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peweHMe HAaYYHHO-NPAaKTUYECKUX 3aa4ad

BblHNCJTUTEJIbHbIX KOMIJ1EKCOB

YuuTbiBas couyeTaHue pocTa  KONMYeCTBa
TPaH3MCTOPOB C BO3pacTalWmM ux BbicTpoaeit-
creuem B Intel chopmynuposanu nporHos o6 ya-
BOEHWM MPOM3BOAMTE/NIBHOCTU MPOLECCOPOB Ka-
xable 1,5 roga. OgHako noTeHuuan KoMnbOTEPOB
3a NporHo3oMm He crewun. K Tomy xe passutue
TEXHONOMMIA CHWXaNo CTOMMOCTb NPOM3BOACTBA
TPaH3UCTOPOB, HO Kaxable 4 ropaa yABauBano
ueHy ¢abpuk no MX BbINYCKy B COOTBETCTBUM
C «3akoHOM Poka». HyxHo 6bIn10 BCEMM CMOCO-
6amu pesko yBenuuutb npoaaxu. M B8 1965 ropy
CTanu roeoputb 06 3MNUPUYECKOI 3aBUCUMOCTH,
M3BECTHOM KaK «3akoH Mypa», 4To Kosiuyect-
BO TPaH3MCTOPOB, KOTOPble MOXHO pa3MecTUTb
Ha KpucTanne MHTerpanbHoi cxemsl, byaer yasa-
uBaTbCa Kaxaple 12 mecaues. Ha pene 310 6bin
MapKeTUHrOBbli NpUeM, NOTOMY YTO NOTOM Nepu-
OA ROCTUM 24 MecsueB WU BblAepXUBaNCs AocTa-
TOYHO A0NTO.

C nosBneHMeM BbICOKOMHTErPUPOBAHHBIX MPO-
LLeCCOPOB B apXMUTEKTYPY BbIYMCIUTENbHBIX KOM-
nnekcoB (BK) Bkatoyanu nononHutensHble npouec-
COpbl, KOTOPbIE COAEpPXKanu NoruKy, ke, 3atem O3Y,
perynstop MOWHOCTH, aHANOTOBble MOAYAU CUCTEM
Haswuraumu, cotoBoi cssi3u, Wi-Fi 1 MukpoanekTpo-
MexaHU4Yeckue 3NEeMEHTbI, HanpuMep, rMpoCKonbI
M akcenepomeTpbl. HOBble TexHonoruyeckue pe-
LeHUs MO3BONAOT YAEPXMBATb BbICOKME TEMMbI
pa3sutusa. Mpu TOM e Temne CoBepLIeHCTBOBAHUSA
TpaHcnopTa oH cTan Bbl cybCcBETOBbIM.

Ho B nmpoueccope HeT MexaHu4yeckoi paboTbl
M nocTynalowas 3neKTpodHeprus npeobpasyercs
B Tenno. A ero HeobxoaMMO OTBOAWTL. VIHTEHCHB-
HOCTb TennoobMeHa MpOMOpUMOHaNbHA MIOLWAAM
NOBEPXHOCTV M Pa3HOCTU TemnepaTyp npoueccopa
U XnafareHTa.

C BO3pacTaHWEM MHTEHCMBHOCTU BbIYMCIEHUH,
usMepsembix B Tepadpnoncax — 1012 onepaumit
B CEKYHZY, HECMOTPS Ha U3ALLHYIO TONOMOTMIO, MOLL-
HOCTb TENNOBbIAENEHUS TPAH3UCTOPOB pocna. U cu-

crembl oxnaxaerus (CO), mes orpaHUYeHus no pac-
CEeMBAHMIO TEMNa, TakxKe OrpaHNYUIN MaKCUMaNbHOe
co3zaBaemMoe npoteccamMu konmyectso Tenna — TDP
(Thermal Design Power).

TpapnuuorHoe pewenne 8 CO — opraHusaums
noToka oxnaxpatowero sosgyxa. OT ero ckopo-
CTU NIUHENHO 3aBUCAT KO3DPULMEHT TennoobmeHa
M MHTEHCMBHOCTb TEMMOOTAAYM C €AUHULbI Nno-
waau npu GUKCMPOBAHHOM PasHOCTU Temneparyp.
Dusuyeckue npepenbl 3GHEKTUBHOCTM BO3AYLIHON
TEXHONOMUU OXNNAXKAEHWUS NPAKTUYECKU AOCTUTHYTHI.
CHuxaTb TemnepaTypy, yBenmMumMBaTb CKOPOCTb Xna-
[l0areHTa, MOLLHOCTb BEHTUNSTOPOB U pasmepbl pa-
[IMaTOPOB Y)Xe HEBO3MOXHO.

SbdekTMBHOCTL 3HepronoTpebneHus yuuTbiBa-
eTcs nokasarenem 3hdeKTUBHOCTU UCNONb30BAHUS
mouwHoctu PUE (Power usage effectiveness). OH
paBeH OTHOWeHW Bceit notpebnsemont BK anek-
TPUYECKOM MOLLHOCTM K MOLYHOCTH, NOCTYNaroLen
HenocpeaCTBEHHO Ha  BbIYMCIUTENbHbIE  NNATbl.
Cpentee 3HayeHne PUE molHbix BK, oxnaxaaembix
Bo3ayxoM, gocturmno 1,7. C noBbilleHMEM BbIYUCIU-
TenbHoi MowHoctn npoueccopos CO craHoBATCA
6oniee 3Hepro3aTpaTHbIMU. 3TO HEe 3aBUCUT OT pexu-
Ma BbluMcieHuit unm npoctos BK. OtBect u pacce-
aTb 1 KBT Tenna HenocpeacTBeHHO B paboyeM nome-

LWEHNM MOXKHO BEHTUNATOPaMM OBLLeH MOLHOCTBIO |

100 Br (cootHoweHue 10: 1). Ana yrunusaumm 1 MBT |

Tenna B OKPYXalowWwei cpefe Wi B Apaiikynepax |

(cyxux rpamupHsax) v rpagupHax Tpebyetcs Gonee ‘

0,6 MBT (oTHoweHue 1: 0,6). ‘
[pyrve 3HaunMble Npobnembl B TpaAULIMOHHbIX

803ayWHbIx CO:

+  (oxHas popma, abpasnMBHOCTb, INEKTPUHECKMIA
3apsaf YacTuy, N 0bycnosunun ee oceaaHve
Ha paaMaTopax, BEHTMNSTOpax, MpoLeccopax |
1 (opMUpPOBaHUE YCTOMYMBOW Mbinesoit 060-
NIOYKM C XOpollei Tennousonaumen, Kotopas
He NoAAAEeTCs NONHOMY YAANEHMUIO.

+  Ouncrka BO3AyXa OT NbiNM TAKXKE 3HEPro3aTparHa.
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peweHnMe HaYYHO-NMPAaKTUYEeCKUX 3aa4au4

+ [lpy XaoTM4yHOM nepemelLMBaHWM NOTOKOB XO-
NOJHOrO M Harpetoro BO3Ayxa OT 6OMbLIOro
Konuuectsa npoueccopos B BK ycnoxHsetcs
KOHTPOANb 3@ UX OYUCTKOM, B TOM YUC/IE B XO4E
pernaMeHTHbIX pabor.

+ Y pspa ocobeHHO YyBCTBUTENbHbIX 3N1EMEHTOB,
pa3beMoB C MOBbILEHUEM TeMmnepaTtypbl U 3a-
NbIIEHHOCTU CYLLECTBEHHO YXYALAloTCS napa-
MeTpbl paboTbl.

+ Hapacranve wyma BeHTMNATOpOB, 0COGEH-
HO BbICOKOYACTOTHOrO. lMpuemnemblii ypoBeHb
WyMa B MaLUMHHOM 3ane NpuHaT 73 ab, u cTaH-
flapTaMM  NpeAycMOTPeHbl  AOMNONHUTENbHbIE
Mepbl U 3aTpaTbl N0 WYMOMU3ONAUMKU. Bblumcnu-
TENbHbIA LEHTP CEeroAHs — 3TO MOCTPOEHHbIe
1 3KCMNyaTUpyeMble No CneuuanbHbiM HopMam
KanuTasnbHble MOMELLEeHUs C OYMCTKOM, KOHAU-
LUMOHUPOBAHUEM, UMPKYNaUMen, KOHBeKLMen
BO3/yXa ANS OXNaXAEHUS NPOLECcCOPOoB U NAar.
Paspabotka sHeprocbeperatoLmx npoLeccopos

(CPU # GPU — rpaduyeckue npoueccopbl) no3so-

nseT Ha Kaxabli BatT notpebnsemoit MowHOCTU

npoBoauTb BCe Gonblue onepauuii B cekyHay. Matb
net Hasap oH coctaensan 0,2...1,0 Thnonc/kBT, ceituac

Puc. 1. CxeMa norpyxHoro npesbiwaet 5,0 Tononc/kBT. M3BecTHbI paspaboTku

OXNaxaeHus npoueccopos 3dpdpekTusHocTbio Ao 10,0 Tpnonc/kBT.

RERE
~\//7(8)
e O

 1 | Waceu cynepkomnbioTepa { 4:‘, BEeHTUASTOP BHEWHEro OXAAXAEHUS

( 2 ) Paamatop BHewHero oxnaautenst (5 ) 3anopHble knanaws!

3 ) Ynpaensembiit Hacoc (6 ) AononnuTenbHoe waccy

Konnyecteo npoLeccopoB M BblYMTIUTENbHAS
MOLLHOCTb KOMMbIOTEPOB PaCTyT 3KCMOHEHLMaNbHO,
HO peanu3aums Ux BO3MOXHOCTEH U BbIYMCIUTEND- |
HOW MPOM3BOAUTENBHOCTM CTaHOBUTCA BCe 3aTpar-
Hee. YnyulleHne Kayectsa NpoLEeccopoB M Nepexos
Ha WHble MPUHUMMbLI paboTbl BblMMCIUTENEN HEe CO-
NPOBOXAAOTCA TAKMMM e No 3PPEKTUBHOCTU pelLue-
HUAMM NO YTUAM3ALMM TENA C MOMOLLbIO BEHTUAALMN.

OouH u3 nyTeldl MHTEHCUDMKAUMM  Oxnaxae-
HUSI, 3TO MWCMONb30BaHME XXMAKOrO XnajoareHTa.
KoadduuueHT ero Tenn00TAYM B COTHU pas3 Bbilue,
YeM y BO3[yXa, Y4TO CYLLECTBEHHO YCKOpsieT oTBeae-
Hue Tenna.

B HacTosiiee Bpems pa3BuBaloTCa CreayoLime
TEXHONMOTUM OXNNAXAEHUS C MCMONb30BAHUEM XKWA-
KoCTen:

1) KoHTakTHOE OXNaxaeHWe — HarpeBsaloLmMiica ane-

MEHT 31eKTPOHUKM HENOCPEACTBEHHO KOHTaKTUpyeT

C pacTBOPOM AWUCTUNNUPOBAHHOW BOAbI C MPONMIEH-

FIMKONEM, UCKIIOYAIOWNUM KOppo3uio. B 3aBucumo- |

CTU OT CTeNeHU MOKPbITUS TENNOCLEMHBIMU 3NEMEH-

TaMW MaTepUHCKOM NAaTbl AAHHbIN TUM OXNAXAEHUS

MOXeT BbITb B ABYX BapUaHTax:

+ Tenno CHUMAETCS TOMbKO C CaMblX FrOPSYUX KOM-
MOHEHTOB — NPOLIECCOPOB, BUAEOKAPT M CONPO-
LIeCcopoB, Ten/oBbIAENEHUE KOTOPbIX SPKO Bbl-
paXeHo; ‘

+ TEnno OTBOAMTCS €AMHbIM PaAMaTopoM OT eau-
HO MaTepMHCKOW nnatbl M pacnonararoLmx-
C3 Ha Heil mpoueccopax, MOAyNsX NamsTu
1 OCTaNbHbIX YXMOB.

2) MorpyxHoit noaxoad. Harpesatowmecs Komno-

HEHTbl MONHOCTbIO MOFPYXAKTCA B XMAKWIA Tenno-

HOCUTeNb, Kak, HanpuMep, B MacisiHbIX TpaHcdop-

MaTopax. B kauyectBe pabouero Tena ucnonb3yrorcs

[AMINEKTPUYECKME XMAKOCTU — BOAA, MUHEpanbHble

WU CUHTETUYeCKMe Macna, Be3onacHble pns anek-

TPOHUKM U MepcoHana.
3pech ToXKe MoryT 6biTb ABa BapUaHTa.

+  OOLWMIA repMeTUYHbIA KOHTEHEP, HanONHEHHbIN
MUHEpanbHbIM AW3NEKTPUHECKUM MaCIOM C Te-
nnoemkocTbio B 1200 pa3 6onblueit, 4em y Bo3-
Ayxa, obecneuusalowwMii HOpManbHyl0 paboty
CepBepoB Npu TeMmnepartype AM3NeKTPUYeCcKoi
xuakoctu 8o +50 °C,KOTOpYH MOXHO OXNaXaaTb
3a cyeT HGonee HM3KOM TeMnepaTypbl OKpyXKato-
LLel Cpefbl, YTO SKOHOMMT NEKTPOIHEPTUIO.

JTa TeXHONOrMS OAHA M3 CaMblX 3Heproad-
dekTmBHbIX. Tak, pewenns IMMERS 6 R4 u 8 R5
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komnaHum WMMMEPC, poccuiickoro paspabotynka
peleHnit AN CynepKOMMbIOTEPHBIX BbIYUCIEHUHM,
paccyuTaHbl Ha otBog 12 u 18 kBT TennoBoi 3Hep-
rMK COOTBETCTBEHHO, NPM YPOBHE 3HEProsdpeKTns-
Hoctu PUE=1,037;

¢ KaXnabli BbIYMCIUTENbHDBIM MOAYNL NOMELLAETCs

B OTAE/bHbII KOPNYC,3a UCKTIOYEHUEM YCTPOIACTB

NamATU U KOMMYTaLMOHHbBIX pa3beMOB.

Kunsuwee, Tak HasbiBaemoe AByxdasHoe Oxiax-
[leHMe — HarpeB >XMAKOCTU A0 Temnepatypbl Ku-
neHus u napoobpasosaHus. [ns 3toro cnocoba
TpebyrTca cneuuanbHble KOHTEMHEpPbl M XUAKOCTU
C HM3KOW TeMnepaTypoi KuneHus, NpubansnTensHo
COOTBETCTBYIOLLEN TeMnepaType OKpyXatollen cpe-
Abl. B pase kuneHus npoucxoamut ocobeHHo 3ddek-
TUBHbI TeNnoCbeM, Tak, Tennota napoobpasoBaHus
B HECKO/NbKO BblLLE TEeNoTbl, TpebyeMoit ans Harpesa.

KoHTakTHOe oxnaxaeHue peanusyetcs Kak 3a-
KpbiTas CMCTEMa TennooTBOAA C WCMOb30BaHUEM
BOAbI — OAHOrO M3 NyYWwMx xnapoarenTos. OHa npo-
Ka4yMBaAETCA MO CrneumanbHbIM KaHanaM B 3aMKHYTOM
obbemMe MeTasIMYeCcKUX KOHCTPYKUMI (MNACTUH).
MeTannuyeckue NNacTuHbl, Kak U paauaTopbl B BO3-
AYWHbBIX CUCTEMAX OXNAKAEHWS, NEPEHOCAT Tenno
OT MpOLIECCOpPOB K BOAE, @ TAKKe WMCK/IH0YAOT KOH-
TaKT 3N1EKTPUYECKUX KOMMOHEHTOB BbIYMCIUTENbHbIX
nnat ¢ xnagareHToM. 3T0 No3BONSeT UCMONb30BaTh
OXNaXAAoLME XKUAKOCTU C BbICOKOW TEMI0eMKo-
CTbl0 BHE 3aBMCMMOCTM OT MX CBOMCTB (arpeccus-
HOCTb, 3N1EKTPONPOBOAHOCT).

Bbicokasi TennoeMKoCTb XMAKOCTU MO3BONSET
CHU3UTb CKOPOCTb LMPKYNALMU U PACXOA SHEpPruu
Ha oxnaxaeHue. Takoe >XWAKOCTHOe OXNaxaeHue
Hepeako ABNSETCS KOMMOHEHTOM rMbpuaHoi cucre-
Mbl OXNaXAeHUs. XUAKOCTbIO OXNXKAAETCS TONbKO
npoueccop, Bblaenstowmii okono 95% Bcero Tenna.
OcranbHble nnathl oxnaxpalotcs BosayxoM. Bopa
B rMOPUAHBIE CUCTEMbI OXNAXKAEHUS MOXET NoAaBaThb-
cs ¢ Temnepatypoii Ao +40°C, 4T0 NO3BOAMUT YNyYLLMTL
3HEpPro3hdeKTUBHOCTb BbIYUTIUTENBHOTO KOMMIEKCa
0o 1,3 PUE u B HekoTopbix cnyyasx — ao 1,15 PUE.
70T CNocob CyLecTBeHHO 3hdEeKTUBHEE BO3AYLIHO-
ro OX/IXKAEHUS, HO TOXKE 3aTpaTHbIM, TaK Kak Tpebyer
M3roTOBNEHUS HAAEXHbIX OXNAKAAKLIMX KOHCTPYK-
LmiA, ucknoyarowmx nobele npoteyku. OH He u3bas-
NSIET OT BEHTUNSTOPOB U LUyMa NOTOKOB BO3AyXa.

OxnaxpeHne BK B norpyxHoit CO Tpebyer
MeHblUe 3Hepruu. B otinume ot 3aKkpbITbiX CUCTEM,
rae Tpebyetcs obecneunBaTb LUMPKYNSLMIO  Xna-

fareHTa no TpybaM Manoro AuameTpa, XMAKOCTb
B MOrPY)KHbIX CUCTEMAX MOXET TPAHCMOPTUPOBATLCS
no Tpybam Ao 2 AliMoB, a 3OPEKTUBHLIN AMaMeTp
6aka, B KOTOPOM HAaxoAsTCS MOrpy>KEHHble B OX-
NAXAALY  KUAKOCTb  BbIYUCAUTENBHbBIE  MNaThI,
[0CTaTOYHO BENMK. DTO 3HAYMTENbHO CHUXKAET -
[paBIMYECKOE COMPOTUBNEHME B CMCTEME NOAAYM
XNafilareHTa WM 3HeprosaTpaTbl HA ero LMPKYNaLMIO.
[ns dyHKuMoHUpoBaHus norpyxHoi CO Tpebyetcs
JHepruu B Konuyectse MeHee 4% OT OTBOAWMMOrO
ot npoueccopos Tenna (PUE = 1,035). B cambiit xap-
kui peHb (+40°C) oxnaxaeHune BK c aHepronotpe-
6neHviem v TennosbigeneHuem B 50 kBT MoxeT 6biTb
OpraHv3oBaHo 6e3 MCMoNb30BaHUS XONOAWMbHbIX
MalLLWH, YTO HEOCYLLECTBUMO NPU OXNAKAEHUU BO3-
LlyXOM.

PasHocTb TemnepaTyp Mexay npoueccopamu
M OKPYXXalLMM BO3LYXOM MO3BONSET OLEHWUTb
BO3MOXHOCTU YTUAM3ALMM Tenna Yy BO3AYLIHbIX
n xuakoctHbix CO. B Bo3aywwHbix CO oHa coctasnsieT
okono 1,5 °C/kBT, yto npu mMowHoct BK B 50 kBT
TpebyeT Hanuuus XONOAMNbHOM YCTaHOBKM. B xua-
KocTHbiXx CO pasHocTb Temnepatyp 3Ha4YUTEeNbHO
MeHblwe — o 0,5 °C/kBT, 4to Aaxe npu Temnepary-
pax +35 — +40 °C no3BonsieT MCNoNb30BaTh TEXHO-
orum cBOBOAHOTO OXNAKAEHMSA (DPUKYNUHTA).

OcBoboxpaeHne MOLLHOCTEN 3NeKTponUTaHus
0Ka3blBaeTCsl BO3MOXHbBIM MOTOMY, YTO MOrpyxHas
CUCTEMA OXIAKAEHUS BbIYUCIUTENBHBIX KOMIIEK-
COB fBNsieTC o4eHb 3bdekTUBHON. [eicTBuTenb-
HO, XXMAKOCTb, Harpesatowasnca Ha 1 °C, otbupaer
B 4 000 pa3 6onblue Tenna, 4em Takoe xe no obvemy |
KONMYeCTBO BO3Ayxa, Harpesatowwerocs Ha 1 °C. 31o
03HayaeT He TONbKO, YTO MHTEHCUMBHOCTb MOTOKA XNa-
[lareHTa MOXeT BbITb YMEHbLLIEHA, HO U TO, YTO MOXHO
MCNONb30BaTb TEMMYIO XMAKOCTb, B NpoLiecce oxna-
XAEHWS Harpesatowycs nuwb Ha 5-10 °C B 3aBu-
CUMOCTU OT MOLLHOCTU OX/TXAAEMbIX BbIYMCIUTEND-
HbIX YCTPOWCTB. YeM MeHbLue CKOPOCTb NpOTEKaHMS
XNafiareHTa, YeM MeHblue pa3HOCTb Temneparyp,
TEM MeHblle 3Hepruu notpebnser cucrema oxna-
KOEHUS U BbIYMCIUTENbHBIN KOMMNEeKC B Lenom. Mpo-
BeAEHHble UCCIef0BaHUs NOKa3anu, YTo BHeApeHue
NOrPY)XHbIX TEXHONOMMI OXNAXAEHWUS BbIYUCIUTEND-
HbIX YCTPOWCTB MO3BONMUT NPU CYLLECTBYIOLLMX IHEP-
rosarparax yBeNMYUTb BbIYMCIUTENbHYK MOLLHOCTb
Ha 30-50%.

MorpyxHble CO NO3BONSIOT HE TONLKO CYLLLECTBEH-
HO CHW3WTb 3HEpPro3aTpaTbl HA OXAXAEHUe, HO U pe-
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peweHMe HaYUH

O-NMpaKTUYEeCKUX 3aagan

LLAIOT BCE OCTanbHble Npo6ieMbl pasBUTUS BbIUUCIK-
TeNbHOM TEXHUKW: MOrPy)KHas cuctemMa MOXeT BbiTb
BbINO/IHEHA B FEPMETUYHOM KOpryce, repMeTyHoe
MCMOSIHEHUE HE MOABEPXEHO 3arpA3HEHUIO MbiNbIo,
npy UCNONb30BAHUU NOTPYKHOW CUCTEMbI OX/IAXKAE-
H1s BK MoKHO ByaeT ycraHaBnmeaTh B 11060M HENOA-

| rOTOB/IEHHOM MOMELLEHUU U AaXKe MO HAaBEeCOM BHE

‘ NOMELEHUA; MOrPY>KHbIE CUCTEMbI HE MNpOM3BOAAT

Puc. 2. BbluMcnuTenbHbIA
komnnekc IMMERS 8 R5
C NOTPYXHOW CUCTEMOW

OXNaxneHus

82

Lwyma: B6/M3u BbIMMCIUTENBHOIO KOMNEKCa He Haao
ByAeT Kpu4aTh, 4OCTaTOYHO TUXO FOBOPUTL — LIYM CO-
crasnset Tonbko 40 ab ot pabotbl Hacoca.

Pazsutie norpyxHbix CO no3sonuT ycTaHas-
NMBaTbh BblCOKONpou3BoauTenbHblie BK Ha 3aBoaax,
Ha TpaHCMopTe, MCMOoMb30BaTb BbIYMCIUTESNbHbIE
MOLLHOCTU HENOCPEeACTBEHHO TaM, rAe OHU HYXKHbI,
BHE 3aBUCMMOCTH OT YCUIOBUIA, KNMUMATa U 3HAYUTENb-
HO pacLUMpUT 06NaCTb UX NPUMEHEHUA.

JdEKTUBHOCTb MOTPYXKHOTO OXNAKAEHWS MO-
3BONISIET YBENWUYWUTb MNOTHOCTb KOMMOHOBKM Bbl-
YUCUTENBHBIX YCTPOMCTB 683 CHUXKEHWA KayecTsa
oxnaxaeHus. [NOTHOCTb KOMMOHOBKM  CBfA3aHa
KaK C YMEHbLUEHMEM paCcCTOSHUA MeXAy naatamu,
TaK U C COKpaleHMEM NPOCTPAHCTBA Ha YCTaHOBKY
uHXeHepHoro obecneyeHns BK. B norpysxHbix cu-
CTEMax HEe HYXHbl HU MEeXpAAHbIE KOHAWLMOHEPSI,
HU ropsYue 1 XONoAHble KOPUAOPbI, HU FPOMO3AKKe
ruapocuctembl. OTCYTCTBUAE AOMONHUTENbHDBIX LUKA-
$oB (MEXPAAHBIX KOHAULIMOHEPOB M MP.) U M/iowwa-
[en (ropsune Kopuaopbl U np.) ans obecneyeHus
paboTbl CUCTEMbI OXNAKAEHNS NO3BOJIUT YMEHbLINTD
NNOoLaAb, 33aHUMAEMYI0 BbIYMCAUTENbHBIM KOMMNIEK-

COM, ¥ MOLLHOCTb 3NEKTPONUTAHUS, HTO MOXET 6bITb

PAOUOINEKTPOHHBIE TEXHONOIUMU

ucnonb3osaHo ang pacwupenns BK. YcraHaenusas
NOrPYXKHYIO CUCTEMY OXNAKAEHNSA, MOXKHO YBENIUUMUTH
MOLLHOCTM BblYMCAMTENbHOTO LieHTpa B 1,3-1,8 pasa
(8 3aBucumMocTH oT cywecteytouleit CO ko BpeMeHu
YCTaHOBKM) [axe MNpu CyLIeCTBYIOWENA MAOTHOCTY
MOHTaXa BbI4UCAUTENbHbBIX NAaT.

B Hauane 2017 roaa komnanum UMMEPC, TECUC—
pa3paboTumK nporpamMmHoro komnnekca FlowVision
(4MCeHHoe MofenMpoBaHWe 3aaay Mapo- 1 aspoau-
HaMuKu) U ApBaiT — poccuitckuit UT-uHTerparop, no-
CTaBUIM OTEYECTBEHHbI NPOrpaMMHO-annapaTHbii
komnnekc (MAK) Mmmepc/FlowVision TAHTK nMeHu
I'M. bepueBa Anst pelleHns MyNbTUANCUMIIUHAPHON |
3a/la4v onpeaeneHus B3NeTHO-N0CaAoUHbIX XapakTe-
PUCTUK camoneTa-amMpuounu.

B kauecTse BbluMcuTenbHOM nnatpopmbl TAHTK
umenn M. Bepuesa npeanounu pelweHune poccmﬁ—‘
ckoit komnanmu WMMMEPC, kotopas npepioxuna
pacyeTHbIit KNacTep, YHUKanbHbIi MO COOTHOLIEHUIO
KOMMNaKTHOCTH, S3HEProaddEeKTUBHOCTM U NPOU3BOAU-
TeNbHOCTW. KOMNaKTHOCTb KOHCTPYKLIMU, HU3KMIA YPO-
BEHb LUyMa W OTCYTCTBUE CrieuuanbHbix TpebosaHui
K MOMeLLEeHnio Bbinu onpeaensownMm npu soibope }
BblyncnuTensHoro knacrepa UMMEPC. BoamoxkHoCTH,
KoTopble cerogHs npepocrasnser MAK MMMEPC/
FlowVision B obnactu pelieHns MynsTMauCUMnIu-
HapHbIX 32424, ABNAKOTCS YHUKAIbHBIMU 1 MO3BONSIOT
pa3paboTynKaM POCCUMIACKON aBUALMOHHON TEXHWUKU
MOAENMPOBAaTb Pa3HOOOPa3HbIE PEXMMbI BHELWHErD
o6TeKaHWs 1 BHYTPEHHUX TEYEHWIA ra3a U KWAKOCTEN.
B psay BbIMMCIUTENBHBIX KNACTEPOB, NPOU3BOAUMBIX
koMnanuer MMMEPC, npucyTcTByOT MOAENM, CNpo-
eKTUpOBaHHbIE ANs YCTOWYMBOM paboThbl B YCUIOBUAX
BMOpaLMK U Neperpy3ok.

B Poccuu Beaetcs CTpOMUTENbCTBO BbICOKOMPO-
M3BOAMUTENBHBIX BbIYMCIUTENbHBIX LEHTPOB, 0Bbek-
TOB MH(OPMALMOHHOM CTPYKTYpbl B aBUALMOHHON,
CYAOCTPOMTENbHOM W APYrUX OTPACAX NPOMBbILLEH- |
HOCTH, CNPOEKTUPOBaHHbIX NoA xuaKocTHble CO. He- |
obcnyxuBaeMble xuakoctHble CO MoryT HanuTi npu-
MeHeHue B BOPTOBbIX BbIYMCIUTENbHBIX CUCTEMAX
netaTtenbHbIX, KOCMUYECKMX annapaTos, aBTOHOM-
HbIX CTaHUMAX MeTeoHabmoaeHus, Hasuraumu. Ote-
YecTBEHHbIE pelleHus, pa3paboTaHHble NoA HYXAb!
HalMX 3aKa34yMkoB, 06ECNeYnBaloT CHUXKEHUE 3HEp-
ronotpebnexus, yMeHblueHe TpebyemMon naowanm
NoA MHXEHEPHY WHMPACTPYKTYpy, YBEIu4eHue
NPOM3BOAUTENLHOCTM U CPOKa CNYXKObl KOMMOHEH-
TOB, CHUXKEHME MPOU3BOACTBEHHONO LyMa. *
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