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GENERALIZED NET PRESENT VALUE
AND INTERNAL RATE OE RETURN EORMULAS

In the financial analysis of an investment project the essential parameters of the technigue are the
cash flow of capitalized income and the discount rate. In different projects, generally, the cash flow can be
discrete, continuous or discrete-continuous, and the discount rate should be variable over forecast periods
and depending on the nature ofincome (current one or terminal one). To date, there have been no formulas
for the technique taking into account these circumstances. The paper provides exact expressions for the
most commonly used project effectiveness indicators: the net present value (NPV) in view a continuous and
discrete-continuous cash flow and a variability of the discount rate, the internal rate of return (IRR) in view
a discrete-continuous cash flow.

Keywords: project management; investment analysis; net present value; internal rate of return; continu-
ous cash flow; discrete-continuous cash flow; variable discount rate.
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OBOBLWLEHHbLIE ®OPMY/IBEI UCTOMN
NMPUBEAEHHOW CTOMMOCTU
I BHYTPEHHEW CTABKW AOXOAHOCTU

B HEKOTOPbIX MHBECTULMOHHbIX NPOEKTax (Hanpumep, B c/lyyae 06bekTa pO3HUYHO TOpProsmn) npo-
rHO3MpyeMble MOTOKM NnaTexeli MoryT 6bITb JOCTATOYHO YacThbIMU (faXe exefHeBHbIMM). [pn 3TOM
YCN0BUW NPUMEHEHVE TPaULMOHHON TEXHUKN C AMCKPETHbLIM NOTOKOM NiaTexel orpybnseT pacueT.
C uenbio NOBbILEHNS TOYHOCTY NPeSNoXeHbl 0606LLeHHble hopMy/bl ANs Hambonee 4YacTOo NPUMEHSs-
eMbIX nokasaTeneilt apheKTUBHOCT U UHBECTULMOHHbIX NPOEKTOB: YACTOI NPMBEAEHHO! CTONMOCTH
NPV n BHyTpeHHeli cTaBkn goxogHocTyu IRR. [nA unMcTOi NpuBefeHHOl CTOMMOCTM 0606LLeHNe 3a-
KNHoYaeTCs B paCCMOTPEHUN HEMPEPLIBHOMO U AUCKPETHO-HENPEepPLIBHOIO NOTOKOB NaTexel, a Takke
nepeMeHHOCTU UCNO/b3yeMoli CTaBky, [ANs1 BHYy TPEHHE CTaBkv A0X0AHOCTM 0606LLeHMe 3akovaeTcs
B pacCCMOT PEHUN HEMPEPLIBHOMO U AUCKPETHO-HENMPEPLIBHOIO NOT OKOB NaTexeil.

KnroueBble cnoBa: yicTas npueBefeHHas CTOMMOCTb; BHYTPEHHAS CTaBka AOXOAHOCTMU; SQJ(*)GK-
TWBHOCTb MHBECTULUNOHHOIO NPOEKTA; ,D'I/ICKDETHO-HeI'IpeprBHbIIZ NoOTOK NnaTexei; HeﬂpepblBHblVl no-
TOK nnaTexei; nepemMeHHas cTaBka npmueegeHus.

Ana aHanu3a 3heKTUBHOCTU MHBECTULIMOHHbIX MPOEKTOB BblpaboTaH Habop MPUMEHS-
eMbIX MokasaTesieil (Takke HasblBaeMbIX MHCTPYMeHTaMu), Hanbosiee pacrnpocTpaHeHHble —
nokasartesis YACTON MpUBEAEHHON CTOMMOCTM (aHrn. — net present value, NPV) 1 no-
KaszaTes/lb BHY TPeHHeM cTaBkM goxogHocTwu (aHrn. — internal rate of return, IRR) (cm.,
Hanp., [1—4]). OnpeaensoruMMn MxX COCTaBASIOILMMU SBASKOTCA MPOrHO3UpPYyeMble MOTOKM
nnaTexeli (NOTOKM ByayrUMX AOX0A0B, Nog/iexarume Kanutamsaummn) u npoLeHTHas cTaBkKa,
Mo KOTOPOM NMPOMCX0ANT KanuTanuiaums (Takke HasbiBaemasi CTaBKOW NPUBEAEHUS U HOP-
MO foxoAHocTM). B npocTeliliem cnyyae MoToK nuiaTeXkeli B aHaIM3MPyeMOM MPOEKTe npes-
nonarasncs QUCKPeTHbIM, a cTaBKa NnpuBefeHUSA — MOCTOSAHHOA.

B HayuHbI1 1 MpaKTU4eckuii 060poT Takas MoJeslb BOLL/IA OKO/I0 CTOMeTUs Hasad. Mocne-
[JoBaTenbHO OHa 6blna onMcaHa B K1acCMYecKoM coUMHeHMn [5]. B cepeaniHe MpoOLLIOro Beka
Mogdenb 6blnia JoMosIHEHA MAEEN KOHEYHOro Bo3BpaTa Kanutana (aHrn. — terminal value,
TV) [6]. B aToii mogenu copmyna Ans YnucTor npuBegeHHom ctommoct NPV ¢ HavabHbIM
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Kanutanom IC, AUCKPeTHbIMU nepuoguyeckumm niatexxamm CFj B KOHLE j -fo nepuoga (Ta-
KMMW Kak, Hanpumep, Ha4UC/eHHHbIe AMBUAEHAbI UN apeHAHas niata) U KoHeuHbIM (roc-
fle N-ro nepuoga) Bo3BpaTom Kanutana TV (onucbiBaloWMM, HanpuMep, KOHeYHY Mpogadky
WNHBECTULMOHHOI0 NPOEKTA) BbIMAANUT C/IEAYIOLUM 06pa3oM:

nev=f F @
j=o(i +R)
npnyem CFq= —C, a BenuunHa CFnBkJ/iloyaeT B cebs Kak nocrefHuin nepuognyeckunii nna-
TEX, TaK 1 KOHEeYHbIl BO3BpaT Kanutana TV.

B pa6oTte [7] 6bu1 Npon3BefeH y4eT NepeMeHHOCTU CTaBKU MPUBELEHUS B METOAE Mpu-
BeAEHHOro notoka nnatexxeir (aHrn. — discounted cash flow, DCF) ¢ AUCKPeTHbIM MOTOKOM.
Mpy 3TOM ANS TEKYLMX NEPUOANYECKUX MNATeXel NPUMEHSIICSA 0AUH Habop CTaBOK Mpu-
BEAEHWs, a A1 KOHEYHOro Bo3BpaTa Kanutasia B CUY €ro BO3MOXXHOI0 MPUHLMANANILHOMO
OT/INYMSA M0 BESIMYMHE — APYroli Habop CTaBOK NpuBeAeHUS. [N YACTONM NpUBEAEHHOW CTOU-
mMocT NPV ¢ AUCKPETHbIMU MEePUOANYECKMMN MaTeXXaMy B KOHLE Meproa U KOHEUHbIM
BO3BpaTOM KanuTtasia rnoslyyeHHble B [7] pe3ynbTarbl NPUOBPETYT CriefyoLWwmnii BUA;

NPv=A. Ft 4 TV @

IJ'I:|(1 +Rj) tll(l +n)

roe CFRt— TekyLLMiA Neproanyecknii niaTex; Rj — cTaBKa NpuBefeHVs 415 NePUOANYECKOro naTeXxxa
B TeyeHwue j-ro nepvoga; RO= 0; rt— cTaBka npuBeaeHVs [/1s1 KOHEYHOro BO3BpaTa B TeveHue t-ro re-
pvioga; N— HoMep Moc/ieAHero nepuoaa.

K Bbipa>keHUI0 (2) crnefyeT caenaTb ABa NMpUMeYaHust.

Kak 1 paHee, B 3TOM BbIpa>KeHUM B NepUognyeckmne NaaTexxu BKAKUYEHA oTpuLaTesibHas
HavyasnibHasa nHBecTMuMA CFO. Mpu aToM 34ecb U Aasiee npegnonaraeTcda, YTo Npu Haamuum
HECKO/IbKMX HauvaslbHbIX WHBECTULIMIA BCE OHW AO/IKHbI ObITb HAKOM/IEHbI (MepecymTaHbl Mo
CTaBKe HaKoMn/aeHus) K Havasy pacyeTta (NepBoro nepuojga), T.e. K MOMeHTY BpemeHU t= 0.

Mcnonb3yemblii B pacyeTe neprof npov3BosieH, HO TPaaULIMOHHO B MUHBECTULIMIOHHOM Mia-
HMPOBaHUU UCMO/b3YHTCS NEPUOAbI B rof nan mMecsiy,. OTMETUM, YTO NpU BbiGope A1s NiaHu-
pOBaHMS eXXeMeCSAYHbIX NaTeXxxer NpYMeHsieMble CTaBKM TakXKe A0/HKHbI 6bITb NepecunuTaHbl
Ha COOTBETCTBYIOLLNI nepuog,

Mpovecc 0606LLEHNS BbIpaXKEHUS 47151 YACTOM NPUBEAEHHOM CTOMMOCTY MOXKET 6bITb MPo-
[O/MKeH. B HEKOTOPbIX MHBECTULMOHHBIX MPOEKTAaX, Hanpumep 0THOCALLMXCS K chepe po3HUY-
HOIA TOProBnu1, NOTOK MNJaTeXel A0CTaTOYHO YacTblii. Takoi NpoeKT MOXKeT NpeAycMaTpuBaThb
Jadke eXXeIHEBHbIE ieHEXXHble MOCTYM/IeHUs (U pacxoabl). BcTaeT Bonpoc 06 akKypaTHOM Moj-
cueTe nokasaTtensi YACTOM NMpuBeAEeHHOW CTOMMOCTM B 3TOM C/lydae.

HenpepbIBHbIM UMW AUCKPETHO-HENPEPbIBHbLIA MOTOKW naaTexxei. B nnoHepckom
Tpyae [8] yweaLero 13 >xmsHu B Hosibpe 2021 r. Kiaccuka oueHKM npeanpusatuia L. MpatTa
B KayecTBe 0TBeTa Ha MoJ06HbIM BOMPOC B OTHOLLEHUWU MPUBEAEHHOrO MoToKa nsaTexxen He-
KOTOpPOro NpeanpusaTvs 6b110 NpeasiodXkeHo NMPOCYyMMMPOBaTh MOTOK 3a Nepuof NpUBEAeHUs,
HO MOMEHTOM MJiaTexa cumMTaTb CepeuHy AaHHOro nepmoga. C y4yeToM npeasioXKeHHOM npo-
ueaypbl hopmyna (2) 4nst YACTON NPUBEAEHHON CTOMMOCTU NPUOBPETET CNeayroLWmin BUg;

NPV =" — CF n v , ©)

(1 1+R) IM(1+r
(+ J=0( +RJ) t:l( +|")

npw ycnosun RO= 0.
Ho nogobHoe NpmnbAn>KeHUe HOCUT A0CTATOMHO rpy6bl XapakTtep.
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Bonee ToYHbIM MNpvemoM 6yfeT onucaHHas fasiee 3aMeHa AMCKPEeTHOW MoAenu Aaxe
C MasibiM MepuroaoM AVCKPETHOCTU (B HEAESH0 WA B AeHb) Ha HeMpepbIBHY MoAe b MoToKa
nnatexxen (cm., Hanp., [4, c. 98]) ¢ noTHocTbIO p(f) HA HEKOTOPOM BPEMEHHOM MPOMEXKYTKE
[0, A]. OTmMeTNM, YTO MMEHHO B 3TOM MPOMEXXYTKE BPEMEHMW MPOA0IKAETCA ONUCbIBAeMbI UH-
BECTULMOHHbI/ NPOEKT, B MOMeHTe 0 HaxoauTcsa HavasibHas MHBecTMUuA CFO, a B MOMEHTE N
MPoOMCX0ANT KOHEYUHbI BO3BpaT KanuTtasna. B TakoM criyyae BblpaXkeHWe AJ/1si pacyeTa YncTon
NnpvBeAeHHON CTOMMOCTM BbIFNAAUT CeAyoL MM 06pas3om:

NPV =CFO+ jpvt)dt- ™" @
QL+

rae \(t) — dyHKUMA npveeaeHWA. Mpy MOCTOSIHHOCTM MHTEHCUBHOCTU NprBeaeHns 8(t) = 8 = const, n
\t) =e8t.

MepBoe M nocnegHee cnaraemble B BblpaXXeHUU (4) onmUcbIBAOT AUCKPETHbIE BeSINYUHDI
(HaYanbHY0 MHBECTULMIO U KOHEYUHbI BO3BpAT KanuTtasia), Pe3Ko OT/IM4valoLLmecs 0T 3Haue-
HUWIA NMIOTHOCTU MOTOKA M/aTeXel, No3ToMy BCTpamBaTb UX MOA MHTErpas HelenecoobpasHo.

Ana yaobeTBa pacyeta nNAoTHOCTL nnatexka p(t) n yHKumo npreegeHns v(t) MoXKHO an-
NMPOKCMMUPOBATb KYCOYHO-IMHENHbLIM 06pa3oM.

O6obLatoLime paccy>kaeHns 0 Npupoae NPUBOAVIMONO MOTOKa MaaTeXxe MOXHO NMpoaon-
XUTb 1 ganee. CyLLeCcTBYOT MHBECTULMOHHbIE MPOEKTax, 0CO6eHHO A0/ITOCPOYUHbIE, B KOTOPbIX
XapakTep MoToKa njaTedXken ABOMCTBEHHbIN: NPUCYTCTBYIOT, C OAHOM CTOPOHbI, BblpadKeHHbIE
nepmognyeckue naaTexu, ¢ Apyroi — nepuofbl BPEMEHU C HacT XMW, NPaKTUYecKu Henpe-
PbIBHLIMU AEHEXHbIMU MOCTYMNIEHNSAMN (M pacxofamu), NMofo6HbIMU OMUCaHHbIM Bbille. Ta-
KOW MOTOK MnaTtexkeil yA06HO Ha3BaTb AMCKPETHO-HeNpepbIBHbIM. Hibke ansa Hero 6yaeT onu-
caH NoAcYeT YNCTOM NMPUBEAEHHOW CTOMMOCTH.

CocTaBMM UCX0A4HOE OMMucaHue Takoro MHBECTULIMOHHOMO MpoeKkTa C AUCKPEeTHO-Herpe-
PbIBHLIM MOTOKOM M/iaTeXe. BuaHo, 4TO OHO COCTOUT U3 ABYX COCTaB/ISAIOLLMX, peasin3oBaH-
HbIX Ha BPEMEHHOM MPOMeXXyTKe npoekTa [0, n]: ANCKPETHOM U HeMPEPbIBHONA.

JAMNcKpeTHas cocTaBnsowasi, Kak paHee B (2), NpeAcTaBnsieT coboi NOTOK niaTexxen, 3a-
[JaHHbIA nocnefoBaTelbHOCTLI0O MOMEHTOB niaTexkerd (0, 1, 2, ©, n, n), BeAMUMHaAMU NnaTe-
xei (CFqg CFi, CF2 ~, CFn TV), coBepluaemMbIX B 3T MOMEHTbI, & TaK)Ke cTaBKaMu rnpuse-
OeHnsa ons nepuvoanyeckux nnatexkein Rtn KoHeyHoro Bo3spara rtHa nepuogax (t—1, t) npu
te (1, 2 ™, n).

Mpu onncaHMM HEMpPEpPbLIBHOW COCTaBASAOLLEN B JOMNO/IHEHNE K NPUBEAEHHOMY BbILLIE Bbl-
pakeHUo (4) cnefyeT OTMETUTb, YTO B OOLLEM C/lyvyae BO BPEMEHHOM MPOMEXYTKe MpoeKTa
[0, n] moryT npucyTcTBOBaTL MEpPMObl, KOrAa HenpepbIiBHbIE MATEXN OTCYTCTBYHOT, T.€. B KO-
TopbIx p(t) = 0. MosToMy paccmMaTpuBaTb MpUBeAEHME HEMNPEPbLIBHOIO MNOTOKa MaaTexen nmMe-
eT CMbIC/T NNLLb HAa MHOXXecTBe T, COCTaB/IEHHOM U3 BPEMEHHbIX MPOMEXYTKOB C HeHY/1eBOWA
M/IOTHOCTbIO NiaTeXxen. KoHeuHo, Bce 3T BPEMEHHbIE MPOMEXXYTKN HaX0AATCS HA BPEMEHHOM
MPOMEeXXyTKe MHBECTULMOHHOIO npoekTa [0, n].

OTMeTUM TakxKe, UTO pasHble TUMbl MOTOKOB NJIaTeXer MOryT 0TpaXkaTb pa3/INyHble YPOB-
HU p1CKa U MMEHHO NMOTOMY MOTyT Tpe6oBaTb NPUMEHEHUS Pa3/INYHbIX CTABOK NpusefeHNs [9).

C y4yeTOM BbILLEOTMEYEHHOI0 A/151 ONMMCAHUS YUCTOW NPUBEAEHHOM CTOMMOCTU AUCKPETHO-
HeNpPepbIBHOrO MOTOKa C KOHEYHbIM BO3BPATOM Kanutasna MOXHO 00beAUHUTb BbIPaXKeHUS
[ONS AVCKPETHOro M HeMpPepbIBHOIO MOTOKOB MaTeXel, MOCKOMIbKY OHUN He3aBUCKMbI M0 CBOEl
npupoge. B pesynbtaTe NoNy4mMm crenyroLLyo opMysy:

v

NPV=~- ' _1ptvt)de- ®

MN(1+Rj) T M. (1+r)
|5 =1
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VmeHHO no aTtoii dhopmyne (5) paccHmTbiBaeTCs NoKasaTesib YACTOM MPpUBEAEHHO CTOMMO-
CTU 4N UHBECTULMOHHOIO NPoeKTa ¢ AUCKPETHO-HENMPEPbIBHbIM MOTOKOM M/1aTeXeN N KOHEeY-
HbIM BO3BPATOM Kanutasa.

BHYTpeHHAA cTaBKa AOXOAHOCTW. BronHe ecTeCTBEHHO MOCTaBUTbL BOMPOC O TOM, Kak
OyaeT BbIMAAeTh 419 NPOeKTa C AUCKPETHO-HEMPEPbIBHbLIM MOTOKOM MsiaTeXel Apyroi, TeCHO
cBAA3aHHbIV ¢ NPV nokasaTtesib 30heKTUBHOCTU — BHYTPEHHSAS cTaBKa AoxoaHocTu IRR.

MNMoka3aTteslb BHYTPEHHEN CTaBKU A0XOAHOCTU UCMNO/b3YyeTcs AN1s CPpaBHEHUSA UHBECTULM-
OHHOr0 NPOeKTa C a/ibTepHaTMBHbLIMU (B TOM YMC/1e MEHEE PUCKOBLIMU HaHKOBCKMMU) B10XKe-
HUAMU N ONpefensieTca Kak NosIoKUTe bHbIA KOpeHb YpaBHEeHUS [OXOAHOCTU C eAUHCTBEH-
HOM (NOCTOSIHHO) CTaBKOlM NpuBeaeHUs:

NFViIRR) = 0. ©)

UTto6bl NpeobpasoBaTb OPMYY YUMCTO NPUBEAEHHON CTOMMOCTU A/1s1 Hambosee 06LLErO
cnyyast AMCKPEeTHO-HEMpPepbIBHOIO MoToKa nsaTtexxer Buaa (5) K 3aBUCMMOCTU JIMLLb OT OAHOW
CTaBKM NpUBEAEHNS, CNeayeT MOMOKUTb, C OAHOM CTOPOHbI, B AUCKPETHOM cocTaBnsioLel

R = 1j=IRR = const, )

C Apyroii CTOpOHbI, B HEMPepbIBHOV cocTaB/istolel (opMysibl (5) crefyeT NPUHATL BblpaXke-
HWe hYHKUUWN NPUBeAEHUS B BUAE 3aBUCUMOCTU OT €AVUHCTBEHHOM CTaBKMU:

v = 1/ (L + IRR)". ®

MoactaBnAsa Bblpakenus (7) u (8) B chopmyny (5), nonyymm ypaBHeHMe JOXOAHOCTU ANs
onpeenieHNs BesIMYUHBI MoKasaTens BHYTPEHHEN CTaBKWM AOXOAHOCTU AN1S1 MpoeKTa C Auc-
KPeTHO-HeNPepPbIBHbLIM NMOTOKOM KannTaIM3npyembIX NaaTexxen:

ot PO e TV o ©
=01+IRRY T(1+IRRf L+ IRRf

MonoXunTesibHbI KOpeHb ypaBHeHUA (9) 1 ByaeT NpeacTaBisATb UCKOMOE 3HAYEHUE BHY-
TPEHHEeWN CTaBKM AOXOAHOCTU MPOEKTA.

HecMoTps Ha BHELLHIOW rpoMO34KocTb YpaBHeHMA (9), peLuaeTcs OHO OTHOCUTEsIbHO Mpoc-
T0. OBbIYHO A/15 3TOr0 AOCTATOYHO MCMOb30BaHUSA 3/1IEKTPOHHbIX Tabnul, Microsoft Excel. Oc-
HOBHYIO C/IOXKHOCTb MpPeACTaB/ISAET co060/ MOAr0TOBKA AAHHbIX M 3anncb YPaBHEHUS B 3/1EKT-
POHHbIX Tabnuuax. [anee pelleHNe HaxXoAMUTCA C NOMOLLBIO HAACTPOMKN «[MOUCK peLueHUsI»,
BCTPOEHHOW B 3M1EKTPOHHbIE TabnnLbI.

CoBpeMeHHas BblYUCANTENIbHAA TEXHUKA M03BOJIAET PacCMOTPETbL YacTo MPUMEHSEMble
nokasatesin aPMeKTUBHOCTU UHBECTULIMOHHBIX MPOEKTOB, MOKa3aTe/lb YUCTO NpuBeAeHHON
ctommocT NFV 1 nokasaTtenb BHYTPEHHEN cTaBKkM goxoaHocTu IRR ¢ 6osiee NpUBAVKEHHbIM
B HEKOTOPbIX CyYasix K peasibHOCTU HAb0pOM AaHHbIX: HENPEPbLIBHLIM NN AUCKPETHO-Henpe-
PbIBHBIM MOTOKOM MNAaTeXel, a TakXKe NepeMeHHOCTU CTaBKW MpuBeLeHUS.

[Ans nofobHbIX MHBECTULMOHHbLIX MPOEKTOB, XapaKTepHbIX, Harnpumep, 418 PO3HUYHOM
TOProB/K, Takasi TEXHMKA MO03BOJIAET MOBbLICUTbL TOYHOCTb pacyeTa.
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DEEPENING TRADE AND ECONOMIC COOPERATION
OE THE REPUBLIC OE BELARUS AND THE PEOPLE’S
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INTERNATIONAL CONDITIONS

The article defines the relevance of trade and economic cooperation between the Republic of Belarus
and the PRC, analyzes the dynamics of the main indicators of foreign trade in goods and services for the
period 2016-2020 between the countries, the main articles of export-import operations were studied, certain
aspects of the expediency and possible directions of deepening trade and economic cooperation of the PRC
in the Republic of Belarus in the emerging international conditions were established.
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