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BIIVIMB HIHOYTBOPEHHA XMAPHUX CEPBICIB
HA ITIPUBYTOK ITIPOBAUJEPA, CIIO’)KUBYUH HAUIMIIIOK
I CYCIIIVIBHUUA JOBPOBYT

B.M. I'opbauyk, C.O. ['aspunenxo

IMpoBaiizepn XMapHMX pillleHb HaJalOTh B OPEHJy 3ac00aMH 3aXMIIEHUX IHTEPHET-3’€HaHb OOYMCIIOBANIBHI MOTY)XHOCTI Ta JMCKOBHIA
MPOCTIp, a TXHi CIIOKKUBAYl CIUIAYYIOTh JIMIIE 32 BUOPAHI HUMH PECYPCH 3 MOXKJIMBOCTSIMU THYYKOTrO MacIITa0yBaHHS, 1110 JTO3BOJISIE LIIKOM
aJIeKBaTHO 3aMiHIOBATH i PO3BUBATH CBOIO IU(POBY iHPPACTPyKTypy Oe3 IOPHIMYHHX IpaB BIACHOCTI Ha OONAIHAHHA YU IIPOrpaMHE
3a0e3neueHHs. B pe3yabTaTi 3aMOBHHMKM XMapHHMX IIOCHYr JICTAalOTh T'OTOBI CepBicH, a iXHi IpoBaiiiepy — HEOOXinHI pecypcn Juis
MOJIAJIBIIOr0 PO3BUTKY CBOIX MOCayr. PoOoTa mpucBsyeHa OOYMCICHHIO CyMapHOMY BUTpAIlly BCiX YYaCHHKIB TaKOTO PHHKY IPU Pi3HUX
MOJIENSAX IiIHOYTBOPEHHS.

KirouoBi cioa: XMapHi MOCITYrH, IIHOyTBOPEHHS 3a ITiJITHCKOI, IiIHOYTBOPEHHS Bijl OIUIATH 33 KOPUCTYBaHHs, JBOYACTUHHUN Tapud,
OaitryKuil CioKUBay.

IpoBaiineps! 0oONAYHBIX pENICHMII NAIOT B OpPEHAY CPEACTBAMHU 3alUIIECHHBIX HHTCPHET-COCAMHEHUH BBIYHCIHUTENbHBIE MOIIHOCTH U
JIMCKOBOE TPOCTPAHCTBO, @ MX MOTPEOMTENH IUIATAT JIMIIb 32 BHIOPAHHBIC HUMU PECYPChl ¢ BO3MOXKHOCTAMH T'MOKOTO MacIITaOUpOBaHMU,
YTO MO3BOJSET BIIOJNHE aJCKBATHO 3aMEHATh U Pa3BUBATh CBOIO HU(POBYIO HH(PACTPYKTypy Oe3 IOpHAMYECKHX HpaB COOCTBEHHOCTH Ha
0o0opynoBaHUE WIH IPOrpaMMHOe oOecriedeHre. B pe3ynbrare 3aka3duKy 00IauHBIX YCIYT IIOTYYaloT FOTOBEIE CEPBHCHI, a MX IIPOBaiIeps!
— HEOOXOJMMbIE PECYpChl JUIsl JajbHEHIIEro pa3BUTHs CBOMX yciuyr. PaboTa mocBsileHa BBIYMCIEHHMIO CyMMapHOIO BBITpalla BCEX
YJaCTHHKOB TaKOT'O PBIHKA IPH Pa3HBIX MOJEIAX [IEHOOOPa30BaHHUS.

KiroueBsle cioBa: 00navHbIe yCIyTH, IEHOOOpa30BaHHE 3a MOMIHCKOIL, IIeHO00pa30BaHKE OT OILIATHI 3a IIOJIB30BHUE, ABYXYACTHEIH Tapud,
0e3pa3In4HbIi OTPEOUTEb.

The providers of cloud solutions create rentals for computing power and disk space by means of the protected Internet-connections while
their consumers pay only for the resources chosen with options of flexible scaling, assuming rather adequate substitution and development
for their digital infrastructure without legal property rights for hardware or software. As a result, the users of cloud products get ready
services, and their providers obtain the resources necessary for further development of their products. The work is devoted to computing the
total gain of all participants in such a market at various pricing models.

Key words: cloud services, subscription pricing, pay-per-use pricing, two-part tariff, indifferent consumer.

Beryn

OCHOBY CTBOpEHHS CKJIaJHUX KOPIOPATUBHUX PO3MOAUICHUX 1H(OPMALIIHHUX CUCTEM Ta TEXHOJIOTIH Ha 3acajgax
MoJieni XxMapHuX obunciens (MXO) ckianarore BukiaaeHi akajgemikom B. M. ImymkoBum y 60 — x pokax XX
CTOJIITTS TNPHHUMIIM NPOEKTYBaHHS [JIHCHO e(QeKTUBHUX aBTOMaTH30BaHWX iH(popmauiiinux cucrem (AIC)
opranizaniitnoro ympasniaas (OY) [1 — 4]. ITpuamunu npoextyBanHs AIC OY B. M. I'mymikoBa HapopKyBajucs Ha
TepeHax BHPINIEHHS MAacIITa0HUX Ta HAJACKIAJHUX CYCHUIbHO 3HAYMMUX 337a4, TOMY IPUPOAHBO, MIO iX
KOHCTPYKTHUBHICTh Ta MparMaTu3M HeaOWsK aKTyalbHi 1 JUI Cy4acHHX 3aBJaHb CTBOPEHHS iH(OpMAIiifHUX CHCTEM i
texHosorii (IC ta IT) iHppacTpyKTypHOTO PO3TOpTAaHHS.

[HnycTpianbHa CBiTOBa pEBOMIOLIS B ray3i NpakTH4YHOI KibepHeTuky, koprnoparuBHux IC ta IT Gasyerbcs Ha
aHajoriyHux npuHununax nodymosu AIC OY: mono opranizauii npoueciB nepepoOKku iHpopmarlii, mpUHIUIAX
3a0e3neueHHsT MO3UTHBHUX pe3yNbTaTiB BIPOBA/PKEHHS, CYIMPOBOPKEHHS, JI0Ka30BO HEOOXIJHOI eBOJOLIiHOT
Moudikanii, rapaHTIiHUX Ta NOCT— TapaHTIMHUX MpOLECiB, a Takox npuHuunax crpykrypysanus IC ta IT Ha
000B’s13K0B1 CcKimamoBi: 1) opramizaiiiine 3a0e3neueHHs; 2) TEXHIYHe 3a0e3MedeHHS; 3) CHCTEMHE MpOorpaMHe
3abe3nedueHHst; 4) mporpaMHe 3abe3neueHHs (naii, I13) Ta mporpamHi 3acTOCYHKH; 5) KOMyHiKaIliiiHe 3a0e3medeHHs; 6)
iHpopMarliliHe 3a0e3rneueHHs (B TOMY 4YHMCII IOPHIMYHOTO); 7) IEpcoHal CUCTeMH (KepiBHHMITBO, aHAJITHKH,
KOPHCTYBaYi, OIEPaToOpH).

3a ocranni gecsatupivus XX Ta XX BIKiB yTBOpWIACh TEHJEHIIS BHIUICHHS pPOOIT 3 BIPOBAPKEHHS,
cynpoBopkerss IC ta IT Ha KepoBaHMX BHAUICHHX BHUPOOHHYMX (3 TOYKH 30py NPaKTHYHOI KiGEPHETHKH)
MOTYKHOCTAX, @ caMe TOsIBa CaMOCTIHHUX BIZOKpEMJICHUX ITIAMPHEMCTB KiOSpHETHYHOI CIeIiamizallii: ramy3eBi ta
KOPIIOPaTHBHI OOYHCITIOBANIFHI EHTPHU, IMEHTPHU OOpOOKM HaHUX, MEPEeXi Ta LEHTPH Iepeaadi AaHuX, JaTa-ICHTpPH,
ayTCOPCHHTOBI KOMIIaHii, IpoBalAepr XMapHHX ITOCIYT.

Taka TeHeHIIs BUAUIEHHS BKAa3aHUX 000B’SI3KOBUX CKJIaJIOBHX CTPYKTypoBaHuX kopnoparuBHux IC ta IT mis
(GYHKIIOHYBaHHS, TPOMUCIOBOTO BIPOB3/KCHHS 1 CYNPOBO/DKEHHS 10 BH3HAYEHOTO CTYIIEHIO Ha 30BHILIHIX
ayTCOPCHHTOBHUX KOMITAHIsX.

Haii6inb cyyacHUM BHJIOM TaKHX ayTCOPCHHIOBUX KOMIIaHIH € MpoBaiiepu Ta Opokepu MpoBaiepiB XMapHHUX
mociyr. i kommaHii (XMapHOTO CepeIoBHUINa) MOETHYIOTH BCI IIEpeBaru Ta HEAOMIKA ayTCOPCHHTOBHX KOMITAHIN, AesKi
3 HUX TaKi:
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- TMepeBaru ayTCOPCHHTY: KOHIIEHTpAIlil BCiX 3yCWJIb Ha OCHOBHOMY Oi3HECi, 3pocTaHHS PEHTa0eIbHOCTI,
BIIKPHUTICTH IO 3aIly9eHHSI CTOPOHHBOTO AOCBINY, HAAIHHICTD, BIAIOBIIAIBHICTS Ta CTA0UTBHICTE, THYUKICTh MacIITa0iB
Oi3HECY;

-~ HeIOJIKH ayTCOPCHHTY: 3arpo3a KOH(IIeHIIHHOCTI, JIOACHPKAN YMHHHUK (TUITMH KaApiB i HE3HAHHS ITOBHOI
KapTUHHM CTaHy IHQPacTpyKTypH KIIi€HTa), HEOOIpyHTOBAaHE BHMKOHaHHA 3a0araHok (KJIIEHT 3aBXIU IIPaBHi),
KOMeEpIIiiiHi 3arpo3u Oi3HECY ayTCOPCHHTY, MEPEBaXKHO 3aBUIIIEHA BAPTICTh MTOCIYT.

Hamionansaum iHctutytoM cranmapriB i texHosori (NIST) CIHA, iHmmMm#M oprasizaulisMud i3 CBITOBUM
aproputeroM, Hampukiag, Cloud Standards Customer Council (CSCC), BcranoBiieHI 00OB'SI3KOBI XapaKTEPHCTHKH
XMapHUX OOYHCICHb, fAKi 3aJal0Th CYyO €KTHY, O0’€KTHY, pOJIOBY Ta B3arajli apxXiTeKTypHY MOJEITb XMAapHHUX
00YKCIICHD BiJl TEXHIYHOTO JI0 KOMEPIIHHOTO OOKY.

Taki nmpuHOUIOBI craHmapTH3oBaHi puch €: self service on demand, yHiBepcalbHWII IOCTYII IO TOCIYTH
CIIOXKUBAYEM 4Yepe3 MEpEeKy Iepeiavi JaHuX, OO'€HAHHS pecypciB, elacTHYHa MAacimTabOBaHICTh, OOJIKOBI,
aIMIHICTPAaTHBHI, MOHITOPHHTOBI Ta aHATITUYIHI TOCTYTH.

3HayHy TmepeBary B CEHCI 3rajaHux CKIaaoBux crpykrypyBaHux IC Tta IT wmaroTe XmapHi Mozeni
00CIYrOBYBaHHS, MOJIENI PO3TOPTAHHS Ta iHIN XMapHi pimeHust [5-7].

JocTaTHpO BarOMHUMH CIIiJi BU3HAYUTH SKOHOMIUHI aCIIEKTH BUKOPHCTAHHS XMapHUX IIOCIYr, OOYHCICHb Ta
B3arajii XMapHOTO CEpelOBHIIA, CIIOKMUBaUi MOXKYTh ICTOTHO 3HM3UTH KalliTalbHi BUTPATH, TPUBAIMN Yac NOOYIOBH Ta
BBEIICHHA B CKCIDIyaTalilo Bequkux o0'exTiB iHdpacTtpykrypu IC Ta IT, 30UMbImICHHS MONMUTY HAa OOYMCIIOBAIBHI
MOTYKHOCTI THYYKO HIBEJIIOIOTHCS XMAPHUMH TEXHOJIOTISIMH.

IIpu BUKOpHCTaHHI XMapHUX OOYUCIICHb, BUTPATH CIIOKHBAada 3MIITYIOThCS Bifl KaIliTadlbHUX 10 ONEPAliiHUX,
110 YaCTKOBO KOMIIEHCY€E BUTPATH Ha OILIATy MOCIYT XMapHHUX IIpOBaiaepiB.

3arajJbHui miaxia

MepexeBi rany3i BiApI3HSIOTBCS Bifl TPAAUIIHHUX, 30KpeMa, MOHSITTAMH KpUTHYHOI Macu [8] i Gaiimyxoro
cnokuBava [9]. OmHuM 3 aBTOpiB HaHOi PpoOOTH OYIO OIHEHO Mepioj KPUTHYHOI MacH IMepexoay Ha cMapThoHH B
Vkpaiui ta [omemi [10]. Mepexesi ranysi npuBepTaroTh nefani Gimbimii iHTepec 6aratboX MOCTITHUKIB y cBiTi [11-
15] d4epe3 momIMpEHHS XMAapHUX TEXHOJOTiH. OCKUIbKM XapaKTEPUCTHKU IUX TEXHOJIOTIH MalOTh BiIINOBITaTH
TpaAUIIHHAM OYIKYBaHHSIM CIOKHMBAYiB, TO MOBIZOMIIEHHS PO IIi TEXHOJIOTii MOTPEOYIOTh PETEIHHOrO 1 BCEOIYHOTO
aHanizy. AHaii3y Ta mepeBipili HOBITHIX pe3yabTatiB [11] npucBsuena nana podora.

JocmiaumMo MoJeri MiHOYTBOPEHHsS (XMapHHWX TOCIYr) /s BHMAAKiB 1) IIHOYTBOPEHHS 3a IMiAMHCKOIO, 2)
[IHOYTBOPEHHS Bill OIIATH 3a KOPUCTYBaHHs (Pay-per-use pricing), 3) miHOyTBOpEHHs 3 JBOYACTHHHUM TaprdoM (two-
part tariff pricing) [9] 3 Touok 30py mpuOyTKY mpoBaiimepa (MOCIYrW YM MPOAYKTY), CIIONKHUBYOTO Hammuimky [9] i
cycminsHoTo 106p06yTY [9-13]. Bunanku 1) i 2) nocmimkysamucs panime [12], a unanaku 1), 2), 3) mopisHoBammcs 3
TOYKH 30py puOyTKY nposaitnepa [13]. Mozeni 1)—-3) 3acTOCOBYIOThCS Ha MPAKTHII [{IHOYTBOPESHHS XMAPHHUX MOCIYT.

Jis mpocToTH Hexaii mpoBaiiiep € MoHomoicroM. [IpumycTiMo, BUTpaTH U1 HaJaHHS OCIYT AOPIBHIOIOTH

cq+f,

ne C ta f — rpanuuni Ta dixcopani (fixed) Burpatu (costs),  — obear (quantity) cnoxupanns (mociyr); Hexait

f =0. Ipunycrumo, nposaiinep 3acTocoBye cxeMy IiHoyTBOpenHs (transfer)

T(@,p)=A+pq,

ne A — naymanesa (lump-sum) uu QikcoBana mina, P — wina (price) croxupanus (OAMHMII TOCIYrH). Y TaKii
nocTtanoBIi Mozeni y Bunanky 1) p=0 ta A>0, y sumagxy 2) p>0 ta A=0, y Bumagky 3) p>0 1a A>0.

Hexait N — kinbkicts (number) daxtuunnx noxynuie (crioxkusauis) nocayr. Tomi npuOyTOK IpoBaiifepa CTAHOBHUTE
7=(AN+pQ)—-cQ.

IMo3naurmo U pe3epBHY IIiHY CrokuBada (KopucTyBada (USEr)) (MakCHMAalbHY IiHY, 33 SIKy el CII0KHBAY
TOTOBU IUIATHTH 3a mociyry). IlpumycTuMo, pe3epBHI IiHM U CIOXUBayiB PIBHOMIPHO PO3MOALICHI Ha BiJpi3Ky

U

[0,U], ne U Binobpaxkae motenuiliny uactky puuky mpoxykty; U >N ; Q=J‘qd U. Toxmi crosxkuBau TUIy
0

U €[0,U] npu cnoxusanni oqMHuULi IpoAyKTy AicTaBaTume Hamnumok (value)

V(u=u-p,
a (yHKIIiS IONKUTY IHIUBIyalIbHOTO CIIOKUBAa4Ya BUPKATUMETHCS JIHINHOIO QYHKIIEIO
q(p)=q=u-p.

Orxe, criokuBay U Kymye mociayry npu U = P, JiCTAIOUH MPH KYMiBIi YHCTY KOPUCHICTH (Hammumok (Surplus))
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Su(d, p)=V(u,q)-T(q, p),

ne V(U,q) — saranbha uinnicts (vValue)  oaunmub npoiykry s crnoxkusada U. IIpu reTeporeHHOMy po3mojiii

CIIOXKUBAUIB Pi3HI CIOXHUBAadi MOXYTh KYITYBaTH Pi3Hi 0OCATH MPOIYKTY B 3aJICKHOCTI Bi OCOOMCTHX OI[IHOK IIHOTO
npoaykry. [Toni6uo po0ir [14, 15] (aBTop podotu [14] — HobemniBebkuii naypeat 2014 p.), mpUITyCTUMO, 11O

2 A2
V(U,Q)Z%.

2
3asnaunmo, mo V (U,0) =0, Z—V =u-q=p=0, Z—VZ =-1<0, 3Binkn BummBac yirayricts gpynxmii V (+,q) .
q

Toxi cnoxupau U oOupae Takuii oocsr (), ( p) , 0 MAKCUMI3y€ HOTO CIIOKUBYMH HA/ITHIIIOK

5,0 9) =V .0 -T(@ p === a-pq,
3BiIKH
O=W=U—qu(p)—p,
q
2 _ 2 2 .2 B _ _
Su(p,A)z%—A—pqz%_A_p(u_p):(u+p)(u p; 2pu=p) _,_

_U-pu+p-2p) ,_(W-p’ ,

2 > o))

Mopaenanb iHOYTBOPEHHS 32 MM CKOI0

Taxki npoBaiinepu, sik Dropbox, Google Ta inmri, Bu3Ha4a0Th IiHy MPOIYKTY, BUXOASYH 3 TPUBAIOCTI HOTO
KOpHCTYBaHHS (BUMIpIOBaHOI B MicAIsIX ab0 pokax) HE3aJEeKHO Bif OOCATY HOTO CIOKWBAHHS: TaKi IpoBaimepu
3aCTOCOBYIOTH MOZeNb 1) HiHOyTBOpeHHsA. ToAi pillleHHs CHOXHBa4ya NP0 KYIIBIIO TPOAYKTY BU3HAYAETHCS
¢ixcoBaHo0 1iHOW A Ta HOro OLIHKO CIOXUBAHHS HPOAYKTY: AKIIO L OLIHKA nepeBuirye A (4rcTa KOPHCHICTD €
JIOJTATHOIO), TO CHOXHBAY KYIye el mpoaykr. Y moxedni 1)

qu(O)ZU,

2

SU(O,A)=U?—A.

Cnoxupauy € 6aiinysie, KymyBaTy OpOLYKT UM Hi, SKIIO

ozsﬁ(o,A):g—A,

€=[2A,

sgimkn N =U —=U — /2 A . Cnoxusau U 3 HaiiGi1b1I1010 TOTOBHICTIO MJIATUTH 3a MPOIYKT KYMyBaTUMe 00CST

0y =U — A npoaykry. ToMy crioxuBadi KymyBaTUMYTb 3aralbHAN 0OCST MPOLYKTY

U 2V 2 2
Q:J.udu:u_ zu__ﬁzu__A,
< 2|, 2 2 2

a mpuOyTOK IpoBaiiiepa CTAHOBUTUME

7(U,Ac)=AN-CcQ= A(u —\/ﬁ)—c(u—;—A].
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IpoBaliziep BU3HAYAE CBOK ONTUMAIbHY LIHY, BUXOIA4YM i3 3arambHoi Kimbkocti N mokymuiB mociyr i
IPaHUYHUX BUTpAT C JUIsl 33JI0BOJICHHS PUHKOBOTO MOIMUTY Ha Ii MOCIyrd. Y Mojeni 3) BBaXKaeThbcsl, IO € J(Ba THIIN
CIOXKUBAUIB, AKi XapaKTepH3YyIOThCS PI3SHUMH BUTpaTaMy TpoBaiizepa. Y Mogmemi 1) 3aramsHuHA 00CAT TPOIaXy
NPOJYKTY IMpOBaiiiepOM BH3HAYAETHCS KUIBKICTIO CIIOXKMBAUiB, Ki KYHYIOTh el NPOAYKT, a 3aralbHi BUTPATH
BH3HAYAIOTHCS 3aralbHUM OOCSITOM NPOIYKTY, SIKMH KYIYIOTh yCi CHOXHBadi. 3arajioM CIIOKHBadl KyNyIOTb pi3Hi
00csru MpoayKTy, BUXOASYN 3 MakcUMi3alii CBO€T YMCTOI KOPUCHOCTI, a poBaiiaep oOupae onTUMalbHy (iKcoBaHy

HiHY A® nizmacku (subscription), Buxos4n 3 MakcuMizailii CBOTo PUOYTKY:

or 0 15 3A0'5
0=—"-=U-—"1A" /2 J+c=U+c—+/2 ,
oA aA( \/_) V2 2
, 2x32A
U+c)' =—73—,
2
AS:2(U+c)2
9 1

3BIIKHA

_ Sy _ s _2U+c)
€5 = §(AS) = /2 A ==

2U+c) 3U-2U-2c U-2c

NS =U-€=U — 3 3 3 >0 3a ymoBH
U =>2c, (2
oS _U_Z_A_U_Z_Z(U +c)> 9U?-4U+c)® (83U -2U-2¢)(3U +2U +2c) _
2 2 9 18 18
~ (U-20)(5U +2c¢)
18 ’

_2(U+c)’(U-2¢) c(U-2c)(BU +2c) _
- 9x3 18 -

7% =A°N® —cQ°®

_4U +c)*(U-2¢)-3c(U-2c)(5U +2¢c) (U -2c)(4U*+8Uc+4c”-15Uc—6¢%)
54 54

_(U-2c)(4U?-8Uc+Uc-2¢?) (U-2¢c)[4UU —2c)+c(U -2c)] (U -2c)*(4U +c)
B 54 B 54 B 54 '

Toxi criokuBUmii HAUTHIIIOK (CONSUMeEr surplus) mopisHioe

Csszjsuduz.[[ﬁ—A]du=£‘ —Au|;=U—3—(&S)3—AU+A&G=

S o2 6 s 6 6

:(U—&‘S)[U2+Ut§t€+(t€5)2]_A(U_&6):(U—&S)[U2+UL€G+(t€S)2—6A]
6 6 ’

Jc

U_&SZU_Z(U+C):U—ZC,
3 3

2U (U +c) , 4U +c)® 12U +c)* _ 9UZ+6U (U +¢)-8(U +c)* _
3 9 9 9

U2+U € +(€°) -6A=U?+

_ (BU)2+6U (U +c)+ (U +c)> —9(U +c)? _(@Bu+U +¢)* —[3(U +o)P _
9 9
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_(4U +c+3U +3c)(4U +c-3U -3c)  (7U +4c)(U —2¢)
9 9 ’

_lxw—2®X0U+4®w—2®_¢hmfﬂu+4®
6 3 9 B 162 '

Orxe, cycrinsHuil 106po6yT (Social welfare) cranoBuTh

csS

SWS =SS 4 55 = U—20°(7U +4¢c)  (4U +0)U -2¢)° _
162 54

~ (U-20)*(7TU +4c+12U +3c) _ (U -2¢)*(19U +7c)
162 162 '

Buiesasnauena ymoBa (2) o3Hauae, M0 HaMOIIbIIa TOTOBHICTH CITOKMBAYiB IUIATHTH TPHHAMMHI BIBiUi
NepPEBUILYE TPAaHUYHI BUTPATH MpoBaiinepa.

Mogaeanb Ilil-loyTBOpeHHH Bi)l OIlJIATH 32 KOPUCTYBAHHSA

Taki mpoBaiimepu xmapuux mociyr, sk Amazon i Google, craryrots 1inu gepe3 EC2, S3 i Google App
Engine, Buxonsun 3 mozmeni 2). V uiii moueni (pay-per-use pricing) npu A=0 cnoxuBuuii HAUIMIIOK B CHUIY
piBHsiHHS (1) CTAaHOBUTH

SP:(u_p)z )
! 2

CnoxxuBauy " Gaiiyxe, KynyBaTH OPOJIYKT YH Hi, SKIIO

_ 2
ozsgumnzgizﬁL, € =p, 3)

3BIOKHA
NP =U-p. (4)

Ockinbky npu IiHI P cnoxuBad U Kymye o6csir ( =U — P NPOAYKTY, TO

U u 2|V 2 2 2, .2 2
P B _u v U p » U +p°-2pU _ (U-p)
Q —Jl;qu—J;(U—P)dU—?p—pUh —7—7—pU+p = > = ®)
_ _ 2
7 = pQ"—cQ” = (p-o)Q” - LE=IB=PL ®

3BiICH BUILTUBAE IiHA BiJ] OIIATH 32 BUKOPHUCTAHHS, TKa MAaKCHMI3ye MIPUOYTOK MpoBaiiaepa:

or" (U-p)P-2U-p)(p-c) U-p)U-p-2p+2c) p U+2c
O = = = ; p =
ap 2 2 3

<U 3aymosu (2).

Toni B cuity piBHsiHHSA (3) criokuBauy " Oaiiryxe, KynyBaTH OPOIYKT YH Hi, SIKIIO
U+2c
lej = pP = 3

a B CHITy piBHSHB (4)—(6) 3HAXOAMMO YMCIIOBI XapaKTEPUCTHKH MOJIENI 2):

NP:U—pP=U—U +2c=2(U—c)
3 3

or _U-p") _2U-oy

2 9 ’
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p_(p"-0)U-p")* 2 -c)°
a 2 27

T

2 6 |, 6 6 3 81

p

oS - LJJ'SPdu _ ‘j (u-p°)* 4, _ (- o°)[ _u-pfy 21[2(u —c)T _4U-c)?
& b )

10(U —c)?
81

SWP =7z" +CsP =

Mogaeanb lliH0yTBOpeHHﬂ 3 IBOYAaCTHHHHUM Tapm]mM

barato mnpoBaiinepiB 3acTOCOBYe 3MilllaHI MEXaHi3MH LIHOYTBOPEeHHs (MOJeib 3)), noenHyroun mMozeni 1) 1 2).
Hanpuxnan, wien Google App Engine ta Joynet Smart Machine BusHauaroThest KUTBKICTIO MICAI[IB KOPHUCTYBaHHS,
a TakoK 0OCSATOM BHKOPHCTaHOTO Tpadiky (BuMiproBanuM y TiraGaiitax (GB)) Buiie BcTaHOBIeHO! Mexi. Meta
[IHOYTBOPEHHSI 3) MpoBaiiiepoM — Jictatu Oimbliie CroXUBYOro Hammuiiky [15]. TIpukinamu Takoro HiHOYTBOPEHHS
JTAIOTH JTI3UHT KOMIT IOTEPIiB 1 KOMIFOBAIbHUX MAITNH, WICHCHKI BHECKHU 10 TONb(-KITyOy 1 TapudHi CTPYKTYpPH OESKIX
I'POMA/ICBKMX KOMYHAIBHUX CIyk0. Moens 3) Mo)kHa BBaXKaTH CXEMOIO IMCKOHTYBAHHS 332 00CATOM.

B cuny piBHsiHH# (1) crioskuBay U KyITye HOCIYTY TOAL M TUIBKH TOJ, KOJIH

O£Su(p,A)=M—A,

2
(u—p)2=>2A,
uzp+,2A

Takum 9UHOM, MOJENb 3) MIHOYTBOPEHHS XMapHHX MOCIYT 3 JBOYACTHHHUM Tapudom (two-part tariff pricing)

Ma€ TaKi XapaKTePUCTUKU:
€ =p+.2A,

NT=U-& =U-p-.2A,

w-p2[ _U-p? (€ -p? _U-p?
2

V] U
Q" =|qdu= |[(u-p)du=
@IT !T 2 2 2

|€T
7' =ANT+pQ" —cQ" =AU - p—\/ﬁmp—c){—(“ P —A}
. .

. . N T
OnTuManbHUN TBOYACTHHHUI Tapu() BU3HAYAETHCS 3 MAKCHMI3allii MPUOYTKY 77 :

O:aﬂ'T ——A+ (U_p)2 —A—(p—C)(U _p):_2A+ (U—p)(U—p—2p+2C) —

op 2 2
= 2A+ (U_p)(U _3p+2C)1
2
T 3/2A 3,/2A
Oza” =U-p-———-p+c=U-2p+Cc——1—,
oA 2 2

4(U-2p+c)* =18A,

2
A=2(U —29p+c) |
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4U-2p+c)* _(U-p)U-3p+2c)
9 2 ’

8x>=8(U-2p+¢)?=9(U - p)U -3p+2¢c)=9(x+ p—c)(x—p+c)=9[x* —(p-c)?],
ne BBezena sminna X=U -2 p+cC,
x* =9(p-c)?,
U-2p+c=x=3p-3c,

r U+4c
p 5

3BiICH OTPUMYEMO YHCIIOBI XapaKTEPUCTUKU MOJei 3):

5U —2U —-8c+5¢) ,(3U-0) ?
AT_Z(U—ZpT+c)2_ 5 B 5 22U -¢)?
9 9 9 25
& = pT 2AT:U+4c+2(U—c):U+4c+2U—2c:3U+2c,
5 5 5 5
NT:U_&T=5U—3U—2c=2(U—c)'
5 5
oo L5 ) 20-9° 160-0° 20-¢ sM -0
2 2 25 50 25 25

;szATNT+(pT—c)QT=2(U c)”  2WU c)+U +4c-5c 6(U-¢c)° _
25 5 5 25

_4U-c)’ L 6U -¢)° _2(U-¢)’
125 125 25
u 2 ] v
T Ty\3
2 (3

&

U
s’ = [s,du=
L€T

i €

_#U-¢® 1 (3U+2c-U-4c P 2(U—c) L 5U-3U-2¢c _
5% 6 5 25 5

~(U-c)’(64-8-6x4) 16U —c)°
750 375

2(U -¢)® 16U —c)® _ 46U —c)®

SW'=7z" +CS" =
25 375 375

BucnoBku

. . s P T S
V po6oTi HaBeIEHO METOAU OGUKCIIEHHs NPUOYTKY IpoBaiinepa 7°, 7 , 77 , cnoxusuoro Hammmky CS”,

cs?, csT , CYCIILIBHOTO 100po0yTy SWS, SWP, SWT s moneneii 1), 2), 3) Binnosiano. IopiBHANBHUI aHai3

[IMX 3Ha4YeHb, & TAKOXK PO3POOKA MOeNel MEepEeKeBOro LIHOYTBOPEHHS € IPEIMETOM OKPEMOTO JOCITIIKESHHSL.
PosrnsnyTi paninre 3amaqi MaloTh TapHi IIaHCH Ha 3aCTOCYHOK B 3a[1adyaX MOHITOPHHTY i aAMIHICTpYBaHHS Ha

MalJaHYMKaXx XMapHOTO IpoBaijepa, HOro XMapHHX MiPIJHUKIB Ta OpokepiB. OcoOaMBO CIif MiIKPECTUTH
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3HAYYIIICTh MOJENI 2), SIKa MIPUILYCKae HEOOXIAHICTh 3aCTOCYBAaHHS HE(IKCOBAHUX IApaMETPIB MOCTABIEHHX 3a1a4, 110
[O-CYTi O3HAaYa€ rHYYKY Tapu(DiKaI(iro MoCIyr (XMapHUX MOCIYT, CEPBICiB, MIKPO-CEPBICIB TOIIO).

[lepcnexTrBHIM € MOOymOBa GaraTOpiBHEBOI MOJEN, sSKa BIAMIOBiAaE 3B’SI3KaM Ta i€EpapXidHill 3aIeKHOCTI

pPOTBOBOT MOJETI XMapHOTO CEpEelOBHINA Y BINMOBITHOCTI MO BCTAHOBICHWX MbKHapomHmMm craHmapram NIST Ta
CSCC. [16, 17].
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