B XOPVI3OHT/ HA HAVKATA

Monekyanume mawunu

gonecoxa HobeaoBama Hazpaga
3a xumus npe3 2016 e.

CmedaH MaHeB8

MNMpe3 nocaegHume
50 - 80 20guHU om-
kKpumusma  Hal-uvec-
mo ca peyamam Ha
pabomama Ha Hsakoa-
ko yuyeHu, yecmo om
pasAudHU CmpaHu, a

M3cnegBaHuama B8 obracmma Ha
npupogHume Hayku no3BoasBam
ga ce HagHukHe Bce no-goAGO-
ko 8 maldHume Ha npupogama,
kamo pe3yamamume o6xBawam
kakmo kocmuueckume saBaeHus,
maka u mukpocBema u *kuBume
Op2aHuU3Mu.

UuUU 3a cb3gaBaHe Ha
AbuyenpomekmopHu
cpegcmBa.) Mpu cos-
gaBaHemo Ha mMogenu
Ha ¢omoakmuBHume
komnaekcu Man-TMuep
CoBak 3abenazBa max-

gaHHUMe ce Hampyn-

B8am 8 npogonkeHue Ha 20guHU. 3amoBa u Hal-
npecmuXkHume Hazpagu — HoberoBume, obuk-
HoBeHO ce npucokgam Ha 2pynu om Hsakoako
yyeHu, 3a pesyxamamu, koumo ca noayyeHu npe-
gu 20guHU. o 20nAaMa cmeneH Bpememo Ha
yYyeHUMe caMOMHuUyU e MuHano. 3a 2016 2. Ho-
6enoBama Hazpaga NO XumMus 6ewe npucbgeHa
Ha mpuma y4yeHu 3a uscregBaHus, cBop3aHu ¢
~PaspabomBaHemo u cuHmMesa Ha MonekyAHu
MawuHu”. NMog MawuHa 8 mo3u cayvall mpsb-
Ba ga pasbupame ycmpoilcmBo ¢ gBurkewu ce
yacmu, koemo moxXke ga ce usnoasBa 3a onpe-
gEeAeHU UeAuU.

Mcmopuama 3anouBa npes 1983 2. ¢ u3cneg-
BaHusma Ha Man-Muep CoBaxk (Jean-Pierre
Sauvage) B8 obracmma Ha ¢omoxumusma,
egHa MogepHa 3a oHoBa Bpeme obracm. W3-
cnegBam ce monekyaHu komnaekcu, koumo cox-
paHaBam eHepzuama, cogbprkawa ce B cAbHuUe-
Bume Avuu, u kosmo creg moBa ce u3nonsBa 3a
pasauyHU ueau. (Taka Hanpumep no moBa Bpe-
Me Yy Hac ce usnon3Baxa domoxumuuyHu peak-
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Homo cxogcmBo ¢ mo-
nekynHa Bepuza. Mo mosu HavuH monekyaume
ce oka3Bam cBbp3aHuU NO MexaHUYeH Ha4uH, 6e3
ga ce u3noa3Bam xumu4Hu Bpo3ku.

M3cnegBaHusma Ha Man-Muep CoBaxk ce Ha-
couBam kom koHcmpyupaHe Ha MexaHu4Ha Be-
puza om npbcmeHoBugHU MoAekyAu ¢ nomow-
ma Ha MegHuU UOHU, Hewo Heus3BecmHO go
mo3u momeHm. C noMowma Ha MemaAHU UOHU
Monekyaume ce cano6siBam Bv8 Bce no-croXkHU
cmpykmypu om goazu Bepuzu go crokHU Bo-
3AU. HoBusim kaac moaekyau — monekyaHume Be-
puau, ca HapeyeHUu kameHaHu (om AamuHckama
gyma 3a Bepuea, catena).

MaH-Nuep CoBaxk ckopo cmuza ga ugesama,
ye monekyaHume Bepuzu ca He camo HOB kaac
MonekyAu, HO U Ye me ca nbpBama cmonka kom
koHcmpyupaHemo Ha mMonekyaHa MawuHa. Pas-
bupa ce, BoB Bcaka mMawuHa mpa6Ba ga uma
gBuwkewu ce egHa cnpamo gpyza Yacmu. pes
1994 2. uscnegoBamenckama zpyna Ha Mah-
Muep CoBaxk noayyaBa kameHaHu, npu koumo
egHomo koneno ce 3aBobpma okono gpyzomo
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koneno no koHmpoaupaH HauyuH, kozamo my ce
gob6aBu eHepzus. Taka ce koHcmpyupa nopBama
MonekyAHa HeBUOAOUYHA MawuHa, B8 koamo xu-
MuyHUme Bpb3ku He yyacmBam gupekmHo. C
moBa nopBama cmobnka e 3aBvpweHa.
CnregBawama cmonka kom cosgaBaHemo Ha
gBuzamen ¢ MoaekyaHU pa3mepu e HanpaBeHa
om Qpelsbp Cmogapm (Fraser Stoddart), kod-
Mo HaHu3Ba MonekyaeH npbcmeH Ha MonekyAaHa
oc. lMpe3 1991 2. HezoBama u3cnegoBamencka
2pyna uszparkga mMonekyaeH npbcmeH U goAa
MonekyaHa oc, koamo uma 602amu Ha enekmpo-
HU cmpykmypu Ha gBama kpasa. C nogxogsawu
onepauuu 8 paamBop mou ycnABa ga nocmaBu
npbcmeHa Bobpxy ocma u creg moBa ga A 3a-
mBopu, maka 4ye npbcmeHom ocmaBa HaHu3aH
Bopxy ocma, 6e3 ga moke ga u3sne3e om Hes.
Taka ce nosBsBam pomakcaHume (rotaxane):
Monekyna ¢ ¢opma Ha npocmeH, kosmo mexa-
HUYHO e HaHu3aHa Ha oc. CowecmByBa Bbamork-
HOCmM npbcmeHbm cam ga ce gBurku om eguHus
go gpyaus kpal mexkgy gBeme 602amu Ha enek-
mpoHu obaacmu. Mpes 1994 2. Ppedsop Cmo-
gapm koHmpoaupa HanoAHO moBa gBuXkeHue ¢
nomMowma Ha MONAUHHa eHepzusd. Tol He cnupa
gomyk. OkasBa ce, ye mozam ga ce koHcmpyu-
pam pasaudHu pomakcaHu — gBukewu ce mexk-
gy kpauwama Ha Hakonko ocu, ocume ga ca ¢
pasaudHa gbAkuHa u HacodeHocm B npocmpah-
cmBomo u m.H. ToBa gaBa Bv3mokHocm Ha
uscnegoBamenckama 2pyna Ha Cmogapm om
1994 2. ga u3snoa3Ba pasauuyHu pomakcaHu, 3a

Oou. g-p CmedpaH MaHeB e 3aBopwun Xu-
Muueckus ¢pakyamem Ha CY ,CB. Kn. Oxpug-
cku”. B nocregHume 20guHU UHMepecume My
€a HacoueHu kom Bonpocume Ha 06yueHUEMO
no xumua u onasBaHe Ha okonHama cpega
8 cpegHomo yyuauwe. bun e 3am.-gekaH Ha
Xumuueckua ¢akyamem Ha CY u lMpupogoma-
memamuueckua dakyamem Ha 103Y ,Heodum
Puncku®.

\. J

ga usezpagu MHokecmBo MoaekyaspHU MawuHuU.
ToBa ca acaHcbop (2004), koimo moxke ga ce
usgueHe Ha 0,7 HaHoMempa, u uskycmBeH Myc-
kya (2005), koimo o0z2bBa MHO20 mbHKa 3namHa
naacmuHa. B napmHobopcmBo ¢ gpyau uscaego-
Bamenu Qpedsop Cmogapm paspabomBa cowo

Mooen na 06e npvcmeHO8UOHU MONIEKYTU, C6DP3AHU NO MEXAHUYEH HAUUH — NPEMUHABABAM eOHA npe3 0py2a U
obpasyeam eepuza. Toéa e n0KA3AHO NO-ACHO HA cXemama 00 MONEKyume
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Kan-ITuep Cosaxc u . Dpeiizop ca nudepu 6 obnacmma Ha cunmesa Ha
Kamenanu. B mexnume uscnedosamencku pynu ca co30anu 00pu monexy-
APHU 8epcuL 606 POPMA HA 8epuU U HA HAKOU CUMEOTU (Hanpumep onum-

nutickume Kpozose)

U BasupaH Ha pomakcaHu komnlomobpeH 4un ¢
namem 20 Kb. M3cnegoBamenume cmamam, ye
mMonekyaspHume komnlomopHu yunoBe moxke
ga HanpaBam peBoalouus 8 komnlomopHume
mexHoAo2uU cowo maka, kakmo HaBpememo
moBa HanpaBuxa cunuuueBume mpaH3ucmopu.
C moBa e 3aBopweHa u Bmopama cmonka, Bo-
gewa kom monekyaHUMe Momopu.

Hauanomo Ha koHcmpyupaHe Ha ucmuHcku
monekyaHu gBuzamenau e nocmaBeHo om Qped-
3op Cmogapm, kolmo ycnsBa ga co3gage npoc-
meH Ha pomakcaH, Bopmsuw, ce nocregoBamen-
HO B8 pa3auyHu nocoku. MpousBogcmBomo Ha
ucmuHcku gBuzamenu, koumo HenpekocHamo
ce Bbpmsam B egHa u cowa nocoka, e nocmuzHa-

- - _
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Cxema Ha nvpeama MexanuunHa MAwuna, cp3oade-
HA HA MONIEKYTHO HU60 npe3 1994 2. om 2pynama Ha
JKan-TITuep Cosaxc - 6caxa om moneKkynume moxce 0a
ce 08UMNU He3ABUCUMO NPU npuemane Ha onpedeneHa
eHepaus
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Mo 3a NpbB nom om xonaHgeua bepHapg (beH)
Qepunza (Bernard Lucas Feringa).
Monekynama, kosmo npegcmaBasBa Hezo-
Busam gBuzamen, ce cocmou om Hewo, koemo
MoXke ga ce onpuAuYu Ha gBe manku pomopHu
nepku (gBe naocku xumuuecku cmpykmypu,
koumo ca cveguHeHu ¢ gBolHa Bpovska mexkgy
gBa BvanepogHU amoma). EgHa memunoBa 2py-
na e npukpeneHa kom Bcska pomopHa nepka.
Ta3u 2pyna, kakmo u yacmu om pomopHama
nepka, npuHyXkgaBam monekynama ga ce Bop-
mu B egHa u cobwa nocoka. Kozamo Ha Mone-
kynama ce Bo3getcmBa ¢ umnyac om yampaBu-
onemoBa cBemauHa, egHama om pomopHume
nepku omckaua Ha 180 2pagyca okono ueHmpan-

—
-

v

Moden na monexynama, HapeueHa pomaxcaH, 6 Kos-
Mo npwcmensm Moxce 0a ce NPUOBUHCEA OM eOUHUS
Kpaii Ha ocma 00 Opyzus ¢ NOMOWMA HA MONTUHHA
eHepeus

rotaxane
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Hama gBouHa Bpb3ka. Coc cregBawusa cBemau-
HeH uMnyAC pomopHama nepka omckaua c owe
180 2pagyca. 1 maka ce ocowecmBaBa Bopme-
He B8 egHa u cowa nocoka. MopBuam momop He
€ MHO20 6bp3, Ho 2pynama Ha QPepuHza 20 on-
mumusupa. Mpe3 2014 2. momopobm ce Bopmu
coc ckopocm om 12 MuAuoHa o6opoma B ce-
kyHga. M3noa3Balku koHcmpyupaHus om Hezo
gBuzamen, QPepuHza ycnaBa ga 3aBopmu cmok-
A€H UUAUHgbp, 6AU30 10 000 nbmu no-2oAamM om
gBuzamens.

1. Koecamo monekyaHume gBuzameau ce us-
Aazam Ha cBemauHa, cBemauHHama eHepzus
ce coxpaHsaBa B8 monekyaume u ako ce Hamepu
Memog 3a u3BAauvaHe Ha masu eHepaus, e Bobs-
MoXHO ga ce pa3pabomam HoB Bug bamepuu.

2. Pasbupa ce, cucmema om monekyaHU gBu-
2ameAu MoXe ga ce uznoasBa 3a paspabomBaHe
Ha ceH3opu, koumo peazupam Ha cBemauHa.
Moxkem camo ga 2agaem kakBu gpyau npunoxk-
HeHusi Ha MoAekyaAHUMe gBuzameau we 6obgam
omkpumu.

@ ¢ -ofe

IIpu nonyuasanemo u Ha kameHaxnume, U Ha pomaxcanume e He06X00UMO NPBCMEHOBUOHA MOTIEKY-
71a 0a 6v0e nocmasena na oc. Om masu cucmema cned onpedenieHy onepayuu ce noay4uaéam oeeme
monexynu. Toea n03607156a KOHCMPYUPaHemo Ha CIOHCHU cUcmeMU

Mpe3 2011 2. uscnegoBamenckama 2pyna usz-
2parkga HaHoaBmomobuAa Ha uvemupu koneaa.
Bopxy monekyaAHomo wacu ca nocmaBeHu ue-
mupu gBuzamens, koumo ¢pyHkuuoHupam kamo
konena. Kozamo konenama ce 3aBbpmam, kona-
ma ce npugBukBa Hanpeg no noBopxHocmMma.

MonekyaAHUAM  UHCMpyMeHmapuyM, 4Yuumo
nopBu cmovnku ca HanpaBeHu om XaH-Tuep
CoBaxk, cop Ppetzop Cmogapm u BepHapg Qe-
puH2a c paspabomBaHume om msax MoaekyAHu
MawUuHuU, ceza ce u3noa3Ba om uscregoBamenu
no ueaua cBam, 3a ga ce u3szpakgam Bce no-
MogepHU cucmemu. 3a npumep mMoxke ga ce us-
non3Ba mMonekyanHuam pobom, nocmpoeH npes
2013 2. om pomakcaHu, kolmo cBvp3Ba amu-
HokuceAuHu. Opyeu uscregoBamenu cBop3Bam
MonekyaHume gBuzamenu 8 gobau noaumepu,
maka ye ga obpasyBam crokHa mpeXka. Pabo-
mama 8 ma3u Hacoka e uHmeH3uBHa u 8 ckopo
Bpeme ce ovakBam cbobweHUA 3a HOBU No-yCo-
BopweHcmBaHu u npunokumu B8 npakmukama
HaHOMaWUHU.

Hakou om cBolcmBama Ha HaHOMawuHUMe
Moz2am ga Hamepam npunoXkeHue 8 caegHume
cAyvau:

Yumamenasm moxke ga ocmaHe ¢ Bnevamae-
Hue, Ye paspabomBaHemo Ha MoAekyAHUME Ma-
WUHU e cpaBHumenHo AecHo. ToBa ganeve He
e maka. Pabomama e caoXkHa, usuckBa mHoz20
yMeHusa u xpymBaHusd. IBHO cucmeMume mpsA6-
Ba u Mozam ga 6ogam ycoBbpweHcmBaHu u yc-
AOXKHEHU.

B moBa omHoweHue moXe ga nomozHe
npupogama. Oka3Ba ce, yue nogobHuU gBuza-
meAu cowecmByBam B8 npupogama. OmgaB-
Ha e usBecmHo, ye Hakou BugoBe Gakmepuu
u gpyau MukpoopzaHusMu umam onauwku,
HapeueHu dnrazeaym, ¢ nomowma Ha koumo
ce gBukam. Oockopo obaue He 6Axa sCHU
Bcuuku gemadiau 3a moBa, koemo npuBeXkga
8 gBukeHue me3u yacmu om maromo Ha 6ak-
mepuume. Kamwuyemama, ¢ koumo ce gBu-
*kam mukpoopzaHusmume, ce Bopmam okono
ocma cu (N0go6HO Ha MupBywoHU) Brazoga-
peHue Ha MH020 no-cAoXkHU MukpockonuyHu
6uogBuzamenu.

C nomowma Ha cneuuanHa mexHuka u enek-
mpoHHU Mukpockonu cmpoeXom Ha Mone-
kyaHume gBuzamenu Ha Gakmepuume Gewe
usAcHeH. Mpu mexHonozuama ,enekmpoHHa
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Mooden na monexyna pomaxcat, u3non3éana Kamo HAHOACAHCLOP 34 npe-
mecmeane HA MONEKYU O e0HO MACMO Ha Opyzo. Mosxe 0a ce npeuenu, He
6 Mo3u cyuaii 06uxncew,AMa ce MoKy UMA MPU NPovcmeHa, a ocume, no
Koumo ce 06uxicu, coulo ca mpu. Ilo mo3u HA4UH ACAHCLOPDIN UMA NO-2071AMA

moeaponobemuocm

Moden Ha no-cnoxmHa cucmema om KoMOUHUPAHe HA 06e MOTIEKYIU POMAKCAH, KOSMO
MosHce 0a ce c6UBa U PA3NYCKA U NO MO3U HAYUH 0a ce u3non3ea kamo Hanomyckyn. Co-
uecmeysam u 0py2u 6v3MONCHOCHU 34 MOOeUPAHE HA HAHOMYCKYIU

kpuomomozpadua” oxaakgaHume go Hucka
meMnepamypa npobu ce nocmaBam nog ¢y-
Husa, 3akpeneHa Ha eaekmpoHeH mukpockon.
HenogBuxkHocmma Ha monekyaHama cmpykmy-
pa npu ma3u memnepamypa nosBoaaBa ga ce
HanpaBam cHuMku om pa3AuYHU b2AU U ga ce
cv3gage Ha maxHa ocHoBa 3D mogen Ha cmpyk-
mypama Ha Monekyaa.

B uscnegBaHusima ce nokasBa, ue Bceku Bug
6akmepus uma buonozuveH gBuzamen. 3a Bcsa-
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ka 6akmepus mo3u gBuzamen e yHukaneH u ce
pa3auyaBa om gBuzameaume Ha gpyaume 6ak-
mepuu no popma, 20AeMUHa, CAOKHOCM, MOoW-
Hocm, cmolHocm Ha BbpmAwuAa MOMEHMm,
ckopocm u gpyau napamempu. EguHcmBeHa-
ma obwa Yepma Ha Bcuuku BuonozuuHu gBu-
2ameAu e cucmemama om HenogBuxHu mo-
AekyasipHU npocmeHu, eguH Bug ekBuBaneHm
Ha cmamopa Ha obukHoBeH eanekmpomomop.
To3u MonekyasipeH ,cmamop” no3BoasBa Ha

npupoga o6p. 1, 2017 2.



MonexymnHo macu

Monexynen
ABUTIaTeN

Mooen na nanoxonama na ben @epunza. Yemupume xonena npedcmasniaéam mMoneKyiHu 06uzame-
74, a Wacumo e KOHCMpyupano om opzanuunu monexynu. Kozamo xonenama ce sasvpmam, xona-

ma ce npuOBUN6a HANPeO NO NOBBPXHOCIMA
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3D moo0enu na monexkynnu 06uzamenu Ha 6axmepuu, Cv30a0eHU C NOMOULMA HA eNEKMPOHHO MUKPO-
cKoncku cHumku. B unmepnem mozam 0a ce Hamepsm Kaunoeée, KOUMo noKa3eéam Kax pabomsm
me3u deuzamenu u Kax 2u usnon3eéam 6axmepuume

gBuzamens ga npousBeXkga Bbpmsaw, ce mo-
MeHm, kolmo ce npegaBa Ha Bbpmawume ce
opz2aHuU Ha 6akmepuume - Bumaa, koumo 2u
maackam Hanpeg.

BaazogapeHue Ha noayvaBaHemo Ha uHbop-
Mauusma 3a cmpykmypama Ha GUOAOUYHU-
me gBuzamenu u nocmuXkeHusma Ha HoBume
Ho6enoBu Aaypeamu, u3scanegoBamenume 6
obracmma Ha HaHopobomukama we umam
UMNYAC 3a Cb3gaBaHe Ha HOBu, cobcmBeHu 6u-

ogBuzamenu ¢ HykHume pasmepu, ckopocm,
MOWHOCM U gpy2u hapaMempu U ga 2u U3NOA3-
Bam 3a pa3AuUYHU UeAuU.

Hakpas moke ga ce 0606wu, Ye MHO20 Yecmo
Hawume omkpumus ca konus Ha usnoasBaHu 8
npupogama ycmpodcmBa u cucmemu. HagsBa-
Me ce, Ye monekyaHume ycmpoilcmBa u gBuza-
meAu we ce ycoBopweHcmBam u we no3Boaam
gocmuzaHemo Ha HoBu BvamoXkHocmu 3a ynpa-
BAeHue Ha »kusHeHuUmMe npouecu. M
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