XEMMNJCKMU

n I | I n E roa. 56 YU ISSN 04406826
6p. 5 HoBembGap UDC 54.011.93

10 rognHa

00 cMpmu.

AnekcaHopa [lecnuha

8eJ1UKO2 8U3UOHApPd Hayke y Cpbuju

CPNCKO XeMMUjCKO ApPYyWTBO




XEMWJCKU NPEINELQ

CHEMICAL REVIEW

Editor-in-Chief Volume 56
RATKO M. JANKOV NUMBER 5
Deputy Editor-in-Chief (November)
DRAGICA TRIVIC
Publisher
6p°] 5 SERBIAN CHEMICAL SOCIETY
FopuwTre 56 HoBeMOap Belgrade/Serbia, Karnegijeva 4
o ) CAIPKAJ
CPIICKO XEMUJCKO JPYIITBO
Tenedon 3370-467
. Munnna BYIbAK
Kapnerijesa 4 Milica VUNJAK
[ICUXOAKTUBHE CYIICTAHLE: ICVJIOLIMBUH
VISTIASH ABOMECETHO PSYCHOACTIVE COMPOUNDS: PSILOCYBIN _ __ _______ 114

OATOBOPHU M I'TABHU YPEOHUK
Parko M. JankoB

IIOMOBHMK OJITOBOPHOT I I''TABHOT
YPETHUKA
Oparuna Tpusuh

YJTAHOBY PEJAKIIMJE

Bramymvp Bykorih, Bpanko [pakymih, Jenena Pagocassesnh
u Bon IlerpoBnh

YPEBUBAYKI OIBOP
Ban I'yrmaH, CHexkaHa 3apuh, Joan JoBanosuh, CraBko
Keppemran, [Iparan Mapkosuh, Bmagumup IlaBnosuh,

Pagomup Camunh, JKusopap Yekosuh (npegcennux).

Tomimua WwiaHapyHa, YK/bYYyje YaCOMIIC ,, XEeMICKI Iperern”,
3a 2015. TOAMHY U3HOCH:

- 3a 3aIIOCTICHE 1.800,00
- 3a mpogecope y OCHOBHIM M CPEIbIM IIKOTIAMA........ 1.000,00
- 32 IICH3UOHeEpe, CTYACHTE, hake ¥ HE3aMOCTICHE. ......uvueene 800,00
- IPeTN/IaTa 3a IIKOJIE ¥ OCTA/I€ HCTUTYLH)E......... .. 3.500,00
- 32 WIAHOBE V1 MHCTUTYIj€ M3 IHOCTPAHCTBA. wevvverererereenes €50

YnaHapyHYy I HpeTIVIaTy MO>KeTe YIUIATHTH Ha pauyH CX]I:
205-13815-62, IO3MB Ha 6poj 320.

Web site: http://www.shd.org.rs/hp/
e-mail pegakmuje: hempr_ed@chem.bg.ac.rs

IIpunpema sa mrammy: Jenena u 3opan JVIMII'R,
Ceerosapa Mapkosnha 2, 11000 Beorpag

Iltammna: PUII rpaduukor nmxemwepcrsa TexHomomko-
MeTanypukor ¢gakynrera beorpan, Kapuernjesa 4

HacmoBna crpana u VIHTepHeT Bepsnja yacomica:
Cno6opan u I'opan Parkosuh, RatkovicDesign
www.ratkovicdesign.net
office@ratkovicdesign.net

Jenena IIOIIOBU'R-BOPBEBU'R, Usana JEBTU'R
Jelena POPOVIC-DJORDJEVIC, Ivana JEVTIC

®OJIABOHOWIN - IIPMPOIHN [TPOVI3BOAM BYM/BHOT
[IOPEKJIA KAO ®AKTOP OYYBAHA 3/IPAB/bA

FLAVONOIDS - HEALTH-PROMOTING NATURAL PRODUCTS
FROM PLANT SOURCES 119

Comwa M. JEBTU'R

Sonja M. JEVTIC

EJIEKTPOJIE HA BA3U YIJbEHUKA: MOJIMOUKAIINJA
AHAJIMTUYKA [TIPUMEHA

CARBON BASED ELECTRODES: MODIFICATION

AND ANALYTICAL APPLICATION 123

BECTM U3/3A IIKOJIE

Karapmuna ITVTUIIA, Jparnma TPYIBITh

Katarina PUTICA, Dragica TRIVIC

VHTEPIVCUUITIMHAPHU ITIPUCTYIT HACTABU
MIPVIPOTHMX HAYKA

INTERDISCIPLINARY APPROACH TO SCIENCE TEACHING _ _132

TPUBMHA

JKusopag YEKOBII'h
CPIICKA XEMUJCKA TVJACIIOPA - HAYYHIM I
COLMJAJTHU ITPOBJIEM CPBUJE



YBOOHNMK

Kao mrro Beh mo6po 3Hate Xemujcku tipeineg y cBakoj
TOIVHY M3/1a3) Kao 6 He3aBMCHIMX 6pojesa. [Ipensubeno
je ma 6pojeBu M3nase TaKo Ja TO OATOBapa MIKOICKIM
(axapemckum) rogyaama. IToruro T 6pojeBu nsase yBex
VICTOT Mecela, TeMe Y YBOITHMIIMA ofroapajyhux 6poje-
Ba 0014HO offpeheHOT Mecela CIIMYHI 1O CaApP>Kajy. Tako
cy 6pojeBu 4 pasnUYNTUX TOFMHA Y YBOGHUI[IMA HAj-
yerthe ¥Ma/u Heke KOMEHTape KOju Cy ce THII/IU TIOYeT-
Ka IIIKOJICKe TofyHe. Y Mecelly HoBeMOpy Meceny (Kafia
u3/asy 6poj 5), HajaB/bMBa/ CMO flaHe Kajia CpIicko xe-
MUjCKO APYLITBO 00ejexxaBa FOAUIIBIUIIE CBOT II0-
crojama u paga. (Tpagunuja je ma moyeTkoM aeneMOpa
cBake rofiuHe JIpymTBo opranusyje CBeyaHy CKyIIITUHY
HOBOJOM JIaHa CBOT OCHMBAIbA - 15. HOBeMOpa 1897. rofu-
He (10 ctapoM KaneHziapy). CBera Tora HeMa y OBOM
6pojy, KOju y M3TaXKerby KacHM [iBa Mecelia, 300T Tora IITO
HUje CTUIVIO OBOJ/bHO ay TOPCKIX TeKcToBa. HamaMm ce ma
he oBa "oceka" pyBa TeKcTOBa (KOja Tpaje BiILe Mece-
IV ¥ II0javyaBa ce MOCHAeAmuX) npectat. CBedaHa
ckymurriaa CX]J onprKaHa je OIeTKOM fereMopa 2015., &
Zia 0Baj 6poj 5. (13 HOBeMOpa) [0 TaJja HYje M3NUIIIA0 U3
rramize. KacHmumo 6es Hallle KpyBILIe U XKeTbe.

* %

VY3 cBe moxBasie ayTopyuMa KOju 1 jasbe Iy 3a Xe-
Mujcku dpeineg, fajeMo BaM IIperyief] CjajHMX WIaHaKa Koje
MOKeTe IIPOYMUTATH y 0BOM 0pojy. Ty je Hajipe wIaHaK O
ncunonubuny Muwmne BYIbAK, crynenra 6uoxemuje
ca Xemujckor QaxynreTa, 107, HacioBoM "TlcuxoaxitiueHe
cyiiciianye: ucunoyudun", y kome Moxxete Hahy MHOTO
MHTEPEeCaHTHUX NOfjATaKa O Xa/TYLIOHOTEHNM CYIICTaH-
IjaMa Koje ce y IIpUpoay MOTy Hahul y HeKMM BpcTama Iie-
gypaka. OBe CyIICTaHIIe Cy II03HaTe 11 KopuiheHe X1ba-
faMa TOfIVHA y Pa3/IMINTIM JIeTIOBYIMA CBETA 33 PeJINTH-
O3He, pUTyaIHe Wi iekosuTe cBpxe. [TosHaTo je Bue of
CTO pa3IM4NTUX XaTyIMHOTeHuX ('MarnuHux") medypa-
Ka. Y pagy here Hahy 1 ofaTke 0 IOTEHIVja/THUM IITET-
HVIM JIH [TaK KOPUCHUM epeKTVMa IICWIONMOMHA, 3a Koje
Ce jolI yBeK BeoMa MaJjIo 3Ha.

* %%

DrraBoHOMM IIPENCTAB/BA]y BEMUKY IPYILY omde-
HOJIHUX je[VEberba IIPUCY THUX Y O1/bKaMa, KOja MCIIO/ba-
Bajy aHTMOKCUIATVBHY akTUBHOCT. CBe Behu 6poj uctpa-
JKMBamba JI0Ka3yje OBOJbaH YTNIj (IaBOHOM A Ha CIIpe-
JaBame VN YCIOpaBakbe HACTajarba OKCUIATUBHOT CTpe-
ca, maro¢u3nonomKor nopemehaja koju ce japba Kao mo-
crepyia nopehara KommdmHe CTOOOHIX paiuKania y op-
raHnsMy. C 0631poM Ha To fia ce BelKM Opoj AereHepa-
TVBHIX 000/berba Kao IITO Cy AujabeTtec, KapAMOBACKY-
napHe 60/IeCTV U KaHILlep IOBe3Yjy ca OKCULATUBHUM
CTpecoM, HaMMpHuIle 6oraTe IPYPOJHIM aHTUOKCU/IAH-
CUMa Cy BeoMa II0XKeJbHe Y JbYICKOj MCXPaHy Kao BaXKaH
¢dakTop 3a ouyBame 37pasmba. Jenena IIOITIOBUR-
HOPBEBIh (ITorwonpuspenun dakynrer YHuBep3u-
teTa y Beorpany) n ViBana JEBTU'R (Xemujcku daxyrn-

TeT YHuBep3uteTa y beorpany) ayTopke cy wianka "®na-
80HOUGU — UPUPOGHU Tipou3eogu SumHOT iopekna Kao
axitiop ouysaiwa 3gpasma’y KoMe MoxkeTe Hahu 6pojie
MHTepecaHTHe NOfjaTKe KaKo NMonudeHoNHa jefiberba,
Koja Cy LIMPOKO 3aCTyIUbeHa y OM/bKaMa U JOIIPMHOCE
XPaH/BMBOCTI U OPTAaHONENTUYKMM O0coOMHaMa Boha u
nospha kao 1mTo cy 60ja, MIUPUC 1 YKYC.
%%

Coma M. Jepruh, cTyneHT JOKTOPCKUX CTyAMja ca
IIM®, Opcex 3a xemujy YHuBepsutera y [Ipumryan (ca
npuBpeMeHNM cemyinreM y KocoBckoj MuTposum), Ha-
IJCa/Ia je MHTEPECAHTAH Y/IaHaK O YI/beHNYHUM MaTe-
PpujamiMa Koju ce IMPOKO NPUMEbY)y U Y aHaTUTINIKOj U
Y MHAYCTPUjCKOj enekTpoxemuju. Ilpegnoctn yrmbennd-
HJIX €/IEKTPOJIA Y OJHOCY Ha JIpyTe €JIEKTPOJHE MaTepuja-
7le Cy HUCKA II€Ha, IIMPOK OIICET MPYMEH/bUBUX NTOTEH-
nujana (el1eKTPOXeMIjCKM IIPO30P), pe/laTVBHA VIHEPT-
HOCT M U3Ppa)K€HA eJIEKTPOKATaIUTUIKaA aKTUBHOCT 3a
pasnuuuTe pefokc peakiyje. O CBOjCTBMMA OBUX MaTe-
pujana Koju ce CBaKMM HAHOM CBe BHIle T0O0/BIIaBajy
PpasojeM HOBUX YIJbeHUYHMX MaTepujana Hahu here myHo
VHTEPEeCAaHTHUX II0faTaKa y WIaHKy Enexifipoge Ha dasu
YirbeHUKa: MOGUGUKAUU]A U AHATUTHUYKA UpUMeHa".

Xt %

Hacynpor guciuiuimHapHOM IPUCTYITy HACTaBI Y
OKBMPY KOTa Ce HACTaBHUILIY CTPOTO Jp>Ke cafjp>Kaja caMo
jeHOT HACTABHOT NIpeAMeTa, MHTePACIUIITHAPHN
IPUCTYII IOfpa3yMaBa IIOBe3VBambe CPOHIX CafpiKaja
U3 Pa3/IMIUTHX HACTABHYX IIPeMeTa y JIOTIYKE IieIHe
opraHusoBaHe 0Ko ofpehetor npobnema i teMe Y pa-
ny "UntiepgucyuiinunapHy Gpuciiiyii Haclasu apupog-
Hux Hayka" aytopku Karapmuue ITVTUIIA u Jparme
TPUBW'E (Xemujcku ¢axynter YHusepsurera y beo-
rpagmy), a Koji je IITaMIiaH y pyopuum Xemuja u3/3a wixo-
Jie, pa3MOTpeHe Cy KapaKTepICTIKe NHTEPAUCIMIVI/HAD-
HOT IIPUCTYIIa HACTAaBI IIPYPOJHIX HayKa y3 KOHKpeTaH
[pMMep IIpVIMeHe OBOT IIPUCTYIIa IPWINKOM oOpajie Ha-
cTaBHe TeMe Baperve.

* % %

3a py6puxy Tpuduna npunor o "Cpiickoj xemujckoj
gujaciiopu” Kao Hay4HOM U COLMjaTHOM 11pobaemy Cp-
6uje Hammcao je akageMuk Kusopan Yexopuh. Texct
00yxBaTa TeK Ie0 CIICKa BeMMKOT 6poja MIayX, IIKO/IO-
BAHVIX M TAJIEHTOBAHMX CTPY4IbaKa M HAYIHMKA, CjajHUX
XeMM4apa, KOji Cy TOKOM HOCTIeIbIX YeTUPY-TIET Jelle-
Hyja otnuym 3a ctanHo us Cpouje, 1j. Kojux ce Cpbuja
"oppexsa”. Y TEKCTy Cy gaTu OfALY IO KOjUX je ZOLIao
akagemrk Yekosuh. Peannu crimcak cjajunux xemmdapa
Koju cy Harryctywm CpOwjy je 3HATHO Ty>Ku, IITO 3HAYM I
je curyarnyja jou Texxa. Bpenu pasmunybary o Tome (a no-
TOM HEIITO KOHKPETHO U YUNHUTH).

Parko M. JankoB
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YJIAHIIN
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Xanyuuroiere tiewypKe cy 6eKo8UMA H03HAITIE 406€KY
u kopuuthene najueuthe y puitiyante cepxe. Mehyitium, xe-
MUjcka c60jCiTi6a aKAUBHUX CYICIAHYU U3 0BUX iledypa-
Ka cy uciuiiana iiex tipe oko 60 ioguHa, a ceu Suoxe-
MuUjcKu tLyTiiesu genosarea KUHUX CyUCTiaHuu U go ga-
Hac Hucy tosHaiu. O HOTeHUUjATHUM WITReTTHUM U
Hax KOPUCHUM epeKiliuma UcunouudUHa jous yeex ce 6eo-
Ma Mazno 3Ha.

XaryloHOreHe CYIICTaHIIe ce y Ipupoay Mory Hahu
y HeKMM BpCTaMa Iedypaka, O1baka v XnBotuma. OBe
CyIICTaHIe Cy II03HaTe 1 KopuinheHexmbajjamMa rofyHay
PAas/IMYUTHUM JIeNIOBMMA CBETa, 38 PeIUTMO3HE, TyXOBHEe
unm 1eKoBuTe cBpxe. [o3naro je Buie of CTO pasmman-
TUX XaTyLMHOTeHNX (,,Marn4HuX )medypaxa, aau he y
OBOM TeKCTy Outu peun o pamunujuStrophariaceae, oni-
HOCHO o ponyPsilocybe. HajrosHatuje xanyiyHoreHe re-
yypke oBor poga cy Psilocybe cubensis, Psilocibe
semilanseata,Psilocybe cyanescens, Psilocybe mexicana n
Psilocybe tampanensis (Cnuxa 1). Psilocybe mexicana n
Psilocybe tampanensiscy mo3Hate 1 Kao ,,puo30¢cKu Ka-
MeH". OBe TevypKe ce BU3YeTHO MOTY /1aKO 3aMEeHNTH ca
HEjeCTMBMM OTPOBHMM IIe9ypKaMa KOje He CafpiKe IICH-
nomuoyH.!

Cnuxa 1. Psilocybe cubensis, Psilocybe mexicana,
Pcilocybe tampanensis (c neBa Ha ieCHO) (]

XamynuHoTeHe nedypKe Cy MIMPOKO PacIpOCTparbe-
He Ha 3eM/bl, HajBuile y Jy>xHOj u Cpenboj AMepuny,
HOIITO MM je 33 OINTUMAJIaH PacT HOTPEOHO BIAKHO
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Mmwmmua BYIbAK, cryment 6noxemuje, Xemujcku ¢akynrer, YHusepsurer y beorpany, E-

IICMXOAKTMBHE CYIICTAHIIE: IICM/IOLINBUH

3eMJ/bMILTE, Makba KOMMYMHA CBET/IA M BUIIA TEMIIEpaTy-
Ppa, IITO OfiroBapa 0671acTMa TPOIICKMX ITyMa (C/MKa 2).
Hajuerntha xamyryHoreHa nedypka y LieHTpa/IHO] 1 ceBep-
Hoj EBporut (EHrnecka, Hemauka, HopBemKa)[l?Psilocybe

«

semilanceata, HO3HaTHja Kao ,,CI0OORHA Kara .

Fig. 19 - Distribution (localities) of the neurotropic species of Psilocybe through the world. Note
the high concentration of localities in both NW and NE of U.S.A., Mexico, Caribbe, South
America, Europe, India, Japan, New Guinea, castern Australia and New Guinea.

Cnnka 2. PacipocTpamwenoct poga Psilocybe na
Semmul>

NCTOPUJAT

XanyHoreHe IevypKe Cy A€o JbYTCKe KyIType jou
ofi HajpaHuje 3abenexxere ucropuje. [lpeBHe CyKe 0 Jby-
IYMa KOju Cy jeu nedypke npoHabene cy y nehrnama Ha
ceBepy AJDKupa 1 JaTypajy 13 fo6a HeoyuTa Off IIpe 5000
ropuHa 1.H.e. ¥ IleHTpannoj u Jy>xHoj Amepunu cy
rpaheny xpaMoBy 60roBrMa IedypaKa i paB/beHe Cy Ka-
MeHe IeYypKe I10 KOjuMa Cy /by LPTalIu PeIUTUjcKe
motuse (Crvka 3).53

Y Mexkcuky je 060)kaBaH 60T XaTyI[IHOTeHIX TTeqy-
paka 4nje crvKe cy HaheHe Ha cayyBaHMM YKPacHUM Ba-
3ama (Cmuxa 4). Ha ocHOBY cauyBaHMx CKynnTypa 1 Ip-
TeXKa KOjU OIUCYjy CBaKOJIHEBHY XKMBOT TOTa BpeMeHa,
jacHO je fia Cy XayIMHOTeHe IedypKe 6ue IpUCyTHE y
XMBOTY Maja 1 AcTeka. ACTely Cy IOLITOBa/IA OOXKaH-
crBo Kcounmuna (Xochipilli), ,mpunria nseha®, koju je o
BepoBamwy OpaHMO ,I[BETHE CHOBE ", KAKO Cy Ha3MBaHU
XanyuyHoreHu putyanu. [ledypke koje caprke ncumony-
OUH Ccy cIy>KeHe ca Me[loM Ha HeKIM Off, HajCBeTHjVX JI0-
rabaja. Haxon 1mrro cy Acreny nopaxenn op, crpase Kop-
te3a (Hernan Cortés) 1521. roguse, EBpompann ij 3abpa-
HIWIV KOH3YMIParbe XaTyIHOTeHVXIIeTypaKa. l4



Cnuka 3. MoTuBu mevypaka
" KaMeHMX CKY/IITypa Ievy-

Cauka 4. MoTuBu nedypaka Ha Basama Maja u
Acrexa B!

ITcuxoakTVBHE IIedypKe ce U JaHAC yIoTpeb/baBajy y
HEKMM IVIeMeHMMa y MeKcuKy, Kao 1To je rieme Masare-
Ka (Mazatec). Y IIeMeHCKMM 3ajefHMIIAMa IIedypKe Cy
Hajueurhe KOH3yMMpaI BpadeBH, T3B. ,IIaMaH! , KOju
Cy Iajia/ y TPAHC ¥ 110 BYIXOBOM BEpOBaby KOMYHUI-
panu ca 60)KaHCTBMMA, Y HAMEPH fia Ca3Hajy KaKo Ja us-
nede oppeheny 6osect, win ga peaByze CyROuHy ITeMe-
Ha. Mmaguhu cy y ogpeberoj mobu puryanto jenu xany-
IVIHOT€He TIeYyPKe, Kao JIeo Ipolieca Kpos3 Koju Cy Mopa-
7 [ia mpobyy Kako 61 IoCTay 3pesmyt MyIIKapIy ¥ PaTHM-
um.[4]

Jeman off mocenpMX IaMaHa IlaMeHa Masareka je
6w1a Mapuja Cabuna (Maria Sabina) xoja je xmBerna 1o
1984. y jy>kHoM Mekcuky. buia je mosHara 1o Tome 1170 je
»ednna’ jbyme medypKaMa Koje cafpike ICUIonuouH,
P 4eMy je BepoBajIafia UM ,,0TBapa Bpata yma“. Mapujy
Cabuny cy nocehmpasm byfv 3aMHTepeCcOBaHM 3a XasTy-

LIMHOTeHe [IedypKe, M3Mel)y OCTa/INX 1 [I03HATe TMIHOCTI
kao 1o ¢y bo6 Juaan (Bob Dylan), IIon Jlenon (John
Lennon), Mux Ilerep (Mick Jagger) u Kut Puuappc
(Keith Richards).[4!

Cnuka 5. Mapuja Cabusa,
Po6ept Bacon u Anbepr
XodmaH (c neBa Ha 1eCHO)

/

1955. ropuae Mapujy CabuHy je moceTno eTHOMIKO-
nor Po6epr Bacon (Robert Gordon Wasson), koju je 1 cam
Y4eCcTBOBAO Y Xa/IyLIMHOTEHOM PUTYaJIy, HAKOH 4era je Io-
Heo CIIope Xa/TyL[HOTeHNX Iedypaka y Ilapus u npentn-
¢ukoBao ux kaoPsilocybe mexicana. Criope cy yMHOXXeHe
y EBponu, a mBajuapckn xemndap Anbept Xopman
(Albert Hofmman, 3aciy>xan 3a otkpuhenpore LSD)je
1958. rofMHE UAECHTU(PUKOBAO aKTUBHE KOMIIOHEHTE
XaTyLMHOT€HMX TedypaKa: ICYIONUONH 1 ICYIOLNH
(Cnuka 6). ,,Psilo“ Ha rpukOM 3Ha4y OrO/beH, a ,,cybe®, rma-
Ba.'

"“*-.Hf ™

HO. P:o' N N—
2 OH
o (0]
N N
N N
H H
Psilocybin Psilocin

Canka 6. CrpykTypHa popmyna ncumonnbmuna
(meBo) 1 cunorHa (gecHo) [5]

OUM3NYKO-XEMHIJCKA
CBOJCTBAIICMIOIVBITHA 11
IICMJIOTIMTHA

IMcunouunbun (O-pocdopun-4-xuppoxcu-N,N-
IUMETWITPUITAMUH) M HeroB GU3MOIONUIKY aKTUBHU
nedocopmroBanu METAOONT TICVIIOLVH (4-XUPOKCH-
N,N-auMeTUNTpUNTaMIH) IPUIIAJAjy TPYIIN MHOTAI-
KIIAMMHA U CTPYKTYPHO CY CIVIYHY HEYPOTPAaHCMUTEPY
cepoToHMHy. CyIICTUTYILIMja MHAOMHOT IIPCTEHa Ha MO3K-
L1j1 9eTVIPY je HajBepOBaTHIj€ OATOBOPHA 3a XaTyLIHO-
reHe edeKTe OBUX jefyberba. IICHIONMONH 11 ICUIOLNH

Toguwitiie 56. 6poj 5 (2015) 115



Cnuka 7. CTpyKkTypHa
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Cinka 7. MetabonusaM ICUIOLMHA U ICUIOLUONHA Y XeIaTOLUTIMA
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I'padux 1. IIpomeHe KOHIeHTpaUje ICUIOLUONHA Y

KPBHOj I/Ia3MJI Y 3aBUCHOCTH Off BpeMeHa [5]

cy bene npaikacre cyrcraunte. [Tcumorybus je pacTso-
PaH y BOAY, 0K Ce IICHIOLIMH 60/be pacTBapa y Heronap-
HUjuM pactBapaduma. Oba jemuiserba cy JoOpo pacTBop-
Ha y METAHOJIy 1 €TaHOJIY, LITO Ce KOPUCTI 3a BIXOBY
eKCTPAKIjy 13 CyBUX Hedypaka. Oba jenumera cy Hec-
TabWIHA Ha CBETIY, @ CTAOWIHA Y MPaKy U Ha HICKNM
TeMIlepaTypama.

YHeT opaHo, IcuonubuH ce 6p3o gedocopum-
IIIe Y MyKO3HOM TKUBY, KaTQ/IUTIIKIM He/I0BAbEM all-
KamHux ocdarasa u HecrieruduyHyx ecrepasa. Hakox
MHTeCTHje, 50% ncmtonubyHa 61Ba ancopOOBaHo y fure-
CTUBHOM TPAKTY; @ OCTAaTaK Ce CYCTEeMCKI IIPEHOCH [0 Op-
raHa rie gocdarazama 61Ba KOHBEPTOBAH Y IICUIIO-
IMH. YKOTHUKO je 6mokupana gedpocopunanuja, Hiup. B-
rnLepondocdatom, He UCIO/baBajy ce PU3NOIOIKN
edextn ncwtonuéuHa.

Ensum UDP-rykyporni-tpancdepasa [IyKyHOpH-
Tyje IICUIONVH Y eH/IOIUIA3MaTIIHOM PeTHKYITyMy Xella-
rounta. Hacranmm ncunouns-O-IyKypoHU IpefcTa-
BJba [IaBHY 00/INK (80%)32 U3Ty4dMBabe U3 OpraHu3Ma
myteM Mokpahe. OKo 4% IICHIOLMHA Y/Iasy Y OKCHATVB-
HII MeTabonM3aM: IeMeTUIOBAbeM I 1e3aMIHOBAbeM
IIPEBOMIY Ce JIO 4-XUAPOKCUMHAION-3-ateTanaexupa. Jasbe,
IeXy IeXVpOreHasa I MOHOAMIH-OKCI/Ia3a OKCUAY)Y
4-XUPOKCUMHTON-3-aIle TAIIEXNT, IO 4-XUFOPKCUNH-
HOJI-3-alleTaTHe KMCeNUHe U 4-XUPOKCUTpUNTOdOoIa
(Cruka 7).5!
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I'padux 2. bpsuna nsnyunBama ncunonybyHa ypu-
HOM HaKOH yHoIllea 0.224 mg/kg ©

Kako je IICu/IoLmH CTpyKTYpHO BeoMa CIIMYaH cepo-
TOHJVIHY, OH /IaKO ITPO/Ia3y KPBHO-MOX/aHy Gapujepy 1
MO>Ke Ce IeTeKTOBAT! Y CBUM TKuBMMa. HakoH opanHor
YHOILIeEa HAIlTe, ICYIOLVH Ce IeTeKTyje Y KpBY HAKOH
20 JI0 40 MUHYTA, a HajBeln HMBO OCTIDKE HAKOH 80-105
MUHYTa. YKOIMKO Ce YHOCU MHTPABEHO3HO, MAKCUMYM
KOHIIEHTpaI[Jije Y KPBHOj IIa3MI Ce JieTeKTyje usmeby s5-
15 MyHYyTa. I10/y>kKMBOT ICU/IONMHA Y KPBHOj IIa3MM Ha-
KOH OPAJTHOT YHOCA je OKO 2,5 CaTa, @ HAKOH MHTPaBEeHO3-
Hor oko 80 MuHyTa. Behuna opanHo yreror ncunormon-
Ha 01IBa e/IeMIHIICaHa YPMHOM HAKOH 3 CaTa,a y HOTIIy-
HOCTY HaKOH 24 cata. ITepuos TokoM Kora ce UcIosbaBa
¢usnonoiuku edpekat je usmeby 4 u 6 catu. losa koja
IPOM3BOAM Xa/TyLMHaIMje KOJ Ofpacie ocobe je 3-5 mg
qyicTe Cyncranue.®

Hajseha xomrunHa ricunonyHa je feTeKToBaHa y He-
OKOPTEKCY, XMIIOKaMITyCY, eKCTpalpaMiaTHOM MOTOp-
HOM CHUCTEMY U PeTHKyNapHoj popMariju Mosra. Ilcuo-
LVH ¥ IICWIOLVOVH Cy aTrOHUCTY CEPOTOHMHCKIX IIOCT-
cuHanTIIKYX penenrropa sHT, s usHT, 5,32 KOje ce Besyjy
pasmuauTuM apurnTeTMMa. MHTepakuuja ca sHT, 5 pe-
LIENTOPOM Ce CMaTpa Y3pOKOM XajTynyHanuja. IIpema Ho-
BUj/M IOflallMMa, TICWJIOLVH Ce Besyje 1 3a JoTlaMIHep-
ruuke D2 perienitope, anu caMo y CTpujaTymy, 6e3 yKiby-
YyBaba Me30MMMOIIKOT CUCTEMA, Tj. ,IIyTa Harpaze®.
INokasaHo je fa mpexo 5HT), y penenTopa ncunaouuH nH-
X10Mpa aKTMBHOCT IOP3A/THOT pade HyK/Ieyca. [6),(7]



OVM3NMOJIOMKN U IICNXO/IOIKIN
EOEKTUIICVMIOLINTHA

ITcunonyn nosehaBa cMMIATHYKy aKTUBHOCT, 671aro
nosehaBa cUCTO/THM M [[YjacTONHY IPUTHCAK, YOp3aBa
pap cpua Ha 82-87 OTKyIlaja 110 MUHYTH, a/Ii HE YTH4e Ha
TeMIepaTypy Tefa."' Y Tabenu 1 cy HaTy HajBaKHUjU CO-
MatcKy eheKT! KOH3YMMparba IICUIOMONHA, Y CTYAUjI
Ca YKYTIHO 30 MCIIMTaHMKa.

Ta6ena 1. CoMaTCKM CHMITOMI HAKOH KOH3YMHPamba

8-12 mg ncunomu6uma 5!

CumnTom kopumhema % MCIMTAaHUKA

NCUJIONUONHA

®pexBeHNMja paja cpua

IToBehana 56%
CmameHa 13%
ITpomensbuBa 31%
ApTepHujcKu KPBHH NMPUTHCAK

XunorexHsuja 34%
XunepreHsuja 28%
Hecrabunan 22%
be3 npomene 16%
My4nuHa 44%
Ycnopenoct peduiexca

IToBehana 80%
CMmameHa 6%
be3 npomene 13%
Hucmerpuja 16%
Tpemop 25%

Hajuernhm cumnromn koH3yMupamwa ncunonubHa
Cy BPTOIVIaBMIIA, CTAOOCT, TpeMOp, My4HIHa, ToBpahatbe,
HOCIIAHOCT, 3eBalbe, napecresuja (ocehaj Tpmwemwa) u 3a-
Mar/beH Buz. Ilcnmnonus He yTrde Ha OVIaHC jOHA, HUBO
[JIyKO3€ W/IM KOHIIEHTPallljy X0/ecTeporiay KpBi, Kao Hil
Ha aKTMBHOCT €H3MMa KpBHe ITa3Me(JIaKTaT JeXuipore-
Hasa, ankanHa ¢pocdarasa, XOMMHECTEpa3a U aclapTar
aMmHOTpaHcdepasa). Y MambuM KomM4MHaMa He noseha-
Ba HYBO [IPO/IAKTIHA, KOPTM30/Ia 1 XOPMOHA PacTa, TOK Y
BICOKMM Jj03aMa oBehaBa HIBO KOPTUKOTPOIVHA U TH-
PeoTponNHa, IIpy YeMy Ce KOHI[eHTpaliyja OBMX XOPMOHa
Bpaha Ha HOpMasIaH (II0YeTH) HMBO HAKOH 5 CaTH.

Ila 61 ce ompennia MecTa ie/ioBamba ICUIOLMHA Y
Mosry KopuinheHa je GpyHKIIMOHaNTHAa MarHeTHa pe3o-
HanTHa ToMorpaduja (fMRI), mpu demy je mopeheno Hop-
MayTHO Oy/IHO CTambe ca ncyxopemanuM. ITpaheH je nepe-
Opa/THM IIPOTOK ¥ OKCUTeHaIMja KPBY IIpe U IIOC/Ie MH-
TPaBEHO3HOTI yHOLIewa Iytalebda u ncunonubuHa.
Hajsehe cmamemse (Crka 8) je yOueHO y perroHmuMa Mo3-
ra I7ie 10/1a3y [0 YKpILITaba BE/IMKOT Opoja HepBHYIX ITy-
TeBa (TaJlaMyc, aHTepUOpHY LUHTYIapHN KopTekc (ACC)
u nocrepuopHy uuHrynapuu koprekc (PCC)), kaou y
MenyjamHoM npedporTanHoM koprekcy (mPFC). Crenen
CMarberba Y Be3N! je Ca HTEH3UTETOM Cy0jeKTVBHOT edek-
ta ncwionubuHa. Ilcnnonnbus cMamyje Bese usmeby
mPFC u PCC, wro norspbyje na ¢pusuonomku edexar
HacTaje 360r cMameHe aKTUBHOCTH 1 Ty0/berba Besa y
K/byYHMM JIe/IOBMMa MO3Ta y KOj/Ma J0/Ia3n 10 YK-
pluTara BemKor 6poja HepBHuX myTeBa. P

ITewnonmOyH y3poKyje CTarbe HaIVK CIIaBamby, IPo-
MeHY IneplUennuje CIMKa, CaMmoIepluennuje, uiysuje,
xaayryHanyje, cunectesujy (“yjenumerbe uyna") u fepea-
ym3anyjy. Takobe, Merba HepLienIyjy BpeMeHa 1 IPOCTO-
Pa, cMamyje aXKiby, JOBOAYU 10 HeyoOudajeHNx uyeja u
Memba LIe/IOKYITHO pactosnioxemse. Pehe Moxe fa mpoyspo-
Kyje ¥ aHKCMO3HOCT, HepBo3y, noseha eMO]_U/IOHa}IH?’
HaJIPBK/BUBOCT 1 OCET/BUBOCT YUTABOT opranusma. Sh 1

HakoH koH3yMupama ICUIonubuHa Kof, Ipytie Bo-
JIOHTEpA CY 3alla>KeHe YIJIABHOM II03UTMBHE IICUXOJIOLIKEe
IIpoMeHe. BonoHTepy Koju HMKaa HUCY KOH3YMUPAN
ICUXOTIENVKe Cy HAKOH KOH3yMMUpama ICUIONMOMHA 1C-
KyCTBO OIMCA/I Kao jeMHCTBEHO, KOje MM je IOHETIO IO~
3UTUBHE IPOMEHE Y IIOHAIIAIbY U Y OFHOCY Ca JbyAMMa.
UcrpakmBama off 1998. o 2008. TofiMHe Cy IT0Kasaja jja
BehyHa MCIUTaHMKa OINCYje KOH3yMUpatbe NCYIOLVON-
Ha Kao IpMjaTHO UCKycTBO. Mebytum, oxo 8% mcnmranu-
Ka je IpUjaBIIO HETaTUBHO JIEjCTBO CYIICTAHIIE Ha IICIXO-
JIOILIKO CTaIbe.

Cuka 8. IIpoMeHe GyHKIMOHATHUX Be3a MHAYKOBA-
HUX IICUIOLMOUHOM Y MefiIjaTHOM IIpepOHTATHOM
KOpTeKCy Mo3ra(HapaHIlacTe peruje mokasyjy sehy, a
IUTaBe Marby aKTUBHOCT) °

Pahena cy n ucnmmrrBama Moryhe npyumene ncuso-
1MOMHA 3a JIederbe 3aBYCHOCTY Off /IKOXO/Ia U JTederhe
orcecuBHO-Kommyn3usHe 6onectu (OCD). ¥ npemimu-
HapHUM CTyAMjaMa, jeflaH Of UCIUTaHMKa 060/1e0 Of
OCD HakoH KOH3yMupama ncuIonnbmHa Hije nMao
CTMMIITOMe 00/IeCTH HapeqHuX meT Mecery. Takobe je mo-
Ka3aHo fa HCI/I)'IOI.U/I6I/IH VIMa IIO3UTMBAH IICUXOJIOIIKN
YTUIIaj Ha GOJIECHVIKE KOjYI Ce HaJlase y KpajibeM CTafujy-
My KapITHOMa.

TOKCNYHOCT M IITETHU
EOEKTUIICMJIOLIMBTHA

Jo cama Huje nponabeH Hy jemaH 3HAK TOKCUYHOCTI
HCWIONMOMHA Y OPraHyMa [IAI0Ba, MIILEBa 11 3e4eBa. Jle-
TIHOCT ICHIOLMONHA Ce OI7Iefia y TOMe Jja 0coba ycrer,
Xa/TyIMHalMja MOXKe Jla ce IOBPEY MIN U3BPILY CaMOy-
6ucrBo. Cryzuje Ha XXMBOTHMEbAMa Cy TIOKasajle Ja Ce IIpe-
JI03Mpatbe MOCTIDKE Ca 19 Mg YMCTOT ICMIONUOVHA, IITO
je MHOrocTpyko Beha 103a off OHe Koja IPOU3BOAY XaTy-
uyHorenu edekar (3 mg wim 5 mg). Mebytum, nper-
IIOCTaB/ba Ce 1a O yCTer HACTA/IVX apUTMIja Vi, YOIILITe
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MOITIO I[Oh]/[ 10 CMPTI 9YOB€Ka I IIpY IIPVIMEHN MabVIX 1O~
13

3a.

IlTeTHN edeKTH ICIWIOLHA CY UCTPaXKEH! Ha BE/N-
KOj TPyIIu Off fiBe Xwbafie BononTepa. Hajuerhn mretHn
epeKTM HaKOH jefHOT KOH3yMMpatba ICUIOLMONHA CY
aHKCHO30CT, IIapaHoja, Jiepeaisannja, JerepcoHanmnsa-
1yja ¥ ICMXOTUYHE peakiyje. XpOHMYHO y3UMalbe IICH-
nouuOyHa pa3Buja TOMEPAHIN]yY, IUTO CMabyje Moryh-
HOCT popMipama 3aBucHocTy. CTynuje Ha MajMyHIMA CY
THOKa3aJie Ja HAKOH IIPBOT Y3JIMarba IICH/IOLIOHA XKIBO-
TUIbE He TI0Ka3yjy TeXIbY fla y3My HOBY 1o3y. Ilcunonya
He 13a3/Ba 3aBMCHOCT,IIONITOHE yTUY€ JUPEKTHO Ha
Me30/IMMOMYKI JOTIAMUHEPTUYKIY IIyT ¥ CAMVM TUM He
AKTUBMpa CUCTeM "yHyTpallbe Harpaje” oprarusma, ™!

Konsymupare ncunornubuna nosehasa moryhuocr
UHJIYKOBama cxu3odpeHuje Koy ocoba Koje nMajy mpe-
AVCHO3MLjy 3a OBY 00JIeCT, jep ¢y moBehaHu Ic1xoco-
MAaTCKJ CUMIITOMMU Ko ILITO CY: CMeTHbe Y HepLeIIyji,
MUILUBEY, eMoLMjaMa, IIpoMeHe y obpanu uHdopma-
1uja, nopehana MOX/aHa aKTMBHOCT U MHAYKIIja X1~
Hep-AOoNaMIHePINIKOT CTama y cTpujaTyMmy. HacTanak
cxusopeHor cTama ce 06jallbaBa YNHEHNIIOM 1 CY
aTUINMYHU aHTUIICMXOTUI (7IeKoBY 1360pa 3a nederbe
cxn3o(peHnje) aHTarOHNUCTY CEPOTOHMHCKIUX PeLleNTo-
Pa, BOK IcumonbuH uMa aroHncTdky edexar. Takobe,
HacTaHaK CXusodpenuje ce MoBesyje U ca arOHUCTUIKUM
IejCTBOM ICH/IOLOMHA Ha JOMIAMVHEPIMYIKe pelierTope
y cTpujarymy. Pabena cy uctpakmparma y KojuMa je Ioka-
3aHO [ia Ce PafiOaKTUBHO O0€IeXXeHI PaKIONpy, aHTa-
TOHVCT IOTIAMMHEPIUNYKIIX PELeNTOpa, Y IPUCYCTBY IICH-
nonMbuHa Mare Besyje 3a perienrope y crpujarymy. OBo
yKasyje ia IcuiormOyH yTude Ha noehame capjpxaja jo-
IIaMIHA Y CTPUjaTyMYy, IITO Ce IIOBE3Yyje Ca HACTAHKOM
rcuxosa u cxvsodppernje. -

3AK/bYYAK

XanynyHoreHe CyICTaHIle HOPEeK/IOM 13 I/bUBa Cy
JbyAVMa IIO3HATe BEKOBMMa, a je[JHa Of, Hajhoy>XXe KO-
puihennx je ncmmonn6bus. Otkpuhe CTpyKType mcuio-
1MOMHA ¥ aKTUBHOT MeTab0/MTa IICUIOLIHA PACBET/INIIO
je MHOTe ITyTeBe IBMXOBOT (PM3MOIOLIKOT AejcTBa. Vak,
Hajsehu Opoj MexaHM3aMaBe3aHNX 3a (PU3MOIIOLIKO JieTIo-
Barbe Y MO3Ty Huje pasjalbeH. IIcunouyn npunana rpy-
IIM HAJIIOTEHTHUjUX XaTyIIHOTE€HMX CYIICTAHLM, IIPYL de-
MY KOH3YMUpame M3I7efia He Y3POKyje HaCTaHaK 3aBJIC-
HocTu. Moryha mpyMena ncuonu6uHa 3a jiederbe orce-
CMBHO-KOMITY/I3MBHUX ITopeMehajajenpenmMeT KOHTpa-
BEp31, 300T IerOBOT OTEHTHOT Xa/TyIIMHOTEHOT eeKTa
4ujy jauvHy Huje Moryhe (uc)koHTpomucatu. Maxo Hucy
[IOKA3aHU TOKCUYHY epeKTy CmmormbHa Ha eKCIiepu-
MEHT/THUM >KMBOTUIaMa, IOTPebHO je v OynyhHOCTH
cripoBecty nofpobHuje crynuje. Ja 6u 6uma 036MbHO
pasMaTpaHa ynorpe6a IcuIonub1Ha Kao MeAUKaMeHTa,
noTpeOHa Cy OICeXXHa VICHUTUBamba eBT. Bese u3Mehy
yrorpebe ncuaonbHa/ ICUIOHA M HACTaHKa ICH-
ximdkyx nopeMehaja, mpe cBera cxusodpennje. Jama nic-
TPpaKMBamba Cy HOTpeOHa 1 fia 611 ce Ha MOJIEKY/ICKOM HM-
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BOY pasjacHIIN CBU OMOXeMMjCKUX Iy TEBU Ae/IOBaba
OBUX CYTICTaHI.

Abstract
PSYCHOACTIVE COMPOUNDS: PSILOCYBIN

Milica VUNJAK, Student of Biochemistry, Faculty of
chemistry, University of Belgrade

Compounds inducing hallucinogenic effectc could be
found in plants, animals and some species of the
mushrooms. These compounds are known and used by
humans in the spiritual, religious or remedial purposes for
centuries. One of the most potent hallucinogen found in the
mushrooms is psilocybin.Its active metabolite psilocin
induces decreased neural connections in the brain and thus
decreases brains activity, which causes numerous
physiological effects.All ~ biochemical pathways and
mechanisms in the brain affected by psilocibyn are still not
known. Consequently, further investigations are warranted.
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OJIABOHOUNIN - ITPUPOIHU ITPOMN3BOAN

BIWBbHOT ITIOPEK/TA KAO ®AKTOP OYYBAIbA 3/IPAB/bA

Drnasonougu tipegciiiasmajy eenuxy ipyiy tionuge-
HONHUX fegurberba UPUCYTIHUX Y SUbKaMa, KOja UCHObA-
8ajy aniniuoxcugamiueHy axmmueHocii. Cee éehiu 6poj uc-
wipancusarea gokasyje osomwan yimuyaj prnasoHouga Ha
clipeyasarve UnU yciuopasare HACAjarba OKCUGatiueHol
citipeca, tammiogusuonouikol iopemehaja koju ce jasmwa
Kao tiocnequua fioseharba KonuduHe cI000gHUX paguxana
y opianusmy. C 0d3upom Ha To ga ce senuku 6poj geiete-
patiusHux odomerva kao wilo cy gujadeitiec, Kapguo-
sackynape donecitiu u Kanyep Ho8e3yjy ca oxcugaiug-
HUM citipecom, HamupHuye doiaitie UPUPOGHUM AHITUOK-
CUGAHCUMA CY BE0MA HOXMETbHE Y T6YgCKOj UCXPAHU KAO 8-
JHaH Paxitiop 3a ouysarve 3gpasa.

ITOJIN®EHOIHA JEOUIBEIHA U1
OKCUJATHNBHMU CTPEC

CaBpeMeHO JIpYLITBO Ce OfIMKYyje MHOTYM He3fjpa-
BJM HaBMKaMa y cxpaxu. Konsymupate 6p3e xpaHe, Iy-
He MacTy 1 1iehepa, Kao ¥ HeOBO/bAH YHOC 3[PABIUX Ha-
MUPHULIA, TOBOMIY [0 HepaBHOTexXe y ucxpanu. Henso6a-
NAHCMpaHa MCXPaHa OKMJAY je 3a HaCTajarbe PasIMuuTIX
6onectu. Crora je of BUTa/IHOT 3Ha4aja /ja Ce YCTAaHOBM
CcacTaB ¥ XpaH/bVBe BPeAHOCTY HaMupHuIa. [Tocmenmux
JielieH1ja, enMIeMIOTIONIKe 1 O1I0XeMIjcKe CTyaumje Cy
[IOKa3aJie jacHy U 3HaYajHy moBe3aHocT n3Meby yHoca
IPMPOFHIX IIpeXpaMOeHIX IPOU3BOLIA U CMambeHha I10ja-
Be T0jasHOCTY, AujabeTeca, 60mecTy cplia, KaHIepa 1 ipy-
TVIX JlereHepaTuBHIX 60jecTyt. PesynraTu MHOTVX UCTpa-
XKBamba I0BOJie OBe OOJIeCT! y Besy ca mopeMehajeM Koju
ce 30Be “OKCHJJATVBHM CTpeC”, KOj/ HacTaje Kaja ce y op-
raHn3My nosehajy komduHe okcupanara.[1-3] Okcunas-
TV Cy aKTMBHE KIICEOHIYHE VI a30THE BPCTe (CyIepOKCHI-
HI PaJiYiKaJL, XUAPOKCHI-PAIKAJL, IEPOKCHU-PafIMKaL, a3-
OTOKCH/IHM PaJi¥IKayT) KOj)i HACTajy HOPMATHO Y MaluM
KO/IMYMHAMA Kao IIPOM3BOJ] aepOOHOT MeTabomaMa. [4-8]
OxcupanTi Takobhe HacTajy MOCpeCcTBOM pasIMInTIX

BpcTa 3pavema (X - 3payeme, ¥YB, MukporanacHo 3pa-
4eme). AKTUBHe KICEOHIYHE 1 a30THE BPCTe ¢y y Behum
KOMM4rHaMa 1iteTHe 3a hesje, amu y opraHnsmy nocroje
AHTUOKCUAATUBHY MEXaHM3MIU KOjU HMBO OKCUJaHATa
Ip>ke moy;, KOHTposoM. CBY €yKapUOTCKI OPTaHU3MI TI0-
cenyjy MohHe eH3nMe-aHTHOKCHAaHCe. Tpy Besvike Kiace
€H3VMa-aHTMOKCHIAHACA CY: CYNePOKCHI-AMCMYTa3e, Ka-
Tajase 1 Iy TaTHOH-TIepoKcypaasa. JJomaTHo, TOCToju Be-
nuKy 6poj crennprYHNX eH3UMa-aHTHOKCUTAHACA KOji
pearyjy ca OKCHAIAL[VIOHVIM jeNIberbyIMa 3a e TOKCU(PUKa-
uujy. Ilosnatit cy 1 HeeH3MMCKI MeXaHM3MM KOji TIOf -
pasyMeBajy yuerrhe aHTMOKCHAATYBHIX BUTaMIHA Kao
IITO Cy acKopOMHCKa KucemuHa (BuramuH L), a-Tokode-
pon (Butamus E) n f-kaporteH (mpoButaMuH A) anu u
Apyrux puToXxeMMKasja Koje UMajy aHTMOKCUIATUBHO
mejcrso. [9-11] Tlop onpebennm matodumsnonormkmm yc-
JIOBMMa, a KOjJL MOTY OMTHU HOC/IEAUIA HeyPaBHOTEKeHe
VICXpaHe, YWV IOC/IeNNIIA CTaperha OPraHN3Ma, KOMMIIHA
okcrpaHara y henmjama ce nosehasa u fomasu o “oxcu-
matusHor crpeca’. Kopuithere HaMypHuITa OmbHOT 110-
pexia, Koje cy 6oraTe NpMpPORHIM aHTMOKCUAAHCUMA,
CIIpedaBa WM yCIIOpaBa HaCTajambe OKCUIATIBHOT CTpe-
Ca, a caMyUM TUM CMabyje BepoBaTHONY HacTajarba pasiu-
YUTHX [leTeHepaTuBHIX nopeMehaja, IOMeHYTHX paHuje.

Hosunje ctynuje ykasyjyaa cy nonudeHoIHe CyIICc-
TaHIle, I/IaBHe PUTOXEMIKa/Ilje Ca AHTMOKCUIATUBHIM
CBOjCTBMMa, M30/I0BaHe 13 BuIMX Oubaka. [12] YHoc mo-
neHOHIX jefMberba MIPefCcTaB/ba BakaH (PakTop 3a
3amTuTy 3fpaesba. OBa OMOAKTMBHA jeNUIberba YCIopa-
Bajy 1/WIM CIIpedaBajy ay TOOKCUALMjy MAaCTH TaKO IITO
memyjy Kao “amcTaun’ paguKaia ma cy 36or Tora HajBa-
SKHMjY QaHTMOKCUJAHCH KOjU CIIPEYaBajy MIMperbe OKCH-
TaTVBHOT NMaHIa. EkcriepyMenTy ypaheHn Ha )XUBOTHEbC-
KVIM ¥ JBYZICKUM hermjcKyM miHmjaMa IoKasamm Cy fia 11o-
nugeHO MOTY MMAaTH YIOTY Y CIIpedaBamy HacTajamba
KaHIlepa U KapAMOBaCKyIapHUX 60/IeCTH, YKOMUKO ce
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CBaKOJHEBHO YHOCe y ofroBapajyhum kommunHama. [12-
18]

IMomudeHomnHa jenyumerba Cy MIPOKO 3aCTyIUbeHa
y 61bKaMa 1 JOLPYHOCE XPaH/BUBOCTY Y OPTaHOJENTIY-
KuM ocobuHama Boha 11 moBpha kao urro ¢y 60ja, Mupuc u
ykyc (najuenthe fajy ropak u omop ykyc 6mpkama s6or
MHTepakuyje GpeHosa 1 I/IMKOIPOTEeNHA U3 IJbyBauKe).
[12] Cacra nomdenona y 6upkama Bapupa of CopTe 7o
COpTe ¥ 3aBUCH Of PA3TNIUTHX PAKTOpa Ko IITO Cy CTe-
TIeH 3PeJIOCTH, M3I0KEHOCT CYHUEeBOj CBET/IOCTI, TeMIle-
parypa, MuHepanHa npuxpana uth. Genonnu mpodun
O1bKe Ba)KaH je apamMeTap 3a pas/mKoBarbe (KapakTepy-
3anujy) pa3snuyunTrX Aenosa Boha u mospha.

ITon nmeHOM no/mIeHON, IOApPa3yMeBa Ce Be/IV-
Ka Ipyla CTPYKTYPHO Pa3HOBPCHMX (PeHOTHUX je-
IUberha, CeKyHIAPHUX MeTabo/muTa 6n/baka, KOji Majy
3Ha4ajHy y/Iory y 01bHOM MeTabormaMy. Takohe nmajy un
CTPYKTYpHY yiory y onpehennm tkusuMa. o cana je us
BULIMX OM/baKa N30/I0BAHO U OKaPaKTePHCAHO IIPEKO
8000 pasmMMUNTHX HEHOTHIIX jeAuIberba. 3ajeJHIYKO 3a
CBe BJIX je [ia TOCeNyjy MoCcefyjy apoMaTiIH IIPCTEH,
jemHy VIV BUILE XAPOKCUITHMX IPYIIA @ BbJXOBA CTPYK-
Typa MOXKe 00yXBaTaTyl jefiberba Ca jeTHIM (PeHONTHUM
jesTpoM 10 KOMIUIEKCHUX TIO/IMepa ca BE/IMKOM MOJIe-
Ky/ckoM MacoM.[19] On 6poja 1 monokaja XMAPOKCIIHE
TPyIIe Kao M IPUPOJie CYIICTUTYeHaTa Ha apOMaTUIHNIM
jesrpuMa 3aBMCU aHTHOKCHIATUBHA aKTVBHOCT moyde-
HOJa. Y IIpMpORy ce OBa jeuiberba Hajuenthe jap/bajy ya-
Py>KeHa ca MOHO M IIO/IMCaXapyuyMa KOju Cy IIOBe3aHN
IpeKo jemHe vy Buire peHonHYX rpyma. PeHomnxe knce-
JIVIHe, TIpe CBera OeH30eBa 11 IIMMETHA, Kao ¥ (H/IaBOHOMIN
Haj3aCTYIUBHUjU Cy NONMUQPEHOIN Y UCXPAHM Ca 30 Off
60%.[20]

V IbyHACKY Mcxpany, HommQeHONHa jefiberba Haj-
venthe monase u3 Boha, mospha u HanmTaxa (COKOBM, B~
Ha win 4ajeBu). Konuunna u KBanuTeT OBUX jefyiberha
Pas/Kyje ce KOJ, pas/IMIUTIX COPTH, @ 3aBYICU M Off, HauVI-
Ha oOpayie 1 uyBama. OcuM NPUPOFHIX, Y IPEXpaMOeHOj
VIHZYCTPUjU Ce jOLI yBeK KOPUCTe CUHTETNYKM Homude-
HOJIM K20 IUTO Cy OyTinoBany Xuppokcnanuson (bXA),
6yrunoBauu xunpokcuronye (BXT) u tepu-6yTmmxmu-
npoxunoH (TBXX). Ynorpeba oBux jenumema je cBe
Marba jep ce y IpBM IUIaH Kopuiiherwa CTaB/bajy IpUpOa-
HJ aHTUOKCUAHCK 300T iuxoBe Behe 6e36eqHOCTIL.

XEMUMJCKA CTPYKTYPA M1 BIOJIOIIKA
AKTUBHOCT

draBoHOMAM NPELCTaB/bajy BEMUKY IPYIY CTPYK-
TYPHO CPOTHIX jef1iberba Ca XPOMaHCKUM CKEIETOM I
¢enmn cyncruryentuMa y noaoxajy I-2 wim I1-3. ¥ mo-
TIOXajuMa 3, 5,7, 3, 4 WIM 5 9€CTO CafjpyKe XUIPOKCH, Me-
TOKCH JJIU aLieTWIOKCH IpyIIe. Y OmbkaMa ce Hajuernhe
jaBspajy kao O-rmko3npy, ca rmehepHOM KOMIIOHEHTOM
BE€33aHOM 3a XU POKCIIHY I'PYIy aIIIKOHA Y TIOIOXKajy 3
wn 7. 11 -rnvko3uam cy pehu u onu nocenyjy uehepry
KOMIIOHEHTY Be3aHy 3a nonoxaj 11-6 v 11-8 armxona.
ITo HauMHy cyncTuTyncama LI-mpcTena u o crnoco6-
HOCTM OKCHUJALMje, Pas/MKYjy ce MojefiiHe K1ace GpraBo-
Homya. OcHOBHe K1ace (/IaBOHOM/IA KAO M CTPYKTYpe MO-
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Hocaxapuja Koju Hajuemrhe rpaje IIMKO3Uze ca BbiMa,
IpYKa3aHe Cy Ha CTIVI 1.

DrraBoHOVIY CY MIUTMEHTH KOjYI IOIIPUHOCE IVIABUM,
pybudacTuM 1 HapaHgactuM 6ojama nuinha, nseha n
Boha.[21] Ocum y pasmuuntumM Bpcrama Boha u mospha,
(bmaBoHOMAM Ce Ha/mase 1 y CeMeHKaMa, 3pHEBJbY, 3a4MH-
CKOM 11 IEKOBUTMM OVbY, 3aTUM y HAIMIMMA IOOMjeHnM
(epMeHTALMjOM WM eKCTPAKIMjOM OM/BHUX CUPOBUHA,
Kao LITO Cy BIHO, IIMBO U 4aj.[22] CBK (1aBoHOMAY Ce Y
OybKaMa CUHTETVIITY 13 apOMATHYHIX aMUHO KVICE/IMHA,
(deHUaNaHNMHA ¥ TUPO3VHA, ¥ MAJIOHWI-KOEH3MMa A,
peKo oriuTer (eHMIIPONAHONAHOT ITyTa (IreMa 1). [22]
Buocunresa raBoHONM A je CIIOXKEH MPOLieC KOju ce Off-
Blja y GUTOIIA3MI M Y KOM Y4ECTBYje MYITUEH3UMCKA
KOMIIIEKC [TO3HAT Kao (prraBoHOMIHN MeTab0/MOH. [23]
CBu MHTepMenyjepy KOju HaCTajy Ha OMOCHHTETIYKOM
nyTy (pIaBOHON/IA, TPEKYPCOPY CY PasIN4INTUX (IaBo-
HOUJHIX CTPYKTYPa y OKBMPY ofipeheHe Ktace.

Ynora ¢aBoHouaa y 61bKaMa je pasHOBPCHA 1 OfI-
HOCH Ce Ha Ib/IXOBa OPTaHO/IENTIYKA M aHTVOKCUIATIBHA
cBojctBa. Mupucom u 60jama Koje majy 6mpKama, Ipu-
BJIaye MHCEKTe 1 IIOTIOMAXKy OIIpalllBatbe, a Ha VICTU Ha-
IUH OfOMjajy HelIOXKerbe MHCeKTe Koju owurehyjy OubKy.
®rnaBoHOUAY CY KaTanusaTopu cBete ¢ase GOTOCUH-
Te3e I peryjaropyu KaHaaa reokha koje yuectsyje y doc-
dopunanyju. CBojuM aHTMOKCUATYBHYIM CIOCOOHOCTH-
Ma LITUTe OM/BKY Off CTOOOITHIX paJMKa/Ia KOjy HacTajy y
nporecy GpoTocKHTese WK HOf fejcTBoM Y B 3padersa.
Heke o 61/bHMX HAMUPHMIIA KOje CafjpyKe pasinduTe
¢bnaBoHOV IE IPVKa3aHe Cy Ha CTIMIIN 2.

Y nocnentbe BpeMe Bemuki O6poj NCTpasKiBaba 6aBu
ce yaenoM (praBoHOMAR y 3aIITUTHOj Y103y Boha, moBpha
U IPYTOT KOH3YMHOT 61/ba, Ha JbYACKM OpraHusaM. [24-
30] ObuMHa ,,in vitro“ uctTpakuBama nokasana cy epu-
KacHOCT (pJIaBOHOMAA K0 aHTUOKCU/IAHACA, KO 1 Be3y
AHTMOKCUJIATYBHE aKTUBHOCTY (IaBOHOMJIA U BbVIXOBE
crpykrype.[31] Hekomuko ,,in vitro®, ,.ex vivo“ u mpoyda-
Barba Ha XVMBOTIIbAMA, TIOKA3AJIO je /1A BbJIXOBA aHTVOK-
CHJIATMBHA AKTUBHOCT MOXKe OMTI BeOMa 3HaYajHa U 32
3fpaB/be XXMBOTMIA.[32] Haxanocr, okasn o fienoBarmy
Ha JbyJie Cy OTpaHIYeH 11 IIOBPeMEHO KOHTPOBEP3HIL.[33]
IToparke 0 6MOOIIKIM MapKepyMa Kao HIIp. HuBO ria-
BOHOMJIA 1 BbJIXOBYX MeTa0OMNUTA Y KPBU HiLje yBEK MO-
ryhe cakynmTy, mTo oTexxaBa ofpehuBame mocebHe u
KOMOVHOBaHe yiore (IaBOHOV/A V1 OCTAINX aHTHOKCH-
manaca. HemaBHo je gokasaHo fia ce (/IaBOHOMAY U3 Xpa-
He y Marb0j Mepy aricopOyjy win y 00/VKY I/IVKOSV/ia WIH
Kkao armkoHn. O6a arcopboBaHa 00/IMKa IIOKa3yjy aHTH-
OKCHMJIATUBHY aKTUBHOCT Y ,,if Vivo“ eKCIiepyMeHTIMA.
Ha muxoBy ancopniyjy yTudy oCTalm CacTOjuu XpaHe.
ITpotenn ce Besyjy 3a nomigeHoe, 11 TAKO CMAY]Y Hhi-
XOBY allCOPITUBHOCT. MacTy 1 ankoxorn je nosehasajy.
O63upom pa ce praBoHoMzy BehuM fentom pasrpalyjy mo
(beHOMHYX KVCeNNMHA, Y JbYACKOM AUTeCTHBHOM TPAKTY I
TaKO M3/IY4y]y, JO3BO/bEH YHOC je IPWINYHO BUCOK, (50-
800 Mr/paH), y ogHoCy Ha HIp. ButamuH 1] (70 mr/
IaH).[34] ¥ BuIe enmupeMMOMOMIKYX CTYAN]ja, IOKa3aH je
HOBOJ/baH YTHIIaj PIaBOHOMAA Ha IUTyhHe 1 Kap/1OBacKy-
napHe 6omectit.[35] Vicmuranuuy cy Kousymupanu Bohe,
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Cnuka 2. Hamupuune 6orare nojeguuuM ¢paaBoHOUANMa; kBepueTuH (¢PraBOHON) BeoMa je

3acTyIbeH y rpoxhy u BuHy

nosphe, 4ajeBe 1 BUHO, borate (/1aBOHOMANMA U CTYIje
Cy IOKa3azie CMarbelby CMPTHOCT Y C/Ty4ajy OBMX Oore-
crin.[36,37]

METOJE 3A AHAJIN3Y ®EHO/THUX
JEOIUIBEIbA Y BMJbHUM Y30PIIVIMA

Ananusa QpeHONMHNX jeuberba y OWBbHIM Y30pIiMa
je KOMIUIMKOBaHa 300T BJIX0OBe Be/MKe CTPYKTYpPHE pas-

HO/IVIKOCTY U HEOCTATKa ofiroBapajyhux cranpapaa. Me-
TOfIe 32 M30/10Bakbe (HIABOHONIA 3aBJICE Off KONMYMHE 1
BpCTe MaTepujana Koju ce ucrmryje (6mbHM y30pLy, Xpa-
Ha, mrhe) u o BpcTe (prraBOHOMIHNX jefuberba Koja ce
ucnntyjy. [38] [lorogHum MetTogama QaBoOHOMAM Ce eKc-
Tpaxyjy U3 IO/Ia3HOT MaTepujaa u npednirhasajy, a 3a-
TUM C€ Ja/b€ KBA/IUTATVBHO VI KBAHTUTATVIBHO I/ICHI/ITYjY
VMHCTPYMEHTA/IHMM MeTOfaMa: KOIOPUMETPHjCKe MeTO-
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Ilema 1. PeHnNIpONaHONAHY MyT: CHHTe3a ¢praBoHOMAA 13 (peHMMananrHa u ManoHmn-11oA, y3 nomoh mysn-
TUEH3VIMCKOT KOMOIITIEKCa: 14. (PeHMIaTaHH; 15. LIMeTHA KICEIMHa; 16. I-KyMapJHCKa KIUCENHA; 17. 4-KyMa-
poun-1JoA; 18. manounn-11oA; 19. ITAJI, pennn amoHmjak-nujasa; 20. 114X, riuHamar 4-xuapoxcunasa; 21. 41171,
4-xymaponn IJoA-murasa; IIXC, kankoHn cunrasa; LIXV, kankon usomepasa; AYC, aypon cunrasa; PHC, da-
BoH cnHTasa; VIPC, 2-xuapokcnnsodnadanoH cunrasa; MIX, 2-xuppokcunsopnadanon gexnaparasa; JOP,
muxunpodnaBoHon 4-penykrasa; GXT, dnaBanon 3-xuppoxcunasa; GJIC, praBoHoN crHTa3a; JIAP, neykoanro-
uujanuauH pepykrasa; AHC, antounjannans cunrasa; AHP, anTonjannauy pegykrasa.

1e,[39-43] YB/BUC n nymmHMCLIeHTHA CIIEKTPOdOTOMe-
THja, TeqHa xpomarorpaduja wm (JILI, JIL-MC, JILI-MC/
MC), racuna xpomarorpaduja (I'l]), kanuapHa eeKTpo-
dopesa. [44]

3AK/bYYAK

DraBoHONMM, TPUPOLHY AHTVOKCUTAHCH, TIPeACTa-
BJbajy BEIMKY TPYILy jefiuiberba CPOJHE CTPYKTYPeE, ca
XPOMAHCKIM CKeJIeTOM U (PeHII CYIICTUTYEeHTHMA Y II0-
noxajy 1I-2 v 11-3. Y 6upkamMa 0CUM IITO FOIIPUHOCE
OpPTaHOJIENTUYKIM OCOOMHAMA, Majy CTPYKTYpPHY U Me-
TabOMMYKY Y/IOTY KaO aHTHOKCUAaHcu. Pesynraru “in
vitro” u “in vivo” UCTpaXKVBarba FOBOPE Y IPU/IOT TBPAbY
fla aHTMOKCUJATUBHA aKTUBHOCT (/IaBOHON/A, 3HATHO
JIOTIPMHOCH OIOPaHy OPTaHM3Ma JbY/IVI Off INTETHOT JIejCT-
Ba C/IOOOIHIIX pafiyKaa Kao IITO Cy CYNePOKCUIHN, X1-
TPOKCUIHM U1 IEPOKCU/FHI, KAO 1 a30T-OKCUITHY PajiuKa-
mu. Capp>kaj prraBoHOVMzA Y HAMUPHUIIAMa OWBHOT ITope-
k1a ofipebyje ce mHCTpyMeHTamHNM MeTofiama. Konsymu-
pare HaMypHuIa OW/BHOT HOpeKIa 60TaTUX aHTUOKCH-
TaHCKMA, JOTIPMHOCK IPAaBUITHOM HaYMHY MICXpaHe U
O4YyBarby 31PaB/ba.
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Abstract

FLAVONOIDS - HEALTH-PROMOTING NATURAL
PRODUCTS FROM PLANT SOURCES

Jelena POPOVIC-DJORDJEVIC', Faculty of Agriculture,
University of Belgrade

Ivana JEVTIC?, Faculty of Chemistry, University of
Belgrade

Flavonoids are a large group of polyphenolic
compounds, present in plants, which exhibit antioxidant
activity. Many recent studies show beneficial effect of
flavonoids on preventing or slowing the formation of
oxidative stress, pathophysiological disorders that occur as
a result of increasing amounts of free radicals in the body.
Given that a large number of degenerative diseases such as
diabetes, cardiovascular disease and cancer are associated
with oxidative stress, foods rich in natural antioxidants
represent an important factor in human nutrition and

health.

This paper was written as a part of the project
No.172032 of Ministry of Education, Science and
Technological Development of Republic of Serbia.
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| EJTEKTPOJIE HA BA3W YITbBEHUKA: MOJVIOVIKAITINJA
N AHAJINTNYKA ITPYUMEHA

MYKUTe HaunHe. PasHOBpPCHA CTPYKTypa 3a MOCTEAUITY
UMa pa3sHOBpCHe QU3NUKe, XeMMjCKe U IpyTe 0coOMHe
IIITO VX YVMHY IPYIMEH/BUBUM Y HajpasIuInTIjuM ob/mac-
TMMa HayKe U TeXHOJIOTHje: aKTUBHM yTasb e KOPUCTH 3a
npeuninhaBarme BoJie 11 Basfyxa, yal) 3a mponsBonmby ry-

Toguwitnie 56. 6poj 5 (2015) 123



Me, YIJbeHIYHA B/IaKHa 34 IPOU3BO/IbY YITPATAKMX JIENIO-
Ba CIIOPTCKE OIIPEME U aBMOHA; YI/BEHIYHE IIEHE KOPUCTE
ce 3a M30JIaMjy Off BaTpe, HaTHU KOKC 32 IIPOM3BONIY
rpaduTHe eIeKTPOfe 3a peLUKIaXy rBoxDha 1 demka
uth. [2]. Op npBe npuMeHe rpaUTHNUX €IEKTPOJA 32
€/IeKTPOXeMIjCKO oOujarbe a/IKalmHUX MeTana [3], yripe-
HIYHV MaTepyjaiy ce IVPOKO NPUMEbYjy Uy aHa/INTIY-
KOj ! y MHLTyCTpUjCKOj eniekTpoxeMuju. IIpemnoctu yripe-
HUYHVX €JIEKTPOJA Y OFHOCY Ha JIpyre e/IeKTPOJIHE MarTe-
Ppujajie Cy HIUCKa [IeHa, IIMPOK OIICET IPUMEH/bUBMX I10-
TeHIMjana (el1eKTPOXeMUjCKU IPO30p), penaTuBHA
VHEPTHOCT U M3PaXKeHa €/IEKTPOKATAINTIYKA AKTYBHOCT
3a pas/uuTe peflokc peakiuje. OBa CBOjCTBa ce CBAKUM
JaHOM CBe BUIIIe TOOOJBIIIABA]Y Pa3BOjeM HOBUX YI/beHY-
HIIX MaTepujaja, 4eCTO ¥ HaHO [VMIMEH3Mja, KOje Ce yIIo-
TpebIpaBajy 3a U3paay eeKTPOLA, A/ ¥ MaTepujaia 3a
HpeB/IaYeHbe eJIeKTPOIHE NOBPLIHE (TAKO3BAHVX MOLY-
¢uxaropa) xoju omoryhasajy, ¢ jenHe cTpaHe, CMamebe
KOHTaMIHalJje elIeKTPOfiHe NOBPLINHE oMeTajyhum
CYIICTaHI[aMa, a ca pyTe CTpaHe, oceT/buBMje ofpehn-
Barbe M BUIIECTPYKO CHIDKaBarbe IPaHMIe IeTeKIMje aHa-
JIATa KOjJi Ce y TParoBMMa Hajlasy y pacTBOpY.

IIOJAM U BPCTE EJTEKTPOJJEA

Enextpopa je ¢asHa rpaHmIia MeTaIHOT U €JIEKTPO-
JIMTUYKOT IPOBOJHIKA, KPO3 KOjy je 3axBajbyjyhu emek-
TPOIHOj peaKIjy OKCUpanyje Win penykuuje, Moryh
IPEHOC €/IEKTPOHA U3 MeTaJla W IPYTOT IPOBOJHOT Ma-
Tepujana y eeKTponnuT uam oopHyTo. Tpeba nMary Ha
YMY [ia je eIEKTPOHA PeaKLyja y XeMIjCKOM CMIICTY CaMO
jemHa of 1Be KOMILIEMEHTapHe noypeakiyje. Crora jefi-
Ha eJIeKTPOJia He MO)Ke CAaMOCTAJTHO Jia Ce KOPUCTY 3a O1-
JI0 KaKBa e/IEKTPOXEMUjCKA MePerba, HErO VICK/bYIMBO Y
Iapy ca pyroM eneKTpofoM. Enekrpona Ha Kojoj ce Bp-
LIV IPOLIEC PEAYKIMje HETATUMBHO j€ HaeIEKTPUCaHa U K
ceOu IpMBIaYM KaTjoHe I1a ce Ha3uBa Karopa. AHOzA je
MO3UTVBHA, IIPMBJ/IAYY AHjOHE I HA 0] CE OfBMja IIPOLEC
OKCHpanyje.

Enexrpone Mory 611 peBep3ubMIHe 1 peBep3u-
OwIHe, 3aBJICHO Off TOTA JIa /I pajie PeBeP3VONIHO MK
He. [Ipu mpoMenn cMmepa eneKTpudHe CTpyje, KOf, peBep-
3M6MTHUX (OBPATHIX) e/IEKTPOZIA Tede JICTa peaKiuja
/1 CYIIPOTHOT CMepa Off, IOYETHOT, a KOJI MpeBep3nomI-
HIX (HEITOBPATHNX) Tede HeKa pyra peakuyja.

Y 3aBMCHOCTM Off TOTa Jia JIU je MeTa/IHa (a3a eIeK-
TPOJi€ jeflaH Off peaKTaHaTa UM He, ENEKTPOJiE Ce MOTy
HOJE/IUTY Ha OHe ca ydemheM MeTajla Kao peakTaHTa I
OHE Y YMj}M €JIEKTPOJHMUM peaKlijaMa Y4eCTBYjy caMo
HeMeTalTHe KOMIIOHEHTE. YHyTap OBe OIIUTE MOfeNe,
OIIET y 3aBMCHOCTY Off IPUPOJIE PEaKTaHaTa, EIEKTPOJIE Ce
Jajbe Jiefie Ha IOJTUIIOBE.

MeTanHuM eneKTpofiaMa Ha3uBajy ce eNIEKTPOJiE Y
YMjVIM €JIEKTPOSHNM PeAKIVjaMa KaO PEaKTaHT YIECTBYje
MeTar. O6MYHO Taj MCTU MeTal MMa 1 PYHKLNUjY eleK-
TPUYHOT U3BOfa enekTpope. [1o Haumny paja u cacraBa
TeJle ce Ha e/IEKTPOJIe IPBOT, €IEKTPOJE APYIOT U €IeK-
tpoge tpeher pena.

Y MHOIMM €/IeKTPOJHMM peaklyjaMa He y9eCTBYjy
MeTasHe dase. CTora y 0BOM C/Iy4ajy Kao IIOCPEJHNUK Y
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pasMeHU eleKTpoHa u3Mely okcugoBaHe 1 pefyKoBaHe
BPCTe, 11 KaO elIeKTPUYHU U3BOJ, €eKTPOfie, 00aBe3HO
Mopa Jja ce KOPUCTY HeKJ XeMMjCKM MHepTaH MeTa (Iv1a-
TVHA, 371aT0) WM APYTY J0OAP eIeKTPOHCKI IIPOBOFHIK
(rpadur). OBpe cranajy OKCHAOPERyKLOHE eIeKTPOfie I
racHe efieKTpofie.

JJaHac cy BeoMa Iony/iapHe jOH-Ce/IeKTUBHe (MeM-
6pancke) enekrpore. OHe ce 060MYHO [e/ie 3aBUCHO O
cacraBa MeMOpase. Jlo nanac npoHaheHo je MHOrO MaTe-
PpYjaia 3a IpOM3BOAGY MeMOpaHa 11 CBU CY OHU KapaKTe-
PUCTUYHM [IO TOME [ja IMajy jOHOM3MemVBauKe 1 IIPO-
BOfiHe ocobuHe. Mory 6uTu KpucTanHe, HEKpUCTATIHE,
Ho/mMMepHe 11 Ha 6a3u (Hekor) 6roMarepujaia, yriaBHOM
ensuma (6moceHsopn) [4].

IToce6Ha BpcTa joH-cenexTnBHUX enekrpona (ISE) cy
xeMujcku MmogudukoBane enektpope (chemically
modified electrodes - CME) koje cy Hawuie npuMeHy y am-
IIEPOMETPYjCKIM, BOITAMETPVIjCKIM, TIOTEHIIVIOMETPYjC-
KuM 1 QapajiejckuM (eIeKTPOH TpaHCPep) OCHOBHUM
Uy ekcrepuMeHTaTHUM MepemuMa. CME enextpope
canp>ke TaHaK (1M (ie6/bYHe Off jeHOT C/I0ja MOJIeKyIa
IO BUILIECTIOjHMX MUKPOMETAPCKIIX IIMeH31ja) off 13a0-
PaHNX XeMIjCKM Be3aHIX WIM MeXaHIMYKI HaHeCeHMX Xe-
MIjCKUX BPCTa Ca LJbeM Jla Ce YHAIIpefie XeMIjCKe, eflek-
TPOXeMUjCKe, OITIYKE, eNeKTPUYHe, TPAHCIIOPTHE 1 [IPY-
re HoXKeJ/bHe 0coOumHe eekTpope [5].

ITo Jynmakosoj (IUPAC - International Union of Pure
and Applied Chemistry) HOMeHKIATypy XeMMjCKI MOTU-
(uKoBaHe eNeKTpozie Cy AepuHICaHe Kao eNeKTPozie Ha-
IpaB/beHe Off IIPOBOIHIX WV NTOTYIIPOBOJHIX MaTepuja-
a 061okeHVX ofipeheHNM MOHOMOJIEKY/TAPHIM, MY/ITH-
MOJIEKY/TApPHUM, jJOHCKVM WV IIOTIIMepHIM (priMoM xe-
Mytjckor MopmUKaTOpa ca LiiybeM Jja Ce II000bIIajy Xe-
MIjCKe, eIeKTpoxeMujcKe 11 onTidke ocobute. Enexrpo-
Tle Cy cacTaBHM Jleo eleKTPOXeMMjCKUX ypeDhaja, cucrema
3a KBUIUTATVBHY Y KBaHTUTATVUBHY aHA/IN3Y, KOHBEP3Ujy
U CKIa[IVILITERbe eHEepTHje, 3ALITUTY Off KOpo3uje Kao I
ClCTeMa 32 eJIeKTPO-OpraHcKe CHHTe3e [5].

MATEPUJAJII 1 ETEKTPOJJE HA A3
YI'TbEHUIKA

CaojcTBa MaTepyjana Ha 6a3yl YI/beHMKa IIOTIIY OF
CTPYKTYPpe, Tj. HaUMHA Ha KOju Cy IIOBE3aHM aTOMM YITbe-
HuKa y npocropy. Hajnosnaruje anorporcke Monyduka-
IMje yI/beHNKa cy rpadut, rpadeH, [jaMaHT, aMOpQHM
YI/beHUK, YI/beHNYHA BIIAKHa, Qy/epeH, TOHCOAINUT U
yI/beHIYHE HaHOLIeBY (C/IMKA 1.) U O CBAKOj Of 1buix he Ha-
Harbe OUTU pedi.

IpadeH je nBOAMME3MOHANTHA CTPYKTYPa YI/bEHIKA
me6/buHe jenHOT aToMa. IToTIyHO je moposaH, a/m 11 TO/u-
KO TIyCT Ja HU HajMamby aTOMI Taca He MOy Ipohy Kpo3
IbEra ¥ Of/IMYAH j€ IPOBOJHYK €IEKTPUYHE CTPYje MOITyT
6axpa. MHOTO je jaun off 4enmKa a MoXKe ce UCTETHYTU U
mo 20%. C 0631poM Ha TO [ia je 11 HajTamM 1 Hajjadn I1o0-
3HATV MaTepyjaJl IOCTAO je IpeaMeT MHTepeca OpOjHMX
noppydja Hayke [6]. Kao Moguduxarop HaHOCK ce Ha
HOBPIIHY €/IEKTPOJie M/ Ce Mellla Ca yI/beHMIHOM I1ac-
ToM [7]. Moxe ce pehn fia ce cTpykrypa rpadura cacroju
or criojesa "rpadenaMehycobHo nmoBesaHx cnabum Ban-



mep-BancosumM (Van der Waals) crrama. [Tujamanr ce cac-
TOjU y IIOTITYHOCTH Off SP> XOPUAM30BAHIIX ATOMA YITbe-
HIIKa KOjJ1 3ay31Majy CTPYKTYPY IIPaBUIHOT TeTpaenpa. Y
€/IeKTPOXEMMjCKUM IIpYMeHaMa AMjaMaHT Hajuenthe
CafIp>KV HeKM ,,foaHaT . [JomaHar wm JOIVHT CPefCcTBO
je HOTITYHO Y1CTa CYIICTaHI}a KOja ce ybalrtyje y Apyry Cym-
CTaHIly y BeoMa Ma/IiIM KOM4YMHaMa Jja 011 U3MeHIIa kbe-
He [IPOBOJHE I/ ONITIHUKe 0cobuHe. [lofaTKoM jonaHaTa
(ua mpuMep 60pa) AMjaMaHT, KOju je MHaYe U30/1aTop, 110-
cTaje mobap IPOBOJHIIK eEKTPUYHE CTpyje [3].

Cimnka 1. Heke op Mopudukanuja yr/peHnka: a) guja-
MaHT, b) rpadur, c) noucgannr, d, e, f) dpynepen
(C60, C540, C70), g) amopdHM yITbEHIUK, h) yr/beHn-
YyHe HaHOLeBU [8]

CTpyKTYpHO BeOMa C/IM9aH AMjaMaHTY je TOHCHA/INT,
alIoTpoIcKa MoMMKaIVja yI/beHIKA Ca XeKCATOHATHOM
KPMCTA/THOM PEIIeTKOM IIO3HAT U Ka0 XeKCarOHa/IHN
IujaMaHT (cnuKa 1¢). AMOpPQHU YI/beHVK je YI/beHUYHN
Matepujat 6e3 KpUCTaTHe MAKPOCTPYKTYPe, KOji Cafip>Kin
u sp” u sp> xubpuausoBaHe yrbeHnkose arome. Pyrepe-
HJ MMajy CTPYKTYpPY CIMYHY I'PaduTy, Ca pasinKoM ia
YMECTO YMCTO XeKCarOHa/lHOT PACIopesia AaTOMa, OHI
cajip>ke U IIeHTaroHe MM IaK XeITaroHe, KOji 3aTuM
dbopmupajy chepe, ennrice wi uunuHape (HAHOLEBN).
Hajuemrhe kopuuthenn o6y dynepena y enekrpoxe-
MUjU CY jeFHO3VHE 1 BUILE3VTHE YI/beHIYHe HaHOLIEB,
cacTap/beHe Off C/IojeBa rpapUTHIUX JIMCTOBA TAKO 1A OHU
¢dopmupajy Tybe ca pasmIIUTUM IPEYHIKOM, TY>XKIHOM
U TepMUHAIMjoM (II0jaM TepMMHALVja Y OBOM pajly O3Ha-
Yapa 3aBpLIETAK, KPaj HeKe YIJbeHIYHe CTPYKTYpe).

YI/beHIYHM MaTepujam ce MOTy HOOUTH M BeIlTay-
KVM ITyTeM. Y 3aBYICHOCTY O} [IOJIA3HOT MaTepujana 1 Ha-
4JHA BJXOBOT TpeTHpama ooujajy ce BeoMa CIMIHN
WIM IaK HOTIYHO PasiMyIUTy OOIMIM Y OfHOCY Ha OHe
Habene y mpupoau. Hexe ox moryhnoctu fobujama
BELITAYKMX YI/beHNYHMX MaTepujaia Cy IpUKasaHe Ha
CIIVLIY 2.

bes 0631pa Ha OIICeXXHa UCTPKIBAba YI/beHNYHYX
Marepujajia y HpOLIOCTH, U JAHAC Ce T10jaB/byjy PyHma-
MeHTa/IHe VIHOBaluje y 0Boj obacti. bopoM gomosam
IMjaMaHT, CTAaKJIACTU YI/beHUK, QyIepeHy, YI/beHIIHN
¢duiMoBy, MUKpoQabpuKoBaHe yI/beHIYHe HAHOCTPYK-
Type, KOMIIO3UTH Ha 623y yI/beHUYHUX MaTepujana 1
pas/munte MopuUKaLje THX MaTepujana py>Kajy pas-
nmanuTa cBojcTBa y nopebemy ca rpaduroM, Koju je 6uo
Hajuenthe KopuuiheHn efIeKTPOIHI MaTepHjarl IO ieBeie-

CeTUX TOMVHA IIPOLIOT BeKa 1 oMoryhaBajy HoBe IpyMe-
HE Y aHa/IMTUYIKO]j XEMUjH, €/IEKTPOKATA/IN3Y U EJIEKTPO-
Hyu [3].
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Cmuka 2. Heke moryhHocTn no6ujama BelTauykux
YI'bEHUYHUX MaTepujana

ENEKTPOJE Ol YITbEHMIYHE ITACTE (CPE-
CARBON PASTE ELECTRODES)

Y omrem cimy4dajy CPE cy e1eKTpoXeMujcKm CeH30-
PM cacTaB/beHM Off, €/IEKTPOIIPOBOIHOT MaTepyjaja IIo-
CTaB/beHOT y TeuHy 1y 4BpcT MaTpukc. ITpsa CPE je 6u-
na npefcra/bena off crpaHe Agamca(Ralph Norman
Adams) 1 BberoBux capagHuKa KpajeM 50-1X TOfMHa 20.
BeKa, Kao a/ITepHaTyBa Karwbyhoj )KMBUHOj eTIEKTPORN.
Bpxynar ceoje nomynaproctu CPE je mocTurna 25 romysa
KacHMje HaKOH ycIIeliiHe MopyduKaliyje nacre, Koja je pe-
3yITOBa/Ia Y 3Ha4ajHO IoBehaHOj CeleKTUBHOCTH I
ocet/puBocTY enekrpope. VI nanac CPE ap>xu ncraknyTo
MeCTO y U3pajiil eIeKTPOXeMMjCKIX O610CeH30pa U YIIo-
Tpebu y e/IeKTPOXeMIjCKIM CTyMjaMa.

Krnacuaue CPE, Hanpas/beHe of rpadmTHOT paxa u
MHEPTHIMX TeYHIX Be3UBHYX CYIICTaHIM (Ko LITO Cy MU-
HepaIHO WIN CWIMKOHCKO Y/be, HyjolI, 0eH3eH) 4lHe Haj-
BulLIe KopuiheHy Ipyny ceH30opa Ha 6as3y YI/beHUYHMX
nactu. IToctoje u CPE ca eneKTpoakTMBHMM BE3UBHUM
CYIICTAHIIaMa, HIIP. HEOPTAHCKVM €/IeKTPONINTIMA Kao
IITO Cy KOHIIEHTPOBAHN PAaCTBOPY MMHEPATHVIX KICENN-
Ha WM ankaaHux xugpokcupa. Ha konsucrennujy CPE
yTUYe cajipKaj Be3MBHe CYIICTaHIIe Y pas/uKyjy ce "cyse"
u "Bnaxe” CPE. 3atnm cnene uspcre CPE koje ce cactoje
Of] MeIlIaBMHE YT/beHNKA U JIAKO TOIUbMBE BE3UBHE CYIIC-
TaHIle (HIp. peHaHTpeH Wiy mapadHCKM Bocak). Mory
6utn HemMopudukoBane (of rpadUTHOT Ipaxa U Be3uBHE
cymcranne) u MmopgudukoBase (Of OpUIMHATHUX OMHAp-
HUX CMellIa KOjIMa Ce JIOfIajy jeiHa VI BULIE KOMIIOHEH-
1 Kao Mopu¢uxaropu) CPE. IIpema cBojcTBMMa MOfy-
¢ukaropa, mompuduxosane CPE ce gasbe Mory permmty Ha
XeMyjcKky MopyduKoBaHe 1 OMOIOMKY MOfV(UKOBaHe
enexrpope (CP-6uocensopn).

Behnna 6uHapHUX (HeMoppUKOBAHNX) YI/beHIY-
HJIX IACTU Ce IPUIPeMa Off KOMEPIIMjaTHO JOCTYIITHOT
rpaUTHOT IIpaxa.

OcKM CIIEKTPOCKOIICKOT IPaUTHOT IIpaxa, y HOBIje
BpeMe KOpJCTe Ce U Py CaBpeMeHMj! IIPOBOIHM YI/be-
HIYHV MaTepyjajiy, Kao LITO Cy:

] cneuujanaHM IIpaxoBM CTAK/IACTOT YI/b€HMKA,
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e jemHO3WAHe U BUIIE3M[HE HAHOLEBM Ha 0asu

YITbEHUKA,

 YIJb€HUYHA HAHOBJIAKHa,
 [MjaMaHTCKM IIpax,
« uab), hymyp u np.

OCHOBHM 3aXTeBY 32 B€3MBHE TEYHOCTH KOje Ce KO-
pucTe y IpunpemMarby IacTy Cy IpakTU4YHa HepacT-
BOP/BYBOCT y aHA/IM3UPAHOM PacTBOPy (06M4HO BOfe-
HOM), 4MMe Ce CIIpeyaBa JiesVHTerpanyja MaTepyjana of
KOjer je HallpaB/beHa e/IeKTPOJa; HU3aK HAIIOH ITape fia 6u
ce 0be3bemIa MeXxaHIIKa CTaOVJIHOCT e/IeKTPOfie Ha Aiy-
KU TIEPUOJ, M €/1eKTPOXEMMjCKA MHEPTHOCT Y MICIIUTHUBA-
HOM MHTepBa/Iy IIOTeHI[1jasIa, ia 61 ce Cripednia BIUCOKa
pesusiyasHa CTpyja i IPOMEH/BUMBOCT CacTaBa e/IEKTPOI-
HOT MaTepujajia y BONTaMETPUjCKUM MeperbiMa.

HajsnayajHmja KapaKTepuCcTUKa U jeINHCTBEHOCT
€/IeKTPOJIa Off, yI/beHIYHE IIaCTe OIVIefia ce y MoryhHocTu
IbeHe JIaKe 1 6p3e MopuduKalyje JYPeKTHOM MHKOPIIO-
PaLjoM XeMICKIIX 11 OMOTIOIIKYIX CYTICTAHI Y MATPYKC
nacre. Takobe, jenHa o BayKHUjUX KapaKTepPUCTHKA YI/be-
HIYHVX NTACTH Y €IEKTPOXEMMjCKMM MEPEbIIMA je IbIXO-
Ba BICOKa IIPOBOIHOCT. OBO je MOce6HO GUTHO CBOjCTBO Y
HOTEHIMOMETPUjH, C 0031POM Ha CTabuIaH 1 6p3 of3uB
KOjJ Ce 3aXTeBa Off MHIMKATOPCKE e/IEKTPOJE.

ToxoM Meperba, CMellle YI/beHUYHYX IaCTH MCIIOTba-
Bajy 0OMYHO TpY KapaKTepUCTIYHA NIePMOfA, KOjU Ce MO-
ry npunucaTyi epekTuMa crapema. IToctoje: HecTabuman
VM 9aK HEPOAYKTUBAH OfI3UB CBEXKe HallpaB/beHUX
YITbEHMYHVX ITACTV TOKOM IIEPMOJia Off HEKOMKO JI0 48
caTy; pellaTMBHO CTabVIaH CUTHAT Y MHTEPBaIy Of fiBe-
TPY Hefle/be O HEKOIMKO MEeCEeIN, U Haj3af, MOCTENEHo
HOToplIaBarbe Of31Ba 300T ITOYeTKa Cylera. /13 oBora ce
MO>Ke 3aK/bYUYITH Jja je KPajibyl YIIOTPeOHM BeK YCKO II0-
B€3aH Ca KBA/IMTETOM BE3MBHE CYIICTAHLIE M Y HEKUM CIIy-
YajeBMMa Ca OJHOCOM YI/bEHMYHOT IIPaxa Vi BE3UBHE Te4-
HOCT.

HajBaxxuuja Qprsnako-xemujcka ocobuHa Koja nma
BEJIMKI YTUILIAj HA pe3yaTyjyhe eeKTpoxeMujcKo IOoHa-
arbe CPE je mnodmitHo cBOjcTBO Matepujana yI/beHnd-
He nacre. XunpodobHoCT ce ornena y edekry ondujama
jOHA ¥ MOJIEKY/Ia Ha ITOBPIIVHN YITbeHIMYHE IIACTE, Kao U y
crerUYHIM MHTePaKIjaMa ca HeKMM CYTICTaHIaMa Y
MonM(pVKOBaHNM YI/beHNYHUM I1acTama [3].

Hucka pesupiyansa cTpyja yIJbeHUIHMX IACTH j€ jei-
Ha O]] IbMXOBUX 3Ha4ajHUX norogHoctu. Ilosaguucke
crpyje kon CPE uecTo He npejase BpeHOCTH Off 1 A,
OCUM Y HEKUM CIIEIVjaTHUM EKCIIEPMMEHTIMA KOju ce
OJJHOCE Ha BPJIO CJIOXKeHe MaTpukce. CrienyjanHoM obpa-
TIOM IIOBPILIMHE €/IEKTPOJIE Pe3ujyaHa CTpyja MOXe ce
CMaUTH U IO NA HIBOA.

IMonapusanmone moryhuoctu CPE oppebyje npax-
TUYHY IPYMEH/BUBOCT €leKTPOfia Y MepemyMa dapa-
mejcke cTpyje. Omcer MOTeHIMjala ToIapyu3anyje yoou-
YajeHNX YI/beHNYHMX IIaCTU HalPaB/beHMX Of CIIEKTPO-
CKOIICKOT rpacura 1t napaduHa Win CUIMKOHCKUX Y/ba
MOKe ce IIOPEIMTH Ca UCTUM KOf] TpadUTHIX eleKTPOTa.
OBaj omcer 3aBucy of cactaBa MIOMOhHOT e/leKTpoNTa,
TIpe CBeTa Off leroBe YKYTIHe K1cenocty. KarogHa 1 anoz-
Ha TpaHMI[a 3aBlCe IPBEHCTBEHO Of TUIA IpadpuTHOT
npaxa. Ha mpumep, rpadutHe gecTuile uMmnperaucase
L€PE3MHCKMM BOCKOM MOTY ATy YI/b€HUYHY IacTy ca
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3Ha4YajHO NPOLIMPEHVM IPO30POM MOTEHIIMjaNa y aHON-
HOM MHTEpPBay.

Jenua of HajKapaKTepPUCTUYHUjUX OCOOMHA TN~
HOQVTHMX Be3VBHIX TEYHOCT je HIIXOB YTUIIAj Ha peakK-
1je IpeHoca HaeneKkTpucama. OBaj edexar je ox camor
HOYeTKa 6110 Off IIPUMapPHOT 3Hauaja Y eJIeKTPOXEMIjCKIM
nmaboparopujama. ArymaHa KuHetrika Ha CPE wecro mo-
T4 Off CHOCOOHOCTY Be3MBHE CYIICTaHIle /ja yCIopaBa
6pojHe (apayiejcke mpoliece y O/1M31HY aKTUBHIX MeCTa
yI/beHIIHOT Matepujana. Crora, peBep3uOIHyL PeFOKC-
IpoIlecy Ha efeKTpofaMa off KOMIIAKTHMX MaTepujana,
Kao IITO Cy CTAaKIaCTH YI/beHMUK, IVTATMHA U 371aTO, II0-
cTajy kBasu-pesepaubwnu npouecy Ha CPE [3].

EJTEKTPOJE Ol CTAK/IACTOTI YITbEHIIKA
(GCE-GLASSY CARBON ELECTRODES)

CraxIacTyt yI/beHMK je TOCTao IOITy/IAPaH eIeKTPOJ-
HII MaTepyjajl IIpe CBera 300T HeroBYX M3BaHPEHIX 0CO-
6yHa 1 TO: eKCTpeMHa YBpcToha, JoOpe eleKTpUYHe 0CO-
OuHe, MIVPOK HAIIOHCKM ITPO30P, XeMUjCKa MHEPTHOCT,
PeNpORYKTUBHOCT OCOOVHA, HEIIPOITYCT/BMBOCT 3a FacoBe
U 3 Pa3/MKy Off IVIEMEHUTUX MeTaia yIoTPeO/bIUBOCT
PV HETaTVBHOM IIOTEHLVjTy Y KVCeNIUM CpefiyHama [7].
Enextpope o CTaK/IaCTOT yI/beHNKA PasININTIX BeJ-
4J[Ha JIaTe Cy Ha C/IALN 3.

Ciauka 3. EfieKTpo/ie of CTaKJIACTOT YIJbeHUKA [9]

Crax/IacTy yI/beHMK Ce IPaB/ KOHTPOJICAHNM 3a-
rpeBameM IOMMMEPCKIX CMOJIA Y MHEPTHOj aTMOCGhepIL.
ITpouec kapboHM3a1Mje ce M3BOAY Y TEMIIEPATYPCKOj 00-
macTu of 300-1200 °C, Beoma Criopo fia 6u ce 06e36emmia
eIMMMHAINja KMCEOHMKa, a30Ta U BofoHMKa. CTpyKTypa
CTaK/IACTOT yI/beHMKA YK/byuyje TaHKe, Mehyco6HO nc-
HpeneTaHe Tpake yI/beHMKa. Hosuja nctpaxxusama mo-
Kasyjy 1 II0CTOjarbe y/IepeHCKIX CTPYKTYpa Y TOM MaTe-
pujay. 360T BenyuKe TyCTVHE ¥ MA/IVX IMMEH3Mja 1opa,
HAKOH IIpolieca KapboHu3anuje HeMa morpebe 3a M-
nperHanyjoM. MehyTuM, npuipema HOBpLINHE je YeCTO
noTpebHa fja 611 ce [OOMIA AKTYBHA Y PEIIPOAYKTUBHA
GCE. To ce Hajuenthe noctike mompameM (0 orema-
cKor cjaja) cycnensujom Al,O, y3 y3acTOnHO cMamerbe
YeCTUIIa CPENCTBA 3a IIOMIMpatbe CBe 10 0,05um. Enekrpo-
Iy je notpe6HO omnpaty (1o MOryhcTBy 1 Y yITpasBy4YHOM
KYTIaTWIy) Y iejOHN30BaH0j Boxu mpe yrorpebe. [10607b-
IIaHA eJIeKTPOH-TPaHCep PeaKTVBHOCT je BepOBAaTHO
HOCTIeVIIA YKIabakba MOBPIIVHCKIX HedrcToha, OTKpY-
Baba CBEKNX YI/beHNYHNX UBMIIA U ToBehama rycTune
HOBPIIMHCKMX (QYHKIVOHATHYX TPYIIA Ca KMCEOHMKOM,
Koje (pyHKI[VIOHNIITY Kao TIOBPIIVHCKY MefjujaTopu [3].

I'mauu Hemocratak GC eneKTpozie je eKCTpeMHa Kp-
TOCT ¥ 00aBe3HO MEXaHIYKO HOJIMpabe IO Cjaja OITea-
7a. 3a no6oJpIIambe nepHOpMaHCH MOXKe Ce IPUMEHNTH
AKTVBAIVIOHM NIPEATPETMAH €/IEKTPOXEMMjCKIM, XEMUjC-
KVIM, TOIUTOTHMM W/IV JIACEPCKUM ITyTeM. Y IPaKcU ce KO-



PUCTM Kao HeMOAM(UKOBaHA eIeKTPOLA, VI Ka0 MOLY-
(uKOBaHA HAKOH HaHOLIEHA IOTOFHOT MOAN(UKATOpa
Ha ’eHY HOBPIIVHY [6].

Penarusro HoB Tun Mogudukanuje GCE je HaHo-
merbe ¢punma of 6usmyTa (BiFE- bismuth film electrode).
ITpBu pap 13 oBe 06/1aCT Ce MOjaBHUO TIpe 15 TofuHA. Beh
y IpBYUM PafioBVMA je CTAKHYT Be/IMKM 3Ha4aj Te e/leK-
TpOfie, IIpe CBera U3 yIJia 3allTUTE )XMBOTHE CPefiiHe.
BiFE je mpencraB/beHa Kao aITepHATUBA JelleHujaMa
HPMMEBEHOj KaIUbyhoj XUBIHO] eleKTpony (1 eeKTpo-
Iy Ha 623y puIMa off K1Be) 3a oppehrBame Tparosa Me-
TaIa. Y CKOpO HAaKOH TOTa Ce I0jaBI/I0 MHOILTBO PajioBa O
napeM pasBojy u mpymMenn BiFE kao “3enenor” censopa sa
pasmunte enekrpoaHanuTiuke npumMene. BiFE je nmocra-
71a BeoMa IIOITy/IapHa e/IeKTPojia 300T CBOje PelaTBHE He-
TOKCHYHOCTH ¥ HEOCET/bYBOCTY ITPEMA PACTBOPEHOM KI-
ceonyKy. Herocrojame norpe6e 3a yKiamwameM KICeo-
HUKa U3 aHaM3MPaHKUX PacTBOpa YMHOTOMeE I10jefHOC-
TaBJbyje aHa/M3Y, ITpe CBera y CTy4ajy TepeHCKMX UCIINTH-
Bamba. HHakOH NOYeTHNX NCTPAKUBaba, y KOjUIMa CY IIpe
CBeTra aHAMM3MPAHN META/IN Y jeFHOCTBaHVjVIM PEaTHIM
y30pLmMa, yOp30 Cy ce I0jaBWIN 11 PafioB! y KOjuMa Cy
UCTIMTYBAaHM BeOMa KOMIUIEKCHU Y30PIM, Kao IITO Cy
KPB, TAaHKpeac, O4Ha TeYHOCT, a 3aTUM 1 XpaHa. Ilopern
[pMMeHe Y HeOPraHCKOj aHA/IN3M, YOP30 CY Ce MOjaBIIn
pe3ynTaTy Be3aHu 3a ofpehuBame pasmMInTiX OpraH-
CKUIX jefuberba, YKbydyjyhu mectunupge, 60je, 1 mekoBe

(3].

YITbEHUYHE HAHOITEBUMIIE (CNT-
CARBON NANOTUBES)

YI/beHnyHe HaHOLEBYMIIE CY OI/IMYHM €/IeKTPOXe-
MUjCKU MaTepyjamy 360r 1o6pe pOBOI/BMBOCTH, MeXa-
HMUKe yBpcTohe Kao 1 MHepTHOCTY Y BehyHM pacTBOpa
€/IEKTPOJINATA ITIe 3a[p>KaBajy CBOjy aKTMBHY IIOBPUIVHY 1
MoryhHocT Kopyihera y IIMPOKOM OIICETY IOTeHIVja-
na. CMaTpa ce fia Cy HaHOIEBUMIIE Of YITbeHMKa JaHaC
HajUCTPaKMBAHMjU MaTepyja/i U ja Cy MOTyhHOCTY B-
xoBe MopuduKaIyje orpaHNdeHe jeYIHO MALITOM XeMI-
4apa. Ilocenyjy MHTepecaHTHe eIKTPOXEMMjCKE M MeXa-
HI4Ke ocoOuHe . YTBpheHO je fia je eeKTpOaKTUBHOCT
CNT nocnenniia mpucycTBa peaKTUBHIX IPyIIa Ha IOBP-
e, [Tpopadynu cy mokasam fja Ho60/bIIIaHY IIPEHOC
€/IeKTPOHA HaCTaje 300T 3aKPUBJbEHOCTH LIEBM I1ITO je I10-
ClenMIa IIPOMEHa Y eHePreTCKUM IojaceBuma. 11pu ymo-
Tpe6u CNT kao MopmduKaTopa youeH je Mam HajiHa-
noH 1 Beha CTpyja nuKa y BOITaMeTpPUjCKUM MeperbuMa
MHOTMX jeluiberba. MaHa 1M je Be/Ka TOKCUMIHOCT.

,HBa OCHOBHa TUIIA YITb€HMIHNX HAaHOLIEBINIIA CY:

* jemHOCIOjHE HAHOIIEBYNIIE (SWCNTs-
singlewalled carbon nanotubes), ciuka 1h;
* BIIIEC/IOjHE HaHOILIEBYNIIE (MWCNTs-

multiwalled carbon nanotubes) cacrtasmene op

HEKOJ/IMKO KOHL[CHTPI/I‘{HI/IX KPYI‘OBa II0OCTaBJbE-

HUIX jeflaH YHyTap APYyTOT, CIMKA 4.

ITpeunuk CNT-a Bapupa of HEKOIMKO HaHOMeTapa
(SWCNT) no HeKONIMKO JeceTMHa HaHOMeTapa
(MWCNT), oK je [y>K1HA Y MUKPOMETAPCKOM PacIIOHY.
TaxBa BelMdMHa UM [iaje jelMHCTBEHe 0COOMHE Kao IITO
je BenvKa nospumHa (200-300m? o rpamy) [10].

Ciuka 4. Bumecsnojua HaHoueBuua MWCNT

[11]

TledrHucana cy Tpy OCHOBHA Ha4MHA MOfM(UKa-
nuje CNT-a,

1. KOBJIEHTHO Be3uBame MOM(MKATOpa Ha MOBPIIN-
Hy CNT-a 61710 XeMIjCKOM MIY €/IeKTPOXEMIjCKOM
MoaMQVKaIjoM,

2. ¢usnocopmuyjom Mopu¢ukaropa Ha CNT nosprun-
HYy,

3. oCTam BUAJOBY MOpyQMKalyje Kao IITO Cy VHKOP-
nopupame CNT-a y hbunvmom MoanduKoBaHy enex-
TpoRy Win yMeTame Mogudukaropay CNT [6,10].
360r cBoje BeMM4MHe CaBplIeHa Cy KOMOMHAIMja ca

6uomatepujanuMa (eH3MMU, aHTUTEHY, AHTHUTEIA, HYKIe-

MHCKe KUCEe/INHE, PeLleNITOPY, TKUBa UTH. ) y IPOoLecy

HpousBofbe buocensopa. ITomTo je mprpopa enexrpoze

M3y3eTHO Ba)KHA y IIPOLIeCy IpeTBapaiba curHana, CNT

Cy IpUMemeHe Y OBe CBpXe 300T CBOjUX M3BaHPETHUX

HpoBOIHIMX 0cobMHa. ITocnentbe ronuHe y noupydjy 61o-

CeH30pa obeesxeHe Cy pa3BojeM OPOjHIX OCEeT/bUBUX 1

Ce/IEKTVBHIIX €/IEKTPOXEMIJCKIX 61oceH30pa basypaHmx
Ha CNT-y [6].

IINPOJINTNYKE TPAOVUTHE EJIEKTPOJJE
(PGE-PYROLYTIC GRAPHITE ELECTRODES)

Iuponurirdke rpaduTHe €IEKTPOJie HAIIPaB/beHe Cy
o1, BUCOKO ypehenor rpaduta ;o60jeHOT TepMUIKIM pas-
JlarameM yI/bOBOJOHNKA 0e3 IPUCYCTBa KUCeOHMKa (Imy-
ponusa). CriojeBu rpaduTa Cy napanesHo OpyjeHTICaHN
(cnmuxa 5). Kao enexponHa NOBpILIMHA MOXKe Ce YHOTpeOu-
TV UBMIA (MBUYHE IMPONUTIIKE TPadUTHE eIeKTPOTE -
edge plane pyrolytic graphite electrodes), unu 6asanxa
HOBPILIMHA IMPONUTUYKOTL rpaduTta (6asanHe mIposm-
TiuKe rpaduTHe enKTpOone - basal plane pyrolytic graphite
electrodes) [7].

_J'*J/glua

MBUYHA NnoBpLIWHa

noBpLUIWHa
Cimuka 5. [Tupommtuyaku rpadut [12]
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EJIEKTPOJA O] BOPOM JOIIOBAHOT
OUJAMAHTA (BORON DOPED DIAMOND
ELECTRODES - BDD)

bop je mmpoko mpuMewmnBaHM [ONIAHAT y IPON3-
BOJIb-M €/1EKTPOJIA Off AMjaMaHTa 3aTO LITO MMa HUCKY
eHeprujy akTuBanyje. lomoBameM 60pOM AMjaMaHT, KOji
jé MHaye u3051aToP, MOCTaje MOMYNPOBOJHMK. 3aMeHa
npub/moKHO jenHor C-aToMa off 1000 aToMoM 6opa f1o-
BOJbHA je [la AMjaMaHT YYMHU NMOTYIPOBONHUKOM.
YBobere 6opa BpLIM Ce TAKO LITO CYIICTaHIa Koja canp-
1 60p (mubopaH W TpuMeTII O0paH) fofaje y racHy
cMely 3a Tanoxerme. OBa e1eKTpoyia laHac ce IMPOKO
ynorpe6paBa 300r Hy3a JOOPYX OCOOMHA: IIMPOK MOTEH-
IVIOMETPHjCKI IIPO3OP y BOZIEHMM PAcCTBOPMMA, Majia OC-
HOBHA CTpYja, ZyTOpTajHa CTaOMIHOCT 1 MajIa OCET/bM-
BOCT Ha pactBopenn KuceoHuk. Oe ocebune ynne BDD
HIOTOJTHOM 3a €/IEKTPOXEMIUjCKY aHa/IU3y CYIICTaHIM Koje
Ce OKCHUJyjy Ha BEMKUM BPETHOCTMMA [TOTEeHIIMjaa.
Ocob6une BDD 3aBuce of KONU4YMHE 1 BPCTE JOIMHT
cpencTBa, MOpOIOIKYX BaKTopa U AedeKaTa y CTpyK-
TYpM, IPYUCYTHUX HeducToha, KpycTanorpadcke opyjeH-
Talyje U eIEKTPOXEMMjCKOT TPeTMaHa IIpe JONOoBamba.
3HayajHa IPEJHOCT y ONHOCY Ha Jipyre e/IeKTpozie (31aT-
HY, IVIATVHCKY UTH. ) je Be/luKa IPEeHAaIeTOCT M3Bajamba
BOJJOHVKA V1 KMCEOHMKA, & MaHa je TO IIITO je IPOLIeC JOIIO-
Bamba T 1 3aXTeBa COUCTULIMPAHe MHCTPYMEHTe [7].

MMKPOEJIEKTPOJE Ol YTJbEHTYHIX
BJIAKAHA (CFME-CARBON FIBER MICRO
ELECTRODES)

XeMMjCKM pelaTMBHO VIHEPTHA YITbeHMYHA BIaKHa
UMajy ¥3y3eTHEe MEeXaHUYKe U e/IeKTPUIHE OCOOVHE I
IPEeJICTaB/bajy OfINIYHY OCHOBY €IeKTpOJie 3a eeKTpod-
3MOJIOLIKY, €/IeKTPOXEMIjCKY ¥ OYOCEH30PCKY IPVIMEHY.
IMokasarne cy ce Kao BeoMa IIOTOJHE 3a in Vivo eleKTpoxe-
MMjCKY JeTeKIIMjy KaTexo/lIaMyHa M APYTUX oKcuayjyhux
OMOIOLIKY aKTMBHIX XeMUjCKUX BPCTa YK/bydyjyhu u a3-
oT-MoHOKcKA. ViMobummsanjom DNA Monexyna min
YIbeHMYHUX HaHoleBunila Ha nospimHy CEME ctBope-
He Cy HOBe MOTYNHOCTH 3a eIeKTPOXEMMUjCKY AeTeKLUjy
OVO/IONIKYM aKTUBHUX BPCTA.

Ocnosa CFME je eneMeHTapHO B/IAKHO Of], YITbeHMKA
yrpabheHo y 60pCHIMKaTHO CTaK/IO WM IIACTUKY 300T
e/IeKTPUYHE U30/Ialyje M Mexanudke nogpuike. Heuso-
JI0BaH BPX BUPM 13 06710Te TY>KMHOM Off 10 JIO 100{m I
06e36ebyje KOHTaKT ca aHa/mITOM (CTHKa 6).

Y cry4ajy 6uoceH30pa 0Baj BPX je IIOKPMBEH Ofr0OBa-
pajyhum ensumowm, nporennom, auturtenom nta. CEME
ce 4ecTo MOAMQUKyjy HaHOIIemheM HadUOHa IITO VX YM-
HII BeOMa IIOTOHVIM 3a KBa/IMTeTHO ofipehuBambe 611o7or-
KVIX BPCTa Kao IITO je OIaMMH y IPUCYCTBY aCKOPOMH-
CKe Kucenmue [13].

METOJIE MOOVI®UKAIIVJE U
MOJVI®UKATOPH EIEKTPOJIA HA BA3U
VIJbEHUKA

YI/beHMYHM MaTepujany MMajy MHOTO KOMIIJIEKC-
HIjy MOBPIIVHCKY XeMIjy Hero MeTasIy, He CaMo 300T oc-

128 Xemujcku tipeineq

H3o1anuja o1 eTaraa
H/IH IUTACTHKE

D

YI/beHHYIHO

BJAKHO
ned/pHHE 7um

Cnuka 6. MukpoeneKkTpofa of] yI/beHUYHOT BlaKHa
(13]

HOBHE MMUKPOCTPYKTYpe, Hero 300T TOTa LITO yI/bEHUK
¢dopMupa pasmduTe NOBPLUIMHCKE Bede U GYHKLOHAN-
He rpymne. [lommTo ce ennekTpoxemuja TeMe/by y OCHOBM Ha
uHTEep(EjCHUM IPOLeCMa, IIPUPOJA HOBPILINHE yI/be-
HIYHIIX €/IeKTPOJA je Of IIpecyJHOT 3Havaja. [IpeBennuja
3arabersa MOBPIIVHE €TIEKTPOfiE Pa3HUM XeMUjCKUM Bp-
CTaMa, IheHa aKTVBALja 1 YCIOCTaB/babe 60Jber peHo-
Ca elleKTPOHA Cy Haj3sHaYajHMju pasiosu 3a Kopuiherme
PasHUX CyIaTaHIY y BUY MOHO- VIV BUIIECTIOjHYX TIpe-
BJIaKa 3a MofuuKanyjy enekTponte nopprmHe. Ce Ko-
MepljaTHe eNeKTPOfie MOTY Jia ITOCITY>Ke Kao CYIICTpaTi
(enexTporie Ha Koje ce HaHOCe MOTI(PUKATOPY), /TN UMEbe-
HUIIA je [1a Cy HeKe TIOTOfIHMje U BUIIe TPYMEIbJBaHE Off
ApYyTMX.
Enextpope ce mory mogu¢ukosaru cinegehum mo-
CTyIIMMa:
* aNCOPIINjOM,
o KOBAJIEHTHMM Be€3UBaIbeM,
o IIpeB/IauerbeM eNeKTPOfe MOIMMEPHUM PUIMOM,
o IIpeB/IaueHheM eNeKTPOie HEeOPTaHCKUM Mare-
pujanuma,
« mpesnadereM Jlenrmup-bnonerosum(Langmuir-
Blodgett) moctynkom (LB) [14, 15].

ATICOPIIINJA

@usyocopIyja je CIOHTaHa ancopIiyja Koja ce Jie-
IIaBa 3aTO ILTO MOJIEKY/IU aficOpOeHTa Ha Taj HauMH IIpe-
J1a3e y eHepreTCcK IoBoJ/bHUje cTame. Pusnocopnuuja
METOJIOM KaIl TI0 KaIl 3aCHJBA Ce Ha MCIIApaBakby PacTBa-
paya IIpy 4eMy CYIICTaHIa Koja je Ouiia pacTBOpeHa OcTaje
Ha MOBPIIMHY CYTICTpaTa (e/IeKTPOfie), IITO je IOTOAaH
MeTof 3a popMIpatbe jefHOCIOjHMX (prmmoBa. Pegokc
MeIMjaToOpM Kao IITO Cy KanujyMxeKcanujaHodepaT
(Menpona mraso) u guxnopodenmmuonanon (DCPIP)
Ha 0Baj Ha4MH Ce TaKO HaHOCEe Ha CTAaK/IaCTU YI/bEHUK.
Haxo cy ¢pusnocopboBany CUCTEMY U Jajbe YIOTpeO/bI-
BU Y aHJIMTHULY, BUX0BA CTAOMIHOCT OFYBEK je 6uia
npo61eM. 3HaTHO CTaOWIHUjU CUCTeM [OOuja ce XeMM-
copmijom [15].

XeMucopIyja je peakliuja aficopIiuje ofrosa-
pajyhmx Moreky/na Ha OBPIIVHY €EKTPOJCIIPY YeMy ce
€/IeKTPOHY PaBHOMEPHO pacrofierbyjy nsMeby afcop6o-
BaHJX MOJIEKY/Ia X €/IEKTPOfIHE TIOBPILIIHE IITO e/IEKTPO-



Iy MOnM(UKOBaHY XeMICOPIILYOM YMHY CTaOMITHIGOM
of oHe obujene dpusnocopniujom. Enexrpoxemmjcke
0Cco6VHe MaTepujaa OTOTHIX 3a XeMVICOPIILIN]Y VIHTEH-
3MBHO Cy IIpOy4YaBaHe y IOC/Iefbe Tpu fekane. Ha mpu-
Mep, AHcoH(Fred C. Anson) 1 1eroBu capagHuI €y 1c-
TPKUBAIV XeMUCOPIILYjY PasAIUIUTIX BPCTA apoMa-
TUYHVX jeIyIbetba Ha YIJBEHIYHY €/IEKTPOY IIPY YeMY Ce
TI-€/IEKTPOHI aPOMATIYHIX [IPCTEHOBA PABHOMEPHO pac-
Hofie/byjy u3Meby yI/beHIHe eleKTPOofie U afcopOOBaHOT
aresca [14].

XeMucopniyja ofpasyMeBa AVpeKTaH KOHTAKT U3~
Meby ancopbetca u enekTpoze 300T yera je HOTIIYHO I10-
KpUBame eleKTpOofHe HOBpLIVHe Moryhe usBecTn caMo
jemHMM Cr1ojeM amcopbeHca 3a PasMKY Of OCTAINX METO-
ma MopuduKanuje Koje IoApasyMeBajy HaHOLIEHhe BI-
IIECTIOjHUX (MYITUMOJIEKYTAPHIX) QUIMOBA.

KOBAJIEHTHO BE3VIBAIBE

ITpeTeya MexaHM3aMa KOBICHTHOT Be3VBarba J3-
Meby enexrpope 1 criennuyHIX GYHKIMOHATHIX TPyIIa
jé peaxuymja XuIpOKCUIHE TPYIIE Y XUPOIUTIYKY HECTa-
6uHor cunana (6e360jaH rac cacTaB/beH Off CUIMKOHA I
XIIPOTEHA Ca jaKMM PERYKIVIOHMM CBOjCTBVIMA, 3aIa/bUB
Ha BasOyXxy).
Tunuyan npuMep KOBaJIEeHTHOT Be3UBamba HEKMX
(YHKLMOHAIHMX IPYyIIa K CyIICTpara (e/IeKTpofie) iat je
Ha C/IILN 7.

] ]
S X I ox
A E—ow X-SinmnR —> g—o—s«wR
C) X c] X
£ cl £ cl
= =
E N i~ N
8 |El—oH + C|~< N — B o—< N
ol \ o A
= N—7 = N—<
_ ol - Cl
cl HNewane R
C| [—C, * NHpwwrR —> | [—C,
A -,
S 3
i) @
g 8
= JCl '5, ’O‘W“WR
D| =<, * HO~R —> | [—C,

Cnka 7. [lleMarcky mpuKas KOBaeHTHe MOTMpUKa-
uyje [16]

KoBa/leHTHNM BesMBameM MOXKe Ce M3BPLINTU
KBa/IMTeTHA MonuuKaImja KojoM ce fobuja crabuana
€/IeKTPOJIa, BUIIEKPAaTHO ynoTpeb/prBa. MehyTum, y He-
KVIM C/Ty4ajeBMMa CTabUIHOCT Hije 3arapaHTOBaHa IMo-
ce6HO 3aTO IIITO je IIPOlieC KOBAICHTHOT Be3VBarba IOHe-
KaJi BeOMa KOMIUIMKOBaH. BUCOKY opranusaniujy cnojesa
HOHEKaJ je TelKo noctyhu ma je penpogyKTUBHOCT Q-
He, Te(pMHMCaHe CTPYKType C/I0jeBa OrpaHiu4eHa [16].

ITPEB/IAYEIBE EJIEKTPOJE ITOJIMMEPHVIM
OMJIMOM

ITponsBoy oBe BpcTe MogudMKaluje je eeKTpoaa
IpeByY€Ha jeHOC/IOjHUM W/IV BULIEC/IOjHUM HOIIMeEp-

HUM QuIMOM fie6/bIHE [JO HEKOIMKO MUKpOMeTapa.
Dopmupany nomMepHy GrIM MO>Ke OUTHL:

* IPOBOJHI,

* jOHO-M3MEHVBAYKIY,

* OfI COJI-TeII IOTIMMeEpa.

ITpoBomHN mONMMepH Cy BeoMa IIOIY/IapHU T10-
cnenmyx ropuHa. Cafipyke T-e/IeKTPOHE KOjU CY OIrOBOp-
HY 32 TOOPY IIPOBOI/BIBOCT, MaJTy €HEpIyjy jOHM3aLje I
Be/IMKY aQVHNUTET IpeMa efleKTpoHnMa. Komyrosaun -
€/IeKTPOHCKY CHMCTeM OBUX IIO/IMMepa CafipXKu jen-
HOCTPYKe U IBOCTPYKe Bese Koje Cy MOOWM/IHe Iy>K IO~
JIVIMEPHOT /IaHIja IITO VX YMHY CIOCOOHMM Jia BpIIIe Y7Io-
Ty e/IeKTPOH TpaHcdep Meyjatopa. Ca TaKBMM MaTepuja-
NMMa pefoKC IPOMeHe HICY JIOKaIM30BaHe Ha ofpebhe-
HOM MecTy Beh cy fenokanusoBane usMehy HeKomMKo
IPOBOJHYX MO/IMMEPHIX TPYIIa Kao LITO CY: IO/IMALeTH-
JIeH, TIO/IUIIPOIINO], TIO/IMAHVWIVH 1 IOZINTUOMEH KOju CY
ATy HAa CIIUIU 8.
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Cmuxka 8. CTpyKTypa IpOBOJHMX IIOIMMEPHNX IpyTIa
(14]

EnexrpononnMepusanyja MOHOMepa Ha eJIeKTPOIU
je Hajuyemthe kopuirheHa MeToza IPOM3BOMEE XEMIIjCKI
MonudUKOBaHe eleKTpofie OBe BpCTe npensubene 3a Ko-
putheme y enekrpoanamutudke cepxe. Moryha je u un-
KOpIIOpalyja, Ha IIpuMep 6110MOJIeKY/1a, IIPOLIECOM Jie-
KaIlCylIupama, afcCopIIje MIu KOBaIeHTHUM Be3M-
BareM 33 QYHKIVOHA/IHY IPYITy.

JoHO-M3MeBMBAYKI IOTIMEPH CafipKe HaeTleKTPH-
caHe BPCTe KOje MOTY Jla Be3yjy jOHe 13 PacTBOpa y Ipo1ie-
Cy u3MeHe joHa. TUIIMYHY IPeCTaBHULIY OBE BPCTeE CY
HadnoH, Todekc, nomcTupeH-cyndoHaT nta. Monu-
¢ukaija eeKTpofe OBaKBYM IIO/IMMepUMa BpILY Ce Ha-
HOILIeEheM pacTBopa oxroBapajyher ¢punma. Kag pactsa-
Ppad uctiapy Ha e7IEKTPOAY OCTaje C/I0j CYBOT IIOIMMEPHOT
dwma.

Cor-re/ MOMMMepH TaKohe MOTy MOCITYXKUTY 32 MO-
muduKanujy enekTpopa npensubhernx sa ymorpeby y
€/IEKTpOaHaIMTIIKe CBpXe. Vako Cy HOBuMjer faTyma us-
BECHO je ia T000/bIIIaBajy ePMICETEKTYBHOCT, TEMITPa-
TYPHY CTaOWIHOCT, ¥ MEXaHIYKY OTIIOPHOCT TPETHPaHe
enkrpore [15].

ITPEBJIAYEILEM EJIEKTPOJIE
HEOPI'AHCKIM MATEPUJATIIMA

I'nmuna, 3€0MMUT ¥ BYMA CTMYHU HEOPTAaHCKU MaTe-
PYja/ MEKpOKPUCTAIHEe CTPYKTYpe Takobe ce Mory Ko-
PUICTITH Kao MORM(MKATOPY HAPOIMTO 300T HIXOBE jo-
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HO-M3MeBUBavKe IpUpOofie. 3a PasiuKy Off jOHO-U3MeHb -
Ba4KIX IIOIVMepa, IIMHA U 3€0/IUT CY IIOCTOjaHy Ha BU-
COKVIM TeMIlepaTypaMa Kao 1 y IPUCYCTBY jaKIX OKCHIa-
LMOHMX CpeficTaBa. [IMHOM Mofu(UKOBaHe eJIeKTpoze
(Clay-modified electrodes-CME) npusnade ce ehy
XY, 13Mehy ocTasor, u 36or crierdnane o6po fe-
¢uHuCaHe cTpyKType (IIMHA MIMa JIMCHATY CTPYKTYPY, &
3€0/IUT CafIp>KU Iope 1 KaHajie ofpebeHor nujameTpa).
3eomnT je yro KopuiheH Kao COpOEHT 1 KaTann3aTop a
U3 TOTA je yC/Ieuia uyeja ia ce MCTpaXke eleKTpoxe-
MUjCKa CBOjCTBA €NIEKTPOJa MOIM(UKOBAHNX OBYM MIIN
CIIMYHMM MaTepyjamuMa. [nHe Koje ce MOy yIoTpeouTn
y oBe cBpXxe cy: Na-MOHTMOPWIOHUT, XMAPOTA/ILINT, /1a-
HOHMNT, JIATIOHUT Ca LeTIWITPUMETII aMOHVjYMOM UTH.
[17].

ITPEB/IAYEIBE JIEHITMUP -BJIOITETOBVIM
ITIOCTYIIKOM

1930. ronyHe Vpsunr Jlearmump (Irving Langmuir) n
Karapus Broyer (Katharine Blodgett) kpenpanu cy Buco-
Ko ypebhen jenHOCI0jHY (G1WIOM 1 HaHe/IV Ta Ha OBPIIY-
Hy enekrpope. Kopycriwm cy Tako3BaHe aMduidriiHe Mo-
JIEKyJIe KOjy cafjpyke HOJIapHe, XuapoduiHe GyHKIO-
HaJIHe rpy1ie (xuppoduiHa I71aBa) 3a Koje je Be3aH XUIpo-
¢bo6HY per (kw1 MaHaIL Ha IpUMep), Kao IITO je IpyKa-
3aHO Ha oy 9a. Kapga ce takBu Monekynm Haby y Bogm
xuppoduIHa IIaBa HecTaje y BOgu (pacTBapa ce) a Xu-
npo¢obHY pen he ucrBaTH Ha HOBPIUVIHY BOZE i CTBO-
PUTY TaHAK CJI0j KOjU Ce JIAKO HAaHOCK Ha e/leKTpony (cmm-
Ka 90).

xwuapoobHu pen
0

~
Na _C—CisHay
0

Q- A

Cnnka 9. a) ampudunuu Monexkyn 6) HaHOLIeHe
xuppodobHOr pena Ha IOBPIINHY eleKTpofe [18, 19]

xuapodunHa masa

®opmupame LB ¢pwimMa Ha HOBPLIMHY eJIEKTPOLE je
CIIOHTaH Ipoliec, Oalll Kao LITO je cIy4aj Kof camodop-
Mupajyhix MoHOCTIOjeBa, cTOra M He YyAu Aa je v puHa-
Ha CTpyKTYypa ¢uimoBa BeoMa cimuHa. Vmax, camodop-
Mupajyhu MoHOCIOjeBY ¢y cTabuHuju 3601 Popmuparsa
xeMucopOoBaHUX XeMIjcKyx Be3a [14]. Hajuemrhe ko-
pumthenn akTuBHM eneMerT LB dmmMoBa cy mpoBopsu
nonMepu [19].

ITPUMEHA XEMUJCKN MOJAVIOMTKOBAHIIX
EJTEKTPOJA HA A3 YI'TbEHUKA'Y
PEA/THUM Y30PLIVIMA

360r Hy3a IPEFHOCTY, Y AAHALIIEE BpeMe Cy KOM-
IUIMKOBaHe aHA/IMTIYKe TeXHIIKe KOje 3aXTeBajy CKyIy
MHCTPYMEHTALIjy 3aMetbeHe elIeKTPOXEMUjCKIM CEeH30-
puMa Koju Opike, jedTrHUje, U OY3LaHO MOTY A2 [ajy
yrnopenuBe iy 4ak u 6ope pesynrate ogpehuBama
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eneKkTpoaa

IWbaHVX aHA/IUTAY PasHMUM y30pLiMa. AHa/mu3a IeKoBa
KOja je Hekap BpureHa xpomartorpadcku, payopo-
MEeTPUjCKU U CIeKTPOGOTOMETPHjCKM, JaHAC Ce BPILIN
€IEKTPOXEMUjCKVIM MeTOflaMa IIpY YeMy ce Kao pafgHa
(v VHIMKATOPCKA Y CTy4ajy IOTeHIIOMETpuje) e/leK-
TPOJia KOPUCTH YIIPABO €/IeKTPOofia Ha 6asu yr/beHuka. Ha
oBaj HaurH onpebyje ce u 3Hauajan 6poj HeypoTpaHCMM-
Tepa - CYIICTaHIY KOje PEry/IyLly IPEeHOIIeHhe eJIeKTPId-
HMX curHana usmely cammx HepsHux henmja, xkao u us-
Meby HepBHux hennja n epexropckix hemmgja [7].

EnexTpoxeMujcke TeXHVKe Cy HOTOfHe 1 3a ofpehu-
Bame pasHMX OMOMOJIEKy/Ia Off 3Ha4ajakao IITO Cy Ha
npuMep nonuQeHom 300T BIUXOBOT aHTYOKCUAATUBHOT
CBOjCTBa Tj M3paXkeHe CIIOCOOHOCTH [ia 1ajy e/IeKTpOHe I
CIIpeyaBajy fiejcTBO cobomHux panukaia. OBa jemyberba
ce HajTase y 6upkama, Bohy, 4ajy, Meny, IVBY, BUHY UTA. 1
Y JbYACKOM OPTaHU3MY Cy BaXKHM jep LITHUTE Of yIaa,
anepruja, bakrepuja, BUpyca 1 KaHI[EPOTEeHOT [ejCTBA Pas-
HMX areHaca [20]. VIHTepecaHTHa je IpyMMeHa AyHyKIIeap-
Hor 6akap(II) oxTaasaMakpOLMKIMYHOT KOMIUIEKCA Y
PVC (Polyvinyl chlorid)maTpuuu kao Mmogudukaropa Ha
rpaduTy ¥ CTAKIACTOM YITbEHMKY YIIOTpeO/bEeHOT 3a BOJI-
TaMeTpPUjCKO ofipehuBarbe HICKe KOHIIEHTpallyje Ta/iHe
KMCe/VHE Kao CTaHfapya 3a yKymHe nomidenone. OBo je
IPBU IpUMep CEH30pa Y JOCAAAIIBO]j INTEPATy P Ie
BEILTAaYKY CUHTETVCAaH! KOMIUIEKC II0Kasyje ucTy edpekat
Ha OKCHiaLyjy nomideHosa Kao IPUPOTHIA MaKPOLVIKIN
KOJjJI CY Y OBY CBPXY IIpMMetbeHN y buoceHzopuma 6asu-
paHMM Ha eH3MMMMa KOju cafpike Gakap [21].

ITpuponHu ankanons KodenH, Koju ce Halmasn y Ka-
¢u, 4ajy, eHepreTCKUM
nuhnma, Kakay, 4oKona-
Ay UTH. Hajuemrhe je yro-
Tpeb/baBaHa IMCUXOAK-
TUBHA CYIICTAHIIA y CBa-
KOJfHEBHOM >KMBOTY; IIITO
beHOo oppebhuBame YnHM
BeoMa BaKHMM. 300r jef-
HOCTaBHOCTH IIPOIIeca, 33/j0BO/baBajyhe oceT/buBOCTH,
JIMHEAPHOCTH, CTAOMTHOCTH, U jepTMHIUX MHCTPYMeHaTa
HOTOJHYX 38 MIHUTYPU3alHjy, Y OBe CBpxe Hajuerthe cy
HIpUMembUBaHe eIeKTPOXeMHUjCcKe MeTofie (aMIepo-
MeTpHja, BONTaMeTpyja, HOTEHIMOMETpHja) Y3 yoTpeby
PasHIMX BPCTa YIJbeHMYHUX eTeKTPOpa, [22].

Temxku MeTanu U3 flaHa y faH IOCTajy cBe Beha
IPeTHa OKO/IVHM 1 JBYTICKOM 3APaB/by. Y OpraHusam 5oc-
[IeBajy AVMPEKTHOM KOHTaMIHAIIMjOM U3 OKOIUHE VTN
npexo xpae, Boha, mospha, xurapuna, pude nta. Buure
0ff, 50 XeMUjCKIX e/leMeHaTa Cliafia y TPYIy TeLIKVX MeTa-
71a: Ipe/IasHM METaly, HeKY MeTa/IOVIY Kao V1 TAaHTaHOM-
mu v akTuHoumu. Of Tora 17 MeTasa (0/10BO, XIBa, apCeH,
KagMMUjyM UTH. ) je BeoMa IPUCTYIAYHO JbYACKOM Opra-
HM3MYy a TOKCUYHO 11 y Tparopyuma. OBU eJIeMeHTH, Kao I
MHOTe Jpyre TOKCYHE MaTepyje, IeCTULIMN 1 eKCIUIO-
3MBHa CpeficTBa [23] ce cBe Buiie oppelyjy enexrpoxe-
MUjCKH, YIIOTPeOOM yI/beHUYHNUX e/IeKTpofia (IpyMepn
onpebyBama gatu cy y Tabenm 1).




Ta6ena 1. [Ipumena moandukopannx u HeMogu$pUKOBaHUX eTEKTPONa Ha 6a3y yI/beHNKa 3a ogpehnBame Hekux

Ba)KHMjIX aHA/INITA.
Anajiur Censzop Texnuxa Y3opak Ped.
Ipoxaux GCE/MWCNT DpV! JIEKOBH, 7]
Tlexon (aHecTeTHK) TeNleCHe TeYHOCTH
AcnmprH . ) JIEKOBH,
aHAJITETHK BDD; GCEMWCNT Swv TeJeCHe TeYHOCTH 7]
( )
CPE/MWCNT; V3 JIEKOBH,
Honavn CPE/HoMmtponuT SWV TeJIECHE TEYHOCTU 7231
Heyporpancmutepu
Cenaromi GCE/Hadwuon DPV JIEKOBH,
b GCE/MWCNT TeJleCHe TeYHOCTH [7]
. GCE u rpadur/ DPV 1
aJTHa KHCeTMHA [Custpme](ClO,),/PVC BHHO [21]
Homdenosu
Emukarexun GCE (6\Y BHHO, Bohe [20]
Hukortun PGE/MWCNT sv4 KpB, IyBaH [7]
Ankanonan GCE/Hacmon Ccv .
Kogeunn GCE/Ha q)nof/)Mv CNT DPV KOKa-Kona, kada, 4aj [22]
CPE/Bepmuxynur SWV 3eMJBHLIITE, Yy
Kupa CPE/MOHTMOPUIIOHUT DpV BOZIE 23]
Temku meTaau
Kaamujym CPE/BeHtoHuT DPV SCMIBHILITE, [23]
BOZIE
Hurpobensen CPE/Cemmonut DPV 3eM;m§Te’ [23]
TokcuuHe maTepuje A
Denonu CPE/Cermomnut DpPV SCMIBHILITE, [23]
BOZIE
Tectuuma iie}:iﬁ)g:(’)g_ CPE/Cemmomnut DPV 3eMJBHIIITE [23]
Exenuosus Hurpodenon GCE/MOHTMOPUIOHHUT DpPV eKCIUTM3MBHE CMelle [23]

! DPV-]IudepeHiyjaHa IIyacHa BOITAMETPHja;

SWV-BonTameTpuja ca IpaBoyraOHNMM TaTackMa;
3 CV-Huwmusa BorraMetpuja; *SV-Crpunuur BonramMeTpuja

3AK/bYYAK

YI/beHnyHN MaTepujany ce faHac WNPOKO YIIo-
Tpe6/paBajy y aHATUTIYIKO] U MHAYCTPUjCKOj XeMuju 300T
H132a IPEIHOCTI: HICKA 1]eHa, IIMPOK OIICET IIPYMEHbY-
BUIX MIOTeHIMjaa (eeKTPOXeMIjCKY IIPO30D), PeNaTyB-
Ha MIHEPTHOCT U M3paKeHa e/IEKTPOKATAMNTIIKA aKTHB-
HOCT 32 pas/I4uTe pefoKc peaknuje. [Jo feBeneceTyx ro-
AVHA IIPOLIIOT BeKa Kao eJIeKTPOJHYU MaTepyjal Ha 6asu
yI/beHMKa KopuirheH je caMo rpaduT, ZOK ce JaHac cBe
aIoTpoIICKe MopuduKanyje YI/beHUKa MOTY YHOTpeOuTH
Kao MaTepujalu 3a IpOU3BOAIY eeKTPoAa O1Io Kao
CYICTpAT MaTepujamu wim MofudukaTopy. Y ogHOCY Ha
MeTaJle MIMajy MHOTO KOMIUIEKCHjY TIOBPIIVHCKY XeMUjy
He caMo 360T OCHOBHE MIKPOCTPYKTYpe, Hero 360r Tora
IITO YI/beHUK GOpMMpa pas/nyuuTe IOBPIINHCKE Be3e 1
GbyHKIMOHANHE TpyTIe. PasmuanToCT eeKTPOIHIX MaTe-
pujana Ha 6asy yI/beHMKa IIPOVI3U/IA3N Y BETMKOj MepH I
U3 IbUXOBMX CTPYKTYPHUX PasHOMMKOCTH, XeMUjCKe 10-
CTOjaHOCTH U jAKMX Be3a YIJbEHVK-YI/bEHVUK KOj€e II0CTOje
U 'y YHYTPAIIbOCTY YITbeHMYHOT MaTepujaa, a 4ecTo U
nsMeby yrpeHnaHOr Matepyjana 1 MoauQyKaTopa IoBp-
myHe. PasmranTuM enekrponama ce Moxe ofpehraru
Be/MKM OpOj 1eKoBa, OMOMOIIKY BaXKHUX CYIICTAHIN,
TOKCHYHMX MaTepyja, HeCTUIN/A, eKCIUIO31BA UTH, YI/be-
HIYHY MaTepyjaiy, TI0CeOHO OHYM HAaHO AVIMEH3Mja, CaBp-

IIeHa Cy KOMOMHaIyja ca GuoMaTepyjamima (eH3yMu, aH-
TUTea, IPOTEVHNU UTH.) Y IPOU3BOAILY OMoceH30pa 3a
Hajpas/manTujy npumeHy. Hanmomarepujanu, nako Beo-
Ma CKyII/ ¥ TOKCIYHI, CMaTpajy ce Marepujamma 6ymyh-
HOCT.

Abstract

CARBON BASED ELECTRODES: MODIFICATION
AND ANALYTICAL APPLICATION

Sonja M. Jevti¢, PhD student, Department of Chemistry,
Faculty of Natural Sciences and Mathematics, University of
Pristina,  Kosovska  Mitrovica,  Serbia,  e-mail:
jevticsonja88mail. com

Carbon materials are widely used in analytical and
industrial chemistry now, due to several advantages: low
cost, wide electrochemical window, the relative inertness
and expressed electrocatalytic activity for a variety of redox
reactions. Untill the nineties of the past sentury, only
graphite was used as an electrode material based on carbon,
but today all allotropes of carbon can be used as materials
for the electrodes production. In regard to to the metal
surface, carbon materials have a more complex chemistry,
due to its underlying microstructure and formation of
different surface carbon bonds and functional groups.
Imparity of carbon materials stems mostly from their
structural diversity, chemical resistance and strong carbon-
carbon bonds that exist in the interior of the carbon
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materials, and often between the carbon materials and
surface modifier. A large number of drugs, biologically
important substances, toxic substances, pesticides,
explosives etc. can be determined. Carbon-based materials,
especially those of nano dimensions, are a perfect
combination with biomaterials (enzymes, antibodies,
proteins, etc. ) for the production of a biosensor for the
wide applications. Nanomatrials, although very expensive
and toxic, are considered to be the future of analytical
chemistry.
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BECTM us IIIKOJIE
BECTM 3a IIIKOJIE
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Y pagy cy pasmoitipere kapaxitiepucitiuxe uHiiepguc-
yutinuHapHol Upuciiyiia Hacillasu Upupogrux Hayka u
iipegnodce je Gipumep tpumere AKeol Upucitiyila 3a 0d-
pagy Haciliasre itieme Baperve.

VBO]I

Hacynpor guciuiuimHapHOM IPUCTYITY HACTaBI Y
OKBMPY KOTa Ce HACTABHUIY CTPOTO Jp3Ke CafiprKaja caMo
jenHOT HaCTaBHOT IIpeAMeTa, MHTePAUCHUIIMHAPHY
HPUCTYII OApasyMaBa II0Be3MBatbe CPOHIX CapKaja
U3 pa3NMINTIX HAaCTaBHMX IPEAMETA Y JIOTYIKE LIE/INMHE
opraHusoBaHe oko oppehenor npobrema unn Teme
(Barton & Smith, 2000).
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VHTEPIMCHOUIUVIMTHAPHU ITPVICTYII HACTABU
ITPVIPOOHNX HAYKA

VHTepaucuunInHapHO pasMaTpame HaCTaBHUX
cafip>Kaja HajupUPOSHUjU je BUJ, Pajia 3a yIEHNKE jep
npefcTas/ba pedIeKCHjy CIOHTAHOT U CTBAaPalIadKor Ha-
YMHa Ha KOjU ce CBaKU Y0Bek off poherba yIio3Haje ca cBe-
TOM, Tparajyhu 3a peniemrMa KOHKPETHUX XUBOTHNX
CUTYyaIyja MUMO 611710 KaKBYIX AYCHIUIVHAPHIX IOfIeNIa
(Klein, 1990). ITocnequ4HO, TakaB OPUCTYII OCIIOCOOTbaBA
Y4YEHMKe 32 peaIHy XKMBOT KOji He IT03Haje TpaHMLIe 13-
MeDy HacTaBHMX IpefiMeTa Y HayYHMX AMUCLMIUINHA U Y
KOME je 3a CHaJIaXXerbe Y PASHOBPCHUM CUTYall/jaMa Heo-
nxopHa QrrekcubyIHA IpUMeHa HajpasnuIuTIjuX 3Haba
U BEIITHHA, TpaHcdep 3Haba U BELITHHA 13 jefHe 00-
JIACTU Y APYTY U IJIXOBO IIOBE3MBAILE Y HOBA CMIUC/IEHA
peesa (Newell, 2001).



VIHTepauCIMIIMHAPHY IPUCTYII HACTABM pa3Buja
KOTHUTMBHE CIOCOOHOCTH Y4eHMKa Y OCIIOCO0/baBa X 3a
kputnako mutwbembe (Fink, 2003). Hanme, decr je cydaj
Ia jemad ucTy pobieM npoy4asa Behu 6poj HaydHUX
IVICLIMIUIMHA, CBaKa IIOMORNyY ceb1 CBOjCTBEHMX METOfA 1
TexHuKa. [TputoM, pesynraTy 1o Kojux gonase Mory outu
u Mehyco6Ho cympoTcTaBbeHn. VIHTepCIMITINHAPHY
Ha4VH pajia 0CHOCO0/baBa yueHMKe 3a caIjlefjapame CIie-
1MGUYHYX OPYCTYIIA KOje pas/iiduTe HaydHe VICIIIN-
He KOPJCTe Y CBOjUM UCTPaKMBABIIMA, 38 yOuaBare OUT-
Hyx MHQOpPMaIja Koje ce MOTy JOOUTI 13 CBAKOT MICTpa-
JKMBarba I0Be3aHor ¢ ofpehennm npobdnemom u nHTerpa-
1yjy nHGOpMAI[/ja y jefUHCTBEHO pellerbe.

Kpos uHTepAycIMIVIMHAPHY IPUCTYI HACTABY y4e-
HJIIM Ce OCIIOCO0/baBajy 3a LIe/IOBUTO Car/lefiaBarbe CBaKe
JKMBOTHE CUTYallje, a TO IIOipasyMeBa I carjefaBarmbe
HoC/IeMIia Koje IpyMeHa ofpeheHnx nocrymaka i mpo-
1jeca MOXKe VIMaTJ Ha JITYHOM I [7I06a/THOM HUBOY (Jones,
2010). Y caBpeMeHOM CBeTY IOCEOHO je BayKHO Pa3MOTPH-
TV TIOC/IefiMIie TIPMMEHe CBAKOT HOBOT HayYHO-TeXHO-
7omKor oTKpyha ca eTIYKOT U eKOJIOMIKOT CTAHOBMIITA.
ITpyMeHOM MHTEePAVUCIMIDIMHAPHOT IIPUCTYIIA Y HACTABU
IPMPOLHYIX HayKa KOJ yUeHNUKa Ce MOYKe Pa3BUTM CBECT O
TOME JJa CBaKy MHYCTPMjCKM ITOCTYTIAK KOjy yIpOXKaBa
JKVMBOTHY CPEIVHY U 31paBjbe JbYAU Mopa OUTH ofibadeH,
6e3 00631pa Ha TO LITO je jeTHOCTaBaH 3a 3BODeme, a Ma-
TepujaiHa JOOUT Off BeroBe IpyMeHe Beluka. Takobe,
KpPO3 U3y4aBarbe IPUPONHIX HayKa IPUMMEHOM MHTep-
IVCIUIUIHAPHOT IIPYICTYIIA Y9eHWIM [IOCTajy CBECHU Jja
ce 10 MHOTVIX 3Hama JIOLUIO 3aXBa/byjyhi >KpTBOBamY
€KCIIepYIMEHTaTHIX XXUBOTHIbA. Y IPKOC OpOjHIM KOPJC-
HUM OTKpMhVIMa, y Hay4HVM KPYTOBMMA Ce 300T eTUYKIX
pasjiora BOAM MOJIeMUKa OKO Kopuinherma KMBOTIbA Y
UCTPKMBAYKE CBPXE.

Konauno, notpe6Ho je ncrahu ga ysoheme nnrep-
IVCIMIUIMHAPHOT IPYCTYIIA Y HACTABY HUje IIpeTepaHo
KOMIUIMKOBAH 1 3axTeBaH rpotec (Jones, 2010). Behnua
HacTaBHMKa Beh Biajia moTpeOHMM 3HambMMA 1 BEIITHHA-
Ma 113 CPOJHUX HACTAaBHUX IPEIMeTa, TAKO Jja IbIXOBO
MHKOPIIOpHpatbe y HacTaBy He 6u Tpabano fa 6yze mpete-
PaHO CTPeCHO, HUTH Jja 3aXTeBa yTPOIIAK IPeBUILe Bpe-
MeHa. CyHTe3a IpajiyiBa 13 Pas/MINTIX HACTABHYX Ipe-
MeTa je HelTo ¢ YuMe ce BehHa HacTaBHMKA y CBOjOj
npaxcu Beh cycpera, Tako ia MM IIpefa3ak Ha HTePJVC-
LUIUIMHAPHYU Ha4uMH pafa Hehe npepcTaB/paTy Hempe-
MOCTUBY Ipenpeky. [IpumikoM pasMaTparsa HeKOT Cafip-
Kaja U3 yI/Ia [PYTOr HACTABHOT IIpefMeTa, HACTABHUK Ce
MOXKe ITOCTTY>KITY HaCTaBHUM CPeJCTBMMA Koja cy Beh
Ha0aB/beHa U KOPUCTE Ce Y HaCTaBY TOT IIPEMETa, TaKO
Ia Hajuyernhe He OCTOju MOTpeba 3a OJATHUM MaTe-
PYjaIHMM y/IaramymMa.

CTPATEI'MJE 3A KOHIIUIIVIPAILE
MHTEPOVICHUIUVINMHAPHE HACTABE

Tpu ocHOBHE cTpaTeryje 3a KOHLUIMPaK-e MHTep-
IMCUUIIIMHAPHE HACTaBe Cy KOHIENTYann3alja, KOH-
TeKCTyanusanuja u pemasamwe npobnema (Nikitina,
2006).

Y okBUpY cTpaTeruje KOHIeNTyanusanyje Iub je fa
Ce CTAKHe J]a CE PA3/IMINUTe II0jaBe U IPOILECH KOju Ce

U3y4aBajy y OKBUPY pasIMIUTHIX HAYYHNX HUCHMIIINHA
BPJIO 4eCTO 3aCHMBAjy Ha MAGHTUYHMM MeXaHM3MUMa
(Nikitina, 2006). Ha mpumep, pecopnipyja Bofe y aure-
CTMBHOM TPaKTy 4OBeKa JI OTBapambe CTOMa KOf, O1/baka
3aCHUBAjy ce Ha Impolecy ocMo3e. Kox taksor npucryna
y/ZI0Ta HaCTaBHMKA je Jla YKaJKe Ha Be3e Koje ITOCTOoje 13-
Meby pasnuumTUX mpoiieca, Tj. ia OCIOCO0M y4eHMKe fia
usBpiLe Tpancdep sHama u3 jenne obmactn y fpyry (Fink,
2003).

KoHTekcTyanusanmja nogpasyMeBa pasMaTparme
3HamWa U3 Pa3IMINTUX HACTaBHUX IIPEIMeTa Y jefHOM
oppebenom konTekcty. Hup. pasmarpame otkpuha aTom-
cKe 60Mbe, Koje IoipasyMeBa [IOBe3VBakbe 3Hakba KaKo 113
HPMPOIHIX TAKO U U3 JPYIITBEHMX HayKa, MOXKe Ce CMe-
CTUTU Y UCTOPUjCKM KOHTeKCT JIpyror cBeTckor para. Kon
y4eHMKa Ce Ha Taj HauMH Pa3Blja CBECT fla aTOMCKa 6oMba
Huje camo IIpoAyKT Hayke Beh 1 onpebenor nepuopa y vic-
TOPUjU Y1 TIOIUTNYKIIX CYCTeMa KOji Cy JIOHOCU/IN OTITyKe
Koje Cy yTuuane Ha 1jefiokynHo yoBedaHcTBo (Nikitina,
2006).

3a pasnMKy ofi KOHTEKCTya/Iu3anje Ije je akleHaT
Ha yBubamy CYIITMHCKIX Be3a u3Mel)y 3Hama Koja cy cTe-
4eHa y OKBUPY Pas/IMUNTIX HACTABHIX IIPEIMeTa, KT pe-
IaBama NpobieMa aKIeHaT je Ha IOBe3MBaby OBUX
3Hamba pajivi U3HATaXKeba pellerba 3a ofpehern KoHkpe-
TaH IpoOIeM, HIIP. KaKo fia ce CIpeyn 3arabere KMBOTHe
cpenyiHe y OKONMHN Heke abpuke, Koja CBOjcTBa Oy Tpe-
6ano na uma ek 3a ogpeheny 6onect u cn. (Nikitina,
2006).

CITEHVIOUMYHUV MOJEIN OPTAHU3AIIUJE
MHTEPOVICHUIUVINMHAPHE HACTABE

MHTEPIUCHHUIVIMHAPHA TUMCKA HACTABA

3a MHTepAUCIVUIVIMHAPHY TUMCKY HaCTaBY je Kapak-
TePUCTUYHO Ja je y 0bpany ogpeheHe HacTaBHe TeMe
yKbydeH Behu Opoj HacTaBHMKA pa3/IMYNTIX HACTABHUX
npefMeTa, Ipy 4eMy CBaKM Off BbUX ca y4eHNIIMa 06-
pabyje oHaj meo HacTaBHe TeMe 3a KOjJ je HajKOMIIETEHT-
Huju (Little & Hoel, 2011). Yuennnu xoju noxabajy Taksy
HACTaBY IIOIeJbeHM Cy Ha Marbe Ipyrie (5-10 y4eHMKa) py
yeMy CBaKa IPYIIa, Ca CBAKMM Off HACTABHUKA, Pa3sMaTpa
JlaTy HaCTaBHy TeMy 13 yI7Ia ofjpel)eHor HacTaBHOT Ipefi-
MeTa. CBU YYEHUIY CY Y IPWINALIM 1a OCTBApe AUPEKTHY
KOMYHMKAIVjy Ca HACTABHMKOM, ILITO j€ BE/IMKA IPEJHOCT
TAaKBOT HauMHa paja. [Topen Tora, y4eHUIM CY Y OKBUPY
rpymie y MOryNHOCTU Ja AMCKYTYjy O CBEMY LITO yde, KOf
BbUIX Ce PasBlija CIIOCOOHOCT 3a Capaiby ¥ KOMYHVIKALjY,
a I0/Iasy U [0 BpILI-adKe egyKamyje. YKommKo ce onpebe-
Ha HacTaBHa TeMa oOpal)yje y HEeKO/MKO pas/munTyxX pas-
pena, Mory ce GopMMpaTH U IPpyIie KOje YiHe YIeHUIIN
PasIMYNTHUX Y3pacTa, Ipu 4eMy Maabu ydeHnnu uMajy
AMPEKTHY KODPVCT Of] 3HaH-a M MICKyCTaBa y4eHMKa CTa-
pujux paspena (Wentworth & Davis, 2002). Tumcka Ha-
craBa Hajuerhe Hije BpeMEHCKY OTpaHMYeHa Ha 4acoBe
oxipebenor Tpajama, Beh ce ofBuja y T3B. MOTgyIMMa Koju
Tpajy OHOMUKO KOMIUKO je IIOTpebHO Aa ce oppebenn ac-
ekt HacTaBHe TeMe o6pazu. Takobe, mocroje mopynn
KOju1 Cy 00aBe3HU 3a CBe YYeHNKe, /i 11 II0CeOHM MOy
3a y4eHUKe KOji >KeJle Ia CTeKHY IOflaTHA 3Hakba.
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WHTEPIUCLHUITIMHAPHA IIPOJEKATCKA
HACTABA

Y MHTEpAMCIUIINIMHAPHO] IPOjeKaTCKOj HACTaBU
Y4eHVIV CY MHAVBYLYATHO YUIN Y TPYIIA 33[[y>KeHNU fid Y
OKBIIPY IIPOjeKTa MICTpake ofipeheHo muTame Wi pelre
oppebenn npo6nem noBesyjyhnu sHamwa 13 pasmnanTx
HacTaBHUX IpenMeTa. [Ipojekar ¥Ma IeHTPaTHO MeCTO Y
CTpaTerujy y4ema jep Kpos ibera y4eHUIy CTUYy HOBa
3Hama 13 pasmantyx pucunHa (Demirel & Coskun,
2010). ITpojexTy ce pasnuKyjy 1o CTeleHy CTPYKTypupa-
HOCTH 3aJ1aTaKa, Tj. MOTY Ce PaslMKOBaTU CTPYKTypupa-
HY, TIONTY-CTPYKTYPUPaHU 1 HECTPYKTYPUPAHU IIpOjeKaT-
cku 3agauu (ViBuh u cap., 2001). 3a cTpykTypupase
IIpOjeKaTCKe 3a/IaTKe je KapaKTEPUCTUYHO /1a je HacTaB-
HJK Taj Koju ofpebyje Temy mu npo6eM koju he ce mc-
Tpa>KUBaTH, METOROJIOTH]jy pafa u obesbehyje cBy mo-
TpeOHy MTepaTypy U MaTepujan 3a papi. Kox HecTpykTy-
PYpaHNX IIPOjeKATCKIX 3afjaTaKa YIeHWIY CAMOCTaTHO
IVI3ajHIPAjy, U3BOJIE, AaHA/IM3MPAjy U IIPEICTaB/bajy pesyIl-
TaTe CBOT pajia Ha TeMy KOjy Cy CAMOCTa/THO M3abpai KO-
puctehu mureparypy fio Koje ¢y camoctanHo gouum. ITo-
JTy-CTPYKTYpUPaHM IIPOjeKATCKM 3afaLy IIOfipasyMeBajy
7a Cy YYEHMUIVIMA MCTPAKMBAYKO II0/bE 1 METOH0/IOTHja
paza 3afjaty, any je IpUpoAa pajia TakBa Aa ce Off HbUX
O4eKyje JOCTa CAMOCTATHOCTH ¥ OArOBOpHOCTH. OBakas
067K pafa 3axTeBa Behu yTpolak BpeMeHa jep ce yde-
HUILY HajIIpe MOpajy 06y4nTy 3a IPOjeKaTCKy HaCTaBy, a
U M3pajia IIpojeKTa Tpaje pelaTUBHO Ayro. Vnak oBaj He-
JOCTATaK je ¥ BUILe HeTo HagokHabheH OpOjHIM HOSKUTHB-
HJIM CTpaHaMa IIPOjeKaTCKe HaCTaBe, Kao IITO Cy 0CaMo-
CTa/bUBaIbe YUEHIKA 1 BJIXOBO OCIIOCO0/baBatbe Jia 11o-
Be3yjy 3Haba U BEIITHHE M3 Pas/IMINTUX HACTaBHUX
HpeaMeTa y CMICTIeHy Lie/IVHY KOja ce MOYKe IIPUMEHNTIL.

IIPVIMEP ITPUMEHE
VMHTEPIVCHUIDUDIMHAPHOT ITPMICTYIIA
HACTABUN 'Y OKBIPY OBPATE HACTABHE
TEME BAPEIbE

Y oBoM operbKy he 61Ty IpyKasaHO KaKo ce cafjpyKaj
HacTaBHe TeMe Bapermwe MOXXe OPTAaHM30BATH IIpeMa
HIPYHIVIIMMA MHTePANCHINIUIMHAPHOT IPUCTYIIA HaCTa-
BIL

IIPOLJEC BAPEIbA Y YCTUMA VM 2KEJIYI]Y

ITporec Bapema NouMibe y YCHOj AYIUBH, TTie XpaHa
TofyIeXe PU3NIKOM U XeMIjCKOM Bapewby. KibyuHy ynory
y pusuukoM Bapewy UMajy 3yOu, Koju KpyIHe KoMafe
XpaHe pacKujajy Ha CUTHe JiefioBe. ToKoM Iporieca ycu-
THaBakba, XpPaHa Ce KOHCTAHTHO Mellla Ca IVbYBa4KOM,
360r 4yera kao ()VHaIHY IPORYKT IIpoLeca Bapema Y YCHOj
IYIUBbY HaCTaje KalllacTa Maca Koja ce HasuBa 6omyc. bo-
yc 6e3 mpo6eMa KIM3u U3 yCHe AYIUbe HaHVDKe KPo3
KIIPEIIO U jelbaK [0 JKeyIia, 0K OV YBPCTI KOMAJV Xpa-
He JIAKO MOIVIM [ia OCTaHy 3aI7IaBJ/beHM Y >KApeITy U jefba-
KYy.

I’pyBayka je IPOOYKT JTydera IUbYBadYHMX XUIe3/a.
Y yCHOj ByIUBY Cy CMeIITeHa TP IIapa OBUX XJIe3/a:
nofje3nyHe, OABIUIMYHE Y JOYIIHE IUbyBadHe >K/Ie3Te.
One gHEeBHO NPOM3BeNy OKO 1-1,5 INTapa IbyBauke. ITo-
IITO IPOJYKTE CBOTA JIy4erha MOCPECTBOM OfJBOJIHIX Ka-
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HaJIa U3/Ty4yjy AUPEKTHO Y YCHY JYIULY, IUbyBa4HE >K/I€3-
7ie TIPUIIAJAjy TPYIIM €r30KPYHMX XKJIe3/Ia.

Jlyueme mbyBadKke CTUMYIIMCAHO j€ IIPUCYCTBOM
XpaHe y yCHOj AyIUBM (IIPVCYCTBO XpaHe IeTEKTY]y peLiern-
TOPY KOjy Cy OCET/bMBM Ha MPUTHCAK U PELENTOPH 32
YKYC), aJI11 je BPJIO 4eCTO ¥ MUPYIC XpaHe, YaK I caMa Io-
MICA0 Ha XpaHy [OBOJ/bHA JIa 13a30B€ IbEHO JTyYelbe.
OcuM 1ITo NOMasKe fla Ce XpaHa 13 YBPCTOT IPEBEfE Y Ka-
IIACTO CTAkbE VI TAKO YUECTBYje Y PUIIIKOM Baperby, IUbY-
BayKa je yK/by4eHa U y IIPOLeC XeMIjCKOT Bapema. Xe-
MIjCKO Bapee Y YCHOj IYIUBM 3allounibe 3axBabyjyhm
€H3VIMIIMa aMI/Ia3yl Y JIMIIA3M KOje Cy CACTaBHM [0 IUbY-
BauKe. AMIIa3a KaTanmsyje xuaponusy O (1>4) IIMKO3M-
IHYVX Besa y ckpoOy. ITo1mTo je 0Baj eH3)M aKTMBaH CaMO
y 6a3HOj CpenyHI, IUbyBadKa CajipyKu OMKapOOHaTHe joHe
Koju 06e36ehyjy onrTnmanHe ycnoBe 3a ibeHO QYHKIMO-
Hucame. [UbyBayHa /nmasa je €H3UM KOjU KaTanusyje
pasarame TPUaLVIIIMLEPONa N0 INIMIEPO/Ia M MACHUX
KIVICEJIVHA, a Ka0 VI aMIIa3a, aKTUBHA je caMo y 6a3HOj cpe-
myHy. Ob6a eH31Ma HaCTaB/bajy CBOjy aKTMBHOCT Y SKJIpe-
JIy ¥ jeIbaKy, 8 THAKTUBUPAJy CE Y XKEITyIly ITI€ Cy YCIOBU
U3PA3UTO KICEIII.

Y nporecy Bapema y yCHOj IyIUbM BP0 BaXXHY
ynory uma u jesuk. Ha nospiumnn jesuka Hanmase ce Maje
KBpXuIe Koje capxe henuje Koje cy oceT/puBe Ha cra-
HaK, C7IaH, Topak 1 Kuceo ykyc. Hagpakupame oBux he-
JIVja JOBOIM [0 HTEH3VBHYJET Tydelba IVbYBAdKe, LITO je
HEOIXOJHO 32 HOPMAJTHO OffBMjatbe IIPOLieca Baperba y yc-
HOj Byws. T'opak ykyc xpauu gaje Behu 6poj opraHckmx
CYIICTaHLY, KOj€ YITIABHOM IIPUIIAJIAjy K/Iacy aKaJTou/a.
Cran ykxyc motnde ox conu NaCl, Nal, NaE NaBr, CaCl,
KCl, LiCl. Y1BpbeHo je fa kaTjoHM OBMX COMM 3HATHO BU-
IIe JOIPMHOCE CTAHOM YKYCy Off aHjoHa. Cllajiak yKyc Ta-
kobe MOTHYe Off Pa3INUNTHUX CYICTAHIN. Y IUTABY CY
MOHOcaxapuay (IlyKo3a, TalakTosa), Aucaxapuau (Mas-
TO34, JIAKTO34, CAXapo3a), aMVHOKUCETIHA A/IAHNH, /I I
HEKe JIpyre OpraHcKe CyICTaHIie Kao IITO je, Ha IpUMep,
x1opodopm. XpaHa Koja je 6orata ckpoboM 11o goctehy y
YCHY IyIUbY HEMA YKYC, /Ii KaJia YCTIef, I€jCTBA IUbyBavyHe
aMmnase gobe o pasrpagme ckpoba 10 ManTose, mo-
YIHEMO JTa PETUCTPYjeMO clafak yKyc. Kuceo ykyc xpann
Jajy pasHe KUCeHe Kao IITO Cy X/IOPOBOIOHIYHA, MIed-
Ha, cupheTHa 1 IMMyHCKa KMCe/TVHA.

Kao 1mT0 je mpeTxoaHO HaBEEHO, Y YCHOj AYIUbU
T€jCTBOM IUbyBayHe aMMU/Iase I JINIa3e 3al0YnIbe Xe-
MUjCKO Baperbe CKpoOa I TPMAIIIIAIIEPO/Ia, IOK IIPOTe-
VIHM OCTajy XeMMjCKM HEIPOMeErbeHN. XeMUjCKO Baperbe
IIPOTENHA 3AMIOYNMIbE Y SKEMYITY.

Bapeme nipoTenna y enyiy ofB1ja c€ Y lbeTOBOM
HajBeheM cerMeHTy Koju ce HasMBa Teqo JKenmyla. Y sumgy
TeJIa >KeyLja Hajtase ce yeTvpy timna hennja koje ce He Mo-
ry Hahy HII Ha jefHOM JPYTOM MECTY Y LjpeBHOM KaHaIIy.
[Texapacte ennresicke henmje nyde nebeo cnoj mykyca
Koju o671a)ke 3U/l0BE JKeIyla ¥ TaKO UX IITUTU Of,
omreherma koje MOTy ia M3a30BY APYIV IIPONYKTY JTyderba
xenypadHux hennja, a jenan of HajOUTHMjMX je CBaKaKo
X/IOPOBOJIOHMYHA KVICE/IMHA, KOjy Ty4e IapujeTanHe he-
mmje. Tpehu tun henuja cienmguryHmx 3a >xennypar cy T3B.
r1aBHe henuje xoje myde nercunoreH. [TercuHoreH je He-
aKTVMBHU IPeKypcop (IIpoeHsNM) eHsyMa nerncuHa. OBaj
€H3VIM KaTa/M3yje XeMUjCKe peaKiyje XUAPOIU3e eNTH-



THe Be3e, Koje MOBOJIe [0 IieMarba AyTVX MOMUIENTUHNAX
JaHalla MPOTeNHa, Ha Kpahe nentune ¢parmente. Ensu-
MU KOjU KaTaJu3yjy peakiuje Koje JOBOZE IO Pasrpajbe
IPOTENHA, HA3MBajy Ce IIPOTEOIUTIYKIM EH3MMIMA U
nenTuasama. CBaky NpOTEONUTUYKY €H3MM KaTajn3yje
peakuumje y KojyuMa IoNasy O XULPO3e MENTUIHIX Be-
3a y unjeM popMIpay y4ecTBYjy Ta4HO ofpeheHe amu-
HoOKucenuHe. Ilerncun Karanusyje peakuujy Xuponnse
NENTUHMX Be3a yHyTap NOMMIENTUIHOT IaHIa IIPOTe-
uHa (360r Jera criajia y TpyIy eHIONeNTIa3a) y dmjeM
rpabemy y4ecTByjy aMMHO-IPyTIe apOMATUYHIIX VI [~
KapOOHCKIMX aMMHOKUCcemHa. ITercyH ce myau y oO/mmKy
HeaKTVBHOT IIPEKypPcopa, KaKo y OfCYCTBY XpaHe He 61
YHUIITaBao IpajiuBHe IIPOTeMHe caMor Xernyna. [lercu-
HOTeH MOoke ITpehiyt y akTHBHM HeTICUH CaMo Y jako Kice-
noj cpemyan (pH 3,5-1), Kojy 06e36ehyje xopoBogonndHa
KucenmyHa. [lerncuu nomeran ca XJI0pOBOJOHNYIHOM KI-
ceTHOM GOopMIIpa IVTeCTUBHI XKe/TyjadHM COK. JOIl je-
mas tin henmja koju ce Moxke Hahm caMo y >kenyny cy Ta-
ko3Bate [" henmyje. OHe Ty4e XOpMOH racTpuH, KOju CTH-
My/IMLIE TyYerbe IPOJyKaTa CBe TPU IPETXONHO HaBefe-
He Bpcre hemmja.

Kao 1mTo ce 13 IpeTXOAHOT TEKCTa MOXKe BUMIETH, /-
IV Y YIJbEHY XUPATH Y JKEMYLy He TIOIJIEXY XeMMjC-
KOM Bapemy. VI ok XpaHa 6oraTa yr/beHuM XUApaTuMa
ycrer rpuera Muimha >kelyaquHor 31/a, PeIaTUBHO
Ipenasy y TAHKO IpeBo, ca XPaHOM Koja je boraTa mumu-
IVIMa TO HUje CTy4aj. VIHTeH3VBHO U JYTOTPajHO TpUekhe
xKenygayHux muinha, Koje je 3a Hac 4ecTo BeoMa He-
[PYjaTHO, HEOIIXOHO je KaKo Ou ce "emwbuBa’ mImpHa
Maca MellIabeM ca XeTyJauHIM COKOM ITpeBea y 00K
SKITKOT XVIMa KOjI ITPENICTaB/ba KPajiby ITPOKYKT IIpoLieca
Bapemba y Xeylly. 300r Tora ce OBaKBa XpaHa y >Ke/yIly I
3afip>KaBa 3HATHO JIy>Ke Off XpaHe Koja je 60raTa HeKuM Off
0CTaJ1a 1Ba TUIIA MaKpO-Hy TPUjeHaTa.

Kapa pH y >xeny1ty focTurae BpeiHOCT 1, IIO IIPMH-
LJIIy HETaTMBHE IIOBPATHE CIPeTe, JOIasy 10 JpacTud-
HOT CMamera Ty4yerba XIOPOBOJOHIYHE KIICENHe, a TH-
Me ce ayTOMATCKV CMarbyje ¥ aKTMBHOCT NETICUHA. Y TOM
TPEHYTKY XVM je CIIpeMaH 3a Ipeasak y TaHKO I;PeBo.
Jonasu o penaxcanyje mIOpMIHOT CPUHKTEPa KOjI je
710 Tajia 3aTBapao IPOJIa3 Ka ABaHAeCTOIA/IA9HOM LIPEBY.

BAPERGE Y TAHKOM ILIPEBY

TaHKO 1IpeBo je HajIy»a KOMIIOHEHTA IIPEBHOT KaHa-
7a. [lyradko je oko 6 MeTapa 1 y OKBUPY Hera II0CToje TPy
pasnu4uTa ofieJbKa: IyofeHyM, jejyHyM 1 uneyM. [lyone-
HYM Ce jOII Ha3yBa U IBaHAeCTOIA/IaYHO LIPEBO, jep je Ky-
rayaK OHO/IMKO KOJIMKO M IBaHAECT PYyIHUX IajIalia jejaH
710 JPYTOT, Tj. OKO 25 LIEeHTUMeTapa.

Hocrehe kucenor xuma y jBaHaeCTONATIAYHO L[PEBO
nokpehe Hus npoueca. Cnennduune IT hennuje gpa-
HAECTOMA/IaYHOT 1IpeBa pearyjy Ha IPUCYCTBO KIUCEIOT
cajpiKaja M JTy4e XOPMOH XoneuucTokuuuH. ITox
71€jCTBOM OBOT XOPMOHA Y IBaHAECTOIA/IAYHO LIPEBO CE U3
JKy4JHe KeCe U3Iydyje XKy4, a U3 IaHKpeaca MaHKPeacH!
COK, KOjJ1 CaipKI1 IUTeCTVBHE €H3VIMe Y HeaKTUBHOM 00-
/muky. [TankpeacHn cok mma pH BpemHOCT OKO 9, jep ce y
TBAHAECTOINA/IAYHOM IJPEBY Y IPUCYCTBY KMCE/IOT XMMa
HOpeJ, XONEIVMCTOKMHIHA VICTOBPEMEHO JIyIM ¥ XOPMOH
CeKpeTVH KOjJ CTUMYJIMIIE Ty4dere OMKapOoHaTa y IIaH-

Kpeacy. AJIKa/THM ITaHKPEacHI COK HeyTpaIHIIe XJI0pO-
BOJIOHIYHY KVCE/TMHY 13 X/Ma J TaKO CIIpeyaBa Jia KIice-
JIMHA Harpy3a 3ufoBe TAaHKOT Lpena. Cafpikaj 13 SKeIyIia,
Y IBaHAeCTOIIANIAYHOM LIPEBY YCIIef, Basber JIyderba OrKap-
6oHaTa 13 maHKpeaca 6P30 MOCTaje a/IKajIaH, LITO je Of
K/bY4HOT 3HAa44aja, jep CY AUIeCTUBHI €H3VIMI IIAHKpeaca
aKTUBHM caMo y 6a3Hoj cpeayuu. OBM eH3VMU KaTa-
NU3Yjy pasTpajiiby IIPOTeNHa, CKpoOa, TPYALMIIINLEPO-
J1a Y HYK/IeMHCKYX KVICe/TMHA.

INonvmenTypHY TaHIM IIPOTENHA Pa3lIaXxy ce y ABa-
HAeCTONA/IAYHOM LIpeBY Ha KpaTKe MEeNTHiHe GpparMeHTe
U IIOjeAVIHAYHE AMUHOKVICETIVHE, [1€jCTBOM ITPOTEO/IUTINY -
KUX eH3MMa ITaHKpeaca. OHU ce y TaHKpeacy Jyde y 06-
JIMKY HeaKTVBHUX IIPOEH3UMa, KOjy TeK 1o gocnehy y
IBaHAECTOINAJIAYHO L[PEBO IIpeIa3e y aKTUBHY GopMy.
C/m1aHO Kao ¥ KOJ, TIETICHHA Y JKeTIYILY, Ty derbe IPOTeos-
TUYKVX €H3VIMA [IaHKpeaca y HeaKTMBHOM OOJIVIKY je Heo-
IIXOJIHO, jep Kajia 611 ce OBM €H3VIMY AMPEKTHO TYIWIN Y
aKTVBHOM OOJIVIKY, "Hamamanu" 611 U YHUIITABA/IA U TIPO-
TeMHe AHKpeaca. YIIPaBo TO Ce JielTaBa KOJ IIATO/IOMIKOT
CTama Koje ce Ha3uBa nmaHkpearutuc. [lomunentugan
JTAHIIM IIPOEH3MA, ¥ ONHOCY Ha aKTMBHE eH3VIMe, CafpiKe
HOfiaTHe MeNTyUAHe PparMeHTe KOjy Cy CMEIITEHN Y aK-
TVIBHO MECTO €H3JIMa, Y/Me CIIPedaBajy Be3nBabe IIpoTe-
MHCKUX cyrncTpara. ITo gocnehy y nBanaecronanayno
LpeBO, LipeBHM eH3MM eHTePOKIHA3a OfiCel|a OBaj IEeTITH-
IHY (parMeHT KOf, IIPOeH31Ma TPUIICUHOTEeHa, YCTIe de-
ra eH3MM I0CTaje aKTVBaH. AKTVBYPAHY TPUIICUH 3aTHM,
0 MICTOM NIPMHIUITY, aKTUBMPA IPOEH3MMe OCTAINX
HPOTEO/IMTUYKIX €H3/IMa [TAHKPEACHOT COKa.

Y XxeMMjcKOM Baperby IR Y TAHKOM LIpeBY, BP/IO
BaKHY Y/IOTy UMajy )Ky4He KucenuHe. Y MUTamy Cy CTe-
PpouiHa jenVberba Koja ce CUHTETUILY Y jeTpy, monasehm
op xorectepona. CrnoboHa KapOOKCUIHA TPyIIa XXyIHIX
KucenuHa GopMypa aMUIHY Be3y ca aMUHO IpynaMa
aMIHOKJCe/VHe IIMIVHA VI TaypyUHA VM TaKO HACTajy
KO YroBaHe Xy4He KucenuHe. Harpujymose comn
KOHYTOBAHIX XXYYHVX KICEVMHA CK/IAIMIITE Ce Y XKy4HOj
KecH, Koja UX, CTUMY/IVICaHa IIPYCYCTBOM XOJIEIMCTOKM-
HIIHA, KPO3 Xy4HM KaHa/I MCTUCKYje Y BAaHAeCTONaTavHO
npeso. I[Topen conmy KOWBYroBaHUX XYYHUX KICEIMHA,
XY Cafip>Ku M Xosectepor, pocdonumnme, Kao 1 CyIic-
TaHIIe Koje joj Aajy 00jy. JemHa Off TUX CYIICTAHIM je KyTu
OWIMpyOMH KOju HacTaje pasrpajEboM XeMa 13 XeMOITIO-
OmHa.

Tprarmrmneponu ce y iBaHaecTOAIAYHOM LPeBY
Pasaxy [iejcTBOM IIaHKpeacHe /MIIase O IINLeposa U
MAaCHMX KJMCeNMHA. Y XMMY KOj! y JBaHAeCTONAIaYHO
IpeBO IOCIIeBa U3 XKeNyIla, HeIIOJIApHI MOJIEKY/I Tpua-
LWITIAIIEPOTIa, KAKO 61 MAKCYMATHO CMAbVIIV IOAVIPHY
HOBPIIVHY Ca OKOITHOM IIOIAPHOM CPeAMHOM, GOpMU-
Pajy KkpyIHe arperare. MHOTOOpOjHIM MOJIEKY/IMMa TPU-
IVIIINIEPOJIa KOjI CY "3apob/beHn” yHyTap OBUX arpe-
raTa aumasa He Moxe ja npube. Ty y momoh npuckagy
KOIbYTOBaHe JKyJHe KJCennHe. MomeKym TpUaIyiIrin-
LiepoJIa ca CBUX CTpaHa OUBajy OKPY>KeH! MOJIEKY/IMMa
KOHYTOBAHIX XKYYHVIX KVCEIVHA, YMjU CY HEIIOIAPHM pe-
mhy ycMepeHU Ka Hello/IapHOM JIMITMIHOM MOJIEKYILY, &
HEraTVBHO Hae/leKTPJCaHe MOJIapHe IIaBe Ka criorba. Ha
Taj HAYMH KPYIHY IMIUAHY arperaTy OyBajy pasoujenn
Ha CUTHE MILIeIE Y OKBUPY KOjIX je jellaH IUIVIHA MOJIe-
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KyJI OKpPY>XeH OrpTadeM Koju GpopMupajy MomeKyIn
KOIYTOBaHMX XXYYHUX KUCe/HA. 300T IPUCYCTBA I1O-
NapHMX KapOOKCIIHYIX TPyTIa MOBPIIVHA OBJX MIUIIENa je
HeraTMBHO Hae/IeKTPUCaHa, 11a ce oHe Mel)ycobHo enmek-
TPOCTATIYKM OfOMjajy, YMMe je CIIpedeHO IOHOBHO (op-
Mupame arperara. [Ipolec paséujarma KpyIHUX JIAIN-
HJIX arperara Ha CUTHE MUIIE/IE [IejCTBOM KOIbYTOBaHMX
JKYYHMX KICE/IVMHA HasMBa ce eMy/ralyja, jep IMIniHe
MUIIETIC 33je[IHO Ca CBOjUM HOJIAPHUM OKpY>KereM (y Ko-
Me Cy pacyTe HOIIYT CUTHUX KaIUbMIA) Y ABaHAECTOIA-
JIAYHOM IIpeBy 3anpaBo GopMupajy emynsujy. JInmmaan
MOJIEKY/IM 00aBUjeHM OrpTadeM 4lja je CIOo/bHA CTpaHa
HOJIapHa cafia ce 6e3 MpobieMa pacTBapajy y HOJIapHOj
a/IKaJTHO]j CPEMIVIHY JIBAHAECTOIA/IAYHOT LIpeBa I CBAKY O
IbJIX je JTAKO JOCTYIIaH IUITa3M.

360r noTpebe 3a pasbyjarbeM KPYIHUX TUINTHUX
arperara, XeMijCKo Bapeme XpaHe Oorate IMIMANMA Y
TAHKOM IPeBY Ce OfjBlja 3HATHO CIIOpHje VI TeXe Y OFHOCY
Ha XpaHy Koja je 6oraTuja ApyruM KIacama HyTpyjeHeTa.
Axo ce y3 TO 1Ma y BIAy ia Ce XpaHa OBOT THIIA IIpe IIpe-
JIacKa y TAHKO IIPEeBO 3HATHO JyKe 3a[jp>KaBa y XKeMyIly,
I7ie je HEOIIXOTHO MHTEH3MBHO Ipuetbe Muimha xeny-
IaYHOT 3U/ja Kako Oy ce IpeBesia y 00K KOjyi MOXe fia
npebe y TaHKO IpeBO, Hijje Yy/IHO LITO je Ha3MBaMO "Telll-
KOM" XpaHOM.

ITaHKpeacHM COK Cafjp>Ku 1 aMyIasy Koja Kao U IUbY-
BayHa aMIIasa KaTaamayje Xxugponusy QA (1->4) I/IMKo3u-
IHUX Be3a y cKpoOy. [lejcTBOM aHKpeacHe aMmiIase
CKpoO ce pasnaxke Ha KpaTtke fucaxapujHe pparmenre
ManTo3se. Y IaHKPeacHOM COKY He IIOCTOjy €H3MM KOju
Kartanuayje pasrpagiy §$ (1->4) I/IMKO3MFHMX Be3a, 360T
Yera Ije/Iy/I03a He Cllajia y XpaH/b/Be CYIICTaHIIe Y U3 Op-
raHmusMa ce myteM Qereca ocnobaba y xemumjckn Hems-
MEHEHOM OOJIVIKY.

PECOPHIINJA XPAH/bVBMX CYIICTAHLIM

ITpomykTy BO6MjeHM AejCTBOM IUTeCTUBHIX €H3VMa
y TyMeHy TaHKOT LIPeBa, jOLI yBeK HICY HOCTYIIHM 32 KO-
puuthetse hennjama opranusma. JTa 61 ce To gecuio Mopa
mohu o wuxoBe pecopriyje. MoHOCAXapuy, aMITHOKI-
CeTiHe, MacHe KVICENVIHe, XOIeCTEPOTL, Kao U Ie0 BOTe, pe-
copOyjy ce Y TAHKOM I[peBY I TO Y IberoBa IIOYeTHa Ba
CerMeHTa.

3UMOBY TAHKOT IL[peBa Cafipyke BE/INKI Opoj IIpCTo-
JIMKVIX M3pallTaja KOjit ce HasyBajy BUIM. 3axBabyjyhn
IbJIMa NOBPIIMHA TAHKOT 1IpeBa IMOCPENICTBOM Koje ce pe-
copmija Moxxe obas/baty, yBehaHa je oko iBaziecet myTa.
3uUIOBM CBAKOT Of OBMX M3pallTaja cacToje ce U3 jeHOT
c710ja cienMpuUIHNX enuTenckux henmja, enrepormTa. ¥
OKBMPY CBaKOT BIJTyCa, Y3 CAM€ €HTEPOLUTE Hajlasy Ce 1o
jemaH KpBHM U jenaH muMbHu Kamiap. Vimajyhu y Bugy
OBaKBY CTPYKTYPY BUIII, IIPOLIEC pECOPIILIMjE CE OfBIja
Ha cnefiehy HauMH: 1) HyTPUjeHTN U3 TyMeHa IpeBa
Hajipe OyBajy mpeysety off crpaHe henuja enteporura. 2)
EHTEepOLVITY IIPeajy HyTpUjeHTe KpBI Wi MU 13 00-
TVDKIbUX KPBHYX 1 TMMOHNUX Kammnapa. [TocpencTtBoM
KpBU U M$e HYyTPUjeHTH [OCIeBajy Ao cBux henuja y
OpraHusMy Kojima Cy IIoTpeOHIL.
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EHTEepOLHTE

KPBHH Kanuiap

TUMQHHU Kanuiap

Canka 1. CtpykTypa Buiyca

PECOPHIINJA MOHOCAXAPHU]IA,
AMMHOKHNCE/IMMHA Y1 MACHMX KVMCEJIMTHA

PasrpapmoM ckpoba, KOjy KaTanusyje aMmuasa Iby-
BaYHIX JK/I€3/]a ¥ TIAaHKpeaca, HacTaje MPeBacXOfiHO Jyca-
Xapuj, ManaTo3a. Y IyMeH TaHKOT LipeBa ITyTeM XPaHe I0C-
TIeBajy U AVICaXapyuay caxaposa U JaKTo3a. [Jucaxapuan
Cy IpeBeJIVKI a OV IPOLIN KPO3 MEMOPAHY eHTepOLi-
Ta, 300T Yera ce Ha MeMOpaHy oBYX henyja Hanase eH3u-
MM MajTa3a, Caxapasa M JIaKTasa Koju KaTa/lusyjy peak-
IMje pasrpajiibe OBUX Jicaxapupa 0 ofrosapajyhux mo-
HOcCaxapuya, Koju MOry Aa mpoby Kpos MeMOpaHy.

TpancmopT r71yKo3e 13 TyMeHa TaHKOT 1ipeBa y 1-
TOIUIa3My €HTEPOLNTA 3aXTeBa YTPOLIAK eHEPTHje, jep ce
TPAHCIIOPT BPILIM HACYNIPOT KOHIIEHTPALMIOHOM Tpa-
AujeHTy. TpaHCIOPT CYICTaHIM HACYIIPOT KOHIIEHTpa-
LIVIOHOM I'PafiMjeHTy 3aXTeBa EHEPIVjy i HasuBa Ce aKTVB-
HJM TpaHCIIOpTOM. ['7TyK03a Kao IoapHa CyIICTaHIa He
Moke ia ipobe kpo3 $poconunnry MeMOpaHy eHTepo-
IMTa Ha 6110 KOM MecTy, Beh caMo Ha MeCTyMa Ifie I1o-
CTOje 3a by crielI4HN IPOTENHCKY perienTopi. OBy
pelieniTopy CrelIYHO MPETIO3Hajy 1 Be3yjy caMo IIIy-
KO3y, /111 je Hehe TpaHCIOPTOBaTY HACYIIPOT KOHIIEHTpa-
LIYIOHOM TpafiujeHTy 6e3 oBobera enepruje. OHu QyHK-
LOHMIITY TaKO IITO OHA CTPaHa PeLeITOPCKOT MOJIEKY/Ia
KOja je OKpeHyTa Ka IIMTOIIa3MI CrieluduaHo Besyje
ATTI, kaTann3yje BeroBy XUAPOIU3Y U TUMe ce fobuja
eHeprja motTpeOHa 3a TpaHCnopT. [IpumKoM KaTanmso-
Bakba OBE XU/PO/I3e PELIENITOP Metba CBOj O0/IVIK, ITpY de-
My ce OTBapa IIPOJIa3 3a IIPe/Iasak IyKOo3e y LIUTOIIa3MY.
ITo ucroMm npyHLUIY, y3 ydenthe crierMUIHNX pellen-
TOpa, BPILM Ce TPAHCIIOPT U OCTa/INX MOHOCAXapW/ia, Kao
¥ aMVHOKVICE/IVHA Y IIUTOIIIa3My eHTEePOLIUTA.

Pecopmiiyja MacHIX KIICe/TIHA 1 XOIeCTePOTIa 3aCHI-
Ba Ce Ha mpolecy audysuje. 360r BHUXOBE HEIOIAPHE
HpUPOJie, 32 TPAHCIIOPT OBUX MOJIEKY/IA TOCPENCTBOM he-
NMjcKe MeMOpaHe eHTePOINTa, HUCY HOTPeOHM TPaHC-
noprHy nporenHit. CBI HEOTAPHY MOTIEKY/IN CIOOOHO
nporase Kpo3 GoconmHyY FBOCTIO) Ha 611710 KOM Hemy
MeMOpasre. Y CKIajy C KapakTepycTKama mporeca judy-
3uje, TPAHCIIOPT Ce BPILM HN3 KOHIIEHTPAIMOHN Ipa-
IUjeHT, Tj. u3 obmactu Behe y 061acT Mame KOHIEHTpa-
1yje, ¥ 3aTO He 3aXTeBa yTPOLIAK eHepIuje. Y eHTepoLy-
TVIMa Ce MacHe KIUCe/IMHe Be3yjy 3a IIULEePOII U1 IOHOBO
06pasyjy MoJIeKy/Ie TpUALVIITIALIEPOTIa. 32 PA3INKY Of
MOHOCAaxXapu/ia I aMVHOKMICe/MHA, IVIIAHU MOJIEKy/IN
U3 EHTEpOLMTA HajIIpe Ipertase Y MMGHY CHUCTeM, alli Ce
7MMQHM CYJIOBY y/IVBajy Y KPBHE CYIOB€, IIa TaKO U JIN-
IVJTHY MOJIEKY/IM JOCIIeBA]Y Y KPB.



JlymeH upeBa

00J1aCcT Mame KOHLEHTpauuje

IInTormazma C€HTepPOoLHuTA

o0Jact Behe koOHLeHTpanuje

Cnauka 2. MexaHnusam pecoanU/[je MOHOCaxapyujaa 1 aMIHOKMNCE/NNHA - aKTVUBHU

TPaHCIOPT

PECOPIILINJA ETAHOJIA M ACIIMPVHA

O pecopnuyju eTaHOA y IUTECTYBHOM CUCTEMY Jec-
TO Ce MOTY 4yTH IOTITYHO IIOTpellIHe MH(popMaluje, 1o-
Iy T OHMX JJa C€ OBaj IIPOLEC OfIBMja VICK/bYYMBO Y JKEMYILY,
VI la YHOC MJIeKa Y OpTaHM3aM MOXKe J1a Ta 3ayCTaBIL.

UnmeHnna je ia ce OKo 20% €TaHOJa 3a1CTa pecop-
Oyje y Xey1y, a/i ITTaBHIHA, Tj. OKO 80% YKYIIHE KO/HI-
4yHe, pecopOyje ce y TAHKOM LpeBy, ITyTeM IpocTe mudy-
3uje U3 TyMeHa LIpeBa y JUTOI/Ia3My eHTepouuTa. V3 en-
TEPOLNTA, €TAHOJ IIPE/Ia3y Y KPBOTOK, a KPBJbY Ce, IIOLITO
je pacTBOP/BUB Y BOM, TPAHCIIOPTYje y CI060THOM 0671y~
Ky. ETaHO 13 KPBOTOKA HECMETAHO IIPO/Ia3y KPBHO-
MOXJaHy 6apujepy ¥ IIpeasu y LUTOINIa3MY MOXKIaHMX
hermja. Ha Taj Haunn nsasyuBa o0/yke noHalama Koji Cy
KapaKTePUCTUYHY 32 MHTOKCUKALV)Y a/IKOXO/IOM.

Pecopriyja eTanona ce He MOXe 3ayCTaBUTH, &N CE
MO>Ke YCIIOPUTH aKO ce 00e30e/y1 IberoBO JyKe 3apiKa-
Bame y xenyity. To ce IoCTIDKe YHOCOM XpaHe y OpraHi-
3aM 3ajeJIHO Ca a/IKOXOJIOM VIV HeIIOCPEHO IIpe KOH3Y-
Mupama ajkoxosna. IToce6Ho je moropHa xpaHa 6oraTa -
nupyMa (a Ty criajia ¥ MIeKo 60raTo MIeYH)M MacTuMa)
jep ce TakBa XpaHa JIy>Ke 3afjp>KaBa y JKe/ylly, a ca CoboM
3aipyKaBa JI €TaHOM. Y TaKBUM yCTIOBUMA €TAHOJI BPJIO
CIIOpO IIperIasit y TAHKO LIPeBO, 11a Ce CIIOPO 1 pecopoyije.
ITocTusarme MakcuManHe KOHIIEHTPAllja €TaHOIA Y KPBI
Tafja ce MO>Ke OJIOXKUTH 3a YaK LIECT CaTy Y OFHOCY Ha
TPeHyTaK HeroBor yHOca y opranusaM. Takobe, oBa Mak-
CHMaJTHa KOHIIeHTPallyja je Ja/leko Mama Off OHe Koja 61
ce mocturia 6es npucycrsa xpaHe. [asupana mrha (pywm,
KICela BOJIa, KOKa-Ko/Ia) MIMajy CyIpOTaH edeKar, Tj. bi-
XOBO IIPYCYCTBO yOp3aBa IIpe/asak eTaHo/Ia Y TAHKO Ipe-
BO, & TUIME /1 FbeTOBY PECOPIILIY.

Majie Kom4mHe ajIKoXo/a CTUMY/IMLILY Tyderbe XKe-
JTyiA9HOT COKa, 300T 4era ce Ipe moveTka 06poKa 4ecto
IIpenopydyje 10 jefHa 4yalla BuHa. Benke kommunHe aj-
Koxo7a, MehyTnm, cripedaBajy mydere SKemyaqHor CoKa
u uputrpajy hemuje xxemygadsor supa.

Y xenyny momasu 1o pecopIiLyje pasHyX 1EKOBa, Kao
LITO je, Ha IIPMMeP, aCIMPYH. Y OBOM CITy4ajy pecopuyjay
KETIyIly je MTEKaKO IIOXKE/bHa, jep JIEKOBY Ha Taj HA4YVH fia-
7neko OGpke TOCIEBajy y KPBOTOK Hero Kafa 011 ce pecop-
60Ba/IM y TAHKOM IIPEBY, I1a I IUXOBO [IEjCTBO IOUMIbE
PpaHmje fa ce MCIo/basa.

PECOPIILIVJA BOLE

Io pecopriyje u3BecHe KOMMYMHE BOAE JOMA3U U Y
TAHKOM IIpeBY, /i1 Ce IJIABHVHA BOJie UIaK pecopOyje y
nebenoM 1peBy. Pecopriyja Bofe 3aCHMBa Ce Ha IPOLIECY
ocmose. Cazipykaj Koju ce Hastasu y TyMeHy fefernor npesa
Kao ¥ IIMTOCOTI (Te4yHa KOMIIOHeHTa LjuToIviasMe) hemnja
3upa feberior LpeBa, IPeNCTaB/bajy 3alpaBo [Ba BOJEHA
pacTBOpa y KojMMa je YKyIIHa KOHILIEHTPalja pacTBOpe-
HVIX CYIICTaHIM Pa3/IM4YNTa U KOja Cy pasfiBOjeHa CeJleK-
TUBHO nporrycT/busoM hemijckom MeMOpasoM. ¥ mporre-
Cy OCMO3€ BOJIa CIHIOHTAHO IIPE/Ia3y 3 PacTBOpaA y KOME je
YKyIIHa KOHIIEHTpallija paCTBOPEHMX CYIICTaHLIV Mamba, Y
PpacTBOp Y KOMe je YKyTIHa KOHLIEHTpallija paCTBOPEHIX
cyrcranny Beha 1 Ha Taj HauyH pa3dIaxyje KOHIEHTPO-
BaHuju pacteop. Kpos dpocdonmmonsn geocioj membpa-
He [IOJIapPHYI MOJIEKY/IN BOfe IIposIase 3axBajbyjyhu cre-
IMQPUYHUM IPOTENHCKMUM KaHaIMMa KOju Ce Ha3uBajy
aKBallOPVHIL.

3AK/bYYAK

VIHTepIyCIMITIMHAPHY IIPUCTYII HACTABY TIOTPa3y-
MaBa II0Be3MBakbe CPOHIX CafprKaja 13 Pas/MIUTIX Ha-
CTaBHUX [IPEIMETa Y jefUHCTBEHY LIe/IVIHY OPTaHV30BaHy
oko opipebenor npo6iema v teme. VHTepaycumim-
HapHM [IPYCTYII OCIIOCO6/baBa yIeHNMKe 32 CHA/TXKee ¥
PeaTHOM >XMBOTY KOju He IO3Haje rpauiie usMeby Ha-
CTAaBHUX IPeIMETa I HayIHVX AVCIUIUIMHE, Pa3BIja KOI-
HUTUBHE CIIOCOOHOCTH YUeHNKa, OCIIOCO6/baBa MX 3a
KPUTUYKO MUIUbERb€E U [IETIOBUTO CArJIENaBatbe CBAKOT
npo6rema, Kao 1 3a carjiefaBame IOCIefNIa IpUMeHe
CBAKOT HOBOT Hay4HOT-TEXHO/IOLIKOT IIOCTYIIKA U3 YITIa
€TMKe ¥ 3ALITUTE XXUBOTHE CpefuHe. [101ITo HacTaBHMIN
6110 KOT Off HaCTaBHUX IIpefMeTa 13 00/1acTy IPUPOS-
HIX HayKa y HajseheM Opojy ciydajeBa Beh mmocenyjy oc-
HOBHA 3Haba 3 IPYTYX HACTABHUX [IPEIMeTa U3 OBe 00-
JACTH, TIpea3aK Ha MHTePOVICHUIUIMHAPHY HAulH paja
He 61 Tpebano na 6yze ycyBiIIIe KOMIUIMKOBAH IIPOLEC,
HUTH Ja 3aXTeBa JOfJaTHA MaTepyja/IHa ylarama. Y OBOM
Pajy IIPEICTAaBIIIA CMO Cajipykaj 3a 00pajiy HaCTaBHE TeMe
Baperwe xao momoh u nmopcTuiaj HacTaBHMUIMMA 32
yBODerbe MHTepAMCUIUIMHAPHOT IPUCTYIIA Y HACTABY
NPVPOFHIX HAYKA.
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Abstract

INTERDISCIPLINARY APPROACH TO SCIENCE
TEACHING

Katarina PUTICA, Inovation Center of Faculty of
Chemistry, University of Belgrade,
puticakatarina@gmail.com

Dragica TRIVIC, Faculty of Chemistry, University of
Belgrade, dtrivic@chem.bg.ac.rs

In this paper we elaborate the interdisciplinary
approach to science teaching and present a concrete
example of its application in the elaboration of the theme
Digestion.

TPIVIBMTHA

JKusopap Yexosuh, akagemnk CAHY

ToxoM nocneamwyx yeTupu-ter fetierja Cpoujy je Haryc-
THO Be/IKY 6pOj (He 3HAM TAYHO KOJIMKI) MIIAIVLX, IIKOIOBAHUX
¥ TATIEHTOBAHVX CTPY4IbaKa I HAYIHNMKA; OTHIIUTI CY 32 CTA/HO.
Hamepa My je f1a 0Bfie ToMeHeM MMeHa HEeKIX XeMirdapa Kojyt Cy
otuiyu (mo6er ) y MHOCTPAHCTBO, KOje (MO CKOpO 3a00paBH-
TIM, @ HeKY OFf IbJX CY Y HOBVM YC/IOBIMA I CPEMMHAMA IOCTIITIN
3anakeHe Hay4He pesynTare.

ITpsu xemiraapy CpOuje, KpajeM 19. ¥ IOYETKOM 20. BEKa,
YIZIABHOM CY Ce IKO/IOBA/IY Ha MHOCTPAHUM YHUBEPSUTETUMAY
Hemaukoj, llIsajuapckoj mnu @paniyckoj. Ca pa3sojeM xe-
Mujcke Hayke y CpOuji xeMIdapy Cy ce CBe BUILIE ITKOZIOBA/IV Ha
BeorpafickoM yHMBEp3SUTETY any Cy TIOCTIE 3aBPIIETKA CTYAMja
OITa3WIY Ha MHOCTpaHe YHIBEP3UTETe Ha pasHe 00/IIKe JOLI-
KOJIOBaBAIba, M3pajly JOKOPCKVIX AVCEPTALja 1 PYTVX O0/IKa
crenyjamsanyja. Y Ipyroj Io0BMHY IPOLIIOT BeKa HAPOYUTO
cy Ote TIOTIyNapHe OCTAOKTOPCKE CTYAMje i CTYAujcKu 6opa-
BL Y MHOCTPAHCTBY, IPETEXKHO Ha AMEPIIKIM YHUBEP3UTETH -
Ma. MelyTim, Tako OLIKON0BaHY XeM1yapH Cy ce Bpaham y
CBOjy 3eM/bY 11 Ca HOBIM 3HAHbIMA 11 aMOVIIIjaMa JOLPYHOCHIII
PpasBUTKy 3eM/be 1 yHanpehery Hayke y Cpouji.

Takas mporiec GpopMupara BPXYHCKIX XeMiyapa Ha YHU-
Bep3uTeTy (1A ¥ Y IPUBPE/IHIM JeNATHOCTIMA) TPAjao je CBe 10
IIe3/eCeTX-CeflaM/IeceTUX TOfIMHA IIPOLIIOT BeKa Off Kajia 110-
YMHbe Of/Ia3aK M/IafIUX XeMI9apa y MHOCTPAHCTBO Ha Jia/be KO-
nosame. MebyTim, sHaTaH feo GopMupaHux HaydHVKa HIje ce
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CPIICKA XEMUJCKA ITUJACIIOPA
HAYYHU V1 COIVIJATTHU IIPOBJIEM CPBUJE

Bpahao y semby. Taj mpoliec ofTacka MIaVX XeMiTdapa Ha a/be
LIIKO/IOBatbe 11 CTa/IaH 60paBaK y MHOCTPAHCTBY II0CTajao je cBe
VIHTEH3UBHMjY @ HPOUMTO Y JieBeAeceTUM TOfIHAMA IPOLIIOT
BeKa. Y CTlef] TELIKOT eKOHOMCKOT 1 OIILITE IPYIUTBEHOT CTatba ¥
3eM/BY OIIVB M/IJIVIX TAJIEHTOBAHIX XeMYapa I fla/be Ce HACTa-
BUO [0 Cajiallbyx 3a0pumbaBajyhvx pasmepa. Ha oBakas nyt opi-
nMacka 6es OBpaTKa OIpPeJe/bUBAIIN Cy Ce YITABHOM Hajoorbu,
HajyCIIeIHMj1 U Hajxpabpuju cTymenTn. Hacraak mkonosama
Ha TIOCTAMIVIOMCKIM CTY/IMjaMa Ha IHOCTPaHUM YHIBEP3WITe-
TMa 01114 je yoOudajeHa mpakca 1 BehyHa off BIX CTEK/Ia je
3Babe OKTOPA XeMIjCKIX HayKa. [leo OHMX HajaMOMIMO3HMjVX
Ce OTpefeTbIBAO 3 AKAZIEMCKY Kapiijepy, 7ie0 3 IIPUMerbeHa JC-
Tpa)XMBamba Vi BeNUKe KOMIIaHMje a ieo ce 6aBuo 0CTaIuM
I0CTI0BMMA (TPrOBYHA, 00Pa30Batbe U CIIMYHO).

Ospe y Cp6yijy Hy1 ApykaBHA BIACT @ HUTY YHUBEP3UTETCKI
eCTAOMMIIMEHTH HIUCY TIOKA3UBa/I OJ/I0 KAKBO MHTEPECOBatbe
3a Cy0MHY OBVIX M/IAJIVX JbY/AY ¥ HUCY IIPey3UMaIi HUKaKBe
Mepe Jia ce 3ayCTaBM OBaj, 33 3eM/by KaTacTpodasiaH, jeTHocMep-
Hy npoiec. Hampotus, yTucak M je fia je BIIacT ca CUMIIaTyjaMa
TIOCMATpa/Ia OJyIMB TAJIeHTOBAHMX 11 CIIOCOOHX Jby/ jep he Hu-
XOBJIM O/IACKOM CTarbe Y 3eM/bit 0TI ,MUpHHje 1 nMahe Matbe
COLIVjA/THVX 11 APYIITBEHVX pobeMa. [lelieHtjaMa iyToM Ipo-
Liecy OfyIVBa M/IAVX HAYYHUX Kaf[poBa IPAKTIYHO Ce BpIIUIa
HETaTVBHA Ce/leKIiyja IPOCEIHNX KafipoBa KaKo 3a OOHaB/barbe
HAYYHVX Kaf[pOBa Ha YHUBEP3UTETIMA TAKO Y CTPYYHIUX Kaf|po-



Ba Off 3aHAYaja 3a YCIIEMHO QYHKIMOHCatbe IPUBPENe V1 JIpyKa-
BeE.

Osrie hy HaBecTn MMeHa HeKuX (Tajja) MIAMX XeMUdapa
KOjJ Cy HAITyCTIIV 3eM/bY a KOjU CY YCIIEIIHO HACTaBIIIM LIKO-
TIOBaIbe Y MHOCTPAHCTBY @ MHOTY OF, IbJIX 3aII04€TN YCTIeIHe Ha-
ydHe Kapyjepe Ha PeHOMVPAHUM YHIBEP3UTETIMA WK Ce aBe
HAaYYHUM MCTPXUBABUMA Y HajBehyiM CBETCKIM XeMIjCKUM
w1 papMarieyTckuM KoMmanujama. Hamepa i je 1a o6jasybu-
BarbeM IbVXOBIX YIMeHa TV MJTAfH JBYZ CTEKHY YTHCAK Ja HICY
3abopas/beHl, fia 6ap HEKO Y MaTVL IIPATY HIXOB HAYYHII Pas-
BUTAaK I Pajiyje ce mIXOBUM HayqHuM ycriecuma. OBfie Cy HaBe-
JieHa caMo MMeHa OHJIX XeMIdapa 3a Koje 3HaMo I7ie Cy 1 4MMe ce
6GaBe a1 [IOpef HABEMICHIIX KOJlera CUTyPaH caM fja MMa jOI oc-
Ta OHUX Ynja MMeHa Tpeba yBpcTUTH y 0Baj crcak. OuexyjeM of
Mafyx Kortera ia OipyKe OBY aKiujy 1 o6jaBe IOJIaTKe 3a OBJie
HEHaMePHO 130CTaB/beHa MMeHa MIIafiX XeMudapa.

Hapam ce na he oBaj jyradax i nMIpecuBa CImmcax yc-
IEIIHYX HAayYHNUKA Y Vjaciopy 3a0pUHY T ORTOBOPHE jaBHe
JIMYHOCTY U J1a he mpeyseTyt Mepe fja ce 3aycTaBu a7k OFINB
M/IaIVX TA/ICHTOBAHIIX HAyYHIX KafipoBa. BepyjeM fia he xoHau-
Ho cxBatuty Aa he 3a semsby 6ury ienoTBopHyje, a fa he Bract
OuTH yCTIeIHNja U TIOMyNIapHHja, aKo Ce OIpefiere 1 3a CBoje
cpajiHuKe pajuje 611pajy ca OBaKBIUX CIIVICKOBA & HE CAMO OHE I10-
CITyIIIHE.

Josuya Bahuh je pummomupao Ha XemyjckoM daxyntery
(1994) Ha Karenpu 3a oprascky xemujy (IpBM je Harpasio ¢yre-
PeH), IOKTOPCKY Te3y ypaauo je Ha JlpxaBHoM AjoBa YHMBEp3-
teTy y CAJ] (2001) Ha IOCTHOKTOPCKIM CTyMjaMa 6OpaByo je
Ha Kamioprujckom yausepsurery y Jloc Auberecy. 3a fories-
Ta Ha [lp>kaBHOM yHuBepautery y Oxajy, CAJl, 13abpaH je 2004
a3a pefjoBHOT IIpodecopa 2014 ropyHe. Haydanym pagom 6asu cy
y 00/acTMMa CyIpaMOJIeKy/IcKe XeMuje, (pM3MIKe OpraHCKe Xe-
MI1je, OPTaHCKe CIHTE3€, MOTIEKY/ICKOT eHKAIICY/IpPatba ¥ CAMO-
ypebuBarsa Mortexyra. VI3 oByx obmacti 06jaByo je BemmKu 6poj
HAyYHJX PajioBa.

Hanuua Ianorwuh (Pyjumopu) je murmomupana Ha Karenpu
3a OpraHcky xemujy Xemujckor ¢akynrera (2000). [Toctau-
IVIOMCKE CTYy/iMje HaCTaBWIa je Ha VImHOMCKOM YHMBEPSHETY Y
Yp6annu, CAJl, rpe je onbpaHia foKTopcky Tesy (2005). Ha mo-
CTIOKTOPCKMM CTyfMjaMa 6opasia je Ha Kamidopuujckom
yruBepautery y Car PpaHIICKy rfie je n3abpaHa je 3a JoLeHTa y
TlemapMany 3e hermjcky 1 Mornexyncky dapmaxornorujy(2009) a
3a BaHpeHOT IIpodecopa 2014. Hayunnm pagom 6asi ce 'y 06-
JTACTVIMA XeMyjcKe GOMOTHje 1 MeVILIMHCKe XeMije a II0CeOHO
CMHTe3aMa HYK/IeMHCKIX KVCe/NHA, GYOKOYTaIIj| 1 CAMO-
ypebuBamy MorexyIta, KOHCTPYKLMjY U PeKOHCTPYKIIVH TKIBA,
hermmjcxkumM nHTepakiMjaMa, 13 OBYX 006/IACTI MMa BEVKY OPOj
HAyYHUX Iy O/mKarygja.

Bpanucnae Mywuyxu 3aBpimo je cTynuje xemuje 1980 Ha
Katenpu 3a opraucky xemujy Xemujckor daxynreta. [Toctmu-
IIOMCKeE CTYJMje HACTaByoO je Ha XapBapfiCKOM YHUBEPSUTETY,
CAJI, r7e je ycrienHo onOpaHmo OKTOpcKy Tesy (1987). Ha mo-
CTJOKTOPCKIM CTY7MjaMa 60paBIIo je Ha HEKOMKO YHYUBEP3HTe-
Ta a HAMEPaBao je ia ce BpaTu y beorpay amu ycnosu Ha Paky-
TeTy HUCY OVIM TaKBM Aa Ta puxsate. Kapujepy je Hacrauo y
TIO3HATVM CBETCKVM XeMIjCKMM KOMIIaHIjaMa TIPBO Y ABEHTICY
a satum y [angepmu y @panrryckoj. Hayunnm pagom 6asu ce y
00/1acTy OpraHcKe XeMuje, OpraHCKe CYHTe3e, XeMuje IPUpOf-
HIIX IIPOM3BOfA V1 IIPMMeHe XeMICKIX IIPOU3BOJIA Y KO3METI-
11 1 mapgumMepujit. O6jaByo je BeMVKY OpOj 3araKeHVX Hayd-
HJIX PajoBa 11 KOSMETIYKILX ITaTeHaTa.

Munan Ciziojarosuh je purroMupao Ha XeMujckoM (axyr-
TeTy y beorpapy (1989) 1 mocTAMIIIOMCKe CTYAMje HaCTaBio Ha
XapaaprckoM yHuBepsutety y Kemopunry, CAJI Ha KoMe je ofi-
OpaHIO JOKTOPCKY Te3y 1995 113 00/IACTI OpraHcke cuHTese. Ha
IOCTAOKTOPCKIM CTyAMjaMa 60PaBYIO je Ha BIILIE YHUBEP3UTETA
112003 ce 3anoco y Oieberby 3a KIMHIIKY (apMaKoIoryjy Ha
Kormym6wja yrysepsutery, CAJI. Hayurim pagom 6asu ce y 06-
JACTV OMOMETVIIMHCKOT MHKEbEPIHIA, Pa3Blja CaMOOIIepa-
II1IOHe MOIEKY/ICKe ayTOMaTe KOjy Ce MOTY IIporpamupari. Vi3
0BIIX 0071aCTH JIMa BIIIe 00jaB/beHIX HayIHIX pafioBa. VI3abpan
je 3amHocrpanor yiana CAHY.

Jacna Knuyuh, pymmoMupasy xeMudap, CTyAyje xemuje 3a-
BpuIwIa je Ha XeMujckoM hakyrreTy (1989) a JOKTOPCKY Tesy U3
00/1aCTH IIpMMeHe KOMITjyTepa Y OPTaHCKOj XeMi4jy OROpaHIuIa je
(1995) Ha Komymbuja yrusepsurety y Ebyjopky, CAJL, Iocre mo-
CTTOKTOPCKIUX CTY/I}ja Ha HEKO/MKO aMePUYKIX YHUBEP3UTETA
CTA/HO 3amociee fo6una je y komnanuju Boehringer,
Ingelheim y Hemauxoj.

Tojko Jlanuh ycren o je 3aBpuIno cTyAuje Xemuje Ha Xe-
MujckoM dakyrety (1998) 1 3aTHM IOCTMIVIOMCKE CTY/Mje Ha-
craByo Ha XapBapnckoM yHusepsutery y CAJl, rze je 1 ofopa-
HJO JIOKTOPCKY Tesy (2004). Ha mocTrokropckmym crymmjama 6o-
PAaBIO je Ha HEKOIMKO aMepUUKIX YHIBEP3UTeTa fia 01 aKazieM-
CKY Kapyjepy 3a1o4eo #360poM 3a JJoLieHTa Ha BarmiHrronckom
yHuBepsutety. Hay4HyM pagoM ycreurso ce 6aBy y 061acti
OpTaHCKe CHHTe3e, EHAHTVOCENeKTHBHIM CYHTe3aMa IPYpPOJ-
HIIX IIPOM3BOJA, KaTa/M3aMa IIPeTasHIM MeTaIyIMa I CINIHIM
o6macyMa. V13 oByx 06/macTyt 06jaByo je BeMMKY 6poj HayYHUX
pagoBa.

Oiwen Mumanuh cTynuje xemuje 3aBpuivio je Ha Xemujc-
KOM (axyrreTy (2000) a 3aTUM MOCTUIVIOMCKE CTY/AMje HacTa-
1o Ha Kamidpoprujckom yruepsurery y beprmijy, CAJL, rpie je
onbpaHIo JOKTOPCKY Te3y 2005. Ha moctiokTopckum crypmja-
Ma 60paBUO TPU FOfiMHE a 3aTVM je JOOUO aKafleMCKI II0Cao Ha
Yuusepsurery y Xjycrony CAJI. Hayurim pagom 6asu ce y 06-
JIACTVIMA CUHTETIYKe U CYIPaMOJIEKy/IcKe XeMije. VI3 oBux 06-
acTy 00jaByo je peKo 60 BeOMa 3aIlaXKeHVX HayYHIX PajioBa.

Topan Ileiwposuh je mumnomypao Ha XeMujckoM (axyire-
Ty (1995) ¥ IOCTAUILIOMCKe CTY/i}je HACTABMO Ha UCTOM (aKy7i-
TeTy I7ie je YCIelHO OROPaHIo 1 JOKTOPCKY Tesy (2001). Ha mo-
CTHOKTOPCKIM CTyAiMjaMa 60paBlio je Ha yHIBep3uTeTy y CeBep-
Hoj JTakory u Scripps Research Institute, CAJ]. Hayunum pagom
6aB11o ce y 0671acTy1 CTOGOTHOPAMKA/ICKE XeMItje Vi IIPUMeHe pa-
IVMKa/ICKMX PeaKIyja y CMHTE3M, 3aTVM OPTaHCKOM CHHTE30M 1
6110TeXHONOTIjOM. 3aIIOC/IeH je y KoMIaHuji Senomyx, San
Diego, CA]L, e je uzabpas 3a Boneher ncrpaxusaya. O6jasuo
je BenyiKy Opoj Hay4YHIX PajjoBa I [aTeHaTa.

Qunuii [emmporujesuh je puriomupao Ha XeMiujckoM ¢a-
KyNTeTy (2006) ¥ IOCTAUIUIOMCKE CTY/iMje HACTABMO Ha YHU-
Bepaurery y [Turcypry, CAJI rje je onbpanmo JOKTOPCKY Te3y
2012. Ha noctokTopckuM cryaujama 6opasuo Ha IIpuncToH
yrusepsurery y CAJl. Hayunum pagom 6asu ce y o6acTut op-
TaHCKe CYHTE3€ ¥ CUHTETUYKIX OPTaHCKIX peaKiyja.

Hean Tpugpynosuhije saBpumo crynuje xemuje Ha Xemujc-
koM dakyrrety y beorpapy (1987) a IOKTOpCKYy Tesy ypajno je Ha
Kamudoprnjckom yrusepsurery y Jloc Aubernecy, CAIL ITocne
3aBpIIIETKA IOKTOPCKIX CTY/Mja 6aBY ce PYMEHOM MeVIIMH-
CKe OTIpeMe 1 CABPEMEHVIX TEXHOTIOTja Y MEMMLIMHIA

Kcenuja Inywiay, pumoMypan XxeMirdap, CTyfiuje XeMuje
3aBpIIIUIA je 1999 Ha XeMIjcKoM (QaKy/ITeTy a JOKTOPCKe CTY-
Iuje 3aBpIunia je Ha [Ip>xaBHOM YHUBepsuTeTy Ha Oropupy,
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CAJ1 (2003). BopaBia je Ha OCTOKTOPCKMM CTY/MjaMa Ha He-
KOJ/IIKO aMepUYKIX YHVMBEP3UTETA @ 3aTUM je u3abpaHa 3a Jo-
LeHTa Ha Myrayrancku yavsepauter y Ex Ap6opy y CAJl. Ha-
YYHMM pafioM 6aBu cy y obnactu poTocuHTese 1 noehamy
edmkacHocTy conapHyx hemija.

Jenena Rupakosuh purutoMupaa je Ha XeMitjckoM Qaxyi-
Tety Ha Karenpy 3a opraHcky xeMujy (1999), ¥ IOCTMITIOMCKe
cTyauja Hacrapwia Ha Kaymgoprujckom yausepsurery y Up-
Bajuy, CAJI, rpie je onbparmia fOKTOPCKy Tesy (2004). Vicre ro-
IWHe 00WIA je 3amociierbe ¥ aMeMpIuKoj KoMmaruji DuPont,
Wilmington ryie ce 6aBiTa mpyMerbeHIM MCTPAKIBAEBIMA Y 00-
TIaCTU OpTaHCKe CHHTe3e, HAHOTEXHOMOTHjaMa, CYHTe3€ HaHO-
YeCTHL[A ¥ U3 OBYX 00/IACT1 06jaBIVIA je BILIE HAYIHIIX PafioBa J1
HaTeHara. 3a [JIABHOT MICTPaXKMBAya Y CBOjOj MCTPAXKMBAUKO]
IpyIM 13a0paHa je 2014.

Hedojuia Munosuh je 3aBpimo cTyzuje xemuje Ha Xemujc-
KoM (akynTery y Beorpany (1996) a HOCTIMIDIMCKe CTYAMje Ha-
craBMo je Ha JlpxasHoM yHuBepsutety y Ajosu, CAJl, Ha kome
je onbparyo u fokTopcKy Tesy. Ha moctroxropckim crymmjama
6opaBuo je Ha MacadyceTCKOM TeXHOIOIKOM MHCTUTYTY
(MIT) y Bocrony. basuo ce xemmjoM mpupogHux IpoysBoza 1
6V0/OIIKOM aKTMBHOIINY OPraHCKNX jeNiIberba 1 IPUPOHIX
TpOM3BOAA. 3aIOCIMO Ce Y MCTPKMBAYKOH MHCTUTYTY (papMa-
neyTcke kommnanuje Hopaptic y bocTony.

Munxa Kocitiuh, RUTTIOMIpaHIX XeMydap, CTyAuje Xemuje
sappia je Ha PakynreTy y beorpafy a HOCTAUIUIOMCKe CTY-
nvije Ha Brendais Yeusepsurery y Bonrxamy, CAJL, rze je onbpa-
HIUIA U JOKTOPCKY Te3y. Ha moctaoxTopckmM cryaujama 6opa-
BIIa je Ha Scripps Research Instituty Kamdoprnju CAJI. 3aro-
crmwna ce y mspaBadkoj kommanuju Cell Press y CAJL (2007).

Bacunuje Manosuh je pumioMypao Ha XeMujckoM (axyri-
TeTy ¥ Ha ICTOM (DaKy/ITeTy Ofi0paHNo JOKTOPCKY Tesy (2003) u3
ob7acty 3awITHTe XIBOTHE cpenyHe. Ha moctrokTopckiM cry-
ImjaMa 60paBIO je Ha BHIlIe aMePIYKIX YHUBEP3UTeTa. AKafieM-
CKy Kapujepy 3anoueo je Ha Cranfield Yuusepsurery y En-
I7IecK0j. bapy ce ancopmijoM 1 XBaTameM IITETHIX FacoBa I3
€/IeKTPaHa 1 IPYTVX UHAYCTPUjCKUX TIOTOHA, HAPOUNTO YITbeH-
IVIOKCHJIa, CYMITOp-/IMOKCH/IA M a30TOBUX OKcHfia. basu ce n
JPYTVIM 0071aCTIMA 3AILTHTE KMBOTHE OKOJIMHE.

XKervxo Ieiiposcku je puuioMupao Ha XeMujckoM Qaxyi-
tety y beorpagy (1999), OCTAMIUIOMCKe CTYAMje HACTABIO Y
[opryramiju u Ha YHuBepautety y JIucaboHy of6paHNo je HoK-
TOpCKY Tesy (2003). Ha nocrroxropckuM crypujama (2004-
2009) 60paBIo je Ha Bute yHuBepsuTeTa y [lopryramiju u bpa-
3uiy. 3anoc/mo ce Ha yHusepsuteTy y Puo e ’Kanenpo, bpasu-
ny. Haydunm pajioM ce 6aBit y 0671acTy OpraHcKe 11 MefMLIHCKe
xemuje.

Bragumup Bemarcku, je saBpumo cryzmje xemuje y beorpa-
1y (1996), HOKTOPCKY Tesy of6paHyo je Ha Emory ynusepsurery,
Armanta, CAJ] (2004). Ha moctoxTopckuM cryayjama 60pasuo
je Ha BilIe yHuBep3uTeTa. Haydsum pagom 6asu ce y obnactu-
Ma MeIMLIVHCKe XeMuje ¥ MOJIeKy/IapHe gapmaxonoryje. Pamy y
LeHTpy 3a 6orectu cTapersa y Havato, CAJI.

Jbyduua Tacuh je 3aBplyia pefoHe cTymyje xemuje (1994)
¥ IOCTAMIUIOMCKe Maructapcke cryauje (1998) Ha XeMujckoM
daxymrery y beorpany. Jlokropcke crynje noxahana je Ha Yan-
Bepantery Estadual de Campinas y Bpasy rie je onbpatma n
IOKTOPCKY Tesy. Hayunum paoMa ce 6aBy y 0bmacTyt xemusje
TIPUPOJHIIX POV3BOJA, GMOIOIIKe XeMytje 11 CYIIPaMOTIeKy/ICKe
xemuje
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Cenena Munuhesuh je pummomupara Ha XeMitjckoM da-
Kynrety y beorpagy (2003), 3aTHM je OCTANIUIOMCKE CTYAyje
HacTasuia Ha JIpxaBHoM operoHckoM yHuBepsurety, CAJI rie
je opbpanmIa JOKTOPCKY Tesy (2008). Ha moctmoxTopckiu cTy-
Iwmjama 6opaia je Ha Vimmouc yaysepaurery, CAJl mna ETX
(Depepannoj TexHuykoj ko) y Linpuxy.

Heana Boxugapesuh je saBplma cTyauje xemuje Ha Xe-
MujckoM (akynrety y Beorpany (2006), Ha TOCTAUIIOMCKIM
CTYHMjaMa Ha Ap>KaBHOM (IOpMACKOM yHVBepautety y [enn-
cawy, CAJl ypanwna je u opbpanmia fokropcky Tesy. Ha moct-
JOKTOPCKVM CTyMjaMa 6opasia je y VIHCTUTYTY 3a HeypoHay-
Ke y lenucBTy. AKaneMckyt Tonoxkaj robwna je Ha Ipanckom xo-
nenty y Can Opannpcky, CAJL

3a cnenehe Mabe xemirape y gujacopy HiucaM Morao
npoHahy [IOfiaTKe O BIXOBOM JIa/beM IIKOIOBAbY 1 MecTy 60-
paska: bojana Paxith, Mapuja Manojnosuh, Munas LpHoropati,
Haramra [Tonosuh, Tatjana Munmh-Pasetto, Tamapa brarojesuh,
JBana Bunorujesuh,l'opan Axrenoscki, VBana Bebkosuh u
Camra Maprunosuh-Green. Ony cy 3aBpLIWIM CTyfMje XeMuje
Ha XemujckoM dakyntery y beorpapy 1 moyspgaHo ce 3Ha ja cy
Jia/be IIKO/IOBAbe HACTABYIIN Y MHOCTPAHCTBY

IToper; oBe Myajie xeMujcke Aujacrope Koja je Cpoujy Ha-
ITyCTIUIA 32 BpeMe PaTHIYKOT PAcTajia CTape pKaBe M KacHujer
MMPHOJIOIICKOT TIEPYIOfiA, XeMITYapH Cy OFIAsI/II Y MHOCTPaH-
CTBO U TIpe TOTa IIEPUOJA, HAPOUNTO CeAiMe JIO fieBeTe fielieHMje
TIPOLLIIOT BeKa, a/lil y 3HATHO MambeM Opojy. Y ceaMyeceT 1
ocaMpeceTVIM TOfMHAMa crenehu IuIIoMupary XeMidapy Koju
Cy AOKTOpCKe Te3e Of0paHInt Ha YHuBepsuTeTy y beorpany Ha-
IIYCTIUIM CY 3eMJbY M Hay4He Kapyjepe HACTAaBIWIN Y MIHOCTPaH-
c1BY a 10 ¢y: Muopap Poruh, Pactko Mamysuh, Bragumup
Credanosuh, bopucnas borpanosyth, Mumua Hypyanh, Mom-
1o Mwbkosuh, boxxupap Crenanosyh u Iyman Mwbkosuh.
Omrasak xeMy4apa y MHOCTPAHCTBO HACTABIUO Ce M Y OCMajiece-
TVIM U JIeBefleCTVIM FOfi/HAMA IIPOLIIOT BEKA ¥ Tajia Cy OTVLIII:
Pactko Byxos, Becra Tpudynosuh-Bykos, Henag Kocruh,
Emyn Munocasrbesith, Henap Jypaunh, Mupjana [1la6an, [Ipa-
rai Mapuukosuh, Bykuh Iomkuh, Jbupana Conyjuh, Ma-
pujetka Kuppira, Bopuc Puxrep, Mmmia Pajkouh 1 Beposat-
HO jor Hexo. HaBepeHy XxeMirdapy y MHOCTPAHCTBY CY PAfiyIn y
Pa3sHIM KOMITaHMjaMa XeMUJCKE MHTYCTPHje, HAYIHO-MCTPaXKu-
BAYKMM MHCTUTYTUMA Ka0 ¥ Ha YHUBEP3UTeTUMA. V13 crapuje
reHeparje HapouuTo ycrewsu ¢y 6w Mumopap Poruh (xoju
je myro capabusao ca Hobenosuem X. 11, bpayrom) satum bopu-
cra Borganosuh (1Mao BeoMma 3anaxkeHe HayqHe pesynTaTe y
Makc-ITnankosom nuctutyTy), Momumno Mmmskosih, Pactko
Byxos 1t Henapy Koctith.

OBa crmcak CpICKUX XeMMyapa y IMjacliopy, Mako Huje
TOTITYH,CaiP>K11 ¥IMEHA 51 HayYHMKA Off TOra 20 XeMIdapa CTa-
puje reHeparje u 31 xeMudapa Mnahux resepauuja. Tommku
0poj Hay4YHMKa MMajy Hay4HU MHCTUTYTH WK baKyITeTn
cpenbe BemruuHe. [y0UTaK TaKBOT HAyYHOT OTEHIMjaMa 3a
3eMJbY IPE/ICTaB/ba OTPOMHY MaTepyjaHy 1uTeTy a joiu Beha je
ITeTa IITO HALIY HAjyCHIEIHNj1 HAY4HI YMOBHU He JOIIPYHOCE
HY4YHOM Pa3BUTKY U CBEYKYITHOM MaTePHjaTHOM OIIOPaBKY CBOje
3em/be Bell CBOjUM HayYHMM [OTEHIMja/IMMA U 3HAYIMA T10-
MaXXy ¥ yHanpelyyjy HajpasBujeHuje u HajooraTuje semsbe y CBe-
Ty.

Kpajme je Bpeme J1a ce MaKap IIOKYILIa 3ayCTaBITH /by OfI-
JIUB Ta/IeHTOBAHIIX VI CIOCOOHIX MIAAVX CTPYUrbaKa 1 HaydHU-
Ka.
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