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Pe3rome. Lleab. CoBpeMeHHBIN MUP CBA3aH C 3JIEKTPOIHEPTETUKON U HAXOAUTCS B ABHOM
3aBUcUMOCTH OT Hee. KonnuecTBo nmoTpeduTenel pacTeT Mo SKCIIOHEHTE, BO3HUKAET Ipodiiema
JOJTOCPOYHOTO TUTAHUPOBAHMS TMOTPEOJICHUs DIIEKTPUYECTBA, HAOIOJETCS yBEIMYEHHE €€
nensl. C 1enbl0 MUHHMMHU3ALMK 3aTpaT HPeaNnpHUsITH ObLJIO BBICKA3aHO IPEANOIOKEHHE O
palMOHAILHOCTH ~ YBEJIMYECHHUS  KOJIW4YecTBa aroMHbIX  anektpoctannuit  (ADC). Ilpu
pPacCMOTPEHUH CpPOKOB BO3BEICHMSI aTOMHBIX KOMIUIEKCOB Oblila BBISBICHA Ype3MepHas
JUIUTETILHOCTh M3TOTOBJICHUS CUJIOBOTO M ympasistoniero odopynoanus misi ADC. C uenbio
COKpAIlleHUs] BPEMEHHBIX 3arTpar ObUIO NPEUIOKEHO HOPMHUpPOBaTh pabory cOopouHO-
MOHT)KHBIX W YIAaKOBOYHBIX MPOU3BOACTBEHHBIX 00benuHeHHil. Mertoa. MccienoBanusi B
JTAHHOM 00JIaCTH MPAKTUYECKU HE MPOBOAMIINCH U HOCHIIH, 3a49aCTYI0, SITU30IUIECKUIN XapaKTep.
W3HavanbHO CYMTANOCh, UTO ONEPALMH TEXHOJIOTMYECKOTO MPOLECCa U3TOTOBJIEHUS YKa3aHHOIO
000py0BaHUs PAllMOHAIIBHO HOPMHUPOBATh KJIACCUYECKUMHU METOJAMHU, OJJHAKO B MPEABLAYIINX
paboTtax aBTOpa ObUI MPEAJIOKEH HOBBIM MOJAXO0], 0a3uPYIOIIMNCSA HAa aHAINM3€ XapaKTEPHUCTUK
3aHATOTO B TEXIIPOLIECCE COTPYJAHUKA, CHENM(PHUKE BUIA ONEPALMOHHOW paldOThI, a TaKke
pa3IMYHBIX BO3MYIIAIOIIUX (AKTOPOB, HETATMBHO BIMSIOIIMX HA CPOK M3roToBieHus. [lanee
INPOBOAMTCS CHUCTEMATHU3alMsl MOJTYYEHHBIX JaHHBIX M HUX JalbHeWIee MOJIETUpPOBAaHUE.
Pe3yabTaT. B paboTe moka3aHO BBIBEJACHUE 3aKIIOUUTEILHOTO ypaBHEHMsS COOpKHM Kapkaca
CHJIOBOTO W yrpasJsitoiiero ooopyaoBanus aiss ADC. beuio mano 060CHOBaHUE MPUMEHSEMBIX
METO/IOB, yKa3aHa IieJieBas ayAMTOpHs, YYTeHa HOpMaTHBHO-TpaBoBas 0Oa3za. Kpome Toro
MOKa3aHbl PE3yJbTaThl MPEAIIECTBYIOMIMX paboOT, Ha OCHOBaHMM KOTOPBIX U CTPOMJIACH
MaTteMaTHueckast Mojenb. OTaenbHO ObIIM JTaHbl PEKOMEHJIAIMH 10 TOBOLY JOMOJHUTEIHLHOIO
UCIIOJIb30BaHUsl (PYHKIIMOHAJIa MOJIYYEHHOIO ypaBHEHHs. BbIBoA. YpaBHEHUE, MOJyYEHHOE B
paboTe, MO3BOJIIET C MAaKCHMAJIbHOM TOYHOCTBIO PAacCUMTaTh BpeMsl, 3aTpayeHHOE Ha COOpKY
Kapkaca CHJIOBOro W ympasistomero obopynoBanus mis ADC. [lpuHnumnel, moka3aHHbIE B
paboTax MO0 HANpPaBJICHHUIO MOXKHO HCIIOJIB30BaTh U Ha Jpyrue o0JacTd, UMEIOUIHE MOXO0XKYIO
HAIPaBJIEHHOCTh ¢ MUHUMAaJIbHBIM U3MEHEHHEM BBIBEJCHHON MOJIENH.
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Abstract. Objectives. The modern world is associated with a clear dependence on it. The
number of consumers is growing exponentially. In order to minimize the costs of enterprises, an
assumption was made about the rationality of the number of nuclear power plants. When
considering the timing of the construction of nuclear complexes, an excessive duration of the
manufacture of power and control equipment for nuclear power plants was revealed. In order to
reduce time costs, it was proposed to standardize the work of assembly, assembly and packaging
production associations. Method. Research in this area was practically not carried out and were,
often, of an episodic nature. Initially, it was believed that the operations of the technological
process of manufacturing equipment should be rationalized by classical methods, however, in the
previous works of the author, a new approach was proposed, based on the analysis of the
characteristics of the employee employed in the technical process, the specifics of the type of
operational work, as well as various disturbing factors that negatively affect the production time.
Then the systematization of the obtained data and their further modeling is carried out. Results.
The paper shows the derivation of the final equation for the assembly of the frame of power and
control equipment for nuclear power plants. The substantiation of the applied methods was
given, the target audience was indicated, the regulatory framework was taken into account. In
addition, the results of previous works are shown, on the basis of which the mathematical model
was built. Separately, recommendations were given on the additional use of the functions of the
resulting equation. Conclusion. The equation obtained in the work makes it possible to calculate
with maximum accuracy the time spent on assembling the frame of the power and control
equipment for a nuclear power plant. The principles shown in other works can be used in an area
that has directionality with minimal model change.
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BBenenue. beuto nmpeanpuHATO HEMAJIO MOMBITOK CO3aHUsI YHUBEPCATHHOTO YPAaBHEHHSI,
YYUTHIBAIOIIETO OOJBIIMHCTBO MapaMeTpoB U (DaKTOPOB MPOU3BOJCTBA, 3aHSATOTO CO3JAaHHUEM
obopynoBanust miasi ADC. BpiOop AaHHOTO HampaBJICHHWs] WMCCIEIOBAHUS ObUI HE CIydaeH.
PazButne otpaciu u yBenuueHue konmdectBa ADC HabOmIOgaeTcss BO MHOTHX CTpaHaxX MHpA.
OO0mas TeHaeHIMs, MOKa3aHHas B padote [1] 3To moaTBep)aaeT. AHATOTUYHBIN BBIBOJI MOXKHO
c/enarthb, pacCMOTpeB Tpaduk usmeHenus koaunuectsa ADC o rogam [2].

IMocranoBka 3agauyu. OcHOBHasg mpoOJemMa IMOCTABICHHOW 3a7add OblLIa CBsA3aHA C
MOJIyYEHUEM MOJIENN, MAKCUMAJIbHO JTUIIEHHOM MOrPEIHOCTEN 1 HETOYHOCTEM.

Kak w JIOrM4HO TPENNoNOkKUTh, TEXMPOIECC H3TOTOBICHUS TaKOro O00O0pYIOBaHMS
BEChbMa CJIOKHBIH, MOATOMY MOSIBIIIACH HEOOXOIMMOCTH pa3OUTh €ro Ha JSTambl, KaK 3TO U
MPOWCXOAUT Ha peaJbHOM MPOU3BOJCTBE. B gaHHOW cTaThe OyJeT MOKa3aHO ypaBHEHUE
0a30BOro KOMIIOHEHTA CHJIOBOTO U ympasJistomiero ooopynoBanus 1t ADC — kapkaca. OHako
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JUIsl HadaJla CTOMT YKa3aTh, HA Y€M OCHOBBIBAIOTCS JIOBOJbI, IPUHLHUIIBI IOCTPOEHUS MOJAEIIH U
AMIIUPHYUECKYIO 0a3y UCCIICAOBAHUS.

Metoabl ucciieqoBaHus. BbiBeieHUE YHUBEpPCAIbHOIO YpPAaBHEHHUS BEJIOCh BEChbMa
IIPOJOJDKUTENBLHOE BpeMs. B yacTHOCTH, 062301 U1 ajdbHEHIIEro MOCTPOEHUS CIIy>KUJIM PaHHUE
HapaOoTku [3-7], B KOTOpPBIX MOCTENEHHO OBLIM MPOBEACHbI IEPBOHAYAIIbHBIE TOIMBITKU
HOPMHPOBaHHUs COOPOYHOTO TEXIpoIecca KapKaca.

C nenpio ynobctBa oToOpakeHHUsT MOJIEIH Ui TOJb30BaTeNs (CrenuaniucTa B 00J1acTu
HOPMHPOBAHUs, HadalbHUKA y4YacTKa WM APYTUX 3aUHTEPECOBAHHBIX JIMI) OBUIO pEIIeHO
BBIBOJUTh YPAaBHEHHUE B LIUKINYECKOM BHJIE.

JIeCTBUTENBHO, KaK IMOKa3bIBa€T IMPAKTUKA, NMPUMEHITh CyMMHPYIOIIUE 3HAUYEHHUS 110
NPUHUMIIAM TOKa3aHHbIM, Hanmpumep, B [8], KpailHE HE NPAKTUYHO, BCIEACTBUE OTCYTCTBUSA
KaKOH-HUOYIb KOHKPETUKU 00 M3TOTABIMBAEMBIX 00BEKTAaX, BHYTPEHHUX 3aBUCUMOCTSIX U T.I1.:

Ti =f(M'NT'C) (l)
rue:
T; — Bpemst U3roTOBJIEHUSI O0BEKTA
M — maTepHuanoeMKOoCThb
N7 — KOTM4eCTBO TEXHOJOTHUECKUX ONepainuii
C — CJIO)XKHOCTH TEXHOJIOTHUECKUX OTIepaluii TIPU U3TOTOBJICHUU 00BEKTa

Kpome Toro, nuknuyHast gpopma 6sin3ka K IporpaMMHON peain3anuu (MOTEHLUUAIbHBINR
3ajien IS TIOCIIEIYFOIIETO COCTABJICHUS MOJICIT B KOMITbIOTEpHOU cpene) [9].

Jlanee He0OX0AUMO OOBACHUTD, O KAKOM 000pPYIOBAaHUU HJIET peub, C LIEIbI0 U30aBICHUS
OT Pa3HOTIIACHI IO IOBO/TY KOHCTPYKTHBHBIX COOOpaKEHHIA.

ITox cuOBBIM W YIpaBIAIOLIMM O0OpYIOBaHMEM B HACTOsALIEH paboTe MOHUMAIOTCA
U3JeNusl THMa «mKady», WUIIOCTPaTUBHO TOKazaHHele B paborax [10-11] raGaputoB
600*800*2000 — oxpnoasepusIit mim 800*800%2000 — nByaBepHbIi. JJONOTHUTENBHOE ONMCAHUE
(GYHKIIMOHHPOBAHHS M KOMIIOHEHTHOTO COCTaBa oTMeueHo B [12-13].

3a OCHOBY IPHHLIMIIA TOCTPOCHUS YpaBHEHUsI COOPKU Kapkaca Obula B3siTa MOJEINb THIIA
«Bxom» — «Beixomy, Haubosee moapoOHO, IO MHEHHIO aBTOpPa, NMOKAa3aHHAs B OTEUYECTBEHHBIX
pabortax [14, c.12-15], [15, c.41-46] u uHocTpaunHoii muteparype [16, ¢.3-4]u [17, c.11-14].

B cooTBercTBHM ¢ KOHIIENIHMEH OblIa BRIBEACHA CleAyomas rpaduaecKkasl 3aBUCUMOCTD,
puc.1:

R
!
Y . Cbopka X

Puc.1. I'pa¢guyeckasi uHTepnpeTanus Moaeau Tuna «Bxoa» — «Bsixom» c6opoyHoro mpomecca
Fig. 1. Graphic interpretation of the model of the "Input" - ""Output" type of the assembly process

re: X —roroBoe uzaenue/ ready product
Y — BxoaHoit mapametp/ input parameter
R — Bo3myrmaromnuii mapametp/ disturbing parameter
BcrnenctBue mnpuHAUIEAKHOCTH Kapkaca, Kak OCHOBBI OOOpYZOBaHUS, K W3JETUSIM
aTOMHBIX KOMILIEKCOB, Ha Hero pacnpoctpanstorcs Tpedosanus I'OCT 29075-91 [18], koTopsie
ObUIM yYTEHBI, COBMECTHO C TpeOOBaHMSAMH, MOKa3aHHBIMH B YK€ yNoMsHyToi pabote [11] u
TpeboBanusiMu 1o KadectBy [19]. Kpome Toro, Ttakxke OBUIM TIPUHATHI BO BHHUMAaHHUE
KoMMeHTapuu co cTopoHbl MAI'ATO OTHOCUTENIBHO HEKOTOPBIX acleKToB KadyecTsa [20].
Ob6cyxaenne pe3yabratoB. Kak yxke ObUIO OTMedeHO, paboTa MPOBOAMIACH B
HECKOJIbKO 3TanoB. [lo3ToMy, MpUHSAB BO BHUMaHHe 0a30Bble mapamMeTpsl U3 [3] U TOMOIHEHUS
AJIEMEHTOB B [6] OBLIN MOIYUYEHBI CIETYIONINE BaXKHBIE YPABHEHUS:
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i =Xal1% + 2
Le = X811 Qk + 21k
X = Z+Z 1(Q+N(p)
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2122?11219;” t H# 1L]] +Z} 2825 §j 1t Hg 28 ] H
Z=Fpu(Z,-W>0)-0
J EcnnW>Z 2)
Z_ZZ 219 L 1 H# 1L]] Z} 2825 =¢j_1 Hf 28 J H
EcruW —-Z>0Q

z [od q p
Q=S g, e T6or L0 + TR e oy, b Mfge Ly TIEL, Lg
EcuW —-Z < Q

l p 33 v o %P

213712‘@ lkltkHG 1 k +Zk zsza Vi— 1tkl_[[3 28 k He 1 6

(Q=Fmin(0k W -2)>0) -0

A Taxxe:
i =Y2L % + 2]y
e = 2311 qic + 2J1
T=P+3¥2L,(S+ Ny)

L;.’ — MepBbIA 3/1IeMEHT UTTEepPAIUU P > 28800'®W

Ll,f_p — MHepBbId 3/1IeMEeHT UTTepalUuU Sk > 28800'®W

Kor,an > 28800'W), rme: ) € N*¥, Z,, 3/leMeHTHI OT L1 pifo)
L7270 B < 28800 = 1
Kor,aa Sk > 28800'(x) rae: ) € N*,Z,,a71eMeHThI OT Lll1 bi o)
LE1PE[0: 5, < 28800'W)] = 1
ECJ‘II/I P> 28800
5 _ 2 xlp—ﬁ
_Z 2191 1] ”1L]] Z] 2825 g]ljl_[f 23] HI/J71L
Vm = Frax (P, — 28800 — X023 v, ) < 0;
P =28800(m — 1) + vy,
Eciu S > 28800 — v, ©)
- 1 1 - _
Sk = Xils pk:lk_1 te [15ca LS + 220 ‘0}(k=vk_1 Ly H’é:zs Ly I8, L™
= Enax (S — 28800 — $3Ziuy) < 0;
S =28800(n—1) +u,
Eciu § < 28800 — v,
rd l l
S =% X0y, tello=a Ly P+ 22 Tevey te Mf—ag Ly “TIRZ, L "
Ecmu P < 28800
P=3{L.%,. i1 t e 1 RSy ZSZ«Sc L b Temasly P v
(Eciu S > 28800 — P
r l 1 - —
Sk =Xil1Zpey, e ll6=1 Ly 4 TRl ae Tekv,, tie [Tz Ly “TIRL, Lg"™°
Un = Fmax(§ — 28800 — ZY:OuY) <0;
$ =28800(n—1)+u,
Eciu § < 28800 — P
s l l
S =2l 20y, e [ls=1 L 4+ Tilae Tk, te [Tz L “TIRL, Ly ™"
Jlanee HeoOXxoaMMO OOBEAMHUTH OTMeueHHbIe ypaBHeHUd (2) u (3). Jnst atoro npumem
OJIMH U3 BapUaHTOB BXOJIHBIX [TIEPEMEHHBIX:

-9
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Z-P
Q-5
X->T
B pesynbraTe mpoBepKa OCTAaHOBKH OCHOBHOUW pPa0OTHI OyJeT OCYIIECTBIATHCS TIO
CJICAYIOUIMM yCIIOBHUSIM:
Ecau P > 28800, o: P = 28800(m — 1) + vy, (4)
WNuaue — HEOOXOIMMO ONPEACTUTh KOJMYESCTBO MOJTHBIX JHEH IyTeM IEIOYUCICHHOTO
nenenus. OcrarouHas 4acTh Takke OyJeT pacCUMTHIBATHCS C IICNIBI0 ONMPEACNICHUsS BPEMEHU
OCTaHOBKH 10 CJIEIYIOIIEMY 3aKOHY:

w
™= |zaam
28800

2 =W —m'28800 (5)
A, = Fpin(B— X8 ve —2>0) >0
CYMMa DJICMCHTOB OHpC,HeJ'II/ITC}I l'IyT cM HepeMHO)KeHI/I}I KOJIM4YeCTBa ,I[Hefl, BBICUUTAHHBIX
nu3 BpeMeHI/I OCTAHOBKHU U OCTAaTKa 31*:

P =28800'm + 2, (6)

O6benunuB (4) u (6) MOTyUUTCS:

(Ecou W > P

P =28800(m — 1) + v,

Ecou W < P

m=|——| (7)
28800

A=W —m'28800

A, =Fmin(Fj_ g};évd}—b\> 0) -0

\P = 28800'm + 2,

A

B ciyuae, xorna P < 28800, npu yclOBHH, YTO OCTAHOBKA IPOUCXOAUT NOCTE COOPKH

Kapkaca:
-9

?2121191;1- b Hu 1LJ] +Z 282 b Hf 28 J Hl/’ 1 w (8)

Aecmu W < P, to:

— -9
[; Z ] l_[“ 1L]] Z 232 l_[f 28 } Hll) 1 w (9)
P=F mm(P W>0)—>0
O6benunuB (8) u (9) momyuuTcs:
(Eciu W > P
i; G -9
?Zl Zlgjzij t H# 1L] + ?22826;@7 t HE 28 ] H
S ECJIH VT/ <P (10)
Sj -9
1219 l] t l_[” 1 ] ?228 Z5J=Cj t Hf 28 ] Hz/) 1 w
LPszin(E—W>O)—>O

HpOBCpKa OCTAaHOBKHA ILOHOHHI/ITCHLHoﬁ pa6OTLI 6y,ZLCT ONpCACIIATECA CIICAYHOIIHUM
00pa3oM: eciii BpeMsi OCTAaHOBKH MPEBBIIIAET BPeMsi OCHOBHON pabOThI, TO MPOUCXOAUT MEPEXO]T
K IlOHOJlHI/ITGJIBHOﬁ pa60Te, KOTOpasa 6LIBaeT .

A) Eciu § < 28800 — vy,

Al Ecmu W —P > §, 10, § = 28800(n — 1) + u, (11)
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A2)Ecnu W — P < S, T0 HE06X0OIMMO YUeCTh OCTATOK ?,. I 9TOro IpOBOAUTCS MOMCK
MaKCHMAJIbHOTO 3HAYEHHs NIEPBOil UTepaLiu:

A1 = Fpax(Sk — 28800 —2,) < 0 (12)
3aTeM BBIUUCISAETCS KOJMYECTBO MOJHBIX JHEN 10 IPEKIEBPEMEHHON OCTaHOBKH, 0€3 A1:
W—P—>

= |[eeno] (13)

OCTaTOK OT LICJIOYHUCIICHHOT'O ACJTICHUSA HAXOAUTCS I10:
A, =W — P —>; —n'28800 (14)

PeanbHoe Bpems S OIIpEJEINM IIO:

S = 288001 + >, (15)

Janee oobenuaum Hapabotku (11) - (15):
(EcnuW —P =S
S =28800(n—1)+u,
EcouW —-P<S
A1 = Fpax(Sk — 28800 —2,) <0
\n= MJ (16)
28800
A, =W — P —2; —n'28800
A3 = Fmin(g_qu(;(l)uy A=A, > 0) -0
(S = 28800'n + 2
b) Eciu S > 28800 — P
b1) Korma W-pP=>S:
§= 212";1 i)k=lk—1 tk H 1le P + z:k 28 ‘(;(k=vk 1 tk HB 28 Vk_a Hé7=1 LZG—P (17)
b2) Korma W — P < S:
g — 2%’7:1 lk= te lle p + Zk ”8 ‘(;k="k—1 ty Hlé:zg L\I}ck_a Hglnge—P

5 - <P lk_—1 (18)
S=F..Se—W —P>0)>0

O6benunuB (17) u (18):

(EctuW —P =5

S =3, i)k=lk_1 tk 1le P+ YR8 Dk, t B 2s Ly “TIRL, L ™"
{EcuW -P<S (19)

Sk = Xil1 ék=zk_1 ti I1s 1le P+ T e Yok =vi_q Uk HB 2e Lt TIRZ LGP
S = Fpin(Sx —W—-P>0)-0
YuuTeiBas BCE BBINICTIOKA3aHHBIE HApaOOTKH, MOKHO BBIBECTH IIOJIHOE YypaBHEHUE
cOOpKH KapKaca CHJIOBOTO M YIIpaBJisitoliero ooopyaosanus 1t ASC:
i =Y2 % + 2]y
L = Zn 19k + 2)1x
T=P+3¥%,(5+ N,)

Lj.’ — MepBbIH 3JIeMEHT UTTepalUU P > 28800'®

lk=p
Ly

Korpa P > 28800'W), rme: ) € N, Z,,3/1eMeHTHI OT L1 pite} L.j_1 € [0 B < 28800 (1)] =1
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BbiBoa. BriBeeHHOE ypaBHEHME C MAKCHUMaJIbHOM TOYHOCTBHIO TMO3BOJISIET PAacCUUTATh
BpeMs, 3aTpaueHHOE Ha cOOPOYHBIE ONEpalry TEXIPolecca U3rOTOBICHHUS KapKaca CUJIOBOTO U
ynpasisitomiero mkapos s ADC. Kpome Toro, eciu ydyecTb Takue HapaMeTpbl, Kak THII
ynpasienus [21] u opraHu3anMoHHas CTpyKTypa oTAena / nexa u T.I. [22], myTeM cocTaBJIeHUs
KO?(p(UIIMEHTOB BIUSHUS HAa YKa3aHHYI0 MOJENb, MOXHO MOoa00paTh, MpU HEOOXOIUMOCTH,
ONpaBJaHHBIN IyTh MOJIEPHU3ALIMU CTPYKTYPhl YIPABICHUS NPEAIPUATUS B LIEJIOM.
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