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YK 658.51.012

Huddy3uonHoe onrucaHue Mpou3BOJACTBEHHOTO MpoIiecca

O.M. urnacrsiii, B.J{. Xoxycos

Xapvkrosckuti Hayuonanvuvili ynugepcumem umenu B.H. Kapasuna, Ykpauna

B cTathe OCHOBHOE BHMMAaHHUE yIEINSIE€TCA MOCTPOCHUIO CTOXACTHYECKOTO yPaBHEHHS
JUIL pacueTa IIPOM3BOJCTBEHHOTO IMKJIA M3TOTOBICHHS MapTHM M3JETMH Ha
HPEeINPHUATHAX C TIOTOYHBIM THUIIOM OPTaHHU3aIMU IPOU3BOJCTBA. B kauecTBe 6a3zoBoro
MOAX0/a PACCMOTPEH INPOIECC ABIDKEHHUs MPEIMETOB TPyZAa 10 CHHXPOHU30BAaHHOMN
HNOTOYHOI 1MHUM. BpeINomHEHAa oOLEHKAa pa3MepoB MEKOINEPAllMOHHBIX 3aelI0B
TEXHOJIOTHYECKHX  Omepanui,  oOecreunBaromas  OecrepeOOWHBIA  peXKHM
(YHKINOHMPOBAHUS TOTOYHOM JIMHUM. 3amHcaHO B KaHOHWYECKOH (opme
CTOXaCTHYECKOe YpaBHEHHUE U MOIYyYEeHO onpeeneHue kodpduimenrta nupdysun.

Kntouegvie cnosa: Ilomounaa aunus, cmoxacmuueckoe ypagnenue, PDE-modenv, npedmem
mpyoa, mexHoNo2UHeCKuil npoyecc, NOIYNPOBOOHUKOBOE NPOUZBOOCHIBO, MEICONEPAYUOHHbIE
sanacwel, ypagnenue Hmo, Ouggysuonnoe npubnuocenue, Kodpduyuenm  Oupdysuu,
npoU3B00CMEeH b YUK, OCHOBHOE 6peMst 0bpabomiu

VY cTaTTi OCHOBHY yBary HPHUAUIIETHCS MOOYIOBI CTOXaCTHYHOTO PIBHSHHS JUIS
pO3paxyHKy BUPOOHHYOTO MKy BUTOTOBIICHHS MapTii BUpOOIB Ha MiAMPUEMCTBAX 3
MOTOKOBUM THUIIOM OpraHi3auii BUpoOHHITBa. B sikocTi 6a30BOT0 MiAX0Qy PO3TISHYTO
IpoIec pyxy MpeAMETIB Mpali M0 CHHXPOHM30BAaHHOHM MMOTOKOBOI JiHil. BukoHano
OILIIHKY PO3MipiB MDXKOTIEpAIHHUX 3aA1TiB TEXHOJOTIYHUX OMNepalii, mo 3ade3nedye
Oe3mepeObiiitHuil pexxuM (QYHKIIOHYBaHHS MMOTOKOBOT JiHIl. 3amUcaHO B KaHOHIUHIM
(opmi cToxacTHueckoe piBHSIHHS 1 OTpUMaHO BU3HaueHHs KoedimienTta qudys3ii.

Kniwouosi cnoea: [lomounasa nunus, Konseep, cmoxacmuyne pisHannsa, PDE-moodens, npedmem
npayi, MexHoI02iuHULl Npoyec, HANIBNPOBIOHUKOBUL SUPOOHUYMEO, MIdC ONepayiliHi 3anacu,
pisnanns Imo, oughgysuonnoe nabnudicennss, Koegiyicnm Oughysii, 6UpOOHUNUTL YUK, OCHOBHULL
uac 0bpooku

In the article, the main attention is paid to the construction of a stochastic equation for
the calculating the production cycle of manufacturing a part of products at enterprises
with a flow type of production organization. As the basic approximation, the process
of the movement of subjects of labor along the synchronized production line is
considered. The estimation of the sizes of operational reserves of technological
operations, providing an uninterrupted mode of a functioning of a production line is
executed. The stochastic equation is written in the canonical form and the definition of
the diffusion coefficient is obtained.

Key words: Production line, flow line, stochastic equation, PDE-model, subject of labor,
technological process, semiconductor production, production cycle, operational stocks, Ito
equation, diffusion approximation, diffusion coefficient, processing time

1. O0mast MOCTAHOBKA 32/1a4M M €€ aKTyaJbHOCTH

IIpy MopenupoBaHUM JBWKEHHM IIpeaMEeTa Tpyla II0 TEXHOJIOIMYECKOMY
MapumpyTty NOTOYHOW JIMHUM  BBIACISIOT TPH  XapaKTepHbIE  BEIMYHWHBI
TEXHOJIOTHYECKOTro Tporecca [1-4]:

—A7y [, "OCHOBHOE TEXHOJIOTUYECKOE BPEMs BBINOJHEHUS M-OH TEXHOJOTMYECKON

orepanuu (MPOMEXKYTOK BPEMEHH, B TEUECHHE KOTOPOTO MPEAMET TPyIa HAXOJUTCS B
HEINOCPEACTBEHHOW 00paboTku), m=1..M, rae M-KOJIMYECTBO TEXHOJOTHYECKHX
orepanuii B IpOM3BOJCTBEHHOM IPOIIeCCe;

—ATqm =A7g N, —BpeMs 00pabOTKM TmpeaMeTa Ha M-Oif TEXHOIOIMYeCKOM

OlEpallMi € OYepesbIo JieTanell Ha o0paboTKy (Nm —1) U OJIHOM JeTalu, KoTopas
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HaxoJUTCs B mpouecce o0paboTku; N, - oOliee KOIMYECTBO JAeTalel B ouepequ Ha

00paboTKy Ha M-OH OTepaIlvH;
M
Ty = Y Atgym~ MTPOM3BOCTBEHHBIN UK 00pa0OTKH MPeIMeETa TPyAa.

m=1

JBmwkeHue mpeaMera Tpyaa Mo TEXHOJIOTHYECKOMY MapIIpyTy NPEACTaBUM B BHJE
MepeMenieHns NpeaMeTa Tpylda IO COCTOSHHSAM OYepeAr OXHUAAHUS B KaXKIOM
MEXOIEPallMOHHOM Hakonurtene (IPUHIUN OOCTYXUBAHHS: ‘‘TIEPBBIA TNPHUIIET —

nepBbIid 00paboTan”), puc.l:
N,, =>(N,, =1)>(N,, =2)>....>3>2>1. (1)
Oo6mee Bpemst 00pabOTKH MpenIMeTa TpyAa C MOMEHTA MOCTYIUIEHHUS B 04epeab Ha
NEPBYI0 TEXHOJOTMYECKYIO ONEpaluio W 0 OKOHYaHHA o0paboTku Ha (m-1)-oi

m—1 m—1
TEXHONIOTHYECKOH  omepaunu  cocTaiseT Y Arqy = 2 A7g Ny . Bsenem
k=1 k=1

o0O3HaueHue 7, 5, —0O0Ilee BpeMs, KOTOpO€ HpeaMeT Tpylda HaxoAWICs B
2LV

TEXHOJIOTHUECKOH 00paboTKe mepea TeM, Kak OH OKasalicsi B odepend Ha 00paboTKy
mox HOMEpoM N; Ha m-OH TEXHOJIOTMYecKod omepammu. s mpenmera Tpyna,
KOTOPBIN TOJBKO YTO 3aKOHYMII 00pabOTKy Ha (M-1)-0l TEXHOJOTHYECKOH OmnepaIuu
U 0XHJaeT 00pabOTKy Ha M-Oi TEXHOJOTUYECKOW OINEpalii, HAXOIUTCS MOCISTHUM
B o4epean (¢ HoMepoM Ha 00paboTKy N, ), CIpaBeJINBO PABEHCTBO:

m—1 m—1
TN, = LATqK = 2AToK N -
k=1 k=1

IloctynuBmuit Ha 00pabOTKy Ha M-y TEXHOJOTHYECKYIO OIEpalyio IMpeaMeT
TpyZa HaxoOUTCs B KoOHIE ouepenu. Ero cocrosHume B ouepean Ha 00pabOTKy
ompeaenuMm Kak cocrosuue N, . Ilepexom mpeamera tpyma N,, —>(Nm —1) u3
COCTOSIHUSL B odepequ Ha oOpaboTKy N,, B COCTOSIHUE B O4epeAM Ha 0OpaboTKy
(N,, —1) TpomM30iaET B TOT MOMEHT BpEMEHH, KOT/ia Oy/leT 3aKkoHueHa 06paboTka

npeaMeTa Tpy/ia, KOTOPBIH HAaXOHUJICS TIEPBBIM B OUepe/id Ha 00paboOTKyY (COCTOSIHUE B
ouepenu Ha 00pabOTKy 1Mo HoMepoM 1)

Tm,(Nm—l) = Tm,Nm + ATl m> (2)
rae A7y - BpeMs 00pabOTKM TEXHOJIOTHYECKUM 00OpYyAOBaHUEM IIpeAMeTa Tpyaa,
KOTOpBIA Haxomwics B cocrtosHum 1 (puc.l). Bpemss o0paboTku Ha m-oit
TEXHOJIOTHUYECKOM onepanuu A7 ,, €CTb CilydaiiHas BeJIMYMHA C U3BECTHBIM 3aKOHOM
pactnpenenenus f (Arm). 3akoH pacmpeaeneHus f (Arm) ONPEAEIISIETC TEXHUKO-
HKOHOMHYECKUMH XapaKTEPUCTHKAMH UCIIOJIb3YEeMOTO B TEXHOJIOTHYECKOM ITpOIecce
oGopymosanus. Ilepexon mpeamera tpyma (N, —1)—>(Nm - 2) U3 COCTOSIHUSI B
odepeau Ha 0oOpabOTKY (N m —1) B COCTOSIHUE (N m 2) IPOM30MAET B MOMEHT
BpEeMEHH

Tmy(N,,~2) = Tm,(N,,—1) +AT) = Tm,N,, * ATy +AT) (3)



nocie Hauana obpaborku. COOTBeTCTBEHHO, is mepexona (N, )—> (N, —i) u3
COCTOSIHHS B Ouepe/iu Ha 06paboTky N,, B coctosmue (N, —i) ClelyeT paBeHCTBO

1
TN,y —i) = TmN, TAT m TATy 4ot A =1 n + D AT . (D)
k=1
i
Cymma Y Aty ., B BeIpaxkeHHH (4) ecTb BpeMsi 0OpabOTKM MEPBBIX i — AeTaneii
k=1

oyepeau AMMHON N,,. B aToit ouepenu noxg HomepoMm N,, Ha 00pabOTKy HaXOAUTCA
paccMaTpuBaeMblil IpeaMET Tpynaa. 3alMileM TakKe BBIpaKEHUE I Iepexona
(Nm —il)—>(Nm —i2) U3 COCTOSIHUS B ouepean Ha 00paboTKy (Nm _il) B

coCTOsIHHE B Ouepe Ha 06paboTky (N, —i )

2
Tm’(Nm_iZ) - Tm’(Nm_il) - k Z+A1Tk m > (5)
=q

KOTOPOE MOKET OBITh MOTyYeHO U3 COOTHOIIECHHUS (4).

N)’r’!
At i= zlml_mj
ks

Arlrﬁ‘f?mjfjinj f_Afqu)mi AI(N -A)m! ,—fg\m)mj
10
¢-=>° O O 484040 O....O O o] °E=>
machine Nm Nprl i+1 i 3 2 machine
o Arlmj 1°
SMI>@ O O «ees 0 Oeeea© 0 0 O[m >
machine Nm Nm1 i 5 4 3 2 machine
o] AerJ 10
=>-=>O. O....O O....O o0 OE$
machine N m N m—1 5 4 3 2 machine
o it 10
¢$° (oI | -oco_o Oeees O OO OE¢
machine N Nm-1 +1 5 4 3 2 machine
o A i 10Q
¢-¢° o ° .-... OOOOIO ° O °E¢
machine Nm Nl i Ar 5 4 3 2 machine
O ,_A(N 4-1)m! 10
¢-¢° o0 ..-.O..... O 0 °E¢
machine N N1 i 5 4 3 2 machine
O AT(Nm -4)m 1°
=>-=b° O 0O qu °onnl. O O OEQ
machine Nm Nprl i 2 machine
S0004040 OSNOSSNND SESEBNNS SEESEES A?(Nm)mj
o 1@
¢-¢° o o .-..O OOOOIO ° o OE
ma;hme Nm Nprl i 3 2 machine
Tt Tm

Puc.1. Cxema nepemewenus npeomemosd mpyoa no COCMOAHUIM HA M-0U MEXHOA0SUYECKOU
onepayuu
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BBenem ciyvaiiHyro BeIUYUHY
At —A 70
= —_—m —Vm. 6)

Om

&

e Aty >0, — MaTeMaTUYECKOE OXKMIAHUE M CPEIHEKBAJAPATUYHOE OTKJIOHECHHE
CIIy4alHOM BEIUYMHBI A7 ,, C IUIOTHOCTBIO paclpencicHus f (Arm). Crnyyaitnas
BEIIMYUHA &,,, ONpEAECIEHHAs COOTHOWEHWEM (6) OyneT HMeTh INIOTHOCTh
pacmpenenenus [5,ctp.338]:

2
gm(gm)zamfm(o_m'gm"'ATO m)’ <gm>:0’ <‘9m >:1 (7
C MaTEMAaTHYCCKUM OKHUIAHUCM <€m> nu Cpe,Z[HeKBaI[paTI/I‘IHLIM OTKJIOHCHHCM <¢9m2> .

Bpewmst 00paboTku i —AeTanu U3 odepenu Ha 00pabOTKy MOKET OBITh BHIPasKEHO
4yepe3 BEIUYUHY &;,,, OIPEIE/AIONlyl0 €€ OTKIOHEHHE OT MaTeMaTH4ecKOro
oxunanus Aty o -

AT, W =ATg o YO Eim - ®)
3T0 MO3BOJISET 3aMucaTh BHIpakeHue (4) B BUC
Tm,(Nm—i) = Tm,Nm +ATO m 'i+O'm '(glm +éom Tt Im +5im)' (9)
Hcmonb3yst CBOWCTBO JUCTIEPCHM JHMHEHHONH (QYHKUMHU CIIydaiHbIX BEJIHYHH
[5,cTp.270], momyunm
: 2
Em+ErmttEAm+Eim =i Em> <8m> =0, <5m > =1. (10)
IHoncranoska (10) B (9) gaer ypaBHeHHE
TN, i) = TN, +ATY m i+ 0y N & (11)

PaccmoTpuMm  mepexox M3 COCTOSHMSA, XapaKTEPU3YIOIIETO  KOOPAWHATOM

Tm,N,, = 7(fp) , B COCTOSHHUE, XapaKTEePU3YIOLIEeCs KOOPAUHATOH 7, (y ;) =7(f) 3a

POMEXYTOK BPEMEHH
(t—t9)=Arg i (12)
Bocnons3yemes cootHomenneM (12), 3anumieM Beipaxkenue (11) B Buze

T(f)=T(fo)+(f—fo)+ﬁ-,/t—t() . (13)

Pemenne ypaBHenue (13) mo3BosiseT MOCTPOUTH AUPPY3UOHHYIO MOJAECTH
MPOM3BOACTBEHHOM  TMOTOYHOW  JIMHUM M HCCIENOBaTh  XapaKTEPUCTHKHU
MPOM3BOACTBEHHOI'O Ipolecca Uil NPEANPUATHH C MOTOYHBIM THUIIOM OpTraHU3alMd
Mpou3BOACTBa.  Bo3MmMokHOCTh  pacmmpuTh  kimacc  PDE-momemern  [6-10],
WCIIONB3YEMbIX  JUIA  ONWCAaHUS  TNPOMU3BOJACTBEHHBIX  CHCTEM,  OIpeneiuia
aKTYyaJbHOCTb HACTOSAIIEH pabOTHI.

2. llocTanoBka mpo0seMbl U (pOPMYJIHPOBKA LEJIH CTATHH

Lenpio HacTOAmIEW CTaThbH SIBISETCS NOCTPOEHHE MOZENW ABIKEHUS MapTHH
MpEeIMETOB TpyJda IO MPOU3BOACTBEHHOW IIOTOYHON JIMHUHM, pa3Mep KOTOpoil
KOHEYHBIH U paBeH N ,, . IIpu 5TOM BBIAETHM OTACIIBHBIC MOA3a1a4H:



A)oreHUTH TeMI 00pabOTKH IPEIMETOB TPYAa Ha TEXHOJIOTHUECKOH OTepaItiu;

b)oreHnTh MUHUMABHYIO BEJIMYMHY pa3Mepa MEKOIEpallMOHHBIX 33a1el1oB N, ,
KOTOPBIA TO3BOJISIET O00ECIeUYuTh OecrepeOoiiHyl0 paboTy TEXHOJOTHYECKOTO
06opysoBanus Ipu 0OPaGOTKH MAPTHH U3AEHi pasmepoM N, ;

B)ompeaenute  pexuM  MOCIEAOBATENBHOIO — 3allyCKa  KAKIOM  €IMHULBI
oOopynoBanust ansi obecneuenus: OecriepeOoiiHONW pabOTHl MOTOYHOW JMHHUU TIPH
MOCTYIUICHUE MAPTUH MPEIMETOB TPyAa Ha 00pabOTKy Ha TEXHOJOTHUECKUE MTO3HULINH,
HE COJAEpIKallie MEKONEepPAIMOHHBIX 3anenoB. OmpeneiauTs MIPOorpaMMy 3aIrycKa
MMOTOYHOM JIMHNH;

INnoctpouTs cTOXacTUUECKOE YpaBHEHHE ISl MOJENMPOBaHHSA Ipoliecca
00pabOTKH MapTUH MPEIMETOB TPYAa Ha MPOU3BOACTBEHHOH JTMHUH.

3. OueHka cpeanero TeMn o0padoTKH MpPeIMeTOB TPY/Aa HA TEXHOJIOTHYeCKOI
onepauu.
OnpeenuM CpeHIO NPOU3BOAUTENLHOCTE 00paboTKH mapTuu N, NPeAMETOB

TpyJla Ha KaXXIOW TEXHOJOTUYECKOM onepauy Npy 3aJaHHOI BEPOSITHOCTH

%y
o, |

Pl |Azg N, —Ary p|<0 |=20@ 7, (14)
m
1
rie AT) N, =— YAt . (15)
Ny 7

CD(X) - ¢yukuus Jlammaca. Cmbica cootHomeHust (14) cnenmyromuii: ¢ 3amaHHON

HaJIeKHOCTBIO ¥ =2 d)(x) MO>KHO YTBEPXKAaTh, YTO JOBEPUTEIbHBIN HHTEPBAI

AT N, —x%, AT my, +x% (16)
p p

HIOKPBIBAET CPEIHEE BpeMsl 00pabOTKHM JIeTalleil Ha M-0Ol TEXHOJIOMMYECKOH onepanuu

A7( 1, - TOYHOCTH OLICHKH

m_ (17)

Hns magesxxaoctu ornenku y =0.95 umeem x =1.96. B npenenax uatepana (16)

cpenHee BBIOOpOYHOE 3HaueHHE AT N, (15) na mapTum m3zmemuii pasmepom N ,

MOKET HMMETh OTKIOHeHHe Oo. C YBCIMYCHUCM pasMepa IapTUu Np BCIINMYMHA

OTKJIOHEHHMST O yMeHblnaercs. Eciu 3a xapakTepHoe BpeMsi pacCMOTPEHHS MPOIIECC
o0OpabaTeiBaeTCsi OOJIBIIIOE KOJUYECTBO U3nenuid N p —>©, TO BO3MOXHO II0/Iarars,

yro O =~(0. OT0 00CTOATENHCTBO, KOTOPOE COOTBETCTBYET OOJBIINM XapaKTepHBIM
BPEMCHAM IIPOTeKAaHWs Mpouecca mpoussBoacTBa Ar~ N, -A7g p,, M03BOISET

UCIONB30BaTh JUISI ONUCAHWA JBW)KEHUS NIPEIMETOB TpyJa IO IOTOYHOH
MIPOM3BOACTBEHHON JIMHUH KHHETHYECKOe ypaBHeHue [2,11,12]:



6 O.M. MNurHacTsii, B.0. Xogycos

8)( 5){ 8}( df“ —
ICANRNCAN +_.f_l . I’S’ . -y, t,S . 18
5t S M P Plant {¢( /u) [)(]1 X} it f( ) ( )

rae x(tS,u) COOTBETCTBYIOIIMM 00pa3oM HOPMHMPOBaHHAs (DYHKLUS paclpeneneHust
yucina N TpenIMeToB Tpyda IO COCTOSHHAM B (a3oBOM MPOCTPAHCTBE (t,S, ,u),
f(t,S)- uHKEHEepHO-IPOM3BOJACTBEHHAsT (DYHKIHMS, ONpEAesSIomas HOPMAaTHBHYIO

TPACKTOPHIO IBIKEHHS IIPEIMETOB TPy [0 TEXHOJIOTHIecKoMy Mapmipyty [13,14].
Ecnu ke pa3mep naptum sBiseTCS HEOOIBIIUM WM TIPU UCCIICIOBAHUN U3MEHEHHS BO

BPEMEHHM Temna O0pabOTKM MapTud W3ACIMH pasMepoM N, 3a XapaKTepHbIH

MPOMEXKYTOK BpeMeHH Af o00pabaTbiBacTCsl HE CIHIIKOM OOJBIIOE KOJIUYESCTBO
peaMeToB Tpyaa N prt

ATy <<At<<Ty, At=Np,; A7y, (19)

Om

JNI,T

IIPEIMETOB TpyHa A7 N, 32 XapaKTEPHBIN IIPOMEKYTOK BpEMEHU Af OT CPEAHETO

TO B cooTBeTCTBHE C (17) 00COMOTHOE OTKIIOHEHHE O = X BpeMeHH 00paboTKI

BpeMeHH O00pabOTKH MOXeT OBITh CYIIECTBEHHBIM M HCIoNb3oBaHue (18) mms
HIOCTPOCHHUST MOJICNTH TIPOM3BOICTBEHHO MOTOYHOM JIMHUN TIPHUBOIUT K 3HAUYUTEITEHON
MOTPEIIHOCTH, YTO OTpakaeTcs Ha TPOU3BOAUTENFHOCTH 00pabOTKH MpenMeTa TpyAa
3a XapaKTEePHBIH IIPOMEXYTOK BPEMEHH:

1
[X]lmzA 5z[)(]ll//m+A[X]h//m‘
T0m~—
B Bepaxenun (19) mnutenbHOCTH BpeMeHH A7 ,, COOTBETCTBYET BPEMEHU
NpoTeKaHusi OBICTpOro Tpolecca (HEMOCPEACTBEHHO €IWHUYHOH 00paboTKu
npeaMeTa TpyJa Ha TEXHOJOTMYECKOM omepauuu), T; — COOTBETCTBYET BPEMEHH

MPOTEKaHUS MEAJICHHOTO Ipoliecca (MPOIOIHKUTEIHHOCTH TPOU3BOICTBEHHOTO IIUKIIA
00paboTKM mapTUX TPEIMETOB Tpyaa). Hamwuuwe HOMONMHUTENHLHOTO CJIaragMoro
A[)(]]y/m MPUBOJAUT K OOpa30BaHUIO KOJEOAHWH IMOTOKOBBIX IapaMeTPOB

MIPOU3BOACTBEHHON JTUHUH [15].

3. Onenka pa3Mepa MeKONEPALUOHHBIX 3a/1eJ10B N,
OuennM TpeOyemblii pa3Mep MEXKONEPAlMOHHBIX 3a1el0B N,,, KOTOPBIi

MO3BOJIIET 00ECIeYUTh OecrnepeOoiiHy0 paboTy TEXHOJIOIMYECKOro 000pYyIOBaHUS
pu 00pabOTKU MAPTHH M3ACTUI KOIUYeCcTBOM N p- Bynem nonarats, 4TO MpEAMETHI

TpyJla MOCTYNAIOT B MEXOIEPALMOHHBIN 3ae ¢ (m-1)-TeXHOIOrH4ecKo onepanuu
(puc.2) c MpOU3BOIUTENHLHOCTHIO

e ] P % W S )

ATy (m1)N,  A70 (m-1)
_
Aty (m-1)

21

Dby () = o Alchy oy T °

Aty (m—l))2 ’



a yOBIBaIOT C TIPOU3BOIUTENEHOCTHIO

[X]ly/(m—l) - A[X]lt,u(m—l) => D(]It//m + ‘/—\‘Df]lwm

¢-=>o 0 0440000400000 olEl»

machme Nm Npii 3 2 machine

Puc.2.Mooenv usmenenus ypoeHs mexconepayuoHubix 3a0en08

1 1
[X]lm At } ATO -5 [X]]y/m +A[X]1(//m ’ (22)
o
= = 23
el m Aro o . Ay m G (23)

W3MeHeHue BENMYMHBI MEKONEPALIOHHBIX 33€]I0B B €IUHUILLy BPEMEHH IIEepe]l C
M-TEXHOJIOTMYECKOM oOlepaluu Uil CHUHXPOHU3MPOBAHHOM IIPOU3BOJCTBEHHOMN
JUHUM, A1 KOTOpOH  COOMIOaeTcst  yCIOBHE  CHHXPOHHOCTH — PaboThI
TEXHOJIOTHYECKOTr0 000py10BaHUS

1 1
Dby (o) = Dby m = U 24)
OINPECACIIACTCA BBIPAXKECHUEM
26
[X]ly/m [X]lz,// (m-1) = 2A[X]]z//m = - (25)
(ATO m)

3a mpomexyTok BpemeHH Ar =N, -A7( ,, KOTOpbIl COOTBETCTBYCT BPEMCHH

00pabOTKM Ha M-TEXHOJIOTWUYECKOW OMNepaluyd Bcel MapTUH TpeIMeTOB Tpynaa
pasmepoM N ,, U3MECHCHHE MEKONEPALMOHHOIO 3a/1eJ1a OIPEACIISICTCS BEeTMIMHON

AN, = ([X]l:// m [X]lz// (m-1) )At = ZA[X]I(// m At = (Azj(‘)—At)z : (26)

IToncraBum B (26) 3Hauenue 6 (17) npu y =0.95, momyunm
(o 2- N ATO m

20 - At 4.0
AN, = =196 ~ ’”,/ ~4- ,/N .(27)
" v NP (ATO m) [X]ll//mo-m

2
(ATO m)
BoNBIIMHCTBO  €UHMII TEXHOJIOTMYECKOTO 000pYyJIOBaHUsS padoOTalOT Co

3HAYEHUEM IOTOKOBBIX I[apaMeTpPOB =(O.1+0.2), KOTOpbIE HAKJIAJIbIBAIOT

70 m
OrpaHHMYCHUC Ha MUHUMAaJIbHBIH pa3Mep MECKOIICPAITMOHHOTO 3a/1Cj1a

4.0
Ny min =4'D(]1Wm6mm~—AT0m JN, ~08 /N, . (28)
m

C Tpe6OBaHI/IeM BMECTUMOCTH MEKOIICPAIMOHHOI'O HAKOITUTEIIA
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Ny 22N,y i ~16[N, . (29)

Bripaxenus (28),(29) ompenensioT peXUM HENPEPHIBHOW pabOTHl MOTOYHOM
JIMHUY, TP KOTOPOM HE JIOMYCKAaeTCsl OCTAHOBKA MPOU3BOJCTBEHHOIO MpoIecca Kak
M3-32 OMYCTOIICHUS MEXOMEPAallMOHHOTO HakomuTens (28), Tak W U3-3a €ro
nmepenofHeHnuss Hakomwrtens. [Ipm  oOpaboTkuM mapTum  wm3menuidt N p:104,

COOTBETCTBEHHO MHHUMAIbHBIA TpeOyeMblii MEKONEpallMOHHBIM 3ajel  paBeH
N,y min =80m3memmii npu TpeOyeMOl €MKOCTH MEXKONEPAMOHHOIO HaKOIHTENs
Ny y 22Ny in #160. Ecnn 3aka3 nocrynaer B 06paboTKy Ha MOTOYHYIO JIMHUIO
C OTCYTCTBYIOIIMMH MEXKOIEpAlMOHHBIMI 3axenamu [18] B MOMEHT BpeMeHHU
teare=0, TO Jia oOecnedeHus OecrepeOOMHON PabOTBI CHHXPOHM3HPOBAHHOM
HOTOYHOM JIMHUY C YCIIOBUEM CUHXpoHU3auuu (24) TpebyeTcs ynpapiIeHuUs 3allyCKOM
M-TO TEXHOJOTMYECKOTO OOOpYAOBaHMS C 3aJaHHOM 3aJCP>KKOH, ompeaesieMoi
ycnoBusimu (28), (29) [16,17]. dns yrpomieHus moiaras

(o2 (m-1) =0y mzl..M, (30)
COOTBETCTBCHHO N (1) min = Ny min =NV0 min» ONPCICIHM BpeMs 3anePiKKU

ATgelay time IOCTICAOBATEIBHOrO 3aITyCKa 000PYL0BaHIs IOTOYHOH JINHAK

ATdelaytinE:ATONO min z0.8'A’l’0,l1\7 . (31)
KOTOpOEC 3a1acM BPEMECHA CTapTa £t rm m-OH €IMHUIIBI o6opy)1013aHmI
Tstarm Zm'ATdelay time = MATONQ min = 0.8‘m'AT0,INp . 32)

Hns cmydas, xorma mapTHsl AeTaneil mocTymaeT Ha oO0paOOTKy HE YacTsIMH
(moanapTusAMu), a IEIUKOM, WU K€ KOJMYECTBO M3/CIUN B MOANAPTUN MPEBHIIIACT
3Ha4eHUE N, min > TO B 3aI€PXKKE UL IEPBOM TEXHOJOIMYECKOM OIEpallud HET

HEOOXOUMOCTH U BhIpakeHHe (32) MpUHUMAET BUJL
tstarm = (M—1)-ATgelay ime = (M —1)ATONg min ~0.8-(n—1)-A7 [N, . (33)
CoorHourenue (33) npu o6paboTky napruu usneauii N, =10* onpenenser BpeMs
3aImycKa Kax/10i equHHUIB 000pYI0BaHUS (ATdelay time = 80-A7g):
tstarnt =05 tyarp =80-ATq, fgars =160-AT | t5arp =(m—180-Azg.

Takum o0Opa3om, HepBoe H3AEIME NAPTHU IMOCTYNHT Ha 00paboTKy Ha M-1o
TEXHOJIOTHUYECKYIO OMEPAIUI0 B MOMEHT BpEMEHHU

4-0,,
LstartM :(M_l)m\/Np -Arg =(M ~1)80- Az, (34)
a 3aBepIuT 00paboTKy B MOMET BPEMEHH
4-0,,
t finishm = (M —1)m IN, -Arg+Arg =(M—180-Arg +Azy.  (35)

B TO BpeMsl, KaK u3jeiaue OyJIeT HaXOquTcs B 00pabOTKe B TEUCHUE BPEMEHU
Ltime of processingM = M -Azg. (36)



[IpuBeneHHAsT OIEHKA HATJISIIHO MOKA3bIBACT, YTO BPEMs, KOTOPOE HAXOIMTCS B
00paboTKe MEepBBI MPEIMET TPYAA IS pacCMaTpuBaeMoro cirydae (35), Bo MHOTO pa3
MPEBBIIIACT HEOOXOAMMOE BpeMﬂ ISt ero oopaboTku (36)

M — 1 IN  -A A M — 1 IN 1
! finishM . ( ATo m T a%0 ( ATy m rT
M - ATO M

Ttime of processingM
Hns coBpeMeHHBIX TOTOYHBIX JuHuUi M>>1 [11,12,16], 4TO COOTBETCTBYET

OTHOIICHHUIO
4-0,,
(M 1)—" N, +1
tﬁnishM ATy 4-0,,
= Nmmmz— Np. 37
Itime of processingM M ATy m

4. JluddepennunanbHoe ypaBHeHHe, MOJeJHpPYIOlIee Mpouecc 00padoTKu
NMAPTUM U3eJINl
IIpeoOpasyem ypaBuenue (13)

O-m
D=1(tg)+( —19)+ —L— - Ji =10 €.
(1) =7(tg) +(t —19)+ Ao 0 €

KOTOpOE OTpeaeiseT BpeMsl HaxXOXJICHHs IMpeaMera TpyJa B mporecce 00paOoTKH.
PaccmoTpuM n3MeHeHHE BpeMeHH 00pabOTKU MpeaMeTa Tpyia
dr() =7(t)—7(ty) (38)
3a OECKOHEUHO MaJIblil HHTEPBAIl BpEMECHU
dt=t—1tg. (39)
C yuetom (38),(39) ypaBuenue (13) 3amnuiem B Bujie

_Om o Jdr . (40)
1IAZ'O m

IIpouecc, nmogunHstomuiics ypasHenuto (40) sBnsercs BuHEpoBcKuM. C ydyeTom
0003HaYeHu:

a(, 1) =1; b7, 1) = —— . oW =¢ . Jdr (41)
JAT) m
ypaBHeHHE (40) nmpeacTaBUM B KAHOHUIECKOM BHUJIC
dz(t) =a(r,t)dr +b(z,1) OW, 42)

rae oW =¢ \/E — OecCKOHEYHO Manblii BUHEPOBCKMU IIyM, &, ~ N(0,1) (10).

dr(r) =dr+

Oynknust  a(r,7) sBuasercss  kKodGGUIMEHTOM CHOca, a KBagpaT (QyHKIUH
b(z, ) seisercs nuddysuedt nporecca:
b (z,0) =D(z,1) . 43)

B paccmatpuBaecmom ciyuae (40) B cuiay OCOOCHHOCTH MOJICTH OMHCAHHS
CHHXPOHU3HPOBAHHOTO TPOHM3BOJICTBEHHOTO mporecca (24), (30) dynkuuu a(z,f)u

b(7,t) ssBseTCS TOCTOSHHBIMH BeIWMYMHAMH. B 3ToM cimydae ypaBHeHue (42)
OMKCHIBACT OOBIYHOE aJIMTHBHOE BUHEPOBCKOE OITy>KAaHUE.
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VYpaBHeHne (42) MO3BOJSET MOICIUPOBATH AWHAMHKY HM3MCHCHHUS BO BPEMCHH
BENIWYMHBI 7(f) TpU TOMOIIM peKKypeHTHoH cxembl (11), mpencraBieHHOW B

KaHOHHUYECKOM BUJIE
r(tk+1)=r(tk)+a(rk,tk)At+b(rk,tk)gkm\/Kt . (44)

ANTOpUTM MOIENMPOBAHMS CIEOYIOUIMHA: BBIOMpAaeTCsl HayaJbHOE 3HAYEHHE
79 =7(tp) ¥ Malblii MHTEPBAl BPEMEHU At=(t1 —to). I'enepupyercs ciyualinoe
YUCIIO £y (10) ¢ HyneBBIM MaTeMaTHYECKUM OXHMIAHUEM M AUCIEpCUCH, paBHOU

enquHupl. DyHKIMS paclpeAciicHUs CIydYalHOM BEIWYMHBI SBIISETCS 3aJaHHOU U
OTIPEACIACTCS TEXHUYCCKHMMH XapaKTEPUCTHKAMU HCIOIL3YeMOTr0 00O0PYIOBaHUS.
OyHKIMSA pacnpeielcHusi MOXKET ObITh ONMpPE/C/ICHa Yepe3 MacIOpTHhIC MapaMeTphl
TEXHOJIOTHYECKOr0  O0OpymOBaHWSI WM B pe3yjlbraré  HOPMHPOBAaHUS
TEXHOJOTHUUECKHX OINepaliii MPOU3BOJCTBEHHON MOTOYHOM JIMHUU.

Huckpernas cxema Wto (44) mo3BONISET ONpPENENHuTh CMBICT (QyHKUUH a(r,t) u

b(z,t). W3 ypaBHeHus (44) HaiimeM 3HA4YCHHE BEIUINHBI (r(t)—r(to)) MEXIY
IPOU3BOJIbHBIMU MOMEHTAMHU BPEMEHH ¢ U (), Af = (t —ty ):
(z(t)—7(tg)) =alrq,10)At +b(7q, 1) (& m WAL (45)
rae a(rg,tg), b(rg.ty), Ar—He ciy4aliHble BeNUYUHBL. B cuiny omnpeneneHus
ciry4aiiHo# BenmauHs (10) nmeem <g m> =0, oTtkyna u3 ypaBHeHwus (45) cnemyet
.z —1(rp)
fim (2O =7(0)
At—0 At
Cpennee 3HaueHWE KBaJApaTa OTKJIOHEHHS B CHIY OIPEACIICHUS <8 m> =0,

:a(To,to). (46)

<(g m )2> =1 MOKeT OBITh 3aIIUCAaHO B BUJIE
<(T(t) ) ))2> =
= <(a(ro,tO)At)2 +a(rg,10)b(Tg.10) & mAL>'? + (b(ro,to) P m\/E)2> =

ZaZ(To,to)AIZ +a(T0,l0)b(T0,to)<8m>Al3/2 +b2(T0,t0)<(8m)2>At=

=a’(rg.t0)A2 +b%(zg.10) A,  (47)
OTKyJa

<(T(t) (o) )2> 2 2 2
lim = lim a (To,to)At+b (To,lo)Zb (To,to). (48)
At—0 At At—0

Hecnoxno IIOKa3aThb, 4YTO

<(r(r) — (1)) >
lim =0, npu k>2 (49)
At—0 At
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Knacc npou3BOJACTBEHHBIX TIPOIIECCOB, CBOMCTBA KOTOPBIX OMNPENEISAIOTCS
cooTHomeHUAMH (46), (48), (49) otHOCATCA K AU DY3HOHHBIM.

BriBoabI
B pa6ote paccmorpero nudy3noHHOE OMMCaHue MPOIecca H3TOTOBICHUS MApPTHH
usgenuii pasmepoM N ,. JIBikeHHE MpeAMeTa TpyAa IO TCXHOJIOTHYECKOMY

MapUIpyTy OpPEACTaBICHO B BHJE MEpPEMElICHUs IMpeaMeTa TPyAa MO COCTOSHHIM
ouepear OXUAAHUS B KaXIOM MEXKOIEPAllMOHHOM HAKONUTENE C MPUHIMIIOM
oOcmyxuBaHWs: “NepBBI Tpwmien — TepBelii  o0Opabotan”). Paccmorpensl
XapakTepHbIE BpeMEHa MPOTEKaHUs MPOM3BOJCTBEHHBIX MPOLECCOB U OMPEACICHBI
ycnoBusl mpuMeHHMocTH anddy3rnoHHOTo npubmmkenus. llomydeHsl ypaBHEHUS,
MO3BOJISAIONINE OLIGHUTHh OTKJIOHEHHE TemIa OOpabOTKH YacTd MapTHU IPEAMETOB
TpyZa 3a paccMaTpUBAcMblii  XapaKTEpPHBIH TPOMEXKYTOK BpeMeHH  At.
[IpencraBienHbie B paboTe pe3yabTaThl IO3BOJISIOT CACIATH CIEAYIOIINE BHIBOIBL:

—CYIIECTBYIOT TIPOM3BOJICTBEHHBIC IPOIECCHI C XapaKTEPHBIMU BpEeMEHAMHU
NPOTEKaHUs, B TEUCHHE KOTOPBIX OTKIIOHEHUE TeMIa OOpabOTKH H3JCITUA MOXKET
3HAYUTEJIIBHO  OTKJOHATBCS  OT  HOPMATUBHOIO  3HAUCHMSA,  OIPEIEIICHHOrO
NAacTIOPTHBIMH JaHHBIMHU TEXHOJOIHYECKOI0 000py10BaHUS;

—BeIMYMHA TpeOyeMoro pasMepa 3aJelioB OT CpeJHero Temmna o0paboTku
MPEeIMETOB TPy/Aa U pa3Mepa MapThH, MOCTYNHUBIIeH B 00paboTky. s obecniedeHus
HENpPEpBHIBHOM  paboOTBl CHHXPOHWU3WPOBAHHOW IMOTOYHON IWHUH  TpeOyroTCs
MEKOTEepallMOHHbIE 3a/enbl. TpeOyemblii 00beM MEKOIEPAlMOHHBIX 3aJIe]IOB H
TpeOyemMas eMKOCTh HaKONHUTENeH SBIACTCS pacyeTHOW BEJIMYMHOW, KOTOpast
ompeesseTcs TEXHOIOTUIECKUMH NTapaMeTpaMy IOTOYHOM JTMHUMY;

—mnst obecrieueHus OecriepeOoitHON pabOThl CHHXPOHW3UPOBAHHOW MOTOYHOMN
JUHAW TpeOyeTcs YIpaBlICHHE 3allyCKOM KaKJOI0 M-TO TEXHOJIOTMYECKOTO
o0opymoBaHUS C 3aJaHHON 3a/JePIKKOH, OMpPENeNsseMOil BETMYWHOW pa3MepoB
MEXXOIEPAMOHHBIX HAKOTIUTEIEH, OTPENEIIMIONNX OecriepeOOHHBIA PEKUM pabOTHI.

IlepcnexTrBamMu JanbHEMIIUX UCCIIEIOBAHUI TPyAA SIBISIETCS

—noctpoenue ypaBaeHust doxkepa-Ilnanka, Moaenupyrolee npomecc 00padoTKH
NapTHH AeTaled Ha TOTOYHOW NPOU3BOACTBEHHOH JIMHNUY;

—OCHOBBIBasICb Ha YPaBHCHUU Hto JIT MOACIIMPOBAHUA AOBUKXCHHA MAapTHUH
npeameroB  Tpyna  (40)  mocTtpoeHwe — yTOWHEHHOH — (opMmysibl  pacyera
MPOIOJDKUTENIEHOCTH MTPOM3BOACTBEHHOIO LIMKJIA U3TOTOBJICHUS MAPTUHN U3JEINI

JIMTEPATYPA

1. IMurnactenii O.M. CeteBas MO€Is MHOTOPECYPCHOM MOTOYHON IPOU3BOACTBEH-
Hoi smHuu / O.M.lurnacteiii // Hayunsiii  pesynsrar. Cepus
«Uudpopmanmonnsle Texnonorum». bearopona: BI'Y. —2016. — T.1. Ne2. —C.31-
45.

2. Turaacteiit O. M. Cratuctudeckas TeOpHs IPOU3BOACTBEHHBIX cucteM. / O.M.
[Murnactenii. — X.: U3n. XHY um. Kapasuna, 2007. — C. 388. —Available at:
https://goo.gl/dzcEZk

3. Pazymos . M. Oprannsanus U miaHUPOBaHHE MAIIMHOCTPOUTEIBHOTO MPOU3-
Boxacta / U. M. Pazymos, JI. S. Hlyxrantep — M.: Mammnoctpoenue, 1974. —
592 c.



http://www.twirpx.com/file/670291/
http://www.twirpx.com/file/670291/
https://goo.gl/dzcEZk

12

O.M. MNurHacTsii, B.O. Xoaycos

10.

11.

12.

13.

14.

15.

16.

YupapieHue THOKUMU TPOU3BOACTBeHHBIMU cucTemamu / E. JI. BoponuHa u ap.
/ oo, pen. C. B. EmenssHoB. — M.:Mamunoctpoenue, 1987. — 368 c.

Bennens E.C. Teopust BepoATHOCTEH M €€ WHXKEHEpHBbIE NPUIOKEHHUS /
E.C.Bennens, JI.A.OBuapoB — Mocksa: Bricmras mkoia, 2000. — 480 c.
IMurnacteiit O. M. O HOBOM Ki1acce TUHAMUYECKUX MOAEIIEeH NOTOYHbIX JIMHUH
npou3BoACcTBeHHBIX cucteM / O. M. IlurnacTelii // Hayunsle BemomMocTu
Benropozackoro rocymapcrsenHoro yausepcutera. benroposn: BI'Y. - 2014. - Ne
31/1. - C. 147-157 —Available at: https://goo.gl/9k3v1r

[Murnacteiit O. M. Vcnons3oBanue PDE-moneneit A mocTpoeHus: e AMHON TEO-
puu ipou3BoAcTBeHHBIX JuHU / O. M. [Turnactsiii // Bicank XepcoHChKOT0O
HaI[lOHAJTFHOTO TEXHIYHOTO yHiBepcuTeTy. XepcoH: XHTYVY. - 2014. - Ne 3 (50). -
C. 405 —412. —Available at: https://g00.2l/WU87S1

Brnacos B.A. MogenupoBanue TEXHOIOTMYECKUX IIPOLIECCOB HM3rOTOBICHUS
MpOMBIIIUIEHHON Tipoaykunu / B. A. Brmacos, 1. A. Tuxomupos, U. U. JlokTeB.—
Tomck, 2006. — 300 c.

Berg R. Modelling and Control of a Manufacturing Flow Line using
Partial Differential Equations. / R. Berg, E. Lefeber, J. Rooda // IEEE
Transactions on Control  Berg R. Modelling and Control of a
Manufacturing Flow Line using Partial Differential Equations. / R. Berg, E.
Lefeber, J. Rooda // IEEE Transactions on Control Systems Technology. —
2008. — vol. 16, Nel. —P. 130 — 136.

Armbruster D. A Continuum Model for a Re-entrant Factory / D. Armbruster,
D. Marthaler, C, Ringhofer, K. Kempf, Jo T -C. // Operations research. — 2006. —
VOL 54 — Ne5. —P. 933 -950.

Pihnastyi O.M. Statistical validity and derivation of balance equations for the
two-level model of a production line// O.M.Pihnastyi//Eastern-European Journal
of Enterprise Technologies. Kharkiv: PC "TECHNOLOGY CENTER". - 2016.
—vol 5. —Ne 4 (83). - P. 17 — 22. —Auvailable at: https://goo.gl/4Jwn2r

[Murnacteiit O. M. O BbIBOJIE KMHETUYECKOTO YPaBHEHUS IPOU3BOJCTBEHHOTO
mporiecca /  O. M. [Murnacteiii // BicHuk XepCOHCHKOTO HAIliOHAIBLHOTO
TexHiYHOro yHiBepcutery. XepcoH: XHTY. - 2015. - Ne 3 (54). - C. 439 —446.
—Available at: https://g00.¢1/z5pLdE

[Murnacteiii O.M. HMHXeHepHO-TIPOU3BOICTBEHHAST (YHKIUS TMPEIIPUSITHSI C
CepUIHBIM WJIM MacCOBBIM BbIyckOM npoxaykuuu / O.M. Ilurnacteii //
Bompocel mpoeKkTHpOBaHMS W TPOWM3BOJCTBA KOHCTPYKIIMHA JIETATEIBHBIX
anmapatoB. - XapskoB: HAKY. - 2005. - Ne 42(3). - C. 111-117.

Hemyuxuii B.I1. Ilenerast ¢yHKIMS MPOU3BOJICTBEHHONH CHCTEMbI ¢ MAacCOBBIM
BoimyckoM mnponykuuu / B.UILdemyuxwii, O.M.Ilurnacteii, B.J[.Xomycos,
M.H.A3apenkoBa // - BicHuk XapKiBCHKOrO HAI[IOHAJBHOI'O YHIBEPCHUTETY. -
Xapkis: XHY. - 2006. - N746. Cep. "®iznuna” - C.95-103.

—Available at: https://g00.21/KzUDqO

XonycoB B.JI., Ilurnacterii O.M. Hcmonp3oBaHne METOJOB (PHU3NIECKON
KWUHETUKH JUIS WCCIICIOBAaHUs KOJjcOaHUS TapaMeTpOB MOTOYHOW JMHHUU // -
Bocrtouno-eBponeiickuil ¢pusnueckuii xypHai. - Xapkos: XHY. - 2014. - Vol.1.
—Ne4. — C. 88-95.

Packun JI.I'. AHanu3 CIIOXKHBIX CUCTEM M DJIEMEHTHI TEOPUU ONTHMAIBHOIO
ynpasienus / JI.I .Packun. — M.: CoB.panuo, 1976. — 344 c.



https://goo.gl/9k3v1r
https://goo.gl/WU87S1
http://math.la.asu.edu/~dieter/papers/OR_2006_paper.pdf
https://goo.gl/4Jwn2r
https://goo.gl/z5pLdE
https://goo.gl/KzUDqO
http://eejp.univer.kharkov.ua/Biblio/2014/EEJP_1_4/14p88-95.pdf
http://eejp.univer.kharkov.ua/Biblio/2014/EEJP_1_4/14p88-95.pdf
http://eejp.univer.kharkov.ua/Biblio/2014/EEJP_1_4/14p88-95.pdf
http://eejp.univer.kharkov.ua/Biblio/2014/EEJP_1_4/14p88-95.pdf

13

17.

18.

19.

20.

Packun JI.I'. PenieHne MHOTOHOMEHKIIATYPHOM 3ajaud YNpaBJICHUS 3amacamu
o BepostHocTHOMY kputepuro / JL.I'.Packun, I1.E.ITycroBotiToB // CucteMHbIH
aHanu3, ynpasieHnue, napopMmannonnsie Texnojorun.—X.: HTY «XIIH. — 2002.
— No. 13. - C. 49-53.

3apyba B. f1. MonenupoBanue TIBIDKEHUS mpeaMeTa  TpyAa 1O
TEXHOJIOTHYECKOMY MapUIpyTy B ABYXKOOpAMHATHOM onucanuu / B. 5. 3apyba
O. M. Ilurnacterii, B. . XomycoB // BicHuk HarmioHanbHOTO TEXHIYHOTO
yHiBepcHUTETY ,,XapKIBCHbKUI MONITEXHIYHUI 1HCTUTYT . 30IpHHK HayKOBHX
npaus. Cepist: TexHiuHui mporpec Ta €PeKTHBHICTb BUPOOHUITBA. — XapKiB:
HTY ,XIII”. - 2015. - Ne 60 (1169) — C. 39-45.

[uraacteni O. M. K Bompocy HCIONB30BaHUSI CTaTUCTHYECKON TEOpWH s
pacuera mpousBojacteeHHoro nukia / B. JI. Xoxycos, O. M. [lurnacteiii // -
BicaHuk XapkiBCHKOro HalllOHAIBHOTO yHiBepcuTeTy. - XapkiB: XHY. -2009. -
No868, Bum.3/43/ Cep. "®iznuna”. c.112-118.

[uraactenit O. M. O mocTpoeHnn T1eneBoOil  (PYHKIIMM TPOHU3BOJACTBEHHOMN
cuctembl / O. M. [Turnacteiii // Jlonosini HarionaneHoT akageMii Hayk YKpaiHu.
- KuiB: Bugasamumii nim "Axkanemnepionuka”. - 2007. - Ne5. - C. 50-55.


https://scholar.google.com.ua/scholar?oi=bibs&cluster=12135541584403768340&btnI=1&hl=ru
https://scholar.google.com.ua/scholar?oi=bibs&cluster=12135541584403768340&btnI=1&hl=ru
https://scholar.google.com.ua/citations?view_op=view_citation&hl=ru&user=Loo_CHsAAAAJ&cstart=20&sortby=pubdate&citation_for_view=Loo_CHsAAAAJ:ufrVoPGSRksC
https://scholar.google.com.ua/citations?view_op=view_citation&hl=ru&user=Loo_CHsAAAAJ&cstart=20&sortby=pubdate&citation_for_view=Loo_CHsAAAAJ:ufrVoPGSRksC
https://scholar.google.com.ua/citations?view_op=view_citation&hl=ru&user=Loo_CHsAAAAJ&cstart=20&sortby=pubdate&citation_for_view=Loo_CHsAAAAJ:ufrVoPGSRksC
https://scholar.google.com.ua/citations?view_op=view_citation&hl=ru&user=Loo_CHsAAAAJ&cstart=20&sortby=pubdate&citation_for_view=Loo_CHsAAAAJ:ufrVoPGSRksC
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S21REF=10&S21CNR=20&S21STN=1&S21FMT=ASP_meta&C21COM=S&2_S21P03=FILA=&2_S21STR=dnanu_2007_5_10
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S21REF=10&S21CNR=20&S21STN=1&S21FMT=ASP_meta&C21COM=S&2_S21P03=FILA=&2_S21STR=dnanu_2007_5_10
http://www.irbis-nbuv.gov.ua/cgi-bin/irbis_nbuv/cgiirbis_64.exe?I21DBN=LINK&P21DBN=UJRN&Z21ID=&S21REF=10&S21CNR=20&S21STN=1&S21FMT=ASP_meta&C21COM=S&2_S21P03=FILA=&2_S21STR=dnanu_2007_5_10

