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8 MEXXOYHAPO[IHA KOHOEPEHLIVS AN 8 INTERNATIONAL CONFERENCE
ABAHTAP[HV MALUVHOCTPOVTENHM OBPABOTKM ADVANCED MANUFACTURING OPERATIONS

Hoesma 3a konghepenyuama ce poou 6 oaneunama 1983 2., cned kamo mazHumHo-adpazueHama oopadoma
(AMO) oocmucrha c6os anozetl cvb¢ cOPMUPAHEMO HA NbPEOMO Oba2APCKO-ANOHCKO Opycecmso ,, TOBAXY
MX” 3a maenumno-adbpazueHu mawunu u mexwonoeuu. Iopeusm cemunap AMO’83 ce nposede npesz mecey
oxmomepu 6 ep. Ilpasey. Ilpucvcmeaxa yuenu om 6uswus Cveemcku cvro3 (Pycus, benapyc, Yxpaiina), kakmo
u npedcmasument Ha MbP2OSCKU upmu u npouzsooumenu na mawunu om Anonus u Pedepanna penyonuxa
Tepmanus.

3Hayumenuo no-macuparo 6e yuacmuemo 6v8 emopus cemunap AMO’85-3namnu nsacvyu, Bapna. I[lax 6 xomen
., Unmepnayuonan na 3nammuu nacvyu ce npogede u mpemusi cemurap AMO’87 (29.09. — 1.10.1987 2.). Tyk me-
Mamukama beule pazuupena, Kamo ooxsaujauie eve 8CUYKU 8U008e MEXHOI02UU 3d 008bPUIBAYO ((PUHULIHO)
obpabomeare. Ocoben 051 umaxa npoyecume 3a eNeKmpoQU3UYHO U eLeKMPOXUMUYHO 008bPULBAULO 0OPaAOOMm-
6aHe, KaKmo u Mmemooume u cpedCmseama 3a e1eKmpou3uyHoO 6b30elicmaue na mamepuaiume ¢ yei NOSUULABA-
He Ha mexHume eKCnIoamayuoHHy xapaxmepucmuxu. bsaxa ooknadsanu uzciedsanus u 3a HO8U KOMOUHUPAHU
npoyecu 3a 008bpuIsaAUU 0OPAOOMKU, NPU KOUMO 8 30HAMA HA 8b30elCmaUe ce Npuiaza nogeue om eouH 6o
enepeus.

Cemunapume AMO npepacnaxa 6 Hay4HO-MEXHUYECKU KOHDEPEHYUU U Ce NPEBbPHAXA 8 WKOAA 3d 0002amssane
Ha 3HAHUAMA HA MeXHOA03Uume om cmpanama u yyxcouna. Hapacna 6posim na yuacmeawume uyscoecmpannu
HayuHu pabomuuyu.

AMO’89 u AMO 91 b6sixa nposedenu 6 ep. Bomegepad. [Ipedocmasenu Hu 03xa OMAUYHU YCLO8USL, KOUMO 6 CbUe-
marue ¢ eOHa NepoHermHa Opeanu3ayusl Om HAMpPYNAKHUs 6ede ONUM U Hanpasuxa He3aopagumil.

Tocneosanama medicka peyecusi NPeKvCHA 08Y200UUHAMA nepuoouyHocm Ha kougepenyuume. Cned 10 eoouw-
Ha naysa ycnsaxme 0d CoicuguM masu 000pa mpaouyusi.

3anaszeaiiku yemanosenama geue abpesuamypa ,AMO”, HO npu eOHO NO-Pa3UWUPEHO PAYUMAHE KAMO
,,Advanced Manufacturing Operations”, wecmama nayurno-mexnuyecka kougepernyus AMO’ 01
(21.06-23.06.2001) ce nposeoe 6 ,, Mesxcoynapoonus dom Ha yuenume ", komnaexc ,, Ce. Koncmanmun u Enena”,
2pao Bapua. Bsixme npusimno usnenaoanu om ¢hakma, ue KoM KOH@epenyusama ommogo e nposieeH 3HAUUmeneH
unmepec. Ilpucvcmeaxa yuenu om Anenus, Ionwa, Cnosaxus, Pocus, benapycus, kakmo u npedcmasumenu Ha
cpeonu u manxku npeonpusimus om Bvieapus u Kanaoa.

Ceomama nayuna kongepenyuss AMO 06 ce nposede npez m. Cenmemepu 2006 e. 6 ep. Cozonon. Ilpu edna om-
JUYHA OpeaHuzayusi u 00opu ycrosus 3a paboma, 6 nouusnama oasa Ha TY — Cogus, 6sxa uzciywanu
42 ooknaoa.

Tpyoro e da ce nogspsa, Ho Hacmosuama 8-ma HayuHa KOHGePeHyUs e HAUCMUHA OUNelIHA No epeme, geue
Modrce 0a ce noxsanum ¢ 25-eoounu scueom Ha uoesma AMO! 3a napacmuanus unmepec Hati-0obpe 2os8opu

eonemus Opou 0oKkIadu, Koumo ca 68, KAKmMo U MACUPAHOMO YUACmue Ha HAWU U YyiIcOeCmpaniu CneyuaIucmu.

Jla cu noscenaem nonzomseopHa paboma u Ha 000vP Uac HA OCMAMa MencOyHapoOHa Kongeperyusi — AMO’ 08!

Jloyenm o.m.H. undc. Anexcanovp MaxeOoHcku Cm.H.c. cm. 0-p unoic. bopuc Makedoncku
Ilpeocedamen ,,AMO 08" ITlouemen npedoceoamen ,,AMO’08”

Hoyenm 0-p unxc. Hopoanka Ilemposa
Cexpemap ,,AMO’08”






1

e 4 N U B W

Cobabp:kanue / Table of Contents

MEXAYHAPOJEH HAYYEH KOMUTET — INTERNATIONAL SCIENTIFIC COMMITTEE. ...... 3

YabTpa3ByKkoBas 00pa00TKA YIPYTHX DJIEMEHTOB . ¢« ¢ ot ot et enenneenenenennencasnsanensneans 11
JIOKT. TeX. HayK, po., akagemuk KJIYBOBNY B.B., nokr. ¢pusz.-mar. Hayk AHCOBUY A T, kann.
texH. Hayk. TOMMIIO B.A., aciupant XPVYIIEB E.B.

EdekT Ha caMoopraHu3anusi HAa TPHOOCHUCTEMATA “HHCTPYMEHT-CTPYKKA” cJie]l MATHUTHO
YATPA3BYKOBA OOPAGOTA oo oot vte v evnsnseeeosnsasossssnsosassnsasossssnsnsosassnss 17
noir. aTH.uHK.A.M.Makenoncku, CT.H.c.ni-p.unx. b.I.Makenouncku, a-p.umx. M. Bumauk,

nk. I1.11.MaHoneB

Heated Tool Butt Welding Of PE Pipes . .....cciiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnenns 21
Prof. D. Runcev, PhD., Dipl. Eng. Lj. Trpkovski

Simulation Driven Development Of Aviation Composite Structures And Technologies Of Its
Manufacturing ... o.vvtititiiin ittt tneeesesereeeosnsessesasasossssnsasasassnss 27
Dr.Sc. S.N. Shevtsov,.V.Chinchan, Y.B.Roubtsov, V.N.Axenov

3aBHCHMMOCTH MEKAY HHCTPYMEHTAIHUTE U PA0OTHHUTE BIVIM — AJITEPHATUBHH
HA ISO3002/2-1982(E) « oo v it tiittttt i itiiitee et tennnaeeeeeennnssseeennnneeseeennns 35
mpod. a-p uHxk. A. A. Baues

HccaenoBanne npouecca CHHTE3a CHCTEMbI THTAH-00P METOAOM CBC C HAJI0KEHHUEM
YIABTPABBYK ¢ ¢ et v v eneaneneneneaeeneasassseseasssosenssesssasassssssasassncncans 51
Axkanemuk B.B.Kny6osuy, k.T.H. M.M.Kynak, JI.JI.ITnatonos, I. Butebck

BansiHue Ha MATHUTHHTE 10J1eTa BBPXY IKOCTTA HA yMopa npu ctoMaHa 40X ............... 55
Cr.a.c.Iln-p.umx.bopuc MakegoHCKH, JOIL.I.T.H.UHXK. AJIeKCaHIbp MakeToHCKH, AOI1.A-p.HHXK. [ eHauii
Takos

Contemporary Quality Management System With 3d Surface Analysis, Dimensional Inspection
And Non-Contact Thermal Diagnostics. .. .....covtiiiiiiiiiiiiiiiiiiieenenensneeaennns 61
Dr.-Eng. A.Gazdecki, Dr.-Eng. M. Rucki, Dr.-Eng. Cz.J.Jermak, MSc.-Eng. R.Majchrowski, MSc.-Eng.
P.Andralojc, Dr.-Eng. L.Rozanski

Enun noaxox 3a ocurypsiBaHe Ha KOHKYPEHTHOCIIOCOOHOCT 4Ype3 (PMPMeHHU cTpaTeruu,
OCHOBABAIIIM ¢ HA JTUHAMHYHO MOIE/IHPAHE HA MIPOM3BOICTBOTO « v vvvvnvennennennonnonnns 69

n-p A 4. AumoBa

Application Of Finite Stage Markov Decision Process In Policy Determination For Employees’
MoOtiVAtioN . ¢ oo vttt ittt tteteteteeeoensosossosasesossssnsosossssssssossssnsnsassas 77
Ph. D, Associate professor, R. Minovski, Graduate mathematician, teaching assistant, K. Mitkovska-
Trendova, Ph. D, Full professor, Jovanoski D.

Monitoring Tool Conditions For Drilling. ..........coiiiiiiiiiiiiiiiiiiiiiiiiiiiienenns 85
Ing. Igor Vilcek Ph.D., Ing. Antonie Poskocilova

TexHoJI0TUS BOI0YEHUS OMMeETANINYEeCKOH MeIHOI POBOJIOKH ¢ cepedpsIHbIM CepIeYHHKOM . . 89
Kiy6osnu B.B., B.B.Py6anuk, FO.B.Ilaperxko

HNHCcTpyMeHTAHE KOOPAUHATHU CHCTEMH, PABHUHHM M BIVIH &t vvvenenrnnenencncanoncncnns 93
mpod. n-p urk. A. A. Baues, unxk. A. C. [Tonapos

OnTuMH3alKs Ha NMpoleca 6e30J10BHO 3aM0siBaHe NPU JUCKPETHOTO eJIEKTPOHHO
TIPOMBBOMCTBO « ¢ vt et veoeueanenensasenensaeasensnssssssscsssssnsassssnsnsasensnss 103
npod. a.1.H T. b Takos, JI. M. Mapunos, ipod. a-p T. /1. Hemikos

MeToauka 3a u3cjeBaHe HA JMHAMHYHATA CHCTEMA HA OAHIIUTOBA MAIIHHA . ...ovveeeeeenn 109
Hou. n-p. X.C. Muxaiinos, nou. a-p. H.W.Tpuukos, cr.np. EBennna I'eopruesa



16
17

18
19

20
21
22

23
24
25
26

27
28
29
30
31
32
33

Virtual Laboratory For Pneumatic And Electropneumatic As A tool For Increasing Efficiency Of
Teaching Technical Academic Fields. . ........cvuiiiitiiiiiiiiiiiriinreenesnsersesasnsanns 115
Ing. Andrea Mudrikova, PhD., Ing. Marcela Charbulova

[Ipo6eMu U HAKOM NPAKTHYECKH PellleHUs] IPH MeXaHUYHUSA PEMOHT HA eIpOradapuTHU AeTAWIN 0T
TPYIHOOOpadoTBaeMH MATEPUAJIM B YCJIOBUSTA HA MUHHATA MPOMHMIIIEHOCT « ¢ vt vvvvneneensnns 119
nom. 1-p Ct. K. Jlackanos, npod. n-p MB. A. I'eoprues, mar. k. A. M. Snynr, mar. unk. 1[B.1B. ['eoprues

Fixture Devices With Modular Conception ..........coiititiuiiiiernenueerereeensnsecnnsas 123
Ing. Marcela Charbulova, Ing. Andrea Mudrikova, PhD.

HccnenoBanus B 00;1acTH 00padO0TKN MHKPOKOMIIOHEHTOB M MHKPOJETAJIell Ha 00padaThIBAIOIIUX
LICHTPAX ¢+ ¢ et oo eoeoeenensaeesesensesssesensesssesensesssescnsssosescnsssssescnsnss 127
pod. n-p mmx. C. K. KppryHOB, 1-p nmxk. 1. M. Inopanmna

Cad Model Of Lower Limb Prosthese . ........cciiiiiiiiiiiiiiiiiiiiiiiiiiiiiiienenennes 135
Assoc. Prof. Dr J. Caloska , Assoc. Prof. Dr A. Kocov, Prof. Dr Lj. Dudeski

Comparative Assessment Of Mechanical Properties Of Thermal Sprayed Coatings ............. 141
P. Dinkov

JlaGoparopHa anapartypa 3a MojieJIIPaHe NMOBEICHHEeTO HA 3a/IBHKBAHUATA B peKOH(pUrypupyemu
npou3BoAcTBEHH CHCTEMH (PIIC) . . ..ottt it i it ittt tietneereenacnsnns 151
non. 1-p T. A. Temes, npod. nra I'. T. ITonos

IMpoexTupane Ha 300U npenaBku ¢ CAD/CAM cucrtemu(I'eomerpuuen CAD cuHTe3 HA ciperHaTu
3bOHU MPETABKH)] MaACT oot v vttt ittt iiiitenenasesoseosnsnsossssasesossssnsnsossnsas 157
Mmar. uak. ac. [ I1. Tonkos, nom. a-p umxk. M. A. Teodpunosa

IpoexkTupane Ha 300U npeaaBku ¢ CAD/CAM cucremu(I'eoMeTpHYHO Mo/IeJIMPaHe HA CIIPerHATH
3b0HM npedaBKU € CAD cHeTeMB)IL HacT. .. oo v i tn ittt i ittt ittt ieienenenanns 165
mar. uax. ac. I. I1. Tonkos

KoHCTPYKTHBHO-TEXHOJIOTHYECKIE ACTIEKTHI H3r0TOBJIEHNSI MPUBOIHBIX JAeTAJIeil MAIIMH U3
TOJTUMEPHBIX KOMITOBHMTOB « « « ¢« ¢ e ¢ s s e s s o s o s s aonsasessasasesossssssasossssasasosassnssss 173
H.1.H., npod. O.U. [TununeHko

OcobeHocTu Ha pa3Mmepoo0pa3yBaHeTO NP KOMOMHMPAHU UHCTPYMEHTH 32 IOBbPXHOCTHO IJIACTUYHO
JEPOPMUPAHE « ¢ vttt ettt e eneeneneeeseeaeesoeesensssocssessesssscnsssossscnsasonns 181
noir. a1.7.H. B.C.Kocragunos

IToay4yenne cBapkoii B3pbIBOM H cBOHCTBA KOMNIO3UTOB TiNi-cTaMb. .. ovvvvv it iiiienans 185
O.E. PyGanuk, n.1.H., npod. B.B. Kinybosuy, k.¢.-m.H. B.B. Pybanuk mur.

IMapameTpu Ha cpsI3BAHUS CJIO NPH CTPYIOBAHE C KPBIVIM PEKEIIHN IVIACTHHH .o vvvvenenennnns 191
qou. a-p. M.K.Kspmakos

OntuMusanust pe;kuMoB TepMooo6padoTku TiNi NpoBoJIOKH MEAMIUHCKOI0 HA3HAYECHHS . ... .. .. 199
B.B. Py6anuk, C.H. Muitokuna, "B.B. Pybanuk (mi.)

YeTpoiicTBo 3a 6e3KaMepHO cyleHe HA (PACOHMPAH IbPBEH MATEPHAT « .o vv v vvrenenenencenens 205
nokTop, mi.acucteHT H.X.Henos

Experimental Determination Of Losses In Planetary Gears By Means Of Static Loading ........ 209
S. Troha, D. P. Karaivanov

Mogena 32 ONTUMHU3ALUS HA MHBECTHLMATA NMPH NPeCTPYKTYpHpPaHe HA MPOU3BOACTBEeHH cucteMu 217
Hoxrop M. I1. TemenkoBa

Coordinate measurement of complicated parameters like roundness, cylindricity, gear teeth or free-
form SUIface ... i i i i i it it ittt i 225
Prof. Dr.-Eng. J.Chajda, Dr.-Eng. M.Grzelka, MSc.-Eng. B.Gapinski, MSc.-Eng. M. Pawtowski, MSc.-Eng.
M.Szelewski, Dr.-Eng. M. Rucki



34
35

36
37

38
39
40

41
42
43

44
45

46
47

48
49

50

CumysinpaHe Ha nmpoueca 300¢pe3oBaHe HA NUJIMHAPUYHU 3bOHU KOJI€Ja ¢ PABU 3bOM . .. ... .. 233
IIpod. n-p umk. Credpan K. KepryHos, 1. ac. umk. [lerbp Tote Paues

MoaenupoBaHue BBICOKOCKOPOCTHOIO AedopMupoBanus peccop ¢ momombio Is-dyna ........... 239
Kny6osuu B.B., akanemuk, 10KTOp TexH. HayK, nmpodeccop, Kpasuyk A.C., noxrop ¢u3.-Mar. HayK, JOIEHT,
Tommiio B.A., kanauaar TexH. HayK

AJTropuTMH3MpaHa NMpoleaypa 3a H300p Ha BAPHAHT HA aBTOMATH3HPaHa cCHCTeMa 32 06padoTka Ha
HHQOPMALMSA M YIPABICHME & ¢ e ¢ v v v aveneneneanenenenensessasasescscassscscncasensneas 245
n-p P. U. Unuesa, npod. n-p T. JI. Hemikos, noi. a-p JI. T. Kitoukos

Kom0unupoBanHble npouecchl 00padoTKN MeTAJJIOB 1aBJeHHEM C HCI0Jb30BAHHEM MONepeyHo-
KJIMHOBOM IPOKATIKH « ¢« ¢t vt vt v eenoneneesenensasssessnsosssencnsososessncssssencnsass 249
K. T. H, C. H. ¢. Kirymua B.A.,umxenep Pymosua A.O.

TBopyeckue MeTOABI U NMOBbINICHUE KPEATUBHOCTH B (P)MPMEHHOM YNPABJICHUU HHHOBAIMAMH . . . 257
Mar. unx.ok. I1. JI. I'eoprusa

HNHTerpupana uH:KeHepHa IeiiHOCT MPH MPOEKTHPAHE U CEPBU3 HA HHCTPYMEHTH « o v v v vvveennn. 263
mpo¢. n.1.H. B. /I. Bumiimemos; mar. nmk. I1. Bn. Butiimemos

TexH0JIOrHYHHN BB3MOKHOCTH HA MOBbPXHOCTHOTO IJIACTHYHO Aeopmupane (IIIJT) mpn
JOBBLPIIBAIIA 00pa00TKA HA OTBOPH BbB BOJCIIN OPOH30BH BTYJIKH . ¢ vt v o vvneenencnnanoncnns 267
jou. n1.T.H. unx. . C. 'eoprues

Researches On The Improvement Of Efective Force And Efective Torque Of The Engines With
Sparking Ignition .. ..ottt i it i ittt ittt ittt 273
Dr. Ioan Radu SUGAR

JoBbpmiBanio 00padoTBaHe HA POTAMOHHY NPO(HIHH IOBLPXHUHHU YPe3 NOBbPXHOCTHO IIACTUYHO
nedopmupane (IHII) Ha crpyroBe ¢ LHITY. .. oot i ettt i it ittt tieneeenens 275
[Ipod. n-p urx. B. U. I'eoprues, a-p umk. C. Y. Cananaresa, a-p uax. 1. A. Yerpokos

BBb3M0KHOCTH HA YITPa3BYKOBHTE METOIM 32 OKA4YeCTBSIBAHE HA MOBLPXHOCTHH (PMHULIHHA
OOPADOTIH « « « v vt vt et eeeaonsosaesnsasesossasesossssnsasessssasasosossnsasessssnsnsoss 281
H.c.I cT. 1-p Monka IletkoBa lBanoBa, gor.ni-p Tomop Acenos [lapramun

Jle0e10c10iiHA TEXHOJIOTUS 32 NPOU3BOACTBO HA €JIeKTPOTYMUHHCUEHTHH JHCIICH. « ¢ v v oo v e v 289
[po¢.ata T. b. Takos, mpod. a-p T. JI. Hemxos, 3. H Y3yHoB

MeTon ¥ TEXHOJIOTHYHA €KHIIMPOBKA 32 IBYCTPAHHO MOITbP/KAHEe HA HECTAOUIHH NeTAiiIu NpH
HAUTBIKHO IIVTHQOBAHE .« oo v vt vttt vttt enesasesosessnsnsessssnsasosessnsasesnssasnsass 295
noir. 1-p JI. XK. Croes

TeopernyHa 0cHOBa HA TOTAJTHOTO YNPaBJIeHHe HA KA4eCTBOTO — OCHOBHM MoJesiu M u3ciensanus 301
J-p k. Mna Hukonosa

KOHCprKTI/IBHPl M TEXHOJOTHYHH 0COOEHOCTH HA POTAMOHHHU HOKHUIHA 32 Pa3KPOAABaHE HA TECT

notr. 1-p, uwk. J[.H.Panes

MeToj 32 aKTHBEH KOHTPOJI IPU HAUTHIKHO HITHQPOBAHE « « ¢ vt v v vt nneeneenseneensenaennns 313
notr. 1-p JI. XK. Croes, mar. uax. Ct. 5. Xpuctos

MarHMTHO-HMITYJICHO TPETHPAHE HA HHCTPYMEHTH OT ObP30PEKEIIH CTOMAHM . « « v v v vnennnns 319
Cr.a.c.Il n-p umxk. b. I. Makenoucku, nou. n-p uak. I. b. TakoB — MI'Y-Codus,mom. n.1.H. ek, A. U.
MakenoHcku

MoeHU u3cJieBaHNS HA BUOPAIMOHHO CUTO 32 TEKKH YCIOBHS HA PAGOTA .. ovvvvnrnrnennnns 323
npod. a.T.H. umk. CB. Tokmakuues, mour. a-p umwk. . Takos,npod. a-p umx. Ci. JloHues



51

52
53

54
55

56
57
58

59
60
61
62

63
64
65

06

OnpenensiHe BJAMSHIETO HA TeXHOJOTHYHNTE (PAKTOPH BbPXY METAJI00THEMAHETO MPHU CTPYIiHO
XUAPOAOPAZUBHO OOPAGOTBAHE « « ¢ vt vt v v vensosneonsesossosnsnsossssnsasossssnsnsossssas 327
noi. 1-p urk. I Takos, cT.H.Cc. A-p umk. b. Makenouckw, goil. A-p B. Tenues, npod. a.T.H. umxk. Cs.
Tokmaxkuues, m.ac. a-p P. BydeBa

H3cienBaHe pecypca Ha HHTEH3MBHO U3HOCBALLM Ce eJIEMEHTH OT TeXHOJIOTHYHATA MexaHu3auus. 329
mpod. a-p urk. Ci. Jlonues, npod. a.1.H. nx. CB. Tokmaxunes,ton. 1-p nux. [ Takos

Ma3ujIHOo-0XJ12:KIAM TEYHOCTH 32 (PUHULITHU OMEPAIMM . « « o v v v vveevesacesosassnsnsossnsas 335
cr.H.c. I 1-p mnxk. b. I. Makenoncku, non. a-p unk. I. b. Takos, H.c. urxk. K. JI. Kupunos,
H.c.umk.JK. M. XKenesa

IToaxon 3a ynpasJieHHe Ha MpouecuTe Ype3 (GyHKIUOHATHO pa3rpaHNYaBaHe HA OTTOBOPHOCTUTE HA
IJIBKHOCTHHUTE JIULA B ,,Bynsipa kopadocTpoutenna unaycrpusa” EAJl—Bapua................ 339
1-p uex. K. 5. Kupos, a-p umxk. C. . CnaBos

YupapisiBaHe HA METAJI00THEMAHETO MPH JEHTOBOTO HIJITM(POBAHE « « o« oot vvvrerneensnsoenanas 343
cr.H.c. II 1-p unxk. b. I. Makenoncku, non. a-p unk. I. b.Takos, nom. n.1.H. unx. A. . Makenoncku,
H.c. 1-p uHXk. A. C. Credos.

Modern technology of the turbine blades removal machining ................. ..., 347
wlodzimierz WILK, M.Sc., Jacek TOTA, M.Sc.

HpoeRTnpaHe U U3paboTBaHe HA JIEIPCKH MoJieJIM Ha JekopaTuBHU ejleMeHTH B CAD/CAM cpena 357
JIo11. 1-p . ITerpoBa, mou. n-p 31n. MakenoHcku, ri.ac. P. Panrenos, unx. 1. UBanos

HocTposiBaHe HA BTOPUMYHU U TPETHYHH MO/JeJIH HA HAKOU PABHUHHM JIOCTOBH MEXaHU3MHU € IIOMOIITA
HA KOMITIOTDB] « « ¢ o e et o e e oo asososonsasesosssossssessssssesossssssasossssasasossssnssss 363
noir. 1-p B. XK. Tenues, . ac. a-p E. C. Kpaitues, noiu. n-p I. b. Tako

IIna3mMeHo MOANOMOTHATH TEXHOJIOTHH HA KAINIMJISAPHO HMIIPETHUPAHE3a OTHE3AIIUTa HA AbPBO .. 367
qou. a-p Iersp J. Aunes, rm.ac. Juisna H. Tocnonunosa

Abrasive Machining Of Metal Matrix Composites ..........ccoiuiiiiieiurernrnesnsnsecnnnas 373
Wtodzimierz Wilk, M.Sc., Barbara Staniewicz-Brudnik, Dr Sc.

Availability Of Hay Presses Within The System Of Maintenance...............ccociiiuien.n. 381
dr. Milan Velji¢, Prof., dr. Vijara Pozidaeva, prof., dr. Dragan Zivkovié, Prof.

Energy Efficiency Level As A Criterion For Selecting Power Tools Driven By Different Types Of
Driving Media. ... .vviniii ittt ittt it iiiiteieneieeneneaeasenescasanencncanans 387
dr Dragan Zivkovic, prof., dr Vijara Pozidaeva, prof.dr Milorad Ranciic, prof.

TecTOB KOHTPOJI B KOHCTPYKTYPCKOTO TOKYMEHTHPAaHe 10 0CHOBH Ha KoHcTpyupanero u CAD. .. 391
nout. n-p I. 1. Aunes, mou. n-p P. I1. Arrenoa, r.ac. umk. B. M. Crangesa, ct. ac. uak. JI. WM. BantoBa

IIpodunaupane Ha yepBAYHHU (ppe3n 32 HAPA3BAHE HA 3bOHO-PEMBYHH IANOM. . . oo ovvvvnvnn.n. 395
qotur. a-p uwk. FO. I1. Mnanenos

Kopenannonsa 3aBHCHMOCT MeK1Yy MaTeMATHYeCKAaTa U MPOEKTAHTCKATA MOAr0OTOBKA HAa ObAeluTe
HMHIKEHEP JIMBAMHEPHM. « « ¢ o v v vt v teesoonsnsososonsasossssssesossssssssossssasasossssnsnss 401
Sluko Munes, Harama bakiaposa

Application Of The High Class Kinematic Groups In Contemporary Machine Design........... 407
M. V. Cavi¢, M. Z. Zlokolica, M. D. Kosti¢

HHIAEKC / INDEX . .ottt ittt iieettetteaneensaneensenseasessessesssansansannns 415

10



8 MEXXAYHAPOLIHA KOH®EPEHLMA AN 8 INTERNATIONAL CONFERENCE
ABAHIAPLHY MALUVHOCTPOUTENHYN OBPABOTKY ADVANCED MANUFACTURING OPERATIONS

Application Of Finite Stage Markov Decision Process In Policy
Determination For Employees’ Motivation

Ph. D, Associate professor, R. Minovski
University “Ss Cyril and Methodius”, Faculty of Mechanical Engineering, Skopje, Republic of Macedonia
Graduate mathematician, teaching assistant, K. Mitkovska-Trendova
Military Academy “General Mihailo Apostolski”, Skopje, Republic of Macedonia
Ph. D, Full professor, Jovanoski D.
University “Ss Cyril and Methodius”, Faculty of Mechanical Engineering, Skopje, Republic of Macedonia

Abstract: Enterprise restructuring is becoming very important in today s dynamic environment. In that direction
systematic and efficient approach concerning the enterprise restructuring is more than important for gaining
competitiveness of the enterprises. In this article, one methodology for enterprise restructuring (COMPASS) is
briefly presented. It is an open methodology, meaning that it is giving the frames of the restructuring process
and it allows implementation of various additional methods, tools, etc. We are continually trying to upgrade

this methodology with sophisticated but easy to use methods that will improve its usability. One very important
aspect of the restructuring is coping with the resistance to changing. Here, the utilization of Markov decision
processes considering the policy determination for employees’ motivation is presented. The focus will be on solu-
tion techniques for the finite stage problems.

Key words: Enterprise restructuring, COMPASS, Markov decision processes, employees’ motivation, finite stage
problems.

1. Introduction

The problem of decision making is getting more and more actual. That is a result of the increased dynamics
of the market, which is becoming its main feature. Not only valid, but also fast decision making on all levels
of management is becoming imperative. In that sense, the need for enterprise restructuring has become very
important issue, and so is the creation of a model for fast determination of the economical and technical
capabilities of the enterprise and suggestions for the future development of the enterprise and obtaining its
competitive capabilities.

The model for enterprise restructuring presented in this article is called COMPASS (COmpany’s Management
Purpose ASSistance). Its main intention is to offer aid to the enterprise management in direction of
systematisation of the complex process of enterprise restructuring and locating method approaches that will help
in the key points of the decision making. The basic idea of the model is to obtain a (sub)model of performance
measurement, which will enable determination of the inconsistency of the importance and performance of

all segments of the enterprise and on that basis to generate quantified alternative and then optimal actions for
improvement of the situation.

The main aim of the COMPASS is to systematise the complex process of enterprise restructuring. The main
benefit from its utilisation is to get the clear picture about the enterprise situation through utilisation of certain
methods and tools. COMPASS tends to use methods and tools that are both simple and robust. This should
accomplish both their implementation and should solve detected problems. Utilisation of those methods and
tools forces analysis of the situation, which should bring to its better understanding. Implementation of the exact
methods and tools is not the main point. COMPASS doesn’t have intention to frame the process of enterprise
restructuring. On the contrary. Since the methodology has huge target group of enterprises in order to aid their
restructuring, our efforts at this stage are directed to obtain auxiliary methods, which will give more reliable
basis for decision making in those points. So, COMPASS is free to accept any additional methods and models in
concrete cases of implementation. Table 1 contains the phases of COMPASS.

The picture about the actual situation in the enterprise is described through the variables of the COMPASS-
subKEs. SubKEs are presented in one matrix, called I/P (Importance/Performance) (the third phase of
COMPASS).The output of this matrix is the list of Critical Elements-subKEs which have unbalance between
their importance and performance. I/P matrices are genuinely gap analysis, presented in portfolio way, which
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improves the transparency of the analysis. For every Critical Element (CE) appropriate Success Factor (SF) is
inducted. SFs are various kinds of actions which should lead to improved situation in the enterprise. At the initial
development phase of COMPASS the generation of the SFs is done heuristically [6].

Our limited experience from the on-going verification of the methodology in few enterprises located these main
problems: finance for realisation of the improvement actions and employees’ obstruction for the changes. The
practice in management of changes pinpoint that the best way to avoid the second obstacle is to be transparent in all
phases and explain to the employees the aims of the restructuring. In that way they may become the alliances instead
of opponents to the changes.

As we previously mentioned, the idea is to improve COMPASS with scientifically funded methods which are going
to help the generation of more reliable SFs. In that direction, Markov decision processes are used here to support
the policy determination. This article intents to give an introduction of their application in management of changes.
Here we use a finite-stage Markov decision processes model in order to illustrate its application on our example.
The objective is to find the optimal informing policy and to determine the utility function. There is no need for
mathematical theory background for using this algorithm. It is easily applied using programs in Excel, MATLAB,
LINDO/LINGO, CPLEX, ...etc.

Table 1: Phases of the model for enterprise restructuring [6]

# Content of the phases in the model Some of the utilised
method approaches

Elucidation of the present situation of the enterprise in a measurable AHP method
form from strategic importance point of view. The measurement of this | Team work (Workshop)
issue is done through subKEs. AHP method is implemented (3).
Explanation of the present situation of the enterprise in a measurable SAudit
form from actual performance point of view. The measurement of SWOT
this issue is done through subKEs. Specific methodology for auditing Interview

is created — SAudit (1), which is followed with the specially created
procedure for evaluation.

In order to determine the inconsistency of the subKEs from strategic
and actual performance point of view I/P matrixes are employed. The
result of this phase is the list of Critical Elements — subKEs which have
unbalance between their importance and performance.

The beginning of the action generation is in the fourth phase. For every
Critical Element (CE), appropriate Success Factor (SF) is induced.
Examples for Success Factors are: shortening the cycle time, smaller

I/P matrixes (Gap analysis)
Team work (Workshop)

Structured knowledge about
method approaches
Forms for performance

lots, layout optimisation, more intensive education and training in some/ | measures
all departments, standardisation, automation, ... So, SFs can be defined | Matrixes KE -functional
as various kinds of actions which should lead to improved situation in areas

the enterprise. The generation of the SFs is done heuristically.

This phase should structure the bunch of SFs. The idea is to simulate the

Scenario technique

situation after the implementation of every possible set of SFs through | Qualitative MICMAC
the implementation of the particular procedure for scenarios generation | method

and analysis. Simulation

Selection of the optimal solution is determined in the sixth step. Team work (Workshop)

Previous phase gives the situation where certain scenario leads,
concerning only subKEs. In this phase, the financial effect of every
action is estimated.

Pay-back method
Costs/Gain diagram

The seventh phase covers the implementation of the optimal action — no
specific methods or procedures are foreseen for this phase in the present
stage of development of the model.

2. Application of Markov decision processes in policy determination for employees’ motivation

Here is presented an application of dynamic programming in solving stochastic processes with a finite number of
states, for decision making. Markov decision processes (MDPs) are a method for formulating and solving stochastic
and dynamic decisions. MDPs provide a mathematical framework for modeling decision-making in situations
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where outcomes are partly random and partly under the control of the decision maker. MDP model is a model for
sequential decision making under uncertainty, which takes into account both the outcomes of current decisions and
future decision making opportunities. This model encompasses a wide range of applications. MDP is a discrete time
stochastic control process characterized by a set of states, and in each state there are several actions from which the

decision maker must choose. For a state § and an action &, a state transition function determines the transition
probabilities to the next state. The decision maker earns a reward (or cost) for each visited state. The states possess
Markov property.

In other words, MDP is a tuple (S ,A,P (~,-)R ()), where § is the state space, A4 is the action space,
Pa(s,s’): Prcgm = s'| s, =s,a, = a) is the probability that action @ in state s at time ¢ will lead to state s’
attime £ +1,and R (s) is the expected immediate reward (or cost) received after transition to state s’ from state

s, with transition probability P (S, s’). There is not an essential difference between rewards and costs, since
maximizing rewards is equivalent to minimizing costs. But in practice costs are easier to determine. One of the
characteristics in an MDP is the planning horizon of the process, which may be finite, infinite or of random length.
Our task is to maximize some cumulative function of the rewards (or to minimize some cumulative function of the
costs).

MDPs are an extension of Markov chains (or Markov chains are special case of MDPs), and the difference is the
addition of actions (allowing choice) and rewards (giving motivation). MDP reduces to a Markov chain if the action
to take were somehow fixed for each state. The solution to a MDP is called policy, which gives the action to take for
a given state, regardless of prior history, that optimizes the performance of the system. This fixes the action for each
state, and we get a Markov chain. The performance is measured by a utility function.

Our objective is to implement MDP model in COMPASS, in policy determination for employees’ motivation,
previously mentioned as one of the main located problems in the observed enterprises.

2. 1. Scope of the Markov decision problem — En enterprise example

We introduce a simple example, to use it as a basis for the model explanation. Besides its simplicity, the example
is an equivalent to a number of important applications and the idea of the example can be adapted to represent this
applications. In this way, basis is made for comparison of the actions used in order to improve the condition. This
will contribute in optimal scenario selection.

We observe a continuously restructuring enterprise. At the beginning of every year, analysis is made in order to
check its condition. Among that analysis are the tests for the transparency effect over the employees’ motivation.
According to the test results, we can classify the state of the employees’ motivation for the new year as strong,
average and weak. Let us assume that in years, it is noticed that we can assume that the employees’ motivation in
the actual year depends only on the employees’ motivation in the past year (Markov process). Also we assume that
we are in a condition to present the transition probabilities for one year period, from one motivation state to another,
with the transition matrix:

NEXT YEAR SYSTEM'S STATE
—_—

1 2 3
1 |02 @95 03
this year system'sstated2 | 0 0.5 0.5|=P
3 0 0 1

The correspondence between the motivation (strong, average and weak) and the states (1, 2 and 3), respectively, is:

System’s state Employees’ motivation
1 strong

2 average

3 weak
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It is assumed that because of the inertness of the uninformed employees, the transition probabilities in P " show that
the motivation in the actual year can’t be better from the one in the last year. For example, if employees’ motivation
this year is average (state 2), next year’s motivation can stay average with probability of 0.5 or, to become weak
(state 3), also with probability of 0.5.

The enterprise management can change the transition probabilities P " with taking other available directions of
actions. The actions are means by which the decision maker interacts with the system, and when he observes that the
system is in a certain state, he chooses an action from a certain action set, which may depend on the observed state.
It is known that employees’ informing about the enterprise restructuring, improves their motivation. If they don’t do

that, the transition probabilities will stay as it is given in P " But, if they take other directions of actions, as slightly

informing or radically informing the employees, we get the following transition matrices P2 and P3, respectively:

1 2 3 12 3

1[0.25 0.55 0.2 1 1[03 06 0.1

P =|pz|=2] 01 055 035| " P =|pi|=2[02 06 02
31005 03 065 3101 04 05

We notice that in this example the action set consists of three actions, and they can be applied to every state.

It is possible to improve the employees’ motivation in the new matrices P? and P?, compared to the prior year. To
put the decision problem in perspective, the management associates a return function (or a reward structure) with
the transition from one state to another, and this function expresses the gain or the loss during one year period,
depending on the states between which the transition is made. Since the management has the options for radically
informing, slightly informing and not informing the employees at all, it is expected the gains and the losses to
vary depending on the decision made by the management. Given the state of the system and the chosen action,

an immediate reward (or cost) is earned (there is not an essential difference between rewards and costs, because
maximizing rewards is equivalent to minimizing costs and both models can be found in MDPs sources). So, we
get matrices R/, R?, and R’ with the gains (immediate rewards) in hundreds of euros, associated with the matrices
P!, P’, and P?, respectively. We apply R’ when there is no informing, R’ when the informing is slight, and R’ if the
informing is radical.

1 2 3 12 3 1 2 3
17 6 3 1f6 5 -1 1[5 4 -2

nl=210 5 1} R=||=27 4 o] R=|;|=2[8 3 -1}
300 0 -1 36 3 -2 35 4 -3

. 2 3 . . .

Notice that the elements 7; and 7; of R?and R’ take in account the costs for employees’ informing, such as lost
working hours while the informing has been done, materials, means and qualified staff for the training and the
informing, ...,etc. For example, if the system was in state 1 and stayed in state 1 during the next year, its gain would

2 1 . . .
be ¥; =6 comparedto 73 =7, when there was no informing. Thus, R gives the net reward after the cost for the
informing is factored in.

So, the management has a decision problem for policy determination. First, they must know whether the informing
will continue for a limited number of years or indefinitely. These situations are referred to as finite-stage and infinite-
stage decision problems. The management uses the outcome of the analysis tests in both cases, to determine the best
course of action that maximizes the expected revenue.

The management may also be interested in evaluating the expected revenue resulting from a prespecified course of
action for a given state of the system. For example, informing should be done whenever the employees’ motivation
is weak (state 3). In this case, the decision process is said to be represented by a stationary policy, and we get
Markov chain. We must notice that each stationary policy is associated with different transition and return matrices,
constructed from the matrices P/, P?, and P°, and R’, R?, and R’.
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We notice that after we evaluate all possible stationary policies of the decision problem which is equivalent to

an exhaustive enumeration process and can be used only if the number of stationary policies is reasonably small,
we can apply appropriate analysis for choosing the best policy, which we give in another article about the same
example, but for the infinite-stage problem. However, this can be impractical even for the problems with limited
size, because the number of policies can be too large. What we need is a method which determines the best policy
systematically, without enumeration of all policies in advance.

2. 2. Finite-stage model

Suppose that the enterprise management plans to “retire” from the market in NV years. So the management is
interested in determining the optimal course of action for each year (three actions from the action set), that will
return the highest expected revenue at the end of V years (finite planning horizon).

Let k=1, 2 and 3 represent the three courses of action (alternatives) available to the management. The matrices P
and R* represent the transition probabilities and reward function for alternative k , and are given previously. The
management problem is expressed as a finite-stage dynamic programming (DP) model. In order to generalize the
problem, we define

m (= 3) number of states at each stage (year)

f " (l) = optimal expected revenue of stages n, n+1, K, N given that i is the state of the system at the beginning of
year n.

Let
m
ko k_k
VvV, = pij?"&.

j=1 , (1)
is the expected one-step transition revenue for the alternative & and the state 7 for that year.

The DP recursive equation can be written as

()= max )

/(i) = max vf’+le:jfﬂf.l(f), n=12,.,N-1 2)

We solve the management problem using the data summarized in the matrices P/, P?, P3, R!, R?, and R, given a
planning horizon of 3 years (N = 3). For the computations we can also use the programs we mentioned above using
available interactive tables or make our own. For convenience we present the results in tables for the dynamic
programming calculations, and discuss the results.

The optimal solution shows that the policy should be the same for all three years, and that is if the system is in state
1 (strong motivation), no informing should be done. But if the system is in state 2 (average motivation) and state 3
(weak motivation), the management should apply radical informing (£* = 3). The total expected revenues for the
three years are f,(1) = 10.891, if the state of the system in year 1 is strong motivation, f,(2) = 9.15, if it is average,
and f,(3) = 5.289, if it is weak.

Table 2: Results for stage 3

l v Optimal solution
k=1 k=2 k=3 /0 K
5.3 4.05 3.7 53 1
3 2.9 3.2 3.2 3
-1 -0.1 0.6 0.6 3

Table 3: Results for stage 2

81




Application Of Finite Stage Markov Decision Process In Policy Determination For Employees Motivation

i vi+ i)+ phsi(2)+ Pl si (3) Optimal solution
k=1 k=2 k=3 £ (1) k
1 8.14 7.255 7.27 8.14 1
2 4.9 5.4 6.3 6.3 3
3 -0.4 1.515 2.71 2.71 3

Table 4: Results for stage 1

i vE + pt £,()+ P £, (2)+ pE £.(3) Optimal solution
k=1 k=2 k=3 £,@) k
1 10.891 10.092 10.193 10.891 1
2 7.505 8.1275 9.15 9.15 3
3 1.71 3.9585 5.289 5.289 3

If we compare this results with the results obtained in the infinite-stage case, we can see that the same policy is
recommended by applying all the three solution techniques for the infinite horizon.

Dynamic programming solution from above is sometimes called value iteration approach, because from the
recursive equation nature, the values of f (i) are determined by iterations. It can be often referred to as backwards
induction solution technique.

3. Conclusions

MDPs are an application of dynamic programming in solving stochastic processes with a finite number of states,
for decision making. Dynamic programming is a very useful technique for making a sequence of interrelated
decisions and is providing a great computational savings over other solution techniques, decomposing mathematical
programming problems into smaller and computationally simpler subproblems. One way to recognize a situation
that can be formulated as a dynamic programming problem is to notice the basic features of its basic structure.

The problem can be devided into stages, with a policy decision required at each stage. Given the current state, an
optimal policy for the remaining stages is independent of the policy decisions adopted in previous stages (principle
of optimality). Any problem lacking the Markovian property cannot be formulated as a dynamic programming
problem. A recursive relationship that identifies the optimal policy for stage n, given the optimal policy for stage
n+1 is available.

Finite-stage dynamic programming model is for decision problems with finite number of periods. But, many
decision situations consist of very large number of periods or last indefinitely. That is why the infinite-stage dynamic
programming model is developed. As N grows large, the corresponding optimal policies will converge to an optimal
policy for the infinite-period problem. Although the method of successive approximations may not lead to an
optimal policy for the infinite-stage problem after a few iterations, it never requires solving a system of equations.
This is its advantage over the policy improvement and linear programming solution techniques, for its iterations

can be performed simply and quickly. But it definitely obtains an optimal policy for an n-period problem after n
iterations [7].

As the problem size increases, i. e. the state and/or the action space become larger, it becomes computationally
very difficult to solve the Markov decision processes problem. For each action and state pair, we need a transition
probability matrix and a reward function, which are enormous data requirements.

Finite-stage MDPs problems are more likely to be found in practice, where it is not usual to have infinite
planning horizon, and there is a recursive nature to the prblem. This is the reason why we set out this model. On

the other hand, it is easy to analyze and understand, and there is no need to know the mathematical theory for its
implementation, since there is the opportunity for applicable computer programs.
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