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INVIAHUPYEMBIE PE3YJIBTATBI OBYYEHUS 110 OOII

Kon
pe3ynbTa
Ta

Pesynprar 00yuenus
(BBIITYCKHUK JIOJKEH OBITH TOTOB)

[TpodeccroHalbHbIE KOMITIETEHITUU

Pl

HpI/IMeHHTB FHY6OKI/Ie CCTCCTBCHHOHAYYHLIC U MAaTEMAaTHYCCKUC 3HAHUA I
peiCHUs HAYYHbBIX U MHKCHCPHBIX 3a/1a4 B obractu I/IH(i)OpMaTI/IKI/I )51
BBIUMCIIMTEILHON TEXHUKH.

P2

[TpumensTh r1yOOKHE clieualbHbIE 3HAaHUS B 001acTH HHPOPMATUKU U
BBIYUCIIUTENbHON TEXHUKH JUISl PELICHUS MEXIUCLMIIIMHAPHBIX NHKEHEPHBIX
3ajau.

P3

CraBuTh U pellaTh MHHOBALIMOHHBIE 33J]Ja4l HH)XEHEPHOI'O aHAJIN3a, CBSI3aHHBIE C
CO3JIJaHMEM aIllapaTHBIX U MPOTPAMMHBIX CPEACTB MHPOPMAITMOHHBIX U
ABTOMAaTU3UPOBAHHBIX CUCTEM, C UCIIOIb30BAHUEM AHAIIUTUYECKUX METO/I0B U
CIIO’KHBIX MOJIECNCH.

P4

Brimonaars HWHHOBAIIMOHHBIC NHXKCHCPHBIC ITPOCKTHI 110 paspa60TKe alrapaTHbIX
" IPpOrpaMMHBIX CPCACTB aBTOMATU3HUPOBAHHBIX CUCTEM PA3JIMYHOI0 HA3HAYCHHUA
C UCIIOJIB30BAHUCM COBPEMCHHLIX MCTOJOB IPOCKTUPOBAHUA, CUCTEM
ABTOMATHU3UPOBAHHOI'O IIPOCKTUPOBAHUA, IICPCAOBOIO OIIbITA p33pa60TKI/I
KOHKYPCHTHO CIIOCOOHBIX HBHGHHﬁ.

P5

HJ'IaHI/IpOBaTB " IPOBOAUTE TCOPETUICCKUEC U OKCIICPUMCHTAJIBHBIC UCCIICIOBAHUA
B 00acTu IMPOCKTUPOBAHUSA AlIIIAPATHBIX U IIPOTrPAMMHBIX CPECACTB
ABTOMATH3UPOBAHHBIX CUCTEM C UCIIOJIB30BAHUEM HOBEHIINX I[OCTI/I)KeHI/II\/’I HAayKu
" TCXHUKH, IICPCAOBOI0 OTCYCCTBCHHOI'O U 3aPY6C)KHOFO OIIbITA. KpI/ITI/I‘leCKI/I
OLCHHUBATH IMOJTYYCHHBIC TAHHBIC U JCJIaTh BBIBO/JbI.

P6

OC}’HIGCTBJISITB ABTOPCKOC COITPOBOKACHUEC ITPOLICCCOB IMTPOCKTUPOBAHMA,
BHCOPCHUA U OKCILTyaTallkuu aIlllapaTHBIX U IIPOrpaMMHBIX CPEACTB
ABTOMATH3UPOBAHHBIX CUCTCM PA3JIMYHOT'O HA3HAYUCHUA.

YHI/IBepcaHBHHe KOMIICTCHII N

P7

Wcnonb3oBath riry0OKKe 3HaHUS IO IPOEKTHOMY MEHE/KMEHTY ISl BEACHUS
MHHOBAIIMOHHOW NHXEHEPHOU JEATEIBHOCTH € yYE€TOM IOPUINYECKHUX aCIIEKTOB
3aIUThl HHTEJJIEKTYaJIbHOM COOCTBEHHOCTH.

P8

Ocy1iecTBIsITh KOMMYHUKAIMU B PO eCCUOHATIBLHOU Cpelie U B 00I1IeCTBE B
11€JIOM, aKTUBHO BJIaJIETh MHOCTPAHHBIM SI3bIKOM, pa3pabaThiBaTh JOKYMEHTAIUIO,
MPE3EHTOBATH U 3aIIMIIATH Pe3yIbTaThl HHHOBAIIMOHHON MHKEHEPHOU
JIEATETLHOCTH, B TOM YUCJIE HA MHOCTPAHHOM SI3bIKE.

P9

D¢ dexkTnBHO pabOTaTh MHAUBHUIYATBHO U B KAUYECTBE WICHA U PYKOBOIUTEIS
TPYIIIBI, B TOM YUCJIE MEXIUCIMIUIMHAPHON U MEXTyHAPOIHOM, IPU PEILIEHUH
VHHOBAaLIMOHHBIX MHKEHEPHBIX 33/]1a4.

P10

JleMOHCTpHUpPOBaTh JIMYHYIO OTBETCTBEHHOCTh U OTBETCTBEHHOCTH 3a padoTy
BO3IJIaBJISIEMOI0 KOJUIEKTUBA, IPUBEPKEHHOCTh U TOTOBHOCTH CIIEA0BATh
npodeccuoHaNbHOM STUKE U HOPMaM BeJIeHUs] MHHOBAIIMOHHOW MHKEHEPHOU
NesITeIbHOCTH. J|eMOHCTpUPOBATh ITyOOKHE 3HAHUS IPABOBBIX, COLIUANIBHBIX,
JKOJIOTHYECKHX U KyJIbTYPHBIX aCIIEKTOB MHHOBAIIMOHHOW MHKEHEPHOMN
JEATEIbHOCTH.

P11

JleMOHCTpHpOBaTh CIIOCOOHOCTh K CAMOCTOSATEILHOMY 00YUYEHHIO, HETIPEPHIBHOMY
CaMOCOBEPIIICHCTBOBAHUIO B MHKEHEPHOU ACSITEbHOCTH, CIOCOOHOCTH K
NEeAarorn4eckom JesiTeIbHOCTH.
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3AJIAHUME
HA BbINOJIHEHHE BHINYCKHOM KBAJU(PUKAIMOHHON padoThI
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Tema paGoThI:

Pa3paborka u ucciel0BaHME HTEPATHBHBIX Napa/lIeJbHBIX AJTOPUTMOB (POPMHPOBAHUSA
CKPBITHIX (PYHKIHMOHAJIbHO-AETEPMHUHHPOBAHHBIX CTPYKTYP Al KIACCHPUKANMU M AHAJIN3A
reopu3nyecKnx JaHHbBIX

VYTBepxeHa NpUKa3oM JUpeKTopa (1ara, HoMep)

Cpok cjauu CTYJIEHTOM BBITIOTHEHHON paOOTHI:

TEXHUYECKOE 3AJIAHHUE:

Hcxonnbie nanHble K padore WrepaTuBHbIN NapajuIeIbHbII aITOPUTM
OPMHUPOBAHUA HKITMOHAJIBHO-

(Haumenosanue 00beKMa UCCIe08aN U UNU NPOCKMUPOBAHUSL, (b PMHP (by 1l

NPOU360OUMENLHOCb UNU HAZPY3KA; PEICUM PAOOMbL ACTCPMUHHUPOBAHHBIX CTPYKTYp JJI

(HenpepblHbiil, NnepuoOUdecKuil, YUKIUYEeCKUtl u m. 0.); 6uo KJ'IaCCI/I(bI/IKaHI/II/I W aHaIu3a FCO(I)I/ISI/ILICCKI/IX TTAHHBIX

CbIPbSL UNU MAMEPUAT U30eNUst; MpebO8aHus K npOOYKny, .
uz0enuio un npoyeccy; 0cobvie mpeboeanus K 0COGEHHOCMAM Ha OCHOBC (1)3.3OBOI/I TPYHIITUPOBKH.
@yHKyuoHUposanus (IKCnayamayuu) 06beKma iy u30enus 6
niaane 6e30nacHOCIU YKCAYAMAayUl, GIUAHUS HA
OKPYIHCAIOUYIO Cpedy, IHEP2O3AMPAMAM, IKOHOMUUECKULL
ananuz um. 0.).




IlepeuyeHb noAJIeKAIMX HCCIE0BAHNIO,
NPOEKTHPOBAHHUIO U pa3padoTKe
BOIIPOCOB

(ananumuyeckuii 0630p No IUMEPAMYPHLIM UCTOYHUKAM C
Yebl0 GbIACHEHUsT OOCTUNCEHUT MUPOBOT HAVKU MEXHUKU
paccmampugaemori 061acmu,; NOCMaHo8Ka 3a0adu
uccnedo8anusl, NPOEKMUPOBAKUs, KOHCIMPYUPOBAHUSL;
codepoicanue npoyedypul UCCIe008AHUS, NPOESKMUPOBAHUS,
KOHCMPYUPOBAHUSL, 0OCYICOCHUEe Pe3yIbmanos GblNOJHEHHOU
pabomol; HAUMEHOBAHUE OONOIHUMENbHLIX PA30eN08,
noonedxcawux paspabomye; 3aKiyerue no pabome).

AHanmuTuyeckuii  0030p JINTEPATYPHBIM

HUCTOYHHUKaM MCTOHOB KJIACTCPHOI'O aHalIW3a U

10

pachpefeseHHbIX ~ BBIYMCIHUTEIBHBIX  CHCTEM;
HCCIIeZIOBaHHE napaieNbHbIX aJITOPUTMOB
(dbopmupoBaHus CKPBITBIX (yHKIIMOHATILHO-
JeTePMHUHUPOBAHHBIX CTPYKTYD IOE
Kkmaccupukanmm W aHaum3a  reo(U3MYECKHX
TaHHBIX; pa3paboTka pacrpeneaeHHON
BBIYHMCITUTEIILHBIN CHCTEMBI Ha OCHOBE
NEPCOHATIBHBIX KOMITBIOTEPOB; IpOBE/ICHUE
HKCHEPUMEHTOB Ha Pa3HBIX  BBIYUCIUTENBHBIX
MOIITHOCTSIX; o0cyXIeHue pe3ynbTaToB

BBITTOJIHEHHOHN paboTHI; 3aKIII0UEHHE 10 padoTe.

Ilepeyenb rpauueckoro Marepuasga

(c mounviM yKazanuem o0513amenbHbIX Yepmedicell)

oOrmras
pacnpeesieHHOM

OOmue
(byHKIMOHATIBbHAS

CXeMBl  PabOThl  AITOPHUTMA;
cxema

BBEIUHMCIIMTEIbHON CUCTEMBI.

KoncyabTaHnThl 10 pa3aeaM BbINIYCKHONH KBAJIN(PUKAIMOHHON PadoThI

Paznen Koncyaprant
®unaHcOBbIN  MeHemkMeHT, | Jomnent Konoromnckwuii B.1O.
pecypcodPpeKTUBHOCTD u
pecypcocoepexeHme
ConmanbHas OTBETCTBEHHOCTh | AccucTeHT AkyJoB [LA.

Paznen Ha  WMHOCTpaHHOM

SI3BIKE

Cunopenxko T.B.

Ha3zBanus pa3aeioB, KOTOPbI€ T0JKHBI
A3bIKAX:

ObITh HANMHCAHBLI HA PYCCKOM H HHOCTPAHHOM

CpaBHUTENBHBIN 0030p M aHAIU3 METOJOB CTPYKTYpPHU3allMM M MOCTPOCHHUS pPACIpeaeTICHHBIX

BBIYUCIIUTCIBHBIX CUCTEM

JaTa BbIIa4¥ 3a]aHUA HA BBINOJTHEHHE BBINIYCKHOM
KBATH(UKALMOHHOH padoTHI 10 JTHHEHHOMY rpadpuky

3ananue Bb11AaJ1 PYKOBOAUTE/Ib:

J0JZKHOCTH DdUO Y4eHasi cTeneHs, Moanuce Jata
3BaHUe
Jlouent boteirua U.A. K.T.H.
3ana}me NMPUHAJ K UCITIOJTHCHHUIO CTYACHT:
T'pynna (037 (0] Hoanucey Hara
8BM4b CopoxuH Bacunuii AnexcanapoBud
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Wuctutyt Kubepuetuku

Hanpasnenue noarorosku 09.04.01 MudopmaTka 1 BEIYUCIUTENbHAS TEXHUKA
VYposenb oOpa3oBanusi Marucrparypa

Kadenpa MudopmaTuku 1 npoeKTUPOBAHUS CUCTEM

[Tepuon BeIONTHEHUST OCeHHMH / BeceHHUM cemectp 2015/2016 ydeOHoTO TOI2

dopma npeacTaBiIeHUs] pabOTHI:

Marucrepckas quccepranus

KAJIEHJAPHbBIN PEATUHT -TLJIAH
BbINOJIHEHH S BBINNYCKHOM KBAJIN(PUKAIUOHHOI padoThI

CpoK cauu CTyJICHTOM BBIMIOJTHEHHOMN paOOTHI: 16.06.2016
Jara Ha3spaHnue pa3jena (Mmoay.s) / MakcumaJibHbII
KOHTPOJISA BU/I paboThl (McCiIeI0BAHMS) 0as1 pazaesa
(MoayJist)
10.09.2015 | CpaBHHTENbHBII 0030p U aHATN3 METOJIOB CTPYKTYpPHU3AILIUH 10
Y TIOCTPOCHUS PACTIPEICICHHBIX BEIYUCIUTEIBHBIX CHCTEM
10.11.2015 Pa3zpaboTka QpyHKIIMOHAIBHON CTPYKTYPhI OCHOBHBIX 20
CUCTEMHBIX U BEIYUCITUTENLHBIX KOMIIOHEHTOB TPHU]I
CHUCTEMBI
28.01.2016 Pa3paboTka OCHOBHBIX KOMIIOHEHTOB pacipeieIeHHOM 40
BBIYHUCITUTEILHON CHCTEMBI
20.05.2016 | HccnemoBaHue W TPOTPaAaMMHBIE SKCIIEPUMEHTEHI 110 OI[CHKE 10
ObICTpOAeHCcTBHS B 3a/1a4ue (a30BOM KIIaCTEpU3AINH
8.06.2016 ®DuHAHCOBBIN MEHEHKMEHT, pecypcodhPeKTUBHOCTD U 10
pecypcocOepekeHue
9.06.2016 CornmasibHasi OTBETCTBEHHOCTh 10
CocTaBuJI TPEMNo/1aBaTelb:
JoaxuocTs DdUO Yu4eHnas crenenb, Hoanucey Jara
3BaHUue
Houent kadenpsr UTIC boteirun 1. A. K.T.H. 10.09.2015
COI'JIACOBAHO:
3aB. kadeapoii DdPHUO YueHasi cTeneHb, IMoanucek Jara
3BaHHeE
Nudopmatuxu n Hemun A 1O. K.T.H. 10.09.2015
MPOEKTUPOBAHUS CUCTEM




PEDEPAT

Brimycknas kBanudukanmonHas padora 108 c., 18 puc., 16 tabmn., 59
HMCTOYHUKOB, 2 TIPUIL.

KiroueBble cnoBa: (pa3oBas TpPyNIUPOBKA, KIACTEPHBIM aHAIN3,
napa’sieIbHbIE BBIYMCICHUS, PACIIPEAETICHHbIC BRIUUCICHUS.

OOBEeKTOM HCCIIeIOBaHUS SIBIIIETCSI METOJIbl CTPYKTYpHU3AllUM, a Tak
K€ TapajiesbHas peaau3aius aaroputMa Gpa3zoBoil rpynnupoBKH.

Ilenp paboThI — pa3paboTKa UTEPATHBHOIO MapalJIeIbHOTO alrOpUTMa
dbopMupoBaHus (PyHKIIMOHATLHO-ACTEPMUHUPOBAHHBIX CTPYKTYp JUIS
KJ1acCH(pUKAIIMU W aHalin3a reor3nIecKuX JaHHBIX Ha OCHOBE (Da3oBOM
TPYIITAPOBKH.

B nopomecce - uccrmenoBaHMs — TPOBOJWINCH  NPOrPaMMHBIC
AKCIICPUMEHTBhI IO OIIEHKE OBICTpOJICHCTBUS B 3ajade  (pazoBoi
KJIACTEPHU3ALIUU.

B Oynyiiem mninaHupyeTcsl perucTpanus MPOrpaMMHOrO Koja JJis
OBM pazpaboTaHHOI peanu3anuy MapauieIbHOTO airoputMa (a3zoBoi
IPYHIIUPOBKH METEOPOJIOTUUECKHUX TAHHBIX.



Omnpenenenusi, 0003Ha4YeHN s, COKPAIlEeHUS], HOPMATHUBHbIE CCHLJIKH

I'pun — (dopMa pacnpenenEHHbIX BBIYHCIICHUH, B KOTOpOH
«BUPTYAJIbHBIN CYIIEPKOMIBIOTEP» MPEACTABIEH B BUAE KJIACTEPOB, COCTUHEHHBIX C
MOMOIIBIO CETH, CJIa0O0CBSI3aHHBIX TE€TEPOTCHHBIX KOMIIBIOTEPOB, pabOTAIOIINX
BMECTE JJIsI BBITIOJIHEHUSI OTPOMHOI'0 KOJIMUECTBA 3aJlaHuil (orepanuii, pador).

CynepkoMnbTEep — CHOCUAIM3UPOBAHHAS BBIYKMCIHUTENIbHAS MallUHa,
3HAYUTEIBHO MPEBOCXOJIIAas MO CBOMM TEXHUYECKUM IapaMeTpaM M CKOPOCTH
BBIYUCJICHUN OOJIBIIMHCTBO CYIIECTBYIONMIUX B MUPE KOMITbIOTEPOB.

BoluncanTenbHbl  KJIacTep — TpyIIa KOMIBIOTEPOB, OOBEIUHEHHBIX
BBICOKOCKOPOCTHBIMU ~ KaHaJlaMH  CBSI3U, MPEJCTaBIAOMIas C TOYKA 3pEHUs
MOJIb30BATEIISI €IUHBIN anmnapaTHbId pecypc.

Kaactepublii aHanu3 — MHOrOMEpHas CTaTHCTHUYECKash Mpolenypa,
BBITIOJTHSIOMIAsT cOOp MaHHBIX, COJEpXKaUX UH(GOPMAIUIO O BHIOOpKE OOBEKTOB, U
3aTeM yIopsI0YMBaionias 00bEeKThl B CPABHUTEIHLHO OTHOPOIHBIC TPYIIIIHI.

Grand challenges — kmacc ¢yHIaMEHTalIbHBIX HAyYHBIX W WHXKCHEPHBIX
pobiieM, 3¢pHEKTHUBHOE PEIICHHE KOTOPHIX BO3MOXKHO TOJBKO C HCIIOJIB30BaHHUEM

MOIOTHBIX BBIYHUCIIUTCIIBHBIX PCCYPCOB.


https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D1%91%D0%BD%D0%BD%D1%8B%D0%B5_%D0%B2%D1%8B%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D1%83%D0%BF%D0%B5%D1%80%D0%BA%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80
https://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81%D1%82%D0%B5%D1%80_(%D0%B3%D1%80%D1%83%D0%BF%D0%BF%D0%B0_%D0%BA%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BE%D0%B2)
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80
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Beenenne

B nocneane Toapl B HAYYHBIX MCCIIEOBAHMIX U 00pa30BaHUU YCHUIIMBACTCS
BHUMaHHUE K MCIOJIb30BAaHUIO BHICOKOIIPOU3BOAUTEIBHON BHIYMCIUTEIIBHON TEXHUKH.
Bo MHOTHX 00nacTsX 3HaHWH (yHIAMEHTAIbHBIC HAYYHBIC HCCIICIOBAHUS CBSI3aHBI C
HEOOXOJUMOCTBIO  TIPOBEJCHHSI  MACIITa0HBIX  YHUCJICHHBIX  OKCIIEPUMEHTOB.
OOmmenpru3HaHHBIM SBJISIETCS Kjace (PYHIAMEHTAIbHBIX HAyYHBIX W WHKCHEPHBIX
npo6siem Grand challenges [1], agdexTnBHOE pernierre KOTOPHIX BO3MOXKHO TOJIBKO €
UCIIOJIb30BAHUEM MOIIHBIX BBIYMCIUTCIBHBIX PECYPCOB C IMPOM3BOJAUTEIBHOCTHIO
coren I'pmomnc (~10" onepanmii B cexyHy) U BBILIe.

EMMHCTBEHHBIM CITOCOOOM JOCTHXEHHS TPeOyeMOW MPOU3BOIUTEIBHOCTH B
HACTOSIICE BPEMS SIBJICTCS MCIOIb30BAaHUE MHOTOIPOICCCOPHBIX BBHIYUCIUTEIIbHBIX
CUCTEM [2] C MpUMEHEHUEM NapaJICIbHBIX BEIYUCICHUI.

Crucok TpUMEHEHHUS TapajuIeNbHBIX BBIYHCICHUH HEYKJIOHHO pacTeT,
napajuleJbHbIe BBIYUCICHUS MMPUMCHSIOTCS B 00JIACTAX, CBS3aHHBIX C IMPOBEICHUEM
Oonpmmx pacueToB. Tak, B cucTemMax mnoanaepkku mnpoektupoanuss (CAD —
Computer aided design) HeoOX0UMOCTh OCYIIECTBIATH MOJCIUPOBAHNE B PEabHOM
MaciiTabe BPEMEHH MPEABSBISICT BBHICOKHE TPEOOBAHHUS K MPOU3BOIAUTEIHLHOCTH
IporpaMMHOTO oOecrieueHrss. B WHKCHEPHBIX MPWIOKCHHUSIX W MaTeMaTHYECKOM
MOJICJITMPOBAHUM  JUI  TIOBBIIICHUS TOYHOCTH HCIIOJIB3YIOTCS — TapajuleibHbIC
aropuTMbl.  Tarkke, OONBIIOW OOJACThIO TMPUMECHECHHS SIBJIISIOTCS  OWM3HEC-
NPUJIOKEHUS, HAIPUMeEp, 3aJa4yH, CBA3aHHBIC C aHAIM30M (DMHAHCOBBIX PHIHKOB U
IIPOTHO3HPOBAHMSI KyPCOB BAITIOT. B UTOTe MOXHO ¢ YBEPEHHOCTBIO YTBEPXKAATh, YTO
napasuiebHbIe HH(PpOPMAIIMOHHBIC TEXHOJIOTHHU MTPEBPATHUIIMCH M3 y3KOHATIPABICHHOM
JTUCIMIUTAHBL B HEOOXOIUMYIO COCTABJISIONIYI0 KOMIUIEKCA 3HAHHMW pa3padoTunka
COBPEMEHHOTO MTPOrPaMMHOTO obecrieueHus [3].

Wnest pacrapaiieiiBaHus BRIYUCIICHU OCHOBaHA HAa TOM, YTO OOJIBITUHCTBO
3a7a4 MOXET OBITh Pa3/Ie]ICHO Ha HAa0Op MEHBIIMX 3a/la4, KOTOPbIE MOTYT OBITh
pemeHsl  ogHOBpeMeHHO. (OCHOBHas Ielb MapaUICibHBIX  BBIYUCICHUH —

YMCHBIICHUC BPCMCHHU PCUICHUA 3ada4du. I[JIH peuicHud TPYAOCMKHX 3aldd4 TAKHC



BBIUMCJICHUSI MOTYT OBITh 3amylIeHbl, HampuMep, Ha CYHNEPKOMIIbIOTEpax,
BBIUMCIIMTENBHBIX KIacTepax WM IPUI-CUCTEMAX.

CynepkoMmbploTep — CHOCUMATM3UPOBAHHAS BBIYUCIUTENbHAS MAIIWHA,
3HAYUTENBHO MPEBOCXOJsAIIasi MO CBOMM TEXHHMYECKUM IIapaMeTpaM U CKOpPOCTHU
BBIUMCJIEHUI OOJIBIIMHCTBO CYIIECTBYIOIIMX B MHUpe KoMmIbloTepoB. Kak mpasuio,
COBpEMEHHBIC  CYNEPKOMITBIOTEPHI  MPEACTABIAIOT CO00W  OONBIIOE  YHCIO
BBICOKOITPOU3BOIUTENIbHBIX CEPBEPHBIX KOMIBIOTEPOB, COEAMHEHHBIX JIPYT C IPYroM
JIOKaJbHON BBICOKOCKOPOCTHON Maructpanbio [4]. CTOMMOCTh TaKUX CHCTEM OYCHB
BBICOKA.

BbruucnutenbHple  KiacTepsl — TpyINa KOMIIBIOTEPOB, OOBEIUHEHHBIX
BBICOKOCKOPOCTHBIMUA ~ KaHaJIaMH CBSI3HM, TMPEACTABISAIONIAS C TOYKHA 3PEHUSA
I0JTL30BATEIISI €IUHBIN anmapaTHeIi pecypc [5].

['pua-Borunicienuss — (opma pacnpeesIeHHbIX BBIUMCICHUH, B KOTOPOM
«BHUPTYaIBHBIA CyNMEPKOMIBIOTEP» MPEJCTABICH B BHUJIE KIACTEPOB, COCAMHEHHBIX C
IOMOIIbIO CETH, CJIA0OCBSI3aHHBIX TE€TEPOTEeHHBIX KOMIIBIOTEPOB, pPabOTAIOLINX
BMECTE JUIS BBIMOJTHEHHUS OTPOMHOTO KOJIHMYECTBA 3alaHus. | pua-BeIUUCICHUS
MOKHO OpraHM30BaTh Ha 0a3e MHOXECTBA YCTapeBIIUX MOJEIeH MepCOHATbHBIX
KOMIIBIOTEPOB OOBbETMHEHHBIX B HEPAPXUUECKYIO JIOKAIBbHYIO BHIYMCIUTENBHYIO CETh
[6]. PacmpenenenHble TPHUI-CHCTEMBI SIBISIFOTCS Pa3sHOBUIHOCTHIO IMapaylICIbHBIX
BBIUMCJICHUM, KOTOPHIE OCHOBBIBAIOTCA Ha OOBIUHBIX KOMIBIOTEPAaX U BBITOJHO
OTJIMYAETCSI OT OOBIYHBIX CYMEPKOMIBIOTEPOB TEM, YTO MOTYT OBITh Pa3BEPHYTHI MPH
TIOMOIIM OOBIYHBIX TPOTOKOJIOB, Hampumep, Ethernet. Takum oOpa3om 0oObIYHBIC
KOMIIBIOTEPHI MOTYT OBbITh OOBEIMHEHBI B €IMHYIO paclpeie/ieHHYI0 CUCTEMY, a UX
PECYPCHI MOTYT OBITH MCIIOJIE30BAHBI JIJIsI BEIYUCIICHUH.

OnpHolt u3 oOnacTeil, TIe BO3HHUKAIOT (PYHIAMEHTAJIbHBIE HAy4YHbIE WU
WHKEHEPHBIC 337a4id C HIMPOKOW 00JacThi0 MpuUMEHEHHUs, dPGEeKTUBHOE pEIICHUE
KOTOPBIX BO3MOXKHO TOJBKO C HCIIOJIb30BAHMEM MOIIHBIX (CYNEPKOMIBIOTEPHBIX)
BBIUMCIUTENBHBIX PECYpPCOB  SIBISIETCSl NPEACKa3aHWe TMOroAbl, KJIWMara u
r700anbHBIX M3MeHeHuil B atMocdepe [1]. IIpumepom Takol 3agauu, B 4aCTHOCTH,

ABIIAEeTCS (DOPMUPOBAHKUE CKPBITHIX (PYHKIIMOHATBHO-AETEPMUHUPOBAHHBIX CTPYKTYP



JUIs KJaccu(UKalMy U aHali3a METEOpPOJOTHYECKUX JaHHbIX. B paHHOM ciiyyae,
HEOOXOJMMOCTh  peaju3allid  BO3MOXXHOCTH  MapajlIeJbHbIX  BBIUHUCICHUM
00yCJIOBJIEHA OTPOMHBIM KOJIMYECTBOM JaHHBIX. YHCIIO 3JIEMEHTOB AUCKPETU3ALIUU
METEOPOJIOTHYECKUX JaHHBIX TOJIBKO JJIs OJHOW TOYKM 3emiau 3a 50 JeT MOoXer
IIOCTUraThb HECKOJBKO THICAY, a KOJIMYECTBO TaKMX TOYEK JUIS aHalIu3a
KJIMMaTUYECKUX W3MEHEHHUI MPEBBIINIAET HECKOJbKO COTEeH. Bpems, HeoOxomumoe
IUISL aHaliM3a TaKoro OOJBIIOr0 oObeMa JaHHBIX MOXKET JOXOIUTH A0 HECKOJIBbKHUX
JTHEW, 4TO MOJYEepPKUBAET HEOOXOAUMOCTh M BAXKHOCTH IMapajuIeIbHBIX BBIYHCICHUN
JUIA JAHHOM 3aJadH.

JlanHass paboTa TOCBAIIEHA pPa3padOTKEe M HCCIAEJOBAHUIO HMTEPATHBHOTO
napauieIbHOTO aJITOPUTMA, a TaKKe MOCTPOSCHUIO TPUJ-CUCTEMbI JJIsI BBITIOJHECHUS

JaHHOI'O aJIrOpHUuTMa.



1. CpaBHuTenbHBI 0030p W aHAJIHU3 METOAOB CTPYKTYpH3allUU U

MOCTPOCHUA paclipeacJeHHbIX BBIYUCIUTE/IbHBIX CUCTEM

1.1. O630p memooos Kknacmepnozo ananiuza

OnHuM U3 MOAXOA0B K 00paOOTKH OOIBIINX 00BEM T'€OPU3NUECKUX JaHHBIX
(B 4aCTHOCTH, METEOPOJOTUYECKUX JAHHBIX ) SBJISETCA KIACTEPHBIN aHAIH3.

Knacrepuzanus (wim KiIacTepHbI aHanu3) — OTO 3ajada pa30oueHus
MHOXECTBa OOBEKTOB Ha TPYIIIbI, HA3bIBAEMBIE KJIACTEPAMH.

[IpumeHeHre KJIacTepHOTO aHaIHM3a B OOIIEM BUJE CBOIUTCS K CIICTYIOITUM
JTanam:

1. OT60p BEIOOPKH OOBEKTOB JJIsl KJIACTEPU3ALIUU.

2. OmnpejiesieHrie MHOKECTBA MEPEMEHHBIX, TI0 KOTOPBIM OYyT OLIEHUBATHCS
00bekThl B BbIOOpKE. IIpu HEOOXOAMMOCTH — HOpMaIU3alusl 3HAYCHUU
MEPEMEHHBIX.

3. Berunciienue 3Ha4€HUI MEPhI CXOCTBA MEXKTYy 0ObEKTAMH.

4. IlpumeHeHre MeTo/1a KJIACTEPHOI0 aHalinu3a JIJIsi CO3JJaHus TPYIIN CXOAHBIX
00BEKTOB (KJIACTEPOB).

5. [Ipeacrasnenue pe3yabTaToOB aHAIM3A.

[locne mnonydyeHuss W aHaiau3a pPeE3yJiIbTaTOB BO3MOXKHA KOPPEKTUPOBKA
BHIOpAaHHONW METPUKM W METOJa KJIACTepU3AIMH JI0 TOJYYCHHS ONTUMAIbHOTO
pe3ynbTara.

[To cmocoOy 00paOOTKM MaHHBIX METOMBI KJIACTEPHOTO aHalM3a MOXKHO
pa3ieNuTh Ha UepapXuueckue, Hewepapxuueckue. Mepapxuueckue MeTObI
BBITIOJTHSIIOT TOCIIEIOBATENIbHOE O0BEAMHEHNE MEHBIINX KJIAaCTEPOB B OOJIBIIINE
(armoMepaTUBHBIC) WM PA3CISIOT OOJBIINE KIIACTEPhl HA MEHBIIUE (IMBU3UBHBIC)
[7].

Takke MOXHO BBIJIEIUTh HEKOTOPHIE OCOOEHHOCTH METOJOB, HAalpUMeEp, MO
croco0y aHanu3a JaHHBIX: YETKHUE, HEYETKHE, a TAKKE M0 KOJUYECTBY NMPUMEHEHUN
QITOPUTMOB KJIACTEPHU3alMKM: C OJHOITAMHOM KJIacTEepU3allMU, C MHOI'OdTAIMHOM

Kiactepusanueii [8].



Anroputm BIRCH (Balanced Iterative Reducing and Clustering using
Hierarchies) mnpeaycMarpuBaer ABYXOTAlHBIA  IPOLECC  KJACTEpPH3AlMK U
UCIIOJIB3YeTCsl JUISI OYEHb OOJBIIMX HAOOPOB HaHHBIX. K oOrpaHuyeHusM 3TOTO
aJITOPUTMA OTHOCHUTCS TO, YTO OH pabOTaeT TOJIBKO C YUCIIOBBIMH JTAHHBIMH.

K-means (meron K-cpemHux) pa3OMBaeT MHOXECTBO 3JIEMCHTOB BEKTOPHOTO
IPOCTPAHCTBA HAa 3apaHee HW3BECTHOEC YHCIO KiactepoB K. AjroputM mpoct B
UCTIOJIb30BaHUH, OJHAKO YYBCTBUTEJICH K BBIOpOCaM, KOTOpPBIE MOTYT HCKAa3HTh
CpelHee, a TakKe K €ro HeIOoCTaTKaM MOYKHO OTHECTH HEOOXOJIWMOCTh 3HAHUS
KOJIMYECTBO KJacTepoB [9].

Anroputm CLOPE (Clustering with slope) mpennasnaueH mus pabOThI C
TPaH3aKIIMOHHBIMA  JIaHHBIMH, 00JadacT BBICOKOW MACIITAOMPYEMOCTHIO M
CKOPOCTBIO paboThl, Tak ke kadecTBoMm kiactepu3anun. CLOPE apTromaTmdeckm
noI0MpaeT HeoOXOIUMOE KOJMYECTBO KIIACTEPOB M IIMPOKO NpumeHsercs B Data
mining [10].

Anroputm PAM (Partitioning around medoids) sBisercs momudukanuei
anroputMa K-cpeaHux. AJITOPUTM MEHEe YyBCTBUTEJICH K IIyMaM W BbIOpocam
JAHHBIX, yeM anroput™ K-cpenuux. PAM sddexkTuBeH 1 HeOONbIINUX 0a3 TaHHBIX,
ero He CJIEeIyeT MCIOJIb30BaTh /I OONBIIMX HA00poB AaHHBIX [11]. [TpumensieTcs B
IMUPOKOM CHEKTPE TMPEAMETHhIX O0OJacTel, TakMX KaKk aHalu3 TEKCTOB,
OnonHpOopMaTHKa, HHTCIUICKTYaIbHBIC TPAHCIIOPTHBIC CUCTEMBI [12].

Camoopranusyromuecs KapTel KoxoHeHa — oOjHa W3 Pa3HOBHJIHOCTEH
HEHPOCETEBBIX AJITOPUTMOB, HCIIOJB3YyIONIME MeTon Oe3 yumrtens. llpemcraBiser
co00if OJTMH M3 BapUAHTOB KJIACTEPHU3AIIM MHOTOMEPHBIX BEKTOPOB. DTOT arOPUTM
MOJKHO CUHMTATh OJHHM U3 METOOB IPOCIHUPOBAHUS MHOTOMEPHOI'O IMPOCTPAHCTBA B
MPOCTPAHCTBO C Oojiee HUBKOM pa3sMepHOCThIO. J[aHHYI0 METOJIUKY MOXHO
UCIIOJIb30BAaTh JIJIS TOMCKA U aHAJTN3a 3aKOHOMEPHOCTEH B MCXOIHBIX JaHHBIX [13].

Takum oOpa3oMm, HE CYIIECTBYET EIWHOTO YHHUBEPCAIHHOTO ajropuTMa
Kiactepu3anuu. [lpu HMCMOIB30BaHUM JTHOOOTO aNTOPUTMA BaXXHO IOHUMATH €ro
JIOCTOMHCTBA W HEIOCTATKH, YYUTHIBATh MPUPOIY JAHHBIX, C KOTOPHIMH OH JIy4Ille

paboTaer U CHOCOOHOCTh K MacIITAOUPyEMOCTH.



[Ipobnema xknacrepusanuu bonbimux JlaHHBIX COCTOMT B TOM, 4YTO
MMEIOIIMECS  aJlOPUTMBl  IPEAIOIArardT  BO3MOXKHOCTb  HEIOCPEICTBEHHOIO
oOpareHust K J1000H MH(POPMAIIMOHHOM CYIIHOCTH B MCXOJHBIX JIaHHBIX (3apaHee
HEBO3MOXKHO TpEayrajaTh, KaKue MMEHHO CYITHOCTH IMOHAJ00ATCA anroputmy). B
CBOIO OYepe/lb, UCXOIHbIE JaHHBIE MOTYT OBITh pacIpeiesieHbl IO pa3HbIM CEpBEpPaM,
Y MIPA 3TOM HE TapaHTHUPYETCS, YTO KAXKIBIA KJIACTEp XPAHUTCS CTPOrO HA OJHOM
cepepe. Ecnm pacnpeneneHue AaHHBIX IO CEPBEpAM Je€aTh IPO3PAYHBIM IS
alropuT™Ma KiacTepusaluu (OH CUMTAET, YTO JIaHHBIC PACIOJIOKEHBI B HEKOTOPOM
pacrpesieIeHHON BUPTyaldbHOM TaMSTH), TO OTO HEU30EKHO TMPHUBEACT K
KOIMMPOBAHUIO OOJIBIIUX 00BEMOB C OJTHOTO CepBepa Ha APYTOH.

Pemiennie mpoOseMbl MOXKeT OBITH cleayromuM. Ha kaxaom cepBepe
3aIlyCKAEeTCs CBOM aJITOPUTM, KOTOPBIM ONEPUPYET TOJBKO JTaHHBIMU 3TOr0O CEPBEPA,
a Ha BBIXOJIE JAaeT IapamMeTpbl HAWJACHHBIX KJIACTEPOB M HX BECA, OLICHUBACMBIC
UCXOAs W3 KOJWYECTBA DHJIEMEHTOB BHYTPH KJacTepa. 3aTeM MOJIyYeHHas
uHdopmarsi  coOupaeTcsi Ha  IEHTPAIBHOM  CEpBEpe W IPOU3BOIUTCS
MeTaKJIacTepU3alusl — BbIJCJIEHUE TPYNI OJIU3KO PACIOJIOKEHHBIX KIIACTEPOB C
Y4YETOM HX BECOB. DTOT METOJ| YHUBEPCAJICH, XOPOIIO pacnapajuieIMBAeTCs U MOKET
UCIOJIb30BaTh JIIOOBIE JPYTHE aJTOPUTMBbI KJIacTepH3allud, OJHAKO OH Tpedyer
MPOBEICHUS CEPbE3HBIX HAYYHBIX HCCIEIOBAHUN, TECTUPOBAHHUS HA PEAJbHBIX
JJAHHBIX W CpPAaBHEHUSA IIOJYYEHHBIX pE3yJbTATOB C APYTUMHU «JIOKAIbHBIMH
METO/IaMHU.

Takum oOpazom, nans ananu3a bonbmiux JlaHHBIX MOJABISIONIAS YacTh
METOJIOB  KJacTepu3allid HEMpUMEHWMa B YHCTOM BHAE M HEOOXOJMMBI

JOITIOJIHUTCIIBHBIC UCCIICAOBAHUA U 0O0JIbIIIME BEIYUCIINTEIILHBIE MOIIIHOCTH [14]

1.2. 0O630p pacnpeoenennwvix zpud cucmem

OnHuM M3 TEpPCHEeKTUBHBIX UM HEJOPOTMX CHOCOOOB  OpraHu3aldu
METaKOMITBIOTUHTA SIBJISIETCSI 00hEAMHEHNE aBTOHOMHBIX BBIUUCIUTEIIBHBIX PECYPCOB
(KOMIIBIOTEPOB) B  €IUHBIM BUPTYAJIbHBIM  BBIYMCIUTENIBHBIN  y3ed (Tpun).
PacnpeneneHnble TpUA-CUCTEMBI  SIBJIAIOTCA  PAa3HOBUIHOCTHIO — MapajuleIbHbBIX

BBI“IPICJIGHPIﬁ, KOTOPBIC OCHOBBIBACTCA HaA OOBIYHBIX KOMIIBIOTCpAX W BBII'OAHO



OTJINYAETCSI OT OOBIYHBIX CYNEPKOMIIBIOTEPOB TEM, YTO MOTYT OBITh Pa3BEPHYTHI MPU
MOMOIIM OOBIYHBIX MPOTOKOJIOB, Hampumep, Ethernet. Takum o6Gpazom oObIYHBIE
KOMITBIOTEPBl MOTYT OBITh OOBEAMHEHBI B €AMHYIO PACHPEIEICHHYIO CUCTEMY, a UX
pecypchl MOTYT ObITh HCTIOJIb30BAHBI JJISI BEIYMCICHUI.

OnHOM M3 BaXKHBIX XapaKTEPUCTUK PACHPEICICHHBIX CUCTEM COCTOUT B TOM,
YTO OT IOJIb30BATENEH CKPBITHI PA3INUMs MEXIY KOMIBIOTEPAMH M CIOCOOBI CBS3U
Mexay HUMH. J[pyrodl BaKHOW XapaKTEPUCTUKOW SBISIETCS CIOCOO, MPHU MOMOIIU
KOTOpPOrO  MOJIb30BaTeId M MPWIOKEHUS  €IWHOO0Opa3HO  paboTaloT B
pacnpelleIeHHbIX CHCTEMaX, HE3aBUCHUMO OT TOTO, IIE€ M KOrja IMPOHUCXOAMT HX
B3auMojielicTBe. PacnpeneseHHbIe CHUCTEMbl JTOJDKHBI TakyKe€ OTHOCHUTENIBHO JIETKO
TI0J/TaBaThCS PACIIMPEHUIO, T MaciTabupoBanuto [15].

K OCHOBHBIM OTIMYUTEIBHBIM MIPU3HAKAM PACIPEICIICHHBIX CUCTEM OTHOCHT:

e  OrcyTcTBHE €IMHOTO BPEMEHHU JIJIi KOMIIOHEHTOB PACHPEICICHHON CUCTEMBI
XapaKTepU3yeT TePPUTOPUATILHOE paclpeie]IeHUE KOMIIOHEHTOB CHCTEMBI, a
MMEHHO IIPOLIECCOPOB, BXOAIIMX B €€ COCTAaB, U3 YEro CIEAYET OTCYTCTBUE
CUHXPOHHOCTH B UX paboTe;

e  OrcyrctBue oOuiedt mnamaru. KoroueBas XapakTepucTuKa, M3 KOTOPOM
cleayeT HeOOXOJIUMOCTh OOMEHAa COOOIICHUSIMH MEXIYy HTPOrpaMMHBIMU
KOMITIOHEHTAaMHU pacHpeieICHHONM CHUCTEeMBbI JJisi WX B3aUMOJCUCTBHUS U
CUHXPOHM3AIIUH.

e Teorpaduueckoe pacnpeaeneHue;

e He3aBUCHMMOCTP W Te€TEPOT€HHOCTh. KOMMBIOTEpPHI, BXOISAIIME COCTaB
pacnpesieIeHHON cucTeMbl ci1abo CBSI3aHbI B TOM CMBICIE, YTO OHU MOTYT
UMETh Pa3IUYHbId COCTaB MW  PA3IMYHYIO [POU3BOAUTENIBHOCTH W,
CJIeIOBaTEIbHO, 00ECIIeYNBATh PA3IMYHOE BPEMsI BBITIOJIHEHUS UICHTUYHBIX
3amay. OOBIYHO OHM HE SBIISIIOTCA YaCTAMM OJIHOM CIEHHUaTU3UPOBAHHON
CUCTEMBI, HO (DYHKITMOHHPYIOT COBMECTHO, ITPEIOCTABIISISI CBOU CITYKOBI IpyT
APYTY JUIs BBITOJIHEHUSI 0011e#H 3amaun [16].

OcHoOBHasi 3ajladya pacHpeAesiCHHbIX CHUCTEM — OOJIETYUTH IMOJIb30BATENISIM

JOCTYN K YJaJ€HHBIM pecypcaM U OOECIEeUUTh HUX COBMECTHOE HCIIOJIb30BAaHUE,



perymupyst 3tot mpouecc [15]. DddekrtuBHas pacnpenerneHHas cHCTEMa JIOJDKHA
o0yiaZlaTh  CIICAYIONIMMH CBOWCTBAMM: MpPO3padyHOCTh (aHrji.  transparency),
OTKPBITOCTh (@HIJI. OPenness), Ge3omacHOCTh (aHrI. Security), macmrTaOupoBaHHE
(anri. scalability) [16].

[Tox mpo3pavHOCTBIO pacipeieIeHHON CUCTEMbI TOHUMAIOT €€ CIIOCOOHOCTh
CKpBIBaTh CBOIO PACHpPEEICHHYIO IPUPOIY, @ UMEHHO, pacipeiesieHue MPOLEeCcCOB U
PECYPCOB MO0 MHOYKECTBY KOMIIBIOTEPOB, M IMPEACTABIATHCS Ul MOJIB30BATENICH U
pa3pabOTYMKOB TPUIOKEHUN B BUJE €IMHOM IEHTPAIM30BAHHOW KOMITBIOTEPHOMU
cucTemsl. /{151 Toro 4roObl pacnpeneneHHas BBIYUCIUTENbHAS CUCTEMa MOrJja ObITh
MPE/ICTaBlICHA TOJIb30BATENI0 KaK €WHas CUCTEMa, MPUMEHSIOT CJIEIYIOUE THUIIBI
PO3PAYHOCTH:

e [Ipo3paunblii AOCTYyn K pecypcaM — OT MOJb30BaTENEH TOJIKHA OBITh
CKpBITa pa3HHIla B MPEACTABICHUM JAHHBIX M B CHOcCO0ax JOCTyma K
pecypcaM BBIYUCIHUTEIbHON CUCTEMBI;

e [Ipo3payHoe MECTOMOJIO)KEHHE PECYPCOB — MECTO (PU3HYECKOro
pacmoyiokeHusi TpeOyeMoro pecypca JOJDKHO OBITh HECYIIECTBEHHO IS
M0JIb30BaTEIs;

e Permkauus — COKPBITHE OT IOJIb30BaTeNil TOrO, YTO B PEaJIbHOCTH
CYILLIECTBYET O0Jiee OAHON KOMHUH UCIIOJIb3YEMbIX PECYPCOB;

e [lapamnenbHbI 10CTyIl — BO3MOXKXHOCTh COBMECTHOTO (OJJHOBPEMEHHOTO)
UCIIOJIb30BAaHUSI ~ OJAHOTO M TOrO K€  pecypca  pa3IMYyHbIMU
MOJIb30BATENISIMA HE3aBUCUMO PYT OT Apyra. [Ipu 3ToM (hakT coBMecTHOTO
UCIIOJIb30BaHUS pecypca JOIKEH OCTaBaThCs CKPBITHIM OT MOJIb30BaTEIS;

e [Ipo3payHOCTh OTKa30B — OTKa3 (OTKJIIOYEHHE) KaKUX-T000 pPEecypcoB
CHUCTEMBbI HE JTOJKHBI OKa3bIBaTh BIUSHUS HA paOOTy MOJB30BATENS U €r0
npuioxenus [17].

OTkpbITas pacnpeleseHHass CHUCTeMa — 3TO CHUCTeMa, Ipeajararouias

CIIy>)KObI, BBI30B KOTOPBIX TpeOyeT CTaHJapTHbIE CHUHTAKCUC U CEMaHTHKYy. B
pacnpeiefieHHbIX CHCTeMaX CIy>KObl OOBIYHO OMNpEAeNsIoTCs 4yepe3 HUHTEepP(Ench.

Byay4u npaBuibHO OMMCAHHBIM, ONpeesieHne HHTepderica JOMyCKaeT BO3MOXHOCTD



COBMECTHOM pabOThl MPOU3BOJIBHOIO TMPOIECCA, HYXKJAIOIIETOCS B  TaKOM
uHTepdeiice, ¢ JIpyruM MPOU3BOJIBHBIM IMPOILIECCOM, MPEAOCTABISIONIMM ASTOT
untepdeiic. Omnpenenenne uHTEpdeiica TakKe MO3BOJAECT JBYM HE3aBUCHUMBIM
TpyIIaM co3/aTh a0COJIOTHO pas3Hble peajn3aldd 3TOro MHTepdeiica sl IBYX
Pa3NUYHBIX pacHpe/le]IeHHbIX CUCTEM, KOTOpble OyayT paboTtarh abCONIOTHO
OJIMHaKoBO. Takke, OTKpbITasg CHUCTEMa [OJDKHA OO0JajgaTh: CHOCOOHOCMbIO K
83aumooelcmaulo, 4TO XapaKTepHU3yeT, HACKOJIbKO JBE pealu3alli CUCTEM WU
KOMIIOHEHTOB OT pa3Hbl MPOU3BOJUTENEH B COCTOSIHUM COBMECTHO paboTarh,
noJjiarasich TOJIBKO Ha TO, YTO CIY>KObI KaXXJIOM M3 HUX COOTBETCTBYIOT OOIIEMY
CTaHIAPTYy; HEPEeHOCUMOCHbIO, YTO XapaKTepU3yeT TO HACKOJIBKO IPHIOKEHHE,
pa3paboTaHHOE [JIsi pachpeieieHHOM cuctembl A, MoOXeT 0e3 U3MEHEHU!
BBINIOJIHATECSL B pacHpedeiieHHOW cucrteMe B, peanmn3ys Te ke, 4to U B A
UHTEPENCHI; 2uOKOCMbIO — JIETKOCTh KOH(DUTYpUPOBAHUS CUCTEMBI, COCTOSIIEH U3
pa3IMYHBIX KOMIIOHEHTOB [15].

MacmradupyeMocTb —  CIOCOOHOCTh  BBIYHMCIUTEIIBHOM  CHCTEMBI
3p(PEeKTUBHO  CHOpaBISITBCA C  YBEJIMUYCHHE  YHUCTA  [OJb30BaTeleHd  WIH
MOJIJICP)KUBAEMBIX PECYpPCOB 0€3 MOTEepPU MPOU3BOJUTEIHHOCTA M 0€3 YBEIWUYEHUS
aAMUHUACTPATUBHON HAarpy3ku Ha ee ynpaBieHue. C(CucteMy  Ha3bIBalOT
MacIlITabupyeMou, €CIM OHa CIOCOOHA YBEJIMUUBATH CBOKO MTPOU3BOIUTEILHOCTD MPU
00aBJICHUY HOBBIX allapaTHBIX CPEJICTB.

MacitabupyeMoCTh pacnpeeIEHHbIX CUCTEM OMPEACIISIIOT MO CJICAYIOIINM
HaIpaBJICHUSIM:

e Harpy3ouHas MacmTabupyeMoCTh — CIIOCOOHOCTh CHCTEMBI YBEIMUNUBATH

CBOIO TMPOHU3BOJAUTEIBHOCTh MPHU YBEIUYECHUH HArpy3KH MYTEM 3aMEHBI
CYIIECTBYIOIIHUX arnmapaTHbIX KOMIIOHEHTOB (BEpTUKAJIBHOE
MaciTabupoBaHre) Ha 00Jiee MOIIHBIE WM MyTeM J00aBlIeHHUS HOBBIX
armapaTHbBIX CPEICTB (TOPU3OHTAIBHOE MacIITaOUpOBaHUE);

e ['corpadpuueckas MacmTabUpyeMoOCTb —  CIHOCOOHOCTh  CHCTEMBI

COXpaHSTh  CBOM  OCHOBHBIE  XapaKTEPUCTUKH,  TaKue  Kak

IMPOU3BOAUTCIIBHOCTL, IIPOCTOTA H y,Z[O6CTBO HCIIOJIb30BAHUA, IIpHU



TEPPUTOPUAIIBHOM PA3HECEHUHM €€ KOMIIOHEHTOB OT 0o0Jiee JIOKaJIbHOIO
B3aMMHOT'0 PACIIONIOKEHUs 10 00Jiee pacipeieICHHOTO;

e AJMUHHUCTpAaTHBHAasi MacHITaOMPyeMOCThb. XapaKTepus3yeT MPOCTOTY
yIOpaBJEHUsS] CUCTEMON MpPHU YBEIWYEHUU KOJIMYECTBA aJMUHUCTPATUBHO
HE3aBUCUMBIX  OpraHu3aluid,  OOCTY)KMBAIOIIMX  YacTH  OJHOH
pacupeeIEHHON CUCTEMBI.

Konnenuusa rpuaa mosiBUIach HE Kak aOCTpakTHash ujes, a Kak OTBET Ha
MOSIBJISIONIMECS TOTPEOHOCTH B KPYMHBIX HHOOPMAIIMOHHO-BBIYMCIUTEIbHBIX
pecypcax, IMHAMUYECKU BBIICIAEMBbIX I PEIICHUS TPOMO3JKUX 3a/1a4, B HAYYHOM,
WHyCTPUATBHOW, aJIMHUHUCTPATUBHOW M KOMMEPYECKON 00JIacTAX eATEeTbHOCTH.
Co3nmanue rpua-cpeasl NOAPA3yMEBAECT PACIPEACICHUE BBIYMCIUTENBHBIX PECYPCOB
M0 TEPPUTOPHAIBHO  PA3ACIEHHBIM  y3JaM, Ha  KOTOPBIX  YCTaHOBIICHO
CHEIUATM3UPOBAHHOE MPOTPAMMHOE OOECIeUYeHHUE JIsi TOro, YToObl pachpenessTh
3aJlaHus MO y3JaM U MPUHUMAaTh UX TaM, BO3BpallaTh pe3yibTaThl MOJb30BATEINIO,
KOHTPOJIMPOBATh IpaBa IMOJb30BaTeNeil Ha JOCTYNl K TEM WIM HHBIM pecypcam,
OCYHIIECTBJISITh MOHUTOPUHT pecypcoB, M Tak jgainee. OOIIEA0CTyNHBIE PeCypChl
MOTYT BKJIFOUATh:

e BbluucauTelbHbIE PeCcypCchbl NPEAOCTABIAIOT 3a7aye€ IOJIb30BaTEINA
TPUA-CUCTEMBI  TIPOLIECCOPHBIE  MOIIHOCTH. BrruncnurenbHbIMU
pecypcaMyd MOTYT OBITh KaK KJIacTepbl, TaK U OTACJIbHBIE padoyue
ctaHuur. OCHOBHOM XapaKTEPUCTUKON BBIUYMCIUTEIBHOTO pecypca
ABJISICTCS] TPOU3BOAUTEIBHOCTD;

e Pecypchl  XpaHeHHsI  HUCHOJIB3YIOT  NPUKIAAHOE  MPOTPAMMHOE
obecrieueHne, pean3yroliee YHUPUITUPOBAHHBIA HHTEPhENC yIIpaBiICHUS
U nepegayu AaHHbIX. OCHOBHOW XapaKTEPUCTUKOW PECYpCOB XpaHECHUS
JAHHBIX SIBIISIETCSI UX 00BEM;

o MHudopmannoHnbie pecypchbl W KaTIOTH SIBISIOTCS OCOOBIM BHIOM
pecypcoB XpaHeHusi JaHHbIX. OHM choyXaT g XpaHEHHUs U
NpEeAOCTaBICHUS METaJaHHbIX U WH(OpPMALMKM O APYTUX pecypcax Ipuj-

cucrembl. MHpoOpMaMoHHBIE pECypChl MO3BOJSIOT CTPYKTYPHUPOBAHHO



XpaHUTh OTPOMHBIN 00BeM HMHGPOPMAIUU O TEKYIIEM COCTOSHUU TPHI-
cucTeMbl ¥ 3(pPEKTUBHO BBIOJIHATH 337a4l IOUCKA PECYPCOB;

e CereBo  pecypc  SBISETCA  CBA3YIOIIMM  3BEHOM  MEXIY
pacnpeaeeHHbIMU pecypcamu TPUI-CUCTEMBL. OcHoBHOM
XapaKTEPUCTHKON CETEBOr0 pecypca SBISIETCS CKOPOCTh IEperadu
naHHbIX [18].

K OCHOBHBIM 00JIaCTIM TNPUMEHEHUS TPHUA-CUCTEM OTHOCAT HAyYHbIE
UCCIIEJIOBAHMSI,  a’POKOCMHUYECKass M aBTOMOOWJIbHAasT  MPOMBIIUIEHHOCTbD,
apXUTEKTypa, IEKTPOHUKA, SHEPreTruKa, (PMHAHCOBO-0aHKOBCKasi MHPPACTPYKTYpaA,
MeIUIMHA 1 OMOTEXHOJIOTHH, TIPOU3BOJICTBO, Meaua-pa3sicueHus [19].

GRID — nonynspHas B HacTosiliee BpeMsi TEXHOJIOTHs, Ha 0a3e MOJXOJ0B
GRID 06pUT0 CO31aHO MHOTO NPHIOKEHHH, OOJNBIIMHCTBO W3 HHUX HUMEIOT SAPKO
BBIPQXKCHHYI0O MaTEMAaTUYECKYH0 HAIPAaBJIEHHOCTb (HAalpUMeEp, pelieHHue OOoJIbLINX
BBIUMCIIUTEIBHBIX 33/a4 METOJOM pa3/ielieHuss MX Ha Malible 4acTh). YacTHbIM
cirydaeM Takux cucteM sBisiercs: Desktop-Grid — rpua-cucteMsl, B KOTOPBIX B POJIH
BBIUMCIIUTEIBHBIX Y3JI0B BBICTYNAIOT OOBIYHBIE IEPCOHAIBHBIE KOMITBIOTEPHI.

OgHuM ©3 [OpUMEpPOM SBISIETCA CBOOOJHO pacHpocTpaHsemas cucTema
Condor, opueHTHpoBaHHas Ha paboOTy C HE OTYYXKAAEMbIMHU (pa3AeisieMbIMHU C
BIaJeNblieM KommbioTepa) pecypcamu. Cucrema Condor obnagaeT mMexaHu3MaMu
OpraHu3alyy o4Yepenu padoT, MOIUTUKU IJIAHUPOBAHUS, HA3HAUEHUS MPUOPHUTETOB,
y4eTa MCIOJIb30BaHUS U YIPABIECHUS PECypCaMH, NOIJIEPKKU KOHTPOJIBHBIX TOYEK,
pectapra u murpanuu 3aganuid. B Condor pa3BuT BecbMa MOIIHBIN $I3bIK ONMHCAHMS
pecypcoB, MO3BOJSIONINI (HOPMATBEHO OMHCAaTh Kak TpeOOBaHMS K THUIAM U 00beMaM
PECYpCOB CO CTOPOHBI 3aJjaHus, TaK M OTpaHUYEHHs Ha JOCTYIl K pecypcam co
cToponsl Biazeinbiies [20].

Taxxe, cymecTByeT cucteMa MeTakoMIbioTuHra X-Com npegHa3HayeHa JUuis
OBICTPOrO0 pa3BepThIBAHUSA W TPOBENIEHUS paclpelieeHHbIX pacueToB. Cucrema
npeacTaBisier co00il MHCTpYMEHTapuid Ui afanTaldd U TMOJACPKKU BBITOJIHEHUS
IpOrpaMM B pacIlpeesIeHHbIX HEOJHOPOAHBIX cpelnax. B ocHOBe apXHUTEKTyphl X-

Com nexur KiIMeHT-cepBepHas cxema. COOTBETCTBEHHO €, NMpUKIaAHAs 3ajada



JOJKHA OBITh JIOTMYECKU pa3/ielieHa Ha JBE YacTU: CEPBEPHYI0 M KIMEHTCKYIO.
CepBepHasi 4acTb OTBEYaeT 3a pa3OMEHHE 3a/Jauyd Ha MHOXKECTBO HE3aBHUCHUMBIX
nopIui 1 00beuHeHHE pe3yibTaToB [21].

B oOmem Bume npu opraHu3anuu MOJO0OHBIX HH(PPACTPYKTYP MOKHO
BBIJICJIUTh YETHIPE MOJIX0JIa: MEPBbIi OCHOBAH Ha CO3JaHUM MPOEKTOB, K KOTOPHIM
NOJKJIIOYAIOTCS MCIHOJHUTEIbHBIE KOMIIBIOTEPHI; BTOPOM IMOJAXOJ COCTOUT B
npumeHeHun P2P-texnonoruit (Peer-to-Peer) m o0benuHeHWH WCIIONHUTEIBHBIX
KOMITBIOTEPOB B OJIHOPAHTOBBIE CETH; TPETHM MOJIX0]1 XapaKTEPU3YETCs] CUCTEMAMU C
[ECHTPAJIN30BAaHHBIM YTPABICHUEM; YETBEPTHIM MOAXOA TMPEACTaBICH YaCTHBIMU
pa3paboTKaMu KOPIOPATUBHBIX CHCTEM.

Tax, mnarpopma BOINC, npennaznadeHHass AJid MOJACPKKH MPOEKTOB, HE
MPEeIyCMOTPEHA JJIA 3alyCcKa MPWJIOKEHUH, T.K. I KaXJ0TO HOBOTO MPUIIOKCHUS
HEOOXO0IMMO CO3/1aBaTh CBOIO MPOIPaMMHO-AINIapaTHY0 HHGPAcTPYKTYypy [22].

OurGrid — otkpsiTasi, cBOOOHAS K OOBEAMHEHUIO, COBMECTHASI CETh, KOTOPOH
7abopaTopuu KEPTBYIOT CBOM HEAKTUBHBIC BBIYUCIUTEIBHBIE PECYpPChl B OOMEH Ha
JOCTYIl K HEAKTUBHBIM pecypcaM JApyrux JjgabopaTopuid, Korja HEo0XO0IuMo.
Hcrnonb3yeTcst OTHOPAHTOBasI TEXHOJIOTHSI, KOTOPasi TO3BOJISIET KaXI0W JabopaTopun
B3aMMO/ICHCTBOBATh ¢ cUcTeMoit [23].

XtremWeb npencraensier coboii mporpaMMHOe 00ECHEUEeHHE C OTKPBITHIM
KOJOM JUJIsl CO3JJaHMs TPUI-CHCTEM M3 MEPCOHAJIBHBIX KOMITbIOTEPOB. B Hacrosmiee
BpeMsl JayibHelIIee pa3BuTHe cucTeMbl Benercs moa umenemM XWHEP. Apxutektypa
XWHEP coctout W3 Tpex OCHOBHBIX THIOB KOMIIOHEHTOB: CEPBEpPHI, pabouue u
knueHTel. CepBepbl oOecreunBalOT (YHKIIMOHUPOBAHUE IIEHTPAIbHBIX CEPBHCOB
CUCTEMBbI, paldouMe YCTAHABIMBAIOTCA BIAJENbLAMA PECYpPCOB HA  CBOUX
KOMITBIOTEPAX JIJISl MPEJOCTABIICHUS JAaHHBIX PECYPCOB B paMKaX CHUCTeMbI. KIMeHTHI
YCTaHABJIMBAIOTCS TIOJIb30BATENIIMH PECYPCOB HA CBOUX KOMIIBIOTEpax IS
B3aMMOJICUCTBUS C CUCTEMOM M HMCIOJb30BaHMsS arperupoBaHHBIX €10 pecypcoB. B
CUCTEME peagn30BaHbl MEXaHU3MBI IIPaB JAOCTyNa KaK HA YPOBHE MOJb30BATENS, TaK

U TPYIII I0Jib30BaTeei [24].



CnaObIMM MECTaMH CHUCTEM, PEATU3YIOIIUX MOAXOJ C LIEHTPaIU30BaHHBIM
ynpasienueM (Hanpumep, X-Com), sIBIsIETCS IJIAaHUPOBaHUE, KOTOPOE HE TTO3BOJISIET
00ecreynTh BBIMIOJIHEHHE 3aJaHUsl B 3apaHee YKa3aHHBIM I0JIb30BaTElIEM CpOK.
HeobxonumocTh mpeaBapuTeIbHON HNOATOTOBKHM 3amaHusi B X-Com Takxke CyxkKaeT
00JlacTh MpUMEHEHUs 3ToM cuctembl. KpoMe Toro, B 3TUX pa3paboTKax, a Takke B
cuctemax CCOF u OurGrid, npencrasisrommx P2P-moaxoa, He HCMONb3yHOTCA
CTaBIIME (DAKTHUECKUMHU CTaHIApTaMU MPOTOKOJBI rpuaa. ITO MPUBOIUT K TOMY,
YTO TAKOIr'o pojia pa3pabOTKHU HE ABJISIOTCS MHTEPOIEpaOebHbIMU C APYTHUMH TPUJ-
cuctemamMu. To ke camoe MOXHO CKa3aTh MPAKTHUYECKH 000 BCEX KOPIOPATHBHBIX

PCUICHUAX.



2. UccaenoBanue u  MNpPOrpaMMHbIe JKCIEPUMEHTHI 1O  OIleHKe
ObICTpPOAEHCTBHSA B 3a/1a4e (a30B0oil KiIacTepu3anuu
Kak Obulo cka3aHO BbIlIe, HEOOXOAMMOCTh NapaJJIEIbHBIX BBIUMCICHUN
3aJlayl aHAJIKM3a TEMIIEPATYPHBIX JAHHBIX 00YCIaBIUBAETCS OIPOMHBIM KOJTHYECTBOM
naHHBIX. B gaHHOM paboTe OBUIM MpPOBENEHBI HCCIEIOBaHUS Ha JBYX Habopax
JAHHBIX: CpeJHeMecsyHas TeMieparypa 3a 56 jer Ha 8§18 craHuMAX (KOJIMYECTBO
WU3MEpPEHUN Ha OJHY CTaHIUIO cocTaBisier 660, obimiee YUCIO M3MEpEeHH OOJbIIe
MATUCOT THICAY, 00BEM JIAaHHBIX 2,5 MerabaiiTa) U cpeHecyTOYHas TeMreparypa 3a
55 ner Ha 818 cTaHIMAX (KOJIMYECTBO HM3MEPEHHI Ha OAHY CTAHIIMIO COCTAaBISET
6osee 19 Teicsy, oluiee ynuciao u3MepeHu 6osee 16 MUIUTMOHOB, 00BEM JTaHHBIX 77
MerabaiT). Jlyis mpoBeneHHS BBHICOKOTOYHBIX MEJIKOMACIITAOHBIX BBIYMCICHUM B
KIIMMAaTUYECKUX 3aJadax TpeOyIoTCs psAAbl METEOPOJIOTHUECKHX TapaMeTpoB C
WHTEPBAJIOM PETUCTPAIIMU CEKYHbI, @ B HEKOTOPBIX CIIy4asX U MUJUIMCEKYH]IbI, YTO
yYBEIIMYUBAET 00BEMbI 00pa0aTHIBAEMBIX JJAHHBIX HA HECKOJIBKO MOPSIKOB.
Jliis ananu3a 3 PEeKTUBHOCTH BHIYUCICHHUM ObLUT IPOBEACH Pl TPOTPAMMHBIX
AKCTIEPUMEHTOB Ha PA3JIMUHBIX BEIYMCIUTEIBHBIX MOITHOCTSX:
® OJIHOMOTOYHOE BBHIYHCIICHHE B cTaHAapTHOM peskume (desktop);
e MHOIOIOTOYHOE BBIYHCIICHHE B cTaHAapTHOM peskume (desktop);
e MHOTONOTOYHOE BhIUMCIIEHUE HA 0a3ze cynepkomibioTepa TIIY;
e MyJbTHAreHTHBIE  BBIYMCICHHMS  Ha  0a3e  pachnpeneeHHOU

BBIYMCJIMTCILHOM CUCTEMBEI.

2.1. QOononomounoe gvluucieHue 6 CHAHOAPHIHOM pPedcume.

Jis ~ mpoBemeHUs ~ OKCIEPUMEHTOB  HWCIOJB30BAINCH  CIICIYIONTUE
BBIYHCIIATEIBLHBIC MOIITHOCTH:

[Mepconanbubrii komnbroTep: [Ipomeccop Intel Core 15 3317U (4x2400 Mhz),
8 ruraGaiiT omepaTMBHOM MaMsITH. 32 OCHOBY BBIYMCIMTEIHLHOTO Ipoiiecca Oblia
B35Ta CXEMa WTEPATUBHOTO MapaUICIbHOTO aJrOpUTMa (OPMHUPOBAHUS CKPBITHIX
(GyHKIIMOHATHHO-IETEPMUHUPOBAHHBIX CTPYKTYp Ul KJIaCCH(PUKAMA W aHAIH3a

I‘CO(i)I/IBI/I‘ICCKI/IX JaHHBIX. HOI[pO6HOC OIIKMCAaHUC aAJITOPHUTMOB BBIUHUCJICHUN U HX



peanM3anus U3J10KE€HO B I1aBax 3 ¥ 4. OCOOEHHOCTBIO MPAKTHUUECKOW pean3aliu
QITOPAUTMA B HACTOAILLEM DSKCIEPUMEHTE SBIBUIOCH OTCYTCTBHE OJHOBPEMEHHO
BBINOJIHAIOIIMXCA (MapaJlIebHbIX ) YaCTEH.

Jlns mepBoro Habopa AaHHBIX OBLIM TOJYYEHBI CIEAYIOLIUE PEe3yJbTaThl
BBIYUCIICHUM: 27 CEKYH]I.

Jis BrOoporo Ha®opa NaHHBIX OBUIM MOJIyYEHBI CJIEAYIOIIHUE PE3YJbTAThI

BbluncieHui: 13 munyt 41 cexyHpa.

2.2. Mnozonomounoe gviuucieHue 6 CMAHOAPMHOM PedHcUMe

Jlnss  mpoBeneHHS ~— DKCHCPUMEHTOB  HCIOJIB30BAIMCH  CIICIYIOIINE
BBIUHCIIUTEILHBIC MOIITHOCTH:

[Mepconanbubiii kommeiotep: IIpomeccop Intel Core i5 3317U (2x2400 Mhz),
8 rwrabalT omepaTUBHON mMmaMmsITH. B gaHHOW KOH(HTrypamwu MepCOHATBHOTO
KOMITBIOTEpA texHonorust  Hyper-threading —

HCIIOJIB3YCTCA TCXHOJIOTH,

paspaboranHass kommanuel Intel, koTopas peanusyer HICH «OJIHOBPEMCHHOM

MYJIBTUIIOTOYHOCTH». B 3TOM ciiydyae ojuH (Quinueckuili mpoieccop (OTHO
(bU3UYECKOe AIPO) OMPEACIISICTCS ONIEPAITMOHHON CHCTEMOM KaK JiBa OTICIbHBIX
mporieccopa, TO €CTh, JBa JIOTHYECKUX sfapa. TakuMm 00pa3oMm, BBIUHUCIWUTEIbHAS
MOIITHOCTh B O3KCICPUMCHTE I TapaJUICAbHBIX BBIUYHMCICHHA O0O0CCIeYnBaIach
YETBIPbMS TTIOTOKAMH.

JIJIsT 9KCTIEPUMEHTOB C MHOTOIIOTOYHBIM BBIYHCIICHHEM aJTOPUTMAa OBLIN
UCIIOJIb30BaHbl pa3Hoe KonndecTBO MoTokoB: 4,40,400,818 motokos. [lomydenHsie

pe3yJIbTaThl MIPUBEICHBI B TabuIIe 1.

Ta6nuna 1. [TonydeHHbIe pe3ybTaThl MHOTOITOTOYHOT'O BHIYUCIICHUS

4 motoka 40 morokoB | 400 motokoB | 818 moToKOB
IIK Hab6op 18 cexynn | 16 cekyna 15 cexyHn 15 cexyHn
JAHHBIX 1
Hab6op 10 munyT 10 munyT 11 MunyT 11 munyT
JNaHHBIX 2 | 46 CeKyH] 8 CeKyH[I 9 cexyHn 16 cexyHn



https://ru.wikipedia.org/wiki/Intel
https://ru.wikipedia.org/wiki/Simultaneous_multithreading
https://ru.wikipedia.org/wiki/Simultaneous_multithreading
https://ru.wikipedia.org/wiki/%D0%AF%D0%B4%D1%80%D0%BE_%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D0%BE%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9E%D0%BF%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0

[To cpaBHEHHIO C OJHOTIOTOYHBIM BBIYHCICHHEM (PKCIIEPUMEHT 1) mpupoct
MPOU3BOJAUTEILHOCTH BBIYMCICHUA NMPU MHOTOMOTOYHOM BapHaHTE COCTaBWI 25-
30%.

TunoBas kapTuHa 3arpy>KEHHOCTH SIJIEP MPHU BBIJCICHUHA TOTOKOB OOJIBIIEM,
yem 40 mnpuBeneHa Ha pucyHke 1. DkcrnepuMeHT ObUT MPOBENEH Ha MalllUHE,
ocHanieHHor nporeccopom Intel Core 17-2600 (4*3.40 Ghz), wucnonb3yrommii
texHonoruro hyper-threading ¢ 4eTsipbMs TOTHYECKHUMH W YETHIPHMS (DU3HUSCKUMHU

AIpamH.
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XPOHONOMHA MCMOME30BaHUA HUIMHECKOIl NaMATA

MamaTe

Dusndeckas namats (MB) CucTema
Becero 7912 NeckpunTopos 29161

KswwposaHo 4162 MoTokos 1613
JHocTynHo 4234 Mpoveccos 78
CsofoaHo 112 Bpema paboTel 0:06:10:39

Beinenero (IE) 4/15

MamaTe anpa (ME)
Beirpyxaeran 518
Hesbirpyxaemas 108

Mpoueccos: 78 3arpyska LIIM: 100% Pusnyeckan namate: 46%
L

Pucynok 1. TunoBas kapTuHa 3arpy>K€HHOCTH SIEP

2.3. Mmnozonomounoe éviuucienue Ha 6aze cynepkomnsiomepa TIIY

K  coxanenuto, B  [aHHOM DJKCHEPUMEHTE U3  JICKIAPUPYEMBIX
BBIYUCIIUTCILHBIX BO3MOXKHOCTEH BbIuuciuTeNbHOrO y3na  Blade-cepsepa SBI-
7126T-T1E  (koMIuieKC  BBIYMCIUTENBHBIN  KimacTepHbli  «CKHU®D  No2y),
XapaKTePUCTUKHA KOTOPOTO MPUBEJCHBI HUXKE, B IOJTHOM O00bEME MPEIOCTaBICHBI HE
OBLIH.

Xapaktepuctuku « CKIAD No2y:

e KoanM4yecTBO BBIYMCIIUTENBHBIX Y3J10B: 39;

e Komuuectro mporeccopon: 78 (Nehalem 4C X5570 2.93G 8M 6.4G);



KonunuectBo Beiuncnutenbubix saep: 320 (2.9Ghz);
OO6mwuit 006em OII: 479T'B;

Cuctemnas cetb: Infiniband 4x, 39 mopTos,
Bcmomorarensnas cetb: Gigabit Etherhet, 39 moptos;

ITukoBas npousBoaUTeILHOCTD: 3.01 TOJIOIIC.

[TpuBeneHHbIN MPOTOKON PabOTHI (Tabnwuia 2) mokasai, 9To 3G(HEKTUBHOCTh

PC€ajIbHO BBIJACJICHHBIX MOHIHOCTGI‘/’I OoKa3ajiaCh COI/ISMﬁpI/IMOI\/'I C BBIYHCJINTCIIBHBIMU

MOITHOCTAMM IICPCOHATIBHOI'O KOMIIBIOTCPA B OKCIICPUMCHTC 1.

Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total

Tabnuua 2. [Ipotokoin padotel Ha «KCKUD-2»

phase calculation time: 21

correlation table calculation time: 15
groups allocation time: 0

typical calculation time: 6
correlation table calculation time: 16
groups allocation time: 0

typical calculation time: 7
correlation table calculation time: 15
groups allocation time: 0

typical calculation time: 7
correlation table calculation time: 16
groups allocation time: 0

typical calculation time: 7
correlation table calculation time: 17
groups allocation time: O

typical calculation time: 6
correlation table calculation time: 17
groups allocation time: O

typical calculation time: 7
correlation table calculation time: 19
groups allocation time: 0

typical calculation time: 7
correlation table calculation time: 16
groups allocation time: 0

typical calculation time: 7
correlation table calculation time: 16
groups allocation time: 0

typical calculation time: 7
correlation table calculation time: 16
groups allocation time: O

typical calculation time: 4



Total correlation table calculation time: 18
Total groups allocation time: 0

Total typical calculation time: 4

Total time: 283

Total loops: 11

2.4. Mpynvmuacenmusle  6bIMUC/ACHUA HA  0aze  pacnpeoeseHHOu
GbIUUCTIUMENbHOU CUCHIEMDL.

Jis  BbIUMCIEHWH ¢  TIOMOIIBI0  pa3pabOTaHHOW  TPUJ  CHUCTEMBI
UCIIOJIb30BAJIOCh 6 TIEPCOHANBHBIX KOMITbIOTEPOB ¢ mporeccopamu Intel Core 2 Duo
(2x3 Ghz) ¢ 2 rurabaiitamu onepatuBHON namMATH. OJIUH U3 KOMITBIOTEPOB BBICTYIIAJ
B KA4eCTBE KOMAHJHOTO LEHTPA, OCTaJbHbIE IISITh NPEAOCTABIUIM  CBOU
BBIYUCIIUTEIBHBIC MOIIIHOCTH ISl PACUETOB.

Bpewms pacuera ogHOM uTeparyu sl IepBOTo Habopa JaHHBIX cOCTaBUiO 17
MUHYT 31 CeKkyHJ, Ipu 3TOM BpeMs BBINOIHEHUS omepanuii ¢ ¢aitiamu (OTKpBITHE,
CUMTBIBAaHUE, 3alliCh, INepeAada) cocTaBuio 16 wmuHyT 19 cekyna. Bpewms
BBITIOJTHEHUSI PACUYE€TOB COCTABIISIET 72 CEKYHZbl, B KOTOPOE TAKXKE BXOJUT BpEMs
orneparuii ¢ gaisaMu Ha y3Jax.

Takoil pe3ynbTaT MOKAa3bIBAET, UTO JJIsl TAHHOTO THUIA 33724 BBIYMCIICHHS C
MOMOIIBIO TPUJT CUCTEMBI, TOCTPOCHHON Ha OOBIYHBIX MEPCOHATBHBIX KOMIBIOTEPAX,
HE TOJXOJMUT, TaK KaK BpeMsl MOATOTOBKH BBIYMCIECHUW 3HAYWUTEIIBHO MPEBBIIIACT
BpeMsl CaMHMX BBIYMCIEHHU. bonee momxonmsmien sBiseTcs 3ajaada, i KOTOpOU

HE00X0aUMO OOJIBIIIOE KOJIMYECTBO BEIYNCICHUI HAQ OOHUMHU U TEMU K€ JaHHBIMU.



3. OYHKIHOHAIbHAS CTPYKTYpa OCHOBHBIX CHCTEMHBIX "

BBIYUCJIUTEC/IbHBIX KOMIIOHEHTOB I'PU CUCTEMbI

3.1. Pacnpedenennasn eviuuciumenbHasn cpeoa

Kak Obul0 OTMEUEHO BBINIE, CYLIECTBYET OOJBIIOE  MHOXKECTBO
pacnpe/eIeHHbIX BBIYUCIUTENbHBIX CUCTEM, IJIABHBIM PA3JIMYUEM KOTOPBIX SBISETCS
KOHTPOJIb M YyIpaBJ€HHE Bcell cucreMol. Tak, CyIIECTBYIOT pa3HbIe BUJbI
LHEHTPAJIIM30BaHHBIX PAaCHpeleICHHbIX CHUCTEM (KJIACTEphl, KIMEHT-CEPBEPHBIE
CHCTEMBbI) U JICIICHTPAIU30BAHHBIX CUCTEM (TPUJI-CUCTEMBbI, 00JIaUHbIe BHIYUCICHHUS).
PacrnipenenieHHbIM JIeLIEHTPaIM30BaHHBIM CUCTEM MpHcylla 0oJjiee BBICOKAs CTENEHb
MoayiabHOCTH. OHM COAEpX AT MHOXKECTBO KOMIIOHEHTOB, KOTOpBIE TaKK€ MOTYT
ObITh pa3OUTHI HA YACTU. DTU KOMIIOHEHTHI SIBJISIOTCS aBTOHOMHBIMHU, B JIFOOOM
MOMEHT BPEMEHH OHU UMEIOT MOHBIN KOHTPOJIb Ha/l CBOUMH YaCTSIMHU.

Pa3paGoTanHass B HacTOSIIEH BBIMYCKHOW KBadU(UKAIIMOHHOW pabote
BBIUMCIIUTEIbHAS CpeJla TMPEACTaBIseT COOOW TOPU30HTAIBHO MAacIITaOupyeMbli
KJIACTEP pacHpeleNIeHHbIX B MPOCTPAHCTBE CEPBEPOB HCCIEAOBATENEH CO CBOMMU
BBIUMCIUTEIbHBIMU y3JaMH-areHTaMu 00pabOTKH.

Ha nepBoM starie, Ha ynpapisiiOIIEM KOMIBIOTEpE MHCTAIUIUPYETCS LIEHTP
ynpasieHus. VMEHHO Ha IEHTp YIpaBlIEHUS BO3JIOKEHA OpraHu3alus BceX
BBIYHCIUTEIBHBIX TMPOIECCOB B cpene. LleHTp ynpaBieHHus BBIYUCICHUSAMHU
KOOpJIMHUPYET  (YHKUHMOHAIbHYIO  0OpabOTKYy  JaHHBIX,  PYKOBOJICTBYSCH
UHCTPYKUUSAMU (110 TaHHBIM U BBIYUCIUTEIBHOMY (DYHKIHOHAIY), TOTYyYEHHBIMU OT
uccienoBarenei.

VY3510M BBIUMCIIEHHST B pa3pabaThiBa€MON CHCTEME Ha3bIBaeTCsl JH000M
MOJIb30BATEIbCKUI KOMIIBIOTEP C YCTAHOBJIEHHBIM KIMEHTCKUM IPUIIOKECHHUEM,
TOTOBBIM MPENOCTaBUTh CBOM BBIYMCIUTEIbHBIE PECYPChl IJisi 00paOOTKHU JTaHHBIX.
LlenTp ympaBieHHs B KaXIblii MOMEHT BPEMEHHM OCYIIECTBISET MOHUTOPUHT
JOCTYITHOCTH M 3aHATOCTH Kaxjaoro ysna. Ecnu B odepeam 3amaud ecthb 3ajaua,

HYy>XJaromascsi B 00padoTKe, LIEHTP Ha3HauyaeT CBOOOHOMY Y31y €€ BBINOJHEHHUE.



JUid aHanv3a JAaHHBIX CaMU JaHHbIE JIOJDKHBI XPAaHUTHCS WM BBIIABaThCS
OTJICJBHBIM Y3JIaM O 3alpocy, IpUYEeM Y3JIy HE HY>KHO MMETh MpeJICTaBlIieHne 000
BCeM OO0BbEME [aHHBIX, €My Heo0XoJuma TOJbKO Ta HWHMOpPMalLUs, KOTOPYIO
HeoOxomuMo oOpaborate. Bce maHHbIE B cHUCTEME XpaHATCA B XPaHWIHINE
METEO/IaHHbIX, B TOM UYHCIE€ U TPOMEKYTOUYHBIE PE3YJIbTaThl BBIYUCICHU,
NOJIyYEHHBIE OT KIMEHTCKUX MPUII0KEHHM, 3ayIIEHHBIX Ha BBIYMCIUTEIbHBIX y37aX.
3a pacnpeneneHue, cOOp M KOHEUYHBIM aHaau3 JaHHBIX OTBEYAET MOAYJb LIEHTPA
yIpaBJICHUs], KOTOPBIA pa30uBaeT oOlue AaHHbIE HA MOPLUUU, HEOOXOAUMBIE Y311y B
HY>KHBI{ MOMEHT BPEMEHH.

Ha3nauenue 3amauu Ui BBIIOJIHEHHS! TPOUCXOJUT MyTEM HAmpaBlIeHUsS Ha
CBOOOJHBIM y3€N MCHOJHAEMOro MPOrpaMMHOTO KoAa M HeoOXoaumoro OJoka
JTAHHBIX I BbluncieHuid. [locne ycrnemHoro BeIMOMHEHUS 3a7a4d y3€]1 OTIPABIISIET
pe3yabTaThl HEHTPY YIIPABJICHHUS.

3a ¢opMHpOBaHUE OYEpeaU 3aJady U KOHTPOJb €€ COOJIIOJECHHUS OTBEYAET
CHELMATIbHBI KOMIOHEHT MpOrpaMMHOro OOecredeHusl — OucreTdep 3aaad. Tak,
dbopMHpyeTCS CIHUCOK MOAJIEKAIIUX BBIMOIHEHUIO 3a/1a4, KOTOpPbIE MOTYT OBITh
BBIIIOJIHEHBI B JaHHBIA MOMEHT, a TaKXe OuYepeAb OXKHIAHMS, KyJa MOMENIArTCs
3aJ1a4M, KOTOPbIE HE MOTYT OBITh BBIMOJIHEHBI /10 ONPEIEICHHBIX ITAIOB.

Cxema B3aUMOJICHCTBUSI KOMIIOHEHTOB CHCTEMbI H300pakeHa Ha PUCYHKE 2.
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Pucynok 2. Cxema B3auMOAEHCTBHSI KOMIIOHEHTOB
B mponecce moAroToBKM 3aauM K BBIYMCICHUIO C TMTOMOIIBIO TPU-CUCTEMBI
MOJIb30BaTeNb (HOPMHUPYET KapTy 3amad B Buae rpacda, Ha KOTOPOW YKa3bIBAIOTCS
3a/1auyu U MX 3aBUCUMOCTH MEXIy coOoil. Tak, monp30BaTeb yKa3blBaeT CBS3H TEX
3a/1a4y, KOTOPhIM HEOOXOJIMMO JIOKAAThCS BBIMOJHEHUS TPEAbIIYIIEro 3Tana

BbIurcienuii (puc. 3b).

daitnoBbrIe TOTOKHU JJAaHHBIX
- F1-2, F1-3, F1-9;
i F2-4, F2-5, F2-6;
: F3-6, F3-7, F3-8;
F4-10;

F5-10;

F6-10;

s F7-11, F7-12;
:F8-11;

i F9-12, F-13;

10: F10-7; F10-14;
11: F11-14;

12: F12 -14;

13: F13-14.

CoONOUAWNE

A b

Pucynok 3. [Ipumep rpada BeruucaeHun



B npouecce ¢opmupoBaHus KapTel-rpada IOJIb30BaTEN0 HEOOXOIUMO
chopMHUpOBaTh JUISI  KaXIOro y3ia (PYHKIUMOHAJIBHBIA MOAYJIb BBIYMCICHUN
(MCTIOJIHSIEMBIN TIPOTPAaMMHBIM KOJI), KOTOPBIM JTOJKEH OBITh BBIMOJIHEH, a TaKXKe
HA0Op JAHHBIX, C KOTOPBIMH OYIyT TPOW3BOJUTHCS BBIUUCICHUSA. 3aMETHUM, YTO
KaKJasi BepiInHa KapTeli-Tpada GopMupyeT MMEHHBbIE (alIoBble MOTOKU JTaHHBIX,
HEO0OXO0AMMBIe TS paOOTHI TIOCIEAYIOIINX MOAYJIeH BhrarcieHui (puc. 3A).

3.2. Anzopumm Gopmuposanus CKPbImMbLX ¢dynkyuonanvno-
0eMmepMUHUPOBAHHBIX CIIPYKMYP 0114 KAACCUDUKaAUUU U aHAIU3A 2e0Pu3uiecKux
OAHHBIX.

B nactosiee Bpemsi, B CBSI3U € TI100aTbHBIMU U3MEHEHUS KIIMMAaTa, O0JIbIION
WHTEPEC BBI3bIBACT U3yUCHUE MHOTOMEPHBIX T€O(PU3NUECKUX JAHHBIX U BBISBICHUE B
HUX 3aKOHOMEpHOCTeW. I3MeHeHus NpUpPOJHO-KIMMATUYECKUX MPOIECCOB, Kak
MPaBUJIO, UMEIOT IUKIMYECKUN XapakTep M, CJIeI0BaTEIbHO, B MOJTHOW MEpe MOTYT
UCCJIEIOBAaTbCSl  METOJAMHM  CHEKTPaJIbHOIO  aHalIM3a  CHUTHalIoOB.  ba3oBoi
XapaKTEPUCTUKON KojebaTenpHOTO Tmporecca sBiugercs ¢aza. B oriauume ot
aMILTUTYAbl, XapaKTEPHU3YIOIIEeH BEIMUMHY U3MEHIEMOro mapamerpa, (paza orpaxaer
uH(OPMAITNIO O TIEPUOJUIHOCTH ITOTO M3MEHEHUs BO BpeMeHu. Ha ocHoBe (haswi
MOHO CTPOUTH HOBBIE€ OIIEHKH, OMPEAENSIONINE 3aKOHBI MOBEAEHUS HCCIIEYEMBIX
napaMeTpoB 3a ONpEICICHHbIE BPEMEHHBIC MHTEPBAJIbI, a4 TAKXKE MPUMEHSTh METOJIbI
W aJITOPUTMBI KJIaCTepHOTo aHau3a [25,26].

UccnenoBanne cpeTHEMECIYHBIX TEMIEPATyPHBIX PSIIOB, MOJYYEHHBIX 3a 55
ger Ha 333 METEeOCTaHLMAX, II0Ka3ajio, 4YTO W3MEHEHHUsS TaKuX JJaHHBIX 3a
uccienyeMblii mepuoa GopMuUpyroT KoJeOaTelbHbIH MPOIECC C KBAa3HIEPUOIOM B
OJIUH ToJI. {151 onrcanusi CE30HHBIX U3MEHEHUH MPEJICTABIISIIOT HHTEPEC OTKIOHEHUS
TEMIIEPATypbl OT T0J0BOro Mukiaa. OJHAKO HX HENPOTUBOPEUYUBOE BBIJCICHUE
3aTpyaHeHo [27]. UccneqoBaHus MOKa3aiu, YTO YACTOTHBIM CIIEKTP TEMIIEPATYPHOTO
KOJe0aTebHOTO TMpoliecca SBISETCA Y3KOMOJOCHBIM U JJIsi  OOJIBIIMHCTBA
METEOCTaHIIMiI HMEET OJIHy MOJYy, 4YTO TMO3BOJSET HCHOJb30BaTh YCIOBUS
NPUYUHHOCTH M BBecTH ¢a3zy konebOanus [28]. T'omoasi coctamistomas ¢hasbl

NpeACTaBIsIeT CcOo0O0M JMHEWHYI (YHKIWIO, KOoTopas yhaisuiack U3 (asbl Ha



uaTepBanie 55 net. OcrtaBmmecs Quykryanuu ¢daspl, mocie ynaaaeHus u3 (aswl
rOJIOBOM  COCTAaBJSIIOIIEH, TO3BOJISIIOT  HENPOTUBOPEYMBO  MCCIENOBAaTh  UX
COIJIaCOBAaHHOE TMOBEJACHUE WM CUHXPOHHOCTb, MPUMEHSS B BHJIE MEPbl 3TOU
XapakTepUCTHKU KodhumueHT koppessiuu no [Tupcony.

Jliis pacyeta ¢a3 Kaxa0ro TEMIEPaTypHOTo psija ObLI peaii30BaH alTOPUTM,
000011IeHHas cXeMa KOTOPOro MpeICcTaBlieHa Ha PUCYHKE 4.

Oran 1: beictpoe npeodpazoBanue Dypne. st mpeacraBienus nudpoBoro
pslla B BUJIE CYMMbI BRIOpAHHBIX KOCHHYCOMJIAJIBHBIX U CUHYCOUJABHBIX (DYHKITUN
(mepexol U3 BPEMEHHOI'O MPOCTPAHCTBA B YACTOTHOE) HCIONB3YETCS JUCKPETHOE

npeodbpazoBanue Oypre (B Haiiem cirydae bIID).

BeicTpoe
w» npeo6pa3oEaHme 4
Oypee
BbluncneHve OGpatHos
- npeoGpasoBaHue dunbTpaund
haskl psna Dypbe
Beluncnenue BbuuTaHue dasa
HEMPEPLIBHO = se—— TNIMHENHOIA —
YHKLMK thassl COCTaBNAOLLEN

Puc. 4. OGmas cxema anroputMma pacdera (ha3sl TEMIIEpaTypHOTO psifa

Ortan 2: Ounbtpanus. s momaBieHUs IIymMa HCHOJb3YEeTCS MeIuaHHasl
dbunprpanus. OqHOMEPHBIN MeUaHHBIA PUIBTP OCHOBAH HA BPUCTUYECKOM METOJIC
00pabOTKH W TMPEACTaBISET COOOM CKOIB3AIIee OKHO, OXBaThIBAIOIIEE HEYETHOE
YHCJIO DJIEMEHTOB.

Oran 3: OOparHoe mpeoOpazoBanmst Dypbe. s Bo3BpamieHus u3
JaCTOTHOTO MPOCTPAHCTBA BO BPEMEHHOE MPUMEHSIETCS 00paTHOE MpeoOpa3oBaHUE
Dypeoe.

Oran  4: Beluucnenne $assl  psjga. C mnomompo  (opmanuzma
aHAIMTUYECKOTO0 CUTHAJIA BBIYUCISETCS (asa psaa B BUAEC apryMeHTa OTHOIICHUSA
NEUCTBUTELHON YacTH K MHUMOHN dactu. [lomydennas ¢asza Ha maHHOM JTare
MPEICTaBIIeT COOOM TJIaBHBIC 3HAYCHUS (PYHKIMU acrtg B mpenenax TOAUYHOTO

nepuoa.



Otan 5: Beruucnenue HempepblBHOW (PyHKIMH (pa3el Ha BCEM HHTEpBaie
HaAOJTIOIEHUSL.

Ortan 6. Beluurtanue nuHeWHOW coctaBiswonied. M3 momydyeHHOM
HENpepbIBHON (YHKIMH (ha3bl BBIYUTACTCA JIMHEWHAs: COCTABISAIONIAs U MOJTy4aroTCs
¢dazoBbie (QIYKTYyallu TaHHOTO TEMIIEPaTypHOTO pPsia.

JUis TOro, 4troObl CrpynnUpPOBaTH CTAHIMM CO CXOKUM KIMMATOM OBbLI
pa3paboTaH alropuTM CpaBHEHHUS WX (Pa3 myTeM pacuera momnapHoro koddduimenta
KOppesiuU JUIs KaKI0M u3 (pa3, moJiydeHHbIX paHee, MOJYyYEeHUU TUIIOBBIX (a3 Ha
UX OCHOBE U KOHEYHOW IPYIIUPOBKU CTAaHIUHI 1O UX (ha3am.

Ha pucynke 5 npuBeneHa o000IIeHHAs cXeMa pacuera TUIIOBBIX (ha3.

Bxoaueie gannwe| PACHET TAbBNUUbI dopmMmupoBaHue
—- —-
Koppensaunm rpynn

A

‘ PacueT TnoBbIx
‘ tas, OT,

=
-

-

0T, - 0T <0 ————

Puc. 5. O6001menHas cxema pacuera TUTIOBBIX (a3
Oran 1: Beraucnennsie ¢has3pl A9 KOKI0H W3 TPYIIT MOJAAFOTCSA Ha BXO y3Ja
pacuera TaOiHMIla KOPPESAIMU, T/€ BBICUUTHIBACTCS TOMApHBIA KOA(DPUITHEHT
KOPPEJISIIHH.
Oran 2: IlonydenHass Ttabnuiia kKoppemsiiuu ¢a3 mnepegaeTcs B y3el
dbopmupoBaHus Tpyni. 31ech HOPMUPYIOTCS TPYIIIBI U3 TEX TEMITEPATyPHBIX PSIIOB,
KOTOpPBIE HMMEIOT C (OPMHUPYIOIIMM TPYNIy pPsaoM KO3 (PHIMEHTH KOPpesiuu

BBIIIIE 33/ITAHHOTO YPOBHSI.



Oran 3: Ha ocHOBe cpopMUpOBaHHBIX IPyNI B Yy3JI€ pacuera THUIOBBIX (a3
paccunThHIBAIOTCS TUIOBBIE (Da3bl TEKYLIEH UTEpaluu Kak cpeaHeapupMeTHuecKast
OLICHKA TIEPBOTO YPOBHSI.

OnucaHHbple NpOUEAYpPhl BKIOYAIUCh B UTEPATHBHBIN MPOLECC, B KOTOPOM
BXOJHBIMU JaHHBIMU OBLIM THUIIOBbIE (pa3bl MPEIbIAYIIErO YPOBHS, a BBIXOJHBIMU —
TUIIOBBIE (ha3bl CIEAYIOIIET0 YPOBHS A KaXJOro TEMIIEpAaTypHOro psaa, M,
COOTBETCTBEHHO, I KaXJ0W MereocTaHUuu. llpu 3ToM, rpynmnsl W3MEHSUIMCH B
COOTBETCTBMM C 3a/JIlaHHBIM IOPOTOBBIM KpUTEpPUEM, TJIABHBIM O0OOpa3oM 3a cuer
BKJIFOUECHHS 3JIEMEHTOB, HE BXOJMBIIMX B JIAHHYIO IPYIIy Ha MPEAbIAyIIEM IIare.
3aaBaeMblil OPOT OIpenessieT pa3Mep IpyHmbl U CBA3HOCTb HCXOJIHBIX (a3 ¢
TEKYILEH B IPOLIECCE UTEPALIUH.

Bce BpIunCIEHUS aNropuT™Ma JeasaTCs Ha JBE YacTH: OATOTOBUTEIbHAS YaCTh
— pacuer (a3bl TEeMIEpaTypHBIX PsIOB, OCHOBHAS 4YacTh — (pa30Bas IPyHNIHPOBKA.

PaccMOoTpuM BO3MOKHOCTD MapajlIEIbHOTO BEIYUCIEHUS 3TUX OJIOKOB.

B ciydyae moAroroBUTENbHON YacTH, TaKk Kak pacueT (a3bl MPOUCXOIUT
JUHENHO, TO €CTh CJEAYIOIMA 3Tan BBIMOJHAETCS Ha OCHOBE pE3yJIbTaTOB
npeasiaymero srana (puc. 4), mnapamieNbHOE BBIYMCICHUE BHYTPU aFOPUTMA
HEBO3MOKHO. OJIHAKO, UCXOJI1 U3 TOr0, YTO JOJHKHO 0OpaldaThIBaThCsi MHOXKECTBO
TEMIIEpaTypHbIX psAgoB (0T Tpexcor u Oosee) wLenecooOpa3HbIM  SIBIAETCS
napajijiesbHasi HOJAr0TOBKa Ka)XJA0ro psa.

Bce oranbl mapamienbHbIX BBIYMCICHMM OCHOBBIBAIOTCS Ha MOJAENHU

MapReduce, npeacTaBieHHONH Ha PUCYHKE 6.

Bnok
pacnpeneneHus
3agad

Bnok cbopa
OaHHbIX

Brok
napannensHoro
BblYUCNEHUA



Puc. 6. O60061menHas cxemMa napajuieIbHOTO pacdera

Takum o0pazom, OJOK pacmpenefieHus 3adad JIEKOMIIO3UPYET BXOJHbIE
JaHHBIE TIO JOCTYMHBIM MOIMHOCTAM JUIS TapajjieIbHOTO pacyera  (passl
TEMIIEPaTypHBIX psAAoB (mporueaypa Map), mocie 4ero mojaydeHHbIE pe3ysIbTaThl Ha
KOKJIOM y3J7ie coOuparoTcsi B OJOKe cOopa JaHHBIX M TOATOTABIMBAIOTCS JUIS
JalbHeHIero ananu3sa (mporeaypa Reduce).

Jliis mapannenbHOro pacdera (pa3oBOi TPYNIUPOBKH — TaK KaK ATOT MPOIECC
(puc 5.) UTepaTUBEH, TO Ha KaXJIO0W UTEpAIIMU UCIIOJIB3YIOTCS JaHHBIC, MOJTyUYCHHbBIC
Ha TPEIbIIyIIeM dTare, a 3TO 3HAYUT, YTO MapayjieIbHOE BBIMOJTHEHHE BCEH YacTu
HEBO3MOXHO.

Ha stamne ($a30Boii TpynmupoBKY MPEICTaBISIETCS BO3MOXHBIM MapaIeIbHOE
BBIYKCIICHUE BHYTpu anroputma. Ha Oiok-cxeme (ha30BOM TPYNIUPOBKHU OTAIlbI,
MOAXOMSIINE ISl pacTpeeICHHs] BbIJCIEHbI I[BETOM (pUC. 7), B KaXJOM TaKOM

OJ0Ke TMoJpa3yMeBaeTCs HCIOJIb30BAHUEM OOIIeH CXeMbl MapajuleIbHOTO pacueTa

(puc. 6).

BxopHuie gannpe  PACYET TaGnMU,H CDOpMVIpOBaHme
—_— —
Koppenauun rpynn

A

PacueT TnoBbIx

l das

_~Tlposepka kKoHUa
-~ anroputma

—— -

Puc. 7. PacnapannenuBanue 3tamna pacuera (pazoBoil rpynnupoBKU
Takum 00pa3oM, Ha KaKJI0M UTEpally pacdeT TaOIHIbl KOPPEISALUA MOXKET
OBITh pacrpeneneH MeXAy IAOCTYIHBIMU BBIYUCIUTENBHBIMH MOIIHOCTSAMH, 3aTEM,
nocie cOopa MoIy4eHHbIX JaHHBIX B €AMHYIO Ta0JIMIly, HA OCHOBE aHaJIM3a UTONOBOM

T36JII/IL[BI BO3MOKHO ITapaJlJICJIbHOC BBIYUCIICHUEC TUITOBBIX (1)213.



4. TexHosornyeckasi cxemMa peajJu3alldli H  Pa3BepPTbIBaHUA

MHOIOMAIIMHHOM CHCTEeMBbI 1JIs (Pa30BOi KJIacCTepU3alnu

4.1. Onucanue ancopumma  Kiacmepuzauuu  MemeopoaocuieckKux
CManyuil no graze memnepamypHo2o paoa

OCHOBHBIM  MCTOYHHUKOM  DHEPIHH, OOYCIaBIWBAIOIIMM  MPUPOJTHO-
KJIMMaTu4yeckue mpouecchl Ha 3emuie, siBisieTcss ConHile. DHEprusl MOCTynaeT B BUJIE
COJIHEYHOM paJualuy, HECYIIed CBET W TEIJIO B Pa3HbIX JMANa30HaX [JIMH BOJH.
[IpsiMmoe M paccestHHOE H3Iy4YEHUE IMOIJIOMAETCS MOBEPXHOCTBIO 3€MIM, KOTOpas
HarpeBaeTcsi, ¥ caMa CTAaHOBHUTCS UCTOYHUKOM Teruia. C ydyeToM reorpaduyeckoin
IIUPOTHI caMoe OO0JBIIOE KOJIMYECTBO TEIUIa MOJYYAarOT HMXKHHE CJIOM aTMOC(EpHI,
HEMOCPEJICTBEHHO MPWJIETAIONINE K 36MHOW MOBEPXHOCTH, OHU M HArpeBaroTCs 0
HamOoJiee BBICOKMX Temmeparyp. Takum oOpa3oM, 3eMHas paauanus OINpeaesiseT
TEMIEPATypHbI peXUM M COOTBETCTBYIOUIME €My IMPKYJISIUU B aTMmocdepe.
Temmepatypa siBiseTcs mepBUYHBIM (hakKTOpoM (OPMHUPOBAHUS TOTOJBI U KIMMAaTa
[29].

AHanu3 CTPYKTYpPBHI KJINMaTHYECKHUX oJen (pailoHMpOBaHHUE,
KJaccuuKanus v T.1.) HapaBJIeH Ha BBISIBIEHUE 3aKOHOMEPHOCTENH (POpMUPOBAHUS
pa3IMYHBIX TUIOB KJIWMaTa B TJIOOAdbHOM KiMMaTudeckoud cucreme. C apyrou
CTOPOHBI, OTPEJECICHHE TEPPUTOPUATBHBIX TPAHUI] THIOB KJIMMAaTa, Pa3jIudHbIX TI0
CBOMM CBOMCTBAaM, TO3BOJISIET OPraHU30BbIBATh HAKOIUIEHHBIE K HACTOSILEMY
BPEMEHU 3HAYMUTENbHbIE OOBEMBl KIMMATUYECKUX JAaHHBIX B HEOOJBIIOE YHCIIO
WH()OPMAITMOHHBIX  CTPYKTYp. IIpemiokeH OpUTHMHAIBHBIA METOJl BBIICICHUS
KJIIMMaTUYECKUX O0acTei, NO3BOJSIIONMN pemuTh 00€ 3a7ayu B JIHOOBIX
NPOCTPAHCTBEHHBIX U BPeMEHHBIX MaciiTadax [30].

CpeaHemecsiuHble U3MEHEHHMSI 3a HCCIEAyeMbld Tepuo], (QOpMHUPYIOT
KOJeOaTeNbHBI TMPOIecC C KBa3WMEPUOAOM B OJWH ToA. XapaKTEPHBIMU
NpU3HAKAMH, OINPEACISIONIMMU TOTOAY, SBISIOTCS TEMIIepaTypHble H3MEHEHHS,
OTKJIOHSIOIIMECS] OT roAoBOoro nukia. OAHaKO UX HENPOTUBOPEUYMBOE BbIACIICHUE

3atpyaneno [31].



YacTOTHBIN CIEKTP TEMIEPATypHOTO KOJeOaTeabHOro Mpolecca SBISETCS
Y3KOIMOJOCHBIM U i OOJIbIIMHCTBA METEOCTAaHUUA HMEET OAHY MOy, 4YTO
MO3BOJIMJIO HCIIONB30BaTh YCIOBUS NPUYMHHOCTH W BBECTH (azy KoiebaHwus,
NIPUMEHSIS TEOpHUs aHanuTHdeckoro curHaia [32, 33]. ['omoBas cocraBistonias (assl
NpeacTaBisgeT coOOM NuHEHHYI (QYHKIMIO, OHA ynaaisigach u3 (a3bl MeToJIoM
HaMMEHBIINX KBaJApaToB Ha mHTEpBaie 55 ner (puc. 8.). OcraBmuecs GaykTyanuu
(a3l MO3BOJISIOT HEMPOTUBOPEUUBO MCCIICIOBATH X COTIACOBAHHOE TIOBEICHHUE WU
CUHXPOHHOCTh, TNPHUMEHSS B BHUAC 3TOW Mepbl KOADDHUIIMEHT KOPPEIAIUU I10
[Inpcony.
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Pucynoxk 8. Jluneiinas daykryarus dasbl
4.1.1. 3aepy3ka 6x00HbIX OAHHBIX
BxoaHble qaHHBIC IPEACTABIAIOT COO0N TEKCTOBBIN (haiiy, Kak1as CTpOUKa
KOTOPOTO MPEACTABIISIET COO0M CpeAHEMECSUHbIE TEMITEPATYPhI ONPEACIIEHHOTO
MecsLa JUIsl JaHHOT'O KOJMYECTBA METEOPOIOTMYECKUX CTAHIIMM.
[IepBbIM 3TanoM ajaropuTma sBJISETCS 3arpy3Ka BXOJIHBIX CPEJHEMECIYHBIX
TeMIiepaTyp (Uccie10BaHus MPOBOIUIUCH Ha JaHHBIX 32 55 net 343 cranuuii).

HCXOHHBIﬁ KOJ MCTOAa 3arpy3K1 BXOAHBIX JAHHBIX:

public static ArraylList<ArrayList<Double>> ReadFromFile (File file) {
ArraylList<ArrayList<Double>> finalTemp = new ArrayList<ArrayList<Double>>();
try {
BufferedReader reader = new BufferedReader (new FileReader (file)) ;
String line;

List<String> lines = new ArrayList<String>();



int counter = 0;
while((line = reader.readLine()) != null) {
counter++;
String[] parts = line.split(" ");
lines.add (line) ;
}
boolean flag = false;
for (int i = 0; 1 < lines.size(); 1i++){
String[] parts = lines.get (i) .split("\t");
counter = 0;
for (int j = 0; j < parts.length; j++) {
if (!parts([j].equals("")) {
if (!flag) finalTemp.add (new ArrayList<Double>()) ;
finalTemp.get (counter) .add (Double.parseDouble (parts[j]l));

counter++;

}
flag = true;

counter=0;

} catch (FileNotFoundException ex) {

Logger.getlLogger (FileManager.class.getName () ) . log (Level.SEVERE, null, ex);
} catch (IOException ex) {

Logger.getlLogger (FileManager.class.getName ()) .log (Level.SEVERE, null, ex);

return finalTemp;

4.1.2. Boiyucnenue azvi memnepamypHozo paoa

B o6miem Buzge Om0K-cxema alropuTMa BhIYUCICHHS (as3bl MPEICTaBlIeHa Ha

pucyHke 9.




BeicTpoe
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Pucynok 9. O0mas cxema anropurma pacueta ¢Gpasbl TEMIEPATYPHOTO psijia

C BBIYUCIIUTEIIBHON  TOYKH 3peHus AHAJIUTUYECKUU CUTHAJI,
COOTBETCTBYIOIIMWA JaHHOW JnelcTBUTENbHOM ¢GyHKuMM T Tolydaercss IyTeM
OOHyJICHHsI OJHOW TOJNOBUMHBI ee Dypre-mpeodpa3oBaHus U MOCIEAYIONIETO
obpatHoro dypre-mpeodpazoBaHusl.

Ilocne 3arpy3ku BXOJHBIX JAaHHBIX TEMIIEPATYPHBIM psAN KaXIOW CTAHIMHU
npeoOpa3yeTcsi B CyMMY KOCHHYCOMJIAJbHBIX M CHHYCOUJAIBHBIX (QYHKIUN C

nomortikio Jluckpernoro [Ipeodpaszosanust ypwe (ATID) (1).

2T

X, =YV dx,e v " k=0..N—1(1)

JuckperHoe mnpeodpazoBanue Pypbe pealn30BaHO HAa OCHOBE alrOpPUTMA
beictporo IlpeoOpazoBanus @ypee (BIID). Anroputm BII® mno3Bonser
CYIIECTBEHHO YMEHBIIUTh BpeMs BbluucieHuss N-todeunoro HAIID nume npu
yCJIOBHH, 4TO 4yncio N uMeeT MHOro coMHOxuTeneld. OJHAKO CyIIECTBYIOT U APYTHe
s dexTuBHBIE anropuTmel pacuera 11D nocienoBarenbHOCTEH, Takke TpeOyIOIIne
BeimoTHeHus Topsimka NIogN omepanmii. K HuM oTHOCHTCST anroput™m birocteiina,
npuMeHsieMblii npu 00X N M OCHOBaHHBIM Ha UHMPPOBON (UIBTpAIUH,
9KBHUBaJICHTHOU BbruncicHuto 1D [34].

Hcxoanbii Ko METOAA, PEATU3YIOLIETO ArOpuTM birocreiHa:

public static void transformBluestein (double[] real, double[] imag) {
if (real.length != imag.length)
throw new IllegalArgumentException ("Mismatched lengths");
int n = real.length;
if (n >= 0x20000000)



throw new IllegalArgumentException ("Array too large");

int m = Integer.highestOneBit (n * + 1) << 1;

double[] cosTable = new double[n];

double[] sinTable = new double[n];

for (int 1 = 0; i < n; i++) {
int j = (int) ((long)i * i % (n * 2)); // This is more accurate than
j=1*1
cosTable[i] = Math.cos (Math.PI * j / n);
sinTable[i] = Math.sin(Math.PI * j / n);

double[] areal = new double[m];

double[] aimag = new double[m];

for (int i = 0; 1 < n; i++) {
areal[i] = real[i] * cosTable[i] + imag[i] * sinTable[i];
aimag[i] = -real[i] * sinTable[i] + imag[i] * cosTable[i];

}
double[] breal = new double[m];

double[] bimag = new double[m];

breal[0] = cosTable[0];

bimag[0] = sinTable[0];

for (int i = 1; i < n; i++) {
breal[i] = breal[m - i] = cosTable[i];
bimag[i] = bimag[m - i] = sinTable[i];

double[] creal = new double[m];
double[] cimag = new double[m];

convolve (areal, aimag, breal, bimag, creal, cimag);

for (int 1 = 0; i < n; i++) {
real[i] = <creal[i] * cosTable[i] + cimag[i] * sinTable([i];
imag[i] = -creal[i] * sinTable[i] + cimag[i] * cosTablel[i];

JUis  mopaBieHWs — IIyMa — UCIOJIB3YeTCsl ~ MeIWaHHas  (QuibTpanus.
OnHOMEpHBIN MeTMaHHBIM (GUIBTP OCHOBAH HA ABPUCTHUECKOM METOJIe 0OOPaOOTKU U
MPEICTABIIIET COOON CKOB3SIIEE OKHO, OXBATHIBAIOIIEE HEYETHOE YUCIIO AIIEMEHTOB.

Janee, 1nns BO3Bpall€HUsT W3 YAaCTOTHOIO NPOCTPAHCTBA BO BPEMEHHOE

npuMeHsTcs oopatHoe npeodpasoanue dypoe (2).

2mi

Xy =~ INZ3 Xee m T n = 0. N —1(2)



BBenenne aHamMTHYECKOrO CHTHala MO3BOJIAET, C MOMOIIBIO (Qopmann3mMa

AHAJIIMTUYCCKOI0 CuUTHalla, OIPCACIUTD (I)asy KaK apKTAHI'CHC OTHOIOCHHA €TI0

MHHUMOM dYactu K JedctButenbHOM. [lonmyuennas (a3a Ha JaHHOM 9Tare

MPEICTaBIsgeT cOO0OM TNaBHBIC 3HA4YeHHUS (PyHKIMU arcty B mpenensax TOAUIHOTO

nepuoaa (puc. 10).
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Pucynoxk 10. 'nmaBHbIe 3HaueHUs PyHKIMM arctg B npeaenaax roqu4HOro
Neproa Ui BXOJIHOTO TEMIIEpaTypHOTo psijia
Jia nanpHeHero pacuera BBIYUCISETCS HempepbiBHas (QyHKUMsS (a3bl Ha
BCEM MHTEpBajie HAONIOJCHUS, 3aT€M U3 HEe BBIYUTACTCS JTMHEHHAST COCTABIISIOIIAS
nocJie 4ero noiiyqarcst pazoBble (IyKTyalllud, MPEACTABICHHbIE HA PUCYHKE |

Wcxonublii koj BbluncieHus HenpepbiBHOW (ynkimu (PhaseLinking) wu

BBIYUTAHUS JIMHEHHON cocTaBistonieir (RemoveLinear):

public void PhaseLinking () {
double c = 0;
double d = phase[l]

double n = phase.length;

- phase[0];

for (int i = 1; i < n; i++){
double dd = d;
if (1 < n - 1) d = phase[it+l] - phase[i];

double cc = c;
= c - 2 * Math.PI;

if (dd > Math.PI) cc =

if (-dd > Math.PI) cc = ¢ + 2 * Math.PI;

phase[i] = (phase[i] + cc);

Cc = CC;



public void RemovelLinear () {

finals = new double[phase.length];

double k = (phase[phase.length - 1] - phase[0])/ (phase.length - 1);
for (int i = 1; i <= phase.length; i++) {
finals[i-1] = phase[i-1] - k*(i-1) - phase[0];

4.1.3. Aneopumm Kracmepuzayuu
Oo6mas 65ok-cxema pabOThl alIropuTMa KiacTepH3allMy IpejcTaBiIeHa Ha

pucynke 11.

Bxogweie nannwe PACHET TAbnuubl dopmupoBaHue
—_— —
Koppenaunn rpynn
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Pucynox 11. O6mias cxema paboThI aJirOpUTMa

JIIss  BBIIEJICHHUS TPYII CTAHIUH CO CXOXKHAM KJIMMaToM pealn30BaH
aJITOPUTM, OCHOBAHHBIN HA BBIJICJICHUH THIIOBBIX ()a3, COOTBETCTBYIOIIMX OCHOBHBIM
IpymaM ¢ MOMOIIbIO BEIUMCIICHHS TONAPHOMN TaOIHIIBI KOPPEIISAIINH.

Ha mepBom 3Tame anropuTMa BBIYHMCICHHBIC (a3bl MOJAI0TCS Ha BXOJ y3JIa
pacuera TaOJHIBI KOPPEJSAIMHM, TJC BBICUYMTHIBACTCS MMOMAPHBIA KOIPPHUIUCHT
KOppelnsuuu Ui BceX cTaHiuil. lcnomb3oBaiics KO3(POUIKUEHT KOPPEISIHH
[Tupcona (3).
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Hcxoanblid ko pacyera:

private double correlationCalc () {

double averagel = 0, averagez = 0;

int num = firstStantion.length;

for (int 1 = 0; 1 < num; 1i++){
averagel += firstStantion[i];
average2 += secondStantion[i];

}

averagel = averagel / num;

average2 = average2 / num;

double partl = 0;
double part2 = 0;
double part3 = 0;

for (int i = 0; i < num; i++) {
double difl = firstStantion[i] - averagel;
double dif2 = secondStantion[i] - average2;

partl += difl*dif2;

part2 += difl*difl;

part3 += dif2*dif2;
}
double part4 = Math.sqgrt (part2 * part3);
return partl / partéd;

[Tocne pacuera TabmuIbl KOppensun GOPMHUPYIOTCS TPYIIITHl METCOCTAHITUH,
da3pl TEeMIIepaTypHBIX PSJIOB KOTOPBIX HUMEIOT KO3(PQGUIIMCHTH KOPPEIAIUUA C
dazamMu ApyruxX METEOCTAHIMH BHINIE 3aJaHHOTO Topora . B kaxmoi rpyrmre
oTpesesiyiach cBos Tekymas (aza kak cpennee apupmernyeckoe a3z, MoMmaBIIMX B
rpymiy. s crpynmupoBaHHBIX CTAHIMN UCXOHBIC (ha30BbIe (PYHKITUU 3aMEHSIOTCS
Ha TEKYIIHE U MPOIIECC MOBTOPSIETCS UTEPATUBHO, TIPH STOM TPYMIHI U3MEHSIOTCS B
COOTBETCTBHHM C IIOPOTOBBIM KpHUTEpHEM [ 3a CUeT BKJIIOYCHHUS D3JIEMEHTOB, HE
BXOJIUBIIIMX B JAHHYIO TPYNIy Ha TpeapiaymieM mare. Kak pe3ynbrar cXoauMOoCTH
mpoliecca K HEMOJABMKHOM TOUKE COCTAaB TPYII CTAOWMIM3UPOBANICS, TEKyIIHe (asbl
MIEPECTAIOT MEHATHCS B CBSA3M ¢ (DOPMUPOBAHMEM MX THUIIOBBIX CBOHCTB.

Wcxomubrit ko1 (GopMuUpOBaHUS TUTIOBBIX TPYII U BEIYUCIICHUS THUTIOBBIX (a3

JIJISL CTAHIIHM:

Private void allocateGroups () {



groups = new ArrayList[corrTable.size() + 1];

for (int i = 0; i1 < groups.length; i++)

groups[i] = new ArraylList<Integer>();
int 1 = 0;
int j = 0;

try{
for (i = 0; i < groups.length; i++) {
for (j = 0; j < groups.length; J++) {
if (1 == j) groups[i].add(]j):
else({
if (3 > 1) {
if (corrTable.get (i) .get(j-i-1) >= g) groups[i].add(3j);
}
else({

if (corrTable.get (j).get(i-j-1) >= g) groups[i].add(]j);

}
}catch (Exception e) {
System.out.println (e.toString());
System.out.println(i + ™ " + j + " "™ + corrTable.size() + " " +
corrTable.get (i) .size());

}

private void calcTypical () {

for (int i = 0; i < phases.get(0).size(); i++) {
typical.add (phases.get (0) .get (1)) ;

}

for (int i = 1; i1 < members.size(); i++){
for (int j = 0; j < phases.get(i).size(); J++){

typical.set (i, typical.get(j) + phases.get(i).get(j)):

}
for (int i = 0; 1 < typical.size(); i++){

typical.set (i, typical.get (i) / members.size());




[Tocne QopmupoBanusi TUMOBBIX (a3 H3 CHOUCKA TPYIN YJAISIOTCS
HOBTOPSIIOIIMECS THUIIOBBIE, COCTOSIIIME M3 OJHUX M TEX K€ TPYII, IOCJIE Yero

PaCCUUTBIBACTCA Ta6nnua KOPPCIIINH NCXOJHBIX (1)3,3 C BBIYMCIICHHBIMH THUIIOBBIMU.

Hror paboTel airopuT™Ma MpeACTaBIeH Ha pucyHkax 12-13.

Pucynok 12. Pe3ynbTat paboThl anroputma

Pucynox 13. Pe3ynbrat paboThl anroputma.

4.2. Onucanue 2puo cucmemul

Jlnst  mpoBeleHWs — MapajUleAbHBIX — BBIYMCICHMH HAa  HE3aBHUCHUMBIX
BBIYHCIUTEIBHBIX y37aX ObUTa pa3paboTaHa BBIYUCIUTENBHAS Ccpefa, KoTopas
MPEICTaBIACT COO0 TOPU30HTAITLHO MACIITAOMPYEMBIN KJIacTep paclpeie/ieHHBIX B
MIPOCTPAHCTBE CEPBEPOB HCCJIEAOBATENICH CO CBOMMH BBIYMCIUTCIBLHBIMHU Y3JIAMH-
areHTamMu o0pabOTKH.

Pa3pabGoTtannas rpua cucreMa COCTOMT M3 JIByX OCHOBHBIX YacTeil: IEHTP

YIpaBJICHUAA, OTBEYAKOIIUM 3a OpraHu3alio BCEX BBLIYHUCIMUTCIBHBIX IIPOLECCOB B



cpeac, U KIIMCHTCKOC NPUIIOKCHUC, OTBCHAIOIICC 3a BBIMOJHCHUC 3a/1a4, ITIOJTYYCHHbBIX

OT LIEHTpA YIPaBICHUS.

4.2.1. [{lenmp ynpasnenus

[lenTp ymnpaBiieHUs TNPENCTaBIsAET COOOM COBOKYNMHOCTh TIpaduyecKoro
(oxoHHOTO) wHWHTEpdelica, ¢ IMOMOIIBI0 3JIEMEHTOB KOTOPOIO MOXKHO 3aIlyCTHUTh
cepBep, IPOCMATPHUBATh JOCTYIHBIE Y3JIbl BBIYUCICHUI, a TAKXKE 3aIyCTUTh 3a]1a4uy, U
KOHCOJIBHOT'O MHTep(deiica, ¢ MOMOIIbIO KOTOPOro MOKHO CKOH()UTypHUpOBATh 33/1a4uy
JUISL BBITIOJIHEHUSI B PACIIPEICIIEHHOM cpejie. B KOHCONMBHBIN BBIBOJ TAKXKE MTOCTYIIAKOT
BCE CEpPBHUCHBIE COOOIIEHUs O Tekyiled 3agade. ['papuueckuil unrepdeiic neHTpa
YIIPaBJICHHUs PEICTABIECH HA PUCYHKE 14,

[&] - O X

File

Start Dispatcher # Status Port Address 5

| Execute task |

Pucynok 14. I'paduueckuil unTepdeiic neHTpa yrnpapieHus TPUJl CUCTEMOM

4.2.1.1. Hauano pabomul

Jlnst Havajma paboOThI B TPHUJ CHUCTEME HEOOXOIUMO 3aIlyCTUTh MEHEIKEp
noakmroueHuit  (Connection Manager) ¢ momompio kHomku Start Dispatcher B
rpadgudeckom uHTEp(DEice MeHTpa ypaBICHNUS.

ITocne wnHawama cBoedi paboTe MEHEMKEp TMOJAKIIOYCHUNH ITOCTOSHHO
MPOCIIYIIUBACT MOPT, HA KOTOPBIN BBIYMCIMUTEIIBHBIC Y3JIbI MOCHLIAIOT CIYKEOHOE

coobmienne ¢ nHGopmanuet o Hadaue cpoeir padore (IP agpec u mopt). Ecnu takoe



COO6HIGHI/IC IMOCTYIINJIO, MCHCI’KCP 3aHOCUT HOI[KJ'IIO‘IGHHI)Iﬁ y3¢€JlI B CIIMCOK Y3JIOB,

KOTOPBIH 0TOOpaXkaeTcst B Tabumiie rpaduyueckoro uarepdeiica (puc. 15).

# Status Port Address ]
0 ok 25647 192.168.0.104

Pucynok 15. Criucok moaKII0YeHHBIX BRIYUCIUTEIbHBIX Y3JI0B
Jlns XxpaneHus: ”HGOPMAIIMU O TOAKITIOYEHHBIX y37aX MCIOIB3YETCS CIHCOK
ameMeHTOB kiacca Node, peanmusyrommii MeTOIbl OTIPAaBKH  CIEIHATbHBIX
COOOIIeHUI (MPOBEPKU COCTOSIHUS, Hayaia mnepenauyd ¢aiiga) M COCTOAIUX U3
CIIEAYIOIIMX XapaKTEPUCTHK: MPOCITYIIMBAIOLINI NOPT, MOPT QaitoBoro Tpancdepa,

IP-anpec u cratyc.

public class Node {
public int port;
public int transferPort;
public String address;

public String status;

[Tocme TOro, kKak B CHOUCKE TMOSBWICS NOAKIIOYEHHBIA Y3€71 MEHEIKED
HAYWHAET MOCTOSHHBIM MOHUTOPUHI CTaTyca y3ia. Ha cooOuieHHbIN y370M ajpec u
NOPT MOCBUTIAETCS COOOIIEHUE C 3alIPOCOM O CTaTyCe y3ja, €CIM OTBET HE MOJYyYEH —
y3€JI CUMATAECTCA OTKJIFOYEHHBIM U YAAISAETCA U3 CIIMCKA, €CJIIM OTBET IIOJYyYEH, TO
CTaTyC MEHSETCS Ha NOJIyYeHHbIM. BO3MOXHO /1Ba BapuaHTa CTaryca y3jla — «OK»
KOTJIa y3€J1 MOJKIIIOYEH W TOTOB IMOJIYYHThH 3a7ady Ha BBITIOJHEHHE, «bUSY» — y3ei
3aHAT BBIYMCIICHUEM 3aJa4U.

HCXOHHBIﬁ KO MOHHUTOPHHIA TOJAKIIFOUYCHHBIX Y3JIOB.

@Override
public void run () {
while (works) {
ArraylList<Integer> disconnected = new ArrayList<Integer> () ;
for (Node n : nodes) {

try (Socket socket = new Socket (InetAddress.getByName (n.address),n.port)) {



System.out.println ("Asking node number " + nodes.indexOf (n));
InputStream sin = socket.getInputStream() ;

DataInputStream in = new DatalnputStream(sin) ;

OutputStream sout = socket.getOutputStream() ;

DataOutputStream out = new DataOutputStream(sout) ;

out.writeUTF ("status") ;
out.flush();
String line = in.readUTF () ;
n.status = line;
refreshNodesTable () ;
}catch (Exception x) {
System.out.println ("Error while asking for node's status " + x);

disconnected.add (nodes.indexOf (n)) ;

for (int i1 = disconnected.size() - 1; 1 >= 0; 1i--){
int index = disconnected.get (i) ;
nodes.remove (index) ;
System.out.println ("Node #" + index + " disconnected");

refreshNodesTable () ;

try |
Thread.sleep ( );
} catch (InterruptedException ex) {
Logger.getLogger (ConnectionManager.class.getName ()) .log (Level.SEVERE,

null, ex);

4.2.1.2. Coz0anue ebiuuciumenbHol 3a0a4u

B mporecce moAroToBKM 3a/1aun K BHIYMCICHUIO C TIOMOIIBIO TPHI CUCTEMBI
MOJIb30BaTeNb (HOPMHUPYET KapTy 3ajad B BUAe rpada, Ha KOTOPOH YKa3bIBAIOTCS
3a/la4M U UX 3aBUCUMOCTH MEXIy coOoil. Tak, moip30BaTeNh yKa3bIBACT CBSI3H TEX
3aJ1a4, KOTOPBIM HEOOXOJIUMO JIOXKAAThCS BBIMOJHEHUS TMPEABIAYIIEro 3Tara
BbIUMCIICHHA. Bce 3amaum XpaHsATCs B BHUJAC CIHCKAa 3JIEMEHTOB Kiacca Task
COCTOSIIIUX M3 CICAYIOIINX XapaKTEPUCTUK: UMs java-daiiia [ BHIIOIHEHHS, UMS

r’itaBHOTO MCTOAA, THUII 3aa4l, UM KJIaCcCa 1 id-HOMep 3aJa4M.

public class Task {

public String javaFileName;



public
public
public
public

String startingMethodName;
String type;
String className;

int nodeNumber;

CYH_ICCTByCT TPU TUIIA BBIYUCIIMTCIIbHBIX 3a/a4:

e BrprunciurenbHas 3a1a4da — 3a/1a4a, KOTopas paCupeaessieTcs 11
BBIYMCJIEHUS 10 TOAKIFOUYEHHBIM Y3JIaM.

o ®dailnioBas 3aaua — 3aja4a, KOTopasi COOMpaAET MOJYyUYCHHBIC TaHHBIE OT
y3JI0B.

o ['nobGanbHas QaitnoBas 3aga4a —3a1a4a, KOTOpask MOATOTABIHBACT

BXOJHBIC JaHHLIC AJIA paCIIpCACIICHUA 110 IMMOAKIIOYCHHBIM Y3JIaM.

Jlns XpaneHus Bcero rpada 3aaad cozmaercs kiaace Matrix, kotopas XxpaHuT

MaTpumy CBSI3EH BCEX Y3J10B, a4 TAKXKC CIITMCOK BCCX 3a/1a4. I[aHHBIﬁ KJIaCC pCalin3ycCT

MCTOA MacTEpa CO3aHHA:

public TaskMatrix() {

System.out.println("Task matrix forming process...");

System.out.println ("Enter number of nodes:");

Scanner sc = new Scanner (System.in) ;

int dimension = sc.nextInt();

matrix = new int[dimension] [dimension];

tasks = new Task[dimension];

for (int 1 = 0; 1 < dimension; 1i++){

}

for (int j = 0; j < dimension; j++) {

matrix[i] [J] =

for (int i = 0; i < dimension; i++) {

\llcalc\ll ll) ;

System.out.println ("Forming node #" + (i+1));

System.out.println ("Enter type of node. If it's calculation node - enter

System.out.println("If it's data input forming node - enter \"data\"");
System.out.println ("If it's global data merging node - enter \"global\"");
String type = sc.next();
System.out.println ("Enter connections, when done enter \"!\"");
while (sc.hasNextInt ()) {

int temp = sc.nextInt();

matrix[i] [temp-1] = 1;



sc.next () ;

System.out.println ("Enter java file name");

String javaFile = sc.next();

System.out.println ("Enter class name") ;

String className = sc.next();

System.out.println ("Enter method name to execute");
String methodName = sc.next();

tasks[i] = new Task(javaFile, methodName, type, className, 1i);

}
System.out.println ("Forming done") ;

System.out.println ("Please put all java files to \"javaFiles\" folder");

BricTpauBas auanor ¢ mnosib3oBareieM, MporpaMMa MOJHOCThIO (popMupyeT
CIIMCOK 3a/lad W MATpHIly CBs3ed Mexay Humu. Takoke kimacc Matrix peamusyer
METO/JI, BO3BpAILAIOLIUI 3aJaul, KOTOpPbIE MOTYT OBITh BBIIOJHEHBl HA TEKYIIUN
MOMEHT, B IIpOLECCE BBIIOJHEHUSA 3aJa4yd B MATpULE IIOMEYAKTCS YyXKe
BBIIIOJIHEHHBIE Y3IIBL.

Bce ykazanHble java-¢aiiiabl A KaKIoTo y3ia JOJDKHBI ObITh TIOMEIICHBI B
nanky «javaFilesy, a BXoaHbIe JaHHBIC IJIs MEPBOW 3a7ayd MOMEHIAIOTCS B MAINKY

«locallnputy.

4.2.1.3. 3anyck ebinonnenus 3a0avu

[Tocne Toro, Kak cepBep 3amyiieH, chopMUPOBaHA BEIYUCITUTENbHAS 3a/1a4a U
MOATOTOBJICHBI Bce (HaiJIbl IS  BBIYMCICHHS IIOJB30BaTEIb MOXKET HAdaTh
BBITNOJTHEHHE 33/Ia4M ¢ TTOMOIIbI0 KHOMKHU «EXecute task» (puc. 7).

[Toce Hayama BBITIOJIHGHUS 3a/1a4 3aIyCcKaeTcss MeHe ke 3amaaun (Execute
Manager) KOTOpbIii HMTEPATHBHO IIOJIy4aeT CIHMCOK JOCTYIHBIX IS BBHIMOIHCHHS
3a/a4, IOCJIE Yero, B 3aBUCMMOCTH OT THIIA 3aa4H:

e ['noGanbHas ¢aiinoBas 3ajaya — 3ayCKAET HA BBIITOJIHEHUE CBS3AHHbBIN
C 3a1aucii java-gaiin J0KaIbHO, Ha3HAYas €H ManKy BXOHBIX JaHHBIX
— locallnput (mamka oOIIMX BXOJHBIX JAHHBIX), MANKOW BBIXOIHBIX
nanabeix — InputData (mamka BXOIHBIX JaHHBIX JIS BBIYHCIIMTEILHOM

3a7a4n).



BoluncnurensHas 3agadya — IMOJy4YaeT CHOUCOK (DailJloB B Mamnke
inputData, mocine vero Kaxiapii (aiiyi OTHpaBisieTcss CBOOOTHOMY IS
BBIYUCIICHUI y3Jy BMECTE CO CBS3aHHBIM java-(hailjioM ¥ Ha3Ha4YaeTcs
Ha BbinosiHeHue. [lapamiensHo co3gaetcs (aiaoBbI MOTOK, KOTOPBIN
O0XXKMJAET OTBETa OT Yy3JIa C BBIXOAHBIMU JIAHHBIMH, KOTOPBIE
noMemaoTcss B manky outputData B mommamke ¢ HOMEpOM y3iia
(BBIXO/IHBIE JAHHBIE, TOJIYYEHHBIE C Y3JI0B).

dailoBas 3ajlaya — 3ayCKaeT Ha BBINOJHEHHUE CBSI3aHHBIN C 3aJayei
java-aiin JIoKaNbHO, Ha3HA4Yas € TanKy BXOJHBIX JAaHHBIX —
outputData B moanmanke ¢ HOMEpPOM NpPEAbIAYLIEH BBIYUCIUTEIbHON
3ajaud, TMAanKoM BBIXOAHBIX maHHBIX — locallnput, mns 3amycka

JNaJbHENIIEH UTEPALMU PACIIPEACIICHUS 110 Y3J1aM.

Hcxomnsiil kog paboThl MEHEDKepa 3a/1au:

@QOverride

public void run () {

boolean taskDone = matrix.getTaskDone () ;

while (

'taskDone) {

ArrayList<Task> tasks = matrix.getTaskQue () ;

for (Task t:tasks) {

if (t.type.equals("calc")) {

File input = new File(System.getProperty ("user.dir") +

"\\inputData\\") ;

File[] files = input.listFiles();
for (File f:files) {
Node n = null;
while (n == null ) {
n = connectionManager.getFreeNode () ;
}
distributionManager.distributeFile (£, n, "input"):;

File jFile = new File (System.getProperty ("user.dir") +

"\\javaFiles\\" + t.javaFileName) ;

distributionManager.distributeFile (jFile, n, "javalnput");

ClassExecuteThread exThread = new ClassExecuteThread (n,

t.className, t.startingMethodName, t.nodeNumber, t.nodeNumber);

t.nodeNumber) ;

exThread.start () ;

//classExecute (n, t.className, t.startingMethodName,

n.status = "busy";

connectionManager.refreshNodesTable () ;



"\\javaFiles\\"

}

else if(t.type.equals("data")) {
File jFile = new File(System.getProperty ("user.dir") +

+ t.javaFileName) ;
String classPath = System.getProperty ("user.dir") + "\\javaFiles\\";
String inputPath = System.getProperty ("user.dir") + "\\outputDatal\\"

+ t.nodeNumber + "\\";

String outputPath = System.getProperty ("user.dir") +

"\\localInput\\";

LocalJavaExecution.executedJava (jFile, t.className,

t.startingMethodName, classPath, inputPath, outputPath) ;

"\\javaFiles\\"

}

else if(t.type.equals("global")) {
File jFile = new File (System.getProperty ("user.dir") +

+ t.javaFileName) ;
String classPath = System.getProperty("user.dir") + "\\javaFiles\\";
String inputPath = System.getProperty ("user.dir") + "\\localInput\\";
String outputPath = System.getProperty ("user.dir") + "\\inputData\\";

LocalJavaExecution.executeJava (jFile, t.className,

t.startingMethodName, classPath, inputPath, outputPath);

}

}

boolean turnDone = false;

while (! turnDone) {

"\\nodesData\\"

int counter = 0;
for (Task t:tasks) {
if (t.type.equals("calc")) {
File f = new File(System.getProperty ("user.dir") +
+ t.nodeNumber + "\\");

File input = new File (System.getProperty ("user.dir") +

"\\outputData\\") ;

}

for

}

int inFiles = input.listFiles () .length;

File files[] = f.listFiles();

if (files.length == inFiles) counter++;
}
else({

counter++;

}

if (counter == tasks.size()) turnDone = true;

(Task t:tasks) {

matrix.setTaskDone (t.nodeNumber) ;

taskDone = matrix.getTaskDone () ;




4.2.2. Knuenmckoe npunodicerue

Knuenrtckas 4acTh BBIOJIHEHA B BHUAC ITOJIHOCTBKO KOHCOJIBHOT'O ITPHUIIOKCHU .

Hukakoro ymnpaBiieHHsI CO CTOPOHBI IOJIb30BaTeNd HE MOJPa3yMEBAETCS, OH JIHIIb

npeaoCTaBIsICT CBOXU BBIYHUCIINTCIBHBIC PCCYPCHI CUCTCMC.

4.2.2.1. Hauano pabomeol

[locne 3amycka NpPUIIOKEHHSI MOJIb30BATENIO HeoOxoaumo BBectu |P-ampec
cepBepa LIEHTpa YIIPaBJICHUS,
HE0OX0AMMYI0 MH(OpMaIUIO Uil JanbHEHIe padoThl U HAYHET MpUEM KoMaH. 3a

OTIIPaBKy M IIPHEM BCeX COOOIICHUI OTBeYacT MeHekep coequnenus (Connection

Manager):

public void run () {

try{

ServerSocket server = new ServerSocket (0) ;
transferSocket = new ServerSocket (0);
System.out.println ("Node started");

port = server.getLocalPort();

address = InetAddress.getLocalHost () .getHostAddress () ;
sendInfo ( , "192.168.0.105");

status = "ok";

while (true) { getMessage (server); }

}catch (Exception x) {

}
Bce

System.out.println (x) ;

CO6I>ITI/I${, IMPOUCXOJAIINNC Ha KJIUEHTCKOM MalllKuHC, OTPAXaKTCA B

KOHCOJIM B BHJIC CUCTEMHBIX cooOIeHwmit (puc. 16).

Knuenrtckoe IMPUIIOKCHUC MOKCT ITIOJIYUHUTH OT CCPBCPA HCCKOJIBKO KOMAHI:

MainDispatcher (run) = MNodeApplication (run) =

S

Node started

Info successfully sended
Dispather just checked status
Dispather just checked status

Pucynok 16. KOHCOIB KIIMEHTCKOTO MPHUIIOKEHNUS

IMOCJIC HYCTO0 IIPHUJIIOKCHHUC HAIIPpAaBUT CMY BCC



e Status — mpoBepka craryca y3ja, KIMEHT MOXET OTBETHTh «OK» B Cllydae ecliu
OH CBOOOJICH ISl BBIMIOJIHEHHS 3a7a4u, «DUSY» €Clii OH 3aHST BBINOJHCHUEM
3agaud. Eciau KIMEHT He OTBeYaeT Ha 3ampoc CTaTyca, CepBep CUUTAeT
KJIMCHTA YTEPSHHBIM.

e fileSending — crapr ornpaBku (aiima. KomaHmy cepBep CONpPOBOXKIACT
uHpopManuei o Ture ¢aiina u ero Ha3BaHHH.

o classExecute — crapr BeimonHeHus 3amaun. ConpoBoxkaaercs WHpopMarueit
00 MMeHHM Kiacca U HEoOXOIMMOIo METO/a, a TaKKe MOpPT, Ha KOTOPBIU

HEO0OXO0IMMO HAIPaBUTh MOJIYYEHHBIN PE3yibTaT.

4.2.2.1. Bvinonnenue 3a0auu
Kaxxnas HampaBieHHas y3.1y 3a/ladya COCTOUT U3 CIAEAYIOIINX ITAMOB:

1. Tlpuem BXOAHBIX HAHHBIX — KIHUEHTY HaIPaBISETCS KOMaHAA /I MpUeMa
JAaHHBIX C YyKa3aHWEM THIAa JaHHBIX KaK «BXOJHBIC JIAHHBIC» W
COOTBETCTBYIOIIMM Ha3BaHueM (aiina. @ailn nomemniaeTcs B ManKy
«inputDatay.

2. Tlpuem java-daiina — KIMCHTY HAIPABIIACTCS KOMaHa Ui preMa java-gaiiia
C yKa3aHWEM THIIa JaHHBIX Kak «java-gainy u Ha3zBaHueM Qaitna. Daiin
HoMeIaeTcs B mamnky «javalnputy.

3. BeimonHeHWMe — KIMEHTY HampaBisSeTcs KOMaHAA JUIsl  BBITOJTHCHUS
HaAIpaBJICHHOM 3a/lauyd C YKa3aHMeM Kiacca Jyis 3amycka U HeoOXOAMMOro
MeToja. Bee BBIXOIHBIC JaHHBIC TTOMEIIAI0TCS B Manky «javaOutputy.

4. Bce (aiinbl, xpaHsmuecs B manke «javaOutput» mepemarorcs Ha yKa3aHHBIN
CEpBEPOM TIOPT.

5. Bce cnyxeOHbIE TUPEKTOPUM OUUIIIAIOTCS.

KoHConbHBI  BBIBOJ BCEro MPOLECCA BBINOJHEHHUS OJHOM  3aJa4u

NpEe/ICTaBIIeH Ha pUCYHKe 17.



MainDispatcher (run) =  ModeApplication (run) =

File "104_txt" transfering started (type: input)
Eot packet

Total packets: 1. File transfered

File "PhaseCalculation.jawva"™ transfering started (type: javalnput)
Eot packet

Eot packet

Zot packet

Total packets: 3. File transfered
Dispather just checked statuﬂ

Classfile to execute: PhaseCalculation
Method to run: phaseCalc

Task number: 1

Transfer port: 38850

Java compiled

Class executed

Returned walue: null

Info about cutputfile successfully sended
Sending output f£ile to server: 104._txt
Packet sent

Packet sent

Packet sent

Packet sent

4 packets total sent

Pucynok 17. BeimonHenue o1HOM 3aa4u
OrnrcaHHbIe BBINIE 3TANbl Pa3BEPTHIBAHUS MPOTrPAMMHON CPEIbI I PELICHUS
3a1a4d Pa3oBOM KJIaCTEpU3AIMU TEMIIEPATYPHBIX psiioB 1o 343 craHuusM 3a 56 et
HaOII0/IeHNs] ObUTA MCIOJIb30BaHbI MPU MPOBEICHUU MPOTPAMMHBIX SKCIIEPUMEHTOB

OLOCHKH 6BICTpO)I€I>iCTBPI$I BBIqHCHCHHﬁ, OINMMCAHHBIX B TJIaBe 2.



5. PUHAHCOBBIN MEHEIKMEHT, pecypco3¢pPeKTHBHOCTH 7|
pecypcocoepexkenme

JlanHast paboTa mMOCBsIIEHA pa3pabOTKe U MCCIEAOBAHUIO HUTEPATUBHOTO
napajjieibHOr0  ajroput™Ma  (opMUpOBaHUS  CKPBHITHIX  (YHKIIMOHAIHHO-
NETEPMUHUPOBAHHBIX CTPYKTYp ISl KiacCUpUKAIMM M aHalu3a reou3ndecKux
JTAHHBIX, 4 TAK)KE MMOCTPOCHUIO TUP/I-CUCTEMBbI JIJIsl BBITIOJHEHUS JAHHOTO aJirOPUTMA.
Kak u 11000i1 mpoekT, BHE 3aBUCUMOCTH OT TOTO KaKOW XapakTep OH HECET, HayYHBIN
WIM TpPaKTHYEeCKuH, paboTa MMEET HSKOHOMHUYECKYIO COCTAaBJISIONIYIO, KOTOPYIO
HEOOXOJMMO OIEHUTh C IEJbI0 MPEJOCTABICHUSI TOJHOW KapTHUHBI 3HAYUMOCTH
OCYIIECTBJICHHOU pabOTHI U €€ BKJIa/a B 3aJJaHHYIO0 IPEIMETHYIO 00JIacTh.

Lenpro faHHOTO pa3zena SIBIsSIeTCs OLIEHKAa U aHAJIU3 SKOHOMHYECKHUX aCleKTOB
naHHOW paboThl. OCHOBHBIMH KPUTEPHUSMHU IS OLICHKU CIyXaT 3(P(HEeKTHBHOCTH
MIPOEKTA, 3aTPATHI HA €r0 BBHIMOJHEHUE, a TAKKE MEPCIIEKTUBBI €r0 BHEAPEHUSL.

JIns MOCTHXKEHUS TOCTaBJICHHOW 1ENW HEOOXOIWMO PEIIUTh CIEAYIOIINe
3a/1a4uu:

e OpraHu3aIys ¥ TUIAHKPOBaHWE PabOT HaJ MPOCKTOM;
® pacyeT OCHOBHBIX 3aTpaT U PacXOJ0B HA MPOECKT;
® OIICHKA SKOHOMUYECKOH 2P (HEKTUBHOCTH MPOEKTA.

5.1. Opzanuzauusa u naanupoeanue padomot

OnHOll W3 COCTaBISIONIMX YCHEIIHOW pealiM3allud  MPOEKTa  CIYKHUT
pallMOHAJILHOE TUTAHUPOBAHUE 3aHSITOCTH KaXKJOTO0 W3 €ro y4aCTHUKOB, a TaKkKe
OMpeIeJICHUE CPOKOB BHITIOJTHEHUS OMPEACICHHBIX 3TANoOB pabOThl Haja MPOEKTOM. B
JAHHOM pa3JieJie MPUBOJUTCS TEpEeUeHb ATAroB PadOThI, UCIIOTHUTENCH, a TaKXKe
OLICHUBAETCSl CTENEHb yYaCTHUSl KaXXJIOTO U3 YYaCTHUKOB B TOM HWJIM MHOM 3Tare.
JlaHHBIE TIO TIEPEUHIO PAabOT M MPOJOIKUTEIHHOCTHA PadOT MPEACTABICHBI B TAOIHIIC
3 Uucino HCHOJHUTENICH JaHHOTO TIPOEKTa PAaBHO JBYM — HEMOCPEICTBEHHBIM

VCIIOJIHUTENb U HAYYHBIN PYKOBOJMTEb.

Tabnuma 3 — [lepeuens paboT U MPOJOHKUTETHLHOCTD UX BBHITIOTHEHUS

Jtanbl padoThl ‘ Hcnoa ‘ 3arpyska




\ HUTEJIH \ HUCIIOJIHUTEJIeH
NOCMAHOBKA 340a4u
1. TlocranoBka 1enei u 3a7a4, MOJy4eHUE HP HP - 100 %
MCXOJHBIX JTAHHBIX
aHanu3
2. BrwiaBnenwnii TpeboBanuii k mporpammuomy | HP, 1 | HP — 100 %, 11 — 30%
IPOJYKTY
3. TloxGop u 0630p nmuTEpaTyphl, 0030p HP, 1 | HP-30%, 1 —100%
CYHIECTBYIOIINX PEIICHUN
4. Pa3paboTka KaJeHJapHOro IiaHa HP, 1 | HP —100%, 1 —-10 %
npoeKmuposanue
5. Pa3paboTka MOJIeT CHCTEMBI HP, 1 | HP - 80 % , 1 —100%
6. Pa3paboTka anropuTma peanusaiuu HP, 1 | HP —70 %, 1 — 100%
peanuzayus
/. Pa3paboTka IpWIOKEHUS | | 1 —100%
mecmuposanue
8. TectupoBanue HP, 1 | HP - 10%, 1 —100%
9. Ananu3s pe3yJbTaToB N N —100%
OOKYMEHMUPOBaHue
10. OdopmiteHHE TOSCHUTEIHLHON 3aITUCKH 41 N —100%
11. IToxBeneHue UTOroB HP, 1 | HP -50%, 11— 100%

5.1.1 Ilpooonxcumenvrocms 3manog pabom

B nanHoM paszgene OCyHIECTBISIETCS pacdeT MHpPOJOJIKUTENBHOCTH pabdoT ¢
WCIIOJIb30BAHUEM  OIBITHO-CTATUCTHYECKOTO MeToda. JlanHbil meron wumeer 2
crocoba peajd3alliy - aHAJOTOBBIM M AKcHepTHBIM. Tak Kak aHAIOTOBBIM CrOCO0
MOJAPA3yMEBAECT HAJIMYKME HEKOTOPOTrO HJACHTUYHOW  BBIMIOJIHAEMONW  HAy4HO-
MCCJIeIOBATENHCKOM pabOThl (IO BCEM 3HAYMTEIBHBIM TapamMeTpaMm) MpoeKTa, TO, B
YCIOBUSIX OTCYTCTBHSI TOCJEIHETO, MPHUHITO PEIICHUE MPUMEHSITh SKCIEPTHBIN
croco6. Pacuer mpomomKUTENBbHOCTH 3TarnmoB paboT mpuBeneH B tabmune 4. Jlns
MOCTPOEHUS TAOJIUIIBI UCTIONB3YIOTCS CIIEYIONTUE TTapaMeTPhI:

o Oorcudaemvie (6eposmuvle) 3naueHuss npodoadxcumenviocmu pabom (1,,.):

_ 3tmint2tmax

o = — 5 rue
tinin — MUHUMAJIbHASI IPOJOJDKUTEIBHOCTD pa6OTBI, JHU,
timax — MAaKCUMaJIbHAS IPOJOJKUTEIIEHOCTD pa60TI>1, IHU,

L4 HDOaOﬂDfCMmeﬂbHOCWlb BbINOJIHEHUSL KAAHCO020 YMAana 6 pa60qux OHsX (Tpl!




to

Tpy = K”‘ Ky, roe
BH

tosx — MPOAOIKUTEIIBHOCTh PAaOOTHI, THU;
Ky — KoaddunmenT BoimodHeHUS pabOT C y4eTOM BHEUIHHX (PaKTOPOB,
BIUSIONIMX  HAa  COONIOZGHHE  MPEABAPUTENBHO  OMNpElETICHHBIX
JUTATEIBHOCTEH paboThI (B JaHHOM cltydae ucnoibzyercs Ky, = 1);
Ky — xoohduuuent, y4nTHIBAIOIMA JONOJIHMTENLHOE BpEMsA Ha
KOMIICHCAIIUIO HETMPEABUICHHBIX 3aJep>)KeK W  CcorjlacoBaHWe paboT
(mpuHUMaeT 3HadyeHus B uHTepBaie [1; 1,2], ans pacyeToB UCHONB3yETCS
BeIMYMHA 1,2 ¢ 11ebI0 MAaKCUMAJIbHO Y4€CTh HETPEABUICHHBIE BPEMEHHBIC
3aTpaThl).

o [IpodonicumenvHocmsy ebinonnenus smana 6 kanenoapruix Ouax (T ).
TK[[ = TP,Z[ : TK? rac

Tk — xodpdunMeHT KaJeHJApHOCTH, CIYXUT s Tepexoja oT
JUTUTEILHOCTH paboT B pabOUUX JHAX K UX aHAJOraM B KaJCHAAPHBIX JTHSX.

JlanHbIi KO3(PGUIMEHT UMeeT CaeAyoITyo GopMyy:

Txan
TK = ———]——————,Irac
Txan—Tea—Tng

Tyan — Kanenaapueie AU (365 nHEN)
Ty — BBIXOIHBIC THU (52 i 104 nHs, 1151 MIECTUAHEBHOM U MISITUHEBHOM
paboueil Hee COOTBETCTBEHHO)
Tq J1 — TIPa3IHAYHBIC JTHU (10 nuein)
Takum oOpaszom, IJis MIECTUIHEBHON pabouel Heenr MoTydaeM CJICTyOIIHA

KO3 (PUIIMEHT KaleHIAPHOCTH:

365
Ty = ——= 1,205
365—52—10
Ta6muia 4 — Tpyno3atparsl Ha BBIIOJIHEHUE TTPOEKTA
TpyaoeMkocTb padoT 1o
HUcno | IIpoposxurenbH pyaA P
HUCIIOJTHUTEISIM YeJl.-TH.
Jdran JIHUTE | OCTh padoT, THU T T
PJI K11
JIH
tmin tmaX tO)I( HP H HP I/I
1 2 3 4 5 6 7 8 9
IToctanoBka 1iesen u HP 2 4 2,8 3,36 - 4,05 -




3aj]1a4, MOJy4YeHue
WCXOJIHBIX JTAHHBIX

BrisiBnenun
TpeOOBaHUM K
IPOrpaMMHOMY

MPOAYKTY

HP, U | 2 3 2,4 2,88 0,86 3,47 1,04

[Ton6op 1 0630p
JuTEpaTyphl, 0030p
CYLIECTBYIOIINX
pELICHUI

HP, 11| 8 12 9,6 3,46 11,52 | 4,17 | 13,88

Pa3zpaboTtka

HP, 1| 2 4 2,8 3,36 0,34 4,05 | 041
KQJICHIAPHOI'0 IUIaHA

Paspaborka Monemn | o il 15 | 18 | 144 | 1382 | 1728 | 1665 | 2082

CHCTEMBI
Pa3zpaboTtka

allropuT™Ma HP, 1 | 18 22 196 | 16,46 | 2352 | 19,83 | 28,34
peanuzaiuu

Paspaborka M | 125|150 | 135 | - 162 - | 19521
MIPUITOKEHUS

TectupoBaHue HP, 1| 4 6 4,8 0,58 5,76 0,7 6,94
AHaJIN3 pe3ynbTaTOB n 4 6 4,8 - 5,76 - 6,94
Odopmnenue

MOSICHUTEIbHOU 41 4 6 4,8 - 5,76 - 6,94
3aITUCKU

ITonsenenue utoro | HP, M1 | 2 4 2,8 1,68 3,36 2,02 4,05
Hroro 203,8 | 45,6 | 236,16 | 54,97 | 282,57

Ha pucynke 18 mpexncraBieH nuHEWHBIH TpaduK OCYIISCTBICHUS MPOEKTa IS

HUCITIOJIHUTCIIA.



JINHEeNHbIN rpaduK oCcyLLLECTBNAEHNA NPOEKTA
14.08.2015  23.09.2015 02.11.2015 12.12.2015 21.01.2016 01.03.2016 10.04.2016 20.05.2016

dtan 1
d1an 2 |

Stan 3 -

dtan 4 ‘

dtan 5 -

Stan 6 -

Stan 8 l

Stan 9 l
Stan 10 l

dtan 11 I

Papl mPap2

Pucynoxk 18. JIuneiinblil rpaguk ocyiiecTBICHUS IPOEKTA s UCTIOTHUTENS

5.1.2. Pacuem nHaxonnenusi 20mosHoCmu npoexma
B manHOM pasznene mpoM3BOIUTCS OIEHKA TEKYIIMX COCTOSHHH paOOThI Hal
pOeKTOM. BennunHa HaKOIUIEHHWS TOTOBHOCTH PadOTHI IMOKA3bIBAE€T, HA CKOJBKO
IPOIEHTOB 10 OKOHYAHWH TeKyIero (i-ro) Tara BBITOJHEH 00Imui 00beM padoT 1o
MPOEKTYy B 1esioM. Hapacranue TeXHWYeCKOW rOTOBHOCTH PabOThI M YIEIbHBIN BEC
Ka)KJIOTO 3Tara MpeACcTaBICHBI B Ta0IHIIC 5.

I[JIH OonpcACICHUA CTCIICHU TOTOBHOCTU IIPOCKTA HCIIOJB3YCTCA CIICAYIOIIas

dbopmymna:

CT: = TPy ¥ho1TPr _ Zk=1Xj21 TPkm
i =

— = rac
TPosw,  TPosw.  Yke1 ey TPkm '

TPy6y, — 0OLIast TPYyIOEMKOCTh NPOEKTA,

TP;(TP;) — tpymoeMkocTs i-ro (K-ro) srama mpoekra;

TP — makomnenHas Tpym0eMKOCTb i-To Tama IPOeKTa Mo €ro 3aBeplICHNHN

TP;j (TP4) — TpyoOeMKOCTb pa0OT, BBINOJHSAEMBIX j-M YYAaCTHHKOM Ha i-M
JTare, 31ech | = 1,m — MHACKC MCIONHHUTENS (B JAHHOM ciaydae m = 2, TaK KakK B
IpOoeKTe 2 WUCIOJIHUTENS). Pacuer NaHHOW BEIMYMHBI IPOU3BOAUTCS HA OCHOBAHUU

CcTONIOIOB 6 U 7.



Tabmuna 5 — HapacTanue TeXHHYECKOW TOTOBHOCTH pabOTHI M YAETBHBIN BEC KaXIOTO dTara

Ne dran TP, ) Ccr is
n/n % %
1 [TocranoBka 1ienei u 3aaa4, MOJYYCHUE UCXOTHBIX 1,19 1,19
JAHHBIX
2 | BeisiBnennit TpeboBaHUM K MPOTPaMMHOMY MPOJIYKTY 1,33 2,52
3 [Ton6op 1 0630p IUTEpPaTyphl, 0030P CYIIECTBYIOIIUX 5,32 7,84
pelIeHU
4 | Pa3paboTka KaJIeHIapHOTO TJIaHa 1,31 9,15
5 | Pa3paboTka Mo/iesId CUCTEMBI 11,04 | 20,19
6 | Pa3paboTka anroputma peaansaniuu 14,19 | 34,38
7 | Pa3paboTka nprIoKeHUsI 57,5 91,88
8 | TectupoBanue 2,25 94,13
9 | AHanmu3 pe3yabTaToB 2,04 196,17
10 | OdbopmiteHHE TOSCHUTETHLHOM 3aITUCKH 2,04 198,21
11 | IlogBenenue UTOroB 1,79 100

5.2.  Pacuem cmemul 3ampam HA 6bINOJIHEHUE NPOEKMA
C yuyeTom cnieniupuku nmpojieraHHoN paboThI AJIsl paccMaTpUBAEMOTro MPOEKTa
MPOU3BOAMUTCS OLEHKA CIETYIOIINX PAaCcXO0B:

e 3apaloTHas IJ1aTa;
® COLMAJILHBINA HAJIOT;
® pacxojbl Ha AIEKTPOIHEPruto (0e3 OCBENICHU);
® aMOPTHU3AIMOHHBIC OTYHCIICHHUS,
® [POYHUE PACXO/IbI.
BBugy oOTCyTCTBHMA TIpHUBIIEUEHHS TIOMOIIM CTOPOHHHUX OpTraHHU3aIuH,

KOMaHANPOBOK, IMPUBJICUCHU KOHCAJITUHI'OBBIX YCIIyT, pacxoabl 10
COOTBCTCTBYIOHIIMM CTAaTbiAM HC OLCHUBAKOTCA HNPUMCHHUTCIBHO K HaHHOﬁ pa60Te.
ITomumo BBIIOCIICPCUYNUCIICHHOI'O, HC PpPACCMATPUBAIOTCA  TAKIKC 3aTpaTbl Ha

MaTepHalibl BBUJly X HE3HAYUTEILHOCTH B MacIITade JaHHOU paboThI.

5.2.1. Pacuem 3apabommoii niamoi
B nanHom pazzene pacuetr OCHOBHOM 3apaOO0THOM IJIaThl MPOU3BOAUTCS Ha OCHOBE
BEJIMYMHBI MECSIYHOTO OKJIaJa UCIIOJHUTENS U TPYAOEMKOCTH Ka)KI0T0 3TaIa.
Pacuer 3aTpat Ha 3apaboTHYIO IJIaTy NpeacTaBieH B Tabnuie 6. J{insa pacuera

JAHHOM TaOJIMUIIbI KCIIOIB30BAIUCH CIIETYIOLIUE TapaAMETPHI:



o Mecaunwii oknao ucnoanumeneu npoekma (MQO)

B nannom CJIydac pacCMaTpUBarOTCA CICAYIOINME OKJIAAbI:

1) Hay4HBIH PyKOBOAUTENb: JOKHOCTD — JOIEHT, CTEIIEHb — KaHIHaT
TEXHUYECKUX HAYK;

2) WCIIOJIHUTEIb: MIIQJIIUI HAyYHBIA COTPYAHUK, CTETICHb — HET (OKJIaJ COTJIACHO
MECTY MPOXOKACHUS NPEIIUIUIOMHON TPAKTUKH).

o (Cpedneounesnas mapugnas sapadomuas niama (311,,.,) PACUATHIBAETCS IO
dbopmyiie:

MO
BHI[H—T = ﬁ , TAEC

MO — mecsuHBIN OKJIad MUCIIOJTHUTEN,

3nauenue 24, 83 — konMuecTBO paboynX JHEH MPH MIECTUIHEBHON paboyeit

Heziele npu ycnoBuu 298 pabouux AHEH B rofy.

o Uumezcpanouvii koddpduuuenm (K,)

— CIIYKUT UIA 1Iepexoaa OT 0azoBOM CYMMEBI Sapa60THOﬁ IJ1aThl UCIIOJTHUTCIIA,

CBSI3aHHOM C y4acTHEM B MPOEKTE K MOJHOMY 3apaboTKy. PaccuuthiBaercs mo

bopmyire:

Ky = Knp * Kyomzn " Kpp » T1E

Kpp — npemuaneubiii kodddurment (Kpp = 1,1);

K on3n — KopduuenT gononuuTenbHoi 3apadotaoi miatsl (K3 = 1,188);

K

Takum 00pa3om, MOTy4YaeM CIEIYIOUUMN HHTErpaIbHbIN KO3PPUIUEHT:

Ky=11-1,188-1,3 = 1,699

p — Kooppuument paiionnoi nandasku (K, = 1,3).

Tabnuna 6 — 3aTpaTsl Ha 3apabOTHYIO IJIATY

HUcnoanur | Oxaan, | CpexnenneBHasi | 3arparsl | Ko3g-T DoHn
e1b pyo./mec. CTaBKa, BpPEMEHHU, 3/maarel,
pyo./pad.nenb | pad. AHU pyo.
HP 23 264, 86 | 936,97 46 1,699 73 227,95
4! 14 874, 45 | 599,05 236 1,699 240 197,48




| Hroro: | | | 313 425,43 |

5.2.2. Pacuem 3ampam Ha COYUAIbHOBIU HALOS
3atpatsl Ha equHbIi connanbHbiil Hastor (ECH) BkittouaroT B ce0st clieyromue
OTYHUCIICHHUS:

® TICHCUOHHBIN POH;
® COIMAJIbHOE CTPAXOBAHUE;
® MEIMIIMHCKOE CTPaXOBaHHUE.
ECH coctaBnsier 30% OT noJiHOM 3apabOTHOM IJIAThI IO MPOEKTY:

Ceony = C54 - 0,3
Takum 06pazom, 1t pa3padaTHIBAEMOTO IPOEKTA MOTYUYaeM:

Ceoy = 313 425,43+ 0,3 =94 027,63 py0.

5.2.3. Pacuem 3ampam Ha 31eKmMpo3HepeUuio
JlaHHBI BHJ pPacxXoI0B BKIIOYAeT B ceOs 3aTpaThl Ha JJICKTPOIHEPTHIO,

UCIOJIb3yeMYI0 000pPYy/I0BaHUEM B XOJI€ BBITIOJIHEHMSI IIPOCKTA U PACCUUTHIBAETCS 110
dbopmyiie:

Conos = Pog " tos " Ly , THIE

P, — MomIHOCTB, TOTpEOIsieMas 060pynoBanuemM, KBT;

tog — BpeMs pabOThl 00OpY0BAHUS, Yac;

I, — rapud na 1xBt-4ac.

3Ha4YeHUs TapaMeTPOB

1) I,- ans TITY cocrasnser 5,257 py6/ kBr-uac (¢ HIC)
2) t06 = TP[[ ' Kt , TAC

e Tp; — Tpya030TpaThl UCIIONHMUTENS U3 pacueTa Ha 8 4acoBOU paboyMid
JICHb;

o K; <1—xo03pdUnneHT ucronbp30BaHus 000py10BaHUs 110 BpeMeHH (B
JAHHOM clly4ae ucnoib3yercs 3Hauenue 0,9).

3) Pos = Puoun * Kc, re

e P,y — HOMUHaJIbHAas MOIIHOCTb 000pyaoBanusi, KBT;

e K. < 1-xoaddunueHr 3arpy3Ku, 3aBUCUT OT CPETHEHN CTEIIEHU
VCII0JIb30BaHUsl HOMUHAJIBHOW MOIIHOCTHU. {7151 JaHHOTO MpOEKTa
UCIIOJIb3YETCs 3HaUCHHUE 1.

Pacuer 3arpat s5eKTposHepruto npeacTaBieH B Tadbauie 7



Tabnuna 7 — 3aTpaThl Ha JIEKTPOIHEPTUIO TEXHOJIOTHUECKYIO

HaunmenoBanue | Bpems padorbl | Ilorpedasiemasi | Tapug | 3arparbi
o0opynoBaHus o0opyaoBanust | MOIIHOCTH Pog, | 1, pyo/ | Dos, pyo.
tog, UacC KBT kBT-uac
Hepcoranbitbiit | g, p36x0 g = 1699 0,3 5257 | 26795
KOMIIBIOTED
Hepcoranbitstit | g pq40 g = 331 03 5257 | 552
KOMITBIOTEP
Hasepibilt 10 0.1 5257 | 526
MPUHTED
HToro 3 236,76

5.2.4. Pacuem amopmu3ayuoHHbIX pACX0008
Jlist pacdera aMOPTHU3AIMOHHBIX PACXOJIOB MCIOJB3YETCs CIEAYIOIIast

dbopmyna:

Hp*Lop*tpp*n
CAM = - g rae
il

H, — romoBas Hopma aMOpPTH3alUK €IUHULIBI 000PYAOBAHMUS;

Lo — 6aslaHcoBast CTOUMOCTH €TMHUIIBI 000PYIOBAHUS;

tpy — (aktuueckoe Bpems pabOTBl OOOPYNOBaHUS B XOJE BBINOJIHEHUS
MIPOEKTA;

N — YUCIIO €ANHUI] 33JI€ICTBOBAHHOTO 000PY/I0BaHUS;

Fj — JIeWCTBUTENbHBIA T010BOM (OHI BpeMEHH PabOThl COOTBETCTBYIOIIETO
000pyI0BaHUS.

Pacuer amopTU3alIMOHHBIX PAcXOAOB MpeAcTaBieH B Tabinuue 8. [TapameTpsl
pacudera OnpenessioTCs CIEIyIMM 00pa3oM:

1) romoBas HOpMa aMOPTHU3aIIMU CAUHUIIBI 000pya0oBaHKsS H
Bennunna H, onpenensiercst kak oOpatHoe 3HaueHue BenuduHbl CA, rae CA -

paMOYHblE 3HA4YeHUs1 CpPOKOB amopTu3zauuu = CA COrjacHO IOCTaHOBIICHUIO
npaButenbcTBAa P® «O kiaccuukanuu OCHOBHBIX CPEICTB, BKJIIOYCHHBIX B
aMOPTHU3ALUOHHBIE TPYIIIbDY.

2) OanaHCOBasl CTOMMOCTh €AMHUIBI 000pynoBanus Lgg
3HaueHue B3ITO HcxoAs w3 (aktuueckor crommoctu [IK m mpunTepa Ha

MOMEHT pa3pabOTKU MPOEKTA.



3) ¢aktudeckoe Bpems pabOThl 000PYIOBaHUS B XOJI€ BHIITOTHEHHS MTPOSKTA

tpo
4) nedCTBUTEIBHBIN ro10BOM (POH BpeMeHH pabOThl COOTBETCTBYIOIIETO
obopynoBanus Fj.

Benuuuna Oepercs Ha OCHOBaHMM (PAKTHUUECKOIO pEXUMa HCIOJIb30BaHUS
000py0BaHUs B TEKYLIEM KaJE€HAAPHOM IOy

o tpp: mist [IK — 2104 u 408, jist npuHTepa — 10

Tabnuma 8 - AMOpPTHU3AIIMOHHBIE PACXOIbI

Hy | Oog, py0. |tpg,9acoB | N, mr | Fp,9ac | Cay, pyO
ITK 0,4 60 000 1699 1 2384 17104
[TK 0,4 60 000 331 1 2384 3332,2
npunatep | 0,5 15 000 10 1 500 150
HToro 20 586,2

5.2.5. Pacuem npouux pacxo0oos
B nanHoM pa3znene mpou3BOAUTCS OLEHKA PACXOA0B Ha BBIMOJIHEHUE MPOEKTA,
KOTOpbIE HE OBUIM YYTCHBI B MPEABIAYIIUX CTaThAX. BemudmHa mpoyux pacxooB
coctaBingeT 10% oT cyMMBI BCeX MPEABIAYIIUX pacxoa0B. Takum oOpazom:
Cnpoq. = (C3n + Ccou + Conos. T CaM) - 0,1
JIn aHHOTO MIPOEKTa MOIyYaeM:

Crpou. = (313 425,43 + 94 027,63 + 3 236,76 + 20 586,2) - 0,1 = 43 127,6 pyb.

5.2.6. Pacuem obwelti cebecmoumocmu pazpabomku
O01as cebecToMMOCTh pa3padOTKU NMPEICTABIIAET CyMMapHOE 3HAU€HHE 3aTpart Mo
BCEM CTaThIM CMETHI 3aTpaT Ha pa3padoTKy. Pacuer obmieli cebectoumoctu

pa3paboTKu MpeJicTaBieH B Tabmnuiie 9.

Ta6muia 9 - Cmera 3atpat Ha pa3paboOTKy MPOEKTa

Crarps 3aTpar Yca0BHOE 0003HAYEHH e Cymma, pyo.
OcHoBHas 3apaboTHas C.. 313 425,43
njaTa
OtunciaeHus B Ceou 94 027,63




COLIMAJIbHBIE (DOHJIBI
Pacxonbl Ha C.. 3 236.76
AIIEKTPOIHEPTUIO
AMOpTH3AIMOHHBIE Cs 20 586.2
OTYHCIICHUS
IIpoune pacxobl Cipou 43 127.6
HToro 474 403,62

5.2.7. Pacuem npubwviiu
OgHuM U3 BapuUaHTOB NPUOIUZUTENHHON OLEHKH NPUOBUIM  SBISETCS
olpejiesieHre ee pazMepa B mpenenax or 5 % no 20% oT monaHou cedecTOMMOCTU
nmpoekTa. [lpuBeneM Mg TaHHOM MPOEKTa pacuyeT MUHHUMAJIbHOW M MaKCHMAalbHOU
IPUOBUTN UCXOS U3 33JJaHHBIX MPECIIOB.

Takum oOpazom:
Makcumanbnas nmpuosuib = 0,2 - 474 403,62 = 94 880, 72 py6.
MunumansHas npudsuis = 0,05 - 474 403,62 = 23 720, 18 pyo6.

5.2.8. Pacuem HJIC
HJC cocrapnsier 18% oT cymMMbl 3aTpar Ha pa3paboTKy ¥ npuObuid. Takum
o0pa3oM, Jis1 JaHHOTO MPOEKTa MOIyYaeM:
HAChin = (474 403,62 + 23 720, 18) * 18% = 89 662,28 pyO.
HACmax = (474 403,62 + 94 880,72) * 18% = 102 471,18 py0.

5.2.9. I]ena pazpabomxu HUP
JIaHHBIN MapamMeTp MPEeCTaBIIICT CYMMY IOJIHOH ce0SCTOMMOCTH, MPUOBLIU U

HJIC. Takum 06pa3om, moxydaem:
Haue mun = (474 403,62 + 23 720,18 + 86 662,28) = 584 786,08 py0.
L[HHpiMAKC=(474 403,62 + 94 880,72 + 102 471,18) = 671 755,52 pyO6.

5.3.  Ouenka skonomuueckoul Ihhekmusnocmu npoexma
OxkoHoMuYecKuid 3(p(EeKT OoT BHEAPEHHs pa3padOTaHHOIO MPOEKTa B
KOJIMYECTBEHHOM OTHOILUEHUHU BBIPA3UTh CJIOXKHO. [[1s 3TOro Tpedyercs mpoBECTH

CIICHUAJIBHOC TPYAOCMKOC HCCICAOBAHHUC, YTO HCBO3MOKHO B pPaMKaxX ,HaHHOﬁ



paboThI, MOCKOJBKY, BO-TIEPBBIX, MPEANOiaraetT OObEM paBHBIM BCE IUILIOMHOM
paboTe, BO-BTOPBIX, HCIIOJIHHTENIb HE 00JagacT KOMIICTCHIIUCH I BBIPAKCHHS
MOJIHOTO AKOHOMHUYECKOTO d(PdekTa B KOJIMYECTBEHHOM OTHouieHuu. OJHAKO B
KaueCTBEHHOM OTHOIIICHUH BHEJPECHHE pa3pabOTaHHON CUCTEMBI OKaXKET BIUSHUE HA
dbyHIaMCHTAJIbHBIC HAYYHBIC U MH)KCHEPHBIC 3a1auu. [ 1aBHBIN d(DeKT 3aKmouaeTcs
B ()OPMUPOBAHUHU CKPBITHIX 3aBUCUMOCTEH, KOTOPHIE HEBO3MOXKHO OOHApYKUTh 0e3
WCIIOJIb30BAHUS OOJBIITUX BHIYUCICHUI HA OCHOBE OTPOMHOTO YMCJIa TaHHBIX.

B coBpeMeHHOW MeTeoposoruu JaHHBIE O TOTOAC COOMparoTcs Oojiee dYeMm
IECThACCIT pa3 B CEKyHOy Oe3 mepepbiBoB. [Ipm 3TOM coOupaercss HE TOJIBKO
uHdopMaIs O TeMIlepaType, HO TakKe, HalpUMEp, O BIIAXKHOCTH, HAIpaBIICHUH
BeTpa, JaBJICHUH U JPYTHUX MapaMmeTpax. ToJabKO 3a CYyTKH NOJy4YeHHAs WH(popMaIus
MOJKET JOCTUTaTh HECKOJIBLKUX TUTa0aiT.

B kxoHEeYHOM HWTOre 3a HECKOJIBKO JICT 10 BCEMY MHPY COOHMpAeTCs OrpOMHOE
KOJIMYECTBO JIAHHBIX, MPOAHAIU3UPOBATh KOTOPBIE 0€3 UCITOIb30BAHUS CIICIIHATLHBIX
QITOPUTMOB Y BBIYMCIUTEIBHBIX MOIIHOCTEH HE MPEACTABISCTCS BO3MOXKHBIM.
OaHMM W3 BapMAHTOB aHAM3a TaKWX JAHHBIX SBISACTCS  BO3MOXKHOCTH
dbopMHupOBaHUA KIMMATHYECKUX oOOylacTeid Ha OCHOBe (QuiyKTyanuid (pa3oBbIxX
OTKJIOHEHUW MX TeMmepaTypHbIX psaoB. C MOMOIIBI0 TOMYYEHHBIX TaKUM 00pazoM
JAHHBIX MOKHO HAOJIOAaTh ri100ajbHbIC M3MEHEHUs KIMMAaTa, a TaKkKe BO3MOXKHO
MpeICKa3aHne TaKMX U3MEHEHUH.

OOmienpu3HaHHBIM ~ SBJSICTCS  KJacC  (PYHJAMEHTAJIbHBIX  HAYYHBIX |
umkeHepHbix mpoOiem Grand Challenges, »ddexTtuBHOE pelieHHEe KOTOPBIX
BO3MOYHO TOJIBKO C MCIIOJIb30BAHWEM MOIIHBIX BBIYUCIUTEIBHBIX pecypcoB. OmaHon
u3 oOjacTel TAaKWX HAYYHBIX M WHXCHEPHBIX IMPOOJIEM SBJISCTCS NpeICKa3aHUe
MOTO/IbI, KJIMMaTa M TJI00abHBIX H3MEHeHHH B atMmocdepe. Takum oOpazom
MPOCKTUPOBAHUE PACTIPEICICHHOW TPUA-CUCTEMBbI JJI BBIYUCICHUS OIMCAHHOTO
aITOPUTMa OKAXKET BJIMSHHE Ha pEIICHWe HaydHbIX Mpobiem u3 crnmcka Grand
Challenges.

dopMUpOBaHUE KIMMATHUYECKUX O0JacTe IO3BOJMT IOJIy4aTh KapThl WX

NBIDKCHUS, 4YTO sBisieTca Oojee HamsiAHOW wuHGoOpMmanueir, uyem Habop



pPa3pO3HEHHBIX YKCEJI, XapaKTEPU3YIOLIUX CPEIHIO TEMIIEPATypy HEKOTOPOU TOUKH
3emuid. AHAIM3 TaKUX JAHHBIX C MOMOIIbIO BBIUUCIUTEIBHBIX MOILIHOCTEH MOMOXKET
0oJjiee HArJasAHO U3YUYUTh U3MEHEHUS KJIMMaTa.

Pa3paboTka pacnpeneneHHOM TpUI-CUCTEMbl TaKKe IO3BOJIUT CO3/1aBaTh
KJIaCTEphl, HANpaBJICHHbIE HA 00pabOTKy OonbIIMX JaHHBIX. Hanmpumep, moHmkeHue
JUCKpETU3allMk JaHHbIX ¢ 60 pa3 B CeKyHAy JO CpPEIHEYaCOBBIX WIH

CPCAHCCYTOYHEBIX, B 3aBUCHUMOCTHU OT ueneﬁ HucciacaoBaTcii.

5.4. Owuenka nayuno-mexnuyeckozo yposua HUP
HayuyHo-TexHMYECKHI ypOBEHb XapaKTEPHU3YET BIMSIHUE MPOEKTAa HA YPOBEHb
U TUHAMUKY O00€CreYeHHs] Hay4YHO-TEXHHUUECKOTo Iporpecca B JaHHOM obOnactu. s
JTAHHOW OIIEHKM HWCTOJB3YeTCss MEeTOJA OaUThHBIX OIIEHOK, CYIIHOCTh KOTOPOTO
3aKJIIOYaeTCsl B IPUCBOCHMM KaxkaoMy wu3 nokazareneid HIMP onpexnenenHoro
KOJIM4YecTBa 0ajuioB 10 COOTBETCTBYIOIIEH JUIsl TAaHHOTO MTOKA3aTesl IIKaJIE.
HayuHno-TexHMYEeCKMId  ypOBEHb  OHOpPEAENSeTCS HAa  OCHOBAaHHUHM  €r0
HWHTETPaJIBbHOTO MOKa3aTeNs, KOTOPBIM BhIpaKaeTcs cieayroiei GopmMyioun:
IHTY = 21-3:1 Ri "n;, raec
Iyry - MHTErpajdbHbIA UHAEKC HAYYHO-TEXHUYECKOTO YPOBHS;
R; — BecoBoit K03 PUIHMEHT I-TO IPHU3HAKA HAYYHO-TeXHUYIeCKOro d(hdekTa;
N; — KOJUYECTBCHHAS OICHKA I-T0 TPU3HAKA HAYYHO-TEXHUYECKOTO dPdeKTa B
Oainax;

OreHka HayYHO-TEXHUYECKOTO YPOBHS IpeacTaBieHa B Tadmuie 10.

Tabnuna 10 — Onenka HayyHO TexHUYeckoro yposus HUP

3Hay
YpoBens | BeiOpaHHBI O6ocHoBaHHE
MMOC ®akrop HTY .
. dakTopa i Gamn BBEIOpaHHOTO Oaia
[Ipumenenue hazoBoii
TPYITIUPOBKHU IS
METEOTaHHBIX
0,4 YpoBeHb HOBU3HBI HoBas 6 a ’
pa3paboTka
pacrpeneeHHON rpua-
CUCTEMBI
0.1 Teoperuueckuit Pa3pabot 6 Pa3paboTka HOBOIrO
’ YPOBEHb Ka crioco6a 00beTMHEHHS




cocoba uHbOopMaIuu
B
Peanuzyercs Ha OCHOBE
Bo3MoxxHOCTB TEUCHUC
0,5 10 XOPOIIIO U3BECTHBIX
peanuzannmn IIEPBBIX .
T TEXHOJIOTHHA

Takum 00pa3oM, I JaHHOTO MPOEKTa IOJydaeM CIEAYIOLIUHN I0Ka3aTelb
Hay4YHO-TEXHUUYECKOTO YPOBHS:
Iyyy=04-7+01-6+05-10=24+06+5=18
B tabaune 11 npuBoautcs oneHka kauecTBeHHbIX ypoBHerd HUP.

Taobmuua 11 - KauectBennas oueHka noxkasareneiit HUP

YpoBenb HTJ IHoka3zatear HTD
Hwuszkuii 1-4
Cpennuii 4-7
Bricokuit 8-10

Ha ocHoBanuu tabnuisl 1.9 nanHas paboTta OTHOCHUTCS K BBICOKOMY YPOBHIO
Hay4yHO TexHudeckoro 3@dekra. Bricokuit yposenr HTD o0ycioBien Tem, 4TO
JaHHasi padoTa MPEJCTaBISCT MPUHIMIUAIBLHO HOBOW MOAXOJ B (POpMHUpPOBAHUU

CKPBITBIX CTPYKTYP I METEOPOJIOTMYECKUX JAHHBIX.

BriBoa

B nannom paznene Obuia mpou3BeAeHA OIEHKA Pa3IMYHBIX SKOHOMUYECKUX
aCTIeKTOB pa3pabOTaHHOTO TpoekTa. Ha OCHOBaHWM TIOMYYECHHBIX PE3yJIBTATOB
MPOEKTY MOKHO JIaTh CJIEAYIONTYI0 XapaKTePUCTUKY:

1o BpeMeHHU pa3padoTku (10 MecsIeB) MPOEKT OTHOCHUTCS K KPATKOCPOYHOMY
BUJTY TIPOEKTOB;

M0 MacIITaOHOCTH (C Y4€TOM Ce0ECTOMMOCTH U BPEMEHHU Pa3pabO0TKH) MPOEKT
MO>KHO OTHECTH K KaT€rOpUu MaJjbIX IIPOEKTOB;

HaJIMYUe HOBU3HBI METO/Ia M aKTyaJIbHOCTh PEIIaeMOi TTPOOIEMBI MTOBHITIAIOT

KOHKYPEHTOCTIOCOOHOCTD MPOEKTA B 33JJaHHOM MPEIMETHON 00IacTH.



6. ConnanbHasi 0TBETCTBEHHOCTh

6.1. Beeoenue

Pa3paboTanHblii B paMKax MarucTE€pCKOM AMCCEpTAlMU MPOEKT SBISETCS
MaTEMaTUYECKUM U I[POTPAMMHBIM  OOECIEYEHHEM, NPEIHA3HAYCHHBIM IS
(opMUpPOBaHUS CKPBITHIX (PYHKIMOHAIBHO-ETEPMUHUPOBAHHBIX HA OCHOBE aHAJIN3a
reou3nyeckux MJaHHbIX. Pa3paboTka mporpaMMbl Belach HMCKIOYUTEIBHO MPU
noMomM KommbioTepa. [lonp3oBarensiMM AaHHOTO MPOrPaMMHOTO OOECHeUeHUs
ABJAIOTCA KOMIIAHWM, 3aHUMAIOLIMECs aHAIM30M MeETeOoNaHHbIX. HesaBucumo ot
KOHKPETHOTO TPUMEHEHHUs, B3aUMOJECHCTBUE TMOJb30BATENS C pa3pabOTaHHOU
oporpaMMoil B JHOOOM cCllyd4ae NPOU3BOJUTCS C IIOMOIIbIO MPOTPaMMHBIX U
anmapatHbix cpeactB [I19BM, a Takke ¢ NOMOLIbI0 NEpUPEPUITHBIX YCTPOUCTB,
MoaKJII0ueHHBIX K [[9BM.

JlaHHBII pa3fen TMOCBALIEH AaHAJIW3y BPEOHBIX U ONAcHBIX (HaKTOpOB
IIPOU3BOJCTBEHHON cpenbl st oneparopoB IIOBM wn, B wacTtHOCTH, MIIA
METEOPOJIOTOB, KOTOpPhIe OYyT MCIOJIB30BaTh MPOAYKT B Hanboyiee MePCIeKTUBHOM

HaIlPaBJICHUH CI'O IPUMCHCHU .

6.2. IIpouzeoocmeennas 6e30nacHocmso

Jnst  obecniedyeHuss  MPOU3BOJCTBEHHOM  0O€30MAaCHOCTH  HEOOXOIUMO
MPOAHATM3UPOBATh  BO3JICUCTBHUSI HA  YEJIOBEKAa  BPEAHBIX M OMACHBIX
MIPOU3BOJICTBEHHBIX (DAaKTOPOB, KOTOPHIE MOTYT BO3HHUKATh TPH pa3padOTKE WIH
IKCILTyaTaIiy MPOEKTA.

[Tpon3BOACTBEHHBIH (AKTOP CUUTACTCS BPEAHBIM, €CIU BO3JCHCTBHE STOTO
¢dakTopa Ha pabOTHHKA MOXKET MPHUBECTH K ero 3abosieBanuio. [Ipon3BoACTBEHHBIN
(bakTop CUMTAETCS OMACHBIM, €CIIU €r0 BO3/ACHCTBUE HA PaOOTHUKA MOXKET MPUBECTU
K ero TpaBme [35].

Bce mnpousBomcTBeHHBIE (PAKTOPHl  KIACCHPUITUPYIOTCS TIO  Tpymnmam
DJIIEMEHTOB: (pU3MYecKue, XUMHUYECKHe, Ouosiornueckue U ncuxodusumueckue. s
JAaHHOW paloThl 1eJeco00pa3HO PACcCMOTPETh (PU3MUECKHEe M TMCUXO(DU3NYECKUE

BpEeIHbIC U OMacHble (aKTOPhI MPOU3BOJICTBA, XapaKTEPHBIE KaK JIJIsi pabodeil 30HBI



IpOrpaMMUCTa, KaK pa3paboTynKa pacCMaTprUBaeMon B JaHHOW pabOTe CUCTEMBI, TaK
U U1 paboueil 30HBI TOJIb30BaTelsl TOTOBOTO MPOAYKTa — METEOPOJIora-orneparopa
[I9BM. BrisiBnieHHbIE (paKTOPHI IPEACTABIEHBI B Tabuie 12.

Tabnuna 12 — BpenHble W omacHble MPOW3BOJCTBEHHBIE (DAKTOpPHI MpHU

BBINOJIHEHUH padoT 3a [I9BM [36]

Hcrounnk ¢akTopa, daxropsl (mo 'OCT 12.0.003-74)
HopmartusHblie
HAauMEHOBaHHE
Bpennsie OmnacHele JTIOKYMEHTBI
BUJIOB paboT

1) Pabora 3a [I9BM | 1) [loBbliieHHas WK 1) OmacHocTh 1) CanlluH
MMOHW)KCHHAs TEMIIepaTypa | MOpaKeHUs 2.2.4.548-96;
BO3yXa paboueit 30HbI; 3JIEKTPUYECKUM 2) CanlluH
2) I1oBbIILICHHBIH YPOBEHDb | TOKOM; 2.2.2/2.4.1340-03;
AIIEKTPOMATrHUTHBIX 2) OnacHocThb 3) CII
U3ITyYCHHUI BO3HUKHOBEHUS 52.13330.2011;
3) HenocraTounas nosxapa. 4)TOCT P
OCBEILEHHOCTh paboueit 12.1.019-2009
30HBI. CCBT;
4) MOHOTOHHBIH PEKUM 5) CHulI 21-01-97.
paboThI

6.2.1. Bpeousie npouszsoocmeenmvie haxmopwl
6.2.1.1. [losviwennas unu noHUdMCEeHHAs memnepamypa 6030yxa paboueu
cpeovl
Hauueiii  pakTop ABISETCS BPEIHBIM TPOM3BOJICTBEHHBIM (DaKTOpoM U
SBIIIeTCS  (PAKTOPOM MHKpOKIMMara pabodeidl cpeabl, MmapaMeTpbl KOTOPOTO
perymupytorcs CanlluH 2.2.4.548-96. On Gombiie XxapakTepeH s pabodeit cpeibl
nporpaMMucTa-paspadoTunka cucreMbl. K mapamerpaM, XapaKTepU3YIOIIUM
MUKPOKJIUMAT B MTPOU3BOACTBEHHBIX ITOMEIICHUSIX, OTHOCSITCS:
e Temmeparypa Bo3ayxa (t, °C);
e Temneparypa nosepxuocreii (t, °C);
e OrtHOCHTENIbHAS BIAKHOCTH Bo3ayxa (@, %);

e CKopocTh ABMXKEHUS BO3yXa (v, M/C);



e lnaTeHcuBHOCTH TemioBoro oomydyeHus (I, Br/M?).

B mpou3BojCcTBEHHBIX TOMeNIeHUsIX g padbotel ¢ [IDBM mpoucxomut
MOCTOSSHHOE  BBIJCJIGHHE  TeIjla  caMOM  BBIYUCIIHMTENIbHOM  TEXHHUKOM,
BCIIOMOTaTeJIbHBIMU NPUOOpaMU M cpeAcTBaMu ocBelleHusa. I[lockonbKy omeparop
PacCroIOKeH B HEMOCPEJACTBEHHON OMM30CTH C UCTOYHMKAMHU BBIICTICHUS TEIUIa, TO
JaHHBIA  (akTOp SABJISIETCS OJHUM M3 BaXHEWIIMX BpeaHbIX  (PaKkToOpoB
IIPOU3BOJICTBEHHOM cpenbl omneparopa [IOBM, a Bbelcokas TemmepaTypa Bo3ayxa
CIOCOOCTBYET OBICTPOMY IIEPErPEBY OpraHu3Ma u ObICTPOi yromisemocTH [37].

BiaxxHOCTh OKa3bpIBaeT OOJBIIOE BIMSHUE HAa TEPMOPETYIISLMI0 OpraHUu3Ma.
Tak, Hampumep, BBICOKHE IOKa3aTeM OTHOCHUTENIbHOW BiaxHocTu (Oosee 85 %)
3aTPYJHSIOT TEPMOPETYJISIUI0O CHUXKAs BO3MOXKHOCTh HMCHApPEHUs I10Ta, HUBKUE
nokaszareau BiakHOCTH (MeHee 20 %) BbBI3BIBAIOT IEPECHIXAaHUE CIHM3UCTHIX
obosouek yenoBeka [38].

CanuTapHbie HOPMbI YCTAaHABIMBAIOT ONTUMAJIbHBIC U JIOITYCTUMbIC 3HAYCHUS
BEIIMYMH TIOKAa3aTeled MHUKPOKJIMMATa pabodMxX MECT ISl Pa3IuYHBbIX KaTerOpHid
paboT B TEIJIBIM M XOJIOAHBIA MEpPUOMbI Toha. s mporpamMmucTa Wid omeparopa
[I9BM kateropust padort siBisieTcs J€rkoit (la), T.x. pabora mpoBoAauTCs cuis, 0e3
CUCTEMATHYECKUX (PU3UIECKUX Harpy3ok. OnTuManabHbIe TapaMeTpbl MUKPOKINMATA
B 0(DMCHBIX TTOMEIICHUSIX MMPUBEACHBI B Ta0wmie 112.

Tabnuna 12 — OnTuManbHbIe TapaMeTPhl MEKPOKJIMMATA TIPOU3BOICTBEHHBIX

nomenieHui oneparopa [I9BM

[Tepuon Temnepatypa Temnepatypa OtHocurtenbHasgs | CKOpPOCTb JBHXKEHUS
roja BO3ayxa, °C noBepxHocrei, °C BJIAYXXHOCTBH, % BO3yXa, M/C
X OJIOAHBIHI 22-24 21-25 60-40 0,1
Tenublit 23-25 22-26 60-40 0,1

XoJomHBIN TIEPHOJ TO/Ia — CPEIHECYTOYHas Temieparypa Bosayxa 10 °C u
HIDKE, TEIUIBIA MEPUOJI To/1a — CPEIHECYTOUHAs TeMIleparypa Bo3ayxa Beimre 10 °C.
B Ttabmune 113 mpuBeaeHb NOMYCTUMBIE MOKa3aTeld MHUKpPOKIUMAaTa IS

O(HCHBIX TTOMEIICHUT.




Tabnuma 13 — JlomycTuMble MoKa3aTeu MUKPOKIMMAaTa MPOU3BOACTBEHHBIX

nometieHuit oneparopa [I3BM [39]

. CKOpOoCTh ABUKEHUS
35 a
5 5 BO3/yXa, M/C, JUIs
Temneparypa Bo3ayxa, °C S =
5 ¥ Juaria3oHa TeMIeparyp
(=8 g %
5) 5 o
[Tepuon a : & BO3/yXa
=9 < §
rozga s 3 S HIDKE BBILLIE
HUXKE BBIILIE > S o
S = . OITHUMAJIbH | ONTHMAJIbH
ONTHMAJIBHBIX | ONTHUMAJIBHBIX | o g
; = BIX BEJIMYHUH, | BIX BEJIMYHUH,
BEJINYNH BEJINYNH 5} 5
~
He OoJtee He 0oJiee
XonoHbIN 20,0-21,9 24,1-25,0 19-26 15-75 0,1 0,1
Termmnsiit 21,0-22,9 25,1-28,0 20-29 15-75 0,1 0,2

6.2.1.2. I[losvlutennniii yposeHsb 31eKMPOMACHUMHBIX U3TYYeHULL

VYpoBeHb 3JEKTPOMArHUTHBIX H3Iy4EeHUH Ha paboyeM MecTe olepaTopa
[I9BM sBasiercsi BpeIHbIM (PaKTOpPOM TMPOU3BOJICTBEHHOW CpEJbl, BEITUYUHBI
napameTpoB Kotoporo omnpexaenstorcs CanlluH 2.2.2/2.4.1340-03. OcHOBHBIMU
MCTOYHUKAMHU DJIEKTPOMATHUTHBIX M3TYy4YEHUH B TMOMEIICHUSX Uil PpabOThI
onepatopoB [I19BM sBisIOTCS NUCIIEM KOMIIBIOTEPOB M MOOUIIBHBIX YCTPOMCTB,
CETh 3JIEKTPONPOBOJAKH, CUCTEMHBIH OJIOK, YCTpOHCTBa OecniepeOOHOro MUTaHus,
OJIOKY TTUTAHUS.

N3nydeHusa, OpUMEHUTEIbHO K JUCIUIEsM coBpeMeHHbIX [I[DBM, moxHO
pa3AeUTh HA CIEAYIOIINAE KIIACChI:

e Ilepemennsie anexrpuyeckue nois (5 I'n — 400 k[ '),
o [lepemennbie marauthbie o (5 'y — 400 kI'm).

Bo3neiicTBue  HaHHBIX UW3JIYYEHMHM HAa OpPraHU3M  Ye€JIOBEKA  HOCHUT
HEOOpATUMBII XapakTep W 3aBUCUT OT HAIPSHKEHHOCTH IOJIeH, MOTOKAa YHEPTHH,
4acToThl KosieOaHuii, pa3Mmepa oOsydyaemoro tena. [lpu BozmedcTBUM TOJEH,
MMEIOIINX HAMNPSKEHHOCTh BBILIE MPEAEIbHO JOMYCTUMOTO YPOBHS, Pa3BUBAIOTCS
HapyLICHHUS HEPBHOW CHUCTEMBbI, KPOBEHOCHOW CEPACYHO-COCYIAUCTOW CHUCTEMBI,

OpraHOB IMUIIEBAPCHHUS U MOJIOBOM cucTteMbl [40].




B  rtabmune 14  mpuBeneHbl  IONYyCTHUMbIE  YPOBHM — MHapaMeTpOB
3JIEKTPOMATHUTHBIX MOJIEN
Tabnuua 14 — BpeMeHHbIe 1OMyCTUMbIE YPOBHH 3JIEKTPOMArHUTHBIX MOJIEH,

coznaBaeMbix [[19BM Ha pabounx mecrax [41]

HanmeHnoBanue napameTpoB JomycTumMble 3HaYEHUS
Hanpsixenno B quana3oHe 4acTot S I'n - 2 k' 25 B/m
CTh
B Auama3one yactoT 2 k[ - 400
AIEKTPUIECKOTO 2,5 B/m
KI'g
T10JIsI
[LnoTHOCTH B nrana3zone 4actot S ' - 2 k' 250 uTn
MarHuTHOTO B quanasone yactotT 2 kI'11 - 400
25 1Tn
MOTOKA k[
Harnpsiyk€HHOCTB 3JIEKTPOCTAaTUYECKOTO TOJIS 15 xB/m

6.2.1.3. Heoocmamounas oceewyeHHOCHb paboyeti 30Hbl

Henocrarounass OCBEIIEHHOCTh pabouyeil  30HBI  SIBISIETCS  BPEIHBIM
IIPOU3BOACTBEHHBIM (pakTOpoM, BO3HUKaromMM npu padore c¢ [IDBM, ypoBHu
koToporo pernamentupyrotcs CIT 52.13330.2011.

[IpyurHOM HEOOCTATOYHOM OCBEIIEHHOCTH SBISIOTCS HEIOCTATOYHOCTh
€CTECTBEHHOTO  OCBEILEHMS, HEJOCTATOYHOCTh HCKYCCTBEHHOIO  OCBEILEHUS,
MOHM)KEHHAs! KOHTPACTHOCTb.

PaboTa ¢ KOMIbIOTEPOM MOIPa3yMEBAET MOCTOSHHBIA 3pPUTEIBHBINA KOHTAKT C
nuctieeMm [IOBM u 3anumaer ot 80 % pabouero Bpemenu. HemoctaroyHoCTh
OCBEIIICHMSI CHI)KAEeT MPOU3BOJUTEIBLHOCTh TPYAQ, YBEIWYUBAET YTOMIIIEMOCTh U
KOJIMYECTBO JOMYCKAaEMbIX OIIMOOK, a TaKKe€ MOXKET MPUBECTH K MOSIBICHUIO
npodeCCHOHANIBHBIX 00JIe3HEH 3pCHHS.

Pa3psin 3puTensHBIX paboT nporpammucta u ornepatopa [I9BM otHocuTcs k
paspsny Il w mompaspsmy 1 (paboTel BBICOKOH TowHOCTH). B Tabmume 15
MPE/ICTaBIIEHbl HOPMATUBHBIE MMOKA3aTEIM NCKYCCTBEHHOT'O OCBEIICHHS MpU padoTax
3aIaHHOM TOYHOCTH.

Tabnauma 15 — TpeOoBaHMS K OCBEUICHHIO MOMEMICHUN MPOMBINIICHHBIX

npeanpusTHii 11 onepatopos [I9BM [42]

Xapakrepuc | Haumenbmn | Pa3ps | [logpa3z | Kont | Xapakrtepu UckyccTtBenHoe
THKa Wi WIn I psn pact CTHKA OCBEILIEHUE




3pUTEIIGHON | DKBHBAJICH | 3pHUTEN | 3pUTEN | 00BEK dona OCBEMEHHOCTD, JIK
paboTHI THBIN BHOH BHOH Ta C IIpu cucreme
pasmep pabot | paGoTel | ¢oHO KOMOWHHPOB I
151
00BeKTa Bl M aHHOTO P
CUCTEM
pa3IuYeHU OCBEILIEHUS .
s, MM B tom
o0111ero
4qHCIe
BCer OCBelLE
oT
o HUSA
oOmier
0
Cpen
Bricokoi Ot 0,3 10 HUH CBeTbli
s 1l r ’ | 400 | 200 | 200
TOYHOCTH 0,5 00JIB CpeIHHIA
Iou

6.2.1.4. Monomonnuliii pesicum pabomol

[Ipu pabore c¢ IIDBM oCHOBHBIM (DaKTOpOM, BIIMSAIOIIMM Ha HEPBHYIO
CUCTEMY TMPOTPAaMMUCTAa WJIM TIOJb30BaTeNd SABJSIETCS OrPOMHOE KOJIMYECTBO
uH(popMaIK, KOTOPOE OH JIOHKEH BOCIPUHUMATH. JTO SIBISETCS CI0KHOM 3aiadei,
KOTOpasi OYC€Hb CHJILHO BIIMSAET HAa CO3HAHHWE U TICUXO(DH3UYECKOE COCTOSTHUE M3-3a
MOHOTOHHOCTH paboThl. [103TOMY Mephbl, O3BOJISAIONINE CHU3UTh BO3JIEHCTBUE 3TOTO
BPEHOTO  MPOU3BOJICTBEHHOTO (hakTopa, KoTopeie perynupytorcs CaunlluH
2.2.2/2.4.1340-03, sBnstoTcs BaxHbIMH B pabore omeparopa I[I9BM. Onu
MO3BOJIAIOT YBEJIUYUTHh MPOU3BOJIUTEIBLHOCTh TPyJa U MPEIOTBPATUTH MOSBICHUE
npodeccroHambHBIX 0OJIE3HEH.

Opranuzanus pa6otel ¢ [I9BM ocymiecTBiasieTcss B 3aBUCUMOCTH OT BUJIA H
KaTerOpuu TPYAOBOU AESATEIHLHOCTU. BUABI TPyAOBOM AEATEIBLHOCTH Pa3ICISIOTCS Ha
3 rpymmel: rpynma A — paboTa MO CYUTHIBAaHUIO HHPOPMAIMH C HKpaHa C
npeBapuTEIbHBIM 3arpocoM; rpynmna b — pabora no BBoay uHdopmanuu; rpynmna B
— TBOpuUeckas pabora B pexume auaiora ¢ [IOBM. Pabora mnporpammucra-
pa3zpaboTunKa paccMaTpuBaeMoi B JaHHOUM pabOTe CUCTEMBbI OTHOCUTCS K rpymmnaM A
u b, B TO Bpems, Kak J€ATEIBHOCTh Bpada-CIElHUAINCTa, KOTOPBIH Oyner
WCIIOJIB30BATh CUCTEMY B MPO(HECCUOHANBHON NEITeILHOCTH, OTHOCUTCS K Tpytie B.
Kareropun TypoBOM  [ESATENBHOCTH  PA3JIMYAIOTCA IO  CTENEHH  TSKECTH

BBITIOJTHSIEMBIX Pa0oT. [[1s CHMKEHHS BO3ACHCTBHUS PacCMaTpUBAeMOTO BPEIHOTO



dakTopa MpeayCMOTPEHBI PETJIaMEHTHPOBAHHBIC MEPEPBHIBBI ISl KaXAOW TPYIIIbI
paboTt — Tabiuna 16.

Tabmuua 16 — CymMmapHOe BpeMsl perjiaMeHTUPOBAHHBIX IMEPEPHIBOB B
3aBHCHUMOCTH OT TMPOJOJDKUTENIBHOCTH padoThl, BHAA KaTeropuu TPYJIOBOU

nesitenbHocTH ¢ [I9BM [41]

CymmapHoe BpeMs
YpoBeHb Harpy3Ku 3a pabovyro CMEHY
periiaMeHTUPOBAHHBIX
Kareropus npu Bujax pador ¢ [I9BM
NepEPHIBOB, MUH.
padoret ¢ A nna b pu 8- npu 12-
[I15BM rpyrma A, Py ’ rpyI pH o7 pu 22
KOJINYECTBO KOIMYECTBO | o7 4acoOBOH 4acoOBOU
3HAKOB 3HAKOB ’ CMEHE CMEHE
I 10 20 000 1o 15 000 1o 2 50 80
] 10 40 000 10 30 000 1o 4 70 110
11 10 60 000 10 40 000 10 6 90 140

6.2.2. Onacnbie npouzgoocmeeHuble paxmopbl

6.2.2.1. Onachocmsb nopasiceHus 1eKmpudecKum moxKom

[TopaxeHue 3IEKTPUYECKUM TOKOM SIBJISIETCS OIACHBIM MPOU3BOJICTBEHHBIM
dbakTopoMm H, MockojbKy oneparop [I3BM umeer neno ¢ 3nekTpooOopy10BaHUEM, TO
BOIIPOCAM 3JIEKTPOOE30MaCHOCTH Ha €ro pabodyeM MeCTe JOJKHO YAENSIThCS MHOIO
BHUMaHMsI. Hopmbl 3ekTpoOe30macHOCTH Ha pabodyeM MECTe PEerjiaMeHTUPYIOTCS
CaulluH 2.2.2/2.4.1340-03, Bompockl TpeOOBaHUW K 3alIUTe OT MOPAKEHUS
anekTpudeckuM Tokom ocBerieHbl B 'OCT P 12.1.019-2009 CCBT.

OnexkTpoOe30MacHOCTh — CHUCTEMa OpPraHU3alMOHHBIX U TEXHUYECKUX
MEPOTPUATUNA U CPEACTB, OOECIIEUMBAIOIINX 3ALIUTY JIFOAEH OT BPEAHOTO U OMACHOTO
BO3JICHCTBHS AJIEKTPUUECKOTO TOKA, DIEKTPUUECKON TyTH, SIEKTPOMArHUTHOTO OIS
U CTaTUYECKOTO 3JIEKTPUUYECTBA.

OnacHOCTh TOpPaXEHHUSI AJIEKTPUYECKUM TOKOM YCYTYONseTCs TeM, YTO
YeJIOBEK HE B COCTOSHMM 0€3 CIeluajIbHBIX MPUOOPOB OOHAPYKUTH HAMPSKEHUE
JVCTaHIIMOHHO.

[lomemenne, rae pacrnojokeHo pabodyee wmecto omnepatopa I[I9BM,
OTHOCUTCS K TMOMEUIeHUsIM Oe3 TMOBBIIIEHHOW OMAaCHOCTH BBUIY OTCYTCTBUSA

CeayomuX (PaKTopoB: ChIPOCTh, TOKOMPOBOSINAS MbLIb, TOKOMPOBOISIIIHNE MOJIBI,




BBICOKAsl TEMIIepaTypa, BO3MOKHOCTh OJHOBPEMEHHOTO MPUKOCHOBEHUS YEIOBEKa K
UMEIOIIUM COEIMHEHHUE C 3eMJIe METaNIOKOHCTPYKIUSAM 3aHHU M, TEXHOJIOTHYECKUM
amnmnapaTtamM, MeXaHHu3MaM U METAJUIMYECKUM KOPITycaM JIEKTPOOOOPYI0BaHHUS.
s oneparopa I[IOBM npu pabore C 3JIEKTPUUYECKUM OO0OpPYIOBaHHEM
00s13aTeNIbHBI CIIEYIONINE MEPBI MTPEAOCTOPOKHOCTH:
o Ilepen HayajioM pabOTHl HYKHO YOEIUTHCS, UTO BBIKIIOUATEId U
pO3€eTKa 3aKPEIUICHbI U HE UMEIOT OTOJIEHHBIX TOKOBEAYIIIUX YacTEeH;
o [lpu oOHapyXeHHH HEHCHPABHOCTU OOOpPYyJOBaHUS ¥ NPUOOPOB
HEOOXOJIMMO, He Jeias HUKAKUX CaMOCTOSTENbHBIX HCIIPaBJICHUM,

COOOIINTH YeJIOBEKY, OTBETCTBEHHOMY 3a o0opyaoBanue [41, 43].

6.2.2.2. Onacnocmb 803HUKHOBEHUS NONCAPA

Bo3HukHOBeHHE MOkKapa SBJISIETCS OMACHBIM MPOU3BOACTBEHHBIM (haKTOPOM,
T.K. MOXap Ha NPEANPUSITAN HAHOCUT OOJIBIIONW MATepUANIbHBIM yIIEpO, a TaKxke
4acTO CONPOBOXKJAETCS TpaBMaMU M HECUYACTHBIMU Clly4yasMmH. PerynupoBaHue
noxkapo0Oe3onacHoctu npousBoautcss CHull 21-01-97.

B nmomemienusix ¢ [I9BM mnoBblllIeH pUCK BO3HUKHOBEHUSI MOXKapa H3-3a
MPUCYTCTBUSI MHOKECTBA (PAKTOPOB: HaMMuue OOJBIIOTO KOJIMYECTBA IIEKTPOHHBIX
CXEM, YCTPOWCTB DJICKTPONHUTAHUSA, YCTPOMCTB KOHAMIIMOHUPOBAHUS BO3/yXa;
BO3MOYHBIE HEMCIIPABHOCTH JIEKTPOOOOPYIOBAHUS, OCBEIIEHUS, WU HETIPaBUIbHAS
UX SKCILTyaTallds MOKET MOCITY>KUTh TPUUMHON MOKapa.

Bo3MokHBIE BU/IbI HCTOUHUKOB BOCTLIAMEHEHUS

e lckpa npu pa3psizie CTaTUYECKOro AIEKTPUUECTBA;
e UcKpbl OT 3EKTPOOOOPYTOBAHHS;

e lckpsl OT yaapa u TpeHus;

e OrtkpsiToe miams [44].

6.2.3. Meponpusamus u pexomeHoayuu no yCmMpaHeHuro U MUHUMUZAYUU

Jlns mojjep:kaHusi HOPMaJIbHBIX 3HAYCHHM MapaMeTpOB MUKPOKIMMAaTa Ha
pabounx MeTax PeKOMEHAYETCS OCHAIATh UX CUCTEMaMH OTOIUICHUS, BEHTUJISIIIUN U
KOHJIUIIMOHUPOBAHUSI BO31yXa. Takke, B HEKOTOPBIX ClIydasix, LeJIecooOpa3Ho

o0OecreunTh NUTHhEBOE BOJOCHaOkeHuWe. B momemenusx ans padorel ¢ [I9BM



JIOJDKHA TIPOU3BOJUTHCS €XKEAHEBHAs BlIaKHAsI yOOpKa, a TaKKe CHUCTEMAaTHUECKOE
IPOBETPHBAHKE TOCIIE KaXI0r0 Yaca padoTsl [39)].

Jns  3amurel  omepatopoB [IOBM  oT HEratuBHOro BO3JCUCTBHS
AJIEKTPOMArHUTHBIX TIOJICH B MEPBYIO OYepe/lb HEOOXOAMMO, YTOOBI HCIOIb3yeMast
TEXHUKa YJIOBJIETBOpsa HOpMaM U mpasmiiaMm ceptudukanuu. [Ipu padote ¢ IISBM
YCTAHOBJICHBI PETJIAMEHTUPOBAHHBIE TEPEPHIBBI, @ TAKKE HHOTAA MPETyCMOTPEHO
UCIIOJIb30BaHUE SKPAHOB M (PHIIBTPOB B IIEJSIX 3alTUTHI orepaTopa [41].

Jlnst co3maHust M MoAJiepKaHusi OJarOmMpUSTHBIX YCIOBUM OCBEIICHUS IS
oneparopoB [IOBM, wux paboune mecTta HOMKHBI COOTBETCTBOBAThH CAHUTAPHO-
snuaeMuoaornueckuM npaBwiam CanlluH 2.2.2/2.4.1340-03. PaGouee momernieHue
JIOJDKHO HWMETh €CTECTBEHHOE€ W HMCKYCCTBEHHOE OCBEIIEHHUE, COOTBETCTBYIOIICE
MoKasaTessiM, MNpeAcTaBJIeHHbIM B Tabmuie OmmudOka! MCTOYHMK CCBUIKH He
HalaeH.. Jlnsg paccenBaHUsi €CTECTBEHHOIO OCBELIECHHUS CIEAYET HCIO0JIb30BaTh
JKaJTI03U Ha OKHAaX paboyux MoMelleHuil. B kauecTBe MCTOYHUKOB UCKYCCTBEHHOTO
OCBEIICHMS] JTOJDKHBI OBITh HCIOJB30BAHBI JIFOMUHECIICHTHBIC JIAMIIbI, JIAMIIBI
HaKaJMBaHUS — JJI1 MECTHOTO ocBelneHus [42].

Jns mpenynpexIeHuss MNPEkKICBPEMEHHOM YTOMISIEMOCTH IMOJIb30BATENECH
[19BM pekxomeHayeTcst OpraHu30BBIBaTh PA00UYI0 CMEHY ITyTEM YepeI0BaHUs padoT
c ucnonb3zoBanueM [I19BM u 6e3 Hero. B cinyuasx, korna xapakrep padoThl TpeOyer
MOCTOSTHHOTO ~ B3aWMOJICWCTBHS C  KOMIbloTepoM  (pabota  mporpaMMucTa-
pa3paboTyuka) ¢ HaMpPsHKEHUEM BHUMAHHUS U COCPEIOTOUCHHOCTH, NMPU UCKITFOYEHUHN
BO3MOXKHOCTH TIEPUOJMYECKOTO TMEPEKIIOYEHUs Ha JAPyrue BBl TPYAOBOU
NEATENbHOCTH, HE cBsizaHHbIE ¢ [IDBM, pekomeHayeTcsi opranu3aius nepepbiBOB Ha
10-15 wmwuH. uepe3 kaxabie 45-60 w™MwuH. padotel. I[Ipu BBICOKOM ypOBHE
HaIPSHKEHHOCTH PabO0Thl PEKOMEHAYETCS ICUXOJI0TUYECKasi pa3rpy3Ka B CIEUaTbHO
000pyI0BaHHBIX MOMeeHusX [41].

K MepompusiTusiM 1O MOpPEeNOTBPAICHUIO BO3MOXXHOCTU  TOPAKECHUS
AIEKTPUUYECKUM TOKOM OTHOCSITCS:

o [Ipu mpous3BOACTBE MOHTAXHBIX PAOOT HEOOXOAMMO HCIOIH30BAThH

TOJIBKO MCIPAaBHBIA HHCTPYMEHT, aTTeCTOBaHHBIN ciry:x00i KUIIHA;



C umenpr0  3alMTBI  OT TMOPAXKEHUS]  DICKTPUUECKUM  TOKOM,
BO3HHUKAIONIUM MEXJy KOPIyCOM NIPHOOPOB W HHCTPYMEHTOM IIpH
nmpoboe CEeTeBOro HaIpsDKEHHS Ha KOpIyC, Koprmyca IpUOOpOB H
WHCTPYMEHTOB JIOJKHBI OBITh 3a3€MJICHBI;
e [lpu BKJIIOYEHHOM CETEBOM HANpPsLDKEHUU PaOOThl Ha 3aJHEW MaHeIu
JIOJDKHBI OBITH 3aIlpeleHBbI;
e Bce paboThl MO YCTpaHEHUIO HEUCIPABHOCTEH JOJKEH MPOU3BOJAUTH
KBaJIU(UIIMPOBAHHBIN TIEPCOHAT,
e HeoOxoaumMo MOCTOSHHO CIICIUTH 32 UCIIPABHOCTHIO AJICKTPOIIPOBOJIKH
[41, 43].

JUia  npouIakTUKU OpraHU3alMKM  JEWCTBUI NpU  TOXKape JOJDKEH
MPOBOJUTHCSA  CICAYIONIMHA  KOMIUIEKC  OpraHU3allMOHHBIX  MEp:  JIOJIKHBI
o0ecreunBaTbCsl PEryJsIpHbIE TMPOBEPKH TMOKAPHOW CUTHAIU3AIMHU, TEPBUYHBIX
CPEIICTB TOXKAPOTYIICHUS;, JIOJDKEH MPOBOJUTHCS WHCTPYKTaXX W TPEHUPOBKHU IO
JNEeUCTBUSIM B CiIydae IOKapa;, HE JOJDKHBI 3arpOMOXKIAThCS WM OJOKUPOBATHCS
MOKapHbIC BBIXOJIbI; JIOJKHBI BBIMOJHIATHCA TMpaBUia TEXHUKW O€30MacHOCTH U
TEXHUYECKOW AKCIUTyaTalu 3JIEKTPOYCTAHOBOK; BO BCEX CIY)KEOHBIX MOMEIICHHUSIX
JIOJDKHBI OBITh YCTaHOBJICHBI «I1aHbl aBaKyaluu Jroaei mpu noxape u apyrux UCy,
pErIaMEeHTUPYIOIINE AEUCTBUS EPCOHANA ITPU BOZHUKHOBEHHUH T0XKapa.

Jlns  mpenoTBpaiieHuss Tokapa rmnomemenne ¢ [IOBM  nomkHO OBITH
000py/IOBaHO TMEPBUYHBIMU  CPEACTBAMU  MOXKAPOTYIICHUS:  YTIEKUCIOTHBIMU
orHerymutensiMu tuna OY-2 unu OY-5; moxkapHOW cUrHanu3aluen, a Takxke, B
HEKOTOPBIX  CIydasiX, aBTOMATHYECKOW yCTAaHOBKOM OOBEMHOIO  Ta30BOIO

noxaporyiieHus [44].

6.3. Jxonozuueckan 6ezonacnocmo

B naHHOM pasznene paccMaTpUBaeTCsl BO3JEHCTBUE HA OKPYKAIOIIYIO CpEly
NEATEIbHOCTU 10 pa3padOTKe MPOEKTa, a TAKXKE CaMOro MPOJyKTa B pe3yJibTaTe €ro
peanu3alnru Ha MPOU3BOJICTBE.

Pazpabotka nporpammHoro obecrnedeHuss u padora 3a [IDBM He sBustorcs

HKOJIOTHYECKH OMACHBIMU PabOTaMu, MOTOMY OOBEKT, Ha KOTOPOM IPOU3BOAMIIACH



pa3paboTka MPOIyKTa, a TaKkKEe OOBEKTHI, HA KOTOPBIX OYIET MPOW3BOIUTHCS €T0
ucroiabs3oBanue oneparopamu [I9BM oTHOCATCS K mpeAnpUsATHSM MSATOTO Kiacca,
pasMep cenuTeOHO 30HbI 11 KOTOPBIX paBeH 50 M [45].

[IporpamMMHBIiT  TIPOMYKT, pa3pabOTaHHBIA HETMOCPEJACTBEHHO B  XOJe
BBITIOJTHEHUSI MArUCTEPCKOM AUCCEPTALlMU, HE HAHOCHUT Bpeaa OKPYIKarolIel cpeje.
Ho B cBsi3u ¢ Tem, 4TO B XOJ€ omepalui HaJ BXOAHBIMU JAaHHBIMHU BO3MOXKHBI
MOTPENTHOCTH BBIYUCIICHHS, OMMOKUA peanu3allid BBIYUCICHUN MPOTPaMMUCTOM, a
TaK)ke OIMMOKU BO BXOJHBIX JIaHHBIX, pabOTa ¢ MPOrPAMMHBIM MPOJAYKTOM MOKET
NPUBECTH K HEMNPaBWIBHBIM BBIBOJAM METEOPOJIOra. [ToaTomy TpebyeTcs
TIIATEJIbHAsl MPOBEpPKA aJ€KBATHOCTU BCEX BBIYMCIEHUN MPOTrpaMMHOIO MPOAYKTa
METEOPOJIOTOM.

CpencrtBa, HEOOXOaUMBIE ISl pa3pabOTKU U SKCILTyaTalldd MPOTrPaMMHOTO
KOMILIEKCAa MOTYT HAHOCHUTh BPEJ OKPYKAIOLIEH Cpee.

CoBpemennbie [I9BM npousBOAsST NpakTHUECKH O€3 HCHOJIb30BaHUS
BpPEJHBIX BEIIECTB, OMACHBIX JJII YEJIOBEKA U OKpYXarolen cpeasl. MckiroueHuem
SBIIAIOTCS AKKyMYJIITOpHBbIE OaTaper KOMIBIOTEPOB U MOOWIBHBIX YCTpOHCTB. B
aKKyMYJISITOpax COAEPKaTCs TSHKEJbIe METAIIbI, KUCIOTHI U IIEI0YH, KOTOPhIE MOTYT
HAHOCHUTH yIIepO OKpy’Karoliei cpexe, momanas B ruapochepy u nurocdepy, eciu
OHM OBUIM HENpPaBWIBHO YTWIM3UPOBaHbL. [[ns yTWiIM3aluu akKymyJsiTOpOB
HEOOXOJMMO 00paliarbCsi B CHEUUAIbHBIE OPraHU3allK, CHEUUATU3UPOBAHO
3aHMMAIOIIUECS PUEMOM, YTHIIM3AMEN U IepepabOTKON aKKyMYJISITOPHBIX OaTapeit
[46].

JlroMuHECLIEHTHBIE ~ JIaMIIbl, [PUMEHSIOMIUECS  JJII  HCKYCCTBEHHOTO
OCBEIIEHMs] pabOYMX MECT, Takke TpeOylT 0co0O0i yTWiIM3alud, T.K. B HHX
npucytcTByeT OT 10 10 70 Mr pryTH, KOTOpasi OTHOCUTCS K YPE3BbIYaHO-OMACHBIM
XUMHUYECKUM BEIIECTBAM U MOKET CTaTh MPUYMHON OTPABIICHUS KUBBIX CYIIECTB, a
TaK)Ke 3arpsA3HeHust atMocdepsl, ruapocdhepsl U autocepbl. Cpoku CayKObl TaAKUX
JaMIl COCTaBIISIIOT OKOJIO 5-TH JIET, MOCJIE€ 4Yero WX HeoOXOoIWMo cJaBaTh Ha

nepepaboTKy B CHEHHAIbHBIX MyHKTax npuema. MOpuanueckue muna oO0s3aHbI



ClIaBaTh JIaMIIbl Ha MepepaOd0TKy W BECTH MACIOPT IS JAHHOTO BHJA OTXOJO0B [46-
48].

6.4. bezonacnocmb 6 Upe36bIYAUHBIX CUMYAUUAX

B paboueii cpene oneparopa [I9BM B0o3MOKHO BOZHUKHOBEHHE CIICTYIOIIUX
YpE3BBIYAMHBIX CUTYAI[Ml TEXHOT€HHOTO XapaKTepa:

e Tloxapsel ¥ B3pbHIBBI B 3JJaHUAX U HA KOMMYHUKAIUAX;

e Bueszannoe oOpyIieHne 31aHUH.

Cpenn  BO3MOXHBIX ~ CTUXUHHBIX  OCACTBUM  MOXHO BbIJICJIUTH
MeTeopoJiornueckue (yparaHbl, TUBHH, 3aMOPO3KHU), TUPOJIOrHYecKre (HaBOJHEHHS,
MaBOJIKH, TIOATOIJICHHUS ), IPUPOJTHBIC MOMKAPHI.

K uype3BblualiHBIM CUTyalusaM OHOJIOr0-COIMAIBHOTO XapaKTepa MOKHO
OTHECTHU SMUJEMUU, FTTU300TUH, STUDUTOTHUH.

OKOJIOTUYECKHE  YpE3BbIYAWHbIE CHUTyalluM MOTYT ObITb  BBI3BaHBI
U3MEHEHHUSIMU COCTOSIHUS, JuTochephl, Tuapocdepsl, atMochepsl U Ouochepb B
pe3yJibTaTe IesATeIbHOCTH ueaoBeka [38].

HaubGonee xapaktepHoil 111 o0ObeKTa, TAe pa3MeniaroTrcs pabouune
nomelenus, ooopyaosanabie [[9BM, upe3BrruaiiHol cUTyaluen SBiIsieTCsl moxap.

[Tomemenne mns padotel oneparopoB [I9BM mo cucreme knaccudukarmu
KaTEeropuil MOMENIEHHUI MO B3PBIBONOXKAPHOM U MOKAPHOW OMACHOCTH OTHOCHUTCS K
kateropuu [ (u3 5-tu xkareropuii A, b, B1-B4, I', JI), T.K. OTHOCUTCSI K MOMEIICHUSIM
C HErOPIOYMMH BEIIECTBAMHU U MaTepHalaMH B XOJI0THOM COCTOSTHUM [49].

Kaxnplii cOTpyAHUK OpraHu3aluu JOJKEH ObITh O3HAKOMIIEH C MHCTPYKIIUEH
M0 TMOXapHOH 0e30MacHOCTH, MPOUTH HUHCTPYKTAX IO TEXHUKE O€30MacHOCTH H
CTPOro COOJII0IATH €TO.

3ampemaeTcss  WUCMOIBb30BaTh  DIEKTPONPUOOpH B YCIOBUSX,  HE
COOTBETCTBYIOIIMX TPEOOBAHUAM MHCTPYKIMA U3TOTOBUTENCH, WM HMEIOIINE
HEHUCIIPABHOCTH, KOTOPBIE B COOTBETCTBUU C MHCTPYKUHEHN MO SKCIUTyaTAlUd MOTYT
NPUBECTH K IMOXKapy, a TaKXKe SKCIUIyaTUPOBATh JJIEKTPOIPOBOJAa M Kabenu ¢
IIOBPEKICHHON 158105 IoTepsABLIEH 3alUTHBIE CBOWCTBA U30JISILHEH.

DNEKTPOYCTAaHOBKH M OBITOBBIE AJIEKTPONPUOOPHI B TMOMENICHUSX 1O OKOHYAHUU



pabouero BpEeMEHM JOJKHBI ObITh 00ECTOUEHBI (BWJIKU JOJKHBI OBITh BBIHYTHI U3
po3erok). [loxg HampsbkeHMEM JOJDKHBI OCTaBaThCsl JIEKYPHOE OCBEIICHUE U
nokapHasi curHanm3anus. HemomycTUMo XpaHEHHE JETKOBOCIUIAMEHSIOIIUXCS,
TOPIOYHMX U B3PbIBYATHIX BEILECTB, UCIOJIB30BAHUE OTKPHITOTO OTHSI B MOMEIIECHUSIX
oduca.

[lepen yxooMm u3 ciay:keO0HOTO MOMEIIEHHUS] pa0OTHUK 00s13aH MPOBECTH €0
OCMOTp, 3aKpbITh OKHa, W YOEOUTHCS B TOM, YTO B IOMELIEHHUH OTCYTCTBYIOT
UCTOYHUKHA BO3MOXXHOTO BO3TOpaHHUs, BCE JJIEKTPONPUOOPHI OTKIIOYEHBI U
BBIKJTIOUEHO ocBemieHne. C MepuoIUYHOCTRIO HE PEXe OJHOTO paza B TPH roja
HEO0OXOIMMO MPOBOAUTH 3aMEpPbl COMPOTUBIICHUS W3OJSIUU TOKOBEIYIIMX YacTel
CHJIOBOTO U OCBETHTEIHLHOTO 000PYIOBaHHUS.

[loBbilleHHE  YCTOMYMBOCTH  JOCTUTAaeTcs  3a  CYET  IPOBEACHHUS
COOTBETCTBYIOIIUX  OPraHU3alMOHHO-TEXHUYECKUX MEPONPUATHH, MOATOTOBKU
nepconaia k padore B UC [38].

PaGoTHuK 1pu 00HApYKEHHUH TIOKapa WM MIPU3HAKOB TOPEHMS (3abIMIICHNE,
3arax rapu, MOBBIIICHHE TEMIIEPATYPHI U T.11.) JOJHKCH:

e HemeaneHHO TPEKpaTUTh pabOTy W BBHI3BATH MOXKAPHYIO OXPaHy IO
tenedony «01», cooOmMB Mpu 3TOM aapec, MECTO BO3HHUKHOBEHUS
no’kapa U CBOI haMUIHIO;

o [IpuHATP 1O BO3MOXHOCTH MEphl IO OJBaKyallld JOIeHd U
MaTepUaATbHBIX [IEHHOCTEW;

e OTKIIOYUTH OT CETH 3aKPEIJICHHOE 32 HUM 3JIEKTPOOOOPYI0OBaHUE;

o [lpucTynuth K TYHICHHIO TIOKapa UMEIONIMMUCS CPEICTBAMHU
MOKapOTYIICHUS;

e (CooOmMHTh HEMOCPEACTBEHHOMY WM BBILIECTOALIEMY HaudadbHHUKY U
OTIOBECTUTH OKPYIKAIOIINX COTPYIHUKOB;

e [lpu obmem curHaige onacHOCTH MOKUHYTH 37aHue coriiacHo «[lmany
ABAKyally JIOJEH Ipu noxape u apyrux YC».

Jlis TymieHus mojkapa TPUMEHSTh PYYHbBIE YTIIEKHCIOTHBIE OTHETYIIUTENN

(tuma OY-2, OVY-5), Haxojsmuecs B NOMENIEHUSX oduca, W MOXKAPHBIA KpaH



BHYTPEHHETO NMPOTHUBOIIOKAPHOTO BOAONPOBOoaa. OHM IIpeaHa3HA4YEHbl U TYLICHUS
HAyaJbHbIX BO3TOPAaHUM PAa3JIMYHBIX BEILIECTB M MATEPUANIOB, 34 HCKIKOYEHUEM
BEILIECTB, TOPEHUE KOTOPBIX MNPOUCXOAUT Oe3 aoctyna Bo3ayxa. OrHerymuTenu
JIOJDKHBI TIOCTOSIHHO COJEPXKAaThCsl B MCIPABHOM COCTOSIHUM W OBITh TOTOBBIMH K
neiicreuto. Kareropuuecku 3ampeniaercsi TyIIUTh BO3TOpaHusl B OMELIEHUSX oduca

IIPH TOMOIITY XUMUYECKUX MEHHBIX orHeTymmrenel (tuna OXI1-10) [50].

6.5. Ilpasoevie u opeanuzayuonnvle 60nPocyl obecneyeHusn 6e3onacHocmu

6.5.1. Ilpasosvie HOpMbl MPY008020 3aKOHOOAMENLCMEA OJIsl padboyell 30Hbl
onepamopa I[I19BM

PerynupoBanue OTHOIIEHUN MeEXay paOOTHUKOM ©  paboTopaTeniem,
KaCaroIIMXCs OIUIAThl TPYJa, TPYJAOBOTO pacropsika, OCOOEHHOCTH PETyJIMPOBaAHUSA
TpyJa >KEHIIHUH, JETeW, JI0JIel ¢ OrpaHUYEHHBIMU CHOCOOHOCTSIMH U TIPOY.,
OCYILIECTBIISIETCA 3aKOHOAATENBCTBOM PD, a UMEHHO TPYHOBBIM KOJIeKCOM PO.

[IpoaomKUTETLHOCTh paboYero JHsS HEe JOJDKHA ObITh MEHBIE YKa3aHHOTO
BPEMEHU B JI0roBope, HO He Oombuie 40 yacoB B Henemto. [ paboTHUKOB A0 16 ner
— He Oosee 24 yacoB B Henento, ot 16 g0 18 ner u uaBamunoB | u Il rpynnsr — He
0osee 35 Jacos.

Bo3MOXXHO yCTaHOBIIGHHE HEMOTHOTO pabodero mHSA Il OCpeMEHHOU
YKEHIIUHBI, OJIHOTO M3 poAHTeNel (OMeKyHa, MOIMEYUTENsl), UMEIOIEero peOeHka B
BO3pacTe /0 YETHIPHAALATH JeT (peOeHKa-uHBaIuAa B BO3pAacTe IO BOCEMHAJLIATH
net). Omnata TpyJa OpU 3TOM MPOU3BOJMUTCS MNPONOPLIHUOHATBEHO OTPaOOTAHHOMY
BPEMEHH, 0€3 OTPaHUYCHHUM OTIAaYMBAEMOT0 OTIYCKa, HCUUCICHUS TPYJOBOTO CTaXka
U JPYTUX TpaB.

[Ipu pabGoTe B HOYHOE BpeMs MPOJOJDKUTEIHLHOCTh paboueld CMEHbI
cokpaiaerca Ha oauH 4ac. K paboTe B HOUHYIO CMEHY HE JOMYyCKaIOTCsl OepeMEeHHbIE
YKEHILWHBI; pa0OTHUKH, HE IOCTUTIINE Bo3pacTa 18 JieT; )KeHIIUHBI, UMEIOIINE JeTen
B BO3pacTe J0 TpeX JIET, UHBAIUAbI, PAOOTHUKH, UMECIOIIUE JETeH-UHBAIUIOB, a
TaKke pPaOOTHUKH, OCYIIECTBIISIFOLIME YXOJ 3a OOJbHBIMU YJIEHAMH HUX CEMEH B
COOTBETCTBUM C MEAUIMHCKUM 3aKIOUYEHHUEM, MAaT€pU U OTLBI-OJAUHOYKHU JIETEH 10

IIITH JICT.



Opranuzanus o0si3aHa MIPEIOCTABIISATh €XKETOHBIN OTITYCK
IPOJOJDKUTEIBHOCThIO 28  KaJIeHJapHBIX JHEd. JlomoJIHUTENnbHBIE — OTIIyCKa
MPEIOCTABIISIOTCS paOOTHHUKAM, 3aHSATHIM Ha pab0Tax ¢ BPEIHBIMH WJIM OITACHBIMU
YCJIOBUSIMH TPYJla, pAOOTHUKAM MMEIOIITUMHU OCOOBIN XapakTep paboThl, pabOTHUKAM
C HEHOPMHUPOBAHHBIM pabo4MM JHEM M paboTtaromuM B ycioBusx Kpaitnero Cesepa
Y IPUPABHCHHBIX K HEMY MECTHOCTSIX.

B Tedenne pabodero gHS paOOTHUKY JODKEH OBITH MPETOCTABIICH TEPEPHIB
JUTSL OTABIXA M MMUTAHUS MTPOJIOJDKUTEILHOCTBIO HE 00jiee MBYX yacoB U He MeHee 30
MUHYT, KOTOpbIi B pabouee BpeMs He BKIoyaercsi. Bcem paOoTHukam
MPEIOCTABIISIOTCS BHIXOAHBIC THU, pa00OTa B BHIXOJIHBIE JHU OCYIIECTBIISIETCS TOJIBKO
C MUCbMEHHOTO COTJIacHsi pabOTHHKA.

Opranuzanus-paboToaTe’b BHIIUIAYUBACT 3apa0OTHYIO IUIATy PaOOTHHUKAM.
Bo3moxkHO ynep:kaHue 3apabOTHOM IUIaThl TOJIBKO B CiydasX ycTaHOBJIEHHBIX TK
P® cr. 137. B cnydae 3agepxku 3apaboTHOM TmuiaTel Oosiee ueMm Ha 15 nHeid,
pabOTHUK WMEET TPaBO MPUOCTAHOBUTH pabOTy, THUCBMEHHO YBEJIOMMB
paboTomarers.

3akoHOmaTeILCTBOM P® 3ampeniena TUCKpUMHUHAINS 110 JTFOOBIM MTPU3HAKAM
U IPUHYAUTEIbHBIN Ty [51].

6.5.2. OpeanuzayuorHvie Meponpusmus npu KOMNOHo8Ke paboyell 30Hbl

K mepornpusatusM, OTHOCAIIMMCS K KOMITOHOBKE paboueld 30HBI OTHOCSTCS
paboThI IO OpraHU3aKUK PabOvYero MeCTa MOJIb30BaTENIs, TO3BOJISIONINE HAVITYIIITAM
o0pa3oM OpraHu3oBaTh JCSITEIHLHOCTh paOOTHHKA, Jelias ero paboTy MaKCHUMalbHO
yA0OHOMU 1 G€30MacCHOM.

OCHOBHBIM HamNpPaBJICHHEM UCIOJIb30BAaHUSI Pa3pabOTaHHOW MPOTPAMMHOMN
CUCTEMBI  SBJISETCA (OPMUPOBAHME CKPBITBIX TPyHI Ha OCHOBE aHaM3a
CpPEeIHEMECSYHbIX TeMIepaTryp 3a OOJBIION TEPHOJ, YTO IMO3BOJSET H3y4yaTh
rJI00aJIbHBIE U3MCHEHUS KJIMMaTa BO BPEMEHHM, a TaK)Ke MPOTHO3UPOBATHh M M3ydaTh
TeKyle ero u3MeHenus. Cam MPOAYKT HE BIMSCT HA OpraHU3AIMIO pabodYei 30HHI,

OJTHAaKO padoTa ¢ HUM MO3BOJIHUT PEOPTaHU30BATh PadOTy CIEIHAINUCTOB, YTO B CBOIO



ouepelb TOBIWAET HAa OpraHu3anuilo paboyedt 30HBI. OTO MOXKET OBITh

OXapaKTCPHU30BAHO C ITIOMOIIBIO CICAYIOIINX (1)aKTOp0B2

e [loBbIlICHUE IMPOU3BOAUTCIIBHOCTU MATCMATUYCCKUX BBIYHCJICHUM

Bce

METEOPOJIOTUYECKUX JaHHBIX, YTO TO3BOJUT METEOPOJIOTY ObICTpee
MOJIy4aTh 3aIpaliuBacMble IaHHBIC;

CoxkpalieHue yMCTBEHHBIX W 3PHUTENIbHBIX HArpy30K METeopoJjiora 3a
CYEeT aBTOMAaTH3aIlMU aHAJIN3a BEIYUCICHUN JAHHBIX;

Pabora mporpaMMHOro  mpoayKTa  I[O3BOJSET  MCIOJIb30BaTh
BBIYHCIIUTEIbHBIE MOIIHOCTH JIPYTUX KOMIIBIOTEPOB, OOBEAMHSS B
BBIYUCIIUTEIBHYIO CETh MOAKIIOUYEHHbIE KOMITbIOTEPHI. Takum oOpazoM
BCE JIOCTYIHBIE IS CHEIMAIUCTa KOMIBIOTEPHI, a TaKKe YAaJIeHHO
MOJKJIFOUCHHBIC B CETh MOTYT OBITh MCIIOJIb30BaHBI JIsl BBIYUCICHUN U
YCKOpEHUSI MOJTyYEHUs JaHHbIX.

nepeurcieHHble  (akTopbl MOBBIMIAIOT, oOyieryaroT paboty W

IMOJIOKUTCIBbHO CKAa3bIBAIOTCA HA ITPOMU3BOAUTCIBHOCTH TPY/Ja.



3akioueHue

B pesynbrare BBITIONHEHUS BBIMYCKHOW KBaTH(DHUKAIIMOHHON pPaOOTHI OBLI
MIPOBEJICH CPABHUTEIBHBIA 0030p M aHAIM3 METOJIOB CTPYKTYpH3AIIUU B TTOCTPOCHUS
pacrmpeieNieHHbIX BBIYUCIUTENbHBIX cucTeM. OCHOBHOE€ BHHMMAaHHE OBUIO YAENICHO
METOJaM KJIACTEPHOTO aHallu3a M MPAKTHUKE IOCTPOSHUS PaCIpPEICIICHHBIX TPHUJ
CUCTEM.

B xoxe uccnenoBanus ObUTH TPOBENEHBI MPOTPAMMHBIC SKCIEPUMEHTHI T10
omeHKe A(P(EKTUBHOCTH  BBIMOJHCHUS  BBIYHMCICHWA B  3amade  (a30BOMU
KJacTepu3anuu. PaccMaTpuBanuch cieayromye MOACIN BBITIOJTHCHHSI BBIYHUCIICHUI:

® OJIHOMIOTOYHOE BHIUUCIIECHUE B CTAHAAPTHOM PEKHUME;

® MHOTOIIOTOYHOE BBHIYHCIICHHUE B CTAHIAPTHOM PEKHUME;

e MHOTOIIOTOYHOE BBIYHCIICHHE Ha 0a3e cynepkommbioTepa TIIV;

e MyJIbTHArCHTHBIE  BBIYKMCICHHS  Ha  0a3e  pacmpeaeicHHOU
BBIYHCIIUTEITLHON CHCTEMBI.

Ananu3 3QGEeKTUBHOCTH TOKa3all, YTO alroput™m (Hha30BOW TPYNIHUPOBKHU C
WCIIOJIb30BAHUEM METCOPOJIOTHIYECKUX JAaHHBIX MOMIACTCS pacnapauieIMBaHuIO, U B
MHOTOIMOTOYHOM peann3anuu 00ecleurnBaeT yBETUYCHHE MPOU3BOJIUTEILHOCTH Ha
25-30%.

JlomomHUTENbHO, ObUTa CHPOCKTUPOBAHA W peaJu30BaHa MHOTOMAITUHHAS
pacmpeneneHHas BBIYUCIHUTENbHAS Cpelja U3 TEePCOHAIBHBIX KOMIIBIOTEPOB IS
(GOpMHUPOBAHUS CKPBHITHIX (PYHKIIMOHATBHO-JICTCPMHUHUPOBAHHBIX CTPYKTYp IS
KJ1accu(UKAIMU U aHAIHM3a TeO(OU3NICCKUX TaHHBIX.

TexHOIOTHYECKAS cxema peanu3anuu u pa3BEPTHIBAHHUS
MHOTOMAIITUHHON CUCTEMBI BKIIOYajga B ceOs 1Ba (yHKIMOHATHHBIX KOMITOHCHTA:
IEHTP VYOpPaBJICHUS U MaCHITAOUPyeMbId KIACTEpP BBIYUCIHUTEIbHBIX areHTOB,
MPEJIOCTABIISMIOMINX CBOM BBIYMCIUTEIBHBIC MOITHOCTH JIJISi BBITIOJIHCHHS 3ajad
neHTpa 1o 3ampocy. OCHOBHBIM KaHAJIOM CBSI3M MEXAY KOMITOHEHTAMHU CHCTEMBI

SIBJISUICSI COKETHBIN MHTEp(deiic.



Kpome Toro, B BBIyCKHOW KBaMM(PHUKAIIMOHHON pabOTE pacCMOTPEHBI
BOIIPOCHI (uHaHCOBOTO MEHEPKMEHTA, pecypcoaphekTuBHOCTH U
pecypcocOepekeHus, a TakKe UACHTUPUIMPOBAHBI OCHOBHBIE OMAcCHbIE U BpPEIHBIC
IIPOU3BOJICTBEHHbIE (DAKTOPBI, MEPOIPHUATHS NO HMX YCTPAHEHHUIO, W IPaBOBBIE U

OpraHn3aliliMOHHBIC BOIIPOCHI oOecnieueHus 0€30IMacCHOCTH.
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A comparative review and analysis of methods for structuring and
building distributed computing systems

Methods of cluster analysis review

One of the approaches to processing a large volume of geophysical data (in
particular, meteorological data) is the cluster analysis.

Clustering (or cluster analysis) is the task of partitioning a set of objects into
groups called clusters.

Use of the cluster analysis in general includes the following stages:

6. Selection of sampling objects for clustering.

7. Determination of a set of variables, which will be evaluated by the objects

in a sample. Normalization of variables, if necessary.

8. Calculation of the measure of similarity between objects.

9. Application of the cluster analysis to create groups of similar objects

(clusters).

10. Presentation of the analysis results.

After receiving and analyzing the results, selected metric and clustering
method can be adjusted in order to obtain the optimal result.

According to the method of data the processing methods of cluster analysis
can be divided into hierarchical and non-hierarchical groups. Hierarchical methods
perform merging of smaller clusters into large (agglomerative) or split large clusters
into smaller (divisive) [7].

It is also possible to allocate some features of the methods, for example, a
method of analysis: clear or fuzzy, a number of applications for clustering algorithms:
with a single-stage clustering or multi-step clustering [8].

The algorithm BIRCH (Balanced Iterative Reducing and Clustering using
Hierarchies) provides a two-step clustering process and is used for very large
datasets. This algorithm works only with the numeric data.

The K-means method (k-means) divides the set of elements of a vector space

to a certain number of clusters k. The algorithm is simple to be used, however,



sensitive to outliers, which can skew the average and its disadvantages include the
necessity of knowing the number of clusters [9].

The CLOPE algorithm (Clustering with slope) is designed to work with
transactional data, has a high scalability and speed, as well as the clustering quality.
CLOPE automatically selects the required number of clusters and is widely used in
data mining [10].

The algorithm PAM (Partitioning around medoids) is a modification of the k-
means algorithm. The Algorithm is less sensitive to noise and outliers than the k-
means algorithm. PAM is effective for small databases; it should not be used for large
data sets [11]. It is used in a wide range of knowledge fields such as text mining,
bioinformatics, intelligent transportation systems [12].

Kohonen self-organizing maps — a type of neural network algorithms that uses
a method without a teacher and represents one of the variants of clustering of high-
dimensional vectors. This algorithm can be considered as one of the methods of
projecting the multidimensional space into a space with a lower dimensionality. This
technique can be used to search and analyze patterns in the source data [13].

Thus, there is no single universal clustering algorithm. Using any algorithm, it
Is important to understand its strengths and weaknesses, to consider the nature of the
data with which it works best and its ability to scalability.

The problem of big data clustering is that the available algorithms suggest the
possibility of a direct reference to any information entity of the basic data (impossible
to predict which entities the algorithm needs). The raw data may be distributed over
the multiple servers, and there is no guarantee that each cluster is kept strictly on the
one server. If the data is distributed across the servers it is transparent for a clustering
algorithm (it considers that the data are arranged in a distributed virtual memory), it
will inevitably lead to a copying a large data from one server to another.

The solution may be as follows. Each server runs its own algorithm, which
operates only the server data, and provides output parameters of the founded clusters
and their measured weight based on the number of elements in the cluster. Then, the

resulting information is collected on a central server and made metaclustering -



allocation of groups of closely spaced clusters based on their weights. This method is
versatile, well parallelized and can use any other clustering algorithms, but it requires
a serious research, testing on real data, and comparing the results obtained with other
"local" methods.

Thus, for the analysis of the data which is greater than the vast majority of
clustering methods inapplicable in its pure form, and more research and greater

computational power is needed [14].

4. Distributed grid systems overview

One of the most promising and affordable way of the organization
metacomputing is to join autonomous computing resources (computers) into a single
virtual computing node (grid). Distributed grid systems are a type of parallel
computing which is based on the desktop computers and compares favorably with
conventional supercomputers that can be deployed using conventional protocols as
Ethernet. Thus, desktop computers can be combined into a single distributed system,
and their resources can be used for calculations.

One of the most important characteristic of distributed systems is that
differences between computers and communication means between them are hidden
from the users. Another important feature is the way in which users and applications
uniformly operate in distributed systems, no matter when and where there is their
interaction. Distributed systems must also be relatively easy to expand or scale [15].

The main distinguishing features of distributed systems include:

e Absence of a single time for the distributed components of the system
characterizes the spatial distribution of the components of the system, namely
processors, included in its composition, which implies the absence of
synchronicity in their work;

e Absence of shared memory. Key feature, which implies the need for the
exchange of messages between software components of distributed systems
for their communication and synchronization.

e  Geographical distribution;



e Independence and heterogeneity. Computers in a distributed system loosely

bound in the sense that they can have a different composition and different

performance and therefore provide a different runtime for identical tasks.

Usually they are not part of a specialized system, but operate together,

providing their services to each other to perform common tasks [16].

The main objective of distributed systems — facilitate access to remote

resources for the users and ensure their sharing, regulating this process [15]. Efficient

distribution system should have the following properties: transparency, openness,

security, scalability [16].

the transparency of the distributed system implies its ability to hide their

distributed nature, namely, distribution of processes and resources across multiple

computers, and presented to users and application developers in the form of a single,

centralized computer system. In order the distributed computing system to be

presented to the user as a single system, the following types of transparency is used

Transparent access to resources - difference in the data representation and
how to access the resources of the computing system should be hidden
form the users;

Transparent location of resources — physical location of required resource
should be unimportant for the user;

Replication — hiding from the user the fact that in reality there is more
than one copy of the resources used;

Parallel access — possibility of joint (simultaneous) use of the same
resources by different users, regardless pyr other. At the same time the
fact of sharing the resource should remain hidden from the user;
Transparency of failure — failure (disconnection) any resources should not

have an effect on the user and his application [17].

Open distributed system — a system that offers the service, which calling

requires a standard syntax and semantics. In distributed service systems are usually

determined through interfaces. Properly described, interface definition allows the

possibility of joint work of an arbitrary process in need of such an interface with



another arbitrary process, providing the interface. Defining the interface also allows
two independent groups to create completely different implementations of this
interface for two different distributed systems that will work exactly the same. Also,
an open system must have: the ability to interact, that characterizes how the
implementation of two systems or components from different manufacturers are able
to work together, relying only on what services each of them correspond to a
common standard; portability, that describes how the application is designed for a
distributed system A can be performed without any changes in a distributed system
B, realizing the same as in A and interfaces; flexibility - easy system configuration,
consisting of various components [15].

Scalability — the ability of a computer system to effectively deal with the
increasing number of supported users or resources without compromising
performance and without increasing the administrative load on its management. The
system is called scalable if it is able to increase its productivity by adding new
hardware.

The scalability of distributed systems is determined in the following areas:

e Load scalability - the system's ability to increase its productivity when
increasing the load by replacing existing hardware components (vertical
scale) with more powerful or by adding new hardware (horizontal
scaling);

e Geographic scalability - the system's ability to maintain its main
characteristics, such as performance, simplicity and ease of use, with the
territorial distribution of its components from a local mutual arrangement
to a more distributed;

e Administrative scalability. It characterizes the ease of system management
by increasing the number of independent administrative institutions
serving part of a distributed system.

The concept of the grid does not appear as an abstract idea, but as a response

to the emerging needs of large information and computing resources which can be

dynamically allocated to solve the tasks in scientific, industrial, administrative and



commercial areas. Creating a grid environment involves the distribution of
computational resources on geographically separated nodes that have installed the
special software to distribute tasks over the nodes and take them there, return the
results to the user, to control the rights of users to have an access to certain resources,
monitoring resources and so on. Public resources may include:

e Computing resources provide the user’s task of grid-system processing
power. Computing resources can be clusters and individual workstations.
The main characteristic of the computing resource is a performance;

e Storage resources are use application software that implements unified
interface for management and data transfer. The main characteristic of
storage resources is their volume;

e Information resources and directories are a special kind of data storage
resources. They are used for storing and providing metadata and other
information about the resource of grid system. Information resources
allow to store a huge structured amount of information about the current
state of the grid system and to implement resources search tasks;

e Network resource is a link between the distributed resources of the grid
system. The main characteristic of network resource is a data transfer rate
[18].

The main areas of grid systems application include a scientific research,
aerospace and automotive industry, architecture, electronics, energy, financial and
banking infrastructure, medicine and biotechnology, manufacturing, media
entertainment [19].

GRID - currently popular technology on the basis of GRID approaches have
been created many applications, most of them have a strong mathematical direction
(for example, a solution of large computational problems by dividing them into small
pieces). A special case of such systems is Desktop-Grid — grid systems, in which the
role of the compute nodes are the usual personal computers.

One of the examples can be a freely available Condor system, which is

oriented to work with non-transferable (shared with the owner of the computer)



resources. The Condor system has the mechanisms of queuing work, policy planning,
prioritization, taking into account the use and management of resources, support
breakpoints, restart and migration tasks. The Condor developed very powerful
resource description language that allows to formally describe the requirements for
the types and amounts of resources on part of the job, as well as restrictions on the
access to resources by the owners [20].

Also, there metacomputing system X-Com is designed for the rapid
deployment and implementation of distributed calculations. The system is a tool to
adapt and support the implementation of programs in distributed heterogeneous
environments. At the heart of X-Com architecture is a client-server scheme.
Accordingly, its application task must be logically divided into two parts: a server
and a client. The server part is responsible for the decomposition of a problem into a
plurality of independent portions and combining the results [21].

In general terms, the organization of such infrastructures can be identified by
the four approaches: the first is based on the creation of projects that connect the
executive computers; The second approach is the use of P2P-technology (Peer-to-
Peer) and the union executive peer computers in the network; the third approach is
characterized by systems with centralized management; the fourth approach is
represented by private enterprise systems development.

The BOINC platform is designed to support projects but not available to run
applications, as for each new application you need to create their own software and
hardware infrastructure [22].

OurGrid - open and free to the association, the joint network, which is labs
donate their inactive computing resources in exchange for the access to the resources
of other inactive labs when necessary. It uses a peer technology that allows each
facility to interact with the system [23].

XtremWeb is a software with an open code for creating grid systems of
personal computers. Currently the system is being further developed under the name
XWHEP. XWHEP architecture consists of three main types of components: servers,

workers and customers. The Server provides the central services of the system, the



workers provide data resources within the system, which are installed by the owners
on their computers The Clients interact with the system and use its aggregated
resources established by resource users on their computers . The system implements
mechanisms for the access rights as a user-level, and user groups [24].

The weak points of systems that implement the approach with centralized
management (for example, X-Com), a plan that does not allow the job to advance the
specified period by the user. The need for pre-treatment job in X-Com also narrows
the field of application of this system. Furthermore, in these developments, as well as
systems CCOF and OurGrid, representing P2P-approach does not use the grid
protocols which become standards. This leads to the fact that such developments are
not interoperable with other grid systems. The same can be said about almost all

corporate decisions.
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