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CUMYJIALIMJA IIJTAHA ITIPUMAPHOI' PE3AIBA
TPYITALIA (IIITPT) ¥ IIMJIAHCKOJ ITPEPAJIN IPBETA

U3Boa: Peanusanuja nare cnenudukanuje pezate rpale y mpou3BobH OCTBApYje
ce Ha OCHOBY IPEXOHO CaCTaBJHEHOT IJIaHA Pe3amba, IPUMapHOT ¥ CEKYHIapHOT.
[Tnar npumapHor pesama Tpynana (III1PT) mma cBojy BepOanHy 1 MaTeMaTHUKy
unTepnperanujy. Teopujcku acnext uzpane [IIIPT pat y nuteparypu uma Kpy-
na# HegocTarak. C 003MpoOM J1a je 3aCHOBaH Ha AECKPHUILIUJH U HCKYCTBEHO] KOM-
OMHATOPUIH, TEIIKO 1a Ou ce 3a nobujenu [IITPT morno pehu na je ontumanas.
[Mopen oBor HeOCTATKA, MOCTOjH joIll jefaH. To je UMb eHHUIa 1a ce IMpo0IeM u3pae
[IIPT cBOaUM HA jeAHOKPUTEPHjYMCKH TPOOIEM, Tj. MEHIMHU3AIH)y YKYITHOT OT-
nagka. Axo ce npobnemy m3pane [IIIPT npube cucremcku, oHOa je jacHO Oa je
MHUHUMH3alIKja YKYITHOT OTIIaKa caMo jeaH, o Hu3a nusbesa koju [ITIPT tpeba
J1a 33/10BOJBU. AJIH, ¥ TOPEJ] TOTa MOCTYTIAK JIaT y JINTEPaTypy UMa 1yOoKe KopeHe
y mpaxcu. Y pany ce, Ha IPUHIUITY CUMYJIanHje, 1aje jeJaH caBpeMeHH IOCTYIIaK
m3pane [II1PT. Taj mocTynax je eramuau. [IpBa etama o0yxBara pauyHapcKy HOAp-
LIKY y IOCTYTKY U3paJie OCHOBA pe3ama. Takohe, 1 jeTHOKPUTEPH]yMCKO Oy YH-
Bame IpH U300py OCHOBA pe3ama Koje 00e30el)yjy MUHUMaTIHH YKYITHH OTIaAaK
3a nojenune [1T1PT. [Ipyra erana o0yxBaTa ie(pMHUCAEE jOII 1BA KPUTEPUjyMa O]
kojux 3aBucu ontumannoct IITTPT. To cy nena Tpynana u npout. Ypahene cy 84
ocHoBe pe3ama u 4 [1I1PT. 3a pememe mpobdiaeMa, 0JHOCHO JOOHjambe ONTHMAIHOT
IITPT npu nocTojamy TpHU KpUTEpHjyMa, YIIOTPeOHEHO je BULIICKPHUTEPH]yMCKO
onnyuuBamwe. [Ipumemena je merona AHAJIUTUYKUX XUJEPAPXUICKUX
IMTPOLIECA (Analytical Hierarchy Process - AHP). 3a cam npopauyH kopuiiheH je
codreep Program Criterium Decision Plus - Version 3.0 Student version, InfoHar-
vest.Inc. Y HaBenenoj cumymnauuju uspaze [1I1PT, kao onTumanan nian 1oo6ujeH
je IITPT3. HaBenena Tpu KpUTepHjymMa HUCY KoHadyaH O0poj. Ox MHBEHTHUBHOCTH
MeHalepa 3aBUCH Ja 1M he y mpoOjeM YKJBYYHTH jOII HEKe, PeJeBaHTHE,
KpUTEpHjyMe.
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Munan Bykuhesuh

SIMULATION OF PRIMARY LOG CUTTING PLAN (PPRT) IN SAWMILL
WOOD PROCESSING

Abstract: A specification of sawn timber is realised based on the previously de-
signed log cutting plan, primary and secondary. The plan of primary log cutting
(PPRT) has its verbal and mathematical interpretations. The theoretical aspect of
PPRT design reported in the literature has great disadvantages. As it is based on
the description and empirical combinations, such PPRT could hardly be evaluated
as optimal. In addition to the above weakness, there is another one, i.e., the fact that
the problem of PPRT design is reduced to a mono-criterion problem, i.e. the mini-
misation of total waste. If the problem of PPRT design is approached systematical-
ly, it is clear that the minimisation of total waste is only one out of a series of goals
that a PPRT should fulfil. Nevertheless, the procedure presented in the literature is
deeply rooted in practice. This paper, based on the on simulation principle, presents
amodern procedure of PPRT design which consists of a number of phases. The first
phase includes computer support in the design procedure of log cutting plans and
also, a mono-criterion decision making in the selection of log cutting plans which
ensure the minimal total waste per PPRT. The second phase includes the definition
of another two criteria which are decisive for the optimal quality of PPRT. They
are the log prices and the profit. Altogether 84 (eighty-four) cutting plans were de-
signed and 4 (four) PPRTs. The solution of the problem, i.e. the design of an optimal
PPRT in the conditions of three criteria, is based on multicriteria decision mak-
ing using the method of Analytical Hierarchy Processes - AHP. The calculation is
computed by the software Program Criterion Decision Plus - Version 3.0 Student
version, InfoHarvest.Inc. In the study simulation of PPRT design, the optimal plan
was PPRT3. The presented three criteria are not the final number. The inclusion of
additional relevant criteria will depend on the inventiveness of the manager.

Key words: cutting plan, multicriteria decision making, PPRT

1. YBOJ

IIpousBonma pesane rpalhe ce peanusyje npema oaroapajyhoj crerudukanuju.
Criermudmkannja moxe ga odyxsaru (Knezevic, 1981):
— crienuuKanujy Tpynama (IpeyHuK, Opoj KoMajaa, 3alpeMHuHa) y3 cI0001y u3-
pane pe3aHe rpalje cTaHJapIHUX TUMEH3H]ja;
— crienudukanujy pezane rpahe (nebsprHA, MUPHHA, TYKWHA, KBAIUTET, KOJIH-
YHa) Ha OCHOBY Koje ce ozpelyje cnenndukanuja tpymnana;
— crienuuKaNKjy Tpymnamna u cnennudukamnmjy pesane rpaje.
Peanusanuja nate crnenudukaiyje y npou3BOImby OCTBApyje Ce HAa OCHOBY IMPET-
XOJIHO CaCTaBJLEHOT IJIaHA Pe3ama, IPUMAPHOT U CeKyHJapHor. [1ian mpuMapHor pe3ama
tpynamna (ITITPT) uma cBojy BepOaHy U MaTeMaTHIKy HHTEpIpeTannjy. BepbanHa nH-
Teprperanuja 6u Owmia ciexeha: MmiaH MPUMApPHOT pe3ama TPYyIala, Mopei 3a10BOJba-
Bama OIPaHUYCHHA KOja Ce OJTHOCE Ha ToOHjamke pe3aHe rpale JKeJbeHINX KapaKTepUCTHKA
Y KOJIMYMHA U3 PACIIONOKUBHX Tpymana onpeheHNX KapakTepUCTHKa U KOTHYHHA, MOPa
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na 06e30equ u MocTU3ame MUHUMYyMa (DyHKIIH]E IHJba, Tj. MUHIMAJIHOT YKYITHOT OT-
najika Mpy npepaay Tpyrnama.

Kitacuuan, onmre npuxsahen mozen nzpane IITPT nerassHo je onucan y nurepa-
typu (Knezevié, 1981). OcHoBe pe3ama ce cacTaBibajy py4HO, IIPBO 3a HajacO/be U
HajIIupe Jacke, a 3aTHM 3a CBe ocTase. L[usb je ga ce mpu ToMe MMOCTUTHE IITO je Moryhe
00Jpe KBAaHTHTATUBHO McKopuinheme Tpynia. 3atuMm ce oapehyjy KoauumMHEe Tpymana
JlaTHX TUMeH3Hja koje he ce pe3atu npema popMupanum ocHoBama pezama. [lorom cienn
IpoBepa J1a U Cy JOOHjeHe KOTUIIHE jeHaKe, Mambe MK Behe o mpeasul)eHnx crieru-
(duKaImjom no rnojeAMHNM TUMeH3HjamMa pe3ane rpalhe. Ako cy oxcrymnama Beha, Mopajy
ce U3BpIIUTHU oapeheHe n3mene nzpah)eHuX OCHOBA pe3amba, UM yBOhEHe Y pazMaTpame
HEKMX HOBMX OCHOBA pe3ama. Ha Kkpajy ce n3padyHaBa nponeHar HCKopHuIhema yKyITHe
KOJIMYMHE TPyTana Kojy je HoTpeOHO pe3aTH.

OBaj MoJiel1, KOjU Ce U JJaHac MpUMemyje, OHO je MPUMEpPEH TPCHYTKY Kaja HHje
moctojana MmoryhHocT pauyHapcke noapirke. CacTaBJbaTh TaHAC OCHOBE pe3ama PydHo,
padyHaTH JUMEH3Hje JAacaka U KybaTypy U MOJCUIABATH Y CIy4ajy OJCTyIarmha KOJH-
4yuHa, je arncypaHo. To 3Hauw Ja oBaj Mozen cactassbama [II[IPT Hema, HUTH je Morao
Ja UMa, U CBOjy MaTeMaTH4Ky WHTepnperannjy. CamMuM THM, n3Bol)eme 3aKJbydka Ja
je ca nexum IIITPT octBapena (yHKIHUja 1A, Tj. MUHUMAJIHUA YKYITHU OTNAIAK PU
npepanu Tpymaia, je Kpajibe mpou3BoJsHO. [lopen oBor HemocTaTka, MOCTO)H jOII jeaH.
To je ynmennta aa ce npobiem uspazne IIIIPT cBogm Ha jeAHOKPUTEPUjyMCKHU MPO-
OneM, Tj. MUHIMU3aIMjy YKyIHOT oTmanka. Axo ce mpobnemy m3pane [IITPT mpube
CHUCTEMCKH, OHJIA j€ JaCHO J1a je MUHUMHU3allija YKYITHOT OTIAaKa CaMo jellaH, OJ] Hu3a
nnbeBa koje [TITPT Tpeba na 3a70BOIBH.

2.3AJJATAK 1 METOJI PAJIA

[IITPT, kako je TO HAMOMEHYTO Y YBOAHHUM H3JIarambuMa, MOpa J1a 3aJJ0BOJEH BPJIO
BEJIMKHU Opoj orpannuerma. CtanaapaHo, GyHKIHUja 1uJba je MUHUMAaJIHU YKYTTHU OTIIa-
nak. Kog MaTemaTtnuke nHTEpIpeTannje npodiemMa, To 3Ha49H J1a Ce Paid O jeTHOKPHUTE-
pujyMckoM nipobsiemy. Mehytnm, HemuHOBHO ce Hamehy, Oap aBa nuTama:

— na v 3a Jary cnenudukaiujy pesane rpale u cnenudukaiujy pacriosoKuBuX

TpyTamna nocToju jenaH, u camo jexas, [ITTPT?

— Jla JI1 YBEK, U y CBAaKOj CUTYyallljH, caMO MUHUMAJIHN OTTIAJiaK ofipehyje na iau

je IIITPT onTumainan ninu ne?

OnroBop Ha MPBO MUTAakE je HEraTHBaH. 3a JaTy crenudukainujy pesane rpahe u
crienudUKaIKjy pacioioKUBUX Tpymaia, moryhe je ypamuru m IIIIPT (i=1-m).

Axo ce mpoOiiemy mpule CHCTEMCKH, OATOBOP Ha IPYyTo MUTamke je, Takohe, Hera-
tusad. 3a ceaku [IITPT (i=1-m) moryhe je HanipaBuTH N ocHOBa pe3ama (j=1-N). Kaja ce 3a
CBaKi i-TH MJIaH pe3ama MPUMEHH METOJ jeTHOKPHTEPHjyMCKOT OUTY YMBaba (CHMILIEKC
METO[), TAe je (YHKIHja [[NJba MAHUMAIIHA YKYITHH OTIAIaK, JoOWja ce OnmTUMaTHa
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KOMOWHAIlja OCHOBA pe3ama Koja 3aJJ0BOJhaBa CBA NOCTABJhEHA OTpaHUYCHA. 3HAYM,
CBaKW I-TH TIIaH pe3arma 00e36ehyje mobujarme kesbeHe criennpukanyje pesane rpale
n3 no3Hare crienudukanuje Tpynamna. To 3Ha4M 1a je ¥ BPeAHOCT COPTHMEHATa 3a CBAaKH
[IIPT uncra. Cse npyro je paznuuuto. Paznuyur je:

— YKyIIaH OTIIaJjaK HacTao IpH Mpepaay Tpynana;

— yTpoiak Tpynaua mo nojexuaum [1I1PT, a TuMe 1 BHX0Ba BPEIHOCT;

— Opoj pe3oBa 1o TPyIILY;

— BpeMe Ipepajie JaTe KOJWYHHE TPyMana, a THME U MPOU3BOAHOCT IIPUMAapHE

MallInHe-TaTepa;
— TpomkoBH npepajae 1o nojenuauM [1I1PT (emekTpuyHa eHepruja, TOTUCTHKA,
HT]I.);

— ocTBapenu npo¢ut no nojeauHum ITTPT.

CBe 0BO MJ€ y MPHJIOT KOHCTATallMjU Ja ce pelaBamy Ipodiema n30opa onTu-
mauHor [IITPT, kojux Moxe 6uTH 011 i=1-M, MOpa MPUCTYNUTH Ha jeJaH MOTIYHO IpyTa-
4yiju HauKH. [IpoOieMu Ko KOjUX TMOCTOjU MOTpeda yBarkaBarma BHILE OrpaHUYCHa 32
pasau4KTe IPOMEHIBUBE, Y3 MOCTOjalbe Pa3IMUNTHX IIUJbEBA, PEIIaBajy c€ BULIEKPUTE-
PHjYMCKOM aHalu3oM. Y oBoM ciyuajy Ouhe npumemena metona AHAJIMTUYKUX
XMIJEPAPXMNICKUX ITPOLIECA (Analytical Hierarchy Process-AHP) (Saaty, 1992,
Cupié¢,2001). 3a cam npopauys 6uhe kopumhen codrsep Program Criterium Decision
Plus - Version 3.0 Student version, InfoHarvest.Inc (2001).

3a m3pagy ocHOBa pe3ama Ouhe nckopunrheH copTBep pa3BHjeH Ha 0a3u anro-
pUTMa MaKCHMAaITHOT KBaHTHTATUBHOT Uckopumhema (Vukicevic, 1987/6).

3a u360p onTUMATHUX OCHOBA pe3ama kox [ITPT (i=1-m) 6uhie npumermeHa je-
JHOKpHTEpHjyMcKa aHammu3a (cummiekc meroma) (Petrié, Koji¢, Sarenac, 1988,
Vukicevié¢, 1997).

3. PE3YJITATHU UCTPA’KUBAIbA

Crienudukanuja 4aMoBe HEOKpajueHe pe3ane rpalje, 3a Kojy je moTpeOHO ypaau-
TH OCHOBE pe3ama u onrosapajyhe [II1PT, nara je y tabenu 1.

Tadena 1. Cienmudukanuja pesane rpahe
Table 1. Sawnwood specification

Te6mnua Nywuna | Konuuuna Taena 2. Cienudukaiyja pacioioKUBUX TpyHamna
Thickness Length Quantity Table 2. Specification of available logs
mm m m3 [Ipeunuk Ha TameM kpajy| Jdyxuna | Koanuuna
18 5 5.0 Top diameter Length | Quantity
24 5 1 690 mm m KoM.
28 5 12,0 400 5 25,00
38 5 20,0 500 5 90,00
48 5 40,0 600 5 80,00
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Komnunna pesane rpahe Mopa 6utu n00HjeHa y KOJIMYWHAMA JTaTUM crenudu-
kanujoM. Crienudukanmja Tpymnana, Koju ¢y Ha pacloyiaramy Ha CTOBAPULITY, J1aTa je y
Tadenu 2.

Tpynum npeunnka d=500 mm Mopajy OMTH y MOTIIYHOCTH Ipope3aHu. Tpynun
npednnka d=400 mm Mory 6uTH Mpope3aHu 10 KOJIWUYnHE of 25 koMada. Tpymniu mpe-
gHUKa d=600 MM Mory OHTH ITpope3aHu A0 KoaudrHe o 80 Komaa.

Pemreme mpobnema moziesbeHo je y ABE eTare:
— ETAIIA 1 - u3pajga ocHOBa pe3ama 1 jJeTHOKPUTEPH]YMCKO OJITyYUBAISE;
— ETAIIA 2 - ontumu3ariija [TIIPT Ha OCHOBY BHIIICKPUTEPH]YMCKOT Oy YHBabA.
ETAIIA 1. H3paoa ocnosa pe3arsa u jeOHOKPUMEPUJYMCKO 00TIYHUBAIbE
VYpaheno je ykymHo 84 ocHOBa pe3ama. JeqHe cy ypaleHne mpema HaueImMa MaKCH-
MaJTHOT KBaHTUTATHBHOT UCKOpHUIINeHa, a IPyTe cy cIo00IHE Y3 HACTOjambe 1a Ce MPH-
ONMIKEe OHMMA 3aCHOBAaHUM Ha HaueIMMa MAaKCUMAJTHOT KBAHTUTATUBHOT HCKOpUIIHiCHa
Tpymnua.

Ilpn n3paan OoCHOBa pesama yCBOJEHO je Tabexna 3. bpoj ocHoBa pe3ama MO
Ja mpua u3HocH 5% on neGJpMHE JAacke M OH je nojeaurnm IIIPT
ypaquaTy;[e6J},p[Hy JIaCKe Y CBUM IPOPAYyHHUMA, Table 3. Number of cutting plans per
LIMpPUHA pe3a U3HOCH 3 MM, aJ] MpeYHUKa U3BHOCH individual PPRT
smmm!u Jy>)KUHA TpyIIa U3HOCH 5 M. Bpoj ocHoBa pe3ama
e . Number of cutting plans
pUHA Oacke y CHMYyJAIUju pe3ama
MEpeHa je Ha TOJIOBHHHU Ty)XKMHE TpyIma. 3a [IIPT, 22
macke neOsprHE a0 48 MM Ha yXKOj CTpaHH. [IIPT, 23
3a macke neOsbrHe 48 MM U aebsbe HA yKO] U IIIPT, 20
ITUPOj CTPaHH, C THM IITO je 3a IIMPHUHY y3eTa TIIPT, 20

apUTMETHUYKA CPEINHA YK€ H IIHUPE CTPaHE.
Cse ocHoBe pe3ama cy pazspcrane y 4 I[IIIPT (rabena 3).
Kon IIITPT4 monoBbena je jenna ocHoBa pesara u3 I1TTPT,.

MaremaTuuku Moyies IpodieMa jeTHOKPUTEPHjyMCKOT OJITyYNBaba II1acH:

n
— OTpaHHYEHA: _Zlai XSR105 e )
J =

TIe cy: X; - j-Ta OCHOBA pe3arba (=1, n), a; - KOJMYMHA pe3aHe rpale i-Tux auMeH3Hja
Koja ce 100Mja Ipema j-Toj OCHOBH pe3ama, a,, - oTpebHa KomudnHa pesane rpahe i-tux
JMMeH3Hja, M - Opoj ne6ipuHa pesaHe rpahe ca oaroeapajyhum mupunama (i=1, m) u
N - 6poj OCHOBA pe3ama;

n
— dyHKmja qusba: min F(X);Zle-Xj M3, o )
] =
e je CJ. - OTIaJaK TIPHU Pe3amy IIPEMa j-T0j OCHOBH pe3amba (M?).

300r orpaHMYEHOr MPOCTOpa HE N1ajy Ce OCHOBE pe3ama. lakole, HE majy ce
HU KOMIUJICTHHU Pe3yJITaTH jeHOKPUTEPUjYMCKOr oy4yuBama. [ajy ce camMo ykymaH
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Tabena 4. Otagak mo moje- TaGeua 5. [TorpeOHa KOMUYKMHA TPyMALA MO TOje-
nauaum [ITTPT nauuaum [ITIPT
Table 4. Waste per individual Table 5. Required log quantity per individual
PPRTs PPRTs
YKynuu oTnagak 400 mm 500 mm 600 mm
Total waste 3
3 m
m IIIPT, | 16,6965825 92,78334 8,834928
HPT, 18,941 TIIIPT, | 16,6965825 |  92,78334 | 11,779904
IIIPT, 17,597 2 ’ : .
IIPT, 17,346 IIIPT, 92,78334 | 27,977272
TIIPT, 17,520 IIIPT, 92,78334 | 27,977272

otnanaak o nojexwanM [IITPT (Tadena 4), m moTpeOHa KONMMYKWHA TpyTalla 3a pe3arme Mo
mojequHUM [ITTPT (Tabena 5).

ETAIIA 2. Onmumusayuja IITIPT na ocnogy suuieKpumepujymcKkoz 00ayuuearsa

Kox npobsiema oBe BpcTe, yOOMYajeHO je Ja Ce BPIIM MaKCHMHU3anuja QyHKIH]e
LI1Jba, C 003UPOM J1a C€ KPUTEPHjyMH MHHIMH3AIIMje MOTY IIPEBECTH Y KPUTEPHjyMeE Ma-
kenMm3anyje. OnmTr 00K MaTeMaTHYIKOT MOJIesa IpodieMa je:
max {f,(X), £,(X), £;(X),..., £1(X), N=2}, ... 3)
xEA{a, 8, a5, oo PR EREEERRRPRRE 4
rze cy: N - 6poj kputepujyma (j=1, 2,..., N), m - 6poj anrepHaruna (i=1, 2,..., m),fj - Kpu-
TepujyM (j=1, 2,..., N), @, - anTepHatuBa 3a pasmarpame (=1, 2,..., M) u 4 - cKyn cBUX
aJTepHATHBA.
BpennocTtn fij CBaKOT pa3MaTpaHOT KPUTEPHjyMa fJ Cy TIO3HATE 33 CBAaKYy Of aITep-
HaThBa (a,):
fif@ v A, 0):1=12,.,mj=1,2,..,n ... ... .... ®)
TexxuHCKH 3HAYaj MOjeIMHUX KPUTEPHjyMa, Ka0 U HyMEpUYKe BPEIHOCTH KpPHU-
TepUjyMa Cy pe3yiITaT IpoLeHe MEHAIMEHTa IIPOU3BOIHOT CHCTEMa, Y KOME j& Ol TUMH-

samuja [ITTPT palena. Kako ce panu o Tpu paznmuyuTa KpUTEPHjyMa, 3a BUX je aT Te-
YKUHCKH 3Ha4aj Ha ckanu ox 0-100:

— yKynHu otnagak - YO .... 30;
—uena tpynaua - T ....... 50;
—npour-IT ............. 90.

TexxWHCKM 3HAUaj KpUTEpHjyMa je MPOMEHJbHMBA BEIMYMHA, ¢ 003MPOM Ja OHHU
MIPENCTaBIbajy OApa3 CHOJBHUX YTHIAja Ha CHCTEM, Ka0 M YHYTPAIIbUX OrpaHHYCHHA.
Hymepunuke BpetHOCTH KpUTepujyma jiate cy y Tabenn 6.

W3Bemraju codrepa Program Criterium Decision Plus - Version 3.0, natu cy y
BHIY Xujepapxujckor rpada (ci. 1), u rpada omryke (ciu. 2).

Ha ocHoBy rpada omnyke (ciauka 2), jacHO ce 3amaka Jia je OnTHMaliHa BapHjaH-
ta mana IITPT,. Ha cimum 3 nata je pacnonena yTHIaja MOjeIMHUX KPUTEPHjyMa Ha

12
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Tadena 6. Hymepuuke BpeJHOCTH KPUTEPHjyMa 3a MOjeIHHE BaAPHjaHTE
Table 6. Numeric values of the criteria for individual variants

Kpurepnjymn
onayuyusama |Jen. mepe| IIIPT Bap. 1 Bap. 2 Bap. 3 Bap. 4
Criteria of de-| Unit PPRT Var. 1 Var. 2 Var. 3 Var. 4
cision making
[IIIPT, 18,49
ITIPT, 17,93
YO m3
IIIPT, 17,35
TIIIPT, 17,52
IIIPT, 14.197,78
IIIIPT, 145.51,18
uT €em’
[TIPT, 14.491,27
IIIPT, 14.491,27
IITIPT, 722,22
[IIPT 686,88
iy € 2
IIIPT, 692,87
IIITPT, 692,87

" Tpodur je m3pauynar anpokcumarusro, kao 11=0,1-(BI-1T), rae cy Bl - Bpennoct pesane rpahe u
HT - nena rpynana (y oba ciryudaja y3eTe Cy NpOCEUHE [IEHE HAa TPKHIITY).
BI'=220-Q,+190-(Q,,+Q,,)+200-Q,+220-Q,,=21.420 €
TIIPT,: T =118,3148505-120=14.197,78206 € TIPT,: OT,= 121,2598265-120=14.551,17918 €
[ITPT,: LT,= 120,760612-120=14.491,27344 € MIIPT,: UT,= 120,760612-120=14.491,27344 €

ontumanan [T1PT, 1j. IIITPT,. Umajyhn y Buy mpojeKTOBaHy TEXXHHY CBAKOT KPHTEPH-
jyma, jacno ma y omynw na je IITTP, ontumanan, Hajsehn yneo nmajy:

—apoour (I11=0,13);

— ykynHu otnanak (Y0~=0,08);

— nena tTpynana (I[T=0,07).

OBuM pajioM o0yxBaheHa cy TpH pesieBaHTHa KPUTEPUjyMa O] KOJUX 3aBHCH OJLITy-
Ka. Benuka rpenika Ouia Ou HanpaBJbeHa aKo CE y pEaTHUM yCIOBUMA, IIPU Oy YHBAbY
o onrumaiHoM [1TIPT, nohe ox mpernocraBke aa cy TO U jeAMHH KpuTepujymu. hruxos
0poj je mpomeHJbHBa Kateropuja. OH 3aBHCH KaKO OJf HHBEHTUBHOCTH JBYIH KOjU C€
0aBe OBOM MPOOIEMATHKOM, TAKO M O] TOCTOjamba, NN HE TIOCTOjaha KBAJIUTETHUX HY-
MEPHYKHUX BPEIHOCTH 3a MMOjeANHE KPUTEPHjyMe.

4. JTUCKYCHJA

Teopujckn acnext m3pane [IIIPT (Knezevié, 1981) mma kpynaH HemocTaTak.
C 003upoMm 1a je 3aCHOBAH Ha JCCKPUIIIHjHA U UCKYCTBEHO] KOMOMHATOPHIIH, TEIITKO J1a
6u ce 3a nobujenu IITTPT mormo pehu na je onmruManad. Anu, ¥ 1Mopex Tora OH UMa
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Cauka 1. Xujepapxujcku rpad
Figure 1. Hierarchy diagram

ny6oke kopeHe y pakcu. To je MOTIYHO pa3yMJBHBO aKO C€ YBaXKH YHIHCHUIIA 1 Y TOM
BpEMEHY HHje MT0CTOojala padyHapcKka TEXHHKA 1 [1a ce pe3aHa rpalja mpon3BoAwIIa IpemMa
cTaHJapAy 3a Hemo3HaTor Kynma. JlaHac je cuTyanuja MoTIyHO Apyraduja. Komrou-
koBaHHja. [TocToju pauyHapcka MoapIIKa, ajd HeMa KOMEpPIIHjaTHoOT copTBepa 3a u3pa-
Iy OCHOBa pe3arba, Koji 0u oMoryhmo Ja ce HampaBH HE je[Ha OCHOBA pe3ama, Beh mux
50, 100 nm Bumre. Takohe, pe3ana rpala ce mpon3BoAM Mpema crienuGUKaIIji pe3aHe
rpabe, a gecto u cienupukanuju Tpymnamna. [IpBu kopak ka MpoMeHH U3pajie OCHOBA pe-
3ama y3 padyHapcKy MOAPIIKY, OMO je paj y KOME je aT alnropuTaM 3a H3pay pasiu-
9UTUX OCHOBA pe3ama (Vukicevié, 1987/a):

— pactyhux nebspuHa;

— jemHakuX 1eOJpIHA;

— ca je/IHOM LICHTPAITHOM JIACKOM WJIM ITPU3MOM, KOjy je rocie Moryhe paspesaru;

— ca JIBe [EHTpaJIHE JacKe MJIM MpHU3Me, U3 KOjUX je Moryhe pesaTu nacke WiH

Iparose;

— c11000/IHE OCHOBE pe3ama.

Ha ocHOBY 00jaBJbeHOT aJropuTMa pa3BujeH je copTBep 3a H3paly OCHOBA pe3ama
(Vukicevié¢, 1987/6, Vukicevic, 1989).

CodrBep 3a cuMyIaIyjy OCHOBA pe3ama, OMOTyhno je neuHICcame TOCTy KA U3-
pane IIITPT 3acHoBaH Ha jenHOKpUTepHjyMcKkoj aHanm3n (Vukicevié, 1993). 3a naty
crenudukanujy pesane rpale cmpua/jena ypaheno je 14 ocHoBa pezama. MareMaTHyku
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Cumka 2. I'pad omnyke
Figure 2. Decision diagram
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Cauka 3. I'pad pacnozene yTuaja nojefuHIX Kputepujyma Ha ontumanas [IITPT
Figure 3. Distribution of the effects of individual criteria on optimal PPRT
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MoJel IpobiemMa, KOJI Kora je KpUTePHjyM ONTUMATHOCTH OHO MUHUMAJIHU YKYITHH OT-
najak, npedaded je y coprsep MICRO MANAGER 2.0. JloOujera koMOHHAIja OCHOBA
pe3ama, Koja npeacTasba ontumanau [ITTPT, 3a10BoJbHIIA je CBE TOCTABJHEHE YCIIOBE.
JeduHucanu nocTynak mnpeicTaBjbao je KBaIUTAaTHBHO HOB npuctyn uspaau [ITTPT.
Kon mera Hema IeCKpHIIIHje B UCKYCTBEHE KoMOnHaTopuke. Ko mwera ce Kopuctu ma-
TEMaTHYKO MOJICIIMPAILE U pelleke mpodiema.

JenHOKpUTEPUjyMCKH MOJIEN ONITUMHU3aIMje jecTe 010 3Ha4ajHO yHanpeheme n3-
pazne [ITPT. MehyTum, onmryke koje ce JOHOCE y MPOU3BOJHUM CHCTEMHUMa, HUKaIa HE
6u Tpebase ma ce JOHOCE caMO Ha OCHOBY jeqHOT KpHTepujyMa. Tako je M y mpHuBat-
HOM XHUBOTY. Kama 9oBek ommydyje ma Jau na IpoMeHH GUPMY Yy KOjoj palau, HIIA He,
HHKaJa ce HE Ompeesbyje caMO Ha OCHOBY jeIHOT KpUTEpHjyMa, Ha MPHMEp IuIaTe.
[Mopen miaTe BaskHa My je M CUT'YPHOCT IOCIIa, paJHO MECTO Ha Koje mpenasu, moryh-
HOCT HalpeoBamwa y paay, OMHOC MEHAIMEHTa UT/. AJIH, CEM IUIaTe CBU OCTalI KpUTe-
pHjyMu cy BepOaiHH. Y MPOU3BOJHUM CUCTEMHUMA, HCTPAKHUBAKba M HCTOPH]ja TIoJlaTaKa
Cy OCHOBa 3a JIOHOIICH:E OAJIyKa. JacHO, 300T HHTEpaKILHje y CUCTEMY, OAJIyKe JOHETe Ha
ocHoBy Beher Opoja kpuTepujyma 6uhe 60Jbe 0] OHUX JOHCTUX HA OCHOBY jETHOT KPH-
Tepujyma. 300r Tora, MpuMeHa BUIICKPUTEPH]YMCKOT OJIy4YHBama KoA n300pa OInTH-
massor [ITIPT je He3aMeHJBUB ajaT y pyKaMa MeHajepa 4rju je [HJb ITou3amke Npopu-
TaOMITHOCTH CHCTEMA.

5.3AKbYYLIH

[Tunancka nmpepaja IpBeTa, Kao U IPOU3BOAKA (HMHATHUX IPOU3BOAA O APBETA,
JOXKUBEJIA je 3HaYajHy TpaHchopmanujy nocienmux 20-ak roguHa. O IPOU3BOIKE 32
HEIO3HATOr KYIIIA, CBE BUIIE je OPHjEHTUCAHA Ha MPOU3BO/IIbY 3a Mo3HATOr Kymua. [Ipu
TOMe, KyIall uMa jacHo aeuHucany crnenupukamnujy rpahe, a uecto u crerupuKanujy
Tpynana. ¥ TakBoj curyanuju, npassbewe [IITPT je usyzerno cnoxen nocao. Oxn mera
3aBUCH €()eKACHOCT CHCTEMA, TPOLIKOBH, MPOGUTAOMITHOCT UTA. TO 3HAYM, [IPABUTH
[ITPT Ha ocHOBY OCajalIkHET MOJIeNIa, 3aCHOBAHOT Ha JICCKPUITLIA]U M HCKYCTBEHO] KOM-
Ounatopuiy, je HenpuxsatbuBo. CoTBEp, pa3BHjeH HAa OCHOBY oxrosapajyher anro-
puTMa, oMoryhaBa cuMyIaImjy BeTUKOT Opoja OCHOBA pe3ama. Y IaToj CUMYIAIUjH je
HarpaBJbeHO 84 ocHOBa pe3amba. JenHe cy ypaleHe mpema HaueTMMa MaKCUMaJIHOT KBaH-
THTATHBHOT UCKOpHIINema, a IpyTe Cy CI000IHE Y3 HACTOjamhe a ce MPUOIIKe OHUMA
3aCHOBAHMM Ha HadellMMa MAaKCHMAJIHOI KBaHTHTATHBHOT McKopuinhema Tpynua. Cse
one pasppcrane cy y 4 IITTPT. ITocTy KoM jeTHOKPUTEPH]YMCKOT O[Ty YHBatha, 3a CBAKH
[ITPT nobujene cy ocHoBe pe3ama koje unne ontumanau [ITIPT ca aciekta MUHUMK3a-
nuje yKymHor otrnajaka. Takole, mobujeH je u Opoj Tpymana onpel)eHux kapakTepucTuka,
Koje je MoTpedHO Mo THM OCHOBaMa pe3aTu. M 0HO 111To He Tpeda UCITyCTUTH U3 BUJIA, TO j€
na ce nara cnienudukaimja pesane rpahe nroduja y morpedHuM komunHama. Kopucrehu
CHUCTEMCKH IIPHUCTYTI U HHTEPAKIH]y n3Mel)y nojeAMHNX ejxeMeHnara cucTema, jacHo je aa
MUHHUMAJIHU OTHa/IaK HUje, U He MOXKe OUTH, jeJUHI KPUTEPHjYM 32 U300p ONTHMAIHOT
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[IIPT. YTpomak Tpymama je pa3InduT, TPOIIKOBH Mpepaje Tpymnama ¢y pa3induTH, Ia
CXOITHO TOME Pa3JUuYuT je U mpoduT. Pasmuiibajyhu cucTeMcky, jacHo ¢y neduHucaHa
3 xkpuTepujyma, MepoJiaBHa 3a JoHomewne ouryke. To cy: ykynHu ornajak - YO, niena
tpynana - T n npodur - I1.

VIHTeH3UTET OBUX yTHIIAja je TPOMEHJbNBA KaTeropHja. To 3Ha4M /1a yBEK MOCTOjH
MOTYRHOCT J1a MEeHaiep KOji JOHOCH OAJYKY, IPOIEHN KOM KPHUTEPHUjyMY, HIIA KOJHUM
KpuTepujyma, Tpeda gatu Behy TexxuHy. Y 3aBHCHOCTH OJ] Tora Memahe ce u To koju
[IIIPT je ontumanan. OBo je u3y3eTHO BaxkHO. OrpaHUYEHa CUCTEMa, Kao M MpobiIeMu
KOje TeHEepHIIIEe CHCTEM N HeTOBO OKPYIKEHE, Y Pa3IMUUTHM IpeceiiMa BpeMeHa Cy
Pa3IUYNTH.

[Tpumemyjyhu BHIIEKPUTEPUjYMCKO OMIy4YHBambe, Ne(PUHUCAH je ONTUMAIHU
[IIPT, Tj. ITIPT,.

HckycTBO je TToKa3asio a ce caBpeMeHH IMOCTYITIN OpraHU3allHOHO-y TPAaBJbAYKOT
KapakTepa BeoMa TEIKO IIPUXBaTajy. Pa3nor Tome ey y YHHEHUIM 1a OHH 3aXTeBajy
0]l MEHAlepa TMOTITYHO HOBA 3HAaha U CUCTEMCKO TTpaheme mpon3BoaAmke. 3HaYH, HUje JI0-
BOJBHO JIa CUCTEM MMa caMo XapJBep (TEXHOJIOIIKY OIpeMy, pauyHape, UTn.). [lorpedHo
je 1a uma u kBanudukoBaHo ocoOsbe Koje he Ha agekBaTaH HAYMH KOPUCTUTH TIocTOjehy
orpemy. A, MOTPeOHO je UMaTH U oAroBapajyhy opranusanujy, koja he cse enemente
CHCTEeMa OITUMAITHO J1a IOBEXKE M U3BYYE U3 Hera MaKCUMYM.
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SIMULATION OF PRIMARY LOG CUTTING PLAN
(PPRT) IN SAWMILL WOOD PROCESSING

Summary

A detailed description of a generally accepted model of primary log cutting plan (PPRT)
design is reported in literature. Cutting plans are designed manually for the thickest and the largest
boards, followed by increasingly thinner boards, etc. in the aim of achieving the best possible quan-
titative yield. This is followed by the determination of log quantities of given dimensions which
will be sawn according to the drawn cutting plans. The quantities of the converted sawnwood are
then controlled - whether they agree with those determined by the specifications for individual
sawnwood dimensions. In the cases of major deviations, the designed cutting plans should be
changed, or the introduction of some new cutting plans should be considered. Finally, the percent-
age of total log quantity yield is calculated. This model, which is still being used, was feasible when
computer support was not possible. Nowadays, it is absurd to draw the cutting plans manually, to
calculate the board sizes and volumes and to adjust them in the cases of quantity deviations. This
means that such a model of PPRT design does not have, or could not have had the mathematical
interpretation. Therefore, the conclusion that a PPRT has fulfilled the targeted function, i.e. the
minimal total waste in log conversion, is utterly arbitrary. In addition to the above weakness, there
is another one, i.c., the fact that the problem of PPRT design is reduced to a mono-criterion prob-
lem, i.e. the minimisation of total waste. If the problem of PPRT design is approached systemati-
cally, it is clear that the minimisation of total waste is only one out of a series of goals that a PPRT
should fulfil. The given specification of sawn timber and the specification of available logs require
the definition of the optimal PPRT.

This paper, based on the simulation principle, presents a modern procedure of log cutting
plan design which consists of a number of phases. The first phase includes computer support in
the design procedure of log cutting plans and also, a mono-criterion decision making in the se-
lection of log cutting plans which ensure the minimal total waste per PPRT. With computer sup-
port, altogether 84 cutting plans were designed. They were classified into 4 PPRTs. The number of
PPRTs could have been different. Also, the classification of cutting plans in individual PPRT was
performed randomly. This means that the composition of individual PPRTs could have been made
in a different way. A monocriterion decision making (Simplex Method) was then applied for each
PPRT and the obtained sets of cutting plans satisfied the determined limitations (sawnwood speci-
fication and log specification) and ensured the minimal total waste. The second phase includes the
definition of another two criteria which are decisive for the optimal PPRT quality. They are the log
prices and the profit. Based on the data from the practice, log prices and profit were calculated per
individual PPRT. The solution of the problem, i.e. the design of an optimal PPRT in the conditions
of three criteria, is based on multicriteria decision making using the method of Analytical Hierar-
chy Processes - AHP. The calculation was computed by the software Program Criterion Decision
Plus - Version 3.0 Student version, InfoHarvest.Inc. In the study simulation of PPRT design, the
optimal plan was PPRT3. The presented three criteria are not the final number. The inclusion of
additional relevant criteria will depend on the inventiveness of the manager.
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