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IIPEATOBOP

JlaHac IpakKTUYHO He IOCTOjU HMjeAHa HaydyHa AVCIIMIIAMHA KOja y CBOjOj
TEPMMHOAOTUjU He KOPMUCTM IIOjMOBE CHUCTeM, YIIpaBbarbe, MHpOpMaIluja,
KOMyHHUKallMja, pusuk. laxo ce cagp:kaju OBUX IOjMOBa Yy IOjeAMHUM
HayYHUM AMCLMIIAMHAMa MOIY pa3dAMKOBaTH, bIXOBa CYILITHHA OCTaje MCTa.

Crora ce oHM MOTy cMaTpaTy MeTa-II0jMOBIIMa CaBpeMeHe HaykKe.

MebyTtum, nocroje 1 nmoceOHe HaydHe AMCOUILANMHE KOje ce GaBe yIpaBo
OBUM MeTa-1ojMoBuma. To cy: ommra Teopmja cucrema, Teopuja yIIpaBbarba,
Teopmja mH(pOpManuja, Teopuja KOMyHHUKalMja U Teopuja pusmka. Owne
3ay3uMajy 3HauajHO MecTO y 0Opa3oBHUM cadp KajuMa MHOTIUX YHUBEp3UTeTa
u ¢akyatera. PakyareT 3amTuTe Ha pady y Humry ce onpeaeano sa ysobeme
Teopuje cucreMa ¥ Teopuje pU3MKa, KaO M Ha IbMMa 3acHOBAHMX Hay4HMX
AVUCHIMIIAVHA, Y CTyAUjCKe IIporpaMe OCHOBHMX M AUILAOMCKMX aKaAeMCKUX
cTyauja.

EBngenran HegocTaTak ylIOeHMYKe AuTepaType M3 OBe o0JacTu Ouo je

OCHOBHI MOTHB ayToOpa Jda IIPUCTYIIe 13paan OBOT yu6eH1/u<a.

Yubennk ,Teopuja cmcrema wu pusmka” IpeacTaBba  pe3yATar
npodecOHaJHOT ycaBplllaBarba I UCTpaXkKuBama ayropa y oOaactu
yIpaBAarba KBaAUTETOM M pU3UKOM cucTema. Hammcan je, mpesacxoaHo, ca
IMbeM Aa ce KOPUCTU Kao YIIOeHMK 3a mcTouMmeHu Ipeimer Ha Paxyarery
3amTuTe Ha pady y Humry. ¥ Tom cmucay, npumapnu nns yiibeHnka je aa ce
CTy4eHTUMMa OCHOBHUX aKageMckux cryauja ®PakyaTera Ha Iperaejas,
IpUCTyHadyaH ¥ KOH3MCTEHTaH HauMH M340e, objacHe U MAYCTPYjy OCHOBHE
II0jMOBHE KaTeropuje Teopuje cucreMa 1 Teopuje pusNKa, Kao 1 4a ce paspuje
BeIlITUHA HpUMeHe CUCTeMCKOI IIPUCTYIla Yy aHaAu3¥ W pelllaBarmby
MYATUAUCIUTIAVHAPHUX ITpoO4eMa yIipaB/bairba PUBMKOM pagHe U >KUBOTHE
cpeauHe.

[Ty6auxarujy, Takohe, MOTy KOPUCTUTH U CTYAeHTU APYTUX (axyaTeTa
paAu cTullarma OCHOBHMX MAM AOIYHCKMX 3Hama 13 00aacTu Teopuje cucremMa
U PU3NMKa, KaO U CBa AMIlA KOja Cce y CBOM CTPYYHOM U IIpoecoHaaHOM paay
cycpehy ca mpobaeMuMa yrrpapmbara PUMKOM.



Y npunpemn mnyOaukaiuje xopuinrhenn cy OpojHM M3BOPH, KaKO OHU
KJAaCMYHM y KOjuMa Cy M3A0>KeHe OCHOBHe I/jeje Teopuje CICTeMa, TaKo I
caBpeMeHM KOjU aHaAU3Upajy M UHTepHIpeTupajy Ipodieme yIIpaBharba
PU3MKOM Ha Ha4MH IIpKAaroheH caBpeMeHNM yCAOBMMa pa3Boja cucTeMa.

Aytopum ce 1moceOHO 3axBasdyjy pelleHseHTMMa Ap Bojucaasy
Mmnarenosuhy u ap Mupjann Buganosuh na xopucHum cyrectmjama u

caBeTMMa IIpU 3aBPIIIHOM yoDAudaBamy cagpskaja yliOeHmKa.

Aymopu
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TEOPUJA CUCTEMA U PMIBNKA

PE3VIME

CucreMn y HalieM OKpyXemy cy cse KommnaekcHuju. KomrmaekcHocT
CaBpeMeHMIX CHucTeMa IPOoM3MAa3y U3 IOCTojara U MHTepaKlyje pa3dAnduTIX
pecypca (ayacknx, Ppusmukmnx, PpUHaHCHjCKMX, MHPOPMAIIMOHNX), KaO U M3
KapaKTepUCTUKa AVMHAMMUYKOI, TypOYAeHTHOI OKpyKelha Yy KOMe OHHU
er3NcTupajy. AHaam3a M yIpaBbambe KOMILIeKCHUM CHCTeMMMa He MOIy ce
3acHMBATM Ha KAaCMYHUM WHKEHepPCKUMM IIPUCTYIIMIMa U MeToguMa, Oe3
AyOmer caraejasarba IpoOJeMa, NPUOPUTETa, MHTepaKIiija, PaclIoAO0KUBUX
pecypca, a Hapouuto 6e3 onemusama edekara u pepudukanyje nsabpaHmX

pelllema 1/MAN AOHETUX OAAYKa.

Mako je mosnaro ga pernasame IIpoOJeMa Ha HUBOY cucTema Jaje sehe
epexre 04 ycaBpllapama IIOjeAMHMX HeroBUX JeA0Ba, JaHac IIOCTOju
HeCcpasMepHO BHIIe MeToda I IIOCTyIlaka 3a pellaBame IaplujadHuX
npobaema y cucremy. [IpuMeHAMBMX M KOH3MCTEHTHUX MeTOAO0AOTHja 3a
pemmaBarse IIpo04eMa Ha HMBOY CUCTeMa, Koje caap>Ke U IIOCTYIIKe pelllaBarba
napuujaaHux Ipod4eMa, uMa BeoMa Maao. 300r Tora je CBaKO MCTpaskuBarbe
Ha OBOM IIOAY UTEKaKO 3HauajHo. basza oBmx mcrpaxmsama Tpeba Ja Oyae
omnImITa TeopHuja CUCTeMa, C OO3UMpOM ga OHa oDesOebyje jeamHCTBeH CKyn
II0jMOBa, MeTOJa ¥ TeXHMKa 3a UCTPaKMBarbe U OINMC KOMILAeKCHMX objekaTa
UCTpaXkKuBarba (KOMIIAEKCHUX cucTeMa). Y MUCTpakuBamby cucTeMa OIlIITa
Teopuja cucTeMa KOPUCTU CUCTEMCKM MPUCTYI KaO METOAOAOIIKM IPUCTYII
HAYyYHOM UCTpa’KMBarby, CHUCTEMCKO MMIILbehe Kao OCHOBY CHCTE@MCKOT
NpUCTya UM CUCTEeMCKYy aHaau3y Kao MeTOJOAOLIKM IIOCTyHaK Ca3HaBamba

cucreMa.

Jeaan o4 ocHoBHMX Ipo0OaeMa HPUCYTHMX Y KOMILAEKCHUM CUCTeMIMa
jecte mpobaeM aHaAmM3e M yIIpaphbama pusukoM. OCHOBY 3a pelllaBarbe OBOT
MYyATUAVICIIATIAMHAPHOT IIpoOJeMa IIpy’Ka Teopmja pusmka. Hacraza Ha
docturHyhmuMa NpM3HaTUX HayYHMX AWCOUILAMHA, TeopMja pU3NKa He
IpeAcTaB/ba IIPOCTy, Beh MHTEepAMCUUIIAMHAPHY CHHTE3y OBUX AVCIIUIIAVHA
KOja Jaje HOBM KBaAUTeT, aldl He Ha II0AY IpeJMeTa 3Hamba, Beh Ha maany

KOHIIeIlaTa M MeTO4a, a IIpeBacXO4HO Ha IldaHy NpMHINUIIA M aKcuoMa.
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MHTepAI/ICLU/IHAI/IHapHOCT 1 CYmMITUMHCKM HOB IIpeAMeET MCTpaXXuBarmba, II0

MUIIN/AERY ayTopa, M He CaMO IIbUX, ITPOMOBUIIY TEOpij pusuka y HOBY

Hay4YHy ANCOUIIANHY.

buran nHanpesak y uayyasary pM3MKa KOMILAEKCHUX CHCTeMa OCTBapeH je
OPMMEHOM CHUCTeMCKOI IpUCTyIla U CHUcTeMcKe aHaause. Vlcrpakusay,
npuMemyjyhn cucreMcKky aHaamsy, He KOPUCTU HOBe TeXHUKe M MeTOAe y
OAHOCYy Ha Jpyre MeToJe NCTpakmuBama, Beh apyraumju KoOHIIeNIIMjcKM
HPUCTYI U MeTOAO0AOIMjy McTpakmpama. CucreMcka aHaamsa, Kopucrehn
II03HaTe TeXHNUKe M MeTOJe, ycIeBa Ja Hpo0JeM pu3MKa KOMILI€KCHIX
cucreMa 3aZoBo/baBajyhe mocrasu m pemm, u TuMe oMmoryhm yOpsaH pa3Boj
IIpeBEeHTMBHOT MHJKehepcTBa Kao CpeacTBa 3a peaausanyjy IMOAUTUKe

yiipaB/batba PU3MIKOM KOMIIAE€KCHIX CUICTEMaA.

JonpuHoc y 004acTy IPeBeHTUBHOT MHKeIepcTBa Aajy M ayTopu OBe
kmure uzaaxyhu marepujy xoja mpeacrapsa COAMAHY OCHOBY 3a IIpOydYaBarbe
n yHanpebeme npeseHTnBe, 04HOCHO yIIpaB/barba 3aCHOBAHOT Ha pu3uKy. OBO
je 3HadajHO jep HeJAOCTajy MeTOA0AOTHje ¥ aHaAu3e Ha II0AYy pelllaBamba
npoOJeMa CHCTeMCKe yrpadibe I IIpUMeHe IIpeBeHTuBe y a3y IIpojeKToBarba
cucrema. OnpasjaHa je IIpeTIIOCTaBKa Aa ce OBJe KPUjy OTPOMHM ITOTeHIIMjalN
3a ocTBapmBarbe e(pUKacHOT yIpaBbarba PU3MKOM CHUCTeMa, a TUMe U 3a
ocTBapuBarmbe oarosapajyhmx ¢punancujckux n Apyrmnx edgexara.

OcHoBHa 1Jeja ayTopa Ipy KOHIIUIIMPalby cadp>Kaja oBe Kibure O1aa je aa
Ce IIpe3eHTyje CHCTEMCKO CxBaTame pM3MKa U CTBOPM OCHOBa 3a pa3Boj
METOA0AOIUje 3a aHaAu3y ¥ yIpaBbare PU3MKOM KOMILAEKCHUX CUCTeMa.
Caeaehn ocHOBHY mAejy, MaTepuja y Kiusn je oOpabeHa kpo3 ITeT moraasaa:
OcHoBu Teopmje cucrema, lVlcrpakmuBame cucreMa, YIpaBbaibe CUCTEMOM,

OcHoBU TeopMje pusnkKa 1 anaB/baH)e pU3MKOM.

IIpso nmoraasswe Hocu Has3us , OcHOBU Teopuje cucTteMa”. Y meMy cy JaTte
KapaKTepUCTUKe, 3aKOHUTOCTU U 3aJaliy OIIIITe Teopuje crcTeMa, Kao ¥ MeCcTo
OIIIIITe TEOPMje CUCTeMA Y CTPYKTYPU CUCTEMCKIX AVICUIIAMHA. 3aTUM Cy JaTe
OCHOBHE OA/AMKE CUCTEMCKOI IIPUCTYIIA, CUCTEMCKOT MUII/beHa VM CUCTEMCKE
aHaause. JeduHucaHm Ccy OIIITM CUCTEMCKM IIOjJMOBU: CUCTEM; CTarbe,
Ipollec I IIOHAIllale CHCTeMa; CTPYKTypa CUCTeMa; OKpY>Keibe; KBaAUTeT,
HUBOM KBaAmTeTa (CTaOMAHOCT, YIIPaBAbUBOCT, (PYHKIIMOHAAHOCT M caMOOpra-
HM30BaHOCT), KaO M IIOKa3aTesl KBaAuTeTa (IOKa3aTesbU pecypca CUCTeMa,

ITOKa3aTe/sbln yHOTpe6e pecypca 1 1rokasarebn APyIiTBeHe OAFOBOpHOCTI/I).
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Y apyrom moraasay ,Vlcrpaxxusame cucrema” obOpasaoxeHe cy ¢ase u
JyHKIIMje cucTeMCKe aHaAM3e, KaO ¥ aATOpUTaM IIOCTyIKa MCTpa’kuBarba
cucreMa. ¥3 KpaTak OCBPT Ha IIpse Tpu ¢ase, ItocedaH Harlacak je 4aT 4eTBpPTOj
dasn cucremcke aHaanse, $pasu y Kojoj ce popMmpa CIUCTEMCKI MOJe, a Koja
oOyxsata: seduHNCame U IpHUKa3MBambe CUCTeMa, TeHepucame CTPYKType,
OJHOC CTPYKType U IIOHalllaba, TeHeplcarbe CUCTeMCKOT MoJeda 1 ITOHalllame
cucrema. IlpesenTosane cy Marpurie TpaHcpopMaliyje cucTeMa, MaTpuile 3a
NIpUKa3uBame CTaTMYKMX U AVHAMMYKMX OJHOCa eleMeHaTa MCTpa’KMBaHOT
cucreMa, Kao M MaTpuile Be3a eJeMeHara cucreMa. Jara je Kaacudukaruja
MoJeAa, a IoCceOHO Cy aHaAM3MpaHM MaTeMaTHJIKi Mojeau (MoJdea y 0D6auKy
AndepeHnjalHNX jeAHaulHa, MOJeA y 00AMKY IIPOCTOpa CTama M MOAeA Y
00AMKy QYHKIUje IIpeHoca) M aHaJloIuje y MaTeMaTHM4KOM MOJAeANparby,
3atuM rpaduukn modean (ODA0K-Amjarpamy, rpadpoBM TOKa CUTHala, OOHA-

rpa¢posu u IleTpu Mpesxe) 1 A0TMIKU MOAEAN.

Y tpehem noraasay 11oa Ha3MBOM ,, YIIpaBbatbe CUCTEMOM” IIpUKa3aHu Cy
TUIIOBYM, €AeMeHTU M KapaKTepMCTUKe clucTeMa yIpaBsama. IlocebHo je
MCTaKHyTa IIOBpaTHa Be3a, Kao KapaKTepMCTHKa CBMX 3aTBOPEHMX CUCTeMa
yIpaBAarba (TEXHIIKMX, eKOHOMCKNX, OMOJOIIKMX, OpraHM3allMOHNX), HeH
AOIIPMHOC IIpollecy yIlpaBAbarma, Kao M AONPUHOC pasAMIUTUX MeXaHM3aMa
IIOBpaTHe Be3e KBaAUTETY yIlpaBbama. AHaAU3MpPaHN CYy OCHOBHU AMHAMMUYKN
e/1eMeHTH Yy CUCTeMy yIpaBbarka: IIpOIOpLMOHaAHM, AudepeHIVjalHU U
MHTEeTpaJAHM eJeMeHTM, Kao I IbMXOBe KOMOMHalmje: IpOIIOpIIIOHAAHO-
AudepeHnjadHy, MPONOPINOHAAHO-UHTETPpadH! ¥  IIPOIIOPIIMOHAAHO—
MHTerpaaHo-gudepennujaaau eiemenTu. IIprkasano je u moHamame HEKMX
ezeMmenara y mporeca, u 1o: RC kozaa, audepeHnnjaiaHor MaHoMeTpa ca
JKMBOM, IIpolleca (QopMuparba IleHe IIpOM3BOAQ, XEMMjCKOI IIpoleca W
Ipolleca pacra nomyaanuje. Insm osor npukasa je Aa ce yKake Ha aHaAoIuje y
IIOHAIlalby Pa3AMYIUTUX THUIIOBA CHCTeMa (€AeKTPUYHMX, ITHEYMAaTCKMUX,
€KOHOMCKIX, XeMUjCcKMX, Omoaomkux). Haume, mojeanne ¢pusmdake 1ojase n
Ipolecn Koju ¢y MehycoOHO pazaAmdmuTy O4BUjajy ce Ha aHAAOTaH HauMH U
MaTeMaTUYKM cCe OINCYjy MCTUM aHaAUTUIKMM uspasuMa. Onucusame
paszananTuX GU3NIKNX I0jaBa aHAAUTUIKIM M3pasiiMa UCTe IIpUpoJe yKasyje
Ha aHA/O0TNjy IOHaIllalba Pa3ANMInTIX GU3MIKIX I10jaBa 1 3aKOHa KOjIMa ce Te
mnojase oOjamrbaBajy. AHalormja msmeDy IIOjeaMHMX cucreMa paszAnduTe
¢usnuxe npupose omoryhasa ga ce casHama y je4HO] 061acTy IIpoOIINpe Ha
aHaJAOrHe cucreMe Yy ApyruM obaactmma. Hajuemmrhe ce wmsydaBame

OPUIMHAAHOT CUCTEMA (MexaHI/I‘-IKOF, TEXHIMYKOT, XNAPayANIKOT, €eKOHOMCKOT,



€KO/OIIIKOTI) BPIIM Ha eAeKTPUYHOM CHCTeMy Kao MoJeay. Pasaor osome je
jeAHOCTAaBHOCT MoJeAuparba U CUMyJalyje eAeKTPUYHMX CUCTeMa Ha

pavyHapuMa.

IToraaBme cagp>ky ¥ OCHOBHE HallOMeHe O 04Ay4MBarby, Kao HajBaskKHU]jOj
dasu ynpassaukor nporeca. Oaayumpame je Ipoljec KOji ce cacToju U3 HMU3a
aKTMBHOCTH Koje TpeDa IIpeay3eTu Ja 01 ce M3BPIIMO U300p HajOObeT pelerha
(aatepnatmse). Ogayumsarbe, IO IIpaBMAy, IOjpadymMeBa Kopuirheme
KOMILAeKCHUX IIpolleca pelllaBarba ITpoOdemMa ca caejehuM THUINMYHUM
dazama: gedpunncame npobaeMa, TeHepucame aATepHaTHMBa U AOHOIIEIbE
ojayKe.

Moryhnoct m3bopa crnosanimux yrnpabbadkux JejcTaBa IIpeAcTaBhba
KBaAUTAaTMBAaH CKOK y MeTOAOAOIIKOM IPUCTYIly aHaAM3M CHUCTeMa.
ITocmatpanm cuctem (0OjeKT MCTpakKMBarba) IIpecTaje Aa OyJe ayTOHOMaH I
IOCTaje A4e0 CUCTeMa BUIIET HIBOA OPTaHM30BaHOCTU - CUCTeMa YIIpaBbarba.
Axo ce mog ytuniajem nopemehaja noHarmname yrpas/baHOT CICTeMa IIPOMeHN,
yIpaBbauky CUCTeM Ta IIPUCKbaBa 4a TO IIOHAIIAmhe MCIPaByM, OAHOCHO
CBOjUM /€jCTBOM yTHYe Ja IOHaIllaihe yIIpaBAbaHor cucTeMa Oyae y ckaady ca
AepUHICAHUM IUbeM. YIpaBhbarbeM Ce, Aakie, IOHAIllame CUCTeMa MOXKe

cradbnAn30BaTU.

MebyruMm, 1 mopea KBaAMTETHOT yIIpaBbamba CUCTEMOM, YHYTpallmhy
n/man craosammyu nopemehajun ¢axropu ogpebeHor uHTEH3UTETa MOrY
IIPOMEHUTH IIOHAIllakbe CUCTeMa U JAOBeCTH A0 HeOdeKMBaHNUX IyOuTaka 1
HeoCTBapMBarmba IIU/beBa cucreMa. To 3HauM 4a je cBakl CHCTeM IIOTeHLIjaAHO
M3A0XKeH PU3MINMa M Ja UCTpaXkuBame cucreMa Tpeba ga ce obaBsa U ca
acriekta pusuka. Pusuky je nmocseheHo 4eTspTo moraasme IyOamMKamuje Koje
Hocu Hasus ,OcHOBU Teopuje pusmka”. Y meMy cy HaBeleHe AedpMHUIIUje
pU3MKa IIPUCYTHE Y AUTEPATYPH, a 3aTUM je Ha OCHOBY EBVIXOBMX 3aje AHUMIKIX
OoApeJHNIIa M CUCTEMCKOI CXBaTama KBaaAuTeTa, Aara JedUHULIMja pU3UKa Y
O0AHOCY Ha KBaAuTeT. PU3MK ce mmocMaTpa Kao CTame cucreMa Koje je, ca jeaHe
crpaHe, Moryha mocaeguila omacHOCTM U HeAOCTaTKa 1AM Heojrosapajyhiux
Mepa 3allITHuTe, a ca ApyTe - BepoBaTaH HeIIOCpeJHN M3BOP PU3NIHOT Aorabaja
KOju M3asuBa HellpepepeHTHy IIpOMeHy KBaAuTeTa, OAHOCHO AOBOAM AO
ryomuraka y cucremy. Y OBOM Jedy obOpabeHm cy: cymTmHa, Ipupoja u
KapaKTepUCTUKe PU3NKa, OCHOBHI U M3BEACHI IIOKa3aTeAby PU3NKa, METOAN 3a
KBaHTUQUKAIMjy puU3MKa (MeToJ BepoBaTHONe, MeTOJ eKCIIepTHUX OIleHa U
MaTpUYHU MeToAM), Kao M MOIYNHOCTH M OrpaHNuYemha IIpuMeHe IOojeAMHIX

MeToJa.
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Pusunm ce mebycoOHo pasaukyjy 1o mMecTy u BpeMeHy HacTaHKa, Opojy
YVHYTpalllbUX U CIOAAlImUX (gakTopa KOju yTUdy Ha HMBO PU3UKA, 110
KapakTepy IIOCAeAMIIa, 3aTUM IIO HauMHy ONMCKBaIba, METOAMMAa aHAAWU3e U
ynpasmamba wuta. Ilpema 00jexTy JeaoBama IIOCTOje: MHAMBUAYAAHM,
COLIMjaAH!, TeXHUYKM, €KOAOIIKM ¥ eKOHOMcKU pusuin. CBaka BpcTa pu3MKa
yCAOB/Ab€HA je KapaKTepUCTUIHMM U3BOopuMa 1 (PakTopuMa puU3UKa, KOju Cy
HaBeAEeHU y OBOM Iloraassy. IlocebGan Bua pusuka IipeAcTaBbajy BaHpeaHe
cutyanuje. BaHpegna cuTyanmja HacTaje Kajga Cy HeAOBOAHM pecypcu 3a
3aIITUTy ODOjeKaTa pu3MKa (byau, collMjadHe TIpyIle, MaTepUjalHN PecypcH,
TeXHUYKM CHCTeMM U OOjeKTM, eKOAOIIKM CHUCTeMM), duMe OHM IIOCTajy

1o0ceOHO IIOBPEAVBI.

[Ipeaysumame Mepa yCMepeHNX Ha eAVMIHICabe Y3poKa HacTaHKa 1/MAu
MIUHMMM3anMjy edekaTa pM3MJIHOI Jorabaja, kao m Mepa 3a obOesbebeme
MIHMMaJAHUX TyOMTaka I OTKJAamarme IIocAejuIla YKOAMKO Jobe 40
peaamsanuje PpuU3NYHUX Jorabaja, YMHM OCHOBY VIIpaB/barba PU3UKOM.
,,YIIpaB/batbe PU3UKOM” je Has3UB IIeTOT II0TAaB./ba OBe ITyOAMKanyje. Y meMy Cy
AaTe KapaKTepUCTUKe, IPNUCTYIIY, eAeMeHTH 1 ¢ase yIpaBbarba PU3NKOM, Kao
M HeKM OJ HauMHa CTPyKTypupama Ipolleca yHpaBbama PU3IKOM.
AHaausupaHe Cy KapaKTepUCTMKe M CHelnUIHOCTM CUCTeMa yIpab/bara
PU3UKOM, Koje ce oraedajy y pekummma (QyHKIMOHNCAIba, CTPYKTYpu (1Ipe
CBeTa  OpraHM3alliOHO]), KapakTepy uHdopMmaliuja, IubeBUMa U
KpuUTepujyMuMa yipassama. IIpukasanu cy mporpamu 1 Mepe 3a IIpeBeHLINjy
M eAMMMHNCAIe y3poKa M IlocleAMIla PU3MYHMX Jorabaja (cTparterko
IIAaHUpame), a 3aTUM U KapaKTepuUCTHKe OIlepaTUBHOT yIIpaB/bara y
ycAoBuMa IIOjaBe M pa3Boja oBuX jgorabaja BesaHmx, Ipe cBera, 3a BaHpeAHe
curyaumje. Ha kpajy je aar xmOpugHm Mogea yIpaBdbarkba PUSMKOM
KOMILAEKCHIX, COIIMO-TeXHUYKMX cucreMa. Mogea obesdebyje amnammuky
MHTEeTpalMjy pasAndUTUX TeXHMKa MoJeAuparba UM IIpeAcTaBsba OCHOBY 3a

peaaHy aHaAn3y 1 yIipaB/batb€ PM3MKOM KOMIIAE€KCHNX CUICTEMaA.

Kwyune peuu: cucmem, ONWMA THEOPUja CUCMEMA, CUCHIEMCKA AHAAUA,
K6aAumem, moder, Moderuparbe, Ynpasoaroe, O00AYUUSAtbE,
pU3UK, YNpasoarve pUsUKoM, 6aHpedHa Cumyayuja
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SYSTEM AND RISK THEORY

SUMMARY

Systems in our environment are becoming more and more complex. The
complexity of modern systems results from the existence of and interaction
between different resources (human, physical, financial, information
resources), as well as from the characteristics of their dynamic, turbulent
environment. The analysis and management of complex systems cannot be
based on traditional engineering approaches and methods, without a thorough
consideration of the problems, priorities, interactions, available resources, and
especially without assessing the effects and verifying the solutions agreed on
and/or the decisions made.

Even though it is well known that problem solving at the level of the
system is more effective than improving its individual parts, today there are
considerably more methods and procedures for solving individual problems in
the system. There are very few applicable and consistent methodologies for
solving problems at the level of the system that also contain procedures for
solving individual problems. That is why any research in this field is extremely
significant. The basis for this research should be general systems theory since it
provides a unified set of terms, methods and techniques for research and the
description of complex research objects (complex systems). In examining the
system, general systems theory uses the systems approach as a methodological
approach to scientific research, systems thinking as the basis of the systems
approach and systems analysis as a methodological procedure of gaining
knowledge about the system.

One of the main problems connected to complex systems is the problem of
risk analysis and management. The basis for solving this multidisciplinary
problem is offered by risk theory. Based on the achievements of recognised
scientific disciplines, risk theory is not merely a synthesis of these disciplines;
on the contrary, it is an interdisciplinary synthesis which gives a new quality
not regarding objects of knowledge, but concerning concepts and methods, and
primarily principles and axioms. Due to its interdisciplinarity and a
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fundamentally new object of research, the authors, together with many experts
in the field, regard risk theory as a new scientific discipline.

Substantial improvement in examining risk in complex systems has been
made by applying the systems approach and systems analysis. The researcher
applying systems analysis does not use new techniques and methods, but a
different conceptual approach and research methodology. Systems analysis,
using familiar techniques and methods, manages to conceptualise and solve
the problem of risk in complex systems successfully, and in this way enable the
accelerated development of preventive engineering as a means for carrying out
a policy of complex system risk management.

The authors of this book also contribute to the development in the field of
preventive engineering by discussing the issues which provide a solid basis for
examining and improving prevention, that is, management based on risk. This
is significant because methodologies and analyses related to solving problems
of systems design and the application of preventive measures in the stage of
designing the system are not highly developed. It seems justified to assume
that herein lie huge potentials for efficient risk management of the system as
well as for achieving certain financial and other effects.

The basic idea of the authors of this book was to present systems view of
risk and form the basis for the development of methodology for complex
system risk analysis and management. In accordance with the basic idea, the
subject matter of the book is discussed in five chapters: Bases of Systems
Theory, System Research, System Management, Bases of Risk Theory and Risk
Management.

The first chapter is called ‘Bases of Systems Theory’. The characteristics,
laws and tasks of general systems theory are presented, as well as the place of
general systems theory in the structure of systems disciplines. Also, the main
characteristics of systems approach, systems thinking and systems analysis are
discussed. General systems terms are defined: system; the state, processes and
behaviour of the system; structure of the system; environment; quality, levels
of quality (stability, managebility, functionality and self-organisation), as well
as quality atttributes (attributes of the system's resources, attributes of resource
use and attributes of social responsibility).

In the second chapter, 'System Research’, stages and functions of systems
analysis are explained, as well as the algorithm of the system research
procedure. While the first three stages are discussed briefly, the fourth stage of
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systems analysis is explained in detail. It is the stage in which the systems
model is formed, and which involves: defining and presenting the system,
generating the structure, the relation between the structure and the behaviour,
generating the systems model and the behaviour of the system. Matrices of the
system’s transformation, matrices for presenting static and dynamic relations
between the elements of the given system, as well as matrices of connections
between the elements of the system are presented. The classification of models
is given, with special attention devoted to mathematical models (differential
equation model, state space model and transfer function model) and analogies
in mathematical modelling, then graphic models (block diagrams, signal flow
graphs, bond graphs and Petri nets) and logical models.

In the third chapter, entitled ‘System Management’, the types, elements
and characteristics of management system are presented. Special attention is
given to feedback, which characterises all closed management systems
(technical, economic, biological, organisational), its contribution to the
management process, as well as the way in which different feedback
mechanisms contribute to management quality. The basic dynamic elements in
management system are analysed: proportional, differential and integral
elements, as well as their combinations: proportional-differential, proportional-
integral and proportional-integral-differential elements. The behaviour of
certain elements and processes is presented: RC circuits, differential mercury
manometer, the process of forming a product price, the chemical process and
the process of population growth. The goal is to point to analogies in the
behaviour of different types of systems (electrical, pneumatic, economic,
chemical, biological). Namely, certain physical occurrences and processes that
are mutually different take place in an analogous way and are mathematically
described by the same analytical expressions. Describing different physical
occurrences by using analytical expressions belonging to the same class points
to an analogy in the behaviour of different physical occurrences and the laws
used to explain them. The analogy between certain systems having different
physical nature makes it possible to apply knowledge in one field to analogous
systems in other fields. The examination of the original system (mechanical,
technical, hydraulic, economic, ecological) is conducted by using the electrical
system as a model. The reason for this is that electrical systems are easy to
model and simulate on the computer.

The chapter also involves the main observations concerning decision
making, the most important stage in the management process. Decision



making is a process consisting of a number of activities which should be taken
in order to choose the best solution (alternative). Decision making, as a rule,
means emoloying complex problem-solving processes with the following
typical stages: defining the problem, generating the alternatives and making
the decision.

The possibility to choose external management influences is a qualitative
leap in the methodological approach to analysing the system. The given system
(the research object) is no longer autonomous and becomes part of the system
of a higher level of organisation — the management system. If the behaviour of
the managed system changes due to a certain perturbance, the managing
system forces it to correct its behaviour and make it compatible with the
defined goal. In other words, management can stabilise the behaviour of the
system.

However, in spite of quality system management, internal and/or external
perturbance factors of a certain intensity can change the behaviour of the
system and bring about unexpected losses and failure to achieve the aims of
the system. This means that every system is potentially exposed to risks and
that any system research should be carried out with risk in mind as well. Risk
is dealt with in the fourth chapter of the book, entitled ‘Bases of Risk Theory’.
This chapter first presents the definitions of risk in the literature; then, based
on their common elements and systems understanding of quality, it provides a
definition of risk related to quality. Risk is viewed as the condition of the
system which is, on the one hand, a possible consequence of danger and the
lack of protective measures or using inappropriate protective measures; on the
other hand, it is a probable immediate source of risk event causing non-
preferential quality change, that is, losses in the system. In this chapter, the
essence, nature and characteristics of risk, basic and derived risk indicators,
methods for risk quantification (probability method, the method of expert
estimation and matrix methods), as well as the possibilities and the limits of
employing certain methods are presented. Risks differ in terms of the place and
time of occurrence, the number of internal and external factors influencing the
risk level, the type of consequences, the way risks are described, methods of
analysis and management, etc. Depending on the object exposed to risk, there
are individual, social, technical, ecological and economic risks. Each kind of
risk is caused by certain sources and factors, which are presented in this
chapter. Emergencies represent a special kind of risk. An emergency occurs
when resources for the protection of risk objects (people, social groups,
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material resources, technical systems and objects, ecological systems) are
insufficient, so they become particularly vulnerable.

Taking measures aimed at eliminating the causes of risk event occurrence
and/or minimising its effects, as well as measures for minimising losses and
eliminating the consequences in case of risk events, provide the basis of risk
management. The fifth chapter of the book is entitled ‘Risk Management’. It
presents the characteristics of, approaches to, elements and stages of risk
management, as well as some of the ways of structuring the risk management
process. This chapter also analyses risk management characteristics and
specificities, which are reflected in: functioning modes, structure (primarily
organisational structure), character of information, management aims and
criteria. Measures and procedures for preventing and eliminating the causes
and consequences of risk events (strategic planning) are presented, as well as
characteristics of operational management in case of the occurrence and
development of risk events which are primarily related to emergencies. Finally,
a hybrid model of managing risk in complex social and technical systems is
presented. The model provides a dynamic integration of different modelling
techniques and represents the basis for realistic analysis and managing risk in
complex systems.

Key words: system, general systems theory, systems analysis, quality,
model, modelling, management, decision making, risk, risk
management, emergency
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