU ITOM P; >0, j=1...,n. Torma

n
CTOMMOCTh Habopa OJar paBHa pT X= Z P;X; -
j=1

CTouMOCTh Ha6opa OJar JJIA HOTpe6I/ITeJ'I}I HC IPCBOCXOOUT €ro 10X01a M , T.C.
n

> pX; <M. (3.6)

=1
HepaseHncTBo (3.6) Ha3bIBAIOT 6100HMCEMHBIM O2PAHUYEHUEM.

Hepasencto (3.6) BMecTe ¢ HepaBeHCTBOM (3.2) ompenenser MHoxkectBo K docmynmuwix
Habopoe Onar Ha pPbHIHKE TOBApOB M yciyr. B cuny Hammuus OrofpkeTHOTO HepaBeHCTBa (3.0)

n
MHOXKCCTBO K BCCraa 6y;[eT OTpaHUYCHHBIM MHOXXCCTBOM R .
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Hanpumep, B ciiyuae muoxkectea GG, 3aganHoro HepaseHcTBamu Buza (3.2), mosydaem,
4T0 MHOKECTBO K 10CTYNMHBIX Giar MOXKET ObITh OJIHUM U3 TPEX:

1) mycroe mMHOKecTBO, T.€. pu nmeromemes goxone M wu menax P=(p,, Py,-.s P,,)
MOTPEOUTENIh HE MOXKET MPUOOPECTH HA PBIHKE JaKe MUHUMAIBHOTO Habopa Onar M MOKHO
CKa3aTbh, YTO B 3TOM CIIy4ae OH JKMBET 32 YepTOl OCIHOCTH;

2) wacte N-mepHoro mapamenenunena G, T.e. MOTPEOUTENIO JIOCTYIIHBI HE BCE HAOOPHI
6nar npu umerontemcs noxone M u ycranoBuBIIMXCS IeHax ) Ha PHIHKE Oar;

3) Beck N-mepubli napamnenenunen G, T.e. MOTpeOMTENs HACTONBKO 0Orar, 4to €My
JOCTYTIEH JIF000i Habop Oar mpu ero A0X0A€ U ICHCTBYIOIIHNX IICHAX.

Ha puc. 3.1. n306paskennl 5T ciaydau npu N=2.

szax

szln

piX1 + px1 =M

v

leln leax Xl

Puc. 3.1a. [TycTroe MHOECTBO TOCTYMHBIX Onar
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X1

piX1 + px1 =M

X2
C
szax
G
szin A D
pax1 + pix1 =M \
lein leax
Puc. 3.16. YacTuuHOE MHOKECTBO JOCTYITHBIX OJiar
Xo | 4
X" B [N
|
G I
szln A D
; X
XN XM 1

Puc. 3.1B. [lonHOE MHOYXECTBO JOCTYIHBIX Oar
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Takum 06pa30M, MHOXECTBO K AOCTYIIHBIX Oyar sBseTCS BBIITYKJIBIM MHOXCCTBOM,
ONpCACIIICMbIM CHCTEMOM HCPABCHCTB

min

X; 2 X", Jed, X <X, jedy D<M, (3.7)
j=L

rue ‘]1’ J 5 — HEKOTOPBIC MTOJJMHOKECTBA MHOKECTBA J= {1, 2, veny n} .
3.2. ®yHKUMA 0JE3HOCTH U €e CBOICTBA

Paccmotpum Borpoc o Beibope Habopa Onar. Kaxmoe 61aro MODKHO YIOBIETBOPSTH Ty WIH
WHYI0 TOTpeOHOCTh. CroCOOHOCTh  YHOBIETBOPSATh Ty WM WHYIO TOTPEOHOCTh HA3bIBAIOT
noaesHocmvio O1aza.

[orpeGutens mnpu paccMoTpennd aByx HaGopoB Omar X =(X,...,X.) u Y=(Y;,..., Y,)
MPUHUMAET OJTHO U3 CICAYIOIINX PEIICHHHA:

a)Habop X mpexamoutnTenbHee (Tone3Hee), dem Habop Y ;

0)nadop Y mpemnourutensHee, yem Habop X ;

B)HaOOpbl X W Y paBHO3HAYHBI (PaBHOIICHHBI, OJJMHAKOBO TIOJIC3HEI).

3amice X > Y osmauaer, uto HaGop X mpemmouruTensHee Habopa Y ;3amuce X LI Y — maGop
X unabop Y pasHO3Haumbl; 3amuck X = Y o3Hauaer, uto HaGop X He MEHee IpPeIOoUTHTENIEH,
vyem Habop Y.

BBezieHHOE TOHSTHE OTHOIICHHS TIPETIOYTEHIS TIO3BOJISIET CHOPMYIIUPOBATH CIIEIYFOIIUN APUHYUN
svlibopa nompebumens: TOTPEOUTEb BBIOUPACT HauOoJIee MPEITOYTHTENILHBI HA00p Cpemu Bcex
JOCTYITHBIX €My HaOOpOB OJ1ar.

BMecTo paccykIeHuii Ha OCHOBE 3aJaHHOIO OTHOLIEHHS INPENOYTEHMs = HCIOJIb3YeM
(YHKLHIO TIOJIE3HOCTH [Tl TIPEIIOYTEHHSI OJJHOTO Habopa OJiar Apyromy.

OyHKIWMSA U(X) = U(Xl, . Xn), OIpe/ie/icHHass Ha HEOTPHUIIATEIbHOM OPTAHTE Rf (umm

nexotopom G C RJT ), Ha3BIBACTCS (DYHKYUEU RNOAe3HOCMY, COOTBETCTBYIOIIEH OTHOIICHUIO

MPEANIOYTEHHS 2, ecin U(X) >Uu (y) , TOTZIa 1 TOJIBKO TOrya, koraa X = Yy,

MPUYEM ECITH U(X) = u(y) , 70 XLV uo6parno, ecrm X LI Y, 0 U(X) = u(y) :
OyHKIMS TOJIE3HOCTH U(X), 10 CYIIECTBY, NPEACTABJISACT CHUCTEMY MPEINOYTCHHUN

notpedurens. OCHOBHOE €e CBOWCTBO B TOM, MOTPEOUTEINb IPEANOYUTACT BbIOUpaTh X, aHe Y,

eclu U(X) > U(y) , OHa YIOpPSA0YUBAET HAOOPHI M0 MPEANOYTEHUIO UX Apyr apyry. OTcroaa

CIIeIyeT, UTO MOTpeOUTeNh MpH BEIOOPE HAbOpa Onar CTpeMHUTCS MAaKCUMU3UPOBAB CBOIO (yHK-
LU0 MTOJIE3HOCTH.
B tabauue 3.1 npuBeneHs! YeTblpe TUNA (PYHKIIMU MOJIC3HOCTH.

PaccmoTpuM HekoTopble 00IKe CBOHCTBA (DYHKIIMU MOJIE3HOCTH.
1) dyHKIMS TONIE3HOCTH U IBaXK/IbI TU(depeHInpyemMa u CTporo BhIMyKIIa.
2) OyHKIWs TOJNIE3HOCTH He HachieHa. CBOMCTBO HEHACHINAEMOCTH COCTOHMT B TOM, IS

1ro0BIX 3a/laHHBIX ABYX HabopoB X, Y € R l\l cootHomenne X 2 Y Bieuer U(X) > u(y) ,a
cootnomernus X =Y u X#Y Bruekyr U(X) > U(y) 3HayuT, (QYHKUHS MOJE3HOCTH
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ou(X .
SIBIISIETCSI BO3PACTAIOIICH IO JTI000MY €€ apryMeHTYy, T.€. L > 0, Vj =1n, Xe Rf.
j
. ou . ou :
3) im—=ow, lim—=0, j=1,..,n.
x;—0 an Xj—>o0 8)(1_
Tabmuna 3.1
Tun pynkumn @yHKIUSA [TOJE3HOCTH OrpanunyeHust
MI0JIE3HOCTH
Jlozapugpmuu- n a >0, x.>1 j=1..n
_ J ] J 7 A |

ecykas U(X) _Zaj In Xj

j=L
Mynvmunauxa- n _ O<oa.<1 x.>0
muenast u(x) = aH X I ’

] .
j=1 j=1...,n, a>0.
Adoumustas L 0<B. <L x, >0, a; >0
— Bj J T 1 !
u(x) = o;X; .

j=1 j=1..n.

Keaopamuunas n 18,8 n o —
u(x):Zajxj+§Z:Zbijxixj a,+y bx>0 j=Ln
j=1 i=1 j=1 i=1
B<O0 (oTpunaTeIHLHO
oTpeieIcHa)

B opranre Rf YPaBHEHUIO U(X) = C, rne C — KOHCTaHTa, COOTBETCTBYET OIPE/ICICHHAs
MMOBEPXHOCTh  PABHOIICHHBIX (OJMHAKOBOW  IMOJIE3HOCTH) HAOOpoB Omar (MHOXKECTBO
Oe3pa3nuuusi), U HaoOOPOT, KAXKIOMY MHOXECTBY O€3pa3jindusi COOTBETCTBYET HEKOTOpas
MOBEPXHOCTh, OIpejessieMas ypaBHEHHEM U(X) =C. OTH TOBEPXHOCTH HA3BIBAIOT

2
nosepxHocmamu 6espaznuuus. B cinydae aByx Onar, T.e. B R + HX Ha3bpIBAIOT KpUBLIMU

be3paziuyusi.

Jis naHHOM (YHKIIMHM TIOJIG3HOCTH KpUBBIE (MOBEPXHOCTH) Oe3pasznuyust o01anaoT
CIICAYIOIIMMHU CBOWCTBAMH:

1) depe3 KaKAYI0 TOYKY MHOXECTBA TOBAPOB IMPOXOIUT JIMIIIb OJHA KpHUBas (IIOBEPXHOCTH)
Oe3pa3auuus;

2) nuHuM (TIOBEPXHOCTH) Oe3pa3iinurs He MepeceKalTCs, MPUIeM KpUBas, Jie)Kallas BbIIIe
U TIpaBee JIPYroil KPUBOH, PEICTABISET COO0M OoJiee MpeAnoUTHTEIbHBIE HA0OPBI TOBAPOB;

3) muHuM (MOBEpXHOCTH) Oe3pa3iuyusi OOpaIleHbl BBIMYKIOCTBIO K Hayaly KOOpPIMHAT
(BBITEKAET U3 CTPOTOI BOTHYTOCTH (DYHKIIMHU TIOJIE3HOCTH);

4) MHOXXecTBO HabopoB X, mwis koTopeix U (X) 2> C (MpeanoyTUTeNbHOE MHOMKECTBO)
SIBJISIETCS BBIITYKJIBIM MHO>KECTBOM.
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3.3. IIpeaesbHasA MOJIE3HOCTH U NMpeAeibHAS HOPMA 3aMellleHus 0Jiar

B Teopuu motpeOUTEIHCKOTO BBIOOpa OONBIIYIO POJIb UTPAIOT MPEICNIbHBIE TOJE3HOCTH
Omar, KOTOpbhI€ BBIPAKAIOT JOTOJIHUTEIHLHOE YIOBJIETBOPEHHE OT NOTPEOIeHUsT OIHOM
HOHOHHHTCHBHOﬁ (105050500031 Omara. MareMaTu4ecKd DOSTOT (baKT OIINChIBACTCA YaCTHBIMU
IMPONU3BOJHBIMUA (1)yHKIII/II/I IIOJIE3HOCTU. Y CTAaHOBUM (_:OZICp)KaTCJH)HI)II\/JI CMBICJI YaCTHBIX

HPOU3BOAHBIX (PyHKIUH Mone3HocTH. [ycTs kKonuuecTBO | -ro Grara M3MEHMWIIOCH HA BEJIMUHHY

AX j» @ KOJIMYECTBA OCTATBHBIX Osar He M3MEHWINCh. OTO BBI3bIBAET YAaCTHOE IMpUpPALLECHUE

dymaum nonesnocrn AU, :u(><1,x2,...,xj +ij,...,xn)—u(xl,xz,...,xj,...,xn),
IpU4eM AXJ- > 0.

AU,
Bennunna —L >0 YKa3bIBA€T HA W3MEHEHHE IIOJIE3HOCTH HA JOTOJIHUTEIBHYIO
AX;
: . Au;  odu
equHUIly ] -ro Omara. Ilepexoxs K mpeneiny, MONyddM lim — =—>0. Yacruas
M0 AX; OX;
ou :
MIPOU3BO/IHAS Ha3bIBACTCA npedenbHoul horesnocmoio | -2o bnaza.
OX;
Ilpumep 3.1. Jlana GyHKIHS MTOJE3HOCTH U(Xl, XZ) =q In X +a, In X, . llpenenbnas
ou a ou a,
MOJIE3HOCTH TIEpPBOTO Oj1ara paBHa—— = ——, a BTOpOro - —— = — . p»
X, X,

Ilpumep 3.2. JIna ynaxkuun monesnoctu U( X, X, ) = X OynemM uMeTh
2 2

A _
—= aOLlel Xg 2 — nns nepsoro 6iara, —— = aoczxf‘l X(Zl 21 _ JUIs BTOPOTo OJ1ara.
OX, OX,

>

PaCCMOTpI/IM BOIIPOC O B3aMMO3aMCHACMOCTH Ounar. HYCTL 00BEMBI HOTpe6J'I$ICMBIX Omar

HU3MCHHUIIMCh COOTBCTCTBCHHO Ha MaJIbIC BCIMYMHBI AXl y AXZ yuuny AX Torpa mnONHBEIM

ou

u u
IIPHpALIEHHEM [I0JIe3HOCTH siBistercs Bemmunaa AU ~ — Xm +— dX2 +.o+— an
OX, OX, OX,,
— TMOJHBIN TuddepeHiman GyHKIUN M0JIe3HOCTH. [1ycTh ypOBEHb MOJIE3HOCTH HE M3MEHSETCS,
T.c. U3MCHEHUE Habopa OJyiar MPOUCXOJIUT TaK, YTO COXPAHSAETCS OJHA M Ta K€ MOBEPXHOCTh

n-

6e3pazmuuns U (X1 . Xn) = C. [IpeamnonoxuM, 4To KOJMYECTBO BCEX Oyar, Kpome K-rowul-
ro, KOTOpbIe B3aMO3aMEHIeMBbI, He U3MeHsoTCs. Toraa noayaum

ou ou

Hx, +Zdx =0.

OX, oX

O1croma UMeeM
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" dx, AX, ou/ Ox,
K — - - .
dx, AX ou/ ox,
AX ) )
Bennunwa N =-—— HaswBaercs  Koouyuenmom  (nopmoir)  npedenvHol
AX,
IKBUBANICHMHOU 3aMeHbl O1ae, KOTOPBIA 0OpaTHO MPONOPIMOHATICH OTHOMICHUIO MPEICITbHBIX
N ou .
MOJIE3HOCTEN ATUX Ojar, B3sSTOMY C 0OpaTHbIM 3HakoM. [lockombky —— > 0, J =1n, ro
XI
n, < 0, T.C. yBEJIMUYEHHE notpeOiIeHus

OJHOTO Oynara BEI3BIBAET YMCHBUICHUC APYroro mid COXpaHCHUA OAHOI'O0O M TOIO KE YpPOBHHA
ITIOJIE3HOCTH.

Ilpumep 3.3.

Hns dynkuuu nonesnoctu U (Xl' XZ) =q In X +a, In X, umeeM
A aylx _ X%

R
Xl a2 XZ a2X1
Ilpumep 3.4.
o, X
Jns pyHKIMY MOJIE3HOCTH U(Xl, X2) = axf‘l Xg ? nomyunm N, = — 172

0L,

N3ydyeHne nu3mMeHeHUs] HOPMBI MPEAEIbHON 3aMEHAEMOCTH OJIHUX Oiar JpyruMu Urpaer
BAKHYIO pOJb MpPU M3YYCHUH 3aKOHOMEPHOCTEH NOTpeOJeHus: eciau MNOTPeOHOCTh B
OTIpeJIeIEcHHOM OJiare yJI0BJIETBOPSETCS HE3HAYUTENIbHO, TO OTHOCUTEINIbHAS MOJIE3HOCTh 3TOTO
Onara 1Mo OTHONICHHIO K JAPYTUM Ui COXpPaHEHHS OJHOTO M TOTO K€ YPOBHS IOJIE3HOCTH
BBICOKA.

PaCCMOTpI/IM TCIICPb CMBICII BTOPBIX YAaCTHBIX IIPOU3BOJHBIX (bYHKI_[I/II/I IIOJIC3HOCTH.

o%u
BTOpLIG YaCTHBIC NPOU3BOJAHBIC — — XaPaAKTCPU3ZYIOT U3MCHCHUC npeﬂeanoﬁ IIOJIC3HOCTHU
OX;OX;
2
ou i ou
—— Omara ] mnpu u3MeHeHunm mnotpebieHus storo sxe Omara. Ilyertp ——— < 0, T.€.
OX. OX;OX;

]
npeaciibHass 1OJIC3HOCTDb moboro Omara YMCEHBUIACTCA II0O MEpPC TOTI'O, KaK C€ro HOTpe6J'IeHI/IC
YBCINYHUBACTCA. DTO CBOMCTBO Ha3BIBAIOT 3aKoHOM I occena — 3aKOHOM y'6]':>IBaHI/I$I HpeﬂeHLHOﬁ
ITOJIC3HOCTH. Taxkum 06p830M, npeamoJjiaracM, 4To (I)YHKLII/IH IIOJIC3BHOCTH  ABAXKIbI

mubdepeHIpyemMa, UMeeT HenpephIBHBIC YacTHbIE NpOM3BOAHbIE, a Matpuua lecce H |
o0Opa3oBaHHasi U3 BTOPBIX YAaCTHBIX NMPOU3BOIHBIX, SBISETCA OTPULATEIBHO ONpEJeNeHHON (ee
TJIaBHBIE MUHOPBI HEUYETHOTO IMOPsAKA OTPULIATENIbHBI, @ YETHOTO MOJIOXKUTENbHBI Il JIF000Tr0

Habopa X = (Xl,..., Xn). 310 TpeOoBaHWE OTHOCUTENBHO (DYHKIIMU MOJIE3HOCTH O3HAYAET, YTO

(I)YHKI_[I/ISI MOJIC3HOCTHU CTPOTO BOTHYTA.

Ilpumep 3.5.
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Hnst pyskiun nonesnoctu U (Xl’ XZ) =q In X +a, In X, marpuna I'ecce

pasua H =
a2
G
2
a
Tak kak Al = —ﬁz < 0, AZ = % >0, 10 Matpuia ['ecce oTpHUIIaTEIBHO ONpPEIEIICHA.
X X X
>
Ilpumep 3.6.

Jns pyHKIHY HOJNIE3HOCTH U(Xl, X2) = aXfL1 Xg 2 [moy4nm

aa, (o, —1) Xlal_z Xy* ao,a, Xlal_lxg 7

H = ] 2
aa, (o, —1)x"X;?

o,—1,,0
aa‘la’lel X22

A, =ao, (o, —1)x x5z <0,
A, = 2 2(oy-1) y, 2(a,-1)
, =a‘aoLX X (- —a,) >0, (o, +a,) <1

Takum oOpa3om, MpH BBHITOJHEHUU YCIOBHS (OL1 + OLZ) <1 marpuma Tecce OTpHIATEIBHO

omnpeneicHa. p

3.4. OnTumanabHbIA BBIOOP OJ1ar moTpeduTEIEM

3.4.1. Mogennb 3a1a4 ONITUMAILHOTO BbIOOpa

B npez[m):[ymeﬁ JICKIIUA OTMECYAJIOCh, YTO IIPCANOYTCHHUC HOTpC6I/ITCJ'IH Ha MHOX>KCCTBC Ha60p0B

Omar BbIpakaeTcsi IIeNeBOi (DyHKImMen U(X). [Tostomy Maremarudeckas Mojeib BbiOOpa Omar
MOTPEOUTEIIEM UMEET CIICIYIOIIUI BUJI 3a/1a4d MaTeMaTHYECKOTO MTPOrPaMMUPOBAHUS:

u(x) =u(x;...,X,) = max (3.8)
IIpH YCIIOBUAX:
DX, <M, (3.9)
j=1
X;20, j=1..,n. (3.10)

3anaua (3.8) — (3.10) sBrsieTcst mpocTeIeil MOJIENbIO, TaK KaK 371eCh JOIYCKAeTCsl, YTO BBIOOD
Omar moTpeOuTeNIleM OTpaHMYeH TOJNBKO BEMMUMHOM Joxoma. Ha camom nene Ha BbIOOp Onmar MOryT
OKa3bIBaTh BIMSHUE U Apyrue (hakTopbl, HAPUMEP HENOCTATOYHOE MpEAioKeHHe (JIeUIIMTHOCTD)



39

max
HekoTopeIx Omar. Tak, HampuMep, eciu MpemyIoKeHne K -0 6nara OrpaHM4eHo yucioM X, , TO

HY)KHO BBECTH OrpaHuteHne X, < Xlin .
Takim 06pazom, OoJiee CTI0KHBIC MOJIEIH COJIEPIKAT PSIIT AOTIONHHUTELHBIX OTPAaHUYCHUH.
Juis N = 2 nonyuaem 3axaay
u(x;, X,) = max (3.11)

IIPU OIPAaHUYECHUSX
p.X + P,X, <M; x >0, x,>0. (3.12)

I'eomerpuueckas untepnperarus moaenu (3.11) — (3.12) nana Ha puc. 3.2.

-
)
-

KpHBBIE
M ™y Cezpaznmund
B(0; —) A
b, el

L] » [ -
x {xy ;x ) omTuManbusli BEIGOP

AONYCTUMO '
OKECT,
nabops O10aXKeTHas JIMHHA
— -

0 M \ X

A(___ , 0) pa,xl‘*pzxz-'-M
1

Puc. 3.2. 'eomeTpuyeckas HHTEpIpeTaLns MOAeTH mpu N = 2.

Ha puc. 3.2 nipsimast AB coOTBETCTBYET OFOPKETHOMY OrpaHuueHuto, TpeyroibHuK OAB — obnactu

JOCTYIHBIX HaboOpoB, a Touka X (X1 , X2) KacaHusl KpUBOW Oe3pazimuus cO CTOpoHOM AB

tpeyroapurka OAB onpesensier ontumanbHbiid Habop Oar 3amaun (3.11) — (3.12).

3amaua (3.8) —<(3.10) sBisieTcs 3amaueil MaTEMAaTHUECKOTO IMPOTPAMMHUPOBAHUS W COCTOMT B
MaKCUMH3AIMK CTPOr0 BOTHYTOM (DYHKIIMM TIpU JIMHEHMHOM OTpaHWYCHHH. PellieHue Takol 3aiauu
CYIIECTBYET, U OHO €IMHCTBEHHO. DTO ONTUMAJIBHOE PEIICHUE HA3BIBAIOT MOUKOU PABHOBECUSL 3A0aAHU
ONMUMANbHO2O 8bIOOPA Olae nompebumenem.

HeoOxomMbIM 1 0CTaTOYHBIM yCiI0BHEM st perterust 3amaun (3.8) —(3.10) smisrores yernoBust

Kyna-Takkepa st dyskimu Jlarpanxa

L(X,A)=u(X)+A| M —Zn: P;iX; |

j=1
KOTOpLIe HNMCHKOT BUJ
ij ij X; Oxj
oL L 0 n
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B (3.13) yactHble MpOU3BOAHBIC U NTEPEMEHHBIE BHIYUCIICHBI B ONITUMAIIEHOM TOUKE
(40 X3 1).
N3 ycnosuii (3.13) caenyer, uro eciau X; >0, 1o

ou . ]
—:}\, - :1,...,n. 3.14
OX. i ] (349

]
Otcrofa cienyer, 4To MpeJelbHbIE MOJIE3HOCTH POHOPLMOHAIBHBI LIEHAM COOTBETCTBYIOIIMX OJ1ar.
l'eomerpuueckn  cBoiictBo  (3.13) o3Hayaer, B TOYKE ONTHMyMa  BEKTOP

p= (pl, ey pn) OroxeTHOM runepruiockoctu (npsmoit AB Ha puc. 3.2) U BEeKTOp-TpajiveHT
ou ou

GbyHKITII [IOJIE3HOCTH grad (U(X)) = — ., KOJUTHHEAPHBI, T.€.
oX,  OX,

. oulox; .
grad (U(X)) = A P. Kpome Toro, u3 (3.13) ciexyer, uto ———— = A >0, Tax xax
Pj

ou .

—>0, of >0, J=1n.

OX;

]

*

Takum oOpazoM, ONTUMaTbHBIH MHOXUTENh Jlarpamka A NOJDKEH  OBITH

n

TTOJIOKUTETBHBIM, a Toraa u3 yeiosust Kyna-Takkepa A| M — Z p jX il= O crenyer, uto
j=1

BECh JIOXO/]T UCIOJIB3YeTCs Ha MPUOOpEeTeHne ONTUMAILHOTO Habopa Oar, T.e.

D px; =M. (3.14)
=1

TonyuenHoe orrrumarbHoe pettierue 3amaqu (3.8) — (3.10) 3aBucut ot Bektopatiel ) u oxoza M, re.

B 00I1IEM ClTydae pelleHHe 3a/1a9i MOKEeT OBbITh 3aKicato B Buje X i= X j ( P, M ), j =1..,Nu

A= K*(p, M) KaK QyHKLMi nepeMeHHbX Py, ..., P, u M.

W3 npuBeneHHBIX Pe3yJabTaTOB BBITEKAIOT CIEAYIOIIME CIICACTBHUS, UMCIOIIUE MECTO NpHU
ONTHUMAIFHOM BBIOOpE Oar moTpeOuTeIeM.
1. [MpenenpHBIC TOJIE3HOCTH OJIAT TPOTIOPIIMOHAIIBLHBI X IICHAM:

ou(x’)
OX.

J
2. . OTHOlICHUE MMpEACIIbHBIX MOJIE3HOCTEH ABYX Onar PaBHO OTHOIICHHUIO UX IICH:

ou(x’)/ox. . _
(*) i_Pi jk=1n, j=k.
ou(x)/ox, p,

3. IlpenenbHas MOJE3HOCTh, MPUXOAIIASCS HA JICHEKHYIO €AMHUIY, OJMHAKOBA JJIsI BCEX
npuobperaemMbIx Ouar:

*

Ap;, J=1..,n.




a1
ou(x")/ ox, _ ou(x)/ox, .
P; Py

4. PaBHEIC NpCACIIbHBIC IIOJIC3BHOCTH, NPUXOAAMMUCCA Ha JACHCKHYHO CIAWMHHIY, PaBHBbI

;) k= 1,n, j=k.

*

MHOKHUTEIIO A - IPENeNbHOM MOJIE3HOCTH JEHEKHOM €IUHUIBL, KOTOPYI0 HOTpPEeOUTElb
pacxojyer Jiyisi mpuoOpeTeHus oJar:

ou(x)/ox; .

. 1=1....n
P;
5.Hopwma 3amernenus:
Ax, Py, :
AX; P
6.B onTUMalIbHOM TOYKE HMEET PaBEHCTBO:
oux’) .
ﬁ =N\ . (3.15)
oM
n
JleliCcTBUTENBHO, U3 COOTHOLICHUS Z ij i M CJIEyeT paBEHCTBO
j=1
0, OX;
Z P — i M =1. Vcnons3ys npasmno muddepeHupoBaHus CI0KHON QYHKINA H CICICTBHE
1 MOJyYUM
8u(x ) ou(x’ ) dx; _
D X pj Z pj

= 8xj =

*
Takum oOpazoM, BeIMYUHA A MHOXKUTENS Jlarpanxa oO3Ha4aeT JIOMOJHUTEIBHYIO
MOJIE3HOCTh, MPUXOMALIYIOCS Ha JIOTMOJIHHUTENBHYI0 €AWHUIY J0XOJa, T.e. TMpeAeTbHYIO
MOJIC3HOCTh JACHE)KHOW €TUHUIII JI0X0/1a TOTPEOUTES.

3.5. BzaumHas 3aaa4a K 3ajiadye onTUMAJBHOT0 BbIOOpa 0J1ar moTpeduTeIemM

MBeI HalIA PCIICHHUEC 3a1a9U 00 oNnTUMaILHOM BLI60pe Omar B BUIC

X; :Xj(p1M)1 J=1
Eciti 1oAcTaBUTh 9TH 3HA4YeHNs B (PYHKLIMIO OJIE3HOCTH, TO TOJTy<dHM

u =u"(p,M),

T.€. MAaKCUMaJIbHAsI TIOJIE3HOCTh 3aBHCUT B KOHEYHOM CUETE OT LIeH Ha On1ara 1 10X0/1a OTpeOuTes.
PaccmoTpuM Tereph Tak Ha3bIBA€MYIO B3aUMHYIO 3a]a4y. 3auKCUpyeM 3HadeHHue (yHKIHUU

nonesHocty Ha ypoBHe U, u paccmorpum Te 6mara X, misg koropsix U(X) = U, , T.e. Te 6mara
0 0° )
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KOTOPBIE JAK0T MOTPEOMTENIO OJIMH M TOT K€ YPOBEHb ynoBineTBopenus Uy . OueBuano, 4To mpu

n
3aJ]aHHOM BEKTOpe LieH Ha Omara [J = (pl, ey pn) croumoctt M = Z ij j TAKHX Omnar
j=1
paznuunbl. [loctaBuM @3aumHyro 3adayy: Kakod Habop Oisar, oOecreyuBaOUIUNA JaHHBINA
YPOBEHb YIOBJIETBOPEHUSI MOTPEOHOCTEH, CaMblil JemieBblid. MaTeMaTuueck Takas B3auMHas
3amava GopMyITHpyeTcs Tak: HAUTH MUHUMYM () yHKITUH

M=> px, (3.16)
=1

IIpU yCIOBUHU

u(X,..., X,) =Uy; X; 20, jzl,_n (3.17)

I'eomerpuuecku mis N = 2 3amauy (3.16) — (3.17) MoxxHO cHOpMYIHPOBATH CIIEITYIOITUM
obpazoM: [UIsi JaHHOW KpUBOW Oe3pasziuuus C YpaBHECHUEM U(Xl, X2) =U, cpemn

napajuleNIbHbIX OIO/KETHBIX JIMHUN HalTH Ty, KOTOpas ee Kacaercs. Touka xacaHus U OyJer
ONTUMAaJIBHBIM perieHueM (puc. 3.3).

ulx),xs) =

0 Xy

Puc. 3.3 I'eomerpuyeckas uatepuperamus moaenu (3.16) — (3.17)

3amauay (3.16) — (3.17) pemm metoaoMm MHOxkuTenel Jlarpamxka. 3anumem ¢yakiuio Jlarpanxka

L (%00 X,) =Z P;X; + (U —U(X,. X)),

HCO6XOI[I/IMI>IC YCJIOBUA SKCTpEMYMaA UMCIOT BUJ

oL ou i
S p —u=—=0, j=1..n
OX. P Max. J

] ]

oL
— =U, —U(X,...,X,) =0,
.~ Uo ~U0G )

KOTOPBIC IEPCITUILICM B (I)OpMC
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ou 1 : _
—==p;, J=L..,n u(x,...X)=U,. (3.18)
OX; W
Pemenue cucremsr (3.18) onpenensieT onTuManbHbIi Habop Oyiar X* = (X;c yreny X:) , TIe
X; =X;(P:4p). (3.19)

n

*

¥ MHOXHUTENb |l . MUHUMAaIbHBIE 3aTPaThl M™ = Z ij; OyIyT 3aBUCETh OT BEIUYUHBI
j=1
*
U, u BexTopa men [). Menss yposens notpednenns U, momyanm M = C(UO) , KoTopas
HA3bIBACTCS (hyHKYUel 3ampam nompeoumers.

*
Besacnum cmbicn mMHOXHMTENs Jlarpamka LU . PaccmoTpum nonsbli auddepenuman
(GbyHKIMM 3aTpaT

dM => " p,dx;.
=1

Tak Kak B TOUKE MUHUMYMa X* = (XI, very X:) CIIpaBeJINBbI PABEHCTBA
«~Oou .
pj =u —, 21,...,n,TononyqaeM
OX

dM = Zu*a—udx Z—dx =p'du. (3.20)

*_dM

*
M3 (3.20) cnenyer, 4To B ONTUMANBHOM TOYKe L , T.€. MHOKUTENb Jlarpamxka L

MOKa3bIBAET, KAKUE JIOMOJHUTENIbHBIE 3aTPaThl HEOOXOAUMO CJeNIaTh, YTOObI YpOBEHb
YIOBIETBOPEHUS (TI0JIE3HOCTD) YBEIUUUTh HA €AUHUILY.

ou(x’)
oM

MMOKa3bIBACT, KaKYI0 JOIOJHUTCIIbHYIO IMOJIC3HOCTD MBI IMOJIYYUM Ha JOIOJHUTCIIBHYHO CANHUIY

* *
Boime 6buto mokasamo (cM. (3.15))), wro A = , T.e. MHOXHTENb A

* *
pacxoagyemMoro goxona. 3Ha‘lI/IT, 10 CMBICITY MHOXHUTCIIN “, u 7\, B38.I/IMOO6paTHBI. YCTaHOBI/IM,
KaK CBs3aHbl OIITUMAJIbHBIC PCHICHUA B3aMMHOM 3aJa4u U 3aJda4H OIITUMAJIbBHOI'O BBI60pa Omar

*
HOTpe6I/ITCJ'ICM. HYCTB UO paBHO MAKCHMAJIbHOMY 3HAYCHUIO (I)YHKI_II/II/I none3noctn U )

MOJIyUeHHOMY TpU pEIIeHUH 3aJadyd ONTUMAIBLHOTO BhiOOpa Omar motpeburenem. Torma B3a-
uMHas 3a1a4da (3.16) — (3.17) npumert creayrouuii BU;
HalTh

min| M =>"p.x, (3.21)

IIpHU OTPAHUYCHUAX

U(X,,.y X,) = U5 X, 20, j=1n. (3.22)
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*
E€ pemenue 3amacT MHHMMQIbHBIA YPOBEHb 3aTpar M =M, o6ecneunsarommit
MaKCUMAJIBHYIO I10JIE3HOCTh. M3 TeoMeTpuYecKix COOOpaXXeHUH CeIyeT, YTO B 3TOM CIIydae

OITHMAJIbHBIC PELICHNS B3AMMHON M MCXOIHOI 3aa4 coBmanyT. Jus N = 2 nmeem oy u Ty
Ke TOUKY KacaHUs OOJKETHOI NMpsAMOM M KpHBOHM Oe3pa3inyusi, Ipy 3TOM BO B3aUMHOM 3a/1aue
3aaercss KpuBas Oe3pa3inyusi ¢ MaKCHUMAJIBHBIM YPOBHEM YJIOBJIETBOPEHHs MOTpEOHOCTEH U
HY)XHO HaWTH K HEHl OO/KETHYIO MPSAMYIO CPEIM BCEBO3MOXKHBIX MapaUICTBHBIX MEXIY cO00H
OI0/DKETHBIX TMPSIMBIX, a B 3aJade ONTHMAJbHOTO BbhIOOpa Omar morpeOuTeneM 3amaercs
OrokeTHas npsamas ypasaenuem [0 X; + P, X, = M i Hy)HO cper BCEBO3MOXKHBIX KPHBBIX

0e3pa3Inuus HAUTH Ty, KOTOpas KacaeTcs JaHHOU OFOPKETHOU TIPSIMOH.

« 1

*
B sToMm cityuae, Kak 1€TKO BUAETh, 4TO L = —, a TaKxKe M =M , TIe M -

3a/IaHHBIN JTOXOJ MOTPEOUTEIIS B 33]1a4€ ONTUMAJILHOTO BbIOOpa OJar motpedutenem (puc. 3.4).

=
0 X

Puc. 3.4 I'eomerpuyeckas uatepuperamus moaenu (3.21) — (3.22)

Ilpumep 3.7. Jns MyabTUTIMKATUBHOM (DYHKITUH TIOJIE3HOCTH MTOTPEOUTEIS
u(x x,) =ax*xy?; O<a, <1, i=12; a>0
HaWTH pEIIEHUE:

a) 3aJ]a4M ONTUMAJILHOTO BBIOOpA OJ1ar MOTpeOUTENIs;
0) B3aMMHOM 3aJ1a4M.

Pewenue.
a) 3aj1aya ONTUMAIBHOTO BbIOOpa OJiar moTpeOuTeNs UMeeT BU

U(X, X,) = ax"X5? — max
MIPH OTPAaHUYCHUSIX
PX + PX, =M; x>0, 1=12.
Cucrema ypauenwuii (3.13) — (3.14) npumer Bun
aalxlou—lxgz — pr aalealxgz—l — }\’pz,

PX, + P X, = M.

Pemas cucremy (3.23), nostyuum

(3.23)
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= , Xy = ,
(o, +a,) py (o +0,) p,
! Q2
* 1—ot — (04 (04 — (1=t —
A=aloytao,) 2| | 22| M), (3.24)
Py P,

Toraa nosie3HOCTh paBHA

g (0%}
u* —a O(‘l aZ M oy +a, ,

(o, +0,) Py (o, +0,) P,
a MHO>MWTEIb Jlarpanka paBeH

*:(x/1+a2 u*
M

A

0) Bzaumnas 3amava: HalTH

min(M = p,x, + p,X,)
IIPYU YCIIOBUAX
Oy Oy
ax*X,2 =U,, X 20, X, >0.
Oyukuus Jlarpanxa 3Toi 3a1aun
L=pX + PX + H(axialxgz - uo)'

3anuiieM yciaoBHs SKCTpeMyMa

al— o-1ly,0, _

ox, = P, —pao, X" X,* =0,

aL Og 4,01

8_)(2 = p2 - Ha(lle X2 = O, (3.25)

ax; Xy? =Uy.

Teneps pemaem cucremy (3.25). B pedynbrate nomydnm

1 oo 1 0y
- u o+os, [ OL 0 +0, - u a+o, [ O 0+
o e e (A
a o, Py a a, Py
MuHuMaIbHBIE 3aTPaThl U MHOKUTEND JlarpaHka paBHbI
1 O oy
* * * U, \ou+o, oL p oy +o, o p o4y +0ly

— _ 0 1M2 112
M = p1X1 + pzxz _(_j pl + pz . (3.27)

a o, P o, Py
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l-o4—a, % %2
* 1(u oy+aLy oy +a 0+
w==|% P P | (3.28)
[Ipu
% A2
* (0] 04
u,=u =a 1 2 M %12 (3.29)
(o +0,) Py (o, +a,) P,
MOJTy9IUM
1 %2
X; _ Uy |outez | O P, Oy +0t _ OClM
a A, Py (o, +a,)p,
1 !
X* . Uy |tz [ Oy P, g+t O(,ZM
2 = o - '
a A, Py (o, +a,)p,
Orcrona, ipu Uy = U~ mmeenm
M'=pX +p,X=p 2 =M.
(o, +ap)p " (o +ay)p,
[ToncraBum (3.29) B (3.28), moayuum
1 1 l-o4—a, oy oy
el R B P Va3 (3.30)
al o, +a, o, o,
« 1
Cpasnusas (3.30) u (3.24), Buaum, uto L = —5, T.€. 3HAYCHU MHOKUTEIIEH

*
Jlarpamxka s paccmarpusaeMbix 3a1a4 ipy Uy = U B3aumooOpatHbl. P

Bomnpocsl 1iist caMmonpoBepKu

JlaiiTe MOHATHE MHOXeECTBa OJ1ar, OrpaHMYE€HHOTO MHOKECTBA OJar U JOCTYIHbBIX OJar

Kakune BO3MOKHBI MHOKECTBA JIOCTYIHBIX Oar?

Jaiite noHsTHE (PYHKIIUU TOJIE3HOCTH.

Kakue Tunb! GyHKIMH [T0JIE3HOCTH BaM U3BECTHBI?

[lepeuncaure cBoiicTBa (GYHKIMH MTOJIE3HOCTH.

UYto Takoe MOBEPXHOCTh Oe3pa3anyusi U KpUBble Oe3pa3nuyus?

[lepeuncaure cBOMCTBA MOBEPXHOCTH O€3pa3IUUHs.

UYro Takoe mpejenbHas MoJIe3HOCTh Oiara U Ko3(h(GUIMEHT NpeaeabHON SKBUBAJICHTHOM

3aMeHsbl onar?

9. B uyeM cocToMT 3ajaya ONTUMAJIBHOTO BbIOOpa Onar? 3amucarb MaTeMaTHUYECKYIO
MOJIENb.

10. 3anucatp pemieHue 3a1a4u BEIOOPA ONTUMANIBHBIX OJIar.

11. JlaiiTe nHTEpIIpETALIMIO MHOKUTENS Jlarpanika 3a1auu ONTUMAIBHOTO BbIOOpa Oar.

12. Tlepeuncnure caeiCTBUS, BHITEKAIONINE U3 ONTUMAIBHOTO BhIOOpa Oar?

ONoGarwWNE
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13. B uem cocrout B3auMHasl 33/1a4a K 3a7a4e ONTUMAILHOTO BeIOOpa Onar? 3amucaTh
MaTeMaTHYECKYIO MOJIEHb.

14. Kak pemnTh B3aMMHYIO 3a7a4y?

15. aiite naTepnpeTanuo MHOXUTENA Jlarpanka B3auMHOM 3a1a4u.

16. Kaxk cBsizanbl MHOXKUTEH Jlarpanka 3ajaui ONTUMAaIbHOTO BBIOOpa OJiar M B3aUMHO I
3a/1a4H.
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Tema 4. baj1ancoBbie MOIeIN

4.1 baJaHCoOBBIN METO/.
IIpuHOMNHAJBHAS CXeMa MEKINPOAYKTOBOI0 fajaHca

BbanancoBbie MOsienM, KaK CTaTUYECKHUE, TaK U JTUHAMHUYECKHUE, IIUPOKO MPUMEHSIOTCS
MPU IKOHOMHUKO-MATEMaTHYE€CKOM MOACIUPOBAHUN IKOHOMHUYECKUX CHCTEM M MPOIIECCOB.
B ocHoBe co3maHus 3THX MOJEel JIEKUT OalaHCOBBIM METOH, T.€. METOJ B3aUMHOI'O
COIIOCTABJICHUSI HMMCIOIINXCS MaTePHAIBHBIX, TPYIAOBBIX M (HUHAHCOBBIX PECYPCOB H
norpedHocTe B HUX. EciM OnNuchBaTh SKOHOMHYECKYIHO CHCTEMY B II€JIOM, TO MO
0ayaHCOBOM MOJENIBI0 TIOHUMAETCSl CUCTEMa ypPaBHEHUH, KaXXJ0€ U3 KOTOPHIX BBIPAXKAET
TpeboBaHMe OajaHca MEXJYy MPOU3BOJAUMBIM OTJIEILHBIMU dKOHOMUYECKUMH OOBEKTaMU
KOJIMYECTBOM IMPOAYKIIMU U COBOKYIHOUW MOTPEOHOCTHIO B 3TOM mpoaykiuuu. [Ipu Takom
MOJX0/€ paccMaTpuBaeMasi CUCTeMa COCTOUT U3 dKOHOMHUYECKHX OOBEKTOB, KaXKIBIH W3
KOTOPBIX BBIMYCKAET HEKOTOPHIA MPOJYKT, YACTh €TI0 MOTPEOIAETCS IPYTUMH O0bEKTaMU
CHCTE€MBI, a JIpyras 4acTh BBIBOJAUTCS 3a MpPEJEIbl CUCTEMBI B Ka4eCTBE €€ KOHEYHOTO
npoxaykra.(cMm. puc. 4.1). Ecii BMecTo IOHATHSA TP O Ty K T BBECTH O0jiee 00I1ee TTOHSATHE

pecypc,To oA 6anancosol mooeivto CIeAyeT IIOHUMATh CUCTEMY YPaBHEHHH, KOTOPBIE
YAOBJICTBOPAIOT Tpe60BaHI/I$[M COOTBCTCTBHUA HaJIHWYUA peCcypcCa U €ro HCIIOJIL30BaHUA.
KpOMe OPUBCACHHOT'O BBIIIC Tpe6OBaHI/I$I COOTBECTCTBHUA IPOU3BOJACTBA KAXKAOTO IIPOAYKTA
1 MOTPpeOHOCTH B HEM, MOXKHO yKa3aTh TaKue MpPUMEPbl 0AJaHCOBOTO COOTBETCTBUS, KaK
COOTBETCTBHE HAIWYUS pabodel CUJIBI U KOJIMYECTBA PabOUYMX MECT, TIaTEKECITIOCOOHOTO
cripoca HaceJeHUs W TPEIJIOKCHHS TOBapOB M yCIyr W T. n. IIpm 3TOM COOTBETCTBHE
MMOHUMAEeTCs MO0 KaK PaBEHCTBO, JIMOO MEHEe KECTKO — KaK JOCTAaTOYHOCTh PECYpPCOB
JUTSl TIOKPBITHS TIOTPEOHOCTH |, CJIEIOBATEIIFHO, HATHYHE HEKOTOPOTO pe3epBa.

X; X;
i-as Xi Xjj j-as )
oTpacb oTpacib

t |

Xji

A

A
A 4

Puc. 4.1. Cs3b oTpacnieil npou3BoJICTBA

Baxwnelimue Buabl OaIaHCOBBIX MOJIEJIEH:
*  YacTHble MaTepuaJibHble, TPYAOBble M (PUHAHCOBBIE OaJaHCHI JJIs HAPOJHOTO
XO35IICTBA U OTAEIJIBHBIX OTpaciIei;
* MEXOTpacJieBble OaNaHCHI;
* MaTpUYHbIE TEXNPOMQPUHIUIAHBI IPEANPUATHH U DupMm.
banancoBblif MeTO M co3/1aBaeMble Ha €ro OCHOBE OaJlaHCOBBIE MOJENH CIIY>KaT
OCHOBHBIM HHCTPYMEHTOM IIOJJEp)KaHUS MPONOPUHUM B HAPOJHOM  XO35MCTBE.
BanancoBbie Monenu Ha 0a3e OTYETHBIX OalAHCOB XapaKTEPHU3YIOT CIIOKHUBIIMECS MPO-
NOPLMH, B HUX PECYPCHAs YacTh BCErJa paBHa PacXOJHOM.
OcHoBy uH(OpMaIMOHHOTO oOecrieyeHus: OallaHCOBBIX MoJieNieli B HKOHOMHKE
COCTaBJISIET MaTpHlla KO3(P(PULUEHTOB 3aTpaT PECypcoOB MO KOHKPETHBIM HAIPaBJICHUSIM UX
ncnoiib3oBaHus. Hampumep, B MoiesIn MEXXOTpAciIeBOro 0ajaHca TaKylo pojb UTpaeT Tak
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Ha3bIBaeMas mexHono2uueckas mampuya — Tabiuia MexoTpacieBoro OanaHca,
cocTaBlieHHas U3 KOd(P(UIIMEeHTOB (HOPMATHUBOB) MPSIMBIX 3aTpaT Ha IPOU3BOJICTBO
€AUHULIBI MPOAYKIIMM B HATYpaJIbHOM BBIpaXKeHUU. 110 MHOTMM TNpUYMHAM HMCXOJIHBIC
JAaHHBIE PEAJIbHBIX XO3IMCTBEHHBIX 00OBEKTOB HE MOTYT OBITh HCIIOJIB30BaHbI B 0aJJaHCOBBIX
MOJEJISIX HEMOCPEJCTBEHHO, MO3TOMY IIOJATrOTOBKAa HH(OpManuu I BBOJAa B MOJEIb
SIBIIIETCSI BEChMa CepPhe3HOM MpobiieMoit. Tak, mpu MOCTPOCHUHU MOICIH MEXKOTPACICBOTO
0ajaHca MHCIIOJb3YyeTCS CHEUU(PUUECKOE MOHITHE YUCTOM (MJIM TEXHOJOIMYECKOM)
oTpaciau, T.€. YCJIOBHOW OTpaciH, OOBbEAMHSIIONIEH BCE MNPOHU3BOJACTBO JIAHHOTO
NPOAYKTa HE3aBUCUMO OT BEJIOMCTBEHHOU (aAMUHHUCTPATUBHOMN) ITOTYMHEHHOCTH U
(popm coOcTBeHHOCTH TpearnpusaTuil u pupm. Ilepexo oT X03s1MCTBEHHBIX OTpaciei
K 9UCTBIM OTpaciisiM TpeOyeT CIequaibHOTO MpeoOpa3oBaHUS PEAIbHBIX JTAHHBIX
XO3SIMCTBEHHBIX OOBEKTOB, HAIIPUMEpP, arperupoBaHUsl OTpaciiel, HCKIIOYEHUS
BHYTpPHOTpAacjeBOro obopora u Jp. B 3THX yCIOBHUSIX MOHATUS «MEXOPOLYKTOBBIM
OamaHCc» UM «MEXOTpacjieBoil OajlaHC HOpPAaKTUYECKHM HACHTHUYHBI, OTJINYHE
3aKJIr0YaeTcs JUIIb B €IMHULIAX U3MEPEHUSI 2JIEMEHTOB OajiaHca.

[IpuHuunuanpHas cxemMa MeXOTpacjieBoro OajaHca MPOU3BOACTBA M paclpenesieHUs

COBOKYITHOI'O OOIIECTBEHHOTO IPOJyKTa B CTOMMOCTHOM BBIP@XKEHUM MpPHUBEACHA B TaOII.
4.1.

Tabnumna 4.1
[TpowusBoasiue [ToTpebnsromue oTpaciu Koneunsiit | BanoBblit
oTpaciu 1 2 3 e n MPOJIYKT MPOJTYKT
X11 | X12 | X13 X1n Y1 X1
X21 | X22 | X23 X2n Y2 X2
X31 | X32 | X33 X3n Y3 X3
I
1
N Xnl | Xn2 | Xn3 Xnn Yn Xn
Hroro inl inz in's inn ZYi Z ><i
AMopTu3anys C1 Co C3 .IlI.I Cnh
Omnara TTpyn Vi Vs V3 Vi v
YUCTBIA TOXO0 my | my mj T lm N
Banosoit X1 X2 )(3 Xn n n
[Tpoxykr X=X X i
i-1 =1

B oCHOBY 3TOH CX€MBI IOJIOXKEHO Pa3/IeICHUE COBOKYIIHOTO IPOAYKTAa Ha JBE YaCTH:
IIPOMEXKYTOUHBI U KOHEYHBIM IPOXYKT; BCE HAPOJHOE XO3SAMCTBO MPEACTABICHO B BUIE
COBOKyHmHOcTH N oTpaciel (MMeTCs B BHMAY YMCTBIE OTpAciu), NMPU ATOM Kaxjaas
oTpacib urypupyer B 6anaHce Kak MPOU3BO/ISAMIAS U KaK MOTpeOIsroniasl.

PaccmoTpum cxemy MODB B pa3pese ero KpynHbIX COCTaBHBIX dacTel. Briaenstorcs

YCThIPC YaCTU, HMCIOIIUEC PA3ZJINYHOC IKOHOMHUUYCCKOC COACPKAHUC, OHHU HA3BIBAIOTCS
KBaApaHTaMH OanaHca 1 Ha cxeMe 0003HAYCHBI PUMCKHUMHU L[I/I(I)paMI/I.



50

[MepBoiit kBaapant MOB — 5310 maxmarHas Tabnuma MeEXOTPACIEBBIX
MarepuaibHbIX cBsizei. [lokazaTenu, MoMenieHHbIE Ha NIePEeCeYeHUsIX CTPOK U CTOJIOLOB,
MPEJCTABISAIOT COOOM BEIMYMHBI MEXKOTPACIEBBIX MOTOKOB HMPOAYKIHWU U B OOIIEM BHUIE

o0o3HavaroTcs Xjj, rae | ¥ ] — COOTBETCTBEHHO HOMEpA OTpACICH NPOM3BOJAAIIMX U

HOTpC6JI$[IOIlII/IX. TaK, BCJIIMYMHA X32 IMOHHUMACTCA KaK CTOUMMOCTBL CpCACTB IIPOMU3BOACTBA,

NPOU3BEJEHHBIX B OTPACIM C HOMEPOM 3 M MOTPEOJICHHBIX B KAa4eCTBE MaTepUaIbHBIX
3aTparT B oTpaciu ¢ HomepoMm 2. Takum oOpa3om, TepBBI KBaapaHT 10 ¢dopme
MPEJCTaBISACT COOOM KBaAPaTHYIO MAaTPHILy MOpsaka N, cymMMa BceX 3JIEMEHTOB KOTOPOit
paBHsIETCS TOAOBOMY (POHAY BO3ZMEIICHHS 3aTPaT CPEICTB MPOU3BOJICTBA B MAaTEPUATILHON
cthepe.

Bo BTOpOoM KkBajgpaHTE TMpEACTaBIcHA KOHEYHAas NPOMYKIUS BCEX OTpaciei
MaTCpUuaJIbHOro IMpPOU3BOACTBA, IIPpU OTOM 11O KOHEUYHOM IIOHUMAECTCS OpoayKOvs,
BBIXONAMIAasE W3 cdepbl TMPOU3BOJICTBA B 00JAaCTh KOHEYHOTO WCITOJIB30BaHUS (HA
norpebjaeHne u HakormieHue). B Ttabn. 1 3ToT pasmen naH yKpYymHEHHO B BUJIE OJIHOTO

cTOJIOA BEIWYUH Yi; B pa3BEepHYTOW cxeMe OajlaHca KOHEUHBIH MPOAYKT KaxKJI0u

oTpaciii moka3aH AuddepeHITMPOBAHHO 110 HAMPABJICHUSIM HWCIOJIE30BAHUS: Ha JIMYHOE
moTpeOJieHUe HaceJeHUs, OOIEeCTBEHHOE IOTpeOJicHNe, Ha HAKOIUJICHHE, BO3MEIICHHUE
TOTEPh, SKCIIOPT U Ap. MTak, BTOPO# KBaJ[paHT XapaKTepHU3yeT OTPACIICBYI0 MaTEepHUAITbHYIO
CTPYKTYpPY HAIMOHAIBHOTO JOXOJa, a B Pa3BEPHYTOM BHJE — TaKXKe pacupeiciicHue
HAIlHOHAJILHOTO JoXxoaa Ha (oHa HakomwieHus W (GoHa mnoTpeblieHus, CTPYKTypy
MOTPEOJICHHSI i HAKOTUICHHE TI0 OTPACIISIM TIPOU3BOJICTBA U IIOTPEOUTEIISIM.

Tperuin kBagpanT MODB Takke xapakTepu3yeT HAllMOHAJIBHBIA JOXOJ, HO CO
CTOPOHBI €r0 CTOMMOCTHOI'O COCTaBa Kak CyMMY YMCTON MNPOAYKIMU M aMOPTU3ALIMU;
YyCcTasi MPOIYKIHMs MMOHUMAaETCs MPU 3TOM KaK CyMMa OIUIaThl TpyAa U YHCTOTO J0XO0Ja

orpaciel. CymMy amMoOpTH3aLMA (Cj) u yucrtoll npoxykimu (V jtm j) HEKOTOpO# | -it

oTpaciau OyJeM Ha3bIBaTh YCIOBHO YHCTOMW MPOIYKIIMEH ATOW OoTpacid M 0003HAYaTh B
nanpueiiniem Z ;. Takum o6pasom, Z; =C; +V; +M,.

UeTBepThli! kBaJapaHT OalaHca HAXOAWUTCS Ha TMEPECEUCHUU CTOJIOLIOB BTOPOTO
KBaJipaHTa (KOHEYHOM NPOAYKIMHU) U CTPOK TpPEeThero KBaJpaHTa (YCIOBHO YHUCTOH
NPOAYKLIHMHU). DTHUM OIpENeNsieTcsl COJepKaHUEe KBaJpaHTa: OH OTpa)XaeT KOHEYHOE
pacmpesneneHde U HCHOJNB30BaHHWE  HAIMOHAIBHOTO  Joxoma. B pesynbrate
repepacripefieyieHss IEepBOHAYAIbHO CO3/IaHHOTO HAIMOHAJIBHOIO JI0X0Ja 00pa3zyroTcs
KOHEYHBIE J1I0XObl HACETICHUS, IPEANPUATHH, rocynapcTBa. JJaHHbIe YeTBEpTOro KBaJpaHTa
BaXXHbl IS OTPaKEHHUS B MEXKOTpAcIeBOM Mojenu OanaHca JOXOJOB M PacXoJ0B
HAaCEeJeHHUs, WCTOYHUKOB (PUHAHCHUPOBAHUSA KAMWUTAIOBIOKEHUM, TEKyIIMX 3aTpatr
HETPOU3BOJICTBEHHOU cdephl, s aHanu3a OOIIeld CTPYKTYpbl KOHEUHBIX JI0XOJOB IO
rpynmnam norpeburerneii. boiee neTanbHO COCTaBIAIOMIME AJIEMEHTHI 3TOr0 KBaJpaHTa B
JaHHOM TOCOOUM HE pacCMaTPUBAIOTCS, OJHAKO OYEHb BAXKHBIM SIBJISIETCSl TOT (aKT, 4YTO
OOIIMIf UTOT YETBEPTOr'O KBAJAPAHTA, TaK K€ KaK BTOPOTO U TPETHETro, JOJKEH ObITh paBeH
CO3/IaHHOMY 3a I'0Jl HallMOHAJIbHOMY JOXONY.

3anuiieM JBa BaXXKHBIX cooTHomIeHus. 1) PaccmarpuBast cxemy OanaHca Mo cTosiOLam,
MOXKHO cJelaTh OYEBUIHBIA BBIBOJ, YTO MTOI MaTepUANIbHBIX 3aTpaT JIF0OOM
MOTPEOIISIONIEH OTpaciv U €€ YCIOBHO YMCTOM MPOAYKUMH PaBEH BaJOBOW MPOIYKIIMH
9TOM OTpaciu. JlaHHBIN BBIBOJ MOYKHO 3allUCaTh B BUJIE€ COOTHOLLIECHUS:

n
Xj =X Xij +Zj; j=1,...,n. (4.1
i=1
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HanomMHuM, 4YTO Be€IMYMHA YCIOBHO YUCTOU npoaykuuu Z j PpaBHa cymme

aMOpTHU3allMY, OIUIaThl TpyAa M 4uUcTOro noxoxa J-u ortpaciau. CootHomenue (4.1)

OXBaTBIBACT CUCTEMY M3 [ ypaBHEHUMN, OTPa’KAIOLIUX CTOMMOCTHBIM COCTaB IPOLYKLHU
BCEX OTpacieil MaTepHuanbHO# chepsbl.

2) PaccmarpuBas cxemy MOB 1o cTtpokam Jjist KaKJ10M TIPOU3BOASIICH OTPACTIU, MOYKHO
BUACTH, YTO BaJIOBad IMPOAYKIHA TOW WMIW WHOH oTpacyii paBHa CyMME MaTCpHUaJIbHBIX
3aTpaT NOTPEOIAIOIINX €€ NPOAYKIUIO OTpaciae U KOHEUHON NPOIYKIUHU JAHHON OTpaciu:

n
Xi=3% Xij +Y;:i1=1....n (4.2)
=1

®opmyna (4.2) onuceiBaeT cuctemy u3 N ypaBHEHUH, KOTOpbIE Ha3bIBAIOTCS
YPaBHEHUSIMU paclpeneeHus NpoAyKLUHUU OTpaciiell MaTepuajlbHOrO IMPOU3BOJCTBA IO
HalpaBJICHUSIM UCIIOJIb30BAHUS.

[Ipocymmupyem 1o Bcem oTpaciisiM ypaBHeHus (1), B pe3yabraTe nojaydyum

n n n n
ZXJ'ZZ ZXij+ZZj

=1 J=1i=1 =1
AHaJOTMYHOE CYMMUpPOBaHUE YpaBHEHUM (2) naet:

n nn n

>Xj= X inj + XY,

i=1 i=1j=1 =1

JleBble yacTu OOOHMX PaBEHCTB PaBHBI, TaK KaK MPEACTABISIIOT COOO BECh BaJIOBOU

ob1ecTBeHHbIN MpoAyKT. [lepBbie caraeMble MpaBbIX YacTel 3TUX PABEHCTB TAKXKE PaBHHI,
UX BEJIMYMHA paBHAa UTOTY NepBOro kpaapanTta. ClienoBaTelbHO, JOHKHO COONIOAATHCS
COOTHOIIEHUE
n n
> Zj=1Y (4.3)
=1 i=1

JleBast yacth ypaBHeHuUs (4.3) ecTb CyMMa TPEThEro KBaJIpaHTa, a IpaBasi 4acTb — UTOT
BTOPOTrO KBaJpaHTa. B 1e0M ke 3TO ypaBHEHHE MOKa3bIBA€T, YTO B MEXKOTPACICBOM
OanaHce coOM0AaeTCsl BaXKHEHIIWM MPUHIMI €IUHCTBA CTOMMOCTHOTO UM MAaTEpPHAJIbHOTO
COCTaBa HallMOHAJIBLHOT'O JOXO/A.

4.2 JKOHOMHMKO-MaTeMaTH4YeCKasi MOJIeJIb MeKOTPACJAeBOro 6ajianca

Brite B 1. 4.1 66110 OTMCUYCHO, YTO OCHOBY I/IH(l)OpMaI_II/IOHHOFO oOecrieueHUS MOACIN
MEKOTpPACICBOT'O OajaHca COCTaBISET TEXHOJOTHYSCKAs MaTpulia, coAcpiKalias
KOB(l)(l)I/IL[I/IeHTBI IPAMBIX MATCPUAIIBHBIX 3aTpPAaT HA MPOU3BOACTBO CAWHUIBI ITPOAYKIIUH.
Ota MaTpulla ABJIACTCA  TAKXKC OCHOBOH 3KOHOMHMKO-MaT€MaTHUIECKOMI MOACIN
MEKOTPAcCIIECBOT'O OaraHca. HpennonaraeTCﬂ, 4dTO AJId MPOU3BOACTBA CAMHUIIBI ITPOAYKIIUN
B J-ﬁ oTpaciin Tpe6yeTc>1 OIIPCACIICHHOC KOJINUYCCTBO 3aTpar HpOMe)ICYTO"IHOP’I IpoAYKINHN

-1 OTpaciii, paBHOC au . OHO He 3aBHUCHUT OT 00beMa IpoOU3BOACTBA B OTPACIIU U ABJIACTCSA
JOBOJIBHO CTAaOMJIILHOM BEJIMYUHOM BO BPCMCHU. Bennuunsbl d |J Ha3bIBArOTCs

KoI(hpuyuenmamu npamvlx mMamepuaibHuiX 3ampam W PACCUYUTHIBAIOTCS CICAYIOIIMM
obpazom:
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aij =— i,j=l, . (4.4)

Onpenenenne 1. KoapdunuenT mpsiMpIx MaTepUAIBHBIX 3aTpaT MOKA3bIBACT, KAKOE
KOJIMYECTBO TIPOJAYKIMH |- OTpaciM HeoGXOIMMO, eCIIM YYHTBHIBATH TOJBKO IIPSMbIC
3aTpaThl, IS IIPOU3BOJCTBA €MHHUIIEI TPOLYKIIHH | -i OTPaCIH.

C yuerom opmyiiel (4.4) cucreMy ypaBHECHHH OanaHca (2) MOXKHO IepenucaTh B BUJIC

n
Xi:_z ainj+Yi; 1=1...n (4.5)
=1
EcIii BBECTH B PACCMOTPEHHE MATPHITY K03 PUIIMEHTOB IPAMBIX MaTEPHATBHBIX 3aTPaT
A= (aij ), BekTOp-cTONOEN] BAIOBOM TpPOAYKIMH X M BEKTOP-CTOJIOEN KOHEYHOI

MPOYKITUH Y:
X1 Y1
X Y
X=| "2 y=| 2
Xn Yn

TO cucTeMa ypaBHeHul (4.5) B MaTpuuHOi opMe MPUMET BUJL
X =AX+Y (4.6)

Cucrema ypaBHeHu# (5), mwau B marpuyHorl ¢opme (4.6), HA3BIBACTCS IKOHOMUKO-
MaAmemamu4eckol MOOebl0 MeXCOmpacieso2o banramwca (mooenvio Jleonmvesa, mooenvro
«3ampamol— evinyck»). C MOMOIIBIO ITOW MOJCIH MOXHO BBIMOJHATh TPU BapHUaHTa
pacyeros:

e 3agaB B MOJENM BEJIMYMHBI BAJOBOH MPOAYKIMHM Kaxmod orpaciu ( Xj), MOKHO

ONpPENENUTh 0OBEMBI KOHEYHOM TPOLyKIMK Kax ol orpacu ( Yj):
Y =(E-A)X 4.7)

* 3a1aB BEIMYMHBI KOHEYHOW Tpomaykuuu Beex orpacieil ( Yj), MOXKHO ONpenenTh

BEJIMYKMHBI BAJIOBON MPOIYKIMK Kaxaoi orpaciu (Xj):

X=(E-A1Y (4.8)

o Jlus psima oTpaciei 3ajaB BEJIMYMHBI BAJIOBOW IIPOJYKIIUH, a JUISI BCEX OCTaJIbHBIX
oTpaciei 3amaB 00ObEMbl KOHCYHOW IPOIYKIIMH, MOYXHO HAWTH BEJIWYHHBI KOHCYHOU
MPOAYKIIMU MEPBBIX OTpaciae U 00bEMbI BaJIOBOU MPOIYKIIUU BTOPHIX, B 9TOM BapHaHTE
pacueta yaoOHee MOJB30BAaThCA HE MaTpudHOU ¢opMmoii momemu (4.6), a cucreMou
MMHEHWHBIX ypaBHeHuii (4.5). B ¢opmynax (4.7) u (4.8) E o6o3nauaer emunmunyro

Matpully N-ro mopsiaka, a (E—A)_l 0o003HauaeT MaTpuily, oOpaTHYIO K MaTpule
(E —A). Ecnu onpenenurens marpunsl (E —A) He paBen mymo, To o6parHas Kk Hei

Mmarpuia cymecTByeT. O003HauYMM 5Ty OOpaTHyro Marpuily depe3 B, torma cucremy
ypaBHEHUH B MaTpu4yHOU opme (4.8) MOXKHO 3anucaThb B BUAE

X=BY. (4.9)
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DnemeHThl Matpuubl B Oymem o6GoszHauarh depes bij , TOrga W3 MaTpUYHOIO

ypaBHeHus (4.9) nis m000# | -i oTpaciin MOXKHO MOJIyYUTh CISAYIONIEe COOTHOIIICHUE:

n
Xi=2X b'JYJ' i=1..,n. (4.10)
=1

N3 coortnHomenuit (4.10) cnenyer, 4To BajgoBas NPOAYKLHMS BBICTYyHaeT Kak
B3BEILIEHHAs CyMMa BEJIMYMH KOHEYHOW MPOAYKLUHH, IPUYEM BECaMM SBISIOTCS

KOE)(];)(I)I/IHI/ICHTI)I blj’ KOTOPBIC IIOKAa3bIBAKOT, CKOJBKO BCCro HYKXHO IIPOU3BCCTU

npoaykuuu |- orpacim JUisl BbIIycka B cepy KOHEUHOTO HCHOJIb30BaHUS €IMHUIIBI
OpoAyKIMU J-u oTpaciad. B omimume oT Ko3(p(UIMEHTOB NpsIMBIX 3aTpar ajj

K02 puIMeHTHI bij HAa3bIBAIOTCS K0P Puyuenmamu noaIHbIX MAMeEPUALbHbIX 3ampam WU

BKJIIOYAIOT B ce0sl KaK MpsiMbIe, TaK U KOCBEHHBIE 3aTpaThl BCceX MOPsAKoB. Eciu npsmbie
3aTpaThl  OTPAXKAKOT  KOJMYECTBO  CPEACTB  NPOU3BOACTBA,  HM3PACXOJOBAHHBIX
HEIMOCPEJICTBEHHO MPU HM3TOTOBJIEHWU JAHHOTO MPOAYKTA, TO KOCBEHHBIE OTHOCATCA K
MPEeAIIECTBYIOIIMM CTAIUSIM MPOU3BOJICTBA U BXOJISIT B MPOU3BOJICTBO MPOJYKTA HE TIPSIMO,
a yepe3 apyrue (MpoMeXyTOUHBIE) Cpe/icTBAa MPOU3BOACTBa. bosee neraibHO 3TOT BOIpPOC
paccMarpuBaercs B 11.4.3

Onpenenenne 2. KodphuueHT MOJHBIX MaTEepHAIBHBIX 3aTpaT bij MOKa3bIBAET, KaKOE

KOJINYECTBO MpOoAyKuuu | ¥ oTpaciu Hy>XHO IPOU3BECTH, YTOOBI C YYETOM MNPSIMBIX U
KOCBEHHBIX 3aTpaT 3TOM MNPOAYKIHUM IIOJYYUTh €AWHUIY KOHEYHOM NpPONYKIUH |-

oTpaciiu.

Koa(durimeHnTs! monHbIX MaTepUaIbHBIX 3aTPaT MOXKHO MPUMEHSITh, KOT/Aa
HEOOXOAMMO OIpENEeTnuTh, KaK CKa)XXeTCcsl Ha BaJOBOM BBIIYCKE HEKOTOPOM OTpaciu
MpearnojaraeMoe n3MeHeHne 00bEMOB KOHEUHOM MPOAYKIIUH BCEX OTpaciei:

n -
AXj= X bijAYj, 1=1...,n (4.11)
=1
e AXj u AY j — M3MCHEHMsI (IpUPOCTHI) BEIMYKMH BaJIOBOM M KOHEYHOMN MPOIYKIIHU
COOTBETCTBEHHO.

4.3 Ko punueHThl NPAMBIX U MOJHBIX MATEPHAJIBHBIX 32TPAT

[lepexoas k aHamM3y MOAENU MEXOTpaclieBoro 6ajgaHca, HEOOXOIUMO MPEKIE BCETO
paccMOTpeTh OCHOBHBIE CBOMCTBA MaTpHUIbl KOA()(GUIMEHTOB MPAMBIX MaTepHalbHBIX
satpar  A. KosppuuueHTbl OpsAMBIX  3aTpaT 10  ONPEAEICHUIO  SBISIOTCS
HEOTpPHLATENLHBIMU, CJIEA0BATENbHO, MaTpulla A B 1€JOM MOeT ObITh Ha3BaHa
neorpunarensbuoii: A >0. Tak kak mnpolecc BOCIPOU3BOJICTBA HENB3 OBUIO OBl
OCYILIECTBIATh, €CIU Obl JJIs1 COOCTBEHHOTO BOCIIPOM3BOJICTBA B OTPaciu 3aTPayuBaJIOCh
OoJiplllee KOJUYECTBO IPOAYKTa, YE€M CO37aBajoch, TO OYEBMJHO, YTO JHArOHalIbHbIE
snemenThl MaTpuiibl A Menbme equauie: A <1.

Cucrema ypaBHeHI/Iﬁ MEKOTpPaCJICBOTO OanaHca SIBISCTCS OTpaXCHUCM pPCAIIbHBIX
OKOHOMHUYCCKUX IMPOUCCCOB, B KOTOPHLIX COI[Cp)KElTCJ'IBHBIfI CMBICIT MOTYT UMCTH JIMIIb
HCOTPHULATCIbHBIC 3HAYCHUS BaJIOBBIX BBIITYCKOB; TAaKHUM 06p8.30M, BCKTOP BaJIOBOM
OpOAYKIINN COCTOHUT u3 HCOTPULATCIbHBIX KOMIIOHCHTOB u Ha3bpI1BacTCs
HCOTPULATCIIbHbIM: XZO Bcraer BOIIPpOC, MpPHU KAKUX YCIOBHAX 3KOHOMHYCCKaAsA
CHUCTEMa CIIOCOOHA OO0ECHEeYUTh MOJIOKHUTCILHBIA KOHECUYHBIM BBIITYCK II0 BCEM
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orpacisiM. OTBET Ha 3TOT BOIPOC CBS3aH C IMOHATHEM MPOAYKTUBHOCTH MaTPHIIbI
K03 (p(pUIMEHTOB MPSIMBIX MaTEPUAIBHBIX 3aTpaT.

ByneM HasbiBaTh HEOTPUIATENLHYIO MaTpuily A npodykmuenoi, eciu CylmecTByeT
Takoi HeoTpuuareabueiii Bekrop X >0, uto

X >AX. (4.12)

OueBugHO, uTO yciaoBue (4.12) o3Ha4yaeT CyIIECTBOBAHUE IOJIOKHUTEIHFHOIO BEKTOpA
koHeunoi nmpoaykuuu Y >0 s mogenu mexxorpacieBoro 6ananca (6).

Jlyist TOro uToObl MaTpula Ko3(pQUIMEHTOB HPSAMbIX MaTepHalbHbIX 3aTpar A OblLia
MPOAYKTUBHOW, HEOOXOAMMO U JOCTaTOYHO YTOOBI  BBINNOJHSIIOCH OAHO W3
MEPEYNCIICHHBIX HUKE YCIIOBHA:

1) marpuna (E —A) meorpunarensHo o6paruma, T.e. CyIIeCTBYET 06paTHAs MaTPHIIA

-1
(E-A) ~>0;
2) HauboIbIIee IO MOIYJIIO COOCTBEHHOE 3HaYeHHe A, Marpuibl A, TO ecThb penieHue
XapaKTEPUCTUYECKOTO YPaBHEHHUS ME —A| =0, CTpOro MEHbIIIE €TUHULIBI;

3) BCEC TJIAaBHBIC MI/IHOpLI ManI/IHI)I (E - A) , T.C. onpeneJmTeJm ManI/IH,
00pa3oBaHHbIE AJIEMEHTAMHU TEPBBIX CTPOK M MEPBBIX CTOJIOLIOB 3TOW MaTPHULBL,
nopsijika ot 1 10 N, NOI0KUTETBHBI.

4) HOpMa MATpHUIIBI JOJDKHA OBITH CTPOrO0 MEHBIIE CJAWHHIILI, T.C. Ha BEJIMYHHA
HauOOJBIIEH U3 CyMM 3JIEMEHTOB MaTPHIIBI A 6 xaxmoMm cTonoIe T0KHA OBITh
CTpOFO MECHBIIIC CIMHUIBI

Ilepeitnem xk aHanu3y MaTpuilbl KO3GPUITUEHTOB TOJHBIX MaTepUaAIbHBIX 3aTpar, T.C.

MaTpPHUIEI B=(E—A)_l. CornacHo omnpezneneHuio 2 KOo>(PQPUIMEHT STOW MaTPHIIBI

MOKa3bIBa€T, CKOJBKO BCEro HYXXHO NPOU3BECTH MNPOAyKUMU |-ii oTpaciu, YTOOBI
MOJIYYUTh €IUHUIYY KOHEYHOU NPOAYKIMU |-i OTpaciu.

Pyna (0.3)

Yyryn (0.5) Cranb (0.6)

[Ipokar

Onextposneprust (0.2)

Onextposneprust (0.3)

KocBenHsble 3aTpaThl
2-TO TopsIZIKa:

0.2-0.5-0.6=0.06

Onextposneprus (0.3)

Kak YKC YKAa3bIBAJIOCh BBIIIC, KOC—)(I)(I)I/IL[I/ICHT MOJIHBIX MAaTCPUAJIbHBIX 3aTPAaT BKIOYACT
OpAMBIC 3aTpPAaTbl U KOCBCHHBIC 3aTPAaTHhI. B otauuue ot KOC—)(I)(I)I/ILII/ICHTOB IpsMBIX 3aTpar,

KocBenHble 3aTpaThl
1-ro nopsinka:

0.6-0.3=0.18

Puc. 4.2. 3aTpaTsl 3J€KTPO3HEPTUHU Ha BBITYCK CTAIBHOTO MTpOKaTa

[IpsiMble 3aTpaThl

Onexrposneprus (0.3)
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KO3 (DUIIMEHTBI TOJHBIX MaTEpUAIBHBIX 3aTpaT OTpakalOT HE OTpaciieBble, a
HapOHOXO03ICTBEHHBIE 3aTPaThl IO IPOU3BOACTBY €AMHHULIBI TPOTYKIIHH.

[TosicHuM KOCBEHHBIE 3aTpaThl Ha cleayiomeM npumepe. PaccmMorpum B KadecTBe
npuMepa (popMHpOBaHHE 3aTpaT SJIEKTPOIHEPTHU HA BBITYCK CTAJIBHOTO MpPOKaTa, MpPHU
9TOM OTpPaHUYUMCS TEXHOJIOTUYECKOH IENOYKOW «pyda-udyryH-CTalb-TIPOKAT». 3aTpaTrbl
ANIEKTPOSHEPTUH TIPU TOJYyYEHUH TMpoKaTa U3 CTaIM OyIyT Ha3bIBaTbCA MPSAMBIMU
3aTparaMH, T€ K€ 3aTpaTbl NIpPH IOJYyYCHHH CTAJId W3 4YyryHa OyAyT Ha3bIBaThCs
KOCBEHHBIMH 3aTpaTaMu |-Tro mopsigka, a 3arpaThl JJIEKTPOIHEPTHU NPH TOIYyUYCHUU
YyTryHa W3 pyAbl OyIyT Ha3bIBAThCSl KOCBEHHBIMHU 3aTpaTaMU JJIEKTPOIHEPTHH Ha BBHIITYCK
CTAILHOTO MPOKaTa 2-T0 MOpsAKa U T. 1. (cM. puc 4.2).

[Tepeiinem Tenepr K BRIYUCIUTEIBHBIM aCIIEKTaM PEIICHUS 3a7a4 Ha OCHOBE MOJICIIH
MexxoTpaciieBoro Oamanca. OCHOBHOM 0OO0OBEM pacdyeTOB IO ATOM MOJENIH CBs3aH C
BBIYHMCJIEHUEM MATPHUIBI KO3 (QHUIMEHTOB MOJHBIX MaTepHaabHbIX 3arpar B. Ecim
Marpuna Ko3h(GHIUEHTOB NPAMBIX MaTepHalbHbIX 3aTpaT A 3ajaHa M sBIseTcs
NPOAYKTHBHOM, TO Marpully B MoxkHO HaxommTs mo (opmynaM oOpalleHHs MaTpHIL,
paccMaTpuBaeMbIM B KypCe BBIYHMCIUTEIIBHON MaTeMaTHKH.

HNpumep 4.1. Jlna TpexoTpacieBOd 5SKOHOMHYECKOW CHCTEMBbI 3aJlaHbl MaTpulia
K03( ULIMEHTOB MPSIMBIX MaTe€pHaJIbHBIX 3aTPaT U BEKTOP KOHEYHOU MPOTYKIIUHU:

03 01 04 200
A=/02 05 00}; Y=|100
03 01 0.2 300

Haiiti k03¢ PUIIMeHThl TOTHBIX MAaTePHUAITBHBIX 3aTPaT U BEKTOP BaJOBOW MPOJYKIIHH,
3al0JIHUTh CXEMY MEKOTPACIIeBOTO MaTepHaIbHOTO OaraHca.
1. Onpenenum matpuity ko3¢ PUIIMSHTOB MOJHBIX MAaTePHATIbHBIX 3aTparT.

a) Beruncnum matpuny E—A.
0.7 -01 -04

E-A=/-02 05 -00
-03 -01 08

0) Haxomum oOpaTHyr0 MaTpuIly OJHMM W3 METOJOB OOpalleHUs MaTpHll (HarmpuMmep,
METOJIOM MaTPUYHOM ainreOphl)

2041 0.612 1.020
B=(E-A)'=|0816 2245 0.408
0.887 0.510 1.664

2. HaiineMm BenuuuHBI BalOBOM NPOAYKLMHU Tpex orpacieil (Bekrop X), HCIOIb3ys
popmyy (8"):
2.041 0.612 1.020 200 775.3

X=BY=[0.816 2.245 0.408 |-| 100 |=| 510.1
0.867 0.510 1.664 ) \300 729.6

3. Jlng ompeneneHus 3JIEMEHTOB IEPBOTO KBaJpaHTa MaTEpHUAIBHOTO MEXOTPACIEBOTO
OaymaHca BocmoJibdyemcsi (popmyiioi, BeITeKaromed u3 opmyinsr (4.4): Xij zain j- U3

3TOM (GOPMYJIBI CIEAYET, UTO IS MTOJYUYEHHS IEPBOTO CTOJIOIA EPBOTO KBAAPAHTA HYKHO
3JIEMEHTBI MIEPBOTO CTONONA 3aaHHON MaTtpunel A yMHOXUTS Ha Bennuuny X1 = /79.3;
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3eMeHTBI BToporo cronbua marpuibl A ymuoxuts Ha X9 =510.1; snements tpersero

cron6ua marpuusl A ymuoxurs na X3 =729.6.

CocTaBisioniue TPEThETO KBaApaHTa (YCIOBHO YMCTasi MOPOJYKIHS) HaXOMSITCS C
ydetoM (popmyniel (1) Kak pa3HOCTh MEXKIY OOBEMaMy BaJIOBOW MPOAYKIHU U CyMMaMHU
3JIEMEHTOB COOTBETCTBYIOUIMX CTOJIOLIOB HAliIECHHOI'O IIEPBOTO KBAJIpaHTAa.

YerBepThiil KBAJIpaHT B HAIIEM NMPUMEPE COCTOUT M3 OJHOTO TIOKAa3aTessl U CIYXKUT, B
YaCTHOCTH, JJIsi KOHTPOJISI MPaBUJILHOCTH pacyeTa: CyMMa dJIEMEHTOB BTOPOTO KBaJpaHTa
JIOJDKHA B CTOMMOCTHOM MaTepuajbHOM OajlaHce CcoOBMNaAaTh C CYMMOW 3JIEMEHTOB
TPEThEero KBaJpaHTa. Pe3ynpTarsl pacdera npeacTaBieHbl B Ta0m. 4.2.

Tabnuua 4.2.. MexoTpacieBoii 0ajlaHc IPOU3BOJICTBA U paclpeesIeHUs IPOTYKIINU

[IpounsBosmue IloTpedasionue oTpacan
OTpaciu 1 2 3 Koneunas Banosas
npoOyKYUs. npooyKyus

1 232,6 51,0 | 291,8 200,0 775,3
2 155,1 | 2550 | 0,0 100,0 510,1
3 232,6 51,0 | 1459 300,0 729,6

YcnoBHO yucras| 155,0 | 153,1 | 291,9 600,0

TIPOTYKITUS

Banosas 775,3 | 510,1 | 729,6 2015,0

TIPOTYKITHSI

4.4 ArperupoBaHue NMoKa3arTejieil Me:KOTPaCJeBOro dajanca

[Ipu MoeTMPOBaHUK MEKOTPACIEBBIX CBA3CH BAKHBIM SIBJIICTCS BOIIPOC arperupoOBaHUS
HOPMAaTHBHBIX TIOKa3aTeIIeH.
PaccmoTpum nipumep. [1ycTh 3a1ana Tabauia MeKOTPACIIEBBIX IIOTOKOB IS 4 OTpacici.
Tao0muia 4.3.

[IpousBoasias Pacnpenenenue no noTpeOIISIIOMKUM OTPaCIsIM Koneunviti | Banosou
0Tpacib 1 2 3 4 HPOOYKM npooyKkm
1 X11 X12 X13 X14 Y1 X1
2 X21 X22 X23 X24 Y2 X2
3 X31 X32 X33 X34 Y3 X3
4 X41 X42 X43 X44 Yy X4

OmnpenenumM napaMeTpbl arperupoBaHus Mpu 00bEIMHEHUH BTOPOU U TPEThel OTpacien.
BeienuM B Tabin. 2 oTpaciu noaiexaiiye arperupoBanuio. [IpucBorM HOBOH OTpaciy MHAEKC
K u cocraBum mpyryio Tabnuiy, BBens B Hee otpacis K

Ta6nuua 4.4.

IIpounssoasamas Pacrnipesenenue no noTpeOIsIIOIIMM OTpacisiM Koneunvnii | Banosou

OTpacib 1 2 3 4 nPOOYKm npooyKm
1 X11 X12 X13 X14 Y1 X1
k XK1 Xk2 XK3 XK4 Yk Xk
4 X41 X4 X43 X44 Yy X4
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ArpernpoBaHHBIMH OKAKyTCS T€ MEKOTPACIEBhIE TOTOKH, KOTOPHIE coaepkaT uuaekc K.
ITo Tabnuie MEKOTPACIEBBIX IIOTOKOB Xj j TIOCTPOHM MaTpHILy KOA(PHUIIMEHTOB MPSIMBIX 3aTpaT

A:

djp d12 13 aig
dpp dpp dpz dap

A= ,
dz] agz dz3z azg
dgl agp ag3 ay

e ag = b i=In
e a,J—X_, L]=1n.

J

Jlanee chopMupyem onepatop arperupoBanus | . Jliist 5Toro npousseneM ae(hopMaruo
€IMHUYHOM MaTpulibl 4 — ro nopsiika (pa3MepHOCTh €IMHUYHON MaTPULIbl COBIAAAET C
pa3sMepHOCThIO UcxoaHOU Tabuisl MOB) o cieayroneMy npaBuily: BBIJEITAM B €TUHUIHON
matpune E Te cTpoku, HoMepa KOTOPBIX COBIANAIOT ¢ HOMEPAMHU arpPErupyeMBIX OTpacieil, u
npocymmupyem ux. Pesynsrar BHeceM B K -yio crpoky matpumsr T . Bee ocTanbHEIE CTPOKH,
HOMepa KOTOPBIX B HCXOJIHOM Ta0yHile COOTBETCTBYIOT HOMEPAaM OTpaciiel, He Mo JIexaIInx
arperupoBaHMIO, TIEPENUCHIBAEM B MATpUIly | 0€3 H3MEHEHHS.

Jlns Hamero npuMepa

1 000
1 0 0O
0100
E= —->T=|0 1 1 0
0 010
0 0 01
0 0 01
Takum 06pa3zom, MaTpunia | ecTh Pe3y/bTaT FOPH30HTAILHOM «1e(OPMALUK» MATPUIILI
E.

[Moctpoum aedopmuposannyio BecoByro Marpuy W . Jlns storo Beenem Beca Wi,

03HaYaronye BKJIa/l BAJIOBOM MPOYKIIMH UCXOTHOM I -oi OTPAaCU B BAJIOBYIO TIPOIYKIUIO
OTpaciiei, IpeICTaBIICHHBIX B HOBOW arperupoBaHHOM TaOIHIIE.

Tak, 1 —ast u 4 —ast oTpac/ii B HAIlIEM IMPUMEPE HE MOJISKAT arperupOBaHUIO.
CnenmoBaTeiabHO,

Wy =1, Wy =1,
:L, W __ X3
X2+X3 X2+X3

Cocraum BecoByro Marpuiy W :

W,

1 0 0 O
OW, 0 0
W:
0 0 W; 0
0 0 0 1

Hedopmupyem marpury W 10 cronbuam, o0be1MHIB BTOPOI U TpeTHii cTonousl. Torma
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1 0 0
« |0 W, 0

W = ,
0 Wy 0
0 0 1

*
rne W - BecoBoii oneparop arperupoBaHus.

*
Yucio cTpok BecoBoro oneparopa arperuposanns W coBmazaer ¢ pasMeEpHOCTBIO
ucxoaHo# Tabmusl MOB, 4ncio cTon0IoB paBHO KOJIUYECTBY CTPOK Ae(hOPMUPOBAHHOMN
matpunsl | .

*
Arperuposannas Matpuna A TpSAMBIX 3aTpar BEMUCIAETCA 10 GopMyJIe

* *
A=T-A-W .
4.5 AHAJIU3 DKOHOMHYECKHUX MoKa3arejaen

PaCCMOTpI/IM IOPUMCHCHUEC MCXKOTPACICBOTO 0aaHcoBOro METOoAa IJIsd aHallM3a TaKuX
Ba>XHbIX O9KOHOMHNYCCKHUX HOKaSaTeﬂeﬁ, Kak TpyAa, q)OHJILI U IICHBI.

4.5.1 MoaeJn 3aTpart Tpyaa

K uncny BaxkHEHIINX aHATUTUYECKUX BO3MOXKHOCTEH MEXOTpPaciaeBOro 0ajaHCOBOIO
METO/ia OTHOCHUTCS OIpEeIeIeHUE NPSIMBIX U MOJHBIX 3aTpaT TpyAa Ha €IUHUILY TPOAYKIINU
" pa3paboTka Ha 3TOM OCHOBE OaJaHCOBBIX IMPOJIYKTOBO-TPYAOBBIX Mozeieit. McxomgHoi
MOJIENIBI0O TPU 3TOM CIYKUT OTYETHBIM MEXIPOAYKTOBBI OajaHC B HATYpPaJbHOM
BbIpaxkeHMH. B »ToM OanaHce mo CTpokKaMm MPENCTABICHO pacIpelesieHHe KaXaoro
OTAEIBHOIO MPOJAYKTa Ha MPOU3BOJACTBO JPYTHMX MHPOAYKTOB M KOHEUHOE MOTpebiieHue
(mepBBI M BTOPOM KBaJpaHTHI CXEMBbI MeEXKOTpaciaeBoro Oamanca). OTAeTbHON CTPOKO
JlaeTcsl paclpenielieHue 3aTpar >KUBOrO TpyJa B IMPOM3BOJICTBE BCEX BHUJIOB IMPOIYKIIUH;
MPEIoJIaraeTcs, YTO TPYJAOBBIE 3aTpaThl BBIPAXKEHbl B EIWHUIIAX TpyAa OJMHAKOBOM
CTEIIeHU CIIOKHOCTH.

OGo3HaYMM 3aTparhl KMBOIO TPyJa B NPOU3BOJICTBE |-TO Tpoaykra uepes L jra
00BEM IPOU3BOJACTBA TOrO NPOAYKTa (BalOBOHM BBHINYCK), KaK M paHblle, depe3 X jo-

Torma mpsMble 3aTpaThl TPyJa HAa €IUHMIy |-TO BHAA IPOAYKIUH (Kodpduyuenm
npaAmMou mpyooemMKocmu) MOXKHO 3aJaTh cleAyromeid Gopmynoii:

J. i1
ti=_-; J=1n. (4.13)
J

BBenem nonsitue nonnvix 3ampam mpyoa Kak CyMMBI HPSIMBIX 3aTpat KUBOTO TpyAa U
3aTpaT OBCHICCTBIICHHOT'O TpyJdad, MNEPCHCECCHHLIX Ha IMPOAYKT 4YCPEC3 H3PACXOJOBAHHBIC
cpeacTBa IMpou3BOACTBA. Ecmn O603H8.‘—II/ITI> BCJIIMUMHY IIOJIHBIX 3aTpaT TpyAda Ha CAUHUILY

NpOAYKLIMH |-TO BHJA 4eEpe3 Tj, TO TIPOM3BEICHUA BHAA dijj T; orpaxaror 3arparsl

OBCHICCTBJICHHOI'O Tpylda, ICPECHECCCHHOI'O HA CAUHUILY J'FO npoaAyKTa 4€pe3 | -e CpeaCTBO
OpoOnU3BOACTBA; IIPU 3TOM MNPEAIOJIAracrcsa, 4To KOC—)(b(l)I/II_II/ICHTLI IpAMBIX MaTCpPHUAITIbHBIX
3aTpar au BBIPAXKCHBI B HATypaJIbHBIX CAWHHIIAX. Torma moiHbIe TPYAOBBIC 3aTpaThbl Ha

eIUHMILy |-TO BUIA NPOAYKIUH (Kodpuyuenm nonnoii mpyooemxocmu) GyayT paBHbI
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n o
Tj :E:]_aijTi +tj; J=1n. (4.14)

BBeneM B paccMOTpEHHE BEKTOP-CTPOKY KOI(PGDHUIMEHTOB MPSMON  TPYAOSMKOCTH
t=(t1,ty,...,ty) wu  BekTOp-cTpOKy  KOX)(OUIMEHTOB  TONHOH  TPYIOEMKOCTH
T=(T,Tp,..., Ty).

Torma ¢ WCHOJIB30BAaHHEM YK€ PAcCMAaTPUBACMOM BBIIIE MATPUIBI KO3(D(PHUITUCHTOB

NPSAMBIX MaTepUaibHbIX 3aTpaT A (B HaTypalbHOM BBIPAKEHHHU) CUCTEMY ypaBHeHuit (14)
MOJKHO NlepenucaTtb B MAaTPUYHOM BUJIE:

T=TA+t. (4.15)

N3 (15) nomyuyrM MNOMyYuM CIIEAYIOIIEE COOTHOIIIEHWE ISl BeKTopa KOA(h(GUITMEHTOB
MOJIHOW TPYAOEMKOCTH:

T=t(E-A)? (4.16)

Marpuna (E—-A)™" HaMm yxe 3HaKoMa, 3To Marpuna B kxosdduimenToB momHbIX
MaTepHaJIbHBIX 3aTpaT, TaK 4TO MOCJIEIHEE PABEHCTBO MOYKHO MIEPENNCATh B BUIE

T=tB 4.17)

O603HaunM Yepe3 L BenMuuHy COBOKYITHBIX 3aTpar >KMBOTO Tpya IO BCEM BUAAM
MPOAYKIINH, KoTOpas ¢ yaeTroM dhopmyibl (13) Oyer paBHa

n
L:_Z Lj=

_ thj:tX (4.18)
J=1 =1

n

Vuuteias cootHomenne X=BY w3 (18) u (17), npuxomum K cleayromemy
paBEHCTBY:

tX=TY, (4.19)

snech 1 u T — Bekrop-cTpoku K0>pPUIMEHTOB MPAMOI U MMOJHOM TpyaoeMKOCTH, a X M
Y — BeKTOp-CcTONOLBI BAaIOBOI M KOHEUHOM IPOTYKIMU COOTBETCTBEHHO.

Cootnomenue (19) nmpencrabnsier co60li OCHOBHOE OalaHCOBOE PABEHCTBO B TECOPUU
MEXOTpaciieBoro OamaHca Tpyla. B JaHHOM ciydae ero KOHKPETHOE SKOHOMHUYECKOE
COJICp)KaHUE 3aKIFOYACTCS B TOM, YTO CHIOUMOCHIb COBOKYNHBIX 3amMpam dHCU8020 mpyod
pasHa cmouMocmu KOHeYHOU NpOoOYKYUU, OYEeHeHHOU No NoaHuvim 3ampamam mpyoa. C
MTOMOIIBIO TIOKa3aTeseH MOJIHOW TPYIOEMKOCTH 00Jiee MOJTHO U TOYHO, YeM IPHU UCIOJIb30-
BaHUHU CYIIECCTBYIOIIMX CTOMMOCTHBIX IIOKA3aTeNICH, BBIABISCTCS CTPYKTypa 3arpar Ha
BBIITYCK Pa3JIMYHBIX BHJIOB MPOAYKIHH H MPEKJEC BCEr0 COOTHOIICHUE MEXIY 3aTpaTaMu
’KUBOTO Y OBEIIECTBIICHHOTO TPY/aa.

Ha ocHoBe Kk03(hPUIMEHTOB NOpsSMOM H TONHON TPYAOEMKOCTH MOTYT OBITh
pa3paboTaHbl MEXOTpaclieBble U MEXIPOJYKTOBbIe OallaHCBl 3aTpaT TpyAa U
HCTIOJIb30BAaHUS TPYAOBBIX pecypcoB. CxemaTHuecKd TU OallaHChl CTPOSITCS IO O0IIeMy
TUMy MaTPUYHBIX MOJEJEeH, OJIHAKO BCE IOKa3aTedd B HHUX (MEXKOTpacieBbl€ CBSI3H,
KOHEYHBIH MPOJYKT, YCIOBHO 4YHCTasg MPOAYKUIHMS U JAp.) BBIPAXKEHBI B TPYIOBBIX
U3MEPUTEIAX.

IMpumep 4.2. IlycTh B JONOJHEHHE K UCXOIHBIM JaHHBIM Npumepa 4.1 3a1aHbl 3aTpaThl
JKMBOTO Tpyza (TpyIoBbie pecypcbl) B Tpex orpacisx: L1 =1160, L, =460, L3 =875
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B HEKOTOPBIX EIUMHHUIIAX M3MEPEeHUs TPYIOBBIX 3arpar. Tpelyercs ompenenuThb
KO3(p(UIIMEHTHI TPSIMON U TOJHON TPYIOEMKOCTH M COCTaBUTh MEXKOTPACIEBOW OaiaHc
3aTpar Tpyaa.

1. Bocnons3oBaBummce (opmynoi (4.13) u pesynapratamu npumepa 4.1, Haxomum
KO3( pUIIEHTHI TPSIMON TPYAOEMKOCTH:

60 o 40 gy _ 875 _
775.3 510.1 729.6

2. Ilo ¢opmyne (4.17), B xoropoii B KkadecTBe Marpuusl B OGepercs wmarpuma
Ko3(uIMeHTa TMOJHBIX MaTepHaIbHBIX 3aTpaT, HalIeHHas B mnpumepe 4.1, Haxoaum
K03(] (PUIIMEHTHI TTOJTHOH TPYTOEMKOCTH:

2.041 0.612 1.020
T=(150912)-]0.816 2245 0.408 |=(4.84,3.55,3.92).
0.887 0.510 1.664

tl 1.2;

n
3. B coorerctuu ¢ popmynoit Lj =tj - X; = 2 Xjj -t + Y; - tj ymHOXHMM 1IepByIO,
=1
BTOPYIO H TpPEThIO CTPOKH TIEPBOTO M BTOPOTO KBAJIPAHTOB MEXOTPACIEBOTO
MarepuagbpHOro OajaHca, TIOCTPOGHHOTO B TpuMepe 1, Ha COOTBETCTBYIOIIHE
KO3 (HUIIUEHTHI TPSIMON TPYJI0EMKOCTH,

Xtij = Xij - 1 Yt =Y - t; (4.20)
MOJIyYUM CXEMY MEXXOTpacjeBoro 6ananca Tpyza (B TpyJI0BBIX u3MepuTelsix) (tadm. 1).

Tabmuma 4.5. MexotpacneBoii Oananc 3atpat Tpya

Tlpoussoosn IHoTpebasiromue orpacn
wue Meorcompacnesvie 3ampamur | 3ampamoi
ompacau  |3ampaml mpyoa Ha|mpyoa 8
o8euecmsaieHH020 KOHEUHYI0 |ompacisax
1 2 3 npooyKyuto | (mpyooevie
pecypcol)
1 348,9 |76,5 |437,7 |300,0 1163,0 459,1
2 139,6 |[229,5 |0,0 90,0 875,5
3 2791 (61,2 1751 |360,0

He3nauutennHrie PACXOXKACHUA MCIKAY AaHHBIMU Ta6J'II/II_U>I U UCXOOHBIMH JaHHBIMH
BBI3BAHbI TOTPCHIHOCTAMU OKPYTJICHUA IPU BBIYUCIICHUAX.

4.5.2 MogeJsb (poH10eMKOCTH NPOLYKLIUU

Pa3BuTHe OCHOBHOW MOJIENH MEXOTpacleBOro OajaHca JOCTUTAeTCs TaKke MyTeM
BKJIIOUEHUSI B Hee Tokazarenei (OHAOEMKOCTH MNpoayKuuu. B mpocreiiiem ciydae
MOJI€Ib JOINOJIHAETCS OTIEIbHOW CTPOKOM, B KOTOpPOM yKa3aHbl B CTOMMOCTHOM

BBIP@XXCHUH 00BEMBI MPOU3BOACTBEHHBIX (poHg0B D j» 3aHATBIC B K&XIOU ]-# oTpacim.

Ha ocHoBaHMHM »JTHUX JaHHBIX W OOBEMOB BaJlOBOH TMPOAYKIMM BCEX OTpaciiel
OMpPEeAETAIOTCS  Kod(hduyuenmovl  npsamou  GordoemKkocmu  (KANUMAai0emMKoCmu)
NPOAYKIUU |-U OTpacIu:

fj =_—=; ]=1...,n. (4.21)
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Koaddunment npsimoli (OHIOEMKOCTH IOKa3bIBACT BEIMYMHY IPOU3BOJICTBEHHBIX
(hOHIIOB, HEIMOCPEJICTBEHHO 3aHSThIX B IPOM3BOJICTBE JIAHHOW OTpaciu, B pacdeTe Ha
eIMHHIy €€ BAIOBOHM MPOIYyKIUU. B oTiamMune oT 3TOro nokasarens Ko3h(PUIIUEHT MOTHON

(bonmoemMkocTH Fj oTpakaeT 00beM (OHIOB, HEOOXOIMMBIX BO BCEX OTPACHISAX ISt
BBIIyCKA €IMHULIBI KOHEYHOU NPOAyKIuK |-i oTrpaciau. Ecim a ij — KOd(pPUIIHEHT TPSIMBIX

MaTepualibHBIX 3aTpar, TO sl KoddduureHnta mNOIHOH (POHIOEMKOCTH CIIPABEIJIUBO
PaBEHCTBO, aHAJIOTHYHOE paBeHCTBY (4.14) miis ko3 duireHTa moTHON TPYTOEMKOCTH:

n -
Fj:_z a,JF, +fj; =1 (4.22)

Ecnu BBecTH B paccMOTpeHHE BEKTOP-CTPOKY KO3 GUITMEHTOB TIPsIMOIT (POHJI0EMKOCTH
f=(f,f2,....f1) wu Bexrop-ctpoky  KO>dduImeHTOB TOMHON  (hoHTOEMKOCTH

F=(R,F,....F,), To cucremy ypaBnenuii (4.22) MO*HO repenucath B MATPUIHON GopMe:

F=FA+f, (4.23)

OTKyZla C TIOMOIIbIO TIpeoOpa3zoBaHWil, AHAJOTHYHBIX MPUMEHSIEMBIM BBIIIE JJIT
K02 PUITUEHTOB TPYAOEMKOCTH, MOYKHO MOJTYIYUTh MATPUIHOE COOTHOIIICHHUE

F=1B, (4.24)

-1
e B=(E — A) ™ — marpumua ko3 pHIHMEHTOB NOMHBIX MaTepPHATLHBIX 3aTpaT.
JI1sl cCOCTaBIIEHHs] MEKOTPACIIEBOTO 6ancha (POHIOEMKOCTH MPOAYKIIUHU BHIYUCISIOT B

cootsercTBuu ¢ hopmynoii P =TFj - X = Z f; - * Xjj +f; - Y; nponyxroso — ponmosyro
J_
marpury Xf u croumocts Gpornos Ha koreunyro npoxykmuio YT

Xfij = Xijj - Yt =Y - f (4.25)

IMycte @ coBOKyNHBIN 00beM (HOHIOB IO BCEM OTPACIISIM

b= Z d)J (4.26)
=1

n
Ioxncrasuss (4.21) B (4.26), nonyuum O = Y, ijj =f-X=f-B-Y=F-Y wum
=1

f-X=F-Y (4.27)

CootHottenne (4.27) npencrtaBiasieT coOOW OCHOBHOE OajlaHCOBOE pPaBEHCTBO B
MeXoTpacieBoM Oaimance (GoHIOB. Ero 3KOHOMHYECKOE COJIep)KaHUEe 3aKITI0YacTCs B
TOM, YTO CTOUMOCTh MPSIMBIX (POHJIO3aTpaT BAJIOBOW TPOJIYKIIMH paBHA CTOUMOCTH
KOHEYHOM MPOJTYKIIMHU, OIICHCHHAs T10 MOJIHBIM (hOHI03aTpaTaMm.

s Gonee riaybokoro aHanmuza Heoboxonumo ud@epeHurpoBaTh (OHIBI Ha
OCHOBHBIE U OOOpPOTHBIE, a B Ipejesiax OCHOBHBIX — Ha 3/JaHUs, COOPY>KCHUS,
MPOU3BOJICTBEHHOE 000PY/I0BaHHE, TPAHCHIOPTHHIE CPEACTBA U T./I.

I[Iycte B menoM Bce IPOU3BOACTBEHHBIE (OHABI pazaeneHsl Ha M rpynn. Tornpa
XapaKTepUCTUKA 3aHSATBIX B HApOAHOM XO3dicTBEe (POHIOB 3amaeTcsi MaTpuuei

nokaszareneii O kj y OTPpAKAOIINX 00BeM (I)OHI[OB k -our PYIIIbI, 3aHATHIX B J-I/I oTpaciiu:
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o D .. O
O = 21 22 2n
(Dml (Dm2 (Dmn

Koadppunmentsr npsiMmoii POHTOEMKOCTH Takke o0pa3yroT MaTpHIly pasMepHocTd M-N,
3J€MEHTHl KOTOPOH OINpeNessioT BEIMYHHY IIPOM3BOACTBEHHBIX (GoHIOB K-0if rpymisl,
HCIIOCPCACTBCHHO UCIIOJB3YCMBIX IIPpU ITPOU3BOACTBC CAWHHUILIBI TPOAYKINHU J-I‘/JI oTpaciiv:

Jist kaxaod |- oTpacium MOTLYT OBITh BBIYHUCIECHBI KOI(P@PUIIMEHTHI IOJHOU
poumoemkocTu ij, OTpaKaIOIIHe TOIHYIO MOTPeGHOCTh B hoHmax K-if rpymmsl mis

BBIITYCKA €IMHUIIBI KOHSYHOH MTPOAYKIIUHU dTOU OTpaC/IU:
n -
ij = 2 aiiji +fkj; k=1...m; j=1...,n
i=1

Pemenue cucreM NaHHBIX ypaBHEHUM MO3BOJISET MPEACTaBUTh KO3(P(GULIMEHTHI MOITHOM
dbongoeMKOCTH MO Kaxao¥ u3 M rpynn (GoHIOB Kak (PyHKIHIO KO3P(GUIHUEHTOB MPSIMO
(hOHTI0EMKOCTH:

n
A= _Zlbijfki: k=1..m; j=1..n
1=

B >tux ¢opmynax BeIMUUHBI ajj u bij — YK€ U3BeCTHbIE KOd(PDUIHUEHTHI MPAMBIX U

MOJIHBIX MaTepUalibHBIX 3aTpart.

Kosdpduumentsr (HoHTOEMKOCTH B MEXOTpacjieBOM OajaHce IO3BOJSIOT YyBs3aTh
IJTAHUPYEMBIH BBIITYCK MPOAYKIIMU C WMEIOIIMMHUCS MPOU3BOJICTBEHHBIMU MOUIHOCTSIMH.
Tak, HOTPe6GHOCT, B (YHKIMOHUPYIOIMX (oHmax K-ii rpymmel Uil TOCTHKEHHMS
3aaHHOr0 00beMa MaTepUalbHOIro IMpousBoacTBa X j TO BCEM OTpacisM 3amaercs

dbopmyioii:

n
O =X fijj; k=1...m.
=1

4.6. luHaMmn4yeckasi MoJieJib MeKOTPacJaeBOro dajanca

PaCCMOTpCHHBIe BBIIIC MCIXKOTPACJIICBbBIC OaaHCOBBIE MOACIN SABIIAOTCA
cmamudyeckumu, T. €. TaAKUMHU, B KOTOPBIX BCC 3aBUCUMOCTU OTHCCCHBI K OTHOMY MOMCHTY
BpPCMCHHU. Ot MOJCIIN MOTYT pa3pa6aTHBaTbc>1 JIMIIb JJI1 OTACJIBHO B3ATBHIX TIEPUOIOB,
OpHUYeM B paMKaxX HdaHHBIX MoOZEJIE He YCTaHaBJIIMBACTCA CBA3b C NPCAINICCTBYIOIIMMHU
401050 HOoCJICAYIOITUMHA nepuoaammu. KamuramoBnoxeHus BBIHCCCHBI nu3 C(bepLI
IpoOU3BOJACTBA B cq)epy KOHCYHOT'O HCIIOJIB30BAHHUA BMECTC C IPpEAMCTAMU HOTpe6J'IeHI/I$I nu
HCITPOU3BOACTBCHHBIMHU 3aTpaTaMi, T.C€. BKIIFOYCHBI B KOHEYHBIN OPOOYKT.

B oTinune OT cTaTUYCCKHUX OUHAMUYECKUE MOJCIIN ITPU3BAHBI OTPA3UThb HE COCTOSAHUC,
a npouecc pa3BuUTUA 5KOHOMHUKHU, YCTAHOBHUTH HCIOCPCACTBCHHYIO B3aMMOCBA3b MCIKIY
OpeAbIAYININMHU U MMOCIICAYIOIIMMHU STallaMU pa3BUTUA, U TEM CaAMbIM HpI/I6J'II/I3I/ITI> aHaJInu3
Ha OCHOBE DKOHOMHUKO-MaTeMaTH4YE€CKOM MOJEIU K PCaIbHBIM YCIIOBUSAM PAa3BUTHUA
SKOHOMHYECKON CHCTEMBI.
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B paccmarpuBaemoil 31eCh  AMHAMMYECKOM MOJEIH, SIBJIAIOLIECHCS PA3BUTHEM
CTaTUYECKOM Me)i(OTpaCJICBOI;’I MOJZCIIU, MTPOU3BOACTBCHHBIC KaIllUTAJIbHBIC BJIOKCHHA
BBIJCISAIOTCS U3 COCTaBa KOHEYHOW MPOAYKLMHU, UCCIECAYIOTCS UX CTPYKTYpa U BIIUSHUE
Ha poCcT oObeMa MPOM3BOJCTBA. B OCHOBE MOCTPOECHUS MOJIENHM B BHAEC JUHAMHUYECKOM
CUCTEMBI ypaBHeHI/Iﬁ JICKUT MaTeMaThu4deCKkass 3aBUCHUMOCTH MCXKOY BEIIMYUHOU
KallUTAJIbHEIX BIIOKEHUU U OPpHUPOCTOM MMPOAYKIHHU. Pentenue CUCTCMbI, KaK U B CJIy4dac
cTaTUYeCcKoil MOoJC/IM, IIpPpUBOIUT K OIPCACICHUIO ypOBHeﬁ npous3BoJCTBAa, HO B
AUHAMHWYCCKOM BAapHAaHTC B OTJIMYHUC OT CTATHYCCKOI'O 3THM HMCKOMBIC YPOBHH 3aBUCAT OT
00BEMOB IMPOU3BOJICTBA B MPEAIIESCTBYIOIINX ITEPHOAAX.

HpI/IHHI/IHI/IaJILHaH CXEMa ICPBLIX ABYX KBaJPaHTOB AMHAMUYCCKOIO MCKOTPACICBOI'O
OanaHca nmpuBeaeHa B Ta0. 4.6.

Tabmuua 4.6. [IpuHnunuanbHas cxemMa JMHaMIYecKoro Oananca

IIpouseoos | [lompebnsrowue ompacau
wue | Mesxcompacnesvie nomoku | Meocompacnesvie nomoku Koneunwvnii | Banoeou
ompaci | mexywux sampam KANUMAIbHBLIX 8110HCEHUL npooykm | npooyKkm
1 2 e n 1 2 . n
X11 | X12 Xin | Ay | Adgp ADy, | Y] X1
X21 | X22 Xon | ADpy | Ay ADyy | Y3 X2
n Xn1 | Xn2 Xm | A®py | ADpp ADp, Yn Xn

Mognenbs COAEp>XUT JBE MaTPHULBI MEXOTpPACIEBBIX MOTOKOB. MaTpuia TeKyIux
NPOU3BOJICTBEHHBIX 3aTPaT C 3JIEMEHTaMH Xijj COBIANaeT ¢ COOTBETCTBYIOILIEH MaTpHUlei

cTaTUYECKOro OagaHca. DJIEMEHTHI BTOpOI71 MaTpHILbI AD |J IIOKa3bIBAKOT, KAKOC KOJIMYECCTBO

npoaykuu | - W oTpaciv HampaBJIEeHO B TEKYILEM IEpUojAe B |-I0 OTpacib B KauecTBE

MPOU3BOJICTBEHHBIX KalHUTAJIbHBIX BJIOXKEHUN B €€ OCHOBHBIE (OHABI. MaTepuaabHO 3TO
BBIpA)KaeTcsl B MPUPOCTE B MOTPEOIISIOMMNX OTPACISIX MPOU3BOJICTBEHHOTO O0OPYIOBaHUSA,
COOPY>KEeHHI, TPOU3BOICTBEHHBIX IJIOIIAACH, TPAHCIIOPTHBIX CPEJICTB U JIP.

B cratnueckom OamaHce MOTOKM KalUTAJIOBIOXKEHUN HE IuddepeHIUpyroTcs Mo
OTPaCIISIM-TIOTPEOUTENSIM U OTpaKaroTCsl OOIIeld BEIWYMHOM B COCTaBe KOHEYHOM

- o . ’
IpoaAyKIIMN YI Kaxxgou |-u oTpaciid. B nunamMmueckoil cxeMe KOHCUHBIN OPpOAYKT Y|

BKJIFOYAET MPOAYKIUIO |- oTpaciu, UAYIIyI0 B JIMYHOE M OOIIECTBEHHOE MOTpebIieHue,
HAKOIUIEHHE HEMPOU3BOACTBEHHON c(epbl, MPUPOCT 00OPOTHBIX (POHIOB, HE3ABEPILICHHOTO
CTPOMTEIBCTBA, HA OKCIOPT. Takum o0O0pa3oM, CymMMa MOTOKOB KalUTAJOBIOXEHUM U

KOHEYHOIr'0 MPOAYKTa AUHAMUYECKOW MOJEIN paBHA KOHEUHOU MPOAYKIIMU CTaTUYECKOTO
OajtaHca:

n
> A(Dij +Y{=Y;j,
=1
n -
MOATOMY ypaBHEHUE pacupeaeeHrs IPoayKIuu Buaa (4.2) (Xi =2 Xij +Yi; 1=1...,n)

=1

B IMHAMHYECKOM OasiaHce peoOpasyercs B Cleayroliee:
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o
X = z Xijj + z ACD,J +Yi; 1=1...,n (4.28)
j=1 j=1
MesxoTpacieBble TOTOKA TEKYIIUX 3aTpaT MOXHO BBIPA3UTh, KaK B CTaTHYECKOM
MOJIEJIM, Yepe3 BAJIOBYIO MPOAYKIHIO OTpaciied ¢ MOMOIIbI0 KO3(P(GUIIMEHTOB MPSIMBIX
MaTepUaIbHBIX 3aTparT:
Xjj =2jjX;
[Tonaras, 4To NPHUPOCT NPOAYKLMUH IPONOPLUUOHAIECH IPUPOCTY NPOU3BOACTBEHHBIX
(OHIOB, MOXHO 3aIHCATh:

ACDij =(pijAXj; Lj=1...,n (4.29)
Paccmorpum B paBeHctBe (4.29) koa(duiMeHTH NPONOPLIHOHAIBLHOCTH Pjj -
ITockonbky
AcDij
Qi = ,
AX j

TO DKOHOMHYECKHMI CMBICT 3THUX KOA((UIIMEHTOB 3aKjIio4yaeTcss B TOM, 4YTO OHH
IIOKa3bIBAIOT, HA CKONBKO EIWHUII HAJ0 YBEIHYUTh MOINHOCTH |-if oTpacnm juis
yBEIMUEHHs] BHITyCKa TNPOAYKIMH |-ii OTpacid Ha eIuHMI. Ilpeamonaraercs, dTo
MPOM3BOJICTBEHHbIE MOIIHOCTU HMCIOJIB3YIOTCS MOJHOCTBHIO M MPUPOCT MPOJYKLIHH PaBEH
npupocty MoutHoctd. KoaddunmeHntst @jj Ha3BIBAIOTCA KO3 uyuenmamu 6nodxicenuti, unu

Ko uyuenmamu npupocmuoi honooemxocmu.
C nmomombo KOA()PUIIMEHTOB TPSAMBIX MaTEPUAIBHBIX 3aTparT U KOADPUIIUEHTOB
BJIOKCHUI @jj cucremy ypaBHeHHH (1) MOXXHO TIpEICTAaBUTH B CICAYIONIEM BHJE:

Xi= za,JXJ+ ch,JAXJ+Y,, I=1..,n (4.30)
)=l )=l

Cucrema (4.30) nipencraBiisieT cOOOM CUCTEMY JIMHEWHBIX Pa3HOCTHBIX YPAaBHCHUM MEPBOTO

nopsiagka. Ee MOKHO mpuBecTH K OOBIYHON CHCTEME JIMHCHWHBIX ypaBHEHHH, €CIIH Y4eCTh,

9TO BCe 00BEMBI BAJIOBOW M KOHEYHOM MPOIYKIIMH OTHOCATCS K HEKOTOpOMY repuoay 1, a

OPUPOCT BAJIOBOM MPOJYKIIUU OMPEAEICH B CPAaBHEHUM C (l’ - 1) -M IIEpHUOJIOM:

x{® - za“x(t)+ Z(pu(X(t) x(t DYy Oi=1..n  @ay
=1
j=
HYCTB HaM HM3BCECTHbBI YPOBHHU BaJIOBOU OpoaAyKIIMHU BCCX OTpaCHeﬁ B

t-1 . N
NpeapIAyeM nepuojie (BEeIUYUHBI Xg )) M KOHEYHBIH TpOoayKT orpacieii B {-m

nepuojie. Toraa o4eBUIHO, YTO cooTHoteHus (4.31) npencraBistoT coboii cucremy N
JIMHEHWHBIX YpaBHEHHH ¢ N HEM3BECTHBIMU YPOBHSMH IMPOM3BOJCTBA [-ro mepuona.
Takum 00pa3zoM, pellieHrne TUHAMUYECKOW CUCTEeMBbl JIMHEHHBIX YPaBHEHUM MO3BOJISIET
ONpEAeINTh BBINYCK IPOAYKLUMHM B MNOCIEAYIOLUIEM IEpUOAE€ B 3aBUCUMOCTH OT
YPOBHSI, JOCTUTHYTOrO B IipeaplaymieM nepuoae. CBs3b MeXAy I€puoJaMu

YCTaHaBJIMBACTCA acpes3 KO3(I)(1)I/II_II/ICHTBI BIIOKEHHUU 0} “ , XaApaKTCPUIYIOIINEC

(poHTOEMKOCTh €TUHUIIBI TPUPOCTA TTPOAYKIIUU.
[lepexons OT TMCKPETHOTO aHAJIM3a K HENPEePhIBHOMY, BMecTO (4.28) OyneM UMeTh:
n n dCD -
X,—zx,+z b LY)i=1..n
J dt
= I
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Bripakenue (29) B npenesne naert:
do; dX;
) _ oi J
= Qj )
dt 0 dt
OKOHYATEJILHO IJIA CJIydast HCIIPCPbIBHBIX H3MEHCHUM MOJIY4YUM CJIICAYIOIYIO CUCTCMY
COOTHOLICHUM:

n n dX j o

Xi = Zainj+ Z(pij7+Y'; 1=1....n (4.32)
ji=1 j=1 = dt

CootHomienusi  (4.32) mnpexacraBisitor  coboii  cuctreMy N JTHUHEHHBIX
IuddepeHmanbHbIX YPaBHEHUHM MEPBOr0O NOPSIAKA C HOCTOSIHHBIMU KO3 PUIIMEHTAMH.
Jis ee penieHUss HOMUMO MaTpUI KO3(PPUIMEHTOB NPSIMbIX MaTepUaIbHbIX TEKYIINX
3aTpaT U KO3(P(PUIMEHTOB KanmUTaJbHBIX 3aTpar (BJIOKEHUNH) HEOOXOJAMMO 3HaTh
YPOBHH BaJIOBOT'O BBINyCKa B HadaidbHbIM MOMeHT Bpemenn { =0 u 3akon m3menenus

o !/
BCIIMYMUHBI KOHCYHOI'0O NNpoayKTa, T.C. BUM q)yHKHI/II/I Y| (t) Ha ocHOBe >THUX JaHHBIX

IMyTeM peuleHusl nojyuduBuieiics 3anaun Komm nis cucremsl aud@epeHunmaibHbIX
ypaBHeHHU#l (4.32) MOXXHO HaWTH YpPOBHU BaJIOBOTO BBIIIyCKa TEOPETUYECKU IS
noboro MomeHTa BpeMeHH. [IpakTuueckn »xe OoJjiee WM MEHEe JIOCTOBEPHOE
OINMMCaHHWE BaJIOBBIX W KOHEYHBIX BBIIYCKOB Kak (YHKIUH BpPEMEHH MOXKET OBITh
MOJYYE€HO JINIIb JUIs OTHOCUTEIILHO HEOOJIBIINX MPOMEKYTKOB BPEMEHH.

B nunamumueckoit Mojzenn 0coOyro pojib UrparoT Kod(OQGUUHUEHTH MPUPOCTHOU

(ponnoemkocTu @i - Onu 06pa3yroT KBaJpaTHYIO Marpuily N-To nopsiaka

¢11 P12 - P1n
|21 022 - 02
((Plj)—

®Pn1 Pn2 -+ Om
Kbl |-bIil CTONGEI] KOTOPOH XapaKTepHu3yeT Ul COOTBETCTBYIOIIEH |-M OTpaciu

BEJIMYMHY U CTPYKTYPY (HOHIOB, HEOOXOAUMBIX ISl YBEIWUYEHUS BBIITYyCKa MPOIYKIIUHU
Ha eauHuIly. Marpuna Kod3(p(GUIHEHTOB NPUPOCTHOM  (POHAOEMKOCTH  JaeT
3HAQUUTEJIBHBIN  MaTepuand A OKOHOMHYECKOTO aHajdW3a U IUIaHUPOBAHUS
KanuTaJIbHbIX BIIOKECHUIA.

KosddunmenTts! npupocTHOM (HOHI0EMKOCTH @jj ompeenCHHbIM 00pa3oM CBS3aHbI C
BaJIOBBIMU ko3¢ purmeHTaMu psIMOH dbonmoeMKocTH MPOTYKITUHN fi i

paccMoOTpeHHbIMU B mnpeabiayiiem mnaparpade. KosdduumeHts fkj MMOKa3bIBAIOT,

CKOJIBKO Bcero (OHJOB JaHHOTO BHJIA HNPUXOJIMUTCS Ha €IUHUILY BaJOBOIO BBIIIYCKa
MPOIYKLMH, a KO3DPUITUEHTHI @jj OTpaxKaroT NPUPOCT (hOHIOB Ha €AUHMILY IPUPOCTA

npoaykuuu. Ecimu Obl TEXHUYECKUI ITporpecc B OTpacisX MPOU3BOACTBA OTCYTCTBOBAJI,
TO Ha €IUHUILy IPUPOCTAa MPOAYKLHUH MNOTPeOOBaNOCh ObI CTOJBKO K€ HOBBIX (DOHIIOB,
CKOJIBKO UX YK€ 3aHATO Ha €JUHMIy BBITYCKAaeMOM NpOAYKIHH, T.€. KO3(P(UIIUEHTHI
MPUPOCTHON (POHIOEMKOCTH U BAJIOBOU MPSIMON (POHTOEMKOCTH ObLIN ObI paBHBI MEXIY
co6oil. Tak Kak HOBbIE KallUTAJIbHBIE BIOXKEHHS MTPOU3BOJATCS HA HOBOM 00Jiee BHICOKOM
TEXHUYECKOM YPOBHE IO CPAaBHEHMIO C 00BEMOM U CTPYKTYpOH neicTByrOmUX (OHIOB,
TO Ha IpakTHUKe KO3(P(OUIMEHTHI TPUPOCTHONH (POHAOEMKOCTH M KOI(P(DUIIMEHTHI MPsSIMOU
(hOHTOEMKOCTH pa3zinyaroTcss 1o BenuyuHe. OIHAKO MEXAy S3TUMH JBYMsS TpyIIamMu
KO3 (UIIMEHTOB CYIIECTBYET BIIOJIHE OIpeJiesIeHHass CBs3b, M 3TO HCIOJIb3YyeTCs IpHU
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pa3paboTKe TMHAMUYECKUX MOJIeIei, 0COOCHHO B CBSI3U C TEM, YTO JOCTOBEPHBIC JaHHBIE O
(hOHTOEMKOCTH TPOAYKIIMH TOIYyYUTHh JIerde, YeM HEMOCPEICTBEHHO pacCYuTaTh
K03 PUITUCHTHI BIIOKCHUM.

w

© N

11.

12.

13

14.

15.

16.

Bonpocsl 1iis camonpoBepKu

CyTtb 6anaHCOBOI0 METOJ1a UCCIIEIOBAHUS COLIMATIbHO-DKOHOMUYECKUX CUCTEM
[IpuHnMnManpHass cxeMa MEXOTpacleBOro CTaTHdeckoro OanaHca. Packpoiire
SKOHOMHMYECKOE COAECPKAHUE €€ Pa3AEI0B AIIEMEHTOB. MarepraibHbI U CTOUMOCTHOM
COCTaB HallMOHAJILHOTO J10X0/1a

Koadpunuentsl mnpsAMbIX U TIOJHBIX MaTEpHaIbHBIX 3aTpar, CHOCOOBI HX
BBIUMCJICHHUSI.

[lToHsiTHE TPONYKTUBHOCTH MATpPUIIBl KO3(P(UIMEHTOB MPSIMBIX MaTepHUaTbHBIX
3aTpar.

[Tepeuncnure ycioBus, KOTOPBIM JOJKHA YAOBIETBOPATH MPOAYKTUBHAS MaTPHUIIA.
Onummre cnocod arperupoBaHus oka3aTesiell MeXoTpaciaeBoro OanaHca

OcHOBHOE 0aJIaHCOBOE PABEHCTBO B MEKOTPACIEBOM OajlaHce Tpyaa

. OKOHOMHUYECKHUH CMBICT KO3(P(UIMEHTOB MNPSIMOMl M TOJHOW TPYIOEMKOCTH.

Onucanne 3KOHOMHUKO-MaTE€MaTH4YECKOH MOJIENId MEXOTpaclieBoro OajaHca 3arpar
Tpyaa.

DKOHOMHUYECKOE cojepkaHne Kod(PUIIMEeHTOB MPSIMOi U TIOJTHOH (POHTOEMKOCTH.
[Topsimok ux pacuera Ha OCHOBE SKOHOMHKO-MaTeMaruyeckoi mojem MOD.
OcHOBHOE 0aTaHCOBOE PABEHCTBO B MEKOTpacjeBoM OanaHce GOHIOB.

. ConepxarenbHbI CMBICJI MPUHLIUITHAATBHON CXEMBI OUHAMHAYECKOTI O

MeXoTpaciieBoro OajaHca.

3anurTe ypaBHEHHUE JJIsI BaJIOBOM MPOAYKIIMM B JUHAMHUYECKON MEKOTpaCIeBOU
OaJIaHCOBOI MOIEIIH.

OcHOBHOE OTJIMYME CTAaTUYECKON MOJENH MEeXOTpaciaeBoro OamaHca OT
OUHAMHWYECKOM.

DKOHOMHYECKUN CMBICT KOA()PUITMEHTOB IPUPOCTHOMU (POHTOEMKOCTH
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Tema 5. MoaeupoBanue (pUHAHCOBBIX ONePALUA

*  OcHo8HbIMU dNIeMEeHMAMU PUHAHCOBLIX MOOeell AGTISIIOMCS 8PEMS U OEHb2U.
QuHarcosbie MoOeny 8 Mou Wil UHOU Mepe OMPadiCAlom KOJUYeCmEeHHble
COOMHOULEHUSL MEIHCOY OCHEHCHBIMU CYMMAMU, OMHOCIUWUMUCS K PA3TUYHBIM MOMEHMAM
8pemeHU.

*  OO0Ha u ma dice cymma OeHee 8 pa3iuyHble MOMEHMbL 8PEMeHU UMeem PA3TUYHYIO
yennocmo. C Opyeotl CMmopoHbl, N0 OMHOULEHUIO K ONPeOesleHHbIM YCI08UAM PA3Hble
CYyMMbL OeHe2 8 Pa3IuuHble MOMEHMblL 8DEMEHU MOy OblMb PABHOYEHHLIMU 8
PUHANHCOBO-IKOHOMUUECKOM CMbICIIE.

*  Heobxooumocmo yuéma ghaxmopa epemenu 8blpaxcaemcsi 8 8uoe NpuHyund
HEPABHOYEHHOCMU OeHe2, OMHOCIUWUXCSL K PA3TUYHBIM MOMEHMAM 8DeMeHU.

5.1. Hapamenue u JUCKOHTHPOBaHHE
5.1.1 IIpoueHTHI ¥ MPOLEHTHBIE CTABKH
Mox npouentusivu Aensramu uan npouentamu | = (St —P)) nonumaror abeomornyro

BETMYMHY J0XOAa OT TPEIOCTABICHWS IEHer B JOAT Ha CPoK | B moGoii ero dopme, a
MMEHHO: BBIJIa4ya JCHE)KHBIX CCYJI, MpoJaka B KPEIUT, MOMEIICHUE JCHET Ha cOeperaTelbHbIN

c4€T, TIOKYyINKa OOMUTranuii u T. 1. 31ech Po — CyMMa JICHET, TIPEIOCTABIICHHAs B JOJIT, ST —

CyMMa JIeHer, TI0JIesKaIlas BO3BPATY 4epes Bpems | .

Ilox mnpoueHTHON CTaBKOM | TOHMMAKT OTHOLIEHWE CYMMbl TIPOLICHTHBIX JEHET,
BBITUTAYMBAEMBIX 32 €AMHUYHBIA TPOMEKYTOK BpeMEHHU (0OBIYHO, ATO TOJ), K BETUYHHE CCY/IbI:
. 5 -R
j=-1" 0 (5.1)
Po

HOI{ y'—lETHOﬁ CTaBKOM d IIOHMMAT OTHOIICHHUE CYMMBI IIPOLUCHTHBIX JCHCT,
BBIIIJIAYMBACMBIX 3a (bHKCPIpOBaHHHﬁ IMPOMEKYTOK BpEMEHHU, K BEJIMYHNHE IIOramacMoro goJjra:

dzsl_PO
St

®opmyibl (5.1), (5.2) o3HayalOT CyIMIECTBOBAaHUE JBYX MPHHIUIIOB pacueTa MPOIEHTOB.

(5.2)

PaCCMOTpI/IM HHBCCTHUPOBAHUC CYMMBbI PO B MoMeHT [ = 0 Ha OJUH IICPUOA. Kax CJICOAYCT U3

(5.1), B momentr t=1, r.e. B koHme mnepumoma, MHBeCTOpPY OyIeT BO3BpalllcHa CyMMa
S; =Py +iPRy. Mpu stom cymma iPy , Bbiiaunsaemas B moment t=1, 510 npouents

| =S; — Py =1Py 3a Bpems [0, 1] na 3aem senuuunoii Py B moment t=0. Takum o6pasom,

IIPOLCHTLI I10 CTABKEC | HAYUCIIAIOTCS HA CYMMY IICPBOHAYAJIBHOT'O JOJIT'a PO B MoMeHT [ = 1

CornacHo (5.2), B 06MeH Ha BO3BpaT CyMMbl S5 B MoMmeHT [ =1 mmBecTOp mact B3aiiMbl
cymmy Py =S, —dS;. B srom ciyuae mpouentst no craske O HauMchsioTCH B HAYANBHbIH
moment Bpemenn (=0 wna cymmy mnoramaemoro momra S;. Cymma Py moxer
paccMaTpUBaThCS KaK 3a€M CyMMbI Op, BO3BPAIIAEMON Yepe3 eMHHUILY BPEMEHH, IPH KOTOPOM
niporienThl Besuunnoit 0S; Bemmaunsarorcs 3apanee, B Mmoment t =0, u cocraBnsror n0x01
kpemuropa D =S; — Py =dS; 3a spems [0, 1].

Taxkum O6p330M, MNPOLCHTHI IO CTaBKE | HAYUCIAKOTCA B KOHIC IIEpHUOJa HAYUCICHUS
IPOLCHTOB, a ITPOLCHTHI 11O y‘-IeTHDﬁ CTaBKC d — B Ha4aJIC NIepruoaa HAYUCJICHUA IMTPOLCHTOB.
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CymiecTBYIOT pasziHyHbIEe CIOCOOBI HAYMCIEHUS MpoueHTOB. COOTBETCTBEHHO, NMPUMEHSIOT
pa3In4HbIe BUBI IPOLIEHTHBIX CTaBOK. OCHOBHOE OTIMYHE CBSI3aHO C BBIOOPOM HCXOJHON CYMMBI
(6a3pl) I HayMceHWs. B CBs3M € 3TMM pa3nuyaroT MPOCTbie M CJI0KHbIe TPOLeHTH. [Ipu
HAYMCIIEHUH TIPOCTBIX MPOIEHTOB 0a30i /s HAYHCICHHS CIYXKUT HadalbHas cymMMa Ha
MPOTSHKEHUU BCEro Cpoka ccyibl. [Ipy HaUKMCIEHUH CIIOKHBIX MPOLIEHTOB 0a301 CIIY>)KUT CyMMa C
HAYMCIICHHBIMU B MTPEBLAYILEM MIEPUO/IC IPOLICHTAMH.

B ¢unancoBoM aHanmM3e MpPOICHTHAs CTaBKa MPHMEHSETCS HE TOJBKO KaK MHCTPYMEHT
HapalleHus] CyMMBI JI0Jra, HO U B 0oJjiee IIMPOKOM CMBICIIE, 2 UMEHHO, KaK YHHBEPCAJIbHBIN
[I0Ka3aTellb CTENEHU JOXOAHOCTH JII000 (PMHAHCOBOH onepanuu.

5.1.2 Hapaienue 1o npocTbiM NpoLeHTam

[To onpenenenuto, HapalIeHHAas CyMMa — 3TO [IEpBOHAYAIbHAS CyMMa C HAUYUCIICHHBIMH Ha

ATy CyMMY TIpolieHTaMu. BBenem criemyromme 0003HaueHuSI.

Torma nmeem

S=P+1I.

rae P — navansnas cyMMa, | - MPOLEHTHI, HAYUCIIEHHBIE 3a BECH CPOK.

[Ipu HauncneHnK TPOCTHIX MPOIIEHTOB 3a Oa3y NPUHUMAETCS NTepBOHAYaJIbHAs CyMMa.
I[TponenTts! Hauncisrores N pas, nosromy | =P -n- I u (hopMyJsia MPOCTHIX MPOIICHTOB 3aIHIIETCS B
BHJC

S=P-(1+n-i). (5.3)

Benuuuna (1+N-1) HasbiBaeTcs MHONKATENEM HAPANIEHHSI TIO TIPOCTOM MPOLIEHTHOM

CTaBKe, T.€. MHOKUTEIIb HapaIICHUS TTOKa3bIBACT HAKOTUICHHYIO K MOMEHTY N Oymymryto
croumocTs 1 1.e., Bnoxkennoi B Moment =0 ma cpok N.

[Iponiecc yBenuueHUsT CyMMbl JIeHET B CBS3M C IPUCOCIUHEHHEM IPOLIEHTOB K
MEpPBOHAYAIBHOM CyMMe Ha3bIBA€TCs HapallleHHeM WM POCTOM MepPBOHAYAIBLHON CyMMBI.

[lepBoHauanbHasi cymMMa C HAYUCJICHHBIMU Ha Hee MPOLIEHTAMHU Ha3bIBaeTCs HapalleHHOi
CYMMO#.
[IpocTble MPOIEHTHI Yallle BCEr0 UCMOIB3YIOTCS, KOTa CPOK CCYAbl MEHBIIE OJHOTO TO/1a.

Torma N=—, rae t — xkonuuectBo aHel ceyapl, a K — konuyecTBo aHeil B rony.

Ha npakTuke MCHONB3YIOT OOBIKHOBEHHBIH MIIM KOMMepueckuii mpouent, korga K =360
JTHEH WJIM TOYHBIA MTPOIIEHT — K =365 (366) mueii.
Ipumep 5.1. Tlycts P =1000 py6., ronosas crabka |1 =10%. [Tonydum HapamieHHbIE MO
MIPOCTHIM MPOLIEHTAM CYMMBI.
1 rox: 1000 + 0,1-1000 = 1100 py6; 2 roa: 1100 + 100 = 1200 py6; 3 roa: 1200 + 100 =
=1300 py6. »

HepeMeHHHe CTaBKH
Hpe,Z[HOJIO)KI/IM, 4TO BECh CPOK CCYbI n pa36I/IT Ha S MMPOMCEIKYTKOB AJIUTCIIbHOCTBIO

s
Nt , Kaxaed, N = Znt . B xax10M IpoMeKyTKe NEUCTBYET CTaBKa it . Torna popmyna

t=1
HaYMCJICHUA IPOCTHIX MPOLCHTOB IIPU nepeMeHHoﬁ CTaBKC 6yz[eT HUMCTb B[

S=P-(1+ng-ip+ny-ip+...4+Ng -lg)

nin

S
S=P-(1+> n-ir).
t=1
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Ipumep 5.2. Tlycts P =1000 py6., craBka B nepsbiii ros paua iy =10%, Bo BTOpoii roj —

Io =12%, B TpeTuii rog — i3 =15%. Ilonyunm HapallleHHYIO 3a TPU I'0Jia 0 MPOCTHIM

MPOLEHTAM CYMMY.
1000 + 100 + 120 + 150 = 1370 py6. »

5.1.3. Ci10:HbBIe IPOLIEHTHI

HauyuciaeHue CJUOXHBIX TIOJAOBbLIX NPOUEHTOB (popmMya HApalIeHUHA)
B nonrocpouHpIx (MHAHCOBBIX ONEpalMAX JUIsl HapamleHUs TEepBOHAYAIBHOW CYMMBI

OPUMCHAIOT CJIOKHBIC IIPOLICHTHI. HpI/I HaAYUCJIICHUHU CIIOKHBIX IMPOILCHTOB 3a 6a3y IMPUHUMAIOT

HE IEPBOHAYAIBHYIO CyMMY, a CyMMy, MOJYYMBIIYIOCS IIOCJI€ HA4YMCIECHUS IPOLEHTOB U
MIPUCOEINHEHUS UX K CyMME JI0JITa B MPEABIIYIINX NIEpUoAax.

[IpucoenvHenne Ha4YMCIEHHBIX MPOLIEHTOB K CyMMe€, KOTOpas CiyXKuja Oa3od mist ux
HAYMCJICHUs], Ha3bIBAIOT KanmuTaJIu3auueil mpoueHToB. [Ipolecc kanuraiu3anuu MPOUCXOIUT

IO CJIETYIOILIEH CXEME:
P+P-i=P1+i) > P+i)+PA+i)i=P1+i)®> 5> P+i)*+
+PL+i)?-i=PA+i)® > ...

B o6mem Buzae ¢popMysia HapaleHus Mo CIOKHBIM ITPOIEHTAaM 3alUILIETCs TaK:

S=P@A+i)". (5.4)

-\ N
Muoxurens (1+1)" HaspBaeTcs MHOXUTeNeM HapamieHHst 10 (HOPMyJIe CIIOMKHBIX
MIPOLICHTOB.

IIpumep 5.3. Ilycte P=1000, i = 10%, t.e. xkak gons i = 0,l. CaemoBarenbHo,

HapaleHHbIC IO CJI0XKHBIM MPOLIEHTAM CYMMBbI TAKOBBI:
1000,1000+0,1-1000=1000+100=1100, 1100+0,1-1100=1210, 1210+0,1-1210 =1331,1 u
T.1. P>

IIpumep 5.4. TonoBas CTaBKa CIOKHBIX NMPOLEHTOB paBHa 8%. Yepe3 CKONBKO JeT
HayalbHAas CyMMa YABOUTCH?

Pemenne. Hamo pemnts nepasenctso: (1+0.08)" > 2. Jlorapupmupyem mno
OCHOBaHHUIO HATYpaIbHBIX Jorapudmos u nomysaem N> 1N(2)/IN(1.08).

OtBer: uepe3 9 ner. P

CooTHOmIEeHNEe MHOKHMTeJ el HAPAIIEHUS MO MNPOCTBIM H
CJHOKHBIM MNPOLEHTaAM
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Puc 5.1

Ecmi cpok N < 1, To MHO)uTeNb Hapammenus 1o npoctsiM npouentam (L+n-i) > (1+i)",

ectn N>1, o (L+n-i)<(1+i)". Kpusbie, nso6pakennsie Ha puc. 5.1, HILUTOCTPHPYIOT

IPpOoHECChl HAPAIICHMA 10 IIPOCTBIM U CIIOKHBIM ITPOLICHTAM B 3aBUCHUMOCTH OT CpOKa.

IlepeMeHHBIE CTABKH

ITycts Beck cpok ccynbl N pa3OUT Ha HMHTEPBaJBl JUIMTEIBLHOCTRIO N,

S

t=12,...,5, n= Z Nt , ¥ B K&XKIOM HHTEPBAJIC HAYHUCICHHUE ITPOLICHTOB MPOU3BOIUTCS 10
t=1

craBkaMm lp,lp,...,Ig coorBercTBenHO. Toraa popMyiia HapaleHHs 10 CIOKHBIM ITPOLIEHTaM

OyZIeT UMETh BUJT
S=PA+i)"(L+iy)™ - A+ig)™.

5.1.4. HomunanbHas v 3(peKTUBHASI CTABKH IPOIIEHTOB

HoMuHaabpHasg cTaBKa

Ha mpaxTtuke yacto npu oOBSBICHUU YCIOBUI (DMHAHCOBOM oOmepanyy OroBapUBaCTCS
roJI0Basi CTaBKa MPOLEHTOB M YKa3bIBAETCsl KOJIMYECTBO BBIMJIAT MPOLEHTOB B T0J1 (Hampumep,
MOJKET OBITh €KEKBAPTAJIbHOE HAYMCICHHUE - YETHIPE paza B roJ). B 3TOM ciydae MCIONB3YIOT

MOHATHE HOMHUHAJIbHOMI CTaBKM, 0003HaYUM €€ CHMBOJIOM J HYCTB KOJIMYCCTBO BHIIJIAT

INpoUcHTOB B I'0J paBHO M. Torma HauuciaeHHE MNPOUCHTOB OCYIICCTBIACTCA II0 CTABKC
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J/m, a obuiee konuuecTBo MHTEpBANOB BHILIAT 32 N et Gyner pasHo M-N. Hapamennas

cyMMa ormpezesnseTcs no Gopmymne

S= P(1+%)m'”. (5.5)

Takum 00pa3oMm, HOMUHAJIbHASI CTaBKa - 3TO T0JIOBasl CTaBKa MPOIICHTOB IMPH HAYUCICHUU
npoueHToB M pa3 B roa. Yem OGosblie ynciao M, Tem ObicTpee HAET MPOLIECC HApALIEHUS

IIEPBOHAYAJIBHON CYMMBI.

JddpdpexkTUBHAS CTaBKa

Jnst  cpaBHEHHMsS pPa3NUYHBIX YCIOBHM HAYUCICHHS TPOIEHTOB (MIpH  Pa3IUYHBIX
HOMHUHAJIBHBIX CTaBKaXx M pa3IUYHOM KOJUYECTBE HAYMCIECHUN) WCIOIB3YIOT TIOHSTHE
3P pexTuBHON cTaBKU. DPPEKTUBHAS CTaBKa - ITO TOAO0BAsI CTaBKa MPOIEHTOB, HAYUCIISIEMBIX
OJIMH pa3 B TOJI, KOTOpas JaeT TOT K€ (PMHAHCOBBIA pe3yybTaT, uTo U M — pa30Boe HAUUCIIEHNE

B TOJ1 C HCIOJIb30BaHNEM HOMUHAJIBHOH cTaBKU | . TakuM 00pazoMm, IO ONPEAEIECHUIO, JOJIKHO

BBITIOJIHATCA paBEHCTBO MHOJKUTENEN HapaluiCHuA
L+i) =1+ DM (5.6)
m
rae | —s>ddexruBHas craBka. OTCIOA TTOTyYaeM

i:(1+i)m ~1. (5.7)
m

3aMeHa B JIOTOBOPE HOMHHAIBLHOM CTABKM | NPU HAYMCICHUHU TPOLEHTOB M pa3 B To Ha
s dexTrBHYIO cTaBKy 110 Gopmyse (5.7) He MeHseT (PMHAHCOBBIX 00S3aTEIHCTB CTOPOH.

[Ipu cpaBHEHMM pa3IMYHBIX TIpeJJlaraéMblX BapUAHTOB HAYKMCICHHS IPOIICHTOB
JOCTAaTOYHO BBIYUCIIUTH U CPABHHUTH d(P(PEKTUBHBIC CTABKH ISl KaXJIOTO U3 HUX.

5.1.5. IloHsiTHE TMCKOHTHPOBAHUSA

JMCKOHTHPOBaHHKE 10 MPOCTHIM CTABKAM

PaccMoTpUM crienyronyro 3aaady. [1o 3a1aHHol CyMMe S, KOTOPYIO CIIEIyeT YIUIaTUTh
uepe3 Bpemsi N, TpeOyeTcsl ONpeNeUTh MepBOHaYaIbHyIo cymmy P . B aToM cirydae rosopsr,
4TO CyMMa S QuUCKOHMuUpYemcsl.

TepMHH Ouckonmuposanue B IIUPOKOM CMBICIIE O3HA4YaeT OIpEeAeIeHHe CTOMMOCTU
JICHEe)KHOW CYyMMBI B JaHHBII MOMEHT BPEMEHH IIPHU YCJIOBUH, YTO B OYIYIIIEM OHAa COCTaBUT
BenuuHy S . Takol pacyéT Ha3bIBAETCS NPUBEOCHUEM CIOUMOCHIHO20 NOKA3AMEIL K 3A0AHHOMY

MOMEHRMY 6PEMEHU.
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Bemnuuny P, HaiinenHyro DMCKOHTHpOBaHMEM CyMMBI S, HA3bIBAKOT COEPEMEHHOU Wl
NPUBEOEHHOU 6EUMUHOL S .
DT0 OIHO W3 BAKHEHINMX IOHATUHA HPH MOJEIUPOBAHMU WU AaHAINM3EC (PUHAHCOBBIX
oIepanuii, Tak KaK MMEHHO C IIOMOUIBIO JUCKOHTHPOBAHMS yYUTBIBACTCH (PAKTOP BPEMEHHU.

Pemras 3agaqy, nomyuum

1
P=S———. (5.8)
1+n-i
Jannast popmyna HazbiBaeTcst POPMYJIION Mamemamuyecko2o OUCKOHmuposarus (B OTIINYNE

0T OAHKOBCKOI'0 JUCKOHTHPOBAHUS WU y4€Ta, KOTOPOE 3/1€Ch HE pACCMaTPUBACTCS).

1

Bennuuna 1— HA3BIBAETCS OUCKOHMHBIM MHOdICumenem, pasnocts (S — P) —
+N-1

OUCKOHMOM CyMMBI S .
JAMcKOHTHPOBaHME O CJI0KHOM CTABKe NMPOLEHTOB

Haiinem mepBoHauaapbHyt0 cymMMy P 10 M3BECTHON KOHEYHOW CyMMe S C HCIIOJIb30BAaHUEM
CJIO’KHOM CTaBKH.

O4eBHUIHO, UYTO

S
P=—Tr=85", (5.9)
1+1)
n 1 y
rae vV = —n — JUCKOHTHBIN MHOXUTCIIb (MHO)KI/ITCHB I[I/ICKOHTI/IPOBaHI/Iﬂ).
(1+1)

Ecmm MMPOUCHTBI HAYUCIIAKOTCA m pa3 B roJ ¢ UCII0JIb30BaHUCM HOMMHAJILHOU CTaBKHU J , TO
S |
P=— >  =g.¢M (5.10)
L+ ymn
m
1

o m-n
A€ TMCKOHTHBINM MHOKUTCIIb W =
@+djmn
m

B ¢unaHCcOBOIl M SKOHOMHYECKOW JHUTEpaType Ajs COBPEMEHHOW BenuuuHbl P yacto

UCIIOJIB3YIOT COKpalieHHoe o0o3HaueHue - PV, ot anrnwmiickoro Present Value
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Paznocts S — P HaswiBaercs duckonmom CymMbl S , 0003HaYMM 9Ty BEJIMUMHY CHMBOJIOM

D . U3 popmynsi (5.13) u (5.14) cnexyert, uro D =S(1— Vn) , €CJIM TIPOLEHTHI HAYUCISIOTCS

m-n
omun paz Brom, u D =S(1—W'"" '), ecrm mponeHTH HauKcA0TCA M pas3 B ro.

5.1.6. YueT uH(uIsimyu Npu HapallleHUH MPOLEHTOB
CymiecTByeT MHOKECTBO Pa3IMUHBIX COCOOOB yueTa WHQIIALNN MPH HAPALICHUH CIIOKHBIX

MPOIIEHTOB. PaccMOTprUM OIMH M3 HUX, OCHOBAaHHBIN Ha puMeHeHun ¢opmynbsl Oumepa. [lycts
h - oxupgaemelii TomoBOH TeMn MHQIANMM B BUJAE CTABKH CJIOXKHBIX HPOLEHTOB (Mbl HE
KacaeMmcs 371ech METOJMKH OTpE/IENieHHsl 3TOT0 MoKasaTens), | — CTaBka MPOIEHTOB Oe3 ydeTa
uHGuALMY, I — peanbHas cTaBKa ¢ yueToM MH(msuuu. Torna peaibHas cTaBKa ONpENENseTcs U3

YpaBHCHUA, KOTOPOC HA3bIBACTCS YPABHCHUEM qDHIHGpaI

1+i
1+r=—-—. (5.11)
1+h
Pemas 1o ypaBHEeHHE OTHOCUTENBHO I, OTydnM
I—h
r=——-. (5.12)
1+h

CraBka 0e3 ydera WHQIAMUH (KOTOPYIO Ha3bIBAIOT TAaKXKE HOMHHAIBHOM CTaBKOW)
I=r+h+r-h.Ipn maneix 3Hauennsx h ucnonssyror npubmmkennyo gopmyny I=r +h,a
JUIst peanbHoii craBku: F=1—h.

5.1.7. DKBMBAJIEHTHOCTB MPOCTHIX U CJI0KHBIX MPOLIEHTHBIX CTABOK

CraBKU SIBISIFOTCSI SKBUBAJICHTHBIMH, €CJIM B KOHKPETHOW (DMHAHCOBOW OIepanuyd OHHU
MPUBOJAT K OJTHOMY U TOMY K€ (DMHAHCOBOMY Pe3yJIbTaTy .

3ajiaua onpe/eieHus YKBUBAICHTHBIX CTABOK BO3HHMKACT, HAIPHMED, MPU CPaBHCHUM CTaBOK,
NPUMEHSIEMbIX B PA3UYHBIX CJEIKAaX W COMVIAIICHUSX, ONpPEACCHUH S(PPEKTUBHOCTUH KPEIUTHO-
(MHAHCOBBIX Ollepaluii, 0e3yOBITOYHON 3aMEHE OJJHOTO BHA CTABOK JPYTHUM WIIM OJHOTO METOJa
WX HAYUCIICHUS JIPYTHM.

Jliist onipenieNieHrst SKBUBAJICHTHBIX MTPOCTHIX M CJIIOXKHBIX CTABOK HEOOXOUMO IMPUPABHSATH

COOTBCTCTBYHOIIINEC MHOKUTCIIN HAPAIICHUS
. N
A+n-ip)=@Q+1)

rac |n — IIpoCTaAa CTaBKa, | — caoxkHasg. I3 3TOro COOTHOIIEHUS JIETKO nojrydJacM

Ny
i - (1+|r)] —1' 512



74

. - \1/n
I=@Q+n-iy)" -1 (5.13)
Ecnu cnoxHas craBka Hauucisgercss M pas B ToJ, TO TaKKe IPUPABHUBAS MHOKUTEIIN

HapaliCHus, IoJIy4YuM

@+ Jymn g
i = mn , (5.14)
j=m(@+n-i)Y™" —1). (5.15)

Takum obpazoM, 3ameHa B J1I000H (PUHAHCOBOM OmMEpaIuu CIOKHBIX CTABOK IMPOIEHTOB
SKBUBAJIEHTHBIMU UM MpocTbiIMU 10 ¢opmynam (5.12), (5.14) unm mpocToit CTaBKH
SKBUBAJIEHTHBIMU €W CIOXHbIMU TI0 (opmynam (5.13), (5.15) He U3MEHSIOT KOHEYHOTO
pe3ynbTaTa GUHAHCOBOM OTIEPAIIHH.

ITpumep 5.5. Kakas cymma nipeamouturenbHee npu ctaBke 6%: $1000 ceroaus
i $2000 gepes 8 met?

Pewenue. Haiinem coBpemeHHyr BenmauHy $2000 dyepes 8 et nipu craBke 6%:
A=2000 -(1 + 0.06)® =2000-0.627 = 1254.

Hrak, A=1254 > 1000. CnienoBarensHO, HaJ0 npeamnodects cymmy $2000 gepes 8 jger. P

5.1.8. luckoHTHpOBaHME U HAPAILIEHHE 110 YYeTHOM CTaBKe

Kommepuecknii (0ankoBckuil) yuer. Cdopmymupyem 3amadyy OaHKOBCKOTO
nuckonTUpoBanus. 1o 3amanHol cymme S, koTopas OyneT BblLIaueHa uepes N mepuoos,

TpebyeTcs ONpeNenTh CyMMy 3aiiMa P B HacTosmmMii MOMEHT, IIpU KOTOPOM IIPOLIEHTHI 3a
MOJIb30BAHKUE CCY/ION BBITIAUYMBAIOTCSA 3apaHee, B MOMEHT IMPEAOCTaBICHUS JCHEr B JIOJT

t =0. Jlns nauncaenus u yaep:kaHus IPOLIEHTOB IIpUMeHsieTcs ydeTHas cTaBka 0 .
1) Ipocmas cmaska ouckonmupogarus d

I[I/ICKOHTI/IpOBaHI/Ie MMpOBOAUTCH 110 q)OpMy.]'IC
P, =S, (1-nd). (5.16)

(5.16) — hopmyIna COBpEMEHHOM BENTMYMHBI CYyMMBbI S, TIPH GAHKOBCKOM €€ y4€eTe MPOCTHIMHU
mackontamu no craske 0 B Teuenme N mepuomos. Cymmer Dy, Dp_1,..., Dy — nmuckontsr
3a KaKIbld Tepuo]] (eIUHHIy BpeMeHH). Beipaxenue (5.16) o3Hauaer, yTo B OOMEH Ha
BBITLIATY CYMMBI S|, depe3 Bpems N kpemuTop jgacT B3aiimbl cymmy S, (1—nNd) B naane
3TOTO cpoka. 3ameTum, uto popmyna (5.26) crnpaBennuBa, eciu cpok nonra N u yueTHas
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craBka O ymosnerBopsior ycnosuto NA < 1. JIMCKOHTUPOBaHKE 110 MPOCTOH yUETHON CTABKE
NPHUMEHSIOT, KaK PAaBUJIO, B CIIydae KPAaTKOCPOYHBIX cHenok, korma 0 <n <1,

Ilpumep 5.6. Bekcenb, noramaemsiii 1 suBaps 2002 roga, yuren 3a 10 mecsieB 10 ero
noramenuss Ha cymmy 180 n.e. KakoBa BenuumHa ToJ0BOM Y4YeTHOM CTaBKH, €CIU
€KEeMECSYHBIM TUCKOHT cocTaBiisieT 2 1.e.”?

Tak kak NpPOLEHTHI YIAEPKUBAIOTCA 3a KaXIbI Mecsl, TO 3a €JUHHILY HU3MEpPEHMs
BpEMEHU MOXXHO npuHATH 1 wMecsan. Torma B Hayasle KaXIoro Mecsia MpPOLEHTHI
HAYUCIISIOTCS 110 exkeMecsunol yuetnoi craske d /12 rme d - romosas yuetnas crapka.

Cpox moraurenns ekcenst N =10 emunuu Bpemenn. Cymma Py = 180 — npusenennas (x

MOMEHTY yuera Bekcenst | = 0) BennuuHa cyMMbl Sy, , OranIaeMoii 110 BEKCEIo. J{MCKOHTBI

3a KaxIpli nepuox (emuuuuy Bpemenu) cocraBusiior Djg=Dg=..=D;= 2 =D.
CrnenoBaTenbHO, BEKCEIb YUTEH 110 TPOCTOM yueTHOMU cTaBke. Pasmep AuCKOHTA 32 BECh CPOK

D(n)=nD. Takkak By =S, —nND, to cymma, noramaemas no sexcemo, S, =200 n.e.

Hockomeky D =S, E, TO Tosl0Bas yueTHas ctapka d =0,12. »

2) Cnoxcnas cmaeka ouckonmuposanus d .

[IpuBenem 6e3 BrIBOJIA (hOPMYITY TUCKOHTUPOBAHUS IO CIIOKHOW YUETHOM CTaBKE
R =S,1-d)". (5.17)

(5.17) — GopMyna COBPEMEHHO BETMYUHBI CYMMbI O MPU OAHKOBCKOM €€ yYETE CIIOKHBIMU

IIpOoUCHTAMH I10 yquHOﬁ CTaBKEC d B TeueHue N IEpUOa0B.

Ilpumep 5.7. T'ocynapcTBeHHass oOauramus y4yreHa 3a IsTh JIET A0 norameHus. KakoBa
CyMMa, Toramraemasi o oOJuranuu, eciid IMCKOHTHI 3a MOCIEAHUNA U MPeanociaeIHUNA TOAbI 10
noramieHusa coctaBmiin coorserctseHHo 2000 u 1600 g.e. ?

I/ICHOHLSyeM MOJIYYCHHBIC COOTHOWICHUA JISI CJIIOKHBIX JUCKOHTOB. Ecan e,I[I/IHHLIeﬁ

W3MEPEHUSI BpeMEHHU sBJsieTcs 1 roa, To cpok goira N =5 jer, D4 = 1600 g.e., D5 = 2000
ne, Dy =Ds(1-d), rne d - ronosas yuernas craBka. Otcroma d = 0,2. Tak kak

Ds = dSs, 1o noramaemas cymma Sg = 10000 n.e. P

3) Huckonmupoeanue no HOMUHANLHOU Y4emHOU CMaskKe.
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Ecnn nuckoHTHpOBaHME MO CIOKHOM Y4ETHOW CTaBKE IIPOM3BOAMTCS HE OauH, a M pa3 B
rojy, TO FOJIOBYIO YYETHYIO CTaBKy Ha3bIBalOT HOMHHAJIbHOM 1 0003HayatoT yepe3 J .

Onpenenenne. I'onoBas ydeTHas craBka (] Ha3bIBaeTCs HOMHMHAJIBHOM, €CIM Ul
JMCKOHTUPOBaHUs B Teuenue 1/ M 4acTu roja mpuMeHseTcs CIIoKHas ydeTHas ctaBka (/M.

Takum 00pa3oM, ecinu AMCKOHTHPOBAHUE IO CIIOKHOM YYETHOH CTaBKE MPOU3BOIUTCS
4yepe3 paBHbIE IIPOMEKYTKM BpeMeHu M pa3 B rogy, TO B Hadajle KaXJOro INEepUoAd JJIMHOU
1/m nauucnsAOTCS U yAEpP;KMBAIOTCA HPOLEHTHI IO CTABKE g /m. Ecnmn CpoK nmoJara N Jser, TO
NM — uucno nepuosnoB npumenenus craskn /M B cpoke monra. U3 dopmymsr (5.27)
[10JIy4aeM

P = Sn(l—%)”m , (5.18)

rie M >1.Ecom M =1,10 = d, r.e. HOMuHANBHAS y4eTHasl CTaBKa COBMAAAET C FOJOBOM
YYETHOM CTaBKOW CIIOKHBIX IPOILIEHTOB, MpUMEHseMON pa3 B roay. (5.28) — dopmyna ydera
CYMMBI Sn npu M -pa3oBoM TUCKOHTUPOBAHHMHU B IOJly 110 HOMMHAJIBHOM y4eTHOM cTaBke ( B

TeyeHue N Jjer.

5.1.9. HapaiueHue 1o y4eTHO# cTaBKe
Ecnu pemaercs 3amaua, obpaTHass 0aHKOBCKOMY JUCKOHTHPOBAHUIO, TO JIJISi HAXOXKICHUS
CYMMBbI MOTamaeMoro JoJjra MoJIb3yIOTCSd YYEeTHOM cTaBKol. Hampumep, B 3TOM BO3HHUKAaET
HEO0OXO0IMMOCTb TMPH OMPEEIEHUU CYMMbI, KOTOPYIO Ha/I0 IPOCTaBUTh B BEKCENE, €CIIH 3a/laHa
Tekymas cymma goiara. M3 dopmyn (5.26), (5.27), (5.28), nHaxoaum

Sn =—1_P(;]d , (5.19)
Sn :(]-_P—(()j)n, (520)
S, = L@‘;. (5.21)
1_7 nm
-9

[Ipy HempepbpIBHOM HapallleHWU MO CIOKHOM Y4eTHOW cTaBKe crmpaBeminBa (opmyna (5.29)
(mpu M —> 0O HOMMHAJIbHBIE IPOLEHTHBIE CTABKU | U (J MEpecTaroT pa3nudarhbCes).

Ecnu yuetHas craBka nepeMmenHas, To BMecto Gopmyin (5.19), (5.20) nonyuum

P
Sy = — 20—,
1-> n;d;
i1

_ P
(L—di)™ (@ —dy_g)" . (I—d)™

n

5.1.10. CpaBHeHHe MeTO10B HAPAIIIEHHSI
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Bce paccMoTpeHHBIE METOIbI HapallleHUs IPUBEACHBI B TaOJIHIIE.

Meron HapaieHus dopmyia MHoO)HUTEND
HapalIeHHs
I[o mpocToi mpoLeHTHO S, =PRy(1+in) 1+in
craBke |
[To cioxHOM NPOTICHTHOH Sn _ PO 1+ i)n 1+ i)n
craBke |
[To HOMUHAIBHOHN TPOTICHTHO M J\nm J \nm
CTaBke | Sp =R+ E) 1+ E)
ITo mocTosIHHOM cHJte pocTa O _ p.aon on
p Sy =PRye e
[To HOMUHANTBHOM YYETHOM P0 1
craBke ( Sp = 9 g
a-ym a-2ym
m m
Io crnoskHoit yueTHolt cTaBke O S P 1
n =
(1-d)" (1-d)"
Io mpocToii yueTHoii crake 0 S Py 1
" 1-nd 1-nd

Onpenenenne. Yncno, moka3piBaromiee BO CKOJBKO pa3 HapalleHHas CcymMMa JoJra
Ooybllie  TICPBOHAYATIHHOM, HA3bIBACTCS MHOXKUTENIEM HapalleHus (MM MHOXXUTEIIEM
HaKOTUICHHS).

DKOHOMHMYECKHUI CMBICT MHOKUTENS HapalleH!s 3aKiitoyaercs B ciaeaytomieM. Eciu cpok mosra
N eIUHUI] BPEMEHH, TO MHOXXMTEJIb HapalleHUs MOKAa3bIBAaeT HAKOIUIEHHYI0O K MOMeHTy N
Oyaymyro cTouMocts 1 1.e., BIokeHHOW B MoMeHT [ = 0 Ha cpok N. OueBumHO, 4YTO
MHOXXHUTENb HapamieHus Ooibiie 1. MHTeHCHMBHOCTH mpoliecca HapalleHUs OIpenesiseTcs
MHOKHTeJIeM HapanieHus.. CpaBHHMBasi 3TU MHOXKHUTENH JAJIs1 KaXKI0ro 3HaUYeHus cpoka N, cuuras
PaBHBIMH MPOLIEHTHBIE CTABKU, MOYKHO CPABHUTH TEMIIbI HAPAIIECHUS MO PA3JIMUYHBIM CTaBKaM.

5.1.11. CpaBHeHHe MeTO/10B TUCKOHTHPOBAHHUSI
Bce nonydeHHbIe METOIBI TUCKOHTUPOBAHMSI TOKA3aHbI B TAOJHIIC.

Metoa IMCKOHTUPOBAHUS dopmyna JIMCKOHTHBIN MHOKHUTEIb
Io npocToii yueTHoit crapke 0 Py =5, (1-nd) 1-nd
i i n n
[To cioHOM y4yeTHOM CTaBKe d PO — Sn (1 _ d) (1 _ d)

ITo HOMUHAIBHON YYETHOU

craBke ( I:)0 = Sn (1- %)nm (1- %)nm

[lo nocTosiHHOM cuiie pocta O P, = Sne—5n a=on
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[To HOMHHAIBHOM TPOIICHTHOU S, 1
CTaBKe | o= j j
(1+ 7)nm (1+ 7)nm
m m
ITo CI0KHOM MPOLEHTHOMI P S, 1
cTaBke | 0~ . P
Bk (1+i)" (1+i)"
ITo mpocToii MPOLEHTHOM P S, 1
. ) =—=n —
crapke | 1+in 1+in

Onpezle.ﬂem/le. qI/ICJ'IO, IMMOKAa3bIBAOIICC KAKYHO OOJIO OT CYMMBI ITOramacmMoro aoJra
COCTaBJIACT €T0 COBpEMCHHAA BCJIMYMHA, HA3bIBACTCA JUCKOHTHBIM MHOXKHUTCIICM.

DKOHOMHYECKHI CMBICT JUCKOHTHOTO MHOXHUTENS 3aKiIrovaeTcss B cienyiomeM. Ecnu
CpPOK J0Jara N €IWHUI] BPEMEHHU, TO JTUCKOHTHBIA MHOKHUTEIb - 3T0 COBPEMEHHAs] CTOMMOCTH |
1.€., TIoyIexarieit Boirate yepe3 Bpems N . O4eBUIHO, YTO TUCKOHTHBIN MHOXUTEIh MEHBIIIE
1. VIHTEHCHBHOCTH MpollecCa NUCKOHTUPOBAHUS OMNPEIECIACTCS JUCKOHTHBIM MHOMXHUTEIEM.
CpaBHUBasi 3TH MHOXKHUTENIW ISl Ka)XXJOTO 3HAYEHHSI CpOKa N, CUMTas PABHBIMU MPOILEHTHBIE
CTaBKHU 3a | BpEMEHH, MOKHO CPaBHUTH TEMIIbI TUCKOHTUPOBAHHUS [0 PA3IMYHBIM MPOLIEHTHBIM
CTaBKaM.

5.2. llorokm miare:Kkei, peHThI

5.2.1. OcHoBHBbIE onpeieIeHust
Ha mpaktuke ¢puHAHCOBBIE ONEepanny, Kak MPaBUIIo, MPEIyCMaTPUBAIOT pacIipe/ie/iEHHbIE
BO BPEMEHH BBITLIATHI U MOCTYIUICHHS ICHEKHBIX CyMM.

IToToxkoM muareskeid OyneM Ha3bIBaTh TMOCIEAOBATEIBHOCTH (Ps) BHIIJIAT W TOCTYIUICHUH,
MPUYPOUYCHHBIX K Pa3HBIM MOMEHTaM BPEMCHHU.

[ToTok TUTaTEXEW, BCE DJIEMEHTHI KOTOPOTO - IIOJIOKHTEIBHBIC BEJIMYMHBI, a BPEMEHHBIC
MHTEPBAJIBI MEXKYy IBYMS IOCIEAOBATSIPHBIMU IIJIATEKaMHU ITOCTOSHHBI, HAa3bIBAIOT (PUHAHCOBOI
PeHTOl WIM AHHYUTETOM BHE 3aBHCUMOCTH OT II€JM, HA3HAYCHHUSI M IMPOUCXOXKICHHUS ITHX
IIaTeKeH.

duHaHcoBas PEHTA OIMMCBIBACTCA CICAYIOIUMU IMapaMETpaMu:

1. YUneH peHTHI - BEIMYMHA KaXKJ0TO OTACIBHOIO IIIaTexa.

2. TlepuoJ peHTHI - BpeMEHHOW MHTEPBAJI MEXKY I1JIaTCKAMH.

3. CpoK peHTHI - BpeMsi OT Hayajia PEHTHI JI0 KOHIIA €€ MOCISIHEro MepHoa.

4. TlpoueHTHAs CTaBKa - O3TO CTaBKa, KOTOpas WCIOJIB3YEeTCS MPH HApAICHUH WA

JIMCKOHTUPOBAHUH IIJIATEIKEH, U3 KOTOPBIX COCTOMT PEHTA.

Kpome Toro, MOTyT OBITH JIOTIOJTHUTEIBHBIC TapaMETPhI: KOJIMYECTBO IIATEKEH B TOJI, KOJIMYECTBO
HAYHMCIICHUH MPOIIEHTOB B TOJ, MOMEHTHI BBITUIATHI IJIaTeKeH (B Havale WM B KOHIE Mepruo/a
PEHTBI) U T. 1.

Buael pMHAHCOBBLIX PEHT
Penra Ha3bIBaeTCs ro0BOM, €CIIU €€ IIEPUOJ PABEH OJJHOMY TOJy.
Penra HasbiBaeTcst ) — CPOYHOM, €CIM €€ IIEPUOJ MEHBIIIE I'01a U KOJIUYECTBO IIJIATEXKEN B T

pasHO P .

OTU peHTBl OTHOCATCS K AMCKPETHBIM, IIOCKOJIBKY BBIIJIATHl NPUYPOUYEHBI K JIUCKPETHBIM
MOMEHTaM BpPEMEHU. DBIBAIOT pEeHTHl HeNpepbIBHBbIE, KOTJA IOTOK IIIATEKEW OIUCHIBACTCSA
HEeNpepbIBHON (YHKITUEH.
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PenTnl ObIBAIOT MOCTOSTHHBIE H NMEePEMECHHBIC.
Penta HazwBaeTcs HOCTOHHHOfI, €CJIn BCC €€ IUIATCIKHW OAWHAKOBBI U HC MCHAIOTCA BO BPCMCHMH.
Ecau pasMEphblL IUIaTEXKEH 3aBUCAT OT BPEMCHH, TO 5TO IEPEMECHHAsA PCHTA.

1o BeposTHOCTH yIUIaThl PEHTHI IEJIST Ha BEPHbIEe U YCI0BHbBIE.

PenTa Ha3piBaeTCs yCJIOBHOM, €CIIM BbIIUIATAa OYEPEAHOIO IUIaTeka CTaBUTCA B 3aBUCHMOCTb OT
HACTYIUIEHUsI HEKOTOPOIo CiiydailHoro coObiTus. KonndecTBo BbIIIAT B TaKOW pEHTE 3apaHee He
HU3BCCTHO. Hpmv[epaMH TaKMX PCHT MOTYT CIY)XUTb BBIILIATHI HCHCHﬁ, IJIaTC)KU 110 JIMYHOMY
CTPaxOBaHMUIO.

Ecnu ycnoBus BeIIIaTh I1aTeXel M0 peHTe (MX pa3Mephl, KOJUYECTBO U CPOKH) OTIPEEIICHBI
3apaHee, TO TaKas PEHTa Ha3bIBaeTCs BEPHOM.

PenTa Ha3pIBaeTCAd OrpaHUYeHHOM, €CIIM KOJUYECTBO TUIATEXKEH KOHEYHO, B IPOTUBHOM CITy4dae
peHTa Ha3bIBaeTCs DecKOHeYHOoM i BeuHoi. Hanpumep, monrocpoynoe 0053aTenbCcTBO, KOTAa
CpPOK (UHAHCOBOUM oOmEpaIMu MPOJODKUTEIICH M 3apaHee HE OTrOBapHBAETCs, MPEJCTaBISET
co00i1 BEUHYIO PEHTY.

Pentsl ObIBarOT HeMedJIeHHbIe W OTJIO:KeHHbIe (0TCpouYeHHbIe). CpoK HEMEUICHHBIX PEHT
HAaYMHAETCA C MOMEHTa 3aKJIIOUeHUs KOHTpakTa. Ecim peHTa OTNIOKeHHas, TO CPOK Hayaja
BBITIJIAT OTOJIBUTAETCSI HA KaKOE-TO BpEMs.

Ecnu mumatexxu oCymiecTBISIOTCS B KOHIIE TIEPHOJIA, TO TaKas peHTa Ha3bIBACTCS OOBIYHOM WITH
NoCTHYMepaHa0. Eciy BBITIIATBI OCYIIECTBISIOTCS B Havajle MEpHOoJa, TO Takas pEeHTa
Ha3bIBAETCS MPEeHyMepPaH/Io.

O0o0mamue XapakKTepuCTUKN TOTOKOB IJIaTexel

Jlig aHanu3a MOTOKOB IUIaTekeld HEOOXOIUMO YMETh PAacCUUTHIBATh WX OCHOBHbBIE
o0o0marone XapakTepucTUKU. Takux XapakTepUCTUK JIBE: HapalleHHas CyMMa U COBPEMEHHas
BEJTMYMHA PEHTHI.

HapameHnHoi cymMMOii MOTOKA TIAaTEXEN HAa3bIBAIOT CYMMY BCEX MOCIEIOBATENbHBIX TIJIATEXKEH €
HAYKMCIEHHBIMU Ha HUX MPOLEHTAMH K KOHILY CPOKa PEHTBHI.

CoBpeMeHHOII  BeJMYHMHOM TIOTOKAa IUIATEXKEW  Ha3blBAlOT CYMMY  BCEX  IUIATEXEH,
JUCKOHTHUPOBAHHBIX Ha HEKOTOPHIH MOMEHT BpPEMEHH, COBIAJAIOIIMNA C HayajioM IOTOKa
TJIATEeXKEW WK YIIPEKIAIOIIUHN €ro.

Hapamennyto cymmy ompeaensior, HanmpuMmep, 4YToObl 3HaTh OOIIYI0 CYMMY 3a/I0JDKEHHOCTH
Ha KakoW-TuOO MOMEHT BpPEMEHH, UTOTOBBIH OObEM MHBECTHUIIMNA, HAKOIJICHHBIH HAa MOMEHT
OIICHKH JICHEKHBIN pe3epB U T. 1.

COBpeMCHHaﬂ BEJIMYMHA SBIAETCS BaKHEHIINM IIOKa3aTejIeM IIpu OLCHKE (I)HHaHCOBOﬁ
3(1)(1)6KTI/IBHOCTI/I KOMMCPUCCKUX CACIIOK, pCaJIbHbIX U q)HHaHCOBBIX WHBECTULIMHI U T. 1.

PaCCMOTpI/IM 3aauy ONPCACIICHUA HAPAICHHBIX CYMM IUJIS PA3JIMYHBIX BUJIOB PCHT
MMOCTHYMEPAHIO.

5.3. HapaueHHasi cyMMa MOTOKA IJIaTeKel

5.3.1 Hapamennasi cyMMa roaoBoii peHTbI
IIpu BBIBOZE (hOpMYH A HApAIIEHHBIX CYMM PEHT Ba)KHO MPABUIIBHO YCTAHOBUTH MOMEHT
MOCTYIJICHUS OYEPEAHOTO IJIaTeXa U ONPeAEIUTh CPOK (B rojiax), B T€UEHHUE KOTOPOro Ha 3TOT
IaTex OyAyT HauMcIATbea MpoueHThl. [locnme aToro, 4roObl ONMpenenuTh pa3Mep Imjarexa ¢
HAUMCJIIEHHBIMH Ha HEro MpOLEHTaMHU 3a 3TOT CPOK, JOCTAaTOYHO NPUMEHHUTH (opMyry
HAUUCIICHHUs CIOXHBIX MpoIlleHTOB. Hanbomnee nmpocTo gaHHas 3ajavya peraercs A roJ0BOM
PEHTHI C HAYMCIIEHHEM MPOIIEHTOB OJMH pa3 B roJl. Takas peHTa Ha3bIBaeTCsi OOBIYHOIA.
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Ilycts
S — HapaieHHas CyMMa peHTHI;
R — pasmep ornensHoro muarexa;
| — cTaBKa NPOILIEHTOB B BUJE JAECATUYHOMN ApoOH;
N —CpOK peHTHI B rogax.

1 2. i on—1n

| — R

— R{1+1i)

+R(l+i]"_2
> R(1+i)""

Puc 5.2

Ha puc. 5.2 u3oOpaxkeHa naumarpaMma, WUIIOCTpHUpYOIIas mpoiuecc (OpMUPOBAHUS
MIOTOKA IUIATEeXeH ¢ HAYMCICHHBIMM Ha HMX NpoleHTamMu. Ha ropusoHTanbHON OCH yKa3aHbI
MOMEHTBI TOCTYIUICHHs IUIATEXEH, MOKa3aTelu CTENEHM B COOTBETCTBYIOIIMX (opMylIax —
NepUOJIbl BPEMEHH, B TEUCHHE KOTOPBIX HA JIaHHbIE TUIATEXKH HAUUCIISIOTCS IPOLIEHTHI.

JUiist onpeeNenns HapauleHHOW CyMMBI S HEO0X0AMMO TPOCYMMHUPOBATH MOIYYHBILIHNCS PST
riaTexei. 3aMeTHM, 4To 3TOT psi 0Opa3yeT TeOMETPUUECKYIO POTPECCHIO C MEPBHIM YIEHOM

R u 3namenarenem, pasaeiM 1+1 .

®opmyna st cyMMbl 1 4JI€HOB T€OMETPUUYECKOM MPOrpeccur UMEET BUJL

n
Sh=a(q" -D/(q-1), (5.22)
rae dp — IepBBIM YICH IpOrpeccuu, (| — 3HaMeHaTellb IPOrPECCUH.

HCHOJ’ILSYH Ty q)OpMy.]'Iy, MMOJIY4MM COOTHOUICHUEC IUISA BBITUCICHUSA HapameHHoﬁ CYMMBI
roJa0BoOM PCHTLI:

-\ N -\ N
S=R(1+I_) _1:R(1+|_) _1.
Q+n-1 [
Beanunna
_(1+i)n -1

n,i (5.23a)

|
Ha3bIBACTCA KOI(P(PHUMEHTOM HapalleHUs r0I0BO PEHTHI.

C ucCmnoip30BaHUEM BBCACHHOTO 0003HaUCHUS BBIPAKCHUC I HapameHHoﬁ CYMMBI roJI0BO
PCHTBI MOKHO 3allMCaThb TaK:

S = RSn,i .

Ecnu nnarexu MOCTYIAKOT B Ha4YaJI€ rIepruoa, To KOB(p(pI/IL[I/ICHT HapallCHUA pCHTHI PaBCH
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~ L@+ -1 :
Sn,i =(1+I)-L=(1+|)-sn,i. (5.236)
B citydae nmpocThIX MpOLEHTOB HapalieHHas K03()(UIIMEHT HapallleH!s TOJ0BOM PEeHTHI paBeH
.n-(n-1)
Sn,i = n+|T . (5.24“)

JIJist peHTBI IPEHYMEpaH/I0 C IPOCTON MPOIICHTHON CTaBKO# s ko3 dummenrta
HapaIEHUSI MOXKHO MOJIYYUTh

s(n, i) =[n+iw}. (5.246)

5.3.2.HapamieHHasi cyMMa ro/I0BOii peHTbI ¢ HAYKCJIEHHEM MPOLIEHTOB M pa3 B roj

[TycTh mmaTexu MOCTYMAIOT OJUH pa3 B TOJ B KOHIIE T0Ja (TO €CTh HHTEPBAJ PEHTHI PaBeH
OTHOMY TOJIy), a HauyHCIeHHE MPOIEeHTOB mpoucxomuT Mpa3 B rox. Ilpomecc dopmupoBanus
miaTexeil BMeECTe ¢ HAYUCICHHBIMM Ha HHUX MPOINEHTaAMH H300pa)keH Ha JuarpaMme
(puc.2.2).

R

0 1 2., n-1 n
; =
—> R(1+ j/m)”

o R(1+j/m)™2)

- R(l+j/m)’"("'l)

Puc 5.3

[lpy HaYMCIEHHUHM TIPOLECHTOB 31€Ch HCHONB3yeTcs (OpMyJa HAYUCICHHS CIOKHBIX
npouenTos no crapke /M.
Ha ocnoBe dhopmymnsl (5.22) ais koddduireHTa HapameHus moayqInM

L+ )™ _q
S jim = ”} . (5.25a)
1+ -1
m
JInst peHTHI IpeHyMepaH10 KOX(PPUIIMEHT HapalleHus] paBeH
J\mn
< J\m @+ E) -1 Jym
Sn,j/m =(1+—) j :(1+H) 'Sn,j/m- (5.250)
a+-H)"-1
m
5.3.3. Hapamennasi cyMma P — CpO4HOM PeHTBI

HYCTL IUIATCKU MMOCTYIAOT p pa3 B roJ paBHBIMU CyMMAMHU, NPOLCHTBI HAYUCIIAKOTCA OOAUH pa3 B

roJ B KOHIIE rojJa (m = 1).
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Ecin R - romosas cymma, To orenbbiii miatex pasen R/ P . Iockombky B rox moctymaer P
TIaTexel, TO MHTepBaN MekAy IUiaTexamu OyaeT pasen 1/ P ner. IlepBblii mnaTex IOCTYNHT B
moment Bpemenn 1/ P. Tlpomecc (opmupoBanus mnaTexeil ¢ HpoleHTaMH H300paxeH Ha
auarpamme (puc.2.3).

Ucnonb3ys popmyny (5.22) mist HapaleHHOW CyMMBI TIOJTyYHM
s R -1 o )
p @+i)P-1 |
(p)

rac S — K09 HIIUCHT HapalCHUuA -CPOYHOI PEHTHI C HAUHCICHUEM II OIICHTOB OJJMH pa3 B I'oA,
n,

paBHBIN

o
Sr(ﬂ?)= d+i) -1 (5.26a)

p-[(1+ i)/ P —1] |

Hnsa P — cpounoii peHTHI IPEHYMEPAHI0 HMEEM

~(p) . 1+i)" -1 _
S0 _ @iytp _) - = (@+i)P.slR), (5.266)
p-[(1+|) P —1]
5.34. Hapamennasi cymma P — CpOYHOM PEeHTHI IIPH HAYUCJICHUH IPOLIEHTOB M Pa3 B Iojy

[TapameTpsl Takod peHTHI: [ Iuiateskedl B rox U M pa3 B roJ HAYUCIECHHUE IPOLEHTOB 110
HOMMHAJIBHOM CTaBKe | . PeHTa ¢ TakuMu yCIIOBUAMH Ha3bIBAETCA 00MIEH.

[MpuaTMN momy4YeHus: GOPMYITBI IS HAPAIEHHOH CyMMBI aHANOTHYEH BBINICIPHBEACHHBIM CIYYasiM.
B pesynbpTaTe momyunm asis kodpduimenTa HapameHus

. @+ ym _q
P _ m
siP — (5.27a)
p| @+3)P -1
m
Torma hopmyna Ui HapaeHHON CyMMBI IIPUMET BT
)
S = Rsn' i/m-

Jiast P — cpo4yHO peHTHI MPEHYMEPaH/I0 ¢ HAuUCICHUEM IIPoLeHTOB M pa3 B rox
K03 puImeHT HapamieHus paBeH

mo(1dym_g m

~(p) ivp m ivp
Sn,j/m :(1+E) P :(1+E)p 'Sr(1,pj)/m' (5.276)

pl @+ )P -1
m

5.4. CoBpemMeHHAasi BeJIMYMHA MOTOKA IJIaTeXel

5.4.1. CoBpeMeHHAasi BeJIMYMHA FO/I0BOI PEHTHI
CoBpeMeHHass BEJIMYMHA PEHTHI SBIISETCS BaKHEWIIEH XapaKTepUCTHUKOM MOTOKa
IUIaTeXel, KOTopas OIpeleNsieT CTOMMOCTh OyIyIIero JIeHEXHOro IOTOKAa Ha HACTOSIIHMA
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MOMEHT BPEMEHH. JTa XapaKTePHCTUKA CIYKUT OCHOBOHM JIi MHOTHX METOIOB (PMHAHCOBOTO
ananu3a. Ilo ompeneneHuro, COBpeMEHHasl BEIMYMHA - 3TO CyMMa BCEX JUCKOHTHPOBAHHBIX
YICHOB IOTOKA IJIATEKEW HA HA4aJIbHBIM WIN IPEALIECTBYIOLIUN €My MOMEHT BpeMeHu. MHorna
BMECTO TEpPMHHA COBPEMEHHAas BeJIMYUHA HCIOJIB3YIOT TEPMHMHBI NPHUBEACHHAS WU
KAIUTAJIM3UPOBAHHAsA CyMMa Iuiarexed. Ilpu ompeneneHun COBPEMEHHON BEIMYMHBI ITOTOKA
IJjaTexeldl BaKHO MPaBUIBHO YCTAaHOBUTH IEpUOJ BPEMEHM OT Hayaja MOTOKa (MOMEHTa
BPEMEHH, Ha KOTOPHIH MPOU3BOAMUTCS OLIEHKA) /10 MOMEHTA NOCTYIUIEHUs IulaTexa (B rojaax).
[Tocne 3TOTO MOXHO TPHUMEHATH (popMynsl AUCKOHTHpoBaHUS. OO003HaYMM V — MHOXKHTEIb

JTUCKOHTUPOBaHUS, V = 1— ,TIe | — rogoBas cTaBKa.
+i
0 1 2 i n—1 n
i
I
Ry €
Rv:
Ry <
Rv" «

Puc 5.4
Jnarpamma Ha puc.5.4 WUTIOCTPUPYET mporecc GOpMUPOBAHUS MOTOKA JUCKOHTHPOBAHHBIX
IJIaTEeKe Ha Hadallo cpoka peHThl. [lokazarenu creneHed — nepuoabl BpEMEHH B TojJax OT
Hayajla peHTHl 10 MOMEHTA MOCTYIJICHUS IIaTexKa.
UToOBl MOMYYHUTHh COBPEMEHHYIO BEJIMYHHY  IOTOKa, HPOCYMMHUPYEM BCE WIEHBI
nonyuuBierocs psga. Hcmome3ys dopmyny (5.22) mns CyMMBI psa TE€OMETPUUYCCKOM
IPOrPECCHH, MONYIHM, YTO COBPEMEHHAS BEIMYMHA PEHTHI (0603HaYnM ee cumBonioM A) paBHa

Rv(v" -1 1-v" _1-(@+i)™"
a- RV D) _plovi_pl-d+D) (5.28)
v-1 [ |
Bennuuna
1-(L+i)™"
a i=—"7T—" (5.29a)
' |
Ha3bIBaeTCs KOG GUUMEHTOM NPUBEIEHUS T0I0BOM PEHTHI.
C yueTom 3TOro BBIpAKEHHUE U1 COBPEMEHHOM BETUYMHBI PUMET BUJI
A=Ray;.
Ecnu nnatexxu noctymnaroTt B Havase nepuoja, To Kodh UIMeHT NpUBeIeHUS PEHThI paBeH
1-@+i)™ .
an,i :(1+|)¥=(1+|)-an]i. (5.296)

B cJIydyac€ IpOCThIX MPOUCHTOB I PEHTBI MOCTHYMEPAHAO MbI NOJIKHBI IIPOCYMMUPOBATH
IIOTOK

n
R_+ R _+...+L_=R-ZL_
1+ 1+2-i 1+n-i ik
nimn
A:R-an,i,

rac
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-1
ani= 5.30
i kZ::l1+i-k 309

— k03¢ purmeHTOM npUBeIeHUs TOJOBOIM PEHTHI IO CTaBKE MPOCTHIX MPOLIEHTOB.
Jlnist peHTHI peHyMepaH10 K03()OUITMEHT PUBEICHUS PAaBEH
n-1 1
ani= Z .
M ALtk
5.4.2. CoBpeMeHHasi BeJIMYMHA I'0I0BOii PEHTHI ¢ HAYMCJIEHHEM MPOLIEHTOB M pa3 B o
B nmnonyuennyrwo ¢opMyny A COBPEMEHHOM BEJIMYMHBI TOJOBOM PEHTHl BMECTO

(5.306)

MHOKHUTEN  auckonTuposanus (1+ i)_l nojcrapum  MHOkuTeL (1+ i)—m . [omryunm
m

. . —mn
_gl-@+j/m)

A e
@+j/m™ -1
O06o3HaYUM
1—(L+ j/m)y~™
Ay, j/m = — : (5.31a)
@+j/m™-1
TOrJa
A == Ran, J /m-
Bripaxenue korddunirerTa npuBeIeHUsI pEHTHI IPEHYMEPAHI0 UMEET BUJ]
H —mn
ani/m =t jmym =G gy 2y i/m- (5.316)

L+ j/m)™ -1

5.4.3. CoBpeMeHHast Be&JIMUMHA P — CPOUHOI peHThI (M =1)
WnTepBan MexIy TIaTeXaMu y Takoit pentsl paen 1/ P, pasmep matexa R/ P . Tlopamox

(dbopMUpoBaHUs AUCKOHTUPOBAHHBIX IJIATEXKEH MOKa3aH Ha puc. 5.5.
HmeeMm reoMeTpHUecKyro MPOrpeccHio ¢ KOJMYECTBOM WIEHOB, paBHBIM NP, mepBbIi uieH

R
POTPECCHU PaBeH SALVELY , 3HAMEHATEJb MPOrPECCUH — VP, Wcnonb3yst popmyay (5.22) ans

Y
CYMMBI YJICHOB reOMeTpI/IIIeCKOﬁ mporpeccuu, nNoJIydnm

i 10
A RvP(vP -1) R (v"-1) A 1-@+i)™"
p I Pa--1 p[(1+i)1’p—1]
vP -1 V1/ p



Q0 1/p2p 1 2 e, n—1 llp n
T i
R,7 J
¥4
2
—R-Vp <
R P
(np-1)/1
y
p <4
R .ZP
?VP <
Puc 5.5
Beanunna

a(p): 1—(l+i)_n
o p[(1+i)1’p—1]

Ha3bIBaeTcsl KOA(Q(GUIMEHTOM NPUBEACHUS [) — CPOYHON PEHTHI.

(5.32a)

Torna gopmyia uist pacdeTa COBPEMEHHOM BEMUUHBI [) — CPOYHON PEHTHI OyIeT HMETh BUI
_palp)
A= Ran,i .

Jnsi peHThl NpeHyMEepaHI0 MpOoIEecC AUCKOHTUPOBAHUS IUIATEKEH IOKa3aH Ha puc. 2.7.
Koaddurmment npusenenus onpenensiercs GopMyioun:

(P . oap 1=+
ni =(1
ant =+ p[@+i)'? -1]

— (1+i)P-a® (5.326)

5.4.4. CoBpeMeHHas1 BeJIMYMHA [) — CPOYHOM PEHTHI PY HAYMCJIEHUH IPOLIEHTOB M pa3 B roj

B nanHOM ciyyae Kod(pQUUUEHT IUCKOHTUpOBaHUS V =———. Jlamee mnepsblii
1+ j/m
. R mi p 9 .
JUCKOHTHPOBAHHBIA IUIATEXK paBeH —V , BTOpOM JIUCKOHTMPOBAHHBIM IIJATEX pPaBeH
np-1
. (np-1
2m/p . o . p
—V , TPENNoCIeNHUN IUCKOHTHMPOBAHHBIM IUIATEX paBeH —V Y, HaKOHEIl,

P P

¥ . mn
HNOCICAHHUHN IIJIATCK pPaBCH —V . HaHOMHI/IM, YTO IOKa3aTejib CTCICHU Y MHOXHUTCIIA

JTUCKOHTHUPOBAHUSI — STO HWHTEpPBall BpeMEHH (M3MEpsSeMbIi B Tojax) OT Hayajia PEHTHl 0
MOMEHTA MOCTYIUIEHHU TIaTexa ¢ yueroM M — pa3oBOro B IoJl HAYUCIIEHUS MPOLeHTOB. Mmeem
F€OMETPUYECKYIO IPOTPECCUIO C KOJIMYECTBOM 4lIeHOB NP, nNepBBIM YIEHOM
R

m/
—ymp

m/ .
Y 3HaMEHaTeseM mporpeccuun V P CyMMa 4JIeHOB 3TOM IPOrpecCUM paBHA

A_va’p(vm” ~1) R 1-(+j/m)™™
p v™P_1  p @+j/m™P-1
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3nech

a(p) _ 1-(1+ j/m)_m”

— (5.332)
mn. 3 /m p @+ j/m™'P 1]

— kK03 (HUIMEHT TPpUBEACHUS 00IIEi pEHTHI.
Torna okoHuaTensHO hopMysa Uit COBPEMEHHOM BETMUNHBI JAHHOW PEHTHI IPUMET BH/T

A=Ra(P)

n,j/m:
Ecnu nnatexu noctynaroT B Hayasle nepuoja (peHra NpeHyMepaHo), To Ko3pPUireHTt
MIPUBEACHUS BBIYMCISAETCS IO (hopMyJie

(p) 1-(L+ j/m)y~"™"

amn. i/m = 1+ j/m)™P =1+ j/m)™P.alp) (5.336)
e p[ e j/m)™P 1]

mn,j/m:-

CooTHoOLIEHHE MKy HAPALIEHHOH M COBPEMEHHOM BeJIMYHNHAMM PEHTHI
ITyctb A — coBpeMeHHass BeJMYMHA TOAOBOI PEHTHI HAa HA4Yal0 CPOKA € HAYUCIECHHEM
TPOLIEHTOB OJIMH Pa3 B I0Jl, S — HapallleHHas CyMMa 3TOH peHThl. Toraa MOXKHO TOKa3aTh, YTO

A(L+1)" =S, 1o ectb Hauncnenne npouenToB Ha cymmy A 3a N TEPHOOB JAST HAPAIICHHYIO

CyMMY pPEHTHI. [[eiiCTBUTENBHO

1-@A+D)™" . 1+i)" -1

=@+ . ) (1+I)n=R—( )
| |

ZRSni:S.

AL+i)" =R

KpOMe 9TOro, OYCBUAHO, UMEEM CIIE P COOTHOIIICHUH:

1 :
SV"=A,rme V= T o @+)"=spi, S0V =an;.

5.5 loxoaHoCcTH GUHAHCOBOM onepauuu
duHaHCOBOI Ha3LIBACTCS OIIcpanms, HadaJlo U KOHCIL KOTOpOfI HUMCIOT ACHCIKHYIO OLICHKY —
P(O) n S(T) COOTBCTCTBCHHO, a ICJIb IIPOBCACHUS KOTOpOfI 3aKJII0YacTCd B MaKCHUMMH3allnn
pasnoctu S(T)—P(0) umu apyroro nomo6uoro nokasarens. Bakueiiiiell xapakTepucTHKOMH
OoIIcpanuu sABJIACTCA €€ NOXOOHOCTD.

B onpenenenuu nop P(O) MMOHMMAIOT PeajbHO BJIOKEHHbIE Cpe/icTBa B MOMEHT t = 0, moj
S(T) — PC€aJIbHO BBIPYUCHHBIC JCHCKHBIC CPCACTBA B PE3YJIbTATC OIICpaluu, CPOK KOTOpOfI T
CANHUL BPCMCHHU. aq)q)eKT OT BJIOKCHUA C€CTCCTBCHHO U3MEPATH B BUJC HpOHeHTHOﬁ CTaBKH
Hapall€HUs, KOTOPYIO B 9TOM CJIYy4a€ HA3bIBAOT TOXOAHOCTBIO.

5.5.1. PazinyHble BUIbI I0X0HOCTH OTIePAIMii
Ilon neHeXxHOM OLIEHKOW Hayana oOmepalud OOBIYHO TOHMMAIOT pa3Mep BIIOKEHHBIX
MHBECTUILIMH, 3aTPaThl WIM MPOCTO HATMYHBIA KaruTal, Mo ICHEKHOM OLIEHKOM KOHIIA Orepaliy —

HapaIleHHbIH KaluTal, HOJyYeHHbIH T0X0I U T.II.
Abconomnas doxoonocms 0 (10XomHOCTH 3a Bech CPOK) ONepalld ONpeeNsercs M3

ypapuenus ~ P(0)(1+d)=S(T) wm d=(S(T)-P(0)/P(0)=S(T)/P(0)-1.
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Benuuuna S(T)/P(0) nasvieaemcs kosgpdpuyuenmom wma mmosicumenem napawenus. Sleno,
49TO S(T)/ P(O) =1+d.
OnpeJieeHHyI0 BBIILIE T0XOAHOCTh OyJeM Has3blBaTh €IIE M HOMUHALbHOU WA PACYemHol,
4TOOB! OTIUYUTH OT JAPYTHX BUJIOB JOXOAHOCTH.
Cpeonsasn 0oxoonocms I (HUHAHCOBOW ONEpalUU (IOXOJHOCTh 332 CAMHUIY BPEMEHH) —

3TO CTaBKa MPOCTHIX WM CIOKHBIX MPOLIEHTOB, C TOMOIIBIO KOTOPOH H3MEPSIOT () (HEKTHBHOCTH
(UHAHCOBOH OTIEepanyy.

CoriacHO onpe/eNeHuIo, T0X0AHOCTh (PMHAHCOBOM ONEpaluy 3a €IMHUIy BPEMEHU - 3TO
MOJIOKUTETIBHOE YUCIOo I, yI0BIETBOPSIOLIEE PABEHCTBY:

P(O)Q1+r-T)=S(T) (6.1)
WIn

PO)(L+1)" =S(T). (6.2)
U3 (6.1) u (6.2) naitnem cesasb Mesxay 0 u r:1+r-T =1+d (ans npocroit craBku) u
1+ r)T =1+d (u1a cnoxuoit cTaBky).

Ecmu Bpemst usmepsiercs B rogax, To I' - cpemHero1oBasi J0X0JHOCTh OTIEpaIliu.

Takum o00pa3om, (UHAHCOBOW OIEpalid CTaBUTCS B COOTBETCTBHE OJKBHUBAJICHTHAS
orepanusi HapaleHus: CyMMbI P(O) Mo craBke I B TEUECHHE BPEMEHH T . Takoit momxon

MO3BOJIACT CPABHUTE IMOJYYCHHOC 3HAYCHUEC JOXOJHOCTHU C NJOXOJHOCTAMMU 110 aJIbTCPHATUBHBIM
BJIOKCHUAM CPEACTB.

5.5.2. Yuer HAJ/I0T0B U MH(J AT
Hamorn w wHnsuus 3aMeTHO BIUSAIOT Ha 3(PQGEKTUBHOCTh (PUHAHCOBOM OTEpAIlUH.
Paccmorpum yuet HanoroB. Hasor Haumcsiercs, Kak paBuIiio, Ha MPOIICHTHI, MMOJTy4aeMble TIPU

pa3MeleHHH IeHEKHON CyMMbl B poct. Ipeamnonoxkum, Ha cymmy Py B Teuenne Bpemenn N
HAUYUCIUINCh MPOLEHTHl No cTaBke |, § - craBka Hajora Ha npoueHTtsl. Toraa Benn4uHa
MIPOLIEHTOB

I(n)=5,-F,
a CyMMa HaJiora Gn = g . I (n) . HapameHHaﬂ CyMMa I10CJIC BbIIUIAThI HAJIOT'a COCTABJIACT
S(n)=S,-G,.
Tak xak S(n) < Sn , TO Y4CT HAJIOTOB (I)aKTI/I‘ICCKI/I COKpalmacT CTaBKy HapallCHUs. I/ITaK,
S(N)=Sp =G =5,-9-1(n) =S, -9-(Sp —Ry) =S, (1-9) + gR
Ecmn | - IIpocTad MpoOUCHTHAA CTaBKa, TO Sn = PO (1+ | . n) . Torz[a
S(N)=Ry(A+i-(1—9g)n).
BI/I,Z[I/IM, qTo (baKTI/I‘-ICCKI/I HapallCHUC MMPONU3BOAUTCS 11O CTABKE |(1— g) < | .

Ecmu | — cnoskHas npouenTHas craska, 1o S, = Py(1+ )" Torma
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S(n) =Ry (@+1)"@-9)+9)

Ilpumep 6.1. Ilpu BrI1aye KpeauTa HA 2 TOJIa MOJI TOJIOBYIO CJIIOKHYIO IPOLICHTHYIO CTABKY
0,08 kpeauTop ynepxuBaeT komuccuoHubie B pazmepe 0,5% ot cymmsbl kpeauta. CTaBka Hajiora
Ha niporieHTHl 10%. KakoBa 10X0qHOCTH onepaluu st Kpeauropa?

Eciu Py - cymma kpeaura, a Sy, - cymma noramaemoro gonra, o Sy = Py(1+1)",
rae 1 = 0,08, N =2. Cymma komuccuonnsix CPy, rme € = 0,005. Torga cymma, pakruueckn

Beitannas B joir, coctasut P(0) = Py(1—C) . IMocne BoiuiaTs! Hanora y Kpemropa oCTaHeTcs

S(n)=R ((1+ N"1-g)+ g), rae § = 0,1 - craBka Hanora. YpaBHEHHE JT0XOHOCTH UMEET

sug S(N) = P(0)(1+r)". Paspewas s1o ypasrenne otHocuTeNbHO I, TIOTyaHM
1

1 -
r:(ﬂj”_lz A+D"A-9)+9|" ;0 g7406.
P(0) 1-c

3amernm, 4yto 6e3 ydera Haznora (J = 0) noxogHocTs onepannu cocrapuiaa 6sr 0,08271.
>

Nudasimus — oOeclieHeHne JICHET, MPOSBIISAIONICECsS B pOCTE IIEH Ha TOBAPBI U YCIYTH, YTO
BJICUET 3a COO0M CHHKEHHUE TTOKYIMAaTeIbHON CIIOCOOHOCTH JICHET.

Nndnsmuio xapakTepu3yroT ABa KOJIMYECTBEHHBIX IOKAa3aTeNlsl — MHAEKC LIEH U TeMII
un@usuun. Tpeanonoxum, Beibpana euHuIa Bpemenn. Paccmorpum otpesok Bpemenn [0,1],
amrHa koToporo 1 exunwmIr Bpemenn ot HavanbHOro Momenrta { = 0.

WUnnexc uen 3a pems [0,1]- uucno
K(t
J(t) = K(t) |
K(0)
TIOKA3BIBAIONIEE BO CKOJILKO Pa3 BBIPOCIIA CTOMMOCTB TIOTPEOUTENBCKOI KOP3MHBI 32 IEPHOT
spemenu [0,1].

Temn undasimun 3a pems [0,t] - uucio

H(t):w,

MOKa3bIBAOIICE Ha CKOJIBKO IMPOLCHTOB BBIPOCTIA CTOUMOCTD HOTpCGHTGJ’IBCKOﬁ KOp3UHBI 3a
K®

nepuon Bpemenn [0,t]. Tax kax H(t) = —1, 10 cooTHOWEHUS MeEKTY TEMIOM

HH(bHHHHH 1 MHACKCOM IICH UMCIOT BHU !

H{t)=J()-1 (6.3)

J(t)=1+H() (6.4)
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st moGoro nepuona spemenn [0, t].

n
ITycts [O,t] = U [tk—litk]a e [0,4], ..., [th_1,th] - oTpesku Bpemenn B cpoke
k=1
[0,t] (tp =0, t, =t), mmmbt kotopeix 7, (th —11),..., (ty —th_1) enmmuu Bpemeny;

10,1, ..., i(th_1,ty) u h(0,t)),....,h(t,_1,t) — umnexce uen u Temmbl uEGIALMY 32

nepuogst  J(0,t1),..., J(th_1,t,) cooTBercTBenHO.

Hycts Ji u Ny - ungexc nen u Temn uu@usiuuy 3a 1 eMHAIYY BpEMEHH HA BPEMEHHOM

otpeske [ty_q,tc]. Torna
jk =1+hk, k=1,2,...,n,
a unnekc 1en 3a [ _q1,t ] pasen
i(test) = i), k=12,..,n,
B cootBeTcTBHH C ONpCACIICHUEM NHACKCA ICH IMMOJTYyYUM

I(t)=jo- Sl

Torna
J(M)=(+hy)t - ()& @by ) 670 (6.5)
1+HE) =1+h)b - A+hy) &Y @b ) B6),
(6.6)
Ecimm h1=h2 :---:hn =h, 1o
Jt)=@1+h) (6.7)
1+ H(t)=@+h)t.
(6.8)

3nech N - Temn undnsauum 3a 1 exununy Bpemenu Ha Bpemennom otpeske [0,t], J(t) u
H(t) - unnexc uen u temn undmsimu 3a nepuon spemenu [0,t].

Hpe,[[HOJ'IO)KI/IM, 3a N eguHUI BPEMCHH TIIOJIYY€CHA HapallCeHHad CyMMa BKJIaJa Sn.

WNHnekc 1ieH 3a mepuon [O, n] BBIPOC /IO 3HauYeHHs J (n) Torga peanbHas cymMma BKIaja
BCIIE/ICTBUE CHUKEHHUSI TIOKYMATEIbHOM CIIOCOOHOCTH JIEHET COCTABUT

Sn
J(n)

HWupexc ueH \] (n) pacCUnUTBIBACTCA I10 OJIHOM M3 MPUBCACHHBIX BbILIC (bOpMy.]'I B 3aBUCUMOCTHU

S(n) =

or ucxomubix gamneix. Tak kak J(N)>1, to S(N)<S,, urto o3mauaer Qaxruueckoe
CHIDKEHHME CTABKU HAPAIEHHSL.

Ilpumep 6.2. OxuaeMplii roI0BOM TeMIl HHQIIALMY TEePBbIX ABYX JIET BKJIaJa COCTABIISIET
3%, a cienyromux Tpex - 4%. Kakyro MMHMMalbHYIO T'OJIOBYIO CTaBKY CIJIOKHBIX ITPOLIEHTOB
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JOJDKEH TPEJIOKUTh OaHK KIIMEHTY, 4TOObl peajbHas roJoBas JOXOJHOCTh BKJIaja Oblaa HE
MeHnble 8% ?

3necs t =0 - MomenT pasmernenus BKiaga, | TO1 - €IMHUIA U3MEPEHHS BPEMEHH, CPOK
Bkaaga N =5 ner. hy = 0,03 u hy = 0,04 — cpeneronoBsie TeMIbl MHQISUME HA BPEMEHHBIX

otpeskax [0,2], [2,5]. Anst moxomHOCTH 1O BKIaAy I JOJDKHO OBITH BBIMOJHEHO YCJIOBHE:
r>0.08. Ilycts | - rogoBas ciokHast NPOIIEHTHAS CTaBKa, 0] KOTOPYIO pasMelieHa CymMMa

Py. Torpma napamennas cymma Bkinaga wepes N ser S, =Py (L+1)". C yuerom undusmun

S

peanbHas CyMMa BKJIaga COCTAaBHT S(n):ﬁ, Ie MHAEKC IIeH cornmacHo (6.8) paseH
n
J(t)=(l+|h)2-(l+h2)3. Vpasrenne noxommoctn mmeer sum  S(N)=P(0)(1+r)".

Paspemas 370 ypaBHEHHE OTHOCUTENBHO I M yduTBIBas TpeOyeMoe YCIOBUE JUIsl JOXOJHOCTH,
MOJTYYHM:

1+i
r= 2 3 -1>0,08.
(L+h)°@Q+hy)>

Otcrona 12>0,11887. 3Hauut, MHHMMAadbHAs TPOLEHTHAs CTaBKa pa3MEIeHHs BKIaja
cocrtasisieT 0,11887 nmpotus 0,08 Oe3 yuera unduauuu. P

5.5.3. I1oTok miaTeskeii ¥ ero 10X0IHOCTEL
ITycth {Rk ,tk} — NMOTOK IUTaTeXei, B HeM 1, — MOMEHTHI BpemeHH, Rk — IUTIATEXU.

ByzieM roBOpHTE, 4TO PacCMAaTPUBAEMBI IOTOK HMEET COBPEMEHHYIO Belnununy A mpu

YPOBHE JIOXOJHOCTH | , €CIH z R /(1+ j)tk = A. Eci IOTOK €CTh TOI0Basi PEHTA C

k
roJ0BLIM MIaTexoM R u nmurensHOCTHIO N, TO peHTa UMEEeT COBPEMEHHYIO BelHuuny A
NpH ypoBHE JoxoaHocTd |, ecmn R-ay, j= A. ®uxcupyem A, torma npu yBenuuenunn R

JIOXOJHOCTh PEHTHI yBEIMUMBAeTCs. MOJKHO CKa3aTh M MO-IPYroMy: JUIs YBeIH4eHHs JOXOAHOCTH
PEHTHI HAJI0 YBEJINYHUTH TOJI0BO MIATEX.

Bce 3TH coobOpakeHns 0COOEHHO XOPOIIO BHHBI HA MPUMEPE BEYHOH PEHTHI, MOCKOIBKY
mns wee A=R/ |, umm, no-apyromy: noxomHocts Beunoit pentsl ecth j = R/ A. Bakuo
OTMETHTH, 4TO ONpEJeNeHHas TAKUM 00pa3oM J0XOJHOCTh MOTOKA IJIATeKel He 3aBUCHUT OT
CTaBKH IIPOIIEHTA, a 3aBHCHT TOJBKO OT BEJIMYMHBI U MOMEHTOB CaMHX ILIaTexeil, B cuiy
4ero ee Ha3bIBAIOT YACHO 6HYMPEHHEL 00XOOHOCTbIO NOMOKA NAAMENCell.

BoJjee TOUHO BHYTPEHHSs I0X0IHOCTh OTOKA IJIaTexkKel eCTh TaKkas ero JOXOJHOCTh B
TOJBKO YTO OMPEJIETIEHHOM CMBICIE, TIPU KOTOPOi COBPEMEHHAs BEMYHHA 3TOTO TIOTOKA PAaBHA
HyJII0 (TaKas XapaKTepPUCTUKA UMEETCsl He y BCAKOTO MOToKa muarexeii). Paencreo A=0
BO3MOKHO TOJILKO TOT/Ia, KOT/Ia B TIOTOKE IIaTeKei MMEIOTCS OTPULATENbHbIE BETHUUHBL.

IIpumep 6.3. Bexcens yuten no craske | =10% 3a 160 mHeii 10 ero omiarsl (BpeMeHHast
rofoBasi 06a3a paBHa 360 musMm). [Ipy BBIIONHEHWM OMepalMy ydeTa C BIajeNblila BEKCems
yaepkaHbl KOMUCCHOHHbIE B pasmepe 0,5% ot HomuHana Bekcens. Hailtu 1oxoaHOCTh
OTIepALIUH.

Pewenue. Ilpu pacuere JOXOJHOCTH BEKCEIs €r0 HOMHHAJI YacTO HE UIPAET POJIM.
AOGCOIIOTHAS IOXOJHOCTD OTIepaIiu 0e3 yuera KOMUCCHOHHBIX:
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S N

S [ —
P N(@—i-m)

rne S,P — xoneunas u HauanpHas crommocts Bekcens; N — HOMHHAI Bekcels;

m =160/360. IMoxcraBum ucxonusie nanusie, noaydum: d =0.046, T.e. d = 4.6%.
C y4eToM KOMHCCHOHHBIX a0CONIIOTHAS JOXOJHOCTh PABHA:

S N
d = — — 1 = "

P N(1—i-m-0.005)
D¢ hexTHBHOCTH orepanuy (OTHOCUTEIbHAS JOXOIHOCTH), T.€. JOXOJHOCTh B IPOICHTAX TOOBHIX,

(1,046)36910 _ 1 = 0,106, T.¢. 10,6% —, 63 yuera KOMHUCCHOHHBIX,
(1,052)%60160 _1 = 0,1208, T.e. 12,08% — ¢ y4eTOM KOMUCCHOHHEIX. P>

-1 =52%

5.5.4. MraoBeHHast 10X0OJHOCTb

Mycts B Moment t kamuran pasen K(t), a uepes ne6onbimoe Bpemst At kamuran pasen
K(t+ At), Torna cpemmss noxommocts 0 na orpeske [t,t+ At] B npouentax ronosbix (B
JI0JISIX) paBHA

K(t+At)/K(t) = @+d)™,

At
npu Manom At semmumma (1+d)™ ¢ TouHOCTBIO 0 GECKOHEUHO MaMBIX 2-TO MOPSIKA PaBHA

1+d-At. Yerpemnsas At k myimro, momydaem
d= |im0[K(t +At) —K(OJ/[K(@)-At]=K'(t)/ K(t) =[InK(1)]'.
At—

Wtak, MrHOBEHHasi JOXOJHOCTh €CTh IMPOM3BOAHAS MO BPEMEHHU HATypajbHOTO Jorapudma
KaluTalla Ui, Kak TOBOPAT, JIorapupMuuecKkasi Tponu3BOIHASL.
B yacTHOCTH, MpW MOCTOSIHHOW MIHOBEHHOM JOXOAHOCTH O KamuTaja pacTeT BO BPEMEHH II0

skcnonente: K (t) = K(0)- edt,

Ilpumep 6.4. Kanutanm pacTeT BO BpPEMEHH C IOCTOSIHHOW CKopocThio V, T.e.
K(t) = Ko (1+ vt) . Haiitu MrHOBEHHYIO TOXOIHOCTh B IPOM3BOJIBHBIA MOMEHT BPEMEHH.

Pemenne. OO0o03HAaYMM  HMCKOMYK  MTHOBEHHYIO  JTOXOJHOCTh d(t) , Torma
d(t) = K'(t)/ K(t) = Kgv/ Ko (L+Vt) = v/(L+Vt) . »
Wtak, 10XOJHOCTH CO BPEMEHEM YMEHBILACTCS. JTO U MOHATHO — MpPUpAIICHUE KaluTaua 3a
€/IMHHUILY BpeMeHH ocTosHHO U paBHOo KV, a cam kanuran pacrer.

5.6. KpeauTHble pacyersl

3aeM, KpeauT, ccyaa — ApeBHelne GuHaHcoBbie onepanuu. [To-nateian «creditums»
03HAYaeT «cCyla»; B CIOBE «KPEAUT» YAAPEHHUE Ha BTOPOM CIIOTE («KPEAUT» C yAapeHHEM Ha
MIEPBOM CIIOT€ — 3TO MpaBas 4acTh OYXTanTepCKUX MPOBOJIOK).

Bce 1pu cinoBa — «3aemM», «KpEeAHT», «CCyla» — O3HAYalOT OJHO U TO XK€ - -
MpEIOCTaBICHUE JICHET MM TOBAapOB B JIOJT Ha YCJIOBUAX BO3BPATHOCTH M, KaK MpPaBUIO, C
yIUIaTOM MpOUEHTOB. TOT, KTO BBIJAET JEHBI'M WIM TOBAaphl B KPEAUT, HA3bIBAETCS KPEAUTOD,
KTO Oeper -- 3aeMIIuK (Wi IeOMTOp). YCIOBUS BBIIAYM U TOTAIIEHUS KPEIUTOB (3aliMOB,
CCyll) BechbMa pa3HOOOpa3Hbl. 3/eCh PACCMOTPEHBI JIMIIbL CaMble MPOCThie U Hauboiee
pacipoCTpaHEeHHBIE CTIOCOOBI OTAIICHHS 3aiiMOB.
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5.6.1. IlokazareJib MOJIHO¥ 10X0THOCTH (PMHAHCOBO-KPEIUTHOI onepanuu

Jloxoabl OT PMHAHCOBO-KPEIUTHBIX ONEPAUil U Pa3IMYHBIX KOMMEPUECKHUX CIIETOK MOTYT UMETh
pasHyio Gopmy, a UMEHHO, 3TO MOTYT OBITb:

- NIPOLEHTHI OT BBIIAHHBIX CCY],

- KOMHCCHOHHBIE,

- JIOXOJBI OT O0JIMTraLyii U APYruX LUEHHbIX OyMar u T. 1.

Kak mpaBuio, B OJHOW M TOH K€ OIepalyy INPEelyCMAaTPUBACTCS HECKOJIbKO HMCTOYHHUKOB
J0X0Za: cCyla HNPUHOCUT KPEIUTOPY IMPOLEHTHl M KOMMCCHOHHbIE, BIajeiel] oOJUrauud Kpome
NPOLEHTOB M0 OOJMMTralMK IMOJYy4aeT pPasHUILY MEXIY BBIKYNHON LEHOW o0JUranuu U LEeHOW eé
NpHOOpETEHUS.

B cBs3u ¢ aTuM Bo3HHKaeT mpobieMa u3MepeHus 3QpPekTUBHOCTH (JOXOAHOCTH) OMEpAIUU C
y4€TOM BCEX HCTOYHUKOB JH0xoha. OO0OmEHHAs XapakTepUCTUKA JOXOJHOCTU HOJKHA OBITH
YHUBEPCAIbHON U IPUMEHUMOM K JII00BIM BUIaM (PMHAHCOBBIX ONEpaLuil.

Crenenb prHaHCOBOM 3 PEKTUBHOCTU MOAOOHBIX onepanuii 00bIYHO U3MEPAETCS B BUE T0OJ0BON
CTaBKH CIIOXKHBIX MPOLEHTOB. J[aHHYIO CTaBKy KakK Moka3arenb 3p(QeKTUBHOCTHU (IOJHOM HOXOAHOCTH,
T.€. JIOXOJHOCTH C YYE€TOM BCEX MPEJYCMOTPEHHBIX B ONEpalid HCTOYHUKOB J0XO0/A) MONYYaloT,
Ucxols M3 00Llero MpUHIUIA, & UMEHHO: BCE JUCKOHTUPOBAHHBIE MO MCKOMOW CTaBKE J0XOJbI
(KanuTanM3WpoBaHHAS  BENMYMHA  JOXOJOB), MIpPEIyCMOTPEHHblE B  JAaHHOW  OMNEpaluH,
NPUPABHUBAIOTCA K TMPHUBEIEHHBIM 110 TOW K€ CTaBKe M Ha TOT K€ MOMEHT BpeMeHH pacxojam. U3
MOJIy4YEHHOTO YPaBHEHHS OMpPEAEA0T HCKOMYIO CTaBKY.

OTa cTaBKa HOCUT pa3iWyHble HAWMEHOBAHUS: B CCYJHBIX ONEpalUiX MPUMEHSIIOT TEPMHH
3¢dexTHBHAA NPOLEHTHAsI CTaBKa, B aHAJU3e JOXOJHOCTU OOJMIaluil - JOXOAHOCTb HA MOMEHT
norameHus (TouHee, 00eMIAHHAS 10X0JHOCTh HA MOMEHT MOTaIeHHUs ), B aHAIIN3€ TPOU3BOACTBEHHBIX
MHBECTHUIIMN aHAJOTUYHBIA MOKAa3aTedh HA3bIBACTCS BHYTPEHHEH HOPMOIi T10X0THOCTH (BHYTPEHHS
HOpMa MPOICHTA).

OcHOBO# s pacdeTa TOJHOW MOXOMHOCTH (PUHAHCOBOW OTEpPAIMH SABJSIETCS COOTHOIICHUE,
KOTOpOE Ha3bIBaeTCs 0aJaHCcOM (MHAHCOBO-KPEIUTHOM ONepauu.

5.6.2. basianc GpUHAHCOBO-KPeIUTHOM orepamun

HeoOxomumbiM  ycrmoBueM 1000  (QUHAHCOBO-KPEIMTHOW  OHEpalmuu  SBISETCS
cOaTaHCHPOBAHHOCTh BIOXKEHUH W OTAaYd. PaccMoTpuM moHsTHE OajnaHca (GUHAHCOBO-KPEIUTHON
OTIEpaIHH.

Ilycrs Boiman kpemut B pasmepe K ma. cpok T, craka mo kpeanty paua 1. Ilyctb Ha
MPOTSHKEHUHU 3TOTO CPOKA B CUET MOTAIICHUS 3aJ0JDKEHHOCTH MPOM3BOJSTCS JIBA MIATEXA, Pa3Mephl
kotopeix Ry u Ry, a B konue cpoka Biaunsaercs oxonyarensuas cymma Rg. Bech cpok pasout
Ha Tpu nepuoga amutensHocThio tp,15,13. 3a mepuox Bpemenu 1 s3agmomkeHHOCTH BO3pacTeT 10
BeuunHbl D, (MOCKONBKY HAa CyMMy KPEJHMTA HA4MCISIOTCS MPOUEHTHI). [10 MCTEYeHHH 3TOTO
BPEMEHH B CUET IOTANICHMS KPEIMTa BHILIAYMBAETCS CyMMa Ry # pasMep 3a/0IKEHHOCTH
cranosutcs pasubiM K. Jlanee, 3a Bpems t, cymma K; Bospacrer mo semmuunsr D,. Tlo
MCTEYEHNH TIPOMEXYTKa BpeMmeHu [, BHOcuTCs ouepemHas cymma R, , pasmep 3a10/KeHHOCTH
yMeHbIIaeTcs U craHoBuTcs paHbiM cymme K. Hakowern, 3a Bpems t3 pasmep samomkennoctH
BO3PACTAET 10 BeNMYMHbl D3 1110 0KOHYAHMK DTOr0 NPOMEKYTKA BDEMEHH, B MOMEHT BpeMeHH T,
BhimaunBaercs cymma Rg. Jlns c6anancuposanHoil onepanuu pasmep mnatexa Rz nomken Obith

TaKuM, 4TOOBI 33/10JKEHHOCTh Oblna morameHna. Ha puc. 7. 1 omucaHHBIN mporecc u300paxkeH B
BHJE rpaduka, KOTOPHI Ha3bIBAIOT KOHTYPOM (PMHAHCOBO-KPeAUTHON Onepauu.
CbanancupoBaHHas omepanys 10KHA UMETh 3aMKHYTBIH KOHTYP.
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0 5 ty ) T
Puc 7.1

MaTtemaTHaecKu nponecc norameHud 3aJ0JKEHHOCTH MOKHO OIIMCAaTh YPABHCHUAMM:

Ky =Koq" R,
Ko = Kig® =Ry,
Koq" —Ry =0,

rae = (1+1) — MHOXuUTeNb HAPAIIEHUS MO CIIOKHOM CTaBKe.

[locnennee  ypaBHeHMe  Has3bplBaeTcs  OalaHCOBBIM M OIKCBHIBAa€T  YCIIOBUE
cOaaHCUPOBAHHOCTH OTIEpaIUH.
Omnpenenum K> yepe3 Ko v TOACTaBUM pe3ysbTaT B OaraHcoBoe ypaBHeHHE. [lomydanm

Ky = (Ko —R)g" =Ry,

[( Koqtl - Rl)qt2 - Rz]CIta —R3 =0,
Kod' —(Rig"™ +Ryq" +Rg) =0

T=2%.

s IIOCIECAHETO YpaBHCHHA BHUJHO, YTO (bHHaHCOBO'erI[I/ITHaH orepanusa MOXET OBITE
YCJIOBHO pa3JCjiCHa Ha JIBa BCTPCYHLIX ITPOLECCA:
1) HapalmcCHue HCpBOH&‘I&J’IBHOﬁ 3aJI0JDKCHHOCTH 3a BEChb IICPHUOA BPEMCHU,;
2) HapalmCHUC Mmoramarmmnux IUIaTEeXKEH 3a CPOK OT MOMCHTA IINIaTCXKa A0 KOHIIA OIICpaluu.
9T0 YpPaBHCHUEC MOKHO Hp606p330BaTb, YMHOJKHB €TO Ha JUCKOHTHBIA MHOXKHUTEIb

T
1+1

KO - (R]_th + sztﬁ_t2 + R3VT) = 0 .
Taxkum 06pa30M, CyMMa COBPCMCHHBIX BCIIMYHH IMOrallaromnux IIaTexeil Ha MOMEHT BBIJauH
KpeauTa Impu MMOJIHOM C6aHaHCI/IpOBaHHOCTI/I paBHa CyMMC KpCAHuTA.
I[JIH O6I_I_ICFO cliydyas N moramraromux IaTexei OaaHCOBOE YPaBHCHHUC IOJTyIaCTCA
AHAJIOTHMYHO U UMCCT BH]

B pe3ynpTare nomyunm
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n
T.
Kho _ZRJq ) :0,
-1

n
rie T = Z t; —Bpems or Momenta mnatexa Rj no xonna cpoka (T, =0).
r=j+1
Ha ocHOBe 0alaHCOBBIX YpaBHEHHH MOYKHO H3MEPHUTH JOXOMHOCTH (DMHAHCOBO-KPEIUTHOM
omeparuu. JJisl 3TOTO HYXHO COCTAaBUTh OAJaHCOBOE ypAaBHEHHE, B KOTOPOM HapalleHHe WA
JIMCKOHTHPOBAHUE MPOM3BOJUTCSA TI0 HEW3BECTHOM CTaBKE, XapakTEpU3YIOIIEH IOJHYIO
AOXOOHOCTDb, a 3aTEM PCHINTDH IMOJIYYUBIICECA YPABHCHUC OTHOCUTCIILHO HCKOMOH CTaBKH.

5.6.3. OmnpenesieHne NMOJTHON JOX0HOCTH CCYAHBIX ONEPAIMIA ¢ y/IepKaHHeM KOMHCCHOHHBIX
[Tokazarenem JOXOTHOCTU CCYHOU onepanuu 6e3 yuéTa KOMUCCHOHHBIX SIBJISIETCS T'OJI0Bast
CTaBKa CJOKHBIX IPOLIEHTOB, IKBUBAJIEHTHAs MPOLIEHTHOW CTaBKE, UCIOJIb3yEMON B TaHHOM
ornepanuu. 3a OTKPBITHE KPEAUTA U IPYrUe YCIAYTU KPEIUTOP YacTO B3UMAET KOMHUCCUOHHbBIE
U 3TO 3aMETHO TMOBBIIIAET JOXOJHOCTh ONEpALUHU Ul HEro, TaK KaKk CyMMa, (haKTUUYECKH
BbIJIaHHAs!, COKpAaIaeTcsl.

Iycts ccyna B cymme D Beimanma Ha cpox N. Ilpu eé Bbljaue yuepKHBAIOTCA KO-
muccuonnsie B pasmepe G . To ects, paktuuecku Bhinannas ccyia pasna (D —G). Cuenka

MpeyCMAaTPUBAET HAYUCICHUE MTPOCTHIX MPOIIEHTOB MO CTaBKe I . CraBKy MOJHOW TOXOJHOCTH
o6o3naunMm |l . Ilpu ompeneneHny NOXOMHOCTH JaHHOW OIEPAllMMd B BHJE T'OJIOBOM CTaBKH
CIIOKHBIX TPOLIEHTOB MBI MCXOJWM M3 TOTO, YTO HApAIICHUE BEIWYUHBI (D—G) [0 ATOH

CTaBKe JIOJDKHO JaTh TOT K€ pe3ylbTaT, 4To M HapallleHHe BenuuumHbl D 1o craBke mpocThix
IIPOLIEHTOB | .
banancoBoe ypaBHEHUE IJis1 3TOU ONEepallii UMEET BUJL

(D-G)(L+i,)" = D(L+n-i). 7.1)

A

D(l+ni) —

D-G . :I G

(D-6G)(1+45)

Puc 7.2

Uem Ooubllie pazMep KOMHCCUOHHBIX, TeM OoJblie d(p¢eKTUBHAs CTaBKa (CTaBKa MOJTHOM
noxonHocTH). Puc. 7.2 rpadmdecku WILTIOCTPUPYET JaHHOE YpaBHEHHE.

Hycte G=D-(, rne g npouent komuccnonnsix. Torna, peuras ypasuenue (7.1)

OTHOCHUTCIIBHO |e oJIydum

) 1+n-i L/n
o =| —— -1.
1-9
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Ecnu cfienka npelycMaTpuBaeT HadMCIeHHe CII0KHBIX MPOLIEHTOB M0 CTABKE | , TO BMECTO
c AN \N
ypauenust (7.1) umeem (D —G)(1+i,)" =D(1+i) . B srom ciryuae mist craku
IIOJTHOW TOXOJHOCTH ie MIOJIY4UM

(L+i)
)1/n

(1-9
OddexruBHas craBka |, HENOCPEACTBEHHO HE (QUIypUpYeT B YCJIOBHMAX OIEpalMH, OHa
TIOJTHOCTBIO OTIPEIEIISIETCSI CTABKOM MPOIIEHTA 110 KPEAUTY U BEJIMYMHON KOMHCCHOHHBIX.

e

Ccyabl ¢ mepuoAUY€eCKOil BbINJIATON NMPOUEHTOB

ECJ'II/I KOMHCCHOHHBIC HE BBIIUIAYMUBAKOTCA, TO HOXOIHOCTHb TaKOI‘/’I OHCpaIII/II/I paBHa CTaBKE
CJIO>KHBIX TIPOIICHTOB, SKBUBAJICHTHOMU JTFO0O0M TPUMEHSIEMOM B JJAHHOU CJICITKE CTaBKE.

ITpeanonoKuM, 9T0 HpeayCMOTPEHbI KoMuccHoHHbIe. ITycth ccyma D moramaercs gepes N
JIET, a TIPOLIEHTHI TI0 CTAaBKe | BBHIIAYMBAIOTCA PETY/IAPHO OJMH Pa3 B KOHIE Toja. Toraa pasmep
BHIIIAYMBAEMBIX HpoleHTOB paBeH D -i. C yd4éToM KOMMCCHOHHBIX CyMMa CCyIbl paBHA
D(1-g) . 3anuuiem Ganancosoe ypaBHeHwUe:

D(1-g)—(D-i-a,; +Dvg)=0,
_1—(1+ie)_n

e Vg =——; @y — K03 GUIMEHT MPUBEICHUS TOJI0OBON PEHTHI.
ie I
IT0 ypaBHEHHE SKBUBAJICHTHO CIICTYIOIIEMY:
- n -
f(ie)=ve +i-a,; —(1-9)=0.

Hmeem HenmHEHHOE ypaBHEHHE, KOTOPOE HEOOXOAUMO PEIIUTH OTHOCHTEIBHO NEPEMEHHOM g

— CTaBKU MOJHOU JJoXomHOCTU. TouHOe pelieHne JaHHOTO YpaBHEHUs B BUJIE pacyeTHON (HhOpMyJIbI
s lg TOIYYUTH HEBO3MOKHO. VICKOMYIO CTaBKY MOXKHO OINPEJEIIUTh NPUOIMKEHHO, UCTIOJIb3Ys

KaKoM-1100 YHCIIEHHBIIA METOI.
Ecnu npoueHTsl 0 KpeuTy BBIILUIAYMBAIOTCA [ pa3 B rofl, TO ypaBHEHHE VISl ONpPENEICHHs

JIOXOJTHOCTH OTIepaItuy OyIeT UMETh BH/T

f (i) =ve +i-a? - (1-g) =0,

(p) 1—(l+ie)_n
Ani = 1/
o oplA+ie) P 1]

— K03((PULMEHT npuBeneHust [) — CPOUHON PEHTHI.

Ccyabl ¢ NepuOANYECKHMH PacxoaamMu

HYCTL o CCyAC NMEPUOINYCCKH BBIIUIAYMBAKOTCA IMPOLECHTHI U IMOTraliacTcsa OCHOBHOH J0JIT,
npu4aeM CyMmma pacxoIoB MHOCTOSAHHA. Hpe;[r[onaraeM, YTO INUIATCXKU IMPOU3BOIATCA OAWH pa3 B
KOHIIC roaa. HYCTL R - €KCrogHasa cymma 110 06CJ'Iy>KI/IBaHI/II-O JoJra.

Ecmu moar paBCH D , TO U3 YCJIOBUA C62U'IaHCI/IpOBaHHOCTI/I ornepanuu noJydnum

D= Ran,i ,

rze | — cioxHas craBKa MpoleHTa 1o kpeauty. Otcrona



R=—.
an,i
Ecnu xoMucCHOHHBIE HE BBITIAYMBAIOTCS, TO A(P(HEKTUBHOCTD TaKOM OMEPAIH B BUJE CIOKHOM
rOIOBOM CTaBKM IIPOLIEHTOB COBMAJAeT €O CTaBKOM mno kpeauty 1. EciM KOMHCCHOHHBIE

BBIIUIAYMBAIOTCS, TO 3AEMIIMK HAa caMoM jiefie nonydaer cymmy, pasuyto D(1—Q). Torma
OalaHCOBOE YpaBHEHUE Oy/IET UMETh BH/T
D(1-g)-Ra,; =0,
WITH
f ('e) = a-n,ie —an; (1_ g) =0.

Hckomyro craBky lg MOKHO ONPEEIMTE, HCTIONIb3Ys YUCIICHHBIE METO/IBL.

Ecnm moracurenbHble IUIATEKU OCYHIECTBIIIOTCA [ pa3 B roj, TO B JaHHOM ypaBHEHUH
KOO()(GUIIMEHT TNPUBENCHHS TOMOBOM DEHTBI &y j, HEOOXOAMMO 3aMEHMTh Ha KOX(POHIMEHT

NPUBEIEHUS ) -CPOYHOM PEHTBI ar(]ﬁ) .

[loramenue ccyasl HeperyiasspHbIM IMOTOKOM INJaTeXeH
Jlo cux mop Mbl NOpEeAroyiaragv, 4YTro 33J0JDKEHHOCTh IOTallaeTcsl pPaBHBIMM IUIATEKAMM.
PaccmoTpuM citydaid, korza 3a40/KEHHOCTh MTOTalIaeTCsl IyTeM BBIILIATHI HEPETYISIPHOTO TIOTOKA

wiarexeit: Ry, Ry,...,Ry.
BaraHcoBoe ypaBHEHHE B 9TOM CIlydae 3aIliChIBACTCS TaK:

f(ip)=D(-g)~ 3 Ryvi =0,
-1

1

rae Vo = ——— - MHOXUTEJIb TMCKOHTUPOBAHHUS 110 CTaBKE MOJTHOM I0XOTHOCTU OTIEPAIIUH.
1+1g
Benuunna IIOCJICAHCTO B3HOCA Rn B JAHHOM CJIy4ac€ 3aBHCUT OT pasMCpPOB IIPEAbIAYIINX IJIaTeXKEH

1 JIOJDKHA OTIPEIEIISITHCS U3 YCIOBUS cOaTaHCUPOBaHHOCTH (PMHAHCOBOM oreparuy (MocieaHui
TUIATeX JIOJDKEH MOralaTh 33/10JKEHHOCTh), TO €CTh

n-1
T.
R, = Dgq" —Zqu i
j=1

roe | j — CPOK OT BBIILIAThI ] -ro mnarexa 10 KoHLA caenku, ( = 1+1 — MHOXUTENL HApalIEHHs

C UCIIOJIb30BAHHUEM CTABKU I10 KPECAUTY l.

5.6.4. MeToabl cpaBHEHHUsI 1 AaHATM32 KOMMEPYeCKHX KOHTPAKTOB

AHanwus KOHTpPAaKTOB Ha OCHOBE€ MCTOHA
KanmuTalu3alluu TJaTexXel
Ma1 paccMOTpUM KJIaCCUYECKHI noaxonm, OCHOBaHHBIM Ha CpaBHCHUHU COBPEMCHHBIX
BCIIMYHUH BCECX HJ'IaTe)KefI, npeayCMaTpuBacMbIX KOHTPAKTAMU. [Inatexu IMPUBOIATCA K
OHOMY MOMCHTY BPEMCHHU, KaK IIPABHUJIO, K HAYAIly CpPOKa JIENCTBUS COTJIAIICHMUS. BapI/IaHT C
HalMEHbIIIeH COBpCMCHHOfI BEJIMYMHON C (I)I/IHaHCOBOI‘/’I TOYKH  3PCHHUA CUHNTACTCA
NpCANOUYTUTCIIBHBIM JJIA MMOKYIIATCIIA, TP TPUCMIICMOCTHU BCEX TPOUUX YCHOBHﬁ.
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[Ipu pacuere COBpeMEHHBIX BEIMYMH JJIsl CPABHEHUS] KOHTPAKTOB LIEHTPAJIbHBIM MOMEHTOB
SIBJIICTCS BBIOOP YPOBHS CTaBKH MPOIICHTOB, 110 KOTOPOH MPOU3BOIUTCS TUCKOHTHUPOBAHHE. DTy
CTaBKYy Ha3bIBAIOT CTABKOW cpaBHeHusi. YeM BhINIE 3Ta CTaBKa, TeM OoJiee OTHAJICHHBIC
IJIATeXKU OKA3bIBAIOT MEHBIIIEE BIMSHUE HA COBPEMCHHYIO BEIMYHMHY 3arpar. Takum oOpasom,
JUIsl. UTHBECTOPOB YBEJIMYEHUE CTaBKU CPABHEHHUS JIENAaeT MPEANOUYTHUTEIIbHBIMA KOHTPAKTHI C
0ojee UIUTENHHBIMU CpPOKaMHU IOTANICHUS 3aJ0JDKEHHOCTEH. PaccunmTaHHBIC IO MPUHSATOM
CTaBKE CPaBHEHUS MOKA3ATEIU SBJISIIOTCS YCIIOBHBIMH, OJIHAKO YCTAHOBJIECHHBIN TakKUM 00pazoM
PEUTHHT KOHTPAKTOB OKA3bIBAETCS YCTOMYUBBIM.

Paccmotrpum cHauana 3amavy, T/I€ KOHKYPEHTHBIMM SIBJISIFOTCS YCJIOBHSL TIOTAIICHUS
3ag0ikeHHOCTU. [lycTh 11eHa ToBapa ocTaeTcsi MOCTOSIHHOM BO BCeX BapuaHTax. B oOmiem
Cllydae CTaBKU MO KPEIUTY MOTYT OBbITh pa3HbIMU. UeMm OoJibllle CPOK KpeauTa, TeM OOJIbIie
CTaBKa, MOCKOJbKY HEOOXOIMMO KOMIIEHCUPOBATH YMEHBIIIEHUE CTOUMOCTH 00JIee OTAaIEeHHBIX
maTexxed. Kaxaplii BapMaHT KOHTPAaKTa OrOBapHBAEcT CIEAYIOIIME OCHOBHBIE YCIOBUS
MOTAIICHUS 3a/I0JDKEHHOCTH:

1) aBaHCOBBIE TUTATEKU, UX Pa3Mep U MOMEHTHI BHITUIATHI,

2) TPOIOJIKUTEIBLHOCTD U YCIIOBHUS BBITUIATHI IPOIICHTOB B IBTOTHOM MEPHO/IC, €CIIA OH
MPeAyCMOTPEH (B IbITOTHOM NIEPHOJI€ OCHOBHOM JOJIT HE TIOTAIIAETCS, a BHITIJIAYMBAIOTCS
TOJBKO TIPOIIEHTHI IO OCHOBHOMY JIOJITY);

3) CpOK morarreHus 3a/10JUKEHHOCTH;

4) MeTo moraleHust 3a70JDKEHHOCTH.

3amaya COCTOUT B TOM, YTOOBI BBINMMCATh YPAaBHEHUS JJIA pacdyeTa COBPEMEHHBIX BEIWYWH
MMOTOKOB TIIATEXKEH, MpEeayCMaTPUBAEMBIX B KOHKYPUPYIOIIMX KOHTpakTaxX. I[lockoibky B
peanbHON TPAKTUKE MOXKET BCTPETUTHCS MHOXKECTBO PA3IMYHBIX BApUAHTOB KOHTPAKTOB, TO
HEBO3MOXKHO 3alucaTh OJHY €IMHCTBEHHYIO (opMyiy, MIPUTOAHYIO IJis Beex ciydaeB. [loaTomy
pPaccMOTPHUM HECKOJIBbKO HanboJiee XapakTepHbIX BapHAHTOB.

Ilpumep 7.1. CynoctpourtensHas ¢pupma mpejiaracT YIUIaTUTh 32 CTOMMOCTh 3aKaza 8 MIIH.
noJyiapoB. [Ipennaraercs qBa BapuaHTa OIJIATHI:

1) 5% npu 3aKiIIOYEHUH KOHTPaKTa, 5% MpH CIycKe Cy/HA Ha BOIY uepe3 6 MecsIeB U aiee B
TE4YEeHHE 5 JIeT paBHbIE PACXO bl 110 OOCIYKUBAHUIO JIOJTA, TO €CTh OCTATOK JI0JIra
[oramiaeTcsi B Te4eHue S JIeT paBHBIMU CYMMAaMH.

JIproTHBIN IEPUO/ B JAHHOM BapUaHTE HE MPETyCMOTPEH.

2) 5% mpwu 3akimodeHnn KoHTpakTa, 10% mpu crycke cyHa Ha BOAy 4epe3 6 MeCSIIeB,
MPEYCMOTPEH JIbIOTHBIN MEPHUOJI, KOTOPbI HAUMHAETCS MOCJIE BBIIJIATHI BTOPOTO
ABAHCOBOI'O IIATEXkA U PABEH LIECTU MecsAlaM. B IbrorHoM nepuoje BblIiaTa MpOLEHTOB,
Ha4YUCJICHHBIX 110 CJIOKHOW CTaBKe, IPEyCMAaTPUBAETCS B KOHIIE 3TOro nepuoja. [locne
OKOHYaHUA JIbFOTHOTO MEPHO/Ia MOTallleHNe 3aJ0JKEHHOCTH IPOUCXOAUT B TEUCHUE 8§ JIET
PaBHBIMU ILJIATEKaMHU.

IIporeHT 3a KpeauT B 060ux BapuanTtax 1 = 10%.

IIpumem craBky cpaBHeHus (¢ = 15%. Oro craBka, IO KOTOPOW IPOU3BOIMTCS

JAUCKOHTHUPOBAHUC BCCX HHaTe)Keﬁ, NpeaAYCMOTPCHHBIX KOHTPAKTOM.
3anmmeM YPaBHCHHUC IS COBpCMCHHOfI BEJIMYMHEI IUIATSKEH 110 IIEPBOMY KOHTPAKTY. B Hem

TIPETyCMOTPEHO JiBa aBaHCOBbIX iatexxa Qp u Qo , mpuuem BTOpO# MuaTex BHIILTAUMBAETCS B
MomeHT Bpemenn { = 0,5 roga ot Hauama geiicTBus KoHTpakta. CIeqOBaTelbHO, €ro
HEOO0XO0JAMMO TUCKOHTHUPOBATh, YMHOXKUB HAa MHOXHUTEJb Vt, rie V=1/(1+Q) - muoxurens
IUCKOHTHpoBaHMs 1o craBke (. Ilpomecc morameHus ocrarka 3aJ0JDKEHHOCTH
D;=P—(Q;+Qy) (3uecs P — cTommocts 3aka3a) HauMHAETCS ¢ MOMEHTA BBIILIATH BTOPOTO

aBaHCOBOTI'O IIJIATEXaA. y‘-II/ITLIBaH, YTO IVIATCXKU MOCTYNAOT OAWH pa3 B I'OJ[ B KOHIIC I0Aa, IIOTOK
MOTaIIAIONINX JOJIT IJIaTEXKEN MOXKHO paccMaTpuBaTh Kak MOCTOAHHYIO T'OAOBYIO OTJIOKCHHYHO

na U ner penry ¢ mapamerpamu Ry,Nj, coBpemenHas BenuumHa KOTOPOM OMpEnensercs c

HUCIIOJIb30BAHHUEM CTAaBKH, paBHOﬁ CTaBKC CPAaBHCHUA q . 3I[CCB nl — [nepuoa BpEMEHHU, B TCUCHUC
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KOTOPOTO MOTAIIAeTCss OCHOBHOM JOJT Ul mepBoro Bapuanta (N=5) Heobxoaumo ompenenuts

IIPUBE/ICHHYIO BEJIMYMHY ATOM PEHThl HAa HadYaJbHbII MOMEHT BpemMeHHU. CoBpeMeHHas

BCJIMUMHA PCHTHI HA MOMCHT BBIIIJIATBI BTOPOTO aBaHCOBOI'O IUIATCKAa paBHA Rlan q a Ha
1!

. t
HauanbHbli  MOMeHT Bpemenn Rya, (V. PasMep OTZeNbHOrO MOralaioNlero  IUlaTeka
1|
paccuutbiBaercs mo Qopmyne Ry =Dj/a, ;. O6parum BHuManwe, uto mpu pacuere Ry,
19

HCIIONIB3YeTCs CTABKA 110 KpeauTy | .
Takum 00pa3oM, MaTeMaTHYeCKM MpOLECC IOTalleHus 3aJ0KEHHOCTH (COBpeMeHHas
BEJIMYKMHA PACXOJIOB) /ISl TIEPBOTO BAPHAHTA OMMCHIBAETCS YPABHEHHEM

A =Q +QuV' +Rpa, v
PaccmoTpuM BTOpOM BapuaHT. B 3TOM BapmaHTe NPEAYyCMOTPEH JIBIOTHBIA IEPHOL.
CnenoBatenbHO, B YpaBHEHUM JUIi COBPEMEHHOM BEJIMUMHBI IUIATEXKEH HEOOXOAUMO Y4YecThb
IPOLIEHTHI, BBHILIAYMBAEMbIE B KOHIE 5Toro mnepuopa. Ilyete L — mpomomxurensrocTs
nerotaoro nepuoga, Dy, =P —(Q3 +Q4), sneck Q3,Q, — aBancoBbie wiarexu. Torna cymma

TPOLEHTOB B JbroTHOM meprone pasha Do [(1+ )" —1]. Yrobsr mpusectn sroT MNATEX K

t+L
HYJICBOMY MOMEHTY, €r0 HEOOXOJMMO YMHOXXWTh Ha MHOXKHTEIb TUCKOHTHPOBAaHUS V .

Iloramenne OCHOBHOTO JIOra HAUYMHACTCSA ITOCIE OKOHYAHHS JIGIOTHOIO nepuoaa. ITotox

MOTAMIAINIMX JIOIr [UIaTexed - omiokenHas Ha U+ L ser penra. CoBpemeHHas BenMumMHa

o o t+L
JHUCKOHTUPOBAHHBIX HAa HAYAJIbHBIM MOMEHT IOrallalolIuX MJIaTeXeW paBHa Rzan qV , e
2 1

R, =D,/ dp, j- YpaBHEHWE JUisl ONPENETCHUA COBPEMEHHOW BETMYMHBI TIATEKEH MO
BTOPOMY BapuaHTy HOpMHUpYeTCs, KaK B IEPBOM BapHaHTE M HMEET BU]
Ao =Q3+Quv' + Dy[(1+i)" —Iv'™- + Ryay v,
31eck Ny — nmepuoj BpeMeHH, B TeUeHHEe KOTOPOTO MOTaIlIaeTCsi OCHOBHOM JIONT ISl BTOPOTO
Bapuanta (N, =8).
[posens Beuncnenus, nonyaum: Ay =$ 6 710 000, A,=$ 6 382 000.

Takum 00pa3oM, COIVIACHO OINMCAHHOMY METOAY, BTOPOH BApHAHT OKA3alCs BBITOJIHEE,
nockonsky Ap < Al B

HOJ'Iy‘II/IBIJ_II/IeCH CYMMbI YCJIOBHBI MW HCIIOJIB3YRHOTCSA TOJIBKO [JI YCTAHOBJICHUS pCﬁTHHFa
KOHTPAKTOB. MosxHO IIOKa3arb, 4YTO €CJIM COBPEMCHHasA BCJIMYMHA IUIaTeKeu 110 OHOMY U3
CpaBHUBACMbIX KOHTPAKTOB 6OJ'II>I_HC, 4EeM 110 JApyromMy, To TakKO€ K€ COOTHOLICHUEC COXPAHACTCA U
UL APpYIrux 3HAYCHUM CTaBKU CpaBHCHU, B CJIy4dac, €CJIM OHU IIPCBLIIIAIOT HaI/I6OJ'ILIJ_IYIO U3 CTaBOK
CpaBHHUBACMbIX KOHTPAKTOB WJIM €CJIM CTABKU CPABHCHHA MCHBLIIC HauMEHBIIIEH U3 3TUX CTaBOK.

JIpyrumu crioBamu, eCiv Ui Kakux-nmubo JByx KoHTpaktoB Ay < Ay, mpuuem B mepsom
KOHTpPAKTe CTaBKa 10 Kpexuty b, a Bo Bropomly, | > lo Ipu HEKOTOPOH CcTaBKe cpaBHeHMsA (], TO
3TO e COOTHOIIEHHE MKy Ay u Ay coxpanuTcs st Beex Apyrux 3HaueHwi (|, Takux, 4To

q> il WM Jy1s BeeX 3HaueHu () < i2.

PaccMoTpuM eliie oiMH TUITMYHBINA BapUaHT KOHTpakTa. [1ycTe yCiioBHs KOHTpakTa CIEAYIOLIUE:
aBaHC B cymMme Q BBITTAYMBAETCs OJMH pa3 B HaYasIe CACIKH, TIPETyCMaTPUBAETCS Pa30Basi MOCTaBKa
TOBapa CITyCTs MMEpHoJ] BpeMeHH [ OoT MOMeHTa 3aKitOueH s KOHTPAKTa, MPELYCMOTPEH JIbIOTHBIH
MIEPUOJT IPOJAOJDKUTEIBLHOCTHIO L, KOTOPBI HAYMHAETCSI ¢ MOMEHTA MIOCTaBKU TOBApa, IMPOLICHTHI
B JIbFOTHOM IMEPUOJIE BBIILIAYUBAOTCS NMEPUOJUYECKU OJMH pa3 B KOHIE I'0JA, MOTallleHue JI0Jira
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OCYILIECTBIIAETCA PaBHBIMU BBIILIATAMM, IIPUYEM IIPOLIECC IOTAIICHUS HAYMHAETCI C MOMEHTa
OKOHYAHMS JILFOTHOTO MEPUO/Ia, 00mmii cpok konrpakra t + L + N ner.

YuuteiBasg BCE ITU YCIIOBUs, 3alMIIEM YPaBHEHHUE, OIPEICILIOIIECE COBPEMEHHYIO BEIWUYMHY
IJIATEXKEN 10 KOHTPAKTY:

A=Q+(P-Q)ayHL g )
an,i
B [aHHOM YpaBHEHMH CyMMa €KErOAHBIX MPOLEHTHHIX IIATEXKEH B JILIOTHOM IEPHOJE
pasua (P —Q)i. ITockonbky HpOLEHTH BBILIAYMBAIOTCS MEPHOJIMYECKM HAYMHAS C MOMEHTA
IIOCTABKM TOBapa, MOTOK STHMX IUIATEKeil MOYKHO paccMaTpuBaTh Kak OTJIOKEHHyI0 Ha t et
rogoBylo penry ¢ mapamerpamu (P —Q)i,L,(. Pasmep mnoramarommx mmatexeii papeH

(P —-Q)/a, ;. Hotok stnx ruiareskeii - omnoxkennas na t + L ser rogosas penra.

MeTon cpaBHEHHS Ha OCHOBE ONpPEJENICHHUS MpeAeIbHBIX 3HAUECHU U
napaMeTpoB KOHTPAKTOB

3ajaya CpaBHEHUS KOHTPAKTOB MOXKET OBbITh pellleHa IyTEM OIpeAeieHus] IMpeaeabHOTOo
(KpUTUYECKOT0) 3HAYEHHS IIEHbl WM MPOLIEHTHOM CTaBKU OJIHOTO M3 JBYX CPAaBHHUBAEMBbIX
KOHTPAKTOB.

[IpenenbHpIM 3HaUEHWEM MAapaMeTpa Ha3bIBACTCSA €r0 BEJIIMYHMHA, IIPU KOTOPOW CPaBHUBAEMBIN
KOHTPAKT OKa3bIBaeTcsi B (PMHAHCOBOM OTHOILIEHUU SKBHUBAJIECHTHBIM JPYroMY, KOTOPBIN BbIOpaH B
KayecTBe 0a30BOT0 MPU COXPAHEHUH JIPYTUX YCIIOBHIA.

Takol momxox K aHanM3y KOHTPAKTa IIOKYIAaTelb MOXET IPUMEHUTh IPU  ONPENCIICHUU
JOIYCTUMBIX 3HA4E€HUM LECHbI WIM TPOLEHTHOM CTaBKH, KOTJAa €CTh BO3MOXKHOCTb BECTH
IIEperoBOpbl 00 M3MEHEHUH YCIIOBHI OJTHOTO M3 CPAaBHUBAEMBIX KOHTpakTOB. [Ipenmnonoxum, 4ro B
KOHTpaKTax IpeaycMaTpUBaIOTCA pa3oBble pacdy€Thl 3a TOBAp B KOHLE CpOKa CIHEIKH 0e3

aBaHCOBBIX IUIaTeXel, [ycTh mapamerpsl MepBOro KoHTpakta: P — mnena, ki — mpouenTHas

craBka, Ny — cpok omiatbl. COOTBETCTBYIOIIME MAPAMETPhl BTOPOTO KOHTpakTa — P ,lp,N5.
Paccmotpum Be 3a1aun.

1. Haiftn nipenenbHOe 3HaueHue craBku lp (3Hauenust Po, Ny (uKcHpoBaHbl), IIPU KOTOPOM
BTOpOI BapHaHT Oy/IeT SKBUBAJICHTEH [IEPBOMY.

2. Onpenenuts tieny P> (1,N, (ukcnupoBanbl), py KOTOPOH BTOPOi BAPHAHT SKBUBATIEHTEH
TIEPBOMY,

3 YCII0BUA PABCHCTBA COBPEMCHHBIX BCIMYMH PACXOAOB IIO0 JIBYM BapUaHTAM KOHTPAKTa
MOKHO 3aIIiCarthb:

. \N .
1+ip )" 1+iy | °
Rl s =Pl
1+q 1+q
.x
Pemas NEPpBYIO 3a/iavy, U3 3TOTO YPABHCHUSA HAXOAUM ITPEACIIbHOC 3HAUCHNUC CTABKU | 2 :
1/n,
Lx B(1+i '
i, =(1+0q) = —= ~1.
P,\1+q

IIpaBuiio BBIGOPA C TOUKH 3pEHHS TIOKYIATENS: YCIOBHS BTOPOTO BapHaHTa OyIyT XyKe
- % . .x
YCJIOBUI IIEPBOTO, €CIIH CTaBKH |y > lo; OymyT paBHOUEHHEI, eciu Iy = Iy ; OymyT nydine, eciu

- .x
Iy <is.
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*
Perrrast BTOpyro 3a71aty, HAXOIMM HPEIEIbHOE 3HAYCHHE LeHbI P,

- nl
py—p— Gt
A+ (+ )"

*
IpaBui0 BbIGOPa; BTOPOE COTIIALICHHE SKBHBAJICHTHO mepBoMmy, ecau P = P, |, Berommee

*
quist okymarerst, ect Py < P,

.x *
OueBuaHo, ut0 |y U P, cymectBeHHO 3aBHCAT OT CPOKOB KPEJUTOBAHHS U IPHHSTON

CTaBKHU cpaBHeHUA (J .

.x *
Ecimu cpoku oguraxossl (M =Ny =N ), 10 1o u P, He 3aBucsr ot crasku (. Toraa

P 1/n 1+i
.x . * + |
b=(1+i)| = | -LP=R[—t

P, 1+1,
MBI paccmMOTpen Citydaii, KOra NOraleHne KpeauTa IPOrU3BOANUTCS Pa30BbIM ILIATEKOM B KOHIIE
cpoxa. HpelIHOJ'IO)KI/IM T enepb, qT0O er)II/IT moramnracTrcsa paBHBIMI/I HepI/IOHI/I'-IeCKI/IMI/I BbIIIJIaTaMHA.
Torna HpejleJ'II)HI)Ie HpOHeHTHBIe CTaBKH I10 erm/ITy onpenem{foTcs[ nu3 yCJ'IOBI/ISI paBeHCTBa
COBpeMeHHBIX BCJIMYUH ITIOTOKOB HJ'I&TG)KGﬁ, Hpe)IYCManI/IBaeMBIX KOHTpaKTaMI/II

a a
R n.g _ P, n,.q
ap i an_ j

1171 2172

[IpeoOpa3ys 3T0 ypaBHEHUE, TTOTYIHM
_1-Q+ip) ™ _PyAng,

-
i *

2112 |2 Fi a

a,

1"1

n
n.q

%
Crasky |, ompenenum, pemias JaHHOE ypaBHeHHE YucieHHO. [Ipenenbroe 3Ha9eHNe LeHbI
OIIPE/IeIISIETCS COOTHOIIIEHUEM

P, = pla”z’iz 8n,q

anl’il anz q

5.6.5. I[LltanupoBaHue nMoramieHust 10JIr0CPOYIHOM 3a/10/KEHHOCTH

Pacxo/1bl 10 06CIYKMBaHUIO J0JIra
OnpeieneHue EPUOAMIECKHX PACXOIOB, CBA3AHHBIX C 3aiiMOM, Ha3bIBAIOT
00CITyKUBaHMEM JI0JITa. PazoByio cyMMY 110 06CTYKMBAHHUIO JI0JIT'A HA3BIBAIOT CPOUHOI YILIATONA.
CpOYHBIE yILIAThI BKIIOYAIOT:

- TeKyIIHE MPOIEHTHBIE TLIATEKH;

- CpenCTBa, NpeHAa3HAuEHHbIE IS TIOTalIeH s (AaMOPTH3aI[MH) OCHOBHOTO JIOJTA.

Taxum o6paszom, cpounas ymnara pasa Y = R+ |, rie R - romossie pacxoss mo
TIOTAIEHMIO OCHOBHOM CyMMBI Joyira, | - mporeHTs 1o 3aiimy.

OOBIYHO TPOIEHTHI BBHIIUIAYNBAIOTCS Ha MPOTSHKEHWHM BCETO CPOKA 3aliMa IIEpHOJMYECKH.
MHOT1a OHM HAYMCIIAIOTCS M TIPUCOEIMHAIOTCS K OCHOBHOM cymMe nonra. OCHOBHAS CyMMa Yarle
BCETO TMOTaIiaeTCs YacTAMH, IPUYEM pasMepbl TUIaTekel Mo MorameHuio (CpodHas yriara) MOryT
OBITH OJIMHAKOBBI M MOTYT H3MEHSTHCS.
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B aprotaom nepuoac OCHOBHAA CyMMa J0Jira HE roramacTcs, NPOLUCHTBI MOT'YT BBITIJIAYUBATLCA
NEPUOANYCCKMMU  TUIATC)KaMM HWJIM B KOHIEC IICpHOJa OAHHWM IUIATCKOM, WA BOO6H.[€ HC
BBIIINIAYMUBATLCA, a IPUCOCANHATHCA K OCHOBHOM CyMMC J10JITa.

MeTtop! pacuéra CyniecTBEHHO 3aBUCST OT BU/a 3aiiMa. OCHOBHOM MPH3HAK KIaCCU(UKALIUH

3aiIMOB - METOJ ITOTallIEHUs 3aiiMa. Pa3mnyaroT ciieayronme BUbl 3aiiMOB:

1. 3aiimbl 6€3 00s3aTEIBHOTO MOTAICHUS («BEUHBIE OOIUTAINNY) - 3aEMIIUK 0053yeTCsI
BBIIUIAYMBATH KPEAUTOPY B ONPEACIEHHBIE CPOKHU JIOXO]] B BUIe (PMKCHPOBAHHOTO MPOIIEHTA,
3aHATasi CyMMa He BO3BpaIaeTcs. 3aéMIIUK OCTaBISET 32 COOOH MPaBO BHIKYIUTH HITH ITOTACUTh
BCE BBIIYILIEHHBIE JIOJTOBbIE 00S3aTENILCTBA B JII00OE BPEMSL.

2. 3aiiMbI ¢ 003aTeTHHBIM TIOTAIICHHEM B OJJMH CPOK. 3aéMIIMK BO3BPAIIACT 3aHATYIO CyMMY
B OTOBOPEHHBIM CPOK U BHIIUIAYMBAET MPOIIEHTHI IEPHOIUYECKU UM B KOHLIE CPOKA.

3. 3aiimMBbI ¢ 00s13aTETHHBIM MOTAIIIEHUEM B HECKOJIBKO CPOKOB. 3aéMIIMK BO3BPAIIACT 3aHATYIO
CYMMY I10 YacTsIM U PEryJsipHO BBIIJIAYMBAET JOXO/I OT 3aiiMa B BU/IE MPOLIEHTOB.

IMorameHue OCHOBHOTO J0JITA B PacCcpPoOuYKY PABHBIMH NJaaTeKaMHU

OH 13 CII0CO60B MOTANIEHHs OIra B PACCPOUKY - TIOTAIIeHHE PABHBIMU CyMMaMH.

Iycts 3aém D noramaercs B Tewenme N jer paBHbIMM IUIaTexamu. Torma cymma,
eXKerojHo Waymas Ha roramenue fonra, pasHa O, rme d =D/n. Tomumo noramenus
OCHOBHOTO JI0JITa JIOJDKHUK BBITLIAYMBAET TIPOIEHTH HA ocmamok fonra. bynem npemonarars,
qTo HpOHeHTBI BBITJIAYUBAKOTCS OAUH pa3 B KOHIIC TroJa IO CTaBKE g . TOFJIa HepBaH yH.HaTa

IPOLIEHTOB B KOHIIE MEpBOro roja pasHa DQ. B koHIe BTOPOro rojga cymMma MpoOLEHTOB
pasna (D —D/n)g. B xonue tpetsero roga — (D—2(D/N))g u tak nanee.

[TnaTexu mo cpoyHBIM yrutaTam (GopMUPYIOTCS CIAEAYIOMIUM 00pa3oM:
epsas ynnara: Y; = D(1/n+Q).
Bropas ymara: Yo = D/n+(D—-D/n)g.
Tperss ynnata: Y3 =D/n+(D—-2(D/n))g.
CpouHas yrjiaTa Ha IPOU3BOJIbHBINH MOMEHT BpeMeHH 1

Y =D;g+d,

rae D; - ocrarok monra va navano rona t (t=1,2,...,N), onpenensiemprii cnexyrommm

PEKYPPCHTHBIM COOTHOIICHUEM

IMoramieHue 10Jira B pacCcpodkKy paBHbBIMHU CPOYHBIMHU yILIATAMHU

Ha mnporsokeHMH Bcero cpoka NOTameHHsl pPEeryyspHO BBIIIJIAYUBACTCSA I10CTOSIHHAS
CpouHas yIulaTa, yacTb €€ MAET B MOTalIeHMEe JI0JIra, a 4acTh - B IOralleHHe MPOLIEHTOB 3a
3aéM. BenuunHa nonra yObIBaeT mocie Kaxaoid BbImIaThl. OJHAKO B CBS3M C YMEHBIICHHEM
BBIIUIAT II0 IPOLIEHTAM C TEUYEHUEM BPEMEHHU YBEIMUYMBAIOTCS CyMMBI, MIYIIHME HA IOTALIEHUE
OCHOBHOTO Jio/1ra. Takoii crmoco0 Ha3pIBalOT MPOTrPecCHBHBIM NoramenueM. CpoyHas yriara

Y = D;g +d; =const.

TleproIMUeCKU BHIMLIAYMBAEMBIE CyMMBI Y MOKHO PACCMATPHBATh KaK MOCTOSHHYHO
TO/IOBYIO PEHTY, YJIEH KOTOPOH oIpeaenseTcst o popMmye:

y=2

an'g
OnpeneJmM CTPYKTYpPY CpO‘IHOfI yiuiaTtbel, TO €CTb Ty €€ 4aCTb, KOTOpast HUAET Ha MOTralleHue
OCHOBHOT'O N0JIr'da, 1 4aCTb, KOTOpAad UACT Ha MOTallICHUEC ITPOLCHTOB.
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Pasmep nepeoro noracureibioro miarexa d; =Y — Dy Q.

Taxkax Dy =Ya, 4,10

dle(l—g-ang):YVn,meV:L
’ 1+g

Hanee

d2 :Y - ng IY _(Dl_dl)g (SILGCI)y‘ITeHO, qT0 D2 = Dl—dl)I/IJII/I
dy =dig+Y -Dyg= dig+Y(L-a,49) =Y "g+W" ="
:d1(1+ g)

Jlyist TIaTesxa B MOMEHT BpeMeru { nmeem
_ vy n—(t-1) _ t-1
d, =Yv Jwm dy =dy(1+ @)t
TaxkuMm 06pa3oM, MOXKHO BBITUCATH CIIETYIOIIYIO CUCTEMY COOTHOILIEHHH.
Pa3mep moracuTesbHOTO TUTaTeka B roay {:

dl :Y - Dlg :YVn = D]_Vn /an’g = D]_/Sn’g .
Ocratok monra Ha Havajo roma t+1:
D,y =Dy —dy =Dy (1+9)-Y .

CyMMa MoramieHHoro J0Jra Ha Hadano roga t+1:

-1

k
W, = Z di(1+9)" =dis; g

k=0

rie St g - Ko3(puIMeHT HapaleHus roOJ0BOH PEHTBI, CPOK KOTOPOH paBeH t ner.

Ecmm moracurenpHbIC TIATSKA U IMPOLUECHTHI BBIIIAYUBAKOTCA p pa3 B roj, ToO AaHHaA 3aaa4da
PEMAacTCAa aHaJIOTUYHO, TOJIBKO IIPUMCHAIOTCA COOTBETCTBYIOIIUEC (bOpMy.TIBI JJIA p —CPOYHBIX PCHT.

Bonpocel q1uisi camonpoBepKku

UTOo NOHUMAIOT MO/ MPOLIEHTAMH B (PMHAHCOBBIX OIEpaIMsIX?

Uto Takoe npoueHTHas craBka? YTo Ha3bpIBalOT HOPMUPOBAHHOM MPOLIEHTHON CTaBKOM?
Uto Takoe yueTHas craBka? J[aliTe SJKOHOMUYECKYIO HHTEPIIPETALIUIO.

Uto Takoe HapaiieHue?

3anuinute GopMyiny HapalieHus Mo MPOCTHIM MPOIEHTaM C MIOCTOSIHHOM CTaBKOM.
3anuimute GopMyiny HapalleHHs Mo MPOCTHIM MPOIEHTaM C IEPEMEHHOMN CTaBKOM.
3anuiute GopMyiTy HapalieHHs A7 CI0KHBIX MPOLIEHTOB C MOCTOSIHHOM CTaBKOM.
3anuinute GopMyiy HapalieHUs A7 CI0KHBIX MPOLIEHTOB C IEPEMEHHON CTaBKOA.
Urto Takoe HOMUHAJIbHAS CTaBKa U dPPeKTUBHAS MpolleHTHas cTaBka? CBs3b

CoNo~wWNE

3¢ deKTUBHON U HOMUHATHHON CTaBKU.

[EEN
o

. Uto Takoe auckoHTHpoBaHue? 3anuunTe GopMyily TUCKOHTHPOBAHUS 11O MPOCTHIM
IIPOLIEHTaM

11. Y10 Takoe COBpEMEHHAsI BEJMYMHA CyMMBI O ? DKOHOMUYECKUH CMBICIT 9TOTO MOHSTHSL.

12. 3anummTe popMyity It COBPEMEHHOMN BETMYMHBI IIPU HAUMCIIEHUH TPOLIEHTOB OJIUH Pa3 B

IO/l ¥ IPY HAYKMCIIEHUH IIPOLIEHTOB M pa3 B rox

13. Kak ocymecTBisiercst ydeT HHQIIALUU IPU HApALEHUH TPOLIEHTOB?



14.

15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.

32.
33.
34.

35.

36.

37.

38.

39.

40.

41.

42.
43.
44,

45.

46
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YT0 3HAYNT DKBUBAJICHTHOCTD MMPOCTBIX U CIIOKHBIX CTaBOK?

Kak npousBoauTcs TUCKOHTUPOBAHME 10 MPOCTOM YUETHOM CTaBKe?

Kak npousBoauTcs TUCKOHTUPOBAHME 10 IEPEMEHHON IPOCTON yUETHON CTaBKe?

Kak npousBoauTcs TMCKOHTUPOBAHUE 110 IEPEMEHHON CII0XKHON yYETHON CTaBKe?
3anummrte GOopMyITy HapaleHHs 10 MPOCTON YIeTHOU CTaBKe

3anummure GOpMyITy HapalleHHs MO CI0KHOM YUETHON CTaBKe

3anummrte GOpMyITy HapalleHUs 10 HOMHHAIBHON yUYETHON CTaBKe

3anummre GopMyITy HapalleHHus Mo MePEeMEHHOH MPOCTOH yIETHOM CTaBKe

3anummre GopMyITy HapalleHHus Mo MePEeMEHHON CIIOKHOW yIeTHOH CTaBKe

UYro takoe ¢unaHcoBas peHTa? KaknuMu napamerpaMu OHa ONUCHIBACTCS?
[lepeuncnure BUJIbI PUHAHCOBBIX PEHT.

[laiite onpeneneHre HapalleHHONW CyMMBbI U COBPEMEHHOM BEJIMYMHBI ITOTOKA IUIATEKEM.
3anumute GopMyIy A HapalleHHON CyMMBI IMTOTOKA TIJIATEXKEH T0JOBOM PEHTHI.
IIOCTHYMEPAHJI0 IPY HAYNCIIEHUH IIPOLIEHTOB 110 IPOCTOM CTaBKE.

3anumuT GopMyIly AJI1 HapalleHHONW CyMMBI TTOTOKA TUIATEKEN TOJI0BOM PEHTHI.
MIPEHYMEPAH/I0 IIPU HAYNCIIEHUH IIPOLIEHTOB 110 IIPOCTOM CTaBKE

ZanummT GopMyITy IJIsl HapalieHHOH CyMMBI TTOTOKA TIATEXEH TOJJOBOM PEHTHI
IMOCTHYMEPAHJI0 IPY HAYNCIIEHUH IIPOLIEHTOB IO CIIOKHOM CTaBKe.

ZanummT GopMyITy I HapalleHHON CyMMBI TTOTOKA TUIATEXEH TOI0BOM PEHTHI
MIPEHYMEPAH/I0 IPU HAYNCIEHUHN IIPOLIEHTOB IO CIIOKHOU CTABKE.

3anummTe GopMyITy ISl HapalleHHOW CYMMBI TTOTOKA TUTATEeXEH MTPH HAYUCIICHUN
MpoLeHTOB M pa3 B roJ A1 pEHTHI IOCTHYMEPAHI0

3anummTe GopMyITy IJIs1 HapallleHHOW CYMMBI TOTOKA TUTATEeXEH MTPU HAYUCIICHUN
poueHToB M pa3 B roJ AJi1 pEHThI IPEHYMEPaHI0

3anumure GopMyiIy Ul HAPALEHHOW CYMMBI [ - CPOYHOM PEHTHI IOCTHYMEPAHIO
3anumure GopMyTy Ul HAPALIEHHON CyMMBI [J - CPOYHOM PEHTHI IPEHYMEPAHI0
3anumure GopMyiTy Ul HAPALIEHHOW CyMMBI [J - CPOYHON PEHTHI HOCTHYMEPAHIO MPH
Ha4YuCJIEHUU NpoueHToB M pa3 B roxg

3anumure GopMyiLy Ul HAPALIEHHOW CyMMBI [ - CPOYHOM PEHTHI IPEHYMEPAHIO IIpU
Ha4YuCJIEHUHU NpoueHToB M pa3 B roxg

3anuiute GopmMyiTy A COBPEMEHHOMN BEJIMYMHBI IOTOKA TUIATEXeEH ro10BOM pEeHTHI
MIOCTHYMEPAHJIO 1O CJI0KHOMW CTaBKe.

3anumute (GopMyIly A COBPEMEHHOM BEJIMYMHBI IOTOKA IUIATEXEH roI0BOM PEHTHI
MIPEHYMEPAHJIO TI0 CJIO)KHOU CTaBKe.

3anuiute GopMyiTy A COBPEMEHHOM BEIMYMHBI TTOTOKA IJIaTeKel roJ0BOI pEHTHI
MOCTHYMEPAHJIO0 1O MPOCTOU CTABKE.

3anuiute GopMyiTy Al COBPEMEHHOMN BEIMYMHBI TOTOKA TIATEXKEH ro10BOM pEHTHI
MIPEHYMEPAHJIO IO MPOCTOM CTABKE.

3anuiute GopMyiTy Al COBPEMEHHOM BEIMYMHBI TOTOKA TUIATEXKeH MPU HAYUCICHUN
poueHTOB M pa3 B roJ A1l pEHThI IOCTHYMEPAHIO

3anumure GopMyny sl COBPEMEHHOM BETMUMHBI MOTOKA IUIaTeXel MpU HAYMCICHUN
poLeHTOB M pa3 B roJ AJI1 PEHTHI IPEHYMEPAHI0

3anumure GopMyiTy Ul COBPEMEHHOH BeNU4YMHBI [) - CPOYHOI PEHTBI IOCTHYMEPAHI0

3anumure GopMyiTy Ul COBPEMEHHOH BelNUYMHBI [) - CPOYHOI PEHTBI IPEHYMEPAH IO
3anumure GopMyiTy U COBPEMEHHOM BeNn4uHbl [) - CPOYHOM PEHTHI IPH HAUUCICHUU
MpOLEHTOB M pa3 B roJ NOCTHYMEPAHIO

3anummre GopMyny Ul COBPEMEHHOMN BelIN4UHBI [J - CPOYHOM PEHTHI IPU HAUUCICHUU
poLeHTOB M pa3 B roJl IpeHyMepaHa0

Omnpenennure 3aBUCUMOCTb MEX/ly COBPEMEHHOMN M HAPAIEHHON BEJIMUYMHAMU PEHTBI
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Yro takoe punancoBas onepanus? Kakue BUapl J0X0aHOCTEH (PUHAHCOBO omnepanuu
CYLIECTBYIOT U KaK OHHU OIpeAeIsoTcs?

Kak onpenensiercs Temn nHGIAUUN 1 HAEKC 1IeH? Kak BAMSIOT Ha I0XOIHOCTh
oTiepanuy HaJoTy U UHQIAUs?

Kak onpenensercst 10X0AHOCTh OTOKA IJIATEXKEN?

Kak onpenensiercss MrHOBEHHas 10XOAHOCTh?

Kakast xapakTepucTuKa UCTIOIb3yeTCs ISl OLICHKH JOXOAHOCTH (PMHAHCOBO - KPEIUTHOM
omnepamuu?

Urto Takoe OayaHc KpeAUTHOH onepanuu? 3aluIinTe YpaBHCHUS OallaHca.

Kak onpenenuTs noiHy0 JOXOIHOCTh (PUHAHCOBO KPEAUTHOM orepanuu 0e3 yaepxKaHus
KOMHUCCHUOHHBIX?

Kak onpenenuTs NoiHy0 JOXOIHOCTb CCYTHOM ONepanuu ¢ yaepKaHus
KOMHUCCHUOHHBIX?

Kax onpenenuTs NOJIHYIO TOXOJHOCTh CCYAHOM ONepanuuu ¢ MEPUOINYECKON BBIILIATON
MPOIICHTOB?

Kak onpenenuTs NoiHy0 JOXOIHOCTh CCYIHOM Onepaluu ¢ IepuoanYecKuMu
Pacxonamu?

Kak onpenenuTs noiHy0 JOXOIHOCTh CCYTHOM ONepaluu ¢ HeperyaspHbIM IOTOKOM
rIaTexen?

B uem cocTout cyTh MeTo/1a CpaBHEHUSI Pa3IMUHBIX KOHTPAKTOB HA OCHOBE
KanuTaIA3aluN TIaTexen?

B uem cocrout cyTh MeTo/1a CpaBHEHUSI PA3IMUHBIX KOHTPAKTOB HAa OCHOBE OIPEIEICHUS
MpEeACIIbHBIX 3HAYEHUH [TapaMeTpOB KOHTPAKTOB?

Ha3oBure oCHOBHBIE LIe/IN aHAN3a I0JITOCPOYHON 33J0J>KEHHOCTH

Kaxk xknaccuumupyroTcst 3aiiMbI 110 CocoOy UX TMorameHus?

Kak nmorarmraercst 1or B pacCpoyKy paBHBIMU IIaTEKaMM ?

Kaxk nmorarmmaercst 1ojr B pacCpoyKy paBHBIMH YIIJIaTaMU?
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Tema 6. MaTemaTn4eckoe 1 KOMIbIOTEPHOE
MOJeJIUPOBAHUE

6.1. Knaccudguxanusi BHA0B MOAEJIMPOBAHUS

B Hacrosiee Bpemst Henb3sl Ha3BaTh 00JIaCTh YEIOBEUECKON JIEATEIbHOCTH, B KOTOPOU B TOM
WJIM WHOM CTENICHHW HE HMCIIOJIh30BAMCH OBl METO/IbI MOAeTupoBaHus. OCOOCHHO 3TO OTHOCHUTCS
K cepe yrnpaBiIeHUS! pa3IMYHBIMU CUCTEMaMHU, TJIe OCHOBHBIMH SIBIISIIOTCSI IPOIIECCHI TIPUHSATHS
pelIeHNn Ha OCHOBE MOJIy4aeMoi HHGOopMaluu.

Kak wm3BecTHO, Maremaruueckas MOJEIb HEKOTOPOTO SIBIICHHMS WM Ipolecca MOXKET ObITh
MIpeACTaBIeHa (DYHKIMOHAIBHON 3aBUCUMOCTBIO MEXKIY COBOKYITHOCTBIO BXOJIHBIX (HE3aBHCHUMBIX )

nepevennbix  Xj (1=1,...,N) ¥® onHOH WIM HECKONLKMMH BBIXO/HBIMH (3aBHCHMBIMH)

IepeMEHHbIMU Y !

y=Tf(Xq,0 Xp) - (6.1)

PaznuyaroT ciemyrorue BUIbI MOJICTUPOBAHUS (CM. pHC. 6.1)

Meogempopazse
// \\\
$rorecioe Maermamcecoe
/ \
Axamrrirecoe Koromsomeproe

‘-Immemwe/ C-;;:n‘q:ecme
e e 8

Hrerrarpo reoce

Dusuueckoe — UCTIOJIb3YETCsl caMa CUCcTeMa, MO0 1mo100Has eif (JieTaTesIbHbIH armapar B
a’pOIMHAMUYECKOH TpyOe).

Mamemamuueckoe — mIponeccC yCTaHOBJICHUS COOTBCTCTBUA peanLHoﬁ cucmeme
§ MaTeMaTU4eCKOoi MoJiend M u ucciegoBaHue 9TOM MOJCIIN, ITO3BOJIAIOIICE ITOJTYINUTD
XapaKTCPUCTUKHU peaanoﬁ CHUCTCMEI.

Ananumuueckoe — npoueccsl (PyHKIIMOHMPOBAHUS 3JIEMEHTOB 3alMCHIBAIOTCS B BUJAE SBHBIX
MaTeMaTU4YeCKUX COOTHOIIEHUH (anreOpanyeckuX, HWHTETPaJbHbIX, IU(PPepeHINATbHBIX,
JOTMYECKUX M T.J.). AHQJIUTHYECKass MOJeNb MOXeT ObIThb HCCIIEOBaHA METOJaMMU:
a) ananumuyeckum (yCTAaHABIUBAIOTCS SIBHbIE 3aBUCHUMOCTH, TIOJy4alOTCi, B OCHOBHOM,
aHAJIUTUYECKHE  pelieHus);  0) yucienuvim (MONy4aroTcs  NPUOIIDKEHHBIE — PELICHMA);
B) KauecmeeHHbIM (B SIBHOM BHJIE MOXKHO HAlTH HEKOTOpBIE CBOWCTBA peuieHus). [lomydunuts 3tu
3aBHCUMOCTH YZAeTCsl TOJIBKO ISl CPaBHUTENBHO IMPOCTBIX PEATbHBIX MPOIECCOB M CUCTEM
(PIIC). B pe3ynbTare aHanuTU4ecKas MOJIENb CTAHOBUTCS CIUIIKOM IpyObIM IPUOIMKEHUEM K
JeWCTBUTENLHOCTH.


http://fmi.asf.ru/library/book/simmodel/Glava1.HTML#chapter_111
http://fmi.asf.ru/library/book/simmodel/Glava1.HTML#chapter_111
http://fmi.asf.ru/library/book/simmodel/Glava1.HTML#chapter_1.1.
http://fmi.asf.ru/library/book/simmodel/Glossary.html#chapter_250
http://fmi.asf.ru/library/book/simmodel/Glossary.html#chapter_250
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Komnviomepnoe — MaTeMaTHUeCKOE MOJEIHPOBaHHE (GOPMYIUPYETCs B BUJE alropuTMa
(mporpammsl 1ui1 9BM), 4T0O 103BOJIIET IPOBOANUTH Ha/l HEN BBIUMCIUTEIbHBIE SKCIIEPUMEHTHI.

YucnenHnoe — HCIIOJIB3YIOTCA MCETObL BBIYHCIIMTEIIPHOM MaTeMaTUKH (OTJII/I‘-IaeTCSI oT
YHUCJICHHOTO aHAJIUTHUYCCKOI'O TCM, YTO BO3SMOIKHO 3aJaHHUC PA3JIMYHLIX ITapaMETPOB MOI[GHI/I).

Cmamucmuueckoe — 00pabOTKa JaHHBIX O CUCTEME (MOJIENH) C LIEJIBIO MTOJIy4EHUs
CTaTUCTUYCCKUX XaAPAKTCPHUCTUK CUCTCMBI.

Hmumayuonnoe — BoctipousBeaenne Ha OBM (umutanms) nporecca (yHKIMOHHPOBAHUS
UCCIETyeMOH CHCTEMBI, COOMIONast JIOTMYECKYI0 U BPEMEHHYIO IIOCIEIO0BATEIbHOCTh
MPOTEKAHMSI TIPOIIECCOB, YTO MO3BOJISET y3HATH JIAHHBIE O COCTOSHUH CHCTEMBI WM OT/EIBHBIX
€€ IIEMEHTOB B OIpeJIeIIEHHBIE MOMEHTHI BPEMEHH.

NMuTanMoHHOE  MOJENMPOBAHME - OTO  COBOKYNIHOCTh  METOJOB  QJITOPUTMM3ALNN
(YHKIIMOHUPOBaHUST OOBEKTOB MCCIEAOBAHMUM, MPOrpPaMMHOM peaau3aluy aJIroOpUTMHYECKUX
ONMCAHUN, OpraHu3aluy, IUIAaHUPOBAaHUS M BBINOJHEHHMs Ha OBM  BBIUMCIMTENBHBIX
SKCIEPUMEHTOB € MaTeMaTHYeCKUMM MOJENSAMHU, HUMUTHPYIOIIMMH (YHKIHOHUPOBAHUE
peaNbHBIX ITPOLIECCOB M CUCTEM B TEUEHHH 3a/IaHHOTO IEPUOAA.

[Tox anroputmuzanuell (QYHKUMOHUPOBAHUS PpEANTbHBIX IPOLECCOB U CHCTEM IIOHUMAEeTCs
MOOIEpalMOHHOE ONUCaHie paboThl BCeX €€ PYyHKIIMOHATbHBIX MOJCUCTEM OTAEIbHBIX MOIyJIeH
C YPOBHEM J€TaIM3alll1, COOTBETCTBYIOLIEM KOMIUIEKCY TPEOOBaHUM K MOJEIH.

OpHuM W3 BUJOB MMUTAIIMOHHOTO MOJEIMPOBAHMS SIBISIETCS CTATUCTHMYECKOE MMHTALMOHHOE
MOJISTMPOBAHNE, TIO3BOJIAIONICE BOCHPOU3BOANTh Ha OBM (QyHKIMOHHUPOBAHHME CIIOMKHBIX
CIy4alHbBIX MPOLIECCOB.

[Ipu wuccnemoBaHWM  CIIOKHBIX ~ CHCTEM, TIOJIBEPKEHHBIX  CIy4allHBIM  BO3MYIICHHSIM
HCIIOJIB3YIOTCS BEPOSTHOCTHBIC AHAIMTHYECKHE MOJIEIM W BEPOSITHOCTHBIC HMHUTAIMOHHBIC
MOJIEJIH.

B BepOSTHOCTHBIX AHATUTHUYECKUX MOJENAX BIMSHUE CIIy4alHBIX (PAKTOPOB YUHMTHIBACTCS C
MOMOIIBI0  33/laHUSl  BEPOSITHOCTHBIX ~ XapaKTEPUCTUK  CIy4YallHBIX TMPOLECCOB  (3aKOHBI
pacnpeziefieHus: BepOSITHOCTEH, CHEKTPajbHbIE IJIOTHOCTH WM KOPPEISUUOHHBIE (DYHKIUH).
[Ipy »>TOM mOCTpOEHHE BEPOSITHOCTHBIX AHAIUTUYECKUX MOJIENeH TMpPeJCTaBiIsgeT CcoOou
CIIOHYIO BBIYUCIUTENBHYIO 3aa4uy. [l03ToMy BEpOsSTHOCTHOE aHAIUTUYECKOE MOJICIHUPOBAHUE
WCIOJIL3YIOT JJISl U3YUEHHUS CPABHUTEIBHO MPOCTHIX CUCTEM.

B BEPOATHOCTHOM HMHUTAOUOHHOM MOZACIHNPOBAHUHN OICPHUPYHOT HE C XaAPAKTCPUCTHUKAMU
CJ'Iy‘I&fIHHX npoueccoB, a ¢ KOHKPCTHBIMHA CJ'Iy‘IElfIHLIMPI YMCJIOBbIMH 3HAYCHUSMHA IIapaMCTPOB
IIC. HpI/I 9TOM PE3YJIbTAaThl, NOJYYCHHLIC TIPHU BOCIIPOU3BCACHHUU Ha HMUTAIIMOHHON MOJIENIH
paccMaTpuBacMoro Impornecca, SABIAKOTCA Cﬂy‘laI}'IHLIMI/I peam3anusamMu. HO3TOMy PIRIG: |
HaXOXJICHUA OOBCKTHBHEIX W YCTOﬁqHBLIX XapaKTCPUCTUK IIPOoLECCa Tpe6yeTC;1 €ro
MHOT'OKpPAaTHOC BOCIIPOU3BEACHUEC, C nocnenylomeﬁ CTaTHUCTUYECKOM O6p360TKOI>i MOJIYYCHHBIX
JIaHHBIX. IMeHHO MNO3TOMY HCCICAOBAHUC CJIOKHBIX IIPOHECCOB U CHUCTEM, IOABCPIKCHHBIX
CJ'Iy‘lElfIHHM BO3MYIICHUAM, C MMOMOMBIO HUMUTALIMOHHOTO MOACIUPOBAHUSA NPHUHATO HA3LIBATH
CTaATUCTUYCCKUM MOJCIIMPOBAHUCM.

Cratuctrueckas MOJENb CIy4allHOTO IIpoliecca - 3TO QJITOPUTM, € TOMOILBIO KOTOPOTO
UMUTHPYIOT pabOTy CJIOXHOH CHCTEMBI, IOABEP)KEHHOW CIIydyailHBIM BO3MYILEHUSM;
UMUTHUPYIOT B3aUMOJEHCTBHE 2JIEMEHTOB CUCTEMBI, HOCSIIMX BEPOSATHOCTHBIN XapakTep.
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[Ipu peanuzanmu Ha DBM CTaTUCTUYECKOTO HMMHUTAIMOHHOTO MOJCIUPOBAHUS BO3HHKAET
3ajaya mostydeHuss Ha OBM  ciydailHBIX YHCIIOBBIX MOCIEIOBATEIBHOCTEH C 3a/laHHBIMU
BEPOSITHOCTHBIMU XapaKTEPUCTUKAaMU. YHCIEHHBI METOJ, pelIatoluii 3ajjauy TeHepUpOBaHus
IIOCJIEJOBATEIPHOCTH CIIy4ailHBIX YMCEN C 3aJaHHBIMU 3aKOHAMH paclpeieiieHUs, IMOJIy4ul
Ha3BaHHE "METO]| CTATUCTUYECKUX HcTbITaHui" min "metoq Monte-Kapio".

CraTHcTU4YecKoe MOJCIIMPOBAHUC - 3TO croco0 HU3YUCHHUA CIOXKHBIX IPOLECCOB W CUCTEM,
MMOABCPIKCHHBIX CJIy‘IafIHI)IM BO3MYIICHUAM, C IOMOIIBIO UMHUTAIUOHHBIX MOI[GJIGIZ.

Meton Monte-Kapiio - 310 yuciieHHBIH MeToJ, Mojenupyoomuil Ha OBM nceBnocinydaiinbie
YHUCJIOBBIE MTOCJIEN0BATEIBHOCTH C 3aJAHHBIMH BEPOATHOCTHBIMHU XapaKTEPUCTUKAMM.

MeToauka CTaTHCTHISCKOTO MOJACIIMPOBAHUA COCTOUT M3 CICAYIOINX 3TAIIOB!:

1. MopenupoBanne Ha OBM mniceBmoCIy4ailHBIX TMOCTEAOBATEILHOCTEH C  3aJaHHOM
KOppemsiueil u 3aK0OHOM pacrpeziesieHus: BepositHocTelt (Mmetoq Monrte-Kapio), uMutupyromumx
Ha OBM cny4aitHple 3HaYEHUS TapaMETPOB MPHU KaXKJOM HCIBITAHUH;

2. IlpeoOpa3oBaHue TOJYYEHHBIX YHCIOBBIX MOCIEA0BATEIBHOCTEN HAa WMHUTAIMOHHBIX
MaTeMaTHYeCKUX MOJIEIISX.

3. Cratuctudeckasi 00paboTKa pe3yJbTaTOB MOJICITHPOBAHMSL.

B ocHOBE MIMHUTaITMOHHOTO MOJIETHPOBAHMS JIEKUT METOJI MHOTOKPATHOTO pelieHus 3aaa4 "o
Oyner, ecim?" Vcmonb3ysi TEXHUKY MMUTAIIHOHHOTO MOJICITUPOBAHUS, MBI UMEEM BO3MOKHOCTH

HETIPEPBIBHO U CITYYaiHbIM 00pa30M TeHEpUPOBATH 3HAYEHNUS KaXI0H BXOIHOM nepemennoii Xj (I

= 1,2,...,k) MOJEIM M 3aTEM DPACCUMTHIBATH 3HAYCHUS BBIXOJHOM IepeMeHHOM Y. 3ateMm,
UCIIOJIb3Yysl TOJTYYEHHbIE 3HA4YEHUs TEPEMEHHOM Y, MBI MOXEM OLEHHMBaTh 3aKOH ((opmy)

pacnpeneneHus U ero mapaMeTpbl Uil 3TOM CTOXAacTUYECKOW mnepeMeHHoW. Hampumep, u3aMeHsis
CITy4aifHBIM 00pa30M BXOHBIE TAPAMETPBI, MBI MOXEM IOJTy9UTh HEKOTOPOE KOJIMUECTBO 3HAYCHHIN
BBIXOJ/IHOW MEPEMEHHOM (BBIOOPKY), 3aT€M MOCTPOUTh YaCTOTHOE pacpe/ie/ICHUE BCTPEYAIOIIMXCS
B BBIOOPKE 3HAYCHUIA, ONIPEICITUTh TIPEIeIbl U3MEHEHHUS BHIXOTHOM IMEPEMEHHOM, OLICHUTh CpeTHee
3HAUCHUE U JIUCIICPCUIO TIOIYYCHHOTO pactipe/ieNICHUs M, HAKOHEII, OIICHUTh BEPOSITHOCTD TOTO, YTO
(hakTHYeCKOE 3HAYCHHWE BBIXOJHOW TEepeMEHHOW He OyaerT Oosble (MEHBIE), YeM 3aJaHHas
BeJIMurHA. Bee 3Ti mapaMerphl JatoT BO3MOYKHOCTh MEHEIDKEPY TOYHEE OIICHUTh PHCK, CBSI3aHHBIN C
MPUHUMAEMBIM UM PEIICHUEM.

WmuraimonHoe (KOMHB}OTepHOC) MOZCIMPOBAHUEC SKOHOMHYCCKUX IIPOLCCCOB 00BIYHO [IPUMCHACTCA B IBYX
ClIyqasax:

¢ VI YIpaBJICHHAA CJIOKHBIM 6I/IBHCC'HpOHCCCOM», KOr'la IMUTalMOHHAA MOJZCJb YIIPABJIACMOro SKOHOMUYCCKOTO
00BEKTa HCTIOJIB3YCTCA B Ka4€CTBC HMHCTPYMCHTAJIBHOIO CPEACTBA B KOHTYpPC aJIalITUBHOM CUCTEMBI YIpaBJICHHUS,
€0371aBa€MO} Ha OCHOBE I/IH(l)OpMaL[I/IOHHLIX (KOMHL}OTCPHBIX) TCXHOHOFHﬁ;

¢ [Ipu NIPOBCACHUU SKCICPUMCHTOB C JUCKPCTHO-HCIIPEPLIBHBIMU MOJCIAMU CJIOKHBIX 3KOHOMHUYECCKUX
00BEKTOB JUIA TIOJIYHCHUA U OTCICKUBAHUA UX TUHAMUKH B SKCTPCHHBIX CUTYAllUAX, CBA3AHHBIX C PUCKAMHU, HATYPHOC
MOJACTUPOBAHNE KOTOPBIX HCKEIATCIbHO HIH HEBO3MOKHO.

6.2. I[OCTOI/IHCTB& H HEAOCTATKH HMUTAIIMOHHOI0O MOJICITHPOBaAHUA

Bce uMmuTanioHHbIE MOASTH MNpEaACTaBIAOT coboi MOZCIIN THIIA TaK HA3bIBACMOI'0 YCPHOT'O
SAIIUKa. 910 O3Ha4acT, 4YTO OHHU 00ecreunBaT BbIIaYy BBIXOAHOTO CUIHalla CUCTCMbI, €CJIM Ha
€C BBaHMOHCﬁCTByIOMHe MNoACUCTEMBI MOCTYNACT BXOJHOM CHUTHAaI. HOBTOMy IJId TIOJTYYCHU A
HCO6XOﬂHMOﬁ I/IH(I)OpMaI_II/II/I Wi Ppe3yjIbTaTOB HCOGXO,[[I/IMO OCYHICCTBJIATH  KIIPOTOH»
HUMUTAIIMOHHBIX MOHCHCﬁ, a HC «pcfliaTb» HX. HMMuTamuoHHple MOAECIHA HE CITOCOOHBI
q)OpMI/IpOBaTB CBO€ COOCTBEHHOE peuiCcHue B TOM BHJC, B KAaKOM 3TO HUMECT MCCTO B
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AHAJIMTUYECKUX MOJEIAX, @ MOTYT JIMILb CIY)KUTh B KAUECTBE CPEJICTBA JJIsl aHAJIN3A [I0BECHUS
CUCTEMbl B YCJIOBHUSX, KOTOpBIE OIPENEISIOTCS dKclepuMeHTaTopoM. (Cle10BaTeNbHO,
MMUTALMOHHOE MOJIEIMPOBAHUE — HE TEOPHsl, a METOJ0JIOTHUS pelieHus npoodiem. boiee toro,
MMUTAlMOHHOE MOJEIUPOBAHUE SIBIISIETCA TOJBKO OJHHUM M3 HECKOJBKHUX HMEIOIIUXCS B
pacropsLKEHUH CHUCTEMHOTO aHAIMTHKA BOXHEUIIMX METOJOB pemtieHus mpoodneM. [Tockonbky
HEOO0XOIMMO M KEJIATeJIbHO MPHUCIIOCA0IMBATh CPEACTBO MM METOJ K PEIICHHUI0 33/1a4H, a He
HAao0OpOT, TO BO3HMKAET €CTECTBEHHBId BOMPOC: B KaKUX CiIydasX HWMHUTAIHOHHOE
MOJIETMPOBAHUE TIOJIE3HO?

Mpl onpeaenwiii UMUTAlMOHHOE MOJEIMPOBAHUE KAK IKCHEPUMEHTUPOBAHHE C MOJEIBIO
peasibHOM cuctembl. HeoOxoaumocTe pelieHHs 3ajJauyd  IyTeM SKCIIEPUMEHTHUPOBAHUS
CTaHOBHUTCS OYEBUIHOM, KOT/Ia BO3HHKAET NOTPEOHOCTH MOIYYUTh O CUCTEME CIEeUU(DUIECCKYIO
nH(popMalNIo, KOTOPYIO HENb3s HAWTH B M3BECTHBIX MCTOYHHUKaX. bapuir [4] yka3epiBaer, 4To
HEMOCPEJICTBEHHOE JKCIIEPUMEHTHUPOBAHME HA pEalbHOW CHCTEME YCTpaHSe€T MHOIO
3aTpyJHEHHUM, ecid HeoOXOJUMO OOECHEeUHTh COOTBETCTBHE MEXAY MOJENbI0O U pealbHbIMU
YCIIOBUSIMU; OJJHAKO HEIOCTATKU TAKOTO 3KCIIEPUMEHTHPOBAHUS MHOTJA BEChbMa 3HAYUTEIbHBI,
MTOCKOJIBKY:

1 OHo MOXeT HapylUIUTh YCTAaHOBJIEHHBIHN MOPSIOK pabOThI (PUPMBI.

2. Ecnu cOCTaBHOW YacThIO CHUCTEMBI AGIAIOMCA 00U, TO HA PE3yIbTaThl SKCIEPUMEHTOB
MOJKET MOBJIHATH TaK Ha3bIBAEMbIM XayTOPHCKHUH 3PQEKT, MPOSBIAIOMUNACI B TOM, YTO JIIOJH,
YyBCTBYS, UTO 32 HUMH HaOJI0JIal0T, MOTYT U3MEHUThH CBOE MOBEJCHHE.

3. MokeT oOKa3aThCsl CIIOKHBIM TOJAJCpKaHWE OJHUX M TEX K€ pabouyux YCIOBHH TpH
KaKJOM TOBTOPEHHM OSKCIEPUMEHTAa WJIM B TEYEHHUE BCEr0 BPEMEHHU IPOBEJIEHUS CEpUU
AKCIEPUMEHTOB.

4. J1ns1 oJTydeHusl OJHOM M TOM K€ BEITMYMHBI BEIOOPKH (U, CIeI0BATEIBHO, CTATUCTUYECKON
3HaYMMOCTH PE3YJIbTATOB SKCIEPUMEHTUPOBAHUS) MOTYT NOTPEOOBATHCS YpE3MEpPHBIE 3aTPaThl
BPEMEHHU U CPEJICTB.

5. [lpu SKCIIEPUMEHTUPOBAHUH C pealbHBIMU cucTeMaMu MOJKET
OKa3aThCs HEBO3MOKHBIM UCCIIeIOBaHNE MHO>KECTBa aIbTEPHATUBHBIX
BAapUAHTOB.

[To >TMM TIpUYMHAM HCCIIEAOBATENb JAOJHKEH PACCMOTPETh IEIeCO00Pa3HOCTh MPUMEHEHHS
MMHTAIIMOHHOTO MOJICIIMPOBAHUS MPU HATHMYHMH JIFOOOTO U3 CICIYIOIINX YCIOBHUH:

1. He cymiecTByeT 3aKOHYEHHONW MaTeMaTHYE€CKOM TTOCTAaHOBKHU JAaHHOM 3a/1a4uu, 100 elle He
pa3paboTaHbl aHATUTHYECKUE METOIbI peIIeHHs CHOPMYTUPOBAHHON MaTEeMaTHUUECKOW MOJICIIH.
K »sToli kareropmm OTHOCATCS MHOTHE MOJIEIM MAacCOBOTO OOCIY)KMBaHHUS, CBSI3aHHBIE C
PacCMOTPEHUEM OUEPEICH.

2. AHaIUTUYECKUE METObl MMEIOTCS, HO MAaTeMaTH4eCKHE MPOLEAypbl CTOJb CIOXKHBI U
TPYIOEMKH, YTO UMUTAIIIOHHOE MOJEIUPOBaHKE JaeT OoJiee MPOCTON croco0 pelieHus 3a1auu.

3. AHaIIUTUYECKUE PEIIEeHUs CYIIECTBYIOT, HO MX pealu3alus HEBO3MOXXHA BCIEICTBUE
HEJOCTAaTOYHOM MaTeMaTUYeCKOW TOJArOTOBKM HMEIOLIErocs IepcoHana. B stom ciyuae
ClIeIyeT COMOCTaBUTh 3aTpaThl Ha MPOEKTHPOBAHME, UCTBITAHUS U pabOTy HA UMHUTALMOHHON
MOJIENH C 3aTpaTaMH, CBSI3aHHBIMU C TIPUTJIAIIICHUEM CIICIIUAIMCTOB CO CTOPOHBI.

4. KpomMe oOLEHKM OMpeJeNeHHBIX TMapaMeTpoB, JKENaTeNIbHO  OCYIIECTBUTh  Ha
MMUTAIMOHHOM MOJIeNny HaOM0IeHHE 3a XO0/I0M Tpollecca B TeYEHHE OMPEIEIEHHOTO TIeproa.

5. IMuTanimoHHoe MOJENUpPOBaHUE MOXKET OKa3aThCsl EAWHCTBEHHON BO3MOKHOCTHIO
BCIIEICTBUE TPYIAHOCTEH MOCTAaHOBKHU SKCIEPUMEHTOB W HAOMIOJCHHS SBJICHHA B peabHBIX
YCIIOBHSIX; COOTBETCTBYIOIIUM MPUMEPOM MOXKET CIYKUTh U3YYEHHE MOBEACHUS KOCMHUYECKHX
KopabJeil B yCIIOBUSX MEKIJIAHETHBIX MOJIETOB.

6. [liis MOATOBPEMEHHOTO JIEHCTBUS CHCTEM WJIM IMPOILIECCOB MOKET MOHAJAOOUTHCS CHKAaTHe
BPEMEHHOW IIKajabl. MMHUTAlMOHHOE MOJEIMPOBAHUE JA€T BO3MOXKHOCTH TOJIHOCTBIO
KOHTPOJHUPOBATh BpPEeMsI U3y4aeMOTO MpOIecca, MOCKOJBKY SBICHHE MOXKET OBITh 3aMEJJICHO
WM YCKOPEHHO 1O kenanuto. K 3Tol KaTeropuu OTHOCATCS, HApUMeEp, UCCIIeT0BaHUs TPooIieM
ynajika ropojoB.
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JIOTIONMHUTENBHBIM IPEUMYILIECTBOM HMMMTALMOHHOIO MOJIEJIMPOBAHUS MOXHO CYMTaTh
[IMPOYANIIIE BO3MOXKHOCTU €ro IMpHUMeHeHHs B cdepe oOpa3oBaHus M NpodecCHOHAIBHOM
OAroToBKU. Pa3zpaboTka M MCHOJIB30BaHNE UMUTALMOHHON MOJIENH NIO3BOJISAIOT 3KCIIEPUMEHTA-
TOPY BHUIETb U «pa3bllpbIBaTh» Ha MOJIENM DPEaJbHBbIE IPOLECCHl U CUTyallMM. DTO B CBOIO
ouepeb J0JDKHO B 3HAUUTENILHOW Mepe MOMOYb €My MOHSTh U MPOYYBCTBOBATH MPOOIEMY, YTO
CTUMYJIMPYET MPOLIECC ONCKAa HOBOBBEJCHMUIA.

6.3. TunoBble 321a41 MMUTALMOHHOI0 MO/JAEJIMPOBAHNS

MoxHO BBIIETUTD CIEAYIONIME TUIIOBBIE 33/[a4l, PEIIAeMble CPEACTBAMI MMHUTAIMOHHOTO MOJETHUPOBAHUS MPH
YIpaBJIeHNH YKOHOMAUECKUMH 00BEKTAMHL:
®  MOJENMPOBAHHE TPOLIECCOB JIOTUCTHKH ISl ONPEIEEHUS BPEMEHHBIX M CTOMMOCTHBIX 1apaMeTpOB;
®  yIpaBleHUe MPOLECCOM Peanu3alii HHBECTULIMOHHOTO MPOEKTa HA Pa3NUyYHbIX 3TalaX €ro KU3HEHHOTO
IMKIIA C YYETOM BO3MOKHBIX PHCKOB M TAKTHKH BBIICTECHUS ICHEKHBIX CYMM;
® QaHAMM3 KIMPHHTOBBIX IPOIECCOB B paboTe CETH KPEIUTHBIX OpraHM3aluil (B TOM YWCle TPUMEHEHHE K
TporeccaM B3aUMO3a4€TOB B YCIOBUAX POCCHIACKOI OaHKOBCKOI CHCTEMBI);
TPOTHO3UPOBAHNE (MHAHCOBBIX PE3YNBTATOB ACATENBHOCTH TPEANPUATHS Ha KOHKPETHBIH TMEpHoJ BpeMEeHH (C
aHATM30M IMHAMUKH CallbJI0 Ha CYeTax);
OM3HEC-PEMHKMHUPUHT HECOCTOATENBHOTO TIPEANPUATHS (M3MEHEHHE CTPYKTYPBI M PECYPCOB TPEAMPHATHA-
0aHKpOTa, MOCIe YEro C MOMOIIbI0 MMHTAMOHHOH MOETH MOKHO C/Ie1aTh MPOTHO3 OCHOBHBIX (PMHAHCOBBIX
pe3yNbTaToOB M JaTh PEKOMEHJAUMM O Lenecoo0pasHOCTH TOrO WM HHOTO BAapHAHTAa PEKOHCTPYKLHH,
MHBECTHIUH WM KPEIUTOBAHHUS TPOM3BOICTBEHHOM NEATENLHOCTH);
® QHAIM3 AJANTHBHBIX CBOWCTB W KMUBYYECTH KOMITBIOTCPHOH PETHOHANBHON OaHKOBCKOW HH(OPMAIMOHHOH
CHCTeMbl (HalpuMep, YaCTMYHO BBIEAMAs U3 CTPOS B pe3ynbTaTe MPUPOAHON KaTacTpodsl chcTeMa
NEKTPOHHBIX PACUETOB M TATeXeH mocne KatacTpouueckoro 3emueTpscerns 1995 T. Ha MEHTpaTbHBIX
0CTpoBax SMOHMM MPOAEMOHCTPUPOBANA BHICOKYIO KUBYYECTh: OMEPALlii BO3OOHOBHINCH Yepe3 HECKONBKO
HEH);
® OICHKA MApaMeTPOB HANEKHOCTH M 3aJCPKEK B IEHTPAIM30BAHHOW JKOHOMHUYECKOH HH()OPMAIMOHHOM
CHCTEME C KOJUIEKTHBHBIM JIOCTYTIOM (Ha TPUMEpE CHCTEMBI TPOJaXky aBHAOMIETOB C YUETOM HECOBEPIIEHCTBA
(usmyeckoit opraHu3aimy 6a3 JaHHBIX M 0TKA30B 000PYI0BaHHA);
® AHaIU3 HKCIUTYaTALMOHHBIX NAPAMETPOB PACTIpe/IeNICHHOI MHOTOYPOBHEBOH BEJOMCTBEHHOM HH(OPMALOHHOI
YIPABIAIOMIEH CHCTEMbl C Y4ETOM HEOTHOPOAHOH CTPYKTYpBI, MPOIYCKHOH CIOCOOHOCTH KaHAlOB CBS3H M
HECOBEpIIEHCTBA (hM3UUECKOH OpraHu3aLK PacIpe/ieNeHHON 0a3bl JAHHBIX B PETHOHATIBHBIX LIEHTPAX;
e MojleNUpoBaHue IelcTBUN Kypbepckoil (hembaberepekoil) BepToNETHON IPYIIBI B PETHOHE, MOCTPAIaBIIEM B
pe3yJbTaTe IPUPOIHOM KaTacTpo(bl MK KPYIHOH MPOMBILILIEHHON aBApHH;
o amamu3 cereBoii Mojenn PERT (Program Evaluation and Review Technique) mis mpoekToB 3aMeHbl 1
HATTAIK! POU3BO/ICTBEHHOTO 000PYI0BAHKS C YUETOM BO3HUKHOBEHHUS HEUCTIPABHOCTEN;
aHau3 paboThl ABTOTPAHCTIOPTHOTO MPEINPHUATHS, 3aHUMAIOIIErocs KOMMEPUECKIMU TIePeBO3KAMH TPY30B, C
YUETOM CTICLUUKI TOBAPHBIX U ICHEKHBIX TIOTOKOB B PETHIOHE;
® pacueT MapaMeTpoB HANEKHOCTH U 3ajepikek 00paboTku uH(popMaiyu B OAHKOBCKOH MH(OPMAIMOHHON
CHCTEME.

[IpuBeneHHblil mepeveHb sABIseTCS HemodHbIM. JleifcTBuTenbHas oO0macTh NPUMEHEHHS ammapaTa
MMUTALIOHHOTO MOJIEINPOBAHNA HE MMEeT BHAMMBIX OrpaHuueHuil. Hampumep, crmaceHne amepukaHCKHX
aCTPOHABTOB MpPH BO3HUKHOBEHHHU aBapuilHO¥ cuTyauuu Ha kopabne APOLLON ctamo BO3MOXHBIM TOJNBKO
01arosiaps «IPOUTPHIBAHUIO» PA3TUYHBIX BAPHAHTOB CMIACEHHS HAa MOJIETIAX KOCMUYECKOT0 KOMILIEKCA.

6.4. ConnajibHO-3KOHOMHUYECKHE Mmpouecchl KakK 00beKThI MOACJIUPOBAHUA

Mogenn COIMaIbHO-PKOHOMHUUYECKHMX CHCTEM HMEIOT HCKOTOPBIC 0COOCHHOCTH IO
CpaBHCHHIO, HAIIpUMEP, C MOACTIAMU NPUPOJHBIX UJIKM TEXHUYCCKHUX CUCTCM. K COXaJICHUIO, HC
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BCErja BO3MOXHO CO3J]aTh MaTeMaTHYECKYI0 MOJIEIb COLIMAIbHO-3KOHOMUYECKONH CHUCTEMBI B
Y3KOM 3HAa4€HUU 3TOro cioBa. [Ipym M3ydeHHH TakuUX CHCTEM MBI MOXEM OIpPEACIUThH LEH,
yKa3aTh OTPAaHUYCHUS U MPEAYCMOTPETH, YTOOBI CHCTEMA MO YUHSIIACH TEXHHYECKUM 3aKOHaM,
HOPMATHUBHBIM T[PABOBBIM OTpaHHYEHUSM M T.I. [Ipy 3TOM MOTYT OBITH BCKPBITHI H
MPEJCTABICHbI B TOW WJIM MHOM MaTeMaThdeckoi (hopMe CyIlecTBEHHBIE CBSI3U B cucteme. B
OTJIMYME OT OJTOr0 pelieHue NpoOJeM 3allUThl OT 3arpsA3HEHHS BO3AYIIHOW CpEIbI,
MPEAOTBPAILCHUS MPECTYIJICHUH, 3PaBOOXPAHEHUS M OTPOMHOE KOJIMYECTBO JAPYTrUM MpoOiieM
CBS3aHO C HESCHBIMH M TIPOTUBOPEUYMBBIMHM IIEISIMH, a TakKe BBIOOPOM aJbTEPHATHUB,
JUKTYEMBIX MMOJTUTUYCCKUMU M COITUATBHBIME (PaKTOpaMHu.

MOXHO BBIJICIIUTH CIEAYIONIUE CUTYallMH, B KOTOPBIX PEKOMEHAYETCS HCIOJIb30BaTh
MMUTAIIMOHHOE MOJCIIMPOBAHUE TIPU U3YUEHUH CIOKHBIX COLUATBHO-PKOHOMUYECKUX CUCTEM:

- JKOHOMHYECKas cucTeMa c(hOpMUPOBATIACh HEJJABHO U UJET MPOIECC €€ TTO3HAHUS;

- MMHTAIIMOHHOE MOJIEIMPOBAHUE JaeT 0oJiee MPOCTOM Croco0 pelieHus 3agadyu, 4Yem
AHAIMTUYECKUM METOJT;

- AMUTAIIMOHHOE MOJCIIUPOBAHUE OKA3bIBAETCS €IUHCTBEHHBIM CIIOCOOOM HCCIIEIOBAHUS
CJIO)KHOW CHCTEMBI H3-3a HEBO3MOXXHOCTH HAOJIIOJICHUSI €€ B peajbHbIX YCIOBUAX WU H3-3a
TOTO, YTO TPOBEJIEHHWE SKCIEPUMEHTOB Ha PEAbHBIX OOBEKTaX CBSI3aHO C BO3MOXKHOCTSIMHU
COITMATBHBIX M IKOHOMHYECKHUX MTOTEPD;

- He0OXO0IMMO MCCIIEI0BAThH MPOIIECCHI B IPYTOM MaciiTade BpEMEHH;

- HEOOXOJIMMO Ka4eCTBEHHO TIOJTOTOBHUTH CIIEIUAIMCTOB JUIsl pabOThl B KaKOW-THOO
SKOHOMMYECKOM CHCTEME;

-CJIeTyeT MpeICKa3aTh HEOUCBUIHBIC HEXKETIATEIHHBIC SIBJICHHS B CHCTEME.

ConnanbHO-2KOHOMHUYECKHE CHCTEMBI OTIUYAIOTCS OOJBIION CIOKHOCTBIO. YCIIENTHOE WX
(YHKIIMOHUPOBAHUE 3aBHCHT OT OOJBIIOIO KOJMYECTBA pPa3HOOOpas3HBIX (DAKTOpOB, Cpenu
KOTOPBIX MOKHO BBIICIINTD:

- COLIMAJIBHO-TIOJINTUYECKHUE,

- HOpPMATHUBHO-IIPABOBEIE,

- TEXHMYECKHE, TEXHOJOTMYECKHE, 300TEXHUYECKUE, arpPOHOMUYECKUE, KIIMMATHYECKHE U
T.IL,

- 9KOJIOTMYECKHUE,

- MApKETUHIOBBIE,

- ()MHAHCOBHIE.

Habop Ttakux ¢akTopoB MOXKET JOCTUTaTh JAECITKOB, coTeH u Oonee. Iloatomy
AKCIEPUMEHTHUPOBATh C PeaTbHBIMU AKOHOMUYECKMMH CUCTEMaMU 4acTO ObIBAET HEBO3MOXKHO,
HEMPAKTUYHO WM HEAIKOHOMHYHO. VIMHUTALIMOHHBIN K€ SKCHEPUMEHT IO3BOJSET IPOBOIUTH
uccienoBaHue PYHKIMOHUPOBAHUS TAKUX CUCTEM.

Cucrema HUMHUTAIIUOHHOI'O MOJCIHUPOBAHUA, O6€CH€‘II/IBaIOHlaH CO3JaHHucC MO,I[GJ'IGﬁ JJIA
PCUICHHUA IICPCUUCIICHHBIX 3a/la4, I10JDKHA 06J'Ia,[[aTL CJICAYHOIIUMHA CBOMCTBAMMU:

® BO3MOXHOCTBIO IIPUMCHCHHA HUMHNTAllMOHHBIX IIporpamMm COBMECCTHO (¢0)
CIICuaJIbHBIMU 9KOHOMHKO-MAaTEMATHYCCKUMHU MOACIAMUA n MCTOJaMU,
OCHOBAHHBIMHW Ha TCOPHUU YIIPABIICHUS

¢ HWHCTPYMCHTAJIbHBIMU MCETOAAMU MPOBCACHUSA CTPYKTYPHOI'O aHaJIM3a CJIOKHOTI'O
9KOHOMHYCCKOI'O IMponecca;

® CII0OCOOHOCTBIO MOJCIIMPOBAHUSA MATCPUATIBHBIX, ACHCKHBIX H I/IHCI)OpMaI_II/IOHHBIX
IIpOLECCOB U IMOTOKOB B paMKax eIMHOM MOACIH, B O6IJ.[€M MOJCJIIbHOM BPEMCHU;

¢ BO3MOXHOCTBKO BBCIACHHUA PCXKHUMa IMOCTOAHHOIO YTOYHCHUSA TIpU IIOJTYUCHUU
BBIXOJHBIX JAHHBIX (OCHOBHBIX (I)I/IHaHCOBLIX HOKaBaTeJ]CI‘/’I, BPECMCHHBIX U
NPOCTPAHCTBCHHLIX XapaKTCPUCTUK, IMAPaMCTPOB PUCKOB H ,Z[p) U TPOBCACHUU
OKCTPEMAJIBHOTO 3KCIICPUMCHTA.
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6.5. IIpumepsl 3a1a4 UMUTALMOHHOT0 MOJACJIUPOBAHUS

Ilpumep 6. 1. TTpennonoxxuM, 4TO HEKOTOPAsi MPOMBIIIICHHAsT (pupMa HapsAy C PE3KUM
YBEIMYEHUEM YHUCIIA 3aKa30B HA CBOIO IPOIYKIUIO OTMETHJIA 3aMETHOE YXYJIIEHHE KauecTBa
0OCITy)KMBaHUSI CBOMX KJIHMEHTOB B 4YaCTH COOJIIOJICHHS CPOKOB BBIMIOJIHCHHS HX 3aKa30B.
HecoGmonenne ¢upMoil cBOMX 00S3aTENBCTB IEpel 3aKa3unKaMd MOJXKET TPUBECTH K
OILI[YTHUMBIM TIOTEPSM KakK 3a cueT mTpadHbIX CaHKIMUI, TaK U 3a CYET OTTOKA KIMEHTOB. B
paccMaTpuBaeMOW CUTyallud y (GUPMBI MOXKET IMOSIBUTHCS JKEIAHUE BOCIOJIb30BATHCS
KOMITBIOTEPHBIM UMHTAIMOHHBIM MOJICITMPOBAHUEM, C MOMOIIBIO KOTOPOTO MOXKHO OBLIO OBI
BBISICHUTh, KakKUM 00pa3oM CYIIECTBYIOLIME IMPOLEAYPbl ONPEICICHHS CPOKOB BBIOJIHEHUS
NPUHAMAEMBIX 3aKa30B, KaJICHAPHOTO TUIAHUPOBAHUS MPOM3BOJICTBA U OOPMIICHHUS 3asIBOK Ha
MTOCTaBKU ChIPbS OPOKIAI0T HaOII0JaeMble 3aJepKKU. P>

Ilpumep 6.2. PyKOBOJACTBO KpPYNMHOW KIMHUKH pa3pabaThlBa€T HOBYID CHCTEMY
yIpaBJIEHUs 3allacaMy JIEKAPCTBEHHBIX MpenapaToB. Mcnonb30BaHre UMHUTAIMOHHON MOJIENH,
MIOCTPOCHHOW Ha OCHOBE PETPOCHEKTHUBHBIX JaHHBIX, IO3BOJIUT OIICHUTb, KakuM Oyjaer
CpPeIHUM YpPOBEHb CPEICTB, HEOOXOMUMBIX Il OOECTeueHMs] 3amacoB JIEKapCTBEHHBIX
MpenapaToB, ¥ Kak 4acTo OyAyT BO3HHMKATh HEXBATKUA PA3JIMYHBIX BUOB MpENapaTtoB MpHU
peanu3ani HOBOW CUCTEMBI YIIpaBlieHUs. P>

Ilpumep 6.3. PaccMOTpUM TIPEANPUATHE C MEIKOCEPUHHBIM MTPOU3BOACTBOM, HA KOTOPOM
MIPOU3BOJICTBEHHBIE ~ MOIIHOCTH  pACTpe/leleHbl B  COOTBETCTBUHM C  IPUOPUTETAMH,
MIPUCBOCHHBIMH BBIIOJTHAEMBIM padoTaM. MoKeT ObITh MTOCTPOCHA HMHUTAITMOHHAS MOJIENb JUTS
Hax0XJ1eHUs 3PPEeKTUBHOTO crocoba onpeieeHHs CHCTEMbI IPUOPUTETOB ISl TOT0, YTOOBI BCE
paboThl MOTJM BBIMOJHATHCS O€3 OOJNBIIUX 3aJepKeK W MNpu  3TOM  KodduiueHT
WCIIOJb30BaHUS 000pya0BaHUS ObIJ OBl TOCTAaTOYHO BHICOK. P>

Ilpumep 6.4. bupxeBoil UTpoK pazpadboTa] CBOM TMOPSIIOK TPHOOPETCHHS W TPOJAXKHU
aKIMH, COCTOSIINHN B CICIYIOIIEM:

1) obnamas makeTOM akIMi, HEOOXOIMMO MPOJATh €ro, Kak TOJBKO IIEHBI HA 3TH aKI[UU
HAYMHAIOT MMaJaTh;

2) KaK TOJBKO IICHBI HA aKI[MH HAYMHAIOT BO3PACTaTh, HX HEOOXOIMUMO MMOKYIATh.

HNrpok He ’KelaeT pPHUCKOBAaTh CBOMMH OIPAaHUYCHHBIMH CpPEJACTBAMH B HATYPHOM
IKCIICPUMEHTE W XO4YeT OICHUTh MPUOBLIBHOCTH CBOEH CTpPAaTerMd C  IOMOIIBIO
MMHUTAIMOHHOTO MOJICIIUPOBaHHS. P>

Ilpumep 6.5. PaccmoTpuMm ouepesp MOKynaTeneil K KOHTPOJIbHOMY HPUIABKY HEOOJIBIIOrO
MarasvHa NOJAapKOB (Tak Ha3blBaeMas OJHOJIMHEIHas CHUCTEMa MacCcOBOIO OOCITY)KHBaHUS).
[IpennonaoxkuM, 4YTO MPOMEXKYTKM BPEMEHH MEX]y I[OCIEJOBATEIbHBIMU MOSBICHUSIMU
MOKynaTesael pacrpenensoTcss paBHOMEpHO B MHTepBajie oT 1 g0 10 MMH (7151 IPOCTOTHI MBI
OKpyIJIieM BpeMms 10 Omwkaiiimero nesnoro uyumciaa MuHyT). Ilpeamonoxum nanee, 4ro Bpems,
HeoO0XxoauMoe i1t OOCIIY)KMBAaHUSI KaXJ0TO IOKYIaTelss, paclpesensercss paBHOMEPHO B
uHTepBasie oT 1 1o 6 muH. Hac uHTEpecyeT cpenHee BpeMs, KOTOPOE MOKYNaTeNlb IPOBOJUT B
JAHHOM cucTeMe (BKJIIOYas M OXHJAHHE, U 00CIy)XKMBaHUE), U MPOLICHT BPEMEHHU, B TEUCHHE
KOTOPOTO MpOJAaBel, CTOSIIMNA Ha KOHTpOJe, He 3arpyxeH pabotoil. lns moaenupoBaHMs
CHCTEMBbl HaM HE0OXOJAMMO MOCTAaBUTh UCKYCCTBEHHBIH HKCIIEPUMEHT, OTPAKAIOLINI OCHOBHBIE
yclOBHs cUTyauuu. JlJsi 3TOro Mbl JOJDKHBI NMPUIYyMaTh CHOCOO MMHUTAIMM MCKYCCTBEHHOM
MOCJIEI0BATEIbHOCTH NPUOBITHI MOKyNaTene U BpeMeHH, He0OX0IMMOro sl 00CTy)KMBaHUs
Kaxaoro u3 HuX. OJIUH U3 crocoOOB, KOTOPBIM MBI MOTJIM Obl NPUMEHHTH, COCTOUT B TOM,
9YTOOBI HAlTH JecaTh (UIIeK U oAUH KyOuk. Bcmen 3a 3TUM MBI MOTiM Obl IPOHYMEPOBATH
¢umkn ¢ yncnamu 1 mo 10, MOJMOXKUTH MX B LUIANY M, BCTPSAXUBAs €€, MepeMenaTsh (UILKH.
BeiTsiruBas (uUIIKy W3 LOUIANBI M CYUTHIBAS BBINABIIEE YUCIO, Mbl MOIJM Obl TaKUM ITyT€M
IIPEICTABUTh TPOMEXYTKHM BPEMEHH MEXJy MOSBICHUEM MPEIBIAYLIEr0 U IOCIEIYIOLIErO
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nokynatesnei. bpocast Hai KyOMK U CUMTBHIBAs C €ro BEpXHEW I'PaHH YKCIO OYKOB, Mbl MOTJIU
Obl TAKMMHU YHUCIAMHU TPEJICTABUTH BpPEeMs OOCITYXKHUBAHUS KaXJAOTO0 MOKYyMaTemns.
[ToBTOpsiss 5TWM omepauuud B YKa3aHHOW MoOcCieAOBaTelbHOCTU (BO3Bpamias
Kaxabli pa3 ¢umku oOpaTHO © BCTpSIXHBAS IIASNY TMepel KaXIbIM
BBITATUBAHUEM), MBI MOTJIU OBl MOJNYYUTHh BPEMEHHBIC PSJbI, MPEACTABISIONINE
MPOMEXYTKA BPEMEHHM MEXKIy IOCIEeIOBATECIbHBIMU MPUOBITUSIMU TMOKyMaTeJlel u
COOTBETCTBYIOUIME UM BpeMeHa oOcinyxuBaHusa. Hama 3amaua 3atem cBeneTcs K
MPOCTOM PETUCTPALMU PE3YIHTATOB IKCIIEPUMEHTA.

Tabmuma 6.1 mnokaspiBaeT, KaKH€, HAIpUMEP, pPEe3yabTAThl MOYKHO IOJYYUTh B
cliydyae aHanu3a npuOsitus 20 mokymnaresnen.
OLIGBI/IJIHO, A7 TOJIYUCHHUA CTATUCTHUYECKON 3HAYUMOCTH PE3YyIbTAaTOB MBI

NOJKHBI OBIIM B3STh ropas3no OonbIIyl0 BBIOOPKY, KpoMe€ TOTO MBI HE YUJIH
HEKOTOpblEe Ba)XHbIe OOCTOSATENHLCTBA, TaKue, HapUMEp, KaK HaydallbHbIE YCIOBHSA
(aT0 OymeTt obcyx)aaThcs mo3aHee). BaxkxHBIM MOMEHTOM SIBASIETCS U TO, YTO I
FreHEepUpPOBAHUS CIHy4YallHBIX YHMCEJ Mbl NPUMEHHUJH JBa MNPUCHOCOOIEHUS
(mpoHyMepoBaHHBIE TNOKEpHble (UIIKM U KyOMK); 3TO OBUIO CHEJIaHO C LEJbI0
OCYILIECTBUTh HMCKYCCTBEHHBIH (MMHUTAIMOHHBIN) OSKCHEPUMEHT C CHUCTEMOWH,
103 BOJISIOIINN BBISIBUTH ONPEICTICHHBIE YEPTHI €€ MOBEICHMS.
Tabauya 6.1

VMuTarioHHoe MOJIeTMpoBaHke padoThl KOHTPOJILHOTO TIPHJIABKA

Hauaino
Iloxy- ob6cy-
natenb|Bpems nocne Bpemsa | Tekyiee m o - KHBA- K Bpemst Bpems npocros
PUOBITHUS o0ciy- | AeabHOE BpeMs — OHeEIL npeGHIBAHUS  [pojaBLa B
MPEABIAYIICTO JKUBa- B MOMCEHTBI 060Hy_ [MOKYyIIaTeNs OXKUJaHUU
TIOKYTIATEIs HHS, | NPUOBITHA pKHBa- [OKYTIaTes,
. ST y npunaaBka
MHWH MUH IMMOKYyIHaTeJIen , MUH MHWH

--- 0

1 1 0,00 0,00 0,01 1
2 3 4 0,03 0,03 | 0,07 4 2
3 7 4 0,10 0,10 0,14 4 3
4 3 2 0,13 0,14 0,16 3 0
5 9 1 0,22 0,22 0,23 1 6
6 10 5 0,32 0,32 0,37 5 9
7 6 4 0,38 0,38 0,42 4 1
8 8 6 0,46 0,46 0,52 6 4
9 8 1 0,54 0,54 0,55 1 2
10 8 3 1,02 1,02 | 1,05 3 !
11 7 5 1,09 1,09 1,14 5 4
12 3 5 1,12 1,14 1,19 7 0
13 8 3 1,20 1,20 | 1,23 3 1
14 4 6 1,24 1,24 1,30 6 1
15 4 1 1,28 1,30 1,31 3 0
16 7 1 1,35 1,35 1,36 1 4
17 1 6 1,36 1,36 | 1,42 6 0
18 6 1 1,42 1,42 1,43 1 0
19 7 2 1,49 1,49 1,51 2 6
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20 6 2 155 | 155| 157 2

Bcero 68

Cpennee BpeMs npeObIBaHUS MOKymaTens y npuiaka 68/20 = 3,40 muu

[IporieHT HEMPOU3BOAUTEIHHOTO BpeMeHH ipoaaBia 55/117 =47%. »

HpI/IMeHeHI/Ie mamemamudecKkozo MOOenuposanusi IIO3BOJISET HCCICI0BATHh

PCAIBHBIC SKCIICPUMCHTBI HaZl KOTOPBIMU 3aTPYAHCHBI WJIM HCBO3MOKHBI (IlOpOFO, OITaCHO IJid
300POBbA, OAHOKPATHBIC IMMPOLCCChI, HCBO3MOXXHBIC H3-3a (1)I/ISI/I‘~ICCKI/IX WM BPCMCHHBIX

OTPaHUYEHUHN — HAXOATCS JAJIEKO, €Il WIH YK€ HE CYIIECTBYIOT U T.II.).

OxoHomMHuueckuil 3¢ (ekT: 3aTpaThl B cpenHeM cokpariatores B 10-100 pas.

=

~No

10.

11.

Bonpocsl 1iis camonpoBepku

Kaxkwue Buapl MoAemMpoBaHus BaM U3BECTHBI? ONUIINTE UX.

UTo MOHMMAIOT MOJ1 AITOpUTMHU3alMell GYHKIMOHUPOBAHUS PeaIbHBIX MPOIECCOB U

cucrem?

UeM 0TImyaroTcsi BEpOATHOCTHBIE AHATUTUYECKHE MOJIEIN OT BEPOSITHOCTHBIX
HUMHUTAIIMOHHEIX MOJIEICH?

YTo mOHMMAIOT MO CTATUCTUYECKUM MoienipoBanreM? [lepeuncnure srambl
CTaTUCTUYECKOTO MOACIHUPOBAHUS.

B xakux cinydasx npuMEHSIOT IMUTAIIMOHHOE MOJIETUPOBAHNE SKOHOMUYECKUX
MPOIECCOB?

B 1yem cocTonT HEAOCTATOK MMUTALIMOHHOTO MOJICTTMPOBAHUS ?

B 1yem cocTonT HEAOCTATOK AKCIIEPUMEHTHUPOBAHUS C pEATIbHBIMU CUCTEMaMU?
[Ipu HANTMYMK KaKKUX YCIIOBUH 11€J1€CO00pa3HO TPUMEHSITh UMUTAITMOCHHOE
MO/JICTMPOBaHUE?

[TepeuncnuTe TUMOBBIC 3a]a4¥ UMUTALIMOHHOTO MOJACIIMPOBAHUS.

B kakux CUTyalluAX PEKOMCHAYCTCA UCIIOJIB30BaATh KMHUTAIIMOHHOC MOACIIMPOBAHUEC ITPU

HU3YUYCHHUU CJIOKHBIX COOMAJIbHO-3KOHOMHUYCCKHUX cucrem?
HpI/IBeI[I/ITC IIPUMEPEI 3a/1a4 UMHUTAIUOHHOT'O MOACIUPOBAHUA


http://fmi.asf.ru/library/book/simmodel/Glossary.html#chapter_85
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Tema 7. CymiHOCTb M€TO0/1a UMUTAIIMOHHOI O
MOJEJTUPOBAHUS

7.1. MeToa HMUTALMOHHOI 0 MOJACJIUPOBAHUSA U €r0 0COOCHHOCTH

OHpeI[eJH/IM METOA MMHUTALHMOHHOI0 MOJACJIUPOBAHMA B CaMOM 06IIIGM BUJIC KakK
3KcnepuMeHmanben7 Memoo uUccieo008anus peaﬂbnoﬁ cucmemsl no ee wuumauuo:mod MO@@]ZI/I,
KOI’YlOpbllZ couemaem 0COOEeHHOCMU IKCnepumenmailbHoco nooxooa u cneuud)uqecmte yciaosus
UCNONIL308AHUSL BbIYUCAUMETIbHOL MEXHUKU.

B aTOoM ompeneneHun MmMoaUepKUBACTCS, YTO MUMHUTAIIMOHHOE MOJCIUPOBAHUE SIBIISICTCS
MAIlIMHHBIM METOJIOM MOJEIUPOBaHUs, COOCTBeHHO 0e3 DBM HuMKOrja HE CYIIECTBOBAIIO, U
TOJBKO pa3BUTHE HWH(GOPMAIIMOHHBIX TEXHOJOTUM TMPHUBEJIO K CTAHOBJICHHUIO OSTOTO BHUIA
KOMIBIOTEPHOTO MOJETUPOBaHUs. B 3TOM ompeneneHnn Takxke aKICHTHPYETCS BHUMaHHUE Ha
AKCIIEPUMEHTAILHON TPHUPOJEC UMHUTAINH, TTPUMEHSIETCS UMHUTAIMOHHBIN METOJ| UCCIeOBaHUs
(ocymIecTBISIETCS AKCIIEPUMEHTUPOBAHNWE C MOJENBI0). [[eHCTBUTENbHO, B WMHUTAIMOHHOM
MOJISTUPOBAHUM BAXXHYIO pOJb HIPaeT HE TOJBKO TMPOBEJACHUE, HO U IUIAHHPOBAHUE
JKcIiepuMenTa Ha Mojenu. OHAKO 3TO OmpeaesieHne He MPOSCHSET, 9TO COOOW MpeaCcTaBiseT
caMa HWMHTAIlMOHHAsT Mojaenb. WTak, B YeM K€ COCTOUT CYIIHOCTh HMMHUTAIMOHHOTO
MO/JISTTHPOBAHUS.

B mpornecce mmuTanmonHoro mojenupoBanus (puc. 7.1) mcciemoBaTenh UMEET JEN0 C
YETBIPbMSI OCHOBHBIMU DJIECMEHTAMU:

e PeanpHag cucreMa;

e Jloruko maremaTtudeckas MOJA€Ib MOJCIUPYEMOTO 00BEKTA;

e HMmwuTarnmonHas (MalnHHAS ) MOJICIIb;

e DOBM, Ha KOTOpPOH OCYIIECTBISAETCS UMUATALMS — HAITPABJICHHBIN BEIYMCITUTEIbHBIN

JKCIIEPUMEHT.

Coszmamne
OZICITH

Peannnas
cHCTEMA

Bo3peiictua

3BM
(HanpaBIIcHHEIA

BEIIHCITHATCITRHBIH

SKCIICPHMCHT)

Jloruxo-
MAaTeMATHIECKA
MOIEIb

HnvwrarmmuonHas

MOJIENb Mopemipy ot

OKcIiepUMEHRT ANTOPHTM

Puc. 7.1 Ilponiecc *UMUTAaIMOHHOTO MOJEINPOBAHHUS

HccnenoBatens u3ydaeT pealbHYyI0 CUCTEMY, pa3pabaThIBAET JIOTUKO-MATEMaTHUYECKYIO
MOJIeNb PeaJbHON CUCTEMBI. MMumayuonHslii Xapakxmep ucciedosanus npeonoiazaem Haiuyue
JIO2UKO UNU IO2UKO-MAMEMAMUYEcKUx Mooeiell, OnNUCbl8AeMblX U3yiaemblil npoyecc.

Beiiie Mbl ONpENeNsiu peanvHyo cucmemy KAK COBOKYNHOCMb 63AUMOOEUCMEYIOUUX
9/1eMEHMO8, PYHKYUOHUPYIOUJUX 60 BPEMEHU.

CocTaBHOM XapakTep CI0KHON CUCTEMBI TUKTYET MPEICTABICHUE €€ MOJIEIH B BUJIE
TPOMKU:

<AS T3>,
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rjae
A — MHOXECTBO 3JIEMEHTOB (B MX YHCIIO BKJIIOUAETCS U BHEILIHSIS CPE/Ia);
S — MHOECTBO JOIYCTUMBIX CBSI3€H MEXy JJIEMEHTaMU (CTPYKTypa
MO/IEJIHN );
T — MHOXECTBO paccMaTpUBaeMbIX MOMEHTOB BPEMEHHU.
OcobeHHOCmbI0 UMUMAYUOHHO20 MOOIUPOBAHUs ABNAEMCA MO, YMO UMUMAYUOHHAS
MOOeNlb NO380JIsIemM 80CHPOU3BO0UMb MOOeUpyemble 00bEKMblL:
® C coxpaneHuem ux 102uecKol CmpyKmypol,
®C coxpaHeHuem nogeoeHyecKux ceoticma (I0CIeA0BATEIbHOCTH YEPET0BAHUS BO
BpEMEHU COOBITUH, POUCXOIANINX B CUCTEME), T.€. JMHAMUKH B3aUMOICHCTBUI.

[Ipy MMUTAMOHHOM MOJETUPOBAHUU CTPYKTYypa MOJIEIMPYEMON CHUCTEMBbl aJ€KBAaTHO
0TOOpaxkaeTcsi B MOJIENH, a MPOLECcChl €e PYHKIIMOHUPOBAHUS POUTPHIBAIOTCS (MMUTHPYIOTCSI)
Ha NOCTpoeHHOM Mojenu. [loaToMy HOCTpo€HHME HMHUTAUMOHHOM MOJENIM 3aKI4YaeTcss B
ONMHMCAHUU CTPYKTYpbl U TMpoLEeccOoB (YHKIIMOHUPOBAHUS MOJEIUPYEMOrOo OOBEKTa WIN
CUCTEMBI.

B onucanuu umumayuonnou mooenu vioensiom 0ge cocmasusaouue:;

Cmamuueckoe onucauue cucmemol, KOTOPOE MO CYIIECTBY SBJSETCS OMUCAHUEM €€ CTPYKTYpHI.
[Ipu pa3paboTke UMUTAITMOHHOW MOJETN HEOOXOIWMO  BBITIONHATH CTPYKTYPHBIH — aHAIN3
MOJENTUPYEMBIX ITPOIIECCOB.

Jlunamuueckoe onucanue cucmemsl, WIW ONHCAHWE JWHAMUKHU B3aUMOJICHCTBUHN ee
anemeHToB. Ilpm ero cocraBieHuu ¢dakTHUecKu TPeOyeTCcs MOCTPOCHUE QYHKYUOHAILHOU
MoOenu MOAECTUPYEMBIX THHAMUYECKHX MTPOLIECCOB.

Wnes merona, ¢ TOYKU 3peHUsI €r0 MPOrpaMMHON pean3aluy, COCTOsa B CIEIYIOIIEM.
UTto ecnau »dleMEeHTaM CHCTEMbl IIOCTaBUTh B COOTBETCTBHME HEKOTOpbIE MpOTrpaMMHbIE
KOMITOHEHTBI, & COCTOSIHUSL 3TUX 3JIEMEHTOB OMKCHIBATH C MOMOIIBI0O EPEMEHHBIX COCTOSHUS.
DIIEMEHTHI, TI0 OTIPEICIICHUI0, B3aUMOICHCTBYIOT (MM 0OMEHMBAIOTCSI HHGOPMAITUEH ), — 3HAUUT
MOXXET OBbITh peaqu30BaH aJrOpUTM (PYHKIMOHUPOBAHUS OTACIHBHBIX JJIEMEHTOB —
Mozenupyromuii anroputM. Kpome Toro, sneMeHThl CyHIECTBYIOT BO BPEMEHU — 3HAYUT HAJ0
3a/1aTh AJITOPUTM U3MEHEHHE [IEPEMEHHBIX COCTOSHUM.
JluHamMyka B HMMUTALMOHHBIX MOJIENSIX pealn3yeTcssi C TIOMOIIBI0 MexaHusmda
npoosudiceHUs MooenbHo20 epemenu. OTINYUTETLHOW 0COOEHHOCThI0 METO/Ia UMHUTALMOHHOTO
MOJENTUPOBAHUS SBJISETCS BO3MOXKHOCTb OMIMCAHUS U BOCIIPOM3BEICHUS B3aUMOICUCTBUS MEXKIY
pa3IMYHBIMU DJIEMEHTaMHU CHCTeMbl. Takum oOpa3oMm, 4YTOOBI COCTaBUTh HMHTALMOHHYIO
MOJEeNb, HAJIO:
® [pEACTaBUTH PealIbHYIO cUcTeMY (IIpoliecc), Kak COBOKYITHOCTh
B3aMMO/ICHCTBYIOIUX 3JIEMEHTOB;

® ANTOPUTMHYECKU ONMUCATH (DYHKIIMOHUPOBAHHUE OT/IEIbHBIX SJIEMEHTOB;

® OIHUCaTh MPOIIECC B3aUMOICHCTBHS Pa3IUYHbBIX AIIEMEHTOB MEXy COO0H U
C BHEIIIHEN CPEION.

KntoueBbIM MOMEHTOM B HMMHUTAIIMIOHHOM MOJIEIIMPOBAHUM SBISETCS BBIJICICHHE U
onucaHue cocmosnuii cucreMbl. CUCTeMa XapaKTepU3YeTCsl HAOOPOM NepeMeHHbIX COCMOSHUL,
Kax1ass KOMOMHAIusi KOTOPBIX OIHCBHIBAE€T KOHKpeTHoe cocTosiHue. ClieoBaTenbHO, MyTeM
VU3MEHEHHMs 3HAYEHUH JTHX MEPEMEHHBIX MOXXHO MMHMTHUPOBATH MEPEXOJ CHUCTEMBI U3 OJHOTO
cocTosiHUs B Jpyroe. Takum oOpa3oM, UMUTAIIMOHHOE MOJIEIMPOBAHUE — 3TO IMpPEJCTaBICHHE
OUHAMUYECKO20 NOBedeHUsi CUCTEMBI MOCPEICTBOM IMPOABHKEHHSI €€ OT OJIHOIO COCTOSIHUS K
JpYroMy B COOTBETCTBHM C XOPOLIO OIPEAEICHHBIMU ONEPALMOHHBIMU MpaBUIAMH. OTH
M3MEHEHHsI COCTOSHUM MOTYT MPOUCXOJUTH MO0 HEMPEphIBHO, JIUOO B TUCKPETHBIE MOMEHTHI
BpeMeHH. VIMHUTallMOHHOE MOJEIUPOBAHME — €CTh JAMHAMHUYECKOE OTPAXEHUE H3MEHEHUM
COCTOSIHUS CUCTEMBI C TEYEHHEM BPEMEHH.
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7.2. Ilpouecc ”UMUTALMHU

OcHOBHbBIE 3Tanbl npouecca UtMUuTalun

PoGept lllenHoH [13] BBIACTSAET CIIGAYIONTUE 3TAIBI TPOTIECCa UMUTAIUH:

1. Onpeodenenue cucmemvl — yCTAaHOBJIEHUE T'PAHUI], OTPAHUUYCHUN U H3MEpHUTENICH
3¢ (HEKTUBHOCTH CUCTEMBI, IO JICKAIICH N3YUSHUIO.

2. @opmynuposanue Mmoldenu — TEPEXOJ OT PEATbHON CHUCTEMBI K HEKOTOPOM
JIOTUYECKOM cxeme (abcTparupoBaHue).

3. Ilooeomoska Oannblx — OTOOP NAHHBIX, HEOOXOAMMBIX JIJISI MIOCTPOCHUS MOJICIH, H
MIPEJICTaBJICHUE UX B COOTBETCTBYIOMICH popme.

4. Tpancaayus mooenu — OIMCaHNE MOJIENH Ha S3bIKE IPOTPaMMHUPOBAHHUS.

5. Oyenxka aoexkéamnocmu — TIOBBIIICHUE [0 TPUEMIIEMOTO YPOBHSA CTEIEHHU
YBEPEHHOCTH, C KOTOPOH MOXXHO CYJTUTh OTHOCHTEIHLHO KOPPEKTHOCTH BBIBOJIOB O pPeaTbHOU
CUCTEMe, MOJTydCHHBIX Ha OCHOBAaHHH OOpAIICHUS K MOJICITH.

6. Cmpamezuueckoe nianuposatie — IIIAHAPOBAHUE YKCIIEPHUMEHTA, KOTOPBIN JTOJDKEH

JaTh HEOOXOAMMYI0 HH(POPMAITHIO.

7. Takmuueckoe nianupoganue — OIpPeNEICHUE crocobda MPOBEACHUS KaXJIOi cepuu
WCIBITAHUN, TPEAYCMOTPEHHBIX TUIAHOM 3KCIIEPUMEHTA.

8. 9KcnepuMeHmup06aHue — OpoHECC OCYIICCTBICHUA UMHUTAIUU C LCIIBIO MOJTYYCHHA
KCITACMBIX JAaHHBIX W aHaJINn3a YyBCTBUTCIBHOCTH.

9. HUnmepnpemayusi — TOCTPOEHUE BBIBOJOB IO JAHHBIM, MOJYYEHHBIM ITyTEM
MMUTAIUH.

10. Peanuzayus — TPaKTUYECKOE UCIOJIB30BAHME MOJIEIM U  PE3YyIbTaTOB
MOJEIUPOBAHUSI.

11. Jloxymenmupoeanue — perucTpanusi XoJa OCYIIECTBJICHHS NPOEKTa U €ro

PE3YIBTATOB, a TAKXKEC JOKYMCHTHUPOBAHHUE ITpOLE€CCa CO3AaHNA U UCITIOJIB30BaHUSA MOJCIIN.

7.3. ®opMy.IUpOBaHUE MOAEIH

Mopnens — mpencraBlieHHe OO0bEKTa, CUCTEMbI B HEKOTOpPOHl (opme, OTIMYHON OT
(GbopMBI HMX pealbHOro CyIIecTBOBaHMS. MoJenb — 93TO MpexJae BCEro YIpoUIeHHOE
MpPE/ICTaBJICHHE pEaTbHOr0 OOBEKTa WM SIBJICHUSA, COXpAHSIONIEe €ro OCHOBHBIE,
cyuiecTBeHHbIe uyepThl. CaM mpoiiecc pa3paboTKU MOJEINH, T.€. MOJCIUPOBAHHUE, MOXKET ObITh
OCYILIECTBIIEH Pa3IMYHBIMH CIIOCOOaMH, U3 KOTOPHIX HanboJiee paclpoCTpaHeHO (HU3HUECKOe
Y MaTeMaTHU4E€CKOE MOJICTUPOBAHUE.

PazpaboTka W MOCTpOEHHE MOJEIN COLMAIbHO-3KOHOMHUYECKON CHCTeMBl Tpedyer
IIIyOOKOTO M3y4eHHs CBOMCTB MCXOJHOrO oObekTa. Ilpum 3TOM B OCHOBE MOCTPOEHHS MOJENU
JIe)KaT, Kak MpaBuilo, ONpe/ieieHHas: TeopeTHdYecKas KOHIIETIIH, BKIIYaloIias crocol aHaam3a
CUTYalluu, HEKOTOPbIE alpUOPHbIE MPEICTABICHUS O B3aMMOCBA3AX MEXIY HAOMIOAaeMbIMH U
M3ydyaeMbIMU TIpU3HAaKaMu M (akropamMu. B Hayanme NOCTpoeHHS MOJENU CIEAYyeT 10
BO3MO’KHOCTH TOYHO C(OPMYIMPOBATH T€ MPEANOCHUIKH (TUIOTE3bI) U OTHOLICHMS, Ha KOTOPBIX
OazupyeTcss MaremMaTHuyeckas MoJelb oO0bekTa. B OCHOBY mpemiaraeMoro OMUCAHUs
OTHOLIEHWH, ONpEeAENSIONUX BO3MOXHBI TUII MOJENH, TOJOXKEHa Kiaccudukanus,
NpUBEJIeHHAs B KHUTE [27] 1 rpaduyecku npecTaBieHHas Ha puc. 7.2.
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| Banancopre|

TeXHONOTHYECKH Ej

SESOTEHHELE

HOBE,D;EHT-IE:EKHEJ

[ﬂem-::-rpaqmqem{ne

[91{031 OTHUECKH ej

Puc. 7.2. CtpykTypa TUIIOB OTHOIICHHI

banancosvie omnowenus peann3yroT paBeHCTBO CyMMbI HaJIMYHBIX 00bEMOB (TOBapoOB,
pecypcoB, (pMHAHCOBBIX MOTOKOB U T.II.), HOJYYEHHBIX U3 Pa3IUYHBIX HCTOYHUKOB, CyMME
00BEMOB, UCIIOJIB30BAHHBIX MO Pa3JIMYHbIM HAIIPABJICHUSM.

Texnonoeuueckue OmMHOULCHUS PACKPBIBAIOT W ACTAIM3UPYIOT TEXHOJIIOTHYCCKUEC
IMpOoUECChl KOHKPETHBIX OKOHOMHWYCCKUX CHUCTCEM.

Ilogedenueckue omHoweHUs OTHCHIBAIOT TOBEACHUE JJIEMEHTOB HSKOHOMUYECKON
CUCTEMBbI, UMEIOIINX HEKOTOPYIO CBOOOY BbIOOpA pelIeHU .

CmpykmypHole omuouieHusi ONPENENA0T HEepapXuio yIpaBieHUs (B3aUMOCBS3H,
COMOJUYMHEHHOCTh AJIEMEHTOB) U TpaBUja, Perylupyromue GyHKIMOHUPOBAHUE AJIEMEHTOB
CUCTEMBI B paMKax 3TOU UEpapXuu.

OKxoHomuueckue omHouieHuss PaCKpbIBAIOT B3aMMOCBS3M SKOHOMMYECKOH CHCTEMBI C
OKpY)KaloIllen Cpesiou.

Jlemoepaguueckue omnouienuss yIUTHIBAIOT BIUSHUE POCTA U CTPYKTYpPHI HACEJICHUS Ha
MIPOU3BOJICTBO.

DK302enHble OmHOuleHUs OTMCHIBAIOT B3aUMOOTHOIICHHUS YKOHOMHYECKOW CHCTEMBI C
AJIEMEHTaMHU BHEIHEH Cpelbl, MPUYEM BIUSHUE CUCTEMbI HA ITH AJIEMEHTHI OI'PaHHYCHHO
(BHEITHSS TOPrOBJIs,, CTUXUMHBIC OCICTBUS U JIP.).

Cnez[yeT HUMCTb B BHOY, 4YTO IIpH pa3pa60TKe Moz[eneﬁ JO0CTAaTOYHO CJIOXXHBIX
OKOHOMHNYCCKHUX CHCTEM HCO6XO,I[I/IMO Y4YUTBIBATb HCCKOJIBKO HJIM AK€ BCC BBILNICYKA3dHHBIC
OTHOIICHUA 3JICMCHTOB CUCTCMBI.

7.4. OneHka ageKBaTHOCTH MOJeJH

Kakoit ObI CJIOXXHOM W MOJHOW HH ObLIa MOJACIb, OHa TEM HC MCHEC ABIIACTCA
HpI/I6J'II/I)KeHHHM 0T06pa)KeHI/ICM pCaJIbHOTO 00BCKTa U OTpaXacT €ro IMnpu OHUpPCACICHHBIX
NPUHATBIX AJOIYHICHUSX. OI[HaKO A0 TEX IIOp IIOKa HE A0Ka3aHa aJACKBATHOCTbL MOJCIIN
peanLHoﬁ O6CT8.HOBKC, HCJIB34A C YBEPCHHOCTBIO YTBEPKAATh, YTO C €€ MOMOIIBIO IOJIYyIaTCH
TC PE3YJIIbTAThl, KOTOPBIC JEHCTBUTEIIHLHO XapaKTCPU3YyrOT q)YHKI_II/IOHI/IpOBaHI/Ie HCCIeayeMOIo
00BEKTA. OHCHKa aJICKBaTHOCTH M TOYHOCTH MaTEeMaTHUYECKOM MOJIEIH JII000r0 THIIa, B TOM
qucCjic u HMHTaHHOHHOﬁ, SIBIIICTCS BaKHEHIIEel 3amadeit MOJCIUPOBAHUA, TAK KaK T00bIe
HCCIIeNOBaHMS Ha HeaJeKBaTHON MOJEIU TCPAOT CMBICJI [4]

OI/leHKCZ adekeamuocmu MOZCIIN 3aKIIIOYACTCA B IMMOBBINICHUN 1O NPUCMIIEMOI'0 YPOBHS
CTCIICHU YBCPCHHOCTH, C I(OTOpOfI MOKHO CYJUTb OTHOCHUTCIIBHO KOPPEKTHOCTU BBIBOIOB O
peanLHoﬁ CUCTCMC, ITOJIYYCHHBIX HAa OCHOBAaHUU o6pa1ueHI/151 K MOJCIIN.
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Jyist 3TOrO0 MOTYT OBITH MICIIOJIB30BaHBI IPOBEPKHU TpeX BUAOB. [Ipu mposepke nepsozo
BUJA CJEIyeT MPOBEPUTH: HE Oy/AET JIM MOJIENb JaBaTh MPOCTO abCyp/HbIe OTBETHL. BTopoi
METOJI OIICHKH aJeKBAaTHOCTH MOJISIH HasbiBaeTcsl Bepudukanueid. Bepuguxayus
UMUMAUUOHHOU Mo0enu — TIPOBEPKA COOTBETCTBHUS €€ IIOBEICHUS IIPEANOJIOKEHUAM
SKCIIEPUMEHTATOpa. JTO MEpPBBIA ATal JEUCTBUTEIHHOW MOATOTOBKM K HMHTAIIMOHHOMY
skcriepuMenty. [loaOuparoTcss HEKOTOpPBIE MCXOJHBIC JaHHBIC, JUISI KOTOPBIX MOTYT OBITH
MPEACTABJICHBI pe3yabTarhl mpocyeta. Eciam okaxkercsa, uro OBM BblmaeT naHHEBIE,
MIPOTUBOPEUAIINE TEM, KOTOPHIC OXHUIAUIACH NPH (HOPMHUPOBAHUU MOJETH, 3HAYUT, MOJCIhH
HeBepHa. B oOpatHomM ciyyae mepexogdT K - CIEAYIOIIEMY 3Tany  I[POBEPKHU
paboTOCIIOCOOHOCTH MOJICTH — €€ BAIUOAYUU.

Banuoayua umumayuonnoit modenu — npoBepKa COOTBETCTBUS JAHHBIX, MOJYy4a€MbIX B
MIPOIIECCe MAWUHHOU UMUMAYUY, PEATHPHOMY XOMIY SIBJICHUM, IJIs ONMHUCAHHS KOTOPHIX CO3/IaHa
mooenb. COCTOUT B TOM, YTO BBIXOJHBIE JaHHBIE Mocie pacdyera Ha DBM comocTaBisitoTcsi ¢
UMEIOIUMUCS CTATUCTUICCKIMHE CBEICHUSMHU O MOJICITHPYEMOU CUCTEME.

Takum 0Opa3om, BOTIPOC OLIEHKH aJeKBATHOCTH MOJICITH UMEET JBE CTOPOHBI:

- IpuoOpeTeHNe YBEPEHHOCTH B TOM, YTO MOJEIb BEJET ce0sl TaKUM ke 00pa3oMm, Kak U
peanbHas CUCTEMA;

- YCTAaHOBJICHHMC TOTI'O, YTO BBIBOJbI, ITOJYYCHHBIC M3 ISKCICPUMCHTOB C MOJCIIBIO,
CITpaBCAJIUBEI U KOPPEKTHEIL.

C pocTOoM aJIeKBaTHOCTH W TOYHOCTH MOJIEJIM BO3PACTAIOT KaK €€ CTOMMOCTh, TaK H
IIEHHOCTh IS UCCJICJIOBAHMS, B CBSI3W C YE€M IPHUXOJMTCS pEeIiaTh BOMPOC O KOMITPOMHCCE
MEX/Ty CTOMMOCTBIO MOJICITA M TIOCJICJICTBUSIMH OITMOOYHBIX PEIIeHUN H3-3a HEaJCKBAaTHOCTH
uccaegyeMomy mpoieccy. OreHka aeKBaTHOCTH M TOYHOCTH MOJCNIHM TPENCTaBIsAeT COOO0M
HETIPEPBIBHBINA MPOIIECC, MPABUIBHOCTh IOCTPOSHUS MOJICTH MOXET ObITh MPOBEPEHA TOJBKO
Ha TPaKTUKE 3a CUYET IMOBTOPCHMS IHKJIA «IIOCTPOCHHE MOJIEIM — TPOBEpPKA MOJICITH.
Cnenyer OTMETHTh, YTO TIOHSATHE aJ€KBAaTHOCTH MOJIEIM HE HMEET KOJHMYECTBEHHOTO
M3MEPEHUS: MOJIENb JTU00 aJIeKBaTHA SBJICHUIO, MO0 He anekBaTHa. [Ipu 3TOM, €CTECTBEHHO,
MPEANOJIaraeTcs, YTo MporpamMMa, peaTn3yrollas BEIYUCICHHUS TI0 MAaTEMaTHYECKON MOJIeTH,
HE COACPKUT OIMMOOK, UCXOTHBIC JTAaHHbIE BBEJICHBI B MAIIIMHY MPaBWIbHO. Takum oOpazom,
MOJIENb SIBJISIETCS IOCTOBEPHOM, €CIIM €€ KOHIENTyaabHas MOJCNb aJcKBaTHA UCCIEAyeMOMY
MpoIieccy, MaTeMaTH4ecKass MOJeb aJeKBaTHA KOHIIENTYaJlbHOW, a TOYHOCTH peasli3aIliu
MaTeMaThudeckor monenu Ha DBM COOTBETCTBYET 3a/laHHOM, T.€. MOTPEIIHOCTH pacyeTa He
MPEBBIIAIOT JONMYCTUMBIX [4, ¢.118].

7.5. DKkcnepuMeHTHPOBAHNE C HCIOJIb30BAHUEM UMHUTAIIMOHHOM MO/IeJIH

ITocne 3aBCPIICHUA OTAIlOB pa3pa60TKH U IUIAHUPOBAHHUA OCYLICCTBJIIACTCA IMPOLECC
OKCIICPUMCHTUPOBAHUA Ha MOJCIIU C HCJIbIO IMOJTYYCHUA JKeJlaeMou I/IH(bOpMaI_II/II/I. Ha stom
JTall€ HAYMHAKT BBIABIATBCA HCEAOCTATKH W MHOPOCUHETBI B MOJACIN W IIJIAHUPOBAHHUU
MMPOBCACHUA SKCIICPUMCEHTOB, KOTOPBIC NOJIKHBI ITIOCTOAHHO YCTPAHATHCA N0 TEX IOP, ITOKA HE
6y,ZLYT AOCTUTHYTBI IICPBOHAYAJIBHO ITOCTABJICHHBIC LICJIN.

HpI/I OKCIICPUMCHTUPOBAHNN MOJCJIb BBICTYIIACT KakK CaMOCTOSITCIIbHBIH 00OBEKT
HUCCICIOBaHUA. O,Z[Hy nus3 q)OpM TAaKOI'0 HCCJICHOBaHHUA COCTABJISICT IMPOBCACHUC MOJCIIBHBIX
OKCIICPUMCHTOB, IIPU KOTOPBIX HEJICHAIIPABICHHO U3MCHAKOTCA YCIIOBHUA (bYHKI_II/IOHI/IpOBaHI/IH
MOJCIN U CUCTCMATH3UPYIOTCA JAHHBIC O €€ «IIOBCACHUNY. Koneunsim PE3YJIbTATOM 3TOTO
oTala SBJIACTCSA COBOKYIHOCTDH 3HaHWH O MOJEIH B OTHOIICHHU CYHICCTBCHHBIX CTOPOH
O6’BCKTa-OpI/ITI/IHaJ'Ia, KOTOPBIC OTPAKCHBI B JaHHOW MOJEIH.
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Ha puc. 7.3...7.5. cxeMaTU4HO MOKa3aHbl BO3MOYKHbIE BAPUAHTHI U3MEHEHUS BXOIHBIX
[apaMeTpoB MMHUTALMOHHOM MOJENN IpPH MPOBEIECHUU SKCIEPUMEHTOB Ha HEH C LENbIO
W3Y4YEHHUs U3MEHEHMSI BBIXOHBIX 1APAMETPOB MOJIETIUPYEMON CUCTEMBI.

Ha puc. 7.3 moxa3aH BapuaHT UMUTALMOHHOTO AKCIEPUMEHTA, IPY KOTOPOM U3MEHSIOTCS
3HAYCHUS TOJBKO OJHOTO BXOJHOTO mapamerpa X, umuTanuonHon wmoxenn (MM) npu
(UKCHPOBAHHBIX 3HAYCHHUAX BCEX OCTAIBHBIX BXOAHBIX MapameTpoB. [Ipm sTom mccnemyertcs

M3MCHCHHE BBIXOAHBIX TapameTpoB W, W,,..., W, .

M= .
—.

Puc. 7.3. UccnenoBanue BIUSIHAS U3MEHEHUS OJIHOTO BXOJHOI'O ITapaMeTpa Ha BBIXOAHbIE
napameTpsl

B BapumanTe MMHUTAIIMOHHOTO JKCHEPUMEHTA, W300pakeHHOM Ha puc. 7.4, ucciaemayercs
MOBEJICHNE BBIXOJHBIX TApaMETPOB TMPH W3MEHEHHWH HECKOJIBKUX WM BCEX BXOJIHBIX
napameTpoB. Tako#l BUJ SKCIIEPUMEHTA XapaKTEPEH I CTPATETHYECKOTO TIJIaHUPOBAHUS, KOT/1a
BBIOMpACTCS Ta WJIM WHAS CTPATETHsI N3MEHEHHSI BXOTHBIX TTapaMeTPOB.
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Puc. 7.4. IMuTanus nNpuHATON CTpaTeruM N3MEHEHUs BXOJHbIX TapaMeTpPOB

Ecnu oiHa Wiy HECKOJIBKO NMEPEMEHHBIX SABIISIOTCS CIIydailHBIMU (CTOXaCTUYECKUMHU )
BEJIMYUHAMH, TO NPU NMPOBEACHUN UIMUTAI[MIOHHOTO SKCIIEPUMEHTA UX 3HAYCHMS 3aJal0TCs U
MIOMOIIIM TeHepaTopa ciaydaiHbix yncen (/'CY). BapuaHT sKcriepuMeHTa co Cly4aiHbIMU
BXOJIHBIMU ITapaMeTpaMu U300paxeH Ha puc. 7.5.
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Puc. 7.5. UMUTalIMOHHBIN SKCIIEPUMEHT CO CIIydalHBIMHM BXOJHBIMU ITApaMeTpaMu

Ecmm maremaTtndeckas MOJZCIIb HCHOpUroaHa mIA TIPUMCHCHHUA aHAJIUTUYCCKUX WA
YUCJICHHBIX MCETOAOB, TO A €€ pPCIICHHUA MNPHUMCHAIOT MCTOA BKCHCpHMeHTaHBHOﬁ
ontuMmzanun Ha OBM. Ilpu »3TOM MeTone HET HEeoOXOIMMOCTH B IpeoOpa3oBaHUU
MaTeMaTHYeCKOH MOJENM B CHELMalbHYI0 cUCTeMy ypaBHeHud. Kak neneBas QyHKius, Tak u
cucremMa OFpaHI/I‘ICHI/Iﬁ MOr'yT OLITH 3alaHbl B BUJC aJITOpUTMaA, MMO3BOJIAIOMICTO BLIYUCIATE UX
3HaueHus B Xoje MojenupoBaHus. Ha puc. 7.6 cxeMaTnyHO MOKa3aH BapUaHT UMHUTALIMOHHOTO
OKCIICPUMCHTUPOBAHUA C IPUMCHCHUEM MECTO1a 3KCHGpHM€HT3J'IBHOfI OIITUMMU3 a1,

X — ——— E=7(X,X,,X....Xp)
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Puc. 7.6. Meton sSKkCIEpUMEHTAIBHOM ONTUMU3AIUHU C UCTIOJIb30BAHUEM UMHUTAIMOHHON
MOJEIIN

7.6. IlonsiTue 0 MOAEJIbHOM BpeMeHH. MeXaHu3M NMPOoABUKEHUS
MO/1eJIHOTO BpeMeHH

Jlst onucaHus TMHAMHUKU MOJICIIUPYEMBIX MPOIIECCOB B MMUTAITMOHHOM MOJICTUPOBAHUH
peaNn30BaH MeXaHu3M 3a0aHusi MOOelbHO20 6peMeHu. DTH MEXaHU3Mbl BCTPOCHBI B
YIPABJISIOITUE TTPOTrPAMMBI JIF000# CHCTEMBI MOJICITUPOBAHHSL.
Ecmu 661 Ha DOBM HMUTHPOBAIOCH TOBEICHHE OJHOHW KOMIIOHEHTHI CHCTEMBI, TO
BBITIOJTHEHUE JICUCTBUH B WMHUTAIIMOHHOW MOJIETM MOJXKHO ObUIO OBl  OCYIIECTBUTH
MOCJIEIOBATENBHO, IO MePecueTy BPEMEHHOM KOOPIMHATHI.
YToObI 00ECIIeYnTh UMUTALIMIO MMAPAUICIIbHBIX COOBITHI peaTbHON CUCTEMBbI BBOJISAT
HEKOTOPYIO TJI0O0AJbHYI0 MEPEeMEHHYI0 (00ecrednBaron[yt0 CHHXPOHHU3AIUIO BCEX COOBITHII B
cucteme) t0, KOTOPYIO Ha3BIBAIOT MOOENbHBIM (UL CUCTNEMHBIM) BPEMEHEM.
Cy1iecTBYIOT /iBa OCHOBHBIX crioco0a u3meneHus t0:
® nowazcoswili (MPUMEHSIOTCS (PUKCUPOBAHHBIC MHTEPBAIBI U3MEHEHUS
MOJENBFHOTO BPEMEHH);

® 10 cobvimutinbll (PUMEHSIOTCS IEpEMEHHbIE HHTEPBAJIbl H3MEHEHUS
MOJENBFHOTO BPEMEHH, TPU 3TOM BEIMYUHA I1ara U3MEpseTCs] HHTePBaIoM
JI0 CTIEAYIOIIETO COOBITHSA).

B cnyuae nowaeosoeo memooa npoiBUKEHNE BPEMEHH MTPOUCXOIUT ¢ MUHUMAJIBHO
BO3MO’KHOU TIOCTOSIHHOW JJIMHOM 11ara (npuxyun t). 3TH alrOpUTMbI HE OYeHb 3((EKTHUBHBI C
TOYKH 3PEHHUS UCIOJIb30BaHMU MAIIMHHOTO BPEMEHHU Ha UX PEaln3aluIo.

Ilo cobvimutinbiil Memoo (npunyun “ocobwvix cocmosnuii”). B HeM KOOpUHATHI BpEMEHH
MEHSIOTCSI TOJIBKO KOT'/1a U3MEHSIETCSl COCTOSIHME CUCTEMBI. B 110 COOBITHIHBIX MeTo1axX JITHA
11ara Bp€MEHHOI'O CABUI'a MaKCUMAJILHO BO3MOXHas1. MoieJIbHOE BpEMS C TEKYILIEr0 MOMEHTA
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M3MEHSETCS 0 ONMKaiIero MOMEHTa HACTYIIJICHUS CIIEYIOMIEro COOBITHSI.

Puc. 7.7. nemoHcTpHUpyeT criocoObl IPEICTaBICHNS U YIIPaBJIEHUS BpEMEHEM IIpU
HCI0JIb30BaHNU 000MX MeTO10B. [10o ocu BpeMeHM O0TIIOKEHA OJIHA U Ta YK€ MOCIIEA0BaTENbHOCTh
COOBITHIA.
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Puc. 7.7. Teuenne Mo/1eIbHOTO BPEMEHH: a — B MOJIENH € (PUKCUPOBAHHBIM I1aroM (IOIIAroBbIA
MeTOo/1); O — M0 COOBITUHHBINA METO/I.

VY KaX10ro U3 3TUX METOJIOB €CTh CBOM IpeumyliecTBa. B Monenu ¢ pukcupoBaHHBIM
iarom (MOLIAroBeI MeTo1) 00paboTKa COOBITHI MPOUCXOANT MO TPyHIaM I MHOKECTBaM
coOpITH. B Mozenu, ucronp3yroomei 1mo COOBITUHHBIA METON 3aJaHus Iara, o0padoTka
COOBITHI HJET MOCIENOBATEIbHO M BpPEeMsl MMHUTALIMKU KaXKIblil pa3 cMelaercss BHepes Ha
HayaJo CIEAYIOUIEro COOBITHS, KaXk/10€ U3 KOTOPBIX 00CITYKUBAETCA 110 OYEPEIH.

Hcnonb3oBanue MeToa GUKCUPOBAHHBIX HIAaroB 0oJiee MpeanouTUTENbHO, €CIH:

- COOBITHS TOSIBJISIIOTCSI PETYJASPHO M paclpeneieHbl BO BPEMEHH OTHOCHTEIHHO
PaBHOMEPHO;

- B TCUCHHUC NHKIA MOJACIHUPOBAHHA IIOABIACTCIA MHOI'O CO6BITI/II71, npu4YeM
MaTEMaTHYCCKOE OKUAaHUEC IMTPOAOIKUTCIBHOCTHU CcOOBITHI Majo,

- TO4YHas npupoaa CYIECCTBCHHBIX CcOOBITHH HE sICHA, KaK, HaIlpuMeEp, 3TO ObIBaeT Ha
HadaJIbHOM 3Tall€ UMHTAIMOHHOT'O UCCJICAOBaHUA.

C apyroii CTOpPOHBI, IO COOBITMMHBIA METOJ 3aJaHMs IIara 70 CJICIYIOIIETO COOBITHS
BBITOJIEH TEM, YTO:

- IIO3BOJIACT SKOHOMUTh MAaIIMHHOC BPEMs B ClIyda€ CTaTHUYCCKUX CHCTEM, B KOTOPBIX
CYIICCTBCHHBIC COOBITHUSA MOTYT IUTCIIBHOC BPEMA HC HACTYIIATh;

- He TpeOyeT omnpe/eNieHus] BETUYUHBI IPUPALIEHHS BpEeMEHH (UTO BIUSET U Ha
MPOIODKUTEIIBHOCTD ITUKIJIA MOJCIIUPOBAHHUS, U HA TOUHOCTB);

- MokeT 3(h(PEKTUBHO HCIIOIB30BATHCS MPU HEPABHOMEPHOM PACIPEACIICHUH COOBITHIA BO
BpeMeHH W (wiM) TpH  OOJBIIOW  BEIMYMHE  MATEMaTHUYECKOIO0  OXHJAHUA  HX
MIPOJOJIKUTEIIBHOCTH.

[Ipocreiimas kinaccupukanys Ha OCHOBHBIE BHUIbl MMUTAIMOHHBIX MOJIENEH CBs3aHa C
MPUMEHEHHEM JIBYX 3THUX CIIOCOOOB MPOBMKEHUSI MOJAETLHOTO BPEMEHHU.

PaznuuaroT *MUTAIIMOHHBIE MOJICIIH
e Henpepuvignovie,
e Jluckpemmuvie,
o HenpepwviéHo Ouckpemmule.

B nenpepuvignvix umumayuonueix moolensx TEPEeMEHHbIE H3MEHSIIOTCS HEMPEPHIBHO,
COCTOSTHUE MOJICTTUPYEMON CHCTEMbI MEHSETCsl KaK HempepbiBHAs (YHKIIUS BPEMEHHU, W, Kak
MpaBWJIO, OSTO HW3MEHEHHE OINUCHIBaeTCA CcUcTeMaMu U GEepeHIINaTbHBIX  YPaBHEHU.
COOTBETCTBEHHO TMPOJBM)KEHUE MOJIEIBHOTO BPEMEHU 3aBUCUT OT YMCIEHHBIX METOJIOB
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pemenus tudepeHaIbHbIX YPaBHEHUH.

B ouckpemmuvix umumayuonuvix mooensx TEpPEeMEHHBIE H3MEHSIOTCS JUCKPETHO B
OTpeNeIeHHbIe MOMEHTHl HMMUTAIIMOHHOTO BpEMEHHU (HACTyIJIeHHs coObITHi). JnHamuka
JIMCKPETHBIX MOJIENeN MpeacTaBisier co0oil mpolecc Mepexoia OT MOMEHTa HACTYIUICHUS
OUYEPEHOTO COOBITHS K MOMEHTY HACTYIUICHHUS CJIEAYIOIIErO COOBITHSI.

[TockoNbKYy B pEalbHBIX CHUCTEMAax HENPEPHIBHBIE W JHCKPETHBIE MPOIECCHI YacTO
HEBO3MOXKHO Pa3JeiNTh, ObUIH pa3palOTaHbl HenpepblGHO OUCKpemHble MOOelu, B KOTOPBIX
COBMENIAIOTCS MEXaHU3MBI TIPOJIBIKCHUSI BPEMEHH, XapaKTepHBIE IS 3TUX JABYX MPOIECCOB.

7.7. UuTepnperanus U peaju3auus pe3yabTaToB MOJeTHPOBAHUSA

[To muenuro P. Illennona [13], HHKakoe 3aJaHM€ HA MOJECIMPOBAHHE HE MOXKET
CUUTATbCA YCICIIHO 3aBCPHICHHBIM 0 TEX IIOpP, IMOKAa OHO HE 6YJIGT IIPUHATO, IOHATO U
WCTONBb30BaHo. Hawmbosbmme HeygauW, TOCTHTaBIIAE CIIEIUAINCTOB, 3aHUMAFOIIUXCS
npoOieMaMH yIpaBiIeHUs], ObLIIM CBSI3aHbl W BOCIPHUSATHEM U HCIHOJIB30BaHUEM MX padoT.
PoGepr Illennon craemyronuM o0Opa3oM pacrpeienser BpeMs, HeoOXoauMmoe Ha
MPOEKTUPOBaHKUE U paboTy ¢ MoAemnbIo: 25% Ha nmocTaHoBKy 3anaun, 20% Ha cOop U aHANN3
nanubeiX, 30% Ha pa3paboTky Momenmu u 25% Ha peanuzanuio. Camas nydinas B MHPE
MMUTAIMOHHAS MOJIENTh HUUETO HE CTOUT, ITOKa OHA HE MCIOJIh30BaHa MM HE 0I00peHA TEMH,
JUIs Koro oHa Oblna paspaboraHa. [[nst OOJBIIMHCTBA CHEHUAIMCTOB M PYKOBOAMTENEH
MPOU3BOJICTBA HMHTEpPEC MPEJCTABISET HE W3SIIHAS MOJENh M HCKYCHOE HCITOJIb30BAaHUE
MaTEMaTHYCCKHUX METOJ0B, a4 pCaJIbHbIC HpO6J’I€MI)I H CIIOCOOBI UX pelIcHM.

Wudopmanus, momydaemass ¢ TOMOLIbIO HWMHUTAIIMOHHON MOJENH JIOJDKHA OBIThH
mpuemiieMa Ui 3aKa3udKa WM TI0JIb30BaTelsl, KOTOpPBIE JOJDKHBI TOHMMAaTh, Kak
HE00X0IMMO TIOCTYITUTh WIJIM KaK MOYKHO HCIOJB30BaTh TOJTyUYEHHBIE pe3yabTaThl. Eciu emy
HE SICHO, KaK TH JJaHHBIE MOT'YT TIOMOYb €MY HJIM KOMY-JTHOO IpyroMy IpUHUMATh PEIICHUS,
TO OH HMX OymeT MPOCTO WIHOPHUPOBATh, M BCsA paboTa MO CO3MAHUIO MOJEITH OKaXeTCs
0e3pe3yJIbTaTHOM.

JIro6ast UMUTAIIIOHHAS MOJIEJIb JJOJDKHA MO3BOJISATH CHEI[UAINCTY, paboTaloeMy ¢ Hel,
OIICHUBATh  PEIIECHHUS, KOTOpPbIE  YIOBJIETBOPSIOT €ro  COOCTBEHHBIM  IOHSATHSIM
palMOHATILHOCTH, a TaKKE€ BO3MOXKHBIE PE3yibTaThl CHOPMYIHPOBAHHBIX UM CTpaTETHid.
[Tonb3oBarens MOJIENH, €CIM OH HE SIBJIAETCS €€ pa3pabOTYMKOM, MOJIaraeT, YTO UMEHHO OH
MO>KET HAaWJIy4lIUM 00pa3oM IMOJIy4yaTh IPAaBUIIbHBIE PEIICHHUS.

YroObl HMMETh MAaKCHMAJIbHBIE IIAHCHI YCIICIIHOTO  IMPUMCHCHUA  PE3YJIbTATOB
HMHUTAIMOHHOT'O UCCICAOBAHMA, HMUTATMOHHAsA MOACIIb JOJIZKHA OBITh:

- IOHSATHOM 3dKa34YHKYy-IIOJIb30BATCIIIO,
- CIIOCOOHOI AaBaTb pa3yMHBIC OTBECTHI,

- CcrmocoOHOM JaBaTh HMHGOpPMAIMIO, KOTOpas MOXET OBITh B JajdbHEHIIEM
HCITOJIb30BaHa;

- peaHI/ICTI/IIIHOI‘;I B Tpe6OBaHI/I5{X K JaHHBIM,
- CIIOCOOHOM OTBEYaTh HA BOIIPOCHI TUIIA «A gT0 6y,[[eT, CCJIN. . .?»;

- JIeTKO MoAuuIIpyeMoii;

- HEIOpPOro¥ NpU NPUMEHEHUH.

BOHpOCBI AJI CAMOIIPOBEPKHA
1. IlpuBenuTe KOHKpPETHBIE IPUMEPHI 3a/1a4 UMUTALIMOHHOTO MOJEIUPOBAHUS.
2. JlaiiTe ompezneneHne METO1a UMHTAIMOHHOTO MOJICTUPOBAHMS B CAMOM OOIIIEM BHJIE.
3. Kakue s5meMeHTHI BBIAETSIOT B POIEcCe MMUTALMIOHHOTO MOJIETTUPOBAHUS?
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11.
12.
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Kakue nBe cocTaBIISIONINE BRIICISAIOT B ONMCAHUN UMUTAIIMOHHOM MoAean? Kakum
00pa3oM peann3yeTcsi JMHAMUKA B IMHTAIMOHHBIX MOJIEISIX?

[Tepeunciure OCHOBHBIE ATAIbl IPOLIECCA UMUTALUU

[lepeuncnure OTHOIIEHUS, HA KOTOPBIX Oa3UpyeTcs MaTeMaTH4ecKast MOJelb 0OBEKTa.
IlosscHuTE 3TH OTHOIIICHUS.

UTto Takoe amekBaTHOCTh MoJienu? JlalTe moHsATHE BepUuPUKALUY U BATUJAIIUN MOJICIIH.
[Tepeunciute BO3MOKHBIE CXEMbI SKCIEPUMEHTUPOBAHUSI C UCIIOJIb30BAHUEM
HMHTAIIOHHOM MO/ICIIH.

HazoBute aBa OCHOBHBIX crioco0a 3aaHusl MOACIBHOTO BpeMeHH. [loscHUTe CyTh 3TUX
CII0c000B

B kakux cimydasx UCHOJIB3YIOT METO1 (PUKCHPOBAHHBIX IIATOB 3a/IaHUST MOJICITHHOTO
BpeMeHU?

B kakux ciygasix UCHOJIB3YIOT MOCOOBITUIHBIA METO/T 33/TaHNsI MOJICIIBHOTO BPEMEHH ?
Kakumu coiicTBamu 1oKHA 001a1aTh UMUTAIIMOHHASI MOJIENb JJIS €€ YCIIEIIHOTO
HCIIOJIL30BaHUSA?
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Tema 8. UMuTanimoHHass MoaeJb IJ100AJbHON CHCTEMbI

PaccMoTpuM TnoOanbHYIO MOJENH Pa3BUTHS BCEH HaIeH NUMBHIN3AlMA B IEJIOM,
npenctaBicHHylo B kaure [)x. @oppecrepa «Mupoas nuHaMmukay [12]. Dta kaura GakTHIecKu
SIBUJIACh TIEPBOM 3aBEPIICHHON MOMBITKOW MPUMEHUTh TOYHBIE METOJbI ISl MCCIEIOBAHUS
MHPOBOTO Pa3BUTHUSL.

8.1. OcHOBHBbI€ KOMIIOHEHTHI TUHAMHUYECKOI MIUPOBOI Mojen

B ngunamuueckoir mupoBoil moxaenu k. Doppectepa B3auMOYBSI3aHbl HAacCEJICHHE,
KA TAJIOBIIOKEHUS, T€OrpapuUIecKoe MPOCTPAHCTBO, MPHUPOIHBIE PECYPCHI, 3arpsi3HEHHE U
MPOU3BOJICTBO  MPOJAYKTOB MHTAaHHWS. OTHUMH OCHOBHBIMH KOMIIOHEHTAMH H  HUX
B3aMMOJICHCTBUSIMHU OOYCIIABIMBAETCS JMHAMUKA U3MEHEHUN B MUPOBOM cucteme. Pacryiiee
HaceJIeHUE BBI3BIBACT POCT MHIYCTPUATH3AIUUA, POCT MOTPEOHOCTH B MPOAYKTAX MUTAHUS U
pacnpocTpaHeHue HaceleHuss No Bce Oousblied Tepputopuu. Ho poct mnpowusBoiacTBa
MPOJAYKTOB MUTAHUS, MPOMBIIIJICHHBIX TOBAPOB U 3aHUMAEMON TEPPUTOPUH CIIOCOOCTBYET HE
TOJIBKO TOJJIEP’)KaHHI0, HO U YBEJIMUYEHHUIO KOJMYecTBa HaceneHus. Poct HaceneHus c
COTIPOBOXIAIOIIUMU €T0 HWHIYCTPUAIM3AlUCd W 3arps3HEHUEM SIBJISIETCS  CIICJICTBUEM
[MUKJIMYECKUX MPOIECCOB, B KOTOPBIX KAXKIBIN CEKTOP CIIOCOOCTBYET POCTY APYTUX CEKTOPOB,
n obecreyuBaeT CBOE pa3BUTHE 3a MX cyeT. Ho co BpemMeHeM pOCT HaTaJKUBaeTcsl Ha
npenenbl, Halaraemble mpupoaoi. [louyBa W mpHpOIHBIE pECYpChl HCTOIIAKOTCS, a
crocoOHOCTh 6rochepsl 3eMin pasyiaraTh 3arpsi3HEHUs He OecrpesenbHa. 3agada COCTOUT B
TOM, 4TOOBI BBHIOpATh HAWIYYIIUN M3 BO3MOXHBIX BAPHAHTOB Mepexoia OT AMHAMHUYECKOTO
pOCTa K COCTOSIHUKO MUPOBOT'O PaBHOBECHS.

Mogenby Oblla TMOCTPOCHA HA OCHOBAaHWUHW psfa YTBEPXKICHUW, HAOIIONCHUA U
MPEIOJI0KEHUN, KaCaloIMNXCsl MHUPOBOM CHUCTEMBI, B HEH B3aWMOCBSA3aHBI CEKTOPHI
nemorpaguu, SKOHOMHKH, CEJIbCKOTO XO3sIiiCTBa M TEXHOJOTMH. MoJenb ONHCHIBAaeT
MHPOBYIO CHUCTEMY, KOTOpas JEMOHCTPUPYET psi albTepPHATUBHBIX BO3MOXKHOCTEH
MOBE/ICHUS YEJIOBEYECTBA, KOTOPHIE OHO MOKA €IIe MOKET BhIOPATh.

8.2. KoHnenuus «meTJisi 00paTHOM CBSI3M»

Pemaromuii sTan B NOCTPOCHUU MAIIMHHON MOJENU COLUAIbHONW CUCTEMBI — BBIOOp U
corjacoBanue MHGopMaIuu o peanbHoi cucteme. OOBIUHO HMCIIBITHIBAIOTCS TPYAHOCTH HE B
HexBaTKe HHPOpMAIUH, a B € U30bITKE U B HEOOXOIMMOCTH N30MPATETHLHOIO MOAX0/1a K HEl.
Paznopoanas nndopmarus 10KHA OBITH OPraHU30BaHA.

Baxnoi koHuenmueii B YCTAHOBJICHUU CTPYKTYPBI CUCTEMbI ABJIACTCA HACA, UTO BCC
U3MCHCHUA 06YCJ'IaBJ'II/IBaI-OTC$I CIICTIAMU O6paTHI:>IX cBsa3ei». IleTns 06paTH01>i CBA3H — 3TO
3aMKHYTasd 1LCIO0YKa B38.I/IMO,I[eI>’ICTBH}I, KOTOpas CBA3bBIBACT HCXOIHOC JIEHCTBUE C €ro
PE3YyIbTATOM, H3MCHAKOIIHUM XAPAKTCPUCTUKU OKPYKAKOIIUX YCJ'IOBI/Iﬁ H, KOTOPBIC B CBOMO
oucpeab, SBJIAIOTCA ((HH(bOpMaHHeﬁ)), BBI3BIBAIOIICH JajJbHEMIINE HW3MEHEHHUSA. MBI 4acTo
paccMaTpuBacM IMNpHUYUHY U CICACTBHUC OJHOCTOPOHHE. Ma1 roBOpuM, UYTO JIelcTBUE A
BbI3bIBACT PCIYIIbTAT B. Ho Ttakoe moHMMaHHE HEIOJIHO. PeBy.]'ILTaT B MMpEACTaBJIACT HOBOC
COCTOAHHUE CHCTCMbI, N3MCHCHUC KOTOpOﬁ B GYJIYI_HCM MOBIMSAIOT Ha JCHCTBUE A. Bce
MMpOLECChI pOCTa U CTa6I/IJ'II/138.I_II/II/I TCHCPUPYIOTCH NICTIISAMU O6paTHLIX CBsI3€il.

B cucrteme ¢ metisMu 0OpaTHBIX CBsi3el BBEAEHBI JBA TUIA MEPEMEHHBIX - VPOSHU U
memnol. YPOBHU — 3TO HAKOMUTENU CUCTEMBbI. TeMIbl — MOTOKHU, BBI3BIBAIOIIUE U3MEHEHUE
ypoBHEH. VYPOBEHb aKKyMyJIHUpyeT oOOIlee KOTUYECTBO, SIBISIIOIICECS PEe3yJbTaToM



125

«BIMAJAIONIMX» B HETO TEMIIOB, KOTOpbIE NPUOABISAIOTCS MM BBIYUTAIOTCS U3 YPOBHAL
CucteMHbIe YPOBHH MOJHOCTHIO OMHUCHIBAIOT MOJIOKEHUE UM COCTOSIHUE CHCTEMBI B JIIOOOH
MOMEHT BPEMEHU. YPOBHHU CYLIECTBYIOT BO BCEX MOACUCTEMAax — (PMHAHCOBOH, (hPU3NUIECKOA,
OMOJIOTUYECKOH, ICUXOJIOTHYCCKOM M 3KOHOMHYECKo#. HacemeHnwe, Kak co3paromieecs B
pe3ynbTaTe aKKyMYyJALUU «4UCTOW» Pa3sHOCTH MEXAY TEMIIOM POXKIAAEMOCTH U TEMIIOM
CMEPTHOCTH, pPacCMAaTpUBACTCA KaK YPOBEHb MHMPOBOM CHCTEMBI. l3MeHeHue ypoBHEW
BBI3BIBACTCS] COOTBETCTBYIOIMMH TEMIIAMHU ITOTOKOB. TeMI IOTOKa KOHTPOIUPYETCS TOJIBKO
OJIHMM WJIA HECKOJbKMMH CHUCTEMHBIMM YPOBHSIMH, HO HE JAPYTMMM TeMmnamu. Bce cucrtemsl,
KOTOpbIE U3MEHSIOTCA BO BPEMEHU, MOTYT OBbITh IIPE/ICTABICHbl KaK KOHCTPYKIIMU YPOBHEH U
TEMIIOB, 3TH JBa THIIA TEPEMEHHBIX HE TOJBKO HEOOXOIUMBI, HO W JOCTATOYHBI IS
ITOHUMAaHHUs JII000H CUCTEMBI.

B kadecTBe OCHOBHBIX YPOBHEH, Ha KOTOPBIX CTPOMUTCS CTPYKTypa CHUCTEMBI JIXk.
doppecTepa, ObUIO BEIOPAHO MATH CIEAYIONIUX YPOBHEH:

- HaceJleHHe;
- KaIuTaJIOBIIOKEHUS;

- IPUPOJTHBIE PECYPCHI;

- 4aCTh KaIlTMTAJIOBIIOKEHHH, BKJIIbIBAEMBIX B CETbCKOE XO3SHCTBO;
- YPOBEHB 3arps3HECHUSI.

Jlis TOHMMaHus METOJOJIOTMHM Pa3pabOTKU MOJENU PacCMOTPUM IpPHUMEpHI MeTien
00paTHBIX CBsI3€H /ISl pa3IMYHbIX YPOBHEH.

Ha puc. 8.1. mokxa3aHsbI JAB€ OCHOBHBIC II€TIIN, BJIMAOINNEC HAa YUCIICHHOCTDh HACCJICHUSI.

(a66peBmarypa BRN — birth rate normal; DRN — death rate normal)
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Puc.8.1. OcHOBHbIE METIH OOPATHBIX CBA3EH B CEKTOPE HACEICHHS

BCpXHSISI NEeTId ONMpCACIICT TCMII POKIAACMOCTH, KOTOpBIﬁ YBCIMYUBACT HACCIICHUC.
Hmwxuas nerns onpeacisict TEMIl CMEPTHOCTH, YMGHBLHaIOH_[Hﬁ HaceneHue. Tem
POKIAACMOCTH U TCEMII CMCPTHOCTU OIPCACIIIIOTCA KOJIMYCCTBOM .IIIOILGfI, POAUBHINXCA H
yYMEpHIUX 3a TOM. Onu ONPCACIAOT O6I.I.II/II71 TEMII M3MCHCHHSA YHMCICHHOCTH HACCIICHHA.
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Pa3HOCTh 3THX BEJIMYMH COCTaBISET YMCTBIM NPUPOCT HACENEHUS. DTH TEMIbl IMPHUHSITO
CUMTAThb «HOPMAJIBHBIMU», €CIIHM OHH COOTBETCTBYIOT CTAHJAPTHOM CUCTEME MHPOBBIX
YCIIOBHM, KOTJ]a BEJIMYMHBI YPOBHS IHUTAHMS, MAaTEPUAIBHOIO YPOBHS JKU3HH, IJIOTHOCTH U
3arpsi3HEHUs] COOTBETCTBYIOT CBOMM «CTaHIAPTHBIM» 3HadeHMsIM. OJHAKO 3Ta XKe cucTreMa
IIEPEMEHHBIX IIPU IPYTMX YHMCICHHBIX 3HAYEHMSIX MOKET BBI3BaTh POCT WIM ITaJICHUE TEMIIOB
POXKAAEMOCTH M CMEPTHOCTH II0 CPABHEHUIO C WX HOPMAJBHBIMU 3HAYEHUAMH. BnusHue
JKU3HCHHBIX YCJIOBHM B MHpPOBOWM cucreme @oppectepa ONHUCHIBACTCS MOCPEACTBOM
«MHOKHTEJIEH», KOTOPbIE YBEJINYUBAKOT WM YMEHBUIAIOT HOPMAJbHBIE TEMIIbI CHUCTEMBI B
3aBUCHUMOCTH OT TOTO, HAaCKOJIbKO OJIarONpHUSTHO UX BO3JCHCTBUE B JAHHBIA KOHKPETHBII
MOMEHT BpeMeHHU. l3MeHeHHe OSTUX MHOXKHUTENEH, OTPAXKAIOWMX TEKYLIEe COCTOSHHE
MUPOBOH CHCTEMbl (YpOBEHb IUTaHHS, MATEPUAIBHBI YpOBEHb JKU3HH, IUIOTHOCTh
HAacCeJIeHNs U YPOBEHb 3arpsA3HEHMI) MOXKET BBI3bIBATh POCT HACEJIEHHUS, €r0 CTaOMIN3alUI0
WJIY YMEHBIIICHUE.

[letnss poxmgaeMocTH — TIOJOXKHUTEIbHAsE OOpaTHas CBSI3b, BBI3BIBAIONIAS POCT
HaceJIeHHs. YBEJIWYEHHE HAcCeJIEHUS BBI3BIBAET POCT TeMIMa POXKAAEMOCTH (YHCIO JIIOJEH,
POAMBIIMXCSA B CHCTEME B TEUCHHE T0J[a), KOTOPBIN B CBOIO OUYEPE/lb YBEIMUUBACT HACEIICHUE.
Ecnu 6b1 He ObUIO CIEPKUBAIOIIMX CHUJI, TO HACEJIEHHE SKCIIOHEHIIMAIIbHO BO3pacTano Obl 3a
CYET BIUSHUSA MOJIOKUTEIBHBIX 00paTHBIX CBs3ed. Ho meTns cMepTHOCTH - OTpHUIlaTeIbHasl.
Korpa nacenenue pacTteT, KOJIMYECTBO YMHUPAIOMIMX B TOJ TaKKe BO3pACTaeT. YBeEIHUEHUE
HaceJIeHUs YBEJIMUYUBACT TEMIT CMEPTHOCTH, UTO BENIET K YMEHBIIICHUIO HACCIICHHUSI.

8.3. OcHOBHBIE NETJIN «0OOPATHBIX CBA3€Ei» B MUPOBOIl Moen

Hcnonb3ys KOHLENIHIO TETeNlb OOpaTHBIX CBA3EH, pa3pabOTUMK MOJAENU TOJDKEH
YCTaHOBUTH 3HAUMMbIE 3aBHUCHMOCTH MEXKJIy OCHOBHBIMU I€pEMEHHBIMH B cHcTeMme. B
mozaenu @oppecTepa 3aJOKEHBI CIEAYIONIME JOTHYECKHE LIETMOYKH TOJ0KHUTEIbHBIX |
OTPHIIATEILHBIX OOPATHBIX CBSA3EH MUPOBON MOJICIIH.

KanurajioB/jio:keHusl. FeHepauHﬂ KaluTaJIOBIIOKEHUH 3aBHCUT OT YHCJICHHOCTH
HacCeJICHUs n HOpM&J’II:HOfI reacpannuun KaITMTAJIOBJIOKCHHH. Ho MHOXXHUTECIIb
KaluTal0BIOKCHUA H3MCEHSET HOpMaHBHBIﬁ TEMII CO3aaHUA (bOHI[OB. HpI/I OYCHb HHU3KHX
S3HAYCHHUAX MATCPUAIbHOTO YPOBHS KHW3HW MOTHBBI IJIA HOTpe6J'IeHI/I${ BCeit CO3I[3B3€MOI>1
OPpOAYKIHHU CTOJIb CUJIBHBI, YTO HAKOIUICHUEC KaIluTalla MOXCT OBITH OYEHb MAJIo. HpI/I OYCHb
BBICOKMX 3HAYCHUSIX OTHOCHUTEIBbHON BEIIMYUHBI (bOHI[OB Ha [Oymy HaACCICHHA IaaaroT
l'IOTpe6HOCTI/I " CTUMYJIBI K CIIC 6OJ'IBI_HeMy YBCIMYCHUTIO MATCPUATIBHOT'O YPOBHSA KU3HH.

3arpsi3Henue. Eme ofHa mnemwis MONOXUTENbHOW O0OpaTHOM CBsi3U (BMecCTe C
OTPHLIATEJILHOM MeTiel) CyllecTBYyeT B CeKTope 3arps3HeHus. OTpunarenbHas oOpaTHas
CBSI3b IPEJCTABIISICT COOOH OCHOBHOW IIpOIECC pa3lIoKeHUs 3arpssHeHus. Yem BhImie
YPOBEHb 3arpsi3HEHUS] B HEKOTOPBIX MOMEHT BPEMEHH, TeM OOJIbIIIEE €r0 KOJMYECTBO MOXKET
pasznaratbcs B €IMHMIY BPEMEHHU — JI0 T€X IOp, MOKa YpOBEHb 3arps3HEHMsI HE BO3pacTeT
HACTOJIbKO, 4TO OyJeT pa3pyliarh MPHUPOJHBIE HpoIecchl camoouuiieHus. OObeanHeHue
JBYX TMEeTelb MOXET JdaBaTh JMOO OTpULATENbHbIN, MO0 NOJOXKHUTENbHBIH S(PQeKT B
3aBHCUMOCTH OT BEJIMYMHBI 3arps3HeHus. Ecnu obiee 3arps3HeHHEe CTaHOBUTCS HACTOJIBKO
OONBIIMM, YTO TOAABISET MPHUPOJHBIE TMPOIECCHl  CAMOOYMINEHHUS, IMPOUCXOJAT
KPYIMHOMACIHITaOHbIE KaTacTPOQBHI.

PocTt Hacenenus. Ha teMnbl POXKIAAEMOCTH U CMCPTHOCTU OKA3bIBAKOT BJIMUSAHUC TAKUC
(baKTOpLI, KaK IINIOTHOCTb HAaCCICHUA, 00eCIIeYeHHOCTh nnmeﬁ, 3arpsA3HCHUC, HAJIUYHNC
IMPpUPOAHBIX PECYPCOB. HpI/I INOMOIIIM KOHIICTIIHWHU IICTCIIb O6paTHOﬁ CBs3U MOXHO YCTAHOBUTH
B3aMMHOC BJIMAHHUC 3THUX MTApaMETPOB HA POCT HACCIICHUS.
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Pecypcebl. Pacryiiee HaceneHue MCHOJIB3YeT HMPUPOAHBIE PECYpPChl IO TEX IOp, MOKa
MaJIeHUe MAaTEPUAILHOTO YPOBHS )KM3HHU HE BBI30BET OUYEPEAHOTO YMEHBIICHHS YHCICHHOCTU
HaceneHus. Ecnm HaceneHue pacTeT, TO TeMI TMOTPEOIEHUs NPUPOTHBIX PECYpPCOB
MOBBIIIAETCS, YTO MPUBOJUT K UCTOIIEHHIO PUPOIHBIX PECYPCOB, UX 3aIachl YMEHBIIAIOTCS.
3T0, B CBOIO OdYepenb, MOHWKaET 3(P(PEeKTUBHOCT OTHOCHUTENILHOW BETMYUHBI (OHIOB U
MaTepHANIbHBIA ypOBEHb JKM3HM. [lajeHre MaTepualbHOTO YPOBHS JKU3HU BBI3BIBACT
YBEIMUEHUE TEMIIa POXKIAEMOCTH, HO 3TO YBEJIHUYEHHE KOMIICHCHPYETCS POCTOM TeMIa
CMEPTHOCTH M yMEHbBIIAET YHCJIEHHOCTh HACeJeHHWA. 3Jechb OJHa W3 IMeTelb —
MOJIOXKUTEIIbHAS, a APYTask — OTPULIATEIbHASL.

8.4. OcHOBHbIE IepeMeHHbIe B MUPOBOIl MO/IeJIH

B sTom nonpaszzaene 6osee noIpoOHO pacCMOTPEHBI HEKOTOPBIE TIEPEMEHHBIE MUPOBOM
monenu [x. @oppecrepa.

Hacenenne. Hacenenne B MHUPOBOM MOJAENM TPEACTABISIET COOOW TEpPEMEHHBIN
YPOBEHb CHUCTEMBI. Hacenenne B 1000 MOMEHT BPEMCHH BBIYHCIIAACTCA KaK HACCJICHUC B
MpeIeCTBYIOIUH MOMEHT BPEMEHH, III0C HACEJIeHHE, KOTOpoe JOOaBIsSeTCs 3a CUeT TeMIa
pPOXKIAEMOCTH B OXBaThIBA€MBIM TIEPHOJI, MHHYC HaceJeHue, YOBIBAIOIee 3a CYET
CMEpTHOCTH. B MaTemaTtnueckoil MoJenu YpOBEHb «HACEJIEHHE» TMpeACTaBiIsieT co00i
BBIYHCIUTENBHYIO IIPOLEAYPY, Pa3BOPAUYUBAIONUIYIOCS B CTOPOHY BO3pacTaHUsS BPEMEHU, IIPU
OTOM €TI0 3HAYCHHUEC YBCIINYUBACTCA UM YMECHBIIACTCA B COOTBETCTBUH C TEMIIAMH ITOTOKOB.

Temn poxnaemocTu. Temn poXJaeMOCTH 3aBUCUT OT UHWCJICHHOCTH HACEJICHHS H
3HAYEHUS] HOPMAJIBHOTO TEMIIa POXKIAEMOCTH, UHBIMH CJIOBaMH, TEMI POKJAEMOCTU €CTh TEMII
YBEJIMUYEHUSI HACEJICHUs, OH H3MEPSETCS KOJMYECTBOM POJMBIIUXCS 3a roj. PeanbHblii Temn
POKJIAEMOCTH HE MOKET pacCMaTPUBATHCS KaK MOCTOsIHHAS BEIMYMHA HA MPOTSHKEHUU CKOJIBKO-
HUOYIb JATUTENBHOTO nepuoja BpeMeHu. OH 3aBUCUT, B YACTHOCTH, OT (POHJOB M MPUPOIHBIX
PECYpCOB, MOCKOJBKY 3TH MEPEMEHHBIE BIUSAIOT HA MaTepPUANbHBIA YPOBEHb KU3HU, IJIOTHOCTD
HaceJleHus, 00eCIIeYeHHOCTh NHILEH U YPOBEHb 3arpsisHeHUs. Takoro pojaa BIUSHUS CO CTOPOHBI
JPYTUX YacTel CHCTEMbI BBOISTCS MHOMCUMENAMU, KOTOPble MOAU(PUIMPYIOT Oa3UCHBIA TEMII
poxknaemoctu. [Ipu HOpMaNIbHBIX YCIOBHSIX MHOXHUTENIU HE JIOJKHBI U3MEHATh Oa3UCHBIN TEMII
poKJIaeMOCTH, T.e. OHU paBHbl 1. Eciu ycinoBusi okaspiBatoTcsi Oosiee OaronpusTHBIMU, YeM
HOpPMaJbHbIE, TO MHOXKUTENb JOJHKEH OBbITh OoJibile 1, eciiu MeHee — To MeHble 1.

MartepuajibHbIii  ypPOBeHb KHU3HU. MarepuanbHbli ypOBEHb JKU3HU  €CTh
Oe3pa3MepHasi BeJIMYMHA, KOTOpas OINHUCHIBACT CTENeHb HU3MEHeHUs A(PEPEKTUBHOCTU
OTHOCHUTENIbHON BeIMYMHBI (POHIOB Ha JAYIIY HACENEeHUS B CPAaBHEHHUU C €€ HavyalbHbIM
3HaUE€HUEM Ha ToJ pa3paboTku Mojenu. Ero 3HaueHue ompernensercs Kak OTHOIICHUE
3¢ (hEeKTUBHOCTH OTHOCUTENIBHOM BeNMMYUHBI (POHAOB (Ha QyIly HACENEHHS) K HOPMAaJbHOM
3¢ GdEeKTUBHOCTH OTHOCUTENbHON BenuyuHbl (QoHIOB. EnuHuia QoHIOB B  MOJENBbHOMN
CUCTEME OTIPEENAeTCs KaK KOJIM4ecTBO ()OHIOB Ha YLy HACEICHUS Ha HAYalbHBIN TO/I.

MHoxHTEJIb 3aBUCHMOCTH TeMIIa POXKIAACEMOCTH OT MaATEPHAJIBHOI0 YPOBHS
sKM3HH. DTOT MHOXXHUTEIb MOI[I/ICI)I/II_II/IpyeT TEMII POKIAACMOCTHU B 3aBUCUMOCTU OT U3MEHEHUI
B MAaT€puajibHOM YPOBHC KHU3HHU. 38.BI/ICI/IMOCTL, BLI6paHHa$I B MOJCIIHU, MPCACTAaBJICHA HA pHUC.
8.2.
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Puc.8.2. IsmeHeHre MHOKHTENS TEMIIA POKIACMOCTH B 3aBUCUMOCTH OT
MaTCpUuaJIbHOIO YPOBHA KU3HU

Boibop 3HaueHuss MaTepUAIbHOTO YPOBHS JKM3HM paBHOro | o3HauaeT, dTO
arperupoBaHHOE 0 BCEMY MHUPY KOJIMYECTBO MPOMBIIIIEHHBIX TOBAPOB HA AYNly HACEICHUS
PaBHO CpeJHEMY MHUPOBOMY 3HAYEHHIO Ha HAYAJIBHBINA TOJl, B KOTOPOM MHOKHTEJIb TEMIIA
pPOXKJIaeMOCTH TpPUHUMAETCs paBHbIM Takxke 1. Bua ocraBmieiicss wactu KpuBOoil mo obe
CTOPOHBI OT 3TOM TOYKHM 3aBHCHUT OT IPEANOJIOKEHUH O TOM, Kak OyAeT M3MEHAThCA TeMIl
POXAAEMOCTH ITPU U3MEHEHNH MaTEPHUAIILHOTO YPOBHS JKU3HHU.

3aBucHMOCTh Ha puc.8..2. ObUTA TIOCTPOEHA IO CTATUCTHYSCKUM JaHHBIM CTpaH C
pa3HBIM YPOBHEM JKH3HM B TOAbI pa3paboTku mojenu (70-¢ roasl MPOILIOTO BEKa).
MarepuanbHbIii YpOBEHb JXKU3HH BKJIIOYAeT B ce0sl M 30pPOBbE HACEICHHS, M YPOBEHB
MEIUIMHCKOTO OOCITYy)KUBaHWsI, W CaHUTAPHBIC YCJIOBHS, M BCE JPYTrUe TOCTHIKCHUS
nuBmIH3anuu. OTHAKO ¢ POCTOM MAaTePHAILHOTO YPOBHS KH3HHU HE MTPOUCXOAUT YBEITHUCHHS
TEMIIOB POCTa POXKAAEMOCTH, YTO BBI3BAHO WHBIMHU NPUYMHAMH IOBEICHUYECKOTO CBOWMCTBA
HaCeJIeHHs: TpeOOBaHUS K Ka4yeCTBY NMUTAHHs, BOCIUTAHUS, 00pa30BaHUs, I0Cyra U T.I. DTH
MHOJKUTEIH TOKE MOTYT OBITh BBEJICHBI B MOJIE]Ib MHPOBON CHCTEMBI.

IIpupoanbie pecypcbl — cUCTEMHBIH ypoBeHb. OH CBSI3aH TOJBKO C OJHUM IMOTOKOM,
YMEHBIIAIOLUM €ero TeMIoM notpebieHus. B muposoit moxenn ®oppecrepa NpupoaHbIE
pecypchl BKIIIOYAIOT B ce0sl TOJIbKO HEBOCIIOJIHHUMBIE PECYpChl U HE BKIIIOYAIOT, HANpUMED,
JieC M JApPYrue pecypcehbl, KOTOPhIE MOTYT BO30OHOBISATHCS; MOCIEAHHUE KIACCUMUIUPYIOTCS
KaK 4acTh CEJIbCKOXO35IICTBEHHOTO CEKTOPA.

TeMn MCHOJb30BAHUA NPUPOAHBIX PECYypPCOB OIPCACIACTCA MNPOU3IBEACHUEM
CJICAYIOUIUX COMHO>KUTEJICH: YMCICHHOCTBIO HACCJICHUA, HOPMAJIbHBIM HOTpC6J'IeHI/ICM
INPpUPOAHBIX PECYPCOB U MHOKHUTCJICM 3aBUCHUMOCTHU I[O6BI‘H/I IIPUPOIHBIX PECYPCOB OT
MaTCpHUaJIbHOI'O YPOBH: KNU3HHU, KOTOpHﬁ PacTeT, KOraa BO3pacTacT YPOBCHb KU3HU.

Temn CMEPTHOCTH BBOJUTCA B MOJCIb AaHAJIOIMYHO TEMIIY POXIAEMOCTH U
KOPPEKTHUPYCTCA IIpU IIOMOIIXN pAda MHOXKHUTEIICH: 3aBUCHMOCTH TeMIla CMCPTHOCTHU OT
MaTCpUaJIbHOT'O YPOBH KU3HU, 3arpA3HCHUA, YPOBHSA IIMTAHUS, INIOTHOCTHU HACCIICHUS.

OTtHocuTeIbHBINA YPOBEeHb NUTAHUA. OTHOCUTEIBHBIN YPOBEHDb MUTAHUS ONPEAEIIAET
KOJIMYECTBO MUIIM Ha AYLIY HAaceJIeHHs U MPECTaBIsAeT coO00M YacTHOE OT JIeNICHUsI 3HaYeHU s
MUIIEBOro MOTeHIuana (JOHJ0B Ha HOPMAIbHBIA YpOBEHb MUTAHUS, YMHOXXCHHBIM Ha Tpu
MHO>KMTENS: 3aBUCUMOCTH IPOU3BOJICTBA MPOJYKTOB MMUTAHUS OT IJIOTHOCTH HACEJIEHHUS, OT
YPOBHsI 3arpsi3HEHHs] M OT KoddduuueHta nuraHus. Ilpu HOpMaNbHBIX YCIOBHUAX 3TH
MHO>KUTENHN paBHBI 1, Gojiee WM MeHee OJaronpuUsTHBIE YCIOBUS JOJIKHBI COOTBETCTBEHHO
BbI3bIBATH U3MEHEHUS B 3HAUEHUH YPOBHSI MUTAHUS Ha JIYIY HACEJIEeHUs.

OTHocuTeIbHAsl BeJIMYHHA (I)OHIIOB B CeJIbCKOM Xxo3siicTBe. KoauuecTBo IHIIM Ha
AYITYy HACCJICHUA MPEANOJaracTcsa 3aBUCAIIUM OT KOJIMUCCTBA (bOHI[OB Ha Oymy HacCcCJICHUA B
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CEJIbCKOM XO3SIHCTBE, €€ BEJIMYMHA OIpPENeseTCs] KaK OTHOCHTENbHAs BeIWMYMHA (OHJIOB
(hOoHIOBOOPY)KEHHOCTh), YMHOXCHHasi Ha 4YacTh (POHIOB B CEIBCKOM XO3AWCTBE U
pas3ziesneHHas Ha HOPMAJIbHYIO Y9acTh (POHIOB B CeIbCKOM X03siiicTBe. DOHIOBOOPYKEHHOCTD
SIBJIICTCS. OTHOCHUTEILHOW BEIIMYMHOW, OMPEIEIsieT KOJIMYECTBO €IWHUIl (POHIOB Ha IYIIY
HACeJICHUsT W HW3MEpSeTCs B EAMHMIIAX KoJIWdecTBa (DOHIOB Ha JyIIy HACENCHHUs II0
OTHOIICHHUIO K HAYAITBHOMY T'0JTy MOJICITHPOBAHHSI.

@oHabl — OJWH W3 CHCTEMHBIX YpPOBHEH. OTOT ypOBEHb o0Opasyercs 3a cuer
HAKOTUICHHs KalUTAJIOBIOKEHUH ((hoHI000pa3oBaHMsA) M 3a CYET yMEHBIICHUS (OHIOB
BCJIE/ICTBHE UX U3HOCA.

ITomumo MEPCUUCIICHHBIX B MOJICJIN UCIIOJIB3YIOTCA ACCATKH IICPEMCHHDBIX.

8.5. CTpykTypa Moje/ il MUPOBOii CHCTEMBI

Kax Obuto ckazano, mojnens MupoBOi cuctemsl [x. Doppecrepa CBS3bIBA€T BOCAUHO
MATh YPOBHEW NMEPEMEHHBIX — HaceJIeHUe, IPUPOIHBIE PECYPCHI, KalTUTAIOBIOKEHHS, (HOHIbI
B CEJIbCKOM XO3siicTBE W 3arpsizHeHue. [logpoOHas cxema MHUPOBOM MOJENH TMPHUBEICHA B
KkHHTEe ee aBTopa [12, ¢.32-33], Ha pucynke 8.3.moKa3aHa yNpoIIEeHHAs CTPYKTypHas cxema
MOJECIH, MMO3BOJIAOMIAA YACHUTE ITPUHIUIIBL BSaHMOHeﬁCTBHﬂ ypOBHeﬁ MOICIIN.

Kaxnprii w3 ypoBHEH Mojenell BKIOYaeT B ce0S  TOJIOKHUTENbHYIO | (HJIN)
OTPUIIATEIILHYIO TIETIII0 OOpAaTHOW CBsI3W, ONPEACIAIONIYI0O TEMIT W3MEHEHUs ypoBHA. s
YPOBHS HAaceJICHHUS MOJIOKHUTEIbHAS TETIIS OMPEeNIeT TEMI POKAAEMOCTH, OTpULIaTeIbHAs —
TEMI CMEPTHOCTH. [[J1s1 ypOBHS KanMTaJOBIOKEHUH JABE METIN OOpaTHBIX CBA3EH OMUCHIBAIOT
perynupyomye BO3JCHCTBUS Ha KalWUTaJIOBIOXKEHUS. AHAJOTMYHO BBOJUTCS B MOJEIb
B3aMMO/ICHCTBUE MIPOUYMX YPOBHEN U TEMIIOB.

| 3azpasuenue|
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1 — 3aBUCHMOCTh POXXKIACMOCTH OT YPOBHS JKU3HHU, 2 — YPOBCHb JKH3HM; 3 — OTHOCHTEIbHAsl IUIOTHOCTH, 4 —
3aBUCUMOCTh TEMIIa POXKAAEMOCTH OT IUIOTHOCTH; 5 — 3aBHCHMOCTb TeMIa POXAAEMOCTU OT 3arpsi3HEHHs; 6 —
3aBUCUMOCTh TEMIIA POXKAAEMOCTH OT MUTaHMs; 7 — 3aBUCUMOCTb TEMIIAa CMEPTHOCTH OT IUIOTHOCTH;, 8 —
3aBHUCHMOCTh TEMIIA CMEPTHOCTH OT THTaHWS, 9 — 3aBHUCHMOCTh TEMIIa CMEPTHOCTH OT 3arps3HeHus; 10 —
3aBHCAMOCTh TEMIIAa CMEPTHOCTH OT MAaTEPHAILHOTO YPOBHS JKW3HU; 11 — 3aBHCHMOCTh KaNWTAJIOBJIOXKECHUH OT
YpOBHSI XU3HU, 12 — OTHOCUTETbHAS BennanHA QOHMIOB; 13 — 3 PeKTHBHOCTE OTHOCHTEIHHO!N BETHYUHEI (DOH/OB;
14 — 3aBucHMOCTH IOOBIYM TIPHPOAHBIX pECypcoB; 15 —ocraromasics 4YacTb NPHUPOAHBIX pecypcoB; 16 —
OTHOCHUTENIbHBI YpOBEHb NHUTaHUs;, 17 — 3aBUCMMOCTh MPOU3BOJCTBA NMHUTAaHUS OT IUIOTHOCTH; 18 — muieBoi
moreHnuan GoHmaoB; 19 — 3aBUCHMOCTE TIPOM3BOJICTBA MUTAHUS OT 3arps3HeHus; 20 — OTHOCUTEIBHOE 3arps3HEHUE;
21 — BpeMs TIOTJIONICHUS 3arps3HEHUS, 22 — KA4eCTBO KU3HH; 23 — 3aBUCHMOCTh KauecTBa )KH3HH OT 3arpsA3HCHHUS;
24 — 3aBUCUMOCTh KaYeCTBA XHM3HH OT IUIOTHOCTH; 25 — 3aBUCHMOCThH Ka4eCTBa KHM3HH OT MAaTCPUATBHOTO YPOBHS
JKM3HM; 26 — 3aBUCHMOCTh KauecTBa YKU3HU OT IMHTAHUA; 27 — J0JIS KAIIUTAJOBIOKEHUHM B 3aBUCUMOCTH OT KauecTBa
JKU3HH, 28 — MpeanuceiBagMasl OTHOCHTEIBHBIM YPOBHEM MHUTAHUS 4acTh (DOHIOB; 29 — OTHOCUTENbHAS BETUYMHA
(OHIOB B CEIbCKOM XO03siCTBE; 30 — 3aBHCHMOCTH J0OOBIUM MPHPOIHBIX PECYPCOB OT MATEPHAILHOTO YPOBHS
JKHA3HU.

Bce ypoBHU U mepeMeHHBIE Tak WM MHA4Y€ OKa3bIBAIOT B3aMMHOE BJIUSHUE JPYT HA
Jpyra, 4TO YYUTHIBAETCS B MOJIEIHM TPU TMOMOIIM MHOXHUTenel. CienyeT OTMETHTh, YTO
MHOXHUTEIM B MOJIEIIM B CBOIO Ouepeidb SBISIOTCA (DYHKIIMOHAIBHBIMU 3aBHCHMOCTSIMH,
OTIMCHIBAIONIMMHU BIUSHAE OJHUX TEPEMEHHBIX Ha apyrue. Hampumep, m3MeHEeHHE TemIiia
pPOXKIAEMOCTH B 3aBHCHMOCTH OT JAPYTUX TIEPEMEHHBIX OMPEACseTCS MHOXUTEIEM
3aBUCHMOCTH TEMIIa POXKJAEMOCTH OT IUIOTHOCTH HACEJEHUsS, MHOXHUTEJIEM 3aBUCHUMOCTHU
TEMITa PO’KIa€MOCTH OT OTHOCUTEIFHOTO YPOBHS MMUTAHUSI, MHOYKHUTEIIEM 3aBUCUMOCTH TeMIIa
POKIAEMOCTH OT 3arpsi3HEHUs, MHOKHUTEJIEM 3aBUCUMOCTH TeMIIa POKJIAEMOCTH OT YPOBHS
KU3HU | T.M. DTU 3aBUCUMOCTH YCTaHABIUBAIOTCS WJIM ITPU TTOMOIIH BBIIBMKCHUS THIIOTE3,
WY TIPHW TTOMOINM aHajdu3a MPEAbIAYITUX HaOIIOIEHUNH HaJl pa3BUTHEM MHUPOBOUW CHCTEMBI,
WJTU DKCIIEPUMEHTATILHBIM ITYTEM.

OOyyaromuMces NpeajiaraeTcs BHUMAaTEIbHO MPOaHAIM3UpOBaTh puc. 8.3. U caenaTh BBIBOJBI O
TOM, B3aUMOJEWUCTBHE MEXAY KaKHMMH NEPEeMEHHbIMH YYHMTHIBAJOCh B MOJIEIM MHPOBOU
CUCTEMBI U MPU IOMOIIH KaKMX MHOKUTEJIEH OMUCHIBAJIOCh 3TO B3aUMO/ICIICTBHE.

8.6. OcHOBHBIE Pe3yJbTAThl IKCIIEPUMEHTOB HA MO/IeJIM MUPOBOIl CHCTEMbI

DneMeHTbl MOJENu, OMNHMCAHHOW B MpeAblAyllleM pas3zelie, ONpeAeNsioT MpaBuila
B3aUMO/JICHCTBUSL MEXJy HUMHU. OTH MpaBuUjia MNPEANUCHIBAIOT, KaKUM HMEHHO 00pa3zom
KK OJIOK cucTeMbl (DYHKIMOHHPYET MOJ BIMSHHEM ApPyrux OyokoB. MmurannonHas
MOJIeNTb MUPOBOIl CHCTEMBI MPEJCTABIAECT HEKOTOPYIO MH(MOPMAILIMIO O PealbHOM MHpe. JTa
uHpopmalug CKJIaAbIBAaeTCs W3 JABYX dacTell — WHGOpMaluu O IMOBEACHUU KaKOTO-TO
JJIEMEHTa CHUCTEMBbl WM Bced cucteMbl B IenoM. llpu mpoBeneHUH MOAETHUPOBAHUS
pa3paboTYMKOB MOJETH MPEXKIE BCET0 MHTEPECOBAIO €€ MOBEICHHE MPH BO3HUKHOBEHUU
MIPOTUBOPEUUN MEXKAY SKCIOHEHIIMAIBLHBIM POCTOM YPOBHEH CHUCTEMBI M (PMKCHUPOBAHHBIMH
OKPY>KAIOIIUMHU YCIOBUSMHU.

IIpenmonaraercsi, 4T0 JOCTaTOYHO XOPOIIO WM3BECTHBI NPUYMHBI, BBI3BIBAIOIINE POCT
HapoJ0HACENIECHUs U SKOHOMUKH. V3BecTHBI O0Jiee WM MeHee TOUHO (U3HUECKUe Tpeaessl U
€CTECTBEHHBIE PECYpPCHl IUIAHETHl U TPEAEIBHO JONMYCTHMBIA YpOBEHb 3arpsisHeHus. K.
@oppecrep craBUT Bompoc: « Ho uTo mpomsoizer, Korga pocT DKOHOMUKH U
HapoJOHAceNeHUss NpUONU3UTCS K (UKCUPOBAHHBIM IPHUPOJIONW MpenenaM M CMEHHUTCS
HeycToW4YnBON (opMoii paBHOBecHA?» OUEBUAHO, YTO HKCMOHEHIMAIBHBIN pOCT HaceIeHUs
He OecrpezesnieH, BOIPOC COCTOUT TOJIbKO B TOM, KOTJIa M KaK OH MPEKpaTUTCs, a HE B TOM,
IpEeKpaTUTCsA JIM OHO BooOIe. Muposas mozens Poppectepa COAECPKUT YEThIpe apamerpa,
CMOCOOHBIX OrPAaHUYUTh POCT HACENEHUS — O3TO UCTOIIEHHE TNPUPOAHBIX PECYPCOB,
YBEJIIMUEHUE YPOBHS 3arpsi3HEHUs, EPEHACEIEHHOCTh, HEXBAaTKa MPOAYKTOB muTaHud. Ilpu
HKCIEPUMEHTUPOBAHUH ObUIO MPOAHATM3UPOBAHO BO3ACUCTBHE ATHUX MapaMeTpoOB Ha pPOCT
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YHUCJICHHOCTH HACCJIICHUA U UCCICAOBAHbI PA3JIMYHBIC BUAbl PABHOBCCHUS, KOTOPLIC MOI'JIA OBl
OBITh CO3aaHbl MYTEM ITPOBCACHUA COOTBECTCTBYIOIIINUX MepOHpHHTHﬁ.

HpOBeHeHI/Ie OKCIICPUMCHTOB Ha MOJCJIN IMO3BOJHIIO OMPCACIUTL CUHCHAPHUH PA3BHUTHA
NEPCUUCIICHHBIX HUKC BUJIOB KPHU3HUCOB.

HUcTomenue mnpupoaHbix pecypcoB. [lpu gocTHXKEeHMM HacelleHHMEM CBOEH
MAaKCUMaJbHON YHCJICHHOCTH HAYHETCS TIPOLIeCC YOBIBAaHUS UHWCICHHOCTH HaCEICHUS,
BBI3BAaHHBIN UCTOILIEHUEM MPUPOIHBIX pecypcoB. PacueTsl moKa3pIBatOT, 4TO MIPU COXPAHCHUHT
CYIIECTBYIOIIUX TEMIIOB PECYPCOB MOKET MPOU30NTH UX MOJHOE HCTOIIeHUE yxe K 2150 1.
o ombiToB DoppecTepa aHaIu3 MUPOBOW CUCTEMBI YacTO OCHOBBIBAJICS Ha CpPaBHEHUH
CYIIECTBYIOIIETO TMOJIOKEHUSI C €€ IPeAeTbHBIMH BO3MOXXHOCTAMH. [Ipu Takom moaxone
CUIOMHHYTHBIE TOTPEOHOCTH KaXXyTCs 3HAYUTEIILHO MEHBIIIUMH B CPABHEHUU C UMEIOITUMUCS
3armacaMy pecypcoB, HO IpH 3TOM yIIycKaloTcs M3 Bujaa JBa (akropa. Bo-mepBbIX,
MOTPEOHOCTH YeJIOBEUeCTBa BO3pacTaloT B JABa pa3a Kaxkiable 20-30 €T, BO-BTOPHIX,
MOCJIECTBUSl HAUMHAOIIETOCS KPU3MCAa HAYMHAIOT MPOSIBISATHCS 3HAYUTEIBHO PaHbIIE, YeM
JIOCTUTAETCS cama KPU3UCHAs CUTYaIHsl.

Kpusuc 3arpsi3Henusi. B oqHOM M3 SKCIEPUMEHTOB C MOJENbIO OBLIO CJIENaHO
MPENIONIOKEHHE, UYTO CKOPOCTh HCIOJIb30BAHUSI €CTECTBEHHBIX PECYpPCOB OblIa pe3Ko
CHW)KEHA, HANpUMEpP, B pe3ylbTaTe JOCTMIKEHWN HAy4YHO-TEXHUYECKOTO IIporpecca |
nepexo/ia Ha HOBBbIE TEXHOJOTMHM. B 3TOM cilyuyae B cucTeMe BO3HUKAeT Jpyras cuia,
MOJABIIAIONIAS POCT — PA3BUBAIOLIUIICS KPU3UC 3arpsi3HEHHUs, KOTOPOE PE3KO BO3pacTaer,
KOTJIa CKOPOCTB 3arpsi3HEHUS TIPEBBINIAET CKOPOCTh MPUPOTHBIX MEXaHU3MOB OUYHUCTKH.

IIpodJsiema nepenacenennsi. CaeayOnuM 3TaroM SKCIEPUMEHTHPOBAHUSA C MOJIETBIO
SBWJIOCH TPEANOJIOKEHHE, YTO YEeJIOBEYECTBY YAAacTcs CIPaBUThCS C  MpoOieMoi
3arpsizHeHus. B aToMm ciyyae mnepBOHadaibHO OYAET MPOMCXOJIUTh HSKCHOHEHLIHAIbHOE
yBeJIMYEHHE YMCICHHOCTH HaceneHus. Ho mocrenenHo Bce Oosiee u Oojiee HayMHAIOT
MPOSIBIIATBCA cAepKHBarolne ¢aktopsl pocta. Bo3pacraromue nepeHaceieHHOCTb, CIIPOC Ha
MPOJIYKTHI MUTAHUS U HEOOXOIUMOCTh HCIOJIb30BaTh MEHEE MPOJIYKTHBHBIEC JJISI CEIBCKOTO
XO35iCTBa 3eMJIM MHPUBOAAT K JOMOJHUTEIbHBIM KAlMTAJOBIOKEHUSM B MPOU3BOACTBO
MpoayKToB mnuTaHus. Kpusuc nepeHaceneHus Mo pesyabTaTaM MOJCIUPOBAHMS HE HOCUT
HapacTarollero Xxapakrepa, KOTOPbIi HaOIto1ancs Ui ciaydast 3arps3HeHHUSL.

YMeHblIeHHMEe OTHOCHTEJILHOIO YPOBHA NUTAHUSA. B paa€  BBIYHUCIMUTCIBHBIX
OKCIICPUMCHTOB HE YUHUTBIBAJIOCH BIIUAHNEC IIJIOTHOCTU HACCICHUA. B sTom ClIydac (baKTopOM,
OIrpaHUYMBAOIIMM POCT YHCICHHOCTH HACCICHUSA, CTAHOBUTCA HEAOCTATOK IPOAYKTOB
nmutanus. Co  CHIKEHUEM MaTCpruaJIbHOTO  YpPOBHA  JKHU3HU HpOHBOﬁI{CT naacHuc
OTHOCUTCIIBHOTO YPOBHS IMATAHUS, UYTO CACPKUBACT POCT YHCJICHHOCTU HACCIICHUA.

HGCMOTpH Ha BCPOATHOCTb PA3BUTHUA MHpOBOﬁ CHUCTEMBI CO CTOJIb HETaTHUBHBIMU
HUTOTaMH, PpEe3yJIbTaTbl JSKCIICPUMCEHTOB IIO3BOJIMJIIM CACJIATH BBIBOJ, YTO rI100aIbHOE
PaBHOBECUC CUCTEMbI B IIPUHIUIIC BO3MOXKHO. PeBy.TIBTaTOM HUMHUTAIIMOHHBIX OKCIICPUMCHTOB
C MOJCJIbIO ABJIAJIOCH HEC TOYHBIC PCKOMCHAALIMHU 110 INIAHUPOBAHUIO PA3BUTHUA YyeJIOBEUECKOH
IUBWJIN3AUH, a IPUBJICUCHUC BHUMAHHUA K HCCIICAOBAHUAM JUHAMUKHU €€ POCTA U PA3BUTHUA.

Jbxelr @oppecrep NOAYEPKUBAET, YTO pE3YJbTAaThl MOJCIMPOBAHUS HE CIEAYET
BOCIPUHHMMATh KaK TOYHOE MpeACKa3aHue MyTH Pa3BUTHUS CETOTHSAIIHET0 MUpPa, HAlPOTUB, UX
HaJ0 NPUHUMATh KaK OJJTHO U3 BO3MOJKHBIX MIOBEJIEHUI MUPOBOM cucTteMsl. KoHeuHo, camu 110
ce0e ONMAcCHOCTH BO3HUKHOBEHMS TE€X WJIM HHBIX KaTacTpo(UUECKUX MOCIEICTBUM s
HACEJICHUs IUIAHETHl ITPOTHO3MPOBAINCH JaBHO. OJHAKO, MOJEIMPOBAHHME 3TUX IPOLIECCOB
MO3BOJISIET BBIPAOOTATh CTPATErHIO Pa3BUTHS C LIENbI0 HAMIYYIIETO MOBEAECHUS B TIOCTOSIHHO
MEHSOLUXCS YCIOBUSAX PA3BUTHSI MUPOBOM CHCTEMBI.
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Bonpocsl Jyig camonpoBepKu
Kakne OCHOBHBIE 3J€MEHTBHI B3aWMOYBSI3aHbl B JUHAMUYECKOW MHUPOBOW Mozaenu J[x.
®doppectepa?

Kak nHa3piBaeTcs 3aMKHyTas LENOYKAa B3aUMOJEHUCTBMSA, KOTOPas CBS3BIBAET HCXOJHOE
JEUCTBHE C €ro pe3yjabTaTOM, U3MEHSIOUIUM XApaKTEPUCTUKU OKPYXKAIOIIUX YCIOBHU H
KOTOpBIE, B CBOIO OYepeldb, SBIAIOTCS «UH(POpPMAaLME», BBI3BIBAIOIICH TalbHEHIINE
U3MEHEHUS.

Kaxkue nBa Tuma rnepeMeHHbIX BKIIOYAET B ceOsl METIIsi 00paTHOM CBSI3U?
Kakas mepemeHHasi CHCTEMBI Ha3bIBACTCS YPOBHEM?
Kakas mepemeHHasi CHCTEMBI Ha3bIBACTCS TEMIIOM?

Kakue ocHoBHbIE ypoBHU ObuIH BeIOpaHb! J[x. DoppecTtepoM ajsl MOCTPOEHUSI CTPYKTYPhI
JTUHAMUAYECKOU MUPOBOM MOJIEIH?

K xakum KmaccaM MoJeneil OTHOCHUTCS MHUpOBas MOJENb 10 KOHKPETHOMY
npeaHa3HAuYeHHUIO?

K xakum kaccam mojeneit OTHOCHTCSI MUPOBasi MOJIENb TI0 (pakTopy BpeMeHu?
K xakum knaccam mozeneit OTHOCUTCSI MUPOBast MOJIENb 110 LEJIEBOMY HA3HAYEHUIO?

BnusiHue Kakux MapamMeTpoB, CHOCOOHBIX OrPAaHUYMUTb POCT HAcCeNeHMs, ObLIOo
WCCJIEIOBAHO MPH MPOBEIEHUN UMUTAIIMOHHBIX SKCIIEPUMEHTOB Ha MUPOBOM Moenn?
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Tema 9. Meton MonTe-KapJjio u npoBepka cCTAaTUCTHYECKUX
rUIoTe3

Onpedenenue: Merogom Monrte-Kapino  Ha3piBaeTCs  YUCICHHBIE METOJBI  pPEIICHUS
MaTeMaTHYECKUX 3a7a4 IPU IOMOLIY MOJEIMPOBAHUS CIIy4allHbIX BEJIUYHH.

Hazpanue ‘“Monte-Kapno” mnpousounuio ot ropoma ‘“Monte-Kapio”, H3BECTHOro CBOUMH
Ka3UHO, T.K. IPOCTEHIINM IPUOOPOM JJisi TEHEPUPOBAHMSI CIIyYalHBIX YUCEJI CIYKUT UTpajibHas
pyJeTka.

Craructuueckue HCmbITaHUs 1o MeToay Monre-Kapno mpencrasisitor coboii mpocreifiee
MMUTAIMOHHOE MOJETUPOBAHUE IMPU MOJHOM OTCYTCTBHUM KaKMX-JTHMOO MpaBUI TOBEICHUS.
[Tonyuenne BBIOOpOK 1O Meroxy Monrte-Kapino - OCHOBHOW NPHHLMII KOMIIBIOTEPHOTO
MOJIETUPOBAHMSI CUCTEM, COJIEPXKAIUX CTOXAaCTUYECKUE WM BEPOSITHOCTHBIE 3JIEMEHTBHI.
3apokieHre MeTojia cBsizaHo ¢ paboroi ¢on Heiimana u Ynana B xonie 1940-x rr., Korjia OHHA
BBENM il Hero HaszBaHue «Monrte-Kapio» M NMpUMEHWIM €ro K PelIeHHI0 HEKOTOpBIX 3ajad
SKpPaHUPOBAHUS SJEPHBIX U3TyUYeHUNH. DTOT MaTeMaTHYECKUN METO]| ObLII U3BECTEH U paHee, HO
CBO€ BTOpoe poxjaeHue Hamen B Jloc-Anamoce B 3aKpbITBIX pabOTax MO SAIEpHOM TEXHUKE,
KOTOpBIE BEIUCH 1101 KOJIOBBIM 00o3HaueHneM «MonTe-Kapioy. [IpuMmenenne MeToa okazanoch
HACTOJILKO YCHEIIHBIM, YTO OH IMOJIyYMJI PACIIPOCTPAHEHUE U B APYrux o0JacTsix, B YAaCTHOCTH B
SKOHOMHUKE.

[TosToMy MHOrMM crienuanucTam TepMHUH «meTox MoHnTe-Kapio» nHorna npeacraBisieTcst
CMHOHMMOM TEpMHUHA «HUMHUTAIIMOHHOE MOJEIUPOBAHMUE», YTO B OOIIEM Cllydyae HEBEPHO.
NmvutanmonHoe MojenupoBaHuE - 3TO OoJiee IIUPOKoe MoHATHe, W Meroa Monte-Kapio
SIBJSIETCS.  BAXKHBIM, HO JaJ€KO HE EIUHCTBEHHBIM METOJMYECKHMM KOMIIOHEHTOM
MMHTAMOHHOTO MOJIETTUPOBAHUSI.

Cornacao Meronmy Monte-Kapio MmpoeKTHPOBIIMK MOKET MOJETHUPOBATH PabOTy THICSYH
CIIO)KHBIX CHCTEM, YIPABISIONIUX ThICSYaMU PA3HOBUAHOCTEH TOJOOHBIX MPOIECCOB, H
UCCIIeIOBaTh MOBEJICHUE BCEl IpyMIbl, 00padaThiBas cTaTUCTUYECKUE NaHHbIE. J{pyroii crnocob
MPUMEHEHUsI 3TOr0 METOoJia 3aKJII0YaeTcsl B TOM, YTOOBbI MOJETUPOBATH MOBEICHUE CHUCTEMBI
YIpPaBIIEHUS HA OYEHb OOJIBIIOM MPOMEXKYTKE MOJIETHLHOTO BPEMEHHU (HECKOJIBKO JIET), IpU4YeM
ACTPOHOMHYECKOE BPEMsI BBIIIOJIHEHUS MOJEIHMPYIOLIEH MporpaMMbl Ha KOMIBIOTEPE MOXKET
COCTaBUTH J10JIU CeKyHbl. PaccMoTpum meton Monte-Kapno nogpobuee.

B pa3nuuHbIX 3a7adax, BCTPEYANOIIMXCS IPU CO3JAHUU CIOKHBIX CHCTEM, MOTYT
WCIOJIb30BAThCA BEIUYMHBI, 3HAUYEHUS KOTOPBIX ONPEIENAIOTCS CIy4ailHbIM 00pa3oMm.
[IpuMepamu TakuX BEJIMYUH SBJISIOTCA:

* ciydailHble MOMEHTBI BPEMEHHU, B KOTOPbIE TIOCTYMAIOT 3aKa3bl HA (PupMy;

* 3arpy3Ka MPOU3BOJICTBEHHBIX YYaCTKOB UJIH CIIY)KO 00bEKTa KO HOMHUKHU;

* BHEIIIHUE BO3/ICHCTBUS (TpeOOBaHUS WIM U3MEHEHUS 3aKOHOB, TUIATEXH 10 mTpadam u
p.);

* oriaTa GaHKOBCKUX KPEJUTOB;

* MIOCTYIUIEHHE CPEJCTB OT 3aKa34HKOB;

B kauecTBE COOTBETCTBYIOIIMX WM IIEPEMEHHBIX MOTYT HCIOJb30BaTbCcsid YHCIIO,
COBOKYITHOCTh 4HCel, BekTop WM (QyHkuus. OnHOW M3 pasHoBUIHOCTEH MeTona MoHTe-
Kapno npu yucneHHOM penieHuu 3aay, BKIIOYAIOIIUX ClIy4dalHble MEPEMEHHBIE, SBIISIETCS
METO/J CTaTUCTUYECKUX HCIBITAHUN, KOTOPBIM 3aKIIOYAaETCAd B MOJECIUPOBAHUU CIIyHalHBIX
COOBITHH.

Meton Monte-Kapino ocHOBaH Ha CTaTMCTUYECKMX HCHBITAHUSX U 10 IMPUPOAE CBOEH
ABJIAETCA  JKCTPEMAIBHBIM,  MOXET  INPUMEHATHCA  JUIsl  PELIEHUS  IOJIHOCTHIO
JIETePMUHUPOBAHHBIX 3ajad, TaKUX, Kak OOpalleHue MaTpull, pemieHue audhepeHIrarbHbIX
YPaBHEHUI B YaCTHBIX IPOM3BOJHBIX, OTBICKAHHE DKCTPEMYMOB M UUCIIEHHOE MHTEIPUPOBAHUE.
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[Ipu Beumcnenusx meronaom MonTe-Kapiio cratuctuueckue pe3yabTarsl NOJYyYAKOTCS MYyTEM
MIOBTOPSIOLIMXCS HCIBITAHUNA. BeposSTHOCTb TOro, 4YTO OSTHU PE3yAbTaTbl OTIUYAKOTCA OT
MCTHHHBIX He 0oJiee 4YeM Ha 3aJaHHYIO BEJIMYHMHY, €CTh (DYHKIUS KOJIMYECTBA UCIIBITAHHH.

B ocHoBe Bhrumcienuit mo meroxy MonTte-Kapno nexur ciaydailHeld BBIOOp 4uCen U3
3aJJaAHHOTO BEPOSATHOCTHOTO pacrpeneneHus. [Ipu npakTuyeckux BIYUCICHHUIX 3TH YHcia OepyT
U3 TaONWII WM TOJy4aroT IyTeM HEKOTOPBIX ONepalyi, pe3ylbTaTaMH KOTOPBIX SBIISIOTCS
IICEBJIOCITyYalHbIE YUCIIA C TEMH K€ CBOMCTBAMM, YTO M YHUCJA, [TOJY4aEMbI€ IIyTE€M CIIy4allHOU
BbIOOpKU. VIMeeTcs OOJBIIOE YHUCIO BBIYMCIUTENBHBIX AJITOPUTMOB, KOTOPBIE IO3BOJISIOT
MOJIY4YUTh JJIMHHBIE NIOCIIEI0BATEIbHOCTH IICEBIOCITYYalHBIX YUCE.

[Ipumenenne wmeroma Monre-Kapino Moxer nate  cymiecTBEHHbIH  d(QQeKT mpH
MOJICIIMPOBAHUM PA3BUTHUSI NPOILIECCOB, HATypHOE HAONIONEHHE KOTOPBIX HEKENATENHHO WU
HEBO3MOXKHO, a JpYrHe MaTeMaTUYeCKUe METOJbl MPUMEHUTENIBHO K 3TUM IpoleccaM Jubo He
pazpaloTaHbl, JIMOO HEMpPHUEMJIEMbl 3-3a MHOT'OUMCIIEHHBIX OFOBOPOK U JOMYILEHUH, KOTOPbIE
MOTYT MPUBECTH K CEPHE3HBIM IMOIPEHIHOCTSIM WM HENpPaBWIBHBIM BBIBOJAM. B cBs3M ¢ 3TUM
HE0OX0IMMO HE TOJIBKO HaOJI0/IaTh Pa3BUTHE MpOLEcca B HEKENATENbHBIX HAPaBICHUSIX, HO U
OLICHMBATh TMIIOTE3bl O IAPAMETPAX HEXKENATENIBHBIX CUTyallMd, K KOTOPBIM IIPHUBEIET TAKOE
pa3BUTHE, B TOM YHCIIE U TapaMeTpax PUCKOB.

Cy1iecTBYIOT pa3iI4HbIe METO/IbI POBEPKHU CTaTUCTUYECKUX runortes. Hanbonee mupoko
HCIIOJIB3YIOTCS] HA IIPAKTHKE KPUTEPUH:

* comacus }(2 ((xu-xBagpar);
* Kpamepa-pon Muszeca;
» Konmoroposa-CmupHOBa.

.2
Kpurepuii y“ mnpeanoururenen, eciu o6beMbl BIGOpok N, B OTHOIIEHMH KOTOPBIX

IPOBOJUTCS aHAIM3, BEIUKU. JTO MomHoe cpeactBo, ecam N > 100 3nauennii. OgHako npu
aHAIM3€ YKOHOMHYECKHX CHTYaI[dii MHOTJa ObIBaeT JOBOJBLHO TPYAHO (MM HEBO3MOYHO) HAWTH
100 OoJMHAKOBBIX TPOILIECCOB, PA3BHBAIOIIMXCS C Pa3IMUYHBIMH HCXOJHBIMH  JTaHHBIMH.
Cl0XHOCTB 3aKJIFOYaeTCs HE TOJLKO B TOM, YTO HE OBIBAET OJMHAKOBEIX 00OBEKTOB 3KOHOMUKHM:
Ja)ke €CIU TaKue OOBEKThI HMMEIOTCS, TO K HCXOAHBIM JaHHBEIM OTHOCATCI HE TOJBKO
HMCXOJIHbIC€ BEPOSTHOCTHBIC JIaHHBIE W OCOOCHHOCTH CTPYKTYpbl OOBEKTa, HO W CIIEHApUH
pPa3BUTHS MPOILIECCOB B 3TOM OOBEKTE M B T€X OOBEKTaX BHEIIHEW CpeJbl, C KOTOPHIMU OH
B3aMMOJICHCTBYeT (TIPOIIECCHl pBhIHKA, YyKa3bl INPaBUTEIbCTBA, NPUHITHE HOBBIX 3aKOHOB,
TpeOOBaHUS HAJIOTOBBIX OPraHoOB, IUIATEKH B OIODKETHI Pa3JIMYHBIX ypoBHel). Ilpu
OTHOCHUTEJILHO MaJIBIX 00BheMaX BHIOOPOK 3TOT KPUTEPHUI BOOOIIIE HETPUMEHUM.

Kpurepuii Kpamepa-porn Mmwuseca mgaeT Xopolume pe3yiabTaThl IMPH MajbliX 00BEMax
Bo160pok (mpu N < 10). OxHako cieayeT OTMETUTH aBa 0OCTOATENLCTBA:

1) npu N < 10, kakuM OBbI METOZOM HH IIOJIb30BATHCS, BOIIPOC O J0BEPUTEIHLHOMN
BEPOSATHOCTH IIPHU MPOBEPKE CTATUCTUYSCKOMN TUIIOTE3bI PeIIaeTCs II0X0 (3Ta BEPOSITHOCTh
Majia IPu 3HAYUTENbHBIX pa3Mepax JOBEPHUTEIbHBIX HHTEPBAJIOB);

2) meto MonTe-Kapiio ucrnonb3yercs Kak pa3 Ijisi TOr0, YTOObI HETOCTAIONIUE JaHHBIC
coOpath ¢ MOMOIIBIO CIEIMATHFHOTO BHIUUCIUTENLHOTO CTATUCTUYECKOTO MHCTPYMEHTAPUS U
KOMITBIOTEPA.

[ToaToMy Oyaem momnarath, 4TO peanbHbIE 00BEMBI BBIOOPOK, KOTOPHIE MOXKHO IOJIYYUTH,
HaxoJsATCsA B mpeaenax 10 < N < 100. Kak YKa3bIBalOT MHOTME UCCIENOBATENM, U1 YKa3aHHBIX
MpeAesiOB XOpoLIue pe3yabTaThl aaer kpurepuid Kommoropoa-CmupHoBa. OH NpUMEHSETCS B
TeX clydasiX, KOT/1a IPOBEPSIEMOE paclpeielIeHue HEMPEPIBHO U U3BECTHBI CPEIHEE 3HAUEHUE U
JHCTIEPCHUs] TIPOBEPSIEMON COBOKYIMHOCTH. PaccMoTpuM mOapoOHEEe METOAMKY HCIOIb30BAHUS
3TOrO KPUTEPHsl HA KOHKPETHOM IpUMEPE.

Ipumep 9.1. Ilpennonokum, YTO HYXKHO TMPOBEPHUTH [aHHBIE, MOJydeHHBbIC (WU
HaOI0JTaeMble) TP HCIIOJIb30BaHuU MeTtoda Monre-Kapno u npuBenennsie B Tadn. 9.1, Ha ux
COOTBETCTBHE pacnpeneieHuto [Tyaccona.
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OTU JaHHBIE UMEIOT clienyrouuid cmbici. Ha oTpeske BpeMeHu HaO0aeM CiydaiHble
coObITHS, YMCIIO KOTOPHIX paBHO X . Ecim 310 pacnpenenenue [lyaccona, To BEposT
nocts P{X =N} toro, uto X =N, rae N - 3agannoe 4ucio, papHa

rne € =2,71828;
A — IONOXHUTENbHAs KOHCTAHTA, KOTOPas OHOBPEMEHHO ABISETCA M MATEMATHYECKUM OKHIAHHEM, ¥
JUCTIEPCUEH.

Tabmua 9.1
JlaHHbI€ U1 TPOBEPKHU TUIIOTE3HI 10 KpuTepuio Konmoroposa—CMupHoBa

Habmo- | Teope- | Habmo- | Teoperu-

Yucno | Habmo- Abco-
JaeMas  |TUYECKas| JaeMoe | 4YecKoe
COOI- | Jaeman BeposT- | BeposT- | pacperte- | pacmpere- | oo
THI | 4acTora P P PACTIPEIE- | pactipel Pa3HOCTD
HOCTh HOCTh | JieHWe JICHHE
1 2 3 4 5 6

315 0,619 0,571 0,619 0,571 0,048
142 0,279 0,319 0,898 0,890 0,008
40 0,078 0,089 0,976 0,979 0,003
0,018 0,017 0,994 0,996 0,002
0,004 0,003 0,998 0,999 0,001
0,002 0,001 1,000 1,000 0,000

g~ whNhPEF,O
= N ©

[Mpemmonoxum, uto A = 0,55711. ChopmynupyeM rumoresy B ciuemyromem Buuae: He
MMEETCsl CYIIECTBEHHBIX pa3iIMunii MeXAy HaOJlt0JaeMbIMU JaHHBIMU BO BpPEMS SKCIIEpUMEHTA U
TEMU JaHHBIMHU, KOTOpPBIE JOJKHBI MOJTydaThesl U3 pacnpezenenus [lyaccona pacueTHbIM myTem
co cpeaumm 3Hagenuem 0,5577 u N = 509.

PaccmoTpum nogmpo6Hee Ta6m. 11.1. B Heit ctpoku ¢ Homepamu 0,..., 5 COOTBETCTBYIOT YMCITY
N wabmogaemeix coObiTHil, N=0, ... , 5; cronbern 1 conepkUT HabIIOJAEMYIO YaCTOTY MOSBICHUS
N coOwiTuii, a crosber] 2 — HAOIIOIAEMYI0 BEPOSTHOCTh mosiBlieHUs: N coOwiThii. B cTonbme 3
IIpeJICTaBJIECHbl PACCUUTAHHBIE [0 (POpMYJie 3HAUEHHS BEPOATHOCTH MOSIBIEHUSI N cOOBITHIA.

[Ipexxne Bcero HYKHO TONYYHTh JBa HWHTErpalibHBIX pacrpenenenus ((axkruyecku
npubmokeHuss GyHKUu pactipenenenus). CHauana ciaenaeM 3TO JUid HAOMIOJAaeMbIX JaHHBIX: C
MOMOIIBI0 cToNONa 2 moiayuum crosiben 4. 3aTeM - JUIsl TEOPETUYECKUX JAaHHBIX: C TIOMOIIBIO
cTonbua 3 moxy4um crouberr S.

[Tocne 5TuX BBIUMCICHUN HaWaeM aOCOJIOTHBIE PA3HOCTU JJS BCEX TPYNN 3HAYCHHA
CIIy4aifHOM BETMYMHBI U C TIOMOIIBIO CTONOLOB 4 1 5 monryyuM ctosber 6. B nmociennem crondie
HauOosbas abcomoTHas pasHocts 0,048 monydaercs B Tpyrie, COOTBETCTBYIONIEH HYJIEBOMY
YHCITy COOBITHIA.

Jlaniee HEOOXOAMMO HAMTH TaK Ha3bIBAEMOE KPUTHYECKOe 3HaueHue Doyt 11 1poBepkn
NPUHATON  TUMoTe3bl. Tabnuila KPUTUYECKMX YHCEl MHOTOKPaTHO Tepeu3aBanach.
Kputnueckue uucna B Buae, yI0OHOM Ui BBIONHSIEMOW MPOBEPKHU, MpHUBEIEHBI B Tabm. 1.2.
AbcomotHyro pazHocTh 0,048 HEOOXOIUMO CPaBHHUTH C KPUTHUYECKUM 3HAUCHHEM, HallJE€HHBIM
o tabn. 9.2.

HOpu N =509 u sHauennn unnekca kpurnyeckoro uncna D, a = 0,05 nonyuaercs

KPUTHYCCKOC 3HAUYCHUC

1,36 1,36
=——— = 0,0603.

D.v;, = 2
extr \/ﬁ /—509
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[ockonbky Haubosbiast pasHocTs 0,048 < Dgytr, TO He OTKa3bIBaEMCsl OT THIIOTE3BL O TOM,

YTO 3KCIEPUMEHTAIBHOE PACIIPENEIIEHUE - IIyaCCOHOBCKOE. [IpoBEpKa CTaTUCTUUECKUX TUIIOTES
O COOTBETCTBUM «COOBITUN SIBJICHUIO» U <GIBJICHUM MOBEACHUIO» HAET MATEMATUYECKUU
WHCTPYMEHT ]ISl OLIEHKH «PUCKOBAHHOI'O MOBEJCHUS» UCCIIEyEMOTO IPOIIECCa.

Tabmuna 9.2
Kpurnueckue uncina Konmmoroposa-CmupHoBa
CreneHnb [IpoBepka e MHUYHON TIpoBepka IBYX BHIGOPOK
cBOGOMBl | BEIGOPKH
N Do.10| Do.os | Do.os Do.0s Do.o1
1 0,950 0975 | 0,995 — —
2 0,776 0,842 | 0929 — —
3 0,642 0,708 | 0828 — —
4 0,564 0,624 | 0,733 1,000 1,000
5 0,510 0,565 | 0,669 1,000 1,000
6 0,470 0521 | 0618 0,833 1,000
7 0,438 0,486 | 0577 0,857 0,857
8 0,411 0,457 | 0543 0,750 0,875
9 0,388 0432 | 0514 0,668 0,778
10 0,368 0,410 | 0,490 0,700 0,800
11 0,352 0391 | 0,468 0,636 0,727
12 0,338 0,375 0,450 0,583 0,667
13 0,325 0,361 0,433 0,538 0,692
14 0,314 0,349 | 0,418 0,571 0,643
15 0,304 0,338 |0,404 0,533 0,600
16 0,295 0,328 0,392 0,500 0,625
17 0,286 0,318 |0,381 0471 0,588
18 0,278 0,309 |0371 0,500 0,556
19 0,272 0,301 |0,363 0474 0,526
20 0,264 0,294 | 0,356 0,450 0,550
25 0,240 0,270 0,320 0,400 0,480
30 0,220 0,240 0,290 0,370 0,430
35 0,210 0,230 0,270 0,340 0,390
bomee 35 | 1,22 | 1,36 | 1,63 1 36 Ny + N, 163 Ny + N,
IN | IN [N N;N, N;N,
) HpI/IMeH}IeTC}I JUISL OOCHKHU CTCIICHU 0IHM30CTH BLI60p0‘IHI>IX 3HAYCHUH K TEOPETUIECKOMY
pacrmpesieneHu0. 31ech N - o6bem BBIOOPKHL.
" TIpumeHseTcs A1 onpeie]eHus NPMHAIEKHOCTH IBYX BEIOOPOK 00BeMaMK N 14 N 2 OJTHOMY
U TOMY XK€ pacipeieeHUIO.
[Tpu MansIx pazmepax BHIOOPKH N = Nl = N2 .
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Tema 10. MoaenpoBanue cJIy4alHbBIX COOBITHIA

Eciu monenupyemblii mpoliecc HOJBEPKEH BIMSHUIO CIy4alHBIX (AaKTOpPOB, TO HX
JEWCTBUE UMHUTHPYETCS C TIOMOINBIO CIEHUAIBHO OPraHM30BAHHOTO PO3BITphIIIa (GKpeOus).
Takum 00pazoM CTpoWTCS OJHA CiydyallHas peaju3aluss MOJCIUPYEMOIO  SBJICHUS,
npecTaBistonas coooil kak Obl OIMH pe3ynbTaT onbiTa. [10 0HOMY OIBITY, KOHEYHO, HEJb35
CYyIUTh O 3aKOHOMEPHOCTAX M3ydaeMoro mpouecca. Ho mpu OosbiioM 4yucie peaau3anuii
CpPEeIHHE  XapaKTePHCTHKH, BbIpadaThIBacMble  MOJENbI0, TMPUOOPETAIOT  CBOMCTBO
YCTOMYMBOCTH, KOTOPOE YCUIIMBAETCS C YBEJIIMYEHUEM UKCIIa pealn3alnil.

Bbpocanue xpebusi MOXHO OCYIIECTBUTh BPYYHYIO (BBIOOPOM M3 TaOIMIBl CIy4alHBIX
qucell), HO yJlo0Hee 3TO JenaTh C MOMOIIBIO CIEHUATBHBIX MPOrpaMM, BXOSIIMX B COCTaB
nporpaMmHoro obtecrneuenuss OBM. Takue nporpamMmbl Ha3blBalOT Oamuyukamu WA 2e-
Hepamopamuy CIlydalHbIX YHCeJ.

B tpaHcngTopax mo4ru Bcex alrOpUTMHUYECKUX SI3bIKOB UMEIOTCS CTaHJApTHBIE TPOLIETyPhI
nin QYyHKIUHU, KOTOPble TEHEPUPYIOT ciaydaiiHble (TOYHee, MCeBI0CIydaiiHble) BEJIMYHHBI C
PaBHOMEPHBIM paclpeaesIeHUEM.

B tpancasTope s3pika Visual Basic umeercs cranmaptras Gyrkius RND, Bo3Bpariaromias
CiTy4yaiiHbIe BEIECTBEHHBIC YK CIIa OJJMHAPHOW TouHOCTH B mHTEepBase (0,1).

OOpamienue k 3Toi PyHKIIMKU MOKeT uMeTh BuA: Z - RND, rae Z - Bo3MoKHOE 3HaUCHHE
Clly4ailHOM BeTMYUHBI, paBHOMEPHO pactipeneneHHoi B uutepsaie (0,1).

10.1. MoaeaupoBaHue MPOCTOro COObITUS

[ycth umeetcst cobbitne A, BEpOATHOCTH HACTYIUIEHHS KOTOporo paBHa Pp . TpebGyercs

BbIpa0OTaTh MPAaBUJIO, IMPU MHOTOKPATHOM HCIOJIb30BAaHUM KOTOPOTO YacTOTa MOSBICHUS
cOOBITHSI CTpeMuUIach ObI K €ro BEposTHOCTH. BbibepeM ¢ MOMOIIbIO JaTYMKa CIy4alHbIX Y-
cesl, paBHOMEpHO pacrnpeneneHHbix B uHTepBajie (0,1) HekoTopoe 4HuCiIo Z W ONpeAeIuM

BEPOATHOCTH TOro, uto Z < Pp. Jlna ciydaiiHoil BemuuuHbl Z C DPABHOMEPHBIM
pacmpezefeHUeM CIpaBeiuBa clielytonias 3aBUCUMOCTb:

P,
P(z<Py) = j f (x)dx = Py,
0
raec f (X) — INIOTHOCTb BCPOATHOCTHU CJ'Iy‘IEIfIHOfI BCJIMYHUHBI C PaABHOMCPHBIM
PacupeaAcCIICHUCM.
Takum 00pa3zoM, BEpOSTHOCTH MomafaHus cily4ailHOW BenuuuHbl B uHTEepBan (0, PA)

paBHa Bennunne Pp . [T05TOMy eciu pu PO3BITPHIIIE YMCIO Z MONAI0 B 3TOT MHTEPBAI, TO
cleqyeT cuurath, 4to cobbitme A mpowmsomo. IlpotmBomnonoxuoe cobbrtue (e A)
npousoiiziet ¢ BeposTHocThio (1 —Pp) B ToM ciyuae, ecnim Z > Py .

[Ipouenypa MoAeTUPOBAHMS IPOCTOTO COOBITHS B UMUTAIIMIOHHON MOJEIN OMHCHIBACTCSA
aJIrOpUTMOM, CXe€Ma KOTOpOro nokaszana Ha puc. 10.1.
Omnepatop 1 oOpamaercss K AaTUMKY CIy4ailHBIX YHCEN, T€HEPHUPYIOIIEMY CIy4ailHYIO

Benmunby Z. Oneparop 2 mposepsieT yciosue Z < Pp. Eciu OHO BBIMONHSETCS, CUMTAETCH,

4TO Mpom3ouio cobbiTie A. B MPOTHBHOM Cilydae CUHTAETCA, YTO MPOU3OLLIO TPOTUBOIIO-
noxHoe coosiTue (He A).
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ACH(z)

3 4

“A” CobbiTne “He A”
Cobbitue “A fa Her bITH

Puc. 10.1
10.2 MoaeanpoBaHue MOJHOW I'PyNIbl HECOBMECTHBIX COOBITHIA

[lycts uMmeercs monmHas rpynma HecoBMecTHbx cobbituit (IITHC) A, Ag,..., Ac ¢

sepositHocTsimu Py, Py ..., B¢ . TIpu oTOoM BeImonHsieTest yenosue
k
> R=1
i=1

Pasnenum untepsan (0,1) na K otpeskos, mmHbl KoTopbix coctasnsor Py, Py, ..., B
(puc. 10.2).

P,
Ly

k-2 k-1 L,

Puc. 10.2
Ecnu cnyyaitHoe 4uClO Z, TeHEpUPOBAHHOE JATYUKOM CIIYYalHBIX YHCEl C PABHOMEPHBIM

pacnipenenenuem B untepane (0,1), nomano, Hanpumep, Ha ydactok P_1, T0 310 MOMKHO

O3Ha4aTb, 4YTO IIPOU3OLILIO CcOOBITHE IA*k_l . HeﬁCTBHTeHLHO, ecJIi 0003HAYUTh

J
Li=>"R
i=1
TO OKaXETCs CIIPAaBCAJINBBIM BBIPAKCHUC
L,
P(Lep<z<lbg)= [ L-dx=Ry.
L
CJ'IG,Z[OBE[TCJIBHO, HpOH3OI>iI[CT CO6LITI/IC, KOTOpPOC UMECT BCPOATHOCTH Pk_l.

[Ipoueaypa MojaenMpoOBaHUsS IOJHONW TPYNIBbl HECOBMECTHBIX COOBITUH OIMHUCBHIBAETCS
aNTOPUTMOM, CXEMa KOTOpOro nokaszaHa Ha puc. 10.3.
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ACH(z)
3
2
A
Aa !
Her 5
4
fla A2 |
Het
7
6
na Ay >
Het 8
> Ay >

Puc. 10.3
Omnepatop 1 oOpamiaercst K IaTYUKY CIIy4alHBIX YHCEJI C PaBHOMEPHBIM pacipeelieHueM
B uHTepBane (0,1). YcmoBHeii omepatop 1 mpoBepsieT ycioBHE momajaHUs CIydaHOMN

senmunbbl Z B uatepBan (0,ly). Ecnu 910 ycnoBue BBINONHSETCS, TO CUMTAETCA, YTO

npousonwio cobbitne A. Eciu ycnosue B omepatope 2 He BBHIIONHAETCA, TO AITOPHTM
OCYIIECTBJIAET MPOBEPKY YCIOBHMil MONMAaJaHus CIydaiHOW BENMYMHBI B JIPYrHe HHTEPBAIbL.
Onuo u3 cobbrruit Ay, Ao, ..., Ay obs3atensHo npousoiizer.

10.3 MoaeanpoBaHue JUCKPETHON cJy4YaliHO#N BeJJMYMHBI

[[I/ICerTHaH CHy‘I&ﬁH&H BEJINYHHA MOXKET OBITH 3aJaHa Ta0JIUIHON 3aBUCHUMOCTBIO:

X X1 Xo Xn
P Py P2 Pn

3,[[60]5 p] — BEPOATHOCTb TOT'O, UTO AHUCKPCTHAA CHy‘I&ﬁH&H BCIINYMHA X MpUMET 3HAYCHNC

X j- Ipustom Py + Py +...+ Py = 1. Pasnenum untepsan (0,1) Ha N OTpe3KOB, JUIMHBI KOTOPBIX

MMPONOPHUOHATIBHBI  3aITAHHBIM  BCPOATHOCTAM. Ecim CJ'Iy‘IB.fIHOC qucio Z, BBIpa6aTBIBaCMOC
JaTYUKOM Cle‘IElfIHLIX YUCCII, PABHOMCPHO PACIPCACIICHHBIX B HWHTCPBAJIC (0,1), nomnaacrt B

uHTepBan Py, TO ciydaiiHas BenmumHa X TpUMET 3HadeHue Xi . TakuMm o6pasoMm, mNpu
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MO/JICTIMPOBAHUH JUCKPETHBIX CIyJalfHBIX BEJIMYMH (PaKTUUECKH HCIOJB3YeTCs Ta XKe Mpoleaypa,
yto U npu moaenuposanuu [II'HC.

10.4 MoaeanpoBaHue HenpepbIBHBIX CIYyYaiiHbIX BeJTHYHH

10.4.1. Meton o0paTHOii pyHKIIMH

[lycts mMmeeTcst HeKoTOpas HeENpepblBHAs cily4ailHas BeaMuMHa X, 3aJaHHas (pyHKIuen
pacnipesienienuss  F(X). Moskno mokasath, 49TO 3HaueHWs OTOM (YHKIMH PaBHOMEPHO
pacnpenenensl B uHtepBaie (0,1). Ilosromy Mmexmy ciaydailHOW BEIMUMHOM Z, paBHOMEpPHO
pacrpesielieHHOM B TOM K€ WHTEpBae, U (PYHKIMEW pacrhpeieieHusl CIydailHOM BEIMYMHBI X
CYIIECTBYET B3aMHO OJIHO3HAYHOE COOTBETCTBHE, T. €.

z=F(x). (10.1)
Orcroma crnenyer,
X = F_l(z) : (10.2)

CrnenoBarenbHo, eciu  ypaBHeHHe (2.1) WMeeT aHaJIMTHYECKOE pEIIeHHe, TO Ui
MOJICTUPOBAHUS CITYJAHON BEIMYMHBI X MOJXKHO WCIIOJh30BaTh JIATUYUK CITyYaHBIX YHCEI,
TEeHEPUPYIOIIHNIA BEJIMUMHY Z , M 3aT€M OCYIIIECTBUTH pacdeT mo ¢opmyie (2.2).

10.4.2. MoaempoBaHue CJTyYaifHBIX BEJIMYMH C OKA3aTeJILHBIM pacnipe/ieieHueM

[lyctb umeercss ciyvaiiHas BenuuMHa X C TOKa3aTelbHBIM pacrpeneneHueMm. DyHKIUs
pacnpeeneHuss UMeeT BUI:

F(x)=1-e*¥,
rae A — mapamerp pacrpeieseHus.
[TpumennuB MeTo 1 00paTHOM (DYHKITHH, TOTYIHM:

z=F(x)=1-e*,
OTKy/a

1
= __I 1_ ] .
X= /1 n(1-z) (10.3)

YuureiBas, uto ciydaiinas senmuuHa (1—Z) uMeer Takke paBHOMEpPHOE pacripelelieHHe B
untepBaie (0,1), cootromenue (10.3) MOXHO 3aMEHUTH COOTHOIIICHUEM

x:—%ln(z).

OKCIOHEHLIMAIbHBIN 3aKOH PACHpEeICHUs IPUMEHSIOT Il MOJICTMPOBAHUS CIISIYFOLLX

SIBIICHUI:

BPEMEHHM MOCTYIUICHUS 3aKa3a Ha IPEANpPUATHE;

MOCEUIEHUS TOKYMATENIMHU Mara3uHa cyrep-MapKeTa;

BpeMeHH Tele(OHHBIX Pa3rOBOPOB;

CpoKa ciTyObl IeTasiei v Y37I0B B KOMITBIOTEpE.
Ha nepBbliii B3risia, 310 pacnpeneneHue spisercs HaayMaHHbIM. [loaTtomy paccmoTpum
IpeenbHYI0 TEOPEMY O CYHEpIO3HIMK MOTOKOB. IIpeanoIokum, uto MoKHO Habmoaats K
HEe3aBHCHMBIX MTOTOKOB coObITHiA (puc. 10.4)
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Puc. 10.4
B kaxaom TakoMm moToke MOxkHO HabmogaTe M j 97IEMEHTapHBIX cobwrruii ( ] =1,...,K).

WuTepBanibl MeXIy tkj COOBITUSIMH — 3TO HE3aBHCHUMBIE CITy4JailHble BEJIMYHHBI,

pacpeaACICHHBIC 10 IO HEU3BECCTHOMY 3aKOHY C MATEMATHYCCKHUM OXXHNJAHUEM /,iJ .

CrpoekTupyeM MOMEHTBI BCEX COOBITHI Ha OOIIYI0 OCh BPEMEHH M PACCMOTPHUM CITyJaiHBIN
untepsan peMenn T =T (K) mMexty 1BymMs cCOOBITHAMYU T0TydEHHOTO CYMMAPHOTO MOTOKA,
k
cocrosmero u3 N coOviThii , Te N = z m j
j=1
Teopema. Ecnu cienath npeleiabHbI NEPEeXo1 U yCTPEMUTh N —> 00, TO pacnpeaeseHue
ciyyaiinoii Benmuunnel uutepsana t =T (K) B cymmaproM notoxke co6wituii, cocrosmem u3 K

SJIEMEHTAPHBIX ITIOTOKOB, YCTPEMHUTCS K OKCIIOHCHIIHAJIBHOMY 3aKOHY ¢ MAaTEMAaTUYCCKUM
OXHNIaHUECM

K
Mt)=2=) 4.
j=1
Cneocmeue. 110TOK 3asBOK, MHTEPBaJ MIOCTYIICHNSI KOTOPBIX B HEKYIO CUCTEMY UMEET
9KCIOHEHIMAIBHOE PACIpPECIICHUE, SIBISIETCS IPOCTEHILINM.
Ipumep 10.1. fonmyctum, uro umeetcs Hekast kpynHast pupma. KimeHTs! pupmsl - 310
¢u3nyeckue u ropuanyeckre auna. Kaxxapiit U3 HuX MoxeT uMeTh Habop IJIaHOB U
pacIMCaHHBIX /€] Ha 3HAYUTEIbHOM UHTEPBaJe BpeMeHU. OHAKO €CJIM PaCCMOTPETh
CYMMapHBIi MOTOK OOpaIleHUH 3TUX KIMEHTOB K CIIy>KaIluM (UPMBI 10 pa3HbIM BOIIPOCaM, TO
MHTEpBaJ BPEMEHU MEXKIY IBYMs MOCIEI0BaTeIbHBIMU OOpAIIEHUsIMI B COOTBETCTBUU C
PacCMOTPEHHOU TEOPEMOU SABIISIETCA CIIy4allHON BEJIMYUHOU, PACIIPENCIICHHON 110
HKCIOHEHIUAIBHOMY 3aKOHY.

10.4.3. MopempoBaHue CIy4ailHbIX BeJIMYMH € PABHOMEPHBLIM pacnpeaeieHMeM Ha
NPOU3BOJILHOM MHTepBaJe (3, b)
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JlaTuMKk  ciay4alHBIX ~4YMCEl TEHEpUPYET  CllydallHble BEJIMYHMHBI C  PaBHOMEPHBIM
pacnpenenenviem B untepBasie (0,1). Ecnu e Hy)KHO MOAETMPOBATH ClydaillHbIe BEIUYMHBI C
paBHOMEpHBIM pactipejiesienueM B unreppaie (@,0) To mMoxkHO BoCHONB30BaTECS MeTONOM 06-

paTHOil (hyHKIUH.

Jliig paccmaTtpuBaeMoro ciryyasi BelpaxkeHue (2.1) npumer Bua:
z=F(x)= x-a ,
b-a
Otkyna
x=a+z(b—-a).
Ha mpaktuke npumeHnsiercs U Apyroil cmnoco® 3agaHusi PaBHOMEPHOI'O PACIPEIEIICHHUS.
Bumecto rpaHuil MHTEpBala 3aJalOTCA CPEIHEE 3HAYCHHE CIy4alHOH BENMYMHBI Xcp H

BennunHa uHTepBasia AX. Torma omnpejencHre BO3MOKHOTO 3HAYEHUS CIIyJalHOU BETUYHHBI
C PaBHOMEPHBIM paclpe/ieICHUEM MOXKET OBITh MPOU3BECHO 10 hopmyre

X =Xcp +AX(2-0,5).

PaBHOMEpHOE pacnpesieieHne MOKHO UCIOJIBb30BaTh MIPU PACUETAX IO CETEBBIM
rpadukam paboT, B BOGHHOM jiefie (BpeMEeHH BbIABUKEHHSI BOMHCKON YacTH WUJTU €€
Mo/ipa3/ieJIeHUsl Ha UCXOIHBIN pyOex, BpeMeHH Maplia)

10.4.4 MoaesmpoBaHue CIy4aifHbIX BeJIMYMH ¢ HOPMAJILHBIM pacnpeaeieHneM

Meton o6paTtHON (QYHKIMHU JUIS HOPMAJILHOTO pacIpeiesieHus] HEMPUMEHNM, TaK Kak Iocie
MOJCTAHOBKM COOTBETCTBYIOIIECH (YHKIIMM pacrpeneieHus BbIpakeHue (2.2) HE HMeeT
aHaIUTHYECKOTO pemieHus. [loatoMy B JaHHOM cilydae IpUMEHSETCs APYroil MeTos.

CoryacHO UEHTpPAJIbHOM TMpPEACIbHOM TEOpEeME TEOPUH BEPOSITHOCTEH TMpPHU  CIIOKEHUH
JIOCTaTOYHO OOJIBIIOrO YHMCIa OJMHAKOBO pacHpeleSIeHHbIX HE3aBUCHUMBIX CIIYYalHBIX YHCEell
MOJTy4YaeTcsl CiTydaiiHasi BeIMYMHA, UMEIOIas HOpMaJIbHOE pacrpezesieHHe.

Kak mokazanu uccnemoBaHusi, yXe MHpH CIOKEHHH Oojiee NECATH CIyYaillHbIX BEJIWYHH C
paBHOMEpHBIM pacnpeneneHreM B uHtepBaiie (0,1) momydaercs ciiyyaiiHasi BeJIMUMHA, KOTOpPasi C
TOYHOCTBIO, JIOCTATOYHOW JUIi OOJBIIMHCTBA MPAKTMYECKUX 33/a4y, MOXKET CUUTAThCA
pacrpeielIeHHON HOPMAJIBLHO.

[Iponienypa po3birpeliiia HOPMAIEHO PACHPEIEICHHON CIy4aifHON BEIMYMHBI 3aKJII0YAeTCs B

CIIEIYIOLIEM.
1. Cnoxum 12 cimygaliHpIX BEJIMYMH C PaBHOMEPHBIM pacnpezenenueM B untepnaie (0,1),

T. €. COCTaBUM CYMMY
12
v=>7.

i=1
Hcnonn30BaB H3BECTHBIC TCOPEMbI O CYMMC MATCMATUYCCKHUX ODKI/II[aHI/Iﬁ u ,I[I/ICHepCI/Iﬁ
HC3aBUCHUMBIX CJ'Iy‘IElfIHLIX BCJIMYUH, MOXHO YCTAaHOBUTH, YTO B JAHHOM CJIydac cnyqaﬁHas[
BeIIMYMHA V HUMEET CJIICAYIOIINEC XapaKTCPUCTUKU:
MATEMATUYICCKOC OXKNIaHHC:

12 1
M(V)=> M(z)=12-==6;
i=1 2
AUCTICPCHS:

12 1
D(v)=i§D(zi):1Z-E:1.
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cpemmee kBajparnueckoe otkionenue: (V) =4/D(V) =1.
2. HopMupyem u LIECHTpUPYEM CIIYHalHYIO0 BEIUUYUHY V, T. €. IepeilieM K BeTuYnHe
v—-M(v
MWy g
o(Vv)
2. OT HOPMHMPOBAaHHOW M LEHTPUPOBAHHOM BEJIMYUHBI 7] NEpeiIeM K CIy4alHOH
BeIMYMHE Y ¢ 3aJaHHBIMM ITapaMeTpaMu M (y) 51 G( y) 1o gopmyie
y=M(y)+a(y)-n,
rie M () — usBectHoe MmaTemaTuueckoe oxunanue ciayyaiinoi sennunnsl Y ; o(y) -
M3BECTHOE CPEIHEE KBAJAPATUIECKOE OTKIOHEHHE CIy4alHOW BEIMYUHBI Y .

JIroObie cnoxxkHbIe pabOThl HA 00BEKTAX IKOHOMHMKHU (BBOJ MHPOpPMALUU U3 JOKYMEHTA
B KOMIIBIOTEP, POBEJACHUE NIEPETOBOPOB, PEMOHT 00OPYJOBAHUS U JIp.) COCTOAT M3 MHOTHUX
KOPOTKHUX IIOCJIEIOBATENbHBIX 3JIEMEHTAPHBIX COCTaBJIAOMUX padoT. [lpuuem konmuecTBo
9THX COCTAaBJIIIOIIMX HACTOJBKO BEIMKO, YTO YCIOBHE BBIIOJHUMOCTH LEHTPAIBHON
NpeaeabHON TEOpEMBbI HE BbI3bIBAa€T COMHEHMI. [loaTOMy mpu OLeHKax Tpyao3arpar BCeraa
CIIPAaBEJUIMBO MPEAINOI0KEHNE O TOM, UX MPOJOJIKATEIBHOCTh — 3TO Cly4daliHas BEIUYWHA,
KOTOpas pacipeiereHa o HOpMaJIbHOMY 3aKOHY.

10.4.5. MoaennpoBaHue CJIyYaifHBIX BEJIMYMH C YeedeHHBIM HOPMAJIBHBIM pacnpeieieHneM

VYceueHHOE HOPMAJIbHOE pAclpelelieHHe CIy4alHOW BEIMYMHBI X 33Ja€TCS YeThIPbMS
mapamMeTpaMu: MaTeMaTU4ecKuM oxunanueM M (X) CPEIHMM KBaJIPATUYECKUM OTKIIOHEHHEM

o0(X), a Take MUHUMATTBHBIM M MAKCUMATHHBIM 3HAUEHUAMU Xq U Xo (TOUKaMH ycedeHus).
O YHKIMS PACTIPEICIICHUS CTy4alHON BEJIMUMHBI X OMNPEIEISIETCs] PABEHCTBOM

0, X< Xq;
F(X)=1[@o(t) = Do (t)]- A X <X<Xp;
1, X > Xo,
e Am 1 ;t:X_M(X);tlzXl_M(X);tZ:XZ_M(X).
Do(t2) = Do(t) o(x) o(x) ()

Cy1iecTByIOT TaKoke GOpMYIIbl JUIsl pacdeTa MaTeMaTHYeCKOr0 OXKUJAHUS, TUCTIEPCUU U CPETHETO
KBaJJpaTUYECKOTO OTKIOHEHHUS CiydailHoN BenuuuHbl X. OJHAKO C JIOCTATOYHOM AJSl MPAKTUKU
TOYHOCTBIO TIPU MOJCIMPOBAHUU CIy4ailHOM BEIMYMHBI C YCEYCHHBIM HOPMAaJbHBIM
pacripenenieHueM MOXHO 00OHTHCH 0€3 pacueToB Mo (hopMyIiaMm.

Jlnst onipeeneHusi BO3MOKHBIX 3HAUEHHI CITy4aifHOW BEJIMUMHBI C 3THM PACIpEIEICHUEM MOKHO
UCIIOJIb30BaTh aJITOPUTM, CXeMa KOTOporo npuBeaeHa Ha puc. 10.5.
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1
MNMpoueaypa
“Hopm™(n)

2
y = MY] + nxolY]

HeT

Puc. 10.5
Onepatop 1 oOpamaercss K mpolueaype MOJACTHPOBAHHMS  BO3MOXKHBIX — 3HAYCHHUM
HOPMHMPOBAaHHOM M IICHTPUPOBAHHOMN CIIy4allHOW BEJIMYMHBI 7] ¢ HOPMaJbHBIM PaCIpPEIEICHUEM.

Omnepartop 2 BBIYMCIAET 3HAYEHHWE CIyYaWHOM BEIWYMHBI Y ¢ 3aJaHHBIMU IapaMETPaMHU

M(y) u o(y).

VYcnoBHbIM oneparop 3 MTpOBEPSET YCIOBUE MOMAJaHUA CIy4YailHOW BEJIWYHMHBI ) B
HEyceueHHYI0 001acTh. IIpy BBINOJHEHNH ATOTO yCIOBHS 3HAUCHUE CIlydyallHON BEIHYUHBI Y

C YCEUYEHHBIM HOPMAaJbHBIM paclpeieJIeHUeM CUUTAeTCsl HalleHHbIM. B mpoTHBHOM ciiydae
yIpaBJIieHHE B allTOPUTME IepefaeTcss BHOBb Ha BXOJ omnepaTopa 1 u reHepupyeTcs Apyras

clydJaiiHas BeJIMYMHA.

10.4.6 MonempoBaHue CJIyYaiHBIX BeJIMYMH ¢ MPOM3BOJILHBIM pacnpeiesieHueM

[ycTs ciyuaiinas enmuuua X 3ajana B untepsane (dg,0p) xycoumo-nocrosumoit
dynkuueit  f(X). D10 3Haumr, uro MHTEpBan pazOUT Ha N YACTHYHBIX MHTEPBAIOB M

nnotHocTh pacnpenenenus i (X) wa kaxaoMm u3 HuX nocrosuua (puc. 2.6).

$1x)
Py
P1 | Pn

» X

0 d a4 47 a3 an-1 4,
Puc. 10.6
LlenecooOpa3HO BbIOpaTh BEIMYUHBI A) TaK, YTOOBI BEPOSTHOCTHU MONAAAHUsS B TH000M

YaCTUYHBIN HHTCpBAJI Pk ObLIH OJWHAKOBBI, T. €.
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a, 1
j fk(x)olx=H (k=12,...,n)
a4

W3 ycnoBus moCTOSIHCTBA (PYHKLIMHU Ha KaXKJIOM YaCTHYHOM MHTEPBAJIE CIEIYET, YTO
ClIyJaifHasi BelIM4ruHa X MOJKET OBITh OmpesesieHa o Gpopmyrie

X=ay q+2z(ax —ax-1), (10.4)

r€ Z — BO3MOJKHOE 3HaYeHHE (peann3anusi) caydaiiHoW BETUYMHbBI, PABHOMEPHO
pacnpezenennoi B uatepsaine (0,1); ay_q — 1eBasd rpaHuIla YaCTUYHOIO MHTEpBAJIa; Ay —
npaBas TpaHUIla YaCTUYHOTO WHTEpBaa.

Bxon
1 S y
ACH(z) ACH(z)
2 6
J=1n > Y X=a,,+(a,-8,,)2
3
wp Buixoa
4 Aa
k=
Puc. 10.7

[lonaganue B 1000 4YaCTHMYHBI MHTEpPBAl MOXHO paccMaTpUBaTh KakK COOBITHE,
BXOJIslllee B MOJHYIO I'PYIIy HECOBMECTHBIX coObITHi. [loaTOMY mporeaypa MoaenupoBaHus
B 00II[EM CiTy4ae COCTOUT B CIIEAYIOIIEM.

1. C noMo1pio AaTYUKa CIy4aiHbIX YUCE C PABHOMEPHBIM paclpe/ieIeHUueEM,
BbIPa0ATHIBAIOLIEI0 BEJIMYUHY Z, MOJEIUPYIOT AUCKPETHYIO CIy4aiiHYI0 BEJIMYUHY — HOMED
unTepBana K. BTopu4HO pasbIrpblBaioT cilydaiiHyIO BEJIUUMHY Z M ONPEAEISIOT
BO3MOXHOE 3Ha4YCHHE cly4dailHO# BennunHbl X 1o gopmysne (10.4).

Cxema anroput™ma nokasasa Ha puc. 10.7.

Bomnpocsl 1ist caMmonpoBepKu
1. [laiite onpenenenue meroaa Monte-Kapuo.
[IpuBeauTe mpuMepsl XapaKTEPUCTUK CUCTEM, 3HAYEHHUS KOTOPBIX OIPEIEIISIFOTCS
CllydaifiHbIM 00pa3oMm.
Ilepeuncnure KpuTEPUN MPOBEPKA CTATUCTUUYECKUX TUIIOTES.
[IpuBenuTe anropuT™ MOJIEITUPOBAHUS IPOCTOTO COOBITHSL.
[IpuBenuTe anropuT™ MOJETUPOBAHUS TOJTHON TPYIIBI HECOBMECTHBIX COOBITHIA.
[IpuBeauTe anropuT™ MOJEIUPOBAHUS IUCKPETHON CIIy4alHON BEJIMYNHBL.

N

o 0hsw
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10.

11.

12.

13.
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[IpuBenuTe anropuT™M MOAEIUPOBAHUA JUCKPETHOU CIIyd4allHON BEJIMYUHBI.

B gem 3akimogaercss MeToa 00paTHON (DYHKIIMM MOJAEITMPOBAHUS HETIPEPBIBHOM
CIy4aiHOU BEJINYHHBI.

[IpuBeauTe anropuT™ MOJEIUPOBAHUS CIIyYailHBIX BEJIMYHMH C I0Ka3aTEIbHbIM
pacnpeneneHueM.

[IpuBeauTe anropuT™ MOJEIMPOBAHUS CIy4allHBIX BEJIMYUH C PABHOMEPHBIM
pacnpeiesieHHeM Ha pou3BoibHOM untepsane (a,b).

B uem cocTout cyTh anropurMa MoAeIUPOBaHUS CIIYYailHbIX BETUYHH C
HOPMAaJIbHBIM pacHpeeieHUEM.

[IpuBeauTe anropuT™ MOJEIMPOBAHUS CIIyYalHBIX BEIUYUH C YCEYEHHBIM
HOpPMaJbHBIM PacIpeIelICHUEM.

ANTropuT™M MOJIEIMPOBAHUS CITyYallHBIX BEJIUYMH C IPOU3BOJILHBIM paclpeieIeHuEM
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Tema 11. CucTeMbl MacCOBOI0 00CITYKUBAHMS

11.1. OcnoBHble nousaTus. Kinaccupukanua CMO

Ha mnpakTtuke dYacTo NPUXOMUTCS CTAIKUBATECA C CHCTEMaMH, NpeIHA3HAYCHHBIMH JUIS
MHOTOPA30BOT0 HCIOJIb30BAHUSI TPH PEIICHUM OJHOTHUITHBIX 3a/ad. BO3HHWKAIOIIMe IpU 3TOM
MPOLIECCHl TOJYYMJIM Ha3BaHHWE MPOIECCOB OOCTY)KMBAHHS, a CHCTEMBI — CHCTEM MAacCOBOTO
obcmyxuBanus (CMO). [Ipumepamu TakuX CHCTEM SIBISIOTCS TeJIe(OHHBIC CUCTEMBI, PEMOHTHBIC
MacTepCKUe, BEIUMCIUTEIbHBIE KOMIUIEKCHI, OMJIETHBIE KaCChl, Mara3uHbI, TTAPUKMAXEPCKHE H T.11.

Kaxmgas CMO cocToNT W3 ONpPEIENEeHHOTO 4YHCia OOCITY)KHBAIOIIMX €AUHUI (IPHOOpPOB,
YCTPOWCTB, IyHKTOB, CTaHIMI), KOTOphle OyJdeM Ha3bIBaTh KaHAIaMH OOcTyxuBaHusi. Kanamamu
MOTYT OBITh JIMHUH CBSI3H, paboure TOYKH, BEIYUCIUTEILHBIC MAITHMHBI, TPOAABILI U Jp. [To wucmy
kaHaioB CMO 1o 1pa3iesisitoT Ha 0JTHOKAHAIBGHBIE 1 MHOTOKaHATBHBIE.

Ha Bxom B CMO mnocrymaer moToK TpeOOBaHM Ha OOCTy)KMBaHWE. B KauecTBe Takux
TpeOOBaHUK MOTYT BBICTYIATh, HAIPUMEP, KIMCHTH WM TAIUCHTHI, TIOJIOMKH B 0OOpYJIOBaHHH,
TOTOBBIE K YITAKOBKE U3/1eIHsI, T€Ne()OHHBIE BEI30BbI, IPUOBIBAIOIIUE B a3POTIOPT CAMOJIETHI.

TpeboBanus (3asBku) noctynatoT B CMO 0OBIYHO HE peryispHoO, a CiIydaiiHO, oOpasys Tak
Ha3bIBaeMbIl CiTydaiiHbld MOTOK TpeOoBaHui. OOCTy)KMBaHHE 3asBOK, BOOOIIE TOBOpS, TaKxke
MPOJIOJDKAETCA KaKoe-TO ciydaiHoe Bpems. CiydalHbId XapakTep MOTOKa 3asBOK M BPEMEHH
00CITy’KMBaHHs PUBOAUT K ToMY, 4T0 CMO oKa3bIBaeTCs 3arpy>KeHHON HEPaBHOMEPHO: B KaKHE-TO
MEepUOJIbI BPEMEHH CKaIUTMBACTCS OYEHBb OOJIBIIIOE KOJMYECTBO 3asBOK (OHHM JIMOO CTAHOBATCS B
ouepenp, 6o mokugaror CMO HeoOcmykeHHbIMH), B apyrue ke mepuoasl CMO pabotaer ¢
HENOTpY3KOM Wi TpocTauBaeT. llpenmerom Teopuum MaccoBOro OOCITYKHBAHUS —SIBISETCS
MTOCTPOCHHE MATEMAaTHYECKUX MOJIETICH, CBS3BIBAIOIIMX 3a7aHHbIC YclaoBHs padoTel CMO (uucio
KaHaJIOB, WX MPOU3BOJUTENILHOCTh, XapakTep IOTOKAa 3asBOK M T.I.) C [OKa3aTesiMu
addextrBHOCTH CMO, ONIMCHIBAIOIIMME €€ CIIOCOOHOCTH CIIPABIISTHCS C IOTOKOM 3asBOK.

B kagectBe mokazareneit sddexruBHOCTH CMO HCMONB3YIOTCS: CpPEIHEE YMCIO 3asBOK,
00CITy’)KMBaeMbIX B €JMHUILY BPDEMEHH; CPETHEE YMCIIO 3asIBOK B OUEPE/IN; CPEIHEE BPEMsI OXKHIaHUS
0OCITy’KMBaHHS; BEPOATHOCTh OTKa3a B OOCTYy>KMBaHHUU O€3 OXKUIAHUS;, BEPOSTHOCTH TOTO, YTO
YHCIIO 3aBOK B OUEPE/IU MPEBBICUT ONPEINICHHOE 3HAYEHUE U T.1I. 37IECh U B JAIbHEHIIIEM CpeTHHe
BEJIMYHMHBI IOHUMAIOTCSI KAK MAaTEMaTHUECKUE 0>KUAHHS COOTBETCTBYIOIIUX CIYYaiHBIX BEJTHYHH.

CMO genst Ha aBa ocHOBHBIX THma (kimacca): CMO c¢ otkazamu u CMO ¢ oxuzaHueMm
(ouepenpro). B CMO c oTka3amu 3asiBKa, MOCTYNUBINAS B MOMEHT, KOT/Ia BCE KaHAJIbl 3aHSTHI,
nojrydaer otka3, nokumaer CMO u B JjanbHeillieM mpoliecce OOCTYy)KMBaHUS HE Y4acTBYET
(Hanpumep, 3asiBKa Ha Tele(OHHBINM pa3roBOp B MOMEHT, KOT'/Ia BCE KaHAJIbl 3aHATHL, IOY4aeT OTKa3
u nokunaer CMO neobOcnyxkernoit). B CMO ¢ oxuganueM 3asiBKa, MPUIIE/IIas B MOMEHT, KOTa
BCE KaHAJIbI 3aHATHI, HE YXO/UT, @ CTAHOBUTCS B OUepe/lb Ha 00CITy)KMBaHUE.

CMO c¢ oxumaHueMm TMOJpa3[eiaioTCsl Ha pa3Hble BUIBI B 3aBUCHMOCTH OT TOTO, Kak
OpraHM30BaHa O4epelb: C OTPAaHUYEHHOM WM HEOTPaHMUEHHOM UTMHOM OYepe/in, ¢ OTpaHUYEHHBIM
BpEMEHEM OXKUIaHUsI U T.II.

[Ipu ananmu3e wnu mporHo3upoBaHuu JestensHocT CMO criefyeT y4duThIBaTh HE TOJBKO
CpEeIIHHE XapaKTePUCTUKU BXOSIIMX MOTOKOB U MPOIIECCOB OOCTY>KUBAHMUS, HO U UX BHYTPEHHIOIO
CTPYKTYDY.

CucremMbl MacCCOBOTO OOCITYKHBAHUS 00NAIAI0T PA3IMYHON CTPYKTYypoil. OTHAKO B HUX OOBIYHO
MOJKHO BBIJIETUTh YEThIPE OCHOBHBIX 3BEHA: BXOJSIIUM TMOTOK TpeOOBaHWM, HAKOMUTENb, Y3IIbI
00CITY’KMBaHHS, BHIXOISIIUI TTOTOK.

XapakTepuCTUKHU BXOJSAIIEr0 IMOTOKAa TPeOOBaHWN BAXKHBI Ui TMPABWIBHONW OpraHU3aldu
mporiecca OOCTYKMBaHMA. BBIXOIAIINI MOTOK MPENCTaBIsAeT IOMOJHUTENBHBIM HHTEPEC B TOM
Clly4ae, eClIi OH BECh HIIM KaKas-TO €r0 YacTh OKa3bIBACTCS COCTABHOM YacThIO TIOTOKA, BXOISIIETO

B Apyryro CMO.
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Hakonmrens — MecTo, T/ie IOCTYNMBIINE TPeOOBaHMS JKIAYT Havyana oocmyxuBanus. Hakonmrenb
MOXET OBITh OTPaHUYEH 0 00BEMY, BMEIIATh OTPAHUYCHHOE YUCII0 TpeboBaHuid. TpeboBanus, st
KOTOPBIX B HAKOMHUTENE HE HAIIUIOCh MECTA, TMOO OKA3bIBAIOTCS B JPYTOM, BHEIIHEM HAKOINUTEIE,
160 BooOIIE TMOKHIAIOT cucteMy. HakomureneM MOXKET ObITh, HAIpUMEp, 3al JUIsl OKHAAFOIINX
KIMEHTOB B TNAPUKMAXEpCKOi mim OyHKep IS KIyIUX OOpabOTKHM AeTaneil mepen CTaHKOM.
WHorma orpaHuyueHne CBA3aHO HE C (PU3NUECKUM 00BEMOM HAKOIUTEIS, a ¢ ouepeapto. Hanpumep,
B OYEPETHOM Typ KOHKYpCa JIOJDKHO MPOMTH 3apaHee M3BECTHOE YMCIO KaHmuaaTtoB. OrpaHnieHne
OYepeaH TIPU 3TOM, IO CYTH, SKBUBAJICHTHO (PU3NIECKOM OTPAHMIEHHOCTH HAKOITUTEIS.

OrpaHM4eHHOCTh HAKOMHUTEIST MOXKET MPOSIBISITBCS HE TOJIBKO B MPOCTPAHCTBEHHBIX, HO M BO
BPEMEHHBIX XapaKTepuCTHKaX. TpeOoBaHHe, MPOOBIB HEKOTOPOE BpeMsS B OYEPEIH, MOXKET
MOKUHYTH €€, He JIOXKIABIIHMCh Hadasla o0cmyxuBanus. OHO MOXET YHTH B JPYryr0 O4epeib WIIH
BOOOIIIe MOTMOHYTh Kak TpeOoBaHHE Ha OOCITY)KMBaHHE B JIAHHOM cucTeMe (HanmpuMmep, €ci pedb
uaet 06 06paboTKe CKOPOTIOPTSIIIUXCS MPOTYKTOB).

TpeOoBanus, HaxonflMecs B HAKOMUTENE, 0Opa3yroT JIMOO OHY OOIIyI0 OYepeab KO BCEM
y31aM OOCITy)KMBaHUS, JMOO pasnenbHble ouepen. Odepenn OBIBAIOT OJHOPOJHBIMH WA
CMEUATM3UPOBAHHBIMU (B COOTBETCTBHH CO CIIEUATN3AIMEN Y3/I0B O0CTYyKUBaHHUs); B HEKOTOPBIX
CITydasiX JJOIYCTHM TIepexo]1 TpeOOBaHMS U3 OJTHOM OYepei B IPYr'YIO, B HEKOTOPBIX—3aIpeIIcH.

BaxHoe 3HaueHne MMeeT UCIMTUTHA 00CITY)KUBAHUSI, OTIPEACIISIONIAs TOPSIOK BEIOOpA 3asBOK
W3 YKCNa MOCTYIMUBIIUX U MOPSIOK pacipeeieHuss HX MEeXIy CBOOOAHBIMH KaHamaMu. [1o atomy
MPU3HAKY OOCTY)KMBAaHHME 3asiBKH MOKET OBITh OPTaHW30BaHO IO MPHUHIMMITY 'MepBasi MpHILUIa —
nepBass oOcimykeHa', "MOCHenHssI MpuUIDIa — TepBas oOcmyxeHa" (Takod TOPSIOK MOXKET
TIPUMEHSTHCS, HATIPUMED, TIPH U3BJICUCHUH TS OOCITY>KUBAHUS M3IETIHI CO CKIIa/Ia, MO0 TIOCIIeTHIE
W3 HUX OKa3bIBAIOTCA 4acTo OoJiee NOCTYIMHBIMU) WM OOCTYKMBaHHE C MPUOPUTETOM (KOTJa B
MIEPBYIO Ouepenb OOCTYy)KHMBAIOTCS HaWOoJee BaKHbIC 3asBKH). [IpuopureT MOXeT OBITh Kak
aOCOJTIOTHBIM, Kor/ia 0oJiee BaKHAs 3asBKa "BBITECHSCT" W3-TIOJI OOCITYKHMBAHUS OOBIUHYIO 3asBKY
(HarpuMep, B CiTydae aBapHHON CHUTYaIlMH IUIAHOBBIC PaOOThI PEMOHTHBIX OpHUTaj] MPEPhIBAIOTCS
70 JHUKBHUJALMM aBapvu), TaK U OTHOCUTEJIBbHBIM, Korja Oojiee BakKHas 3asiBKa MOJIy4aeT JIUIb
"nmydiee" MECTO B OUEpEIH.

Benmko pazHooOpasue 1 B opranu3zaiuu mporiecca o0caykuBanus. B cucreme MoxkeT ObITh Kak
OJIMH y3eI1 00CTy)KUBaHUs (HEOOJbIOM OydeT), TaK U HECKOJIBKO (OTIeIbI MarasuHa). Yucio y3ioB
MOJKET JJayke He ObITh MOCTOSIHHBIM: KaK7ash MAallliHA TaKCH, HAXOJSIIAsCs B JTAHHBIA MOMEHT Ha
CTOSIHKE, MOKET paccMaTpHBaThCS KakK OTIENbHbIA y3enl. Pazmuuaror omgHOpojHbIe (CrOCOOHBIE
00CIyXuUTh JI000€ TpeOOBaHME, TIOCTYIAIOIIEE B CUCTEMY) U CIEIMAIU3UPOBaHHbIE Yy3ibl. Jlake
OyIlyud OJHOPOAHBIMU, OHU MOTYT OTJIMYAThCS 3HAYEHHUSMHU CBOMX XapakTepucTHK. Cpeau Takux
XapakTepUCTUK OJHOW M3 HamOoJiee CYLIECTBEHHBIX SBJISETCS MHTEHCHBHOCTH OOCITY)KHUBaHHSA -
cpenHee Yuciio TpeOoBaHMA, KOTOPOE CIIOCOOEH OOCTYKHUTh y3€ll B €JMHHUIY BPEMEHH.

Janee, y3mbl MOTyT paboTaTh MHapaUiebHO (Kacchl B YHHMBEpcame, MpUYaibl B TOPTY),
MocJeIoBaTeNnbHO (KOHBeWep) Wi cMelIaHHbIM o0pa3oM. B mporiecce oOcmy>KuBaHUsS OHU MOTYT
paboTaTh HE3aBUCHMO WJIM B3aUMOJEHCTBOBATH, IOMOTATh JPYT APYIY. Y3Jbl MOTYT BBIXOJUTH U3
CTPOsi U TOCTYNaTh Ha BOCCTAHOBJIEHHE (PEMOHT, JieueHue) B apyryro CMO (yxe B KadecTBe
TpeOoBaHUi Ha 0OCITyKHBaHUE).

OOBIYHO B KaX/IbIil MOMEHT BPEMEHH Yy3ell 00CITyKHUBaeT He Oosiee o JHOro TpeboBaHus. OHAKO
ob1BatoT CMO, B KOTOPBIX Y3J1bl OOCITY>KUBAIOT Cpa3y IPYMIIbl TPEOOBAHUMNA: MPENOaBaTENb B By3€
WJTH SKCKYPCOBOJI B MYy3€e.

Nnorga npu paccmorpennn CMO Hac He HMHTepecyeT AaybHEHInas Cynp0a 0O0CITyKEHHBIX
TpeOoBaHMii; TPeOOBAHUSI, OCTYIAIOIINE B CUCTEMY, HE CBS3aHbI C TPEOOBAHUSAMM, YXOILIMMU U3
Hee. B HEKOTOpBIX kK€ Ciy4asX ClelyeT Y4uThIBaTh, YTO OOCTyXKEHHblE TpeOOBaHUS IOCIEe
HEKOTOPOH 33/1epKKU (0OBIYHO €O CITydyallHOM, He M3BECTHOM 3apaHee MPOJI0JLKUTEIbHOCTBIO) OMSITh
nocTynaior Ha BxoA. B mepBom cimyyae CMO Ha3pIBaloTCs HE3aMKHYTHIMH, BO BTOpPOM —
3aMKHYTBIMH. 3aMKHYTOH CHCTEMOM SBIISETCS, HAPUMED, MOJIUKIMHUKA, 00CTyKUBAIOIIast JaHHYIO
TEPPUTOPHIO, WM OpHraja PEMOHTHBIX PaOOUMX, 3aKPEIUICHHAs 3a OIPEACICHHON TIpyNHoi
00opynoBaHusL.
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CTpyKTYpHlI, CBSI3aHHBIC C HAKOIMTEIEM M OpraHM3aluel Iporecca OOCITyKHBaHUS, BECbMa
pazHooOpa3Hbl. MBI pacCMOTPUM JIMIIIb HEKOTOPBIE «TUIOBBIEY CTPYKTypbl CMO, KOTOpBIE CITy)KaT
OCHOBOM Kak JUIsl I3y4eHHs APYTUX, O0Jiee CIOKHBIX CTPYKTYP, TaK M JIsl HOHUMaHUs OOIIHX 33124
MaTeMaTUIeCKOT0 MOJICTUPOBAHMS PA0OTHI CHCTEM OOCITY)KUBAHUSI.

[TouTtu st Becex paccmoTpeHHbix qanee CMO npesonaraercsi, YTo BXOSIIHMNA OTOK SIBIISETCS
ITyaCCOHOBCKHM, @ JUTMTEIHFHOCTh OOCITY)KMBaHHSI PACTIPEICIICHA M0 SKCIIOHEHIMAIBHOMY 3aKOHY.
OTH TPEOJIOKEHHs, C OIHOM CTOPOHBI, BBINOJHSIOTCS U JOCTaTOYHO IITUPOKOTO KIlacca
PEATBHBIX CUCTEM OOCITYKHUBAHHS U, C IPYTOi CTOPOHBI, TIO3BOJISIIOT PUMEHHUTD K U3YYSHHUIO TaKHX
CHCTEM TEOPHIO MAPKOBCKUX TPOIIECCOB.

OTMeTrM, 4TO B TEOPHM MAacCOBOTO OOCITY)KMBAHUS Pa3HbIC aBTOPHI HCTIOJIB3YIOT PA3TMUHYIO
TCPMHUHOJIOTUIO. Cnenyer HUMCTh B BUY, YTO TCPMUHBI «3asdBKa», «KIIUCHT» — CUHOHHUMbI TCPMHUHA
«TpeOOBaHME», a TEPMHUHBI «KaHAD), <JIMHHUSD», <«IIPUOOP» - CHHOHMMBI TEPMHUHA «Yy3ell
00CITy)KUBaHUS.

11.2 TlonsiTHEe MAPKOBCKOIO CJAYYailHOIO Mpoiecca

[Tpornecc padotst CMO mpencTaBisier CoO0# CydaifHbIN MPOIIecC.

IMox ciydaiftHBIM (BEPOSITHOCTHBIM WJIM CTOXAaCTHYECKHM) TIPOIIECCOM ITOHMMAETCS TPOIIece
HU3MCHCHUA BO BPEMCHU COCTOSTHUA KaKoi-1100 CHUCTEMBI B COOTBETCTBHU C BEPOATHOCTHBIMHA
3aKOHOMEPHOCTSIMH.

[pomecc Ha3pIBaeTCS TPOIECCOM C JUCKPETHBIMH COCTOSIHHSIMH, €CIIM €r0 BO3MOYKHBIE

COCTOSIHUS Sl’ 82’83""— MOJKHO 3apaHee NMEePEeYUCIUTb, a NEPEXO] CUCTEMbI U3 COCTOSIHUS B
COCTOSIHHE TPOUCXOIUT MIHOBEHHO (cKaukoMm). [Ipoiiecc Ha3bIBaeTCs MPOLIECCOM C HENMPEPhIBHBIM
BpPEMEHEM, €CITd MOMEHTHI BO3MOXKHBIX IEPEXOJ0B CHUCTEMBI M3 COCTOSIHMS B COCTOSIHHE HE
(UKCHPOBaHbI 3apaHee, a CIyJalHbL.

[Iporiecc pabotet CMO mpenctaBisier co0OM  CAydallHBIA TIPOIIECC C  JAUCKPETHBIMHU
COCTOSTHUSIMU Y HETIPEPHIBHBIM BPEMEHEM. IDTO O3HA4aeT, 4To coctossHue CMO MeHseTcsl CKauKoM
B CIly4allHble MOMEHTHI TOSBJICHHS KaKUX-TO COOBITHI (Hampumep, NpUXoJa HOBOM 3asiBKHU,
OKOHYaHUS 0OCTY)KUBaHUS U T.I1.).

Marematudeckuii anams padoTsl CMO cyIiecTBEHHO YIpPOIIAeTCsl, €CIIH MPOIIECC 3TOM PadOThI
— MapkoBckuil. CiydaifHbIN TPOIECC HA3hIBACTCS MApKOBCKMM WIIM CIYYaiHBIM IPOIIECCOM 03
MOCJIEICTBHSI, €CITU JUIsl JTF0OOr0 MOMEHTa BPEMEHU BEPOSITHOCTHBIE XapaKTEPUCTHUKU Ipoliecca B

. t
6y,Z[YH_[eM 3aBUCAT TOJIBKO OT €0 COCTOsSIHUA B JaHHBIM MOMCHT 0 M HE 3aBUCAT OT TOro, Korjga u
KaK CUCTEMaA IIpUIIlIa B 3TO COCTOAHHUC.

[Tpumep MapKOBCKOTO mpoliecca: CHUCTeMa S _ cyerqmk B Takcn. COCTOSHHE CHCTEMBI B
Moment | XapakTepU3yeTCsl YUCIOM KHJIOMETPOB (IECATBHIX OJeH KUIOMETPOB), MPOUICHHBIX

t S
aBTOMO6I/IJ'IeM J0 JaHHOT'O MOMCHTA. HyCTb B MOMCHT 0 CUCTUHK ITOKA3bIBACT 0 . Bepo}ITHOCTb
>t
TOro, 410 B MOMCHT 0 CUCTUHUK IIOKAKECT TO HWIM HNHOC YUCIIO KI/IJ'IOMeTpOB (Tquee,
COOTBETCTBYIOIIIEE YUCTIO PyOIeit) 1, zaBucur o1 -0, HO He 3aBUCHT OT TOrO, B KAKME MOMEHTHI

t
BPEMCHU U3MCHSAJIUCH TTOKa3aHUA CHCTUUKA 10 MOMCHTA 0 .
Mmnorue IIPOUECChI MOKHO l'[pI/I6J'II/DKeHHO CYUTaTb MApKOBCKUMH. HaanMep, MponEeCC UI'pebl B

mraxmMarthbl: CHUCTEMa S — TI'pyliia MmaxMaTHbIX (1)I/Il"yp CocTosiHHE CHUCTEMBI XapaKTCPU3YyCTCA
t
YUCJIOM (I)I/Il“yp IMPOTUBHUKA, COXPAHUBIINXCA Ha OTOCKEC B MOMCHT 0 . BePOHTHOCTB TOro, 410 B

>t .
MOMCHT 0 MaTepI/IaJ'IBHBII/I nepeBec 6yz[eT Ha CTOpOHe OJHOI'o u3 l'IpOTI/IBHI/IKOB, 3aBUCUT B
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. t
MEPBYHO O4YCPCab OT TOr0, B KAKOM COCTOAHHUU HAXOAUTCA CUCTEMA B JaHHBIM MOMCHT 0 , a HC OT

TOT'0, KOTJIa ¥ B KAKOM MOCIeIOBAaTEIbHOCTH MCUe3/H (PUTYpBI C JOCKU IO MOMEHTA b .

B psane cimyuaeB npepIcTOpHeil paccMaTprBacMbIX HMPOIIECCOB MOXKHO IPOCTO IPEHEOpeusb U
IIPUMEHSATH UL UX U3Y4EHHsI MAPKOBCKHUE MOJCIIH.

Ilpn aHamm3e citydalHBIX HPOIECCOB C AUCKPETHBIMHU COCTOSHHSAMHU YIOOHO MOJIB30BATHCS
TEOMETPUYECKON CXeMOW — TaK Ha3bIBaeMbIM rpadoM COCTOSIHUNA. OOBIYHO COCTOSIHHSI CHCTEMBI
M300paXatoTcs TPSMOYroJIbHUKaMU (Kpy)KKaMH), a BO3MOJKHBIE IEpeXOAbl W3 COCTOSIHUS B
COCTOSIHHE — CTPEIKaMU (OPUEHTHPOBAHHBIMU JYTaMH), COETUHSIOIMMU COCTOSHUSL.

¢ IIpumep 11.1. ITocTpouTh rpad COCTOSIHMI CIIETYIOMIETO CITy9aifHOTO MPOIIecca: YCTPOHCTBO

S COCTOMT U3 JIBYX Y3JIOB, K&K/IbI U3 KOTOPBIX B CIIy4alHBIII MOMEHT BPEMEHH MOYKET BBIUTH U3
CTpOSi, MOCJIE YEr0 MTHOBEHHO HAUYMHAETCS PEMOHT y3J1a, IPOAOJKAIOIINANCS 3apaHee HEU3BECTHOE
CIlydaiiHOE BpeMs.

S S y
Pemenvie. Bo3MOKHBIE COCTOSIHMSL CHCTEMBL: O — 00a y3j1a HCIPABHBL, —L— HEPBBIA y3€Il

PEMOHTHpYETCS, BTOPON UCIIPABEH; Sa_ BTOPOH y3€J1 pEMOHTHPYETCS, TIEPBBIM UCIIPABEH; Ss _ oba
y311a peMoHTHpYyoTCs. ['pad crcremsl mpuBeieH Ha puc. 11.1.

Crpenka, HanpaBJIeHHas, HanpuMep, 3 ~0 B ~1, 03HaYaeT mepexo CUCTEMBI B MOMEHT OTKa3a
nepBoro y3na, u3 ~1 B 0 — mepexo B MOMEHT OKOHYAHHS PEMOHTA STOTO Y3JIa.

Ha rpade orcyrctByror crpenku u3 0 B “3 mum3 “1 B 2. D10 00BACHAETCA TEM, YTO
BBIXOIBI Y3I0B M3 CTPOS IIPEATOJIArafoTCsS HE3aBMCUMBIMM JPYyr OT Jpyra M, HampHMep,

BEPOSITHOCTHIO OJHOBPEMEHHOTO BBIXOJA W3 CTPOSl JBYX Y3J0B (Tlepexo] u3 So B S3) WU

OJTHOBPEMEHHOTO OKOHYAHHS PEMOHTOB JIBYX Y3JIOB (IIEPEX0/1 U3 S B So ) MOKHO TIpeHeOpeyb. P>

g Sp Ay

Sy

Ao Aoz
Ay

A | A .

Puc. 11.1
Jlns MareMaTu4eckoro OMHMCaHWS MAapKOBCKOTO CIYY4alHOTO Tpolecca C JUCKPETHBIMU
COCTOSHHUSIMUA W HETIPEePHIBHBIM BpeMeHeM, mpoTekatoniero B CMO, To3HaKOMUMCS C OIHUM U3
Ba)KHBIX MTOHSATHI TEOPHU BEPOSITHOCTENH — MOHSATHEM MOTOKA COOBITHIA.
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11.3 IToTOKH COOBITHIA

Ilon nomoxom cobbimuii TIOHUMAETCS TIOCIEAOBATEIBHOCTh  OHOPOAHBIX  COOBITHIA,
CIIEQYIOUIMX OJHO 3a JPYIrUM B KakKHe-TO ClIydailHble MOMEHTBHl BPEMEHM (HalpUMEp, IMOTOK
BBI30BOB Ha TeJIe(pOHHON CTAaHIIMH, TIOTOK 0TKa30B OBM, MoToK mokymnarenei u T.11.).

[TOTOK XapaKTEpPU3yeTCs UHMEHCUBHOCTbIO A — YaCTOTON MOSBJICHHUS COOBITHI MIIH CPEIHIM
9HCIIOM cOOBITHIA, mocTynatomux B CMO B equHUILy BpeMEHH.

[ToTok COOBITHII HA3bIBACTCS pecyisApHbIM, €CIH COOBITHS CIEMYIOT OJHO 3a JPYIHM dYepe3
OIPE/ICIICHHBIC PpaBHBbIE IPOMEXYTKM BpeMeHHM. Hampumep, NOTOK wu3nenuii Ha KOHBeHepe
cOOpOYHOTO 11eXa (C MOCTOSHHOM CKOPOCTHIO IBMYKEHHS) SIBIISIETCS PEry ISIPHBIM.

[ToTok coOBITHI HA3bIBACTCSI CMAYUOHAPHBIM, €CITA €r0 BEPOSATHOCTHBIC XapaKTEPUCTHKU HE
3aBUCAT OT BpPEMEHH. B 4acTHOCTM, MHTEHCHBHOCTb CTAllMOHAPHOTO IIOTOKA €CTh BEJIWYHHA
nocrosinast: A(t) = 4. Hanpumep, motok aBToMOOUIEH Ha TOPOJCKOM MPOCIEKTE HE SBIISETCS
CTALlMOHAPHBIM B TEUYEHUE CYTOK, HO ATOT IIOTOK MOKHO CUMTATh CTAllMOHAPHBIM B TEYEHUE CYTOK,
CKakeM, B yachl nMuK. OOpaiiaeM BHHMaHHUE Ha TO, YTO B MOCHEAHEM ciydae (aKTHUECKOE YUCIIO
MIPOXOJIAIIMX aBTOMOOMJIEN B €AMHUILY BPEMEHH (HAIpUMep, B KaKIYI0 MHUHYTY) MOXKET 3aMETHO
OTJIIMYATHCS APYr OT ApYyra, HO CpelHee MX YHUCIO OyAeT MOCTOSHHO U He OyAeT 3aBUCETh OT
BPEMEHH.

[Totok coOOBITHII Ha3BIBACTCS nOMOKOM 0e3 nociedelicmsus, €CIi Jjisl  JIOOBIX JBYX

HETICPECCKAIOIINXCA aCTKOB BpPEMCHH IIPOJOJDKUTECIBHOCTBIO 77 U T — YHUCJIO CO6I)ITI/H>'I,
1 2

MOTIAJIAIOIINX HAa OJWH W3 HUX, HE 3aBUCHUT OT 4YHCIa COOBITHH, TOMAJAIONIUX Ha JpPYyTHE.
Hampumep, moTok maccaxupoB, BXOJIAIIUX B METPO, MPAKTHYECKH HE UMEET MOCIEACUCTBUA. A,
CKakeM, TIOTOK [MOKymarejaed, OTXOAAIIMX C TMOKyNKaMHh OT T[pHJIaBKa, YKe HMeeT
nocienencTBre (X0t Obl IOTOMY, YTO MHTEPBAJ BPEMEHH MEKIY OTAEIbHBIMU MOKYIATEIsIMUA He
MO>KET ObITh MEHBIIIE, YeM MUHUMATLHOE BpeMsi OOCITY’KUBAaHUS KKIOTO U3 HUX).

[Torok cOObITHII Ha3bIBACTCS OPAMHAPHBIM, €CIM BEPOSTHOCTh TIOMAJAHWS HA MaJlblid

(aremMeHTapHbBIN) y4aCTOK BPEMEH! At JBYX M 00Jiee COOBITHIA MPEHEOPEKMMO MaJia IO CPABHEHHIO C
BEPOSITHOCTBIO TOMAJaHUsl OJHOTO cOObITHA. JIpyrMMu ClioBaMH, TIOTOK COOBITHH OpAWMHApEeH, eCH
COOBITHS TIOSIBJIAIOTCS B HEM MOOJIMHOYKE, a He TpymnmiamMu. Harnpumep, NOTOK Moe30B, MOIXOAAIINX K
CTaHIUH, OpPAMHAPEH, a TOTOK BArOHOB HE OpAMHAPEH.

[loTok coObITHIf Ha3bIBaeTCs MPOCTEHIIMM (WM CTAllMOHAPHBIM ITyaCCOHOBCKHM), €CJIU OH
OJTHOBPEMEHHO CTallMOHApEH, OpJMHAPEH M HE MMeeT mnocnencicTBus. HasBanue 'mpocreiimii”
obwsicasiercst TeM, uto CMO ¢ npocTedImMy MOTOKaMHu UMEeT HanboJjiee MpoCcToe MaTeMaTH4ecKoe
orMcaHue. 3aMeTHM, YTO PETYJBIPHBIA TIOTOK HE SBJSETCs '"MpocTedmmM’, Tak Kak OH oOnamaet
TMOCIeICHCTBUEM: MOMEHTHI TIOSIBIICHHSI COOBITHIA B TAKOM MOTOKE JKECTKO 3a(pUKCUPOBAHBI.

[Ipocreiimuii MOTOK B Ka4ecTBe MPEIEbHOIO BOHUKAET B TEOPUH CITy4alHBIX MPOIIECCOB CTOJb
K€ eCTECTBEHHO, KaK B TEOPHU BEPOSTHOCTEH HOPMAIbHOE pachpejielieHHe MOTy4aeTcsl B KayecTBe
NPENIeTIbHOTO Il CyMMBbI CIYYaifHBIX BEIMYMH: MpPH HATOKEHUU (CYIEpPIO3UIMH) JIOCTaTOYHO
6OITBIIIOrO urcia |1 He3aBHCHMBIX, CTALMOHAPHBIX H OPMHAPHBIX TOTOKOB (CPABHHMBIX MEXKTy COOO#

[0 HHTEHCHBHOCTAM | (I =12, r") MOJTy4aeTcs TMOTOK, OMM3KUM K MpocTeiiieMy ¢

HMHTCHCHUBHOCTBIO 2‘ , paBHOﬁ CyMMC VHTEHCUBHOCTEN BXO/ISIINX IIOTOKOB, T.C.
n
A=A
i=1

Pacnpez[eneHI/Ie HHTCpBaJIa BDEMCHHU MCXKIY ABYMS COCCTHUMHN CO6LITI/ISIMI/I HNMECT BU
F(t)=P(T <t)=1-e* (11.1)
IImoTHOCTH BCPOATHOCTH CJ'Iy‘-IBfIHOfI BCIIMYUHBI €CTh IMPOU3BOIHAA €€ (byHKL[I/II/I pacpeacICHUA
(puc. 11.2), T.e.

p(t)=F'(t)=1e" (11.2)
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Pacnipenienienue, 3amaBaeMoe MIOTHOCTBEO BepositHocTH (11.2) mm dyHKImMel pacrpeneneHus
(11.1), Ha3 moka3aTeybHBIM (WM SKCIIOHEHIMAIbHBIM). Takum 00pa3oM, MHTEpBal BPEMEHU MEXIY
JBYMsI COCEIIHIMH TIPOU3BOJIEHBIMU COOBITHSMH MMEET TTOKA3aTebHOE pacipeiesieHue, JIsi KOTOPOro
MaTeMaTHYECKOe OKUIAHKIE PABHO JIUCTIEPCHH CITy9aiHOM BEJTTIMHBI

1
a=cg’==

A (11.3)

1 00paTHO NPONOPLMOHATIBHO 10 BEIMYMHE UHTEHCUBHOCTH ITOTOKA A,

Baxneiiiiee CBOWCTBO TMOKa3aTEIbHOTO PACpEeCHUs (IIPUCYILEE TOJBKO IMOKA3aTeIbHOMY
PAacCIIpEICNICHNIO) COCTOUT B CIEAYIOIIEM: €CIM IPOMEXKYTOK BPEMEHM, PAaCIpElC/CHHbI 10
TOKA3aTeLHOMY 3aKOHY, YK€ JUIMIICS HEKOTOPOE BpeMsi °, TO JTO HHMKAK HE BJIMSET HA 3aKOH

pactpesieNieHns OCTAaBUIEHCS YacTU IMPOMEKYTKA (T ~T): on Oymer TakuMm e, KaK M 3aKOH

pactpeieNieHust BCETO IPOMEKYTKa T.

o(t) A
A

Puc. 11.2

Hpyeumu crnosamu, ons unmepsana epemenu | mexcoy 08yms nociedo8amenbHbiMu COCeOHUMU
cobbImuAMU NOMOKA, uMelouje20 NoKa3ameivbHoe pacnpeoenetue, odvle c8e0eHUs 0 MOM, CKOJILKO
8peMeHU NPOMeKal dMOom UHMEPSA, He GNUAIOM HA 3aKOH pAcnpeoeieHus OCMAsulelcs 4acmu.
Omo  ceolicmeo  NOKA3AMENbHO20 3AKOHA npedcmasisiem CcoOou, 6 CYWHOCmU, Opyeylo
Gopmynuposxy ons "omcymemeus nociedeticmeuss” — OCHOBHO20 CBOUCMEA NPOCMelile20 NOMOKA.

JUIsl IpOCTEHIIETO MOTOKA C MHTEHCHBHOCTBIO A BEPOSTHOCTD NONAaHKs Ha HJIEMEHTAPHBIH
otpe3ok Bpemern Al XoTs GbI 071HOTO COOBITHS MOTOKA paBHa coryacko (11.1)

P, =P(T <At)=1-e "' 5 JAt. (11.4)
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. —AAt
(Bamemum, umo 3ma NPUOIUNCEHHASL POPMYIA, NOTYUACMASL 3AMEHOU PYHKYuU € UL
08y M3l NePEbIMU WICHAMU ee Pa3loiceHust 6 psio no cmenenwsm At , mem mounee, uem menvute

At).

11.4. YpaBuenust Kosimoropoga. IlpeaesibHbie BEpOSATHOCTH COCTOSIHU M

PaccMoTprM MaTeMaTH4ecKoe ONrcaHne MapKOBCKOIO MPOLIEcca C TUCKPETHBIMU COCTOSIHUSIMU
Y HETIPEpBIBHBIM BPEMEHEM Ha IIPUMeEpe CIIy4aifHOro Iporiecca, rpag KOTOpOro H300paxeH Ha puc.

11.1. Bynem momarath, 4TO BCE MEPEXOJbl CUCTEMBI M3 COCTOSIHUS Si B S j TIPOMCXOJAT TIOJ
BO3JICHCTBUEM IIPOCTEHINMX MOTOKOB COOBITUH C HMHTEHCHBHOCTSAMH ﬂij (1,1=0,1,2,3); tax,

NEPEXoa CUCTEMBI U3 COCTOAHUA SO B Sl 6YI[€T IMPOUCXOIUTH 1TO/ BOSﬂeﬁCTBHGM TI0TOKa OTKa3OB

IIepBOrO y37a, a OOPAaTHBIA MEPexoj M3 COCTOSHHUS O B Sy — MOJ BO3ICHCTBHEM IOTOKA
"OKOHYaHMUI pEMOHTOB'" NIEPBOro y3J1a U T.11.

I'pad cocrostHmii cHCTEMBI C MIPOCTABIEHHBIMU Y CTPEIIOK MHTEHCUBHOCTSAMH OyJIeM Ha3bIBaTh
pasmedeHHEIM (cM. puc. 11.1). PaccmarpuBaemas cucTeMa S HMMEET HYETHIPE BO3MOIKHBIX
cocrosHms: Sp, 51, Sy, S3.

BeposTHOCTBIO | -T0 cocTostHus HasbBaeTcs BepositHocTh P (t) Toro, uto B Moment T cuctema

OyleT HaXOJWUThCS B COCTOSTHUH Si- OueBumHo, 4YTO U1 JroOoro Momenta T cymma
BEPOSITHOCTEN BCEX COCTOSIHUM paBHA €AMHMIIC:

3
> pit) =1. (115)
i=0

PaccmoTpum cucrtemy B MomeHT [ u, 3amaB mansiii mpomexxyrok Al, maiimem BepositHOCTH
Po(t+ At) toro, uto cucrema B moment t+ At Gymer maxomuThes B cocTosHMM Sy . DTO
JOCTUTAETCs pa3HbIMH CIIOCO0aMH.

1. Cucrema B moment t ¢ BepositHocThio P (t) Haxomumack B cocrosuun Sy, a 3a Bpemst

At He BBIILIA U3 HETO.
BoiBectn cucremy u3 3toro cocrosHus (cM. rpadg Ha puc. 11.1) MOXHO cymMMapHBIM

IPOCTEHIIMM [OTOKOM C HMHTEHCHBHOCTBIO (Agq +Agy), T.e. B coorsercreun ¢ (11.4), ¢
BEPOSTHOCTBIO, npubmmkenHo pasroil (Ag; + Apy )At. A BepostHOCTB TOrO, UTO CHCTeMa He
Bhliiier U3 cocrosirus Sy, pasua [1—(Ay; + Agp ) At]. BepositocTs Toro, uto cuctema Gymer

HaXOJHUTBCA B COCTOSAHHNU SO I10 TICPBOMY CHOCO6y (T.e. TOI'0, YTO HAX0JuJIaCh B COCTOSIHHUN SO u

He BBIMIET U3 Hero 3a Bpemst At ), paBHa 10 TeopeMe YMHOKEHHsI BEPOSTHOCTEH:

Po () [L— (Ag1 + Ag2)At].

2. Cucrema B MomeHT t ¢ BepostHocTamu Py (t) (umu P, (t)) maxommnace B cocrostann Sp
i S, 1 3a BpeMst At nepemuna B cocrosinue Sy .

[1OTOKOM MHTEHCHBHOCTBIO Ajq (i Apy — oM. puc. 11.1) cucrema mepeiiner B coctosHue
Sy ¢ BeposTHOCTBIO, MpHOIMKEHHO paBHOH AjpAt (mm AypAt). BeposttHocts Toro, 4ro

cucteMa OyJeT HAXOMUTBHCSL B COCTOSHHH Oy MO 3ToMmy crocoby, pasna Pj(t)4 oAt (unm

P2 (t) Az0AtL).

[IpumeHnsist TeopeMy C0KEHUS BEPOATHOCTEN, ITOJIyUYUM
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Po (t+ At) = py (1) oAt + Py (t) oAt + po (D1 — (Aog + A2) At],

OTKyJ1a

Pollt 2= Potl) (1), + Pa(0)0 — Vs + ) Po®).

[Tepexons x mpeneny npu At—0 (mpubMKEeHHBIE PABEHCTBA, CBSA3aHHBIC C MPUMEHEHHUEM

!
dopmyisl (2.4), mepelayT B TOYHBIC), TIOIYYHM B JIEBOW YacTH ypaBHEHHsS MPOM3BOIHYIO Po (t)
(0603HAYMM €€ IS IPOCTOTHL Py ):

Po = Ao P1 + A2 P2 — (A1 + A02) Po-

[onmyunnu muddepeHnnaibHoe ypaBHEHHE MIEPBOTO MOPSIIKA, T.€. YpaBHEHUE, COEpKallee KaK
caMy HEM3BECTHYIO (PYHKIIMIO, TAK U €€ MPOU3BOJIHYIO IEPBOT0 MOPS/IKA.

Paccyxnas aHaOrM4HO 711 APYTMX COCTOSIHUM CHCTEMBI S , MOXHO TOJIY4HUTb CHCTEMY
middepenanbHbIX ypaBHeHN KonMoroposa /i1 BEpOSITHOCTENW COCTOSIHUI:

Po = A0 P1 + 420 P2 — (401 + 4g2) Pos
P1 = A01Po + A1 P3 — (Ao + A3) P
P2 = Ag2 Po + As2 P — (A0 + A23) P2,
P3 = A13Py + Aoz Po — (Ag1 + A32) P

(11.6)

Cdhopmymupyem mpaBUiIo cocTaBiieHHs ypaBHeHH Kommoroposa. B neBoi yacTu kaxmoro u3

HHX CTOMT HPOM3BOJIHAS BeposTHOCTH | — To cocTosmms. B npaBoii yacTH — cymMa TpOM3BeICHHMIA
BEPOSITHOCTEH BCEX COCTOSIHUH (M3 KOTOPBIX HIYT CTPEJIKH B JAHHOE COCTOSTHUE) HA MHTEHCUBHOCTHU
COOTBETCTBYIOIIMX IMOTOKOB COOBITHI, MHUHYC CyMMapHass HWHTEHCHBHOCTb BCEX IIOTOKOB,

BBIBOJAIIMX CHCTEMY M3 JIAHHOTO COCTOSIHMS, YMHOXKGHHas Ha BeposTHocTh manHOro (!— ro
COCTOSIHHSA).

B cucreme (11.6) He3aBHCUMBIX ypaBHEHUH Ha €AMHUILY MEHbBIIE OOIIEro YKciaa YpaBHCHHHU.
[Toaromy [1st pereH st CUCTeMbI HE0OX0IMMO 100aBUTh ypaBHeHue (11.5).

OcoGeHHoCTh pernreHus auddepeHIranbHbIX YpaBHEHHH BOOOITIE COCTOUT B TOM, YTO TpeOyeTcs
3a7aTh TaK Ha3blBacMble HAYAIbHBIC YCIIOBHS, T.€. B JAHHOM CIIy4ae BEPOSITHOCTH COCTOSHHIA

cucTembl B Havanbhbrii mMoment ¢ =0. Tak, Hanpumep, cucteMy ypaBHeHUH (2.9) ecTecTBEHHO
pelars Npy YCIOBUH, YTO B HAavalbHBIH MOMEHT 00a y3/a MCHpaBHBI M CHCTEMa HAaXOJWUjach B

COCTOSTHUH So , T.€. IPH HAYAIIBHBIX YCIOBHUSIX Po(0) = 1, P1(0) = p,(0) = p3(0) =0 .
VpasHenus KomMmoroposa AaloT BO3MOKHOCT HaiiTM BCe BEPOSTHOCTH COCTOSHMIl Kak (yHKIMM

y i(t
BPCMCHU. Oco0b1it HHTCPEC NMPEACTABIAKT BEPOATHOCTU CHUCTCMBI pl( ) B MPEACIIbHOM CTallMOHAPHOM

pexuMme, T.e. NpH t— 90 | koTOpble Ha3bIBAKTCA NPENEHbHBIME (MMM (MHAILHBIME) BEPOATHOCTAMH
COCTOSTHHIL.

B Teopuu ciyyallHBIX MPOLIECCOB JI0KA3BIBAETCS, YTO €CIIM YMCIIO COCTOSIHUM CUCTEMBI KOHEYHO
U U3 KOKJOTO M3 HUX MOXKHO (32 KOHEUHOE YHCIIO I1aroB) MEepetTH B 1000 JPYroe COCTOSHHE, TO
MIPENETIbHBIE BEPOSITHOCTH CYILIECTBYHOT.

HpC,Z[CJ'ILHaH BCPOATHOCTL COCTOSIHUA i HMEET YETKHUM CMBICII: OHa ITOKa3bIBaeT CpEaHCC
OTHOCHUTCIIBHOC BPCMA Hpe6LIBaHI/I}I CUCTEMbI B 5TOM COCTOSHHUMU. HaHpI/IMCp, CCJIM TIpCACIIbHAA

S =0.5
BCPOATHOCTb COCTOSIHUA 0 paBHa 05, T.C. pO TO 3TO O3HAYACT, YTO B CPCAHCM IIOJIOBUHY

BPEMCHU CUCTCMA HAXOOUTCA B COCTOSTHHUU 0 .
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Tak Kak IpeleNbHbIE BEPOATHOCTU MOCTOSHHBI, TO, 3aMEHssA B ypaBHeHUsAX Kosmoroposa ux
IIPOU3BOJHBIE HYJIEBBIMU 3HAUEHUSIMH, [OJYYUM CUCTEMY JIMHEHHBIX aareOpandeckux ypaBHEHUH,

OIMCBIBAIOIIMX CTAlMOHAPHBIN peKuUM. I cUCTEMBI S ¢ rpadoM cocTOSHMIA, U300paKEHHOM Ha
puc. 11.1), Takas cuctema ypaBHEHUN UMEET BUJL

(A1 + A02) Po = Ao Pr + 420 P2,
(A1o + A3) P1 = Ao1 P + A1 Ps,
(A0 + A23) P2 = 402 Pg + A3 P3,
(A1 + Ag2) Ps = 13 Py + A3 Po.

Cucremy (11.7) MOKHO COCTaBUTh HEMOCPEICTBEHHO IO Pa3MEUEHHOMY Irpady COCTOSHUM, eciu
PYKOBOJICTBOBAaTbCSl TPABUJIOM, COTJIACHO KOTOPOMY CJlieBa B YpPaBHEHHUSX CTOUT MpeesbHas

(11.7)

BEPOATHOCTb IAHHOI'O COCTOSAHUA pi , YMHOXCHHAaAd Ha CYMMAapHYIO HHTCHCUBHOCTb BCEX IMOTOKOB,
BCAYHINX U3 JAHHOI'O COCTOSIHUSA, a CIIpaBa — CymMMa HpOI/I3B€I[€HI/II\/'I WHTCHCUBHOCTEH BCEX IIOTOKOB,

BXO/JAIIUX B I € COCTOAHHUE, HA BEPOATHOCTU TCX COCTOSIHI/II7[, 13 KOTOPBIX 3TH IMOTOKH UCXOOAT.

Hpumep 11.2. Haiitu npenenbHble BEPOATHOCTH IS CHCTEMBI S , Ipad) COCTOAHMIA KOTOPOH NPUBEIEH

mapuc. 2.1, mpu Agy =1, Agp =2, 419 =2, 43 =2, Ay =3, Ap3=1, A3, =3, 43, =2.

Pewenue. Cuctema anrebpanyecKux ypaBHEHWH, OMHMCHIBAIONINX CTAIMOHAPHBIA PEXUM JUIS TaHHOU
cucTeMbl, umeeT Bua (2.10) unu

3Py =2py +3p,,
4Py =Py +3Ps,

4p, =2py +2p3,
Po+ P+ P+ py=1

(11.8)

31ech MBI BMECTO OJHOTO "NMHUIIHEro" ypaBHEeHHs cucTeMbl (11.7) 3amucann HOPMHUPOBOUYHOE YCIOBHE
(11.5)).

Po=0.40 p; =020 p,=027 p;=0.13

Pemme cucremy (2.8), momyunm , T... B

NpeaenbHOM, CTAIIHOHAPHOM PeKUME CHCTEMA S p cpennem 40% Bpemenu OyeT HAXOAUTHCSA B COCTOSHUH
0 (06a y3ma ucnpasmsi), 20% — B COCTOSHHM 1 (IEPBBI y3en PEMOHTHpYETCS, BTOPoii paboraet), 27%

S2 i i 0 S3
— B COCTOSIHUH (BTOpOIi y3en peMoHTHpYeTCs, nepBblid padoTaet) u 13% BpeMeHH — B COCTOSHUH
(oba y3na peMoHTUpYIOTCS). P>

Ilpumep 11.3. HaiiTu cpeHUii YUCTBIA TOXOA OT IKCIUTYaTallMd B CTALMOHAPHOM PEXHUME CHCTEMBI S B
ycnoBusx 3a1aq 2.1 u 2.2, ecau U3BECTHO, YTO B €AMHUIY BPEMEHH UCIpaBHas paboTa MEepBOro M BTOPOTO
Y3JI0B IPUHOCHT J0X0J] COOTBETCTBEHHO B 10 1 6 JIeH.€]l., @ UX PEMOHT TpeOyeT 3aTpaT COOTBETCTBEHHO B 4
1 2 neH.ef. OLUEHHTb SKOHOMHYECKYIO 3()(EeKTUBHOCTb MMEIOLIEHCs BO3MOXHOCTH YMEHbIIEHHS BJIBOE
CPEIHET0 BPEMEHU PEMOHTA KaX/10T0 U3 IBYX Y3II0B, €CIIH IIPH 3TOM IIPUIETCA BIBOE YBEINUUTD 3aTPATHl HA
PEMOHT Ka)J0r0 y311a (B €AUHHUIY BPEMEHH).

Pewenue. V3 3anaun 2.2 cnepyer, 4To B CPeJHEM MEPBBIA y3el MCIPaBHO pabOTaeT OO BPEeMEHH,

PaBHYI0 Po + P2 ~0,40+0,27=0,67, a BrOpOil y3em — Po+ Py ~0,40+0,20=0,60. B T0 e Bpems



156

MEPBbI y3€Nl HAXOAUTCA B PEMOHTE B CpPEIHEM M0N0 BPEMEHH, PaBHYIO P1+ Ps :O,20+0,13=0,33, a

BTOpOH y3enm — P2+ Ps = 0,27+0,13=0,40. [loaToMy cpenHuii YMCTBHI 10XOJ B €IMHHIY BPEMEHH OT
KCILTyaTalli CUCTEMBI, T.€. PA3HOCTh MY H0XOIaMH U 3aTpaTaMu, paBeH

1=0,67-10 + 0,60-6 -0,33-4 -0,40-2 = 8,18 nen.ex.
YMeHblIIeHHE BIBOE CPEIHET0 BPEMEHH PEMOHTA KaXJ0ro U3 y3II0B B COOTBETCTBUHU C (2.3) Oyzer o3Hayarh
YBE/IMYCHUE BIIBOC WHTCHCHBHOCTEH [OTOKA "OKOHYaHMII PEMOHTOB" KaXIoro ysia, T.e. tereps, Ajg =4,

Ao =6, A31=6, A3 =4.
¥ CHCTeMa JIMHEHHBIX anredpanyeckux ypaBHeHHH (2.10), onuchiBaromas cTalliOHapHbIA pexXUM
CHCTEMBI S , BMECTE C HOPMUPOBOYHBIM YCIOBUEM (2.8) PUMET B

3po=4p,+6p,,
6P, = Py +6ps,

7Py =2pg +4p;,
Po+ P+ P+ py=1

Peums cuctemy, nonyaum Py =0.60, p; =0.15, p, =0.20, p3 =0.05. Vuutsisas,
yrto Py + P, =0,60+0,20=0,80, py+ p; =0,60+0,15=0,75, p; + Pz =0,15+0,05=0,20,
P, + P3 =0,20+0,05=0,25, a 3arparsl Ha PEMOHT IIEPBOTO U BTOPOTO y3J1a COCTABJIAIOT TENEPh
COOTBETCTBEHHO 8 W 4 JIeH. €]1., BBIYUCINM CPEHUIN YHCTHIN T0XO/ B €IMHUILY BPEMEHHU:
J1=0,80-10 + 0,756 — 0,20-8 — 0,25-4 = 9,9 nen.en.

Tak xak JI1 Gomnbme J{ Bcero Ha 20%, TO sKOHOMHYECKas II€JIECOOOPA3HOCTb YCKOPEHUs
PEMOHTOB Y3JIOB OUYCBHIHA. P>

11.5. Ilpouecc rudeiu ¥ pa3MHOKEHUS

B Teopun maccoBoro 00CTyXMBaHHS LIMPOKOE PACIpPOCTPAHEHHE MMEET CIELUANbHbI KJIacc CIyYailHbIX
TPOLIECCOB — TaK HA3bIBAEMBIN npoyecc eubenu u pazmHodcenus. HazBaHue 3TOro mporecca CBS3aHO C PAAOM
OMOJIOTHYECKUX 3a]1ay, T OH ABJSETCS MATEMaTHYECKOW MOJENbI0 M3MEHEHUs YUCICHHOCTH OMOIOTHYECKHX
TOMYJIALHH.

['pady cocTostHmiA Iporecca rudenm 1 pa3sMHOKEHUS UMEET BUI, TIOKAa3aHHBIHA Ha puC. 2.4.

Aoy | Ay Ay L P Meprt An-ia
Ay Ay Ay e | S My i
Puc. 11.4

PaccmoTpuMm ynopsi04eHHOE MHOKECTBO COCTOSHUI CHCTEMBI SO, Sl, ey Sk . [lepexozbt MoryT
OCYIIECTBIATHCS U3 M0OOT0 COCTOSHUS TOJILKO B COCTOSIHUSL C COCEIHUMU HOMEPaMHU, T.€. U3
COCTOSTHUS Sk BO3MOXHBI TIEPEXObI TOJIBKO JTHUO0 B COCTOSTHUE Sk—l 00 B COCTOSIHUE Sk 41

3aMcyaHue. HpI/I aHaJInM3€ YMCICHHOCTHU HOHYJ'IHLII/Iﬁ CUUTAKOT, YTO COCTOAHHEC Sk COOTBCTCTBYCT

YHCJICHHOCTH MOITYJIAINH, paBHOﬁ k , 1 IEPEXOJ CUCTEMBI N3 COCTOSHUA Sk B COCTOSHHUC Sk +17
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IIPOUCXO/IUT TIPH POXKAEHUH OJIHOTO YIeHA TIOMYJISLKH, & [IEPEXOL B COCTOSIHUE Sy 1 — IIPH rubesu
OJTHOTO YJIEeHA MOMYJISALHN.

[Ipenmonoxum, 4To BCe NOTOKU COOBITHH, IEPEBOIAIINE CHCTEMY T10 CTpesKaM rpada,
TPOCTEHIINE C COOTBETCTBYIOUMMH HHTEHCHBHOCTAMU Ay (9 Wi Ay 4y -

ITo rpady, nmpeacraBacHHOMY Ha puC. 2.4, COCTaBUM U PEIINM alreOpandecKue ypaBHEHUS
JUIS TIPENIEIbHBIX BEPOSATHOCTEN COCTOSIHUMN (MX CYIIECTBOBAHUE BBITEKAET U3 BO3ZMOXKHOCTHU
[epexo0/1a U3 KakJI0T0 COCTOSIHUSL B KaXKJI0€ IPYroe ¥ KOHEYHOCTH YHCIIa COCTOSHUM).

B cooTBeTcTBHY € IPaBUIIOM COCTaBIIEHHS TAKUX YPaBHEHUH (cm. 2.7) NOTydnM:

JUISL COCTOSIHUSL S

Ao1Po = A1 Py, (11.9)

st cocrosrust 51 — (Ao + A1) Pp = Ao Po + Ap1 P2, KoTOpOE € yaerom (2.12) mpuBoamTes K
BUTTY

A2 P = A1 Py (11.10)

AHQJIOTUYHO, 3amlMChiBasi YPABHEHUS JUISl IPENENBbHBIX BEPOSTHOCTEM APYrUX COCTOSHUM,
MO>KHO TTOJIYYUTb CIIETYIOLIYIO CUCTEMY YPABHEHUM:

A01Po = Ao Py,
A2 Py = A1 P2,

(11.11)
A1k P = A k-1 Pi»
\ln—l,n Pn-1= ﬂ"n,n—l Pn-
K KOTOpO#1 I00aBIsieTcsi HOPMUPOBOYHOE YCIIOBHE
Po+PL+Py+...+Pp,=1. (11.12)
Pemas cucremy (11.11), (11.12), MOXHO TOTy4HUTh
-1
Py = 1+@+/112—/101+...+/Qn_l’”"j’lz/io1 , (11.13)
o Ao An 1Az
Ay 10 Ha

plzﬂpo' pzzﬂﬂ—ﬂmpo o P = (11.14)

Ao o120  Anner-Aardo

Jlerko 3ameTuts, uto B opmynax (2.14) mia Py, Py,..., Py xKodddunments: npu P ecTh

claraemble, CTOSIINE Mocie eAnHUIBI B (hopmyste (2.13). HucauTenu stux KoapduimeHToB
MPEJICTaBIISAIOT MPOU3BEICHHE BCEX MUHTEHCUBHOCTEH, CTOSIIIUX Y CTPENOK, BEAYILMX ClIeBa

HAMPaBo OT COCTOSIHMS S(y JI0 AauHoro coctosuus Sy (K =1,2,...,N), a 3namenaremn —
IpOU3BEICHUE BCEX MHTEHCUBHOCTEH, CTOAIIMX y CTPENOK, BEAYILMX CIPaBa HAlEBO OT
COCTOSIHUSL Sy JI0 COCTOSHUS S() .

Ilpumep 11.4. TIponecc rubenu u pasMHOKEHUs TipezicTaBlieH rpadom (puc. 2.5). Haiitu
MIpeiebHbBIE BEPOSITHOCTH COCTOSHHIA.
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Pewenue. Tlo hopmyne (11.13) naiinem

-1
Po = 1+1+ﬂ =0.706,
4 3.4
1 21
no (2.17) — p1=ZO.706=0.176, p2=ﬁ0.70620.118, T.e. B YCTaHOBMBIIEMCH,

CTaLMOHAPHOM pexuMe B cpeaneM 70,6% BpeMeHH cuctema OyAeT HaXOMUThCS B COCTOSHHM O,

17,6% — B cocrosinuu Sy u 11,8% — B cocrostanu S, . P

1 2

S leed & e =
4 3
Puc. 11.5

11.6. CMO c¢ oTka3zamu

B kagectBe nokazareneit agdexrnBHocTH CMO € 0TKa3amu OyJieM paccMaTpHBaTh:
A — abcomommyro nponyckmyio cnocobnocms CMO, T.e. cpeHee YMcio 3asBOK, 00CTyKHBAEMBIX
B CJIMHUILY BPEMEHH;
Q — omuocumenviyio nponyckiyio cnoco6Hocmb, T.€. CPEIHIOW OO TPHLIEMINX 3asBOK,
00CITy’)KHBaEMBIX CHCTEMOM;
Potk . — 6eposmuocms  omkasa, T.e. eeposmnocms Toro, uro 3aseka mnokuser CMO

HEOOCITY)KEeHHOM;

K — cpeonee uucno 3anamuix xananoe (01: MHO20KaHANLHOL CUCTEMbL).

OIIHOKaHaJIbHaﬂ CUCTeMa C OTKa3aMu.
PaCCMOTpI/IM 3ajiavy. HNmeercs OJIWH KaHall, Ha KOTOpHﬁ MIOCTYIIACT IIOTOK 3asBOK C

MHTEHCHBHOCTBIO A . [TOTOK 00CITy)KUBAHIN MMEET HHTEHCUBHOCTD LU .

[Ipumeuanue. 31ech U B JajbHEHILIEM MIPETIONIAraeTcs, YTO BCe MOTOKU COOBITHH, IEPEBOISIIIE
CMO u3 cocTosIHUS B COCTOSTHHE, OyAyT MpocTedmiMu. K HUIM OTHOCHTCS ¥ TIOTOK OOCITY KMBaHHUS
— MOTOK 3asIBOK, OOCITY»KMBAEMbIX OJJHUM HETIPEPHIBHO 3aHATHIM KaHajoM. CpenHee BpeMs

obcyxuBanus 1,5 00paTHO MO BeIMYMHE UHTEHCUBHOCTH UL, T.e. {og = —.

Y7,
Haiitu npenenbHpIe BEPOSATHOCTH COCTOSHUIM CHUCTEMBI U TIOKa3aTenu ee 3PPEKTUBHOCTH.
A
o
S 1 S,
|
Puc. 11.6

Cucrema S (CMO) umeeT 1Ba COCTOSIHUSL: SO — KaHaJl CBOOO/IEH, Sl — KaHaJl 3aHsAT.

PazmeueHHslii epagh cocTosHmil mpeacrasineH Ha puc. 11.6.
B nmpenenbHOM, CTallMOHApPHOM pPEXHUME CUCTEMa alreOpanvyecKuX YpaBHEHMH —Juis
BEPOATHOCTEH COCTOSTHUN UMEET BUJL (CM. TIPABUJIO COCTABIICHUS TakUX ypaBHeHui (11.7).
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APy = 1Py,

(11.15)
APy = APg-

T.€. CHCTEMa BBIPOXKIAETCA B OJHO YypaBHEHHWE. YUWUThIBas HOPMHUPOBOYHOE YCIOBUE [0
Po + Py =1, Haiinem u3 (2.15) npesesnbHbIe BEPOSTHOCTH COCTOSHUIA

Y7, A
= ' pl: !
A+ u A+ u

Po (11.16)

KOTOPBIC BBIPAKArOT CPEAHCC OTHOCUTCIILHOC BPEMA Hpe6BIBaHI/I$I CUCTEMBI B COCTOSIHUU SO
(koraa kaHan cBoGojeH) U Sy (KOraa KaHall 3aHsT), T.€. ONPEAENSIOT COOTBETCTBEHHO

OTHOCHTEJIbHYIO IPOIYCKHYFO criocobHocTs Q crcremsl 1 BepositHOCTH oTKa3a Pory :

-2 (11.17)
A+ u
A
P = . 11.18
otk =7 P ( )

AOCOJIOTHYIO MPOIYCKHYIO CIIOCOOHOCTD Hal/IeM, YMHOXHB OTHOCHTEIILHYIO IPOITYCKHYIO
cnoco6HocTs () Ha MHTEHCHBHOCTB MOTOKA 3aABOK

I
A+ u

(11.19)

Ilpumep 11.5. N3BecTHO, 4TO 3asiBKM Ha TeJIe()OHHBIC MEPETOBOPHI B TEICBU3MOHHOM aTeNbe
IOCTYNAOT C HHTEHCHMBHOCTBIO A, paBHOM 90 3adBOK B 4Yac, a CPEIHsS IPOIODKHMTENLHOCTH

pasroBopa mo Teredony tos~2 munH. Onpenemuth mnokazatenu sddextuBHOCTH padotet CMO
(TenedoHHOM CBS3M) MPH HAJTMYUH OJJHOTO TeNIe(hOHHOTO HOMEPA.

Pemenne. Umeem A =90 (1/4), tys6 = 2 MuH. VHTEHCHBHOCTb HOTOKA OOCIY)KHBAHHUS

H= 'E_ =—=0,5 (1/Mun)=30 (1/4). ITo (11.17) oTHOcuTenbHas MPOIYCKHAs CIIOCOOHOCTH
06

CMO Q =30/(90+30) =0.25, t.e. B cpeaHeM ToIbKO 25% MOCTYNAIONIMX 3a8BOK OCYIIECTBAT
neperoBopsl 10 Teedony. COOTBETCTBEHHO BEPOSTHOCTH OTKa3a B OOCIY)KMBAHMH COCTaBUT
Pork =0.75  (em. (11.18)). AbGcomornas mupomyckhas cnocobHocte CMO mo  (11.19)
A =090-0,25=22.5, T.e. B cpe/iHeM B 4ac OyayT oOcIysKkeHbl 22.5 3a8BKH Ha EperoBopbl. OUeBHIHO,

YTO MPU HAJTMYUH TOJBKO OJiHOTO TenedoHHoro Homepa CMO OyeT II0X0 CIPaBISATHCS C TOTOKOM
3asBOK. P>

MHorokaHaJIbHasi CHCTeMa ¢ 0TKa3aMH. PaccMOTpHM KITacCHUECKYIo 3a0ayy Opraneal.

Umeercs N KaHaIOB, Ha KOTOPBIE MOCTYNAET MOTOK 3asBOK ¢ MHTEHCHBHOCTHIO A . IloTok
00CITy’)KUBaHUI UMEeT UHTEHCUBHOCTb £/ . HaiiTu npenenbHble BEPOSTHOCTU COCTOSIHUI CHCTEMBI
U MoKa3aTenu ee 3PPEeKTUBHOCTH.
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Cucrema S (CMO) uMmeer Cleaylomye COCTOAHUS (HyMEPYEM HX II0 4YUCIY 3asABOK,
HAaXO[ULIUXCSA B CHCTEME): Og,S1,99,...,9,, [le S — COCTOSHHME CHCTEMBI, KOrja B HEil

Haxomutes K 3asBok, T.e. 3aHsaT0 K KaHasos.

I'pad cocrosuuit CMO cooTBeTCTBYET mpoleccy ruben u pa3MHOXEHHS U TOKa3aH Ha pucC.
13.7.

A A ) A A A A
s.o Sl 5‘2 ..... S‘, -—-b-... __’. Sn
s i o . . il o o o ff——
M 2p 3p kyu (k+Dp M
Puc. 13.7

[ToTok 3asBOK MOCJEOBATENBHO MEPEBOAMT CHCTEMY U3 JTOOOTO JIEBOTO COCTOSIHHUSA B COCE/HEE
IpaBoe C ONHOM M TOH K& HMHTEHCHBHOCTbIO A . VIHTEHCHBHOCTH K€ MOTOKA OOCITYKMBAHHMH,
MEPEBOJAIINX CUCTEMY U3 JIOOOr0 IPaBOrO COCTOSHUS B COCELHEE JIEBOE COCTOSHME, IOCTOSHHO

MEHSETCA B 3aBUCUMOCTH OT cocTOsiHUSA. [lericTButensHo, ecii CMO HaxoauTCs B COCTOSIHUU 82 (mBa

KaHama 3aHsThl), TO OHA MOKET TepeiiTH B cocTosHue O (OJMH KaHAl 3aHAT), KOTAA 3aKOHYHMT
oOcmyxuBaHue MO0 TepBbIA, 1UOO BTOPOM KaHad, T.e. CyMMapHas WHTEHCHUBHOCTb HX IMOTOKOB
obcayxusanuii Oyner 24/. AHaIOTHYHO CYMMApHBI MOTOK 06Cay*)uBanuid, nepesonsuuii CMO u3
coCTOAHMS Oz (TP KaHAla 3aHATB) B Oy, OyAeT MMETh WHTCHCHBHOCTb JfI, T.e. MOXKET

0CBOOOIUTHCS OO0 U3 TPpeX KaHAJIOB U T.JI.

B dopmymne (13.13) ansg cxembl THOENN U Pa3MHOKESHHUS TTOTYIUM IS PECTbHON BEPOSTHOCTH
COCTOSTHHUS

22 2 Y
Po=|1+—+ sttt —— .t —— (13.20)
uo 2y K!u n!u
s A" )
Tl WICHBI Pa3JI0XEHUT —, e - OyIyT MpeACTaBIATh CO00M KOIPPHUITMEHTHI TpU
u 2V n'u
Po B BBIpaXXEHUAX UL MPEACIBHBIX BepoaTHocTed Py, Poyevy Pyseeey Ppy - Bennunna
A
p=— (13.21)
Y7,

Ha3bIBACTCA npueedeHHoﬁ UHMEHCUBHOCMbIO NOMOKA 34A60K WIN URMEHCUBHOCMbIO HACPY3KU KAHAld. Ona
BBIPAXKACT CPEAHCC YUCIIO 3aABOK, IIPUXOAAIICC 3a CPEAHEC BPEMA O6CJ'Iy>KI/IBaHI/IH 0I[HOI>1 3a54BKH. Tenepb

,02 ,Ok pn -1
Py = 1+p+§+"'+ﬁ+m+ﬁ : (13.22)
2 Kk n
_ _P _P _P

®opmynst (13.22) u (13.23) ans npesenbHBIX BEPOSTHOCTEH MONYYMIM Ha3BaHUS opmyn Opranea
(Oamcxutl uHdceHep, MamemMamux) B 4eCTh OCHOBATEIISI TEOPHH MAaCCOBOTO OOCITYKHBAHHSL.

BepostHocTh oTkaza CMO ecTh mpejenbHas BEpOATHOCTh TOTO, 4TO BCe 1 KaHATOB CHUCTEMBI
OyAyT 3aHATEHL, T.€.
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n

Yo,
Fotk = T Po-

(13.24)

OTHOCHTENBHAS POMYCKHAS CTIOCOOHOCTH — BEPOATHOCTH TOTO, YTO 3asBKa Oy/ieT o0cTyxeHa:
n

Q=1-Pyrg :1_% Do (13.25)

AOGCoMOTHAS POMYCKHAS CIOCOOHOCTH:

- Q =z[1—% po}. (13.26)

CpGI[HCC YHUCJIO 3aHATHIX KaHAJIOB k €CTh MATEMAaTUYCCKOC OKNAAHUC YK CJIa 3aHATBIX KaHAJIOB!:

rae [Py — mpenenbHble BEPOATHOCTH COCTOSAHMM, onpeaenseMsix 1o ¢popmynam (13.22), (13.23).
OmHako cpeiHee YMCIO 3aHATHIX KAaHAJIOB MOKHO HAWTH MPOIIE, €CIH Y4eCThb, YTO a0CONIOTHAS

TIPOIYCKHas CIOCOOHOCTh chcTeMbl A ecTh He UTO MHOE, KaK CPEIHEE YACI0 00CITyKEHHBIX CHCTEMON
3a4BOK (B elMHUIlYy BpeMeHH). Tak Kak Kak[Iblil 3aHATBIA KaHa1 00CITYKMBAeT B CpefHEM [/ 3asBOK (B

eIMHHUILY BPEMEHH), TO CPEHEE YHCIIO 3aHATHIX KaHAIIOB

k=2 (13.27)
Y7,
wim, yautsiBas (13.26), (13.21):
_ n
k= p[l—'o—l pOJ | (13.28)
n!

A Cnpaska. llokaxxem npyroii BeiBoa popmyisl (13.28).

k= kak pozk popz (k 1)|

n-1

~ pl Pt Pt p" )
—popzkﬁ—popékﬁ—pOPKZkﬁ_ﬁ

j=0 k=0

k

n k™ n
Hanee, u3z (13.22) cnenyer P, =[Zk%j . Iloatomy Zk%z pgl. C yuerom »3TOroO
k=0 : k=0 :

nMoJIyuynum
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k= pop( Py’ —%j = p(l— Po %j >

¢ Ilpumep 13.6. B ycnoBusx 3amaum 13.5 ompenenuth ONTUMATbHOE YHCIO TeJCPOHHBIX
HOMEPOB B TEJIEBU3MOHHOM aTENbe, €CIIM YCIOBUEM ONTUMAILHOCTH CUMTAThH YAOBJIETBOPEHHUE B
cpeaneM u3 kaxapix 100 3asBok He MeHee 90 3as1BOK Ha IEPErOBOPBHI.

Pewenue. IHTeHCUBHOCTh HAarpys3ku kanana mo ¢opmyine (13.21) p=90/30=3, t.e. 3a

BpeMsi cpeqHero (1Mo MpOJOJDKUTENIBHOCTH) TelieOoHHOTro pasroBopa {,s =2 MuH. mocrymaer B
cpenHeM 3 3asiBKH Ha I1EPErOBOPbI.

Bynem mocreneHHO yBEeMMUMBATH YMCIO KaHAIOB (TenedoHHBIX HOMepoB) N=2, 3, 4, .. u
onpenenuMm 1o popmymam (13.22), (13.25), (13.26) mis momydaemoit N -kanampHOM CMO
XapaKTepUCTUKN oOcmyxuBaHust. Hanpumep, mpu N = 2

2\ %
P = [1+ 3+§J =0.118~0.12; Q=1- [EJ -0.118=0.471~0.47; A=900471

=424 u 1.1. 3HayeHue xapakrepuctuk CMO cBenem B Tadm. 91.

Tabanma 13.1
XapakTepuUCTUK Uwucno kanaoB (TeneoHHBIX HOMEPOB)
a
00CITy>KUBaHUS

OTHOCUTEIbHAS 0,25 0,47 | 0,65 0,79 0,90 0,95
HpOIyCKHAs
cnioco6nocts Q
AGcomoTHas 225 | 424 | 588 | 715 | 801 | 853
HpOIyCKHAs
crioco6Hocts A

Io ycnosuro onmumansHoctd Q > 0.9, ceoBarenbHo, B TeNEBU3MOHHOM aTesbe HEOOX0MMO
YCTaHOBUTH 5 Tene(oHHbIX HOMepoB (B otoM ciydae Q = 0,90 — cm. Ta6u. 13.1). Ipu 5T0M B yac
OynyT obcmyxuBathcs B cpeneM 80 3asBok (A = 80,1), a cpemHee 4YMCIO 3aHATBIX

80.1

TenedOoHHBIX HOMEPOB (kaHanoB) o ¢opmyne (2.27) k= E =2.67. ¢

¢ Ilpumep 13.7. B BBIYMCINTENBHBIM LIEHTP KOJUIEKTUBHOTO IOJIBb30BaHUSA ¢ TpeMsi OBM
MOCTYIAOT 3aKa3bl OT MPENPUATUI Ha BhIUMCIUTENbHBIE paboThl. Ecin paboTator Bece Tpu OBM,
TO BHOBB MOCTYTAIOIIMI 3aKa3 HE IPUHUMACTCS, U MPENPUATHE BBIHYKAEHO OOpaTUTHCS B PYTOif
BBIUMCINTENbHBIA 1IeHTp. CpenHee Bpems paOOThl € OJHUM 3aKa30M COCTaBiIsgeT 3 .
WutencuBHOCTh moTOKa 3asBoK 0,25 (1/4). HaiiTu mnpenenbHble BEPOATHOCTH COCTOSHUH U
nokazaresy 3pQEeKTUBHOCTH PabOThl BBIYMCIUTEIBHOTO LIEHTpA.

Pewenue. Tlo ycmosuro N=3, A4=0,25 (1/4), 'E05 = 3 (u). VlHTEHCHUBHOCTH MOTOKA

obcnyxkupanuit (1 =1/ 'Eoﬁ =1/3=0,33. MurencuBHocTh Harpysku OBM mo dopmyne (13.21)
o =0,25/0,33=0,75=0,25/0,33=0,75. Haiiyiem npe/iebHble BEPOSATHOCTH COCTOSHHIA:
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2 3
1o dopmyne (2.22) Py =| 1+0.75+ 0;5 + 0;5 =0.476;
0.75°

1o dpopmyze (2.23) P, =0,75-0,476=0,357; P, = .0.476=0.134;

2!

0.75°

Py = -0.476 = 0.033, r.e. B cranmonapHOM peskuMe paboThl BHIYHUCIUTEIEHOTO
1eHTpa B cpeaneM 47,6% BpeMeHU HET HU OJIHOM 3asBKH, 35,7% — nMeeTcs 0JjHa 3asBKa (3aHATa
omaa OBM), 13,4% — nBe 3asBku (18e OBM), 3,3%-BpeMeHr — Tpu 3asBKH (3aHATHI TPH
OBM).

BepositHOCTB 0TKa3a (korja 3aHsTsl Bee Tpr IBM), Takum obpasom, Pork = P3 =0,033.

o popmyme (13.25) oTHOCHTENBHAS TIPOMTYCKHAs criocoOHocTh nentpa Q =1-0,033 =
0,967, T.e. B cpemHeM u3 Kaxapix 100 3assBOK BEIMHCITATEIHHBIA IIEHTP 00CITy)HBaeT 96,7 3asBOK.

ITo dopmyre (13.26) abcomoTHas MpomyckHas crocooHocTs nentpa A = 0,25-0,967 = 0,242,
T.€. B OJIH 4ac B cpeHeM obciyxuBaercs 0,242 3asBKu.

Mo ¢opmyne (13.27) cpennee umcno 3amaTeix I9BM K= 0,242/033 = 0,725, Te.
Kaxas u3 Tpex 9BM Oyzer 3aHsATa 00CTy)KUBaHUEM 3asIBOK B CpEHEM JIMIIb Ha 72,5/3 = 24,2%.
[Ipu ouenke 3¢h¢deKTUBHOCTH pabOTHl BBIYMCIUTEIHLHOTO IIEHTpa HEOOXOAWMO COIMOCTaBHUTH
JOXOJIbI OT BBITIONHEHHUS 3asBOK C TOTEPSIMH OT MpOCTos aoporocrosmmx OBM (¢ omHOM
CTOPOHBI, Y HAC BBICOKas pomyckHasi criocooHocts CMO, a ¢ Ipyroit CTOPOHBI — 3HAYUTEILHBIN
MIPOCTOM KaHAJIOB OOCTY>KUBaHUs) U BEIOPATh KOMIIPOMHUCCHOE PEIIICHHE. 4
11.7. CMO c oxxknganuem (o4epeabio)
B xauectBe mokazarenerr sdpdextuBHOCTH CMO C OXHMIaHHWEM, KpPOME YK€ H3BECTHBIX
nokasaresieii — abcomotHoil A u otHocuTebHONH QQ MpOMyCKHOH CIIOCOGHOCTH, BEPOATHOCTH

OTKas3a POTK’ CpE€AHETr0 4YHCiia 3aHATBIX KaHAJIOB k (,I[J'ISI MHOT'OKaHaJbHOM CI/ICTeMI)I) 6yz[eM

paccmarpuBarh TaKke cueayroume: L., — cpednee uucno saneox 6 cucmeme, T, — cpeonee

epemsi npebvisanus 3aseku 6 cucmeme; L, — cpeonee uucno sansox 6 ouepeou (Onuna ouepeou);

T,,— cpeonee epemsn npebvisanus sassxu 6 ouepeou; P, — eeposmmnocme moeo, umo xanan
3aHAM (Cmenens 3aepy3Ku KaHaia).

OnHoKaHATBHASI CHCTEMAa C HEOTPAaHMYeHHOH ouepenblo. Ha mpakTike wacTo BCTpevarTCs
onHokaHanpHble CMO ¢ HeorpaHMYEHHOW ouepejblo (HampuMmep, Tene(oH-aBTOMAT ¢ OAHOU OyAKOM).

Paccmotpum 3azauy.

Nmeercs onnokanansHas CMO ¢ ouepejiblo, Ha KOTOPYIO HE HAJIOXEHbl HUKAKHE OTPaHMYEHUS (HH 110
JUTMHE o4epesH, HU 1o BpeMeHH oxupanus). [lotok 3asBok, nmocrynaromux B CMO, uMeeT HHTEHCUBHOCTh
A., a motok obcmykuBaHUii — WHTEHCHBHOCTh £I. HeoOX0QuMO HAliTH TpenenbHbE BEPOATHOCTH
cocTossHUH ¥ mokasatemu 3 dextusHoctn CMO.

CrCTeMa MOJKET HaXO/IUThCA B OZIHOM U3 COCTOSHII Sg, Sq, Sy, ..., Sy, 10 UKCITy 3a5BOK, HAXOASIIMXCA B
CMO: Sy — kanan cBoGozieH; Sy — KaHan 3aHAT (00CTyKUBAET 3a4BKY), OUEPEIU HET; Sy — KaHAT 3aHAT,

0/Ha 3asBKA CTOMT B ouepeH; ... O — kanan 3aust, (K —1) 3asBok crost B ouepesu u .1,
I'pad cocrosuuit CMO npencrasien Ha puc. 13.8.
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A A A A A
——— —— e R e = -
u M M m B

Puc. 13.8
Oto mpouecc rubenn U PazMHOKEHUS, HO C OECKOHEUHBIM YHCJIOM COCTOSIHHH, B KOTOPOM
HHTEHCHBHOCTH [I0TOKA 3a5BOK PaBHA A , @ HHTEHCHBHOCTH [I0TOKA 00CIYKHBAHMUI LI .

[Ipexne 4em 3anucatb (OpMyNbl MpPEAETIbHBIX BEpPOATHOCTEH, HEOOXOAMMO ObITH YBEPEHHBIM B HX
CYIIECTBOBAHHH, BeIb B Clyyae, Korma Bpemst [ —» 00, ouepesb MOXKET HEOTPAHHYCHHO BO3PACTATh.
Jlokasano, uto eciu 0 <1, m.e. cpednee uucio npuxodsuux 3as160k Menvile cpeoHe2o Huca 00CIYHCeHHbIX

3a560K (6 eunuyy epemenu), mo npedenvivie seposmuocmu cywecmeyiom. Ecu 0 >1, ouepeds pacmem do
OeCKOHeuHOCU.

Jlns ompeneneHus mpelenbHBIX BEPOATHOCTEH cocTosHUil Bocmonib3yemes ¢popmynamu (13.13), (13.14)
JUIA TIporiecca THOENMH M Pa3MHOMKEHHS (37€Ch MBI JIOMYCKAeM M3BECTHYI0 HECTPOrOCTh, TaK KaK paHee JTH
(opmyTBI OBLITH MOTYYEHBI TS CITy4Yast KOHEYHOTO YMCIIa COCTOSHIHN cucTeMbl). [lomyunm:

2 k -1
B A (A _ 2 k -1
Ppo=|1+—+|—| +..4|—| +...| =A+p+p°+...+p +..). (13.29)
uo\u H
Tax kak mpenenbHble BEPOATHOCTH CYIIECTBYIOT JIMLIb IIPH p<1, TO TEOMETPUUYECKUH AL CO
sHamenatenem O <1, samucammsiii B ckoOkax B dopmyne (2.32), cXomuTCs K CyMMe, DABHOI,

1—. [TosTomy
-p
Po=1-p, (13.30)

U ¢ yuetom cooTHOmeHuU# (2.14)

PL=pPPo: P2 =p2po,..., Pk =pk Po -

WA

py=p(A=p), P2=p°(A=p)s P =P (1= ). (13.31)

[Ipenensusie BeposTHOCTH Pg, Pry P2 y---y Px 00pasyroT yORIBAIOMIYI0 T€OMETPHYECKYIO IPOIPECCHIO CO
snamenareneM O <1, cnenosarensho, BepostHocTs P — HauGonpias. Ito o3uavaet, yro ecau CMO
cripaBiseTcs ¢ MoTokoM 3asBoK (mpu O <1), T0 Hambonee BepOATHBIM OYHET OTCYTCTBHE 3asBOK B

CUCTEMC.

Cpez[Hee YHUCJIO 3a4BOK B CUCTEMC L OpeaciuMm 110 (bopMyJIe MATEMATHYCCKOI'0 OXKUIAHUA, KOTOpasA

cucm
¢ yuerom (13.31) mpumer Bun

Lcucm = kak = (l—p)kak (13.32)
k=1 k=1

(cymmmpoBane ot 1 10 00, Tak kak Hy:esoii wien 0- Py = 0).

Tak kak Z k pk = 1 P , To popmyna (13.32) npeobpasyercs (pu P <1)  Bumy
k=1 —P
Lewen =7 fp : (13.33)

-
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Haiinem cpenree uncio 3asBok B ouepenu L, . OueBumHO, ut0

L, =L, —L;. (13:34)

o4 cucm 0
rae L,; — cpennee umcio 3asBoK, HAXOIAMMXCS O OOCIY)KHBAHAEM.
Cpennee umcno 3asBOK IOA OOCITY)KMBaHHMEM OINpEeInM IO (opMyde MaTeMaTH4ecKOro

OKHJAHUSI YHCIa 3asBOK IO OOCIy)KMBaHWEM, NpHHUMAaroiIero 3HaueHuss 0 (eciu KaHau
cBoOOIeH) 100 1 (ecim KaHa 3aHAT):

Los =0-Pg +1-(1-py),

T.C. CPEAHECC YHCIIO 3asBOK 10 O6CJIY)I<I/IB3HH€M PaBHO BECPOATHOCTU TOT'O, YTO KaHAJI 3aHAT:

L,=P_ =1-p,. (13.35)
C yuerom (2.30) nomyuum
Ls=P.,=pr. (13.36)
Teneps o dopmyie (2.34) ¢ yuerom (2.33) u (2.36)
2
L, =-2—. (13.37)
1-p

JlokazaHo, 4TO npu J11060M Xapakmepe NOMOKA 3di60K, NpU JH0O0M pACnpeoeieHul 8pemeHu
00CIYHCUBAHUS, NPU OO0 OUCYUNTUHE OOCTTYIHCUBAHUS. CPeOHee 8peMsl NPeObIBaHUS 3AA6KU 8 CUCIeMe
(ouepeou) pasHo cpeOHeMy HUCTY 3A60K 8 cucmeme (8 ouepeou), OeleHHOMY HA UHMEHCUBHOCMb
NOMOKA 3A5IB0K, T.€.

Tcucm = l Lcucm ! (13'38)
A
T2l (13.39)
o4 ﬂ, o4’ '

dopmynst (13.38) u (13.39) naszeBarorcs gopmynamu Jlummaa. OHU BBITEKAIOT W3 TOTO, YTO 6
NpeoebHOM, CIMAYUOHAPHOM pedcumMe CpeOHee YUCIO 3ds60K, NPUObIBAIOWUX 8 CUCEMY, PABHO
CpeoHeMy YUCTy 3a60K, NOKUOarwux ee: 00a OTOKA 3asBOK UMEIOT OJIHY U TY )K€ HHTCHCHBHOCTh
1.

Ha ocnoBanuu dopmyn (13.38) u (13.39) ¢ yuerom (13.33) u (13.37) cpennee Bpems
peObIBaHMS 3aIBKH B CHCTEME OIIPENIEIUTCS 10 popmyie:

Yo,

T, =——:. 13.40
a CpCaAHCC BpEMs Hpe6LIBaHI/I$I 3aj4BKU B OUCPCAn
2
Yo,
T =P 13.41
"~ I-p) -

¢ IIpumep 13.8. B nopry umeercst oauH npuyan Ui pasrpy3ku cynoB. IHTEHCHBHOCTh MOTOKA
cynoB paBHa 0,4 (cynoB B cyTku). CpeaHee BpeMsl pa3rpy3KH OJJHOTO CyIHA COCTABIISIET 2 CYTOK.
[Ipeanonaraercs, 4Tro odYepeAb MOXKET ObITh HEOrpaHMYeHHOM miMHBL. HaiiTh mnokazarenu
3 (eKTUBHOCTH PabOTHI IpUYaia, a TAKKe BEPOSTHOCTh TOTO, YTO OKUJAIOT Pasrpy3Ku He Oosee
yeM 2 CcyJiHa.

Pewenue. Umeem p=A1u = Atos =0.42 = 0,8. Tak kak P = 0,8 < 1, To ouepear Ha

Pa3rpy3Ky HC MOKCET OECKOHEYHO BO3pacTarb U NPCACIbLHBIC BEPOATHOCTU CYIICCTBYIOT. Haiinem
ux.

BeposTHOCTB TOTO, 4TO ImpHyan csobozeH, no (13.30) Py = 1- 0,8 = 0,2, a BeposATHOCTH

Toro, 4to oH 3anst, P, , =1-0,2=0,8. ITo popmyne (13.31) BeposTHOCTH TOTO, YTO Yy IIpHYAIA
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Haxogates 1, 2, 3 cynna (T.e. oxuparor pasrpysku 0, 1, 2 cynna), pasasl ) =0,8(1-0,8) =
0,16; p, =0,8%(1-0,8) = 0,128; p; =0,8% (1-0,8) =0,1024.
BeposiTHOCTB TOr0, UTO OXKHUIAIOT PA3rPy3Ky HE OoJiee YeM 2 Cy/iHa, paBHA
P = p, + p, + p3 = 0,16+0,128+0,1024 = 0,3904.
ITo dopmyme (13.37) cpemHee YrCIo CyI0B, OKUTAFOIIIX Pa3rPy3KH,
L,, = 0,8%(1-0,8) = 3.2 cynos,
a cpeHee BpeMst OKUIaHus pa3rpy3ku 1o Gopmyre (13.39)
T,, = 3,2/0,4 =8 (cyroxk).
ITo dopmyze (13.33) cpextee uncio cyzos, Haxoxsmuxces y npudana, L., = 0,8/(1-0,8) = 4 (cyzos)
(i nipowe mo (13.34) L,,,.,,, = 3,2+0,8 = 4 (cynoB), a cpeanee Bpems npeObiBaHKA Cy/HA Y IIPHYAIA 110
dopmyre (13.38) T = 4/0,4 =10 (cyToK).

cucm

OueBuHO, 4TO 3(Q(MEKTUBHOCTh pPa3rpy3KH CyJ0B HeBbicOKas. [[nd ee MOBBILEHHS HEOOXOAMMO
YMEHBIICHUE CPEIHET0 BPEMEHH pa3rpy3ku cyaHa o 1100 yBennUyeHne yucia mpuyaios. ¢

Muorokananbnas CMO ¢ HeorpannyenHoii ouepenn. Paccmorpum 3anauy. Mmeercs N - kanansaas CMO
¢ HeorpaHMYeHHOM ouepenpro. [loTok 3agBok, mocTymarommx B CMO, nMMeeT MHTEHCHBHOCTh A, a IOTOK
o0CITy:XKMBaHUN — HMHTeHCHBHOCTh [/. HeobOxomumo HaiiTu mpenenbHble BepoATHOCTH cocTosHuii CMO u
nokazarenu ee 3QHEKTUBHOCTH.

CrcTeMa MOXKET HaXOIUTbCA B OHOM H3 COCTOSHHH Sg, S1, S,y Syyueey Sppyeer, HyMEPYEMBIX 110

yHely 3asBOK, Haxoxsmuxcs B CMO: Sy — B cncteMe Her 3asBOK (Bce KaHaimbsl CBOOOLHBI); S —

3aHAT OJMH KAHAJ, OCTAIbHBIE CBOOOJHBL. Sp — 3aHATHI JBA KaHANa, OCTAlbHbIC CBOOOAHBL ..., O —
3aHATO K KaHaloB, OcTalbHbie CBOOOMHBL, ..., O, — 3aHaAThl Bce N Kkamanos (ouepenu Her); S,.q —
3aHATHI Bce N KaHAIoB, B OUEPEe/H OJHA 3a5BK4; ..., Op,, — 3aHATH Bee N KaHaios, I 3asfBOK CTOUT B
odepeIy.

I'pad cocrosHuit cuctembl mokazaH Ha puc. 13.9. OOpaTuM BHMMaHHE Ha TO, YTO B OTJIHMYUE OT
npensiaymeir CMO, HHTEHCHBHOCTD OTOKA 00CTyKUBAaHHUH (IEPEBOAIIET0 CUCTEMY U3 OJJHOTO COCTOSHUS B
Jpyroe crpaBa HajleBO) HE OCTAaeTCs MOCTOSHHOW, a Mo Mepe yBennueHus yucna 3asBok B CMO ot 0 1o N
yBEIMYMBAETCS OT BeMMuuHbl £/ 10 N/L, Tak Kak COOTBETCTBEHHO YBEIMYMBAETCA YHMCIO KAaHANOB 00-
cnyxuanus. [lpu uucne 3asBok B CMO OGonbuiem, yem [N, HMHTEHCHBHOCTb TOTOKAa OOCTYXHBAHUU
coxpaHsercs paBHoid NLL.

A A A A
——— p—fe ¢ ¢ ¢ com— p— ¢ v o
So Si Sk
o e ¢ - - — ..
n 2 s (e 1y
A A A A A
v o b — — - &+ o s——— p———l- 4 s .
Sn Sn+l Sn-i-r
o o+ ffm— s e o+ o i & .
ny nm ny ny ny
Puc. 13.9

MoxHo mnokasath, uto mpu © /N <1 npenensuee BeposTHocTH cymectByior. Ecrm p/n>1,
ouepenb pacteT 10 OeckoHeuHoctH. Mcmoms3ys dopmynsr (13.13) u (13.14) mas mporecca rubenn u
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Pa3MHOMKEHHUS, MOXHO TIONYYHTh CleAyromme (HopMyJsl A TpeJenbHBIX BEpPOATHOCTEH cocTosHMiA N -
kaHaipHOM CMO ¢ HeorpaHM4YeHHOM OuepebIo

2 k n n+1 -1
Py = l+p+’0 ...+'O—+...+'0—+p— : (13.42)
2! k! nt nl(n-p)
p " p"
plzﬂpo,...,pk:ﬁp 01 Py =— " Po. (13.43)
n+1 n+r
_P _P
pn+l—mp0,...,pn+r—m pO""' (1344)
BGPOHTHOCTB TOT0, YTO 3adBKa OKaXCTCA B OUCPEIH,
n+1
=P (13.45)
n!(n—p)
BriBog dhopmyiner (13.45)
,02 pk pn ,0 pn+2 pn+r -1
=|1+p+—+.. +—+... +— +— + +..+ + ... =
Po = [ T k! nl n! ( n n? n" )]

2 k n n+1 2 r-1 -1
(1+p+'[;—+ 4P +'O—+i-’0 (1+£+p—... P ]

k! n' n! n n n®> nt
(A)
p2 pr—l 1 n
Cymma 14+—+ ~— .t +... paBHa = . [loncTaBum 310 B hopmyiry (A),
n n n 1-p/n n-p

MOJIyYUM MCKOMBIN pe3yibTar.

Hns N -xananeHOt CMO ¢ HeOrpaHMYEHHOM OYepeiblo, UCIIOJB3Ys MPEKHUE TPUEMBI,
MOYHO HAWTH:

CpE€AHEC YUCIIO 3aHATBIX KaHAJIOB
= A
k=—=p, (11.46)
7

CpeaHCC YMUCJIO 3a4BOK B OUCPCIU

= Po. (11.47)

Lewem =Lou + P (11.48)

Cpennee Bpemst mpeObIBaHUs 3asBKU B OUEpPEIU U cpesiHee BpeMsl IpeObIBaHUs 3asBKU B
cucTeMe, Kak U paHee, Haxoaarcs no ¢popmynam Jluttia (11.42) u (11.41).

4 Cnpasxa. BeiBog opmynst (11.47).

L. =1 Py +2: Ppp ot M Py +o=

1 n+1 )

:_pOZr'Lr:_po Zr p/n =

nl" "4 n
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0

Paccmotpum z r- (p/ n)r_l . IIycts g= p/ n<1l. Torna
r=1

ir-(p/n)r1=§:r-qr—1=;—q(i(p/n)rj=

zi(q}l—q—q(—l): 11

dgl1-qg l-9° @-9° @-p/n)
n+l

Taxum obpasom, L, = P 5 Do P>

i

3ameuanue. [t CMO ¢ HeorpanuueHHoi ouepenpio npu O <1 mobast 3asBKa, mpue/mas

B cucTeMy, OyJeT o0CiyKeHa, T.e. BeposSTHOCTh oTkasza P, =0, oTHOcHTeNnbHas HPOIyCKHast
cocobrocte Q = 1, a abcomoTHAs TPOMYCKHAs CMOCOOHOCTh PABHA WHTEHCUBHOCTH
BXOJAIIEro MOTOKA 3asBOK, T.e. A= A.
¢ IIpumep 11.9. B yHuBepcame K y3iIy pacyeTa MOCTyIaeT MOTOK IMOKyHaTenei ¢
UHTEHCUBHOCTEIO A = 81 wen. B yac. Cpeausis Mpoa0JKATENHHOCT 00CTyKUBAHMS
KOHTPOJIEPOM-KaCCHPOM OJIHOTO TOoKymnaTens tos = 2 MuH. OnpeaeanThb:
a) MuHMMalbHOE KOJIMYECTBO KOHTPOJIEPOB-KACCUPOB N, , IPU KOTOPOM OYepeib He
Oyner pacTu 10 OECKOHEUYHOCTH, U COOTBETCTBYIOIINE XapaKTEPHUCTUKU OOCTY)KUBAHUS TIPH
n= nmin .
0) OntumaibHOe  KonmyectBo N, KOHTPOJNEPOB-KACCHMPOB, INPH  KOTOPOM
oTHOcHTeNnbHas BenuumHa 3arpatr C,, ., CBA3aHHAs, C M3JEPKKAMH Ha COJAEpKaHHE
KaHaJIOB O0OCIyXHMBaHMA M C IpeObIBAaHMEM B oOuepeau I[OKylareseil, 3axaBaemasd,

nanpumep, kak C,, =—N+3T ,, Oyger MuHHUManTbHA, W CPAaBHUTH XapaKTEPHCTHKH

obcmyxuBanus ipy N =Nipu =N, .

B) BeposiTHOCTB TOTO, 4TO B 0OUepey OyzieT He OoJiee TpeX MOKYIaTeleH.

Pewenue. a) Ilo ycnosuro A = 81(1/4) = 81/60 = 1,35 (1/mun.). ITo popmyne
(11.24) p=Alu= /1{05 =1.35-2 = 2,7. Ouepenp He OyAeT BO3pacTarh 10 OECKOHEUHOCTU
npu yenosun /N < 1, T.e. ipu N> p = 2,7. Takum 06pa3oM, MUHUMAILHOE KOJMYECTBO

KOHTPOJIEPOB-KacCUpoB Np,in = 3.

Haiinem xapakrepuctuku oocmyxuanus CMO mpu N = 3.

BepostHOCTb TOTO0, 4TO B y3II€ pacyeTa OTCYTCTBYIOT MOKynaTeny, 1o gopmyne (11.42) Py =
(1+2,7+2,7%121+2,73314+2,74/31(3-2, 7))t = 0,025, T.e. B cpenHeM 2,5% BpeMEeHH KOHTPOJIEPHI-
Kaccupsbl OyyT MPOCTaUBaTh.

BeposTtHocTh Toro, 4TO B y371€ pacuera Oyzner ouepep, o (11.45)

ou = (2,7%31(3-2,7))-0,025 = 0,735.
Cpennee urcno MoKymnatesnen, HaXoAAmuxcs B ouepeau, mo (11.47)

L,, =(2,743-31(1-2,7/3)? -0,025 = 7,35.
Cpennee BpeMs oxunanus B ouepenu mo (11.41)
T,, =7,35/1,35 = 5,44 (mun).
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Cpennee uncio nokymnaresnei B ysie pacuera no (11.48)
L.ycm =7,35+2,7=10,05.
CpenHee BpeMsi HAXOK/ICHUS MOKymaTeei B y3ie pacuera 1o (11.38)
T =10,05/1,35 = 7,44 (MuH).

cucm

CpenHee unciI0 KOHTPOJIEPOB-KACCUPOB, 3aHATHIX 00CTYKMBaHUEM MOKymarenei, no (11.46) k
=2,7.
Koahdumment (mosist) 3aHATHIX 00CTyKHBaHHEM KOHTPOJIEPOB-KACCUPOB

K,y =pIN =2,7/3=0,13.

AGCONIOTHAs TPOIyCKHasi CIIOcOOHOCTL y3ma pacdera A = 135 (I/mum), umu 81 (1/9), T.e. 81
MOKYIATEeNb B Yac.

AHanmM3 XapaKTepUCTUK OOCITY)KHMBaHUS CBHUIICTEIBCTBYET O 3HAYUTEIBHOW Ieperpyske yzia
pacuera Mnpu HAJTMYUH TPEX KOHTPOJICPOB-KACCHUPOB.

0) OtHOocHuTeNbHAs BeM4KHa 3aTpar npu N =3

C

OMmH

1
=—n+3T, ,=3/1,35+35,44 = 18,54.
A
PaccunTaeM OTHOCHTENBHYIO BETUUMHY 3aTpar Mpu ApYyrux 3HadeHusx N (tabm. 11.2).

TabOnuma 11.2

XapaxrepucTu Yuncmo KOHTPOJIEPOB-KacCHPOB
Ka
00CITy’)KMBaHUS 3 7 5 5 5

BepostHOCTS TIpOCTOS 0,025 | 0,057 | 0,065 | 0,067 | 0,067
KOHTPOJIEPOB -KacCHPOB

Po

Cpennee Bpemst 544 | 0,60 | 0,15 | 0,03 0,01
OKUJIAHHS B 0OYEPEIH

Tott

OTtHOcHTENBHAL 1854 | 4,77 | 4,14 | 4,53 5,22

BCJIMYMHA 3aTpar ComH

Kak Bunno 13 1a611. 11.2, MuUHHManbHBIE 3aTPaThl MOMyYeHsl npy N =N, = 5 KOHTponepax-Kaccupax.

OrnpesielaM XapakTepUCTHKH 00CyKuBaHus y3na pacyeta npu N =N, = 5. Monyaum P, =0,091;

L,, =0,198; T , = 0,146 (mun); L.,.,, =290; T_,.,, =2,15 (vun); k = 2,7, k,,, =054.
Kax Buaum, mpu N = 5 mo cpaBHenmio ¢ N = 3 CyImECTBEHHO yMEHBUIMIUCH BEPOSATHOCTD

BOBHUKHOBCHUA 0UCPCAU P AJIMHA 0UCpEIn Lo n CPCIHCC BPEMA Hp€6BIBaHI/I${ B 04Cpciun TOV H COOT-

ou> Y

BCTCTBCHHO CPEAHCC YHCIIO HOKynaTeJ’Ieﬁ Lcucm A CpEAHEC BPEMA HAXOXKICHUA B Y3JIC pACUCTa Tcucm’ a

TAKXKC J0JIA 3aHATHIX 06CJ'[y>KI/IBaHI/ICM KOHTPOJIEPOB k3aH' Ho CpeAHCC YHUCIIO 3aHATBIX 06CJ'[y>KI/IBaHI/IeM

KOHTpOHepOB-KaCCHpOB k u a6COH}OTHaH HpOHYCKHaH CHOCO6HOCTB y3ﬂa pvaeTa A CCTCCTBCHHO HC
U3MCHUIINUCE.
B) BeposTHoCTh TOTO, UTO B 0Yepeu OyeT He Golee 3 MoKynateeii, OnpeaeauTcs Kak
P(r<3)=p;+py+Ps+Ps+Ps+ Psyg+ Psip+ Psiz =

(rko20a 3ansmor om 1005 (rko20a 6 ouepeou cmosim
KOHMPONEPO8 —KACCUPOB) om 100 3noxynameneit)
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=1-P,, + P51 + Ps,o + P53, e kaxpoe ciaraemoe Haiizem mo ¢opmymam (11.42) — (11.45).
[omyuum npu N =5:

6 6 7 8
Pr<3)=1-— 2" 0065+2" 0.065+-2"0.065+-2"

(5-2.7)-5! 5.5 52.5 5%.5
(3ametum, uTo B ciydae N =3 KOHTPOIEPOB-KACCHPOB Ta K€ BEPOATHOCTH CYIIECTBEHHO MEHbIIE:
P(r<3)=0.464. »
¢ Ilpumep 11.10. XenesnonopoxHas kacca ¢ JByMs OKOLIKaMH IpojaeT OuieTsl B 1Ba mMyHKTa A u B.
VIHTeHCHBHOCTD TOTOKA TMACCAXUPOB, HKENAIOUNX KYMUTh OWIETHI, Jis O00OMX IYHKTOB OJMHAKOBA!
An = Ag = 0,45 (naccaxnpos B MunyTy). Ha 06ciykuBanye maccakupoB KacCUp TPATHT B CPETHEM 2 MHH.

0.065=0.986.

PaccmarpuBatoTcs /1Ba BapuaHTa MpoJaku OWIETOB: TMEepBblii — OUJIETHI MPOJAIOTCA B OAHOM Kacce ¢ ABYMS
OKOIIKaMH OJHOBPEMEHHO B 00a MyHKTa 4 U B; BTOpOil — OMIIETHI MPOAAIOTCS B ABYX CHELUATM3UPOBAHHBIX
Kaccax (1o 0HOMY OKOIIKY B Ka[10i1), 0JIHa TOJbKO B MyHKT A4, Apyras — ToJbko B MyHKT B. Heobxoaumo:

a) CpaBHUTH JIBa BAPUAHTA TIPOJAKH OUIETOB 110 OCHOBHBIM XapaKTEPUCTUKAM 00CITyKHUBAHHUS.

0) OmpenenuTh, KaK HaT0 M3MEHHUTH CpelHEe BpeMs OOCITYKMBAHHA OJHOTO TAcCaxupa, YTOOBI MO
BTOPOMY BAapHaHTy MPOJAXU TAaccakupbl 3aTpaynuBaiy Ha NpruoOpeTeHre OUIETOB B CPEHEM MEHbILE Bpe-
MEHH, YeM TI0 TIEPBOMY BapUAHTY.

Pewenue, a) Ilo mepoMy BapuanTy umeeM AByxkanaapHyr0 CMO, Ha KOTOPYIO TOCTYIAeT MOTOK 3aBOK
unTercuBHOCTRI0 A = 0,45+0,45 = 0,9; nHTeHCHBHOCTD OTOKA obcnyxnBanun 4 = 1/2=05; p = Al M

= 1,8. Tak kak p/ N =1,8/2=0,9 <1, To npenenabHble BEPOATHOCTH CYIIECTBYIOT.
BepostHocTh mipocTost 1BYX Kaccupos 1o (11.42)

2 3 \1
Py = 1+£+1'8 + 18 =0.0526.
1 21 21(2-1.8)
Cpennee uncino naccaxupo B ouepenu mo (11.47)
3
18 0.0526 =7.67.

T 2.21(1-1.8/2)?
Cpennee uncio maccaxupoB y kacchl 1o (11.48)
L =7,67+1,8=9/47.

cucm
CpenHee BpeMs Ha OXHAaHHE B OYEPEeld U MOKYNKY OMIETOB PaBHO COOTBETCTBEHHO (IO (opMynam

(11.39) u (11.38)): T,, =7,67/0,9 ==8,52 (vun) u T,,.,,, =9,47/0,9=10,5 (vun).

Io BTOpOMY BapuaHTy HMeeM e oaHokaHanbHeie CMO (1Ba Crielaan3upoBaHHbIX OKOIIKA); Ha KaXIyio
MOCTYNAET MOTOK 3aABOK ¢ MHTeHCUBHOCTBIO A = 0,45. Tlo-mpeknemy M =05 p= Al H==09<1,
npeaenbHbie BEPOATHOCTH cymiecTByioT. [To gopmymam (11.37), (11.33), (11.39), (11.38)

L, =09%(1-0,9)=81; L., =09/(1-09)=90;

T,, =8,1/0,45=18,0 (un), T,.,, =9,0/0,45=20,0 (vun).

Wtak, 1o BTOpoMy BapHaHTy YBETUYMIMCh U JUIMHA OYepe/d, U CPEAHEe BPEMsl OXKHIaHHs
B HE M B LIEJIOM Ha MOKYNKYy OmieroB. Takoe paziauuue OOBICHAETCS TEM, YTO B IEPBOM
BapuanTe (nByxkaHanbHas CMO) MeHblIe cpenHsis [10Ji1 BPEMEHH, KOTOPYK IpPOCTauBaeT
KaX/Iblil U3 ABYX KaCCHPOB: €CJIM KacCHp HE 3aHAT O0OCIyKHUBAaHHEM Maccakupa, NOKYMarolero
Ouser B MyHKT A, OH MOXXET 3aHATHhCS OOCTY)KMBaHHEM Maccakupa, MOKYMarollero OWieT B
nyHkT B, um HaoOopor. Bo BTOpoM BapuaHTe TakOW B3aMMO3aMEHIEMOCTH HeET. MOXHO
3aMEeTHUTb, YTO CPEJHEe BpeMs Ha MOKYNKY OMJIETOB IO BTOPOMY BapUaHTY YBEJIMYMUIIOCH OoJiee
gyeM B 2 pa3a. Takoe 3HaUMTEeNbHOE YBeTUUEHHUE CBsi3aHO ¢ TeM, yTro CMO paboTaer Ha mpenene
cBoux Bo3MokHOcTeil (L = 0,9); mocTaroyHO HE3HAUUTENBHO YBEIMYHTH CpEIHEE BpeMs
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obcyxuBanus to, T.e. yMEHBIIMTH (I, W (O TpeB3odger 1, T.e. ouepenb HAYHET

HEOI'PAaHUYEHHO BO3pacTaTh.
0) Brime ObuT0 mOMyueHO, YTO MO NEPBOMY BAPHAHTY NPOJAXKH OMIETOB NpPU CPEJHEM BPEMEHH

o0cnykuBaHuA 0JHOr0 maccaxupa tos ~ 2 (MHH) cpelHee BpeMs Ha MOKYNKY OMIETOB COCTABUT

Tcucml =10.5 (mun). I[To ycnoBHIO A5 BTOPOTO BAPHAHTA NPOJAAKH -|'Cucm2 <Tcucm1 WITH
1 - T

¢ yuerom (11.33) u (11.38): -_P < Tcucml, oTkyna HaiigeM tos < i .
Al-p 1+ AT e

106<10.5/(1+0.45-10.5)=1.83 (muH).

Wrtak, cpeanne 3aTpaThl BPEMEHH HA TMOKYNKY OMJIETOB 1O BTOPOMY BApHAHTY MPOAAXH yMEHBINATCH,
eclu cpejiHee BpeMs 00CTyXKHBaHUSA OJHOTO Taccaxupa ymeHbmutcs Oonee yem Ha 0,17 mun, uin Goiee
yeM Ha 8,5%. P>

CMO c¢ orpanuyennoii ouepeabto. CMO c oOrpaHM4eHHOW OYEpPEAbI0 OTIMYAIOTCS OT
PacCMOTPEHHBIX BBINIE 33/1a4 JIMIL TEM, YTO YUCIIO 3asBOK B OYEPEaU OTPAaHUYCHO (HE MOXKET
MPEBOCXOJIUTh HEKOTOPOTO 3amanHoro M). Eciu HOBas 3asiBKa MOCTyMaeT B MOMEHT, KOT/ia Bce
MecTa B ouepenu 3aHsAThl, oHa mokugaeT CMO HeoOCTy>)KeHHOM, T.€. TIOJydaeT 0TKa3.

OueBUAHO: IS BBIYMCICHHUS TMPEIEIbHBIX BEPOSTHOCTEM COCTOSSHUA M TOKa3aTenen
abdextuBHOCTH Takux CMO MOKeT OBITh MCIONB30BAH TOT K€ TOJXOJ, YTO U BBIIIE, C TOU
pa3HHIEH, YTO CyMMHPOBATh HAJ0 HE OECKOHEUHYIO MpOoTpecchio (Kak, HalpuMep, MbI JeIain
nipu BbIBoJie popmyibl (11.29)), a koneunyro. CooTBeTcTBYyIOIIME POpMYIIbI cBeaeM B Tadm. 11.3.

Cpennee Bpems peOBIBaHUS 3asBKHA B 0YEPEIU U B CUCTEME, KaK U paHee, OTpeIessieM T1o
dbopmynam Jlurtma (11.38) u (11.39).
¢ IllIpumep 11.11. Tlo ycnosurto 3agauu 11.8 naiitu nokaszarenu 3pPpekTuBHOCTH pabOTHI MpUYaa.
N3BecTHO, 4TO IpUXOASIIEe CYAHO MOKKUAAET mpudai (6e3 pa3rpy3Kku), €Clid B 0YepeId Ha
pasrpy3Ky cTouT 6osee 3 CyanoB.

Pewenue. Tlo ycnosuto M = 3. UcnonszyeM popmyiibl, mpuBeACHHBIE BO BTOPOI rpade Tad.
11.3.
1-0.8

BeposiTHOCTB TOTO, YTO IpHYai cBOGOICH: Py = 1—3+2 =0.297.

BeposaTHOCTb TOTO, YTO MPUXOAALIEE CYAHO MOKUHET MpUYan 0e3 pasrpy3Ku:

P =0.8%1.0.207=0.122.

omkKk

OTHOCHTENBHAS TIPOITYCKHAs criocobHocTs npuyana; Q =1-0,122 = 0,878.

AOcomoTHas TPOIMYCKHAs CIIOCOOHOCTH MpHyaja A =04 0,878 = 0,351, 1.e. B cpenHEM B
cytku pasrpyxaercs 0,35 cynna. CpenHee 4ucio Cy0B, OKUAAIOMINX PA3TPY3Ky

 0.8°[1-0.8°(3+1-3-0.8)]
(1-0.8*"?)(1-0.8)

a cpeHee BpeMst oxkunanus pasrpysku mo (11.38) T..=0.861/0.4 = 2,15

(cyTkn).

0.861,

o4

= 0,861+(1-0,297) = 1,564, a
=1,564/0.4 = 3,91

CpezHee 4ncIo Cys0B, Haxoaamuxes y npuydana L.,

cpeaHee Bpemst IpeObiBanus cyana y npudaia o (11.38): T,

(cytkn).
Tabnuna 11.3

Ilokazarenu OnnokananpHags CMO ¢ MpmuorokanansrHas CMO ¢
OTPaHUYEHHOU 0YepeIbio OTpaHUYEHHOU OUYepeibio
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[IpenenbHble _1-p n
BEpPOSTHOCTH po_l—pm+2 Po = 1+§+...+%+...+
2
p:pp!p :pp!"'! -1
Chem P (p/n)")
Pk =" Po n-n!(l- p/n)
k n
P P P
Py Zﬂ Pos-+s Pk Zﬁ Pos++s P :H Po;
n+1 pn+r
Prir = m Pos-s Pnyr = m Po
(r=1..m)
Beposthocts oTRa3a | p P = p,™p o™
PT()é M T T Po
n"-n!
AGcomoTHas Pl
CTI0COOHOCTh :
OTHOCHTENbHAS m+n
NpomycKHas Q=1-P,. :1—pm+1p0 Q=1-Re =1~ mnt Po
CT0COOHOCTh :

CpenHee 4ucio
3aBOK B 0Uepe.u

_ 2[1-p"(m+1-mp)]

P T P A p)

m
", 1—(m +1—mﬁj(pj

n-n!(l

)

Cpennee yucno

3a5BOK M0/ Ls;=1-po Y
00CIyXUBaHUEM '
(cpenHee umcio

3aHATHIX KAHAJIOB)

Cpez[Hee 4HCI0 Lcucm = Loq + L06 Lcucm = LO’-I + k

3a4BOK B CUCTEME

CMO c orpanuueHHbIM BpemeHeM oxkuaaHus. Ha mpaktuke yacto Berpevarorcs CMO ¢
TaK Ha3bIBa€MbIMH "HETEpIEIUBBIMU» 3asiBKaMH. Takue 3asBKU MOTYT YWTH U3 OYepelu, €CilH
BpeMsl OXHJAHUS IPEBBIIIACT HEKOTOPYIO BEJIMYMHY. B dYacTHOCTH, Takoro poja 3asBKU
BO3HUKAIOT B PpaA3IMYHBIX TEXHOJIOTMYECKMX CHCTEMaX, B KOTOPBIX 3aJepXkKa C HadajioM
0OCIIy’)KUBaHUSI MOXET NPHUBECTU K MOTEpE KauecTBa MPOAYKIMH, B CUCTEMAX OINEPAaTUBHOIO
yIIpaBJIEHUs], KOTJa CPOYHbIE COOOIIEHUS TEPSIOT LIEHHOCTh (MM Ja)XX€ CMBICI), €CIM OHU He
MOCTYMAIOT Ha 00CTy’)KUBaHUE B TEUCHUE ONPEIECTICHHOTO BPEMEHH.

B mpocredmmx MareMaTH4ecKMX MOJEISAX TAaKUX CUCTEM IIPEAINONaraercsi, 4To 3asBKa
MOKET HaXOJUTHCS B OUEPEU CIy4allHOE BpEMs, PACIIPENEICHHOE 110 MTOKA3aTEIbHOMY 3aKOHY
C HEKOTOpBbIM IapaMeTpoM V, T.€. MOKHO YCIOBHO CUMTAaTh, YTO Kax/Jas 3asBKa, CTOSALIAs B
ouepear Ha 00CITy)KMBaHUE, MOXKET IOKUHYTh CUCTEMY C MHTEHCHUBHOCTbBIO V .

CootBerctBytomue mnokazatenu s¢pdextuBHOcTH CMO ¢ OrpaHMYEHHBIM BpEMEHEM
MOJTy4aroTCsl Ha 0a3e pe3yabTaToB, MOTY4EHHBIX JUI Mpoliecca THOeIH U pa3MHOXKEHUS.

B 3akmroueHne OTMETHUM, YTO HA MPAKTUKE YacTO BCTPEUYAIOTCS 3aMKHYTBIE CHCTEMBI
0OCITy’)KUBaHUs, Y KOTOPHIX BXO/IIMN TMOTOK 3asBOK CYIIECTBEHHBIM 00pa3oM 3aBHCUT OT
cocrosiHus camod CMO. B kadecTBe mNpuMepa MOMKHO IPUBECTH CHUTYyallMlO, KOTJa Ha
PEMOHTHYIO 0a3y MOCTYMAlOT C MECT JKCIUTyaTallid HEKOTOpPble MAIIWHBI: MOHSATHO, YTO YeM
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OOJbIIE MAIIMH HAXOJWTCS B COCTOSHUM pPEMOHTa, TEM MEHbBIIE WX TMPOJOJDKACT
IKCIUTYaTUPOBATHCS M TEM MEHBIIIE WHTEHCUBHOCTH MOTOKA BHOBH MOCTYMAIOIIMX HA PEMOHT
MamuH. s 3amMkHyTEIX CMO XapakTepHBIM SIBISICTCS OTPAHHYEHHOE YHCIO HCTOYHUKOB
3asBOK, IPUYEM KaXIbIi HCTOYHUK "OJIOKHpYeTCs" Ha BpeMs OOCITYKUBAHHS €r0 3asBKH (T.€. OH
HE BBIJJACT HOBBIX 3asBOK). B mMOg0OHBIX cucTeMax Mpu KOHEUYHOM uucie cocrostauii CMO
MpeIebHBIC BEPOSTHOCTH OYIyT CYIIECTBOBATH IPHU JIFOOBIX 3HAUYCHUSX WHTCHCHUBHOCTEH
MMOTOKOB 3asiBOK M 00ciy:kuBaHuH. OHU MOTYT OBITH BBIYHCIICHBI, €CIH BHOBb OOpPaTHTHCS K
MpoIiecCy THOEIN U Pa3MHOKEHUS.

11.8. Ilousitue o crarucTudeckoM moaeanposanuu CMO (Mmetoae MoHTe-
Kapii0)

OcHOBHOE JOmyllleHHe, IpU KOTOPOM aHaJIM3UPOBAIUCH paccMoTpeHHble Bbilie CMO,
COCTOUT B TOM, YTO BCE€ MOTOKU COOBITUM, NEPEBOASIINE UX U3 COCTOSIHUS B COCTOSIHWE, ObLIN
npocteitmumu. [Ipu HapymeHun 3Toro TpeOboBaHUS OOIIMX AHATTUTUYECKUX METOJIOB JIJIsl TAKUX
CHUCTEM HE cylecTByeT. MIMeloTcs UMb OTAENbHbIE PE3yNIbTaThl, MO3BOJSIONINE BBIPA3UTh B
aHATMTHYECKOM BHE XapakTepuctuku CMO yepes mapameTpsl 3a1a4u.

B cnywasx, xorma mis aHanuza pabotel CMO aHanmuTHYeCKHe METOABl HE NMPUMEHHMBI
(mmm ke TpebyeTrcs TMPOBEPUTh KX TOYHOCTH), HCIOJB3YIOT YHHBEPCAIBHBIA METOT
CTaTHUCTUYECKOTO MOJICIMPOBAHMS, WM, KaK €ro Ha3bIBaloT, MeTo]1 MonTe-Kapio.

Wnes merona Monrte-Kapino cocToUT B TOM, 4TO BMECTO aHanuTuyeckoro onucanuss CMO
MIPOU3BOJUTCS "pO3BIrpbIM" cilydallHOTO Tmpouecca, mnpoxoasmero B CMO, ¢ mnomouisio
CIIEIMAIBHO OPraHU30BaHHOW Mpoueaypbl. B pe3ynprate Takoro "po3bIrphilia" MoJydaeTcs
KaXIbI pa3 HOBas, OTJIMYHASA OT APYTMX peanu3anus CIyd4alhHOro mpolecca. ITO MHOMXKECTBO
peanu3anuii MOXKHO MCIOJIb30BaTh KaK HEKHW MCKYCCTBEHHO MOJYYCHHBIM CTaTUCTUYECKUH
MaTtepuain, KOTOpbIi 00pabaTbiBaeTCsi OOBIYHBIMH METOJaMH MaTeMaTHUYeCKOM CTaTHCTHUKH.
[Tocne Ttakoit 00paOOTKM MOTYT OBITH TOJYyYEHBI NPHOIMKEHHO JIOOBIE XapaKTEPUCTHKU
00CITy>)KMBaHUA.

Hanpumep, Heo6xoauMo mMpoaHaIM3UpPOBATh OYEepelH, BO3HHMKAIOIIME B MarasuHe, IS
peuieHuss BONpoca O pacIIMpEeHHH MarasuHa. Bpems noaxona mnokynarenedl MU BpeMs HX
00CTyKMBaHUSI HOCST CIIy4alHBIM XapakTep, U UX paclpeAeeH!s] MOTYT ObITh YCTaHOBJICHBI 110
uMmeroleiics uHdopmauuu. B pesynpraTe B3aUMOJEHCTBUS JTUX CIy4YallHBIX IPOIIECCOB
CO3/1aeTCsl OUepeb.

CornacHo metony MonTte-Kapino mnepebuparor (¢ momomnipto OBM) Bce BO3MOXKHBIC
COCTOSIHUSI CUCTEMBI C Pa3IMYHBIM YMCJIOM IMOKYyMaTeneil B yac, BpeMEHEM UX 00CTYKUBaHUS U
T.I., COXpaHsAsg TE€ XK€ XapaKTEepPUCTUKU pacupeneneHus. B pesynbrare MHOTOKpaTHOIO
HUCKYCCTBEHHOTO  BOCCO3JIaHUS ~ pabOThl ~ Mara3uHa  pPacCUMTHIBAIOT  XapaKTePUCTUKU
oOciykUBaHUs, Kak eciii Obl OHM ObUIM MOJy4eHBI MPU HAOTIOJCHUH HaJl PEallbHbIM MOTOKOM
MOKYIIATEeJIen.

[Ipu MonenupoBaHuu ciayyailHbIX sIBJI€HUN MeTo10M MoHTe-Kapio mMbl noibs3yemcst caMoi
CIIy4ailHOCTBIO KaK almaparoM MCCIEIOBAaHUA. 3aMETHM, 4YTO i1 CJIOXKHBIX CHUCTEM
oOCHyXKMBaHUST C HEMAapKOBCKMM  CIy4YailHBIM  MPOIECCOM  METOJl  CTaTHCTUYECKOTO
MOJIETMPOBAHNUS, KaK MPaBUJIO, OKa3bIBAETCS MPOIIE AHATUTUYECKOTO.

Bomnpocsl 1i1st caMmonpoBepKu
1. YT0 NOHMMAIOT 1OJT CHCTEMOM MaccoBOro oocyxuBaHusa? M3 Kakux o00CITyKUBaIOLINX
eIMHUI] OHa cocTOMT? YUTO Takoe MOTOK TpeOoBaHMit?
Kaxwue nokazaremu a¢dextrnBHOcTH CMO UCTIONB3YIOT Ha MPaKTUKe?
Ha xakue nBa ocHOBHBIX THIIa Aeast CMO?
4. Hazosute ctpyktypy CMO U1 NOSICHUTE COJIEp)KaHUE €€ JIEMEHTOB.

w
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UYro Takoe ciry4aiinbiii nporecc? YTo Takoe Npouecc ¢ JUCKPETHBIMU COCTOSIHUSMU U
IIPOLIECC C HEMPEPBIBHBIM BpeMEHEM ?

Kaxkoii npouiecc Ha3piBatoT MapKoBCKUM?

Uro Takoe rpad coCTOSHUN?

JlaiiTe nmoHsATHE MMOTOKA COOBITHIA? Kakre MOTOKHM COOBITHIT BAM M3BECTHBI?
[Ipocreiimmii MOTOK.

. Kaxue Benmmumnzsb! onviceiBarot ypaBHeHus: Konvoroposa?

. ChopmynupyiiTe mpaBmiIo cocTaBieHus ypaBHeHu Konmoroposa.

. Uro Takoe npe/enbHbIe BEPOSTHOCTH COCTOSHUM, KAaKOB MX CMBbICI?

. Chopmynupy¥#Te IpaBUIO COCTABICHUS ypaBHeHHUI KonMoroposa s mpeaeabHbIX

BEPOATHOCTEH.

[poriecc rubenu 1 pasMHOKEHUH, Tpad) COCTOSHUIA.

3ammmre ypaBHeHus1 Konmoroposa s nporuecca rudeny 1 pa3sMHOXKEHUS.

Penienue cucteMsl ypaBHEHHH s IpoLiecca rubeny U pa3sMHOKEHHUS.

[Tepeuncnure nokazatenu s dextuBroctH CMO ¢ oTKa3zamu.

3anumute GopMynsl As nokazarenei agpextuBHOCTH 0aHOKaHANBHOK CMO ¢ oTka3aMu.

B uem cocrout otnnurie CMO ¢ orpannueHHoi ouepepio oT CMO ¢ HeorpaHMUEeHHOM
ouepenpto? Kak uzmenstcs popmynsl 1uist nmokazareneit apdextuaoct CMO ¢
OTPaHUYEHHOM OYepeibro?
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Tema 12. Moaenun ynpaBjieHUs 3a11acaMHu

12.1. OcHOBHbBIE IOHATHS

3ajgaun ympaBieHHUS 3amacaMy COCTAaBIISIOT OJIMH U3 HamOoJiee MHOTOYMCICHHBIX KJIACCOB
SKOHOMUYECKHX 3a/1ad HCCIEJOBAaHUS OMNepalui, pelieHue KOTOPhIX .MMEET BaXHOE
HapOJHOX035UCTBEHHOE 3HaueHHe. [[paBriIbHOE U CBOEBPEMEHHOE OTPEIEICHUE ONTUMAIbHOU
CTpaTeruy YIpaBJICHHs 3amacaMH, a Tak)Ke€ HOPMATHBHOTO YPOBHS 3amacoB IO3BOJISIET
BBICBOOOJIUTh 3HAYHMTEIHHBIE OOOPOTHBIE CPEICTBA, 3aMOPOKCHHBIC B BHJIC 3alacoB, YTO B
KOHEYHOM CYETE MOBHIIIACT 3PPEKTUBHOCTH UCTIOIB3YEMBIX PECYPCOB.

PaccmoTpuM OCHOBHBIE XapaKTEPUCTHUKU MOJICJICH YIIpaBJICHH 3aacamu.

Cnpoc. Cnpoc Ha 3amacaeMblil IPOJIYKT MOXKET OBITh demepMuHuposanHuviM (B TIPOCTEHIIIEM
CiIydae — TIOCTOSIHHBIM BO BPEMEHH) WU c1yyatinbim. CIydaliHOCTh CIIPOCa OMUCHIBAETCS JINOO
CllydaifHbIM MOMEHTOM CIIpoca, TU00 caydaiiHbIM 00bEMOM CIIpoca B IETEPMUHUPOBAHHBIE WU
CTy4yailHbIE MOMEHTHI BPEMEHHU.

Ilononnenue cknaoa. llomonHeHue cKIaga MOMKET OCYHIECTBIIATHCS JIMOO TEPHOIUYECKH
4yepe3 OmpeieTIeHHbIE UHTEPBAIbl BpEMEHH, JIMOO 10 MEpPE MCUEPIIaHUs 3aracoB, T. €. CHIKECHUS
WX JI0 HEKOTOPOTO YPOBHSI.

Oobvem 3axaza. llpu TepHOIWYECKOM TOTIOJHEHWH W CIIY9allHOM HCYEpIIaHUM 3alacoB
00beM 3aKaza MOYKET 3aBHUCETh OT TOTO COCTOSIHHS, KOTOpO€ HaOII0/1aeTCsl B MOMEHT IOJIauH
3aKaza. 3aka3 OOBIYHO TMOJACTCS HA OJHY M Ty K€ BEIMYMHY MPHU JOCTHKCHHH 3aracoM
3aJIaHHOTO YPOBHSI — TaK HAa3bIBAEMOU MOYKU 3aKA3A.

Bpema oocmaeku. B uneann3upoBaHHBIX MOJEJSX YIPaBICHUS 3amacaMH TPernojaraercs,
YTO 3aKa3aHHOE IIOMOJIHEHHE JOCTaBIIsIeTCS Ha CKJIaJ MTHOBEHHO. B npyrux monensax
paccMaTrpuBaeTcsl 3aJepKKa IOCTaBOK Ha (UKCUPOBAHHBIA WM CIIyYaWHBIA WHTEpPBaJ

BpPEMEHH.
Cmoumocmp nocmaexu. Kak mpaBuiio, Mperojaraercs, Yro CTOMMOCTh Ka)KIOH MOCTaBKH
cllaraeTcsi M3 JBYX KOMIIOHEHT — pa30BBbIX 3aTpaT, HE 3aBHCAIIMX OT 00beMa 3aKa3bIBaeMOil

TIApTHH, U 3aTpaT, 3aBUCAIIMX (Jallle BCEro — JIMHEHHO) OT 00beMa MapTHH.

H30eporcku xpanenus. B OONBIIMHCTBE MOJIENICH YITpaBJIeHHs 3aliacaMyl CUUTAOT 00beM CKiIaja
MPAKTUYECKH HEOTPAaHUYEHHBIM, a B KAuecTBE KOHTPOJIMPYIOUIEH BEIUYMHBI CIYXKHT O00bEM
XpaHUMBIX 3amacoB. [Ipu 3TOM mosararoT, 4To 3a XpaHEHHE KaXIOW eIUHUIIBI 3araca B eIUHUILY
BpPEMEHU B3MMAaeTCs OTpe/ie/ieHHast Tu1aTa.

HImpagh 3a oepuyum. J[roOoi criag co3maercss g TOTO, YTOObI MPEIOTBPATHTH JSPUIIAT
OTIPEJIETICHHOTO TUIIA U3JIENNI B 00CTy>KuBaeMoil cucreme. OTCYTCTBUE 3araca B HY)KHbI MOMEHT
MIPUBOJUT K YOBITKaM, CBSI3aHHBIM C IIPOCTOEM 000PYIOBaHMS, HEPUTMUYHOCTHIO TIPOHU3BOCTBA U
T. 1. OTU YOBITKH B JaJbHENIIIEM Oy/1eM Ha3bIBaTh wimpaghom 3a degpuyum.

Homenknamypa 3anaca. B nipocTediinx citydasx MpeAroaraeTcs, 4TO Ha CKIIAJEe XpaHUTCS
3amac OJHOTHUIHBIX W3JENUN WM OJHOPOJHOTO IMpojaykTa. B Oonee CIOXKHBIX CITydasx
paccMaTpUBAeTCs MHO2OMEHKIANTYPHBILL 3aNAC.

Cmpykmypa cknaockoil cuicmemsl. Hanbonee monmHo pa3pabOTaHbl MaTEMaTHUECKUE MOJEIH
OIMHOYHOTO cknana. OnHako Ha TPaKTHKE BCTPEUaroTcs H 0oJiee CIOXKHBIE CTPYKTYpHI:
HepapXUIeCcKre CUCTEMBI CKJIAJIOB C Pa3IMYHBIMU MIEPUOIAMH TTOTIOJHEHUSI U BPEMEHEM JOCTABKH
3aKa30B, C BOBMOYKHOCTBIO OOMEHa 3aracaMy MeX/y CKIIaJlaMi OJHOTO YPOBHS HEpapXUU U T. TI.

B kagectBe kpurepusi 3 PeKTUBHOCTH MPUHATON CTpATETUH YIIPABJICHHUS 3aMlacaMU BBICTYIIAET
Qyrryus 3ampam (u30epowcex), TMPEACTARISIONIAs CyMMapHbIE 3aTpaThl HA XpaHEHHE U MOCTaBKY
3amacaeMoro MpojyKTa (B TOM YHCTe MOTEPH OT MOPYH MPOIYKTA MPU XPaHEHHH U €T0 MOPAJIbHOTO
CTapeHwsl, TOTePH MPUOBLTH OT OMEPTBIICHHUS KaluTaia u T. 11.) U 3aTPaThl Ha MTPaQBbL.

Ynpasnenue 3anacamu cocmoum 6 omplcKanuy maxkou cmpame2uu NONOTHEHUs U Pacxooa 3anacami,
npu KOmopom (QyHKYUs 3ampam npuHUMAaem MUHUMATbHOE 3HaYeHue.

Hwxe paccmaTpuBaroTCs MPOCTEHIIINE MOICNN YIIPABICHHS 3aTlaCaMH.
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Hycts dymxmu A(t), B(t) u R(t) Bbpakaror cooTBeTcTBEHHO MOMOJHEHHE 3aMacoB, UX
pacxojl M chnpoc Ha 3amacaeMmblii mpoaykt 3a mpomexyrok Bpemenn [0,t]. B momemsix
YIIPaBJIEHNUs 3anacaMu OOBIMHO HCIIOJB3YHOTCS TIPOM3BOAHBIE 5ThX (ynkumii mo Bpemenn a(t),
b(t), r(t), naseBaembie COOTBETCTBEHHO UHMEHCUBHOCIAML NONOTHEHUS, PACX00A U CHPOCA.

Ecu ¢ynxmmu a(t), b(t), r(t) — me cnyuaiinbie BemumHbL, TO MOIENL yrpaBieHHs

3aracaMu CUMTACTCsl OemepMUHUPOSAHHOL, €C XOTs Obl O/IHA U3 HUX HOCHUT CIIy4daiHbIM XapakTep
— cmoxacmuyeckou. Eciyu Bce nmapaMeTpbl MOJIENIM HE MEHSIIOTCSI BO BPEMEHH, OHAa Ha3bIBAETCA
cmamu4eckoti, B IPOTUBHOM cilydae — ouxamuyeckou. CTaTHdecKue MOJIEIN UCTIOJb3YI0TCs, KOoraa
IIPUHUMAETCS Pa30BOE PELIeHHE 00 YPOBHE 3al1acOB Ha ONpEACICHHbIN EPUOl, a AMHAMUYECKHE
— B Cllyyae NPUHATHS MOCIENOBAaTEIbHBIX pelleHui 00 YpOBHSX 3amaca WIM KOPPEKTHPOBKE
paHee MPUHSATHIX PEIIEHUH C YYETOM MTPOUCXOSIINX U3MEHEHHH.

VpoBeHs 3araca B MOMEHT { omperernsiercsi OCHOBHBIM YpaBHEHHEM 3aI1acoB

J(t)=J,+ At)—B(t), (12.)
rae J, — HaganbHbli 3anac B Moment =0.
VYpasHenue (12.1) yaie ucnosab3yercss B UHTErpajibHOM (opme:

t t
J(t)=J,+ j a(t)dt - j b(t)dt . (12.2)
0 0

¢ Ilpumep 12.1. VIHTEHCHBHOCTb MNOCTYIUICHHs JETAJle Ha CKJIaJ TOTOBOM NPOJYKIHMH I€Xa
COCTaBJISIET B Hauajie CMEHbI 5 JIeT./MHH, B TEUEHHUE MEPBOro Yaca JIMHEWHO BO3pacTaeT, I0CTUras K
KoHIy ero 10 mer./MuH, W 3aTeM ocTaeTcsl MOoCcTossHHOW. [lomaras, 4ro mocTyruieHue neTajiei Ha
CKJIaJl MPOMCXOIUT HENPEPHIBHO B TEYEHUE BCEX CEMM YacOB CMEHBI, a BBIBO3 JETAlECH CO CKJIaja
MIPOU3BOJIUTCS TOJBKO B KOHIIE PaOOThI, 3alKcaTh BHIPAXKEHUE Il YPOBHS 3ariaca B MPOU3BOJILHBIN
MOMEHT BPEMEHH M, MCIOJIb3Ys €ro, HAMTH KOJWYECTBO JieTajel Ha ckiane: a) depe3 30 MuH
MocCJIe Havajia padoThl; 0) B KOHIIE CMEHBI.

Pewenue. 1lo ycnoBuio B T€UeHHE CMEHBI HE MPOUCXOIUT BBIIAYM JICTAJIEH CO CKJIajaa, T. €.
b(t) = 0. UnrencuBHOCTL NMOMOHEHHS 3amaca B TeUEHHUE MEPBOTO Yaca JMHEHHO BO3PACTACT, T. €.
a(t) =vt+c. Yuursisas, uto a(0) =5, nonyuaem C = 5. Tak kak B KoHIE yaca, T. e. ipu { =
60 a(60) =10, To 10 = V-60 + 5, otkyna V = 1/12. Takum 06pa3om, Juisl IEPBOTO Yaca CMEHbI
a(t) =(1/12)t +5, a zarem a(t) =10.

Y4uuThIBas MpoI0JDKATEIBHOCTE CMEHBI (7 4 = 420 MuH) 1 cooTHomeHue (12.2), momydaem:
t
J(t) :.[(t/12+5)dt =t?/24+5t,
0

Ecin 0<t<60,un
60 t 60 ¢
IO = [ (t/12+5)dt+ | 1Odt:(t2/24+5t)‘0 +10t} =
0 60
= 450+10t — 600 =10t — 150

KonuuecTBo jietaneit Ha cknane yepes 30 Mun nocne Hauana padotsi: J(30) = 900/24 +
5-30 = 187,5, a B xoune cmenst: J(420) = 10-420 - 150 = 4050. »

12.2. Cratnyeckasi JeTepMUHHUPOBAHHASA MOJeJIb 0e3 neduuura

[TpeamnonoxxeHue o TOM, 4TO Ae(UIUT HE JOMYCKAETCS, 03HAYACT MOJHOE YAOBIECTBOPEHUE
cpoca Ha 3amacaeMblii mpoaykt, T.e. cosmagenue dynkuuit F(t) m D(t). Mycrs obmee

noTpebJeHne 3amacaeMoro IpoJyKTa 3a paccMaTpuBaeMblii uHTepBai Bpemenn & pasno N .
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PaccmoTpum mpocTedinyro MOJenb, B KOTOPOM IMPEIOJIAaraeTcsis 4TO PacxoJOBAHME 3araca
IIPOUCXO/IUT HEMPEPHIBHO € MIOCTOSHHON MHTeHCHBHOCTBIO, T.€. D(t) =D . D1y nnrencusnocts

MOHO HaWTH, pa3aenuB oOlIee MOTpedieHne MPOIyKTa Ha BpeMs, B TEYCHHE KOTOPOTO OH
pacxoayercsi:

b=—. (12.3)

Puc. 12.1

TonosHenye 3aKa3a MPOUCXOMUT MAPTUSIMH OJMHAKOBOTO oObema, T.e. Gpynkuus a(t) me

spnsiercs Henpepbiroit: A(t) =0 npu Beex 1, Kpome MOMEHTOB TOCTaBKH MpPOIYKTa, KOT/IA

a(t) =N, rme N — o6bem maptuu. Tak Kak MHTEHCHBHOCTh pacxoja paBHa D, To Bca
naptus Oy/eT UCIOJIb30BaHa 3a BpeMs
n
T=-—. (12.4)
b

Ecnu orcuer BpeMeHH HayaTh ¢ MOMEHTA MOCTYIJICHUS IEPBON MapTUH, TO YPOBEHb 3araca
B HayalbHBI MOMEHT paBeH o0beMy 5Toil maptuu N, T.e. J (O) =N. I'paduyecku ypoBeHb
3amaca B 3aBUCHMOCTHU OT BPEMEHH MpezcTaBiieH Ha puc 12.1.

Ha Bpemennom unrepane [0,T] yposens 3anaca ymensimaercs no npsmoii J (t) =n—bt
oT 3Hauenus N g0 Hyas. Tak kak neUIMT He JOIYCKAeTCs, TO B MOMEHT | ypoBeHb 3amaca
MTHOBEHHO TOMOJIHAETCA 10 MPEeKHEro 3HaueHus N 3a cueT MOCTYIUIEHUS MapTuu 3akasa. U
tak npouecc usmenenus J(t) moBTOpsercs Ha KakIOM BpEMEHHOM MHTEpBasle
HPOIOIKUTENBHOCTBIO | (cm. puc. 12.1).

3adaya ynpasienus sanacamu cocmoum 6 onpedeﬂenuu makozo odvema napmuu n , NpU KOMOpPOM CyMMapHbole
3ampamsl Ha co30anue u Xpanerue anaca OblY Obl MUHUMATLHBIMU.

O0603HaUNM CYMMApPHBIC 3aTpaThbl YCPE3 C, 3aTpaTbl Ha CO3JaHHC 3allaCa — YCpcC3 Cl’
3aTpaTbl Ha XpPAaHCHUC 3allaCa — 4YCpe3 C2 n HaﬁHeM 9TU BCJIHWYUHBI 34 BCCh IMPOMCECKYTOK

BpEMCHU T .
HYCTL 3aTpaTbl HAa JOCTAaBKY OJTHOH IMapTu NMpoAaAyKTa, HEC 3aBUCUMBLIC OT o0beMa ImapTuu,

paBHBI Cp, a 3aTpaThl HA XPAHEHHE OJHOW €AMHUILIBI IPOAYKTA B €IMHUILY BPEMEHU
— C,. Tak kak 3a Bpemss @ HeoOxomumo 3amactiuch N eIMHMIAME TPOIYKTA, KOTOPBIH
JOCTaBIAETCS MapTUAMH 06bema N, To uucno Takux naptuit K pasno:
N &
k=—=—. (12.5)
n T

Otcroza noaydaem
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N
C,=ck= ch. (12.6)

MrHOBEHHbIE 3aTPaThl XpaHeHHs 3anaca B MoMeHT Bpemenu { pasubr C,J (t). 3naunr, 3a

npomesxyrok Bpemenn [0, T] onn cocraar
T T
c, j J(t)dt=c, j (n—bt)dt
0 0

Wy, yuntsiBas (12.4):

p p n n T conT
e lJMdt=c, || n=——t |dt=c,| nt— —t? 2
(30 zg[ Tj 2[ u jo 2

Cpennmit 3anac 3a npomexyrtok [0, T] pasen NT /2, t.e. sampamer na xpanenue éceeo sanaca npu

JUHELIHOM (N0 8peMenit) e20 pacxode pasHvl 3amMpamam Ha Xpaerie cpeore20 3anacd.
Vuureisas neproguunocts Gynkuuu J (t) (scero 3a mpomexyrok Bpemenn € Gyzer K =N/n

«3y610BY», ananornunbx paccmorpennomy Ha orpeske [0, T]), u opmyny (12.5), monyuaem, uro
3aTPaThl XPAHEHHUS 3amaca 3a MPOMEKYTOK BpeMeHn & paBHBL:
C.— c,nT K = c,NT N ¢, TN c,6n
22 2 n 2 2

Herpymuo 3ameruts, uro sarparsi C; obparso mnpomopumonanshsl, a 3arparsi C, mpsmo

(12.7)

nponopuuonanbhel o6bemy maprun N. paduku gynkmuii Cy(N) u C,(N), a rakke Qynkuun
CYMMapHBIX 3aTpar

C:%+%n (12.8)

TpUBEEHBI Ha puc. 12.2.

Puc. 12.2
cN c,0
B touke munumyma pynkunn C(N) ee npoussoanas C'(N) = —1—2 + 27 =0, otkyna
n
2¢N
n=ny,=|—= (12.9)
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Wnu yuuteiBag (12.3):

Np = 2C—1b : (12.10)

C2
®opmyna (12.10), HassiBaeMas popmynou Yuncona v popmynoti Haubonee IKOHOMUYHOO 0ObeMA napmuu,
IIMPOKO HCTONB3YeTCs B SKOHOMHKE. JTa (opMyna MOXET ObITh MOJNy4eHa W APYTHM CIHOCOOOM, eciu
yuects, uro npoussenenne CC, =0.5C,C,N O ecrs Bennunna nocrosunas, ue 3apucsmas or N. B
3TOM ClTydae, KaKk H3BECTHO, CyMMa JIBYX BEJIMYMH MPUHUMAET HAMMEHbIIEE 3HAUCHHE, KOT/[a OHH PaBHBI, T.

€. Cl = C2 HIIn

ﬂ = % n, (12.11)
n 2
oTKya noiydaem (12.9).

U3 (12.11) cnenyert, 4To MuHuMyM 0Owux 3ampam 3a0aqu YRpasieHus 3anacami 00Cmueaemest moz2od,
K020a 3ampamvl HA CO30aHUe 3aNAaca paeHvl 3amMpamam Ha xpawenue 3anaca. 1Ipu STOM MHHUMAJbHBIE
CYMMapHbIE 3aTPaThl

2¢,N

Otkyza, yuntssas (12.9) u (12.3), monyaum Cy = /2C,C,ON nm

Co =+/2¢,Cob. (12.13)

Yueno onTuManbHbIX napTuii 3a Bpems @ ¢ yuerom (12.5), (12.9) u (12.3) pasro:

K N C2Nt9_6 C,h
° ", 2¢, 2c,

Bpewms pacxona ontuManbHoi maptud Ha ocHoBanuu (12.4) ¢ yuetom (12.9) u (12.3) paBHo

n 0
T,=—2=n,— 12.14
0=~y (12.14)
HIIN
To= 240 _ |26 (12.15)
c,N c,b

¢ Ilpumep 12.2. TlorpeOHOCTH COOPOYHOTO NPEANPHATHS B JETAIAX HEKOTOPOrO THIIA
cocraBisieT 120 000 neraneil B roj, npu4eM 3TH JAETald PacXOyKOTCs B IPOLECCe MPOU3BOJICTBA
PaBHOMEPHO M HenpephiBHO. JleTanw 3aKas3bIBalOTCA pa3 B TOA W TIOCTABISIOTCS TMAPTHSAMH
OJIMHAKOBOTO 00beMa, YKa3aHHOTO B 3aKka3e. XpaHeHue Jeranu Ha ckiage crouT 0,35 neH. en. B
CYTKH, a nocrtaBka nmaptun — 10 000 neH. en. 3anep:kka MpOU3BOJICTBA M3-3a OTCYTCTBUS JIETaNen
HenomyctuMa. Ompenenuts Hauboiee HKOHOMUYHBIA OObeM TMapTHH M HHTEPBATl MEKIY
MOCTaBKaMH, KOTOpbIE HY’KHO YKa3aTh B 3aKa3e (IIPeroiaraeTcs, yTo MOCTABIIMK HE JOMYCKaeT
3a7Iep’KKU TIOCTABOK).

Pewenue. I1o ycnoBuro 3aTpaThl Ha IOCTaBKY OJHOM maptuu coctaBisatoT C; = 10 000 men.

ell., 3aTpaTbl XpaHEHWs eIUHULLI 3amaca B cyrku C, = 0,35 men. en. OOmMil mpOMEXKYTOK

Bpemenn & =1 rox = 365 ameit, a o6mmii 06bem 3amaca 3a sror mepuoa N = 120 000
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i Io ¢ (12.9) n \/2'10000'120000 4335 (12.14)
neraneid. Ilo ¢opmyie : 0= ~ JeT, a IIo :
0.35-365

To =Ny % =13.2 13 nueii.

Wrak, Hanbonee SKOHOMUYHBIA 00beM mapTuu paBeH 4335 neraneil, a MHTEPBAI MEXIY
nocraBkamu 13 ngueit. P>

Ha IMPaKTHUKEC, C€CTCCTBCHHO, 00BeM napTu MOXKET OTIMYAaTbCd OT ONTHMAJIbHOI'O no,

BbruucieHHoro no (12.9). Tak, B mpenpiayIneii 3a1ade MOXKET OKa3aThCsl YIOOHBIM 3aKa3bIBaTh
napruu 1o 4 500 uian gaxe no 5 000 neraneil ¥ BO3HUKAET BOMPOC, KaK MPU ITOM HU3MEHATCS
CyMMapHbI€ 3aTPAaTHI.

Jlnst otBeTa Ha 310T Borpoc pasnoxkum pynkimio C(N) B psa Teiinopa B OkpecTHOCTH TOUKH

Np, OrPaHUYMBINKCH IEPBEIMK TPEMS WICHAMH PAJIa IIPH JOCTATOYHO MAIBIX U3MEHEHUAX 00beMa

naptun AN ;
C(n) =C(ny) +C'(ny)An +#An2 ¥
, " 2¢N
Yuuremast, uto npu N =N, C'(ny) =0, C"(ny) = ——.,aCy= C(ngy) ompenensercs
No

o opmysne (12.12), Haitnem
AC _C(n)-C(ny) _C"(ng)An*  2¢,NAn?

C,  C(ng) 2C(ng)  ng(2c,N /y)
150051
2
AC 1[ An
2 oo 28 (12.16)
Co 2\ng

®opmyna (12.16) cBumeTenbCTBYeT 00 OINpENeNICHHOW YCTOMYMBOCTH CYMMAapHBIX 3aTpar Iio
OTHOIIEHUIO K HanboJiee SKOHOMUYHOMY OOBEMY MapThH, MO0 Mpu Maiubix AN OTHOCHTENLHOE
M3MEHEHHE 3aTpaT IPUMEPHO Ha MOPSAJOK MEHBIIE OTHOCUTEIHFHOTO W3MEHEHHUsI 00beMa MapTHH
10 CPAaBHEHUIO C ONTUMAJIbHBIM.
¢ Ilpumep 12.3. Tlo ycrnoButo 3amaun 12.2 ompenenuTb, Ha CKOJbKO MPOLIEHTOB YBEIUYATCA
3aTpaThl Ha CO3/IaHKE U XpaHEHHE 3araca 1o CPAaBHEHUIO C MUHUMAIILHBIMU 3aTpaTaMu MpH 00beMe
3aka3bIBacMbIX mapTuii 5 000 neraneit.

Pewenue. OTHOCUTENBHOE U3MEHEHUE 00BbEMA ITAPTHUU 110 CPABHEHUIO C ONTHMaIbHBIM Ny =
4335 cocTaBiser An/no = (5000 - 4335)/4335=0,1510. B coorBerctBuu ¢ (12.16)

OTHOCHTEIIbHOE M3MEHEHHE CYMMAapHBIX 3aTpaT COCTaBUT AC/CO =0,153%/2 = 0,012, umm

auib 1,2%. P

¢ Ilpumep 12.4. B ycrnoBusx 3amaun 12.3 npeanosiokuM, YTO 3aKa3bIBAIOTCS HE BCE MapTHU
cpasy, a KakJast OTJIeJIbHO, IPUYEM CPOK BBITIOJHEHUS 3aKa3a paBeH 16 nHeil. OnpenenuTs TOUKU
3aKasa, T. €. IpU KaKOM YpOBHE 3araca clieyeT 3aKa3blBaTh CIEAYIOLIYIO apTHUIO.

Pewenue. Tak kak 1O pe3yabTaTaM pelleHus 3agaud 12.2 juimHa UHTEpBaIa MEXTY
MOCTaBKaMu paBHa 13,2 1HeH, To 3aka3 B YCIOBHUSAX HAIHKEHHOTO IPOU3BOJICTBA CIEAYET
BO300HOBHTH, KOTJIa YPOBEHb 3araca J0CTaTOYeH JJIS yJOBJIETBOpEHUs MOTpeOHOCTH Ha 16 - —
13,2 = 2,8 musa. Tak kak exenHeBHas MOTPEOHOCTh (MHTEHCHBHOCTh Pacxoja 3araca) paBHa IO
dopmymne (12.3) b = 120 000/365 = 329 neraneii, To 3aKa3bl JAOIKHBI AeaThCS PETYJISAPHO MPK
JOCTH)KEHUU ypoBH4 3anaca 329-2,8 = 922 neraneit. P
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12.3. CraTnuyeckasi JeTepPMUHUPOBAHHAS MO/eJIb C 1ePUIHTOM
B paccMaTpiBaeMoii Mozienn Gy/ieM ToJaraTh HaIMUHe debuyumd. DTO 03HAYAET, UTO HPH
orcyrcteun 3anacaemoro mpoxaykra, T.e. mpu J(t) =0 cnpoc coxpamsiercs ¢ Toii ke
untencusHocToio I'(t) =D, HO moTpeGnenne sanaca orcyrersyer — b(t) =0, Benencreue

uero Hakarueaemcs deguyum co ckopocmoio 0. Ipadux usmenenus yposus sanaca e amom ciyuae
npeocmagien Ha puc. 12.3. Yovieanue epagura Hugce ocu abcyucc 8 061acmy OMpuyamenbHbix
3HaueHull 6 omauyue om epaguxa na puc. 12.2 xapaxmepusyem naxonnenue oeguyuma.

Puc. 12.3

n
13 puc. 12.3 BUHO, 4TO Kaxkaplii nepuon "musl" 1 = B pa30buBaeTCs Ha J1Ba BPEMEHHBIX

unTepsana, T. e. 1 = I; + I5, rae T{ — Bpems, B TeueHue KOTOPOTO MPOM3BOAUTCA OTPEGIEHHE

3alaca, T2 — BpEMs, KOTla 3allac OTCYTCTBYCT M HAKAIIJIMBACTCA I[C(I)I/II_[I/IT, KOTOpBIfI 6yz[eT IEPCKPLIT B

MOMCHT IMOCTYIIJICHUA cnez[y}omeﬁ [MapTHH.
HCO6XO,I[I/IMOCTB IMOKPBITHA I[e(I)I/II_II/ITa OpUBOAUT K TOMY, 4YTO MaKCHMaJbHbIN YpOBECHb 3amaca S B
MOMCHT IIOCTYIIJICHHA Kaxoit mapTuu TCHCPb HE PAaBCH €€ O6T>€My n, 4 MCHBIIC €ro Ha BCIMYUHY

nedunuta N — S, HAKOMUBIIETOCS 3a BPEMS T2 (em. puc. 12.3).
U3 reomeTpudeckux cooOpaxkeHuii Terko YCTaHOBUTD, YTO
S n-—S
T,=-T T,=—T. (12.17)
n n
B nannoit Mogemn B dynkiuio cymmaprbix 3arpar C mapsny c sarparamu C; (Ha momonnenne 3anaca)
u C, (na xpanenne 3anaca) neo0xoaumo Beectr 3atpatsl Cq — Ha mrpad u3-3a geduuura, T.¢.

~Y
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arpatel C; kak u pauee, Haxomnm 1o popmyne (12.6). B pasn. 12.2 Gbuto mokasaro, uto sarparst C,
IpH JMHEHHOM pacxoje 3amaca paBHBI 3aTpaTaM Ha XpaHEHHE CPEeIHEro 3amaca, KOTOPBIA 3a Bpemd
norpebaenus 1; pasen ST;/2; mosromy ¢ yuerom (12.17) u (12.5) a1 3aTpaThI cocTaBsT

_SSTy ) _CsTyosT 6 _ c,5%0 |
2 2 T 2n

Ilpu pacuere 3arpar Cg Gyxem cuurats, uto wrpad 3a AeUUMT COCTABIAET B CMHALY BpeMeHH Cq Ha

C, (12.18)

KKIYIO eMHHIY npoaykTa. Tak Kak cpejnuii yposeHb euuuta 3a nepuox 1, pasen (N—S)T, /2,

1
TO WTPad) 3a TOT MEPHOL |5 COCTABAT EC3(n —S)T,, , a3asech nepuon & ¢ yuerom (12.7) u (12.17)

1 1 n—s_6 c0(n—>s)?
Ci==C(n—-s)Tok==cy(n—8)—T ==~ 12.19
375 3(N—9)T, 5 3(N—s) T on (12.19)
Teneps, yuutsiBad, (12.18) u (12.19), cymmapHsbIe 3aTpathl paBHbI
2 2
C:ClﬁJcmQs +c39(n S) | (12.20)

n 2n 2n
Herpynxo 3ametuts, uto npu N =S dopmyna (2.20) coBnanaer ¢ paxee momydeHHoi (12.8) B Mozenn
0e3 meunura.
PaccmarprBaemas 3ajaua YIpaBieHMs 3alacaMM CBOIMTCS K OTBHICKAHMIO Takoro obbemMa maprum N 1
MaKCHMaJILHOTO YpoBHs 3amaca S , mpu koropsix (hyukims C (12.20) npunnMaer MUHHMAbHOE 3HadeHue. Jlpyrumu
cyoBamH, HeoOXomuMo uccnenosars dynkimmio aByx nepemennsix C(N,S) ma skcrpemym. IlpupasruBsas

yactable poussofnsie OC /0N u OC [0S x mymo, nomyunm nocsie npeobpasoBanuii cucTeMy ypaBHEHHiL:
ncy —(C,y +C3)s? =2¢,N /6,
s (12.22)

S=n .
Cy, +C5

Pemas cucremy, momydaem QopMynbl HauOojee SKOHOMUYHOTO oObema maptuu N u

MaKCUMAaJIbHOT'O YPOBHsI 3amaca SQ I MOJICH C AeUIIUTOM:

2¢,N |c, +¢C 2¢cb [c,+cC

No = Cy 2+tCs _ 1 2+Cs (12.22)

c,0 Cg Cy Cq

~ 2¢,N c c
so= |—% S —no—2—. (12.23)

c,0 \C, +Cs C, +Cq
Bemanna
C
p=—23 (12.24)
C, +Cq

Ha3bIBACTCS MIOMHOCHIbIO YObIMKO8 U3-30 HEYOOBIEMBOPEHHO20 CHpOcd N UTPAET BAXKHYIO POJIb B
ynpasienuu 3anacamu. 3amerum, uto 0 < p <1. Ecnu 3uavenne C3 Majio no cpaBHEHHIO C

C2 TO BCIIMYMHA p OnM3Ka K HYJIIO; KOra C3 SHAYUTCIIBHO NPCBOCXOAUT C2 , TO 10 omm3ka K 1.

Hegnonyctumocts feduiyra paBHOCUIbHA IPEANIOI0KEHUIO, UTO C3 =00 uimn O = 1.
Ucnonw3ys (12.24), ocHoBHbIe hopmyibl (12.22) u (12.23) MOKHO 3amucaTh KOMITAKTHEE:
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No = 2—Clb : (12.25)
C2p
S0 =Nop . (12.26)

Cnenyer ywecth, uyto B cuty (12.17) u  (12.26) T1/T=§o/no=p u

T,/T =(no—So0)/No =1— p. TlosroMy yTBEpKIEHHE O TOM, YTO TUIOTHOCTh YOBITKOB H3-3a
HEYJIOBJIETBOPEHHOIO CIIpOca paBHA L, O3Ha4aeT, 4yTo B TeueHue (1- 0)100% Bpemenu ot

TIOJIHOTO TIEpHoia | 3amac Ipo/yKTa OyeT OTCYTCTBOBATE.
N3 cpaBuenust dopmyn (12.25) u (12.10) ciemyer, 9TO ONTUMAIbHBIE OOBEMBI MAPTUN IS
3a7a4 ¢ 1euIuToM 1 6e3 euIrTa IPU OJMHAKOBBIX MTapaMeTpax CBSA3aHbl COOTHOIIICHUEM

No
Jp
OTKy/Ia BBITEKAET, UTO ONMUMATbHbILL 06beM napmuu 6 3a0ade ¢ deduyumon écezoa borvwe (6 1/ | p

pas), uem 6 3a0aue 6e3 oepuyuma.

¢ Ilpumep 12.5. HaiiTu HanboJiee S5KOHOMUYHBIN 00BbEM NapTUU U UHTEPBAI MEXIY IOCTaBKaMH,
COXpaHsisi yCIIOBHS 3amaud 12.2, KpoMe HEIOIyCTUMOCTH JeHIUTa, €CIH H3BECTHO, YTO
OTCYTCTBHE Ha COOPKE KaKI0H JIeTali MPUHOCUT B CYTKH YOBITKH B pa3mepe 3,5 JeH. el

Pewenue. Ilo ycnosuro C3 = 3,5. Panee 6bu10 mosydeno no dopmyne (12.9) Ny =4335 u no

(12.15) Ty = 13,2. HaiizieM III0THOCTS YOBITKOB M3-32 HEYAOBIETBOPEHHOTO CIIpoca Mo Gopmyie
(12.24): p =3,5/(0,35 + 3,5) = 0,909, T.e. 100-(1-0,909) = 9,1% BpemeHN MEK LY
MMOCTaBKaMHU JICTAIA Ha COOpKE OYIyT OTCYTCTBOBATh.

Teneps onTMMabHBIN pasmep naptuu no gopmyne (12.27) No =4335/4J0,909 = 4547. B cuny

(12.15) nponopuHoHaIBHO YBEIUYEHUIO NQ JOJIKEH YBEIUUYUTHCS UHTEPBAT MEXKTY

nocraskamu, T.e. To =Ty/+/p =13,2/./0,909 =13,8 ~14 nucii. »

12.4. CroxacTH4ecKue MO/ yIIPABJICHHUS 3al1acCaMHu

Paccmotpum  cmoxacmuueckue modenu ynpaenenus 3anacamu, y KOTOPBIX CIIPOC SIBISIETCS
cayuainbim. ITOT (BaKT CyIIeCTBEHHBIM 00pa3oM CKa3bIBAaeTCs HAa XapaKTepe COOTBETCTBYIOIIHMX
MoJIeNiell U 3HAYUTENBHO YCIOXKHSAET UX aHalM3, B CBA3M C YE€M OIPaHHUYMMCS PAaCCMOTPEHHEM
HanboJ1ee MPOCThIX MOJEIEHL.

[peanonoxum, uto cupoc I' 3a MHTEpBaT BpeMEHH | SBISETCS CIIydaiiHbIM M 3a/1aH €ro 3aKOH
(pan) pacnpenenenus P(r) wm motsocts BepositHocTeit @(F) (o6bruno dynkuuu P(r) u
@(I) ouenHnBaoTCS Ha OCHOBAHUH OTIBITHBIX MII CTATUCTHYECKUX IaHHBIX). Eciu cripoc I Hmke
ypoBHS 3amaca S, TO mNpHOOpeTeHHE (XpaHEHHWe, IPOJaka) MH3JIMIIKA MPOJyKTa TpedyeT
JOTIOJTHUTENBHBIX 3aTpaT C) Ha eMHHIY NPOAYyKTa; Hao0OpoT, eciu cupoc I BhIe ypoBHA 3amaca S,
Mo 3T0 IPUBOANT K mTpady 3a Aeduuut Cy Ha eIMHUILY IPOTYKIUH.

B kauecmee .pynkyuu cymmapHulx 3ampam, A61AI0WeliCs 8 CMOXACMUYECKUX MOOENAX CIYUAliHOl 6eNUYUHOL,
paccmMampusaiom ee cpeoree HaveHue Ul MAMeMAmMueckoe 0ACUoaHue.

B paccmarpuBaemoil MoJenM HpHM JMCKPETHOM clydaiiHoM crpoce I', MMEoIeM 3aKOH pacrpelelneHus
P(r), wmaremaruueckoe OXHMIaHMe CyMMAPHBIX 3aTpaT WMEET BWJ (YUHTHIBAEM TONBKO DACXOBI Ha
HEMCIIONB30BAHHBIE €IMHUIIBI IPOYKTA):
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S 0
C(s)=c, > (s=r)p(r)+c3 Y, (r=s)p(r). (12.28)
r=0 r=s+1

B Beipaxenuu (12.28) mepoe cnaraeMoe Y4HMTHIBACT 3aTpaThl Ha MpuoOpeTeHHE (XpaHEHHE) H3NHIIKA
(S—T) enunun npoxyxta (npu F <'S ), a Bropoe craraemoe — mrpad 3a aeduuur na (I —S) emumun
npoaykra (mpu I > S).

B ciydae HenmpepbIBHOTO CIY4aifHOro CIpoca, 331aBaeMOro MIOTHOCTBIO BepositHoctell (2(T) , BhipakeHue
C(S) TPUHAMAET BUL:

C(s) :czj(s— r)go(r)dr+c3T(r—s)go(r)dr. (12.29)
0 S

3adaua ynpasienus 3anacamu cocmoum 6 OMbiCKAKUY MAKo2o 3anaca S, npu KOMopom Mamemamuieckoe
odcudanue cymmapuolx sampam (12.28) unu (12.29) npunumaem munumansHoe 3HaueHue.

F (s)4

1-————————-——.—._—_—_—

v .
o So )

Puc. 12.4

Jloka3aHo, 4T0 IpH IMCKPETHOM ClyyaiiHoM cripoce I Beipaxkenue (12.28) MuHuManbpHO py 3amace S,
JIOBIETBOPSIOIIEM HEPABEHCTBAM

F(sp) < p<F(sy+1) (12.30)

a IIpH HEIPEPBIBHOM ClTydaiiHoM cipoce ' Beipaxkenue (12.29) MUHMMAIIBHO TP 3HAYEHUU Sy,
OTpeIeIeEMOM U3 YPaBHEHHS

F(so)=p. (12.31)

rae
F(s)=p(r<s) (12.32)
ecTb (YHKUHUA pacmpeseneHus cmpoca I, F(SO) u F(SO +l) — €€ 3HAuYCHUA, O — IIOTHOCThH

YOBITKOB H3-32 HEYJIOBIETBOPEHHOTO CIpoca, onpeaensemas mo (12.24).

OnTvManbHEIA 3amac Sy NP HEMPEpPHIBHOM CHPOCE IO JAHHOMY 3HAYeHHI0 O MOXET ObITh HaiilieH u
rpaudecku (puc. 12.4).

¢ Ilpumep 12.6. Ilpeanpustre 3aKymaeT arperar ¢ 3anacHbIMU 0710kamu K Hemy. CTOMMOCTB 0{HOTO 6JI0Ka paBHa
5 neH. en. B ciydae BbIXo#a arperara M3 CTpos M3-3a MOJNOMKH 0JI0Ka, OTCYTCTBYIOIIETO B 3arace, MPOCTOH
arperata M CpOYHBIH 3aka3 HoBoro Onoka k Hemy oboiimercs B 100 nen. en. OmbiTHOE pacmpereneHue
arperaroB M0 4ucITy OJIOKOB, MOTPeOOBABIIMX 3aMeHY, pe/cTaBIeHo B Tab. 12.1.
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Tabnuna 12.1
Yucio 3aMeHeHHBIX 0710K0B I 0 1 2 3 4 5 6

CrarucTideckas BepOSTHOCTh 090 0,05 10,02] 0,01 | 0,01 | 0,01 | 0,00
(nons) arperatos P(T),
KOTOPBIM [OTpe0OBaach 3aMeHa
I' OmokoB

Heobxoumo ompenenits ONTUMAIbHOE YKCIIO 3allacHbIX OJIOKOB, KOTOPOE CEIyeT NMPUOOpPECTH BMECTE C
arperaToM.

Pewenue. Ilo ycnosuio Co =05, C3 = 100. Beraucium mioTHOCTE YOBITKOB M3-32 HEXBATKU 3aIACHBIX
610x0B 1m0 dopmye (12.24) o =100/(5+100) = 0,952.
YuutsiBas (12.32), naiinem 3HaueHuss QyHKIUN pactpenencHus crupoca (tabm. 12.2).
Tabnuma 12.2

r 0 1 2 3 4 5 6
F(r)| 0,00 | 0,9 | 0,95 | 0,97 | 0,98 | 0,99 | 1,00

OuesnHO (cM. Tabu. 12.2), 4TO ONTUMANIBHBIH 3aI1ac COCTABUT Sy = 2, NOO OH Y/IOBJIETBOPSIET
nepasenctBy (12.30): F (2) <0,952< F (3). »

Ilpumep 12.7. Pemnts 3anauy 12.6 npu ycIioBUHM HEMPEPHIBHOTO CIIy4aifHOTO cmpoca I,

o _ —Ar
pacrpe/IeNIeHHOro Mo TIOKa3aTeNbHOMY 3aKoHy ¢ GyHKimeii pacnipenenenus F(r)=1—e
npu A =0,98.

Pewenue. OnTUMaNbHOE YUCIIO 3aMIaCHBIX OJIOKOB Sy Halijem u3 ypaBHeHus  (12.31):

1
1—e ™ =0, OTKyaa e ™% =1l-p us =z|n(l—p).

Ilpu A =0,98 So =—(1/0,98)In0,048 ~ 3 (6noxa). »

B ycroBusix paccMaTprBaeMoit MOJIENH TIPEATIOI0KNAM, YTO PACXO0BAHUE 3artaca
MIPOMCXOJIUT HENPePbIeHO ¢ OINHAKOBONH HMHTEHCUBHOCTHIO. TaKyr0 CUTYaIlHIO MOXHO
npencTaBuTh rpadudecku (puc. 12.5).
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g
r

a
Puc. 12.5a

Puc. 12.5, a cootBerctByeT cimydaro I' < S, Korja Cripoc He MPEBOCXOIMT 3araca, a puc. 12.56 —
cllyyaro, KOrjla CHpoc MpeBbllaeT 3amac, T.e. I'>S. Criemyer oTMETUTb, YTO Ha CaMOM JieNie

rpapux J ('[) MIPEJCTABISAET CTYINEHYATYIO JIOMAHYIO0, TIOKa3aHHYIO Ha pHUC. 12.5 MyHKTUPOM, HO
JUTA MccTleloBaHus Mojienu Ham nipomie pacemarpusath J (1) 6 Buze npsvoid, crimaxuarommeit oty

JIOMaHYIo.

Cpennuii 3amac, COOTBETCTBYIOIIUHN puc. 12.5a, paBeH

§1:%(s+(s—r)):s—%r. (12.33)

Cpennwii 3amac, COOTBETCTBYOMMIA puc. 12.56 ¢ yuetoM dhopmyisl (12.17), B koTopoi
noaaraeM N =1, cocraBiusaer
2
S2 ZESE—ES—. (12.34)
2 T 2r
s°T
®opwmyna (12.34) nomyuaercs cieyrommm obpasom. M3 (12.17) umeem: ST; = T . Tak

2
S
kak N =T, 1o STy = —— . Orcrona cnenyer (12.34).
r

Cpeuuii 1euIMT MPOYKTA 3a IEPHOJ] |5 JUIA CITydasi, COOTBETCTBYIOMIETO puc. 12.56 ¢
yderoM (12.17), rne N =T, paBen
-1 T, 1(r-s)

s3==(r-s
3=5 (=8 =5"—

MareMarndeckoe OKHIaHue CYMMApHBIX SanaT COCTaBHUT:

C(s) = CZZ(s——)p(r)+c2 IESEORS YL

r= s+1 r=s+1

(12.35)

) p(r).  (12.36)



187

Puc. 12.50

JlokazaHo, 4TO B 3TOM CiIy4ae MareMarndeckoe oxugaanue (12.36) MUHUMaLHO TIpY 3amace

SO , YAOBJICTBOPAIOIIEM HCPABCHCTBY
L(sp) <p<L(sy+1), (12.37)

rae O no-mpexHeMy onpenesnsercs no gopmyne (12.24);

L(s)= F(s)+(s—%)i@, (12.38)

L(SO) u L(SO +1) — 3nauenus pynxuuu (12.38), a F(S) naxoautcs B cooTBeTCTBUM C

onpenenenuem (12.32).

¢ IIpumep 12.8. MMeronuecs Ha cKi1ae U3EIUsI paBHOMEPHO PacXOIyIOTCSl B TEUEHHUE MECSLA.
3arpaThl Ha XpaHEHUE OJHOTO U3JENHs COCTAaBIISIOT 5 JIeH. efl., a .mrpad 3a AeHIUT 0THOTO
mpemmst ooxoqures B 100 gmen. en. M3yueHuwe cmpoca Jano  pacmpesielieHHe 4Yucia
noTpeOIsIeMBbIX 3a MECSIL] U3JIeNNid, peacTaBieHHoe B Tabm. 12.10.

Tabmuuua 12.3
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Cmpoc I 0 1] 2 3 4 5 >6

CrarucTuuckas
seposroers P(F) (0.1 | 02 (02 |03 (01 |01 |00

Heo6xommo, onpenenuTs ONTUMAIIbHBIN MECSYHBIIN 3arac CKIIa/a.
Pewenue. Tax xe xak B 3ana4ye 12.6, C, =5, C3 =100, p =0,952.

3nauenus Gpynkuun L(I) onpenemum ¢ nomoutsio tab. 12.4.

Tabmuma 12.4

r| p(r) | p(r) i p(r) (s lji p(r) | F(r) | L(r)
r r=s r 2 r=s r

0 |01 — — — 0,0 _
1|02 0,200 0,445 0,2225 0,1 0,3225
2 |02 0,100 0,245 0,3675 0,3 0,6675
3 103 0,100 0,145 0,3625 0,5 0,8625
4 |01 0,025 0,045 0,1575 0,8 0,9575
5 |01 0,020 0,020 0,0900 0,9 0,9900
26| 0,0 0,000 0,000 0,0000 1,0 1,0000

OueBHAHO, 4TO ONTHMAIbHBIH 3amac w3Kenuii Sp = 3, Tak Kak OH yoBIeTBOPseT ycnosuio (12.37):

L(3)<0,952< L(4). ¢

12.5. CtoxacTu4eckue MOJeJH YIIPaBJIeHUA 3aniacaMu ¢ GUKCHUPOBAHHBIM
BpeMeHeM 3a/IePKKHU MOCTABOK

B paccMOTpeHHBIX BbIIIE HICATM3UPOBAHHBIX MOCISAX YIPABJICHHUS 3aracaMH IpeArnoiarajioch,
YTO TONOJHEHHE 3araca IMPOUCXOIUT IMPAKTUYECKH MrHoBeHHO. OHaKko B psAe 3amad epems
3a0epaicKu TIOCTABOK MOKET OKa3aThCsl HACTOJILKO 3HAYUTENILHBIM, UTO €r0 HEOOXOAUMO YUUTHIBATH
B MOJIENH.

ITycTth 3a Bpems 3anepiKeK mocTaBoK @ yxke 3akazaHbl N mapTuii 00 OXHON B KaKAbld u3 N
IepUOI0B MPOAoKUTENbHOCTRI0O | =@ /N.

O0o3HauUNM:

S,,; — NEpPBOHAYANILHBINA YPOBEHb 3a11aca (k HaUaITy IEPBOTO MEPUO/A);
S; — 3anac 3a | -ii nepuoz;
l; — copoc 3a | -ii nepuox;

(; — nomnonHeHue 3anaca 3a | -if mepuo.
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n
Torna k koHIly N -ro nepuojaa Ha CKJIaj MOCTYIUT Z 0; emMHMI IPOJIYyKTa, a OyaeT

i=1
n
HA3pacX0J0BaHO Zl’i €IMHUIL, T.€.
i=1
n n
Sy =S+ D 0= DT, (12.39)
i=1 i=1
Nnn
S, =S—1T, (12.40)
rae
n
S=S,,+ 2.0, (12.41)
i=1
n
r=>r. (12.42)

TpeOyercs HaliTH ONTUMATBHBIN 00BEM MAPTHH 3aKa3a, KOTOPBIA HEOOXOIMMO C/IeaTh 3a
nocneaHuil N -il mepuo1, NpeAecTBYIONINI MOCTYIUIEHUIO CIEJAaHHOTO paHee 3aKa3a.

Maremarnueckoe OXHMJaHHUE CYMMAapHBIX 3aTpar B 3TOM Cllydae OmpezensieTcss mo Qopmyie
(12.28), a ontumanbHbIil 3anac S HaxoauTcs o dopmyne (12.30), T.e.

F(sy) <p<F(sy+1). (12.43)

Hating ontuMansHbIN 3amac So m3Hasa Gy, Qy,...,Jy_1, MOXKHO BEIYMCIUTE (,, IO
dopmyne (12.41), T.e.

O =S0—| S+ D, |- (12.44)

¢ Ilpumep 12.9. ExxeTHEBHO 3aKa3bIBAEMbIH CKOPOTIOPTALIMIACS TOBAP MOCTYHAET B MarasuH
cIrycTs 7 AHeH mocre 3akas3a. B MoMeHT ouepetHoOro 3akasa 3armac ToBapa COCTaBHII B
CTOMMOCTHOM BbIpakeHuu 10 neH. exa. [IponaHHbIi TOBap B IeHb U3rOTOBJICHHUS, IPUHOCHUT
npuosLIb 0,95 1eH, ea1., a He MPOJaHHbIHN B 3TOT JIeHb TOBAp MOXKET ObITh 3aT€M pealn30BaH ¢
yobiTkOM 0,10 gen. en.
Ha ocHOBaHMM OMBITHBIX JAHHBIX MTOJYYEHO CIIEIYIOIIEE pacipeieNieHue Cpoca Ha JaHHbIH
toBap (Tabi. 12.5). Kpome Toro, 1aHo momnoyiHeHne 3arnaca 3a 6 THeit

Tabmuua 12.5

r|{ 0| 10 20| 30| 40| 50| 60| 70| 80| 90| 100
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p(r)[ o0 [ oo oof o o[ o] ouf o2 o] o o
r | 110 120] 130| 140| 150 160| 170| 180| 190| 200| >200

p(r)| 008 | 00| 00| 002 002 001 001 001 001 000 000

Tabmuua 12.6
I 1 2 3 4 5 6

G0 @ [0 [0 |2 |o

Heobxomumo omnpenennTs oNTHMaibHBI 00BbEM 3aKa3aHHOTO ToBapa (J; Ha ceqpMOM JEHb
HOCJIE 3aKa3a.
Pewenue. IInoTHOCTD YOBITKOB HM3-3a Aedunurta ToBapa mo Qopmyne (12.24) pasaa p =

0,95/(0,10 + 0,95) = 0,905. VuureBas ycnoBus (12.32), HaiinemM 3HaueHust (YHKIUU
pacnpenenenus crpoca (tadm. 12.7).

Ta0mma 12.7.

s|r|F(s) s | r|FGS) | s | r |[F(S) | s r | F(s)
0 |0 |0,00 50 5010,16 100 | 100 |0,86 150 150 (0,96
10 {10 |0,00 60 60|0,27 110 | 100 |0,84 160 160 |0,97
20 |20 (0,01 70 70(0,39 120 | 120 |0,89 170 170 0,98
30 {30 (0,03 80 300,53 130 | 130 |0,92 180 180 10,99
40 (40 10,08 90 901|0,76 140 | 140 |0,94 =190 | =190 [1,00

Yenosuio (12.43) ynosnersopsier Sy = 120, u6o F (120) < 0,905 < F (130).

Takum oOpa3om, ONITUMAJIBLHBIA 3amac ToBapa 3a 7 JAHEW JOJDKEeH ObITh Ha cymMMmy 120 neH.
el., OTKyla ONTUMAalbHBIH O0bEM 3aKa3aHHOrO ToOBapa Ha CeAbMOH JeHb 10

(12.44) coctaBur: 0;=120-(10+(10+20+10+10 + 20 +10)) =30 nen. en. »

CnezLyeT OTMCTHUM, YTO HaWTU aHAJIMTHYECKH OIITHMAJIbHBIC 3HAYEHMS TOUKM 3araca SO u

oObema maptuu N ymaeTcst TOJBKO B OTHOCUTEIBHO HPOCTHIX ciydasx. Eciu ke cucrema Xxpa-
HEHMS 3allaCcOB HMMEET CIIOKHYK CTPYKTYpY (MHOrO BHIOB XPaHUMOM NPOAYKLHH,
uepapxuyeckas CHUCTeMa CKJIaJ0B), HUCIOJIb3yeMble CTOXaCTUYECKHE MOJIENU CIOKHBI, a UX
napaMeTpbl MEHSIOTCS BO BPEMEHM, TO €IMHCTBEHHBIM CPEACTBOM aHAIM3a TaKOW CHUCTEMbI
CTAHOBUTCS UMUMAYUOHHOE MOOEeUposaHue, TO3BOJIAIONIee UMUTHPOBATh ("MpoUrpeIBaTh") Ha
OBM ¢yHKUMOHMpOBAaHUE CHUCTEMBI, HMCCIEOys €€ IOBEJEHHE INPHU pPa3IUYHbIX YCIOBUSX,
3HAUEHUAX [1ApaMETPOB, OTPayKas UX CIy4alHbIN XapaKTep, U3MEHEHHE BO BPEMEHU U T.II.

Bomnpocsl 1i1st camonpoBepKu
Hepqu/ICJ'II/ITC OCHOBHBIC XapaKTCPUCTUKU MO,HCJICf/'I YIIpaBJICHUA 3aI1aCaMU.
I[af/iTe OMPCACIICHUA OCHOBHBIX XapaKTCPUCTUK MOJICJ'ICﬁ YIIpaBJICHUSA 3allacaMu.
3anuimTe YPaBHCHUC 3ariaca.
3anuimmTe Q)OpMYHy Han0ojIee SKOHOMUYHOIO 00heMa napTuu B CTaTHYECKOM ﬂeTepMHHHPOBaﬂﬂoﬁ
Mojienu 6e3 gedurmra.

el NS =
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SanuimmTe (opMyITy 3aTpaT Ha CO3IAHKE 3arlaca B CTATHYECKON AeTePMUHIPOBAHHOK MofeH 0e3
nedumura.

JamuimmTe (opMyITy 3aTpaT Ha XpaHEHHE 3a1maca B CTATHYECKOH IeTepMUHIPOBAHHON MojienH Oe3
nedumura.

JamuimTe (popMyTy MEHUMATBHBIX CYMMApHBIX 3aTpaT Ha CO3AaHNE 1 XpaHEeHNeE 3araca B
CTAaTHYECKOI IeTePMUHUPOBAHHOI Mozieny 0e3 aeduiura.

Jamumure GopmyIry BpeMEHH pacxo/ia ONTUMAalbHON MapTHH.

Jammmite Gopmyiy Hanbomee SKOHOMHIHOTO 00beMa APTUH B CTATHYECKON IETEPMUHUPOBAHHOI
MOJIENH C AeQUIIHTOM.

Jamumure GopmyIty 3aTpaT Ha CO3[aHUE 3a11aca B CTATHYECKOH IETEPMUHIUPOBAHHOM MOJIENH C
neQUIATOM.

Jamumure GopmyIty 3aTpaT Ha XpaHEHHE 3amaca B CTaTHYECKOH IeTEPMUHIUPOBAHHOM MOJIENH C
NeQUIATOM.

Jarmmmite Gopmyity 3aTpaT Ha mTpad 3a OTCYTCTBHE 3araca B CTATHYECKON IeTePMUHUPOBAHHOIM
MOJIENH C AeQHUITHTOM.

Jamumure GopMyIry MUHAMAIBHBIX CyMMAapHBIX 3aTpaT Ha CO3/IaHKe, XpaHEHHUe 3amaca 1 mrpad u3-3a
neduupTa 3amaca B CTATHYECKOH AeTePMUHUPOBAHHOM MOJIENH C I€(DULIUTOM.

UTo Takoe MI0THOCTh YOBITKOB M3-3a HEYJIOBJIETBOPEHHOIO CIPOCa.

Jamimute GopmyIy BpeMEHH MeKIy IOCTaBKaMH TapTHH.

Kax ompezienuTs onTHManbHBIHN 3amac B CTOXaCTHYECKOH MOJIENH MIPU I CKPETHOM CITyYaiiHOM
crpoce.

Kax ompezenTs ONTUMAbHBIN 3amac B CTOXaCTMYECKOH MOJIENH IIPU HETIPEPBIBHOM CITyYaiiHOM
crpoce.

Jamuimte (opMyiTy JUIA CpeHEro 3amaca, KOorja cIipoc He MPEeBOCXOAHT 3araca.

Jamuimte opMyiTy IS CpeHEro 3amaca, Korya cpoc NPeBOCXOUT 3a11ac.

Janumute GopMyTy CyMMapHBIX 3aTpaT B CTOXACTHYECKOM MOJIENN YIPABJICHHS 3allacaMy.

Kak onpenenuTs onTiManbHbli 3a1ac B CTOXaCTHYECKOH MOENH ¢ (PUKCHPOBAHHBIM BPEMEHEM
3a/IePKKH IOCTABOK.

Kaxk onpenenuts nomosHeHUe 3amaca B MOCIEIHAN TEPUO]] B CTOXACTHIECKOM MOJIENH C
(puKcUpOBaHHBIM BPEMEHEM 3a/I€PKKH I0CTABOK.
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