INPOU3BOJACTBEHHbBIE ®YHKIINN.
MOIAEJINUPOBAHUE ITPUBBIJIU ITPEAIIPUATUA

MOHATUE NPOM3BOACTBA M NMPOMN3BOOCTBEHHbIX ®YHKLIMN

MNon npon3BoACTBOM MOHMMAETCA Niobasa AeAaATeNnbHOCTb MO UCMONb30BaHUIO
MPUPOOHbLIX, MaTEPUANBHO-TEXHUYECKMUX N UHTENNEKTYarbHbIX PecypcoB Ais
MONy4YeHns Kak MatepuarnbHbIX, Tak U1 HeMmaTepuanbHbIX onar.

C pa3BuTMEM YeroBe4ecKkoro ooLLiecTBa XxapakTep Npon3BoAcTBa MeHsieTcsl. Ha paHHux
CTaansiX pa3BUTUS YenoBevyecTBa rocrnoACcTBOBaNM NpUpPoaHble, HaTypanbHbIE,
«ECTEeCTBEHHO BO3HUKLLME» 3NEMEHTbI MPOU3BOANTENBHbLIX cUn. [la n cam YenoBek B 3TO
Bpemsi B bonblueln cTtenenn Obin NpoaykToM npupoabl. Mpon3BoacTBo B 3TOT NEPUOL,
MOMy4Ynio Ha3BaHMe HaTypanbHOro.

C pasBuTHeM cpeacTB NPOM3BOACTBA HAa4YMHAOT Npeobnaaatbh «MCTOPUYECKM
co3faHHble» MaTepuarnbHO-TEXHNYECKNE SrEMEHTbI NPON3BOAUTENBHbLIX CUIT. OTO anoxa
KanuTana.



B HacTosiLLee BpeMs pellarollee 3Ha4YeHe MMEKT 3HaHUS, TEXHOSTOIMM,
NHTENNEeKTyarnbHble PeCcypCbl caMoro YernoBeka. Halwa anoxa — 310 anoxa
MHpopmMaTnUsaLnm, sanoxa rocnoacTsa Hay4YHO-TEXHUYECKNX INTIEMEHTOB
Npou3BOaAUTESNbHbIX cuil. BnageHne 3HaHUAMU, HOBbIMW TEXHONOTMAMU UMEET
peluatollee 3HadeHne ansa npon3soacTea. Bo MHOrMx pasBUTbIX CTpaHax CTaBUTCS
3agava Bceobulen nHpopmaTtusaumm obuwectsa. lNoTpsacarowmmm Temnamm
pa3BMBaETCs BCeMUpPHasi KOMMNbIOTEPHAA CeTb Internet.

TpaguuMoHHO porib 00LLEN TEOPUN NPON3BOACTBA BbIMOMHAET TEOPUS MaTepUarnbHOro
NpPON3BOACTBA, MOHMMAaeMasd Kak npoLecc npespaLleHns nponsBoLCTBEHHbIX PECYPCOB
B NPO4YKT.

OCHOBHbIMW NPON3BOACTBEHHBIMW pecypcamu aBnsTcs Tpya (L) v kanutan

(K).



Cnocobbl Npon3BoACTBA UMK CYLLIECTBYIOLWLME NMPOU3BOACTBEHHbLIE TEXHOMNOMN
onpeaensitoT, Kakon obbeM NpoayKUMK NMPOMU3BOANTCA NPU 3aJaHHbIX KONMYecTBax Tpyaa
n kanutana. MaremaTmndecku CyLLeCTBYIOLLME TEXHOMNOMMM BblipaxatTca Yyepes
NPOM3BOACTBEHHYIO dyHKUMIO. ECnin 0603HaunTL 06bEM BbiNMycKaemMon NpoayKLnm
yepes Y, TO NPOoM3BOACTBEHHYIO DYHKLIMIO MOXHO 3anucaTtb

Y=f(K, L).

OTO BblpaXXeHNe 03Ha4yaeT, YTo 06BLEM BbINycKa ABMSAETCA PYHKLUMEN KONMYeCTBa
KanuTana un konnyectsea Tpyaa. [NponssoacteeHHas PyHKLUMA ONUCbIBAET MHOXECTBO
CYLLECTBYHOLLNX B AAHHbLIN MOMEHT TeXHONormMn. Ecnu naobpetaetcs ny4was
TEXHOMNOrns, To NPU TEX Xe 3aTpaTtax Tpyaa v Kanutana obbem Bbinycka
yBenunuueaetcd. CrieqoBaTenbHO, UBMEHEHUA B TEXHOMNOIMU U3MEHSIIOT U
NPOU3BOACTBEHHYIO (PYHKLUIO.

MeTogonornyeckn Teopus npon3BoacTsa BO MHOMOM CUMMETPUYHA Teopun
noTpebneHns. OgHako ecnn B Teopumn NoTpedbneHnst OCHOBHbIE KaTeropum namepsitoTcst
Nnwb cyBbEKTUBHO UK BOOOLLIE NMOKa He noanexart U3MepPEHNI0, TO OCHOBHbIE
KaTeropum Teopmnun NpPom3BoacTBa UMET OOBbEKTUBHYIO OCHOBY U MOTYT ObiTb U3MEPEHDI
B onpeaeneHHbIX HaTypanbHbIX UM CTOUMMOCTHbLIX eauHuLax



HecmoTps Ha TO, YTO NOHATUE «NPON3BOACTBO» MOXET NPEaCcCTaBUTbLCS OYEHb LLUMPOKNM,
HEeYEeTKO BblpaXeHHbIM 1 JaXe pacnibliB4aTbiM, MOCKOSIbKY B peanbHOM XXU3HWU Nnoj
«NPON3BOACTBOM» MOHUMAETCS U NMpeanpusaTne, N CTpomka, U CernbCKOX03sAINCTBEHHAs
depma, 1 TpaHCNOPTHOE NpeanpuaTUe, U O4YEHb KpynHasa opraHn3auust Tuna otTpacnm
HapOaHOro X03sMCTBa, TEM HE MEHEE SKOHOMUKO-MaTeMaTn4eckoe MoaenmpoBaHmne
BblOENSET HeYTO obLlee, npucyLlee BCEM 3TUM ODbLEKTaM.

OTM 00LLKMM SBRSIETCA npoLecc npeodbpasoBaHnsa NEPBUYHbBIX PECYPCOB
(NMpon3BOACTBEHHLIX (DAaKTOPOB) B KOHEYHbIE pe3yrnbraTkl Npouecca. [103ToOMy OCHOBHbIM
NCXOOHLIM MOHATUEM B ONUCAHNN 3KOHOMUYECKOIO ObbeKTa CTaHOBUTCA
«TEXHONOrM4yecknmn crnocob», KOTopbIN NpeacTaBnseTcsl 06bIYHO Kak BEKTOP v 3aTpaTt—
BbINycKa, BKOYaoLWmMn B cedbs nepevmcneHne oobLemMoB 3aTpadnBaeMbliX peCypcoB
(BEKTOP X) U CBEAEHUNS O pesyrnbTartax Ux npeobpasoBaHMAa B KOHEYHbIE MPOAYKTbI NN
apyrue xapaktepuctmkmn (Npmnbblsib, peHTabenbHOCTb U T.M.) (BEKTOP Y):

v=(x; y).



Pa3mepHOCTb BEKTOPOB X Y TaKXKe CNocobbl X N3MepeHUs (B HaTyparibHbIX UK
CTOMMOCTHbIX e4MHULIaX) CYLLEeCTBEHHO 3aBUCAT OT n3yyaemMomn npobnemsbl, OT ypOBHEWN,
Ha KOTOPbIX CTaBATCA Te€ UIN UHble 3a4a4n SKOHOMMYECKOrO NSIaHNPOBaAHUS U
yrnpaBrieHus.

COBOKYMNHOCTb BEKTOPOB — TEXHONOMMYECKNX crnocobos, KOTOpbLIE MOTyT
CNY>XUTb ONUCaHMEM (C 4ONYCTMMON TOYKN 3pPEHUS nccrenoBartens TOYHOCTLHO)
NPOU3BOACTBEHHOIO NpoLecca, peanbHO OCYLLEeCTBUMOro Ha HEKOTOPOM ObbekTe,
Ha3blBaeTCA TEXHOSTOMMYECKMM MHOXECTBOM V AaHHOro oobekra.

[ns onpegeneHHOCTU Mbl Byaem nonaratb, YTO pa3MepHOCTb BEKTOpa 3aTpar
X paBHa N. a BekTopa BbIinycka y — COOTBETCTBEHHO M.



Takum obpasom, TeXHOorn4eckn crnocob v aBnsieTcs Bektopom pasmepHoctn (M+N), a
TEXHOSTIOrMYEeCcKOe MHOXECTBO

VCRFJ’N.

Cpeaun Bcex TEXHOMNOrm4ecknx cnocobos, ocyLecTBUMbIX Ha 0O0beKTe, 0coboe MecTo
3aHMMalOT cnocobbl, KOTOPLIE BbIFOAHO OTIMYAOTCA OT BCEX MPOYMX TEM, YTO OHU
TpebyoT NMB0 MEHbLUNX 3aTpaT NPy 0gMHAKOBOM BbINycKe, MO0 COOTBETCTBYHOT
6onbLUueMy BbiMyCKy NpU OAUHAKOBbLIX 3aTpaTtax. Te U3 HUX, KOTopble 3aHUMaloT B
onpeaeneHHoOM CMbIce NpedenbHOe MNoSIoXXeHne B MHOXecCTBe V, npeacrtaBnsaioT
0COObLIN NHTEPEC, MOCKOSTbKY OHU SAABNSAOTCA ONUCaHUEM AOMYCTUMOro U npeaesribHo
BbIFOAHOMO peanbHOro NPon3BoACTBEHHOMO Npouecca.



Craxem, srosextop (1) _ (1), (1))

v Z (.,

npeanoyvTunTeribHee, 4emM BEKTOP

c 0bo3Ha4eHem v(]) - v(z),

€CJIln BbINMOJTHAKOTCA creayroLine ycrioBus:

D y®M2y@ G=1,..., M);

]

2) xW <X G=1,...,N)



n npm 3Tom nmeet MecTo MNno KpaVIHeVI Mepe O04HO U3 OBYX:

(1) (2).

a) cywwecTayet Takoi Homep {0, UTO y > y

- 1 2
) CYLLECTBYET TAKOW HOMEP J@, 1TO If,-o) < 'xffo)'



—

TexHonornyeckun cnocod V  HasbiBaeTcst aEKTUBHBIM, €CNN OH NPUHAANEXNT
TEeXHOMorn4yeckomy MHoxxectsy V 1 He cyllecTByeT apyroro Bektopa y e V ,

KOTOPbIN Bblf Bbl MPEANOYTUTENLHEE v

[MpuBegeHHOE onpeaeneHne o3Ha4yaeT, YTo 9P MEKTUBHBIMU CHUTAKOTCA TE€ CNOCOoOHI,
KOTOpble HE MOrYyT BbITb YIy4dLlEHbI HX MO OAHOM 3aTPaTHOW KOMIMOHEHTE, HU MO O4HOM
No3nuumn BbiNnyckaeMoun npoaykummn, 6e3 Toro 4tTobbl He nepecTtaTb ObITb AOMYCTUMbBIMU



MHOXXeCTBO BCeX TeXHONorndeckn adpdekTnBHbIX cnocoboB 06o3Haunm yepes V*. OHo
SIBNSI€TCA NOAMHOXECTBOM TEXHONOMMYECKOro MHoOXecTBa V nnm coBnagaeTt C HUM.

[1o cywecTBy 3agada niaHMpoBaHNA XO3ANCTBEHHOW OEATENbHOCTH
NPOM3BOACTBEHHOIO 06beKTa MOXET ObITb MHTEPNPETUPOBAHA KaK 3agadva Bbibopa
9P dPEKTMBHOIO TEXHOSOrMYECKOro cnocoba, Hanny4vwmnm obpasomMm COOTBETCTBYHOLLENO
HEKOTOPbIM BHELLHUM YCINOBUSAM.

[Mpun pewweHnn Takon 3aga4vm Bblbopa 4OCTAaTOYHO CYLECTBEHHbLIM
OKasblBaeTcHa npeacraBrieHne 0 CaMOM XapakTepe TEXHONOrm4yeckoro MHoxectea V, a
Takxe ero adoekTnBHoOro nogMHoxectea V*



B page cnyyaeB okasbiBaeTCA BO3MOXHLIM JOMNYCTUTb B paMKax PUKCMPOBAHHOIO
NpPOn3BOACTBA BO3MOXXHOCTL B3aMMO3aMEHSEMOCTU HEKOTOPLIX PEeCcypcoB (pasnunyHbIX
BNOOB TONNMBA, MaLlUMH 1 paboTHUKOB K T.M.). [1pn aTOM MaremaTU4eCKNN aHanNn3
Noao6HbIX NPOM3BOACTB OCHOBbLIBAETCA HA NPEAMNOCHLINKE O KOHTUHYarbHOM XapaKkTepe
MHOXecCTBa V, a crnefoBaTtesfibHO, Ha NpUHUMNUaribHOM BO3MOXHOCTU NMpeacTaBeHuns
BapnaHTOB B3aMMHOW 3aMeHbI MNPy NOMOLLN HENPepPbIBHbLIX U AaXe
ondppepeHumpyemblX QYHKLMW, onpeaeneHHbixX Ha V. YKaszaHHbIN noaxon nony4dun cesoe
HanbonblUuee pa3BuTue B TEOPUN NPON3BOACTBEHHbBIX OYHKLINNA.



C nomoLbo NOHATUA 9PFPEKTUBHOIO TEXHONOINMYECKOro MHOXECTBA NMPON3BOLACTBEHHYHO
dyHkuuto (MP) MoXXHO onpenennTb Kak oTobpakeHne
y=Jfx),

me v=(x;y) eV*

YkasaHHoe oTobpaxeHune, BoobLe roBopsi, ABASETCS MHOrO3Ha4YHbIM, T.€. MHOXECTBO

f(x)

coaepXUT bonee Yem oaHy ToYKy. OgHaKo ANs MHOMMX peanucTUYHbIX CUTyaLui
NPOVN3BOACTBEHHbIE DYHKLIMN OKa3blBaOTCS OAHO3HAYHLIMWN U Aa)e, Kak CKa3aHo BbILLIE,

anddepeHUMpyeMbIMA.

B Hanbonee npocTom crnyyae npon3BOACTBEeHHast PYHKUNSA ecTb ckanspHas dyHkumnsa N
apryMeHTOB:

y=J X, ..., XN)-



34ecb BENUYMHA Y MMEET, Kak NPaBuUno, CTOMMOCTHBIN XapaKkTep, Bbipaxas o0bem
NMPON3BOANMON NPOAYKLMN B AEHEXKHOM BbIPaXXEHUN.

B kayecTBe apryMeHTOB BbICTYNarT 00beMbI 3aTpaYymBaeMbiX PECYPCOB MNpwu
peanunsauum CooTBETCTBYOLLErO 3dEKTUBHOIO TEXHOMOIMYECKOro crocoba.

Takum obpasom, NpMBegeHHOE COOTHOLLIEHME ONMUCHLIBAET rPaHNLYy TEXHONOMMYECKOro
MHOXecTBa V, MOCKOMbKY Npu JaHHOM BEKTOope 3aTpar
(Xl, seey xN)

NPON3BOAMTb NPOAYKUNK, B KOonNndecTBe 6osbLlemM, YeM Y, HEBO3MOXHO, a NMPOn3BOACTBO
NPOOYKUMKN B KOFIMYECTBE MEHbLUEM, YEM YKa3aHHOE, COOTBETCTBYET HEIEKTUBHOMY
TEXHOSTOrMYEeCKoMy Crocoby.

BoipaxkeHne ans npon3soaCcTBEHHOU PYHKLNM OKa3biBaEeTCA BO3MOXHbLIM MCNOMNbL30BaTh
Onsi OLEHKN 3(PAEKTUBHOCTU MPUHATOrO Ha AaHHOM MPeanpuaTUn MeToae
X0351MCTBOBaHMA. B camoMm gene, ans sagaHHoro Habopa pecypcoB MOXXHO onpeaenuTb
doakTUYEeCKNIM BbIMYCK NPOAYKLUN N CPaBHUTb €ro ¢ paccynMTaHHbIM No
npounsBoacTBEHHOU PYyHKUMK. [TonydeHHasa pasHuua gaeT nonesHbln matepuan ans
OLUEHKN 3 PEKTUBHOCTMN B aBCONOTHOM N OTHOCUTESTBHOM N3MEPEHNM.



[Mpon3BoaCTBEHHAA OYHKUMSA nNpeacTaBnsieT cobon odeHb NonesHbIn annapar niaHoBbIX
pacyeToB, U NO3TOMY B HACTOsILLLEE BPEMS pPa3BUT CTaTUCTUYECKNM NOAXOA K
NOCTPOEHUIO MPOU3BOACTBEHHbLIX PYHKLMN ONSt KOHKPETHbBIX XO3SMCTBEHHbIX €0MHUL,.
[Mpn 3TOM OBLIYHO UCMONBL3YETCS HEKOTOPLIN CTaHAAPTHLIM Habop anrebpanyeckmnx
Bblpa)XeHUIN, NapaMeTpbl KOTOPbIX HAXOAATCS NPWU NOMOLLM METOA0B MaTeEMaTUYECKOU
CTaTUCTMKKU. Takon noaxon o3Ha4YaeT B CYLLHOCTU OLEHKY NpOn3BOACTBEHHOU PYHKLUMN
Ha OCHOBE HESIBHOIO NPeanosioXeHUs 0 TOM, YTO Habnogaemble NPON3BOACTBEHHbIE
npouecchl ABnsATCa adpdeKkTUBHbIMKU. Cpean pazHOObpasHbIX TUMOB
NPOM3BOLACTBEHHbLIX (PYHKUUIN Hanbonee 4acto NPUMEHAITCS NUHENHble OYHKUUM BUAA

N
y =agy + Zlajxj,
J:

MOCKOJIbKY AOJ14 HUX JNNerko pewaeTcd 3agada oueHnBaHUA KOSCbeI/ILI,I/IGHTOB no
CTatTncCtn4eCKuM gaHHbIM, a TaKXe CTelrNneHHbIe beHKLI,I/II/I N
aj
Y =4y [1x jos

j=1

O KOTOPbIX 3aga4ya HaxoXAeHUs1 napaMeTpoB CBOAUTCA K OLLEHMBAHMUIO NTMHENHOWN
doopmMbl NyTEM Mepexoaa K riorapudpmam.



B npeononoxeHun o gudpdepeHumnpyemoe nponsBoacTBEHHON PYHKLMN B KaXKOom
TOYKE MHOXeCTBa X BO3MOXHbIX KOMOMHaLWUIM 3aTpavymMBaeMbIX PeCypCcoB Nores3Ho
PacCMOTPETb HEKOTOPbIE CBA3aHHbIE C [1P BENMUYMHDI.

e -
YacTHOCTU, AnddepeHLmarn dy = Z_dx

j=10X;

J

npeacTaBnsieT cobon N3MeHEHNe CTOMMOCTM BbIMyCKaeMon npoaykummn npu nepexone ot
3aTpaT Habopa pecypcoB —
X = (X], cory XN)

kHabopy X + dx = (x] + dxl, cery XN + de)

MNPU YCITOBUMN COXPAHEHWMA CBOVCTBA 39PEKTUBHOCTU

COOTBETCTBYHOLLNX TEXHQJ'IOFI/I‘—IECKI/IX QI_IOCOBOB. af

TOIrgA BEJIMHNHY HACTHOU MNMPON3BOOHOU qj = -
axj

MOXXHO TPaKTOBaTb Kak npeaensHyto (anddepeHumanbHyo) pecypcootgady unu,
MHbIMW CcrioBaMun, KOO MUUKMEHT npeaenbHON NMPOoaYKTUBHOCTMU, KOTOPbIN NOKa3bIBaET,
Ha CKOJIbKO YBESIMYUTCS BbIMYCK MPOAYKUUN B CBA3U C YBENMYEHMEM 3aTpaT pecypca C
HOMEPOM | Ha «Marnyr» eauHuy.



BennunHa npegenbHOM NpoayKTUBHOCTM pecypca AOonyCcKaeT NCTONKOBaHNE Kak
BEPXHUI Npeaen LueHbl KOTOPY NMPOU3BOACTBEHHbLIM OOBLEKT MOXET YNNaTuTh 3a
OOMOMNHUTENBHYO eANHULY J-TOro pecypca ¢ TeM, YToObl HE OKa3aTbCs B YObITKax nocrne
ee NpMobpeTeHnsa 1 UCMONb30BaHUS.

B camom gene, oxxngaembln NPUPOCT NPOAYKLMN B 3TOM CrydYae COCTaBUT

Ajf =4,

n, criegoBartesibHO, COOTHOLUEHUNE

NO3BOMNUT MOSYYNTb AOMNOSTHUTENBHYIO NPUOLISb.

B KopoTkoM nepuoae, Korga ogmMH pecypc paccMaTpmBaeTCd Kak NMOCTOAHHbIN, a Apyrou
KakK nepemMeHHbIN, DOMbLUIMHCTBO NPOM3BOACTBEHHbIX (PyHKUMI 0BnagatoT CBOMCTBOM
ybbiBatloLWEro npeaensHoro npoaykTa. lNpegenbHbIM NpoayKTOM NEPEMEHHOIO pecypca
Ha3bIBalOT NPUPOCT 0OLIEro NPOAYKTa B CBSA3W C YBENUYEHNEM NPUMEHEHNS AAHHOIO
NnepeMeHHOro pecypca Ha eguHuLy.



[MpegenbHbI NPOAYKT TpyAa MOXHO 3anucaTtb Kak pa3HOCTb

MPL=F(K,L+1)-F(K, L),

rae MPL — npenencHbIM NPOAYKT Tpyaa.
[MpegenbHbIN NPOAYKT KanuTana MOXHO TakKe 3anucartb Kak pasHOCTb

MPK=F(K+ 1, L)- F(K, L),
roe MPK — npegenbHbIn NPoayKT Kanutana.
XapakTepuCcTUKOW NPOM3BOACTBEHHOIO OObEKTA ABMSAETCA Takke BefIMYMHa cpeaHen

pecypcooTaayun (NMpoayKTUBHOCTM NPOU3BOACTBEHHOMO hakTopa)

NMEIOLLIEr0 HACHbIN 3KOHOMWYECKUA CMBbICIT KONMM4ecTBa BblﬂyCKaeMOﬁ npoaykuunn B
pacyeTe Ha eanHNnLy NCnorib3yemMoro pecypca (I'IpOI/I3BOLI,CTBeHHOFO cbaKTopa).



BennuuHa, obpaTtHas K pecypcooTtaade d: = —

0ObIYHO Ha3bIBAETCH PECYPCOEMKOCTBIO, MOCKOIbKY OHA BblpaXXaeT KONMN4YeCcTBO
pecypca Yy, HeobxoamMmoe Ans NPoM3BOACTBA OJHOW €ANHULbI NPOAYKLINN B
CTOMMOCTHOM BbIpaXXeHuMW.

Becbma ynotpebutenbHbl M NOHATHLI TakKMe TEPMUHBI, Kak POHOA0EMKOCTD,
MaTepuanoemMKoCTb, 3HEProeMKOCTb, TPYAOEMKOCTb, POCT KOTOPbIX ODbIYHO CBA3bIBAIOT
C yXyALUeHMEM COCTOSHUS 3KOHOMUKMN, @ NX CHUXKEHUE paccMaTpuBaeTCs Kak
BraronpuATHbIN pesynbrar.

YacTtHoe oT genenna gudpdepeHumanbHOU NPOAYKTUBHOCTU Ha CPELHIOH

4a; _Xj of Olny

E; =
m; y 0x; O0dlnx;

Ha3blBaeTCs KOIMUUNEHTOM 3NACTUYHOCTM NPOAYKLUUM NO NPON3BOACTBEHHOMY
dakTopy Yy 1 Aa€eT BblpaXXeHNe OTHOCUTESbHOIO NpUpocTa nNpoaykummn (B npoLeHTax) npu
OTHOCUTENBLHOM NpupocTe 3aTpaT dakTopa Ha 1%.



Ecnu E;<0, To nponcxoaut abconoTHoe CHKEHME BbiMnycka NpoAyKUMM Npy yBenuyeHnm
noTpebneHnsa akTopa j Takasa cuTyauusi MOXXeT UMETb MECTO MPU UCMOIb30BaHUK
TEXHONOIMYECKN HEMOAXOAALMX NPOAYKTOB UM PEXMMOB.

Hanpumep, nanuwiHee notpebneHve Tonnuea NnpuBeAeT K U3NULLHEMY MOBbILLEHWNIO
Temneparypbl 1 Heobxoaumas onsa NPon3BOACTBA NPOAYKTa XMMUYECcKasa peakuust He
nonger.

Ecnu 0< E< 1, To Kaxxgasa nocneaytowiast AONOSHUTENbHAsA eAnHILa 3aTpaYmBaemMoro
pecypca Bbi3blBAET MEHbLUNIN AOMNONHUTENbHbBIN NPUPOCT NPOAYKLUMK, YeM NMpeablayLlas.

Ecnu E; > 1, To BENMYMHA NpUpoCTHOM (AnddepeHUmanbHON) NpoaYyKTUBHOCTY
NPEeBOCXOAUT CPEeaHI0 MPOaYKTUBHOCTD.

Takum obpasom, OononHUTENbLHAA eanHMnLa pecypca YyBENMYNBaAET HE TONbKO O0bEM
BbIMyCKaeMOW NPOAYKLMN, HO U CPESHIO XapaKTEPUCTUKY pecypcooTaadn. Tak npouecc
NoBbIlEeHNA POHO00TAAYM NPONCXOAMNT, KOrda BBOAATCA B 4ENCTBME BECbMaA
NporpeccmBHble, 3PMEKTUBHBLIE MaLUMHbI U Npubopbl. Ansa NMHENHON
NPOV3BOACTBEHHOW (PYHKLIMM KOSPAPULMEHT & YNCNEHHO PaBEH BENUYMHE
anpdepeHumnanbHou NPoAYKTUBHOCTHU J-TOro doaktopa, a Ans cteneHHom yHKUMn
nokasaTenb CTEMNeHn a; UMEEeT CMbICH KO3(PULMEHTA 3NACTUYHOCTU MO |-TOMY pecypcy.



N3okBaHTa n ee Tunbl

[Mpn mogennpoBaHnM NOTPEOUTENBLCKOro Cnpoca OAVH N TOT Xe YPOBEHb MNONEe3HOCTH
pasnnyHbIX KOMBUHaUMK NOTpPedUTENbCKNX Bnar rpadpuyeckn otobpa)kaetcsi C MOMOLLbIO
KpuBomn 6e3pasnnuusi.

B aKOHOMMKO-MaTeMaTU4YeCcKnx Mogesnsx Npon3BoACTBa Kaxaasli TEXHOMNOrmg
rpadonyeckmn MOXeT ObITb NpeacTaBneHa TOYKOW, KOOPANHATLI KOTOPOKM OTpaXKaroT
MUHUManbHO Heobxoanmeble 3aTpaTbl pecypcoB K v L Anga npomssoacTsa 4aHHOMo
obbema Bblnycka.

MHOXEeCTBO Takux TOYEK 0OpasytoT SIMHUIO PAaBHOIO BbINyCcKa, UM N30KBAHTY. Taknm
obpasom, nponsBoacTBeHHas1 PyHKUUS rpaduyeckn NnpeacTaBnsieTcss CEMENCTBOM
N30KBaAHT. Yem ganblie OT Hadana KoopauHaTt pacnonoXxeHa N3oKkBaHTa, TeM 0OMbLLINK
o6beM NPoOnN3BOACTBA OHA OTPaXKaer.



B otnuune ot KpnBowm 6e3pasnuuus, kKaxxaas M3oKBaHTa XapakTepuayeT KONMYecTBEHHO

onpeneneHHbI 06bem Bbinycka.
Ha puc. npeaocrtaBneHo Tpy M30KBaHTbI, COOTBETCTBYHOLME 06bemMy NPOn3BOACTBA B

200, 300 1 400 eguHUL NpoayKUNW.

K
Ki}
400
Kyt
300
200
L




MoxHo ckasatb, 4To Ansa Bbinycka 300 egmHuy npogykummn Heobxoanmo K, eamHuy
kanuTtana n L, eanHuy tpyga unu K, eanHuy kanutana v L, eguHny, Tpyaa,

nnn ndasa gpyraga ux KOMoGMHaumMa U3 Toro MHOXeCTBa, KOTOpPOe NpeacTaBneHo
n3oksaHTon Y, = 300.

B obwiem cnyvyae B MHOXecCTBe X OONYCTUMbIX HAOOPOB NMPOn3BOACTBEHHLIX (0AKTOPOB
Bblaensetca nogMHoxectBo X, HASbIBAEMOE n3okBaHTOM NpoOn3BOACTBEHHOM
(YHKLIMK, KOTOPOE XapakTepusyeTcs TeM, YTO NS BCAKOTO BEKTOPA  y e Xc

cnpaBeanMBO PaBeHCTBO

f(x) =c.



Takum obpasom, ans Bcex HabopoB pecypcoB, COOTBETCTBYHOLLMX U30KBAHTE,
OKa3blBalOTCA paBHbIMU 0OBLEMbI BbINyCKaeMou NPOAYKUMUN.

[1o cywiecTBY n3okBaHTa NpeacTaBrnisieT cobon onncaHme BO3MOXXHOCTU B3aUMHOWN
3aMeHbl (hakTOpPOB B NpoLuecce Npon3BoAcTBa NpoayKunm, obecnevmsatroLLen
HEN3MEHHbIN 06beM Npon3BoacTBa. B cBA3M ¢ 3TUM OKa3blBae€TCsl BO3MOXXHbIM
onpenennTb KO3 MUUUEHT B3aMMHON 3aMeHbl PECYPCOB, NCMNOMb3y4
anpdepeHunanbHoe CoOOTHOLWEHWE BAOMNb N0O60N N30KBAHTI

OTctoga Ko DOULNEHT 3KBMBANEHTHOW 3aMeHbI Napbl akTOpPoB | U K paBeH:

yoo= Bk o [ _94i
Tk dx; ox;[ oxp gy



[Tofly4eHHOEe COOTHOLLEHME MOKa3bIBaET, YTO, €Cl NPON3BOACTBEHHbIE PECYPChbI
3amMeLLarTCcs B OTHOLLIEHUN, paBHOM OTHOLLUEHWIO MPUPOCTHbLIX NPOAYKTUBHOCTEWU, TO
KOSINYeCTBO NMPOonU3BOANMON MPOoaYyKUUM OCTaeTCca HEU3MEHHbIM. Hy>KHO ckasaTb, YTO
3HaHWEe NPON3BOACTBEHHOW (PYHKLMN MO3BOSISIET OXapakTepmn3oBaTb MaclUTaobl
BO3MOXHOCTW OCYLLECTBUTL B3aUMHYO 3aMeHY pecypcoB B 3(PJEKTUBHbIX
TEXHoNorn4yecknx cnocobax. [ns 4OCTUXKEHUSA 3TOW LENU CNYXNUT KOIMPAULUMEHT
31aCTUYHOCTM 3aMEeHbI PeCypPCOoB MO NPOAYKUNU

-

din | =L

Xk
Ujk = - N
dIn 4

qk

KOTOPbIN BbIMUCNSAETCHA BAOSb M30KBAHTbLI NP HEUM3MEHHOM YPOBHE 3aTpaT Npo4mx
NPOVN3BOACTBEHHbIX (PaKTOPOB.



BenuuuHa o, npefcTaBnsieT coboi XxapakTepUCTUKY OTHOCUTENBHOMO M3MEHEHNS]
KOado(puLUMeHTa B3aMMHOMN 3aMeHbl PECYPCOB NPU U3MEHEHUN COOTHOLLEHNS MeXay
HUMWN.

Ecnun oTHOLLeHMe B3aMMO3aMeHsIEMbIX PECYPCOB U3MEHUTCSH Ha o) NPOLIEHTOB, TO
KO3 PULINEHT B3aVMHOW 3aMeHbI Y;, UBMEHUTCS Ha OAMH MPOLIEHT.

B cnyyae nuHenHon npon3BoaCcTBEHHOW (PYHKLUNM KO3 PULMEHT B3aMMHON 3aMeHbI
OCTa€eTCsl HEM3MEHHbBIM NPU NTFOOOM COOTHOLLEHNN NCMOSb3YEMbIX PECYPCOB U MO3TOMY
MOXHO CUMTaTb, YTO NACTUYHOCTb G = 0.

CoOoTBETCTBEHHO DOOnbLUME 3HAYEHUS Gy CBUOETENBCTBYHOT O TOM, YTO BO3MOXHA
bonbwas ceoboaa B 3aMeHe NMpon3BoACTBEHHbLIX DaKTOPOB BAOSb N30KBAHTLI N NpU
9TOM OCHOBHbIE XapaKTEPUCTUKN NMPON3BOACTBEHHON (PYHKLMKN (MPOAYKTUBHOCTHN,
KoadhdbnumMeHT B3anmo3aMeHbl) ByayT MeHATbCS 04eHb cnabo



[na cTteneHHbIX NPon3BOACTBEHHLIX (OYHKUUI ANns nobon napbl B3anMo3aMeHAEMbIX
pecypcoB cripaBeafiMBo paBeHCTBO G, =1.

B npakTtuke nporHosmpoBaHna 1 npeansiaHoBbIX pacyeToB YacTO NCMNOMb3YHTCS
doyHKLMN NOCTOSAHHOW 3nacTu4HocTu 3ameHbl (CES), nmetowne sna:

p

p e
e——

N a
— " -—u
y = ay *§1ajxj :
j:

b= —

[na Takon yHKUUM KOIPPUUNEHT 3N1aCTUYHOCTM 3aMEHbI peCcypcoB

1

o= ———oH
l + o

N HE MEHSIETCH B 3aBMCUMOCTM OT 06beMa 1 OTHOLLEHUS 3aTpavmBaeMbix pecypcoB. Mpu
MarsibiX 3Ha4YeHUAX G, PECYPCbl MOTYT 3aMEHATb APYr ApYra NLb B HE3HAYUTENbHbIX
pasmepax, a B npegere npu c; = 0 OHM TepAloT CBOMCTBO B3aMMO3aMEHAEMOCTM 1
BbICTYMNaOT B NPOLIECCE NMPOM3BOACTBA NULLb B MOCTOSAHHOM OTHOLLUEHWUN, T.€. ABNSOTCS
B3aMMOOMNONMHSAOLLNMM.



[TpmepomM Npon3BoACTBEHHOU PYHKLINMK, ONUCLIBaOLLIEN NPON3BOACTBO B YCITOBUAX
NCMNONb30BaHMNA B3aUMOAOMOSTHAOWMX pecypcoB, ABNAETCA PYHKUNSA «BblNyCcKka—
3arpaT», KoTopasa MMeeT Bua

y=min a;x;; (j=1..,N),

rae a; — NOCTOSIHHbBIN KO3(PULIMEHT PECYPCOOTAAYM |-TOFO NPOU3BOACTBEHHOIO
doakTopa. HeTpyaHo BUAETL, YTO NPON3BOACTBEHHAA (PYHKLMA TAKOro Tmna onpeaenser
BbIMYCK MO «y3KOMY MECTY» Ha MHOXEeCTBE MUCMOSib3yeMbIX NPON3BOLACTBEHHbIX
doakTopoB. PasnuyHbie criyyam nosegeHns N30KBAHT NPOU3BOACTBEHHbIX OYHKUMA AN
Pa3nnUYHbIX 3HAa4YEeHNN KO3PPULMEHTOB 3M1ACTUHHOCTN 3aMeHbl NpeaCcTaBlieHbl Ha
rpacpuke X3

X

Pa3nnyHbIe Cnyyau NnoBeaceHUs
H30KBaHT



[MpeacraBneHne apdPEKTUBHONO TEXHONOMMYECKOro MHOXXECTBA C MOMOLLILIO CKansipHou
NpPOn3BOACTBEHHOU DYHKL MM OKa3biBAETCA HEQOCTATOYHbLIM B TEX Crly4vasix, Korga
Henb3a 060UTUCH EANHCTBEHHbBIM MOKa3aTenem, onucbiBaloLWNM pe3yrnbTaTthl
OesATeNnbHOCTN NPON3BOACTBEHHOIO 00bEKTa, HO HEODXOAMMO MUCMONL30BaTh HECKOMBLKO
(M) BbIXxoaOHbIX NOKazaTtenen. B aTnx ycroBmax MOXHO MUCMNOSIb30BaTb BEKTOPHYIO
NPOU3BOLACTBEHHYIO (PYHKLNIO



BaxxHoe noHaTue npenenbHon (anddepeHumanbHOn) NpoayKTUBHOCTN BBOAUTCS
COOTHOLLEHNEM
_ 9

6x_,-

AHanornyHoe ob6o0LeHne gonyckatoT BCe OCTasbHble rMaBHble XapaKTeEPUCTUKM
ckanspHbix MP.

[MopobHo KPBbIM 6e3pa3n|/|q|/|$| M3OKBAHTbI TakKXXe noapa3faendroTcAa Ha pa3iinyHbie
TUMDBI.

g Gi=1,...,M;j=1,..., N).

78



[na nuHenHoOM Npon3BoACTBEHHON OYHKUMN BUOaA

Y=A+bK + b L,

roe Y — obbem npounssoacTea; A, bl, b2— napametpsl; K, L — 3aTtpartbl Kanutana u
TpyAda, 1 NOSIHOM 3aMeLLEHUM OQHOro pecypca APYrMM N3okBaHTa byoet umeTtb
NMUHENHYIO dhopmy .

K

»L

H30KkBaHTBI
JUHEeHHOoro Tiuna




[1na cteneHHOM NPon3BOACTBEHHON OYHKLMN
Y = AK® [P

N3OKBAHTDbI 6y,El,yT MMETb BN KPUBbIX

> I

HN30kBaHTBl CTe-
NEHHONW NPOU3BOACTBEHHOM

GbyHKUHH




Ecnu n3okBaHTa oTpaxaet Jinwb OguH TEXHONOrM4yecknim cnocood npon3BoacCTBa

AaHHOro NpoAaykTa, TO Tpya U Kanntarl KOM6I/IHI/IpyI-OTCFI B eJUMHCTBEHHO BO3MOXHOM
coyeTaHunm .

KA

» I

H30kBaHTEI 11IpH
XKECTKOHM NONONHAEMOCTH

pecypcoB

Takne N30KBaHTbl MHOIAA Ha3bIBAOT M30KBAHTAMUM NTEOHTLEBCKOIO TUna — rno UMeHU
amMepukaHckoro akoHomucta B. B. JleoHTbeBa, KOTOPbLIW MOSIOXUIT TAKOW TUM U30KBAHTbI

B OCHOBY pa3paboTaHHOro MM metoga input-——output (3aTpaTbl—
BbIMYCK).



JlomaHaga nsokBaHTa npegnonaraeT HanMynMe orpaHNYeHHOro KonmnyecTtea TexHonorum P.
N3okBaHTbI NOAOGHOM KOHUIypaummn UCrNonb3yTCA B NIMHEMHOM NPorpamMmMmMpoBaHnm
ana o60CHOBaHUS TeOpUKM ONTUMArIbHOIoO pacnpenerieHnst pecypcoB. JIomaHble
N30KBaHTbl Hanbonee peannucTUYHO NPeaCTaBNSAT TEXHONOMMYECKME BO3MOXHOCTU
MHOIMMX NPOU3BOACTBEHHbIX 06beKkTOB. OgHaKO B 9KOHOMMUYECKOWN TEOPUN TPaANLIMOHHO
NCNOSb3YHOT rMaBHbLIM 06pPa3oM KpMBbIE N30KBAHTLI, KOTOPbIE MONYy4arTCs N3 NOMaHbIX
Npu yBENUYEHNN YUCIia TEXHOSOMMN N YBENUYEHNN COOTBETCTBEHHO TOYEK M3Noma.

JIoOMaHBIe U30KBAHTHI



OnTumanbHasi KOMOUHaLMA pecypcoB

icnonb3oBaHWe annapara Npou3BOACTBEHHbIX OYHKLNW OJAEeT BO3MOXHOCTbL peLleHUs
3agaym ob onTMMarnbHOM UCNONb30BaHUM CPEACTB, NpeAHa3Ha4YeHHbIX OSS
NpruobpeTeHNa NPON3BOACTBEHHbBIX (DAaKTOPOB.



[1peanonoXum, 4To pakTopbl (xl y eeey xN)
MOryT ObITb 3aKynneHbl Mo LeHaMm (Pl: cees PN):
a 06beM nmerLwmnxca cpeacTs Anga npuobpeteHnsa coctaenset b ($).

Torga cooTHOLLEHME, ONUChIBAOLLIEE MHOXECTBO A0MYCTUMbIX HAOOPOB (haKTOPOB,
UMeeT BUA

N
ijxj < b.
J=1

[paHUYHasa NMHUA 3TOr0 MHOXECTBA, COOTBETCTBYIOLLAS MONTHOMY UCMOMNb30BaHUIO
NMeEIOLLMXCS CpeacTs, T.e.

N
2.pjxj =b,
j=]

Ha3blBAETCHA N30KOCTOW, NMOCKOSNbKY el oTBeYatoT Habopbl, UMetoLLIMe OANHAKOBYHO
ctoumocTb b. 3agaya 06 onTMManbHOM UCMNOMb30BaHUN CpeacTB hOPMYNMPYeTCs Tak:
TpebyeTcsa HanTK Habop akToOPOB, KOTOPLIN AaeT HaMOONbLUNIA BbIMYCK NPOAYKLUM NPU
orpaHM4YeHHbIX PUHAHCOBbLIX cpeacTBax b.



Takum obpasom, TpebyeTcs HaUTU pelleHne 3agadun:

4 =f(x]1---g xN) — max
N

Zijj =b

j=]

x;j20 (j=1,...,N).

-UCKOMOE PELLEHNE HAXOOUTCA U3 CUCTEMbl YPABHEHUW:

of .
= Ap; =1,....,N
ox p;i (U )

N
Y. pjx; = b,
kj'—'I

roe A — MHoXuTenb JlarpaHxa.




B yactHocTK, ecnn ynucno gpaktopos N=2, 3agada gonyckaeT HarnsgHyro
reOMEeTPUYECKYI0 MHTEPMPETALINIO .

X2

OnTuManpHass KOMOUHALIMA
pecypcoB

30ecb oTpe3ok AB ecTb n3okocTa, kpmBas K — 1M30kBaHTa, KacarLlasacs N30KOCThI B
Touke D koTopasi U COOTBETCTBYET ONTUManNbLHOMY Habopy hakTopoB -
( X1, X2 )



[Tonie3Ho npmBecCTn MosiHoe peLleHne NocTaBieHHOW 3a4aym AN crydas aAByx oakTopos,
T.e. N=2.

[ycTb X, = K— kanutan (ocHOBHbIe poHAbI),
X, = b — tpya (paboyas cuna);

NPon3BoACTBEHHAas DYHKLNS
y = f(K, L) - max;
yCIoBMe OrpaHN4YeHHOCTN pecypca rK + WL = Q,

rae r — ueHa Ucnosnb3oBaHust MalimMH u obopyaoBaHus (T.e. yCnyr kanutana), paBHas
HopMe BaHKOBCKOro NPOLEHTA;

W — CTaBKa orJiathbl Tpyaa.



YcnoBus onTMMarisHOCTU UMEIOT BUA,

oy
a) — =1r.
)aK

OT0 ycnoBue o3HavaeT, YTo 06 bEM UCMNONb3YEMOro Kanutana AOoMMKeH ObiTb NPUHAT Ha
TOM YPOBHe, Korga MmapruHanbHasa hoHaooTaaqa (ay/aK)

paBHa HOpPMe MPOLEHTA; AalbHeNLLEee YBENTMYEHME KanuTarna NpuBeaeT K CHUXEHUIO ero
9 PEKTUBHOCTU;

oy
6) 2 —w.
) L= "

OT0 ycrosue TpebyeT, YTODbI KONMMYECTBO 3aHATON paboden cusibl BbINO B3ATO Ha
YPOBHE, KOrga MaprmHanbHas Npon3BoAnUTENbLHOCTb Tpyaa

paBHa cTaBke 3apaboTHOW NnaThl, TaK Kak AanbHenlee yBernmyeHme KonmyecTaa

3aHATbIX NPUBOAUT K YObITKaM (To4Ka z b cm. PUC.).



L

OnTHMaJIbHOE KOJIUYECTBO 3aHSATbIX

30€ecb yrnoBon KoadhuumeHT KkacatensHom B Touke A paBeH w. [na NP tuna Kob6ba—
[lyrnaca 3agaya umeer Buz

HalTH max y = aK* P

npv ycrnosuu { = ab ] i = Bb ;
P K v wl — (a +B)r’ (o +B)w’
Monyynm cnepyloLlee pelieHne j} — GKH'{I EB: i — ((1 + B)?



MHoXunTenb 5; XapaKkTepuayeT 30eCb NpeaenbHy NPOAYKTUBHOCTb (OMHAHCOBbLIX

cpencTB, T.€. NOKa3blBa€T, HAa KaKylo BEJIMHUNRHY Ay N3MEHUTCSH MaKCUMarbHbIW BbIMYCK
npoayKuUnun ﬁ , ecnn obbem cpencTB b YBEJTMHNTCA Ha «Malyr» eanHunuy.

3amMeTum, YTO cymMMa anacTtuyHocten kanuTtana (o) u Tpyaa () xapakTepusyeT Tak
Ha3blBaeMbIW yaeNbHbIN BbIMNYCK (0T4a4vy) npy UaMeHeHn Maclutaba nponsBoacTBa, T.€.
Korga pacxop pecypcos (K v L) yBenmunBaeTcsi B 04MHaAKOBOE YUCIIO pas.

+ B3 >

Ecnu o B l’ , TO OTAa4a BO3pacTaer,

ecnu o + B = ] . TO OTAa4a NOCTOsIHHas,

ecnu o T B < 1: , TO OTOa4va ybbliBaeT, a Npon3BOACTBEHHAs

JoyHKLNSA AaBNAETCA BbINYKIIOU BBEPX



OYHKUMKN NpeasioXeHns n ux CBOMCTea

PyHKUKMA NpeasioxkeHns S(p) onucbIBaeT 3aBUCUMOCTb MeX4y PbIHOYHOW LIeHOM ToBapa
N ero NpeanoXeHMemM Ha N3onNMpoBaHHOM pbIHKE 3TOro ToBapa. B obwem cnyyvae
cnegyeTt UcxoguTb K3 TOro, YTO paccMaTpmuBaeMbIn NPOAYKT NPOM3BOANTCA Ha
OOCTaTO4YHO DOSbLLIOM KOMIMYECTBE KOHKYPUPYHOLLMX Mexay cobon npeanpuatmn. B
TakoW CUTyaLUum eCTECTBEHHO CUYMTaTb, YTO KaXkabl NPoOM3BOAUNTENb CTPEMUTCS K
HanbonbLlen NpubbINKu, N ero tHAMBMAYanbHbIA BbIMYCK NPOAYKTa YBEMNYMBAETCS MNO
Mepe pocTa LeHbl Ha 3TOT NpoaykT. Ho Torga u obuiee npeanoXxeHne ToBapa Ha pblHKe
S(p), kKak cymma nHanemayanbHbIX BbIMYCKOB, ABMSIETCS BO3pacTatowen dyHKUnen
ueHbl, T.e. S'(p) > 0.

B 6onee cneundunyecknx cutyaumsax (onmrononus, MOHoOMNonus) noBeaeHne
npeanpuaTusa Heoba3aTenbHO onpeaenseTca CTPEMIIEHMEM K MakCUManbHOM NpUbbLINU,
MNOCKOSbKY MPU MOBbLILLEHUM LEHbI MPOU3BOAUTESNb MOXET 0becneunTb cebe 3aMeTHbIN
NPUPOCT NpunbbINn n 6e3 yBennyeHnst oobema Bbinycka. Takmm obpasom, CTPOro roBops,
OOIMKHbI ObITb UCCneaoBaHbl cryyan, korga S(p) = const unu gaxe S'(p) < 0 (puc.).



Ha puc. npeacraeneHo cemMencTso pyHKUNM npeanoxeHus. JinHna AB cooTBeTCcTBYET
COBEPLUEHHOWN KOHKYPEHLUN U CTPEMITEHUIO MPOMN3BOAUTESNIEN K NOSTYYEHUIO
MakcumanbHon Npubeinun, nuHusa AC oTBeyaeT HEM3MEHHOMY BbIMYCKY, KOTOPbIN TEM HE
MEHee JaeT BO3MOXHOCTb BECTU XO3SMCTBO C MPUITNYHON NPUBLINBLIO B YCNOBUAX
HecoBepLUEHHOW KOHKYpeHunK; nmHusa AO npeacTtaBnsaeT CHMKaWmMncs oobem
NPON3BOACTBA, YTO BO3MOXXHO B YCITOBUAX MOHOMOSINU N PE3KOro pocTa LEH.

S
_-B
-l""'#"#
A" C
teen
¥ Ll ¥ L] 'I_p

Bo3pacraiouiasi, Hem3MeHHasi ¥ yObiBalouias
GYHKLUMH TIPEUIOXEHUSA



B nanbHenwem aHannse B Ka4eCcTBe OCHOBHOIO pacCMatTpuBaeTcAa COCTOAHNE
COBepLIJeHHOI7I KOHKYpPEeHUMN U POCT npeasjioxXeHnd B 3aBMCUMMOCTU OT POCTa LIEH.

[ns npakTUYecknx pacyeToB NPUMEHSAIOTCA YHKLUMN NPeanioXeHust ABYX OCHOBHbIX
BMOOB, NApaMeTpPbl KOTOPbIX OnNpeaensoTca nyteM 06pabdoTkm CTaTUCTUYECKNX
OaHHbIX:

1) NMMHEMHASA dYHKLINA

S(p)=by+bp  (by>0; b > 0);
2) cTeneHHaa oyHKUNSA

S(p) = byp®  (by > 0; B> 0).

KoadpdpunumeHT anactmyHoCcTn npeanoxeHns no ueHe (Egp) NokasbiBaeT, HAa CKOMbKO
NPOLIEHTOB YBENUYNTCA NpearoxXeHne ToBapa, ecrnn ero ueHa sbolpacTtaeT Ha 1%.



[Ona nuHenHoOM OYHKUUN NMpearioXXeHud bl .
P
S =g

roe P, \) — CPEOHME SHAYEHNA LUEHBI N NPEOJIOXKEHWA 1O

TABMWLIE HABMKOOEHNI.

___dlnS=
dinp

[na doyHKUMN NpeanioXeHns, onpenensieMmomn Kak pelleHne pacCMOTPEHHON HNXe
3agayv onTMMmM3auum Nnpubsinu, UMeem

so - (55

B.

[Ana cteneHHOoN OyHKLNK ESp




ANacTUYHOCTb npeanoxeHnd no ueHe l

_ R 4
L =D -a

T.€. NMOMHOCTbLIO ONPeaensieTcs XxapakTepoM MOCTOAHHbLIX N MEPEMEHHbIX U3OEPXKEK.
B 6onee obuwem cnydyae obbemM npeagnoxeHus j-Toro ToBapa paccMmaTpmBaeTcs He
TONbKO B 3aBMCMMOCTM OT €ro LieHbl (p;), HO 1 OT LieH Ha Apyrue ToBapbl. B aTou
cuTyauum cuctema (pyHKUMM NpeanoXxeHnust UMeeT BuA

Sj = SJ(P[}:p:s: pj!"'! pn) (J’= l&“-:n):

rgje N — KONM4ecTBO HaMMEHOBAHN TOBapOB.



ToBapbl | 1 | HA3bIBAIOTCHA KOHKYPUDVIOLLIMMUW. €CIN NEDEKPECTHAas 3NaCTUYHOCTD,

ES_;'P:‘ < 0,

T.€. I'Ipl/l yBeJ'IVI‘-IeHVIVI LUeHbl pi yMeHbLuaeTCﬂ BbII'IyCK j-TOI'O TOBapa;
TOBapr ABJTAKOTCA KOMMJ1IEKTHbIMW, €CJ1A E 0
S > U.

jPi

B aTOoM cny4ae pocT npon3BoAcTBa 0QHOrO ToBapa HeobxoaMMO BbI3blBaET YBENMYEHME
BbIMycKa Opyroro.



MogenupoBaHue nsgepxek n npmboinu npeanpusaTus (oupmobl)

B ocHoBe nocTpoeHnst moaenen NoBeaeHns nponsBoanTens (o0TAenbHOro NpeanpusaTms
N PUpMbl; 0ObEANHEHNSA NN OTPACHN) NEXUT NpeacTaBneHne o ToM, YTo
NPOVN3BOANTENDb CTPEMUTCS K AOCTMXKEHUIO TAKOTO COCTOSIHUS, MPU KOTOPOM eMy Obina
Obl 0becneyeHa HanbornbLlas NPUOLINb NPU CAOXUBLUUXCA PbIHOYHbLIX YCNOBUSIX, T.€.
npexane BCEro Npy UMEIOLLIENCS CUCTEME LIEH.

Haunbonee npoctas mogenb onTMMarnbHOro NnoBeaeHnsa npon3BoanuTens B yCroBUSIX
COBEPLUEHHOWN KOHKYPEHLUN UMEET crieayowmn Bua;: nycte npegnpuatne (pupma)
NPON3BOAMUT OAUH NPOAYKT B KONMdecTse Y PMU3NYECKUX eanHUL. Ecnm p — 3K30reHHo
3ajaHHas ueHa 3Toro npoaykra n doupma peannsyet cBoW BbINMyCK MNOSTHOCTLIO, TO OHa
noslyyaeT BarioBom Ooxo[q (Bblpy4dKy) B pasmepe

R(y) = py.



B npouecce co3gaHust 3Toro KonnyecTtsa npoaykta oupma HeceT NPOM3BOACTBEHHbIE
nsgepxxkn B pasmepe C (y).

[Tpn aTOM ecTecTBeHHO cumTaTb, YTo C'(y) > 0, T.e. n3gepxkm Bo3pacTaroT C
yBennyeHmem obbema NponsBoAcCTBa.

Takxke 0bbl4HO nonaratoT, 4to C"(Y) > 0 3TO 03Ha4aeT, YTo AONOMHUTENbHbIE
(MapryuHarnbHble) N30EPXKKN Ha NPON3BOLACTBO KaXKA0M LOMNONMHUTENBbHON eANHNLbI
NpoayKuMn BOo3pacTatoT No Mepe yBenndeHmsa obbema NnpomsBoacTBa. IATO
NpeanosioXKeHne CBA3aHO C TeM, YTO Mpu paLMoHasribHO OpraHM30BaHHOM MPOU3BOLCTBE,
Npu ManbiX 06bemax MOryT ObITb UCMONb30BaHbl SyYlINE MaLUVHbI U
BbICOKOKBaNM@UUNPOBaHHbLIE PAaDOTHUKK, KOTOPLIX Y)KE HE OKAXXETCS B PACMOPSKEHUN
dompmbl, Korga ob6beM NPon3BOACTBA BbIPACTET.



Ha puc. npeactasneHbl TUNU4HbIe rpadomkn pyHkumm R (y) un C (y). NponsBoacTBeHHbIE
N30EPXKKN COCTOSAT U3 Creayowmx COCTaBHbIX YacTewu:

1) MATEPUWAJIIbHBIE 3ATPATHI C,,, B UNCJIO KOTOPbLIX BXOOAT PACXOObl HA
CbIPbE, MATEPWAITIbI, MOITY®ABPUKATBLI N T.I1.

Pa3HOCTb Mexay BanoBbIM AOXOA0M U MaTepuarnbHbIMU 3aTpaTamMm HasblBaeTcH
nob6aBrneHHoON CTOMMOCTbIO (YCIOBHO YMCTOM NpoayKunen):

VA=2Z = R-C,;

R C

b

2) pacxogbl Ha onnaty Tpyaa C; R=py .-~

Yw

JIMHUM BBIPYYKH M H3IEPXEK
NpeanpUaTHA



3) PACXO[bl, CBA3AHHBIE C NCIOJIbBOBAHMEM, PEMOHTOM MALLNH A
OBOPYOOBAHWA, AMOPTU3ALINA, TAK HASbIBAEMAA OTNNATA «YCINYT
KATTUTATIA» 'E:, .

k>

4) pononHuTernbHble pacxodbl CF!
CBSAA3aHHbLIE C pacLUMpeEHneEM NPOU3BOACTBA, CTPOUTENBLCTBOM HOBbIX 34aHUN,
noavesaHbix nyten, JIMHUWU ceasu n T.4.

COBOKyI'IHbIe Nnpon3BOoACTBEHHbLIE N3OEPXKKWU.

C=C, +C; +Cy +C,.
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Kak y>xe 6b1510 OTMEYEHO BblLLE, C . CCV)
- ’

O[lHaKOo 3Ta 3aBUCUMOCTb OT 0ObeMma Bbinycka (y) Anga pasHbiX BUOOB U3LOEPXKEK
pasnnyHa.

A UMEHHO NMEIOT MECTO:

a) NoCcTosiHHbIE pacxodbl C,, KOTOpble NPaKTUYECKN HE 3aBUCAT OT Y, B T.4. onsiara
agMUHNCTPaTUBHOIO NepcoHana, apeHaa n cogepkaHue 3gaHnm 1 noMeLLeHnn,
aMOpPTU3aLMNOHHbIE OTYUCIIEHNS, NPOLEHTLI 3a KpeauT, YCryrn CBA3u 1 T.N.;

B) MPOMOPLIMOHATNBHBLIE OEbEMY BbIMNMYCKA (IMHEWHBLIE) 3ATPATbI C, cioga
BXOOAT MarepuanbHble 3aTpaTtsl C,, onnara Tpyaa npou3BogCTBEHHOrO nepcoHana

(4yacTtb C|), pacxogbl No cogepxaHunio AencTaytoLero obopynosaHma N MaLlvH (YacTb
C)untn.:

C, = ay,

rne a — obo6LLEeHHbIN NokasaTenb 3aTpaTt ykasdaHHbIX BUAOB B pacyeTe Ha OfHO
nsnenue;



B) «CBepxnponopumoHarbHbie» (HenvHenHble) 3atpatbl C,, B COCTaBe KOTOPbIX
BbICTYNaloT npuobpeTeHne HOBbIX MaLUWH U TeXHonorum (T.e. 3atpartbl Tuna C,), onnaTta
CBEPXYPOYHOro Tpyaa u T.n. Jns marematnyeckoro onncaHua aToro smaa 3arpar
0ObI4HO MCNOMNb3yeTCHa CTeNEHHaa 3aBUCUMOCTb

C,=by" (>

Taknm obpasom, Ansa NpeacTaBneHNs COBOKYMHbIX U3AEPXKEK MOXHO UCMNOSb30BaTb
Moaerb

C(y) =Cy +Cy +Cy = Cy + ay + by".

(3ametum, uto ycnosus C'(y) > 0, C"(y) > 0 ans aTton oyHKUNKN BbINOSTHEHDI.)



PaccMoTprM BO3MOXXHbIe BapuaHTbl NoBeAeHUs npeanpusaTns (dupmbl) ans AByxX
Cry4vaes:

1. NMPEONPUATUE UMEET JOCTATOYHO BEONbLLUOWV PE3EPB
MPON3BOACTBEHHbLIX MOWHOCTEWN N HE CTPEMUTCSA K PACLLUMPEHUIO
NMPON3BOLOCTBA, MNO3TOMY MOXXHO MNMOJIAIATb, YTO C, = 0 n coBokynHble
N3OepXKKN ABNAKTCS NUHENHOW pyHKUMEN obbema BblnycKa:

C(y) =Cp + ay.
[Mpubbinb cocTaBu™

II(y) = R-C = py - (Cy + ay).



OueBUAHO, YTO NpU Marnbix o6bemMax BblMycKa

O<y<yy,

dompma HeceT ybbITkM, Tak Kak 1 < 0.
3pechb y,, — To4ka 6e3ybrITouHOCTM (MObor neHTabenbHOCTKM), onpeaensiemas

COOTHOLLEHMEM
II(yy) = 0.

Ecrniny >y, To dompma nony4aet npmbbisib, U OKOHYaTeNbLHoe pelleHne 06 obbeme
BbIMyCKa 3aBUCUT OT COCTOSAHUSA pbiHKa cOblTa NPOM3BOANMON NPOAYKLMK (CM. puUC.).

R,C

’

Yw

JIMHUM BBIPYYKHM W H3IEPXKEK
NpeanpUATHS



2. B 6onee obwem cny4vae, korga C2= 0, nmerotcs aBe TOUKN 6e3yObITOMHOCTH

& on oy,

MPUYEM MONTOXNTEJIbHYIO MNMPUBbLIJTb PUPMA MNMONTYYHNT, ECJIN OBBbEM
BbIlMTYCKA y yOooBrneTBoOpseT yCrioButo
(1) (2)

e <)Y <DYe’ .

-

Ha aTom oTpes3ke B To4ke y =Yy

gocTturaeTca HanmbonbLee 3HavyeHue npmbbinu. Takmm obpasom, cyuecTsyeT
onTUMarbHOE peLleHne 3agaym o Makcummsauum npmbbinn. B Touke A,
COOTBETCTBYIOLLEN M3OEPXKKAM MPU ONTUMaNbHOM BbINyCKe, KacaTenbHas K KpBOW
nagepxek C napannenbHa npamon nuHun goxoaa K.



Cnenyet 3aMeTUTb, YTO OKOHYaTENbHOE peLleHne prpmMbl Takke 3aBUCUT OT COCTOSAHUS
PbIHKA, HO C TOYKWN 3peHns cobnoaeHns 3KOHOMUYECKUX MHTEPECOB el cneayeT
PEKOMeHOO0BaTb ONTUMN3NPYHOLLEE 3HAYEHME Bbinycka (puc.).

R,C C

yi y = @

OnTuManbHbBI 00BEM BBITYCKA

B obwem cnyyae, korga C (y) aBnsieTca HeNMMHENHOW BO3pacTaloLLEN U BbiMyKNON BHU3
dyHkumen (tak kak C'(y) > 0 n C"(y) > 0) obbema Bbinycka, cuTyaumst NONHOCTLIO
aHanorn4yHa Ton, KoTopas paccMoTpeHa Bbiwe. 1o onpegeneHunto NPUBLINBI0 cYNTAETCS

() = R(y) - CO).



(1) (2)

Toukn 6e3y6bITOYHOCTH Ye n Ye
OnpeaensitoTcs N3 ycrioBusi paBeHCTBa NpUObINM HYM0, a MakCMMaribHOe ee 3HadYeHune
OOCTUraeTcd B ToUKe j}} KOTopas yaooBMETBOPSET YPaBHEHUIO

M'(y)=0 wm R'(y)-C'(y)=0.

Takum obpasom, onTuManbHbIN 00 bEM NPON3BOACTBA XapaKTepPU3YeTCsl TEM, YTO B 3TOM
COCTOSIHUM MaprmHanbHbI BaroBOM 4oxXo4 (R(_V ))

B TO4HOCTU paBeH MapriHanbHeim nsnepxkam — C'(y ),

I

ﬁ?}

Touka MakCHMyMa NMpUOBLIN
M 30Ha 0e3yOBITOYHOCTH

P

) fommmmm e



B camom gene, ecrm Y < _j;, TO R’(y) > C'iy),

N TOTOA CIEOYET YBEJIMYATB BbIMNMYCK NMPOAYKUNW, NMOCKOJIbKY
OXXWOAEMbIV JOMNONMHUTENBHBLIVM 0OXO4 NPEBLICUT OXKWOAEMbIE
OOMNOJNIHUTEJIbHBIE M3OEP>XKW.

ECTV )KE y>y, 0 RQ)<C'(y),

N BCAKOE yBenuyeHne obbema yMeHbLUNT NpuobIfb, MO3TOMY €CTECTBEHHO
PEKOMEHAO0BATb YMEHbLUNTL 0O6bEM NMPON3BOACTBA U NPUATU B COCTOSIHNE

1 y =
- p——a]}:f
Y (bh ‘

=)



HeTpyaHo BUOETL, YTO NPU YBENUYEHUN LiEHbI (P) ONTUMAanbHbIN BbINYCK, a TAKKe
NpmObINb yBENMYNBAIOTCH, T.€.

dp
p~ a4 __ 1 _,

3710 BepHO Takxke 1 B obLleM crnyyae, Tak Kak dp C" (y)




MeToabl y4eTa Hay4YHO-TEXHUYECKOro nporpecca

OOLLenpm3HaHHbIM CrieayeT cynTaTh TOT PaKT, YTO C TEYEHMEM BPEMEHMU Ha
NpeanpuaTUK, coxpaHsitoliem UKCUPOBAHHYO YNCNEHHOCTb PAbOTHNKOB N NOCTOSIHHbIN
00bEM OCHOBHbIX (POHA0B, BbINYCK NPOAYKLMN YBENNYNBAETCS.

OTO O3HAYaET, YTO NMOMMMO OBbIYHbIX MPON3BOACTBEHHbLIX (PAKTOPOB, CBA3AHHbIX C
3aTpaTamu pecypcoB, CyLLEeCTBYET dakTop, KOTOPbIM ODbIYHO Ha3bIBAKOT HAay4YHO-
TexHndecknm nporpeccom (HTIT). 3TOT dhakTop MOXHO paccMaTpuBaTb Kak
CUHTETUYECKYIO XapaKTePUCTUKY, OTpaxatoLLyto COBMECTHOE BIIUSHME Ha
9KOHOMWYECKUMN POCT MHOIMNX CYLLECTBEHHbIX SBMEHNN, Ccpeaun KOTOPbIX HYXXHO OTMETUTb
cregyroLine:



a) ynyJllueHme co BpeMeHeM KavyecTBa paboyen cunbl BCrieacTBME NOBbILLEHNS
kBanudoukaumm paboTHNUKOB U OCBOEHUS UMM METOAOB UCMNOMNb30BaHMA bonee
COBEPLLUEHHON TEXHUKU;

B) YINYHWEHNE KAHECTBA MALWLNH 1 OBOPYOOBAHWA MNMPUBOOUNT K TOMY, UTO
OMNPEOENEHHAA CYMMA KAMNTANBbHbIX BIOXEHUN (B HEUM3MEHHbLIX LIEHAX)
MO3BOJTAET MO NMPOWECTBUU BPEMEHU INPUOBPECTW BOJIEE
QPPOEKTBHYIO MALWLUNHY;

B) yNy4lLlEeHne MHOIMMX CTOPOH OpraHu3auum Nnpom3BoaCcTBa, B TOM YnCne CHabXeHns U
cbbiTa, 6aHKOBCKUX onepauun u Apyrnx B3aMMHbIX pacyeToB, pa3BuTme
nHpopmaLnoHHoM 6a3sbl, 0bpasoBaHUe pasnNMYHOro poga obbeanHeHnn, pasBuTmne
MeXOyHapoaHOoW cneunann3aunum n Toprosnn 1 T.n.



B cBS13K C 3TM TEPMUH «HAYYHO-TEXHUYECKUI NPOrpecc» MOXHO NMHTEPNPETUPOBaTh
KaK COBOKYMHOCTb BCEX SIBNEHUN, KOTOPble NpU PUKCUPOBAHHLIX KONTMYeCcTBax
3aTpaymBaeMblX NPON3BOACTBEHHbIX 0AKTOPOB Aat0T BO3MOXXHOCTb YBENUYNTL BbIMYCK
KadeCTBEHHOW, KOHKYPEHTOCMOCOOHOW Npoaykuun. BecbMa pacnnbiBYaThI XapakTep
TakKoro onpenerieHnsa npuBoauT K ToMy, 4TO uccrnegosaHue enmaHmna HTI nposoguTtcs
NULLb KaK aHanna Toro AONONHNTENBHOIO YBENMYEHNS NPOAYKLMN, KOTOPOE HE MOXET
ObITb 0O BSACHEHO YNCTO KONMMYECTBEHHBIM POCTOM NPOU3BOACTBEHHbLIX (PAKTOPOB.

[ maBHbIM noaxon K yyety HTIT cBogmuTca K TOMy, YTO B COBOKYMNMHOCTb XapakTepuCTUK
BbIMycka unu 3aTtpar seoautcs Bpems (t) KAK HESABVCUMbIV
MPON3BOACTBEHHbLIV ®AKTOP 1 PACCMATPUBAETCA NPEOBPA3OBAHME BO
BPEMEHM NMBO MPON3BOACTBEHHOW ®YHKLINKN, NMMBEO TEXHONOIMMMYECKOIO
MHO>XECTBA.



OctaHoBuMcs Ha cnocobax yvyeta HTIT nytem npeobpasoBaHuss NpoOnN3BOACTBEHHOM
dyHKumn (INP), npndem 3a oCHOBY NpuMeM AByXdPakTopHyro [1D:

y = f(K, L),

roe B KayecTBe Npon3BOACTBEHHbIX dpakTopoB BbicTynatT kanutan (K) v Tpya (L).
MoaundunumposaHHasa NP B obem crnyyae nmeet BuAa

y=f(K, L1,

i:---0

npn4eM BbINOJTHAETCA yCI10BUe

KOTOpOE M oTpakaeT dakT pocTa NPon3BoACTBa BO BPEMEHU NMpu (hUKCUPOBaHHbIX
3aTpartax Tpyada v kanutana.



[eomeTpuyeckas nnmocTpaumsa Takoro npouecca gaHa Ha puc. rge nokasaHo, 4YTo
N30KBaHTa, COOTBETCTBYIOLLASA BbIMYCKY NpoAaykKuum B obbeme Q), cmeLlaeTcs ¢
TevyeHnem BpemMeHu (t; > t,) BHM3 1 Haneso.

K

PocT npoH3BOACTBA BO
BpeMeHU MNpu PUKCHPOBAHHBIX 3a-
Tparax Tpyda M KarnuTajia



[Mpn paspaboTke KOHKPETHbIX MoanduUnpoBaHHbIX 1P 0ObIMHO CTPEMATCA OTPa3nUTb
xapaktep HTI1 B Habntogaemon cutyaumn. Npu aToM pasnuyatoT YeTbipe criyyas:

a) CyLLECTBEHHOE yry4dlleHne co BpeMEHEM KayecTBa paboyen cusrbl NO3BONSET
O0OUTLCS NMPEXHNX pe3ynbTaTtoB ¢ MeHbLIMM KO Buag HTIT yacTto HasbiBatoT

TpyaocbeperaroLmm.

MoauduumnposaHHas Mo nveet Bua y = f(K: [(I)L):

rae MOHOTOHHas PYHKLMSA l(t)
XapaKkTepusyeT pocCT NPon3BOANTENLHOCTU TPYAa;



B) NPEMMYLWECTBEHHOE YJTYHWEHNE KAHECTBA MALWLNH N OBOPYOOBAHWA
MOBbLIWAET ®OHOOOTAOAYY, MMEET MECTO KAMUTANOCBEPETAKLLNA HTN U

COOTBETCTBYIOLAS Md:
y = f(k()K, L),

roe Bo3pacrtatowaa pyHkuma K(t) otpaxkaet nusmeHeHme poHgooTaauu;

B) eCnn UMEeeT MEeCTO 3HauYuTenbHOe BNUSHNE o0bounx YNOMAHYTbIX SIBIIEHUN, TO

ncnonbayetca Nd B popme
y = f(k@)K, I(t)L);

) eCrn Xe HET BO3MOXHOCTU BbisiBUTL BNusaHMe HTI1 Ha npon3BoacTBEHHbIE dAKTOPHI,

TO npumeHgaeTca NP B BUOe
y=a() f(K, L),

roe a(t) — BO3PACTAIOLWAA dYHKUWA, BBIPAXAIOLWAA POCT MNMPOAYKUNA TP
HEN3MEHHbBIX SHAHEHUAX 3ATPAT ®AKTOPOB.



ONA NCCNEAOBAHNA CBONCTB M OCOBEHHOCTEW HTM UCMNOMb3YIOTCA
HEKOTOPBIE COOTHOLWEHWA MEXAOY PE3YIIBTATAMU NMPON3BOACTBA
SATPATAMA ©AKTOPOB. K UX YNCITY OTHOCATCA:

a) CPeAHssA NPOM3BOAUTENbLHOCTL TpyAa | = 4

L 3
b) CPEOAHAA ®OHOOOTOAHA k = %,
K
B) KO3ddunumeHT POHO0BOOPYKEHHOCTMN paboTHMKA X = _z-. .

) paBEHCTBO MeXy YPOBHEM onsiathl Tpyada v npefenbHOn (MaprmHanbHOM)
NpoOn3BOAUTENBHOCTU TPyaa

1% @y
= AT A
oL
[1) paBEHCTBO MeXay npeaenbHon oHaooTAaqYen U HOpMo 6aHKOBCKOro NpoLeHTa

oy _

aK—n“.



[oBopsAT, uTo HTI1 aBnaeTcs HenTparnbHbIM, €CINU OH HE N3MEHSIET C TEYEHNEM BPEMEHMU
onpenerneHHbIX CBA3eN Mexay NpuBeaeHHbIMU BENMNYMHAMMN,
PaccmoTpum ganee Tpu criyyas:

1) MPOIMPECC HASbIBAETCHA HEWTPAJTbHbLIM MO XWKCY, ECNU B TEYEHWE
BPEMEHW/ OCTAETCA HEM3MEHHbLIM COOTHOLWWEHWE MEXKOY
POHJOBOOPYXXEHHOCTbIO (x) 1 npeaensHoin HOPMOI 3aMeHbl (aKTOpOoB (w/r)_

B yacTtHocTH, ecnu W/ r = COﬂSt, TO 3aMeHa Tpyaa Ha KkanuTtan u HaobopoT
He MPUHECET HMKaKOW BbIroAdbl N POHOO0BOOPYXEHHOCTL X = K/L Takke ocTaHeTCs
NOCTOSAAHHOW.

MoXXHO nokasaTtb, YTO B 3TOM cliydae moauduumposaHHas [d nmeet sua

y=a(t) f(K, L),

N HENTPANbHOCTb N0 XMKCY 3KBMBASIEHTHA pacCMOTPEHHOMY Bbille BrnsHUo0 HTT1
HenocpeacTBEHHO Ha BbIMyCK nNpoaykuun. B paccmaTtpruBaemMon cutyaunm n3okBaHTa C
TEYEHMEM BPEMEHN CMELLIAETCS HANEeBO BHU3 NyTeM NpeobpasoBaHns nogodus, T.e.
OCTaeTCs B TOYHOCTU TOM e POpPMbl, YTO U B UCXOLHOM MOSNOXKEHUU;



2) nporpecc HasbIBAeTCA HENTParibHbIM NO Xappoay, eCrniv B TeYeHne
paccMaTpuBaemMoro nepmoga BpemMeHn Hopma 6aHKoBCKOro npoueHTa (r) 3aBucuT nNuilb
oT cboHgooTaaum (k), T.e. Ha Hee He BnuseT HTT1. 3To 03HayvaeT, 4YTo npeaensHasd

doHaooTAaYa yCTaHOBMNEHA Ha YPOBHE HOPMbI NPOLIEHTa N AanbHENLWee yBenmyeHne
KanuTana HeuenecoobpasHo.

MoXHO nokasaTtb, 4To Takon Tvn HTI1 cooTBeTCTBYET NPON3BOACTBEHHOW (PYHKLUMUN

y=f(K,I(1)L),

T.e. TEXHUYECKUI Nporpecc ABNsaeTcsa Tpyaocteperaomm;



3) MPOIPECC ABNMAETCA HEUTPATNBbHbLIM MO COMOY, ECNN COXPAHAETCHA
HEVW3MEHHbBIM PABEHCTBO MEXXAY YPOBHEM OINNATbI TPYOA (W)

N NMPEOEJIBHOW NMPOU3BOOUNTEJIBHOCTBIO TPYOA U OAJIbHENLWIEE
YBEJIMMEHWE 3ATPAT TPYOA HEBbIF'OAHO. MO>XKHO MNOKA3ATb, UTO B 3TOM
CIYYAE Mo AMEET BAA

y = f(k(HK, L),

T.e. HTI1 okasbiBaeTcsa poHaocbeperatoLmnm.

HNanonm rpadpuyeckoe npencrasrieHme Tpex tunos HTT1 Ha npumepe nNMHenHon
NPON3BOACTBEHHOW (PYHKLNU

y =bK +cL (b>0, c>0).



B cnyyae HenTpanbHOCTU N0 XUKCY nmeem MmogupuumnposaHHyto MNo

y =a(t) (bK + cl),

roe a(t) — BospacTtatowas pyHKuma t
OTO O3HA4aeT, YTO C TedeHeM BpeMeHu nsokBaHTa Q(oTpesok npsmon AB) cmellaeTtcs
K Hayarny KoopauHar napansernbHbiM nepeHocom (puc. ) B nonoxeHue A,B;,

By, B
CaBUr H3o0-

KBAHThHI NMPH HEMTpPAIb-
HoM HTII no Xukcy



B cnyyae HenTpanbHOCTU No Xappoay moanduumposaHHasa INd nveet sua
y =bK +cl(t)L,
rae |(t) —- BospacTarowasn pyHKumS.

OuyeBUOHO, YTO C TEYEHMEM BPEMEHMN TOUKA A OCTAeTCH Ha MecTe M N30KBaHTa
CMeLLaeTcs K Havany KoopauHaTt npu nomoLLm nosopota B nonoxexue AB, (puc. ).

K
A

B B
Casur u3o-

KBaHTblI NpH Tpyaoche-
peraowieM HTII



[na nporpecca, HenTpanbHoro rno Conoy, cooTBeTCcTBYOWan moandunumposaHHaa Mo
y = bk()K + cL,

roe k(t) — BospacTarolwas yHKUus. M3okBaHTa cMeLwaeTcd K Hadany KoopauHart, HO
ToYka B He casuraercs, n NpoMcxXo4AmnT NOBOPOT B nonoxeHne A,B (puc.).

CoBur u3so-
KBaHTbI NpH (poHaoche-
peraromem HTII



[Tpn nocTpoeHun moaeneun nponssoactaea ¢ ydetom HTI1 B OCHOBHOM UCMOSb3YHOTCA
crenyrowme nogxoabl:

a) npencrasneHne 06 3K30reHHOM (MM aBTOHOMHOM) TEXHUYECKOM Nporpecce, KoTopbin
CYLLLECTBYET TaKXXe B TOM Cllyyae, Korga OCHOBHble NPONU3BOLACTBEHHbIE PaKTOPbI He
n3meHsatTcda. HactHoeiMm criydaem takoro HTI1 sBnaeTcs HenTpanbHbIN Nporpecc no
XUKCY, KOTOPbIN OBbLIYHO YYNTLIBAETCS C NOMOLLBIO 3KCMOHEHLUNATbHOrO MHOXUTENS,
Hanpuwmep:

y =aeM f(K, L).

3aecb A > 0, xapaktepuayet Temn HTI1. HeTpyaHo BUaeTh, YTO BpeMs 30ECh BbICTynaeT
Kak He3aBUCUMbIN paKToOp pocTa Nponu3BOACTBa, O4HAKO NMpu 3TOM CO34aeTcs
BneyvatnieHue, 4to HTI1 nponcxogut cam no cebe, He Tpebya AOMNONHUTESNBbHbLIX 3aTpaT
Tpyda 1 KanuTanoBoXeHUN;



B) NPEOCTABJIEHVE O TEXHNYECKOM MNMPOIPECCE, OBELWECTBJIEHHOM B
KAMUTANE, CBA3LIBAET POCT BNNAHUW HTM C POCTOM KAMUTAIbHbIX
BNOXEHNW. ONA dOPMANN3ALIM 3TOIMO NOAXOOA 3A OCHOBY BEPETCHA
MOJESb MPOIrPECCA, HEMTPANBHOIO MO COMOoY

y = f(k()K, L),
y = f(Ko + k(t)AK, L),

KOTOpasA 3arncbiBaeTcAd B Bnge

roe Ko — ocHOBHble poHALI HA Ha4ano nepuoaa,
AK — HakonneHue kanuTtana B TedeHune nepuoga, paBHOE CyMMe UHBECTULN.

OueBMAOHO, YTO €CNN NHBECTMPOBAHKE He nNpounsBoanTcs, To AK — 0, n yBennyeHmne
BbiNycKa npoaykummn 3a cydet HTI1 He nponcxogurT;



B) pacCMOTPEHHbIE Bbllle noaxoabl kK mogenuposaHuto HTI obnagatoT obLien YepTou:
NPOrpecc BbICTYNAET Kak 3adaHHasa 3K30reHHO Benu4mHa, kotopasi BMnsieT Ha
NPOn3BOAUTENBHOCTL Tpyaa Unu ooHO00TAaYY U NOCPEACTBOM 3TOrO CKasblBaeTCH Ha
9KOHOMWNYECKOM pOCTeE.

OpHako B gonrocpoyHom nnaHe HTIT aBngaeTca u pesynstatoM pasBuUTUsS, U, B
3Ha4yunTenLHOW Mepe, ero NPUYNHOW. oCKONbKY MMEHHO SKOHOMUYECKOE pa3BuUTue
no3BonsieT boratbiM 06LEecTBaM oMHAHCUPOBATbL CO3AaHNE HOBbIX 0O6pa3LIOB TEXHUKU, a
3arteM yxe NnoXXmnHatb Noabl Hay4HO-TEXHUYECKon peBositounn. [loaTomy BriosiHe
npasomepeH noaxond K HTT1 kak sHOOreHHOMY ABMEHUI0, BbI3BaHHOMY
(MHOYUMPOBAHHOMY) 9KOHOMUYECKUM POCTOM.



34ecb BbIAENAKTCA ABa OCHOBHbIX HanpaesneHna mogenuposanusa HTT:

1) MOAENb NHAYUMPOBAHHOIO NMPOITPECCA OCHOBAHA HA ®OPMYIIE

y = f(k(OK, [(1)L),

npuyem npeanonaraeTcs, YTo obLWEeCTBO MOXET pacnpenenaTb npegHasHavyeHHble angd
HTI1 nuBectnunm mexay ero pasnnuyHbIMu HanpasneHnsMu.,

Hanpumep, mexay poctom cdooHagootaaum (K(t) (ynydweHue kayectsa MaLllMH) U pOCTOM
npouseoanTenbHocTu Tpyaa (I(t)) (noBbiweHne kBanndukaunm paboTHMKOB) UNK
BbIOOPOM Haunyylwero (oONTUManbLHOro) HanpasneHNs TEXHNYECKOro pa3BnTus Npu
OaHHOM OobbeMe BblAENEHHbIX KannTanbHbIX BNOXEHUN;



2) mogersnb npouecca oby4deHnsa B xoge Npou3BoACTBa, npeanoxeHHas K. Jppoy,
OCHOBaHa Ha HabnaaemMom (hakte B3aMMHOIo BNUAHUS POCTa NPOM3BOANTENBHOCTU
TpyAda n KonndectBa HOBbIX M306peTeHnn. B xoae npousBoacTea paboTHUKK
npuobpeTatoT OnbIT 1 BPEMSI HA U3rOTOBMEHMNE U3OEeNUSa YMEHbLUAETCH, T.€.
Npon3BOAUTENBHOCTL TPyda U cam TPyaoBOW BKMNad 3aBUCAT OT obbema Npon3BoacTBa

L= o(y).

B cBoto ovepenb, pocT TpyooBoOro gpaktopa, corfnacHO Npon3BoACTBEHHON OYHKLNMA

y = f(K, L),

NPUBOANT K POCTY Npou3BoAcTBa. B npocTteniiem BapmaHTe Mogeny NCnornb3yoTcs

doopmyrnbi: h
L - y .L[] (1 > h > 0)1
y=aK®*IP (a>0, B>0)

(npousBoacTBeHHas dpyHkuma Kobba—[yrnaca).



OTclooa nmeem COOTHOLLEHUE

P = ake b

KOoTOopoe npu 3agaHHbIX pyHKumsx K(t) n L(t) nokasbiBaeT 6osnee b6bICTpbIN POCT Y,
0OyCIOBIIEHHbIN OTMEYEHHbIM Bbille B3aUMHbIM BnusiHnem HTI1 1 akOHOMUYECKOro
pasBUTUA.



] 2 1
[ycTb, HAaNpuUmMep: - = —; h = —.
“=3: P=3 2

Toraa POCT 6e3 yyeTa B3aMMHOIO BJITUAHNA ONMNCbIBAETCA YpaBHEHNEM

y =akK

a pPoCT C y4eTOM B3aMMHOrO BIUAHUSA ypaBHEHNEM
Nnn y

T.€. OKa3blBaETCH CyLLEeCTBEHHO bonee BbICTPbIM
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[na nuHenHon moaenw:

y = bk + cL,
L=aY,
Y(1-ac) = bK,
Y = b

1 - ac

K,

T.e. POoHAOOTAaYa YBENNYMBAETCS.



