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Cazkerak: TpaguIUOHATHU IPUCTYII IPOydYaBakby HHTEPAKNHUja IPYIITBA H IIPUPOJE 3aCHOBAH HA PEIyKIHOHU3MY
U JIMHEapHO] Kay3alHOCTH HE yCIeBa aJeKBaTHO Ja 00jaCHM KOMIUIEKCHY IMHAMHKY HHTETPAaTHHX COLHO-
€KOHOMCKHMX W mpuponHux cucrema. Crora, cBe yemihe ce 4yjy amesi y NMPWIOT TEOPUjH KOMIUIEKCHOCTH. 3a
pa3yMeBame HHTEpaKIWja IPYLITBA M IPUPOJE, YOBEKA M HETOBE JKUBOTHE CPEAMHE MOpa CE KPEHYTH Of
HCTpaKMBamba HAYMHA HA KOjH Ta JiBa ccTeMa (DYHKLHOHHMIILY 3aj€/IHO, a He 3aII04eTH HCTPAKUBAKE aHAIIM30M THX
cHcTeMa caMux 3a cebe, n30s10BaHO. Kako KOMIUIEKCHH MPHUCTYN Ha HALIeM IIPOCTOPY HHUje JOBOJBHO IO3HAT, Y
IIPBOM JIeNTy pajia ce MpHKasyje MOMaK y MULUBCHY OJ PEAYKIHOHU3MA Ka XOJIM3MY U TEOPHjU KOMIUICKCHOCTH. Y
JPYroM JIelly, TeXKHIITE je CTAaBJbEHO HA CBOjCTBA KOMILUICKCHHX CHCTEMa KakKaB je CHCTEM 4YOBEK (ApYIITBO) -
PHpPOJA.

KibyuHe peun: peyKIMOHH3aM, XOJIN3aM, TEOPUja KOMIUICKCHOCTH, CIIOjEHH MPUPOAHU U APYIITBEHH CUCTEMU

YBoa

ExoJio3u 1 Hay4yHHIM KOju ce 0aBe )KUBOTHOM CPEIMHOM CarjlaCHH Cy y CTaBOBHMa
Ja Cy MHOTH JaHAlIFU SKOJOWKH MPOOJeMU MOCMATPaHH Y Pa3IndUTOM MPOCTOPHOM H
BPEMEHCKOM OKBHpPY BEOMa CIIOKEHH CHCTEMCKH IpoOiemu. [IpHpomHun W IpyIITBEHH
CHCTEMH CIIOXKEHH Cy CaMH I10 ceOH, aiy 300T IoMepama o IPUPOIHHX Ka IIPEOBIaiaBamy
CHCTeMa HM3MEHEHHX JbYICKMM AaKTHBHOCTHMA (TOKpeTaynMa IpPOMEHa), MHOTH OJ THX
npobiieMa yKJby4yjy MOJaTHY KOMILICKCHOCT KOja MPOMCTHYE U3 y3ajaMHOI JeJOoBama Ta
JiBa cucrema. PazymeBame CII0KEHOCTH MHTETPAIHUX MPHUPOAHUX M JPYLITBEHHX CUCTEMa
KOja IPOUCTHYE M3 WMHTEpaKiija MOpa KPEeHYyTH Of NMpoyudaBama HauMHAa Ha KOjU Ta JBa
cucreMa (YHKIMOHHMIILY 3aje[HO, a HE OJ] IPOyYaBama TUX CHCTEMa OZIBOjeHO. Y HAcCTOjamy
Jla ce OCTBapH KOHIENT OJPKUBOCTH IIOTPEOHO je Pa3BUTH HOBM KOHLENTYalHU OKBHD
(KOMIJIEKCHO CHCTEMCKO MHIbEHE) Koju he 00yXBaTUTH KOMILIEKCHY TUHAMHKY COLHO-
eKOHOMCKHX u npuponHux cuctema (Li B.L., 2004). YV cBuM KoHIeNIIHjaMa U IPUCTYITUMA
eKOJIOIIKUM TMpoOJeMUMa HarjamaBa ce HUXOB MYJITHIVNMCH3HMOHATHM W IMHAMUYKH
KapakTep ¥ 3HaueHe (KOMIIEKCHH Y3POYHO-TIOCIEIMYHN OTHOCH).

[lpuxarame >XUBOTHE CpEAWHE KAo CIOKEHOT CHCTEMa OJHOCA IIPHPOIHE U
JPYIITBEHE CPeIMHE M EKOJOIIKOT IMpodieMa Kao CIOXKEHOT CHCTEMCKOr IpobiieMa Kora
KapakTepulle HEeIMHeapHOCT, AWHAMHYHOCT, MYJTHKOMIOHEHTHOCT W jp. (Antunes P.,
Santos R., 1999; Grzybowski A.G.S., Slocombe, D.S., 1988; Jbemesuh M., 2000;
Musbanosuhi ., 2007; Radovanovi¢ M., 1977a; Funtowicz S., Ravetz J.R., 1999; Hadfield
L., Seaton R.A.F., 1999; Hjotrth P., Bagheri A., 2006; Wang M.S. et al., 2000 u mp.)

Y pany cy NMpe3eHTOBaHM PE3YNTATH UCTPaXHMBama Ha OCHOBHOM mpojekty (146011), xoju ce dunancupa ox
cTpane MHUHUCTapCTBa 33 HAYKY U TEXHOJIOWKH pa3Boj Pemybnuke Cpouje.
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UMIUTMLIMpa NPUMEHY CHCTEMCKE IapaJurMe OJHOCHO TEOpHje KOMIUIEKCHHUX CHCTEMa.
KoMIutekcHOCT je y caBpeMeHOj Haylli ojaM KOju ce Beke 3a ()eHOMEHE KOjU Ce HE MOTY
OIMcaTH KIACMYHUM HAaYMHAMA M MeToJaMa Ia Ce jaBJbajy HOBH KOHLENTH Yy HayMHY
BUXOBE HWHTEpIpeTanuje (caMoopraHu3anuja, eMepreHuuja, path dependence - TyT
3aBHCHOCTH M TO3WTHBHA MoBparHa crpera). O reorpad)ckoM MHUILBEHY M NPHUCTYIY Y
npoyuaBamby OJHOCA MPHPOAA-APYIITBO IMOCTOju Oorata HayuHa rpaha (o Tome he y
HapeIHUM TOTIaB/bHMa BUIIIE OUTH pedn).

[Ipuka3oM HemocTaTaka TPaJWIOHATHOT MOTJe[a Ha CBET KOjU HACc OKpYKyje
(penyKIMOHU3aM), LITO 3HAYM MCKJbYUHBAIEC CBAKe BPCTE YITHMATHBHE JMHEAPHOCTH Ha
penanuju  y3poK-MOCHenuia yia3dMo Yy HOBY oOOlacT Hayke 3HaHy Kao Teopuja
KOMIUICKCHOCTH (3aCHOBaHa Ha JOCTUTHyliMMa KBaHTHE (PU3UKE - XOJUCTHYKH MPHUCTYII).
AKIIeHAT je Ha IpolieciMa a He CTamy, Ha KpeTamy a He Ha Outucawy. CBe 1mTo ce gorabha
3aBUCH O] AMHAMuKe IlenuHe. [loHamame M OCOOMHE cHCTeMa HE NPOUCTHYY CaMo H3
0cOOMHA IHErOBHX KOMIIOHEHaTa Beh y BEIHMKOM CTeleHy W3 NpHpOJAE M HHTCH3UTETa
WHTEpakIfja u mporeca n3Melhy mux. Mopa ce yBaXUTH Mpeka HHTEpaKIHja, OTHOCHO
obpascuu/hopme MeljynejcTBa Ipupoae U APYIITBA KOjH UMajy CBOj MIPOCTOPHHU ojpa3, 6e3
003upa paaniio ce o0 Be3u, MPOLECY WU OJHOCY, U BPEMEHCKY auMeH3ujy. CymTuHa je y
MOBE3aHOCTH KOMIIOHeHaTa cuctema, noBpatHuM (fedback) mporecuma koju u3a3uBajy
HEJIMHEeapHO MOHAIIAkE, CAMOOPTaHU3AIMjH U EMEPIeHTHHM (HOBOHACTAINM) CBOjCTBUMA.

Hamr nmsb jecte a yKakeMoO Ha 3HA4aj KOjH KOMIUIEKCHH MPHUCTYM U KOMILIEKCHO
MHUIUBEHE KOje YKJbydyje CHCTEMCKO U TPOIECHO, Kao JIOTHMKA W HCTPaXHBAaYKa
METOJIOJIOTHja MMa Y HAa4yMHy HpoMmarpama o0jekTa (PKUBOTHA CpPEIMHA Kao AWHAMHYKH
CHCTEM), y carjefiaBamby NMPOMEHa Y CHCTEMHMa KPO3 MPOYYaBamke CIOKCHUX WHTEpPaKIHja
YHyTap MHTETPAJHUX NPUPOJHHX M JPYIITBEHHX CHCTEMAa M CBEOOYXBATHOM Pa3yMEBAarbC
JUHAMHUYKE MPUPOJE TUX CUCTEMA, ¥ TO IPE CBEra y TEOPHjCKOM CMHUCITY.

KoMnjieKCHOCT Kao eJleMeHT HHTerpanmje

CucrteMn Koju c€ cacToje M3 CKyla elleMeHaTa KOjU ylla3e y HelnHeapHe
UHTEpaKLje Ha3MuBajy Ce KomMnieKkHcum cucmemuma. KOMIUIEKCHOCT HHUje ayTOMAaTCKH
pesyatar Beher Opoja enemenarta w/winu ofHoca (Besa) y cuctemy (Gallopin G.C. et al.,
2001). HenuueapHa mpupojga HWHTepakidja (y3ajaMHO A€lI0Bambe) H3Mel)y CHCTEeMCKHX
JIeNIoBa pa3iiMKyjeé KOMIUIEKCHE OJI jeIHOCTaBHHX, JHMHEApHHUX CUCTEeMa, M Je(HHHIIE
BUXOBY YHYTpalllhy CTPYKTYypy, NMOHamame u Mojen npomene (Manson S.M., 2001),
yrHehH MX TEXKUM 33 pa3yMeBame U yrpaBibame. Beoma jake uHTEpakimje Mel)y aenoBumMa
cucteMa He omMoryhaBajy cTBapame IEHTpAIHE XHjepapXHjcKe CTPYKType CIocoOHE aa
yIpaBJjba UCXOIOM (PE3yJITaTOM) 3a PA3NUKy OJ JIMHEAPHHUX CHCTEeMa, TAE CY YIpaBibayKe
dyHKIMje nenTpanHO KoopmuHHcaHe'. KOMIUTEKCHHM CHCTEMH ce KapaKTepHILy jaKuM
(HenuHeapHMM) WHTepakuujamMa wu3Mely genoBa, CJIOXKEHMM MOBpPAaTHHM cHperama
(metspama) Koje OTeKaBajy Pa3IMKOBabE y3pOKa OJ] MOCIICANIA U 3HAYAjHIUM TPOCTOPHUAM U
BPEMEHCKUM 3aocTajarbuMa (oTpedaH je AyKu BPEeMEHCKHU mepuo/y 3a npahemwe npoieca u
obpazara nmpomMeHa), nparosuma (Oudypkanuja) u orpanuuemuma (Constanza, R. et al.,
1993), u 300r ToTa Ce HE MOTY pa3yMeTH PeAyKINOHUCTUIKOM JIOTHKOM.

Couno-eKoNOmKH CHCTEMH CY HEpas3loKUBH CHUCTEMH jep HHXOBa CBOjCTBA,
oOpaciy TOHaIIakma M CTPYKTypa HACTajy M3 HMHTEpaKldja - IHHAMUYKO YKPIITame

! JluHeapHM cHCTEMH ce pa3BHjajy INIaTKO M KOHTHHYHPAHO, Ka jE€JHOM CTamy paBHOTexe. Ycien mopemehaja,
MEXaHH3MHUMa HETaTHBHE IIOBPAaTHE CIpere cUcTeM ce Bpalia MOHOBO y MOYETHO PABHOTEXHO cTrame. Jlormka
KOMIUIEKCHHUX CHCTEMa je MOTIYHO JApyrauuja: oojekat A yruue Ha o0jekar b anu u objekar b nmoBpatHo ytuue Ha
objexar A. Ilpu ToMme, IpOMEHE y jeJHO] KOMIOHEHTH, W3a3BaHE [EjCTBOM JApyre KOMIIOHEHTE, MEHajy Ha4uH
ICHOT JICJIOBarba Ha APYTy, U 00PaTHO, a 3aje/{HO HA CUCTEM Y LICIHHH.
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COLMjaNHUX M eKONomWKHX KommoneHata (Gallopin G.C., 2006)”. Peu je o cnoxeHuM
(usnukoreorpa)CKuM (IPUPOTHAM) U COLMO-EKOHOMCKHM (QHTPOIIOTEHHM) CHCTEMHMa
KOju (pYHKIIMOHHMITY Ka0 WHTETpHCaHA IeNWHA y TpaHuIaMa ofpeheHuX TepUTOPHjaTHUX
jenmHunna. JKuBOTHaA cpelyHa, Ka0 BEJMKH JHMHAMUYKH CUCTEM JH(Y3HOT (CTOXACTHYKOT)
Kapakrepa, ca YOBEKOM (IpymTBOM) 00pa3syje HEPacKUIUBO AUjAICKTHYKO jEIUHCTBO
(Radovanovi¢ M., 1977b; Jbemeruh M., 1980). V cucremy ce npoxxumajy 3aKOHH HEKHBHX,
JKMBHUX W JPYIITBEHUX CHCTEMa KOjH Ce HE MOTY CBECTH Ha HaydHe 3aKOHE HHM CaMo
NPUPOJHHUX, HA CaMO XyMaHHCTHUYKUX Hayka. Kon McTpaxkuBama CIIOjEeHHX NPUPOJHHUX H
JBYJICKAX CHCTEMa akIleHaT je Ha: 1) oOpacuuma ¥ IpolecuMa KOjU noee3yjy JbYACKE U
NPUPOJHE CHCTEME; 2) PELUIPOYHUM WHTEpakifjamMa W IOBpaTHUM crperama (edexTu
JbyJM HA MPUPOIY W MOBPATHO, YTUIAj NMPUPOJE Ha Jbyle) U 3) pasyMeBamwy y3ajaMHOT
JIeJI0OBamka MPUPOTHUX H JbYJCKAX KOMIIOHEHATA YHYTap jeJHOT HMBOA, KA0 U WHTEpaKIHje
Mel)y TepuTOpHjaHIM HHBOMMAa (KaKO W3 JIOKATHWK HHTEpaknuja u3Mmel)y MHOIITBa
YHHMJIANa HacTaje (eHoMeH Behux pa3mepa u 00paTHO, FerOB YTHIIA] Ha JIOKATHE CHCTEME)
(Liu J. et al., 2007b). OcHOBHa CBOjCTBa cUCTEMa KOjH CYy y Behoj MM Mamk0j MEepH MIPOXKETH
TEXHOC(EPOM, YHUME je YCIOBJbEHA CBE MHTCH3MBHHMja HHTCPaKIMja H3Mely MPHUpOITHHX
reocucTeMa, 4YOBEKa M TEXHOJOTHje Cy: OlpaHHYCHA palMOHANIHOCT, OTpaHHYeHa
oapeheHOCT, OrpaHUYeHa MPEIBUIMBOCT Y MOHAIAMKY, HHACTEPMHHUCTHUKA Kay3alHOCT U
esoiyTuBHe rpomene (Hjotrth P., Bagheri A., 2006).

VYenen MynTHIMMEH3MOHATHOCTH M AMHAMUYHOCTH KMBOTHA CPEAMHA Ko MpPEaAMET
UCTpaXMBama ,,CHAKHO YTHYC Ha Pa3BOj MHTCPAMCLMIUTHHAPHUX HAyYHHX O00JIacTH, Ha
WHTETpallMoHe Tmporece y caBpeMenoj Haymu~ (Radovanovic M., 1977a). Ananorao
u3HeToM cxBatamy M. PajoBaHoBuha BHOMMO MECTO M 3Hadaj HayKe O KOMIUICKCHOCTH.
[poyyaBamy KOMIUIEKCHHX CHCTEMa jé CBOjCTBEHA MHTEPIMCUUILIMHAPHOCT, KOMOMHAILH]ja
MOTIYHO PAa3IMYUTHX METONOJIOTHja M BEIITHHA Y OTKPUBAKBY M IIPEICTaBIbamby
ojeTMHAYHIX ¥ HAa CHCTEMCKOM HHBOY oOpa3ana noHamama (Harrison S. ef al., 2006).

CBojcTBa exonomkux mpobiema oOpaljeHa cy y OpojHO] JUTEpaTypH, W3aBajamMo
caMo Heke ayrtope. Ekosyomku mnpoOiieMH Cy IO HPUPOIM KOMIUIEKCHH, JWHAMUYHH,
HeJIMHeapHH U BUIIeanMeH3uoHanHu (Wang M.S. ef al., 2000); To cy eMepreHTHH CUCTEMHU
ca WCIpeIUIeTaHHM XHjepapxujama’, He MOCTOjH jacHAa XHjepapXHjcKa pa3rpaHHUYEHOCT
(Hadfield L., Seaton, R.A.F., 1999); mocenyjy CBOjCTBO HeiuHeapHe Kay3aiHOCMU: BUIIE
y3poKa MOXeE JONPHHETH CTBapamy CaMO jelHE MOCIEAWIe; BUILIE IOCIEANIAa MOXKE
PE3yNTUPATH OJ jEAHOT NMPUTHUCKA; KOMIUICKCHE Be3¢ M OJHOCH H3Mel)y eKOCHCTEeMCKHX
KOMIIOHEHTH W Ha Kpajy, WHAWPEKTHH, KYMYJaTUBHM W YTHLAJH HACTAIM 3ajCIHUYKUM
JieroBameM Bule pakxTopa (cuaepru3am) (Antunes P., Santos R., 1999).

W xox mpuMeHe eKOJOLIKMX WHIMKATOpa Yy IPOLEHH CTama JXHBOTHE CpPEIHHE
nmomohy pazmmuntux mozena (PSR, DSR wmmm DPSIR) cyouaBamo ce ca Temkohama y
o0yxBaTamy KOMIUIEKCHOCTH OJHOCa KOjH BIanajy y CHCTEMY JKHBOTHE cpeause. Mako
Mmatpuna ,.DPSIR® ocBerspaBa y3podyHM J1aHAI] 3a CBAaKH OJ EKOJOIIKUX IpobiieMa
(eyTpodukanuja, ocupoMaIlemhe OMOIUBEP3UTETA U JIP.), Y UCTO BPEMe, MaTpHIia je ,,rpyoo
10j€THOCTABJbUBAE KOMITJICKCHOCTH Tpolieca U MeljyBe3a y cTBapHOM cBeTy (Swart ef al.,
1995; mpeysero w3 Niemeijer, D., de Groot, R.S., 2008). M3 Tor pasmora ayropu

Zy €HIJIECKO]j JINTEpaTypH KOpHCTE ce ciefelin TEpPMHHU: COLMO-EKOJIOIIKU cucTeMu (,,social-ecological systems®;
Gallopin G., 1991; Berkes F., Folke C., 1998), cnojenn sbyncku u mnpupoaHu cucrtemu (,,coupled human-
environment systems®; Turner L. et al., 2003; mpeysero u3 Gallopin G., 2006) 1 connOOHO(PU3NUKY CUCTEMH
(,,sociobiophysical systems®; Grzybowski A.G.S., Slocombe D.S., 1988).
7 OBy TBpABY Tpeda pazaMKOBATH O/ MHASTEPMHHU3MAa KOjU TPE CBEra OJpHye Y3pOuHy y3ajaMHY MOBE3aHOCT
NPHUPOJE U APYIITBA M CTaBJba APYIITBO U3HA[ IPUPOJIE, OAHOCHO H3BaH IPUPOE.

Tepawy cy wiycTpoBaiud pasMarpajyhu 3araljeHoct Bazmyxa caoOpahajeM u mpoOiem ca pecrnupaTOpHUM
OoJsiecTMa Kao eMEPreHTaH CUCTEM Ha penanuju: caodpahaj - 3arajuBame Basayxa - 6osect (actma).
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WHCHCTHUPAjy Ha YBohemy MpexHe Kay3aaHOCTH (Y3POUHOCTH), IITO 3aXTeBa XyOJbH YBHUI Y
KOMIIJIEKCHOCT CTBAPHOT' CBETA.

Beoma wm3paxeHa monena y mpoydaBamy (U3MUKOr KOMIUIEKCa C jemHe W
JPYIITBEHOT C Apyre CTpaHe, [1a CAaMHM THM M HayKa IPeJCTaBJba JPYIITBEHO-HCTOPH]jCKH
NPOM3BOJ KOjH C€ KEJIH IMOHHUIITHTH ,,0KkpeTambeM ka komiuiekcHoctu (Urry J., 2006).
Haume, 1iusb jecTe pacKua ca HAyYHOM TPAIHIIMjOM OJ/IBajarka MPUPOJIE O IpyIuTBa Oyayhn
Ja ux 00oje, Kao ITO CMO MCTAaKIH, KapaKTEPHIIE CIOXKEHOCT. AyTOpU M3 APYIITBEHUX
HayKa ce Yy MpoydYaBamy CIOXEHUX (MHTETPUCAHUX) JbYACKUX M IPHUPOJHHUX CHCTEMa
Hajuemthe ¢Qokycupajy Ha Melhyspyacke onHOce, MUHHMH3Hpajyhu yiory eKoJOomIKor
KOHTEKCTa WJIM MaK YTHIaje Ha )KMBOTHY CPEUHY Olakajy Kao KOHCTaHTHe BenuuuHe (?!),
JOK Cy €KOJIO3M TPaJHIHMOHAIHO YCMEPEHH Ha OYyBaHE NMPHPOIHE CPEAUWHE Yy KOjuMa Cy
JbYZW PETKO JOMHUHAHTHH YMHHUOLM. Mako MUCHMIUTMHApHA UCTPaXKUBaKka M NAJbe OCTajy
3Ha4YajHa 3a yHampehuBame ca3Hama O CTPOTO AWCHUILIMHAPHUM IHTamHMa y OpOjHUM
aCTIeKTHMA JbYJCKUX U MPUPOJHUX CHCTEMa, OHO IITO je CHTYPHO jecTe Aa je HelIeIOTBOPHO
UCTPAXUBATH JPYIITBEHE W NPHPOIHE CUCTEME OBOjEHO KaJla ce MCTPaKMBamba OJHOCE Ha
MHTEpaKIKje Ha JHMHHUJH YOBEK (APYIITBO) - NpUpoJa. Y TOM KOHTEKCTY HeMa JIOTHKE 3a
MCKJbYUHBAKE TECHE y3ajaMHe TIOBE3aHOCTH Ta jBa cucteMa (Liu J, ef al., 2007b)°. Ynpaso
NPUHLMUI 2e0cucmemMHocy TIOIpa3yMeBa Jia ce IPU CBUM aKTHUBHOCTHMA Y 3alITUTH )KUBOTHE
CpeArHEe M OYyBamby NPHPOJE MOpa BOAWTH padyHa O jEJUHCTBY CHCTeMa reorpadckux
TnojaBa, mporieca 1 (akTopa, Ja MojeAMHAYHH MPOIECH MOTY OUTH M3y4aBaHH IMOCEOHO aju
Jla ce HBHMXO0Ba yliora HE MOXE IOCMaTpaTd OJBOjEHO OJf CUCTEMCKH ITOBE3aHUX OCTaJINX
(akropa u mpoueca (Jbemmesuh M., 2007). KoMrutekcHO carienaBame IPOCTOPHUX OJHOCA
carjacHo je pa3MHUIUbAaKbUMa O CJIOKSHUM OJHOCHMA NPHPOJIE U IPYIITRA.

CIIOXEHOCT EKOJOMKHUX INpolieMa y KojuMa je CXBaTame jeNMHCTBA YOBEKa H
cpenuHe U Be3e Mel)y mojaBama 1 BIXOB Mel)yCOOHM yTHIIaj jeHa O HajBaXKHUjUX 0cOOMHA
(aymm HajTeXka 3a OMEpaIMOHAIM3AIN]Y), TIpy’ka U MOTYHHOCTH y Teorpad)CKoM IMPHCTYITY
0BOj mpoOsremaruiu. ['eorpaduja kao cBoj mMpeaMeT, OCHM IPOCTOPHE PaCIPOCTPAHEHOCTH
U CXBaTama MPOCTOPHUX OJIHOCA, YKJbyUyje YIPABO EIEMEHT IOBE3aHOCTH M MHTETpalyje
melhy nojaBama u nponecuma. [lojeanHe nojase u nporecy NpeMET Cy IPyrux Hayka, Be3e
Meljy mojaBama, HBHXOB MeljyCOOHM yTHIA] M HHTEPaKIMja M MPOCTOPHA KOMIIOHCHTA
NIpeCTaBibajy HajBakHHje reorpadceke caapxaje. XOMUCTUUKK TPHUCTYI, IPUCTYI
KOMILJIEKCHOT M CBEOOYXBAaTHOI carjiefaBama W CXBaTama HEKOr MpodiieMa onaroBapa M
reorpa¢uju (IIETOBUTOCT - CBOJjCTBO Teorpa)CKOr MHUILBbEHA), a TUME U JAehUHUCADY
LIEIOBUTHX, HUKAaKO TIapO{jaliHAX, peniema. Hamme, xomuctuuko Buleme cBera,
Kopuinheme CHCTEMCKOT OKBHpa U HaryalllaBakbe WMHTETPATHOCTH TPHPOAHUX H
IpYIITBEHUX HayKa HHCY ,,HOBA“ Hay4yHa ca3Hama M oTkpmha. Alexander von Humbolt
(1769-1859) jeman ox BenmkaHa reorpaduje U MpeneoHe eKOJOTHje NeQHHHUIIe Tpeaeo Ha
cnenehn maumn: ,Landschaft ist das Totalcharacter einer Erdgegend“®. Ilonoxaj na
packpuihy Hayka omoryhaBa reorpaduju Ja HUCTpaxyje KOMIUIEKCHE mpoOieMe u
MehjycoOne unTepakiuje npupoae u apymrea ([puunh M., 2007). Mako cy reocucremu,
TEPUTOPHUjaJIHU CHCTEMH, Ieorpa)CKu CUCTEMH T'€ONPOCTOpHA CTBAPHOCT M HENEJHHBOCT,

3 Koumumupasse ,science of coupled human and nature systems* (CHANS) MOeMO TyMauHTH Ka0 HACTOjambe 12
ce moceOHO amocTpodupa HYXKHOCT XOJIHCTHYKOL CariefaBarma OJHOCA M Iporeca wu3Mely IpupogHor u
JIPYLITBEHOT CHCTEMa M MHTErpalije CBMX HaBEJICHMX acrekara. KpaTak mcropujaT M HpeaMET HCTpaKMBarba
HayKe O CIOjeHUM JbYACKUM U IIPUPOTHUM cUcTeMuMa aaT je y: Liu et al. (2007b).

¢ Hasonehn 3Be3ne Ha reorpadckom HeOy* ox antuke mo 18. Beka (Herodotus, Strabon, Ptolemaios, Sebastian
Muinster, Bernhard Varenius, Anton Friedrich Buisching, Georg Forster, and Carl Ritter) O. Franzle (2001) uctuue
pasiiore 3amTo noceGHo u3/Baja XyMm00aTa: HUjeAaH O IOMEHYTUX ayTopa HHje MOKYIIA0 Jla CXBATH 3eMJby WU
BCHE JICIOBE Y BHXOBOM CTPYKTYPHOM [MBEP3HTETY M KOMIUIEKCHOCTH OHOTHYKHMX M aOMOTHYKHX MelyoxHoca,
HHUTH Cy YKJbYYMBAIM HMIIPECUBHH BapHjeTeT APYIITBEHHMX acliekara, Kao IITO je To ymeo XyMOoiT, Kao
HCTpaXXuBay u reorpad.
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YIPaBo 300T BEUXOBE M3y3€THE KOMIUIEKCHOCTH M IOBE3aHOCTH OHHM Y LIEJIOCTH HE OU MOTJIH
6uTH jenmHo reorpadeku objekat nerpaxnpama (Sterc S, 1986).

YTrnaju Ha reorpadcKo HCTPaXMBamke KPO3 TEOPHjy KOMIUIEKCHOCTH HCIOJbaBaIN
ce 80-ux roamHa MpouuIoT Beka. Permja cxBaheHa kao KOMITJICKCaH CHCTEM OWJIa je jeHa of
OCHOBHMX IIPOM3BOJA OBOT EIHCTEMOIONIKOr TPUCTYNa . XOIHCTHUKO IIPEJCTABIHAE
NPOCTOPHUX CaJipKaja Koje MPOMCTHYE M3 KOHIENTa OJPKUBOI pa3Boja YUYBPCTUIIO je€
MEPCIICKTURY Yy reorpaduju Koja je mpoydyasajia MPOCTOPHE CUCTEME Y CKIIAy Ca TCOPHjOM
KOMITJIEKCHOCTH. 3axBajbyjyhil CBOjOj CHOCOOHOCTH J1a MHTETPHUILIE JPYIITBEHE U MIPUPOIHE
KOMITOHEHTE TNPOCTOpa M KOHKPETHHUX MECTa Yy XOJMCTHYKE BH3Hje, reorpaduja 3amoduja
pactyhu 3nauaj (Vallega A., 2007). OHo miTo je 3a reorpadujy Kpo3 HCTOPHjy 3HAYHO
KOHIICTIT pETHOHA JIaHAaC je TO XKMBOTHA CpelrHA (M MHUTamka Be3aHa 3a BbY), Kao HEHTPATHH
opraam3anuonn koHment (Demeritt D., 2009). 1 3a D.L. Skola rmobamau TpeHAOBH Y
Mpoy4yaBamy EKOJOMIKMX mpobieMa ca KJBYYHHM HAarjlaCKOM Ha cJoxeHe MehycoOHe
WHTEpaKIfje YoBeKa (OpyIITBAa) W JKUBOTHE CpeIWHE y HOBOM BEKy IpeacTaBibahie
,»MoryhHOCTH 1 H3a30Be 3a reorpadujy kao uaTerpainy mucuumimHy  (Skole D.L., 2004).

IIpoyuBame omHOCA Ha pENAlMjU MPUPONA-APYIITBO (YOBEK-)KMBOTHA CPEIUHA)
NpeJCTaB/ba KOHCTAHTHY TeMy Kpo3 ucropujy reorpaduje (Golledge R.G., 2002). Beoma
JeTajbaH MpUKa3 JBa TINaBHa reorpad)cka WAECHTUTETA M HCTOPHJCKH TPECEK HUXOBOT
onmHoca nao je Turner (2002): reorpaduja kao mpocropHOo-xopoiomika Hayka (Karl Ritter,
Ferdinand von Richthofen, Alfred Hettner u np.) u reorpaduja kao Hayka o OZHOCHMA
yoBek-mipupozaa (Alexander von Humbolt, Joachim Schouw, Elisée Reclus, Peter Kropotnik
n ap.). OBuM mpucTynuMa y reorpad)CKUM HCTpaXHBambHMa 3ajeJHHYKO je TOBE3HMBAILC
¢u3nuKke M ApyIITBEHE reorpaduje, oIHOCHO jeAMHCTBO reorpaduje kao Hayke. Turner
nojctuye reorpade na peBHTANU3Yjy TpaJWIMOHANHA reorpad)cka NpoydaBama OJHOCA
n3Mel)y 4oBeka M NPHUPOAHE CPEIMHE Ca HICjOM Ja Ta MpoydaBarha II0OCTaHYy LEHTPAHH
cagpxaj reorpadekor maenrurera (Turner 1T B.L., 2002)®. Hayunn pagosu o 3uadajy u
MecTy reorpaduje y CHUCTEMy HayKa; HYKHOCTH IpeBasmiiaXema jasa/monena wusMmely
¢usnuke u npymrBeHe reorpaduje (LITo je CyIpOTHO HICjU O jEANHCTBY Kao KOHIIENTY 3a
Kojy cy ce 3amaranu Hartshome, Anuchin, Haggett, Hagerstrand u mp.), a moceOHO O
reorpa)CKOM HPUCTYIy HCTPaKUBaWy JKHUBOTHE cpenuHe cy Opojuu (Vallega A., 2000,
Demerit D., 2009; Gober P., 2000; Golledge R.G., 2002; Goudie A. S., 1986; I'punh M.,
1987, 1990, 2007, 20096; Johnston R., 2006; Jbemesuh M., 1980, 1987, 1995, 2000;
Massey D., 1999; Skole D.L., 2004; Pitman A.J., 2005; PamosanoBuh M., 1967, 1977a,
1977b, 1988, 1993/94; Thrift N., 2002; Turner II B.L., 2002; Tommh [I., 2005; Hanson S.,
2004; Harrison S., 2001; Harrison S. et al., 2004; Clifford N.J., 2002 u nmp.). Mecto
reorpaduje y cucreMy Hayka y OyayhHOCTH W BeH IONPHHOC Y pelIaBamy TI00aTHUX
mpobiemMa, cariacHu Cy OpojHH ayTopu 3aBucumhe Ipe CBera OJ OCTBAapEHOT jeIMHCTBA
yHyTap came Hayke (Bumre y Harrison S. et al., 2004) u ocTBapuBama ,,CjeInmaBama’ WIH
,»xomonoruje uaenturera’ (Turner 11 B.L., 2002).

Kako uctuay J. Liu 1 capagHuIy, y CIOjeHUM JbYJCKHM M MPUPOJHHM CHCTEMHUMa
(YHKLMOHHMIIIE CUCTEM PELMIPOYHMX MOBPATHHUX cIpera (IeT/bU) y KOjUMa JbYIH C jeqHe
CTpaHe yTu4y Ha npupony (oOpacle u mpoiiece), a oHIa edeKTe CBOT JeJI0Bamba 0CETe KPOo3
KpuTuuHe (TOBpaTHE) WM KaTtacTpodanHe (HemoBparHe) mpomeHe. Ilersbe moOBpaTHOT

’ PecTpocnekT KOHTHHYHMTETa — JUCKOHTHHYHTETa CXBaTama peruje y reorpaduju o mapaaurmMe Xopoaorusma Jio
napaaurme GyHKIHOHATH3Ma—opranu3anuje npocropa Buaet y: Tommh (2005). @opmyanuje ayropa ga ce KOI
CaBPEMEHUX PErHOHATHOTeorpad)CKux CTyamja ,,yMecTo CHHTE3e, MHTerpanuje u Mel)y3aBUCHOCTH OCTaje Ha HUBOY
MHBEHTApU3alMje W JEeTa/bHUX aHAIM3a U KiacH(HKalja PerHOHAIHUX CTPYKTypa®, 1a CTyAHMje HHUCY 3aBpIICHE
,,LICJIOBUTOM CHHTE30M Koja Ou Ouia BHuIe 07 30Mpa pe3yirara MapUujalHHX aHaiu3a™ U Ja je 3alpaBo ped o
,,CKIEKTHYKMM KOHIJIOMEpaTuMa reorpadcke KoHoTtauuje!?“ NOBOJFHO ToBOpe O (HE)OCTBAPUBOCTU KOHIICHTA
peruje Kao KOMIUIEKCHOT CUCTEMa Y KJIACHYHOj CPIICKO] PErMOHAIHO]j reorpaduju.

¥ Tox mpuTHCKOM pa3sHHX CHelMjaTu3aluja reorpaduja je u3ryOuna 1eo MpeiMeTa CBOT MCTPaKHBama, ajH je
npoHanuia cebe Kpo3 HHTErPaTUBHY YJIOTY HayKe, M MHTETrpaHo carienaBame crBapHocTu (Jbemesuh M., 1995).
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JeJoBakba MOTy OWTH IIO3MTHBHE WM HETaTHBHE, MOTY BOJAUTH YyOp3aBamy WIH
ycHopaBamy TeMIIa IPOMEHa Kako y NPUPOJHUM, TaKO WU y APYIUTBEHHM CHCTEMUMa
(xommonentama) (Liu J. e al. 2007b)°. [Nokymiaju MpeTe) Ho AUCHUINTMHAPHUX HAYMHA
Jl0ce3ama OBe XOJIMCTUYKE, MHTEPAKTHBHE U CIOXKEHe Marepuje (aHayin3a 00jeKTa BHCOKOT
CTEMEHa CJIOKEHOCTH) OCyhieHH Cy Ha HeyclieX, y TOME Cy carjlacHd OpOjHH ayTOpH.
VYnpaBo, nocebaH 3Hauaj TEOpHje KOMIUIEKCHOCTH JIEXKH Y HEHO] HHTEPAUCIUILTHHAPHOCTH
(Proctor J.D., Larson B.M.H., 2005). Teopuja KOMIUIGKCHOCTH IIpy’ka OCHOBY 3a
HWHTEpAUCUUIUINHADHA HCTPaXKMBakbha W MPEBasWIIAKCHEe TpaHHia u3Mel)y HaydHuX
muciuuinHa  (Bennett D., McGinnis D., 2008) u jeaMHCTBEHY €NMHUCTEMOJIOMIKY
MIepCIeKTUBY 3a HayuHo nctpaxkusame (O'Sullivan D., 2004). [Ipema jenaom y nuteparypu
3aCTYIJbCHUX TyMauerha TEOpHja KOMIUICKCHOCTH HaM IIOMaXke Y pa3yMeBamy CTBapHOCTH,
Memamky HaunHa BHlema cTBapHOCTH. KOMIDIEKCHOCT je yjemHO W CBOjCTBO Treorpadcke
CTBapHOCTH.

O penyKIHOHHU3MA KA X0JIU3MY H TEOPHjH KOMILUIEKCHOCTH

Uctpaxyjyhu mnomak y morieny Ha cBeT, nouMmamy cBeta Dent Hayky o
KOMIUIEKHOCTH oO0jalImhaBa Kao TNPHCTYN Yy MCTPRXKUBAUYKOM pajy, MpoydaBamby H
npeasubhamy CTBapHOCTH KOju YMHU (prito3ocke OCHOBE TOT HOBOT Torjiena Ha cBeT. OH
yKJbydyje XOoJIM3aM, HEpCIEeKTHBHA OlaXamka, y3ajaMHy Kay3aJHOCT, IIOBE3aHOCT -
HWHTEpaKIMje Kao jeIUHMIly aHau3e (aKICHAT je Ha MPOIECY a HE Ha CTPYKTYPH) U Jp.
TpaauuyoHaIHH TIOTJIE] Ha CBET NpakTUKoBaH y 20. BeKy u3rpal)eH Ha XHIIOTE3H aTOMH3Ma,
3aCHHBA CE Ha PEIyKUHOHU3MY, ACTCPMHUHUCAHOCTH oApel)eHHX TeHACHLMja, 00jeKTUBHUM
HAyYHHM HCTpaXUBakHMa Koja HE YKIJbY4yjy MOCMaTpaya, JHHEApHOj Kay3alHOCTH,
SHTHUTETY Kao jexuaurm aHanuse u 1ap. (Dent E.B., 1999).

MeXaHUIUCTHYKU TIOTJIe]] Ha CBET MPBHU MyT je M3I0XHO0 JlekapT y cepaMHaecToM
BEKy, a 3aTuM je IbyTH ocTBapmo cuHTE3y m3Mel)y Hay9IHOT 3HaWka W MPHUHINIA, YAME je
MEXaHHUIUCTUYKN MOJIEJT YCIIOCTaBJbEH Kao TeMeJb Hayke (aHayloruja ca (pyHKIMOHUCAKEM
mammue)'’. HaydHa Teopuja mpeTnocTasba 1a ce CBaKa [0jaBa CBOAM HA CBOje CACTABHE
JIeNIOBe, a Jla je CBpXa HayKe Jla OJpe[H Te JEJIOBE W YTBPJAM OIIITE 3aKOHE MO KojuMa
(GYHKLIMOHHMINY, a CBaka IOCJICAMIAa MMa MPETXOAHH Y3pOK KOjU je Moryhe mpenu3HO
OJIpEIUTH Y TEPMHUHHUMA THX OMINTUX 3aKoHa. LlenmuHa ce pacTaBiba Ha JENOBE, JETAJLHO
aHaJIM3Mpa U 3aTUM MOHOBO cacTaBjhba Oe3 ryOuTaka cBojcTaBa y mpotecy. [Ipernocrasiba
ce Jia ITO BUIIE 3HAMO O (PyHKIMOHUCAY JeioBa BHIle heMo 3HATH O (YHKIIMOHUCAY
uenune. TakaB MoOrJieA ce 3aCHHMBA Ha cliefehuM IpeTmocTtaBKkama: Ja ynpaBibaTH Tpeda
pacraBibameM IeJIMHE Ha JIENIOBE, 1a MOh N3BUpE U3 CUIIE U JIa j€ CBET MOTITYHO HPE/IBUINB.

KommutekcHu (CTBapHM) CHCTEMH HE MOTy OWTH YCIIEIIHO pEOyKOBaHH Ha
MaTepHjaiiHe AeJoBe 0e3 TyOnTKa HEKOT 3Ha4ajHOT aTpruOyTa. To CBOjCTBO cCHCTEMa BOIWIIO
je yBohemy (pasze koja je mocrana MaHTpa 3a UCTPAKHUBAKBE KOMIUIEKCHOCTH, a KOja IJ1acu:
,,[IEJIMHA je BHUILIE O] CKymna CBUX eHuX enemenara’ (Mikulecky D.C., 2001). O Tome nuie
u De Landa: ,,.... To je u3 pasiora jep u3 oapeljeHHX KOMOMHAIMja HACcTajy HOBOHAcTajia
eMepeenmHa ceojcmed, Tj. CBOjCTBa KOMOMHAIIM]E Ko ICJTMHE KOja Cy YECTO MHOTO BHIIIC O]
30Mpa cBojcTaBa HEHUX NOjeNUHMX JeiioBa. Jlakie, ako pacwiaHUMO LEIHHY Ha JIEJIOBE U
3aTUM TOKyIIaMO Ja Ha4MHHUMO HEH MOJEN 0odasareM cacTojaka, HeheMOo 3aXBaTUTH

? V¥ pany J. Liu capaanuka (2007a), ananusupana cy pasiandura nojpy4vja (ypoana, monyypoaHa u ceocka), Kako y
pa3BHjeHUM Tako H y 3eMibaMa y pa3Bojy (Kenuja, Kuna, CA/l-e, bpasun u IlIBencka). Ha npumepuma je mokasana
KOMIUIEKCHOCT MHTETPaJHHUX JbYJACKUX U HMPUPOAHMX CHCTEMA KOja NPOMCTHYE M3 PA3HOIUKOCTH reorpad)cKux
JAaTOCTH Y JAOMUHAHTHUX APYIITBEHUX MpOLEca, 3aTUM HEJMHEapHa IMHaMHUKa ca nparoBuma (Oudypkarmje),
[OBpATHA CIIPEra, XeTePOreHOCT, 3HeHaljeha y MOHAIIaky CHCTEMA U APYTa CBOjCTBA.

1 Kapresujancka KOHIeMNIHja 106MIA je IIE3AeCeTHX M CelaMJECeTHX TOJMHA TPOIIIOT BEKa CBOje MECTO H Y
reorpaduju y ckiomy Teopuje antponorenese nanamadra (Panocasibesuh P., Panosanosuh M., 1990).
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HUjeIHO CBOjCTBO KOj€ ce (EMEpreHTHO) M0jaBIiI0 U3 KOMIUIEKCHUX Mel)ynenoBama, Oymyhu
Jla BbUXOB JIONIPUHOC MOKE OMTH M MYyJNTHILUTUKATHBAH (HIIP. Y3ajaMHO HalperoBame), a He
camo agutuBan” (De Landa M., 2002).

JluHeapaHa Kay3aJHOCT Ka0 HAYWH MHUIUbEHA/Pa3sMUIIIbaba WIH IPEHETO Ha obJiacTt
ynpasJbama - cucteM komande u konmpone (Holling C.S., Meffe, G.K., 1996; npeysero u3
Hjotrth P., Bagheri, A.; 2006) npuMemyje ce Kpo3 peliaBame npodieMa HaKOH IITO Ce OH
Joroju (peakTHBHO JesoBamke). OBa mapagurma UMIDIHIUTHO IPETIIOCTaBIba Jia je IpodieM
jacHO OrpaHWYeH (WM3/IBOjeH), jaCHO Ne(UHUCAH, PEIATHBHO jeTHOCTABaH U JIMHEApaH Ha
peNanyju y3poK - MOCIeAnIa. YTpaBhambe SKOJOIIKHM MPodieMUMa Kaj ce mpooiemu Beh
nojase je y crBapu ()eHOMEH OZICyCTBa yIpaBibama. [lo Te cuTyanuje 10a3u yrpaBo ycies
M30CTaHKA XOJMCTHUKOT H KOMIUIEKCHOT Mumubema (Wulun J., 2007)'". Ca yBakaBamem
KOMIIJIEKCHOCTH Kao TakBe Of0allyje ce KOHLENT KOHTPOJIC M Biajama, OH OMBa 3aMCHCH
3ajeMHIYKAM yIpaBibambeM (shared governance) y KOjU Cy YKIJbydeHH OpOJHH aKTepu
(momena oarooprocTr). CTpora XujepapXUIHOCT W JTHHEAPHOCT OWMBAjy 3aMEHEHH HOBUM
onHocuMma m3Mel)y OpojHUX akTepa Ha Pa3ITMYUTHM HUBOMMA (TKUBO U MpeXa WHTEPAKIIH]ja).

[Ipena3 ca TpaaMIMOHAIHOT Ha CaBPEMEHHU MOTJIE]] HA CBET 3aXTEBa NPOMEHY Y
munubewy. [lo Dent-y, oHa je HyxkHa M Heu3OexHa. OcuM Tora, JIOTHYHO 3By4Ye H
KOHCTaTallMje Jla YKOJIUKO U Jlajbe TeKHMO Ja Ce pa3BUjaMO W HAIpeayjeMO Y OBOM CBETY
MOpPaMO KOpUTOBAaTH HEKe Halle HajayOjbe MEHTaJIHe MOJeNe O CBETY M O HallluM
MHTepaKIujaMa ca npupoaoM . HajHeonXoMHUjH IOMAK, HAIJaIlaBa ayTop, OAHOCH CE Ha
IIOMaK y MUIIbEHY TAKO Jia HAyKa O KOMILIEKCHOCTH Oy/ie BuljeHa Kao ,,HopMasiHa“ Hayka'
(Dent, E.B., 1999). LlenTpanHo 3a KOMIUIEKCHOCT jecTe Hieja emepeenyuje’® kao mpouec
»~HacTajaa HOBUX M KOXEPEHTHHX CTPYKTypa, OOJHMKa W CBOjCTaBa y KOMIUICKCHHM
cUCTeMHMa y TOKy IIpolieca caMoopraHusanuje” a ,,eMEepreHTHH (eHOMEHH Cy
KOHIIENTYyaIN30BaHH Ha MakKpo HHBOY, 332 Pa3IMKy O KOMIIOHEHaTa W Iporeca M3 KOjUX
HacTajy Ha MUKpo HHBOY" (Goldstein J., 1999). dakie, yTumaju ca MUKPO HHUBOA CHCTEMa
(menoBM) Ha MaKpo HHUBO (I[ETMHA) HACTA]y U3 MHTEpaKIMja HErOBUX JeloBa. VHTepakiuja
MPOU3BOU TIOBPATHY CIIPEry KOjOM aKTYeJIHO CTamke CHCTEMa TUPEKTHO MIIM WHAUPEKTHO
yTu4e Ha merosa Oynyha crama, yera MU BO)eHH CBOjJUM YCKUM M OTPaHMYCHUM LIUJbEBUMA
(v uWHTEepecMMa) HHCMO CBECHM WJIM HE XeluMo OuTH. CHCTEMCKe KapaKTepHCTHKE
pe3yiTupajy U3 IMHAMHYHMAX MHTepakiuja Mel)y komnonenTama cucrema. One omoryhasajy
CBOJIyIIMjy W TPajHOCT EMEPreHTHHX CHCTEMa, KakaB je W COIMO-OMO(DM3MYKU WK
WHTETPaTHU IPUPOJHU U IPYLITBEHH CHCTEM.

Hayka o komnnexcnocmu ce GoKycupa Ha TpU KJbYYHE TauyKe: IMHAMHYKE MPOMEHE
TOKOM BpeMEHa, Yy3ajaMHO [I€jCTBO M paBHOTEXa u3Mel)y HeraTMBHE CHCTEMCKH
crabmnmmsyjyhe u MO3UTHBHE CHCTEMCKH AecTabminmsyjyhe moBpaTHe crpere u orpaHHYCHa

" Cavim [IOJTHACIIOBOM ,,V Mucauma cjeOuHumu pazosojeHo. npemnocmagka o kaysaiHocmu™ bek ncrnde na ce
HCKa3H O YrPOXKEHOCTH HMKaJ HE MOTY PEIyKOBaTH Ha IyKO MO3HABAHE YMEbCHHIA. PH3MLH MoJepHHM3aLuje ce
300r CBOje CTPYKType HE MOTrYy JOBOJBHO HHTEPHPETHPATH IIpeMa IPHUHIUILY IIPOy3pOKOBama. Y pHU3HIHMa
MOJIEpHHM3aLIMje CTBApH KOje Cy ,,CaJpXKMHCKH, KOHKPETHO, IPOCTOPHO U BPEMEHCKM CACBUM Pa3iIMYHUTE Kay3alHO
ce CKyIUbajy M THME JOBOJE Yy APYLITBEHH U MPABHU KOHTEKCT OATOBOPHOCTH™, ajld Kao IITO 3HAMO, HACTaBJba
ayTop ... ,,[IPETHOCTAaBKE O Kay3aJHOCTH M3MUUY HALIEM ONakamy, OHE cy Teopuja. OHe yeek mopajy da ce
3amucne, noopazymesajy kao ucmunume, da ce y mwux eepyje” (ucraxna J[.M.). Ko unHCHCTHpa Ha CTPHUKTHOj
Kay3aJHOCTH ,,0CIIOpaBa PEaJHOCT Be3a, Koje 300T Tora HUIITa Mamwe He ersuctupajy” (bex V., 2001).

"2V 6pojHOj UTEpaTypH CYCpeTaTH CMO CE Ca H3BAHPEIHOM MHUCIH A. AjHmTajua: ,Hujesan npoGneM ce He Moxe
PELINTH U3 UCTOT TUIA CBECTH U3 KOjer je HacTao. MopaMo Hay4HTH BUAETH CBET .

1 Kao mro je mo3uaTo, mo KOHIENTy o Hayunoj pesonyyuju T.S. Kuhn-a, HacTanak HOBe HapagurMe mofpasyMesa
HECTaHaK CTape KOja He MOXE Ja IIOHYIH OJrOBOPE Ha CII0XKCHA ITUTaba, T TAKO OMBa 3aMEH-CHA.

" Emergens - oHaj xoju ce mojaBibyje; to emerge - emergent phenomena (emeprentau denomen). OTyna u
TEPMHUHU eMepeeHmu3am, KOjUM C€ Yy HOBHjOj EMHCTEMOJIOTHjH O3HayaBajy MNPHCTYIH TEOPHjU Ca3Hama KOju
[I0YMBAjy Ha HJEjH I0jaBE CIOXCHHX OPraHM30BaHHX CTPYKTypa HACTAINMX M3 MACOBHHMX MHTEPAKIUja BEIUKOT
Opoja jeMHOCTaBHUX elleMeHaTa H eMepeeHmHoCT KOjUM ce oapel)yjy cBojcTBa cucteMa Koja HUCY OHia caipkaHa
HH Y JeHOM EETOBOM CIIEMEHTY.
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y npensubhamy noxamama cuctema (Cooksey R.W., 2001)". TlojaBuma kao oarosop Ha
OIIIITE HE3aJ0BOJECTBO TPAAUIMOHATIHUM HAyYHUM MHILBCHEM, IpaKcaMa M HUXOBOM
HecriocoOHomNy na mpoHal)y myT W ,,yxBaTe” HHINTAa BHIIE OCHM CEHKE KOMIUIEKCHE
crBaproctu (Mikulecky D.C., 2001). Iloumame CTBapHOCTH je TMOHEKaa 10 T Mepe
MOjJeTHOCTABJ/CHO W TMAPIMjaHO J1a CE MOTIYHO TI'yOHM CJIOKEHOCT (PCHOMEHA KOjy OHa
emanupa. [Ipema Holling-y, Teopujcku OKBHp U IPOLEC 3a pa3yMeBambe CIOKEHUX CHCTEMa
Mopa J1a 3a70BoJbU ciiefehe kpuTepujyme: a) Aa Oyae mro je Moryhe jemHOCTaBaH alnu He
JETHOCTaBHHMjU OJf CTBapHOCTH (4YyBeHa m3peka A. AjHINTajHa) IOTO OJAKIIaBa
KOMYHHKaIl]y W pa3yMeBame; 0) lla je NUHAMHYaH M IPECKPHUIITHBAaH, HE CTaTH4YaH H
JIECKPHUIITHBAH M B) Jla 00yxBaTu HeoJpeeHOCT U HeNpeIBUANBOCT, jep Cy M3HeHahewa u
CTPYKTypHE NPOMEHE HEU30CTAaBHA CBOjCTBA CHCTEMa KOjH YKJbY4yjy NPHUPOAY M HYOBEKa.
KoMriekcHH cUCTeMH Cy caMOOpraHn3oBaHu cuctemu Harmamasa Holling, y xojuma manu
CKYHI KPUTHUYHHX IIpPOIIeca CTBapa U OAprKaBa CaMOOPTaHU3aLHjy. 3a ayTopa KOMIUIEKCHOCT
THUX CHCTEMa HE IIOTHYe OJ CIYYajHOT YApYKHBamba BEIHKOT Opoja HHTEpPaKTHBHHX
¢dakropa Beh mpe w3 mamor Opoja ympamieaukmx mnpomeca (Holling C.S., 2001), u3
KOMIUIEKCAa Be3a M HHTEepaKiyja OUONOLIKHX, APYLITBEHO-MCTOPHjCKUX M HPOCTOPHO-
reorpadckux ycioBa M umHWiIana. Hayka ¢okycupaHa Ha HHTEpakuuje W IIOBpaTHe
MeXaHHM3Me je MOCEeOHO aluIMKaTHBHA 332 Hay4Ha MUTaka O HAYMHAMA Ha KOje je YOBEK
(conno-eKOHOMCKH CHCTEM) TTOBE3aH Ca CPEANHOM Y KOjOj )KUBH Y JTUHAMHYKH CTOXACTUYKH
CHCTEM - IOTOTOBO IOLITO j€ PEAYKIMOHHWCTHYKA Hayka o0Oe30eruia yBHJ Y TO Kako
NojeAnHaYHM AenoBH QyHKIHOHHITY camu 3a cede (Bennet D., McGinnis D., 2008).

HcrpakuBame KOMIUIEKCHOCTH 3aXTeBa HOBH OKBHU, a TO jé HOBH HAUWH MHILBCHA
MIO3HAT Ka0 KOMNIEeKCHO muuiwerve. lllTa Kapakrepuiie Taj HOBHM HauuH MHIUbEHa?
OpbanuBame 1ojena, pacTaBjbara, aHAIM3Upama W (QparMeHTaluje IejdnHa y Mame U
Mame JeNoBe (YeCTHIE) M YCMEpeHOCT Ka WHTErpalujH, ITOBE3aHOCTH, CHHTE3H H
KOMIUICMEHTapHOCTH. EMepreHTM3aM Mema CIeNo OClamamke Ha JHHEapHOCT H
JETePMUHHUCTUYKE IIpOlleCe HEJIMHEapHHM M XaOTHYHUM Ipouecuma. [loMak wu3a3uBa
MPEOKPET O BEpoBama O HEMOOWTHY OOjeKTHBHOCT M CHUTYPHOCT HaydHE HCTHHE Ka
OTKpUBaWky TpaHUIA HAayYHOI 3Hama, Ka IOTpeOM 3a KOHTEKCTYaJHHUM CarjlelaBameM
CTBapHOCTH H TmoTpedbu ma ce m3bopumo ca HemsBecHoctmma (Naveh Z., 2000).
[pexperHuLa y pa3Bojy Hay4He MUCIHM HACTaje Ca HOBUM OTKpuhKMa AjHIITAjHA U KBAaHTHE
¢usnke koju cy OWIM y CYnpoTHOCTH ca mnorjienom IbyrHoBe ¢wusuke. Teopuja
penatuBUTETa je OWia NpBa 3HayajHA WHAWKaNMja y (QU3MLIK O MOTPeOU NMpEencruTHBAbA
MexaHunucTHukor pena. Kao mro cy ce um mpehyTHe mnpermocraBke MeXaHHIU3Ma
IpocTHpalie M3BaH HayKe W3 KOje Cy NOHMKIE, Tako Ou ¥ mpehyTHE NpeTHnocTaBke O
ypeheHoCcTH CTBapHOCTH Kao ,,HeAeJbHBE LENMHE " MOIJIe 1a UMajy mmpH ytruiaj (Tangyin
K., 2005). Ako, yMecTo J1a pa3MHIIIJbAMO O OJ[BOjEHUM CHTHTETHMA ITOYHEMO 1a MUCIHMO O
(yHIaMeHTaTHOj LIEeMMHH Koja 00yXBaTa M TOBe3yje CBE elleMeHTe KOju je rpajne, oHaa he
caM OBakaB HAYMH MHIUBCHA OIPESOUTH W HOBE IPUCTYIE JKMBOTHOj CPEIHHH.
[ToctMozepHe HayKe KOHBEPIUpajy Yy HOBY ENUCTEMOJOIIKY IAPaAuTMy - eKOJOWKY
nepcnekmugy, WAPOKo cxBaheHy Kao ,,lIpero3HaBame (PyHIaMEHTATHUX Mel)y3aBHCHOCTH
cBux (heHOMeHa W yrpal)eHOCTH IIOjeWHIIA W APYIITaBa y IUKIWYHE oOpacie mpupome’
(Capra F., 1988; mpeysero u3 Sokal N., 2002)"°.

' TeopHja KOMITIEKCHOCTH 320KyTIJba HAYYHY jaBHOCT U3 PasHEX o6macT o1 80-THX TOIMHA IPOTILTOT Beka. Bume
0 TEOpHjH KOMIUIEKCHOCTH y: Eemergence, 3(1), 2001.

1® O ¢unosodcknm craBosuma F. Capre u C. Bohm-a e y: Bojkosuh I'. (2007). Aytop mpuxsara ¢umosodcke
CTaBOBE O HEAEJbUBOCTH, ypel)eHOCTH, TMHAMUIM LeIHHEe, YCMEPEHOCTH Ha MPOIlece U APYre KPUTEpHjyMe HOBOT
HavynHa ocMartpama ctBapHocTH. Heka o cBojcraBa moctmonepre Hayke npema N. Sokal-y (2002) cy: narnmacak
je Ha HeMMHEeapHOCTH U JUCKOHTHHYHTETY; 3aTHM, HOCTMOJEPHA HayKa JAeKOHCTPYHMILE U HAAUIA3U KapTe3UjaHCKy
MeTaU3HIKy TUCTUHKLM]Y u3Mel)y doBeka u mpupoe, mocMarpada 1 HOCMaTpaHor, cy0jekTa u o0jexTa; oxbaiyje
CTaTHYHE OHTOJIOIIKE KAaTEropHje M XHjepapXujCKe KapaKTepUCTUKE MOACPHHCTHYKE HAayKe; yMECTO aTOMH3Ma M
PeayKIMOHI3MA HOBE HayKe HCTHYY IMHAMHYKY MPEXY OHOCA LieJINHE U IeJI0Ba U JIp.
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[Ipernen TeopWja KOMIUIEKCHOCTH - CTPYKTYPY PpasJIMYMTHX KOHIENara WIH
THUIIOJIOTH]Y TIPUCTYIa KOMIUIEKCHOCTH Jaje Manson. [locebaH Hariacak cTaBJbeH je Ha
UCTPaXUBAake TPH Kilace KOMIUIEKCHOCTH: alropuraMmcka (KOMIUIEKCHA MaTeMaTH4Ka
TeopHja © Teopwja HWHPOpMaIHMja), AECTEPMUHUCTHYKA (TEOpHja Xaoca W TeopHja
karacTpoa) U arperaTHa KOMILICKCHOCT (MCIUTYje KaKO MOjeIUHAYHM CIEMCHTH ACTIY]jy
3ajeHO CTBapyjyhH cHCTeM KOMIUIEKCHOT moHamama) (Manson S., 2001). Mu hemo ce
0aBUTH camo arperaTHoM KomiuiekcHomthy jep, kako wuctude O'Sullivan, ,arperatna
KOMIUIEKCHOCT je pelieBaHTHa M IMOCeOHO HMHTEepecaHTHa 3a reorpa)cka HCTpaKMBama“
(OSullivan D., 2004). OnHa uMIUIMIMpa JAa W3 JIOKAJHE IPOCTOPHE KOHQUTYparyje
eJeMeHaTa M MHTepaknuja Mel)y einemeHTHMa (IPUPOAHUM W aHTPONOTIEHHM) HACTajy
W3JIa3HU pe3yNITaTH Ha HUBOY Iieinor cucteMa. [1o N. Trift-y koMIuiekcHocCT je ,,TeIo Teopuje
KOje je HATIPUPOJHO MPOCTOPHO H ,,JOK Cy C€ NPETXOJHE TEOpHje IPETSIKHO OaBHIiIe
BPEMEHCKOM JWMEH3UjOM, TeOpHja KOMIUIEKCHOCTH je jeAHaKO 3aWHTEepecoBaHa M 3a
mpoctop (Trift N., 1999). Ilpoctop je KOMIUIEKCHO TKHBO MPHUPOIHHUX, COLHWjATHUX,
eKOHOMCKHX, IOJMTHYKHX M JPYIHX OJHOCa KOjH C€ TOKOM BpeMEHa IIPOCTOPHO
CTPYKTypHpajy ¥ KoHpurypupajy. Kao mro je pedyeHo, Hayka O KOMIUIEKCHOCTH je
HCTOBPEMEHO 3aMHTEPECOBaHA 32 BPEMEHCKY M IPOCTOPHY IUMEH3Hjy CHCTeMa, Maja je
MHOT'0 BHIIIE TIMCAHO O JUHAMHYKOM €JIEMEHTY y OJTHOCY Ha IIPOCTOPHY Pa3HOBPCHOCT, KaKoO
y TNPHUPOAHUM TaKko W Yy JpPYyLITBEHHMM Haykama. TeopHja KOMIUIEKCHOCTH mpema D.
OSullivan-y wu capamaunuma octaje  (OKycHpaHa Ha BpPEMEHCKY JAMMEH3Hjy, Ha
JNe(pUHACAE PA3TIMYUTHX BPCTa MIPOMCHA: YYCHE, CBOIYIH]Y, OudypKanujy, TUCHIIAIN]Y U
camoopranuzanyjy. Kako wctudy ayTopu, Teopuja je ,,3arpimia‘ HOCTOPHY aHalH3y Kao
MPUCTYN y KOMIUIEKCHHM MpoydyaBamuMa. Mel)ycoOHe HHTepaKIHje CHCTEMCKHX elieMeHaTa
3aBHCE OJI MPOCTOPHE CTPYKTYPUPAHOCTH a OHE MOTOM YTHYy Ha €BOJIYLHjy MPOCTOpHE
cTpykType (opmupame HOBe cTpykrype). [lo3Haro je ma je Be3a m3Mmeljy mpocTopHe
KOH(UTYpaIHje/IpoCTOpHUX o0pa3ana U mporeca MpeaMeT HHTEPEeCcOBama U MPOCTOPHIX
Hayka. [Ipemo3HaBame 3Ha4aja MPOCTOPHOT aclekTa (KOH(HUrypalmja 1mojasa 1 mporeca) 3a
JMHAMHKY ¥ €BOJIYLIU]Y CHCTEMa y Hayl[il O KOMIUIEKCHOCTH BOJIJIO j€ Ca3Hamy Ja je OCUM
BpeMeHCKe naumMmensuje (path dependent) Beoma OWTHA W TPOCTOPHA IUMEH3Hja (space
dependent), ono 1mto je Beh ogaBHO Mo3HATO y mpocTopHuM Haykama (O'Sullivan D. et al.,
2006). 3a pazymeBame 1 ynpaBibambe AMHAMUKOM OJIHOCA YOBEKA M JKUBOTHE CPEJHHE, T/e
Cy BpeMe M MPOCTOp HEPACKHUMBO MOBE3aHNW MHTErPATHH MPHUCTYI Ha PENalujH ,,lIPOCTOp-
Bpeme™ je on cymTHHCKOT 3Hadaja (Massey D., 1999). Ymopkoc ,ImeMaTcKoM™ TOUMamy
NpocTopa TBpAKA O ONUCKOCTH Teorpaduje M Hayke O KOMIUIEKCHOCTH je ONpaBaaHa
(OSullivan D., 2004)"".

KoMIekcHH CHCTEMCKHM MpHCTYH O0O0yxBaTa OpraHM3alOHe, IPOCTOPHE H
BpeMeHcKe cnojuutle mmel)y sbynckux u npupoanux cuctema (Liu J., 2007b). ITo Manson-
y (2001), arperatHa KOMIUIEKCHOCT MpPHUXBaTa XOJNHW3aM W CHHEPrHjy Koja IPOHCTHYE U3
UHTepaKipja Mel)y KOMIIOHEHATa CUCTEMa. 3a Eh€HO Pa3yMEBambe HEOIMXIOHO j€ UCTPAKUTH
KJbYYHHU ceT MeljycoOHO ToBe3aHnX KOHIEeNaTa KojuMa ce Ie(HHHUIIE KOMILIEKCaH CUCTEM H
TO Cy: 0OHOCU usMely eHmumema; YHympauwirsa CHMpyKmypa W oKpyjicere; yuere'w mu
eMep2eHmHO NoOHAWare U pasiudumy Ha4uHy Ha Koje ce KOMNIEKCHU CUCMeMU Merbajy u
pazeujajy. Cpue arperaTHe KOMIUICKCHOCTH JIKH Y Y3ajaMHOM JieJioBamy Mehy
kommoneHara. OHa 1oceyje MHOTO TOTa LITO W OIIITa TEOpHja CUCTEMA, Tj. ca HOM JIEeIH
AQHTHPEIYKIIMOHU3aM M XOJHCTHUYKO CXBaTame cucreMcke MehymosesaHoctu. OHO mITO
TEOPHjy KOMIUICKCHOCTH pa3jIHKyje OJ ONIITE TEOpHje CHCTEMa ayTop W3HOCH KpO3 TpH

7O onmocy m3melyy reorpaduje u Teopuje KOMIIEKCHOCTH (KOHIENTY eMepreHiuje) Buire y: Manson S.M.,
O'Sullivan D. (2006); O,Sullivan D. (2004); O'Sullivan D. et al. (2006), Harrison S. et al. (2006).

'8 TToBparna uH(bopManmja (peakiuja) U3 CTBAPHOT CBETAa MOAMGHKYje CTPYKTYpYy HAUIMX MEHTATHMX MOJENA Y
oaHocy mpema mpupoan. Kpo3 mporec yuema MocTajeMo CBECHHM AMHAMHYHHMX OJJHOCA Yy CHCTEMY M HHXOBHX
MIPOMEHA TOKOM BpeMeHa (MEeXaHH3aM [MOBPATHUX CIIPEera).
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CTaBKe: #p60, KOMIUIEKCHOCT C€ OJHOCH HAa HEIMHEeapHy II0BE3aHOCT KOHCTAHTHO
IPOMEHJBUBUX CHTHTETA, JOK TEOpHja CHCTEMa CYNPOTHO, MCTPaXKyje CTaTUYHE SHTUTETE
MOBE3aHE JIMHEApHUM Be3aMa Koje Cy AeHHHCAHE MPEeKO MPOTOKa M 3annxa (eHepruje u
undopmanmja); opyeo, Teopuja cucrtemMa ce OaBH KBAHTUTATUBHUM (KOJMYMHE MPOTOKA
eHepruje U MHpOpMAIMja) ¥ HE HEONXOJHO W KBAIUTATUBHUM, 32 Pa3iMKy O] TEOpHje
KOMIUIEKCHOCTH KOja ce OaBM KBJIMTATUBHMM KapaKTepPHCTHKama; mpehie, KOMILIEKCHO
UCTpaXHMBakhE HCIUTYje KaKO HAcTaje WIM Cce I0jaBJbyjeé KOMIUIEKCHO IIOHAIIAkE U3
peNaTHBHO jeTHOCTaBHUX JIOKATHMUX HHTepakiuja Mehy KOMIIOHEHaTa CHCTeMa TOKOM
BpeMeHa. TeopHja cucTeMa NIPETIIOCTaBJba Ja CHCTEM Er3HCTHpa y CTamby PaBHOTEXKE U
Hernpa noTpe0y MCTpaXuBama HpoMeHa ogHoca Mely eleMeHTMMa cucTema' .
KommurekcHa nctpaknBama moTBphyjy a CUCTEMH MOCEyjy eMEepTreHTHE (CHHEPTHCTHYIKE)
KapaKTEpUCTHKE KOje ce He MOT'y pa3yMeTH 0e3 moriiesia Ha Ipupoxy MeljycoOHOr aAenoBama
cyOkommoneHTH. Mako je oBa mieja Ouina TpacupaHa W Koa Apucrorerna, Manson cmarpa
moceOHO BaKHUM HCTahy J1a je KOMIIEKCHO UCTPaKMBAIbE Y BE3U ca MPOyJIaBarkbeM HaunHa
Ha KOjU C€ CHCTeM Mema/pa3BHja TOKOM BpEeMEHa YcCJield WHTepakiija HeroBHX
KOHCTHTYTHUBHHUX JIeJI0Ba. BpeHOCT TeopHje KOMIUIEKCHOCTH ITOCTOjU Y OYMMa OHUX KOjH je
HOZpKaBajy. 3a HeKe je OHa Mpoja3Ha MOJA, 3a APYre KOHLENTYyalHH OKBHP, a 3a OCTaie
NHOHHUPCKU npekun ca tbyTHoBuM cBeToM Koju Hectaje (Manson S.M., 2001). [latu nornen
Ha KOMIUIEKCHOCT ((peHOMEH Koju ce MCTpaKyje) he BepoBaTHO MMaTH TpajaH yTHIa] Ha
HayuHy npakcy, cmarpa O’'Sullivan. 3a ayropa, 1mojaBJbMBame NPBOT PEAYKIIMOHUCTUYKOT
Kopaka y ToMm mpouecy je Hem3bexno (O'Sullivan, D., 2004). [lo nama, morpebHO je
MIO3HABATH OCHOBHA CaJipKajHa U CTPYKTypHA 00eTexja, OABOjeHO MPUPOE U IPYIITBA, alll
caMo y (yHKIMjU pasyMmeBama CIOKCHUX M JHHAMHYHHMX Mpoleca KOjU HX IOBE3Yjy
(craBoBu u M. Jbemesuha, 2007). MHoOro BHIE O TEOPHjH KOMIUICKCHOCTH MOXE C€
nponahu y pamoBuma S.M.Manson (2001) u D. O'Sullivan (2004).

Bpahamo ce Ha muTame KOMIUIEKCHOT MUIJbEHa KOTa YHHE CHCTEMCKO M IIPOLIECHO
Mulbewe. Emblemsvag u Bras nctudy 1a Mako je CHCTEeMCKO MHIIIbEH¢ BEOMa 3HAYaJHO Y
pelaBamy EKOJIOUIKMX Npo0JieMa M BEJIMKHM HCKOpPaK Yy IPaBOM CMepy, OHO je WIaK
Hee(HKACHO y pellaBarmy mpobiema ca KojuM ce cyodasa Ilmanera manac™. Bepyjy aa je
npoyecHo muuiberve 00Jba TApajWrMa jep MHCUCTHPA Ha JyOOKOM 3HAYCHy MPOMEHA.
CHCTEMCKO MUIIIJBEHE HUje MPENO3HANI0 YUILEHUIY 1A J€ CYUMUHA JICUBOMA Y NPOYecuMd,
Buiie ce 0aBu onHocuMa Mely eHTureTHMa. CHCTEMCKO MHILBEHE ce (okychpa Ha
cucmeme, TOE je cucTeM AeUHUCAH MpeKo omHoca m3Mely oOjekara W/WIM CTPYKTypa
cacTaBJbeHHX 07 oOjexara. [Iponecu cy cxBaheHH Kao HEIITO IITO CHCTEM IOCEAYje U IITO
ra IoBe3yje ca IPYrHM CHCTEMHMa NpeKo onHoca/Be3a. To 3HAYM Oa je CHCTEMCKO
MHIUBEHE (OKycHpaHo Ipe CBera Ha pesyamam nporeca. [1o cCHCTeMCKOM MHIUBEHY CBE
je obyxBaheHo omHOCHMA, 00jeKTHMa M CTPYKTypama cuctema. To HHje cee, H3pHIUTH CY
ayTopH, jep CHCTEeMCKO MUIJBEE-¢ HHje IMPEMO3HANI0 3Hauaj MPOMEHa Koje ce JelIaBajy
TOKOM BpeMeHa (MUIllJbeibe U Manson-a). [IpoiiecHo MHUIIUBEHE je 00Jba mapamurma jep
WHKOPIIOpHpa CHCTEMCKO MHIJBEHE W J0IaTHO Ce M EKCIUIMIMTHHje (oKycupa Ha cee
aCIieKTe CTBApHOCTH: npoyece, 0OHOce, OOjekme W CMpYKype - npoyec je maj Koju
npeocmasma ochogy (Emblemsvég J., Bras B, 2000).

1 OrBOpeHH, CNOKEHH HENMMHEAPHH CHCTEMH Ca IOBPATHOM CIPEroM MOCEIyjy COCOGHOCT CaMOOpraHH3alHje.
KoHuentpuiyhy ce Ha mpoydaBame CHCTEMa Y CTaby T3B. TEPMOIMHAMUYKOLI €KBIIMOPHjyMa, TPaAMIHOHAIHA
HayKa je TBpJHIIa Ja YKOJIUKO Ce CHCTeM Kpehe BaH TOT cTama, Kao pe3ysITaT O3UTHBHUX MOBPATHUX CIIpEra, OHa
OH MOXe johu y crame nesuHTerpauuje. MehyTuM, KOMIUIEKCHH CUCTEMHU TOCEAyjy AUCHNAaTUBHY (pacumajyhy)
CTPYKTYPYy M HMajy CIHOCOOHOCT [ia ce KpO3 caMoOpraHu3arujy oOHOBe (aKTMBHOCT pacHIIama Ce OBHja Kao ACO
cTBapama HOBe cTpykType). OBH cucTemu Kpehyhu ce u3BaH ekBHIMOpHjyMa CIIOCOOHH Cy 11a C€ CaMOOPraHH3yjy
U TOCTUTHY HOBH THII peJia, eBosIyupajy ka Behoj kommiekcHoctu (,,pexn u3 nopemehaja u xaoca™).

% Buiile 0 ONIITOj TEOPHjH CHCTEMA, CHCTEMCKOM MHIILIbEHY M CHCTEMCKOM TPHCTYITY reorpahckoM MpocTopy
SKOJIOIIKKM mpobnemuma BuAeTH y: von Bertalanffy, L. (1972); Jackson, C.M. (2002); I'puunh, M. (2008);
Mwbanouh, /1. (2007); Petrovi¢, S.P. (2004); PagoBanosuh, M. (1988; 1993/94) u np.
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Kapna ce roBopH 0 3aMeHH HapaAuTMH WM 3aMEHH TPAIULIMOHAIHOT MOTJieja Ha CBET
emeprentHuM (Dent B., 1999), nomaiu ,,HUCY jaCHUX 0OpHCa U CTAPO MUIIJBEHE j& CTAITHO
UMIUTHIATHO yMOTaHo yHyTap HoBor® (Peat D., 2007). /lanac je y Haymm, a moceOHO
MIPaKCH ,,HAJIIPIUCYTHUjU BUJ YIPABO jE€THOT 3aMaCKHPAHOT ,,MEXaHUIIMCTUIKOT"* PUCTyIa
(BojkoBuh T'., 2007). VYV ,okperamy Ka KOMIUIEKCHOCTH OpOjHM ayTOpH IOCeOHO
arnoctpodupajy noTpedy 3a MPOMEHOM HAIlMX MEHTAIHHX MOJENa O OAHOCMMa H3Mely
YyoBeKa (APYIITBO) U mpupoje. Y pacnpasu nocBehieHoj KoHIIENIHjaMa 0 OAHOCY IPUPOE U
yoBeka M. Glaser nmaje mperien ,,MeHTalIHHX Mama™ (,Mare yma‘™) Koje MpeacTaBbajy
MEHTaJTHe KOHCTPYKTE O aHAIM3UPaHOM OJIHOCY Te JiBe Bapujabue. [lomasu ox eko ogHOCHO
AHTPOINOLIEHTPHUYHOT NPUCTYIIA, Mpeja3d Ha MHTEPIUCLUILIMHAPHHU MPUCTYI a 3aBpliaBa
MPUCTYIIOM O KOMIUIEKCHHM cucTeMuMma. CTporo mnpouewyjyhi BpeJHOCTH U IOMETe CBaKe
Ol BUX ayTOp je CTBOPHO KPUTHYKH IPOCTOP KOjH MPOOJIeMaTH3yje UCKIbYYHBAKE H
OTpPaHMYABAE jEAWHCTBA TPHPOJE W YOBEKA, OJHOCHO MECTO COIHjalHe IUMEH3Hje Y
eKOCHCTEMCKOM  YIpaBJbaiby. JuchyHKIMOHAHE ~ PEeOyKIMOHM3aM  €KO  H|
AHTPOIOLICHTPH3MA, HEIOBOJbAH KallallUTET HHTEPAUCIUILIMHAPHOT PHUCTYIa NpeBasuljeHn
Cy MPHCTYIIOM 0 KoMIutekcHUM cuctemuMa (Glaser M., 2006). Konuky je 3HaYa] MEHTaTHUX
KOHCTpykara HajekcrumnuTauje roBope Cumming u  Collier: ,uHame wMame ywma
JEeTePMUHHUINY MOAATKe Koje IPHKYNJbaMo, MUTamba KOja CMaTpaMo ,,MHTEPECAaHTHHM' H
HauMHEe Ha KOjU MemaMmo Hamle Buljere cBeTa y CKiIaagy ca THM HOBHM, JOOWjEeHUM
pesyatatuma“ (Cumming G.S., Collier J., 2005). O Tome cBoj ctaB usHocu u Dee Roo.
Haume, HaunMH Ha KOjU MEPLUNHUPAMO MPOCTOPHU/EKOJIOMIKY KOH(IUKT UMa UMILTHKALHUje
Ha Ha4yMH Ha KOju ra AeduHHIIEMO U Ha (HE)oOyXBaTame HEroBe KOMIUIEKCHOCTH, Ila M Ha
JIeTepMUHKCake 00JMKa OoTyunBama M yrpasibamba (Dee Roo G., 2003). Yosek yBek
HAacTOjU PpeIyKOBaTH KOMIUIEKCHOCT W BHIIEIMMEH3HOHAJIHOCT IpobjieMa KOjU Mopa
pemmmta. OHO 1WTO OH ce MOTIIO 6OJBE OMHCATH Kao ,,30pKaHa’ mpobaeMcKa CUTyallrja 9ecTo
Ce MOXE CaKETH y OIHC ,,J00pO JeHHHCAHOT IpobdiIeMa ca MPOCTHM Y3pPOK-TOCIEUNA
mehynejerBom™ (Pahl-Wostl C., 2007).

CBojcTBa KOMILJIEKCHUX CHCTEMa

JeIHO 01 CBOjCTABa CIIOMKEHHMX CHCTEMa’ jecte mynmuckanaprocm, najyhu cucremy
BHCOK CTENeH ,,pacyTe” IOBe3aHOCTH -. OmeopeHocm je CBOJCTBO IIOBE3aHO ca
OUCUNAMUBHOM CMPYKMYPOM cucmema™, CHCTEM Ce Halasd y KOHCTAaHTHO] pa3MeHH
eHepruje, Marepuje u WHPopManuja ca oKpyxkemeM. Kama ce Ta cBojcTBa KOMOMHYjy ca
HeIUHeapHOM OUHAMUKOM, KOja TIOTHYE U3 y3ajaMHO TI0jadaHuX IMOBPATHHUX cIipera uiMehy
JeTI0Ba CIIOKCHOI CHCTeMa, pe3ylNTaT € Henoepamua npomeHa W TEHICHIMjAa Ka
TpajeKTopuju (IMyTamH) W MOHAIIAky CHCTEMa KOjH Cy pe3yJlTaHTa HE CaMO CaJallmber
ctama Beh u gorahaja xoju cy ce mecunu y npouutoctu (path dependence - meopuja nyma
sasucrhocmu). To 3HaUM Ja OJIUIyKe KoOje JaHac JOHOCHMO oOrpaHuyaBajy Oyayhe
moryhHoctH (!?). KOMIIEKCHU CUCTEMHU CY HeluHeapHu cucmemu y CMUCIY J1a Cy U MHOTE

2! Mpukas je ypaljen Ha ocHoBy Bume u3Bopa: Arshinov V., Fuchs C. (eds.) (2003); Galopin G.C. et al. (2001);
Goldstein J. (1999); Martin R., Sunley P. (2007).

2V crojeHMM NPUPOJHMM M JAPYIITBEHHM CHCTEMHMA HYOBEK M MPUPOJA CTYINajy PElMIPOYHO Y HHTEPAKIHjY
MIPEKO PA3IMYUTUX OPraHU3aLUOHUX HHBOA M (JOPMHUPAjy KOMIUIEKCHA TkuBa uHTepakuuja (Liu J., ef al., 2007b).

Z Tlly Prigogine, Genrnjcku Xemuuap ¥ (u3Muap je TBOpal| TEPMHHA , TUCHIATHBHA CTPYKTYpa“ (,,ocmajyha
cTpyktypa“). tbume oGjarmaBa ycKy moBe3aHOCT u3Mel)y cTpyKkType M peAa Ha jefHO] W AMCHIALKje Ha IPYroj
ctpanu. Kana ce nocturae kputuuHa Tauka QGiaykryauuje y cucreMy (mauxa 6ugypkayuje), Kafa je OH Hau3rien
HAjHENOCTOjaHju U y HajBeheM Hepeny, OH MOXEe HM3HEHaaa Ja ,,yCKOUM™ y HOBH CTa0MJIHH peXUM (HOBa
CTPYKTYpa), KOjU ce [0 Tajaa y mheMy HHje MOKa3uBao alii je MOCTOjao Kao jefHa Of HheroBux OpojHux MoryhHOCTH.
JlucunaTuBHE CTPYKType Cy ,,0CTpBa pena y Mopy Hepena“, onpxasajyhu u nosehaBajyhu cBoj pex Ha HauuH aa
nosehaBajy Hepel CBOT CIIOJbAIIBET OKPYXKEHa. TeopHja O AUCHIIATHBHUM CTPYKTYpama MOKe Ce MPHMEHUTH Ha
IIyMy, 'paj, )KUBOTHY CPEAUHY, Hacesbe U ci. O HaydHUM pe3ysiTaTHMa 10 Kojux je pomao . Prigogine u merosu
capaguuiu (I. Stengers u G. Nicolis) Bugeru y: Tangyin K., 2005; I'pauh M., 2005, 2008, 2009a.
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Bese (omHocH) u3Mel)y BeroBHX elleMeHaTa HelWHeapHe, TaKo Ja BEIWYHMHE IMOCIeIuIa
HHCY TIPOTIOPLHOHATHE BEIMUMHAMA Y3POKa, M TOHAMIAME j& BEOMa PasiuduTo” . YHyTap
camoopranu3yjyhux cucrema mocroje nogpamue cnpeze (nemsme) u Kpysicua kayzannocm. Y
aQHaJIW3M HENMHEapHOCTH IIO3UTHBHE IIOBPAaTHE CIpere cy IoceOHO 3Ha4yajHe Kao
CYNpOTHOCT HeratuBHUM mnoBpatHuM crnperama (Hjorth A., Bagheri A., 20006).
Camoopeanuzayuja je heHOMEH IO KOME MHTEPaKTUBHE KOMIIOHEHTE capal)yjy y cTBapamy
KOOPAMHHPAHUX CTPYKTYpa M IOHAIIAK-a BHIIEr CTeneHa’. Y HCTO BpeMe, OTBOPEHOCT
cucTeMa MoJpa3yMeBa [IeJIOBambe CHOJbAIIBbHUX (IIyKTyalMja M CMETHH, TakBe CHare
Y3POKYjy HOMepame y HOBU PEKHM. 3Ha4M, ITyT Ka KOMIUIEKCHOCTH j€ YCKO IOBE3aH ca
Gugyprkayujom 'y HoBe Tpajextopuje (mytame)’®. YmpaBo 360r cebu HHXEPEHTHE
MIOBE3aHOCTH, HEJIMHEAPHOCTH M OTBOPEHOCTH KOMIUIEKCHU CUCTEMH NIPYXKAjy ¥ OZPAHUUEHO
@YHKYUOHATHO pasznazarbe, ITO 3HAYM Ja QYHKIMOHHUCAEkE Ha MaKpO HUBOY HE MOXe OUTH
M3BEJICHO W3 MO3HaBama (PyHKIIMja HEeroBux CyOKoMmoHEeHTH Beh u3 obpasana u mpupoje
nHTepakja. CaMoopraHu3anija MOXXe MOCTOjaTH caMO YKOJMKO CHCTEM IpHUMa €HEprHjy
(omeopenocm kao ceojcmeo) Koja ce TpaHCPOPMHUIIE YHYTap CUCTEMA, a Kao Pe3yiTaTr Tora
jecre ocnobahame enepruje. CamoopraHuzanujoM ce penykyje eHrponuja. OCHOBHa
IpeMuca 3a camoopeanuzayujy jecte II0CTOjalbe HenuHeapHe NOSpamue  chpeee.
KoMIutekcHE cucTeMu CIIOHTaHO GOPMHUPAjy HOBH pejl, CTBapajyhul HOBY CTPYKTYpy, hopme
(obnmuke) TmoHamama W HOBAa CBOjCTBA. EMmepeeHyuja je  OCHOBHU — KBAJIHATET
CaMOOpraHU30BaHMUX cucTeMa. Hacraje TOkoM IpoIyKTUBHE MHTEpaKLuje u3Mely eHTureTa
(KBaNMMUTATHBHO HOBO CBOjCcTBO). Koj eMmepreHnuje je mOTpeOHO NPABUTH pAa3UKy Ha
penauuju  makpo - Mukpo Hueo. HuBoum Ham omoryhaBajy KOHLENTYaJHO OJIBajambe
€MEpreHTHOT MOHAlllaka C jeJJHE CTpaHe M MHTEpaKLHja u3 Kojer ce paha ¢ apyre (De Haan,
J. 2006). OGjexTH W WHTEpaKIHje KOjH Y3POKYjy IOHAIIame OOWTaBajy Ha HIKEM, a
€MEpreHTHO MOHAIllake Ha BUIIEM HUBOY (bottom-up emergence). Yciaen CBUX HaBEICHUX
CBOjCTaBa, KOMIUICKCHH CHCTEMH Cy Y OCHOBH uHOemepMurucmuyky. Yaxk u ako moceayjemMo
oTITyHe nHpopManuje o pyHKIIjaMa U Be3ama Koje ImocToje Meljy KOMITOHeHTaMa CHCTeMa
TO HaM He omoryhaBa Ja NpeLy3HO AaHTUIUIHMPAaMO HEroBo NOHamame. Y KoHauHO,
KOMIUIEKCHH CHUCTEMHU CY CMOXACmuyHu TO0 IPUPOAU INTO y BEIHMKO] MEPH OTeXaBa U
HPOLEC YIPaBIbaba.

[TomeHyTa CBOjCTBAa CIIOKEHHMX CHUCTEMa I[IOCEOHO [0ja3e [0 U3paxaja y
pPETHOHAJIHUM IieJIMHAMa TJe ce OJ/IBUja MHTEH3MBHA WHTEpakuuja u3Mel)y mpupoae u
4OBeKa, Koja je ... ,,MeTaxpoHa, AUCIPONOPLIMOHAIHA U ca cBe BehuM yOp3ameM mporeca’
Te ,CTOXaCTUYHOCT IIOHAIlalkha TaKBUX CHCTEMa IIOCTaje  IbMXOBAa  OCHOBHA
Kapakrepuctuka.... (PamoBanoBuh M., 1993/94). OOyxBarambe KOMIUIEKCHOCTH |
JMHAMHUKE MHTEPAKIMja YOBEKa M HPHPOJe (CIIOjeHUX MPHPOTHUX U JBYACKHX CHCTEMA) je

* CniuyHM y3pOLM MOTY MMaTH PaslHyYHTe TIOCHEHIE U C APYTe CTPaHe, PA3TMYMTH y3POIH MOTY HMATH CIMYHE
MOCIIEINIIE, Y3POLU MOTY HHTEPAKTHBHO JETOBAaTH Ha KOMIUICKCAH HAUUH U IIPOU3BECTH HEOUCKUBAHE ITOCIISIHLIE.
O Teopujama camoopraumsanuje Bue y: Gryzbowski, A.G.S., Slocombe, D.S. (1988).

%V eBONYLHMjH COLMOKYNTYPHHX CHCTEMa IPOMEHe MOTy OHTH adanmayuone u Gudyprayuone. Adanmayuonu
mun egoayyuje oxHOca u3Mel)y HPHUPOAHE CpEIMHE M COLHOKYITYPHHX CHCTEMa KapaKTepHINE pelaTHBHA
crabuitHOCT TO OMoryhaga jia ce paspaje oapelieHe HayuHe NPOrHO3e, YKOJIMKO HeMa CHOJballbuX nopeMehaja.
Ilpu 6ughyprayuonom muny nemorpad)CKu CHCTEM Ipeia3d pa3IMYMTe HUBOE IparoBa, IITO jé IOBE3aHO ca
pasapameM HEroBe INPETXOAHE CIPYKType u opraHmsanmje. Ha OudypkaimoHOM HHBOY TpajeKkTopuja
neMorpagckor mporeca (kao mporeca reHe3e u eBoiyLuje qeMorpadcekor ciucrema) je HeoapelheHa i HermoBpaTHa.
budypkamonn tun esonyuuje norBphyje ma passoj Ouocdepe u commyma Huje nocrojaH. Jlok ce y mpupoau
pUTMHKA, AMHAMHYHOCT M LUKJIMYHOCT MPOLECa M II0jaBa BPLIM Y DEIATHBHO IIOCTOjAHOM PEKHUMY pacxona
eHepruje, Matepuje 1 nHpopMaluja, y ApYLUITBY je Taj PeKUM Pa3Boja MHOTO HPOMEHJbHBHH U C jeJHOM TPajHOM
TEHJICHIMjOM E€KCHOHEHIMjaHOr yBehaBama HEroBor ,,pacxoJOBaHOr jena. Y LEIUHU, CTAOMIIHOCT CIIOKEHUX
cucreMa oapehyje ce paBHOTexkoM wm3Mel)y MHTerpaTHMBHHX Be3a M (UIyKTyamujama Koje Ta wuslaimyjy u3
PaBHOTEXKHUX CTama. Y Tauku OM(ypkauuje HacTaje mporexypa usbopa ,,IyTa“ eBOJNYLHje YCICH YaK U Malux
dnyxryanuja (I'puuh M., 2008).
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Ol W3y3eTHE BaXXKHOCTH jer Ol Tora 3aBHUCH (HE)ycCIlleX IIOJINTHKA YIIPaBJhbakba OBUM
CIIOKEHUM M AuHAMUYHUM cuctemuma (Liu J. et al., 2007b).

3a TeopHjy KOMIUIEKCHOCTH C€ Be3yje M T3B. ,,peuHUK KomiuiekcHocTu  (Lissack M.,
1999) mpownctexao W3 cBojcTaBa ciokeHHX cucrema. CaummaBajy ra cienehm mojMoBH:
eMepreHuuja, JUHAMHKa CHCTEMa, CaMOOpraHu3aluja, JIUCHIIATUBHA  CTPYKTYypa,
HEJIeJbUBOCT, XOJIM3aM, HEIMHEAPHOCT, y3ajaMHa Kay3aJlHOCT, CTalbe TAJIEKO Ol PABHOTEKE,
oudpypkauuja u np. tbuma ce 3amemyjy peoyKUHOHHM3aM, MEXaHHIM3aM, Jyaln3am,
JIMHUjCKA Kay3aJIHOCT U APYTU TEPMHUHH.

Pesynratn ucrpaxuBama myonukoBaHu y paxy Liu J. et al. (2007a) notephyjy na
HOCTOje jake Be3e n3Mely KOMIUIEKCHOCTH U WHTEPIUCUHUILIMHAPHOCTH U J1a Cy OCTBapHUBeE.
Jdati mpuMepd M3 LENOr CBETa IMOKa3yjy M Ja CTENEeH KOMIUIEKCHOCT MPOUCTHYE H3
WHTEpaKlfja OWONOIIKNX, APYIITBEHO-UCTOPH]CKHX, COLNO-CKOHOMCKHX, IIPOCTOPHO-
reorpad)CKuX yclIoBa W YMHMJIANA (TIPOCTOPHA BapHjabMITHOCT) Tj. 1a Bapupa Kpo3 MpocTop,
BpeME W Ha HWBOY OpraHM3alMOHMX jenuHuna. OcHM TOTa, OHM HCIIOJhaBajy M CBa
MIOMEHYTa CBOjCTBAa KOMIUIEKCHHX CHCTeMa (HEJIMHEepPHA AWHAMHKA Ca IIPAaroBUMa, CHCTEM
PELMIIPOYHNX MOBPAaTHUX IET/bH, W3HeHahema y IOHAllamby CHCTEMa, XeTepOreHOCT,
enacTHYHOCT U 1p.). EdexTn ocTBapeHMX HHTEpakuuja W3 IPOLUIOCTH OLPTaBajy ce
ycalalllbuM yCIOBUMa, a yTHdy u Ha Oynyhe moryhHocTn (BpemeHcka IUMEH3Hja).
[Ipaheme mnpomeHa moHaIIaka aHATM3UPAHUX KOMIUIEKCHHX (reorpa)CKuX) cucreMa
OCTBapeHO je KPOo3 aHaIM3y Bapujabiu Koje MOBE3Yjy MPHUPOIHH U JAPYIITBCHH CyOCHCTEM
Y3 IPpUMCHY pa3/IMYMTUX TEXHUKA U ajlaTa KaKO U3 NPHUPOJHUX U APYIITBCHUX HAayKa TaKO U
U3 Jpyrux o0jacTv (MaTeMaTW4KH M CTaTHCTHYKH MOJENH, KOMILYTEPCKH CHMYJIAlMOHH
mognenu, 'MC u nasmuHcka nerexnuja). Hu3oBn mopartaka 3a jgyske BpEMEHCKE IEpUOJIC
oMoryhuiu cy npaheme BpeMeHCKe IWHAMUKE Y CHCTEMHUMa BUCOKOT HHUBOA CJIOXECHOCTH.
CBe HaBEJCHO pEalM30Ba0 j¢ HMHTEPAMCUMIUIMHAPHA THM CACTaBJbEH OJf HAayYHHKa W3
NPUPOJHUX W JPYIITBEHHX HayKa OKYIUBCHHX OKO 3ajeJHUYKHX NuTama (YKbydyjyhu u
reorpada - reorpadcku ”HPOPMAITMOHN CHCTEMH).

3akbydak

O0jammema CBOjCTaBa CIOKEHHX CHUCTEMa HOTBphyjy lla MHTErpajid MPUPOAHH U
COILIMO-CKOHOMCKH ~ CHCTEMH 00pa3yjy BeoMa CIIOKEHE TCPUTOPHjalHE CHTHUTETE
(HajciioXKeHWja M HajAMHAMUYHMja TPUPOHO-APYIITBEHA CHCTEMCKa KaTeropuja) KOju ce
MOTY pa3yMeTH caMO Ha OCHOBY HUXOBOI' Y33jaMHOI JeJOBama, IITO HCKIbYYyje
MEXaHUIUCTHYKK MpUCTyr. Hanume, 1eNMHA U JETOBH KOMIUICKCHHX CHCTEMa MOTY OWUTH
cxBaheHH y KaTeroprjamMa HOBUX OJHOCA EJIMHE M JeJI0OBa U MHTEpaKiuuja u3Mel)y nenosa.
[pupoxa cnokeHUX CHCTEMa Ce CTaJHO MEHa, HACTajy HOBE CTPYKTYpE U HOBa CBOjCTBA U3
JUHAMUYKUX WHTEpaKLHUja MITO MMIUIMLKpAa M JUHAMHUYAH CHCTEM ympapbama. OcoOuHe
crcTeMa MOpaMo pa3yMeTH Kpo3 IpoLec HacTajama a He caMO BHXOBOTI ocTojama. HyxHo
je ny6spe pazymeBame Ipoiieca jep 0e3 0031pa Ha Kallkhermha Y peaknrjama Koja Mory OuTH
MaTepHjaliHa WK Kallkema nHpopManmja (mpoMeHe ce He gporal)ajy HCTOBPEMEHO Kajia cy
u nokpeHyTe, Beh je 3a mux motpedHo oxpelheHo Bpeme), peakiuje ce MaHupectyjy Ha ceou
ocobeH HauWH (3a HAC yBeK y BHIy m3HeHahema!). Ctora, ca METOHOJIOMIKOT CTAHOBHUINITA
npobieMu majber pa3Boja, yIpaBibarba JKMBOTHOM CPEJUHOM U CTBapama IPOMEHEHOT
oIHOCAa JbYIOM INpeMa NPUPOJM MOTY C€ pellaBaTd KopuilhemeM KOMIUIEKCHOT, Ha
CKOJIOIKUM IMPUHIUIIUMA 3aCHOBAHOT" MPUCTYyIIA.

Kako HaBone Arshinov u Fuchs, TokoM mpoTekiie B¢ AelieHH]je MOjaBIIIO jaKo ITyHO
pazoBa Ha TEMy eMepreHItje KOjH Y3€TH 3ajeIHO NPECTaBIbajy BEIUKH IIOMaK Y HayYHUM
UCTpaXHMBambMMa: OJf CTPyKTypa U CcTamba Ka T[polecuMa W (yHKIHMjamMa; oOf
camokopuryjyhnx xa camoopraHusyjyhnm cucteMuma; oJ XHjepapXHjcKor yIpaBibama Ka
NapTULMIANMjH; O  yCJIOBa  eKBWIMOpUWjyMa Ka  JAWHAMHYKHM  paBHOTEXama
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HECKBIUIMOpUjyMa; OX IIOjeNUHAYHUX TpPajeKTOpHja Ka CHOMOBHMA TpPajeKTOpHja; O
JUHEeapHEe Ka KPYXKHOj Kay3aJHOCTH; OJ TNPEABHAMBOCTH Ka BEpoOBaTHONM; O pema
CTaOMIIHOCTH Ka HECTAaOMJIHOCTH, XaoCy W JUHAMHIIM, Ol NEeTCPMHHHCAHOCTH Ka Behem
CTETeHy pU3UKa M Heojpel)eHOCTH M o/l peayKIHOHU3Ma Ka emepreHTu3My (Arshinov V.,
Fuchs C., 2003). U oBaj paa cMaTpaMo MaJiuM JOTPUHOCOM, CBaKaKoO Ja Ujeja TPaku MHOTO
ny0sbe omcepBaindje, y IpHXBaTalkby TO ‘‘HOBOI” HAayMHA pasMUIbakba W TMOHUMAamba
CJIOKEHUX CHCTeMa KaKaB je U CHCTEM YOBEK - reorpadcka (JKUBOTHA) CpeArnHa
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A REVIEW OF THE COMPLEXITY APPROACH
TO THE STUDY HUMAN (SOCIETY)-NATURE INTERACTIONS

DRAGANA MILJANOVIC
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Abstract: Traditional approach to the study of society-nature interactions based on reductionism and linear
causality is no longer fully capable of explaining complex dynamics of integrated socio-economic and natural
systems. For this reason demands for complexity theory is growing. Understanding interactions between society
and nature, human and their environment must come from the examination of how the two systems operate
together, and not from examination of those systems themselves in isolation. Since our geographical community is
not familiar enough with complexity theory, first part of article is devoted to outlining shift from reductionism to
holism and complexity theory. In the second part, features of complex systems as it is human (society)-environment
system are discussed.

Key words: reductionism, holism, complexity theory, coupled natural and human systems

Introduction

According to Li (2004) there is an emerging consensus among ecologists and
environmental scientists that many of today’s urgent ecological and environmental problems
across spatial-temporal scales are seen as complex systems problems. Natural systems and
social systems are complex systems in themselves, but because of the shift from nature- to
predominantly human-dominated drivers, many of those problems involve the additional
complexity of interactions between natural and social systems. Understanding complexity of
integrated natural and social systems must come from the examination of how the two
systems operate together, and not from the examination of those systems themselves in
isolation. In the effort towards sustainability, it has become increasingly important to
develop new conceptual frames (complex systems thinking) to understand the complex
dynamics of coupled socio-economic and ecological systems. Under all concepts and
approaches to the environmental problems, their multi-dimension and dynamic character
and meaning is underlined (the complex cause and effect relations).

Acceptance of the environment as a complex relation system of the natural and social
systems and environmental problem as the complex systems problem characterized by the
nonlinearity, dynamics, multi-components, etc. (Antunes P., Santos R., 1999; Grzybowski
A.G.S., Slocombe, D.S., 1988; Ljesevi¢ M., 2000; Miljanovi¢ D., 2007; Radovanovi¢ M.,
1977a; Funtowicz S., Ravetz J.R., 1999; Hadfield L., Seaton R.A.F., 1999; Hjotrth P.,
Bagheri A., 2006; Wang M.S. et al., 2000; etc.) imply application of the systematic
paradigm, i.e. theory of the complex systems. The complexity in the contemporary sciences
is a term connected to the phenomena that cannot be explained by the classical methods and
therefore the new concepts derive in their interpretation (self-organization, emergence, path
dependence and positive feedbacks). There is a rich scientific material about the
geographical thinking and approach to the research on human-environment relationship
(more details in the further chapters).

By presenting the lack of the traditional worldwiew (reductionism) which means
exclusion of any ultimate linearity in the cause-effect relation, we enter a new field of
science known as the theory of complexity (based on the achievements of the quantum
physics - holistic approach). The emphasis is on processes not conditions, on movements
and not on the existence. Anything that happens depends on the dynamic of the wholeness.
Behavior and properties of the system do not derive from the characteristics of its
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components only, but in a great degree from the nature and intensity of the interactions and
processes between components. The network of interactions has to be respected, i.e.
applications/forms of interactions between the nature and society that have their own spatial
influence, regardless of whether it is a question of the connection, process or relation and
temporal dimension. The essence is in interactions between the components of the system,
feedback processes that cause non-linear behavior, self-organization and emergent features.

Our aim is to point to the significance that the complex approach and the complex
thinking that includes systems and process thinking as the logics and research methodology
has in the observation of the object, in consideration of the changes in systems through
researching the complex interactions within the integrative natural and social systems and to
comprehensively understand the dynamics nature of such coupled systems, primarily in
theory.

Complexity as an element of integration

The systems that comprise from the sets of elements within the non-linear interaction
are called complex systems. Complexity is not an automatic outcome of increasing the
number of elements and/or relations in a system (Galopin G.C. et al., 2001). Non-linear
nature interaction (mutual activity) between the system components differentiate complex
from simple, linear systems and define their internal structure, behavior and the model of
change (Manson S.M., 2001), making them more difficult understand and manage than
simple and complicated systems. Very strong interactions between the parts of the system
do not enable creation of the central hierarchical structure capable to manage the outcome
(result) contrary to the linear systems, where the managerial functions are centrally
coordinated.”” For Constanza et al. (1993) complex systems are characterized by strong
(usually non- linear) interactions between the parts, complex feedback loops that make it
difficult to distinguish cause from effect, and significant time and space lags, discontinuities,
thresholds, and limits, and therefore cannot be understood by the logic of reductionism.

Socio-ecological system is defined as a system that includes societal (human) and
ecological (biophysical) subsystems in mutual interaction. Those systems are non-
decomposable systems, because they emerge from the dynamic interplay between the social
and ecological components (Gallopin G.C., 2006)**. It is the complex physical-geographic
(natural) and socio-economic (anthropogenic) system that function as an integrated
wholeness within the limits of the determined territorial units. The environment, as the
dynamic system of diffused (stochastic) character with a human (society) forms an
unbreakable dialectical unity (Radovanovi¢ M., 1977b; Ljesevi¢ M., 1980). The system is
permeated by the non-living, living and social systems that cannot be compiled into the
scientific laws neither merely natural nor merely social sciences. According to Liu J. ef al.
(2007b), coupled human and natural systems research focuses on the patterns and processes
that /ink human and natural systems; reciprocal interactions and feedbacks - both the effects
of humans on the environment and the effects of the environment on humans; understanding
within-scale and cross-scale interactions between human and natural components (e.g. how
large-scale phenomena emerge from local interactions of multiple agents and in turn
influence local systems). Any system in which humans are involved (system that are more

" The linear systems are developed smoothly and in continuity, towards a state of balance. Due to disruption, by
the mechanisms of the feedback, the system gets back to the starting position, the state of balance. The logic of the
complex systems is completely different: the object A influences object B, but reversibly the object B influences
object A. Thereby the changes in one component caused by the action of the other component change the way of
action to the other and vice-versa, and together to the system as a whole.

% The following terms are used in English literature: “social-ecological system” (Gallopin G., 1991; Berkes F.,
Folke C., 1998), “coupled human-environment system” (Turner L. et al., 2003; cited in Gallopin G., 2006)
“sociobiophysical system” (Grzybowski A.G.S., Slocombe D.S., 1988).
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or less permeated by techno-sphere, conditioned by the more intensive interaction between
natural geo-systems, human and technology) is characterized by the following essential
system properties: bounded rationality, limited certainty, limited predictability,
indeterminate causality, and evolutionary change (Hjotrth P., Bagheri A., 2006).

Environment, as a subject of research “strongly influences development of
interdisciplinary scientific fields and integration processes in the contemporary science”
(Radovanovi¢ M., 1977a). Analogically to the presented understanding of M. Radovanovié,
we can see the place and significance of complexity science. Study of the complex systems
is a unique interdisciplinary, combination of the completely different methodologies and
skills in revealing and presenting individual and forms of behavior at the system level
(Harrison S. et al., 2006).

The characteristics of the environmental problems are elaborated in various and
numerous literature, just to quote some of the authors: environmental problems are complex,
dinamyc, non-linear and multidimension (Wang M.S. et al., 2000); environmental problems
are emergent systems with over-lapping hierarchies, the lower levels of the hierarchy
(subsystems and components) can be seen as embedded within a number of different
hierarchies, rather than a single, unified hierarchy (Hadfield L., Seaton, R.A.F., 1999);
environmental problems display non-linear dynamics: several causes contributing to a single
effect; multiple effects resulting from a single pressure; inter-relations among ecosystem
components; indirect, synergistic or cumulative effects (Antunes P., Santos R., 1999).

Niemeijer and de Groot (2008) point that even in applying the ecological indicators
in environmental assessments (causal chain frameworks: PSR, DSR or DPSIR) we are faced
with the difficulties in covering the complexity of relation that exists in the environment.
Besides the “DPSIR” matrix effectively highlights the causal chain for each of the
environmental issues (climate change, eutrophication, etc.), at the same time, however, “the
matrix is a gross simplification of the complexity of the processes and inter-linkages in the
real world” (Swart et al., 1995; cited in Niemeijer, D., de Groot, R.S.; 2008). For that
reason, the authors insist on introduction of the causal networks (moving from causal chains
to causal networks) which requires deeper insight into the complexity of the real world.

A very emphasized division in the study of the physical complexity on one side and
social on the other and therefore science, represents socio-historic product and one that is in
part dissolving under the sway of “the complexity turn” (Urry J., 2006). Namely, the aim is
to break the scientific tradition of separating nature from society, since as we have
emphasized, both are characteristic by the complexity. As Liu et al. (2007b) underline,
social scientists have often focused on human interactions, minimizing the role of
environmental context or perceiving environmental influences to be constant, whereas
ecologists have traditionally focused on pristine environments in which humans are external
and rarely dominant agents. Although disciplinary research continues to be important to
advance disciplinary inquiries into many aspects of human and natural systems, it is not
effective to study human and natural systems separately when addressing social-ecological
and human-environment interactions®. In that context, there is no logic to exclude the
mutual linkage of these two systems. The principle of geo-systems understands that in all
undertaken activities into the environment and nature protection there should be taken care
about the unity of the system of geographic appearances, processes and facts, the separate
processes might be studied separately, but their role cannot be reviewed apart from the other
facts and processes linked by the system (Ljesevi¢ M., 2007). The complex overview of the

» The conception ,.science of coupled human and nature systems* (CHANS) can be interpreted as the effort to
specifically stress the need for holistic overview of the relations and processes between the natural and social
systems and integration of all stated aspects. The short history and subject of research of the science of coupled
human and natural systems is presented in: Liu et al. (2007b).
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spatial relations is in line with the consideration on complex relations between the nature
and society.

Complexity of the environmental problems where the understanding of the human
and nature unity and relations between phenomena and processes and their interrelationship
is one of the most important characteristics, offering the possibility for geographical
approach to this problem. The reason more is that the geography itself as an individual
subject, besides spatial distribution and comprehension of the spatial relations, includes the
connectivity element and integrations among phenomena and processes. Some phenomena
and processes are subject of the other sciences, but relationss between phenomena, their
mutual influence and interaction and spatial component represent the most important
geographical contents. The holistic approach, the complex and comprehensive perception
and understanding of a problem responds to geography (wholeness - characteristic of the
geographic thinking) and thereby defining the whole, not partial solutions. Namely, holistic
vision of the world, the use of system framework and emphasizing integration of the natural
and social disciplines are not “novel” scientific knowledge and discovery. Alexander von
Humbolt (1769-1859) one of the geographical giants and landscape ecology expert defines
the landscape in the following way: Landschaft ist das Totalcharacter einer Erdgegend”?’.
The position at the cross-section of sciences enables geography to research complex
problems and mutual interactivities of the nature and society (Gr¢i¢ M., 2007). Although the
geo-systems, territorial systems and geographic systems are geo-spatial reality and
indivisibility, due to their exceptional complexity and connectivity as a whole, they cannot
merely be geographic objects of research (Sterc S., 1986).

During the 1980s, influences on geograhical research were exerted by the complexity
theory. The region conceived as a complex system was one the cardinal products of this
epistemological approach (Vallega A., 2007)*'. The holistic presentation of the spatial
contents which is derived from the concept of the sustainable development embedded the
perspective in geography that has been studying the spatial systems in accordance with the
complexity theory. Owing to the capability to integrate social and natural components of
space and the concrete places in holistic vision, geography receives the growing
significance. What it used to be through history the concept of region for geography, today
is “environment as a central organizing concept in geography” (Demeritt D., 2009). And for
Skole (2004) the global trends in studying environmental problems, with key emphasis on
human - environment interactions in the new century will present the “opportunities and
challenges for geography as an integrative discipline”.

Understanding Human-Environment Relations (HER) has been a constant theme
throughout the history of geography (Golledge R.G., 2002). A very detailed description of
the two main geographical identities and the historical intersection of their relation gave
Turner (2002): geography as the spatial-chorological science (Karl Ritter, Ferdinand von
Richthofen, Alfred Hettner, etc.) and geography as the human-environment relationship
(Alexander von Humbolt, Joachim Schouw, Elisée Reclus, Peter Kropotnik, etc.). In these

%0 Stating the stars on “geographical sky” its beginning in classical antiquity up to the 18th century (Herodotus,
Strabon, Ptolemaios, Sebastian Muinster, Bernhard Varenius, Anton Friedrich Buisching, Georg Forster, and Carl
Ritter), O. Franzle emphasizes the reasons for singling out Humbolt: none of them had tried to understand the Earth
or parts of it in their structural diversity and the complexity of biotic and abiotic interrelationships, nor did they
include an impressive variety of societal aspects, as did Humbolt in his double capacity as an explorer and a
geographer.

*! Retrospective of continuity - discontinuity in apprehension of region in geography from chorological paradigm to
paradigm of functionalism - space organization see in: To$i¢, D. (2005) The author’s formulation that at the
contemporary regional-geographic studies “instead of synthesis, integration and inter-dependence, remains at the
level of inventory and detailed analyzes and classification of the regional structures”, that studies are not completed
“by the whole synthesis that would be more than the sum of results of the partial analysis” and that it is apparently
the question of “eclectic conglomerates of the geographic connotation!?” sufficiently express (non)realization of
the concept of region as a complex system in the classical Serbian regional geography.
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approaches in the geographic researches the connection of physical and social geography,
i.e. unity of the geography as a science is mutual. Turner (2002) has urged geographers to
revitalize the human-environment tradition of research and make it central to identity of
discipline. The scientific articles about the significance and place of geography in the
science system; necessity in overcoming the gap/division between physical and social
geography (which is contrary to the idea of unity as a concept pleaded by Hartshome,
Anuchin, Haggett, Hagerstrand etc), and especially about the geographical approach to the
research of the environment are numerous (Vallega A., 2000, Demerit D., 2009; Gober P.,
2000; Golledge R.G., 2002; Goudie A. S., 1986; Gr¢i¢ M., 1987, 1990, 2007, 2009b;
Johnston R., 2006; Jbesevic M., 1980, 1987, 1995, 2000; Massey D., 1999; Skole D.L.,
2004; Pitman A.J., 2005; Radovanovi¢ M., 1967, 1977a, 1977b, 1988, 1993/94; Thrift N.,
2002; Turner IT B.L., 2002; Tosi¢ D., 2005; Hanson S., 2004; Harrison S., 2001; Harrison S.
et al., 2004; Clifford N.J., 2002, etc.). The place of geography in the system of sciences in
the future and its contribution to solving global environmental problems, many authors
agree, will primarily depend on realized unity within the science itself (more in Harrison S.
et al.,322004) and realization of the“union” or “identities homologous” (Turner II B.L.,
2002).

As emphasized by Liu ef al (2007b)** within the coupled human and natural systems
functions the system of feedbacks (loops) where people on one side influece nature (patterns
and processes) and then the effects of their action feel through the critical (reversible) or
catastrophic (non-reversible) changes. Feedback loops can be positive or negative, and can
lead to acceleration or deceleration in rates of change of both human and natural
components as well as their interactions. The primarily disciplinary attempts to achieve this
holistic, interactive and complex matter (analysis of the high complexity object) are
convicted to failure and many authors agree about it. Apparently, a special importance of the
complexity theory lies in its interdisciplinarity (Proctor J.D., Larson B.M.H., 2005).
Complexity theory provides a catalyst for interdisciplinary work (Bennett D., McGinnis D.,
2008), base for transcedency of the limits between the scientific disciplines and unique
epistemological perspective for scientific inquiry (O'Sullivan D., 2004). According to one of
the readings from the literature of the complexity theory helps us in understanding the
reality, changing the way of seeing the reality. Complexity is at the same time characteristic
of the geographic reality.

From reductionism to holism and complexity theory

Researching in worldview shift Dent (1999) the science of complexity explains like
the approach “to research, study, and perspective that makes the philosophical assumptions
of the emerging worlwide (EWV) - these include holism, perspectival observation, mutual
causation, relationship as unit analysis” (emphasis is on the process), and others. Traditional
world view, as practiced in the twentieth century (TWV) - “which include underlying
assumptions of reductionism, objective obeservation, linear causation, entity as unit of
analysis”, and others.

Mechanistic worldview was for the first time expressed by Descartes in the
seventeenth century and then Newton realized the synthesis between scientific knowledge

32 Under the pressure of different specializations, geography lost a part of its research subject, but found itself
through the integrative role of science and integral overview of the reality (Ljesevi¢ M., 1995).

%3 The work by Liu J. et al (2007a), analysis different regions (urban, semi-urban and rural) in developed and in the
under development countries (Kenya, China, USA, Brazil and Sweden). Complexity of the coupled human and
natural system that derive from the diversity of geographic giveness was presented on the examples, then non-linear
dynamics with thresholds (bifurcations), reciprocal feedback loops, time lags, heterogeneity, surprises in behavior

of the system and other characteristics.
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and principle, making the mechanistic model the foundation of science (analogy with
machine functioning)*. The scientific theory presumes that each appearance is brought to
its components and that the purpose of science is to determine that components and to
determine general rules for their functioning, that each effect has a previous cause which is
possible to precisely determine within the terms of those general signs. The wholeness is
separated into components, analyzed in details and then again put together without the loss
of features in the process. It is presumed that the more we know about the components’
functioning we will know more about the functioning of the wholeness. Such view is based
on the following assumptions: that disassembling of the wholeness into the parts should be
managed, that power derives from force and that the world is fully predictable.

Complex (real) systems cannot be successfully reduced to material parts without the
loss of some significant attributes in the process. This attribute of complex system has led to
a phrase that seems to have become a mantra for complexity research: “the whole is more
than the sum of its parts” (Mikulecky D.C., 2001). De Landa also writes about it ,,....due to
the reason that from certain combinations derive newly established emergent attributes, i.e.
properties of the combination as a wholeness that are often more than the sum of attributes
of their individual parts. Therefore, if we put into parts the wholeness and then try to make a
model by adding components, we will not entangle any characteristic that emergently
appeared from the complex interaction, since their contribution can be multiplicative (for
example mutual upgrading) and not only additive (De Landa M., 2002).

The way the linear causal thinking — or as Holling and Meffe called it command and
control (Holling C.S., Meffe G.K., 1996; cited in Hjotrth P., Bagheri A.; 2006) solves
problems is either through control of the processes that lead to the problem or through
amelioration of the problem after it occurs. For Hjotrth and Bagheri (2006), this paradigm
implicitly assumes that the problem is well bounded, clearly defined, relatively simple and
linear with respect to cause and effect. Managing the environmental problems when
problems already appear “is actually a phenomenon of no-governing and hard-governing.
What originates this situation is the lack of wholeness and complex thinking” (Wulun J.,
2007)*°. With respect to complexity as such, the concept of command and control is
renounced, it is exchanged by the shared governance which involves numerous actors (share
of responsibility). The strict hierarchy and linearity are exchanged by the new relations
between numerous actors at different levels (tissue and network of interactions).

The shift from the traditional to the contemporary worldview demands the change in
thinking. According to Dent (1999) it is necessary and unavoidable. Besides, the
conclusions that if we still aim to develop and improve in this world we have to correct
some of our deepest mental models about the world and about our interaction with the
nature sound very logical*®. The most necessary move, emphasizes the author relates to the
shift in thinking so that the complexity science is seen as a “normal” science®’. The key for

** Cartesian conception received its place in geography during the sixties and seventies years of the last century,
within the theory of anthropogenesis of the landschaft (Radosvaljevi¢ R., Radovanovi¢ M., 1990).

35 By the subtitle “Unite the separated in mind: postulate on causality” Beck emphasizes that the statements on
vulnerability can never be reduced to simple knowing the facts. The risks of modernization due to its structure
cannot be enough interpreted according to the principle of causing. In the risks of modernization that are “by the
content, concrete, spatial and timely completely different causally are collected and thereby brought into the social
and legal context of responsibility”, but as we know, the author continues...“the postulates on causality slide away
from our observation, they are theory. They always have to be imagined, presumed to be true, to believe in them”
(emphasized by D.M.). One who insists on strict causality “denies the reality of relations, which due to this fact do
not exist nothing less” (Beck U., 2001).

% We have come across the brilliant quote by A. Einstein in numerous literatures: We can't solve problems by using
the same kind of thinking we used when we created them. We must learn to see the world”.

7 As it is known, by the concept on science revolution T.S. Kuhn, emergence of the new paradigm presumes
disappearance of the old that cannot offer answers to the complex issues and likewise it is replaced.
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complexity is the idea of emergency™ as a process “arising of novel and coherent structures,
patterns and properties during process of self-organization in complex systems” and
“emergent phenomena that are conceptualized as occuring on the macro level, in contrast to
the micro-level components and processes from which they arise” (Goldstein J., 1999).
Therefore, the influences from the micro level system (components) to macro level
(wholeness) derive from interaction of their components. Interaction produces feedback
from which the actual condition of system directly or indirectly influences its future
conditions, what we led by our narrow and limited aims (and interests) are not aware of or
do not want to be. The system characteristics result from dynamic interactions among the
system components. They enable evolution and lasting of the emergent systems, such as the
socio-biophysical or coupled natural and social system.

For Cooksey (2001) complexity science is focused on three key points: dynamic
change over time, the interplay and balance between negative system-stabilizing feedback
and positive system-destabilizing feedback, and fundamental limits to the predictability of
behavioral systems®. It has grown out of a general lack of satisfaction with traditional
scientific practices and their failure to find a way of capturing anything but a shadow of
complex reality (Mikulecky D.C., 2001). Comprehension of the reality is sometimes so
simplified and partial that completely looses complex phenomenon that it emanates. For
Holling (2001) this meant that a theoretical framework and process for understanding
complex systems process must satisfy the following criteria: a) be “as simple as possible but
no simpler” than is required for understanding and communication; b) be dynamic and
prescriptive, not static and descriptive; ¢) embrace uncertainty and unpredictability, surprise
and structural change are inevitable in systems of people and nature. Complexity of living
systems of people and nature emerges not from a random association of a large number of
interacting factors rather from a smaller number of controlling processes (Holling C.S.,
2001), from the complex links and interactions of biological, socio-historical and spatial-
geographic conditions and facts. A science focused on interactions and feedbacks seems
particularly appropriate for scientific inquiry into how humans (socio-economic system) are
coupled to the natural environments in which they are situated in dynamic stochastic system,
particularly when reductionist science has provided insight into how the individual pieces of
these complex puzzles operate (Bennet D., McGinnis D., 2008).

The research of complexity demands a new frame and that is a new way of thinking,
known as the complex thinking. What is characteristic for this new way of thinking? It
means rejection of dissection, fragmentation and analysis of wholes into smaller and smaller
parts (particles), towards integration, connectedness synthesis, and complementation.
Emergentism replaced the blind reliance on exclusively linear and deterministic processes
with non-linear and chaos processes. It turned from a belief in the indisputable objectivity
and certainty of the scientific truth towards the recognition of the limits of scientific
knowledge, to the need for a contextual view of reality, and the need to deal with
uncertainties (Naveh Z., 2000). The turning point in development of the scientific thought
was generated by the new inventions of Einstein and quantum physic that were contrary to
the view of Newton’s physic. The theory of relativity was the first significant indication in
physics about the need to reconsider mechanistic order. As the tacit assumptions of
mechanicism spread over the science that came from, so the tacit assumptions about the
order of reality like “indivisible wholeness” could have broader influence (Tangyin K.,

3% Emergens - one that appears; to emerge - emergent phenomena. Therefore the terms emergentism that in the new
epistemology marks the approaches to the theory of cognitions based on the idea of the phenomenon complex
organized structures derived from the mass interactions of the big number of simple elements and emergenetics that
determines the characteristics of the system that have not been in any of its elements.

* The complexity theory has preoccupied the scientific public from different fields since the 80ties of the last
century. More about complexity theory: Eemergence, 3(1), 2001.
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2005). If, we instead of thinking in terms of separate entities and powers that rule in their
interactions, start thinking in terms of the fundamental wholeness that covers and connects
all building elements, such way of thinking will determine new approaches to the
environment. Post-modern sciences converge into the new epistemological paradigm —
ecological perspective; widely understood as “recognition of the fundamental inter-
dependence of all phenomena and built individuals and societies into the cycling forms of
the nature” (Capra F., 1988; cited by Sokal, N., 2002)*.

Review of the complexity theories — structure of different concepts or typology in
approach to complexity is given by Manson (2001). A special emphasize is put on the
research of three classes of complexity: algorithmic complexity (mathematical complexity
theory and information theory), deterministic complexity (chaos theory and catastrophe
theory) and aggregate complexity concerns how individual elements concretely work to
create systems with complex behavior (Manson S., 2001). We will deal with the aggregate
complexity since “it is relevant and particularly interesting for the geographical researches”
(O'Sullivan D., 2004). It implies that from the local spatial configuration elements and
interactions between elements (natural and anthropogenic) derive output results at the level
of the whole system. According to N. Trift “complexity is a body of theory that is
preternaturally spatial, whereas previous bodies of scientific theory were equally concerned
with temporal progression, complexity theory is equally concerned with space (Trift N.,
1999).

Space is a complex tissue of the natural, social, economic, political and other
relations that spatially structure and configure over the time. As said, complexity science is
concerned with simultaneous spatial and temporal dimension of systems. Much has been
written about the general privileging of temporal change over spatial variability both in the
natural and in the social sciences. Complexity theory by O'Sullivan et al. (2006) remains
focused on time because it defines and is defined by various kinds of change: learning,
evolution, emergence, bifurcation, dissipation, chaos, and self-organization. As stated by
authors complexity science is “embracing spatial analysis to the potential benefit of
complexity researchers”. The interactions of the system elements depend on spatial structure
order and then they influence the evolution of the spatial structure (forming a new structure)
It is known that the relation between the spatial configuration/spatial applications and
processes is a subject of interest for the spatial sciences. The importance of spatial
configuration (configuration of appearances and processes) in complexity science should
lead to recognition that not only is system evolution path dependent, but it is place
dependent, something that has been well known in spatial sciences (O’Sullivan D. et al.,
2006). For understanding and management the dynamic of relations between human and the
environment, where time and space are unbreakable linked, the integral approach at relation
“space-time” is of the essential significance (Massey D., 1999). In spite of the shematic
handling of space, the claim of an affinity between geography and complexity science is
warranted (O'Sullivan D., 2004)*'.

The complex systems approach covers organizational, spatial and time coupling
between the human and natural systems. According to Manson (2001), aggregate

* More about philosophical standpoints of F.Capre u C. Bohm at: Vojkovi¢ G. (2007). The author accepts
philosophical standpoints about non-divisibility, order, dynamic of wholeness, focuses on processes and other
criteria of the new way for observation the reality. Some of the characteristics of the post-modern science according
to N. Sokal (2002) are: stress on non-linearity and discontinuity; further, post-modern science deconstruct and go
beyond the Cartesian metaphysic distinction between human and the nature, observer and the observed, subject and
object; abandons static ontological categories and hierarchical characteristics of the modern science; instead of
atomism and reductionism, the new sciences emphasize dynamic network of relations between the wholeness and
components, etc.

I About relation between geography and complexity theory (emergence) see: Manson S.M., O'Sullivan D. (2006);
O,Sullivan D. (2004); O'Sullivan D. et al. (2006), Harrison S. et al. (2006).
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complexity accepts holism and synergy that results from interactions among the system
components. For its understanding it is necessary to research the key set of inter connected
concepts that define complex system and that is: relationships between entities, internal
structure and surrounding environment, learning® and emergent behavior, and the different
means by which complex systems change and grow. The heart of aggregate complexity lies
in mutual action between the components. As Manson points out, it possesses many things
as the general system theory, i.e. it shares antireductionism and holistic comprehension of
the system inter-connectivity. What distinguish the complex theory from the general system
theory, the author expresses in three points: first, complexity often concerns non-linear
relationships between constantly changing entities, while system theory studies static
entities linked by linear relationships defined by flow and stocks (e.g. of energy and
information); second, the the system theory deals with quantity (flow quantity of energy and
information) and not necessarily quality, contrary to the complexity theory that deals with
qualitative characteristic; third, complexity research concerns how complex behavior
evolves or emerges from relatively simple local interactions between system components
over time; system theory assumes that system exists in equilibrium and therefore negates the
need to examine changing relationships between system elements.” The complex
researches confirm that systems possess emergent (synergic) characteristics that cannot be
understood without the view on relations between sub-components. Although this idea was
traced by Aristotle, Manson considers very important to emphasize that the complex
research in connection with the study of ways in which the system changes/develops during
the time due to interactions of its constitutional components. The value of the complexity
theory exists in the eyes of those who support it. For some it is a passing fashion, for other a
conceptual frame and for the rest a pioneer break with Newton’s world that disappears
(Manson S.M., 2001). The given review on complexity (phenomena that is researched) will
probably have influence to the scientific practice, considers O. Sullivan (2004). Appearance
of the first reductionistic step in that process is inevitable for the author. According to us, it
is necessary to know the basic contentious and structural marks of natural and human
systems but only as a function in understanding of important mutual relations of the
subsystems. More extended considerations of complexity and complexity science and their
implications are presented by Manson (2001) and O'Sullivan (2004).

We get back to the question of the complex thinking done by the systems and process
thinking. Emblemsvag and Bras (2000) emphasize that although the systems thinking is a
major step in the right direction, but it is “insufficient in handling the increasing
environmental problems of our planet”*. It is believed that the process thinking is “better
paradigm due to the profound importance of change”. The systems thinking has not
recognized the fact that the essence of life is in processes (it deals more with the relation
between entities). Systems thinking focuses on systems, where a system is defined by
relationships between objects and/or structures comprised of objects. Processes are thought
of something that the system contains and are linked to each other by relationships. That

2 Feedback information (reaction) from the real world modifies the structure of our mental models in relation to the
nature. Through the process of learning we become aware of the dynamics of relations in the system and their
changes over time (feedback mechanism).

* The open, complex, non-linear systems with the feedback possess capability of self-organization. Concentrating
on the system condition research of so called thermo-dynamic equilibrium, the traditional science affirmed that if
the system is moved from such condition, as a result of the positive feedbacks, then it can come in the condition of
disintegration. However, the complex systems possess dissipative structure and have capability to renew through
the self-organization (dissipative activity is realized as part of creation of the new structure). Moving outside the
equilibrium, these systems are capable to self-organize and achieve a new type order, evolving towards the higher
complexity (“order from disorder and chaos”).

* More about the general systems theory, system opinion and system approach to geographical space and
environmental problems see: von Bertalanffy, L. (1972); Jackson, C.M. (2002); Gr¢i¢, M. (2008); Miljanovi¢, D.
(2007); Petrovi¢, S.P. (2004); Radovanovié¢, M. (1988; 1993/94) etc.
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means that systems thinking focuses primarily on the result of the processes. By focusing on
relationships, objects and structures, systems thinking implicitly assumes that everything is
captured. That is not all, the authors are explicit, since the system thinking “does not
recognize the importance of change over fime” (Manson’s opinion, too). Process thinking is
therefore a better paradigm because it incorporates systems thinking and in addition focuses
more explicitly on all aspects of reality processes, relationships, objects and structures -
process being the basis; the one-ness (Emblemsvag J., Bras B, 2000).

Talking about the shift of paradigms or the replacement of the traditional worldview
with the emergent (Dent B., 1999), “shifts are not as clear-cut and the old is always enfolded
implicitly within the new” (Peat D., 2007). In today’s science and especially practice, “the
most present way is disguised “mechanistic” approach (Vojkovi¢ G., 2007). In “turning to
complexity” many authors particularly stress the need for change of our mental models in
relation between human (society) and the nature. In disputes on conceptions of relations
between the nature and the human beings Glaser (2006) presents a review of “mental maps”
(“maps of mind”) which represent mental constructs about the analyzed relations of these
two variables. It starts from the eco, i.e. anthropocentric approach, goes over to
interdisciplinary approach and ends by the approach on complex systems. Strictly evaluating
the values and domains each of them, the author created critical space which problematises
exclusion and limitation of unity between the nature and a man, i.e. the place of social
dimension in ecosystem management. According to Glaser (2006) the disfunctional
reductionism of eco-and anthropocentric mind maps and the weak capacity of
interdisciplinary mind maps to analyse intersystem and cross-scale linkages is only
overcome by complex system approaches. Cumming and Collier explain most explicitly the
significance of the mental constructs: saying that our maps “...determine the data that we
collect, the questions that we consider “interesting” and the ways in which we change our
views of the world to accommodate new results” (Cumming G.S., Collier J., 2005). Dee
Roo also has his view. Namely, way in which environmental/spatial conflict is perceived has
implications for the way in which it is defined and for its complexity, and therefore
determines form of decision-making (Dee Roo G., 2003). A man always tries to reduce the
complexity and multi-dimensionality of the problem that has to be solved. What may be
more appropriately described as a messy problem situation is often compressed into a
description of a “well-defined problem with simple cause - effect relationships” (Pahl-Wostl
C.,2007).

Properties of the complex systems

One of the properties of the complex system® is multi-scalarity offering the system a
high degree of “distributed” coherence. Openness (or non-isolation) is a feature related to
dissipative structure of the system", it is in the constant interaction and exchange of energy,
matter and information with their environments. These attributes, in combination with non-

* Review is done on basis of more sources: Arshinov V., Fuchs C. (eds.) (2003); Galopin G.C. et al. (2001);
Goldstein J. (1999); Martin R., Sunley P. (2007).

*¢ In the connected natural and social systems, human and nature reciprocally enter into the interaction through
different organizational levels and establish complex tissue of interactions (Liu J., et al., 2007b).

7 Tlly Prigogine, Belgian chemist and physician is the creator of the term “dissipative structure”. This term explains
narrow connection between the structure and the order on one side and dissipation on the other. When the critical
point of fluctuation in the system is reached (the point of bifurcation), when at the glance it is the most inconsistent
and in the biggest disorder, it can suddenly “jump” into a new, stable regime (new structure), that is not shown
before but existed as one of its numerous possibilities. Dissipative structures are the “islands of order in the sea of
disorder” maintaining and growing its order in a way to increase the disorder of its external surrounding. The
theory of dissipative structures can be applied to forests, towns, environment, settlement, etc. About the scientific
results of 1. Prigogine and his colleagues (I. Stengers u G. Nicolis) read more: Tangyin K. (2005); Gr¢i¢ M. (2005,
2008, 2009a).
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linear dynamic which arising from the mutually reinforcing feedbacks among a complex
systemrs components, the result is an irreversibility of change and tendency towards
trajectory (path) and behavior of the system as a result of not the present state only but also
of the events that have happened in the past (path dependence). It means that the decisions
we take today limit the future possibilities (!?). The complex systems are non-linear systems
in the sense that many connections (relations) between their components are non-linear, so
that the size of effects is not proportional to the size of causes and behavior is very
different®™. Within the self-organizing system there are feedbacks (loops) and circled
causality. In the analyses of non-linearity, positive feedbacks are especially significant as an
opposition to the negative feedbacks (Hjorth A., Bagheri A., 20006). Self-organization is a
phenomenon in which interactive components cooperate in creation of the coordinated
structures and a higher degree behavior®. At the same time, the openness of the system
implies action of the external fluctuations and perturbations, such forces cause shift into the
new regime. It means, the path to complexity is closely linked to bifurcation into the new
trajectories (paths)™. Just because of the inherent connection, non-linearity and openness,
complex systems offer limited functional decomposability, meaning that overall (macro
level) functioning cannot be derived from knowledge the function of its subcomponents but
from the patterns and nature of interactions. Self-organization may exist only if system
accepts energy (openness as a capacity) that is transformed within the system, and the
release of energy is result of that. The entropy is reduced by self-organization. The basic
premise for self-organization is the existence of non-linear feedback. Complex systems
spontaneously establish new order, creating new structure, forms (shapes) of behavior and
new properties. Emergency is the basic quality of the self-organized systems. It derives
during the productive interaction between entities (qualitative new characteristic). It is
necessary in emergency to distinguish the relation difference of macro-micro level. Levels
enable conceptual separation of emergent behavior on one side and interactions on the other
side (De Haan, J. 2006). Objects and interactions that cause behavior are inhabited at the
lower and emergent behavior at the higher level (bottom-up emergence). Due to the all
mentioned properties, complex systems are basically non-deterministic. Even if we have
complete information about the functions and connections that exist among the system
components, that does not enable precise anticipation of its behavior. Finally, complex
systems are by nature stochastic which in great measure aggravate management of such
systems.

The mentioned properties of the complex systems come to expression in the regions
where intensive interaction between the nature and the human is done and which
is...”metachronous, disproportional and with the bigger acceleration of process” so that
“stochastic behavior of such systems becomes its basic characteristic...” (Radovanovi¢ M.,

* Similar causes might have different effects and on the other side different causes might have similar effects,
causes might interactively act in a complex way and produce unexpected effects.

* About theories of self-organization more in: Gryzbowski A.G.S., Sclocombe D.S. (1988).

%0 In the evolution of socio-cultural systems the changes might be adaptational and bifurcational. Adaptational type
of evolution of relation between the natural environment and socio-cultural systems is characterized by relative
stability that enable development of certain scientific forecast, providing that there are not external disturbances. In
bifurcation type demographic system passes different levels of threshold, which is connected with destruction of its
previous structure and organization. At bifurcational level trajectory of the demographic process (as the process of
genesis and evolution of the demographic system) is not determined and irreversible. Bifurcational type of
evolution confirms that the development of biosphere and socius is not constant. While in nature the rhythm,
dynamic and cycling of processes and appearances is done under relatively stable regime of expended energy,
matter and information, in the society is this regime of development more changeable and with one permanent
tendency of the exponential enlargement of its “expanded” part. As a whole, the stability of the complex systems is
determined by the balance between integrative connections and fluctuations that take it from the balance. In the
point of bifurcation the procedure for the selection of “path” of evolution starts, caused by even small fluctuations
(Gr¢i¢ M., 2008).
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1993/94). The coverage of the complexity and dynamics of human and nature interactions
(coupled natural and human systems) is of exceptional importance because the (non)success
of management policy of this complex and dynamic systems depends on it (Liu J. et al.,
2007b).

So called “complexity dictionary” derived from the properties of the complex
systems is connected to the theory of complexity (Lissack M., 1999). It contains the
following terms: emergency, systems dynamic, self-organization, dissipative structure,
indivisibility, holism, non-linearity, mutual causality, state far from balance, bifurcation etc.
These terms replace reductionism, mechanicism, dualism, linear causality and other terms.

The results of the research published in work by Liu et al. (2007a) confirm the
existence of a strong connection between complexity and interdisciplinary and also confirm
that they are achievable. The given case studies from the whole world point out that the
complexity level derives from interactions of biological, socio-historical, socio-economic,
spatial-geographic conditions and factors (spatial variability) i.e. that it varies across space,
time and organizational units. Six case studies exhibit all mentioned properties of the
complex system (non-linear dynamic with thresholds, reciprocal feedback loops, surprises in
system’s behavior, heterogeneity, resilience, etc.). The realized complex interactions
between the natural and social environment from the past influence the present conditions
and the future possibilities (time dimension). Monitoring changes in behavior of the
analyzed complex (geographical) systems realized through the research variables that link
natural and social elements by application of different techniques and tools from ecological
and social sciences as well as other disciplines such as modeling (mathematical and
statistical models, computer simulation models), GIS and remote sensing, etc. Data
progression for the longer time periods enabled monitoring of the time dynamics in the
systems of the high level complexity. All stated is realized by the interdisciplinary team
comprised of the natural and social science scientists gathered around the mutual question
(including a geographer: geographic information systems).

Conclusion

The explanation of properties of the complex systems confirms that the integral
natural and socio-economic systems accomplish very complex territorial entities (the most
complex and most dynamic natural-social system category) that can be understood only on
the grounds of their mutual interactions, which excludes mechanistic approach. Namely, the
wholeness and components of the complex systems might be understood in categories of
new relations of the wholeness and components and interactions between components. The
nature of complex systems changes permanently, new structures are formed and new
properties of the dynamic interactions which implies dynamic management system. We
have to understand the properties of the system through the process of occurrence and not
merely its existence. The deeper understanding of process is necessary, since despite the
delay in reactions that can be material or information delay (changes do not happen
simultaneously with their start, but certain time is necessary for them), reactions are
manifested in a specific way (for us always as a surprise!). Therefore, from the
methodological stand point, problems in further development, management of the
environment and creation of the adjustable relation between the people and nature might be
solved by the use of complex approach based on the ecological principles.

As Arshinov and Fuchs (2003) point out, during the last two decades an increasing
body of scientific literature on topics of emeregence has emerged that taken together
represents a huge shift of focus in science: from structures and states to processes and
functions; from self-correcting to self-organising systems; from hierarchical steering to
participation; from conditions of equilibrium to dynamic balances of non equilibrium; from
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single trajectories to bundles of trajectories; from linear causality to circular causality; from
predictability to relative chance; from order and stability to instability, chaos and dynamics;
from certainty and determination to a larger degree of risk ambiguity and uncertainty; from
reductionism to emergentism and from being to becoming. We consider this work as our
small contribution. Certainly the idea needs deeper observations in accepting the “novel”
way of thinking and understanding of the complex systems, such as the human-environment
system.
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