YacTHble MUKPOBOJIHOBbIE pPagMoCeTU: MUIJIMceKyHaa 3a $100
MJIH

B Mupe KOMMepYecKnx TeNeKOMMYHUKaLIUIA eCTb 0cobble MarncTpasibHble KaHasbl, MPO KOTOPbIE Mano YTo
M3BECTHO, a X Blageblbl HUKOr fa ceba He aduLnpyT. DTO YaCTHblIe MUKPOBOJIHOBbLIE PaAMOCEeTU LLeHOW
B AECATKN MUIJINOHOB AOJIJIAPOB M TSHYLLUNECS NOPOA Ha COTHU KWUJIOMETPOB. HET, Mo HUM He WoT
CeKpeTHble MNCbMa MeXAy KoprnopauusaMn, n 4yepes HUX He cMOTPAT KOTyb oeTn onmrapxoB. Y 3aTUxX ceTen
ropasno 6osiee HeobblYHOE NpeAHa3HaYeHe — NONYyYnTb U3 odunca Bup)xesoro Bpokepa N Kak MOXXHO
6bICTpee NnepenaTb TOProeBoMy poboTy Ha Bupr)Ke KoMaHAy Mo MOKYMNKe WK Nnpodaxke akuun, obnmraunini m
WHbIX aKTUBOB.

MunnucekyHpa 3a $100 mnH

"1 (o4Ha) MUININCEKYHAA BbIMIPbILLA B CKOPOCTU peakLmmn Toproeoro poboTa Ha bup>xe npuHocuT
00 100 MMnanoHoB A0/11apoB NpoduTa B rod AN KpynHon bpokepckon KoMnaHum", — 3Ta
unTaTa n3 Information Week Magazine xopoluo n3secTtHa BCEM, KTO, TakK WM MHAYe, UMeEeT AeN0
BbICOKOYACTOTHOM Toproenen (aHrn. High-frequency trading, HFT).

3abyabTe 0 KJIaCCUYECKUX roJIMBYACKMX CUeHax ¢ YONn-CTPUT, rae B3BOJIHOBaHHbIE MAapPHN HEOTPLIBHO
CcledAT 3@ 3KpaHaMu C KOTUPOBKAMN U UCTEPUYHO KPMYAT Cpa3y B HECKOJIbKO TesneoHoB. Bo MHOroM, 3To
y>Ke NpoCTo aHTypaXx.

CerogHsa HFT — 3To oCHOBHas popMa TOProe/sin Ha PUHAHCOBLIX PbIHKAX, B KOTOPOW TeXHOJI0rnyeckas
roHKa 1 asiropuMTMbl UCMONb3YOTCA A5 6bICTPON TOProBaAM LeHHbIMKM ByMaramn. B HFT ncnonb3ytoTcs
crneunanbHble TOProBble CTpaTeruu, NPy KOTOPbIX KOMMNbIOTEPbl MOKYMalT U NPOAAoT Mo3nLUnN B TedeHue
MUIIN- UK fake MuKkpocekyHa. OCHoBHas TexHosormndyeckas ctpaterna HFT coctonT B TOM, 4TOObI
pa3MecTUTb CEPBEP C TOProBbiM PoBOTOM NPSAMO B AaTa-LUeHTpe bupxu B pexxmme co-location. B anroputme
poboTa y>Xe 3a/10)KeHbl onpeaesieHHble CTpaTernm, No KOTOPbIM MPOUCXOANT TOPro.sist. TakUx CTpaTernnm un
X Bapuaunin 4OBOJIbHO MHOIO, U, K CJIOBY, YriybieHne B TEOPUIO U MPaKTUKY aJIfOPUTMOB
BbICOKOYACTOTHON TOProBAM BbIXOOUT 3@ PaMKWU CTaTbMu.

OfHaKo Ha pblHKe BCerga rnpoucxoasT Te Uau uHble cobbiTUS, MOPON HEOXKULAHHbIE, — Hanpumep,
HenpepsunaeHHoe pewweHne ®PC nnum ELB, obBanbHble NAn HEOBbLIYHO BbICOKME pe3y/ibTaTbl TOProB Ha
6up>xax B opyrux ropogax n cTpaHax u gp., — PaHHUA aHan3 KOTOPbIX MO3BOAAET BblAaTb poboTy
BHELLHIO KOMaHAYy Ha BblOOp MeXAY HEeCKOJIbKMMUN BO3MOXXHbIMUK CTpaTernsaMmu. 3To Ha3blBaeTCs
"apbuTtpax 3agmepxek" (latency arbitrage), Nnpn KOTOPOM BbICOKOYACTOTHbLIN Tpengep noayvyaeTt
npenMyLLecTBo 3a cyeT 6osiee paHHero AoCTyna K pbIHOYHOM MH(OPMaL KN, ee CKopenLero aHaam3a u
BOMJIOWEHMS B MPUBLIIbHYHO TOProByto onepauuto.

PasyMeeTcs, UCMOJIHEHME CTpaTernn apburtparka 3agep)Kek TpebyeT Lesoro KoMmnaekca cBepXxbbiCTpbIX
annapaTHbIX 1 NPOrpaMMHbIX CPeACTB, B KOTOPbIX KPOME HYaCTHbIX MUKPOBOJIHOBbLIX paanoceTemn
ncrosb3yeTcs crneunanmsmpoBaHHoe MO, cepBepbl, CETEBbIE KaPTbl U KOMMYTATOPbI C XapaKTepucTukamm
Low Latency (HU3kuMuK 3agep)xkamu). B 60/IbLUMHCTBE C/lyYaeB aHaJIn3 PbIHOYHOIO COBOLITUSA NMPOUCXOANT B
JaTa-ueHTpax Ha TeppuTopun Bpokepa. MO3TOMYy YacCTHbIE MUKPOBOJIHOBbIE PAaAMOCETM NCMOJIb3YIOTCS Ha
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OBYX 3Tanax npoLecca — Kak MOXXHO bbicTpee coobwmnTbe Bpokepy 0 pbIHOYHOM COBLITUM, U KaK MOXKHO
ObiCTpee NnepenaTb KOMaHA4y TOProBoMy poboTy nocae aHanm3a cobbiTus.

Nupenckun cemacdop 21-ro Beka

Mo NnpMHUMNY BENCTBMSA YacTHble MUKPOBOJIHOBbLIE PAAVOCETU ABAAIOTCA pagnopenenHbIMn TNHNAMN, N B
4eM-TO MOX0XKW Ha APEBHUN NHOENCKNIA ceMadop N3 KOCTPOB Ha BEPLUMHAX XOJIMOB, Korga coobuwieHue
nepepaeTcs no uenoyke. TOYHO Takxke, AMcTaHUMsA pa3buBaeTca Ha MHOXXECTBO y4acTKOB WU Ha
npogeccnoHanbHOM cieHre "nposieTos" (MO-aHrMMUCKN - XOMOB, hops) OT HECKONIbKUX KNJIOMETPOB A0
HECKOJIbKNX OEeCATKOB KMJIOMETPOB, B 3aBNCMMOCTU OT 4YaCTOTHOrO AMana3oHa MCNoJib3yeMoro
obopygnoBaHus. Ha Ka)kgon onopHON To4Yke (MayTe, Kpblle) yCTaHaB/IMBAETCA NO 2 pagno, Kaxgoe us
KOTOpPbIX "CMOTPUT" B CBOIO CTOPOHY, NMOJIyHaeT 1 nepefaeT AaHHble Ha CefyoLwyo ONOPHYIO TOYKY.

3a4eM TaK CJIOXKHO? — CNpoCcAT MHorme. He npoluie m Mcnonb3oBaTb ONTUYECKU Kabenb? OgHako Korga
peyb nget o haHTaCTUYECKOW LeHe BCEro OA4HON MUJIINCEKYHAbI, MPUXOANTCA BCAOMHUTL PU3UKY, 1
y3HaTb, 4TO AaHHbIe MO PaAuo B BO34YXE PacrnpoCTPaHATCA CO CKOpocThio cBeTa (~300 ThIC. KM/CEK), B TO
BpPeMS KaK AaHHble Mo onTu4yeckoMy Kabesno nayTt ropasno MmeaeHHen, "BCero nmub" Co CKOPOCTbIO OKOJI0
200 TbIC. KM/CeK. CKa3blBaeTCA NpenoMIeHNE N OTParkeHne siy4en B TaKOoM Ccpefie Kak CTeKNo.

Mpwn 3TOM pagnopeneriHble TMHUM MOXKHO CTPOUTb NPAKTUYECKM MO NPAMONA INHUN MeXAY NYHKTaMu
Ha3Ha4veHus, B TO BpeMs Kak Kabenb HensbexHo bypeT criefoBaTh TOMOIOMUN KOJIOALEB, TYHHENEN,
MOCTOB, LLOCCE, /4 NONOTHa 1 T.MN., U B pe3ynbTaTe ero obuwasa anvHa 6yneT Kak MUHUMYM B HECKOJIbKO
pa3 6osblue, 4EM ANCTaHLUMS ONA pafnocurHana. Kpome Toro, nakeTbl, MyTeLIeCcTBYOLWME NO ONTUKe, byayT
npoxoanTb 06paboTKy ceTeBbIM (KaHan00bpa3yloLWM, MapLIpyTU3Mpytowmm) obopynoBaHNeEM

(BBIYMCNEHNE MapLpyTa, bydepunsaumns). 9To obopynoBaHMe camo no cebe faeT 3HaYNTENbHbIE 3a0EPXKKN
(MunnncekyHabl), a Kpome TOro, Jobon MapLIpyTM3aTOP MOXXET MOCNaTb NAKeTbl KAKUM-TNO0 OKPY>XKHbIM
nyTeMm. MIHaye roBops, K TOMy MOMEHTY, Korga AaHHble no kabento nobepyTcs fo 6Gup>xu, Bce camoe
VHTepecHoe u NpunbbisibHoe ByneT y)xe KynJieHO uan NpoaaHo.

[na YacTHbIX MMKPOBOJIHOBLIX paAnoceTern ncnonb3lyeTcs ocoboe pagmnopeneriHoe obopynoBaHume,
pa3paboTaHHOe Ana nepefadvn CUTHAJI0B C MUHUManbHbIMY 3adep>Xkamu. K npumepy, TUNNYHON BENYMNHON
ana Low Latency pagnomocTa aBnseTcs 3anepxka B 50 HC (50 HaHOCeKyHA), B TO BpeMS Kak 0bbl4Hble
KOMMepYecKkmne pagmnoMocThbl BbiAaloT 3agepxKy B 1000 pa3 6onblie, nopsgka 50 MKC (MMKpOCeKyHL).
3apep>xko 06opynoBaHMNSA CHNTAETCS BpeMs Mexy BXOAOM MakeTa Ha paguopenierHyo ctaHumo "A" n
BbIXOOOM U3 rMopTa Apyron cTaHuuu "B" npm Hyneson AncTaHumu. Ha peanbHOW Tpacce 3aZiep>XKa COCTOUT
13 3a4ep>XXeK B KaXXO0M U3 pagnopenenHbiXx CTaHUWI, NoC 3a4ep>XKa Ha NPOXoXXAeHne pagmocmrHana no
Tpacce.

B Mupe 4ncnio npomsBopnTeNein, KOTopble YMEIOT BbiNyCKaTb rmrabntHoe paguopenerniHoe obopynoBaHve
knacca Low Latency, paccymTaHHOe O55 NIPUMEHEHUS B PaANOCETAX AJ151 BbICOKOYACTOTHOM TOProBu,
MO>XHO rnepecynTaTb MO Masbuam O4HON pyKn. Cpean HUX eCTb NPOAYKLNS N OOHON POCCUNCKON KOMMaHWN,
— "NOK" n3 Cankt-Netepbypra. Kak npaesnno, Takoe obopynoBaHne — ogHa U3 MoAnUKaumin
panvopenenHom nnHUM obuero HasHa4YeHns, B KOTOPOW NCMOJb3YIOTCA KOMMOHEHTbI C MUHUMaJIbHbIMU
3a4ep>XKaMu, a TakXXe No MakCcMMyMy obpesaHbl BCe CEPBUCHbIE U BCMOMOraTesibHble PYyHKLNW, BASAIOLLNE
Ha BpeMs NMPOX0OXXAEeHUSA CUrHana. Takxxe Ba)KHO Hanm4dume y "Low Latency pagmomocTa" nHtepdenca 1G
nnn 10G, 4To6bl MUHMMU3NPOBATL 3a4EPXKKN MPU CTLIKOBKE C CETEBLIM KOMMYTaTOPOM AaTa-LeHTpa.
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B Havane 2017 rona BNacTu aHrMMNCKOro rpadpcTea KeHT nony4ynnm 3asBKy Ha pa3peLleHune
CTpouTeNbCTBa rMraHTCckmnx 300-MeTpoBLIX BhieK Ha bepery Jla-MaHwa. 9To He 6bI10 AeKopaLMSaAMU K
o4vyepenHom s3KpaHm3auum "BonHbl MMpoB", BCe ropasno npo3anyHee. Kak nuwet Financial Times, napo4ka
6oraTbiX aMEPUKaHCKNX TPENAEPOB peLlnia NPOJSI0XKUTbL HOBYIO MUKPOBOJTHOBYIO PaauNOINHUI0 MeXay
6up>xamun ®paHkdypTa 1 JIoHAOHA, U NOTPaTUTh BACHOCNOBHbIE CYMMbI PaAun BbIMIPLILL@ B Napy
MUIINCEKYHA, A1 CBOUX TOProBbiX poboToB.

Ofcom, TeNeKOMMYHUKaLWOHHbLIN perynatop BennkobputaHum, noaTeepxgaeT "MoBbILLEHHbIA CNPOC" Ha
JINLEH3MN 0N YacTHbIX CETEN nepenayn AaHHbIX, MPUHadiexalmx TpengepamM BbICOKOYaCTOTHOMN
Toproenn. bonee 750 NMUEH3NN Ha PaANOYaCTOTHLIN CMEKTP UCMOMb3yTCa ana uenen HFT-Toproenum B
BennkobpuTaHnn, n MHOrne TenekoM-onepaTopbl, 06cnyxmnBatoLwme Bpokepckme KOMNaHUM, KOHKYPUpPYOT
Ha OOHMX N TeX XKe HanpaBieHNAX PaanoBOJIHOBLIX Tpacc.

Ewe 6bonee yTypnCTMHECKON BBIFNAANT KapTUHa C roHKon TexHonorum HFT-Toprosnu B CLLUA. K npumepy,
M0 CBeAEHUAM 3KCNepToB 13 KannhopHUNCKOro yHMBepcmTeTa, CerogHs AeCATKN YaCTHbIX MUKPOBOJIHOBbIX
ceTell COeANHAIT PUHAHCOBbLIE LIeHTPbI Ynkaro n Helo-Mopka, 1 Kaxxaas HoBas CeTb 3HaMeHyeT coboii
o4YepenHON PbIBOK B CHMXXEHUM BpeEMEHN Ha NPOXoxXAaeHue curHana. Obuime nHBecTMUMN B Takne ceTu
BCEro Mexxay AByMs BMp>KamMu 3KCrepThbl OLLeHMBAOT B NoOAMUAIMapaAa A0J11apoBs.

MpumMmepasa Ha poaHbIe NeHaThl
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Poccuinckmne Tpengepbl CErogHA Tak)Xe akTUBHO UCMOJIb3YIOT BbICOKOYACTOTHYO TOProB/to Ha MOCKOBCKOM
bupxe, pasmelwasa obopynoBaHne B TOM e AaTa-LEHTpe, rae pa3MeLlaeTca Toproeas cucrtema 6mupxxu.
OfHaKO OHW He cneLwaT CTPOUTb YacTHble MUKPOBOJIHOBLIE PAAMOCETU, U Ha TO eCTb BMOJIHE MOHATHbIE
MPUYNHBI.

Bo-nepBbix, B Poccnmn He CTOJb 3Ha4YnTesleH 06 beM TOProB B CPAaBHEHUN C EBPONENCKUMN N aMEPUKAHCKUMN
bup>xamu, 4TobbI 3aTpaTbl HA pagnopesienHy0 MHPPACTPYKTYPY OKYNUAUCH.

Bo-BTOpbIX, 60sblUas reorpacduyeckas yaaJeHHOCTb OT €BPONEeNcKnx, a Tem bosnee ameprmkaHCKmMx 6upxx, n
Kak pe3ysbTaT, CBeleHMs OT HUX BCE PaBHO NPUXOLAT Mo onNTuKe. Hanpumep, poCCUNCKMUK Tpenaepamm
Hanbonee BocTpeboBaH onTnyecknin kaHan JloHaoH-CTokronbM-MockBa (MSK-IX). MakcMMyM, 4TO B Takou
CUTyaumm MOXXHO 0bbirpaTh C PaANOJINHUSAMU — 3TO PaccTosaHME BHYTPU MOCKBbI, HO OHO CJ/IULLIKOM MaJlo
01 NOJIYYEHUS CyLLLeCTBEHHOr0 BPEMEHHOr 0 NpenMyLecTBa.

AnekcaHgp N'epacumoB, AMPEKTOP N0 aHann3y pbiHKOB UT 1 061a4HbIX YCNYr KOHCaATUHIOBOM KOMMNAHUK
|"son & Partners Consulting, c4nTaeT, 4TO YaCTHblE MUKPOBOJIHOBbIE PaAMOCETN NoKa He BocTpeboBaHbl B
Poccuu:

"Tenekom-obopynoBaHue C yibTpa-HU3KUMU 3afeprkKkaMu, 6e3yCcnoBHO, TPaeT Ba>kHYHO poJib B
HFT-Toprosne. OgHako, Npu cerogHAWHMX obbeMax TOpProB Ha MockoBCKol Bupxe no
KOHKPETHbLIM UFPOKaM, UM LeLleBie BbINOJHUTL BCe Must-do NpaBuia pa3MeLLeEHNS CEPBEPOB B
haTa-ueHTpe bnpXu, n fanee cocpefoTONNTLCS Ha COBEPLUEHCTBOBaHUM cBoero MO
aJIrOpUTMNYECKON TOProBaun. HYacTHble MUKPOBOJIHOBLIE PaAMOCETM — 3TO 3aTpaThl Y)KE NHOI0
YPOBHS, U ANa nx LenecoobpasHOCTU BHavasle A0JKHbI ObITb MCYepnaHbl BCe UHble CNocobbl
CHV>KEeHNS 3afep>XeK Npu aHanM3e 1 nepefaye gaHHbIx",

B kayecTBe ynpa)KHEHUS MO>XKHO MPOUJIIIOCTPMPOBATb, CKOJIbKO Bbl MOrla CTOUTb MOCTPONKA YaCTHOWN
MUKPOBOJIHOBOW ceTn Mexxay MockoBckon bupxxein n CaHkT-lNeTepbyprckon ToBapHO-CbipbeBON BrpXxen,
ecnu 6bl 310 NoTpeboBanock. B ctaTbe The secret world of microwave networks Ha3biBaeTcs undpa B 10-20
MJIH. JYHTOB CTEPJIMHIOB A1 NOCTPOMNKN YaCTHON MMKPOBOJIHOBOWM pagnoceTun ¢ obopyaoBaHUEM Kacca
Low Latency mexny ®paHkdypToM 1 JIoHOOHOM. Ha yomnBneHue, pacctosHue Mmexay aTuMmm ropogamu (640
KM MO NPSAMOM) C TOYHOCTbLIO NOYTU A0 AeCATKa KMIOMEeTPOB COBMNafaeT C paccTosaHUeM Mexxay MocKBoun v
MuTepoM. YMHOXKas Ha TeKYLLUUN KypcC pyHTa K pybto, moayyYmum opneHTUpoBoYHyto uudpy B 0.75-1.5 mapa.
pybnen 3a Takoe yoOBOJIbCTBME.

Kctatu, 1.5 mapg pybnein — 370 HEMHOIMMM MeHbLUEe BCEro ro4oBoro ob6bLemMa TOpros CamMoro KpyrnHoro
poccunckoro Tpenpepa, PuHaHcoson rpynnel BKC (no gaHHbIM nopTana banki-v.ru). Ina cpaBHEHMSA, Te Xe
camMble 20 MJIH PyHTOB — 3TO NpUMepHO 4% rogoBON BbIPYYKN KPYMHENLLIEro aHrnMnckoro 6pokepa IG
Group. BbiBOAbI O TOM, /151 KOFO NOCTPONKA YaCTHOM MUKPOBOJIHOBOW ceTU Ha 640 KM MoXXeT ObITb bonee
JKOHOMUWYECKM onMpaBhaHa, MOXXeTe caenaTb caMu.

dunmnn NBaHoB, anpekTop netepbyprckon cpupmel "OOK", nponssoasLLen pagnoanHNmM C yabTpa-HU3KUMU
3aZiepXKKaMu, Tak MPOKOMMEHTUPOBaAJ BO3MOXKHYIO CTOMMOCTb pafnomMocTa Mmexay Mocksoin u lNMutepom:

"X0oTa MHPaCTPYKTYpPHbIE NMPOoeKTbl B PoCccnn pegkKo Koraa rnosy4datoTcsa gelwesse, 4em Ha
3anage, A 6bl He cornacuncs ¢ unudpon 0.75-1.5 mnpa pybnen. Ha 650-700 km noTpebyeTcs
nopsaka 120 kKoMNaeKToB paanoMocToB ananasoHa 70/80 U, Ka)KAbl U3 KOTOPbIX CTOUT OKOJ10
1 mnH. pybnen. JobaBum 3aTpaTbl Ha NPOEKTUPOBaHME, COrNacoBaHNsA, MHPPaCTPYKTYpy B BUAe
KOMMYHWUKALMOHHbBIX MayT N 3N1eKTPONuUTaHus, 3aTpaTbhl HA MOHTa)KHble paboTel. Bpan nn Bce 310
MPeBbICUT CTOMMOCTb PaAMoOMOCTOB B 2-3 pa3a. CymmapHo — B npegenax 300-500 maH. pybnen.
Xo4y eLle Nnoa4YepKHYTb, YTO BCE 3TO 3aTeBaeTCa paAn pa3HULbl B HECKOJIbKO MUSIINCEKYHA,
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MeXay BpeMeHeM MPoX0oXKAEHUS paauoCUrHaia U CUrHasaa rno onTuUKe Ha AUCTaHUUK B 650 KM.
TyT 06513aTeNbHO HY>XHbl 04EHb TLATEe/IbHOE NMPOEKTMPOBAHMNE N HAaTYPHbIE SKCMNEPUMEHTHI C
BblGpaHHbIM 060pya0OBaHMEM, 4TOObl NOATBEPANTL AOCTUXUMOCTbL TakKuX NMokasaTenen”.

BMecTO 3aKJ/iloueHus

MO>XHO MO-pPa3HOMY OTHOCUTbLCS K BbICOKOYACTOTHOWN BUp)KeBon Toproee. MHoOrne aKcnepThbl CHATAIOT 3TO
npumepom 6ecrnofiesHol TpaTbl PECYPCOB, KOTOPbIE MOXKHO 6b110 6bl HANPaBUTL Ha bosiee 3HaYNMbIE ANS
nogen uenun. ipyrne meHee KaTeropnyHbl B BbIBOAAX, CYNTAS, YTO Kak M FOHKa BOOPY>XEHWUIA,
copeBHOBaHMe TexHosoruii HFT-Toproeav AsuraeT Brnepeg nporpecc. Takoe obopyoBaHNE CO BpeMEHEM
[LelleBeeT 1 NPUXOANT B UHbIE OTPAC/IY, FAe BCe-TAaKM HAaYMHAET NMPUHOCUTL MoJib3y 0bLLecTBy.

K cnoBy, cuntaetcs, 4To HFT-Toproeas He ywemsnseT npaBa 0bbl4YHbIX "A0/r0CPOYHbIX" MHBECTOPOB. [
HUX, BCE 3TN TEXHOJIOrNYECKMNE BOMHbI — NCKJIIOYNTENBbHO Mexaycobonink bnp>xkesbix Tpennepos. Kakas
pa3HuLa, CKOJIbKO MUJIINCEKYHA, NAET CUrHan ot 6pokepa 0 6MpKK, ecnm 0BbIYHBbIN FpaXKaaHUH, Kak
npaswuo, cobupaeTcs NpogaTbh CBOM aKLUWUKW, INLWb Yepe3 HECKOJIbKO JIeT Mocsie NOKYMKW.
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