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V¥V crarTi ysarajJbHEHO Pe3yJbTaTU HOCTIiIKeHb GYHIAMEHTAJIbHUX (PisuKo-
XeMIiYHUX BJACTHUBOCTEH BYTIJIEIEBUX HAHOCTPYKTYpP. IIpoananizoBaHo OCHOB-
Hi crmocobu (pyHKIioHasizamii moBepxHi ByrieleBux HAHOPYPOK, aKTyaJbHi
I MegudHOI hapMaroxemii Ta 6ioTexHoIOTII.

B craTbe 0000611I€HBI PE3yIbTATHI UCCAEIOBAHUN (PYHIAMEHTAJbHBIX (DU3UKO-
XUMUYECKUX CBOMCTB YIJIEPOAHBIX HAHOCTPYKTYP. IIpoaHaimnsupoBaHBI OC-
HOBHBIE MeTOABLI (PYHKIIMOHAJN3AINY [IOBEPXHOCTH HAHOTPYOOK B IEJIAX Me-
IUITNHCKOM (hapMaKOXUMUU 1 OMOTeXHOJIOTUH.

Results of investigations of fundamental physical and chemical properties of
carbon nanostructures are summarized. Basic methods of functionalization of
carbon-nanotubes surface, which are topical for medical pharmacochemistry and
biotechnology, are analysed.
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1. BCTY1II

JlJ1s TeopeTUYHOI Ta MPUKJIATHOI MOJIEKYJISIPHOI OioJorii i 6ioTexHOMOTIT
€KCIIePUMEHTH Ta iHTepupeTartii pe3yJIbTaTiB JOCJiAKeHb i BUKOPHUCTaHb
0iOHAHOCTPYKTYP (PAaKTUUHO POIMOYATINCA 3 MOMEHTY BU3HAUCHHS YJIbT-
paMiKpOCKOmiYHIX po3MipiB Bipycy TioToHOBOi Mosaiku JI. V1. IBanOB-
CbKUM, IPOCTOPOBO-MOP(OJIOTIUHIX eJIeKTPOHHO-MiKPOCKOTIUHUX I0-
caigsxkeHsb ¢iroBipyciB [1] Ta mpanp momo 30upaHHSA i caMo30MpaHHA
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eJeMeHTapHUX OioyioTiyHUX CTPYKTYP (AUB., HampukJaand, [2]). Ilopaz 3
UM AOBTHI Yac icHyBaJia IIeBHA IIporpaMa B raJjiy3i pO3BHTKY Teopii,
eKCIIEPUMEHTY i MPaKTUYHUX 3aCTOCYBAHb HEOPraHiuYHUX, 30KpeMa, BY-
TJIeIeBUX HAaHOMATEPiAJiB, SIKa Iouajia aKTUBHO 3aIIOBHIOBATHCS IIpa-
IAMU OCTAHHIX JeCATUIiTh, IoUnHaouu 3 ekcrepumenTis Kepiaa, Kpo-
0 i Cmouii [3] (HobesniBcbka mpemia 3 xemii 3a 1996 p.). Yike 3 mepIiirux
IOCJiTKeHb BJIACTUBOCTEN BYTJIEI[EBUX HAHOCTPYKTYP BUSIBUJIIOCH, IO
iM mpuTaMaHHI 0co0JMBOCTi, AKiI Xoua i1 mepemdauanncsa B 3araJbHUX
TEoPifAX 11040 PYHIAMEHTAIPHUX XapaKTePUCTUK 00’ €KTiB HaHOMETPO-
BOT'0 PO3Mipy, aje iX sBHe CIOCTEePEeKEeHHA Ta BUBUYEHHS CTAJI0 MOMKJIIM-
BUM Yy IIOBHOMY 00Cs31 TIJIbLKU B OCTAHHI JeCATUIITTS.

Ha crorogi KinbKicTh mpamp 11040 QisMKO-XeMiYHIX BJIACTUBOCTEH
Ta G6iosoriunmx edeKTiB ByrieneBux HaHopypok (BHP) mabauxaerncs
IO IeKiJTbKOX THUCAY i HEeBIMHHO 3pocTae. JoCUTL AeTAaIbHO BUBYEHO
MeXaHiuHi, eJIEeKTPUYHI, TEpMOANHAMIUHi, XeMiuHi Ta iHIIIi BIacTuBOCTi
BHP (muB., nanpukJian, [4—31]). Pasom 3 Tum Maiizke BigcyTHi poboTu,
30KpeMa, OTJISANOBi, B AKUX PO3TJIAHYTO Oiosioriuni Ta 6ioTexHomoriuHi
acIleKTU BUKOPMCTAHHA HAHOMAaTEPiAIiB.

Bimowmo, mo BHP matoTh HeTpUBiAAbHI (hiduKo-XxeMiuHi BIacTUBOCTI,
K1 Ba’KKO OUiKyBaTH BiJi HAHOMETPOBUX 00’€KTiB iHImoi mpupoau [4].
Tak, 3aBAAKM HAA3BUYANHO BHCOKil €JEeKTPO- i TemJompoBigHOCTI, a
TAKOMK XeMiuHili, TepMiuniil Ta MexauiuHil cTrabinbHoCcTi, BHP poaras-
IAloThCs AK OOWH 3 HANOIJIBINI MepCIeKTUBHUX eJeMEeHTIB HaHOeJIeKT-
poHikm [5]. Bane:xkHo Bin immexciB xipaabHoctu BHP moxke matu abo
MeTaJjieBi, a00 HAITiBITPOBiIHMKOBI BJIACTUBOCTI, a ITUPUHA 3a00POHEHOT
30HU Takol HanmiBupoBigHmKoBoi BHP 3ane:xuTrs He jiumie Bif ii XipaJb-
HOCTH, ajie TakoxK i Bix mismertpa [6]. Ha xanb, mapamerpu BHP, 110
CUHTE3YIOThCA CTaHAAPTHUMU MeTomamu [14], xapakTepusyoOThCA 3HA-
YHUM PO3KHUAOM i MAlOTh BHCOKY KOHIIEHTPAI[iI0 CTPYKTYPHUX AedeK-
TiB, AKi BIJIMBAIOTEH Ha eJeKTPoHHI BiaactuBocTi BHP. Ilopsan 3i cTpyk-
TypHUMH HedeKTaMu, aTOMOBY i eJIeKTPOHHY cTPyKTypy BHP 3minio-
IOTh TaKOK MOJIeKYJIi amcopbaTiB (MOJIEKYJIb Ta paguKajiB, IpHUemHAa-
HuX 10 30BHiMHLOI crinku BHP). IlopynienHs igealbHOCTH CTPYKTYPH
BHP zaje:xath He JIuIlle BiJ MeTOOU CUHTE3U, a ¥ BiJ JILOKAJIBHUX 3HA-
YyeHb ITapaMeTpiB, AKi Bu3HauaoTh yMoBu BupolnyBaunusa BHP. ITo ra-
KHX IapaMeTpiB BiTHOCATHCA TeMIepaTypa, IIBUAKICTh Ta HAIPSIMOK
ra30BOT0 IIOTOKY, BEJIMUNHA Ta HATPAMOK eJIeKTPUYHOro moJs i r.m. e
oJHa IPUUYMHA IOBiIbHOCTH BIpoBamxeHHsa BHP B obiacTi npukiagHo-
ro BUKOPUCTAHHSA MOB’s3aHa 3 BUCOKOIO BAPTiCTIO OJeP)KAHHA YUCTUX
spaskiB BHP [5]. [lna GioTexHoJsOTil HallBa:KIUBIIMIUMY HATIPAMKaAMU
Bukopuctanuasa BHP e BurorosjieHHs BakIIuH, TPAHCIIOPTYBaHHS JiKap-
CBLKUX 3aC00iB i reHiB Ta iMyHOCTHUMYJIIOBAHHA.

Metoro mamoi crarTi OyJia ysarajJbHeHa aHaJjisa JiTepaTypHUX IiKe-
peJI 00 BJIACTUBOCTEH BYIJIelleBUX HAHOPYPOK i MeTon (yHKITioHAaJi-
3aIrii ix moBepxHi 6ioMaTepigiIaMu OIS IOAATILIIOr0 0i0TEXHOJJIOTiUHOTO
BUKOPUCTAHHSI.
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2. ITPOCTOPOBO-MOP®OJIOTTYHI XAPAKTEPUCTURH

IIpocTopoBO-MOp(oJIOTiUHI XapaKTepUCTUKU BYIJEIeBUX HAHOCTPYK-
TYyp 3HAUHOIO MipOoI0 BU3HAUAIOTH iHIITi BJIACTUBOCTI MUX 06’€KTiB, 30K-
pema, xemiuni Ta 6iosoriuni. Tomy mpocTopoBO-MOPGOJIOriuHI XapaK-
TEPUCTUKU BYTJIEIeBUX HAHOPYPOK HOCIiIKEeHO JOCUTD AeTaJabHO [6, 7]
30KpeMa, Bigomo, 1110 izeansnua BHP npeacraBiise co60i0 3TOPHYTY B IH-
Jiumep rpadiToBy mOBEpXHIO (IIOBEPXHIO, AKA CKJAJAETHCA 3 IIPABUJIbL-
HUX IMIEeCTUKYTHUKIB), Y BEPIIIHHAX AKOI PO3MillleH0o aToMu ByTJIel o [6].
IloxiOoHe sropramusa moTpebye BUTpaATU eHeprii, AKa BU3HAUAETHCA pa-
nmirocom BHP (miis mamopypok 3 pagirocom 0,6—0,8 HM cKIagae mpuban-
310 0,05 eB [8]) i samexxuTh Big KyTa opieuTalrii rpadiToBoi mIOMINHI
BigrocHo Bici BHP [6, 8]. KyT opienrarii 6 3agae xipansuicts BHP, aka
BU3HAYAa€E, 30KpeMa, il xeMiuHy cTabiIbHICTh Ta eJeKTPHUUYHI XapakTe-
puctuku. Ha prucyHKy 1 mokasaHa yacTuHa rpadiToBOl ILIOIIMHY i Bif-
MiueHi MOKJAMBI HanpaMKH ii 3ropraHHaA. XipaiabHicTs BHP Busnaua-
e€TbeA HabopoM cuMOOJIiB (m, 1), IIT0 BKA3yIOTh Ha KOOPAUHATH IIIE€CTH-
KYTHUKA, AKUHA B Pe3yJIbTaTi 3TOPTAHHSA ILJIOIIUHY CIIiBIaB O 3 IIIeCTU-
KYTHUKOM, IIT0 3HaXOAUTHCA HA MOYATKy KoopauHat [6].
Innexcu xipamsaocT OBHP (m, n) BusHavarors ii fissimerep D:

D=\/m2+n2+mn&, (1)
T

me d,=0,142 HmM — Bigmaab MixK cycigHiMm aTomMaMu BYTJIEIIO B rpadi-
TOBi#l momuHi. 3B’ A30K MiK iHIZeKcaMu XipaabHocTH (m, 2) Ta KyToM 0
Ma€ HACTYITHUI BUTJIAM:

(0,0) amprsar (10,0)

Puc. 1. Posropuyra nosepxus BHP [15].
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Puc. 2. Crpyxrypa OBHP, sika yrBOpIoeThCs pu 3ropranHi mig kyrom 0 =0 [16].

J3m
2Nm? +n® + mn

Cepen Mo:kJIMBUX HanpsaMKiB aropranHs BHP oco6iuBuit iHTepec
CTAHOBJIATH Ti HATIPAMKH, IJIA AKUX ITOEAHAHHSA IITeCTUKYTHUKA (m, n) 3
MMOYAaTKOM KOOPAMWHAT He BUKJMKAE CIIOTBOPEHDb CTPYKTYPHU I[HOTO IIIEC-
TUKYTHUKa. TakKuM HampaMKaMm BigmoBimaioTh KyTu 0=0 (cTpyKTypa
Kpicio) Ta 6 =30° (ctpykrypa sursar). CtpyxkTypy omuomiaporoi BHP,
sAKa BixmoBimae kom@iryparmii smrsar, mpezacraBieHo Ha puc. 2 [16].
Opep:kaHi 3ropTaHHAM PYPKHU € axXipaJabHUMHU, OCKiIbKW B HUX BY3JH
CiTKM yTBOPIOIOTH MapaJieibHi mo Bici miwmii {(n, n)} yu samMKHyTi mapa-
JIeJIbHI KinbIld, mepneuauKyasapHi 1o sici {(m, 0) ta (0, n)} [15].

BBHP BifpisuAmTLCS Bif OGHOIIAPOBUX 3HAUHO OiJIBINOIO0 pisHOMA-
HiTHiCcTIO hopM i KoHIirypalriii. PisHoMaHITHICTE CTPYKTYD 3’ ABISIETE-
cA AK V IOB3JOBKHBOMY, TaK i B IOIepPeUHOMY HampaMKy. Mo:kausi
BapiguTu momnepeuHoi crpykTypu BBHP nmokasano ma puc. 3. CTpyKTy-
pa MWIiHApUYHOTO TUly (puc. 3,a) € CyKYIHIiCTIO BKJIAAeHUX OTHA B
onHy omHOINMapoBux nuiainapuuaux HT; iHImui pisHOBUI — CYKYIHICTH
BKJIAJIEHUX OJHA B OAHY npusM (puc. 3, 6), a HaCTYOHUN Haraaye cyBii
(puc. 3, 8) [6].

Hina BBHP xapakTepHOI0 € HAABHICTb Ae()eKTiB ABOX TUIIIB: YaCTKO-
Ba BigcyTHicTs ogHOro 3 mapiB HT uu HasaBHiCTL y TOBEpXHi, IO Iepe-

sin@ =

a 0 8

Puc. 3. Mogesi Haiibinbir posnmoBciomxeHnx cTpykTyp BBHP: mumingpuuna
(a), koakcianpHi mecTurpanui npusmu (6), cysii () [17].
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BaKHO CKJIAJAETLCA 3 MIPABUJIABHUX IMIECTUKYTHUKIB, JesIKOI K1JIbKOCTHU
mn’aTu- uu ceMuKyTHUKIB [18]. HaaBHicTh Takux mnedeKTiB y CTPYKTYpPi
BBHP symoBaoe Bapiarmii ix copOmiiiHMX BJIaCTUBOCTEMH, AKi mpu 0Oio-
mMenuvHOMY BuKopuctanHi BHP BusmauaioTh KiJbKiCTh JIiKapCchbKOI pe-
YOBUHMH, IO TPAHCIIOPTYETHCA.

3. XEMIYHI BJJACTHUBOCTI BYTJIEHEBUX HAHOPYPOR

MosxausicTs GiosioriuHMX Ta 6i0TEXHOJIOTIUHMX 3aCTOCYBaHB HAHOMA-
TepPiAJiB BUBHAUAETHCA IX XeMiUHIMY BJaCTUBOCTSIMU, AKi, B CBOIO Uep-
Ty, 3ajJIe’KaTh BiJl MPOCTOPOBO-MOPQOJIOTIUHIX XapaKTEePUCTUK ITUX Ma-
TepiaxiB (guB. posn. 2). Tax, BHP € HeposunHHMMMY y BCiX opraHigyHMX
Ta BOTHUX PO3UMHHUKAX, IIT0 3aBIa€ CyTTEBUX IIEePEeITKoI IIpu ix OioTe-
XHOJIOTiYHOMY BUKOPHCTaHHi. BoHM MOXYyTh OyTH AuUCHeproBaHi B ge-
AKUX POSUMHHUKAX YJIBTPA3BYKOM, ajie OApasy IIicJid IPUIIMHEHHS 00-
poOJIeHHS BOHU OCiZal0Th. 3 iHITIOI CTOPOHU BYTJIEIleBi HAHOPYPKHU 34AT-
Hi B3a€MOIifATH 3 MIMPOKHUM KJIACOM CIIOJYK, IO PO3MINPIOE MEXKi iX BU-
Kopucranusa. Hanpukian, BHACTIAOK AedKuX xeMiuHuX peakriiiii BHP
CTAIOTh OiJBIN POZUYMHHUMHU Ta MOMKYThH OyTH iHTeI'DOBAaHMMU B Heopra-
HiuHi, opramiuni Ta 6iosoriuni cucremu.

OcHOBHUMU MeToAaMu MoAu@ikaIlii mux KBa3MOTHOBUMiPHUX CTPY-
KTyp €: (@) KOBaJIeHTHe IPUETHAHHS XeMIiUHNX I'PYI 3a PaXYHOK peak-
mii Ha m-KoH foroBamomy Kictaxy BHP; (6) mekoBaseTHa amcopOIlia uum
BKpamieHHs 6araTbox (GyHKIIIOHAJILHUX MOJIEKYJb Ta (8) eHIoeapallb-
HOT'0 3aIIOBHEHHA X BHYTPilTHBOI moposkumHa [13].

MeToma KOBaJI€HTHOTO IIPHUEIHAHHSA MICTUTh ABA THUMOM ITiAXOiB IOI0

dyurmionarizamii BHP: mepiminii mepembauae yKOPOUeHHS Ta OKMCHEHHS
HAHOPYPKHU 3aJ1A 3a0e3MeueHHa BUBHAUEHOI KiTbKOCTI KapOOKCUILHUX
TpyO JJid MOoAAJbIIOr0 (DYHKITIOHYBaHHA; a iHIIMH miaxis — npaMe Ipu-
€THAHHA NJeAKUX CIOJIYK A0 30BHIITHBOI ITOBEPXHI HAHOPYPKU, AKi cIIipu-
AIOTH BIAIITOBXYBAHHIO MiK OJMHUYHUMU HAHOPYPKaMHU i TUM cCaMUM
TIOJIETTITYIOTE IX AUCIIePI'yBaHHS B PO3UNHHUKY [32].
1. TagorenyBanaa 6okoBoi crinkum BHP. BHP, ozep:xani meromamu
eJeKTPOAYTOBOTO PO3PANY UM JiasepHoi abiaArii [14], dparoopyBanu 3a Ki-
mHaTHOI TeMmmepaTypu Ta 600°C (puc. 4) [33—35]. Halikpatri pesyabraTu
mofi0bHOl peaKIlii cmocTepiranmca B giamasoni Temmepatyp 150—400°C
[35], ockinbKu mIpu GiJBII BUCOKUX TeMIIepaTypax BiIOyBaeTbCs CyTTEBE
py¥HYBaHHA rpa()iTOBOI CTPYKTYPH.

ITosigomnsamocs, 110 GhIr0OpPOBaHi HAHOPYPKY € TTOMipHO PO3UMHHU-
Mu (= 1 MT/MJT) B CHUPTOBUX PO3UMHHUKAX [13].

Kpim nmroro, BcTaHOBICHO, IO AedKi JiaMiHM UM TioJI1 MOMKYTDH B3ae€-
MoniATH 3 (hJIIOOPOHAHOPYPKaMHM 3a MeXaHi3MOM HYKJeo(diJbHOTO 3a-
mitmenaa (puc. 4). Ogep:KaHi TaKUM YMHOM aMiHOAJKiNbHI Byrieresi
HAHOPYPKU € POSUMHHUMHU B PO3BEeJeHUX KHUCJIOTAX Ta BOOi i MOMKYTH B
IO AJILIITIOMY BUKOPUCTOBYBATUCH y 6iojorii.
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Puc. 4. Cxema peakirii (p1roopyBaHHA HAHOPYPOK 3 IIOJAJIBINION (PYHKITIOHAII-
3arriero moBepxHi [26].

XnwopyBaHHA Ta 6pomyBanHsa BHP saitficHIOEThCS 32 paXyHOK eJIeK-
TpoxeMmii. EnrekTpoxeMiuHe OKMCHEHHA AeIKUMU PO3UYMHAMU HeOpraHi-
YHUX COJIeH IMTPUBBOJIUTH M0 IIOSABU TaJIOTEHIiB y rpadiToBiil cTPyKTypi.
MopudikoBaHUuil MaTepidaa € POSUMHHUM Yy IOJAPHUX PO3UMHHUKAX, a
BYTIJIElleBi 3a0pyAHeHHs € HeposunHHUMY [13], 1110 cupuse oAaTKOBO-
My ouunirienHio BHP.

2. TigpyBaunsa. Iigporenizorani BHP mo:xyThs OyTH ofiep:kaHi BiJHOB-
aJeHHaM nouyaTkoBux BHP Jjitiem Ta cywmiminrio MeTaHoJy i po3umHy
aMigry, sKeBpiiilHUM po3psamoM abo ITpoToOHHUM 6ombapayBanuam [13].
3. Muknonpuenuanud. [Ipu HyKIeodinbHOMY IpuenHanHi Kapoewnis 1:1
IBiTepiioOHHUY TPOAYKT (hOPMYETHCA UaACTillle, HijK CIOJNIYKA 3 I[UKJIOI-
pomanoM (puc. 5, a).

IIpu repmiuniti pyurionasizamnii BHP mitpugamu (puc. 5, 6) Ha 10-
YaTKOBIi# cTamii BUKOHYETLCSI TeMIlepaTypHe 00po0JeHHA OPraHiuHOoro
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ROOC-N,,A
(1]

OBHT

CyFi -1, hv

Puc. 5. Peaknii mukiaonpuenHaHHA: IpUeTHAHHA KapOeny (a), GyHKIioHATI-
3allis 3a paxXyHOK HiTpuAiB (6), CBiTI0iHAYKOBaHEe IPUETHAHHA (DII00OPATKIIE-
HuX pagukaiis (8) [13].

asuny 3 mojanbimuM ioro nmpuexHaHHaM [36]. Iloxiduumm meromamu
MOKHa IIPUEIHYBATH BEJUNKY KIiJbKiCTh (PYHKIIIOHATHLHO AKTHUBHUX
TPy, HAIIPUKJIAL, aJKiJIbHUX JAHIIOTiB (puc. 5, 8), 3aIUIIKIB apoMa-
TUYHUX CIONYK [37], ZeHaApuMepiB, MaKPOIMKJIIYHUX eTepiB i osiroe-
TUJIEHTJIiKOJeBUX 3aauinkiB 1o BHP, 1o mpussene 10 3pocTaHHA iX po-
supmHHOCTH (1,2 Mr/mi) B guMmetruiicyabdorcuni [38] um 1,2-guxanop-
6enszoui[38, 39].

Kpim nmroro, mo:xkimuBa, Tak 3BaHa, «3ejieHa XxeMiuHa (pyHKIioHATi3a-
isi» (6esmevyHa IJIs1 HAaBKOJUIITHBOTO CEPEIOBUIIA), IIT0 IPOTIiKaE 3a Ae-
KiJIbKa XBMJIMH IIPU KiMHATHiI TeMmIepaTypi 3a HaABHOCTI HOHHUX Pi-
nuu ta K,CO; (puc. 6) [40, 41].

OcobsmBoi yBaru 3acayrosyioTsb BHP ¢gyuxiiomasizoBani aminokuc-
Jgoramu (puc. 7), 10 € cTabiIbHUME 3aBASKN KOBAaJEHTHil iMoOirizarii
MOJIEKYJIb Ui ()OPMYBaHHI KOMILJIEKCiB Ha OCHOBi B3aeMogil 3apsamiB, 3a
PaxyHOK CBOT'0O IIOJAJILIIION0 BUKOPUCTAHHSA B MEeIUUHIiN xeMii, 30Kpema,
LIS BUTOTOBJIEHHA BakIuH [42, 43] i mocraBKu JiKapchKux 3acobiB [44],
TPAaHCHOPTYBaHHs reHiB [45] Ta imyHOCTHMYy MIOBaHHS [43].

4. IIpuemnanna pagukaaiB. [Ipu mozenioBanui B3aemonii BHP 3 Byr-
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Puc. 6. Cxema BUKOHAHHS «3eJIeHOI XxeMiuHOI hyHKITioHami3a1ii» [40].

JeleBUMHU pPaAuKaaMy BUSBUJIN BUCOKY BipoOTigHicTh iX 3B’s3yBaHHS
3i crimkamu BHP. Ilpukian Takoi KoBaseHTHOI (pyHKI[iOHAarizaii 60-
KoBoi ctinku BHP 3a gomomororm coJjeii AiasoHiio mpeacTaBIeHO Ha
puc. 8[46, 47].

Oco6i1BOI yBaru 3acjyroBye ejeKkTpoxemiuna momudikaiis BHP
aMiHOTpyIIaMu AJIA IMOJaJIBIIIOT0 CeJIeKTUBHOTO 3B’ A3YBaHHSA 3 Ti0JIOMO-
nmudirkosanoro [JTHK [13].

5. Enexrpodinsue npuemnanaa. [lopigomasanocsa [48] mpo exekTpodi-
JbHe IpuemgHaHHs xJbopodopmy 1o BHP mpu masasBuocti JIbooicoBux
KHCJIOT 3a PaXYHOK KHUCJIOTHOI rixpoJaisu. Iloganbina erepudikartisa ri-
IPOKCUJIbHUX TPYII Ha MOBEPXHi HAHOPYPOK IIPU3BeJa A0 3POCTAHHA iX

NHR NHR
J

NHR NHR

Puc. 7. Ogep:KaHHA BOJOPO3UYNHHUX aMOHIN MOAU(DIKOBAaHNX HAHOPYPOK, IO B
[IOAAJIBIIIOMY BUKOPHUCTOBYIOTHCS AJIs focTaBKU 6ioMosreKyis [26].
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Puc. 8. Cxema ¢yurmionanizamii BHP 3a paxyHOK BiZHOBJIEHHS coJiell apuj
miaszowmiro [46].

PO3SYMHHOCTHU Ta AO3BOJINJIA BUKOHATHU CIIEKTPOCKOMiIUHE HOCTiAsKeHHS
MaTepisainy.

Meroma HexoBaJIEHTHOTO 3B’ A3yBaHHs: HEKOBAJeHTHA (PYHKIIiOHAJI-
samisg BHP npusepTae yBary sa paXyHOK MOKJIMBOTO IPUETHAHHSI XeMi-
YHUX CIOJIYK 0e3 BILIMBY HA €JIEKTPOHHY CTPYKTYPY Pypok. HexoBaseH-
THA B3a€MOJisd moJisirae B HagBHOCTI Ban mep BaambcoBux cui, rimpogo-
0HOI M T—T B3AEMOAi#1 i KOHTPOJIIOETHCA TepMoguHamikoio [13, 32].

Hamopypku Mo:KyTh B3aeMOmiaTH 3 6ioMoJIeKyaaMU 0e3 YTBOPEHHSA
KOBaJIeHTHUX croayk [13], aje ix KoMmeKcyBaHHA 3 0i0TEXHOJIOTiU-
HUMU CUCTEMaMM IJid (GopMyBaHHA (PYHKIIOHAIBHO aKTUBHUX CIIOJYK
€ BiTHOCHO HOBOIO Ta MaJI0 BUBUEHOIO 00J1aCTIO AOCTiAsKeHb [43, 49]. Bi-
IoMi mami 11010 (pyHKITioHATi3aIlil HAHOPYPOK:

(a) 6imkoBuMU MosieKyaaMu [44] 3 MosneKyaspHoio Baroro xo 80 klla [49],
110 MAIOTh BMCOKY CIOPiZHEHIicTh M0 rpadiToBoi CiTKHM Ta amcopOyoThes
JINIITEe HA 30BHIIIIHIX CTIHKAaX HAHOPYPOK; TaK, HATIPUKJIALT:

— OMYMM CUBOPOTKOBUM aJbOyMiHOM, IuTOXpoMoM ¢ [49] Ta KiHCE-
KuM cejie3iHKOBUM (epituaom [50] 6e3 BTpaT aKTUBHOCTH 01IKOBUMU
mosieKkyasamu [49];

— MeTajioBMicHuME O6inKkamu [51];

— cTpenTaBigumHOM (0iTKOM, IO BUKOPHUCTOBYETHCA IPU aHTUPAKO-
Biil Tepamii) 3a paxyHOK B3aeMofil Mik rpadiToBOIO MOBEepXHEI0 HAHO-
PypKH i rizpodobuuME goMeHaMu OiomMoJeKyab [52] um HaBiTH uepes
B3a€MOJiI0 3 mepeHocoM 3apsany [53], a momepenHe KOBaJIEHTHE IPUET-
HaHHA 0ioTHMHY 40 KapOOKCHMJIbHUX I'PYI OKMCHEHOI HAHOPYPKU IIiABHU-
IIy€ CIOPifHEHICTh OCTAHHBLOI 0 CTPEITAaBiAMHY Ta IOKpAIIy€e HOTro
IPOHUKHICTD 10 KiaiTunu [54]; nia samobiranasa Hecrienudivuii copOIrii
crpentaBimnay BHP BKpuBaioTh CYyMIIIIIIIIO «IIOBEPXHEBO-aKTUBHA pe-
yoBMHA (HAOPUKJAL, aKTUBOBAHUN CYKIIMHIMimmiaoBuii ectep [55])—



728 M. B. MAHIJIO, I. A. AP’€B, I'. C. JUTBUHOB

moaimep [56]» (mampurmaazn, cymimrro Tpuroun—IIEI [56]); Buaswmin,
1o Kou’ roratiu OBHP—cTpenTaBifny BUABIAIOTE JO303aJI€KHY IIUTOTOK-
CUYHICTL Ta MOTPAILIAIOTL yV KJIITHHU (HA TPUKJIAAI JIOACBKUX KJIiTUH
JEeNKOIIUTO3HUX mIpoMienornuTiB Ta T-KaiTuH) 3aBAaKY eHAOITUTO3Y [54];

— MOHOKJIOHAJLHUMHU cHennu(GivyHNMY aHTUTLIaMU, IPUETHAHUMU IO
dynepeny [57]; 3B’A3yBasibHA MiCTKiCTh aHTUTLNI 6a3yeThCs HA KiTBKOCTI
rigpodo0HIX aMiHOKMCJIOT; HAABHICTh MEeNTUAHUX IIOCJiJTOBHOCTEH 0Oa-
raTux Ha 3aJUNIKU TpunrodaHy, ricTuAUHY, (heHiJamaHiHy Ta TUPO3SUHY
Bimirpae Ba:KuBYy posb npu posunuerndi BHP y Boxi [58]; Taki mentunu €
eJaCTUYHUMU, II10 JO3BOJISIE iIM 00TOpPTATH PYPKH, a rigzpododHa yacTUHA
HeIITUIHOTO JIAHITIOTA i€ AK CHMETPUYHNHA TeTePI'eHT;

— moui-L-nisuroM (mosimep, 110 cupuse aaresii kiaitun) [59, 60];

(0) CUHTEeTHUYHUMU OHOJIAHITIOTOBUMU Jimigamu [61]; Kpim 1iboro, jimi-
IHa MeMOpaHa 3a3BUUYall 3HAXOAUTLCA ¥ TEUHOMY CTaHi, i ii pyxauBicTs
JIoci omrcyeThesa 3BUYaiHUM nudys3ifinum momesem [62];

(8) HyKJIeIHOBUMHU KucgaoTamu [44]:

— KOBaJICHTHUM 3B’ a3yBauuAM 3 jgaumiorom [IHK; oxep:xkani kxommo-
BUTU MOKYTH CEJIeKTUBHO IiOpUAN3YBATHUCA 3 KOMILIEMEHTADHUMHU II0-
CIiTOBHOCTAMU OJIiroHyKJeoTuniB [63—77]; 6yno moxasamo [78], mio
HAHOPYPKU, BKPUTi OiIKamMu, MOKYTh posmimyBatuch Ha [[THK maar-
dopMi 3a paxXyHOK MexaHi3sMy IIisHABAHHS OiOTHH-CTPEIITaBigZMHOBOI
B3a€MO/Iii;

— HeKoBasieHTHOIO B3aemogieto misk [JJHK i BHP [74, 7T9-81]; icay-
IOTh Pe3yJIbTATH, AKi IiATBEPIKYIOTh CUJIbHY T—T-B3a€MO/Iil0 MisK JIaH-
moramu [JTHK i BHP 3 dpopmyBanaam crabirbuux ribpumpis, 1o goope
PO3SUMHSAIOTECA ¥ BoAi [82—85]; momaBamHA 40 TAaKWX KOMILJIEKCiB I'yaHi-
HY Ta TUMiHY POOUTHh MOKJIMBUM He JIUIIE BiAAiJIeHHA HAHOPYPOK 3 Me-
TaJIeBUMHA BJACTHUBOCTAMMU BiJl HAHOPYPOK 3 HAIIiBIIPOBiIHMMU BJIACTU-
BOCTSMU, ajie TaKOK JO3BOJIsIE€ BUKOHYBATHU Cemapalliio 3a BeJIUUYMHOIO
IisgMeTpa 3a paXyHOK HOHHOOOMiHHOI XpomaTorpadii [82];

(2) ByrJ1eBOAHEBUMU MaKPOMOJIEKYIAMM:

— apabiHoraJaKTaHHUM IOJIicaXapuaoM, AKUil Moxke e)eKTHUBHO pPO-
3OLIATH JKTYTH HAHOPYPOK 3a PaXYHOK Hecnenmu(pivuuoi ¢gismyHol agco-
p611ii [86];

— KpoxMaJjeM UM HOoT0 KOMIIOHEHTOM aMijiaszoio [87]; BusaBuau, 110
BHP meposuuHHi y BOZHOMY PO3UMHI KPOXMaJio, aje PO3UnHHI B loau-
Ii KpoxXMaJIio, TOOTO peopraHizallia aMijsiasy B CIIipaJabHy KOH(GOPMAIIilO
3aBIAKYN KOMILJIEKCOYTBOPEHHIO 3 F10/IOM € KPUTUYHUM JJIs TPOHUKHOC-
T ONMHUYHOI HAHOPYPKM A0 MOPOXKHUHU CITipaJii; mpu JOCJimsKeHH]
OPOAYKTIB IifAposidy BUABUIN, IO HAHOPYPKU OCAMKYIOTHLCA PasoM 3
noxicaxapugHuMu JjgaHmporavMu [88]; immi gocaizamkwm [89] BuBUamm
BILIMB T'OMOJIOTiB amMijasu (IyayJgaHy Ta KapOOKCUMETHUJI aMijasm) Ha
posunuHicTs BHP, siKa BusBmMIacsa MeHIIOIO, HidK OJd aMijgasu, i cTBep-
IKYIOTh, 1110 HAgBHICTDH cHipaJabHOI KoH(popMaIlii aMisasu He € 000B’A3-
KOBOIO JIJIsSI iHKaIICYJIIOBaHHSI HAHOPYPKU;
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— nurjgogexcrpunamu [90], 110 He Jullle TOKpAaIlye PO3UMHHICTD,
aJie 1 Bigmijisie HAHOPYPKU Pi3HOTO AiAMeTpa;

(0) HyKJeo3umaMu i HyKJeOoTUZAMU; BimoMi mami 3 QyHKIioHasrizaii
noBepxHi BHP cmoaykamu psaay ameHO3MH—aleHO3MHMOHOpochaT—
ameHo3nHTPH(dOCchAT; TOKa3aHO, II[0 TPV MOHOMOJEKYJISAPHi agcopoIrii
peaizoByBaJIOCS HEITiJIbHe TaKyBaHHSI MOJIEKYJIb afcopbaTy Ha IIoBepX-
Hi HAHOPYPOK, i HILILHICTL MaKyBaHHA 3pocTajia 3i 30iIbINEeHHAM Kijlb-
KocTu ochaTHUX TPy Y CKIATI MOJIEKYJIb ITBOTO paAny [91];

(e) mirmeHTaMu; JeKOpPYyBaHHSA rpad)iToBOi MOBEPXHI MOAIOHUMU CIIOJY-
KaMu Bif0OyBaeThCcA 3aBAAKU T—T B3aEMOJiAM UM XeMOCOpOIlii Ha Kap-
0OKCUJILHO-TOIMTKOIKEeHNX caiiTax HaHOPYpPoK [13];

— @ranomnianinamu [92—-94]; drasomiaHiHM € CBITIOUYTINBUMU 3a-
BIAKY (DOTOIHAYKOBAHOMY II€PEHOCY 3apALY BiJl MOJEKYJIi OapBHUKA IO
KapOOHOBOI PYPKH;

— nopdipunau [95-101] 3a paxyHOK HeKOBaJIeHTHOI aacopOrii ma
BHP nosermiyioTh iX po3UMHHICTh B OPraHivHUX posumHHHKAX [102-—
104] uu BoguUX cepemoBuIax [98, 100, 105, 106];

— bapBHUKU (heHasinoBoro i Tiorminosoro Tumy [107, 108];

(orc) mikapcbKuMu 3acobamu [44]; Tak, HATPUKJIAL, QYHKI[IOHATI3aIia
BHP spiiicaioeTbea am@oTepuIiinHoM B — aHTH6i0THKOM, IIT0 BUKOPIC-
TOBYETHCA MPU JiKYBaHHI XPOHIYHMX IPUOKOBUX iHMEKITi#, cupuumHe-
HuX rpubamvu poniB Candida parapsilosis, C. albicans ta Cryptococcus
neoformans, aje € JOCUTb TOKCUYHUM JJIsI KJIiTHUH CCaBI[iB; pyHKIlioOHA-
Jgisarmia mosepxHi BHP mmum auTr0ioTHKOM IPU3BOAUTE JO 3MEHIIIEHHS
TOKCUYHOCTH Ta 3POCTAaHHA QYHTIITUAHOI akTuBHOCTY npenapary [109];
(3) moBepxHeBo-akTuBHNMU peuoBuHamu (IIAP) [32]; BuKOHyIOTHCS 10-
CJHiI»KeHHsA 0 BUKOPUCTAHHIO aHIOHHUX, KaTiIOHHWX Ta HEMOHHUX CYypP-
(aKTaHTiB 3aMa AUCIEPI'YBAaHHA HAHOPYPOK; TaK, HAIPUKJIAL, TOIe-
mua cyabdar HaTpito Ta Tpurorn X—100 BUKOPUCTOBYIOTHCA MIJIS OIEP-
sKamuA ctabinbHOol cycnensii BHP xkonmenTparniero 0,1 i 0,5 mr/ma Bin-
moBigHO mpoTaroMm Tm:KHA [110]; momemun GeH3us Ccyab(poHAT HATPiIO
YTBOPIOE CTabiIbHY cycmeHsiio BKputux IIAP ofuHMYHUX HAHOPYPOK
KoHIeHTpaIieo 10 10 mr/ma npotarom micansa [56]; Bzaemogia ITAP 3
BHP 3pificHIOETBCS 32 PaXyHOK T—T-CTEKiHI'Y JOBTUX JIAHIIIOTIB Ta apo-
MaTUUYHUX KiJeIb BiATIOBigHO; 3pocTaHHA MoJeKyaapHoi macu ITAP un
moJIiMepiB MPU3BOAUTL A0 IMOKpaIleHHs cosiobimizamnii BHP saBmgaxu
cTepuuHii crabimizarii kou’oraris BHP-ITAP /moximep, 1110 meperxo-
mxae arperamii[111].

Heob6xigao BimmiTuTH, 1110 6iasmricts ITAP € Tokcuunumu g 6ioJio-
riYHUX CHUCTEM, i TOMY iX BUKOPUCTAHHS IJsd (pyHKITioHA i3aIii moBep-
XHi Ta mokpamients posurnHHocTu BHP npusBoguTh 10 3BYKeHHS id-
Ma30HY BUKOPUCTAHHS OCTaHHIX.

KinpkicTs pobiT Mo mocaigyKeHHI0O B3a€MOMil MiK ByIJelleBUMM Ha-
HOpYpKaMu i 6iosioriuHMMU 3paskaMu Aoci He3HauHa. ¥ poboTi [49] mo-
Kasauo, 110 oxucHeHi BHP ¢opMyoTh KoMIIeKc 3 OiIKaMu 3a PaXyHOK
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€JIEKTPOCTAaTUYHUX B3aEMOMIN 1 MOKYTh BUKOPUCTOBYBATUCA B AKOCTI
IepeHOCHMKAa MOJIeKYJb. BiJIKM MOTpaniain B KJIITUHY 3aBIAKN €HIO0-
IIUTO3Y Ta BUABJSJIN CBOIO 010JIOTiUHY AaKTUBHICTh IIic/IsI BUBLILHEHHSA 3
euamocoM. Takosx moBimomasaioTh [112] mpo BUKOpPUCTAHHA IIUPOKOTO
cIeKTpy HemoaudikoBammx OararomapoBux BHP sk cyberpary gasa
BUPOIITyBaHHA HelipoHiB. IIpooBKEHHAM AAHOTO AOCTIIMKEHHS € MOXK-
auBicTs Bukopuctanasa BHP nia mporesyBanus HeiipoHiB [113]. Ocki-
abKu BHP He GiomerpamoBaHi, TO iX MOKHa BUKOPHCTOBYBATHU K iM-
IJIAHTATH TOMi, KOJUM BHMHUKAE HEOOXiTHICTH JOBTrOTPUBAJIOTO 30BHIIII-
HBOKJIITUHHOTO MOJIEKYJIAPHOTO CTUMYJIIOBAHHA, TOOTO IIpU pereHepa-
il COIMHHOTO MO3KY UM IIiCJIs UepPemHOMO3K0BOI TpaBMu. Kpim 1mnoro,
pobora [114] mo BUKOPUCTAHHIO HAHOKOMIIO3UTIB «ITOJiMOJIOUHA KUC-
JOTa—BYTJIEIIeBi HAHOPYPKH» OIS EJeKTPUYHOI CTUMYJANIl KJIITHH
(HampuKJIam, cTuMyaanii GyHKIii ocTeobsaacTiB, 1110 BiAIOBiZaoTh 3a
opramiuHi Ta HeopraHiuHi CKJIAJOBi KiCTOK) olep:kajia MPOAOBKEHHA B
ormimoBanHi BIinBy BHP-BMicHMX KOMIIO3UTIiB Ha BiZHOBJEHHS XPd-
II0BOI TKAaHWHHN Ta in vitro mpoJidepalliga XOHAPOIHUTIB. ¥ pobdoTax
[115, 116] yBara socepem:keHa Ha JOCTIIKEHHI MOMKJINBOTO BUKOPUC-
TamuA 6araTo- Ta ogHornapoBux BHP B axocTi miaTdopmu a1 TKAHUH-
HOi imkeHepii. Ix moreHIiliHe BUKOpHCTaHHA B maHiii obiacTi Haykm
MiATBEPAKEHO IMIBUAKUM POCTOM, PO3MOBCIOMKEHHAM Ta aJAresicio Mu-
muHuX (Qiopobsaactie. Byno moxasaHo, mio sHauHi Kimbkocti OBHP
MOXKYTh 3aXOILITIOBATHCA MaKpodaramMmu 06e3 KOJHOI TOKCHUUHOI ii.
Engoenpanpue HamoBHeHHA. [Ipu mocaimxenmni BHP oco6imBa yBara
OPUIIIAETHCA MOMKJIMBOCTI 3aIIOBHEHHS BHYTPIITHBOI ITOPOMKHUHU Pis-
HUMU ejieMeHTamu [117] gnsa BUBUEHHSA BJIACTUBOCTEN HAHOBOJIOKOH UM
edexkTUBHOTO 30epiranua pimkoro manmpa. IloBimomiaiors [118-123]
npo 3amnoBHenHs BBHP, cuHTe30BaHUX ILIAXOM €JIEKTPOLYT'OBOIO PO3-
PALY, PiAMHAMY 3 BeIMUMHOIO IOBePXHEBOro HaTATy MeHIIe 180 mH-m*,
II0 3MOYYIOTH 1X BHYTPIITHIO MiCTKiCTB BiJ BiIKPUTOTO KiHIIA IPU aTMO-
chepromy Tucky [120].

InkancymroBaHHS 0ioMoJeKyab. BaraTormapoBi HAHOPYPKHU IisTMETPOM
2—10 HM 3 BiIKpUTUMHU KiHIIIMU MOKYThH BMIIITyBaT 0i0MOJIEKYJIi ITOIi-
O0HOro po3Mipy. Byso mokasaHo, II[0 YV BHYTPIIIIHIO IIOPOKHUHY PYPOK
mo:kyTh nporuKaTu [JJHK [124] Ta HeBesnuKi 611KOBi MOJIeKyJIi (HA TPUK-
aaxgi makramasn) [125] 6e3 KomdopMaIiiHuX 3MiH i BTpaTH KaTaJIiTHIHOL
axTuBHOCTH [13].

4. BUCHOBRKH

3 MOMEHTY BiIKPUTTS BYTJIEI[EBUX HAHOCTPYKTYP HOCUTEL JeTaJIbHO IO-
cIigyKeHo (DyHAAMEHTAaJbHI (pi3nUHiI BJIaCTHUBOCTi, 30KpeMa, IIPOCTOPO-
BO-MOpP(oJIOoTiuHi, eJJeKTPUYHI, MardHeTHi, OOTHUYHi Ta iH. BJIaCTUBOCTI.
Haiikpamie gocaigsKeHo IPOCTOPOBY CTPYKTYPY i 3aje:kHi Big Hel mexa-
HiYHI Ta eJIeKTPWYHI BJACTUBOCTi, IO JIATJX B OCHOBY HOBOI'O THUIIY



PISUKO-XEMIYHI BJIACTUBOCTI BYIVIEHHEBIIX HAHOCTPYRTYP 731

OPUCTPOIB HaHOeJeKTpoHiKu. IlinKoM mpupoaHO, M0 ITPOCTOPOBO-MOD-
¢osioriuHi XapaKTepHUCTUKY BI3HAYAIOTH BCi iHIITI XapaKTepUCTUKN Ha-
HOpPO3MipHUX 00’€KTiB, BKJIOUaoun 6iosoriuni. BigcyTHi mocaimxenusa
rizpogrHaMiuHUX BJIACTUBOCTEN, 30KpeMa, y (idiosorivHuX cepemnoBU-
max, AKi € akTyaJabHUMHU s OioTexHOJOTII Ta Memgunuuu. JlocuTs He-
IOTaHO BUBYEHO XEMiUHi BJIAaCTUBOCTI, IIT0 BUKOPUCTOBYIOThCS AJIS IIO-
IanabInol (yHKIioHamisallii moBepXHi ByTIJeleBUX HAHOPYPOK, HeoO-
XigHOI IS TpaHCIOPTYBaHHA Ta 30epiraHHs 6i0JIOTiYHO-aKTUBHUX pe-
yoBuH. Hali6iabIl feTaJbHO JOCIIAKEeHO MEeTOAY KOBAJIeHTHOI (PYHKIII-
OHaJrizaIlii ByrJyerneBuX HAHOCTPYKTYP 3 HEOPTraHIUHMMHU Ta OpraHiuHU-
MU CHOJIYKaMH, a HeKOBaJICHTHEe 3B’ A3yBaHHA Ta (PisMKO-XeMiuHi 3aK0-
HOMipHOCTI eHIoeIpaJbHOTO HAIIOBHEHHS OiOJIOTIUHMMM PEeUYOBMHAMU
moTpedye MOgaIBIIIOTO PO3BUTKY.
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