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BIIV/INB HIHOYTBOPEHHS XMAPHHUX CEPBICIB
HA TIIPUBYTOK T[POBAMJEPA, CHOXWUBYM HAJJIUIIOK
1 CYCHLJIBHUA JOBPOBYT

B.M. I'opoauyx, C.O. I aepwzeHKo[ 0000-0002-4700-6704]

[Hcruryt kibepuetuku imeni B.M.I'mymkoBa HAH VYkpainu, 03187, m. Knis-187, npocnekr Akanemika [rymkosa, 40.

IIpoBaiizepy XMapHHX pIlICHb HAJalOTh B OpEHIY 3aco0aMH 3aXHINCHUX IHTEpHET-3’€JHAHb OOYHCIIOBANBHI MOTYXKHOCTI Ta
JIMCKOBHH HPOCTIp, a TXHI CIIOKMBAYi CILUTAYyIOTh JIMIIE 33 BAOPaHI HUIMH PECYPCH 3 MOXKIIMBOCTSIMU THYYKOTO MacIuTabyBaHHs, [0
JI03BOJISIE LIIJIKOM aJEeKBaTHO 3aMiHIOBaTH 1 PO3BHUBATH CBOIO LHU(POBY iHGpacTpyKkTypy Oe3 IOpHUIMYHHX MHpaB BIACHOCTI Ha
o0JaHaHHS 49X IporpaMHe 3abesnedeHHs. B pesyibrati 3aMOBHIKN XMapHHX IOCIYT JiCTAOTh TOTOBI cepsicy, a iXHi npoBaiiaepn
— HeOOXiJHI pecypcH Ui MOJAIBIIOr0 PO3BUTKY CBOIX Iociyr. PoOora mpHcBsideHa OOYMCICHHIO CyMapHOMY BHUIpamly BCiX
YYaCHHUKIB TAKOTO PUHKY TIPH Pi3HUX MOJIEISIX L[IHOYTBOPEHHSL.

KrouoBi cioBa: XMapHi MOCIYTH, LIHOYTBOPSHHS 3a IMiAMNHCKOIO, I[IHOYTBOPEHHS BiJl OIUIATH 332 KOPHUCTYBAaHHS, ABOYACTHHHHMII
Tapu, Oalxyxuil crioxuBad.

IIpoBaiizepbl 001a4YHBIX PEICHUH JJAI0T B OPEHJly CPEACTBAMH 3AIMIIEHHBIX HHTEPHET-COSAMHEHUH BBIUNCIUTEIbHbBIE MOIIHOCTH
¥ JHUCKOBOE IIPOCTPAHCTBO, 4 HMX IIOTPEOHTENM IUIATAT JIMIIb 3a BHIOpaHHBIE HHMH DECypchl C BO3MOXKHOCTSIMH THOKOTO
MacIITaOUpPOBaHMS, YTO IT03BOJISET BIIOJHE aJIeKBaTHO 3aMEHSTh U Pa3BUBATH CBOIO IIU(PPOBYIO HHPPACTPYKTYPY 0€3 IOPUANIECKIX
npaB COOCTBEHHOCTH Ha 00OpYJIOBaHME WJIM IpOrpaMMHOe oOecriedeHue. B pesyibrare 3aka3dMKd OOJAYHBIX YCIYI HOJIY4alOT
TOTOBBIE CEPBHUCEHI, a MX IIPOBaiepsl — HEOOXOAUMBIC PECypchl JUIS HalbHEHIIero pa3BUTUs CBOMX ycayr. PaGoTa mocBsmeHa
BEIYHCIICHHIO CYMMapHOTO BBITPAllla BCEX yYaCTHHKOB TAKOTO PHIHKA IIPY PA3HBIX MOJEIIX [IEHOOOpa30BaHHUL.

KiroueBble ciioBa: 00nadHble YCIyTH, LIEeHOOOpa30BaHUE 3a MOAIMCKOMH, IEHOOOpa30BaHHEe OT OILIATHI 32 MOJIB30BHHUE, IBYXYaCTHBII
Tapu®, 6e3pa3IHIHbIH TOTPEOUTENb.

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 CTBOpEHHSI CKJIQJHUX KOPIIOPATHBHHUX PO3MOAUICHUX iH(POPMAIIHIX CHCTEM Ta TEXHOJIOTiH Ha 3acamax
Mojeni xMmapHuXx obumcieHb (MXO) ckimamaioTh BUKIAAeH! akazemikom B. M. ImymkoBum y 60 — x pokax XX
CTOJIITTS TPHUHIMIMN TIPOSKTYBaHHS JIMCHO e(QeKTHBHMX aBTOMaTu3oBaHMX iH(opmauiiinux cuctem (AIC)
opranizarniitHoro ympasiniaas (OY) [1 — 4]. [Ipuanunm npoektyBaras AIC OY B. M. ['mymikoBa HapomKyBaiwcs Ha
TepeHax BHUPIMIEHHS MaclTaOHUX Ta HAJACKIAJHUX CYCHUIBHO 3HAYMMHUX 3a/1ad, TOMY MpPUPOIHBO, MO IX
KOHCTPYKTHBHICTh Ta IparMaTtu3M HeaOWsK aKTyaJsibHi 1 JUIsi Cy4aCHUX 3aBJaHb CTBOPEHHS iHQOpMaLidHUX CHUCTEM i
texnoori# (IC ta IT) iHppacTpyKkTypHOTO PO3rOpTaHHS.

IanycTpianpHa CcBiTOBa pPEBONIOLIS B raimy3i NpakTHYHOI KibepHeTmku, kopmopatmBHHX [C Ta IT 0a3zyerbcs Ha
aHajorivHux npuHuunax nodyxosu AIC OY: mono oprasizanii npoueciB nepepoOku iHdopmalii, mpuHIKMNAX
3a0e3NeUYeHHs] IO3UTHBHHUX pe3yJbTaTiB BIPOBA/UKEHHS, CYNPOBOMKEHHS, IOKAa30BO HEOOXiTHOI eBOJIOLiiHO]
Monudikarlii, rapaHTIfHAX Ta TOCT— TapaHTIHHUX MPOIECiB, a TaKoX MpuHIUNAax cTpykrypyBanHsi IC Ta IT nHa
000B’s13KOB1 CKJIaioBi: 1) opranizauiiiHe 3a0e3neuyeHHs; 2) TexHiYHE 3a0e3nedyeHHs; 3) CHCTEMHE NpOorpaMHe
3abe3neueHHs; 4) nporpamue 3ade3neueHHs (nani, [13) Ta nporpamHi 3aCTOCYHKH; 5) KOMyHiKalliiiHe 3a0e3neueHHs; 6)
iHpopmamiiiHe 3a0e3medeHHsA (B TOMY YHCII FOPUAWYHOTO); 7) MEpCOHaN CHUCTeMH (KEpiBHHITBO, AaHAIITHKH,
KOPHCTYBayYi, OIIepaTopy).

3a ocranHi gecstupivus XX ta XXI BiKiB yTBOpHIaCh TEHJIEHIIIS BUAUIEHHS POOIT 3 BIPOBA/KEHHS, CYIIPOBOKEHHS
IC ta IT Ha kepoBaHHMX BHIIIEHNX BUPOOHHYNX (3 TOUKH 30py MPAKTHYHOI KiOEPHETUKH) TOTYKHOCTSX, a caMe MOosBa
CaMOCTIHMX BIJJOKPEMJIEHUX MiANPUEMCTB KiOEpHETHYHOI criemianizamii: raimy3eBl Ta KOpIOpPaTHBHI 0O0YHCITIOBaIbHI
UCHTPH, LEHTPU OOpOOKM HaHUX, Mepexi Ta IEHTPH Mepelnadi JaHWX, MaTa-ICHTPH, ayTCOPCHHIOBI KOMIIAHIi,
IpoBaiiiepu XMapHUX MOCIYT.

Taka TeHneHIis BUIUIEHHS BKa3aHMX OOOB’SI3KOBUX CKJIAJOBUX CTPYKTypoBaHumx kopropatuBHux IC rta IT mms
(YHKIIOHYBaHHS, TPOMKCIOBOIO BIPOB3KEHHS 1 CYNPOBOJDKEHHS [0 BH3HAYEHOTO CTYIEHIO Ha 30BHILIHIX
ayTCOPCHUHI'OBHX KOMIIaHISX.
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Haii6inpi1 cyyacHUM BHUJIOM TaKuMX ayTCOPCHHIOBHMX KOMIIAHINH € mpoBaiifiepu Ta OpOKepH MpoBaiaepiB XMapHUX
mocayr. i kommaHii (XMapHOTO CcepeOBHUINa) OETHYIOTh BCI IEPEBary Ta HEJOIIKH ayTCOPCHHTOBUX KOMITaHiH, esKi
3 HUX TaKi:

- TIepeBard ayTCOPCHUHIY: KOHIICHTpaIllis BCIX 3YCHJIb Ha OCHOBHOMY Oi3HECi, 3pOCTaHHS PEHTAOCIBLHOCTI,
BIJIKPHUTICTH JI0 3aJIyYCHHS CTOPOHHBOI'O IOCBITY, HAAIWHICTb, BIMOBIAAIBHICTS Ta CTAOUIBHICTh, THYYKICTh MACIITA0IB
0i3Hecy;

- HEIOJIIKH ayTCOPCHHTY: 3arpo3a KOH(QIIeHLIHHOCTI, JIOACHKIHA YMHHUK (IUIMH KajpiB 1 HE3HAHHsS MOBHOI
KapTUHHM CcTaHy 1H(PAacTpyKTypH KIi€HTa), HEOOIDyHTOBaHE BHMKOHaHHA 3a0araHok (KJIIEHT 3aBXKIM IIPaBHi),
KOMepULiliHi 3arpo3u Oi3HeCy ayTCOPCUHTY, IEPEBAXHO 3aBHILEHA BAPTICTh MOCIYT.

HarmionansauM iHCTHTYTOM cTaHmaptiB i Texnomnoriit (NIST) CIIA, iHmmMu opraHizaiisMi i3 CBITOBUM aBTOPUTETOM,
Hanpukian, Cloud Standards Customer Council (CSCC), BcraHOBIEHI OOOB'SI3KOBI XapaKTEPUCTHUKH XMAapHHUX
00YHCIIeHD, SIKi 33/1al0Th Cy0’ €KTHY, 00 €KTHY, pOJIBOBY Ta B3arajli apXiTeKTypHY MOJelb XMapHHUX OOYHCICHb BiJ
TEXHIYHOTO 10 KOMEPIIHHOTO OOKY.

Taxi npuHUMNOBI cTaHaapTH30BaHi pucu €: self service on demand, yHiBepcanbHHIA TOCTYI O MOCIYTH CIIOXKHBAYEM
yepe3 Mepexy Imepenadi JaHuX, O0'€IHAHHS pecypciB, €lacTHYHAa MacuITabOBaHICTh, OOJIKOBI, aJMiHICTPATUBHI,
MOHITOPUHIOBI Ta aHATITHYHI MOCITYTH.

3HayHy IepeBary B CEHCI 3rajlaHux CkiajoBux cTpykrypyBanux IC Ta IT maroTe XmapHi Mojeni oOCIyroByBaHHS,
MOJIeJIi pO3rOpTaHHs Ta iHII XMapHi pimeHHs [5-7].

JlocTaTHBO BaroMMMHM CJiJl BU3HAUYUTH €KOHOMIYHI aclieKTH BHKOPHCTAHHS XMAapHHX IIOCIYT, OOYMCIIEHb Ta B3araii
XMapHOTO CEpEe/IOBHIIA, CIIOKMBAui MOXYTh ICTOTHO 3HU3WTH KaliTalbHI BUTpaTH, TPUBAIMH 4Yac MOOYMOBH Ta
BBEIICHHS B CKCIDIyaTamifo BenWKux 00'ekTiB iHPpacTpykrypu IC Ta IT, 30impIieHHs momuTy Ha OOYHCIIOBANBHI
MTOTY>KHOCTI THYYKO HiBETFOIOTHCSI XMAPHUMHU TEXHOIOTiSIMU.

[Ipn BUKOpHCTaHHI XMapHUX OOYHCICHb, BUTPATH CIIOKHBAYa 3MIMIYIOTHCS BiJ KamliTANbHUX IO ONEpaIlifHUX, 0
YaCTKOBO KOMIICHCY€E BUTPATH Ha OILIATY MOCIYT XMapHUX MIPOBaiiepiB.

3araJbHuH miaxin

MepexeBi Tany3i BiIpi3HIIOTHCS BiJl TPAIUIIIHHUX, 30KpEMa, MOHATTIMH KPUTHYHOT MacH [8] i Gaify:Koro crokuBayva
[9]. OmauM 3 aBTOpiB HaHOi poOOTH OYIIO OLIHEHO MEPioA KPUTHYHOI MAacH Mepexoay Ha cMapTdoHH B YKpaiHi Ta
Homemi [10]. MepexeBi raxy3i mpuBepTarOTh Jenani OUTHIINIA iHTepec 0araThboX MOCTIMHHUKIB y cBiTi [11-15] gepes
MOIIUPEHHS XMapHUX TeXHOJOTiH. OCKUNBKH XapaKTepUCTHKH LUX TEXHOJOTIH MaloTh BIATIOBIAATH TpaauIiftHUM
OUIKyBaHHAM CITOXKMBAUiB, TO IMOBIIOMIICHHA IPO IIi TEXHOJOTiI MOTPeOYIOTh PETENFHOTO i BCEOIYHOTO aHami3y.
Amnari3y Ta nepeBipiii HOBITHIX pe3yJsibTariB [11] npucssueHa nana podora.

HocniguMo Mojeni IIHOYTBOPEHHs (XMapHUX IIOCIYr) /jis BHUNAAKIB 1) I[IHOYTBOpEHHsS 3a MiJIIHUCKOW, 2)
LIHOYTBOPEHHSI BiJl OIUIATH 32 KOPUCTYBAHHS (pay-per-use pricing), 3) HIHOYTBOPEHHS 3 JBOYACTHHHUM TapudoM (two-
part tariff pricing) [9] 3 Todok 30py npuOyTKy npoBaiaepa (IIOCIyTd YM MPOIYKTY), CIOXKHBYOro HauUIIKy [9] i
cycniabHOro 1o06podyty [9-13]. Bunaaxu 1) i 2) nocnimkysanucs paninte [12], a Bunanku 1), 2), 3) nopiBHIOBaIUCS 3
TOYKH 30py NpuOyTKy nposaiiaepa [13]. Moneni 1)-3) 3acTOCOBYIOTHCS Ha MPAKTHII [IIHOYTBOPEHHSI XMapHHUX MOCIYT.
s mpoctotn Hexail nmpoBaiiaep € MoHomnosictoM. [IpunycTrMo, BUTpaTH A7l HAIaHHS ITOCIYT JOPIBHIOIOTH

cq+f,

ne ¢ ta f — rpanuuni Ta Qikcosani (fixed) Butparu (costs), g — obcsar (quantity) crioxkuBanss (mociyr); Hexaii
f =0. IIpunycrumo, npoaiiaep 3acTOCOBYE CXeMy LiHOYTBOpeHH: (transfer)

T(q,p)=A4+pq,

ne A — maymaneda (lump-sum) 4u ¢ikcoBana IiHa, p — wiHa (price) crnokuBaHHs (OAMHUIN TOCHYrH). V Takii
nocranoBii Mozerni y Bunanky 1) p=0 1a 4> 0, y unagky 2) p>0 ta A=0, y Bunagky 3) p>0 ta 4>0.

Hexait N — kinbkicTs (number) hakTHYHUX TOKYTIIB (CIIOXKKUBaYiB) OCayr. Toai mpubyToK mpoBaiiaepa CTAHOBUTE
T=(AN+pQ)—cQ.
[To3naunmo u pe3epBHy LiHY crokuBada (KopucTyBada (user)) (MakCHMalbHY IiHY, 32 SIKy L€ CHOXXHBa4 T'OTOBHH

[UIATHTH 3a 0Cyry). IIpUnycTuMo, pe3epBHi iHW ¢ CHOKMBaYiB piBHOMIpHO po3noaiieni Ha Biapizky [0,U], ne U

U

BiZoOpaskae TOTEHIlifHY 4YacTKy puHKY mpomykry; U > N; Q= qu u. Tomi crmoxusau tumy u €[0,U] nupm
0

CIOXKMBAHHI OIMHHUIII IPOAYKTY JlicTaBaTUMe HAUTUIIOK (value)

Vw)=u-p,

a (pyHKLUIs TONUTY 1HIUBIIYAIFHOTO CHIOXKHMBa4Ya BUPAXKaTUMEThCS JTIHIIHOIO0 (DyHKIIEO
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g(p)=q=u—p.

OTxe, CIOKUBAY U KYIYE MOCIYTy OPU U = p , NICTAIOYHU MPH KYMiBJIl YUCTY KOPUCHICTH (HAUTUIIOK (surplus))

S.(q,p)=V(u,q)-T(q,p),

ne V(u,q) — 3araneHa nindicts (value) ¢ OIMHUIL MPOAYKTY VIS CHOXKUBAYa U . [IpU reTEpOreHHOMY PO3MOJLi

CIOXXHBAYiB Pi3HI CIIOKMBaYi MOXYTh KYITyBaTH Pi3HI 00CATH MPOIYKTY B 3aJE€KHOCTI BiJl OCOOMCTHX OI[IHOK IIOTO
mpoxaykry. [longioro pobit [14, 15] (aBTOp poboTH [14] — HobemiBebkuii maypeat 2014 p.), mpumycTIMO, IO

Vlg) =D

2
3aznaumnmo, wo V' (u,0)=0, Z—V =u—-q=p=20, Pyl =—1<0, 3Bixku BurmBae ysirayricts dyukuii V (-, q) .
q q

Toni cnoxkuBau u obupae takuit o6esar g, (p), 10 MaKCHMi3ye HOTO CIIOKUBYHI HAUIHIIIOK

2 N2
Su(qap):V(uaq)_T(qap):%—A—pq,
3BIAKHA
oS (q,
0=—“a(q 2 —u—g,(p)-p.
q
2 2 2 2
e e AR R L LS SR U RS
_op)utp=2p) y @op)” (1)

2 2

Mopenb HiHOYTBOPEeHHS 32 MM CKOI0

Taki mpoaiinepu, sik Dropbox, Google Ta iHmI, BH3HAYalOTh LIHY HPOJYKTY, BHUXOISYM 3 TPHBAIOCTI HOro
KOpHUCTYBaHHs (BUMIpIOBaHOI B Micsusx a00 poKax) HE3aJIe)KHO BiJ 0OCAry HOro CrOKMBaHHS: Taki HpoBaiiiepu
3aCTOCOBYIOTh Mozenb 1) wniHoyTBopeHHA. Tomi pillleHHS CIOXKHMBaya MPO KYMIBIIO IPOAYKTY BH3HAYAE€THCS
¢ikcoBaHOIO 1iHOIO A Ta HOTO OIIHKOIO CIIOKMBAHHS POIYKTY: SKIIO I OMiHKa mepeBunrye A (Inucra KOPUCHICTE €
JIOZIATHOIO), TO CHOKMBAY KYITye Lieit mpoxykr. Y mozerni 1)

q,0)=u,

2

u
S, (0,4))=——4.
u( ) 7

CnioskuBauy i Gaiijtyske, KylyBaTH NPOAYKT YH Hi, SKIIO

~

o:sﬁ(o,A)z%—A,

n=\24,

sginku N=U—-u=U—,/2A . Cnoxusau U 3 Hali6GiNbIIOK TOTOBHICTIO MJIATUTH 32 MPOIAYKT KyIyBaTUMeE OOCAT
qy =U — A mponyxry. Tomy crioxuBadi KyIyBaTUMYTb 3arajibHUM 00CAT IPOLYKTY

U 2U 2 ~2 2

u U u U
=ludu=—| =———=—--4,

Q J. 2. 2 2 2

u u
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a mpuOyTOK IpoBaiepa CTAHOBUTUME
Uz
7(U,A4,c)=AN-cQ= A(U— 2A)—c ——A4].
( ) Q \ 5

INpoBaiinep BU3HAYAE CBOKO ONTHMAIBHY IIiHY, BUXOISUM i3 3arajbHOI KiNGKOCTI N TOKYIIB MOCIYT i TPAaHHYHHX
BHUTpPAT C JUIA 3aJI0BOJICHHS PHHKOBOTO TIONUTY Ha IIi OCIyTH. Y MoJeli 3) BBaXKAEThCSA, IO € B THITH CIIOKUBAUIB,
SIKI XapaKTepu3yIOThCsS pI3HUMH BUTparamu ImpoBaiinepa. Y wmoxeni 1) 3araipHHH 00CSAT NpoAaxy HPOIYKTY
NPOBaii/IepOM BH3HAYAETHCS KUIbKICTIO CHOXKMBAUiB, sIKI KYNYIOTh LeH NMPOAYKT, a 3arajibHi BUTPATH BHU3HAUYAIOTHCS
3arajJbHUM OOCSITOM MPOAYKTY, SIKUM KyMyIOTh YCi CHOXKKBadi. 3arajoM CHOXKHBavi KyIyIOTh Pi3Hi 00CSTH MPOIYKTY,

- . . . . . . s .
BUXOJSYM 3 MAKCHMI3allil CBOET YMCTOT KOPHCHOCTI, a mpoBaiiiep obupae onTuManbiy (QikcoBany winy A° MiamUCcKu
(subscription), BUX0O/s4H 3 MaKCHUMi3allii CBOr0 NPUOYTKY:

or 0 ( 1.5 ) 3A0'5
0=—=U—-—-\4",2 |[+c=U+c—+2 ,
04 0A \/_ \/_ 2
, 2x3%4
U+co) = Y
AS:2(U+c)2
9 9
3BIJIKH

~S A, S s 2(U+C)
u’ =u(A’)=424" =————,
(A7) =4 3

NS ey _pepy 2WU+0) _3U-2U-2¢_U-2c_, 20 yatoni
3 3 3
U>2c, (2)
0 _U_Z_A_U_2_2(U+c)2 U’ -4(U+c)’  (BU-2U-2¢)3U+2U +2¢) _
2 2 9 18 18

_(U=-20)(5U+2¢)
- 18 ’

_ 2(U+0)’(U=2¢) c¢(U=-2c)(5U +2¢) _

s SArS s
n° =A"N" —c
© 9x3 18

AU+ (U~-20)-3c(U-20)5U+2¢)  (U-2c)4U*+8Uc+4c” -15Uc-6¢7)
54 54

(U-20)4U°-8Uc+Uc—-2¢") (U-20)[4UU -2¢)+c(U-2¢)]  (U-2¢)’(4U +c)
54 54 54 '
Toni cioxxuBYMiA HAIIUINOK (consumer surplus) TopiBHIOE

U

U ul o 3 3 ASN\3
Cssszuduzf T Y LA U S R o
S S 2 6 s “ 6 6
_ ASN[72 ~S | [ASN2 SN2 NS ASN2
:(U u U +6Uu +(u”) ]—A(U—ﬁs): U -ua”)[U +U6u +(u”) 6A]’
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U—i$ =U—2(U3+C) :U—320,

20W+0) 4U+c) 12U+c)* U +6UU+c)-8(U+c)* _

U+UGS+@°)Y -64=U%+
3 9 9 9

_ BUY +6U U +c)+ U +¢)* =9(U +c¢)* _ GBU+U +¢)* -[3(U +0o)] _
9 9

(AU +c+3U+30)4U +c-3U-3¢) _ (TU+4c)U -2c¢)
9 9 :

_1 WU=20) (TU+40)U-2¢) _ (U -¢)*(TU +4c¢)
6 3 9 - 162 '

Otxe, cycniibpHuM 1006po0yT (social welfare) cranoBuTH

Ccs?

_ (U—20)2(7U+4c)+(4U+c)(U—20)2 _
- 162 54 -

SwS=cSS+7°

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

Buiezaznauena ymoBa (2) o3Hauae, 110 HalHOLIblIa TOTOBHICTh CHOXKMBAUiB IUIATHTH NMPUHANMHI BABIYI MEpPEBHUIILYE
TpaHWYHI BUTPATH MpoBaiiaepa.
MO)]e.TIb HiﬂoyTBopeHHﬂ Bi}l OIIAaTH 3a KOPUCTYBAaHHSA

Taki npoBaiinepu xmapHuX mociyr, sik Amazon i Google, craryors ninu yepe3 EC2, S3 1 Google App Engine,
BUXOsTuM 3 Momeni 2). Y i momeni (pay-per-use pricing) mpu A =0 crnokuB4mii HaUTAIIOK B cruty piBHSHES (1)
CTaHOBHUTb

P = (u _P)2
u 2 *

AP o .
CnoxwuBauy 1  Oalimyxe, KyITyBaTH NPOIYKT YH Hi, AKIIO

AP 2

u — A
O:Sﬁp(p,o)z%’ uP:p’ (3)
3BIIKH
Nl =U-p. “4)

OCKINTBKY IIPY WiHI P CIIOKUBa4d U KYITye 00CAT ¢ = U — p TIPOLYKTY, TO

U

U U 2 2 2 2 2 2
P u v U” p , U'+p =2pU (U-p)
=|gdu=|\u-p)du=— —pu =—-*—-pU+p° = = , (5
0" =[qdu=[w-pydu="ry —pul ==—-T-—pU+p . )
u P P
—o)U-p)?
ﬂ_PszP_cQPZ(p_C)QPZ(p )(2 p) ' 6)
3BiJICH BUILTUBAE 11iHA BiJl OIJIATH 32 BUKOPUCTAHHS, siIKa MAKCUMIi3ye pHUOYTOK NpoBaiiiepa:
P N2 _ _ _ o
0:6671' :(U P) 2(2U p)p c):(U p)U 2p 2p+2c) , pp:U-g2c<U ——
p
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Toni B cuity piBHSHHS (3) cnokuBady a” Oaiimysxe, KyIyBaTH IIPOAYKT YH Hi, SIKIIO

u,\PszZU‘;ZC’

a B crily piBHAHB (4)—(6) 3HAXOAUMO YHCIIOBI XapaKTEPUCTUKA MO 2):
U+2c 2U-o¢)

NP zU=-pP =U- = ,
P 3 3

p_U-p") _2U-c
0" == R

T

P (' =oaU-p"Y 2U-¢)
- 2 27

>

¢ Cw-p  w-p"y| _w-py 1[20-0T _4w-¢
Bl R R e P ZE{ 3 }: 81

10U —¢)*
81

SwP=x"+CS? =

Mopenb HiHOYTBOPEHHS 3 IBOYACTHHHHUM Tapu(pOM

Bararo mpoBaiizepiB 3acTocoBye 3MillaHi MeXaHi3MM LIHOYTBOpPEHHS (Mojenb 3)), moeaHyrouw monenmi 1) i 2).
Hanpuknan, uinu Google App Engine ta Joynet Smart Machine Bu3HauarOThCsl KUIBKICTIO MICSIIB KOPUCTYBaHHS, a
TaKoX OOCSIroM BHKOpUCTaHOTO Tpadiky (BuMmiproBanum y rirabaiitax (GB)) Buine BcranoBnenoi Mmexi. Mera
LIHOYTBOpEHHs 3) mpoBaiizepoM — aictaT Ounblie cnoXuB4Yoro Hamumumky [15]. Tlpuknagu Takoro iHOYTBOpPEHHS
JIAfOTh JI3UHT KOMIT FOTEPIB 1 KOIiIOBaIbHUX MAIlUH, WIEHCHKI BHECKU JI0 TOJIb(-KIyOy 1 TapuHi CTPYKTYpH AESKUX
IPOMAaJICEKIX KOMYHaJIbHUX CIIyk0. Mozens 3) MoXHa BBaKaTH CXEMOIO AUCKOHTYBaHHS 32 00CSTOM.

B cuny piBHsHHs (1) crioxkuBay ¢ KyIye MOCIYTY TOJI i TUIBKU TOJ1, KOJIH

_ 2
OSSu(p’A):%_A’

(u—p)>24,

u2p+\/ﬁ.

Takum 4nHOM, MOJIENb 3) IHOYTBOPEHHS XMapHUX ITOCIYT 3 IBOYaCTHHHUM TapudoM (two-part tariff pricing) mae Taki
XapaKTePUCTUKH:

T=p+.24,

@ _Wep @ - W-pr
2 2 2 ’

=AN" +pQ" —cQ" =AU -p-240)+(p~- c){(U p)’ A}.

N . N T
OnTuManbHUN TBOYACTHHHUM Tapu() BU3HAYAETHCS 3 MAKCUMI3allii puOyTKy 77 :
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0 T 5 i
0———a _——4-|_([JT 1) 4 ( C)(U p)——2A (l/—p)(U Zp 2P+2c)
p P = +

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

T 3,24 3424
Oza” =U-p- 5 -p+c=U-2p+c— T

=24+

>

4(U-2p+c)* =184,

A:2(U—29p+c)2 ’

4U-2p+c)’ (U-p)U-3p+2c)
9 2 ’

8x* =8(U -2p+¢)=9U-p)U-3p+2c)=9(x+p-c)(x—p+c)=9[x* —(p-c)*],
ne Beesiena sminna x =U -2 p+c,
x*=9(p-c)’.

U-2p+c=x=3p-3c,

r U+dc
5
3BiJICH OTPUMYEMO YHCIIOBI XapaKTEPUCTHKU MOJIeNi 3):
[5U—2U—8c+5c]2 2[3(U—c)j2
AT=2(U—2pT+c)2= 5 _ 5 =2(U—c)2’
9 9 9 25

12T=pT+ 2 4T :U+4C+2(U—c)=U+4c+2U—2c:3U+2c

>

5 5 5 5
NT_U_MAT_SU_3U_ZC_2(U—C)
5 5 7
2
5U-U-4c
T\2 2 2 2 2
QT_(U—p) T 5 2WU-¢)} 16(U-¢) 2WU-0)° 6U-0)
2 2 25 50 25 25

_ 2(U —c¢)? X2(U—c)+U+4c—5cX6(U—c)2 _

T T AT T T
7o =A N + —c
(P )0 25 5 5 25

_4U-c¢) . 6(U-c) 2@U-c)
125 125 25 7
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_4%U—@3_1X3U+2c—U—4c3_2ahme5U—3U—zc_
5% 6 5 25 5

_(U-c)’(64-8-6x4) 16(U-c)’
750 375

2@]—@3+16a1—@3_46a1—@3
25 375 375

swh=x"+CS" =

BucHoBku

. . s P _T s
V po6oti HaBeseHO METOIM OGUKCIIEHHs IpUbyYTKy npoBaiinepa 7° , 7' , 7' , ciokuBuoro Hamuinky CS” ,

cs?, csT’, CyCIIBHOrO 100pobyTy S wS, SWP, SWT nna moneneit 1), 2), 3) Bignosinno. [TopiBHsUILHNMI aHaTi3
LIMX 3HaYCHB, a TAKOK PO3POOKA MOEIEeH MEPEKEBOT0 LIIHOYTBOPEHHS € IIPEIMETOM OKPEMOTO TOCIIPKEHHSI.

PosrisHyTi paHime 3a1a4i MalOTh rapHi IIAHCH Ha 3aCTOCYHOK B 3a/1a4aX MOHITOPHHTY 1 aMiHICTpYBaHHS Ha
MaigaHYMKaX XMapHOrO IMpoBaiimepa, HOro XMapHUX MiAPSAHUKIB Ta OpokepiB. OCOOMMBO CIIiJ IMiIKPECIUTH
3HAYYIIICTh MOJENI 2), sIKa IPUITYCKae HeoOXiMHICTh 3aCTOCYBaHHS HEe(hiKCOBAaHHUX ITapaMeTpPiB IIOCTABICHUX 3a/1a4, [0
HO-CYTi O3HAYa€ THYUYKy TapHdikalito mociayr (XMapHUX HOCIYT, CEPBICIB, MIKpO-CEPBICIB TOILO).

[epcnektuBHUM € MOOyI0Ba OaraTopiBHEBOT MOJIENi, sika BIANOBIAA€ 3B’sA3KaM Ta i€papxiuHii 3a1eXHOCTI
pOTBOBOT MOAETI XMapHOTO CEpEeNOBHINA Y BIAMOBIMHOCTI O BCTAaHOBJICHWX MikHapogHuM craHmapram NIST Ta
CSCC. [16, 17].
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