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VLC XYUETNEPIH 93IPJIEY XXOHE NAUOANAHY KE3IHOE
CANAHbI BAKbIITAY bl BACKAPY NMPOLIECTEPIH MOAENbAEY

MOOENNPOBAHUE NPOLIECCOB YINPABJIEHNA KAYHECTBOM KOHTPOIA
B MPOLECCAX PA3PABOTKU N SKCNNYATALUUU VLC CUCTEM

MODELING OF QUALITY CONTROL MANAGEMENT PROCESSES
IN THE DEVELOPMENT AND OPERATION OF VLC SYSTEMS

AHOamna. Makanada 3nekmpoHObl KypbiiFbinapObl Kypy, 3epmmey XoHe nalidanaHy mnpoueci
cunammarnfaH. On ywiH cmamukanblk xardalida 0Oa, Kypdeni xabOblKmbIH XYMbICbl Ke3iH0e Oe
BnekmpoHObl KoMmoHeHMmepdiH cunammamarnapbliH aHbiKkmay YWiH KondaHbliambslH apmypri enwey
Kypandapbl KondaHbinadbl. bakbinay — OuazcHOCMuKara apHarnFaH iWwki napamemprepdi enuiey xoHe
mekcepy ornepayusinapbiH Koca anraHda, MOHUMOPUH2 XYUECIHIH axXbipamac xoHe pecypcmapdbl Kaxem
ememiH 6erniei 6onbin mabbinadbl. CoHOal-ak, Makanada xylesik azeHmmepdiH cmamucmukarsbiK
beneicisdiei xardalibiHOa kepiHemiH xapblK (VLC) apkbiibi b6alinaHbiC canacbiH backapy MacesieciH
meopusinblK  3epmmey Xxypaidinedi. backapyObiH 6enziciz0iai KypbibIMObIK XOHE MeXHON02usibIK
npouecmepdiq Hopmamuemik HeezizoepiHoeai, xyleHiH VLC Xymbic pexumoepiHOeai, MempornoausinbiK
Kammamacbiz emyodeai, KOMMIOHeHMmepPOiH KypblibiMObIK OpmackiHOarbl X8HE ChbIPMKbl  XYMbIC
opmacsiHOarbl benziciadikmepdi kammuodbi.

Tyiiin ce3dep: npouecc, Modesb, bikmumanobik, wewim Kabbinday, cmamucmukarbslK, Mooesnboey,
6611y 3aHbl, KbIChIM.

AHHOmMayusi. B cmambe onucebieaemcs npouyecc co30aHusi, uccnedoeaHusi U UCMOMb308aHUsI
paduoanekKmpoHHbIX ycmpoticms. [ 3moeo npumeHsiemcsi pa3HoobpasHble UsMepumerbHbie npubops,
Komopble ucronb3yromesi Ol onpedesieHUss Xxapakmepucmuk 37EeKMPOHHbIX KOMMOHEHMO8 KaK 8
cmamuyecKux ycriosusix, mak U 60 epemsi pabombl CI0XXHO20 0b6opydosaHusi. KoHmporsnb sensemcs
HeombememMoll U pecypcozampamHoll Yacmblo cucmeMbl MOHUMOpPUHea, 6K/yas ornepayuu o
U3BMEPEeHUK U MPoBEPKE 8HYMPEHHUX napamempos 0718 duasHOCMUKU. Takxe 8 cmambe rpoeooumcsi
meopemuyeckoe uccriedosaHue npobriemMbl YrpasaeHUsi Ka4yecmeoM KOMMYHUKauuu 4yepe3 euoumbili
ceem (VLC) e ycriosusix cmamucmu4yeckoll HeornpedesieHHOCMU CUCMEMHbIX azeHmos. HeonpedeneH-
HOoCcmb yrnpaeneHusi ekodyaem 8 cebsi HeonpedeneHHoOCMuU 8 HOPMamueBHbLIX OCHO8aX KOHCMPYKMUBHbIX
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U mexHonoau4eckux rpoueccos, paboyux pexumax VLC cucmembi, memporoaudeckom obecredyeHuu,
KOHCMpyKmMueHoU cpede KOMMNOHEeHMO8 U 8HewHel paboyel cpede.

Knroyeeoe cnoego: npouecc, modernb, 8eposimMHOCMb, MNPUHAMUS peweHul, cmamucmudeckud,
UMUMAaYUOHHhbIU, 3aKOH pacripedernieHusi, dasrneHue.

Annotation. The article describes the process of creation, research and use of electronic devices. For
this purpose, a variety of measuring instruments are used, which are used to determine the characteristics
of electronic components both under static conditions and during operation of complex equipment. Control
is an integral and resource-intensive part of the monitoring system, including operations for measuring and
verifying internal parameters for diagnostics. The article also provides a theoretical study of the problem of
quality management of communication through visible light (VLC) in the conditions of statistical uncertainty
of system agents. Uncertainty of management includes uncertainties in the regulatory framework of design
and technological processes, operating modes of the VLC system, metrological support, the structural
environment of components and the external working environment.

Keywords: process, model, probability, decision making, statistical, simulation, distribution law,
pressure.

Kipicne. Xapwixmuonrsr VLC sxyiieci snemMeHTTiK 0a3a YIIiH KeH TEXHHUKAIIBIK TO3IMILTIK-
MEH CHUIATTAJIaThIH MAaTEPHAIBIK OPTaHBI €CKepe OTBIPHIN acajiaabl. JKyMBIC Ke3iHae kylie
TeMIIEpaTypa MEH CBIPTKBI 9CepJiepre YIIBIPaWbl, COHABIKTAH ACHANThIK JKOHE OICTEMEIIiK
KaMTaMachl3 €TYJiH, COHJAi-aK TEXHOJOTHSUIBIK OIEpaIMsIIapbIH CarnachlH METPOJOTHSUTBIK
OakplIay *XoHe caHIbIK Oaranay Kaxer [1].

JKorapbina aiiTbuIFaHIal, skaHa TEXHOJIOTHSIIAP/IBI KYPY/Ia dKOHE OJap/Ibl ic JKY3iHAe KoJiaa-
HyJa MakcaT KOK MaHbI3Ibl OONbIN TaObuiamel. Bys jkarmaiia MakcaTThl MEPCHCKTHBAHBIH
OOBEKTUBTLNII Typajipl IIENrM KaOeumay KakeT. byn Makcar Oommkamuabl yakpIT HeMece
0akpuIay HYKTENlepi CHSKTBI JKYHeHIH KehOip mapamerpiepi O0omysl MyMKiH. byn HykTenepme
BEKTOP MEH MaKCaTThl TOPU30HTKA JKAKBIHAAY JOPEKECl CajbICThIPbUIaabel. Erep HYKTE
JKETKUTIKTI KAIIBIKTHIKTA TaHJAJICA, OHAA MaKCcaT TOMEH >OOaNbIK MaiJanbl oJeyeTKe He
Oonazpl. MaTeMaTHKAJIBIK TYPFBIIAH OJ1 DHTPOMHS IIaMachl PETiHJIC OarallaHabl-MaKCaTThl
BEKTOPJBIH OVJIBIHFBIPJIBIFBL. JKaKblH MaKcaTThl FOPU3OHTTHI TaHJAFaH Karjaiijia, MACEJICHI
IIelry BIKTUMAJIBIFBl apTajbl, TIOTI OHBI mienryre Oonazpl, Oipak comaH KeWiH MakcaT
TarnchIpMara aifHamajbl, OyJI MakcaTThl Oarjapiapibl JKHi TY3€Ty KaKETTIIIriHe KOHE COHBIH
caJllapbIHAaH yaKbIT TICH PECYPCTap IbIH KOFaTyblHA OKEJIS/].

Fouvimu macene. Keiibip xypmaenmi xyiieHi (00bekTiHi) Oakbuiay HpOIECTEPIHIH camachbiH
Oackapy KyieciH 1-cyperte kepceTyre O0naipl.
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1-cyper. Kypaeni xxyleHiH KyMbIC iCTeyi YIIiH camaHbl 6acKapyablH KYPBUIBIMIIBIK MO/



«BECTHUK BKTVY» 24 Ne 4, 2023

Eckepty — Jlepekkes Herizinae KypacThIpbUIFaH [3]

l-cyperreri mwican ISO 9001:2015 crammapThiHa colikec OOBEKTIHIH (HYHKIIMOHAIIBIK
MaKCaTBhIH aHBIKTAWTHIH OHM3HEC-TIPOIECTEePMiH {Xi} JKHBIHTHIFBI 00BN TaObUTamel [2]. HakTel
OOBEKTIEp KOI MapaMeTpii XyHenepre Xaraabl, Oyn Tyractaidl anraHaa OYKil >KyHeHiH
canmacelH Oakputayma mipoOnemanapnabl Tynablpagpl. JKyileHiH (QyHKIHOHANABIK HeMece
TYTHIHYIIBIIBIK CarachlH Oaraiay YIIIH olap op MHAMKATOp OOWBIHINA 1a, TyTacTail ajraHia
O0BEKT CcamachblHbIH WMHTETPalJIbIK KpUTEpUii OOWBIHINA J1a capallaHFaH KepCeTKIIITepaiH
Oenrimi  Oip  Heri3genreH O KUBIHTBIFBIH — Oakputaiinel.  CapanaHfaH — KepCETKILITep.i
(mapameTtpriepai) TaHmay, HETi3/Iey MAceleci KoHe WHTETPAIABIK KpUTepHiiai a3ipiey, Oymap
ozieTTe, opOip HAKTHI JKaFAala JKeKe 3ePTTEYIiH IIoH1 OOJBIT TaObLIAIbI.

2-cypeTTe OUAarHOCTHKAHBIH €H MaHbBI3Jbl KE3CHIHJE acHanThlK OakKpuiay KapacThIPBUIFaH.
JuarHoctukanslk Kyde Oenrimi Oip mapaMeTpiep S>KUBIHTHIFBIH OIIey J>KoHE OaKbuiay
mpolleAypacbiHa Heri3genreH. [lapamerprnep MyMKiHAIriHIIE TaOWFu (UNKAIBIK TYpIHAE
HEMece KaJlbl JUarHOCTHKAJIBIK MapaMeTpiiep (KepCceTKilTep, KOPCETKIIITep) AN aTranaThiH
KeiOip ’kacaHAbl TYKBIPBIMIAIFAH KOPCETKIITep TYpiHZE OOMybl MYMKiH. 2-cyperre {Xi}
KUBIHBI TAOUFH ©IIIEMACPIIH (PU3HKAIBIK, SKOHOMHUKAJIBIK HEMECE QJI€yMETTIK HBICAHBIH/IAFbI
OOBEKTIHIH (QYHKIMOHAIABIK KOPCETKIIITEPiHIH  KHUBIHTBHIFBI OOJBINT TaObLIaabl. HakThl
JKarjaaiia TaHJaFaH TaOWFM KOPCETKIIITEP Il KOJIaHBICTAFbl eJIIeM OipJikTepiHae Oakbuiay
opKamaH MYMKiH 0oia OepMmeiii, coJaH KeiiH olap JUAarHOCTUKAJBIK JeTl aTalaThlH OJIapMEH
aKMapaTThIK KOPPEISALHSIIBIK KaHAMaJTapMeH aybICTBIPYFa JKYTiHedl. 2-cyperte { Si } )KUBIHBI
JMarHOCTHUKAJIBIK TTapaMeTpiiep >KUBIHBI OOJIBIN Ta0bLIAIbI.

XKyitenik mporectepain camachl Si mapaMeTpiHiH JKHUBIHBIHAH OpOip iCKEe achIpyabl ey
KoHe Se 6IICHETIH MOHIH HOPMATHBIICH CalBICTBIPY HOTIDKENEpiMeH OaramaHaipl: ST —
TOMEHI1 HeMece Sk — oraprbl. Erep eleHeTiH mama KaObUIJIaHFaH CTaHAapTTaplaH achlll
KeTce, OWI mpolieaypa Tainjay OesiMiHE JKy3ere achlpbuiafibl (2-CypeT), collaH KeWiH Kepi
OaifmaHpIC TYpiHAE OOBEKTIHIH (PYHKIIMOHAIIBIK >KYMBICBIH KAIITBIHA KEJTIPY Typasbl MMM
KaObu11ay KyiteciHae mapanap kKaobuinanaasl Z (Se). «Tammay» jkoHE «IlIemiiM KaObuigay»
MpOIeCTepiH aBTOMATTBI PACIM TYPIHJE, MBICANBI, aKMapaTTHIK-Taay XYHeJlepiHje Hemece
CyOBEKTHBTI TYp/le apHaIbl YOKUIETTI TYJIFaap *Ky3ere acblpa aiajpl.

3epmmey adicmepi. Toxipubene akmapaTThl >XKMHAY Ke3iHae OakbUiayAblH HeMece
OakpLIayJbIH TN MEH KaTeJIiKTepi eJiey KaresiriHe TikeJded Toyenai OoJaThIHbI
KaObuU1aHFaH. bakpiiay Karenepi ajFaH jKOHE aHBIKTaIMaraH aKay bIKTUMAJbUIBIFBI PETiHIe
JKOHE ICTeH WIIBIFY CEHIMJUIITT TeOpHACHI, ecenTtep OOWBIHINA OaranaHajpl XKOHE COWKECIHIIe
Oenrineneni. Pxa sxone Paa [4, 5] BIKTUMaIIBIKTApbl CHAKTHL. JKOFapeiga adTBUIFaHIAM,
Oaxpinay Hotmxenepi (Toyekenmep) Oackapy skoHe Oakbulay areHTTEPiHIH OapJibIK CTATUCTH-
KaJbIK CHUITaTTaMaJapbIHbIH JKYHeNliK KypaMmblHa OaiyiaHbICThl. Kommosumusuiapiarel Tapary
3aHAApBIH OIpIKTIpYMiH OapiblK MYMKIH HYCKalapblHBIH caHbl 739 Kypaiigsl. MyHpaai
KOMOMHAIUSIAPBIH KeHOipl 3epTTein, kapusuianibl. bipak oChl TaKbIPBIITAFbl MiHACTTEPAIH
Heri3ri Oeiri 3epTTeNMere KyHiHe Kabli OTBI.

3epmmey Hamudceci. ¥CHIHBUIFAH 3€pTTEYAiH OipiHII Ke3eHi (aKTOPJBIK areHTTEpIiH
napamMeTpiepiH KaNbINThl 06y Ke3iHAe TOyeKeNJep/iH BIKTUMAIJIBIFBIH Oaramay MeH 0o-
’KayJIbIH BIKTUMAJIIBIK MOJISITIH JKacay MiHAETIH KOsl [6]. 2-cyper Oy sxarmaiibl KepceTe/i.

2-CypeTTeH JKaJlFaH aKkay Jell aTajlaTblH OKUFaHbl CUIIaTTayFa Oonaibl:

1) A okuracel — S mapameTpiniy MoHi [Si+ Si+1,] untepBanbiHIa OONFaH KarFaia;

2) B okurackl — Sie KypbUIFICHI OOMBIHINA OJIIICHI€H MOH ST MapaMeTpiHiH IeKTI MOHIHEH
TeMeH OOJIFaH >KarJai.

MareMaTHKAaJbIK TYPFBIIaH OYJT BIKTUMAJJIBIK OKUFAIap KeJeciJiel opHeKTene/Ii:

— A OKHFacChIHBIH BIKTHMAIJIBIFbI:
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2-cypert. bakpuiay Katenepin Oaranay e rpaduKaIbIk MOIEIi

A xoHe B oxuranapsl Toyesnciz oxuranap. Ocel okuranapApH 0ip Mesriige naina 0omysl -
BIKTUMAJIBIK TEOPUSCHIHBIH KacHeTTepiHe coiikec C OKHFAchl OCBl BIKTUMAJIBIKTap/IbIH
KOOEHUTIHIIC1 apKBUTBI aHBIKTaNAAb! (3-cypeTTi KapaHs3) [7]:

Pug = [5 F(S)dS - [70 o(v)dy @3)

(2) xone (3) hopmynanapabl 6pHEKKE KOHBIN, S apaMeTpiHiH i-Ili HHTepBaibl yiIiH Pxa -
IIbl Oararay yIIiH MaTeMaTUKAIBIK OPHEK ajlaMbl3:

Si—Sy

(Si=Scp)? Y2
Sir 1 % S-Sy 1 “20Z
. — . S - . ®
Pis = J5, " e dS- |2, e Y 4)
(4) epuek exi lllenmapx uHTErpanbiHBIH KobewTiHaiciH Oimmipeni. Conna Pka epHeri keneci
Typre ue 60oxajbl:

2
P = L1 dt L f ~Zdz (5)

1\/—f
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Con CHUAKTBI, aHbIKTAJIMaraH aKay bIKTUMAJIAbIFbIH Oar ajay YHIIH OPHCK Ta6BIHIH:I Paa:

zZ
P = it g~ L f e zdz (6)

1 \/—f
(5) xone (6) epHekTep Oackapy areHTTEpiHiH 66J‘IFiCi3I[iKTepiHiH (GYHKUMSACH peTiHge
JKAJIFaH JKOHE aHBIKTaJIMaFaH aKayJblH TOYEKENHIK KaCHEeTTEepiH CAaHABIK Talgay MYMKIHIITiH
Oepeni.
AJNIBIHFBI XKaFraalaarelai ToNeNnaeid OTHIPHIN, S mapaMeTpiHae «oKorapblIan» IIeri OosFan
ke3zne Pxa jxone Paa pikTHMan xatenepin 6aramay YmiH MaTeMaTHKAJILIK OpHEKTEPIi aTaMbI3;
z2

P = tin =Sy L f+3 “Tdz @)

1 \/—f
Con cuskTel, 6i3 Paa moHiH Oaramayra apHalFaH OpHEK ajaMbl3, O Keieci ¢opmana

0oael;

72

P = tivs = gy . L f e zdz (8)

IR

Bakpinay karenikTepiH Oaranay *oHe Ooipkay yiniH oMOeOam yiriHi a3ipiey. XKorapbiia
YCHIHBUIFAaH MaTepHaigaplia ACTCPMHUHHPIICHICH MIapTTap MEH IMIeKTeynep Oap Macerernep
KapacThIpbUIABL. MoJenblepae TOJICPaHTTHUIBIK CTaHAAPTTaphl, aTal alTKaHIa, TOMEHr1 St
XKOHE IKOFapFbl S)K oOpTamia OakbUIaHATHIH —TMapaMeTpre KaThICThl CHUMMETPHUSUIBI OO0y
(axTiciHeH TypaThlH mWAapT KOWBUIALI [8-9]. Analina, ic ky3iHme Oy skargail opaaiibiM ITyphic
XKoHe KoimaHeuia Oepmeiini. CoHIbIKTaH, OipiHINiIEH, opTamia OaKbUIAHATHIH TTapaMeTpre
KaTBICTBI CTAHIAAPTTAP/BI €PIKTI MO3UIHSIIAY THIOTE3aChIH KapacThIPy OPBIHIIBI JIETl CaHATaIbl.
Exinminen, mMyHaail ecentepiae, 9[eTTe, KalbINTHl Tapaly 3aHJapbl KapacThIpbLIagbl el
OomkaHaapl. MamiMerTepre colikec BelOysut 3aHbI ToXipruOe/ e YIKEH CTATUCTHKAIIBIK MOHTE He
OoJpIll caHamanel. benrimi 3eprreynep MeH JKapUsUTaHBIMIapnaa Oysl MoceleHiH Kenoip
HYCKaJlapbl TOJEPAHTTBUIBIK OakpuIaybl Oap opTamia OaKbUIaHATBIH IapaMeTpre KaTbhICTHI
CTaHJAPTTap/ibl OpPHAJACThIpyJa IIeKTeyJepMeH xoHe f(S) xoHe ¢(y) KajbINThl Tapany
3aHJapbIMEH KapacThIpbUIIbL. ToxipuOene TO3IMALIIK CTaHAAPTTApbl oIeTTe S opTamia
napaMeTpiHe KaThICThl €pIKTI Typae opHanacansl. [10]-7aH ImIbIFaTBIHAANW, 3€PTTEICTIH
napameTpiiep/IiH Tapally 3aHJAbUIBIKTAphl OpKalllaH KaJbIIThl 3aHMEH >KYBIKTAIMaiIbl, Oipak
anekaiaa xui BeitOyI 3aHpIMEH JKaKbIH AW I

3-cypeTTe MiIIiH TapaMmeTpiepiHiH [} jkoHe MacIuTaObIHBIH O SPTYpJi MOHAEpl YIIiH
BeiiOyi1 3aHBIHBIH Tapaity THIFBI3ABIFBIHBIH I'Pa(UKaIBIK MILUTIOCTPALUSICH KOPCETUITeH.

blkTrMansl Moesb/Il JKacay YIIiH S mapamMeTpiHiH MoHAep Auanazonbl Scp — 30s Oacran
Scp + 36s neiiiH, muckpeTTi 6emiMaepaiH Oenrini Oip caHbiHa OemiHe .

Conrsl hopmana Prxka sxone Paa bIKTHMaNIBIFBIH €CeNTEeyTre apHaAIFaH OpHEK Keeci opmara
ue:

B B
St A 2
L it 1 Si—30 1 Si+30, L
P.=YF |eTa—e @ PV e” d + P Ve 2 d 9
6 = D=1 - =5 Y+ o Js, y 9)
sﬁ SF+1 }’2 55 spﬂ yz
vk s S £ 5 1 Si=30y 342 k -4 1 Si+30y 342
PHG - Zi:l e «a e @ o_y 2 fSH e ydy + 2i=1 e «a e * O'y /2 fSB e Y dy (10)

Pxa »xoHe Paa pikTHMan Karenepin ecenrtey (9) xone (10) Moaesbaep areHTTEPiHIH CTaTUC-
TUKAJIBIK CHIaTTaMaJapblHBIH HOTIDKETE 9CEpPiH 3epTTey YUIIH KOMIBIOTEPIIK SKCHEPUMEHTTI
XKy3ere acbIpy YLIiH OaraapiaMalblk KaMTaMachl3 ety a3ipienai [11-12].
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3-cyper. o xoHe [ mapaMeTpiepiHiH MoHiIHe OalTaHbICThI BelOyiabH
Tapaity THIFBI3BIFEI ()YHKIHSCHI

Eckepty — Jlepekkes [5] Heri3iHae KYpaCThIPbUIFaH.

XKorapeina kenTipiareH Toyekeni Oaranmay yaruiepiHae OaKbUIaHATHIH IMapamMerpre TO3iM-
JUTIK MOHZEPl JETEPMHHHUPJCHICH MOHACP PETIHIC KapacCThIPBUIABI. DKOJOTHUS, MEIUIIMHA,
SKOHOMHKA OHE T.0. CHAKTBI KOITEreH calanaplarbl 3epTTeyiiep CTaHAapTTapAbIH JeTep-
MHHHU3MI Typaibl THIIOTE3a NMPAaKTUKaMEH pacTaJMalTHIHBIH KepcerTTi. Ochutaiiiia, memimaep
KaObUTHay TOyeKedmepiH Oaramayra CTaHAapTTapAarbl CTATHCTHKANBIK — ©3TepiCTepAiH
TOYEJUIITIH 3epTTeY MiHAETI ©3¢KTi 00J1a OacTaiiabl.

CranmapTThIH Tapally 3aHbI Keneci (oopMaaa 00mambl Jem ecenTemis:

1 _(Sn—Snom)?

0(Sn) = F5mpme ", (11)

MYH/IaFbl G — HOPMATHUBTIK IIaMaHBIH Tapaily 3aHbIHBIH CTAHIAPTTHI aybITKYHI,

SNOM — CTaHIAPTTHIH OpTAaIlla MoHi.

Mojenblie jkaHa Ke3IEHCOK IIaMaHbIH — CTaHAAPTThIH Makjga OOoJybl MOJENbBILY
YaKBITBIHBIH KYPT YJIFalObIHA OKEJIETIHIH eCKepy KepekK, OiTKeHi OarnapiaMa HUKIICPiHIH CaHbl
Oipremre ece apramel [13-14]. Apanbik Typnenmipynepnai Oepmeit, Nka xone Naa jkanmran
aKayJIbIH COHFbI (hOopMachk! Kesieci popmara ue 0oJiaibl:

Hi 1 )'i _ﬁ 1 3 —é

Ny = LT';ONfLi 0(S,)ds, [Zﬁ:O\/T_nfei e zdt-ﬁf%je 2 dz] (12)
Hi 1 )'i _ﬁ 1 3 —ﬁ

Nug = ZI2oN [} H(S)dS[Zﬁo\/T—nfgie rdt- = fie Zdt] (13)

Keneci xarnaiina, akayablH aHBIKTaJIMaybl MYMKiH OoJiFaH araaiaa, N yiIriciHeH aJIbIHBII
TaCTaJFaH HbICAH/IAP/IbIH CaHbI:

Nus = Zi% (N [ 0(5)ds) (14)

TonepantThuiblK cTanAapThl ymiH 01(St) rpadukanblk MoneniH KepceTeTiH S-cyperti
KapacThIpaMbl3 — TOMEHTI CTaHIAPTTHIH MapaMeTPIiK YJIECTIPIMiHIH THIFBI3IBIK (QYHKIUSICHL.
I'padukanbik Toyenainik napamerpiepi OOWbIHIIA:

— S1cb — TeMeHTi cTaHAapTThIH OENTiCi3/lik HeMece JUCTIePCHs aliMaFbIHBIH OPTAIIBIFBL;

— SKIIO — >KOFAPFBI MIEKTI OeNrici3 ik altMaFbIHBIH IEHTPI.
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4-cypert. Ke3nelcok Te3IMIUTIK CTaHIAPTTAPHI YIIIiH OaKpLIay KaTeaepin
KQJIBIITACTBIPYIbIH IPaQUKaIbIK MOJIEI]

bi3 MBIHAMali KOPBITBIH/IBI JKacail amambl3.

SiT JkoHe SiX CTaHIAPTTAPBIHBIH arbIMJIarbl MapaMeTpiepiHiH MOHICPIHIH XaOTHKAIBIK
e3repicTepl apKbUIbl «IPEKET €TyY» NPOIECIHEH TYPAThIH MOJIENbIACY/IiH opOip UK Ke3iHje.
Opi Kapali, OaKplIayJbIH OfaH opi VIMUTAIMSIBIK MpPOIECi yKcac TYpAe *KY3ere achIpbliajbl,
MyHZa 5-cyperTe KepceTiireH OYphIH CHUNATTaJFaH MbICAFa Coiikec Oacka mapaMmerpiep
e3repe/i.

Mogenbiey MOJICNIH KeJleci KaJaM/IbIK KYPBUIBIMBI Oap alrOpUTM TYPiHJE YChIHYFa 00Ja bl
(5-cyper) [15].

1-xagam. bacramkel gepekrepmi eHrizy. byn kamampma ynectipy mapamerpiepi eHrizinesi:
OaKpUIAaHATHIH MapaMeTp Scp JKoHE eJIIeyliH opTalia KBaJpaTThIK Kateniri O@; HOpMaTHBTIH
TOMEHT1 MOHI ST ’KoHE HOPMATHUBTIH KOFapFbl MOHI S)K; MMHUTALMsIIap (LMKIgap) caHsl N.

2-xkanaM. ExiHi OJI0KTa | alfHbIMAJIBI LIUKJT AlIbLIIAIbL.

3-kamam. Yurinmn Oiokrta Si i-mri MoHI reHepaumsutaHambsl. KaiaelnTel Ke3Ieicok caHmap
reHepaTOPhl YIKEH CaHIap 3aHbIH KOJIIAHBIII 111IKi OargapiamMa peTiHae KypacThIPbUIFaH.

4-kanam. TepriHIi OJOKTa KAIBINTHI 3aH OOMBIHINA KaTEHIH i-1I1i MOHI kKacaabl.

5-xamaMm. KamenTel 3aH OOMbIHINA OaKbUIAHATHIH TTapaMETPIiH TOMEHTI SiT HOpMaTHBiHIH
Ke3meiicok MonAepin nukiaik (1-mer N-re meitin) reHepanusnay («OHHATY»).

6-xamam. KanpimTe! 3aH OolibIHIIA OaKbUIAHATBHIH MapaMeTpiH XKOFaprbl S HOPMATHUBIHIH
KE3/IeCOK MOHJIEPiH XKacay.
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l

/ 1. BBOJ/1: os, o, SH, SB, Scp, N /

2. i=1,N
I

3. Generate(Si)

l

4. Generate(@i)

l

5. Generate(SH)

|

6. Generate(Ss)

|—1a

8. Sin<@i<Sin

HET

"y
|9. Ni16=Nn6+1 |
|
Y
MCTW

Aa

|1 1. NH6'=NH6"‘1 l

I

[
12. Pu6=Na6/N; Pu6=Nub/N
| ] |
I 13. D=1-(Pu6+Pn6) |

5-cyper. CtanmapTTsl MOHIEP/IiH OCINTici3AiriMeH OaKpUIay canachlH Oaraiay alropUTMiHIH
KYPBUIBIMIIBIK CXEMaChI

7-xamam. Byt 6ioxTa Si MoHi Tanmanazsl. JIorukaasIK mapt 6oiisiHma Tagmay Sit< Si < Sik
TapMaKTaJlFaH.

Erep Sit < Si < Six mapTsl 6oiibiHIIa S2 MOHI pyKcaT eTiIreH mierinae 6osnca (apT akukaT —
«MO»), oHIa el esIey HOTIKECiH Tanay mapthl Sit < Sie < Sik (670K 8) OoitbIHIIA KeeTi.

8-kamam. Erep 8-01okta mapr xanran Oonca — «XKOK», oHma Kate OpbIlH ayiIbl — KallFaH
akay, 9-0yiokTa OyJI *KaFJaiiap/IbIH CaHAYBIIIbI iICKe KOCBUIA b XoHE 2 OJIOKKa KalTapbliabl.
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Erep 7-6mokta mapt xanrad 6osca — «KOK», orma 10-65mokTa SiT < Sie < Sik MIapThIHBIH
Tajmaysl OpBIH alajbl JKOHE erep HOTIKE AYphIic Oosca, Oackapy »XaHa NHKIIIH OachlHa
aybeIcTBIpbLTaB! (010K 2), oiitiece («YXKOK)») aHbIKTamMaraH akay Kareci maiima O60maiasl jKoHe
11-6moxta NAA ecenrerimi icke KOCbUIaAbI KoHE 2-0JI0KTA JKaHa LIMKJI OacTaiabl.

12-kagam. blktuman Oakpuiay KaTemiKTepiHiH (opMynanapbl OOWBIHINA >KalFaH >KOHE
aHBIKTAIMAFaH aKay bIKTUMAIIBIFBIH ECeTITeY:

PXKA= NXKA/N xone PAA = NAA/N,

myHaarel NJKA — Kapcel Ma3MyHABI JKanraH KaObuigamay; NAA — aHbIKTalIMaraH aKayjaplibl
ecenTerimrid Ma3MyHbl; N — Mozensaey KaliTalayIapbIHbIH JKaJITbI CaHBbI.

13-kamam. D = 1 — (P2)KA +PAA) dhopMmynacer OolibiHINa 0aKbUIAY CallachbIHBIH CeHiMTIr D
WHTETPANIBbIK KOPCETKIIIH ecenTey.

Kopvimuinowvr. Xympic 6apeicbiima VLC TeXHONOTHSUTAPHI HETi3iHIAE POOOTTHIK IPOIECTI
KYHETIK KOIayFa apHaFaH aHbIK eMeC calaHbl 0aKplIay MOJIEI 931pIIeH .

O3IpJICHIeH: CTaHIAPTThl MOHICPJIH CTATUCTHKAIBIK CHUIATHl JKaFdaiblHaa OaKbLIiay
KaTeJepi MeH ToyeKeIepin Oaranay oHe 0oipkay YIIiH omOebarr yiri; CTaHaapTThl MOHIEPIIH
Oenrici3miri KarmaiplHAa Oakpliay camachklH OaranmaynelH Mopaenbaey amroputMi; VLC
KYHECIHIH JKYMBIC PEKUMIEPIH aBTOMATTBl TYpAE TY3€Ty camachlH OoJDKayFa apHallFaH
AMUTAIMSIIBIK  MOZEb; poOOTThl Kejikrepae VLC kyienepiH eHIIpy JXoHE mMakjanaHy
XKyheciHaeri On3Hec-poIiecTepai OHTAWIaHIBIPY SAiCTEPi.

Makana Kazakcran PecmyOnukacer bimiM skoHe FhUIBIM MUHHCTpIIriHiH 2022-2024
xbuigapra apHanran «JKac Fameim» kobackl OOWBIHIIA JOKTOpaHTypaJaH KeHiHri jkac
FaJBIMIAPIBIH ipreii JXKOHe KOJNTaHOAJ bl FBUIBIMH 3€pTTEYJIEPiH TPAHTTHIK KapKbUIaHIBIPY
xo0acel asiceiHAa Ky3ere acwipeuinbl. JKPH: AP14972524 - «¥IIKBIIICHI3 KONIKTEPAi
6ackapyaarel VLC TeXHONOTHSIIAPBIH 31pIey».
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