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pH- ra repmouyTiuBi Hano(¢epo)rei Ha OCHOBI
N-i3onpomniakpuiamiay Ta akpHIOBOi KHCJIOTH

IIpedcmasneno axademivom HAH Yipainu M.T. Kapmenem

Cunme306ano HAHOPOIMIPHI 2i0pozei HA OCHOBE MEPMOUYMIUE020 NOAi-N-isonponiiakpuiamioy ma iozo cnieno-
JIMEDIG 3 AKPUTOB0IO KUCLOMOIO0, G MAKONC HAHOKOMNOIUMU HA X OCHOGL 3 THKOPNOPOBAHUM MAZHEMUMOM 13 cepeoHim
posmipom nanouacmunox 6ausvko 100—200 nm. Iloxasaino, wo po3mip CUHME308aAHUX 2I0POZENEBUX MAMPULDL 3a-
aedcums 6i0 memnepamypu ma eeauuuny pH, max camo six i eruvuna dsema-nomenyiany nanouacmunox. Tax, sa
YM08 Hazpieanisi 2iopozeno 0o memnepamypu suiye 32 °C cepednitl diamemp HanouacmuHox SMEHUYEMbCSL Y 06a—
mpu pasu, a 3i smenutennsm eeauuuny pH nudxcue 5 — y mpu—n’smo pasis, wo cmeopioe nepedymosu 0ist Keposa-
1020 GUBLILHEHHS THKOPNOPOBAHUX NPOMUNYXAUHHUX NPenapamis, nacamneped 00KcopyOiyumy, ma 3acmocyeanis
pospobuenux Gepozenie npu rikapcokii zinepmepmii. Inkopnopayis 0o ckiady 2idpozeiesux Mampuyb HAHopo3-
MIPHO20 Maznemumy 3a0e3newye MONCIUBICID a0pechoi L0KALI3auil PO3POOICHUX MEPaANeSmUUHUX CUCeM Y 6e3-
nocepeonii 6au3vKocmi 00 Op2ana-mitieni UIAXoOM HAKIA0aAHHs NOCMITH020 MATOTHMEHCUGHO20 MAZHIMHOZ0 NOJSL.

Kantouosi caosa: “posymui” ziopozeni, pepozeni, mepmouymausi ziopozeni, N-i30nponiiaxpuniamio, akpuniosa Kuc-
JIOMaA, Maznemum, 03ema-nomenyia, OoKcopyoiuuL.

[IpoTsiromM ocTaHHIX POKIB MOJiMEPHI HAHOHOCIT HAa OCHOBI CUHTETUYHUX Ta MPUPOJHUX TTOJIMe-
piB (TMosriMepHUX MiTtes1, HaHochep, HAHOTETiB) iIHTEHCUBHO OCTIKYIOTHCS 3 METOTO O/IePKaH-
HSI CHCTEM aPeCHOr0 BUBIJIbHEHHS IIPOTUPAKOBUX JIKAPCHKUX IIPEIapariB 3 MiABUILEHOI0 6io-
JOCTYITHICTIO Ta MiHiMi3amieo mobiyHuX eheKTiB, 3yMOBJEHUX BUCOKOK TOKCUYHICTIO JIIKiB
[1—3]. 3aBasiku HAHOPO3MIPHOCTI BKAa3aHUX TEPANIEBTHYHUX CUCTEM 3a0€31E€UyEThCS X BUCOKA
MMPOHUKHICTH JI0 PAKOBUX KJIITHH 1 a/[pecHa JIOKaJi3allis B ypakeHnX TKaHnHax [3].
EdextuBHicTh Ta asipecHicTh BUBIJIBHEHHS JIIKiB MOKHA iICTOTHO TIOKPAIIUTH 32 JOITOMOTOIO
MarHiTHUX HAaHOYACTUHOK, OCKIIbKM XiMiOTeparneBTHYHi 3ac00U, TIPUEHAHI 10 HUX, MOXKYTh KOH-
IeHTPyBaTHCs B Ge3rmocepeiHiil OIM3bKOCTI /10 OpraHa-MillleHi MIISTXOM HaKJIaaHHs 30BHIITHbO-
ro MarHiTHOTO 10J14. [le 1a€ MOKAMBICTH 3aCTOCOBYBATH 3HAYHO MEHTITI JO3W TOKCUYHUX XiMiOTe-
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pamneBTUYHUX TIpenapaTiB [4]. OxHak HeMoAMGbIKOBaHI MarHITHI HAHOYACTKU (HATTPUKJIA, Mar-
HETHUTY ) MAOTh TiIpoGoOHY MOBEPXHIO 1 CXUJIBHI [I0 arperartii, o 3HAYHO 0OMEIKYE IX MPpaKTHUHE
3aCTOCYBAHHSI Ta 3yMOBJIIOE HEOOXIIHICTh HaHECEHHsI Ha HUX Ti{pO(JIBHOTO TTOJIMEPHOTO TIOKPUT-
1 [5]. Uncsenni rigpodinbHi mosgiMepu (MOJi€THIEHTIIKOIb, TOMIBIHIJIOBUI CIIUPT, A€KCTPUH
TOII0) 3aCTOCOBYBAJIUCS JIJIsT TIOJIOBXKEHHS Yyacy [UPKYJIAIiT y KPOBOHOCHOMY PYCJIi HOCIiB Jlikap-
cpkux mpenapatis. [Ipu remmepatypi, amkdiit 3a HKTP (32—34 °C), tepmouyTaimBuii mogimep
HIITA Takox mpakTudHo He copOye OiKK KPOBi, 1110, K OYJI0 IOKa3aHO eKCIIePUMEHTAMU i vivo,
CIIPUSIE TIOJIOBXKEHHIO Yacy IUPKYJISIii HOCITB JIKapChKUX TIPerapariB Ha HOro OCHOBI B KPOBO-
HOCHOMY PycJi [6] i 3yMOBITIOE TIepPCIIEKTUBHICTh BUKOPUCTAHHS TIOJIIMEPY MPU KOHCTPYIOBAHHI
TeparneBTUYHNX HAHOHOCIIB JIiIKapChKUX, HacaMIiepe]l MPOTUPAKOBUX, Tpemnapatis. [IpocTopoBo
3IIUTI TiAPOdIIBHI oJiMepr — TiZporesii, XapaKTepu3y0ThCsl aHOMAJIbHO BUCOKOIO GiocyMicHic-
TI0, TPOCTOTOI0 MOAM(DIKYBAaHHS MPUTAMAHHUX 1M BJIACTUBOCTEN 1 MOKIIUBICTIO e(PEeKTUBHOI 1H-
KarcyJsIii (3 BAKOPUCTAHHIM JOCTYITHIX MeXaHi3MiB) XiMiOTeparneBTUYHUX 3aCO0IB Ta TapreT-
HUX MapkepiB. OcobIMBO MEPCIEKTUBHIME BUAAIOTHCS HAHOPO3MIpHi HOCI JIIKapChKHX Ipera-
paTiB — HaHOTesi, 3aBISAKUA AJPECHOMY TPAHCIIOPTY SKUX caMe JI0 ypakeHuX KJIiThH (Ta
3aMo6iraHHIo0 HAKOITMYEHHIO B 3/[0POBUX TKAHMHAX JIFOJICHKOTO OPTaHi3MYy ) BIA€THCST 3HAYHO 3HU-
3WTH TepareBTUYHI 03U Ta MiHIMi3yBaTH 1MOOiUHI TOKCHYHI e(eKTH Bil BUKOPUCTAHHST XiMio-
TepaneBTUYHNX 3ac00iB [7].

Kpim ToT0, BiZiMid€HO, 1110 HAHOTEJII MAOTh 3HAYHO O1JIBIIY MBUAKICTH BIATYKY Ha 30BHIIIHI
YUHHUKH, HI)K MIKpo- Ta Makporemi. HaitecdekTUBHIMUMY BUAIOTHCS “DO3YMHI” HAHOTEJI, 1110
Pi3K0 3MIHIOOTH CBOI (hi3UKO-XiMiuHI BJACTUBOCTI (PIBHOBAXKHUI BOJJOBMICT, pO3Mip, 1udys3iii-
Hi TTapaMeTpu TOIIO) I/l BIINBOM HE3HAYHUX 3MiH y OTOUyIouOoMYy iX cepemoBuiili. CTBOpeHHS
HOJIIMEPIB, Yy TJMBUX [0 AEKIJIBKOX 30BHIIIHIX (DaKTOPIB, A0 MOKINUBICTH PO3POOUTH HOBE I10-
KOJIIHHS TaK 3BaHUX “pO3yMHUX” CUCTEM TPAHCIIOPTY IPOTUPAKOBUX JIKapChKUX IIperapaTiB 3i
3HAYHO OiJIBINOI0 e(heKTUBHICTIO 3acTocyBanHss. OcoOIMBHIT iHTEPEC 3-TTOMIK HUX BUKJIMKAIOTH
cuctemn 3 oaBittHUM (pH Ta Temmeparypa) mexanizmom 3amycky [8]. Ile mosicHIOETBCS THM,
0 YMCJIEHH] MaTOJOTIYHI MPOIeCH B OPraHi3Mi, TaKi SK 3arajeHHs, HOBOyTBOPeHHSs, iH(hapKTH,
CYIPOBOJIXKYIOThCS THiBUIIEeHHSIM Temiiepatypu (Ha 2—5 °C) uu 3Mentennsm Beanunau pH na
1 — 2,5 opunutii [9]. Takum untoM, TeMiiepatypa ta pH — OCHOBHI UNHHUKW, 3aB/ISTKU SIKUM MOJK-
JIUBO 3/IICHIOBATH KEPYBaHHs “PO3yMHUMHU” CHCTEMaMu TpaHCIopTy JikiB [10], 3abe3neuyoun
iX BUBI/IbHEHHS B ypaskeHi TKanuuu (3 kucsoio Besmunuoio pH) [11], abo y Jokambio posirpirti
BHACJIIOK MaTHITHOI TiteprepMii minstaky [12].

3 origly Ha BUIlECKa3aHe BUKJIWKAIOTh 1HTEPEC CUHTE3 1 JOCHTIIKeHHST (Pi3uKOo-XiMIYHUX
BiactuBocteidl pH- Ta TepMouyTIMBUX HaHOMEPOreIiB Ha OCHOBI aKpUIOBOi KUCJa0TH, N-i3011po-
misakpuiaminay ta maraeruty. Hanodeporesi Oyim cMHTE30BaHI METOIOM CYCIEH3IHHOT pajiu-
KaJIbHOI TToJIiMepu3allii i oXapakTepu3oBaHi 3 BUKOPUCTAHHSAM TPAHCMICITHOI eJIeKTPOHHOI Mi-
KPOCKOTIi1, AMHAMIUYHOTO CBiT/IOpo3cifoBarHs Ta YD creKTpoCcKoIrii.

Peazenmu. N-izonponinakpunamin (HIITA) (Cirma-Onapiy, 97 %) nepekpucraiizoByBaiu 3
rekcany i cymmumian i BakymoM; akpusioBy kuciaoty (AK) (Mepk, 97 %), nepcyibdar Kasiio
(TICK) (Cirma, 98 %), N, N’-metuinen-6ic-akpunamina (MBA) (Mepk, 98 %), 1uMOHHY KHCJIO-
Ty, 0oJenuIcyIbGaT HATPIT0 BUKOPUCTOBYBAJIU 0O€3 M0JaTKOBOTO OYMINEHHST, TEPETaHsIN i/l
BaKyyMOM i ounIa/m po6HOIO TlepeKprCcTaisaIfiero, Tak camo K i coi 3amiza (FeSO, - 7H,O Tta
FeCl, - 6H,0), 1mo BUKOPHCTOBYBaINCA /ISl CHHTE3Y MarHeTHTY.
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Cunme3s nanouacmumnox maznemumy. 0,541 r rexkcarigpary xiaopuay 3amaiza(lll) ta 0,268 r
renrarigpary cyibdaty sanisa (FeSO, - 7H,0) (momnbne crnispignomenns 2:1) posunnsum y 10
MJI IMCTUJIBOBAHOI BOJIN Ta IHTEHCUBHO TiepeMintyBasiv B atmMocdepi azoty mipu 70 °C. Yepes 30 xB
1,6 mut rigpokcumy amoniio (25 %) mofaBajiu 10 peakIiiiHoi cyMilili, TepeMilyBaJiu 1ie MpoTsAToM
15 XB i 0X0JI0/KYBaJIN 10 KIMHATHOI Temrieparypu. YopHMit ocaj| Bifi/iIs/in MarHiTHOIO cerapa-
€10 i IPOMUBAJIN 5 Pa3iB rapsvo0 AUCTUIBOBAHOW BOA0K0. [Tic/s 1poro st crabimisarii cyc-
MeH3ii MarHeTUTy JofiaBajivi Po3uuH 6,4 r iuMonHOoI Kucaot B 10 Mu1 1ucTribOBaHO1 BO/IH, Tie-
peMilyBaau cyMill IpoTsiroM 1 Toj, IPOMUBAIN S Pa3iB AMCTUIHOBAHOIO BOJIOIO i OBOIUIN
sarasbHuil 06’eM 10 50 mut. OjiepskaHy CyCreH3il0 HAaHOYACTMHOK MArHETUTY 3 KOHIIEHTPAIIiEI0
4 v/51 03ByuyBanu 3 BUKopuctanugaMm Y 3-guctepraropa Y 3/IH-2T s orpumanisg ogHOpiIHOT
mcriepcii. Jk 6yJ10 MokasaHo B MOJaJIbIIOMY 3a goroMoroio Metony TEM, cepeaniii po3mip Ha-
HOYACTHHOK MarHETUTY CTAHOBUB GJU3BKO 20 HM.

Cunmes nanogepozenis. 2,3 r HIITA, 0,0393 r MBA, 0,1124 r nopernuicybdaty HATPiio, 5 M
cycrensii MarHeTuTy, ctabijgizoBaHoro UTparHoio kucaorolo, 0,115 r AK i 135 r guctuibosa-
HOI BOJIM IePeMilllyBajIy Ha MarHiTHIN Milllajili 3 TPOIMyCKaHHAM aproHy npotsirom 2 xB. Ilicis
I[bOTO CYMilll TIEPEHOCUJIN /10 TPUTOPJIOTO PeakTopa 3 BEPTUKAIBHOIO MIllIaJKOIO Ta TEPMOMET-
pom, nozxasai 10 mut 0,93 %-to pozunny IICK. CunTe3 32 yMOB NOCTiiTHOTO TIepeMilllyBaHHS Ta
6apborartiii aprony mposoauan mpu 60—70 °C mporsrom 6 roj, micas Y0oro BMICT peakTopa Bij-
dinsTpoByBaN Yepe3 DiBTPYBATBHUH TAMIp /711 BUAATEHHS MeXaHIYHUX TOMiTIOK. /leTanbHitie
cunTe3 Ha"oresiB Ha ocHOBI HITTA onmcyBasca namu panimnie [13]. Enextponni mikpodoTtorpa-
¢ii (TEM) onepskaHi 3 BUKOpUCTAHHAM eieKTpoHHOTo Mikpockona JEOL JEM 1230 (Anonis).
OunlineHHsT HAHOPO3MIPHUX CYCIIEH3Il IPOBOIMIIN IJIIXOM (GaraTopaszoBoi 3aMiHU BOJH, a KOH-
nenTpyBanHs Hano(hepo)reiB 3/iHCHIOBAIN 32 JIOMOMOTOI0 MarHeTu3allii Cycrensiii mIsxomM
HaKJIa/JaHH4 [TOCTIITHOTO MarHiTHOTO TI0JIA.

Tepmoiniyiiiosani (hazosi nepexodu B HaHohepoOresax MOCTIKYBAIN MIJITXOM BUMIPIOBAHHSI
CBITONPOITyCKaHHS pH A0BKUHI XBuuii 500 HM Ta pi3HUX TeMIlepaTypax CyclieHsiii HaHOTeiB 3
BukopucranusM YD criiekrpomerpa “Specord M 40”.

Kinemuxy eusinvhents NpOTUITYXJIMHHOTO MIPEMapary A0KCOPYOINHY TaKOK TOCIIKY BT
3 BukopuctantsimM YO criektpomerpa “Specord M 40” (makcumy™m morsimHaHHsSa 480 HM).

Jsema-nomenuyian cunte3oBannx Hano(gepo)reiB Ta iX po3IMOia 3a po3MipaMyu BU3HAYAIN
METOJ0M JMHAMIYHOTO PO3CiIOBaHHS CBiT/Ja 3 BUKOpUcCTaHHsAM Zetasizer Nano ZS Malvern
Instruments (kyTt poscitoBanus (d) — 173°; () — 13°), skuii obaagHanuii sazepom He-Ne, 110
npaitoe 1pu A = 633 HM i Mae pobounii gianazon Bix 0,6 HM 10 6 MkM. [laHi TPHOX BUMIPIB 3a pi3-
HUX TeMIepaTypHuX YMOB (25; 37 1 50 °C) a1t KOXKHOTO 3pa3Ka MoaBaJIICs 32 CepelHiM PO3Mi-
pom (Z-Average), a TaKOK THTEHCUBHICTIO PO3MOAiNy (iHEKC TOJIiIUCTIEPCHOCTI ) BiJIMOBIIHO /10
MizkHapoaHoTOo ctanaapty ISO13321.

Posmip HOCITB JliKapchKuX 3ac06iB Ma€ MepIIoYeproBe 3Ha4eHHs, OCKIJIbKA HAaHOYACTUHKU 3
niamerpom Menie 200 HM MOKYTh TTPOHUKATH BCEPEINHY KJIITHH i He BUJIAJISTIIOThCS 3 KPOBOHOCHOT
cucteMu MakpodaraMu, 3aBISTKI YOMY TOJIOBKYETHCS TEPMiH X IIUPKYJIALIl B Opradiami. Ak BugHO
3 HaBeZieHUX Ha puc. 1 eslektponnux Mikpodortorpadiii (TEM), cunre3oBani HaHOTe I XapaKTepu-
3YIOTBCSI OJTHOPIIHICTIO (hopMM Ta po3Mipy i MaroTh cepeHiil miamerp 6s3bko 100 mwm. TTpu 36i1b-
meHHi (1uB. puc. 1, BcTaBka) MOJKHA TOMITUTH IHKOPITOPOBAHI /10 CKJI/ly HaHO(hEpOreiB HaHOUaC-
TUHKHM MaTHETUTY POo3MipoM 0J113bk0 10 HM. OTprMaHi 306paskeHHs 100pe KOPEIIoIOTh 3 Pe3y.ibTa-
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Puc. 1. Mixkpodororpadii (TEM) cnnTesoBaHmx HaHO-
deporeniB na ocuosi cmiBnonimepy HIITA — AK 3
iHKOPIIOPOBAaHUM MarHETHUTOM

Puc. 2. Posnojin 3a pogmipom Hano(depo)remio Ha
ocHosi criBrionimepy HITIA — AK 3 inkopriopoBaHum
MarHETUTOM 3aJIeXKHO Biji TemIiepatypu (a) i BeIudnHu

pH (6)
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TaMM BUMIDIOBAaHHS JIMHAMIYHOTO CBiTJI00po3cioBants. I[lokasano, 1m0 cepeaHiii  po3mip
cuHTe30BaHKX rizporesis Ha ocHoBi HIITA ta AK cranosuts 6sm3bk0 100—200 HM i 3a/1€KUTh Bij
TemrepaTypu Ta Beanunau pH, Tak camo, K i BemunHa A3eTa-MOTeHITiaTy HAaHOYaCTHHOK.

3a ymoB HarpiBanns Buille HKTP Ta niakuciaenns orouyioyoro cepeoBuilia fiaMeTp ix Ha-
HOYACTUHOK 3MEHITYEThCA. Tak, BCTAHOBJIEHO, 110 CEPE/HIM PO3Mip HAHOYACTUHOK CITiBIOJI-
Mmepuux rigporesis Ha ocnoBi HIITA ta AK mix yac narpiBanus Bizx 25 10 50 °C 3MeHIITY€ETHCS Y
3—5 pasiB, 10 € HACJIIIKOM TEPMOIHAYKOBAHOTO (ha30BOr0 IMepPexXo/y Big HAOYXJIOTO 0 CKOJIAIl-
COBAHOTO cTaHy rigporesio (puc. 2, a). Boaxouac y kuciit obmacti pH posmip Hanodeporemis
cTaHoBUTh 6sin3bko 10 HM (AUB. puc. 2, 6), TOMI SIK Y JIY;KHOMY CEPeIOBHII 301/IbITYEThCS TTPH-
6JIM3HO Ha OPSIIOK. BifgHaummo, 110 BKasaHi MPOIecH € 3BOPOTHUMH i MO/AJIBIIIE OXOJIOKEHHSI
HaHoresiB (Tak camo, K i 3poctants Besnunuy pH) cnipuuntsie 36iabIeHHS IX PO3MIpIB 10 BU-
X1JITHUX 3HAYEHbD.

Bxkazana nosesiinka HAHOPO3MIPHUX TiIPOTeIeBUX MATPUILb CTBOPIOE IIE€PE/yMOBH JIJIsI CIIOH-
TAHHOTO a/[PECHOTO BUBIJIbHEHHS iHKOPMOPOBAHUX MPOTUITYXJMHHUX IMPENapariB, HacaMIiepes
noKcopyOinmHy (aAuB. puc. 2), i yac X HarpiBaHHs y IPUHHATHOMY Jialla30Hi TeMIeparyp, Ha-
MIPUKJIAJ, Y pasi JiKapCchKOoi rineprepMil UM KOHTAKTY 3 YPOKECHUMU KIITUHAMMY, 714 IKUX Xapak-
TepHa KucJa Benmnunna pH.

Takoxx nokazano (puc. 3), 1o 3 MiBUIIEHHSIM TeMIlepaTypu B aianas3oni Big 25 no 37 °C i,
0co6B0, 10 50 °C 36iabIIyeThCs (32 aOCOMIOTHOIO BETMYUHOIO) [3€Ta-MIOTEHITiall, 10 CBIIYUTh
IIPO 3pOCTAHHA arperaTUBHOI CTIMKOCTI BiZIOBIIHUX KOJIOITHUX CUCTEM i 3yMOBJIIOE MOKJIUBICTD
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Puc. 3. [Izeta-niorentiian nano(gepo)remio Ha oc-
. 600000 nosi criBnosiimepy HITTA — AK 3 inkopriopoBanum
g 500000 k- < marnerutom npu 25 °C (1), 37 °C (2) i 50 °C (3)
a
-2 400000 [
<
E 300000 - Puc. 4. Bnmus TeMIiepaTypH Ha CBITJIOTIPOIYCKaH-
g 200 000 | Hs 7151 HeountieHoro (1) ta ountnenoro (2) HaHO-
™ L resio Ha ocHosi HIITA i AK 3 inkopriopoBanum
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MarHeTutom 1ipu pH 7 (a) Ta kiHeTuKa BUBiJIbHEH-
: H JIOKCOPYOILMHY 3 HBOTO 3aJI€KHO Bijl TeMIie-
~100 0 100 parypu (HaHogeporesb HACUIYBABCS PO3UNHOM
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BUKOPUCTAHHSI CUHTE30BAaHWX HAHOCYCIIEH31H /111 JIiKapchKoi rineprepmii. Taka 3aKOHOMIPHICTD
MOJKe TIOSICHIOBATHCS PO3PUBOM MIXKMOJIEKYJISTIPHUX BO/IHEBUX 3B’SA3KiB, IKi 3yMOBJIIOIOTH arpera-
I[i10 3 TIOCHJIEHHSIM OPOYHIBCHKOTO PyXY IIiJ] Yac HarpiBanHs Makpomosiekyss HITTA.

Bepyun no ysarm meaumuny cdepy 3acTocyBaHHS CHUHTE30BaHUX HaHodeporesiB, Ha/J3BU-
YailHO BayKJIMBOIO MPOGJIEMOIO € iX BiIMUBAaHHS Bijl HEMPOPEAroBaHWX MOHOMEPIB Ta IHIINX BU-
XiHUX peareHTiB. Peakiiist rejieyTBOPEHHsT HIKOJIM He BiOyBaeThest 3 BuxogoM 100 %, a mpakTuaHO
BCl BUXIiJIHI aKpUJIOBI MOHOMEPHU TOKCWYHI [14], Ha BiMiHY BiJl OTpUMaHUX TIOJIiMepiB. Biamu-
BaHHS MaKpOTreJiB Me/JMYHOrO NPU3HAUYEHH [IePeBakKHO 3/11IICHIOIOTH 32 JI0IIOMOTOI0 TPUBAJIOTO
excTparyBants (mpotsirom 4—10 1i0) HelmpopearoBaHUX peareHTiB MPUIATHUM PO3YUHHUKOM
(TIepeBakHO BOIOIO) TILJISIXOM HOTo GaraTopaszoBoi 3aminu. BigMuBaHHS HaHOPO3MIPHUX TiApo-
rejiiB MOJKHA iCTOTHO iHTeHcH(biKyBaTH HISXOM Aiadiabrpaliii — yasrpadijsrpaiiiiHoi MeMo-
paHHOI TEXHOJIOTI, 10 Tependayae GaraTopazoBy 3aMiHy PO3YMHHUKA 31 30€PEsKEHHSIM CTAJIOTO
06’emy. IIpu 11bOMY BUXijiHa KOHIIEHTPAIlisi HAHOTEJIIO HE 3MIHIOETBCS, 1[0 JIA€ 3MOTY 3arobiraTu
arperailii HaHOYacTHHOK. BukopucrtoByBasmcss membpanti ¢iasrpu cutoff 100 k/la. Taki mem-
OpaHu 3aTPUMYIOTh KOMIIOHEHTH CYCII€H3Ii 3 OiJIbILIOI0 MOJIEKYJIIPHOIO Macot0. MeHIii MOJIEKYJIH,
TaKi sk MOHOMEPH, 1HIIIaTOPH, PO3YMHHUKH, BIJIBHO IIPOHUKAIOTH Yyepe3 MeMOpany. Ozpasy micJist
CHUHTEe3Yy KoHIleHTpallig HeripopearoBanoro HIITA 3nauno niepeBuiiye gonyctumuii pisesb. [licas
S-pa3oBoi 3MiHM PO3UMHHUKA KOHIIEHTPAIlist MOHOMepPY 3MeHIy€eThcs B 50 pasiB, a micist 7-pa3oBoi
samiau — Oisbin Hix y 500 pasis, 10 a€ 3MOTY 3aCTOCOBYBATH CHHTE30BaHi Tiiporeti Jist CTBO-
peHHst BUPOOiB MEIMUHOTO MTPU3HAYEHHSI.
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Y BumagKy MakporesiB TemrepaTypy ix (Ha3zoBoro nepexoay Mixk HaOyXJIHUM Ta CKOJIArcoBa-
HUM CTaHOM (1[0 BU3HAYAE MOXKJIUBICTh KepyBaHHS iX (Di3UKO-XIMIUHMMU BIACTUBOCTSIMU, Ha-
camnepe]; Andy3iHHUMI) BU3HAYAIOTh TPaBIMETPUYHO, 1[0 MPAKTUYHO HEMOKJINUBO Y BUIIAJKY
Hanoresi. OHak 6yJI0 MOKa3aHo, M0 He MEHIIT TOYHO TeMIlepaTypy ($Ha3oBOTo MEPEXO/Iy MOKHA
BU3HAUUTH IIJIIXOM BuMiptoBanHs Besanuuau pH. Ak BunHo 3 puc. 4, a, mij gi€ro temiepatypu
Mentie 30 °C riporesi 3HaXOAAThCS B PO3TOPHYTIN KoHbOpMaIllii, TOi K i yac HArpiBaHHS
suite 32 °C (HKTP) BinbyBaerbcest hazoBuii mepexi 10 KOMIIAKTHOIO CKOJIAIICOBAHOTO CTaHy
3aB/ISIKU PYWHYBAHHIO BOJHEBUX 3B’43KiB MiK MOJIEKYJIAMHU BOJIA Ta TiAPOMIIbHUMU aMi[HUMKT
rpynamu HIITA, cipuunienomy OpOyHIBCBKUM PYXOM, & TAKOK TIOCUIIEHHIO TiipohoOHUX B3a€E-
moniii i3onpominbaux Tpyn HITIA. YV pesysbrati crioctepiraetTbes piske 3MeHIIIEHHS CBITOIPO-
IIyCKaHHs AMCIIepCiii, a Temieparypa (pasoBOro mepexojy CTaHOBUTh [t HaHOMeporeiiB 6Jn3b-
ko0 35 °C. 3 aHasi3y puc. 4, 6 BUILINBAE, 1m0 11pu 25 °C BUBIIBHEHHS POTUITYXJIUHHOTO TIperapa-
Ty noKcopybitmny 3aBepinyerbest yepes 30—40 xB, Tozi sik narpiBanus Buiie HKTP cnipuunnsie
CIIOHTaHHE BUBIJIbHEHHS [IPerapaty 3i CKOJIAIICOBAHOIO T1/[POTeJIIO.

Takum unHOM, cunTe3oBaHi HaHo(bepo)resi Ha ocHoBi HITTA, AK ta marnetuty 3aBasgku ix
YHIKQJIbHUM BJIACTUBOCTSIM SIBJISIIOTH COOOIO MEPCTIEKTUBHUN MaTepias JJisi CTBOPEHHS Tepares-
TUYHUX CUCTEM aJIPECHO] IOCTABKY 1 KEPOBAHOTO BUBIJIbHEHHS JTIKAPCHKUX 3aCO0IB.
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pH- M1 TEPMOYYBCTBUTEJIbHBIE HAHO(®EPPO)I'EJIN
HA OCHOBE N-M3OTIPOIINIAKPUIAMUJIA 1 AKPUJIOBOM KMCJIOTBI

CuHTEe30pOBaHbl HAHOPa3MePHbIE TUAPOTEN HAa OCHOBE TEPMOUYYBCTBUTEIBbHOTO MOJIU-N-U30TTPONUIAKPUIAMU/IA
7 €TO COTIOJIMMEPOB C aKPUJIOBOI KMCJIOTOMH, a TaKKe HAHOKOMIIO3WTOB HAa MX OCHOBE C MHKOPIIOPHPOBAHHBIM
MarHeTUTOM CO Cpe/THUM pazMepoM HaHouyacTuil okosio 100—200 um. [Tokazano, uTo pazmMep CUHTE3MPOBAHHBIX
THIPOTEIEBBIX MATPHI 3aBUCUT OT TEMIIepaTypbl M BeAWInHbI pH, Tak jke Kak W BeTMYNHA A3€Ta-TTOTEHITHATA
HaHouacTuil. Tak, Tpu HarpeBaHUU TUAPOTeJid 0 TemiepaTypbl Boiiie 32 °C cpelHU AuaMeTp HaHOYACTUIL
YMEHbBIIAETCS B JIBA—TPH Pasa, a Ipu CHIKeHun Beudunbl pH Huske 5 — B TpU—1sITh pas, 4To co3/aer npej-
MOCBIIKK JIJIST YIPABJASEMOTO BBICBOOOK/IEHMS MHKOPIIOPOBAHHBIX MTPOTUBOOIYXOJIEBBIX MPEIapaToB, MPEsK/Ie
BCETO IOKCOPYOUIINHA, I TPUMEHEHNST pa3paboTaHHBIX (hepporesieit TpH JeKapCTBEHHOM TrmepTepMun. MHKOP-
MOPUPOBAHNE B COCTAB THAPOTEIEBBIX MATPUIl HAHOPA3MEPHOTO MarHeTUTa 0OecIeyBaeT BOSMOKHOCTD ajipec-
HOM JIOKaTMM3aIy pa3paboTaHHBIX TEPAEBTUYECKIX CUCTEM B HETIOCPEICTBEHHON OIM30CTH K OPTaHy-MUIIEHH
IyTeM HaJIOKEeHUS MOCTOSTHHOTO MAJIOMHTEHCUBHOTO MAarHUTHOTO TIOJIS.

Kmouesvie crrosa: “ymnvie” 2udpozenu, (eppozenu, mepmouyscmeumenvioie 2udpozeiu, N-usonponuraxpuiamuo,
AKPUTLOBASL KUCLOMA, MAZHEMUM, 03eMA-NOMEHUUAT, OOKCOPYOUUUH.
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pH- AND THERMOSENSITIVE NANO(FERRO)GELS BASED
ON N-ISOPROPYLACRYLAMIDE AND ACRYLIC ACID

Nanosized hydrogels based on thermosensitive poly-N-isopropylacrylamide, copolymers with acrylic acid, and
their nanocomposites with incorporated magnetite nanoparticles (approximate particle size of 100-200 nm) are
synthesized. It was shown that the hydrogel matrix size and the zeta potential of nanoparticles depend on the
temperature and pH. The diameter of nanoparticles is reduced by 2-3 times, if the hydrogel is heated up to 32 °C,
and by 3-5 times, if pH decreases below 5. This creates conditions for the controllable release of incorporated
anticancer drugs (in particular, doxorubicin) and for using nanogels in therapeutic hypothermia. Incorporation
of nanosized magnetite into the hydrogel matrices provides a controlled localization of therapeutic systems in
close proximity to target organs by applying a low-intensity constant magnetic field.

Keywords: “smart” hydrogels, ferrogels, thermosensitive gels, N-isopropylacrylamide, acrylic acid, magnetite, zeta
potential, doxorubicin.
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