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YBOOHNMK

Iourropany unTaony Xemujckol tipeinega, Ha cCaMoM
Kpajy TOf[iHe, Y OBOM HOC/IETEeM OPOjy, MOXKEMO Jja Kake-
MO JIa CMO YCIIEIIHO 3aBPIIWIN jeHY PafiHY TOIVHY 54. TO-
oyira Xemujcxol iipeinega. Ha yHyTpalmyM Kopyuiiama
OBOT IIOCTIEEbET OPOja 54. TOMMIITA, KA0 LITO CMO 1 yOOu-
YajuIu, JIaTM Cy HACTIOBY CBUX WIAHAKA 00jaB/beHIX Y
2013. rofvHM. To, ¢ jemHe cTpaHe, O/1aKIIIaBa Iperyier U Ha-
JIOKEHbe TEKCTOBA KOjU Bac 3aHNMajy, a ca Jpyre CTpaHe Ja-
je jemaH 1enmoBUTH yBUA y ipebamimu pag 1 Moxe 6uTy
OCHOBA 33 H/3 3aHMM/bVBIX aHA/IM3A: KOja 06/1acT Xemuje
U Koje TeMe Cy Owle HajBMIIIe 3aCTyIUbeHe, Ia /I UMa ,,0e-
NyHA“, Tj. HETIOKPVBEHVX 0OIaCTyI VIV TeMa, U C/IVYHE.

* % %

HobernoBa Harpajia 3a XeMyjjy 3a 2013. TOIVHY je Iofe-
JbeHa TPOjULIY HAaTYPATM30BaHIX aMEPUUKMX HayIHMKA U3
00rmacTy TeopujCcKe 1 padyHapcKe xemuje 3a paspoj multi-
scale Mopieria 3a KOMIITEKCHe XeMujcke crcteMe. Harpabe-
Hu cy: 1pod. Maprun Kapruryc (Martin Karplus) ca Yuan-
Bepsurera y Crpasdypy, Ppaniycka u YHuBepsurera
Xapsapp, CAJI, mpod. Majkn JIeut (Michael Levitt) ca
Yuusepsurera Crendopp, Jloc Auhenec, CAJl u poc.
Apuex Bopruen (Arieh Warshel) ca YHuBepsurera Jyxha
Kamdopunja (USC), Jloc Aubenec, CAII. Tum roBogom
je 3a unraoue Xemujckoi tipeinega Jparan M. Ilonosuh
(LTenrap 3a xemyjy, IXTM, BY) Hanucao 4iaHax II0f Ha-
CTI0BOM ,, /13 cajdep tipocitiopa - Hobenosa Haipaga 3a xe-
Mujy 2013.

b

KcanTaH je momycaxapyp Kojyu IpeficTaB/ba IPOAYKT
u3TyYMBama 6akrepyja s Bpcre Xanthomonas campe-
stris. To je ncra oHa GakTepyja Koja M3a3UBa LPHY TPYIEX
Ha mucTy nospha. HakoH ycIpHOT ncTpaknBama TOK-
CIYHOCTY, OBaj OMOMONMMeED je O0OpeH 3a yIoTpedy KOf,
KVBOTUIbA.. Y KOMEPLUVjAIHY YHOTpely yIasu 1968.rofu-
He, Off, KaJja ce KOPVCTY Kao KOMEPLVjaTHU aJUTHB y Ipe-
XpaMOpeHOj MHEycTpHju ca o3HakoM E415. Yranax o oBoj
MHTEPECaHTHOj CYTICTaHIY, KOja Cé KOPUCTY Kao IIPUPOJ-
HM 3TYIIBYBAY U CTAOWIN3ATOP Y IpeXpaMOeHOj MHAY-
CTpUjU, KAO I y KO3METIYKOj 1 (papMaLiey TCKOj MHIYCTPY-
ju o, HacnoBoM ,, Kcanitian“ Harvicanu cy Josana Illejar
u Mapko Vimnh, crynentu Xemmjckor daxynrera BY.

b

Jemma op HajBehux rpyma 3aIITUTHUX XEMUCKMX CYII-
CTaHIM OW/baKa jecy alIKaTONAY, MeTabONMNUKM OMOIIpo-
TYKTV aMyHOKMcenuHa. KykyTa je jemHa of off OTpOBHMUX
Owbaka HalllMX KpajeBa, [T03HATA LIMPOj IIyOnuiy jep je
HEHVM OTPOBOM M3BpILeHa CMPTHA KasHa Haf, GIIo3o-
¢dom Coxparom. Y unanky ,,Kykyitia - Coxpaitios useiti

aytopu lllumon A. Hapmaru (beorpasicka nonmvrextimka),
Janvma B. Hapmaru (Bucoka 3gpaBcTBeHa IIKO/IA CTPY-
KOBHVX cTynyja, beorpan), I'opyma Hemh n ViBan I'yr-
MaH (IIM®, KparyjeBar) cy onmvcam KyKyTy, XeMyjcKa je-
Iuiberba (a/IKaTonjie) Koje OHa CafipyKu, Kao 1 JiejCTBa Koja
OBa jeuiberba MMajy Ha YOBEKa, YK/by4dyjyhu 1 Heke 1103-
Hare C/TyJajeBe TPOBarba.

* % %

Y 4aHKy ,, AHAnU3G HONULUKTUMHUX APOMATAUYHUX
YIb0BOGOHUKA Y XPAHU U Y30PUUMA U3 HUBOTTIHE CpeguHe
ayTtopa Jenene Ilserkosuh, Mapuje [Tvvurpujesuh, Be-
cHe Crankos Josanosuh n Buonere Mutuh (IIMO,
YHuusepsuteT y Hymry), gaT je mperier HadmHa Kako ce
aHA/M3MPajy HOMNLVKINIHYA APOMATIYHU YI7bOBOJO-
Huy (ITAX), rpyna TOKCMYHUX jenuiberba Koja ce MOTy
Hahy y )KVBOTHO]j CpEVHY 1 XPaHNL.

* % %

CrynenTkumbe XeMujckor daxynrera JeneHa Anem-
nnjeuth 1 JoBana Apanbhenosuh cy y unauky ,,[ymapadu-
Kka“ oIVicalie OCHOBHA CBOjCTBA CMellle OMOIIoMMepa, Koja
je kopyheHa y Hajpas/anTyje CBpXe XibajiaMa rofyHa,
aKoja ce KOPUCTY U JaHacC.

e

Y Xemujcxom ilopeinegy, Kao IITO 3HATE, MMaMO U
Ipyre cTalHe pyopuke. 3a pyopuxy Xemuja us/3a wixone
cy Jbweana Boxxosuh 1 3narana 3apuh (yunrepia n
HactapHmua xemyje y OIII ,,Ceerosap Mapkoeuh“ y Kpa-
JbEBY) HAIUCATIE CLIEHAPYO 3a 3ajeJHIYKI Jac 3a APYTH U
OCMI paspe]; OCHOBHe LIKoJIe ,Xemuja 1 Pyka y Tecty -
OTKpJMBalbe CBeTa", Ha TeMy ,, BMO/IONIKY BaXkKHa OpraHcKa
jenvirberba“.

3a pybpuxy Tpubuna Iparomup Munosanosuh
(moxropaHnt y Maxc ITnank uncturyry, [erunren, Hemau-
Ka) je Harmcao npwior ,.eLife - Hayka gocitiyiina céuma“.

Y pybpyim Becitiu u3 CX]] nahm here u Tekcr - ceha-
e Ha peMyHYyy ipodecopky ['oprany Byukosuh.

o

Cae y cBeMy 0BO je 6poj y kome here curypro Hahn
HEIITO VIHTEPECAHTHO 32 YUTakbe, MaKap TO VO U ITOJaTaK
0 MaJjIOj IIPOMEHY NIPABM/IHMKA 33 TAKMIYEIhe CPEIHHbOLI-
KOJIalla WM JIa je JOHEeTa OfyIyKa fla BUCHHA WIaHApMHe 1
NpeTIVIaTa Ha Jacormyice JIpyITsa 3a 2014. TOIMHY OCTa-
He HelIpoMerbeHa Y OTHOCY Ha 2013. TOMUHY. YWIaHUTe
ce y CX]I, unrajre XII, nopenure ra u ca gpyruma, nm-
mute 3a XII, jeqHOM pedjy, HeryjTe CBojy mpodecrno-
HAJIHY 3ajeqHiry!

Parko M. JankoB

Toguwitnie 54. 6poj 6 (2013) 141



YJIAHIIN

“Hodenosa Haipaga 3a xemujy 3a 2013. loguHy je goge-
TbeHa POjulU HATLYPANU306AHUX AMEPUUKUX HAYHHUKA
u3 odnaciiu iwieopujcke u pauynapcke xemuje. Haipahernu
cy:

o apop. Mapinun Kapinyc (Martin Karplus) ca
Yuueepsuitieitia y Citipasdypy, Ppanuycka u Yru-
sepsuitieitia Xapsapg, CAJ,

o dpod. Majxn /lesutii (Michael Levitt) ca Ynusep-
suineitia Citiengpopg, /loc Anuhenec, CAI u

o apog. Apuex Bopuen (Arieh Warshel) ca Yuueep-
suinieitia Jymna Kanugopruuja (USC), /loc Anbe-
nec, CAJl

- .
¥

Hparan M. IIOIIOBI'R, LenTap 3a xemnjy, IXTM, Yuusep-
suter y beorpany, (email: dpopovic@chem.bg.ac.rs)

N3 CAJBEP ITPOCTOPA
- HOBE/IOBA HATPAJIA
3A XEMMU]JY 2013.

u iio 3a paseoj multi-scale mogena 3a komiinexcHe xemujcke
cucttieme” Kaie ce, usmehy ocitianoi, y caouuitiersy Hode-
710607 Komuitieiiia 3a gogeny osologuuitbux Haipaga. Tpoju-
ua Hayuruka cy goduna Hodenosy Hdipagy 3a paseoj
KOMILjyIllepCKUX MOGend 3a CUMYTIUParbe XeMujcKux apoue-
ca, uume je tioHyheH PesonyUUOHAPaH U YHUBEP3AnaH anaili
UCTHPANUBAUMA Y XEMUjU, GU3ATHEPUMA HOBUX IEKOBA U
UHIKEHepUMA Y PASIUMUITIUM OOTIACTAUMA UCTIPANCUBAIDA.
JoSuttinuyy cy tipeiiosHattiy 1o wome Witio cy "tiperent
useoherve excilepumenaitia y cajdep tpocitiop,” kaxe ce ga-
b€ y CA0HULTTIEDY.

CenampeceTyx rofiyHa IpouuIor Beka, Kaprryc, Bop-
wen u JIeut (Bupgy C/uKy 1.) Cy IIOCTaBWINM OCHOBY 32

Cnuxa 1. Tpojuna Hobenosana — Kapryc, Bopuen u JleBut y gpymrsy Cryde6pykoBa (IpBM ciIeBa, meda
TpyIIe Y K0jOj je ayTop TeKCTa IIPeXOIHO paano), Ha maysu usMeby npefaBama Ha KoHpepeHIUjI.

MohHe KOMITjyTepcKe IIporpame, Koji ce laHaC KOpYCTe Aa
6u ce pasyMenu ¥ IpeaBUAEIN XeMUjCKI IPOLIeCH Y Ma-

142 Xemujcku ipeineg

KPOMOJIEKYTICKMM CHCTEMMMA, KaO CTO Cy €H3VIMU, TPaH-
CM€M6paHCKI/I nporenHcky komiviekey, JHK, munmamy,



HOJIMCAXapUAY U [PYTY IPUPORHIU VIM CUHTETUYKY 110~
NUMepy, WU HaHo-MaTepyjam. OBy nporpamy oMmoryha-
Bajy [eTa/bHO VCIIUTHBAbE MEXaHM3Ma Pajia eH3UMa, Kao I
eHepreTyKe I KMHeTHKe Ipoleca. Moryhe je ncnrysaru
UHTepakiyje usMel)y IpMpogHOr CyICTpaTa U eH3UMa,
VW THXMOUTOPa (OZHOCHO JIeKa) M eH3MMa, Kao U M3pady-
HaBarbe IJXOBJX €Heprija BesyBama. Ha ocHOBY oBux
HpopadyHa Moryhe je MaeHTM(UKOBATY TUI IHTepaKIyja
KOje Cy OfIrFOBOPHE 32 Be3MBaIbe MAIVIX OPTaHCKMX MOJle-
Ky/la 32 aKTMBHO MECTO €H3VMa V1 IIPEABIIETY CTPYKTYPY
HOBJIX je[IVIberba, KA0 IOTeHIMjaTHMX JIEKOBA, IITO je
ocHoBa 3a drug design. Mebyco6He nurepaximje n3mehy
IBa rporenHa, ensuma u JJTHK, win ensyma v mumnypa cy
Takobe ycrelHo ycuTuBade oBuM Meronama. IToper To-
ra je Moryhe cuMy/vpaTy Iporiec yBujara mpoteyHa (pro-
tein folding) mo cBoje mpuponHe koHdoOpMaLMje, Kao 1
HpeNBUIETY TPONVIMEH3MOHATIHY (TepLyjalIHy) CTPYKTY-
Py IIpoTeyHa.

Taxo cy oBUM MeTofjama IIpoyYaBaHe CTPYKTYpHe
IpoMeHe IIPOTENHA M3a3BaHe HaIiM 1oBeharmbeM TeMrie-
parype; KoHpopMaIoHe IIpOMeHe IIPOTENHA M3a3BaHe
pofopoM Bupyca Kpo3 hermjcky MeMOpaHy, wi mpome-
mweHoM pH BpenHocTu Menujyma. Takobe cy MonenoBaHe
eHepreTyKa JelPOTOHOBaa TUTPATUOVIHIX IPYIIa IIpo-
TEUHA, WIY IIPOMeHE OKCUIO-PENYKIVOHOT CTamba MeTasl-
HUX IIeHTapa U JPYIYUX PefoKC-aKTMBHUX KodaKTopa,
u3paxeHe rpexo rpomere pK, u E° BpenHocTy; kao u Me-
XaHM3aM TIpeHoca potoHa, jona (K*, Na*, Cl7) wm ma-
X MOJIEKy/Ia KO3 MOTTYIIPOIYCT/BUBY MUTOXOHAPUCKY
wm hemjcky MeMOpany.

Merony MofienoBama Koje Cy pasBWwIn SOOUTHULIN
Hobenose Harpazie oMoryhasajy mpoy4aBame 1 pasyMe-
Bambe BXHIX OMOONIKIX 1 6MOXeMMJCKUX IIpoLieca Ha
MOJIEKY/ICKOM HUBOY Y he/jama »MBUX OpraHusMmMa, a
TUMe je TeHepa/HO V1 CYIUTVHCKY Y4UbeH Hallpelak y Mo-
IEePHOj XeMIjH V1 GYOXEeMIjIL.

JlaHac je y XeMMjy1 TOTOBO HE3aMMC/IMBO Jja Ce MeXa-
HM3MY QYHKIMOHNCaba OMONIOLIKIX CUCTEMa, TIPEeTIIO-
CTaB/beHM Ha OCHOBY Pe3y/ITara eKCIepUMeHTaTHIX Mepe-
1ba, He IIPOBEPaBajy 1 M3Y4aBajy M KOMIjYTEPCKUM CUMY-
manyjama. Ca ipyre CTpaHe, pe3yITaTyi KOMILyTepCKIX Ci-
My/lanyja 1 popavyHa TPaXKe CBOjy €KCIIEPUMEHTA/IHY
HOTBPAY, YMMe je YCIIOCTaB/beHa YBpcTa cumbmosa nsmehy
TPaJVLIOHA/IHOT ¥ HOBOT Pa4yHAPCKOT IIPUCTYIIA XeMUj-
CKJIM ¥ OVIOXeMMjCKMM ITpo6/IeMiMa.

3axBa/byjyhyt HOMEHYTIM KOMITjyTepPCKIM MOJEIMA,
YMj¥ TIOYEL M JAaTUPAjy jOII U3 paHUX 70-TUX TOAMHA
IPOLIVIOT BeKa XeMUdapy IIVIPOM CBeTa Cy cafa y Moryh-
HOCTH Jla CMYIMPAjy jaKo CIOKeHe eKCIIepYMEHTe Ha CBO-
juM padyHapyuMa. Y obpasnoxery omiyke IlIBencke Axa-
nemuje Hayka (Royal Swedish Academy of Sciences) ce ka-
Xe, J1a je TIOHyeHN ayaT YHUBep3aIaH 1 Off TOMOhM Kako
UCTpaXuBaunMa y obnactu apmanyje 3a gusajHuparma
HOBVIX JIEKOBA ¥ OMIOAKTMBHIX CYIICTaHIM, TaKO Y MICTpa-
KMBauMMa y 0671aCTV eKOMIOIIKY TIPUXBAT/bIBIUX IIPOLieca
Jia CTBOpPE YMCTHje USBOPE €HepIyje NN UCTPOKMBAYMMA
y ob6/acTi HOBMX MaTepujajia ia Kpeupajy maMeTHe
(cmapr) mpousBope. bpojHy HayYHMIM ¥ UCTP@KUBAYY CY
0 [laHaC YCTIENIHO KOPUCTWIN OB MeTOfie KaKo y aKafieM-

CKe TaKo ¥ y MHAyCTpujcke cBpxe. O6MM 1 PasHOBPCHOCT
multi-scale mpucTyna MoIeIOBay PasTUIUTUX OVOIOLI-
KUX VM XEMMjCKMX CUCTEMA j€ VWIyCTPOBAH IPUMEPUMa
IIPYUKa3aHVM Ha C/IVKaMa 2 IO 4.
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Reaction coordinate

Cnuka 2. EnepreTcku nmpoduan peakijuja npesoca
npoToHa usMeby Be TUTpaTHOUIHE IpyIIe, HOCPen-
CTBOM MOJIEKYJIa BOfie Y XuApodoOHOj MIYI/bUHU
usMeby nBa XeMa y DUTOXPOM I} OKCUJIa3y, IIPU pas-
JIMYUTOM OKCYJALVIOHOM CTalby MeTa/IHUX IleHTapa.
[Tpumewenu Empirical valence bond (EVB) mertop
omoryhasa uspauyHaBama ['M6coBuX c1o60gHUX
eHepriuja MHTepMeAMjepPHIX CTamba (IpoydaBarme
TepMOAMHAMMKe IIPOIleca), Kao I eHepruje cTama
Ipe/asHNX KOMIUIeKca 1 Op3uHe XeMUjCKIUX peak-
nuja (Ipoy4aBame KMHETHKe IPoLieca).

Ca y6p3anyM pasBojeM HOBUX, Op>KUX U e(pUKaCHN-
jux padyHapa, paj Tpojurie HobenoBana je mo6mo joru Bu-
1Ie Ha 3Ha4ajy. HanMe, Heky mpopadyH 3a KOje je HeKafia
Tpe6asIo 1o BUIIIE laHa, Cafia MOT'y Ja ce 3aBplile 3a Iap
MmyHYyTa. To 3ampaBo paBy OTPOMHY Pas/uKy, jep cama
MOTY JIa C€ pajie MHOTO KOMIIIMKOBaHMjJ IIPOPAYyH! Ha
MHOTO CTIOKEeHUjUM cucteMmma. Kapa je ped o Monexyin-
CKOj IHaMULIY, BpeMe CUMYyIaliuje je 3HadajHo rosehaHo
— Of] HAHOCEKYHJIe 10 MIWIVICEKyHJIe, a Ha CYIIepKOMjyTep-
ckmM K1actepuma M1 TpajeKropuje JOcexy 1 O jenHe ce-
KyHze. Hekara cy BenyKu 1 CTIO>KeH) OMOMOLIKI CHCTeMMU
M3y4aBaHU TaKo IITO je MOTIOBaHa AVHAMIKA Y chepu
011 15 A OKO aKTMBHOT MecTa WV Be3VBHOT ielta (binding

Toguwinie 54. 6poj 6 (2013) 143
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Cimmka 3. VMcnutuBamwe edekTa Be3duBamwa Tepl-OyTWINMPUANHA Ha MofuuKoBaHe IOBplINHe (MHTepdejc)
tutad-guokcupHux (TiO,) rpanyna ca BesanoM ‘N3’ 60jom. Popmupa ce conapHa hennja.

Cnuxka 4. ITpuMep ,,MyNnTH-CKejT MOfieNIOBamba MPUMEHOM XUOPUIHE METOJie 3a M3ydaBatbe 6JIOTOMIKOT CICTeMa.
Jleo cucrema ce Mofienyje IpMMeHOM KBaHTHE MeXaHMKe, 0K Ce OCTaTaK CHCTeMa MOJienyje IPUMEeHOM MOJIEKY/I-
CKe MeXaHINKe.

pocket) mporenna, OK je ocTaTak ImpoTenHa 610 PUKCH-
PaH y II04eTHOj KOH(OpMALI)jIL, WY je jeTHOCTaBHO 3aMe-
IbeH ycpenbeHNM (average) eeKTpOCTaTIYKIM ITOTEHII-
jazmoM Koju fiefyje Ha Ieo MaKpOMOJIEKY/Ia KOjU je Off VIHTe-
peca. [lanac je moryhe, 6e3 6urtHyjer ynpouthaBarba crucre-
Ma, pajyTy IpOpadyHe KOjy eKCIUIMIIUTHO YK/bYUYjy CBe
aToOMe jaKo Be/IVKUX CUCTeMA, Kao IITO Cy TPaHCMeMOpaH-
CKM KOMIUIEKCH IIPOTEeNHA, YK/bY4yjyhu 1 eKCITUITHI
MOfie/1 JIMIAHe MeMOpaHe U MOTIeKyTIe MejyMa, Tj. BOfe
1 jOHa, KOj¥I OKPY>KYjy MCIIUTVBAHM CHCTEM.

Tpojuia aypeara cy y CBOjIM KOMITjyTePCKUM MOfe-
JMMa, [U3ajHUpaHNM Ja pensubajy Xxemujcke peaxuyje,
TaKObe KOMOMHOBaIN Kmacnm4ny (1)I/I3I/IKY Ca KBAaHTHOM
¢usykoM (Ba o Tafa CyIpocTaB/beHa cBeta). [Tpumepa
peakija y KojuMa ce CTBapajy U pacKufiajy XeMmjcKe Bese

144 Xemujcku upeineg

MMa MHOTO. TakBe Cy peaxijyje CYIICTaHILH ‘Y eIPYBETH,
WIN peakuyje y OMOMOUKNM cricTeMuMa: EHsum xmmpo-
NM3yje MeNTU/HY Be3y APYToT WM MCTOT IIPOTeVHA U Ta-
KaB IIPOTEUH IIpeBefie Y OMOMOIIKY aKTUBHU OO/INUK, WK
HPWIVKOM OKcraaTyBHe docopusariyje kaza ce popmu-
pa eleKTpOXeMIjCKI IOTeHIyjas Ha henyjckum Membpa-
HaMa ¥ TPafiyieHT [IPOTOHA KPO3 MeMOpaHe OpraHesia; Kama
Bupyc nponype y henujy gomahusa; v kaga fonmasu o
henujcke feobe, ntn... Ca Apyre cTpaHe OBM IPOLECH, IIpe
CBera OHM Y OMOMOIIKIM CHCTEMIMA KaTamsoBauu (yop-
3aHM) Off CTpaHe eH3MMa, MOT'Y [ia Ce OfiBIjajy y mermhy Mu-
KPOCEKYHe, UyMe Haf]Malllyjy KOHBEHI[VIOHA/THE a/ITOPNT-
Me KOjU TTOKYIIABajy Jja Mallupajy IVHAMVIKY IIPoLieca KO-
Pax 1o Kopak. YK/byuMBarmeM KBaHTHe (u3uKe 1 KOMOU-
HOBarbeM Ca KTaCHYaHVM KOMITjyTePCKUM MOZENIOM, 6poj



Moryhux crama (kombuHarja) ce eHopmHO 1oBehasa, jep
OHa cajia J03Bo7baBajy MoryhHocT fa ce aromu Haby y pas-
JIMYUTYIM KBAaHTHVIM CTaibVIMa y 0110 KOM TPEHYTKY Y TO-
Ky rpotieca. TakoDe je OTpe6HO fja ce M3padyHajy 1 MoJie-
KYJICKe OpOUTaJIe 3a JIe0 CHCTeMa KOjI Ce TPeTVpa Ha KBaH-
THO-MEXaHITIKOM HyBOY. CBe 0BO 3aXTeBa OTPOMHY KOM-
TjyTepCKy cHary fia Oy ce CBY IIOfaliy 0OpayivuIiL.

Tpojuia Hobernosaria cy Takohe 61 meby saueTHn-
ymMa Monte Kapro cumymnanmja fuHamuke npotieca JTHK
U IIPOTENHA, KOja, Kao U HeKe Apyre MeTofe yBomy ofpebe-
Ha ynpouihaBarma 1 (pU3MYKY OIIpaBAaHe alpoKCUMaLiyje,
Jia 6V yOIIIITe MOII JIa Ce CTYAMPA]y CTIOKEHU IIPOLIeCH I
CHUCTEMI. JeIHa Off, AlPOKCUMATUBHIX MeTofa je 1 Empiri-
cal Valence Bond (EVB) merop, Ha 4njeM je pasBojy u Ia-
pamMeTpy3aIju 3a IpUMeHy Ha eH3MMVMa paio Boprren
ca capapuymymMa. OBaj MeTof oMoryhasa MofienioBae pa-
CKupama nocrojehnx 1 popMmpara HOBUX XEMUjCKIX Be-
3a 11 oMoryhasa IIpoyJaBarbe XeMIjCKIX peaKijyja y IpoTe-
yHMMa. OH je 1pBu KoM6uHOBao EVB merop ca MonTe
Kapro MonekyickoM IyHaMIKOM, fia 6v1 U3padyHao eHep-
reTCKM IpodusI XeMujCKe peaKiiyje KaTal30BaHe eH3l-
MoM. ITopeq TepMOIMHAMIYKIX BEIMYMHA Tj. CIOOOIHE
eHepruje peakiuje, eHTpOIMje U CJ1., Mofen oMoryhasa
HPOLEHY aKTUBALMOHE eHepruje IPeIasHoT CTarba 1 6p3y-
HE XEMMJCKE PeaKlyje, TaK/le IPOydaBarbe M KMHETUIKIX
napamerepa. Multi-scale cumymnanyjama je Moryhe nspaay-
HaBatbe IIOTEHIMja/THe EHEPITIje Y IIPOyYaBarbe PaBHU I10-
TEeHLMja/IHe eHEPIVje XeMUjCKMX peaKiiyja Koje ce y IIpoTe-
MHMMa opyrpasajy (protein landscape).

JIeBUT je ommcao CBOj caH O CUMYJaLMjy IpoLeca y
JKVMBUM OPTaHM3MIMa Ha MOJIEKY/ICKOM HMBOY Kao y36ya-
JBVBY MV CAOHU eKCIlepyuMeHT. KoMljyTepcky Mozenu Koje
cy passwm HobermoBu naypearn y xemuju 3a 2013. ¢y Moh-
HJ alaTy. Y K0joj Mepy OHM jOLI MOT'Y Jla YHAIpeZle Hallle
3Hambe, IIokazahe 6ygyhHoCT.

Kommjytepcku Mogenu cy Takohe pagyKamIHO M3Me-
HIWIV Ha4VMH Ha KOj/ CaBPEeMEHM XeMIYapy paje CBOj I10-
cao, mpumeheno je o crpane Axagemuje. [laHac je xomrijy-
Tep MCTO TAKO BXKAH 3a XeMIJapa Kao I erpyBeTa In
6110 KOj¥1 IPYTY MEPHI MHCTPYMEHT VIV /TabOpaTopyjcka
HOCYyfia.

Kapmryc (83) panu Ha YHuBepsurery y Crpasoypy y
ucrounoM peny Ppanrrycke u Xapsapny (CAJI); Jlesut
(66) je na Crendopny (CAJL); mok je Bopruern (72) Ha YHu-
Bepsurety Jy>xHa Kamdopunuja. Oun he nogenuru Harpa-
Iy Y BUCHHU Off, OKO MIWIVOH €Bpa. Y CK/Iafy ca TpafIy-
jom, maypearn he npyMiTi Mefiabe ¥ Harpage Ha popMa-
Hoj epemonuju y llITokxommy, 10. fietieM6pa, Ha TORMII-
wuLy cMpti Andpena Hobera (1896), ocayBaya ¢oHpa-
1yje 13 Koje ce ofe/byjy Harpape. [Iponuie rogyHe oBa Ha-
rpaja je nomembena Pobepry Jledpxosuiry u Bpajany Ko-
6wnxu (CAJl) 3a upentndukanujy kuaca henujckux pe-
LIeNTOpa, Kao JOIIPUHOC Off BUTATHE BOXXHOCTU Y O6jall-
IbaBakby KaKO BUIIM OPraHy3Mi (PYHKIVIOHUIIY Ha MOJIe-
KYJICKOM HVIBOY.

KPATKE BIOTPA®UJE JIAYPEATA

Mapiaun Kapiinyc, pobeH je 1930. ronyae y beuy y Ay-
cTpuju. Jumnomupao je 1950. rof. Ha Xapsapny, CAJIL.

TIOKTOpCKY fivicepTanujy je panmo y rpymu mpodecopa JIu-
Hyca ITaynunra Ha Kamdopuujckom Vincturyty 3a Tex-
Honorujy (California Institute of Technology, Caltech) y
IMacapenu, CAJl, rae je u goxropupao 1953. Of 1953. 1o
1955. TOIMHE 6110 je Ha IIOCTTOKTOPCKUM CTyAMjaMa Ha
yausepsurery Oxcopp y Bermkoj Bpuranuju, roe capa-
byje ca npodecopom Hapncom Koynconom (Charles Coul-
son). Of 1955. Tof. apxu Ipodecopcke No3nLyje Ha YHU-
Bepsutety Vmmoju (University of Illinois) y Komym6uju, u
Ha Xapsapry y Kemopuzy, 06e y Cjenyrbernm [IprxaBama.
Kapmryc je tperyTtHO Professeur Conventionné a YHu-
Bepsurety y Crpasbypy, ®panirycka, 1 Theodore William
Richards Professor of Chemistry, Emepuryc, Ha YHUBep-
sutety Xapsapg, CA/L. ITpod. Kapruryc je y HapzopHOM
onbopy HeKOMKo MehyHapOTHIX HayYHIX YacoINca, Kao
cro cy, Journal of Molecular Recognition u Journal of Com-
putational Chemistry. Mcrakuyru je wian Hanyonanse
Axapemuje Hayka Cjenymennx Ameprukux JJpxasa (Na-
tional Academy of Sciences).

IberoBo ncrpaxuBame je POKycHpaHO Ha pasyMe-
Balbe €NIEKTPOHCKE CTPYKTYpe, FeOMeTpHje U IVHAMUKE
MOJIEKYTIa, KOjU Cy Off MHTepeca y Xemuju u 6uomnoruju. Ta-
Kobe ce 6aBy 11 MOTIEKY/ICKMM MOJIE/IOBAbeM U BUOpALVO-
HOM aH&/IM30M. Y Her0BOj Tab0paTopHjy je pasByjeH 1 IIp-
BU cOPTBEP 3a MOJIEKY/ICKY-MEXaHVUKY Y MOJIEKYJICKY IV-
HaMMKy NpoTenHa, nog umenom CHARMM. Kachyje je,
Of CTpaHe HeroB1X OMBIINX JOKTOPAHATA U CapaJHIKa,
1o ysopy Ha CHARMM, pa3BujeHo Bullle CIMIHUX NIPO-
rpama, kao cto cy AMBER, GROMOS, GROMACS,
NAMD, ntp,

Maijxn JTesuim, je pobeH 1947. rogyHe y IIperopuju, y
Jy>xuoadppuukoj Perryomuu. Cryaupao je pusuxy Ha
Kpamesckom kornenty (King's College) y JTonpony, Bennxka
bpuranuja, rae je pumiomupao 1967. [Jokropao je 1972. y
obmacty kommjytepcke 6uonoruje Ha lonsun u Kanyc xo-
ety (Gonville and Caius College) y Kem6puty, y Bermkoj
Bpurannju. Kao crynenpucra EMBO (European Molecu-
lar Biology Organization), mpoBeo je HapeqHe IBe TOIVHE
Ha IIOCT/{OKTOPCKOM YcaBpilaBarsy y rpymm IIxajop JInd-
coHa (Shneior Lifson) Ha Bajimanosom VHcturyTy (Weiz-
mann Institute of Science), y PexoBoty, y VI3paeny. 3atum
ce Bpaha y Benuky Bpuranujy, rie of 1974. 0 1979. TORyHe
Kao Hay4Hu capagHuk pagu y MPIT JIaboparopuju 3a Mo-
nexynapHy 6uonorujy, Ha Kemopuiry (Cambridge). On
1987. JleBur je npocdecop Crpykrypantne buonornje Ha
Crendopny (Stanford University), y Kamdopaujn, CAJL
Vicraxnyn je ynan Hauyonamae Axagemuje Hayxa CAJI-
a (National Academy of Sciences) u Kparpeckor ppymrsa
xemyyapa (Royal Society of Chemistry).

JleBuT je HajBMIIIE TIO3HAT 11O CHMMY/IalLlMjaMa MoJjie-
Kyrncke ayHamyke [JHK u mporenHa, ucnmnTuBamy nHTe-
paxija Mehy BuMa, Kao U pa3Bojy IpBor codrBepa y oBe
cepxe. Hemrro kacHyje je 3ajemHo ca Bopruenom passuo un
IPBY MeTO, 3a IIpeBrarbe CTPYKTypa MaKpOMO/IEKYTIa.

Apuex Bopuen je pobhe 1940. ronune y Knbyn Crne
Haymy (Kibbutz Sde Nahum) y V3paerny. Iumiommpao je
XeMmujy ca orieHoM summa cum laude Ha TexHVOH yHUBep-
surety (Technion) y Xanudy, y Vispaeny, TokoM 1966. ronu-
He. 3aTUM je Mar¥CTPypao 1967. 1 IOKTOPMPao 1969. Fofu-
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He y obnactu ¢usnuke xemuje, Kox npod. [uajop /nd-
coHa (Shneior Lifson) xa BajipmanoBom VMucturyTy (Weiz-
mann Institute of Science) y Vspaeny. []Be rogute no-
CTJJOKTOPCKOT JMICKYCTBa je CTeKao Ha Xapsappy, y AMepu-
1y, Iocnie 4yera ce Bpaha Ha BajumanoB MuctutyT. Of
1972. [0 1976. TofyHe pany Ha BajipManoBoM VIHCTHTYTY 1
JIaboparopuju 3a MonekynapHy 6uonoryjy, Ha Kemopuiry
(Cambridge) y Benuxoj Bpuranuju. 1976. ronuse mocraje
npodecop Ha OficeKy 3a XeMyjy Ha YHMUBep3uTeTy Jy>KHa
Kamdopunja (University of Southern California, USC),
IJle je 0CTao fia pajiyi 10 JaHaC Kao pelloBHM Ipodecop xe-
Muje 1 GyioxeMuje.

Bopuuen je Hajylle IO3HAT 110 CBOjUM pafioB/Ma U3
obmacty pauyHapcke 6moxemuje 1 6uodusuke, a IocebHO
IO MMOHMPCKUM KOMIIJYTEPCKUM CHMY/IALVjaMa MCTIATY-
Bama (QyHKIIMja pasIMIUTIX OMOIOIIKMX CUCTEMA, U 32
Pa3sBOj OHOTa IITO je JaHAC O3HATO K0 padyyHapCcKa/KOM-
IjyTepcKa eHsVMOJIOryja. 3a4eTHIIK je pa3Boja MeTOfe ca-
MO-ycarIallleHor (self-consistent) pauyHama eleKTpocTa-
TIYKe €Hepryje y IpOTeMHMMA; Pafyo je Ha Pa3Bojy X1-
OpumHOr MeTozia (KBaHTHO-MEXaHITIKOT/MOJIEKY/ICKO-Me-
xarnuxor (QM/MM) npucryma); yBeo je Kopuihere ci-
My7Ialiija MOJIEKY/ICKe AVHAMIKe 3a CTYAMparbe O1Oo/olI-
KVIX IIpOLieca, Kao ¥ YIOTpedy MUKPOCKOIICKMUX TePMOIYL-
HaMMYKJX IMKITyCa 3a padyHame CI000IHIX eHepruja pe-
aKiyja y 61onomKuM cucteMuma. TBoparj je mporpama
ENZYMIX 1 POLARIS, koju ce KOprCcTe 3a MOJIEKYIICKO-
AVHaMIYKe CUMYy/Iallje Ha eH3VMIMA U padyHarba eHep-
TeTVUKE Y KMHETHUKE XEMUJCKIX PEaKI/ja y HyMa.

Apuex Bopuien je ;OOUTHMK MHOTMX Harpaga u
IpU3HaWa, YKbydyjyhn ropuimmy Harpany Mebynapon-
HOT JIPYILITBa KBaHTHe Oyonoryje 1 GpapMaKonoruje us
1993., TorMaHOBe Mefarbe 13 2003., IIpencenHirake Harpa-
Jie 3a pauyHapcKy 6yonorujy ox crpane MebynaponHor
APYLITBA 32 KBAaHTHY OMOIOIMjy U (papMakoIorujy us
2006., a 2012. TofuHe je HarpabeH ca Soft Matter and Biop-
hysical Chemistry Award o crpane 6puranckor Royal
Soceity of Chemistry. VicTakuyTu je wian Hauyonamse
Axapemuje Hayka CAJl-a u 6puranckor KpapeBckor
IpYLITBA XeMIYapa.
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o The crystallographic structure of the aldose re-
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Y ¢ebpyapy 2010. rog. Journal of Molecular Recognition je
ny6mikosao Cuenmjanny cBecky nocseheny Mapruny
Kapmrycy. OBo usnare je GOKycHpaHO Ha JUHAMVKY IIPO-
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YBO]I

Kcanran je nonmcaxapup, Koju IpefcTaB/ba IPORyKT
u3TyurBara 6aktepuja 13 Bpcte Xanthomonas campestris.
Ynorpeba KcaHTaHa O4YMEbE paHe 1960.TOfVIHE, Kajia je
rpyma Hay4yHuKa u3 CAJl, Ha geny ca Allene Rosalind Jea-
1ies, ¥I3 TVIMa 3a TIO/bOIPUBPE/Y TIOYerIa JIa M3yJaBa KCaH-
TaH Kao 6ronommep. Onobpet je 3a yoTpedy Kof, KUBO-
THHbA, HAKOH UCLPITHOT MCTPKMBAha TOKCUIHOCTI. Y
KOMepLMja/THy YIIoTpeOy yrasu 1968.rofyHe, off Kaia 6usa
yIoTpe6/byBaH Kao KOMePLjalHU aiUTUB Y IIPeXpaM-
operoj nupycrpuju y CAJI n EBporys, ca E 6pojem E415.!

KcanraH ryma jo6wia je HasuB 1o BpcTu 6akTepuja
u3 Koje ce usonyje, Xanthomonas campestris. To je ucra
oHa bakTepuja,koja Ha moBphy Koje uma nuuihe nsasusa
IIpHY Tpy/IeX Ha caMoM /ety ( Kapduorn, 6pokomnn, Ky-
myc, 6rmTBa ). OBa 6akTepyja CTBapa JbUraBy U BUCKO3HY
CYIICTAHILy KOja Ce KOPVCTI KaO IPVPOIHY SIYILBIBAY 1
CTabWIN3aTop Y MpexpaMOeHO] MHAYCTPUjI, Kao U y KO3-
MeTIUKOj 1 (hapMaLiey TCKOj VHYCTPIjuL.!

JOBUJAIBE KCAHTAHA

KcaHnraH je KoMepLMjanHo I7IElaHO HajsHaYajHUjI
MUKpPOOMOIOLKY onucaxapus. To je xerepononuca-
Xapup, KOji ce cacTojy Off KUCENMHCKUX ocTaraka D-Tiry-
ko3e, D-maHo3e 1 D-rykypoHcke kvcenuue (criuka 1), y
MOJICKOM OfTHOCY 2.8 : 2 : 2. Y MHJYCTPUjCKUM IIOCTPOje-
HbVIMa KCaHTaH Ce TIPOM3BOMIY Y aePOOHVIM YCTIOBUMA, CUH-
TE30M Yy K0joj ce KOpPUCTH 4ucTa Kynrypa Xanthomonas
campestris, Ha ofroBapajyhoj xparweysoj momiosn.> To-
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Abstract

NOBEL PRIZE 2013 FOR CHEMISTRY FROM THE
CYBER SPACE

Dragan M. POPOVIC, Department of Chemistry, Institu-
te for Chemistry, Technology and Metallurgy, University of
Belgrade, Njegoseva 12, 11000 Belgrade, Serbia

Nobel Prize 2013 for chemistry is awarded to three
American scientists in the field of theoretical and computa-
tional chemistry. Awarded are: Prof. Martin Karplus (Uni-
versité de Strasbourg, France and Harvard University,
USA), Prof. Michael Levitt (Stanford University, Los Ange-
les, USA) and Prof. Arieh Warshel (University of Southern
California, Los Angeles, USA) for development of the mul-
ti-scale models for the complex chemical systems. A brief
overview of contributions, for which they have been awar-
ded, is presented here.

JoBana IIIEJAT, Xemujcku dpakynrer YHuBepsurera y beorpany, crygenr (e-mail:

Mapxo WIINR, Xemujcku dakynrer YHuBepsutera y Beorpagy, crygent (e-mail:

KCAHTAH

KOM OMOCHHTe3e KcaHTaHa, Hajsehn feo urehepa us xpaH-
JbVIBE HOIIOTe Ce KOHBEPTYje Y OMOoIMep, JOK OCTaTaK
06e36ehyje eHeprijy norpebHy 3a pact henmja 1 nommve-
pusauyjy Morekyna (cruxa 2). KcanTas ryma je excrparie-
JTyapHM MOJIVCaXapuy, HaBefieHe BpCTe 6aKTepuja, ammi 1
HeKMX ApYyrux obnmKa MyKpoopranusama. JJoouja ce Ha
XpawBMBMM IIOfyIoraMa Koje Iopef, HaBeeHVX Iehepa, (y
HajBeheM Opojy c/rydajeBa, ITyK03a), CapyKe VI aMOHIjyM-
XJTOPYJI, KO U CMeILy aMVHO KVCe/VHA 11 MyHepaa. >

OCOBMHE KCAHTAHA

KcaHraH je, kao HaTpyjymMoBa co, 6era mpaikacra
cymcraHna (y o0/iKy oBe coMy ce Haasy Kao KOMepLy-
jarmHy ponsBoy, (ciuka 3)). Monekyricka Maca KCaHTaHa je
Beha o1 10° Mdal. C 0631poM Ha BUCOKY BPETHOCT MOTTe-
KYCJICKe Mace, KCaHTaH je Y Be/IMKOj Mepy pacTBOP/BUB Y
Bomu (y 1L Bome pacTBapa ce oko 2g, fia 6u ce gobmo ren
upeamHux ocobyna). OBaj GuononMep ce U3nBaja Off CBIUX
re/mpajyhnx cpeficTaBa jol o HeKyM 0coOMHaMa, Koje Cy
TOCTA pas/IA4NTe, Y MONPWIMIHO HeOOMYHe Kajja Cy Y IH-
Tamby OMOMOIVIMePH BETIMKIX MOJIEKY/ICKVX Maca, Kao IITO
je BICOK CTeIIeH ICeYOIIACTIMHOCTH, BUICOK BVUCKO3UTET
Yax ¥ PV MIVM KOHL|eHTpalyjaMa, CTabUHOCT 11 KOM-
maTnbmIHOCT ca BehyHOM comy MeTaia (IIpy yeMy JJofar-
HO TeMpajy), OUIMYHA PACTBOP/BUBOCT U CTaOWIHOCT Y
KucenmM 1 6asHuM pactBopuMa. Takobe ce ofymikyje Be-
JIMKOM OTIIOopHouThy Ha Jerpajialiijy Ipy IIOBUILEHO] TeM-
neparypu u pasmantuM pH BpeprocTima’y Behum ko-
JIMYMHaMa, KCaHTaH je yakcaryB. OBaj HeXe/beH! edeKaT
je, cpehom, mpumehen camo Ipy BeMMKVM KOMMYMHAMA,
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Koje ce He Mory Hahu y xpanu (Y CTyAuju je y4ecTBOBaJIO
0CaMHAECTOPO M/IAMMX JBYIY, KOjJMA je TOKY 10 JjaHa JjaBa-
HO 15g KCaHTaHa IHEBHO, IIPY YEMY j€ KOJ, HEKMX VCITUTa-
HIKa IpyMeheHo JIAKCaTUBHO JIejcTBO KCAHTaHa, Kao 1
0/1ara HajfyToCT LjpeBa).'

YIIOTPEBA KCAHTAHA

Jomyiurena yrorpe6a KCaHTaHa je CBaKaKo y MHIIy-
CTPUMj¥1 XpaHe, MIIMHCKVIM U IIeKapPCKMM ITPOM3BOIVIMA, KO-
/1auMMa, TeCTeHVHAMa, 6P30 CMP3HYTUM U CPOJHUM IIPO-
M3BOMIVIMa KyBaHe, IIOTTyTpajHe 1 obapeHe xpaHe. Takobe,
KOH3€PBJCAHM IPOU3BOIY CBEXET U TOIUbEHOT CUPA, Jie-
3epru Ha 6a3u Boha 1 oBpha (yxby4dyjyhu kevar u cmd-
He IIPOM3BOJie), pb/be Cajlate, 3aMeHe 3a MyIedHe IIPOV3-
BOZIe. 3aHMM/BMBA je M yIIoTpeba y 6oMOOHaMa Koje cafip-
e TedHe JIeTIOBe YHyTap YBPCTOT IIPE/IVBA, Maca 3a Iyibe-
e, ¥ IPEe/IMBIMA, IPAIIKOBYMA 32 ITYANHT, KPEeMOBUMA.
Takobe, Moxe ce mopaBaru 1 y cBe BpcTe ceHpOBa, A 1 Y
XpaHy 3a O[04/t ¥ MTy fieLyy.’

Jaxo je 6uTHa yrIoTpeba KcaHTaHa y IIPOM3BOIMMA Ha
6asy >KuTa, KOju He cappke ryTeH. Kop sxurapiia koje
cajpyke U KCaHTaH U IVTyTeH, MOXKe Ce jaBUTH alepruja, jep
je oBaKBa KOMOVHAIIMja 4eCTO a/lepreHa, IOroTOBO KO
ocoba Koje cy Beh anepriyne Ha ryTeH. Tajja KcaHTaH ca-
MO yOp3aBa a/lepreHy peakiygy."

3AHMM/bMBOCTN

Kcanras ce kopuctu kao fo6po renvpajyhe cpencrso
3a OflpXKaBarbe YOpOACTUX HAMUPHMIIA Y peCTOpaHMMa.
Ynorpeba ce cBOfM Ha TO Jla Ce HA HOBPLIVHA TEYHOCTH
HaIpaBy YBPCT Tel, KOju, ce IIPY MambVIM ITIOMepambiMa
Hehe TpancdopmucaTy, fok ce mpu Behum Melrambuma
TEYHOCTH, OH Pasrpajyl 1 HAMUPHUIA MO>Ke OVTH yIIO-
TpebbeHa. HakoH yrorpebe HaMypHMIle, KCaHTaH, II0CTIe
oxpeberor BpeMeHa MUpOBatba IOHOBO TeflMpa I CTBapa
HeNpoOojHY 3alITUTY Off CIO/bAIIBYX yTHIdja. Kcanran
ce KOpUCTU 1 Y HaTHOj MHIYCTpYjH, 3 oBeharbe rycTy-
He TeYHOCTH 3a OyIierbe pyra.'

Abstract
XANTHAN

Jovana SEJAT, Marko ILIC, Students on Faculty of Che-
mistry, Belgrade University

Xanthan gum is named after a type of bacteria Xantho-
monas campestris that is isolated from. It is the bacteria that
lives on the leaves of vegetables (cauliflower, broccoli, cab-
bage, chard) and causes black rot on the leaves. This bacte-
rium produces and slimy viscous substance which is used as
a natural thickening agent and stabilizer in food industry, in
the cosmetic and pharmaceutical industries. Xanthan pol-
ysacharide is the acidic polysaccharide, and is a product of
excretion of bacteria Xanthomonas campestris.

The use of xanthan begins early in 1960 when a group
of scientists from the U.S., led by Allene Rosalind Jeanes
from the team for agriculture, began to study as xanthan bi-
opolymer. After extensive toxicity studies xantan was ap-
proved for use in animals,. In commercial products it was
used in 1968., since when is being-used as a commercial ad-
ditive in the food industry in the U.S. and Europe, with E
number E415.
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KYKYTA - COKPATOB IIBET

Y unanxy oniucyjemo KyKyiiy - jeghy 0g ommposHux du-
TbaKa HAWUX Kpajesa — wupoj wySnuyu o3Haitio] 1o ome
WITTLO je oM U3BPULEHA CMPTIIHA KA3HA HAYG Puno30dhom
Coxpaitiom. Otiucyjemo xemujcka jegurverva (ankanouge)
Koje OHA cagpicy, KAo U gejciliea Koja 06a jegurveroa umajy
Ha 4o6eKd, YKbyyjyhu u Heke H03HATie Cy4ajese iiposa-
rba.

OTPOBHE BUBKE 1 ATIKAJIONIN

3a BpeMe MPOTEKINX 130 MWINOHA TOIVHA OUbKe
[IBETHMIIE CY KOJIOHM3MPTIE IPAKTIYHO CBAaKM XaOUTaT Ha
Hauroj wianety. OHe Cy IIOTVUCHYITE U 3aMeHIIe TIAIPaTH,
OJIHOCHO TO/IOCEMEbate, KOjuMa Cy ce XpaHwIn MOhHY
IHOCAypycH. 3a BpeMe HeOPOjeHIX BEKOBA, LIBETHLIE CY
PpasBIIe MHTE€HMO3HE 3AIITUTHE MEXaHM3Me, Kako 61 06e-
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cxpabpwie OWbOjeiHe XXUBOTHE. Y TOM CMUCITY CY e KOF
ymiha u crab/pyKa pasBiie pPasHOBPCHE OIacHe 6oybe 1
kapehe Maspe. VIcTo Tako, KOJ HeKMX OW/baka, rycTe cpe-
OpHacTe Majbe KojIMa Cy ITOKpYBEHe, IPYXKajy pyre eKo-
JIOIIKe OTOTHOCTY Kao LITO €y pedIeKcHja CyHIeBOT 3pa-
Jerba I CIIpedaBarbe ryb/berba BOfje y IIepyofyMa CyIIIe.
MebhyTnm, nokasasno ce ja MexaHN4Ka o0 paHa, 3aCHOBaHa
Ha 6obaMa 1 Ma/baMa, MMa OTPaHIYeHy BPETHOCT U He
yCIIeBa [ja OfBpATH CBe ITaiHe XepOouBope, HAPOUNUTO MH-
cexTe Koju cuy 1 >kBahy. 360r Tora cy 6mbKe, Kao UH-
BEHTVBHM XeMUYapH, Ipeny3erie XeMUujcku paiti, ofopaH-
OeHy crparernjy 6asupany Ha OIPOMHOM apCeHaTy XeMU-
Ka/lrja Koje Cy OTPOBHE VM/IM HETIPUjaTHE 33 >KUBOTHILE.
Cra/Hy IpUTHCAK IPeIaTOpa, KOji Cy 3aXBa/byjyhy reHeT-
CKVM IIpOMeHaMa BpeMEHOM IIOCT/IV TO/IEPAHTHY Ha OfI-
OpambeHe xeMyKayje O1baKa, pe3y/ITOBasIO je eBOTYLIM-
jOM IIMPOKOT KOMIUIEKCa OV/BHIX MOJIEKY/Ia, O FyMa I
TepIleHa [0 ATKUTONAA ¥ PEeHOMHMX KOMIIOHEHTIL. JefHa
op, HajBehyX rpyIIa 3aIITHTHIX XEMIJCKIX CYTICTAHIM O11-
7baKa jecy anKanougu, MeTabomnIKy O1OPORYKTI AMIHO-
KVCEMHA. Y TIPEKO 300 OM/BHIIX ITOPORNIIA, OTKPUBEHO je
BIILI Off 10 000 PasiudUTHX ajKanoupa. IIpu Tome Tpeda
VIMaTy y BUAY fia Ce YeCcTO He Paiy O HOjeRMHAuYHIM jeny-
IberbIIMa, Bell 0 CTIOKEHNM CMellTaMa CYTICTaHII, TIOHEeKa,
HEOYeKVBAHO PasHOPOIHIX XeMUJCKMX CTpykTypa. OHe cy
Y PasHIM Je/IoBUMa OJbaKa 3aCTYIUbEHE Y PasIMaUTIM
KO/IMYMHAMA, KaKO Y HOIIENY IIOjeHAYHIX KOMIOHEHTH
TaKO I y TIOIVIEAY CaMe CMellle.

AJIKaIOMY MIMajy U3PKEHO, CIEL(IIHO 1 BeoMa
CHa>KHO (PM3MOJIOIIIKO [ejCTBO Ha YyoBeka. CBY Cy OHM jaKut
OTPOBM, /M1 Y MMM, KOHTPO/IVICAHVIM, KO/IMYMHAMA MO-
ry 6y nekoBuTy. Off IPaViCTOPMCKIX BPEMEHa, I1a CBe
[0 IIOYeTKA 20. BeKa, BehnHa /1ekoBa Kojyi Cy aBaHm 6orte-
cHyMa 611Te Cy GV/bKe M3MetbeHe CaMO CYILIEHeM 1 MiTe-
BemeM. TeK ¥ 20. BEKY JOLDIO je 10 3HaYajHUjer IpeoKpeTa
Ka Kopuuhewy YMCTUX XeMUK/Ija, ¥ TI0YETKY OM/BHOT
HOpeK/Ia a KacHMje U JOOMjeH X XeMIjCKVM IIOCTYTILIMA.

ATIKamouny Cy OfyBeK 3aHUMAany U OWIn M3a30B 3a
xemmaape. OnpehuBare BIXOBe XeMUjcKe CTPYKTYpe, a
3aTVM ¥ CHHTe3a Y 1abopaTopujy, IpefcTasmbane ¢y (a u
JIaHAaC MIPefICTaB/bajy) eroxaaHa JocTurHyha opraHcke xe-
muje. Hac he moce6HO 3aHUMaTy OTpOBHE OW/be HAILIMX
KpajeBa 11 iyxoBu ankamouau. Kaza kaxemo “Harire” Mu-
C/IVMO Ha OHe 6UBbKe Koje Y HallliIM KpajeBiMa CIO00IHO U
Y 3HaTHOM OpOjy pacTy y npupopy. Y cepyju off I1eT 4ia-
Haka, > Opra [amth v capapsyim cy nipe 4eTBpT Beka -
Ca/Iu O HEKVIM HalM OTpoBHMUM Ouybkama. O etHOdap-
MAKOJIOLIKVM acIieKTVMa joMahyx OTPOBHUX OVbaKa -
cao je Boun ITerposuh.® V jennom HemaHOM wianky’
IPUKA3AII CMO TaTYIy U FbeHe OTPOBHE CACTOjKe, YeMY
Tpeba nomary 1 WiaHak o manpy.° Cafa je Ha pef ZoLuTa

KyKyiua.
KYKYTA - BOTAHNYKN ACITEKTHU

Y oBoM WIaHKY roBopuheMo 0 KYKYTH, Yijii je Haydm
Hasys Conium maculatum L. Y Hapopy je Imo3Hara 1 MOf
VIMeHMMa 6o7ier/IaB, OYLIYHIKa, TYAVKa, MUILje 3e/be, IIN-
cKa, Tpbyrpa. ViMe ,,KyKyTa“ momasu of cicuta, Kako cy OBy
6bKy HasyBa y foba Pumckor rapersa. Vme ,,conium®

HOTHYE Off TPUKe peyu ,KOHAC" = BPT/IOL, BPTOI/IABMLIA
(1170 je jemaH oy CUMITTOMA TPOBaEba OBOM OM/BKOM).

Varnen KykyTe ce BUIM Ha CIIVIY 1, B5EHOT IIBETA U
crab7ia Ha C/IMKaMa 2 11 3, a IbeHOT 3PeTIOT IVIOfia Ha /ML
4. 3a 6oTaHMYape BaXKHY JIETA/bY O OBOj OMJBLIY MOTY Ce
BIJIETI Ha C/INLI 5.

Crnka 3.Cra6mo Kykyre
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Cnuxka 4. ITnop xykyTe

Cnuxa 5. Kykyra (Conium maculatum L.))
- 3a 60TaHNYape BaXKHM [eTa/bu

Kyxkyra je 3e/bacta jemHOromuima KOpoBCKa O1/bKa
KOja CBOj KMBOTHI IUKITYC Of CEMEHA /IO CeMEHa 3aBplIa-
Ba y TOKY jeHe K/IMMATCKV IToBoJbHE ce3oHe. Ca HacTyma-
HeM HETTOBObHE Ce30He, I1e71a O1/bKa M3yMIpe OCHIM CeMe-
Ha. brybka je HenpujaTHOT MypyICa HAPOIMTO AKO Ce TIPO-
Tp7ba Mehy npcTuma. CTabro je ycrpaBHO, BUCHHE 1,2-
1,8m, OKPYIJI0, M306pasfaHo, LIyIbe. JIako ce IperosHaje
IO I[pBEHKAaCTUM Mp/baMa (oTyza uMe maculatum). Te
MpJbe ce Hajlase Ha CTab/Ty 11 Ha 00§ CTPaHY JIVICHE JIpIII-
Ke (c71 5). JIucToBu cy HansMeHn4Ho pacriopehenn. Ha mo-
beM JieTy cTal/Ia IICTOBY VIMA]jy JIVCHY IPIIKY (OKpYIIa,
IIyIUba Y IIPY OCHOBY IIPeJIasyl y JIMCHY PyKaBall) U JIUCHY
171049y (TPOCTPYKO HepacTo fiebeHa). CUTHUjY MCTOBM
KOjJi HeMajy JIMCHY APIIKY Cy Ha TOPHeM fiery cTabia.
LiBeToBYM €y CUTHY, 6€/M U TPYIIVICAHY Y CIIOXKEHY LIBaCT
o vy wtuta (o1 2). I1Beta y jyHy u jyny. Pacte Ha 3eM-
JBUILITY yMepeHe BJIaKHOCTH U HeyTpanHe X peaxiyje.
To je KopoBcKa BpPCTa KOjy Ha/la3¥MO IOpeN, aTAPCKIUX ITy-
TeBa, Ha MehaMa, pynunama, hyOpuiruma, y 6amrama,
CByJia T7ie je sewbuiTe 60raro asorom. TepmoduHa je
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Ou/bKa Koja pacTe Ha OTBOPEHVM CTaHMIITVMA /I MOXKe
Iia IOTHECE M 3aceHYeHOCT. PacipocTparbeHa je Ha YUTaBoj
TEPUTOPUjI HALlle 3eM/bE, AV ¥ MHOTO LIMPE: OCUM Liejie
EBpone, nma je 'y cBUM JpyruM KpajeB/Ma ca YMEPEHOM
KOHTMHEHTa/HOM KmMoM (ykbydyjyhu Cesepry 1 Jy>xHy
Amepuky, Jy>xuy Adpuxy n Aycrpanjy). VinrepecanTHO
je ma je y CeBepHy AMepyKy JOHeTa Kao OallTeHcKa O1/b-
Ka. ¥ Hopsenixy je cTuIa 3ajefHo ca TpaHCIIOPTHMA TIIIe-
HMIIE y 3DHY.

Cau mennoBu OM/bKe CY OTPOBHM, @ HAPOUMUTO JIVICTO-
BI, TIJIOJ, M CEMEHKE.

KYKYTA - XEMMJCKU ACIIEKTU

Kykyra canpsxu Behu 6poj ankanonna,’ nepysare m-
HIEpUVIHA, BUIM CIVKY 6. HajBa>kuuju je KOHVMH, KOjU je 1
HajoTpoBHMjI. OCKM Hbera, KyKyTa cafpskut N-MeTUIKo-
HVVH, KOHXVJIPVH, IICEYIOKOHXVIPYH, Y-KOHVILIEVH I jOLI
HeKa XeMUjCKY CPOiHA jenyiberba. CBa OHa CY jeTHOCTaBHI
JepyBaTy INepyIyHa (WIN, Ta4HuMje: 2-IPONVIIINIIepy-
IVHA). AJIKQUTOWIN KyKyTe OMIOXeMIJCKY CY Y Be3U ca aMu-
HOKVICETIVHOM JIM3MHOM, @ CMaTpa ce Ja HacTajy OMOoCcKH-
TE30M Off 9€TUPHM alleTaTHe rpyie. JJokasaHo je ja a30T y
KOHMVHY TTOTVYe U3 AMUHOKIICETHE a/TaHVHA.

Cnuka 6. HajBa>kHMjU aKamouay KyKyTe: KOHUMH (1),
N-MeTHIKOHNUMUH (2), KOHXUPUH (3), TICEYAOKOHXM-
npuH (4) 1 y-kouuenH (5). CBa oBa jefumema Cy
jemHOCTaBHU AepuBaTy IunepuauHa (6, Koju KykyTa
He Cafipxn).

KonnnH je 6e360jHa TEYHOCT HeIIPMjATHOT MUPICA
(om kojer oTyYe M MUPIC Lienie O1UbKe). Jaka je 6a3a u ca
KucenuHama rpagu conmu. CTpykTypy My je 1881. ronyHe
oppenuo Hemauky xemudap Xopman (August Wilhelm
Hoffmann, 1818-1892). I'omute 1886. crHTeTHCAO I'a je He-
mauky xemyrdap Jlanen6yr (Albert Ladenburg, 1842-1911).
Y cTBapm, KOHMMH je IIPBY a/IKAJIOU], YMja CUHTE3a je
OCTBapeHa y 1abopatopuju.

KoHWMH 1Ma jenaH ONTUYKY aKTUBHY YI/bEHUKOB
aToM, 11 jaB/ba Ce y iBa eHaHTHOMepHA 00/muKa: S(+)-KOHM-
uH 1 R(-)-xoHmyH. Oba eHeHTHOMepHA 00/IMKa Ce HaTase



y 6wbLi, ¢ TM Jia je S(+)-¢opma nprcyTHa y Behoj Komu-
YYHI.

Oxo0 90% yKyIIHOT cafpiKaja a/IKaJIonja y KyKyTy OT-
nafa Ha koHmyH. HajBume ra nMa y HemospeuM IUIofo-
ByMa (0K0 2%), a HajMarbe y myhy (0ko 0,1%).

KYKYTA - ®M3NOJJIOMKU U
MEIUMIIMHCKUN ACIIEKTU

KykyTa je HajoTpoBHMja Kajja IIOYHE LIBETATH, a II0-
ceOHO Cy OTPOBHM 3€/IeH) IVIONOBY, LIBETHY IITUTOBY,
Kao 1 ceMe.

KonmmH 1 ocranm ankanouy KyKyTe Cy jakyl Heypo-
TOKCUHH, TO jeCT, )Ienyjy Ha IEHTPpa/IHN HEPBHY CUICTEM.
JTOBOJBHO BeTVKe KOMMYVHE M3a3VBajy ITapan3y CKeeT-
HyxX Mynmha, a CMPT HacTyIa 360T Tyllerba YClel Ipe-
CTaHKa Jiycarba. 3a CMPTHU MCXO[] jeé JOBOJBHO I0jecT! 6-8
CBEXIUX JINCTOBA KYKYTE, WIM Mathy KOTUIMHY CEMeba
VI KopeHa. JleTaHa 03a KOHMIHA je OKO 100 MIINTpa-
Ma.

TpoBare MarboM KOIUYIHOM KyKyTe OIIefia Ce Y OIl-
IITOj MTAKCATOCTH, HECBECTULIY, HECUTYPHOM XOZY; Iy~
6utky mohu roBopa. CBecT je CBe BpeMe OuyBaHa. Y KO-
KO He HaCTYIIM CMPT, OTpoBaHa ocoba he ce Tokom 2-3 ma-
Ha HOTITyHO onopaButu. [la 61 ce M36erao CMpTHU MCXO,
OTPOBAHOM Tpeba JABATY BEIUTAYKO [Cakbe Y VICIIPasHI-
T CafipyKaj JKeylia (M3asuBareM moBpaharba 1 Mcmypa-
eM).

Y panujuM BpeMeHMMa, TPYKY, APATICKI U CPEIHEBE-
KOBHM JIEKapy Cy KYKYTY KOPUCTIUIY KaO CeNaTUB M aHTH-
CIIACTVIK 32 JIeuerbe PasmauTyX 607ecT, ybydyjyhu yjen
GecHor 1ica u 6orose y 3ro6oBuma (ruxr).'® Y HoBuje
BpeMme, Baca Ilenarnh (1833-1899) HaBomm cnenehe:™

Mapa je KyKyTa OTpOBHA O1/bKa, U1 OIIET OHA JIeUN Off
Bute 6omecTit. Myt cMO OCBEIOYEHN BIILE IyTA Ja JIEYN
JKVBY PaHy, ... ¥ U3 KOj€ BEINTO Tede THOj, Iac OBIE a Iac
oHpie. 3aro Tpeba Habpary yvha of KyKyTe jenaH feHanh
VI CBAPUTH Y IUCTOM Cyay. ToM BofoM Tpeba MCrmparu
paHy [iBa ITyTa Ha [jaH, a CBapeHo Jmiihe CTaB/bary Kao KO-
naduh, 1a ra HaMa3aTi Ca jefiHe CTPaHe YMCTAM MEOM I
IPVBUTY HAMA3aHy CTPaHy Ha PaHy U OCTABUTH [ja CTOjI
Ha 10j jemaH pef (24 cara). Tako YMHNTY [eT-1IIeCT JaHa I
60JIecHIIK je craceH 6e3 ukaksyx phaBux mocnemua. ...
MereM Taj Tpeba cna/bMBaTy OAMax IOCIe YIOTpede.

He ynasehn y orjeHy KO/MUKO je TakBo j1edere 6110
YCIIEIIHO, YNMEbEHMIIA je [1a Ce TIpenapaTy Ha 6asu KyKyTe y
CaBPeMeHOj MeMLIVHY He YTIOTpeO/baBajy.

O TpoBamy KyKkyToM Ouhe Buille pednt y jefHOM Ka-
CHUj€EM OfIETbKY.

COKPAT N KYKYTA

Hema cymine f1a je HajIyBeHMjU C/Ty4aj TPOBarba KYKy-
TOM Be3aH 3a Be/KoT rpukor ¢uiosodpa Cokpara. Bpemm

ce, y HajkpahuM Iprama, IOACeTUTY Ha 0Baj forabaj, Koju
je 0cTaBMO HeM3OPUCKB Tpar y uctopuju yiosoduje.

Cimuka 7. Cokpar (469-399 1.H.e.) — dpuo3od Koju je
IPOCTIABUO KYKYTY

Coxpatin

Coxpar je jemaH op Hajeehnx gumosoda cBrx Bpeme-
Ha. JKuBeo je y ATuHU of 469. 10 399. TOIMHE IIpe Hallle
epe. Huje Haricao HI jeiHO [IET10, a1 CY O BeMY U bero-
BOM Y4eHbY OITIIMPHE 3aITVICe OCTABIIA FETOBU YUCHVIIN,
mpe ceera [Inaros.

Poben je y Arun. Otary My je 610 CodppoHuK, 11o 3a-
HUMamby Bajap 1 KaMeHopesall, a Majka PeHapera, 110 3a-
HuMary 6abuiia. Op o112 je Hay4ro KaMeHOpe3adKy 3aHaT
U BUMe ce HeKo BpeMe 6aBuo. KacHyje je Bomuo 1mkory 3a
¢dunosode (coducte) u of TOra ce U3APIKaBao. YIecTBO-
Bao je Kao BOjHUK y rpahaHCKMM paToBMMa KOjI CY ce ¥ TO
BpeMe Bomywn y [pukoj (HapaBHO, y Bojcuiy ATnHe).

bno je oxxemen Kcantumom, 1 ¢ 0OM ¥MMao TPOjULLY
cuuoBa. Konuko je taj 6pak Morao 6uty cpetan MOe ce
3aK/BYIUTI 10 TOME 2 je O faHa JAHAIIer “KCAHTHIA
OCTaIa CMHOHVM 3 37Ty U1 CBaJUBUBY JKEHY.

O CoxparoByM MOMUTIYKIAM CTaBOB/MA TOBOPUMO Y
cnenehem onepky. O CokpaToBOM JOIPUHOCY GII030-
¢uju, 3aMHTepecoBaHY YMTAOLM Tpeba fia OTIeNajy y He-
KU ofiroBapajyhn yioeHuk.

Coxkpaitioso cyherve

T'opyre 399, Cokpar je onrTy>KeH 3a 6€300>KHMUIITBO 1
KBapeme oMIanyHe. Of Tafia, IIa 10 JaHa JaHallber, cybe-
e KOje je yCIemuwIo M3a3uBa Xy Gri03oda, IpaBHNU-
Ka, ICTOPMYapa, a OCTABMIIO je Tpara y KibVDKeBHOCTU 1
/MKoBHO] yMeTHOCTHL. ITocToje pasHa Muiwbera 0 Cokpa-
TOBOM Cyherby, a My heMo HaBecTV caMo jefIHO Off FbHIX.

Y Bpeme 0 KojeM roBOpuMO, Y ATUHN je BlIafaja fJie-
Mokparuja. He MHOro 1pe Tora, HOIUTUYKY CUCTEM Y
ATyHY je 6M0 ONMTapXujCcKy, TO jecT BIafjaIa je Ipyma Of
30 TojenyHana — TpaHa. bopbe nameby nemokpara 1 om-
rapxa 6m1e cy KpBase u ceuperie. Cokpar je 6mo mpucra-
JIVIIIa O/IUTapXMje, CMaTpajyhn ia ce BaxkHe OfyTyKe — KaKBa
je 6uia 11 0 ¥eroBoj KpUBULY — He MOTy ZOHOCUTY Behu-
HOM I71acOBa HeKBaInUKoBaHyX rpabaHa. Hema cymme
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Za je mosaayHa onryx6e nporus Cokpara 6110 BeroBo
normtidko yoeherse (a Moryhe u enoBatbe).

Y meMOKpaTcKoj ATUHM CYIWIO ce Ha cefehn HaumH.
JKpebom je omabpano 500 rpabaHa, Koju Cy TvIMe TOCTAIN
cyauje. 3aTM CY TY>KVOLY TOKOM TPY CaTa U3/Iaraiy OIl-
TYy>X0e, a OHfja je onTyxKeHu (y HameM cry4ajy: Cokpar)
TOKOM TPU caTa U3ytarao ofiopany. ITocre Tora racao ce o
kpyByy. COKpar je MpoIyIalleH KpUBMM, ca 280 I71acoBa
3a, 11 220 Iporus. Ha ocHOBY Tora ocyhes je Ha cMpT.

CoKparoBy IIpyjaTe/by HOHYAVWIN CY a MY OpTaHu-
3yjy 6ekcTBO, 1ITO je oH ofbmo. Kao dunosod, TBpamo je
Jia je IIpecypa IOHeTa 3aKOHUTO, Y A Ce 3aKOHMMa Tpeda
nokopasati. Moryhe je fja je Ha OBaj HauMH XTeO Ja fie-
MOHCTpYIPa OECMIC/ICHOCT Y HEIIPaBENHOCT aTMHCKe Jie-
MoKpatuje (IITo je cBakako ycieo). CoKpar je y TO Bpeme
6110 cTapall of] ceaMiieceT FOIVHA, BEPOBATHO Ca CTapay-
KJM 3[]paBCTBEHNM Terobama, Ia My je 0BO MOX/ia 6wia
IPWIVKA [ja Ha CTIEKTaKy/IapaH HaulH OKOHYa KMBOT. Pa-
CIIpaBe O OBMM [ieT/bVMa TPajy Beh fiBa 1 1o MiteHyjyMa.

Coxkpainosa cmpin

3a Hall WiaHaK O OMTHO je Jja je CMpTHA Ka3Ha HaJ
CokparoM u3BliIeHa Ha Ha4MH Taja yooudajeH y ATUHU:
ocybeHuKy je npunpeM/beH HalMTaK Of, KyKyTe, KOjy je OH
Mopao nornti. COKparT je TO YYMHMUO y IIPUCYCTBY CBOjUX
IpyjaTe/ba U YUeHUKa, ¥ OHM Cy O TOMe OCTaBIWIN JieTa/bHa
IcaHa cBeflodancTsa. HajmosHaruju je ITnaToHoB n3Ber-
Taj, TpM YeMy Basba 3HaT! Aa I11aToH Huje MpUCyCcTBOBAO
CoKpaToBOM CaMOyONCTBY.

IMocnenmwy CokpaToBM TPEHYLIM ONMCAHY Cy HA CTIe-
neh maunn.'©

Jobe doBek koju je MMao #a npy>xu oTpoB u Beh ra je
HOCHO CIIpeM/beHa Y Iiexapy.

A xap Cokpar yriena 4oBeka, pede: [fo6po, aparu
MOj, TH Ce pasyMelll Y THM CTBapMMa; INTa Tpeba Ja pa-
hi170% ¢4

Huwina gpyio, ogiosopu oH, Hero Kag ilofiujews ga
x0gau 0Kono gox iy Hoie He oitiexcajy, a onga nezu! Oiii-
poe he eeh cam yuunuitiu ceoje. V tipuitiom Upyxicu tiexap
Coxpaitiy. A oeaj ia y3e ... ipumaye fiexap yciiuma, iia ca-
CBUM TIAKO U TPUJATiHO UCTU OTHPOS.

OH npomera Mazno. A Xajj je IpUMeTHO ia My HOTe
OTeXaBajy, yierHe Ha sieha. M y mcTM Max oHaj 1iTo My je
HPY>XMO OTPOB YBPCTO MY CTVCHE CTOIA/IA U 3aITUTa I'a fla
ym oceha, a oH oproBopu fia He oceha. M 3arum yumHM TO
VICTO Ca FO/IeHNIIaMa; IPUTHCKajyhy Tako fajbe, MOKasy-
BAO je KaKo ce TeJIo oxytahyje 1 Koum.

3arum je Cokpart u3pekao cBoje 3afitbe peunt (Koju 3a-
VIHTEPECOBAHY YMUTAOLIM HEKA IIOTPAXKE Y HEKOj UCTOPUjU
¢dwnosoduje). Ha To weros yuennk Kpuron peue: Umau
JIU W0 gpyio ga Ham jour Kascew?

Ha itio auitiarve Coxpaiti suuie te 0giosopu, Heio ce 3a
ipeHyax citiaxe Wp3ailiy, a OHaj ia 4osex oikpuje: ouu
cy my Surne yxouete.

IPYTA TPOBAIBA KYKYTOM

IToctynak xojum je Cokpar je 6110 mory6/se, 6o je
CTaHJAP/aH y CYCKO]j IpaKcy aHTi4Ke AtyHe. VI MHOTM
IPYTH, Makbe [TO3HATY ATVHCKY 3TIOUVHIN ¥ “3TI09MHIN

152  Xemujcku upeineg

MOPIN Cy Ja IONVjy HallUTaK Off KyKyTe. bro je To jenan
PeaTMBHO LVBIIM30BAH HAYMH M3BpIIekha CMPTHE Kas-
He. VInak, oH ce y KaCHUjUM BpeMEHVMA Hje IIPAKTUKO-
Bao.

Y OMMPHO]j KEU3K 0 OTPOBUMA U TPOBAYMMa, ® Ha-
BOJIY Ce jOLI Jia je KyKyTa Y Mefy 6110 OMM/bEHU OTPOB
Kanupuje, mpodecronaHe TpoBaunLie puMCKOr 106a, 1
ma je u punozod u kwywkeBHNK CeHeKa MOINO KYKYTY.
TokoM MHOTVX BEKOB, KYKyTa je O11a y ILIMPOKO] IpyMe-
Hu. HaBopumo oBgie jenaH penmvikaran perent V6n Barum-
jaxa u3 9. Beka.'® ([Iupxam je crapa Mepa 3a TEXUHY.)

Yaeiniu muwia xoia cy usyjegane wikopiiuje, o geceiti
gupxama oiujyma, upHe uemepure, ceMena U eKCiipaxiia
KYKyitie, jegan gupxam jeiyrouroi mosia. Mameuwaiiiu cee ca-
citiojke y 0n06Hoj iocygu. Ilasxouso je fiokpuitiu u ioxpa-
Huu uciiog hydpeiia y oKy gee Hegere. 3aitium cee go-
Opo camneitiu ... y punu tipax. Osa cmewia wipeda ga ySuje
3a jegan gam.

Mu 61cMO FonaIy: MOIIO 6V TO U jeJHOCTaBHIje.

Y caBpemeHoj muteparypu je omicas Behn 6poj ciry-
JajeBa TpoBama KyKyroM. Hasemhemo Heke Kapakrepu-
CTUYHE.

ToxoM fiodeKa HOBe 1993. TOMVHE ABOjUIIA MMjAaHNX U
Iporypanux AyctpanyjaHalia cy Habpam ymihe KykyTe u
oy Tora ckyBasm 4op0y. BepoarHo cy ce Hapazm fa he ce
TVIMe Mohy JJOIaTHO Aporuparu. YjyTpy cy npoHahenu, 3a-
jemHO ca jeHUM JIETETOM 13 IBUX0BOT ApyIuTBa. CBM Cy
6w MpTBI.>

YeTBOPOTONVIIILY A€JaK Vi FbeTOB OTAI] eIy CY JIVII-
he 6mbKke 3a KOjy cy MMC/IWIIN f1a je ,,iVB/ba MPKBa . 3a Io-
71a caTa JledaK je II0CTao IOCIaH 1 3axpeMao. JIBa cara Ka-
cHIje 11o4eo je fja ospaha. Cplie My je yOp3aHO KyLiasIo, 1
y6p3aHo je aucao. bynyhm na je mobyo agexBatHy Meny-
umHcKy nomoh, osgpasno je.'* Orarl Huje MMao oMeHa
BpefiHE CUMIITOME TPOBatba.

OryicaH je cmydaj Kajia je 4eTBOPO Aelie jeno nuithe
»IBIbe MpKBe ‘. TPOTOIMIIIbY edaK je IOCTIe caT BpeMe-
Ha 3ac1ao. Bute ce Hyje npobynumo. O6xyKuyjoM My je y
Xenyly HabeHo 142 rpama 6upHOT Matepujana. Ocrana
feia cy muuihe ,,MpKBe“ MCIUBYHIIIN 1 HUCY C€ OTPOBAIA.

TpoBara KyKyTOM 4ecTo HacTajy Kafia ce Ta O1bKa 3a-
OyHOM 3aMeHM 3a IeplIyH (T1a KOPUCTY Kao 3a4MH), WK
Kafla ce KOpeH KyKyTe 3aMeHM 3a IalikaHaT. IIpoliemeHo
je'4 ma Tpehuna cBuX TpoBarba 61bKaMa MOTIYE Of KYKY-
Te, 1 Jla Off, TOra HajBMILIe CTPAAjy fiella Ha CEOCKMM IIpO-
Iy4juma, cTapocty u3Meby fiBe 1 jeaHaecT rofjyHa.

3HauajHa Cy U TpOBamba CTOKe KyKyToM. Ha KykyTy cy
HApOYMTO OCeT/bMBA TroBefa. CHMITOMM TPOBalba Cy
CTIMYHM Kao KOJ, /byAy. AKO >KMBOTHME>Q He YTVHE, II0C/ie
HeKo/MKo fiaHa he ce moTiyHO onopasuty. VIHTepecaHTHO
je ma he mocre TpoBarma KyKyTOM, YKMBOTVH-A HACTABUTI
Jia mmace OBy 61/bKy (aKo joj je To omoryheno). Ako xpana
KOjy y3UMajy TOBEA Cafip>Kil CaMo MayTy KOTIMYMHY KYKYTe,
JIO7Ia3¥ IO FBIXOBOT XPOHITYHOT TpoBamba. OHO je Hapoun-
TO IITETHO 3a CTeOHE KpaBe M bJX0B IUTofl. KoHmyH mpe-
nasy 1 y Miteko. IlITeTa Kojy cTO4apcTBO TPIIM 300T KYKyTe
MepY Ce MIWIVIOHMMA Jio7iapa.’

3abenesxeHa Cy U TPOBakba JIVIB/BUX SKMBOTHIbA, TIO-
ce6HO jerieHa, ca CMPTHIM MCXOXOM.”



Abstract
HEMLOCK - THE FLOWER OF SOCRATES

Simon A. PARMATI, Danica V. PARMATI, Gorica
DELIC, Ivan GUTMAN, College of Professional Studies,
Belgrade Polytechnics, Higher Education School of Professi-
onal Health Studies, Belgrade and University of Kraguje-
vac, Faculty of Science

The article is concerned with hemlock - one of the to-
xic plants of our country (Serbia) - to a broader audience
known as the plant by which the philosopher Socrates was
executed. We describe the chemical compounds (alkaloids)
contained in it, as well as their action on human, including
a few cases of intoxication.
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AHAIN3A ITIOJIMOUK/IIMYHNUX APOMATNYHUX
YI'bOBOJOHNKA Y XPAHU N Y3OPLIVIMA
N3 JKXUBOTHE CPEVIHE

Ionuyuxnuunu apomatiuunu yiposogoHuuu (IAX,
ITAY) aipegcitiasmajy ipyily WOKCUMHUX jegurberva, Koja ce
Mmoiy Hahu y #ueoiliHoj cpegunu u xpanu. Cacitioje ce u3
sue 0 §6a KOHGeH306aHa deH3eH06a Upciiena U wiiieti-
HU cy Ti0 3gpaerpe bygu 3601 HOTHEHUUJANHOT KaHUepoieHol
genosarba. Yipaso us tioi pasnoia, upouucare cy ipanure
8pegHOCiliu 3a TPUCYCIIBO 08UX jeguiverva Y PASTUMUTTIUM
ysopuuma. Ananuza IIAX-oea iipegcitiasma cnoxcen upo-
yec Koju ce cacitioju U3 XomoleHu3auuje y3o0paxa, exciipax-
uuje IIAX-osa, tipeuuwhasara u ananuse. Y 3a6UcHOCTAU
o0g upupoge ysopaka, Supajy ce pasnuvuitie iiexXHuKe ex-
ciapaxuuje, ipeuunihasarea u ananuse.

YBO[

IommmImyHy ApOMATYHH YI/bOBOJOHMUIIN CY MO-
TIEKYTIV KOjU CafipyKe [iBa W/IM BUIlIe KOHJ,EH30BaHa apoMa-
TUYHa mmpcTeHa. OBa jenyiberba ce cacToje caMo U3 YITbe-
HMKA V1 BOJOHUKA, KOjU Cy Y GOpMM MOTIMKOH/IEH30BaHIX
apOMaTM4HMX IIPCTEHOBA. ATOMM a30Ta, CYMIIOpa U Kice-
OHJIKa MOTY Ce JIAKO CYIICTUTYMCAT Y OEH3eHOBMM IIpCTe-
HOBMMa U (POPMMPATH XETEPOLMKINYHA aPOMATIYHA je-
IVbErba, KOjU CY 3QjeIHIYKY TPYIICAHY T10]] Ha3VBOM I10-
JIMLVIIYHY apOMaT4YHY YI7boBogoHmnim. ITAX-oBu 3Ha-
YajHM 3a )KUBOTHY CPEMHY cazipyke of ia (HIp. Hadra-

JIeH) 10 cefaM (HIIp. KOpOHeH) OeH3eHOBIUX IIPCTEHOBA. Y
OBOM OIICETy IIOCTOj¥ BEMUKY OPOj jemyiberba ca pasindn-
TVM 6pOojeM IIPCTEHOBA, IVIXOBYM PACTIOPEIOM M Pa3/n-
YUTUM CYICTUTYeHTUMA. 300T BIUX0BE Pa3HOBPCHE
cTpyKType, MehyHaponHa yH1ja 3a UMCTy U IPYMERbEHY
xemujy (IUPAC - International Union of Pure and Applied
Chemistry) npeyIoXIa je oImITe CMEpHIILIE 3 IMEHOBA-
b€ OBVIX jEVIEHEIbA:

o CTPYKTypHa QopMyna jenumera Tpeba ma byzme
HallJiCaHa TaKo Jia IpefcTaB/ba Hajsehyu moryhu
6poj MPCTeHOBA Y XOPM30HTATHOM Pefy;

+ XOPM3OHTAaJHA M BEPTMKAa/lHA 0Ca Cy IOBYYeHe
KpO3 LieHTap XOPM30HTA/THOT Pefia, oK je MoJle-
KyJI OpUjeHTUCaH TaKO Jia ce MaKCUMajaaH 6poj
IPCTEHOBA HA/lTa3! Y TOPHEM TeCHOM KBafIpaHTY,
a MMHUMaJaH Opoj IPCTEHOBA Y JOWEM JIEBOM
KBaJ[paHTY;

e aTOMU YITb€HMKA C€ HyMEPUUIY y IPaBLy Ka3ajb-
Ke Ha caTy, IOYeBIIN Of YI/beHMKa KOjU HIje JIe0
HUjEJHOT JPYTOr IPCT€HA M KOjU jeé CMEWITEH Yy
HajyJa/beHujeM JTEeCHOM TOPHEM IIPCTEHY; yITbe-
HIKOB aTOM KOjJ je 3ajeHMYKM 3a IBa W/ BUILIE
IIPCTEHOBA CE HE HyMEpMUILE.
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Ipyma nompaoMaTiIHIX YI/bOBOGHMKA je BEOMA Pas-
HOJIMKA, Off KOjuX BehHa MMa pe/IaTUBHO BUCOKE MOJIe-
KYJICKE Mace, PaCTBOP/bIBA j€ y HEIOJIADHMM OPraHCKIM
pacTBapaunma, crabo je pacTBOpHA y BOAM 1 MOTY Ce OK-
CHJOBATH M PASTIOKWUTH [0 jeNVIberba Matbe MOJIEKYIICKE
Mace. ITocToje 1 M3yseryt off HeBeEHOT, HPIL. HadTaleH.
Byuie off 600 jenuisema Npuiazga 0Boj TPyIHN, Off KOjUX je
BehnHa kaHneporeHa[1]. EBporicka yHuja ofpenmia je 15+1
npuopureTHux ITAX-0Ba, 4nje ce KOHIEHTpaLMje Y XKU-

BOTHOj CpenyHM 1 XpaHy npare[2]. OBoj rpymy npumaajy
: HaraeH,aneHadTeH,aileHaTIVIEH, (rryopeH, dpeHaH-
TpeH, aHTpalleH, (IyopaHTeH, IpeH, 6eHso[a]aHTpalleH,
KpuseH, 6eHso[b]ryopanreH, 6enso[x]pryopanteH, 6eH-
30[a]mmpen, nHmeHo[1,2,3-cd]mpen, aubenso|a,h]anrpa-
e, 6enso[g h,i]nepuren (Tabena 1). [Tpema 6pojy mpcre-
HOBA, JIeTie Ce Ha JIaKe, KOjU Cajip>Ke 2-3 IIPCTEHA U TellIKe,
KOjV1 CafipKe 4-6 mpcTeroBa.. Tewku [TAX-oBu cy cTabmn-
HIjU VI TOKCUYHVjU Off TaKuX 3].

Tabema 1 EY IPMOPUTETHN NONMUIVKINYHY apPOMATNYHHA YI'bOBOJOHMIIN

Haszus CtpykrypHa dopmyaa M;J;:];};:Ic:a CAS 6poj MouiekyJicka Mmaca
Hagranen “ CyoHg 91-20-3 128
Aunenadruien ‘ Ci,Hg 208-96-8 152
Aunenadren CyoHjo 83-82-9 154
dnyopen Ci3Hjo 86-73-7 166
DeHaHTpEH a Ci4Hp 85-01-8 178
AHTpaleH ~ Ci4Hyg 120-12-7 178
dayopanTen Ci6Hio 206-44-00 202
Tupen ‘ Ci6Hyo 129-00-0 202
benso[alanrpauen d CigHp» 56-55-3 228
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Kpusen CisHyy 218-01-9 228
Benso[b]dmyopanren OO‘-O CyoH o 205-99-2 252
Benso[k]dayopanren Oc’g CyoH )2 207-08-9 252

o ‘ o o b
Wunenol1,2,3-cd]mupen CyoHyp 193-39-5 276
Iuberzo[ahjantpanen ﬂ CpHyy 53-70-3 278
Benso[ghi]nepunen ‘ CyoHypy 191-24-2 276

HACTAHAK M ITPUCYCTBO Y JKXMBOTHO]J
CPEIVHN

ITAX-0BM Cy IIMPOKO pacIIpOCTParbeHN y )KMBOTHO]
CPeNVHY, 1A Ce TaKo Mory Hahy y BasiyXy, Be3aHM 3a de-
CTMIIe IIpalllVHe, PACTBOPEHY Y BOLY, O1M/bKaMa U XPaHIL.
OHM HacTajy caropeBarmeM OPraHCKMX CYIICTaHIMja,Koje
HOTKYY 13 IPUPOFHMX Y aHTpoIIoreHyx usBopa. Hajseha
kommauHa [TAX-oBa HacTaje Ipu caropeBamy ippeTa 1
nyrapera Ha 500-700°C[4]. OBa jenuberba MOTy HaCTaTH Y
HpoliecuMa Ipepajie YI7ba, IPUIIpeMe XpaHe, CaropeBabeM
HadpTe U IIPYPOJHOT raca, ipsera, cMeha u ¢ On npypon-
Hux usBopa IIAX-oBa HajsHa4ajHMj¥ Cy LIYMCKI IIOKapH,
epynuuje ByNKaHa 1 XUApoTepManHy npouecu. OBako

dopmmpann I[TAX-0Bu ce akymynupajy y BOIM, Basgyxy u
3eM/BMINTY, a KPO3 JIaHaL] ICXpaHe [JOCIIEBAjy IO YOBEKa. Y
BOJIEHY CpE[VHY U OpraHm3Me JJOCIIeBajy IIpeKo 3araleHor
sewpyiutals]. ITAX-0oB1 13 3aral)eHor Basgyxa HOCIIEBajy
y 6ubKe 1 Hajuerthe ocTajy y HajizeMHOM feny[6]. IToce-
6aH mpo6eM npefcTaB/ba HacTajambe [IAX-oBa y mporje-
Cy Ipepafie XpaHe, jep Beh Ha Temmeparypama Behum of
200°C, IUPOIN30M MacTH Jonasu o ¢popmupama [TAX-
oBa[7], a Ha TeMIIepaTypaMa BULLIM OFf, 500 °C, YI/beHOBO-
IOHUYHE U YI/beHIYHe Be3e YI/bOBOIOHNKA ce KUJajy U
dhopmupajy ce pagykany, Koju, Kao Kpajiby Ipou3Bof,
¢dopmupajy ITAX-ose. [Inponmsa pyrix OpraHcKUX CyIl-
CTaHIMja IPUCYTHUX Y XPaHU, Kao LITO Cy IPOTEUHN U YT-
JbeHU XUJPATY, MOXKe JOIPUHETY BIXOBOM (GOpMIparsy,
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aJmy ce MMPONM3a MAcTV CMATpa ITTaBHUM M3BOPOM Ha-
cranka I[TAX-oBa[8]. Ha popmupame ITAX-oBa TokOM
TepMIYKe 0Opajie Meca Ha POIITIUbY OCUM KO/IMYMHE Ma-
CTI y Mecy 3HaTaH yTuULaj MMa 1 O/vi3yHa ItameHal[9]. He-
Ka MCTPOKMBaK-a YKa3yjy Ha IIPUCYCTBO OBUIX jeNUIbErba Y
XpaHM Koja Huje TepMudky obpabenal1o]. Kao naamkarop
npucyctBa [IAX-oBa y y3opuyuma KOpucTu ce 6eH-
3o[a]mmpen.

Monexyncka Maca HOMUIMKINYHIX apOMaTUYHNX
YI/bOBOZIOHVKA VIMa YTUILIAj Ha FbJIXOBO IIOHAIIAIbE ¥ aTMO-
cepu. Tewxu ITAX-0Bu ce afcopOyjy Ha decTniama Ipa-
IIVHe, JOK JIAKIIN OCTajy Y TacoBUTOj a3y, KoK He O6yay
yK/IObeH IanaBrHamal(11]. KoHrenTpanuja y Basnyxy Ba-
pupa op 5 1o 200000 ng/m3[12,13]. [IpumeheHo je na je
koHueHTpanyja IIAX-oBa y Basnyxy Beha y ypoanum cpe-
IVHaMa 1 TOKOM 3uMe. IbyxoBa KOHILIeHTpalyja y Boiu je
jako Marna (zo 100 ng/L), 360r HUCKe PaCTBOP/BYBOCTI Y
OBOj CPE/IVIHIA, T1a je TO ITIABHM PA3/IOT HIXOBE aKyMysIa-
Lyije y 3eM/BUIITY U BOfeHMM opraHusmyma. Hajsehu ca-
npxaj ITAX-oBa y xpanu nipumehet je y rpwIoBaHOM Mecy
U puom.

TOKCUYHOCT

Kapa ce [TAX-oBu Haby y opranusmy, focreBajy y
My 1 KpB, 1 MeTabormy ce y jerpu u 6yopesuma. He
IIOCTOjYI MHOTO TIOflaTaKa O MeTaOONMNIKMM ITyTeBUMa
OBJIX jeIMIbEIHA Y JBYZICKOM OPraHM3MY, I1a Cé KOPJCTE II0-
any JoOMjeHy y CTyAMjaMa Ha KMBOTHbaMa. huxosa
e/TMMMHAIMja 3 OPTaHU3Ma je BP/Io 6p3a, 300T BeMKOor
6poja eH3MMa Koji1 UX TpaHCHOPMILLLY HajlIpe Y eloKCupe,
a 3aTUM Y JVIXUAPOIMON AepuBaTe 1 (eHome Koju Cy pa-
CTBOP/BMBUjU Y BORM[14], Ia ce ITIyKyPOHUAY U Cy/daTu
OBUX MeTabomurans opranusMa usbaryyjy ypusHom. Haj-
venthe oppebusan Merabormmt ITIAX-oBa y ypuny je 1-xu-
Ipoxcuipen|[1s, 16]. C 0631poM Ha TO Jja Cy muoduHy,
Hajuerhe ce akyMy/IMpajy Y MajYsHOM MJIEKy ¥ MaCHOM
TKUBY.

Vmajyhn y Buny ma cy ITAX-oBu IpucyTHY Y Basny-
XY, BOAM, 3eM/BUILTY VM XPaHVI, ITIABHI HA4MHY YHOLIICH2
OBIIX jeTMIbEIba Y OPraHN3aM Cy peclIMpaTOpHHU U TIEpOp-
QIHY JIOK je YHOLLIeH¢ IepMa/IHVIM ITyTeM C/labuje M3paxe-
Ho. ITpnmehena je moBesanoct usnoxenocty ITAX-oBuma
U PaJfHOT MECTA, 1A Cy TaKO HajyTPOXXEHM) PASHILN Ha
IyTeBNMa, Y TIPOLIECY TIpepafie aTyMUHIjyMa, IVIMHITIAPH,
PYEapy y pymHMIIMA YI7ba, POIUTU/bIIMjE, Ay TOMEXaH-
Japy, pagHNIIM Y IITaMIIapyjaMa, PagHULIY Y TIPOU3BOMHLM
rymau cif14].

CepampeceTyx rofjyiHa IpouyIor Beka, [IAX-oBu cy
300r CBOje TOKCUYHOCTY IIOCTIN [JIABHU IIPEMET UCTpa-
X1Bama. 3a BehuHy BuX je motBpheHo fja cy KaHLepo-
TeH!, MyTareHyI X TeHOTOKCUYHN[7], ¥ TO y OO/IMKY CBOjIX
Metabormmra. Hajsnavajuuju merabonnt 6eHso [a] nupe-
Haje 6eH30|a] mpeH-7,8-11071-9,10-eIIOKCH, KOjU MMa ja-
KO M3PaXKeHO KaHI[ePOTeHO AejCTBO 300T MHTEpaKLyje ca
nporeyanma wm JTHK[17]. [Tocroju Mao nogaraxa o To-
Me KaKo aJIKIIOBambe yTide Ha TokcuuHOCT [TAX-oBa, anmn
Cce cMarpa ia Cy MeTWIOBaHU iepyBaTy TOKCUYHUjY Off He-
CYIICTUTYUCAHVX jemuiberba. Juonn enokcupm ITAX-oBa
MIMajy MYTAreHo JIjCTBO 1 YTUIy Ha fyidepeHuyjaryjy he-
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nuja, bopmuparsem mpopykara ca JJHK. Teopyja koja orm-
cyje Tokcnunoct [TAX-oBa (“the bay theory”) o6jausasa
Behy peaxtuHOCT ITAX-0Ba y dopmu “samBa®, op ITAX-
oBa y popmu “¢pjoppa”. (Cnuxa 1.)[18]. Kanieporenesa
uHnykosaHa [TAX-oBuMa je pesynraT dhopmyparsa Ipony-
kara [TAX-osa u JHK. Rennje koje cy HajBuIlIe TTOIIOXKHE
YTULIAjy OBYIX jefyiEberba Cy KOLITaHa CpiK, KoXKa 1 IIyha,
TIOK je jeTpa Mambe IIO[IOKHA yTuLajy. Kanneporenu mno-
teruyjan ITAX-oBa jokasaH je Ha 1ab0OpaTOPUjCKIM KN -
BOTMIbAMa, Koje Cy 060/beBasIe Of paKa Koske, Iyha, jerpe
n xeyna. Takobe, okasaH je 1 yTuiiaj Ha kpBHe henuje n
VMYHM CUCTEM, KaO ¥ Ha PEPONYKTUBHE OpraHe ¥ MO-
3ak[19, 20].

“3anue”

Cmuka 1. Crpykrype”3anmusa’n"®jopma”

AxyTHO usnarame ITAX-oBrMa 0BOIM O I1aBOOO-
Jbe, My4HIHe, PeCIIMPATOPHIX ITpobiiemMa 1 olurehersa Ko-
xe. MebyTnm, oBu cumMmiTomu ce J0BOTIE Y Be3y ca pyruM
XeMMKa/vjamMa. XpOHMYHO usnarare ITAX-oBuma nsasu-
Ba OPOHXUTHC, Kalllajb, JEPMATUTHUC, pak Iwiyha u ycHe

IyIUbe, JIeyKeMUjy, pak Oyopera...

ITPUTIPEMA Y30PAKA I METOJE
AHAJIM3E

Merozie npymnpemMe y30paka I aHaTi3€ y MHOTOME 3a-
BJICE Off BPCTe Y30pKa KOju ce aHa/msupa. Vmak, 3a ceakn
TUII y30paKa IOCTYIILM aHA/IM3€ Ce MOTY II0CMaTpaTy Kpo3
crenehe daze:

1. XoMoreHusanuja y3opka
2. Excrpaxiyja, xako 6u ce ITAX-oBu msnsojwm n3

CTIOKEHOT MaTpMKCa
3. IIpeunmhaBarme, Kako 611 ce YKIOHWIE KOEKCTPaxo-

BaHe HeuncTohe
4. AHam3a, KaKo OM ce yTBpAWIA KOJIMIMHA U IPUCY-

crBo [TAX-0Ba y y30pKy.

I'maBuy ipo6nemu y ananmusu [TAX-oBa mpepicTas/pa
IbMIXOBA Majla KOHLIEHTPalJja y Y30PKY, KOeKCTpaKIyja
IPYTMX OPTaHCKMX jeMEberba Y CIMYHA CTPYKTYPa CaMMX
ITAX-o0Ba, Tako ja ce Hajuemhe aHATN3MPa]y Kao CMellle.
KBantuduxarmja IIAX-oBa y y30pky Bpiu ce momohy
KamMOpalioHe KpyBe CTaHfjapAHuX pacTopa. CTaHgapam
ITAX-oBa ce 4yBajy y amITy/ama, Ha XJIaJHOM U MpPa4HOM
MeCTy. YHYTpallliby CTaHgapay 6u Tpebdaio fa 6yxy cym-
CTaHIle KOje Ce He Ha/lase Y Y30PKY, U y Te CBpXe Ce Haj-
yerthe kopycTe feyTepucanu aHaosu ITIAX-oBa (¢peHaH-
TpeH-d10, kpuseH-d12, nepwieH-d12).

Ysop1y 3eM/bMINITA Ce HajlIpe Cyllle Ha BasfyXy Win
ymodunmzanyjom. He npenopydyje ce cylere Ha II0BU-
IIeHVIM TeMIlepaTypama 36or ycnappusoctyu [TAX-oBa.
Mory ce mpMMeHNTH U CPe[iCTBA 32 Cyllebe, Hajoorbe
Na,SO ,um MgSO,,. V360p TexHIKe eKCTpaKiiyje He camo
Jla ¥IMa yTUI[3j Ha TAYHOCT aHa/I3e, Beh yTide u Ha Bpeme



U TPOLLKOBE IIe/IOT IIOCTYIIKA. 3a IIPUIIPEMY y30paKa 3eM-
JTBUIIITA IIPVIMEIbYj€ CE HEKOMMKO TUIIOBA EKCTPAKIINA, Koje
Ce PA3NVIKY]jy Off EKCTPAKIMje y30paKa BOfIE ¥ OCT/INX Ted-
HUX y3opaka. IIAX-0Bu 13 3eM/bMIIITA CE MOTY EKCTPAX0-
BaTM MeIIAmbeM Ca OPTaHCKMM pacTBapadnMa off KOjix ce
Hajuernihe KOpYICTe alleTOH ¥ XeKCaH, IOILTO CY jedTuHujn
u 6e3b6enHMjM 3a yroTpeby Off TomyeHa wim OeHseHa[21].
Bpeme excrpaxijyje Tpeda ga Oyzie JOBO/BHO AYTO, Kako 6u
ce noctuya Beha eMKaCHOCT, T1a ce Y HEKMM CITydajeByMa
MO)Ke TIPYMEHNTH U [IBajiece TIETBOPOIACOBHA eKCTPAK-
1yja. Bpeme Tpajarma eKCTpaKIyje MOXe CE CMAbUTH YIIO-
Tpebom ynrpassyka mimn Cokcerose (Soxhlet) excrpak-
nuje.

YnTpasByuHa eKcTpakuuja[22] je HajemHOCTaBHMja
metopia. Ipenopydyje ce ia ce y3opim Koju cafipKe Marbe
koHueHTpauyuje ITAX-oBa ekcTpaxyjy HajMambe jBa Iy Ta,
YBeK CB&KOM IIOpLMjoM pacTBapaya. Of pacTBapaya je
HajOO/be IPYIMEHNTH CMeIly alleTOH/MeTyIeH xmopup, (1:1
V/V) W alieTOH/XeKcaH (1:1 V/V).

CoKcrieToBa excTpakijija je Hajuenthe IpyMemBaHa
3a eKCTPaKIIjy UCTIAP/bYBIX U C/1ab0 MCTIAP/BYBIX OPraH-
CKVIX jeMIberba U3 UBPCTUX y30paka[23]. Y3opak ce cMer-
Ta y LIe/TYI03HY Yaypy, 1 eKCTPaKIMja ce BPIIV KOHTUHY-
aJIHO, YBEK JOIATKOM CBeXe IIOpIiyje pacTBapada. Ex-
CTpaKLyja ce BpLIM Ha TeMIIEPATypU UCIIOf, TauKe K/by4da-
ba pacTBapaya OP3UHOM Off 4-6 LIMIK/TyCa Ha CaT y BpeMeH-
CKOM MHTepBay Of 16-24 4aca. TeuHa eKcTpaKijyja 1oy
npuryckoM (Accelerated solvente xtraction, Pressurized
fluid extraction) je jemHa o HOBUjMX TEXHMKa eKCTpaKIyje,
Koja ce 3a ekcTpakuyjy IIAX-oBa npumMersyje off meserece-
TYIX TOf[VHA IIPOLIOT BeKa[24, 25].Y30pak u pacTBapad ce
y6arryjy y ekcrpaxiyony henujy u ona ce 3atBapa. Hakon
TOT3, Y30PaK Ce TPeTVpa Ha IIOBMILIEHO] TeMIIEPATypy 1
TIOJ] TIPUTYVICKOM, 5-10 MUHYTA, I1a C€ PACTBapad OfICTParbY-
je us cucrema.

MukporanacHa eKCTpakKijja KOpUCTU MUKPOTaIace
Kao U3BOP 3arpeBarma CMellle y30paK-pacTBapay[26].
O6uuHO ce 6upajy oHM pacTBapadn Koju arcopOyjy Mu-
KpoTaace. Bemika mpeHOCT oBe TeXHMKe je IITO IpyMe-
HOM MVKPOTIaCHe eKCTPaKIMje He JO/Iasy [0 ierpajia-
1yje y30pKa.

Texnuke npeunirhaBamwa omoryhasajy uspBajarme
aHa/INTA Off OCTAIMX HOTEHIIMja/THO eKCTPAXOBAHMUX Op-
TaHCKIUX jefiuberba. Kox y3opaka Koju cafipye Majio op-
TaHCKUX jefyberba, 0Baj KOPaK je jeqHocTaBHuju. I1pe-
ynihaBame ce MOXe ce BPIINTHU XpoMaTorpadgujom Ha
KO7IoHM[27], excTpakuyjoM uBpctoM ¢asoM(SPE)[28]wumn
TEYHOM XpOMaTorpadujoM BUCOKe e(PUKACHOCTH
(HPLC)[29]. lako HPLC nma Haj6o/sy Moh pasnBajarba,
BIIIIE Ce KOPJCTE OCTa/Ie TEXHVIKE, 300T jeJHOCTAaBHOCTI 1
LieHe aHAIN3e.

On MHCTpYMeHTa/IHMX TeXHMKa 3a aHam3y IIAX-oBa
Y y30pLMa 3eM/BIILTA IIPEIIOPYUYjy ce FacHa XpPOMaTo-
rpaduja ca MaceHoM criekTpoMeTpujoM (GC-MS) n
HPLC. Ykomxo ce nsabepe HPLC, craumonapHa dasa 6u
Tpebana fa Oyfie off OKTafelVICIIaHa VIV HEKOT IPYToT
MaTepujana CIeLja30BaHor 3a aHam3y ITAX-oBa. 3a
e/TyMparbe Ce MOXKe KOPMCTHTY CMeIla MeTaHO7I/BOa VTN
aneToHUTpWI/Bofa. IpafujeHTHO emynpame 3amounme

CMeIIIOM OpPraHCKM pacTBapay/Bofa 50% ¥ 3aBpllaBa ce
YUCTYIM OPIaHCKMM pacTBapayeM, a Tpaje OKO 40 MUHYTA.
3a perexuujy ce kopuctu wi dayopectieHTHN ywm UV
merexrop. Vnak, 3a anamsy [TAX-oBa Hajuemthe ce kopu-
CTM racHa XpoMarorpaduja Ije CTalyoHapHa (aza MOxe
6uTH HenonapHa Wi ¢1abo IMoapHa, JOK ce kKao Hocehn
rac 6upa Xenmmjym.

3a anammsy ITAX-oBa y Basnyxy Hajuenthe ce Kopy-
CTM TacHa XxpoMmarorpaduja y KOMOMHALVjI ca MaceHOM
criekrpoMerpujoM. OBa TEXHUKA je Y IIPENHOCTY Y OTHOCY
Ha OCTaJle 300T BMICOKE CETIeKTMBHOCTH, PE30IyLyje I
OCET/bMBOCTI[30].

3a IpMKyIUbarbe y30paKa, BeMyKa 3allpeMIHa Basgyxa
e KOHIeHTpyje Ha cOpOeHTy Wy ofroBapajyhem ¢punrpy.
OBaj KOpakK je HeoIXofaH 300r HIUCKe KOHIIeHTpaluje
ITAX-oBa y ysopiymMa Basnyxa. Hajuemmhe ce kao copbenT
KOPUCTY HO/IMypeTaHCKa IIeHa, /iy IPYIMeHy Hajlase I
XAD-2 uXAD-4 (mommmepHa Biakta), CarbopackC (ax-
TUBHU yrasp), 1 Tenax (IOpO3HU MOMMMEPHU acOP-
6eHc)[31 - 34]

Ancop6osany ITAX-0BU Cy HOIJIOXXHY OKCUAALIH,
I1a TaKo Mory HacTary okcu v Hurpo ITAX-osu. ITocro-
jarbe OBMX peakuyja gokasamm cy Illayep u capagamim(3s).
OBako HacTa/Iy AepyBaTy MOTY YTULIATY HA Pe3y/ITaT, Ofi-
HOCHO IIpMKa3aTyu Mamy KoHLeHTpauyujy IIAX-oBa Hero
IITO je CTBApHO Y Y30PKY. V13 oBoOT pasyora, Bpeme IpH-
KyIUbarba y30paka Mopa 61ty orpanideHo.Hakon npu-
KyIUbarba y30pKa, COPOeHT U QUITPYU Ce UCIIEPY HEKIM
OpPraHCKMM pacTBapayeM (JVIXIOpMeTaH, TOIyeH, XeKCaH,
aLICTOHUTPWI WK MeTaHo). ExcTpakiiija ce Moxe Bp-
IIIMTY CaMO MCTMparbeM Wiyt ayToMaTcku (CokcieToBa ex-
crpakuyja i ASE). BuTHo je ma ce 3a eKcTpakIyjy Kopu-
CTM IITO Makbe pacTBapaya, Kako 61 KOHIeHTpalyja
ITAX-oBay ekcTpakTiMa 6wra o seha. [Tpenopydeno je
kopuithere crefehyx nocrynaka u pactsapaga[36]:

1. Excrpaxipja y3 pedykc; TomyeH

2. CoKcrieToBa eKCTPaKIja; TOMyeH, VXTOPMeTaH, XeK-
caH/areToH (1:1)

MyKpoTaracHa eKCTPaKIja; XeKCaH/aleToH (1:1)
ASE; TonyeH, guxnopMeTaH

5. YITpasBy4Ha eKCTPaKLVja; TOMyeH, JIXIOpMeTaH

ITAX-0Bu y Basnyxy Hajuelthe ce aHAIM3MPa]y IIOMO-
hy GC-MS.

Y30p1Ly xpaHe, 300T CBOT CIOXEHOT CacTaBa, 3aXTeBa-
jy KoMmIIIeKkcHujy npunpemy. 360r cBoje nTuIoduiIHe
npupone, IIAX-0B1 ce 13 y30paka XpaHe eKCTpaxyjy 3a-
jeIHO ca IMIMAMMa, KOju MOpajy OUTH YKIIOIeHY Y KOPaKy
npeunuthasarma. [Tpe 6110 Kor mocTyIka, mocybe koje ce
KOPYCTY MOpa GMTY MCIIPaHO alleTOHOM VIV XeKCAHOM.
Kaxo 611 ce nsberia KOHTaMMHALVja Y30PKa, HEOIIXOIHO je
kopuiiheme aTyMUHVjYMCKOT, CTaK/IEHOT YIIY Ye/ITIHOT
nocyba, Tok ce racTu4HO Mopa usberasaru. Kako je Be-
huna TTAX-oBa ¢oToceH3UTHBHA, Y30pLIY MOPajy OUTI
samrTuheHy off AMpeKTHe CBeTIOCTI. VICIIap/buBOCT OBMX
jemyIberba BeoOMa yTide Ha TAYHOCT aHAIN3e, TAKO fIa -
PEKTHO yIlapaBame Hije okesbHO. Kao u xon octamx
y30paKa, IIpUIIpeMa ce CacToji 3 KopaKa eKCTPaKLje 1
npeunmhasama. [Ipunpema ysopaka xpaHe ce usBopu
PasTUINTO, Y 3aBYCHOCTY Off, KOTIVHMHE MAaCTI Y Y30PLiM-
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ma. Kop ysopaka Koju nmajy Marbu cagpskaj MmacHohe ek-
cTpakuuja 1 npeunihaBame ce MOTY MI3BECTH Y jeTHOM
KOPaKy, JOK KOf y30paka 00raTix MacTyMa oBa JiBa Kopa-
Ka Mopajy 6utu opisojena. ITAX-oBu cy munodwiHa jenm-
berba, TAKO 1A je XpaHa ca MaIo MacHohe Marbe KOHTaMI-
Hypana[17]. OBoM TuIly y3opaka IIpuUIagajy y30pLy Bofe
u cokoBa. [Tpy aHaIN3Y OBaKBYX y30paKa, eKCTPaKLyja I
npeunihaBame ce Mory nssecty momohy SPE (ekcrpak-
11ja Ha YBpCTOj pasn), 3aiprkaBarbeM aHa/INTa Ha KOJIOH,
V1 IbeTOBYVIM €/TyMparbeM IITO MabOM KOIMYMHOM pacTBa-
paua [37]. O6u4HO ce 3a enynparbe KOPUCTY CMeLIa I0-
JIApHOT 1 HEMOJIAPHOT pacTBapaya (HIIp. XeKCaH/UX/Iop-
MeTaH), Kako Oy ce IIOCTUIVIA ILITO 007ba eKCTPAKI[Vja Telll-
kux 1 makux ITAX-oBa. V360p uBpcTe dase 3aBycu 1 of
TUIIA Y30pKa U Off n30opa MeTofe aHa/u3e, I1a Tako 32
HPLC ca ¢ryopecrieHTHUM [IeTeKTOpOM OIJINYHE pe3y-
Tare fjaje C18, a1 oBa cTanoHapHa (asa Huje IIOrofHa 3a
GC-MS anammsy. SPE je kao TexHMKa eKCTpaKIyje mpyMe-
eHa y aHanusu kade[38], 4aja[39] n anKoxonHux mu-
ha[40, 41]. Y y3opke ca noBehanum cagpxajem MacTy cra-
Iajy MyIeKo, puba, 6uspHa y/ba 1 Meco. ['maBHM ipobeM
koyi anammse ITAX-oBa y 0BUM y30pLiyMa je Kako OfBOjI-
TU QH/IUT Off, TPUI/IMLIEPYIA Y MACHVX KUCE/IMHA IIPYCYT-
HIUX Yy y30pKy. OJf TeXHMKa 3a IPUIIPEMY y30paKa U3IBOjI-
na ce SPE, 360r cBOje 0ceT/BMBOCTY 11 Op3VIHE, Te Ce MOKe
KOPVICTUTY ¥ KO TEXHVKA eKCTpaKLje, aJl U Y TOKY TIpe-
ynuhaBama ysopka. Kao uBpcra dasa Mory ce ymorpebu-
i C18/Florisil, PS-DVB, nmm cmerra C18 u Florisil. Kog,
HEKVIX y30paka, Kao IIITO je Mac/IMHOBO YIbe, 300T BUCOKOT
caip>kaja HesacuheHMX YI/bOBOIOHVKA, IIOTPEOaH je 1 Jo-
IaTHM Kopak rpeuninhaBama[42].

Tpeba moMeHyTH [a Ce Y TOCTIEEbe BpeMe CBe BHIIIe
kopucte u Texauke MSPD (matrix-solid phase dispersion
— eKCTpaKIlyja pacIplINBambeM y30pKa Kpo3 YBPCTY
¢asy)[43]n MSPE (magnetic solid-phase extraction, mar-
HeTHa eKCTpaKiyja Ha uBpcToj ¢asm)[44]. IIpetxopnHo mo-
MeHYTe TeXHJKe ce MOTY KOPUCTUTH Y Lwby Ipeuniiha-
Baba y30pKa HAaKOH eKcTpakuuje. Hajipe ce ekcTpaxyje
ymvHa $pakuyja, koja mopen ITAX-oBa capyxit 1 ocTa-
Jie IVIIM/iHE KOMITOHEHTe, a ITOTOM C/iefu npeuninhaBarbe
nomohy SPE, ren nepmearyione xpomarorpaguije nim ca-
nouudykanyje. OBe TeXHMKe 3aXTeBajy JOCTa BpeMeHa I
BeJIVKe KO/IMYMHE pacTBapadya, TaKo /ja Ce MPeropydyje eK-
CTpaKIja TEYHO-YBPCTO U YATPa3ByIHA EKCTPAKIja.

Hexke off HOBMj1X TeXHMKa eCKTpaKLyje Koje ce KOpH-
cre y anammsu ITAX-0oBa y XpaHu Cy eKCTpaxiiyja IIof, Ipy-
trickoM (PLE) n MykpotanacHa ekcrpakuyja (MAE). PLE,
y exctpaxuuju ITAX-oBa 13 y3opaka XpaHe, je IpBM Iy T
omcaHa y pajy Banra u capaguuka (1999)[45]. [Tpeun-
haBame je u3BpILIeHO TOMONY KOHI[EHTPOBaHe CYMIIOpHE
KVCe/VHe, a HakoH Tora Ha Florisil keprpunty. Jenan op Ha-
4JHa 3a IPUIIPEMY y30paka MacHe XpaHe je U /IKa/IHa M-
rectuja, u npeuninhasamwe nomohy SPE. ITocentux ro-
nuHa passujana ce QUEChERS texuuka (Quick, Easy,
Cheap, Effective, Rugged and Safe), xojy cy npsu nyT ymio-
Tpebwm AHacTacuyiec ¥ capagHUIN[46] y aHaIV3Y IecT-
11fIa, BOK ¢y Pamarxoca v capagHuim[47] npsu myT npu-
MEeHWIN OBy TexHUKY y aHam3u [TAX-oBa. 3a caMy aHa-
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3y Hajyenthe ce Koprcte xpomarorpadcke texake (LC
n GC).

3AK/bYHYAK

Anammsa [TAX-oBa, 300T 1bVXOBe Majle KONMUYVHE Y
KOMIIZIEKCHVM Y30pLIMMA, IIPEACTaB/ba BETIMKY 133308 32
ucrpaxusaye. ITocmenmyx ronyHa paspiie Cy ce TEXHUKe
eKCTpaKIluje Koje Cy Op3e 1 He 3aXTeBajy Be/Ke KOMYVHe
TOKCUYHMX, OPTAaHCKUX pacTBapaya. 3a aHaIU3y ce KOpU-
cre xpomarorpagcke Texuuke, Hajpuure LC u GC. Kog,
y30paka ca BICOKVM CafpsKajeM MacTy (y30pIy Meca I
y/ba), 3aXTeBa ce JOIATHY Kopak IpeuniihaBarma, 360r Ko-
ecTpaxuyje mmmpga ca ITAX-osuma. VMako cnokeHa, aHa-
mm3a ITAX-oBa y y3opLyMa 13 )KXMBOTHE CPENVIHE je HeoIl-
XOJIHA y CaI7ieflaBakby CTak-a YOBEKOBE OKOJIMHE.

Abstract

ANALYSIS OF POLYCYCLIC AROMATIC HYDRO-
CARBONS IN FOOD AND ENVIRONMENTAL SAM-
PLES

Jelena CVETKOVIC, Marija DIMITRIJEVIC, Vesna
STANKOV JOVANOVIC, Violeta MITIC, Department
of Chemistry, Faculty of Science and Mathematics, Univer-
sity of Nis, Serbia

Polycyclic aromatic hydrocarbons (PAH) are ubiqui-
tous compounds, well-known to be carcinogenic, which can
reach the food and environmental samples. They contain
two or more fused benzene rings in linear, angular or clu-
ster arrangements. Due to their proved carcinogenic acti-
vity, they have been largely investigated. In general, PAH
analysis is a multi step process — sample homogenization,
PAH extraction, clean up step and analytical step. Sample
preparation technique and analytical method depend on
the type of the sample.
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W.. daxynrera Yunsepsurera y Beorpapy (e-momrra: joka.arandjelovic@gmail.com)

T'ymapabuxa mmm ryma akauuje je cMelira 61omnomm-
Mepa, kopuiiheHa y Hajpas/IM4uTije CBpXe XuwbaiaMa Iro-
myHa. Y fpesroM Erunry ce kopuctiia y 6ojama xujepor-
JQCKIX MHCKPUIILIYja U 3a JIaHEHe 3aBoje IIpU OajicaMo-
Barby Mymuja. [1py ananmmsu crapux JeBpejcKmx crmca Ha-
hena je yax n y mactmry. Tako je Halia CBOj IyT 1 0
EBpore npexko Apalckux yka 1 Tako fobuia ume ryma
apalyiKe 110 CBOM IOpeKITy jobaB/barba. [yma ce fobuja cy-
IebeM usnydeBuHa fpseha Akarpyja (Acacia), Axanyja
cejart (Acacia seyal) v Axaruja ceHeran (Acacia senegal).

Axannja ceHeras pacte y CaxeZickoM I10jacy, Koju ce
npocTHpe of ycTuibe Caxape Ha CeBepy, J0 eKBaTopa Ha
jyry u on Comanuje Ha ncToKy o CeHeraia Ha 3amapgy.
Ocum 360r ryme, ysrajame oBor gpseha crpedasa nambe
LIVperbe IYCTUIbE Ha JYT M MSBOP je XpaHe 3a >KMBOTMUIbE.
Iocroju BuIe Off 1000 MO3HATHX BPCTa AKalyje, BULLE Of
700 BoJIe HOpeKIo ca AQpIUKOT KOHTVMHEHTa. AKaryja ce-
HeraJI criafia y ckymvHy Bynrapec (Vulgares) u Bepyje ce a
ce IojaB/byje y YeTUPY BapUjeTeTa, ca APYTX 12.

Iymy npousBope apBeha crapa of 3-30 rofyHa, a 6uo-
CUHTeTMYKI IPOLIeC, KOjU Ce HasuBa IyMo3a, ce nokpehe
Kafia 61/bKa TPIIM CTpec, OWIO Off ITOBPENa, JIOLLET T/, He-
IOCTaTKA ByIare 1 BUCOKe Temmeparype. IIperysan mexa-
HJM3aM I'yMo3e Hyje IT03HaT, a1 je Moryhe JJoBecTI ra y Be-
3y ca 6aKTepUjCKMUM, BUPYCHUM U I/bYBIYIHVM MHEKIIN-
jama. 3amakeHo je fia ce ryMa CTBapa y pernony musmeby
YHyTpalllibe CTpaHe Kope ipBeTa 1 KaMOujyMa, U Jia je Mo-
ryha mocreauia pecTpyKTynpama Kao OroBop Ha ajjarnTa-
1wy henyga, jep je npumeheHa B1cOKa aKTVBHOCT XeMMULIe-
JIymase U LieTy/ase y TKUBIMA ITie ce TyMa CTBapaa.
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I'YMAPABUKA

MIPOIIEC ITPOM3BO/IIHE

ITpousBoprsa ryMe 3arodnise 3acellambeM Kope fieda
U TpaHa ceK1poM, 6e3 fa fobe o omrrehemwa kambujyma
(meo namebhy xcmtema u rroeMa 3acy>kaH 3a CeKYHAAPHU
pact 6uspke). JlerybuBa TEYHOCT KOja Lypy ca MecTa yceKa,
CYIIN Ce Ha CYHIy 1 opMupa CTAKIacTe KyIJIMLE VI
TpaKe, 00MYHO HEKO/MKO LieHTVMeTapa y IPEeYHNKY, Koje
Ce CKyIUBajy HaKOH 3-4 Hemerbe. Boja ryme ce Mmoxe kpera-
™ oF, 671emo0 >KyTe o hibapee na mo 6paoH. CKyrwbare
Ce 3aTVM BpILIY CBAKMX 10 JaHa KPO3 Ce30HY; Koja y Cymany
Tpaje o, oKTpobpa Ko Maja. [yMa ce pasBpcTasa 110 60ju 1
BE/IMYVIHM U TI0 paspenyma uuctohe cMore. Jaba obpana
MO>Ke YK/bY4MBATI MEXAQHIYKO M/IEBEbE, TEXHVIKA TT03HA-
Tija kao ku6yuHr (kibbling), xoju paséuja Kyrmue ryme y
BIILIE PasMInUTUX ofpehennx Benmdnna. [lasbu mporgec
YK/bY4yje CIIpej-cyliere (CyBu Impax ce jo01ja Kajia ce aTto-
MM3VpaHe YecTHLe BeTINYIHE 50-100 (UM PacIpuIyjy Ha
BIICOKOj TeMIIEpaTypy) WIN CYLIele Ba/bLyMa (pacTBop
Ce TIPOIIYILTA KPO3 [IapOM 3arpejaHe BajbKe ¥ BOfA Ce Cy-
IV IIPOTOKOM Bpyher Baszyxa).

Cnnka 1 Tymapabuka



Cnuka 2 [ymapa6uka 1oce cripej cylerma

OB Ipoliecyt IIOApasyMeBajy pacTBaparbe KuOIopaHe
TyMe Y BOOM Y3 3arpeBarbe U MeIllarbe, aJly Ce T1asy Jja TeM-
neparypa Oyfe LITO HIDKa [a ce He 6u omrreryvie GpyHKLy-
OHaJTHe KapaKTepUCTHKe IryMe (IIPOTEMHCKOT fena). Pa-
CTBOp TYME C€ 3aTVM IIPOITYIITa KPO3 CUTO, IEKAHTYje VI
¢dunrprpa (ma ce yKIoHe HepaCTBOPHU JIE/IOBY) U I1acTe-
pu3yje onMax IocsIe CyILemba.

CTPYKTYPATYMUWPABUKE

Crpykrypa ryme Akanuja ceHeras je ogpehena nsma-
rameM y3opka Hysy [IIMuroBux nerpagarmja (Schmidt-ova
degradacija). OBa ferpaganuja je Ipomyxerbe HepjofaTHe
OKCHpALMje Y K0joj ce OKCUIOBaHM T10/IICaxapyy IIPBO pe-
IYKYje Y TIOIMa/IKOX0JT HaTPUjyM-OOpXUPUIOM, 2 IOTOM
ce Xupponusyje pasdidKeHOM KVCeMMHOM Ha HICKOj TeM-
Teparypu. AlleTasiHe Bese ce PaCKUajy 1 [ajy pparmMeHTe
y Kojuma 1,3-Be3any 1ehepn ocTajy HeTakHYTH M ITIMKO-
3UJIHO Cy Be3aHu W 3a apyre 1ehepe (1,6 rpaHe cappixe
TIAKTO3Y, apabUHO3Y, PAMHO3Y U ITTYKYPOHCKY KUCETTYHY)
wm ¢pparMeHTe ocTaste mocye okcuparuje. OBo je IOTBp-
o 1 C-NMR criekrpuma JOKyMeHTOBaO AHJIEPCOH.
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Cnuka 3. [lIMuToBa ferpajanuja cacTojaka rymapa-
6uxe
Axnjama (Akiyama) v capafHUIM CY OTKPWIN U IIPO-
TEMHCKM JIeo KOBAJIEHTHO Be3aH 3a MO/IICAaXapu/ IPeKo

XUIPOKCUIOP/IVH-0/IUT0apaOMHO3MU/A U CePUH-YITbEHO-
XUIpaTHMX Be3a. Tafa cy mouwm 10 3aK/bydKa Aa je y -
Tamy apabMHOTa/IaKTaHCKU-IIPOTENHCKY KOMIIIEKC
(ATTI) jep je pearoBao ca JapoBuM peareHCOM. JapoB pea-
TeHC je CMHTeTUYKM (PEeHVIITIMKO3W, KOjU CIIeLNpIIHO
pearyje ca apabMHOraTaKTaHCKMM-IIPOTENHCKIM KOM-
IJIEKCOM.

Gle Gle

Cnuxa 4. Japos peareHc

I'yma je Kako ce MCIIOCTaBIWIO BEOMa XeTePOreH Mare-
PpUjaI, IITO je OKa3aHO KaKO (QPaKI[VIOHVM TATIOXKEEbEM,
TAKO U jOH-M3MEBUBAUYKOM XPOMAaTOrpadujoM, rey mpo-
IIyCHOM XpoMartorpadujoM, 1 xunpopobHo-apuHNUTET-
HoM xpoMarorpapyjoM. AHamnzoM UV ancopmipyjoM Ha
206 NIM 1 J€TEKLjOM MY/ITUaHTy/IApPHOT CKPEeTarba OT-
KpUBeHO je (omMohy pedpakTHMBHUX MHIEKCA) fia ITOCTOje
ZIBa IVIKa, I7ie jelaH Behu npumaza MaTepyjary MOJIEKyII-
CKe Mace OKO 250,000 a IPYT¥ Marby MK MaTepujajry Of
1.000,000 JI0 2.000,000. Behe dpaxiyje koje npumanajy
mehepHOj KOMITOHEHT IIPHITafia YAeO Of, 90% a IPOTeNH-
CKOj CaMO OKO 10%.

XEMUMJCKA KAPAKTEPU3AIINJA

Iymapabuka je cliokeHa CMellIa IPOMEH/BMBOT CacTa-
Ba KOjy YIVIABHOM 4VHe: apabMHOT/IaKTAHCKM OJIMTOCaxa-
P, TONYCAXapUAY U TIMKOIIPOTEUHY. 3aBUCHO Off U3-
Bopa mehepHe KoMIIOHeHTe capipske Behe nenmose D-apa6-
MHO3e y ofiHoCy Ha D-ranaxrosy (y Axaumju cejar) wim D-
rajJlakTose y ofHocy Ha L-apabunosy (Akaiyja ceHerar).
Axanyja cejan cappxu Builie 4-O-meTnn D-rimyKypoHcke
KVICeMHE a/i Mawbe L-pamMHo3e u HecyncTuryncane D-
TJIYKyPOHCKe KVCeTHe Off AKallyja CeHeraJL.

ApabyHOraIaKTaHCKY Ie0 je Be3aH 3a IIPOTENH U y/a-
3n y cacras hemmjckor supa. Cagpsxu 50 10% IpOTenHCKe
KomIoHeHTe. Kuiceo je v canpykyt IpeTe>XHO XMIPOKCH-
IIPOJIVH, CepyH, amanuH u ryH . llehepru feo ce ca-
CTOjU Of T&/IAKTO3€, MaHO3¢, TA/IAKTYPOHCKE KVCEe/IVIHE U
IJIYKyPOHCKe KVICE/IVHE U ¥IMa PE/IaTVBHO BYICOK HYBO II0-
mmMepusanyje. ATTI umajy ynory y mehyhemjcknm nure-
paKiyjama Kao CUTH/THV MOJIEKY/IM U y OfOpaHy OubKe.

OU3NIKO-XEMUJCKE OCOBMHE N
OYHKIMUJE

I'ymapabyka 1MMa ABe IJIaBHE KapaKTePUCTUKE: JIAKO
ce pacTBapa y BOAM [ Harpaay BYCOKO-KOHIIEHTPOBaHe
PpacTBOpe pe/IaTMBHO HYCKe BUCKO3HOCTY ¥ TIOBPIIMHCKI
je akTMBHA ILIITO 3HAYN Jja CTabIIM3yje eMynsyje (cMelle
y/ba y BOIIU).

CrpejHO cyleHa 1 Ba/bKOM-CYIIeHa TyMapabyKa
ce iobuja y Bijry GerIor Ipaxa jako Maio Be/IMUMHE YeCTH-
I1a KOje ce JIaKO pacTBapajy y Bomu. [lobujeHa Ha apyryu Ha-
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EAOKOBM YIMbeHUX xuapaTa
E"’ (mMonexwyncka maca ™~ 250 000)

MenMnenTWaHW naHaw
( ~400 ocraTaka aMMHO KMCENKMHE)

Cnuka 5. lllemaTtcky mpukas CTpyKType AKanuje
ceHerasn

YJH, Ha IPUMep y KOMaJiIMa Ce jako TEIIKO pacTBapa U
HOTpeOHM Cy HeKajia U caTyl ja ce pacTBopyu. Mory ce rpu-
HPEMUTH PacTBOPY BUCOKe KOHIIeHTparyje (0ko 50%) ca
PeNaTMBHO HICKOM BUCKO3HOLINY, IITO je ITOC/IeNNIa mhe-
He BeoMa pasrpaHare 1 KOMIIAKTHe CTPYKType. Brckos-
HOCT II0CTaje 3Ha4ajHa Kajja KOHIEHTpalfija JOCTUIHE Ta-
KO3BaHM TIO/Ty-PasOIaKeHN PeXIM ITie MOTIEKYIV OUNEbY
nIa ce npernhy 360r MaKpOMOTIEKY/ICKOT ToMmiarba (ede-
KaT Ha [OHAllIabe MAKPOMOJIEKY/Ia Y PaCTBOPY Tako Jia ce
YMHY 1 je KOHLieHTpatmja Beha Hero IiTo 3ancra jecre).

BrickosHOCT ce cMarbyje Ha HUCKMM 1 BUCOKuM pH n
Y IPUCYCTBY €/IEKTPOJIUTA, j€P KAKO Cy MOJIEKY/IN jAKO Pas3-
rpaHary Bpio je Moryhe fia ce oBo foraba 360r 1ojaBe KOH-
TpaKiyja MOJIEKYJICKOT JIaHIa (Kao Y CITy4ajy TMHeapHuX
HONMUeNeKTponnTa). Pefykiyja je mocmennia cMamermba
edeKTUBHe BelMuyHe MOJIeKy/Ia 300T KOMIIpecuje efek-
TPUYHOT JBOCTPYKOT C7I0ja QHAIOTHO CUTYALVjH 3a ITI00Y-
JIapHe TIOpTEeNHe.

BuckosHOCT pacTBOpa ryMupaduKe ce HEIIOBPaTHO
CMarbYje TOCTIE 3arpeBarba YC/Ieq, IeHaTypaLyje 1 TAToXKe-
ha IIPOTENHA BeMKe MojeKy/icke Mace. Bijamc (Willi-
ams) ¥ capagHUIIM Cy OTKPWIN, fia IpY 3arpeBamy 19% -
HOT PacTBOpa BUCKO3HOCT IIOC/IE 6.5 CaTH 3arpeBara Ha
102°C Ha pedyIykcy ce cMambyje 3a Ioja.

Iymapabuka ce HaBEIMKO KOPYCTH Kao CTabIIN3aTop
eMY7I31ja, ajI je TeK Off CKOPO IO3HAT IeH MeXaHM3aM
crabunnuryher genosatba. JJokasaHo je fa rymapaduka
(opmupa rycTy BUCOKO-e/acTyaHu M Ha Mehynonup-
HOj IIOBPLUVHY MeIUjyMa y/be-BOfia U [a TeIHe 0COOVHE U
eMy/I3JOHa CTaOWIN3aL[Ija 3aBYce Off CafpyKaja POoTeyHa
1 MOJIEKy/ICKe Mace ryMapabuke. Crabumsanyja je Mory-
ha jep rymmpabuika cafp>xut v XunpodyUIHY U IUITOPIIIHN
Tie0 Y CBOjOj XeMIjcKOj CTPYKTYpu. OKO IMCIIeproBaHux
KaIUbJIja IIpaBe 3allTUTHM CIOj, M CMawyjy Mehymosp-
LIMHCKM HalloH cucTeMa. Kaxo je cyrepucano, o1 cBoj
XUZpPOGIIHY IOMUCAXPUIHM JIe0 JTAHALL U3TTXKY MOJIEKY-
7vIMa Bofie, a XuApodoOHM ITOIUIIENTH/HM 160 Ka Y/baHUM
KaIyMa I TaKo CIIpeYaBajy arperauyjy Karwbnija 1 Koase-
cueHIyjy (crajarbe fBejy dasa).

ITPMUMEHE I'YMAPABUKE

Oxo 80% cBe ryMe upe y IpexpamMOeHy MHIYCTpHjY, a
Off TOTa IIOTIOBVHA Y IIPOV3BONEGY CIATKMIIIA. Tpaguifio-
HaJIHe TyMeHe 60MOOHe ce IIpaBe Off T[yMUpPaOUKe, FeHOT

162  Xemujcku upeineg

paTBopa KOHIIeHTapuyje usMehy 40-
55% YKYTIHOT y7iena.

[ymupabrika ce KOPUCTI U KaO
eMynsudukarop 3a 60MO0He U Ka-
pamerie, 3a YOKO/IaJie U JICIIHIKE, 32
HpUIIpeMy IIpeMasa U IIpeJnBa, Kao
U 3a Myheme IIeHaCTUX IPOU3BOAa
Kao 1To je MaHuMernoy. [Tocie us-
Oujarba HecTalMIle 1970-THX TOfM-
Ha, IJeHe Cy CKOYIyIe 1 Cy IIPOV3BO-
hauu Tpakwunu samene y BUnY gpy-
TVIX XUJPOKO/ION/A Kao ILTO Cy HeK-
TUH, CKpOO UTH.

['ymapabyka ce HalIMPOKO KO-
PUCTHU U 33 IPUIIPEMY KOHIIEHTPOBAHNX eMY/I3ja y/ba ca
YKycuMa 3a KOJIe U LIMTPYCHe ra3upaHe cokoBe. [yma je He-
OIIXofHa Jja ycropu (IoKynanyjy (CKyIubarbe 4ecTuia y
arperare Ha JHY KOJIOJHOT PacTBOpa) ¥ KOAIECLIeHLI]y
He caMo Yy KOHL|eHTpOBaHMM, Beh 1 Beoma pasbnakeHuM
rasupanuM pactsopuma uiehepa mpe drammparsa. Emyn-
3Mje ce IpUIIpeMajy KOHTPO/IMICAHUM JJOfaBatbeM yiba ¥
BOJIEHV PacTBOP TaKO fia Ce IIOHAIIIAjy KO areHCH 3a IoBe-
hare crien¢nune TexuHe.

ITpumepu cy IInieporn ectap KOmoQOHCKe CMOTie U
mamap ryma. TakBe CyIcTaHIje ce KOpPUCTe Jia TIofiece Ty-
CTMHY y/baHe (a3e Ha OHy O/1vDKe BOIY M CTOra MHXMOMpa-
jy eMJI3VOHe KaIlu Off, CKyIUbarba. TUIIIYaH IpyUMep eMyIl-
3uje 3a mmha cap>xu 5-20% rymapaduike, 4-8% yrba ca yKy-
CcoM, 11 4-8% areHca 3a MojiellIaBambe TOKIHE.

Iymapabuka Ha/lasy yIorpoy 1 Kao areHc 3a eHKAICy-
JIALMjY YKyca KOjJ Ce YBOJE Y CYBY XPaHy Ko LLITO CY JeX1-
IpupaHe cyie, feceptyi u miha y mpaxy. I'yma ¢popmmpa
OMOTa4 OKO MOJIEKy/Ia YKyca U MHXMOVpPa OKCUTALIUjY 1
ucHapaBare Marepyjana. Hekana ce kopycTia camo ry-
MapabyiKa, JaHac ce KOPUCTHU Y CafiejCTBY ca MalTONEK-
CTPVHOM.

I'yma ce kopycTy 1 y IEKapCKOj MHAYCTPUjH Jia A Cja-
jaH Impemas 11 3a HelyBa 1 iepeaje. Kopuctu ce kao KoH-
LIeHTPOBAaHY 30-50% -THY PaCTBOP KOjU Ce PacIIpLy y BU-
Ty CIIp€ja ITpe Ieyerba.

Kopricty ce kao Be3auBo y akBaper 6ojama jep ce 1ako
pactBapa y Bomy. [TurmeHT 6110 KOje 60je cycrieHnyje ce y
TYMU Y Pasg/IdUTIM OJHOCUMA, IITO Pe3y/ITHpa aKBapert
60jom. Boza nenyje kao cpefcTBO WM pacTBapad fia ce pa-
3peny aKkBaperI 1 IoMaxe Jja ce 00ja IIpeHece Ha ITOBPLIN-
Hy 3a cukatbe. Kafa cBa Bj1ara ycnapy ryma je OCHOBHO
BE3VBHO CPEACTBO KOje 3afipKaBa 60jy Ha MOBPLIMHY TaKO
IIITO Besyje IMIMeHT 3a iy. HakoH 1To mcriapy Bopa, Iy-
mapabuka nosehasa cjaj 6oje u cripeyasa fia je CBETIOCT
omrery. [ymapabuka 103BojbaBa Behy IpeLusHOCT KOf,
IpeMasyBama 3aTo LITO 00ja He Iypyu U He CIUBa Ce BaH
nperasa deTkule. Takobe ryma ycriopasa ycapaBarbe Bo-
ze cro nosehasa TpajHOCT.

VcTopujcku mocMaTpaHo ryMapabyka ce KOpUCTI y
¢otorpaduju xop, 6rxpomarckux ¢ororpaduja rje ce Ko-
PUCTH I'yMa TIOMELIaHa Ca AaMOHMjYM MM KalijyM IUXPO-
MaToM U IUTMEHTOM Ja 611 ce cTBOpwIa 060jeHa GpoTo-
rpadcka eMy/31ja Koja IOCTaje peNaTiBHO HePaCTBOP/bIBA
y BOIM HaKOH M3jarama yITpa/bydyuacToM CBeTIy. Y 3a-
BPILHOj ILITaMITV IyMa TPajHO Besyje MUTMEHTe 3a [arvp.

I'ymapabyka ce KOpUCTM 3a 3aLUTUTY U Ype3UBarbe
cnKe y murorpadckum mporecuma. MacTuio Texu fa



ucnyHu 6ere fenoBe (GOTOAUTYMMHIYMCKOT JIMMa aKO OHU
HVCY IIPEKPYBEHM CTI0jeM I'yMe. Y murorpadujy ce Harpy-
3arbe I'yMe KOPYCTIIO fia Ce Jo6ujy HajyHMjU CUBY TOHO-
Bu Ha ¢ororpaduju. PocopHa KrcenmHa ce fofaje FyMu
Y Pas/VuMTVIM KOHLIEHTpal[jaMa pajivi Harpyusarba, pe3ys-
TaT Cy pasluduTe HYjaHCe CYBYIX TOHOBA I1a CBE JJO0 TAMHO
LIpHe HIjaHce. BuiliecTpyKu clojeBy ryme ce HaHOCe HaKOH
6apOKOIICHOT TIpoIieca a 611 ce M3rpayUIa 3alTuTHa 6a-
pHjepa Koja cIipeyaBa Jja ce MacTWIO pas/yje IPWINKOM
IITaMITAbA.

BaxxaH je cacTojak KpeMa 3a IuIiesie a MOKe ce KOpy-
cTUTY 1 32 M3pany foMahux tamjana. Takobe, kopycri ce
Kao jecTUB JIelakK, Ha IIpUMep 3a IIOIITaHCKe MapKe U KO
Ianypa 3a uyrapere. Jlurorpadcku crammady X KOpucre
3a obyarare fesoBa nocyba (Tamupa) 360r peaxuuje ca
BogoM. OBo Takobe JOIIPMHOCH fIa ce 3ayCTaBU OKCHJIA-
LVIja ATyMVHWjyMCKVX IUIOYA 3a IITAMITy Y IHTEPBAJTy 13-
Meby obpape miode u weHOTr Kopuinhera Ha IITaMIIap-
CKOj MAILIVHIL

Abstract
GUM ARABIC

Jelena ALEMPIJEVIC, Jovana ARANDELOVIC, stu-
dents, Faculty of Chemistry, University of Belgrade

Gum arabic is mixture of biopolymers which has found
wide application in everyday life. Gum got its name from
arabian ports from where it was supplied to Europe. The
gum is excretion product of the Acacia tree, Acacia Sene-
gal and Acacia Seyal.

Biosynthetical process which is called "gummosis" occurs
whenever plant suffers from some sort of outside "stress",
altough precise mechanism is not revealed yet it has been

related to adverse weather conditions, infections, insect
problems, or mechanical damage. Higher activity of cellu-
lose and hemicellulose is observed at the place of gum for-
mation.

Using various chromatographic techniques it has been re-
vealed that this gum material is highly heterogeneous, and
UV spectra showed that it is consisted of 90% sugar and
only 10% protein parts.It is mainly consisted of arabino-
galactans, polysaccharides and glycoproteins.

Gum arabic has two main characteristics. Those are the
facts that it is readily water soluble and can make highly
concentrated solutions of low viscosity, and in fact it is
surfactant which means it can act as emulsifier.

Almost eighty percent is used in food industry, half of
which are used for candy production. Also it is widely
used as emulsifier for coca-cola and citrus juices. Histori-
cally, it has been used for photographs as it can bond pig-
ments to cellulose.
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BECTM us IIIKOJIE
BECTMU 3a IIKOJIE

Jbmwpana BOJKOBU'R, HacraBHuk xemuje, OIII ,,CBerosap Mapkosuh“, KpameBo
3natana 3APUR, yunremuna, OIIl ,,Cerosap Mapkosuh®, Kpameso

CHEHAPUO 3A YITIEDHU YAC U3 ITIPEIMETA XEMUJA U PYKA'Y
TECTY - OTKPUBAILE CBETA

Hacrasau npegmer: Xemuja n Pyka y Tecty — oTKpu-
Bakbe CBETa

Paspen;: npyrv 1 ocMu paspes; OCHOBHE LIKOTIe

Hacrasna jegymmma: byonomky BaxkHa Opraicka je-
IVIberba

Tun yaca: O6HaB/barbe

IIwbeBn yaca

3a yuenuxe ocmoi paspega:

e [la YYEHVK yMe Ja HaBefie (pM3MYKa CBOjCTBA Ma-
CTU U YIba, YITbEHUX XUPaTa, IPOTENHA U BUTA-
MIHA

 [la YYCHUK yMe [ia HaBefie IpuUMepe OMOJIOLIKM
Ba)XHIX OPTAaHCKUX jEeNUIbEbA

e [la YUYCHUK yMe JIa HaBeJie HajBa)kKHUje yJIore Ma-
CTU U y/ba, YI/beHUX XMUApaTa, IPOTeNHA U BUTA-
MJHa y )KUBUM OpPTaHU3MUMa

¢ Jla YYEHMK pa3yMe OCHOBHA XeMMjCKa CBOjCTBa
MacTy ¥ yba (canoHMUKALKjy U XULPOIUSY),
YI/beHVX XU/paTa, BUTAMUHA Y IPOTENHA
3a yuenuxe gpyioi paspega:

e Jla Ce YYeHUK, KpO3 WIyCTpauyje, YIIo3Ha ¢ 6uo-
JIOIIKM Ba>KHUM OPTaHCKUM jeIMIbebMMa U HbU-
XOBMM OCHOBHIM CBOjCTBMMa
HacraBHa cpeqcTBa: pajiHy TUCTOBY, C/IVIKeE, KapTuiie

3a popMuparbe IPyIIa, pajiHy 3afjaliy 3a rpyIie, Ipuoop 3a
WIYCTPOBabe
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Meropre HaCTABHOT pajia: MeTONA YCMEHOT M3/arama,
MeTOfja PasroBopa, TeKCTyalHa MeTOHa, MeTOfja IeMOH-
CTpanyje, METOA yuerba ITyTeM oTKpyha

OO6myy HaCTaBHOT pafia: PPOHTAHIL, UHVBULYAII-
HM, TPYTIHU

Bpemencka opranusaiiyja yaca:

» YBOOHM €0 Yaca: 10 MUHYyTa
o I'maBHu neo vaca: 25 MuHyTa (15+10 MUHYTA)
 3aBpLIHM JI€O0 Yaca: 10 MMHYTa

TOK YACA

YBOIIHM JIEO YACA:

Kopax 1: Ysogna peu yuuitierva/nacitiasnuxa — iipeg-
citiaemparoe

Kopaxk 2: Qopmuparve ipyiia Ha 0cHO8Y ClUKA HA Kap-
muyama:

1.rpyna - JABYKA

2.rpyna - BAHAHA

3.rpyna - HAPAHITA

4.tpyna - JINMYH

s.rpyna - KMBU

CBaky rpyIry, 10 IPMHIMITY CTy4ajHOT 1360pa, Pop-
MMPajy TpU YYEHUKA PYTOT ¥ TPU YYEHMKA OCMOT paspefa
(ITpwror 1)

Kopakx 3: Paciiesasarve

Y4eHnum neBajy fedje necme: ,, Bunmsirdimnia pog, po-
mma", ,, [lywe panke” , ,, ®abpuxa 6om60Ha"

Kopak 4: Keus

Ipyrie ce TakMIrde y KBU3Y 4ije KOHAYHO pelllerbe OT-
KpuBa I71aBHY TeMy 4aca ( [Tpwior 2)

Kopax 5: Oiikpusarve itieme uaca

IJZIABHM JJEO YACA:

Kopax 6: 3agauu 3a ipyiie

o CBaka rpymna , o IpMHLUILY CIy4ajHOT u360pa,
mobuja pagHu mucT ¢ 3agaruma (Ilpuor 3)
Kopax 7: Pag ipyiia

o JIOK y4eHMIM peNIaBajy 3aflaTKe U3 PaSHUX /M-
CTOBA, YYNTE/b ¥ HACTABHUK Ce CTapajy fia rpyIe
pafie mpeMa yHyTCTBMMa ¥ J1ajy objalliiberba ako
je morpebHo. Kopaxk Tpaje 15 MunyTa
Kopax 8: [Ipesenitiayuja u ussoherve 3axmwyuaxa

» Cpaka rpymna IpeseHTYyje CBOj paj (2 MUHYTa).
Ovuexyje ce fja y4eHMLIM OCMOT paspefa obOpaze
¢usuuka cBojcTBa OMOJOIIKM BaKHMX OpTraH-
CKUX jefiibeha, 3aCTYI/beHOCT Y HAMUPHUIIAMAa,
YIOTy Y OpraHM3My U IOC/efuIle HellpaBYTHOT
YHOIIIeHa, a [ja YYeHULN APYTOTr paspefa CBe TO
WIYCTPYjy Ha Taj HAYMH CTEKHY OCHOBHA 3Hakba O
BaXHIM OPTaHCKUM jeMbembMa

o YYeHMIIN y capajimby C HACTABHMKOM ¥ YUUTE/beM
pesuMupajy casHama [0 KOjUX Cy TpyTie JolIe

3ABPIIHV JEO YACA:

Kopax 9: 3aioneiiixe

o Cpaka rpyma cny4ajHuM 1usbopom nobuja saro-
HeTky (IIpuior 4) xojy Tpeba pa permn. Kpos pe-
IaBame ce, Ha 3aHUM/BMB HA4MH, IIpOBepaBa
3Hame KOje Cy yYeHIIIM CTeK/IM TOKOM 4Yaca
Kopax 10: IIpoinawasarve tiodegHuxa

o YuyTesb ¥ HACTaBHYK IIPOIJIAIIABAjY IIOOEIHIYKY

rpyy
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Kopaxk 11: ITogena guiinoma u eoha
 Csu yueHuny gob6ujajy gumnome (Ilpuor s5).
 Yuenunuma ce fenu Bohe 3a 10o6po 3apaBme I
OCBeXeme

ITPHUJIOT 1

IIpegnosu 3a nasuse ipyiia

ITPUIOT 2

Huitiarwa 3a k8u3

1. Op moHyheHnx HaMupHMIIa M3abepy OHY Koja He Ipu-
I1a7ja ;ATOM HU3Y:
a) cup
6) jaja
B) jabyke
I') MJIEKO
2. Y mieHIHOM GpariHy ¥Ma HajBULIe:
a) MacTn
6) Boze
B) YIbEHUX XUJIpaTa
T) IIpOTeNHa
3. CBM Cy OHM CJIaTKOT YKyca. JefaH Off WuX je Hajcmahu
npupopsy 1ehep, a HasyBa ce:
a) caxaposa
6) maxrosa
B) IIyKO3a
r) ppyxrosa
4. Op nonybhennx pacrBapaya n3abepy OHaj y KOMe ce pa-
CTBapajy MacTy 1 y/ba:
a) KUIIHMIA
6) 6eH3MH
B) Bojia 3a rmthe
I') QIKOXO/T
5. Y MeCy >KMBOTVIbA MMa HajBULIIE:
a) wehepa
6) MacTu
B) IIPOTeVHA
I) BUTAMMHA
6. Y m4enmbeM Mely IMa HajBHIIe:
a) ImpoTenHa
6) MuHepana
B) urehepa
I') BUTaMIHA
7. MaprapuH ce 13 y/ba fobuja:
a) JeCTWIALjOM
6) KpyCTa3aLjOM
B) CYIICTUTYLIVjM
T') XUIpOreHV3al1joM



8. JleTeplIeHTH CY CYIICTaHIe KOje KOPUCTMMO 3a OTKIIa-
hatbe HeuncToha, a o6mjamo MxX rmpepajoMm:
a) MacTy U y/ba
6) ckpoba
B) LieTTy7I03€
T) mepviBata Hadre
9. Koja ofy HaBemeHVX HaMMpHUI[A He IPMITafia HU3Y:
a) IaB/laKa
6) marpuxa
B) IaCy/b
T) IMpyHAY
10. CarryH1 ce Haj0orbe pacTBapajy y?
a) TBPHOj BOK
6) mecTIWIOBaHO] BOIU
B) MeKOj BT
T') MOPCKOj BOTINA

ITPUIOT 3
3agayu 3a ipyiie

1. Tpyna

CymuryuHa npyde Huje y ToMe Jia ce harpn HamepHO My-
ve, Beh /1a 3Hajy, ]a XpaHOM Y OpraHusaM Tpeda yHeTH CBe
CcacTojKe KOjy Cy IIOTpeOHM 3a pacT, IPOU3BOMIEbY eHepryje,
o6HaB/parbe hermuja 1 paBWwIaH TOK CBUX KMBOTHMX IIPO-

neca. 3aro cy 'y MOHOCAXAPUIN, JVICAXAPU-

OJA... 1 jou Heka jenumberba.

2. Tpyna

Maxkpomonekyu, nsrpabeHn o, Benukor 6poja ocTa-
TaKa MCTOT WIN PasIMIUTUX MOHOCAXapu/ia, OCHOBA Cy
OVWBHOT CBeTa. JenaH Ipajy, [Py XPaHM...TV [IOMO3Y T1a
o6jacam. Crpykrypa je Haua 3HaHa — XVITPOJIVI3A nam
je paHa.

3.Tpyma

Op mpepjena, cyma, coceBa, CBe IO CallaTa 1 CIATKU-
IIa...’lbJIXOB JOfjaTaK oOMaXke HOBUM KY/IVHApVMa, a CTape
nozceha Ha fo6pa u ucnpobana jena. Ilpen Bama je 3apa-
TaK, KojuM here 11ako 1 ¢ y>K1BareM Jja HaM MaJIO CIIVKOM,
Mato ipudoM objacante MACTU 1 YIDA.

[Tpunor 5

4.Tpyma

Puba 6 6ap jemHOM Heme/bHO Tpebato fja ce Habe Ha
HAIIOj TpriesH jep je 6orara pocopoM 1 KaIyjyMoM Kao
n ECEHIIMJATHVUM AMVHOKVCEINHAMA,
INPOTEMHVIMA...

5.Tpyma

3a Bally JIeNIOTY U 3[jpaB/be HapaHIle, IMYH, jabyKe u
Ipyro Bohe y THEBHOM jeJIOBHVKY CTaBUTE Ha IIPBO MECTO.
Yuecure BUTAMUHE, oceTute CHary ocBexemwa u 6y-
JUTe CIIpeMaH/He 3 HOBE M3a30Be.

ITPUJIOT 4

3aioneiike

Hajcnabu cy Ha cBery,
CTaTKy K'0 Topra Mumosa,
MMa VIX 1 y Bohy.

Tocy

V rora Ham Tpeba, a1 He MHOTO.
AKo ce IpeTepa OIacHOCT Bpeba,
jep he cByna na kyma.

Tocy

Op mera Mo3ak,cplie 1 KpB 6pske pafie,
mytvhe U KOXy Tpaje,
HEOIIXOIHY CY U PUHIL.
Tocy

OHu cy BaKHY, OHM Cy (VHY,
49yBajy 3[paB/be, TO Cy

Hucam u3a ma 6u Me fienia jena,
T MIM Ta ped y UMeHY CTOjIL
Bopa me meym Ha gBa mena.
Hucam Hu Mona J/Tusa.

Jacam

OBoM

Q“nnouo,'

HaCTaBHHULIA .]_[)I/IJ'LaHa n quemnua 3J'IaTaHa
Harpahyjy

3a TUMCKH paji, pallo3HANIOCT, mocBeheHocT,
JIPYTapcTBO, JKeJby 332 HOBUM 3HABHMA...

Kpameso, 14.5.2013. ronune
OlI ,,Ceero3ap Mapkosuh"
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Abstract

SCENARIO FOR CHEMISTRY AND HAND IN TEST
LESSON - DISCOVERY OF THE WORLD

In this paper, we present an innovative approach to te-
aching sugars, fats and oils, proteins and vitamins to ele-
mentary school students. In this approach, second and eight

grade elementary school students form groups within
which, through joint effort, they learn about these impor-
tant organic compounds.

TPIVIBITHA

Y ropyHmM Koja je 3a Hama CIaBWIM CMO 200 TOIMHA Off
IITaMIIaba IPBUX CPIICKMX HOBMHA. /IHTepecaHTHO je Ha-
nomenyTi ga ¢y "HoBuHe cepbeke”, Kako ce /IICT 3Bao,
IITaMITaHe y fujactiopu (npeuysuyje y beuy), a fa cy ypen-
HuLY 61 CTyfeHTy MenyiyHe - Jumunrpuje JaBunosuh
(3eMyHall; KOMIIIja ayTOpa OBUX PeloBa - 6apeM II0 Ipo-
CTOPHUM, aKO He 110 BpeMeHCKIM KoopayHarama) u Jymvu-
tpyje Opyuh.

JKerpa 3a cBeXXMM U KBaTUTETHUM MH(OpMaLyjaMa
Huje HUIITa Marba Hi jaHac. MebyTim, cyluTmHcKa pasmika
je y 06wby Koju ce Hyau. Ca jenHe CTpaHe MMaMO BETUKI
6poj cTpy4HuUX Yacomica (y IPMHIMITY, OCHOBHMU BUJI KO-
MYHJKall/je Y CBETy CaBpeMeHe HayKe), ca pyre CTpaHe
KB/INTET HYjje IPOINOPIMOHATIAaH KBAHTUTETY U BEIUKI
6poj mybnykoBaHor Marepyjana (He) IIpOTTasy JOBOJBHO Te-
MEJbHY PEeLIeHsIjy.

C o63upom pia cy Xemujckom tipeineqy LyjbHa IpyIa
TbYOUTETBY XeMlje CBUX Y3PacTa 1 HPOQeCHOHaTHIX fefaT-
HOCTH, CETVMO Ce KO/IVKO HaM ce ITyTa TOKOM CIpeMarba
VICTIIVITA VIM OCMMIIUbaBakba eKCIlepyMeHaTa IOTORWIO A2
HaM m3abe moprai 3a wiahabe, Tj. ja HaM je paj] IPaKTUIHO
Hepocrymad. OBo je jenaH (a1 He u jeguuu!) pasor 36o0r
Kora je “cBeTo TpojcTBo MofiepHe Hayke”: Howard Hughes
Medical Institute us CAJl-a, Max Planck npymrrso us He-
mauke 1 Welcome Trust us YK-a omrydnno na npefcrasu
HOBM KOHLIENT MyO/MKOBama. JeceHn 2012. pobeH je eLife —
HOBY, €/IeKTPOHCKY YacOIIVIC TIOTIYHO OTBOPEHOT IIPYICTY-
Ia. 32 pas/iKy Off CIMYHMX e/IETPOHCKVIX U3Iaba OTBOPe-
Hor tuma (rorryT PLOS “Public Library of Science”, “Bio-
Med Central”-a) perieHsujy 1 koHa4aH 1360p pafioBa pazie
AKTVMBHJ HAYYHVILIY, A He efUTOPH.

IIITA YNHMU eLife JEHVIHCTBEHUM
HAYYHUM YACOIIMCOM CA BPXYHCKIM
PE3VIITATIIMA?

eLife perjensyja noxpasymeBa 00jenMbEHO MULIUBERbE
pesusopa. Kiracidan HauuH perieHsyje (MHOTVMMA OfJIYHO
II03HAT) MOfIpa3yMeBa Jia elUTOP IOIIa/be PaJl pelle3eH-
TUMa; HAaKOH IITO IIPYIMY HVX0Ba (0IBOjeHa, He3aBJICHA)
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Jparomup MUJTIOBAHOBIR, gokropanT y Opememny 3a Heypobuonornjy, Makc Ilnank
MHCTHUTYT 32 6MopuIKy Xemnjy, I'ernmnren, Hemauka

eLife - HAYKA JOCTYIIHA CBIIMA

MUILUbEba eIUTOP IOHOCY OIJIYKY O eBEHTYaTHOM 00jaB-
JbMBamby pajia. YecTo ce melraBa fa iBoje perieseHaTa Oymy
ycaIalleHOT MUIUbEHa, a fia Tpehy pele3eHT MMa IIONpy-
JIMYHO [ipyrauyje cTaBose (IIOHeKaf| 1 Y AMPEKTHOM, /IN4-
HOM TOHY). Ja3 y OLleHM pajia Off CTPaHe pelie3eHaTa JOBOMM
mo ¢pycrpanyje aytopa paga. Mehyum, eLife pynkumo-
HUIIIE TIO JIpyradyjeM KOHIIEIITY: eUTOp Offabepe OTEeHII-
jaHe perieseHTe 1 MPeICTABY UX jefiHe ApyruMa (Tako Ja
BEO TajHe He IOCToj). Pelje3eHT It MMajy HeKO/IMKO Hefle/ba
ZIa, Y capajiibI ca eLUTOPOM, IIOIA/BY 00jeIIbEHO IICMO
pelieHsyje aytopumMa papa. Takobe, perjeseHTn uMajy Mo-
ryhHOCT /a2 OmIyde fa ce BIXOBa MMEHa 3ajefJHO Ca IICMOM
peLieHsyje jaBHO MyO/VKyjy. TrMe ce ZOIPUMHOCH KBUTET-
HOM OLieHbVBarby (POKYCHPAHOM Ha CaMe eKCIIepVMeHTe, a
U3y3UMajy ce r4HY BakTopy (IIOroTOBO TaKMMYAPCKa aT-
Mocdepa Koja ocToju MeDy rpymama i yTide Ha 06jeKTIB-
HOCT).

3AIITO JE eLife IOTOOAH 3A KOPUIITREILE
OJ} CTPAHE CTYJJEHATA?

Yueme 13 yl6eHrKa (Koje CBaKako 1Ma CBoje IPeTHO-
ctn!) faHac 6¥Ba MOTUCHYTO MYNTUMEAMjaTHIM IIPUPYY-
HMLMMA, OJJTMYHO JAV3ajHYPAHVM MHTEPHET IOPTATUMA,
Kao 1 jaBHMM IIPEJABALJMA Ca HAjIPECTVDKHIUX CBETCKIX
YHUBep3UTeTa Koja Cy IMOTIIYHO OeCIVIATHO JOCTYIIHA ~ON-
line”. CBe je mpucyTHMje [ja ce HETIO3HATY KOHLICITYI, Ha KO-
j€ CBU HawIasy1MO TOKOM CTYZparba Vi VICTPKIBAYKOT Pafa,
IMpeKTHO Tpake Ha uHTepHeTy. eLife omoryhasa na ce jer-
HOCTAaBHO IIPETPAKYjy PamoBM IIpeMa 00IacTy MHTepeco-
Barba, Tj. K/bYYHIM KaTeropyjaMa y KojuMa Cy pafioBy CBp-
cranu (ronyT 61oxemuje, 61opusNKe, HeypOHayKa, MIMyHO-
noruje u fpyrux). Onpebena ncrpaxusarma, U3MBojeHa Of
CTpaHe elUTopa, IPEACTaB/bEHN CY IONATHO U Y 06Ky
YJIaHKa HAME-EHOT IIMpeM ayauTopujymy. VsysertHo je
B)XHO HAIIOMEHY TN JIa Ce CBAKOM PajioM MOXKe OCTaBUTH
KOMEHTap 4YMMe ce OTBapa MOIYNHOCT AVICKYCHje Herocpey-
HO Ca ayTOpyMa.

KoHauHo, >ke7iM Jia ICTaKHEM JIa PeIOBHO IIpeIIeNa-
b€ V1 IPETPAKIBAIbE jaABHO JOCTYIHMX PeCypca, He CaMo



eLife-a Beh u ocramux Bopehux yacomuica, jecte 3Ha4ajHO U3
Tpu pasnora: (1) mpahere pasBoja MyITUAVCIMITINHAD-
HOCTH KOja je cacTaBHM Jieo pyHpjaMeHTamHyX oTKpuha; (2)
yderbe ca CaMor 13BOpa 3Hakba — UNTAEbe IIPYMAPHe HayqHe
JUTepaType MOACTIME KPUTIUKO pasMaTparbe eKCIieprMe-
HaTa U IVCKyCHjy; (3) IIOMaxke HaM Jja OfiP>KMMO CBeCTpa-

HOCT ¥ KPEaTVBHOCT M3BaH Hallle Y)Ke TeMe MHTEPECOBAbA.
Merone 1 MCTPKMBAYKY HPUCTYIIN IPOOTIEMY Y jeHOj 06-
JIACTH, YECTO J13jy M3Y3E€THO 3HAYAJHE U jAKO 3aHVM/BMBE pe-
3yJITate Kafj ce IIpYMeHe Y IPYTOM [O/by HayKe.

BECTU N3 CX]1

IN MEMORIAM

CERAIHE HA ITPO®ECOPKY I'OPITAHY I'OIlY BYYKOBIh (1953-2013)

Jyna 11. 2013. TOgVHE
C HEBEPUIOM CMO
TIPUMWIN BECT J1a je
npemuHyna fip 'op-
maHa Byuxosnh, pe-
moBHU mpodecop
Xemujckor paky-
TeTa, YHUBEP3UTETA
y beorpany.
T'opmana Byukosuh,
pobena Muxajmo-
Buh, popuna ce 1.
cernrreMOpa 1953. ro-
nuHe y I'pmenunu,
HagoMak JleckoBiia.
Kao tpehe nere, ['opmana je 6101a Bo/beHa 11 4yBaHa ca I10-
ceOHOM NaKHOM, BaCIITaBaHa 1 IIPYBIUIETOBaHA, TAKO JIa
Ce HeHa JIMYHOCT VICHO/bIJIA jOII Y PAHOM JETUISCTBY, a
IbeHa YIIOPHOCT U IOC/IefHOCT Beh Tama cy fomasiie 1o
uspaxaja. OCHOBHY LIKOJTy je ymucana y beorpany, a satum
je saBpunwia y JleckoBly, I7ie ymcyje TMMHa3Wjy, 1968. ro-
mvre. ['opaaHa je y ToM y3pacTy 611a oMmwbeHa Meby npy-
rapymMa 300T CBOT BEAPOT 1yXa, ICKPEHOCTH M C/IyXa 3a My-
3uKy. CBUpasa je KIaBUp, y4mia KJIaCMYHY MY3JKY, BOJIENTa
je Ia cBMpa U IeBa CTapo-rpajicke necme. ['oprannHom
onpenebery Ta he a cTyaupa mpecynwia je mobena Ha
PerMoHaNHOM TaKMIdelby 13 xemuje y Jleckopry. Te 1972.
rofyHe yicyje xemujy Ha [Ipuponso-MareMaTiakoM ¢a-
KYJITETY, KOjy Kao ;obap CTyIeHT 3aBplliaBa jaHyapa 1977. a
TOIVHY JJaHa KacHMje 3arnonybasa ce Ha Pakyrrery.

On Kpaja 1988. 11a 10 Kpaja 1989. je rofiHa Koja je yM-
HOroMe yTuliana Ha I'oppany, leHy Kapujepy U IIpuBaTaH
KMBOT.3ajefHO ca IIOPOAMIIOM OfjIa3! y JaraH, Ha OCTPBO
Kjymuijy, y rpag ®@ykyoka Ha IOC/IeTOKTOPCKO ycaBplia-
Bambe, Ka0 CTUIIEH/VICTA JallaHCKOT JPYIITBa 3a YHarpehe-
Ibe HayKe. VIcTo4Ha KynTypa ¥ IMBWIN3AlMja JOFATHO Cy
joj mpomypuie BUAVIKE ¥ OTBOPUIIE ITyTeBE Y XKMBOTY U
papy. 360r cBOT KapakTepa 1 OTBOPEHOCTY 6p30 ce IpuIa-
TOIWJIa ¥ YKIOIWIA Y KMBOT, paji 1 001daje Kynrype pas-
JIMYUTE HAWOj. BeckpajHo MHCIIMpKcaHa 1 KpeaTuBHa I110-
CTaje HAKOH OOpaBKa TaMo, a KOHTaKTe Ca TaMOLIBIM

npodecopuma ofpKaBana je roguHama. CBoje JOrogos-
IITVHE V1 QaHETTOTe je 3aIMcala U 9ecTo IpyYaia Kako 6u
jarmaHCKy KynTypy CBUMa IPUOIVDKIUIA, a CBOje UICKYCTBO
HOJENWIA Ca IPYTHMA.

Hayuno-ucrpaxnsaukn pap npodecopka Byukosuh
je MocBeTIwIa KOOPAVHALIVIOHO] XeMIjI ¥ TIPEKO 70 pafioBa
je MyONMKOBaHO y PeHOMVPAaHUM JacoIMcyMa. XpoMaTo-
rpa)CKVM IpOydaBareM, KaKo eKCIIepHMEHTa/THVM TaKo
U TeOpUjCcKuM, obyxBaheHa cy 6pojHa KOMIUIEKCHA jefu-
IbErba, Off KOjUX Ce IIPEKO 100 OJHOCH/IO Ha KOMIIEKCE KO-
6anrra(Ill). Opyru feo uctpaxyBarba 6asyupaH je Ha CHHTe-
3aMa KOMIIIEKCa Ca PasIMIUTUM MAKPOLVIINYHYM JIM -
TaHAVIMa, KapaKTepusalyjy, Te MHOIUM (peHOMEHNMaA Y
IbJXOBUM CBOjCTBMMA ¥ TIOHaIamy. OBaj 1eo UCTpaKu-
Bama npogecopka Byukosuh je sanouena fa pagy y Jama-
HY, a 3aTYM Kao yTeMe/biBad MaKPOLMKINIHE KOOPAMHA-
ILIIOHe XeMuje Y Hallloj 3em/by, podpecopka Byuxosuh je
yTpJia IyT BYXOBOM /beM MICTPOKMBaby. 3alakeHa 1y-
TUPAHOCT HheHUX HayYHUX PafioBa Off OKO 600 LIMTaTa je
MOTBP/IA U FbMIXOBOT BYCOKOT KBIUTETA.

ITpodecopky ByukoBuh cy kpacune nusHe /byncKe
ocobuHe, 3HaTIA je fa Ipube /bYAMa y HeBOTbY U HeceOMd-
HO IOHYAM cBOjy noMoh u caoceha ca muma 6o fa cy
613y wm fanexo. bopary sa mpaeyy, y IpBUM peroBMMa
CTYHEHTCKMX IIPOTECTa 1996. TOfIMHE, TIPEKO CTO JaHa je
HeyMOPHO HOCWIA BPyh 4aj y TepMOCy CBOjUM CTYAEHTIMA
U KOJIeTaMa, pellieHa fia IIPaB/ia ITo0emy M OCUTYpa MIajiiM
reHeparjama 60/py 6ynyhHocr.

bina je mpemana cBoM IoCTy a CTYIEHTH 1 KOTIETe Cy
je momrrosasie u Boserne. Konernnuiia ca KojoM je cBaka ca-
pajrba 6vrTa KBa/ITETHA M TIOYYHA, jep je CBOje 3Hakbe yMe-
71a [la TIpeHece ¥ TIOIENN ca CTY[,eHTVMA, JUIVIOMIIMMA, Ma-
TUCTPAHTMMA, JOKTOPAHIVMAa, a/u U ca Korerama. Ioce-
6aH JONPUHOC je 6110 IeH MpeaH 1 IYTOTONVILIELY Pajl ¥
CpIICKOM XEMIJCKOM JPYLITBY, KAO IO YPENHIK YacOomyca
JSCS y obnactu HeopraHcke xemuje. 3a CBOj CaMOIIPero-
PaH, eHTY3MjaCTIYKM U YCIIellaH paf, y Jpylrsy mporia-
ILIEHA je 3a HeroBoT 3aC/Ty>KHOT YIaHa.

CBoj1M M3HEHaJHIM OJIACKOM, KOj! HMKO HIje MO-
rao jja Cripeyu, I1a Hi OHa cama, rpogecopka Byuxosuh je
OCTaBI/Ia BE/VKY ITPAsHUHY Y )KMBOTHMA CBOje IIOPOIMLIE,
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IpujaTerba, KOJera M CTyfieHaTa. 3ayBeK je TPOMeHIa Ha-
11Ty CBAaKOJHEBMUILY, KOja 63 beHe IIO3UTVBHE eHepruje Hl-
je Bute ucyibeHa. Pao hemo ce cBu cehary Haute ['orje
Y3 LIMPOK OCMEX U IIOMMIHATH j€, a FheHO HACMEJaHo JINLe

ca CUMITaTMYHMM pyIuijaMa Ha o6pasmma, mamruhemo u
yyBahemo y HalIM MUC/TIMA.
Coduja CoBwb

YIIAHAPUHA

3a 3aIIOC/ICHE

32 CTYJIEHTE HOKTOPCKUX CTYIMJA c.vvvvmvrsnnnnrsssssssssssennns .
3a poecope y OCHOB. U CPEIHIM IITKO/TAMA..
3a IIeH3VMOHepe, CTYJeHTe OCHOBHVIX I

MacTep CTy/ija 1 He3arloc/ieHe 800 muH
3a YIaHOBE y MHOCTPAHCTBA 50 eypa
JSCS

3a 3aII0CTIeHe YWIaHOBe 2.500 JIMH
32 YIAHOBE CTY/IEHTE JOKTOPCKMX CTYIIMJA ..ovvvvrsssnneee 2.500 [IH

3a YIaHOBE IIEH3MOHEPE, CTYACHTE OCHOBHMX U

N

4 YJIAHAPUHA N IIPETIITATA 3A 2014. N

Ynpasuu og6op CX]I, Ha cemHMIIN Koja je Offp>KaHa 31.0KToOpa 2013. T, IOHEO je OIIYKY Ja BYCHHA WIAHAPIHE U IpeT-
IIaTa Ha yacormce [IpyInTsa 3a 2014. TOMIHY OCTaHe HEIIPOMEH-€Ha Y OFHOCY Ha 2013. TOJIHY:

MacTep CTyAyja 1 He3arloc/ieHe 1.000 AVH
3a MHCTUTYLIMje 16.000 [IVIH
32 WIAHOBE V13 MHOCTPAHCTBA 50 eypa
32 MHCTUTYIYjE I3 MHOCTPAHCTBA....oovvmemsnnnecrerssmmsssnnnes 150 eypa
XII

32 [IKOJIE ¥ OCTANIE MHCTUTYLIVE «.....vvvvvvvmmssssnsssssssssens 3.500 JIVH
3a MHCTUTYIIVje Y3 MTHOCTPAHCTBA 50 eypa

Mudopmarje o yrmatama He OHOCe Ce Ha WIAHOBE
KOjI Cy pyu3HameM 1 HarpagoM CX]I crexin npaBo Ha
6eCIUTaTHO YWIAHCTBO M IIPETIUIATY 32 2014.TOMIVIHY.

SNwF

U3MEHE Y ITPOITIO3NUIINJAMA TAKMUNYEIbA 3A CPEIIHE
HIKOJIE

I-TECT M ITPAKTNYHU JEO

Bpoj y4ecHnka Ha peny6/IMIKoM TaKMIYEhY Y IIKOTICKO]
2013/2014. TORVHY JaT je y crienehoj Tabemn:
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II-TECT 1 CAMOCTAJ/IHN
MNCTPAJKUBAYKU PA]JT

TaxmMyrgapy IIpBO pajie TeCT KOji je MCTH Kao ¥ 32 BUT,
TaKkMIdera . Vicrpaxupauku paj 6paHu ce Ipef OLerb -
BauKOM KOMMCHjOM ITo4eB of Mehyokpy>KHOTr Takmu-
verba. OpOpany pajja MpUCTYIIAjy TAKMUIAPK KOjU Cy Ha
TECTY OCBOjU/IN BUIIE Off 40% ITO€HA IPBOIIIACUPAHOT
y4eHMKa 3a 00a Bijia TakMudersa (panuje je duno 50 %), a
Y KaTeropujy paspefia y K0joj ce TAKMUYM. YYEeHUIY KOjU
HIICY OCBOjU/IM HaBefleH Opoj II0eHa Ha TeCTy MOTY IIpy-
KasaTyl pe3y/iTare CBOT pajia Ipef JKMPUjeM U 3aitHTepe-
coBaHMMa, 6e3 MOryhHOCTY OCBajarba OeHa.

ITenokynHe Npono3niMje ce Hajase Ha CajTy
www.mojahemija.org.
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