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AHHOTaUMA

Heckonbko TpeHaoB B cpepe UT, Bknovas passutue
WHTepHeTa Bewen (IoT) n ceTen pacnpegeneHns KOHTeHTa
(CDN), cTumMynupytoT COKpalleHue 3agepKek CUrHanos U
CTOMMOCTUN nepegayun gaHHblXx. PasmeweHne mukpo-LIOOos
OnmKe K Mectam HenocpeaCTBEHHOMO WCMNOMb30BaHNS
MHPOPMaLM NMPUBOOUT K CHUXKEHWIO OOBHEMOB U 3agepXKeK
npv nepegayve AaHHbIX C 06NadYHbIX UK yAaneHHbIX
cepBepoB. B 310l cTaTbe 06CyxXAalnTCa NpenmyLlecTsa
Mukpo-LIO[JoB nepea knaccu4eckon WMHPacTpyKTypon, a
TakKke OEeMOHCTPUPYETCH BO3MOXHOCTb COKpaLleHus
KanuTanbHbIX pacxonos Ha 42 % B cpaBHeHUN C
TPaAUUMOHHON apXuUTeKTypoi. PaccmatpusatoTca u gpyrue
NpenMyLLEeCTBa, Takne Kak COoKpalleHne BPeMEHU
peanusauun NpoeKTOoB.



BBeneHue

PucyHok 1
Mukpo-L{O/bi

[OBnxyine
doakTopsl
pa3BUTUS
mukpo-LIOlos

C pocTtoMm cnpoca Ha UMbpoBbIE YCNyrM Ans HaWUX MOBUNbHLIX YCTPOWCTB, AOMOB, OUCOB W
6ecuncneHHoro MHoxecTBa Apyrux cep AeaTenbHOCTH (NPOW3BOACTBA, FOPHOAOOLIBAKOWER 1
HedTerasoBoi MNPOMLIWAEHHOCTU U T. N.) MeHAeTCca cam npuHuun cosganna LlO[os. C pocTtom
Harpysku W KonuyecTBa 3anpocoB K cepsucam B cyllecTeytowmx LIO[ax, nepegava AaHHbIX
3aHumaeT Bce Oonbliee Bpemsa. B uenom, yem Gonblie pacctosHue go LIO[a, Tem Gonblwe
BpemeHn TpebyeTca Ana NnpefocTaBneHns UMDPOBLIX CEPBUCOB U TEM BbILE 3aTpaTtbl Ha
nepegavy AaHHbIX. MpakTuka pasmeweHus LUOoe Gnke K MecTam (akTuy4ecKoro
NCNOMb30BaHUS AaHHbIX NOMyuuna Ha3BaHue «nepudepuitHbie BbluUCneHus». Mpumep Tomy —
kKomnaHusa EdgeConneX, KoTopas co3gaeT konokauuoHHele LIOMbl Ha nepudepun ceten,
bnarogapsa Yemy COKpallalTCa pPacxofbl €€ 3aKas3yWKoB, CBA3aHHble C 3anasfbiBaHWEM CWUrHanos
1 NponyckHol cnocobHocTelo kaHanal . MNogpobHee aTa Tema paccmaTpuBaeTcs B
nHpopmaumnoHHon cTaTtbe 226 «/leuxxywue ghakmopbl U npeumMywjecmaa rnepu UUHBIX
8bIYUCIIEHULY.

B gaHHOM cTaTbe paccmatpusarTca npeumywectsa mukpo-UOdos ana nepudepuitHbix
BbIYUCNEHWUIA NO CPaBHEHWIO C APYTMMUW anbTepHaTMBaMK, TakuMU Kak CEpPBEPHbIE MOMELLEHNS U
knaccuuyeckne LIO[bl. B nepsyto ouyepeab OyayT paccMOTpeHbl ABMKYLIME aKTopbl,
6naronpuatcTeytowne BHegpeHuio mMukpo-UOLos. 3atem mbl obcyaum UT-TexHonormn, KoTopble
4enarT BO3MOXHbLIM co3daHue Mukpo-LIO[loB, 3aHMMalowumx BCero ogHy CTOWKY, W nogpobHo
N3y4nM UX NpenmyLlectsa (TONbKO HUNYECKYI0 UHAPPACTPYKTYPY) B OTHOWEHUN KanuTanbHbIX
pacxofoB B CpaBHEHWN C UeHTpanusoBaHHbiMK LIOJamun. HakoHel, Mbl NpeanoxuM apXuTekTypy
Mukpo-UO[oe GyayLiero, KOTOpble B HEKOTOPbLIX CRyvasx Mornu Obl NPUATK Ha 3aMeHy
TpaguuMoHHBIM KopnopaTtueHeiM LIOdam. B gaHHoW cTaTbe He paccMaTpuBaeTcs BOMpOoC
ncnonb3osaHus Mukpo-LIO[os B oucax-cdunmnanax, ogHaKo v 34eCb OHW AEMOHCTPUPYIOT CBOW
achdekTnBHOCTL. MoagpobHee aTa Tema paccMmaTtpuBaeTcsl B MHpOPMaUMOHHON cTaTbe 174

«[pakmuyeckue cosemsi 10 Pa38ePMbIBaHUI0 MallbiX CEPBEPHbLIX U MUKPO-LIOL]oey.

B paHHon ctaTbe MukpoueHTp cbopa u 06paboTkn AaHHbIX2 (PUCYHOK 1) pacCMaTpUBaETC Kak
aBTOHOMHAZA, 3alUULLEHHas BblYMCAUTENbHAA cpefa C PYHKUMSMU XpaHeHus, obpaboTkn u
CeTeBoi nepegayn MHpopMaunun, HeobxoaMmbiMu aAns paboTel npunoxeHnin. Mukpo-LOObl
NOCTaBNATCA B €AMHOM KOPNyCe, B KOTOPOM COAEPXaTCs ONEMEHTLl 3NEeKTPOonuTaHus,
oxnaxgeHus, 6e30NacHOCTU, a TaKke BCNOMOraTesbHble 3MNeMEHTbl ynpaBeHns
nHpacTpyKTypHeIM obopyaosanmem (DCIM). C6opka v ucneitaHns mukpo-LiOos
OCYLWECTBAATCH B 3aBOACKUX YCMOBUAX.

«Buxywme akTopbl» — 3TO HEYTO MOTMBMPYIOLEE WNW NOATankuBawLwWee K AeACTBUAM.
MpumereHnio Mukpo-UOJoB B nepntepnitHblX KOMNbIOTEPHbLIX BbIYUCAEHUSIX BMECTO
CepBepHbIX NoMeleHnit 1 TpaguumorHelx LIO[oB cnocoBCTBYIOT 4YeTblpe OCHOBHbIX
aencreyowmnx daktopa. danee kaxapll 13 aTnx akTopos OyaeT pacCMOTPeH B OTAENbHOM
nogpasgene.

2 Mukpo-LIOb! Takke MOTYT NOCTABNATLCA B BUAE FOTOBbLIX MOy nen ¢ raBapnutami TP aHCNOPTUP OBOYHBIX
KOHTENHEP OB, OAHAKO B AAHHOW CTaTbe OCHOBHOE BHUMAaHWE yaenseTcs O,ClHOCToeHHOMy BapmaHTy MCNOSHEHUA. CM.
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Macmep
KOHbu2ypuposaHusi
mukpo-L{O/Ljos

MacwTabupyemocTb

CKkopocTb pasBepTbiBaHUsI

HanexHocTb

Mepexon Ha obnavHble W KONOKaUWOHHLIE CepBepsl

MacwTabnpyemMocTs — 9TO CTpaterna coepexeHns kanwutana, B pamMKax KOTOPOI Bbl nnatute
TONbKO 3@ TO, YTO BaM HYXHO, W KOr4a Bam 3TO HYXHO. TakoB YPOK, U3BNEYEHHbIR 13
obpa3oBaHWsa Ny3bips AJOTKOMOB B Havane ABYXTbICAYHbIX, Korda KpynHble LlO[el cTpounucs B
pacuyeTe Ha yBenuyeHue WT-Harpy3ku, HO camu 3T pacuyeTbl Tak W He onpasganuce. Mukpo-
LiOdam ¢ macwTabupyemoin v HapawuBaeMoin apxXUTEKTypon ropasno nNpoule Npucnocobtutben
K pacwupenuto UT-cpeabl 1 pocTy cnpoca Ha Bbluncnenns. Korga oanH mMukpo-LOL4
3a0eiCTBOBaH MNOMHOCTLIO, CNefyoWwmniA MOXKHO Pas3BepHyTb Kak Ha 9TOM e obbekTe, Tak U Ha
APYrOM B 3aBUCMMOCTW OT Hanuyusi cBoBOAHOrO MecTa, BO3MOXHOCTEN 3NeKTpoceTu W
NPONYCKHON CNOCOBHOCTN NWUHWIA CBA3W. VX CTaHaapTu3MpoBaHHas MaclTabupyemas
apXUTEKTypa ¥ 3aBofckasi cOopka, a Takke MeHblUWe LWarn HapawmBaHus MOLWHOCTU BbIFO4HO
OTNMYAIT KX OT TpaauuuoHHbix LIOdos co cbopKoi Ha MecTe U KeCTKO 3adaHHbIMK
XapakrepucTukamu.

HekoTopble KOMNaHUW CTanKMBAOTCA C CUTyauusiMu, KOrda BblYUCAWUTENbHbIE MOLLHOCTU
Heobxoaumo pasBepHyTb ObiCTpOo. Mockonbky MuKpo-LIOObl ABNAKOTCA 3aKOHYEHHbIM
dmanuecknm UHPPACTPYKTYPHBIM PELIEHUEM (B KOTOPOE WMHOTA@ BXOAAT UT-MHCTPYMEHTHI 1
nporpammHoe obecneveHune), C HAMU CTAHOBUTCA BO3MOXHBLIM CYLLECTBEHHO COKpPaTWTb BpeEMS
peann3aunu NpPOEKTOB B CPaBHEHWUKM C oBycTpoicTBOM TpaavumoHHbix LIOJoB u cepBepHbIX
nomelleHuit. Bece notomy, uto ¢ Mukpo-LIOdamn oTnagaet HeobxoaMmocTb B paspaboTke,
YTOUYHEHNN XapaKTEPWUCTUK, 3aKyNKe W MHTerpauMu OTAenbHbIX KOMMNOHEHTOB OT pPasHbIX
npowussoguTeneir. CKOPOCTb, C KOTOPOW Bbl CMOXETE BBECTW B 3Kcnnyatauuio Baw mMukpo-LUO[,
HanpPsIMyt0 3aBUCUT OT CTENEHU ero CTaHAapTU3UPOBAHHOCTW: YeM OHa Bbilwe, Tem ¢ BonbLiein
BEPOSITHOCTbIO HeobxoauMble KOMNOHEHTbl HahgyTca Ha cknage. OfHako C NOBbILIEHWEM
aHeproemkocT Mukpo-LIO[la Takas BEpOATHOCTb CHWKAETCs, a TPaAHCMOPTHbIE pPacxogbl,
HaobopoT, Bo3spacTatT. KpynHeiM UT-cuctemam ¢ aHeproemkocTtbio oT 1 MBT no npexHemy
TpebytTcsa cneuuanuampoBaHHble NUbo konokauuoHHele LIOJb.OaHako BBOA B 3KCNnyaTauumio
mukpo-UOfa Bceraa OyaeT BLINONHATLCS BbICTpee NO CPaBHEHWMIO C TpaguumoHHbiMu LIOOamun
U CEPBEPHbLIMY NOMELLEHNsSIMU. B HEKOTOPLIX Cnyyasix Ha NOMOLLb NPUXOASAT WHCTPYMEHTHI
KOHMOUIYPVPOBaHNS (PUCYHOK 2), C NOMOLLIbIO KOTOPLIX NOMb30BaTENb MOXET OLICTPO W NErko
HaCTPOUTb XapaKTEepPWUCTUKM anekTponuTaHus, ©esonacHocTn n UT-obopyaoBaHus BHYTPU
kopnyca. Nporpamma-«koH(UrypaTop Ha OCHOBE BCTPOEHHLIX anropuTMOB NPOBEPUT
KOMMOHEHTLI Ha BO3MOXHbLIE HECOBMECTUMOCTW, nocne vero OyaeT cosgaH 3akas.

B uenom, HageXHOCTb UEHTPOB 06paboTKn AaHHbIX CHWKAETCA NO Mepe KacToMuaauun
KpuTnyeckux cuctem. Mo aTol ke npuyuHe aBTomMobuUnb B CEPUIAHON KOMNNeKTauum BCero
OyOeT HagexHee W gelwesne «WTy4YHOW» MOZENnn C MHAuBUAyanbHbIM AusaiHom. U xoTts
CTaHgapTu3auuss Bo3MOXHa u ans KpynHeix LO[os, cTaHgapTuavposats Manblie IOk
ropasfo npole U npakTudHee. B 3TOM 1 3aKknioyaeTcs OOHO W3 KNYEBLIX NPENMYLLECTB
mukpo-LIOdoe B BONpocax HagexHocTW. [NogpobHee 3Ta Tema paccmaTtpuBaeTcsi B
NHGOPMALUUOHHON

ctatbe 116 «CmaHdapmu3sauus u ModvribHocmb 8 chusuyeckol uHgpacmpykmype LIO[1oex.
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Mukpo-L{O/[] e ogbuce

OpavH 13 cnocoboB MNOBLILWEHNA HaAEKHOCTW TpaauumoHHbiX LIO[oB, kKOTOpbIM NONb3yOTCS
pa3paboTuukK, — 3TO UCNONb30BAHME pPE3EPBHBLIX cucTeM. B cnyyae ¢ nepudepnitHbiMy
BbIYMCNEHNAMN NPK PU3NYECKOM TEPPUTOPMANLHOM pacnpeseneHun LeHTpoB 06paboTkm
JaHHBIX UX HAOEXHOCTb noBbIAeTCs Gnarogapsi reorpaguyeckoMy pe3epBUPOBaHUIO C
UCNONb30BaAHWEM aBTOMATWU3WPOBAHHOTO 3epKarMpOBaHWs W ynpaeneHns pabouux Harpy3ok.
OTO aHanoOrNYHO pasMeLleHNio ONCKOB XPaHeHus AaHHbix cuctembl RAID Ha Tepputopun Bcen
CTpaHbl 1 UCNOMNbL30BaHMID NPOrpPaMMHOro obecneveHuss Ana BOCCTAHOBNEHWS WHdOpmauun B
cnyyae cbosa B pabote Kakoro-nubo aucka. C BUPTYanbHLIMU BbIYUCIIUTENBHBIMY MalWHaMmn 1
obpabaTbiBaeMbIMKU UMW AaHHBIMK BCe TO e camoe. C ymeHblwennem LIO[os, obpasyemblii uMu
BbIYMCNUTENBHLIA MacCUB CTAHOBUTCA Bonee pacnpepeneHHbiM, YCTONYMBLIMU U MEeHee
nepepasMmepeHHbiM. TakoBO elle OAHO KntoueBoe npeumyllectso Mukpo-LIO[oB ¢ Touku 3peHnwus
HaOeXHOCTU.

Haxe ecnu aMpekTop NO MHPOPMAUUOHHBIM TEXHOMOMMAM NPUHAN pelweHne nepemecTnte T
cuctembl ¢ nokanbHelx LIOJloB Ha KonokauuoHHblE UMM BOCNONb3OBATLCS YCNyramu
npoBaingepoB obnayHbIX CEPBUCOB, BCE PABHO B FONOBHOM odmce KomnaHun u ounmanax
OCTaHeTCs1 HekoTopoe konuuecTBo WT-obopynoBaHus. [ns nogmepxku paboTbl Takoro
obopynosaHusi Mukpo-LIO[pl cTaHyT maeanbHbIM pelleHneMm Gnarogaps CBOel KOMNaKTHOCTU
BO3MOXHOCTW pasmelleHns B oducax oTKpbIToro Tuna. Benea 3a 9TUM MOXHO NpeBpaTuTb
cepBepHyto unu oeiBwee nomewenune LIO[a B gononHuTenbHoe OMUCHOE NPOCTPaHCTBO nMbo
caatb B apeHay. Ha pucyHke 3 Bbl BuauTe He npegmeT mebenwn, a umeHHo mukpo-LIO[,
pa3MeLLeHHbIl HenocpeacTBeHHo B odonce. NogpobHee aTa TeMa paccMmaTpuBaeTcs B
MHMOPMaUNOHHOW cTaTbe 256 «[loyemy obrayHble 8blduceHUs mpebyiom nepeocMbICIeHUs
omkasoycmouyugsocmu _Ha riepughepuuy.

«[panBepbl» —3TO HEUTO, 4TO obecneumBaeT WU obneryaeT BbINOMHEHWE 3adau.

B cpeae MHOPMaUMOHHBIX TEXHOMOTMIA CyLECTBYOT TPW OCHOBHBLIX ApaiiBepa K
ncnonb3oBaHnio Mukpo-LIOJoB. B 370 4nCNo He BXOAAT ONWUCaHHbIE BbiWe ABUXKYLINE akTopsl.
Mbl KpaTKo pacCMOTPUM 3TW TEXHOMOTMWM U TO, KaK OHW YNPOLLAT U yaeweBnsawT
passepTbiBaHne mMukpo-LOdos.

'MnepkoHBepreHTHole WUT-cuctemsl
PocT nnotHocTm
BupTtyanuzaunsa

Ecnn mukpo-UO[ cosgaetca ¢ ncnonb3oBaHnem WT-KOMMNOHEHTOB (CepBepoB, MacCUBOB
XPaHeHWst AaHHbIX, CETEBbIX NepeknodaTenei, ynpasnsiowero MO, coeguHUTENbHbIX Kabenei n
T. A.) OT PasNUyHbIX NPOU3BOANTENEN, HA UHTErpauulo BCEX ITUX KOMMNOHEHTOB NoTpebyeTcs
BPEMSI, KOTOPOE OrPaHUYUT NPEUMYLLECTBO B CKOPOCTW pasBepTbiBaHus Mukpo-LiOMda.

Ha 6a3oBoM ypoOBHE TEPMUHOM onucLIBaKOTCA
BblYMUCNUTENbHBIE MOLHOCTU (Npoueccop), YCTPONCTBA XPaHEHUs1 OaHHbIX (KEeCTKMe OWUCKW) u
ceTeBble PeCcypChl, UHTENPUPOBAHHLIE B €AWHbIA ©NoK unu cToiky. MNpu Takon MHTerpauyum

3 Feorpadnyeckoe pesepsuposaHue npeanonaraet pasmellgHue Heckonbkux LIOJos Ha 3HauuTensHOM yaaneHnn apyr
OT Apyra, 4ToBbl NPOCTOW OAHOT O U3 HUX He BNMAN Ha paBoTy OCTanbHbIX (T. €. YTOBbl UCKNKYUTL PUCK OTKasa no
obLer NnpuduHe).
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cokpallaeTcs Bpems pasBepTbiBaHna Mukpo-LIOOa B uenom. Kpome Toro, noBbIwaeTcs
HagexHocTb UT-cuctem, a Takxke A0 onpedeneHHoro YpPOoBHS cokpalwiaeTcs oGbem
3aHYMAEMOro MMU NPOCTPAHCTBA, NOCKONbKY KOHBEPTMPOBAHHLIE CUCTEMbI C Camoro Havana
pa3pabaTbiBATCS Kak eauHble TeXHUYeCKue pelleHus.

B runepkoHBepreHTHoM WT-o06opyaoBaHnM OOCTUraeTcs onpedeneHHbll ypoBeHb NMNOTHOCTY,
0 KOTOPOI NOWAET pedb 34eCh, ABNAETCS Pe3yNbTaToM ODLIero TeXHONOrm4Yeckoro
nporpecca B UT-ccepe. Hanpumep, Gnarogaps NOCTOSTHHOMY YMEHbLUEHUIO pa3MepoB
TPaH3UCTOPOB YMEHbLIWANCE W Ynnbl B MT-060pyaoBaHnM — Npu 9TOM yBENUYMBaNacek WX
NPOU3BOANTENLHOCTL. CNOCOBEI XpaHEeHUs AaHHbIX Takke MEHANUCL BMecTe C
MUHWaTIOpU3aUnein KOMNOHEHTOB, OCOBEHHO C NOSIBNIEHNEM TBEPAOTENbHLIX HaKOMWUTENEN.
Bnarogaps COKpaweHWio NNowaan pasmeweHns 1 yBENUYEHUO NPON3BOAUTENBHOCT U
cerogHa ofHa cepBepHan cToika cnocobHa obecneunTb WAEHTUYHYIO NPOU3BOAUTENLHOCTbL
TPUHaAUATW CEepPBEPHbIX CTOEK BOCBMUNETHENR AaBHOCTUA.

B 10 Bpemsa Kak yBenMueHne NNOTHOCTW No3BoNSeT ob6beanHnTe 13 CepBepHbIX CTOEK B OAHY,
BMPTyanusauus nNoMOoraeT CUCTEMHbIM agmuHucTpatopam cobpaTb BoegnHo
BbIYMCIINTENBHYIO MOLLHOCTL BCex paboumx Harpysok. CosaaBaemble BUMPTyanbHble obpasbl
CepBepOB, YCTPOWUCTB XPaHEHWs AaHHbIX U ceTeBOoro obopyaoBaHUsi NO3BONSAIOT
reorpacuyeckn pacnpegeneHHbim Mukpo-LilOfdam pabotath kak dwmandeckn eamHbin LIOL.

C TOYKM 3peHUst kKanuTanbHblX PacxofoB Haubonbwwum npeumyuiectsom Mukpo-LIOLos no
CPaBHEHWIO C TPagWUMOHHLIMKU UeHTpanusosaHHbIMKU LIO[Jamu asnsetcs cnocobHOCTb NepBbixX
paboTaTtb C UMeWMMCA MHPPACTPYKTYPHbIM 00opyaoBaHMeM 34aHWiA. 3avacTyr y 34aHui, yxe
Haxo4AWMXCA B IKCNNyaTauun, UMEeTCs [OCTaTOYMHO MNOABEAEHHOW MOLLHOCTYW, YToBbl obecneunts
nutaHne mukpo-UO[a —c nuTaHnem Kak OT CeTu, TaK W OT aBapWUMHOrO reHepartopa. MHbiMu
cnosamu, B OOMbWWHCTBE CAyYaeB 3MNeKTponuTaHue wu oxnaxageHwe Mukpo-LIOLoB MOXHO
obecneunTb 3a CYeT yxe umetolmxcst pecypcos. NogobHoe Xe NpenmMyLecTBo 3aknioyaeTcs B
OTCYTCTBUM HEOBXOAMMOCTM B CNeuunanbHOM A0OCHALWEeHUM nomelleHnn —mukpo-LUOOd moxHo
YyCTaHOBWUTbL Jaxe NPOCTO B NYCTOM KabuHete. Takum obpasom, BBECTW B 3KCMNMyaTauumilo HECKONbKO
Mukpo-UO[loB okasbiBaeTCst ropas3fo AelleBne, Yem nocTpouTb Hoeblid LIO[ B cTaHgapTHOM
UCNONHEHWM.

Ectb y Mukpo-LIO[JoB v onpeneneHHoe NPenMyLwecTBo C TOUKU 3PEHUs HanoroobnoXeHns:
NOCKONbKY OObIYHO OHW CUUTAKTCS NPOW3BOACTBEHHbIM 000PYAOBaHWEM, a He CPeaCTBOM
NOBLIWEHNA LUEHHOCTU 34aHWs, WX amopTusauns npoucxoaut owictpee. MNogpobHee ata Tema
paccmaTtpmnBaeTca B MHGPOPMAaUWOHHON cTaTbe 115

Mbl npoBenu aHanu3 KanutanbHbIX PacxodoB, CBA3AHHLIX C pa3BopayYvBaHWEM apXUTEKTYpbl Ha
ocHoBe Mukpo-LIO[oB, 1 cpaBHunu peaynbTatbl C aHanornvHbIMW, NONYYEHHBIMW ANS
TPaOWUMOHHOIO LeHTpanusoBanHoro LIO[a. B atom aHanuse Mbl UCNONb30Banu Ty e MOAENb, YTO
n B nHCTpymeHTe Data Center Capital Cost Calculator_(kanbkynaTtop kanutanebHbix 3aTpat LO[da),
CM. PUCYHOK 4.

B paHHOM WMHCTPYMEHTE YUUTBLIBAKTCS KanuTanbHble pacxodbl Ha pas3paboTKy, matepuans u
BbINOMHEHWE pPaboT B OTHOWeHUKM Kaxaoh noacwuctembl LIOfa. Ona TpagnumoHHOro
ueHTpanusoeaHHoro LIO[a Mbl ncnonb3oBany 3HayeHust pacxogoB, NoKasaHHble B pasgene Results
(pesynbTathl). OTOT TPaguumoHHbln LIOA mbl cpasHunu ¢ 200 ogHocToeuYHbIMU MUKpo-UOdamu (no
5 kBT Ha CTOWMKY), pasMelLeHHbIMU B PasHblX 34aHusax. ObpaTuTe BHUMaHue, YTO B aHanu3e He
ucnonb3yrorcs 200 34aHMA, NOCKONLKY B OAHOM 30aHWU MOXHO YCTaHOBUTb HE CKOJIbKO MUKPO-

LOfos..

KannTtanecHble pacxoabl ana MVIKpO-L'.O,D,OB paccynTbiBannCb Ha OCHOBE AaHHbIX NO TEeM NX
Moaenam, KOTopble AOCTYNHbI Ha PbIHKE CerogHAa. Kpome TOro, U3 pac4dyeToB Ans MMKpO-U,OD,OB
ObIMM UCKNIOYeHbl KanuTanbHble

4 OcHOBaHO Ha gaHHbIX https:/AMwwwspec.org/power ssi2008/results/ cpaBHEHe NPOU3BOANTENBHOCTU Ha YCTaHOBKY Npw
100-npoueHTHOM ncnonk3osaHum B 2008 n 2015-2016 rogax. |
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pacxogbl Ha MaTepuanbl, paspaboTKy U YCTaHOBKY TeéX NOACUCTEM, KOTOPbIe 06bLIYHO
M3HayanbHO YCTaHaBNMBAKOTCA B KOMMe pueCKUX 3aaHUsAX (HeBO3BpaTHbIe U3ae pXKKu).
B 3TOT nepeyeHb BXOAAT Ye PHOBasi OTAe SIKa NOMe e HUS, HanonbHOoe NoKpbITHe,

pacnpeaenuTeNbHbIW WKT U FeHe paTop.

LifelsOn | Sc%neider

Electric

DATA CENTER CAPITAL COST CALCULATOR

Inputs Results
Data Center Environment @ R Capital Cost Summary o ecalcurency 2 Q)
Location of Data Center (QttAmernica i) (W United States i) = Data Center Cost $7.0M
Data Center Design Capacity | 1000KW. ) Data Center Cost Per Watt $6.98
Cooling System CRAC DXait cooled .5 Calculated Rack Quantity 200
PSR | Penmetercooing hotaske comanment - | T Room Area T5eE
PMcyHOK 4 . UPS Architecture C Tradi bleUPS = ) Facility Area 9,722 fi?
Data Center Capital Cost ¢z J Cost by Type ®
Calculator — mooernb Ons
Power Density (—'— 5 kW / rack e
pacyema KanumarbHbIX o e » ® 5015 P W e
pacxodos ‘ Installation
a o Core st r—.— $150/sqft 19500 I Design/Engineering
mpaduyuoHHozo L{Ofa e —— ® o - P
IT distribution uPs Generator 40.82% M Core &shell
Power 6 N =) (i N = | N =)
System Cost by System 1 : @
Cooling () 46.19%
Include in Cost ©) MW Pover
Racks Fire suppression / detection 14.70% I Cooling
Standby generator Switchgear / panelboards + W Other
39.10%
Raised floor Dropped ceiling !
donyweHusn

3HaueHus, yKkasaHHble B Tabnuue 1, SBASIOTCA NPEeanonoXUTENbHBIMY, NPUHATHIMU
cneuvansHo ANs aHanusa KanutanbHbiX pacxodoB. B komnoHeHT pacxogos «Okpyxatowas
cpeda v 6e3onacHOCTb» BXOAAT BWOEOKaMeEPbl, TEPMOMETPbI, AaTUYNKN BAAKHOCTU W AbiMa.
B paspene Inputs (UCxoaHble napameTpbl) Ha pUCYHKe 4 yKasaHbl 1 APYrMe KOMNOHEHTbI

TPaaAWUUOHHBLIX KanuTanbHbIX Pacxogos.

B paHHOM aHanu3e TakkKe caenano NpPeanofioXeHue O TOM, YTO NPOUECCHI, OCYLLeCTBNseMble
B TpaguumoHHom LO[e, MOXHO pacnpegennTe mexgy Heckonbkumu Mukpo-LOLdamu co
cea3blo no cetn WAN. Takoh «norvueckuin» LIOJ obGnagaeT runepKOHBEPreHTHOMN
WHPPACTPYKTYPOA U KOMMYHWUKALWOHHOW CETbIO C ManbivM BPEMEHEM 3anasgblBaHWs CUrHanoB
Mexgy otaensHeiMy Mukpo-LOdamun. OgHako B HEKOTOPLIX cdepax AeATenbHOCTU
apXUTEKTypa Takoro Tmuna HenpumeHuma. BoamoXHOCTM daHHON apXUTEKTypbl Mbl

paccMOTpUM B cneaytowem pasaene.

KoMnoHeHTbl pacxonos

KonnmuecTBo CTOEK M NNOTHOCTL

3Heprum CTOWKY

PesepBupoBaHne cucTem
NUTAHUSA U OXNaXKAEHUS

1N

Tabnuuya1 KonauumoHep Bosgyxa DX CRAC

HonyweHusi ons

TpagnumonHbin LIOO

200 cToek, no 5 kBT Ha

MepumeTpanbHble ¢
KoHZeHcaTopamu

Mwukpo-LIOJ

200 mukpo-UOfos, no 5kBT Ha
CTOWKY

1N

PsigHble ¢ KoHaeHcaTopamu

[onHasa (nepegHsas wn 3agHAs

aHanusa kanumarsbHblX — Tvn 13onmsuuu Fopsunit kopugop CTeHin)
pacxodos

mpaduyuoHHozo LIO/a Pacxobl Ha YepHOBYIO OTAENKY $1615/m2 ($150/cbyT2) $0

u mukpo-L{O/joe 1,2 MBT, Tononorua ¢

O6waa mowHocTs WBT

Cc HKUMEen MOHMTOPUHra
(c dynky P ) 3Hepruv

Okpyxatowas cpeda u

EcTb
0e3onacHoOCTb

MoxapHas 6e3onacHoCTb

AHanma akoHoOMKu4Yeckoro addekTa MHBECTUUUA B co3ganme mukpo-LIOos

OBOVIHBIM NpeobpasoBaHneEM

1,6 MBT, TOnonornsi ¢ ABONHbLIM
npeobpasoBaHNeM 3HeEPrun

EcTb

CnpuHKknepHas cuctema
ynpexgatouero aencTans
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KanutanbHble pacxofpl Ha CTPOUTENLCTBO €AMHOro ueHTpanusoeaHHoro LIO[a c
3HeproemkocTblo UT-Harpyskn 1 MBT coctasunu $6,98 mnH unu $6,98/BT. KanutansHele
pacxodbl Ha yctaHoBky 200 mukpo-LlO[a ¢ sHeproemkocTetd UT-Harpy3kn no 5 kBT
coctasunn $4,05 mnH unu $4,05/BT. Takum o6pa3oM, MO CPaBHEHMIO C LI HTPANM30BaHHbIM
LUOOom mukpo-LIOAbI aatoT akoHoMUIO B 42 %.

MBM mukpo-LIO[os obnagatoT Gonbluelh 3HEProeMKOCTb0 No cpasHeHuto ¢ UBM
TpagnumnoHHelx LIOOos. Mpu cTpouTenscTBe ueHTpanusosaHHoro LO[Ma, paccynTaHHoro Ha
WT-Harpysky 1 MBT, aHeproemkocTb ero MBI obblyHO BbiOMpaeTcs B 1,2 pasa Bbiwe 3T0M0
3HauyeHna. OgHako npu pacnpegenednn mowHoctn UBI Ha 200 cToek ee yBenuyeHne B
1,2 pasa gaet nuwb 6 KBT, Yero mMoxeT okasaTbCsa HegocTaTouyHo. W3-3a

3HeproemkocTb WBI B pacnpegeneHHOW apxXuTekType AomKHa
OblTb HEMHOTO BbILWE, YTOBLI OBecneunBaTb BO3MOXHbBIA POCT SHepronoTpebneHuns Bobllwe
cpegHero 5 kBT Ha cTolKy. NoaTomy B pacuetax Mbl ncnonbdosanu MBI mowHocTbio 8KBT.
B uenom, adekT pasHOBPEMEHHOCTU Harpysok — 3TO OAWH U3 HEQOCTaTKOB
pacnpefeneHHbIXx apXWUTEKTYP, OOHAKO WX BblcoKasi macwTtabupyemocTs obecneyvBaeT
Mukpo-UOfam npenmyluecTBo nepen TpaguunoHHsiMu LIOOamu.

MacwTabnpyemocTe SBNSETCS W3HaYanbHbIM CBOWCTBOM apxuTeKTyp mMukpo-L|Odos -
COBCTBEHHO, OHW Pa3BOPAYMBAKTCHA POBHO A0 TOr0 MacwTaba, KOTOpbIi BaM Heobxoaum. B
[aHHOM aHanuse Mbl CAenann WX MOWHOCTb Hapawmsaemon Ha 5 KBT 3a oguH war. Takoin
NOAXOA — «MNaTuWb NO Mepe PocTa» —NO3BONSET CYLECTBEHHO ONTUMMU3MPOBATL 3aTpaTsl U
OKa3blBaeTCA OCODEHHO NonesHbiM B odmcax-gunmanax.

MosiBNeHWE TMNEPKOHBEPTEHTHOW WHMPACTPYKTYPbl U COOTBETCTBYIOWErO YNpPaBNsiowero
nporpammHoro obecneveHns obneryuno BHEAPEHWE KOHLENLUn

LOda. UeHTpbl cbopa 1 06paboTkn gaHHbIX TAKOro TuUna NO3BOASKOT KPYMHBIM NPeanpuaTuam
NONb30BaTLCA HEKOTOPLIMU NPEUMYLWECTBAMU PaBOTLl C UHTEPHET-TraHTamu®. [ns MUKpo-
LIOdoB koHuenuusa nporpammHoi onpeaenseMocT CTana crnegyowmuM warom Ha nyTu
pacnpefeneHns BblYUCAUTENBHBIX MOLLHOCTEN, XPaHWNUW, JAHHLIX U CETEBLIX PECYPCOB NO
pasHblM reorpaduyecknm nokauusm, BMECTO TOro 4Tobbl KOHUeHTpupoBaTe Bce UT-cuctemsl
B €4UHOM UueHTpanusosaHHoMm LO[e.

KoHuenuus ynpasneHuss pabounmmn Harpyskamu cpasy B 6onbwom konuuectse LIO[os
NosIBUNAcChk He BYEpa U yxe UCNoNb3yeTca pPasnuyHbIMU NpoBaigepamiu obnayHbIX CepBUCOB,
Bkntoyas Amazon n Google®. OgHako cosgaHue nporpammHo-onpeaensieMblx Mukpo-LiOfos n
ynpaeneHne MMU Kak eguHbIMU NIOTMYECKUMU LeHTpaMu obpaboTku AaHHbIX noka uYTo elle
HOBa ANA KPYMHbIX KOMNAHWA, KOTOPbLIE HEe AOCTUMNW YPOBHS WHTEPHET-rMraHToB. KomnaHus

— OQHa W3 TeX, KTO YXe 3aHUMAaeTCsl PacnpefeneHHbIMU  BblYUCNEHUSIMU
AaHHoro Tuna. OHa obpabaTbiBaeT WHGOpMauWid B pacnpeaeneHHbix mukpo-LOdax v npu
3TOM WUCMOMb3YET WX paccenBaemoe Tenno Ans oborpesa XWMbiX 4OMOB.

Kak nokasblBaeT nNpuBeAeHHbIR BbILWE aHanus, y Takon apxutektypbl LIOLos ectb noteHuman
ANsi CYWeCTBEHHOW 3KOHOMUW KanuTanbHblX pacxoaos. Elle ognH nntoc coctouT B
COKpaLleHnn onepauyoHHbIX PacxodoB 3a CHET SKOHOMWUM Ha ycnyrax CUCTEMHbIX
aAMMWHUCTPATOPOB, NPW3BaHHbIX CNEeAuTb 3a PaboToN BbIYUCAUTENBHBLIX MOLLHOCTEN,
XPaHuUULL, AaHHbLIX W CETEBLIX PECYPCOB. [MNEPKOHBEPTEHTHAA apxutekTypa obbeanHseT Bce
3TW TPW KOMNOHEHTA B €4WHbIA annapaTHblii KOMNNEKC, rae ANA Kaxaoro W3 Hux He TpebyeTcs
kakoro-nubo cneuuanbHoro obopyaoBaHws. [pu 3ToMm BCce pacnpeaeneHHsle Mukpo-LiO b
obecneunsaT paboty UT-cepBUCOB aHanormMyHo ogHomy KpynHomy LIO[y.

8 http://allthingsd.com/20130613/what-is-the-software-defined-d ata-center-and-why-is-it-important/
http://searchsdn.techtarget.com/tip/Facebook-Google-use-S DN-to-boost-data-center-connectivity
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OpaunH cepbesHbIi 1 HeonpedeneHHbln akTop pucka ans Oyayulen apxuTekTypbl
3aKnyaeTcs BO BNUSIHUM Ha paboTy pacnpepeneHHbix Mukpo-LIO[os 3anasgbiBaHus
curHanos B cetTu. KomnaHua Google ucnonesyet Ana nepegadn AaHHbIX Mexay CBOUMMU
LIOdamn cneunanuanpoBaHHble ONTOBOMOKOHHbIE NUHWUKW, 3aKpbiTble Ana obliero goctyna.
OpHako Ana obblYHbIX KOMNaHWA Takoi cnocob npueen Obl K yObiTkKam, NO3TOMY CBSA3b
mexay Mukpo-LlOdamun gomkHa ocyuwectBnatbess no nybnuynbim WAN-coeguHeHusim ¢
[OCTaTOYHOW NPONYCKHOW CNOCOBHOCTBLIO.

CyulecTBYIOT TPW OCHOBHbLIX cnocoba cosgatbh ceTb Mukpo-LIO[os.:

CTpouTensCTBO C Hyns ¢ noabopom cneuudukauuii, 3akynko u cbopkoir
OTAENbHBIX KOMMOHEHTOB.

YcTaHoBKa NpeaBapuTenbHO CKOHUNYPUPOBAHHOW CUCTEMbI CO COOPKOW
OTAENbHBIX KOMMNOHEHTOB.

YcTaHoBKa NOMHOCTLIO TOTOBLIX W COOpaHHbIX MUKpo-LIOJoB..

OT nepBoro cnocoba k TPeTbeMy NocrnedoBaTenbHO BO3PACTaeT YpPOBEHb CTaHAapTu3auum u
CoKpalalTca BO3MOXHOCTU Ans Bblbopa apxutekTypbl LIOda. Te nonb3oBarenu, KOTOPbIM
HeobXxoauMbl COBCTBEHHbIE LBETOBbIE 0003HAYEHUs, INEeKTPUYEeckue pasbembl B
cneuvanbHOM  UCNOSMHEHUW, CNeunann3upoBaHHbIE CUCTEMbI OXNaXAeHUs W T. 4., C BbICOKOW
BEPOATHOCTLIO NPEANoYTYT NepBblil BapuaHT. Bonee Toro, Bbl MOXETE BblOMpPaTh, 3akasbiBaTb
NN Bam TEXHUYECKOE pPEeLUeHWe NONHOCTLK Y OAHOMO NocTaBliMka Nubo npuobpeTaTb
oTAenbHbLIE KOMNOHEHTHI Y PasHbiX NOCTABLWMKOB. B NepBOM cryyae Bbl 4OKHbI
pPaccMOTPETb Kak MUHUMYM ABa KOHKYPCHbBIX NPEeanoKeHUs OT KOHKYpupywmx dupm. Ecnmn
Xe Bbl NNaHupyeTe NpuobpecTn LWeCTb KOMMNOHEHTOB OTAENbHO (Hanpumep, CTONKY, cUCTeMy
SNEKTPONUTAHNS, CUCTEMY OXNaXAEHUA, HOCUTENb AAHHLIX, BbIYUCIUTENEHLIE KOMMOHEHTLI U
CEeTEBYI0 MHPACTPYKTYPY), BaM noTpebyeTcs pacCMOTPeTb yxe 12 KOHKYPCHbIX
npeanoxeHuin. MNocne 9TOr0 BCe KOMMNOHEHTbI HEOBXO0AMMO OyaeT MHTErpuMpoBaTb, YTO MOXET
noBneyb 3a cCoboi AONOMHWUTENbHbLIE PACXOAb!, €CNM BOCNONL30BATLCA YCNyramu
CUCTEMHOIO UWHTErpaTopa.

Hawbonee nonynspHelM TpeHaoMm B UT-cdepe B HacTosillee Bpems ABNAeTCS
MCNONb30BaHUE TUNEPKOHBEPTEHTHOW WHAPPACTPYKTYPbl, KOTOpas NpPocTa B YCTaHOBKE W
akcnnyatauyun. B aTOM cryyae Mbl CHMTaEeM NOTMYHBIM PasBepTbiBaHUE (DU3NYECKON
NHPaCTPYKTypbl Ha ocHoBe Mukpo-LIOos. CyTb gaHHOro MeToda 3aknioyaeTcs BO BBOAE B
aKCNayaTaumilo KOMMIEKCHOrO0 TEXHUYECKOro PeLeHUs — BbIMUCAUTENbHBIX MOLLHOCTEN,
XPaHWUIULY, JaHHbIX W CETEBbLIX PECYPCOB — B KAYECTBE €AMHOrO Moaynd. Takon meton genaet
YyCTaHOBKy, 3KCnnayaTauuio 1 obwwii yposeHb HagexHocTn LIO[a Gonee nporHosnpyembiMu.
K npeumyuwiectsamMm MUKpPOUEHTPOB cbopa u 0bpaboTkn AaHHbIX OTHOCSATCS BO3MOXHOCTb
MacLITabupoBaHUs UX apXWTEKTypPbl, yCTPAHEHWe 3anasdblBaHWs CUrHanoB npu
BbIUMCIIEHNAX W COKpaLLEeHWe PUCKOB npekpalienus pabotsl Bcero LIOMa (7. e. puckos
OTKa3a BCex ero KOMMOHeHTOB no obuwei npuunHe). Kak n B cnyvae ¢ pacnpegeneHHon UT-
APXUTEKTYPOW, ecnn TpebyeTcs AONONHUTENbHAS BbIYUCAUTENBHAS MOLWHOCTb, K YXe
UMEIOLLENCS CeTn NPOCTO nogknvaeTca ele oanH mukpo-LIOA. B uncno npenmywects
CTaHOAPTU3NPOBaHHON apxuTekTypbl MUKpo-LIOJoB Takxe BXOOAT COKpalleHHoe Bpems
pasBepTbiBaHWS, YNPOLWEHHOe YyNpaBneHne, CHWKEHHbIe pacxodbl Ha obcnyxusaHwe u
KanuTanbHble pacxogbl.

AN

BukTop ABensip (Victor Avelar) aBnseTtcsa AMpeKTopoMm 1 Beay LWMM aHanuTUKOM Hay4YHoro ueHTpa Lo,
komnaHun Schneider Electric. OH 3aHUMaeTCA NPOEKTUP OBaHWEM LIEHTP OB 0BpaboTkn AaHHbLIX U
MCCNEeNoBaHUAMI YCNOBWIA UX SKCNNyaTaunn. Kpome Toro, OH KOHCYNbTUPYET 3aKa34yuKoB N0 BONPOCAM OLUEHKN
PUCKOB 1 METOA0B NPOEKTUPOBAHMA, KOTOP bIE NO3BONAIOT NOBbLICUTL 3KCNNYaTALUNOHHYIO HAOEKHOCTL 1
adhdekTnsHoCTb Ux LIOOoB. BukTop nony4nn cteneHb 6akanaspa B 06nacTit MALIMHOCTP OEHUS B
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ii F ED MpaKTuyecKne CoBEThl NO Pa3BEePTLIBAHUIO MarblX CepBepPHbIX 1 MUKkpo-LIOdos

WHdopmaumoHHasa ctatea 174
Pecypchbl

Tunbl MOAYNbHLIX LEHTPOB cbopa 1 06paboTKu JaHHbIX 32aBOACKON COOPKN
UHdopmaumoHHasa ctatba 165

OBKYLIMe hakTopb! 1 NpenmywecTBa nepndepuinHbiX BblMUCNEHNA
UHdopmaumoHHasa ctatba 226

HpeMMVLLLeCTBa MOAYINbHbIX NOPTATUBHbLIX LlO,D,OB C TOYKWN 3peHnA 6VXI'aJ'ITepCKOI’O
YYEeTa N HAanoroBbixX oTyncneHnn
WMHdopmaumoHHasa ctatba 115

EQ [Movyemy obnayHble BbIMMCNEHUS TPEDYIOT NEPEOCMbICIIEHNA OTKA30y CTONYNBOCTY Ha
nepugmepun
UHdopmaunoHHas ctatba 256

CmoTpeTh BCe
MH(DODMaLI,MOHHbIe cTatbu
w hitepapers.apc.com

NHCTPYMEHTHI
TradeOff Tools™

tools.apc.com

% CmoTpeThb BCE

3p ObpaTHad cB43b

CBOW OT3bIBbI 1 KOMMEHTapun K 3TOW CTaTbe Bbl MOXETE oTnpaBnNATb NO agpecy:

HayuHbii ueHTp LIOO
dcsc@schneider-electric.com

Ecnun y Bac Kak y 3akas4uka ecTb Bonpochl no Bawemy npoekty LIOA:

CBSXXUTECH C NpefcTasuTenem komnavun Schneider Electric B Bawem permote,
Y3HaTb €ro KOHTaKTHLIE JaHHbIE MOXHO NO CCLINKE
www.apc.com/support/contact/index.cfm

© 2017 Schneider Electric. Bce npasa sawyiLeHbl.
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https://www.apc.com/salestools/VAVR-8T7KVJ/VAVR-8T7KVJ_R0_RU.pdf
https://www.apc.com/salestools/WTOL-97GLP9/WTOL-97GLP9_R2_EN.pdf
https://www.apc.com/salestools/VAVR-A4M867/VAVR-A4M867_R0_RU.pdf
https://www.apc.com/salestools/VAVR-AF3NSM/VAVR-AF3NSM_R0_RU.pdf

