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Tema 1. OcHOBHBIE MOHATHS MATEMATHYECKOI0
MOAC/IUPOBAHUA B IKOHOMHUKE

1.1 Kparkuii ucropuueckuii 0630p

OKOHOMHKO-MaTEMaTUYECKUE METOAbl M MOJENM NPUMEHSIOT C LEIbI0  OTBICKaHUSA
HaWJIy4lIero penieHusi, TO €CTh pelIeHUsl, ONTUMAIBHOTO B TOM WJIM MHOM CMBICIIE (MAaKCUMyMa
WM MUHUMYMa).

CraHOBJIeHHE MaTEeMAaTUYECKMX METOJOB aHalIM3a M BBIPAOOTKU XO3AHCTBEHHBIX pEIICHUMN
KaK CaMOCTOATENIbHOM BeTBU MaTemMaTuky npousonuio B X VIII Beke.

Bo ®pannun ®@pancya Kens, Bpad 1 3KOHOMHUCT, NPEANPUHST OJHY U3 MEPBBIX MOMBITOK
SKOHOMHUKO-MATEMaTUYECKOr0 MOJEIMPOBAaHUS MeXaHW3Ma JBIKeHHs (QuHaHcoB. OH
MOCTPOWJI SKOHOMHUECKYIO TaOJIHILy, pacCCMaTPUBAIOILYI0 SdKOHOMUKY FOCY/1apCTBa KaK €AMHYIO
cuctemy. KeHs mnpuMeHun HIe0  KPOBOOOpAIEHHS YENOBEKa K  KPYrooOopoTy
SKOHOMMYECKHUX OTHOLICHUH.

Kapn Mapke, ucnons3ys tabmuubl Kens, BBen anreGpanueckue (Gopmyibl U MedTal
«BBIBECTH TJIaBHBIE 3aKOHBI KpU3HCOB». B paborax Mapkca BHepBble CAEIaHO MaTema-
TUYEeCKoe (popMaIM30BaHHOE OMMCAHUE MPOLIECCa PACIIMPEHHOTO BOCTIPOM3BO/ICTBA.

B 1838 rogy dpaniy3ckuii marematuk AHTyaH KypHo BeITycTmi kHHTY «VccnemoBanue
MaTeMAaTHYEeCKUX MPUHIUIIOB TEOpUU OorarcTBa». B Heil Obla BIEpBBIC MPEIOKEeHA
MareMaTh4ecKasi 3aBUCHUMOCTh COpPOCa M LEHbl ToBapa. OTH BEJIMYMHBI  CBS3aHBI
KO?((HUIIMEHTOM 3JIaCTHYHOCTH, KOTOPBIM MOKAa3bIBAET, KaK M3MEHSETCS CIPOC MPH POCTe
WA CHUKEHUU 1enbl Ha 1%. DyHKuMs crnpoca MO3BOJIMIA BCKPBITH PsiJl 3aKOHOMEPHOCTEM.
[IponaBars momopoke He Bcerda BBITOAHO. Bce 3aBUCHT OT Kodd¢uImeHTa 3IaCTUYHOCTH.
Cnopoc Ha TOBapbl, A1 KOTOPBIX OH OOJIbII€ €JUHUIbI, IPU CHUWIKEHUHU IIEHBI PAcTET TaK
OBICTPO, YTO OOIIast MPUOBLIb OT MPOJAKU YBEITHUNBACTCS.

B 1874 rony mBeinapckuii skoHoMucT JI. Bambpac BBen CTaTUCTHYECKYIO MOJIEINb
CHCTEMBbl JKOHOMHYECKOIO pAaBHOBECHUs, 3aT€M HTalbsSHCKHM d3KoHOomucT B. Ilapero
MPETI0KUIT MOJENb PACIIPEICIICHUS I0XO0A0B HACEICHUS.

Konenn XIX u nauamo XX Beka XapaKTepu3yeTcs 3HAUWUTEIbHOW aKTHUBHM3AIUMed padboT
Pa3BHUBAOIINX MATEMATHYECKHE METObI PEIICHUSI SKOHOMUYECKUX 3a/1ad. OHON U3 MEPBBIX
3a/1a4, PELICHHBIX HAa OCHOBE MAaTEMaTHYECKOro MOJX0Ja, SIBISETCS «3ajladya O 3€MJIEKOIE»,
chopmynmupoBannas @Dpenepukom Teimopom B 1885 romy. B 3amade TtpeboBanock
ONPENCIUTh ONTUMAJIBHYIO Pa30BYI0 MacCy MOAOUpaeMoOl 3eMiii, O00eCeuUBaIOIIyIO
MaKCUMyM o0beMa paboT 3eMJIeKora 3a JieHb. Eciu 3emiiekon 3a pa3 3abupaeT MHOTO 3€MJIH, TO
yCTanocTh ero ObIcTpo HapactaeT. Ecnm Opath 3a pa3 mano 3emid, TO Magaer ooumii o0bem
pabor.

CraHOBIEHME COBPEMEHHOIO MAaTEMATHYECKOro amnmapara ONTHMAJIBHBIX SKOHOMHUYECKUX
pemennii Hayanock B 40-e ronel, O6maromapst nepeiM paboram H. Bunepa, P. bennmana, C.
Jxoncona, JI. B. KantopoBuua.

B 1938 romy mepen nBamnarunstuietHuM mpodeccopom JII'Y Kanrtoposuuem JI. B. Oblna
MOCTaBJICHA 3a/1aua; KaK HAWIydIIMM 00pa3oM pactpeAeauTh paboTy BOCBMU CTaHKOB (paHEPHOTO
TpecTa IpH yCIOBUU, YTO U3BECTHA MPOU3BOJUTEILHOCTh KAXKIOTO CTAaHKA MO KaXJAOMY U3 ISITH
BUJIOB 00pabarbiBaeMbIX MarepuasioB. B 1939 roxy BblgarOmmiicss COBETCKHMN MaTeMaTHK H
OSKOHOMHUCT IYONIUKYyeT paboTy «MaTeMaTudeckrue METONbl OpraHu3allii W IUIAHUPOBAHUS
MPOU3BOJICTBAa», B KOTOPOM BIEpBbIe (POpMYNHUpYyeT 3aJady JUHEHHOro MpPOTrpaMMHPOBAHUS U
pa3pabarbiBaeT anroputm ee pemieHus. CoBMECTHO ¢ aMepHKaHCKUM yueHbM T. Kymmancom B
1975 rony JI. KanTopoBuu nonydaer HobOeneBckyro MpeMuio 3a BKJIaJ B TEOPUIO ONTUMHU3AINHT
pacnpeeseHus pecypcoB.
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Hcropudeckn o01mas 3aada JIMHEHHOTO MTPOrpaMMUpOoBanusi cTaBuTcs B 1947 romy Jlaniurom
Hx. u Bynom M. B nenapramente BBC CIHA. [anmurom mnpemiaractcs yHUBEpCAIbHbBIN
QJITOPUTM PELIEHMS 3a/1a4 JINHEHHOTO MPOrpaMMHUPOBaHMsI, HA3BaHHBIA UM CHUMILIEKC-METOIOM.
B 1941 roay Xwuukok u He3zaBucuMo oT Hero Kymeman B 1947 romy QopmynupyroT
TpaHCHOPTHYO 3a1ady, Cturnep B 1945 rony — 3amauy o nuere.

B 50-60-x romax mosiBISIOTCS 3HAYUTEIBHBIE pa0OTHI B 00J1aCTH YIKOHOMHKO-MATeMaTHIECKOTO
MOJIETMpPOBaHysl U y Hac, B ToM uucie: Kantoposuu JI. B. «DxoHOMHMYECKHIT pacueT HaWIydIIEro
uccienopanusa pecypcoB» (1959); Kanrtoposuu JI. B., T'aBypun M. K. «lIpumenenue
MaTeMaTH4YeCKUX METO/0B B BOIIPOCAX aHAIN3a IPy30MoTOKOB» (1949); padotsr HoBoxwuiosa B.
B. no ontumMansHOMY IJIaHHPOBaHUIO HapoaHoro xo3saictea. B 1960 r. akanemuk Hemunnos B.
C. mpu Hoocubupckom otaenennu AH CCCP cozmaer 1abopaToprio SKOHOMHUKO-MAaTEMAaTHIECKOro
MOJIETTMPOBAHMUSI.

1.2 MaTemaTnyecKkue MeTOAbI M MOAETUPOBAHNE YKOHOMUYECKHUX MPOIECCOB

TepMUH 5KOHOMUKO-MamemamuiecKkue Memoosl TTOHUMAaeTCs Kak 00001atoiiee Ha3BaHNe
KOMILJIEKCA YKOHOMUYECKUX U MAaTEeMaTUYECKUX HAYYHBIX NHUCLUMIUIMH, OOBEAUHEHHBIX IS
M3YUYEHUS] COUAIbHO-3KOHOMUYECKUX CUCTEM U MPOLIECCOB.

[Tox coyuanvHo-3KOHOMUYECKOU cucmemoti OyIeM MMOHUMATh CIO0KHYIO BEPOSITHOCTHYIO
TUHAMUYECKYI0O  CHCTEMY, OXBaThIBAIOIIYIO  MPOIECCHl  MPOU3BOJACTBA, OOMEHa,
pacnpenenieHuss U NOTpeOIeHUsI MaTepUaJIbHBIX U IPyTrux Oar.

OCHOBHBIM METOJIOM HCCIEOBaHUS CHUCTEM U TMPOLECCOB SIBIACTCA .Memoo
MoOlenuposanusi, T. €. CIHOCOO TEOPETHYECKOro aHalu3a W MPaKTUYECKOro IeHCTBUS,
HanpaBJICHHBINA Ha pa3pabOTKy M UCMOJIb30BaHKUE Mojienieil. [Ipu aTom o moodenvio Oynem
MMOHUMAaTh 00pa3 peaslbHOr0 00BEKTa (Tporecca) B MaTepUAILHON WM UACTbHON (hopme
(T. €. ONMUCAHHBIA 3HAKOBBIMH CPEJACTBAMH Ha KaKOM-JIHOO SI3BIKE), OTpaKaIoOIIUi
CYIIIECTBEHHBIEC CBOMCTBA MOJICIIMPYEMOT0 0OBEKTa (TIpoliecca) U 3aMeNIaloIuil ero B X01e
HCCIIEIOBaHUs U yIpaBlicHUs. B panbHelieM Mbl Oy/eM rOBOPUTH TOJBKO 00 AKOHOMHKO-
MaTeMaTU4YeCKOM MOJEIUPOBaHUM, T. €. 00 ONHCAaHUM 3HAKOBBIMH MAaTeMaTUYECKUMHU
CpEACTBAaMH COLMAJIbHO-OKOHOMUYECKUX cHucTeM. [lpakTuyeckuMu 3amadyaMu 3KOHOMHMKO-
MaTEMaTH4YECKOI0 MOJIEJINPOBAHUS SABIISIFOTCS:

* aHAJIN3 YKOHOMHYECKHUX OOBEKTOB U MPOIECCOB;
* IPOrHO3UPOBAHNE PA3BUTHS SJKOHOMUYECKHUX MTPOLIECCOB;
* BEIpa0OTKa YNPaBICHUYECKUX PEIICHUH Ha BCEX YPOBHAX XO3SHCTBEHHOM HMEpapXHu.

Cnenyer, OIHAKO, HMMETh B BHJAY, YTO JAJIEKO HE BO BCEX CJIydyasX JIaHHBIE,
MOJIyYE€HHBIE B pPE3yJbTaT€ >3KOHOMHMKO-MAaTEMAaTHUYECKOIO MOJEINPOBAHUSA, MOTLYT
HCTOJIb30BAThCA HEMOCPEICTBEHHO KaK TOTOBBIC yIpaBieHuUeckue pemeHus. OHU ckopee
MOTYT OBITb PACCMOTPEHBI KaK «KOHCYJIbTHPYIOIIHME» (coBeTyromue) cpenactBa. [IpunsTue
VIPAaBICHYECKUX PEIICHUI OCTaeTCsS 3a 4YeIOBEKOM. TakuM o00pa3oM, 3KOHOMHUKO-
MaTEeMaTUYE€CKOE MOJAECIUPOBAHUE SIBISETCS JIMIIb OJHUM M3 KOMIOHEHTOB (IIyCTh OYE€Hb
BaXXHbIM) B  YEJIOBEKO-MAIIMHHBIX CHUCTEMaxX IUJIAHUPOBAHUS U YHOpaBJICHUS
SKOHOMHUYECKHUMH CUCTEMaMHU.

BaxkHelmmM NOHATHEM NPU SKOHOMHUKO-MAaTEeMAaTHYECKOM MOJICIIMPOBAHUHU, KaK U MPHU
BCSIKOM MOJICJTUPOBAHUU, SIBJISIETCS] OHATUE A0E€KGAMHOCHMU MOOeu, T. €. COOTBETCTBUS
MOJICJIH MOJICTTUPYEMOMY OOBEKTY WIIM IMPOIECCYy MO TEM CBONCTBaM, KOTOPHIE CUHUTAIOTCS
CyLIECTBEHHBIMU [T HccaenoBanus. IIpoBepka aagekBaTHOCTH SKOHOMHUKO-MaTEMATHYECKUX
MOJIENICH SIBISIETCS BeChMa CEPhE3HON MPOOIeMOoi, TeM OoJiee, YTO ee OCIOXKHSET TPYAHOCTh
W3MEpEHUsT DSKOHOMHUYECKMX BenuuuH. OpHako ©0e3 Takoi MpOBEpKH IPUMEHEHHE
pe3yJIbTaTOB MOJEIIMPOBAHUS B YIPABICHYECKUX PELICHUSX MOXKET HE TOJIbKO OKa3aThCs
MaJio MOJIE3HbIM, HO U IPUHECTHU CYIIECTBEHHBIN BpE.
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B Hame Bpemsi 3KOHOMHMKO-MAaTeMaTHYECKOE MOJEIMPOBAHUE NPUMEHSIOT K HIMPOKOMY
KJIacCy 3aJad, CBA3aHHOMY CO CIJIOKHBIMHM OpPraHM3allMOHHBIMH CTPYKTYpaMH COBPEMEHHOMN
HKOHOMHKH. Harra ectecTBeHHas! CKJIOHHOCTh CTaBUTh U pelaTh MOI00HBIE 331a4H MPOSIBIISETCS B
BBIPKCHHSAX THIA «C HAMMEHBIIMMH 3aTpaTaMu», «MaKCUMaJIbHAS MTPHOBLIb», «ITOJHAS OTJaada»
u 1. n. Cioma oOTHOcATCS 3a7auu  HauOosiee H(PQEeKTUBHOrO YMIpaBleHUs MPEANPUSTHEM,
pacripeiesieHnsi PecypcoB, YIpPaBICHUS! TEXHOJIOTUYECKUMH MPOLIECCAMH, CO3/IaHUsI ONTUMAIIbHBIX
KOHCTPYKLIUH, YIPABJICHUS TPY30II0TOKAMH, IEPCOHAJIOM i MHOTHE JApPYyTHE.

OTH 3aa4u BO3HUKAIOT HE TOJIBKO B MPOMBIIUIEHHOCTH, HO M B TIOBCEJHEBHOM KHU3HU KAXKIOTO
yenoBeka. Hampumep, 3a1a4a nmporpaMMupoBaHust yTpeHHero ozieBanus. *) CremyeT BbIOpaTh Takon
BapUaHT TII0CJIEIOBATENbHOCTH OJEBaHUS — MPOrpamMMy, KOTOpasi IO3BOJHUT BBINOJIHUTH
OIpeIeTICHHBIE OIPAaHUYEHUS WK OOLIETIPHHATHIE MpaBwia. Ecnu mporpaMMa BKIIIOYAET IIECTh
MIPEIMETOB OJICXKbI: OOTHHKHM» HOCKH, OPIOKH, pyOaIlKy, TaJICTYK, MUIKAK » — TO MporpaMMma
— 11000 MOPAOK, B KOTOPOM MOKHO HAJI€Th 3TH MpeaMeTHl. Beero B 3ToM cityyae CyliecTByeT
6! = 720 pa3nmuuHBIX MporpamMMm. MHOTHME W3 HHUX HEIONMYCTHUMBI (HOCKH TOBEpPX OOTHHOK,
TaJICTYK MOJ PYOallIKy) W €ClIM WX OTOPOCUTH, BCE PABHO OCTAETCS HECKOJBKO JIOMYCTHMBIX
IporpaMM, KOTOpbIE HYKHO HccienoBarh. Kak ke BbIOpaThb OKOHYATENbHOE, ONTHMAIbHOE
petienue?

B oroii unmu mro0o#, apyrod 3amade; Tae HEOOXOIUMO aHAIM3UPOBATH BCE BO3MOXKHBIC
BapHaHThI PEIICHUH, U BbIOpaTh €AMHCTBEHHBIN, ONTUMAbHBIA, UMEETCS HEKash OCHOBHAS LIENb
(ueneBast (YHKIMS, KpUTEPUH KayecTBa), MO3BOJSIOIIAS CPaBHUBATh S(PQPEKTUBHOCTH 3THX
JOITYCTUMBIX BapHaHTOB (TIporpamM JAeucTBUii). Ecu Mbl MOXKeM yKa3aTh IeNeBYI0 (DYHKITHIO,
TO TE€M CaMbIM MOKEM BBIOpaTh U ONTUMAIBHYIO IIporpammy aeiictBuil. Eciu neneBas GpyHKIms
CBs3aHAa C 3aTpaTaMHd BPEMEHH, TO ONTHMajbHas MpOrpaMMa YTPEHHErO OJEBAaHUS: HOCKH,
pyoOarika, OpIOKH, TaJCTyK, OOTHHKH, NMUPKaK — MHUHUMH3UpPYET BpeMsl Ha ojeBaHue 0e3
HapylIeHUs OOIENpHUHATHIX orpaHndeHuii. Ho moxer ObITh BhIOpaHa W Jpyras LeseBas
GyHKLMSA, HAIpUMEp, MUHUMH3AIM YTPEHHErO IIyMa — KaK MOXHO MEHBIIE OTKpPHIBaTh U
3aKpbIBaTh ABepIbl U mKapuuku. Torna Oyaer u Ipyroe onTUMaNbHOE pElIeHHUE.

3a0auu mamemamuuecko2o NPOSPAMMUPOBAHUS CYUWECMBYIOM MOIbKO mMo20d, Ko2od
umeemcss MH020 OONYCHMUMBIX peuwleHull (no Kpaineu Mmepe, om 08yx u 6onee). Eciu
donycmumoe peuieHue eOUHCmeeHHoe, MO He B03HUKAem HUKAKOU HNpoOieMbl NO NOUCKY
peuterus.

HeontumansHoe perieHue 3TUX 3a7ad OPUBOJUT K M3JIMIIHUM 3aTpaTaM ChIpbs U BpPEMEHHU.
JlomycTuM, YTO TpPU HMHTYHTUBHOM paCHpeleNieHUu JioJeil Ha paboThl 3(h(HEKTHUBHOCTh UX
MCIOJIb30BaHUs 10 CPABHEHHUIO C ONTHUMAaJbHBIM BapHaHTOM, PAaCCUMTAaHHBIM Ha KOMIIBIOTEpE,
yxyamaercst Bcero Ha 3%. Ka3anocek Obl, 0ueHb HEOOMBIIAs MOTPEIIHOCTh, HA KOTOPYIO MOYKHO
U He oOpaTuTh BHMMaHHUA. Takas MOTrpemHOCTh O3Hadana Obl, HapUMEp, B TOHYAPHOM IeXe
MPONUTBIX BeKOB ¢ 30 pabOTHHKAMHU HETMONHYIO 3arpy3Ky B TE€UYEHHE pabodero JHS BCEro JUIIIb
OJIHOTO U3 HHUX. A B HAIIM JHH, €CIIM MPHUHATH YUCIIO 3aHATHIX B HAPOJHOM X03siiicTBe 60 MIIH.
YeNIOBEK» TaKasl JK€ MOTPEITHOCTh MOKET SIBUTHCSI IPUUMHON COKPAIEHUS YUCIIa pabOUuX MECT

IIOYTH IJIA 2 MITH. YeJIOBEK.
1.39Tanbl MaTeMaTHYeCKOT0 MOAETMPOBAHUS

BrimenuM mecTh OCHOBHBIX 3TanmoB DMM: mocTaHOBKAa SKOHOMHUYECKOU MPOoOIeMbl, ee
KAauUeCTBEHHBIN aHalu3; MOCTPOCHUE MaTEeMaTHYEeCKOW MOJEIW; MaTeMaTH4YECKHWU aHau3
MOJIEJIH; MOJATOTOBKA MCXOTHON WH(OpMAIUU; YUCICHHOE pPEIICHUE; aHAIN3 YHCICHHBIX
pe3yabTaToOB U UX MPUMEHEHHE. PaccMOTpUM Ka)XIbIi 13 3TanoB 0oJiee moapoOHO.

1. IlocTaHOBKA 3KOHOMHUYECKOH NMPo0/1eMbl M ee KauecTBeHHbINH aHaau3. Ha sTom stamne
TpebyeTcsi chOpMyIHPOBATh CYIIHOCTh MPOOJIEMBI, MPUHUMAEMbIE MPEANOCHUIKA U JIOMY-
meHuss. HeoOXoauMoO BBIIENNUTH BaKHEMIINE 4YepThl U CBOWCTBA MOJEIMPYEMOTO OOBEKTa,
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U3YUYUTh €r0 CTPYKTYPY M B3aUMOCBSI3b €r0 3JIEMEHTOB, XOTS OBl MpeIBapUTEIbLHO
copMyIHPOBATH TUIIOTE3bI, OOBICHSIONINE TOBEACHUE U pa3BUTHE O0BEKTA.

2. ITocTpoeHHe MaTeMaTH4YecKOl Mojeau. JTo 3Tan (popmanu3anuu 3KOHOMUYECKOMH
MpoOaeMbl, T. €. BBIPAXKEHHUS] €€ B BHUJIE€ KOHKPETHBIX MaTEeMaTUYECKUX 3aBUCHMOCTEH
(¢pyHKIHMi, ypaBHEHUN, HEPABEHCTB U Jp.). JKenaTtelbHO NOCTPOUTH MOJIEb, OTHOCSIIIYIOCS
K XOpOIIO H3YYEHHOMY KJacCcy MaTeMaTH4YeCKHX 3ajad, YTO MOXeT MoTpeboBaTh He-
KOTOPOT'O YIPOILEHUS UCXOIHBIX MPEANOCHIIIOK MOJIENIH, HE MCKAXAIOIIETO OCHOBHBIX YEPT
MoJienupyeMoro oowrekta. OgHaKo BO3MOXKHA M Takas CUTyalus, Korjaa ¢opMaiu3anus
po6JIeMbl MPUBOAUT K HEU3BECTHOW paHEee MaTEMAaTHYECKOU CTPYKTYpE.

Jnsg  HEKOTOPBIX  CJHOXHBIX OOBEKTOB  I1€JIeCOOOpa3HO  CTPOUTH  HECKOJIbKO
Pa3HOACHEKTHBIX MOJEJNIEH; IMpH STOM Ka)Jash MOJENb BBIACIAET JHUIIb HEKOTOpHIE
CTOPOHBI 00BEKTA, a IPYrUe CTOPOHBI YUUTHIBAIOTCSI arpETUPOBAHHO U TPUOJIMKEHHO.

3. Maremarnueckuii aHaau3 Mmojeaud. Ha sTomM »3Tame 4YMCTO MaTreMaTUYECKUMU
MprUeMaMH HWCCJICIOBAaHUS BBIABIIAIOTCS OOIME CBOWCTBA MOAECIU M €€ pemieHuil. B
YaCTHOCTH, BaXKHbIM MOMEHTOM SIBISIETCA JOKa3aTeJbCTBO CYILIECTBOBAaHMUS PELICHUS
copmynupoBanHoi 3amaud. Ilpu  aHAIUTHUYECKOM  HMCCIIEOBAHUU  BBISICHSETCS,
€IMHCTBEHHO JIM PELIEHHUE, KaKUe IEPEMEHHBIE MOTYT BXOJUTh B PEIIEHHUE, B KAKUX Ipe-
Jleax OHM HW3MEHSIOTCS, KAKOBBI TEHIACHUIMM HMX M3MEHEeHus M T. O. OmgHako Monaenu
CJIO’KHBIX 9KOHOMHUYECKHUX OOBEKTOB C OOJBIINM TPYAOM MOAAAIOTCS aHAIUTHYECKOMY HC-
CIIEJOBAHUIO; B TAKUX CJIy4dasX NEPEeXOAAT K UMUCICHHBIM METOJaM UCCJIEJOBAHUSL.

4. IToaroroBka ncxoaHoi nHpopmManuu. B skoHOMHUYECKHX 3aJadyax 3TO, KaK IPaBUIIO,
HauboJiee TPYIOEMKHIl dTal MOJEIMPOBAaHUS, TaK KaK JIeJI0 HE CBOJUTCS K MMACCUBHOMY
cOopy maHHBIX. MaTeMaTH4eCcKOe MOJEIMPOBAHMUE TMPEIBSBISACT KECTKHE TpPeOOBaHHS K
BXOJHOM HMHGpOpMaIUM; MPH 3TOM HAIO NMPUHUMATh BO BHUMAaHHE HE TOJBKO MPUHIMIHATILHYIO
BO3MOYXHOCTh TOJTOTOBKM HMH(pOpManuu TpeOyeMOoro KadecTBa, HO W 3aTpaThl Ha IOATOTOBKY
MH(POPMALMOHHBIX MAacCUBOB. B mporiecce moaroroBku HHGOpMaIMY UCHOJIB3YIOTCSI METO/IbI TEOPUN
BEPOSATHOCTEH, TEOPETUYECKOH M MAaTeMaTW4YeCKOW CTaTUCTUKH Uil OpraHU3alMyd BBHIOOPOYHBIX
o0clieZIoBaHMi, OLIEHKM JOCTOBEPHOCTH JaHHbBIX W T.A. llpu CHUCTEMHOM 3KOHOMMKO-
MaTeMaTHYeCKOM MOJCIUPOBAHUM PE3yIbTaThl (PYHKIIMOHUPOBAHMS OIHHUX MOJIENCH CIryKat
WCXOHOU MH(pOpMaLen s APYTUX.

5. HUucieHHoe perieHre. DTOT 3Tal BKIIOYAET pa3pabOTKy ajJrOpUTMOB YUCIEHHOTO PEIICHUs
3a/layu, TOArOTOBKY IporpaMMm Ha OBM u HenocpeACTBEHHOE MPOBENCHUE PACUYETOB; MPU 3TOM
3HAYMUTENbHBIE TPYIHOCTH BBI3BIBAIOTCS OOJIBIION PAa3MEPHOCTBIO SKOHOMHUYECKUX 3amad. OObIMHO
pacueTbl Ha OCHOBE SKOHOMHUKO-MAaTEMATUYECKOHM MOJIENH HOCAT MHOTOBAPMAHTHBIA XapakTep.
MHOrouucineHHbple MOJEIbHBIE SKCIEPUMEHTBI, W3yYEHHE IOBEIEHHUS MOJEIN IPU pa3IndHbIX
YCIIOBUSIX BO3MOXKHO TPOBOJUTHL OJaromapsi BBICOKOMY OBICTPOJICHCTBHIO COBpeMEHHBIX DBM.
UucneHHOE pelIeHue CYIIECTBEHHO JIONOMHSET PE3YNbTaThl aHATUTUUECKOTO UCCIIEA0BAHMS, a JJIs
MHOTHX MOJEJIEH SIBISETCS €IUHCTBEHHO BO3MOKHBIM..

6. AHa/IN3 4YHMCJICHHBIX pe3yJbTaTOB M HX npuMeHeHue. Ha sToM sTame npexie Bcero
penaeTcsi BaXHEHIIMM BOMPOC O MPABWIBHOCTH U IOJIHOTE PE3YJIbTAaTOB MOJAEIUPOBAHUS M
IPUMEHUMOCTH UX KaK B IPAKTHUYECKOM NEATEIBHOCTH, TaK U B LEISIX YCOBEPIIEHCTBOBAHUS
mozenu. [ToaToMy B mepByro ouepenb J0JKHA ObITh MPOBEICHA MPOBEPKA aIeKBATHOCTH MOJIENU
[0 TEM CBOWCTBAaM, KOTOpbIC BBHIOPAHBI B KAYECTBE CYIIECTBEHHBIX (IPYTUMHU CIOBAMH, JIOJDKHBI
OBITH [POM3BECHE! BEPU(HKALMS ¥ BAMIAIs Moaenn) . [[pUMEHEeH e YNCICHHBIX Pe3yIbTaToB
MOJIEIMPOBAaHUSI B OKOHOMMKE HAIPAaBIEHO HA pELIEHUWE NPAaKTHMYECKUX 3a1ad  (aHaIu3
SKOHOMHUYECKHX OOBEKTOB, SKOHOMHUYECKOE NMPOTHO3UPOBAHME PA3BUTHUSL XO3AHUCTBEHHBIX U
COIMAIBHBIX MPOIIECCOB, BRIPAOOTKA YIPABICHUYECKUX PELICHU Ha BCEX YPOBHSIX XO3AHCTBEHHOM
Hepapxumn).

' Bepuchurayus monenn — npoBepka TIPaBHIBHOCTH CTPYKTYPbI (JIOTHKH) MOIEIN; 8anuOauus
MO/JIENT — TPOBEPKa COOTBETCTBUS JAHHBIX, OTYUYEHHBIX HA OCHOBE MOJIENH, PEATbHOMY ITPOLIECCY.
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[lepeuncneHnbie 3Tanbl 3KOHOMHMKO-MAaTEMAaTHYECKOT0 MOJEIMPOBAHHS HAXOIATCS B TECHOU
B3aMMOCBSI3H, B YaCTHOCTH, MOTYT MMETh MECTO BO3BPaTHBIC CBSA3M ITamoOB. Tak, Ha 3Tame Io-
CTPOCHHMS MOJIETTM MOJKET BBIACHUTHCS, YTO IIOCTAHOBKA 3aJaud WM TNPOTHBOPEYHMBA, WU
NPUBOANT K CIUIIKOM CIIOXKHOM MAaTreMaTHYeCKOW MOJENH; B OSTOM CiIydae HCXOIHas
MIOCTAaHOBKA 3aJa4M JOJDKHA ObITh CKOppekTHpoBaHa. Hanbosee yacTo HE0OX0MMOCTh BO3BpaTa K
HPEIIECTBYIONMM 3TallaM MOJICTMPOBAHUS BO3HMKAET HA JTame IOATOTOBKH HCXOTHOM
uHpopmarun. Ecnun HeoOxonumass MHpOpMAIMS OTCYTCTBYET WIJIM 3aTpaThl HAa €€ IMOJITOTOBKY
CITHIIIKOM BEJIMKH, TIPUXOIUTCS BO3BPAIAThCS K ATaraM IMOCTAHOBKHU 3a/1auul U ee (hopMann3anuy,
YTOOBI IPUCTIOCOOUTHCS K JTOCTYITHON UCCIIEA0BATEIO HH(OPMAIIUH.

1.4 Knaccudpuxkanus MaTeMaTHYeCKUX MojeIeil

Beiiensior cieayromue Npu3Haky KIIacCU(DUKAIINHT, WIH KJIACCH(PUKAITMOHHBIC PYOPHKH.

[To obmemMy 1eneBOMY HAa3HAYEHHIO OSKOHOMHUKO-MAaTeMAaTHYECKUE MOICIH

JEJIATCS Ha mMeopemuKko-aHaiumuieckue, UCroab3yeMble TTPU U3YYCHHH OOIIMX CBOWCTB U
3aKOHOMEPHOCTEH SKOHOMHUYECKHX MPOIECCOB, U HPUKIAOHble, TIPUMEHSEMbIE B pELICHUU
KOHKPETHBIX SKOHOMHUYECKHUX 3aj]a4d aHaIM3a, IPOTHO3UPOBAHKS M YIIPABJICHUA. Pa3uuHbIe
THUIIBI HpI/IKJ'IaZ[HBIX SKOHOMHKO-MATCMAaTHUYCCKHUX MOI[CJ'ICI\/JI KakK pa3 nu paCCManI/IBaIOTCH B
JTAHHOM Y4e€OHOM MOCOOUH.
HO CTCIICHUAU ar p cru p OBaAaHUA O6’bCKTOB MOI[CJ'II/IpOBaHI/ISI MOICIIN pa3£[en51}0Tc;1
Ha MAaKpOIKOHOMUUECKUE U MUKPOIKOHOMUYeCKUe. XOTS MEXKIY HUMH M HET YEeTKOro pas-
l"paHI/I‘-ICHI/ISI, K HCpBBIM U3 HHX OTHOCAT MOACIINU, OTpa)KaIOH_II/IC Q)yHKHHOHI/IpOBaHI/Ie
9KOHOMHKH KaK €IMHOIO IIEJIOr0, B TO BPeMsl KaK MHUKPOIKOHOMHYCCKHE MOJICITH CBS3aHBI, KaK
NPaBUJIO, C TAKUMU 3BEHBSIMH SKOHOMUKH, KaK TPEANPUSATHS U (PUPMBIL.

[To KOHKpPETHOMY NMpeJAHA3HAYCHUIO, T. € IO IEJIU CO3JaHHS W MPUMCHEHHUS,
BBIJICTISIIOT OA/IAHCO8ble MOJICIH, BRIPAKAIOIINE TPEOOBaHNE COOTBETCTBHS HAIMYUS PECYPCOB U
UX UCIOJIb30BAHUS;, MpeHO06ble MOJICIH, B KOTOPBIX PAa3BUTHE MOJACITUPYEMOH 3KOHOMHYCCKOM
CUCTEMBI OTpa)kaeTCs 4epe3 TPeHH (UIMTEIbHYIO TCHICHIIMIO) €€ OCHOBHBIX ITOKa3aTeNeid; on-
MUMU3AYUOHHbIe MOJICIH, TPeTHA3HAYCHHBIC JUIS BBIOOpAa HAWJIYYIIETO BapuaHTa U3
OTPEJENICHHOT0 4YWCJIa BapHaHTOB MPOM3BOJCTBA, paclpelesieHUs] WIM HOTPeOJICHHS;
UMUMAYUOHHbIE MOJCH, TIPSJAHA3HAYCHHBIC I HWCIOJB30BaHHMS B IPOIECCe MAIMHHON
nMurTalmn I/I3y‘-IaeMLIX CUCTEM UJIN HpOHeCCOB n I[p.

[To Tuny wHbGOpPMANHUU, HCIOIL3YEeMOH B MOJCIH, SKOHOMHKO-MATEeMAaTHYCCKUE
MOJIETIH ICTISITCS Ha aHaiumu4eckue, TOCTPOCHHBIE HA allpHOPHON MH(POpMAIUH, U uoeHmugu-
yupyembvie, TIOCTPOSHHBIE HA alIOCTEPUOPHON HHPOPMAITUH.

[loydyeTy pakTopa BpeMEHH MOJICIH IMOAPA3ICIIIOTCS HA crmamuyecKue, B KOTOPhIX
BCE 3aBHCHMOCTH OTHECEHBI K OJIHOMY MOMEHTY BPEMEHH, U OuHaMuueckue, OTHCHIBAIOIINE
SKOHOMHUYECKUE CUCTEMBI B PA3BUTHH.

[lo yuery ¢akTopa HEONpPEeAEICHHOCTH MOJCIH pACIMANaOTCA  Ha
JemepMUHUpPOBanHvle, €CIIM B HHUX PE3yJdbTaThl HA BBIXOJE OJHO3HAYHO OMPEICIISIOTCS
VIPABJISIOIIAMHA BO3JICUCTBUSAMU, M crmoxacmuyeckue (BEpOSITHOCTHBIC), €CITU TIPH 3aJaHHH HA
BXOI€ MOICIIN OHpQI[CHCHHOﬁ COBOKyHHOCTI/I 3Ha‘-IeHPII>i Ha €€ BbIXOAC MOI‘yT HOJ'Iy‘-IaTBCSI
pa3IMYHBIC PE3yJIbTaThl B 3aBUCUMOCTH OT JICHCTBUS CIIyYaifHOTO (hakTopa.

DKOHOMHUKO-MAaTEeMaTUYECKUE MOJEIM MOTYT KIacCH(PUIMPOBAThCS TakkKe MO THUIMY
MaTeMaTHYEeCKOTO almapara, HCIOIb3yeMOro B Mojeiau. Ilo 3TomMy mnpu3HaKy
MOTYT OBITh BBIICTICHBl MAmMpuyHvle MOACTU, MOACITU JUHEUH020 W  HeNUHEUHO20
HPOCPAMMUPOBAHUSL,  KOPPEISYUOHHO-PEe2PECCUOHHble MOJICTH, MOJCIH  Meopuu  Macco8020
00CIyHCUBAHUS, MOJICTTH Cemeso20 NJIAHUPOBAHUS U YIPAGIeHUsl, MOICTN meopuuy uep m T.1.

Hakorer, mo Ty mMOAXO0Ja K U3y4aeMBbIM CONHAJIbHO-3KOHOMHUYECCKHM
CUCTEMAaM BBUICTSIOT OecKpunmuenvle W Hopmamuehvie Mojenu. [Ipu IecKpUNTUBHOM
(ommcaTeIbHOM) TIOJIXOJIE TTOYYAr0TCs MOJICIH, MPSTHA3HAUYCHHBIC JIJI ONMUCAHUS U OOBSICHCHHS
(baKTI/I‘IeCKI/I Ha6J'IIO,Z[a€MBIX HBJ’ICHI/Iﬁ WIIN OJIA HpOI‘HOBa OTUX HBJ’ICHHﬁ; B KAa4CCTBC HpHMepa
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JECKPUNTHBHBIX MOJEJICH MOXHO IPUBECTH Ha3BaHHbIC paHee OATaHCOBBIE M TPEHIOBbIE MOICIH.
IIpn HOpPMaTMBHOM MOIXOJE HMHTEPECYIOTCS HE TeM, KakuM 00pa3oM YCTpOEHa U DPa3BHBAETCS
HKOHOMHYECKAs CHCTEMa, a KaK OHa JIOJKHA OBITh YCTPOEHA U KaK J0JDKHA IeUCTBOBATH B CMBICIIE
OIPEe/ICNICHHBIX KpUTEepHEB. B 4acTHOCTH, BCe ONTUMU3ALMOHHBIE MOJENHM OTHOCSTCS K THILY
HOPMATHBHBIX; APYTMM IPUMEPOM MOTYT CIIY’KUTh HOPMATUBHBIE MOJICTTH YPOBHSI KH3HH.

PaccmorpuM B KauecTBe NpHUMeEpa SKOHOMHMKO-MATEMAaTHYECKYIO0 MOJENb MEKOTPAcIeBOro
6ananca (OMM MOB). C ydeTom npuBeIeHHBIX BBIIIE KIACCU(PUKAIIMOHHBIX PYOPUK 3TO MPHUKIIa-
Hasl, MAKpO’KOHOMMYECKas!, IECKPUIITUBHAS, A€TEPMHUHUPOBAHHAs, OalaHCOBAs, MATPHYHAS MOJIENb;
IPU ATOM CYILECTBYIOT KaK CTaTUYECKHUE, TaK U JuHaMuueckue OMM MOB.

Bomnpocs! Aj1s1 camonipoBepKu

YTo noHMMaeTcs MoJ] MaTeMaTHYeCKUMU METOJaMH B 3KOHOMUKE?

Urto Takoe conuaabHO-3KOHOMUYECKas cuctema?

[lepeuncnure 3aauu MaTEMaTHUYECKOTO MOJICITUPOBAHUS B 9KOHOMUKE.

Urto Takoe aJeKBaTHOCTh MOJIETH !

UTo Takoe ONTUMAJIBHOE pelIeHHE?

Hepqu/IC.HI/ITe OCHOBHBIC 3Tallbl MATCMATHYCCKOI'O0 MOJCINPOBaHUA.
[lepeuncnure OCHOBHBIE MPU3HAKU KJIACCU(PUKALIMKA MAaTEMAaTHYECKUX MOJIEIIEH.

Nk —
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Tema 2. Moaesn npou3BoaACTBA

2.1 IlpousBoacTBeHHbIE (PYHKIIUU

2.1.1 [lonsiTHe NMPOU3BOACTBEHHOM (PYHKIUM OTHOM MepeMeHHOH

[TpousBoacTBeHHast (GYyHKIUS - 3TO (QYHKIMS, HE3aBUCUMasl MEPEMEHHAsi KOTOpOW MPUHHUMAET
3HAUCHUs] OOBEMOB 3aTPayMBaEMOr0 WIIM HCIOJIB3yeMOro pecypca ((aktopa MpOM3BOACTBA), a
3aBUCHMasl IepeMEHHas - 3HaYeHUsI 00bEMOB BBIITyCKaeMOM MPOAYKIIUU

y=1(x) @2.1)

B gopmyne (1) X (x=20) u y (y=0)— uncnossie Bemuumnsl, T.e. Y = (X) ects Qpynxims
OJHOW TmepeMeHHOW X. B cBmu ¢ stuM mnpousBoicTtBeHHas (yHkuus (I1D) nHazpBaercs
onHOpecypcHOH wim ogHodakTopHOi 1D, ee 06macTh onpeneneH s - MHOYKECTBO HEOTPHIIATEIbHBIX
neiicTeutenbHbX uncen (T.e. X = 0). 3amucs Y =1 (X) osnaugaer, 4to ecnm pecypc 3aTpaunBaeTcs

WM UCIIONB3YeTCsl B KOMMYECTBE X €AMHMIL, TO MPOAYKLHS BBITYCKAETCs B KOJIMYECTBE Y = f(x)
equauil. [1® 3amaerca ¢ TOYHOCTBIO 0 TapaMeTpoB. bosiee MpaBUIBLHOW SABIISETCS CHUMBOJIMKA

y =f(X, a), e a — Bektop napamerpos I1D.
ITpumep 1. Bozemem I1® B Buge f(X)= axb, rae X - BeJIMYMHA 3aTPAauyrBacMOro pecypca

(Hanpumep, pabodero Bpemenn), f(X) — oObeM BbIMycKacMOW TIPOAYKIMH (HAIPHMED, YHCIIO

TOTOBBIX K OTHPAaBKe XONOAWILHMKOB). Bemmumnbl @ n b — mapamerper II®. 3nece @ n b -
TIOJIOXKUTENbHBIE yucia 1 umciio b < 1.

I"'paduk mpousBoaCTBEHHON QyHKIIMH Y = axb n300pakeH Ha puc. 2.1.

v

X, X, +1 x, x, +1

Puc. 2.1

Ha rpadguke BUIHO, YTO C POCTOM BEMYHMHBI 3aTPaYMBAEMOro pecypca X 00beM BBITyCKa y
pacTeT, OlHaKO MpH ATOM KakZasl JTONOJHUTENIbHAS €UHULIA pecypca JaeT BCE MEHBIINHA IPUPOCT

o0beMa y BbIlTyckaeMoil npoayKiuu. OTMedeHHOe 00CTOSTENBCTBO (POCT 00beMa Yu YMEHbILICHHUE
npupocta o0beMa y € pOCTOM BeIMYMHBI X ) oOTpaxaeT (yHAaMEHTAILHOE TMOJI0KEHHE
SKOHOMHMYECKOM TEOpUU (XOpOLIO TMOIATBEPKIAEMOE MPAKTUKOM), Ha3bIBAEMOE 3aKOHOM
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. b
yobBatomelt  addexruBHoctu. 1D y =ax ™ sBmsieTcs TUIMYHBIM IIPEICTABUTENIEM IMPOKOIO

Ki1acca 0fHO(paKkTopHbIX [1D.
[1® moryt umers pasHble 001aCTH UCHONIB30BaHus. [IpuHIUI "3aTpaThl - BHITYCK' MOXET ObITh
pealn30BaH Kak Ha MHKpPO-, TAK M Ha MaKpOIKOHOMHUYECKOM ypoBHe. CHadana OCTaHOBUMCS Ha

b
MUKPOIKOHOMHUUECKOM ypoBHe. [Id y =ax ~, paccMOTpeHHas! BBILIE, MOXKET ObITh UCIIONB30BAHA
JUISL OTIMCAHUS B3aMMOCBSI3U MEKAY BEJTMUMHOM 3aTpaurBacMOro WM UCIOJIB3YEMOro pecypca X B

TEUEHHE T0Jla Ha OTIEIBHOM MpeanpHusITui ((pupMe) U TOIOBBIM BBITYCKOM HPOTYKIIUH Y sroro
npeanpustus (pupMel). B pormu MpoW3BOACTBEHHOM CHUCTEMBI 3/€Ch BBICTYNACT OTICIHLHOE
npennpuatie (pupma) - nmeeM MUKpodIKoHOMHuYecKyto [1d (MUIID). Ha MUKpO3KOHOMHUYECKOM
YPOBHE B POJIM MPOU3BOJACTBEHHON CHCTEMBI MOYKET BBICTYIIATh TaKXKe OTPACib, MEXKOTPACIIEBOU
IIPOU3BOJACTBEHHBIN KoMILIekC. MUIID cTposiTes 1 UCIOIb3yr0TCs B OCHOBHOM JUIS PELICHHUS 3a1a4
aHaJIM3a U TUIAHUPOBAHUS, a TAKXKE 33]a4 IPOTHO3UPOBAHMSL.

[1® moxer ObITH HUCHOJNB30BaHA JUIS OMMCAHUS B3aMMOCBSI3U MEXIY TOJOBBIMHU 3aTpaTaMu
TpyJa B Maciitabe pernoHa WM CTPaHbl B LIEJIOM U TOJOBBIM KOHEYHBIM BBITYCKOM MPOTYKLIUH
(MM TOXOJIOM) 3TOTO PETMOHA WM CTPaHbI B IIEJIOM. 34ECh B POJIA MPOU3BOJCTBEHHOW CHUCTEMBI
BBICTYIIACT  XO3SIICTBEHHAs CHCTEMa pETMOHA WJIM CTpaHbl B LEJIOM, T.€. HMEEM
MAKpOIKOHOMUYECKUti YpOBeHb U MakposkoHomudeckyio 1O (MAIID). MAII® crposrcs u
AKTUBHO HCHOJB3YIOTCS JUId pEIICHUs BCEX TPeX THUIIOB 3ajad (aHanu3a, IUIAHUPOBAHUS U
IPOTHO3UPOBAHMSA).

TouyHO€ TONKOBAHUE MOHITHIA 3aTPAaYMBAEMOro (WM HUCIIOJIB3YEMOI0) pecypca U BBITYCKaeMOU
NPOMYKIIMK, a TaKKe BBHIOOp EIWMHHII WX HW3MEPEHHsl 3aBHCAT OT XapakTepa M MaciTada
MIPOM3BOJICTBEHHOM CHCTEMBI, OCOOCHHOCTEH pemaeMbIx (¢ momorbio [1d) 3amau (aHATMTHYECKHX,
TUTAHOBBIX, TPOTHO3HBIX ), HAJTMYMS UCXOAHBIX JaHHBIX. Ha MUKPO3KOHOMUYECKOM YPOBHE 3aTpPaThI
Y BBIIYCK MOT'YT U3MEPATHCS KaK B HATYPAIbHBIX, TAK U B CTOMMOCTHBIX €IMHUIIAX (MIOKA3aTeNsX).
l'omoBeie 3arpaThl Tpyaa MOTYT OBITh M3MEPEHBI B YENOBEKO-dacax (00bhEeM YEeIOBEKO-4acoB -
HATYpaIbHBIM TIOKa3aTedb) WIM B PyOIsSX BBIIAYCHHOW 3apabOTHOM IUIaThl (€€ BEMUYMHA -
CTOMMOCTHBIH TTOKA3aTellb); BBITYCK MPOIYKIIMU MOXKET OBITh MPE/ICTABIIECH B MITYKaX WIX B APYTUX
HaTypaJIbHbIX €IMHULIAX (TOHHAX, METPaXx M T.I1.) WX B BUIE CBOEH CTOUMOCTH.

Ha MakposkOHOMHYECKOM YpOBHE 3aTparThl M BBITYCK HW3MEPSIIOTCSA, KaK MpaBUiIo, B
CTOMMOCTHBIX IOKa3aTesIX W MPEACTaBISIIOT COOOM CTOMMOCTHbBIE (LIEHHOCTHBIE) arperatbl, T.e.
CYMMapHbIe BEJTMUUHBI MIPOU3BECHUI 00hEMOB 3aTPaYNBAEMBbIX (MU UCIIONIL3YyEMbIX) PECYPCOB U
BBIITYCKa€MbIX IPOTYKTOB HA UX LICHBI.

2.1.2 IlponsBoacTBeHHast PYHKIUSI HECKOIBKHX IepeMeHHbIX

[TpousBoacTBeHHass (YHKIMS HECKOJBKUX TIEPEMEHHBIX - 3TO (YHKLUS, HE3aBHCUMbIE
IIEPEMEHHBIE  X],...,X;; KOTOPOM IPUHMMAIOT 3HAYCHHs OOBEMOB 3aTPAYMBACMBIX HIIH

UCIIOJB3YEMBIX PECYPCOB (YMCIIO MEpeMeHHBIX 11 paBHO 4MCIly pecypcoB), a 3HaueHUe (PyHKIMH
UMEET CMBICIT BEJIMUMH 0OBEMOB BBIITYCKa:

y=f(x)=1f(x1,....xp) 2.2)

B dopmyse (2) y (y 20) — ckansipasi, a X — BeKTOpHAsi BENIMYMHA, X1 ,..., X — KOOPAUHATHI
Bektopa X, T.e. f(X{,...,X,;) ecTb uncioBas (YHKIHMS HECKOJIBKHX (MHOTHX) MEPEMCHHBIX
X{5-+es Xq - B cBsi3u ¢ o1m I1D (X 7,...,X ;) Ha3bIBAtOT MHOTOPECYPCHOM MM MHOrO()aKTOPHOI

T1®. Jlst mHOrodakTopHoit [T Taxxke ucrons3yercs cumBoimka f (X{,...,Xp,a), r1e @ — BeKTOp
niapameTpoB [ 1D.
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ITo 5KOHOMUYECKOMY CMBICTY X | > 0,...,Xn > (), cnemoBarenbHO, 00NACTBIO ONpPEIEIEHHUS

MHOrogakTopHoi I1® gBIsgETCS MHOKECTBO N-MEPHBIX BEKTOPOB X, BCE KOOPIMHATBI X1{,..., Xy

KOTOPBIX HEOTPHULIATEIIbHBIE YUCIIA.

Jnst otnensHOrO mpeanpusaTus (GUpMbI), BBITYCKAIOIIETO0 OJHOPOIHBINA NpoaykT, [1D moxer
CBA3bIBaTh 00BEM BBIITYCKA (B HATYPAIbHOM WJIM CTOMMOCTHOM BBIPQ)KEHUH) C 3aTpaTaMH paboyuero
BPEMEHM 10 pA3IM4YHbIM BHJIAM TpPYAOBOW JAEATENBHOCTH, PpA3IWYHBIX BHJOB  CBIPb,
KOMIUIEKTYIOUIMX W3/IENH, SHEPIUH, OCHOBHOIO KaluTajda (M3MEPEHHBIX OOBIYHO B HATypaJbHBIX
enuHuUIax). [1® Takoro Tuna xapakTepusyroT JEHCTBYIOIIYIO TEXHOJIOTHIO IPEANPUATHS ((PUPMBI).

IIpu noctpoennn [1® g1 pervoHa WM CTpaHbl B 1EJIOM B KAueCTBE BEJIIMYMHBI T'OJOBOTO
BBIIIYCKa Y 4aie 0epyT COBOKYIHBIN MPOIYKT (JI0XO/) PErMOHA UM CTPaHbl, UCUUCIIAEMbIH OOBIYHO
B HCH3MEHHBIX, a HE B TEKYIIMX LIeHaX. B KadecTBe pecypcoB paccMaTpUBalOT OCHOBHOW KaIllUTall
(X1 = K- 06pem ucrone3yeMoro B TeueHue roga OCHOBHOTO KaluTana), sKuBoil tpyn (X = L—
KOJIMYECTBO E€IMHMI[ 3aTPaulBacMOro B TEYEHHE TOja JKUBOIO TPYy/Ja), MCUUCISIEMbIE OOBIMHO B
CTOMMOCTHOM BbIpakeHHH. Takum oOpasoM, crpost msyxdakropuyro 1 y=f(K, L). Or
nByxdakropusix 1 nepexomsr k TpexdakropHeM. B kadecTBe Tperbero pakropa MHOTAA BBOASAT
00BEMBI HCIOJIB3YEMBIX TMPHPOIHBIX pecypcoB. Kpome Ttoro, ecmu I1d crpowtcs 1Mo JaHHBIM

BPEMEHHBIX PSIJIOB, TO B KayecTBE 0co0O0ro (hakropa pocTa MPOM3BOACTBA MOXKET OBITH BKIIIOUEH
TEXHUYECKUH MPOrpecc.

O y =f(Xq,...,Xp, ) Ha3bIBACTCS CTATHYECKOI, CCIIU €¢ TAPAMETPBI U €€ XapaKTEPHUCTUKA f ne

3aBHCST OT BpEMEHH [, XOTsl 00BEMBI PECYPCOB MOT'YT 3aBHCETh OT BpeMerH (X (t),..., X (£)).

11® naspBaeTca TUHAMHYECKOM, CCITH:

1) Bpems t ¢urypupyer B KauecTBE CaMOCTOSITEJIbHOM IEPEeMEHHOW BEMMUYMHBI (KaK Obl
CaMOCTOSITEIBHOTO (haKTOpa MPOU3BOJICTBA), BIMSIOLIETO Ha 0OBEM BBITYCKAeMOM MPOIYKIIHH;

2) mapametps I1® u ee xapaktepuctuka f 3aBucsr or Bpemenn t.

Puc. 2 2 Puc.2.3

ITpumep 2. [l MOAEIMpPOBaHKS OTAEIBHOIO PETHOHA UM CTPAHbI B LIEJIOM (T.€. A7l peLeHNs 3a1a4
Ha MaKpOSKOHOMHYECKOM, 4 TAKK€ U Ha MUKPOIKOHOMHUYECKOM YPOBHE) 4acTo ucnois3yercs 11D
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a
Ix 22 ,TIe a(),a1,a7 -napamerpsl [1D. D10 MONoKUTEIbHBIE TOCTOAHHBIE (YacTo a]

a
BUa Y = 20X,
U a) TaKkoBbl, YTO A] + Ay = 1). TI® Tonbko 4TO MpHBENEHHOrO Bua HasbiaeTcs 11D Ko6oa-

Hyrnaca (IIOK/]) mo uMeHn JBYX aMEPUKAHCKUX 3KOHOMHCTOB, MPEUIOKUBIINUX €€ UCIIOIb30BaTh B
1929 1. IIOK]] akTUBHO MPUMEHSIETCS IS PEIICHNST pa3HOOOPA3HBIX TEOPETUUECKUX M MPHKIIAHBIX
3ama4y Omarojapsi cBoed cTpykrypHOoU mpoctote. [TDOK]] mpuHAUIEKUT K KIaccy TaKk Ha3bIBAGMBIX

MyJIbTAILIMKATUBHBIX 11D (MII®D). B npunoxenusax IIOK X = K paBro o6semy ucnonssyemoro
OCHOBHOT'O Karmrana (00beMy UCIIONb3yeMbIX OCHOBHBIX (JOHIIOB - B OTEUECTBEHHON TEPMHHOJIOTHH),
Xy = L —3arparam xwuBoro tpyna, torna [IOK]] nprobperaer Bua:

y=agK" L%

aj_a
I'paguxom IId y = a()Xlle2 (a; +ap=1) B TpexMepHOM IPOCTPAHCTBE SIBISCTCS
JIByMEpHas MOBEPXHOCTh [, 3cKku3 KoTopoit npezcrasieH Ha puc. 2.2. I'paduk I B paccmarprBaeMom
ClIy4ae €CTb KOHMYECKas IMOBEPXHOCTb, HAIPABILIIOILIEH KOTOPOM SIBJIAETCS, HAlpUMeEp, JIMHUS L, a

00pasyloluMK - JIydd, BbIxozsmme u3 Touku O. 3adukcupyeM NEpEMEHHYI Xo = Xg. Torna

1

y= aO(Xg)a2 x? = ai)xil Uy mer nostygaeM BapuaHT [I®, aHaIOrM4HbI PaCCMOTPEHHOMY

Bbllie (cM. puc. 1 u puc. 2.3). Jluaus G ecTb NepeceyeHUe IMOBEPXHOCTU [ BepTUKAIBHOMI
0 .
TIIOCKOCTRIO X = X, . Ha puc. 3 mpencraBieH ¢parMeHT puc. .2, oTHocsmumiics K ymHuH G.

[ToBenenve muanu G OTpakaeT TO OOCTOSATENBCTBO, YTO C POCTOM 3arpar NEpBOro pecypca o0beM
BBIITYCKA y PAcTeT, HO KaK/iasi JOTOHUTEIbHAS eIMHHULIA TIEPBOTO pecypca 00ecrieunBaeT BCe MEHBIINN
IPUPOCT BBITYCKa Y . DTO 00CTOSITEILCTBO MOKHO IPOKOMMEHTHPOBATh CIEAYIOIIUM 00pasoM. Eciu

HUCIO0 pa6OTHI/IKOB n ux KBaJ'II/I(bI/IKaHI/IH OCTarOTCsA HCHU3MCHHBIMH, a YHMCIIO O6CJ'Iy}KI/IBaeMI)IX HNMH
CTaHKOB (KOTOpOG YK€ N1OCTATOYHO BCJ]I/IKO) YBCIIMIMBACTCS, HAIIPUMED, B ZIBA pa3a, TO 3TO ECTCCTBCHHO

HE TIPUBEJIET K IBOWHOMY pOcTy 00beMa Bbimycka. OtmeTnm, uto ecimn a1 +ay < 1, o rpadmxom
[TDK] siBnsieTcst MOBEPXHOCTh, KOTOPasi HAOMUHAET BBIMYKIIYIO BBEPX '"TOPKY', KPyTHU3HA KOTOPOH
najaer, ecim To4ka (X1, X ) mepemeraercs Ha "'ceBepo-BocTok" 110 mwiockoctt OX X7 .

Ipumep 3. Jluneiinas 1O (JIII®) nmeer Bux: Y =ag +a;Xy +aXy (aByxdakropHas) u
y=ag+ax;+..+a,X, (Maoropakropnas). JIII®O npuHamIex)uT K KIaccy TaKk Ha3bIBAEMbIX

anuTuBHBIX [ID (AIID). [Tepexon or MynbTUIUIMKaTUBHOM [ID K agqAMTHUBHON OCYIIECTBIISIETCS C
HIOMOIIIBIO OTIepaIH JIorapuMUpoBanus. J{ist IByX(paxTopHO MyIIbTHILTUKATUBHOM 11D

1,42

_ aj_a
y= a()Xl X2
oror mepexon wmmeer Bwr Iny=Inap+ajlnx; +asIlnx,. Tomras Iny=w;,
Inag =ag; Inx;=vy; Inx, =V, nonysaem ammmusayro [1O W =ag+ ayvy +a,vy
Bemonnsis 00parHblii iepexon, 13 anutuBHOM [1D nomyurmM MyabTarKatisHyo [10.

Ecrm cymma mokasarenei crenenn B I KoGGa- [lyrmaca y =aoKalLa12 paBHA CIUHHIIC

(a; +ap =1), To ee MOXHO 3anHcaTh B HECKOJIBKO APYroit opme:
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y _aoK"L™ _agK™ _agK™ _ (Kja‘

L L ) 153! L

K

y
Ipobu —=7Z wu — =K Ha3eBaloTICA COOTBETCTBCHHO HPOU3E00UMENbHOCHIbIO MPYOd U

L

KanumanoeoopyceHnocmuio mpyoa. VICTionb3yst HOBBIE CHMBOIIB, TIOTydUM
a
z=apk"!

T.. u3 Apyxdakropro [IOK]] momyunm dopmansro omHodakTopuyro [IOK/I. B cBsa3u ¢ Tem, uro
0<aj <1, u3 nocnexeit popMyIIbI CrIeyer, YTO NPOU3BOAUTENBHOCTE TPY/A Z PACTET MEUICHHEe

€ro KarMTaJIoBOOPYXEHHOCTH. OHAKO 3TOT BBIBOJ CIpaBEMIMB Uil ciydasd craruueckor [IDK]] B
paMKax CyIIeCTBYIOIMX TEXHOJIOTMH U PECYPCOB.

OrMmeTriM 37€Ch, YTO Jpo0Oh —— Ha3bIBACTCSl  MPOU3BOOUMETbHOCHIbIO KANUmMAana Win

Kanumanoomoayei.
[Tpu moctpoernn [1d wHayuno-texHuueckuii mporpecc (HTII) moxker ObITh y4T€H C MOMOIIBIO

BBenenmst Muoxurerst HTIT eP t , Trie mapametp p (p>0) XapakTepu3yeT TeMI MPUPOCTA BBITyCKa MOJ
simstHveM HTIT:

t
y(t) =ePf(x1 (1), x (1) (t=0,L...,T)
Ota II® - mpocreiimmii npumep nuHamudeckoil 11M; oHa BKIOUaeT HEWTpaIbHBIA, TO €CTb HE
MaTepUaTM30BaHHbBIN B OTHOM U3 (PaKTOPOB, TEXHIMUYECKHI ITPOTPECC.

2.1.3 ®opmasibHbIE CBOICTBA MPON3BOICTBEHHBIX (DYHKIIMIA

[poussoxcreennas ¢ynxupst f(X[,X9) kak QopMaibHas KOHCIPYKIHs OINpeiciIcHa B
HCOTPHLIATCIIEHOM OKTAHTE IBYMEPHON IUIOCKOCTH. T.e. ompeneneHa mpu Xj =0, Xp 20. TID
JIOJDKHA YJIOBJIETBOPATH PSALY CBONCTB:

1. £(0,0)=0; £(0,x5)=1(x7,0)=0.

2.V x(1) > x(0) = f(x(1)) > £ (x(0)): af(f‘) >0;i=12; x(k)=(x;(k),x,(K));
2 2

5 9T (0, F ) 56 212
ox 2 0X X2

1

4. f(txq,txp) = tpf(Xl,Xz) .
5. Marpuua I'ecce, cocTaBiieHHast U3 BTOPBIX MPOU3BOJHBIX TPOU3BOICTBEHHON (PYHKITUU

%t 9%

re oxf  OXiXp
o°t 9%
0X2X]  9x3

OTPHIIATEIIBHO OIpe/IeICHA.
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CaoiictBo 1 03HauaeT, 4To O€3 pecypcoB (Iaxe MpU OTCYTCTBHH XOTs ObI OJTHOIO M3 PECypCOB) HET
BBIITYCKA.

CBOWCTBO 2 O3HAYaeT, YTO C POCTOM 3aTpar XOTs Obl OJJHOTO pecypca 0OBEM BBITyCKa pacTeT.
[Ton10XUTENBHOCTh MEPBOM YACTHOW NPOM3BOJHOM O3HAYAET, UTO C POCTOM 3aTpaT OJHOIO pecypca
IpU HEM3MEHHOM KOJIMYECTBE APYTOTro Pecypca 0OBEM BBIITYCKa PACTET.

CaoiictBo 3 (BTOpas yactHasi mpou3BogHasd [1D HemomoKuTenbHa) O3HaYaeT, YTo C POCTOM 3aTpar
omHoro (1-ro) pecypca npy HEM3MEHHOM KOJIMYECTBE JPYTOro pecypca BeIMYMHA IIPUPOCTa BHITYCKa Ha
KaKITYFO JIOTIOTHUTENBHYIO €IMHHMITY 1-TO pecypca He pacTeT (3aKoH yObIBaroItiei ek THBHOCTH).
HeorpuuarenbHOCTs BTOpPOK CMEIIAHHOM TPOW3BOMHOM O3HA4YaeT, Yro MIPH POCTE OIHOIO pecypca
npezensHas 3(Q(HEeKTUBHOCT APYroro pecypca Bo3pacraeT. Ecim BbINOIHEHBI YCIOBHSA 3, TO Tpaduk

[IO ecTb MOBEPXHOCTB, PACIONOXKEHHas B Heorpui@arensHom okrante X1 =0, Xp 20, y=0

TPEXMEPHOTO MPOCTPAHCTBA U BHIMyKJIasi BBepX. Boobie reomerpudeckuii oopas [1d nomken npexne
BCETO aCCOLMMPOBATHCS C BBIMTYKJIOW FTOPKOH, KPYTU3HA KOTOPOM YOBIBAET, €CIIM TOUKA (X| X2) YXOJUT B
riockocTu OX X, Ha "CeBEpO-BOCTOK .

CgoiictBo 4 o3Hauact, uto [P smistercs ompoponHoi Gynkimeii crenenn p >0. Ipu p>1 ¢
pocTom MaciuTaba nmpou3BoacTBa B £ pas (uncno t > 1), T.e. ¢ mepexomom oT BekTopa X K BEKTOpY
tX, o0beM BBITYCKa BO3PACTacT B tP pa3, T.e. uMeeM pocT 3(PPEKTUBHOCTH MPOM3BOJICTBA IMPU
pocte macmTaba npouspoicTsa. Ilpu P <1 mmeem nanenme >(QeKTUBHOCTH TIPOU3BOICTBA IIPH

pocte macurraba poussozcTa. [lpun P =1 umeem nocrosHHyr0 3 PEKTUBHOCTE POM3BOICTBA TIPH

pocTe ero MaciuTada (MM IMeeM He3aBUCHMOCTb Y/ISNIBHOTO BBITYyCKa OT MaciTada Mponu3BOICTBA.
CaoiicTBo 5 03Hauaer, uto [1D sBnseTcs BBITYKION BBEpX (QYHKIIHCH.

Juist TIOK y = aOXi11 ng (aj +ap =1) croiictsa 1-5 BBITOTHSIOTCS.

Tt JIMI® y =aqg +a;x) +asXy (ag >0, a; >0, ap >0) coiicreo 1 (mpu ag #0) u
CBOWCTBO 4 HE BBIMOJIHAIOTCS, @ MaTpulia ['ecce He cylecTByer.

MHoxecTBO Touek (nmuuus) ¢ q YPoBHI (= f(x1,X2) (q>0 - peiicrurensHoe unco) [P
y =1(X,Xy) HaseBaercs usoxeanmoi unu runueti yposHsi 110, VIHBIMU CIIOBaMH, JIMHHS YPOBHSI
( - 9TO MHOXECTBO TOU€EK, B KOTOpoM 11d nocrosHHa 1 paBHa ( .

Pasmuansie Haboper (Vi, Vo) u (W, W) 3aIpaunBacMbIX PeCypcoB, IPUHALICKALINE OXHOU H

TOH 7K€ H30KBAHTE Kq (re. q=1(vy,vp)=1(W,W9)) maror omuH 1 TOT e 00bEM BBIITyCKa (] .
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M3okBanTa CCTh JIMHWA, PaCIIOJIOKCHHAA B HCOTPHULATCIIBHOM OKTaHTC

{(Xl,xz)‘xl 20, xy 2 O} mBymepHoi wiockoctt OX (X9 .

Ilpumep 1. Ha puc. 4 nausl u30kBaHThl £ [MOK/. OrmernM, uTo M30KBaHTa /

!
q1°792 q2°
pacrosioKeHHas "'ceBEpO-BOCTOUHEE" H30BaHTHI £ q > COOTBETCTBYET OorbIIeMy 00beMy BBITyCKa (T.e.

qo2 >(q).- Ecim 00beM HMCHONB3yeMOro OCHOBHOTO —KaluTala HEOrPaHHYEHHO pacTeT (T.€.
X] =K —o0), 10, xax BumHO Ha puc. 4, 3aTparsl TpyHa HEOrPAHMYCHHO YOBIBAOT (T.C.
X7 =L —0). AnanormuHo, kak BumHO Ha puc. 2.4, ecmt X9 =L — o0 10 X =K —0. Ha

puc. 5 napt u3okBantel £ g, g, (4o >qq) mmeitnoii I1d.

q1°
I[Ipy n= 2 nans moboi D, mus KOTOpPOHM CIpaBeJIUBbl BCE (MJIM 4YacTh) CBOMCTB 1-4,
M30KBaHTa (€CIIM OHA HE ABJIIETCS MIPSIMOM) €CTh JIMHUSA, KOTOpasi BbIYKJIa K Touke O.

2.1.4 XapaxkTepucTHKH NPOU3BOACTBEHHOI (PyHKINH

IpousBouteasHocTh pecypea. [Tycts 3amana [1O y =1 (x) =1(X1,X7) . Apolsb

A=) oy g 2.3)

Xj

Ha3bIBAETCA Cpe/IHEN MPOU3BOIMTENLHOCTBIO 1-To pecypea ((pakropa nponssozcTsa) (CTID) um cpeaHum
BBIITYCKOM IO 1-My pecypcy ((hakTopy IIpOM3BO/ICTBA).

HanomunM, dro B cmydae  aByxgaxropaod IIDK y = aOKalLa12 VI CPEIHHX

.Y y
IMPOU3BOAUTCIIBHOCTEM —— MW —— OCHOBHOI'O KaImkTajla h Tpyaa OBUIM HCIIONIE30BaHbI COOTBETCTBEHHO

TEPMUHBI MPOU3BOAUTEILHOCTHIO KAMUTAIA (WM KANUTAIO0TAAYA) U MPOU3BOANTEILHOCTD TPYIA.
OTW TepMUHBI HUCIIONB3YIOT U TPUMEHUTENIbHO K J100bIM JaByXdakTopHbiM 11D, y KoTOpbIX

X1=K, X2 =L.
K L

ObGparHble 1pod — ¥ — Ha3bIBAIOTCS COOTBETCTBEHHO KANUMAIOEMKOCHIbIO U MPYOOEMKOCHIbIO
y |y

6blNycKa.

IlepBas yactHas nnpousBogHas [1D
of (x
VALY,
0X;
i
Ha3bIBACTCS MpeIeIbHOI  (MAPKUHAILHOI) NPOMBBOIMTEILHOCTLIO  1-T0  pecypca  ((pakTopa
npoussozicTsa) (ITTID) WM HpefeNbHBIM BBITYCKOM MO 1-My pecypcy ((akTopy HpOU3BOICTBA).
O6o3Haumm civBoramyt AX j puparenve nepeMerHoi X, a A;f (X) - coorsercrByromee eif yactHoe

(i=1,2) 2.4)

IpUpAILEHUE [o. 3nech At (x) =1(x] +Axq,Xx9) —{(X],X2);
A f(x)=f(x,x,+Ax,)— f(x,, x,). .Ipumambix AX; uMeeM NPUOIIKEHHOE PABEHCTBO
_of(x) Af(x)

ox; Ax;

M; (=1, 2)
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CrnienoBarenbro, [T (mprulmbkeHHO) MOKa3bIBACT, HA CKOJIBKO €IMHUI] YBEIMUHUTCS 00BEM BBITYCKa
Y, eciu o0beM 3aTpar X 1 -To pecypca BBIPACTAET HA OJHY €IMHHIY [PH HEU3MEHHBIX 00beMax
JPYroro 3aTpadyrBacMoro pecypea.

Mpumep 1. st [IOK y = aox?l ng Haiftu B siBHOM Buge A, Ar,M|,M,.

Pemenue 3amaun. Umeem:

Al ZLZaOX?I_lvaZ; A2 =l=a()X?1Xa22_l;

X1 X2
Ml ZiZalAl; M2 Za—f=82A2.
0x1 0X»

M M

“log <=M <A —2=a,<1=>M;, <A,.
Al Aj

HOCHGI[HI/IC HCPABCHCTBA O3HAYAIOT, YTO MPCACIbHBIC MPOU3BOAUTCIILHOCTU 1 - I'0 pecypcCa HC

0oJIbIIIe CPEeTHEH MPOU3BOIUTEILHOCTH 3TOTO pecypca.

Mpumep 2. Jun JII® y=ag+ajx;+arxy (a; >0, 1=1,2,3) wnaittu B sBHOM Buge

A1, A2, M, M>.
Pemenue 3amaun. Umeem:

a X a X
Alzl:—0+a1+a2—2; A2=l=—0+al—1+82;
X1 X1 X1 X2 X2 X2
of of
M1=—=a1; M2=—=az.
X 0X»

M M
—1S1:>M1 SAl; —2S1:>M2 SAz.
Al Ag

dnacruunocrs. OTHOLICHHE TIpeAebHOM npousBoguTensHoctd M 1-ro pecypea K ero
CPEeHEH POM3BOIUTENBHOCTH A

_ M x df(x)
POA f(x) Ox;

Ha3bIBAETCA (4ACTHOI) SACTHYHOCTBIO BBITYCKA IO 1-My pecypey (110 (akTopy rpomsposcTsa) (OBD).
Cymmva E| + E, = E, nassmaercs anracmuunocmuio npoussoocmsa.

of (x) Af (x)
NpHOJIIKEHHO Ha
X1 AX i

_M; _Af®) Ax;

i=1, 2. 2.5)

3ameHsist , IOJIy4uM

i =
Ai f (X) X3

T.C. Ei NPUOIMKEHHO TTOKA3bIBAET, HA CKOJBKO IPOLIEHTOB YBEIMYUTCS BBITYCK Y, €CIIH 3aTPaThl 1-ro

pecypca yBenu4aTcs Ha OIMH MPOIEHT MPU HEM3MEHHBIX 00beMax APYyroro pecypea.

Ipumep 3. Boimucars B sisroM Buze ast [TOK/T eipakenws pist Ej,E> u E.
Pemenue 3amaun. Umeem:
El =ay; E2 =aj; EX =E1 +E2 =ajtaj.
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Mpumep 4. s JII® y=a;X; +apXy (ag=0) Bbmmcars B sBHOM BHIE BBIPOKCHHS I
E{,E> n E . Penrenne 3amaun. Nmeem:
41X anX
Ej=— 1 Ey=— 22 E =E +E, =1
ajxy +anXxp aixy +anxop

[penesbHast HOpMa 3aMeHbI (3aMelLeHHsT) PeCyPCoB.
Iycts y =f(X) - I®. IpenensHoii HOpMoi Rij 3aMeHB! (3aMellieHns) 1-ro pecypea ((paxropa
nipon3BozIcTBa) | -M (ITH3®D) Ha3bIBaeTCS BHIpAKEHHE
OXj of /dx;
Rjj=——1= L>0 (i,j=12) (2.6)
8xi af / 8x J

TIpH TIOCTOSHHON Y

3nech 1 - HOMEpP 3aMEHSIEMOTO Pecypca, | -HOMEp 3aMEMIAIOIIEro pecypea. VConb3yeTcs Taioke
TEPMMH: TIpefieIbHAs TEXHONOIMYeckas HOpMa 3aMeHbl (3aMelleHus) 1-oro pecypea ((pakrTopa
IIPOU3BOCTBA) J -M pecypcoM ((haxTopom IpOM3BOJICTBA).

Hermocpencteenno mpoepsiercst, uto mis apyxdaxropHoii [1dD cripaBemmBo paBeHCTBO

Rip = , 2.7)
Eoxq
T.e. (TpeaenbHas) HOpMa 3aMEHbI TMEPBOIO pecypca BTOPHIM paBHA OTHOIICHWIO AIACTHYHOCTEN
BBIITyCKA T10 TIEPBOMY U BTOPOMY pecypcaM, YMHOKEHHOMY Ha OTHOIIEHHE 00beMa BTOPOTo pecypea K
X
obbemy mepsoro pecypca. Ecmm X1 =K, X9 =L, 1o orHomenne — i - 1, HasbiBaeTCs
KaIIUTaJIOBOOPYKEHHOCTBIO Tpya. B aToM citydae (mpenesbHas) HoOpMa 3aMeHbl OCHOBHOIO KalluTaa
TPYJIOM paBHA OTHOIIECHUIO 3JIACTUYHOCTEN BBITYCKA 110 OCHOBHOMY KalMTay U TPYAY, TOJCTICHHOMY
Ha KalnuTaJI0BOOPY>KEHHOCTb TPY/A.
3ameHsist 6eCKOHEYHO Masibie npupareHist X ; Ha koHeuHsle AX | , MOKHO IIPHOIIDKCHHO 3aIHCaTh
BBIPOKEHHE JTS TIPEJICTTHHOM HOPMBI 3aMEIIeHHS PecypcoB (it ByxXdakroproii [1D)
AX 2

AXI

R12 = — (2.8)

Ha ocroBanm (6) npezenbHast Hopma 3aMeHbl pecypcoB R |- mprOmkeHHO noKasbIBaeT, Ha CKOJBKO
©[IMHUL[ HAJI0 YBEJIMYUTH 3aTpaTbl BTOPOrO pecypca (IIPU HEM3MEHHOM BBITYCKE Y ), €CIIM 3aTpaThl
IIEPBOTO pecypca yMEHbIIATCs Ha oHY enuHuiy. CM. puc. 2.6, Ha KOTOPOM BHHO, YTO Y€M Kpyde

dx

Xm

KacarebHas K H30KBaHTE l(q) B TOUKE (Xl , X9 ) , TeM OOJIBILIE BBIpOXKEHUE — , Y1 CITEOBATENLHO,

Tem Gostbiiie Hopma 3amersl R |5 mepBoro pecypea Bropem.
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Puc 2.6

Mpumep 5. s [TOK] y = aKocLB BBINHCATh B ABHOM Bije Bopaxerns Ry u Rop.

dy/dK _aL . _dy/dL _BK
dy/oL  BK’ 21T 9y/oK oL

Pemenne. Ry =

DJIACTHYHOCTH 3aMelleHHsI PecypcoB

ONacTUYHOCTL 3aMEHBI TpyAa KalMTAJIOM ITOKAa3bIBACT, HA CKOJIBKO MPOLCHTOB M3MCHUTCA q)OHZLOBOOPY)KGHHOCTL

dK Y
k = K/L 1pysa npu n3smenernn npeenbHoil HOPMBI 3aMelIeHns Tpyaa Kamiranmom Ry g = ———= {4
’ dL Yk

Ha 1% 1pu HEM3MEHHOM BBIITYCKE TIPOAYKLUH:

_dnk 29)
L.K dInR L,K . .
K A 1 )
A
3
B

Sy
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Puc 2.7

Ha puc. 2.7 nokasana usoksanta (nuuust yposus) I1® wa miockoctu KL (0Gosnauena umdpoii 1).
[IpenenbHas HOpMa 3aMeHbI TPY/IA KAITAIoM B T. A paBHa TaHreHCy yriia HaKIOHa KacaTeIbHOM, IPOBEEHHOM
yepes T. A (Rp, g =tga). Tlpn mepememenun u3 T. A B 1. B 1o moksante Haknon kacarensHoit
MeHseTes, T.e. Mensercs emmanna Ry . Tlpu oTom mensercs u oTHowenwe k =K/L. 310 orromenne
TOCTOSIHHO BJIOJIb KaKJ0# PSMOIA, IPOXO/ISIIEl Yepe3 Hauaio KOOpAUHAT (BIOMb MPAMBIX 2 i 3).

.

KA K‘

v

Puc 2.8a Puc 2.80

Tuneitnas [0 y =a + K + SL Oynkius Koooa-/lyraca y = aK*1#

v
v

Puc 2.88 Puc 2.8r

-1/p
dynxmus Jleontsera Y = min(aK, SL) Oyrxuns y = a|:8K_p + (- S)L_p:|
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Ha puc. 2.7 nokasana wsoxanta (mumuns yposHs) [I® ma mmockoctn KL (0603nauena mmdpoii 1).
[IpenensHas HopMa 3aMeHbI TPY/Ia KalMTaloM B T. A paBHa TAHTeHCY yIriia HAKIOHA KacaTeIbHOM, IPOBeICHHOM
yepes T. A (R g =tgol). Tlpu nepememennu u3 . A B 1. B 10 msoxpante Haknon kacarensHoi

9

MEHSETCS, T.€. MEHAETCS BEIMUMHA RL K - Ilpu 5TOM MeHf€TCA M OTHOMIEHHE k=K/L. 310 orHomenue
9

MOCTOSIHHO BJIOJIb KaKI01 MPAMOM, MPOXO/IAIIEH Yepe3 Hauano KoopauHa(Baoab NpsAMbIX 2 U 3).
Ha puc. 2.8 wusoOpakensl ymmud yposrs ais mameiinoin 1I® y=c+aK+bl, ma MNOK]

y =aKaLB, ais T1® Jleontsesa Y =min(aK,bL) u M® Comoy (dyskmum c¢ mocrossHHOlM

-1/p
3IACTHYHOCTHIO 3aMetenns) Y = a [SK_p + (- S)L_p } Jrecs 0<d<1, p>—1.
Jns  dymkmmn  Ko6ba-llyrmaca  Ej g =1.  Jlefictsuremsro, mveem  dInk =dk/k,
diInR =dR/R;
R =—dK/dL = (B/a)(Y /) *1/1*B/ % = B/ak ; dR = (B/ov)dk .
Orctona nonyunm Ey g =1.

Paccmorpum muneiiHo onHopoanyto [1® Comnoy (CES dynkimto)
_ I VY
yza[BK Py (1-8)L P} 2.10)

MoxHo nokasath, uro npu P —> 0 pynxkuus y = aK dp1-8 JIeHCTBATENBHO HMEEM

o aL[S(L/ K)P +(1- S)J_Up = aL[S[(L/K)p 1+ 1}_1/‘)

PasnoskuM B psiji BHIpaKeHHE B KBajparTHbIX ckobOkax (L/ K)p —1=pIn(L/K). B pesynbrare umeem

y=aL[8pIn(L/K)+1] P =aL[pv+1]""'P 1z v=8In(L/K). azee

_ -V
y=aL[pv+1] /P = aL[[pV L1 PV} Sale™ =aL(L/K) ™0 =ak311 ™0 41

llpu P —>oo monyuaem IIO Jleonrsea. I[lokakem s10. Ecrm K >L, 1o mpup>1
SK™P <« (1-8)LP u a1 d nomyunm y=alL(- 5)_1/p —al. Eom K<L, 1o mpup >1

SK™P > (1-8)L P u a1 1d nonyaum y= aks P 5 aK. Ilpu K =L =F nonyuum .1
1
Jst TI® Costoy 271acTHYHOCTD 3aMEIeHHs TPy KauTanoMm pasHa B g = 1— .
9 + p
Orctona mpu P —> 0 momyunm Ey g =1 (dpynkims Ko66a-/lyrnaca). lipu p — —1 cemyer
EL,K —> oo (nuHeinast [1D). [lpu P —> o0 momyyaem EL,K — 0 (I1® JleonTseBa) T.€.

OyHkuus JIeoHThEBa UMEET HYJIEBYIO 3JIACTUYHOCTD 3aMEILEHHUS: PECYPCHI B HEW JTOJIKHBI
MCIIOJIb30BAThCS B 3aJaHHOW ITPOIOPLUHU U HE MOTYT 3aMeIaTh APYT APYTa.

B kauectBe npumepa [1®d CES npusenem ¢pynkuuio, noayuennyio ['panadeprom A.I'. ms

sxoHoMuku CCCP 3a nepuon Bpemenu 1960 — 1985 rr.:
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Y =1.002 - (0.6412K_0'81 + 0.3588L_0'81)_1/0'81 - 0€3 yuera TEXHUUYECKOTO POrpecca;

Y =0.966 - (0.4074K 393 4 0.35881,73:03)71/3.030.0252t o r0m rexumueckoro

nporpecca.

1

[Toka3arenu 2IaCTHIHOCTH 3amereHust pecypcos By g = 1— IUIS 9TUX JBYX QYHKIUI
9 + p

pa3nuuHbl: B iepBoM cirydae 31o 0.55, Bo Bropom — 0.25. [Ipyrumu aBTOpaMu ObUTH TIOTYYEHBI
OIICHKH 3JIaCTUYHOCTHU 3aMellleHHs pecypcoB B auanazone ot 0.25 go 0.55. DTo roBoput o Tom,
YTO CTENEHb 3aMEHSAEMOCTH TPY/a U KaluTaja HEBBICOKA, BO BCSIKOM CIIydae ropaszio HIKE, YeM

B [I®OK/I, ny1st KOTOpO# OHA paBHA €AMHMUIIE.

Joxox. TTycts rana TIOKIn o + B =1. Torma

yzﬁK+a—yL. 2.11)
oK oL

JleficTBUTETBHO,

%K + g—EL = aoK* PK + apK M P I = ak TP (04 B) = y.

Ecnu cunrtath, 4yT0 00IIECTBO COCTOMT TONBKO M3 PAOOTHUKOB U HpeANpUHUMATENed, a (yHKuus Y

TMpEJICTaBIeHA B CTOMMOCTHOM BBIPAKEHHUH (JOXOJ OT MPOJAXKHU MPOAYKIKK), To Bech noxon (11) pacmamaercs Ha
JIBE YaCTH, KOTOPbIE MOKHO Ha3BaTh IOXO/I0M NpeNpUHIMATENS (TIpeenbHas (pOHI00Taua, M HOpMa MPUOBLTH,
YMHOXEHHAs Ha 00beM (JOHIOB) U 10X0ZOM PabOTHHUKOB (TIpe/ieIbHAs NPOM3BOAUTENBHOCTD TPY /A, YMHOKEHHAS Ha
KOJIMYECTBO TPYAOBBIX PECYPCOB). AHATOTMYHBIA PE3YIbTAT MOXHO MOTYYUTh U I JuHeiHoH [1D, y koTopoii

a=0.

2.2 3agaya npou3BOAUTEJIS

Coopmynmupyem 3amady MpPOU3BOJMTENS: HAMTH TEXHOJIOTHIO, JAIONIYI0 MAaKCUMAIbHYIO
TpUObLTE.
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BBesieM HeKOTOpbIe JomymieHus. I1ycTh mponsBoacTBeHHas (DYHKIMS TIPEANPUATHS UMEeT BHI
y =1(X{,...,X ), T.e. 3aTparThl OJHO3HAYHO ONPEIEISIOT BBITYcK. IIycTh P - IeHA CAMHMIIBI

BBIITYCKAaEMOM MPOIYKIMH (OyAeM CUUTATh €€ TOCTOSTHHOM).
Torpa 3anava MpoU3BOUTEN UMEET BULL;:

WX)=p-f(X1,X2,.,Xp) — (AX] +ArXy +...+ A, X, ) = max (2.12)
npu X >0, 11e A; - nena i -ro pecypea.

HeobxomiMoe ycroBre MakcuMyma UMeeT BHJT

pg—ki =0,i=1,...,n (2.13)
1

Cucrema ypaBaenwii (2.13) onpenenser ToUKy dKkcTpeMmyma. MaTpuiia BTOPBIX MTPOU3BOAHBIX (DYHKIIUH
PHOBLTH

I'w =p-It.

e Ff - Marpuia BTOphIX Tpou3BoaHbIX [ID. A Tak kak, Mmatpuua Il'ecce Ff OTPHILIATEIILHO
ONpe/ielieHa, TO HalJeHHOe pelleHne cucteMbl (2.13) sBisercs TOUKOM MakcuMyMma (DyHKIUH
npUOBLIH.

Urak, cootHomienus (2.13) maeT oONTUMATBLHOE peIIeHWE 3a/add NPOM3BOIMTENSI - TEXHOJOTHIO

% k k
{y ,X*}, e Bexkrop X* ={Xy,...,X } - ONTUMaNbHOE KOJHYECTBO IIepepabaTHIBACMBIX PECYPCOB,
%
ay ={1(X*)- ommumMabHbli 00beM BBITYCKA.

PaccmoTpum skoHOMMYECKuit cMbIc ypaBHeHui (2.13). TIpeobpaszyem ux k BUIY

of
P— dXi = 7\«1 dXi
aX i
311eCh COMHOMKUTEIb JIEBOW M MIPABOM 4acTH dXi , TIPEJICTABIIAET OO0 HEKOTOPOE KOJIMYECTBO 1-TO
pecypca, TOIOJIHUTEIBHO BOBJICUEHHOT'O B IIPOU3BOJICTBO.
Torza B JICBOM YacTH MMEEM CTOMMOCTB IIPOIYKTa, JOMOIHHTEIBHO Moiy4eHHoro u3 dX; exuHu
1-ro pecypcea, a B paBoii - cronmocts dX; exunui 1-ro pecypca. I1omy4rocs paBHOBECHE: MOKHO

BOBJIEYb B TIPOM3BOJICTBO JIONOMHUTENbHO dX; emuHmIL 1-To pecypea, MoTpatB Ha ero 3akynky AjdX;,

HO BBIMTpBIINA HE OyleT, TaK KaK MPOAYKIMH OyJeT MOMydeHO POBHO HA Ty XK€ CYMMY, CKOJIBKO
3aTpaTiId.

[ToaTomy HapamuBaHue O0OBEMOB NPOU3BOJACTBA HIET 1O TEX IIOp, MOKa HE HaYHET
BBITIOJIHATRCS cooTHOIIeHHE (13).

Ipumep. 3aBUCHMOCTb BBIPYYKH Y 3a CMEHy OT YHCIIA CTONMKOB S u uncna oduimantos F B

HeOonbIoM Kade Bbpaxaercst dopmymoin  y =140 §2/3pl/ 4, Pacxompl Ha OMMH CTOJHK

coctapisoT 50 11.e., 3apruiara opunmanta - 100 a.e. 3a cmeny. Haiitu ontumansHblil pazmep kade,
T.€. YHUCJIO CTOJMKOB M YHUCIO O(UIMAHTOB HX OOCITYKMBAIOLIMX, HCXOII M3 MaKCUMyMma
HOJTy4aeMOoi TpUOBLTH

Pewenue. Coctapisiem GyHKIIO TPHOBLTA

W(S.F) =140-S2/3F"% _ 508 — 100F — max

bepeM dacTHbIe MPOU3BOIHBIE IO 00EUM ITEPEMEHHBIM U MIPUPABHUBAEM HX K HYJIIO
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W _140. 2.5 136114 _50=,
3S 3

W _ 140 L.g23p=314 _ygp =0
oF 4

Perienie stoii cucremsr S =12, F=2.
Ortger: 12 cTomKoB u 2 oduIaHTa.

2.3 Yuyer HAJIOTOB

PaccMoTpyM BiHsTHEE pa3IMYHBIX BUIOB HAJIOT'OB HA XapaKTep MOBEICHHS IPOU3BOIUTEIIS.
1. Hanoe ¢ nputoLm. Tlpu cTaBke S Hasiora mpoOU3BOAMTEITH OTYUCIISIET TOCYIAPCTBY YacTh S TIPHOBLITHL
Torna 3agaya Nporu3BOANTES IPUMET BU/T
WX)=[p-f(X{,X2,.»Xp) — (AX] + ArXo +...+ A X, )]- (1 —8) = max

%
SICHO, YTO MOJIOKEHHE TOUYKK MAKCMMyMa X HE U3MEHHTCH, T.K. OHA OyIET ONPENEIATHCS TEMHU XKE
ypaBHeHusIMH (13); U3MEHHUTCS TOIBKO YPOBEHD MPUOBLTH
2. Hanoz c¢ mnpoodadc (axkyusueiii Hanoe). Ilpm axkum3HOM HAJOTE MPEANPHATHE OTUUCIISIET

rOCYZIapCTBY HEKOTOPYIO CYMMY V 32 KaKAYIO IIPOJAHHYIO €ANHULLY IIPOTYKIHH.
Torpa 3anaga mpon3BOUTENS IPUMET BUJT
W(X) = (p —-V)- f(Xl,Xz,...,Xn) — (7\41)(1 + 7L2X2 +...+ ann) — max
B 3TOM ciiyuae Touka MakcuMyma OyZIeT ONPEACNATHCS YK€ COOTHOIICHUSIMH, OTIMYHBIMU OT (13), a
MMEHHO

(p— V)a—fzki, i=1....,n,
aXi

T.€. TOYKa MAKCUMyMa CMECTHTCSI BIIEBO (OyIET IIPY MEHBILKX 3HAYEHHUS X ).

2.4 ®yHKIUH CIIPOCAa HA pecypcehbl

*
Hatinennoe pemenne X cucreMbl ypaBHeHui (13) - €IMHCTBEHHOE IIPU  CICIAHHBIX
npemmonokermsix X =0; p>0; A>0. Takum o6pasom, s JaHHON TPOW3BOICTBEHHOM

¢yrKIMn kKaxIoMy P 1 A cootBeTcTBYeET X*, re X = D(p,A), wm

X; =@ (P A Ay hy), i=1,. (2.14)

Oty N QyHKIUI HA3bIBAIOTCS (PYHKUMSMU CIIPOCa Ha PECYPCHI MPU JTAHHBIX LIEHAX Ha MPOAYKTHI
U PECYPCBL.

WX CMBICIT: €CIIH CIOKWINCH IeHbl /A Ha PECYpCHl M LIeHa P Ha BBITYCKAEMBIH TIPOIYKT, TO
JAHHBIM MPOU3BOJUTEINL OMpENessieT M0 HUM 00beM MepepadaThbiBaeMbIX PECYPCOB M MILIET MX Ha
pbIHKe. 3areM, 3Has 3TH OOBEMBI, U3 MPOM3BOJCTBEHHOW (DYHKIMU OINPEAEINISIOTCS BBITYCKH KaK

(YHKIIH TIEH.
Jnst pyHKIMH cripoca MOXKHO CTPOTO JI0Ka3aTh, 4TO
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—1<0, i=1,...,n,
o\
T.€. TIOBBIIIEHUE TUIATHI 38 PECYPC BCETA MPUBOAUT K COKPAILIEHHIO CITPOCA HA 3TOT PECypC.
Tame MOXHO J0Ka3aThb, 4TO
dp; 99;
oN: o\
] i
OTO 03HAYAET, YTO BIUSHUE U3MEHEHUS TUIATHI 32 j—171 pecype Ha cIpoc Ha 1-H pecypc TOUHO TaKoe

L,j=L..,n.

e, KaK ¥ BIMSHIE N3MEHEHMI TUIATHI 3a 1 -1 PECYpC Ha Crpoc Ha | - i pecypc.

Hazosem PECYPChL B3aUMOIOITIOJIHACMbIMH, SCITN & < 0 1 B3aUMO3aMCHAEMbIMM, CCIT
J
a .
& > 0 .
.

Taxum 00pa3oM, 111 B3aMMOJIOTIONHIEMBIX PECYPCOB MOBBIIICHUE LIEHBI HA OJMH U3 HUX MPUBOIUT K
TaJICHHIO CIIPOCca Ha JPYroi (Hanpumep, OCH3UH U MAIIMHHOE MAcHIo), a JUTS B3aMMO3aMEHSIEMbIX PECYPCOB
TIOBBIIIICHUE TICHBI HA OJIMH W3 HUX TPUBOIWT K YBEIMUYCHUIO CIIpOCca Ha JAPYyrow (Harmpumep, mmdep u
pyoepou).

2.5 Moaeau neH000pa3oBaHus

[Tycts npenpusTie IeHCTBYET B YCIOBUSIX HECOBEPIICHHOM KOHKypeHIMH. Kakium 0Opa3zoM BbIOpaTh
IIeHY Ha TOBap, YTOObI MAKCUMH3HPOBATH IPUObLTH?
T TpuObLTH OT TIpoKK Y €MHHMILI IPOAYKLIAH 3AIUILIETCS B BUTIE
W(Y)=R(Y)-C(Y)=P(Y)- Y-(vY+F) 2.15)

rme R(Y)=P(Y)-Y - noxonornponaxu Y emmm npomykim 1o nene P(Y), 3aBucsmeii or
cowira; C(Y) =(vY + F) - usnepxxu npomssoncrsa: F— nocrosHuble msnepsxkm, Te. n31epxKH,
BE/IMUMHA KOTOPBIX HE M3MEHSIETCS C M3MEHEHHEM 00heMa IIPOM3BOJICTBA (IMUHHCTPATUBHbIE PACXOJIbL,
Pacxobl, CBA3aHHBIC C apeHl[Oﬁ, HCIIOJIb30BAHHUEM MAIllNH U 060pyI[OBaHI/I$I, KarnTaJlbHbIM PEMOHTOM U
T.IL); V - M3[epKKU Ha OJIHY €UHHUILY IPOIYKIMHU (3aTPaThl HA AMEKTPOIHEPIHUIO, PACXOIHbIE
Matepuaiibl 1 T.11.). Toryia ycsioBie MakcuMyMa MpHOBUTI MMeET BIT

daw d
—=—(PY) Y-(WY+F))=0
¥ - ar (P(Y) ( )
WIN
dp
—Y+P(Y)-v=0 2.16
1y (Y) (2.16)
dY P
Ecimm rcnonp30BaTh MOHSTHE YIACTUYHOCTH CIIpoca (COBITA) 110 1IeHe Z = d— —, TO cooTHoIeHue (16)

3aIMIICTCA B BUZIC

L pyy+p(Y)=v
Z
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P(Y)= v @17
1+z

Takum obpazom, (opmyna (17) mpencrapiser coOoi MOJENs LIEHOOOPa3OBaHHS Ha TPOMYKLIHIO -
Ha3HAYeHUE ONTUMAITBHOM LIEHbI (€CIIM M3BECTEH KOX(P(UIIEHT 31aCTHYHOCTH CIPOCa).
Torma makcumarbHast mpuObLTHL cocTaBuT (ToactaBuM (17) B (15))

Wi y)=— 'Y _F
z+1
Ho peamszanums monemu (17) Ha npakTUKe OCIIOKHACTCS TEM, YTO KPUBAs CIIPOCA, KaK IPABUIIO, HE
W3BECTHA.
PaccMoTpuM [iBe SMIIMPUYECKUE MOJIEIIH, KOTOPBIE IIO3BOJIIIOT YCTAHOBUTB LIEHY, UCXO/S U3 CTEIICHU

JIOCTOBEPHOCTH PHIHOYHON MH(OPMALIIN, UIMEIOIIEHCS B PACTIOPSHKEHUH PYKOBOUTEITS IPEATIPHSTHSL

Bynem cumrtarh, 4TO PYKOBOJACTBO MNPENNPUATUS PACIIONIAraeT JOCTOBEPHBIMHU CBEICHUSMH O
CBOMX U3JEpXKKax M IMpEeAnojaracT JOCTUYb BIIOJHE OINPEAEICHHOIO0 YPOBHS NPUOBUIM OT

. 0
IPOJIAXKH MPOYKLIMH (HA30BEM €€ yenesot npuboiivio W ).

Taxke, ¢ pa3HOI CTEHEHBIO JOCTOBEPHOCTU M3BecTHA MH(opMmarws o cripoce Q

Qmin £ Q= Qmax 2.18)
¥ MH(OpPMAIHS O CYIIECTBYIOLINX PHIHOYHBIX IIEHAaX Ha MPOIYKTHI — aHAJIOTH

Prin SP <P.x (2.19)
1. Ecnu 6onee nqocroBepHoii siBisieTcst MHGOpMAITUS O CIIpOCe, TO, UCTIONB3Ys popmymy (15),

0 0
10 3aJJaHHOMY HauboJIee BEPOSTHOMY 3HadeHHIO cripoca Q' BBMMCIAIOT pasMep 1eHsl P,
HEOOXOAMMOM U TTOTyYEHHsI LIETIEBOM MPHObLIH

W0 +F
QO

2. Ecnm cBepeHmst 0 cripoce MEHee JOCTOBEPHBI, YeM O IIeHaX, TO cHavaja mo ¢opmyne (15)

ONPENETSIOT CIPOC Qk JUTSL KQXKI0T0 3HAYEHHS 1IEHbI U3 uHTepBaia (19)

PO -y (2.20)

_W0+F

= 221
Qk P —v 221)

. 0
3aTeM SKCIEPTHBHIME METOJAMH OLEHMBAIOT Hambosee BeposTHbIM cpoc Q° u nanee mo
0 0
(opmyne (20) paccunTsiBaroT neny P, cootercTByronnyto crpocy Q.

[TonsitHo, uTo Monenu (20), (21) B3aumMocBsi3aHbl. MIX B3aMMOCBSI3b MPOSIBISETCS] HE TOIBKO
B TOM, YTO OHH JIOTIOJHSIOT JPYT ApYyra, HO U B TOM, YTO OHH IO3BOJISIOT IPU ONPEAEICHHBIX
YCJIOBUSIX TIONYYUTh 3HAYEHHUS II€H, KOTOPBIE, BO-TIEPBBIX, CXOJHBI MEXKITy COOOM, 1, BO-BTOPBIX,
OMM3KM K WX ONTUMAIGHBIM YPOBHSM B COOTBETCTBHHM C TEOpPETHUECKAM mpaBuiioMm (17)
OTIpEIEIICHHS 1IEH.

IIpumep. Yu4HbIi mpojaBel ra3er Oeper UX B U31ATENbCTBE 10 IeHe 2 J1.€. 3a 3Kk3eMIuLsp. O0beM
POk Y CBSI3aH ¢ HazHadaeMoil um nerol P dopmymnoit y = 2800 —1000p ; uznepxxu o

npozaxe pasubl 0,1 1.e. Ha 3x3emIuLsp. Kakoe onTuManbHOE KOIMYECTBO Ta3eT A0IDKEH OpaTh
IPO/IaBEL] B U3/1aTeIbCTBE U KaKOBA ONTUMANIbHAS 1IeHa IPOJIaXKH Ta3eThbl?
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Pewenue. OyHKIMS PUOBLTH 3aNHIIETCS B BUIC

W(X)=yp—-0.ly-2y=yp-2.1y

Beipasum 11ieHy raseTsl uepe3 00beM IpoiaxK:

2800y

2.22
1000 (222

Torma pyHKIMS PUOBLTA UMEET BUJT
W(y)=yp—2.1y=y(2.8—-0.001y) - 2.1y = —O.OOly2 +0.7y
Bo3bMeM pOU3BOHYO IO Y ¥ IPUPABHAEM K HYIIIO

W'(y)=-0.002y —0.7=0

Orcrona y>i< =350.

ES
M3 (22) momywaem p =2.45.
Wrak, ontiManbHas rieHa TIPOJIaKH TaseT 2 pyo. 45 KOII., a ONTUMATIBHOE UX KO4ecTBO — 350

aK3eMITIIpoB. [ IpubbLUTH TipH 3TOM — 1225 pyo0. (pHc. 1).

N

T T T L] ~v T T T T T 1

70 140 210 280 350 420 490 560 630 700 770

KommuectBo OK3CMILIAPOB I'a3€T

Bonpocs! Aj1s1 camonipoBepku

JaiiTe onpezeneHne mpon3BoACTBeHHON PyHKINH. Kak Kiaccupummpyrorcs

NPOU3BOJICTBEHHBIE (DYHKIINN?

UYto B cTarnueckoi MpOU3BOJICTBEHHOM (DYHKITUM HE 3aBUCHUT OT BPEMEHH, & YTO MOYKET 3aBHUCETh
OT BpeMeHH?

B gem cyTs 3akoHa yobiBatorei a3 dextuBHOCTH?

Kak onpeznensercss npon3BOAUTENBHOCTD TPY/IA U KalUTAIOBOOPYKEHHOCTh Tpyza? Kak cBsizaHbI
9TH XapaKTEePUCTHKU B ciTydae uHenHoi [1D u npomsBoncTenHoM Gynkinm Kodoa-/lyrmaca?
OcHoBHBIE CBOMCTBA MpoM3BOACTBeHHOW (GyHKImu. [Ipumep I1D, kortopas oTHETHHBIMI
cBoiicTBamu He o0Onanarot. [IpuMep mpon3BOACTBEHHBIX (YHKIINUN, KOTOPhIE 00JIaIal0T BCEMH
OCHOBHBIMHU CBOVICTBaMU.

[puBemuTe XapakTEPUCTUKN OTHO(DAKTOPHOM MPOU3BOJCTBEHHOM (DYHKITHH.

[puBeuTe XapaKTepUCTHKN ABYX(aKTOPHOM MPOU3BOCTBEHHON (DYHKIUHL.
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[loHsITHE N30KBAHTHI U €€ SKOHOMUYECKHUM CMBICIL. [1ocTpouTts n3okBaHTy muHeliHON [1D 1
[TOK.
Kak onpenensiercs cpeassis v npeenabHas IpOM3BOAUTEILHOCTU KanuTana?

Kak ompenensiercst cpenssst U npeneiabHasi IpOU3BOAUTEILHOCTH Tpyaa?

Kakas cymiecTByeT cBs3b MEXTy POU3BOIUTEIHEHOCTHIO TPY/Ia M KaIUTaIOBOOPY>KEHHOCTHIO
Tpyaa B ciydae muHeriHo# [1® u npomsBoncTBenHon dynkiwpm Kod6a-/yrmaca.

CBmb MEXIy CpeaHed W TPEIeiIbHOM NPOM3BOIUTEIIFHOCTRIO KamuTasia (Tpyaa) B 0OIIeM
clydae v B CiTydae ponu3BoICTBeHHOM (yHKIN Ko6b6a-/lyriaca.

DnacTHYHOCTh BhITycka 1o 1-my pecypey (1=1,2) wu smactmuHocTs mpoM3BOICTBA.

OKOHOMHYECKHI CMBICII.

Hopma 3ameHbl oHOTO pecypca APYruM. DKOHOMHYECKHMN HWHTEPHPETAlMsl 3TOrO TOHSTHSL.
["paduueckast vHTEpIIpETAITHS.

DIacTUYHOCTh 3aMeleHus pecypcoB. [ padudeckas uHTepriperarmsi.

Kak mensiercs nmpenenbHasi HOpMa 3aMEeHbl OJJHOTO pecypca IpYruM Mpu ABMXKEHUU O
n3okBaHTe? JlaiiTe colep/KaTeNbHYI0 HHTEPIIPETALIMIO XapaKTEPy U3MEHEHUS
npeieIbHOW HOPMBI 3aMEHBI.

[Tosicaute cmbica 11D CES. KakoBbl ee cBOMCTBa U OCHOBHBIE XapaKTEPUCTUKN?

Yrto Takoe J0X0 MpeTPHHUMATENS U T0X0T paOOTHUKOB?

B uem cocTOUT 3KOHOMHUYECKHI CMBICT 3314l IPOU3BOAUTENSA?

Kak BIusitOT HaJOru Ha XapakTep NPOU3BOIUTENA?

JlaiiTe SKOHOMHYECKYIO UHTEPIIPETANIO PYHKIIMH CITPOCa Ha PECYPCHI

Kaxkue pecypchbl Ha3bIBalOTCSl B3aUMOIONOJIHAEMBIMH, a KaKW€ — B3aUMO3aMEHSIEMbIMU ?
[TosicHuTE CMBICHT MOCTOSIHHBIX U MIEPEMEHHBIX M3JEPKEK MPOU3BOICTBA

UYto Takoe 31acTUYHOCTH CIpOoca Mo IeHe?

Kak cBsi3ana ontuManbHas 11eHa Ha TPOIYKLHUIO C 3JTACTUYHOCTHIO CIIPOCA U U3EPKKaMu ?
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Tema 3. ®yHKIUSA M0JTE3HOCTH

OCHOBHBIMU YYaCTHHKAaMHU TIpOLIECCa TMPOU3BOJCTBA, PACHpPENCICHUS U MOTpeOIeHus
Osar SBISAIOTCS OTHENbHBIE MOTPeOMTENN W nIpousBoauTenu. Kaxapli M3 HUX HMMEET CBOU
uHTepeckl. [TocTpoum Teopuio MoBeACHUs TOTPEOUTENS.

3.1. MHokecTBO 0J1ar

[Tycte Ha phIHKE ONar WHIUBUAYAJIFHOMY IOTPEOHTENIO TpEAiaracTcs 1 pasIndHbIX
Onar. Ilon nabopom 6naz GyneM NOHUMATh COBOKYIHOCTH HEOTPULATENLHBIX YHUCEN X, ,..., X

n’

Tae  X; — KOIMYECTBO J -ro Gmara (X ; >0, j=1,...,n). Takoii HabOp HEOTPHIATEILHBIX

9HCe MOXHO PAacCMATpHBATh Kak 71-i BeKTop X = (X,,...,X,) Omar. BceBo3MoxHbIC HAOOPHI
Ostar oOpasyroT MHOMCECmBo Onae

R ={x=(xx); x,20, j=1,...n}, (3.1)

KOTOPOE TEOMETPUYECKH MPECTABISET COOOW HEOTPULIATEFHBIA OPTAHT 71 -TO MPOCTPAHCTBA.
JUiist Kaxoro Oara j 3ajlaHbl OTpaHUICHUS

xX;U S X S X , j=1...,n. (3.2)

[TosTOMY, MHOKECTBO HAOOPOB GJIar 3TO OrpaHMYEHHOE MHOKECTBO (G B 11 -OM MPOCTPAHCTBE

G={x=(x,..x); X" <x, <xM™, j=L..n}. (3.3)

MHoxecTBO HaOOPOB OJIar MOXKET OBITh M HEOTPAaHUYEHHBIM. B 3TOM cityuae ero MoHO
IPE/ICTABUTH KaK

G:{x:(xl,...,xn); X; > xmin jzl,...,n} (3.4)

j b
NIn
G={x=(x,x); x, <™, j=L..n}, (3.5)

TPH DTOM HEPABEHCTBA X; < X, WM X; < X, MOTYT BHITONHATLCS HE JUIS BCEX J .

B pacnopskenun notpeOuTens UMeeTcs OrpaHUYeHHOE KOJIUYECTBO JIEHEKHBIX CPECTB

M (noxox), KoTOpBIe OH MOXET MCIIONL30BATh U NpHObpeTenus Gnar. biara mpruobperaroTcs
MO II€HaM, KOTOpPBIE YCTaHABIMBAIOTCS PBIHKOM M HE 3aBUCAT OT OTACIBHOTO MOTPEOMTEIS.

O6o3HauuM uX P, P,,..., P, COOTBETCTBEHHO s 1-ro, 2-ro0roiow6 71-ro 6nara. Bekrop

p=(py, Pys--s P,) HA3BIBAOT 6exmopom yen 6Gnae, npu stom p, 20, j=1,...,n. Torna

n
T
CTOMMOCTb Habopa Oyar paBHa P~ X = Z DX
J=1
CrouMocTh Habopa GJiar i MoTPeOUTENs He MPpeBOCXoauT ero goxoma M | T.e.

n

Z DX, <M. (3.6)

J=1
HepasencTBo (3.6) Ha3bIBAIOT 6100#CEMHBIM 02PAHUYEHUEM.

HepasenctBo (3.6) BMecTe ¢ HepaseHcTBOM (3.2) ompenenser MHOkectBo K docmynmbix
Habopog OIar Ha pHIHKE TOBAapOB M yciyr. B cuiy Hammums OroKeTHOro HepaBeHCTBa (3.6)

mHokecTBo K Bcerna 6yaer orpaHuueHHBIM MHOKecTBOM R .
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Hanpumep, B ciyuae muoxkectsa G, 3a1aHHOro HepaBeHCTBaMu Buja (3.2), mosydaem,
4T0 MHOKECTBO K JOCTYNHBIX GI1ar MOXKET OBITH OJHUM M3 TPEX:

1) mycroe MHOKeCTBO, T.e. mpu mmetomemcst goxoxe M u uenax p=(p,, Pys..., P,)
MOTpeOUTENTh HE MOMKET MPHOOPECTH Ha PHIHKE JaXKe MUHUMAJILHOTO Habopa Omar U MOKHO
CKa3aTh, 9YTO B ITOM CIIy4ae OH KUBET 3a UepPTOl OCTHOCTH;

2) yacTth M -MepHoro mapamieienunena (G, T.e. HOTPEOUTENIO JOCTYIIHEI HE BCE HAOOPHI
Onar npu umeromemes noxoae M W yCTaHOBHMBIIMXCS [IEHAX P Ha PHIHKE OJIar;

3) Bech M -MmepHbli napamwienenunen (G, T.e. MOTpeOMTENs HACTOIBKO OOrar, 4ro emy
JIOCTYTICH JII0001 Habop OJar MpH ero J0X0/1e U ICUCTBYIONINX IIeHaX.

Ha puc. 3.1. u300pakeHbl 3TH ClIydan mpu 1 = 2.

X, | 4

ma
X2 X

pixi +pixi=M

v

A
)

min max

Puc. 3.1a. [Iycroe MHOXECTBO IOCTYIHBIX OJar
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X2 C
max
X2
G
: ' |
szm A | D
T
' |
1
pixi+pixi=M !
min max
X1 X1 X1
Puc. 3.16. YacTnuyHOE MHOXKECTBO JOCTYIHBIX Oyiar
X, | 4
max
X2 B é\
|
G |
pixi+pixi=M
mn [T """
X2 A D
i X
lem leax 1

Puc. 3.1B. [TomHOE MHOKECTBO AOCTYIHBIX Oar
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Taxum 06p330M, MHO>KECTBO K AOCTYIIHBIX Ojar saBiseTCS BBIITYKJIBIM MHOXXECTBOM,
OonpeacIsICMbIM CHCTEMOM HCPAaBCHCTB

min . max . 1
x, 2xM, jeld,x, <X, jel, D px, <M, (3.7
=

rae J 1> J » — HEKOTOPBIE TIOJIMHOKECTBA MHOMKECTBA J = {1, 2,0, n} .

3.2. DyHKUUA MOJIE3HOCTH U €e CBOMCTBA

Paccmotpum Bompoc o BeIOOpe Habopa Omar. Kakmoe Graro JTOMHKHO yIOBIETBOPATH Ty HITH
UHYI0O TIOTpeOHOCTh. CrmOCOOHOCTH  YIOBJIETBOPSATh Ty WIM HHYIO TOTPEOHOCTh HA3bIBAIOT
none3HoCmuio Oaaza.

[lotpeburens HpH PacCMOTPEHHH JBYX HaOopoB Omar X =(X,....X,) # Y =(),....y,)
IPUHUMAET OJTHO U3 CIEAYIOUIUX PEIICHU:

a)Habop X mpeanouTHrTenbHee (II0JIe3Hee), 4ueM Habop Y ;

6)Habop Y mpennoyTuTeNnbHee, 4eM Habop X ;

B)HAOOpB! X U Y paBHO3HAUYHBI (DABHOLIEHHBI, OJMHAKOBO M1OJIC3HBI).

3anuce X > Y 03Ha4aeT, uTo HAOOp X MpeanoyTUTeNnbHee Habopa Y ; 3amuch X ~ Y — Habop
X u Habop YV paBHO3HAYHBI, 3aIHCH X > V o3nHauaer, 4To Ha0op X HE MEHee MPENOYTHTEIICH,
4yeM Habop V.

BBezeHHOE MOHSATHE OTHOIIEHHS TIPEATIOYTEHHSI TTO3BOJISIET CPOPMYIMPOBATH CIIEIYIOLAIN npUHYUN
svlbopa nompebumens: NOTPEOUTETb BBIOMPAET HAMOOJee MPEANIOYTHTEILHBI HA00p Cpemu BcexX
JIOCTYITHBIX €My HaOOpOB OJar.

BMecTo paccykIeHHH Ha OCHOBE 3aJaHHOTO OTHOUIGHHS MpPEANOYTeHHs 2 MCIONMb3yeM
(YHKIHIO TIOJIE3HOCTH IS IPEATIOYTEHHS OTHOTO Habopa Oiar Apyromy.

OyHKIMA u(x) = u(xl,...,xn), OIpeAeIICHHass Ha HEOTPHLIATEIIBHOM OpPTaHTE RJ': (v

HEKOTOPOM GCc Rf ), Ha3bIBACTCSA (hyHKYUel NOAe3HOCHU, COOTBETCTBYIONICH OTHOIICHUIO

IPEAIIOYTCHUS 2 , €CIIN u(x ) > I/t(y), TOIJIa ¥ TOJBKO TOrAa, Korga X Z y ,

MPHUYCM CCITH I/t(x) = u(y) T0 X ~ YV 1 obparHo, eciu X ~ Y, TO u(x) = u(y)
OYHKIUSA TIOJIE3HOCTH u(x), M0 CYIIECTBY, NPEACTaBISCT CHUCTEMY MPEANOYTCHUI

notpedutens. OCHOBHOE €€ CBOMCTBO B TOM, IIOTPEOUTENb IPEANIOUUTAET BEIOUpaTh X, a HE Y,

ecnu u(x) > u(y) , OHa YIOPSAOYMBAET HAOOPHI MO MPEANOYTEHUIO X ApyT Apyry. OTcroma

CJIEZyeT, 4TO MOTpeOUTeNh MpH BeIOOpEe Habopa Oyar CTpeMHUTCS MaKCUMHU3HPOBAB CBOIO (DyHK-
IIMIO TIOJIE3HOCTH.
B tabnuue 3.1 npuBeneHsl 4eThipe TUNA (QYHKIUH MTOJIE3HOCTH.

PaccMmoTpum HEkoTOpBIE 00IITHEe CBOMCTBA (DYHKITMHU TIOJIE3HOCTH.
1) ®yHKIMS MOJNIE3HOCTH U JBAXIbI AU PepeHnrpyema u CTporo BeIITYKIIA.
2) OyHKIHUS MOJIE3HOCTH HE HachlllleHa. CBONMCTBO HEHACHIIIAEMOCTH COCTOUT B TOM, JJIA

N
MOOBIX 33/IaHHBIX JIBYX HabopoB X, Yy € R . COOTHOIIEeHHE X 2>y sreuer U(X) = u(y),a
COOTHOMIEHHS X = Y u X# Y BIEKYyT u(x) > I/t(y) 3HauuT, QYHKIUSA IOJE3HOCTH
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du(x)

SBJISIETCS BO3PACTAIONIIEH 110 TI060My ee aprymenty, T.e. ———— > (0, V] =1,n, xe Rf .
Y
. du . du ,
3) Im—— =00, lim—=0, j=1,...,n.
%20 x X2 0X,
Tabmauma 3.1
Tun ¢pyHkuun DyHKIHUA TOJIE3HOCTU OrpanuueHust
M10JIE3HOCTH
Jlozapugmuy- n a >0, x.>1, j=1,..,n
— J J
ecukast u(x) = Zaj In Xj
=
Mynomunnuxa-

L O<oa.<1, x,>0,
mueHas u(x)= aH X?J . J J
=1 j=1..,n, a>0.

Aooumusnas n O<p.<1, x.>0, a. >0
(0= Ya by <l %20 e,
J=1 j=1,...,n.
Ksaopamuunas n 1 <& n _
“(x)=2%xj+§zzbzyxix,~ a,+) byx, >0, j=ln
j=1 i=1 j=1 i=1
B<O0 (oTpHULIATENBHO
OnpeescHa)

B opranre Rf YPaBHCHHUIO u(x) = C,rae C — KOHCTaHTa, COOTBETCTBYET ONpEACICHHAs
MIOBEPXHOCTh  PABHOIICHHBIX  (OJAMHAKOBOW TOJE3HOCTH) HaOOpoB Ojar (MHOECTBO
Oe3pasznuuusi), U HAO00OPOT, KaKIOMYy MHOXKECTBY O€3pazinyus COOTBETCTBYET HEKOTOpas
IOBCPXHOCTh, oONpeAcsieMas ypaBHCHHEM u(x) =C. DT TOBEPXHOCTU HA3bIBAIOT

2
nosepxnocmamu 6espaziuyus. B coydae mByx Omar, T.e. B R . UX HasblBAIOT KpUGHLMU

be3paznuyus.

Jns naHHOW (YHKUIMU TOJE3HOCTH KpHBBIE (TMTOBEPXHOCTH) Oe3pa3nuuus o00JanaloT
CIEAYIOUIMMH CBOMCTBaMU:

1) yepe3 Kaxayr0 TOUKY MHOXKECTBA TOBAPOB IPOXOIUT JIUIIL OJHA KpUBas (IIOBEPXHOCTH)
Oe3pasznuuus;

2) nuHUM (MTOBEPXHOCTH) O€3pa3Inyums HE MEPECEKAIOTCs, MPUYEM KPHUBAas, JI)KaIas BbIIIE
Y TIpaBee APYroi KpUBOM, MIPEACTABISIET CO00M Oosiee MpeAmoYTHTEIbHBIE HAOOPHI TOBAPOB;

3) muanKM (TTOBEPXHOCTH) Oe3paziuuns oOpamieHbl BBIMYKJIOCTBIO K Hadady KOOpPIWHAT
(BBITEKAET M3 CTPOTOM BOTHYTOCTH (DYHKITUHU TTOJIC3HOCTH);

4) MHOXKECTBO HaOOpOB X, A KOTOPBIX u(x) 2 C (IpeanoyYTHTENLHOE MHOMKECTBO)
SIBJISIETCS BBIIYKJIBIM MHOXECTBOM.
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3.3. IllpenesbHasi MOJIE3HOCTH U NMpeJeJIbHAS HOPMa 3aMelleHus 0Jiar

B teopuu morpeOUTENBCKOro BHIOOpA OOJBIIYIO POJb UTPAIOT MpEAEibHBIC MOJIE3HOCTH
Onar, KOTOpbI€ BBIPAXKAIOT JONOJHUTEIBHOE YIOBIETBOPEHHE OT NOTPEOJICHUsT OJHOM
JIONOJHUTENBHOM enuHMIBl Onara. MaTtemarndeckn STOT (DaKT ONMMCHIBACTCS YaCTHBIMH
OPOM3BOIHBIMU  (DYHKIIMM TOJE3HOCTH. YCTAHOBHUM COJEP)KATENbHBIH CMBICT YaCTHBIX

IPOU3BOJHBIX (QyHKIMK none3HOCTU. [lycTh KouecTBO ] -ro Onara ©3MEHHJIOCh Ha BEIUYUHY

ij, a KOJHYECTBA OCTAJILHBIX OJIar HEe HM3MEHHUJINCh. DTO BEI3BIBAET YACTHOE IpupanmecHnue

GYHKIMHA TIOJIE3HOCTH Auj :u(xl,xz,...,xj +ij,...,xn)—u(xl,xz,...,xj,...,xn),

Ipu4YeM ij >0.

Au
Bemmuuna —— >0 yKa3bIBaeT HAa W3MEHCHHE IIOJIC3HOCTH Ha JIOMOJHHUTEIBHYIO
J
equHully J-ro Onara. Ilepexons Kk mpezeny, HONXy4HM lim =——>0(. Yacrnas
A-0 Ax. ox,
‘ J J

ou

X

MMpOU3BOAHAA Ha3bIBaACTCsA npec)eﬂbHoﬁ NnoJIE3HOCMbIO J -e0 bnaea.

Ilpumep 3.1. Jlana GyHKIHS MOIE3HOCTH I/t()c1 R xz) =a, In X, +a, In X, . llpenenvuas
du a u a,

MOJIE3HOCTH TMEpBOro Oj1ara paBHa —— = ——, a BTOpOro— —— = —— . P
X, X ox, x,

Ipumep 3.2. JIns Gpynxunn nonesnocrn U(X,, x2) = axla ! x; * OymeM UMETh

ou ou

-1
—= (lO(,lxla ! x;x * — uIs mepBoro Omara,
ox, X,

o o,—1
=aol, X, X,> - s BTOpOro Gara.
>

PaccmoTpum Bompoc o B3anmosameHsieMocTH Ousar. IlycTh 00beMbl moTpebiseMbIx OJar

NU3MEHUIINCh COOTBETCTBEHHO HA MaJIbl€ BEJIUYUHBI Axl,sz,...,Axn. Torma mOJHBIM

ou

u u
IPUpAIICHIEM TIOJIE3HOCTH siBisiercs Beimanaa Al = —dxl + —dx2 +....+—dx i
X Xs Xn
— moJHbI auddepernnan GyHKIUE MoIe3HOCTH. [TyCTh ypOBEHB MOJE3HOCTH HE M3MEHSCTCS,

T.€. U3MEHEHHE HaOopa Ojar mMpPOUCXOJUT TaK, YTO COXPAHSETCS OJHA U Ta K€ TMOBEPXHOCTH
Oe3paznuuus I/t()C1 geees X n) = ¢ . llpennonoxxum, 4To KOJIMYECTBO BCEX OJar, Kpome k-roul-

T'0, KOTOPBIC B3aMMO3aMCHACMEBI, HC U3MCHAIOTCH. Tor;[a MMoJIy4Ynm

aa—udxk +aa—udxl =0.

Xk X

Otcroga umeeM
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dx, Ax,  duldx
n = = = —
kl :
dx, Ax,  dulodx,
Ax,
Bemmunna N, =——  HaseBacTCcA  KoopPuyuenmom  (HOpMOU)  npedenvbHoll

l
IKBUBANIEHMHOU 3aMeHbl 012, KOTOPBIA 00OpaTHO MPONOPIMOHAJICH OTHOIICHUIO NpEeAelbHBIX

du .
monesHocTeil ATHX Onar, B3sATOMy ¢ oOpatHbM 3HakoM. Ilockomsky — >0, j=1,n, 10
'xl
n, < 0, T.€. YBEJINYEHHE noTpedIeHus

oHOro Oyara BBI3BIBACT YMEHBIIEHUE APYroro JUIs COXPAaHEHHS OJHOTO M TOTO K€ YPOBHS
IIOJIE3HOCTH.

Ilpumep 3.3.

st GyHKIMU TOJIE3HOCTH I/t()c1 , xz) =a, In X, +a, In X, umeem
Ax, _ o /x _ ax, .

ny=——"=—",/""=
Ax, o,/ x, o, X,
Ilpumep 3.4.
0 .00 (X‘l'XZ
Jist GyHKIMY TTONIE3HOCTH I/t()C1 , xz) =dax; X, noayuumM N, =——. >
o, x
2711

N3ydyenue n3mMeHeHHs] HOPMBI MIpeeIbHON 3aMEHSIEeMOCTH OJIHUX OJlar IpYyrMMH Urpaet
BOXHYIO pOJIb MPH M3YyYCHUH 3aKOHOMEPHOCTEH MNOTpeOJ]eHUs: €eciu MOTpeOHOCTh B
oTpezieiecHHOM OJiare yIOBJIETBOPSETCS HE3HAYUTENIbHO, TO OTHOCUTENIbHAS MOJIE3HOCTh ATOrO
Orara Mo OTHOIIEHHIO K JAPYIMM JUIS COXPAaHEHHs OJHOTO M TOTO € YPOBHS IOJE3HOCTH
BBICOKA.

PaccmoTpuM Temepp CMBICT BTOPBIX YAaCTHBIX MPOU3BOAHBIX (DYHKIHUU MOJIE3HOCTH.

2
o°u
BTOpble YacTHBIE MPOM3BOIHBIE ——— XapaKTEPU3YIOT U3MEHEHUE TPEIEIbHON MMOIE3HOCTH
X,0x;

2
ou : 0u
a— Omara | mnpuM U3MEHEHMHM NOTpeOieHus 3Toro ke Omara. ITycTs W

X . X.0X .

J i
npelenbHas MOJIE3HOCTh JII000ro Ojara yMeHbIIaeTcs MO0 Mepe TOro, KaKk ero MmoTpeliieHue
YBEJTUYMBACTCS. DTO CBOMCTBO HA3BIBAIOT 3aKOHOM | 0ccena — 3aKOHOM yOBIBaHHSI TPEIEIbHON

MIOJIE3HOCTHU. Takum oOpaszom, mpemamonaraeM, 4YTo (QYHKIOHS TOJIE3HOCTH JBAXKIBI

< 0, T.C.

maddepeHnIpyeMa, MMeeT HempephIBHBIE YACTHBIE HPOM3BOAHBIE, a Marpuma lecce H |
o0Opa3oBaHHasl U3 BTOPBIX YACTHBIX MPOU3BOIHBIX, SBJSETCS OTPULATENLHO ONpeAeTIeHHON (ee
[JIaBHBIE MUHOPBI HEYETHOTO TMOPSAIKAa OTPHUIATENbHBI, 3 YETHOTO MOJOXKHUTEIbHBI ISl JI000T0

Habopa X = ()C1 yeees X n) D10 TpeOOBaHNE OTHOCUTENHHO (YHKITUH MOJIE3HOCTH 03HAYAET, YTO

(GyHKLMS TIOJE3HOCTH CTPOTO BOTHYTA.

Ilpumep 3.5.
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st GyHKIMU TOJE3HOCTH I/t()c1 , xz) =a, In X, +a, In X, marpuna ['ecce

a
1
> 0
X
pasma H =
a
2
O 2
X,
a ada
Tak kak Al = ——; <0, A2 = ; 22 >0, 10 Marpuna ['ecce oTpuiiaTeIbHO ONpeieeHa.
X X Xy
>
Ilpumep 3.6.

Jlnst GYHKIMU TTOJE3HOCTH u(xl , xz) = axlo‘ ! x; * MOJy4rM

-2 -1 -1
H ao, (o, —Dx""x2 a0, X
B -1 ay-1 -2
ac,, oL, X" x5° ac, (o, — )X x)*

A, =ao, (o, —1)x" x5 <0,
_ 2 2(0y=1) _ 2(o,—1)
A, =a o 0,x, " x (1 -oy —a,) >0, (o +o,) <1

Takum 00pa3oM, IpU BBHIMOJHEHUU YCIOBHUS (O(,1 + 062) <1 wmarpuna I'ecce oTpumarensHO

omnpeneneHa.

3.4. OnTuManbHbIH BBIOOP OJ1ar moTpeduTeIeM

3.4.1. MoneJnb 3a1a41 ONTHMAJILHOTO BbIOOpA

B npeapiaymieit neKmMu 0TMEYanoch, 4TO TPEINOYTEHUE MOTPEOUTENsT Ha MHOXKECTBE HAOOpOB
onar Bepakaercss nenepoii (yskimeil U(X). TTosToMy MaTemaTHdeckas Moje/b BbIOOpa Onmar
MOTPEOUTENIEM UMEET CIIYFOIIHIA BU]I 32184l MAaTEeMaTHYECKOTO MPOrPaMMHPOBAHUSI:

u(x) =u(x,...,x,) = max (3.8)
[IpU YCIIOBUSAX:
ijijM, (3.9)
=1
ijO, j=1,...,n. (3.10)

3amaga (3.8) — (3.10) sBrsieTcst MpOCTEHIIel MOJENBIO, TAK KaK 3[1eCh JOIMYCKAETCs, YTO BBIOOP
Oyar MOTpeOHTENIeM OTpaHWYeH TOJBKO BEIMUYMHOM noxoma. Ha camom nene Ha BbIOOp Onar MoryT
OKa3bIBaTh BIMSHHUE W JPyrue (haKTOpbl, HapHMEpP HEIOCTATOUHOE MpeiokeHHe (Ie(UIMTHOCTD)
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max
HEKOTOpbIX Orar. Tak, HarpuMep, eciy Mpeuioxkernne K -20 61ara OrpaHHYeHO JHCIOM X, ,TO0

max
HY>KHO BBECTU OIPaHUYCHUE X < X

Taxum 0OpazoM, Oostee CIIOKHBIE MOJIETTH COJIEPIKAT PST IOTIOTHUTEIBHBIX OTPaHUYEHUH.

Jiois n=2 [IOJIy4aeM 3a1auy
u(x,,x,) = max 3.11)

IIPU OTPaHUYEHUSX

DX+ p,x, <M; x, 20, x, 20. (3.12)

I'eomeTpuueckas untepnperanus moaenu (3.11) — (3.12) nana Ha puc. 3.2.

KpUBbIC
bezpaznnund

v/
* » * a
x (xy ;x; ) onTuManbuslil BEIGOD

010 AKeTHas JIHHUA

\’ ﬂ";ﬁ

Pty - M

Mo

Puc. 3.2. 'eomerpuueckas nHTEpIpeTanys MOAEIU Ipu 11 = 2.

Ha puc. 3.2 npsimast AB cOOTBETCTBYET OFOPKETHOMY OTpaHHUeHuIO, TpeyrobHuK OAB — obmactu

% * *
JOCTYITHBIX HA0OpOB, a Touka X ()C1 ,xz) KacaHusl KpHBOW Oe3pa3mmuusi cO CTOpoHOH AB

TpeyronsHrka OAB onperienser onTuManbHbIN Habop Omar 3amaun (3.11) — (3.12).

3amaua (3.8) —(3.10) sBisieTcst 3aadeil MaTEeMAaTHYECKOrO IMPOrPaMMHUPOBAHMS U COCTOMT B
MaKCUMH3ALMM CTPOrO0 BOTHYTOM (DYHKIMH TIPU JIMHEHHOM OIpaHMuYeHHMH. Pelienue Takod 3amaun
CYLLECTBYET, U OHO €IMHCTBEHHO. DTO ONTUMAJIBHOE PEIICHUE HA3BIBAIOT MOUKOU PAGHOBECUsL 3A0aUU
ONMUMANLHO2O0 8blOOPA biae nompedumenem.

Heo6xomMbIM 1 TOCTaTOYHBIM YCIIOBHEM sl pereHus 3anaun (3.8) —(3.10) sisrorest yenoBust

Kyna-Taxkepa st ¢pyskimm Jlarpanska
Lx,M)=u(x)+A| M —ijxj ,
j=1

KOTOPBIC UMCIOT BU

oL du — oL ou
—=—-MAp, =0, j=Ln x,—=x,| =——Ap,
dx, Ox, / J=R A ox . % ox, !

J
oL i oL ”
=M - x. 20, A—=A| M — x. [=0.
M 2p gy 20

=0, (3.13)
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B (3.13) yacTHbIE IPOU3BOIHBIE U IEPEMEHHBIE BBIUUCIIEHBI B ONITUMAIBHON TOUYKE

(X; 5o X, 30 ).
%
N3 ycnosuit (3.13) cienyer, 4yto ecnu X j > O, TO

ou . _
—=A p;» j=1..n (3.14)
ox
J
Otcroza Clieiyer, 4To MpeaebHbIE MOIE3HOCTH IPOIOPLHOHAIBHBI [IEHAM COOTBETCTBYIOLIMX OJIar.

I'eomerpuueckn  cBoiictBo  (3.13) o3Hawaer, B TOYKE ONTUMyMa BEKTOP

p= ( Pise-s D n) Or0/KeTHOM runepriockoctu (mpsiMoit AB Ha puc. 3.2) U BEKTOp-TpaJueHT

ou ou

GyHKIMM IMOJIC3HOCTH ar ad ( u ( X ) ) = T e T KOJITTUHEAPHBEI, T.C.
dx,  ox,

) duldx,
grad(u(x)) =\ P . Kpome toro, u3 (3.13) cienyer, yro ———— = A >0, rax xax

P
Jdu

—>0, p.>0, :E
axj P J

*
Takum oOpa3oM, oONTUMaNbHBIA MHOXHTENb Jlarpanxka A JOJDKeH  OBITh

n

HOJIOXKUTEIBHBIM, a Toraa u3 ycnosus Kyna-Takkepa Al M- Z piX; |= O crenyer, uro
j=1

BECh JIOXO/]I UCIIOJIb3YyeTCs Ha MPHOOpEeTeHNnEe ONTUMalIbHOro Habopa Oar, T.e.

Y px,=M. (3.14)
=1

Iomyyennoe ormmuManbsHOe penienne 3a1a4u (3.8) — (3.10) 3aBucHT OT BeKTOpa LILH ) M 0X0za M ,te.

B OOIIIeM CTy4ae PEIIEHHE 337124 MOKET GbITh 3aMHcaHo B Bufe X; = X (p,M), j=1,..,nnu

A= k*(p,M) KaK QYHKLIMHA IEPEMEHHBIX P, ,..., P, W M .

13 mpuBENEHHBIX PE3yJBTaTOB BHITEKAIOT CIEAYIOIINE CIEJCTBHUS, UMEIONIHE MECTO IpH
ONITUMAJILHOM BbIOOpE OJar nmoTpedurenem.
1. [IpenenbHbIE TOIE3HOCTH OJIaT IPOMOPIIMOHATBHBI UX IIEHAM:

du(x") oy
ox

2. . OTHOIICHUE MIPEETBHBIX MTOJIE3HOCTEN ABYX OJ1ar paBHO OTHOLICHUIO HX LICH:
du(x)/ox; p, . —
p =—; j,k=Ln, j#k.
du(x )/ox, p,

3. IlpenenbHas MOJIE3HOCTD, MPUXOSMIAsICA HA ICHEKHYIO €MHUIY, OJMHAKOBA IS BCEX
npuobperaembIx Onar:

P j=1...,n.

J
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du(x")/ox, 8u(x )/axk
P Di

4. PaBHbIE TIpelCNIbHBIC IOJE3HOCTH, MPHUXOASAIIMECS Ha JACHEKHYIO E€IUHUILY, PaBHBI

J k= ln j#*k.

MHOXKHTETI0O A - TIpeneibHOH MOJNEe3HOCTH JEHEKHOH eIMHHMIEI, KOTOPYIO IOTPEeOHTENh
pacxozyer ajs npuoopeTeHus oar:

au(x*)/axj

5.Hopwma 3amernienus:

n, =—=——", J.k=1,..,n, k#+j.
6.B onTumanbHON TOUKE UMEET PaBEHCTBO:

du(x’) A

(3.15)
oM

n

JleMCTBUTENBHO, U3 COOTHOIICHUS E p jx j =M CJIEyeT paBEHCTBO

j=1
ZPJ

=1. Vcnons3ys npasuio auddepeHIHpOBaHIS CII0KHOM DYHKIIHH U CISICTBHE

1,HOJIyLII/IM

du(x') Sou(x)dr, )
— =\

TR Y RS S

*
Takum o0OpazoMm, BeIMYMHA A MHOXHTENS Jlarpanka oO3Ha4aeT JAOMOIHUTEIBHYIO
MOJIE3HOCTh, MNPUXOJAIIYIOCS Ha JOMOJHUTENbHYI0 E€OUHUILY J0X0Ha, T.€. MNpPEeaAeIbHYIO
MOJIE3HOCTH JICHEKHOU eMHUIIBI I0X0a MOTPEOUTEIS.

3.5. BzanumHas 3aa4a K 3a/jaue ONTHMAJIBHOI0 BbIOOpaA OJy1ar moTpeduTesieM

MpbI HanuTi pereHne 3a1a4u 00 ONTUMAaTbHOM BBIOOpE OJ1ar B BUJIE

* * .
xX; = xj(p,M), j=1..,n
Ecnu nozctaBuTh 311 3Ha4eHNs B (DYHKIIUIO TIOJIE3HOCTH, TO TIOTYYUM
k k
=u (p,M),

T.€. MAaKCUMAaJIbHAS MOJIE3HOCTh 3aBHCUT B KOHEYHOM CUETE OT LIeH Ha Or1ara U 10X0/1a IIOTpeOUTes.
PaccmoTpuM Terneph Tak Ha3bIBAGMYIO B3aMMHYIO 3a7a4y. 3auKCUpyeM 3HaueHue (yHKIUU

II0JIC3HOCTH HA YPOBHE U, ¥ PACCMOTPUM T€ Omara X, JUIsl KOTOPBIX u(x) = U, T..TC Onara,
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KOTOPBIE JA0T MOTPEOUTENIO OJIUH U TOT K€ YPOBEHb YIOBJIETBOPEHUS Uy . OUEBUIHO, YTO TIPH

n
3aJlaHHOM BEKTOpE IleH Ha Omara p = ( Piseees pn) crommoctn M = Z D ;X ; Takux Onar
j=1
pasnuunbl. [locTaBUM 63aumuyro 3adauy: KakoW HaOop Osar, oOecredyrBaIOmMUi JaHHBINA
YPOBEHb YIOBIIETBOPEHUS] MOTPEOHOCTEH, cCaMblil JeleBblid. MaTeMaTHUeCKu Takas B3aWMHas
3amava popmynHupyeTcs Tak: HAUTH MUHUMYM (QYHKLINN

M :Z_l:pjxj (3.16)

IIPU YCIIOBUU

U(X)5ees X)) = Uy, X; >0, j=1,_n (3.17)

I'eomerpuuecku s N = 2 3agauy (3.16) — (3.17) MoXkHO CPOpPMYIHPOBATH CIETYIOIIUM
oOpazom: [uis JaHHOW KpUBOM Oe3pa3zinuuusi C ypaBHECHHEM I/t()C1 , xz) =U, cpean

napauIeNbHBIX OIO/DKETHBIX JIMHUKA HAWTH Ty, KOTOpas ee Kacaercs. Todka KacaHus W Oyner
ONTUMAJIbHBIM peleHueM (puc. 3.3).

(X x2) = 1wy
.
\"\
-
0 Xy

Puc. 3.3 I'eomeTpudeckas uarepnperanus moaenu (3.16) — (3.17)

3amauy (3.16) — (3.17) pemum MeTogoM MHOXuUTeNeH Jlarpamka. 3anumem ¢yaknuro Jlarpamxka

n
L(x,...,X,) = ijxj + W (uy —u(x,... x,)).
j=1
Heo0X0oauMBIE yCIIOBUS DKCTPEMYMA UMEIOT BHJL

o _ - du_
axj P uaxj

oL _
oA

KOTOpBbIE MepernuiieM B popme

0, j=1,..,m;

uy —u(x,....,x,) =0,
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ou 1 _
_8 =—p; J=L.,n; u(x,...x,)=u,. (3.18)
X

Pemenue cucremsr (3.18) onpenenser onTuMalIbHBINA Ha0Op Oar X = ()C1 yeees xn) , TIe

*

X, =X,(p,uy). (3.19)

1 MHOXXHUTEIb Ll* MuHuMaNIbHBIE 3aTPATHI M " = Z P jx; OyIyT 3aBUCETh OT BEITHYUHBI
Jj=1
*
U, ¥ BeKTOpa LeH P . Mensisi ypoBeHb NOTpeOICHUS U, moryunm M =C (uo) , KOTOpas
HA3bIBACTCS yHKYUel 3ampam nompeoumers.

*
Beisicuum cmbict MHOkuTens Jlarpamxa W . Paccmorpum monsbli guddepennuan
GbyHKIIMM 3aTpat

dM = Zn:pjdxj :
j=1

& & &
Tak Kak B TOYKE MUHUMyMa X = (xl R n) CIIpaBEAJIMBLI PABCHCTBA

L ou
pj =U —, J =1,...,I’l,To [10JIy4aeM

ox

j
aMm = Zu —dx uZ—dx =u'du. (3.20)

*_dM

du
IIOKa3bIBACT, KAKHUC JOIIOJIHUTCIBHBIC 3anaTBI HCO6XOI[I/IMO caciaTh, ‘ITO6BI ypOBeHB
YIOBJIETBOPEHUS (TI0JIE3HOCTH) YBEIUYHUTh HA CIUHHUILY.

3
W3 (3.20) cnenyer, 4To B ONTHMaILHON Touke L , T.€. MHOXMTEND Jlarpamxka L

du(x)
oM

IMOKAa3bIBACT, KAKYIO JOIIOJTHUTECIIbHYIO IMOJIC3HOCTE MBI IMOJIYYHUM Ha JOIMOJTHUTCIIBHYIO CAUHUIY

Beime Obuto moka3zano (cm. (3.15))), urto 7\,* = , T.€. MHOXMWTEIb 7\,*

* *
PacxoayeMoro J10X0/a. 3Ha4uT, 10 CMBICIY MHOKHTEIU Ll H A B3aUMOOOpATHHI. Y CTAaHOBUM,

KaK CBsA3aHbI OIITUMAJIbHBIC PCIICHUA B3aNMMHOM 3aJa4d U 3aJa4u OIITHMAJIBHOI'O 135160pa Omar
*

norpeburenem. Ilycte U, PaBHO MaKCUMAIbHOMY 3HAYEHUIO (DYHKUMH MOJE3HOCTH U

MOJIYYEHHOMY TIPH PEIICHUHW 3a/Ja4d ONTHUMAJIbHOTO BBIOOpa Oiar morpebOutenem. Torma B3a-
nMHas 3aga4a (3.16) — (3.17) npuMer cienyromuni BUI:
HaWTH

min| M =) px, (3.21)
-1

IIPU OTPAaHUYEHUSX

u(xl,...,xn):u*; X; >0, jzl,_n. (3.22)
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E¢ pemenue 3amaeT MUHHManbHbIL yposenb 3atpar M = M *, o0ecreunBaromun
MaKCHUMaJIbHYIO TOJE3HOCTh. M3 reoMeTpuiecknx cooOpakeHU clenyeT, 4To B 3TOM cliydyae
ONTHMANBHBIC PEIICHHS B3AHMHON M MCXOHOM 3a1ad coBraayT. s 11 = 2 uMeeM OIHY U Ty
)K€ TOUYKY KacaHUs OFO/PKETHOW MPSIMOM M KPUBOW Oe3pasziuyusi, MPU 3TOM BO B3aMMHOM 3a/1aue
3amaercs KpuBas Oe3pa3iuyusi ¢ MaKCUMAJIbHBIM YPOBHEM YIIOBJIETBOPEHHs MOTPEOHOCTEH U
HYXXHO HalTH K Hell OOKETHYIO MIPSIMYIO CPEIN BCEBO3MOKHBIX MapajuIeNbHBIX MEXKAY cOO00i
OIO/DKETHBIX MPSAMBIX, a B 3aJaye ONTHMAIBHOTO BbIOOpa Onar moTpeduTeneM 3anaeTcs

Oro/KeTHas IpsAMasi ypaBHEHUEM P1X + PrXy, = M u HYKHO CpE€I BCEBO3MOKHBIX KPUBBIX

Oe3paznuuus HAUTH Ty, KOTOpasi KacaeTcst JaHHOW OIOJKETHOU TPSMOH.

.1

%
—atacke M =M e M -

B sTOM ciiyuae, Kak J1€rko BUIETh, 9T0 L

3aJIaHHBIN JOXOJ MOTPEOUTENIS B 3a/1aU€ ONTUMAIBHOTO BbIOOpa Oar morpedutenem (puc. 3.4).

=
0 X

Puc. 3.4 I'eomeTpudeckas uarepnperanus moaenu (3.21) — (3.22)

Ilpumep 3.7. ]JIns MyJbTUIUTMKATUBHON ()YHKIIUU TTOJIE3HOCTH TIOTPEOUTEIS
u(x, x,)=ax"x;?; 0<o, <1, i=1,2; a>0

HAUTH perieHue:
a) 3a71a4M ONTUMAJILHOTO BBIOOpA OJ1ar moTpeOuTeNs;
0) B3aMMHOH 3a1a4H.

Pewenue.
a) 3agavya ONTUMAJILHOTO BBIOOpa Oy1ar moTpeOUTEe s UMEET BU/T
u(x, x,) =ax;"x;> — max
[IpU OIPAHUYECHUAX
pix +p,x,=M; x, 20, i=12.
Cucrema ypaBHeHHﬁ (3.13) — (3.14) npumer Bua

-1
X2 =Ap,, al,x; x>

ao, x;" =Ap,,
P2 (3.23)
px + px, =M.

Pemras cucremy (3.23), monydyum
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. o, M . o, M
X = y Xy = )
(o, +o,)p, (o, +a,)p,
o L%)
% 1-o,— (04 04 (=01, —
MN=a(o,+o,) TS| 22| M), (3.24)
P P>
Torma mone3HOCTh paBHA
o 2]
u* — a (xl (xz MOL1+OLZ ,

(o, +a,)p, (o, +0,)p,

a MHOXMTEIb JlarpaHka paBeH
« O +00, =«
A =—"1"—"2u.
M

0) B3anmnas 3amada: HaiTi

mm(M =Dt pzxz)
[IpU YCIIOBUAX
O .0y
ax;'x,> =u,, x, 20, x, 20.
®yukiua Jlarpanxa 3Toil 3a1auu
— O 4.0
L=px + p,x, +u(ax1 X, uo).

3anuiueM yciaoBHs SKCTpEMyMa

oL
Ly —pac o =0,
ox,

oL
ox,
O 4.0
Teneps pewmaem cucreMy (3.25). B pesynpraTte nonyuum

p, —Hac,x x*" =0, (3.25)

o

1 Oy 1

* u o+o, | O Oy +0 * u ou+a, [ Ol 0y +0

X, = {—Oj Py , X, = (—Oj Py . (3.26)
a o, py a o, p

MuHuMalbHBbIE 3aTpaThl U MHOKUTENL JIarpaH:ka paBHbI
o) %

1
* s * U, \&+o, o, p 0y +0y o, p 04y +0,
— _ 0 172 12
M =px +p,x, = (_j P —— + P, — . (3.27)
a &, P, o, py
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1-o,—0t, % )
« 1(u oy +0t, 0+ 0y 0 +0y
I ) P P _ (3.28)
a\ a o, o,
[Ipu
oy o,
* 04 (04
U, =U =a 1 2 M ™ (3.29)
(o, +a,)p, (o, +0,)p,
HOJIYYUM
1 o
* I/lo o+, (lez Oy 0y . (XIM
X =|— — = :
a o, Py (o, +a,)p,
1 %
o= Ho | o,p, | ¥ o,M
2 - - .
a o, p, (o, +0,)p,
Orcrona, pu U, = I/t>k UMeeM
# * * oM o, M
— — 1 2 _
M =px +p,x,=p, +p, =M.
(o, +o,)p, (o, +0,)p,
[ToncraBum (3.29) B (3.28), nonyuum
1 1 1-0y -0, oy oy
W=——— Pl | P pprees (3.30)
al O, +0d, o, o,
A |
Cpasnusas (3.30) u (3.24), BuauMm, uto WL = -—, T.€. 3HaUCHUs MHOXKUTEIIEH

%
Jlarpanyka 11 paccMaTpuBaeMbIX 3aJa4 IIPU Uy=u B3aUMOOOpaTHEI. P>

Bonpocs! Ajis1 camonipoBepKu

JaiiTe moHsATHE MHOXeCTBa OJiar, OrpaHMYEeHHOTO MHOXKECTBA OJ1ar U JOCTYIHBIX Oyar

Kaxkune BO3MOKHBI MHOXKECTBA JIOCTYITHBIX OJ1ar?

Jaiite moHsTHE QYHKIMU TOJIE3HOCTH.

Kaxkue Tumbl GyHKIIUY MTOJIE3HOCTH BaM U3BECTHBI?

[epeuncaure cBolicTBa GYHKUUU OJIE3HOCTH.

Yrto Takoe MOBEPXHOCTh OE3pas3Inyus U KpUBbIEe Oe3pa3audus?

[lepeuncaure cBOKWCTBA MOBEPXHOCTH O€3pa3InUHMsL.

Yro Takoe mpenenbHas MOJIE3HOCTh 0yiara M KO3 GUIIMEHT MpeeTbHON YKBUBAJICHTHOMN

3aMeHsbl Omar?

9. B dyem cocrouT 3amaya ONTUMAJILHOTO BbhIOOpa Orjar? 3amucaTh MaTEMaTHYECKYIO
MOJIENb.

10. 3anucaTh pemeHne 3a1a91 BHIOOpa ONTUMATBHBIX OJIar.

11. Jlaifre unTepnpeTannio MHOXHUTENS Jlarpanxka 3aaun onTUMaIbHOTO BbIOOpa Ouar.

12. Ilepeuncnute CaeACTBUS, BEITEKAIOIINE U3 ONTHMAIBHOTO BBIOOpa Oar?

XN R DD =
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13. B yuem coctouT B3auMHas 3a/1a4a K 3aJa4e ONTUMaIbHOTO BbIOOpa Onar? 3anucaTh
MaTEMAaTHYECKYI0 MOJIENb.

14. Kak pemnTh B3aMMHYIO 3a1a4y?

15. JlaiiTe mHTEpIIpETalNiO0 MHOKUTEIS Jlarpanka B3aMMHOM 3a/1a4H.

16. Kak cBsi3anbl MHOXKHUTENHU Jlarpanika 3a1a4 ONTUMAIBHOTO BEIOOpa OJ1ar ¥ B3aMMHOM
3aJa4H.
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Tema 4. Banancosbie MoaeJn

4.1 Bai1aHCcoBBIH MeETO/I.
IIpyHOUNHAJIBHAA CXeMa MEKMPOAYKTOBOI0 0ajiaHca

BanancoBbie MoAenH, Kak CTaTUYECKUE, TaK U JUHAMUYECKHE, IIUPOKO MPUMEHSIOTCS
MpU SKOHOMHUKO-MaTEMAaTUYECKOM MOJICJIUPOBAHUHA YKOHOMHYECKHUX CUCTEM U MPOLIECCOB.
B ocHOBe co3maHus 3TUX MOJECIICH JEKUT OaJaHCOBBI METOJ, T.€. METOJ B3aUMHOI'O
COTIOCTABJICHUSI HMMEIOIINXCSI MaTepPUATbHBIX, TPYIOBBIX M (PHHAHCOBBIX PECYpCOB U
norpeObHOCTel B HHX. ECIM ONMUCHIBaTHh SKOHOMHYECKYIO CHCTEMY B IIEJIOM, TO MO
0aaHCOBOM MOJICJIBIO TMMOHUMAETCSI CUCTEMa ypPaBHEHHH, KaXX0€ M3 KOTOPBIX BBIPAXKACT
TpeboBaHue OanaHca MEXIY MPOU3BOIUMBIM OTIASIbHBIMH 3KOHOMUYECKUMH OOBEKTaMU
KOJIMYECTBOM MPOAYKIIMU U COBOKYITHOW MOTPEOHOCTHIO B 3TOU NMpOoAyKiuH. [Ipu Takom
MOJIX0JIC paccMaTpUBaeMasi CUCTEMa COCTOUT U3 PKOHOMHYECKHX OOBEKTOB, KaXKIbIA U3
KOTOPBIX BBIMMYCKAET HEKOTOPBIN MPOAYKT, YaCTh €ro MmoTpedisieTcss ApyruMu 00bEeKTaMHu
CHUCTEMBbI, a JApyras 4acThb BBIBOJMUTCS 3a MPEJESibl CUCTEMBbl B KAaueCTBE €€ KOHEYHOTO
npoaykra.(cM. puc. 4.1). Eciu BMecTo MOHATUSI TP O 1y K T BBECTU OoJiee obliee MOHATHE

pecypc, TO OX 6aancogol Mooenvto CIeAyeT IIOHUMATh CUCTEMY YPaBHEHHH, KOTOPBIC
YAOBJICTBOPAIOT TpC6OBaHI/IHM COOTBCTCTBHA HaJIMYUA PECypCa U €ro HCIIOJIb30BaHMHA.
Kpome nipuBeIeHHOTO BbIII€ TPEOOBAHHS COOTBETCTBUS MMPOU3BOJICTBA KAXKIOTO MPOIYKTa
1 MOTPEOHOCTH B HEM, MOXKHO yKa3aThb TaKue MPUMEPHI 0aIaHCOBOTO COOTBETCTBHUS, KaK
COOTBETCTBHE HAJIWUYMS paboOvYeil CHIIBI M KOJIMUYECTBA pabOYMX MECT, IJIATEKECIIOCOOHOTO
CIIpOCa HACCJIICHUA U MNMPCHIIOKCHUA TOBApOB W YCJIYr U T. AO. HpH 3TOM COOTBETCTBUC
MMOHUMAaeTCsl TUOO KaK PaBEHCTBO, JIMOO MEHEE KECTKO — KaK JOCTATOYHOCTH PECypCcoOB
JUJIS1 TIOKPBITHS TOTPEOHOCTH U, CIE0BATEIBHO, HAIMUYUE HEKOTOPOIO pe3epBa.

X; X,
i-as X X j-as e
OTpacib 0Tpacib

t |

xﬁ

A

A
A 4

Puc. 4.1. CBs3b oTpacieil npou3BoACTBa

Baxkueiimne BUabpI 0a1aHCOBBIX MOIEIEH:
* YacTHBICE MaTepuajbHble, TPYJAOBbIE W (PUHAHCOBBIC OalaHCHl JI1 HAPOIHOTO
XO3MCTBA U OTAEIbHBIX OTPACIIEN;
* MEXOTpacjeBbie OaIaHCHI;
* MaTpUYHbBIC TEXMPOMPHUHILIAHBI IPESANPUITAN U PUpM.
bamancoBbIii MeTOd M co3/1aBaeMble Ha €ro OCHOBE OaJaHCOBBIE MOJEIU CIIY>KaT
OCHOBHBIM HMHCTPYMEHTOM TMOJACpKAaHUS MPOMOPLUA B HAPOJHOM  XO3SMHCTBE.
bamancoBpie Mozenn Ha 0a3e OTYETHBIX OAJAHCOB XapaKTEPHU3YIOT CIOKUBIIHECS MPO-
MOPIMH, B HUX PECypCHas 4acTh BCET/a paBHA PACXOIHOM.
OcHoBy uHGOpPMAIIMOHHOTO oOOecreueHus OallaHCOBBIX MOJIETEeH B OKOHOMHKE
COCTaBIIsIeT MaTpuiia K03 (PUIIMEHTOB 3aTpaT PeCypcoB MO KOHKPETHBIM HAIPABICHUSM UX
HCTIONIb30BaHus. Hampumep, B MOJIe T MEKOTpacJeBoro O6ajaHca TaKyr pojb HUT'PaeT Tak
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Ha3bIBaeMas mexHoao2uueckas mampuya — Tabiuma MeXoTpacieBoro OanaHca,
cocTaBlieHHass U3 KO03(G(QUIMEHTOB (HOPMAaTHUBOB) MPSIMBIX 3aTpaT Ha IPOU3BOJICTBO
CAWHUILIBI TPOAYKIHWU B HATYpPaJIbHOM BbIPAaXKCHUU. IIo MmBOrUM NpUuYruHaM HCXOAHBIC
JTaHHbIE peaJIbHbIX XO03SHCTBEHHBIX OOBEKTOB HE MOT'YT OBITh HCTIOJIb30BaHbI B 0aJlaHCOBBIX
MOACIAX HCIMOCPCACTBCHHO, MO3TOMY HNOATIOTOBKA I’IH(bOpMaL[I/II/I Jsd BBOAAa B MOACIIb
SIBIISICTCS BEChMa Cephe3HOM mpobiieMoii. Tak, Mpu MOCTPOSHUHN MOJICITH MEXXOTPACIEBOTO
OamaHca WCIIONB3YETCS CIHEeU(PUUIECKOEe TMOHSITHE YUCTOUW (MIJIM TEXHOJOTHUYECKOW)
oTpaciau, T.€. YCJIOBHOM OTpaciid, OOBbEOUHSIONIEN BCE IPOU3BOJICTBO JAHHOTO
OPOJIYKTa HE3aBUCUMO OT BEJIOMCTBEHHOU (aAMHUHUCTPATUBHOMN) MOAUUHEHHOCTH U
¢dopm codbcTBeHHOCTH Tpeanpusatuid u GupM. I[lepexoa oT X035MCTBEHHBIX OTpacieu
K YUCTBIM OTpacisiM TpeOyeT CHelHaIbHOIo IMpeoOpa3oBaHUs peajbHBIX JaHHBIX
XO3SIMCTBEHHBIX OOBEKTOB, HAOpUMEpP, arperupoBaHUsl OTpaciiei, HCKIIOYECHUS
BHYTPHOTPACIECBOTO 000poTa U Jp. B 3TUX YCIOBUSAX MOHATUS «MEXIPOIYKTOBBIH
OamaHC» MW «MEXOTpacjieBoWl OajlaHC NOPAKTUYECKU HACHTUYHBI, OTJIWYUE
3aKJII04YacTCs JIMIb B CAUHUIAX U3MCPCHUA 3JICMCHTOB 6aJIcha.

[IpuHnunuanpHasg cxeMa MeXOTpacjieBOoro OanaHca MPOU3BOACTBA U pacIpeiesieHus

COBOKYITHOT'O OOIIIECTBEHHOT'O MPOAYKTa B CTOUMOCTHOM BBIpa)X€HUM IpPUBEJCHA B TaOIL.
4.1.

Tab6mumna 4.1
[IpousBoasiue [ToTpebastomue oTpaciu Koneunsrii | BanoBuiid
OTpaciu 1 2 3 .. n MPOAYKT MPOAYKT
X11 | X12 | X13 Xin Y; X
X21 | X2 | X23 X2n Y X>
3 X31 | X32 | X33 X3p Y3 X3
|
1I
n Xnl | Xn2 | Xn3 Xnn Yy Xn
Hroro inl in‘ szs me ZYz ZXi
AmMopTH3anus ¢t | | c3 III Cn
Omnara TTpyn V1 Vo V3 Vi v
YUcTelil H0XO0. m; | mp | mjy m,
Banosoii X1 X2 X3 Xn n n
IIponykr >Xi=2X Xj
=1 j=1

B ocHOBY 3TOl CX€MBI NOJOKEHO pa3AeiICeHNE COBOKYITHOI'O MPOAYKTa Ha JIBE YacCTH:
IIPOMEXKYTOUHBI U KOHEUYHBIM NPOAYKT; BCE HAPOAHOE XO3SUCTBO IPEICTABICHO B BUIE
COBOKYIMHOCTH N oTpacied (MMEITCS B BUJAY YHUCTBIE OTpPaCiiv), MPU ATOM KaxKaas
oTpaciib GUTrypupyer B OajaHce KaK MPOU3BOAAIIAS U KaK MOTPEOIISIONIas.

Paccmorpum cxemy MOBDB B pa3pese ero KpynmHbIX COCTaBHBIX 4HacTel. Buiaensitorces

YeTBIPE YACTH, UMEIOIIUE PA3IMIHOE SKOHOMHUYECKOE COJACpKaHWe, OHU Ha3bIBAIOTCS
KBaJJpaHTaMu OajaHCa M Ha cXxeMe 0003Ha4YeHbl PUMCKUMH TP PaMHU.
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[TepBoiit kBagxpanT MOB — 510 maxmarHas TabMHWIla MEXKOTPACIEBBIX
MaTepUuanbHbIX cBsizel. [lokazaTenu, moMeneHHbIE Ha MEPECEUeHUsIX CTPOK U CTOJIOLOB,
OpeacCTaBJISAIOT CO60ﬁ BCIIMYMHBI MCIKOTPACIICBBIX IMOTOKOB MNPOAYKIIMHU U B O6H_[CM BUOC

0003HaYar0TCA Xjj, Tae 1 M ] — COOTBETCTBEHHO HOMEpa OTpacjeil MPOM3BOIAMINX U

norpednaomux. Tak, BeJIudyrnHa X125 IMOHUMAETCS KaK CTOUMOCTDL CPEACTB MPOU3BOJICTBA,
32

MPOU3BEJCHHBIX B OTPACiU C HOMEpPOM 3 U MOTPEOJECHHBIX B KauyeCTBE MaTepHaJIbHBIX
3aTpar B oTpaciu ¢ Homepom 2. Takum oOpa3om, TepBBId KBaApaHT Mo Gopme
npeacTaBisieT coOoi KBaJApaTHYIO MaTpPHUILy MOpsiAKa N, CyMMa BCEX 3JIEMEHTOB KOTOPOM
paBHsETCS TO0BOMY (OHY BO3MEIICHHUS 3aTpaT CPEICTB MPOU3BOJICTBA B MaTEPHUATILHOM
chepe.

Bo BTOpOM KkBajgpaHTE MpeACTaBIeHAa KOHEYHAs MPOJIYKIMS BCEX oOTpacieu
MaTEepUAIBLHOTO MPOU3BOJCTBA, MPHU OSTOM IO KOHEYHOH IMOHUMAETCA MPOMYKIIHS,
BBIXOJAIIAsE U3 cdepbl MPOM3BOJCTBA B 00JaCTh KOHEYHOTO WCIIOJIB30BaHUS (Ha
noTpedseHne W HakorieHue). B T1abn. 1 3TOT pa3gen gaH yKPYIMHEHHO B BHUJE OJIHOTO

cToyiblla BeJM4MH Y;; B pa3sBEPHYTOM cxeMe OajaHca KOHEYHBIM MPOAYKT KaXKaoi

oTpaciu mokaszaH aud@epeHIIMPOBAHHO IO HANPABICHUSM HCIOJH30BAHUS: HA JIMYHOE
noTpeOjieHue HaceJaeHus, OOIeCTBEeHHOE TMOTpeOJieHne, Ha HAKOIJICHUE, BO3MEIICHHE
MOTEPh, SKCTIOPT U Ap. VTak, BTOPOIl KBaApaHT XapaKTEepU3yeT OTPACIEBYI0 MAaTEpUAIIbHYIO
CTPYKTYpPY HAIIMOHAIBHOTO J0XO0Ja, a B Pa3BEpPHYTOM BHJIE — TaKXKe paclpeiciieHue
HallMOHAJIBHOTO J0Xona Ha ¢OHJA HaKomieHus U (QoHA MNOTpeOJeHHs, CTPYKTYpy
MOTPeOICHUS] M HAKOTUICHUE TI0 OTPACIISIM IMPOX3BOJICTBA U MIOTPEOUTEIISIM.

Tperuit kBagpanT MODB Takke XxapakTepuszyeT HallMOHAJIBHBIM J0XOH, HO CO
CTOPOHBI €r0 CTOMMOCTHOI'O COCTaBa KaK CyMMY YHCTON MPOIYKIIMU W aMOPTHU3AINU;
YUCTasi MPOAYKIUS TMOHUMAETCA TPU ATOM KaK CyMMa OIUIaThl TPyJla U YHCTOTro JI0X0/a

orpacieii. Cymmy amopruzaiuu (C j) U YUCTOM MNpomyKuuu (V j+m; ) HEKOTOpOW J-i

oTpaciau OyneM Ha3bIBaTh YCJIOBHO YHCTOM MPOAYKUHMEH 3TOH OoTpaciu M 0003HAYaTh B
ajgbHEUIIEM Zj. Takum 00pasom, Zj =c;+v,+m;.

UeTBepThl i KBaapaHT OalaHca HAXOAUTCS HA MEPECEUCHUM CTOJIOIIOB BTOPOTO
KBaJipaHTa (KOHEYHOW MPOIAYKIIMM) M CTPOK TPETHEro KBajJipaHTa (YyCJIOBHO YHUCTOM
NPOAYKIIUHM). ODTUM OINPEJeNsieTCs COJEpPKAHUE KBAJpaHTa: OH OTpPakaeT KOHEYHOE
pacrpeneiaeHue W HUCHOJIb30BAHME  HAIMOHAIBHOIO  noxoma. B pesynbrate
repepacrpefielieHuss MePBOHAYAILHO CO3/IaHHOTO HAIMOHAIBHOTO JI0XOAa 00pasyrorcs
KOHEUHBIE JI0XO/Ibl HACEJICHUsI, IPEANPUATHM, rocyaapcTBa. JlaHHbIEe YETBEPTOrO KBaApaHTa
BaXXHBI JUISI OTPaXXEHHS B MEXKOTPACIEBOM Moaenu OanaHca TOXOJOB U PacXOd0B
HaceJeHUsl, WCTOYHUKOB (PUHAHCUPOBAHUS KAMHUTAJIOBIOXEHUH, TEKYyIIUX 3aTpar
HETIPOU3BOJICTBEHHOW cdephl, I aHanu3a OOMIEH CTPYKTYphl KOHEYHBIX JOXOJOB IO
rpymnmnam norpedureneil. bonee neranbHO COCTaBISIONIUE 3JIEMEHTHI ATOr0 KBaJpaHTa B
JTAHHOM TTOCOOHMH HE PacCMaTpPUBAIOTCS, OJHAKO OYCHBb BAXKHBIM SIBIISIETCS TOT (aKT, 4TO
O0IIMI UTOT YETBEPTOro KBaJ[PaHTa, TAK K€ KaK BTOPOT'0 U TPETHETO, JOJKEH OBITh paBeH
CO3JJaHHOMY 3a T'0J] Hal[HOHAJIbHOMY JOXOMdY.

3anumieM JBa BaXKHBIX cooTHomleHus. 1) PaccmarpuBas cxemy Oananca mo croioiawm,
MOXHO CJelaTh OYEBHAHBIA BBIBOJ, YTO WTOT MaTEepUANBHBIX 3aTpaT JO0OH
MOTPEOJISIONIEH OTPaCciId M €€ YCIOBHO YHMCTOW MPOAYKIIUM PaBEH BaJIOBOW IPOIYKIIUU
3TOM oTpaciu. JJaHHBII BBIBOJ MOYKHO 3allUCaTh B BUJE COOTHOLICHHUS:

n
Xj:i§1X1j+Zj; j=1L...,n. “4.1)
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HammomMHuM, 4YTO BeJIMYMHA YCJIOBHO YHUCTOU npoaykuuu 7. j PbaBHa cymme

aMOpTHU3alliM, OIUIaThl TpyJda M YHUCTOr0 Jd0XO0Ja j—I/I orpaciu. CootHouieHue (4.1)

OXBAaTBIBAET CUCTEMY W3 NI YpPAaBHEHHUM, OTPAKAIOIIUX CTOMMOCTHBIA COCTAaB IMPOLYKIUH
BCEX OTpacjell MaTepHanbHOM chepsl.

2) PaccmarpuBas cxemy MODB o cTtpokam Juist Kaxaol MPOU3BOIAILEN OTpaciau, MOYKHO
BHUJICTh, YTO BAJIOBasl IMPOAYKIMSA TOM WIM HMHOW OTpPaciid paBHAa CyMME MaTepHaIbHBIX
3aTpaT NOTPEOIAIONINX €€ MPOAYKIHIO OTpACiIed 1 KOHEYHON MpOIyKIMH JAHHON OTpaCIIH:

n
Xi=Xx Xij +Y;;1=1,...,n 4.2)
=

dopmyna (4.2) onucChIBa€T CUCTEMY M3 N ypaBHEHUWM, KOTOpPbIE Ha3bIBAKOTCS
YPaBHEHMSIMU paclpeeeHNsl NPOAyKIUHU OTpaciell MaTepHaIbHOIO IPOU3BOJCTBA I10
HaIpaBJICHUSIM HCIIOJIb30BaHUS.

IIpocymmupyem no Bcem oTpacisiM ypaBHeHuUs: (1), B pe3yibTaTe MoJIy4Yum

n n n n
ZXjZZZXij+ZZj
j=1 j=li=1 j=1

AHanoru4yHoe CyMMUpPOBaHUE ypaBHEHUH (2) naert:

n n n n
in = Y ZXij + ZYi
i=1 i=1j=1 j=1
JleBble yacTm 0OOMX PaBEHCTB paBHBI, TaK KaK IPEJICTaBJISIOT COOOH BECh BaJIOBOH
o0111ecTBeHHBIN NMPoAYyKT. [IepBbie ciaraeMple MpaBbIX YacTel 3TUX PABEHCTB TaK)Ke PaBHBI,

X BEJWYMHA paBHA UTOry IEepBOro kpBaapanrta. CrenoBaTelbHO, JOJDKHO COOJIIOAATHCS
COOTHOIIICHHUE

n n
> Zj =YY, 4.3)
j=1 i=1

JleBas yacTh ypaBHeHus (4.3) €CTh CyMMa TPETHEro KBaJpaHTa, a MpaBasi 4aCTb — HUTOT
BTOPOI'0 KBaJpaHTa. B 11eI0M K€ 3TO ypaBHEHHE IIOKAa3bIBAET, YTO B MEXKOTPACIEBOM
OanaHce cOOJIIOAAETCS BAXKHEHMIIMI NPUHIUII €IMHCTBA CTOMMOCTHOTO M MaTE€pUaIbHOIO
COCTaBa HAI[MOHAJIBHOI'O JOXO/a.

4.2 JKOHOMHKO-MaTeMaTH4eCKas MO/ieJIb MeKOTPAcIeBoro dajnanca

Beimie B . 4.1 6610 OTMEUEHO, YTO OCHOBY MH(GOPMAIIMOHHOTO 00ECIICUCHUST MOJSIU
MEXXOTpaclieBOro 0OajlaHCa COCTaBISIET TEXHOJOTHMYECKash MaTpulla, CoJAepIKaias
KO3 OHUIMESHTHI TPSIMBIX MAaTEPUAIBHBIX 3aTPaT HA MPOU3BOACTBO CAUHUIIBI MPOTYKIIUH.
DTta Marpuia SBISETCS TaKXKe OCHOBOM JKOHOMHKO-MAaTeMaTHYECKOW  MOJIenu
MekoTpacieBoro Oananca. [Ipeamonaraercs, 94To JUIsi MPOU3BOJICTBA SIUHHIIBI TPOLYKIIHH
B ]-i oTpaciu TpeGyeTcs ONmpeeeHHOE KOJIMIECTBO 3aTPpaT MPOMEKYTOUHOM MPOLyKIHHU

1-i OTpaciiv, paBHOE aij- OHoO He 3aBUCHT OT 00bEMa MPOU3BOJICTBA B OTPACIH U SBIISICTCS
JIOBOJIbHO  CTAaOWJIPHOW BEJIMYMHOW BO BpPEeMEHHU. BenuuuHb aij Ha3BIBAIOTCSI

KOI(ppuyuenmamu npamovix mamepuanvbHoulX 3ampam M PACCUUTHIBAIOTCS CIETYIOIINM
obpazom:
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; 1,J=1,n. (4.4)
J
Omnpenenenne 1. KoagpuimeHT npsiMbIx MaTepUalbHBIX 3aTpaT IMOKa3bIBAeT, KaKOE
KOJIMYECTBO TPOAYKIUM 1-i OTpaciu HeOoOXOAUMO, €CJIM YYUTBHIBATh TOJBKO HPSMbIE
3aTpaTsl, s TIPOM3BOICTBA EJANHUIIBI TPOIYKIUHU |- OTpacIy.
C yueroMm popmyisl (4.4) cuctemy ypaBHeHUH OanaHca (2) MOXHO IIepenucaTh B BUIE
n
Xj=XaXj+Yj;i=L..n (4.5)
J=1
Ecnu BBecTH B pacCMOTpEeHHE MaTpUIly KOI(PPUIMEHTOB NPSAMBIX MaTEpHAIbHBIX 3aTpaT

A=(aij), BEKTOP-CTOJIOEN BaJOBOW TPOAYKIMH X H BEKTOP-CTOJIOEI] KOHEYHOM

npoxykuuu Y :

Xi Y]
X Y
X=| "2, y=| 2
XI] YI]

TO cUCTeMa ypaBHEHHH (4.5) B MaTpuuHO# (hopMe TPUMET BUT
X=AX+Y (4.6)

Cucrtema ypaBHeHuil (5), unu B maTpuuHoOil (opme (4.6), HA3bIBACTCS IKOHOMUKO-
MaAmemMamu4eckou MOOenbl0 Medcompacieeo2o oananca (mooenvio Jleonmvesa, mooenvio
«3ampamvl— 6binyck»). C MOMOIIBIO 3TOM MOJEIM MOXHO BBINOJHATH TPU BapUaHTa
pacyeToB:

. 3amaB B MOJEIU BEJIWYMHBI BaJOBOM MPOMYKIIMH KaXIOW OTpaCIU (Xi), MOKHO

omnpeeIuTh 00bEMbI KOHEYHOU MPOAYKITUH KKI0H OTpacin (Yi ):
Y =(E-A)X (4.7)

* 3ajaB BeJMYMHBI KOHEYHOM HPOAYKUMH Bcex orpacieil (Yj), MOXHO OIpPEICINUTh

BEJINYHMHBI BAJIOBOU MIPOMYKIMHU Kax 1ot orpacnu ( X ):

X=(E-A)TY (4.8)

e Jlns psima oTpacned 3aaB BEJIMYMHBI BAJIOBOM MPOAYKLIMH, a IJIsI BCEX OCTAJIbHBIX
oTpaciieii 3agaB 0OBEMbI KOHEUHOM MPOJYKIMH, MOXHO HAaWTH BEJIMYMHBI KOHEUHOM
NPOIYKLIMH MEPBBIX OTpacyieil 1 00bEMBI BAJIOBOM NPOAYKIIUU BTOPBIX, B 3TOM BapHaHTe
pacuera ynoOHee IOJB30BaThbCsl HE MarpudHou ¢opmoii Moxemu (4.6), a cuctemoit
TUHENHBIX ypaBHeHui (4.5). B dopmynax (4.7) u (4.8) E o6Gosnauaer emuanunyro

Marpuily N-ro mopsijaka, a (E—A)_1 0003HavaeT MaTpuily, OOpaTHYI K MaTPHIIE
(E—A). Ecnu onpenenutens marpunsl (E — A) ne pasen nymo, To o6paTHas k Heit

Marpuna cymectsyer. O603HauMM 3Ty OOpaTHyIO Marpuily 4depe3 B, Torma cucremy
ypaBHEHUM B MaTpuUIHOU (hopMme (4.8) MOKHO 3aImicaTh B BHJIE

X=BY. 4.9)
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DnemeHTbl Martpulibl B GymeM o6o3Hauars depes bij> TOorAa W3 MAaTPUYHOTO

ypaBHeHus (4.9) n1is M0G0k 1-i 0TPacIM MOKHO MOTYHYHUTH CJIEIYIOIIEE COOTHOILEHUE:

n
Xi=X bin', 1=1,...,n. (4.10)

j=1
N3 coorHomenuii (4.10) crnemyeT, UYTO BajoBas MNPOAYKLUMS BBICTYNAET Kak
B3BCIIEHHAs CyMMa BEJIMYMH KOHEYHON MNpOAYKLIHUH, IPUYEM BECaMU SIBIAIOTCS
KO3 HHUITMEHTHI bij’ KOTOpbIE TMOKa3bIBAalOT, CKOJIbKO BCEro HY>XHO IPOU3BECTH

NpPOAYKIUM 1-# oTpaciau s Belycka B cepy KOHEUHOIO HCHOJb30BAHMS €IMHUIIBI
NPOAYKIMU J-H OTpacid. B oTamunme OT KOPQUIUEHTOB NPSIMBIX 3aTpar ajj

K02 PUITUCHTHI bij Ha3bIBAIOTCS KO duyuenmamu noaiHblxX MamepuaibHbix 3ampam

BKJIIOYAIOT B ce0sl Kak MpsiMble, TaK U KOCBEHHBIE 3aTpaThl BceX MopsaakoB. Eciu npsimbie
3aTpaThl  OTPaXKalOT  KOJHUYECTBO  CPEACTB  MPOU3BOJICTBA,  H3PACXOJIOBAHHBIX
HETIOCPEJCTBEHHO MpPU HU3TOTOBJIEHUU JAHHOTO MPOAYKTa, TO KOCBEHHBIE OTHOCSTCSA K
MPEIIECTBYIOIIUM CTAIUsIM IPOU3BOACTBA U BXOJAT B MIPOU3BOJACTBO MPOAYKTa HE MPSMO,
a yepes apyrue (IpoMeXyTOUHBIE) CpeJicTBa NMPOU3BOACTBa. bojiee neTanbHO 3TOT BONPOC
paccMarpuBaeTcs B 11.4.3

Onpenenenue 2. KoadpuumeHT MOTHBIX MaTepHaJbHBIX 3aTpaT bij IOKa3bIBAET, KaKOE

KOJIMYECTBO MPOAYKIMU 1 I OTpaciM HyXHO IPOU3BECTH, YTOOBI C y4ETOM IPSAMBIX H
KOCBEHHBIX 3aTpaT 3TOW MNPOAYKIMU MOJYyYMTh €JUHHUILy KOHEYHOH HpOAyKIHMH ] -i
OTpaciIn.

KoaddurmeHTs! nomHBIX MaTepUAIbHBIX 3aTPaT MOXKHO IPUMEHSITh, KOTAa
HEOOXOAMMO OIpENeNuTh, KaK CKaXXeTCS Ha BaJOBOM BBITYCKE HEKOTOPOM OTpaciu
nperoiaraeMoe M3MeHeHHe 00bEMOB KOHEYHOM MPOIYKIIMH BCEX OTPACIICH:

n
AX; =X bijAYj’ 1=1,...,n “4.11)
j=1
roe AX; u AYJ- — HU3MEHEHUs (IIPUPOCTHI) BEJIUYUH BAJOBOM M KOHEYHOU MPOIYKIIUHU
COOTBETCTBEHHO.

4.3 Koa¢ppunueHTHI NPIMBIX M MOJHBIX MATEPHAJIbHBIX 3aTPAT

[Tepexons k aHanMM3y MOJEINM MEXKOTpacJeBOoro OajaHca, HEOOXOIMMO TMPEXKIE BCETO
paccMOTpPEeTh OCHOBHBIE CBOWMCTBa MAaTpHIBl KOI(DPUIHMEHTOB MPSMBIX MaTepUaTbHBIX
satpat A. KoddpdunueHTtsl nOpsAMBIX  3aTpaT 0 ONPEAEICHUIO  ABISIOTCS
HEOTPUIATEIBHBIMM, CJIEJ0BAaTEbHO, MaTpula A B IeJIOM MOKET ObITh Ha3BaHA
HeorpunarenpHoii: A >(0. Tak kak mpouecc BOCIHPOU3BOACTBA HENB3S OBLIO OBl
OCYIIECTBIIATH, €CIIM OBl IS COOCTBEHHOTO BOCTIPOHM3BOJACTBA B OTPACIU 3aTPAauyUBaIOCh
OospIlIee KOJMYECTBO TPOAYKTA, YE€M CO3/I1aBajioCh, TO OYEBHIHO, UYTO JUArOHAIbHBIC
3IIEMEHTHI MATPUILIBI A MEHBIIIE ¢IUHUIIBL: ajj <l1.

CucreMa ypaBHEHMH MEXOTpacjeBOro OajlaHca SBISIETCS OTPaXEHUEM pPealibHbIX
SKOHOMMYECKHMX IPOILECCOB, B KOTOPBIX COJEP)KATEJIbHBIH CMBICI MOI'YT UMEThH JIHUIIb
HEOTpULIATEJIbHbIE 3HAYEHMS BAJIOBBIX BBIIYCKOB; TaKUM OOpa3oM, BEKTOp BaJIOBOM
NPOAYKLIMU  COCTOMT U3  HEOTPULATEIbHBIX  KOMIIOHEHTOB M  Ha3bIBAeTCS
neorpunarensubiM: X = (0. Beraer Bompoc, Mpu KakuX YCIOBHUSAX SKOHOMUYECKAS
cUCTEeMa CHOCOOHa O0O0ecCHeYuTh IIOJIOKUTENbHBIM KOHEYHBIH BBIIYCK II0 BCEM
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orpaciasaM. OTBET Ha 3TOT BOMNPOC CBSI3aH C MOHSITHEM IPOJYKTUBHOCTHU MaTPHUIIBI
KO3(puimmeHTOB NpsIMBIX MaTepHaIbHBIX 3aTpar.

ByzeM Ha3bIBaTh HEOTPUIIATENILHYIO MaTpully A npodykmueHoti, ecau CymecTBYET
Takol HeoTpuuareabubiii Bekrop X =0, yro

X >AX. (4.12)

OueBusiHO, uTO ycioBue (4.12) o3HaYaeT CyILIECTBOBAaHMUE ITOJOKUTEIBHOIO BEKTOpPA
koHewyHoM mpoaykuun Y > 0 mns Mmozmenu mexxorpaciesoro 6ananca (6).

Jlist Toro 4ro0bl MaTpuia Kod(G(HUIMEHTOB MPAMBIX MaTepUabHBIX 3aTpar A ObLia
IPONYKTUBHOM, HEOOXOAMMO W  JOCTaTOYHO YTOOBI  BBINOJHSJIOCH OAHO W3
MIePEYNCIICHHBIX HIKE YCIIOBUIA:

1) marpuna (E — A) neorpunarensno o6paTuma, T.€. CyIECTBYET oOpaTHas MaTpUIla

-1
(E-A)" >0;
2) HaubomblIee o MOIYJII0 COOCTBEHHOE 3HAYCHUE A MaTPHILIBI A, 1o ecTh pelenue
XapakTEepUCTUYECKOIO YpaBHEHUS |/1E - A| =(, CTPOTO MEHBIIIE CAUHUIIBI;

3) Bce rumaBHble MmuHopel Marpuusl (E—A), T.e. omnpenenurenu maTpwu,
00pa3oBaHHBIC AJIEMEHTAMH TIEPBBIX CTPOK M MEPBBIX CTOJOIOB STOW MaTPHIIBI,
mopsika ot 1 10 N, MOJI0KUTEIBHEL.

4) HOpMa MaTpHIIBl JOJDKHA OBITh CTPOTO MEHBIIEC CJAWUHUIBI, T.C. HA BEJIWYHUHA
HauOONbLIEH U3 CyMM DIEMEHTOB MATPUIBI A 6 Ka)I0M CTOoJ0LE J0KHA ObITh
CTPOT'O MCHBIIIC ¢TUHHUITBI

Ilepeiinem k aHanu3y Matpuilbl KO3(POHUIIMEHTOB MOJHBIX MaTEpUANIBHBIX 3aTparT, T.C.

MaTpPHIIBI B=(E—A)_1. CornmacHo omnpeneneHuo 2 KodGPUIMEHT >TOW MaTPULEI

MOKa3bIBAET, CKOJBLKO BCErO HYXKHO IPOM3BECTH MPOAYKIMU 1-if OTpaci, 4ToObl
MOJYYUTh €UHUIYY KOHEUHOM TPOILYKIIMU |-H OTpaciH.

Pyna (0.3)

Uyrys (0.5) Craisb (0.6)

ITpokar

Onextposneprus (0.2)

Onextposneprus (0.3)

Onekrposneprus (0.3)

KocBennblie 3aTpaThl
2-ro nopsaxa:

0.2-0.5-0.6=0.06

Kak y>xe yka3pIBajoCh BhIIIE, KO3POUIIMEHT MOJHBIX MaTEPUATIbHBIX 3aTPAT BKIIOYAET
MpsIMbIE 3aTpaThl U KOCBEHHbIE 3aTpaThl. B oTianune oT k03¢ PUIIMEHTOB NMPsIMBIX 3aTpar,

KocBennblie 3aTpaThl
1-ro nopsaxa:

0.6-0.3=0.18

TIpsimbie 3aTpaThl

Onekrposreprust (0.3)

Puc. 4.2. 3aTpaTsl 21€KTpO3HEPT UM Ha BBIITYCK CTAIBHOIO IPOKATa
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KO3(p(UIIMEHTHl TOJHBIX MaTEpHANbHBIX 3aTpaT OTpPa)kKaloT He OTpacieBble, a
HapOJHOXO3MCTBEHHbIE 3aTPATHI 110 IPOU3BOJACTBY €AUHUIILI IPOTYKIUH.

ITosscHUM KOCBEHHBIE 3aTpaThl Ha cleaywolleM IpuMmepe. PaccmMoTpum B KauecTse
npuMepa (popMHpOBAHHUE 3aTPaT SJIEKTPOSHEPIHU HA BBIMYCK CTAJIBHOTO IPOKaTa, MpH
3TOM OrpPaHUYMMCS TEXHOJOTMYECKOW ILIEMOYKOW «pyJa-u4yryH-CTalb-IIPOKAT». 3aTpaThl
AIIEKTPOIHEPTUU TIPU TOJIYyYEHUM TMpOKaTa W3 CTajdu OyAyT Ha3bIBaThCS NPSMBIMHU
3aTpaTaMM, T€ K€ 3aTpaTbl NpPH MOJYYEHMM CTAJIM M3 4YyryHa OyAyT Ha3blBaThCs
KOCBEHHBIMHU 3aTpaTamMu 1-ro mopsiika, a 3aTpaTbl JJIEKTPOIHEPTrHMU IPHU IOJYUYEHUHU
yyryHa U3 pyAbl OyAyT Ha3bIBaTbCsl KOCBEHHBIMM 3aTPaTaMH AJIEKTPOIHEPTHM Ha BBIMYCK
CTAJILHOTO MpoKaTta 2-ro nopsika U T. A. (cM. puc 4.2).

[IepelinemM Tenepp K BBIYUCIUTEIbHBIM ACIIEKTaM PEIIEHUS 3a/1a4 Ha OCHOBE MOJIENIN
MexxoTpaciieBoro ©Oananca. OcHOBHOH 00bEM pacyeToOB IO 3TOM MOJEIH CBSA3aH C
BBIYUCIIEHUEM MAaTpPHUIlbl KOOY()(DHUIIMEHTOB TOJMHBIX MaTepualbHbIX 3arpar B. Ecnwm
Marpuna Ko3()(UIMEHTOB NPAMBIX MaTEPUANbHBIX 3arpaT A  3amaHa W SBIsSETCS
NPOJYKTUBHOM, TO Marpuily B MoxHO Haxomuth 1o (opmysiaaM oOpalleHHs MaTpHil,
paccMaTpUBaEMbIM B Kypce BBIYMCIUTEIBHON MaTeMaTHKH.

IIpumep 4.1. Jlns TpexoTpaciaeBOdl HSKOHOMHUYECKOM CHCTEMBI 3aJaHbl MaTpHIla
K03(PUIIMEHTOB MPSMBIX MaTEPUAJIBHBIX 3aTPAT U BEKTOP KOHEYHOU MPOAYKIUHU:

03 0.1 04 200
A=|02 05 0.0|; Y=|100
03 0.1 0.2 300

Haiitn k03¢ duLIMeHTh! MOJHBIX MAaTEepUAJIbHBIX 3aTPaT U BEKTOP BaJIOBOM MPOIYKIIUH,
3aI0JIHUTh CXEMY MEXOTpPacjIeBOI0o MaTepHaIbHOIo OanaHca.
1. Omnpenenum Matpuily KO3(p(PHUIIMEHTOB MOIHBIX MaTepUATIbHBIX 3aTpaT.

a) Berancaum matpuny E— A .
07 -0.1 -04

E-A=|-02 05 -0.0
-03 -0.1 0.8

6) Haxommm oOpaTHyr0 MaTpuIly OJHHM W3 METOJOB OOpaImieHHsi MaTpull (Hampumep,
METOJIOM MaTpUYHOH anreOpsbl)

2.041 0.612 1.020
B=(E-A)"'=|0816 2245 0.408
0.887 0.510 1.664

2. Haiinem BeaMYMHBI BajJOBOW NPOIYKIMU Tpex orpaciiedl (Bektop X ), MCHOJb3Ys
hopmyy (8):
2.041 0.612 1.020) (200 775.3

X=BY=|0816 2.245 0.408|-| 100 |=| 510.1
0.867 0.510 1.664 ) | 300 729.6

3. Jlna ompeneneHus 3J1EMEHTOB IEPBOrO KBaJpaHTa MaTEPUAIBHOIO MEXKOTPACIEBOIO

OanaHca BocmoJib3yemcs (opmyIoi, BeITekaromed u3 gopmynsl (4.4): Xij =ain i 4!

9TON (OPMYIIBI CIIEAYET, YTO JJISI TTOTYYSHHS MIEPBOrO CTOJIOA MIEPBOTO KBAIpaHTa HYKHO
3JIEMEHTHI IEPBOrO CTONONA 3aJAHHON MATPULIGI A YMHOKUTH HA BEJIUYUHY X1 = 775.3;



56

3JIEMEHTBI BTOporo croibua marpursl A ymuoxuts Ha X9 =510.1; snemenrs! tpersero

cronbua Marpuubsl A ymHOXkHTh Ha X3 =729.6.

CocraBisomme TPEeThero KpaJpaHTa (YCJIOBHO YHMCTash NPOMYKIMS) HaAXOIITCS C
yueToM Gopmynsl (1) Kak pa3sHOCTh MEXIy 0ObeMaMH BaJlOBOW MPOAYKLIHH U CyMMaMu
3JIEMEHTOB COOTBETCTBYIOUIUX CTOJIOLIOB HAHIEHHOTO MEPBOI'0 KBaApaHTaA.

YerBepThlil KBAIPAHT B HAIIIEM MPUMEPE COCTOUT M3 OJIHOTO TOKAa3aTessl U CIY>KUT, B
YaCTHOCTH, JIJI KOHTPOJISI MPAaBUIIBHOCTH pacueTa: CyMMa 3JEMEHTOB BTOPOro KBaJpaHTa
JIOJPKHa B CTOMMOCTHOM MAaTEpUallbHOM OajlaHCe COBIAJaTh C CYMMOW DJJIEMEHTOB
TPEeThETO KBaJpaHTa. Pe3ynbpTaThl pacueTa mpeacTaBieHbl B Ta0d. 4.2.

Tabmuma 4.2.. MexoTpaciaeBoi 0aiaHC TPOU3BOJICTBA U PACTIPEACIICHUS MPOTYKIINU

IIpousBoasmue IHoTpedasiromme oTpaciau
oTpaciu 1 2 3 Koneunas Banosas
npoOyKyuUst NpOOYKYUst

1 2326 | 51,0 | 291,8 200,0 775,3
2 155,1 | 255,0 | 0,0 100,0 510,1
3 2326 | 51,0 | 1459 300,0 729,6

VYcioBHO yucrtas| 155,0 153,1 | 291,9 600,0

MPOIYKITUS

Banosas 7753 | 510,1 | 729,6 2015,0

POy KITUS

4.4 ArpernpoBaHue nmoka3arteJsieii MeK0TpPacjaeBoro dajganca

[Ipu MoaenupoBaHUN MEKOTPACIEBbIX CBSA3EH BajKHBIM SIBIISIETCS BOIIPOC arperupoBaHUs
HOPMATHUBHBIX [10KA3aTENIEH.
PaccmoTtpum npumep. [1ycTh 3amana Tabimia MeXOTpacIeBbIX TOTOKOB /ISt 4 OTpaciiei.

Tab6muna 4.3.
[TpousBoasas Pacnipenenenne mo moTpeOISIONIMM OTPACIIIM Koneunwviii | Banogoiu
OTpacib 1 2 3 4 npooyKm npooyKm
1 X1 X12 X13 X14 Y X
2 X21 X22 X23 X24 Y> X3
3 X3] X3) X33 X34 Y3 X3
4 X41 X42 X43 X 44 Yy X4

Omnpenenum napaMeTpsl arperupoBaHus MpH 0ObEANHEHUH BTOPOW U TPEThEH OTpaciel.
Beigenum B Tab11. 2 oTpaciu nojjiexkaniiue arperupoBanuio. [IprcBoruM HOBOM OTpaciii UHIEKC
K u cocraBum npyryo Tabnuily, BBeJs B Hee oTpacib K.

Tab6muna 4.4.
[TpousBoasas Pacnipenenenne mo moTpeOIsIONMM OTPaCIIIM Koneunwviii | Banogoiu
OTpacib 1 2 3 4 npooyKm npooyKm
! X1 X1 X3 X14 Y X
k Xkl ) Xk3 X4 Y Xk
4 X41 X42 X43 X44 Yy X4
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ArperupoBaHHBIMU OKaXKyTCs T€ MEXKOTpAacieBble HOTOKH, KOTOphIE CoepKar uHaeke K.
[To Tabnuiie MEXOTpacIEBBIX TOTOKOB Xjj MOCTPOMM MaTpHILy K03 (HULIMEHTOB NMPSAMBIX 3aTpaT

A:

a1 a2 413 a4
ap1 app 433 a4
431 a3z 433 434
aq1 a4 a43 Aay4

X .o -

ij ..

rae ajj =, L,j=1,n.

Xj
Janee chopmupyeM oneparop arperuposanus 1 . Jlns 3Toro npoussenem aepopMaryio
€AMHUYHON MaTpuIbl 4 — ro nopsiika (pa3MepHOCTh €IMHUYHON MaTPULIbI COBIAAAET C
pa3MepHOCThIO UcXxoaHOM Tabauisl MOB) o cieayromeMy nMpaBuily: BbIICIUM B €IHHUYHON
matpue E Te cTpoku, HOMepa KOTOpBIX COBNAAAIOT C HOMEPAMHU arPEruPyEMBIX OTpaciei, 1
npocymMMmupyeM ux. Pesynbrar BHeceM B K -y1o ctpoxy marpunpsr T . Bee ocranbHble cTpoky,
HOMEpPA KOTOPBIX B UCXOTHOW TAOJIUIIE COOTBETCTBYIOT HOMEPAM OTPACIICH, HE MO IeKAIINX
arperMpoBaHMIO, IEPENHCHIBAEM B MaTpuILly 1 0€3 H3MEeHEHMUs.

Jlis Haiero npumMepa

1 0 0O
1 0 0O
01 0O
E= —-T=0 1 1 0
0 010
0 0 0 1
0 0 0 1
Takum 00pasom, Matpuiia 1 €CTh pe3ysbTarT FOPU30HTAILHON «Ie(pOpMALUK» MATPHUIIBI
E.

[Toctpoum sedopMupoBaHHyro BecoByto Matpuily W . Jlust aToro BeeneM Beca W,

03HAvaIoOLIUe BKJIAJ BaJIOBOM IPOAYKIIMH HCXOJHO 1 -0if OTpaciy B BaIOBYIO MPOLYKIIHIO
OTpaciel, IpeICTaBICHHBIX B HOBOW arpernpoBaHHON Ta0JHUIIe.

Tak, 1 —as u 4 —asg oTpaciii B HallleM MIPUMEPE HE MOJIJIEKAT arperupOBAHUIO.
CnenoBarenHO,

W =1, Wy =1,
S ,W3=—X3 ,
X2+X3 X2+X3

CocraBum BecoByro Marpuiy W :

W,

1 0 0 0
oW, 0 o0
100 W3 0
0 0 0 1

Hebopmupyem marpuny W 1o crosbiam, 00beAMHUB BTOPOI U TpeTuii cTos6ubl. Torma
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0 0
£ |0 W, 0

W: 2
0 W3 0
0 0 1

k
rane W - BECOBOM OIepaTop arperupoBaHus.

*
Yucsio CTpOK BECOBOTO oreparopa arperuposanuss W coBIagaeT ¢ pasMepHOCTHIO
ucxoaHou Tabmmnpl MOB, 9rciio cTon6I10B paBHO KOJIMYECTBY CTPOK J1eopMUpOBAHHOM
maTpuisl 1 .

k
ArperupoBaHHas MaTprna A OPSAMBIX 3aTPaT BEIYUCIIAETCS 1O GopMyIie

ES ES
A =T-A-W .
4.5 AHAJIN3 DKOHOMHYECKHUX MOKAa3aTeJae

PaCCMOTpI/IM OPUMCHECHUC MCKOTPACIICBOI'O 0anaHCcoBOIO METOda IJIsI aHaJIM3a TaKHuX
Ba>XHbIX D9KOHOMHNYCCKHNX HOKa3aTCHCfI, KakK TpyA, (I)OHIH:I 1 IICHBI.

4.5.1 MopeJib 3aTpar Tpyaa

K gucny BaxkHEHITINX aHAIMTUYECKUX BO3MOXKHOCTEH MEXKOTPACIEBOTO OAJIaHCOBOTO
METO01a OTHOCUTCS OIIPEACIIEHUE MIPAMBIX U IIOJIHBIX 3aTpaT Tpyda Ha €JUHUIY IIPOAYKIHU
1 pa3paboTka Ha I3TOW OCHOBE OaJaHCOBBIX MPOAYKTOBO-TPYIAOBBIX Mojeieu. McxomHou
MOJEJIBIO TPU STOM CIY>KUT OTYETHBIH MEXIPOAYKTOBBIH OallaHC B HATYpPaabHOM
BbIpaxkeHMH. B »3ToM OanaHce Mo CTpoKaMm MPEACTaBICHO pacIpeliesieHHe KaI0To
OT/EJILHOTO TMPOJYKTa Ha MPOM3BOJACTBO JAPYIHMX MPOAYKTOB W KOHEYHOE MOTpEOJICHHE
(IepBBI W BTOPOM KBaJPaHTBI CXEMbI MEXOTpaciaeBoro Oamanca). OTAeIbHONW CTPOKOH
JaeTcsl paclpeleIeHue 3aTpaT JXHBOI'O Tpyda B IPOU3BOJACTBE BCEX BHUIOB IIPOAYKIIHU,
MPENIoJIaraeTcsi, YTO TPYAOBBIE 3aTpaThl BBIPAXXEHBI B €AMHUIAX TpPyJda OIUHAKOBOMH
CTEIEHU CJIOKHOCTH.

OG603HaYMM 3aTpaThl KUBOTO TPyJAa B IPOM3BOJACTBE ]-TO Mpoaykra uyepes L j> a
00beM MPOU3BOJICTBA TOTO MPOIYKTa (BajJOBOM BBIMYCK), KAK M paHbIle, 4epe3 X i

Torga mpsiMble 3aTpaThl TPyJa Ha €IWHUILy |-TO BUIA MPOIAYKIUH (K0d(duyuenm
npAMOU mpyooemMKocmiu) MOKHO 3aJaTh ClIeIyIolIeit (opMynoi:

|
j:;; Jj=Ln. (4.13)
J

Beenem nonsatue noaunvix 3ampam mpyoa Kak CyMMBbI ONPsIMBIX 3aTpaT >KMBOIO TpyJa U
3aTpaT OBCHICCTBJICHHOI'O Tpyldad, MNCPCHCCCHHLIX HA MPOAYKT YCPC3 HU3PACXOAOBAHHBIC

cpencTBa npousBojicTBa. Eciam 0003HAaYMTh BEIMUHMHY TMOJHBIX 3aTpaT TpyJda Ha €IUHUILY
NPOAYKIMH -0 BHAa 4Yepe3 1;, TO NpOW3BENEHUS BUIA aijTi OTPAXKAIOT 3aTpPaThl

t

OBEILECTBIIEHHOTO TPY/Ia, TIEPEHECEHHOTO HA €JIMHUILY J-TO MPOYKTa Yepe3 1 -€ CPEeNCTBO
MIPOU3BOJICTBA; MPU 3TOM IMpeaIonaraeTcsi, YTo Ko3(p(PHUIMEHTHl MPSMBIX MaTepUATBbHBIX
3aTpaT Qjj BBIPAKEHB! B HATYPATBHBIX €IMHHIIAX. Torna mosiHble TpyIOBBIE 3aTpaThl Ha

EIMHHUILY ]-TO BUJIA IPOLYKIUH (Kodpduyuenm noanoti mpyooemxocmu) 6yayT paBHbI
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szg aijTi+tj; J:ﬁ 4.14)
i=1
BBeneM B paccMOTpEHHME BEKTOP-CTPOKY KOI(PQUIMEHTOB MPAMON TPYIOEMKOCTH
t=(ty,ty,....,t5) B  BEKTOP-CIPOKY  KOI(P(DHIMCHTOB  IOIHOW  TPYHOEMKOCTH
T=(T},Ty,....T).
Torga ¢ HCIONB30BAHUEM YK€ PACCMATPUBAEMOM BBINIE MATPULBI KO3 (HUIIMEHTOB

NpsMBIX MaTepHaIbHBIX 3aTpaT A (B HaTypaJlbHOM BEIPa)KEHUM) cUcTeMy ypaBHeHuil (14)
MOKHO IICPLIIMCaTbh B MAaTPpUIHOM BUC!

T=TA +t. (4.15)

N3 (15) momydynM MONy4YHMM CIIEYFOIIIEe COOTHOIIICHUE s BeKTopa Kod(pUIMEHTOB
HOJIHOU TPYAOEMKOCTH:

T=t(E—A)"! (4.16)

Marpuna (E—A)™' maM yke 3HaKoMa, 3To MaTtpuua B ko>dduIMeHTOB MONTHBIX
MaTepHUaJIbHBIX 3aTPaT, TaK YTO IIOCJIEAHEE PABEHCTBO MOXKHO IIEPENHICATh B BUJIC

T=tB 4.17)

O6Go3HaunuM vepe3 L BenmunHy COBOKYIHBIX 3aTpar KMBOTO TPY/a MO BCEM BHIIAM
OPOIYKIIMH, KOTOopasi ¢ yueToMm ¢opmyibl (13) Oyner paBHa

n n
L= ZLJ'= thXj=tX (4.18)
j=1 j=1

VuurteiBas coortHomenne X =BY w3 (18) u (17), npuxomum K CIELYIOLIEMY
PaBEHCTBY:

tX=TY, (4.19)

sneck t u T — BexTop-cTpoku K03 HUIIMEHTOB NPAMON U TIOJHON TPYIOEMKOCTH, @ X |
Y — BeKTOP-CTONOIBI BAIOBOM U KOHEYHOM NPOIYKIMH COOTBETCTBEHHO.

Cootnomenue (19) mpencraBiser coboil OCHOBHOE OalaHCOBOE PAaBEHCTBO B TEOPHUHU
MEXXOTpacjieBoro OanaHca TpyJda. B maHHOM ciiydae ero KOHKPETHOE SKOHOMHUYECKOE
colep KaHUE 3aKIIFOYACTCS B TOM, YTO CHMOUMOCHb COBOKYNHBIX 3AMpam MHCUBO2O0 Mpyoad
PABHA CMOUMOCMU KOHEYHOU NPOOYKYUU, OYEHEHHOU No NoJAHbiM 3ampamam mpyoa. C
MTOMOIIBIO TIOKa3aTelIel MOTHOW TPYIOEMKOCTH Oo0Jiee MOTHO W TOYHO, YeM IPH HCIIOJIB30-
BaHWUM CYIIECTBYIOIINX CTOMMOCTHBIX ITOKa3aTeliei, BBIABISIETCS CTPYKTypa 3aTpaT Ha
BBIITYCK Pa3jIUYHBIX BUIOB MPOIYKIIMU M MPEKIE BCErO0 COOTHONICHHWE MEXAY 3aTpaTaMH
YKUBOT'O U OBEIIECTBICHHOIO TPY/Ia.

Ha ocHoBe KOh(UIIMEHTOB TIPSIMOM U TIOJHOH TPYJAOEMKOCTH MOTYT OBITh
pa3paboTaHbl MEXOTpAcieBbIE H MEXKIPOAYKTOBBIE OajaHChl 3aTpar Tpyaa H
WCIIOJIb30BaHMS TPYIOBBIX pecypcoB. CXeMaTHYeCKH 3TH OajaHCHI CTPOSTCS MO oOmeMmy
TUMy MATPUYHBIX MOJENIe, OJHAKO BCE IIOKa3aTel B HUX (MEXOTpACICBbIE CBS3H,
KOHCYHBIH MPOAYKT, YCJIOBHO 4YHCTash NPOAYKIUS W Jp.) BBIPAXKEHBI B TPYAOBBIX
U3MEPHUTETSAX.

IIpumep 4.2. IlycTe B 1ONOJHEHUE K UCXOAHBIM JaHHBIM IIpuMepa 4.1 3a1aHbl 3aTpaThl
’KHBOTO Tpyza (TpynoBble pecypcsl) B Tpex orpacimsix: Ly =1160, L, =460, L3 =875
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B HEKOTOPBIX €IMHUIIAX W3MEPEHHsS TPYAOBBIX 3arpar. TpebOyercs ompenenurhb
KO3(DHHUITMEHTHI TIPSIMON M MOJTHOU TPYAOEMKOCTH M COCTAaBUTH MEXOTpPACIIeBOU OanaHC
3aTpar Tpyna.

1. Bocnomnp3oBaBmuchk ¢opmymnoi (4.13) u pesynpratamm npumepa 4.1, Haxoaum

KO2(PUIHEHTHI TPSIMON TPYAOEMKOCTH:

I L Y PR LI ¢

775.3 510.1 729.6
2. Tlo ¢opmyne (4.17), B KOoTOpoii B KadecTBe MaTpuisl B 6Gepercs marpuna
kodhPuLHeHTa TONHBIX MaTepHaJbHBIX 3aTpaT, HalijeHHas B mpuMmepe 4.1, Haxoaum
KO03()HHUITMEHTHI TTOJTHON TPYT0EMKOCTH:

2.041 0.612 1.020
T=(1.509,12)-]10.816 2245 0.408 |=(4.84,3.55,3.92).
0.887 0.510 1.664

ty

n

3. B coorsercrenm ¢ popmynoii Lj =t; - Xj = ¥ Xjj - tj + Y - tj ymHO)MM nepsyio,

=1

BTOPYI0O M TPEThIO CTPOKH IIEPBOrO M BTOPOro KBAJAPAHTOB MEXKOTPACIEBOTO
MaTepuaabHOTrO 0OalaHca, IOCTPOCHHOTO B mpumepe 1, Ha  COOTBETCTBYIOIIHE
K03 PUIMEHTHI PSIMON TPYTOEMKOCTH,

Xtij = Xjj - t; Yti = Yi -4 (4.20)
MOJTYYHM CXEMY MEXKOTpacjIeBOro d6ananca Tpyaa (B TPYJIOBBIX H3MepuTesix) (Tadi. 1).

Tabmima 4.5. Mexotpacnesoii Oanauc 3atpar Tpyaa

IIpouzso0s IHoTpebasironue oTpacau
wue Mescompacneguvie 3ampamul | 3ampamoi
ompacau  |3ampamaoi mpyoa Ha|mpyoa 8
oeeujecmeneHHo20 KOHEUHYI0 |0mpacisax
1 2 3 npooyKyuro |(mpyooswvie
pecypcul)
1 3489 (76,5 437,77 |300,0 1163,0 459,1
2 139,6 |229,5 (0,0 90,0 875,5
3 279,1 |61,2 175,1 |360,0

Hes3nauurenapHbIe PaACXOXKACHUA MCKAY HaHHBIMU Ta6JII/II_H>I U UCXOAHBIMH NJAaHHBIMH
BbBI3BAHBbI ITIOTPEUHIHOCTAMMU OKPYTJICHUSA ITPU BBIYHUCICHHUAX.

4.5.2 Moaesb (poH10eMKOCTH MPOLYKIIUU

Pa3BuTne OCHOBHOH MOJENIH MEXOTPACIEBOro OajaHca JOCTHUTaeTCsl TaKXKe ITyTeM
BKJIIOUCHUSI B HeEE IMoKazarejeidl (OHIOEMKOCTH NpoAyKImu. B mpocreimem cioydae
MOZEb JOIOJHACTCS OTOEIBHOW CTPOKOW, B KOTOPOM YyKa3aHbl B CTOMMOCTHOM

BBEIPAKEHMH O00BEMBI IIPOU3BOACTBEHHELIX (PoHaoB P j» 3aHATHIC B KaXKI0H j—f/i OTpaciIu.

Ha ocHoBaHMM 3THX JaHHBIX W OOBEMOB BaJIOBOW TIPOAYKIIMM BCEX OTpaciieit
OTIPEACIAIOTC  Koaghpuyuenmol  npsamou  orHooemxocmu  (KanumaioemxKocmu)
NPOAYKIUH ]-i oTpacu:
o i
fj =;; j=L..,n. (4.21)
J



61

Kosdduumnent mnpsmoir ¢GOHIOEMKOCTH TMOKA3bIBAET BEJIMYHMHY ITPOU3BOJCTBEHHBIX
(GOHIOB, HENMOCPEACTBEHHO 3aHATBIX B IIPOMU3BOJCTBE JaHHOM OTpaciu, B pacyeTe Ha
eIMHUILy €€ BaJOBOW MPOIYKIMH. B oTiIMuYme OT 3TOro mokaszartesi KO3 UIIMESHT MOTHON

(hoHT0EMKOCTH Fj oTpakaeT 00beM (HOHIOB, HEOOXOAUMBIX BO BCEX OTpACIAX IS

BBIITYCKa €JIMHULIBI KOHEYHON NPOXyKIUK ] -# oTpaciu. Eciu ajj — KO3 DUIIMEHT IPSMBIX

MaTepualbHBIX 3aTpar, TO I Kod(pduumueHTa mNONHOW (POHAOEMKOCTH CIPABEIJIUBO
PaBEHCTBO, aHAJIOTUYHOE paBeHCTBY (4.14) misa koaduireHTa moJTHON TPYI0eMKOCTH:

n N
FJ = iglaijFi + fj; j=Ln 4.22)

Ecnu BBecTH B pacCMOTpPEHHE BEKTOP-CTPOKY KOI(P(PUITMESHTOB MIPSMON (POHI0EMKOCTH
f =(f,f5,...,f;) ¥® Bekrop-cTpoKy  KOIGPUIHECHTOB  NONMHOW  (HOHZOEMKOCTH

F=(H.,F,....EF,), o cucremy ypaBuenuii (4.22) MOXXHO IIepeIHCaTh B MATPHIHOM (opme:

F=FA +f, (4.23)

OTKyJa C TIOMOIIBIO TIPeoOpa3oBaHUN, AHAJIOTHYHBIX IIPUMEHSIEMBIM BBIIIC TSI
KO3()HHUIIMEHTOB TPYAOEMKOCTH, MOKHO MTOTYYHUTh MATPUIHOE COOTHOIIICHUE

F=1B, (4.24)

-1
rme B=(E—-A) = — marpuna ko>pGpHUILHMEHTOB MOIHBIX MATEPUATILHBIX 3aTParT.
Jlnst cOCTaBIIEHHUS] MEKOTPACIEBOTO Oananca GOHIOEMKOCTH MPOAYKIUH BHIYUCIISIOT B

n
coorsercteun ¢ popmynoit ®; =1j - X = ¥ fj - xj; +f; - Y; npoayxroso — ponnosyro
j=1

marpuny Xf u cromMocts GpoH10B Ha KOHEuHYIO poaykuuo Y f

Xfij =Xjj - fi Yfi = Yi 'fi (4.25)

ITycte P coBokymnHbI 06beM (OHAOB MO BCEM OTPACIAM

n
=3 CIDJ- (4.26)
j=1

n
IMoxacrasnss (4.21) B (4.26), nonyunm P = Y ijj =f-X=f-B:-Y=F-Y um
=1

f-X=F'Y (4.27)

Coortnomenue (4.27) mnpencraBisieT coOoil OCHOBHOe OajaHCOBOE pPaBEHCTBO B
MexkoTpaciaeBoM Oamance (GoHmoB. Ero 3koHOMHUYECKOE COJIepKaHUE 3aKIIOYaeTCs B
TOM, YTO CTOMMOCTH MPSMBIX (OHAO3aTpaT BaJIOBOW MNPOAYKIIMH PaBHA CTOUMOCTH
KOHEYHOU MPOAYKIINHU, OIICHEHHAs MO MOJHBIM (poHmo3aTpaTam.

s OGonee rimyOokoro aHaimmza HeoOxomumo auddepeHurpoBaTh (POHIBI Ha
OCHOBHBIE M OOOpOTHBIC, a B Mpeaesiax OCHOBHBIX — Ha 3[aHHs], COOPYKCHHS,
MIPOM3BOACTBEHHOE 000PY/IOBaHUE, TPAHCIIOPTHBIE CPEACTBA H T. 1.

[Iycte B menom Bce TPOM3BOJCTBEHHBIC (DOHABI pas3lelieHbl Ha M rpynm. Torma
XapaKTEepUCTHKA 3aHATBIX B HApPOAHOM XO3siicTBe (OHIOB 3a7acTCs MaTpULICH

nokazareieii P kj> OTPaKarOIHX 00beM GounoB K -0ii rpymmbl, 3aHATHIX B |-# OTpaciu:
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¢11 @12 .ee ¢ln

P Pro - P

Koadpunmentsr npsamoit poHI0eMKOCTH Takke oOpa3yloT MaTpHUIly pa3MEpHOCTH M - N,
3JIEMEHTHI KOTOPOM OINpPENENSIOT BEIMYHMHY NPOU3BOACTBEHHBIX (oHmoB K-oii rpymmsr,
HETIOCPEJICTBEHHO UCTIONB3YEMBIX TIPH TIPOM3BO/ICTBE €MHMIIBI IPOIYKIIUH ] -i OTpaciu:
P
)X,
J
Jnst xaxkgod ]-#i oTpaciu MOTYT OBITh BBIYUCIEHBI KOA(P(PUIIMEHTHI MOJIHOU

dboHI0EMKOCTH ij , OTPaKaIOLIMe MOJHYIO MOTpeOHOCTh B (hoHmax K- rpynmel amis

BBIIIYCKA €JUHUIBI KOHEYHOU MPOAYKILIMU 3TOU OTPACIIN:
n
Fk] = 'zlaiiji + fkj; k=1,.,m; j=1,...,n
1=

Pemenne cucrteM NaHHBIX YpaBHEHHH MO3BOJISET IMPEICTaBUTH KOA(PQGUIIMEHTHI IOIHOH
(GOHIO0EeMKOCTH MO KaXJoW M3 M Tpymnn (QOHIAOB Kak (PYHKIHIO KOA(P(PUIUEHTOB MPSIMOI
(hOHI0EMKOCTH:

n
Fk_] = > bijfki; k=1,...,m; jzl,...,l’l
i=1

B stux gopmynax BeITUUHUHBI ajj u bij — Y€ U3BECTHbIC KO3(PDUIIMEHTHI MPSMBIX U

MOJIHBIX MaTepHaIbHbIX 3aTparT.

Koapdunmentsr GOoHIO0EMKOCTH B MEXOTpAciIeBOM OajlaHCEe MO3BOJISIIOT yBS3aTh
IJIAHUPYEMBIA BBIITYCK MPOAYKIHUHU C MUMEIOIIUMUCS MPOU3BOIACTBEHHBIMU MOITHOCTSIMH.
Tak, notpebHOCTH B (yHKIMOHMpYIOIMX (oHmax K- Tpymmel s J0oCTHXKEHMS
3aJJaHHOTO O00bEeMa MaTepUAIbHOIO MPOU3BOJICTBA X j TO BCEM OTPacisM 3a/[aeTCs

(hopmyoii:

n
Py = z fijj; k=1,...,m.
=1
4.6. lunaMuveckasi MoAeJb MeKOTPACJIEBOTro OajaHca

PaccMoTpeHHBIE  BBIINIE  MEXKOTpAcjeBble  OajlaHCOBBIE  MOJICIW  SIBJISFOTCSA
cmamu4eckumu, T. €. TAKUMH, B KOTOPBIX BCE 3aBUCUMOCTH OTHECEHBI K OJTHOMY MOMEHTY
BpCMeHH. 9TI/I MOACIIN MOFyT p8.3pa6aTBIBaTBC5{ JINIIOBb JId OTACJIBHO B3ATHIX HepI/IOIIOB,
MpuYeM B paMKax JaHHBIX MOJICJICH HE yCTaHaBIHMBAETCS CBSA3b C IMPEIAIICCTBYIONIUMU
WM TOCIENYIOIUMU nepuonamMu. KanuTanoBiokeHUs  BBIHECEHBI U3 cepsl
MPOU3BOJCTBA B chepy KOHEUHOT'O HCIIOJIH30BAaHUS BMECTE C MPEAMETaMHu MOTPEOICHUS U
HCHpOI/ISBOIICTBCHHBIMI/I SanaTaMI/I, T.C. BKIIFOUCHBI B KOHC‘-IHI:Iﬁ HpOI[yKT.

B otnuume ot ctaTHYECKUX JuHamuveckue MOJICTU TPU3BaHbl OTPA3UTh HE COCTOSIHUE,
a IIpoLECC Pa3BUTHUS DKOHOMHUKH, YCTAHOBHUTL HEIOCPEACTBEHHYIO B3aMMOCBSA3b MEXIY
MPEABITYIIMMHA U TOCICAYIOIMUMH dTallaMH Pa3BUTHUS, W TEM CaMbIM NMPUOIU3UTH aHAJIN3
Ha OCHOBC 3KOHOMI/IKO-MaTCMaTI/I‘-ICCKOﬁ MOACIIN K peaHBHBIM yCHOBI/IHM paSBI/ITI/IH
SKOHOMHUYECCKOM CHCTEMBI.
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B paccmarpuBaeMoil 31€Ch  JUHAMHUYECKOM MOJEIH, SIBISIIOLICHCS pPa3sBUTUEM
CTATUYECKOW MEXKOTPACICBOU MOJEIH, ITPOU3BOJACTBEHHBIC KANUTAIBHBIC BIIOKCHUSA
BBIICIISIIOTCS. U3 COCTaBa KOHEYHOM MPOAYKLMHU, UCCIECAYIOTCS UX CTPYKTypa U BIIUSIHUE
Ha pocT 0oObeMa MPOM3BOACTBA. B OCHOBE MOCTpOEHMS] MOJEIN B BUIE ITMHAMHUYECKOU
CUCTEMBl yPaBHCHMH JIEKUT MaTeMaTuyecKas 3aBUCUMOCTb MEXKAYy BEIMYUHOU
KaIllUTaJbHBIX BJIO)KEHUN W NPUPOCTOM NPOAYKUMH. PeleHne cucTtemsl, Kak U B Cllydae
CTATUYECKONW MOJEJH, IPUBOAUT K OIPEHCIICHUIO YPOBHEM IIPOU3BOJCTBA, HO B
JAHAMUYECKOM BapHAaHTE B OTJIHMYHE OT CTATHYECKOIO 3TH MCKOMBIE YPOBHM 3aBHUCAT OT
00beMOB TPOU3BOJICTBA B IPEAIIECTBYIOIIMNX MTEPUOIAX.

HpI/IHI_II/IHI/IaJIBHaH cXeMma HCpBBIX I[Byx KBaI[paHTOB JUHAMHUYECCKOT O MC)KOTpaCJIeBOI‘O
OasaHca npuBejieHa B Ta0I. 4.6.

Tabmuma 4.6. [puHInuanbHas cxeMa TUHAMUYECKOTO OanaHca

Tpoussoos | [lompebasrouwue ompaciu
wue | Mesxcompacnegvie nomoku | Mexxcompacnesvie nomoku Koneunviti | Banosoti
ompacn | mexywux sampam KANUmMaibHbIX GIONCEHULL npooykm | npooykm
1 2 e n 1 2 . n
R STHRSE XIn | APy | APy APy, | Y X
2 | xp1 | x22 Xon | A®yy | ADPy) Ay | Y3 X2
n Xnl | Xn2 Xpn | APp1 | APy APy, Yy Xn

Mopenb COIEepKUT JBE MATPHUIIBI MEXOTPACIEeBBIX IIOTOKOB. Marpuia TeKyIuX
MPOM3BOJICTBEHHBIX 3aTPAT C JIEMEHTAMH Xjj COBIAIACT C COOTBETCTBYIOIIEH MaTpuIleh

CTaTHYeCKOro OajaHca. DJIIEMEHThI BTOPOU MaTPHIIBI ACIJij MMOKa3bIBAIOT, KAKOE KOJIHUYECTBO

MPOAYKIMH 1 - i OTpaciu HANpaBlICHO B TEKYIIEM TEPHOJE B ]-I0 OTpacib B Ka4ecTBE

MPOM3BOJICTBEHHBIX KalMUTAJIbHBIX BIIOKEHUH B €€ OCHOBHBIE (OHIbI. MarepuaabHO 3TO
BBIPAKACTCA B MPUPOCTE B MOTPEOISIIOMINX OTPACISAX MPOU3BOJICTBEHHOTO 000PYdOBaHUS,
COOpPY>KEHH, MPOU3BOACTBEHHBIX ILJIOMIAIEH, TPAHCIIOPTHBIX CPEACTB U JIP.

B crarmdeckom OanaHce TOTOKM KaMUTAJOBIOXKEHUN He audPEepeHIUPYIOTCS IO
OTPaCISIM-TIOTPEOUTENSIM W OTPaXAIOTCsl OOIIed BEIWYMHOW B COCTaBE KOHEUHOU

[V ) o o ’
OpOXyKIMH Y; KaKaoil 1-# orpacin. B muHaMudeckoil cxeme KOHEYHBIM MPOTYKT Yj

BKJIIOYAET MPOJYKIHMIO 1-H OTpaciM, WAYyIIyl0 B JIMYHOE M OOIIECTBEHHOE MOTPEOIICHHE,
HaKOIUICHHE HETPOU3BOACTBEHHON C(hephl, IPUPOCT OOOPOTHHIX (HPOHIOB, HE3aBEPIICHHOI'O
CTPOUTENBCTBA, Ha JKCIOPT. TakuM o00pa3oM, cCymMMa IOTOKOB KaNUTAJIOBIOXKCHUN U

KOHEYHOI'0 NPOAYKTa JUHAMUYECKON MOJEIHU paBHA KOHECYHOU IPOAYKIUHU CTATUYECKOTO
Oajtauca:

n
> Aq)ij + Yi, = Yi ,
j=1

n

[I09TOMY YpaBHEHHE pacrpeaeseHus npoaykimu Buna (4.2) (X = X Xij +Yj; 1=1,...,n)
=1

B IMHAMUYECKOM OallaHCce IpeoOpa3yeTcs B CIEAyIOIIEE:
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n n
Xi = > Xij + > Aq)ij + Yi,; i=1,...,n (4.28)
=1 =1
MeskoTpaciieBble MOTOKH TEKYIIMX 3aTpaT MOKHO BBIPA3HMTh, KAK B CTATHYECKOM
MOJIENIY, Yepe3 BaJOBYIO INPOAYKLHUIO OTpaciell ¢ MOMOLIbI0 KOd(P(UIMEHTOB MPSIMBIX
MaTepUaNbHBIX 3aTPaT:

Xjj =a;X

[Tonarasi, 94TO TPUPOCT MPOAYKIIUH IPOMOPIIHOHAIEH MPUPOCTY MPOU3BOACTBEHHBIX
(G OHIOB, MOXKHO 3aMUCaTh:

ACDIJ = (pl_]AX_]’ 1,] =1,...,n (4.29)
Paccmorpum B paBeHctBe (4.29) KOA(DGUIIMEHTH TPONOPLUUOHATIBHOCTH ®jj -
ITockombky
i = Aq)ij
TAX;

TO SKOHOMHYECKHH CMBICI JTUX KOIPQOHUIIMEHTOB 3aKIIOYaeTCsi B TOM, YTO OHH
MOKa3bIBAIOT, HAa CKOIBKO E€IMHMI[ HAJ0 YBEJIMYMTh MOIMHOCTH 1-H oTpaciu s
yBEJIMYEHUS. BBITYCKa MNPOAYKIMH ]-ii OTpacim Ha emuHuily. llpeamonmaraercs, 4To
MIPOU3BOJACTBEHHBIE MOIITHOCTH HCIOJIB3YIOTCSI TTOJHOCTHIO M MPUPOCT MPOAYKIIMU PABEH
npupocTy MoiHocTH. KoaddurnmenTsr ®jj HasbIBAIOTCS KO3ghhuyuenmamu 610x4ceHul, Ui

Koo uyuenmamu npupocmuoil ponooemkocmu.
C nomomipio KO3(PPUIMEHTOB MNPSIMBIX MaTepUANbHBIX 3aTpaT U KO3(P(PUIHUEHTOB

BJIOKEHUM ¢jj cucremy ypaBHeHUH (1) MOKHO TIPEACTABUTH B CIEAYIOIIEM BUIE:

n n
Xi=X ainj + > (PIJAX] + Yi,; 1=1,...,n (4.30)
j=1 j=1
Cucrema (4.30) ipencTaBisieT cCOOOM CUCTEMY JIMHEHHBIX Pa3HOCTHBIX YPAaBHEHUM MEPBOTO
nopsiika. Ee MOXXHO mpuBECTH K OOBIYHOM cHCTeMe JIMHEWHBIX YpaBHEHUH, €CIIM y4YecTb,
YTO BC€ OOBEMBI BAJIOBOI U KOHEYHOM MPOIYKIIMH OTHOCSTCS K HEKOTOpoMy mnepuony t, a
HPUPOCT BaJIOBOH NPOAYKIMH ornpeaeeH B cpasuennn ¢ (t —1) -m nepuogom:

n n - , )

XW=3a:xWsy XV -xCDyivy® i=1..n @31

1 S0 . LA ] 1
j=1 J=1

Ilyctb HaM WU3BECTHBI YPOBHH BaJIOBOH OpPOAYKIIMA BCEX OTpaciieil B

t—1 . N
NpeablAyeM nepuojie (BeIUYUHBI Xg )) U KOHEYHBIM TNPOAYKT oTpacieil B t-m

nepuojae. Torma o4eBUIHO, UTO COOTHOIICHUs (4.31) ipeacTaBasIOT COOOH cucTeMy N
JIMHEWHBIX YpPaBHEHUM C N HEU3BECTHBIMHU YPOBHSIMH NpOU3BOACTBa (-ro mepuona.
Takum oOpa3oM, pelmeHre TUHAMHUYSCKOU CUCTEMbI JIMHEWHBIX YPaBHEHHUU MMO3BOJISIET
OnpeCACINThL BbIITYCK MPOAYKIHNHU B MNOCICAYIOIICM MNICPpHUOAC B 3aBHUCHUMOCTH OT
YPOBHSI, JOCTUTHYTOrOo B mOpeablayiieM rnepuone. CBsi3p MeXAy HOepuogamMu

yCTaHaBJIMBAaeTCsd 4epe3 Kod(PPUIMEHTH  BIIOXKEHUM ®jj, XapakTepusyroume

(hOHI0EMKOCTh €IUHHUIIBI TPUPOCTA MPOYKIIUH.
Ilepexoast OT AMCKPETHOT'O aHaAJIN3a K HEMPEPHIBHOMY, BMECTO (4.28) Oyz1eM UMETh:
n n dCI)ij ,
Xi= inj-l- 7+Yi; 1=1,...,n
=1 =1 dt
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Bripaxxenue (29) B npeznese naer:

avy _ dX;
d Y dt

OKOH‘-IaTeJ'IBHO JJIA cnyqaﬂ HGHpCpLIBHLIX HSMCHCHI/Iﬁ HOJ'Iy‘-II/IM CJIGIIyIOHIYIO CI/ICTeMy

COOTHOIICHUM:

n n dX j ,

Xi = ainj + > (piji-i- Yi; 1=1,...,n (4.32)
= =1 " dt

CootHomienust  (4.32) mpencTtaBisitoT  coOOM  cHUCTeMy N JIMHEWHBIX
nuphepeHIIMaNbHBIX YPAaBHEHUH NEPBOTO MOPsiJKa C MOCTOSIHHBIMU KO3 (pduimenramu.
Jlst ee penteHrs TOMUMO MaTpHIl KO3 GHUIIUEHTOB MPSIMBIX MaTEPHUAIBbHBIX TEKYIIIHX
3aTpaT U KO3((PUIMEHTOB KaNUTAJIbHBIX 3aTpaT (BJIOXKEHUM) HEOOXOIUMO 3HATh
YPOBHH BaJIOBOI'O BBHINYCKa B HadalbHbIA MOMEHT BpeMeHH t =0 u 3aK0oH U3MeHEHUs
BEJIMYMHBI KOHEYHOTO MPOIYKTa, T.€. BUA (QYHKIUN Yi/(t). Ha ocHoBe 3TUX maHHBIX

IMyTeM pelIeHusl noiyduBmieiics 3amaun Komwm nns cuctemsl nuddepeHmraatbHbIX
ypaBHeHUI (4.32) MOXXHO HaWTH YPOBHHM BaJOBOT'O BBIIIyCKAa TEOPETHUYECKHU IS
mroboro MomeHTa BpemeHH. [IpakThyeckm ke Oojiee WJIM MEHEe JOCTOBEPHOE
OMMCaHHWE BAJOBBIX M KOHEYHBIX BBIIIYCKOB KaK (PYHKUHNU BpEeMEHH MOXKET OBITh
MMOJTYYEHO JIUIIB JIJISI OTHOCUTEIIFHO HEOOIBIINX IMTPOMEKYTKOB BPEMEHH.

B nuaamuueckoit mMoaenu 0coOyro poiib HUrparoT Kod(POUIHMEHTHl TPUPOCTHOU

(onnoemkocTu 0;j - Onu 006pa3yroT KBaJpaTHYIO MAaTPHUILy N -TO MOPsAKa

?11 P12 - OPmn

(@i=| 2 92 2n

OPn1t OPn2 - @Pnn

KaXIbIi ]-BII CTONOEI KOTOPOM XapaKTepH3yeT JUIsi COOTBETCTBYIOIIEH ]-U OTpaciu

BEJIMYMHY U CTPYKTYpPY (OHIIOB, HEOOXOAUMBIX JUISI YBEIIMYECHUS BBIITYCKA MPOLYKIINU
Ha enuHuily. Martpuna Kod3((UIIUMEHTOB NPUPOCTHOM  (OHAOEMKOCTH  HAET
3HAUWTEIBHBIA  MaTepuas Uil OSKOHOMHMYECKOTO aHalu3a W IUIAaHUPOBAHMS
KaITUTATBHBIX BJIOKEHUH.

Koaddummentsr npupoctHoOl (HOHAOEMKOCTH @jj ompe/eNIeHHBIM 00pa3oM CBsI3aHBI C
BaJIOBBIMU kodddpunmeHTaMmu npsIMOH dbongoeMKOCTH POy KITUH fkj ,

paccMOTpeHHBIMH B mpenpiayiiem naparpade. KosdduumenTs fkj IIOKa3bIBaIOT,

CKOJIBKO Bcero (OHIIOB MaHHOTO BHJA MPHUXOJUTCS HA €IUHUILy BaJIOBOTO BBIITYCKa
MPOJYKLHH, a KOI(DPUITUESHTHI @jj oTpaxkaloT MPUPOCT (hoHIOB Ha eqUHUILY NPUPOCTA

npoaykiuu. Eciin ObI TEXHUUECKUN TIPOTPECC B OTPACIISIX MPOU3BOJICTBA OTCYTCTBOBAJI,
TO Ha €IMHHUILY NPUPOCTA MPOAYKIIUH MOTPEOOBAIIOCH OBl CTOJBKO K€ HOBBIX (DOHJIOB,
CKOJIbKO HX YK€ 3aHATO Ha €IWHHILy BBITYCKaeMOH MPOAYKIUHU, T.e. KOI()PUIHEHTHI
MPUPOCTHON (POHITOEMKOCTH U BaJIOBOUW MPsIMON (POHIOEMKOCTH OBLIIN OBl PaBHBI MEXIY
co6oii. Tak KaK HOBBIE KalMTAJIbHBIC BIOXKECHHS MPOU3BOJATCS HA HOBOM 00Jiee BHICOKOM
TEeXHHYECKOM YPOBHE IO CPaBHEHUIO C 0OBEMOM W CTPYKTYpOH HeiCTByrOmux (OHIIOB,
TO Ha MPaKTUKe KO3(PUUHEHTHI MPUPOCTHON (POHITOEMKOCTH U KO3(PPUIIMEHTHI NPsIMOU
(hOHITIOEMKOCTH pas3nuyaroTcss 1o BennduHe. OJHAKO MEXAY STHMH IBYMsS TpyHIamu
KO3 (DUIIMEHTOB CYIIECTBYET BIIOJHE OMNpEACICHHAs CBA3b, W 3TO HCIOJIb3YyeTCsS MpHU
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pa3paboTKe TMHAMUYECKUX MOJIeIei, 0COOCHHO B CBS3U C TEM, UTO JIOCTOBEPHBIC TaHHBIC O
(DOHITIOEMKOCTH TPOAYKIIMU TOJYyYUTh JIerde, YeM HEMOCPEACTBEHHO pPacCYUTATh
K03(PUITUESHTHI BIOKEHHH.

»

= 0~

11.

12.
13.

14.

15.

16.

Bonpocs! Aj1s1 camonipoBepKu

CyTb 6a1aHCOBOT'O METOAa UCCIEIOBAHMS COLUAIBHO-9KOHOMHYECKUX CUCTEM
[IpuHnuMnManbHasE CcxeMa MEeXOTPacIeBOro CTaTHYeckoro OanmaHca. Packpoiite
SKOHOMHYECKOE COAECPKAHUE €€ Pa3/IesIOB 3JIEMEHTOB. MarepuanbHblii 1 CTOUMOCTHON
COCTaB HAIlMOHAIBLHOI'O T0XO0/a

Koapduunentsl nOpsiMbIX W MOJHBIX MaTepUANBHBIX 3aTpaT, CIOCOOBI HX
BBIYMCJICHHUS.

[lonsATHEe TPOAYKTUBHOCTH MATPHUIBl KOI((PHUIMEHTOB TMPSAMBIX MaTepHUabHBIX
3aTpar.

IIepeuncnure ycinoBus, KOTOPBIM J10J’)KHA YAOBJIETBOPSITHh NPOAYKTUBHASI MaTpHULA.
Onumute croco0 arperupoBaHus Moka3aTesae MexxoTpaciieBoro danaHca

OcHoBHOE 0ajlaHCOBOE PAaBEHCTBO B MEXKOTpAciIeBOM OaslaHce Tpyaa

. DKOHOMHYECKHUI CMBICT KOX((PHUIMEHTOB MNPSAMOW W TOJHOM TPYIOEMKOCTH.

Onucanue >KOHOMHMKO-MaTeMaTHYECKON MOJENIN MEXOTpacyieBoro OajlaHca 3aTpat
Tpyna.

DKOHOMHUYECKOE coaepkaHue KOG PUITUESHTOB NMPSIMONU U TTOJTHON (POHTOEMKOCTH.
ITopsinok ux pacueTa Ha OCHOBE 3KOHOMUKO-MaTemMaTuyeckoil monenu MOB.
OcHOBHOE 0aTaHCOBOE PAaBEHCTBO B MEXKOTPACICBOM OaraHce GOHIOB.
CopepxatenbHblil CMBICTI NPUHLIUIIHATBHON CXEMBI JTUHAMHUYECKOT O
MEXOTpacJieBoro OajaHca.

3anumuTe ypaBHEHHE Uil BaJOBOW MPOAYKIMHM B JUHAMMYECKONW MEKOTPACIEBOM
0aJlaHCOBOU MOJIEIH.

OcHOBHOE OTJIMYME CTAaTUYECKOM MOJEIM MEXOTpaclieBoro ©OamaHca OT
OUHAMHWYECKOM.

DKOHOMUYECKHUH CMBICT KO3 (PUIIMEHTOB MPUPOCTHOH (HOHTOEMKOCTH
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Tema 5. MoaeaupoBanue GUHAHCOBBIX ONlepaluii

*  OCHOBHbIMU 2NIeMEHMAMU PUHAHCOBLIX MOOENell ABNAIOMCA 8PEMSL U OEHbU.
QuHancosble MoOeny 6 Mou UL UHOU Mepe OMPANCAOm KOIUYeCmBeHHble
COOMHOUEHUSL MENHCOY OCHEHCHBIMU CYMMAMU, OMHOCAUUMUCS K PAZTULHBIM MOMEHMAM
8peMmeHU.

*  OO0Ha u ma dHce cymma oenee 8 pa3iuyHbvle MOMEHMbL BPEMEHU UMeem PA3IUUHYIO
yennocmo. C Opy20il CMOpPOHbL, NO OMHOULEHUIO K ONPeOeleHHbIM YCI08UAM PA3Hble
CYyMMbL OeHe2 8 pasiuiHble MOMEHMbL 8DeMeHU MO2Ym OblmMb PAGHOYEHHbIMU 6
@PUHANHCOB0-IKOHOMUYUECKOM CMbICTe.

*  Heobxo0umocmy yuéma ¢hakmopa epemeru 8ublpaxcaemcs 8 euoe NPUHYunda
HepaeHOYEeHHOCU OeHe2, OMHOCAWUXCA K PA3TUYHBIM MOMEHMAM 8PeMeHU.

5.1. HapameHue 1 IMCKOHTHPOBAaHHE
S.1.1 IIpoueHTHI M NPOLEHTHBIE CTABKH

Mox npouentHsiMu AeHbramu win npouentamu [ = (S7 — F)) nornmarnr aGconoTHYHO

BEIIMYMHY J0XOJa OT MPEAOCTABJICHHUS JIEHET B JOJT Ha CPOK T B m060ii ero dopme, a
MMEHHO: BBIJIadya JICHS)KHBIX CCYJ, MPOoJaKa B KPEIUT, MMOMEIICHUE JACHET Ha cOeperaTebHBIN

cY€T, MOKYIMKa OOJUTranui u T. 1. 31ech Po — CyMMa JIeHerT, TpeIoCTaBJIeHHas B JOJT, ST —
CyMMa JICHET, TToJIeXKaIasi BO3BparTy 4epe3 Bpems T.

Ilon mnpoueHTHO CTAaBKOM ! TOHMMAIOT OTHOUIEHHWE CYMMbI THIPOLEHTHBIX [ICHET,
BBIMIJIAYMBACMBIX 33 €IMHUYHBIN TPOMEXYTOK BpeMeHH (0OBIYHO, 3TO T'0J), K BEJIMYMHE CCYIBL:

PO el
R

Ilox yuerHoii craBkoii ¢ TOHUMAIOT OTHOIIEHME CYMMBI IIPOLEHTHBIX JICHET,
BBIMIJIAUYMBACMBIX 32 (PMKCUPOBAHHBII MPOMEXYTOK BPEMEHH, K BEJTMUMHE ITOralIaeMoro J0Jra:

g=5171
S

®opmynsl (5.1), (5.2) 03Ha4aIOT CYyIIECTBOBAHUE JIBYX NPHUHIMIIOB pacueTa MpPOLICHTOB.

S.D

5.2)

Paccmotpum nHBectrpoBanue cymmsl Fy B mMoment £ =0 Ha omuu mepuon. Kak ciexyer u3

(5.1), B momenr t=1, T.e. B KOHIE IepHoga, MHBECTOPY OyJAeT BO3BpalllcHA CyMMa
S| =By +iF,. pu stom cymma iFy , BbimaunBacmas B MOMEHT [ =1, 9T0 mpoLeHTHI

I =S8, —Fy=iF, 3a spems [0, 1] ua 3aem Bemuuunoit Fy B moment ¢ =0. Takum oGpasom,

IIPOLICHTHI [10 CTABKE [ HAYHCISIOTCS HA CyMMY IIepBOHA4aIbHOro goiara Fy B Moment f=1.

CornacHo (5.2), B 0OMeH Ha BO3BpaT CyMMBI 5| B MOMEHT ! =1 nHBecTOp mact B3aiMbl
cymmy By =S, —dS;. B sTom cnydae mpoueHTs! 1m0 cTaBKe d HAYHCISIOTCS B HAYaIbHBIIL
momenT Bpemenn f=0 wHa cymmy moramaemoro goiara S). Cymma F; moxer
paccMaTpuBaThCs KaK 3aeM CyMMbI S|, BO3BpAILacMOil 4epe3 eAHHHUILY BPEMEHH, IPH KOTOPOM
IIPOLICHTHI BEIIMYUHON (S| BblILIaunBaroTcs 3apaHee, B MomeHT £ =0, n cocraBustor 10Xx0x
kpequropa D =S| — Fy =dS; 3aspewms [0, 1].

Takum 00pa3oM, MPOIEHTH 110 CTABKE [ HAYUCISAIOTCS B KOHIE IEPHOAA HAYHUCICHUS
IPOLIEHTOB, a MPOLEHTHI [0 YYETHOM cTaBke d — B Havale MeEpHo/a HauYMCIEHH s ITPOLIEHTOB.
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CylecTBYIOT pa3iMuHble COCOOBI HAYMCIEHUS MPOLEHTOB. COOTBETCTBEHHO, IPUMEHSIOT
pa3yIn4HbIe BUJBI IPOLIEHTHBIX CTaBOK. OCHOBHOE OTJIMYHE CBS3aHO € BBIOOPOM UCXOJIHOM CYyMMBI
(6a3bl) 11t HauMCIIEHUs. B CBS3M € 9TMM pa3nuyaoT MPOCThbie M CJI0XKHbIE MPOIEHTHL [lpu
HAUMCJIEHUN TIPOCTBIX IPOLIEHTOB 0a30M [ HAYUCIEHUS CIYKUT HadalbHas CyMMa Ha
IPOTSHDKEHUU BCETO CPOKa cCyabl. IIpy HAUMCIIEHUH CIIOKHBIX MPOLIEHTOB 0a301 CIIY’)KUT CyMMa C

HAUMCIIEHHBIMU B MPEABIAYIIEM MEPUO/Ie MPOLIEHTAMH.
B ¢unancoBOM aHanu3e MpolLEHTHAs CTaBKa NMPUMEHSETCS HE TOJbKO KaK HMHCTPYMEHT

HapalleHusi CyMMBI J0Jra, HO U B OoJiee MIMPOKOM CMBICIE, a MMEHHO, KaK YHHBEPCAJIbHBIH
MOKAa3aTeNb CTENCHHU TOXOJHOCTH JII0001 (MHAHCOBOM ONIEPAIIUH.

5.1.2 HapaiieHue 1o npocTbIM MPOeHTaM
[To onpenenenuto, HapaleHHasi CyMMa — 3TO TIEpBOHAYAIIbHAS CyMMa ¢ HAYMCIICHHBIMH Ha

3Ty CyMMY IpolieHTaMu. BBeneM crenyromue 0003HaueHus!.
Torna nmeem

S=P+1.
rne P — naganenas cymma, | — IpoOLEHTBI, HAUNCIICHHbIE 33 BECh CPOK.
[Ipyr HAYKMCIIEHUHU ITPOCTHIX IPOLIEHTOB 3a 0a3y MPUHUMAETCS NEPBOHAYAILHAS CyMMA.
[TpoLEeHTHI HAYUCISIOTCS 1 pas, mostomy | = P 1 -1 u hopMyna IpocThIX TIPOIEHTOB 3aIUIIETCS B
BHJIE

S=P-(1+n-i). (5.3)
Bennunna (1+ 7 -1) HasbBaeTCS MHOKMTEIEM HAPALIEHHS 110 IPOCTON MTPOLEHTHON
CTaBKe, T.€. MHOKUTEJb HapallleHUs TOKa3bIBACT HAKOIJICHHYIO K MOMEHTY 71 OyAylIyIo
crouMocTh 1 1.e., Bnoxkennoi B MoMeHT =0 Ha cpok 7.

[Ipouecc yBenuueHuss CymMMBbl J€HET B CBA3M C IIPUCOEIMHEHMEM IIPOLIEHTOB K
NEPBOHAYAIIBHOM CyMME Ha3bIBACTCSl HAPALLEHHEM WM POCTOM IePBOHAYAIBHON CyMMBI.

[lepBoHavyanbHass cymMMa C HAa4MCICHHBIMM HAa HEE IPOLEHTAMH HA3bIBACTCS HAPALIECHHOM
CYMMOH.
[TpocTsle MPOLIEHTHI Yallle BCETO UCIONB3YIOTCS, KOIla CPOK CCyABl MEHBIIE OJHOTO TOJa.

t
Torna n=—, rae f — KOJUYECTBO JHEH CCYABI, a K — xonmuecTBO nHElH B roay.

Ha npakTuke HMCIONB3YIOT OOLIKHOBEHHBIM WM KOMMepYecKuii mpoueHt, korma K =360
JHel uii TouHbi npouent — K =365 (366) nuei.

Hpumep 5.1. Tlycts P =1000 py6., ronosas craska [ =10%. [Tony4rM HapalleHHBIE 11O
IPOCTBIM MPOIEHTAM CYMMBI.

1 rox: 1000 + 0,1-1000 = 1100 py6; 2 roa: 1100 + 100 = 1200 py6; 3 rox: 1200 + 100 =
=1300 py6. »

I[TepeMmeHHBIE CTABKH
[IpeamnosnoxuM, 94To BECh CPOK CCYABI /1 pa30UT HA § TPOMEKYTKOB IITUTEIHLHOCTHIO

N
N, , KaxIbld, N = Znt . B kaxk0M poMexyTKe AeicTByeT cTaBka I, . Torna gpopmyina

t=1
HAYMCJICHUSI TPOCTHIX MPOLIEHTOB MPU MEPEMEHHOMN CTaBKe OyIeT UMETh BUJ

S=P'(1+n1-il+n2-i2 +...+Yls'is)
HJIn

S
S=P-(1+) n;-iy).

=1



69

IIpumep 5.2. Ilycts P =1000 py6., craBka B mepBslii rog pasual; =10%, Bo BTOpoii rog —

I =12%, B Tpetnii rog — i3 =15%. Ilomy4nm HapalIeHHYIO 38 TPH TOJA IO HIPOCTHIM

MPOLIEHTAM CYMMY.
1000 + 100 + 120 + 150 = 1370 py6. P

5.1.3. CioxHbIe POLEHTHI

Ha4yucaeHne CJOO0KHBIX TOJAOBBIX NPONEHTOB (popmyJa HapameHHUHd)

B nmonrocpouyHbIX (DMHAHCOBBIX OIEpAIMAX IS HApalIeHHUS MePBOHAYAIBHON CYMMBI
MIPUMEHSIOT CJIOXKHBIE MPOLEHTHI. [Ipu HauKnCIeHNN CI0KHBIX MPOIEHTOB 3a 0a3y NMPUHUMAIOT
HE IIEPBOHAYAIBHYIO CYMMY, a CyMMYy, IOJYYUBLIYIOCA IIOCJIE€ HAYMCIICHHs ITPOLICHTOB U
IIPUCOEIMHEHUS UX K CYMME JI0JITa B IPEABIIYIINX EPUOTAX.

[IpucoenuHeHre HAYUCIIEHHBIX IMPOLIEHTOB K CyMMe, KOTOpasl Ciy>kKujia 0azoil i ux
HAYMCJICHUS, HA3bIBAIOT KAlMTAIU3alMell nmpoueHToB. [Iponecc kanurami3auu MpoucXoauT

T0 CJIEAYIOLIEH CXEME:
P+P-i=P(+i)— P(+i)+ P(1+i)i = P(1+i)> — P(1+i)* +

+P(1+i)-i=P(1+i) — ...

B ob6mem Buae hopmyiia HapalieHus 0 CI0KHBIM MPOIEHTaM 3aIUIIETCS TaK:

S=P1+i)". (5.4)

7
Muoxurens (147)" HaseiBaeTcss MHOXHUTEIEM HAapamieHusi 1Mo  (OpMyJIe CIOKHBIX
IPOLIEHTOB.
Ilpumep 5.3. Ilycts P=1000, i = 10%, t.e. xaxk pons i = 0,l. CnenosarenbHO,

HapalmCHHBIC 11O CIIOKHBIM IMPOLCHTaAM CYMMBI TaKOBEI:

1000,1000+0,1-1000=1000+100=1100, 1100+0,1-1100=1210, 1210+0,1-1210 =1331,1 u
T.I1. P>

Ilpumep 5.4. T'onoBas cTaBKa CIOXHBIX MPOIEHTOB paBHa 8%. Yepes CKOJNBKO JIEeT
HayaabHas CyMMa yIBOUTCS?

Pemenne. Hano pemmts nepasencro: (140.08)" > 2. Jlorapudmupyem mo
OCHOBAHUIO HATYpalbHBIX Jorapudmos u nonydaem 1 >1n(2)/In(1.08).

OtBet: uepe3 9 net. P

CooTHOMIeHHEe MHOXHTeJell HaAapalleHUs N0 NPOCTHIM H
CJOKHBIM TPOLEHTAM
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Puc 5.1

Ecrmi cpok 71 < 1, To MEOKHTENb Hapamenus o npoctsiv nporentam (1+n-1) > (1+1)",

ectu n>1, o (1+n-i)<(1+i)". Kpussie, n306paxeHusie Ha puc. 5.1, HILTIOCTPHPYIOT

MIPOLIECCHI HAPAIEHUS TTO TIPOCTHIM M CJIOYKHBIM MIPOLIEHTaM B 3aBUCUMOCTH OT CPOKa.
ITepeMmeHHBIE CTABKH

ITycTh BeCh CPOK CCybI /I Pa3OUT HA HMHTEPBAIbl UIMTENBHOCTBIO 71y,

N

t=12,....s, n= an , 1 B KQXXJIOM WUHTEpBaJIC HAYUCJICHHE TTPOIICHTOB ITPOU3BOIUTCS TIO
t=1

CTaBKaM [[,[y,...,I; COOTBeTCTBCHHO. Toraa (hopMyIia HapaIeHHs IO CIIOXKHBIM IIPOLICHTAM

OyzleT UMEeTh BUJ]
S=PA+i)" (1+i)" - (A+ig)™ .

5.1.4. HomunaibHast ¥ 3)(peKTUBHASI CTABKH NPOLICHTOB

HomMuHaanbHass cTaBKa

Ha mpaktuke 4acto mpu oOBSBICHHHM YCIOBUH (DMHAHCOBOW OMEpaIlid OTrOBapHUBAaCTCS
roJioBasi CTaBKa MPOIEHTOB U YKa3bIBACTCSI KOJUYECTBO BBHIIIAT MPOLIEHTOB B IO (HalpuMep,
MOXET OBITh €XKEKBapTaJIbHOE HAYHCICHUE - YETHIPE pa3a B rof). B 3ToM ciydae HCIOIb3yIOT

TOHSATHE HOMHHAJIbLHOI CTaBKH, 0003HAYUM €¢ CHMBOJIOM ] HYCTI) KOJIMYECTBO BBIIJIAT

MPOIIEHTOB B TOJX paBHO M. Torma HaYMCIEHHWE MPOILEHTOB OCYIIECTBISAETCS IO CTaBKE
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Jj/m, a obuiee KOIMYECTBO MHTEPBAIOB BBIIIAT 32 N JIeT OyneT paBHO M1 -71. Haparuennas

CyMMa onpenensercs rno Ggopmyine

S =P( +i)m'”. (5.5)
m

Takum 00pa3om, HOMHHaJIbHAs CTaBKa - 3TO T'0JIOBas CTaBKa IMPOICHTOB NMPH HAYHUCICHUU
MPOIEHTOB /1 pa3 B roj. Yem OoubIlie YKUCIIO M1, TeM OBICTpee HACT MPOIECC HapalleHHs

MEPBOHAYATILHON CYMMBI.

JddpdexTUuBHAA CTaBKa

[t cpaBHEHMs DPa3aUYHBIX YCJIOBMM HA4YUCICHUS IPOLEHTOB (IPU  Pa3Iu4HbIX
HOMMHAJIBHBIX CTaBKaxX W pa3JM4YHOM KOJMYECTBE HAYHMCIEHUN) UCHOJIb3YIOT TOHITHE
3¢ PexTBHON cTaBKU. DddeKTUBHAS CTaBKA - 3TO TOJ0Basi CTABKa MPOIEHTOB, HAYHCIISIEMbIX
OJIMH pa3 B IO, KOTOpasi 1aeT TOT K€ (MHAHCOBBIN PE3yNIbTaT, YTO U /11— Pa30BOEC HAYHCIICHHUE

B I'OJI C HCIOJIb30BAHUEM HOMHHAJIBHOM CTaBKH j . TakuM 00pa3oM, 0 ONpPEIEICHHUIO, JTOTHKHO

BBITTOJTHSTCS] PABEHCTBO MHOXKHTEJICH HapalieHus
N J \m
(I+)=0+—)", (5.6)
m
rae 1 —sddexruBHas craBka. OTcroma moxyyaem

i=(1+-Lym 1. 5.7)
m

3amMeHa B J0TOBOpE HOMHHAIBHOM CTaBKM | MPH HAYMCICHHH MPOICHTOB /1 pa3 B oA Ha
s dexTuBHYIO CTaBKY 110 opmyiie (5.7) He MeHseT (PUHAHCOBBIX 00S3aTEIHCTB CTOPOH.

[lpy cpaBHEeHMHM pa3IMYHBIX MpPEIaracMbIX BapUAHTOB HAYKMCICHUS TIPOICHTOB
AOCTATOYHO BBIYUCIIUTH U CPABHUTH 3(1)(1)CKTI/IBHBIC CTaBKHU JIA KaXXI0T'0 U3 HUX.

5.1.5. IloHsiTHE NMCKOHTHPOBAHUSA
JIMCKOHTHPOBaHHE M0 MPOCTHIM CTABKAM

PaccmotpuMm creayronyro 3afady. I1o 3amaHHON cymme S, KOTOPYIO ClIEIyeT yIUIaTUTh
yepes Bpemsl 11, TpeOyeTcs ONpPENeNIUTh IEPBOHAYaIbHYI0 cymmy P . B aToM citydae roBopsr,
910 cymma S QuckoHmupyemcsi.

TepMHUH Ouckonmuposanue B IIUPOKOM CMBICIIE O3HAYaeT OIpPEICNICHHE CTOMMOCTH
JICHE)KHOW CYMMBI B JJaHHBIH MOMEHT BPEMEHU IPHU YCIIOBHH, YTO B OYyIyIlleM OHA COCTaBUT
BeruuHy S . Takol pacyér Ha3bIBAETCS NPUSeOCHUeM CMOUMOCIHO20 NOKAZAMENS K 3A0AHHOMY

MOMEHMY 6PEMEHU.
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Bemmuuny P, HaliieHHYI0 JMCKOHTUPOBAaHHMEM CYyMMBI S , Ha3bIBAIOT COGDEMEHHOU WU
NpueedSHHoN 6emuuHol S .
DT0 OAHO W3 BAKHEHIIMX IOHATHHA NP MOAEIMPOBAHMM W aHAIU3€ (PUHAHCOBBIX

ornepanyi, Tak Kak UMEHHO C IOMOIIbIO0 JUCKOHTHUPOBAHUSI YUUTHIBAETCS (paKTOp BPEMEHHU.

Pemas 3agauy, nomyuum

P=S;. (5.8)
1+n-i

Jannast popmyna HazbIBaeTcst (POPMyYIION mMamemamuuecko2o OUcKoHmuposauusi (B OTIININE

0T GAHKOBCKOT'O IMCKOHTHPOBAHUS WIIH yUYETa, KOTOPOE 37IECh HE PACCMATPUBACTCS).

1

Benuunna 1— HAa3BIBACTCS OUCKOHMHBIM MHOJICUmenem, pasHocts (S — P) —
+n-i

OUCKOHMOM CYMMBI S .
JIMcKOHTHPOBaHME MO CJI0KHOM CTaBKe IMPOLEHTOB

Haiinem nepBoHavyaJibHYI0 CyMMy P 1O M3BECTHOM KOHEYHOM CymMMe S C HCHOJb30BAHUEM

CJI0’)KHOU CTaBKH.

OueBUIHO, YTO

S
P=——=8", (5.9)
1+ )”
n 1 .
raec VvV = —n — JUCKOHTHBIM MHOXXHUTECIIb (MHO)KI/ITCJ'II) ,I[I/ICKOHTI/IpOBaHI/ISI).
(1+10)

Eciti pOIIeHThI HAYUCIISIOTCS H1 Pa3 B TOJl C HCIOIb30BaHHEM HOMHUHAIILHOM CTaBKU J , TO

S .
P=—,=S-Wmn, (5.10)
(14 L ymn
m
o mn _ 1
TC AIMCKOHTHBIM MHOXXUTEIIL W -
1+ L jymn
m

B ¢unaHCOBON M SKOHOMHYECKOW JIUTEpaType IJIsi COBPEMEHHOW BEJIWYHMHBI P 4acto

HCITOJIB3YIOT COKpaIIeHHoe o0o3HaueHue - PV, ot anrmmiickoro Present Value
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Pasznocts S — P HasbiBaercs ouckormom cyMMbl S, 0003HAUYMM 3Ty BETMYUHY CHMBOJIOM

D . Y13 popmyust (5.13) u (5.14) cnenyer, uto D = S(1—v"), ecaun npouenTs Hauncistores

m-n
omun paz Brog, u D =S(1—w" "), eciau nponeHTs HAYUCISAIOTCS M1 pa3 B IO,

5.1.6. Yuer nH(QIAIMH IPH HAPALLIEHUH POLICHTOB
CymiecTByeT MHOXKECTBO Pa3IMUHBIX CIIOCOOOB ydeTa MHGISLUN MPH HAPAIIEHHH CIOXKHBIX

MPOIIEHTOB. PaccMOTpUM OMH M3 HUX, OCHOBAHHBIN Ha mpuMeHeHUH Gopmynbl Oumepa. [Tycts
h - O)KHI[&CMBIﬁ I‘O,Z[OBOﬁ TEMII HH(bHHHHH B BHUJC CTABKHU CJIOKHBIX HNPOLCHTOB (MBI HE
KacaeMcs 3/1eCh METOAMKH ONPEIENEHHs] 3TOr0 IMOKa3aTels), [ — CTaBKa IPOIEHTOB 0€3 ydeTa
UHGIALUY, F — pealbHas CTaBKa ¢ yueToM MH(suuu. Toryna peanbHas cTaBKa ONpeienseTcs u3

ypaBHEHHUs, KOTOPOE Ha3bIBaeTCsl ypaBHEHHEM Duliiepa:

1+
1+r= . (5.11)
1+h
Pe]_]_[aﬂ 29TO ypaBHeHI/Ie OTHOCUTECIIBHO 1 , HOHy‘II/IM
_izh (5.12)
1+h '

CraBka 0e3 yuera WHQIAIUU (KOTOPYIHO HA3bIBAIOT Tak)Ke HOMHHAJIBHONW CTaBKOM)
i=r+h+r-h.llpu mansix 3Ha4eHusx 1 UCTIONB3YOT NpubIHKeHHyI0 Gopmyny i =r+h, a
JUIS PEabHOM cTaBku: ' =1 — .

5.1.7. DKBHBaAJICHTHOCTB NPOCTBIX U CJI0KHBIX MPOLEHTHBIX CTABOK

CraBKkU SBISIOTCS OSKBUBAJICHTHBIMH, €CIM B KOHKPETHOW (DHMHAHCOBOW OIEpalud OHHU
IPUBOJAT K OJHOMY U TOMY k€ (PMHAHCOBOMY PE3YJIbTaTY .

3ajaya OmnpeaeneHus] SKBUBAIECHTHBIX CTABOK BO3HHUKAET, HAIPUMEp, NP CPABHEHUM CTaBOK,
NPUMEHSEMBIX B Pa3iIMYHbIX CIENKAX W COMVIAICHUSX, OMpPEeAeeHUH 3(PPEKTHBHOCTH KPEIUTHO-
(rHAHCOBBIX omneparyii, 6e3yObITOYHOI 3aMEHe OHOTO BHA CTABOK JIPYTHMM WM OJHOTO METO/a
UX Ha4MUCIICHUS IPYTHM.

Jlnst onpenenenys 3KBUBAJICHTHBIX MPOCTBIX M CIOXKHBIX CTABOK HEOOXOIUMO MPUPABHATH

COOTBCTCTBYIOIIMC MHOKUTCIIN HAPAIICHU A
. N/
d+n-i,)=0+1)

rae in — mpocTas cTaBKa, [ — ciioxHas. M3 5T0oro COOTHOLIEHUS JIETKO TOJIyYaeM

_(+i)" -1

n 2
n

(5.12)
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i=(1+n-i)""-1. (5.13)

Ecnu cnoxHas craBka HaduCIsIeTCs M pa3 B roa, TO TaK>KE IMpHUpaBHHUBAA MHOXHUTCIIN

HapaIIeHUs, MOJIYIHM

(1+l)m'” -1
i =— : (5.14)
n
j=m((+n-i)""mm 1), (5.15)

Takum o6pa3om, 3aMeHa B J1000H (PUHAHCOBOM Omepalyy CIOKHBIX CTAaBOK IPOIICHTOB
SKBUBAJICHTHBIMU MM TMpocThiMH 10 (opmynam (5.12), (5.14) unam mpocToil cTaBKH
SKBUBAJICHTHBIMU €U CIIOXHBIMU 10 (opmynam (5.13), (5.15) He U3MEHSIOT KOHEYHOTO
pe3ynbrara GUHAHCOBOM OINEepaIiu.

ITpumep 5.5. Kakas cymma nipeanoutuTeiabHee npu ctaBke 6%: $1000 ceroaus
niu $2000 uepes 8 metr?

Pewenue. Haiinem coBpemennyto Beauunny $2000 uepes 8 sret npu craBke 6%:
A=2000 (1 +0.06)® =2000-0.627 = 1254.

Urak, A=1254 > 1000. CnemoBatenbHO, HaA0 npeanodects cymmy $2000 uepes 8 net. P

5.1.8. IluckoHTHPOBaHME U HAPAILIEHHE 110 YYeTHOM CTaBKe

Kommepuecknii (0ankoBckuii) yuer. Cdopmynupyem 3amady OaHKOBCKOTO
auckoHnTUpoBanus. 110 3amanHol cymme S, KoTopas OyjeT BbIIaueHa dyepe3 1 MEPUOJIOB,
TpeOyeTCst ONPENETUTh CyMMy 3aiiMa P B HAaCTOAIIMHA MOMEHT, IIPH KOTOPOM MPOIIEHTHI 3a
IMMOJIb30BAHUC CCYAOU BLIIJIAYHMBAIOTCA 3apaHCC, B MOMCHT HNPCAOCTABJICHUSA ACHCT B OJIT
t =0. Jlng HaYnCIIERNS U yAEP/KaHUS TPOLIEHTOB IPUMEHSETCS YUeTHas cTaBka d .

1) IIpocmas cmasxa ouckonmuposanus d .

JluckoHTHpOBaHKE TPOBOAUTCS 110 popMyIie
Py=S,(1-nd). (5.16)

(5.16) — popmyna COBpEMEHHON BEIHYMHBI CyMMBI S, NP GAHKOBCKOM €€ y4eTe IPOCTHIMU
JUCKOHTaMK 110 ctaBke d B TeueHue N mepuopos. Cymmer D, D, _4,...,D; — nuckouTs!
3a KXl mepuoj (equHUIy BpeMmeHH). Beipaxenwe (5.16) o3HadaeT, 4To B OOMEH Ha
BBIIUIATY CYMMBI S, dYepe3 Bpemsi 1 Kpeaurtop gact B3aiimbl cymmy S, (1 —nd) B nagane

3TOTO Cpoka. 3ameTMm, uTo dopmyna (5.26) crpaBennBa, €CIM CPOK J0dTa N W ydeTHas
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craBka d ynoBJieTBOPSIOT yciosuio Ad < 1. IMCKOHTHPOBaHHUE 110 MIPOCTOM YUETHOI CTaBKe
IPUMEHSIOT, KaK PaBHUJIO, B CJydae KPAaTKOCPOUYHBIX caeliok, korma 0<n <1.

Ilpumep 5.6. Bexcenp, noramaemeiii 1 suBapst 2002 roga, yureH 3a 10 MecsiiieB 10 €ro
noramenuss Ha cymmy 180 n.e. KakoBa BenMuMHa TroJOBOM Y4YETHOM CTaBKM, €CIU
€XKEMECIYHBIA JUCKOHT COCTaBJIsIET 2 a.€.”

Tak Kak TPOICHTHI YICPKUBAIOTCS 3a KaKIBIH MECAIl, TO 3a CIUHUIYY H3MEPCHUS
BpEMEHM MOKHO TNpHHATH 1 Mecsan. Torma B Hayajge KakJOro Mecsia IIPOLEHTHI
HAYUCIIAIOTCA 110 eKeMecsuHoi ydaetnoi craBke d /12 rme d - ropmosas ydeTnas craBka.

Cpox noramenust Bexcenst 71 =10 exunnn Bpemenn. Cymma By = 180 — npuBeneHHast (k

MOMEHTY ydera Bekcessi [ = () BelnH4IMHA CyMMBI S, , TIOramaeMoii o BeKCeIo. JIUCKOHTBI

3a Kaxabli mepuopx (emumHuuy Bpemenu) coctapmior Dyjg=Dg=..=Dj= 2 =D.
CrenoBaTenbHO, BEKCEIb YYTEH MO MPOCTON YYETHOM cTaBKe. PazMep IHCKOHTA 32 BECh CPOK

D(n)=nD. Takkak By =S, —nD, to cymma, noramaemas 1o Bexcemo, 3, =200 1.e.

d

[ockoneky D =S, E, TO rojoBas y4eTHas ctaska d = 0,12. »

2) Cnoxcnaa cmaeka ouckonmuposanus d .

[TpuBenem 6e3 BrIBOZIA (OPMYITY TUCKOHTHUPOBAHUS 10 CIIOKHOW YIETHOM CTaBKe
Py=S,(1-d)". (5.17)

(5.17) — dhopmymna coBpeMEHHOW BETUYMHBI CYMMBI Sn npu 0aHKOBCKOM €€ y4eTe CIIOXKHBIMU

IPOLIEHTAMH 110 YYETHON cTaBke d B T€UeHHE 1 MEPUOJIOB.

Ilpumep 5.7. T'ocynapcTBeHHass oOiuranus y4TeHa 3a MISTh JIeT 10 moramenus. Kakosa
CyMMa, Toraraemasi 1Mo OOJHraIiH, eciIi JUCKOHTHI 3a MOCIECAHUN W TPEAIOCICIHUNA TOABI 10
noraieHus coctaBuiiu coorserctBeHHO 2000 u 1600 a.e. ?

Hcrnonb3yeM TMOTydeHHBIE COOTHOIICHUS IJisi CIOKHBIX JUCKOHTOB. Ecnm emuHumein

M3MEPEeHHMsI BpeMeHH siBisiercst 1 rog, To cpok ponra 1 =5 ner, Dy = 1600 a.e., Dy = 2000
ne., Dy=Ds(1-d), rne d - ropmosas yuerHas craBka. Orcioma d = 0,2. Tak kak

Ds = dSs, o moramaemas cymma S5 = 10000 g.e. P

3) Jluckonmuposarue no HOMUHATLHOU Y4emHOU CIasKe.
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Ecnu nuckoHTHpOBaHUE MO CI0KHOM YYETHOM CTaBKE MPOW3BOJIUTCS HE OJMH, a 11 pa3 B
rOfy, TO TOJIOBYIO YYETHYIO CTaBKY Ha3bIBAlOT HOMHUHAJIBHON M 0003HAYAIOT uepe3 g .

Omnpenenenne. ['omoBas ydeTHass CTaBKa g Ha3blBACTCd HOMHHAIBHOW, €CIHM U
I[I/ICKOHTI/IpOBaHI/IH B TCUCHUC l/m qaCcTHu roaga HpI/IMeHHeTCH CJIOKHas yquHa;{ CTaBKa g /m .

Takum 00pa3om, e€ciii JUCKOHTUPOBAHWE MO CIIOXKHOW YYETHOW CTaBKE MPOU3BOIMTCS
yepe3 paBHbIE MPOMEXYTKH BPEMEHU /11 pa3 B rojly, TO B Hayajle KaXJO0ro Mepuoja JJITUHON
1/m wauncnsroTcs M ymepKUBArOTCS MPOLEHTHI 10 cTaBke g /m . Eciu cpok noara 1 neT, To
MM — YUCIIO TIEPHOJIOB NpPUMEHeHWs craBku g /m B cpoke moira. U3 dopmynst (5.27)
MoJIy4yaeM

Ry = Sn(l—i)”’”, (5.18)
m

rnie m >1.Ecom m =1,T10 g = d , T.e. HOMUHAJIbHAS y4eTHasl CTaBKa COBIIAJAET C FOJOBOM
YYETHOH CTaBKOHM CIIOKHBIX MPOILIEHTOB, MpUMeHseMoil pa3 B roay. (5.28) — ¢opmyna yyera
CyMMBI S, TpH 771 -pa30BOM AMCKOHTHPOBAHUH B TOALY 110 HOMHUHAIBHOI Y4ETHOH CTaBKe ¢ B

TCUCHUC 71 JICT.

5.1.9. HapaiueHnue 1o y4eTHoii cTaBke
Ecnu pemaetcst 3agada, oOpaTtHass OaHKOBCKOMY JMCKOHTHPOBAHHIO, TO JJIsi HAXOXKICHUS
CYMMBI IOTalIaeMoro JoJira MOJIb3YIOTCS YYETHOM cTaBKol. Hampumep, B 3TOM BO3HHMKAET
H€O6XOI[I/IMOCTI> Ipu OMPECACIICHUU CYMMBbI, KOTOPYIO HAa0 MPOCTABUTL B BCKCCIIC, CCJIIM 3a/laHa
Tekymas cymma aoara. M3 dopmyn (5.26), (5.27), (5.28), nHaxonum

S, =1_P%, (5.19)

S, = i _Pz)n , (5.20)

S, =L(§. (5.21)
(1_;)71711

[Ipu HempepbIBHOM HapallleHUH IO CJIOXHOM YYeTHOH cTaBke crpaBeanuBa ¢opmyna (5.29)
(pu M —> ©© HOMHUHAJIBHBIC POIIEHTHBIE CTABKA | U g TIEPECTAIOT PA3IUYaThCs).

Ecnu ydyetHas craBka nepemeHHas, To BMecto popmyi (5.19), (5.20) momyunm

P
S, =——F"—,
1= nd,
j=1
g In

n

A-d )" (A—d,_ )" ...A—d)"

5.1.10. CpaBHeHHe MeTO10B HAPALLICHHS



77

Bce paccMoTpeHHBIE METO/IbI HAapalleHNsl IPUBE/ICHBI B TaOJIHIIE.

Meron HapaleHus ®opmyna MHoxuTens
HapaleHus
ITo mpocToi MPOLIEHTHOM S, = By(1+in) 1+in
cTaBke 1
ITo cnoxHOM NPOLICHTHOH S, =P+ % (1+7)"
craBke [
[To HOMHHATBEHON POLUEHTHOU J nm J nm
CTaBke J Sy =FR(1+-=) (1+-=)
m m
Io TIOCTOSIHHOI cune pocTa O S, =P, oon e
ITo HOMHUHATBHON Y4ETHOM P0 1
cTaBke g Sp = g g
(1-Eym (1-Eym
m m
ITo cioXHOM y4eTHOM cTaBke d S R 1
toa-ay (1-d)"
ITo mpocToii yueTHoit ctaBke d S Py 1
" 1-nd 1—-nd

Omnpenenenne. Yucino, mnokas3plBalollee BO CKOJIbKO pa3 HapalleHHas cymMMma Jojra
OoJipllle  TIEPBOHAYAIBHOW, HA3bIBACTCS MHOXHUTEIEM HapamieHuss (WM MHOXXHTEIEM
HaKOILJICHHS).

ODKOHOMMYECKUH CMBICI MHOXHUTENS HApAlIECHUs 3aKIodaercs B cieayromeM. Ecau cpok monra
1 €IUHULl BPEMEHHU, TO MHOXXHUTEJIb HapallleHHUs IOKa3blBAET HAKOIUICHHYI0 K MOMEHTY
Oyayuryro crouMocTh 1 j.e., BIokeHHOM B MomeHT [ = O Ha cpok 1. Od4eBHIHO, YTO
MHOKWTENb HapamieHus Oonbine 1. VIHTEHCHBHOCTH mpollecca HapallleHUs ONpeaeseTcs
MHOXUTENIEeM HapameHus. CpaBHUBAsE ’TH MHOKHMTEINN 711 KaXK/I0I0 3HAYEHUS CpOKa 71, cuuTas
PaBHBIMU MPOIIEHTHBIE CTABKH, MOKHO CPAaBHUTDH TEMIIbI HAPAILIEHHUS 110 PA3IUYHBIM CTaBKaM.

5.1.11. CpaBHeHue MeTO/10B THCKOHTHPOBAHHUS
BCG HOHy‘IGHHBIC METOAbI I[I/ICKOHTI/IpOBaHI/ISI IIOKA3aHhbI B Ta6J'II/II_[e.

Meron TUCKOHTUPOBAHHUS ®opmyna JIMCKOHTHBIN MHOKHUTEIIb
ITo mpocToii yueTHoit ctaBke d Py=S,(1-nd) 1—nd
ITo cnoxHO# ydeTHOM cTaBKe d B=S (- d)" 1-d)"
ITo HOMHUHATBHON Y4ETHOM g g
CTaBke g Fy=S5,(0- Z)nm (1- Z)nm

To moCTOSIHHOI cune pocTa O P=S e on e on
n
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[To HOMUHAJIBHOH TPOIICHTHOM S, 1
CTaBKe | h= j j
(1+-Lym (1+-Lym
m m
[To cI0KHOM MPOLIEHTHOM p S, 1
CTaBKe I 0~ : .
a1+0)" 1+0)"
I[To mpocToii mporeHTHOI p Sn 1
s = —
craske I 1+in 1+in

Omnpenenenne. Ywnciio, Moka3plBaiomee Kakykoo OO OT CyMMBI IOTallaeMoro JJojra
COCTAaBJISIET €T0 COBPEMEHHAsl BETMYMHA, HA3bIBAETCS JUCKOHTHBIM MHOXKHUTEJIEM.

OKOHOMUYECKHUH CMBICIT AUCKOHTHOT'O MHOXMUTECIA 3aKJIIOYAaCTCA B CICAYIOMIEM. Ecmm
CpOK foJira n CAUHULl BPpCMCHU, TO HHCKOHTHBIﬁ MHOXHUTCJIb - 9TO COBpPCMCHHAsA CTOMMOCTD 1
a.c., nozmexcameﬁ BBIIIJIATEC 4€PE3 BpEMs 7. O‘ICBI/I,Z[HO, 4qTo HHCKOHTHBIﬁ MHOXUTCI]Ib MCHBIIC
1. MHTEeHCHUBHOCTH nponecca AUCKOHTUPOBAHUA OINPCACTIACTCA AUCKOHTHBIM MHOXUTCIICM.
CpaBHI/IBaH OTH MHOXHUTCIU I KaXXJ0ro 3HA4YCHHA CpOKa 7, CUUTasA paBHBIMHU IPOLCHTHBIC
cTaBKH 3a 1 BPCMCHH, MOKHO CPABHUTH TCMIIbI JUCKOHTUPOBAHUA IO PA3JIMYHBIM MMPOLCHTHBIM
CTaBKaM.

5.2. [ToToku nJaTexei, peHTbI

5.2.1. OcHoBHBIE onpeaeeHust
Ha npaxTuke ¢uHaHCOBBIE Onepanny, Kak MpaBuiIo, MPeJyCMaTPUBAIOT paclpe/enEéHHbIe
BO BPpCMCHHU BBIIJIATHI U IIOCTYIUICHUA JACHCKHBIX CYMM.

IToroxkoM mnuatexeil OyneM Ha3bIBaTh IMOCIEAOBATEIBHOCTh (Ps) BHIIUIAT M TIOCTYIUICHUH,
npnypoquHblx K paSHBIM MOMCHTaM BpeMeHI/I.

[ToTok TUTaTEXEH, BCE OJIEMEHTHI KOTOPOTO - TIOJIOKUTENBbHBIE BEJIUYMHBI, a BPEMECHHBIC
MHTEPBaJIbl MEXKIY JIBYMs MOCIEAOBATEIIbHBIMU IJIATEKAaMU MOCTOSIHHBL, HA3bIBAIOT (PMHAHCOBOI
PeHTOM WM AHHYMTETOM BHE 3aBHCUMOCTH OT II€JM, HA3HAYEHUS W TPOMCXOXKICHHUS ITHX
TIaTeXei.

duHaHCOBas PEHTA OMKCHIBAETCS CIEAYIOIIMMU apaMeTpaMu:

1. YneH peHTHI - BETUYMHA KAXKI0TO OTAEIBHOIO IUIATEkKA.

2. llepuon peHTHI - BPEMEHHOM MHTEPBAJI MEXAY IIATEKAMMU.

3. CpoK peHTHI - BpeMs OT Havajia PEeHTHI JO KOHIIa €€ MOCIEeAHEro Nepruoa.

4. IlpoueHTHass cTaBKa - 3TO CTaBKa, KOTOpas MCHOJIb3YEeTCsl IPU HapalleHUU WIN

JUCKOHTUPOBAHUHU TUIATEXEMN, U3 KOTOPBIX COCTOUT PEHTA.

Kpome Toro, MOryT ObITH IOTIOIHUTEIbHbIE TAPAMETPhI: KOJTMUECTBO IIATEXEN B TOJ], KOJTUYECTBO
HAYUCJICHUI MPOLEHTOB B I'0Jl, MOMEHTHI BBIILJIATHI IUIATEXKEHN (B HA4YaJle MM B KOHLE MEpUOa
PEHTBI) U T. A.

Buabl puHAHCOBBIX PEHT
PenTa Ha3pIBaeTCs ro0BoOM, €CIIM €€ IEPUOJ PABEH OAHOMY TOAY.
Penra Ha3bIBaeTCs P — CPOYHOM, €CIIU €€ MEPUOJ MEHBIIE T0ja U KOJIMYECTBO IIJIATEXKEH B TOJL

paBHO P .

OTU PEHTBl OTHOCATCS K AUCKPETHBIM, IOCKOJBKY BBIILIATHI MPUYPOUYEHBI K JUCKPETHBIM
MOMEHTaM BpEMEHH. BBIBAIOT PEHTHl HempepbIBHBIE, KOTJa MOTOK IUIATEXEW OIMMCHIBACTCS
HENpPEepbIBHON (PyHKIHEH.
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PeHTHI OBIBAIOT MOCTOSIHHBIE U TepeMeHHbIe.
PeHTa Ha3bIBacTCs NMOCTOSIHHOM, €CIIM BCE €€ IUIATE€XU OJUHAKOBBI U HE MEHSIOTCS BO BPEMEHH.
Ecnu pasmepsl miaTexel 3aBUCIT OT BPEMEHH, TO 3TO NepeMeHHAasi PpeHTAa.

[To BepOSITHOCTH YIUTIaTHl PEHTHI JENIAT HAa BEPHbIE U YCJIOBHbIE.

Penra Ha3wBaeTcsa YCHOBHOﬁ, CCJIM BbIIIJIaTA OYCPCIHOI'0 IJIATC)Ka CTABUTCA B 3aBUCUMOCTL OT
HACTYIUICHHS] HEKOTOPOTO CIydyailHOTro coObITHs. KonmuecTBO BBITUIAT B TAKOM PEHTE 3apaHee He
n3BeCTHO. IIprMepamMu Takux pPEHT MOIYT CIYXKUTh BBIILIATHI IIEHCUH, IUIATEXKHU IO JIMYHOMY
CTPaxOBaHHUIO.

Ecnu ycnoBus BBIIUIATHI IIJIATEKEH 110 PEHTE (MX pa3Mepsl, KOJIUYECTBO U CPOKH) OIPEIEIICHBI
3apaHee, TO TaKas peHTa Ha3bIBaeTCsl BEPHOM.

PenTa Ha3bIBaeTCA OrpaHUYeHHOM, €CIIM KOJIUYECTBO IUIATEKEN KOHEUHO, B IPOTUBHOM Cllydae
peHTa Ha3bIBacTCs OeCKOHEeYHOM i BedHol. Hanpumep, monrocpoyHoe 00s53aTebcTBO, KOTaa
CpOK (MHAHCOBOW OMNEpaluy TPOJOJDKUTEIICH M 3apaHee HE OroBapHBACTCS, IMPEACTABISET
c000l BEUHYIO PEHTY.

Penthl OBIBAlOT HeMeJIeHHBbIE M OTJIO:KeHHbIe (0TcpouyeHHBbIe). CpOK HEMEIJICHHBIX PEHT
HAUMHAETCS C MOMEHTa 3aKJIIOUeHHUs KOHTpakTa. Eciu peHTa oTio)KeHHas, TO CpOK Haudaja
BBITIJIAT OTOABUTACTCA HAa KAKOC-TO BPCMHI.

Ecnu mmatexu oCyIiecTBISIOTCS B KOHIIE TIEPUOJIA, TO TaKas PEHTa Ha3bIBACTCS OOBIYHOM WMITH
NMOCTHYMepaHAo0. Eciu BbIIIATBl OCYIIECTBISIIOTCS B Hadalle MEpUOAa, TO Takas pEeHTa
Ha3bIBACTCS MPEHYMEPaH/I0.

O0o0maromue XapaKTepUCTHKH MOTOKOB IIaTexei

Jlns aHanu3a MOTOKOB IUIaTEXeH HEoOXOAMMO yMETh PACCUUTBHIBATE UX OCHOBHBIE
o0o0marone XxapakTepucTuku. Takux XapakTepUCTHK JIBE: HapalleHHast CyMMa U COBpeMEHHas
BEJINYMHA PEHTBHI.

HapaiueHHo# cyMMOIii ITOTOKA IUIATEKEN HA3bIBAIOT CYMMY BCEX IOCJIENOBATEIBHBIX IIIATEXKEHN €
HAYMCICHHBIMU HA HUX IPOLEHTAMU K KOHILY CPOKA PEHTBI.

CoBpeMeHHOH  BeJIMYMHON  TIOTOKAa IUIATEXKEM  Ha3bIBAlOT CyMMYy BCEX  IUIATEXEH,
JUCKOHTHUPOBAaHHBIX Ha HEKOTOPBI MOMEHT BPEMEHH, COBNAJAIOUIMK € HA4aloM II0TOKa
IIJIATEKEH UM YIIPEKIAIOIIUN €ro.

Hapamennyio cymMMy ompenensioT, HalpuMep, YTOObI 3HATh OOIIYI0 CYMMY 3aJI0JDKEHHOCTH
Ha KaKOW-TMOO MOMEHT BPEMEHH, UTOTOBBIH OOBEM HHBECTHIIMN, HAKOIIJICHHBIH HA MOMEHT
OIICHKH JICHEKHBINA PE3EpPB U T. 1.

CoBpeMeHHass BeJIMYMHA SIBJISETCS BaKHEHIIMM TIOKa3aTeleM MpH OIeHKe (PUHAHCOBOU
3¢ (HEeKTUBHOCTH KOMMEPUYECKUX CENIOK, peaIbHbIX U (PMHAHCOBBIX MHBECTULIUN U T. 1.

PaccmoTtpum 3a1auun onpesienieHus: HapaleHHBIX CYMM JIJIsl Pa3JIMYHBIX BUIOB PEHT
MOCTHYMEPaHI0.

5.3. HapameHHasi cyMMa NOTOKA IUIaTexKeH

5.3.1. Hapaiuennasi cymMmma rojioBoii peHTbl
[Ipu BBIBOZIE (hopMyn Ui HapalleHHBIX CYMM PEHT Ba)XKHO MPAaBMWIBHO YCTAaHOBUTH MOMEHT
MOCTYIIJICHHSI OYEPEHOTO IJIaTekKa U OMPEACITUTh CPOK (B rojax), B TCUEHUE KOTOPOTO Ha 3TOT
IIaTeX OYAYT HAYMCIATHCS MpoueHTHl. [locime 3Toro, 4roOBl ONMpenenuTh pa3Mep IiaTexa c
HAUMCIICHHBIMH Ha HEro MPOLEHTAMH 3a 3TOT CPOK, JOCTATOYHO TPUMEHUTH (HOpMYITy
HAQYUCJIICHUSA CIOXKHBIX ITPOICHTOB. HaH60Hee MMpOCTO AaHHAad 3aJgayda PCHIaCTCAd IJIA FOZ[OBOﬁ
PEHTHI C HAYUCIIEHUEM TIPOLIEHTOB OJIMH pa3 B roj. Takasi peHTa Ha3bIBaeTCS OOBIYHOI.
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IIycts
S — HapaieHHas cymMMa peHTBI;
R — pasmep ornensHoro mnarexa;
[ — CTaBKa IIPOLIEHTOB B BUJE JACCATHIHON Apo0H;
N —CPOK PEHTHI B TOJIaX.

1 2.iiiieaeon—1 n

| R

— R{1+1i)

+R(l+i]"—2
> R(1+i)"

Puc 5.2

Ha puc. 5.2 uzobpaxena auarpaMma, WUTIOCTpUpYIOLIAs Iporecc (OPMHPOBAHUS
IIOTOKA IJIaTeXeW ¢ HAYMCICHHBIMU Ha HUX NpolieHTamHu. Ha ropu3oHTanbHOM OCH yKa3aHbl
MOMEHTBI TIOCTYIUICHUS IUIATEXeW, MOKa3aTeIH CTENEeHH B COOTBETCTBYIOIIMX (QopMmylax —
NIEpUO/Ibl BPEMEHH, B TEUEHUE KOTOPBIX HA JJAHHBIE TUIATE€XKH HAUMCIIIFOTCS IIPOLICHTHI.

JUiist onpeiesieHnst HapauleHHOM CyMMbl S HEOOXOAMMO IIPOCYMMHPOBATH MONYYUBIIAHCS P
IIATeXeH. 3aMeTHM, YTO ATOT PsiJ 00pa3yeT TeOMETPUUECKYIO TIPOrPECCHIO C TIEPBBIM YWICHOM
R v snamenarenewm, pasubiv 141 .

@opMyia 1 CyMMBl /1 4JI€HOB F€OMETPUYECKOM IPOrPECCUN UMEET BUJL

S,=ai(q"-D/(g-1), (5.22)
e d — TepBblii YieH NPOTrPECCUH, ¢ — 3HAMEHATENb PO PECCHHL.

Hcnonb3ys 3Ty hopMyity, TOTYy4UM COOTHOIICHHUE IS BRIYUCICHUS HAPAIIICHHONH CYMMBI
TOJI0BOM PEHTHI:

e S (i g
(A+i)—1 i

Bennunna

= M (5.23a)

n,i
l

Ha3bIBACTCS KOI(P(PUUHMEHTOM HAPALIEHHS I'0OJ0BOM PEHTHI.

C ucnoap30BaHUEM BBEIEHHOTO 0003HAUYCHMSI BBRIPAXKEHUE ISl HAPAIIIECHHON CYMMBI TOJIOBOM
PEHTBI MOKHO 3aMKcaTh TaK:

S = Rsn,i .

Ecnu nnarexu nocTynaioT B Havase nepuoaa, To KO3 GHUIMEHT HapallleHUs PeHThI PaBeH
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(1+i)" -1

sni=(1+i)- =(1+i)-5,;. (5.236)

B ciyyae npocThIX MpoOLIEHTOB HapalleHHas Ko GULMEHT HapallleHHs F'OJJOBON PEHTHI paBeH

n-(n—1)
Spi=| N +IT . (5.24a)

Jlnist peHTHl MpEeHYMEPaH 0 C MIPOCTON MPOLIEHTHON CTaBKOM 1715 KO3 duIenTa
HapameHUs: MOXHO MOJIy4YNTh

-”'(_’;1)}, (5.246)

g(n,i) = {n +1

5.3.2.HapameHHasi CcyMMa rog0BOi PEHTBI ¢ HAYNCJIEHHEM IPOLIEHTOB /711 Pa3 B Ioj

[TycTh miaTexu MOCTYNAIOT OJKMH pa3 B TOA B KOHIIE T0Ja (TO €CTh HHTEPBAN PEHTHI PaBeH
OMHOMY TO/y), a HAUYHMCICHWE MPOIEHTOB MPOHCXOAUT Mipa3 B ron. I[lpomecc dopmupoBaHus
IIaTexkell BMeCTe ¢ HAYHMCIACHHBIMH Ha HHX MPOIECHTAMU H300paxeH Ha JuarpaMme
(puc.2.2).

R

—
> R(1+ j/m)"

— O
[a—
(]
-~
U
.

» R(1+ j/m)™=2)

> R{1+ j/m)""

Puc 5.3

[Ipy HauMCIEHMHM TPOLEHTOB 37€Ch HUCHONIb3yeTcs (GOopMyla HAUYUCICHUS CIOXKHBIX
IPOLEHTOB 10 cTaBke j/m.
Ha ocnoBe dhopmymsl (5.22) mis koddduimenta HapameHust moJyaum

(1+-Lymm 1
Sn,jlm= m- . (5.25a)
a+-Lym -1
m
JIy1st peHTHI IpeHyMepaH 10 K03 GUIIUEHT HapaIeHUs paBeH
A o+ Lym g .
Sn,jlm =(1+Lyn —m =(1+i)’"-sn’j,m. (5.256)
m

mo 4 dym
m

5.3.3. Hapaiuennasi cyMmma p — Cpo4HOii peHThI
[lycTh maTexu MOCTYNAOT P pa3 B TOA PaBHBIMU CyMMaMH, IPOLIEHTHI HAUUCISAIOTCS OAUH Pa3 B

rox B koune roga (m=1).
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Ecmu R — rozmoas cymma, To oT/ebHBI Miatex paseH R/ p . TlockonsKy B rom mocTymaer p
TIaTexel, To MHTEpBal MeXIy Inarexkamu Oyiaer pasen 1/ p ner. Ilepsblii mmaTex IOCTYIHT B

moment Bpemenn 1/ p. Tlpoumecc (opMupoBaHMS IUIaTeXkell C HPOLEHTAMH H300pa’keH Ha
nuarpamme (puc.2.3).

Ucnonp3ys dopmyny (5.22) aist HapaImeHHOW CyMMBI TIOTyYUM
1/

R+ )T =1 _ 5 p)

p+)"P -1 "

S =

(p)

rae s, ;" - KO3()UIMEHT HApaIeHUs P -CPOUHOU PEHTHI ¢ HAUMCICHHEM MPOIICHTOB OJUH pa3 B TOJ,
paBHBIN
1+0)" -1
sih) = €0 — (5.26a)
p-[(1+i) P —1]
Jns p — cpouHoui peHTHI IPEHYMEPAHJ0 UMEEM
~(p) : 1+0)" -1 :
S )1/ =(1+)!P 5P (5.266)
p-[(1+i) P —1]
5.34. Hapamennasi cyMmma p — CpOYHOI peHTbI PU HAYMCIEHUU NIPOLEHTOB 1M Pa3 B I/l

[TapameTpbl TAKOW PEHTBL: P IUIATEXKEH B TOA U M1 pa3 B T0J HAYUCICHHUE ITPOLEHTOB 110
HOMHHAIIbHOM CTaBKe J . PeHTa ¢ TaKMMH yCITOBHSAMHU Ha3bIBACTCS 00LIEid.

[Tpuxnwmn noxy4yerns GopMyIIsl 17T HApAIEHHON CyMMBI QHAJIOTHYEH BBIIICIPHBECHHBIM CIydasiM.
B pesynbrare nomyuum 11t ko3 UIeHTa HapaleHUs

(1+-Lym —1
S = (5.27a)
pla+2yr -
m
Torna dhopmyna a1t HapaeHHONW CYMMBI IPUMET BUJT
S = Rs,(f j) -

Jlnst p — CpOYHOI pEeHTHI IPEHYMEPaHI0 ¢ HAYUCICHUEM MTPOLICHTOB M1 pa3 B roJ
K03 PHULHMEHT HapaleHus PaBeH

m (1+l)’“” —1 m
/\( ) : - . R
Smjim = (1+-L)P m—_=qa+Lyrs) (5.276)
m L m
pla+1yr -1
m

5.4. CoBpeMeHHasl BeJIMYUHA MOTOKA IJIaTekKeil

5.4.1. CoBpeMeHHAasi BeJIMYUHA TOI0BOM PEHTHI
CoBpeMeHHass BEIMYMHA PEHTHl SBISETCS BAa)KHEHIIEW XapaKTEPUCTUKOW IIOTOKa
IUIaTeXel, KoTopas OIpelenseT CTOMMOCTh OyIyIIero JEHEKHOTO IOTOKAa Ha HACTOSALIMH
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MOMEHT BpEeMEHH. DTa XapaKTepPHCTUKA CIY)KUT OCHOBOW JJI1 MHOTHMX METO/I0B (PMHAHCOBOTO
aHanusa. [lo ompezneneHno, COBpeMeHHasl BEJIIMYMHA - 9TO CyMMa BC€X AMCKOHTHPOBAHHBIX
YICHOB II0TOKA IIJIaTeKEN Ha HadaabHBIM WIN MPEALIECTBYIONIMI eMy MOMEHT BpeMeHu. HHoraa
BMECTO TEPMHMHA COBPEMEHHAd BEJIMYMHA HCIOJIB3YIOT TEPMHMHBI IPUBEICHHAA WIN
KANUTAJIM3UPOBAHHAA cymMMma Iuiarexei. [Ipu ompenenceHUM COBPEMEHHOM BEIUYUHBI IIOTOKA
IJIaTEKEM Ba)KHO IPABUIBHO YCTAaHOBHUTH IIEPHUOJ BPEMEHM OT Hayajla IOTOKa (MOMEHTa
BPEMEHH, Ha KOTOPBIM NMPOU3BOIUTCS OLIEHKA) A0 MOMEHTA IOCTYIUICHUS IUIaTexa (B ropax).
[locne 3TOr0 MOXXHO MPHUMEHATH (POPMYIBI AUCKOHTHUpOoBaHHA. O003HAUYUM V— MHOXKHUTEIb

1 )
JTUCKOHTUPOBAHUS, V = 1— , THe I —rogoBas CTaBKa.
+1i
0 I 2 n—1 n
{
]
Ry €
Rv:
Rvn-l <+

Ry «

Puc 5.4
HuarpamMMa Ha puc.5.4 WUTIOCTPUPYET mIpouecc GopMUPOBaHMS MOTOKA JAUCKOHTHPOBAHHBIX
MJIaTeXKe Ha Hadajao cpoka peHThl. [lokazarenu creneHeil — Nepuoabl BpEMEHH B rojax oT
Hayajla peHThl 1O MOMEHTA MOCTYIUIEHUS TIaTEXA.
UTtoObl MOJNYYUTH COBPEMEHHYIO BEJIWYMHY  IOTOKA, MPOCYMMHUPYEM BCE HYIICHBI
nony4yuBmierocst psga. HMcmoms3ys dopmyny (5.22) i cyMMbl psa T€OMETPUYECKOU
IPOrPECCHUH, TIOIYYHMM, YTO COBPEMEHHAS BETMYMHA PEHTHI (0003HaYnM e€ CMMBOJIOM A ) paBHa

Rv(v" -1 1-v" 1-A+H™"
=B =D plmve_ pl=dtd 7 (5.28)
v—1 i I
Bennuuna
1-(A+)™"
ni — ; (5.29a)
Ha3bIBACTCS KOI(PPUIHMEHTOM NPUBEICHUS I'0J0BOM PEHTHI.
C y4eToMm 3TOro BeIpaK€HHE JJI1 COBPEMEHHOM BEIMYMHBI IIPUMET BU]]
A= Ran,i .
Ecnu nnaTtexu nocTynaroT B Hadasue nNepuosia, To KoaGUINEHT NPUBEIECHUS PEHTHI paBEH
~ =1+ ,
ani =140 "I 14y, (5.296)

B ciyyae mpocThIX MPOLEHTOB JJISl PEHTHI MOCTHYMEPAHIO MBI JIOJKHBI MIPOCYMMHPOBATh
MOTOK

n
R + R +“:+—Jg—a=R-§Z——l——
1+i 14240 " l4ndi o Zl+ick

NJIn

A=R-a

n,i»

rae
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n
1
a, ;= Z : (5.30a)
k:11+l -k

— K02(pPHULIMEHTOM NPUBEIEHUS T'0JI0OBOM PEHTHI 110 CTaBKE MPOCTHIX MPOIIEHTOB.
Jlnis peHTBI IpeHyMepaH10 K03 pULneHT npuBeIeHUS PaBEH

n—1
. 1
ani= Y . 5.306)
SN (

5.4.2. CoBpeMeHHAs1 BeJIMYMHA TOI0BOIi PEHTHI C HAYMCJIEHHeM IPOLIEHTOB /1 pa3 B I'0JY
B monydeHnyro ¢GopMmyny sl COBPEMEHHOW BEJIMYHHBI TOJOBOM PEHTHI BMECTO

-1 _
MHOxkuTENsS auckontupoBanus (1+17)  moxcrasum muoxwmTens (1 +i) " Tomydnm

m
1-(1+ j/m)y™"™
A pizdtj/m
A+ j/m)™ -1
O06o3HaYNM
1= (14 j/m)™
Ay, jilm = ( . / m) ) (5.31a)
d+j/m)” -1
TOrga
A= Ran,j/m .
Bripaxkenue koa¢duirieHTa mpuBeIeHUs peHTHI MPEHYMEpPaHI0 UMEET BH/]I
~ . 1-(1+j/m)™™ .
i = (14 1yt LTI 77y Sy i/ (5.316)

A+ j/m)™ -1

5.4.3. CoBpeMeHHAasi BeJINYMHA P — CPOYHOIi peHThI (m = 1)
WuTepBan Mex Iy IatexkaMH y Takol peHTsl paBen 1/ p, pasmep nnatexa R/ p. Tlopanox

dbopMHupOBaHUs TUCKOHTHPOBAHHBIX TJIATEKEH MOKa3aH Ha puc. 5.5.
HmeeM reoMeTpruyecKyro MPOrpeccuio ¢ KOJIMYECTBOM WICHOB, PAaBHBIM KPP, MEPBbIN WieH
R
IPOrPECCUU PaBeH —V
p
CYMMBI YJIEHOB I'€OMETPUUYECKONU IIPOrPECCHUM, ITOITYyYUM
1 1

- —mp

_RyPOP D R O'-D 1=+

p — P_ (1+i) "7 -1
Vp—l (1 v]/p) p|: :|

1p , 3HAMEHATEeJIb MPOrPECCUU — e Ucnone3ys dopmyny (5.22) nis

A




C 1/p2p 1 2, n—1 lip n
R i
R,?
¥4
2
_R_vp <
P
Rv(n-P'-l)/P
P
R .ZP
;;vp <
Puc 5.5
Bemnunna

(p) _ 1—(1+i)_n
"oplasntr -]

Ha3bIBaeTCsl KOA((UIMEHTOM NMPUBEACHUSI P — CPOYHOU PEHTHI.

(5.32a)

Torna ¢popmyna ans pacuera COBpeMEHHON BEIMYUHBI ) — CPOYHOU PEHTHI OyJIeT UMETh BUA
—_n,(p)
A= Ran,i )

Jlig peHTBl NpeHyMepaHIO IIPOLECC AWCKOHTHPOBAHMS IUIATE)KEW IoKazaH Ha puc. 2.7.
Koadhpunment npusenenus onpenensiercs: opmMyIioi:

I—(1+i)™"
p[(1+i)1/p —1]

~(p) }
ani =(1+i)"?

=1+)"7-alP) (5.326)

5.4.4. CoBpeMeHHAs1 BeJIMYMHA P — CPOYHOM PEHTHI PH HAYMCJICHNH MIPOLICHTOB /72 Pa3 B I'ojg

B nanHoM cnydae kod(PUIIMEHT IUCKOHTHPOBAHUS vzﬁ. Jlanee mnepBbId
+j/m

R m/p

o / o o
JUCKOHTHPOBAHHBIN IUIATEX pPaBeH —V , BTOPOM OUCKOHTHUPOBAHHBIM ILIATEXK pPaBEH
P

(np—1
R om/ p o o .. p "
—V , IpeanocileaHUud IUCKOHTHUPOBAHHBIM ILIATEX paBeH —V U, HAKOHEL,

P P

nocnemHMit maTéx paeH —V . HamoMHHM, 9TO IOKAa3aTelb CTENEHH Y MHOXKHTES
p

JUCKOHTHPOBAHMUS — OTO HHTEPBAJl BPEMEHM (M3MEpSAEMBIM B IOAax) OT Hayaja PEHTHl 10

MOMEHTA ITOCTYIUICHHUs IIaTEXKa C y4eTOM 11— Pa30BOr0 B I'OJl HAYUCIICHUS NPOLEHTOB. MiMeeM

TEOMETPUYECKYIO IPOTPECCHIO C KOJHYECTBOM WICHOB /1P, EPBBIM YJIEHOM

Evm/p

P

m/ .
W 3HaMeHaTeJIeM IIporpeccuun v P CyMMa 4JIEHOB 3TOM pOrpeccuu paBHA

A_gvmfp(v’"” —1) _R 1=(1+j/m)™

p vMP—1  p d+j/im"P -1
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3nech

_ . —mn
OB G L 533
p[(1+j/m)m P—1]

— k03¢ HUIMEeHT npUBEACHUS O0IIEH PEHTHI.
Torna okoHvaTenbHO GopMyrta sl COBPEMEHHOM BETMYMHBI JAHHOW PEHTHI IPUMET BHUJL

— p,(P)
A= Ran’ irm
Ecnm muitatexxu mocTymaroT B Havalie repuoa (peHTa npeHyMepaHio), To Ko3phuiuent

MPUBEICHUS BEIYUCISAETCS 10 popMyIie
1=(1+ j/m)™
dt j/m) =1+ j/m)""P P (5.336)
p @+ jrmy' 1] i

~(p) )
amn.j1m =1+ jIm)™'P

CooTHoLIEHNE MEKIY HAPAIIeHHOH M COBPEMEHHOI BeJIMYMHAMU PEHTbI
[lyctb A — coBpeMeHHas BENMYMHA TOJOBOM PEHTHl HA HA4alO CPOKa C HAYMCIEHHEM
IPOLIEHTOB OJMH pa3 B Toj, S — HapaleHHas cyMMa 3TOH peHThl. Torma MOKHO MOKa3aTk, YTO

A(1+i)" =S, To ecTh HauKCIICHHE MPOIEHTOB HA CyMMy A 3a 71 MEPHOIOB 1a8T HAPAIICHHYIO

CyMMY peHTHI. JIeliCTBUTELHO
1+i)" -1
PCES)
l

= Rs

—1—(17”')—” (1+i)"
l

A(+i)" =R

Kpome 310oro, 0ueBuIHO, IMEEM €LIE PsiZi COOTHOILIECHHIA:

1
n N/
SV :A,rﬂe V::i, ai’l,l(1+l) :Sn,i’ Sn,iv :an,i'

5.5 JloxoaHOCTHh (pHAHCOBOM ONMepaluA
DUHAHCOBOW HA3bIBAETCA OIlEpalys, HA4ajI0 U KOHEL KOTOPOW MMEIOT JEHEKHYI0 OLECHKY —

P(0) u S(T) coorBercTBeHHO, a LENb MPOBEAEHHUS KOTOPOM 3aKII0YAETCS B MAKCUMH3ALUN
pasuoctu S(T)— P(0) nnu gpyroro nomoGHOro mnokasareis. Baxkueliiel XxapakTepucTHKOM

OIEpalMU ABJISETCS €€ JOXOIHOCTD.
B onpenenenun nox P(0) nonmmaroT peansHO BIOXKEHHBIE CpECTBA B MOMEHT ¢ = 0, 101

S(T) — peanbHO BHIPYYEHHBIE JEHEKHBIE CPEACTBA B PE3YJILTATE ONEPALMHU, CPOK KOTOPOit T
eIMHMI BpeMeHH. DP(EKT OT BIOKEHUS €CTECTBEHHO M3MEPATh B BUJE IPOLEHTHOM CTaBKH
HapalleHus, KOTOPYIO B OTOM CJIy4ae Ha3bIBAIOT JOXOMHOCTBIO.

5.5.1. PaznnuHble BUIbI JOXOTHOCTH ONepanuii
[lon neHEXHOW OIEHKOW Hayalia oIepanui OOBIYHO TIOHMMAIOT pPa3Mep BIOKEHHBIX
WHBECTHULIMH, 3aTPAThl WU POCTO HAIMYHBIM KaIUTAN, MO ACHEKHOW OLICHKOM KOHILA OIepaluy —

HapallleHHBIN KanuTall, MOJYYEHHbIA TOXO0I U T.11.
Abconiomnasa 0oxoonocmv d (10XOZHOCTE 3a BECh CPOK) ONEpALMM ONpENENSAeTCS W3

ypasuenus  P(0)(1+d)=8S(T) wm d=(S(T)—-P(0)/P(0)=S(T)/P(0)—-1.
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Bemwuuna S(7T)/ P(0) wnasvisaemcsa xosppuyuenmom wnm muoscumenem napawenus. SICHO,
uro S(T)/ P(0)=1+d .

OmnpeneneHHyio BBIIIE JOXOAHOCTh OyeM Ha3bIBaTh €IIe U HOMUHALLHOU WIH pacyemuoll,
YTOOBI OTJIMYUTH OT APYTHX BHIIOB IOXOTHOCTH.
Cpeonsasn 0oxoonocmsv + (PUHAHCOBOH omepanuu (JOXOIHOCTh 33 €IUHHUILY BPEMEHH) —
9TO CTaBKa MPOCTHIX MJIH CIIOKHBIX MPOIIEHTOB, C IIOMOIIBIO KOTOPOW U3MEPSIOT 3P PHEKTHBHOCTD
(uHAHCOBOH OmNEpaIuy.

CormacHo ompeeneHuo, J0X0HOCTh ((MHAHCOBOW OTEpaIllMK 3a €IUHUIY BPEMEHH - ATO
MOJIOKUTEIBHOE YUCIO I, YAOBJIETBOPSIOIIEE PABEHCTBY:

PO)YA+r-T)=S(T) (6.1)
W

PO)1+nr" =S(T). 6.2)
U3 (6.1) u (6.2) naiinem cBsizb Mexay d u r: 1+r-T =1+d (ua npocroii ctaBkn) u
(1+ r)T =1+d (uia cnoxuol cTaBKy).

Ecan BpEM: U3MEPSCTCA B rogax, TO ¥ - CpECAHETOA0BasA JOXOOHOCTH OIICpALlHH.

Takum 00pa3oM, (MHAHCOBOM OMNEpAllMM CTABUTCS B COOTBETCTBUE JKBHBAIEHTHAS
onepanus Hapamienuss cymmel P(0) no craske r B Teuenue Bpemenu 1 . Takoll moaxon

IMMO3BOJIACT CPAaBHUTH MMOJTYUCHHOC 3HAYCHHUE NJOXOAHOCTH C JOXOAHOCTAMM I10 aJIbTCPHATHBHBIM
BJIOKCHUAM CPCACTB.

5.5.2. Yuer HasioroB u uquisinmn
Hanorn m wHOnsAUMsA 3aMeTHO BIHMSAIOT Ha 3(PQGEKTHBHOCTH (PUHAHCOBOW ONEpAIlUH.
PaccmotpuM yder HamoroB. Hajor Hagucnsercs, Kak MpaBuiio, Ha MPOICHTHI, TOTydyaeMble TIPU

pasMelieHnH IeHEeKHOH cymMMbl B pocT. [Ipedmonoxum, Ha cymmy Ky B TedeHue BpeMeHH 7

HAYUCISUTUCh TPOIEHTHI MO CTaBKe [, g - CTaBKa Hajora Ha MpoleHThl. Torga BemuyuHa
MIPOIICHTOB

I(n)=S,-F,
a cymma Hanora G, = g - I(n). HapaiiernHasi CyMMa [IOCJIC BBIILIATBL HATIOTA COCTABIISICT
S(n)=S, -G,.
Tak kak S(n)<S,,, To yuer HanoOroB HhakTHIECKN COKPAIIAET CTAaBKy HapaiueHus. Mraxk,
§(n)=8,-G, =S, -8 1(n)=S8, -8 (S, — ) =5,(1-g)+ gk
Ecnu i - mpocras npouerTtHas crtaBka, 1o S, = Fy(1+i-n). Torma
S(n)=F(+i-(1-g)n).

Bunm, uTo pakTHUECKH HapaleHue pousBoauTes mo craske (11— g) <i.

Ecnu [ — cnoxHast mpoueHTHas craBka, To S, = Fy(1+1 )n . Torna
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S(my=PRy((1+)"(1-g)+).

Ilpumep 6.1. 1lpu Bel1aue KpeauTa Ha 2 rojia Mo TOAOBYIO CI0XKHYIO ITPOLIEHTHYIO CTaBKY
0,08 kpeauTop ynepxkuBaeT KOMUCCHOHHBIE B pazmepe 0,5% oT cymMbl kpeauTa. CTaBka Hajiora
Ha npoueHTsl 10%. KakoBa 10X0qHOCTH onepanuu it Kpeauropa?

Ecmu Fy - cymma kpenuta, a S, - cymMMa IOramaeMoro fonira, To S, = P0(1+i)n,
rae 1 = 0,08, n =2. CyMMa KOMHCCHOHHBIX CPO, rae ¢ = 0,005. Torna cymma, paktuyueckn

BeiianHast B goir, cocrasut P(0) = Fy(1—c). Ilocne BemnaTh! Hajora y KpeAUTOpa OCTAHETCSE
S(n)=Fk, ((l +i)"1-g)+ g) ,tne g =0,1 - craBka Hasora. YpaBHEHHUE JIOXOJAHOCTH HMEET
Bun S(n) = P(0)(1+r)". Paspemas 510 ypaBHEHIE OTHOCHTENBHO 7, TIOTYHIHM

1 1

r:(s(”)j”—lz A+ A=) +8 1" 1 _ 1 07496,
P(0) l-c

3ameTnMm, uto 6e3 ydyera Hasora ( g = 0) moxoaHoCTh onepauuu cocrasuia 6s1 0,08271.
| 2

Nudasiuus — obeclieHeHNE ACHET, MPOSBIISIONICeCS B pOCTE 1IEH HA TOBAPHI U YCIIYTH, YTO
BJICYET 3a COOOI CHMKEHUE TTOKYMATEIbHONW CITOCOOHOCTH JICHET.

Wndnsauuio xapakTepusyroT Ba KOJIMYECTBEHHBIX IOKa3aTeNs — MHIEKC LEH M TeMI
uHusnmn. [peanonoxkum, BeiOpana exuunia Bpemend. Pacemorpum otpesok Bpemenu [0,7],
JUIMHA KOTOPOTo ! €IMHULl BpEMEHU OT HayaJlbHOro MoMeHTa [ = (.

Munexc uen 3a spems [0,7]- aucmno
_ K@)
K(0)’

TIOKa3bIBAIOIIEE BO CKOJIBKO Pa3 BBIPOC/IA CTOMMOCTD MOTPEOUTENLCKOM KOP3UHBI 32 HEPUOL
spemenu [0,7].

J (1)

Temn undasuuu 3a spems [0,7] - uucno

H="0 0

MOKa3bIBAIOIee Ha CKOJIBKO IPOLIEHTOB BBIPOCIA CTOMMOCTb MOTPEOUTENHCKON KOP3MHBI 32

K(t
nepuon Bpemenu [0,7]. Tax xaxk H (l‘)=L — 1, To cooTHoOUIEHHS MEXTY TEMIIOM

K(0)

WH(IAIMA 1 UHIEKCOM IIEH UMEIOT BU/I;

H)=J(@1)-1 6.3)

J(@)=1+H(?) (6.4)
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nns moooro nepuona spemenu [0, 7].

n
Iyers [0, 1] = U [te_1:1c ], tne 10,41, ..., [£,_1>t,] - oTpesku Bpemenu B cpoke
k=1
[0,7] (9 =0, t, =1), nunst kotopsix 1y, (t —1),...,(t,, —1,_) exuHHL BpeMeHN;

J0,%),..., j(t,_1.t,) u h(0,%)),...,h(t,_1,t,) — MHACKCHI LEH U TeMIIbI HHAIIALHH 32

nepuoast  j(0,%),..., j(t,_1,,) COOTBETCTBEHHO.

[TycTh jk u hk - UHJEKC IIeH ¥ TeMn UHGIAIUA 3a 1 equHNIy BpeMEeHH Ha BpEMEHHOM

orpeske [#;_j,%; ]. Toraa
Je=1+h, k=12,..,n,
a MHJCKC LeH 3a [f;_1,1; | paBen
Jtei )= j T k=1,2,n.
B COOTBETCTBHH ¢ ONpPENETEHUEM HHAEKCA LIEH MONYIUM

T@y= o Jye e .

Torna
J(@)=A+h)" - (1+hy) =0 (1 )70 6.5)
1+ H(t) =1+ h)" - (1+hy) =70 o (14 )70
(6.6)
Ecm hy=hy=...=h,=h, o
J(t)=(1+h) (6.7)
1+H@®)=>1+h)".
(6.8)

3mecs h - Temn mudusauuu 3a 1 enunruny Bpemenn Ha Bpemennom orpeske [0,7], J(f) u
H (1) - unnexc nen u remn nudsanmu 3a nepuon spemenu [0,7].

[Ipeanonoxum, 3a 7 eAWHHUI] BPEMEHH TIOJydeHA HapallleHHas cyMMma BKJaja Sn.

Unpexc nen 3a nepuon [0,7] Bepoc mo 3mauenms J (7). Torga peanbHas cymma BKiIaaa
BCJIEACTBUE CHUKEHUS TOKYIIATENLHOM CIIOCOOHOCTH JIEHET COCTABUT

Sn
J(n)

S(n)=

Hunexc uen J (1) paccuuThiBaeTCs 10 OJHOM U3 IPHUBEICHHBIX BhIIIE GOPMYI B 3aBUCHMOCTH
or ucxomHblx maHHeix. Tak kak J(n)>1, to S(n)<S,, uro o3magaer ¢axruueckoe

CHUIXCHHUC CTABKU HAPALICHU.

Ilpumep 6.2. OxxuiaeMblii TOJIOBOM TeMIT HHQIISIMU TIEPBBIX JBYX JIET BKJIaJa COCTaBIISET
3%, a cnepyroumx Tpex - 4%. Kakyro MMHMMalbHYIO TOJIOBYIO CTaBKY CJIOXHBIX IPOLIEHTOB
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JOJI?KCH Hpe,Z[.HO)KI/ITB 63.HK KJII/IGHTy, I-ITO6I:.I peaanaﬂ rogoBass JOXOAHOCTH BKJ1aJla 651.]13_ HC
MeHble 8% ?

3neck t =0 - MOMEHT pa3MelneHus BKIaga, 1 rof - eaMHHMIA U3MEPEHHS BPEMEHH, CPOK
BKJIaga N = 5 ner. hl =0,03 u h2 = 0,04 — cpegHerooBBIC TEMITBI HHQIISIUN HA BPEMEHHBIX

orpeskax [0,2], [2,5]. Jasi MOXOMHOCTH TO BKJIAMy F JIOJDKHO OBITH BBIMOJHEHO YCIOBHE:
r2>0.08. Ilycte i - rogoBas ClIoKHAs IPOLIEHTHAs CTaBKa, IOJ KOTOPYIO pa3MelleHa CyMMa

Fy. Torma HapamenHasi cyMMa BKIaga depes 1 1et S, = P0(1+i)n. C yueroM uHIAIMU

peanbHas cymMMa BKjiaga cocraBur S(7n) = , TIe MHIEKC IeH cornacHo (6.8) pasen

n

J()=+h)* (1+hy)>. Vpasnemme noxommoctn umeer sz S(n)=P(0)(1+r)".

Pa3pema;1 9TO YPaBHCHHC OTHOCHUTCIIBHO 1 W YYHUThIBasA TpCGy@MOG YCJI0BUC TJII JOXOAHOCTH,
MMOJIYyYHM:

1+i
r= 2 3 —-12>0,08.
(1+h1)5(1+h2)5

Orcroma 1 =0,11887. 3naunT, MHUHHMaJbHAs MPOLEHTHAs CTaBKa pa3MENIEHUs BKJajaa
coctasisiet 0,11887 nmpotus 0,08 6e3 yuera unpsuu. P

5.5.3. IloToK IUIaTEKel U ero J0X0THOCTH
[TycTh {Rk,tk} — IOTOK NJIATEKEH, B HEM [} — MOMEHTHI BDEMEHH, Rk — IUTATEXU.

ByzieM roBOpHUTh, 4TO paccMaTpUBAEMbI TOTOK MMEET COBPEMEHHYIO BeIMUMHy A mpu

YPOBHE JIOXOMHOCTH ] , €CIIH ZRk /(1+ j)tk = A. Eciu NOTOK €CTh ro10Basi PEHTA C

k
rOIOBBIM IJIaTEKOM R ¥ IIMTENbHOCTBIO 71, TO PEHTAa UMEET COBPEMEHHYIO BeMuuuHy A
npu ypoBHE foxoaHoctH J, ecn R-a,, i= A. ®ukcupyem A, torma npu ysenmuuenuun R

AO0XOOHOCTL PCHTHI YBCIIMYNBACTCA. MoskHO ckazartb u MOo-Apyromy: i YBCIIMYCHUA JOXOAHOCTU
PEHTBI HaJI0 YBEJIWYUTH T'OJJOBOH TIIATEXK.

Bce 3t cooOpakeHHst 0COOCHHO XOpOIIO BHIHBI HA MPUMEpPE BEUHOI PEHTHI, TOCKOJIBKY
s vee A= R/ j, wiu, no-apyromy: n0X0mHOCTh BeyHOM peHThl ecTh j = R/ A. Baxuo
OTMETHTb, YTO OIpEACTICHHAs TaKUM 00pa3oM JOXOJHOCTh MOTOKA IUIATEKEH HE 3aBUCHUT OT
CTaBKU NPOLCHTA, a 3aBUCUT TOJIBKO OT BCJIWYHUHBI U MOMCHTOB CaMUX H.HaTe)KefI, B CUITY
Yero ee Ha3bIBAIOT YACHO 6HYMPEHHel 00X0OHOCHbIO NOMOKA NAAMeXlCell.

bonee Touno BHYTPCHHAA JOXOOAHOCTb MOTOKA IJIaTeXel ecTh Takas ero JOXOOHOCTH B
TOJILKO YTO OTPE/ICIIEHHOM CMBICIIE, TPU KOTOPOH COBPEMEHHAsl BEJIMYMHA 3TOTO ITOTOKA PaBHA
HyJII0 (TaKas XapaKTePUCTHKA UMEETCS He y BCIKOTo IOToKa ruiarexei). Papenctso A =0
BO3MOKHO TOJIBKO TOrga, Koraa B IIOTOKE IUIaTeKel UMEIOTCS OTPULIATCIIbHBIC BEJIMYNHEI.

Ipumep 6.3. Bekcens yuren mo craBke [ =10% 3a 160 aHeit 10 ero omiarel (BpeMEHHAsI
rogoBas Oa3a paBHa 360 ausm). IIpu BbIMOMHEHMM ONEpalMM y4eTa C BIIAJENbIA BEKCENs
yAepKaHbl KOMHUCCHOHHbIE B pasmepe 0,5% oT HoMmHHana Bekcesns. HalTu moXoaHOCTh
OIepaluH.

Pewienue. 1lpu pacuere NOXOJHOCTH BEKCENS €ro HOMHUHAI YacTO HE UIPAET POJIH.
AOGcooTHas TOXOAHOCTD OTepanyy 0e3 yuyeTa KOMHCCHOHHBIX:



o1
S N

P N(O-i-m)

rae S,P — xoHeuHas ¥ HayabHAS CTOUMOCTD BeKkcens; N — HOMHUHAJ BEKCEIs;

’

m =160/360. IToxcraBum ucxoxusie naHuele, monyuum: d = 0.046, t.e. d = 4.6%.
C y4eToM KOMHUCCHOHHBIX a0COMIOTHASI JJOXOIHOCTh PaBHA:

d=£—1= N —-1=52%

P N1 —-i-m—0.005)
D¢ dexkTuBHOCTE ONIEpary (OTHOCUTENBHAS TOXOAHOCTD), T.€. IOXOJHOCTh B TIPOIIEHTAX TOOBbIX,
(1,046)*% _1 = 0,106, T.e. 10,6% —, 63 ydera KOMACCHOHHBIX,
(1,052)*1% _1 20,1208, 1.¢. 12,08% — C y4eToM KOMHCCHOHHBIX. P>

5.5.4. MrHoBeHHAasi I0XOTHOCTh

ITycTs B MoMeHT ! karuran paseH K (1), a uepes HeGombmoe Bpemss Af kanuran paseH
K (t+ At), Torna cpennss noxomuocts d Ha orpeske [f,f + At] B mpouenTax rogoBhIx (B
JIOJISIX) paBHA

K(t+A)/ K@) =1+d)™,

At
pu manoM At Bemmumna (1+d)™ ¢ TOYHOCTBIO 10 GECKOHEYHO MaJIbIX 2-TO MOPSIKA PaBHA

1+d - At . Yerpemnas At k Hymo, momydaem
d=1im[K(t+At)—-K®O]/[K(@)-At]=K'(t)/ K(t)=[In K ()] .
At—0
WTak, MIHOBEHHast JOXOOHOCTh €CTh INPOM3BOAHAS IO BPEMEHH HATYPaIbHOIO Jorapudma

KaruTala Uik, Kak TOBOPST, Jorapugpmuyeckas Iporu3BOIHAsL.
B wactHOCTH, MpH MOCTOSIHHOM MTHOBEHHOM JTOXOJHOCTU ¢ KalMTajd PacTeT BO BPEMEHH IO

skcnonente: K (1) = K(0)- edt

Ilpumep 6.4. Kanurtan pacTeT BO BPEMEHUM C IIOCTOSIHHOHW CKOpPOCTBIO V, T.€.
K(t) = Ky(1+vt). Haiitu MrHOBEHHYIO JOXOZHOCTb B IPOM3BOJIBHBIA MOMEHT BPEMCHH.

Pemenve. OO0O3HAUYMM HCKOMYK0  MFHOBEHHYI0  goxomHocts  d(t), Torma
d(t)=K'(t)/ K(t)=Kyv/ Ky(1+vt)=v/1+vr). »
I/ITaK, AOXOOHOCTbL CO BPEMCHCM YMCHBIIIACTCA. 3TO U TOHATHO — HNPHUPAIICHHUC KallMTalla 3a
€IMHULY BPEMEHU MTOCTOSHHO U PABHO KOV , & CaM KaIluTall pacTer.

5.6. Kpenutnble pacueTbl

3aem, KpeauT, ccyna — ApeBHelme puHaHcoBbie onepanuu. [lo-nateian «creditum»
03HAYaeT «CCyJa»; B CIOBE «KPEOUT» yJapeHUE Ha BTOPOM CIIOTe («KPEIUT» C yIApEHHUEM Ha
HEPBOM CJIOT€ — 3TO MpaBasi YacTh OYXraiTepcKUX MPOBOJIOK).

Bce Tpu cioBa — «3aemM», «KpeaHT», «CCyla» — O3HA4alOT OJHO U TO XK€ - -
NpPEJOCTAaBIECHUE JEHET WM TOBApOB B JOJIT HAa YCIOBUSAX BO3BPATHOCTH M, KaK IPaBUIIO, C
yILUIaTOM MponeHTOB. TOT, KTO BBIAAET ACHBI'M WJIHM TOBAPHI B KPEAUT, HA3BIBACTCS KPEAUTOP,
KTO Oeper -- 3aeMIIMK (MU AeOuTOp). YCIOBHS BBIJAYM W TOTAIICHUS KPEIUTOB (3aliMOB,
CCyl) BecbMa pa3HOOOpa3Hbl. 3Je€Chb PacCMOTPEHBI JIMIIb CaMble HPOCTble M Hauboiee
pacnpocTpaHeHHbIE CIIOCOObI MOTAICHHS 3aiiMOB.
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5.6.1. Ilokazaresb 0JIHOM A0X0THOCTH (PMHAHCOBO-KPEAMTHOM ONepanuu

Jloxo/bl OT GUHAHCOBO-KPEAUTHBIX OMEPALMN U PA3IMYHBIX KOMMEPUECKUX CAETOK MOTYT UMETh
paszHyo hopmy, a IMEHHO, 3TO MOTYT OBITh:

- TIPOLEHTHI OT BBIJAHHBIX CCY/,

- KOMHCCHOHHBIE,

- JIOXOZBI OT OOJMMTanuil U APYrux LUEHHBIX Oymar u T. 1.

Kak mpaBuio, B OJHOW W TOW XK€ ONepanuu MpPeaycMaTpPUBAECTCS HECKOJIbKO HCTOYHUKOB
JI0X0/a: CCy/a MPHUHOCHT KPEIUTOPY NPOLEHTHl M KOMUCCHOHHBIE, BiaJenel] OOJUralud Kpome
MPOLEHTOB MO OOJUraluy MOJy4aeT pa3HHUIy MEXIY BBIKYMHOW LEHOH oOauranuu u 1eHoH eé
pHOOPETEHUS.

B cBs3u ¢ 3TuM Bo3HWKaeT mpobiema uaMepeHus 3()(HEeKTUBHOCTH (JOXOTHOCTH) OMEpPAIMH C
y4€TOM BCEX HCTOYHHMKOB Joxozxa. OO000mEHHAs XapakTepUCTHKA [OXOJHOCTH [OJKHA OBITH
YHUBEPCAIbHON ¥ MPUMEHUMOH K JIFOOBIM BUIaM (DMHAHCOBBIX OTIEPAIIHH.

Crenenp GuHaHCOBO 3 (PEKTHBHOCTH OJOOHBIX ONEeparuii 00bIYHO U3MEPSIETCS B BUJIE TOIOBOM
CTaBKH CJIOHBIX MPOIIEHTOB. J[aHHYIO CTaBKY Kak MokasaTenb 3)(GeKTUBHOCTH (TIOJTHON JOXOTHOCTH,
T.€. JIOXOJHOCTH C YYETOM BCEX NpPEAYCMOTPEHHBIX B ONEPALMU HCTOYHMKOB J0XOJa) MOJIyYaioT,
UCXolsd M3 OO0IIero MpHHIMIA, a UMEHHO: BCE IMCKOHTHPOBAHHBIE MO MCKOMOW CTaBKE JOXOJIbI
(KanmuTaNIM3UpPOBaHHAS  BEIMYMHA  JOXOAOB), MPEOYCMOTPEHHbIE B  JAHHOM  OIEpaLHH,
NPUPABHUBAIOTCS K NMPHUBEJICHHBIM 110 TOH K€ CTaBKE M HAa TOT K€ MOMEHT BpeMeHM pacxonam. 13
MOJIyYEHHOTO YPAaBHEHUS ONPEEISAI0T HICKOMYIO CTaBKYy.

OTa cTaBKa HOCUT pa3jiMyHble HAMMEHOBAHMA: B CCY[IHBIX ONEpALUSIX HPUMEHSIOT TEPMHH
d¢dexTUBHASI MPOLUEHTHASI CTABKA, B aHATN3E JOXOJHOCTU OONWTalHil - T0XOAHOCTH HA MOMEHT
noranieHus (TouHee, 00emaHHAs J0X0AHOCTh HA MOMEHT IOTalleHus]), B AHAIIM3E IPOU3BOICTBEHHBIX
VHBECTUIIMH aHAJIOTUYHbII [T0Ka3aTelb HA3bIBACTC BHYTPEHHeHl HOPMON MOXOJHOCTH (BHYTPEHHSA
HOpMa MpOLIEHTA).

OcHoBOI 171 pacyeTa MOJNHOM TOXOAHOCTH (PUHAHCOBOW ONEpaluy SBISETCS COOTHOIICHHE,
KOTOpOE Ha3bIBAECTCS DaJIaHCOM (PUHAHCOBO-KPEIMTHOM Onepamuu.

5.6.2. bananc ¢puHAHCOBO-KPEIUTHOM Onepamyn

HeoOxoaumbiM ~ ycmoBueM — n000#  (MHAHCOBO-KPEOUTHOM  Omepaumuu  SBISETCH
cOamaHCHPOBAHHOCTh BJIOKEHUH M oTHa4u. PaccMoTpuMm moHsTHe OanaHca (UHAHCOBO-KpEAUTHOM
OTIepaLHH.

ITycts Bbian kpeaut B pasmepe K, Ha. cpok 1, craBka mo kpemuty paBHa I. IlycTb Ha
TIPOTSDKEHUU ATOTO CPOKa B CUET MOTALICHUS 330JDKCHHOCTH MPOU3BOASATCS J[BA ILIATEXKA, Pa3MEpPhI
kotopsix R 1 R,, a B KOHIIe CpOKa BEIILIAYMBACTCS OKOHYaTenbHas cyMMa R3. Bech cpok pasour
Ha TPM IIEPHOJA JUIUTENBHOCTBIO 11,15,13. 3a mepuo] BPEMEHH [ 3aI0JDKCHHOCTH BO3PACTET 10
BennuuHbl [}, (IIOCKONBbKY HA CyMMy KpeAWTa HAUHCISIOTCS MPOLEHTHI). [0 MCTeYeHHH 3TOro
BPEMCHH B CYET IOTAIICHHMs KPEJWTA BBILIAUMBAaeTCS cymMMa R M pasMep 3a0KEHHOCTH
cranoButcsi paBHbiM K. Jlanmee, 3a Bpems I, cymma K| Bospacter mo Bemmumusl D,. Ilo
HCTEYCHHH MPOMEXKYTKA BPEMEHH [, BHOCHTCSA OdepenHas cymma R, pasMep 3aT0/DKEHHOCTH
YMCHBIIIACTCA U CTaHOBUTCA paBHbIM cymme K,. Hakower, 3a Bpems I3 pasMep 3aJ0DKCHHOCTH
BO3PACTaeT 0 BeMM4MHbl [)3 ¥ 10 OKOHYAHUH dTOrO MPOMEKYTKA BPEMEHH, B MOMEHT BpeMeHH 7,
BBIIIaUMBaeTCsA cyMma Ry. Jind cOamaHcupOBaHHOI omepanuyu pasMmep Iuiatexa Ry TOKeH ObITH

TaKuM, 4TOOBI 33J0JDKEHHOCTh Oblma moramena. Ha puc. 7. 1 omucaHHBIA Tpoliecc HM300paxkeH B
BUJIE rpadrKa, KOTOPHIA Ha3bIBAIOT KOHTYPOM (DHHAHCOBO-KPETUTHOM OTepaluu.
CbanancupoBaHHas OTEpaIys A0JKHA UMETh 3aMKHYTBIA KOHTYDP.
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A
D1 Dz D3
R, R,

R,

Ky K, K;
y >
0 5 [5) £ T
Puc 7.1

MaremaTudecku nponece nmorameHud 3aJ0JKEHHOCTH MOJKHO ONMMCATh YPABHCHUAMMU:

K, =Koq" - Ry,
K, =Kq" - R,,
qut3 —R3 = O,

rae ¢ =(141) — MHOXHTENb HApAIEHHS [0 CIOKHOM CTABKE.

[locnennee ~ ypaBHeHME  Ha3bIBaeTCs  OalaHCOBBIM M ONHCHIBACT  yCJOBHUE
cOaaHCUPOBAHHOCTH OIEpaLHH.
Omnpenenum K uepe3 Ky 1 MoACTaBUM pe3yibTaT B OamancoBoe ypaBHeHue. [lomyunm

K, =(Koq" —R)q"” — Ry,
[(Koq" —R)q"” —Ry1g" =Ry =0,
KOqT —(qut2+t3 + qut3 +R3) = 0

T=>1.
i

N3 nmocneanero ypaBHeHUs BUAHO, YTO (PMHAHCOBO-KPEIUTHAS OMNEpaIus MOXKET OBITh
YCIIOBHO pa3jieieHa Ha JiBa BCTPEUHBIX MpoIlecca:
1) HapameHue nepBoOHAYaIBHOM 3a10JKEHHOCTH 32 BECh IEPUOJ BPEMEHH;
2) HapallleHHE MoramarluX IIaTeXel 3a CpoK OT MOMEHTA IIaTeXa /10 KOHLAa ONepaliiu.
DTO ypaBHEHHE MOKHO MPeoOpa3oBaTh, YMHOKHUB €ro Ha TUCKOHTHBIM MHOKUTEIb

B pesynbTare noinyunm

KO - (Rlvtl + sztl N + R3VT) =0.
Takum 06p330M, CymMMa COBPEMCHHELIX BCIMYMH IMOramarommnux IUIaTeXe Ha MOMEHT BbIga4uu
KPEIUTA [IPH MMOTHOH COATaHCUPOBAHHOCTU PaBHA CYMME KPE/IHTA.
Jliig obmero ciayyast 71 moramaipmux miaTexei 0aJaHcoBOe ypaBHEHHE MOTydaeTcs
AHaJIOTUYHO U UMECT BHU ]
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n
T T,
Kod" =2 Riq" =0.
J=1

n
rae Tj = Z f, —BpeMs OT MOMEHTA IUIaTexa R j 10 KOHIIa CpoKa (T, =0).
r=j+1
Ha ocHoBe 0anaHCOBBIX ypaBHEHUN MOXXHO U3MEPHUTH JOXOAHOCTH (DMHAHCOBO-KPEIUTHOU
orepauuu. Jljis 3TOro Hy»*HO COCTaBHTh 0aJaHCOBOE ypaBHEHHE, B KOTOPOM HapalleHUE WM
JUCKOHTHPOBAaHUE IPOU3BOAUTCS 1O HEM3BECTHOW CTABKE, XapaKTEpU3YIOUIEH MOJIHYIO
JIOXOJTHOCTb, a 3aT€M PELIUTh M1OJYYHUBILEECS YPABHEHUE OTHOCUTEIBHO NCKOMOU CTaBKH.

5.6.3. OnpenesieHne MOHOM JOXOHOCTH CCY/IHBIX OIepaLuii ¢ yep;kaHueM KOMUCCHOHHBIX
[TokazareneM JOXOAHOCTH CCYIHOW omeparuu 0e3 yuéTa KOMHUCCUOHHBIX SBIISICTCS TOA0BAs
CTaBKa CJIOJKHBIX MPOLIEHTOB, SKBUBAJICHTHAS ITPOLIEHTHOM CTaBKE, UCMOJIb3YEMOM B TaHHOU
ornepainuu. 3a OTKPhITUE KPEUTa U APYTHE YCIYTU KPEIUTOP YaCTO B3UMAET KOMHUCCHOHHBIE
U OTO 3aMETHO TMOBBIMIAET JOXOAHOCTH OMEPAaIlH JJI HETO, TaK Kak cyMMa, (haKTUYECKU
BBIJIaHHAsA, COKPAIIIACTCSI.

ITycte ccyna B cymme D Bbmana Ha cpok 7. Ilpu €& Bblade yaepKUBAIOTCH KO-
muccuonnbie B pasmepe G . To ecthb, paktuuecku Boigannas ccyaa pasHa (D —G). Cuenxa

peyCMaTPUBAET HAYKMCIICHUE MPOCTHIX MPOIEHTOB MO cTaBke i . CTaBKy MOJHON JOXOIHOCTH
o6o3HauuM I,. IIpu ompenencHUH NOXOAHOCTH IAHHON ONEpalMd B BHUAEC IOJOBOH CTaBKH
CJIOKHBIX MPOIIEHTOB MbI MCXOIMM U3 TOro, 4ro Hapamienue Benuuunbl (D —G) no sroii

CTaBKe JOJDKHO JaTh TOT JK€ PE3yldbTaT, YTO U HapauleHue BeauduHbl I) 1o cTaBKe MPOCTHIX
IPOLIEHTOB 1 .
banancoBoe ypaBHEHHE 1S ITOM ONEPALIUU UMEET BUL

(D-G)(1+i,)" =D(1+n-i). (7.1

A
D(1+ni) —

D-G s UEIROYOOOOO

(D-G)(1+ i)

Puc 7.2

Yem Oompblie pasMep KOMHUCCHOHHBIX, TeM Oosbie 3(deKkTrBHAs cTaBKa (CTaBKa MOJHON
noxoaHocTtH). Puc. 7.2 rpaduuecku WILTIOCTPUPYET JaHHOE YpaBHEHHE.

[ycte G =D - g, rue g — nporeHT Komucchonnsix. Torma, pemast ypasaerue (7.1)

OTHOCHUTCIIBHO le IMOJIY4YrM

ANl/n
. 1+n-i
i, = — -1.

l1-g
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Ecmm CACIIKA NpEAYCMATPUBACT HAYUCIICHUEC CIIOKHBIX ITPOLICHTOB 1O CTAaBKC I , TO BMECTO

ypasuerus (7.1) umeem(D —G)(1+i,)" =D(1+i)". B stom ciyuae misi craBkn

[IOJTHOM TOXOJHOCTH ie MOJTyYUM

_ (1+10) q

1/n
(1-¢)
DdbexTuBHAsS CTaBKa [, HSOCPEACTBEHHO HE (UIYPUPYeT B YCIOBUSAX OIEpalid, OHa

IMOJHOCTBIO OIIPEACIIACTCA CTaBKOM IMPOLECHTA 1O KPpEAUTY U BEIIMYMHON KOMHUCCHOHHBIX.

e

Ccyabl ¢ NepuoIuYeCKOil BbINJIATON MPOLEHTOB

Ecnu KOMHCCHOHHBIE HE BBIIUIAYMBAIOTCSA, TO JOXOJHOCTh TaKOW OIEpalliyd paBHA CTaBKE
CJIO>KHBIX TIPOIICHTOB, SKBUBAICHTHOM JIFO0OO0M TPUMEHSEMOI B JAHHOM CIICITKE CTaBKeE.

TIpeamnonoKum, 9To MpeaycMOTPEHBI KOMUCCHOHHEIE. T1ycTh ccyga D moramaercs yepes 71
JIET, & TIPOLIEHTHI 110 CTaBKE [ BBILIAYMBAIOTCS PETYJISIPHO OJHMH pa3 B KOHIE roxa. Toraa pasmep
BBIJIAYMBAEMBIX TIPOIeHTOB paBeH D -i. C y4éToM KOMHCCHOHHBIX CyMMa CCYIObl paBHA
D(1— g) . 3anviuem 6anancoBoe ypaBHEHHE:

D(1-g)—(D-i-a,; +Dv,)=0,
1 1=+

THE Ve =5 dy,;
I+i, 7~ i,

DTO ypaBHEHHE KBUBAJICHTHO CJICYIOLLIEMY:
. _ n . _
fG,)=v, +i-a,; —(1-2)=0.
VMeem HenMHEHHOE ypaBHEHHE, KOTOPOE HEOOXOIMMO PEINTh OTHOCHTEIBHO MIEPEMEHHOM [,

— CTaBKU MOJHOW JoX0onHOCTU. TouHOe pelieHre JaHHOTO YpaBHEHHUS B BUJIE pacueTHON (hopMyIib
Wi 1, TIOMYyYHTh HEBO3MOXKHO. VICKOMYIO CTAaBKY MOXKHO OIpEACIHTH MPUOIKEHHO, UCIIONb3Ys

— K03 UIMEHT MPUBEICHUS TO0BON PEHTHI.

KaKOH-IM00 YUCIEHHBII METO/I.
Ecnu nponeHTsl 0 KpeAuTy BBIIUIAYMBAIOTCS P pa3 B oA, TO YpaBHEHHUE VIS ONpeeIeHHs

JIOXOJTHOCTH OTIepaItuyl OyJIeT UMETh BH/T

fli)=v; +i-al) ~(1-g)=0,

(p) _ 1—(1+ie)—n
e pla+i)!P -1

rae a — KO3 (QUIIMEHT IPUBEJICHUS] P — CPOYHON PEHTBHIL.

Ccyabl ¢ IepHOANYECKHMH PacxogaMu

[Iycte Mo ccyne mepuoauueck BBIIUIAYUBAIOTCS MPOLIEHTH M IOTAIllaeTCsi OCHOBHOW JIONIT,
IpUYeM CyMMa pacxofioB NocTosiHHA. [IpenmosnaraeM, 4To TuiaTeXu MPOM3BOISTCS OAWH pa3 B
koH1ie roza. I[Tycts R - exeroHas cyMma o 00CIyKMBaHHIO J0JITa.

Eciu nonr pasen D, 10 13 ycinoBust cOATaHCHPOBAHHOCTH ONEPALIAH MOJTYIHM

D - Ran,l‘ .

e [ — CIIOJKHAs CTaBKa MPOLIEHTa 1o KpemuTy. OTcrona
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Ecmi koMucCHOHHBIC HE BBITUIAYMBAIOTCS, TO APPEKTUBHOCTH TAKOW OMEpaIiy B BUJIE CIIOKHOM
rOJIOBOM CTaBKM IIPOIIEHTOB COBIAJAa€T CO CTaBKOM 10 Kpeaurty I. EciM KOMHCCHOHHBIE
BBIIUTAYMBAIOTCS, TO 3aEMIIMK Ha CaMOM jejie moiydaer cymmy, pasayio D(1—g). Torma
OanaHcoBOE ypaBHEHHUE Oy/IeT IMETh BH]T

D(-g)—Ra,; =0,
583071
fa,) =a,; —a,;(1-¢g)=0.
HckoMyro CTaBky I ¢ MOXKHO OIIPEIENUTD, UCIIOJIL3Ysl YMCIIEHHBIE METOIbL.
Ecnau noracurenpHble IUIATEXKM OCYIIECTBISIOTCS P pa3 B IOA, TO B JIAHHOM YpPAaBHEHHU

K0>(Q(HMIUMEHT NPHUBENCHHS TONOBOM PEHTBI d,, ;, HEOOXOAMMO 3aMEHMTb Ha KO3(P(HIMEHT

(p)

TPUBEJICHHS P -CPOYHOU PEHTBI A, .

[Toramenue ccynbl HEpPEryJsipHbBIM NOTOKOM IMJaTeX)eu
I[O CUX TIIOp MbI Opeanojgarajiv, 4Tro 3aAO0JDKCHHOCTb IMOralracTCs paBHBIMU IJIATCIKAMU.
PaccmoTpum ciydaif, Koraa 3a0KEHHOCTh MOTallaeTcsl MyTeM BBIIUIAThl HEPETYIIIPHOTo TOTOKa

mnarexeit: R, R,,...,R, .

BaJ'IaHCOBoe ypaBHeHI/Ie B OTOM cnyqae 3aIIUCHhIBACTCY TaK:
n
fl,)=D(1-g)-> Ryw] =0,
Jj=1

1
1+i,

rme v, = - MHO>KHTEIIb TUCKOHTUPOBAHUS 110 CTABKE MOJIHOW TOXOJHOCTH OIEpaIiu.
Benuunna nocnessero B3Hoca R, B JaHHOM Cilydae 3aBHCUT OT PasMepOB IIPEAbITYIIHX IIaTexeit

U JIOJKHA OTIPEAETATHCS U3 YCIOBHsI cOaNaHCUPOBAaHHOCTH (PUHAHCOBOM ornepanuu (OCIeaHuI
TUIATEX JOJKEH MOramarh 3aJ0/5KEHHOCTh), TO €CTh

n—1
T.
Rn :an _Zqu T
j=1

rae T — cpok OT BBIILIAThL j -IO IUIATEXKa 10 KOHLA CACIKH, § = 141 — MHOXHTENH HApaIEHHs

C MICIIOJIb30BAHUEM CTABKH 110 KPEIUTY I .

5.6.4. MeTo/bI CpaBHEHHUSI U AHAIN32 KOMMEPYEeCKHX KOHTPAKTOB

AHanmu3 KOHTPakKTOB Ha OCHOBE MeTona
KaOouTaJlHUu3allUd MNJIaTexkel
MbI paccMOTpUM KJIACCUYECKUH TOAXOJ, OCHOBAHHBI Ha CpPAaBHEHUH COBPEMEHHBIX
BEJIMUMH BCEX IUIATEXEU, MpelycCMaTpUBAEMbIX KOHTpakTamu. llmatexxu npuBoasTcs K
OJIHOMY MOMEHTY BPEMEHH, Kak MPaBWJIO, K Hayaly CpoKa JACWCTBHS corjaileHus. Bapuanr c
HauMEHbIIEH COBPEMEHHOM BEIMYMHOM C (UHAHCOBOM TOYKM 3PEHHUs]  CUUTAETCs
MPEANOYTUTENBHBIM JIs1 OKYNATelsl, IPU MPUEMIIEMOCTH BCEX POYUX YCIOBUH.
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[Ipu pacuere COBpeMEHHBIX BETUYMH JIJISi CPABHEHUSI KOHTPAKTOB LIEHTPAJIbHBIM MOMEHTOB
ABIIIETCA BHIOOP YPOBHS CTAaBKH MPOIIEHTOB, [0 KOTOPOM MPOU3BOJAUTCS JUCKOHTUPOBAaHUE. DTy
CTaBKy Ha3bIBAlOT CTABKOIi cpaBHeHUsi. UeM BbIIIE 3Ta CTaBKa, TeM Oojee OTHaJCHHBIE
IUIaTEXHU OKa3bIBAIOT MEHbIIIEE BJIMSHUE HAa COBPEMEHHYIO BEJIMUMHY 3aTpar. TakuMm o0pazom,
JUIsl UHBECTOPOB YBEIIMYEHUE CTAaBKU CPABHEHUS JI€JACT MPEANOUYTUTEIbHBIMU KOHTPAKTHI C
Oojee IIMTENbHBIMU CpPOKaMHU TMOTallleHUs 3aJ0JKEHHOCTEeH. PaccuMTaHHbIE MO NPUHATOM
CTaBKE CPAaBHEHUS MMOKA3aTeINH SBISIOTCS YCIOBHBIMHU, OJTHAKO YCTAHOBIEHHBIA TAKUM 00pa3omM
PEUTHUHT KOHTPAKTOB OKa3bIBAETCSA YCTONYUBBIM.

PaccmotrpuM cHauana 3amady, € KOHKYPEHTHBIMHM SIBJISIFOTCSL yCIIOBUS TOTALICHUS
3amomkeHHocTH. [lycTh 1leHa ToBapa oCTaeTcs MOCTOSHHOW BO BCEX BapuaHTax. B oOmiem
cllyyae CTaBKH MO KPEOUTY MOTYT OBITh pa3HbIMH. UeMm Oouiblie CPOK KpeauTa, TeM Ooiiblie
CTaBKa, MMOCKOJIbKY HEOOXOIMMO KOMIIEHCHPOBATh YMEHBIIIEHUE CTOUMOCTH 00Jiee OTIaIeHHbIX
mnatexxe. Kaxapli BapuaHT KOHTpakTa OroBapHBAaeT CJEAYIONIME OCHOBHBIE YCIOBUS
MOTalIeHUs 33J0JKEHHOCTH:

1) aBaHCOBBIE TIATEXKH, X pa3MEP U MOMEHTHI BBIILIIATHI;

2) NPOAOIKUTENBHOCTD U YCIIOBHSI BBIILIATHI IPOLEHTOB B JIbIOTHOM IIEPHOJIE, €CIIU OH
NpeAyCMOTPEH (B TbFOTHOM MEPUOJI€ OCHOBHOM JOJT HE MOTalIaeTCsl, @ BBIMIAYUBAIOTCS
TOJIBKO IIPOLIEHTHI IO OCHOBHOMY JIOJITY);

3) cpok moramieHus 3a0JKEHHOCTH;

4) MeToJ ITorameHus 3aJ0KEHHOCTH.

3amaya COCTOMT B TOM, YTOOBI BBITUCATh YPABHEHHsS ISl pacueTa COBPEMEHHBIX BEIHYMH
MIOTOKOB IUIATEKEW, MPEAYCMATPUBAEMBIX B KOHKYpUPYHOIIMX KOHTpakTax. [lockonpky B
peatbHON NPAKTUKE MOKET BCTPETUTHCS MHOMXECTBO PA3JIMUHBIX BAPUAHTOB KOHTPAKTOB, TO
HEBO3MOXKHO 3aIMCaTh OJIHY €IMHCTBEHHYIO (QOpMYIy, MPUTOIHYIO AJIs Beex ciiydaeB. [loaromy
paccMOTPHUM HECKOJIBKO HanboJiee XapaKTepHBIX BAPUAHTOB.

Ilpumep 7.1. CynoctpoutensHas ¢pupMa mpejaraeT yrjaTUTh 32 CTOMMOCTh 3aKa3a 8 MITH.
noyapoB. [Ipeasiaraercs Ba BapuaHTa OIIaTh:

1) 5% npu 3akiIF0YEHUH KOHTpaKTa, 5% IpH CIyCKe Cy/IHA Ha BOAY uepe3 6 MecsIeB U Jajee B
TEYCHHUE S JIeT PaBHbBIE PACXOIBI O OOCITYKMBAHUIO JIOJTA, TO €CTh OCTATOK JI0JIra
MIOTallaeTcsl B T€YEHUeE S JIET paBHBIMM CYyMMaMHU.

JIbroTHBIN NEpUO B JTaHHOM BapUaHTE HE MPELYCMOTPEH.

2) 5% npu 3aknrodeHnH KoHTpakTa, 10% mpu crycke cyHa Ha BOy yepe3 6 MecsIeB,
MPEYCMOTPEH JIbTOTHBINA MEPHOJI, KOTOPBIM HAYMHAETCS MOCIE BBIILIATHI BTOPOTO
ABAHCOBOTI'O IUIATEXa U PAaBEH IIECTH MecslaM. B 1proTHOM nepuoje BblIaTa NpoLeHTOB,
Ha4YMCIICHHBIX O CIOKHOU CTaBKe, MpeaycMaTpUBaeTcs B KOHIlE 3Toro nepuona. [locne
OKOHYaHUs JIbTOTHOT'O MEPHO/ia MOTAIIEHUE 3aJ0JPKEHHOCTH MMPOUCXOINUT B TEUYEHHE & JIET
PaBHBIMU ILJIATEKaAMHU.

IMporeHT 3a KpeauT B 000ux Bapuantax [ = 10%.

[Ipumem craBky cpaBHeHMs ¢ = 15%. DOt1o cTaBKa, MO KOTOPOM MPOU3BOAUTCS

JUCKOHTHUPOBAaHUE BCEX ILIATEKEH, IPEAYCMOTPEHHBIX KOHTPAKTOM.
3anuiieM ypaBHEHHUE JUIsi COBPEMEHHON BEIMYMHBI IUIATEKEW MO MEepBOMY KOHTpakTy. B Hem

IPEeIyCMOTPEHO [Ba aBaHCOBBIX miarexka () u (O, , mpudeM BTOPOIl IUIATEX BBIIIAYHBACTCS B
MoMeHT Bpemenn ! = 0,5 roma oT Hayana aeicTBUs KoHTpakta. ClienoBaTelbHO, €ro
HEOBXOMMO IHCKOHTHPOBATb, YMHOXKNUB Ha MHOKuTens V', rne v =1/(1+¢) - muoxurens
JMCKOHTUPOBaHWsA 1O cTaBke . llpolecc morameHus OCTarka 3aJ0/DKEHHOCTH

Dy =P—(Q;+0,) (3necs P — cronmocts 3aka3a) HA4MHACTCSI ¢ MOMEHTA BBIILIATHI BTOPOTO

aBaHCOBOTI'O IIJIATCXKa. yLII/ITBIBaH, YTO INIATCXKU MMOCTYIAIT OAWH pa3 B I'OJ B KOHIIC roaa, IIOTOK
MOTaIlaoNIUX JOJI IIaTeXKel MOXKHO paccMaTpuBaTh KaK MOCTOAHHYIO I'OJOBYHO OTJIOKCHHYIO

Ha [ JieT peHTy ¢ mapamerpamu Rj,71;, COBpeMeHHasi BeIMYMHA KOTOPOH OMpPEAesIseTcs C

UCIIOJIb30BAHUEM CTABKM, PABHOM CTaBKE CPAaBHEHHUS (. 31€Ch M| — IEPUO BPEMEHH, B TCUEHUE
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KOTOPOr'0 IIOrallaeTcs OCHOBHOM JONT I mepBoro Bapuanta (71)=5) Heobxoaumo ompenenuTs

IIPUBEICHHYIO BCIMYMHY JTOM PEHTbl HAa HAadaJlbHBIM MOMEHT BpemeHH. CoBpeMeHHas

BEJIMYMHA PEHTHl Ha MOMEHT BBHIIIATHl BTOPOrO aBAHCOBOTO IUIaTeXa paBHa R;a,, g» & Ha
1°

. t
HayaldbHBIH MOMEHT BpeMeHHn Rja, gV - PasMep OTIEIBHOrO  MOramaiomero  aTexka
12
paccantbiBaercst o dopmyre Ry =D;/a, ;. Obparum BHuMaHue, 4To mpu pacdere R,
19

HCIIOJIB3YETCSI CTABKA 110 KPEIUTY 1 .
Takum o00pa3oMm, MaTeMaTH4ecKd MPOLECC TMOTAlIeHUsl 3aJODKEHHOCTH (COBpeMeHHast
BEJIMYMHA PAacX0JI0B) JJIsl [IEPBOTO BapHaHTa ONKCHIBAETCS] YPABHEHUEM

Al = Ql + szt + Rlanl’qvt .

PaccMoTpuM BTOpOM BapuaHT. B 3TOM BapuaHTE MNPEAYCMOTPEH JIBIOTHBIM IIEPHUOA.
CnenoBarenbHO, B YpPaBHEHUM MAJIsI COBPEMEHHOM BEIMYMHBI IUIATEKEH HEOOXOIUMO Y4ecTh
TIPOIICHTHI, BHIIUTAYMBACMbIE B KOHIIE 3TOro mepuoia. Ilycth L — mpogoIKHTENbHOCT
nerorroro mepuoga, Dy = P— (05 + Qyy, 3nece 03,0, — asancosble miarexu. Torna cymma

NPOLCHTOB B JbroTHOM meprone pasHa D,[(1+i )L —1]. Yrobel mpuBecTH 3TOT IUIATEX K

t+L
HYJICBOMY MOMCHTY, €TI0 H€O6XO,Z[I/IMO YMHOXHWTh Ha MHOXUTCIb AJUCKOHTHPOBAHUA V .

Iloramenne OCHOBHOTO JAoJiIra HAYMHACTCA IIOCJIIC€ OKOHYAaHHA JIbI'OTHOr0 IEpHoaa. ITorok

HOTallAoONMX JOIT IUIaTexel - orinokeHHas Ha f+ L yer penra. CoBpeMeHHas BeIMYMHA

o o t+L
JUCKOHTUPOBAHHBIX HAa HAYaJIbHBIM MOMCHT IOrallaromux ILUIaTCKEHU paBHaA Rzan qV , TJ€
29

R,=D,/ Ay - VYpaBHEHHE Uil ONpPENEIIEHUS COBPEMEHHOM BEJIMYMHBI IUIATEXKEH 10
BTOPOMY BapHaHTy (GOPMHUPYETCS, KaK B IEPBOM BapUaHTE U UMEET BH]
Ay =03+ 0" + Dy [(1+ D) =1V + Rya, v,
371€Ch 1y — NIEPUOJ BPEMEHH, B TCUEHHE KOTOPOT'O TTOraIlaeTcsi OCHOBHOM JIOJT JUIsi BTOPOT'O
Bapuanra (71, =8).
Iposezs Berancerus, nomyaum: A;=$ 6710 000, A,=3$ 6 382 000.

TakuM 06pa3oM, COIVIACHO OIMCAHHOMY METOXY, BTOPOIl BapHaHT OKa3aiCsi BBIFOJHEE,
MOCKOJBKY Ay < A;. P

[TomyunBiecs CyMMBbI YCIIOBHBI M HCIIOJIB3YIOTCSI TOJIBKO JUII YCTAHOBJIEHHUS PEUTHHIA
KOHTPakTOB. MOJKHO IOKa3aTh, YTO €CIM COBPEMEHHAs BEJIMYMHA IUIATEXEH IO OAHOMY U3
CpaBHHMBAEMbBIX KOHTPAKTOB OOJIbIIE, YEM IO JPYTOMY, TO TAaKOE YK€ COOTHOIIEHHE COXPAHSAETCS U
JUTSL IPYTUX 3HAYCHUI CTaBKU CPABHEHUS, B CITydae, €CIIM OHH MPEBHIIIAIOT HAaHOOJBIITYIO U3 CTABOK
CPAaBHMBAEMbIX KOHTPAaKTOB WMJIM €CJIM CTaBKA CPABHEHUS MEHbIIIE HANMEHBIIEH U3 ITUX CTaBOK.

JIpyruMu CIOBaMM, €CIM ISl KaKHX-THOO IBYX KOHTpakToB A, < A;, mpudeM B mepBoM
KOHTPAKTE CTaBKa [0 KPEJUTY 1|, @ BO BTOPOM I, , [| > I, IPU HEKOTOPOI CTAaBKE CPABHEHUS ¢, TO
3TO e COOTHOIIEHHE MeXny A, u A| COXpaHHTCS Ul BCEX APYrMX 3HAYCHWH ¢, TAaKHX, 4TO

q > i) W s BeexX 3HaueHni g < i, .

PaccMOTpHM elie OfIMH THITHYHBINA BapHaHT KOHTpakTa. [IycTh yCIIOBHs KOHTPAKTa CICYIOLHe:
aBaHC B CymMMe ( BBIUIAYUBACTCS OHH Pa3 B HAYaNe CACINKH, IPEIyCMATPHBACTCS Pa30Basi IOCTaBKa
TOBapa CITyCTs] IEPHOJT BPEMEHU ! OT MOMEHTA 3aKJIIOYEHUs] KOHTPAKTa, MPEeTyCMOTPEH JIbIOTHBIN
TIEPUOJ MPOAOKUTEILHOCTBI0 L, KOTOPBIH HAYMHACTCS ¢ MOMEHTA TTOCTABKH TOBAPA, POLICHTEI
B JIbI'OTHOM IICPUOAC BBIIIAYUBAOTCA IICPUOJUYCCKU OJUH Pa3 B KOHLEC I'ofd, IMOramcHue A0Jjra
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OCYILECTBIIIETCS PABHBIMU BBILIATAMHU, IIPUYEM IIPOLIECC IIOTAIIEHHUS HAYMHAECTCA C MOMEHTa
OKOHYAHWs JIbTOTHOTO MIEPUO/Ia, OOIIHiA CpOK KOHTpakTa f + L+ n rner.

VYuuteiBas BCE 3TU YCJIOBMs, 3alMIIEM YPaBHEHUE, OIPEHCIIOIIEE COBPEMEHHYIO BEIMYMHY
TUIaTEXEN M0 KOHTPAKTY:

A:Q+(P—Q)(a"—’qvt+L+i-aL’qv’)
an,i

B JAHHOM ypaBHeHI/II/I CYMMa CIKECTOAHBIX HpOI_[eHTHBIX HJIaTe)KeI\/'I B JIBTOTHOM nepno;ne

pasaa(P — Q)i. TlockonbKy HpOLEHTHI BHILIAYMBAIOTCS MEPHOAMYECKH HA4YMHAs C MOMEHTa

MOCTaBKM TOBapa, MOTOK 3ITHX IUIATEKEH MOKHO paccMaTpuBaTh Kak OTJIOKEHHYIO Ha [ JieT

rogoByto penry c mapamerpamu (P —Q)i,L,q. Pasmep noramarommx IUatexedl paseH

(P—Q)/a, ;. ook >Tux miatexei - oTI0XKeHHas Ha f + L e rooBast peHra.

MeTon cpaBHEHHUs] Ha OCHOBE ONMpPENCICHUS MPEACIbHBIX 3HAYCHUU
nmapaMeTpoB KOHTPAKTOB

3agaga CpaBHEHUS KOHTPAKTOB MOXET OBITh pelieHa MyTEM OIpPEACTCHUs TMPeaeIbHOTO
(KpUTUYECKOr0) 3HAYEHUS LEHbl WIM TPOLEHTHOW CTaBKM OJHOTO M3 JIByX CPAaBHUBAEMBIX
KOHTPaKTOB.

[IpenensHBIM 3HAYEHHEM TNapaMeTpa Ha3bIBAETCS €r0 BEJITMYMHA, NIPU KOTOPON CpaBHHUBAEMbIN
KOHTPAKT OKa3bIBaeTCA B (PMHAHCOBOM OTHOIIECHUM SKBUBAJICHTHBIM JIPYroMy, KOTOPBIN BBIOpaH B
KayecTBe 0a30BOT0 MMPHU COXPAHEHUU JPYIUX YCIOBUH.

Takoli TOAXOA K aHAIW3Y KOHTPAKTa TMOKYIMATeNb MOXET MPUMEHUTh IPH ONpeAeTIeHUN
JOMYCTUMBIX 3HAYEHUM LEHbl WM TPOLEHTHOW CTaBKH, KOTJa €CTb BO3MOXKHOCTb BECTH
NIePEroBOpPbI 00 M3MEHEHNH YCIIOBHI OIHOTO M3 CPaBHUBAEMBIX KOHTPAKTOB. [Ipennonoxum, 4ro B
KOHTpaKTax MpeayCcMaTpUBAIOTCS pa3oBble pacdy€Thl 3a TOBap B KOHIIE CpOKa cCHENKU 0Oe3

aBAaHCOBBIX ILIaTeXell, IIycTh MmapameTpsl MepBOro KOHTpakta: [} — meHa, [j — HPOLEHTHas

CTaBKa, 7y — cpok omiaThl. COOTBETCTBYIOIME IApPaMETPhl BTOPOro KOHTpakta — [,i5,1,.
PaccmotpumM aBe 3agaum.

1. HaiiTi npenenbHOe 3Ha4eHHME CTaBKU I, (3HaueHust P, 1, (DUKCHPOBAHBI), IPH KOTOPOM
BTOPOI BapuaHT Oy/IeT SKBUBAJICHTEH MIEPBOMY.

2. Onpenemutb ueHy P (1,1, (UKCHPOBaHbI), PU KOTOPOil BTOPOH BapHAHT SKBUBAICHTEH
IIEPBOMY,

W3 ycnoBus paBeHCTBA COBPEMEHHBIX BEIWYMH DPACXOAOB IO JBYM BapHaHTaM KOHTPAaKTa
MO>KHO 3aIlMCaTh:

n n,

1+ _p 1+1i,

P
! I+¢ 2 I+¢g

E
Pernas nepByro 3aiady, U3 5TOr0 ypaBHEHHs HAXOAUM IPEICIbHOE 3HAYECHUE CTABKU 1
1/n,

—-1.

n

S Pl 1+ il
L=(0+q)|—| —
TIpaBuJjI0 BHIGOPA C TOUKHU 3PEHMS [TOKYIIATENIS: YCIIOBHS BTOPOTO BapHaHTa OyIyT XyKe

yCJIOBI/Iﬁ IIEPBOTO, €CIIM CTABKU 12 > l2; 6y/:[yT PaBHOLICHHBI, CCITN 12 = l2; 6y/:[yr JIy4diie, €Ciu

. Sk
lz < 12.
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k
Pemrast BTOpyto 3amaqy, HaX0aUM NpeAebHOE 3HAUCHUE [IEHBI P2 :
+i )
I+ 1'2)712 (I+ q)n1 —h

P =R

ES
IIpaBuiio BBIGOPa; BTOPOE COIVIALICHHE SKBUBAICHTHO IepBoMy, ecinu P = P, , Berommee
ES
s nokymaresst, ecm Py < P .
K * .
OueBunHO, 4TO I, U P, CyIIeCTBEHHO 3aBUCAT OT CPOKOB KPEIUTOBAHMS U IPHHATON

CTaBKH CPaBHEHUA (] .

Sk *
Eci cpoxu oqMHaKOBEL (1) =1y =N ),T0 1) H P2 HE 3aBUCAT OT CTaBKH ¢ . Torna
1/n

i =(+i) Fl ~-1,P =P, 1+i1
2 2

MBpI paccMOTpenu city4aid, Korja noraiieHiue Kpeaura Ipou3BOIMTCS pa30BbIM IUIATEXKOM B KOHIIE
cpoka. [Ipenmnonoxkum Tenepp, YTO KPeIUT MOraIiaeTcsi paBHbIMU MEPUOANUYECKUMU BhITIIIATaMHU.
Torpaa npenenbHbIe TPOLEHTHBIE CTABKH 110 KPEIUTY OIMPENEIISIOTCS U3 YCIIOBUS paBEHCTBA
COBPEMEHHBIX BEJIMYMH MOTOKOB IUIATEXKEHN, MPElyCMaTPUBAEMbIX KOHTPAKTAMMU:

a, a
w4 _ p Yng
A——=P——

. a.
n,, n,,i,

[IpeoOpazyst 3TO ypaBHEHHUE, TTOTYIUM
1=(+i)™  Pa, .

nz,l.; K n]vil :
%) Pl Ay q

Sk
CraBky 1, onpeznenuM, pemasi JaHHOE ypaBHEHHe yncieHHo. [IpenensHoe 3HaYeHne LeHb
OIIpeIeIISIETCSl COOTHOIIEHHEM

* ay i dn
P2 :P1 2-h 1»q.

i, a"z »q
5.6.5. ILnannpoBaHue noramieHusi 10JroCPOYHOI 310/ LKeHHOCTH

Pacxoasl mo 06cnyXuBaHUIO 10JITA
OmnpeneneHne NepuoINYECKUX PacX00B, CBA3aHHBIX C 3alIMOM, Ha3bIBAIOT
oOcmyxuBaHUEM J0Jra. Pa3oByro cymMmMy 1o 00CTyKMBAHHIO JI0JITa HA3bIBAIOT CPOYHOI YILIATOIA.
CpouHbI€e ymiaThl BKIIOYAKOT:

- TEKyIIUE NPOLEHTHBIC TIATEKY;

- CpEICTBa, IpeAHAa3HAUYEHHBIE JUIs MorameHus (aMopTU3ali) OCHOBHOT'O JI0JITa.

Takum 06pa3om, cpounas yruiata pasia ¥ = R+ I, tae R - ronossie pacxosisl 110
TIOralIEHUIO OCHOBHOM CyMMBI 10Jra, [ - IIPOLIEHTSI 110 3aiimy.

OOBIYHO TMPOLIEHTHI BBIILUIAUYMBAIOTCS HA MPOTSHKEHUH BCETO CPOKa 3aiiMa MEepPHOANYECKH.
WNHorna oHM HaYMCIAIOTCS U IPUCOEAUHSIOTCS K OCHOBHOM cymMMe oara. OCHOBHasi CyMMa yarie
BCETO IOrallacTCs YacTsIMHU, IPUYEM pa3Mephl IUIATEKEN 10 MOTAICHUIO (CpOYHasl yIjiaTta) MOTyT
OBbITh OTMHAKOBBI WJIK MOTYT U3MEHSTHCSL.
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B nprorHom nepuojie OCHOBHasi CyMMa JI0JIra He TIOTalaeTcs, MPOLEHThI MOTYT BBITUIAYMBATHCS
MEPUOIMIECKUMU TUIaTeKaMU WM B KOHIIE IIEpPUOJa OJHUM IUIATE)KOM, WM BOOOIIE HE
BBITUIAYUBATHCS, @ IPUCOSAUHITHCS K OCHOBHOM CyMME JI0JITA.

Mertozp! pacuéra CyIecTBEHHO 3aBUCST OT BHJa 3aiiMa. OCHOBHOM MPU3HAK KIaCCU(UKALIUH

3aiiMOB - METO/I ITOraleHus 3aiiMa. Pa3nnyaroT cieayronme BUIbl 3aiiMOB:

1. 3aiimbl 63 0053aTENLHOTO MOTANICHUS («BEYHBIE OOJTUTAIIUN») - 3aEMIIUK 00s3yeTCs
BBIIIAYMBATh KPEAUTOPY B ONPEAEIEHHBIE CPOKH I0XO]] B BHI€ (PUKCUPOBAHHOI'O MPOLIEHTA,
3aHsATasi CyMMa He BO3BpaIaeTcs. 3aéMILUK OCTaBIISET 32 COOOM MPaBO BBIKYIHUTH MU TOTaCHTh
BCE BBIIYIIIEHHBIE JI0JTOBBIE 0053aTENILCTBA B JIFO00E BPEMSI.

2. 3aiimMbl ¢ 00s13aTEIILHBIM MOTAIIEHUEM B OJIMH CPOK. 3aéMIIMK BO3BpAIIAET 3aHATYIO CYMMY
B OTOBOPEHHBIN CPOK M BBIIIAYMBACT IIPOLICHTHI IEPUOANYECKU WM B KOHIIE CPOKA.

3. 3aiimbl ¢ 00s13aTENbHBIM TOTAIIEHUEM B HECKOJIBKO CPOKOB. 3aéMIIMK BO3BPAIIIACT 3aHATYIO
CYMMY I10 YacTsIM U PETyJIIPHO BBIIUIAYMBAET JOXOJ OT 3aliMa B BUJIE IPOLICHTOB.

IlorameHnue OCHOBHOIO 0JITA B PACCPOYKY PABHBIMH NJaTeXKaMH

OnuH U3 Coco0O0B MOralIeHus 10JIra B PACCPOUKY - HOTAICHHE PABHBIMU CyMMaMH.

IMycte 3aém [ mnoramaercs B TeueHWe 7 JeT paBHBIMM IUIaTexaMu. Torga cymma,
eKEroJHo HAylas Ha mnoramenue aonra, pasHa d, tme d = D/n. Tlomumo mnorameHus
OCHOBHOTO JIOJITa JIOJKHHUK BBIIJIAYUBAET IIPOLEHTHI HA ocmamok foira. bynem npeanonarars,
YTO TIPOIEHTHI BBHIILIAYMBAIOTCS OJMH pa3 B KOHIIE roja mo crake g . Torma mepsas yruiarta

IPOIIEHTOB B KOHIIE MepBoro roja pasua I)g. B KoHIile BTOpOro roma cymma MpOIEHTOB
pasua (D —D/n)g. B kouue tperbero roga — (D —2(D/n))g u tax nanee.

[TnaTexxu 1Mo CpovHBIM yruiaTaM (GOPMHUPYIOTCS CIASAYIOIUM 00pa3oM:
Hepsas ymara: ¥ =D(1/n+g).
Bropast ymnata: Y, =D/n+(D—-D/n)g.
Tpersst ymmara: Y3 =D /n+(D—-2(D/n))g.
CpouHas yriata Ha IPOU3BOJIbHBI MOMEHT BPEMEHHU [ .

Y,=D,g+d,

riue Dt — OCTaTOK JI0JIra Ha Hadano roga ¢ (¢ =1,2,...,n ), onpenenseMplii CIemayroImm

PEKYPPEHTHBIM COOTHOLIEHUEM:

Dt+1=Dt—D/l’l, D1=D

ITorameHue A0JIra B pacCpoudKky paBHbIMM CPOYHBIMHU yIJIaTaAMM

Ha mnpoTspkeHHMn Bcero cpoka MOramleHusi pPEeryjsipHO BBIIUIAYMBAETCS IOCTOSHHAS
CpOoYHas ymuiaTra, 4acTb €€ MAET B MOralleHHE A0Jra, a 4acTh - B IOTAlllEHUE NPOLICHTOB 3a
3aéM. Benmunna nmonra yObIBaeT mocie Kaxaoil BhIIaThl. OJHAKO B CBS3M C YMEHBIICHHEM
BBIIUIAT IO IPOLEHTAM C TEUYEHUEM BPEMEHM YBEIMYMBAIOTCS CyMMBI, MIYIIHME HA IOTALICHUE
OCHOBHOTO J1onra. Takol crocod Ha3bIBalOT MPOrPecCHBHBIM NoramenueM. CpouHas yraTa

Y =D,g+d, =const.

[TepruoaNYECcKH BHIIIAYMBAEMBIE CYMMBI ¥ MOYHO pacCMaTpHBaTh KaK MOCTOSHHYO
TOZIOBYIO PEHTY, WIEH KOTOpoi onpeaessieTcs o ¢popmyie:

y=21

an, g
OnpenenyM CTPYKTYpY CPOUYHOM YIUIAThI, TO €CTh Ty €€ 4acTh, KOTOpas MAET Ha IoraiieHue
OCHOBHOT'O JIOJITa, ¥ YaCTh, KOTOPAsi UJIET Ha MOTallIeHUE MPOLIEHTOB.



102

Pasmep nepsoro noracurensHoro mwiarexa d; =Y — D g .

Takkax Dy =Ya, g+ TO

1
d, =Y(1—g-an’g)=Yv”,rnev=E

Janee

dy=Y—-D,g=Y —(D;—d;)g (3recp yureHo, uro D, = D; —d;) nmu
dy=d\g+Y-Dig=dig+Y(l-a,,8)=""g+1N" =y
=d;(1+g).
Jliist 1aTeska B MOMEHT BpEMEHH [ UMeeM
d, =" ymd =d;1+g)"

Takum 06pa3oM, MOKHO BBIITUCATH CIICAYIOITYIO CUCTEMY COOTHOIICHHIA.
Pa3mMep noracutensHOro miarexa B roay f :

d,=Y-D,g=d,_(+g), t=1,2,..,n;
dy=Y-Dig=w"=Dp"/a, ,=Dy/s,,.
OcraTok jonra Ha Havano rona ¢+ 1:
Dy =D,~d, =D,(1+¢g)-Y.

CyMMa NOTaIeHHOro ora Ha Hadano roga £+ 1:

11

— k _
W= di(+8)" =dis,

k=0

Tae S o - K0OO(QGUUMCHT HapalleHHs TOI0BOH PEHTBI, CPOK KOTOPOH paBeH ! JeT.

Ecnu noracutensHble TUIATEKU U TMPOLCHTHI BBIIUIAYMBAIOTCS P pa3 B rof, TO JaHHAS 3ajada
pelaeTcst aHaJIOTM4HO, TOJIBKO IPUMEHSIOTCS] COOTBETCTBYIOLIHE (OPMYJIBI VISl ) —CPOUHBIX PEHT.

Bonpocs! Aj1s1 caMmonipoBepKu

YTo NOHMMAIOT MO MPOLEHTaMH B (PHAHCOBBIX OTeparusix?

UYro Takoe npoueHTHas ctaBka? YTo Ha3bIBalOT HOPMUPOBAHHOM IIPOLIEHTHON CTaBKOM?
Urto Takoe ydetHas ctaBka? JlailTe SKOHOMHUYECKYIO HHTEPIPETALIHIO.

UYro Takoe HapaiieHue?

3anummTe GopMyITy HapalleHHs 0 MPOCTHIM MPOIIEHTaM C IIOCTOSTHHOM CTaBKOM.
3anumure GopMyIly HapaleHHs MO MPOCTHIM MPOLIEHTaM C IIEPEMEHHOM CTaBKOM.
3anummuTe GopMyITy HapalleHHs IS CJIOKHBIX MPOIIEHTOB C MOCTOSIHHON CTaBKOM.
3anummre GopMyIly HapaleHHs IS CIIOKHBIX MPOLIEHTOB C IEPEMEHHON CTaBKOM.
Urto Takoe HOMUHAJIbHAS CTaBKa U 3P GeKTUBHAS MpoleHTHas cTaBka? CBs3b

WO R WD —

3¢ PEeKTUBHON U HOMUHAJIBLHOUN CTaBKH.

10. Yro Takoe auckonTHpoBaHue? 3anumure GopMyTy TUCKOHTUPOBAHHUS 110 TPOCTHIM
IIPOLIEHTaM

11. Yro Takoe COBpeMEHHAs BETMYMHA CYMMBI S ? DKOHOMUYECKHI CMBICI 9TOTO OHSTHSL.

12. 3amummre GopmyIty a1si COBpEMEHHOM BETMUYMHBI TIPH HAYUCIICHUH MIPOLIEHTOB OMH pa3 B
rOZl ¥ IIPU HAYMCIIEHNH MIPOLIEHTOB 11 pa3 B oA

13. Kak ocymecTBiseTcs: yueT HHQIIAUY IPH HApalleHU! POLEHTOB?



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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YTo 3HAYUT SKBUBAIICHTHOCTH IMPOCTBIX U CIOKHBIX CTaBOK?

Kak nmpou3BoauTCs TUCKOHTUPOBAHKUE TIO IPOCTOM YUYETHOM CTaBKe?

Kax npounsBoauTcst TMCKOHTUPOBAHKE 110 IEPEMEHHON TPOCTOM YyUETHOU CTaBKe?
Kak npou3BoauTCs TUCKOHTUPOBAHUE IO IEPEMEHHOM CIIOKHOM YyYETHOM cTaBKe?
3anummre GopMyIly HapaleHHs Mo MPOCTON YYETHOM CTaBKe

3anummuTe GopMyITy HapalleHHs 10 CJI0KHOW YUeTHOW CTaBKe

3anummre GopMyIly HapaleHHs 10 HOMUHAIBHOM y4eTHON CTaBKe

3anummTe GopMyITy HapalleHHs 10 MePEMEHHON TPOCTOM yUETHOM CTaBKe
3anumure GopMyIly HapaleHHs Mo MePeMEHHON CII0KHON YYETHOM CTaBKe

Yro Takoe puraHcoBas penta? Kakumu mapamMeTpaMy OHa ONHUCHIBACTCS ?
[epeuncaure BUABI PUHAHCOBBIX PEHT.

[aiite onpenenenre HapalleHHONW CYMMbI U COBPEMEHHOM BEJIMYMHBI MOTOKA TIIATEKEN.
3anumure GopMyIly U HapalleHHOM CyMMBI ITOTOKA TIATeKeH roI0BOM pEHTHI.
MOCTHYMEPAHI0 MPHU HAYUCICHUHU IPOLIEHTOB 10 POCTOM CTaBKeE.

3anumut GopMyIy JUIsl HApALIEHHON CyMMBI TOTOKA TUIATeKEeH roI0BOM PEHTHI.
MPEHYMEPAH/I0 IIPU HAYUCIIEHUU IPOLIEHTOB 10 POCTOM CTaBKe

3anumut GopMyITy ISl HApaIIeHHON CyMMBI TOTOKA TUIaTEXEN T010BON PEHTHI
MIOCTHYMEPAHI0 MPU HAYMCICHUHU IPOLIEHTOB I10 CIOXKHOM CTaBKeE.

3anumut GopMyIty JUIsl HApaLIeHHON CyMMBI TOTOKA TUIATEXEN T010BON PEHTHI
MPEHYMEPAH/I0 IIPU HAYNCIIEHUH MIPOLIEHTOB I10 CIOXKHOM CTaBKe.

3anummre GopMyIly U HapalleHHOM CyMMBbI TOTOKA TUIATeKeH PU HAYMCICHUN
IIPOLIEHTOB M1 pa3 B IO ISl PEHTHI IOCTHYMEPAHIO

3anummTe GopMyITy ISl HApalleHHON CyMMBI TTOTOKA TJIATSXKEH MpY HAYUCIICHUT
MIPOLIEHTOB M1 pa3 B TOJ IJIsl PEHThI IPEHYMEPAH]I0

3anumure GopMyIly Ul HapalleHHOM CyMMBI P - CPOYHOM PEHTHI IOCTHYMEPAHI0

3anumure GopMyIly U HapalleHHOM CyMMBI P - CPOYHOM PEHTHI IPEHYMEPaHI0
3anummre GopMyIly Ui HapalleHHOW CyMMBI P - CPOYHOM PEHTHI IIOCTHYMEPAHIO MPH

HAYMCJICHUH MPOLIEHTOB /1 pa3 B rojl

3anumure GopMyIly Ul HapalleHHON CyMMBbI P - CPOYHOM PEHTHI IPEHYMEPaHI0 MpU
HAQYMCJICHUH ITPOLICHTOB m pa3 B1roag

3anummTe GopMyITy JJIsi COBPEMEHHOW BEJTMYMHBI MIOTOKA TIJIATEKEH TOAOBOU PEHTHI
MOCTHYMEPAHI0 MO CJI0KHOU CTaBKe.

3anummTe (GopMyIy T COBPEMEHHON BETMYMHBI TOTOKA TIIATEXKEH TOA0BON PEHTHI
MPEHYMEPAHJIO IO CJI0KHOU CTaBKe.

3anummuTe GOopMyITy IJIsi COBPEMEHHOW BEJIMYMHBI MIOTOKA TIJIATEKEH TOAOBOU PEHTHI
MOCTHYMEPAHJI0 MO MPOCTON CTaBKeE.

3anummuTe GopMyITy JJIsi COBPEMEHHOW BEJTMYMHBI MIOTOKA TJIATEKEH TOAOBOU PEHTHI
MPEHYMEPaH]I0 MO MPOCTON CTaBKeE.

3anuiute GopMyiy Ui COBPEMEHHON BEIMYMHBI TOTOKA MJIaTeKel IPYU HAUUCICHUN
MPOLIEHTOB /71 pa3 B IO ISl PEHTHI TOCTHYMEPAHIO

3anuiute GopmMyiy Ui COBPEMEHHON BEIMYMHBI TOTOKA MJIaTeKel IPpU HaUUCICHUN
MPOLIEHTOB M1 pa3 B IO JIJIsl PEHTHI IPEHYMEPAHIO

3anumure Gopmyily Uil COBpPEMEHHOMN BETMUUHBIL P - CPOUHOM PEHTHI TOCTHYMEPAHIO0

3anummre GopMyIly Ui COBPEMEHHOM BETUUYMUHBI P - CPOUHOM PEHTHI IPEHYMEPaH]I0
3anumure GopMyIly Ui COBPEMEHHOH BETMUUHBI P - CPOUYHOM PEHTHI IPU HAYUCIICHUU
IMPOLICHTOB m pa3 B 1o NOCTHYMCPAHI0

3anummre GopMyiTy Ui COBPEMEHHON BEJIMUUHBI P - CPOYHOW PEHTHI MPU HAYMCICHUHU
IIPOLIEHTOB M1 pa3 B Iofl IPEHYMEPaH10

Onpenenure 3aBUCUMOCTb MEXAY COBPEMEHHOW U HAPAIIEHHON BETMYMHAMHU PEHTHI
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UYro takoe punancoBas onepauus? Kakue BUIbI JOXOIHOCTEH (PMHAHCOBOW ONEpaLuu
CYILECTBYIOT Y KaK OHU ONPENEISAIOTCS?

Kak onpenensiercs Temn uHGALMN 1 uHAEKC 1IeH? Kak BIUSAIOT HA 10XOIHOCTh
orepaiuy HajJoru U uHQsauus?

Kaxk onpenensiercs 10XOAHOCTh MOTOKA MJIATEXKEN ?

Kaxk onpenensiercss MTHOBEHHas! JOXOJIHOCTh?

Kakas xapakTeprcTuka UCIIOJIb3YeTCs ISl OLIEHKH TOXOAHOCTH (PMHAHCOBO - KPEAUTHOM
onepanuu?

UYro Takoe OasiaHC KPEAUTHOM onepanun? 3anuiinTe ypaBHEHHs OanaHca.

Kak onpenenuts nNoiHyo JOXOIHOCTh (PUHAHCOBO KPEAUTHOM orepanuu 0e3 yaep:kaHus
KOMHMCCHOHHBIX ?

Kaxk onpenennTs NoJIHYI0 JOXOAHOCTh CCYAHOM ONepanuu ¢ yaepKaHus
KOMHCCHOHHBIX ?

Kaxk onpenenuTh NOJHYIO0 T0XOAHOCTh CCYIHOM ONEpaIuu ¢ IEPUOIUYECKON BBITLIATON
MPOLICHTOB?

Kak onpenennTs NOJHYI0 JOXOAHOCTh CCYAHOU ONepanuu ¢ NEPUOINIECKUMHU
Pacxomamu?

Kak onpenenuTs NOJIHYIO JOXOAHOCTh CCYAHOM ONEepanuu ¢ HEPETYISPHBIM TOTOKOM
nIaTexe?

B ueM coCcTOUT CyTh METO/Ia CPAaBHEHHUSI Pa3IMYHBIX KOHTPAKTOB HA OCHOBE
KanATaJIN3auu IIaTeXen?

B ueM cocTOUT CyTh METO/Ia CPAaBHEHHUSI PA3JIMUHBIX KOHTPAKTOB HA OCHOBE ONPEAECICHUS
npeeNbHbIX 3HAYCHUN TapaMeTpOB KOHTPAKTOB?

HazoBuTe OCHOBHBIE 11€JIM aHAIM3a AOJATOCPOYHOM 3a107>KEHHOCTH

Kak xnaccuduuupyrorcs 3aiiMbl 10 crtoco0y UX MOTarieHus ?

Kak noramaercs 104r B pacCpo4Ky paBHBIMH IIATEXKAMU?

Kak noramraercst 1oar B pacCpouky paBHbIMU yILIaTaMu?
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Tema 6. MaTeMaTH4ecKOe 1 KOMIIbIOTEPHOE
MOJCJIUPOBAHUE

6.1. Knaccupuxkanus BUA0B MOAETHPOBAHUS

B Hacrosiiee BpeMst Hellb3sl Ha3BaTh 00J1aCTh YEIOBEYECKOU JAEITeTbHOCTH, B KOTOPO B TOMH
WJIM WHOU CTENEHU HE MCIIOJIh30BAIMCH ObI METOABI MoeaupoBaHus. OCOOEHHO 3TO OTHOCHUTCS
K cdepe yrnpaBiIeHHs Pa3TMYHBIMA CUCTEMAMHU, TJI€ OCHOBHBIMU SIBIISIFOTCS TIPOIECCHI TPUHSATHUS
pelieHui Ha OCHOBE MOJydyaeMoi nH(OpMaInH.

Kak wm3BecTHO, MaremMarudeckass MOJETh HEKOTOPOro SIBICHHMS WJIHM IPOIecca MOXKET OBbITh
npezcTaBieHa (PyHKIMOHATBHON 3aBUCHMOCTBIO MEX/Ty COBOKYITHOCTBIO BXOJIHBIX (HE3aBHCHUMBIX )

nmepemeHHblX  X; (i =1,...,) ® OmHON MM HECKOIBKMMH BBIXOAHBIMU (3aBHCHMBIMHK)

NCPEMCHHBIMA Y .

y=f(x],....x,). 6.1)

PaznuuaroT crienyromniye Buabl MoaeIpoBanus (cM. puc. 6.1)

Mopemepos azme

Frrrecioe Mamrmarie oo

A AT E e Eoromesameproe

| TETEHCTHRE T

Ut e B

e e

Hrerrat o emce

Qu3zuueckoe — UCTIOJIB3YETCS caMa CUCTEMa, JTN00 To100Hast el (JieTaTenbHbIHN anmnapar B
a’POIMHAMUYECKON TpyOe).

Mamemamuueckoe — IpoOLECC YCTAHOBJICHUSI COOTBETCTBUS pEAJIbHOU cucmeme
S MaremaTuyecKor MoAENU M U ucCIeI0BaHUE 3TOM MOJIEIIH, MO3BOJISIOIIEE TTOIYYUTh
XapaKTEPUCTUKHU PEATIbHON CUCTEMBI.

Ananumuyeckoe — pouecchl QYHKIIMOHUPOBAHUS IJIEMEHTOB 3aMHCHIBAIOTCS B BUJE SIBHBIX
MaTeMaTHYECKUX COOTHOWICHWH (anreOpanyecKux, WHTETPaJIbHBIX, IU(epeHIIHaTbHbBIX,
JOTHYECKMX M T.JA.). AHaJIUTHUYECKas MOJeNb MOXKET OBbITh HCClIeI0oBaHa METOJIaMu:
a) aHanumuveckum (yCTaHABIMBAIOTCSL SIBHBIE 3aBHCHUMOCTH, IIOJY4YalOTCs, B OCHOBHOM,
AHAJTUTUYECKUE  pelIeHHs);  0) uuciennvim (OTYYarOTCS  TPUOJMIKEHHBIE  PELICHUs);
B) KauecmeeHHbiM (B IBHOM BHJIE MOXHO HAalTH HEKOTOPBIE CBOWCTBA pemieHus). [lonyduTs 31
3aBUCUMOCTH YAAETCS TOJBKO JUJIi CPABHUTEIBHO MPOCTHIX PEATbHBIX MPOLIECCOB U CHCTEM
(PTIC). B pe3ynbTaTe aHamuTUYECKasi MOJIEh CTAHOBUTCS CIIUIIKOM T'PYOBIM MPUOIMKEHHEM K
JIEUCTBUTEIIBHOCTH.
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Komnvromepnoe — Marematndeckoe MOCIHPOBaHHE (DOPMYIHUpPYETCS B BUIE AITOPUTMa
(mporpammsbl 11t DBM), 4T0 MO3BOJISIET TPOBOAUTH HAJl HEW BBIUUCIUTEIIbHBIE SKCIIEPUMEHTHI.

Yucnennoe — HCIIOJIB3YIOTCA METOAbL BBIUMCIIMTEILHON MaTeMaTHKH (OTJ'II/I‘IaeTCH oT
YUCJICHHOTO aHAJIUTUYCCKOI'O TEM, YTO BO3MOKHO 3aJaHUC PA3JIMIHBIX ITapaMCTPOB MOI[G.HI/I).

Cmamucmuyeckoe — 00pabOTKa JAHHBIX O CUCTEME (MOJIENN) C LIEIbI0 MOTYUEHHS
CTATUCTHUYECKUX XAPAKTEPUCTUK CUCTEMBI.

Hmumayuonnoe — BocupousBeaenne Ha OBM (umutanus) npouecca (yHKIMOHHPOBAHUS
UCCIIElyeMON  CHCTEMBI, COOJOJasl JIOTHYECKYI0 M BPEMEHHYIO II0CJIEJOBaTEIbHOCTh
IIPOTEKaHUs IIPOLIECCOB, YTO ITO3BOJISET y3HATh JAHHBIE O COCTOSHUU CUCTEMBI WA OTAEIBHBIX
€€ DJIEMEHTOB B ONPECIICHHBIE MOMEHTBI BPEMEHH.

NMuTalMOHHOE  MOJEIMPOBAHWE - OTO  COBOKYIMHOCTh  METOJOB  QJITOPUTMH3AINU
(GYHKIIMOHUPOBAHMSI OOBEKTOB HCCIEAOBAHUN, MPOTPAMMHON peann3aliil aJITOPUTMUIECKIX
ONMCAHWM, OpraHu3aluy, TIUIAHUPOBAHUS U  BBIMOJMHEHUS Ha OBM  BBIYMCIMTEIBHBIX
OKCIIEPUMEHTOB C MATEMATHYECKUMU MOJACISAMHU, HUMUTHUPYIOMIUMH (QYHKIIMOHUPOBAHUE
peaTbHBIX MPOIECCOB M CHCTEM B TCUCHUH 33JaHHOTO TEPUO/Ia.

[Ton anroputmuzanueil (QyHKIMOHUPOBAHUS pEATbHBIX IPOLECCOB U CHUCTEM IOHMMAETCS
MOOTEPANIMOHHOE OMUCAaHKe PaOOThI BCeX €€ (yHKIIMOHATBHBIX TOJICUCTEM OTACIbHBIX MOAYJIEH
C YPOBHEM JE€TalM3allluH, COOTBETCTBYIOIIEM KOMIUIEKCY TpeOOBaHHM K MOJIEIH.

OaHuM H3 BUAOB MMHUTAIIMOHHOTO MOJEIUPOBAHMS SIBISIETCS CTaTUCTHMYECKOE MMHTALMOHHOE
MOJICIMPOBAaHKUE, MO3BOJSAIONIEE BOCIPOM3BOAUTE Ha OBM (QYyHKIHMOHHPOBAHUE CIIOXKHBIX
CIIy4allHBIX MPOLIECCOB.

[Ipy wuccnemoBaHUM  CIOKHBIX  CHCTEM, TIOJABEPKCHHBIX  CIIy4alHBIM  BO3MYIICHHSIM
UCIIOJIB3YIOTCS. BEPOSITHOCTHBIE AHAJIUTHYECKHUE MOJEIH W BEPOSITHOCTHBIE HMHUTAIMOHHBIC
MOJEIH.

B BEpOATHOCTHBIX aHAIUTUYECKUX MOJEISAX BIMSHUE CIy4alHBIX (DAKTOPOB YUUTBIBAETCS C
IIOMOILBIO  3aJlaHUS]  BEPOSATHOCTHBIX XapakKTEPUCTHUK CIIy4alHBIX IPOLECCOB  (3aKOHBI
pacnpesielieHusi BEpOsATHOCTEH, CHEKTPajbHbIE IUIOTHOCTU WM KOPPEJALMOHHBIE (DYHKIMM).
[Ipu sTOM mOCTpOoEHHE BEPOSTHOCTHBIX AHAIUTUYECKUX MoOJeNeil mpeacTaBiser co0oit
CJIOKHYIO BBIYHCIUTEIBHYIO 3a7a4y. [I03TOMy BEpOATHOCTHOE aHATUTHYECKOE MOACIUPOBAHNE
UCIIOJIB3YIOT JJIL U3YYEHHUsI CPABHUTEIIBHO IIPOCTBIX CUCTEM.

B BEpOSATHOCTHOM MMHTALMOHHOM MOJEIMPOBAHUM OIEPUPYIOT HE € XapaKTEPUCTUKAMU
CIIy4aifHBIX TPOIIECCOB, a C KOHKPETHBIMHU CIYyYallHBIMU YUCIIOBBIMHM 3HAUCHUSIMH MapaMeTpOB
[IC. Ilpu sTOM pe3ynbTaThl, MOJYYEHHBIE IPHU BOCHPOU3BENECHUU HAa MMUTALMOHHON MOJENH
paccMaTpuBaeMoro mpolecca, SBISAIOTCA —ClAydailHbIMU — peanuzauusaMu. [lostomy s
HaXOXJCHUA OOBEKTHBHBIX M YCTOMYMBBIX XapaKTEPHCTUK IIporecca TpedyeTcs ero
MHOTOKPAaTHOE BOCTIPOM3BEACHHUE, C TOCIEAYIOMIEH CTaTUCTHYECKOM 00paOOTKOM IMOITydeHHBIX
JAaHHBIX. HNmenno MMO3TOMY HCCICAOBAHUC CIIOKHBIX MNPOHCCCOB U CUCTCM, IMOABCPIKCHHBIX
CIIy4aifHBIM BO3MYIIEHHUSM, C TMOMOMIbI0 UMHUTALIMOHHOTO MOJEIUPOBAHUS MPUHATO HA3bIBATh
CTaTUCTUYCCKUM MOACIINPOBAHUCM.

Craructuueckass MOJAENb CIy4yalHOTO Wpoliecca - 3TO AITOPUTM, C IOMOIIbIO KOTOPOTO
UMUTHPYIOT pabOTy CJOXKHOM CHCTEMbI, TOJBEPKEHHOM CIlydallHbIM BO3MYILIEHUSIM;
MMUTHPYIOT B3aUMOJIEUCTBHUE 3JIEMEHTOB CUCTEMBI, HOCSIIIUX BEPOSITHOCTHBIN XapaKTep.
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IIpu peanuzamuu Ha DOBM CTaTUCTUYECKOTO HWMHUTAIMOHHOTO MOJICTMPOBAHHUS BO3HUKAET
3ajaya nosydyeHuss Ha OBM ciyyallHBIX YHCHOBBIX TOCIIEIOBATEIBHOCTEH C 3aJaHHBIMU
BEPOATHOCTHBIMHU XAPAKTEPUCTUKAMH. YMCIEHHBI METOM, PEIIalouil 3aa4y T€HEpUPOBAHUS
MOCJIEIOBATEIbHOCTH CIy4alHBIX YHUCEN C 3aJaHHBIMU 3aKOHAMH paclpenesieHus, MOJIyquI
Ha3BaHMUE "METOJ CTaTUCTUUECKUX UcTbITaHui" win "Meton Moute-Kapno".

CraTuctudeckoe MOACIIUPOBAHUE - ITO cIoco0 HU3YUCHUA CIOXHBIX IIPOLHECCOB H CHUCTEM,
MMOABCPKCHHBIX CﬂyqaﬁHBIM BO3MYIICHUAM, C IOMOIIbIO UMUTAIIMOHHBIX MoJeIei.

Meton Monte-Kapiio - 3T0 4ucieHHbl MeTol, Mojenupyoomuid Ha OBM nceBnociayuaiinble
YHCJIOBBIE ITOCIEA0BATEIBHOCTH C 33JaHHBIMU BEPOSTHOCTHBIMH XapPAKTCPUCTUKAMHU.

MGTOI[I/IKa CTaTUCTUYCCKOI'0O MOJACINPOBAHNA COCTOUT M3 CICAYIONIUX 3TAIIOB!:

1. MogenupoBanne Ha OBM nceBaociydalHBIX MOCJIEAOBATEIBHOCTE C€  3aJlaHHOMN
KOppesILiMed 1 3aKOHOM paclpezeneHus BeposTHocTel (Mmetoq MonTte-Kapo), umMutupyrommx
Ha OBM ciyualiHble 3Ha4Y€HUS TapaMETPOB MPU KaKJAOM UCIBITAHUH;

2. TlpeoOpa3zoBaHME TOJXYYEHHBIX YHCIOBBIX IIOCJIEJOBATEIBHOCTEH Ha HMMHUTAIIMOHHBIX
MaTEMaTUYECKUX MOJEIISIX.

3. Craructuueckas 00paboOTKa pe3yabTaTOB MOJCIUPOBAHHUS.

B ocHOBE MMUTAIIMOHHOTO MOJIETUPOBAHMSI JIEKUT METOJ MHOTOKPATHOI'O pelieHus 3a1ad "Uro
oyner, ecm?" Mcmonb3ysh TEXHUKY MMUTAIIHOHHOTO MOJICTUPOBAHMS, MBI UMEEM BO3MOYKHOCTh

HETIPEPBIBHO U CIIy4alHBIM 00pa3oM IeHEePUPOBATh 3HAYCHUS KaXKI0H BXOIHOI EPEMEHHOH X; (I
= 1,2,..,k) mojemu W 3aTeM pacCUMTHIBATH 3HAYECHMS BLIXOJHOW IIEPEMEHHON y. 3arem,
UCIIOJIb3Ysl TOJTY4YEHHBbIE 3HAYEHUs IMEPEMEHHOM Y, Mbl MOYKEM OLIEHUBaTh 3akoH ((opmy)

pacnpenesieHuss 1 ero mapaMeTpbl JUId 3TOM CTOXacTUYeCKoW mnepeMeHHoW. Hampumep, m3MeHss
CITy4aliHBIM 00pPa30M BXOHBIEC TTAPAMETPHI, MBI MOXKEM TIOITYYUTh HEKOTOPOE KOJTMYECTBO 3HAUCHHUI
BBIXOJIHOW TIEpEMEHHOM (BBIOOPKY), 3aTeM MOCTPOUTH YAaCTOTHOE PACIpPEEICHUE BCTPEUAOIITIXCS
B BBIOOPKE 3HAUCHUH, ONPE/ICUTH TPENIENbl H3MEHEHHS BEIXOTHOM TIEpeMEHHOM, OIICHUTh CpeHee
3HaUEHHE U TUCIIEPCUIO TIOTYUYEHHOTO paclpeesieHns U, HAaKOHEll, OLEHUTh BEPOATHOCTb TOTO, YTO
dakTUdeckoe 3HAUCHHWE BBIXOJHOW TEPEeMEHHON He OyaeT Oofbiie (MEHBINE), YeM 3aJaHHas
BeJIMUMHA. Bce 3Tu mapameTpsl 1atoT BO3MOXKHOCTh MEHEKEPY TOUHEE OLIEHUTh PUCK, CBSI3aHHBIN €
NPUHUMAEMbIM UM PEIICHHEM.

muTannonHoe (KOMIbIOTEPHOE) MOJAETHPOBAHME SKOHOMUYECKHX TPOLECCOB OOBIYHO MPUMEHSIETCS B JABYX
CIyYasx:

* JUIS YIpaBIEHHUS CIIOKHBIM OM3HEC-TPOLIECCOM», KOTIa IMUTALMOHHAS MOJENb YIPaBIsIeMOro SKOHOMHYECKOTO
00bEKTa MCMOMb3YeTCs B KAayecTBE MHCTPYMEHTATBHOTO CPEICTBA B KOHTYpE AJaNTHBHOM CHCTEMbl YIPaBICHHUS,
C0371aBaeMOii Ha OCHOBE HH()OPMAIMOHHBIX (KOMIIBIOTEPHBIX) TEXHOJIOTHIL;

¢ Ipu OPOBCACHUM SKCICPUMEHTOB C JUCKPCTHO-HEIPCPLIBHBIMU MOJCIIAMU CJIOKHBIX SKOHOMHUYCCKUX
00BEKTOB IS MOMYYEHUS U OTCIEKUBAHKS UX JUHAMUKU B SKCTPEHHBIX CHTYAIsX, CBA3AHHBIX C PUCKAMHU, HATYPHOE
MOJCIUPOBAHUEC KOTOPBIX HEHKCIATEILHO HIAN HCBO3MOKHO.

6.2. JIoCTOMHCTBA U HEOCTATKY UMHUTAIMOHHOTO MO/IeJTUPOBAHUSA

Bce nmuTannoHHele MOAEIN NPEACTABISAIOT COOON MOJIENM THUIA TaK HAa3bIBAEMOT'0 YEPHOIO
AlIMKa. JTO 03HAYAEeT, YTO OHM 00ECNEeYMBAIOT BbIJauy BBIXOJHOTO CUTHajla CUCTEMBI, €CIM Ha
€e B3aMMOJECHCTBYIOIINE ITOACUCTEMBI IIOCTYIIAeT BXOAHOM CUTHAI. [lodTomy 1yt momydeHus
HeoOXoauMo WHGOpPMAIIUM WM PE3yIbTaTOB HEOOXOIMMO OCYIIECTBISATh  «ITPOTOH»
UMUTAIIMOHHBIX MOJIENel, a He «pemarb» uX. VIMHUTAalMOHHBIE MOJENU HE CIIOCOOHBI
(GopMHpOBaTE CBOE COOCTBEHHOE pEIIEHHE B TOM BHJE, B KAakOM 3TO HMEET MECTO B
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AHAIIUTUYCCKUX MOJCIIAX, @ MOT'YT JIMIIb CIIYXXUTh B KAUCCTBC CPCACTBA JIA aHaJIn3a MOBCACHU A
CUCTEMBl B YCIOBHUSIX, KOTOpBIE OIpeNeNsioTcs 3KcrnepuMeHTaTtopoM. CrenoBaTenbHo,
HMUTAIIUOHHOC MOJCINUPOBAHUC — HC TCOpPUA, a MCTOHOJIOTH PCIICHUA np06neM. bonee TOTO,
UMUTAIIOHHOE MOJICJTUPOBAHUE SABISETCS TOJBKO OJHUM U3 HECKOJbKHX HMMEIOIIUXCS B
paciopsHKeHHH CUCTEMHOTO aHAUTHKA BXKHEUIINX METOIOB pemieHus mpodiem. Ilockombky
HEOOXOUMO U JKeIaTeIbHO MPUCIOCAa0NNBATh CPEACTBO MIIM METOJ K PEIECHUIO 33/1a4yu, a He
HaO60pOT, TO BO3HHUKAET €CTECTBCHHBIN BOIIPOC: B KakKuX CliydasdX HWMHUTAIIMUOHHOC
MOJIETTUPOBAHUE MOJIE3HO?

Mkzr OIMpPCACIINIIN UMUTALITMOHHOC MOACIIMPOBAHUC KAaK ISKCIICPUMCHTUPOBAHUC C MOICIIBIO
peanibHOM cuctembl. HeoOXoauMocTh pelieHus 3aJaddl  MyTeM AKCHEePUMEHTHPOBAHUS
CTAaHOBHUTCS OYEBHJIHOM, KOT/Ia BOSHHKAET MOTPEOHOCTH MOIYYHTh O CUCTEME CIenu(DUIECKYIO
nH(pOopMaIrio, KOTOPYIO HEIb3sl HAUTH B M3BECTHBIX MCTOYHWKaX. bapumr [4] yka3piBaeT, 4To
HEIMOCPEICTBEHHOE  JKCIIEPUMEHTHPOBAHUE HA pPEATbHOM CHUCTEME YCTpaHS€T MHOTO
3aTpyJHEHUM, eclii HeoOXOJUMO OOeCHeYUTh COOTBETCTBHE MEXKAY MOJENbI0 U pealbHbIMU
YCIIOBUSAMH; OAHAKO HCIAOCTATKHU TAKOI'O 3KCIICPUMCHTUPOBAHHWA MHOTAA BECbMa 3HAYHUTCIIbHEI,
MOCKOJIBKY:

1. OHO MOXXET HapYIIUTh YCTAHOBJICHHBIN MOPSAIOK PaOOTHI (PUPMBI.

2. Ecniu cocTaBHOM 4acThiO CHCTEMBI AGIAI0MCA 100U, TO Ha PE3yNbTaThl 3KCIEPUMEHTOB
MOYET TOBJIMATH TaK Ha3bIBAEMbI XayTOPHCKUHN A(PQPEKT, MPOSIBIAIOUIMICA B TOM, YTO JIIOIM,
YYBCTBY#, UTO 32 HUMH HaOJI01al0T, MOTYT U3MEHHUTh CBOE TIOBE/ICHUE.

3. MoxeT oka3aTbhCs CIOXKHBIM MOAJCPKAHUE OJHUX M TeX e Pado4YMX YCIOBHHA NpHU
KaXIOM TIOBTOPEHMM OHKCIEPUMEHTa WM B TEYEHHE BCErO0 BPEMEHHM IPOBEICHUS CEPUH
OKCIIEPUMEHTOB.

4. JIns moyrydeHus: OTHOW M TOW K€ BEJIMYMHBI BEIOOPKH (U, CIIEAOBATEIIBHO, CTATUCTUYECKON
3HaYMMOCTH PE3yJIbTAaTOB SKCIEPUMEHTHPOBAHUS) MOTYT OTPEOOBATHCS Upe3MEpHBIE 3aTPaThl
BPEMEHHU U CPEJICTB.

5. Ilpu JKCIIEPUMEHTHPOBAHUH c peaNbHBIMU CUCTEMaMHU MOJKET
0Ka3aThCs HEBO3MO>KHBIM UCCJIEIOBaHHE MHO’KECTBa aJIbTEPHATUBHBIX
BApUAHTOB.

[To 5TUM TpUYMHAM HKCCIIEIOBATENb JOHKEH PAaCCMOTPETh IEIeCO00Pa3HOCTh MPUMEHEHHS
UMUTAIIIOHHOTO MOJICIIUPOBAHMUSI PU HATMYHH JTFOOOTO U3 CIEAYIONINX YCIOBHI:

1. He cymecTByeT 3aKOHYCHHOW MaTEMaTHIECKON MTOCTAHOBKM JTAaHHOM 3a/1auu, MO0 ele He
pa3zpaboTaHbl AHATUTUYECKUE METOBI PEIICHUs CPOPMYITUPOBAHHON MaTEMATHUECKON MOJIETH.
K »9Toil kaTeropmm OTHOCATCSA MHOTHE MOJEIM MAacCOBOTO OOCIY)XKMBaHHUS, CBSI3aHHBIE C
pPacCMOTPEHUEM OUYEPENCH.

2. AHaTMTHYECKUE METOJbI MMEIOTCS, HO MAaTeMaTUYECKHE MPOLEAYpPhl CTOJIb CIOXKHBI U
TPYJAOEMKH, YTO UMUTAIIMIOHHOE MOJICIMPOBAaHUE AaeT OoJiee MPOCTOM crmoco0 pemeHus 3a1auu.

3. AHaIUTHUYECKUE PEIICHUs CYIIECTBYIOT, HO HX peaiu3alusi HEBO3MOXHA BCJIEIACTBHE
HEJIOCTaTOYHOM MaTEMAaTUYECKOW IMMOArOTOBKM HMEIOLIErocs IepcoHana. B aTom ciyyae
CJIeMyeT COMOCTAaBUTh 3aTPAThl HA MPOCKTUPOBAHUE, MCTBITAHUS U PabOTy Ha UMHUTAIMOHHOMN
MOJIEJIY C 3aTpaTaMu, CBA3aHHBIMU C IIPUTTIAIICHUEM CIEIIUAINCTOB CO CTOPOHBI.

4. KpoMe OIIEHKHM  ONpEAEICHHbIX  MapaMeTpOB, KEJATEIbHO  OCYLIECTBUTh  Ha
UMUTAIIMOHHON MOeNT HabII0JeHUE 3a XO/I0M TpoIlecca B TEUCHUE OMPEACIIEHHOTO MePHO/Ia.

5. AMUTAIIMOHHOE MOJICIUPOBAHUE MOJKET OKAa3aThbCsl EIUHCTBEHHOM BO3MOKHOCTBIO
BCJIC/ICTBUE TPYAHOCTEH TOCTAaHOBKU ASKCIIEPUMEHTOB W HAOIIOJEHUS SBJICHUN B pPeaTbHBIX
YCJIOBHUSX; COOTBETCTBYIOIIUM MPUMEPOM MOXKET CIIYKUTh U3YUEHHUE MOBEACHHUS KOCMUYECKHUX
KOopabJieil B yCIIOBUSAX MEKIIJIAHETHBIX MTOJIETOB.

6. JInst monroBpeMEHHOTO JEUCTBUS CHCTEM WJIM MPOIECCOB MOXKET MOHATO0OUTHCS C)KATHE
BpEMEHHOM IKanbl. VIMUTAaMOHHOE MOJEIMPOBAHME JAET BO3MOXHOCTH TMOJHOCTBIO
KOHTPOJIMPOBATh BPeMs M3y4aeMOro IpoIllecca, MOCKOJbKY SBICHHUE MOXKET OBITh 3aMEJICHO
WIH YCKOPEHHO M0 jkenaHuio. K 3Tol kaTeropuu OTHOCATCS, HAIPUMED, UCCIIeTOBAHUS PoOIeM
ynajka ropojioB.
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I[OHO.HHI/ITCJIBHBIM npeumMymeCTBOM HMHUTALIMOHHOIO MOJIACIIMPOBAHUA MOKHO CUHUTATh
IMpOYANIIIE BO3MOXHOCTH €ro NMpuMeHeHusi B cdepe oOpazoBaHHs W NMpodhecCHOHATHHOU
IIOATOTOBKH. Pa3pa60TKa 1 UCITIOJIb30BaAHUC HMHTaHHOHHOﬁ MOZCIIN MO3BOJIAAIOT SKCIICPUMCHTA-
TOPY BHUJETh U «Pa3bIIPhIBaTh» HAa MOJEIU pealibHbIC MPOLECCHl U CHUTyallid. JTO B CBOIO
ouepesb J0JDKHO B 3HAUUTEIILHOW Mepe IOMOYb €My MOHSATh U IPOYYBCTBOBAThH MPOOIEMY, 4TO
CTHEMYJIUPYET MPOIECC MOUCKA HOBOBBEICHU.

6.3. TunoBbIe 321241 HMUTANMOHHOTO MO/IEJTMPOBAHUSA

MoHO BBIIEMUTH CIEAYIONIME TUIIOBBIE 331a4H, PEIIAEMbIE CPEACTBAMI UMHUTALMOHHOTO MOAENHUPOBAHUS MPH
YIpaBIEHUN SKOHOMIYECKUMH 00BEKTaMI:
®  MOJENMPOBAHME MPOLECCOB JOTMCTHKY IS ONPEEECHNS BPEMEHHBIX U CTOMMOCTHBIX T1apaMETPOB;
®  yOpaBIEHUE NPOLECCOM peATN3aliyi HHBECTULIMOHHOTO MPOEKTA HA PA3NMYHBIX ITANAX €r0 KU3HEHHOTO
LMKJIA C y9€TOM BO3MOXKHBIX PHCKOB M TAKTUKH BBIJIETIEHUA ICHEKHBIX CYMM,;
® HAMM3 KIMPUHTOBBIX TPOLECCOB B PaboTe CETH KPEIMTHBIX OpraHm3alyii (B TOM 4YHCIE MPUMEHEHHE K
TporeccaM B3auMO03ayeTOB B YCIOBHAX POCCHICKOH OAHKOBCKOI CHCTEMbI);
TIPOTHO3MPOBaHNE (PMHAHCOBBIX PE3YIBTATOB JIEATEIbHOCTH MPEANPHUATHSA HA KOHKPETHBIN MEPUOJ BpeMeHH (C
AHAM30M TMHAMHUKH CalbJ0 HA CYETAX);
OM3HEC-PEMHKMHUPHHT HECOCTOATENBHOTO MPEAMPUATHS (M3MEHEHHE CTPYKTYpBI H PECYpCcoB MpeanpusTHs-
0aHKpOTA, TOCITE Yero ¢ MOMOMIbI0 UMUTALMOHHON MOJIENH MOKHO CAEaTh MPOTHO3 OCHOBHBIX (PMHAHCOBBIX
Pe3yIbTaToB M JaTh PEKOMEHJALMH O 1eeco00pasHOCTH TOr0 WM HHOTO BapHaHTa PEKOHCTPYKIMH,
VHBECTHLMI MM KPEIUTOBAHUS IIPOM3BOJICTBEHHON AEATENBHOCTH);
® QHAIM3 AJANTHBHBIX CBOWCTB M KMBYYECTH KOMIIBIOTEPHOM DETMOHATBHONW OAHKOBCKOW HH(OPMAIMOHHOM
CHCTeMBI (HANPHUMeEp, YAaCTHYHO BBIMEIIIAS M3 CTPOS B Pe3yMbTaTe MPUPOAHOH KaTacTpo(sl cHcTeMa
3NEKTPOHHBIX PAcyeToB M MuaTexkell mocne karactpoduyeckoro zemierpicerus 1995 r. Ha HEHTPATbHBIX
0CcTpoBax fMoHMY MPOAEMOHCTPUPOBAiA BHICOKYIO JKUBYUECTh: OMEpAIlii BO30OHOBIIHCH YEPE3 HECKOMbKO
JHei);
® OICHKA MapaMeTpoB HANCKHOCTH M 3aJEPKEK B IECHTPAIM30BAHHOW HSKOHOMUYECKOH HH(OPMAIMOHHOM
CHCTEME C KOJUIEKTUBHBIM JOCTYIOM (Ha IPUMEpEe CHCTEMBI MPOJIaKi aBHAOMIIETOB C YUETOM HECOBEPIICHCTBA
(usmueckoit opranm3auu 6a3 TaHHBIX X 0TKA30B 000PYIOBAHNA);
® aHANN3 FKCILTYaTALMOHHBIX TAPAMETPOB Pacrpe/ieNeHHOil MHOTOypPOBHEBOH BeAOMCTBEHHON HH(OPMAIHOHHON
YIPaBIAIONIEH CHCTEMBI C YYETOM HEOHOPOJHON CTPYKTYpBI, MPOMYCKHOH CIOCOOHOCTH KaHANOB CBS3H U
HECOBEpLIEHCTBA GU3MUECKOH OpraHU3alUU PacTpeieeHHOI 0a3bl JAHHBIX B PETHOHATBHBIX IEHTPAX;
® MOJETMPOBAHKE JAEHCTBHH KypbepcKoi ((embaberepckoii) BEpTONETHOM IPYMIbI B PETHOHE, MOCTPA/IaBIIEM B
pe3ynbTaTe NPUPOHON KaTacTPODBI MM KPYTHON MPOMBIILICHHOH aBapHH;
o anamu3 cereoil mojgenn PERT (Program Evaluation and Review Technique) mns mpoextoB 3ameHsI
HANAJKU IPOU3BOCTBEHHOr0 000PYI0BAHNS € YIETOM BOSHUKHOBEHHS HEUCIIPABHOCTEH;
aHamM3 pabOTHI ABTOTPAHCIIOPTHOTO MPEAIPUATHS, 3aHUMAIOIIErocsi KOMMEPUECKUMH MEPEeBO3KaMU IPY30B, C
y4eToM Crelu(pHKI TOBAPHBIX U ACHEKHBIX IOTOKOB B PETHOHE;
® pacyeT mapaMeTpoB HANEKHOCTH W 3auepkek 00paboTku uHMOpMAIuM B OAHKOBCKOW MH(OPMAIMOHHOMN
CHCTEME.

[IpuBeneHHBI TIepeyeHb sBIETCA HEMmoJHBIM. JlelicTBUTENbHAS 007acTh TPUMEHEHMS ammapara
UMUTALIMOHHOT'0 MOJICIUPOBAHKUA HC HMMCCT BUIUMBIX OFpaHI/I‘IeHI/If/'I. HaanMep, CITaCCHUC AMCPHUKAHCKUX
aCTPOHABTOB IPU BO3HUKHOBEHMH aBapuitHO# cutyannn Ha kopadbne APOLLON crano BO3MOKHBIM TOJNBKO
6.]18.1“0[[3.})5[ «IIPOUTPLIBAHKIO» PA3JIMYHBIX BAPUAHTOB CIIACCHUSA HA MOACTAX KOCMUYCCKOTI'0 KOMILJICKCA.

6.4. CouuajJIbHO-3KOHOMHMYECKHUE NMPOLEcChl KAK 00beKThI MOIeJTUPOBAHUS

Mogenu couuanbHO-5KOHOMHUYECKHX CHCTEM HMEIT HEKOTOpble OCOOEHHOCTH IO
CPaBHEHUIO, HAIIPUMEP, C MOJENSIMH IPUPOIHBIX WU TeXHUUYECKUX cucTeM. K coxkanenuro, He
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BCEr/la BO3MOXKHO CO3JaTh MaTEMATHYECKYI0 MOJENb COLUATbHO-YKOHOMUYECKOW CUCTEMBI B
Y3KOM 3Ha4eHHH 3TOro cioBa. [Ipy H3yuyeHUU TakuX CHUCTEM Mbl MOKEM OMNPEIENIUTH LENH,
yKa3aTh OrPaHUYCHHS U MPEAYCMOTPETh, YTOOBI CUCTEMA TIOJUHHSIIACH TEXHUYECKAM 3aKOHAM,
HOPMAaTUBHBIM MPaBOBBIM OrpaHWyeHUsIM u T.I. [Ipy 3TOoM MOryT OBITH BCKpBITHI U
IPECTaBICHbl B TOW WJIM MHOW MaTeMaTU4eCcKoi (opMme CYIIEeCTBEHHBIC CBsI3U B cucTeMe. B
OTIIMYME OT JTOr0 peHIeHHe NpoOJieM 3alMThl OT 3arpsi3HEHUs BO3AYILIHON cpenpbl,
MPEIOTBPAICHHS PECTYIUICHUH, 3APaBOOXPAHCHUS U OTPOMHOE KOJIMUYECTBO IPYTHM MPOOIeM
CBA3aHO C HEACHBIMH U TPOTUBOPEUMBHIMHU LEISIMH, a TaKke BbIOOPOM ajbTepHATHB,
TUKTYEMBIX MOJTUTUYECKUMU M COITUAIBHBIMEU (paKTOpaMHU.

MOXHO BBIIETUTH CJEAYIONIME CHUTYyallud, B KOTOPBIX PEKOMEHAYETCS HCIOJIb30BaTh
UMUTAIIMOHHOE MOJCIMPOBAHNE TIPU U3YICHHUH CIOXKHBIX COIUATBHO-DKOHOMUYECKIX CUCTEM:

- SKOHOMHYECKasl cucTeMa cpopMUpoBaIach HEJaBHO U UJET MPOIIECC €€ MO3HAHNUS;

- UMUTAIIMOHHOE MOJICIHMPOBAaHUE HaeT Ooyiee MPOCTON CIMOCOO pEIIeHUs 3aJadd, 4eMm
AHATUTUYECKUU METO/I;

- UMUTAIIMOHHOE MOJICIIMPOBAHKME OKA3bIBACTCS CIUHCTBEHHBIM CIIOCOOOM HCCIICJIOBAHHUS
CIIO)KHOM CHCTEMBI M3-32 HEBO3MOXXHOCTH HAOJIIOJIEHUS €€ B PEalbHBIX YCIOBUSAX WIM H3-3a
TOTO, YTO IMPOBEACHHUE IKCIIEPHUMEHTOB Ha pEallbHBIX OOBEKTaX CBSI3aHO C BO3MOXKHOCTSIMH
COLIMATIBHBIX M 9KOHOMHUYECKUX TOTEPh;

- HEOOXOIMMO HMCCIIE0BATh MPOIIECCHI B JPYTOM MaciiTabe BpeMEeHH;

- HEOOXOIMMO Ka4eCTBEHHO MOJATOTOBHTH CIECIHAIUCTOB JUIsl pabOThl B KaKOW-THOO
SKOHOMMYECKOW CUCTEME;

-cllelyeT IMpecKa3aTh HEOUEBUIHBIE HEXKellaTeIbHbIE SIBJICHHS B CHCTEME.

ConuanbHO-35KOHOMUYECKHE CHUCTEMBI OTIMYAIOTCS OOJNBINON CIOKHOCTBIO. YCHEIIHOE UX
(GYHKIIMOHUPOBAHUE 3aBUCHUT OT OOJBIIOr0 KOJMYECTBA Pa3HOOOpa3HBIX (PaKTOpOB, Cpeau
KOTOPBIX MOKHO BBIICIUTE:

- COI[MAIbHO-TIOJTUTHYECKUE,

- HOPMAaTHUBHO-TIPABOBEIE,

- TEXHUYECKHE, TEXHOJOTHYECKHe, 300TeXHUYECKHE, arpOHOMHYECKHE, KIMMaTHUYEeCKHE U
T.IL.,

- 9KOJIOTHYECKHE,

- MapKETUHTOBEIE,

- (puHAHCOBHIE.

HaGop Ttakux (akTOpoB MOXKET JOCTUTATh JECATKOB, coTeH u Oomee. IloaTomy
SKCIIEPUMEHTHPOBATh C pealbHbIMU SKOHOMHUYECKUMHU CHCTEMaMH 4acTO ObIBAE€T HEBO3MOKHO,
HENPAKTUYHO WM HEIKOHOMUYHO. VIMUTAIIMOHHBINA K€ IKCIEPUMEHT TO3BOJIIET MPOBOAUTH
uccienoBanue QyHKINOHUPOBAHUS TAKUX CUCTEM.

CucreMa HMMHUTAIlMOHHOTO MOJEIMPOBAaHUS, OOecleunBaromias co3JlaHue Mojeneil i
pelIeHUs IePEUNCIICHHBIX 3a/1a4, TOJKHA 00J1aaTh CISAYIOIIMME CBOHCTBAMHU:

® BO3MOXHOCTBIO INPHUMEHEHHMS HMHUTALMOHHBIX NPOrpaMM  COBMECTHO  CO
CHEUMAJbHBIMU  3KOHOMHMKO-MAaTEMaTHYECKUMH  MOJAEISAMM WU METOJAMH,
OCHOBaHHBIMH Ha TEOPUH YIIPABIICHUS;

® WYHCTPYMEHTAJIbHBIMH METOJAaMHU IIPOBEACHUS CTPYKTYPHOTO aHajau3a CIIOXKHOTO
3KOHOMHYECKOIO MPOIIECCa;

® CIOCOOHOCTBHIO MOJICTMPOBAHMS MATEPUANBHBIX, JEHEXKHBIX U WH()OPMAIMOHHBIX
IIPOLIECCOB U MOTOKOB B paMKaX €IMHON MOJIENH, B 00LIEM MOJEIbHOM BPEMEHU;

® BO3MOXHOCTBHIO BBEACHHUS pPEXHMMa IMOCTOSHHOIO YTOYHEHHUS MpPU MOTYyYECHUU
BBIXOJHBIX JAaHHBIX (OCHOBHBIX (DMHAHCOBBIX TIOKa3aTelield, BpPEMEHHBIX U
IIPOCTPAHCTBEHHBIX XAPAKTEPUCTHUK, MAPaMETPOB PHUCKOB U Jp.) U INPOBEICHUHU
HKCTPEMATILHOTO YKCIIEPUMEHTA.
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6.5. IlpuMepsl 3a1a4 UMUTALMOHHOTO MO/IEJIMPOBAHUS

Ilpumep 6.1. TlpeaAnonoxuM, 4To HEKOTOpask MPOMBINUICHHAS GUPMa HAPALY C PE3KUM
YBEIMYCHUEM YHCIIa 3aKa30B HA CBOKO MPOAYKIIMIO OTMETHJIA 3aMETHOE YXYAIICHHE KadecTBa
00CITy)KMBAaHUS CBOMX KIMEHTOB B YAaCTH COOJIOJEHUS CPOKOB BBIMOJTHEHHS MX 3aKa30B.
Hecobmonenne ¢upmMoil CBOMX 00s3aTENBCTB TEpea 3aKa3uyuKaMd MOXKET IPUBECTH K
OI[YTHMBIM TIOTEPSM KaK 3a cueT MTpadHBIX CAHKIUH, TaK U 32 CUYET OTTOKA KIHUEHTOB. B
paccMaTpuBaeMoil CHUTyallii y (UPMBI MOXET TIOSBHTBCS JKEJIaHHE BOCIIOIB30BATHCS
KOMITBIOTEPHBIM MMUTAIMOHHBIM MOJICTUPOBAHUEM, C MOMOIIBI0 KOTOPOTO MOXHO OBLIO OBI
BBISICHUTh, KakuM 00pa3oM CYIIECTBYIOIIUE TPOIETYPhl ONpPEACICHHS CPOKOB BBITOTHECHHUS
NPUHUMAEMBIX 3aKa30B, KaJIEHAAPHOTO TUIAHUPOBAHMS TTPOU3BOJICTBA U O(DOPMIICHHS 3asBOK Ha
MOCTaBKHU CHIPhS MOPOXKAAIOT HAOII0JaeMbIC 3aJICPIKKHU. P>

Ilpumep 6.2. PyKoBOJICTBO KpPYIMHOM KIMHHKH pa3pabaThIBA€T HOBYIO CUCTEMY
yIpaBJIEHUs 3allacaMi JIEKapCTBEHHBIX IIpenaparoB. Vcnoib30BaHNEe UMUTALIMOHHOW MOJENH,
IIOCTPOCHHOM Ha OCHOBE pPETPOCIEKTUBHBIX [AHHBIX, MO3BOJMT OLIEHUTh, KakuM Oyner
CpPEeAHMH YPOBEHb CpEICTB, HEOOXOOUMBIX JUIsI OOECIEeYeHHs 3amacoB JIEKapCTBEHHBIX
IpenapaToB, U Kak 4acTo OyIyT BO3HUKATh HEXBAaTKHM PA3JIMYHBIX BHMJIOB IpENapaTroB NpHU
peanu3anui HOBOM CUCTEMBI yIIpaBieHus. P>

Ilpumep 6.3. PaccMOTpUM TpennpUsATHE C MEJIKOCEPUHHBIM MPOU3BOACTBOM, HA KOTOPOM
IPOM3BOJICTBEHHbIE ~ MOIIHOCTH  paclpesielieHbl B COOTBETCTBUM C  IPUOPUTETAMH,
HPUCBOCHHBIMHU BBIOJIHIEMBIM padoTaM. MokeT OBITh MOCTPOCHA MMUTAILIMOHHAS MOJAECIb IS
HaxoAeHus 3(h(HhEeKTUBHOTO criocoda OnpeaesIeHNs] CHCTEMBI IPHOPUTETOB AJIsE TOTO, YTOOBI BCE
paboThl MOTJIM BBINOJHATBCA 0e€3 OONbIIMX 3aJ€pKEK H TNpH OTOM  KOIDPHUIUEHT
UCTIOJIb30BaHMS 000pyA0BaHMS ObLI OBl JOCTATOYHO BHICOK. P>

Ilpumep 6.4. bupxeBoil UTPOK pazpaboTan CBOW MOPSIOK MPHOOPETCHUS W TPOHAXKH
aKIMi, COCTOSIIINHN B CICAYIOIIEM:

1) obmanast makeToM akmuii, HeOOXOJMMO MPOAATh €ro, KaK TOJbKO I[EHBI Ha OTH aKIHH
HAYMHAIOT IaJaTh;

2) KaK TOJIBKO II€HBI HAa aKIITUW HAYUHAKOT B03paCTaTB, nux HGOGXOI[I/IMO HOKyHaTB.

HUrpok He KemaeT pUCKOBaTh CBOMMH OTrPaHUYEHHBIMH CpEACTBAMH B HATYPHOM
3KCH€pI/IM€HT€ 148 X04yeT OILICHUTH HpI/I6I:IJII>HOCTB CBOGﬁ CTpaTeFI/II/I C IIOMOIIBIO
MMUTAIMOHHOTO MOJICIUPOBAHUS. P>

Ilpumep 6.5. PaccmoTpuM ouepenb MOKymnaTelell K KOHTPOJIbHOMY MPUJIAaBKY HEOOJIBIIOrO
MarasuHa TOJapKoB (Tak Ha3blBaeMasi OJHOJIMHEHHAs CHUCTeMa MacCOBOTO OOCITYKHBAHUS).
[Ipeanonoxxum, 4YTO MPOMEXKYTKHM BpPEMEHHM MEXKIY IOCIEI0BATEIbHBIMUA MOSBICHUSIMHA
NOKYTIaTeNled paclpeeNsitoTCsl paBHOMEPHO B HHTepBasie oT 1 10 10 MMH (A1 IPOCTOTHI MBI
OKPYTJISieM BpeMs 10 OJmXKalIiero menoro uncia MuHyT). [IpeamnonoxuM manee, 4To Bpems,
HEOOXOIUMOE il OOCIY)KMBAHHSI KaXKIOTO TOKYIATENsl, paclpeaeseTcss pPaBHOMEPHO B
uHTepBane ot 1 10 6 muH. Hac uHTEpecyeT cpennee Bpemsi, KOTOpOE MOKyHaTellb MPOBOAUT B
JMAaHHOW cucTeMe (BKJIIOYAs U OXHJaHWE, U OOCIYXHBAHHE), U TPOIEHT BPEMEHH, B TCUCHUE
KOTOPOTO TPOJABEIl, CTOSAIMIMKA Ha KOHTPOJIe, HE 3arpyxeH padoroi. s MopenupoBaHUs
CUCTEMBI HaM HEOOXOJMMO IMOCTaBUTh UCKYCCTBEHHBIN IKCIIEPUMEHT, OTPAKAIOIINA OCHOBHBIC
ycloBusl cuTyaluu. JlJis 3TOro Mbl JOJKHBI MPUAYMaTh CIOCO0 MMHMTALUU HCKYCCTBEHHOM
MOCIIEI0OBATEIPHOCTH MPUOBITUI TIOKYTATENIe U BPEMEHH, HEOOXOUMOTO JIsl 0OCITY>KUBaHUS
Kaxaoro u3 HUX. OAuH U3 cocoO0B, KOTOPBIM MBI MOIJIM Obl MPUMEHUTh, COCTOUT B TOM,
YTOOBI HAaWTH JeciTh (UIIEK W OJUH KyOuk. Bemen 3a 3TUM MbI MOIIM OBl POHYMEPOBATH
¢umku ¢ yucnamu 1 mo 10, MONMOKUTH UX B LUIAMY U, BCTPSAXHBAs €€, mepeMeniarh (QUIIKH.
BeiTsaruBas (UIIKYy W3 NUISIBl U CUMTHIBAsI BBIMABINEE YHCIIO, MBI MOTJIA ObI TaKUM ITyTEM
IPEACTABUTh NPOMEKYTKH BPEMEHH MEXKIYy IOSBICHHUEM MPEABIAYIIEr0 M IOCIEAYIOIIEro
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nokynaresuei. bpocas Ham KyOMK M CUMTBHIBAsi C €r0 BEpXHEH I'PaHU YHCIO OYKOB, MBI MOTJIH
Obl TaKMMM YHCIAMH NPEACTABUTHh BpeMs OOCHYXKMBAHUS KaXJIOTO MOKyMmaTems.
I[ToBTOpsAs 5THM omepanuu B YKAa3aHHOW IIOCIEAOBATEIbHOCTH (BO3Bpamas
Kaxablii pa3 ¢umku oOpaTHO U BCTpSAXUBAsg LUISANY Mepe] KaxXIblM
BBEITATUBAHUEM), MBI MOTJIU OBl MOJYYUTHh BPEMEHHBIC PSIbl, MPEICTABISIONINC
IIPOMEXKYTKH BPEMEHHM MEXJY IMOCIEJOBATEIbHBIMU NPUOBITHUSIMH MOKymateiaeil u
COOTBETCTBYIOIIME UM BpeMeHa oOcayxuBaHusi. Hama 3amada 3atem cBeaercs K
IPOCTON PETUCTPALMH PE3YyIbTATOB IKCIIEPUMEHTA.

Tabmuua 6.1 moka3piBaeT, KakKuMe, HAIPUMEP, PE3YJIbTAaTbl MOXHO IIOJIYYUTH B
ciiydyae aHanu3a nmpuObITusa 20 MOKymaTene.

O4eBUAHO, OIS MNOJYYEHHUS CTATHUCTUYECKOM 3HAYMMOCTH pe3yiabTaTOB Mbl
NOJIKHBI OBIIM B3SITh TOpa3ao OOJBIIYI BBIOOPKY, KPOME TOTO MBI HE YYJIH
HEKOTOpbIE Ba)KHbIe OOCTOSTENbCTBA, TaKMe, HAlpUMep, KaKk HayajlbHbIE YCIOBUA
(aTO OymeT oOcyx)aaTbes mo3aHee). BaXHBIM MOMEHTOM SABISETCS U TO, YTO OIS
FreHEPHUPOBAHUA CIYy4YalWHBIX 4YHCEJ MBI NPUMEHHUIHU JABa NPHUCIOCOOIEHHSA
(mpoHyMepoOBaHHBIE TMOKEpHbIE (PUIIKM W KyOWK); 3TO OBUIO CAENaHO C IIeNbI0
OCYIIECTBUTh HCKYCCTBEHHBIM (MMUTAUUOHHBIMN) OJKCOEPUMEHT C CHUCTEMOW,
1103 BOJISIOLUI BBISIBUTH OIIPEJIEIICHHBIE UEPTHI €€ TOBEACHMS.

Tabauya 6.1
HmuTariioHHOE MOJICTIMPOBAHKE PAOOTHI KOHTPOJIBHOTO TPHJIaBKA
s
naTenbBpems mocie Bpems | Tekymee m o - KHBa-  [Komen Bpems Bpems mpocTost
IpUOBITUS o0ciy- | membHOE BpeMs His b6eny- npeOIBAHUS  [mpomaBma B
IpEabITYIIETO KHUBa- B MOMCECHTBI cuBa- MOKYTaTes 0K JaHU U
IMOKYITaTeJIst HHA, OpUOBITHA 3 s y npuiaska [TOKyMaTesIs,
MHWH MHUH nmokymnarejcu , MUH MW H
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 0,22 022 | 0,23 1 6
6 10 5 0,32 0,32 | 037 5 9
7 6 4 0,38 038 | 042 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 7
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 1,55 | 1,55| 1,57 2

Bcero 68

Cpennee BpeMs npebObiBaHUS mMoKynaTens y npuinaska 68/20 = 3,40 mun

[IporieHT HEMPON3BOAUTENBLHOTO BpeMeHU npoaasua 55/117 =47%. »

HpI/IMeHGHHe mamemamu4ecKkozo MOOenUpPOB8aHUs IO3BOISLET HUCCICI0BATH

PECATBHBIC SKCIICPUMCHTEI HaZl KOTOPBIMH 3aTPYAHCHBI HJIM HCBO3MOKHBL (I[OpOFO, OIIaCHO AJid
300POBbs, OAHOKpPATHBIC MPOLECCChI, HCBO3MOKHLIC HU3-3a q)HSI/I‘IeCKI/IX WM BPCMCHHBIX

OTpaHWYEHUHN — HAXOAATCS JAJIEKO, eIIe WA YK€ HE CYIIECTBYIOT U T.II.).

OxoHOMUYecKuit 3P QeKxT: 3aTparsl B cpeaHeM cokparatores B 10-100 pas.

—

N

10.

11.

Bonpocs! Aj1s1 caMmonipoBepKu

Kaxkue Busibl MoieTMpoBaHus BaM U3BECTHBI? ONUILINTE UX.

UTo MOHUMAIOT MOJ1 ANTOPUTMHU3ALUEH (YHKIIMOHUPOBAHUS PEATbHBIX MPOIIECCOB U

cucrem?

Uem oTnMyaroTCs BEpPOSATHOCTHBIE AHATUTUYECKHE MOJIEH OT BEPOSITHOCTHBIX
AMUTAIMOHHEIX MOJEJICH?

UTO MOHMMAIOT MOJI CTATUCTUYECKUM MojennpoBanuem? [lepeuncnute 3tambl
CTATUCTUYECKOTO MOJICITMPOBAHUS.

B kakux cimyyasix IpuMEHsI0T UMUTAIMOHHOE MOJIEIUPOBAHNE SKOHOMUUYECKUX
MPOIIECCOB?

B uem cocTrout HEAOCTATOK UMUTALIMOHHOTO MOJIETTUPOBAHUs?

B uem cocTouT HETOCTATOK SKCIIEPUMEHTHPOBAHUS C PEATbHBIMU CHCTEMaMu?
[Tpu HaMYMK KaKUX YCIIOBHI 11€71ecO00pa3HO MPUMEHSTh UMUTAIIHOSHHOE
MOJEIUpOBaHUE?

[Iepeuncnnre TUIIOBBIE 33Ja41 UMUATALMOHHOTO MOJICTTUPOBAHUSI.

B xakmx CUTyalusIX PEKOMEHAYETCA UCITI0JIb30BAaTh UMUTALIMOHHOEC MOJACIUPOBAHUE IIPU

W3YYEHUU CIOKHBIX COLUATBHO-9KOHOMUYECKHUX CUCTEM?
[TpuBenuTe mpuMepsI 3a/1a4 UMUTALMOHHOTO MOJIETTUPOBAHUS
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Tema 7. CyniHoCTh METOAA MMUTALMOHHOIO
MO/IeJIMPOBAHUS

7.1. MeTo MMUTAIIMOHHOT O MO/IEJIMPOBAHMS U €r0 0COOEHHOCTH

OmpenenuM MeTOJ HWMHUTAIMOHHOIO MOJAEJMPOBAHHMS B CaMOM OOIIEM BHJE Kak
IKCNEPUMEHMATIbHBILL MEeMOO UCCIe008AHUSA PEAIbHOU CUCTeMbl N0 ee UMUMAYUOHHOU MOOeu,
KOMOpbwlll couemaem 0COOEHHOCMU IKCHEPUMEHMAIbHO20 N00X00a U cneyuguueckue yciosus
UCNONb308AHUS BLIYUCTUMEIbHOL MEXHUKU.

B sTtoM omnpeneneHuu moguepKUBAETCS, YTO MUMHTAIMOHHOE MOJECIMPOBAHUE SBIISIETCS
MalIuHHBIM METOZIOM MOJEIMPOBaHUsA, COOCTBeHHO 0e3 DBM HHKOTIa HE CyIIeCTBOBAJIO, U
TOJILKO pa3BUTHE WH(GOPMAIIMOHHBIX TEXHOJIOTUN TPUBEIO K CTAHOBJICHHIO ATOrO BHUIA
KOMITBIOTEPHOTO MOJEIUPOBaHUA. B 3TOM ompeneneHun Takke aKUEHTUPYETCS BHUMaHUE Ha
HKCIIEPUMEHTAIILHON MPUPOIEC MUMHUTALNU, TPUMEHSAETCS UMUTALMOHHBIN METOJ HCCIeIOBaHUs
(ocymecTBIsIETCA AKCIEPUMEHTUPOBAHUE C MOJENbI0). JleMCTBUTENbHO, B HWMHUTALMOHHOM
MOJICIMPOBAHUU BAaXHYIO POJb MIPAaET HE TOJBKO TMPOBEAECHUE, HO U IUIAHHUPOBAHUE
JKCIepuMeHTa Ha Mozenu. OgHaKo 3TO ompefesieHue He MPOSICHSET, 4TO COO0O0M MpecTaBIseT
caMa HMHTAIlMOHHAs Mojaenb. Wrak, B YeM K€ COCTOMT CYHUIHOCTh HWMHUTALMOHHOIO
MOJEIINPOBAHUS.

B mponecce MMUTaLIMOHHOTO MOZEIUPOBaHUs (puc. 7.1) uccienoBarenb UMEET €0 C
YEThIPbMsI OCHOBHBIMU 3JIEMEHTAMMU:

e PeanpHasg CUCTEMA;

e Jloruko MareMaTH4ecKast MOAEIb MOJICTHPYEMOTrO 00BEKTa;

¢ lMwuTamuonHas (MalIMHHAS) MOJCIb;

¢ DOBM, Ha KOTOPOIi OCYIIECTBIAETCS UMUTALINS — HAIIPABICHHBIN BBIUMCIUTEIbHBIN
JKCIIEPUMEHT.

Cozmamne
ONICTTH

Peanmnnas
cHCTEMa

Boznetictus

IBM JIorHKo-

(HanpaRneHHELH MaTEMaTHICCKAA
BEMIHCIATEILHEIH MOZEeNb
9KCLICPHMCHT)

HMmprrammionsas

MOZenb Mogempyrommyi

IKCICPUMEHT ATTOpHTM

Puc. 7.1 Ilponiecc UMHUTAaIIMOHHOTO MOJIEITMPOBAHUS

HccnenoBatens u3ydaeT pealbHYIO CHUCTEMY, pa3padaThIBaeT JIOTMKO-MAaTEMaTHUECKYIO
MOJICNIb PEANTbHON CUCTEMBI. MMumayuoHHblll xapakmep ucciedo8anus npeonoiazaem Haiuyue
JIO2UKO UNU JIOSUKO-MAMEMAMUYECKUX MoOeell, ONUCbIBAeMbIX U3YUaemMblll NPoyecc.

Brlitie MBI onpenensuim peanvHyio cucmemy Kax COB0KYNHOCHb 83AUMOOEUCMBYIOUUX
NeMEHMO8, PYHKYUOHUPVIOUUX 80 BDEMEHU.

CocTaBHOM XapakTep CI0KHON CUCTEMBbI IUKTYET MPEJACTABICHUE €€ MOJEIN B BUIE
TPOMKHU:

<A S T>,
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rIe
A — MHOKECTBO 3JIEMEHTOB (B MX YHCJIO BKJIIOYAETCS U BHENIHSA CpE/la);
S — MHOXECTBO JIONYCTUMBIX CBSI3€M MEXKY dJIEMEHTaMHU (CTPYKTypa
MOJICIIN);
T — MHOXECTBO pacCMaTpUBAEMbIX MOMEHTOB BPEMEHHU.
OcoberHoCmbl0 UMUMAYUOHHO20 MOOEIUPOBAHUS ABNAEMCL MO, YUMo UMUMAYUOHHASL
MOOenb NO360JIslen 80CNPOU3BO0UMb MOOeIUpyemble 00beKmbl:
® C COXpaHeHUueMm Ux J102U4ecKou CmpyKmypol,
® C coxpaHenuem nogedenueckux ceoticma (MOCIeq0BaTeILHOCTH YePEIOBAHUS BO
BpPEMEHH COOBITUH, MPOUCXOAIIUX B CUCTEME), T.C. TUHAMHUKH B3aUMOICHCTBUNA.

IIpy MMUTAaOUMOHHOM MOJEIMPOBAHUU CTPYKTYpa MOJCIHMPYEMOM CHUCTEMbI aI€KBATHO
oToOpakaeTcs B MOJENIH, a MPOoLecChl ee (PYHKIIMOHUPOBAHUSI IPOUTPBIBAIOTCS (MIMUTUPYIOTCS)
Ha NOCTpOEHHOM Mozenu. IloaToMy mOCTpoeHHME HMUTALUOHHOM MOJEIM 3aKII04YaeTcs B
ONUCAaHUM CTPYKTYpbl U HPOLECCOB (PYHKIMOHUPOBAHUS MOJCIUPYEMOr0 OOBEKTa WIH
CUCTEMBI.

B onucanuu umumayuonnoii mooenu vloensirom 0ge cocmasiarouue:

Cmamuueckoe onucanue cucmemvl, KOTOPOE MO CYLIECTBY SIBISAETCS ONUCAHUEM €€ CTPYKTYPBIL.
ITpu pa3paboTke MMHUTALIMOHHOM MOJEIN HEOOXOAMMO  BBINOJHATH CTPYKTYPHBIM — aHaIu3
MOJEIINPYEMBIX IIPOLIECCOB.

Lunamuueckoe onucanue cucmemvl, WA OINHMCAHWE JTUHAMHUKU B3aUMOJCHCTBUH €€
anemeHTOB. Ilpu ero cocraBneHun ¢axTudecku TpedyeTcs IOCTPOCHHUE QYHKYUOHANbHOU
MoOenu MOAETUPYEMBIX THHAMHUYECKUX MPOLIECCOB.

Wnes meTona, ¢ TOYKM 3peHUS] €T0 MPOTPAMMHOM peaIn3alK, COCTOSUIA B CICAYIOIIEM.
Urto ecnu »3ieMeHTaM CHUCTEMbl MOCTaBUTb B COOTBETCTBHE HEKOTOpBIE MPOrpaMMHBIE
KOMIIOHEHTHI, & COCTOSIHUSI 3TUX JJIEMEHTOB OMHUCHIBATH C MOMOIIBIO MEPEMEHHBIX COCTOSHHS.
DNEMEHTBHI, TI0 OTPEIENICHUI0, B3aNMOICHCTBYIOT (MM OOMEHHUBAIOTCS MHPOPMAIIHEH), — 3HAUUT
MOXXET OBITh peaNn30BaH AITOPUTM  (DYHKIIMOHUPOBAHMUS  OTACIBbHBIX OJJEMEHTOB —
MOJCNUpYIOINI anroput™M. Kpome TOro, 3jieMEHTBI CYHIECTBYIOT BO BPEMEHU — 3HAYUT HAA0
3a/1aTh AJITOPUTM U3MEHEHUE MEPEMEHHBIX COCTOSTHUM.
JluHaMyKa B UWMUTALMOHHBIX MOJENAX pEATU3YeTCsl C TIOMOIIBIO Mexauusma
npPoOBUNCEHUL MOOeNbH020 épemeru. OTIMUNTETLHON 0COOCHHOCTHIO METOJ[a UMHUTAIIMOHHOTO
MOJICJIUPOBAHUS ABJISIETCS] BO3MOXXHOCTH ONMMCAHUS U BOCIPOU3BEACHUS B3aUMOICUCTBUS MEXKIY
pPa3IMYHBIMU DJIEMEHTAMU CHCTEMBI. TakuM o00pa3oM, YTOObI COCTaBUTh HMHUTAIMOHHYIO
MOJeJb, HaJlO:
® [pPEICTaBUTh PEATBbHYIO CUCTEMY (ITPOIECC), KAK COBOKYITHOCTh
B3aUMOJICVCTBYIOIINX 3JIEMEHTOB;

®  ANTOPUTMHYECKU OMHCATh (DYHKIIMOHHUPOBAHKUE OTACTHHBIX JIEMEHTOB;

®  OmUCaTh MPOIECC B3aMMOCHCTBUS PAa3IMIHBIX JIEMEHTOB MEXy COO0U U
C BHELIHEH Cpelloi.

KnroueBbiIM MOMEHTOM B HMMHUTAIMOHHOM MOJICTMPOBAHUM SIBIISIETCS BBIJICICHUE U
OMHCaHUE cocmosiHuti cucteMbl. CUCTeMa XapaKTepU3yeTCs: HAOOPOM NEePeMeHHbIX COCMOAHULL,
KaKJas KOMOWHAIUS KOTOPBIX OIMCHIBAET KOHKpeTHOe cocTosiHue. CremoBaTenbHO, IMyTeM
W3MEHEHUSI 3HAYEHUI ATUX NEPEMEHHBIX MOXHO UMHUTHUPOBATh IMEPEXOJ] CUCTEMbI U3 OJIHOTO
COCTOSIHHS B jApyroe. Takum oOpa3oM, UMHTAIIMOHHOE MOJCIUPOBAHUE — ATO MPEICTABICHUE
OUHAMUYECK020 N08eOeHUs. CUCTEMBI MOCPEIACTBOM IMPOJBIKEHHUS €€ OT OJHOTO COCTOSIHHS K
JPyrOMY B COOTBETCTBUM C XOpPOIIO OMNPEACICHHBIMU OINEPAMOHHBIMU MpPAaBUIAMU. OTH
W3MEHEHUS COCTOSIHUN MOTYT MPOUCXOAMTH JINOO HEMPEPHIBHO, TUOO B IUCKPETHBIE MOMEHTHI
BpeMeHU. VMHTalMOHHOE MOJECIUPOBAHHE — €CTh JUHAMUYECKOE OTPAXKEHHE H3MEHEHUM
COCTOSIHHSI CUCTEMBI C TCUEHHEM BPEMEHU.



116

7.2. Ilpouecc uMUTALIAMA

OCHOBHBIE 3TaIbI nponecca MMHTAIlUU

PoGept Lllennon [13] BeiAenseT cieayromye ITambl Npouecca UMUTALUN:

1. Onpeoenenue cucmemsbl — yCTAaHOBIICHHE TPAHUIl, OTPAHWMYCHUA U H3MEPHUTEIICH
3¢ (HEKTUBHOCTH CHCTEMBI, MTOAJNIEKAIIEH H3yUEHUIO.

2. @opmynuposanue moodenu — TEPEXOJ OT pealbHONM CHCTEMBI K HEKOTOPOH
Joru4eckor cxeme (abcrparupoBaHue).

3. Iloocomoska Oanubix — OTOOP AAHHBIX, HEOOXOIUMBIX I TIOCTPOCHHUSI MOJEIH, U
MPEJICTABICHUE UX B COOTBETCTBYIOIICH (opme.

4. Tpancnayus mooenu — OIMCaHNE MOJIENH Ha A3bIKE TPOrPaMMHUPOBAHHUS.

5. Oyenxka aoexkeamumocmu — TIOBBIIIGHWE IO TPHUEMIIEMOTO YpPOBHS CTEIECHHU
YBEPEHHOCTH, ¢ KOTOPOH MOXHO CYIWTh OTHOCHTEIHHO KOPPEKTHOCTH BBIBOJOB O pPEaIbHOM
CUCTEMeE, TTOJIYYEHHBIX HA OCHOBAaHUH OOPAIICHUS K MOJICIIH.

6. Cmpamezuueckoe nianuposanue — IIIAHUPOBAHNUE YKCIIEPUMEHTA, KOTOPBIA JTODKEH

JaTh HEOOXOAUMYIO MH(POPMAITHIO.

7. Taxmuueckoe naanupoéanue — ONpeAETICHUE croco0a MPOBEACHHUS KaKIOH CepHH
UCIBITaHUH, IPEAYCMOTPEHHBIX IJIAHOM SKCIIEPUMEHTA.

8. Oxcnepumenmuposanue — IPOLECC OCYIIECTBICHUSI UMUTALUU C LIEJIBIO MOTYYECHHUS
JKEJTaeMbIX JaHHBIX U aHAIN3a YyBCTBUTEIbHOCTH.

9. Humepnpemayus — TOCTPOCHUE BBHIBOJOB [0 JAHHBIM, MOJYYEHHBIM IyTEM
UMUTAIIH.

10. Peanuzayusi — TPaKTUYECKOE UCIOJIB30BAHUE MOJEIHM M  PE3yJbTaToOB
MOJIETTUPOBAHUS.

11. Jdoxymenmupogéanue — perucTpaums XoJa OCYUIECTBICHUS INPOEKTa M €ro

PE3YIBTATOB, a TAKXKE JOKYMCHTHUPOBAHHUE NIPOHECCA CO3AaHUA 1 UCIIOJIb30BaHUA MOJCIIN.

7.3. ®opMyTHpPOBaHHE MO/EJIU

Mopens — mpencraBieHHe OOBEKTa, CHCTEMBI B HEKOTOpOH ¢Gopme, OTIMYHON OT
GopMBI HMX peaJbHOro CYyIIECTBOBAaHUS. MoJelnb — 3TO TpPEeXAe BCEro YIPOIIEHHOE
IPE/ICTaBICHAE pEaJbHOro OO0BEKTa WM SIBICHHS, COXPAHAIOIIEE €ro OCHOBHEIE,
cyuiecTBeHHbIe 4epThl. Cam mporiece pa3padOTKU MOJENH, T.€. MOACTHUPOBAHUE, MOXKET OBbITH
OCYILECTBIICH PA3JINYHBIMH CIIOCO0aMHM, U3 KOTOPHIX Hanbosee pacnpocTpaHeHO PU3NIECKoe
¥ MaTEeMaTHYEeCKOE MOJICTUPOBAHHUE.

PazpaboTka u moOCTpoeHHE MOJENH COLMATbHO-SKOHOMUYECKOH CHCTEMBI Tpedyer
rJ1yOOKOr0 M3y4eHMsI CBOMCTB MCXOAHOro oObekTa. Ilpum 3TOM B OCHOBE MOCTPOEHUS MOAEIH
JeKaT, Kak MpaBuilo, ONpeielIeHHasi TeopeTudecKast KOHIIETIUS, BKII0Yaoas cnocod aHaimusa
CUTYyalluH, HEKOTOPbIC alpUOPHBIE MPEJICTABICHHUS O B3aUMOCBA3SIX MEXIy HaOII0JaeMbIMU U
U3y4yaeMbIMH TpU3HaKaMH H (akTopamMu. B Hauvase NOCTpOEHHS MOJAENIH CJIEIyeT IO
BO3MOXHOCTH TOYHO C(POPMYJIMPOBATh T€ MPEANOCHUIKH (THUIIOTE3bl) U OTHOLIEHMS, HA KOTOPBIX
0asupyercss MareMaTHueckas Mojelb oO0bekTa. B OCHOBy mpemiaraeMoro OINUCaHHS
OTHOLICHWH, ONpEACISAIOIINX BO3MOXHBIA THI MOJENM, MOJOXKEHa KiIacCU(pUKaIMs,
npuBeJeHHas B KHUTE [27] u rpadudecku npeacTaBieHHas Ha puc. 7.2.
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Eanascopre|

TexHOMOTHYECKH E]

SERoTEHHEE

HOBE,I[EHT-IE:CKHE]

[ﬂemorpacbntrec:cne

[51{031 orHHECKHej

Puc. 7.2. CtpykTypa TUIIOB OTHOILICHUH

banancosvie omnowenus peannusyroT paBeHCTBO CYMMbI HAJTMYHBIX 00HEMOB (TOBapoOB,
pecypcoB, (DMHAHCOBBIX MOTOKOB M T.II.), MOJYUYEHHBIX U3 PA3JIMYHBIX UCTOYHHKOB, CyMMeE
00BEMOB, UCITOJIb30BAHHBIX 10 PA3TUYHBIM HAIPABICHUSIM.

Texnonoeuueckue OMHOUIEHUS PACKPBIBAIOT W ACTAIU3UPYIOT TCXHOJOTMYCCKUC
IMPONECChl KOHKPETHBIX S9KOHOMHUYCCKUX CUCTEM.

Ilosedenueckue omHoOweHUs: ONUCHIBAIOT TIOBEJCHHUE HIIEMEHTOB 3KOHOMHYECKOU
CHCTEMBI, UMEIOITUX HEKOTOPYIO CBOOO Y BBIOOpA pEIICHUH.

Cmpykmyphvle omHoweHus OIPEAEIAI0T HEpapXUI0 YIpaBieHUs (B3aMMOCBS3H,
COTOAYMHEHHOCTh AJIEMEHTOB) M IMpaBWIIa, peryaupyronye GyHKIHNOHUPOBAHUE 3IEMEHTOB
CHUCTEMBI B paMKax 3TOU UEpPaAPXUH.

OKxonomuueckue omHouieHuss PacKpbIBalOT B3aMMOCBSA3M SKOHOMHYECKOH CHCTEMBI C
OKPYKarOIIEH CpeIou.

Hemoepaguueckue omnowuienuss yaUTHIBAIOT BIUSHUE POCTa U CTPYKTYpPbI HAaCEeJIEHUS Ha
IIPOU3BOJICTBO.

Dr3ocennvie ommnoulenuss ONUCHLIBAIOT B3aUMOOTHOIIEHUS 3KOHOMHYECKON CHCTEMEI C
AJIEMEHTaMHU BHEIIHEW Cpebl, MPUYEM BIUSHUE CUCTEMBbI Ha 3TH JIEMEHTBhl OIPAHHUYEHHO
(BHENIHSIST TOPTOBJIS, CTUXUWHBIC OCICTBHS U JIP.).

CnexyeT wuMeTh B BHAY, UYTO TMpPU pPa3pabOTKe MoOJeNeld JOCTaTOYHO CIOKHBIX
SKOHOMHMYECKHUX CHUCTEM HEOOXOAMMO YUUTHIBATh HECKOJIbKO WJIM Ja)Ke€ BCE BbIIICYKa3aHHBIC
OTHOLIEHUS 3JIEMEHTOB CUCTEMBI.

7.4. OnleHKa aIeKBATHOCTH MOJEJIN

Kaxoii OBl CIIOKHOM M IOJHOWM HHM OBIIa MOJIEIb, OHA TEM HE MEHEE SBIIETCS
MPUOJIMKEHHBIM OTOOpaXEHUEM PEaIbHOTO0 O00BEKTa W OTPAXKAET €ro IMPHU OIMPECTCHHBIX
OpPUHATHIX ponymieHusx. OAHaKo O TeX MOop IMOKa HE JoKa3aHa aJeKBaTHOCTb MOJENHU
peanbHO 00CTAaHOBKE, HEJIB3sI C YBEPECHHOCTHIO YTBEPKIATh, UTO C €€ MOMOIIBIO TOJYyqaTCs
T€ Pe3yJabTaThl, KOTOPBIC NEHCTBUTEILHO XapaKTePU3yIOT PYHKIIMOHUPOBAHUE UCCIIETyEMOTO
o0bekTa. OleHKa aJeKBaTHOCTH U TOYHOCTH MaTEMaTHYeCKOH MOJCIHU JIF0OOro TUIa, B TOM
YHUClie U WUMUTAI[MOHHOM, SIBIISIETCS BaKHEHIIEW 3amadeil MOJEIUPOBAHMS, TaK Kak JOOBIC
MCCIIEIOBAHMS HA HEQJICKBAaTHOM MOJIEHU TEPSIOT CMBICI [4].

Oyenka adexéamHocmu MOJICIH 3aKJTFOYAETCS B MOBBIIICHUN 10 MPUEMIIEMOTO YPOBHS
CTENEHH YBEPEHHOCTH, C KOTOPOH MOXKHO CYIUTh OTHOCHUTEIBHO KOPPEKTHOCTH BHIBOJIOB O
peaIbHOM cucTeMe, TIOTYyYEeHHBIX Ha OCHOBAHUM OOpaIeHus K MOICTH.
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Jnist 5TOro MOryT OBITH HCIIOJIB30BaHBI MPOBEPKU TpexX BUIOB. Ilpu mposepke nepeozo
BUJA CIIeAyeT IPOBEPUTh: HE OyJEeT JIM MOJAENb JaBaTh MPOCTO abCcyplHble OTBEThl. Bropoit
METOJ OLEHKM aJeKBaTHOCTH MOJENU HasblBaeTcsi Bepuduxauuein. Bepugdurkayus
UMUMAYUOHHOU MoOO0enu — TIPOBEPKA COOTBETCTBHUS €€ IOBEACHUS MPEANOIOKEHUSIM
AKCIEPUMEHTATOpa. DTO NEPBBIA 3Tall ACUCTBUTEIBHOW NOATOTOBKM K HMUTALMOHHOMY
skcriepuMenTy. [logOuparoTcss HEKOTOpbIE UCXOAHBIE JaHHBIE, Ui KOTOPHIX MOTYT OBITh
MpEACTABICHBl pe3yJbTaThl mpocuera. Ecim okaxkercsa, uro OBM BblgaeT [naHHBIE,
MPOTUBOpEYAILlE TeM, KOTOpBIE OKUIAINUCh NpU (HOPMUPOBAHUM MOJETH, 3HAYUT, MOJEIH
HeBepHa. B oOpatHOM ciiyyae mepexoIiT K  CIeNyoIeMy JTaly  IpPOBEPKH
paboTOCIIOCOOHOCTH MOJCIIN — €€ 8ATUOAYUU.

Banuoayua umumayuonnoit moodeau — nNpoBepKka COOTBETCTBUS JaHHBIX, MOJIY4aeMbIX B
HPOLIECCEe MAWMUHHOU UMUMAYUY, PEaTbHOMY XONIy SIBICHHH, JJISI ONMUCAHUS KOTOPBIX CO37aHa
mooenb. COCTOUT B TOM, YTO BBIXOJHBIE JaHHBIE Mocje pacuera Ha DBM comnocraBnstores ¢
MMEIOIIMMUCS CTATUCTUIECKUMH CBEJICHUAMH O MOJICITUPYEMO CHCTEME.

Taxum 06pa3oM, BOIIPOC OLEHKH aJIEKBATHOCTH MOJIEIH UMEET JBE CTOPOHBI:

- IpUOOpETEHNE YBEPECHHOCTH B TOM, YTO MOJIENIb BEJET Ce0sl TAaKMM K€ 00pa3oM, Kak U
peasibHast CUCTEMA;

- YCTAHOBJICHUC TOI'O, YTO BBIBOJIbI, ITOJYYCHHBLIC H3 I3KCIICPUMCHTOB C MOJCIIBIO,
CIIpaBCAJIMBBI 1 KOPPCKTHLI.

C pocToM aleKBaTHOCTH W TOYHOCTH MOJIEIHM BO3PACTAlOT KaK €€ CTOMMOCTh, TaK U
LEHHOCTh JJIsi UCCJIEIOBAHUSI, B CBSI3U C YE€M IPHUXOAUTCS peliaTh BOMPOC O KOMIIPOMHUCCE
MEXIY CTOUMOCTBIO MOJIENTA U TIOCTIEJCTBUSIMH OIIMOOYHBIX PEIICHUH M3-3a HEaJeKBaTHOCTH
uccienyeMomy mporeccy. OreHka aJeKBaTHOCTH U TOYHOCTH MOJIENH MPEACTABISET cOO0M
HEIPEPHIBHBIN MPOIECC, MPABHUIBHOCTh TOCTPOSHUSI MOJICTTH MOXKET OBITh MPOBEpPEHA TOIBKO
HA TPaKTHKE 3a CUYET TMOBTOPEHHUS IHUKIA <«IIOCTPOCHHE MOJETH — MPOBEpPKA MOJECIH».
Crnenyer OTMETHTh, YTO TIOHSATHE aJEeKBATHOCTH MOJIEIM HE HMMEET KOJUYECTBEHHOTO
U3MEpPEHUS: MOJIeTh TMOO0 aJieKBaTHA SIBIICHUIO, THOO He anekBaTHa. [Ipu ATOM, eCTeCTBEHHO,
MPEANoaraeTcsi, 9YTo MporpamMma, peaqn3yoias BEIYUCICHUS 0 MaTeMaTHYeCKOW MOJIeTH,
HE COACPKUT OMMOOK, HCXO/IHbIC JaHHBIC BBEJCHBI B MAIIMHY MPaBUIbHO. Takum oOpasom,
MOJIEIIb SIBJIICTCS JOCTOBEPHOM, €CITM €€ KOHIIeTyaJ bHas MOJIENb aJeKBaTHA UCCIEAYEMOMY
npolieccy, MareMaThuieckass MOJeldb aJeKBaTHA KOHIIENTYalbHOM, a TOYHOCTh peaiu3aluu
MareMaTu4eckoil Mojenu Ha OBM COOTBETCTBYET 3aJlaHHOM, T.€. MOTPEIIHOCTH pacyeTa He
IPEBBIIAIOT 10NyCTUMBIX [4, c.118].

7.5. JkcnepuMeHTHPOBAHNE C UCTIOJIb30BAHNEM UMHUTAIIMOHHON MO/IeJIN

[Tocne 3aBepieHuUs 3TANoOB Pa3pabOTKH U IUIAHUPOBAHMSI OCYIIECTBIISECTCS IPOIECC
HKCIIEPUMEHTUPOBAHMS Ha MOJICNIN C IIENIBIO MOJIyuyeHHs xenaemoil nnpopmanuu. Ha stom
JTarie HAa4YMHAIOT BBIABIATHCS HENOCTATKM W TPOCUYETHl B MOJEIM U IUIAHUPOBAHHUU
IIPOBEJEHUS SKCIIEPUMEHTOB, KOTOPBIE TOJKHBI IOCTOSHHO YCTPAHATHCS 10 TEX IOp, IOKA HE
OyIyT JOCTUTHYTHI IEPBOHAYAILHO MOCTABJICHHBIE LIEITH.

[Ipu sKCIEpUMEHTHPOBAHMM MOJIENb BBICTYMAET KaK CaMOCTOSTENBHBIH OOBEKT
uccnenoBanus. OnHy u3 (OpM TaKOro MCCIENOBAHUS COCTABISECT MPOBEACHUE MOJAEIbHBIX
HKCIIEPUMEHTOB, IIPU KOTOPBIX IEJICHANPABICHHO U3MEHSIOTCS YCIOBUS (DYHKIIMOHUPOBAHHS
MOJIETIM U CUCTEMAaTH3UPYIOTCS TAaHHBIE O €€ «MOBeACHUU». KOHEUHbIM pe3ylbTaTOM 3TOTO
JTana SBISIETCS COBOKYNHOCTb 3HAaHMM O MOJENM B OTHOUIEHMM CYIIECTBEHHBIX CTOPOH
00BEKTa-OpUTHHAIA, KOTOPBIE OTPAXKEHBI B TAHHON MOJAEIH.
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Ha puc. 7.3...7.5. cxeMaTU4HO MOKa3aHbl BO3MOKHbIE BApUAHThl U3MEHEHNUS BXOJHBIX
IapaMeTpOB MMHMTALMOHHOW MOZEIW IPHU NPOBEACHHUU DJKCIIEPUMEHTOB HAa HEU C LEJIBIO
U3Y4YEHUS U3MEHEHUS BBIXOIHBIX I1APAMETPOB MOJAEIUPYEMON CUCTEMBI.

Ha puc. 7.3 noka3zaH BapuaHT UMUTALIMOHHOTO 3KCIIEPUMEHTA, PU KOTOPOM U3MEHSIOTCS
3HAYEHHUS TOJIBKO OJHOIO BXOJHOIO Mapamerpa X, HMUTauuoHHOM Mouenu (MM) npu
(MKCUPOBAHHBIX 3HAYEHUSAX BCEX OCTAJBbHBIX BXOAHBIX MapaMeTpoB. IIpu 3ToM uccaenyercs

U3MEHEHHME BBIXOIHBIX IAPAMETPOB W, W,,..., W, .

W w
xl% 4’w1 1 1
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Puc. 7.3. UccnenoBanue BIUSHUSA U3MEHEHUS OJHOTO BXOJIHOTO MapaMeTpa Ha BbIXOAHBIE
napameTpbl

B BapmaHTe MMHTAIIMOHHOTO SKCIIEPUMEHTa, M300pa)keHHOM Ha puc. 7.4, mcciemyercs
IIOBEJICHUE BBIXOJHBIX [ApaMETPOB IPH H3MEHEHHM HECKOJbKUX WJIM BCEX BXOIHBIX
napaMeTpoB. Takol BUJ 3KCIIEPUMEHTA XapaKTEPEH JUIsl CTPATErMYECKOr0 MIIAaHUPOBAHHUS, KOI'/1a
BbIOMpPAETCsl Ta WU MHAs CTPATErsl U3MEHEHUS BXOIHBIX 1apaMeTpOB.
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Puc. 7.4. UMuTanus npuHATON CTpaTernuu N3MEHEHUS BXOAHBIX 1apaMETPOB

Ecnu ogHa nny HECKOJIBKO MTEPEMEHHBIX SIBJISFOTCS CIyYalHBIMU (CTOXAaCTUYECKUMH )
BEJIMYMHAMU, TO IPU MPOBEICHUHN UMUTAILMOHHOTO SKCIIEPUMEHTA UX 3HAYECHMS 3aJaI0TCs IIPU
IIOMOIIY reHeparopa cirydaiHbix yucen (I 'CY). BapuaHT skcniepuMeHTa co cilydaliHbIMU
BXOJIHBIMH ITapaMeTpamMu n300pakeH Ha puc. 7.5.



120

X w
1 i —w
X,— I]] [ — W,
t xﬂ wH t

Puc. 7.5. UMuTanmoHHBII 3KCIEPUMEHT CO CIIy4allHBIMHU BXOJHBIMU ITapaMETpaMu

Ecnn maremarudeckas MOJENb HENPUTOAHA I IPUMEHEHUS aQHAIMTUYECKUX HIIU
YHUCIIEHHBIX METOJNOB, TO M €€ pEUICHUs IMPUMEHSAIOT METOX OKCIEPUMEHTAIbHOU
ontummzanmu Ha OBM. Ilpm sTOoM Merone HET HEOOXOOUMOCTH B NpeoOpa3oBaHUM
MaTeMaTHYeCKOM MOJENN B CIELHAIbHYIO0 cucTeMy ypaBHeHMH. Kak meneBas (yHKUMs, Tak U
cUcTeMa OIpaHUYEHUI MOTYT OBITh 33/1aHBl B BHJIE€ QITOPUTMA, MO3BOJISIOIIETO BBIUYUCIATh UX
3HaueHus B Xoje MoaenupoBaHud. Ha puc. 7.6 cxemaTHM4HO MOKa3aH BapUaHT UMHUTALHOHHOIO
JKCIIEPUMEHTUPOBAHMS C IPUMEHEHUEM METO/1a SKCIIEPUMEHTAIbHON ONITUMU3ALIHH.

X — ——— E={(X,X,,X....Xp)

M

xﬂ

Puc. 7.6. Merop skciepuMEHTATbHON ONTUMHU3AIMU C UCTI0JIb30BAHMEM UMHUTAIMOHHOM
MOJIEIIN

7.6. IlonsiTHE 0 MOJEJIBLHOM BpeMeHHU. MexXaHu3M NPOABHKeHHSA
MO/1eJIbHOT'0 BpeMeHHU

I[JDI OIMUCAHUSA TUHAMUKU MOACIIMPYCMbBIX MPOLECCOB B UMHUTAITUOHHOM MOJCINPOBAaHUN
peaM30BaH MeXaHu3mM 3a0aHUus MOOENbHO20 6peMeHU. ITH MEXaHU3Mbl BCTPOEHBI B
YIIPaBJIAIOLINE TPOrPaMMBI JIF0OOH CHCTEMBI MOJICTUPOBAHHMSL.
Ecim 661 Ha DOBM HMHUTHPOBATIOCH TOBEACHHE OJHOW KOMITIOHEHTHI CHUCTEMBI, TO
BHITIOJTHEHUE JCHCTBUII B WMUTAIMOHHON MOJAENHM MOXHO OBLIO OBl  OCYIIECTBUTH
MOCIIe0BATENbHO, IO MIEPECYETY BPEMEHHON KOOPIMHATHI.
YroObl 00eceyuTh UMUTALIMIO MTAPATIICIBHBIX COOBITHIA PeaTbHON CUCTEMbI BBOST
HEKOTOPYIO TJIOOQIBHYIO TEPEMEHHYIO (00eCIeunBarONIyI0 CHHXPOHU3AIMIO BCEX COOBITHI B
cucteme) 10, KOTOPYIO Ha3bIBAIOT MOOEIbHbIM (UNU CUCTNEMHBIM) BPEMEHEM.
Cy1ecTBYIOT Ba OCHOBHBIX CITOCO0a M3MEeHEeHUS 10):
®  nowazoeviii (MPUMEHSIOTCS (PUKCUPOBAHHBIC HHTEPBAIIBI H3MEHEHHUS
MOJEJIBHOTO BPEMEHH );

® 10 cobobimutinbLll (MPUMEHSIOTCS IEPEMEHHBIC MHTEPBAIbI H3MEHECHHUS
MOJIETILHOTO BPEMEHHU, MPU 3TOM BEJIMYMHA I1ara U3MepseTcss HHTEPBaJIOM
710 CIIETYIOIIETO COOBITHS).

B cnydae nowacoeo2o memooa npogBuKeHNE BPEMEHH TPOUCXOIUT ¢ MUHUMAIbHO
BO3MOYKHOUM TTOCTOSIHHOM JUIMHOM I1ara (npuHyun t). ITH anrOpUTMbI HE 04eHb 3 ()EKTUBHBI C
TOYKH 3PEHHUS UCTIOIb30BAHMS MAIIMHHOTO BPEMEHH Ha UX PeaI3aluIo.

Ilo cobvimutinwlii memoo (npunyun “ocodwvix cocmosinuti” ). B HeM KOOpIMHATH BpEMEHU
MEHSFOTCSI TOJILKO KOT/Ia M3MEHSETCS] COCTOSIHIE CUCTEMBI. B 110 COOBITHITHBIX METOAAX JJTUHA
11ara BpeMEHHOT'O C/IBUTa MaKCUMaJIbHO BO3MOXKHasA. MoJielnbHOe BpeMsl ¢ TeKYIIero MOMEeHTa
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HU3MECHSECTCA A0 6JII/I)KaI>'IHJGFO MOMCHTA HACTYIIJICHUA CJICAYIOLICTO COGBITI/ISI.

Puc. 7.7. nemoHCTpUpYET CIOCOOBI IPEACTABICHUS U YIIPABICHUS BPEMEHEM MPU
HUCITIOJIB30BaHUU 060HX METOOOB. I1o ocu BPCMCHU OTJIOKCHA OIHA M Ta KC MOCICAOBATCIIbHOCTb
COOBITHH.
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Puc. 7.7. Teuenue MOECIBHOTO BPEMEHH: a — B MOJIENU C (PUKCUPOBAHHBIM IIAroM (ITOLIArOBBIN
METO/); O — 10 COOBITUMHEINA METO,.

VY KaxII0ro M3 3THX METOJIOB €CTh CBOM NpeuMyniecTBa. B Monmenu ¢ ¢pukcupoBaHHBIM
maroM (IOIIaroBbIi MeToa) 06paboTka COOBITHI MPOUCXOAMT IO TPYNIIAM HIIM MHOXKECTBAM
coOpITHii. B Mozaenu, ucronb3ylomeld Mo COOBITHHHBIA METOJ 3ajaHus Imara, oOpaboTka
COOBITHI MJIET MOCIENOBATENbHO M BPEMs MMHUTALMU KaXAbI pa3 CMeIIaeTcsl BIepern Ha
HaJaJo CIEAYIONET0 COOBITHS, KaXKI0€ U3 KOTOPBIX OOCITY)KUBACTCS TI0 OUEPEIH.

Hcnonnp3oBanue METOAa (bHKCHpOBaHHBIX maroB 0oJjee npeaANnOYTUTCIIBHO, C€CIIN:

- COOBITHSI TOSIBJISIFOTCSL PETYNSAPHO U paclpelesieHbl BO BpPEMEHU OTHOCUTEIBHO
PaBHOMEpPHO;

- B TCUCHHUC MNHUKJIAa MOIACIUPOBAHHA IIOABIACTCA MHOI'O CO6I)ITPII>1, IIpu4eM
MAaTCMAaTUYCCKOC OKHUIAaHNUC ITPOJOJIZKUTCIBHOCTH COOBITHI Majo,

- TOYHAs MPUPOJA CYIMIECTBEHHBIX COOBITHI HE SICHA, KakK, HAIpUMep, ATO ObIBacT Ha
HaYaJILHOM DTalle UMUTAIIHOHHOI'O UCCIEIOBAHUA.

C apyroi CTOpPOHBI, 0 COOBITHIHBIA METOJ 3aJaHUs IIara 0 CJICAYIOMEro COOBITHS
BBITOJACH TEM, UTO:

- MO3BOJIACT 3KOHOMHUTh MAlIMHHOC BPEMs B ClIyda€ CTAaTUYCCKHUX CHUCTEM, B KOTOPBIX
CYIICCTBCHHBIC COOBITHS MOT'YT JUIMTCIIBHOC BPEMSA HC HACTYIIATh,

- He TpeOyeT omnpezesieHns BeJIMUYUHbI IPUPALEHUS BPEMEHH (Y4TO BIUSAET U Ha
MPOJIOJKUTENBHOCTD IIUKJIA MOJICIMPOBAHUS, U HA TOUHOCTH);

- MoeT 3((PEKTUBHO MCIIONB30BATHCS MPU HEPABHOMEPHOM PACIIPEACIICHHH COOBITHI BO
BpeMeHH © (WiaM) Tpu  OONBINON  BEIMYMHE  MATEMAaTUYECKOTO  OXHUAAHHUS — HX
MIPOJIOJKUTEIIBHOCTH.

ITpocreiimmas knaccuuKkanus Ha OCHOBHBIC BHJbl MMHTAIMOHHBIX MOJIENEH CBsi3aHA C
NPUMEHEHHUEM JBYX 3THUX CIOCOO0B MPOABMKEHUS MOJIETILHOTO BPEMEHHU.

PaznuuaroT *MUTAIMOHHBIE MOJIEIIH:
® HenpepovigHvie;
o Jluckpemnvie;
e Henpepbigno ouckpemHuule.

B mnenpepvignvix umumayuonusvix mooensx TEPEMEHHBIE W3MEHSIIOTCS HENPEPHIBHO,
COCTOSTHUE MOJCTHPYEMOW CHCTEMBbI MEHSETCS KaK HelpepbiBHAs (DYHKIHS BPEMEHH, H, KaK
IpaBWJIO, A3TO MW3MEHEHUE ONUCHIBAECTCA cHCTeMaMu JAu(QepeHInanbHbIX YpaBHEHUM.
COOTBETCTBEHHO TMPOJBM)KEHUE MOJIETBHOIO BPEMEHHU 3aBUCUT OT YHCIEHHBIX METOJIOB
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pemenust 1udpepeHaIbHbIX YPaBHEHUH.

B ouckpemnvix umumayuonnvix moodensx TNEPEeMEHHBIC H3MEHSIIOTCS JIUCKPETHO B
OmpesicieHHbIE MOMEHTBl MMHUTAI[MOHHOTO BpPEMEHHU (HACTYIICHUS cOoObITHil). /[nHamuka
JTUCKPETHBIX MoOJIeNiel TpeAcCTaBsieT coOOl TMporecc mepexoia OT MOMEHTa HaCTYIUICHUS
OUYEPETHOTO COOBITUS K MOMEHTY HACTYIUICHHUS CICIYIOMIETO COOBITHSI.

[Tockonbky B pealbHBIX CHCTEMAaX HENPEPHIBHBIE W JUCKPETHBIE MPOILECCHl YacTO
HEBO3MOXKHO pa3lIelNTh, ObUIM pa3pabOTaHBl HenpepwvlHO OUCKpemHble MOOeiu, B KOTOPBIX
COBMEIIIAIOTCSI MEXAHU3MBbI ITPOJIBUKEHHS BPEMEHH, XapaKTEPHBIE ISl 3TUX JIBYX MPOIECCOB.

7.7. UnTepnipeTranus u peaju3anus pe3yJbTaTOB MOIeJMPOBAHUSA

[To muenuto P. Illennona [13], Hukakoe 3aJaHWe Ha MOJIECIMPOBAHHUE HE MOXKET
CUNTAThCA YCIEIIHO 3aBEpIICHHBIM JI0 TE€X IOp, MOKAa OHO HE OyJeT MPHUHATO, MOHATO H
ucnoip30BaHo. HawuOonplmme Heyqaud, MMOCTUraBUIME CHEHHAIUCTOB, 3aHUMAIOMIMXCS
npobiemMaMu ynpaBieHHs, ObUTH CBS3aHbI U BOCHPUATHUEM U HCIIOJIB30BAaHMEM HX paboT.
PoGepr IllenHoHn cruemyronuM o0pa3oM  pacrlpeiesseTr BpeMs, HeoOXoauMoe Ha
MPOEKTUPOBAHKUE U PabOTy C MOjeNbIo: 25% Ha MOCTaHOBKY 3aaauu, 20% Ha cOop U aHaIM3
nanHblX, 30% Ha pa3pabotky momenu u 25% Ha peanuzauuio. Camasi Jydmias B MHpE
MMUTAIMOHHAs MOJIEJIb HUYEro HE CTOUT, II0Ka OHAa HE MCMOJIb30BaHa WK He 0JJ00peHa TeMH,
JUIs KOro OHa Obuta paszpaborana. [lyis OONBIIMHCTBA CIEHUAIUCTOB M PYKOBOIUTEICH
MPOM3BOJICTBA MHTEPEC MPEJICTaBIseT HE M3ALIHAs MOJAEIb M HCKYCHOE HCIOJIb30BaHUE
MaTeMaTHYECKUX METOJIOB, a peajIbHbIE MPOOJIEMBI U CIIOCOOBI UX PEIICHUSI.

Wudopmarnus, mnojgydaemas C TOMOIIBI0 HMHTAIMOHHON MOJETH JOJKHA OBITh
npuemijieMa JJid 3dKa3duKa MWW II0JIb30BATCIIsA, KOTOPBIC HOJDKHBI IMOHHUMATh, KakK
HEOOXOMMO TIOCTYIUTh WJIM KaK MOXHO HCIIOJIb30BaTh MOJYYEeHHbIC pe3ynbTarhl. Eciu emy
HE SICHO, KaK 3TH JJaHHBIE MOTYT IIOMOYb €MY MJIM KOMY-JIH0O0 IpyroMy IpUHUMATh peIIeHus,
TO OH UX OyIeT MPOCTO WIHOPUPOBATh, W BCsS paboTa MO CO3/aHHIO MOJCIH OKAKETCS
0e3pe3yabTaTHOM.

JIro6ast MUTAIIIOHHAS MOJIEIb JOJKHA MO3BOJISATh CHEIUAINCTY, paboTaloIeMy ¢ Hel,
OIICHUBATh  PCIICHUS, KOTOpPHIE  YAOBJIETBOPSIOT €ro  COOCTBEHHBIM  IMOHSATHUSAM
pPAlMOHATILHOCTH, a TaK)XK€ BO3MOXKHBIE PE3yJabTaThl CPOPMYIUPOBAHHBIX MM CTPATErHil.
[Tonb30BaTens MOMENH, €CIIM OH HE SIBISIETCS €€ Pa3padOTUMKOM, TMOJaraeT, 4YT0 KMMEHHO OH
MO’KET HAMJIy4lINM 00pa30M IMOJIydaTh MPABUIIbHbIE PEIICHNUS.

YtoObl HMMETh MAaKCHMAJIbHBIC IIIAHCHI YCIICHIHOTO MPUMCHCHUSA  PE3YJILTATOB
HUMUTAIITMOHHOTI'O UCCIICAOBAHUA, UMHUTAIlTHOHHAasA MOACJIb JOJXKHA OBITh:

- OHSITHOM 3aKa34MKY-I10JIb30BaTEIIO;
- CIIOCOOHOM J1aBaTh pa3yMHbBIC OTBETHI,

- CcmocoOHOM mgaBaTh WHGPOpPMANMIO, KOTOpas MOXeT ObITh B JajbHeHIIeM
UCTIONIb30BAHA;

- pEAUTUCTUYHON B TPeOOBAHMSIX K JAHHBIM;
- CIIOCOOHOM OTBEUYATh HA BOIPOCHI THMA «A 4TO OYAET, eClu...7»;

- IeTKO MoAu(ULIPYEeMOii;

- HEZOPOTrO¥l TPU MPUMEHECHUHU.

Bonpocel 1151 caMmonpoBepKu
1. IlpuBenure KOHKPETHBIEC PUMEPHI 3a/1a4 UMUTALIMOHHOT'O MOJIEIIUPOBAHUS.
2. I[aﬁTe onpe;[eneHHe METOOda UMUTALTMOHHOI'O MOI[G.HI/IpOBaHI/DI B cCaMOM 06H_I€M BHU]IC.
3. Kakwue 35eMeHThI BBIACIAIOT B IPOIECCE UMUTAIMOHHOTO MOJICIIMPOBAHUA?
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Kaxkue nBe cocTraBigrolye BEIEISIOT B ONUCAHUY UMUTAIIMOHHON Moaenu? Kakum
00pazoM peanu3yeTcsl ITMHAMUKA B HMUTAITAOHHBIX MOJIEIISX ?

[Iepeunciure OCHOBHBIE 3TAMbI POLIECCA UMHUTALIMHI

[Tepeuncnute OTHOIICHUS, HA KOTOPBIX 0a3upyeTcs MaTeMaTH4ecKas MOJICIIb OObEKTa.
ITosicHUTE >TH OTHOIIICHUS.

Yro Takoe ajgekBaTHOCTh Mojienu? J{aliTe moHsaTHe BepuUKAIUY U BaTUJAIIUN MOJICIIH.
[Iepeuncnute BO3MOXKHBIE CXEMBI SKCIEPUMEHTUPOBAHUS C UCIIOJIb30BaHUEM
HUMUTAIMOHHONH MOJEIIH.

HazoBute 1Ba OCHOBHBIX crioco0a 3aaHusi MOACIBLHOTO BpeMeHU. [loscHUTe CyTh ATHX
crmoco0oB

B kakux cimyyasix HCIONB3YIOT METOI (PUKCHPOBAHHBIX IIATOB 3a/IaHUSI MOJICIIBHOTO
BpeMeHu?

B kakux ciydyasix HCIONB3YIOT MOCOOBITUWHBIN METO/ 3a/IaHUsI MOJICTTLHOTO BPEMEHH ?
Kaknmu cBoiicTBamMu JT0/DKHA 001a1aTh UMUTAIIMOHHAS! MOJIEIh JJIS €€ YCTIEITHOTO
HCIIOJIb30BaHUs?
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Tema 8. UMUTAIIMOHHASA MO/IEJIb IJI00AJbHON CHCTEMBI

PaccmoTpuMm r00anbHYI0 MOJAETh PAa3BUTHUA BCEM HAlled IUBWINM3ALUN B IIEJIOM,
npeacTaBieHHyo B kHure J[x. @oppectepa «MupoBas tuHaMuka» [12]. Dta kaura paxktuuecku
SIBWJIACh TIEPBOM 3aBEPILIEHHOM IONBITKOM NPUMEHUTh TOYHBIE METOIBI JI HCCIIEIOBAHUS
MHUPOBOT'O pPa3BUTHA.

8.1. OcHOBHBbIE KOMIIOHEHTHI IMHAMUYECKO MUPOBOI Mo1e/TH

B nmHamuueckoi mupoBon moxenu k. Poppecrepa B3aMMOYBA3aHBI HACEIICHHUE,
KaIllUTaJIOBIIOXKEHUs, Teorpaduyeckoe MPOCTPAHCTBO, MPHUPOAHBIE PECYpCHI, 3arpsi3HEHUE U
MPOU3BOJCTBO MPOAYKTOB TMUTAHUS. OTHUMH OCHOBHBIMH KOMIOHEHTAaMH M  HUX
B3aUMOJICCTBUSAMU OOYCITaBIMBAETCS JMHAMUKA U3MEHEHUN B MUPOBOH cucteme. Pacryriee
HACEJICHNE BBI3BIBACT POCT MHIYCTPUAIH3AINH, POCT MOTPEOHOCTH B MPOAYKTaX MUTAHUS U
pacmpocTpaHeHue HaceleHuss Mo Bce Oousbliedt Tepputopuun. Ho poct mnpousBoacTsa
IPOJYKTOB MUTAHUsI, TPOMBILIUICHHBIX TOBAPOB U 3aHUMAEMOI TEPPUTOPHH CIIOCOOCTBYET HE
TOJIBKO TMOJJACPXKAHUIO, HO W YBEIMYECHHUIO KOJIMYECTBa HaceneHus. Poct HaceneHus ¢
CONPOBOXKAAIOIIMUMH €r0 HWHAYCTpUAIM3ALUUEN U 3arps3HEHUEM SIBISIETCS CIIEICTBUEM
MUKINYECKUX MIPOLIECCOB, B KOTOPBIX KaX bl CEKTOP CIIOCOOCTBYET POCTY JIPYTHX CEKTOPOB,
U o0ecreynBaeT CBOE pa3BUTHE 3a HUX cueT. Ho co BpeMeHeM poCT HaTaJKWBaeTcs Ha
npeaenbl, Haiaraemble npupoaod. [louBa u  TpUpOgHBIE peCcypchl HMCTOLIAKOTCS, a
CIIOCOOHOCTH OMocdepbl 3eMild pasiiarath 3arpsi3HEHUs: He OecrpesienbHa. 3a1a4a COCTOUT B
TOM, 4TOOBI BBHIOpATh HAMITYYIIMH U3 BO3MOKHBIX BapHUaHTOB IEpPeXo/a OT JTUHAMHUYECKOIO
pocTa K COCTOSIHUIO MUPOBOI'O PABHOBECHS.

Mopens OblJa TIOCTpOGHA HA OCHOBAaHWUHW psla YTBEPKIACHHH, HAOMIOACHUN U
IPEANOIOKEHUM, KacalolUXCsl MHUPOBOM CHCTEMBI, B HEH B3aUMOCBS3aHBl CEKTOPBI
nemMorpaguy, SKOHOMHKH, CEIbCKOIO XO3AHCTBA M TEXHOJOrMH. MoJenp OnuchIBaeT
MHUPOBYIO CHUCTEMY, KOTOpas JEMOHCTPUPYET ps aJbTEPHATUBHBIX BO3MOXHOCTEH
NIOBEJICHUS YEJIOBEYECTBA, KOTOPBIE OHO MOKA €IE MOYKET BBIOPATh.

8.2. Konuenumusi «netJasi 00paTHoii CBSI3U»

Pemraronuii sTan B MoCTpOSHUHM MAIIMHHOW MOJENTH COLMATBHONW CHCTEMBI — BBIOOp U
corylacoBaHue MH(opMauu o peaibHol cucreme. OOBIYHO MCIBITBIBAIOTCA TPYAHOCTU HE B
HEeXBaTKe MHPOPMAaLIUH, a B €€ U30bITKE U B HEOOXOJMMOCTH N30MPATELHOTO MOIX0Aa K HEHl.
Paznopoanas napopmarius 1omKHa OBITH OpraHU30BaHA.

BaxHOl KOHILIENIIUEN B YCTAHOBJICHUM CTPYKTYpPbI CUCTEMBI SIBISETCS UJIEs, 4TO BCE
W3MEHEHUsT 00YCIIaBIIMBAIOTCS «IIETISAMH OOpaTHBIX CBs3ei». [leTns oOpaTHOW CBS3M — 3TO
3aMKHyTas LE€MOoYKa B3aWMOAECUCTBUS, KOTOpas CBS3bIBAET MCXOJHOE JEHCTBUE C €ro
pPEe3yJIbTaTOM, M3MEHSIOIUM XapaKTEPUCTUKU OKPYXKAIOUIMX YCIOBHH M, KOTOPBIE B CBOIO
ouepenb, SABISIOTCA «HH(OpMaIeii», BBI3BIBAIONICH nanpHEie u3MeHeHus. Mbl 4acTo
paccMaTpuBaeM NPUYUMHY W CIEICTBHE OAHOCTOPOHHE. MBI TOBOpUM, 4YTO JEWCTBHE A
BbI3bIBaET pedynbrar B. Ho takoe nonumanue HenonHo. Pesynprar B mpexacrasiser HOBoE
COCTOSIHME CHUCTE€MBI, M3MEHECHHE KOTOpPOW B OyaylieM MOBIUSAIOT Ha aAciictBue A. Bce
IPOIIECCHl POCTA U CTA0MIN3ANH TeHEPUPYIOTCS NETIIMH 0OpaTHBIX CBSI3CH.

B cucreme ¢ metnsMu oOpaTHBIX CBsI3€d BBEIEHBI JBa TUIA MEPEMEHHBIX - YPOGHU U
memnovl. YPOBHU — 3TO HAKOMUTEIHU CUCTEMBbI. TeMIbl — MMOTOKH, BBI3BIBAIOLINE U3MEHEHUE
ypoBHEH. VYpOBEHb aKKyMylIHpyeT oOlee KOJWYECTBO, SBISIIOIIEECS pPE3yIbTaTOM
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«BIAJAIONINX» B HErO TEMIIOB, KOTOpBIC MPHUOABISIOTCS WA BBIYUTAIOTCS W3 YPOBHS.
CucreMHble YPOBHU MOJHOCTHIO OMUCHIBAIOT MOJIOKEHHUE UM COCTOSIHUE CHUCTEMBbI B JIFOOOM
MOMEHT BPEMEHHU. YPOBHHU CYILIECTBYIOT BO BCEX MOACUCTEMax — (PMHAHCOBOM, (PU3NUECKON,
OMOJIOTUYECKON, IICHXOJIOrMYECKON M J>KOHOMHYecKOM. HaceiaeHume, Kak co3zaroiieecs B
pe3yJibTaTe aKKyMYJSIIUU <«YUCTOM» PAa3HOCTH MEXKIY TEMIIOM POXKIAEMOCTH U TEMIIOM
CMEpPTHOCTH, PAacCMaTpUBAETCAd KaK YPOBEHb MHPOBOW CHCTEMBL. V3MeHeHHe ypoBHEH
BBI3BIBAETCS COOTBETCTBYIOIIMMH TeMIaMU MOTOKOB. TeMn MoToKa KOHTPOJIUPYETCS TOIBKO
OJIHMM WJIM HECKOJBKMMH CHUCTEMHBIMHM YPOBHSIMH, HO HE IpYrUMu Temnamu. Bee cucremst,
KOTOPBIC U3MEHSIOTCS BO BPEMEHHU, MOTYT OBITh MPEACTABICHBI KAaK KOHCTPYKIIUU YPOBHEH U
TEMIIOB, 3THU JIBa THIIA TMEPEMEHHBIX HE TOJBKO HEOOXOAMMBI, HO M JIOCTaTOYHBI IS
MOHUMAHUS TF000U CUCTEMBI.

B kaudecTBe OCHOBHBIX YpOBHEH, Ha KOTOPBIX CTPOUTCS CTPYKTypa cucTeMbl JIxk.
doppecrtepa, 6bUI0 BEIOPAHO HATH CIESTYIONINX YPOBHEH:

- HaceJIeHHUE;

- KAl TaJIOBIOXKCHHS;

- IPUPOHBIE PECYPCHI;

- YaCTh KAITUTAJIOBIOXKEHHH, BKJIAILIBAEMBIX B CEITLCKOE XO035HCTBO;
- YPOBEHb 3arpsi3HEHUSI.

JUii MOHMMaHUS METOJOJIOTUH Pa3pabOTKU MOJEIU PACCMOTPUM IPHUMEPHI MeTIei
00paTHBIX CBSI3EH ISl Pa3JIMYHBIX YPOBHEH.

Ha puc. 8.1. moxa3aHbI JABC OCHOBHBIC IICTJIN, BIUAIOIINC HA YMCIICHHOCTh HACCICHUA.

(a66peBuarypa BRN — birth rate normal; DRN — death rate normal)
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Puc.8.1. OcHOBHBIE eTIN 00PATHBIX CBSA3EH B CEKTOPE HACEICHUs

BepxHsas ners onpenenser TeMI POKAAEMOCTH, KOTOPBIA YBEIWYMBAET HACCIICHHUE.
HwxHsis mnetns  omnpenensier TEMI CMEPTHOCTH, YMEHBIIAIOMIMK HaceneHue. Temn
pO)K,Z[aeMOCTI/I U TEMII CMepTHOCTI/I OHpGI[eJDIIOTCSI KOJINYECTBOM JIIOI[eﬁ, pO,Z[I/IBH_II/IXCSI 148
ymepmux 3a roA. OHU ONpeAeNsitoT OOMIMI TEeMIT M3MEHEHHS YHCICHHOCTH HaCeJICHUSI.
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Pa3HOCTh 3TMX BEJIMYMH COCTaBISET YMCTHI IPUPOCT HACEIEHMS. IDTH TEMIbl NPUHATO
CUMTAaTh <«HOPMAJIBHBIMHU», €CIM OHU COOTBETCTBYIOT CTAHJAPTHOM CHUCTEME MMPOBBIX
YCJIOBHM, KOTZ]a BEJIMYMHBI YPOBHS IHUTAHUS, MATEPUAIBLHOIO YPOBHS >KU3HHU, IUIOTHOCTH U
3arps3HEHUS] COOTBETCTBYIOT CBOMM «CTaHIAPTHBIM» 3HadeHHsAM. OHAKO 3Ta K€ CHUCTEMa
IIEPEMEHHBIX IIPU APYIMX YUCIICHHBIX 3HAYEHUSAX MOKET BBI3BaTh POCT WM IIaJICHUE TEMIIOB
POKIAEMOCTH M CMEPTHOCTU IO CPaBHEHHMIO C MX HOPMAJIBHBIMHM 3HA4YCHUsSMU. BnusHue
JKU3HEHHBIX YyCIIOBUM B MuUpoBOoM cucreMe Doppecrepa ONMCBHIBACTCS ITOCPEICTBOM
«MHOYKHTEJICH», KOTOPBIE YBEIMYMBAIOT WM YMEHBIIAIOT HOPMAJIbHBIE TEMIIBI CHCTEMBI B
3aBHCUMOCTH OT TOTO, HACKOJBKO OJAarompHUATHO HMX BO3JEHCTBHE B JIAHHBIN KOHKPETHBIN
MOMEHT BPEMEHH. [3MeHEHHE JITHUX MHOXKHUTEIEH, OTPaXaloUMX TEKYIEe COCTOSHUE
MUPOBOM CHUCTEMBI (YpOBEHb IIMTAaHUsA, MATEPUAIBHBIM YpPOBEHb JKU3HHM, IUIOTHOCTh
HAaCeJIeHUs U YPOBEHb 3arps3HEHMI) MOXKET BBI3bIBATh POCT HACENCHMs, €ro CTaOMIM3aLUI0
WU YMEHBILICHHUE.

[letns pokmaeMoCcTH — TIOJNIOKHUTENbHAsT OOpaTHasl CBsI3b, BBI3BIBAIOMIAS POCT
HAaCeJICHUS. YBEJIMYECHHE HACEJEHUS BbI3BIBAET POCT TEMMA POKIAEMOCTH (YUCIO JIFOAEH,
POIUBIIMXCS B CUCTEME B TEUEHHE T'0J1a), KOTOPBIM B CBOIO OYEPE/Ib YBEIUUUBACT HACETICHHUE.
Ecnu Ob1 He OBUIO CIEPKUBAIOIINX CHII, TO HACEIIEHUE SKCIIOHEHIIMAIBHO BO3pacTano Obl 3a
CYET BJIMSHUS MOJOXKUTEIBHBIX 00paTHBIX CBsi3el. Ho meTis cMepTHOCTH - OTpHUIlaTeIbHAasl.
Korna nacenenue pacTteT, KOJIMYECTBO YMHUPAIOIIMX B TOJl TaKK€ BO3pAcCTacT. Y BEIMUYEHUE
HACEJICHUS YBEJIMYMBAET TEMIT CMEPTHOCTH, YTO BEAET K YMEHBIIIEHUIO HACETICHUS.

8.3. OcHOBHBIE METIU «00PATHBIX CBsI3eii» B MUPOBOIi Mo/1eJIH

Hcnonp3ys KOHUENIMIO TETeNb OOpaTHBIX CBsS3€H, pa3pabOTUMK MOJENTH IOJDKEH
YCTaHOBUTH 3HAUMMbIE 3aBUCHUMOCTH MEX]y OCHOBHBIMH II€pEMEHHBIMH B cucteme. B
mozaenu Doppecrepa 3aN0XKEHBI CIACAYIOMIME JIOTMYECKUE IEMOYKU IMOJIOKUTEIbHBIX U
OTPHUIIATEIILHBIX OOPATHBIX CBA3EH MHUPOBOW MOJCIIH.

Kanuranosioxenus. ['eHepanys KanuTaJIOBIOKEHUM 3aBUCUT OT UUCIEHHOCTH
HACCJICHUs W HOPM@JIbHOM  TEHEpaluM  KanmuTaloBiokeHuid. Ho — MHOxuTens
KaITUTaJIOBIIOKEHUH M3MEHsSIeT HOPMaJbHBIM Temn co3naHus (oumoB. Ilpu oyeHb HHU3KHX
3HAYEHUSAX MaTEPUAILHOIO YPOBHS >KM3HM MOTHUBBI AJIS MOTPEOJCHUs BCEM co3maBaeMoOi
IPOAYKIMH CTOJb CHJIbHBI, YTO HAKOIUIEHUE KaluTaja MOXKET ObITh oueHb Maino. [Ipu odeHpb
BBICOKMX 3HAQUEHUSAX OTHOCUTEIBHOM BEIMYMHBI (DOHAOB Ha JyUly HACEIEHUS MafaroT
NOTPeOHOCTH U CTHUMYJIBI K €11le O0bIIEMY YBETHUECHUIO MAaTEPUATBHOTO YPOBHS JKU3HU.

3arpsisHenue. Emie oaHa meTas TOJIOKUTEIBHOM O0OpaTHON CBsI3M (BMECTE C
OTPHIIATEILHOM TeTiel) CYIIEeCTBYEeT B CEKTope 3arpsisHeHus. OtpunareibHas oOpaTHas
CBSI3b TPEACTABISIET COOOM OCHOBHOW TMPOIECC Pa3JIOKEHUS 3arps3HeHus. UYeM BbIIIe
YPOBEHb 3arpsi3HEHUsS] B HEKOTOPBI MOMEHT BPEMEHH, TeM OOJIbIIIee €ro KOJIUYECTBO MOKET
pasnaratbCs B €IMHHUIY BPEMEHHU — J0 TeX MOp, MOKa YPOBEHb 3arpsi3HEHUS HE BO3PACTET
HACTOJIBKO, 4TO OyJeT pa3pyliaTh HPUPOJHBIE MPOLECCh camoouuiieHus. OObeanHeHHne
JIBYX TI€TE€JIb MOXET JaBaTh JHOO OTPUIIATENbHBIN, JMOO TOJOXHUTEIbHBIA 3(hPeKT B
3aBUCHMOCTH OT BEIHYWHBI 3arps3HeHus. Ecnu oliee 3arps3HEHUE CTAHOBHUTCS HACTOJIBKO
0OJBIIMM, YTO TOAABISAET MPUPOAHBIE MPOLECCHl  CaMOOYMILIEHHUS, IMPOUCXOJIAT
KpYyIHOMAacIITaOHbIE KaTacTpO(dBbI.

Poct Hacesenusi. Ha TemMnbl pok/1aeéMOCTH U CMEPTHOCTH OKa3bIBAIOT BIUSHUE TaKUe
dakTopbl, KaKk TUIOTHOCTh HACENeHUs, O0CCIeUEeHHOCTh MUIICH, 3arps3HEHHe, HAIHIue
IPUPOJHBIX pecypcoB. [Ipyu moMomy KOHIENIMH MeTeab 00paTHOM CBSA3H MOXKHO YCTaHOBUTH
B3aUMHOE BJIMSTHUE ATUX [MapaMETPOB HA POCT HACEIICHHUSI.
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Pecypcebl. Pactymiee HaceneHne MCMONB3yeT MPUPOIHBIE PECYPCHl A0 TEX IMOp, MOKa
NaJICHUE MaTePUAITBHOTO YPOBHS JKM3HHU HE BBI30BET OYECPEIHOIO YMEHBIIICHHS YHCICHHOCTH
HacelneHus. Ecnm HacelneHWe pacTeT, TO TeMI MOTPeOJIeHHs MPHUPOAHBIX PECYPCOB
MOBBIIIACTCS, YTO MPUBOJAMT K UCTOIICHUIO MPUPOIHBIX PECYPCOB, MX 3aIachl yMEHBIIAIOTCS.
DT0, B CBOK OYepeqb, MOHIKAET 3PPEKTUBHOCTh OTHOCHTEIHHOW BETUYHHBI (HOHIOB U
MaTepualbHBIA YpOBEHb KHU3HU. [lajieHHMe MaTepHaJbHOTO YPOBHS JKHW3HH BBI3BIBACT
YBEJIMUEHUE TEMIIa POXKIAEMOCTH, HO ITO YBEIWYCHHE KOMIIEHCHUPYETCS POCTOM TeMIia
CMEPTHOCTH ¥ YMCHBINACT YHCIIEHHOCTh HAcelieHWsA. 3J1eCh OJHa U3 TeTelh —
MOJIOKUTEIIbHAS, & APYTasi — OTPUIIATEIbHASL.

8.4. OcHoBHBIC IEPeMEeHHbIC B MUPOBO MOIeJIN

B sToM nonpazaene 6osiee moapoOHO pacCMOTPEHBI HEKOTOPhIE TIEPEMEHHBIE MUPOBOI
mozaenu Jx. doppecrepa.

Hacenenme. HaceneHue B MHPOBOM MOJENH NpEACTaBIseT co00il IepeMEeHHBIH
ypoBeHb cucTembl. Hacenenue B 11000 MOMEHT BpEMEHHM BBIYUCISETCS KaK HacelleHHE B
IPEIIECTBYIONIMI MOMEHT BPEMEHH, IIIIOC HaceJIeHHUEe, KOTOpoe A00aBseTCs 3a CUET TeMIa
POX/IaeMOCTH B OXBAaTBHIBAEMbIl IEpPHOJ, MHUHYC HaceleHHe, yObIBalomee 3a CyeT
CMEpPTHOCTH. B MaremaTH4eckoil MOJAENHW YPOBEHb <«HACEICHHE» TPENCTaBIACT COOO0M
BBIUMCIIUTEIBHYIO NPOLENYPY, Pa3BOPAUNBAIOIIYIOCS B CTOPOHY BO3pacTaHMsI BPEMEHH, NpU
3TOM €r0 3HAYEHNE YBEIUYMBACTCS WIM YMEHBIIAETCS B COOTBETCTBUM C TEMITAMH MOTOKOB.

Temn poxaaemocTu. Temm pOXIAEMOCTH 3aBUCHT OT YHCICHHOCTH HACElCHUS U
3HAYCHUs HOPMAJIHHOTO TEMIa POXKIAEMOCTH, HHBIMU CIIOBAMH, TEMIT POKIAEMOCTH €CTh TEMII
YBEJIMUEHUSI HACEICHUS, OH H3MEPSETCS KOJIMYSCTBOM POJMBIIUXCS 3a roi. PeanmbHbId Temin
POXKTaeMOCTH HE MOXKET PacCMaTPUBATHCS KaK MOCTOSTHHAS BEIMYMHA HA TIPOTSHKCHUH CKOJIBKO-
HUOYIb JJIMTENBHOTO Meproja BpemMeHn. OH 3aBUCUT, B YACTHOCTH, OT (DOHIOB M TIPUPOTHBIX
PECYpCOB, TOCKOJIBKY 3TH TIEPEMECHHBIC BIHMSIOT HA MaTepHAILHBIA YPOBEHB JKU3HU, IUIOTHOCTD
HaCelleHHUs, 00ECTICYeHHOCTh MHIIEH M YPOBEHB 3arps3HeHus. Takoro poaa BIUSHUS CO CTOPOHBI
NPYTUX YacTeld CUCTEMBI BBOMSATCS MHONCUMENAMU, KOTOPbIe MOIU(MUITPYIOT 0Aa3UCHBIA TEMIT
poxxnaemocTy. [Ipu HOPMABHBIX YCIOBHSIX MHOKUTEIHM HE TOJDKHBI U3MEHATH Oa3UCHBIA TEMIT
poXmaeMocTH, T.e. oHH paBHBI 1. Ecim ycioBusi okaspIBaroTcst Oojiee OJIarONpUATHBIMHU, YeM
HOpPMAaJIbHBIE, TO MHOXKHUTEIb JOJKEH OBITH OoJbIie 1, ecii MeHee — TO MeHbIIe 1.

MarepuajbHblii  YpOBeHb JKH3HH. MarepuanbHblii ypOBEHb KU3HU  €CTh
Oe3pa3MepHasi BENUYMHA, KOTOpas OMHUCHIBACT CTENEHb W3MEHEHHS H(PPEKTUBHOCTH
OTHOCHUTEJIBHOW BETMYMHBI (DOHIOB HA IyIly HAcCeleHHs B CPAaBHEHHH C €€ HadaJlbHBIM
3HauUE€HHWEM Ha ToA pa3paboTku Moxaenu. Ero 3HavueHHe OMpenensercs Kak OTHOIICHHE
3 PEKTUBHOCTH OTHOCHUTEIHHON BEIWYMHBI (POHIOB (HA MYIIy HACENICHUS) K HOPMaJIbHOU
3¢ (HEeKTUBHOCTH OTHOCUTENBHON Benu4YuHBl (GoHMoB. EnmHuna QoHIOB B MOJEIBHOMN
CHCTEeME ONpeeNsieTcs KaK KOJTMYECTBO ()OHIOB Ha YTy HACEICHUS Ha Ha4aJbHBIN TO/I.

MHoxHuTeJIb 3aBHCMMOCTH TeMIIa POXKIAEMOCTH OT MAaTepHAIbHOI0 YPOBHS
JKH3HU. DTOT MHOXHUTENb MOAUPUIIMPYET TEMIT POKIAEMOCTH B 3aBUCUMOCTH OT U3MEHEHHI
B MaTepUAIbHOM YPOBHE >KU3HU. 3aBUCHMOCTh, BEIOpaHHAasi B MOJICINIH, IIPEJCTAaBIICHA Ha PHLC.
8.2.
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Puc.8.2. I3MeHeHne MHOXKUTEIISI TeMIIA POKIAEMOCTH B 3aBUCUMOCTH OT
MaTepHUaJIbLHOTO YPOBHS XKU3HU

BoiObop 3HaueHHMs MaTepHaJbHOrO YPOBHS JKM3HM paBHOro 1 oO3Hayaer, dYTO
arperupoBaHHOE MO BCEMY MUPY KOJHWYECTBO MPOMBILIUICHHBIX TOBAPOB Ha AYILY HACEJICHUS
PaBHO CpeAHEMY MHUPOBOMY 3HAUEHUIO HAa HAYAJIBHBIA I'OJ, B KOTOPOM MHOKHTEIb TEMIIA
pPOXIaeMOCTH TPUHUMAETCS paBHBIM Takke 1. Bua ocraBmieiicss gacTu KpuBOl 1o 00€
CTOPOHBI OT 3TOU TOYKHU 3aBUCUT OT Hpe,Z[HO.HO)KeHI/Iﬁ 0O TOM, KakK 6y;[eT U3MCHATHCA TEMII
POKIAaEMOCTH IIPU U3MEHEHUU MaTepuaibHOrO YPOBHS KU3HU.

3aBucUMOCTh Ha pHc.8..2. OblIa TMOCTPOCHA IO CTATUCTHYECKUM IaHHBIM CTPaH C
pa3HBIM YPOBHEM JKH3HM B TOIbl pa3paboTku mojenu (70-e roasl MPOILIOTO BEKa).
MarepuanbHblii YpOBEHb JKM3HU BKIIOYaeT B ceOs M 30pOBbE HACENCHHs, U YPOBEHb
MEAMIIMHCKOTO OOCTY)KMBaHUS, M CAHWUTApHbIE YCJIOBHUS, W BCE JpPYrue JOCTHXKEHUS
nuBuIn3anui. OIHaKo ¢ POCTOM MAaTE€pPUAIbHOTO YPOBHS )KM3HU HE IPOMCXOAUT YBEIHUEHUS
TEMIIOB POCTa POKJAEMOCTH, YTO BBI3BAHO WHBIMHM NPUUYMHAMHU IMOBEJEHYECKOTO CBOWCTBA
HaceJIeHHs: TPeOOBaHUS K KayeCTBY MUTAHMs, BOCIIUTaHUSA, 00pa30BaHUA, 10CyTa U T.A. DTH
MHO>KHTEH TOKE€ MOTYT OBITh BBEJIEHBI B MOJIENIb MUPOBOI CHCTEMBI.

IIpupoanbie pecypcbl — CUCTEMHBIN ypoBeHb. OH CBSI3aH TOJBKO C OJJHUM MOTOKOM,
YMEHBIIAIONIAM €ro TeMIoM motpediienns. B mupoBoit momenn doppecrepa mpupoaHbIC
peCypCHl BKIIOYAIOT B C€0sl TOJILKO HEBOCIIOJIHMMEBIE PECYpPChl M HE BKITIOYAIOT, HaIpUMED,
Jec W JAPYrue pecypchbl, KOTOpPble MOTYT BO30OHOBIISTHCS; MOCIEAHUE KIACCUPUIUPYIOTCS
KaK 4acTh CEJIbCKOXO3SIICTBEHHOTO CEKTOPA.

Temn wucnonb30BaHUSI NPHUPOAHBIX PeECYPCOB OIpeAeseTcsl POU3BEIEHUEM
CIICAYIOIIMX COMHOXXUTENICH: YHCICHHOCThIO HACEJICHUs, HOPMAJIbHBIM IOTpeOICHHEM
IPUPOJIHBIX PECYpCOB M MHOXKUTEIEM 3aBUCHMOCTH JO0OBIYM MPUPOJIHBIX PECYPCOB OT
MaTEpUaIbHOTO YPOBHS )KU3HU, KOTOPBII pacTET, KOI/la BO3pacTaeT ypOBEHD JKU3HH.

Temn cMepTHOCTM BBOIUTCA B MOJEIb AHAIOTUYHO TEMILYy PpOXKIAEMOCTH U
KOPPEKTUPYETCA IpPU IIOMOIUM pPsAla MHOXUTEICH: 3aBUCUMOCTH TEMIIA CMEPTHOCTH OT
MaTepHaIbHOIO YPOBHS XKU3HHU, 3arPA3HEHUS, YPOBHS IIUTAHUs, IIJIOTHOCTU HACEICHUS.

OTHocuTeIbHBINH YPOBeHb NUTAHUSA. OTHOCUTEIbHBIM YPOBEHb MUTAHUS ONPEAEIAET
KOJINYECTBO MHUIIM Ha AYIY HACEJIEHHs U MPEICTABISAET cOO0M YacTHOE OT JeNICHHsI 3HAUCHUS
NUILEBOro MoTeHIuana (OHI0B Ha HOPMAJbHBIA YpOBEHb NMUTAHUS, YMHOXEHHBIH Ha TpH
MHOKUTENS: 3aBUCHMOCTH IIPOU3BOJCTBA MPOJYKTOB NMUTAHUA OT IUIOTHOCTH HACEJIEHUS, OT
YPOBHSI 3arpsi3HEHUs U OT Kod(p¢unuenta nuTaHusd. [Ipy HOpPMaJbHBIX YCIOBHSX OSTH
MHOXHTEIHN paBHbI 1, Gosee miyu MeHee OaronpuUATHbIE YCIOBUS JOJKHBI COOTBETCTBEHHO
BBI3bIBATH U3MEHEHHUS B 3HAUCHUHU YPOBHS IIUTAHUS HA YLy HACCIICHUS.

OTHoOcHuTeIbHAs BeJIMUMHA (POHI0B B CeJbCKOM Xo03siiicTBe. KonnuecTBo muinm Ha
JYIIy HaceNeHHsI TPEAToIaraeTcsl 3aBUCAIINM OT KoJm4yecTBa (POHIOB HA JIyITy HACEJICHUS B
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CCIIbLCKOM XOBHﬁCTBG, €C BCJ/IMYMHA OINPCACIIICTCA KaK OTHOCHUTCIIbHAs BCIMYHWHA (1)OH,Z[OB
(poHIOBOOPYKEHHOCTh), YMHOXXCHHasi Ha 4YacTh (OHIOB B CEIIbCKOM XO3SMCTBE |
pasaeNeHHas Ha HOPMAIbHYIO 4acTh (JOHIIOB B CENBCKOM X03sticTBe. DOHI0BOOPYKEHHOCTh
ABJIIETCS. OTHOCUTEIbHON BEJIMYMHOMN, OMpEeNseT KOJUYECTBO e€IUHUI] (OHAOB Ha AYIIY
HACCJICHUA W H3MCPACTCA B CAWMHUIAX KOJHNYCCTBA (bOHI[OB Ha AOymy HaCCJICHUA 110
OTHONICHUIO K HAYaJIbHOMY T'OJly MOZAEINPOBAHHUS.

@oHIbl — OJAWH W3 CHCTEMHBIX YpPOBHEW. ODTOT YpOBEHb oOpa3yercs 3a cueT
HAKOIUICHUS KamuTaJIoBIOXKeHUN ((HoHI000pa30oBaHUsA) U 3a CYET yMEHBIICHHUS (POHIOB
BCJICACTBUEC UX U3HOCA.

ITomumo MNEPCUYUCIICHHBIX B MOJCIIN UCIIOJb3YIOTCA JCCATKU IIEPEMCHHBIX.

8.5. CTpykTypa Mo/ieJiu MUPOBO# CHCTEMBI

Kak Owuio ckazano, monenb MUpoOBO# cuctembl [[x. DoppecTepa CBSI3BIBAET BOSIAUHO
ISTh YPOBHEH MEpEMEHHBIX — HAaCEJIeHHE, IPUPOTHBIE PECYPChI, KallUTAIOBIOKEHUS, (POHIBI
B CEJIbCKOM XO3siicTBe W 3arpsizHeHue. [lonpoOHas cxema MHpPOBOM MOJENU NPUBEICHA B
KHure ee aBropa [12, c.32-33], Ha pucyHke 8.3.moKa3aHa yHpoIlleHHas CTPYKTypHas cXxema
MOJIEJIY, ITO3BOJIAIOIIAs YACHUTD IPUHLUIIBI B3aUMOIEHCTBYS YPOBHEH MOJIECIIN.

Kaxnprii w3 ypoBHEW Mojenell BKIIOYaeT B ce0S TOJOKHUTEIbHYIO U (HIJIN)
OTPHILIATENIbHYIO TETII0 OOpaTHOM CBSA3M, ONMPENENSIONIYI0 TEMI W3MEHEHHUs ypoBHA. J[ns
YPOBHSI HACEJIEHUS MTOJIOKUTENbHAS METIS ONPENEsAeT TEMIT POKIAEMOCTH, OTPULIATEIbHAS —
TEMIT CMEPTHOCTH. J{J1s1 ypOBHS KalMTAJIOBIOKEHUH JIBE METJIM OOPATHBIX CBA3EH OMHCHIBAIOT
pEryaupyromue BO3JCHCTBHUS Ha KalUTAJIOBIOXKEHUSA. AHAJOTMYHO BBOJUTCA B MOJEIb
B3aUMOJICVCTBUE IIPOYUX YPOBHEHN U TEMIIOB.
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Puc.8.3. Crpykrypnas cxema MupoBoii Moaenu. OG03HaueHHS:
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1 — 3aBHCHUMOCTHh POXKIa€MOCTH OT YpPOBHS XWU3HH; 2 — YPOBEHb XH3HH; 3 — OTHOCUTEJbHAs IUIOTHOCTH; 4
3aBUCHUMOCTh TEMIIa POXITAEMOCTH OT IJIOTHOCTH;, 5 — 3aBHCHMOCThH TeMIIa POXKIAEMOCTH OT 3arps3HeHHS; 6
3aBUCHUMOCTh TEMIIa POXKITAEMOCTH OT MHUTaHUS; 7 — 3aBUCHMOCTh TEMIIA CMEPTHOCTH OT IUIOTHOCTH; 8 —
3aBUCHUMOCTh TEMIIa CMEPTHOCTH OT THTAaHUSA, 9 — 3aBHCHMOCTh TEMIla CMEPTHOCTH OT 3arpsi3HeHus; 10 —
3aBUCHUMOCTh TE€MIIa CMEPTHOCTH OT MAaTepPHalbHOTO YPOBHS >KM3HH; 11 — 3aBHCHMOCTH KalWTAJIOBIOXKEHUH OT
YpOBHS XU3HH; 12 — oTHOCHUTENbHAs BenndnHa GOHIOB; 13 — 3 (PEKTHBHOCTH OTHOCHTEIHHON BEIMIUHBI ()OHIIOB,;
14 — 3aBucuMOCTb JOOBIYM HPUPOJHBIX pecypcoB; 15 —ocraromiascs yacTh NPHUPOAHBIX pecypcoB; 16 —
OTHOCHUTEINIbHBIM ypOBeHb NHUTaHUA; 17 — 3aBUCUMOCTh HPOU3BOACTBA MUTaHUS OT IUIOTHOCTH; 18 — muieBoit
noTeHImai1 GoHaoB; 19 — 3aBUCHMOCTh MPOU3BOJICTBA MUTAHUS OT 3arpsi3HeHus; 20 — OTHOCUTEIFHOE 3arPs3HEHUC;
21 — BpeMs TOIJIOIICHHUS 3arPs3HEeHUs; 22 — KaueCTBO KHU3HU; 23 — 3aBUCUMOCTb Ka4eCcTBa KU3HU OT 3arpsA3HEHMUS;
24 — 3aBUCHUMOCTb KauecTBa >KM3HHU OT IJIOTHOCTH; 25 — 3aBUCUMOCTh KAau€CTBa XH3HU OT MATEPUAIBHOIO YPOBHS
JKM3HH; 26 — 3aBUCHMOCTh KaueCTBa XKU3HU OT MUTaHUs; 27 — N0JI KallUTaJ0BI0KECHUHM B 3aBUCUMOCTH OT KauecTBa
JKU3HU; 28 — TpeAnuchiBaeMasi OTHOCUTEIBHBIM YPOBHEM MUTAHMS YacTh (GOHIOB; 29 — OTHOCUTENIbHAS BEJIMYHHA
($hoHIOB B cenbCcKkoM X03sicTBE; 30 — 3aBHCHMOCTH JOOBIYM MPUPOIHBIX PECYPCOB OT MaTEPUATBHOTO YPOBHS
JKH3HH.

Bce ypoBHM M mepeMeHHbIE TaK WM WHA4Y€ OKa3bIBalOT B3aMMHOE BIIMSIHUE JIPYT Ha
Jpyra, 4TO Y4YUTBHIBA€TCA B MOJIEIM NIPHU MOMOIIM MHOxuTeneh. Cieayer OTMETUTh, 4TO
MHOXHUTEIM B MOJEIHW B CBOIO OYepedb SBISIIOTCS (DYHKIIMOHAIBHBIMU 3aBHCHUMOCTSIMH,
ONUCHIBAIOIIMMHU BIUSHUE OJHHMX NEPEMEHHBIX Ha apyrue. Hampumep, u3MeHEHUE TemIia
pOXIAEMOCTH B 3aBUCUMOCTH OT JPYTHX TE€PEMEHHBIX OINPENCIACTCS MHOXKUTEIEM
3aBUCUMOCTH TEMIIa POXKJAEMOCTH OT IJIOTHOCTU HACEJEHUs, MHOXHUTEJIEM 3aBUCHUMOCTHU
TEeMIIa POKIAEMOCTH OT OTHOCUTEIBLHOI'O YPOBHS TUTAHUS, MHOYKUTEJIEM 3aBUCUMOCTH TEMIIA
POXIa€MOCTU OT 3arpsi3HEHUs, MHOKHUTEJIEM 3aBUCUMOCTH TEMIIa POXKIAAEMOCTH OT YPOBHS
J)KA3HU U T.N. DTH 3aBUCUMOCTH YCTAHABIMBAIOTCS WM MPU MOMOIIU BBIIBHKEHUS TUIIOTE3,
WIA TIPH TIOMOIIY aHadn3a MPEeAbIAYIINX HAOMIOAEeHUI HaJ pa3BUTHEM MHPOBOW CHUCTEMBI,
WJIM SKCIIEPUMEHTAIBHBIM ITyTEM.

OOyuaronMes mpeJylaraeTcsi BHUMaTEIbHO MPOAHAIM3UPOBATh puc. 8.3. U caenaTh BBIBOJBI O
TOM, B3aUMOJEHCTBHE MEXAY KAKMMH II€PEMEHHBIMHM YYHUTBIBAJIOCh B MOJEIM MHPOBOU
CUCTEMBI U IIPU ITOMOIIY KaKUX MHOXKHUTEJIEH OIUCHIBAIIOCH 3TO B3aUMOJICHCTBHE.

8.6. OcHOBHBIC pe3yJIbTATHI IKCIIEPUMEHTOB HA MO/eJIM MUPOBOil CHCTEMBI

OJIEMEHTBl MOJENIH, ONMCAaHHOM B NPENbIAYLIEM pasjeiie, ONPEAENAIOT IpaBHUiIa
B3aUMOJICHCTBUA MEXIy HUMH. OTH IpaBHja IPEINUCHIBAIOT, KAKMM HMEHHO 00pa3oMm
KaKAbIH OJOK crucTeMbl (DYHKUHOHHPYET MOJ BJIMSHHEM Apyrux OjokoB. MmutanuonHas
MOJIENIb MUPOBOH CHCTEMBI MPEACTABISAET HEKOTOPYIO HHPOPMALIMIO O pealbHOM MHUpe. DTa
uH(poOpMalns CKJIaabIBaeTcd M3 JABYX dYacTed — HHQOpMAIMM O MOBEIEHUU KaKOT0-TO
DJIEMEHTa CHUCTEMBI WM BCEH CHUCTEMbl B 1eiaoM. [Ipy mpoBeneHHMM MOJEIMPOBAHUS
pa3paboTYMKOB MOJIEIH MPEXKIE BCETO MHTEPECOBAIO €€ MOBEIEHUE NMPU BO3ZHUKHOBEHHUU
IPOTHBOPEYHI MEXAY IKCHOHEHIIMAIBHBIM POCTOM YPOBHEH CHUCTEMBI M (PUKCHPOBAHHBIMH
OKPY’KaIOIIHUMH YCIOBUSMH.

HpeﬂnonaraeTCﬂ, YTO AOCTATOYHO XOPOIIO HM3BCCTHBI MPHUYHHBI, BLI3BIBAIOIIUC POCT
HapOJOHACEIECHUS U SKOHOMUKHU. V3BeCTHBI OoJiee MM MeHee TOYHO (pU3nuecKue Mpeebl U
CCTCCTBCHHBIC PCECYPChI IJIAHCTBI U IMPCACIHLHO ,Z[OHyCTPIMBIfI YPOBCHBb 3arpA3HCHUA. I[)K
®oppectep cTaBUT Bompoc: « Ho dro mnpouszoiger, Korga pocT 5SKOHOMUKH U
HApOJIOHACENICHUSI TPUOTU3UTCS K (UKCHUPOBAHHBIM TPHPOJONW TMpenaesaM M CMEHHUTCS
HeycTOWunBOU (popmoit paBHOBecHs?» OUEBHUIHO, YTO IKCTIOHCHIIMAIBHBIA POCT HACEIICHHS
He OecrpesieNieH, BOMPOC COCTOUT TOJIBKO B TOM, KOT/Ia U KaK OH MPEKPATHTCS, & HE B TOM,
MPEKpaTUTCS JIU OHO BooOIIe. Muposas monens doppecrepa COAEPKUT YEThIpE MapameTpa,
CMOCOOHBIX OrPAaHUYUTh POCT HACEIEHUS — O3TO MCTOIIEHHE TNPUPOAHBIX PECYpPCOB,
YBEJIMYEHUE YPOBHS 3arpsi3HEHUs, MEePEeHACeIEHHOCTh, HEXBaTKa MPOAYKTOB muTanus. [Ipu
OKCMIEPUMEHTUPOBAHUM OBUIO MPOAHATU3UPOBAHO BO3JIEHCTBHE ITUX MapaMeTpPOB Ha POCT
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YUCIIEHHOCTH HACEIICHUsI U MCCIEAOBaHbI Pa3INYHbIC BUJIBI PABHOBECHS, KOTOPHIE MOTJIH OBI
OBITH CO3/IaHbI IIYTEM MPOBEACHUS COOTBETCTBYIOIINX MEPOIPUITUH.

HpOBe,Z[GHI/Ie SKCIICPUMCHTOB Ha MOJACIIU IMO3BOJUIIO OMNPCACIIMTL CHCHAPUNU PA3BUTHUA
MNEPCUUCIICHHBIX HUXKE BUIOB KPHU3HCOB.

Hcromenne mnpupoaHbIX pecypcoB. IIpu [1OCTHMKEHUM HACEIEHHEM  CBOEH
MaKCHMaJbHOW YHCJICHHOCTH HAuYHETCS Mpolecc YyObIBaHHMS YHMCICHHOCTH HACEJIEHHUS,
BBI3BaHHBIN MCTOIIEHNEM IPUPOIHBIX PECYPCOB. PacdyeTsl MOKa3bIBaOT, UTO MPU COXPAHEHUU
CYIIECTBYIOIIUX TEMIIOB PECYPCOB MOKET MPOU30MTH MX MOJTHOE ucTouieHue yxe k 2150 r.
o ombiToB @oppecTepa aHaIM3 MHUPOBOM CHUCTEMBI YacTO OCHOBBIBAJICA HAa CpPAaBHEHUU
CYIIECTBYIOIIETO IOJIOKEHUS C €€ MpeAesIbHBIMA BO3MOXHOCTAMU. IIpum TakoMm monxone
CHUIOMHHYTHBIE TOTPEOHOCTH KAXXKYTCS 3HAYUTEIHHO MEHBIIMMHU B CPAaBHEHUH C MMEIOLTUMHUCS
3armacaMu pecypcoB, HO IpPH 3TOM YIYCKalOTCS W3 BUAAa JBa ¢akropa. Bo-mepBbix,
NOTPeOHOCTH YEJIOBEUECTBA BO3pacTaloT B JBa pa3a kaxzasie 20-30 yer; BO-BTOPBIX,
MIOCJIEJICTBHSI HAYMHAIOIIETOCS KPU3MCa HAYMHAIOT MPOSBIATHCS 3HAYUTEIBHO PaHbIIE, YEM
JOCTUTAETCS caMa KPU3HUCHAs CUTYalusl.

Kpusuc 3arpsizHeHusi. B 01HOM W3 3KCHEPUMEHTOB C MOJENBIO OBUIO CIENIaHo
MPEIIOIOKEHNEe, YTO CKOPOCTh HCIOJB30BaHUSI €CTECTBEHHBIX PECypCcOB Oblia pe3Ko
CHU)KEHA, HamlpuMep, B pe3yJbTaTe JOCTH)KEHUH HayYHO-TEXHHYECKOro Iporpecca u
mepexo/ia Ha HOBBIE TEXHOJOTMH. B 3TOM cllydae B cHCTeMe BO3HUKAeT Jpyras CHIa,
MOJABJISIONIAsl POCT — Pa3BUBAIOIIMICS KpPU3HMC 3arpsi3HEHUS, KOTOPOE PE3KO BO3PacTaer,
KOT'JIa CKOPOCTbH 3arpsA3HEHUS MTPEBBIIIACT CKOPOCTh MPUPOIHBIX MEXAaHU3MOB OUHUCTKH.

IIpodsema nepenacesienusi. CleayrONMM 3TAOM 3KCIIEPUMEHTUPOBAHUSA C MOJIETIBIO
SABUJIOCH  NPCAIOJIOKCHHUE, HYTO YCJIOBCUYCCTBY YyAACTCd CHpPABUTBCA C HpO6J’ICMOI>i
3arpsisHeHus. B 3TOM ciyyae mnepBOoHauyanbHO OYAET MPOUCXOIUTH SKCIOHEHIUAIbHOE
YBCIUMUCHUC YHNCIICHHOCTU HACCICHUA. Ho nocrenenHo Bce 60)166 n 60)166 Ha4YuWHAKT
MPOSBISATHCS CIEpKUBaoIIKe GakTopsl pocta. Bo3pacraromue nepeHaceneHHoCTh, CIIPOC Ha
MMPOAYKTHI MATAHUA U HCOGXO,Z[I/IMOCTB HCIIOJIB30BATh MCHCC IMPOAYKTUBHBIC IJId CCIBCKOI'O
XO035CTBA 3eMJIM MPUBOAAT K JOMOJHUTEIBHBIM KalHUTAJOBIOXKEHUSIM B MPOU3BOJICTBO
npoAykToB nuTaHus. Kpusuc nepeHaceneHusl M0 pe3ysbTaTaM MOJEIMPOBAHHUS HE HOCHUT
HapAaCTaIOIIET0 XapakTepa, KOTOPbIA HaOIto1aIcs IUIsl caydas 3arps3HeHHsL.

YMeHblLIEHHE OTHOCUTEJBHOT0 YPOBHS NHWTaHusi. B psje BbIUUCIUTEIBHBIX
9KCIIEPUMEHTOB HE YUMTHIBAIOCH BIUSHUE IJIOTHOCTU HaceleHus. B aTom ciydae pakTopom,
OTPaHMYMBAIOIIMM pOCT UHUCIEHHOCTH HACEJIEHUs, CTAHOBHUTCS HENOCTATOK MPOAYKTOB
nutanus. Co CHUKEHHMEM MaTepUalbHOTO YPOBHA JKM3HU IPOU3OWIET TaJeHue
OTHOCHUTEJIBHOTO YPOBHSI IUTAHUS, UTO CAEP’KUBAET POCT YUCIEHHOCTH HACEIECHHUS.

HecmoTpss Ha BEpOATHOCTH DPAa3BUTUS MHUPOBOM CHUCTEMBI CO CTOJb HEraTHBHBIMU
UTOTAMH, PE3yJIbTaThl AKCIEPHUMEHTOB TO3BOJWIM CAENaTh BBIBOA, YTO TJ00alIbHOE
paBHOBECHE CUCTEMbI B MPUHIUIIE BO3MOXHO. Pe3ynbTaToM UMUTAIIMOHHBIX 3KCIIEPUMEHTOB
C MOJIENBIO SIBJISIIIOCH HE TOYHBIE PEKOMEHJAIMHU MO0 TUIAHUPOBAHUIO PA3BUTHUS YETIOBEUECKOM
UBUJIM3AIMH, a IPUBJICYCHIE BHUMAHUS K UCCIIEIOBAaHUSAM JUHAMHUKH €€ POCTa U Pa3BUTHSL.

Jxenr doppecrep NOAYEPKHUBAECT, YTO pPE3yJIbTaTbl MOJECIMPOBAHUS HE CIEHAYyeT
BOCIIPUHUMATh KaK TOYHOE IIPEICKAa3aHNUE ITyTH PAa3BUTHsI CETOIHALIHETO MUPA, HAIIPOTUB, UX
HaJ0 IPUHUMATh KaK OJJHO U3 BO3MOYKHBIX IIOBEJIEHUI MUPOBOi cucteMbl. KoHeuHo, camu 1o
ce0e OMACHOCTH BO3HUKHOBEHMSI TE€X WIM MHBIX KaTacTpO(PUUECKUX TIOCIEACTBUN IS
HaCeJIEHUs IJIaHEThl IPOTHO3UPOBAINCH JaBHO. OJHAKO, MOJIEIMPOBAHUE ITUX IPOLIECCOB
N03BOJISIET BBIPA0OTATh CTPATETUIO PA3BUTHUS C LEJIBI0 HAUIYYIIETO MOBEIEHHUS B IOCTOSHHO
MEHSIOIINXCS YCIOBUAX Pa3BUTUS MUPOBOM CUCTEMBL.
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Bonpocs! Aj1s1 caMmonipoBepKu
Kakue OCHOBHBIE 3JE€MEHTHI B3aMMOYBSI3aHbl B JUHAMHYECKOW MHUpPOBOW Mopenu J[x.
®doppecrtepa?

Kak Ha3plBaeTCsi 3aMKHyTas ILENOYKAa B3aUMOJEHCTBUSA, KOTOpas CBS3BIBAET HCXOITHOE
JEHCTBUE C €ro pe3yJbTaTOM, M3MEHSIOIIMM XapaKTEPUCTHUKU OKPYKAIOIIMX YCIOBUHM U
KOTOpbIe, B CBOIO O4Yepelb, SABIAIOTCS «HHQOpMAIUeil», BBI3BIBAIOIIECH JalbHEHIINE
WU3MEHEHUH.

Kaxkue nBa Thma nepeMeHHBIX BKJIIOYAET B CEOs METIISI 0OpaTHOMU CBsI3n?
Kakas nepemeHHasi ciCTEMbI Ha3bIBAETCS YPOBHEM ?
Kaxkas nepeMeHHas cucTeMbl Ha3bIBAETCSI TEMIIOM ?

Kakue ocHoBHbIE ypoBHHU ObLTH BbIOpanbl [Ix. DoppecTepoM Ajsi MOCTPOSHUS CTPYKTYPHI
JTUHAMUYECKOW MUPOBOM MOAEIH?

K kakum kjaccam Mojened OTHOCUTCS MHpPOBas MOJENb IO KOHKPETHOMY
NpeHa3HauYeHUI0?

K kakxuMm kmaccam Mojeneit OTHOCHTCS MUPOBasi MOZAEIH 10 (pakTopy BpeMeHH?
K xakum knaccam mMojiesieid OTHOCHTCS MUPOBAsi MOJIEIb 110 1IE€JIEBOMY Ha3HAYEHUIO?

BnusiHne KakuxX TapamMeTpoB, CHOCOOHBIX OTPaHMYUTh POCT HAceleHus, ObUIO
HCCJIEI0OBAHO IIPH NIPOBEIEHNN UMUTAIIMOHHBIX 3KCIIEPUMEHTOB HA MUPOBOM MOJENN?
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Tema 9. Meton MonTte-KapJio u npoBepka CTaTUCTHYECKHX
ruIoTe3

Onpedenenue: Metogom Monrte-Kapno Ha3blBaeTCs  YUCICHHBIE METOIBI  pPEIICHUS
MaTEeMaTUYECKHUX 3a/1a4 IPU MOMOIIY MOJICTUPOBAHUS CITyYallHbIX BEJIUYHUH.

Haszganue ‘“Monte-Kapno” mnpowuszonuio ot ropona “‘Monte-Kapio”, H3BECTHOrO CBOUMH
Ka3MHO, T.K. IPOCTEHIIINM MPUOOPOM JJIsi TEHEPUPOBAHUSI CIIYIaHBIX YHCEN CIYKUT UTpalibHAs
pyJieTKa.

Cratuctiueckue McmbITaHud 1Mo Metoxy MonTte-Kapio mpencraBisior co0oi mpocreiiiee
UMUTALIMOHHOE MOJIEJIMPOBAHUE TPU MOJHOM OTCYTCTBUM KaKHUX-IMOO MpaBHJI IOBEACHUS.
[lonmydyenune BBIOOPOK 1O Meroxy MouTe-Kapio - OCHOBHOH MNPHHIUI KOMIIBIOTEPHOTO
MOJICIIMPOBAHUSL CHCTEM, COJAEpXKAIIMX CTOXAaCTUYECKHUE WM BEPOSTHOCTHBIE SJIEMEHTHI.
3apoxaeHre MeTo/Ia CBsi3aHo ¢ paboroit pon Heiimana u Ynana B konie 1940-x TT., KOrma oHu
BBEIM JJIs1 Hero Ha3BaHue «MoHnte-Kapiao» ¥ mpUMEHWIN €ro K pelIeHHI0O HEKOTOPBIX 3ajad
OKPAHUPOBAHUS SIICPHBIX U3My4EeHUH. ITOT MaTEMaTUHISCKUN METO]] ObLIT U3BECTEH M paHee, HO
CBOE BTOpoe poskiaeHue Hamien B Jloc-Aylamoce B 3aKpBITBIX paboTax MO SIACPHON TEXHUKE,
KOTOpPBIE BEJHCH MO/ KOJOBBIM 0003HaueHneM «Monrte-Kapo». [IpuMeHnenne Merona okazanoch
HACTOJIKO YCIEHIHBIM, YTO OH MOJYYMJI PACIPOCTPaHEHUE U B APYruX 00JacTAX, B YACTHOCTH B
YKOHOMHUKE.

[TosToMy MHOTUM cHenuanucTaMm TepMUH «MeToa MonTe-Kapio» mHoraa npeacraBisercs
CUHOHUMOM TEpPMHUHA «HMHUTAI[MOHHOE MOJICIIMPOBAHUE», YTO B OOIIEM cllydae HEBEPHO.
NMuTanimoHHOE MOJETUpPOBaHUE - 3TO Oojiee IMMPOKOe TMOoHsATHE, W MeTon MonTe-Kaprio
SIBISIETCS.  BaXKHBIM, HO JIaJIecKO HE E€IWHCTBEHHbIM METOAMYECKUM KOMIIOHEHTOM
MMUTAILMOHHOTO MOJEIINPOBAHMSL.

Cornacao Metony MonTe-Kapiio MmpoeKTHPOBIIMK MOXKET MOJEIUPOBATH PadOTy THICSYH
CIIOXKHBIX CHCTEM, YIPABISIIOMIMX ThICSIYaMU PA3HOBUAHOCTEH MOMOOHBIX TPOIIECCOB, HU
UCCIIeIOBATh MOBEICHHE BCeH Tpynibl, 00pabdaTbiBasi CTaTUCTUYECKUE JTaHHbIE. J[pyroii crocod
IPUMEHEHHUS] 3TOr0 METOJa 3aKJI0YaeTcsl B TOM, YTOOBI MOJEIMPOBATh MOBEIEHUE CHUCTEMbI
yIPaBIIEHUS HA OYEHBb OOJIBIIIOM MPOMEKYTKE MOACILHOTO BpEMEHHU (HECKOJIBKO JIET), IPUYeM
ACTPOHOMHUYECKOE BPEMsI BBIIIOJIHEHHUSI MOJEIHUPYIOIIEN MporpaMMbl Ha KOMIIBIOTEPE MOXKET
COCTaBUTH JIOJIM CeKyHIbI. PaccmoTpum MeTon MonTte-Kapno moapobhee.

B pasnmnuHbIX 3a7adax, BCTPEYAOMIMXCS MPU CO3JaHUM CIIOXKHBIX CHCTEM, MOTYT
UCIIONIb30BAThCS BEJMYMHBI, 3HAYEHHUS KOTOPBIX OMPEICNAIOTCS CIy4aliHBIM  00pa3oM.
[Ipumepamu TAKUX BEJTMYMH SIBISIIOTCS:

* CIly4aifHbIE MOMEHTHI BPEMEHH, B KOTOPBIE TTOCTYMAIOT 3aKa3bl Ha Pupmy;

* 3arpy3Ka MpOU3BOACTBEHHBIX YUaCTKOB WM CIIY)KO 00bEKTa YKOHOMUKH;

* BHEIIIHKE BO3/ACUCTBUS (TpeOOBaHMS UM U3MEHEHUS 3aKOHOB, TUTATEXKH IO mTpadam 1
Ap.);

* ortata 0aHKOBCKUX KPEIUTOB;

* NIOCTYIUJIEHUE CPEJCTB OT 3aKa3YUKOB;

B kadyecTBe COOTBETCTBYIOIIMX WM MEPEMEHHBIX MOTYT MCIOJIb30BaThCA YHCIIO,
COBOKYITHOCTh YHCEN, BEKTOp WM (yHKIUA. OaHOM M3 Pa3sHOBHIHOCTEH Merona MoHTe-
Kapno npu uyuciieHHOM pelieHuH 3a/1ay, BKIIOUYAIONINX ClydailHble MEepeMEHHBIC, SIBISETCS
METOJ] CTaTUCTUYECKHX HCIIBITAHUM, KOTOPBIM 3aKIIIOYAETCS B MOJEIUPOBAHUU CIIyYailHBIX
COOBITHIA.

Meron MonTe-Kapiio OCHOBaH Ha CTaTUCTUYECKUX HCHBITAHUSAX W IO MPUPOJE CBOEH
SIBJISIETCS.  DKCTPEMaJIbHBIM, MOXET  TNPUMEHSATBCS AN PEIICHUs  TMOJTHOCTHIO
JNEeTePMUHUPOBAHHBIX 3aJa4, TaKuX, Kak oOpalleHue MaTpull, peuieHue nuddepeHnnambHbIX
YpaBHEHHUI B YaCTHBIX MPOU3BOAHBIX, OTHICKAHUE HIKCTPEMYMOB U YUCIEHHOE UHTETPUPOBAHUE.
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[Ipu Belumcnenusx metogoM MonTe-Kapno cratuctudeckue pe3ynbTaTbl MOIYYarOTCs MyTEM
MOBTOPSIFOLIUXCSI HUCNBITAHUNA. BeposSTHOCTH TOro, 4YTO O3THU PE3YJAbTAThl OTIUYAKOTCA OT
UCTHHHBIX HE O0Jiee YeM Ha 3aJJaHHYIO BEJTMUYMHY, €CTh (PYHKIIHS KOJINYECTBA UCIIBITAHUH.

B ocHoBe BhumcieHmii 1mo metony Monte-Kapio nexuT ciydaiiHbId BBIOOp YHCEN W3
3aJJaHHOTO BEPOSTHOCTHOTO pacrpeneneHus. [Ipu mpakTuyecKux BBIYUCICHHUIX 3TH YUcia OepyT
U3 TaOJIWI WIM TMOJY4aroT MyTEeM HEKOTOPBIX OMepaluii, pe3yabTaTaMU KOTOPBIX SIBIISIIOTCS
IICEBOCIIy4aiHbIE YUCIa ¢ TEMH K€ CBOMCTBAMM, YTO U YUCJIA, IIOJIy4aE€MBbIE IIyTEM CI1y4alHOU
BbIOOpKH. MMeeTcst OObIIOE YMCIO BBIYMCIUTENBHBIX aJITOPUTMOB, KOTOPBIE IO3BOJISIOT
MOJIyYUTh AJIMHHBIE TOCIEA0BATEIbHOCTH IICEBOCTYYaHBIX YU CEI.

[Ipumenenne Meroma Monrte-Kapino MoxeT JgaTh  CymecTBeHHbIH  dddext mnpu
MOJICTUPOBAHUN PA3BUTHUS TPOLIECCOB, HATypHOE HAOJIONEHHE KOTOPBIX HEXKEJATeNbHO WITN
HEBO3MOXKHO, a JAPyrue MaTeMaTH4eCKHue METOAbl MPUMEHUTEIHHO K 3TUM IpoleccaM Judo He
paspaboTtanbl, 1100 HEMPHUEMIIEMbI M3-32 MHOT'OYUCIIEHHBIX OFOBOPOK U JOIMYIIEHUH, KOTOpBIE
MOTYT MPUBECTU K CEPHE3HBIM MOIPEHIHOCTAM WJIM HENPABWIBHBIM BBIBOJAM. B CBsI3u ¢ 3TUM
HE00X0AMMO HE TOJBKO HAOII0AaTh pa3BUTHE MpOIlecca B HEXKENATENbHBIX HANPaBICHHUAX, HO U
OLICHUBATh TUIIOTE3bl O MAapaMETPax HEKEIATEeNIbHBIX CUTyallUd, K KOTOPBIM HPHUBEAET TaKOE
pa3BUTHE, B TOM YHUCIIE U TapaMeTpax PUCKOB.

Cy1iecTByIOT pa3uYHble METO/IbI POBEPKHU CTAaTHCTUUYECKUX Tunote3. Hanbosnee mupoko
UCIOJIb3YIOTCS Ha IPAKTUKE KPUTEPUU:

* coriacus ,1’2 ((xm-xkBampar);
» Kpamepa-pon Mu3seca;
» Konnmoroposa-CMmupHoOBa.

. 2
Kputepuit )~ mupenmodururencH, ecin o0beMbl BHIOOPOK N, B OTHONIEHHH KOTOPBIX

MPOBOJMTCS AHAJIN3, BEIUKH. JTO MoIIHOE cpeacTBo, ecnu N > 100 3uauenuii. OqHAKO TpU
aHAJIN3€¢ YKOHOMHYECKHUX CHTYAI[Mil MHOT/Aa ObIBAET JOBOJBHO TPYAHO (WJIM HEBO3MOXXHO) HAWTH
100 oIMHAKOBBIX TMPOLIECCOB, PAa3BUBAIOIIMUXCA C PA3TUYHBIMA HCXOJHBIMU JaHHBIMH.
CnoKHOCTh 3aKJII0YaeTcss HE TOJILKO B TOM, YTO HE OBIBAE€T OJJUHAKOBBIX 0OBHEKTOB 3KOHOMHKH:
Jaxe eclii Takue OOBEeKThl UMEIOTCSA, TO K HCXOJHBIM JIaHHBIM OTHOCSTCS HE TOJBKO
UCXOJHbIE BEPOSTHOCTHBIE JIaHHBIE U OCOOEHHOCTH CTPYKTYphl OOBEKTa, HO U ClIeHapuii
pa3BUTHUS MPOIECCOB B ITOM OOBEKTE U B TeX OOBEKTaX BHEIIHEH Cpelbl, C KOTOPHIMU OH
B3aMMOJIEMCTBYET (MPOLIECCHl PBIHKA, YyKa3bl IPAaBUTEIbCTBA, NPUHATHE HOBBIX 3aKOHOB,
TpeOOBaHMSA HAJOTOBBIX OpraHOB, IUIATEXXKM B OIOMKETHl pa3idudHbIX ypoBHeill). Ilpu
OTHOCHUTEIFHO MaJIBIX 00beMaxX BHIOOPOK ATOT KPUTEPHUI BOOOIIE HETPUMEHHUM.

Kpurepnii Kpamepa-pon Muzeca maer xopomine pe3ydbTaThl MPU MallbIX 00beMax
BBIOOPOK (TIpH N < 10). Onnako CJIeTyeT OTMETHUTH JIBa 0OCTOATENbCTBA!

1) mpu N < 10, kakuM GbI METOJOM HH II0JIb30BATHCS, BOIPOC O JOBEPUTEILHOMN
BEPOSITHOCTH IIPU MIPOBEPKE CTATUCTUYECKOMN TUIIOTE3bl PEIIAeTCsl III0OXO (3Ta BEPOSTHOCTh
Majia pY 3HAYUTEIbHBIX pa3Mepax JOBEPUTEIbHBIX HHTEPBAIOB);

2) metox Monre-Kapiio ucnosp3yeTcst Kak pas Uit TOTO, 4TOOBI HEAOCTAIOMIHE JaHHbIE
coOpaTh C MOMOIIBIO CIEIHATBHOTO BEIYUCIUTENBHOIO CTATUCTUYECKOI0 HHCTPYMEHTAapUs U
KOMITBIOTEpA.

[ToaTromy Oyznem mojarath, YTO peayibHble 00bEeMbI BBIOOPOK, KOTOPHIE MOKHO MOJIYYHTb,
Haxozsarcs B mpeaenax 10 < N < 100. Kak yka3biBatOT MHOTHE UCCIIENOBATENH, IS YKa3aHHBIX
IIPEENIOB XOpOIIUE pe3ynbTarhl naeT kputepuih Konmoroposa-CmupHoBa. OH IpUMEHsIETCS B
TEX CIy4asX, KOT/la MPOBEpAEMOE paclpeieIeHHe HENPEPBIBHO U U3BECTHBI CPEHEE 3HAUEHUE U
JUCTIEPCHUST TIPOBEPSIEMON COBOKYMHOCTH. PaccmoTpum monpoOHee METOIUKY HCIOIb30BAHUS
3TOr0 KPUTEPHUs Ha KOHKPETHOM MPUMeEpE.

IIpumep 9.1. Ilpennonoxum, 4YTO HYXKHO IPOBEPUTH JaHHbBIE, IIOJIyYE€HHBIE (WK
HaOJIr01aeMble) TIPU KUCIIONIb30BaHUU MeTosia MonTte-Kapio u npuBenennsie B Ta0a. 9.1, Ha ux
COOTBETCTBHE pacnpeneneHuto [lyaccona.
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OTH JaHHBIE UMEIOT cienayromuil cmbica. Ha oTpeske BpeMeHH HaOironaeMm ciiydaiHble

COOBITHSI, YHCIIO KOTOPBIX paBHO X. Ecim 3To pacnpenenenue Ilyaccona, To Beposr

Hocts P{Xx =n} Toro, uro X =n, rae 1 - 3agaHHOE YKCIIO, PABHA

Ate
P{x=n}= I
rae € =2,71828;
A - nonoxkuTensHAs KOHCTAHTA, KOTOPas OTHOBPEMEHHO ABJIACTCS M MATEMATHUECKHM OKHIAHUEM, 1
JUCTIEPCHUEA.

Ta0ma 9.1
JlaHHbIe U1 IPOBEPKU TUIIOTE3BI 110 Kputeputo Konmoroposa—CmupHOBa

HaGmro- | Teope- | Habmo- | Teoperu-

Yucimo | Habmro- Aoco-
IaeMas |Tudeckad| naemoe YecKoe
coOBI- | maemas e eno Jebele- | pacibere JIIOTHAS
N BEpOAT- | BeposAT- npeie- npeie-
THH | yactora p p PactpeAc- | pactipei Pa3HOCT
HOCTb HOCTb JIeHNE JEeHUE
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

DN AW =O
— N \O

IpemmonoxumM, uto A = 0,55711. CdopMmynupyeMm rumoresy B cieayromem Buie: He
UMEETCsI CYIIECTBEHHBIX Pa3iInuuil Mex1y HaOI0JaeMbIMU JaHHBIMU BO BPEMsI IKCTIIEpUMEHTA U
TEMH JTaHHBIMHU, KOTOPBIC JOJDKHBI MONTy4aThCsl U3 pacnpenencHus [lyaccoHa pacueTHBIM MyTeM
co cpeaauM 3Havenrem 0,5577 u N = 509.

Paccmotpum moapobnee Tabda. 11.1. B Heit cTtpoku ¢ Homepamu 0,..., 5 COOTBETCTBYIOT YHCITY
n wabmomaeMbix coObrTrid, 1 =0, ..., 5; cTonben 1 comepXuT HaOIIO1aeMYI0 YaCTOTY MOSBJICHUS
n coObITHii, a cTonben 2 — HaOIIOJAaeMYI0 BEPOATHOCTH MOSIBJICHUS 1 coObiTuil. B cronbie 3
MPECTaBICHbI PACCUUTAHHBIC TI0 (hOpMYJIe 3HAUCHHSI BEPOSTHOCTH MOSIBIICHUSI /1 COOBITHIA.

[Ipe’xne Bcero HYXKHO TOJMYYUTh JBa MHTETPAJbHBIX pachpeneneHus ((hakTHUyecKu
npubmkeHust GyHkmiA pacnpenenenus). CHadana cienaeM 3TO JUIs HaOMIOAaeMbIX JaHHBIX: C
MOMOIUIbIO cTONONA 2 moixyyuM cToiben 4. 3aTeM - A TEOPETUUYECKUX NAHHBIX: C IMOMOIIBIO
cronbia 3 moay4um crojderr S.

[Tocne »TUX BBIYKMCICHUN HaieM aOCONIOTHBIC PA3HOCTH JUIsi BCEX TPYNN 3HAYCHHUM
CJIy4aifHOH BEJTMYMHBI U C TIOMOIIBIO CTOJIOIOB 4 1 5 moixyuuM cronben 6. B mocneanem cronbue
HauOoJpIas abcomoTHas pazHocTh 0,048 momyyaercst B Tpyniie, COOTBETCTBYIONICH HYJIEBOMY
YHUCITY COOBITHIA.

Jlaiee HEOOXOMMMO HaWTH TakK Ha3bIBAEMOE KpHTHYECKOe 3HaueHue D), .. Juld MpOBEPKU

extr
NPUHATON  THUMOTE3bl. Tabnuila KPUTHYECKHX YWCE MHOTOKPAaTHO  Iepeu3/laBaiach.
Kputnueckue uucna B BUAE, yAI00OHOM JUI BBINOJHAEMON MPOBEPKH, MPUBEIACHHI B Ta0u. 1.2.
AGcomoTHyro pazHocTh 0,048 HEOOXOAMMO CPaBHUTh C KPUTHYECKUM 3HAYE€HUEM, HaWICHHBIM
1o tabs. 9.2.

Ipu N =509 u 3HaueHnM nHACKCa KpuTHdeckoro uncia Dy & = 0,05 nonydaercs

KPUTHUYCCKOC 3HAUCHUC

1,36 1,36

extr_\/ﬁ_ /—509

D

= 0,0603.
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[Tockonbky HanbombIIas pasHocTh 0,048 < Dextr , TO HE OTKAa3bIBAEMCS OT THIIOTE3bI O TOM,

YTO 3KCIEPUMEHTAIBHOE PaCIpEeIeHUE - MMyacCOHOBCKOE. [IpoBepka CTaTUCTUUECKUX THUIIOTE3
O COOTBETCTBUM <«COOBITUN SBJICHUIO» W <«SIBJECHUN IMOBEACHUIO» NAET MAaTEeMaTUYECKUN
MHCTPYMEHT JIsl OLICHKH «PHUCKOBAHHOTO MTOBEJICHUS» UCCIIEyEeMOTO TIpoIiecca.

Tabmuma 9.2
Kpurnueckue uncna Konmoroposa-CMmupHoBa

Crenenp [IpoBepka enuHUYHON TIpoBepKka BYX BHIOOPOK

cBOOOXB | BHIGOPKH

N Dy.10| Do.os | Do.oi Dy .05 Dy .1
1 0,950 0,975 | 0,995 — —
2 0,776 0,842 | 0,929 — —
3 0,642 0,708 | 0,828 — —
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 0,521 | 0618 0,833 1,000
7 0,438 0,486 | 0,577 0,857 0,857
8 0,411 0,457 | 0543 0,750 0,875
9 0,388 0432 | 0,514 0,668 0,778
10 0,368 0,410 | 0490 0,700 0,800
11 0,352 0,391 | 0,468 0,636 0,727
12 0,338 0,375 | 0450 0,583 0,667
13 0,325 0,361 0,433 0,538 0,692
14 0,314 0,349 | 0418 0,571 0,643
15 0,304 0,338 10,404 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 0,474 0,526
20 0,264 0,294 10,356 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

Bomee35 | 1,22 | 1,36 | 1,63 136 N, + N, 63 N;+N,

JN | IN YN TV NN, | T\ NN,

E3

[IpumensieTcs 171 OLEHKH CTETIEHH OJIM30CTH BEIOOPOUYHBIX 3HAUYCHHI K TEOPETUUCCKOMY
pacnpeneneHuio. 31ech N - o6sem BBIOOPKHL.

TIpHMeHseTCs IS ONpEICIeHHs IPHHA/UICKHOCTH BYX BHIGOPOK oGbemamu [V 1 u N 7 01HOMY

U TOMY K€ pacnpeaCiCHULO.

Ipu Mansix pasmepax BeiGopkn [N = Nl = N2.
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Tema 10. MoaennpoBanue cay4ailHbIX COOBITHH

Ecnu MopenupyeMsblii mpoliecc MOABEPKEH BIMAHUIO CIy4alHBIX (AaKTOPOB, TO HX
JNEHCTBUE WMUTHUPYETCS C TOMOINBIO CHEIHATbHO OPTraHW30BAHHOTO PO3BITPHIMIA (GKpeOus).
Takum o00pa3oM CTpOMTCS OJIHA CIy4yailHas peaiau3alus MOJCIUPYEMOro  SIBJICHHUSA,
npecTaBIstonas co00i Kak Obl OJTUMH pe3yibTat onbiTa. [lo 01HOMY ONBITY, KOHEYHO, HEJIb35
CYyIUTh O 3aKOHOMEPHOCTSAX H3y4yaemoro mpouecca. Ho mpu OonpiioM uymcne peaau3anuid
CpeHHE  XapaKTepPUCTHUKHU, BbIpabaTbIBaeMble  MOJEIbI0, MPUOOpPETAIOT  CBOWCTBO
YCTOWYMBOCTH, KOTOPOE YCUIIMBAETCS C YBEJIMUEHUEM YHCIIa pealn3aluil.

bpocanne xpebus MOXHO OCYIIECTBUTh BPYYHYIO (BBIOOpPOM W3 TaOJUIIBI CIy4alHBIX
quceln), HO yloOHee 3TO JelaTh C MOMOIIBIO CHEIHAIBbHBIX MPOTrpamMM, BXOJSIIMX B COCTaB
nporpammHoro obOecreueHuss OBM. Takue mporpamMmbl Ha3bIBAIOT Oamyukamu WIH 2e-
Hepamopamuy CllydalHbIX 4UCEll.

B TpaHciATOpax mouTH BCEX aITOPUTMHUYECKUX A3BIKOB UMEIOTCSA CTaHAAPTHBIE IPOLIEAYPHI
Wik (QpYHKLIHH, KOTOpBIE TEHEPUPYIOT ClydaiiHble (TOYHEe, ICEeBAOCIy4aiiHble) BEJIMUUHBI C
PaBHOMEPHBIM PACTPEAECICHUEM.

B tpancnsarope s3bika Visual Basic umeercs ctanaaptHas pynkuus RND, Bo3Bpamiaromas
CIydailHbI€ BEIIECTBEHHBIC YKCIia OJMHapHON TouyHOCTH B nHTEepBaie (0,1).
OOpamenue kK 3Toi QyHKIHU MOXKET UMETh BUI: Z - RND, T1e z - BO3MOKHOE 3HaUCHHUE
CIy4alHOW BEJIMYMHBI, PABHOMEPHO pacnpeneneHHol B uarepBaie (0,1).

10.1. MoaeanpoBaHue MPOCTOTr0 COOBLITHUS

ITycTs umeercst cobbiTie A, BEpOSTHOCTb HACTyILUICHHs KoToporo paBHa P, . TpeGyercs

BBIPa0OTAaTh MPABHUIIO, TPU MHOTOKPATHOM HCIIOJI30BAaHUHM KOTOPOTO YacTOTa MOSBICHUS
COOBITHS CTpEMUIIACh OBl K €0 BEPOSATHOCTU. BriGepem ¢ moMoIIbI0 JaTurKa CIy4alHbIX Yd-
cell, paBHOMEpPHO pacnpeaeieHHbix B uHTepBaie (0,1) HEKOTOpoe YUCIO Z U ONpelneauM

BEPOSTHOCTE TOro, 4ro z < P4. Jlns cnydailHOH BenMYMHBI 7 C PaBHOMEPHBIM
pacrnpeniesieHleM CIIpaBeiuBa ClIeAyroasi 3aBUCUMOCTb:

PA
P(z<Py)= | f(x)dx=Py,
0
rae f(X) — MIOTHOCTH BEPOSTHOCTHU CIAYYAHON BETMYHUHBI C PABHOMEPHBIM
pacrpeeneHueM.
TakuM 00pa3oM, BEpOSATHOCTh HOMAAaHUs cilydaifHoW BemuunHbl B uHTepBan (0, Py )

paBHa BemnunHe Py . [109TOMY eciu mpu po3bIrphIIIe YUCIO Z IOMAI0 B 3TOT HHTEPBAI, TO
CIENyeT CYUTaTh, 4TO cobObiTMe A npomsonuto. IlpormBomonoxknoe coObitne (HE A)
MPOH30HAET ¢ BeposiTHOCTBIO (I — Py ) B TOM ciydae, ecnu 22 Py .

[Tpouenypa MoeIMpPOBaHUS TPOCTOTO COOBITHS B UMUTAILIMIOHHON MOJEIN OMKUCHIBACTCS
aNrOpUTMOM, CXeMa KOTOPOTro rnoka3aHa Ha puc. 10.1.
Oneparop 1 oOpamaercs K MaTYUKY CIYYaWHBIX YHCEN, T€HEPUPYIOMIEMY CIydaHYyIO

BenuuuHy Z. Omeparop 2 mposepsier yciosue Z < P4. Ecnu oHO BBIIOIHSETCS, CUMTAETCS,

410 mpousonuio codbithe A. B MpOTHBHOM cllydae c4MTAETCA, YTO MPOM3OLLIO IPOTUBOIO-
710%kHOe coObITHE (He A ).
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ACH(2)

3 4

CobbiTne “A” CobbiTve “nHe A”

Puc. 10.1
10.2 MoaeanpoBaHue MoJHON IPyNnbl HECOBMECTHBIX COOBITHI

[Tycts nMeercss monHas rpymma HecoBMecTHbIX cobbituit (IITHC) Ay, A,...,A; ¢

BepostHocTAMU P, P, ..., P, . IIpu 5TOM BBIIOJIHSETCS YCIOBHE
k
> p=l.
i=1

Pasgemum untepsai (0,1) Ha K OTPE3KOB, JIMHBI KOTOPHIX cocTaBisiioT P, P, ..., P,
(puc. 10.2).

Puc. 10.2
Eciu ciygaitHoe 4uCIio z, FeHepUpPOBAHHOE TATYMKOM CIIYIaHBIX YHUCET C PABHOMEPHBIM

pacnpezenenuem B untepsaie (0,1), nonano, Hanpumep, Ha y4acTok Fj,_j, To 3TO JOIKHO

03Ha4aTh, YTO MPOU3OIIIO COOBITHE Ak—l . JlelicTBUTENBLHO, €CTM 0003HAYNTH

J
Li=2h
i=1

TO OKAXKCTCA CIIPAaBCAJINBBIM BBIPAKCHHUC
L

P(Lk_2<Z<Lk_1)= J. 1'dx=Pk_1.
L

k-2
CrenoBaTeIbHO, MPOU30HACT COOBITHE, KOTOPOE HMEET BEPOSTHOCTD P _j.

[Tpoueaypa MonaenMpoBaHUs TMOJHOW TIPYIIBI HECOBMECTHBIX COOBITUHM ONHMCBHIBAETCS
aJropuTMOM, CX€Ma KOTOpOTro noka3ana Ha puc. 10.3.
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ACH(z)
3
2
A
Oa :
Het 5
4
a A2
Het
7
6
na Aga .
Her 8
> Ay >
Puc. 10.3

Omneparop 1 obpamiaercst K JaTYUKY CIYHYalHBIX YUCENI C pABHOMEPHBIM paclpe/ielieHueM
B uHtepBasie (0,1). YcnoBHbI omnepaTtop [/ NpOBEpSET YCIOBUE NOMAJaHUS CIIy4alHOU

Benuunuel z B uHTepBan (0,L;). Ecim 3To ycnoBue BBINONHACTCS, TO CUMTACTCS, 4YTO

npousouwto cobsitue Aj. Ecmu ycmoBue B omepartope 2 He BBIIOIHSETCS, TO aITOPUTM
OCYILECTBIISIET NPOBEPKY YCIOBHMI IONAJaHMS CAyYalHOM BEIWYMHBI B APYTHE MHTEPBAJEL
Opxuo u3 cobbituiit Ay, Ay, ..., A;, 00s3aTeIBHO IPOU3OUET.

10.3 MoaeanpoBanue TUCKPETHOM CIy4aHONH BeJTMUMHBI

JluckpeTHas cnydaifHasi BETUYMHA MOXKET OBbITh 33/1aHa TaOJIMYHON 3aBUCUMOCTBIO:

X X Xy Xy
P P P2 Pn

3nece p j — BEPOATHOCTH TOTO, YTO JMCKPETHAs ciay4aiiHas BenuurHa X TNPUMET 3HAYCHUE

X Ipu stoM p| + py +...+ p,, = 1. Pasnemum unrepsan (0,1) Ha 71 OTPE3KOB, JUTHHBI KOTOPBIX

IPONOPLIMOHANBHBl  33JJaHHBIM BeposTHOCTAM. Ecinm ciaydaifHoe uumciao Z, BblpabaTbiBaeMoe
JaTYUKOM CIIydalHBIX YHCEJ, PAaBHOMEPHO pacrpeneseHHblx B uHTepBasie (0,1), momaner B

MHTEPBAl P, TO Cly4aiiHas BenuuuHa X TPUMET 3Ha4YeHHE Xj . TakuMm 00OpasoM, Ipu



140

MOJIENIMPOBAHUN TUCKPETHBIX CIyYaifHBIX BEJTMUYMH (PaKTUUECKH UCIIONB3YEeTCs Ta XKe MpoLeaypa,
4yTo U nipu MmonenupoBanuu [1I'HC.

10.4 MoaeanpoBaHue HeNMPEPbIBHBIX CJAYYANHBIX BeJTUYUH

10.4.1. Meton oopaTHoii pyHKIMH

[Iyctb uMMeeTcs HEKOTOpas HENpephIBHAs CiydyaiiHas BeIM4YMHA X, 3aJaHHas (yHKIuel
pactipenenernss  F'(x). MoxkHO J[0KaszaTh, YTO 3HAYe€HUs OTOM (QYHKUUM PaBHOMEPHO
pacnpenenensl B uHTepBasie (0,1). [losromy Mexay ciay4ailHOM BEIWYMHOM 7, PABHOMEPHO
pacIipeqIeiecHHOM B TOM K€ WHTEpBaIC, W (PYHKIMEH pacnpeneieHus CIydalHOW BEIWYUHBI X
CYILECTBYET B3aMHO OJIHO3HAYHOE COOTBETCTBUE, T. €.

z=F(x). (10.1)

Ortcrona cienyer,
x=F (). (10.2)

CnenoBarenbHO, €ciaM  ypaBHeHHE (2.1) MMeeT aHWIMTUYECKOE pELIeHuEe, TO Ui
MOJEIMPOBAHMsl CIy4allHOW BEIMYMHBI X MOXHO HCIIOJNB30BaTh JATYMK CIIy4alHBIX 4YHCEI,
TCHEPUPYIOUINIA BETMYMHY Z , U 3aTEM OCYIIECTBUTH pacyeT 1no ¢popmyine (2.2).

10.4.2. MoaesmpoBaHue CJTy4ailHbIX BeJIMYHH € I0KA3aTeILHBIM pacipeeieHieM

[Tyctb umeeTcs cny4aiiHas BelMYMHA X C TOKa3aTelbHBIM pacrpeneneHueM. DOyHKIuUs
pacnpeeaeHus] UMEET BU:

F(x)=1—e ™,

rae A — mapamerp pacrpeie/eHH s
[TpumenuB MeTo 1 00paTHOM (DYHKITUH, TTOTYIHM:

z=F(x) =1—e_)“x,
OTKyZa

1
=——In(1-72). 10.3
X Fi n(l—-z) (10.3)

VuuteiBas, 4ro ciydaiinas BenmuuuHa (1—Zz) mMeer Taxkke paBHOMEPHOE paclpeeleHHE B
untepnaie (0,1), coornomenue (10.3) MOXKHO 3aMEHUTH COOTHOILLIEHUEM

x=—%ln(z).

OKCIOHEHIIMAIBHBIN 3aKOH PAaCIPEEIICHUS] IIPUMEHSIOT IJIs1 MOJEIUPOBAHKSA CIIETYIOIIIX

SIBJICHUH:

BPEMEHH ITOCTYIUICHHS 3aKa3a Ha MPEIPUATHE;

MOCEIIEHUS MOKYNaTeIIIMA MarasuHa Cynep-MapKeTa;

BpEMEHH TeJIe(OHHBIX Pa3roBOPOB;

CpOKa CITy>KOBI JieTasieil M y37I0B B KOMIIBIOTEpE.
Ha niepBbIit B3r71s171, 9TO pacnpenerncHue sBisercs HaxyMmanHbeIM. [loaTomy paccmMoTpum
IPENETBHYIO TEOPEMY O CYIIEPIIO3UIMH TIOTOKOB. [IpeIoa0oKuM, 4TO MOKHO HabI0O1aTh K
HE3aBUCHUMBIX IMMOTOKOB coObITHH (prc. 10.4)



141

o0 12 b3 !,y

h 5) £ l ls ls ty li| In

Puc. 10.4

B xa)kgoM TakoM MOTOKE MO>KHO HA0II0IaTh 11 j DVIEMEHTAPHBIX cobwituii ( j =1,...,k).

WuTepBansl Mexay ! kj COOBITUSIMH — 3TO HE3aBHCHUMBIE CITy4yaliHble BEJTMYUHBI,

PaCIpCACIICHHLBIC TTO IO HCU3BCCTHOMY 3aKOHY C MATCMATUUYCCKUM OXXKUAAHUCM ﬂ«] .

CrpoekTrupyeM MOMEHTBI BCEX COOBITHN Ha OOIIYI0 OCh BPEMEHHU U PACCMOTPUM CITydalHbBIN
untepBan Bpemenn § =T (k) Mexay nByMst COOBITHSAMHU MOTY4EHHOTO CYMMAapPHOTO TIOTOKA,
k
COCTOSIIIETO U3 1 COOBITHH , TIE 1 = Zm j
J=1
Teopema. Eciu cnenats NpeleabHbII IEPEX0] U YCTPEMUTD /1 —> ©°, TO pacCIpeAcIICHUE
ciyuaiinoi BenwunHbl uaTepBana [ =71 (k) B cymMapHOM MOTOKE COOBITHIA, cocToAmEM U3 Kk

OJIEMCHTAPHBIX ITIOTOKOB, YCTPEMUTCA K SKCIIOHCHIMAJIBHOMY 3aKOHY C MATEMATUYCCKUM
OXXKHAAHUECM

k
M@)=A=) A;.
j=1
Cnedcmeue. I10TOK 3aBOK, HHTEPBAI MOCTYIJICHUS KOTOPBIX B HEKYIO CUCTEMY UMEET
9KCIIOHEHIIMAILHOE paclpeiesieHue, SIBISIETCS MPOCTEHIIINM.
Ipumep 10.1. Jorryctum, 4ro umeercs Hekast KpynHast pupma. KimeHTs! pupmsl - 310
duznueckue u ropugudeckue nuna. Kaxaelii u3 HUX MOXET UMETh Ha0Oop IJIAHOB U
PacIMCaHHBIX €] Ha 3HAYUTEIbHOM UHTEpBaje BpeMeHu. OIHaKO €ClIi PacCMOTPETh
CYMMAapHBIH MOTOK 0OpaIIeHU STUX KIMEHTOB K CIYXaIllUM (PUPMBI [0 pa3HBIM BOIIPOCAM, TO
MHTEPBAJI BPEMEHU MEX/1y JIByMs ITOCIIEI0BATEIbHBIMU O0PAIIEHUSIMI B COOTBETCTBUU C
PacCMOTPEHHOM TEOPEMO ABJISETCS CIyYalHON BEIIMUMHOM, paclpeaeIeHHOM 1o
HKCIOHEHIMAIILHOMY 33aKOHY.

104.3. MopempoBanue CIy4aiiHbIX BeJMYMH C PAaBHOMEPHBIM pacnpenesieHHeM Ha
NMPOU3BOJILHOM MHTepBaJIe (a, b)
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JlaTuuk  ciay4yalHBIX ~4YMCENl TEHEpUPYET  CIydalHble BEIWYMHBI C  PABHOMEPHBIM
pactipeneneaueM B uHTepBasie (0,1). Ecim ke HY)KHO MOJIETUpPOBAaTh CIy4YallHbIE BEJIMYUHBI C

PaBHOMEPHEBIM pacrpeseneaueM B uaTepsane (d,b) To MOXKHO BOCIOIB30BATHECS METOLOM 00-
paTHOU (YHKITUH.

Hns paccmaTpuBaeMoro cirydas Beipaxenue (2.1) mpuMer BU:

7=F(x)=2"2.
—d

Otkyna
x=a+z(b—a).
Ha mpakTuke mpumeHseTcss W JIpyroil crnocod 3aJaHus PaBHOMEPHOTO pacIpeacsICHHSI.
BMecTo rpaHui] HHTEpBaJa 3aJAlOTCA CPEAHEE 3HAYECHUE CIYyYaWHOW BEJIUYUHBI xcp 7

BeanunHa uaTepsana Ax. Torma onpeneneHue BO3MOXKHOIO 3HAYEHHs CIy4alHON BEIUYUHBI
C paBHOMEPHBIM pacrpeieIeHHeM MOXET ObITh MPOU3BEAEHO MO hopmyiie

X = Xep +Ax(z-0,5).

PaBHOMepHOE pacnpeneneHne MOKHO UCIOJIb30BaTh IIPU pacyeTax 1Mo CETEBbIM
rpadukam paboT, B BOCHHOM JieJie (BpEMEHH BBIIBUKCHHSI BOMHCKON YacTH WU €€
nojpa3ieJICHNs] Ha UCXOIHBIA pyOek, BpeMEHH MapIiia)

10.4.4 MonenmpoBaHue CJIyYailHbIX BeJIMYHH ¢ HOPMAJIBLHBIM pacipee/ieHueM

Meton oOpaTHOM (QYHKIMHU [T HOPMaJIBHOIO pacHpesieNieHns] HEIPUMEHUM, TaK Kak Iocie
IIOJICTAHOBKM ~ COOTBETCTBYIOIIEH (YHKUMHM pacrlpeneNieHus] BblpakeHue (2.2) He uMeeT
AHAJMTUYECKOro pemeHus. [103ToMy B JaHHOM Cilydae IPUMEHAETCSA APYTON METOZ,.

CornacHo LEHTpaJbHOM TIPEAEIbHOM TEOpEME TEOPUU BEPOSITHOCTEH MpPH  CIOXKEHUU
JIOCTaTOYHO OOJIBILIOrO 4YKCIA OAMHAKOBO PACIPENETICHHBIX HE3aBUCHMBIX CIIy4ailHBIX YHCEN
NIOJIy4aeTcs CilydaiiHas BeJIMYMHA, UMEIOIasi HOpMaJIbHOE PaCIpEEICHUE.

Kak nokaszamu uccnenoBaHusi, yke NpH CIOXKEHHHM Oosiee IeCSITH CIydailHbIX BEIWYUH C
paBHOMEpHBIM pacnpezaenenueM B uareppaie (0,1) nomydaercs ciydaiiHas BEIMUYMHA, KOTOpas C
TOYHOCTBIO, JOCTATOYHOM JUId OOJBIIMHCTBA TPAKTUYECKUX 3a7ad, MOXKET CUUTaThCs
pacnpeneeHHON HOPMAJIBHO.

[Ipouenypa po3bIrphliia HOPMAIBHO PACPEACIICHHON CIIy4aliHOM BEJIMYMHBI 3aKII0OYAETCS B
CIEAYIOLIEM.

1. Cnoxxum 12 ciyyailHBIX BEJTMYMH C PaBHOMEPHBIM pactipeneneHuemM B unrepnaie (0,1),

T. €. COCTaBUM CYMMY
12
V= ZZZ' .
i=1

Hcnonb30BaB M3BECTHBIE TEOPEMBI O CyYMME MAaT€MaTHYECKUX OXHIAHUKW W JUCHEpCUI
HE3aBHCUMBIX CquaﬁHBIX BCJIMYUH, MOXHO YCTAaHOBUTb, YTO B AJAaHHOM CJiy4dac cnyqaﬁHa;i
BEJIMUMHA V UMEET CJICAYIOMIUC XapaKTCPUCTUKHU:

MaTeMaTU4ecKoe OJKUIaHHe:

12 1
Mv)=) M(z)=12--=6;
i=1 2
JICTICPCHSL:

12 1
D(v)=> D(z)=12-—=1.
= 12

1=
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cpenHee KBazpatuueckoe otkinonenne: O(v) =,/D(v) =1.
2. Hopmupyem U LIEHTpUPYEM CIYYalHYIO BEIMUUHY V, T. €. IEPEeIeM K BeJIMYUHE
v—M ()
=——=v-06.
o(v)
2. OT HOPMHPOBAHHOM W LCHTPUPOBAHHOM BEIWYMHBI 7] TepelaeM K Ciay4dalHOU
BeNMuuHE Y ¢ 3anannbivu napamerpamu M (y) u o(y) o popmysie
y=M(y)+o(y) 7,
rae M (y) — u3BecTHOE MareMaTHUECKOE OKUIAHUE CIyYaiiHON Benuuunbl Y ; O(Y) —

U3BECTHOE CpeJIHEEe KBAIPaTHUECKOE OTKIOHEHUE CIIy4aliHON BEJTUYHUHBL Y .

JItoOb1e cnoxHBIE pabOTH HA 00BEKTAaX YKOHOMUKHU (BBOJ MH(OpPMAIIUU U3 TOKYMEHTA
B KOMIBIOTEP, MPOBEJICHHE TIEPETOBOPOB, PEMOHT OOOPYIOBAHHS U JIP.) COCTOSIT U3 MHOTHX
KOPOTKHX TOCIIEIOBATEIBHBIX JJIEMEHTAPHBIX COCTABJISAIOMMX paboT. [IpuyemM Koau4ecTBO
9TUX COCTAaBJIAIOIHUX HACTOJBKO BCJIHUKO, YTO YCJIOBHC BBIIIOJIHUMOCTHU HeHTpaHBHOﬁ
NpeleIbHOW TEOpeMBbl HE BBI3bIBACT COMHEHHM. [109TOMY mpHu OIeHKax Tpyao3aTpar Bcerjaa
CIIpaBCJIMBO MNPCAMOJIOKCHUEC O TOM, UX HNPOAOJIKUTCIBHOCTE — 3TO CquaﬁHaH BC€JINYHHA,
KOTOpasi pacrpeiesieHa M0 HOPMaIbHOMY 3aKOHY.

10.4.5. MozesiupoBaHue CJIy4aifHbIX BEJIHYHH € yCe4eHHbIM HOPMAJILHBIM paciperieieHueM

VYcedeHHOE HOPMAJIbHOE PACHpPENICICHUE CIydallHOW BEIMYMHBI X 3a/1a€TCAd YEThIPbMs
mapaMeTpaMu: MareMaTHieckuM oxupanueM M (X), cpemHMM KBaJpaTHYECKHM OTKJIOHEHHEM

O(X), a TakKe MHHUMAIBHBIM M MAKCHMAIBbHBIM 3HAYCHUSMA X| M Xy (TOYKAMH YCCUCHIS).

OyHKIMA pacnpeIelIeHHs CIydaiHON BETMYMHBI X OMPEIEISETCS paBEHCTBOM

0, x<Xxq;
F(x)=1[Po(t)—Py()]- A, X1 <x<Xxp;
1, x> X,
e A= 1 ;[:x—M(x);tlle—M(x);tzzxz——M(x).
CI)O(IZ) —q)o(tl) O'(X) O-(X) O-(X)

CyiecTBYIOT Takke (pOpMyIIbl IJIsl pacyeTa MaTeMaTHYECKOTO OXKUIaHusl, TUCTIEPCUU U CPETHETO
KBaJPaTUYECKOTO OTKIIOHEHUS CIIy4allHOW BeIMYHMHBbI X. OIHAKO C JTOCTATOYHOW ISl MPAKTUKH
TOYHOCTBIO TP MOJCIUPOBAHUU CIYyYallHOM BEJIMYUMHBI C YCEUEHHBIM HOPMAIbHBIM
pacnpenesieHueM MOXHO O0OUTHCH O6€3 pacueToB 1o (opmyam.

Jl1s onpenieneHus BO3MOKHBIX 3HAUECHUM CIIy4aliHOM BEJIMYUHBI C 3TUM PACIPENCICHUEM MOKHO
MCIOJIb30BaTh AJITOPUTM, CXE€Ma KOTOPOTo NpuBeaeHa Ha puc. 10.5.



144

1
MNMpoueaypa
“Hopm©(n)

2
y = MY] + n=olY]

HeTt

Puc. 10.5
Omeparop 1 oOpamaercss K  Tporeaype MOJICIUPOBAHUS  BO3MOXKHBIX — 3HAYCHUN
HOPMHMPOBAHHOW M LIEHTPUPOBAHHOM CIIy4alHOM BEJIMYMHBI 7] ¢ HOPMAIBHBIM PACIPEICICHUEM.

Omneparop 2 BBIYMCIAET 3HAUYEHHUE CIyYallHOM BEJIMYMHBI Y ¢ 3aJaHHBIMM IIapamMeTpaMu

M(y)n o(y).

VYcioBHBI onepaTop 3 TpOBEPSieT YCJIOBHE TNOMAJaHUs CIy4alHOW BEJIMYHMHBI ) B
HEYCEYEHHYIO 00J1acTh. [Ipy BBINOJHEHUH 3TOT0 yCIOBUS 3HAUEHUE CIIyYailHOW BEJIMYUHBI Y
C YCEUYEHHBIM HOPMAaJbHBIM pacHpe/elieHUeM CUMTaeTcs HalJeHHbIM. B mpoTUBHOM ciyuae
yIOPaBJIEHHE B aITOPUTME NEPEJAETCs BHOBb Ha BXOJ omeparopa 1 u reHepupyercs Apyras

clly4daiiHasi BEJIMYMHA.

10.4.6 MonennpoBaHue CJIy4aiiHbIX BeJIMYMH € MPOM3BOJIBLHBIM pacnpeaeieHneM

[Iycrb ciydaiinas BenmuuHa X 3ajaHa B uHrepsane (dg,b,) KycOYHO-IIOCTOSHHOM
dynkuuein f(x). DTo 3HAYMT, YTO WHTEPBAA Pa3OMT HAa /1 YACTUYHBIX HHTEPBAJIOB U

IUIOTHOCTH pacnpeneneHns fj (X) Ha KaXa0M U3 HEX HOCTOsHHA (puC. 2.6).

$1x) .
Py
P, | P,

» X

a,

0 4, a4 42 a5 dn.1
Puc. 10.6

LlenecooOpa3Ho BEIOpaTh BEIUYMHBI (), TaK, YTOOBI BEPOATHOCTH IONAAaHHs B JIIOOOM

YaCTUYHBIN HHTEPBAI Pk ObLIIM OJUHAKOBEIL, T. €.
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_f S (x)dx =l (k=1,2,...,n)
n

ak—l
W3 ycroBust MOCTOSTHCTBA PYHKIIMH HA KaXKJIOM YaCTUIYHOM HHTEPBAJIE CIEIYET, YTO
cy4yaiiHasi BeJIMYMHA X MOXET OBITh ompeesieHa mo Gopmyie
x=ay_1+z(ay —a;_q), (10.4)

r7e Z — BO3MOXHOE 3HaUYCHHUE (peanu3anysi) CIIy4aliHOW BEJIUYUHBI, PABHOMEPHO
pacnpenenennoi B uarepsane (0,1); d;_1 — 1eBasd rpanuia 4aCTUYHOrO UHTEPBANa; d) —

ImpaBas rpaHula 4aCTUIHOI'0 UHTCPBAJIA.

Bxon
1 5 y
ACH(z) ACH(z)
2 6
j=1n > 'y X=a,,+(3,-3,4)z
3
o Bbixoa
4 Aa
k=j
Puc. 10.7

[lomaganue B mM000W 4YacTUYHBIM HWHTEpPBAl MOXKHO paccMaTpuBaTh Kak COOBITHE,
BXOJISIIIIee B TOJHYIO I'PYIMITy HECOBMECTHBIX cOOBITUH. [loaTOMY mporeaypa MoaenupoBaHus
B 00ILIEM clly4ae COCTOUT B CIEAYIOIIEM.

1. C noMo11pI0 1aTUMKa CIIy4alHbIX YHUCE C PABHOMEPHBIM paclpeielIEHUEM,
BbIPA0aTHIBAIOIIETO BEJIUUUHY Z , MOJECIUPYIOT JUCKPETHYIO CIIy4yailHyI0 BEIUYUHY — HOMED
MHTEpBana K. BTOpMYHO pasbIrpeIBaIOT CIIyYaiHYIO BEIHYMHY Z M ONPENEISIOT
BO3MOYHOE 3HAaYCHHUE ClIydaHOU BeJMYuHBI X 10 Gpopmyie (10.4).

Cxema anroputma nokaszana Ha puc. 10.7.

Bonpocel 111 caMmonpoBepKu
Haiite onpenenenue metoaa Monte-Kapio.
[IpuBenuTe mpuMepsl XapakKTEPUCTUK CUCTEM, 3HAUECHUS KOTOPBIX OIPEIEIAI0TCA
CITy4ailHBIM 00pa3oM.
[lepeuncnure kpuTepun MPOBEPKA CTATUCTUUECKUX THIIOTE3.
[TpuBenuTe aIropuT™M MOJECIUPOBAHUS IPOCTOTO COOBITHUS.
[IpuBenuTe anropuT™M MOJACIUPOBAHUS ITOJHOW TPYIIIBI HECOBMECTHBIX COOBITHIA.
[IpuBeauTE aNTOPUTM MOJCIUPOBAHUS TUCKPETHOMN CIy4aifHON BETUYMHBI.

D=

NNk W



10.

11.

12.

13.

146

[IpuBenuTe aaropuT™M MOAEIUPOBAHUS JUCKPETHOM CIIy4aiiHOM BEJIMUUHBI.

B uewm 3axmmrouaeTcs MeToa 0OpaTHON (DYHKIIMM MOJETMPOBAHMS HEMPEPHIBHOM
CIIy4allHOM BEJIMYMHBI.

[TpuBenuTe AIrOPUTM MOJECIUPOBAHMS CIIYy4alHBIX BEJIMYHH C TOKA3aTEIbHBIM
pacnpeneineHueM.

[TpuBenuTe AIrOPUTM MOJECIUPOBAHMS CIIyYalHBIX BEJIMYUH C PABHOMEPHBIM
pacnpe/eleHreM Ha IPOU3BOIbLHOM uHTepBane (d,b).

B 49em cocTOnT CyTh anropuT™Ma MOJIEIUPOBAHUS CIIy4alHBIX BEJINYHH C
HOPMAaJIbHBIM PaclpeaelICHUEM.

[TpuBenuTe AIrOPUTM MOJECINPOBAHUS CIIyYalHBIX BEJINYMH C YCCYECHHBIM
HOPMAJIbHBIM PACIPENEIECHUEM.

ANTOpUTM MOZENUPOBAHUS CIIyYalHbBIX BEJIMYMH C IPOU3BOJIBHBIM PACIPEICICHUEM
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Tema 11. CuctemMbl MacCOBOro 00CayKMBAHUSA

11.1. OcHoBHuble nousitusi. Kinaccnpuxkamusa CMO

Ha mnpaktuke dYacTto MNPUXOAUTCS CTAJKUBATbCA C CHCTEMaMM, NpPeAHAa3HAYEHHBIMU IS
MHOI'Opa30BOr0 HCIIOJB30BAaHMS IIPU PELIEHUHM OJHOTHMIIHBIX 3ajad. BosHMKarole Ipu 3TOM
IpolecChl MOJMYYMJIM Ha3BaHHE IPOIECCOB OOCTY)KMBAHUS, @ CUCTEMBbl — CHCTEM MAacCOBOTO
obciyxusanusa (CMO). [Ipumepamu Takux CHCTEM SIBISIOTCS Tele(OHHbIE CUCTEMBl, PEMOHTHbIC
MacTepCKHe, BEIYMCIUTENLHbIE KOMIUIEKChI, OMJIETHBIE KacChl, Mara3uHbl, MapUKMaxepCcKue U T.11.

Kaxmas CMO cocTouT u3 ONpeAeieHHOro 4YHciaa OOCTYXHBAIOIIMX €IUHUI] (IpuOOpOB,
YCTPOMCTB, MYHKTOB, CTaHIHI), KOTOphle OyJdeM Ha3bIBaTh KaHaJaMH OOCTykuBaHus. Kanamamu
MOT'YT OBITh JIMHHU CBSI3U, pa00YHe TOUKH, BEIYHCIUTEIBHBIC MAIIMHBI, IPOAABIBI U Ap. [lo ducmy
kaHajioB CMO noapazfenstoT Ha OJHOKAHAJIbHbIE 1 MHOTOKaHAJIbHBIE.

Ha Bxogx B CMO moctymaer MOTOK TpeOoBaHMH Ha OOCTy)XKMBaHHE. B KadecTBe Takux
TpeOOBaHUII MOTYT BBICTYNATh, HAIpUMEP, KJIMEHTHI WM MAIMEHTHI, MOJIOMKHA B O0OPYIOBaHUH,
TOTOBBIE K YITAKOBKE U3/1eIHs, TeNe()OHHBIE BHI30BbI, MPUOBIBAIOIIME B a3POIIOPT CAMOJIETHI.

TpeboBanust (3asBku) noctynaroT B CMO 00BIYHO HE PETyJspHO, a CIydailHo, 00pasys Tak
Ha3bIBa€MbI CIy4aiiHbId TOTOK TpeOoBaHMiA. OOCTy)KMBaHHE 3asBOK, BOOOIE TOBOPS, TaKXkKe
MPOJOIHKAETC Kakoe-TO ciydaitHoe BpeMs. CllydalHbIM XapakTep MOTOKa 3asiBOK M BPEMEHU
00CITy>KUBaHHS PUBOIUT K ToMY, uTo CMO oKa3bIBaeTCs 3arpyKeHHOM HEpaBHOMEPHO: B KaKHE-TO
NEepHOAbl BPEMEHH CKAIUIUBAETCS OYCHb OOJBIIOE KOJMYECTBO 3asiBOK (OHM JIMOO CTAHOBSTCS B
ouepenp, oo nokuparor CMO HeoOcmy)eHHbIMU), B Apyrue xe nepuoasl CMO pabotaer ¢
HEJIOTPY3KOil WM mpocrauBaeT. l[IpemmeroM Teopuu MaccoBOro OOCITYKMBaHUS — SIBISICTCS
MOCTPOCHHE MAaTeMaTU4YeCKUX MOJIeNiel, CBA3BIBAIONIMX 3aJaHHble ycioBus padotel CMO (uuncio
KaHAJIOB, MX IPOU3BOAMUTEIIBHOCTh, XapaKTep IOTOKa 3afBOK M T.I.) C TOKA3aTEIsIMU
spdexruHOCTH CMO, ONMUCHIBAIOIIUMHU €€ CIIOCOOHOCTH CIIPABIIATHCS C TIOTOKOM 3asIBOK.

B kagectBe mnokazareneid s¢dexkruBHocTH CMO HCHONB3YIOTCSA: CpeIHEe YHCIO 3asiBOK,
00CITy>KMBAaEMBbIX B €IMHUILY BPEMEHH; CPEJJHEE YHCIIO 3asIBOK B OUEPE/IH; CPeTHEE BPEeMsI OXKHUIaHUS
00CITy»KMBaHUsI; BEPOATHOCTh OTKa3a B OOCITY)KMBaHMU 0O€3 OXHIaHUS; BEPOSTHOCTb TOTO, YTO
YHCIIO 3aBOK B OUEPENN MPEBBICUT ONPEEICHHOE 3HAUEHUE U T.II. 3[€Ch U B AAIbHEHIIIEM CpEIHUE
BEJIMYMHBI [TOHUMAIOTCS] KAK MATEMAaTHUECKUE OKUIAHUS COOTBETCTBYIOIMX CITyYailHBIX BEIWYHH.

CMO pemar Ha JBa OoCHOBHEIX Tuma (kimacca): CMO c¢ otkasamu u CMO ¢ oxujgaHueM
(ouepenpto). B CMO c¢ oTkazamu 3asiBKa, MOCTYIMBIIAs B MOMEHT, KOTJla BCE KaHAJbI 3aHSTHI,
noiy4yaer orka3, nokugaer CMO u B nanbHeiiieMm mpouecce OOCTY)KUBAHHS HE Y4acTBYET
(HanpuMep, 3asBKa Ha TeJae(OHHBIN pa3roBOp B MOMEHT, KOTJIa BCE KaHAJIbl 3aHSTHI, TOJy4aeT OTKa3
u nokugaer CMO neobcemykerHoi). B CMO ¢ oxxunanueM 3asiBKa, MPUIIEIas B MOMEHT, KOTIa
BCE KaHaJIbl 3aHATHI, HE YXO/UT, @ CTAHOBUTCS B OUepe/b Ha 00CITyKHBaHHE.

CMO c¢ oxugaHueM TMOAPA3JCIAIOTCS HAa pa3Hble BHUABI B 3aBUCHUMOCTH OT TOrO, Kak
OpPraHU30BaHA OYEPE/b: C OTPAHUYEHHON WM HEOIPAHWYEHHOW JUIMHOW OYepead, C OrPaHUYEHHBIM
BPEMEHEM OKUJIAHUS U T.I1.

IIpyn ananuze WM MporHo3upoBaHuM AesteabHOocTH CMO creayeT y4uThIBaTh HE TOJBKO
CpeIHME XapaKTEPUCTUKH BXOSAIIMX MOTOKOB U MPOLIECCOB OOCTYKUBAaHHS, HO U UX BHYTPEHHIOIO
CTPYKTYpY.

CucreMbl MacCOBOTO OOCITYKMBAHHUS 00JIaJAl0T Pa3IMYHON CTPYKTYpoil. OHAKO B HUX OOBIYHO
MOHO BBIJICNTUTH YETHIPE OCHOBHBIX 3BEHA: BXOAALIMNA MOTOK TpeOOBAaHWIA, HAKOMUTENb, Y3JIbI
00CITy»KMBaHUSI, BBIXOISIINI TTOTOK.

XapakTepUCTUKH BXOJSAIIEr0 IMOTOKa TPeOOBAaHUN BAaXHBI Ui TMPABWIBHOM OpraHU3aluu
nporecca 00CIyXMBaHUS. BBIXOIAIINI MOTOK HpeacTaBisieT JOMOMHUTEIbHBI UHTEpEC B TOM
CJIy4dae, €CJIA OH BECh WM KaKas-TO €ro 4acTh OKA3bIBAETCSI COCTABHOM YaCThIO MOTOKA, BXOSILETO

B ipyryro CMO.
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Haxonmrens — MecTo, rie NoCcTynuBIIMe TpeOOBaHUS KIyT Hadaa oocnykuBaHus. Hakornurennb
MOYKET OBITh OTPaHUYEH MO0 00BEMY, BMEIIATh OTPAHMYCHHOE YMCIIO0 TpeOoBaHuil. TpedoBaHus, Iis
KOTOPBIX B HAKOIUTENIE HE HALUIOCh MECTa, TMOO OKA3bIBAIOTCS B APYTOM, BHEIIHEM HAKOIUTEIE,
1100 BOOOIIE MOKUIAIOT crcTeMy. Hakormurenem MOXKET ObITh, HalpuMep, 3aj I OXKUIAFOIINX
KIMEHTOB B TMApUKMaxepckoil mnm OyHKep Ui KAyHMX OOpaOOTKH JeTaneil Iepesl CTaHKOM.
WHorna orpaHuyueHue cBs3aHo He ¢ (PU3n4ecKUM 00beMOM HaKOMUTENs, a ¢ ouepeasto. Hampumep,
B OYEPEIHON Typ KOHKYpCa JIOJDKHO MPOMTH 3apaHee M3BECTHOE YMCIIO KaHauaaroB. OrpaHnueHne
ouepey MPY 3TOM, TI0 CYTH, IKBUBAJIEHTHO (PU3NUECKOIN OrpaHMYEHHOCTH HAKOIIUTEJISL.

OrpaHr4eHHOCTh HAKOIMTENSI MOXKET MPOSIBISITHCA HE TOJBKO B NMPOCTPAHCTBEHHBIX, HO M BO
BPEMEHHBIX XapaKTepUCTHKaxX. TpeOoBaHHe, NPOOBIB HEKOTOPOE BpeMs B OuUEpEeld, MOMKET
NOKUHYTH €€, He JIOXKJIABIIMCh Hadasna oOcmyxkuBaHus. OHO MOXKET yHTH B JPYTYyIO Oo4epeib WU
BOOOIIIE TOrMOHYTh KaK TpeOoBaHWE Ha OOCTY)KMBaHWE B TaHHOW CHCTEME (HarpuMep, €Clii pPedb
ueT 00 00pabOTKE CKOPOMOPTSIIUXCS MPOTYKTOB).

TpeGoBanwusl, HaXOIIUECS B HAKOMHTENE, 0Opa3yloT JUOO OJHY OONIyI0 OYepelh KO BCEM
y371aM OOCIy)XuBaHUs, MO0 pasaensHble ouepenu. Ouepenyt OBIBAIOT OAHOPOIHBIMU  WIIH
CHEUATM3UPOBAHHBIMU (B COOTBETCTBHHU CO CIEHHUATM3ALUEN y37I0B 00CTY)KUBaHMs); B HEKOTOPBIX
CITy4asix JIOIMYCTUM Tepexo]] TpeOOBaHMS U3 OTHOM OYepe/ B IPYryl0, B HEKOTOPHIX—3allpelieH.

BakxHoe 3HaueHne nMeeT JUCHUILIMHA O0CITYKHUBaHUsI, ONPEIENISIONIas MOPSAA0K BEIOOpa 3asBOK
U3 YMCIIa TIOCTYIUBIIMX U MOPAIOK pacrpeseiieHus UX MEeXy cBOOOAHBIMH KaHanamu. I1o stomy
NPU3HAKYy OOCTY)KMBaHHE 3asiBKM MOXKET ObITh OPraHU30BaHO IO MPHUHIMITY "TiepBasi MpHILIa —
nepBasi  oOciyxeHa', "NOCHeAHSST TpUILIa — TMepBas oOCTykeHa' (TakoH TOPSIIOK MOXKET
NPUMEHSATHCS, HAIPUMED, TIPU U3BJICUCHUH /7SI OOCITYKMBaHUSI U3 CO CKIIaaa, OO MOCieIHIe
U3 HUX OKAa3bIBAIOTCS YacToO Oojiee NOCTYMHBIMU) WIIM OOCITY)KMBaHUE C MPHOPHTETOM (KOTrjaa B
MIEPBYIO  OYepeNlb OOCITY>KMBAIOTCSl HauOoyiee BakHbIC 3asBKM). [IpropuTer MOXKET OBITH Kak
a0COJIIOTHBIM, Korjia Oojiee BakHast 3asiBKa "BBITECHSET' HM3-TOJ OOCITY>KHBaHHS OOBIYHYIO 3asBKY
(HampuMep, B cliydae aBapUWHON CHUTYallUW IUIAaHOBBIE paOOThl PEMOHTHBIX OpHraJ MpephIBAIOTCS
70 JMKBUIALMKM aBapuH), TaK U OTHOCUTEIBHBIM, KOr/a Ooliee BaXKHAs 3asBKa MOITydYaeT JIHIIIb
"Tydiiee" MECTO B OUEpeIu.

Bemuko pazHooOpasue 1 B OpraHu3aluu mpoiiecca oocmykuBanus. B cucreme MoxeT ObITh Kak
OJIMH y3eN 00cTykuBaHus (HeOObIIoi Oy(deT), TaK M HECKOJILKO (OT/IENbI Mara3uHa). Yncio y3jioB
MOXET Jae He OBbITh TOCTOSIHHBIM: Ka)KIas MAallliHA TaKCH, HAXOJSIIAsCS B JAHHBIA MOMEHT Ha
CTOSIHKE, MOXKET paccMaTpUBaThCid KakK OTIENbHBIM y3en. Pazmuuaror ofgHOpoaHbIE (COCOOHBIE
00CITyXUTh JT1000€ TpeOOBaHUE, MOCTYIMAIOLIEE B CUCTEMY) U CHEUHATU3UPOBAaHHBIC y37bl. [laxe
Oymy4ul OJHOPOAHBIMU, OHU MOTYT OTJIMYAThCsl 3HAYEHHSIMU CBOMX XapakTepHcTHK. Cpeau Takux
XapaKTePUCTUK OJHOM M3 HauOojee CYIIECTBEHHBIX SIBIISICTCS MHTEHCUBHOCTH OOCITYXHMBAaHHUS -
CpeIHee YUCIIO TPeOOBAHMIA, KOTOPOE CIIOCOOEH OOCTYKHTh y3€J1 B €IMHUILY BPEMEHH.

Hanee, y31abpl MOTyT paboOTaTh MapasiebHO (KacChl B YHUBEpcame, NpUYalbl B TOPTY),
MOCJIeIOBATENIbHO (KOHBEWEp) WM CMeIaHHbIM 00pa3oM. B mporiecce oOcayXKHBaHUsS OHH MOTYT
paboTaTh HE3aBHCUMO WJIM B3aUMOJICUCTBOBATh, IOMOIaTh JAPYT JAPYTY. Y3Jbl MOTYT BBIXOJHUTH U3
CTpOSl M TIOCTYNaTh HAa BOCCTAHOBJIEHHE (PEMOHT, JiedueHue) B apyrytro CMO (yxe B KayecTBe
TpeOOBaHMIT Ha 0OCITYKUBAHHUE).

OOBIYHO B KQXK/IbIi MOMEHT BPEMEHH y3€J1 00CTYKMBaeT He Oosee oHoro TpedoBanus. OqHako
ob1BatoT CMO, B KOTOPBIX Y371bI 0OCITYKHMBAIOT Cpa3y IPYMIbl TPeOOBAHMIA: MPEMOIaBaTeNb B By3e
WM SKCKYPCOBOJI B MY3€e.

Wnorpa mpu paccmorpernn CMO Hac He MHTEpecyeT NaibHEWInas cyap0a 0O0CIyXEeHHBIX
TpeOoBaHMii; TpeOOBaHMS, TIOCTYIAIOIINE B CUCTEMY, HE CBSI3aHBI C TPEOOBAHUSAMH, YXOISAIIMMHU W3
Hee. B HEKOTOpBIX JK€ Cilydasx CIelyeT Y4WTHIBATh, YTO OOCIYXEHHbIE TpeOOBaHHUS IOCIIE
HEKOTOPOM 3a€P’KKH (OOBIYHO CO CITyYaitHOM, HE M3BECTHOM 3apaHee MPOI0JDKUTEIBHOCTHIO) OMSITh
noctynaioT Ha BxoA. B mepBom ciaysae CMO Ha3bIBaIoTCS HE3aMKHYTHIMH, BO BTOPOM —
3aMKHYTBIMH. 3aMKHYTOM CHCTEMOM SIBJIsSIeTCS, HapUMep, MOJMKINHUKA, 00CTy>KUBAIOILAs TAHHYIO
TEPPUTOPUIO, WM OpHrajga PEMOHTHBIX PA0OUMX, 3aKPEIUICHHAs 3a OIPEIENICHHOM TPYIOi
000pyIOBaHUSI.
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CTpyKTyphl, CBSI3aHHBIE C HAKOIMHUTEIEM M OpraHu3alued mpoiiecca OOCITyKMBaHUs, BeCchbMa
pa3HooOpa3Hbl. MBI paCCMOTPHUM JIMIIh HEKOTOPBIE «TUTTOBBIE» CTPYKTYpbl CMO, KOTOpBIE CITy>KaT
OCHOBOM Kak /Il MU3y4eHUsI IPYTUX, O0Jee CIOKHBIX CTPYKTYP, TaK U JUIsl MOHMMaHUS O0IIuX 3a1a4
MaTeMaTUYECKOro MOJETMPOBaHHS pabOThI CUCTEM OOCTYKUBAHUSI.

[loutn ans Bcex paccmoTpeHHbIX fanee CMO npennonaraercs, YTo BXOJSAIIUM TOTOK SIBJISIETCS
IIyaCCOHOBCKUM, a JJIMTENILHOCTh OOCITY)KHBAHUS pacrpe/iefieHa M0 SKCIIOHEHIIMATbHOMY 3aKOHY.
OTH TPENONIOKEHUS,, C OJHOM CTOPOHBI, BBINOJHSIOTCS JUIsl JOCTaTOYHO HIMPOKOrO Kjacca
peabHBIX CUCTEM OOCITY>KUBAHUS U, C IPYrOi CTOPOHBI, O3BOJISIOT MPUMEHHUTH K U3YUYEHHIO TaKHX
CHCTEM TEOPHIO MAapKOBCKUX IPOLIECCOB.

OTMeTuM, 4TO B TEOPHH MAacCOBOTO OOCITY:KHMBAHHUSI Pa3HbIe aBTOPbHI MCHOJNB3YIOT Pa3IUUHYIO
TepMuHOJOrHI0. CleayeT UMETh B BUJLY, UTO TEPMUHBI «3asBKa», «KIIMEHT» — CAHOHUMBI TEPMUHA
«TpeOOBaHUE», a TEPMUHBI «KaHAl», <«IUHUSA», <«IIPUOOP» - CHHOHHUMBI TEPMHHA «Yy3ell
00CITy>KUBaHHSI».

11.2 ITonsATHE MAPKOBCKOIO CJIY4ailHOT0 MpoLecca

[Tpornecc padoter CMO mpencrasisieT coO0i cIyqaidlHbINA MPOIIecC.

[Tox ciay4ailHbIM (BEPOSITHOCTHBIM HJIM CTOXAaCTHUYECKHMM) MPOIIECCOM TOHMMAETCS MPOIIECC
N3MCHCHHUA BO BPCMCHU COCTOSHUA KaKOﬁ—HH6O CUCTCMbI B COOTBCTCTBHUH C BCPOATHOCTHBIMU
3aKOHOMEPHOCTSIMU.

[Ipouiecc Ha3bIBaeTCsl MPOLIECCOM C JTUCKPETHBIMH COCTOSIHUSIMH, €CJIIM €r0 BO3MOXKHBIE

COCTOSIHUS Sl’ SZ’S3""— MOXKHO 3apaHee IEPEUYNCIIUTD, a MEPEXO0] CHUCTEMBI U3 COCTOSAHUSA B
COCTOSTHME MPOUCXOUT MTHOBEHHO (CkaukoM). [Ipoliecc Ha3pIBaeTCs MPOLECCOM C HEMPEPHIBHBIM
BPEMEHEM, €CIIM MOMEHTHl BO3MOXKHBIX IEPEXOJOB CHUCTEMBI M3 COCTOSHMS B COCTOSHHE HE
(bUKCHpOBaHbI 3apaHee, a CITyYaiHBL.

[Ipouecc paborst CMO mnpencraBisier coOOM  CIydailHBI TpoLecC € JUCKPETHBIMU
COCTOSTHUSIMU W HETIPEPHIBHBIM BPEMEHEM. JTO 03HAYaeT, YTo coctosiHne CMO MeHsIeTCsl CKauKoM
B CIydaiiHble MOMEHTHI TOSBJIECHUS KAaKHUX-TO COOBITHH (Hampumep, MpHUXOJa HOBOW 3asBKHU,
OKOHYaHHUS OOCTY>KUBAHUS U T.I1.).

Maremarnueckuit aHaiam3 padoTsl CMO cyIecTBEeHHO YIPOLIASTCs, €CIH MPOLIECcC 3TOH paboThI
— mapkoBckuil. CiydaiiHBIN TPOIECC HA3bIBACTCSI MAPKOBCKUM WIIM CIIYYallHBIM IMPOIIECCOM 0€3
HOCIIEJICTBHS, €CIU IS JII0OOT0 MOMEHTa BPEMEHH BEPOSITHOCTHBIE XapaKTEPHCTUKU IpOIecca B

o 1
6y,I[yH.[CM 3aBHUCAT TOJIBKO OT €ro COCTOAHUSA B JaHHBIM MOMCHT 0 u He 3aBuCAT OT TOro, Koraa u
KaK CUCTEMa ITpHrIlIa B 9TO COCTOAHUEC.

[Ipumep MapKOBCKOTO IIpOLECCa: CHCTEMaA S _ cuerunk B Taxcn. COCTOSHUE CHCTEMbI B
moment [ XapaKTEpU3yeTCsl YMCIOM KUJIOMETPOB (HIECATHIX JOJIEH KWIOMETPOB), IPOWICHHBIX
aBTOMOOMJIEM /10 JAaHHOrO MoMeHTa. IlycTh B MOMEHT fo CUETUYMK IIOKA3bIBACT SO. BepositHOCTB
TOrO, YTO B MOMEHT £>1y CUCTYMK IOKDKET TO WIM HHOE YUCIO KWIOMETPOB (TOYHEE,
COOTBETCTBYIOILIEE YUCIIO pYOsIeH) Sl, 3aBUCHUT OT SO, HO HE 3aBUCHT OT TOTO, B KAKUE MOMEHTHI

l
BPEMEHH M3MEHSUIUCH TIOKA3aHMsl CYETYMKA JI0 MOMEHTa 0.,
MHorue nporecchl MOXKHO MPHONMKEHHO CUUTAaTh MapKoBCKUMH. Hampumep, mporiecc urpsl B

[IaxMaTbl: cucTeMa S — rpynna maxmatHeix ¢uryp. COCTOSIHUE CHCTEMbI XapaKTepH3YeTCs
4
9UCIioM (UTYp TPOTHBHHUKA, COXPAHUBIIKMXCS Ha JOCKE B MOMEHT V. BeposTHOCTH TOrO, YTO B

1>1 o
MOMCHT 0 MaTCpUaJIbHBIN TICPEBCC 6y,Z[GT Ha CTOPOHC OAHOI'0 M3 MPOTUBHUKOB, 3aBUCUT B
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o 1
MCPBYIO OUCPCAb OT TOr'0, B KaKOM COCTOAHHWU HAXOAUTCA CUCTCMaA B JAHHBIX MOMCHT 0 , 4 HC OT

TOr0, KOTJIa ¥ B KaKOM MOCIIe0BaTEIbHOCTH UCUE3NU (DPUTYpPBI C JOCKU 10 MOMEHTa fo.

B psne ciyuaeB npenbICTOpHel paccMaTpUBAEMBbIX IPOLECCOB MOXKHO MPOCTO MpeHeOpeus U
HNPUMEHATH U1l UX U3Y4EHHs] MAPKOBCKUE MOJIEIIH.

Ilpn aHanmm3e ciy4allHBIX IMPOLIECCOB C AUCKPETHBIMU COCTOSIHUSIMU YIOOHO HOJIB30BaThCs
TeOMETPUYECKO CXEMOM — TaKk Ha3bIBaeMbIM rpaoM cOCTOSHHNA. OOBIMHO COCTOSIHHS CHCTEMBI
U300paXkKaroTCs MPAMOYrOJbHUKAMU (KpYXKKaMH), a BO3MOXHBIE IEpPEXO/bl M3 COCTOSHUS B
COCTOSIHWE — CTPEJIKaMH (OPUEHTUPOBAHHBIMU AYTaMHU), COETUHSIOIMMU COCTOSHMUSL.

¢ IIpumep 11.1. IToctpouts rpad cOCTOSIHUI CIETYIOUIErO CIIy4aiiHOrO Mpolecca: YyCTPOUCTBO
S cocrout u3 JBYX Y3JIOB, K&KJbI U3 KOTOPBIX B CIIy4alHbI MOMEHT BPEMEHHU MOXKET BBIUTH U3
CTpOS, TIOCJIE YEr0 MIHOBEHHO HAYMHAETCA PEMOHT Y314, IPOIOJDKAIOIIUICS 3apaHee HEUM3BECTHOE
CJlydaiiHOE BpeMsl.

S S y
Pemenne. Bo3MokHBIE COCTOSIHHSL cucTeMBl: ~0 — 00a y3lia MCIPaBHBI, | — MeEPBBIA y3ei

PEMOHTHUPYETCS, BTOPOM UCTIPABEH; Sa_ BTOPO y3€J]1 pEMOHTHPYETCS, IEPBBIA UCITPABEH; 53 _ o0a
y351a peMoHTHpYIoTCs. ['pad cuctems! npuBeeH Ha puc. 11.1.

So . S
Crperika, HaNpaBJIeHHas, HarpuMep, U3~V B ~ 1, 03HaUaeT mepexo/| CUCTEMbI B MOMEHT OTKa3a
S .S
niepBoro y3ia, u3 ~1 B ~'0 — nepexo/1 B MOMEHT OKOHYAHHUSI PEMOHTA 3TOTO Y3JIa.

S 0 S3 Sl S2
Ha rpade oTcyTcTBYIOT CTpenku u3 B U u3 B . DOTO OOBSCHSETCS TEM, YTO
BBIXOJIBl Y3JIOB W3 CTPOS IMPEAINONATAOTCS HE3aBUCHMBIMH JIpyr OT Jpyra W, HampuMep,

So

BEPOSTHOCTBIO OJTHOBPEMEHHOIO BBIXOZIa U3 CTPOSl JIBYX Y3J0B (Ilepexon u3 B “3) wm

OJTHOBPEMEHHOT'O OKOHYAHHsI PEMOHTOB JIBYX y3JI0B (IIEpEX0] U3 53 B So ) MOXKHO TipeHeOpeys. P

Mg So Ay

Sy

Ao Aoz
Ay

\ o
A | AN Asy

Puc. 11.1
Jlis mMareMaTHyecKoro OIMCAHUS MAapKOBCKOIO CIy4alHOrO Tpolecca C JUCKPETHBIMU
COCTOAHUAMH W HCHPCPLIBHBIM BPCEMCHCM, IMMPOTCKAIOLICTO B CMO, IIO3HAKOMHUMCs C OAHUM U3
Ba)XHBIX TIOHATHIA TEOPUH BEPOSITHOCTEH — MOHITHEM ITOTOKA COOBITHI.
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11.3 IToToKH COOBITHI

Ilon nomoxom cobvimuii TIOHUMAETCS TMOCIIENIOBATEIbHOCTh OJHOPOJHBIX COOBITHH,
CIEIYIONIMX OJHO 3a JAPYI'MM B Kakue-TO ClydyailHble MOMEHTHI BPEMEHHU (Hampumep, MOTOK
BBI30BOB Ha TeJIe(hOHHOM CTAHINH, IOTOK 0TKa30B DBM, MOTOK mokymnaTesne u T.11.).

TTOTOK XapaKTepU3yeTCs UHMEHCUBHOCHIbIO A — YACTOTOH TOSBIEHHS COOBITHI MITH CPETHIM
YHCIIOM COOBITHH, TocTynatonwx B CMO B eIuHUITY BpeMEHH.

[ToTok cOOBITHIT HA3BIBACTCS pe2y/iApHbIM, €CIUA COOBITHUS CIEAYIOT OIHO 3a JPYrMM dYepes
OIIpE/ICJICHHBIE paBHBIE IIPOMEXYTKM BpeMeHW. Hampumep, NOTOK wH3nenuii Ha KOHBeHepe
cOOPOYHOTO 11eXa (C TOCTOSTHHOM CKOPOCTBIO ABMKEHUS) SIBIISIETCS PETYIISIPHBIM.

[ToTox coOBITHII HA3BIBACTCS] CMAYUOHAPHLIM, €CIIA €r0 BEPOSTHOCTHBIE XAPAKTEPUCTHKH HE
3aBUCAT OT BPEMEHU. B YacTHOCTH, MHTEHCHBHOCTh CTAllMOHAPHOIO MOTOKA €CTh BEJIMYHMHA
nocrosuHas: A(1) = A. Hanpumep, MOTOK aBTOMOGHIIEH Ha TOPOJCKOM IPOCIIEKTE HE SBISAETCS

CTALIMOHAPHBIM B TEYEHUE CYTOK, HO 3TOT IIOTOK MOXKHO CUMTATh CTALMOHAPHBIM B TEUEHUE CYTOK,
CKakeM, B yachl UK. OOpalaeM BHUMaHUE Ha TO, YTO B MOCJIEAHEM Cllydae (PaKTUYECKOEe YUCIIO0
NPOXOSAIINX aBTOMOOMJIEH B €MHHILy BPEMEHH (HAampUMeEp, B KaXIyl0 MHHYTY) MOXET 3aMETHO
OTIMYaThcA APYr OT Jpyra, HO CpeJHee MX 4YUCIO OyAeT NMOCTOSIHHO U He OyAeT 3aBHCeTh OT
BpPEMEHU.

[Torok cOOBITHII Ha3BIBACTCA HOMOKOM 0e3 nociedelicmeus, €CIA ISl JIOOBIX  JBYX

HETIEPECEKAIOITHXCS aCTKOB BpPEMEHH IIPOJOJDKUTENBHOCTBIO 7Ty U T, — 4YHCIO COOBITHIA,
1 2

nomnmagaronmx Ha OAMH HU3 HHUX, HE 3aBHCUT OT YHCIIa CO6BITHﬁ, Iormagaronimx Ha ﬂpyme.
Hanpumep, mOTOK maccakxupoB, BXOASIIAX B METPO, MIPAKTUICCKHA HE UMEET MOCIEACHCTBUS. A,
CKa)XeM, TMOTOK TNOKynaTeiaed, OTXOIAIMX C TOKYNKaMH OT IMpUJaBKa, YXKE HMeEeT
nocsenecTBre (XOTs ObI TOTOMY, YTO MHTEPBAJ BPEMEHH MEXKIY OTICIHLHBIMU MOKYIATEISIMH HE
MO>KET ObITh MEHbIIIE, YeM MUHUMAJIbHOE BpeMsl OOCITY>KUBAHUSI KQKIOTO U3 HUX).

[Torok cOOBITHII Ha3bIBACTCS OPIMHAPHBIM, €CJIM BEPOSTHOCTh IIOTMAJIAHWS HA MabIid

(37IeMEHTapHBIN) Yy4acTOK BPEMEHH At JBYX U OoJiee COOBITHI MPEHEOPEKUMO Masia TI0 CPAaBHEHHIO C
BEPOSTHOCTBIO TIOMAaHMsl OJHOTO COOBITHA. JIpyrriMU CIIOBamMHU, TIOTOK COOBITHI OpAWHAPEH, €CITH
COOBITHS MOSBJISIIOTCS B HEM MOOIMHOYKE, a He rpymamu. Harpumep, moTok moe3n0B, MOAXOISIIHNX K
CTaHIIUK, OPJMHAPEH, a MOTOK BATOHOB HE OPJIMHAPEH.

[Torok coOBbITHII Ha3bIBaeTCS MPOCTEHUIIMM (WJIM CTallMOHAPHBIM ITyaCCOHOBCKHM), €CIIM OH
OJTHOBPEMEHHO CTAIIOHAPEH, OpAMHApeH M He uMeeT mnocneneiictBua. Haspanuwe '"mpocreitmmii”
o0bsicHsIeTcss TeM, uto CMO ¢ mpocTeHIMMy OTOKaMHi UMEET HauboJiee MPOCTOE MaTeMaTHUIECKOEe
OIMMCaHWe. 3aMETHM, YTO PETYJSPHBIA TMOTOK HE SIBISETCS "MpOCTeHImM', Tak Kak OH OOJiagaeT
HOCTIeZICHCTBUEM: MOMEHTHI TIOSIBJICHHS COOBITHI B TAKOM MOTOKE JKECTKO 3a()UKCHPOBAHBI.

[Ipocrelimmii MOTOK B KAYECTBE NPEAEIBHOIO BOZHUKAET B TEOPUH CITyYaHBIX IPOLIECCOB CTOMb
K€ €CTECTBEHHO, KaK B TEOPUU BEPOSITHOCTEM HOPMAIBHOE PACHpPENETICHUE MOIy4YaeTcs B Ka4eCTBE
IPENEIbHOTO U1 CyMMBI CIIy4alHBIX BEJIMYMH: TP HAIOKEHUU (CYNEpPIIO3UIMU) JOCTATOYHO
Gonbroro uncna /! He3aBUCHMBIX, CTAMOHAPHBIX ¥ OPAMHAPHBIX ITOTOKOB (CPABHUMBIX MEXKTY COOOM

A i=12,..

M0 HWHTEHCUBHOCTSIM ¢ ( Ty MOJTY4aeTCsl TIOTOK, ONM3KMIA K TMPOCTEHIIeMy C

HUHTCHCUBHOCTBIO ]’ . paBHOﬁ CyMMC MHTEHCUBHOCTEN BXOOA1IMX ITOTOKOB, T.€.
n
=34,
i=1

Pacnpez[eneHHe HMHTEpPBaJIa BpEMEHU MEXKY IBYMS COCETHUMU COOBITHSIMI MIMEET BULT
-A
Ft)=P(T<t)=1-¢ f. (1L.1)

[T10THOCT BEPOSITHOCTH CITYYaifHOM BETMUYHMHBI €CTh MPOU3BOIHAS €€ (DYHKIMU PacrpeaelieHUs
(puc. 11.2), T.e.

P(t)=F'(t)=Ae ™ (11.2)
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Pacnipenenenne, 3amaBaemoe TIOTHOCTBEO BeposiTHOCTH (11.2) mim dyHKIMeH pacrpeneneHust
(11.1), Ha3 MOKa3aTeNbHBIM (WJIM SKCIIOHEHITMAIBHBIM). TakiuM 00pa3oM, MHTEPBAT BPEMEHH MEXITY
JIBYMSI COCEJTHUMH TIPOU3BOJIGHBIMU COOBITHSIMHA UMEET MOKa3aTeNIbHOE paciipeieNieHue, Uil KOTOPOro
MaTeMaTHYECKOE O’KUIaHUE PABHO IMCIEPCHUM CITyYalHON BETMUMHBI

1
a=o0’=—

(11.3)

1 00paTHO MPOMOPIIMOHATIHHO 10 BEJIMYMHE MHTEHCUBHOCTH TIOTOKA A

Baxneiiiiee CBOMCTBO MOKa3aTEIbHOIO paclpenesicHus (MPUCYIIEe TOJIBKO TOKa3aTeTbHOMY
paclpeneneHnio) COCTOMT B CIEOYIOLIEM: €CIM IMPOMEXKYTOK BpPEMEHH, pACHpENEIeHHBI 0
TIOKA3aTETLHOMY 3aKOHY, YK€ JUTMIICS HEKOTOpOEe BpeMsl °, TO 3TO HHKAK HEe BJIMAET Ha 3aKOH

pacrpeniesieHlss OCTaBIIEHCS YacTh TMPOMEXKYTKA (T—T): OH OyleT TakuM e, KaKk M 3aKOH
pacnpezieneHns BCEro NpoMexxyTKa T.

o(t) 4
A

Puc. 11.2

Jlpyeumu cnosamu, ons unmepsana epemenu 1 mesncdy 06yms nocie0osamenbbimiu coceOHUMU
COOBIMUAMYU NOMOKA, UMEIOWe20 NOKA3ameibHoe pacnpeoenetue, aobvle C8e0eHUs. O MOM, CKOIbKO
8peMeHU NpomeKal JMOm UHMEPBATl, He GIUAION HA 3aKOH pacnpeoeneHusi OCmAaguielicss Yacmu.
Omo  ceolicmeéo  nokazamenvbHo20 3aKOHA npeocmasniem coOol, 8 CYWHOCMU, Opyeyio
Gopmynuposxy ons "omcymemaeus nociedeticmeus’ — 0CHOBHO20 C8OUCMBA NPOCMeEUULE20 NOMOKA.

JIns TpoCTefnero moToka ¢ HHTEHCHBHOCTBIO A BEpOATHOCTH MOMAAHMS Ha dIeMEHTAPHBI
oTpe30K BpeMeHu Af xoTs ObI OHOTO COOBITHUS MOTOKA paBHa coraacHo (11.1)

P, =P(T<At)=1-e™ = JAt. (11.4)
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. —AAt
(3amemum, umo 3ma npubaudsceHHas opmyna, noayuaemdas 3aMeHol yHKyuu e JUUD
08YM3sl NEPBLIMU UIICHAMU ee PA3NI0HCEHUSL 8 PO NO CMENneHaM At , mem mounee, uem meHvlLe

At).

11.4. YpaBuenusi Kosmoropoga. IlpenejibHble BepPOATHOCTH COCTOSTHU

PaccmoTprM MaTeMaTH4ecKoe OrrMcaHue MapKOBCKOT'O MPOIIECcca ¢ AUCKPETHBIMU COCTOSTHUSIMU
Y HEMpEePBHIBHBIM BpEMEHEM Ha TPHMEpE CIyJaifHOTo mporiecca, rpad KoTroporo n3o0pakeH Ha prC.

11.1. Byxem monararb, 4TO BCE HEPEXOIbl CUCTEMBI M3 COCTOSHHS S; B S ;j TPOHCXOAT MOJ
BO3JICHCTBMEM TIPOCTEHIINX TOTOKOB COOBITHH C WHTEHCHMBHOCTSIMH /lij (i, j=0,1,2,3); Taxk,

MIEPEX0] CUCTEMBI U3 COCTOSHUS SO B Sl OyZIeT MPOMCXOUTH TIO/ BO3JICUCTBUEM TTOTOKA OTKA30B

IIEPBOTO y3/Id, a OOPATHBIA IEPEeXOX M3 COCTOsHHSA S| B S — [OJ BO3ACHCTBHEM IOTOKA

"OKOHYaHUI PEMOHTOB" TIEPBOTO y3J1a U T.1II.
['pad cocrosiHui cUCTEMBI ¢ TIPOCTABICHHBIMU Y CTPEJIOK MHTEHCUBHOCTSIMU OyJIeM Ha3bIBaTh
pasmedeHHbM (cM. puc. 11.1). PaccMmatpuBaemasi cucreMa S HMMEET YETHIPE BO3MOKHBIX

cocrostHES: S, Sp, S5, S3.
BeposITHOCTBEO I -TO COCTOSIHIS Ha3bIBACTCS BEPOSTHOCTE P); (1) TOro, 4To B MOMEHT ! cHCTeMa

OyJIeT HaXOAWTHCA B COCTOSHUU Si. OdyeBuaHO, 4YTO I JFOOOrO MOMEHTa [ CcymMa

BEPOSATHOCTEU BCEX COCTOSIHUM paBHA €UHULIE:

3
D pin=1. (11.5)
i=0

PaccMOTpMM cuCTEMY B MOMEHT [ W, 3aaB Maiblii MpoMexyTok Af, HalieM BEpOATHOCTH
Po(t+ At)Toro, uro cucrema B MomeHT !+ Af Oyner HaxOAMTBCS B COCTOSHHH S(. DTO
JOCTUTACTCS Pa3HBIMU CIIOCOOAMH.

1. CucremMa B MOMEHT ! C BEpOSITHOCTBIO D) () HaXOmmMIach B COCTOSHHH Sy, @ 3@ BpeMsI

At He BBIILIA U3 HETO.
BriBectn cucremy u3 3toro coctosHus (cM. rpad Ha puc. 11.1) MOXHO cCymMMapHBIM

MPOCTEUIINM IIOTOKOM C WHTEHCUBHOCTBHIO (201 +202 ), T.e. B coorBercTtBuu ¢ (11.4), ¢
BEpOATHOCTBIO, TpubmmkenHo pasHoit (A, + Ay, )A?. A BeposTHOCTH TOrO, YTO CHCTEMa He
BBIZIET U3 cocTosiHus S, paBHa [1— (201 + ﬂoz)At ]. BeposaTHOCTL TOrO, 4TO CHCTEMa OyIeT
HAXOMUTHCS B COCTOSIHUE Sy 10 [IEPBOMY CIIOCOOY (T.€. TOTrO, YTO HAXOAMIACH B COCTOSIHUE S 1

He BBIAJET U3 Hero 3a Bpemsa Af ), paBHa 10 TeOpEME YMHOKEHHS BEPOSITHOCTEN:

Po(O[1 = (Ay; + Agp)At].

2. Cucrema B MOMEHT ¢ ¢ BeposiTHOCTsIME P (1) (wmu P, (1)) HaxomuIach B COCTOSIHUU S
wm S, u3aBpems Af mepenuia B cocTosiHUE Sy .

[IoTOKOM MHTEHCUBHOCTBIO /110 (v 1.20 — cM. puc. 11.1) cucrema nepeiiier B cocTosiHUE
Sy ¢ BeposTHOCTBIO, npubIMkeHHO pasHoil AoAf (mma Ay,At). BepostHocTs ToOrO, uTO

chcteMa GyleT HAXOUTHCS B COCTOSHUH S\, Mo sTomy cmocoly, pasua p;(1)A Ar (am

D> (D) AypAl).

[Ipumensis TeopeMy CI0XKEHUS BEPOSITHOCTEH, TIOTYyYUM
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Po(t+At) = p (1) ApAt + py (1) AygAt + po (H)[1—(Ay, + Agp ) At],

OTKyZa

Af) —
po(t+ Atz po(®) _ P11 + Po(D) Ay — Aoy + A0y Po ().

[lepexons x mpeneny npu Ar—0 (mpuOMMKEHHBIE PABEHCTBA, CBA3AaHHBIE C MPUMEHEHHEM

/7
dhopmynsl (2.4), mepeiayT B TOYHBIC), TTOJYYUM B JICBOM YacTH YpaBHEHHS MPOU3BOTHYIO Po(t)
(0603HAYMM €€ JTI TIPOCTOTHI p(’) ):

Po = Aopy + APy — (Ao1 + A2) o

[Monyunmu nuddepeHnransHOe ypaBHEHHE TIEPBOTO MOPSIIIKa, T.€. YpaBHEHHE, COAeprKalliee Kak
caMmy HEM3BECTHYIO (DYHKIIHUIO, TaK U €€ MPOU3BOIHYIO IEPBOTO MOPSIKA.

Paccyxnas aHalOrM4HO A1 IPYIHX COCTOSHUM CHCTEMBI S , MOXXHO TOJYYHUTh CHCTEMY
i depeHanbHbIX ypaBHeHHH KoaMoroposa it BepOsSTHOCTEN COCTOSTHUI:

Po = AoPr + Ao pa — (Ao1 + A02) Py
P1=201P0 + 4313 — (Ao + A43) i
P2 =200+ A52p3 — (Aag + 43) P
Py =430+ A3y — (A1 + A3 s

(11.6)

Cdopmynupyem mpaBuio cocTaBlieHus ypaBHeHU Kommoroposa. B eBoif yacTu Kaxaoro u3

HUX CTOUT TIPOU3BOJIHAS BEPOSITHOCTH ! — TO cOoCTOsIHUS. B mpaBoii yact — cymma Mpou3BeIeHHUI
BEPOSATHOCTEU BCEX COCTOSIHUM (M3 KOTOPBIX HIYT CTPEIIKU B JAHHOE COCTOSIHUE) HA MHTEHCUBHOCTH
COOTBETCTBYIOIIIMX IIOTOKOB COOBITMH, MHMHYC CyMMapHas HWHTEHCHUBHOCTb BCEX IIOTOKOB,

BBIBO[USIIIINX CHCTEMY W3 JIAHHOTO COCTOSIHHSI, YMHOYKEHHass Ha BEPOSATHOCTH maHHOro (! — ro
COCTOSIHUSI).

B cucreme (11.6) He3aBHCUMBIX ypaBHEHHW Ha €AMHUILY MEHBIIE OOIIEro YHciIa YpaBHEHHMA.
[osTomy amst perieHus: cucTeMbl HeoOX0IUMO 100aBUTh ypaBHeHue (11.5).

OcoGeHHOCTh pernreHus: AuddepeHIraIbHBIX YPaBHEHUH BOOOIIE COCTOUT B TOM, 4TO TpeOyeTcs
3a[aTh TaK Ha3bIBA€MbIE HAYAJIbHBIE YCIOBHS, T.€. B JAHHOM CIy4ae BEpPOSTHOCTU COCTOSIHUM

cucTemsl B Hauanshsii moment [ =0. Tak, Harpumep, cuctemy ypaBHEHMH (2.9) eCTECTBEHHO

peluaTh Npy yCIOBHHM, YTO B Ha4YaJIbHBIH MOMEHT 00a y3jla MCIpPaBHBI U CUCTEMa HaXOJWJIaCh B
S 0)=1 0)=p,(0)=p3(0)=0
cocrostaun "~V | T.€. IPU HAYAIBHBIX YCIOBHUSIX Po(0) P 1(0)=p,(0)=p5(0) :

Ypasuenns KonmoropoBa JaioT BO3MOXHOCTh HAHTH BCE BEPOSTHOCTH COCTOSHME Kak (YHKIUH

. A
BpeMeHH. OcoOblil HHTEpeC MPelCTaBIAIOT BEPOSITHOCTH CHUCTEMbI pi(1) B TIpeJeNbHOM CTAallHOHAPHOM

pexuMe, T.e. TpU [ —>oo, KOTOPbIE HA3BIBAIOTCS TpPEACTBHBIMU (WM (PUHATBHBIME) BEPOSTHOCTSIMH
COCTOSIHHH.

B Teopun ciay4aliHBIX IIPOLIECCOB TOKA3bIBACTCS, YTO €CIIU YUCIIO COCTOSHUN CUCTEMbI KOHEYHO
1 U3 KKJIOTO U3 HUX MOXHO (32 KOHEYHOE YMCIIO IIaroB) MEPEUTH B JIFOOOE IPYroe COCTOSIHUE, TO
MpeeNIbHBIE BEPOSITHOCTH CYLIECTBYIOT.

Hpel[eJII:HaH BCPOATHOCTb COCTOSTHHSA [ YMeeT YETKUIM CMBICI: OHA IOKa3bIBAET Cp€aHCC
OTHOCHUTCIIBHOC BpPCMA Hp€6BIBaHI/HI CUCTEMBI B OTOM COCTOSHHH. HaHpHMep, CCJIM MPCACibHAA

S =0.5
BEPOATHOCTH cocTostust ~ 0 pasHa 0.5, T.e. Po TO 3TO O3HAYaeT, YTO B CPEIHEM IMOJOBUHY

S
BPEMCHHU CUCTEMA HAXOOUTCA B COCTOSIHUN 0,
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Tak kak mpenenbHble BEPOSTHOCTU NOCTOSHHBI, TO, 3aMeHssl B ypaBHeHMsAX KosmoropoBa ux
MIPOM3BOAHBIE HYJIEBBIMU 3HAYEHUSIMHU, MOJIYYUM CUCTEMY JIMHEHHBIX alreOpanyecKux ypaBHEHU,

OMKCHIBAIOIINX CTAllMOHAPHBIN pekuM. [t cucteMbl S ¢ rpadoM COCTOSIHHIA, N300pa)KEHHOM Ha
puc. 11.1), Takas cucreMa ypaBHEHUN UMEET BULL:

(Ao + A2) Py = Aopy + AP
(Ao +A4i3) P = Ag1po + 431 3
(Ao + A3) P2 = Ap Po + 432 P35
(31 +A32) p3 = 3Py + A3y

Cucremy (11.7) MOXXHO COCTaBUTH HEMOCPEACTBEHHO 10 pa3MEUEHHOMY rpady COCTOSHUMN, €CITH
PYKOBOZACTBOBATbCS IPABMIIOM, COIVIACHO KOTOPOMY CJIEBA B YPAaBHECHUAX CTOUT IpEIcIbHAs

(11.7)

BEPOSATHOCTb JAHHOT'O COCTOSHUS Pi , YMHOKEHHAs1 HA CYMMapHYI0 UHTEHCUBHOCTb BCEX IIOTOKOB,
BEAYIIMX U3 JAHHOI'O COCTOSIHHUSA, a CIIPaBa — CyMMa IIPOU3BEICHUM HHTCHCUBHOCTEN BCEX IIOTOKOB,

BXOJAIIUX B I € COCTOSAHHEC, Ha BEPOATHOCTHU TCX COCTOHHHﬁ, N3 KOTOPBIX 3TH IOTOKU UCXOIMAT.

Ilpumep 11.2. Haiitn npejieibHbIe BEPOATHOCTH JUIA CHCTEMBI S , Tpad) COCTOSHUI KOTOPOH MPHUBEIEH

mapue. 2.1 mpn Aoy =1, Agy =2, Ao =2, A3 =2, Ay =3, Ay =1, 43y =3, A3 =2.

Pewenue. Cuctema anre0pandecKux ypaBHEHUH, OMMCHIBAIOIINX CTAIMOHAPHBIN PEXUM JUIS TaHHOH
cucTeMsl, uMeet Buf (2.10) unu

3po=2p; +3p,,
4p1 = po +3p;3,

4py =2py +2ps,
Potpitpyt+p3=1

(11.8)

31ech Mbl BMECTO OJHOTO "JHUIIHET0" ypaBHEeHHs cucteMsbl (11.7) 3amucanu HOPMHPOBOYHOE YCIOBHE
(11.5)).

po=040 p, =020 p,=027 p;=0.13

PemmB cucremy (2.8), momyunm , T.. B

[peNeIbHOM, CTAHOHAPHOM PEKUME CHCTEMA S cpeaneM 40% BpemeHu OyzieT HAXOAUTHCSA B COCTOSHHUH
S S y y
0 (06a y3na ucnpasusl), 20% — B cocTosHun ~ 1 (mEpBHI Y31 peMOHTHPYETCS, BTOpO padoTaet), 27%

— B COCTOSTHUH 52 (BTOpOH y3em peMOHTUPYETCS, EPBHIiA pabdoTaeT) u 13% BpeMeHNn — B COCTOSHUH 53
(0o0a y3mna peMoHTHpYIOTCS). P>

Ilpumep 11.3. Haiitu cpeuuil YUCTBIA J0XOA OT KCIUTyaTalluy B CTAlHOHAPHOM PEKUME CUCTEMBI S B
ycnoBusx 3a1ad 2.1 u 2.2, eciu W3BECTHO, YTO B €AMHUIYY BPEMEHHU HCIpaBHas paboTa MEpBOTO U BTOPOTO
Y31I0B TIPHHOCHUT JIOXOZ COOTBETCTBEHHO B 10 1 6 1eH.ell., a X PEMOHT TpeOyeT 3aTpaT COOTBETCTBEHHO B 4
1 2 ned.ed. OueHUTh SKOHOMUYECKYI0 3((EKTUBHOCTh MMEIONIEHCS BO3MOXHOCTH YMEHBIICHHS BIBOE
CPEeJHET0 BPEMEHM PEMOHTA KaXJ0T0 U3 BYX y3JI0B, €CIIM IIPU 3TOM NPUAETCS BIBOE YBEIMUUTH 3aTPAThI HA
PEMOHT KaXXJI0TO0 y371a (B €AMHUILY BPEMEHH).

Pewenue. 13 3amaun 2.2 ciemyer, 4To B CPEAHEM MEPBBIA y3el MCIPaBHO pabOTaeT IO BPEMEHH,

PaBHYIO Pot P2 = 0,40+0,27=0,67, a BTOPO# y3em — Pot D ~0,40+0,20=0,60. B 10 3Ke BpeMs
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TMEpBbIN y3eNl HAXOJUTCS B PEMOHTE B CPEIHEM JOJI0 BPEMEHH, PABHYIO Pt D3 =O,20+0,13:0,33, a

Bropoii ysen — P2 & = 0,2740,13=0,40. T05TOMy CpeIHWil YHCTHIN ZOXOA B CAMHHILY BPEMEHH OT
KCILTyaTallik CUCTEMBI, T.€. PA3HOCTh MEXKIY JOXOJAMH U 3aTPATaMH, PaBeH

1 =0,67-10 + 0,60-6 -0,33-4 -0,40-2 = 8,18 nmen.ex.
VMeHbIIeHHE BIBOE CPEIHETO BPEMEHH PEMOHTA KaKJIOT0 M3 Y3JI0B B COOTBETCTBHH C (2.3) OyneT 03HayaTh
YBEJIMYCHUE BJIBOE MHTEHCUBHOCTEH IOTOKA "OKOHYAHMH PEMOHTOB" KakKIOTO Y37a, T.€. TEIEpb, /110 =4,

Ay =6, A3 =6, Ay, =4.
M CHCTeMa JIMHEHHBIX anredpanyeckux ypaBHeHH (2.10), onuchIBaromias CTallMOHAPHBIA PEKIM
cucTeMBI S , BMECTE ¢ HOPMUPOBOYHBIM YCIOBHEM (2.8) PUMET BHI:

3pop=4p, +6p,,
6p; = py +6p;3,

Tp, =2py +4p;,
Po+pi+py+py=1

Penms cucremy, nonyaum p, = 0.60, p; =0.15, p, =0.20, p; =0.05. Yunreisas,
aro p, + p, =0,60+0,20=0,80, p,+ p; =0,60+0,15=0,75, p,; + p;3 =0,15+0,05=0,20,
Py + p3 =0,20+0,05=0,25, a 3arparkl Ha PEMOHT IIEPBOTO U BTOPOI'O y3J1a COCTABIAIOT TEMEPh
COOTBETCTBEHHO 8§ U 4 JIeH. €/1., BBIUMCIIUM CPEIHUI YUCTBIN T10XO0/ B €IMHUILY BPEMEHHU:
J1=0,80-10 +0,75:6 — 0,20-8 — 0,25-4 = 9,9 nen.ex.

Tak xak J[1 Gombme J| Bcero Ha 20%, TO 3KOHOMHYECKAs IIEIECOOOPA3HOCTh YCKOPEHUS
PEMOHTOB Y3JI0B OUeBHIHA. P>

11.5. Ilponecc ruGe i U pa3MHOKEHUST

B Teopun mMaccoBoro 00CTyXMBAHHS IIMPOKOE PACIPOCTPAHEHHE UMEET CIECIMANBHBIA KIacce CIydailHbIX
TMPOLIECCOB — TaK Ha3bIBAEMBIH npoyecc eubenu u pazmuoocenus. Ha3BaHue 3Toro mporecca CBA3aHO € pAIoOM
OHMONOTHYECKHX 3a/[au, Te OH SBISETCS MATEMATHYECKOH MOJENBI0 M3MEHEHHS YHMCIEHHOCTH OMONOTHYECKUX
TIOIYJIALHIAL

I'pach cocTosHmit mporiecca THOENN U pa3MHOKEHIS HMEET BHJI, TIOKa3aHHBIN Ha pHC. 2.4.

N A A A,
SO lm . S, ——h--k‘2 Sz MJ ess -—pl.-l't Sk _p.wl. oo .........p.h. S,,
! — P — T . |
Ay Ay Ayn lk.b-l Aﬂt-l-l.nr xn,r-l

Puc. 11.4

PaccMOTpHM YHIOPSL0YCHHOE MHOKECTBO COCTOSHHUIT CHCTEMBL Sy, S|, ..., S . [Iepexomsl Moryt
OCYIICCTBIIATLCSA U3 0000 COCTOSIHUS TOJIBKO B COCTOSIHHS C COCCIHUMHA HOMEpAaMHU, T.C. U3
COCTOSIHHS ), BO3MOXHBI IIEPEXO0/IbI TOIBKO JIHO0 B COCTOSIHHE S)_; MO0 B COCTOSIHHE S | .

3ameuanue. [Ipy aHATN3¢ YUCICHHOCTH HOMYIISILUI CIUTAIOT, YTO COCTOSIHHE ), COOTBETCTBYET

YHCJIICHHOCTHU MOITYJIALUN, paBHOﬁ k , 1 ICPCXOA CUCTCMEI U3 COCTOAHUA S k B COCTOsSHMC S k+1>
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IIPOMCXOIUT MPU POKICHUM OJHOTO YIEHA TIOMYJISI|H, & TIEPEXOJL B COCTOSHHUE S k—] — 1py rudenm
OJTHOTO 4JIeHA MOMYSIIHH.

[Ipennonoxum, 4To Bce TOTOKU COOBITHH, IEPEBOSIINE CUCTEMY 10 CTpeIKaM rpada,
HpOCTGﬁH.IPIG C COOTBCTCTBYIOIITMMHU MHTCHCUBHOCTAMUA ﬂ’k, k+1 501058 ﬂ’k +1,k

I[To rpady, npeacraBieHHOMY Ha pUC. 2.4, COCTABUM H PEIINM aJIre0OpandecKue ypaBHCHHs
AJId TPEACTIbHBIX BepOHTHOCTGﬁ COCTOSIHUU (I/IX CYIICCTBOBAHUC BBITCKACT U3 BO3MOKHOCTU

NIEPEX0/1a U3 KaKJ0r0 COCTOSAHMS B KaKJI0€ JPYroe U KOHEUHOCTH YHCIIA COCTOSTHUM).
B cootBeTcTBUM € IPaBUIIOM COCTaBIICHHS TAKUX YPAaBHEHUH (cm. 2.7) OITyunM:

JUTSL COCTOSHUS S

o100 = Ao Py » (11.9)

st coctostamnst S; — (A, + A1) pp = 491 Po + Ao Pa» KOTOpOE € yuerom (2.12) mpuBoauTCS K
BUITY

Aopy = A1p;- (11.10)

AHaJIOTMYHO, 3aluChiBas YpPaBHEHMs JUIsS TPENENIbHBIX BEPOSTHOCTEH JAPYTUX COCTOSIHUM,
MOYKHO ITOJTy4YHTh CIICTYIOLIYIO CUCTEMY YPaBHEHHI:

/101170 = /110171’
Aop1 =410y,

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

(11.11)
ﬂ“k—l,kpk—l = ﬂ“k,k—lpk’
ﬂ’n—l,npn—l = ﬂ’n,n—lpn‘
K KOTOPOIi T00aBIIsIeTCSI HOPMHPOBOYHOE YCIIOBUE
Pot+pPitp+..+p,=1. (11.12)
Pemas cucremy (11.11), (11.12), MOXHO NOIY4UTh
-1
A
Po = LT TR UL L ] : (11.13)
Ao Ao Ay 1A o
A 1nA12 o1
D1 :@PO, 1%} :—/112/101 Do s Pp =" (11.14)

Ao T b PR

Jlerko 3ameTuts, 4to B hopmynax (2.14) nns py, ps,..., P, KO3QOUIUEHTH IpU Py €CTh
cliaraeMeble, CTOSIIINE TIocie enuHUITB B hopmynie (2.13). Yncnurenu 3tux ko3 GUITMEHTOB
MPCACTABIIAIOT IPOU3BCACHUC BCCX HHTGHCHBHOCTeﬁ, CTOAINUX Yy CTPCJIOK, BEAYIINX CJIICBA
HAIPaBO OT COCTOSIHMUS S() 10 HaHHoro coctosuust S, (kK =1,2,...,n), a sHamenarenu —
MMPOU3BCACHUC BCCX HHTGHCHBHOCTeﬁ, CTOAIIHUX Yy CTPCIIOK, BEAYIIUX CIIpaBa HAJICBO OT
COCTOSIHHSL ), 10 COCTOSIHUS Sy .

Ilpumep 11.4. TTponiecc Tnbenmm 1 pa3MHOKEHUsI TIpesicTaBIieH rpadoM (puc. 2.5). Haiitu
IIpeIEIbHBIE BEPOATHOCTH COCTOSIHUM.



Pewenue. I1o dopmymne (11.13) Haiinem
-1

1 2.1
=|1+—+——| =0.706,
P 4" 3.4
1 2.1

mo (217) - p;= 10.706 =0.176, p, = 3—40.706 =0.118, T.e. B ycraHoBuBIEMCH,

CTalMOHAPHOM pexuMe B cpeaneM 70,6% BpeMeHHU cucTeMa OyaeT HaXOAUThCS B COCTOSIHUU Sy,

17,6% — B cocrosinuu S| u 11,8% — B cocrostHuu S,. P

| 2
- i
S led 5 e S
4 3
Puc. 11.5

11.6. CMO c¢ oTka3zamu

B xaudectBe nokazareneii apdexruHOCTH CMO € 0TKa3aMu Oy1eM paccMaTpuBaTh:
A — abcomommyro nponyckmyio cnocobrnocms CMO, T.e. CpeiHee Yncio 3a1BOK, 00CTYKUBAEMBIX
B €JIMHUILY BPEMCHU;

Q — ommocumenviyio RpoONYCKHYIO CNOCOOHOCMb, T.€. CPENHION OO MPHINEANINX 3asiBOK,
00CITy’)KUBaEMBIX CHUCTEMOI;

POTK- —  8EPOSIMHOCMb OmMKA3a, T.€. 6eposIMHOCMb TOro, 4To 3asBKa mokuHer CMO
HEOOCTY)KEHHOM;

k — cpeonee uucno 3anamoix kananoe (01 MHO2OKAHANLHOL CUCEMDbL).

OnHokaHAIbHAS CHCTEMA € 0TKA3aMM.
Paccmotpum 3amauy. UMeetcst oH KaHai, Ha KOTOPBIM MOCTYIAET MOTOK 3asBOK C

NHTCHCUBHOCTBIO /1 . ITotok O6CJIY)KI/IB3.HI/II/I HNMCCT MHTCHCUBHOCTD ﬂ .

[Tpumeuanue. 31ech U B JATTBHEHUINIEM TIPEIITONIATAETCs, YTO BCE MIOTOKU COOBITHH, TIEPEBOISIINE
CMO u3 cocTosiHUSI B COCTOSHUE, OyayT mpocTemmmMu. K HUIM OTHOCHTCS U TOTOK OOCITY>KHBaHHUS
— MMOTOK 3asBOK, OOCITY»KHBAEMBIX OJTHUM HEMPEPBIBHO 3aHATHIM KaHaIoM. CpeHee Bpemst

o0cmyXuBaHusA o6 OOPAaTHO MO BETMYMHE UHTEHCUBHOCTU U, T.€. fop = —.

Haiitu npenenbHbIe BEPOSITHOCTH COCTOSHUM CHCTEMBI U TIOKa3aTenu ee 3(ppekTHBHOCTH.

. B
S | S
H
Puc. 11.6
Cucrema S (CMO) umeer aBa cocTosHHS: S — KaHal CBOOOJCH, S; — KaHal 3aHAT.

Pa3medenHslit epagh coctosHmii npeacrasieH Ha puc. 11.6.
B nmpenenbHOM, CTallMOHAapHOM pPEKUME CHUCTEMa alreOpaudyecKuX ypaBHEHMH  JUis
BEPOSITHOCTEN COCTOSIHUIA UMEET BUJI (CM. TIPABUIIO COCTABJICHUSI TaKUX ypaBHeHU (11.7).
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ﬂpo =HUDy,

(11.15)
ip; = Apy.

T.. CHUCTEMa BBIPOXKIAECTCS B OJHO YpaBHEHHUE. YUMThIBasi HOPMHUPOBOYHOE YCIIOBHE [0
Pot P = 1, maiinem u3 (2.15) npeneabHbIE BEPOSTHOCTU COCTOSHUMI

U A

Y 11.16
A+ 1 D1 A+ 1 ( )

Po

KOTOPBIE BBIPAXKAIOT CPETHEE OTHOCUTEIHHOE BpeMsI MPEObIBAaHHS CUCTEMBI B COCTOSTHUH SO
(korja KaHaja cBOOOJICH) H Sl (koraa KaHaj 3aHsAT), T.€. ONPEIEISAIOT COOTBETCTBEHHO

OTHOCHTEIBHYIO POITyCKHYIO CIIOCOOHOCTD () CHCTEMBI M BEPOSITHOCTB OTKa3a Py -

Y7,
0= _ (11.17)
A+ u
A
POTK Zm. (11.18)

AOGCOIIIOTHYIO MPOITYCKHYIO CIIOCOOHOCTB Hai/IeM, YMHO>KUB OTHOCUTEIBHYIO ITPOITYCKHYIO
criocobHoCcTh () Ha MHTEHCHBHOCTD MOTOKA 3asBOK

"l

_ _ 11.19
o (11.19)

Ilpumep 11.5. VI3BecTHO, YTO 3asBKM Ha TeJe(OHHBIC MEPETOBOPHI B TEIEBU3MOHHOM aTelbe
TOCTYNAIOT C HHTEHCHBHOCTBIO A, paBHOH 90 3asBOK B 4aC, a CpEIHSsS MPOIOKHTETHHOCTD

pasroBopa mo TenehoHy fos~2 MuH. Omnpenemuth mnokazarenn sddexruBHoctn paborsr CMO
(TenedoHHOM CBSI3M) NP HATMYUH OJHOTO TeJIe(hOHHOTO HOMEPA.

Pemenne. Umeem A =90 (1/49), tos = 2 mMuH. VIHTEHCHBHOCTh TOTOKA OOCIY>KWBaHUS

1

==—=—=0,5 (I/mun)=30 (1/4). Ilo (11.17) oTHOCHTENBHAs MPOITYCKHAs CIIOCOOHOCTH
to6
CMO Q =30/(90+30)=0.25, r.e. B cpensem TOIBEKO 25% MOCTYNAIOMIUX 3aSBOK OCYIIECTBSIT
neperoBopbl 1o Tenedory. COOTBETCTBEHHO BEpPOSTHOCTh OTKa3a B OOCITY)KUBAaHMU COCTABUT
Pyrxk =0.75 (em. (11.18)). A6comorHast mpomyckHas crocoonocts CMO mo  (11.19)
A =90-0,25=22.5, T.e. B cpeiHEM B Hac OyayT oOCIyKeHsl 22.5 3asBKH Ha IEPEroBophl. OYEBH HO,

YTO MPY HATWYIHH TOJBKO OHOTO TereoHHoro HoMepa CMO OyeT TI0Xo CIPaBIISATHCS C TTOTOKOM
3a5BOK. P>

MHorokaHajJbHasi CHCTeMa ¢ 0TKa3aMH. PaccMOTpUM KIIaCCHYECKYI0 3adauy Ipaared.
NMeeTcs 7 KaHANOB, HA KOTOPBIE TOCTYNAET MOTOK 3as{BOK C MHTEHCHBHOCTBIO A . IToTok
00CITyKMBaHUI MMeeT MHTEHCUBHOCTh (L. HailTu npenenbHble BEpOATHOCTU COCTOSIHUN CHCTEMBI

Y okazarenu ee 3PGHEeKTUBHOCTH.
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Cucrema S (CMO) umeer cleayrolle COCTOSHUS (HyMEPYEM HMX [0 YHCIY 3asBOK,

HaxOIUMXcs B cucreme): S, 5,9,,...,5,, e S, — COCTOSHHE CHCTeMBI, KOIZa B Heil

HaxoIuTcsl kK 3asiBOK, T.€. 3aHATO K KaHAJIOB.
I'pad coctossamit CMO cOOTBETCTBYET MpOILECCy THOETH U Pa3MHOKECHUS U MOKa3aH HA PHUC.
13.7.

A A J 1L A A A
S'o sl ‘gz ..... Sk -—*.... Sn
e e + s . . e T
B 2p 3u kn (k+Dp M
Puc. 13.7

[ToTok 3asfBOK TMOCTEAOBATEIBHO MEPEBOAUT CHUCTEMY U3 JIFOOOTO JIEBOTO COCTOSIHUS B COCEIHEE
NpaBo€ C OAHOW M TOM K€ WHTEHCUBHOCTBHIO A . VHTeHCHBHOCTS e IOTOKA 00CTyKUBaHWH,
MEPEBOASAIIMX CHCTEMY U3 IJIFO0OTO TIPABOTO COCTOSIHHS B COCEIHEE JIEBOE COCTOSHUE, TOCTOSHHO

MEHSIETCS B 3aBUCUMOCTH OT cocTosiHu. JlericTBuTenbHO, ecii CMO HaxoauTcs B COCTOSHUAN S2 (mBa
KaHajla 3aHAThI), TO OHA MOXKET IEPEUTH B COCTOSHHE Sl (omuH KaHal 3aHAT), KOrJa 3aKOHYHT
o0cnyxuBaHue IMOO MEpBBIA, TUOO BTOPOW KaHam, T.6. CyMMapHas HMHTCHCUBHOCTh HX IIOTOKOB
obcyxuBanuit 6yaer 2 /L. AHAIOTMYHO CyMMapHbIii OTOK 00cIy)uBanuit, nepesonsiumit CMO u3
COCTOSIHHS S3 (Tpu KaHama 3aHATH) B S,, OyZeT HMETh HHTCHCHBHOCTH 3, T.e. MOKer

0CBOOOUTHCS MHOOOM U3 TPEX KaHAIOB U T.[.
B dopmyne (13.13) mns cxembl rHOETH U pa3MHOKEHUS OTYUUM IS IPEIETbHOM BEPOATHOCTH

COCTOSHHA
-1

Do = 1+/1+ 3 +..+ 2 +...+ A (13.20)
0— - - A cee I ces — . .
a2 k!t n!u"
A A A" .
TJIe YICHBl Pa3J0KEeHUI —, e - OyIyT MPeCTaBIATh CO00M KOI(PPUITMEHTHI TpH
M 2\u n!u
Do B BHIPAXKEHUAX JUIA NPEIETbHEIX BEPOATHOCTEH P,y P yeney P seees Py, - BeMUMHA
A
p=— (13.21)
u

Ha3bIBACTCS NPUBEOEHHOU UHMEHCUBHOCTbIO NOMOKA 3AsI80K WU UHMEHCUBHOCMbIO Hacpy3ku kanand. OHa
BBIPA)KaeT CpeJIHEE YUCIIO 3asBOK, IPUXO/IsIIee 38 CpeHee BpeMs 00CTyKMBaHUs OHOM 3asiBKU. Tenepp

-1

2 k n
_ P P P
po=|1+p+ 2!+...+ k!+...+ r , (13.22)
2 k n
P1=PPoy> P2 =p—p0,...,pk =p—p0,...,pn =p—p0 (13.23)
2! k! n!

®opmynst (13.22) u (13.23) ansg npenenbHbIX BEPOATHOCTEH TONYYHIN HAa3BaHUS ¢opmyn Opranea
(Oamckuil undicenep, Mamemamux) B 4eCTb OCHOBATENS TEOPUU MACCOBOTO 0OCITYKHBAHHS.

Beposarnocts otkaza CMO ecTh mpefenbHas BEPOSATHOCTb TOIO, YTO BCE /M KAHAIOB CHCTEMBI
OyZyT 3aHATBHL, T.€.
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n

— Po-

POTK:
n!

(13.24)

OtHocuTenpHas MPOMyCcKHas CIOCOOHOCTh — BEPOATHOCTh TOTO, YTO 3asiBKa OyIeT 00CIykKeHa:

n

Q=1-Fyrx :1_%%-

AOGCoNI0THAS POIYCKHAS CIOCOOHOCTB:

A=/1Q=/1£1—p—poj.
n!

(13.25)

(13.26)

Cpez[Hee YU CJIO 3aHATHIX KaHAJIOB k €CTh MAaTCMAaTHUUYCCKOC OXKHNAAHNUC YUCTIa 3aHATHIX KaHaJI0B:

k = kak ,
k=1

I€ Py — HpejelbHbBIe BEPOATHOCTH COCTOAHUM, onpeenseMblx mo opmynam (13.22), (13.23).

Onnako cpeaHee YMCIO 3aHATHIX KaHAJIOB MOXHO HAWTH MpOIIE, €CIM Y4YecTb, YTO aOCONOTHAS
MPONYCKHas CIOCOOHOCTH CUCTEMBI A €CTh HE UTO MHOE, KaK CPEIHEE YACII0 00CTYKEHHBIX CHCTEMOM
3a4BOK (B €AMHUIYY BpeMeHH). Tak Kak KaxIbli 3aHATBIA KaHal 00CITyXKHBAeT B CpeHEM [/ 3asBOK (B

CAMHULY BpeMeHI/I), TO CPECAHCC YMCJIO0 3aHATHIX KaHAJIOB

=4

7
wi, yuutbiBas (13.26), (13.21):

n:

A Cnpaska. llokaxem apyroit BeiBoa hopmyisl (13.28).

k=>k k—=
Zpk pokz; Popz (k 1)’

k=1

n—1 J n pk pn '
= Po pz ——poka _pop[z F__’]
=0 k=0 . n.

k=0

n k -1
Janee, u3 (13.22) cnenyer pOZKZk%] . [osromy Zk
k=0 K: k=0

MOJTYy4UM

(13.27)

(13.28)

k

P, - C yuerom sTOTrO
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§=pop(pal —p—,}p(l—pop—,] >
n. n.

¢ Ilpumep 13.6. B ycnoBusix 3agaun 13.5 ompenenuTbh ONTUMAIBHOE YHUCIO Tesle(OHHBIX
HOMCPOB B TCJIICBU3MOHHOM AaTCJIbC, CCJIIM YCJIOBUCM ONTUMAJIBHOCTU CUHUTATH YIOBJICTBOPCHHUC B
cpennem u3 kaxapix 100 3asBok He MeHee 90 3asBOK Ha MEPErOBOPHI.

Pewenue. IHTeHCUBHOCTh Harpy3ku kaHana no ¢gopmyne (13.21) 0©=90/30=3, T.e. 3a

BpeMsl CpelHero (10 MPOJOHKUTEIBHOCTH) Tele(OHHOTO pasroBopa fos =2 MHUH. TOCTYMaeT B
cpeaHeM 3 3asBKU Ha IIEPETOBOPBI.

Bynem mocrerneHHO yBenMUMBATH YUCIO KaHATOB (TeneOHHBIX HOMEpoB) N=2, 3, 4, .. u
onpeaenuMm 1o ¢opmynam (13.22), (13.25), (13.26) misa momydaemoit 7 -kaHaimeHO CMO
XapaKTEePUCTUKHU 00cmykuBanus. Harmpumep, npu n =2

2\! 2
Do = 1+3+% =0.118=0.12; O=1- % -0.118=0471=047; A=90-0471

=424 u 1.1. 3Hayenue xapakrepuctuk CMO cBeneMm B Ta0i. 91.

Ta6uuna 13.1
XapaKkTepUCTUK Yucno kaHasoB (TeneOHHBIX HOMEPOB)
a
00CITy)KUBaHUS

OTHOCHTETbHAS 025 | 047 | 065 | 0,79 | 090 | 095
IPOITYCKHAs
crocodnocts O
ABcormoTHas 25 | 424 | 588 | 715 | 801 | 853
IPOITyCKHAsI
crocobHocts A

ITo ycnosuro ontumansroctd Q = 0.9 , cienosartensHo, B TENEBU3HOHHOM aTeNbe HEOOXOAUMO
YCTaHOBUTH 5 Tene(GOoHHBIX HOMePOB (B 3ToM ciayuae (0 = 0,90 — cm. ta6m. 13.1). ITpu 5T0M B Uac
Oymyr obcmyxuBatbca B cpemeM 80 3asBok (A = 80,1), a cpemHee dYHMCIO 3aHATHIX

— 80.1

TeneGOHHBIX HOMEPOB (Kananos) no gpopmyne (2.27) k ZE =2.67.

¢ Ilpumep 13.7. B BBIYMCIMTENBHBIN LIEHTP KOJIJIEKTUBHOIO IMOJB30BaHMUS C Tpems OBM
MOCTYTAIOT 3aKa3bl OT MPEANPUSTHIA Ha BBIYUCIUTEIbHBIC PadoThl. Ecim paborator Bce Tpu DBM,
TO BHOBB MOCTYIAIOIIMH 3aKa3 HE MPHHUMAETCS, U MPEANPUATHE BHIHYKIEHO OOpPATUTHCS B IPYTron
BBIUMCIUTENBHBIA 1eHTp. CpeaHee BpeMs pabOThI ¢ OJHMM 3aKa30M COCTaBJIsIeT 3 4.
WNurencuBHocTh moTOKa 3asBoK 0,25 (1/4). Haiitm npenenbHble BEPOSTHOCTH COCTOSHUM U
nokazaresu 3(HEeKTUBHOCTH paObOThl BBIYUCIIUTEIBHOTO IICHTPA.

Pewenue. 1lo ycnoBuro n=3, A=0,25 (1/q), tog = 3 (4). MHTECHCUBHOCTH IIOTOKA

obcnyxkuBanuii U =1/ tos = 1/3=0,33. WUurencuBHoCcTh Harpy3sku DBM mo ¢opmyne (13.21)
p =0,25/0,33=0,75=0,25/0,33=0,75. Haiiziem npezieibHbIe BEPOSITHOCTH COCTOSHHIA:
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2 3
o popmyae (2.22) py=|1+0.75+ 0.75 + 0;5 =0.476;
0.75
o popmyie (2.23) p,;=0,75-0,476=0,357; p, = -0.476=0.134;

0.75°

D3 = -0.476 =0.033, 1.€. B cTaMOHAPHOM PEXXUME PAGOTHI BHIYUCIUTEILHOTO
1eHTpa B cpeaHeM 47,6% BpeMeHU HET HU OJTHOU 3asBKH, 35,7% — rMeeTcs OlHA 3asBKa (3aHsATa
onHa 9BM), 13,4% — nBe 3aaBku (18e DBM), 3,3%-BpeMeHr — TpH 3asiBKU (3aHATHI TPU
OBM).

BeposTHOCTB 0TKa3a (Korja 3aHsthel Bee Tpu DBM), Takum obpazoM, Fyrx = p3 =0,033.

ITo ¢popmyne (13.25) oTHOCHTENBHAS TIPOITyCKHAs crocobHocTh entpa O =1-0,033 =
0,967, T.e. B cpenHeM u3 Kaxapix 100 3asBOK BEIMUCITUTENBHBIN IIEHTP 00CITyKUBAET 96,7 3aBOK.

Mo dopmyse (13.26) aGcomoTHas MPOITycKHas crocoOHocTsh nentpa A = 0,25-0,967 = 0,242,
T.€. B OJIUH 4Yac B cpeHeM oocimyxuBaetcs 0,242 3asBKH.

[To dopmyne (13.27) cpemnee umcno 3aHaTeix DBM k = 0,242/0,33 = 0,725, T..
Kaxast u3 Tpex DBM Oyzer 3aHsATa 00CTy>KUBAaHHEM 3asBOK B CpEIHEM JUIIb Ha 72,5/3 = 24,2%.
[Tpu omnenke 3pPeKTUBHOCTH pabOTHI BBIYUCIUTEIBHOTO IIEHTPA HEOOXOIHWMO COTOCTaBUTh
JIOXO/Ibl OT BBINOJHEHMSI 3asiBOK C MOTEPSIMH OT MpocTosi jaoporocrosmux OBM (c oanHoi
CTOPOHBI, Y HAC BBICOKas pomycKkHas crnocooHoct CMO, a ¢ apyroil CTOpOHBI — 3HAYUTEITBHBIN
MPOCTON KaHATOB 0OCTYKUBaHHSI) U BBIOPATh KOMIIPOMUCCHOE PEIICHUE. 4
11.7. CMO c oxxunanuem (ouepeabro)
B xauectBe mokazareneir sdpdextuBHOCTH CMO C OXHMIaHHEeM, KpOMe YK€ H3BECTHBIX
nokasarteneii — adcomoTHoli A m otHOcHTEnbHON (0 TPOMYCKHOM CIOCOGHOCTH, BEPOSATHOCTH

OTKaza POTK’ CpPEIHEro 4YHCia 3aHATBHIX KaHAJIOB k (7t MHOTOKAHAIILHOM CHUCTEMBI) Oyaem

paccmatpuBarth Takke crexgyromme: L., .. — cpeonee wucno saneox 6 cucmeme, T, — cpeonee

épems npedvlsanus 3aseku 6 cucmeme; L, — cpednee uucio 3aa60x 6 ouepedu (OmuHa ouepeou);

1., — cpeonee épems npebvisanus saaeku 6 ouepeou; P, — eeposmnocme moeo, umo xanan

3auam (cmeneHsb 3a2py3Ku KaHaia).

OnHOoKaHAJIbLHASL CHCTEeMAa ¢ HeOrpaHMYeHHOW ovepenblo. Ha mpakTuke YacTo BCTpeyarTCs
onHokaHanpHble CMO ¢ HeorpaHWYeHHON oOuepenblo (Hampumep, TeaedOH-aBTOMAT C OJHOW OyIKOif).
Paccmotpum 3amauy.

Nmeercs onnoxananbHast CMO ¢ odepesibo, Ha KOTOPYIO HE HAOXEHbl HUKAKUE OrpaHU4EHUs (HH 10
JJMHE oYepeaH, HU 10 BpeMeHu oxuaanus). [lotok 3asBok, moctynatomux B CMO, uMeeT HHTEHCUBHOCTD
A ., a moTOK 0BCHyKHBAHWI — WHTEHCHBHOCTh M. HeoOXonumo HaliTH mpenenbHbIE BEPOSTHOCTH
cocrostHuM 1 mokasatenu dppexrusroctn CMO.

CrcTemMa MOKET HaXOUTBCS B OTHOM U3 cocTostHuil Sy, 81,55, ..., , [0 4nCiIy 3asBOK, HAXOIAIIUXCS B
CMO: S, — xanar cBoGofeH; S| — KaHal 3aHAT (00CIYXKHBACT 3asBKY), 04EPEU HET; S, — KaHAN 3aHST,

O/Ha 3as5BKA CTOMT B 04EPEIH; ... Sy — KaHan 3anat, (k —1) 3asBOK cTOAT B OUEpE/IH H T.1.
I'pad cocrosuuit CMO npexcraien Ha puc. 13.8.
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A A A A A
TR ap— =~ - -—p -
K 15 T} p B

Puc. 13.8
Oto mpomecc THOEMM W Pa3MHOXKEHHS, HO C OECKOHEYHBIM YHCIOM COCTOSHHH, B KOTOPOM
WHTEHCHBHOCTh TIOTOKA 3a59BOK paBHa A , a HHTEHCHBHOCTB MOTOKA 00CTYKUBAHHH AL .
[Ipexae yem 3amucaTh GOpMyNbl MpEeIETbHBIX BEPOSTHOCTEH, HEOOXOMUMO OBITH YBEPEHHBIM B HX
CYIIECTBOBAHNU, BEAb B Clydae, KOTJa BpeMs [ —> o0, ouepelb MOXET HEOrPAHMYCHHO BO3PACTATh.
Jlokasauo, uto ecmu P < 1, m.e. cpednee uucno npuxodswux 3as60k menvuie Cpeone2o Yucia OOCIYIHCEHHbIX

3a360K (6 eOunuyy épemenu), mo npedeivivie eeposmuocmu cywecmeyiom. Ecu P 21, ouepeds pacmem do

OecKoHeuHOCIU.

Jlnst ompeneneHus mpeaenbHBIX BEPOSTHOCTEH cocTosHME Bocmonbzyemcs Gopmynamu (13.13), (13.14)
IS TIporiecca THOSMM M Pa3MHOKEHHUS (37€Ch MBI OMYCKAaeM M3BECTHYIO HECTPOTOCTh, TAK KaK paHee 3TH
(GopMyTbl OBLITH TOMYYEHBI AN CTyyast KOHEUHOTO YHCIA COCTOSHUMN cucteMsl). [lomyumm:

2 k

Po= TP O IR () =1+ p+p>+..+p+.071 1329

o\ u M

Tak Kak TpejelbHble BEPOSTHOCTH CYHECTBYIOT jumb npu O < 1, To reomerpuyeckuil pajg co

3HaMeHaTeleM ,0<1, 3aMUCaHHBIi B CckoOkax B ¢opmyine (2.32), cXoauTcs K CyMMe, PaBHOWH,

1

1—. [TosToMmy
-p
po=1-p. (13.30)

U ¢ yuetom cootHommeHnui (2.14)

2 k
P1=PPo> P2 =P Pos-s Pk =P Pos--

HIIN

pi=pU=p), py=p>(L=p),.c, pp = (1= p),... (13.31)

IIpenenbHEIE BEPOATHOCTH Py, Py P s---» Pj 00pa3yIoT yOBIBAIOIIYIO TEOMETPHYECKYIO IPOrPECCHIO CO
3HaMeHaTeneM P < 1, cnenoBatensHO, BEPOSTHOCTD P — Haubonbmas. ITo o3Ha4aer, 40 ecau CMO

CTIPABIIAETCA ¢ TMOTOKOM 3asBok (mpu O < 1), To Hambonee BepOATHBIM OyaeT OTCYTCTBHE 3asBOK B

CUCTEME.
Cpextee 4ncIo 3asBoK B cucteme L., ompeaemim no Gopmyie MaTeMaTH4eCKOro OKUIaHUs, KOTOPas
¢ yuerom (13.31) mpumeT BuL
k
Lcucm :kak :(1_,0)sz (13.32)
k=1 k=1

(cymmupoBate ot 1 10 oo , Tax kak Hy:esoii wier 0+ p, = 0).
Tax Kax Z kp* = P
k=1 I-p
L, =2
—pP

cucm —
1

, To popmyua (13.32) npeodpazyercst (mpu P < 1) x Buny

(13.33)
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Haiinem cpeanee 4nciio 3asBOK B 0Uepein Loq . OueBUIHO, YTO
Loq = Lcucm — L06, (13.34)
riae L06 — CpeaHee YHCIIO 3aBOK, HAXOSAIINXCS O] 00CTyKUBAHUEM.

CpenHee 4YHCIO 3asBOK IMOJT OOCTYKMBAaHHEM ONpEACTHUM 0 (opMylIe MaTeMaTHYecKOro
OXHJIQHWSl YHUCTa 3asJBOK TOJ OOCTY)XKMBaHHEM, NpHHUMaroiero 3HaueHus 0 (ecnm KaHal
cB0OOOMIEH) 100 1 (ecu KaHaI 3aHAT):

L,;=0-py+1-(1-py),

T.C. CPCAHECC YN CJIO 3aBOK IO/ OGCJIy)KI/IBaHI/ICM PaBHO BEPOATHOCTHU TOI'O, UTO KaHAJ 3aHAT:

Ls=P, =1-p,. (13.35)
C yuerom (2.30) nosryunm
L;,=P, =p. (13.36)
Teneps o hopmye (2.34) ¢ yuerom (2.33) u (2.36)
2
L, = P . (13.37)
l1-p

JlokazaHo, 4TO npu J060M Xapakmepe NOMOKA 3AA60K, NpU H0O0M pDAcnpeoeieHul 8pemMeHu
00CTIYHCUBAHUS, NPU THOOOU OUCYUNTIUHE OOCTYHCUBAHUS CPeOHee 8peMsl NPeObIBAHUA 3A56KU 8 CUCmeMe
(ouepedu) pasno cpeoHemy YUCTY 3dA60K 6 cucmeme (6 ouepeou), OeleHHOMY HA UHMEHCUBHOCTb
NOMOKA 30560K, T..

1
Tcucm = z Lcucm > (13.38)
1
Toq = ELOI{. (13.39)

®opmynsl (13.38) u (13.39) nazbBatotcst gpopmynamu Jlummaa. OHU BBITEKAIOT W3 TOTO, YTO 6
NpeoebHOM, CIMAYUOHAPHOM pexcume CpeoHee YUCIO 3AasA60K, NPUObIBAIOWUX 6 CUCMEMY, DPAGHO
CpeoHemy Uy 3as60K, nokuoarowux ee: 00a MOTOKa 3asiBOK UMEIOT OJIHY U TY YK€ HHTEHCUBHOCTD
1.

Ha ocnoBanuu dopmyn (13.38) u (13.39) c yuerom (13.33) um (13.37) cpennee Bpems
npeObIBaHUs 3aBKH B CUCTEME OIPEIEIUTCS 10 (hopMyIe:

P

Ty = ——. (13.40)
cucm ﬂ,(l _ p)
a cpeiHee BpeMsl IPeObIBAHUS 3aBKH B 04EPE/IH
2
T, =—F (13.41)
A(l-p)

¢ Ilpumep 13.8. B nopty umeercst oauH npuyai Ui pasrpy3ku CyAoB. IHTEHCHBHOCTb IOTOKA
cynoB paBHa 0,4 (cynoB B cyTku). CpenHee BpeMsi pa3rpy3Kd OJHOTO CyJHAa COCTaBIsIET 2 CYTOK.
[Ipennomnaraercs, 4ro oyepenb MOXKET OBITh HEOrpaHWMYCHHOW UMHBL Haifth mokaszarenu
s dexTuBHOCTH pabOTHI MpUYalia, a TAKKE BEPOSTHOCTh TOTO, YTO OXKHIIAIOT pa3rpy3Ku He Ooee
4YeM 2 CcyJHa.

Pewenue. Umeem p=A/ = /1;05 =0.4-2 = 0,8. Tak kak P = 0,8 < 1, To ouepesp Ha

pasrpy3Ky He MOXKeT OECKOHEYHO BO3pacTaTh U MpelelibHbIe BEPOSATHOCTU CyllecTBYIoT. Halinem
uX.

BeposTHOCTL TOTO, 4TO mpuyan ceoboxen, mo (13.30) p, = 1- 0,8 = 0,2, a BepoaTHOCTB

TOrO, uTO OH 3auaT, P,,, =1-0,2=0,8. ITo dpopmyine (13.31) BeposTHOCTH TOTO, YTO y HpUYaIa
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Haxomarcs 1, 2, 3 cynna (r.e. oxugaroor pasrpysku 0, 1, 2 cynna), pasusl p; =0,8(1-0,8) =
0,16; p, =0,8>(1-0,8) = 0,128; p; =0,8"- (1-0,8) =0,1024.
BeposTHOCTB TOTO, UTO OKUAAIOT pa3rpy3Ky He Oosiee ueM 2 CyaHa, paBHa
P=p,+ p, + p3 = 0,16+0,128+0,1024 = 0,3904.
ITo dpopmyre (13.37) cpemnee 9nciio Cy10B, OXKUIAFOIINX Pa3TPy3KH,
L,, = 0,8°/(1-0,8) = 3.2 cynos,
a cpemHee BpeMs OKUAaHus pa3rpy3ku 1o popmyre (13.39)
1, = 3,2/0,4 =8 (cyToK).

ITo dopmyze (13.33) cpennee uncno cynos, Haxoxdmuxcs y npudana, L., = 0,8/(1-0,8) = 4 (cyzos)
(w1 mpore 1o (13.34) L., = 3.240,8 = 4 (cyzoB), a cpeanee Bpems npeObIBaHUS CyIHA Y IpHYaia 10
dopmyne (13.38) T..,,.,,, = 4/0.4 = 10 (cyTox).

OueBuaHo, 4TO A(P(PEKTUBHOCTH pPA3rpy3Kd CyIOB HeBbICOKas. J{nsd ee MOBBINIEHUS HEOOXOIUMO
YMEHbILIEHHE CPEIHET0 BPEMEHHU Pasrpy3Ku CyaHa ;05 100 yBENHYCHUE YHCIA IPUYATIOB. ¢

Mmnorokxanaabnas CMO ¢ Heorpann4enHoi o4epenbio. Paccmotpum 3anauy. Umeercs 7 - kanansHas CMO

¢ HeorpannueHHOM ovepenpto. [lotok 3asgBok, mocrynatonmx B CMO, MMeeT MHTEHCHBHOCTD A, a norok
00CITy)KUBaHMM — WMHTEHCUBHOCTh (L. HeoOxomumo HaiiTi mpeznenbHble BeposTHOCTH cocTosHui CMO u

Tnokasarenu ee d3)PEeKTHBHOCTH.

CrcreMa MOXET HAXOAMTBCS B OJHOM H3 COCTOSHUE S(y,S1,5,,...,54,...,,,,..., HyMepyeMbIX 10
quciy 3aiBok, Haxonsmuxcs B CMO: SO — B CHCTEME HET 3asBOK (BCE KaHaJbl CBOOOIHBI); Sl —
3aHAT OJWH KaHal, OCTANbHBIC CBOOOIHBL. S, — 3aHATHI [BA KaHATA, OCTATbHBIC CBOOOMHBL ..., S, —
3aHATO k KaHAJIOB, OCTANIBHBIC CBOOOMHSBI; ..., S, — 3aHATHl Bce 71 KaHauoB (ouepenu Her); S, .| —
3QHSATHI BCC /1 KAHANIOB, B OUCPCI OJHA 3a5BKA; ..., O, , — 3AHATHl BCC /1 KAHAIOB, I 3asBOK CTOHT B

0YepeIHu.

['pad cocrosHuii cucteMbl mokazaH Ha puc. 13.9. ObpatuM BHMMaHHE Ha TO, YTO B OTJIMYHE OT
npepiaymein CMO, HHTEHCUBHOCTh MOTOKA 00CITyKUBaHUM (EPEBOAALIETO CHCTEMY U3 OJHOTO COCTOSIHUS B
JpYroe CrpaBa HaJleBO) HE OCTAETCS MOCTOSHHOM, a 10 Mepe yBenuueHus yucna 3as8ok B CMO ot 0 no n
YBEINYUBACTCSA OT BEIMYMHBl L/ 10 ML, TaKk KaK COOTBETCTBEHHO YBEIMYMBAECTCA YMCIO KaHAIOB 00-

cnyxuBanus. [lpu uucne 3asBok B CMO OonblieM, yeM 71, WHTEHCHBHOCTh IMOTOKAa OOCTYKHBAHUH
COXpaHseTcs paBHOU ML .

A A A A
Em— B e NP R _—
So A Sy
e PN — i 8 s o
. 2u o (k+ 1)
A A A A A
R — . e & s o — — s s .
S" S,,+| Sn+r
s o+ offm— - e o« . - il &
ny nup nu ny nuy

Puc. 13.9

Moxuo mokasath, uto npu P/n <1 npenenshbie BeposTHOCTH cymectBylr. Eenin p/n2>1,
ouepenb pacteT a0 Oeckoneunoctd. Mcmoms3ys dopmymsr (13.13) u (13.14) nas mpomecca rubenut u
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Pa3MHOXKEHHS, MOXKHO TIONYYUThb Cledyromue popMynbl AN TMpelefbHbIX BEPOSATHOCTEH COCTOSHUM N -
kaHasbHOM CMO ¢ HeorpaHUYEHHOH OYepe/Ibio

,02 ,Ok pn pn+1 -1
=|l+p+"—+. . +—+. +5—+ : (13.42)
2! k! n! nl(n-p)
k n
P P Y
plz_p()’ ’pk:_po’ ’pn:_po, (1343)
I! k! n!
+1 n+r
p" Iy
Pnt1= DPos+os Ppar = Dg>eee- (13.44)
n-n! n"-n!
BCpOHTHOCTL TOT'0, YTO 3adBKa OKaXXCTCA B OUCPCIU,
pn+1
=—— Do (13.45)
n\(n—p)

Boeieox hopmyast (13.45)

k! n! n! n n n

-1
2 k n n+l n+2 n+r
Do £1+p+’;—+ LA +i ('0 +’02 +o+ P +...)] =

-1
2 k n n+l1 2 r—1
P P Pyl P (PP (P +...)j

1+p+—+ A=ttt +—...
[ 2! k! n! n! n no n? n!
(A)
2 r—1
| n
Cymma 1+£+p—2...+p — t..- paBHa = . [loxgcraBuMm 310 B hopmyiy (A),
n o n n' l-p/n n—p

MOJIyYUM UCKOMBIN pe3yJbTarT.

g n -xananeHOM CMO ¢ HeorpaHMYEHHOM 04epeblo, UCTIONb3Ys IPEKHNUE IPUEMBI,
MO>KHO HAWTH:
CPEHEE YUCIIO 3aHATHIX KaHAJIOB

- A
k="=p, (11.46)
U

CpCaHCC YUCJIO 3a4BOK B OUCpCaAN
n+l

S = Po- (11.47)

LOIl
n-n!(l—p)
n

CpCaHCC YHCJIO 3asIBOK B CUCTEMC

L

cucm

=L, +p. (11.48)

Cpennee Bpemst IpeObIBaHUS 3aBKH B OUEPEAM U CPEIHEE BpeMs IPeObIBaHMsI 3asIBKH B
cHCTeMe, KaK U paHee, HaxoasTces 1o ¢popmyinam Jlurtna (11.42) u (11.41).
4 Cnpaska. Beisog ¢popmyinsr (11.47).
L =1p. . +2-p ,+.+r-p. +.=
) n+r n+1 )

1
:—'pozr =—p0 Zr p/l’l

r=1
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Paccmotpum Z r- p / n - [lycTh q=p/n<l. Torna
r=1

Sr(pin) " =3 rq = ;(i(p/n)jz

r=1 r=l1 r=l1

=i(q]1qq(l) 1
dg\1—-q (1-¢) (-9 (1-p/n)’

Taxum obpaszom, L, = 5 Do -»

n-n!(l—p)
n

3ameuanne. [t CMO ¢ HeorpaHudeHHOW ouepepio npu O < | miobast 3asBKa, npUIIeIIas
B cucTeMy, OyaeT o0ciyxeHa, T.e. BepOsATHOCTb oTkasza P .~ =0, oTHOCHTeNIbHAs IPOITyCKHAs
criocobrocts (9 = 1, a abConOTHAas TPOIMYCKHAs CIIOCOOHOCTH paBHa WHTEHCUBHOCTH
BXOJIAIIEro MOTOKa 3asB0K, T.e. A=A .
¢ Ilpumep 11.9. B yHuBepcame K y3i1y pacueTa MocTymnaeT MOTOK IMOKynaTesieil ¢
MHTEHCHBHOCTHIO A = 81 uen. B yac. CpeaHss MPOAOIKUTENBHOCTh 06CTYKUBAHHS
KOHTPOJIEPOM-KaCCUPOM OJHOTO MOKyNartens fos = 2 MuH. OnpenenuTs:

a) MuHMMaJIbHOE KOJMYECTBO KOHTPOJIEPOB-KACCUPOB 71 i , IPM KOTOPOM O4Yepesb He
Oyzaer pactu 10 0ECKOHEUHOCTH, U COOTBETCTBYIOIME XapAaKTEPUCTHKN OOCITYKUBAHUS [TPU
n=n,

06) OnTuManbHOE  KOJMYECTBO Nypm KOHTPOJIEPOB-KACCUPOB, MPU  KOTOPOM

oTHocuTenbHas Benuunna 3arpar C,, ., CBsI3aHHAs, C M3NCPKKAMH Ha COMACPIKAHHE
KaHAJIOB O0OCIy)XMBaHHA M C TMpeObIBAHHEM B OuYepeau IMOKymaTeJel, 3ajaBaemas,

nanpumep, kak C, ~=—n+3T,, , Oyxer MuUHMMalbHa, M CPaBHUTb XapaKTEPHCTHKH

OOCITyXMBaHUATIpDY W =N U N =N, .

B) BeposTHOCTB TOT0, UTO B Ouepeu Oy/eT He OoJiee TpeX MOKYIMaTeleH.

Pewenue. a) Tlo ycnosuio A = 81(1/4) = 81/60 = 1,35 (1/mun.). TTo dopmymne
(11.24) p=A/ 4= Atos =1.35-2 = 2,7. Ouepenp He GymeT BO3pacTaTh A0 GECKOHEUHOCTH
npu ycnosuu P /n < 1, r.e. npu 1> O = 2,7. Takum 00pa3oM, MUHUMATBHOE KOJIUIECTBO
KOHTPOJIEPOB-KACCUPOB M = 3.

Haiinem xapakrepuctuku oociyxuBaaust CMO mipu n = 3.

BeposaTHOCTE TOro, 4TO B y3II€ pacyeTa OTCYTCTBYIOT MOKyNareny, no ¢popmyne (11.42) p,=
(142,742, 7712142, 713142, 7*31(3-2,7)) ' = 0,025, T.e. B cpemtem 2,5% BpeMeHH KOHTPOJIEpbI-

KacCUphbI OyIyT IPOCTanuBaTh.
BeposiTHOCTB TOTO, UTO B y3I1€ pacyera OyneT ouepens, o (11.45)

ou = (2,7*31(3-2,7)):0,025 = 0,735.
CpenHee 4uCio MOKymnaTeel, HaxoAaIuxcs B ouepeny, o (11.47)

L,, =(,7*3:31(1-2,7/3)%) -0,025 = 7,35.
Cpennee Bpems oxkuganus B ouepeau mo (11.41)
T, =735/1,35 = 5,44 (mun).
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Cpennee uncio nokynaresnei B ysie pacdera 1o (11.48)
L =7,35+2,7=10,05.

cucm
Cpennee BpeMsl HaX0KJ€HUS NOKymartesnei B y3ie pacuera no (11.38)

T, .. =10,05/1,35="17,44 (Mmun).

cucm

Cpennee 4ncio KOHTPOJIEPOB-KAaCCHPOB, 3aHATHIX 00CTYKMBaHUEM MOKynarenei, mo (11.46) %
=27.
KoaddutmenT (105151) 3aHATHIX 0OCITY’)KUBaHUEM KOHTPOJIEPOB-KACCUPOB

k., =p/n=277/3=0,13.

AGCOMOTHAs TPOITYCKHAs CIIOCOOHOCTL y3na pacuera A = 1,35 (1/mmm), mma 81 (1/1), T.e. 81
MOKYTIaTelb B 4ac.

AHanmmM3 XapakTepUCTHK OOCTYKHMBaHUS CBHUJIETEIbCTBYET O 3HAYMTENILHON IMeperpyske ysia
pacuera Impu HaJIMYMK TPEX KOHTPOJIEPOB-KACCHPOB.

0) OTHOCHTENbHAS BEIMYMHA 3aTpaT pu N =3

OMmH

1
C =—n+3T, , =3/1,35+3-5,44 = 18,54.
ﬂ, o4
PaccunTaeM OTHOCHTEIBHYIO BETTMUMHY 3aTpaT NMpU APYTUX 3HaYCHUAX N (tadi. 11.2).

TaOnunpa 11.2

Xapakrepuctu Hucno KOHTPOJIEPOB-KaCCUPOB
Ka
00CTyKUBaHUS 3 1 5 6 7

BepositHoCcTh TIpOCTOS 0,025 | 0,057 | 0,065 | 0,067 | 0,067
KOHTPOJICPOB -KacCHPOB

Po

Cpennee Bpemst 544 | 0,60 | 0,15 | 0,03 0,01
OKUJIaHUS B OUePEIH

Tou

OTtHOocHuTEIbHAsS 18,54 | 4,77 | 4,14 | 4,53 5,22

Benmunna 3atparC,,

Kak Buano u3 1abx1. 11.2, MUHMMaIbHEIE 3aTPaThl MOTY4EHBI IPH 71 = M, . = 5 KOHTPOJIEPaX-KaCCUPaX.

OmnpeeniM XapakTepUCTUKN 00CITy KUBAHKA Y3Ia pacueta pu 1 =1, = 5. Homyunm P, =0,091;

L, =0.198; 7, =0,146 (mun); L_,.,, =290; T, =2,15 (Mun); % =27, k,,,, =0,54.

ucm cucm
Kak Bupum, mpu 7 = 5 1o CpaBHEHHIO ¢ /1 = 3 CYyHIECTBEHHO YMEHBIIMIUCH BEPOSATHOCTh

BO3HUKHOBeHUs ouepean P, . miuna odepenu L, u cpemnee Bpems npebbiBanus B odepenu 1, u cooT-

ou’

BETCTBEHHO CpeIHee uncio mokymareneit L., U cpeiHee Bpems HaxoxaeHus B y3ue pacuera 1., ., a

TAKKe JOJS 3aHATHIX OOCIyKUBAHHEM KOHTPONepoB K., . Ho cpenmee 4mCIO 3aHATHIX 00CITyXHBAHHEM

KOHTPOJIEPOB-KAacCUPOB K 1 a0CONIOTHAS MPONMYCKHAS CHOCOOHOCTH y3na pacuera A ecTecTBEHHO He
N3MCHUIINCH.

B) BeposTHoCTh TOTO, 4TO B Ouepenu OyzeT He Oonee 3 MOKymaTene, OnpeaeauTcs Kak

P(r<3)=p +py+p3+pys+Ps+ Dsyg+ Psip+ P53 =

(ko20a 3anamol om 1005 (Kko0eda 6 ouepeou cmosm
KOHMPONEpo8 —KaccUupos) om 1003 noxynameneii)
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=1-P, + Psiy + P5io + Dsy3, THe Kaxkgoe craraeMoe Haiinem mo dopmyrmam (11.42) — (11.45).
[lonyuum npu 1 =5:

6 6 7 8
P(r<3)=1 —L0.065 +%0.065 + 27 0.065 + 2.7

(5-2.7)-5! 5%.5! 55!
(3ameTuM, 4TO B ciy4yae M =3 KOHTPOJEPOB-KACCHPOB Ta k€ BEPOATHOCTh CYIIECTBEHHO MEHBIIE:
P(r<3)=0.464.»

¢ Ilpumep 11.10. Kene3znonopoxHas kacca ¢ ABYMsS OKONIKAMHU MpojaeT OuneTsl B 1Ba TMyHKTAa 4 U B.
VHTEHCUBHOCTE IIOTOKA MacCaXXUpoB, KCIAWIIUX KYIUTb 6I/IJIGTLI, T O6OI/IX IIYHKTOB OJIMHAKOBa:

0.065=0.986.

ﬂA = ﬂB = 0,45 (maccaxupoB B MuHyTY). Ha oOcmyxknBanue naccakupoB KacCup TPATHT B CPETHEM 2 MUH.

PaccmaTpuBatoTcs 11Ba BapuaHTa IpoJaxy OWIETOB: MEpPBbI — OMIEThI MPOAAOTCSA B OIHOM Kacce ¢ ABYMA
OKOIIIKaMH OJHOBPEMEHHO B 00a MyHKTa 4 U B; BTOPoil — OUIETH! MIPOJAIOTCS B ABYX CHELHATH3MPOBAHHBIX
Kaccax (1o 0JIHOMY OKOIIKY B KaXKJ0H), OHA TOJBKO B MYHKT 4, Apyras — TOJbKO B MyHKT B. Heobxoaumo:

a) CpaBHHUTb J1Ba BapuaHTa NPOJIaKK OUJIETOB 1O OCHOBHBIM XapaKTEpPUCTHKAM 00CITYKUBAHHUS.

0) Onpenenutsh, Kak HaJ0 M3MEHUTh CpEelHEE BpeMs OOCIYKHBAHUA OJHOTO MAcCaxupa, 4TOObI IO
BTOPOMY BAPHAHTY TPOJAKU MACCAXHUPBI 3aTPauMBaNK Ha TPpHOOpeTeHHE OUIETOB B CPEHEM MEHbIIE Bpe-
MEHH, 4€M 110 IIEPBOMY BAPHAHTY.

Pewenue, a) I1lo neppoMy BapuanTy umeeM AByxkaHainbHyro CMO, Ha KOTOPYIO OCTYNAET HOTOK 3aBOK

HHTEHCHBHOCTRI0O A = 0,45+0,45 = 0,9; MHTEHCHBHOCTD MOTOKA obcmyxuBanuun M =1/2=0,5; p = Al M
= 1,8. Tak xak P /n =18/2=0,9 < 1, To npeaenbHbIE BEPOATHOCTH CYIIECTBYIOT.
Beposrtaocts npocTos aBYX kKaccupos 1o (11.42)

1.8 1.8 1.8
+—+ +
1! 2! 21(2-1.8)
Cpennee umcno maccaxupon B ouepenu mo (11.47)

~ 1.8’
2:-21(1-1.8/2)°

Cpennee uncno naccaxupoB y kaccol mo (11.48)
L. =7.67+1,8=947.
CpeznHee BpeMs Ha OXMJAHHE B OYEpPEJM M MOKYNKY OMIETOB PaBHO COOTBETCTBEHHO (10 (opMynam
(11.39)u (11.38)): T, =17,67/0,9 ==8,52 (mum) u T,,,,.,,, = 9,47/0,9 = 10,5 (mun).
[lo BTopoMy BapuaHTy uMeeM JBe oaHokaHanbHele CMO (1Ba crieliuann3upoBaHHBIX OKOIIKA); HA KaXkIYI0
MOCTYNAET MOTOK 3asBOK C MHTEHCUBHOCTHIO A =045, Ho-npexnemy 4 =05; p= Al H==09<1,

npenenbHbIe BEPOATHOCTH cymecTBYIOT. [To dopmynam (11.37), (11.33), (11.39), (11.38)

=0.0526.

p0=1

0.0526="7.67.

ou

L, = 0,9%(1-0,9) = 8,1; L., =09/(1-09)=9,0;
1,, =81/045=18,0 (mun), T,,,.,, =9,0/0,45=20,0 (Mun).
Wrak, mo BTOpoMy BapUaHTy YBEIUUYWINCH U JJIMHA OYEPE]IU, U CPEJIHEE BPEMS OXKUIAAHUS
B HEl M B LIEJOM Ha MOKYNKy OuietoB. Takoe pa3nuuue OOBACHAETCS TEM, UYTO B IEPBOM
BapuaHTe (IByxkaHaibHas CMO) MeHblIE CpenHssl OO0 BPEMEHH, KOTOPYHO IPOCTanBaET
KaKIbIA U3 JBYX KaCCHpOB: €CIIM KacCHp HE 3aHAT 00CITyKMBaHUEM MacCa)Kupa, MOKYIAOIIEro
OuneT B MyHKT A, OH MOXXET 3aHAThCS OOCITYXMBaHMEM MAcCCaXHpa, IMOKYMAIOUEro OuieT B
nyHKT B, w Haobopor. Bo BTOpoM BapmaHTe TakoW B3aMMO3aMEHSIEMOCTH HET. MOXXHO
3aMETHUTb, YTO CPEIHEE BPEMS Ha MOKYIKY OUJIETOB 110 BTOPOMY BapHaHTy yBEIHYMUIIOCH Ooliee
yeM B 2 paza. Takoe 3HAaYMTENBHOE yBeIMUEHHE CBs3aHO ¢ TeM, 4To CMO paboTaeT Ha mpesene
cBoMX BO3MOXHOcTeH (L0 = 0,9): IOCTaTOYHO HE3HAYUTENIBHO YBEIWYHUTh CpPEAHEE BpeMs
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oOcimyxuBaHust lo5, T.6. yMEHBIIUTb [, U L T1peB3oiaer 1, T.e. odepeab Ha4YHET
HEOTPaHUYEHHO BO3PacCTaTh.
0) Bobume Obuto monydeHo, 4TO 1O MEPBOMY BaphUaHTY MPOJaxH OMIETOB NPH CPeJHEM BPEMEHH

00CJTyXMBAaHHUI OJHOTO maccaxupa fog 2 (MUH) cpejHee BpeMs Ha MOKYIKY OMJIETOB COCTABHUT

Tcucm1 =10.5 (muu). [To yci0BHIO IS BTOPOTO BApHAHTA MPOAAKH Tcucm2 < Tcucm1 HIH
P . - cucm,
¢ yuerom (11.33) u (11.38): ————< T , OTKYJla HAUJEM lop < ———— WIH
Al—p M 1+ AT

cucm,

;05 <10.5/(1+0.45-10.5)=1.83 (mun).

Urtax, cpennue 3aTpathl BpeMEHH Ha TMOKYNKY OMIETOB IO BTOPOMY BapHaHTy MpPOJAaKH yMEHbIIATCH,
ecl cpejHee BpeMs 00CIyKHBAHUA OJHOTO Maccaxupa yMeHbluTcs 6onee yeM Ha 0,17 MuH, uin Gonee
yeM Ha 8,5%. P

CMO c orpanmvenHodi ouepenpto. CMO c OrpaHM4eHHOH OYEpPEIbI0 OTIMYAIOTCA OT
PacCMOTPEHHBIX BBIIIE 3a/1a4 JIMIIL TE€M, YTO YUCIIO 3asiBOK B OYE€pEAM OTPAHUYEHO (HE MOXKET
MPEBOCXOUTh HEKOTOPOTO 3aJaHHOTO M1). Ecniu HOBas 3asBKa MOCTYMaeT B MOMEHT, KOT/la BCe
MecTa B o4epeu 3aHsThl, oHa mokumaaetr CMO HeoOCTy)KeHHOM, T.€. TIoJTydaeT 0TKa3.

OueBUIHO: 7SI BBIUMCICHUS TIPENENbHBIX BEPOATHOCTEH COCTOSIHMA M IOKa3aTelel
s dextuBHOCTH Takux CMO MOXeT OBITh HCIONB30BaH TOT K€ TMOJXOJ, YTO W BBIIIE, C TOU
pa3HULed, YTO CyMMHUPOBATh HAJ0 HE OECKOHEUHYIO MPOrpeccuio (Kak, HaIpuMep, Mbl JAejaliu
npu BeiBozie popmyisl (11.29)), a koneunyro. CooTBeTcTBYIONIME (POPMYIIBI CBeieM B Tadur. 11.3.

Cpennee Bpems npeObIBaHMS 3asIBKU B OU€pE/I U B CHCTEME, KaK U paHee, ONpeaessieM 1o
dopmymnam Jlurtna (11.38) u (11.39).
¢ Ilpumep 11.11. To ycnosuto 3amaun 11.8 HailTu nokazarenu 3ppexTUBHOCTH pabOTHI MpUYaa.
W3BecTHO, 4TO MpHUXOsIIEe CYAHO MOKUAAET mpuyai (6e3 pa3rpy3Ku), €Clid B o4epen Ha
pasrpy3Ky cTouT Oosee 3 CynoB.

Pewenue. Ilo ycnosuto m = 3. Mcnonb3yem GpopMyInsl, TpUBEAECHHBIC BO BTOPO rpade TadiI.
11.3.

1-0.8

BeposiTHOCTB TOT0, 4TO IpHYal CBOOONCH: Py = W =0.297.

BeposTHOCTH TOTO, YTO NPUXOAAIIEE CYAHO MOKHHET MpUYaj 0e3 pasrpys3Ku:

P, =0.8"".0297=0.122.
OTHOCHTENBHAS TIPOITYCKHAsE ClIOcOOHOCTH mpudana: () =1-0,122 = 0,878.

AOcomoTHas TPOMyCKHAs CIIOCOOHOCTH MpHYaia A= 0,4- 0,878 = 0,351, T.e. B cpeAHEM B
cytku pazrpyxkaercs 0,35 cyana. CpeHee 4nuciio CyA0B, OKUAAIOMINX Pa3TPy3Ky

_0.8*[1-0.8°(3+1-3-0.8)]
(1-0.8"%)(1-0.8)

a cpeziHee BpeMst oxuaanus pasrpysku o (11.38) 7T, =0.861/0.4 = 2,15

(cyTkn).

=0.861,

oY

CpezHee 4uCio Cy10B, HaXOAAMMXCs Y mpuyana L = 0,861+(1-0,297) = 1,564, a

cucm
cpeHee BpeMs NpebbIBaHus cyaHa y npuyana o (11.38): 7., ., = 1,564/0.4 = 3,91

ucm
(cyTkn). »
Tabauua 11.3

Iloka3zarenu Onnokanansaasgs CMO ¢ MmuorokasainsHas CMO ¢
OTPAaHUYEHHON OYepPEeIbIO OTPAaHUYEHHON OYepPEeIbIO
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[Ipenenbusie
BEPOSATHOCTH

l-p
Po :l_pw
P1= PPy P> :,02]?0’---,
Pk :Pkpo

Do = 1424+t
I! n!

Lpa-in™)

n

n!

n-n!(l1-p/n)
k
p p
P :EPO""’ Pk :FPO"“’ Pn =" Po>
n+l n+r
P
Pt = Poses Ppr = P0
n-n! !
(r=1,...,m)

BeposarHocTs oTka3a

PomK = Pm+1 = pmeO

m+n

P, =P, =L p

omk n+m m
n

-n!

AOconoTHas A ; pm+n
A= =A1-

MPOTyCKHasA A=20=A1-p"" py, O=A e Po)
CIOCOOHOCTH
OTHocuTenbHas pm+n
NIpoIryCKHad Q:]—PomK:I—pmeO QZl_PomKZI_ m |p0
crocoOHOCTh n-n.

Cpennee uucio
3asBOK B 04epe.IH

2 [1=p"(m+1-mp)]

LO’-{ = p
(1-p")(1-p) L, = F;
n-n !(1 —j
n

Cpennee yucio — pr
3asBOK MOJ L;=1-p, k=p|l-— P
o0cayKuBaHHEM e
(cpenuee 4ucio
3aHATHIX KaHAJIOB)
Cpe'HHee 1HCIIO Lcucm = Loq + L06 Lcucm = Lott +%

3a4BOK B CUCTEMC

CMO c orpanndyeHHbIM BpeMeHeM oxkuaaHus. Ha npaktuke wacto Bcrpedatorcs CMO ¢

TaK HAa3bIBAEMBIMU '"HETEPIICIIMBBIMU» 3asiBKaMH. Takue 3asgBKH MOTYT YWUTH U3 OYEpEeaH, €CIU
BpEMsI OKHUJAHUS IIPEBBIIAET HEKOTOPYIO BENMUYMHY. B wacTHOCTH, Takoro poja 3asBKU
BO3HUKAIOT B PAa3JIMYHBIX TEXHOJIOIMYECKHX CHUCTEMaX, B KOTOPBIX 3aJ€pXkKKa C HadaaoM
00CITy’)KMBaHUSI MOXET NMPHUBECTH K MOTEpe KauyecTBa MPOIYKIMH, B CUCTEMax OINEPaTUBHOIO
yIpaBJIEHUs, KOTJa CPOYHbIE COOOLICHUs TEPSIOT LEHHOCTh (WM Ja)ke€ CMBICI), €CJIM OHU HE
MOCTYMAIOT Ha 00CITY)KHBaHUE B TEUEHUE ONPEICICHHOTO BPEMEHH.
B mpocTedmmx MareMaTHYeCKUX MOJEIAX TaKUX CHCTEM IIPEAIOJIAraercs, 4To 3asBKa
MOJKET HaXOJIUThCSI B OYEPEU CIIydaillHOE BpeMs, paclpeAesIEHHOE 10 N10Ka3aTeIbHOMY 3aKOHY
C HEKOTOpBIM IapaMeTpoM V, T.€. MOXKHO YCIIOBHO CUMTATbh, YTO KaKAas 3asBKa, CTOsILAs B
ouepean Ha 0OCTyKMBaHHUE, MOXKET ITOKMHYTh CUCTEMY C HHTEHCUBHOCTBIO V.
CootBercTBytomue mnokazatenu s¢¢extuBHocTH CMO ¢ OrpaHUYeHHBIM BpEMEHEM
NOJIy4ar0Tcsl Ha 0a3e pe3ysbTaToB, OJIYYEHHBIX Ul IIpoliecca THOeIn U pa3MHOXKEHUS.
B 3akimroueHue OTMETUM, YTO Ha MPAKTUKE 4YacTO BCTPEYAOTCS 3aMKHYTHIE CUCTEMBI
00CIIy’)KUBaHUs, Y KOTOPBIX BXOISALIMHA IOTOK 3asBOK CYLIECTBEHHBIM 00pa3oM 3aBHCHUT OT
cocrossHuss camoii CMO. B kauecTBe IpuMepa MOKHO INPUBECTU CHUTYallMIO, KOIZa Ha
PEMOHTHYIO 0a3y MOCTYHNAKT ¢ MECT IKCIUIyaTallud HEKOTOPbIE MAIIMHBL: MOHSTHO, YTO YEM
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OoJbIlIE MAIMH HAXOAWTCS B COCTOSHUM pPEMOHTa, TEM MEHbBIIE WX MPOAOIKAET
JKCIUTYyaTUPOBAaThCS U TEM MEHbIIE MHTEHCUBHOCTh IOTOKAa BHOBb MOCTYHAOIIUX HAa PEMOHT
MamuH. Jns 3aMkHyThIX CMO XapakTepHbIM SIBISETCS OrPAHUYEHHOE YUCIO0 HCTOYHUKOB
3as1BOK, IPUYEM KaXIbIi HICTOYHUK "OJIOKUpYyeTCs" Ha BpeMsi 00CITy)KHBaHUS €T0 3asBKHU (T.€. OH
HE BBIJACT HOBBIX 3asBOK). B MOAOOHBIX cucTeMax IpH KOHEYHOM uucie coctosauii CMO
npeleibHble BEPOSITHOCTH OyIyT CYIIECTBOBaTh MPHU JIOOBIX 3HAYEHUSX HMHTEHCUBHOCTEH
MOTOKOB 3asiBOK M 00CIy>KMBaHUU. OHU MOTYT OBITH BBIYHCIICHBI, €CII BHOBb OOpPATUTHCS K
nporeccy ru0ein U pa3MHOXKEHUS.

11.8. IlonsiTue o craTucTudeckom moaeupoanuu CMO (metoae MonTe-
Kap.Ji0)

OCHOBHOE JOMYIIEHUE, NMPU KOTOPOM AaHAJU3UPOBAIUCH paccMoTpeHHble Bbiie CMO,
COCTOUT B TOM, YTO BCE€ TMOTOKH COOBITUH, MEPEBOSAIINE UX M3 COCTOSHUS B COCTOSHUE, OBUIH
npocteiiimumu. [Ipu HapymeHnun 3Toro TpedoBaHus OOIKUX AaHATUTUYECKUX METOJOB JJI TaKUX
CHUCTEM He cyulecTByeT. MMeroTcst uilib OTAeNbHbIE Pe3ybTaThl, MO3BOJSIONINE BHIPA3UTh B
aHATIUTHYECKOM BHE XapakTtepuctuku CMO uepe3 mapameTpsl 3aJ1a4u.

B cnyuasix, korga ans aHanmmza pabotel CMO aHanWTHYECKHE METONbI HE MPUMEHUMBI
(wm ke TpedyeTrcs TMPOBEPUTh HX TOYHOCTH), HCIOJB3YIOT YHUBEPCAIBHBIA METOJ
CTaTUCTUYECKOTO MOJACIIMPOBAHUS, UITH, KaK €r0 Ha3bIBaloT, MeToa Mounrte-Kapio.

Wnes merona MonTe-Kapiio cocTout B TOM, YTO BMECTO aHAIMTHYECKOro onucanus CMO
IPOU3BOIUTCS "pO3BIIPHIN" CllydalHOro mpouecca, npoxoasmero B CMO, ¢ mnomoluisio
CIICIIMaIbHO OPraHW30BaHHOW mpouenypsl. B pe3ynbTare Takoro "po3birpbima’ MoiaydaeTcs
KaXJIbIil pa3 HOBasi, OTJIIMYHASA OT JAPYTUX peanu3alus CIy4yalHOTO Mpolecca. ITO MHOXKECTBO
peanu3anuii MOKHO MCIOJIb30BaTh KaK HEKHM HMCKYCCTBEHHO IOJYYEHHBIM CTaTUCTUYECKUUN
MatepHal, KOTOpblii 00palaThiBaeTCsi OOBIYHBIMM METOJAaMHM MAaTEeMaTU4YeCKOW CTATUCTHKH.
[Tocne Takoli 0OpaOOTKHM MOTYT OBITh IOJYYEHBI MPUOIMKEHHO JIOOBIE XapaKTEPUCTHKU
00CITyKUBaHUSI.

Hanpumep, HeoO6Xoaumo mNpoaHaIM3UpPOBATh OYEPEId, BO3ZHUKAIOIIME B MaraswHe, IJis
peuieHusi Bompoca O paclIMpeHuH MarasuHa. Bpems moaxona mokynaTened U BpeMs UX
00CTyXKMBaHUSI HOCST CIIy4allHbIN XapakTep, U UX pacHpeeseHus MOTYT ObITh YCTAHOBJIEHBI 11O
umeroneiicss uHpopmauuu. B pesynprare B3aUMOJCHCTBHS 3THUX CIYYalHBIX IPOLIECCOB
CO3/aeTcs ouepeib.

CornacHo meroxy MonTte-Kapno mnepebupator (¢ momompio DBM) Bce BO3MOXKHBIE
COCTOSTHUSI CHCTEMBI C Pa3IMYHBIM YHCJIOM TOKYIATeNNel B 4ac, BpeMEHEM MX OOCITYKUBAHUS U
T.I., COXpaHsisi TE€ JKE€ XapakTEepUCTUKH pachpeneneHus. B pesynbrare MHOTOKpPaTHOTO
HUCKYCCTBEHHOTO  BOCCO3JaHUs  pabOThl ~ Mara3uHa  pAacCUUTHIBAIOT  XapaKTEPUCTUKU
0o0cIy>)KMBaHUs, KaK €Ccli Obl OHM OBUIM TOJIYYCHBI MPU HAOIIOJCHUN HaJl PEAIbHBIM IMTOTOKOM
MOKYIIATEJICH.

[Ipu MonenupoBaHuM CIydyaHbIX sIBIEHUN MeTogoM MoHTe-Kapiio Mbl ob3yemcst camoit
CIy4allHOCTBIO KaK anmapatoM MCCIENOBaHUA. 3aMeTHM, 4YTO JUIS CJIOXKHBIX CHCTEM
o0CIyXMBaHUS C HEMAapKOBCKMM  CIy4yallHBIM IPOLIECCOM  METOJ  CTaTUCTHYECKOIrO
MOJICJIMPOBAHUS, KaK MIPaBUIIO, OKa3bIBACTCS MPOIIE AHATUTUYECKOTO.

Bonpocel 111 caMmonpoBepKu
1. UYro MOHMMAIOT MO/ CUCTEMOM MaccOBOTO 0OCTyXHBaHUs? 3 Kakux 00CTy>KUBAIOIINX
€IMHUI] OHa COCTOUT? YTo Takoe MmoTok TpeboBaHMA?
2. Kakue nokazaremu 3¢pexruBaoctt CMO HCTIONB3YIOT HA MTPAKTUKE?
Ha xaxue nsa ocHOBHBIX THIIA Aenatr CMO?
4. Hazosure crpykrypy CMO 1 nosicHUTE COIEpKaHUE €€ HIIEMEHTOB.

e
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15.
16.
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18.
19.
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Uro Takoe ciryqaiinsli porecc? YTo Takoe MpoLecc ¢ JUCKPETHBIMU COCTOSIHUSIMU U
IPOLIECC C HETIPEPBIBHBIM BPEMEHEM ?

Kakoii npouiece HazpiBatoT MapkoBckUM?

Yro Takoe rpad cocTosHUIA?

JlaiiTe moHsTHE MMOTOKA COObITHI? Kakue MOTOKHM COOBITHI BaM M3BECTHBI?
[Ipocreitmmii MOTOK.

. Kakue Benmumnzel onuceiBaroT ypaBHeHus: Konvoroposa?

. ChopmynupyiiTe mpaBuiIo cocTaBiaeHUs: ypaBHeHU KomMoroposa.

. Uto Takoe npenenbHbIE BEPOSATHOCTH COCTOSIHUM, KAKOB UX CMBICI?

. ChopmynupyiiTe mpaBUIO cOCTaBICHUS YpaBHEHUU KomMoroposa st npeaenbHbIX

BEPOSTHOCTEH.

[porecc rnbenm 1 pazMHOKEHHM, Tpad) COCTOSTHUM.

3armmmre ypaBHeHHs1 Koamoroposa ms mpoiecca rubeny u pa3MHOKEHHS.

Pemenne cuctemsl ypaBHEHUH 1715 poliecca THOEU 1 Pa3MHOKEHHS.

[epeuncrure noxasatenu >¢pdexruBrocTd CMO ¢ 0TKazamu.

3amummute GopMysl s mokazartenei g dekTuBHOCTH oHOKaHATBHOH CMO ¢ 0TKa3amu.

B uem coctout otnmune CMO c¢ orpannueHHoi ouepenbto or CMO ¢ HeorpaHnYeHHON
ouepennio? Kak mamensrcs Gopmyisl as nokazareneit agdexrusaocta CMO ¢
OTpaHUYEHHOU ouepenbio?
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Tema 12. Moaenu ynpaBJieHUs 3an1acaMu

12.1. OcHOBHBIE NOHATHS

3amauu ympaBieHHs 3amacaMi COCTABISIOT OJUH M3 HanOojee MHOTOYHMCICHHBIX KIIACCOB
JKOHOMMYECKHX 3aJa4 HCCIECJOBaHMWS Olepalyii, pEIICeHHEe KOTOPBIX .MMEET BAXKHOE
HapOJHOXO35MCTBEHHOE 3HaueHHe. [IpaBUIIBHOE U CBOEBPEMEHHOE ONPEIEICHUE ONTUMAIbHOU
CTpPAaTeTHH YIPaBJICHUS 3amacaMy, a TAaKKE HOPMATHBHOIO YPOBHS 3allacoB I103BOJISIET
BBICBOOO/IUTH 3HAYUTEIbHBIE OOOPOTHBIE CPEJACTBA, 3aMOPOXKCHHbIE B BHUJE 3aracoB, YTO B
KOHEYHOM CUeTe MOBBIIIAET 3(PPEKTUBHOCTH UCIIOIb3yEMBIX PECYPCOB.

PaccMoTpuM OCHOBHBIE XapaKTEpUCTUKU MOJIEIEH yIpaBICHUS 3allacaMH.

Cnpoc. Cnpoc Ha 3amacaeMblil TIPOTYKT MOXKET OBITb OemepmMunuposarHvim (B TPOCTEHIIIEM
cllydyae — TOCTOSIHHBIM BO BPEMEHH) WK cayyatiHbim. CIlyqdaifHOCTh CITPOCa OMHUCHIBAETCS MO0
CJIy4ailHBIM MOMEHTOM CIIpOCa, JIMOO CilydailHbIM 00EMOM CIpoca B I€TEPMUHUPOBAHHBIE WIIN
Clly4ailHble MOMEHTBI BpEMEHHU.

Ilononnenue cknaoa. llononHeHue CKIaga MOMKET OCYIIECTBIATHCS JMOO MEPUOIUYECKH
yepes3 OIpeielieHHbIe HHTEPBAJIbl BPEMEHH, TUO0 10 Mepe MCUYEpIIaHus 3aIacoB, T. €. CHIKCHUS
UX JI0 HEKOTOPOI'O YPOBHS.

Oobvem 3axa3za. llpu nepuoaMyYEecKOM IONOJHEHUM U CIIy4allHOM MCUYEPIIaHMM 3aIlacoB
00BbEM 3aKa3a MOXKET 3aBUCETh OT TOTO COCTOSHHUS, KOTOPOE HAOJIOJAeTCsl B MOMEHT IMOJa4yM
3aka3a. 3aka3 OOBIYHO MOJACTCSd HAa OAHY M Ty JK€ BEIUYMHY MPH JOCTHKEHHH 3amacoMm
3a[JaHHOTO YPOBHS — TaK Ha3bIBAEMOU MOYKU 3aKa3a.

Bpema oocmaexku. B uneann3upoBaHHBIX MOJESAX YIPABIEHUS 3alacaMy INpeJronaraercs,
YTO 3aKa3aHHOE IIONOJIHCHUE JOCTABIISIETCAd Ha CKJIaJd MIHOBEHHO. B npyrux mopensax
paccMaTpuBaeTcsa 3a/epkKKa IOCTaBOK Ha (DUKCUPOBAHHBIA WM CIy4alHBIM HMHTEpBaj

BPEMCHH.
Cmoumocmov nocmaeku. Kak mnpaBuiio, NpeAnoaraercsi, Yro CTOMMOCTb KaXJIOW IOCTaBKU
cllaracTcsi M3 JBYX KOMITOHEHT — pa30BBbIX 3aTpaT, HE 3aBHCAIIMX OT 00bheMa 3aKa3bIBacMOM

HapTUH, U 3aTPaT, 3aBUCSILMX (Yallle BCETO — JIMHEHHO) OT 00beMa MapTHH.

H30epicku xpanenus. B 60MbIIMHCTBE MOJICTICH YITPABIICHHUS 3alacaMy CYMTAIOT 00BEM CKiIazia
NPaKTUYECKH HEOTPAHWYCHHBIM, & B KAa4eCTBE KOHTPOJMPYIOLICH BEIWYHUHBI CIYXKHT O0BEM
XpaHUMBIX 3aracoB. [Ipyu 3TOM monararot, 4To 3a XpaHEHHE Ka)K[IOW €AMHHULBI 3araca B €JUHUILY
BPEMEHH B3UMAETCs OIpE/IeIICHHAs TU1aTa.

HImpagh 3a oepuuum. J[ro00# cKIan co3maeTcs ISl TOrO, YTOOBI MPEIOTBPATUTH ACPHUIUAT
OIIPEICICHHOTO THIIA U3JeTMI B 00CTyKuBaeMoi cucteme. OTCYTCTBHE 3amaca B Hy)KHBIII MOMEHT
MNPUBOJUT K YOBITKaM, CBSI3aHHBIM C TIPOCTOEM 00OPYIOBaHMS, HEPUTMUYHOCTHIO MPOU3BOACTBA U
T. 1. OTU YOBITKY B JalbHEUIIIEM Oy/ieM Ha3bIBaTh wimpaghom 3a egpuyum.

Homenknamypa 3anaca. B npoctedmx ciaydasx MPeaonaraercs, 4ro Ha CKJIaJe XPAHWUTCS
3amac  OJHOTHUIIHBIX M3JENUH WM OIHOPOIHOrO TpONyKTa. B 0ojee CIOXHBIX CIydasx
paccMaTpUBAETCSI MHO2OMEHKIAMYPHBIL 3aNAC.

Cmpykmypa cknaockoit cuicmemsl. HanOornee moiHO pa3paboTaHbl MaTeMaTHYECKHE MOICTH
OOMHOYHOTO ckiana. OpHako Ha TMpPaKTHKE BCTpeYaloTcs U 0ojee CIOXHbIE CTPYKTYpHI:
HEPaApPXUUECKUE CUCTEMBI CKJIAJIOB C Pa3IMUHbIMU NIEPUOAAMHU MOIOJIHEHUS U BPEMEHEM JTOCTABKU
3aKa30B, C BO3MOKHOCTBIO OOMEHa 3aracaMi MeX1y CKJIaJlaMi OJTHOTO YPOBHS HEpapXyu U T. II.

B kagectBe kpurepust 3pPEKTUBHOCTH MPUHATON CTPATETUN YIIPABICHHUS 3aMlacaMy BBICTYIIACT
@ynxyus 3ampam (u30epoicex), MPEACTABISIONIAS CyMMapHbIe 3aTpaThl HA XpaHEHUE U MOCTaBKY
3aracaeMoro npoaykTa (B TOM YHCJ€ MOTEPH OT MOPYH MPOYKTA IPU XPAHEHUH U €r0 MOPATbHOTO
CTapeHusl, TOTepH MPUObUIN OT OMEPTBJICHHUS KalKTala U T. I1.) U 3aTpaThl Ha IITPaQBbl.

Ynpaenenue sanacamu cocmoum 6 omvickanuu maxou cmpame2uy RONOIHEHUA U PAcxo0d 3anacami,
ApU KOMopom YHKYUS 3ampam npUHUMAen MUHUMAIbHOe 3HAYeHUe.

Hwuxe paccMaTpuBaroTcst mpocTeiiiime MOAeId YIpaBIeHUs 3a11acaMu.
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IIycts dyaxipu A(t), B(f) u R(f) BbIpakaroT COOTBETCTBEHHO IIONOJHEHHE 3aIlacoB, MX
pacxol W CIOpOC Ha 3amacaeMblii mpoaykT 3a mpoMexyrok Bpemenn [0,7]. B momemsx
YIIPABJIEHMs 3aracaMi OOBIMHO MCIOIL3YIOTCS MPOU3BOAHBIE OTHX (yHKIMA 10 Bpemenu d(t),
b(t), r(t), HaspIBaeMble COOTBETCTBEHHO UHIMEHCUSHOCHISMI NONOTHEHIUS, PACX00a U CHPOCA.

Ecm ¢ynxumm a(t), b(t), r(t) — He cnydaiinple BENIMYMHEL, TO MOJEL YIPABJICHHS

3aracaMyl CUMTAETCs OemepMUHUPOBAHHO, €CITN XOTs Obl OJJHA U3 HUX HOCUT CITy4alHBINA XapakTep
— cmoxacmuyeckou. Ecnyu Bce mapaMeTpbl MOJENIN HE MEHSIOTCS BO BPEMEHM, OHA Ha3bIBAETCS
cmamu4eckoti, B IPOTUBHOM citydae — ouramuyeckoli. CTaTMIecKre MOJIEN UCTIONb3YyI0TCs, KOTAa
MPUHUMAETCS pa30BOE pelieHrne 00 ypoBHE 3aIacoB Ha OMPEACTICHHBIN Meprol, a ITMHAMUYIECCKHE
— B cllyyae MPUHATHS MOCIENOBATEIbHBIX pelIeHui 00 ypOBHSX 3amaca WM KOPPEKTHPOBKE
paHee NPUHSATHIX PEIICHUH C YIETOM MPOUCXOASIINX U3MEHEHUM.

YpoBeHb 3araca B MOMEHT ! OmNpe/IessieTCsl OCHOBHBIM ypaBHEHHEM 3aI1acoB

J(t)=Jy+A(t)-B(1), (12.1)
rae J() — HadanbHbI 3amac B Moment £ = 0.
VYpasuenue (12.1) yaie Cronb3yeTcs B MHTEPAITbHOM (hopme:

J(0)=Jo+[a(dt—[b(t)dr . (122)
0 0

¢ Ilpumep 12.1. VIHTEHCUBHOCTH TIOCTYIUICHUS JIeTajled Ha CKJIQ[ TOTOBOW TMPOIYKIIMU IieXa
COCTaBJISICT B Ha4aje CMEHBI 5 JIeT./MUH, B TEUYCHUE MEPBOT0 Yaca JJMHEHMHO BO3pACTAET, JOCTUTAs K
KoHIly ero 10 nmer./muH, 1 3aTeM ocTaercs MOocTosAHHOM. [lomarasi, 4To MOCTyIUIEHHE AeTaleil Ha
CKJIaJl IPOMCXOUT HEMPEPHIBHO B TEUCHHE BCEX CEMM YacOB CMEHBI, a BBIBO3 JETalei CO CKiaja
MIPOU3BOUTCS TOJIKO B KOHIIE PaOOTHI, 3aicaTh BBIPOKEHHUE ISl YPOBHS 3araca B MPOU3BOJIBHBII
MOMEHT BPEMEHH U, UCMOJIb3Yysl €ro, HalTH KOJIMYECTBO JeTajeil Ha ckiajne: a) uyepe3 30 MuH
nocJie Havasa paboTel; 0) B KOHIIE CMEHBI.

Pewenue. Tlo ycnoBuio B Te4eHUE CMEHBI HE MPOUCXOAUT BBIJIAYM JI€Tallel cO CKiIana, T. €.

b(t) = 0. IHTeHCHBHOCTB MOIOJIHEHHS 3aIlaca B TEUEHHE MEPBOTO Yaca JIMHEHHO BO3PACTAET, T. €.
a(t) =vt+ c. YuursBas, uro a(0) =5, momydaem ¢ = 5. Tak kak B KOHIE 4aca, T. €. Ipu | =
60 a(60) =10, 10 10 = v-60 + 5, otkyna v = 1/12. Takum 00pa3oM, st IEPBOTO Y4aca CMEHEI
a(t)=1/12)t+5, azarem a(t) = 10.

YuuTteiBast IpoA0LKUTEILHOCTh cMeHBI (7 4 = 420 MuH) U cooTHOIeHue (12.2), morydaem:

t
J (1) =j(t/12+5)dt=t2/24+5t,
0

Ecmm 0<1t<60,u
60 t 60 t
_ (2 _
J(r)_j(r/12+5)dz+j10dz_(r /24+5z)‘0 +101, =
0 60
—450+107 —600=107 —150

KonuuectBo meraneit Ha cknane yepes 30 mun nocne nagana padorsr: J(30) = 900/24 +
5-30 = 187,5, a B xonue cmens: J(420) =10-420 - 150 = 4050. »

12.2. CraTu4yeckasi feTepMUHMPOBAHHAS MoJejb 0e3 neduumrta

Hpel[HOJIO)KeHI/Ie O TOM, 4HTO ,Z[e(bI/H_II/IT HC OOITYCKACTCAd, O3HAYACT MMOJHOC YIAOBJICTBOPCHUC
cIipoca Ha 3amacaeMblii IPOAyKT, T.c. coBmagenue Qynkumii (1) u b(t). Iycts obmee

noTpebiIeHne 3amacaeMoro MpojayKTa 3a paccMaTpUBaeMblii MHTepBai Bpemenn & pasro N .
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PaccmoTpuM mpocreiinyro MOJeiab, B KOTOPOM IIPEAIOIAraeTcsiy 4TO0 pPacxOJOBAHME 3araca
IPOMCXOIUT HEMPEPHIBHO C MOCTOSHHOM HHTEHCHUBHOCTBIO, T.€. b(1) = b . DTy MHTEHCHMBHOCTH

MOKHO HalTH, pa3fenuB oOuiee morpeOjeHHe MPOAYKTa Ha BpeMs, B TEUEHHUE KOTOPOTO OH
pacxonyercs:

p=r (12.3)

Puc. 12.1

[TornonHeHKE 3aKa3a MPOMCXOIUT MAPTUSAMH OJMHAKOBOTO 00beMa, T.e. pyHkuus a(t) He
spysiercs HenpepbiBHOM: a(?) =0 npu Bcex !, KpOME MOMEHTOB MMOCTABKM MPOIYKTA, KOT/a
a(t)=n, rne n — o0bem naptuu. Tak Kak WHTEHCHBHOCTH pacxoga paBHa b, To Bes
naptus OyJeT UCIONIb30BaHa 33 BPEMs

n
T=—. 12.4
P (12.4)

Eciii 0TCYET BpeMEHH Ha4yaTh ¢ MOMEHTA IOCTYIUIEHHS IIEPBOM IApTUM, TO yPOBEHD 3amaca
B HayaJIbHBIA MOMEHT paBeH o0bemy stoi mapruu 1, 1.e. J(0)=n. I'papuueckn yposens
3armaca B 3aBUCMMOCTH OT BPEMEHH MpeAcTaBiieH Ha puc 12.1.

Ha Bpemennom unrepsane [0,7] yposens 3amaca ymensinaercs 1o npsmoit J (1) =n — bt
OT 3HaueHus N 1o Hynsa. Tak kak geUUUT He JOIMyCKaeTcs, TO B MOMeHT 1 ypoBeHb 3amaca
MIHOBEHHO TOIIOJHAETCS 10 MPEXKHETO 3HAYEHUS M 3a CYET MOCTYIUIEHHS MapTHu 3akasa. U
Tak npouecc wusMmeHenums J(f) TOBTOpseTCS Ha KaKIOM BPEMEHHOM HHTEpBAlle
IPOIOIKUTENBHOCTRIO 1 (cm. puc. 12.1).

3adava ynpaejienusd sanacamu cocmoum 6 onpe()eﬂeHuu maxo2o obvema napmuy 1, npu KOMoOpom CyMmMapHvie
3ampamoul HA cosoanue u Xpanerue sanaca Obi Obl MUHUMATLHBIMIL

O6o3HaunM cymmapssie 3atpatsl uepe3 C, 3atpaTel Ha cosmanue 3amaca — depe3s C,
3aTpaThl Ha XpaHeHue 3amaca — depe3 C, U HaiijeM 5TH BEINYHMHBI 33 BECh IPOMEXYTOK

spemenu 1 .
[TycTh 3aTpaTsl Ha JOCTABKY OJHON MApTUM MPOAYKTA, HE 3aBHCHMbIE OT 00beMa MapTHH,

PaBHEI €|, @ 3aTPAThl HA XPAHEHUE OJHOM €IMHMIIBI IPOAYKTA B €IMHUIY BDEMEHU
— ¢,. Tak kak 3a Bpems 6@ wneobxomumo 3anactuch N eIMHUIIAMM HPOAYKTa, KOTOPBIH

JIOCTABIIAETCS TTAPTUAMH 00beMa 71, TO YMCIIO TAKUX MApTUii K paBHO:
N @
k=—=—. (12.5)
n T

Orcroza nosnyvaem
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n

MrHOBEHHBIE 3aTPaThl XPAHCHHS 3aIaca B MOMEHT BpeMeHH ! paBHbl CpJ (7). 3Hauur, 3a

npomexytok Bpemenn [0, 7| onu cocrasr
T T
¢ [ J(Odt=c, [ (n—bt)dt
0 0
Wnu, yuurtsiBas (12.4):

T T
n n c,nT
csz(t)dt = czj(n——tjdt =c, (nt——t j
0 0 T 2T )|, 2

Cpennnii 3anac 3a npomexytok [0,7"] pasen nT /2, r.e. sampamvl na xpanenue écezo 3anaca npu

TUHElHOM (N0 6peMeHLL) e20 pacxode PasHvl 3AMPAMam Ha Xparenue cpeone20 3anaca.
Yuutsias nepuoguunocts pynkuuu J (¢) (Beero 3a mpomexyrok spemenu & Oyger k=N /n

T

«3y010B», aHanornunbx paccmorpennomy Ha orpeske [0,7°]), u dopmyny (12.5), monyuaem, 4To
3aTpaThl XPaHEHUS 3a11aca 38 IPOMEKYTOK BpeMeHH 6 paBHBL:
C. = co,nT I = c;nT N ¢, TN  c,6n
2 = = —_—= = .
2 2 n 2 2

Herpynmo sameruts, uro sarparst () obparso mnpomopumonamshsl, a sarpatt C, mpsmo

(12.7)

nponopuuoHansHel 00beMy maprun 7. Ipaduxu Qynxumit Cy(n) n C,(n), a tawke ¢yHKuun

CYMMapHBIX 3aTpaT
N ¢,0
c=-L"4+2"y (12.8)
n 2

NpUBEJEHBI Ha puc. 12.2.

Puc. 12.2

, N ¢,0
B rouxe munnmyma pyrxumn C(n) ee mponssognas C'(n) = ———+—2-=0, orkyna
n

2¢;N
n=ny= (12.9)
c,0
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Wnu yunteiBag (12.3):
2¢b
ny= |[——. (12.10)
)

®opmymna (12.10), HazeiBaeMas gopmynol Yuncona umi popmynoi Haudonee IKOHOMUYHO0 00beMa napmu,
IIUPOKO HCTONbB3yeTcs B SKOHOMHUKE. JTa (opmyna MoxeT ObITh MONyYeHa M JAPYTHM CIOCOOOM, eciu

yuaects, uro npoussenenne CyC, =0.5¢,c,N O ectb Benuuuna nocrossHas, e 3aBucsuas ot 7. B

TOM CJy4ae, KaK U3BECTHO, CYMMa JBYX BEIMYMH NPUHUMAET HAMMEHBIIEE 3HAYEHHUE, KOTd OHM PABHEL, T.
e. C; =C, nm

oN c,0
—=—n, (12.11)
n 2

oTKyZa nomy4daeM (12.9).

13 (12.11) cnemyert, 4T0 MuHuUMyM 0OWUX 3ampam 3a0a4u YRpasienus 3anacamu 0ocmueaencs moeoa,
Ko20a 3ampamvl HA CO30GHUe 3aNAca pagHvl 3amMpamam Ha Xpanerue 3anaca. IIpu 3TOM MUHHUMaibHbIE
CyMMapHbI€ 3aTpaThl

Cy=C(ng)= 2C;N : (12.12)

Otkyza, yaursisas (12.9) u (12.3), nonyunm Cy =+/2¢,¢,ON nm

Yucno onTUMabHbIX napTuii 3a BpemMs @ ¢ yuerom (12.5), (12.9) u (12.3) pasHo:
N c,N@ c,b

ky=—= =9 |2
n 2¢, 2¢,

Bpems pacxoma ontumanbHo# napTuu Ha ocHoBanuu (12.4) ¢ yuetom (12.9) u (12.3) paBHoO

n 0
T,=—"=n,— (12.14)
b N
1501050
T, = 266 _ |2 (12.15)
c, N c,b

¢ Ilpumep 12.2. TlotpeOHOCTH COOPOUHOTO MPEONPHUATHS B JAETANAX HEKOTOPOro THIIA
cocrapisier 120 000 gerarneil B roi, NpuUYeM 3TH JIETAIM PACXOAYIOTCS B MPOLECCE MPOU3BOICTBA
paBHOMEPHO M HenpepbiBHO. JleTanu 3aKa3bIBalOTCS pa3 B TOA U TOCTABISAIOTCS MapTUSIMU
OJTMHAKOBOTO 00BhEMa, YKa3aHHOTO B 3aKasze. XpaHeHHWe jaeTanu Ha ckiane crout 0,35 nmeH. en. B
cyTkH, a nocraBka naptur — 10 000 neH. exn. 3anepka IPOU3BOJCTBA U3-32 OTCYTCTBHUS JIETaNEH
HemonyctuMa. Ompenenuts Hamboiee HSKOHOMHUYHBIA OOBEM MAPTHM W HWHTEPBAT MEXKIY
MOCTaBKaMH, KOTOPbIE HY)KHO yKa3aTh B 3aKa3e (IIPEANOoiaraercs, 4ro MocTaBIIUMK HE JOMYCKaeT
3aJIEP’KKH IMOCTABOK).

Pewenue. 110 ycnoBuio 3aTpaThl Ha IOCTaBKY OAHOM maptuu cocrasisaor ¢; = 10 000 gen.
€/, 3aTpaThl XpaHEHWs €IUHMIBI 3amaca B CyTku C, = 0,35 nen. en. OOmmil mpoMexyTok

Bpemenn @ =1 rox = 365 aueii, a oOmuit 06bem 3amaca 3a stor mepuox N = 120 000
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i To & (12.9) n 2-10000-120000 _ 4545 (12.14)
neraneid. Ilo Qopmyne ) 0= = JeT, a 1o )
0.35-365

Wrak, Hambosnee >KOHOMUYHBIA 00BeM mapTuu paBeH 4335 neraneil, a MHTEpBAT MEXIY
rmocraBkamu 13 mueii. P

Ha MMPAKTUKE, CCTCCTBCHHO, 00BeEM napTu MOXKCT OTJIUYAaTbCA OT ONTUMAJIBHOTO nO,

BeruricieHHoro mo (12.9). Tak, B mpenpiayIeil 3aqaue MOKET OKa3aThCs YIOOHBIM 3aKa3bIBaTh
naptuu no 4 500 wim gaxe nmo 5 000 neraneil U BO3HUKAET BONPOC, KaK MPHU ATOM U3MEHSTCS
CyMMapHbI€ 3aTpaThl.

Jlnst otBeTa Ha 3TOT Bonpoc paszinoxkum Gyrkiuio C(71) B psan Teinopa B OKPECTHOCTH TOYKH

no , OrPaHUYMBIINCH IICPBBIMU TPEM YICHAMU psjia IIPHU JOCTATOYHO MAJIBIX U3MCHCHUAX o0beMa

naptun An :
C(n) = C(ny)+C ' (ny)An +%An2 +....
/ »” 2¢,N
Yuanremsas, uto npu 1 =n, C(n,)=0, C"(ny) = —5 .2 C, = C(ng) onpenemsiercst
o

o popmyne (12.12), Haiinem
AC _C(n)-C(ny) C"(ny)An*> _ 2¢,NAn®

Co C(ny) 2C(ng)  ny(2e,N /ny)
I
2
AC 1( An
S22 (12.16)
Cy 2\ n

®opmyna (12.16) cBuaerenbcTBYeT 00 OINMPEAENIEHHOM YCTOMYMBOCTU CYMMApHBIX 3aTpaT IO
OTHOIIEHHIO K HauboJiee SKOHOMUYHOMY 00BbEMY MapTHH, W00 Npu Manbix AN OTHOCHUTENbHOE
U3MEHEHHE 3aTpaT MPUMEPHO Ha MOPAIOK MEHBIIE OTHOCUTENIHLHOIO U3MEHEHH 00beMa MapTuu
10 CPAaBHEHMIO C ONTUMAJIbHBIM.
¢ Ilpumep 12.3. Tlo ycnosuro 3amaun 12.2 ompenenuth, Ha CKOJIBKO IPOLEHTOB YBEIMUATCS
3aTpaTthl Ha CO3/IaHME M XpaHEHHE 3araca Mo CPaBHEHHIO ¢ MUHUMAIBHBIMU 3aTpaTaMH IpU 00beMe
3aka3piBaeMbIx naptuid S 000 neranen.

Pewenue. OTHOCUTENBHOE U3MEHEHNE 00bEMA APTHH 110 CPABHEHUIO C ONTHUMAJIBHEIM 1 =
4335 cocrasmsier An/ng = (5000 - 4335)/4335=0,1510. B coorserctBun ¢ (12.16)

OTHOCHTENILHOE M3MEHEHHE CcyMMapHbIX 3artpar coctaButr AC /CO =O,1532/2 = 0,012, nm

s 1,2%. »

¢ Ilpumep 12.4. B ycnoBusix 3amaun 12.3 npeamnoniokumM, 4TO 3aKa3bIBAIOTCS HE BCE MapTUU
cpasy, a KaxJ1asi OTJIEJIbHO, MPUYEM CPOK BBIMIOJHEHHS 3aKa3a paBeH 16 quel. OnpeaenuTs TOUKH
3aKasa, T. €. IPU KaKOM YpPOBHE 3araca CieayeT 3aKa3bIBaTh CIEAYIOUTYIO TapTHIO.

Pewenue. Tax kak mo pe3ynbraraMm pernieHus 3amadu 12,2 JyiMHA WHTEpBAJIA MEXKITY
nocTaBkamMu paBHa 13,2 nHel, TO 3aka3 B YCIOBHSIX HAIAXEHHOTO MPOM3BOJCTBA CIEAYET
BO300HOBUTH, KOT/Ia YPOBEHb 3amaca JOCTaTOuYeH JUIsi YIOBJIETBOPEHHUs MOTpedHoCcTH Ha 16 - —
13,2 = 2,8 nus. Tak kak exeaHEBHas MOTPeOHOCTh (MHTEHCHBHOCTh pacxoja 3amaca) paBHa IO
dopmyse (12.3) b = 120 000/365 = 329 neraneii, TO 3aKa3bl AOJDKHBI JEIATHCS PETYJISIPHO MPH
JIOCTH)KEHUHU YpOBH# 3amaca 329+2,8 = 922 neraneii.
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12.3. CraTu4yeckasi JeTepMUHHPOBAHHASA MOJIeJb ¢ Aepuiurom
B paccmarpuBaemoii Mozienu OyzeM mosarath HaJuaue oeghuyuma. ITO O3HAYAET, YTO MPHU
OTCYTCTBHMM 3amacaeMoro mpopaykra, T.e. npu J(#) =0 cmpoc coxpamsercs ¢ Toi ke
MHTeHCUBHOCTEIO F(f) = b, Ho notpebnenune 3amaca orcyrcreyer — b(t) =0, Benencrsue

4ero Hakaruugaemcs deguyum co ckopocmoio b. I'paduk usmenenus yposua sanaca 6 smom ciyude
npeocmagien Ha puc. 12.3. Yowvieanue epagpuxa Hugice ocu abcyucc 8 001aCMb OMPUYAMENbHBIX
3HaueHull 8 omauuue om epaguxa va puc. 12.2 xapaxmepusyem Hakonierue deguyuma.

Puc. 12.3

n
U3 puc. 12.3 BuHo, 9To Kax /i nepuox "munsl” 7' =— pa3buBactcs Ha 1Ba BPEMECHHBIX

unrepsana, 1. . I' =71, +7T,,rne T; — Bpems, B TeueHHe KOTOPOTO NPOH3BOAHTCS MOTpelICHHE

3amaca, 1, — BpeMs, KOI/ia 3amac OTCYTCTBYET H HAKAILUTHBACTCS ACQUIINT, KOTOPBIi OYAET NEPEKPHIT B

MOMEHT NOCTYIUICHUS CIeAyOWEN apTHH.
HeoOxoaumMocTh MOKPHITHA AedUIMTAa MPUBOAUT K TOMY, YTO MaKCHMAlbHBIH YpOBEHH 3amaca S B
MOMEHT TIOCTYIUICHHS KaXJOW MAapTHH Terepb He paBeH ee o0beMy 7, a MEHbIIE €ro Ha BEIHYHHY

neuuuTa 71— S, HaKomuBIIerocs 3a Bpems 15 (cM. puc. 12.3).
13 reometpuueckux cooOpaxkeHnit 1erko yCTaHOBHTB, YTO

T1=£T,T2=n_s
n

T. (12.17)
n

B naunoit mozenn B hynkuuio cymmapusix 3atpar C mapsy ¢ 3arparamn C| (Ha mononHerue 3amaca)

u C, (ua xpaserne 3amnaca) Heobxozumo Beecti 3atpatel Cy — Ha mrpad u3-3a gedunura, T.c.

~Y
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atparst C| Kax u pasee, Haxomum 1o Gopmyse (12.6). B pasn. 12.2 6sun0 moxasaro, uro 3arpatst C,
IpY JIMHEHHOM pacxXoje 3amaca paBHBl 3aTpaTaM Ha XpaHEHHE CPEJHEro 3amaca, KOTOPbIA 3a BpeMs
norpe6nenus 17 pasen ST /2; mosromy ¢ yuerom (12.17) u (12.5) 911 3aTpatst cocTast

2
=cstlkzcstl-sT.gzczs 0
2 2 T 2n

IIpu pacuere 3atpar C5 Gyxem cuurarts, 90 wWrpad 3a JEQULUT COCTABIIET B CAUHHIYY BPEMCHH C3 HA

G, (12.18)

KKy equHuy npoaykra. Tak kak cpeaHuil ypoBeHs aeuuuta 3a nepuon 1, pasen (n—s)7T, /2,

1
to mrpad 3a atot mepuox 1, cocrasut 503 (n—s)T,,, a3asecs nepuog & c yuerom (12.7) u (12.17)

n—sng cg,H(n—s)2
n T 2n
Teneps, yuntsiBad, (12.18) u (12.19), cymmapHble 3aTpaThl PaBHbI
C=¢, E_'_ c,0s° N c;0(n—s)? .
n 2n 2n
Herpyano 3ameruts, uto mpu 72 =S dopmyna (2.20) coBmazaer ¢ panee nonyueHHoi (12.8) B moxenn
0e3 neduiuTa.
PaccmatpyBaemast 3ajaua ympaBieHMs 3amacaMH CBOJMTCS K OTBICKAHMIO Takoro o0beMa MapTun 1 U
MaKCHMAIILHOTO YPOBHS 3ariaca . , pi kotopbix Gynkiwms C (12.20) npuHAMaeT MUHUMAITbHOE 3HaueHue. J{pyrumu

croBamu, HeoOxomumo mccnenosath (ynkmuio aByx nepemennsix C(7,5) Ha skctpemym. IIpupaHuBas

G =%c3(n—s)T2k=%c3(n—s) (12.19)

(12.20)

gactasie npomssogusie 0C /0n n dC /0s k Hymo, MOydnM ToCITe Mpeodpa3soBaHuii CHCTEMY YpaBHEHHiA:
n*cy —(cy +¢3)s* =2¢,N /86,
& (12.21)

S=n——m—m—.
Cy +C3

Pemas cucremy, momydaem Gopmynbl HanOoJjiee SKOHOMHYHOTO oObeMa MapTuu 1O U

MaKCHMAaJIBHOI'O YPOBHA 3araca S0 AJIsI MOJCIIH C I[e(l)I/IHI/ITOMZ

~ 2e1N ¢y +cy 2c,b ¢y tcy

no = = , (12.22)

c,0 C3 ) 3

~ 2CIN C3 ~ C3
S0 = =no———. (12.23)

c,0 \ ¢, +cy C, +cy
Benmuunna
G
p= (12.24)
¢y + ¢y

Ha3BIBACTCS MIOMHOCMbIO YObIMKO8 U3-30 HEYOOBIeMBOPEHHO20 CNPOCca U UTPAeT BAXKHYIO POJb B
ynpasiaeHun 3amacamu. 3ametuM, 4to 0 < p <1. Ecin 3HaueHne €3 Maio 10 CPaBHEHHIO C

C, TO BenmM4MHa L ONU3Ka K HyJI0; KOTa C3 3HAYMTENLHO MPEBOCXOMUT Cy, TO L Onmska K 1.

HemonyctumocTs euuura paBHOCUIIbHA IPEAIOIOKEHHIO, 4TO C3 = umu O = 1.
Ucnonezys (12.24), ocHoBHbIe hopmy:sl (12.22) u (12.23) MOKHO 3anucaTh KOMITAKTHEE:
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o= 292 (12.25)
&P
50 =1nop. (12.26)

Cnenyer ywects, urto B cury (12.17) u  (12.26) TI/TZE()/;lozp u

T, /T =(no—s0)/no =1— p. Iosromy yTBEpXACHHE O TOM, YTO IUIOTHOCTH YOBITKOB H3-32
HEYIOBJIETBOPEHHOIO cIpoca paBHa L, o3HaydaeT, yTo B TeyeHue (1-0)100% Bpemenu or
noJaHoro nepuosa 1 3amac npoaykra OyeT OTCyTCTBOBATS.

W3 cpaBuenus ¢opmyn (12.25) u (12.10) cnemyer, 4TO ONTHMalbHbIE OOBEMBI MAPTUH IS
3a1a4 ¢ geduuuroM u 6e3 aepuLrTa IPU OJMHAKOBBIX TapaMeTpax CBS3aHbl COOTHOLLIEHUEM

n
0 (12.27)

no =—p=,
e

OTKy/Ia BBITEKAET, UTO ONMUMATbHbILL 00bem napmutl 6 3a0ade ¢ Oeduyumom écezoa bonvuie (6 11/ p

paz), uem 8 3aoaye be3 deghuyuma.

¢ IIpumep 12.5. Haiitu Hanbonee SKOHOMUYHBIN 00bEM MapTUU U UHTEPBAT MEXIY TOCTaBKaAMHU,
coxpaHsisi ycioBus 3amaud  12.2, KpoMe HEMIOMyCTUMOCTH JePHUIMTA, €CITH H3BECTHO, YTO
OTCYTCTBHE Ha COOpKE KaXKIOH JeTaId MPUHOCHUT B CYTKH YOBITKH B pazMepe 3,5 1eH. efl.

Pewenue. Ilo ycnosuio ¢3 = 3,5. Panee 0b110 nomydeno no ¢opmyne (12.9) ny =4335 uno

(12.15) 7, = 13,2. HaiizeM mI0THOCTb YOBITKOB H3-3a HEYIOBICTBOPEHHOIO cIIpoca 1o hopmyie
(12.24): p =3,5/(0,35 + 3,5) = 0,909, T.e. 100-(1-0,909) = 9,1% Bpemenu mexny
MIOCTaBKaMH JIeTajli Ha cOOpKe OyIyT OTCYTCTBOBATb.

Tenepb onTuMabHBIH pasmep naptuu 1o Gopmyie (12.27) no =4335/~/0,909 =4547.B CcHITy

(12.15) mponopluHOHATLHO YBEIUYEHHUIO 71() TOJKEH YBEIIMYUTHCS HHTEPBAT MEXKIY

nocraskamm, .. To =Ty /[p =13,2/1/0,909 =13,8 ~ 14 nueii. »

12.4. CroxacTu4yeckue MOAeIM YIIPABJICHUS 3allacaMu

PaccMOTpiM  crmoxacmuyeckue MoOenu  YApaeieHus 3anacamu, Y KOTOPBIX CIPOC SBISETCS
cayuaiinbiv. ITOT (AKT CYNIECTBEHHBIM 00pa3’OM CKa3hIBAETCSA HA XapaKTepe COOTBETCTBYHOIIMX
MOJIEJIEd M 3HAYMTENBHO YCIOXKHSAET UX aHAIU3, B CBA3M C YEM OIPAHMYUMCS PACCMOTPEHUEM
Han0oJIee MPOCTHIX MOJICIICH.

[IpearnosIoKuM, 9To CIIpOC #* 3a HHTEPBAT BpeMeHU 1 SBISETCS CIIydaiiHbIM U 3a/1aH €ro 3aKOH
(psim) pacnpenenenust p(r) wimd WIOTHOCTH BepositHocTed @(r) (oObuno dynkuun p(r) u
@(r) OlEHMBAIOTCS HA OCHOBAHWH OIBITHBIX MJIM CTATHCTHYECKUX JaHHBIX). Eciu cripoc 7 Hibke
YPOBHs 3amaca §, TO NPHOOpPETEHHE (XpaHEHWe, TMPOJAAKa) W3JIUIIKA TIPOAYKTa TpeOyeT
JIOTIOJIHATENBHBIX 3aTpaT C, Ha €MHHIY MPOAYKTa; HA0OOPOT, ECIM CIPOC 7 B YPOBHS 3amaca S,

Mo 3TO IPUBOJNT K WTPady 3a AEGUUUT C3 HA €TMHHLLY IPOAYKLHUH.

B kavecmee .pynkyuu cymmMapHyix 3ampam, A61AI0WeNca 8 CMoXacmuyeckux MoOenax Cyyaunol 6euyutol,
paccmMampusaiom ee cpeoree 3HaueHue Uy MamemMamuyeckoe oXiCUoanue.

B paccmarpuBaeMoil Mozieny NpH AMCKPETHOM CIyYailHOM CIIPOCE ', MMEIOLIEM 3aKOH paclpefieeHus
p(r), maremarnyeckoe OXKHUIAHHE CYMMapHBIX 3aTpaT WMEET BHI (yIUTHIBAEM TOIBKO pPACXOIbl Ha

HEUCTIONb30BAHHBIE eMHUIIBI TIPOYKTA):
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s oo
C(s)=cZZ(s—r)p(r)+c3 Z (r=s)p(r). (12.28)
r=0 r=s+1
B Beipaxenun (12.28) mepBoe cnaraeMoe YYMTHIBACT 3aTpaThl HA MPHOOpETEHUE (XpAaHEHHE) H3IHIIKA
(s —r) ennnun mpoxykra (mpu ¥ < § ), a BTopoe cnaraeMoe — mmrpad 3a geduuur na (7 — ) equuun
npoaykra (pu > ).
B ciyuae HEnmpepbIBHOTO CIYYaifHOrO CIpoca, 3a/1aBaeMOro IUIOTHOCTBIO BeposiTHoCTel (P(7) , BhpakeHue
C(s) npurnmaer Bux:

C(s)= czj(s—r)(/)(r)dr+c3j.(r—s)(p(r)dr. (12.29)
0 s

3adaua ynpasienus 3anacamu cOCMOUm 8 OMbICKAHUU MAKO20 3anaca S, Npu KOMopoM Mamemamuueckoe
odcudanue cymmapuvix sampam (12.28) unu (12.29) npunumaem munumanvHoe 3Hayenue.

F (s)4

1_—_————-———_————_—

—d -
o S 5

Puc. 12.4

Jlokasano, 4To IPU JMCKPETHOM CIy4ailHOM crpoce ¥ BeIpakeHue (12.28) MUHMMANbHO IIpH 3amace S,
YHOBIETBOPSIOLIEM HEPAaBEHCTBAM

F(sg)Sp<F(sy+]) (12.30)

a IIPU HEMPEPHIBHOM CITy4ailHOM cripoce 7 Bhipaxkenue (12.29) MUHIMANBHO DU 3HAYEHHH S,
OTpe/IeNIIeMOM U3 YPaBHEHHUS

F(sy)=p, (12.31)

rIe

F(s)=p(r<s) (12.32)
ectb (ynkums pacnpenenenust cupoca 1, F(sy) u F(sy+1) — ee 3nauenns; p — mioTHOCTH
YOBITKOB M3-32 HEY/I0BIETBOPEHHOTO CIpoca, onpezensemas 1o (12.24).

OnthManbHBbIA 3amac S HpPH HEIPEPHIBHOM CHpPOCE MO JaHHOMY 3HaueHWI0 O MOXKeT ObITb HaiifieH H
rpaduuecku (puc. 12.4).

¢ Ilpumep 12.6. lpennpustue 3aKynaer arperar ¢ 3armacHbIMU 6mokamu K Hemy. CTOMMOCTb O/JHOTO OJI0Ka paBHa
5 nmeH. en. B ciydae BbiXxona arperata M3 CTpos H3-3a TOJOMKH 0J0Ka, OTCYTCTBYIOLIETO B 3armace, TpocToii
arperata M CpPOYHBIM 3aka3 HOBOro Omoka k Hemy oboimercs B 100 meH. en. OmbITHOE pactpenencHue
arperaros 10 YKciTy OJ0KOB, TTOTPEOOBABIINX 3aMEHY, MPEICTaBIeHO B Tabm. 12.1.
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Tabmuma 12.1
Yucio 3aMEeHEHHBIX OJIOKOB 7 0 1 2 3 4 5 6

CratucTtudeckas BEpOSITHOCT 090 0,05 {0,02] 0,01 | 0,01 | 001 | 0,00
(nons) arperatoB p(r),
KOTOPBIM MOTpeOOBaIach 3aMeHa
r 00KOB

Heobxomumo ompesienuth ONTUMANbHOE YUCIIO 3amacHBIX ONOKOB, KOTOpOE CIEAYeT TMPUOOpPECTH BMECTE C
arperaTom.

Pewenue. Ilo ycnoButo €5 =35, ¢3 = 100. Beruncanm mioTHOCTs YOBITKOB H3-32 HEXBATKH 3aNACHBIX
oiokoB no Gopmyae (12.24) 0 =100/(5+100) = 0,952.

Vuuteias (12.32), HaiineM 3HaueHus GYHKIMH pactipesieieHus crpoca (tabm. 12.2).
Tabnuua 12.2

r 0 1 2 3 4 5 6
F(r)| 0,00 | 090 | 095 | 097 | 098 | 0,99 | 1,00

OueBraHO (cM. Tabm. 12.2), 9T0 ONTUMANIBHBIN 3a11aC COCTABUT S() = 2, MO0 OH YJIOBJIETBOPSIET
nepasenctBy (12.30): F'(2) <0,952< F (3). »

Ilpumep 12.7. Pemnts 3anauy 12.6 npu ycaoBUM HENIPEPHIBHOTO CIy4yaiiHOTroO cipoca 7,

. _ —Ar
pacIpesIesIEHHOTO TI0 TI0KA3aTeIbHOMY 3aKOHY ¢ hyHKImel pacnpenenenus F(r)=1—e

mpu A =0,98.
Pewenue. OnTuMansHOE YUCIIO 3aIIaCHBIX OJIOKOB S Halinem u3 ypapHenus  (12.31):

_ _ 1
l—e ™ =p, omyma e*=1-p Hsozzln(l—p).

Ipu A =098 5o =—(1/0,98)In 0,048 = 3 (6moka). »

B ycrnoBusix paccmarpuBaeMoii MOJEINH MPeIIoI0KUM, YTO pacXo/I0BaHHE 3amaca
MIPOUCXOJIUT HENPEPBIGHO ¢ OIMHAKOBOM MHTEHCUBHOCTHI0. Takylo CUTyalHIO0 MOKHO
npeacTaBuTh rpadudecku (puc. 12.5).
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>
f

a
Puc. 12.5a

Puc. 12.5, a COOTBETCTBYET CiIy4ar0 ¥ < §, KOIJia Crpoc He MPEBOCXOUT 3amaca, a puc. 12.56 —
ClTy4aro, KOTJIa CIpOC TPEBbIAeT 3amac, T.e. © > §. CieayeT OTMETUTh, YTO HAa CaMOM JIeie
rpadux J (f) mpencTaBiseT CTyIEHYATyIO JIOMAHyIO, TIOKa3aHHYI0 Ha pHC. 12.5 MyHKTHPOM, HO
IS MCCIIEOBAaHMUS MOJIENU HaM Tipomie paccmarpusath J (1) 6 Bue NpsMOM, CrIIKMBAIOLIEN OTY
JIOMaHYIo.

Cpennuii 3anac, COOTBETCTBYIOIIUHI puc. 12.5a, paBeH

1 1
=—(s+(s—r)=s——r. 12.33
S 2(s (s—r)=s 2r ( )

Cpennwii 3amac, COOTBETCTBYOIMUN puc. 12.56 ¢ yuerom ¢opmyisl (12.17), B KoTopoit
nosjaraeM 1 = I, COCTaBIIsieT

- 17 15s°
§2==—8§—=——". (12.34)
2 T 2r
s2
®opmyna (12.34) momydaercs ciaeyrorum obpasom. U3 (12.17) umeem: s7) = ——. Tak
n
2
Kak N =71, 10 §1] = ——. Orcrona cnenyer (12.34).
r

Cpenuuit neduuuT IPOayKTa 3a HEPUOA 15 JUIs Cilydast, COOTBETCTBYIOLIEro puc. 12.56 ¢
yuerom (12.17),tne n =r, paBeH

l(r s)
=—(r— 12.35
( ) P, (12.35)
MaremaTrdeckoe oKuaHue CyMMapHBIX 3aIpaT COCTaBUT:
S 1(r—s
C(s)—cZZ(s——)p(r)+62 Z ——p(r)+c3 > 2( i p(r). (1236

r= 9+1 r=s+1
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Puc. 12.56

JlokazaHo, 4TO B 3TOM Cily4yae MareMaruueckoe oxxuaanue (12.36) MuHMMalIbHO TIpU 3amace

SO , YAOBJICTBOPSAIOIICM HCPABCHCTBY

L(sg)<p<L(sy+1), (12.37)

rae O mo-pexHeMy ompenensercs 1no popmyine (12.24);
L(s):F(S)+(S—%JZp(r), (12.38)

r=s r

L(sy) u L(sy+1) — snauenus ¢pynxuuu (12.38), a F'(s) HaXoaurcst B COOTBETCTBHU C

onpezaenenueM (12.32).

¢ IIpumep 12.8. Mmeronecs Ha CKIIae N3EIUS pABHOMEPHO PacXOIylOTCsl B TEUEHUE MECSIIa.
3arparhl HA XpaHEHUE OJHOTO M3JENHsS COCTaBIAIOT 5 JIEH. €., a .urpad 3a AeULUT OIHOIO
maemuss ooxomurcst B 100 nmeH. en. M3yueHuwe cmpoca Jano pacmpesieieHHe YHcia
MOTPEOIIIEMBIX 3a MECAIl U3/ICNNH, TTpeacTaBieHnoe B Tadu. 12.10.

Tabnuma 12.3
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Cmpoc r 0 1 2 3 4 5 >6

CrartucThyckas
BCPOATHOCTH P(’”) 0.1 02102 (03 |01 |0,1 |00

Heobxomumo, orpeaenTs ONTUMATEHBIA MECSYHBIN 3a1mac CKI1aa.
Pewenue. Tax xe xak B 3anaqe 12.6, ¢, =5, ¢3 =100, p =0,952.

3nauenns Gynxuun L(7) onpenenum ¢ momomisro Tadm. 12.4.

Tabmuna 12.4

roopn | p(r) 52 ( 1)2 p(r) | F() | L)
r) |1\ p(0)
r r=s r 2 r=s r
0 | 0,1 — — — 0,0 —
1 0,2 0,200 0445 0,2225 0,1 0,3225
2 102 0,100 0,245 0,3675 0,3 0,6675
3 103 0,100 0,145 0,3625 0,5 0,8625
4 10,1 0,025 0,045 0,1575 0,8 0,9575
5 | 0,1 0,020 0,020 0,0900 0,9 0,9900
26| 0,0 0,000 0,000 0,0000 1,0 1,0000

OveBHIHO, YTO ONTUMANBHBIN 3aMac H3AETHH Sy = 3, Tak KaK OH yHoBaeTBOpseT ycnosuio (12.37):

L(3)<0,952< L(4). ¢

12.5. CroxacTu4eckue Mo/ie/ 14 yIIPaBJIeHHs 3anacaMu ¢ (PUKCHUPOBAHHBIM
BpeMeHeM 3a/1ePKKH OCTABOK

B paccMOTpeHHBIX BBILIE UICATM3UPOBAHHBIX MOZEIAX YIPABJICHHS 3alacaMu IIPEAIoarajoch,
YTO TIONOJHEHHWE 3araca MPOUCXOMUT MpaKTUYeCKu MTHOBeHHO. OJHaKo B pALE 3a1ad epems
3a0epatcKu TIOCTAaBOK MOXKET OKa3aThCSl HACTOJILKO 3HAYMTEIBLHBIM, YTO €r0 HEOOXOAUMO YUUTHIBATH
B MOJIEJH.

I[TycTs 3a Bpems 3a/epikeK OCTaBoK & yxke 3aKa3aHbl /1 MAPTHI 110 OJHOM B KaXIbIi U3 1
TIEpHOIOB MPOAOKUTENbHOCTRIO 1 =8 /1.

OO0o3HaYNM:
S,,; — HNEPBOHAYAIBHbIA YPOBEHb 3araca (K Hayary IIepBOro epuo/a);
§; — 3amac 3a [ -i Iepuox;
; — cupoc 3a 1 -i Iepuof;

(; — TIOIOJIHEHNUE 3a11aca 3a [ -i MepHo/I.
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n
Torma k KOHITY 71-TO TIEpHO/Ia Ha CKJIaJ MOCTYITUT Z (¢; €IMHML IPOJYKTa, a Oyner
i=1

n
M3pacx0J0BaHO ZI;- €IMHMUIL, T.€.
i=1

n n
Sn = Sus +Zqz’ _Z’; (12.39)
i=1 i=1
Wnn
s, =85—r, (12.40)
rae
n
S=58,+ ;. (12.41)
i=1
n
r=>yr. (12.42)

TpeOyercs HAlTH ONITUMAIIBHBIN 00BEM MAapTHH 3aKa3a, KOTOPBI HEOOXOIMMO C/IeNIaTh 3a
MIOCJIEIHUM 1 -1 IIEPUOJ, IPEALIECTBYOIIUHI ITOCTYIUICHUIO CIEIAHHOTO PaHee 3aKasa.

Maremariueckoe OXXKHMIaHHE CyMMapHBIX 3aTpaT B 3TOM Clydae OIpeaeisercs mo ¢opmyse
(12.28), a onTumanbHbIH 3amac § Haxoautcs 1o hopmyse (12.30), T.e.

F(sy)<p<F(sy+1). (12.43)

Haiins ontumanbHbli 3anac Sy ¥ 3Has ¢y,gs,...,{,_1, MOKHO BBIYUCIUTE (, MO

dopmyre (12.41), T.e.

n—1
Gp =50~ Sus + D41 |- (12.44)
i=1

¢ Ilpumep 12.9. ExxeHEBHO 3aKa3bIBaEMBbIil CKOPOIIOPTSAIIMIACS TOBAp MOCTYIAET B Mara3ux
cnycTtd 7 JHEH mocie 3akaza. B MOMEHT ouepeIHOro 3akasa 3amac ToBapa COCTaBUI B
CTOUMOCTHOM BhIpakeHuu 10 neH. en. [Ipoganubiii TOBap B IEHb U3TOTOBJICHHUS, TPUHOCUT
npuobLUTs 0,95 neH, ef1., a He IPOJaHHBIN B 3TOT JIEHb TOBAp MOXET OBITh 3aT€M PEaIn30BaH C
yosrtkom 0,10 neH. e,
Ha ocHOBaHMM OMBITHBIX TAHHBIX MOJIYYEHO CIEAYIOIIEE paCIPECICHHE CIIPOCa Ha JaHHBIN
ToBap (tabn. 12.5). Kpome Toro, nano monojHeHHE 3amnaca 3a 6 qHei

Tabmuma 12.5

r| 0] 10| 20| 30 40| 50| 60| 70| 80| 90| 100
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p(r)| 000 | 000] 001f 002 005 008 01} 012f 014 013 0,10
r | 110 120{ 130{ 140| 150| 160| 170| 180| 190| 200| >200

p(r)| 008 [ 005 003 002 002( 00rf o0orf 001f 0O0rf 000 000

Tabmuma 12.6
i 1 2 3 4 5 6

g; [0 |0 0 jI0 0 10

HeobxomumMo ompenenuts ONTHMAIBLHBIN 00BeM 3aKa3aHHOTO TOBapa ¢ Ha CcenbMOH JEeHb

1I0CJIE 3aKas3a.
Pewenue. IlnoTHOCTh YOBITKOB U3-3a Aeduuuta ToBapa no ¢opmyne (12.24) paaa O =

0,95/(0,10 + 0,95) = 0905. VYuureBas ycnoBusi (12.32), HaiimeM 3HaueHHs] (YHKIHH
pacnpenenenus crpoca (tabdm. 12.7).

Tabmma 12.7.

s|r|F(s) |s r | F(s) ) r | F(s) N r F(s)
0 |0 (0,00 50 | 50(0,16 100 | 100 |0,86 150 150 (0,96
10 {10 {0,00 |60 | 60(0,27 110 | 100 (0,84 160 160 10,97
20 (20 (0,01 70 | 70(0,39 120 | 120 (0,89 170 170 10,98
30 |30 |0,03 80 | 30(0,53 130 | 130 (0,92 180 180 10,99
40 |40 10,08 90 | 900,76 140 | 140 (0,94 2190 | =190 |1,00

Yenosuto (12.43) ynosnersopsier S, = 120, ubo F (120) < 0,905 < F (130).

Takum 00pa3oM, ONTHMAIBHBIN 3amac ToBapa 3a 7 JHeW MojukeH ObITh Ha cymmy 120 neH.
el., OTKyJa ONTUMAaJbHBIH 0O0BbEM 3aKa3aHHOTO TOBapa Ha CEAbBMOW JE€HBb HO

(12.44) cocraBut: ¢g;=120-(10+(10+20 +10 +10 + 20 +10)) = 30 men. en. »

Cne;[yeT OTMCTHUM, 4YTO HalTH aHAJIMTHYCCKU OITHMAaJbHBIC 3HAUCHUS TOYKH 3arraca SO n

o0beMa MapTuM 1 yJoaeTcsl TOJbKO B OTHOCUTENIBHO MPOCTHIX ciydasx. Ecium ke cucrema xpa-
HEHHMS 3alacoB HMeEET CIOXHYI CTPYKTYpy (MHOTO BHJOB XpaHUMOWH MNPOAYKLHH,
uepapxuueckas CUCTEMa CKJIAJ0B), HUCIOJIb3yEMbIE CTOXACTMUECKHE MOJEIU CIOKHBI, a HX
napaMeTpbl MEHSIOTCS BO BPEMEHH, TO €JUHCTBEHHBIM CPEACTBOM aHAIM3a TaKOH CHCTEMBI
CTAaHOBUTCS UMUMAYUOHHOE MOOenuposanue, O3BOJISIONIEE UIMUTUPOBATh ("TIPOUTpHIBaTh'") Ha
OBM (yHKIMOHMpPOBAHUE CHUCTEMBI, HUCCIENYs €€ IOBEICHHUE INPHU Pa3IUYHBIX YCIOBUSX,
3HAUEHUAX NTApaMETPOB, OTpaXkas UX CIy4alHbIN XapakTep, I3MEHEHUE BO BPEMEHU U T.II.

Bonpocel 1151 caMmonpoBepKu
[IepeuncanTe OCHOBHBIE XapAKTEPUCTUKHA MOJEIICH YIIPABICHUS 3allacaMu.
JlaiiTe onpenesieHns OCHOBHBIX XapaKTEPUCTUK MOJEIIEH yIIPABIICHUS 3allaCaMHU.
3anuuuTe ypaBHEHUE 3araca.
Janummre Gopmyiy HanbosIee SKOHOMUYHOTO 00beMa IAPTUH B CTATHUECKOI IeTePMUHUPOBAHHOMN
Mozienn Oe3 neduiura.

Ll
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Jamummmte GopMyITy 3aTpat Ha CO3/JAHHE 3amaca B CTaTHYECKOH IETePMUHIPOBAHHON MofIeNH 0e3
neduimra.

Jamuimmmte GopMyIty 3aTpat Ha XpaHEHHE 3aIaca B CTATHYECKOI IETEPMUHIPOBAHHOM MojienH Oe3
neduimra.

Jamummmte GopmyIry MUHUMATTLHBIX CYMMApHBIX 3aTPaT Ha CO3aHNE ¥ XPAHEHHE 3araca B
CTaTHYECKOH IETEPMUHMPOBAHHON MozienH O3 eduiuTa.

Samummmte GopmyIry BpeMEHH pacxoia ONTUMANbHON MapTHH.

Janumure GopMyiy Hanbonee SKOHOMIIHOTO 00beMa MAPTUU B CTATHYECKOH IeTEPMUHUPOBAHHOM
MOJIEIH C Ie(QUIIUTOM.

SammmiTe hopMyITy 3aTpaT Ha CO3/IaHNE 3amaca B CTATHYECKOH IeTEPMUHIPOBAHHON MOJIENH C
neduuTOM.

SammmmiTe hopMyITy 3aTpaT Ha XpaHEHHUE 3araca B CTaTHIECKOH JeTePMUHAPOBAHHON MOJIENH C
neduuTOM.

SammmaTe hopMyIty 3aTpaT Ha mTpad 3a OTCYTCTBHE 3araca B CTATHYECKON 1eTEPMIUHUPOBAHHOM
MOJIEIH C Ie(QUIIUTOM.

Janumute GopMyTy MUHAMATBHBIX CYMMApHBIX 3aTpaT Ha CO3/[aHKe, XpaHeHNeE 3amaca U mrpad u3-3a
neduuTa 3amaca B CTaTHYECKON AeTePMUHUPOBAHHOM MOJIENH C Ae(UIIHTOM.

YT0 TaKoe MI0THOCTh YOBITKOB H3-3a HEYAOBIETBOPEHHOIO CIIPOCa.

3amummmte GopmyIy BpeMEHH MEX/y OCTaBKAMH MaPTHH.

Kak onpenenuts onTUMAabHBIN 3aMac B CTOXaCTUYECKOH MOJIEIH MPH TUCKPETHOM CITy4aiiHOM
crpoce.

Kak onpenenuts onTHMabHBINA 3a1ac B CTOXaCTUYECKOM MOJIENH TIPH HEMPEPHIBHOM CITy4aiiHOM
crpoce.

Janumute GopMyiy s CpeHero 3amaca, Korjia Crpoc He MPEeBOCXOAHT 3araca.

Samummmte GopmyIty IS CPETHEro 3amaca, KOrjia Crpoc MpeBOCXOUT 3arac.

JanumuTe GopMyTy CyMMapHBIX 3aTpaT B CTOXaCTUYECKOM MOJIENH YIIPaBJICHHUS 3anacaMH.

Kax onpenenuTh onTuManbHbIi 3amac B CTOXaCTUIECKOH MOJIENH ¢ (PUKCUPOBAHHBIM BPEMEHEM
3a/IepKKH MOCTABOK.

Kax onpenenuTs nomnonHeHue 3anaca B MOCIAEHUM NEPUO]] B CTOXaCTHUECKOM MOJIEIH C
(UKCHPOBAHHBIM BPEMEHEM 3a/IEPHKKH TTOCTABOK.
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