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CTIPEHKO C.I.

PEAJIIBAIIIAA METOAY BUBHAYEHHSA MOMEHTY BIAKJIAJIEHHSA IIEPECUJIAHHSA
JAHUX B KOMII'IOTEPHUX KJIACTEPHUX CUCTEMAX

B po6oTi po3risaaarThes peatisallisi MeTOIy BU3HAYCHHS MOMEHTY BIAKJIaACHHS Iepeadl JaHuX, Mo ePeKTH-
BHO BUKOPUCTOBYIOTKCSI ITiJ] YaC BUKOHAHHS OaJaHCYyBaHHS HaBaHTaXXCHHs. Ha 0CHOBI MpOBEIEHNX EKCIIEPUMEHTIB
Ta aHaJi3y iX pe3yJbTaTiB MOKHA CTBEP/DPKYBAaTH, 10 METOJl BH3HAYCHHS MOMEHTY BiJKJIaJaHHS MEpPECHIIaHHS
JaHUX MOXKe OyTH e(heKTHBHO 3aCTOCOBAHO VIS MIABUIICHHS (GYHKITIOHYBAHHSI ITApaIeIbHUX KJIACTEPHUX CHCTEM.

We consider the implementation of the method for determining the date of the deposition of data that are being
used while performing load balancing. Based on the experiments and analyze their results could be argued that the
method of determination of a data transmission delay can be effectively used to improve the functioning of parallel

cluster systems.

OcobnuBocTi peanisauii B KnacTtepHux
cuctemax

OCHOBHMMHM  CHUCTEMaMH 3  JIOKaJIbHOIO
nam’sITTIO Ha JJaHW MOMEHT € KJIaCTepHI CUCTEMH,
IO CKJIaJaloThCs 3 BY3JIB, KOXKEH 3 AKX MAae
CHUIBHY TaM’ATh JJs JEKUIBKOX IPOLECOpiB,
3’€IHAHUX BHCOKONPOAYKTHUBHOIO Mepexero. Ile-
peBakHA OUIBIIICTh ICHYIOUMX KJIACTEPHUX CHCTEM
HaJa€ JOCTYI JI0 HU3BKOPIBHEBOTO i1HTEpderncy
nepenaui mosimomsienb MPI sk nmo iHTepdelicy
nporpaMmyBaHHs o04HctoBalIbHOT cuctemu. CTpy-
KTypa 1bOro iHTepdeiicy no3Boisie adcTparyBaTH
arapaTHi 0COOJMBOCTI Ti€l UM 1HIIIOI CHCTEMH, 30K-
pema cucteMmy 3B’SI3KIB Ta HECTPOTY HEOJ-
HOPITHICTh OOYHMCITIOBAILHUX BY3JIiB, J03BOJISIOUN
BUKOHYBaTH OOYHMCIICHHS Ha OyAb-KOMY 3 HUX Ta
OpraHi30BYBaTH Tepenady JaHUX MDK OyIb-SKOIO
napoto By3iiB. Takum umnom, MPI e dakruuno
iHTepdelicoM 10 OLIBIIOCTI KIACTEPHUX CHUCTEM,
BIJIMOBIIHO JIOIUUILHUM € BUKOPHCTOBYBATH HOTO
TSl 6e3MocepeIHbOl rmepeadi 1aHux, ToOTO BBeC-
TH JIONAaTKOBUW piBeHb aOctpakiii Hag MPL
3MiHEHHS TOBEIIHKH Oe3rocepeHbo iHTepderncy
MPI nebaxaHna, OCKIJIbKM MOXK€ BIUIMHYTH Ha BXKe
ICHYIOUYl TIporpamMu 3 HOTO BUKOPUCTaHHSM, SIKi
PO3PaxOBYIOTh HA BiJOMY MOBEIHKY.

JlomatkoBuii piBeHb aOCTpakiii MOXKE TaKOX
3a0€3MeUnTH MIATPUMKY MOJENI, 10 BUKOPUCTO-
BY€E Tif3aaadi 31 MUITXaMu PO30OUTTS A 3a0e3Iie-
YEeHHs MPOTHO3YBAaHHS 4Yacy mepeaayi JaHuX MK
By3JIaMHU Ta 4Yacy BUKOHAHHS OOYMCIIEHb IT1/13a/1a4l.
Ha mipoMy piBHI MOXKHa BHKOHYBATH 30ip pi3HOTO
POy CTaTUCTUYHOI 1H(OpMAIIii 13 3aCTOCYBaHHIM
iHTepdeiicy BH3HAYeHHA NPOAYKTHBHOCTI MPI
performance API, sxuii Hamae mIaTdopmo-
HE3aJIeKHI METOIU JOCTYIy A0 iHpopmamii mpo

MMOKA3HUKH MPOJYKTUBHOCTI, IO € BKpall Ba)IIn-
BHUM IS MATPUMKH JOCTATHBO BEIUKOI KIJTBKOCTI
obumcmoBaIbHUX cucTeM. PoboTa Ha ToMy X ca-
MoMy piBHI, mo ¥ MPI, Bumaraia 6 moBTOpHOI
peanizarii THX caMHX MeEXaHi3MiB. AHAJIOTIYHUM
YUHOM, JOJaTKOBUH piBeHb aOCTpaKIlii 3 BUKOPHC-
TaHHSM TIOJUTY 33/1a4 Ha YaCTHHHU OYyB 3alpoIlOHO-
Baunii B TexHosorii Intel Threading Building
Blocks [1] mi1s oO4YuCHIIOBaJIbHHUX CHCTEM 31
CIIUTBHOKO MaM’ATTIO, OJHAK HOro MOJeNb He Iie-
penbavae HEOOXiOHICTh mepemayl OaHuX. Tomy
JOIUTBHO 30epiraTd CyMICHICTh 1HTEep(eiciB 3
TBB, skmo MOXJINBO. 3 TOYKU 30py IOCTYIHHUX
KOPUCTYBady i, OCHOBHUMH MEXaHi3MaMU PO3-
napajeTioBaHHs € TapaielibHI 3TrOpTKa Ta CKaHy-
BaHHS, IPUYOMY KOHKPETHA peajizallisi rmapaneib-
HOTO OOYHCIICHHS HE BU3HAYAETHCS, TOMY ICHYE
MOXJIMBICTh BUKOPHUCTOBYBAaTH TaKHil camMui
iHTepdeiic. 3 iHmoro 60Ky, MATPUMKA aTOMAPHUX
omepaiiii ab0 B3a€EMHOTO BHWKJIIOUCHHS TEXHIYHO
HEMOXXJIMBA B CHUCTEMaxX 3 JIOKAIBHOI IaM SITTIO,
ToMy usg dyactuHa iHTepdeiicy TBB He wMae
HiATPUMYBATHCh.

TakyuMm 4MHOM HAWOUIBII MOLUIBHUAM ITIXOIOM
JI0 peaitizarii 3armporoOHOBAHOTO BiTKJIAJCHHS IIe-
penaui ganux [2,3,4] € BBemeHHS J0JATKOBOTO
piBHSA aOctpakuii Hag MPL, skuil 103BOIUTH BHKO-
HyBaTH HEOOXIiJHI 1ii Ta BUMIpIOBAaTH TIE€BHI MET-
puKu epekTUBHOCTI. Lle Takox M03BOJIMTH KOpHC-
TyBady OOYMCITIOBAIILHOI CHCTEMH OITUCYBATH CIIO-
cobu mepenayi JaHUX 3 BUKOPUCTAHHSM CTaHAAp-
TH30BaHUX 3aco0iB MPI, omHak MomeHT Oe3moce-
PEAHBOTO BUKJIMKY ITUX 3ac00iB Oyae BU3SHAUATHUCS
CHCTEMOIO TTiJ] YaC BUKOHAHHSI.

Ha unpomy piBHI HEOOXimHO peaizyBaTH
MiITPUMKY HEOOX1THUX MEXaHI3MIB IS
BiiKIaneHHs nepenavi qaHux. OCKITbKY HAa JaHUN
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MoMeHT Oe3nocepennbo MPI He Hamae momiOHOL
MOXKJIMBOCTI OKpIM JyXe€ OOMEXEHOI MiATPUMKH
OydepuzoBanux mnepeaad, HE0OXiTHO BBECTH J0]1a-
TKOBHH KepyrO4Hil mporec, skuii 0yae oOpoOito-
BaTH 3allUTH 3a T[epenady JaHWX. 3a YMOBH
BIJIKJIAJICHHSI TIOYATKy Tepenadi TaHuX, Yy MpoIec,
10 Mae IX MpHUiMaTH, 3aMiCTh Oe3rnocepenHbo aa-
HUX BIIIPABISIETHCS CHEIlajbHA CTPYKTYpa JTaHUX
— JIECKpHUIITOP, — SKa MICTUTh 1H(OpPMAIIO PO
o0csAr NMaHuX Ta iX pO3TallyBaHHS Ha JEIKOMY
By3J1. Lls cTpykTypa Moke OyTH BUKOpPUCTaHA IS
BUKOHAHHS SIBHOTO 3allUTy JaHUX, SKIIO BOHU He-
00XiHI paHime, HiK Oynu nepenani. Takox Takui
MiJXiJ T03BOJISIE TIEpeaBaTH JIHIIE TeCKPUIITOPH,
pPO3MIpH SIKMX 3a3BHYail 3HAYHO MEHIIE OO0CSTIB
JaHUX, [0 MEePEAAITHCS, IPU MIEPEHECEHHI 009nC-
JeHb MIX BY3JIaMH. Y KEpyHUYOMY MpoIieci
HiATPUMY€EThCS BIOPSIKOBAHUN 32 4acOM CIHCOK
BiIKITaieHUX riepenad. [[ins BU3HAYECHHs Yacy BH-
KOPHCTOBYIOTHCSI BUCOKOTOYHI TaliMepH, HasBHI B
CyYacHHX TpOIllecopax, po3MijibHA 3JaTHICTh SKHX
nocsirae HaHOceKyH. [5] Tak sk B paMkax By3ia
BUKOPUCTOBYETHCS CUCTEMa, TOOYJOBaHA 3a TPUH-
[IUIIaMK PO3MOALTY 4Yacy, HeOOXiTHO BpaxyBarTu ii
OCOOJIMBOCTI Tij Yac iHIIIFOBAHHS IMOYATKYy Iepe-
Jaui gaHuxX. JJIsS bOrO BHSBISE€THCSA KIUIBKICTh
MPOIIECIB, IO 3HAXOIATHCS B AKTHBHOMY CTaHI.
Sxmo mepemaya maHux Mae OyTd  iHiNiioBaHa
MEHIII HDK 4epe3 dYac, IO JOPIBHIOE OTpPUMAaHIN
KUTBKOCTI MPOILIECIB Ha KBAaHT 4acy, nepenady Mo-
JKHA 1HIIFOBATHA HETAWHO.

Tunun 3agay, oNA AKUX BUKOHYBanochb
TecTyBaHHA

Jns nemMoHcTpaunii MpUHUOMIIB poOOTH 3arpo-
MMOHOBAHUX IIAXOMIB BIIKIJIAQIEHHS IMMOYATKYy Iepe-
Jadi TaHuX HEOOXiMHO 3acTOCyBaTH iX /O Ay
TUTIOBUX OOYMCITIOBANIbHUX 3aJ1a4, SIKI BUKOHYIOTb-
Cs Ha CHUCTEMax 3 JIOKAJIbHOIO IMaM ATTi0. OCKUIBKU
3amponoOHOBaHa I JTOCHIKEHb peani3ailis BUKO-
PUCTOBY€E TOJATKOBHMU piBEHb aOCTpakIlii HaJ HU-
3bKOPIBHEBHM iHTEepdericoMm nepenayi
MOBIIOMJICHb, HEMOXJIMBO O€3MOCePEeTHRO BUKO-
pUCTaTH ii 71 ICHYIOUHX IPOTrpaM 13 3aCTOCYBaH-
HaM MPI, a HeoOXigHO BHUKOHATH IX aJaITariiio.
Tomy Oyno 0OpaHO psill TUTIOBHX 3ajad, SIKI MalOTh
XapakTepHi 0COOIMBOCTI, MOBEAIHKY Ta CXEMH B3a-
€MOJIi, Ta AaJanToOBaHO /JIsi BHUKOPUCTAHHS
JOCTIAHUIBKOT peaizaliii.

3 TOukM 30py oprasizaiii B3aeMoii Ta 00cATiB
JMaHUX, 10 MEePENA0ThCs] MK BY3JIaMU OOYHCITIO-
BaJIbHOI CHCTEMHU 3 JIOKAJIbHOIO MaM’ ATTIO, a TAKOXK
00CSTIB MaM’sTi, [0 BUKOPUCTOBYIOTHCS Y By3JIax,
MO>KHa BUIUTMTH HACTYITHI IMUPOKI KJIacH 3a/1ad.

a) 3amayi 3 pIBHOMIPDHMM BHKOPHCTaHHIM
maM’sTi Ha By3JaX Ta PIBHOMIPHHUM OOCSTOM Ja-
HUX, M0 TepeaarThCcs Mixk By3namu. [Ipu mipomy,
B3a€EMOJIISI MOXE BiOYBATHCh JIMIE MK OOpaHH-
MU TIapaMH BY3JIiB, OJHaK HEOOXiTHOIO YMOBOIO €
CTaOUTBHICTh CEPEeNHBOI KITBKOCTI MepeaaHux Ja-
HUX 32 MEeBHUH MPOMIKOK Yacy MK BCiMa mapamMu
By3niB. [lpukiiamamMmu Takux 3amad € omeparii
JIHIMHOI anredpw 13 MIIPHUMH BEKTOpaMH, Mart-
PUISIMU Ta TEH30paMHU, 1110 30€piraroTbcs MPOCTUM
croco0oM, 30KpeMa MaTpUYHO-TEH30pHa anredpa,
OHO- Ta 0araTOBUMIipHI 3TOPTKH, TayCOBO pO3-
MUTTS, JUCKPETHI MEPETBOPEHHS B CHCTEMax Op-
TOTOHAJBHUX (DYHKIIIH, 30KpeMa IepeTBOPEHHS
dyp’e; po3B’sa30Kk AWGEpPEHIIHHUX PIBHIHb Ha
PIBHOMIpDHHX CiTKaX METOJaMH KIHIIEBUX DPIi3HUIb
TOIIIO.

0) 3amaui, B mapajenpHUX peami3allisx SKUX
KOMYHIKAIlii MDK TpoIecaMu  3JIHCHIOEThCS
BIJIMOBIHO [0 TIEBHOTO HEBWIIAJIKOBOTO 3aKOHY,
30KpeMa TOJIIHOMIAJIbLHOMY, MPUYOMY OOCATH KO-
MyHiKalii M’ MEBHUMH MapaMH MPOLECiB 3HAUHO
OuTBIIIe HIXK MDK 1HIIUMH TTapaMu TporeciB. Buko-
pUCTaHHS MaM’sTi y BY3JaX TaKoX MoOXe OyTu
HEPIBHOMIPDHUM, aji¢ HEBHUIAJKOBUM, MPUUOMY HE
€ 000B’SI3KOBO O€3M0CEePEeIHBO OB’ SI3aHUM 3 00CsI-
ramMu KomyHikarii. JIo mporo kjgacy MoxyTh OyTH
BIIHECEH] 3aJa4l 4YHCEJILHOIO0 MAaTeMaTU4YHOI'O
aHaii3y, 30KpeMa YHCEIbHOTrO IHTETpyBaHHS 31
CKIQJIHUMH  XapaKTePUCTHKAMU  CXOJHUMOCTI,
iTeparliiHi  MeTOAW, 10 BUKOHYIOTBCS  Ha
iHTepBaJIax 10 CXOAMMOCTi, 30KpeMa METOAH
pPO3B’SI3Ky CHUCTEM JIHIWHHMX PIBHSHB, PO3B’SI30K
TUGEpeHIINHUX PIBHSIHb METOAAMH  KIHIEBUX
pPI3HHUIIL Ha KIHIEBHX EJIEMEHTIB 3 aJallTHBHUMHU
a00 HEepiIBHOMIPHUMH CITKaMH TOLIO.

B) 3amayi, B SIKHX OOCSTH KOMYHIKaIlii Mi>K TIpO-
[ecaMi TpH TMapaJeTbHOMY PO3B’s3aHI MOXYTh
BapiIOBATUCS BUMAAKOBO B 3aJICXKHOCTI Bij 3HaYEHb
BXIJTHUX JaHUX, a HE BiJ ix oOcsary, abo 3amadi, B
SIKUX OOCSITH BUKOPHCTAHOI MaM’sITi MOXYTh BHITa-
IKOBUM YHMHOM 3ajJIeKaTH BiJ 3HAYEHL BXIJTHUX
naHux abo pe3yNbTaTiB, OTPUMAHHMX MPH TIOTe-
pennix obumncinenHsx. [IpuknagamMu Takux 3amad €
3ama4dl  JIHIAHOT  anreOpw  Haa  JOBUIBHUMU
PO3PIHKEHUMH MATPHUISIMU 3 BUIAJIKOBUM 3aIlOB-
HEHHsSIM; WMOBIPHICHI METOJH, 30KpeMa METOIu
Momnre-Kapno; MopaentoBaHHS BHITaIKOBUX IIPO-
IIECIB; JIesKl OOYMCIIIOBAJILHO CKJIaAHI 3amadi Ha
rpadax.

Taka xnmacu@ikariisi He MPETEHye Ha MMOBHOTY
a00 TIOKPUTTS BCIX MOMJIMBHX OOYHCIIOBAIBHUX
3a7a4, ane BigoOpakae JOCTaTHHO  BEIUKY
KUIBKICTh THIIOBUX OOYHCIIEHB, 110 BUKOHYIOTHCS
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Ha KJIacTEepHHUX cucTeMax. KpiM Toro, BoHa J103BO-
JUTH JIOCTATHHO MIBUJKO OIIHUTH €(EKTHUBHICTH
3aCTOCYBaHHSI  3allpPOMOHOBAHUX  MIAXOMIB  JO
BIJIKJIAJICHHSI TIepenadi JaHux Oe3 HeOoOX1THOCTI
pealtizoByBaTH BEIHKY KUIBKICTh 3aay i3 3aCTOCY-
BaHHSIM IIMX MHIIXOIB.

Jlis  TmpOBENEHHS EKCHEPUMEHTY 3  MIJUTIO
MIATBEP/DKCHHS BIUIMBY Ha KOE(iIi€eHT e(eKTUB-
HOCTI 3amlpOINOHOBAaHUX MIAXOIIB Ta TEPEBIPKU
BUCYHYTHUX TiloTe3, Oyno oOpaHO Ta peasi3oBaHO
13 3aCTOCYBaHHSM MOJIE]l PO3OMTTS Ha Tia3amadi
Ta 3B’s3aHI 3 HUMH JaHi, 0 JBI HACTYIHI 3aaadi
KO>KHOTO KJIacy:

a) BUKOHaHHS JIUCKPETHOTO TIEPETBOPEHHS
®dyp’e; uyucenbHEe pPO3B’s3aHHSA AUGEPEHIIIHHOTO
PIBHSIHHSI KBAaHTOBOi ONTHKH METOJOM KIHIIEBHX
PI3HHITH 3 PIBHOMIPHOIO CITKOIO;

0) uHcenbHE IHTETPYBAaHHS METOJIOM KpPUBHUX
BUIIMX TIOPSJIKIB;, YWCEIbHE pPO3B’s3aHHS aude-
PEHILIHOTO PiBHSIHHA KBAaHTOBOI ONTHUKH METOJOM
KIHIIEBUX PI3HUIIb 3 IAITHBHOI CITKOIO;

B) 3HAXO/DKEHHS BIACHUX YHCEN Ta BEKTOPIB
PO3PIKEHOI MaTpuIilli 3 BUITAJIKOBUM 3allOBHEH-
HSIM; MOJICTTIOBaHHS BHUITAJIKOBOTO (Di3UYHOTO TIPO-
ecy MmerogoM Monre-Kapio.

OOpani 3a1a4i BUKOPUCTOBYIOThCS Y OaraTbox
OLTBII CKJIATHUX 3aCTOCYBAHHSIX OOUYHCITIOBAIBHUX
CUCTEM [UIsl PO3B’S3KYy HAYKOBUX Ta TEXHIYHUX
3a/1a4, TOMY MOJIUBICTh 30UTbIIEHHS KOS(IIIEHTY
e(EeKTUBHOCTI iX pPO3B’sA3aHHS JO3BOJHMTH TaKOX
30UTHIIUTH KOe(DimieHTH e(PEeKTUBHOCTI BUKOHAHHS
Oo0YMCIIeHb, SKI aKTUBHO  BUKOPUCTOBYIOTH
PO3B’sI3aHHA LUX 3a7a4.

Kpim Toro, ockinbku oOpaHni 3a1adi Ta 0coOuu-
BO iX KOHKPETHI MOXYTh MAaTH YITKO BHpa)KeHI
0COOJMBOCTI Oprasizanii B3aeMOAil MiXk Hapaneib-
HUMH TIPOLIECAMH, B SIKUX BHKOHYETHCS IX OOYHC-
JICHHSI, Ta CXeMH BUKOPHCTAHHS TIaM’sITi, JOAATKO-
BO Oysno moOyaoBaHO MporpaMHI MOJEl 3aaad
KOKHOTO KJIacy.

Tak nns MozaenroBaHHS 3ajadvi Kjacy (a) s
KOXKHOI TapH TMpOLECIB BH3HAYAETHCSA, 4d Oyne
BUKOHYBATHCSI MOJICTTIOBAHHS B3a€MO/II1 MK HUMHU:
SIKIIIO PIBHOMIPHO pO3MoiieHe Ha mpoMixkky [0; 1)
BUTIA/IKOBE 3HAYCHHS I' TIEPEBUIIYE MEBHE ITOPOTO-
BE€ 3HAUCHHS Vo5 = 0.75, TO MPOIIECH BBAXKAIOTHCS
B3aemoirounMu. OOpaHHSI MOPOTOBOTO 3HAYEHHS
MOYE 3aJIeKaTH BiJ KIJBKOCTI MapaielbHuX Mpo-
11eCiB, OCKUIBKHY 3a3BUYal Y pa3i BEIMKOI KITBKOCTI
IPOIIECiB, B3a€MOJis BiIOYBAa€TbCA JHIIE MiXK
OKpEeMHUMH MapaMu mporieciB. Koxxkauit mporiec, 1mo
MOJICITIOETHCS, SIBIIsIE COOOI0 uepryBaHHs (aszu
obuncnens Ta ¢dazu nepemadi gaHux. s mome-

JIOBaHHS O0YMCIIEHb OOMPAEThCA Yac X BUKOHAH-
HS tC SIK BUIAQJKOBE 3HAUEHHS, PO3MO/IIEHE 3a HO-
pMabHUM 3aKOHOM N(i,0), 31 3HaueHHsIMH 1 = 10
Mc, 0 = 1 Mc, TCs 40oro B MPOIeCi BUKOHYETHCS
UK, YMOBOIO BHXOJYy 3 SIKOTO € JIOCSTHEHHS
BCTAHOBJICHOTO 4acy f.. B nuk:i BiiOyBa€eThCs 3Be-
pPHEHHS IO BUMIAJKOBUX aJIpeC Mam’sTi, Ka AOCTY-
MHa JaHii mporpamMi, IpUYOMYy HACTyIHa ajpeca
00MpaEThCS K BUITAJIKOBA BEJIMYMHA, PO3MOIITICHA
3a HOpPMaJbHUM 3aKOHOM, 3 MaTeMaTUYHUM
OUIKyBaHHSIM PIBHUM HACTYIHIN ajpeci s 3a-
JOBUJIbHEHHSI TPUHIMITY JIOKAJBHOCTI 3BEPHEHHS

1o ga"ux. I1ix gac o04YMCiIeHb BUIIAETHCS IIEBHUMN

. o 19m
o0car mam’saTi M, axkuii 00YHCITIOEThC K M = o

+ Myang, A€ M = 2% Gaiitr — (dikcoBaHu 00CST
BUIJIEHOT IIaM’SITi, a M, 4yg — BUIIAJAKOBA KOMIIOHE-
HTa o0cATYy MaM’ATi, 1[0 PO3MOJIJIEHa 32 HOpMaJlb-

m m .
HUM 3aKOHOM N(ﬁ’ﬁ ) Ta Ma€ Ha METi ypaxy-

BaHHS NMOOIYHUX (PAKTOPIB, 1[0 MOXKYTh BIUTUBATH
Ha o0csary BumiigeHol mam’sati. Buminena mam’sSTh
3aIOBHIOETHCS BUMAJKOBUMH JaHUMHU. Mojenro-
BaHHS (a3u B3aEMOJii BUKOHYETHCS HACTYITHUM
YMHOM: 3 BHKOPHCTAaHHSIM piBHOMIPHO PpO3-
MOJIIJICHOTO BWITAJKOBOTO 3HAYEHHS Ta IOPOTY
rthresh Bu3HavaeThcs, uu Oyne BimOyBaTHCs B3ae-
MOJIisl MK TIapor0 TpOIeciB B daHii (asi, AKIIO0
TaK, BUIAIKOBUM UYHWHOM BH3HAYAETHCS MPOIIEC-
JDKEpeNio Ta mpolec-npuitMad ganux. [licms doro
BHU3HAYAETHCS OOCAT JaHUX, SKi OyAyTh TepenaBa-

19m 22 o . N
THCS S = 0 + Syand, A€ § = 277 6alT — (hiKCOBaHUU

o0csr maHuX, MO OyAyTh MEpeHaBaTHCS, & Sygnd —
Horo BUMa/JKOBa KOMIIOHEHTA, PO3IO/LJIEeHa 3a HO-
pPMaJIbHUM 3aKOHOM aHAJIOTIYHUM JIO OOCSTiB
nmam’sTi. BUKkoHyeThCsl Iepenaya HeoOX1HOTO 00-
CATY NaHUX MDK BY3JIaMH, 3HAUYCHHS JAHUX T'eHe-
PYIOThCSI BUMAIKOBO.

MopnentoBanHs 3amadi kiacy (0) aHaJIOTIYHHM
710 (a) YMHOM BU3HAYAE MMAPH MPOIIECIB, MK SKUMHU
BiOyBaTuMeThCsl B3aemomiss. OMHAK B 1[bOMY BHU-
MaJKy HeOOX1THO BHECTH HEPIBHOMIPHICTh OOCSTIB
BUKOPUCTAHOI IaM’ATi Ta AaHuX. [t iboro nepen
MOYaTKOM  MOJEJIIOBaHHS ~ OOMpaeThcst  JBa
noninomu PM ta PS Bix nomepy npouecy i: Py(i) =
p4i4 + p3i3 + pgi2 + pi' + po, ne p; — KoedimieHTH,
[0 € BUIAJKOBUMHU 3HAYCHHSMH, PO3MOAUICHUMHI
3a HOPMJIBHUM PO3MOALUIOM Ha mpomixkky [0; 3).
B nogansmomy moirom PY(i) BUKOPHCTOBYeThCs
JIUIA BU3HAYEHHS 0OCATIB IMaM’ATi, 1110 BUAIJISIOTHCS
B [-TOMY BY3Ii, a momiHOM P°(i) — sl BUSHAYCHHS
o0cATriB AaHUX, 110 MAOTh OyTH TEpemaHi 3 i-To
By3J1a y IeBHUH iHmMHA. [t oTpruMaHHs abCcomoT-
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HUX 3HA4Y€Hb OOCSTIB JAHUX 3HAYEHHS ITOJIHOMIB
10m 10s

PM(N) PS(N)
N — KiTBKICTh MPOIIECIB.

MopentoBanHsl 3a1ad Kiacy (B) BinOyBaeThCs
HacTymHUM ynHOM. Ha koxHi# ¢a3i nepemadi na-
HUX JJIS KOKHOI IMapu TPOIIECiB OOMPAETHCA YU
Oyne BimOyBaTHCST MiXK HHUMH B3a€EMOJisl aHa-
JIOT1YHO 10 (a), OJTHAK Ha BIAMIHY BiJ HBOTO, OYy/Ib-
sKa mapa MpoLeciB MOTEHLIHHO MOXe BUKOHYBAaTH
0o0MiH maHuMHU. MojentoBaHHS Tpolecy oOuuc-
JIeHb TaKOX BiZOyBa€ThCS 32 TUMU CaMHMHU IPUH-
LMIIaMH, OJHAK OOCATH BHIIJIEHOI IaM’sATi BHU3HA-
YarOThCS SIK BUMIAJKOBA BEITMYHMHA, PO3IMOALICHA 32
PIBHOMIpHUM 3aKOHOM Ha TpoMikky [0.1m, 10m).
AHaJIOriYHO 00CSTH JaHUX, 10 OyAyTh mepenaHi
MDK KOXKHOIO Iapol0 BY3JIIB OOMPAIOTHCS SIK HE3a-
JeKHI BUMAAKOBI 3HAYEHHS, PO3MOJIUICHI 3a
PIBHOMIpHUM 3aKOHOM Ha mpoMiXkKy [0.1s, 10s).

HaBeneHi KOHKpeTHI 3HaYeHHA M Ta S, a TaKOXK
MPOMIDKKH, Y SKMX BHOMPAIOTHCS BHUIIAJIKOBI 3HA-
YeHHsS N7 OOCSTiB MmaM’sTi Ta JNaHuX, oOpaHi y
BIJIITOBITHOCTI IO CTATUCTHUKYA BUKOHAHHSA 3a1a4 Ha
kiacrepi Cymepkomn’iorepHoro ueHtpy HTVYY
«KIIl», TumoBoi koHdiryparii oOnmagHaHHS IS
o0uncIIoBaJIbHUX cucTteM Takoro tumy (1 I'6 ome-
PaTUBHOI TaM’sATI Ha OAWH OOYHUCITIOBAJILHUN TIPO-
nec, Ta Bukopructanus 10 '6/c 3B’ 43Ky Mix By3ia-
MH) a TaKOX 3 ypaxyBaHHSAM 3arajibHoOi CTATUCTHKHU
[5], 30kpeMa pi3HUIT MK MiHIMATBHUM Ta Mak-
CUMaJIbHUM OOCSITOM JaHWUX oOpaHa SIK JIBa JECsT-
KOBUX MOPSIIKH.

JTOMHOKaThCS Ha BIAIIOBIAHO, O€

BukopucTtaHHa naMm’aiTi y By3nax cuctemMm

[Iporiec BHKOHAHHS OOYMCIEHHL HA OOYHCIIIO-
BaJIbHIN CHUCTEMI 3 JIOKAIBHOIO IMaM’TTIO mependa-
yae HacaMmIiepes] HeoOX1IHICTh 30epiraHHs JaHuX B
JIOKaJIBHIM Mmam’sITi OHOTO 3 BY3JIB IIi€i CUCTEMHU.
OCKUIBKM [aHl € HEeOOXITHUMM i1 BHUKOHAHHS
oOuncieHp abo € iX pe3ynbTaToM, 3MEHIIUTH 00-
CATH TMaM STl MUISXOM BIIMOBH BiJ iX 30epiraHHs
HEMOJKJINBO, 32 BHUHSATKOM BHUIIaJKIB BiAMIHH 00-
YUCJICHB, PO3TIIIHYTUX Y Ipyromy po3aim. OmgHak,
y 4ac MiXX TOTOBHICTIO JJaHUX JI0 Tiepeadi B OJHO-
My By31i Ta ix Oe3rnocepeHiM BUKOPUCTAHHSAM Y
IHIIOMY BY3JIi, ICHY€ MOXJIMBICTH 00paTu OJUH 3
HUX JUI 30epiraHHs WX JTaHMX, 0 B JaHii poOOTi
BUKOHYBAJIOCh 3 OIJIAY Ha OOCST mam’ATi, 3aifHs-
TOT Ha KOXXHOMY BY3JIl 3 I[UJUII0O WOTO MiHIMI3aIlii.
30epiraHHs 3aHAJITO BEIUKHX OOCATIB MOXE He-
NpsIMO  BIUIMBAaTH Ha €(EKTUBHICTH BUKOHAHHS
00YHCIIeHb, a B JISIKNX BHUIAJIKaX HABITh MPUBECTU
JI0 3yNMUHKK OOYKCIICHb Yepe3 MEepeBUIIEeHHS J0C-
TYIHUX OOCSTIB MaM’sTi, TaK K pAg 0OUYHCIIOBa-

JBHUX CHUCTEM 3 JIOKAJBHOKO MaM’SITTIO, 30KpeMa
BEJIMKI KJACTEPHI CHCTEMH, MOXYTh HE MaTu
BY3JiB, OONaJHAHWX AWCKAMH, 110 BHKOPUCTOBY-
FOTBHCS IS TIJKAYKK JTAaHUX B OCHOBHY 1AM’ SITb.

Ha puc. 1 300paskeHo o6caru mam’siTi, 10 B ce-
peaHLOMY OyJIM BUKOPHCTaHI OJHUM TPOIECOM 3a
BECh 4ac poOOTH MPOrpaMHu, yCepeaHeHa IS BCIX
nporpam, IJisl SIKHX BHKOHYBAJIOCh TECTYBaHHS, Ta
3TpynoBaHa 3a Cnoco0aMy BU3HAYCHHS TPUBAIOCTI
BiIEIEgIOaIIeHHH nepeaadi.
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KinbkicTs npouecopis P
Puc. 1. Cepeoniit 3a uac 6uKonannsa oduucIens
ma 3a eécima npoyecamu o6caz euodinenor
nam’ami ¢ nepepaxynKky Ha 00uH npouec

OkpemMo 3a3HauuMo, 1O o0OcsaT  (i3UIHOL
mam’siTi Ha BYy3JIaX CHCTEMHU, sSIKa BUKOPHCTOBYBa-
Jack JUIs TecTyBaHHs, ckiamae 1024 M6. Ha KOX-
HUW HasBHMM npouecop. IIporpamu BHKOHaHHSA
0o0YHnCIIeHb OTPUMYBAIU II0 1H(OpMAIIiIO BiJl CHC-
TEMHU KEepyBaHHs 3aJlauaMU Ha KjacTepi, OJHaK He
BpaxOBYBJIM OOCSATH TIaM’SITi, IO BUKOPHCTOBY-
I0OTbCS  CHCTEMHUMH Tporiecamu. Kpim ToTO,
OCKIJTBKM OJIMH BY30J1 OOYHCITIOBAIBHOI CHUCTEMH
MICTHTb JEKIUJIbKa MPOLECOpPiB, a OOYNCIECHHS MOT-
JU BUKOHYBaTUCh Ha OJHOMY a00 MEHIIIN
KIUJIBKOCTI, iCHYBaJla MOKJIUBICTh BUKOPUCTOBYBA-
TH BCIO I1aM’Th, HAsABHY y BY3Ji 0€3 3aIisTHHS Me-
XaHI3MIB ITiIKaYKH.

BinknanenHs mepenavi JaHuUX 0 3alHTY HA iX
BUKOPUCTaHHS MMPOTHO30BAHO 30UIBLINIIO CepeaHii
o0car BUKOPHUCTaHOI MaM’sITi y BY3JIaX, OCKUIbKH
JaHi, TMepeaady SKUX BIIKJIAAEHO, HEOOX1JTHO
30epiratu y mkepem. Cnix BIAMITATH, IO TNPHU
MEHIIIH KUIBKOCTI MpOIecopiB, 0OOCIT 3aiHATOI
MmaM’sITi CyTTE€BO 301IBIIMBCS, B JEIKHX BHUIIAIKAX
30ubmenHs ckiaano a0 13%. Ile moxxe OyTu mosic-
HEHO OLIBIIMMHU 00CIraMy OaHUX, II0 MAaoTh IIe-
penaBaTUCS MK ITapaMu BY3JTiB, SKIIO iX HEBEIUKA
KUIBKICTh, Ta MEHILIOIO KiJTbKICTIO BY3JiB, SIKI MOT-
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JU B)K€ 3alIUTATH JaHI HA MOMEHT iX TOTOBHOCTI.
3aramoMm, BHUKOPHUCTAHHS IIIXOAYy 3a 3aluTaMu
30UTBITyE cepeHi 00CATH BUKOPUCTAHOI IMam’sTi
Ha 2 - 4%, OJHAK B JIEIKUX BUIIAJKaX MOXKE 3MEH-
[IATH M1KOB1 00CATH BUIIIEHHS I1aM’ATI.

BuxopuctanHs miaxoay 3 BIAKIAJACHHSIM IOYa-
TKY TiepeJiadi Ha 9ac, 0 BH3HAYAETHCS CTATHUCTU-
YHO JIO3BOJIMJIO HE3HAYHO 3MEHIIUTH CepeaHin
o0csr BUKopucTaHoi mam’sTi, Ha 1 - 2%, mo BuU-
KIMKAHO 3/1e0UTBIIOr0 HASBHICTIO MpaBWIa TIPO
3a00pOHY BiKJIAJEHHS TP 3HAYHIN PI3HUII B 00-
csrax BUAUIEHOI mam’sTi. BUKOpHCTaHHS miaxomy
13 3aCTOCYBAaHHSM OIIIHOK Yacy Irepeadi JaHux Ta
BUKOHAHHS JI03BOJIMIIO 3MEHIITUTH 00CATH BHKOPH-
cta”oi mam’sti 10 5.3% mnpu HasgBHOCTI OanaHcy-
BaHHS HaBaHTAXKCHHS B cHUCTEMax 3
JiHEapi3yEMUMHU 3QJIEKHOCTSIMH IIBHIKOCTEH TIie-
penaui nmanux, Ta g0 2.7% B cucremax 3
JTOBITLHUMH 3aJICKHOCTSIMHU IIBUIIKOCTEH TIepemadl
JIAaHHX.

[IpoBanm B 0oOcsirax BUKOPWUCTAHOI Mmam’siTi JIst
24 mpouecopiB, HaOLIBII HMOBIPHO MOSICHIOETHCS
HEpPIBHOMIPHICTIO  PO30OMTTS  Ha  Tia3ajadi,
OCKIJIbKH BUKOPHCTOBYBaHUI ITOPUTM
pPO3IICHHS Ha TIOJOBUHHM Ma€ TPOIYyKYyBaTH
KUTBKICTB MiJ3a7a4 3 MPUOIHU3HO OJJHAKOBUMH 00-
csAraMu JaHUX, IO € TIEBHUM CTYIIEHEM JIBIHKH.

3a BiACYTHOCTI OanaHCyBaHHS HaBaHTAXEHHA y
3a/auax, Kl He JOMYyCKalTh BIAMIHY OOUYHCIICHB,
cepe/iHi 00CsITH BUKOPUCTAHOI MaM’ATi 3aIMIIHIHU-
Cs He3MIHHHMMU.

Yac o4ikyBaHHA BBeAeHHSA Ta BUBEOEHHA

OuikyBaHHS MOYATKy Iepeaadi JaHuX 3a Mepe-
)K€, Ha BIAMIHY BiJ dacy Oe3mocepenHboi mepe-
madi JaHuX, mependadae BiJACYTHICTh BUKOHAHHS
00uHnCIeHb Yepe3 HETOTOBHICTh JaHUX, 10 B CBOO
Yepry MOKe CYTTEBO BIUTMHYTH Ha YaCc BUKOHAHHS
o0unceHb Ta Ha Koe(ilieHT e(PEeKTUBHOCTI.

Ha puc. 2 HaBeneHO 3a€KHICTh BiJHOIICHHS
Yacy OuiKyBaHHs BBEICHHS Ta BHUBEICHHS, 0 KO-
T'0 BXOAMTS SIK 4ac Mepeaadi JaHuX Mepexero, Tak 1
poboTa 3 AMCKOBOIO MIJCUCTEMOIO, 32 1i HAIBHOCTI
Ha JIOKAJILHUX BY3JaX, JI0 3araJlbHOTO 4acy BUKO-
HaHHS TIPOTPaMH BiJl KUIHBKOCTI IMPOIECOPIB, IO
BUKOPHUCTOBYIOThCSL st oOumcieHb. ToOTo 3a
BICCIO OpAMHAT 3HAXOUTHCS BiJICOTOK Yacy, SKUH,
B CEpeAHbOMY Ui BCIX TpOLECiB, 3aiimMae dYac
OUiKyBaHHS BBEJICHHS Ta BUBEICHHS Bij Yacy BH-
KoHaHHS oOumcneHb. [Ipu oMy Ha rpadiky Ha-
BEJICHO YCepeaHEeHe I BCIX 3adad Ta CrocobiB
BU3HAUEHHS 4Yacy Tepenadi JaHuX 3HAYCHHS.
JominpHO 300pakaTd caMe BiJICOTOK, a He abco-

JIOTHI 3HAYEHHS, OCKUIBKU TPUBATICTh BUKOHAHHS
OOYHCIIEHb CHJIBHO 3MIHIOEThCS 31  3MIHOIO
KUTBKOCTI TPOLECOPIB, MPHUUOMY PI3HUM YHHOM
TUTS POiOSHI/IX KJIaciB 3a/a4.
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KinbkicTb npouecopis P
Puc. 2. Bionowennsa uacy ouikysannsa nepeoaui
0anux 00 3a2a1bHO20 4ACy 6UKOHAHHA RPOZPAMU,
ycepeonene 3a ecima npouecamu

[Ipn HEBEeTWMKHMX KUTBKOCTSX MPOILECOPIB, IO
BUKOPUCTOBYIOThCSL JJIi BHUKOHAHHS OOYHCIIEHB,
BIJICOTOK Yacy OYIKyBaHHS Iepelavi JaHuX Maixe
He 3MiHUBCA. [le MOsSCHIOETHCS BIIHOCHO BEIIMKUM
9acoOM BHKOHAHHSI OOYHCJICHH 1O BIIHOIICHHIO JI0
OUIKyBaHHS. 3 IHIIOTO OOKY, 4ac OYIKyBaHHS Iie-
penadi JaHUX i3 3aCTOCYBAHHSM BIJKJIAQJCHHS IIe-
penadi maHuWX 3a3HaB 3MeHIIeHHs a0 43% mo
BIIHONIEHHIO 10 [mie€l  BeIWYUHU  0Oe€3
BIJIKJIQZICHHSI, OJJHAK 1€ HE MaJI0 CYTTEBOTO BILTUBY
Ha e(QEeKTUBHICTP BUKOHAaHHS OO4HCIeHb. I3
30UIBIIEHHSIM KUTHKOCTI MPOIECOPIB, HA SKUX BHU-
KOHYIOTBCSI OOUMCIICHHSI, BIUTUB HA BiJICOTOK Yacy,
0 3aiiMae OYiKyBaHHS BBEACHHS Ta BHBEICHHS,
cTae OUIBII CYTTEBUM 3aBASIKH JIBOM (haKTOpam:
Mo-Tiepie, MpU BENHKIA KUIBKOCTI TPOIIECOPiB
30UTBIIYEThCS  KIJIBKICTH Tap BY3MdiB, IO KO-
MYHIKYIOTh OJWH 3 OJHUM, Ta TMOTEHIIMHO CTBO-
PIOIOTH CUTYAIlil OUiKyBaHHs, 1 O-APYre, 3MEHIIY-
€TbCSl 3arajlbHUM 4Yac BHUKOHAHHA OOYHCIECHb 1
OUiKyBaHHS Mae€ OUTbII CyTTeBe 3Ha4YeHHA. Kpim
TOTO, 3pOCTa€ Yac OYIKYBAaHHS BBEICHHS Ta BHBE-
JIeHHs 4epe3 30UIbIICHHS BapiaHTIB OOpaHHS Map
MporieciB i nepeaadi ganux. [Ipu BukopuctanHi
32 mporiecopiB BiICOTOK Yacy O4iKyBaHHS BBEJCH-
HS Ta BUBEJEHHS 10 BIJHOIICHHIO JIO 3arajlbHOTO
yacy BHKOHaHHS OOYMCIEHb OYJIO 3MEHILIEHO 3
5.1% no 4.1%. OdikyeTbcs, MO 3 TOAATBITUM
301IBIIEHHAM KIJIBKOCTI MPOIECOPIB 32 YMOBH 0Oa-
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JAHCYBAaHHS HABAaHTAXXCHHSI 1 HEBIOPSIKOBAHUX
nepenad, pi3HULS B Yacli OYIKYBaHHS JIMIIE
3011bIIyBaTUMEThCHS.

Bnnue Ha koediuieHT echeKTUBHOCTI

[TokpamieHHsT JBOX BHIICPO3TISIHYTHX (hak-
TOpiB: 0OCSTIB BUKOPHCTAHOI y By3Jax mam’sTi Ta
Yacy OuiKyBaHHS BBEICHHS Ta BUBEICHHS TaHUX —
MaJli Ha METi BIUIMHYTH Ha €(EeKTHBHICTh BUKO-
HaHHS O0YMCIICHB, KA B CBOIO YEPT'y BHPAKAETHCS
K y IIBUIKOCTI BUKOHAaHHS OOYHMCIEHb, TaK 1 y
3aBaHTAXEHOCT1 armapaTHOTro 3a0e3medeHHs. He-
00X1THO PO3IJIIHYTH BIUIUB HAa €(QEKTHBHICTH BH-
KOHAaHHS OOYMCIIEHb OKPEMO I PI3HUX KIIaciB
3aJa4, OCKUIBKA BOHH CaMi IO cO01 IEMOHCTPYIOTh
3HAYCHHs KOeIII€HTY €(EeKTHBHOCTI, 110 CYTTEBO
BIZIPI3HSIOTHCSA, OCOOJIMBO MpPU MacuITa0yBaHHI 3a
KUIBKICTIO TPOIECOPIB, HA SIKUX BUKOHYIOTHCS 00-
yuciaeHHs. TuM He MeHI, HeOOX1THO 3rpyIyBaTH
pe3yabTaTd, OTPUMaHi A Pi3HUX OOMEXKEeHb Ha
IIBUIKOCTI TIepeaadi JaHUX MK By3JIaMH.

Ha puc. 3 300paskeHO SIKUM YUHOM 3MIiHIOETHCS
koe(dimieHT edeKTHBHOCTI B  3amavax, sKi
OOMIHIOIOTBCSI OJJTHAKOBUMH O0CSTaMU JaHHUX MiXK
oOpaHnMu mapaMu By31iB. HeBakKKo MOMITHTH, 1110
KoeQilieHT e(EeKTUBHOCTI HE3HAYHO CIAaJae IMpH
30UTBIIEHHI  KUTBKOCTI ~ TPOIIECOPIB  3aBISKH
PIBHOMIPHOCTI pO3MOALTY OOCSTIB JaHUX, IIO JI0-
3BOJISIE CTATHCTUYHO X 3MporHo3yBaTH. [Ipu HeBe-
JHUKUX KUJIBKOCTSAX MPOLECOPiB, HAHOLIBII CyTTEBE
30UThIIeHHsT Koe(imieHTy e(eKTUBHOCTI Jocsra-
€THCSl TIPU BUKOPUCTAHHI BiJIKJIAJICHHS HA CTaTHY-
HUW BU3HAYEHUHN Yac, MPU IBOMY 13 301IbIICHHIM
KUJIBKOCTI MPOIECOPIB  TaKe BIAKIAICHHS CTa€
MeHII e(peKTUBHUM, 30KpeMa i 64 mporecopiB
Horo 3acTocyBaHHS B3araji Crae HEAOIILHUM
yepe3 3MeHIIeHHs KoediiieHTy edekTuBHOCTI. Lle
Mae OyTH TOsICHEHE JABOMa (hakTopamH: 3 OJIHOTO
00Ky, 31 30UTBIICHHSIM KUIBKOCTI TIPOIIECOPIB 3Me-
HIIYETHCS MIHIMAJIBHUNA po3Mip OJOKY JaHMX, JUIA
SKUX BHUKOHYETHCS OOYHUCIICHHS, TOOTO 3MEHIIy-
€TbCS YaC BUKOHAHHS OOYUCIIEHB, a OTXKE CTATHYHO
3aJIaHU Yac CTa€ MOPIBHSHO OUIBIINM; 3 IHIIIOTO
00Ky, OibIIa HMOBIPHICTH TOTO, IO OJAMH 13 TPO-
[IECOpPIB HAJINUIC 3allUT Ha BUKOPUCTAHHS JTaHUX
3a MPOMDKOK yacy, Ha sKuil Oyna BiakiazeHa ix
nepeaayva.

3 iHmoro 00Ky, 3aCTOCYBaHHS MiIXOIB, 110 Oa-
3YIOThCSl Ha 300pi cTaTUCTHYHOI 1H(OopMmallii 1po
BUKOHAHHSI 00YHCIIEHb Ta Mepeaadi JaHuX JIeMOH-
CTPYIOTh HE3HAYHE 301IbIICHHS Koe]ilieHTy ede-
KTUBHOCTI B OJHUX BHUIAJKaX Ta 3MCHIICHHS B
IHIUX. 3MEHIICHHS MEPEBAKHO CIOCTEPITAETHCS
IpY BUKOHAHHI OOYMCIICHb, B SKUX BiIOYBa€ThCA

nepenava GikcoBaHUX OOCATIB TaHUX MiX BIIOPS/I-
KOBaHHMMH TapaMu MPOIECIB, AKIIO KaHAJIU Tepe-
Jadi JaHUX MaloTh MaikKe OJHAKOBI XapaKTepuc-
TuKU. Pa3oM 3 THUM TIpu BUKOPHCTaHHI KaHaJiB
nepenavi, Mo MalTh CYTTEBO Pi3HI OOMEKEHHS,
3aCTOCYBaHHS TaKuX MIXOOIB II03BOJISIE
30UTBIIUTH KOEPIIIEHT €PEeKTUBHOCTI.
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KinbkicTb npouecopis P
Puc. 3. 3anexcnicmo Koeghiyicnmy eghexkmue-
Hocmi 810 KiTbKOCMI npoyecopis 011 004UCIeHb
3 00HAKOBUMU 00CAZAMU OAHUX, W0 NEPEOalOmb-
¢ Mie gy3namu

3acToCcyBaHHS MIIXOMy 3 OIlIHKAMH 4acy Mai-
OyTHBOI Tepeaadi JaHUX J03BOJISAE 301IBIIUTH KO-
edinieHT edekTuBHOCTI Ha 4 - 6%, OCKUIbKH
HMOBIpHICHA MOJIENb, 10 BUKOPHCTOBYETHCS IS
OIIIHKM JIETKO aJalTyeThCs O PIBHOMIPHHUX O00-
CSATIB Ta THUMIB JaHUX, IO MEPeNaroThCs, TOMY
OIIIHKM Yacy mepejadi, BUKOHaH1 3 BUKOPUCTAHHIM
i€l Mozeni, OMU3bKi A0 peallbHOT TPUBAIOCTI Iie-
penadi TaHuX.

Ha puc. 4 mokazano 3miHy kKoe(ilieHTy edek-
TUBHOCTI TP BUKOHAHHI OOYMCIEHb Ha Pi3HIN
KUTBKOCTI TPOIIECOPIB y BUMAAKY 33134, B SKUX
o0csar o0umciienb abo 00CITH AaHUX, IO Tepesa-
IOTBCSI MK By3JIaMH, MOXKYTb IOJIIHOMiaJdbHO 3a-
JIe)KaTH BiJl HOMEpiB By3diB. Pe3ynmpraTtu 3rpymo-
BaHl 3a MiAXOJaMH, L0 BUKOPHCTOBYBAIMCS IS
OOYHCIICHHSI TPHWBAIOCTI BIAKIAJACHHS Tepenadi
JaHWX, Ta YCepEAHEHI 3a yciMa 3aJladyaMH, 10 BXO-
IS8Tk 10 naHoro kiacy. Ciij 3a3HaYWTH, IO €KC-
MEPUMEHTH BUKOHYBAIIMCH JJIs 33a]1a4i YUCEILHOTO
IHTeTpyBaHHs, JUIsI sKOi 00csIru OOYHCIICHB
3MIHIOIOTHCS JIIHIMHO Ha BCbOMY IMIPOMDKKY, Ta JUIs
YUCETHHOTO PO3B’sI3aHHS nudepeHIifHOTO
PIBHSHHS B JBOBUMIPHOMY MPOCTOpi, B IKOMY 00-
CSITU JTaHUX, IO TEePEeNaloThCs, 3MIHIOIOTHCS KBaJl-
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paTU4yHO BiA LEHTPY obsacTi po3B’s3aHHA. [Ipo-
rpamMHa MOJIeJIb, 3 1HIIOTO OOKY, J03BOJIMIIA MOJIE-
JIFOBATH BUKOHAHHS 00YHCIIeHb 3
MOJTIHOMIQJIBHUMHU 3aJISKHOCTSIMH JI0 T’ SITOTO CTY-

TMIEHIO, SIK OTHMCAHO B TIOMEPEIHEOMY PO3JILI.
100 ®
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KinbkicTb npouecopis P
Puc. 4. 3anesxcnicme Koeghiyicnmy egpexkmue-
Hocmi 810 KiibKocmi npouecopie 011 004UCIeHb
3 NOJITHOMIQIbHOIO 3A/1e)CHICMI0 00CA2i8 0aHUX
6i0 Homepy npoyecy

Jns  HEeBeNMKOi KUIBKOCTI TMPOIECOpiB, 10
IIICTHAIIATH, YCI MAXOAU 10 OOYMCICHHS TPUBA-
JIOCT1 BIAKJIQJACHHS IMOYATKy Mepenadi NaHux Je-
MOHCTPYIOTh TPUOIHM3HO OJHAKOBE 301UIbIICHHS
koedimienty edexruBHOCTI. Haiibinmpm icToTHE
30inbmeHHs, 3 83.5% 10 88.7% 3adikcoBano mpu
BUKOpUcTaHHI 12 mporecopis. Iligxig mo Bu3Ha-
YeHHs TPUBAIOCTI BIJKIAJCHHS 3a 3amUTaMHU 31
30UTBIIEHHSAM KUIBKOCTI TPOIIECOPIB MPHU3BOIUTH
710 3MEHILIEHHS KoeQilieHTy e(eKTUBHOCTI, HABITh
y TIOpIBHSHHI 3 BIJCYTHICTIO BIAKJIAJACHHS Tepe-
Jadi JaHuX 4epe3 30UIbLICHHA Yacy O4iKyBaHHS
nepeaadi. TUM He MEHII, TPU HEBEJIUKiH KiJTbKOCTI
IPOIIECOpiB yepe3 OUIbII CYyTTEBY HEPIBHOMIPHICTD
pO3MOALTY OOCATIB JTaHUX, IO MEPEAArOThCA, el
MiJXiJ T03BOJISE 30UTBIIATH KOSPIIIEHT eeKTUB-
HocTi Ha 0.2% 3aBasku mepepo3noauTy OOCsTiB
BUIJIEHOT ITaM’SITI.

CTaTUCTHYHMIA TiAXIT TMPH BEIUKIH KUIBKOCTI
MIPOIIECOPIB MOKE TaKOXK MPU3BECTH JO HE3HAYHO-
ro 3MeHIIeHHs Koe]iieHTy e(peKTUBHOCTI, TaK K
nepefayi JaHMX MOXXYTb BUKOHYBAaTHCS MiX
OLTBIIOI0 KUTBKICTIO TIap MPOIIECOPIB 1[0 BUMAarae
OUTBII TPUBAJIOTO Yacy 30MpaHHS CTATUCTUKH JUIS
BU3HAYEHHSI Yacy Tiepeaadi, TOMY CTaTUCTHYHI
OLIIHKM MOXYTh OyTH HeBipHMMH. Takox 3i
30UTBIIIEHHSAM KIJTBKOCTI MPOIECOPIB 3MEHIIYETHCS

nepeBara BijJi BUKOPUCTAHHS BIIKJIQJICHUX Tepeiad
JaHUX Y BIAHOCHHX OJUHHMIIAX, IO HE TEPEIIKO-
JDKa€e OJHAK MOAANBIIIOMY 3MEHIIEHHIO Yacy BUKO-
HaHHS 00YHCIICHb.

3miHa koe(ilieHTy e(eKTUBHOCTI, ycepeIHEeHO-
ro 3a BCiMa 3aJadamMu, Ui SKHX BHKOHYBAJUChH
EKCIIEPUMEHTH, Ta 3TrPYyIMoBaHa 3a MiIXOJaMH [0
BH3HAYEHHS TPUBAJIOCTI BIIKJIAJCHHS Tiepenadi
JAHUX, B 3QJIEKHOCTI BIJl KIIBKOCTI TPOIIECOPIB
npencraBieHa Ha puc. 5. Cuig BIAMITHTH OUTBIIT
pi3kuii cmaa epEeKTHBHOCTI TPH HapOIIlyBaHHI
KUTBKOCTI IIPOIIECOPiB Yepe3 IBHY HEPIBHOMIPHICTb
o0csriB obunciaeHs abo JaHuX, 110 MEPEIAr0ThCS B

LIbOMY BUIIAJIKY.
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KinbkicTb npouecopis P
Puc. 5. 3anesxcnicmo Koegiyicumy eghexmue-
Hocmi 8i0 KilbKocmi npoyecopie 01 004ucien,
6 AKUX 00cAzU OAHUX He 3a/1eMcamb 8i0 Homepy

npouecy

3acTocyBaHHS MiAXOMy BU3SHAYCHHS TPUBAIOCTI
BIIKJTQJICHHS TIEpenayl JaHWuX 3a 3aluTaMy Maike
B yCiX BHIAgKax MpU3BENa 10 3MEHIICHHS KO-
edimieHTy  e(eKTUBHOCTI, sKe He  OyJo
HiBeNbOBaHe eheKTamu Bij 3MiHH OOCSTIB Mam’sTi
Yyepe3 BUIAIKOBHIA BIUIMB HA HUX B IMPOIIECi 004H-
cieHb. Jlns HEBeNMKOl KIJIBKOCTI IPOLECOPIB,
OUTHIIIICTP METOMAIB JTO3BOJISIIOTH OTPUMATH KO-
edimientn edexkTuBHOCTI B Mexax *1% vy
MOPIBHSAHHI 10 BIJICYTHOCTI BiAKJIAACHHS, IO JO-
3BOJISIE BUKOPUCTOBYBATH 3aIllPOMIOHOBAHI ITiIXOI1
HaBITh Y IbOMY BHUIIAJKY 0€3 CYyTTEBUX BTpAT ede-
KTHBHOCTI.

BuxopucTtanns miaxony 3 OLIHKAMH 4Yacy TP
HasBHOCTI § a00 MeHIIe MPOIeCcCopiB, 3A€0LIBIIIOT0
MPU3BENIO JI0 3MEHIICHHS KOE(IieHTy e(EeKTUB-
HOCTI, IO MOSICHIOETHCA HEAaTalTOBAHICTIO MOIENI]
OIIIHKMA JI0 BHUIMAJKOBUX OOCSTIB JaHMX, SIKI Tepe-
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CHJIAIOThCSl, TOMY HMOBIpHICHA MOJENb OLIHKH
Moryia 3adikCyBaTH HEICHYIOUY 3aJIe)KHICTh MIXK
obcaramu  maHumx. OpnpHak 31 30UIBLIEHHSIM
KUIBKOCTI ~ MPOIECOPIB, 3aBISKH  301IBIICHHIO
KUJIBKOCTI (pakTOpiB, IO BIUIMBAIOTh Ha MpOIEC
00UHnCIeHb 3arajioM, OIlIHKA Yacy mepeaadi JaHux
HAOIM3UIACh 10 HOPMAIBHOTO PO3MOJLTLY, IO JI0-
3BOJIMJIO MIAXOAY 3 OLIHKAMHU 4acy IeMOHCTPYBATH
30uThIIeHHS e(peKTUBHOCTI 70 4.6%.

3acToCyBaHHSI CTATUCTHYHOTO miaxomy 0Oe3
OILIIHOK B JESIKAX BHUIIAJIKAX IO3BOJWIO 30UIBIINTH
koedimieHT epexTUBHOCTI 10 1.3%, 110 OHAK HE €
3araJibHOI0 TEHICHIIIECIO U1 BCIX O0YMCIIOBAJIBHUX
3a/1a4, JUIsl SKUX MMPOBOMIINCH EKCIIEPUMEHTH.

BucHoBKM

3anponoHoBaHi MAXOIU 0 BiIKIaJaHHS MoYa-
TKy Tiepenadi JaHUX MK By3JlaMHd OOUYHCITIOBAIIb-
HOI CHCTEeMHM Ha TIEBHHA 4Yac 3 ONIILy Ha
30UTbIIIeHHST €()eKTUBHOCTI Ta ONTUMI3AII0 BHKO-
pPUCTaHHS TMMaM’sITI MOXYTh OyTH peasli3oBaHi SK
JOJATKOBUM  piBeHb  aOCTpakiii Haj  HU3b-
KOpIBHEBUM 1HTep(deiicoM mepenayi MmoBiIOMIICHb
MPI, ockinbku ocTaHHIH sBIsie coO0r0 iHTEpeiic
JUIsL  OpraHi3amii B3aemMojii MDK By3JaMH B
OUTBIIOCTI CydyaCHMX KiIacTepHUX cucteM. Kpim
TOTO, II€ JIO3BOJIUTH BHUKOPHUCTOBYBATH ICHYIOUI
onrtumizoBani peanizanii MPI ta no3Bonutes xopu-
CTyBa4yeBl CHCTEMH OIMCYBaTH CIIOCIO mepemadi
JMaHUX 13 BUKOPHCTAHHSM BigoMUX 3aco0iB. [Ipu
IIbOMY TaKOX JIOIIJILHO peani3yBaT OJIHY 13 abCT-
pakiiii OUTbII BHMCOKOTO pIiBHS Hax Mepernayucio
MOBIIOMJICHb, 30KpeMa aOCTpaKIlil0 pO30UTTS 1
o0’eqHaHHA Mmig3afady, SKa JO3BOJHUTH Y OUIBII
NPOCTOMY BUIJISIII ONMUCYBATH CTPYKTYpPY 3anad
JUTSI TIOAAITBIIAX €KCIIEPUMEHTIB.

Peanizaris as cydacHUX 0OUYMCITIOBAIBHUX CH-
CTEM 3 JIOKAJILHOIO TaM ATTI0 Ma€ Psii 0COOIHUBOC-
TeW, 30KpemMa HEOOXITHICTh ypaxyBaTH I dac

peatizaliii HasBHICTh B CHCTEMi MPOIIECIB, IO BH-
KOHYIOTh (QYHKIIII omepamiitHoi cucteMu. Takox
MOJKHa ypaxyBaTd ONTHUMI3allii peami3aiiii HU3b-
KOpIBHEBOTO 1HTEpdeicy mepeaadi MOBIIOMIICHb
JUIS  BUMNAJKIB, KOJH Tepefada IOBIJOMIICHB
3MIMUCHIOETBCS MK TIpoliecaMi, siKi (paKTHYHO Ma-
I0Th JIOCTYII JIO CHUTBHOI mam’siTi. B 1ioMy BHma-
Ky  HEIOIIJIbHO  BHUKOHYBATH  BIJKJIQJEHHS,
OCKITTBKH Oe3MocepelHhoi Tepenadl JaHuX He
BiOyBa€ThCs, a JIUIIE HAJAETHCS JOCTYI JI0 TMEB-
HO1 YaCTHHH TIaM’ ST JUTsl 1HIIIOTO MPOIECy Ha TOMY
K CaMOMY BY3IIL.

Jlst peamizariii mepeadi TaHUX 3a 3aITUTOM 3a-
MIPONIOHOBAHO TEpPeAaBaTH KOPOTKI JECKPUIITHBHI
CTPYKTYpPH JaHUX, B SIKHX MICTUThCS 1HGOpMAIIis
PO peanbHe MICIe3HAXOKEHHS JaHMX, X CTPYK-
Typy Ty Ta obcsar. [Ipu mpomy, y BHIIAiKy Iie-
peMIllIeHHs TIpolecy OOYMCIIeHb Ha IHIIMK BY301,
HEOOX1THO TIEPEMICTUTH JIUIIE Il JECKPUIITOp, a
0e3rmocepeIHbO 1aHi MOXKYTh MEPEMIIIIEH] Mi3HiIIe.
JloiaTkoBO, y MOJIENISAX, IO MATPUMYIOTh PO30OUT-
TS 3a]a4i 32 JaHUMH, HAIPUKJIA] y 33aJa4ax Maco-
BOi OOpOOKM MaHMX, ICHYE€ MOKJIMBICTh aJlTO-
PUTMIYHO BHU3HAYATH HOBI JECKPHUNTOPH 03 3BEp-
HeHHsI 0e3MmocepeHbo 10 AaHUX, SKIO 1€ JOIYC-
Ka€ThCsl 00YMCITIOBAIBHOIO 33/1a4€H0.

[IIo6 oTpuMaTH CTaTUCTUKY BUKOHAHHS OOYHC-
JIeHb Ha peaJIbHIl CUCTEeMi, BUKOPHCTOBYETHCS PAJI
iHTepdenciB TOCTyNy 10 anmapaTHUX JIYUIHLHUKIB
MPOAYKTUBHOCTI, @ TaKOX 1HCTPYMEHTYBaHHS BU-
KJIMKiB 1HTepdency mnepenadi mosimomieHb. [laHi
PO BUKOHAHHS 0O0YHCIeHb 30MparoThCcs Oe3moce-
pPeIHBO MM Yac iX BUKOHAHHS Ta 30€piraroThCs y
¢daitn  TpacyBaHHsS Ui MOJANBLIOI  0OpOOKH,
OCKLIbKM aHalli3 [iJ 4Yac BUKOHAHHA OOYHCIIEHB
MOXX€ BIUIMHYTHM Ha BUMIPIOBaHHS uYepe3 He-
0OXI1THICTh TTPOBEACHHS CKIAIHUX OOYHCIICHD.
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