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YBOOHNMK

Manapuja (nrammjancku: mala aria — o Basnyx) je
jemHa Off HajpaCIPOCTPAbEHM)MX [TAPA3UTCKIX O0/IECTI
Ha cBeTy. [Ipomemyje ce ja ronuiibe of Manapuje 060mu
BUIIIE Of] 200 MIIVOHA JbYZIM, Off, YeTa OKO MOJIa MIIMIOHA
ympe. Y nociene TpY fielieHuje Ipob/ieM KOHTpPOJIe Ma-
napuje, 300T YMEbeHNLIE 1A je JOLIO HajIIpe IO HAIJIOT II0-
pacTa pesuCTeHIje MapasnuTa IpeMa IeKOBIMa, @ 3aTUM
U orpaHndeHe ynorpebe nocrojehix exosa ycrern B1co-
Ke IJeHe I IbJIXOBE 3HaYajHe TOKCMYHOCTH, II0CTA0 je BPJIO
uspaxen. [Ipo6sem je npony6ben u 360r Tora mIro je,
360T TOKCMYHOCTH, 3abpabeHa yrnorpeda MHOTUX edu-
KacHUX MHceKkTuIuza, Hp. J[I'T. Visasusad Manapuije je
jenuohenujcky mapasut poga Plasmodium. Ilet Bpcra nH-
¢dunupa myne: Plasmodium falciparum, P. vivax, P.
malarie, P. ovale u P. knowlesi. Op, wux, P. falciparum je
HajOIIaCHYjU, OH IPOY3POKYje BUILIE Off IIOJIOBMHE CBUX
KIMHMYKIX CTy9ajeBa Majlapuje, a OIrOBOPaH je 32 90%
CMPTHIX CIy4ajeBa IpOy3pOKOBaHuX ManapujoM. ITpe-
HolIewe ce Hajuemnhe BpIuy yOOLOM 3apajkeHe >KeHKe
Anopheles xomapIia, a CUMITOMM Cy CIMYHM TPUILY,
yKBYY yjyhn nepuonmyse Hanage gpxrasuiie (jesa), TeM-
neparype, sHOjemwa (npaheHor rm1aBo60/bOM), MyKe U
noBpaharba; Haray ce HepUOMYHO OHABIBA]Y.

OBgaj 6poj Xemujckoi iipeinega MOYNmHEMO Ca YIaH-
KOM 3aHVMM/BUBOT HacTIoHa: "/la 7 je moiyhe uckoperuitiu
manapujy? - Pasmummaree jegnol xemuuapa'. borman
ITonaja (Cpricka akafeMuja HayKa ¥ yMETHOCTH) je, Ha
OCHOBY NIIpefiaBarba ofip>KaHoT Ha CBeYaHOj CKYNIITHHA
CX]I o7. nenieM6bpa 2016. roAyHe, Y IIOBOAY IPETXORHO
nopebeHe Menabe CX] 3a TpajaH 1 M3BaHPeGAaH JOIPU-
HOC HayLIV, HAIIJICA0 OBaj YWIAHAK Y KOME je IIOTITYHO OIlN-
Cao CTame y MpeBasyIaKeby IpobyeMa y Iedery Masa-
puje, 060/bema Koje je pacpoCTparbeHo MIPOM CBETa.
Hajsuue cy morobhenu: nopcaxapcka Appuka, jyroucrod-
Ha Asuja 1 Jy>xHa AMepuka. [Topen oko 438.000 cMpTHUX
MICXOfja TOfMILIEbE (TO je 3Ha4ajHO OOOJbIIIAHA CUTYALN]ja
Y OIHOCY Ha 1,8 MIWIMOHA 2004. roiuHe!), of Tora je 90% y
Adpuiin, fOFATHMX 44 MIWIVOHA JbY/IM je OHECIIOCOOBEHO
IPMBPEMEHO 32 paj y CBaKOM TpeHyTKy. Haxkamocrt, cra-
THUCTMKA HaM TOBOPH Jja Majapuja youja jenHo appudako
TeTe CBaKIX 30 CeKyHIIL.

*

Cae Behe 11eHe 11 OrpaHNYEHOCT pecypca KOHBEH-
LMOHATHMX (POCH/THVIX TOPUBA, 3araberba yciiey hIXOBOT
Kopuinhema, anm 1 TreoIOIUTUYKI OJHOCK KOjU KOH-
CTAaHTHO YTPOXKaBajy HUXOBY HECMETaHY OCTYIIHOCT,
YIMHIWIA CY Jja CABpPEMEHO IPYLITBO MOpA fia TPaKy ed-
KacHe aJITepHAaTUBHE, jeTUHe, IOy3aaHe 1 110 MoryhctBy
OOHOB/bJIBE U3BOPE EHEPIHje U CUCTeMe 3a BeHO CKIIa-
pumTere. Pa3Boj 1 ynorpeba TakByX U3BOpaA eHEpruje,
noce6HO OHuX Koju he 0be3bemyTu edukacHe u oysraHe

TPAHCIIOPTHE CHCTeME MOCTaje jeflaH Off BayKHIjIX LM/be-
Ba caBpeMeHe Hayke. MoX/ja M K/byqHH 3a/jaTaka y TUM
HAIlOpMMa je Pa3BOj CUCTeMA 3a CKIINIITERE EHEPITje
koju he omoryhuty fa ce eHepruja mpypoRHNX OOHOBIbY-
BIX M3BOPA, HIIP. CO/IApHA, Te0OT€PMajIHA WY €HepIuja
BETPa, YCKIANUIITY 1 IO IOTPpeby KOHTPOJIMCAHO IIpeHe-
ce y Mpexy 3a fucTpuby1yjy enekrpudte enepruje. [To-
pex Tora, Tpaxke ce eMKACHY ¥ eKOHOMIYHY Ha4VHY Jia
Cce eHepIuje Koja ce pacuIia IIpy CBaKOM YCIIOpaBakby MIN
KOYerby JAHALIIbYX BO3WIIA YCK/IQIVIITY Y HAKHATHO KO-
PMCTY 32 IbJXOB IIOTOH.

OBU cy nWbeBM IeTMMUYHO OCTBapeH! pa3BojeM
IIPUMAapHUX ¥ CEKYHJAPHMX XEMMjCKIX M3BOPA CTPYje,
6arepuja. Ho, oB1 nsBopu cy Mare cHare, 11a je nosehare
eprkacHOCTI M3BOpa eHepruje yCMepeHo Ka PasBojy HO-
BUIX CMICTeMa 3a CK/Ia[iIITe e eHeprije, koje he moceno-
BaTM 3HauajHO Behy cHary. CynepKoHeH3aTOpY KOju
VIMajy BEJIVIKY CHAry, a/IVl M IyT >KUBOTHM Bek (MoryhHoCT
BE/IUKOT Opoja IIMKITyCa yibekba I IPaKiberba) U3IIETHN
Cy KaHAMUAATY 33 Pa3BOj XMOPUAHMX VM CAMOCTA/IHUX,
MOOVUIHUX /I CTAIVIOHAPHNX HAIIPETHX M3BOPa eHep-
ruje. Anexcanmap Hexancku (VIXTM, Lenrap 3a enex-
Tpoxemujy, Yuusepsuret y beorpany, Cp6uja) je, y wian-
Ky 107§ HacroBoM "Enexitipoxemujcku cytiepkoHgersaitio-
pu', a0 MHTepecaHTaH Iperies; OBe 00/IacTy eleKTpoxe-
MUje U CyIIEpKOHZIEH3aTOPa Kao IOTEHIja/IHIX CIICTEMA

3a CKJIaJVIIITE he EHEPIuje.
* %

Y pybpuiu Xemuja us/3a wixone xonernyna Munmma
PUCTITh (xoja je cTynenT crynujckor nporpama Hacra-
Ba XeMmuje, YHuBep3ureT y beorpany - XeMujcku Qaxyi-
TeT) IPEeIIoKIIA je CLieHapJO Yaca 0Opajie HOBOT Tpajiy-

Ba O €CTPYMIMa, N3BENIEH Y OCMOM pa3p€y OCHOBHE IIIKOJIE.
* % %

Og Bectu 3 CX]I y oBoM 6pojy Xemujckoi tipeinega
MOXKeTe fia mpoyuTare Hajipe u3BernTaj ca Illecre koH]e-
penije Miapux xemudapa Cpbuje, Koja je ogpkana 27.
OKTOOpa 2018. roiuHe Ha TeXHOOIIKO-MeTaTy pIIKOM
daxynrery YHuBepsutera y beorpany y opranusanuju
Cprickor xemujckor apymrrsa u Kiry6a mmanux xemmdapa
Cpbuje. Cem Tora Kiry6 mmapmux xemudapa Cp6uje 610 je
OBe€ jeceHM jaKo BpeflaH, 11a je, 3ajemHo ca CpICKMM Xe-
MujckuM gpymrtsoM (CX]I) u AMepUYKMM XeMUjCKUM
apyuwrsoM (ALIC), opranusosao decTusan xemuje
"Xemuja oko Hac". DecTuBaI je OPraHN30BaH.y CYOOTY 24.
HoBeMOpa 2018. rofHe Ha XemujckoM dakyrery y beo-
rpapy. IIpukas oBor gorabaja, koju je mpBu myT 6110 Opra-
HysoBaH y CpOyjit, MOIIV CTe Jja IIPOYNTATE U Y THEBHOM
mcry "Tlomtrka'.

Parko M. JankoB
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YBOJ

Manapuja (uranvjaHcku: mala aria — o1 Baspyx) je
jemHa Off HajpaCIPOCTPAbEHM)IX [TAPASUTCKIX 00/IECTI
Ha ceTty. [Iponemyje ce fa ronuimse of Manapuje 0601
BILLIE OFf 200 MVWIVOHA JBY/IY, @ OKO I10/1a MIIMOHA yMpe.'
Y nocnentbe Tpu felieHuje, mpobiieM KOHTPOJIe Majiapuje
je IoCTao BPJIO USPAXKEH, 360T YMbeHNIE 1A je mouwio 1o
HarI7IOT II0pacTa pesyCTeHIMje TapasyuTa IpeMa IeKOBJ-
Ma, Kao 11 orpaHmMdeHe ynorpebde nocrojehnx nrexosa
ycreq, BUCOKe LIeHe 1 IbMXOBe 3Ha4YajHe ToKcuyHocTH. Vc-
TO TaKo, 300T TOKCMYHOCTY 3abpatbeHa je yoTpeda MHO-
rux edukacHnx nHCeKTUIyAa, Hip. I T.

Obomeme je pacpoCTpambeHO MIPOM CBETA, alu
HajBuIe ¢y noroheHu nopcaxapcka AQprka, jyroucTod-
Ha Asuja u Jy>xna Amepuka. ITopen oxo 438000 cMpTHIX
MCXOfja TOfMILIEbE (TO je 3Ha4YajHO ITOOOJbIIIAHA CUTYAL]ja
Y OBHOCY Ha 1,8 MIIOHA 2004. TofuHe!), off Tora je 90% y
Adpniiy, [OTATHIIX 44 MIIVOHA JBY/IM je OHECIIOCO0/bEHO
IPUBPEMEHO 32 Paji y CBaKOM TpeHyTKy. Haxkanocr, cra-
THCTMKA HaM TOBOPY [ja Manapuja youja jegHo appudxo
TeTe CBAKMX 30 CEKYH/INL.

V3asuBa4 Manapuje je jerHohenmjcku napasut popga
Plasmodium. Tlet BpcTa nuduumpa wyne: Plasmodium
falciparum, P. vivax, P. malarie, P. ovale u P. knowlesi. Op,
X, P. falciparum je HajoracHujI, OH IIPOY3POKYje BILIe
o1 IOJIOBMHE CBUX KIMHNYKIX CTy4ajeBa Malapuje, a Ofi-
TOBOPaH je 32 90% CMPTHMX C/Ty4ajeBa IIPOY3POKOBaHMX
MajIapyjoM.

[Tpenoreme ce Hajuernhe Bpum ybonoM 3apakeHe
eHKe Anopheles Komap1ia, a CUMIITOMM Cy CIVIYHMU TPY-
1y, yKpydyjyhu nepuonyyHe Hamage fpxrasuue (jesa),
TOBMILIEHe TeMIIepaType, 3HOjerbe IpaheHo I71TaB060bOM,
My4YHMHA 1 TTIoBpahatbe; IIepuoMYHO IIOHOB/LEHY Halla-
Jii78

a)
TpajaH ¥ M3BaHPeMaH JOIPMHOC HayIIL.

Borman IIIOJIAJA, Cpncka akageMHja HayKa M YMeTHOCTH, bogdan.solaja@sanu.ac.rs,

DA JIN JE MOTYRE MCKOPEHUTU MAJTAPU]JY?
PASMUIbAIBE JETHOT XEMITYAPA?Y

CAJJAIIILE CTAIBE, ITPENY3ETH KOPAIIU
Y IINbY NCKOPEILIIBAIbA
(EPAIVIKALIVIJE) MAJTTAPUJE

®usnyka 3amryrta (Mpexe 3a KpeBeTe 1/ VN IaTo-
PV TpeTMpaHU MHCEKTULIM/MIMA) CMambIa je 3a 90% y0o-
Tle KOMapalja ¥ TOKOM 8 TOAMHa CIIaCeHM CY )KMBOTH OKO
250.000 Jelie.

TpeTupame/mpoMeHa XUBOTHOT OKO/IMIIA (MCYILIN-
Bambe MouBapa 1 cTajahux Bofa), a/u U Ty UMa BEeIMKIX
noTerkoha.

XeMMjcKu TpeTMaH (MHCeKTUIIMAN U CPefCTBa Koja
onbujajy MHCeKTe).

ArenHnuje u opranusaiuje Koje Cy aHra)KOBaHe Ha

£106a/THOM HUBOY:
Caercka 3paBcTBeHa opranusanyja (C30), Ponpa-

twja Brt n Menuspa Tejre (Bill&Melinda Gates), Benkam
Tpact (Wellcome Trust), Mehynaponna dponnaruja 3a
manapujy (Malaria Foundation International), [Tpojexar
Jlexapa 3a Manapujy (Medicines for Malaria Venture), na
HaOpojuM camo Heke. VIcTo Tako y 60pOy mpoTuB Mana-
PpYje Cy aKTUBHO YK/bY4YeHV Pas/IyNdyTIA LVIBWIHY 11 BOJHU
uncturytu us CAJl, Espone, Kune, JAP, Vuayje, Jana-
Ha...
ITpema C30, kao nocnennia mpefyseTUx Mepa Ha
[I00QTTHOM HUBOY Y IEPUORY 2000-2015. MOPTA/IUTET je
omao 3a 60%. C30 2015: 214 MWINOHA KITMHNYKIX €M30-
712 ca 438.000 CMPTHIX UCXOMa, O, TOra 90% y Adpunri.

AJIN,

Panu gobujama KOMIIETHIje IIPefCTaBe O OBOM
060/bery OTPeOHO je 1 HATOMEeHY TH [ja faHac MpU-
O/1VDKHO 50% CTAHOBHMINTBA (3,4 MIWIVjAPAM JbYLM) SKU-
BU y oO/macTiMa I7ie B/Iajja pU3MK Off Maiapuje U TO y 106
3eMaspa W TepuTopuja. EKoHOMCKa 1leHa pasboneBarma
j€ BPJIO BUCOKA M YKIbydyje >15 MWIMjapay Jo/Iapa y 2013.
V1 TO CaMo 300T TyOUTKa IIPOJYKTUBHOCTH.

Ha ocHoBy npefaBarba ofp>xaHor Ha CBeyanoj ckymutiay CX]I 07. TerieM6pa 2016. TOfMHE IIOBOKOM IIPETXONHO foAe/beHe Megabe CX]I 3a

Kaxo oBaj puIor muiieM ca 3Ha4ajHUM 3aKalliiberbeM (mea culpa) 6uhy cnobomaH caM fja fofaM HOBe TIOAATKE U3 OBe OO/IACTIL
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Kaxo ce By, mocje MHOTO FOMHA Kafja je OIIO 0
3HAYajHOT OIafjaba 6poja 000IeNNX; Ha XKaIOCT, IpeMa
yIIpaBo 06jaB/beH1M HofanMa (2018. rofMHa) U3ITIeNa Aa
OIIeT fO7Ia3M [0 yrazybuBor nosehara 6poja nHpekmja y
ceBepoucTounoj Kamborum a To 3Hauu fja je BepoBaTHO
mperbe Ha bypmy, Tajmann, Jlaoc u, Moryhe, Ha Bujet-
HaM. [IpumMepa paau, To je mocnenuna Kperama CTa-
HOBHIUIITBA Ay6/be y IpalryMe 6orare KoMaplyMa y IoT-
pasy 3a [pBETOM 33 €KCIUIOATALjy V1 HIIP. IVIOFOBYIMA
mpBeTa caMpoHT (Scaphium affine) xoje ce KOpucT y
UCXpaHM CTAaHOBHMKA jyroucroune Asuje. OBakBM 4eCTH
¥ MHOTOOPOjHM 3aaciiy y npairyMe omoryhasajy mm-
pebe cranuiuTa napasura P. falciparum, xome je na 6u
OCTBApYO CBOj >KMBOTHY IIMKITYC OTpeOaH 1 YOBEK U MH-
cexT. Off IPYTUIX MOBOJBHIX YC/IOBA IO KOMapIIa cajia 61x
HaBeo CaMo JIBa: 3aKacHe/IU TPeTMaH oMoryhasa komap-
LVIMa Jja Ce 3a/Ip>KaBajy Ha MOjeNIHM MECTMMA 1 [ja 1LV~
pe CBOje CTaHMIITe, ¥ APYTO, a7TAPMAHTHO OIIaflatbe JeNo-
Bawa ACT nexoBa nporus Manapuje (Artemisinin
Combination Treatment, ACT; T3B. 3maTHM CTaHIAPS;
TpeTMaH KOMOVMHAIVjOM apTeMU3MHIHCKIIX IEKOBa, KOjI
6p30 menyjy, y KOMOMHAIMjI Ca TEKOBYMa Ca IPOFyKe-
HUM fenoBatbeM). HajHoBuju mperiey cTama y 0Boj 06-
JIaCTV MO>Ke ce BUJeTH Ha cajTy yacomnuca Nature (jyn
2018. TofMHe).>

KPATAK UICTOPUJAT JIEKOBA ITPOTUB
MAJIAPUJE

PasBoj anTuManapmka a0 je 3Ha4ajaH UMIETYC Xe-
MUjV IPUPOJHMX IIPOM3BOJA M Pa3BOjy MEAMLIMHCKE Xe-
Muje, MOYKIa BUILIE HETO JIEKOBI 38 HEKy APYTy OOJIecT.

KVHVH. IIpupogHu tipou3ssog.

KuHuH je npey npyponHy npousBoy ynorpedbeH
Kao nek. V3onoBao ra je 1820. rogune Iljep Ilentuje

(Pierre Pelletier) n3 kope kuHa fpBeTa cakyibete y Ile-
pyy (xununosau, Cinchona officinalis), u npBu IyT KO-
PUCTHO Ka0 YNUCTO jefMmberbe 1821. TOAMHE Y Jieuerby
cuMIToMa Majiapuje. VI maHac je y ymotpe6u. 3a KuHUH je
Be3aHa jefHa MHTepeCaHTHA TPrOBMHA: UCTPAKMBAY-
aBanTypucra Yapc Jlegep (Charles Ledger) moreo je u3
bonuBuje Mamwy KOMMINHY CeMeHa KMHIHOBI[A U TTOKY-
110 Jja IpOJja €HITIECKOj BIIajy, IITO je 0,[[6]/IjeHO. Ann,
XOJaHJCKa BIaJia je 3a Iap ryiafeHa 1865. OTKyIIa I0-
HyDeHO ceMe u ncnoctaBuIo ce Aa je To Oua jemHa of
HajOO/bIX TProBavKIX IIOTOROM MKaJia: 32 KPaTKO BpeMe
XomaHpuja je uMana MOHOIION Ha KMHVH ITpousBofehn
97% cBeTCKUX moTpeba 13 IyMa KMHIHOBIA 3acal)eHnx
Ha JaBu. Bepsa knHuHa 611a je y AMcTepnamy.

METW/IEHCKO IVIABO. Cunitieitiuuku iipou3eog.

IS
gteen
~
N

3,7-bis(dimetilamino)
fenotiazin-5-ijjum-hlorid

ITpBO CUHTETUYKO jelMiberbe YIIOTPeO/bEeHO Kao JIEK,
ITon Epnux (Paul Erlich), 1891. roguse. IIpu Tom moky-

1I1ajy U37IEINO je 3 Off 5 TALMjeHaTa.

XJIOPOKIMH (CQ). Cunilieiuuky Gpou3eog.

N J\/\/"(/

X

Z
Cl N

X/10poKuH je cuHTeTMcao XaHc AHpepcar (Johann
(Hans) Andersag), 1934. ronuse y ¢pupmu bajep AT (Bayer
AG) Koja je BpIIWIa CUHTe3Y U MCIUTUBAbE aHTYMaa-
PYjcKe aKTMBHOCTH HOBYIX jefyiberba Ha 6asy MeTI/IeHC-
Kor wiaBor. Eberosa ymorpe6a ogbadena je s6or abhene
TOKCMYHOCTH. Kako je morpeMare KMHMHA ca JaBe TOKOM
JIpyror cBeTCKOT paTa pasyM/biBO OM/IO OTEXXAHO, a paT-
HJI Hallopy Ha CBUM (PPOHTOBMMA M3UCKUBAIN CY I10-
BehaHe KOMMYVHE aHTMMAaTapyIKa, Ha XIbaJie HOBYIX je-
mumera cuHTeTncao je y CAJl, Enrneckoj, Hemaukoj,
anu 6e3 mpoboja — IOrofHe 3aMeHe 3a KMHMH. Buinjes-
cxy @paHIysy ¢y BpIIWIM KIMHIYKA NCTIMTYBaba Ha
BajepoBoM pon3BoAy (Koji ce Tafa 3Ba0 COHTOXUH) ¥
Tynucy 1942. u Takobe cy Haum fia je Tokcudad. Meby-
TUM, EHITIECKI 00aBEINTajIM Cy YKPa/IU Y30pKe COHTOXM-
Ha (KacHMje Ha3BaH XIOPOKVH) Y IIPeaii ra CaBe3HUIN-
Ma. CAJl cy nmajie u3yseTHy oTpedy 3a epuKacHuM ie-
KOM IIPOTVIB Ma/Iapyje jep je y TO BpeMe OKO 400.000 HU-
XOBMX BOjHJKA aHTQKOBAHUX Ha MAIM(PUIKOM PaTULITY
00607b€BaJIO Of, PAsIUINTUX 00/MNKa Manapuje. Vicouu-
Barbe y aMepPUYKOM BOjHOM MHCTUTYTY y Cisep CpuH-
ry nopepn Bammurrona (Walter Reed Army Institute of
Research, WRAIR) foBerno je no otkpuha fa je Tokcmy-
HOCT [OTHIIa/Ia Off HEYNCTONa, a He Off XTOPOKMHA (COH-
TOXMHA). XJIOPOKVH je Y IMBUIHY YIIOTPeOy YBEEH 1947.
TOfIVHE.

APTEMM3HMHMH (APT). IIpupogHu iipou3eog.
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Artemisia annua je IpBY IyT crioMeHyTa y Kuneckoj
TPafUIIVIOHAIHO] MEANLIVHY 168. rofuHe IL.H.e. ben Ilao
Tanr My je npBu IyT ynoTpe61o eKCTpaKT OubKe
Artemisia annua y ne4erby CMMIITOMa Majiapuje
1596. TOfl. APTEMM3VHYH je U30JI0BaH U3 OVbKe
Artemisia annua 1969-1971 y beorpany u 1970-
1985 y Kunn. ¥V beorpapy ra je usonosao tum
axapemuka Muytuna Credanosuha, mpogeco-
pa Xemujckor dakynrera, a y Kunu tim goburt- \

A
Huute Hobenose narpage Ty Jyjy (Tu Youyou) s \ﬁﬁi@\

Institute of Chinese Materia Medica, China
Academy of Traditional Chinese Medicine. Bu-
IIe JleTa/ba Hala3u ce Y U3BAHPETHOM pagy
Cno6onana MumocasbeBuha n capajnuka.

KusomiHu yuxmyc dapasuinia y 4osexy

3ajemHnuko 3a cBe Bpcte Plasmodium napa- @
3UTA je )KUBOTHY LMK/IYC IpuKazan Ha Crmipr 1. | zreli
Vadexuyja Ko 40BeKa 3am0unibe YOO[OM KeH- -
Ke Anopheles xomMap1ja, Koju y KPBOTOK YHOCH
napasure y popmu crioposouta. Criopo3ontima
je OTpebHO OKO 60 MIHYTA [ja CTUTHY [0 jeTpe,
I7le 3aI0uMIbe Ipe-epUTpOLMTHA (asa aceKcyar-
HOT LIVIK/TYCa, OGHOCHO ¢asa musoronuje. Opa
¢asa Tpaje o 8 710 25 jaHa, Y 3aBUCHOCTY Off, BP-
cre Plasmodium napasuta. CHopo3outn caspe-
Bajy Y XelaTouuTiMa 1 ocnobabajy ce y KpBOoTOK
Y BULY BEJIKOT Op0ja MepO301Ta, KOjU Ce IIOTOM
Be3yjy 3a crierydHe pelertope Ha IOBPLIVHNI
epuTpoLuTa 1 ynase y wux. Ha Taj HaumH 3amo-
YlIbe ePUTPOLUTHA (ha3a aCeKCYaTHOT LIUKITYCa,
TOKOM KOje ce MEPO30UTI OP30 Pa3sMHOXKABAjY,
npornasehu kpos Gpopme mpcreHa, TpodosonTa u
mu3oHTa. [Tocnenuua je myrame epuTpoLATa U OCIIO-
6abarbe Mepo3oTa KOji1 Hallafajy HOBA IjpBeHa KPBHA 3p-
Hia. Jleo Mepo3ouTa ce y epUTPOLUTIMA PasByja y MyIII-
Ke 11 xeHcke ronHe henyje — raveronute. Cekcyansa da-
3a MaJIapMjCKOT MapasuTa, OGHOCHO CIIOPOTOHMja, HEOII-
XOJIHA je 3a la/be IIPEHOLIEbe Manapyje. 3alounbe HO-
BUM yOOIOM MHCEKTa IIPU YeMy ePUTPOLINTY 13 KPBU YO-
BEKa JIOCIIEBAjy y KOMapIa, Y 4MjeM ce XKeyIy FaMeTOLV-
™1 ocnobabajy 13 epuTporTa ¥ TpaHCPOPMULLLY Y 3UTO-
Te, a HOTOM y ooKyHeTe. OHe jajbe MUTPUPAjy KPO3 31
1peBa, 1 GopMIPajy OOLIVICTE Y KOjIMa Ce Pa3MHOYKaBajy
cnioposoutyt. HakoH nynama oomucte, ociobohenn cro-
PO3OMTH JOCIIeBajy O IVbYBa4HIX XK/Ie3[ja KOMaplia, Koji
UX HOBMM YOOIOM IIPEHOCH Y YOBEKa, YyMe 3alO4nIbe
HOBM IVIK/TyC Ma/TAPUjCKOT ITapasuTa.

AMVHOKVICE/T/HE Cy HEOIIXOHE 3a UCXPaHy Hapasy-
Ta. Mamapujcku Mapasut [0 WbIX JOIasy XUAPOIM30M Xe-
MOITIOOMHA IIEeNTHAA3aMa, a KaTabo/13aM XeMOITo0ouHa
OfMIpaBa Ce y XpaH/b/BOj BAaKyO/I/ YHyTap Mapasura.
OcyM aMIHOKICe/IVIHA, Ka0 IIPOM3BOJ, Pasrpajiibe XeMOr-
nobuna Hactaje peponporonopdupns IX, koju ce okcu-
nyje no dpepunporonopdpupuna IX. Gepunporonopdu-
puH IX je TOKCMYaH 3a TapasuTa, 3aTO LITO MOXKE 1 U3BP-
IV 713y MeMOpaHe, fja HOBefe O TeHepyCcarba PeaKTyB-
HUX KuceoHn4Hux Bpcta (ROS) 1 n3Bpiuy MHXnONLujy
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Cnuxka 1. Kusorau nuxnyc Plasmodium napasura
(mpeyseto un3 goxropcke Tese J. KoncranTunosuh).

Hexu nexosu xoju ce ganac xopuciiie

« XjopokuH, eputrpountHa dasa

o ApTeMUSVHNH U HETOBU [ePUBATH, EPUTPOLINT-
Ha (asa

o Ilepoxcupun anTUMamapuny (O30HNUAM, TETPAO-
KCaHM), epuTpounTHa asa

o Kunns, eputponyrsa dasa

o AmopmakuH, eputponuTHa dasa

o IIpumakun (IpoduIaKIMK), €r30epUTPOLUTHA
¢dasa, xenaronurtHa dasa

» Kom6unanuje nekosa (Artemisinin Combination
Treatment, ACT)

HAIITA ICTPAJKVIBAIHA Y OBJIACTU
MAJIAPUJE (JO 2016)

HcrpakuBama y 00/1acTu aHTYIMajIapyKa 3ao4eo
caM II0f] HEIIOCPENHYIM Y THIIajeM cBor Ipodecopa Mumy-
tuHa CredanoBrha 1 BeroBOT UCKYCTBa Ca apTeMU3IHI-
HoM. IenokynHy pay y 067macTy epOKCUIHUX aHTIMA-
napuka y Beorpagy e 61 610 Moryh 6e3 Benukor gormpu-
Hoca Beher 6poja konera npsercrseHo Hune Tonoposuh,
Hejana Orncenntie, Vropa Oncennue n Hatare Tepanh.



Temtipaokcanu U UCTUPANUBAbA 108€3AHA CA HUMA

1. CuHTesa NpBUX TeTpaokcaHa (1,2,4,5-TeTpPaoKcaly-

K/IOXEKCAaHa)

2. CyHTe3a M peakTVBHOCT TeTPAaOKCaHa KOji Kao HOCa-

Je cafip>ke fiepuBaTe XO/THe KUCeTHe
3. OppebuBarbe aHTMMaIApUjcKe aKTUBHOCTI in Vitto,

invivo
4. OppebuBame aHTUnpONMUQEpaTNBHE aKTUBHOCTY -
hermuje paka, 3gpase hemuje
ToxcuanOCT it Vivo
CrabunHoct 1 ugeHTIdMKaIMja MeTabonuTa
7. VicnmTuBame MexaHM3Ma /IejCTBa TETPAOKCAHa.

IIpBe TeTpaokcaHe Koju cafjpyKe IBa MIEHTIIHA CTI-
po-cyncTuryeHra cunreTycana je ap Huna Togoposuh 3a
CBOj Marucrapcku paj. Peakinja nepoxcuaneTanmusanuje
BpIIIeHa je mof] ycroBuMa omvcanyuM Ha Crmiy 2. OgHOC
IpOM3BOJia ITPY ONMCAHUM PeaKLMOHVM YC/IOBMMA je Ba-
PUpao, any Cy NPMUKa3aHU MPUHOCYU IOHOB/BYMBY TIOCTIE
MaHyeJHe xpomarorpaduje Ha konoHu. [lopen Tectupa-
HOT jefiuiberba T5a BeoMa Cy 3aHMM/bUBY TeMUHATHU -
xupponepoxkcupu G1 n G2. Penpirencka crpykrypa Gz,
KOjy je ompenuo konera Tunan (Tinant) ca Karomukor
ynusepsurera y Jlyseny, benruja, gpyra je nosnara
CTPYKTYpa YOIIITe HEKOT TeMIHATHOT AVIXMIPOIePOKCH-
Ta. Bprio je vHTepecaHTHO ca3Hambe Ia Cy OBaKBe CTPYKTY-
Pe peaTuBHO CTabWIHE 1 1A Cé MOTY M307/I0BATH U KPYIC-
Ta/INCATH, 33 PA3/IUKY Off TeMMHATHUX AUXUIAPOKCHU/A
(x0j¥1 IpaKTMYHO He OCTOje). AHTMMasIapUjCKe TeCTOBe
usBpLmO je ap Majki Makiep (Michael Makler), FLOW
Inc. [Topnann, CAJI. OBa, Hawa npBa ny6mukanujat us
oBe obmacTy, fipyra je y cety nocseheHa TerpaokcaHnma
KAa0 aHTUMAaJIapUIMMa.

YBupeBIIN MaHe XO/IeCTaHCKe/KOIMPOCTAHCKe CTPYK-
Type 110 TPaHCIIOPTHE 0cOOMHe JOOUjeHIX TeTPaoKCaHa
OIIpefeTVIIN CMO Ce 32 XOJTHY KICE/IVIHY 1 ’heHe IiepuBaTe,
3a HOCHOLIe TeTpaoKcaHcKe papmakodope. VimMuranuja
IIpUpOJe je OuMIIefiHa: AepUBaTU30BaHe XOTAHCKe Kice-
JIMHE VIMajy B)KHY Y/IOTY y TPAHCIIOPTY MACTH ¥ /bYfICKOM
OpraHusMy. JOII jeHa BaKHa CTBAP: XOMAaHCKe KMCEVHE
CY HETOKCHYHE, TAKO JIa Ce UCIUTUBAIbEe TOKCMYHOCTHU

AW

CgHq7
H,0, /H*
HO, +
0 2 HO, H
Ho-C(5) G1 Ha-C(5), 48%
HB-C(5) G2 HB-C(5), 44%

I: 30% H,0, / conc. HCI / THF
II: 30% H,0, / EtOH / H,S0, / PhH
I11: 30% H,0, / EtOH / H,S0, / C4H,,

Steroids, 1996, 61, 688.

T Sa: IC., (08) = 155 aM

Artem B indnc 010 |

CTepOMTHMX TETPAOKCAHA CBOJM CKOPO CaMO Ha TOKCUY-
HOCT TeTpaoKcalKIoxeKkcancke pyHkuuje. IpBa cepuja
OBAKBJIX TeTPAOKCaHa CHHTETVICAHA je Ha HauMH CIYaH
Beh rope omcanoMm, ¢ THMMe LITO Cy IPUHOCK TOOO0bIIIA-
HY ynotpeboM epukachyx konoxa 1 MPLC xpomarorpa-
¢uje.’ Kaxo ce Bum 113 Tabeste 1 in Vitro akTMBHOCT HEKIX
HalllUX flepyBaTa OMIa je CylepuopHa y OfHOCY Ha
WR148999, HajaKTMBHMjU TETPAOKCAaHCKM aHTUMAa/IapUK
1o Tagma u 6mucka APT.

JenHa o BayKHVIX ITpelipeka y pa3Bojy (Vi IOKyIIajy
pasBoja) HeKOT IIOTEHIIMjaTHOT JI€Ka je HheroBa MOTeH-
nujansa/ctBapHa TokcuaHocT. Capabyjyhm ca Hama op
HerpeBasubere BaxxHocTu 610 je paj ap 3oputie Jypa-
Hyh, OHKOJIOLIKY MHCTUTYT, Beorpap, Koja je ca BenukoM
HKILOM U YKapOM TeCTHpaia Hallla jefuberba Ha 3paBe
henuje. M To na npumapne hemuje, PBMC (peripheral
blood mononuclear cells)! Fbenn pesynraru 6w cy Heo-
6uaHo 0xpabpyjyhu, jep mopehemwem mwenux in vitro pe-
3y/TaTa TOKCUYHOCTH Ha 31pase hemuje u pesynrara nH-
xubnije pasmrantux cojesa Plasmodium falciparum-a
Io6VBaHe Cy BP/IO BUCOKE BPEHOCTY MH/EKCa CeIeKTHB-
noctu (SI=1C,,ppmc)/ICs0(Wa;D6)-)> 48K 1 50 14000!
Taksy pesynTary (He)TOKCMYHOCTY OXPabpII Cy HAC fia
PasBMjeMO Hallla UCTpaXMBarba y ABa IIpaBLia: a) Ka pas-
BOjY CTPYKTYpa y IJ/by IOOO/bIIIAkA aHTMMA/TAPIjCKe aK-
TUBHOCTY ¥ 6) IPOIIMPUMO UCIIUTUBAba Ha aKTUBHOCT
HalllVIX jeyiberba Ha hemjcke mHMje paka. VHunujanxe
pesynTare aHTUIIPOI(EPATUBHOT TeCTUPAE-a KOTIETMHI-
a Jypannh o6asmia je Ha Fem-X, HeLa n K562 henyjama,
a fofiaTHe pesyinTare Jo0Ia je MUKPOCKOIICKOM MOpdo-
JIOIIKOM aHanu3oM noHamamwa Hela henuja nop
TiejCTBOM TeTpa0KcaHa.6 JleTa/bHujM yBUL Y aHTUIIPOJIN-
(bepaTuBHO JieNIOBabe HAIIMX NEPOKCHIA TOOBEH je ca-
pampoM ca HarponamauM nHcTnTyTOM 32 paK (National
Cancer Institute, NCI), Betesna, CAJI.

MEIIOBUTY TETPAOKCAHI: MOT'Y IV CE
CUHTETUCATU Y1 KAKO JETYJV?

Jocanamma ca3sHamba Be3aHa 3a aKTUBHOCT U CUH-
Te3y OMC-CTEpOUAHNUX TeTPaoKCaHa yKasuBaa Cy Ha

H
Ha-C(5)
T5a: 10%;
T5b: 51%

T6 HB-C(5); 12%

Cinuka 2. HpBa CUMHTE3a CTEPOMIHMX TETpAaOKCaHa ca aHTI/IMa]IapI/IjCKOM aKTI/IBHOHIhy.
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OrpaHuyeHy IIPUMeH/BUBOCT: U Hopex yBohemwa amupHe
(YHKIMOHATHOCTY, Y LMJbY MOOO/bIIAkba PACTBOJBU-
BOCTU MeTa6oan1<e CTa6I/UIHOCT]/I Halmmx je,T_[I/IH)eH)a,
XKeJbeHM epeKar je M30CTao. Jeumberba Cy OuIa IpaKTid-
HO HEpaCTBOpHA 3a HpI/IMCHY Y MULIEBMIMA U IMajia CY Be-
JIUKY MOJIapHY Macy. Vako ce npasuio Jlunuackor’ He
npuMessyje (CTporo) Ha IpUpOHE IIPON3BOJIE U IIIXOBE
IepuBare, G110 je IOXKE/BHO ,,CMABUTI MOJIEKYIT .

Vineja: Guic-muxmapoOIIepOKCIM MOTY Ce CUHTETICA-
1 (CrIvKe 3 1 4), a1 KaKO OHM pearyjy ca HIIp. KeTOHMMa
6110 je TOTITYHO HeIO3HATO.

IMorpebHa je HOBA peakiuja: KYIUIOBAHbE AUXUIPOIIE-
PpOKcu/ia ¥ KETOHA — peaKIjyja IepoKCcHaneTamsarnyje.

Peaxiiyja je Bpio ycnemno usspuiena u . Oncenn-
112 je IpBY IPMMEHMO HA JlepMBaTe XO/He KucenuHe. Pe-
aKIMja ¥ HECUMETPUYIHO CYIICTUTYMCAHU CTEPOUJIHM Te-
TPAOKCaHU 3alITUNEeHN Cy IATEHTOM® U Pe3y/ITaTu Cy
o6jaB/beHn vcTe ropyte. 360r BPJIO MHTEPECAHTHOT aH-
TUMAJIaPVjCKOT JIe/IOBatba TETPAOKCAHA PA3BUjaHM CY U
OPpyTu IOCTYILIY 33 BbUXOBY CMHTe3Y Off CTPaHe IPYyTuX

ayTopa'®.
:>< ><:>
0—0

Pactsapau: CH,Cl,

KeToHu: UMKANYHN nnn

aunrannm KaTanusaTop: H2504/ CH3CN
Gem-auxuaponepoKcuan: 5 e1%
LMKANYHM MpuHocu: 25 - 61%

Cmika 3. Peakiyuja nmepokcuateranmusanyuje.

COX

30 % H,0,, HCI, .t
CH,Cl, / CH,CN

47 Toac

B1: X =0CH,

B2 X=NH, G4 X=NH, 42%
B3: X =NHP G5 X =NHPIm 37 %

Vcrmtyjyhu MoryhHOCT cyHTe3€e CTEpOMAHNUX IIPO-
M3BOJIa YCTAHOBJBEHO je [ja Ce peakiyja Hajoosbe BPILI Ha
oxiroBapajyheM MeTWI-eCTpy U Jja ce CTePOUIHY TeMM-
HaJIHM IUXVAIPONIEPOKCH 6e3 MKAKBOT Ipeuyninhaparma
(HemoTpe6HO, YNCT IPOU3BOL!) KOPUCTH Ja/be Y peak-
LVj} IEPOKCHALETAIN3ALjE Ca PasINIUTAM KETOHMMA.
ITpuHOCK IO6MBabA AVXMAPOIEPOKCHIA MAJIIX MOTIEKY-
J1a BApMpajy yCIen, OTeKaHOT M30/10Baba. KBaHTUTaTHB-
Ho IR npaheme peaxnuje Manux Momekyna ykasyje Ha
KOHBEP3Mjy 10 OKO 85%.

CHUHTeTVICaHU CY MHOTY MELIOBUTY TETPAOKCAHIL.
Kao Hocaun ¢papmakodope kopuithenn cy sepusaru
XOJIHE ¥ Ie30KCUXOTHE KVICeNIHE, a Kao XUAPODIIHM 3a-
BpILIeny KopuitheHy Cy pasnuduTy aMuau y by 1o-
00sbLIaRbA PACTBOP/BMBOCTY ¥ MOTYRHOCTH IIpyMeHe je-
mumersa Muenma. Ha Crnip 5 yripourheHo cy mprka-
3aHM Pe3y/ITaT! TeCTMparba YeTHpY OfabpaHa jeaumberha
Ha Manapyjy y WRAIR-y.

Tpu npukasaHa jenuiberba UMajy in Vitro akTUBHOCT
BpJIO O/IICKY apTeMUSVMHIHY (CTaHAp], Y OBaKBUM TeCTO-
BUMa 3ajeJHO Ca XIOPOKVMHOM, BUJIETHU CIIUKY 5), a je-
mumere DO80 ce usagBojuIo cBojoM BuIIe IIyTa BehoM
axtusHouhy op APT. Vctuuemo nopjesHaxy, Wiyt BuiLy
AKTUBHOCT HAIlVIX aHTMMAaIaprKa Ha pesucrentHe (W2),
cycuentnéunne (D6) n myntupesnucrentre (TM91C235)
cojeBe mapasuta. To ykasyje fia jemubera IOIjefHaKO /10-
Opo L/bajy MeTy in vitro y CBa TpU Coja mapasuTa.

MebyTMM, TO Cy CB€ it Vitro aKTMBHOCTY; Ha >Ka/IOCT
AKTMBHOCT HEKOT jelyiberba Y ICIUTBAHOM OPraHU3MY
je Hewto cacBuM apyro! [la 61 ce fobuna npasa nHOp-
Maliyja o jeIyiberby Koje pasBijaMo ca XKeJboM fia IIOCTaHe

o] HOO OOH
Cox R, R,
30-80%
e
R, R4

G 3: X = OCHj, 97 %; unctoha > 95 % ('H NMR)

HOO, OOH

Cnuka 4. [Ipumep fobuBama reMIHATHAX JUXUPOIEPOKCUTIA.
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Tab6ena 1. D6 je P.f. coj mopmoxaH AejcTBY XTIOPOKNHA, a W2 je P.f. coj pesucTeHTaH Ha IejCTBO XIOPOKITHA, A/ je
MOJI/IOKAaH AejcTBy apTeMusuHnHa. O 1998. CBa aHTIMAaNapHjCcKa TeCTHpama BpuieHa cy y Walter Reed Army

Institute of Research, Cunsep Cnpunr, CAJI.

XOC

(\/ OAc

In vitro aHTMManapujcKka aKTUBHOCT HEKUX BUC-CTEPOUAHUX TETPAOKCAHA

cis-C(2)C(2a)

trans-C(2)C(2a)

X P. falciparum P. falciparum
Comp ICs0 (NM) Comp ICs0 (NM)
D6 w2 D6 w2
23.74 128.58
NH; Do14 18.79 DO 15 59.35
m 9.29 20.08
PrNH DO 58 5043 DO 17 3012
oL —=
Artemisinin
7.30 0-0 32
WR 148999
a 13.76 a 28.29
ca 185.38 MFQ 5.02

7 Control drug.

JIEK HEOIIXOJJHO je M3BPUINTY TeCTUpama in vivo. Haj-
yerrhe cy To MyIIIeBY, TALIOBY U 3aMOPI, 1 Y pebym cry-
JajeBMMa BUIIe )XUBOTUHe. OHM KOju ce 6aBe Me[UIVH-
CKOM XEMUjOM y IIM/by pa3Boja jieKa CBECHU CY Jia in Vitro
TeCT Jjaje caMo MHUIMjaIHY MHPOPMALVjY O aKTUBHOCT,
a TeK pe3y/ITaTi TeCTUpama Y )KIBOTUbaMa oMoryhasajy
peanHuju yBUf, y foMeTe sieka. Ha >kanocrt, Bp/o decto in
Vivo pe3y/TaTi HYCY YOILITE II0BE3aHN Ca IPBOOVNTHOM
in vitro MHpopMauujoM U TO je Hajuerhe dpycrpupajyhe.

In vivo pesynratu npukasany Ha Crvim 5 ¢y joopu 1
JIOLIY MICTOBPEMEHO: TOOPH CY jep IpYKa3aHa jeyberba
Jlede MUIIEBE, HUCY TOKCHYHA (BpIICHA je HeKpoIICuja
MILIeBa) U, Bp/IO OUTHO, TeTpaoKcaHCKa QYHKIIMja He
HoJIeXKe MeTaboMMIKOM pasaramy. Jlomra ctpaHa je
LITO Cy MUILIEBY JIEYEHM Ha BUCOKUM [J03aMa: y BpeMe
OBJIX MICTPa)KMBatba U3/Iederbe MUIIEBA JPYTUM IIEPOK-
CUIHMM aHTMMa/IapMIyIMa KpeTaja Cy ce OKO 10-20 mg/
kg (5/5 MueBa). Y cBakoM ciTydajy OKasa/m CMO Jia Me-
IIOBYTY TETPAOKCAHM (M CTEPOV[IHN) MMajy HOTeHIja
71a IOCTaHy JIEKOBM.

¥ mabeM pa3sBojy TETPAOKCAHCKIX AaHTMMa/IapyKa y
LWbY J/bET CMakberba MOJIAPHE Mace IIOTEHIVja/IHOT Jie-
Ka CUHTETJCA/IV CMO JIBE BPCTE HECUMETPUIHIX OVC-1iH-
KJIOXEKCVIMIEHCKIX TeTPAOKCaHa IpyuKasanux Ha Cm-
11 6: OHVX Ca AMUJJHOM 1 APYTUX ca aMUHO-(yHKIptjom. >

Kop Manmyx mornekyna (He-CTepoMiHMX) TTOKA3ano ce Ja
TeTPAOKCaHI Ca aMIHO-TPYIIOM MMajy 3a50BO/baBajyhy in
Vitro akTMBHOCT U MeTabOMIYKy CTAaOMTHOCT, IPY 4eMy
HIICY MICKa3a/M TPUMETHY TOKCUYHOCT. OBie je mpuKasa-
Ha BeoMa 100pa aKTUBHOCT jefMberba 10 Y MULLIEBIMA.
MebyTtum, Ha Cnniin 6 je IpyUKasaHO HEIITO HOBO Yy Xe-
MUjU IEPOKCHZIA - TETPAOKCAHCKA CTPYKTypa CTabWIHa je
Ha OLITPE PENYKLMOHE YCTIOBE: HE pearyje y peakuujama
penyxuuje nomohy LiAlH, (peakimje e u g) n otnopHa je
y peakumjaMa pefyKTMBHOT aMiHOBamwa (peakuuja h).
OsBo orkpuhe omoryhuo je 3Ha4ajHO IpoOIIMpebe UC-
TPaXMBalba Y XeMMj! jeINH-etba Ca TeTPAOKCAHCKOM

¢byHKIIjOM.

OIOABVIP METE

Ilo ckopa je OCToja/lo HEKOJIMKO ITIABHYUX MeTa Koje
cy auTMManapuny ,rabamu“ y epurponutsoj dasu
oborpema (cnmKa 7). Kaxo je Ha cmip 1 IpukasaHo, mapa-
3UT BpIIM KaTabo/M3aM XeMa y XpaH/byBoj Bakyomm (XB)
[0 aMMHOKMCE/MHA KOje 3aTVM KOPUCTH 3a OMOCKHTE3Y
BeMy NMOTpeOHIX IpoTerHa. CIOpefHY IIPOU3BOT, je XeM
(FP-Fe(II)) xoju ce motom oxcupyje o (FP-Fe(IIl)). O6e
PeaKIMoHe BpCTe Cy BeoMa TOKCUYHe 110 Hapasut. a ce
He 61 0TpoBao ,,xpanehu ce®, mapasur fofaje aluKaaIHy
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NH,

o’o ty2 (MULjK) 29 min
‘OAc .
O\O,O (xymaHu) 10 min
o Do g0 OPATHA
R MPUMEHA
600 mg/kg/naH

MetaGonut U (Muw, rhesus): = 5/5 usneyeHo

xugpokcunaumja (3) 200 mg/kg/paH

4/5 nznevyeHo

In vivo: Thompson-oB TecT. Napa3ur

PB KBG-173 S

ICsp (W2) 11.89 ng/mL \N—
ICs0 (DB) 13.13 ng/mL AcO e
|
IC5y (TM91C235) 8.63 ng/mL o
O’O
ti2 (MULWjK) 77 min ) ‘OAc
(xymaHu) 42 min \\\O\O TNT 119
OPAITHA 4R
NMPUMEHA

Meta6onut UM (Muw, rhesus):

ICso (W2) 0.37 ng/mL 50 ma/kg/nan 40 mg/kg/naH xApoKeunauuja, Anxuapokcunauuja,
ICso (D6)  0.74 ng/mL 215 ianatieno 15 nanevex Aexwapauja
ICap (W2) 6.8 ng/mL ggm'é‘l\_m ICs (W2) 10.01 ngfmL ty), (MMLjK) 40 min
ICso (DB) o77ngmL okl ICso (DB) 19.47 ng/mL (Xymanm) 40 min
ICso (TM91C235) 13.87 ng/mL 4/5 paneuero ICso (TM91C235) 13.58 ng/mL
\
) ) 200 mg/kg/paH OPANHA N—
ty2 (MUWjK) 7 min 2/5 nsneyeHo NPUMEHA AcO a
. |
(xymanu) 15 min 50 mg/kg/nax 320 mg/kg/maH o
AcO K B TEIGER 5/5 usnevyeHo o
| o
0 80 mg/kg/naH 'OAc
3/5 usnevyeHo O\o’o
0 DO 143
(o] . 40 mg/kg/naH TNT 125

Meta6onur U (ML,
rhesus):
Xuapokeunnauuja,
nexuapauuja

S OAc
o
DO 88

2/5 nane4yeHo

Meta6onut UQ (MuwW, rhesus):
xvgpokcunaumja (1)

Cinxa 5. Jlerenpa: IC,, BpenHoCTH laTe CY MBBOPHOM 001Ky, ng/mL; yecTo ce HaBOJe M Y U3BEJICHUM jeAUHN-

nama, nM. t;,

je BpeMe HOTp€6HO na ce KOHHCHTpaLU/Ija CyICTaHIIE Y UICIUTVIBAHOM OIE€/bKY (I/ITII/I Texy 3aM0p‘{eTa)

IIPenonoBy. YKOMMKO MIPUMEHEHM JIeK VICKa3yje TOKCMYHOCT, OXKe/bHO je fia ce Kpahe 3ajip>kaBa y opranusmy, a
YKOJIMKO HUje TOKCHYaH, OHJIa je Ty>Ke 3a/ip)KaBame MOKe/bHO. PesycTeHTHOCT ce m3berapa kpahmm t,,. VigeHTn-
brkanyja meTabonuTa: yKasyje ga U MMa M KOjU Cy IOTeHIIMjaTHU MeTaOOMUTHU IPUMEHhEeHOT TeKa. Y 0BOM CIIy-
4ajy ufeHTU(UKOBAHY CY IPUMapHU MeTabONMUTH, CeKyHaapHu Hucy npuMehenn. Ilpumena Muuiesuma -
mpuMembeH je TOMIICOHOB TeCT: MUILIeBM Ce MHOUIVPaAjy HYITOT JaHa, 3aTUM ce JIeK IPUMeYje 3,4, 1 5 faHa. Y
PeOBHMM pasMallMa y30pLM KpBU MHUILIeBa TECTUPAjy ce Ha TapasuTeMMUjy, a MUILIEBY SKUBM 31. JaHa Oes ImapasuTta

y KpBH (IapasuteMuja 0%) cMaTpajy ce M37eYeHUM.
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H, 80%
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-Pr; 77%

5:R=
6:R=
7: R = CH,CH,N(Me),, 90%

0—0 h) 0—0
XX
0—0 NH, 0-0 NHR

10: 60%

11a: R = CgH,,, 48%

11b: R = Pri, 67%
11c: R = CH,Ph, 50%

a) 30% H,0,/HCI; CH,CN/CH,Cl,;

b) metil-4-oksocikloheksankarboksilat, CH,Cl,, H,SO,/CH,CN;
¢) NaOH, i-PrOH/H,0/D; d) CICO,Et/Et;N, R,NH,

e) LiAIH,, Et,0; f) 1) MsCl, Py, 2) NaN,, DMF;

g) LIAIH,, Et,O; h) karbonilno jedinjenje, NaBH(OAc),, CH,CI,

Cnuka 6. CrHTe3a HE-CTEPONTHNX TETPAOKCaHA U IbUIXOBE MO,E[I/I(l)I/IKaLU/Ije.

Bopy peakuyonoj Bpctu FP-Fe(III) rpapehu xematny, a
OBaj ,[I0/IMMepu3yje“ y HETOKCUYHY KpUCTaIHY OeTa-Xe-
MaTuH (XeMO30MH), Koju ce Haromunasa y XB. ¥V ox-
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Maxi10j pasu 060/berba IO, KOYKOM MHPVIMPAHOT Y0BeKa
II0jaB/byjy ce TaMHe MpJbe XeMO30MHa I TO Ce 30Be Majla-
PpHjcKo LpHO.



Opabup mete - manapuja
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Lek: |
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Cnuka 7. CxeMaTCcKM NPMKa3 NMapasuTa U HberoBuxX
opraserna.

Ha cnuny 7 npukasaHo je MecTo fe/loBar-a IepoK-
cupHyx anTuManapuka. OHu npekusajy gase geTokcn-
¢uxniiaje mapasura, sagpskasajyhu y umpkynanuju FP-
Fe(II) (n penmumuyano FP-Fe(III)) peakumone BpcTe Koje
BpIIIe, HIIP., FTeHEepYCatbe PeaKTUBHIX KMCEOHNYHMX Bp-
cra (ROS), mu3y MemOpaHa mepoKCHALjoM, IITO JOBO-
IV 1O CMPTH IapasuTa. Tako Aenyjy apTeMnsMHCKH 1
IPYTV HePOKCUIHY aHTVMA/Ia YL

Mecro fienoBar-a aMIHOXVHOMMHCKYX (4-AQ) aHTH-
Ma/lapyKa je YITTaBHOM IIpeceliambe leTOKCupuKaIje
OMeTarmeM HacTajama OeTa-xeMaTyHa (XeMO30MHA) U 3a-
Ip>KaBarbe XeMaTIHa y IMPKyaanyju. Tako fiemyjy KuHuH,
XJIOPOKMH Y APYTV CIMYHY AaHTVIMA/IA YL

Hawa uciuifiueara mexanusma genosara
ieilipaokcana
VicnutnBama MexaHusma fi€/IoBaba HaIllMX TETPAO-

kcaHa [IMP ciekTpockonujom BpLIM/IN CMO Y Capafibu

Proposed mechanism

ca KoreraMa ca YHusepsureta y [loprMmynzy (mpod. IT.
Ajn6paxr (P. Eilbracht), H. Tepauh xao JAA]I ctunen-
IICTA), Kao M HeceOMYHMM 3atarameM Kosere [. Hoko-
Buha.’?

PesuMe nctpakiBarma IIpYKasaH je Ha CuIm 8.
ITpemntoyxxeHy MexaHM3aM 3aCHOBAJIV CMO Ha:
1. M30JI0BaHVM IIPOM3BOAVIMA

2. EIIP poxasuma ayroxxusyhux ROe peakumonux Bp-
cTa

3. #oKasuMa o nocrojamy Fe*"=0 peakuyonnx Bpcra.

JleTa/baH onmuc UCIUTHUBaba MeXaHN3Ma 3ay3eo0 01
IpeBuUlIe IPOCTOPA T€ Ce€ 3aMTHTEPECOBAHY YUTAOLN
yryhyjy Ha pedpepeHny 12.

I'ope y TekcTy HalloOMeHY/IN CMO Ja Hac je Majna
TOKCMYHOCT HalllMX TeTPAaOKcaHa Ha mpuMapae PBMC
henuje HaBena ga mpOIINMPUMO UCINTHBAbA HA AKTUB-
HOCT HalllVX jefuiberba 1 Ha henjcke muHmje paxa.

AHTUITIPOJIM®EPATBHA AKTVBHOCT
TETPAOKCAHA

Vimajyhu y BUIy HeTOKCUIHOCT HAILVX TETPAOKCaHa
Ha npumapHe henuje (PBMC) u Vero hennjcky mmuujy, a
nocse nodetHux pesynrara 3. Jypauuh (Fem-X, HeLa u
Ks62 hemmje 7), opryanm cMo ja MCIIMTaMO aKTUBHOCT
TeTpaokcaHa Ha fipyre henujcke munuje paka. To cmo
yununnm y capapsu ca National Cancer Institute (NCI),
beresma, CAI.

Ha cnmium 9 gaty cy npuMepu fiBa jefiMimberba Koja cy
VICKa3ajIa 3pasuTo JOOPy aHTUIIPOuQepaTuBHYy in vitro
AKTUBHOCT MCIUTUBAHY Y IaHEy Off 60 PasINunuTUX TH-
noBa paka.'* HasefieHe Cy 11 aHTMMa/IapyjcKe aKTMBHOCTI
in vitro u in vivo 06a jemumersa. LIy je na ope mokaxe-
MO Ja McnmTyBaHa jenumberba DO108 1 DOSS jecy mobpu
AHTUMATTAPYILY U [ja VICKa3yjy U3pasuTy anTnpomidepa-
TUBHY aKTUBHOCT, [T0OCEOHO Ha I10jeyIHe TUIIOBE paKa
(HasHa4yeHO). Ba)XHO je MPUMeTUTH BENUKY CENEeKTUB-

based on - isolated products
- EPR evidence
- Dewar benzene rearrangement
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Cnnka 8. HPCIUIO)KCHI/I MEXaHn3aM aHTI/IMaIIapI/Ij CKOT fie/i0OBaba TETpaoOKCaHa.
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AHTUNponudepaTMBHa aKTUBHOCT TeTpaokcaHa DO108

Cancer cell Activity after 48 h (uM)
lines GI50 TGl LC50
CCRF-CEM*® 0.056 0.17 0.50
HoP-62° 0.054 0.23 1.16 "“’ \
COLO 205 ¢ 0.083 0.02 0.49 T A \\\\\\\\
H
HCC-2998 © 0.077 0.21 0.98 En o \ ‘\\ NV
HCT-116 © 0.0090 0.021 0.047 % e \
[ Melanoma
LOX IMVI ¢ <0.005 0.0074 0.022 ‘ .
E] ] -6 4
M14 d 0.078 0.019 046 Log g of Sample Concentration (Molar)
786-0 © 0.060 0.15 0.39 N—
? Leukemia; ° Non-Small Lung Cancer; “ Colon Cancer; d Melanoma; ACQ | NH
¢ Renal Cancer o
1C5, (W2) = 10.89 ng/mL (16.83 nM) TokcuyHocT (3apase henuje) O,O
1Cqg (W2) = 12.79 ng/mL (19.77 nM) 1C50(Vero) = 1.14 yM O\O,O
OpanHa npumeHa W Do 108
(Thompson) IC5o(PBMC) = 6.04 pM 4R
160 mg/kg/naH

3/5 (2/5) nsneyeHo

AHTUNpOnUdpepaTMBHA aKTUBHOCT TeTpaokcaHa DO 88

Al Cell Lines

Cancer cell lines Activity (M)
Glso TGI LCs o
CCRF-CEM * 1.81 4.04 8.98 §
RPMI-8226 * 1.28 3.47 9.37 %“
HOP-62° 0.44 1.72 5.40 H
NCI-H23 " 0.61 1.99 4.64 ’
NCI-H522 ° 0.18 0.59 2.60 - -
SF-268 °© 1.57 3.90 9.68 ’ " Log,, of Sample Concentration (Wolar) )
IGROV1 ¢ 0.19 0.46 1.36 Renal Cancer
OVCAR-8 1.50 3.46 8.02 I S S )
ACHN © 1.34 2.62 5.12 " ‘ ‘
CAKI-1 © 0.18 0.41 0.91 E L
uo-31° <0.01 <0.01 0.017 go
DU-145" 2.04 4.04 8.00 i T "
BT-549 ¢ 2.10 4.35 9.01 * | .
2 Leukemia. ® Non-Small Lung Cancer. © CNS Cancer. 9 Ovarian 0 g Iu -7'
Cancer. ® Renal Cancer. ' Prostate Cancer. ° Breast Cancer. Log, _ of Sample Concentration (Mokar)
OpanHa npyuMeHa - i S
AcO (Thompson)
' IrNH 600 mg/kg/naH ToKCUYHOCT
O "= wsuaneueno NCI: MTD 400 mg/ kg
(WRAIR, Hekporicuja): HUje TOKCUYHO
O'O , 200 mg/kg/aaH
o OAc 2/5 nsne4yeHo 1. Hema nuse mem6BpaHe HeMHULMPaHUX
O\O' DO 88 50 mg/kg/naH epuTpounTa

1/5 nsnevyeHo

2. Hema noBehara HMBOA XeMOrfo6MHa y nnasmum y
WCNUTUBAHOM Oricery KoHueHTpaunja 6 nM - 60 pM

Cmuka 9. GI nuxubunuja pacra; TGI nornyna (ToTanHa) nuxubuuuja pacta; LC neranHa KOHIeHTpa-
uuja (yonjame henuja). Pagu nopebersa mpukasaHe cy u aHTMManapujcke akTUBHOCTH in Vitro m in vivo

(ToMIICOHOB TecT).
Hoct jenuiberba DO108: SI = 274 (ICy, (ppvc)/LCso (vera-
HOM)*

Jenumeme DO88 nokasaio je nsyserHy cnenmud-
HOCT HacIlpaM jeflHe BpcTe paka 6y6pera UO-31,
LC;,=17nM, npu yemy je uckasano BeoMa BUCOKY He-
TOKCMYHOCT IIPWIMKOM IpYMeHe MUIIeBYMa: BPIIN 13-
7eyerbe MULIEBa Off Majlapuje 3a YyMMe CIef HeKpOICyja

110 Xemujcku ipeineg

— VICIIMTUBAIbE CTalba MO3Ta, CIIe3VHE I jeTpe OffabpaHix
u3NevYeHNx MuuIesa. Vicnutusame jenumemna DO8S y
NCI y MuieBrMa Ha BUIlle BPCTa paka Ha >Ka/loCT Huje
Jasio MO3UTUBHE PE3Y/ITaTe, i je IIOTBPAMIO HETOKCUY-
Hoct DO88: MakcumanHa tonepantHa fosa (MT]I, ucru-
TuBaHa) je 400 mg/kg.
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Crka 10. [Tpema TecToBrMa CTaOMIHOCTY Ha [IEjCTBO €H3MMa M3 MUKPO3OMaTHe CycIieH3Mje ¥ U3 XermaTouuTa: t,,,
> 60 MUH — jefiiberbe je CTabIIHO (cMaTpa ce [a He IIOfIIeXe [ejCTBY LUTOXPOMa Y 3HAYajHOj MepIt).

MOKEMO JI1 JEJTIOBATN JIEKOM Y
ACVIMIITOMATCKOJ ®A311 PA3BOJA
MATAPUJCKOT ITAPA3ITA,
ITPOOPMTAKTNYKI?

Kako je y yBogHOM fIeTy TEKCTa HaBe,EHO, IyTO Bpe-
MeHa II0CTOja0 je IPAKTUYHO CaMo jefaH MpOPUIAKTIK,
npuMakyH. CBoja MCTpaKyBama y 0BOj 00/1aCTy pa3Boja
AHTMMaJIapyKa KOjyt 011 Ie/IOBATIN ¥ jeTpH, Y aCUMIITOMAT-
ckoj ¢asy, u Moryhe y epuTponmTHO]j (pasy, BpLImI CMO
y capapmu ca M. IIpynencujom (Miguel Prudengio) ca
Mepmumsckor pakynrera y Jlucabony.”

OBpe cy npukasaHe iBe nsocrepe TNT265 u
TNT359, KOje ce pa3imKyjy IO CYIICTUTYEHTY Ha yI/beHN-
koBoM atoMy C(3). YoOuuajenn tect Ha Tpu coja P.
falciparum ykasyje na je TNT265 3HauajHO aKTUBHWjI in
vitro. OcuM Tora, y CTaHEAPIAHOM TECTY CTAOWIHOCTH I10-
Ka3a0 Ce 3Ha4ajHO OTIOPHUjMM Ha [Ie/IOBAI€ €H31Ma U3
MUKPO30MaJiHe CYCIIeH3Nje, YITABHOM Pa3INIUTUX
CYP ;- TecTuparbeM y MuieBMa IOJ CTaHAPIHIM YC-
nosuMa (y VIHCTUTYTY 3a MEAMIIVIHCKA ICTPAXXMBAba Y
Beorpany o, pyxosopcteom Onrutie Bypkosuh Hako-
B11h, TOMIICOHOB TecT — BUy JIeTeHLy Y3 CUKY 5) 00a je-
IVEbeba BpILe M3/Iederbe CBIUX MUIIEBa P IIPYMEbeHOj
koHueHTparyju of, 80 mg/kg/nan. Ha HipkuM npuMese-
HUM KoHIeHTpanyjama TNT265 je mokasao Hemro uspa-
JKEHUjy AaKTUBHOCT.

MebyTuwm, y in vitro TecToBUMa Ha aKTUBHOCT Y jeTpK
(xemaroumrnma), TN'T359 je nckasao Beoma foOpy akTyB-
Hocr (IC,, = 310,5 nM; Bumut rpadpyk Ha CIMIM 10), 32 pas-
JIMKY Off, CBOje BofoHNKoBe usoctepe TNT265 koja Huje
UMasa HMKAKBY 3allakKeHy aKTMBHOCT. CXOJHO ToMe,

ucnuTana je crabunnoct TNT359 y xenmatonmuruma, a
Awmec (AMES) tect Ha MyTareHoCT je 6110 HeraTuBaH.

In vivo pesynraru 6unu cy Beoma oxpabpyjyhu jep je
npu fo3u o 8o mg/kg momwro Ko pemykuuje mapasura of,
92%, a ipu Ko3u of, 50 mg/kg forwIo je 1o pemyKIyje ma-
pasura of 84% (cnuka 11).

OBY MHMIMja/IHY Pe3y/ITaTy YKasuBalIu Cy Ha MO-
ryhHOCT pasBoja aHTMMaIapuKa Koju 61 OVIu akTUBHA Y
aCKMIITOMATCKOj a3 jeTpe jep ApacTUYHO CMambyjy 6poj
MepOo301Ta KOjJ KacHUje MHMUIVIPAjy epUTPOLIUTE, LITO
6V OJTaKIIIa/Io JIeYethe MCTUM WV HEKMM IPYTVIM TTEKOM.

PE3MCTEHIIUJA

ITojam pesucrennuje y 0Boj obmactu obyxsara e
I7TIaBHE I10jaBe:

e PE3VCTEHIMja HAa MHCEKTULINTE
e PE3NCTEHIM]ja Ha JIEKOBE.

Ilo o6e nojaBe f0/Iasy ycief, yIopHe U IpeKOMepHe
ynorpebe VICTUIX nHcexTuumpaa/nexosa. HeorxopHo je
y4ecTano MemaTy KOHLEHTpalyje ¥ caMe MHCEKTUIIM/IE
KOj1 Ce KOPJMCTe HIIP. 32 MMITPETHAIMjy MpeXka 3a M3071a-
LI4jy CTAaHOBHIUIITBA Off KoMapalja (Hajuerthe oHUX Koju
ce IIOCTaB/bajy OKO KpeBeTa WM Ha y/lasuMa 1 IIpo3opu-
Ma 3rpaga win Konuba). [Ipema usserurajy C30 mo-
TBpheH je I7I06a/THY CTaTyC OCeT/BUBOCTY BEKTOpa MaJla-
PYje Ha MHCEKTMIMTE 2010-2014."

Jenna op HajrosHaTHj¥X (M HAjOOTHUjUX) pe3UCTEH-
LVja Ha JIEKOBe je OHa pasByjeHa Ha X/IopokuH (Beh 1956
). Cmarparo ce fa je orkpuheM 1 jedTHHOM CHTe30M
X/IOPOKIHA M37Iedelbe Off Majapuje moctano jasa. Meby-
TUM, HeaJleKBaTHa IIpJIMeHa JIeKa (IIpeBenuKe Jjo3e, Ipe-
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Infection

Drug Drug VIS Lumina
administration administration Imaging

mDMSO
120

TNT359

100

50 mg/kg

80 mg/kg

Infection
(R.L.U. as % of control)

JecTa IIpMMeHa) JOBeIa je o pasBoja pesucrenuyje. [lo-
KaHTaH IpuMep je Aa je y Tajmanmy cBojeBpeMeHO IIpH-
MeheHo 1a ce Ho3Vpame XJIOPOKMHA BPIIVIO Y3 UCXPaHy
y obporMa Ha JHeBHOj 6a3u!!

Kako je y yBony HaBefIeHO, 3a apTeMU3VHIH U FeTOBE
ZepuBaTe NOKa3aHa je pe3UCTEeHIMja y IENy PEriOHa OKO
peke Mekonr: Kamboia, Mujanmap, Tajnang, Bujernam
(Engl. J. Med. 2014, 371, 411-423; Nature, 2014, 505, 50—55;
Science 2015, 347 431-435; BUETH V1 pedpepeHIry 1).

Kako usdehu pesucitienyujy u/unu iospamuitiu
AKIAUBHOCTL HEKUX 71eK08a?

e CTAJIHUM pa3BljalbéM HOBMX JIEKOBA KOjI JIENyjy
y Buie ¢asa Tako cMamyjyhu fo3e mpuMemeHmx
JIeKOBa

o KOHTUMHYMPAHMM pa3BOjeM/IIPOMEHOM IIpMMeEHe
JIeKOBa

« xopumrhemeM YMEHMIIE /1A jOIII HEMa PE3UCTEH-
IVije Ha NepoKcyuHe aHTUManapuke (He-APT)

¢ KOMOUHAIjOM JIEKOBa (Artemisinin
combination treatment, ACT) koju yxmbydyjy
pasmuuute APT flepuBare u gpyre He-nepoKCUT-
He aHTUManapuke mocebHo Bogehu pauyHa o Haj-
HOBujuM oOTKpuhuMa pasBoja pe3UCTEHIje
(pedepenna 1).

 yrBpbuBameM MexaHMsMa pesucreHuyje APT

 IIPMBPEMEHNUM Y3 p>KaBameM Off IpMMeHe HeKIX
nexosa. Ha mpumep, npumeheno je ma ce rybm
Pe3NCTeHIMja Ha XTIOPOKMH U OH IOCTaje edek-
TUBaH JIeK IIOC/I€ HEKONMMKO TOfMHA He-IPU-
MewlBamwa y onpehenoj obnactu.

Cagawre ciiarve

Kowmapar je mpenpenen!!! Caxe ropuse y obnactu
Caxerna, opi Cenerana o CygaHa, TOKOM OcaM Mecelu
HAaCTyIa ce30Ha eKcTpeMHe cyBohe. C HECTaHKOM IIOBp-
IIMHCKe BOJle HEeCTajy 1 YCTIOBM 33 pa3MHOXKaBarbe KOMa-
pana (mosnarambe jajaiaria 1 >kuBoT y1apsu). bpoj komapa-
112 je O/IM3aK HYJI.

112 Xemujcku ipeineg

Cnuka 11. Jepumeme TNT359 je
puMemeHo opanHo Ha D-1, Do,
D-+1. Bpoj mapasuta onpebyje ce
44-46 h mocne nudeknuje y
peanHoM BpeMeHy nomohy in vivo
IVIS Lumina Imaging System.

AJIN ca npsom kumom OJIPACJIV xomapuu ce
I0jaB/byjy y orpoMHOM 6pojy y Toxy camo TPV TAHA!!!
OBo je TelKo pasyM/BIBO: KOMapIly IIOTpeOHO HajMarbe
ocaM flaHa Jia ce pa3Bujy 13 jajamna! OBo je eHMrMa 3a Ha-
yunuke.”

Knumaiticke iipomere - citiare u tipegeuharoa

ITosehanu HuBo CO, u3asuBa edekar cTakieHe
6arure, urro he, mpensuba ce, goBecty o moBeharma mpo-
cedHe TeMIepaType Ha 3eM/b) Of, 1,8 10 4,0°C TOKOM cie-
nehnx 100 rog.

360r npolieca oTanama 1nonosa (edekar mo3HaT Kao
TepMa/IHa eKCIIaH3Mja) HIBO OKeaHa Ce IIOfYDKe CBaKe Io-
nuHe, yopsasajyhu ce. [permany ry6u nen: 1 m/rop, a AH-
TapkTUK ry6m 150 km? sena/rog. [Ipumep nar Ha oBoM
JIMHKY jacHO omucyje gorabaje koju ce Beh CAJIA opurpa-
Bajy : https://youtu.be/hC3VTgIPoGU?t=163.

Kpaj croneha: neq va Ipennanpy ce panupHo Tomy,
Cesepnu non (nen) he y Benukoj Mepu HectaTu; no-
crapba ce crefiehe nuTame: kakBy he Tajia myTamy MMaTy
T'ondcka crpyja 1 fo KakBux nocnenyiia he to gopecrn?

Ouexyje ce 1a he k1MMarcke mpomeHe JOBECTH 1O
npolypera cranuiTa Anopheles komapara (crvka 12), 1
camuM tuMe, Plasmodium falciparum napasura mro he
TOBECTM JI0 3HAYajHOT onTepeherma CTaHOBHUIITBA OBOM
6onethy. "

Muwimerve jegroi xemuuapa

HeonxonHo je ymlopHO paguTy Ha OCTBapemby Clie-
mehux morabaja:

o YCHOPUTU ITIOOANHY IOPACT TEMIIEPATYPE;

o YCIOPUTU €MUCHjY TaCOBa;

o Pa3BUTHU YUCTY TEXHOOTH)Y;

o 1moMoOhNM YTPOXXEHOM CTAHOBHUINTBY IIPEBEHTMH-
BOM — (PM3MYKUM IyTEM U MEANIMHCKIM;

* CIPEYNTHU PE3UCTEHIN]Y;

 Pa3BUTM HOBJ MEJVIIVMHCKY IIPUCTYII JIeYelby Ma-
napuje;

+ HENpeCTaHO PajUTy Ha OTKPVBAHY HOBUX JIEKO-
Ba (aKTVBHUX jeliVIberba);



[l = presently suitable, becoming unsuitable by 2050
[l = presently unsuitable, becoming suitable by 2050

Crunka 12. Jlerenpa: manuporpadupane cy Teputropuje Ha Kojuma je P. falciparum enfemudan. 3eneHum cy
obenexxeHe TepuTopuje Koje he ycnen npeaBuhennx KIMMaTcKUX IpoMeHa IIOCTATU IIOTOAHE 3a XUBOT P.
falciparuma a npBernm o6nactu ca kojux he ce nosyhu."

o IPMMEHUTV OTBOpeHM mpucrtyn nopanuma 40:
Open science, Open innovation, Open access,
Open source, http://www.mmv.org/research-
development/interactive-rd-portfolio

Ma nu je moiyhe uckopenuitiu manapujy?
HE,

M MOYKEMO [ia je JIednMO, Y {OOPOj Mepu [ia je KOHTPO-
JIAIIEMO U JIA YKMBUMO Ca FhOM.

OBOM IIPIIVKOM jOLI jeTHOM eJteo OVX Jia ce 3aXBa-
JIM CBOjUM CapaJHAIIMa Ha BEJIMKOM TPYJY, IIOXKPTBO-
BaHOCTY 1 JOIIPMHOCUMA IIPOjEKTMMA Pa3Boja aHTUMaJIa-
puKa.

Cmuka 13. C neBa Ha sectHo: Haramura Tepsuh, aytop,
Hejan Oncennna u Mrop Oncenniia.
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IS IT POSSIBLE TO ERADICATE MALARIA?
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Malaria is a severe and life-threatening disease caused
by Plasmodium parasites that are spread to humans
through bites of infected Anopheles mosquitoes. According
to the 2017 World Health Organization (WHO) report it is
estimated that 214 million cases of malaria occurred
globally and the disease led to 438,000 deaths. As
artemisinin (ART) resistance has spread, posing a threat to
malaria control, in order to prevent progression to life-
threatening malaria  artemisinin-based combination
therapies (ACTs) have been recommended by the WHO.

Several FIRSTs were connected to malaria cure: a) first
natural product used as a drug (quinine, 1821); b) first
synthetic product used as a drug (methylene blue, 1891);
first peroxide used as a drug (artemisinin, ART, 1972,
natural product).

Our research encompassed the synthesis and
antimalarial ~ evaluation  of  tetraoxanes  (1,2,4,5-
tetraoxacyclohexanes) in vitro and in vivo. Our proposal
that tetraoxanes act as prodrugs, and that effective drugs
that kill the parasites are alkoxy radicals formed within
respective food vacuoles were supported by extensive
experimentation.

In addition, we have shown that our peroxides
effectively kill the malignant cells in vitro, but failed to cure
the experimental animals. Our compounds were found
non-toxic in vitro and in vivo.

The rise of resistance to antimalarial drugs and even to
ART, can be potentially overcame by keeping away from
treating the ill-affected population with a certain drug for
controlled period of time while the resistance fades away
(chloroquine is a good example). Another and more
popular approach is the synthesis of more active

% Based on lecture delivered at winter meeting of the Serbian Chemical Society 07 December 2016.
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compounds (of various chemotypes) that are active against
several life stages of the parasite. Yet another is the
Artemisinin combination treatment (ACT) approach. This
approach, already in use, comprises a treatment of a patient
by combination of fast-acting peroxide followed by slow-
action usually aminoquinoline.

Based on diminishing Greenland, Arctic and Antarctic
ice, temperature rising on the Earth, continuous rise of CO2
level, it is predicted that the habitat of mosquito will
broaden and more people will be susceptible to
Plasmodium attack. That is why we must control the global
temperature rise, more effectively control the CO2 emission
(and of other gases, CFCs, methane, etc), control the
mosquito development, suppress the drug resistance, etc.

Finally, we cannot eradicate malaria, but we should be
able to control it, and to live along.
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ETEKTPOXEMMUJCKU CYITEPKOHIEH3ATOPMU:

KacHe a/ITepHaTHUBHe, jedTIHe, IIOy3AaHe U I0 MoryhcTBy
06HOB/bIBE U3BOPE €HEPTHje U CHCTeMe 3a IeHO CK/Ia-
muiTee. Pa3Boj 1 ynmorpeba TakBMX U3BOpA eHEpIuje,
noce6HO oHux Koju he 0b6esbemyTu edukacHe u oysgase
TPAHCIIOPTHE CUCTEME IIOCTAje jeflaH Of BAXXKHMjVIX LM/be-



Ba caBpeMeHe HayKe. MOXX/ia ¥ K/byYHM 3ajjlaTaKa y TUM
HaIlOpMMa je Pa3BOj CUCTeMa 3a CKIAINIITERE EHEPITje
koju he omoryhuru a ce eHepruja mpypoRHIX OOHOBIBY-
BIJX M3BOPA, HIIP. COJIAPHA, F€OTEPMaJIHA W/ €HEPIuja
BETPa, YCKIAUIITY 1 IO IOTPeby KOHTPO/IMCAHO IIpeHe-
Ce y MpeXxy 3a JUCTpubYyLIjy enekrpudne enepruje. Ilo-
pex Tora, Tpaxe ce eMKaCHY ¥ eKOHOMIYHY HAYMHY [a
Ce eHeprIuje Koja ce pacuIia IIpy CBaKOM yCIIOPaBarby MU
KOYerby JAaHALIIbYX BO3WIIA YCK/IAMILITY M HAKHATHO KO-
PUCTH 32 IbJXOB IIOTOH.

OBU cy WbeBM IeTMMUYHO OCTBapeH! pa3BojeM
IPUMAPHUX U CEKYHJAPHIX XEMIjCKIX U3BOPaA CTpYje,
6arepuja. Ho, oBu 13BOpM Cy MaJie CHare, I1a je mosehame
e(hVIKaCHOCTY M3BOPa EHeprilje YCMEPEHO Ka Pa3Bojy HO-
BUIX CUICTeMa 3a CKIa[jIITe e eHeprije, Koje he moceno-
BaTy 3Ha4ajHO Behy cHary. CynepKoHIeH3aTOpY KOju
VIMajy BEJIVIKY CHAry, aJIi 11 AyT >KMBOTHM BeK (MoryhHocT
BE/IMKOT Opoja LMKITyca Mykberba 1 IIPaKEberba) U3ITIeNHN
Cy KaH[M/IaTy 33 Pa3BOj XMOPUHUX MIY CAMOCTA/THYIX,
MOOWIHIX MM CTALIVIOHAPHVX HAIIPEHIX M3BOPa eHep-
mje’.

CYIIEPKOHJIEH3ATOPM KAO CUCTEMN 3A
CKITAJVIIITEILE EHEPTUJE

VIsBopu eHepruje MOTy ce IOfE/TUTY Ha TPUMApPHE 1
cexyHjapHe. Koy npuMapHux ussopa, nponec
IIpaXKibelba je HeITOBpaTHA XEeMIjCKA peaKliyja, HaKOH
IITO Ce MCLPIIV eHepruja, usBop je beckopucran. CekyH-
IapHM U3BOPY (aKyMY/IaTOpM) Cy OHY M3BOPM KOZ, KOJUX
je peakuujama y CympoTHOM CMepy Moryhe OHOBO Harry-
syt u3Bop (Ni-Cd 1 Ni-MeTan XUgpuaHu, TUTHjyM-joH-
CKM ¥ 0710BHM akymynatopu). CylepKOH/IeH3aTOpH ce
MOTY CMaTpPaTy CeKYHAAPHUM (€/IeKTPO)XeMUjCKIM U3BO-
poM cTpyje (HakoOH mpaxkierma Moryhe 1x je Buie myTa
M3HOBA ITHWUTH V1 TIOHOBO IIPa3HNUTH).

3a pasnuKy o 6aTepuja Koje eHeprujy CKIanInTe
€/IEKTPOXEMMjCKM — M3BOP HOCMOIIA HAaeNIeKTpHCarba je
YUECHMK Y eIeKTPOXeMMIjCKUM peakiujama, y (cy-
Iep)KOHJIEH3aTOPMMa eHeprija ce CKIaIVIITI eIeKTPOC-
TATVMYKM, Ha IOBPILVHY MaTepyjajia — 0670raMa KOH/IeH-
3aTopa. HakoH npaxiberba, OHM ce MOTY IIOHOBO HaITyHM-
TU CIIO/bHUM M3BOPOM €HEPIHje, IO MPaBUIy 3HATHO
Behu Opoj myTa (LMKITyCcH Iymerbe/IpaXkiberbae) y OfHO-
cy Ha batepuije.
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Cnuka 1. CxeMa KOHfIeH3aTopa

KrnacuuHy KOHJEH3aTOpU ce cacToje Off iBe NMpo-
BOJIHe MeTajHe 06710Te (IU104€e) OffBOjeHe [IMeneKTPIY-
HOM cpenyHoM, Cnuka 1. Kapa ce Ha enextpogie nosefe
jeHOCMepHY HAIIOH, M3Mel)y o61ora ce ycrocrasba efek-
TPUYHO Io7be. OBOM HOJbY CYIIPOTCTAB/ba C€ OHO HACTATIO
yCMepaBabeM JUIIOTTHIX MOJIEKY/Ia AVeNleKTPUIHe Cpe-
nuHe (ymeme KoHaeHsaropa). [To npectaHky nejcTsa ns-
BOpa HAIIOHA, TPV 3aTBaparby CTPYjHOT KOJIa IH/[YKOBaHO
HOJbe IIPOY3POKYje TOK Hae/leKTpycara Kpo3 OTIIOPHUK
R, y3 KOHTHHYaTHO Clab/berbe Mo/ba (IPaKiberbe KOHEH-
3aTopa).

Mepa kanarurera KOHAEH3aTOpa je Pr3nyuKa Bemu-
YJHA KaaUTUBHOCT, C, KOja je AMPEKTHO IIPOIIOPLO-
Ha/IHa [IOBPILUVHIY €JIEKTPOfa, A, IPeKO peaTyBHE e/ieK-
TPUYHE IIEePMUTUBHOCTH AVieleKTPUYHE CPEMVIHE, &, & 00-
PHYTO IIPOIOPLIOHAIHA PacTojatby u3Meby wux, d:

A

C=¢g,¢, i L

Kao kapekTeprncrike KOHIeH3aTOp fedVHMIY ce U

YCK/IagyIITeHa eHepruja, E, koja 3aByucy off KananuTuBs-
HOCTM /1 HaIIOHA Ha KpajeBJMa KOHJieH3aTopa, U:

1
E==CU N
2
Kao M MaKCMMaJHa CHara, P .., 3aBMCHa 1 Of OTIOpa
(iTi36. eKBUBAIEHTHOT CepUjcKOT (YHYTpalllber) OTIopa
KOHfIeH3aTopa), R:

2
Pmax = U_
4R
EnexTpomTuakyl (KOHBEHIVIOHA/IHM) KOH/IAH3aTO-
Py, 4nmje Cy e1eKTPOJie METAHE, MIMA]jy BEIUKY TYCTUHY
CHare, U MOTY Y KPaTKOM BpeMeHy (pefja Be/idiHe fece-
TVHE CEKYHJIe) UCIIOPYIUTH BeNMKY KONMMYUHY eHepIyje
IO jeAMHIYHOj Macy Wiyt 3arpeMunn. Mehytum, 36or Ma-
Jie IOBpIINMHE 06/10Ta M KOHAYHOT pacTojama nusMmehy
VX, OHI MIMajy MaJTy TyCTUHY eHepruje (yKyIIHy eHepIrujy
KOjy MOTY YCKIQJUIIITUTY IO jeAVHIYHOj MaCy VI 3a-
[IPEMIHI).
MoryhHocT #a ce caBpeMeHIM TeXHOMIOTHjaMa M3pa-
e obore BeoMa BeIMKVX IOBPIINHA, Hajuelthe BeoMa
HOPO3HIIX, a pacTojarbe 13Mel)y BIX cMambu 1 50 CyoMu-
KPOHCKMX BE/MYNHA, IIOCTUTHYTO /la CABPEMEHY KOHJIEH-
3aTOpM MMajy 32 HEKOJIMKO pefioBa BemruyHe Behe rycru-
He eHepruje Of KOHBEHIVOHA/THMX, MaKO HEIITO MarbuX
M3/Ia3HMX CHAra,. To Cy CyllepKOHeH3aTop, y KojiMa ce
CKIAMILITEE €HEPIje 3aCHMBA Ha €/IEKTPOXEMMjCKIM
IpolleCcHMa ITyHheba/IPaKIber-a IBOJHOT C/I0ja Ha FPaHy-
1 hasa pacTBOP e/IeKTPONINTA/eeKTPOofa. YIory 067ora,
CaJja eNIeKTPOXEMMjCKOT KOHIEH3aTOPa, UTPajy HOBPILHA
€/IEKTPOJIE U CIIOJballlkba IPAaHMIIA IBOJHOT C/I0ja IpeMa
PacTBOPY €NEKTPOINTA, a JUETEKTPUYHY CPENVIHY IIPefi-
CTaB/bajy MOJIEKY/IM BOJIE KaO pacTBapaya.
Enexrpoxemujcku IBOjHM CJ10j je CTPYKTYpa Koja ce
¢dopmupa Ha rpanuiy Qasa Kajja ce YBPCTO TeNo (eneK-
TPOZA) TIOTOIN Y PaCTBOP €IeKTPOIMTA. Y TeYHOCTH Ce, ¥
6/1M3MHY TIOBPILJHE Te/la, HATOMI/IaBa HaeIeKTPYICatbe
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KOje 4VHM PaBHOTEXXY HeJIeKTPICalby e/IeKTPOHa Haro-
MWWIAHUX Y3 HOBPLIMHY eneKkTpope. [TocToju Buire ¢pu-
3UYKMX MOfiena (Teopuja) KOji OIUCYjy Ty CTPYKTYPY U
pacropeq IOTeHIMjaIa Kpo3 rpaHuily ¢asa YBpCTo-Ted-
Ho. Ha c/miu 2 cy mwryctpoBaHa Tpy OCHOBHA MOJie/Ia:
Xenvxonuos (Helmholtz) — cnuxa 4a, nudysuu v Iyn-
Yenmenos (Gouy-Chapman) - cnnka 46 u llltepHoB
(Stern) — cnmka 4B.
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XOI[0Ba paBaH) ajicopboBanu jouu 4. OBaj Mojien ce Tako
MOXKe CXBaTHUTH Ka0 KOMOVHaIIVja IPeTXOTHMX MOfie/Ia -
Y3 MOBPLIMHY ce GpopMypa XeMXOLOB, a Jajbe Off IOBP-
nmHe [yn-Yenmenos cnoj.

ITponec nymerba CynepKOH/EH3aTOPa YMHM KPETarhe
€/IeKTPOHA Off II03UTUBHE Ka HEeTaTMBHO]j e/IeKTPOMY KPO3
CIIO/BAIIIHE CTPYJHO KOTIO. Y €/IeKTPOJIUTY 3aTO JOTa3N IO
HaroMi/IaBarmba KaTjoHa y3 Hera-
TUBHY, a aHjOHA Y3 IO3UTUBHY
e/IeKTPOLY, y3 hopMupame ene-
KTPOXeMIjCKOT iBOCTIOja Kojut he
HeyTpa/MCaTy CIO/balllhe Haro-
MHTaBake HaeleKTpucama.
IIpu mpaxmemwy e1eKTPOHU
IOyTYjy Y CYIPOTHOM CMepy, a
06e BpCTe joHa 3ay3uMajy Apyre
HO3UIIHje, Y3 PeCTPYKTYPUparhe
IBOJHOT C/I0ja.

KpeTame jona y nopama mo-
PO3He CpefiiHe YC/IOB/bEHO je Be-
JMYMHOM IOpa. AKO Cy OHE ICY-
BIILIE MaJie, IOBPLIVHA Y HbJIMa

e CONBaTHU3OBaH KaT|OH

aHjoH

of &

0]

Xenuxonuos
Gnoj

Audoyanu cnoj
Cinnka 2. a - XenMxonuos ; 6 - nudysuu uwin I'yn-
YenMeHoB 1 B - llITepHOB MOfje/T e/1eKTPOXeMMjCKOT
IBOCIIOja

XenMXo/II[0B MOJIeN je BPJIO Ipyba alpoKcuManja
CTBApHOT CTawba™3 1 IPETIOCTaB/ba /1A j€ HAeTeKTPH-
Carbe IIOBPUIMHE HEYTPAMCAHO jOHMMA CYIIPOTHOT Ha-
e/IeKTpUCarba KOj)i Ce HaJlase Ha pacTojamby d (pacrojame
Of MOBPUIMHE IO LIEHTPa Hae/IeKTPUCaba C/I0ja joHa Y
Teunoctu). Pacniopen noteniujana (¥) ca ofcrojamem
Ofi MOBPILMHE €IEKTPOJE Y TAKBOM CJIOjY j€ IMHeapaH,
CIMKa 4a.

ITpema pudysnom wm I'yn-YenveHnos Mopeny Ha-
€/IEKTPJICabe Ca CTPaHe TEYHOCTY KOje HeypaluIle Ha-
e/IeKTplCarbe HOBPIINHE eleKTPofie Huje pacnopeheHo y
jeIHOj paBHI. JOHU Y pacTBOPY VIMajy TeXIbY ia IUQYH-
IYjy Y Macy pacTBopa, aimu je cMep audysuje Cynporan
CMepy €JIEKTPUYHOT 110/ba, 1A je KOHIEHTpalyja joOHa y
Iydy3HOM CII0jy IIPOIIOPIMOHATHA KOMYMHY HaeeK-
TPUCalba Ca CTPaHe €JIEKTPOJIE U JMPEKTHO yTUYe Ha
ne6puny audysHor cnoja. ITo oBoM Mozierny, KOHIIEHTpa-
1J1ja jOHA y3 HAae/IeKTPMCaHy NOBPLIMHY caeny bonma-
HOBY PacIIOfiely, a/li je MOKa3aHOo Jia MOJIET He MOXKe Jia
oIyuIe IBOjHNU CI0j Y paCTBOPMMA BEIMKMX KOHIIEHTPa-
umja enekTponuta’. EKCliepuMeHTaTHO je MOKa3aHo Jia je
IBOjHY C/I0j Ie6/bY Hero ITo To npensubajy mpopadyHn
10 OBOM MOJETTY.

Jla 61 mpeBasuiIao orpaH1Yeba AUQy3HOr MOfeNa,
IO KOjeM Cy jOHU TadKacTa HAe/IEKTPICarba KOja Ce MOTy
HOpUOIVDKUTY IOBPIIVHY 6e3 orpaHudemna, llltepHoB
MOJeII IIPETIIOCTaB/ba jOHE Ca KOHAYHMM ITPEYHMKOM Ca
OTPaHMYEHUM IIPUCTYIIOM NOBpUIMHY eneKTpoge. ITo
OBOM MOJIeTTy Y3 IIOBPILIVHY ce popMupa fiepHICaH C/I0j
HOBPIIVHCKY afiCOPOOBAHNX jOHA — XeIMXO/ILOB C/I0j, V3
caMy NOBpIIVHY crienudIHO (YHUTpalIba XelIMXOoIoBa
PpaBaH), a iajbe Off Ie HecrendIYHO (Crosbarimba Xemm-
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Oudpyatn cnoj

je Texxe JOCTyIIHA jOHMMA IIpU
Op30M Iy erbY/IPKIbEIbY 1 He
JOIPUHOCH y ITyHOj MEPU YKYTI-
HOj KallallMTUBHOCTY KOHJIEH3aTopa. 3aTO He OCTOj/ /IN-
HeapHa 3aBMCHOCT 13Meby KamarureTa CylepKoHfieH3a-
TOpa U crenudUyHe HOBPIIVHE aKTUBHOT MaTepujana
(emextpope) oHako Kaxo npenBuba jenHaunHa (1) 56 Exc-
HIEPMMEHTAIHO je IOKa3aHo Jla Cy II0pe Makbe Off HEKO/IN-
KO NM FOTOBO HEJOCTYITHE CONBATHCAHVM jORMMa 7,

Ca uHpyCcTpUjCcKe TadyKe I7IEAVIITA BEe/IMKE TI0pe, Koje
Y1He []a BeMIMKIY [Ie0 3allpeMyHe TPOAVMEH3VIOHA/IHE I10-
pO3He eleKTpofie, 0cTajy Heuckopuihene 3a ckia-
IUILITEIbe HaeNeKTPUCaha U HIUCY TIOXKeTbHE, Kao HI y3a-
He 11 lybOKe Iope Koje Cy TeLIKO IPUCTYIIaYHe eleKTPo-
JIUTY U TaKobe He JOIIPUHOCE YKYIHOM KamaryureTy he-
nuje. JIako je 3aK/by4uTU fa Cy y aKTMBHOM MaTepujany
HOXKe/bHe U IIUTKE ITope BeMKe MOBPILHE, TAKO J0C-
TYIIHE e/IeKTPOIUTY, au 1 ofpehenn, mamu 6poj Behnx
nopa (LIMpKX Off 2 M), pABHOMEPHO pacnopehenux y
Macu aktuBHOT Matepujana’. One omoryhasajy 6p3 u ak
IPYCTYI e/IEKTPOINTA OBPILIMHI Ma/IVX IIOPa, y KOjuMa
ce CKIaIVIITH Hajehu Jeo HaeleKTpucarma.

Kop, enekTpoxeMujckix KOHZIEH3aTopa pacrojarme d
no6uja iMeHsuje ne6/buHe IBOJHOT CI0ja, Pefia BeyM-
He Off HEKOJIMKO JIECETHX JleIoBa M. 3aTo je CHara cyIep-
KOHJIeH3aTOpa CTOTMHAMa, I1a U XubafiaMa myTa eha on
cHare 6aTepuja (3a MCTY 3aIlpeMIHY), a/Ii KOJIMYMHA Ha-
€/IEKTPICaIba KOjy Cy CTamby Jja CKIAAVIITE je U Ja/be 3-30
ITyTa Marba. Pasior Tome je cymTmHCcKy apyraduja mpupo-
TIa IIpoIieca eeKTPOCTATIIKOT Iy erba/ TIPaKIberba [IBOj-
Hor ¢10ja'®. OHOC TYCTUHA CHAre U eHEPrIije eJIEKTPOXe-
MUjCKMX M3BOPA IPUKA3aH je Ha CJIVLA 3.

ITpenHOCTY CylepKOHIEH3aTOpa Hay barepujama Cy
He caMo 6p30 paXibelbe, Beh 1 Iymberbe, 3a Marbe Off jell-
He CEKyHJIe, Te [ Ce IKITYCH MyIbetba U IPAKIbeHa MOTy
NIOHAB/baTy CKOPO HeorpaHmdeHo. IIporec enexTpocra-
TUYKOT CKIafMIITEa HaeleKTplcar-a He IPOy3POKyje
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Cnnka 3. OfHOC TYCTMHA CHaTe U eHepruje eneKTpo-
XeMUjCKUX usBopa crpyje

CKOPO HUKaKBe XeMMjCKe TPOMEHe Y KOHJ,eH3aTOPCKOM
CKJIOITY, LITO HUje CITy4aj KOJ, PEMOKC peaKIiyja Kof MaTe-
pujana enekrpona y 6aTepujama. bpsuna mymema/pa-
XKIberba KOJI PeOKC 6aTepyjCKIX elIeKTpOa OrpaHIIeHa
je KOHAYHOM OP3VHOM e/IeKTPOXEMMjCKOT IIpeHoca Ha-
eJIeKTpyCcaa, ). oapu3anyonoM otmnopaouthy. Cy-
HepKOHJIEH3aTOPY, IOTOTOBO OHY Ca BOJ,EHNM PacTBOPH-
Ma eJIeKTPOIITA, He MOTY a 0be36e/e Be/VIKIL pajHL Ha-
IIOH, 300T HEIIOBPATHIX XeMMjCKIUX [IPOMEHA e/IeKTPOIIN-
Ta KOje ce morabajy MsBaH pafHOT oIcera IOTEHIjaa
eIeKTPOAa, IITO UM je Hajseha mana. [Topeheme ocHOB-
HIX CBOjCTaBa KOH/EH3aTOpa 1 OaTepuja MpUKa3aHo je y
Tabem 1.

Ta6ena 1. [lopeheme kapakTepucTiKa 1 GUTHIX IapaMeTapa XeMHUjCKIX H3BOpa cTpyje

Oco6uHa, mapamerap Konsernuuonanuu Cynep-KOH/IeH3TOpU batepuje
KOHJIEH3aTOPU
Crneuyndnuna enepruja, W h kg™ <0,1 1-10 10-100
Cneumqqua cHara, W kg'l >10000 500-10000 <1000
BpeMme npaxkmemna, s 107%-1073 1-60 103-2x10%
Bpeme nymema, s 106-1073 1-60 2x103-2x10%
E¢uxkacuocr, % ~100 85-98 70-85
Bpoj nmkityca nymeme/Ipaxmberbe CKOpO ¢ >500 000 ~1000
MexaHnsaM CKIainIITEeHA Enextpocrarmaxknu XeMmjcku

OrpaHndeme cHare

ITpoBOA/BUBOCT €1EKTPONMTA

Kunertnka enekTpoxeMujcke peakuuje, TPaHCIIOPT Mace

. Orpanngeno
Cknauiiremne eHepruje

IIOBPIINHOM €/1€EKTPOAa

3anpeMIHCKO
(y macu maTepujamna)

bpsuna nymwema

Benuka (Kao u mpakiberba)

KuneTndkm orpaHnyeHa

Orpannderme BeKka Tpajama

Hexemene peaknuje

MexaHn4Ka CTabMITHOCT, MPEBEP3NOMTHOCT peaKIjija

CseMy 0BOMe Tpe6a JofaTH 1a Cy CYIepPKOH/IEH3aTO-
PV BeJlUKe CHATe OIePAaTUBHI 1 Ha HUCKUM TeMIIEpaTypa-
Ma (1 110 -40 °C)3, wto ce Koy 6atepuja TEMKO IOCTIDKE,
Kao 11 YMHeHNILY 2 je QYHKIMOHMCatbe CYIIePKOH/IEH3a-
Topa noyszarnje'®. Hema onacHOCTY Off KPaTKOT CIIoja 1
HEKOHTPOJIMCAHMX peaKlyja Koje MOTy OBECTH IO Haryle
pasrpajitbe Wi eKCIIo3uja Kao Koz barepuja.

KOHCTPYKIIUJA CYIIEPKOHIJEH3ATOPA

3a cynepkoHfieH3aTope ce MoxKe pehn ma mpencra-
BJB3jy [iBa €7IEKTPOXEMIjCKa KOH/IEH3aTOPa Be3aHa Ha pefi,
cacToje ce off iBe eNeKTPOJie ca CenapaTopoM usmehy
BbIIX, CTIVKA 4.

Y 3aBMCHOCTM Off ME€XaHM3Ma KaKO Ce CKIaf[UIITH
€Hepruja, eleKTPOXeMIjCKY CYIIEPKOHIEH3aTOPH Ce fieia
Ha:

 mBOCIOjHe cynepkoHaensatope (Electrochemical
Double Layer - ECDL), y xojuma ce eHepruje
CKJIAfVIITH pa3fBajambeM Hae/leKTpyCamba Ha Tpa-
HULY (asa eeKTpofia/pacTBOP eNEeKTPOINTA;

* IICEyIOKOH/IEH3aTOpe, KOji CKIAfyIITe eHep-
TUjy ¥ JOJATHO IIyTeM PENOKC peaKlyja MaTepu-
ajIa eJIeKTpofie Ha HeHOj IOBPIIVHY (He y MacH,
KaKo je To Kof barepuja) u

 XnbpupmHe, KOMOMHAIVMja IPETXOHA /1BA THUIIA.

IICEYOJOKAITAITUTMIBHOCT

INceymoxanalMTUBHO NOHAIIAkE ITIOApa3yMeBa Ka-
HAILMTABHO CKIANUIITEhe HaeIeKTpIcarba Koje IIOTIde
U3 BeoMa Op3ux peBep3ubIHNX MOBpUIMHCKMX Dap-
TEjCKIX OKCUO-PERYKIMOHIXK, €/IeKTPOCOPIIIVIOHIX WIN
MHTepKa/IALVIOHMX IIpoleca. EnekTpuanu onrosop mcey-
TOKaNalVTYBHYX MaTepujaja je TO/MKO Op3 1 peBepsy-
6w1aH, fa ce oHY (POPMaTHO MOTY CMaTpaTy KOH/EH3aTo-
puma. TakBu MaTepujanu CKIafNIITe HaeleKTpuCabe
KOMOVHOBAHVM Kaal{UTUBHYUM I IICEYJOKAIIAITIB-
HJM MEXaHM3MOM.

INceymoxanmanuTiBHa CBOjCTBA MaTepyjal MOXe VIC-
Ka3MBaTyU Kao CYIITUHCKY (intrinsic) wau ycnoB/beny
(extrinsic) ocobuuy'4. [Ipyrum pednma, T CBOjCTBO MOXKe
6uTi (CKOpO) He3aBMCHO Off MOPGOIIOTHje 11 BenndnHe
JecTuIa — intrinsic, niam ce ucrnospaBaTu caMo IO,
opipebeHyM ycnoBMMa HaHO-Be/IMYMHe YecTHIia ofpebeHe
Mopdooruje, JOK MaTepujalx y Mac HeMa TaKBO
CBOjCTBO — extrinsic.

IIceymoxkanauuTUBHM MeXaHM3aM CKIaiMIITEHa
eHepryje MOTY YK/bY4UTH pas/IduTe Hpoliece: IIOAIOTeH-
LIVIjaJIHO TA/IOXKEHe, OKCUIO-PEMYKLIVIOHE PeaKIiyje OKCH-
7 Ipe/lasHIX MeTala, MHTepKaIalVIOHY TICeyAOKaIaly-
TeT 1 peBep3VOMIHO OTIOBakbe/IeIOIIOBAkE IPOBOTHIAX
nonMepa’.
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Cnuka 4. CXeMaTCKM IIpUKa3 CyrepKoHpeHsaTopa’

Kananurer nceynokoHeH3aTopa MOXxe OMTH U 1O
100 1yTa Behu Off eIeKTPOXeMIjCKIX IBOCIIOjHIX CYTIep-
KOHJIEH3aTOPa, a/Iil ¥IM je KapaKTEPVCTIKA CHAare 3HaTHO
JIOLIN]a, jep 110 IpaBuUIy YK/bY4yjy U Heku Papagejcku
IPOLEC, CIIOPUjI OfF €IEKTPOCTATUYKOT IyHherba/Ipa-
KEbeHba IBOJHOT C/10ja . YI/beHIYHM MaTepyjaiy, MeTal-
HI OKCU/IM ¥ TPOBOJHY IIOJIMMePH ce Hajuerthe Kopucre
3a U3pajly OBaKBUX CynepKOHAeH3aTopa. [logmoxxnoct
MeXaHMYKMM IIPOMEHAMa TOKOM IyHeHa/IpaXKiberba
YMHU 1A OBAKBY CYTIEPKOH/IEH3aTOPY MMajy MajTy MeXa-
HIYKY CTabVIHOCT U Kpahu Bek Tpajarba.

KOMIIOHEHTE CYIIEPKOHIAEH3ATOPA

CitipyjHu xonexiiop

Kako ykynuu ornop (ECO) mMopa 6utu 1mro je Mo-
ryhe Mam1, TO MofipasyMeBa I MUHMMAIHU KOHTaKTHU
OTIOP Ha TPAaHMIM AaKTMBHOT MaTepujaia U CTPYjHOT
KOJIEKTOpa. 3aTO Ce CTPYjHU KOJIEKTOPY 4eCTO IOfiBpra-
Bajy pasmu4nTIM TpeTManuma Koju he to o6e36emuri.
Kox cynepkoHneH3aTopa ca OpraHCKUM eTeKTPOIIUTIIMA
Hajuerrhe ce KOpyCTe aTyMIHIjyMCKe Bomuje My Mpe-
KIIe, ITPETXOIHO TPeTVpaHe Ha ofirosapajyhn naunh. Je-
HepaJTHO, HAHOCTPYKTYPHY MaTepujaii ca Be/IMKOM KOH-
TaKTHOM HOBpPLIMHOM 00e30elyyjy mobap KoHTakT Ha rpa-
HUIY aKTVBHYU MaTepyjast/CTPYjHI KOEKTOP.

Enexiuiponuin

CBojcTBa eIeKTPOIITA Ca BUIIIE aclieKaTa MOpajy 6u-
TI TaKBe Jja 06e30e/ie ONTIMAIHA CBOjCTBA CYIIePKOH/ICH-
3aropa. Ha mpBoM MecTy meroBa KOHIJeHTpaIyja Mopa
OuTy TakBa fa ce n3berne MOryhHOCT BeroBOr TpoIeHha
TOKOM ITyIbeba, II0CEOHO KOJ OPTaHCKIUX e/IeKTPOINTA
(edpexT rmamoBama enexrponuta — electrolyte starvation
effect)'®. Ako je oHa peHICKa, WM je KOMMYIMHa eNTeKTpo-
JUTA TIpeMasa, TO MOXe IOBECTH 10 TyOUTKa ONTHMaJ-
HIIX CBOjCTaBa CyIIepKOH/IEH3aTOpa MAKO je aKTUBHM Ma-
Tepujan 1 farbe y foopoM cramy. OOMIHO je KOHIjeHTpa-
umja o 0,2 M moBorbHa®.
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Ia 6u 06e36enyo Haj60/be KApaKTEPUCTIKE 1Ie/I0T
ypebaja, enexTpommt Mopa uMatu foOpy HOBOI/BUBOCT,
TeMIIEpPaTyPHY U elIeKTPOXeMIjCKY CTaOVMITHOCT (HaIlOH-
CKI1 IIPO30P - OTICET HAIIOHA y KOMe He JI0/Ia3M IO eIeKTO-
XeMUjCKe pasrpajiibe PacTBOPa eeKTPOINTA), MaJTy BIC-
KO3HOCT, MaJTy MICIIAP/bMBOCT U TOKCUYHOCT, HUCKY IIeHy
¥ BeTMKy uncTohy.

EnexrponuTy Koju ce yrimaBHOM KOPUCTE y CyIlep-
KOHJIEH3aTOPMMa Ce MOTY IIOJe/IMTI Ha BOJIEHE V1 OpraH-
cke. Bopienu orpanndasajy HaroH henuje Ha oko 1V, 360r
pasrpafbe Bofie Ha 1,23 V, JOK OPIaHCKI €/1EKTPOIUTH
omoryhyjy Hanone henja u mpeko 3 V. A, ca yre
CTpaHe, OPTaHCKM e/IEKTPOIUTI MMajy U [0 30 IyTa Behu
crenUYHY OTHOP, IITO CMabyje MOTEHIVjaIHy CHAry
cynepkoHpeHsaropa's. Bogenu enexrpomury omoryha-
Bajy 1 MHOTO Behe KananyutyBHOCTY 360T Behe KOHIIeH-
Tpauyje 1 Marber jJOHCKOT Pafyjyca, y OGHOCY Ha OpraH-
CKe, KOju Y3 TO MMajy MHoro Behy neny. OHu 3axTeBajy
npeunmhaBame I YKIambambe BOJie, Y WY ClIpedyaBarba
pasrpajimbe 1 ocTusama seher Hanona, mro nosehasa
BUXOBY IieHy. [eHepanHo, cafipKaj Bojie He cMe 6uTu
sehu o 3-5 ppm'/. Hajuemrthe xopuirhenn oprancku
€/IEKTPOIUTH CY ALlETOHUTPII Y IPOIITIEH-KapOOHaT.

HuckotliemiiepaitiypHe joncke dieunocitiu (room
temperature ionic liquids - RTILs) cy 4ncTe oprancke co-
vt 6e3 pacTBapaya, TeYHe Ha aMOVjeHTaTHUM TeMIlepaTy-
pama. OHe Cy Heucrap/puse, C1abo 3amasbyBe U OTIIOPHE
Ha TOIUIOTY, Ca CBOjCTBMMA HEIOCTVDKHYM 32 KOHBEHIIVO-
HaJIHe pacTBapade. IbyxoBa cB0jcTBa, Kao IITO Cy TauKa
TOI/bE€HbA, BUCKO3HOCT U MOBOJ/BMBOCT, C€ MOTY KOHTPO-
JCATH CyOCTUTYEHTVIMa Ha OPTaHCKOM jOHY, I1a Ce MOTY
PpasBujaTy JOHCKE TEYHOCTY JKE/bEHVX CBOjCTaBA.

Kako joHcke Te4HOCTI He IOI/IeXY OKCUIALMjY MIIN
PenyKLIyju y IMPOKOM OIICETy IIOTEHIjasla, IhIIXOBUM
xopuhermeM je Moryhe ocurypaTi HarloHe Off OKO 4,5 V,
I1a KOf| HeK1X 4ak 11 oko 6 V. Hajsehu Hefocrarak emex-
TpO/NUTa Ha a3y jJOHCKMX TeYHOCTH je IIIXOBa BeoMa Ma-
JIa €IEKTPUYHA IIPOBOIYBMBOCT, OKO 10 mS cm™, ITo je 3a
OKO JIBa Pefja BEMMIMHE MAKE Off BOJECHNX €/IEKTPONIUTA.



3aTo ce HeKafa jOHCKe TEYHOCTY MelIajy Ca OPraHCKUM
€/IeKTPOIUTHMA.

Vnax, joHCKe TEYHOCTH Ce 3a cajia He KOPUCTe Y KO-
MepILIVjaHVM CyOLepPKOH/IEH3aTOpYMa, IIpe CBera 300T
BIICOKE LieHe, HeOIIXOZHOCTY JONATHOT CyIlerha YI/beHId-
Hyix Marepyjaia (hemmja Mopa 6urn ocno6obera Tparosa
BOJie), ¥ HEKOMITATUONM/THOCTY TAKBOT €/IEKTPOJIATA Ca
MVKPOIIOPO3HIM YI/beHIIHIM MaTepyjaIiMa.

AxitiusHu maitiepujan

Enextpope cynepkoHeH3aTOpa Cy HAHOIIOPO3HU
MaTepujanu BeyKe crenyuuHe MOBPLIVHE, ¥ IPEKO
1000 m* g™, Hajuerthe aKTMBMPAHN YITbEHIIH [IPAXOBIL,
yI/beHIYHa HaHO-BJIaKHA JI HAHO-1|eBY, Kao U rpadeH.
OHu cy jedTvHY ¥ JTAKO JOCTYIIHY, A/ Ce 300T 3HATHOT
KOHTaKTHOT OTIIOpa HeKa/ja Melllajy ca MeTa/THUM IIPaxo-
BuMa. Koy riceynokoHzieH3atopa, MaTepujanm 3a uspagy
€/IeKTPOJIa Cy IIPOBOJHI IIO/IMMEPY VT METaTHI OKCHJIN
M3Y3eTHIX IICeyfOKaalTUBHIX cBOjcTaBa. HemocraTak
OBUIX CYTIEPKOH/IEH3aTOPa je TO IIITO PeJOKC PeaKIije Mo-
Ty 13a3BaTV MeXaHI4Ke IIPOMeHe eIeKTPOJHOT MaTepuja-
71a Te TUMe, Ca jefjHe CTPaHe, CMabUTU KalaluTeT CKIa-
IUIITea eHepruje, a ca Apyre CMamIUTHU XVBOTHU BEeK
ypebaja. Enexkrpone xnbpunHux cynepkoHzeH3aTopa ce
uspal)yjy on MaTepujana Koju uiHe KOMOMHAIV}Y yI/be-
HIYHVIX ¥ IO/IMIMEPHIX, OfHOCHO MeTa/I-OKCHUJHIX KOM-
HOHEHT, Y/Me Ce IIOKYIIIaBa IIPeBasyIaXKerbe Hel0CTa-
TaKa ¥ jefHVX U APYTMX, 1 TiMe nosehasa ykyman Kara-
umtet. Y xubpunte ypehaje ce Mory ybpojatu 1 n3Bopu
KOjut KOMOMHY]Y CyTiepKaIalyTuBHe MaTepujaje 1 MaTe-
pujaie 3a 6atepuje, Kao LITO CY HA IIPUMeED HI/ITI/Ijg’M—jOH—
cku konpiensaropu (lithium-ion capacitors - LiC)™°.

AxTuBHM MaTepujan ce Hajuerhe nspabyje y oonuxy
Kaiie (eHI7IecK slurry), rycTe cMellie akTVBHE KOMIIOHEH-
Te 1 BesuBa (binder), koja ce HaHOCK Ha CTPYjHMU KOTIEK-
top. le6/puHa Kallle MOpa OUTY KOHTPO/IUCAHa, JOBO/BHO
TaHKa fia 06e36eMy HoOpy MOBOBMBOCT KPO3 MaTepuja
€JIEKTPOfIE.

Yimenuunu maiepujanu

Marepujanu Ha 6a3u yI/beHNUKA Ce 360T CBOjIX CBOjC-
TaBa, HVCKE [IeHe, Pa3BIjeHIX IOCTYIAKa NHYCTPUjCKe
IPOV3BOJIEbE U JIaKe JOCTYIIHOCTH Hajelthe KopucTe Kao
AKTVMBHM MaTepuja CyriepkoHyensaropa®". Fbuxosu mu-
K/IYHY BOITAMOTPAMI Cy CKOPO TIOTITYHO [IPAaBOYTaOHOT
00/11Ka, KAPAKTEPUCTIYHOT 32 KOH/IEH3aTOPE, KAKO Y BO-
JIeHVM, TAaKO /1 y HEBOJIEH/M €/IeKTPOTUTHUMA.

Axinuenu yimenux (Activated carbon) je Hajpac-
IIPOCTPAEHN)I MaTepujajl 3a U3Pajy eEKTPOIaA Cymep-
KOHJICH3aTOpa jep Moceyje BEMKY CIelupIIHy IOBp-
IIVHY, a [leHa My je Hucka. [Jobujajy ce monasehn o pas-
JIMYUTIX OPTAHCKIIX jefiJiberba O0raTiX YI/beHNKOM, Kao
IITO CY APBO, GOCUIHA TOPVBA U BUXOBM IEPUBATH
(yrasp, KOKC U C/1.) IV CMHTETUYKY IIPEKyPCOpY Ko IIITO
cy pasHu noymMepu. JJobujame noppasymesa mpBo Kap-
OoHM3a1Vjy (TEPMUYKM TPETMaH Y MHEPTHOj aTMOChe-
P¥), a 3aTUM aKTUBaLVjy HOOVjeHOT aMOP(HOT YI/beHMKa
y by HoOujarba IOPO3He CTPYKType 4.

ITpaxtuyHa ynotpeba oByx MaTepujana Hajuemrhe
[ofpasyMeBa Melllame Ca YI/beHNYHIM IPaxoByMa
(carbon blacks) 1 opranckum Be3uBUMa Kako 6u ce OMo-
ryhuno popmupame dunma akTuBHOT MaTepujana Ha
CTPYjHOM KOJIEKTOPY.

Vimenuyu us kapduga (Carbide derived carbons -
CDC) ce mobujajy BUCHKOTEMIIEPaTYPHOM €KCTPaKIMjOM
MeTasIa 13 KapOujia, HIIp. X/IOPMHAIIMjOM VI BAKYyM Jie-
KOMITO3MIIMjOM. Y OZHOCY Ha IOCTYIIKe OOujarba aKTH-
BHOT YI/bEHMKA, OBM NOCTYIIV oMoryhaBajy 60/by KOH-
TPOJIy pacIofiefie IOpa 110 Be/IMYMHY 1 KOHTPOTTY Bop-
MUpara aKTUBHIX MOBPIIMHCKNX (QYHKI[VIOHATHVX TPy-
ma.

Vimenuune nanouesu (Carbon nanotubes - CNT),
Kao ¥ YI/beHIYHA HAaHOBJIAKHa Ce fOOVjajy KaTa/IUTIIKOM
pasrpagmwoM oxpehennx yrpoBopioHrKa. KonTponom na-
pamerapa cuHTe3e, MOTyhe je yTuIaTy Ha KPUCTATHY
ypeberocT yrbeHnKka u foOuTH pasindnTe HAHOCTPYK-
TypHe $popManyje, Kao LITO CY HAHOLEBU Ca jeHOCTPY-
kuM (single walled carbon nanotubes - SWCNT) wn Bu-
mectpykuM 3uaosuMa (multi-walled carbon nanotubes -
MWCNT).

Hanouesu mocenyjy BUCOKY e/IeKTPUYHY IIPOBOJ-
HOCT, @ LJe/IOKYIIHA CIIO/bHA MOBPIIMHA LIeBM je JOCTYIIHA
€IeKTPO/INTY. YKyIIHA KallaljUTVBHOCT HAHOLIEBY 3HATHO
3aBucy off urcrohe n Mopgornoruje Marepujaia. OHO ITO
HaHOIIeBMU JJONaTHO YVHM IIOTOSHMM aKTUBHUM Marte-
PpUjaioM je YMIbeHNIA 1a MOTY 1 CE€ JUPEKTHO CUHTETH-
IIIy Ha IPOBOJJHOM Matepyjaty, Tako [a HUCY MoTpebHa
Be311Ba, @ KOHTAKTHA OTIIOPHOCT je MUHVMAJTHA.

Ipaden je anorponcka MoguduKanyja yrbeHuKa
KOjy YMHM je[iHA paBaH Sp” XMOPUAM30BAHNX YITHEHUKO-
BUX aTOMa II0BE3aHUX Yy XeKCarOHa/IHy pelIeTKy. 360r
CBOjUX M3y3eTHUX CBOjCTaBa, ;0Ope IPOBO/BUBOCTH,
IIVPOKOT eeKTPOXEMIjCKOT IIPO30pa, BemyKe crieru¢i-
YHe MOBPLINHE 1 CTA0WIHOCTH, BEOMa je IIOTOfiaH 3a Ip-
MeHY Y CHCTeMMMa 33 CKIafuIITebe eHepruje. Mebymo-
BpuMHCKa KamagutuBHocT (interfacial capacitance)
BJILIIECTIOjHNX /IUCTOBA TadeHa 3aByCK Of Opoja cojeBa
rpadeHa, Koju je Moryhe oxpenuTy Ha OCHOBY crierud-
He [OBPLINHE.

Mesonoposnu yimenuuu (Mesoporous carbons) ce
MOTY CYUHTETHMCATI Ha pas/IMduTe HaduHe: KapOoHu3a-
LIjOM TIPEKYPCOpa CaCTaB/bEHOT Off jef{HE TEPMIYKM aK-
TVIBHE I je[jHEe TEPMIYKY HeCTaOV/IHe KOMIIOHEHTe, KaTa-
JIUTIYKOM aKTVBALVjOM IIPEKYPCopa Ca METAIOKCIHIM
WIX OPTaHOMETATHUM jefUibetbeM, BICKOTeMIIepaTyp-
HOM aKTVBAI[jOM WV KapOOHM3ALMjOM aepo- U Kpyore-
noBa'. CuHTe3a ce MOYKe U3BECTH 1 KapOOHM3AIMjOM 110~
FOJJHOT IIPEKypPCopa, IPETXORHO MMIIPErHYICAHOT IOBP-
IIMHCKY aKTUBHYM CPENCTBOM K20 CPeNCTBOM 32 GopMu-
parbe Iopa, a 3aTiM ce GU3NIKUM U XEMIJCKUM IIOCTYII-
I¥IMa MOXKe 00aBUTY aKTyMBaLMja Kako 6u ce Zo06yo ax-
TUBHI ME30IIOPO3HM YI/beHNK ™. [IpefHOCT OBaKBOT 110~
CTYIKa je MOryhHOCT KOHTpO/Ie BeIM4MHE I PacIofere
nopa.
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Meitiannu okcugu

Oxcupyt MeTana MMajy Be/IMKY CHeLI(IIHY KaIaly-
TUBHOCT U JOOPY IIPOBOJ/BMBOCT, LITO X YMHY IIOTOf-
HIJM 32 M3pajTy CyIIepPKOHIEH3aTOpa Be/IMKe CHATe 11 Be/N-
Ke eHepryje. Vicrpaxxusanu cy pasmranty okcupy: RuO,,
IrO,, MnO,, NiO, Co,0,, $n0O,, V,0,, MoO,, utz.". Mo-
Ke ce KOHCTAaTOBATH J]a Cy PyTEeHMjyM- 1 MaHTaH-OKCIT,
HOCTIEMIIbIX TONMHA U Kajlaj-OKCH, HajleTa/bHyje UCTpa-
JKUBAHIL.

Pyitienujym-oxcug nocenyje Hu3 IpENHOCTU Y OJHO-
Cy Ha JipyTe MeTajIHe OKCHjie: IMa Hajsehy mceypokara-
IUTUBHOCT Off CBMX IICE€YOKaNallMTMBHMX MaTepujana
(0kx0 1000 F g™), MMa IIMpOKM €/1eKTPOXEMILjCKYL IIPO30P
CTabMIHOCTH, CKOPO MOTITYHO PEBEP3UOIIHY PEFOKC pe-
aKIyjy, OJINYHY IIPOTOHCKY IPOBOJHOCT, TEPMUYKY U
MEeXaHWYKY CTAOVIIHOCT U CKOPO METAJIHY €JIeKTPOHCKY
IPOBOJIHOCT.

Mamnian-oxcug ce 4eCTO KOPUCTU YMECTO pyTe-
HUjYM-OKCHJQ, KaKO 300T peIaTMBHO HUCKe LieHe, Majle
TOKCHYHOCTYL, IIPVXBAT/BVBOCTY 32 CTAHOBUIIITA YKJBOT-
He CpeJiyIHe, Y3 OIIMIHe Kallal[MTUBHA CBOjCTBA — T€O-
PUjcKa KamanuTuBHOCT je 0Ko 1200 F g™. Kao u kop cBux
MeTaTHMX OKCH/Ia, MEXaHM3aM CKIaMIITeha eHeprije
KOJI, OKCI/]a MaHTaHa je CauMkbeH Off HU3a PeBep3nOMTHIX
PenoKc Impefasa Koji YK/bydyjy pasMeHy IIPOTOHA 1/
KaTjOHa Ca elIEKTPOIUTOM.

Kanaj-oxcug je 360r cBoje HVCKe IjeHe, OfTNYHUX
HOJTYTIPOBOJHIMYKYX KapaKTePMCTHKA, JoOpe IceyioKa-
HAIUTUBHOCTY U HEIIKOJbUBOCTH 33 XMBOTHY CPEIUHY
cBe yenthe npegMeT UCTPaKUBakba y PasBojy CyIepKOH-
neHsaTopa. Kao 1 y cydajy Apyrux MeTalnHUX OKCUfa,
Hajuenrhe Cy MCTpa>KMBaHU KOMIIO3UTY Ka/laj-OKCUfa ca
HO/IVIMEPYIMA ¥/ VIV YTTbeHIYHIM MaTepujaniMa.

KOHCTPYKIIMJA
CYIIEPKOHJEH3ATOPCKHMX REINJA

CyTiepKkOHIeH3aTOPU Ce MOTY, TIpeMa TUITY, IOfeNu-
TU Ha TPY TpyTIe:

+ Ca eleKTpMYHNM BOjHIM CIIOjEM, Ca €JIEKTPOJI-
HUM MaTepyjamyMa Off aKTUBHOT VI/beHMKa,
YI/beHMYHMX IleBU WK rpadeHa,

o IlceymokamauMTHMBHM, 4UjU je aKTMBHU MaTe-
Ppujan IpOBOSHM IONMMMEP VU MeTalTHU OKCUT, 1

o Xubpupgnu, kasa ce y uctoj henujn ncnomasajy u
Dapapejcku u He-Papagejcku IpoLecu Ha efek-
Tpopama.

ITpBa Ba THIIA CYIEpKOH/EH3aTOpa MOTY OUTY CH-
MeTpuuHH (Kafa cy 00e e/IeKTpOfie MCTOBETHE) WL ACK-
MeTpM4HM (Kafia cy enekTpope pasmraute). [Tox acumer-
PVYHUM Ce TIOfpasyMeBajy U OHM KOJI KOjIX Cy e/IeKTpofe
Off, MICTOT MaTepujasia, a/, Ha IpYIMep, pas/anTe ne6mi-
He WM Mace.

Y 3aBMCHOCTM Off KOHCTPYKIHje, KOja je OIleT ycC-
JIOB/bEHA 3aXTeBAHUM KapaKTepUCTUKaMa I HaMeHOM
ypebaja, xubpugHm CyriepKOHIeH3aTOpy MOTY OITH Ce-
pujcku unu napanensHu. Kop IpBux jegHa efnekTpopa je
GaTepujcK TUII eTIeKTPOTie, KOja pafy IpU KOHCTAHTHOM
HOTeHIjalTy 1 4uja Cy cBojcTBa ofpebheHa copum udy-
3MOHVM IIPOIIeCHMA ¥ MaTepUjajTy U Be/IMKOT KallaljuTeTa
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32 CK/IaIILTElbe HAeIEKTPYCalba, IOK je PyTa eIeKTpofia
KaIalMTVBHA, CBOjCTaBa TUIIMYHMX 3a CYTIepKOH/I€H3a-
top. IIpuMep oBaKBOT XMOPVIHOT M3BOPA je TUTHjyM-
jorcku korpensarop (LiC). OH je y MoryhnocTu fja ycka-
IUIITA 1 [0 10 IyTa Bely eHepIujy of KOHBEHIOHATHOT
CYIIEPKOHJEH3aTOpa Ca eIEKTPUYHUM JBOJHNM CIIOjeM,
TO je M3BOP BeJIMKe CHare U Iyror Beka Tpajama (Moryh-
HOCT BE/IVIKOT OpOj LIMKITyCa IyHberba U IPKIEHha).

ITIPMUMEHA CYITEPKOHJIEH3ATOPA

CynepKoH/ieH3aTOpY Ma/iX AMeH3uja ce Beh mm-
POKO NIPUMEBYjy Kao U3BOPU €HepIVije MHTeTPUCAHNX
MeMOp¥ja M/ MUKpoTpoliecopa 6es ofpykaBarba. Hemas-
HO je Iodesia U IpUMeHa CyIepKoHAeH3aTopa Behux
IMMEH3Mja, Y peryrauyju ontepeherma eTeKTpUIHNX U
XMOPVTHUX BO3WIA, Te KA0 CTapTepa KOHBEHLVIOHATHIX
BO3WWIA, 1 y Te/IeKOMYHUKanyjaMa. CynepkoHIeH3aTopu
Cy onTuMajaH 1360p Kajia IOTpoLIavy eHepruje Tpeba
UCIIOPYYMTY BE/IUKY CHAary Wi Kaja Tpeba IyroTpajHo
CKIamIITITV eHeprujy. Kopucre ce y eekrpoHumy kaga
Ce 3aXTeBajy VIMITYJICU Be/IVIKe CHaTe, I Ha Taj Ha4yH IIpo-
Iy’KaBa XMBOT KOHBEHI[VIOHATTHNX 6aTepuja MIu OMO-
ryhasajy ynoTpe0y jefHOCTaBHUjIX, jedTuHMjuX OaTepuja
3a Harajarbe TakByX ypehaja, Hip. enexTpuaHy anaru, gu-
TUTAIHYU QOTOANApaTyL, KaMepe, Urpadke, MOOYITHM Tete-
¢oHY, Tab/IeT U KOMITjy TepH.

BaxxHa pyMeHa CyIepKOHJIEH3aTOopa je U Y CKIOIO-
BJIMa OOHOB/BUBIIX 3BOPa eHepruje (BeTpoeneKTpaHe,
COJIapHM IIaHE/M), KA0 jefHOCTaBaH HaYMH 3a CKJIa-
muiTerse eHepruje. Cee yenthe ce KOpUCTe 1 y TPaHCIIOP-
TY, XUOPUTHIM 11/ WM e/IeKTPUYHNIM BO3WIUMA, IIPU pe-
TeHepaTIBHOM KOYelby 1 32 TIOTOH e/IeKTPUYHIX MOTOPA.
Y MHRYCTpUju Ce IPUMeEmbYjy 3a pery/aljy KsanuTeTa
CHaTe VI Kao pe3epBHO Halajame eTeKTPOHCKIUX
ypebaja, a mocroje 1 moxy1uaju npuMeHe y KOHTPO/IH CTa-
OVUTHOCTY eIeKTPOEHEPTETCKIIX MPeXa I CUCTeMa.

Mau MakcumarnaH HaroH 1o henuju je Hajpehn He-
JOCTaTaK CyNepKOHIEH3aTopa, IITO Ce MOyke IpeBasyhnu
CEpMjCKI CIIajarbeM BHIIIE TI0jeNVHAYHIX jeVHILIA.

3AK/bYYAK

CynepKoH/ieH3aTOpH Cy Hajoo/by M360p Kajia o-
CTOju TOTpeba 3a MCIOPYKOM Be/IMKe CHare IOTPOIIavy
WM Kajja Tpeba yCKIaAMIITUTY elIeKTPUIHY eHepIujy.
Xy6pKUAHM CYIIEPKOHIEH3aTOPY CBOjYIM KapaKTepPUCTH-
KaMa MOTY JIOHeK/Ie IpeBasuhy OCHOBHM HeTOCTaTaK Oa-
Tepuja, MaTy TYCTUHY CHare, a Kajia Ce CylepKOH/IeH3aTo-
pu KOMOUHYjy ca batepujama MOry nopehat BUXOBY
TPEHYTHY MaKCUMA/IHY CHATY U IIPORYXKUTY VM XKVBOTHU
BEK.

V360p maTepujana Mopa yseTu y 063up 3axTeBe
KOHaYHe IIPJIMeHe, Kao LITO Cy crermdIdHa eHepruja u
CHara, TyCTVMHA eHepIuje 1 CHare ¥ pafHu BeK. [Topen ma-
Tepujana, AV3ajH 1 ONTUMN3aIMja KOHCTpyKIuje herja
Haje HOBe MOTYRHOCTY 3a pa3Boj xubOpusHUX OaTe-
PUjCKIX/CyTIepKOHAEH3aTOPCKIX cucTema. Takeu cucre-
mu he y 6yayhHocTu 6mTu cBe TpaskeHumju, Kaja camo Oa-
Tepuja WIM CaMo CYNepKOHAEH3aTop He Oy[y MOITIM Aa
3aoBobe crenuduyHe noTpede Kao LUITO Cy IyCTUHA



eHepruje, 6poj IMK/Tyca Mybera M NPaKbermha VN Ha-
TOH.

JemHako Ba>KHM 3a pa3Boj MaTepujana u hemuja cy u
TEXHOJIOTHja U3pajie eIeKTPOfa 1 KOHCTpyKuuja henuja,
Koje TpeOa ONTUMM3UPATH KaKo 01 ce MoOosbliasie mep-
(opMaHce cynepKOHfIeH3aTOpA.

Abstract
ELECTROCHEMICAL SUPERCAPACITORS

Aleksandar DEKANSKI, ICTM, Department of
electrochemistry, University of Belgrade, Serbia

Through an overview of operation principles of
supercapacitors, its components and materials used for
their fabrication, as well as description of different modes of
production, the current state of development of this highly
promising energy storage system is presented. Their
advantages and disadvantages are discussed in relation to
other types of chemical sources, primarily batteries.
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BECTM us IIIKOJIE
BECTM 3a IIIKOJIE

Y ttiexciiiy je tipuxaszan cuenapuo uaca odpage Ho8oi
ipaguea o ectiipuma, uzsegeH y ocmom paspegy 0CHO6He
uiKore.

Tema waca: Ectpu

T waca: O6pajia HOBOT rpayBa

IInmeBn yaca:

1. Yuennuu onpebyjy HasuBe ecrapa y matum mpume-
puMa 1 ufieHTUDUKYjy Of KOT a/JKOX0/Ia 1 Kap-

OOKCI/IHE KICeTHE je HACTAO [JaTH ecTap.

Mununa PUCTUR, Crypent cryaujckor nporpama Hacrapa xemuje, Yunusepsurer y beorpagy
- Xemujckn ¢akynrer, milicafireiceg3@gmail.com

CHOEHAPIO YACA: ECTPU

2. YdYeHUIM CacTap/bajy jeqHAYMHE XEMUjCKIX PeaK-
1uja ecrepudukanyje.
3. YueHuny HaBOfe IpyMepe IpMMeHe ecTapa y cBa-
KOJTHEBHOM >KMBOTY.
Marepujan norpe6as 3a Jac: Taba, MapKep, pagHu
NMCTOBY, LIecT 6ounIa ca BOhHUM cazipxajeM (Tpu ca
YCUTEeHOM GaHAHOM ¥ TPY Ca YCUTHEHOM jabyKoM).
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TOK YACA

Kopax 1: Yuenuyu ucituiniyjy mupuc cagpxcaja y
douuyama koje cy godunu og HacitiasHuxa u Senesxce
ceoja 3aiaxcarea.

Kiryne y xojuma yueHnmm cene paciopebeHe cy y Tpu
pena. HacTaBHuK cBakoM pefy fiaje 1o ABe Gouniie ca He-
HO3HAaTUM cappskajeM. ObjallmbaBa yIeHUINMA Jia je B-
XOB 3aJJaTaK J1a MCIINTajy MUPYC Cafip>kaja 06e bouniie ofi-
MaxyBambeM PyKOM M3HaJ| OTBOPA, 1 Ia y CBeCKaMa 3abe-
7ieKe Ha 1Ta ux nopiceha Mmpuc y ceaxoj 6ounim. Caku
y4eHVK, HOLITO VCIUTa MUPIC, 6ouniie rpenaje cnenehem
YYEHMKY TaKO Jja CBY YUECHIUIIM Y CBAKOM pefy UCITYHe 3a-
marak. HakoH Tora, HACTaBHMK ITPO3YBa IO jeIHOT YIeH-
Ka 13 CBAKOT pefia [ja CAOlILITH Ha IITa ra nopceha Mupuc
canpxkaja 13 ceake 6ouniie. OCTamy y4eHUIY IIpaTe 1, 10
noTtpeby, Aajy alTepHATUBHE OArOBOpe. YdeHnIy 6u Tpe-
6aJ10 fa 3aK/byde fa CafpKaj y jenHoj 604N MUPUCOM
nozceha Ha 6aHaHy, a y ipyroj Ha jabyky.

Kopax 2: Hacitiasnux odjauirbasa tiopexno mupuca y
douuyama u Hasogu gpyie ipumepe 3acilyilbeHOCHIU
eciiapa y c6aK0gHesHOM HUBOTLLY.

HacraBHyk HaBOIM Jja ce y jesHOj 604MIM Hamasn
ycuUTHeHa 6aHaHa, a y APYroj yCUTHbeHa jabyka. 3aTum
objaurmaba na ce pohe u nsehe, nsmeby ocranor, mory
HPEeIO3HATY IT0 KapaKTePUCTUYHOM, IIPUjaTHOM MUPUCY
KOjJ TIOTHYe Off CYIICTAHIY IIO3HATYIX I10J] Ha3MBOM eC-
Tpu. HacTaBHMK Ha Tab/my uIle CTPYKTYpHE XeMujcKe
¢opmyrie ecTapa Koju ce Hajlaze y HaBefeHOM Bohy (cac-
TOjaK GaHaHe 3-MeTWIOYTH/I-alleTaT U CacTojak jabyke 3-
MeTunOy TWI-TIeHTaHoaT). [ToToM HaBOM Jia Cy eCTpy Be-
OMa pacIpoCTpambeHa Ipyna OPraHCKUX jefluberba, a
ocuM y Bohy u 1iehy, Hatase ce ¥ y BOCKOBMMa, MacTMa
u yrpuMa. Ectpu ca MambuM OpojeM YI/beHMKOBIX aTOMa Y
MOJIeKy1y fiajy Mupuc 1sehy u Bohy, 1ok cy ectpu ca
BehuM 6pojeM yr/beHMKOBUX aToMa Oe3 Mupuca 1 IIpef-
CTaBJbajy cacTOjKe MacTH, y/ba 1 BockoBa. Kapia je y mu-
Taby IbIXOBA MHAYCTPUjCKA IPYMEHA, ECTPY CE HajBUILIE
KOPJCTe Y IIpexpaMOeH0j MHEYCTPUjH 1 MHEYCTPYLjH Tap-
¢dema. Mypuic 1 yKyc MHOTYX IIPOM3BOJA, IOITYT COKOBA,
6oMO0Ha, crafornefa, MOTIYe Of eCcTapa CUHTETUCAHUX Y
xeMujckoj mabopatopuju. Hexu ecTpy ¢y BasKHM JIEKOBH,
Kao LIITO je aCIMPYH, KOj¥ e KOPUCTY 3a yO/IaKaBarbe 60-
JIOBa VI CHYDKABalbe TeJIeCHe TeMIIepaType.

Kopax 3: HacitiasHuk odjauirbasa Homeknamypy
eciniapa.

HacraBHuK, Ha IpuMepy MeTI/I-eTaHOATa, 00jallIiba-
Ba IpaBwIa 3a onpebusarme Hasua ecrapa mo [IUPAC Ho-
MEHK/IATypPy, KO U TPUBUjATHIX HAa3VBa OBYIX jeMVIbEIba.
ITprToM yKasyje Ha CIMYHOCT ca IpaBumMMa 3a onpehu-
Barbe HasyBa COJIV OPTaHCKIIX KVICEIHA, O KOj/IMa Cy yde-
Hyuy Beh yan. HakoH Tora, HaCTaBHYK Ha Tab/Iu Iiie
xeMujcke GOpMyJie eTIWI-eTaHOaTa, IPOII-0yTaHoaTa U
OyTuI-MeTaHOATA Y IIPO3}BA IO jeTHOT yUeHNKa Jia Ofipe-
IV TPUBUja/IHM Ha3KB, Kao 1 HasuB 1o [TUPAC HoMeHKITa-
TYPY, 38 CBAKO Off OBUX jemyiberba. OcTamy y4eHnIy mpa-
Te 1, YKOJIMKO je OTPeOHO, eIy aJITepHATYBHE Ha-
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3uBe. 3a eTWI-eTaHOAT HACTABHIMK HABOJY /1A je Ha COOHO]
TeMIIepaTypy U aTMOCEPCKOM IIPUTHUCKY Oe300jHa Ted-
HOCT KOja Ce pacTBapa y HeIOJIAPHNM PacTBapadyMa, ali
He 1y Bogu. OBO jefuberbe MpeficTaB/ba CaCTojaK Cpef-
CTaBa 3a CKIJIakbe JIaKa 32 HOKTE KOja He CajjpyKe aIleTOH.

Kopax 4: Yuenuyu aipumervyjy Hosocitieuena 3narea o
HOMEHKNAWLYPU ecillapa UPpUnRUKom camocitlantol
pewasatva peoi 3agailika U3 pagHux 1Uciiosa.

HacraBHuk fieny yyeHu1MMa pajiHe MMCTOBE U [O3M-
Ba VX Jla CAMOCT/IHO YPajie ITPBY 3a/jaTaK KOjy IJIacu:

1. ETun-6yranoar gaje Mupuc aHanacy. Mot Bo-
JIY Taj MUPYIC 1 XKeJIM JIa CHHTETHIIE OBO jeIberbe Y JIa-
6oparopuju. Koje peaxranre 61 Tpedaso na yrnorpe6n?
3a0KpY>KI CTIOBO VICIIPE]] TAYHOT OJITOBOPA.

a) 6yTaHCKY KICe/IMHY U 1-0yTaHO/

6) 6y TaHCKY KICe/IVHY V1 €TaHOIT

B) €TaHCKY KVCeIMHY 1 1-0yTaHOI

T) €TaHCKY KVCE/HY Y €TaHOJT

YueHniy 3a paji MMajy Ha pacIiojiaramy IeT MUHYTa,
HAKOH Yera HaCTaBHIK IIPO3VBA jeIHOT yIEHNMKa Jja Ca-
oty ofropop. OcTanyu y4eHuIu npare 1, yKOamuko je
HOTPeOHO, KOPUTYjy OBTOBOP.

Kopax 5: HacitiasHuk odjauirasa mexanuszam
peakuyuje eciiiepugduxauje.

HacraBHuK o6jarimaBa 1a eCTpy HacTajy Kao Ipous-
BOJ, XeMUjCKe peakiiuje 13Mehy anmkoxosa u KapOoKcu-
HUX KVCEe/IVHA, y IPUCYCTBY KOHILIEHTPOBaHe CyMIIOpHE
KICe/HE Kao KaTaln3aTopa, IIpy 4eMy, IIOpef, eCTpa, Kao
IIPOM3BOJ] HAaCTaje ¥ Bofa. Ta peakiija HasyuBa ce peak-
nuja ecrepudmkanyje. HacraBHuk Ha Tabmm npepcras/ba
OIILITY MEXaHN3aM peaKIyje aJIKOX0JIa ¥ KapOOKCUITHIX
KICETIVHA, KaO ¥ KOHKPETAH NPVMEP XEMUjCKE PeaKlyje
eTaHoOJIa M eTaHCKe KICe/MHe. 3aTM objallmbaBa /ja Ha-
crajm ectap 1 Boja Mory Melyco6HO [a pearyjy 1 TOHOBO
TIajy aJIKOXOJI M KVCETIMHY, 4 Ta peaKliyja ce Ha3yBa XUIpo-
nusa. OBe [iBe peakliiyje ce OfBIjajy UCTOBPEMEHO, 300T
Jera ce Kaxke fia je peakiuja ecrepudukanyje moBpatHa
peaxuuja. To ce y jemHauMHM XeMMjCKe peKaljyje 3ammcyje
TaKO LITO CE YMECTO jeffHe CTpenLie UL JiBe CTPEuLie
CYIIPOTHOT CMepa.

Kopax 6: Yuenuyu tipumeroyjy Hosociieuena 3Harea o
peakyuju eciiepuduxayiije u HOMEHKIATLYPU eciliapa
HPUNUKOM CAMOCTIAnHOT peuiasarea gpyiol u wipehel
3agamiKa u3 pagHux 1ucitiosa.

HacraBHMK 1031Ba y4eHUKe Jla CAMOCTA/IHO ypajie
npyru v Tpehy 3aaTak 13 pajHUX TUCTOBA KOjI I/1ace:

2. Hanmummm jegHadmHe XeMMjCKMX Ppeakuyja cre-
nehx ankoxosa 1 KapOOKCITHYX KUCe/MHA Vi OfIpe/iyt Ha-
3UBe HAaCTa/l/X eCTapa:

a) eTaHOJI 1 IIPOTIAHCKA KMCEMHA

6) 1-0yTaHOI 1 IIeHTaHCKA KICeIMHA

B) 1-IIPOIIAHOJI Y €TaHCKA KMCeTMHA

T) €TaHOJI 1 XeKCAHCKa KICe/I/Ha



3. Hammmm jemHaymHe XeMMjCKMX peaknuja Jo-
6ujarpa crefehnx ecrapa monasehn on onrosapajyhux an-
KOXOJ/Ia ¥ KAPOOKCVTHIVX KMCETMHA:

a) MEeTWI-METaHOAaT

6) IpoII-XeKcaHoaT

B) OyTwI-eTaHOAT

I) IeHTII-0yTaHoaT

) OyTuI-MeTaHoaT

Ydenniy 3a paji MMajy Ha paco/IaTamby JieceT MUHY-
Ta, HAKOH 4eTa HaCTaBHMUK ITPO31Ba 110 jeHOT y4eHMKa 3a
CBaKM IIPMMeEP Jla CAOHIITH oAroBop. OcTany yuyeHum
Tpare 1, KOJMKO je TIOTPe6HO, KOPUTYjy OfiTOBOP.

Kopax 6: Haciniasnux odjawmwasa Hacitiajarwe ecitiapa
Y peaxkyuju anKoxona u HeopiaHcKux KUCenuHa u
usnaxce KpAmax UCopujaiti 0 HUILPoiLuuepuny.

Ha mpuMepy eTun-HuTpara, HaCTaBHUK O0jalibaBa
7la eCTpe ca aJIKOXO/IMMa MOTY Jia Tpajie i HEOPTaHCKe K-
cenuHe. 3aTUM IIPUKa3syje jefHauYMHy XeMUjcKe peaxiiyje
IIMLIEPOJIA CA HUTPATHOM KICEMHOM, Y KOjOj Kao IIpo-
TYKT HacTaje IIULepUI-TPUHUTPAT, OFHOCHO, HUTPOI/IN-

nepuH. HacraBHyk HaBomy fia je HuTpormuepuH 6e360j-
Ha, y/bacTa CYICTaHIa, KOja Ce Y MEeAMIVHY KOPUCTH 32
CHIDKaBame KpBHOT nputicka. Andpen Hoben 6uo je
HIBEICKY XeMI4ap KOjI je PasBUO MHyCTPUjCKI OCTY-
IaK 3a IPOM3BOMIbY HUTpOrmLepyuHa. Iberosa dabpyxa
je, MOYeTKOM Ile3ieceTUX OiHa 19. BeKa, Ipou3Besa
CMeLTy HUTPOITIMLIepyHa i 6apyTa IOf Ha3MBOM “LIBeX-
CKO eKCIUIO3MBHO y/be”. MelllambeM HUTPOIIUIepUHA 1
jemHe BpCTe ITIMHE IPOU3BE/ICH je 1 BeoMa CHaXKaH eKc-
IJIO3UB - JUHAMMUT. YIIPKOC ToMe TO je je Hoben
Y4eCcTBOBAO Y Pa3Bojy IeCTPYKTUBHOT OPY>Kja JaHAC ce,
usMeby ocraor, nope/pyje u Hobenosa Harpaza 3a Mup.

Abstract

SCENARIO FOR THE TEACHING UNIT ON ESTERS

Milica RISTIC, student of the study programme Chemical
Education, University of Belgrade - Faculty of Chemistry

In this paper the scenario for the classroom period
devoted to the elaboration of the teaching unit Esters with
the eighth grade of primary school students is presented.

BECTU N3 CX]]

MN3BEIITAJ CA IIECTE KOHOEPEHIINUJE M/TAINNX XEMYAPA

Ilecra xoHpepennuja Mrafux xemnuapa Cpouje
Ofip>kKaHa je 27. OKToOpa 2018. rofuHe Ha TeXHOMOIIKO-
MeTalypIIKOM QaKynTeTy YHuBepsurera y beorpany y
opranusanuju CpIickor Xxemujckor apymTsa u Kiny6a
mazyix xemirdapa Cp6uje (y gambeM Tekcty: Kiny6).

Y pany HayuHor onbopa Kondepennyje yaecrBoBa-
nu cy ap Tamapa Togoposuh, fp Jbybonpar Byjucuh ca
Xemnjckor (akyntera YHuBepsuTera y beorpamy u up Je-
neHa PaguBojeuh ca VIHCTUTYTa 32 MOJIEeKy/TapHY reHe-
THKY ¥ TEHETIYKO VIHXEHhepCTBO YHIBep3uTeTa y beo-
rpagy. Y pagy OpranusanioHor onoopa y4ecTBOBAIA CY:
JKusora Cenaxosuh u Byk ®unnnosuh, wranosu Yu-
pasHor onbopa Kiry6a mmagux xemiraapa Cpbuje, u Jere-
Ha JIasuh, wiannua Kny6a u wiannia YnpasHor ogbopa
Espomncke mpexe maapux xemmdapa (EYCN- European
Young Chemists' Network).

I'omha Kondepenuuje 6mna je np Alice Solda mpep-
cenuuia EBporicke Mpexxe Mnanyx xemmdapa (EYCN).

HayunoMm on6opy Kondepennuje Ha peneHsnjy
HOC/IATO je 96 pamoBa, Of KOjuX je 31 paj; BpaheH ayTopu-
Ma Ha fjopany. CBY pagoBy Cy HaKOH JICHPaBKe IIpU-
xBahenu. Paiose Hucy nsnoxxue Anekcanppa bonymh ca
nocrepckuM caonurermeM 6poj MHo3 PE 1 1 Hespuna
Miuxosuh ca yemennM caommuterem 6poj MHo2 OS 2. Ha

KoHepenuju je mpe3eHTOBaHO 94 paja y BUAY 83 HO-
CTepCKa CaoIllTema (78 Ha €HITIECKOM 1 5 Ha CPIICKOM
jesuKy) 1 11 yCMeHMX CaoIlllTerba (9 Ha eHITIECKOM I 2 Ha
CPIICKOM je3VKYy).

Y OKBMpPY Hay4HOT IpOrpaMa OfP>KaHo je jesHO Iue-
HapHO IIpefaBabe U jBa IIpefaBatba 110 11o3usy. [IienHap-
HO mpepaBame ,Planar chromatography today:
application in natural product and food analysis” ogp>xao
je ap Iletap PuctuBojesuh ca VHoBanuoHOT 1jeHTpa
Xemujckor dakynrera, YHuBepsurera y beorpany. IIpso
npefaBate 1Mo no3usy ,,Covalent functionalization of
black phosphorus” ogp>xana je ap Anexcangpa Mutpo-
Buh ca Xemujckor ¢akynTera YHuBepsureTa y beorpany.

I pyro npenasare 1o 03uBY ,,Interaction of human
immunoglobulins with metallophorphyrins“ ogpsxana je
np Huna boxunosuh, Centre de Recherche des
Cordeliers, ITapus, ®panuycka.

T'omtha Kondepennuje mp Alice Solda je oppsxana pa-
muouuny ,,The Perspective of Young Chemists in
Europe®“. IIpencraBuuna komnanuje HVC a.n. Hosu Cap,
crionsopa Kondepennuje, koopauHatop 3a ogHoce ¢ jaB-
Houthy Anbena ITerponnh, onpskana je pesenTanujy o
HJIC-oBom mporpamy ,,Energy of knowledge”.
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EBporicka Mpexxa MIa[iyx XeMi4apa I bIX0Ba apT-
Hepcka Komnanuja EVONIK o6e36emuny cy HoBuaHe Ha-
rpaje 3a yuecHuke KoHndepeniyje 3a Hajoorbe ycMeHO n1
Haj60/be IIOCTEePCKO CAOIIITEbe Ha eHITIECKOM je3MKY Y
usHocy of 1o 75 EVP. Kiy6 mmapux xemudapa u Cpricko
XEMMJCKO JPYLITBO Cy TPagMIMOHAIHO 06e36enyin Ha-

rpajie y Bujjy IPOMOTUBHE LIOJbe ca 10roM CpIICKOT Xe-
Mujckor apyrea 1 moroM Kiry6a mmapux xemiraapa Cp-

ouje.

3a Hajbo/be yCMeHO caomiTebe Harpahena
je Mapra Crnacuh ca Xemnmjckor dakynrera
Yuusepsurera y beorpany ca pagom: "Synthesis
and anti-virulence activity of N’-benzyl-4-
aminoquinolines against Serratia marcescens".
Harpajty 3a Haj60/be IIOCTEPCKO CAOTIITeR:e [I0-
6uo je Credan ITaBnosuh ca VMHcTuTyTa 32 Xe-
MMUjy, TEXHOJIOTUjy U MEeTaNnyprujy, Y Hu-
Bepsurera y beorpagy ca pagom: "Preparation of
zeolite from coal fly ash as waste raw material".

Hay4uu onbop ce 3axBabyje MuHucTap-
CTBY IPOCBETE, HayKe 1 TEXHO/IOIIKOT Pa3Boja
Ha 06e36eheHnM cpencTBIMA KOjiMa je TOMOT-
710 y cybuHaHCcupamy ofpkaBamba Kondepen-
nyje kao 1 komnanuju HVC a.in. Hosu Cap, xoja
je 6ura cionsop Kondepenuuje.

Tamapa Togoposuh
Jby6onpar Byjucuh
Jenena Pagusojesuh

OECTUBAJI XEMU]JE
»XEMUJA OKO HAC“

HEMIJA OKO NAS

Kny6 mnapux xemnuapa Cpbuje 3ajenHo ca
CpnckuMm xemujckum gpymrsoM (CXI) n Ame-
pyakyM XemujckuM apyitsoM (ALIC), opranuso-
Bao je y cyboTy 24. HoBeM6pa 2018. rofiuue Ha Xe-
MujckoM (akynTery y beorpany PectuBan xemuje
»Xemnja oko Hac“. OBakas fiorahaj je mpeu myT
6110 oprasusosan y CpOuju.

IMocernouu Pecrusana 6um cy hauy VIII
Ppaspefia OCHOBHMX HIKOJIa KOjy Cy MMajIy Ipy-
JIMKY [a MHT€PaKTUBHO Y4ECTBYjy Y U3pajgu
LIeCT PasIN4YUTUX HayYHUX OI/Iefia, IpuMepe-
HUX IbJIXOBOM Y3pacTy. Y YeCHUIY CY eKCIIepU-
MEHTe PafiyIn y3 HafI30p CTPY4YHIUX BOJIOHTEPA.

124 Xemujcku peineg

IToce6Hy Harmacak 610 je Ha eTyKaLVjy CBUX YIECHVKA O
6e36eIHOCHIM MepaMa IIPUIMKOM M3pajie eKCIiepyIMeHa-
Ta, Ka0 11 Ha IPUO/IIDKABAIbY XeMItje Kao HayKe.

Iuesrn mvct Ilomrtuxa je y penmy “ ITonmurrka 3a fe-
1y~ objaButa Bect o forabajy mop HacoBoM “ TajaHcTBe-
HYI CBeT XeMuje” 06. frerteMbpa 2018.

TajaHCTBEHU CBET XEMH]E

Kaxko cox ox Kymyca Mema 60jy, 3alITO je BayKaH IOIUMep —
OBe U IpyTe TajHe OTKPUBAIHU Ccy hauu Ha PecTuBAIy XeMuje

OK O} L{PBEHOT KyITyca MOTao 61 J1a yTOIH
okel, au Mu heMo ra HCKOPUCTHTH 3 K-
CIIEpPHMEHT, o6jalbaBaH cy hamu ocma-
1M U3 HoBoGeorpajacke OCHOBHE LIKOJIE
»Kuernma Mrmuna”. OHE Cy ce HeIaBHO, 3ajeHO
ca BpIIballiMa U3 JPYTHX NPECTOHUYKHX 0CMO-
JIeTKH, OKynwix Ha PectuBaity Xxemuje Ha XeMujc-
KoM dakyntery y Beorpany. Jenan ox oMM/bEHHX
oreaa 610 MM je ca HaTUTKOM Off KyIIyca.

OcMax JoBar CMmbaHKh IOCETA0 je 3a YalIoM K-
ceJie Bojie, aJTU ce IIPETOMHICIIHO, I1a y3e0 el eHu Tu-
MyH ¥ JBe, TPH KaIli 0Aia0 y KyIIyCOB COK, KOjH je
Memao 60je 3aBUCHO Off Tora 1a JIX Cy MJIaJii HCTpa-
JKMBa4Y{ KOPHCTIIIH CONy OMKapOOHy, cuphe Wi fie-
TepueHT. CrynenTn Anbena Makcumosuh v ITase
TTaBnoBuh 0GjacHIIIN Cy Jia ce y COK CHITajy 6asHe i
KHCeJIe CYTICTAHLIE C LIW/beM JIa joj IIPOMeHe 60ojy.

OHu Cy yKa3aJiy ia Cé HeITO 3aHUMJbHBO JielIa-
Ba Kajia CTaBUMO KoMauh IIPBEHOT KyIIyca y BOTy.
Kapna npurrcHeMo koManuhe y BOIH 3ajeliHO, BoAa
he moctaTy r1aBa. AKo ce K01ajy Majie KOMHYHHe

mih, y IPHIMLIE CMO H JIa TPaKTUYHO IOTBPAMMO”,
xaxe Anapuja lllaynuh, c naxmsoM cryurajyhu Ty-
Mauerbe IEeMOHCTPaTopa Muxania JakaHOBCKOT O
depodrynnuma.
3a 1o Bpeme KatapuHa JoBanoBuh, npema caBety
XeMmyapa, MyhKaJia je 0By TeYHOCT y GOUHLIY Ha KOjy
je Muna MianeHoBuh cTaByIa MarHer.
HIloreaajre, KarbUIle TEYHOCTH IOYeNIe Cy Aa
ce ofBajajy”, y3BUKHYO je AHApHja H 3aK/by4HO 1a y
depodrynnnuMa HMa HaMarHETHCAHMX YECTHIIA.
Tako uM je, Kax<y haiu, 6110 JaKie a cxBaTe
3allTO Ce HEKH IPENMETH NpPHBJIaYe, a APYTH Of-
6ujajy. Katapuna JopaHoBuh oKyllana ce y ciia-
namy CKpOOHHX Pa3HOOOjHUX jacTyunha CIHYHMX
CcMOKHjy. 3axBasbyjyhu OBOM IONyXBaTy Hay4yHIa
je neGuHUIIM]y 0 BOTOHUYHO]j Be3H. MlcTH excriepH-
MeHT pamwiu cy Hophe Tomes u Karapuna Mmah.
,BaXkHO je 1a ce HaTOIM CKPOGHO 3PHO Ha BIIaX-
HoM cyHhepy. Ckpo6 He cMe Jja ONHMje NpeBHILe
BOJI€, jep ce Taa pacraja”, 0GjaCHUIIM Cy OCMalu
TIOHOCHH Ha CcBoje ymehe.

Ke ,KHerumwa

PasIUYUTHX CYIICTAHLH Y BOAY Ca KyIycoM, oH he

FHANFIIOKA3ATH = PO3e, JbyOMYacTy; THPKUSHY WIH -

“3eJIeHy, Y 3aBUCHOCTH OJf IONATHX CaCTOjaKa.

Bona npBeHor Kymyca, Kako Cy HCTaKJIH CTy/ieH-
TH, Caip>kHl CTIeLiHjaIHy CYTICTaHIly Koja ce 30Be
uHauKaTop. OHa Mea 60jy y 3aBUCHOCTH Off TOra
KOJIMKO je pacTBOp Kuceo wiv 6asaH. Kana je ma-
Be 6oje, cMaTpa ce 1a je pacTBOP HEeyTpasiaH, 3Haul
HHje HU KHCeo HU Ga3aH.

WupukaTop he Ionako oyeTH Aa mpeJiasy mnpe-
KO po3e y LpBeHy 60jy y 3aBUCHOCTH Off TOTa KO-
JIMKO My 6y/IEMO I0Aa) I KMCeJIor pacTBopa (cuphe
JIH IEMYHOB COK). AKO pacTBOpY LIPBEHOT KyIIyca
JI0laMO HEWITO 6a3HO, IOMyT cofie GMKap6OHe LIk
JieTeplenTa, HAMKaTop he moyerH 1a Mewa 60jy,
TIpeKo IUIaBe y 3eMeHy.

Hesena Kincka noluia je Ha uiejy fia MCTy Xe-
MHjcKy Yaposujy ucnpoba y Kyxumu. Hako oBaj
,MyJITUBHTaMHH" HUje 3a uhe, OHA je CUTypHa fia
he nsHeHaguTH yKyhae, a To je moxenena u Capa
LIseranoBuh, Bepyjyhu na he ce y kyBamy, ouir-
puparby U xabemy Kymyca fo6po cHahu. Bornan
Erep naxcpKBo je MyhKao TEYHOCT y €NPYBETH K
IIPELM3HO MEPHO KOJIMIHMHY pacTBopa. ,Ocehaj na
caM Hay4HMK Jaje MM H OIIpeMa’”, Kaske 1edak o6y-
YeH Kao U 1eroBa IPY’KHHa y 6eJie MaHTHIIe, Ca 3a-
WITHTHUM PyKaBHLIaMa, MaCKOM M Hao4apHuMa.

X0 daKy/TeTa IMYM MU Ha IaGOPATOPH]y, jep
¢Be LITO CMO VYH/IM KOl HacTaBHHLe Hanuiene Ye-

Jpask je ©Mao u ornieNt Ha3BaH ,Hayka usa nene-
“Ha TOKOM KOJET HOCETHOLH OTKPUBA)y IITa j€ TI0MH-

Mep. Pey je 0 Ayra4kuM HU30BUMa CaTKaHMM Ol Be-
JiMKor 6poja MOJIeKyJia Koju ce IIOHABJbajy ¥ HMajy
BesuKy Macy. Kaja je monuMep cyB OHIa HMa CITH-
paJiat 06JIMK, a Kajia iohe y KOHTaKT ca BOOM JIaH-
LM ce u3ayke ¥ 04BpcHy. Ha Taj HauMH moaumep
1Ma Behy OBPILIMHY 32 KOjy BOJIa MOXE /1a Ce BEXKe.
Bojia Tako craja oJMMEpHe JIaHIe ¥ HacTaje el
Ogaj monuMep ce HaJlasu y IeieHaMa, urpaykama
KOj€e pacTy y BOAH, y BOIEHHMM AyLIEL1Ma, a KOPHC-
TH Ce U 3 [IPaBJ/beib€ BEIITAYKOT CHEra.

Xemuuapke Anekcannpa ByHosuh u Mapuja
Cecapruh kopucrehu 6ese nIacTU4He NepiuLe
yrBphHUBaJe Cy KOIMKO CTAKJIO Haoyapa MpoIyw-
Ta YB 3payebe. 3aBHCHO OJ KOJIMYHHE YIHjeHOT
3pauetba [epIulie cy Mewane 60jy.

,,LI1Jb OBE CMOTPE je ia ce Ha IPUMEpUMa M Kpo3
3a6aBy oKaxke KOJIMKO je XeMHja IPUCYTHA Y CBa-
KOZIHEBULIA”, Opy4Ho je Byk ®ununosuh us Kiy-
6a MIafX XeMU4apa, Koju je 3ajenHo ca Cprckum
XEMHjCKHMM IPYIITBOM OPTaHU3aTOP OBOT pecTHBa-
J1a. MaHuecTalujy je OCMHUCIHIO AMEPAUYKO Xe-
mujcko apymrreo (ALIC). ITporpam o6oraheH pas-
HOBPCHHM cafipkajiMa II0Ka3ao je Ha Koju Ha4kH
JIeKIIHje U3 XeMHje MOTy HaKpaTko fa H3abhy u3 yir-
6eHunKa, a 3aTHM NIOCTaHy BUIJbUBE U JONa/UbUBE
yYeHHLHMa, MO/ OyayhuM XeMuyapuma

Anexcanapa Kyprem
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