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OIITUMIBALIA NPOLHECIB INTAHYBAHHSA PO3KPOIO ITIOJIOTHA
HA BUPOBHHUITBI KAPTOHY TA ITAIIEPY

Dopmanizosano 3adavy onmumizayii npoyecié NAAHY8AHHA DPO3KPOIO HA SUPOOHUYMGI KAPMOHYy ma nanepy:
3aNPONAHOBAHO Kpumepii onmumizayii, CKI1a0eHO Yinbosy (OYHKYII0 mMa GU3HAYEHO MAMEMAMUYHI 0OMENCeHHs HA
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8i0N08IOHO 00 obpanux Kpumepiie. IIposedeni 0OCHIONHCEHHS NOKA3AMU, WO BUKOPUCAHHSA MAKO20 NiOX00y 00
NJIAHYBAHHA 00380A€E 30INbWUUMU NPUOYIMOK BUPOOHUYMBA 3a PAXYHOK OilbUL TMOYHO20 NPEOCMABIEHHS 3AMOBIeHHS
ma 36a1aHCO8AHHO20 BUKOPUCTIAHHA CYNYMHbOI NPOOYKYIL Y pO3PAXYHKAX 3A0ayu PO3KPOIO.
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IMocranoBka npodaemu. [linsuiieHHs eeKTUBHOCTI BUPOOHUIITBA € OJHIEI0 3 OCHOBHHX 3aJiay yIpaBJIiHHS
JUTS LIEITI0JIO3HO-TIAIIEPOBOT MPOMHUCIIOBOCTI. JlocsArHEHHS i1 MOJKIIMBO 32 JONOMOT'00 BUKOPUCTaHHS ONTUMI3auiiHUX
MoJiesield i MEeTO/IIB, pealli30BaHKX B IPOrpaMHO-aNapaTHUX KoMIuleKkcax. Taki aBTOMaTH30BaHi CHCTEMH JI03BOJISIIOTH
Ha OCHOBI 3aMOBJICHb, OTPUMAHHUX BiJl CITOKMBAUiB, CKJIACTH 00'€MHUI KaJeHIApHHUHA IUIaH pOoOOTH BUPOOHUIITBA,
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SKHH BpaxoBy€ NHOTpeOM B CHPOBHHI, NPOJYKTHUBHICTH BHPOOHHWIITBA MAalepoBO 4YHM KAapTOHOPOOHOI MammH i
ONTHMAJILHUH PO3KPOIi IMOJIOTHA HA MTO3A0BXKHBO-pi3aibHUX BepcTaTtax (IIPB).

AHaxi3 momepeanix gociimkenb. OnTuMmisarii mpornecciB BUPOOHUIITBA KapTOHY Ta Tarnepy MPUCBIYEHO
0arato HaykoBiX poOiT B YkpaiHi Ta 3akapAoHOM. [To4aTKOBUM TMiIXO0IOM J0 ONTHUMI3allii BUpoOHHUIBA OyIa
chopmonana me y 1939 pomi JI. B Konraposuuem 3agaua po3kporo. Bona sBnse coboro NP-noBHY 3ajady ska
BHUPIIIYETHCS 32 TOTIOMOTOIO JIIHIHHOTO mporpaMyBaHHs [1]. Po3BuBao4u 1o TeMaTUKy AOCTITHUKY TIPUIiISLITH
Oarato yBaru onTuMi3allii came mpoiecy po3kporo mosiotHa [2], [3] Ta [4]. Po3poOka MaTeMaTHYHUX MOACICH
IUITaHYBaHHS PO3KPOIO0 Ta BIPOBA/PKEHHS aTOMAaTH30BaHMX CHCTEM [5] OOBOAATH IMO3WTHBHUI BIJIMB Ha
MiHIMi3aI[if0 BTpaT 0OPi3KH 1[0 B CBOIO YEPTy MPHUBOIUTH JIO MiABUIECHHS epekTuBHOCTI BUpoOHUIBA. [Tomanbimm
PO3BUTKOM ONTUMI3alil MPOIECCiB CTae PO3TISIAHHS IPOLECY PO3KPOIO Yy 3B'SI3KY 3 IHIIMMHM HpoliecaMH Ha
BupoOHuTBI [6]. Takumu sk 30epiraHHs roToBOi MPOAYKLIi Ha CKJIAAl Ta MPOTHO3YBAHHS IOMHUTY IS
BUpOOHHUITBa Oinbi 3arpebyBanoi npoxaykuii. Takox mpu po3poOli MaTeMaTHYHUX MOJEIEH BpPaxOBYIOTHCS
BUTpATH HE TUTBKM OOPI3KKM MaTtepially ajie i yacy Ta poOOTH OOJIafHEHHs ajieé He BapTiCTh 30epiraHHsi TOTOBOT
MpoAyKIii Ha ckiani. B moganpmmoMy [7] DOCHIIHUKK TPUAUIAIOTH 3HAYHY YBary po3Mipy 3aluIIKiB TOTOBOT
MPOAYKIIi Ha CKJIaJli BUPOOHUIITBA Ta ii BUKOPUTCAHHS y MPOIIECCi TUTAHYBAHHS PO3KPOIO0 HOBUX 3aMOBJICHB [8].
HemomikxoM Takoro miaxoay € 3aJeXXHICTh 10 TOYHOTO MPOTHO3yBaHHS MalOyTHHOTO MOMUTY Ha Tpoaykimiro. Lle
MIPUTAMaHHO OiNBII CTAIMM PUHKAM 3yOTy Zie BEJIMKi 00'€éMH 3aMOBJIIEHb CTAHJIAPTHOTO PO3MIPY ITO3BOJISIOTH
po3paxyBaTH piBeHb CKIJIAJCKiX 3amaciB Hamepej. BupoOHuiTBa B YKpaiHi OTpHMAarOTh 3aMOBJICHHSI Pi3HOTO
¢dopmary Ta 00'eMy, 1110 MOB'I3aHO 3 EKOHOMIYHOIO CITyalli€l0 Ha PUHKY Ta BEJIMKAM Pi3HOMAHITTSAM IOAAJIbIIOTO
BUKOPUCTaHHS roToBoi mpoaykuii. 1llo B cBOl uepry mpuBOAMTH JO HEOOXIZHOCTI ONTHMAIBHO IUIAHYBaTH
PO3KpOil HE TUIBKHU 3 ypaxyBaHHSIM BTpaT 00pi3HOi KPOMKH YU IPOCTOIO BEPCTATIB alie i MiHIMI3ali€r0 CyImyTHbOT
NPOAYKIIT 11032 3aKa30M Ta ii 30epiranHs Ha CKiIaji.

MeTo10 po0OTH € BH3HAYEHHsS KPHUTEPIiB ONTHMI3alii NMpolecy IUIaHyBaHHS PO3KPOI0 KapTOHY Ta mHarepy,
¢dopmyaHHst 1UIbOBOI (yHKUII Ta OOMEXEHb 3 ypaxyBaHHSIM TEXHOJIOTIYHMX BIIACTUBOCTEH BHPOOHUIITBA,
ITOCTAHOBKA Ta PO3BsS3aHHA 3amavi onrtuMmizamii. [[ist BUTIpOOyBaHHS BUPIIIEHS 3aJaddl ONTHUMIi3amii BipimeHo
crioyatky BukopuctoByBaTh maket ontumizaiii SOLVER mis MS OFFICE.

Buxiyiag ocHoBHoro marepiany. OO'€ekToM ympaBIiHHS Ui aBTOMAaTH30BaHUX CHCTEM € TarnepopoOHe i
KapTOHOPOOHE BHUPOOHUIITBO, IO BKJIIOYAIOTH B cebe poOoui meHTpu (TMarmepoBO Ta KapTOHOPOOHI MaIllWHH,
MTO37I0BXKHBO-Pi3alIbHI BEPCTATH, BEPCTATH YIS Pi3aHHS JUCTIB 1 TpaHCIIOPTHO-TIAKyBasbHi JiHii). Ha nanmii MoMeHT
HalBaXXJIMBILIOIO BMMOI'OIO JI0 ONTHMIi3alii BUPOOHUIITBA CTAa€ BUKOHAHHS 3aMOBJICHHS B MOBHOMY 0OCs3i Ta B
00yMOBJICHHI KOHTPAaKTOM CcTpoKu. [lomepenHi BUMOTY 0 MacOBOCTI BUPOOHHIITBA 3 MiHIMAJIbHIMHU BUTPATaM 4acy
Ha [epeHacTPOIOBAHHS MAIlIMH YK BEPCTATIB BJKE HE MOXYTh BIUIMBATH Ha BUKOHAHHS 3aMOBJICHHS.

OCHOBHUMH KPHUTEPISMH ITiIBUIIECHHS €()eKTUBHOCTI BUPOOHHULTBA CTAIOTh HE JIMILE MiHIMi3alis BUTPAT MPH
PO3KpOi MoJIoTHA aJie 1 yac 30epiraHHs Ta THI TOTOBOI MPOIYKLIT Ha CKIIai.

[MokpamuTy MiHIMi3auio 0Opi3KiB, i/ Yac MIaHyBaHHS PO3PKOIO MOJIOTHA JUIS I03aKa3HOI'O BUPOOHMLTBA,
JI03BOJIUTh METOJMKA PYJIOHHOTO IUIAaHYBaHHSI, sSKa ONEPy€ KUIBKICTIO 3aMOBJICHHOI HPOXAYKINi, a HE Baroro
3aMoBJIeHHS. J{JIs 11bOTO OTPOiHE MEPETBOPSHHS TOHHAXY 3aMOBIICHHS B OJUHUII TOTOBOT pOoayKIlii. OCHOBHOIO
0COOHBICTIO pOOOTH 32 TaHOIO METOTUKOIO € HEOOXITHICTh BU3HAUCHHS CEPEIHBOT Bard PYJIOHY TOTOBOI IPOIYKIIii
ONUpayYb Ha CTATUCTUKY IMOMNEPEIHbOr0 BHPOOHUIITBA, sKa Oyae BHKOPUCTOBYBATHCS SIK €TalOHHA ISt
NepepaxyHKy 3aMOBJICHHSI 3 TOHH B KUIBKICTh pyJioHiB. CaMe BUKOPHCTaHHS KiJbKOCTI PYJIOHIB SIK BXiTHHX JaHUX
JUTSL aTOPUTMIB ONITHMI3allii PO3KPOIO TIOJIOTHA JO3BOJISIOTH JTOMOTTHUCS 3HAYHIM MiHIMI3aIii 0Opi3KiB Ta YHUKATH
NepeBUPOOHMUIITBA TOTOBOT NPOTYKIL.

Minimizanist yacy 30epiraHHsi TOTOBOT MPOAYKIIT HA CKJIali JOCATAETHCS 32 PaXyHOK CTBOPEHHs 00'eMHO-
KaJICHIApHOTO IUIaHy IO BPAaXOBY€ PUTMIYHICTH BHPOOHHMITBA Ta JaTy BiABAHTA)XXEHHS TOTOBOI HPOMYKIIil.
Haituacrime takuii miuaH € He30alaHCOBAaHUI Ta Mae BEIMKY KUIBKICTH OOpI3KiB i HE MOXXe OyTH B3STHH 10
BUPOOHHMITBA. 3BUYAHUI NiAX1A HA BUPOOHUIITBI NPOIIOHY€ IITY4HE 301JbIICHHS TOHa)KY 3aMOBJICHHS, a B OLIIbIII
CKJIaJIHUX BHIIaJKa pa3oM 3 J0JaBaHHIM pYJIOHIB (CYIyTHHKIB) Ha SIKi YacTille € HOMUT. Y pe3yJIbTaTi TAKUX I
IJIaH PO3KPOIO MIOYMHAE 3aJOBOJILHATH MiHIMaJILbHUM BUMOTaM 10 00pi3KaM ajie BXKe MICTUTh OUTbIIE PYJIOHIB HiXK
notrpebye KOHTpakKT. Lle B CBOIO uepry HNpUBOIUTH [0 NEPEMOBHEHHS CKJIAAy OTOBOT MPOIYKIIi HA SIKYy HE Mae
MOKYIILISL.

PosrnsiHy THI HYOKYE BapiaHT BUPIMIEHHS JaHOT MpOoOIeMH MPOIOHY€E 30aTaHCOBAHUH MiAX11 10 KOPETYBaHHSI
IJIaHIB PO3KPOIO MK 3aITyIeHHIM B)Ke HasBHOI TOTOBOT MPOAYKITii Ha CKIIaJi Ta JOJIaBaHHSIM CYITyTHUKIB JI0 IJIaHY
PO3KpOIO Ha TPUBAJIOMY I'OPU30HTI IUIaHYBaHHS.

5] e—



Bicuuk Hayionanvnozo mexniunozo ynieepcumemy Ykpainu «KuiecoKkuii noaimexuiunuii incmumym
imeni leopsa Cikopcvkozoyn. Cepia «Ximiuna indcenepin, exonozia ma pecypcosoepesicennsy. 2021. Ne 2 (20)

®opmyBaHHA HiJIL0BOI GYHKUII Ta MOCTAHOBKA 3a/1a4i onTUMi3amii.
BpaxoByioun Bce BHUIlle HaBeJeHE METOIO ONTHMI3allii € 30iapIIeHHsS MPUOYTKY BUPOOHHMIITBA 32 paxyHOK
MiHIMi3aIlii BTpaT MpHW IJaHyBaHHI PO3KPOIO0 TIOJOTHA Ta MiHiMi3amii BUpOOHMIITBA Ta 30epiraHHs CYIyTHHOT

MIPOAYKIIIi.
Toni minboBa QyHKIIIS Oy/1e MAaTH BUII:
J=a; Uy — ay Uy + by lug —ufl + ¢y, Hdy |y —yil +dy 1y, — v (1
ne:

a, - IiHa OJTHOTO PYJIOHA,;

U4 - KiTTBKICTh PYJIOHIB B 3aMOBJICHHI;

a,- BapTICTh 4acy MPOCTOIO BEPCTaTa;

U,- KUTBKICTh 3MiH HOXIB;

ul - KiNbKIiCTB PyJIOHIB y3ATHX y PO3KPOI;

b, - BapiTCTh pyJIOHY BUPOOJIEHHO 11032 3aMOBJICHHSIM;
d,- BUTpATH BiJl HCBUKOHAHHS 3aMOBJICHHS;

d,- BBapTiCTh 30€piraHHs Ha CiKali;

C,-BapTIiCTh PYJIOHOHA CYITyTHHKA;

Y1- BUKOHaHHS YChOT'O 3aMOBJICHHS;

yt- 3annanoBaHHa KiNbKiCTh PyJIOHIB i3 3aMOBJIEHHS;
Y, - KiTbKICTh CYITyTHUKIB;

y4- 3annanoBana KiJbKicTh CyITy THUKIB

[Tpu po3paxyHKy NpUIMAIOTHCSl HACTYIIHI JIOMYIICHHS.
Baprictb pynoHiB BUpOOJIEHUX 11032 3aMOBIICHHSIM:

b =-q,
b= &
OOMEXCHHS 1[0 HAKIIAIAIOTHCS HA (PYHKIIIIO:
u,—u' <0
u—u' 20 3)

VY pa3si AKio 3aMOBJICHHS HE BUKOHAHE, TO BTpAaTH Oyay CKIaJaTH BapTiCTh YChOTO 3aMOBJIEHHS. B icHyrogoMy
IUTaHyBaHHI BUPOOHHIITBA OITYyCKAETHCS IO BIIXWICHHS BiJl 3aMOBiIeHH: He nepeBumtye 10%. Takum 9uHOM MOKHO
chopmyBaTi 0OMEKEHHS MO YaCTHHI BUKOHAHHS 3aMOBJICHHSI.

BinxwieHHs B KiTbKOCTI BHPOOJIEHOI M03aKa3HON MPOAYKIlii BCTAHOBIIOETHCS MEHEIPKMEHTOM BUPOOHUIITBA i
3HAaXOJIUTLCS B Jiara30Hi:

0,9<u <11 @

'V pa3i K110 3aMOBJIEHHSI BAKOHAHO B IIOBHOMY 00Cs131, BUPOOJICHI PYJIOHH HE MOXKYTh OYTH BUKOPHUCTAHI SIK CYITy THHUKH.

Po3B’s13anns 3aaa4i onTuMizanii. Bupimemo 3amaqy ontumizalii uepe3 MiHIMI3yBaHHS BUTPATH PO3KPOIO Ta
CYMYTHBOI MPOIYKIIii 32 TOTIOMOTOI0 3aCTOCYBaHHS CUMILIEKC METOIY Ta OOMEXEHb SKi HAKIAIIOThCS Y peaTbHOMY
BHPOOHUIITRI.

3 MEeTOI0 HOPIBHSIHHS €()EeKTUBHOCTI PO3IIITHEMO PE3YJIbTaTH POo3paxyHKiB CHMIIIIEKC METOIOM Ta BapiHTIB (KapT
PO3KpOIO) 3aIpONaHOBaHUX IUIAHYyBaJbHUKOM BHPOOHHWITBA Ta aBTOMAaTH30BAHOIO CHCHTEMOIO IUIaHyBaHHS Ha
onHoMy 3 mianpuemctB B KuiBcbkiit obOnacti. [Ipn MozenroBaHHI pO3KpOIO IUIaHYBaIbHHUKOM BHPOOHHUITBA OYyII0
00paHo BapiaHTH 3 IIEPILIOTro 10 TpeTi. PeanbHi 3aMOBIeHHS BUpOOHHUITBA MpeACTaBiIeH] B Tadaumi 1.

Tab6uuns 1 — 3aMoBJIeHHS ISl PO3KPOI0, SIKi BHKOPHCTOBYBAJINCH Y PO3pPaxXyHKax

3amonerms No ®opmat pyJioHA Bara 3amoBieHHs Kinxkicts py.]I'OHiB y
(Mm) (T) 3aMOBJICHHI
1 1050 40 80
2 1250 60 101
3 1400 120 176
4 1510 30 42
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Tabauusa 2 — Bapiant niianyBanHs po3kporo Ne 1

Ne kaptm KinbkicTh 3HIMaHHB Oopizna
. Ia6a0H po3kporo
PO3KpOI0 py-Jionis 3 IIPB KPOMKa, MM
1 5 1400 1400 1400 0
2 7 1400 1400 1250 150
3 6 1250 1250 1050 620 30
4 4 1510 1510 1050 130
5 1 1050 1050 1050 1050 0

Taoauusn 3 — [MopiBHAHHSA MJIaHy HA po3Kkporo Nel Ta KiTbKOCTi 3aMOBJIEHOT POy KIii.

dopMmar pyJioHa Pynonu y po3kporo 3auIIoK PYJIOHIB Y 3aMOJIBEHHI
1050 79 1
1250 101 0
1400 176 0
1510 42 0
CynyTHUKH
620 50

BucHOBOK: po3kpoii BUMarae 5 IepecTaHOBOK HOKIB 1 CYIlyTHUKIB, HeBUKOHAHHsI 3aMOBJIeHHs 1o mupuHi 1050.

Taonauus 4 — Bapiant njanyBaHHsi po3kporo Ne 2

Ne kaptm Kim,xi.cn, 3HiMaHHb Ila610m po3KpoI0 Oopizna
PO3KpOI0 pyJionis 3 [IPB KPOMKa, MM

1 5 1400 1400 1400 0

2 7 1400 1400 1250 150

3 6 1250 1250 1050 620 30

4 4 1510 1510 1050 130

5 1 1050 1050 1050 1050 0

6 10 1510 1510 620 530 30

Taoauus 5 — [MopiBHAHHSA NJIaHY HA PO3KPoIo Ne 2 Ta KIILKOCTi 3aMOBJIEHOT NPOAYKILii.

®opmar pyJioHa PyJsionu y po3kporo 3aJIMIIOK PYJIOHIB y 3aMOJIBEHHI
1050 80 0
1250 101 0
1400 176 0
1510 42 0
CynyTHUKH
620 51
530 1

BucHOBOK: pO3Kpoll BHMarae MOIiCTh 3MiH HOXIB 1 CyIyTHHUKIB, 3aMOBJICHHS BHUKOHaHi. Pe3ympTaT Takoro
MPEBEICHHOTO TUIAHY € MEPEBUKOHAHHS 3aMOBJICHb 1 IEPETIOBHEHHS CKIIAJLY .
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Tab6auna 6 — BapianT nianyBaHHs po3kporo Ne 3

Ne kaprtu KinbkicTh 3HiMaHHB O6pi3Ha
) [IIa6.10H po3KpoIo
Pa3Kpomo pyaonis 3 [IPB KPOMKa, MM
1 5 1400 1400 1400 0
2 7 1400 1400 1250 150
3 6 1250 1250 530 530 620 20
4 4 1510 1510 620 530 30
5 1 1050 1050 1050 1050 0

Taoauna 7 — IlopiBHAHHS MUIaHY HA PO3KPOI0 Ne 3 Ta KiJIbKOCTi 3aMOBJIeHOT POy Kl

®opmat pyJioHA

PyJsionu y po3kporo

3aJMIIOK PYJIOHIB y 3aMOJIBEHHI

1050

1250

1400

1510
CynyTHuKH

620

530

80
101
176
42

71
121

0

0
0
0

BucHOBOK: po3Kkpoli BUMarae 5 mepecTaHOBOK HOXKIB 1 CYITyTHHKIB, 3aMOBJICHHSI BUKOHaHi. Pe3ynbrar Takoro

HABCJICHOI'O IJIaHY € MCPEBUKOHAHHA 3aMOBJICHb 1 3aII0BHEHHS CKiiagy

Tabaunsa 8 — Bapiant nianyBaHHs po3kporo Ne 4

Ne kaptu KinbkicTh 3HiMaHHB .
. [IIa6.10H po3KpoIo OO0pi3Ha kpoMKa, MM

Pa3sKporo pynonis 3 ITPB

1 18 1050 1050 1050 1050 0

2 8 1050 1400 151 240

3 34 1400 1400 1400 0

4 33 1250 1400 1400 150

5 34 1250 1250 1510 190

Po3kpoii OyB oTpumanuii 3 ypaxyBaHHS 00MeXeHb BUPOOHHUIITBA Ta 33 TOTIOMOTOI0 IPOTPAMHOTO PO3IIUPEHHS

SOLVER nns naketa MS OFFICE. JlaHe po31ipeHHs] BUKOPUCTOBY€E CUMILIEKC METOJ AT MOLIYKY ONTUMAIbHOTO

pillIeHHS.
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Tab6anna 9 — IopiBHAHHA MUIaHY HA PO3K Po10 Ne 4 Ta KiJIbKOCTi 3aMOBJICHOI MPOAYKIi

®opmar pyJioHa

PyJsionu y po3kporo

3aJMIIOK PYJIOHIB y 3aMOJIBEHHI

1050

1250

1400

1510
CynyTHUKH

620

530

80
101
176
42

0
0

0

0
0
0

BucHOBOK: gaHWii BapiaHT pO3KpOIO BUMArae 5 MepcTaHOBOK HOXKIB, BCI 3aMOBJICHHSI BUKOHAHI.

Ta6uunsa 10 — BapianT nianyBaHHs po3Kporo NeS — aBTOMAaTHYHA CHCTeMa PO3KPOI0 MOJIOTHA

Ne  kaprm KinbkicTh 3HIMAHHB Oo0pizHa
. [1a6.10H po3KpoIO
pa3kporo pyJsonis 3 IIPB KPOMKa, MM
1 35 1400 1400 1400 0
2 44 1510 1400 1250 40
3 27 1400 1250 1250 0
4 20 1050 1050 1050 1050 300

Tab6auna 11 — IopiBHAHHS MJIaHY HA PO3KPOI0 NeS Ta KiTbKOCTi 3aMOBJIeHOI MPOAYKIi

dopmar pyJaoHa

Pynonu y po3kporo

3auIoK pyJIOHIB y 3aMOJIBeHHI

1050
1250
1400
1510

80
98
176
44

BucHoBok: naHuit BapianT po3kpoto (puc. 1) Bumarae 4 nepcTaHoBOK HOXIB, ajie 3aMOBJIeHHs Ha ¢popmat 1510

OyJIe He BUKOHAHUWH MOBHICTIO, a ¢popMaT 1250 mepeBrukoHAHO 1 Oyze 3aJUIICHUA Ha CKIami. Y peajbHOMY KHUTTI

Takui BapiaHaT He Oyle NMPUHHATHI Ha BHPOOHMITBO, 0O MOpPYIIY€e BiApa3y JABI BUMOIM - BUKOHAHHS BCHOTO

3aMOBJICHHS Ta 4aCTKOBEC HepeBI/IpO6HI/IHTBO.

OTpuMaHi BapiHTH PO3KPOIO OyIM IicATaBIIEeHI 10 HidbOBOI QyHKLIT Ui MOPIBHAHHS iX edeKkTHBHOCTI, e J —

OYiKyBaHMIA MPUOYTOK BiJ BMPOOJIEHHOI TOTOBOI MPOIYKIii. Pe3ynbraTn nmpeacTasiieHi B Tadbmuiii Ne 12.

Sk BuiHO, MaKCUMaslbHE 3HaYeHHs J npuiiMae y BapiaHTi OOpaHUM IUIaHyBaJbHUKOM BHPOOHHILITBA. AJie IpU

IbOMY IMOPYIOYETHCA OCHOBHA BHMOT'Aa IIOAO BHUKOHAHHA 3aMOBJICHHSA TOMY HE MOXE 6yTI/I BUKOPUCTAHO IJIA

NOPIBHAHHA €(QEeKTUBHOCTI. S[k 6auMMo 3 pe3ysbTylouoi TaOJuIl, ONTHMAJILHHM PO3KPOEM I MakKcHMizarii

puOyTKY € BpaiaHT OTpUMaHW 3 BUKOPUCTaHHAM CHUMILIEKC METOY .
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Baprich
BUPOOJICHHOT 129800 127850 137250 127650 130200
OPOAYKINT

BucnoBku. IIpoananizoBaHo po3kpoil mosoTHa. BusBIeHO, IO BHKOPHCTaHHS CYNYTHHKIB 3MEHUIYE
npuOyTKOBIiCTh mignpueMcTBa. PopmManizoBaHo 3aaady ONTIMIIABHOTO PO3KPOIO MOJIOTHA. PO3risHyTO KapTu
IUIAaHYBaHHS PO3KPOIO Jifodi Ha BHPOOHULTBI (py4YHI Ta aTBOMAaTH4Hi) Ta 3alPOIIOHOBAaHI aTBOPOM Ha OCHOBI
METOJIUKH ONTHUMAILHOTO PO3KPOI0 3 BUKopucTanHsM nakera SOLVER.

IMepcnekTHBY MOAANBIIMX AOCTiMKeHb. Po3poOka mporpamHoro Moayist Ha 0iza CHMITIEKCM MeToda JUist
BHPIIICHHS 3aJ1a4 ONTUMI3allii 3 ypaxyBaHHIM pealbHUX 0OMEXEeHb BUPOOHHUIITBA.
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Sanginova O. V., Kozlov P. V.

OPTIMIZATION OF THE CUTTING PLANNING PROCESS IN CARDBOARD AND PAPER
PRODUCTION

Improving the production efficiency is one of the main management tasks for the pulp and paper industry.

This can be achieved through the use of automated planning systems, designed to take into account the features and
limitations of particular production. Such systems allow, on the basis of orders received from consumers, a
voluminous production schedule to be made to take into account the needs for raw materials, the productivity of paper
or cardboard machines, and the optimal cutting of the canvas on longitudinal cutting machines.

Linear programming method for solving optimization problems. Computer simulation using optimized packages to
compare the results with the options used in production.

Cutting planning processes were optimized on the basis of standard orders for rolled products of an enterprise in the
Kyiv region. The problem of optimizing the cutting planning process and criteria for increasing the production
efficiency is formalized. The target function is to increase the profit of production by minimizing material losses in
planning the cutting of the master rill and minimizing the storage of related products in production warehouses. To
solve the optimization problem, it is proposed to use our own method of calculating the optimal cutting patterns for
the manufacture of finished products on a longitudinal cutting machine.

The MS Office SOLVER package was used for the calculations.

Different cutting options were compared via the target function. Important criteria for this inspection are the
fulfillment of the entire order, the availability and storage of related products outside the order, and the minimization
of time for the reconfiguration of machines. Longitudinal cutting machines of this production can be adjusted only
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manually, and it takes a long time. Also, technological restrictions on the allowable width of the edge are an important
requirement for cutting patterns. All patterns that do not meet these restrictions cannot be compared.

There are three options for comparison. An option is made according to the proposed method and with an optimization
package using the Simplex method and a number of technological limitations inherent in this production. An option
is selected by the production planner manually taking into account previous experience. And the variant of cutting
orders is made by the production management system, which accompanies the process of planning and transfer of
tasks for longitudinal cutting machines. The function takes the maximum value in the option offered by the production
scheduler. But this option is not optimal, because a person adds rolls to the satellite to improve the cutting map to
Sulfill all orders. This in turn leads to overfulfillment of orders and production of additional products in a warehouse
where they can be stored for years until the expiration date. The option offered by the automotive system does not
require the use of accompanying rolls but unfortunately does not meet the requirements for optimal cutting of the
material. Automatic cutting leaves a large edge that is already within the maximum allowable limitations of the
machines and, moreover, does not lead to the execution of the entire order. This violates the basic requirement for
production such as full execution of the order. Therefore, this option cannot be used either. The optimal cut for profit
maximization is the option obtained using the roll planning technique. This technique allows the average weight of
the roll to be obtained through the use of production history. The estimated weight is used to convert the order from

tons to the number of pieces. Cutting patterns for the production of the order in this way are presented and, taking
into account the technological limitations of production, can be calculated on the basis of the Simplex method in

optimization packages. Such cutting patterns have no satellites and allow the fulfilment of all orders.

The roll planning technique reduces the number of clippings and avoids overproduction. The analysed cutting plans
show that the use of satellites reduces the profitability of the enterprise and does not always minimize material costs.

Keywords: Simplex method, cutting plan, minimization of material costs.
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