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OBIPYHTYBAHHS JIU®Y3IMHOI MOJIEJI
BITPOBAJIKEHHSI IHHOBAIIIM TA ii
3ACTOCYBAHHS /1O NOMIMPEHHS BAKIIMHAIIA'

AHoTaniss. BuBuaroThcs mMepeayMOBH Ta MPUIYIICHHS Kiacu4Hoi Mozaeni bacca mommpeHHS
iHHOBaII 3 MeTolo ii 3acTOCYBaHHS IS MOJEIIOBAHHS AKTYAJIBHUX CTOXAaCTHYHHX HPOIECIB,
mo omnucyoTh nanaemii. Moxens bacca qoBenma CBOIO YHIBEpPCAIbHICTH 1 3aCTOCOBHICTH [0
pi3HUX cepenoBuil. HaBeieHO JeraibHi MaTeMaTH4Hi OOIpYyHTYBaHHs BJIACTHBOCTCH MOJeii Ha
OCHOBI TEOpii EKOJIOUIfHUX PIBHSIHB 1 CTOXaCTMYHHUX IPOLECIB 3 METOI0 ii MOJANBIIOro pPoO3-
BUTKY, HOIIYKY MapaMeTpiB HEBH3HAYCHOCTI Ta CIIOCTEPEXKYyBaHMX 3MiHHUX. OTpUMaHO peaiic-
TUYHI pe3yJIbTaTH OI[IHIOBAHHS mapaMeTpiB mojemi bacca i Bakumnamiii B Ykpaini ta bino-
pyci Ha TIWXKHEBHX JaHHX repiioro miBpiyus 2021 p. i 3alpONOHOBAHO HPOBEICHHS MOIOHHMX
JOCTI/DKEHb IS 1HIINX JIepXKaB, a TaKoK oOmacTedd 1 pailloHIB YKpaiHH.

KorodoBi ciioBa: HOBHI IPOJYKT, KPUTHYHA Maca, IaHJAEMis, MAapKETHHI, OXOPOHa 310pOB’s,
CTOXACTHYHI HPOLIECH.

BCTYII

ABtop knacuunoi monenm [1] ®penk bacc (1926-2006) OyB mepumm JaypeaTtom
npemii O’Jlemna AmepukaHcbkoi acomiamii MapketuHry (AAM) 1979 p. 3a my6-
nikamito [2], maypeatom mpemii Konsepca (3amouarkoBanoi y 1946 p.) AAM 1986 p.,
npemii Jlittna (mepimoro mokropa ¢iocodii 3 AOCTIIKEHHS OIepaliii Ta Meploro
npe3nsieHTa [HCTUTYTY MOCTDKEHHS orepariii Ta ympaeiiHChKHX Hayk (Institute for
Operations Research and the Management Sciences, INFORMS)) INFORMS (3armo-
yaTkoBaHoi y 1982 p.) 1988 p. 3a Haiikpauly myOJiKalio 3 MEHEDKMEHTY UM MapKe-
TuHTY [3] (s myOikaris BUHAIDIA THCHs ABOX JIOOMPAIFOBaHb), peMii MeitHapya (3a-
novyatkoBaHoi y 1974 p.) 1991 p. 3a kpaumy nyOmikauwito B xypHami «Journal of
Marketing» [4] (s myOmikariis € CKOPOUYCHHM BapiaHTOM MOJAHOTO JIO0 PENaKIii Kyp-
Hairy marepiaiy), npemii Yepuimst (3amodarkoBaHoi y 1996 p.) AAM 2002 p., npemii
[Napnina (3anmouarkoBaHoi y 1945 p.) AAM Tta BoproHcekoi mikonu 6i3Hecy (3acHO-
BaHoi y 1881 p.; Haiikpamoi mkomn Oi3Hecy cBiTy 3a peiitmaroM «Financial Times»)
2003 p. YV 2005 p. YuiBepcurer IliBnennoi ABcrpanii (3acHoBanmii y 1856 p.; Ha
2021 p. mae mosuwiro 295 cepen yHIBEpPCUTETIB CBiTY 3a peiTMHroM QS) 3acHyBaB
Incruryr EpenGepra—bacca mapkeTHHTOBHX JoCHiKeHb, a B Himepnanmgax I'poHiH-
TeHChKUW yHiBepcuTeT (3acHoBanuil y 1614 p.; ma 2021 p. mae nosurio 128 cepen
YHIBEPCHUTETIB CBITy 3a pedTnHroM QS) Ha (paKynbTeTI eKOHOMIKM 3aCHYBaB Kadeapy
®penka M. Bacca.

PoGora BukOHaHa 3a 4acTKOBOi minTpumku HamioHaneHOro (GoHay mociikeHb YKpaiHH, HPOEKT
«AHamiTHYHI METOAM Ta MAIIMHHE HABYaHHA B TeOpil KepyBaHHS 1 NPUUHATTI pIilIeHb 332 yMOB
KoH(}IIKTY Ta HeBu3HaudeHocT» (rpant Ne 2020.02/0121).
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3ragaHa kimacuyHa myoOsikamis [1] ocHoBaHa Ha mpenpuHTi [5] 13 genio 3MiHe-
HOKO Ha3BOK. Y CBOIO 4epry, 3a3HAYCHHWH TpenpuHT [5] 0a3yeTbcs Ha JOMOBINI Ha
koH(pepeHmii [6]: eBomromis Big AOMOBiAI HA KOH(EpeHmii 10 MpenpuHTy i 3aBepIe-
HOI JKypHajdbHOI myOJiKamii € TepeBIpeHUM MNUIAXOM JIOCATHEHHS SKICHHUX
HAYKOBO-NIPAKTUYHUX PE3yJIbTATiB.

IOCTAHOBKA ITPOBJIEMUA

JUts BUMIpDIOBaHHS XapaKTEPUCTHK MaHzeMii (axiBIi BHKOPHCTOBYIOTH aHAJi3 Ta
OLIIHIOBaHHS EBOJIOLIWHUX Mojeneid [7-12], 3okpema nudysiiiHy Mmomens bacca
[13,14]. 3ayBaxkeHHs1 (axiBIliB I1I0JI0 3aCTOCYBaHHs MOJel bacca sl MOJEIIOBaHHS
TIONIMPEHHST TIAHZAEMIl 30Cepe/KYBAIMCS HA BAXJIMBOCTI eMmipuyHuXx manux [14,15],
3aX0iB 3 OXOpoHH 370poB’s [14,16], HeBm3Hauenux QakropiB [14, 17-19], opra-
Hizauiiaux npiopureris [14, 20, 21]. Takum unHOM, Monenb bacca 3aciyroBye mokimas-
HOTO BWBUCHHS, a i BUCHOBKM — PETEIILHOTO OOrPYHTYBaHHSI.

Mera i€l poOOTH — MaTeMaTH4YHE OOTPYHTYBAaHHS BHCHOBKIB KJIACHYHOI ITyO-
mikamii [1], a Takoxk 3acTocyBaHHs IU(Y3IMHUX MPOLECIB HE JIMILE JUIi MOACTIOBaHHS
JIMHAMIKH TH(PIKOBAaHUX OCIO, ajie i 10 JMHAMIKA BaKIIMHOBAaHHMX OCi0 3a pealbHUMU Jia-
HUMH. 3a3Ha4UMO, 110 B MoJIei bacca iHHOBAIli€I0 HA3UBAIOTH CHIOKHMBAHHS HOBOTO IIPO-
JYKTY, SIKUM Ha CydacHOMY (papMalieBTHUHOMY PHUHKY € Ta UM iHIIa BakiuHa [16].

Jns OIiHIOBAaHHS TEPMiHIB MEPBHHHHUX 3aKYIiBEIb HOBHX IIPOTYKTIB 3aIpOIO-
HYEMO TEOPETHYHY MOJIENb Ta MepeBipuMo 11, BUKOPUCTOBYIOUM €MIIPUYHI JIaHi CIIOo-
JKUBYMX TOBAPIB TPUBAJIOTO KOPHUCTYBaHHS, HANPUKIA AaHi IPO MPOAaXi KOIbOPO-
BUX TeneBi3opiB y 1960-x pokax [1]. OcHOBHE NMpUITyLLIEHHS MOAENI IOJNATaE Y TOMY,
IO I1i TEPMIHM 3aJIeKaTh BiJl KUTBKOCTI TIOMEPEIHIX MOKYIIIB. Y MOBEAIHII MOJENi
BHOKPEMHUMO 1HHOBAIIWHY Ta IMITaliifHy CKJIaJOBi. 3TiAHO 3 ICTOPUYHUMH JaHUMH
3aIpONOHOBAaHA MOJICIh 33JJOBUTLHO MPOTHO3YE MK MPOJIAKiB 1 MOMEHT IbOT'O ITIKY.

s Mozenb MOXKe 3aCTOCOBYBATHCA 1 B pa3l 3pOCTaHHS MEPBHHHUX 3aKyIiBelb
LIMPOKOTO CIIEKTPa XapaKTEPHUX HOBHX 3arallbHUX KJIAcCiB MPOIYKTIB: PO3PI3HAIOTH-
cs HOBI KJIAaCH MPOJAYKTIB 1 HOBI OpeHIM YM MOJEINi CTapuxX KIaciB MPOAYKTIB (sKi
KOPHUCTYIOTBCS IIOIIUTOM).

s HoBHX OpeHAiB a00 MPOIYKTIB BiOMI MOJIEINi eKCTIOHEHIIaTEHOTO 3POCTaH-
HS TIPOJIAXKIB JIO MIEBHOI ACHMIITOTH: TIPOJIAXKi MIBUJIKO 3POCTAIOTh JI0 MOMEHTY JIOCST -
HEHHS CBOTO MIKY, a Jalli cTabiIi3yloThCsl Ha IEBHOMY PiBHI HIK4e miky. Ctabimizy-
BaJbHUN €(QEKT NOSCHIOETHCS BITHOCHHM 3POCTaHHAM PE3EepPBHOI 3aKyMiBelbHOI
CKJIaJIOBOT MPOAAXiB 1 3HM)KEHHSIM CKJIaJ0BOI MEPBUHHHUX 3aKYyIliBEJb.

JIOBrocTpoKOBe MPOrHO3yBaHHS MPOJIAXKIB HOBUX MPOJYKTIB TOTPEOY€E HE JIHIIIE
iHTYinii, ame # HasBHOCTI iH(opmamii. Take NPOrHO3YBaHHS Mae MaTeMaTHYHY
CXOXICTh 3 MOJCHSAIMH 1H(QIKYBaHHS, $Ki 3HAWINIM IIMPOKE 3aCTOCYBAaHHS B
eninemionorii [22, 23]. [TpunymieHHs: MO0 MOBEIIHKH 37¢01LIbIIOr0 aHaJOoTriuHi 10
TEOPETUYHHUX KOHUEMLIH, SIKi MPEACTABICHO B JIITEpaTypi 3 MPUHHATTS Ta Audy3ii HO-
BUX MPOJYKTIB [24], a TakoX 10 JesIKUX Mojenedl HaBuaHHs [25]. DakT SBHUX MO-
BEIIHKOBHX IIPHUITYIICHb BIiIpI3HSIE 3allPOIIOHOBAHY MOJENb BiJl MOIENCH, II0
0a3yr0ThCsI Ha JIOTHOPMAJILHOMY PO3ITOJILNI, Ta IHIIMX MOJIEJIEH 3pOCTAHHS TIPO/IaXKIiB.

VY 3aranbHUX TEOpisX MPUHHATTS Ta AU(Y3ii (PO3MOBCIOMKEHHS) HOBHUX iAeH 4un
HOBHX IPOAYKTIB Yy COIialbHIi cucTemi [25] CKIaAHO PO3PI3HATH MPUIYIICHHS Ta
HACJIIJIKK, IOTPIOHI JJIsl OI[IHIOBAHHS TEPMiHIB IPUHHSTTS HOBUX 17ICH YU MPOJIYKTIB.

Slko ocoba BupilIye MPUHHATHA IHHOBAIIIO HE3aJIE)KHO BiJ PIllIEHb 1HIINX OCi0
y COIialibHIi CHCTEMi, TO TaKy 0co0y Ha3WBAIOTh HOBATOPOM: 3a3BHYail MOXKHA BBa-
KaTH, 10 HOBATOPU — II€ Ti, XTO MEPIINMH BIPOBAIKYIOTh iHHOBAIf0. Cepes Takux
0ci0 BHOKPEMIIOIOTH KJIACH HacmigyBadiB (adopters) iHHOBAIl 3a XPOHOJOTIEO
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pimeHs MpUHHATH iHHOBamilo: 1) HoOBaTopH; 2) mepimi HacmigyBadi; 3) IOYaTKOBa
Oinpmricts; 4) KpUTHYHA OLNBIIICTH; 5) MOKYII y CTaHi OYiKyBaHHS.

Ha BigmiHy Bijg HOBaTOpiB KOXXHMW HacliayBad (iHHOBaIlli Ta BIAMOBIAHOI TO-
BEJIHKHM) BHPINIyE, YU MPUHAMATH IHHOBAIII0O B KOHKPETHHUH TEPioj Yacy, sSKUW 3ajie-
JKUTB BiJ] 110 Pa3 CHIIBHINIMX THUCKIB COIIANBHOI CHCTEMH Ha HACTYITHUX HACIITyBaviB y
pas3i 30UTBIICHHST KUTBKOCTI TIONIEPEHIX HacIiayBadiB. Y MaTeMaTHUHIN TMOCTaHOBII
KJIacH 2—5 MOXHa 00’ €THaTH B TPyIy iMiTaTopiB. Ha BiMiHYy Bifi HOBATOPIB iMiTATOpH
€ 3aJIKHUMH Bl TIEPIOJiB Yacy pillleHb IHIIUX YJICHIB COINAIFHOI CHCTEMHU IIOJI0
NpUAHATTS iHHOBaMii. Jlo HOBAaTOPIB MOXYTh HanexaTH mepii 2.5 % HaciixyBadiB
[25], siKi MatOTh TIEBHI COMIATBHO-TICUXOJIOTIUHI SIKOCTI 1 MOKYTh B3aEMOJIATH 3 1HIIH-
MU HOBaTopamu. HoBatopu He € 3aJIe’KHUMH BiJl TIEPIOJIiB Yacy pillIeHb 1HITUX YJICHIB
COIIaIbHOT CHCTEMH JUIS TIPUUAHSTTS 1HHOBAIII y TOMY CEHCI, IO Y pa3i po3ropTaHHS
Ipolecy HACIITyBaHHS THCK Ha TPYITy HOBATOpIB pajIie CIIaaac, a He 3pOCTac.

MATEMATHYHA MOJIEJb BIPOBAKEHHS THHOBAIIIT

VY Mozeni 3pocTaHHS 1 crajy IONMUTY HAa TOCHIJOBHI IMOKOJIHHS TEXHOJOTTYHHX
iHHOBalil moTpibHO Opath 1Mo yBarum edektu audysii Ta 3amimeHHS (3aMiHM).
Binomoro € nudysiitna mozaens bacca monuty mepBHHHUX 3akymiBenb [1, 5, 6]. La
MOJIeJIb Ma€ IMOBEIIHKOBE OOTPYHTYBaHHSA, AK€ Y3TOMKYETbCS 3 JOCIIIKEHHIMU B
COIlaIbHUX HayKaxX WIOAO NPUUHATTS (HACHiTyBaHHS, BIPOBA/LKCHHS) 1 qudys3ii
iHHOBaMi#l [25] 3 ypaxyBaHHSIM yMOBHOI WMOBIPHOCTI TOJii MPHUWHATTS Y MOMEHT
gacy 7, SKIIO IO IBOTO MPUHHATTS HE BigOyBalOCH.

VY pasi 3acTocyBaHHs TeOpii A0 OLIHIOBAHHS TEPMiHIB IEPBUHHUX 3aKyIliBelb HO-
BOIO CIIOKMBYOI'O INPOJYKTY BHCYBA€TbCS OCHOBHE MPUIIYIICHHS: HMOBIPHICTb
(probability) P(T') Toro, 110 epBUHHI 3aKyTMiBIIl 371ICHIOBATUMYTBHCS Y MOMEHT 4acy T
3a YMOBH, IIIO JIO IILOTO 3aKYITIBIII HE 3/IIHCHIOBAIUCS, € JIIHIMHOK (QYHKIIEK KUTBKOCTI
Y (T') nomnepenHix MOKYIIIIB:

q
P(T)=p+=Y(T), (1
m
ne Y (0)=0, P(0) = p — KOHCTaHTa, BENMYMHA SIKOI BimoOpaskae BaXXJIMBICTH HOBA-
TOpIB y comianbHiil cuctemi (koedilieHT iHHOBaii), ¢ / m — KOeDIIEHT HaXWITy
miniitHOl (yHKII, mapameTrp ¢ — KoedimieHT imiTarii.

OCKITBKH TTapaMeTpH MOJIEJI 3aJIeKaTh Bif BUOOpPY MacmTady dacy, TO MOXKHA
BUOpATH TaKy OJUHUIIIO BUMIPIOBAHHS Yacy, IO p BiToOpakaTHMe YacTKy HOBAaTOPIiB

cepenr ycix HacmigyBadiB [25]. JloOyTok Py (T') BinoOpaxkae THCKH, SIKI JIIFOTh Ha
m

iMiTaTOpIB Yy pasi 30UTBIICHHS KITBKOCTI MOMEPEAHIX MOKYMmiB. /Iy MEHIIMX 3Ha-
4eHb ] BIUIMB HOBATOPIB € OUTBIINM, HIX BIUIMB iMITaTOpiB.

3rajjaHe OCHOBHE INPUITYLICHHs TeOpii MOXKHA C(HOPMYIIOBATH y MeEKaX Heme-
pepBHOI Moieni Ta PyHKIIIT MITPHOCTI MOMEHTY Yacy IMEepBUHHUX 3aKyITiBeIb, BOJIHO-
yac JiHIiHY 4YacTuHy piBHOCTI (1) Ha3zBeMO BipOTiTHICTIO.

Hexaif mpoTsroM )HTTEBOTO MUKy TPOIAYKTY 31iHCHIOBATUMETHCS m HOTO Tep-
BUHHHUX 3aKymiBedb. OCKUTBKHY el MPOXYKT KYMyIOTh PiAKO, TO KiNBbKICTh HOTO OaH-
HUYHHUX TPOIAXKIB TOPIBHIOBATHME KiTBKOCTI HOTO MEPBHHHUX 3aKyIiBENb MPOTATOM
Ti€l YaCTHHM 9acOBOTO IHTEPBANY, ¢ HE OYII0 MOBTOPHHUX MPOJAXKIB: i3 MOMEHTY MO-
9aTKy MMOBTOPHHX MPOAAXKIB MPOAYKTY. 3arajbHi MPOoAaxXi CKIaJaTUMYThCS SIK 3 TIep-
BUHHHUX 3aKyIIiBeNb, TAK 1 TOBTOPHUX 3aKymiBedb. Toxai gacTka (fraction) momepeaHix
MOKYTIIIB cepe]] MIePBUHHMX 3aKyIiBelTb HA MOMEHT Jacy 7 MepHIux NMepBUHHUX 3a-

KyHiBeH]) CTAaHOBUTUMEC
F)=20, po)=-rO
m

m

0, 2
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BU3HAYAIOYM YAaCTKy PEIITH MOKYNIiB (MOTEHIiaJbHUA PUHKOBHH MOMUT) SK
1—F(T). lepBuHHI 3aKymiBIi MPOAYKTY 3AIMCHIOIOTh HOBAaTOPH, SIKI BIUIMBAIOTH
Ha TepHuii JonaHok piBHOCTI (1), Ta iMiTaTopw, sIKi BIUIMBAIOTh Ha APYTUH JOfa-
HOK piBHOCTI (1) 1 B MEBHOMY CEHCI MepedMaroTh JOCBIJ MONEPEIHIX MOKYIIIIB.
Kinpkicts Y (T') momepenHix TOKYIIB HE BIUIMBAa€ Ha HOBATOPIB MiJ Hac iXHIX
MICPBUHHUX 3aKYIIiBEIb.

3 ypaxyBanHsM piBHocTeH (1) 1 (2) BIpOTiHICTh 3aKyMiBII TPOAYKTY B MOMEHT
gacy 7' 3a YMOBH, IO O IFOTO Yacy 3aKyIIiBIi HE 3IIHCHIOBAIUCS, MOYKHA 3aITUCATH
Y BUDJIST

ST _ _
_F(T) P(T)=p+qF(T), 3)
T
ne f(0)=P(0)=p, F(T):If(t)dt, f(t) — ¢yHkuis migepHOCTI B Haci 7.
0

3BixcH 3araqbHa KUTBKICTH MOKYTMOK Ha iHTepBani 4acy (0,7) craHOBHTHME
T T

m[ f()y=mF(T)=Y(T)=[S(0)dL, @
0 0

Jie BHACIHiZOK piBHOCTI (3) ¢yHKIIIO MITbHOCTI poAaxiB (sales) MoxkHa 3amucaru
Yy BHTIIS
S@)=mf (t)=mP(T)[1 - F(T)]=P(T)[m—-mF(T)],

a BHacIiJiok piBHocTel (3), (4) mMarumemo

T T
P(T)=p+qF(T)=p+1jS(z)dz, mF(T):Y(T):jS(z)dt;
0 0

T T
S(7) =£p+qu(z)dtJ[m—jS(sz:
mo 0

T T T 2
= pm=p|[ S(1)de + 4 S(r)dt—q{j S(z)dr} = pm+(g-pW (D -LY (%5 (5)
0 0 "o "

dF S(T)

C=rn)=

= p+ —
7 - p+(qg—p)

Y@ [Y(T)T _
m q m B

dF
p+(q—p)F —qF*

= p+(q - pPF(T)-g[F (D 1+C=|

[MosHauumo a=—-¢q, b=q— p, ¢c=p 1 3 ypaxyBaHHIM TOTO, IO

2 2 2 2 2
b* —dac=(q—p)” +4pg=q° —2qp+p° +4pg=(p+q)° >0,

CKOPUCTAEMOCS aHAIITUYHUM BUPA30M iHTerpaja Bia pamioHanbHOi (yHKIi

i dF L |2eF +b- b? —4ac |

c+bF +aF? Vb? —4ac | 2aF +b+b* - dac

—-2p—-2qF
2qg —2qF

_ b o la-p-24F —q-p 1

— = In
p+tq |q—-p-2qF+q+p| p+gq
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a TaKOX IMOYaTKOBOIO YMOBOIO

0+C = ! In

P+q

-2p—-2q-0
2g —2q-0

=1ln

pP+q

r
q

OTxe, BpaxOBYIOUM JIOJATHICTh 3HA4YE€Hb p, ¢, F, OTpUMyeMO

! ln(p}rt:lln —p =gk = ! m{p-qu}
p+tq \q p+q q-F)| p+q [q(-F)

bl )
P+q g(1-F) q p+q | q1-F)p] p+q | pl-F)

p+qF}

p-F)[
pexplt(p+q)]- pFexpli(p+q)]=p(l—F)exp[t(p+q)]=p+qF,
pexplt(p+q)]— p=qF + pFexpli(p+q)]=F{g + pexp[t(p+q)]},

Fo Pl ol -1
pexplt(p+q)l+q

p(ry= PRl (p+]-1i ©)
pexp[T(p+q)]+q

+1= ! In

pP+q

p

q

In{exp[t(p+ @)} =t(p+q)= h{

f= dF _ p(p+q)explt(p+q){pexplt(p+q)]+q — pexplt(p+q)]1+ p} _
dt {pexplt(p+ )]+ g}

_p(p+q)” explt(p+q)] @)
(pexplt(p+q)]+q}*

S(t)=mf ="PPT 9)° explt(p+ ;1)] ’
{pexplt(p+q)1+q;

B p(p+ ) (p+q)eXp[t(p+q)]{pe><p[t(p4+ DI+ay®

i {pexplt(p+q)]+q)

2 2{pexp[t(p+ @)1+ qip(p+q)exp[t(p+q)] _
tpexpli(p+ )l +q*

-mp(p+q)

=mp(p+q)> exp[t(p+q)] {pexplt(p +q)]+q}iq — pexplt(p+ )1} .

{pexplt(p+q)l+q}?

OTxe, 1151 ¢ > p 1 TOCTaTHBO MAaMX 3HaYeHb ¢ QyHKIs S (¢) 3pocTae, nocsraro-
91 MaKCHMyMy 32 yYMOBH

0=q — pexp[t(p+q)], exp[t(p+q)] =%, (p+q)= ln(g,

TARPIELY el VSN WS (®)

pP+q
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[Mpn mpomy 3HaueHHS KoedimieHTa imiTarii mOBMHHO OyTH BenmukuM. Tomi
- nl 4 |ll=,!
exp[#(p +q)]=exp| In LFP e

S(T*):mP(P+¢])2P_1‘1 _mp+)’q _mp+q)® ©)

BpaxoBytoun piBHICTH (5), OTpHUMYy€EMO

@ S(T*y=pm+(q—p)Y T~ )——[Y(T )7,
q

m*(p+q)* =4m® pg +4mq(q — p)Y (T") - 4q*[Y (T"))?,

Y(T*):4mq(q—p)i\/52m(q_p)>0 (10)
8q2 2q Y

JIe TUCKPUMIHAHT JIOPIBHIOE
D=16m*q*(q - p)* ~16¢*[m* (p+q)* - 4m* pq]=
=16m*q*[(q - p)* — (p+q)* +4pql=
2 2 2 2 2 2
=l6m~q“(q” —2qp+ p”~ —p” -2pq—q~ +4pq)=0.

Sxmo g< p, To QyHKuis S() gocsrae cBOro Makcumymy s t=0:

2 ) 2
S(O):mf(o):mp(pw) exp[0 (p+c21)]:mp(p+q2) — (11)
{pexp[0-(p+q)]+4q} (p+aq)

2 2 2

* m(p + 4pg — -2pq — m

SO)-ST Y=mp— (p+4q) —mPI"P Pq—9 =——(p—q)2£0.
4q 4q 4

OCKUTBKH JUTSl PUOYTKOBUX TPOIYKTIB, SIK IPABHJIIO, BIIHOIIECHHS p / ¢ € O1H3b-
kM 10 0, To obcsr S mpoaakiB gocsraTUMe CBOTO MaKCUMYMY, KOJH CYKYITHHI 00-
CSIT TIPOAAXKIB HAOMMKATUMETBCS 10 71 / 2, TIEPEBUILYIOYH KPpUTHIHY Macy [26—29]:

ya*y="4=-p_,1_»
2q 2 2 )

OYIKYBAHA TPUBAJIICTb BXO/I’KEHHA HOBOI'O IIPOAYKTY 10O PUHKY

SIKIIO JOBITBHO BHOpATH TOKYIIISL Cepel m TOKYIIIB, KN 3MIHCHIOBATHME Iep-
BUHHY 3aKYIIBIIO IMPOAYKTy B JCSIKAH MOMEHT 4Yacy, TO OYiKyBaHa TPHBAIICTbH
yacy 7m0 Takoi 3aKymiBili 3 ypaxyBaHHSAM piBHOCTI (7) CTaHOBHUTHME

E(T):Oftf(t)dt:w ip(p+9)° expli(p+q)] di —
o ipexplt(p+q)l+q)°

[*e]

_J- lnz'p(p+q)2z OJ? Inz l
, P4 (pz+q)2 (p+Q)Z 1(pz+q) p

J‘ an dZ,
1 (z+p 'g)?

ne z=exp[t(p+q)], dz=(p+q)zdt, Inz=1t(p+q). 3acrocoByroun Bupa3
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J~ Inx lnerln X
(x+a)? x+a a x+a

g a = p_lq, OTPUMYEMO

Ery=L) Il _py, 1 =11n(l+p_1q)=;1n(p;q} (12)

Pll+plg 9 1+p'q| 4

[IpoxykT mpuiiMaroTh HOBATOPH Ta IMITATOPU: HA MOYATKY NPOIECY MPUHHATTS
MIPOAYKTY OiNbIIa POJb BiIBOAWUTHCS HOBATOpAM, aje Mi3Hille TXHii BIUIMB 3MEHIIY-
BAaTUMETHCS 1 301IbIIYBATUMETHCS BIUIMB IMITATOPIB. SIKIIO IHHOBAIIIEID € CITOXKUB-
YUl TOBAp TPUBAIOTO KOPUCTYBaHHA (CKaXiMO, TENeBi30p, Ta30HOKOCApKa, KiMHAT-
HUIl KOHJULIOHEpP, CTIILHUKOBUI MOOiNIbHUMA Tenedon), To mpoxaxi S(¢) npoTsirom
Hepiofy, B SKOMY IMOIHT CKIATAE€ThCS 3 MEPBHHHUX MOKYIIOK, OYyAyTh MPOIOPIIHNA-
MU QYHKIIT f(¢) IMIIBHOCTI MPUHAHATTS 1HHOBAIT. SIKIIO MPOoaxKi CKIaIAal0ThCS 3 1MO0-
BTOPHUX 4YM 0araTopa3oBUX 3aKyIiBeib IHHOBAIIMHOTO MPOJYKTY, TO PiBHI MPUHHST-
TS MPOXYKTY 1 MPOJaXiB HPOIYKTY BHMIpPIOIOTECS OKpPEMO.

TeopeTnuHO PO3NOAINIOM MOXKE OyTH €KCIIOHEHIIAIbHUM YM JIOTICTHYHHUN pO3-
MO/, a TaKOX po3rojauT BelOymia. OCKUTbKM €KCIIOHEHIIAIbHUN PO3MOIT HE TI0-
Tpedye mam’sati (memoryless), To BiH He BijloOpakae CyTi NOMIMPEHHS IHHOBAIIiil. 3aCTO-
COBYIOUH JIOTICTUYHUIA PO3MOJILUT 1 po3monin BeliOyiuia, ogepxyemMo pe3ynbTaTi, oAi0Hi
1o mozeni bacca, Ha JaHWX HE KUTBKOX, a 0ararbOX CIOCTEPEKCHb: OTPUMAaHHI PoO3-
nozIi1 (6) J1ae Kpaiili MPOrHO3M Ha OYJb-sIKiil KUIBKOCTI CIiocTepekeHb. JIoricTuuHy rmo-
cTaHoBKy bacca memo MoamdikyBamm ¥ y3araJbHIOBAIN, BPaXxOBYIOUM AWQY3iiHI MO-
JielTi. 3 OrJIsiy Ha XapakTep JIaHWX, IOCTYITHHX JUIS 33124 (HaOIMKEHOT0) IPOrHO3YBaH-
HSl MPOJ@XIB OUIBIIOCTI HOBUX MPOAYKTIB, 1 (HEIOCTATHHOI) KUIBKOCTI BIIIMOBIIHOL
iH(popMaLii iICHYIOTh CYTT€EBI TPY/HOLIl 3 HAAIHHOIO eKCTPAOJIALIEI0 TOYATKOBOTO 30y Ty
HOBOT'O TPOAYKTY: UL HOOY M BAOCKOHAIEHUX MOJeIel POrHO3yBaHHs 30yTy HOTpio-
HO 3BaKaTH Ha 0OMEKeHiCTh ManuX. Jloricrnuna mocranoBka bacca [1, 5, 6] BimoOpakae
CyTh TIpOIleCYy iHHOBAIi, BKItO4atoun edektu audysii Ta 3aMirieHHs.

OLIHIOBAHHS ITAPAMETPIB MOJEJIIL

IMepeiinemo Bim Ga3oBoi HemepepBHOI Moxemi (5) IO AMCKPETHOTO aHAIOTa

ST :a+bYT_1+c(YT_1)2, (13)
-1

ne Sp — mpomaxi B MOMeHT 4acy 1; Yp_| = ZS , — KyMyISITUBHI TIpojaxi 10
t=0

MoMeHTy 4acy (7 —1) BKJIFOUHO; @ — mapamMeTp JJlsl OLIHIOBaHHS pm; b — mapa-
METp JUIsl OLIHIOBaHHS (¢ — p); ¢ — mapameTp IS OLiHIOBAHHS (—m_lq). 3Biacu

b=q—p=—mc—m_1a, cm? +bm+a=0,

—b+\b? - dac

m= =2 (14)
m(bF p\/b2 —4ac) ~1 2ac
q=—mc= , P=m a4 =——- . (15)
2 —b+\b% —dac

3 piBasiHHA (13) BUIUTHBAE

Y
dYr

0 Zb—chT_l,
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3Biacu yHachigok piBHocTi (10) oTpumaemo

* b m - £
2c 2q
2 2 2 2 2
ST(Y;_1)=a+bYT"_1+c(Y;_1)2=a—lL+Lc: A

a =a =
2¢ 402 2¢  4c 4c

2 20 \2 Y
:a_c(bj oy dm =P _Apmgm(g=p)”
2¢c m 4q2 4q

_m4pa+a® =2ap+p®) _mp+d)’ _ gt
4q 4q

3 ypaxyBaHHsM piBHOCTI (9). OTxe, 3 piBHAHHS St (Y ;_1) =S(T *) MOJKHa 3poOu-
TH BHCHOBOK, III0 MakCHMaJbHE 3HAYCHHS MPOAaxiB S sK (yHKIIi yacy 30iraeThcs
3 MaKCHMaJbHHAM 3HAYCHHSM MPOAAXKIB S AK (QYHKIT KyMYJISTHBHUX TPOJAXKIB.

s mepeBipku Mojeni bacca Oyio 31iiicHeHO perpeciifiHuil aHali3 OIIHOK rapa-
METpiB 3 BUKOPHUCTAHHAM PIYHHX JAHUX YAaCOBHX PSIiB I 11 pi3HUX CIIOXHMBYMX TO-
BapiB TPHBAIOTO KOPHUCTYBAHHS y Pi3HI Mepiofn 4acy (eIEKTPHUUYHI XOIOJMIBHUKH y
1920-1940 pp. (nepion mporHozyBanHs 1926—1940 pp.); MOpo3wiIbHI KamepH (Tiepion
nporHozyBanHs 1947-1961 pp.); 4dopHO-Oini TeneBizopu (mepiof MPOrHO3YBaHHS
1949-1961 pp.); kiMHaTHI KoHAMLIOHEpH Yy 19461961 pp. (mepioa mMporHo3yBaHHS
1950-1961 pp.); cymapku st Oinmu3am (niepion nmporuo3ysanus 1950-1961 pp.); razo-
HOKOocapku (mepiox mporHo3yBaHHS 1949-1961 pp.); aBTOMaTH4HI KaBOBapKH
y 1948-1961 pp. (mepion mnporHozyBaHHs 1951-1961 pp.); mapoBi mnpacku
y 1949-1960 pp. (mepion nporHosyBanHHs 1950-1961 pp.); mom’sKinryBadi BOJH
(mepiog mporHo3yBaHHS 1950-1961 pp.); enCKTpWYHI MOKpHUBAIA IS JIIKOK
y 1949-1961 pp. (nepiox npornozysanus 1950—-1961 pp.); nporpasaui y 1952—-1961 pp.
(mepion mporuo3yBanua 1953—-1958 pp.)). Ilepioan vacy BU3Ha4amcs CyO €KTHBHOIO
OLIIHKOIO JIOBFOBIYHOCTI MPOAYKTY, @ TaKOX OOMEXKEHHUMH OIMYyOJIiKOBaHUMHU TAHUMH
IIOJI0 HOPM CHHCaHHSI Ta IMKIIB IMOBTOPHUX 3aKymiBesb. OOupanucs Taki mepioau
yacy, Jie¢ TIOBTOpPHI 3aKymiBii He Oynu BaxiuBUMH. OCHOBHE JDKEpENO JIaHUX —
Statistical Abstract of the United States, myGuikariis bropo nepenucy Hacenenns CLIA
(United States Census Bureau), ycranosu MinictepctBa Toprieii CIIA (United States
Department of Commerce). Ile Bunanss apykyBaiock mopoky 3 1878 mo 2011 pp., xa-
PaKTEepU3YIOUU COLialIbHI, MOJITHYHI, ekoHOMIuHI ymoBu CIIIA.

Kpim ominok a, b, ¢ y perpeciiiniit 3anexnocti (11) ams koskHOTO TOBapy Oyim
obumcieHi BIANOBIAHO iXHi aucnepcii o, 0, O, BIJHOLWIEHHA (O a)_la, (o b)_lb,
(o c)_1 ¢, & TAaKOXK KoePimieHT R 2 nerepminaiii. Toi, KOPUCTYIOUNCH CITIBBIIHOIICH-
HaMu (13), MOXXHA OOYMCIUTH OINHKH m, p, ¢. JJIs KOKHOTO TOBapy perpeciiina
OLIiHKA ¢ Ma€ Bil’€éMHE 3HAUCHHS, SIK IOTO TTOTpeOye 3MicT Momeni. [t KOXKHOTO To-
Bapy OI[IHKKA 7 MAIOTh BUTJISL MPaBonoaioHux. OMHUM 3 HAaWBaXIIMBIIIUX PE3yIib-
TaTiB PErpeciiiHOro aHaji3y € HesBHA OLIHKAa 3arajbHOl KiJBKOCTI MEpBUHHHUX 3a-
KYIIiBEIb, Kl OyyTh 3[IIHCHEH] MPOTATOM YKHUTTEBOTO LUKIY MPOIAYKTY: JUIsl KOKHO-
ro TOBapy pIBHSHHS perpecii 3aJ0BUIBHO OIUCYE 3aralibHUNA TPEHI JHHAMIKH
3pOCTaHHS MIPOJAKIB, & BIIXMICHHS BiJI TPSHIY MOXKHA IOSICHIOBATH KOPOTKOCTPOKO-
BUMH 3MiHAMHU J0XOMaY (SKi, B CBOKO Uepry, KOPEIOITHCS 3 CKOHOMIYHHM 3POCTaH-
HSAM 4d cnaziom). Jisi KOXKHOTO TOBapy pIiBHSHHS perpecii 3aJI0BUIBHO NPOTHO3YE
MKOBUIA OOCST MPOAAXIB 1 MOMEHT 4Yacy HOTO JOCSTHEHHS.
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BinmoBinHicTe piBHSHHS perpecii CTOCOBHO (pAKTHUHHX MPOAAXKIB € BiTHOCHO
CITA0KUM TECTOM CIIPOMOYKHOCTI MOJII, OCKUIBKU IOJISATA€E y TIOPIBHSIHHI MHHYJIUX
CHOCTEPEXKEHb 3 OLIIHKAMU I[OTO PiBHAHHSA. CHIIBHIIINM TECTOM € CIIPOMOXKHICTD Oa-
30BO{ MOJIeNIl 32 3MIHHOIO Yacy Ta 3a BU3HAUEHHMHU PErpeciiHUMHU OI[IHKAMH 3HAYECHb
mapamMeTpiB: Ui KOXKHOTO TOBapy 3a OI[IHKaMH 7, p, ¢ MOKHA TIepe10auuTH MOMEHT
Yacy MiKy MpOJIaXKiB HAa OCHOBI PIBHOCTI (8) 1 MOPIBHATH MOTO 3 (PaKTUYHUM YACOM
(mepiox yacy BH3HA4aeThCs TaK, HI00 MPOJaki BIEpIIe MEPEBUIIMIN 3HAUYCHHS mp,
ske jopiBaroe S(0) yHacmigok cmiBBigHomeHHs (11)); MOXXKHA TakoX HepeadadyuTH
o0csT MKy MPOJaXiB Ha OCHOBI piBHOCTI (9) 1 MOpiBHATH Horo 3 ¢aktuaHuMm. J{is
EJEKTPUYHHUX XOJIOAMILHUKIB Mepe0adeHnii MOMEHT 4acy MKy NpoaaxiB OyB Haii-
noBmuM (61u3bKo 20 pokiB), a PaKTUYHUKA MOMEHT 4acy MiKy MPOJaKiB HE BU3HA-
yaBcs yepe3 nepio Jpyroi cBiroBoi BiiiHH. HalikopoTmum mnependaueHnii MOMEHT
yacy MiKy mpojaaxiB OyB Juis mporpaBadiB (5 pokiB), mapoBuUX Tpacok (7 pOKiB),
YOPHO-O1TUX TEJIEBI30piB 1 cymapok g ofsry (8 pokis).

3a HasgBHOCTI OI[IHOK MapaMeTpiB m, p, ¢ MOXXHA MepeadavyaTd Mmpoaaxi

s ="Ppt 9)° explt(p+q)]
{pexplt(p+q)]+q}°

MPOTSATOM JOBIOTPHBAIOTO IHTEPBAJy Yacy i OIHIOBATH TOYHICTH MPOTHO3IB IS
KO)KHOTO TOBapy BIAMOBIIHO 10 BeIHMUWMHH KoedimieHTa perepMiHamii. Haiimen-
IIOI0 I BENIMYMHA BUSBHJIACSA JUII YOPHO-OUTHX TEJNEBi30piB YHACHITOK 3HAYHMX
(ajye MIBHIKOIUIMHHMX) BIAXWJICHB Bix TpeHmy amst 1950 p. 1 1958 p., ane BoHa He
BIUIMHYJIa HA KOPEKTHICTh TPEHJy 3arajioM: JUIs 3a3HaueHHX BHUIIE TOBAPIB MOJIENb
Bacca Oyino mepeBipeno i1 BepudikoBaHo. Llg Momens Bimirpana i HpPOJOBKYE
BiJIiIrpaBaT Ba)AUJIMBY POJIb Y PO3POOJICHHI Ta BIPOBAPKEHHI HOBUX BHCOKOTEXHO-
JIOTIYHHUX TIPOJIYKTIB.

[lix yac mangeMii HOBUMHU TPOIYKTaMH € BaKIMHH. J{JIs1 OLiHIOBaHHS MapaMeTpiB
mojieni (13) ckopucraemocst nanumu [30] npo mo3u Bakumuu Bijx COVID-19, BBeneHi
Ha 100 oci0 (3arajpHa KUTBKICTh BBEICHHX J103, TIO/IIJICHA Ha 3araJlbHy YHACEIIHbHICTh Ha-
ceseHHs Kpainu). st BakIuH, sSKi MOTpeOyIOTh NEKIITBKOX 7103, MiIPaXoBYEThCS KOXKHA
OKpeMa J103a; OCKUIbKM OJHA 1 Ta X 0coba MOXXe OTpHMaTH Oinblie OAHiel 103H,
KinbKicTh 103 Ha 100 oci6 moxe nepepunryBatu 100 [30]. V tabn. 1 kypcuBom 300pa-
’KEHO 3HAUCHHS, SIKi HE CIIOCTEPEKYIOTHCS, alie TeHEPYIOThCS, 30KpeMa, METOTaMHU
emIipuaHuX cepeanix [8]. AnamizyBanucs nani Juis Ykpainu ta binopyci, BpaxoByroun
YCHIIIHUH JIOCBIJI MIXKHAPOIHOTO MPOEKTy «Po3podka MeToIiB, alrOpUTMIB 1 iHTENIEK-
TyalbHOI aHAIITHYHOI CHCTEMH JUII OOpOOKH 1 aHamizy pi3HOPIAHUX KIIHIYHHX Ta
0iOMEeIMYHUX JaHUX 3 METOH BJOCKOHAJICHHS IIarHOCTHKU CKJIAIHHUX 3aXBOPIOBAHE)
(M/99-2019, M/37-2020 3a minTpumku MiHicTepcTBa OCBITH Ta HayKu YKpaiHH), IO
OyB BukoHaHmid B I[HctHTyTi KiGepHetmkm imeHi B.M. ImymkoBa HAH VYkpainu
crninmbHo 3 OO6’emHaHMM 1HCTHTYTOM TpobsieM iHdopmatuku HAH bBinopyci
(P19YKPI'-005 3a miarpumku binopycbkoro pecnyOinikancbkoro ¢GoHzny ¢yHIaMeH-
TaJbHUX JOCHIJPKEeHB) [31-34].

Hosu Baknumuau Big COVID-19, BBemeni Ha 100 oci0, 3a THXKHSAMH TEpIIOTO
miBpivust 2021 p. HaBeneHo y Tabm. 1. OOUunCeHi 3a TOMOMOT 0k IPOrPaMHOTo 3a0e3-
neuennss MS Excel omninkm mapamerpiB 3anexxHocti (13) 3a manumu Tabdn. 1 € 3a-
JOBIIBHUMU JJIs1 TOJANBLINX MPAKTHYHUX CIIOCTEPEKEHb Yy Apyromy miBpiudi 2021 p.
OrmiHky mapameTpiB a, b, ¢ perpecii (12), 3Ha4eHHS mapaMeTpiB m, p, ¢ 3 piBHOCTEH
(14), (15), smawenns S(T"), Y(T™), T*, E(T) 3 pisusus (9), (10), (8), (12)
BIJIIOBITHO HaBeJEHO B TaOm. 2.
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Taoauwusa 1

Jlo3u BakuuHu 3a nepue niBpiyus 2021 p.
Kpaina

23.02 | 2.03 9.03 16.03 | 23.03 | 30.03 | 6.04 | 13.04 | 20.04 | 27.04
Vkpaina 0.02 0.05 0.18 0.36 0.53 0.73 0.92 1.09 1.28
binopycs 0.22 0.22 0.22 0.28 0.39 0.58 0.85 1.43 2.24 2.75
4.05 11.05 | 18.05 | 25.05 1.06 8.06 | 15.06 | 22.06 | 29.06
Vkpaina 1.74 2.02 2.19 2.26 2.40 3.04 3.58 4.01 4.42
binopycs 3.04 3.59 4.33 4.88 5.61 6.74 7.65 8.53 9.40

Taoaumua 2

3HayeHHs napaMeTpiB

Kpaina " "
R? a b 10%¢ m g |10%p |s@H| YT | 1 | ET)

Vkpaina 0.73 | 7.85 | 0.11 | =33.16 | 3291 | 0.11 | 2384 | 94 1610 | 34 35

CrangapTHa
moxuoKa

binopycs | 0.90 | 7.47 | 0.20 |-115.07 | 1739 | 0.20 | 4298 | 91 851 19 19

6.50 | 0.08 | 180.42

CrangapTHa

6.95 | 0.04 49.60
moxuoka

BHUCHOBKHU

3a HamexHOi oOprasizamii HayKOBO-NPAaKTHMYHHUX JOCIIIKEHb, KJIACHYHY MOJCIb
Bacca moxHa 3aCTOCOBYBATH IUIsI MOAETIOBAHHA CTOXAaCTHYHMX IPOIECIB, IO OIH-
CYIOTh MOLIMPEHHS MaHAeMii, B 1HIIMX Jep)KaBaX, a TaKOXK B 00yacTiaX 1 palioHax
VYkpainu. Take 3acTocyBaHHs MOTpeOyBaTUME PETENBHOI MEPEeBipKH BXiAHOI iHDOP-
Marlii, Bepudikarii Ta rereparii BXiJIHUX JIaHUX, MOXJIMBUX MoOAU(iIKaIiil Kiacud-
HOI MoOJIeNi, PO3BUTKY W OOTIPYHTYBaHHS BIANOBIIHUX METOJIB OIlIHIOBaHHS,
BIJINIOBIJTHOT KOMIT FOTEPHOI peatizallii alrOpUTMIYHOTO 1 MPOTrPaMHOro 3a0e3IeueH-
HS, CTATUCTMYHOTO aHali3y pe3yJbTaTiB OliHIOBaHHA. /o TOro X Cyd4acHi po3-
nofineHi iH(opManiiiHi TexHoiorii HaykoBo-opraHizamiinoi nisipHOCTI HAH
VYkpaiHu MOXHa 3aCTOCOBYBaTH JJisl pO3pOOJICHHS CHCTEMHHMX 3aco0iB 1 3aXO0liB 3
OXOpOHU 3/10poB’st [35].
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V.M. Gorbachuk, M.S. Dunaievskyi, A.A. Syrku, S.-B. Suleimanov

SUBSTANTIATION OF THE DIFFUSION MODEL FOR INNOVATION IMPLEMENTATION
AND ITS APPLICATION TO THE PROPAGATION OF VACCINATIONS

Abstract. The article examines in detail the prerequisites and assumptions of the classical Bass
model of innovation diffusion in order to apply it to the modeling of topical stochastic
processes related to the pandemic. The Bass model has proven its versatility and applicability
to various environments. The article presents a thorough mathematical substantiation of the
model properties for the purpose of its further development, search of uncertainty parameters
and observed variables, based on the theories of evolutionary equations and stochastic
processes. The paper provides realistic results of the Bass model parameter estimation for
vaccination in Ukraine and Belarus on the weekly data of the first half of 2021 and suggests
similar studies for other countries as well as regions and districts of Ukraine.
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