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VY3arajbHEHO pe3yJbTaTU AOCTIIKEeHb 3 METOI0 OOI'DYHTYBAHHA KOHIEHIi Ta
METO0JIOTiI XiMiYHOTO KOHCTPYIOBAHHA MAarHeTOUYTJINBUX HAHOKOMIIO3UTIB 3
6araTOpiBHEBOIO i€epapxiuHOI0 apXiTeKTypoio Ta (QYHKILIAMH MeInKO0-6i0JI0-
TiYHMX HAHOPOOOTiB: po3IidHaBaHHA MiKpobiojoriuHux 06’€KTiB y 6iosoriu-
HUX CepemoBHUINax; IMiJIbOBOI JOCTABKHU JIiKapPChbKUX IIpPemapaTiB g0 KJIiTHH- Ta
opraHiB-MiIlleHe i JeIOHYBaHHS; KOMILIEKCHOI Tepatrii ximio-, imyHo-, pazgio-,
rimeprepMiYHMMY METOAAMH Ta AiarHOCTUKHU B PEXKUMIi peaJbHOTO Uacy; ajJicop-
OIii PerITOK KJIITHHHOTO PO3KJIAAy Ta IX BUAAJEHHS 3 OPraHisMy 3a JOIIOMOTOIO
30BHIIITHHOTO MarHeTHOTO moJiA. HaBe/jleHO faHi CTOCOBHO CUHTE3Y, BJIACTHUBOC-
Tel Ta IPAaKTUYHOTO BUKOPUCTAHHA HAHOKOMIIO3UTiB.

The results of studies are generalized in order to support both concept and
methodology of chemical design of magnetically sensitive nanocomposites
with multilevel hierarchical architecture and functions of biomedical nano-
robots: recognition of microbiological objects in biological media; the target-
ed drug delivery into target cells and organs, and deposit; complex treatment
with chemo-, immuno-, radio-, hyperthermic methods and diagnostics in re-
al-time regime; adsorption of residual cell debris and removing them from
the body with the aid of an external magnetic field. The data are shown on the
synthesis, properties, and practical use of nanocomposites.

060011eHbI pe3yabTaThbl MCCAENOBAHUNA C IIeJIbI0 00OCHOBAHUA KOHIEIIIIUU U
METOMOJIOTUM XWMHUYECKOI'0 KOHCTPYMPOBAHUSA MATHUTOUYYBCTBUTEJIbHBIX
HAHOKOMIIO3UTOB C MHOTOYPOBHEBOII MepapXnUuecKoil apXUTEeKTypoi 1 HyHK-
MUAMYA MeIUKO-OMOJIOTMUECKUX HaHOPOOOTOB: PACIIO3HABAHUSA MUKPOOMOJIO-
TUUYECKUX OO0BEeKTOB B OMOJOTMUYECKUX cpegax; IleJieBOil MOCTaBKU JIeKap-
CTBEHHBIX IPEIapaToB B KJIETKK- U OPraHbI-MUIIIEHN W JeIIOHUPOBAHUA; KOM-
ILUIEKCHOM Tepanuy XMMHO-, UMMYHO-, Paguo-, TUIEePTEePMUYECKIMA METOLa-
MU ¥ JUATHOCTHUKU B PEXKUMe PeaJbHOT'0 BPpeMeHH; aJcopOIliy OCTATKOB KJie-
TOYHOTO pacHaga W MX yAaJeHHsd U3 OPraHu3Ma C IIOMOIILIO BHEIIIHEro Mar-
HUTHOIO 10Js. IIpuBeeHs! JaHHbIe 10 CUHTE3Y, CBOMCTBAM U IPAKTUUYECKOMY
MCIOJIb30BAHUIO HAHOKOMIIO3UTOB.
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KarouoBi croBa: MarHeTouyT/IMBi HAHOKOMIIO3UTH, OaraTopiBHeBa iepapxiuna
HaHoapXiTeKTypa, MequKo-6iosoriuni HaHOPOOOTH, IiTHOBA HOCTAaBKA JiKap-
ChLKUX TIpemaparis.

(Ompumano 16 keimusa 2013 p.)

1. BCTYII

Y HafOam:KuYoMy MaMOyTHBOMY 3aCTOCYBAHHS HAHOTEXHOJIOTiH YMOMK-
JIMBUTL BUPIIIATH OCHOBHI IIpo0JeMH JIOJCTBa, MEINYHI HaHOPOOOTHU
IIepeMOKyTh HEeBIJIIKOBHI XBopoOu i 3abe3meuaTs 6e3cMepTss — MOAi0HI
HOBiTOMJIEHHS JIeTKO Mo:kHa 3HauTu B IuTepHeTi i 3MI. Cencaiiii mpo
CTBOPEHHS HAHOPOOOTiB, 3MaTHUX 3HUIIYBATH PAKOBi KJIiTHUHU, BiKe He
IuByIoTh. Ha Kaab, y 3a3HAUYEHUX IIOBiIJOMJIEHHAX BiAcyTHI maHi, 1110
OiATBEePAKYIOTh iX mocToBipHicTh. IIpoTe, GesnepeyHNME 3aIUIITAIOTE-
Cs CBOEUACHICTB i aKTyaJIbHiCTh ITOPYIIIeHoro nuTaHHsa [1].

3rigno 3 Bikinmezgiero, HaHOpoOOoTaM XapaKkTepHi pyHKIIII pyxy, oOpo-
6Ku Ta mepexadi iHdopMalii, BUKOHAHHA IIeBHUX IIPOIPaM. 1X poamipn
CTaHOBJATH = 10 HM.

CyuacHi HayKoBi my0aikarii cBiguaThk, 110 mpobjaeMa CTBOPEHHS Ha-
HOpPOOOTiB i HamoMaIlIlMH, 30KpeMa, IJd 3aCTOCYBAaHHA B MEIHUIIMHI Ta
Oiosorii, HaOysa aktyanpHOCTH [1—-11]. Ha mouarkoBuX eTramax IIOITY-
Ky uLiAxiB ii poss’sA3aHHs 3HAUHE MicIle NPUIIISETHCSA 3aBIAHHIM
BCTAHOBJIEHHS IIePCIEKTUBHUX (isMUHMX MOPUHIIUIIB Ta CcIocobiB
IPaKTUYHOTO 3a0e3eUueHHS KOHTPOJILOBAHNX MeXaHiUHNX IIepeMillleHb
HaH000’eKTiB B Oiosoriunux cepemosuinax [1-13].

Mg opranisarii Takux mnmepemiiness Ta 100y I0BU HAHOPOOOTIiB BUKO-
PHCTOBYIOTBCA, HANIPUKJIAZ, hparmenTu mosaekysa [ITHK, m’sa308i HaHo-
BOJIOKHA [8, 9], poTo30ymKeHi Ta MeTacTabiIbHI cTAHM HAHOYACTUHOK,
ACUMETPUYHHUIN PO3IMOMINT eJeKTPUUHMNX IUIOJIB Y HAOPAMKY PYyXY,
GayKTyalifiHi mpoiiecu MOJIEKYJISIPHOI Ta eJeKTpuuHOl mpuponu [12,
13], xinpuenoni6Hi 6ioMoIeKyIn, « HAHMBAHI» Ha JIHIAHUHA « MiCTOK» i3
aminokuciort [10, 11]i T.mm.

OpHak ciif 3ayBasKuTH, 110 IPaKTUUHA peasridaiiia mogioaux [8—13]
cIIoco0iB pyxXy HAaHOPOOOTIB Ta MexaHiUHMX MaHIinmyJdImii 3 ix cKJjaamo-
BUMH YaCTUHAMHU 3 METOIO, HaIIPUKJIaJl, CIIPSIMOBAHOr0 TPAHCIIOPTY JIi-
KapCchbKUX IpemnapaTiB, 400 BUKOHAHHSA iHITNX KOpUCHUX (PYHKIIiM, 3a-
JUIIAETHCA IIEPCHIEKTHUBOIO, TOBOJI IIPO0JIeMaTHUHOIO.

TuM He MEHIII, TeIePilTHii piBeHb HAHOTEeXHOJIOTii T03BOJISE CTBOPIO-
BaTH YHiKaJbHI 3acobu aja meaunmuu i 6iosorii [2, 4, 14, 15]. Bopoga-
IKeHHS TAKUX TeXHOJIOTiH B MPaKTHUKY € OCHOBOIO CyYacHOTO IIPOrpecy B
o0sacTAX HiarHOCTHUKY i Tepartrii 3aXxBopoBaHb, 30KpeMa, Ha KJIITUHHOMY
iremnomy piBHAX [1].

OcranHiM1 poKaMU Y SKOCTi aIbTePHATUBHOTO Ta HAWOIILII mepcIie-
KTHBHOTO 3 TOUKHU 30PY IPAKTUYHOTO BUKOPUCTAHHSA HAIIPAMY Ipiopu-
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TeT OJePsKaii POOOTH B Taly3i CTBOPEHHSA «HAHOKJIHIK» — OaraTopis-
HEeBUX MaArHETOUYTJIMBUX HAHOKOMIO3UTIB, AKUM IPUTAMaHHUN KOM-
IJIeKC (PYHKIIiHA, XapaKTepHUX IS HAHOPOOOTiB, IO BKJIOUAE PO3IIi-
3HaBaHHA creludiuanx MikpobiosoriuHEux 06’€KTiB B OiosoriuHUX Ce-
pemoBuIax, IiJLOBY AOCTAaBKY JIiKapChbKUX IIpPelapariB B opraHu- abo
KJITUHU-MiIIeHi, [iarHOCTUKY 1 Tepamilo 3aXBOpOBaHb Ha KJIITHHHOMY
a00 TeHHOMY PiBHSAX, aACcOPOIlii0 IPOAYKTIB PO3KJIALY KJIITHH micad mil
TepaleBTUYHOIO mpenapaTy ado rimeprepmii, ix BugaJleHHA 3 OpradisMmy
3a TOIIOMOTOIO0 MATHETHOT'O MOJIA i ToMy moxioue [2, 4, 14].

Tak, aBTopu [2] omep:KyBa i MarHeTOUYTJINBUN HaHOKOMIIO3UT Oa-
raTocTagifHUM 30JIb—T'eJIb-CUHTE30M B MinesnAapHil cuctemi. [ToBepxHua
HAHOKOMIIO3UTIB (HpYHKI[IOHATiZyBajgacsa 3 METOI0 3a0e3leueHHa PO3Mi-
3HABAHHSA i TOCATHEHHA cuenudpivHmx KJIiTuH. TaKuM1U HAHOKOMIIO3HM-
TaMH € MarHeTOUyTJINBi HOCii B KpeMHe3eMHUX 000JI0OHKaX PO3MipoM o
50 M, y AKHUX MOXKYTEL OyTH iHKaICyJIbOBAaHI PisHi onTHUHi, MarseTHi
a00 eJIeKTPUYHI TaTUNKU, TepaleBTUUHi areaT. HaHOKOMIIO3UTH TIpU-
IiJILHO MOCTaBJISIOTECA B KIITHUHY i 3aCTOCOBYIOTHCA MJIS HiarHOCTUKU
abo sminm i1 pyHKIIil B 3aaHOMY HaIpAMi, a TAaKOMK IJIs CTBOPEHHS T'i-
nepTepMiuHMX 30H. BUKOpHUCTAHHA JIOKAJBHOI rintepTepMii IpuHITUIIO-
BO JT03BOJIAE 3OiMCHIOBATH Tepallilo OHK03aXBOPIOBAHL 0€3 3aCTOCYBaH-
HA XiMiuHUX IIpenaparis.

Cain 3a3HAUMNTH, ITI0 iHTEpeC 0 MAaTrHeTHUX MaTepiasiB I BUKOPUC-
TaHHA B MeJUIIMHI BUHUK 3/aBHAa i He caalbliae y HaIlli AHi. YBara JocJri-
ITHUKIB IO MATrHeTHUX HAHOYACTUHOK, OCOOJMBO MarHeTUTy, KU Mae€
OioreHHy IIpUPOAY i 3aM0BiILHY OiomerpamabeabHicTh, 00YMOBJIEHA, 30-
KpeMa, TUM, III0 BOHU MaloTh cnenudivHi BJIaCTUBOCTi, He XapaKTepHi
IIJIsI MACUBHOTO MarueTHoro marepiany. Tak, B HaHOMaTepiajgax cmocTe-
piraioTbcs HOBi ABUINA, ITOB’A3aHi 3 BIIMiHHOCTAMM 0 COTEHb I'PaaycCiB
y temueparypax Kiopi a6o Heensa, BUHUKHEHHAM TiraHTCHBKOT'O MarHe-
TOOIIOPY, AHOMAJILHOTO MarieToKaJIOpPUMEeTPUUHOro ederTy i T.1. [16].

¥ cyuacHilt MegUIIMHI MarseTHi JlikapchKi IpenapaTu Ha OCHOBi Mar-
HeTUTY IIMUPOKO BUKOPHUCTOBYIOTHCA YV AKOCTI PEHTI'€HOKOHTPACTHUX
3acob6iB. Hampukmazn, v [17] onucaHo peHTTeHOKOHTPACTHUM IIpenapar,
110 MiCTUTH MarHEeTUT 3 PIAKUM HocieM — TeTpagexamoMm. ¥ [16] o6r'py-
HTOBaHO e()eKTHUBHICTh TeMOCTATUUYHOT'O 3aCO0y HAa OCHOBi BOJZHOTO KO-
JIOITHOTO PO3UMHY MATHETUTY. IHIITMM 3aCTOCYBAHHAM HAHOCHCTEM €
Bigyasisariia 0iosIOTiYHMX TKAaHWH, IO CKJIAAAIOTHCS 3 allOPEPUTHUHY, B
MMOPOYKHUHI AKOT0 BKJIIOUEHI KPUCTAIN MAarHeTuTy. o mepcueKTUBHUX
HAIIPAMIiB BUKOPUCTAHHS MarHeTHUX MaTepiajiB 3 PO3BUHEHOIO IIOBEP-
XHEI0 BiIHOCUTBCSA CTBOPeHHA copOeHTiB [18—-20], MmarHeTouyTJIUBUX
HAHOKOMIIO3UTIB [JIsI CIIPAMOBAHOTO TPAHCIIOPTY JiKapChbKMUX 3aco0iB
[21, 22]. MarHeTuT XapaKTepuU3yeThCA HU3HKOI TOKCUYHICTIO, BUCO-
KMM piBHEM MYyTareHHOi 0e3IleKM, BiICYTHIiCTIO HEer'aTUBHUX pPeaKIiii
OpraHisMy IIpM BHYTPiINITHLOBEHHUX, BHYTPINIHbOAPTEPiaJIbHUX i BHYT-
pinIELOM’ A30BUX BBEAEHHAX MAarHeTOUYTJIMBOro KoJoimy. Kpim Toro,
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Ha MOBEPXHi HAHOAMCIIEPCHOTO MATHETUTY MOMKYTBL OyTHu iMMobirizoBa-
Hi TepaneBTUYHI areHTH Pi3HOT0 MeXaHi3MYy mii.

IIpucyTHicTh JiKapchbKOro IIpernapary y CKJaai MarHeTHUX TepaleB-
TuuHUX (popm [23] He 3aBKIU € 000B’A3KOBOIO. B IIboMy BULIAAKY Tepa-
HeBTHUHNI eeKT JocATaeThCA a00 BHACTIIJOK BILIMBY IIOCTiHHOTO MAar-
HETHOTO IIOJdA, JyKepejoM SKOT'0 CJHYKUTL caMa MarHeTHa JiKapcbKa
dopma, abo 3a paxXyHOK rimepTepMiuHOoi 00pOOKM IIpH BILJIMBi Ha MarHe-
THY JIiKapchbKy (hOpMY 30BHIIITHHOT'0O BUCOKOUACTOTHOTO MarHeTHOT'O II0-
aal2, 14].

3MiHIoI0uM po3Mipu, GopMy, CKJIanm i 0yI0BYy HAHOYACTUHOK, MOYKHA B
MeBHUX MeKax KepyBaTu MarHeTHUMHM XapaKTepPUCTUKAMU KOMIIO3U-
tTiB. IIpoTe KOHTpPOJIIOBAaTH BKa3aHi (pakTOpW HpPH CUHTE31 HAHOUYACTHU-
HOK BIAETHCA JaJIEKO He 3aByK /A1, TOMY BJIACTUBOCTI HABITH OMHOTUITHUX
MaTepiayiB MOKYThb CUJIBHO BiApisHATHCA. 30KpeMa, Ma€ MicIlie CUJIbHAa
3aJIeXKHICTh MarHeTHUX BJIACTUBOCTEM (epoMarHeTUKiB Big posMmipiB
YaCTUHOK, 3 AKUX BOHU BUTOTOBJIeHi [3, 24, 25].

3acTOCOBYIOUM BiAITIOBiMHY ITOIepenHIo IMiArOTOBKY HMOBEePXHi Marue-
THUX HOCiiB 3 MeTo0 36iibIlleHHS iX copOmiiimoi micTkocTH (Hampu-
Kiaan, momudpikyBanuam SiO,), MoyKHaA 3milicHIOBATH 30ip IPOAYKTiB
KJIITUHHOTO PO3KJAAY i BUBEJIeHHA IX 3 OpraHisMy 3a JOIIOMOTI'OI0 Mar-
HETHOTO I10JIA.

IIpu pospobili MarmeToKepoBaHUX (papMalleBTUUHUX IIpelapaTiB He-
00XimHO BUPIiIIUTH pAM 3aBIaHb, OB’ SI3aHUX 3 CUHTE30M e(heKTUBHUX
HaHOPO3MipHUX HOCiiB, MOAU(DiKyBaHHAM X TOBEPXHi, iMM0oObirisalieio
JiKapchbKUX IpelnapariB, KalcyJioBaHHAM i T.n. BamiauBum € 3pitic-
HEHHSA TEOPEeTHUYHOI OIiHKM yMOB TPAHCIIOPTY i pO3paxyHKiB mapamMmeT-
piB HoOCiiB 3 MeToI0 iX onrTuMisarii [14, 26—28].

Tak, npu MmoaudiKkyBaHHI TOBEepPXHi HOCiIIB OiocyMmicHmMMU moJrimepa-
MU HeoOXimHo onTuMisyBaTu PyHKIIiI momriMmepHoi ckiamoBoi. [Torimep-
Hi MOJIEKYJM MOKYTh BUKOHYBATH POJIb YTPUMYyBaua TEPAIIeBTUUYHOIO
a00 AiarHOCTMYHOrO Ipenapary i BU3HauaTh BayKJINBi XapaKTePUCTUKHI
JiKiB: PO3UMHHICTH, 6i0JOCTYIHICTh, IPOJIOHTOBAHICTD Ail 3a PaXyHOK
MOBiIBLHOI AecopObIrii JiKapchbKUX IpemapaTiB 3 HOJIiMepHOI MaTpuIli,
TepMiH 30epiramaa Ta in. Cmocobu 3akpilieHHA (apMaKOJOTiUuHO aK-
TUBHUX PEUOBUH HA IIOBEPXHI IIOJiMepy TaAKOXK MOKYThb OyTU pisHUMU,
10 BU3HAYAETHCSA IMPUIHAUYEHHAM JiKiB i KJIiHiUHOIO maToJiorieio, B
yMOBax AKO0I BOHU 3aCTOCOBYIOThCA [29].

Cxixm BpaxoByBaTH TaKOK, IO XiMioTepameBTHUUYHI HTPOTHUIYXJWHHI
JiKapchKi 3aco0u B JKMBOMY OpPTaHi3Mi BUKJIMKAIOTh IOPYIIEHHS 00Mi-
HY HYKJETHOBUX KHCJIOT, IIEPEITKO/MKAI0Th mpoliecaM 6iocuHTe3y i dy-
vriii [JHK, npuraiuyoTh KDOBOTBOPEHHS, TPABJIEHHS, € Kap/io-, Hel-
po- i Hedporokcuunumu [23]. Tomy 3aBHaHHA CIPAMOBAHOTO TPAHCIIOP-
Ty JiKapchbKOTo 3ac00y B KJITHMHU TYXJWUHU 3a JOIIOMOTOI0 MarHeTHUX
HOCiiB € HaA3BMUAHO aKTyaIbHUM. 1X (iKcallia i JemoHyBaHHA MarHe-
THUM TI0JIEM y 30HI IIYXJIUHU A€ MOKJIUBICTh 3HAYHO 3MEHIIUTH JT03Y
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mpemapary i, AK HaCJIiJOK, 3BeCTH OO0 MiHIMyMy TOKCHUKO-aJIEepPriuHi pe-
akIIii opramismy.

BukopucramHA MOHOKJIOHAJLHUX aHTUTIJI B OHKOJIOTiUHI IIpaKTHITL
BiZHOCATEL A0 MeTOmiB macuBHOI imymoreparnii [30, 31]. Kmimiuni gami
cBiguaTh, IO IIACHMBHA iMyHOTepamis, 0e3yMOBHO, epeKTHBHA i 3a pe-
3yJIbTaTaMU 3pPiBHIOETHCA 3 XiMioTepalriero, IpoTe piBeHb il TOKCUUYHOC-
™1 3HauyHOo HimKunii. KoMOiHoBaHe BUKOPHUCTAHHSA ITIIX METOLIiB BBaKa-
€ThCs HAMOiJIBII IePCIeKTUBHNM, OCKIJIbKY 3HAUHO PO3IIUPIOE MOMKJIN-
BOCTi JiKyBaHHA CyYaCHUMM IIpelapaTaMy i cupuse ITiABUINIEHHIO 1X
e(heKTUBHOCTH.

Opwuiero 3 pisHoBUAHOCTEl pagioTepanii paKoOBUX IMIyXJUH € HEUTPOH-
saxBarHa tepania (H3T) [32]. H3T — repamia paxky, aKka BUKOPUCTOBYE
BUIIPOMIiHIOBAHHSA BiJl peaKIlii 3aXONJeHHSA TeILJIOBUX HEHUTPOHiB i30TO-
namu °B a6o *’Gd, monepessEbo HaKOIMUEHNX B KJIITUHAX ITyXJIuH [33,
34]. PesyabTaToM B3a€MOii i30TOMIIB 3 TEIIJIOBUMU HEHTPOHAMU € BU-
HUKHEHHS 3HAYHOTO ITUTOTOKCUYHOTO e(eKTy, 3yMOBJIEHOTO BILJIMBOM
IIPOAYKTiB AlepHOI peaKIlil Ha paKOBi KJIiTUHUA.

HesBaskatoun Ha 3HAYHO OiIBINTUI IEPEPi3 3aXBaTy HEATPOHA i30TOIIOM
%"Gd, mopiBHaHO 3 '°B, BUKOPUCTAHHIO a0 IiHif-HeHTPOH3aXBATHOI Te-
pamnii (I'H3T) neperrkomxaia TOKCUYHICTD BiILHUX, TOOTO HE3B’ A3aHUX,
ionis ragmouinio. Intepec no 'H3T 3aroctpuBca Hanpukinii 1980-x pokis
3 BBeJIeHHAM B IPAKTUKY YHiBepcaJbHUX I'alOJiHIBMiICHIX IIpenaparTiB
UL MarHeTOpPe30HAaHCHOI KoHTpacTHOI xiarmocturku (MPT).

3ampomoHOBaHI Ha ChOTOAHIIIHIN nenb npenapatu aiada H3T maiors
MOJIEKYJISApHY (opmy i, BimmoBigHo, pan memorikiB. Cepel HUX MOYKHA
BUAIIUTY HEMOMKJIUBICTH apECHOI JOCTABKU B MyXJIMHY i HAKOIUYEH-
Hs, KoMmbiHoBaHol T,/T,-miarHocTUKY i Tepamii B peaJbHOMY 4aci, He-
3HAYHUI BMiCcT 00Dy UM r'afloJIiHito Ta iH.

BrasaHuM HemoJiKaM MOJKHA 3am00irT BUKOPUCTOBYIOUN HAHOKOM-
IMO3UTH HA OCHOBi MarHeTOUYT/JIMBUX HAHOUACTUHOK MAarHETUTY Ta Ipe-
mapartiB 6opy i ragosinito [35, 36]. CuHTEe30BaHI HAHOKOMIIO3UTHU MO-
JKYTHh OYTH BUKOPUMCTAHI IJIA CTBOPEHHSA HOBUX THUIIIB BUCOKOE()EKTUB-
HUX JiKapchbKUX 3ac0o0iB HeMTpPOH3aXBaTHOI Tepamii 3 JOAATKOBUMU
GYHKIiAMY MarHETOKEPOBAHOI CIIPSIMOBAHOI TOCTABKU IO OpPraHiB- abo
KJITUH-MillIeHel, CeJIeKTUBHOTO HAKOIIMYEHH i JIeIMIOHYBaHHA, Timep-
TepMmii, kombiHoBaHOI T-, T',-MPT-niarHocTuKY i Tepamnii B peskumi pe-
aJILHOTO Yacy.

HocmimxeHHsa, CIIpAMOBaHiI Ha Po3poOKYy MArHETOKEPOBaHUX JiKap-
CBbKUX IIpeIapariB KOMILIEKCHOI Ximio-, iMmyHO-, pagioTepaneBTUYHOI,
rineprepMiuHOi Ta JiarHOCTUYHOI Aii, € IPiOPUTETHUMHU B PO3SBUHEHUX
KpaiHax cBiTy. Ocob/inBO aKTyaJbHUMU € HAIPAMU, IOB’sI3aHi 3 paH-
HBOIO IiarHOCTUKOIO i Tepalieo OHK03aXBOPIOBaHb Ha KJIITUHHOMY PiB-
Hi. Bkasaui o6cTaBuHU 06yMOBUIM BUOIp HAYKOBOI mpoOieMaTUKM, Bi-
ITo0parkeHoi B I[bOMY OTJIAII.

Y HbOMY y3araJbHEHO Pe3yJIbTaTHu JOCJiIKeHb 3 MeTOI0 OO PYHTYBaH-
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HSA KOHIIEIIITii Ta MeToH0JIOril XiMiYHOT0 KOHCTPYIOBAHHSA MarHeTOuy TJIH -
BUX HAHOKOMIIO3UTIB 3 OaraTopiBHEBOIO iepapXiuHOO apXiTeKTyporo Ta
GYHKIIAME MeInKO0-0ioIorivHnX HaHOPOOOTiB [37]: posmisHaBaHHSI MiK-
pobiosoriuamx 06’€KTiB y 0i0JIOTIUHNX cepemoBHUINAX; I[LTHOBOI JOCTABKH
JiKapchbKUX OperapariB 10 KJIITHH- Ta OpraHiB-MilleHe i 1elnmoHyBaHHS;
KOMILIEKCHOI Tepailrii ximio-, iMyHO-, pagianiiHNMy HENTPOH3aXBaTHU-
MU, TiIIepTEePMiYHIMMA METOAAMM Ta AIarHOCTHUKM B PEXKMMi pPeayibHOT'O
yacy; agcopOIlii pellTKiB KIiTHHHOTO PO3KJIALy Ta iX BUAAJIEHHS 3 Opra-
Hi3MYy 3a JOIIOMOI0I0 30BHIIITHHOI'O0 MATHETHOT'O II0JIA.

1.1. AHaji3 yMOB TPAHCIIOPTY i yTPUMaHHA MArHEeTOYYTJIUBUX HOCITB
JiKapCchbKMX IMpemnaparis 3a JOIMIOMOT0I0 MATHETHOTO ITOJIST

AmHasis yMOB TpaHCIOPTY i yTPUMAaHHA MarHeTOUYTJINBUX HOCIiB JiKap-
ChKUX IIPEeapariB 3a JOIIOMOTOI0 MAarHETHOTO II0JIA IPOBeAeHO B [ 3].

3miticHeHHA (QYHKIIII IiThOBOI MOCTABKMY i JeIOHYBAHHSA JIKAPCBKUX
IIpernapariB 1o KJIITHH- Ta OpraHiB-MillleHell MeauKOo-0i0J0TiuHMMY Mar-
HETOUYTJIUBUMU HAHOKOMIIO3UTaMU (HAHOPOOOTAMM) IIOJIATAE Y CTBO-
peHHi y BimmoBigmomy MicIii oprauisamMy HeoOXimHOI OJId TepaneBTUUYHOTO
e(peKTy KOHIIEHTpAIlil JiKapChbKOTO IpenapaTry Ta IpoJioHramii foro mii.
Cmocobom BUpIiIIeHHA TaKoi 3amadi Mo:ke OyTH MarHeTOKepoBaHAa aapec-
Ha JIoCTaBKa JiKapCchbKOr'o IpelapaTy Ta #oro yTpuMaHHSA IIPOTATOM IIeB-
HOrO uacy. ToMy ocTaHHIMM pOKaMU AOCJIiIPKEHHIO MOYKJIMBOCTU BUKO-
pUCTaHHA MarHETHUX HOCIIB K 3aCO0iB TPAHCIOPTY JiKapChKUX IIperna-
patiB mpuminaeThca 3HauHa yBara. Ilepenycim, Iie moB’A3aHO 3 OUiKyBa-
HUM icTOTHIM posiinpeHHAM chep 3aCTOCyBaHHA XimioTeparii, 3okpema,
3a paxXyHOK 3BeIeHHA N0 MiHiMyMy He0aKaHNX TOKCUKO-aJepPriuyHuX
ederTiB. OCKiNbKY Teparmisa 3ifiICHIOETHCA B JIOKAJIiIB0BaHIN MiJIAHIII Op-
raHiamy, 3arajbHa [03a Ipenapary Ipu IIbOMYy MoKe OyTH MiHiMaJIbHA.
30BHIIITHE cCTATUYHE MarHETHE T10JIe TOBUHHE BIIJIMBATH HA PYX YaCTUHOK
i BamobirTu BUMUBaAHHIO HOCIiB 3 oprany-mimreHi. OHaK IIIMPOKOTO 3a-
CTOCYBaHHSA BKasaHUI MeTOJ A0Ci He 3HAMIIIOB y 3B’ A3KY 3 TPYAHOIIIAMMY,
1IT0 BUHUKAIOTh IIPY MOT0 IPaKTUYHIN peasrizarrii.

Bumoru o MarHeTHUX HOCIiB ZJOCUTB 3KOPCTKi. IxX posMipu MaioTs Oy-
T MeHIe 1 MKM, 100 3amobirTu arperailii B MarHieTHOMY HOJIi i 3aKy-
TOPILi KamiIgpHuX cyauH. B To camuii uac cuyia, 00yMoBJIeHA IPUKJIa-
JIEeHUM 30BHIITHIM MarHeTHUM II0JIEM i IO YTPUMYE HOCifi B KPOBOTOKY,
IPOIIOPITifiHAa XapaKTEePHOMY PO3Mipy YacCTUHKU B TPETHOMY CTeIleHi i
K1JIBKOCTiI MarHeTHOTo KoMmIoHeHTa B Hi#l. IIporumitoua rimpoamuamiy-
Ha cuJja, IparLydya BUHECTU 3 OpraHy-MillleHi Hociii, mponopiiiiina pos-
Mipy HOCid Jullle B IPyromMy CTyIeHIo. TakuM UYMHOM, 1 e(DeKTUBHOTO
yTPUMaHHA HOCif pO3Mipu YaCTUHOK i BMiCT MarHeTHOT'0 MaTepiany He-
00xigHO 30iabIryBaTH. OKPiM BUPIIIEHHA IIHOT0 IPOTUPIYYA, IPU CTBO-
peHHi MarseTHHX HOCiiB HeoOXimHO BpaxoByBaTH i Taki gaxTopu, AK
3MEHIIIeHHA Yacy 3aTPUMKM HOCIiB (AK UYKOPiAHUX Tij), BHUKEHHSA
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BILJIUBY 30BHIIITHBOT'O MAarHeTHOTO II0JISI Ha OpradisMm i T.1I.

g yrpuMaHHA IpenapaTy B 3aJaHiil oOMe:KeHil giaaHIli HeobXigHo
CTBOPUTHU 30HY e()eKTHUBHOI Oii HeOJHOPiMHOr0 MaArHEeTHOT'O MOJId, ITif
BILJIMBOM SIKOT'O 3HAYHA YAaCTWHA HOCiiB (UM yci) IOBUHHA 3aJIUIITUTUCA B
opra”i-mimieni. BkasaHi o0cTaBUHN HNPU3BOAATH A0 HEOOXimHOCTH Pi-
ITeHHA HACTYIIHUX 3aBIaHb:

— PO3PaxXyHOK CUJIH, 3 AKOIO [Tic HeOAHOPiAHEe MarueTHe moJie Ha oKpeMi
HOCIi;

— BUB3HAUYEHHSA HEOOXiTHUX YMOB (BeJIUYNHA I'PAafi€eHTY MATHETHOTO II0-
Js, CTYIIiHb HaMarHeTOBAHOCTU HOCis, PO3IOAia Imo po3mipax i T. m.)
IJIsI OJlepPsKaHHsA KiJIbKiCHUX OI[iHOK 3HAUEeHb IIapaMeTpiB 3 MeTOIO0 BU-
3HAUEHHS MOXKJHMBOCTH YTPUMAHHA KOHTEHHEPiB 3 MEeIWYHUM IIpemna-
paToM Ha CTiHIIi CyIUHU;

— aHaJIi3 pyXy MardLeTHuX HOCiiB y B’ aA3Kiit piguui (KpoBi) mix gieio He-
OTHOPiMHOTO MarHeTHOTO MOJIA AJIA OfeP KaHHA KPUTEPito MOMKJIUBOCTHI
iX MOCTaBKH O CTiHOK CYJAWH.

Heaki aciekTu BKa3aHMX MIUTaHb BUKJaAeHi B [38—41]. Posrnanamnu-
csA TEeXHOJOTiIUHi acmeKTH CTBOPEeHHSA MArHETOKEPOBAaHMUX HOCIIB Jikap-
ChKUX IIpemapariB. AHaJIi3 X pobiT MOKasye CKJIAAHICTh TOOYAOBU SIK
disuro-MaTeMaTUYHUX MOJeell TaHuX SBUII, TaK i BimmoBigHUX 00UM-
CJIOBAJIBLHUX MeToAiB i amropurmis. OTike, OyJIO IPUIiIEHO OCOOJIUBY
yBary yJZOCKOHAJIEHHIO MojeJjell i moOymoBi UMCeIbHUX METOXLiB, IO
aJeKBaTHO OMMUCYIOTh eKCIIePpIMEHTAJIbHI pesyabTaTu [ 3].

HaBenemo po3paxyHKOBI (hopMyJiu OJId 3HAXOMKEeHHSA MarHeTHOI Ccu-
Jiu, Niroyol Ha OKpeMi Hocil 3 ypaXxyBaHHAM iX PO3MOALNy IO po3Mipax.
PospaxyHOK posmojiijly MarHeTHOTO IIOJIs B IIPOCTOPi OB’ sA3aHUM 3 Pi-
IIeHHAM KOHKPETHUX 3aBAAaHb MAarHeTOCTATHUKH. Haiibijbin npuiiaar-
HUMU € IKepea, 10 MaloTh Bick cuMeTpii [38]. BoHU cTBOPIOIOTH aKci-
aJIbHO-CUMETPUYHI IO0JIf, i B I[bOMY BUIIAAKY BEKTOPHUI ITIOTEHITiaJI Ma€
TiTBKY OJHY, BIAMIHHY Bifl HyJIf, CKJIaZOBY A,, AKa IOBUHHA 3a/[0BOJIb-
HATU cKamapuomy IlyaccoHoBoMY piBHAHHIO:

AA(p = _4nlv|v0j(P ’ (1)
ne A — JlamnaciB omepartop; ; — 00’eMHa I'yCcTUHA KiJbIIEBOTO €JIEKT-
PUYHOTO CTPYMY, W, = 4n-10"" T'H/M — MarseTHa nocriisa.

PosB’sa30K piBHAHHA (1) MOXKHA IIPEACTABUTHU y BUTJIALL 00’€MHOTO
TIOTEeHITiaay

4=t jlj'%dv, 2)

me R = \jrz +p® = 2rpcos(dp — 0)+(z — ©)°.
IarerpyBarHA B (2) BUKOHYEThCS MO 00JacTi V, AKy 3aliMaiOTh AKe-
peia ctpymy. Yepes (7, j, 2) mo3HAUEHI MUIIHAPUYHI KOOPAMHATH TOBi-
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JILHOI TOYKU B IPOCTOPi, a uepes (p, 0, ) (muringpuaHi KoopAUHATH TO-
YKHU, 110 HAJEXKUTL objacti V). BekTop marmerHoi iHAyKIrii BusHaua-
eThbed 3 piBHOCTH B = rotA.

MaruerHi HoCii (OKpeMi HaHOUaCcTHHKY ab0 iX arperatu) MoKHa PO3-
IIASATH AK MarHeTHi 1umoJi. Y 3araJbHOMY BUIIAAKY HA UIIOJbL JilOTh
cuina F i mexauniuauit MmomenT M, AKi BUsHayamThbCA BifoMumu Gopmy-
JaMu:

F=-V(m-B), M=[mxB]|, (3)

e m — BeKTOp e(heKTUBHOIO MAarHeTHOT'O MOMEHTY OKPeMOro Hocisg abo
arperaTtiB HaHOYAaCTHHOK; B — BeKTOp MarHeTHOI iHAYKIIil, a CHMBOJIOM
V mmosHaueHo oIlepaTop I'pagieHTy.

3a paxyHOK Aii MexaHiuHOro MOMEHTY BiJIbHi AUIIOJi OPi€HTYIOTHCS
o moJito, i Togi M = 0. IloBopoTu AUIIOIiB BifOYBaIOTHCA JOCUTH IIIBU/I-
KO, 1 MOKHa BBasKaTH, IO BOHU 3aB:KIU OpieHTOBaHi mo mojo. Cuia
MarHeTHOI B3a€MO/Iil BUSHAUYAETHCA He JUIIIE 3MiHOI0 MarHeTHOTO I10JI4,
aJie i BapianmiaMu MarHeTHOTO MOMEHTY HOCifA. SIKIITO I1i BeIMYMHM II0C-
Tifiui B mpocTopi, To F = 0. 3Bimcu BumauBae, 1110 A4 ofepKauua Heoo-
XiTHUX BeJIMYNH CUJI MATHETHE II0JIe ITIOBUHHE 3MiHIOBATHCSA B IIPOCTOPI.

BigmiTumo, 1o

V(m-B)=|V(m-B)|-n, 4)

me n (OAMHWYHWI BEKTOP S30BHINIHBOI HOpPMaJi MO JiHiN mosa
¢ =V(m-B). Toxi noxigHa 1o JOBiJILHOMY HAIIPSAMY € Ma€ BUTJIAN

‘2_") eV =|V(m - B)|cos(e , Vo),
e
Ie
ox oy 0z .

Posrnsazaemo HeogHOPiAHEe OJHOBUMIipHe IToJe 3 iHAYKIIiel0o B = B(y),
110400 Y340BK Oci y. SIKIIT0 HeXTyBaTU 3MiHOIO MAarHEeTHOT'O MOMEHTY B
IIPOCTOPi, TO BUPaA3 [Jis MArHETHOI CUJIM BIiAMOBiAHO M0 piBHAHHA (4)
MOKe OyTH 3alIMCAHO Yy BUTJIAL

d(m(H)B)

F =V

(5)
neV — o6’em uactTuuaKku; H — HAIPyKeHICTh M0JId, ITOB’ I3aHAa 3 MarHe-
THOIO iHAYyKIiero cuiBBiguomernuam B = n,H; m(H) — cepexnHiit marue-
THUH MOMEHT, II10 BiAIIOBiae oAMHUII 00’ €My YaCTUHKH.
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TABJINIIA 1.1. KoedimienT npomopiifinocT A 00YMCICHHS MarHETHOI'O
MOMEHTY eJIiTICOiIiB 06epTaHHs 3 PiBHUM CIIiBBiIHOIITEHHAM BEJIMYNH TiBOCEH.

L/D, 0,0 0,1 0,25 1,0 2,0 3,0 4,0 5,0
k=m/H 1,0 1,19 1,45 1,9 3,0 5,75 12,5 18,0

BesmunHa eheKTUBHOTO MarHETHOT'O MOMEHTY HAHOYACTUHOK i arpera-
TiB 3aJIE3KUTDH BiJl iX po3MipiB, (hopMu, HAMATHETOBAHOCTH, TEMIIEPATYPH i
Ieakux inmmx (isnuyamrx GarTopiB i € HeBigoMoro 3asmanerigb. Huia de-
POMarHeTHKiB HaMarHeTOBAHICTh € (PYHKIII€I0 MOIYJA BEKTOPY HAIpy-
JKEHOCTH MAaTrHETHOTO IIOJIs, i JJIA MaJMX 3HaUeHb HAIIPYsKEHOCTU IIOJiB
cepenHili MarHeTHUI MOMEHT OAMHUIIL 06’emy m(H) IPOIOPIiAHUI MO-
IyJII0 BEKTOPa HAIPYKEHOCTH MaraHeTHoro moius H, Ttooro m(H)=«xH, ge
K — KoedimienT nponopiitHocT. 3 hopmy.iu (5) BUXOAUTD, IO B IILOMY
BUIIJIKY CUJIA, 3 TKOIO MarHeTHe I10JIe i€ Ha YaCTUHKY J0BiIbHOI (hopmu,
mporopirifina ii 06’emy i H0OYTKY MOAYJIA HAIPYKEHOCTH HAa I'PAJi€HT
moxyaa imgykirii. Takxa sakoHOMIpHICTE 30epiraeThbes TiIBKM 0 HAIIPY-
*KEeHOCTel, IOKN HaMAarHeTOBaHICTh YACTUHOK JAJIeKa Bil HacUYeHHs.

Toxi popmymy (5) MoKHA ITepenucaT Y BUTIIATL

F = D) (6)
dy
3HauyeHHS KoedimieHTa MPONOPIiAHOCTY K 3aJI€KUTD Bi (hopMU YacTu-
HKU. [I1g cymiIpHuX esincoiniB obepTaHHsS 3 PiSHUMU BiTHOIIIEHHIMU
nosxuHu L 1o giamerpy D, 3HaYeHHA K HaBeJeHO B Tabu. 1.1, 3 AKol BU-
XOJUTh, 10 BigHomenHa L/D, (paxTop popmu) icTOTHO BILIMBAE HA Be-
JUYNHY MArdeTHOTO0 MOMEHTY YacTUHKU. [JIid YaCTHHKHN 3 MarHeTHUM
SIAPOM i 000JIOHKOIO ¥ BUIVISIAL eJIincoifa y 38’ A3KY 3 iCHYBaHHAM aHaJIo-
rii Mixk 3aBEAHHAMU €JIeKTPOCTATUKY i MAarHeTOCTATUKHY MIJIsI OOUMCJIEH-
HS MarHETHOTO MOMEHTY MO:Ke OyTu BuKopucrauuii meron [40], sampo-
TIOHOBaHUH JIJIsI PO3PAXYHKY IIOJIIPU30BAHOCTH IIIapPyBATOTO eJimcoiga.

IIpu BuUCOKMX piBHAX HANPYIKEHOCTU IIOJIB I (hepoMarHeTUKiB
HaMarHeTOBAHICTh focArae Hacu4yeHHA, Tooro m(H) -> m_, , ne my,, —
MAarHeTHHUI MOMEHT OAUHUIIL 00’ eMy IIpU HOCATHEHHI MaTepiajgoM HaMa-
THETOBAHOCTU HacUUYeHHA. B mbomy Bunagky 3 (6) maemo

F =xVm_, @, (7
dy

y

i, TaKUM YMHOM, PiBeHb HAIPYKEHOCTU IIOJIA IIEPECTAE BIJIMBATH HA
CHIy, a CUJIa 3aJIe;KUTh TLIbKHY BiJ I'pagieHTY Moy ia inaykirii. Bkasami
3aKOHOMIPHOCTI BUKOHYBATUMYThCA i /1A JOBIILHOTO PO3MOIiIY MOJIS B
IIPOCTOPi, AKIMO BBa’KATH, IO BiCh Y CIIiBIIAJa€ 3 HANIPSAMOM BEKTODY
MAarHeTHOI iHOyKITii.
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OcCKiTbKHM CUJIA iCTOTHO 3aJI€KUThH Bil TeOMETPUUYHUX ITapaMeTpiB ua-
CTUHKIH, TO HEOOXiTHO BPpaXOBYBaTHU PO3IIOLLJI HAHOUACTUHOK abo ix ar-
peraris mo poamipax. IIlifbHicTh PO3TOAiNTy YaCTHHOK IIO0 pPo3Mipax (3a
miamerpoM, 06’eMoM) 6araTo B YOMY BU3HAUAETHLCS TEXHOJIOTi€I0 BUTO-
roBaenuA. [ocraimxenuir [39] posmomis HaHOUYAaCTHHOK IO po3Mipax
IpU BUKOPUCTAHHI JAaHUX, OHepP:KaHUX TPbOMa PiSHUMH METONaMU.
BcranosieHo, 1110 HAMOIIBINT BiAIOBIAHMM A1 MAarHeTHUX HOCiiB BUAB-
JSAEThCS JIOTapu(MPMiuHO HOPMAJBLHUHN PO3MOLiJI, I'yCTHHA BiporigHOCTH
axoro p(D,) mns gacTUHOK chepruHOi PopMu AAETHCA BUPA3OM

1 2 2
p(D,) =ﬁexp{—ln (D,/D,)/ (20 )} (8)

m

ne D,i D,, — BigmoBigHO AiaMeTp i Ha#biIbII Biporiquui giamerp (ma-
TeMaTU4YHe OUiKyBaHHS) YACTUHKHN; G — CEePeIHbOKBAAPATUYHE BigXu-
JIEHHS BiJ cepeIHbOro 3HAUCHHS.

3 ypaxyBaHHSIM 3aKOHY PO3IIOAiNIY II0 PO3Mipax HeBaKKO BUpPaxyBa-
TH cepenHE 3HAUeHHS (MaTeMaTHUHe ouiKyBamus M) cuiau, mirouoi Ha
cdepuuHi yacTuEKE 06’eMoM V = nD?/6, 3a hopMyJI0IO:

T dH 7 _,
F,=M][F,] = e gy [ Dyp(D,)dD, . 9)

I podpaxyHKyY XapaKTepPUCTUK PYXY, AK OKPEMUX MarHeTHUX HO-
ciiB, TaK i ix arperarTiB mijg gi€ro MarHeTHOTO IIOJIS IIPUBEEMO JEAKL Te-
OpPeTHMYHi OIliHKU ITapaMeTpiB B 3aBJaHHI TPaHCIOPTY HOCiIB B KPOBOHO-
cuux cyauHax. Ha pucynky 1.1, a cxeMaTHUYHO IOKA3aHO PO3TANIYKEHY
CTPYKTYPY CYAWH B OpraHi-mirmeHi, a Tako:X HaBeIeHO PO3PaAXyHKOBY
CXeMy PyXy HOCiiB Ha iJIAHIII TOPMBOHTAJBHOI CYAUHM KiHIEBOI OB-
skuHu (puc. 1.1, 6; IyHKTUPOM IO3HAUEHO 30HY aKTUBHOI Iii MarHeTHo-

O
@)

- - -—- ------r_-------

Q ol

0

Puc. 1.1. Cxema cyauHHOTO cepemoBuina (a) i pospaxyHKOBa cxeMa Pyxy Mar-
HeTHUX HOCiiB Ha cyaunHHI# ginaHi (6).
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ro mojs). BimmiTumo, 110 KoKHe j-e BiAramy:KeHHsS OCHOBHOI CYyIWHU
OpraHy yTBOPIOE IeAKnH KyT o, (puc. 1.1).

Poarasremo pyx oKpeMoro Hocis (MarLeTHoi yacTUHKY abo arperary)
Ha OiIAHI CYOIWHUN, AKY BBAXKAEMO IIMJIiIHIPHUYHOI TPYOKOIO 3 MKOPCT-
Kumu crinkamMu. OCKiIbKY pyX HOCiSI MOCTynaJbHUT, TO MOYKHA BBasKa-
T YaCTUHKY MaTepiaJbHOIO TOUKO0. PyX YaCTHHKU OMMCYBATIMEMO B
HexapToBiii TpAMOKYTHi# cucreMi KoopauHat Oxyz, Bich X HAITpaBUMO
Y3IOBMK OCi CyOuHM, OCi I i 2 — IepHeHAUKYJISAPHO X TaK, 100 BOHU
YTBOPIOBAJIU IIPABY TPIHKY, IPUUOMY, BiCh I COPAMYEMO Y3A0BK JIiHiT
MaKCHUMAaJIbHOTO 3POCTAHH 110JidA. [louaToK KoopAuHAT 3B’ AKEeMO 3 Bic-
cio cynuuu. Ha yacTUHKY Aif0OTh 30BHIIIHI cuan: cujia TxKiHHa G =mg
(TyT m Maca YacTUHKH, g (IPUCKOPEHHA CUIu TaKiHHg), F, — Apxime-
nosa cuiua; F,, — marnetrHa cuna; Fg — cuna omopy pyxy. Hagaui BBa-
KaTHUMeMO, IO CHUJIOI0 TSAMKIHHSA, ApXiMemoBoio CHJIOI0 i iHepIlifiHOIO
cuyomw (ma; a — IPUCKOPEHHA YACTUHKN) MOYKHA HEXTYBAaTH 3BaKalo-
u1 Ha He3HAUHy Macy yacTuHoK (10™1-107%r).

B xoxi meTanbHOrO BUBUEHHS Tedii KPOBi eKcliepruMeHTaJ bHO i Teope-
TUYHO BCTAHOBJIEHO, IO PYX MAae€ JaMiHapHUI XapaKTep AK B TOHKUX
CyIWHAX, TaK i Ha MilgHKaxX 3HAUHOI KpUBUSHU. Y 3B’A3KY 3 TAKUM Xa-
PaKTepoOM PyxXy MOKHA BBaKaTH, IO B JOBLIbHIiNI YaCTHHI CYAUHU PYX
HOCifA IPAKTUUYHO IPUIUHAETHCSA IPU JOCATAHHI CTIHKY cyauHM. Bigmi-
THMO, III0 YaCTUHKU MOKYTh KOB3aTH II0 CTiHKaxX CyAWH, IPOTe IMIBUJ-
KicThb iX mepeMillieHHsS B I[bOMY BUIIAAKY OyJe 3HAUHO MEHIIIOI0, HiXK B
cepenHiit yacTuHi.

PosrismaeMo crioyaTKy YMOBHU 3YIIMHKHK HOCIIB MarHeTHUM II0JIEM Ha
BHYTPIiIHIN cTinmi cygsuau. Ha yrpuMyBanHuii MATHETHIM HOJIeM HOCiH
B mtoToI1i Kposi gie CToxcoBa cuJa:

F, =3nD,un,,

ne D, — rizpoguHaMiuHMi fiamMeTp HOCiA (3 ypaxyBaHHAM 000JIOHKH); V
— MIBUAKICTH MOTOKY KPOBi; 1, — ii B’ aA3KicTb. OCKiIbKY PYyX KPOBi B
CYOUHi JaMimapHUii, TO 3yIMHUTHU HOCiii Haiiermie 0ind CTiHKHU, Ie
MIBUAKICTh MOTOKY V MiHiMaJIbHA i IO TOPAAKY BEJIUUYMHU ITPOIIOPITifiHA
v (mapaMeTp Yy Ma€ pO3MipHiCTh KyTOBOI IIIBUIKOCTM).

Hexaii marmeTse 1mojie 3 BeJIMYMHOIO I'DAi€HTy Hampykenoctu VH
JIOKaJIi30BaHO Ha AiNAHII po3mipom [ ycepenuwHi cyamHu miamerpom d
(puc. 1.1). ¥V mabaum:xenni IlyaseiimeBoro (mmapadoiuHOr0) posMIOmiay
HIBUJKOCTHU IIO IIepepisy CYyAUHY, AKa NpUiMaeThcA Yy BUTVIAAL KPYTJIol
MUJIHAPUYHOI TPYOKU, Ma€e MicIlle HACTYITHUM 3aKOH POIIOAiNTY IIIBUJ-
KocTel 110 pagianbHill KoopauHATI 7:

L= Dy — Dy d_z_rz ,
4an,l |\ 4

e p;, P; — THUCK HA BXO[i 1 BUXOAi HiMIAHKM aKTHUBHOI il MarHeTHOTO
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moJis 3aBAoBKKHU [. CepenHs MIBUAKICTE Teuil pigumHau U BU3HAUAETHCA
BHPA30M

g-P-p &
nl 128

Toxi 06’emMHy BUTpaTy KpoBi (KPOBOTIK) @, BUPAIKEHY 1ePe3 Cepe/Io
IIBUIKiCTh, MOYKHA 3HAMTHU 32 POPMYJIO0 @ = nd?U .

IIpupisHioroun CTOKCOBY CHUIy 3HAUEHHIO OCHOBOI KOMIIOHEHTH Mar-
HeTHOI cuyu [41]

F=mVHcoso,

ofep:KaHO YMOBY YTPUMAaHHS HOCiiB MArHETHUM II0JIEM HA CTiHITi CYIUHN:

mVH cosa = 67trg2y1n2 , (10)

e m — MarHeTHUH MOMEHT Hocid; oo — KyT Mixk HanmpamkoM H i Biccio
CynuHu, I, = Dg / 2 — rigpoguHamiuuuii pagiyc; n, — B’ A3KicTh KPOBIi
B IPUCTiHHOMY IIIapi, a Y, BU3HaYaeThcAa Bupasom [41]

32080
" nd® d’

Aximo 06’eMuMit BMicT (hepoMarHeTHOr0o MaTepianay 3 IMTOMKMM MAar-
HETHMM MOMEHTOM M, B HOcieBi mopiBHIOE k, a 00’em mocia (4 / 3)nr
(tryripmanir=r,), o

m= ganmoxk , (11)

e y — HaMmarHeroBaHicTb [41]. 3 TOUHiCTIO, TOCTATHBOIO [JIf OI[iHOY-
HUX PO3PaxXyHKiB, IPUIYCTAMO, 110 AJI MArHeTHNUX IIOJIB 3 HALPysKe-
mictio H < H" HacuyeHnHs depomarsetuxa y ~ H/H", a 3a ymosu H > H"
maemo y = 1. Temep ymoBa 3ynuMHKM HOCisl Ha BHYTpPIilIHil cTiHmi cyam-
HU Habepe Buraany [41]:

9 n
k1 =-_ 'z (12)
2 nyxrVH cos o

Pisusannsa (12) BusHauae Takuii BMicT y HocieBi (hepoMarseTHoro mare-
piany k,, Ipu AKOMY IJIA CEPEIHBOI IMIBUAKOCTU Teuil KpoBi U B cyamui
niamerpoMm d MoOKe BimOyBaTucA Horo 3ynuHKA 0iJid CTIHKY CyAuHU Ma-
FHETHUM I10JIeM 3 mapamerpamu p,i VH .

Hapgani BuxoquTuMeMo 3 XapaKTEePUCTHUK Tedii KpoBi moxmuu [41],
3HAUEHHA AKUX HaBegeHo B Tadi. 1.2.
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TABJINIIA 1.2. [lesaki xapakTepuCcTUKY Tedii KpoBi moaguuau [41].

. Cepenusa mBuaKicTh | CepeiHe sHaUCHHSA
HiameTp cynuamM

Tun cyauau d. o KDOBOTOKY B mmapaMeTpa
’ cymurax U , cm/c v, =8U/d,c"
Aopra 1,6-3,2 30-60 300-600
Benuki aprepii 0,6-0,1 20 270-1600
Aprepionu 0,1-0,02 10-0,2 800
Kaninapu 0,0005-0,001 0,05-0,07 500-800
Benysu i mani Benu 0,02-0,2 0,1-1 40-200
Beauki Benn ,6—1,0 10-20 160
ITopo:xkHuUCTi BeHU 2,0 50 200-300

PosrasmeMo Temep BILIMB HEOAHOPiAHOrO MArHETHOI'O IIOJIS Ha dac-
TUHKHU B JOBiJbHi# cyauHi i omimmMo yMOBHM, HeOOXiAHI A mocTaBKU
HOCiiB 0 CTiHKM CYAUHU B 30HI e(DeKTUBHOI il MArHETHOTO MOJISA 3 Xa-
pakTepHO0 HOBKKMHOIO [ (puc. 1.1). PiBeHb mossa BBa:KaeMO TaKUM, IO
HaMarHeTOBaHICTh HOCIIB mocsrae HacuueHHs. AHai3 PiBHAHBL PYyXy
YACTUHKHU y B’ A3KiH PiAMHI Ipu HeAKNX CHPOINEHHAX A03BOJISE OIliHN-
T Yac, HeOOXigHUHA i HOCATHEHHS YaCTUHKOIO CTiHKM cygunu [40].
J1a noBiIbHOI YaCTUHKHY 3 Pagiyc-BeKTOPOM I, III0 PYXAa€eThCA B 00J1aCTi,
OPOTUJIEKHIA J0 pO3TAIlyBaHHsS MAarHeTy, MOMKHA OI[IHUTH MOZIYJb
IIIBAAKOCTH PYXY YACTUHKYU B HAIIPAMKY I.

3 popmyau (7) BUBHAUYAEMO BEeJINUYNHY IMIBUAKOCTH UYACTUHKU B IIHO-
My Hanpamry [38]:

v, = Kmy G [1 - eif(Dg)t] , (13)
pf(D,)

ne f(D,) =3mm, / (ByD: ) — QyHKIig epeKTUBHOIO AiaMeTPy YaCTUHKHI
D,, p — rycTuHa YaCTUHKU; K — Koe(ilieHT, AKNUI 3a1eXUTh BiA ii do-
pMmu; G — r'pagieHT MOAYJISA MArHETHOI iHAYKIil, AKuii B mepepisi ToH-
KOi CyAMHU MOKHA BBaYKaTU IIOCTiAHUIM.

3 (13) BunuBae, I110 i Ai€l0 MATHETHOTO IIOJIA IITBUAKICTL YaCTUH-
KU IIBUAKO CTA€ IIOCTiHHOIO BHACJIOK MaJIOT0 3HAUeHHAM Macu. Tozi
HIBUAKICTh PYXY V, BiTHOCHO Tedii KpoBi IIpy MeBHUX 3HAUCHHAX KOH-
ImeHTpaIii MarueTHUX HOCIIB i I'DaflieHTy II0JIA Y3[I0BIK OCi J 3HAXOAUTD-
cs Mo popMy.ri

_KmG

sat

1% .
" pf(D,)

O1inuMo yac pyxy HOCIiB 10 CTiHKM cyquHM. SIKIITO TO3HAYNTHY Uepes
Tyac rmepedyBaHHA HOCiiB B cyAnHi oprany, a uepes t — 4uac, HeoOXigHU
yciM HOCiAM AJIA MOCATHEHHS CTiHKHM CYAMHM, TO YMOBA YCIIIIIIHOI moc-
TaBKU Ipelapary B OpraH-MillleHb MOKHA 3aIlMCaTy Y BUTJISAA1I HEPiBHO-

(14)
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ctu t < 1. BuKoHaHHA IIiel HEPIBHOCTHU € OCHOBHUM KPUTEPi€EM YCITiII-
HOI JOCTaBKU IIpelapary.

J1s nofanplinX OLiHOYHMX PO3PaxyHKiB JOILIBHO, AK i BUIlle, BU-
KOPUCTOBYBATHU CEPEAHIO IIBUAKICTL Teuil U, 3HaUeHHSA AKOI AJId pis-
HuX cyauH npusefneHe B Tabu. 1.2. Toxi uac mepebyBaHHS HOCIIB B cyau-
Hi oprany 3a BigcyTHOCTH 110J gopiBHIOE T=1 /U, ne | — 30Ha aKTUB-
Hoi 1ii MmarmerHoro moasd (puc. 1.1).

¥V zaraipHOMY BHUIIAAKYy BEKTOP MarHeTHOI CHUJIM i BiCch CYAWMHH MO-
EKyThb ckaagatu gesknii kyT o (0 <o < 7). Yac nepebyBanHd HoOCiA B
CYIVHi 3aJIe’KUTh BiJ BeJIMUYMHU IBOTO KyTa, OCKIJIBKH OO0 CepeaHbOl
mBuAKocT U pyxy y3I0B:K OCi JOIAEThCA MPOEKIlis BiZHOCHOI IITBU/I-
KOoCTHU Ha Iieil HanpAaMoK. Yacu £ i T MOXKYTBh OyTHu obunciieHi 3a opmy-
JaMu:

tzL, rz_é. (15)
v, sina U +v, cosa

3 X CIiBBigHOIIEHb BUXOIUTD, 1110 3a yMoBU 0 < o < /2 dyac mepe-
OyBaHHS HOCisl B CyAMHI CKOPOUYETHCA, a IpU 7T/ 2 < o < T 30iabIIy-
erbcd. IIpu nbomy MiHiManpHUI yac nepebyBaHHA IIpenapaTy B CyQUHi,
oueBHUAHO, piBHUN T, =1 /(U +v,), amakcumanpuuii 1, =1 /(U +v,).

Haii6inpn HecOpUMATINBUN BUOAMOK, KOJU YACTHUHKA 3HAXOTUTHCS
0insa mpOTMJIEKHOI CTiHKH, i TOMy MaKCHMAJBLHO MOMKJINBA BifCTaHD,
AKY i1 Tpeba 3m0aaTH, JOPiBHIOE JiaMeTpy cyaunu. 3 BpaxyBauuam (15)
KPUTEPiil YCIiIIHOI JoCcTaBKU IIpernapaTry MoKe OyTHu 3aIllncaHuii y BU-
TJIA11 HepiBHOCTH

v, sina—%cosa Z%L_f (0<a<m), (16)

3 AKOI BUXOJIWUTH, IO NIPKU HNEBHUX 3HAUEHHAX KYTiB BUpas B AYy:KKax
Moxke Oytu Bim'emHuM. OTiKe, BUKOHaHHA ymMoBu (16) mpu mesxomy
rpaHuYHOMY KYTi oy, = arctg(d/l) crae HemoxxkauBuM. TakuM UMHOM,
YacTUHA CYAWH, IJIA AKUX KYTU MiK OCAMHY i HAIPAMKOM il MarseTHol
CIJIM NOTPaniAoTs B iHTepBan 0 < o < o, , He 3aJ0BOJbHAIOTH KPHUTe-
pito ycointHoi gocTaBKY Mpenapary.

¥ sarasbHOMY BUTIIAAKY (hOpMaJIbHUM PO3B’A30K HepiBHOCTHU (16) Mae
BULJIAL O, < o < Q,, A€

_da U
N
u

d
Ja? 2 v,

d . d .
o, = arctg — + arcsin — + arcsin
! l l

o, =T+ arctg% + arcsin% —arcsin (17)

ITeit po3B’s130K icHY€E 3a yMOBU
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1
3
g
3 2
=
: e
-
0 o n/2a, T o

Puc. 1.2. I'padiuna imocrpania poss’a3anua HepiBHOcTH (16): I — 3anexHicTD
tla)=d/(v,sina);2— (a)=d /(U +v,cosa) .

_ 4 U4
a imakire — po3B’A3KiB HeMae.

I'padiunma imrocrpariis HepiBHOCcTH (16) 300paskena ma puc. 1.2, me
CXeMaTHUYHO IIoKasaHi 3ase:xkHocTi (o) i (o) mpu pikcoBaHUX 3HAUEH-
HAX TOBXKUHU i JiaMeTpy CYAUH i cepeaHixX MIBUAKOCTIX.

Craix maTu Ha yBasi, 110 AJd OiJIBIIIOCTY KPOBOHOCHUX CYAWH BiTHO-
IIeHHS JiaMeTpiB J0 MOBXKMHM AKTHBHOI 30HHU Aii moasa maJji, Tomy i
3HAUYEeHHsS TPaHMYHOrO KyTa Oyme maauMm. Hampuxiaazn, AJI8 CyOUHHU 3
BigHomenuam d /Il =0,1 rpaamyHmii KyT o, =~ 6°. OCKIIBKH KyT O
MO:KHAa BBAsKATH BUIIAAKOBOIO BeJINYNHOIO, PiBHOMiPHO PO3IOLiIEHOIO ¥
BKa3aHOMY iHTepBaJi KyTiB, TO BipoTifHiCTL momagaHHs CyOUH B Iiel
inTepBays Oyze mMaja, i B POSIJISHYTOMY IIPUKJAAi BOHA PiBHA JIHIIe
0,03. g ToHIINX CYAWH I BiporigHicTh 11e MmeHma. Tomy 3 qy:ke Bu-
COKOIO BipOTiJHICTIO HOIIyCTUMO BBaXKaTH, 10 HEPiBHiCTH o > o, BHU-
KOHYETBHCA.

IIpu npomy nas ManuX 3HAUEHb BigHOIIIEHHA d/l MOMKHA BUKOPUCTO-
ByBaTH HaOJMKeHHA o, ~d /.

Ob6Jj1acTh icHyBaHHS PO3B’A3KiB HEPiBHOCTH 0oOMe:KeHa 3HAUEHHAMU
KYTiB Q; < O < Oly; IJIs HAOUHOCTH Ha puc. 1.2 Boma 3adapboBana. as
PisHUX 3HAUEHb HOBXKMHU i JiaMeTpPy CYAUMHHU i IMMIBUIKOCTEN 1eli inTep-
BaJI MOsKe OyTH pisHuUM (y TOMY YHCJIi i TOPOKHIM, IKIITO KPUBI He mepe-
TUHAIOThCA). JloB:KMHA iHTepBalry A =0, —0, Mae HACTyIHUH CEHC:
IJIsT yeixX cyauH, oci SKUX YTBOPIOIOTH 3 BEKTOPOM MAarHeTHOI CUJIH KY-
TH, 110 IOTPAILIAIOTE B Ileil iHTepBaJj, € rapanToOBaHA JOCTAaBKa IIpela-
paty mo ix cTiHok. OCKiJIbKM KYyTH MOKYTh HaOyBaTH HOBLJILHUX 3HA-
yeHb B iHTepBati [0, n] i mpu nmpomy posmoxiseHi piBHOMipHO, BigHO-
meHHA A = A / T HOKaXe, B IKYy caMe YaCTUHY CYAWH OpTaHy, TOBiJIbHO
Opi€eHTOBAHMX B IPOCTOPi, MOsKe OyTH JOCTABJIEHUI ITpemapar.

3 ypaxyBaHHSM BBeJeHUX II03HAUECHb IIPUXOIUMO 10 HePiBHOCTU BU-
TJIALY
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TABJINIIA 1.3. KpuTuuHi MIBUAKOCTI IpU PisHUX 3HAUEHHSX IIapaMeTpa A.

A, % 30 50 70 90
v, /vm" 1,12 1,41 2,20 6,39

cr

sinoy, ~T a 1 (18)

v >U——m ,
sinl-A)x /2 l cos(Am /2)

siKa MO3BOJIAE IIOBHICTIO BUPIININTHU IIOCTABJIeHe 3aBIaHHS BU3HAYCHHS
HeoOXiTHMX 3HaueHb IIBUIKOCTEI i, BiAIOBiAHO, XapaKTePUCTUK IIOJIA.
HepiBHicTs 3B’s13y€ IMIBUAKICTH BiJHOCHOI'O PyXy, sIKY IIOBHUHHE 3a0€3-
MeYnTH IpPUKJaJeHe MarHeTHe II0Jie, 3 CepeJHbOI0 IMBUAKICTIO Teuil
KPOBi B CyInHi, TeOMETPUYHUMHU HapaMeTPaMU CYJAWH i YaCTHHOIO BU-
KOPUCTAHUX CYAUH OPraHy-MillTeHi.

Y rabauni 1.3 HaBemeHO 3HaUYeHHA mapamerpa A = (o, —a,) /7 IpHU
pisHuX 3HaYeHHAX U, /U, , me U =Ud /1.3 nux faHUX BUXOAUTH,
III0 HaBiTh IPKU He3HAYHOMY 30i/IbIIeHHI MiHiMaJlbHOI KPUTUYHOIL IIBU-
nxoctu U, =Ud /1, axa e pikcoBaHOO XapaKTepPUCTUKOI KOHKPETHOI
cyaumuu, Mo:kHA mocArtu 50% -ro ycmixy B mocTaBIli mpemapary A0 CTiH-
Ku cyauuu. Tabauisa 1.3 yMOMKIMBIIIOE OMiHUTY HeoOXimHi mBUIKOCTI
IJis Oy Ib-AKOI CYAVHY 34 HAABHOCTH BiIITIOBiTHMX XapaKTEPUCTUK.

3 ypaxyBaHHAM HaBeJeHUX Buire (y paMKax CIPOINeHOol MoAesi of-
HOBUMIipHOIO MIOJISI) BUPAa3iB, 0JIeP:KyeMO HEPiBHICTEL AJIA OI[IHKKM Heo0-

XigHUX cepeHixX PiBHIB I'PaZlieHTIB B cCyAMHAX

Ud pf(D,)
" lcos(mh /2) km,

(19)

Ileit KpuTepiil 103BOJIAE BUSHAUUTHU JAJIsI KOHKPETHOT'O OPrany HeoOXis-
Hi 3HaUEeHHA MOTPiIOHUX ITBUIKOCTEH PYXy MarHeTHUX HOCiiB. ¥ CBOIO
Yepry, BiH a€ MOKJIUBICTH IPOBECTH OIiHKY HEOOXiHUX PiBHIiB MOJIiB i
rpanienTiB. Tounie pimeHHa MUX 3aBAaHb BUMAarae J0JaTKOBUX HOC-
JigyKeHb 1 YIOCKOHAJeHHA MojeJiell 1 onucy pyxXy HOCiiB B cyamHax.
BigmiTumo, 1110 3 0JIepsKaHOT0 3aTrajJIbHOT0 KPUTEPil0 BUXOAUTDL Pe3yJib-
TaT, HaBegeHui B [41] — dopmyaa (5).

Yrpumaru; yci Hocil, AKi IOTpanisioTh y BEJIUKY CYAUHY, MOYKHA
JIUIIIE TOMi, KOJIM XapaKTepHui po3Mmip [ obysacTu JoKasisarii marfer-
HOTO moJis1 JopiBHIOE [ = bUT —dctga , me b — KoedilieHT HOPAAKY OLH-
HuIi, t=d/V, — 4dac mepeTuHy HOCieM CyAWHU Wi giero momepeuHOl
ckJyaznoBoi marterHol cunu. Ilomepeuna kKoMmmoHeHTa V| MIBUJKOCTH
HOCiA Ma€ BUTJIAN

v - uVHsina.

1

6nrn,
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Sk i panimre, Bupaskaiouu | uepes k, 3HAXOAWMO YMOBY AOCTaBKU
100% HoCiiB 0 CTIHKM CyAMHM Ha NOTPiOHIM minaHii npu ail marger-
HOTO0 moJiA (TYT i Hu:KUe r — rimpoguHaMiyHUH pagiyc):

k, = Udn, [br*u,VH sina(l + detga) | . (20)

ITopiBHIOIOUM Il BUPA3 3 YMOBOIO 3yINHKM HOCiiB OiJId CTIHKM CyauHN
mpu o =45°,b=4/31ymoBi, mo l >>d un,;/n, ~ 2, 0IEPKYEMO

ﬁ_id_z (21)
k, 18 rl’

Insa 100% -Hoi KocTaBKM HOCIiB 10 cTimku 3a ymoBu d > +18Ir mor-
pibHMI 6iabIINii BMIiCT B HUX (pepoMarHeTHOIr0 MaTepiany, HijK IJad 3y-
MUHKY 1X 0l cTiHKy; gua sunaaky d < +/18lr — maBmaxmu.

SAxmro BmicT hepomMarHeTnka B KOHTeMHepi cKiaanae k,/k, = 0,01, To
nas pearisarmii 100% -moi gocTaBKM HOCIIB 0 CTIiHKY CYyAMHU i iX 3ymu-
HKM B CyAMHAX Pi3HOro mgiaMeTpy IOTPiOHe MarkLeTHe Iojie 3
H>1,6-10° A/m (sacuuyBaubre nose)i H >1,6-10° A/m nus Bew, ze
U=0,1cm/c,abo VH > 2,2-10° A/m? nusa aprepiii, ne U= 0,4 cm/c.

BigmiTuMo psim o6cTaBMH, BaKJIUBUX AJIA IPAKTHYHOTO BUKOPHCTAH-
HsA OIep:KaHMX TEeOPeTHUHHX pe3yJbTariB. IcHye IIeBHA BeJInuyMHAa Ha-
MIPYKEHOCTH MATrHEeTHOTrO IOJIS AJs KOHKPETHOro (pepoMarHeTHOr'0 Ma-
TepiaJy HOCiiB, ITicJIsg JOCATHEHHS IKOI MoJaIbIie ii 30iIbIIIeHHS He IIPH-
3BOJIUTH A0 3MiHU cuau. IIpu iboMmy K AJ1d CIa0KUX, TaK i A9 CUIbHUX
TIOJIiB MarHeTHAa CHUJia IIPOHOPIIiiiHa 00’ eMy Aapa, 3aHHATOMY MarHeTHOIO
PEUYOBUMHOIO YACTUHKH, i iCTOTHO 3aJIe:KUTD Bix ii (hopmu. BusHauamrsauM
haxTOpPOM CIYKUTHh TAKOK I'PATIEHT MOIYJIA BeKTOpa MarHeTHOI iHIyK-
il 3oBHiIIHBOTO TOJsg. TiMbKY IPU MIBUAKIH 3MiHi ITOJIA B IIPOCTOPL MO-
JKJIBE HOCSATHEHHS BeJNKUX 3HAUeHb CUJIHN, SKi IOTPiOHI A5 yTpuMaH-
HS YaCTHUHOK B IIOTPiOHIiM 00JIaCTi KamiJIapHO-CYITUMHHOTO CepeTOBUIA.

VY KOHKpeTHHX BHUIIQJKAaX IIPH PO3PaAXyHKY KOH(irypairii MarmeTHHUX
TOJIiB HeoOXiJHO BpaXoByBaTH THUII MAarHETHOT'O HOCis, PO3TAIITyBAHHS Op-
raHy-MiIlleHi, a KOHCTPYIOBAHHS HOCiiB IIPOBOIUTHICSA 3 YPaXyBaHHIM TUITY
OpraHy-MiIlleHi, KOHKPEeTHUX JIKiB i MexaHisMy IX TepameBTUUHOI Iii.

V¥ rorkux cymurax (d < +/18rl) mokHa peanizyBaTu NOCTaBKy yCix
HOCIiB, II10 3HAXOAATHCA B 30H1 aKTUBHOI Ail MAarHeTHOro moJsd 0 CTiHKU
CYOWHM 3 HACTYIHUM IX yTpuUMaHHAM. I[Ipy MarHeTHOMY IIOJi HAIpy-
sxemoctu H >1,6-10°A/m HeoOXxifHi piBHI I'paji€eHTiB CKJIamamwOThb
H >1,6-10° A/m nns sen (ne U=0,1cm/c)i VH >2,2-10° A/m® ns
aprepiii (U = 0,4 cm/c).

V Bemukux cyaunax (d > \/18rl) gocartu 100% -Hoi JocTaBKU IIPaK-
TUYHO HEMOKJINBO, OCKLIbKM HEOOXigHI AJIS IBOTO BEJIUYNHU I'PATi€H-
TiB CTBOPUTH TEeXHIUHO BaKKO, IPOTe AesdKa YacTHHA HOCiiB, poaTalro-
BaHUX OJIMIKUe 10 MarLeTy, BCe K YTPUMAEThCA MAarHETHUM HOJIeM.
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V cyaunax giamerpom 6inbire 3 cm mocartua 100% -Horo ocamxenna
HOCiiB BasKKO, OCKiJIbKM HeOOXiJHMI I'paJicHT HAIPYKEHOCTU MAarHeT-
HOTO ToJIA ckaamae 10210 A/m?. Ile, mpoTe, He YHEMOKJIUBIIOE 3Y-
OWHKY Ha BHYTPIMIHIiX CTiHKAaX BEJIMKUX CYAWH Ti€el YyaCTUHU MarHeT-
HUX HOCiiB, SKi JOCATJIN IIOBEPXHI 3a Uac «IPOJLOTY» 00JaCTH JOKAJi-
3aIrii 30BHIITHHLOTO MATHETHOT'O II0JISA.

3 ozep:xaHuX B Iiii poOOTi OIIiHOK BUXOAUTH, IO IIPH 3aCTOCYBaHHI
OIITMAaJbHO BUOPAHUX MAarHETHUX CHCTEM MOXKJINBO TOCATTH YTPU-
MaHHA KOHTeNHepiB 3 JiKaMM1 HaBiTh Y BeJIUKUX MaricTpaJbHUX CYIU-
Hax. IlomanbIiri mocaimKeHHS HTOKaXXKYyTh e(heKTHUBHICTH PO3POOJIEHUX
OigXO0miB, IIPOTE CJIiA 0COOJMBO BiAMiTHTH, IIT0 IPOBEAeHI PO3PAXYHKH i
3HalifieHi piBHi I'PaJlieHTiB BKa3yIOTh Ha peajJbHy MOXKJIUBICTb JOCTaBKU
i yrpuMaHHA MarHeTHUX HOCiiB B opraHi-mimnieni. B Toii ke uac, Bpaxo-
BYIOUM CKJAOHICTH JaHOI HPo0JeMU TPAHCIOPTY JiKapChbKUX IIperapa-
TiB, 3 IPOBeNeHNX BUIIE OI[IHOK MO’KHAa 3POOUTU BHCHOBOK, ITTO BUPI-
IIeHHA KOHKPETHUX TePaIleBTUUYHNX 3aBIaHb 34 JOIIOMOT0I0 MATHETHUX
HOCiiB BUMarae BUKOHAHHA BCEOIUYHUX AK TEOPETUUHUX MOCJiIKeHb Ha
MOJeJIbHUX CUCTeMaX, TaK i MpoBeleHHsI HeoOXiJHUX IIoIepeHiX eKc-
epUMEHTIB, Yy TOMY YHCJIi HA KIITUHHUX KYJbTypax i TBApMHAX.

2. CHHTES MATHETOUYYTJINBUX ITIOJI®YHEIIIOHAJBHUX
HAHOROMITIO3BUTIB MEJUKO-BIOJIOTTYHOT'O
IMPU3HAYEHHS TA TOCJIIKEHHA IX BIACTUBOCTEN

2.1. Cxema XiMiYHOT0 KOHCTPYIOBAHHA HAHOKOMIIO3UTIB 3 DYHKIisTMHU
HaHOPOOOTiB

Ha pucynky 2.1 HaBeJleHO cXeMy XiMi4YHOT'0 KOHCTPYIOBaHHA HaHOApPXi-
TEeKTYpHU HNOJi(PYHKI[IOHAJbHIX HAHOKOMIIO3UTIB 3 BJIACTUBOCTAMU Ha-
HOPOOOTiB [5, 14] srigHo 3i chopMyIHLOBAHOIO KOHIIEIIIi€l0, eKCIIepuMe-
HTaJbHO BiIIpaIiboBaHOIO 3a BCiMa OCHOBHUMM eTallaMU ILJIAXOM IIOC-
JIiTOBHOTO CUHTE3Y €JEeMEHTIiB HAaHOAPXiTeKTypu Ta BceGiuHOI mepeBip-
KU iX QYHKIIIOHAJIBLHOCTHU.

B axocTi nepurioro piBHA iepapxiuyHol HAHOCTPYKTYPU — BUXiZHOTO
MaTepiasy AJA XiMiYHOTO KOHCTPYIOBAaHHA HAHOKOMIIOBUTIB, BUOPaHMT
MOHOZOMEHHUUN MaruHeTuT posmipom 8—50 mm. Bimomo, 110 MarHeTHUT
Mae OioreHHy mpuUpPOAY i 3aJ0BiJIbHO BUBOAUTLCS OpraHisaMom. ¥ IIiif
cxeMi BiH MOKe BUKOHYBaTH (DYHKIIi] MarHeTouyTJIMBOIO HOCid Jiikap-
CbKUX IIpenapariB; IepeTBOpiOBayYa eHeprii BUCOKOUAaCTOTHOT'O MarHeT-
HOT'0 TI0JIA 30BHIIITHBLOTO JAKepesia B TEILJIOBY 3 MEeTOI0 CTBOPEHHS Tilep-
TEePMiUYHUX 30H; HAHOUACTUHKU 3 PeaKIliliHO 3JaTHOIO IIOBEPXHEIO, ITI0
[IO3BOJISIE peasli3yBaTU IoAaJbIINI Au3ailH 3amaHol iepapxiuHoil apxi-
TEeKTypH NOoJi(pyHKITIOHATHEHOTO HAHOKOMIIOBUTY .

Hpyruii iepapxiunuii piBeHb HaHOCTPYKTypu (1-4 HM) MOKe MaTu
IOCUTD CKJIAAHY OymoBY. Bin 3abesmeuye crabirizaiiizo HaHOPO3MipHOTO
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CXEMA HAHOAPXITEKTYPH BATATOPIBHEBMX MEAWKO-BIONOTNYHMX
HAHOKOMMNO3IMUTIE 3 ®YHKUIAMMW HAHOPOBOTIB
4 pinen, -5 um
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- ageopbuii npoaykris o o o YRCYCHA KHEA0TA
POSKIIALY KaiTHR Ta ix : - | ""'-IIJ"'“:_‘“"”'“"l
BHLATENNH 32 é Fe - :::E:::':::: e
MONOMOTOI MATHITHONO ' Fe,0, s et
nojin o e .. ¥ noaiakpuaavia
= ACRORTAMIHALL BipYcis |3 1 pigenk, 8- 50 um, ¥ HAHOSAC TIIKH
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T T ]

Puc. 2.1. Cxema XiMiuYHOTO KOHCTPYIOBAHHS HAHOAPXiTEeKTypu 6araTopiBHEBUX
HAHOKOMIIO3UTIB 3 QYHKI[iAMU HAHOPOOOTIiB.

HOCiA NMIIAXOM MOAMMIKYBaHHA HOro IMOBEePXHi 6i0CYMiCHMM HOKPHUT-
TAM (TOJIiaKpUJIaMij], KpeMHE3€eM, TiIPOKCOAIIaTUT, OKCUJ TUTAHY YU
amoMiHiio Toro). HaaBHicTs mapy mogudikaTopa 30epirae BUCOKRY IIH-
TOMY IIOBEPXHIO HAHOUACTUHKHU i T03BOJAE 3MiMCHUTY HEOOXimHy Ximi-
yHY (QYHKI[iOHAJi3allilo, HaOpUKJIAZ, TiIPOKCUILHUMU, KapOOKCHUJIb-
HUMU, TIONBHUMH I aMiHOTpyHIaMU.

Biopyukiionanisamnisa HaHOKOMIIO3UTY 3AiMCHIOETHCA HA TPETHOMY
piBHi (1-3 HM) mIsgxoMm iMmob6iaisarii ximio- (1ucmiIaTuH, JOKCOPYOi-
IIUH), iMyHO- (aHTUTiNA), pagioTepaneBTHUYHUX (0Op- Ta ramgosiHiiBMic-
HUX HEUTPOH3aXBaTHUX areHTiB) i miarHoctmunux (T-, T,-KOHTpPACTY-
BaJbHUX areHTiB, HAHOYACTUHOK 0JIarOPOJHUX MEeTAaJiB) mpelapariB, a
TaKOYK CEHCOPiB, IO 3a6e3MeuyoTh PO3IIisHABaHHA CIeMU(pivHUX MiK-
pobiosoriunux 06’ekTiB. Cuaig 3asHaunTH, 1110 HAHOYACTUHKY 6JIarOpPOJI-
HUX MeTaJIiB, HAIPUKJIaJ, 3aBAAKN HaSBHOCTI IJIA3MOHHOTO PE30HAHCY
MOMKYTb BUKOHYBaTU (DYHKIIII AK ceHCOpiB (ONTUYHI MiTKHU), Tak i Tepa-
TIEBTUYHUX areHTiB (TepMaJibHa Ta (hoToAMHaAMIUHA TepaIrid).

dyHKIil yeTBEepTOTO iepapXiyHOTO PiBHA HOB’A3aHI 3 KalCyJIOBaH-
HSIM HAHOKOMIIO3HUTIB AJIA 30eperkeHHs iX BJJaCTUBOCTe Ta IMPOJIOHTAILi1
Iii nmikapcekux npenapatiB. HaHokarcysmroBaHHA 3AiMCHIOETHCA [EK-
CTPaHOM, JKeJaTUHOI0, moJiBiHisoBuM ciuprom (IIBC), mosiBininmipo-
gigonom (IIBII).

Husxue HaBeZeHO pe3yJIbTaTU €KCIePUMEHTAJIBFHOTO BiiIpaIfoBaHHsAa
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Puc. 2.2. [[udppaxTorpaMa HaHOPO3MipHOTO MAarHETUTY.

BCiX OCHOBHUX eTaliB XiMiYHOTO KOHCTPYIOBAHHSA IOJIi(DYHKITIOHAb-
HUX HAaHOKOMIIO3UTIB Ta Mozeseil HaHOPOOOTiB, JOCTiI:KeHHs iX BJac-
THBOCTeH Ta nepeBipKu QYHKII0HATBEHOCTHU.

2.2, MaraeTouyTJauBi HoCil

CuuTes MarHeToYyTJIMBOTO HAHOPO3MipHOTO HOCiA — HAHOAMCIIEPCHOTO
MAaTHeTUTY 3IiliCHEeHO 3a MeTOAUKOIO0 [42] cmiBocaaKeHHAM COJIel 3aJTi-
3a 3a peakIliero:

Fe' + 2Fe* + SNH,OH — Fe;0, + 4H,0 + 8NH,".

PenrreniBcbka nudparxrorpama (nudppaxromerp IPOH-4-07) cumnTe-
30BaHOT'0 MATHETUTY HaBemeHa Ha puc. 2.2. CepenHiii posmip KpucraJri-
TiB Fe;0, cranoBuB 8—11 uMm (3uaiigeno 3a ¢popmy.ioio [lleppepa).

ITuToMa mMOBEPXHSA CUHTE30BAHOT'O MarHeTHTY cKJazajia S =90-180
M?/T (BU3HAUEHO 3a TeILIOBOIO fecopOIlicio aprony).

Mertonamu IY-cmekTpomeTpil Ha IIOBEepXHi Mar€HeTUTY BCTaHOBJIEHA
mpucyTHicTh GyHKIioHanpHUX rpyn OH, KoHIIEHTpallia AKUX CKJIagajia
2,2 MMOJIB/T a60 24 MKMOJIBL/M® IpH S, = 90 M?/T (po3paxoBaHo 3a fa-
HUMU TepMOTr'paBiMeTPUYHOI0 aHAJIIZY).

Kpusi HamarseryBaHHsA 3pasKiB BUMipioBaJii 3a JOIIOMOTOI0 BiOpa-
IifiHoro MarueroMerpa Ha uactoTi 228 I'it mpu KiMHaTHil TeMIepaTypi.
Hani 1moxo pe3yabTaTiB BUMipioBaHb BUKJIALEHI HUKUYE IIPU POITJIALL
BiATOBIAHMX HAHOCTPYKTYP. JId HOoCaifsKeHb BUKOPUCTOBYBAJIU CYXi
po3MarHeToBaHi BUCOKOAUCIIEPCHI 3pas3Ku.

Hocmimxenua mopdosorii manouyacTuaok Fe;O, meTomaMu cuaoBoi
aTOMHOI MiKPOCKOIIii cBigumMiIo, 110 3HaYHA KiJbKiCTh HAHOUYACTUHOK Y
BHUCYIIIEHOMY CTaHi (hopMye arperatu, po3mip Axkux carae 500 um.
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1 BUTOTOBJIEHHA HAHOKOMIIOSUTIB BUKOPUCTOBYBaJIM (DpaKIlil uac-
TUHOK MarHEeTUTY, CepPelHill po3aMip AKMX 3HaXOAUBCA B mianmasoHi 8—50
HM, AKi, 32 eKCIepUMEeHTAILHUMY JAaHUMU, € MOHOJZOMEHHUMU.

IToBepxHA IOPOIIKY MarHETUTy cTabijizyBajacs 0JIeIHOBOIO KICJIO-
TOIO B PO3UMHI rekcany. BmicT Byrieirio i BogHIo B cTabijiisoBanomMy mMa-
raetuTi ckaagas: C — 2,00% , H — 1,50% . B [43] mokasaHo, 1110 cTabi-
Jigyioue IMOKPUTTA HA IIOBEePXHi MarueTuty (GopMyeThCA 3 ABOX ITapis
MIiJTBHOYIIAKOBAHOI 0JIETHOBOI KMCJIOTH, AKAa 3HAXOANTLCS IePEeBaKHO B
ionisoBauii opmi. Ile migTBepm:KyeThca HadaBHicTIO B IY-crmekTpax
XapaKTepuCTUYHUX cMyTr noriaumuanasa rpynu COO™ (mzus. 2.4.1, puc.
2.9). IudpysHa cmyra norauHagHA npu 105 cM ' BigmoBizae BareHTHIM
rKoauBaHHAM Fe—OH. 3a qomomMoroo pacTpoBoi eJIEKTPOHHOI MiKPOCKO-
mii (PEM) Bucokoi po3aiabuoi 3JaTHOCTH i aTOMHOI CHJIOBOI MiKpPOCKO-
mii (ACM) BcTaHOBJIEHO, IO YaCTUHKM MarHeTUTyY podMipamu mo 50 HM
MaloTh 0JIM3BKY IO eJIIIIcOigHoI (hopMy.

MeTonuka [42] yMOKIUBIIOE OIeP;KYBAaTH MarHeTUT 3 IIIUPOKUM PO-
3MIOiJIOM YACTUHOK IO Po3Mipax, 1o o6yMOBJII0€ HeOOXiTHiCTEL TpoBe-
IEeHHA TOMaTKOBOI omeparlii ()paKI[ioHyBaHHA i HU3BKUI BUXiJ MOHO-
JTOMEHHUX JIafaHHol (hpaKIlii YacTUHOK.

IIpu BuKkOpUCTAHHI MATHETUTY IJIA MeIUYHUX 3aCTOCYBaHb H1OTO Uac-
TUHKY IOBUHHI BigmmoBigaTu pany sumor [43]:

— PO3Mip YaCTHMHOK He IIOBMHEH IepeBUIyBaTu ~ 60 uM, 11100 BOHI MOT-
JIY BiJIbHO IIPOXOAUTH Uepes KalliIapu, He BUKJINKauu eM6orisalrii;

— YaCTUHKHY IMOBUHHI MaTU JOCUTH BEJIUKUYN cCyMapHUI MarHeTHUH Mo-
MEHT B TeXHIUHO JOCAKHUX HOJIAX IJId YTPUMaHHA iX B Teuii KpoBi mpu
disiosoriurux mapamerpax. g MarHeTHMX HAHOYACTUHOK Ile 3Ha-
YeHHS CIIiBIAJa€ 3 TEOPETUUYHO OIiHeHOIO0 BeJINUYNHOIO0 HAWMEHIIIOTO II0
posMipax MarHeTHOTO AoMeHY. YacTMHKM MarHeTUTY B MOHOIZOMEHHO-
My CTaHi MailOTh HANOiNbIlle 3HaUEeHHA KoepHUTUBHOI cuaum. OIiHKa
3HAUEHHA PO3Mipy cPeprUYHMX MOHOAZOMEHHUX UYACTUHOK MATHETHUTY
mpu tremmepatypi 300°C ckimamae = 30 um;

— Hocii MaTh OyTH 3MaTHI HeCTH HeoOXimHMI Habip xXimMioTepameBTUY-
HUX ar'eHTiB, IPU I[bOMY JiKapchbKa PeUOBMHA IOBUHHA 3aiMAaTH 3HAUHY
YacTUHY 00’ €My Tpemapary;

— TIOBEPXHEBi BJIACTUBOCTI HOCiiB MOBWHHI 3a0e3meyyBaT MaKCUMYyM
OiocymicHOCTHM i MiHIMyM aHTUTEHHOCTH;

— MarHeTHi Hocii micasa BuKoHaHHA QYHKIIIH MaioTh OyTu Giomerpany-
IOUNMU, IPU I[BOMY IPOAYKTH PO3Ialy MOBUHHI MIBUAKO BUBOAUTHUCH 3
oprauiamy ab6o 0yTu MiHiMaJIbHO TOKCUYHUMU.

3 MeToI0 peasizalrii BUINesTraJaHUX YMOB i ofep:KaHHS CcTaOiIbHUX
IIPOTHO30BaHUX Pe3yJIbTaTiB, Oyja po3pobieHa KpioxiMiuHa MeTomuKa
reTeporeHHOr0 CUHTEe3y MarHeTHuTy Ha MeXKi momijay aBox ¢as: TBepmoi
— 3aMOPOKEHOT0 PO3UMHY coJiell, i pifkoi — po3umuy amiaky ¢ikcoBa-
HOI KoHIeHTpa1lii [3]. IIpu TommenHi po3UuMHY coJieii Ha TOHKi MixKda-
3HIiN MeKi migTpuMyeThea (y mepiioMy HaOJIMKeHHI) TOCTiHHUN I'pai-
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€HT KOHIIEHTPAI[ill. 3 OOHOro 00Ky — PO3UYHH aMiaKy, Y3ATHUil B HAIJIN-
IIKY, 3 iHIIIOTO0 — y Mipy TaHeHHs TBepaoi (pa3u BUBIJILHIETLCA i BCTY-
Ia€ B peakIliio PO3UMH, II[0 Ma€ 3a3haJieTilb 3aJaHy, IIOCTiiHY KOHIIEH-
Tpaliilo KoMInoHeHTiB peakrii. Ha BigmMiHy Bijg romMoreHHOro cmHTE3Y,
3pOCTaHHA HAHOYACTMHOK Ha JAeAKil BificTaHi BiJl MOBepXHi 3aMOpOXKe-
HOT'O PO3UMUHY COJIEN NPUINHAECTHCA BHACJIIIOK BiICYTHOCTH COJIi 3aJIi-
3a. Ile mo3BoJIsie 3am0O0irTM 3POCTAaHHIO YaCTHUHOK, IO YTBOPUJIUCH, i
306eperTu iX IepBUHHUHN PO3Mip.

Ilocrifina TemiepaTrypa, BHACJHIIAOK IIPOTiKAHHA €eHIOTePMIiUHOI pea-
KIIil TOIJIeHHS PO3UYUHY COJeli, CIIPpuAE YTBOPEHHIO HAHOPO3MipHUX Ua-
CTUHOK 3 0JIM3bKMM PO3IIOAiJIOM II0 po3Mipax. HusbKa TemMiepaTtypa pe-
aKIifiHOI cycIieHsil mepenIKoAKae IIPOTiKaHHIO IPOIlecy YTBOPEHH ar-
peraris 3 GLIAKPUTHUYHUX 3apPOAKiB i ix pexpucranisarii 3 yrBopeHHAM
BEJIMKUX i He KpaIiuM YNHOM CTPYKTYPOBAHUX YaCTHUHOK.

Peakrop nns Kpioximiumoro cuHTe3y (puc.2.3) CKJIaZaeThCcs i3
CcKIAHKY (3) 3 amiauHUM posunHoM (5), B AKUH onyIeHu# ¢Toporiac-
TOBUH CTPUKEHB (2), 1110 06epPTAETHCS, i3 3aMOPOIKEHUM Y BUTJIALL ITH-
JiHApa COJIBOBUM PO3UMHOM (4) MEeBHOTO CKJamy. ¥ HUMKHIA YacTHHI
CKJISTHKU ocifae MaraHeTur (6), 1o YyTBOPIOETHCA B Pe3yIbTaTi peakKIrii.

HanouyacTHHKM MarHeTUTy CUHTE30BaHiI 3a HACTYIIHOIO METOIUKOIO.
Ilepiuit po3YMH CKJIAMAETHCA 3 POSUNHEHOI0 V MiHiMaabHIN KiTbKOCTI
Bomgu cyabdary saniza FeSO, 7TH,0 (26,3 r ma 100 r H,O mpu 293 K).
CrexioMeTpHUUYHY KiJTbKIiCTh XJIOPHUIY TPUBAJEHTHOTO 3ajisa HarpiBau
nmo 315°C i BamBanu mpu mepeMillyBaHHi B momepenHiii posuuH. Oxgep-
JKyBaJI KOHIIEHTPOBAHUY PO3UMH coJieit 3aiisa A. Po36aBiieHU BOIOIO
posumu A, 3asmajieriib BCTABUBIIHN CTPUXKEHDL (2), OXOJIOMKYBAIU IO

280

N

W05~07 04 05 05 1
A H,0

.

Puc. 2.3. Biok-cxema ycTaHOBKHU Kpio- Puc. 2.4, 3anexHicTh TemIepaTypu
ximiuHOrO cuHTe3y MoHOZOMeHHOro Ma- (1) 3aMep3aHHA COJILOBOI'O PO3UNHY A
THETHUTY. Biz 06’eMmuOi f01i Boau (X o).
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Puc. 2.5. 3anexuicts ycepenuenoro mi- Puc. 2.6. Posmomis HaHOYACTHHOK
aMeTpy (@) i maomri moBepXHi YaCTUHOK MAarHeTHUTY II0 AiaMeTpy.
marHeTuty (6) Bix posbaBiieHHS BOJOIO

posunny ckaany A (Xy,, — 06’eMHa fo-

aa H,0).

remnepatypu Ha = 20°C HMKUe 3a TOUKY KPHUCTAJisallii 1IIboro cKJIamgy
(puc. 2.4, mtpuxoBa JiHisg). CTpuikens (2) IpUKPIIIOBAIN 40 POTOPa
MOTOPA, IOTIM OIIyCKAaJIU IIUJIIHAP 3 COJIbOBOTO PO3UMHY B PO3UMH aMia-
Ky BigmoBimmoi koHmeuTparlii. IIIBuaKicTh 00epTaHHA CTPUKHA CKJIA-
mana = 3,2 06/c. Po3uuH coJeii 3aiisa, 110 po3TaHyB, BCTYIAE B PEaKIIiio
xXiMiuHOl KOHJeHcAIlil 3 PO3UMHOM aMiaKy 3 YTBOPEHHAM BUCOKOIMCIIE-
PCHOT'O MarueTury.

Mar=geTuT ocaIKyBaJid 3a JOIOMOTOI0 HEOJHOPiZHOTO MAarHETHOTO
IMoJis, PO3UMH Bigminanum meromoM Aexanraiii. Ocanm 6araTropasoBo Ipo-
MUBaJU J0 BUJaJeHHA HAABHIUX B PO3UMHI aHioHiB.

3a KpioxiMiuHOI0 METOAMKOIO OYJIU Oflep:KaHi 3pasKy HaHOKPUCTAJTIi-
YHOTO MarHeTuTy. 1K BuAHO 3 puc. 2.5, ILJIOIa MOBEPXHi BUCYIIIEHOTO
MIOPOIIKY, HOCJiAKeHa MeTOAOM aacopOIlii aprony, mjIaBHoO 3MiHIOBaJIa-
cA 3aJIeKHO Bify Mipu pos30aBieHHA BOJOI0 MOYATKOBOTO PO3UYMHY A i
craagana = 40—180 m?/r. PosMip YacTHMHOK 3aJIedKHO BijJi YMOB CHHTE3Y
ckaagaB 6—50 HM 3 JOCUTH BY3bKUM iHTepBaJIOM po3moaiay (puc. 2.6).

BusnaueHni yMoBUu ofiep:KaHHSI MOHOJOMEHHOTO MAarHeTUTY IPU KOHT-
pouti in situ po3Mipy YaCTMHOK 3a JOIIOMOT'OI0 CUJIOBOTO HaHocKomy Dig-
ital Instruments NanoScope (puc. 2.7, a). PeHTreHiBcbKi gocaigKeHHs
IIOKAas3aJju, 1110 3pas3Ku, OJep:KaHi 3a I[i€l0 MeTOANKOI0, MaJii He MOBHicC-
TI0 chopMOBaHy KpucTajiuHy rpatHuiio. Ha gudpaxrTorpami spaska
(puc. 2.7,6) e Jgumre Tpu HaNOiABII iHTeHCcUBHUX peduekcu: 1
(26 = 35,5°), 2 (30,4°), 3 (42,1°), xapakTepHi a1a maraetuty. Ilepesaru
3aIPOIIOHOBAHOI METOOUKHU IIOJATAIOTHL B TOMY, III0 BOHA J03BOJIAE Oes-
ImocepeaHbo B IPOIlECi CMHTE3y OJep:KyBaTH MOHOAOMEHHI YaCTUHKU
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Puc. 2.7. ACM-300paxeHHa uacTuHOK Fe;0, Ha moIipoBaHiii TOBepXHi MOHOKPHIC-
TaJIiIYHOTO KpeMHito (a) i audpaKTorpama 3paska HAaHOPO3MipHOTO MarHeTuTy (0).

MAaTHeTHUTY 3aJaHoi (ppakIlii 3 6iJbIII BUCOKMM BHUXOJOM i CIPOIIy€E IPO-
1ec IOoaJILIIIOTO BUiIEHHS BUCOKOAMCIIEPCHOTO IIPOAYKTY (cemaparirii).

2.3. Jocraig:xeHnHa rimeprepmMiuHoro edexry

3 MeToI0 3’sACyBaHHA MOKJIUBOCTY CTBOPEHHS TillePTePMiUuHMX 30H JOC-
JiPKEeHNT Hepe3OHAHCHUH (TEeIIOBUI) BILIMB €JIEKTPOMAarHETHOTO BU-
mpomiHioBaHHA (A = 3 ¢cM) Ha MOJIeTbHI M’ I30Bi TKAHWHU TBapUH in vitro,
B AKi IpoOBOAMIM iH’€KIIil0 BUCOKOIMCIIEPCHOTO MAarHeTuty (puc. 2.8)
[22]. [l pocatigskeHb BUKOPUCTOBYBAIY 3pa3Ky TKAHUH MacoIo 5 T.
Tranvum 2 i 3 BipisHAIMCA HAABHICTIO Pi3HOI KiJTBKOCTH KUPOBOI
ckaanosoi. Ilnoma onpomMinenHa ckIagana = 2 cm®. BeraHoBIEeHO, 0 Y
pasi BBeseHHs B M’A30Bi TkanuHU yacTuHOK Fe;0, (0,1% wmac.) morau-

T, "C
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Puc. 2.8. 3anexHicTh TeMIepaTypHu 3paskiB M’s30B0i TKAHWHU Bif yacy 06po06-
Ku: 1 — mouaTKoBuii; 2, 3 — 3 MAarHeTUTOM.
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HaHHS eJIEKTPOMATrHEeTHOT'O0 BUIIPOMIHIOBAHHSA 3POCTAE, a MIBUIKICTH
HarpiBaHHS 30iMbITyeThCcsa Bixg 2—3 mo 4 r'paj/XB IIPU IOTYKHOCTI BHU-
npominenusa 0,5 Br.

2.4, Ximiune mogu(pikyBaHHS IOBEPXHI MAaTHETUTY
2.4.1. MogudikyBaHHA MOBEPXHi MATHETUTY MOJiaKPUIAMiTOM

3 MeTOoI0 HiABUIIeHHs 0i0CyMiCHOCTY HAHOYACTHHOK, a TAKOMX (PYHKIIiO-
HaJisaIii moBepxHi HeOOXiTHUMY pPeaKIiMHO3JaTHUMU I'PYHaMU I II0-
TaybITol iMmmoOiaizarii 6ioaKTUBHMX KOMIIOHEHTIB, IIpOBeeHO (hopMy-
BaHHSA II0JIIMEPHOT'0 MOJiaKPHUJIaMiTHOTO IIOKPUTTS Ha IIOBEPXHI HAHOIV-
cuepcHoro margetury. Illap mosriakpuaaMigy Ha IOBEPXHI YACTHHOK Ma-
THETUTY Oflep:KyBaJIl MoJiMepusallieio akpuaaMizia 31 3a1IMBaIOUNM areH-
toMm N,N'-meruiren-6ic-akpunaamigom B miasmi sxespitnoro BU-pospsany
[3, 44, 45]. Ananis KiHeTUYHMX KPUBUX TUTPYBaHHA IOABINHUX BYT-
Jellb-BYTJIEIleBUX 3B’SA3KiB CBiIUMUTHL IIPO Te, IO IIOBHA MHOJiMepuaallis
mapy nosaiakpunaminy (IIAA) agiticaoersea mporarom 120 c.

BuBuenunam IY-cmeKTpiB BuUXimHOTO MarHetuty i moamdikoBaHOTO
oJIiaKpUJIaMiTHUM IOKPUTTAM BCTaHOBJIEHA HAABHICTD Ha 1X IIOBEPXHi
dyurmionansanx rpyn —OH i —NH, BignoBigno. [Y-cnexkTpu BuxigHmx
3paskiB maraHetuty (1) Ta Mogu(dikOoBaHMX HOJiaKPUJIaAMiZ HUM IIIapOM
(2) naBegeno Ha puc. 2.9.

Ins uxigaoro Fe;O, cmyra normuuanasa (CII) 8428 cm ™! Bixmosinae
BaJeHTHUM KosimBaHHAM O—H-rpyn moBepxHi MarseTury, IO acoIifo-
IOTHCA BOJHEBUMU 3B’ IBKaMU, 1 BAJICHTHUM KOJUBAaHHAM aJCcOPOOBaHIX
moJtekya Bogu [46]. Ilormuuannasa npu 2851 i 2922 cm ' BizHOCUTHCA 0
CUMETPUYHUX 1 aCUMEeTPUUYHUX BaJIEHTHUX KoauBaHb CH,-rpym crabimi-

A A
1006 1200 1400 1600 ¥ 3000 3400w, cu '

ITornMesEHA, BigH, O

Puc. 2.9. I4Y-®Pyp’e-cieKkTpu BuXigHOro Mmarsetury (1) i marmetrury 3 moJiak-
punraMmigauM moKpuTTam (2); rabaerku KBr.
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gyrouoro mokpurrta. CII 1710 cm ' BifmoBifae BaIeHTHUM KOJIMBAHHAM
KapOOHiIBLHOI TpPyIM O0JeiHOBOI KMCJIOTH, He 3B’sI3aHOI BOJHEBUMU
3B’ siskamu [47]. Ilornmuuanea opu 1620 cvm ' Bigmosigae medopmarriii-
HUM KOJIMBAHHSIM MOJIEKYJI BOJIU, aflcOPOOBAHMNX ITOBEPXHEI0 MarHeTH-
ty. CII 1445 i 1550 cM ' xapakTepus3yiOTh CUMETPUUHI i acuMeTpuuHi
KosmBaHHA 3B A3KiB rpyn —COO™ cTabinisyiouoro moKpuTTs.

Y IY-cumekTpi MarHeTuty 3 MOOJiaKpUIaMiZHUM ITOKPUTTAM
3’ ABJIAIOTHCSA CMYTH TIOTJIMHAHHA Monudikaropa. Inrercusua CII 3428
cM ' 00yMOBJIeHA BaJIeHTHUMU KoauBaHHAME 3B’ a3ky N—H. CII 2851 i
2922 cvm ' BimHOCATBCA [0 CUMETPHUYHHUX i aCHMETPHUUYHUX BAaJEHTHUX
rounBaHb CH,-rpyn nmomiakpunamigy. CIT 1677 cm ™! Halme:XKUTHL BaJIeHT-
HuM KoauBaHHAM C=0 aminmoi rpynu, HIU3bKOUYACTOTHE KPUJIO AKOI IpHU
1642 cvm ' moB’sazane 3 gedopmaniiinumu KonuBanHAME NH,-rpym mo-
Jdiakpuaaminy [46].

Cmyru nipu 1360 i 1465 cvm* carix BigHecTH Ko cuMeTpUYHUX i acuMe-
tpruHnx KoauBaHb CH,-rpyn momiaxpmaaminy. CII mpu 1120 cm ! Ha-
aexutb C—N medopmaliiiHuM KOJUBAHHAM aMimmoi rpynou. ¥ IIiii ca-
Miii 06JIaCTi MOMKYTH PEEeCTPYBATUCSA CMYTH IIOTJIMHAHHA 3apsaIKeHux
dbopM aTomapHOTO i MojeKyaapHoro KucHio (0?, O Ta iH.), BUHUKHEH-
HS IKUX MOMKJIUBO B IIpoIieci mosrimepuaariii B mirasmi BU-pospany [48].

Hocmimxeni MarHeTHi XapaKTepHMCTHUKHM YAaCTUHOK MArHETUTY i
3’sICOBaHUM BILIMB HAa HUX MHOJiaKpuiaaMmigHoro moxkputtsa (puc. 2.10).
Macy nmoxkpuTTtsa sMminoBaau Big 5 1o 50% Binx 3arajabHOI MAcH YaCTHUHOK
MarHeTuTy. Ha oCcHOBI eKkcliepuMeHTaJIbHUX Pe3yJIbTaTiB pO3paxoByBa-
JY MATOMY HaMarHeTOBaHICTh 3pa3KiB G;, Oy IyBaau eKCcIlepuMeHTaIbHi
sasexxHocTi o;= f(H). BuKopucToByoun IIi 3aje:KHOCTi, BU3HAYAIU
rpaHUYHY HAMarHeTOBAaHICThL 3a YMOBHM HACUUYEHHS O,, 3aJUIIKOBY Ha-
MarHeTOBAaHICTb G,, KoepuuTuBHy cuay H, [49].

60 + gD 60 | os | 60 o
A / /’7L’.
=~ 30 30
& f 5% A7 £l Y87
N L]
o & / 2
S } s 0 e 0 1
=3 S / 2 oA
6 B o 7
(23
i 60 60
120 60 O 60 120 .20 60 0O 60 120 120 60 0 60 120
H, xA/m H, kA/m H, xkA/m
a 0 8

Puc. 2.10. 3aieXHicTh MUTOMOI HAMarHETOBAHOCTY YACTHHOK MATHETHUTY 0e3
TIOJTiMePHOT0 MOKPUTTA (@) i 3 MOKpUTTaAM (0, 8) Bif HATPYKEHOCTN MarHETHOTO
moasa. Maca mokpurrsa: 6 — 10, 8 — 50% Bix saramsHOI Macu 3paska.
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Ha pucynky 2.10, a, 6, 6 HaBeneHi 3aJIe;KHOCTI MUTOMOI HaMarHeTo-
BAHOCTHU BiJl HAIPY:KEHOCTH MATHETHOTO II0JIA JJIs IIOPOIIKiB MarueTu-
Ty 6€3 MIOKPUTTA i 3 PiBHUM BMiCTOM IOKPUTTSA Ha MOBEPXHi. 3 aHATIZY
IaHUX BUIHO, II10 3MiHa Macu HOKPUTT Bix 0 1o 10% He mpu3BOLUTE A0
NOMITHOI 3MiHM IOYAaTKOBUX MAarHeTHUX XapaKTepPUCTUK MarHeTHUTy:
3HAUYeHHA G, 3HAXOAUTHCA B Mexkax Bix 61,5:1077 10 62,0-107 Ta-m?/kr,
H_38inx 30,94 1o 29,31 kA/M, 6,= 30,1-:10"7 Ta-m?/kr. IIpu mogaisiomy
30iabIIenHi Mmacu mOKpuTTA 10 50 % BigOyBaeThCA 3MEHIIIEHHSA 3HAUECHD
o, 10 51,1:1077 T-m®/xr Ta o, no 24,0-10° Ta-m®/kr, H, = 29,31 KA /M.
I1i pesysnbraTu cBiguarsh, 1o npupict macu [IAA-moKpUTTA HA TOBEPX-
Hi vacTuHOK MarueTuty 10 50% He cIpUUYMNHSE 3HAYHOI'O BILINBY Ha Ma-
THeTHi XapaKTepUCTUKMU.

3pasku manoxkommosuriB Fe;O,/ITAA mocaimsxyBaim MeTomaMHu CH-
JI0OBOi aToMHOI Ta cuoBoi MmaruerHoi HaHockonii. Ha pucynkax 2.11, a—
2 HaBeJeHO aTOMHO-CUJIORBI (@, 8) i MarueTo-cuoBi (0, 2) 300pakeHHA Ma-

Puc. 2.11. Aromuo-cuioBi (a, 8, 0, i) i Mmaraeto-cuoBi (0, 2, €, 3) 300parKeHH
macuBiB Hanoxkomnosurie Fe,0,/ITAA (a—2) i Fe;0,/y-AIIC (0—3) B hopmaTax
2d (a, 0,0,¢€)i3d (s, 2, x, 3).
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cuBiB manoxkommoaurtiB Fe;0,/ITAA (a—2) B popmarax 2d (a, 6)i 3d (s, 2).

A mocimxeHb BUKOPUCTOBYBAJIU BUCYIIIEHI ITOPOITKOIOAiIOHI 3pa-
3KU 3 MIUPOKUM PO3MOALIOM YaCTHHOK Ta iX arperariB 3a po3mipoM (Bix
8 uM 1o 1 mxM). Bugto, 110 300paskeHHS HAHOKOMIIO3UTIB, Ofep KaHi 3a
aTOMHO-CUJIOBUM Ta MArHeTO-CUJIOBUM METOAAMM, 3HAXOAATHLCSI B H00-
pi#i BiAIOBiIHOCTH, 1110 CBiTYUTH ITPO KOOPAWHAITiI0 MAarHeTHUX i «CHJIo-
BUX» (pa3 Ta He3HAUHY TOBIIUHY i JOCUTHh PiBHOMipHUM DPO3IIOAiJ 3ITU-
TOrO HOJIiaKPUIAMiy HABKOJIO YACTHOK MarHeTHUTYy.

2.4.2. Ximiune mogudikyBaHHA NOBEPXHi MATHETHUTY Y-aMiHOIPOIiJI-
CHJIOKCAHOM

Jia ¢pyHKIioHamizalii HaHOAMCIIEPCHOTO MArHETUTy aKTUBHUMU aMi-
HOTpyllaMU IIPOBeJeHUH CUHTEe3 Y-aMiHOIPOIiJICUIIOKCAHOBOTO IIOKPUT-
TS HaA IMOBEPXHiI HAHOUYACTUHOK MarHeTuty. MoauopikyBanHA IOBEpXHI
HAHOYACTUHOK IPOBOAWUIN PiAMHHOMASHUM CIIOCOOOM — Y-aMiHOIIPO-
MMiJITPUEeTOKCUCUIAHOM B ToayoJIi [50] 3a cxemoro:

R
~q o
| |

0 0 o MH,

f

H

B pesyabTati peakirii mosikomgeHcarlii moBepxHsa MargeTuTy HaOyBa-
Jia OCHOBHUX BJIACTMBOCTEH 32 PaXyHOK IIPUETHAHHA Y-aMiHOIPOIIIILHUX
rpyn. Omep:xaHi Moau@ikoBaHI 3pasKy MOCIIiAMKYBAJNCSI METOZaMU Ie-
pusBarorpadii, peHTreHOCTPYKTypHOro amagizy i IY-®Pyp’e-cuexTpo-
CKOIIii, aTOMHO-CHJIOBOI MiKPOCKOIIil Ta peHTT'eHO(hOTOEJIeKTPOHHOI cIie-
KTpockomii” [50].

Ilicnia mommdikyBaHHSA MarHeTUTy IPUEJHAHHAM [0 IIOBEPXHi Y-
aMiHOIIPOIiIBPHMUX TPYI 3a HJaHUMHU PEHTI'eHO(Aa30BOTO aHAJI3Yy CTPYK-
TYPHUX IepeTBOPEeHL MATHETHUTY He BigOyBajocs. BMmicT aMiHOIPOIIiah-
HUX TPYI Po3paxoByBaiu IO BTpari macu B imTepsBaiai 450-1010 K 3
ypaxyBaHHAM IIPHUCYTHOCTH B HMpPo0i (ismuHO amcopOboBanoi Bogu (Tep-
MorpaBiMeTpuuHHil aHaid). KoHIeHTpallis aMiHOTIPOIiJIBbHUX TIpPYI
cKaamae 24 MKMOJIb/ M2,

I9-dyp’e-cuexkTp marmetury, momudirkosanoro y-AlIC (puc. 2.12)
MicTuTh cmyru noraueaEHS 3280 i 8370 cvm ', aki BigHOCATHCA 1O CcH-
MEeTPUUYHUX 1 acCMMeTPHUYHI BaJleHTHUX KoauBaub NH,-rpym aminompo-
mibHOTO pagmiana. Cvyru morsimHanHA 2861 i 2920 cv ! HamexaThb
CUMETPUUYHUM i ACUMETPHUUYHUM BaJeHTHuUM KoaumBamuam CH,-rpyn

“ Bei mocuimsxeHHS MeTOZOM peHTTeHO(OTOeJeKTPOHHOI CIIEKTPOCKOIii BUKOHAHO B
IacturyTi meranodisuku im. I'. B. KypaiomoBa HAH Vkpainu.
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Puc. 2.12. IY-®Pyp’e-cueKTp MaraeTuty, mogudikosanoro y-AIIC.

aminompominrsHOro pagukaia. CII mpu 1625 cm ™' BigHOCHTHCA IO medo-
pMaIiiiHNX KOJMBAHb MOJIEKYJ BOAM, afcopOOBaHOI Ha IIOBEPXHi Mar-
meruty. CII 1550 cM ' xapakTepuaye cuMeTPHYHI fedopMamiiiai komru-
BaHHSA IpoToHOBaHUX aminorpyn NH?®*', moaBa axux B IU-cmekTpi 06y-
MOBJIEHA TI€PEHECeHHSM IIPOTOHA TiAPOKCHUJIbHUX TPYIl IIOBEPXHi 10
aToMmiB asory aminompomiizbHOro pagmkana. CII mpm 1542 cm! mae-
KUTh gedopmaniiiaum KoauBanHAM NH,-rpym [61, 52]. IuTencuBHU
ny6aer CII 1052 i 1108 cm ™! cBifunTh IPO YTBOPEHHSA HA IIOBEPXHI Mar-
HeTUTY IMOJiMePHOI cTPpyKTypu —Si—0O—Si— 3 1ocTaTHHO BUCOKUM CTYIIe-
HeM moJstimepuaartii [53].

PesyabraTu mociimKeHb 3pas3KiB BHCOKOAMCIIEPCHOTO MATHETHUTY,
Moxu(diKOBAHOTO Y-aMiHOIPOIIJICUJIOKCAHOM, MeTOJaMU DPeHTIeHo(Oo-
TOEJIEKTPOHHOI cIIeKTpocKoIrii [3, 5, 54] HaBeneHi Ha puc. 2.13, a, 0, 6, 2.
CuexTp Si2p (puc. 2.13, a) MmicTuTh MaKCUMYyMH, IO HAJEXKATDL (oToe-
JIEKTPOHAM TPyl MOKPUTTsa Moaudikaropa. Kommonent 3 E,, =101 eB
BigmoBizmae rpymam, ki BKaouaioTh Si—C-3B’A30K, a3 E,, = 102,5eB —
rpymnam i3 3B’as3koM Si—OH. ¥V cumekTpi N1s npucyTHi ABi KOMIIOHEHTH
(puc. 2.13, 6): makcumyM 3 eHeprieio 3B’ A3Ky 399,2 eB BKasye Ha HasaB-
HicTb Ha moBepxHi 3paska NH,-rpym, 400 eB — rpyn [-NH;]'.

Cmextp Ols (puc. 2.13, 8) cBiguuTh IPO HAABHICTH HA MOBEPXHIi JOC-
JiIKyYBAHUX BHCOKOAMCIEPCHUX YACTHHOK Pi3HUX (POPM KHCHIO: H28—
530 eB — aTomiB KuCHIO B OKCUAHilT MaTpuii, 532 eB — y ckiani OH-
rpyi, 534 eB — ¢isuuno 3B’a3anoi Bogu. Makcumym mpu 710,1 eB
(puc. 2.13, 2) cBigunTh, 1110 OCHOBHOIO (pa30I0 ITIOBEPXHi 3pasKa € Marte-
TUT, TOOTO Ha TOBEPXHi He BUABJEHI XiMiuHi 3B’ A3KH, 1110 BiAIIOBi1AI0OTH
iHImIMM okcugHUM hasaM 3ajisa.

Ha mizcrasi amasisy mux pesyJbTaTiB 3alIpOIOHOBAHA MOJEJb IMOBe-
PXHi YaCTMHOK BUCOKOAWCIIEPCHOTO MATHETUTY, MOAMGIKOBAHOTO Y-
ATIC (puc. 2.14).
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Puc. 2.13. P®-cuekTpy BHCOKOAVCIIEPCHOTO MArHETUTY, MOAU(GiIKOBAHOTO Y-aMi-
HOIIPOHiITPHETOKCUCUIAHOM.
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Puc. 2.14. Mogenb mOBepPXHi BUCOKOIMCIIEPCHOTO MATrHETUTY, MOAM(GiKOBAHOTO
Y-aMiHONIIPOMiITPUETOKCUCUIAHOM.

3rigHo 3 1ieio Mozesaio Ha moBepxHi yacTuHOK Fe;O, yTBOpIOETHCS
MOHOIIIAP OKCHUIY KPeMHil0, B AKOMY aTOMM KPeMHii0, 3 OOJHOTrO OOKY,
yepes KMCHEBi MicTKHU XimMiuHO 3B’ A3aHi 3 arTomaMu 3aJisa, a 3 iHIIIOi Ti,
110 YTPUMYIOTh aMiHOIIPOIiibHI rpynu. KoHIleHTpaIlid aMiHOIPOIIiah-
HIUX TPYI CKJaafae 2,2 MMOJb/T a60 24 MKMOJIb/M” ipu S,,, = 90 M?/T,
110 BiAmoBimae KoHIleHTPAIlil MiApPOKCUIBLHUX TPYI HA MOBEPXHi BUXif-
HOro MarHeTuTy. TakuM UMHOM, Ha IIOBEPXHI MarLeTury QopMyeTbCs
nosiMepHe TOKPUTTSA Si—O—Si 3 1oCUTh BUCOKUM CTYII€HEM MHOJIiMepu-
3aIrii, AKe, y CBOIO Uepry, Mo:Ke OyTH HaJaJli BUKOPUCTAHEe IJISI HaJaHHsA
Mar"geTHUM HOCifgM HNeBHUX XiMiuHMX a0o 0ioxiMiuHHMX BjacTHBOCTEH, a
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TaK0K BUTOTOBJIEHHS MarHeTOKePOBAHUX aJCOPOEHTIB.

ATtomHuO-cunoBi (0, ) i maraeTo-cuyoBi (€, 3) 300paKeHHS MacUBiB
nanoxkomnosauris Fe;0,/y-AlIC (0—3) B dopmarax 2d (0, €) i 3d (i, 3) Ha-
Bemeno Ha puc. 2.11. MoxkHa 3p0o0MTH BUCHOBOK PO 30ir MarLeTHUX i
«cUJIOBUX» (pas, TOOTO He3HAUHY TOBIIUHY i TOCUTL PiBHOMIpHHU pO3-
IIOALJI IIaPY Y-aMiHOMPOMiJICUJIOKCaHy HAaBKOJIO YaCTUHOK MarHeTUuTy.

2.4.3. MogudikyBaHHS MOBEPXHi MATHETUTY
Me30-2,3-TUMepPKANTOCYKIIHHOBOI0 KMCJIOTOIO0

IlepcuexkTuBHUME MOAU(PIKYyBAILHUMU areHTaMu [55] moBepxHi HaHO-
PO3MipHMX YACTHMHOK MEINKO-0i0JIOTIUHOI0 IPH3HAUEHHS SABJISIOTHCS
CIIOJIYKHY 3 TiONbHUMHU (PYHKI[IOHAJILHIMY IpynamMmu. BukopucranHusa me-
30-2,3-gumepKanTocyKkiuuoBoi xucyaotu (IMCK) nnia dopmyBaHHS Ka-
IICYJIW MAarHeTOUYTJIMBUX YaCTHUHOK BUPIIIye IpodjeMy cTabiIbHOCTHU
KOJIOITHOI cucTeMu y BOTHOMY CepemoBUIIi, 6iocyMicHocTH MaTepiaiy,
i ymMoKIMBIIOE iMMOGiTi3aITito HeoOXiZHMX CIOJYK Uepes TioJNbHi 1 Kap-
0OKCHUIbHI QYHKI[IOHAJNBHI IPYIIN IOBEPXHI.

IIpoBeneHi mocuimkeHHA CBigUaTh IIPO 3MATHICTH TiOJNBHUX TPYI OO0
YTBOPEHHS 3B’sI3KiB i3 3 ioHAMU BasKKUX MeTAJiB, 3aJUITKAMU IIUCTEI-
HY B MOJIeKyJax 6iyKiB KpoBi [56] i moserinene BUBeeHHA X 3 OpraHi-
amy [57]. Tionsui rpynu [IMCK 3a6e3meuyioTh (opMyBaHHA OUCYJIbQi-
IHUX MiCcTKiB Mim amcop0oBaHMMHU MOJEKYJIAMHU i YTBOPEHHS MiITHOL
mosiMepHOi HaHOKamcyau [56—58].

IlokpurTsa, crBopeHi 3a yuactio [IMCK, micTaTs AK TionbHi, Tak i Ka-
pbokcusbHI rpynu. BkasaHi TMIu Ipyn MOKYTh OyTH BUKOPUCTAHI JIA
KOBAJIEHTHOI'O IIPUETHAHHSA CEHCOPHUX MOJEKYJ i JiKkapchbKHX IIpela-
patiB[57, 59—-61].

2.4.3.1. CuHTEe3 MarHeTHOI CyCneH3ii Ha OCHOBi
Me30-2,3-TUMepPKANTOCYKIIHHOBOI KHCIOTH

OMCK npuemHyeThCcA OO0 OKCHUAY 3ajida IJIAXOM YTBOPEHHA 3B’A3KY
KapOOKCUJIbHOI IPYIIH 3 TiAPOKCUIBHOIO TPYIIOI0 IIOBEPXHi IO peaKIii:

oH +
Fe()a: +H—-Feoa:
FBO¢ jzvvszﬂ—-Feog:Q_S:ﬂ

kg:o .
o
Fe,0, 4 ™ Fe,0, 1a
SH
o
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Hapaxxxu 0,249 r FeCl,-4H,01 0,751 r FeCl;-6H,0 posuunsmu B 11,4
MJI IUMCTHUJIBOBAHOI BOAM B peaKTopi 3 a3oTHOI0 aTMocdeporo [55]. Tewm-
nepatypy posunuy mpooauau o 80°C i mpu mepemilnryBaHHI ITOBiJIBHO
mosomuu 10 1,4 ma 25% BogHoro posunHy amiaky. Bunagas ocan Fe;0,
YOpHOTro KoJabopy. Jo pearmiiinoi cyminti momasanu 0,29 r meso0-2,3-
INMEPKANTOCYKIIMHOBOI KucaoTu B 20 MJI BOAM i TeMIepaTypy CyMitiri
mnigaimaan o 94°C ma 30 xB. CmocTepirajiocs IIBUAKEe IIePeTBOPEHHS
YOPHOTO 0CaAy B cTabilizoBaHy BOJHY CYCII€H3iI0 3 YTBOPEHHAM UepPBO-
HyBaToro 3abapnieHHA. Omep:KaHy peaxIifiHy CYMiIll OUMIaJJ M miaji-
30M IIPOTH 2 JI AUCTUIHLOBAHOI BOIU.

CunTesoBaHmuil BOTHUM 301> HaHOUACTUHOK Fe;0,, mokputux [[MCK,
€ crabimpbauM B mupokux me:xkax pH (3—11), v docharaux O6ydepHUX
cucremax. lligTBepaKeHO, IO arperaimis YaCTHHOK CYCIEH3il mpoxo-
IUTHh B He3HAUHiN Mipi. Binbui KapOoKcuIbHI rpynu HagaOTh YaCTUH-
KaM HAaHOKOMMIO3UTY T'iApodiIbHIX BJIaCTUBOCTEM.

XapaKTepuCTUKN KOJOIJHUX MArHEeTHUX CYCIIEH3i#l mociimkyBanam
disnurumu Ta ximiuaumu meromamu: IY-Pyp’e-ciekTpockomii (Perkin
Elmer, mogens 1720X) B gianmasoni 400—4000 cm '; peHTr'eHiBCHKOI (o-
TOEJIEKTPOHHOI CIEKTPOCKOIii (esekTpoHHUIT cueKktpomerp EC-2402 3
eneproananizaropom PHOIBOS-100_SPECS), E\,,, = 1253,6 eB, P=200
BT, p=2-10"" I1a (cmeKTpoMeTp OCcHaIlleHO HoHHOI rapmaroo IQE-11/35
i mxepesoM MOBiNTbHUX eJeKTpoHiB FG-15/40 nis koMIeHcaIrii sapagxku
TIOBEPXHi IieJIeKTPUKiB, cieKTpU S2p-piBHIB POBKJIAaIN Ha He3aIeKHI

S2p
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Puc. 2.15. I9-ciektpu maruetury (1), Hano- Puc. 2.16. Komnonertu S2p-cnek-
komnosury Fe;O,/[IMCK (2)i IMCK (3). TpiB 3paskiB [IMCK (a) i HaHOKOM-
nosury Fe;0,/IIMCK (6).
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KOMIIOHEHTH METOA0M fayca—HLIOTOHa i3 IXHBOIO IITMPHMHOIO Ha IIOJIOBUHI
Bucotu AE =0,9 eB, mioia KOMIIOHEHT BI3HAYAJIACS ITiCJIA BUPAXyBaH-
Ha ¢ony 3a meromnoMm Illupi [61]); KimbKicHOTO aHamizy QyHKIIiOHATD-
Hux SH-rpyn (HaBaskKu ofep:kaHoro Hanoxkommoosury (0,03 r) posunns-
au B 20 M guMeTHIICYab(poKcuny, gogasaau 50 ma 0,1 H posuuny oxny,
napaJieJibHO TOTyBaJu KOHTPOJBHUUN PO3YUH, CYMIIll PETEIbHO HepeMi-
IIYBAJIM i 3aJIUIIAIN HA OeIKUHA uac I 3a0e3neue A IIOBHOTY PeaKiii,
HaAJIUIIOK Hony TutpyBanau 0,1 H podunHOM TiocyabdaTy HaTPilo y IpHU-
CYTHOCTi KpOXMAJIIO0).
Bwmict Tioapaux rpym (X y % ) pospaxoByBau 3a POPMYJIOO:

X = (V, - V))NM-100/g-1000,

meV,iV, — o6’emu posunHiB Tiocyabhary HaTpifo, aKi O0yJI0 BUTpaueHO
Ha TUTPYBaHHA KOHTPOJLHOTO PO3UMHY i mpobu BimmoBimHo, mia; N —
HOPMAJIbHICTh PO3UYMHY TiocyabdaTy HaTpito; M — MoJIApHA Maca Ti-
0J1y; § — HaBa’KKU HAHOKOMIIO3UTY, T.

BusHaueHHs [3eTa-mOTEHITialy i1 cepegHBOTO pPO3MiIPy YaCTUHOK
YTBOPEHOI MarHeTHOI PiAnHY 3ifiCHIOBAJIN 3a JOIIOMOI'0I0 TNHAMIYHOTO
cBiTsIOpO3CcitoBaHHA Ha mpuyaani Zetasizer kommanii Malvern, Beauko06-
puraHisa. Byiau npoBefeHi BUMipioBaHHS PO3NOAiJy YaCTUHOK MarHerT-
Hoi pignuu Fe;0,/IIMCK/Boza 1o A3eTa-moTeHITiamy.

Ha pucynky 2.15 maBemeno I4-®Pyp’e-cuekTpu MarueTuTy, HAHOKO-
mnosuty Fe;O,/JIMCK i IMCK. CoocTepiraroThbcsa TP OCHOBHI I'pyIu
cmyr npu =550 e Y, (21400 em™' i 21630 emY) i (2505 em i 2510
cm ), mo Biznosizators S—S, C=0 i S—H 38’askam B JIMCK moxpuTTi Ha
MMOBepPXHi MarueTury i obosouku. He 3Bakarouu Ha Te, 1[0 XapaKTepuc-
THYHA cMyTa S—S IepeKpuBaeThes 3i cmyroio Fe—O mpu 593 i 606 cm ™!,
He3HauHe 3MiIllleHHA ¥ OiK MeHIIIUX eHepriil i migBuIneHHa iHTeHCUBHO-
ctu miky npu 550 cm ! Ha IU-cneKTpi € cBijueHHAM yTBOpeHHs S—S-
3B’ a3Ky mixk mosexkyaamu [IMCK [57].

P® coextpu S2p-piBHIiB HAHOUYACTHMHOK MATHETUTY 3 OOOJIOHKOIO
IMCEK i spaska mopisuaausa [IMCK, ax pe3yabTaT po3KJIagaHHA CIIEK-
TpiB Ha KOMIIOHEHTH, HaBeaeHi Ha puc. 2.16, a, 6 i B Taba. 2.1. 3 pucyH-

TABJINIIA 2.1. Ereprii 38’asky (£,, , eB) MakcuMyMiB KOMIOHEHT S2p-CIIeKT-
piBiimTerpansui inTencuBuocTti kommouentT I (% ).

E,, S2p,eB | I,Fe,0,/IMCE, % | I, IMCK, %
162,3 5,27 4,97
163,0 16,68 18,47
163,7 51,81 57,5
164,3 21,39 19,06

168,3 4,85 —
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Ka 2.16 BugHo, 110 B cuexTpax mouarxkoBoro [IMCK mpucyTHi curaaim
BiJl TPhOX HeeKBiBaJeHTHUX CTaHiB i0HIB cipku. [loMmiHyoUua KOMIIOHEH-
Ta B obaacti E,, =163,7 eB BigmosBimae ¢pparmenry 3B’sa3ky H-S-C B
IMCEK[61].

3a pesyJbTaTaM! PO3KJAJAHHA HA KOMIIOHEHTU CIEKTPY IIOBEPXHi
MoaupikoBaHOTO MarueTuTy Buauo (puc. 2.16, a), 1m0 KiabKicTs i coiB-
BigHOIIIEHHS KOMIIOHEHT B IOPiBHAHHI 3 mouaTkoBuM 3paskom [[MCK
OIpaKTUYHO He 3MiHIOEThCA. Ile BKasye Ha (hopMyBaHHA Ha ITOBEPXHI Ma-
rHeTuTy 1mapy came 3 IMCK.

BigminnicTio € HasgBHicTE B 00s1acTi E,, = 168,4 eB ci1abkoro curtaiy
(24%), akuil MOKHa 3B’A3aTH 3 IMIPUCYTHICTIO CJIiAiB POZUMHHUKA —
mumetruiacyiabhorcuny (IIMCO). Bpaxosyrouu, 1o E,, S2p-piBHdA aTo-
MiB cipku y pparmenTi —SS— [61] smaxoguThbcsa B Tili camiit 00acTi eHe-
prii, mio i gra ¢pparmeury S—H B JIIMCK, 3adikcyBaTu 3MiHy BKJIAAiB
IBOX HeeKBiBaJICHTHUX CTAHIiB aToMa cipku He BraJyiocsda. KoMmoneHTHU 3
E, =163,0 eB i E,, =164,3 eB moikHa cumiBBigHecTH i3 cmosykamu
npomixkHuX eramniB cuaTedy JIMCK, 1K 0CHOBHOI peUOBUHU.

Ximiugi MmeTonu BM3HAUYeHHS (PYHKI[IOHAJBHMX T'PYH B OPTaHiuUHUX
CIIOJIYKAaX IIMUPOKO 3aCTOCOBYIOTHCH, HE3BAXKAIOUM HA PO3BUTOK iHCTDPY-
MeHTaJbHUX MeTOHiB aHajidy. Tionm MOKHA pPOIraAgaTH AK ITOXimHi
CipKOBOIHIO, B AKUX 3aMillleHUI OJWH aTOM BOJHIO, III0 00YMOBJIIOE IIO-
TiOHiCTE IX XiMiUHMX BJIACTHBOCTEI.

Bizomo mekinbka MeTomiB a4 KimbKicHoro Busumauenus —SH-rpym,

5-10°1

410°t L
B

5 [ 1'-.'PI|
310°1 ) T

210°t

I, BigH. on.

110°t
» ||

0+ —
~100 0

Haeta-norennian, MB

Puc. 2.17. Posnogin wactunok Fe;O,—IMCK y Bozxi 3a n3era-nmoreHmiamom.

TABJUIIA 2.2. [I3eTa-mIoTeHITiag i ycepeJHeHUH PO3Mip YaCTUHOK (2) Martuer-
Hoi pigumau Fe;0,/[IMCK/Bona 3rifHO 3 taHMMU CBiTIOPO3CitOBaHHA.

H3era-nmorenmnian, mB -40,3
IIupuua po3mominy 3a A3eTa-moTeHIiaaiom, MmB 9,84
IIpoBigHicTh 3paska, MC/cm 0,129
Z — ycepenHEHUH AiaMeTp YaCTUHOK, HM 40,5
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HAIIPUKJIAL, APTeHTOMETPUYHNN MEeTO, 1[0 BKJII0UAE aMIIepOMEeTPHUYHE
i anmkamiMeTpuuYHe IMOTEHITiOMETpUYHEe TUTPYBAaHHSA, a TaKOMK METOOu,
3aCHOBAHI HAa OKMCHEHHI HOA0M Ta ioHaMu Mimi.

Y mocaimsxenunax [14, 15] 6yao oopano meron TutpyBaHHa Kimboma—
Kpamepa—Pina, sacHoBaHUIT HA peaKIlil OKMCHEHHA:

2RSH +1, - RSSR + 2HI.

Amnajiz mokasas, 10 KijbKicTs SH-rpyn B HAHOKOMIIOBUTAX CKJIALAE
2,4 mmoas /1. Ilpu S, = 180 M?/r, KinbkicTs SH-rpym — 19 MEMoOIL/M2,

g TopiBHAHHS IPOBOAWIU KiJdbKicHe BuMipioBanua SH-rpyn B
IMCK. Busasuiock, 1mo xkoHieHrtpania SH-rpyn 8 JIMCK cknamae 17
MMOJIB/T.

Jl3eTa-mmoTeHITial i cepenHiil po3sMip YaCTMHOK 3pas3KiB MarHeTHOI pi-
OUHN OOCJII)KEHO MEeTOIOM IMHaAMIYHOT'O CBiTJOpo3cioBaHHs. ByJso
IPOBENIEHO cepil BUMipOBaHb PO3MOMiJIy YaCTMHOK MarHeTHOI piawHMT
Fe,0,—IMCK/Boza mo mzera-IoTeHITialy, pe3yJIbTaTl AKUX IIOKa3aHO B
raba. 2.2 ipwuc. 2.17.

MeTonomM AMHaAMIiYHOrO CBiTJIOPO3CiIOBAaHHSA JOCIiIMKYBaJIU TaKOMK
posmozis KinbKocTH YacTuHOK MarHeTHoi piamum Fe;O,—[IMCK/Bona
3aJIe’KHO Big posmipy (puc. 2.18, a) i Big iHTEeHCUBHOCTH PO3CiAHHS
(puc. 2.18, 6) (4 Bumipn).

3a manumu puc. 2.16 3adikcoBaHo po3mipum HaWAPIOHIMMX YaCTH-
HOK, Tomi aK puc. 2.18, a, 6 BKa3yoTh Ha HaABHICTb ¥ CKJIaAi HaHOKOM-
nosuriB Fe;O,—IMCK arperosanux uactuHoK Fe;O,. Taki arperatu €
HIOMITHMMM HaBiTh Y HE3HAUHUX KIJIbKOCTAX, OCKiJIbKM iHTEHCHBHICTH
IUHAMIiUYHOTO CBIiTJIOpO3CitOBaHHA Oy:Ke CUJILHO 3pOCTae 3i 36iibIreH-
HAM PO3Mipy YaCTUHOK.

BumiproBaHHA &-mOTeHITiany MarHETHMX HAHOYACTUHOK YV BOLHOMY
cepemosuiili mpu pH = 7 ¢cBiguaTh, 1110 YaCTUHKU MAalOTh JOCUTHL BUCOKU I

40 15
= 30 'Kﬁ _ A
I
5 20 Y S Ak | \\
% 1 = AN A ;
K A > ] ".'KZ.”W -
iz 10 J. j T ‘{ Il'.__".. IIII Ill\II
0 WA 0 WL BN
10 100 1000 10 1000 10000
d, HM d, HM
a 0

Puc. 2.18. Posmogin uwactunok Fe;0,/JIMCK y Bozxi 3a posmipamu (a) Ta 3a iH-
TEeHCUBHiCTIO AMHAMIUYHOTO CBiTJIOpOo3citoBaHHS (0).
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HeraTuBHUUN moreHnian. Ile copuse eleKTpoCTaTUYHOMY BiAIIITOBXY-
BaHHIO, AKe IIEPENTKO/Kae arperamii vacTuHoK y Boai. Ilpu spocranHi
pH &-moTreHIianm 3MeHNITYETHCA 38 PAXYHOK IIiIBUIIEHHA CTYyIIeHIO i0Hi-
sarii COOH- i SH-pyuKIioHaapHUX Ipy [59].

8 4

Puc. 2.19. AtomHo-cuioBi (a, 6) i MmarueTo-cuoBi (0, 2) 300paskeHHS MacHUBiB
rHanokomnosuris Fe;0,/[IMCK (a—2) B dopmarax 2d (a, 6) i 3d (s, 2).

0 B
4000 3000 2000 1000
v, cm!

Puc. 2.20. T9-Pyp’e-cnexkTpu rigpoxcoanatuty (1) i HAHOKOMIIO3UTY MarHe-
TUT/TigpoKcoanaTur (2).
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3pasku Hanoxkomnoosurtis Fe;0,/IIMCK mocaimxyBaniu MeTogaMu CH-
JIOBOI aTOMHOI Ta CHJIOBOI MarHeTHOI MiKpockomii (puc. 2.19). 3a pe-
3yJbTaTaMM OOCJiI:KeHb MOKHAa CTBEPI:KyBaTH, IO Y OOCJiIKEeHUX
3pasKax MiCTAThCA AK HAHOYACTUHKHY po3MipamMu = 8 HM, Tak i arperatu
(mo 100 mm). 3o0pakeHHA HAHOKOMIIO3UTIB, Ofep:KaHUX 3a aTOMHO-
CUJIOBUM Ta MarHeTo-CUJIOBUM METONaMU, CBiIUNTH IPO HEe3HAUHY TOB-
ey i gocuTh piBHOMipHU#M posmnoxin JIMCK HaBK0OJI0O YaCTUHOK Mar-
HETUTy.

Pospobiena meroguka cuuTesy Hanokommo3uTtis Fe;O,/IIMCK mosxe
0yTH BUKOPHCTAHA IJI ONepP:KaHHA MeTUKO0-0ioJIoOTiYHMX HaHOKOMIIO-
3UTiB 3 iMMO0iIi30BaHNMHY CEHCOPHUMU MOJIEKYJIaMU Ta 0i0aKTUBHUMU
CIOJIYKaMM, SKUM IpUTaMaHHi QYHKIII posmisHaBaHHS MiKpobiosori-
YHUX 00’ €KTiB.

2.4.4. MogudikyBaHHS MOBEPXHi MATHETUTY TiPOKCOATIATUTOM

3 MeTOI0 HaJaHHA MAarHETOUYYTJIMBUM HOCiAM BUCOKOI OiocymicHocTH
pospobJieHa MEeTOMMKA CUHTEe3y HAHOKOMIIO3UTIB Ha OCHOBI HaHOKpUC-
TAJIiTHOTO MarHeTuTy i rizrpoxkcoanarury (I'A). Buxiguuii maraeTur cu-
HTe3yBaJu pimmaHOGa3HUM crocoboMm. CMHTE3 TiAPOKCOAIaTUTy Ha II0-
BepXHi MarHeTUTy 3AifiICHIOBAIN 3a JBOMA CIIocOOaMMU.

B ocHOBi cuHTe3y NMOKPUTTA 3 TiAPOKCOANATUTY 3 BUKOPUCTAHHAM
HiTpaTy Kanbiliio [62, 63] mokIameHo peakIrio:

10Ca(NO,), + 6(NH,),HPO, + SNH,0H —> Ca,(PO,)s(OH), + 20NH,NO,.

Opmep:xani 3pasku gociaimykeHi meromamu [Y-Pyp’e-creKTpocKomii,
PEHTI'eHOCTPYKTYPHOI'O aHaJidy 1 peHTI'eHiBChbKOl (hOoTOeJIeKTPOHHOL
CIIEKTPOCKOMil, BUBUEHI iX cKJaa i cTpyKTypAa.

[4-dyp’e-cuexkTpu rigpokcoanaTuty i Hanokommnosury Fe;0,/T'A Ha-
BezeHO Ha puc. 2.20.

3 nopiBHAHHA oAep:KaHuX [U-Dyp’e-cIeKTPiB 3 JaHNMHU JTiTEpaTypu
[64—67] Mmo:xkHA 3pOOUTHM BUCHOBKM, II[0 CMyra IOTJIMHAHHSA B CHEeKTpPi
BUXigHOrO rifipokcoamarury (puc. 2.20, TA) B o6aacti 3569 cvm ' mae-
JKUTHh BaJeHTHUM KoauBaHHAM OH-rpymn, KoOpAMHOBaHUX KAaTiOHOM.
Banentuum KosmBanHAM OH-rpyn Takox BifmoBizae mupoka cMyra B
obmacti 3700-2800 cm !, mo cBiAUMTH NpPO HAABHICTH BOJHEBUX
3B’askiB. CII 1645 cm ' xapakTepusye nedopMallifiHi KOJIMBaHHS MO-
JIEKYJI BOAY, aICOPOOBAHOI HA TOBEPXHI IiIpoKCOaIaTUTYy.

IIpo HasABHiCTH BaJIeHTHUX KoauBaHb rpyn CO> B CTPYKTYpi TiApOK-
coamaturty ceigunts CII 1455 cm '. Cmyra noranHasHA B o61acTi 1095
cM ! HasmexuTh KonuBaHHAM rpyn PO i HPO; cTpykTypu rigpoxcoa-
natury. CII B o61acti 800-400 cm ™' 3ymoBieHi gedopMamiiEumMu Ko-
JUBaHHAMHU TeTpaeapis POS .
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Puc. 2.21. [Jludpaxrorpama Hanokommosury Fe;O,/TA.

IIIupoka cMyra HorsIuHAHHSA B obsacti 3500 cv * (puc. 2.20, M + TA)
BigmoBimae BajeHTHUM KoauBaHuAM OH-rpym moBepxHi HAHOKOMIIO3H-
ty. IITupoxka CII B o6sacti 1380 cM ', AKa BifCyTHA y CIIEKTPi MarHeTH-
Ty, BiJIIOBifae BaJleHTHMM KoJuuBaHHAM 3B’askiB P—O. CII 1645 cm™!
xapakTepusye nedopMalliiini KoJauBaHHSI MOJEKYJ BOIU, acOPOOBaHUX
Ha noBepxHi HaHOKoMmosuTy. CII mpu 1460 cm ' HamexuTs gedopma-
nitinum KonuBanuaaMm OH-rpym, a TaKok BKasye Ha HaABHICTL B CTPYK-
Typi 3paska rpym COZ . CII B o6aacti 1095—1100 cM ' HATERKUTEH KOJIH-
BagHaM rpyn PO; i HPO? crpykTypu rizpoxcoanarutry. CII B o6macTi
800-500 cm ' mane:xars medopmamniiinum konmBaHHAM Fe—OH-rpym
Mmar"etuty. Ilpu TepMoobGpoObIi BimOyBaeThcA PYHHYBAHHA BOTHEBUX
3B’A3KiB i BumaseHHa (pisuuHO acopOOBaHOl BOM, OTHAK, 3aBAAKU BU-
COKiil Tepmiuniit critikocti 38’ a3ky OH-rpyn 3 Kationom B I'A, inTencu-
BHicTh CII, 3B’sI3aHUX 3 I1i€I0 TPYIOI0, HEe BHUIKYEThCA.

3a JaHUMU PeHTTeHiBChbKOl audpakiii (puc. 2.21) 3pasku MicTuiu
MarHeTut (HaiOinbIll iHTeHCUBHI peduieKcu HA AudpakTorpamMax) i rim-
poxcoamnarur (pedaexcu mpu Kyrax 20 = 30,2, 33,7, 37,1, 37,6, 38,4,
39,8, 46,6, 54,8°). CepenHiii podaMip KPUCTAJITIiB MATHETUTY Ta TiPOK-
coamaTuTy po3paxoByBasiu 3rigHO pediekcie (311) ta (002), Bigmosin-
HO, 3 BUKopuctanuam ¢opmysu [lleppepa.

Bcranosieno, 1mo (asa rigpokcoamaTUTy XapaKTepPU3yEThCA CIHiB-
Bigaommenuam Ca/P=1,67; 1e BimmoBimae crexiomerpii peaxiiii fioro
yTBopeHHsA. ToBIMHA IIapy TiApoKCcoamaTUTy Ha IMTOBEPXHiI HAHOUACTHU-
HOK MarHeTUTY, BU3HAaUeHa Mo cliBBigHomenH0 1ol Fe2p-/Fe3p-
JiHil, fopiBHIOE =~ 4 HM (OI[iHEHO IO IIPUPOCTY MAacu HAHOKOMIIO3UTY,
saxa ckjaana = 30%).

Ximiunuit ckJaz i cepenHiil podMip KpucTaldiTiB focaimKyBaHuX das
mpuBeeHi B Tabu. 2.3.
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TABJINIIA 2.3. Cepenniii poaMip KpUCTAIiTiBE B CTPYKTYPi HAHOKOMIIO3UTIB
Mar"geTuT/rinpoxcoanaturt 3riguo i3 JCPDS No. 19-629 i JCPDS No. 21-145.

Tum 3paska | dazoBUll CKIAL | CepenHill po3Mip KpHUCTAIiTiB, HM
1 Fe,0, 15
Ca,(P0O,)s(OH), 20-5
9 Fe,0, 35-40
Ca,(P0O,)s(OH), 20-25

B ocuoBy inmroro cmoco0y [68] mokIameHo peakIiliio ogep:KaHHsA Tij-
poKcoamaTUTy 3 aleTaTy KaJiio:

IOI-LC\/O\Ca 0. __CH,
H H + Fe,0, + 6KHPO,+ 8KOH — >
0 0

0

Fe,0,/Ca, (PO,),(OH), + 20}130—</ + 10H,0
OK

AreraT KaJiio € CyoyTHIM IPOAYKTOM CUHTE3Y T'iAPOKCOAIaTHTOBOTO
IOKPUTTS 3 PeareHTiB, BUKOPUCTAHUX B JaHOMY CIIOC00i, Ta € Gesmed-
HUM OJis opraHismy. Tomy, Ha HAIII TOTJIAM, el CIIOCi0 CTBOPEHHS MOK-
PUTTIiB 3 TiAPOKCOATIATUTY Ha IIOBEPXHI MarHeTHMX HOCIIB € mOIiJIbHi-
IIAM JIJIS MeIUKO0-0i0JI0TiuHOTO 3aCTOCYBAHHS.

CuHTe30BaHi HAHOKOMIIO3UTH MOCJIiI:KeHi MeTogaMu peHTIreHo(aso-
BOT'0O aHAJIIBZY, MiATBEePIKEHO CKJIAM i CTPYKTypa HAHOKOMIIO3UTY .

2.4.4.1. Cunre3 nanoxommnosuris Fe;0,/TA/Ag

VY aKocTi MarHeTHUX HOCiiB BUKOPMCTOBYBAJHN (PPaKI[il0 YACTUHOK Of-
HOZOMeHHOTo MaraeTuty posmipom 20—50 aM. CuHTe3 HAHOKOMIIO3UTY
Fe;0,/T'A sxificHioBasu 3a onmcaHoio Buille Mmetoaukoio [63]. Iluroma
noBepxHd (S,,, ) JOCTiTHIX 3pas3KiB cKkaagama 105 m?/T.

Momudirysanusa wmanokommosury Fe;O,/Ca;o(PO,)s(OH), manouac-
TuHKamu cpidaa mpooguiu 3 0,005 H posunny AgNO,. KinpKicTs cpid-
Jia, BBEIEHOIO0 B PeakIlifiny cymimi, ckaazanaa 1% Bim macu 3paska
Fe;0,/Ca;((PO,)s(OH),. BinmoBienus ionis cpibsa mposegere 0,005% -
HUM TigpasuH rizpaToM npu HarpiBauui i mepeminryBanHi [69] 3a peak-
MisgMu:

4Ag" + N,H, + 40H — 4Ag + N, + 4H,0,
N,H, + 4H,0 — 2NH,0H + 20H".
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BusnaueHo, 110 A4 HAHOKOMMIO3UTY MAarHETHUT/TigpoKcoamna-
tut/cpibao (Fe;0,/TA/Ag) S,,. = 104 m?/r. HasBHicTh cpibia Ha moBe-
pxHi migTBepaiKeHa peHTTreHO(hA30BUM aHATIIZ0OM (pPeHTTeHiBCLKUI qu-
dpaxromerp JJPOH-YM 1 3 Bukopucranuam (poxycyBanua PeHTTeHO-
Bux mnpoMmeHiB 3a Bperrom—Bpentano, CoK,-BUIIpOMiHeHHSA aHOJA,
A=0,179021 uam, Fe-dinbTp, y Bizbutux npomensax). O0uuciaeHu 3a
dopmyoio Illeppepa cepenHiii posmip HaHoOUuacTHHOK Ag ckiaazaB = 10
HM.

VY ckiaani MarHeTOUYTJAMBUX HAHOKOMIIO3UTIB HAHOUYACTUHKU 0JIATO-
POAHUX MeTaJiB (AK ysKe 3a3Hauaaoch y 2.1) MOKYTh BUKOHYBaT! (PyH-
KIIii cexHcopiB (ONTUYHI MiTKHI), TepalleBTUYHUX ar'eHTiB (TepMajbHaA Ta
doToguHaAMiUHA Tepalrid), cleiicepHUX MiMAHOK AJA 3B’ sI3yBaHHA MO-
HOKJIOHAJIBLHUX aHTUTia ToIro [ 70].

2.4.5. Hanoxommosutu Fe;0,—TiO,

Cuures manokommosuris Fe;0,—TiO, smificHioBau MeTOnOM PiIWHHO-
das3Horo MoJIeKyJaApHOro HamapyBaHHS [82]. Imea metomy moisArae B
IOCJIiTOBHOMY HapOIITyBaHHI MOHOIIIAPiB 3a/IaHOT'0 XiMiUHOT'0O CKJIay Ha
TIOBEePXHIi TBEPIOT0 HOCid.

HaBaXKy BUCOKOIMCIIEPCHOTO MarHEeTUTY, IIOIepeqHbO BUCYIIIEHOTO
mpu 120°C mo mocTifinoi macu, 00po0IAIN YILTPA3BYKOM i po3MiIyBa-
JU B CKJSHOMY peaKTopi 3 MIIIaJKoio i 00epHeHUM XOJIOAUILHUKOM.
Homasanu CCl, i mepeminryBanu 10 yTBOpPeHH cTitikoi cycmensii. ITorim
nmonaBanu trpukpatauii Hagauinok TiCl,. KinbkicTs TiCl, pospaxoByBa-
JIU BUXOIAYMU 3 TOTO, IO ITOBEPXHS CHHTE30BAHOI'O MArHEeTUTy MiCTHUTDH
0,0017 moas/r OH-rpym, a rycruna p(TiCl,) = 1,73 r/cm®. Konnenrpa-
miro OH-rpyn pospaxoByBau 3a JaHUMU Iu(epeHIliaJIbHOTO TepMorpa-
BiMeTPUYHOT'O aHAJi3Y.

CuuTes IPOBOAUIUN IIPOTATOM 4 TOAWH HPHU TEeMIOepaTypi KUIiHHS
CCl,. Cywmim micns oxomomkenusa GinbrpysBaau i mpomuBaau CCl, mo
HeraTuBHOI peakimii Ha Ti''-ioHm (mo mepoxcuzay BomHI0). OCKiTBKU
TiCl, nerko rizposisye Ha moBiTpi, neperBopioounuck B Ti0,, 3pasku 3a-
JUINAIN B eKCUKATOpi B aTMocdepi HacuueHol BOASHOI mapu Ha KiJabKa
TOONH, OJA BIeBHEHOCTH, 1110 B IerieHoMy 1api Bei Cl-ionu samimnieni
wa OH-rpymu.

Peak1rii Ha moBepxHi Bim6yBaiuch 3a cXeMOIO:

[ HaHeCeHHA APYroro Iapy 3pasoK CIOYATKY BUCYINYBaJIU IIPU

120°C mnsa BumajieHHS agcopboBaHoi BOAM, a MOTiM IIOBTOPHO 00P00IA-
au TiCl, 3a MeToANKO0I0, OIIMCAHOIO BUIIIE:
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0
(Fe,0,—~0-),Ti(OH), + TiCl, = (Fe,0,~0-),Ti( ) TiCl, + 2HCL.
0
ITocaigoBHO HaHOCHIM YOTHPH ITapu. AHAJII3 pe3yabTaTiB JOCTi I KeHb
CBiTuuB, 1110 KiHIEBUH TPOAYKT CUHTE3Y Ma€ HACTYITHY CTPYKTYPY:

0 0 0

. = (Fe;0,~0-),Ti( )Ti( )Ti{ ) Ti(OmH),.
0 0 0

CuHTe30BaH0 YOTUPU TUHOBUX cepii 3paskiB mogudixkosaumoro Fe;0, 3
KiJIBbKiCTIO MOHOIIIAPiB BiJ OJHOT'O 4O YOTHPHOX.

HasapruicTh Ha moBepxHi HanouacTuHOK Fe;O, miokcuay Tutamy minr-
BeP/?KEHO CIIEKTPOMETPUUYHNMU i peHTreHorpadiuHUMM MOCIiIKeHH -
MU IPOAYKTiB MOJIEKYJISIPHOTO HAIIIAPDYBaHHA.

B 1-3 mapax ma moepxHi Fe;O, BizbyBasocsa ¢hopmyBanua amopdHOL
CTPYKTypu. PopMyBaHHA KpUCTAJIUHOI (pa3u aHaTasy cliocTepiraocs
IIpU HAABHOCTI He MeHIIle, aHix 4-X mapis.

OT:xe, IpHU MOCTYIIOBOMY HAPOITYBaHHI JiOKCUAY TUTaHY Ha IIOBEPX-
Hi MarHeTHUTy, CTPYKTypa, BJIACTHBA aHaTady, YTBOPIOETLCS, IIEBHO,
JIUIIE TOMi, KOJU Ha IIOBePXHi MarueTuTy 3’ ABJIAE€TLCA 4 aTOMU TUTAHY,
YOT'0 TOCTATHLO JJIsI CTBOPeHHA eeMenTapHoi kKomipxu TiO,. g 116010
MMOTPiOHO YOTHMPU IMUKJIM MOJIEKYJISPHOrO HalllapyBaHHA, AKi 3abesme-
YyIOThL B MacIiTabi mocTitinoi rparuuii TiO, BigmoBigHy KoOpAMHAILiIO
4-x aToMiB TUTaHY.

3acTocyBaHHS TEepMiUHOrO BifmaylfloBaHHA 3pasKiB IPU3BOIUJIO OO0
KpucTaJisallii aHaTasy Bike IPU HaHEeCeHHi IIePIIoro Iapy IMOKPUTTA.
Bceranosieno, 1mo momud)ikyBaHHSA moBepxHi uactTuHok Fe;O, mapom
Si0, i TiO, cupusae NigBUINEHHIO TEPMOCTA0iIbHOCTY HAHOKOMIIO3UTIB
(TI0 BiZHOIIIEHHIO 0 BJIACTUBOCTEI MATHETUTY ).

2.4.6. Pinuanodasne Mmoqu(ikyBaHHA MOBEPXHI MATHETUTY
izompomisaTom agxoMiHiIO

3 MEeTOI0 CTBOPEHHSA MAarHeTOKEPOBAHOTO HAHOKOMIIO3UTY, ITOBEPXHSA
SKOT0 BKPUTA MOHOIIIAPOM TiAPOKCUAY AJIOMiHil0, po3pobJEeHO METO-
IUKY XiMiuHoro MommGiKyBaHHS MOBEePXHiI HaHouacTuHOK Fe;O, isorm-
pomisaTomM aJilOMiHil0O pigzMHHO(MA3SHMM METOAOM Yy i30IpomiJIoBOMY
cuoupri [83].

Ilonepenubo izompomijiaT ajgiOMiHiI0O BUCYIITYBaJ IIEPETrOHKOIO IIPU
T=138°Cip=11Topp.

B pesynbTraTi cuHTE3y YTBOPIOETHCSA MOHOIIIAP IiAPOKCUIY ATIOMiHitO
3a CXeMOI0:

OH + (C;H;0),Al — ]

O—AlO(H) + 3C,H.OH,

a moBepxHA HAOyBae am@poTepHOro xapaxrepy 3a paxyaoxk Al-O(H)-rpym.
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Metogamu I9-Pyp’e-creKTpocKomnii, peHTI'eHO(pAa30BOT0 aHAJII3Yy Ta
PEeHTI'eHiBChKOI (POTOESEeKTPOHHOI CIIEKTPOCKOMNii BUBUEeHO (PyHKITiOHA-
JBHUM cKJa1 MoaupikoBaHOI MOBEpPXHi Ta il CTPYKTYPY.

BcranosieHo, 1110 B pe3yabTaTi CUHTE3y Ha IIOBEPXHI HAHOPO3MipHUX
YaCTUHOK MarHeTUTy YTBOPIOEThCA (hasa rizpokcuny anominiro. Ilicasa
BigmamioBaumua 3pasky npu 460°C xpucTradiuHMi MarHeTHUT YaCTKOBO
nepeTBoOprETLCA y 0-Fe,0,, 3’ apngerbesa pasa Al,O;.

HesBaskaioun Ha 3MeHIIeHHA HaMarHeTOBAaHOCTU HACUUYEHHSA y Bin-
maJIeHOMY 3Pas3Ky, MarHeTHHUH MOMEHT B HAaHOKOMIIO3UTaX 30epiraeTh-
ca. le cBiguuTs Te, mio nepexix Fe;0, B a-Fe,0; BindyBaeThCca He TOBHI-
cTio (IiATBEPAKEeHO JaHUMHU PEeHTI'eHO(a30BOTO aHaJidy Ta PEHTIeHiB-
CbKO1 (hOTOEJEKTPOHHOI CIeKTPOCKOIIiT).

CunTesoBaHi HAHOKOMIIO3UTH MOYKYTh OyTH BUKOPUCTAHI IIPHU CTBO-
peHHi MarHeTOKEpPOBAHUX JIIKYBaJbHUX 3aC00iB IIJIYHKOBO-KMUIITKOBOI
Tepamii Ta copOeHTiB.

2.5. BiodyHKIioHaxi3ania MaraneToKkepoBaHUX HAHOKOMIIO3UTIB

2.5.1. Immo0isi3ania HOpMaJBHOTO iIMYHOTJIO0YTiHY JTIOTMHHA
Ha noBepxHi HaHOKOMNO3UTiB Fe;0,/ITAA i Fe;0,/y-AlIIC

OpuHuM 3 HAWBAXKJIMBIINIKNX eTAIliB CTBOPEHHA MIOJi()YHKIiIOHAJIBHOTO
HAHOKOMIIO3UTY € iMMo0Oirizariia Ha #oro moBepxHi 0i0J0TiYHO aKTUB-
HUX MOJIeKYJ, 30KpeMa, iMmyHoryiooymiHie [63]. Taka ¢yukiionasisa-
1Iis IOBEePXHi CIIpUs€E AOCTABILL JiKapChKOTr0 IperapaTry BUKJIIOUYHO B IIi-
JbOBi KiIiTumHHM opramismy. OT:Ke Ba)KJIMBOIO YACTUHOIO NOCIiIKeHb €
MOJIeJIIOBAaHHSA YMOB Ta BUBUEHHA MeXaHisMy iMmo0Oigisarii auTuTia Ha
IMOBEPXHi MarHETOUYTJIUBOTO HOCifA.

B pesyabTaTi gocaimikeHb po3pobyeHO MeTOOIUKM iMMobirizarii cen-
COPHHUX MOJIEKYJI Ha MOBEPXHAX HAHOKOMIIO3UTIB K OpraHiuHoi, Tak i
HEOpraHiuHOI NPUPOAM Ha NPUKJIAAI HOPMAJBHOTO iMYHOTJIOOYJIiHY
aoguau [ 71]. 3okpema, IpoBemeHa iMMo0OiTisalia HopMaIbLHOTO iMyHO-
MJIOOYJIiHY JIIOAWHY Ha TTIOBEPXHi, PYHKITIOHATiI30BaHIT aMiHOTpyHaMMu.

BesnocepenHbo mepes mMOcagKo0 HA TOBEPXHIO, HOPMAJbHUIN iMyHOT-
J00yJTiH JogumHu 3 KoHIeHTparieo C =100 Mr/r ounmianu giaxisom
mportu 2 1 0,02 monb /a1 arteTaTHOTrO O6ydepa Ha (iziosoriunomy posuuHi
mpoTrAroM no6u [4]. 3 ounIeHoro Ig BUTOTOBIAIN CEPil0 PO3UMHIB I
mo0ymoBU KaJribpyBasnbHOro rpadiky. 3aificHioBaJu BUMipIOBaHHS OII-
tuuHOoi ryctTmHuU (D) Ta cmekTpiB morsmHaHHA Ig Ha Spectrometer
Lambda 35 UV /vis Perkin Elmer Instruments npu A =280 um (puc.
2.22, xanibpyBanbuuii rpadik Ha puc 2.23).

IIpoBemeno maBa Tunu iMmoO6inisarii anTuTim — meromom (ismuHOL
aacopOItii i KoBaJeHTHOTO 3B’ A3YBAHHA.

Hapaxxku Hanoxkomnoaurtis Fe;0,/ITIAA i Fe;0,/y-AIIC mo 100 mr 3a-
JIUBAJIX pO3UYMHAMU HopMaJbHOro Ig srogunu (micasa niamisy) pisHOL
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2,5
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7 C, mr/ma 2,01
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Puc. 2.22. CnekTpu morauHauasa Hop- Pue. 2.23. Kamni6pysaabuuit rpadik
MaJyibHOTO Ig JiomuHM B cepenoBUINi (HOpMaJdbHUN Ig JIIOAWMHU y cepemoBU-
(¢isiosoriuHOTO PO3UUHY. 1i ¢iziosroriuHOTO PO3UYMHY).

KOHITeHTpAaIrii.

Ancop6ririto Ig npoBoguan y ¢isiosoriuaoMy cepemsoBHIIi TPOTATOM 2
TOAVH B JMHAMIUHOMY pe:KuMi 3a KiMmuHaTHOI Temmeparypu. KiabkicTs
azcopboBaHOl PEeYOBMHN HA MOBEPXHI HAHOKOMIIO3UTIB BU3HAUAJN BU-
MiproBaHHAM KoHIIeHTpaIlil Ig KoHTaKTHNX PO3YMHIB A0 i micis agcop-
omii. Koumenrpariito BumMipoBaan cieKTpooTOMEeTPpUYHO, mpu A = 280
HM II0 KaJ1iOpyBambHOMYy rpadiky.

Ximiuna iMmmoOirisatisga aHTUTII HA ITOBEePXHiI HAHOKOMIIO3UTIB MOXKe
OyTu 3AilicHeHa IILJIAXOM KOBAJEHTHOI B3a€MOZil peaxIiiHO3ZATHUX
aMiHOTPYII 3 aJdbAerifHuMN (PYHKIIIOHAJILHUMN TPYIaMH OKMCHEHOTO
imyHOrIIOOYIiHY [71]. OKHMCHEHHSA OUMINIEHOTO HOpMaJabHOTO Ig JoguHM
nposBoguau 0,1 moias /i1 NalO, B anieraraomy 0ydepi (pH 5,0) mo peakirii:

0
Ig—Gly + NalO, ——» Ig—</ + NalO,

H

Oxrucuennii Ig ountrnanu giamizom mpotu 2 i 0,02 MoJb/J1 alleTaTHOTO
oydepa (pH 5,0). Po3unn okuCHEHUX aHTUTIJ IIicaa mianisy 6yB moBe-
meauii 1o pH 8-9 0,06 monn/n1 KapboHATHO-TiZpoKapboHaTHUM Oyde-
powm Ha diziosmoriuromy posunHi (pH 9,5).

s mobynoBu KariopyBaJIbHOro rpadiky BUTOTOBIAIN CEPilo eTaIoH-
HUX po3umuHiB okucHeHoro Ig. IlpoBeeHO BUMipIOBaHHA OIITUYHOL I'yc-
tuHU (D) ipu A = 280 HM i cieKkTpiB norauHauuAa Ig. CIeKTpu MOTITMHAH-
HA TpUBeeHi Ha puc. 2.24, kanibpyBaabHuii rpadik — Ha puc. 2.25.

OckinbKku aminorpynu Ha noBepxHi Fe;O,/IIAA He € peakifiiinosmar-
HUMU BHACJIiJOK CTEPUUYHUX IIEPEIKO], ITPOBEeJieHa JOJAAaTKOBA X aKTH-
Ballid eTUJIEHAiaMiHOM IO peaKIrii:
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v =1,5679x .

240 260 280 300 320 00 02 04 06 08 1,0 1,2 14

A, HM C, Mr/Mn

Puc. 2.24. CrnekTpu morauHauHsa oKu- Puc. 2.25. Kaniopysanbuuii rpadik
CHeHOTO Ig JmroguHU B cepefoBUINi Ka- (HOpMaJbHUI Ig JIOAMHN, OKMCHEHUH
p6orarHOTO 6y(epy Ha ocHOBI (iziono- 0,1 moas/x NalO, y 0,02 monb/u ae-

TiYHOTO PO3UUHY. TaTHOMY Oydepi, pH 5,0).
/
Fe804_ PAA_\ /\/NHZ
+ H,N
NH,
0
. I

Fe, O, PAA/\ NH/\/NH2

KoBanentHe 3B’aA3yBanHA Ig Ha HaHokomnmosurtax Fe;O,/ITAA i
Fe;0,/y-AlIC mpoBoauau B 0,06 Mo/ KapoorHaTHOMY 6ydepi (pH 9,0)
Ha (iziosoriumomMy po3uuHi MPOTATOM 2 TOAUH B TUHAMIUYHOMY PEsKMMi
3a KiMHaTHOI TeMmueparypu. KoBajieHTHe 3B’ A3yBaHHA Ig 3 MOBepXHEIO
BiOyBaJIoCcA 110 peakIrii:

0
N
R—NH, + Ig // — R/\/Ig

—

H

KinpkicTs iMM0OOisizoBaHMX AHTHUTIJ HA IIOBEPXHI HAHOKOMIIO3UTIB
BU3HAYAJIN BUMipIOBAaHHAM KOHIleHTpaIlii Ig KOHTAKTHMX PO3UMHIB 10 i
micasa azcop6iii. KormenTparlito BuMipoBaay MeTOAOM CHEeKTPO(OTO-
meTpil Y@-nmoraunuanusa npu A = 280 M 1o KaaidopyBaabHOMY rpadiky.

Opnep:xani isorepmu HecmernudiuHoi axcopbiii (taba. 2.4, 2.5, puc.
2.26) Tta KoBajmeHTHOro TpuenHanua Ig (trada. 2.6, 2.7, puc. 2.27) nia
BKa3aHUX HAHOKOMIIO3UTIB He MAalOTh BUXOIY HA HACUUEHH.

KoBaneHnTHe mpuegHAHHSA AHTHUTIJ OO0 aMiHOPYHKI[IOHAJi30BAHUX
HAHOKOMIIO3UTIB BUKOHYBAaJIM HACTYIHUM YuHOM. I'pynm amiHiB, pos-
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TABJINIIA 2.4. I3orepma HecnenudiuHol agcopbiiii HopMaabHOro Ig MoanHYT
Ha oBepxHi HaHOKOoMIo3ury Fe;O,/ITAA.

Cy, MT/MJI | D(280 uam) | Az MT/T
0,35 0,485 0,84
0,45 0,629 0,90
0,55 0,776 0,85
0,71 0,966 2,32
0,86 1,153 3,40
1,40 1,762 9,48

TABJINIIA 2.5. I3orepma HecnenudiuHol agcopbiiii HopMaabHOro Ig moanHNT
Ha ToBepxHi HaHOKOMIo3uTy Fe 0, /y-AIIC.

Cy, MT'/ M | D(280 um) | Ay, MT/T
0,15 0,249 0,00
0,25 0,305 0,00
0,45 0,607 0,64
0,55 0,745 0,66
0,71 0,964 0,80
0,86 1,178 0,568
1,00 1,361 0,97
1,40 1,911 1,18

TAIllOBaHi Ha IMOBEepPXHiI HAHOKOMIIOBUTIB, pearyBaju 3 ajbAeriTHUIMU
(GYHKIIOHAJILHUMY TIPylIaMU, YTBOPEHUMHU Ha MOJIEKyJax Ig muraxom
mepiogaTHOTO OKMCHEHHs KapoOorigpartumx sanumikis Ig. Ilpu mbomy
yTBopioBasaucsa ocuoBu Illudda (iminm). KoBameHTHe mpuegHAHHSA aH-
THUTIJ II0 IILOMY METOJY IO IIOBePXHi HOCiiB Mae mepeBary mepej iHIImMu
MeTomaMu iMMOOimizallii i mossirae B opieHTOBaHOMY 3aKpiIlJIeHHI MO-
JIeKyJ aHTHTiJIIA, a came, Fc-pparmenrom mo moBepxHi, Tomi sik Fab-
dparMeHnT 3aIUIIAETLCSI He3MiHHUM i1 OpieHTOBAaHNM HAa30BHi.

Ob6uuncieni KoedimieaTu posnoginy (E) i xinerkoctu Ig, iMmmob6imizo-
BaHOTO Ha IIOBEPXHi HAHOKOMIIOSUTIB IIPU MAaKCUMAJIbHIN KOHIIEHTpAIil
ioro mouatkoBoro posuuny C =1,4 mr/r, 3Bemeso B Tadua. 2.8. ¥ pasi
KOBAJIEHTHOTO TpPUETHAHHA Koe(iIlieHTHM pO3IOAiJy IIepeBUIIYIOTH
OiNBINI HiK Ha MOPALOK BiAMOBiAHI KoedilieHTH pos3moaiay AJsd Heclie-
mu@iunoi azcopbIrii, moKasyooun 3MillleHHSa piBHOBaru y 0ix iMMo0ii-
3aIrii peYoBMHU Ha IIOBEPXHi.

IIpu xKoBaseHTHOMY IPHEAHAHHI iMyHOTrJI00yIiHY Ha IIOBEPXHI HAHO-
KOMIIO3UTiB 3HauHA itoro uactuua (64—80% ) sanuiriaeTbCsA B PO3UMHI,
OCKiJIBbKU peakilig yTBopeHHS ocHOB [IIndda npoxXoauTsh AK B IPAMOMY,
TakK i y 3BOpoTHLOMY HanpsawMi (Tadi. 2.9, 2.10).
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Puc. 2.26. I3orepmu Hecmenudiunoi agcopbmii HopmansHOTro Ig Miogunm (1) Ta
KOBAJIEHTHOTO IIpUEAHaHHSA OKucHeHoro Ig mioguuau (2) Fe;0,/IIAA-HaHOKOM-
nmosuTtiB. Hecienmudiuna aacopbiisa, E = 5,40 mi/r; KoBaJIeHTHe IPUETHAHHSA,
E =83,53 mu/r.

TABJHUIIA 2.6. IsoTepMa KOBAJIEHTHOTO MPUEAHAHHS OKMCHEHOTO Ig Moauuu

II. II. TOPBUK
=10
2

604 -
(=]
Hl':‘ [
5 40
A 201 ;

" ———r—"——_—_.'_.

Ha oBepxHi HaHOKOMIo3uTy Fe;0,/ITAA.

0,0 0,2 0,4 06 08 1,0 1,2 1,4
C, mr/Ma

C,, MT /M D(280 um) A, mMr/T
0,15 0,201 5,07
0,25 0,288 15,52
0,35 0,420 19,14
0,45 0,528 26,48
0,55 0,630 34,59
0,71 0,841 40,57
0,86 0,974 55,79
1,00 1,144 63,04
1,40 1,416 116,00

TABJUIIA 2.7. IsoTepMa KOBAJIEHTHOTO MPUEAHAHHSA OKUCHEHOTO Ig onuuu

Ha ToBepxHi HaHOKOoMmo3uTy Fe 0, /y-AIIC.

C,, MT/MJT | D (280 um) A, mr/T
0,15 0,282 2,42
0,25 0,352 6,14
0,35 0,468 12,07
0,45 0,594 16,67
0,55 0,723 20,70
0,71 0,924 28,08
0,86 1,025 48,19
1,00 1,207 53,71
1,40 1,742 67,41
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Puc. 2.27. Izotepmu Hecnenmudiuuoi agcopbiii HopmanbHoTo Ig mioguun (1) i
KOBaJIEHTHOT'O NIPUETHAHHA OKuCHeHoro Ig miogquuu (2) Ha Fe;0,/y-AIIC. He-
cuenudiuna agcopbria E =0,92 miu/r; KoBajeHTHe mpuemnHauHsa, E=59,51
MJ/T.

TABJUIIA 2.8. KinbkicTs Ig monmam, iMMo6isisoBaHOTO Ha MMOBEPXHiI HAHO-
KOMIIO3UTIB pisdHOI XiMiuHOI Ipupoau Ipu MaKCUMaJIbHill KOHIIeHTpAaIlil noua-
TKOBOTO PO3UYMHY iMyHOTI00yMiHy C = 1,4 MT/T.

HazoxoMnosur Agisy MT/T | E iy Ma/T | A, 5> MT/T | E, ., mia/r
Fe;0,/IIAA 9,48 6,1 116,00 83,53
Fe;0,/y-AIIC 1,18 0,92 67,41 59,51

IIpupona moBepxHi HAHOKOMIIO3UTY TAKOK BILJIMBAE HA BEIUUNHY SIK
disuuHOi, Tak i KoBaseHTHOI iMMmoO6imizaiii Ig. KinbkocTi iMmMo06inizo-
BaHOro Ig i KoedimieHTn poO3mOAiNy € BUIIMMHU YV Pa3i HAHOKOMIIOSUTY
Fe,O0,/ITIAA.

Hocmimxenua mecop0Oiiii gismuno amcopboBamoro Ig mokasaso, Imo
micJasa TPOMMBAHHA HAHOKOMIO3UTIB B 5 MJ (PiziosioriuHOTO pO3UMHY
IPaKTHUYHO yBech Ig mepexoauTh B PO3UNH YIPOLOB:K 1—2 XB.

BuBinbHeHHs KoBaJIeHTHO iMMOOirizoBaHoro Ig B MmomenbHe cepenmo-
Bute ((pisiomoriunmit po3umH) gocaiAKyBaau Ha 3paskax Fe;O,/ITAA i
Fe;0,/y-AIIC. Kineruka BuBiJIbHEHHSI KOBaJIEHTHO 3B’ a3aHor0 Ig HaBe-
IeHa Ha puc. 2.28 i 2.29. ITapameTpu KiHeTHMYHNX KPUBUX OO0UMCJICHO
METOAOM HaWMeHIINX KBaApaTiB i3 3acTocyBaHHAM (opMyan
y(x) =y, +Ae™", ne y, — KinbKicTb 38’sA3aH0TO0 Ig, AKA HE MEPEXOAUTH B
MoOJeJIbHe cepedoBUIlle 3a JaHUX YMOB, A — KiJgbKicTh 3B’as3anoro Ig,
1110 BUBLJIbHAETHCSA B MOIeJIbHE CepenoBuille, 1/ — XxapakTepusye IBHU-
IKicTh BUBiJIbHEeHH Ig i BU3HaUae KPUBU3HY KiHEeTHYHOI KPUBOi.



TABJUIIA 2.9. I[lapamerpu 00UnCIeHNX KiHETHUYHUX KPUBUX BUBLIbHEHHSA KOBAJEHTHO 3B’SI3aHOTO iMYHOTJIOOYJIiHY
JIIOAWHMU Y = yyAe ™' nna nanoxommosury Fe,O,/TIAA.

Iapamerp | y(0)=55,8 mr/r | y(0)=40,6 mr/r | y(0)=34,6 mr/r | y(0)=19,1 mr/r | y(0)=15,6 mr/r

Yo 49,77+ 3,25 30,40 £ 1,22 25,940 11,09+ 0 0+0
A 2,76 £5,62 11,35+ 0 8,650 8,050 15,52+ 0
t 0,27+1,45 1,80+ 19,54 2,64+1,24 4,37+1,35 6,51 + 2,45

TABJINAIA 2.10. [TapameTpu 06UnCIeHUX KiHETUUHUX KPUBUX BUBIIbHEHHS KOBAJEHTHO 3B’ sA3aHOTO iMYHOTJIOOYIiHY
JIOOUHA Y = Y, + Ae ™" nia nanokommosury Fe;0,/y-AIIC.

ITapameTp ‘ y(0) =48,2 mr/r ‘ y(0) = 28,1 mr/r ‘ y(0)=12,1 mr/r
Yo 28,69 + 3,89 9,13+ 0 0+0
A 17,60 + 4,89 18,93+ 3,1 12,06 + 3,97
t 60,15+ 5,12 14,93 + 8,03 12,18 +17,68

0L€

ANGdOd 'II 'I1



HAHOKOMIIO3SUTHU 8 PYHKIIAMN METUKO-BIOJIOTTYHUX HAHOPOBOTIB 371

60 L C, mrir hSU l C. mrir
£ s ~ s IS - 4n2
8 - v 40,6 = e 28,1
.40 . 346 1 C = 121
e 30 - ;
?'?304 . 2 J o 19 E i >
-‘. = a =l = 156 204 %
E 203‘ . E "
SRTE - 210 - . o
é 10 < ) S k-
= 04 . = - S oo : 2 =]
0 50 100 150 4300 0 50 100 150 4300

Jac, XB. Tac, xe.

Puc. 2.28. Kimetuka pmecopO6riii okwme- Puc. 2.29. Kinetuka mecop6irii okmuc-
HEHOTO IiMyHOrJIOOyJiHYy JIOAWHM 3 HEHOro IMYyHOIJIOOyJiHy JIOIUHU 3
Fe;0,/IIAA. CupaBa BrkasaHni nmouatko- Fe;O,/y-AIIC. CrnpaBa BKasaHi moua-
Bi amcopbGoBaHiI KiJbKOCTi OKMCHEHOTO TKOBi ajcop0OoBaHi KiJbKOCTi OKmUC-
iMyHOTJIOOYJIiHY JIIONUHY. HEHOTO iMYHOTJIOOYJIiHY JIOAUHU.

3 ofep:KaHUX KiHeTUUYHMX KPUBUX MOKHA 6aUUTH, I1TO0 BiJHOCHE BU-
BiIbHEHHSA 3MEHINYETHCA i3 3POCTAHHAM KiJbKOCTH iMyHOIJIOOYJiHY
iMMo06iJIizoBaHOr0 Ha 060X MOBEPXHAX HAHOKOMITO3UTiB. [Ipu KimbKoCTi
immobinizoBanoro Ig 55,8 mr/r (Fe;0,/IIAA) i 48,2 mr/T (Fe;0,/y-AIIC)
BIpogoB:xK mepmux 10—-15 xB gecopbyernesd, Biamosiguno, 16—18% imy-
HOrUIOOYIiny. Ilpm mManmux KimbKocTax iMmmobinizoBanoro Ig 15,5 mr/r
(Fe;0,/ITIAA) i 12,0 mr/r (Fe;0,/y-AlIC) B:xe yupomoB:x nepiux 5—10
xB necopbyerbes no 30% Ig.

BusBinpHenusa iMmyHorIO0yIiHYy, iMM00OiIi30BaHOTO 3a MOIIOMOT0OIO KO-
BAJIEHTHOT'O 3B’SI3KY, IIPOXOAUTH IIOBiJbHIiNIe i y MeHmIiii mipi, uum y
pasi mecmernudiunoi iMmMmoobitisarrii.

2.5.2. Immo06inizania ManeiMiT-akTHBOBAHUX iMyHOTIOOY TiHiB
Ha noBepxHi Fe;0,/IMCEK

IIpoBenmeHo GioyHKITIOHATIZAIII0 aHTUTIIaMU HAHOKOMIIOSUTIB Ha OC-
HOBi HAHOJUCIIEPCHOTO MAarHETUTY, ITOBEPXHS AKOT0 MOAUDiKOBaHA Me-
30-2,3-IMMEepPKAITOCYKIIMTHOBOIO KMCJIOTOI0. XimMiuHa immobimisarisa
aHTuUTiNT Ha moBepxHi manokommos3uriB Fe;0,/IIMCK Oyna smiiicHeHa
IIJIAXOM B3aeMOZil peakIiifiHo3maTHUX CcyJb(MOTrpPyn Hocid 3 Majeimin-
HuMU QYHKI[IOHAJBHUMU TPyllaMu, 3a3fajerigb akTuBoBaHoro sulfo-
SMCC imyHnorsnobyniny [14, 15].
Cyabdocyrnuaimiania-4-(N-maneimigoMmeTns)iuKIoreKkcan-1-kapoo-
kcuaar (sulfo-SMCC) — peakTus sl CHUHTe3y CTablJIbHMX Majeimisn-
aKTUBOBAaHHUX TJIiKOMIPOTEiHiB, 110 6€3mocepeJHbO BCTYHAIOTH B PeaK-
mito 3 cyabdrigpunsaumMu rpynamu. IIpum meomy, NHS-edipu sulfo-
SMCC BcTymamTh B peakIliio 3 iMyHOIJIOOyTiHaAMU, IEPETBOPIOIOYN X
Ha peakmiiHosgaTtui mameimigm. Ili BigHOCHO crabinbui Mameimin-
aKTMBOBaHi iHTepMeniaT MOKYyTh OyTH JiogdisizoBaHi Ta 30epiraTmcs
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Puc. 2.30. Cxema gBocTafifiHoi peakirii 3B’ a3yBauudA Ig i Hocia 3 peaKIifiHo3-
JaTHUMHU cyJb(orpymnamu 3a gomomororo sulfo-SMCC.

LIS TOAJIBLIIIOTO 3B’ A3YBaHHA 3 HocieM [72—T75].

Sulfo-SMCC — po3uumHHUH y BOAi, CTIHKUH, MeMOPaHOHEIIPOHUKHUHA
Kpociainkep. Moaekyasapua ¢opmyaa C,cH,,N,O,SNa, MoirexyisapHa
maca 436,37, noB:xuHa cmeticepa 0,83 um (9 aTromis) [75]. Bin micTurn
amino-peakmifinosgatuy N-rigpokcucykinuHimMigay rpyny (NHS-ecTep)
i cynbporigpun-peakiifinosgatay wMajgeimigny rpymy. NHS-ectepu
BCTYIAIOTh B pPeakKIliio 3 mepBuHHUMEN aMiHamu mpu pH 7-9 i yTBopio-
I0TH cTabinbui amigui 38’ a3ku. Majeimin BcTymlae B peakIliro 3 cyabgo-
rupuabHOI rpymoio npu pH 6,5—7,5 3 yrBopeHHAM cTabiJBEHOTO Tioe-
diproro 3B’asky. Mameimigui rpynu sulfo-SMCC manssuuaiiao crabi-
abHi 7o pH 7,5 3aBOAKM IIUKJIOTeKCAHOBOMY MICTKY B cHelicepHOMY
dparmenti. HagsHicTh rinpodinsuoi cynsdorinbuoi rpynu 3abesmneuye
posumHHicTb sulfo-SMCC y Bozi i iHmux Bogaux 6ydepax [76].

Sulfo-SMCC BUKOPHCTOBYETLCA IJIA CUHTE3Y HAHOKOMIIO3UTIB TUITY
aHTHUTLIO-HOCiH. [IBOCcTamiliHa cxeMa CUHTe3y HaBedeHa Ha puc. 2.30.

Coouarky Ig, mo MmicTuth amMiHOrpyIy, pearye 3 HaAJUIITKOM KPOCJIi-
HKepa. Ilicaa mpoxomkeHHA peaKIlii IPOBOANTHCA BUIAJEHHS HAIJIN-
IIKY peaKTuBy mianizom. IIpu BBeleHHI B peaKIifiny cyminI cyabgoria-
puJIBMiCcCHOTO HOCifA, BifOyBaeThcA 3B’sA3yBaHHA 3 MajeiMigHUMU Tpy-
nmaMu KOMILJIEKCY aHTHUTiJIO-cIieiicep i yTBOpeHHdA cHenu@iuHUX KOM-
IJIEKCiB HOci#i-aHTHUTiNO.

BupBuena izorepma iMmmo6inizarii iMyHOrJIOOyIiHY JIOAUHYN HA IIOBE-
pxHi Hanokommosuty Fe;O,/I[IMCK 3a momomoroio cmeificepHUX MOJIe-
Kya sulfo-SMCC 3a MeToAMKOI0, BKasdaHo0 Buirie. Ancopbiia Ig ckaana
92,15 mr/r upu Kounenrpaiii C = 1,40 mr/r. PesyabTaTu OCJIiAKeHHA
mpeacTaBieHi B Taba. 2.11.

IIpoBeneHO BUBUYEHHA BUBLJIbHEHHSA iMMO0OisizoBaHoro Ig 3 moBepxHi
nHamokommosutiB marHerut/IIMCK B MmozenbHe cepemoBuiiie. Y SKOCTi
MOJEeJILHOTO CepeJloBUINa BUKOPUCTOBYBanM (piziosorivunmit pos3uuH.
OpmepsxaHi pesyIbTaTu MOKAa3aJI, IO YIIPOLOBK 24 TOAUH AecopOyeThCs
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TABJINIA 2.11. Isorepma immob6inisarnii aktuBoBanoro sulfo-SMCC Ig uro-
IVHY Ha ToBepxHi HaHokommnosury Fe;O,/[IMCK.

Cy, MT/MJI ‘ D (280 uMm) ‘ A, mr/T
0,25 0,37 7,92
0,45 0,62 20,43
0,86 1,45 67,32
1,40 1,87 92,15

8-12% imyHorsno6yniny. Businbaenus Ig, iMmMo0isizoBaHOTO 3a JOITOMO-
roro cireiicepa sulfo-SMCC, nporikae nosiibHilre i y MeHIIi# Mipi, uum y
pasi mecmernudiunoi iMmobirisallii Ha iHIITMX MTOJiIMEPHUX IIOBEPXHAX.

2.5.3. ImmoGimizania iMyHOr;I00yJiHy HA IOBEPXHI HAHOKOMIIO3HUTY
MAarHeTHT/TiZIpoKcoamaTHT

CTBOpeHHS HA IMOBEePXHiI MoamM(piKoBaHUX MArHETOUYTJIMBUX HOCIIB 1i-
JISTHOK 3i crelicepamMu AJid 3B’ I3YBaHHSI MOHOKJIOHAJIbHIUX aHTUTLMI € Of-
HUM 3 BUPIiIIAJLHUX E€TAIliB CUHTe3y 0i0(hyHKI[IOHATI30BAHUX HAHOKO-
MIIO3UTiB, B TOMY YMCJi, 3 PyHKIIiAMHU HaHOPOOOTiB [62]. Takumu miss-
HKaMH 3i cmeiicepHMMHU BJIACTHUBOCTAMHN MOKYTh OYTH HAHOUYACTUHKU
OslaropogHUX MeTaiB. BuKopucTaHHsa cpibia i 30j10Ta B CyUYacHUX TeX-
HOJIOTifAX BUTOTOBJEHHA JiKapchbKux ¢(opm [70] oOymoBIIOE MOIiNb-
HicTh iX BUOOPY B HAIIUX AOCJaim:KeHHaX. [Ipu omepskaHHi HAHOKOMIIO-
3UTiB cpibJI0 B HAHOPO3MipPHOMY CTaHi HAHOCATL Ha MOBEPXHIO HOCid,
110 MiHiMi8ye Oro BUTpPATH.

B [77] BuBueno B3aemogio ionis Ag’ i aromis cpibia 3 geHgpuMepa-
MU IIOJiaMiZoaMiHiB, IO IMIMPOKO BUKOPHCTOBYIOTHCS B 0ioJorii i me-
ouirHi. BusHaueHO KOHCTAHTU CTIHKOCTH IPOAYKTiB, cTeXioMeTpUUHi
cIiBBimHOIIEeHHS, KoedimienT 1udysii KoMmIIekcis i mipy agcopoii Ag™
Ha JeHapuMepu. BusBuena Bzaemofia Ag' 3 aap0yMiHOM JTIOAUHA, JOBe-
IeHo yTBopeHHd 3B A3KiB Ag—S i Ag—N. HaBegewni gani migTBepa:xyoTn
MOKJIMBiCThL BUKOPHUCTAHHA cpibJia y AKOCTi cieiicepa IS MIiITHOTO 3a-
KPiIlJIeHHS IIPOTeiHiB Ha MOBEPXHi MarHeTOKepoOBaHOTO HOCisI HeopraHi-
yHO1 a60 opramiuHol mpupogu.

MeTot0 JOCTiKeHD, IO PO3TJISAHYTI HUMKYe, OyJI0 BUBUEHHS IIPOIIe-
ciB agcopOIrisa/mecopdbitia iMyHOTIO0YIiHY, AK MO aHTUTLIA, HA HO-
BepxHi Hanokommoa3uriB Fe;0,/T'A i Fe;0,/TA/Ag nns BUKOpUCTaHHS
iX OpH IiJieCIpAMOBAHOMY CTBOPEHHI OaraTopyHKI[ioOHAILHIX OiocyMi-
CHIX HAHOKOMIIO3UTIB MeJUKO0-0i0/I0TiYHOT0 IPpU3HAYEHHS.

HopmanbHuii iMyHOrI00yIiH JIOAUHY ounInaau giamxizom mporu 0,02
MOJIb/JI atieraTHOro Oydepa Ha (Qisionoriunomy posumHi. Agcop6biiro Ig
IPOBOAUJIN B 3aJaHOMY CEePEeNOBUIIli BIIPOAOBIK 2 TOANH B JUHAMIUYHOMY
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pexxumi 3a KiMHaTHOI TeMuepaTtypu. KinbKicTh agcopboBaHol peuoBUHHI
Ha IOBEPXHi HAHOKOMIIO3UTiB BU3HAYAJIN BUMiPIOBAHHAM KOHIIEHTPAILil
Ig B KOHTAKTHUX PO3YMHAX IO i micsia amcopO1rii. BumiproBanusa onTmy-
HOI TycTuHU i cmexTpiB nmoraumHauHa Ig (y docharHOMy Oydepi
(pH="7,0) i @isiomoriunomy posumui) smilicHoBaIM Ha IpUIagi Spec-
trometer Lambda 35 UV /vis Perkin Elmer Instruments mpu A = 280 um.

BuBinnuenna Ig B momenbHe cepemoBuirie ((pisiosoriunmii po3umH)
nocaimxyBasu Ha spaskax Fe;0,/T'A i Fe;0,/TA/Ag, mo micTars imy-
HOTJIOOYJIiH, iMMO6inidoBaHU 3 pisHUX OydepHUX cucteM (pochaTHuii
oydep, disiomoriunmii posunn). Bigmosigui koHIenTparii mecop6oBa-
Hol peuoBunu (C,,.) po3paxoByBau 1o rpadikax isorepm gecopoOiii.

Agncop0bIiiga mpoTeiHiB Ha rigpokcoamaTuTi BKJIIOUAE AK aHIOHHMII,
Tak i kaTiomHMI 06MiH. AKTHBHI nmeHTpu Ca’" B3aeMomioTh 3 KapOOK-
CUIBLHUME (pyHKIioHaNTpHUMU rpynaMu Ig, Toxi ax PO? -meHTpu B3ae-
MOJiIOTh 3 OCHOBHUMH AiJISHKaMM MOJIeKyJu. BusHaueHo, 110 (hopMa
oIep:;KaHUX izoTepM amcopbIrii iMmyHormo0yriny € BigMiHHOIO ns pis-
Hux 6ydepHux cucrem (puc. 2.31, 2.32). Taxk, isorepmu azcopoO1ii Ig B
cepenoBuiiii pocaraoro 6ydepa (puc. 2.31) maroTh cnenudiuny popmy
BHACJIIIOK BUHMKHEHHS KOHKYPEHIIil amcopbTuBa i ¢ocdar-ioHiB pos-
YMHHUKA 34 aJCOPOITiiHi IIeHTpu afcopOeHTy.

3rigHo 3 Jiteparypuumu ganuMmu [ 78], Taka popmMa KpuBoOi BacTUBa
cucTeMaM, B IKUX B3a€MOIiA MiXK agcopOOBaHUMM MOJEKYJIaMU € CH-
JbHIITO0I0, Hi’K B3a€EMOJis MiK DPO3UMHEHUMU CHOJYKaMu i amcopOeH-
ToM. IMyHOTJIOOYIiHM 3a3BUYAl amcOpOYIOTHCS IPU HU3bKUX KOHIIEHT-
pamiax (10—-20 mM) Ha moBepxHi Hocis 3 ocdhaTHOoro Oyhepa, Xoua ne-
AKi Kucyi mpoTeinu amgcopOyIOThCA JIUINE Y BOZHOMY CEePeIOBUIIli, PO3-
yrHaX cojieil abo HedochaTHUX Oydepax.

Koedimieut posnoainy E iMyHOTJIOOYIiHY MijK TOBEepPXHEI0 HAHOKOMIIO-

30/ ™ Fe0/TA 40] ® Feo A

® TFe0/TA/Ag ® Fe0/TA/Ag

A, mMr/T
A, Mr/r

0,00 005 010 015 020 0,25 0,0 0.2 0.4 06 0.8

Cpm_, MI/MJI Cmm » MI'/MJI

Puc. 2.31. Izorepmu agcop6iii Hopma- Puc. 2.32. I3orepmu aacop6birii Hopma-
JBHOTO Ig JiommHM HaA MOBEPXHiI HaHO- JBHOTrO Ig JIOAMHU HA MMOBEPXHiI HAHO-
komnosuris Fe;0,/T'A i Fe;0,/TA/Ag 3 komnosuris Fe;0,/TAiFe;0,/TA/Ag 3
docaruoro 6ydepa. (disiosoriunoro posuuny.
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TABJINIIA 2.12. Beauuunau aacop6biii Ig aoguunm i KoedimienTn posmomginy
HAHOKOMIIO3UTIB 3 Pi3HOI0 XiMiUHOI0 IPUPOLOIO IIOBEPXHi.

Hamoxkommosur I A, mr/r, ®is. po3unH E, mn/r, @pis. posunu
Fe;0,/TA 34,0 47,2
Fe;0,/TA /Ag 38,0 59,4
Fe;O0,/TIAA 9,48 6,1
Fe;0,/y-AIIC 1,18 0,92

3uTy i posunsoMm ckJagae 111,36 mu/r gia Fe;O,/TA, a nna Fe;0,/TA/Ag
— 186,67 ma/r. Ilpu agcop6birii 3 ¢isionoriunoro posuuny aasa Fe;,0,/TA
E=47, 2 mn/r, nna Fe;0,/TA/Ag E =59,4 mu/r. Aacop6rris Ig Ha mosep-
XHi HAHOKOMIIO3UTY 3 HAHOYACTUHKAMH CpibJia mepeBuIIye aacopoIlio Ha
noeepxHi MmaraeTuT/T'A B 1BOX 6ydepHux cucremax. Lle € cBigueHHAM TO-
ro, II[0 HAHOYACTUHKY CPi0ja Ha ITOBEePXHi KOMIIOSUTY BHUCTYHAIOTh B POJIi
IOMaTKOBUX afACOPOI[iHHIX ITEHTPiB.

XimiuHa mpupoga MOBepXHi HAHOKOMIIO3UTY TAKOK BILJIMBA€E HA af-
copoiio Ig. IIpo e cBimuaTs pesyabTaTHU AOCIiIKEeHDb i30TepM agcopo-
ii Ig (Tab6i. 2.12) manoxommosuTamu 3 akTuBHuMU —NH,-rpynamu mo-
BepxHi: marmerur/noniakpunaamin (Fe;O,/IIAA) i marueTur/y-amiHo-
npomincuinokcas (Fe;0,/y-AIIC) [3, 4, 14].

3riguo 3 nauumu [79, 80], migBumieHHa KiTbKoCcTu 0i0OMOJIEKYJI B PO-
3UYMHI OO0 piBHA, IO IEPEeBUINYE iX KiJbKicTb B agcopboBaHOMY MOHO-
miapi, cIpuse BIOPAAKYBAHHIO 0i0MOJIEKYJI i YTBOPEHHIO IiJILHOI yIa-
KOBKU. ¥ BUIIQJKY aHTUTIJ iX OpieHTAIlid €, IIepeBasKkHO, IIEPIIEHINKY-
JSIPHOIO IO IIOBEePXHi.

BpaxoByroun BUCOKY afcopbirito (A = 34—38 Mr/r) iMmyHOTJIOOYJIiHY B
HOPiBHAHHI 3 acOpOITielo Ha MTOBEPXHAX HAHOKOMIIO3UTIB, (PDYHKITiOHA-
jgizoBanmx amimorpymamu (A=1,18-9,48 mr/r), MOXXKHA NPUIYCTUTHU
YTBOPEHHA KOMIAKTHOI YITaKOBKY aJCOPOOBAHMX aHTHUTIJ Ha MOBEPXHI
HaHOKOMIIO3UTIB, MmogudikoBaunux I'A i cpibaom.

Kimetury mecop6irii immobisizoBanoro Ig B MmogenbsHe cepenonuiiie (¢i-
siosoriunuii posuynH) gocaimkyBaau Ha 3paskax Fe;0,/T'A i Fe,0,/TA/Ag
(puc. 2.33, 2.34). Onep:kaHi KiHeTUYHI KPUBi CBiAUATE IIPO BHUIKEHHA Jle-
cop61rii Ig i3 3pocTaHHAM KiJBKOCTH iMyHOTJIOOYJIiHY, iMMO6iIiB0BAHOTO
Ha JIBOX MOBEPXHAX HAHOKOMIIO3UTIB y pochaTHOMY Oydhepi. [Ipu HU3bKii
KibKocCTi agcopboBamoro imymorso0y tiny B mepiiri 10—15 xBuauH gecop-
OyeTbes itoro 1o 50% iMmyHOrI00YIiHY, TOAL K IPHU BUILil afgcop6iIiii mpo-
TATOM TOTO 2K Yacy aecopoOyerbcs 01u3bko 10—-20% . Kimetuka mecopoOirii
imyHors00y1iHy 3 moBepxHi Fe;0,/I'A/Ag HaBeneHA HIKYE.

BusBinbHenHsa iMmyHOr00yIiHY, iMMOOisTizoBanoro 3 ¢isiosmoriumoro
po3UYMHY, IPU BEJIUKUX KOHIeHTpamiax (A= 17-38 mr/r) He BigOyBa-
etbeda. Bigomo [80], mio Beauki OioMoeKkyau, y TOMY UHMCJIi aHTUTiJIA,
He TecopOyThCA IIPH PO3BEIEHHI TUM caMuM Oy(epoM, B IKOMY Big0y-
BaJiacsa azcopOIlidg, mpupoaa aAcopOeHTY TAaKOMK iCTOTHO BILIMBAE Ha



376 II. II. TOPBUK

20 8 Aadl wzir 30 " A=40wm
Fe,O,/TA $ A=BS wxi Fe,0,/TA/Ag * A=85mir
25 & 4103 mois 25 4 A=125mf0
w A=14.5 mriT v A=163mrfr
20 A A=180 moi 20 a4 A=21,0 mrhr
"E‘ 15 ﬂh {_; 15 » A =220fc
= ) _—
< 10 " . < 10
|
5 5
-
m :
0 5{ 100 14738 1440 0 25 50 1420 1449
Yac, xB. Yac, xn,
a 0

Puc. 2.33. Kinerukra mecop6iii iMmyHOTrI00yIiHY JIOAUHY 3 TOBEPXHI HAHOKOM-
nosuriB: a — Fe;0,/TA, 6 — Fe;0,/TA/Ag. Ha BcTaBKax HaBeJeHa IOUYaTKOBA
azcopbIrisg imyHOTI00yIIiHY 3 hocdaTHOTO Oydepa.

3IaTHICTEL amcopboBanmx 6ioMoeKy 1o mecopbirii. Taxka TenmeHItia xa-
pakTepHa TaKOXK AJIA JOCTiI:KeHUX MIOBEPXOHb.

TaxkuM YMHOM, BUBUEHO IIpoIlecu iMMo0iisalii imyHor o0y Iiny Jrio-
OUHYM HA IIOBEPXHi HAHOKOMIIOBHUTIB MATHETHUT/TiZPOKCOANATUT i Mar-
HeTUT/rizpoKcoanaTut/cpidio y docharaomy O0ydepi i dpisiomoriunomy
posunui. EKciepuMeHTaIbHA 3aJIe;KHICTL amcopOIrii Bixg KOHIeHTpAIil
amcopOeHTy CBiIUUTH IIPO OCOOJIMBOCTI MexaHisaMy amcopbIii B mux Oy-
(depHUX cucTeMax, a caMe, BipoTigHY KOHKYPEHI[i}0 MOJIeKYJI iMyHOTJIO-
Oyainy i dochar-ioHiB HAa aKTUBHUX IIEHTPaX amgcopbeHTy y dochaTHO-
My 6ydepi. BcramoBieHo, 1110 HaHOYACTUHKY CPibJja € JoJaTKOBUMU aji-
copOmifimmmMu 1meHTpamu aacopbeuTy. AHTuTina, iMmmobisisoBaHi Ha Imo-
BepxHi Hanokomno3uris Fe;0,/T'A i Fe;O0,/TA/Ag, xapaKTepuayOThCS
c1abKoI0 JmecoplIlicel0 B MOAEJIHLHOMY CepPeNOBUIIi, OiJIbII iHTEHCHUBHE
BUBiJIbHEHHA iIMyHOTJIO0yIiHY, iMMOGisizoBaHoro 3 ¢isiosoriunoro po-
3UYNHY, BiI0OyBaeThCA IPU HU3BKUX PiBHAX amcopOIrii.

BakiuBuMy HampsaMaMM 3acCTOCYBaHHA OiopyHKI[iOHAi30BaAaHUX
iMyHOr/I00yJIiHAMHK MarHeTHUX HaHOMAaTepiaiB € BUAaJeHHS 30yIHUI-
KiB iH(eKIifiHuX 3aXBOPIOBAaHb 3 KPOBi Ta iHmux 6iosorivuHUX pigwH,
JiarHOCTHKAa 3aXBOPIOBAHL (KOHTPACTYBaHHJ 1 BisyaJsizaris), posmisHa-
BaHHA MiKpoOiogoriuHux 00’eKTiB (3a JOIIOMOTOIO CIEMUMIYHNX aHTU-
Tisa) i Tepamia Ha KIiTUHHOMY pPiBHI.

2.5.4. Immob6iaizania mouokaoHaapbHUX aHTUTLI CD 95 Ha moBepxHi
HaHokoMno3utiB Fe;0,/y-AlIIC i Fe;0,/ITAA

HacTynHuM 3aBIAHHAM OOCIiIKeHL OyJIO BiAIpaljoBAHHA METONUKU
CTBOPEHHSA HAHOKOMIIOBUTIB 3 iMyHOTEepPaneBTUUYHUMU BJIACTUBOCTAMU
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(MicTAThP MOHOKJIOHAJBHI aHTHUTiNA) Ta QYHKIIAMHU pO3IisHaBaHHSI
cruenu(pivyHIX KJIiTHUH.

SAx BimoMo, TKAaHWHA TYXJUHU XapPaKTePU3YETLCA IILINM PALOM OCO-
O0JIMBOCTel, AKi BiApisHAIOTH Ii Bim HOpMaJabHOI TKAHWHU, IIOUYNHAIOUN
BiJl TIOpyIlleHb MiKPOIMUPKYJIAIl i 3aKiHUYIOUM €KCIpecieio aHTUTeH-
HUX JeTepMiHaHT i perenTopiB. CamMe KOMILIEKCHe BUBUEHHSA OCTAHHIX
3aKJIaJI0 OCHOBY [0 PO3POOKM METOJiB, TAK 3BAHOI «TapreTHOI Tepalrii»,
BUKOPUCTOBYIOUHU cuelu(ivuHi KIITUHU y AKOCTI MimteHi. ¥ Takux BU-
magKax JiraHgu, 34aTHi cuenu@iuHo 3B A3yBaTHCA 3 BKa3aHUMU pelle-
IITOpaMu, KOBAaJIEHTHO a00 HEKOBAJIEHTHO IIPUEAHYIOTHLCA OO HaHOYAacC-
TUHOK — HOCiiB IIpoTunyxXJuHHOTO Ipenaparty. Ile nmo3Bojidge He auiie
MiABUIMUTH KOHIIEHTpAIlilo mpemapary 0ifg KiaiTuHu-Mmimtewi, aime i
3MEHIINUTHY MO0 TOKCUYHY JIif0 HA OpraHi3M.

Bupuanaca mecnenudiuna (isuuna) agcopbiria i KoBaJeHTHe IPUE-
JTHAHHA MOHOKJIOHAJIbHUX aHTUTLJ HA HAHOKOMIIO3UTaX 3 MoAu(iKkoBa-
Hoto moBepxHelo: Fe;0,/y-AlIC i Fe;0,/IIAA. ¥V AKOCTi CEHCOPHUX MO-
JIeKYJ BUKOPHCTOBYBAJIOCS MOHOKJIOHAJbHe Muiinaue antutiso CD 95
[3, 4, 14].

Bysnu BuroToBJieHi 4 THnU 3pasKiB, AJIa AKMX HABAYKKU JOPiBHIOBAJIN
0,03 r, 06’emu posunuiB CD 95 i CD 95 okucHeHOTro Ha OIWH 3Pas3oK
crygazanu 1,0i1,7 mu BigmosigHo:

1. Fe,0,/y-AIIC + CD 95;
2. Fe,0,/IIAA + CD 95;
3. Fe,0,/y-AIIC + CD 95,,..;
4.Fe,0,/TIAA + CD 95,

Agncop6mito (¢disuuny) MoHOKJOHAIbHUX amHTuTimi CD 95 (C=20
MKT/MJ) Ha HaHOKoMmmo3urax Fe;0,/y-AlIC i Fe;0,/ITAA (3pasku 11 2,
BiZmOBimHO) mpoBoAMIM y (isiosoriunomy posuwmui (1 M) mporsarom 2
rOAYH B JMHAMIUHOMY PEeXKMMi 38 KIMHATHOI TeMIIepaTypHu.

Immobimizaiiro MmoHOKIOHANBHUX aHTuTia CD 95 3xilicHioBaIM KOBa-
JIEHTHUM IPUEIHAHHAM OKHMCHEHUX aHTHUTLI A0 aMiHO(YHKI[IOHAIi30Ba-
HIX HAHOKOMIIO3UTIB. AMiHM pearyoTs 3 aJbIerifHIMU IPYIaMUt, YTBO-
PEHUMU B MOJIEKYJIaX aHTHUTLI MIJISIXOM IepiofaTHOTO OKMCHEHHSA iX Kap-
forigpaTHUX 3a/InINKiB 3 yrBopeHHEAM ocHoB [1Tudda. KoBanenTHe npue-
JHAHHSA aHTUTLI IIIM METOAOM 0 IMOBEPXHi HOCIIB Mae IepeBary B IIOPiB-
HAHHI 3 iHIITUMY MEeTOIaMH i IToJIATaE B OPie HTOBAHOMY 3aKPiIlJIeHHI MO-
JIEKYJIM aHTHUTiJIa Ha IOBepXHi. Pe3ybTaTi KOBAJEHTHOr'O HPUEIHAHHS
MOHOKJIOHaJIbHOT0 auTuTia CD 95 peacrasiaeno B Tabu. 2.13.

OKucHeHHA MOHOKJOHaMbHUX auTutiai CD 95 mposoaumaum 0,1 M
NalO, B anrerataomy 6ydepi (pH 5,0). Oxucuenuit CD 95 ounmnranu gia-
agisom potu 0,02 M amnerarHoro 6ydepa (pH 5,0). Posuun okucHeHNX
aHTHUTLI micasa miaaisy 6yB moeemenuii ;o pH 8-9 0,06 M xkapbouaTHO-
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TABJINIIA 2.13. ImMmob6inisamia monokaoHaAABHUX aHTUTLI CD 95 Ha moBepxHi
Mar"feTouyTauBux HaHokoMmnosuris Fe;0,/y-AIIC i Fe,0,/ITAA.

HazoxomMnosur ‘ Cy, MKT/MJI | D ICpiBH., MKT/MJI ‘ A, MKT/T
Fe;0,/y-AIIC + CD 95 20,00 0,73 19,96 1,2
Fe;0,/IIAA + CD 95 20,00 0,72 19,93 2,3
Fe;0,/y-AIIC + CD 95,,,... 3,88 0,44 1,45 137,7
Fe;O0,/IIAA + CD 95, ,..... 3,88 0,42 1,00 163,2

Ipumimrka: C, — mo4aTKOBa KOHLEHTPAIiA aHTUTiN; D — onTuuna ryctusa; C,. . —
piBHOBaKHA KOHIIEHTPAI[iA aHTUTLI Ipu agcopbirii; A — amcop6iia CD 95 Ha moBepxHi
HAHOKOMIIO3UTIB.

rizpoxapbomaTHuM OydepoM Ha disiomoriunomy posuuni (pH 9,5). Ilo-
YaTKOBAa KOHIIEHTPAI[isd MOHOKJOHAJAbHUX aHTUTiI CD 95 micaa giamisy
crkaagana 13 MKr/mi.

KoBanentHe 3B’s13yBaHHA MOHOKJIOHaJLHOro auTutisa CD 95 na Ha-
Hokommosutax Fe;0,/y-AlIC i Fe;0,/IIAA, aKTUBOBAaHOTO eTUJIEHia-
MminoMm (3pasku 3, 4), npoBoguau B 0,06 M xap6omaTtHoMy 6ydepi (pH
9,0) Ha (isiosoriuHOMY PO3UYMHI IPOTATOM 2 FOAUH B IMHAMIYHOMY pe-
JKuMi 3a KiMmHaTHOI Temiepatypu. HamocamoBuii po3umH Bigminaam B
II0JIi ITOCTiMHOTO MarHeTry i BUMiproBaJIu KOHIIEHTPAIlilo IVIIKOIPOTeIHY
Ha KoMmOimoBamoMy puaepi mis mikpomnaninery Synergy HT, Model
SIAFRTD, Serial Number 202993 (Bio Tek).

KinbKicHe BU3HaUeHHs BMIiCTy aHTUTijIa B Ipobax 6yJI0 IIpoBeIeHo 3a
meTomoMm Bpendopaa [81]. ¥V #ioro ocHOBY IIOKJIAAEHO 3CYB CIIEKTPY IIOT-
auHauuA 6apBHuKa Kymaci (Coomassie Blue) G-250 ma moB:xuHi XBuIi
595 HM mpu OCBiTJIIOBaHHI HUM KOMILIeKcy 3 Oinkom. KoHIlenTparrito
CD 95,,,.. BU3HaUaIM 3a KajdiopyBaJabHUM rpadikaM i pospaxoByBaIu
amcopOITito MOHOKJIOHAJIBHUX AHTHUTII Ha HOBEPXHi JOCTimKyBaHUX Ha-
HOKOMIIO3UTIB.

OKucHeHHA MOHOKJOHaAbHUX aHTuTim CD 95 mpoBomuam 3srigHo
omucaHoi Buire MmeToguku (2.5.1).

ITouaTkOBa KOHIIEHTpAIlis MOHOKJIOHAJIbHUX aHTUTiI CD 95 micaa mi-
anmisy ckiagana 13 mxr/cm®. KoBasenTHe 3B’ A3yBaHHA MOHOKJIOHATLHUX
aaTuTtia CD 95 (V=1,7 ma i3 C = 3,88 MKI/MJI) HA TOBEPXHi HAHOKOMIIO-
autie Fe;0,/y-AlIC i Fe;0,/ITAA (maBakku mmo 0,03 r), apificHIOBaIN
mpoTtAaroMm 1,5 rooua B AMHAMIYHOMY PesKUMi 3a KiMHATHOI TeMIIepaTypu.
OpmepsxaHi 3pasKy BiJOKPEMJIIOBAJIU B IIOJIi IIOCTiHHOTO MarHuery.

Ogmep:xaHi pesyabTaTy BKa3yIOTh Ha iCTOTHI ImepeBaru KOBaJeHTHOT'O
MpUETHAHHSA aHTUTIJ IIOPiBHAHO 3 HECIeIndiuHoo agcopbirieto: 36iab-
IITYE€ThCSA TEPMOJUHAMIUHA CTiMKicTh Imapy iMMo6ijii3oBaHOro 3a paxy-
HOK YTBOPEHHSA KOBAJEHTHOIO 3B’ A3KY i KiHeTUUHa CTifKiCTh B pe3yJib-
TaTi yCKJAAHEeHHsS mecopObIlii sa paxyHOK IIOBiJIBHOTO TiApoJisy OCHOB
Mudda 4, 14].
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2.5.5. IMmMo00ii3anisa IUTOTOKCHYHOTO ITpenapaTy MUCIIJIATHH HA
nosepxHi HaHOKOMIO3UTiB Fe;0,/y-AlIIC Fe;0,/IIAA i Fe;0,/TA

HMucniaaTuH — OPOTUIIYXJIUHHUM mpemapar, I0 MiCTUTh MJIATHUHY, Ce-
PifiHO BUNYCKAETHCA IIPOMMCIIOBICTIO y BUIJIALL po3uuHy. MexaHi3m
OPOTUIIYXJIMHHOI Ail MOXigHMX IJIaTHMHMN HOB’A3aHUI 31 3JaTHICTIO IO
O0idpyHKITioHanabHOTO ankimyBamua Jjgauiioris JJTHK, 1o Bege mo mona-
JIBINIOTO MPUTHIUeHHA 0i0CUHTe3y HYKJIeIHOBUX KMCJOT i aronTosy KJIi-
tuH. [{lucnmaTuH moramo IPoOHMKAaE uepes reMaToeHIiedarivamuii 6ap’ep,
IIBUIKO IIEPETBOPIOETHLCA O0e3 yuacTu (epMeHTiB Y HeaKTUBHI MeTabo.ri-
Ti. 3B’ A3yBaHHA 3 6iaKaMu (y BUrIALlI MeTaboaiTie) cranoButh 90% . Y
HOYaTKOBiN (pasi mepion HamiBBUBEIEHHS JIIKAPCBKOIO Ipelrapary 3
KpOBI 1,/ cKIagae 20—49 xB, B KiHIeBil (pasi Ipu HOPMAIbHIN BAILIb-
Hilt QyHKITIII HUpOK 58—73 rox, mpu anypii — 240 rox. BuBogurhbcsa Hu-
pramvu 27-43% 3a 5 1i0; mIaTHHY MO HA BUABUTH B TKAHUHAX IIPOTH-
rom 4 micaiB micaa BBemenHs [23, 82, 83].

AncopbIrito MMTOTOKCUYHOrO IIpelapaTy Ha MOBePXHi HAHOKOMIIO3M-
TiB IPOBOAUIN HIPOTATOM 18 roguH 3 pO3UNHY IUCILIATHHY 3 KOHIIEHT-
paitiero 1 mr/ma. KonmenTpaiiito po3paxoByBau IO mIaTuHi. Axcopo-
I[if0 MUCIIATUHY 3iMCHIOBAJIM IIPW IePEeMiIlyBaHHI BIPOJOBK 18 rof
mpu 293 K cucremu (V =50 M), 1110 MicTUTh HAHOAMCIIEPCHUM MarHe-
TuT 3 BimmoBigauM mokputtam (200 mr).

KinpKicTs amcop6oBaHOl PpeUOBMHYN BU3HAYAIYN BUMiPIOBAHHAM KOH-
nenTpanii Pt?'-ioniB aTikBOTHMX KOHTAKTHUX po3unHiB (5 M) 10 i mic-
JIs amcopOIrii nmucaaTuny. BuMipioBaHHA IPOBOAUIN Ha OJHOIIPOMEHE-
BOMY [IBOKAHAJbHOMY aTOMHO-abcopOiiiiHomMy cunekrpodoromerpi C-
115 M1 3 mosryMm’ AHUM aTOMiBaTOPOM, JeHlTepieBUM KOPEeKTOPOM (OHY i
mudpoBoOI0 peecTpallieio. BuKopucTOByBaIu JaMIy 3 HOPOKHUHHUM
KaToaoM Ha IIaTuHy (aHamiTuuyHa JiHiga — 265,9 HM); DaJIuBHO-OKHCHA
cucTeMa — alleTUJIeH—TOBiTp4.

Benuuunny agcop6irii A (Mr/r) po3paxoByBaIu 3a PopMyI0I0

A =[(C0 _CI)V]/g’

ne A — BennumHa ajgcopbuii Pt*", mr/r; C, — KOHIeHTpalisa BUXigHOTO
posunny Pt**, mr/m®10%; C, — KoHIIeHTpAIlid PO3UNHY IIicJIA agcopOIii
Pt**, mr/m%10% V — 06’em posuuny, mr/m*107%; g — HaBa)kka Marte-
TUTY 3 TOKPUTTAM, T.

CTabibHICTE PO3UMHIB ITMTOCTATHKA OOCJiAKYyBaaW, BUMIipIOIOUN
0ro aKTUBHICTD Ha IMOKUBHE cepemoBuiile Koxxui 10, 20, 30 xi6. Bera-
HOBJIEHO, III0 aKTUBHICTh PO3UUHY IMUCILJIATUHY 3aJUINAECTHCA HE3MiH-
HOIO ITPOTSATOM OJHOT'O MiCcsAIls.

HocmimxeHno KimeTuKy aacopOIii mucnaaTuHy Ha IIOBEPXHiI MarHeTo-
KepoBaHMX HAHOKOMIIO3UTiB (puc. 2.35, a, 0, 8).

ITokaszaHo, 110 KiTbKicTh afcopboBanoro nucimiatugy (3a Pt*") crano-
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Puc. 2.35. Kinetnuni xpusi agcopOiil MucmjaTUHy HA IOBEPXHI HAHOKOMIIO-
sutis Fe;0,/ITAA, Fe;0,/y-AIIC, Fe;0,/TA.

BuJia 128 Mr/r Ha moBepxHi HaHOKOMIIO3uTy Fe;O,/ITAA, 98,3 mr/r — Ha
Fe;0,/y-AIIC Ta 60,1 mr/r Ha noBepxHi Hanokommnosury Fe;O,/T'A. Oc-
HOBHA YaCTHHA ITUTOCTATHIKA aAcopOyBaach IpoTaroMm 2—3 roAuH.

2.5.5.1. BuBueHHA BILINBY HAHOKOMIIO3HUTIB HA JKUTTE3TATHICTD KIITHH

Huixue HaBegeHi pes3yabTaTH MOCHiIMKeHb 0i0JI0TiUHOI AKTUBHOCTH CH-
HTEe30BaHUX MarHETOUYTJIMBUX HAHOKOMIIO3UTIB [4, 5, 14].

Mertomo mocaig:xkeHb O0yJI0 MOPiBHAHHA ITUTOTOKCHUYHOI Aii mucoaaTu-
my (IIII), axcop6oBaHOTO HA HAHOKOMIIO3UTAX 3 Pi3HOIO XiMiuHOIO HpU-
POIOIO TMOBEPXHi, 1 CTAHZAPTHU30BAHOIO JIiKapChKOT0 IIperapary IIHUCII-
JIATUH Y KYJbTUBOBAHOMY CEPEIOBUIIII.

Mogeni marHeTouyTINBUX JiKapChbKUX 3ac00iB HA OCHOBI CHTE30BAa-
Hux HaHoxomnosutiB Fe;O,/ITAA +IIII, Fe;O0,/y-AIIC+IIII Ta
Fe;0,/T'A + LIl gocaimxeno in vitro 8 IEIIOP HAH Vxkpaiunu. IIposene-
HO aHaJi3 IIMTOTOKCHUYHOI Oii CMHTE30BaHMX HAHOKOMIIO3UTIB Ha KJIi-
tuHHL JiHil MCF-7 KaprmuHaoMu MOJIOYHOI 3aJI03U JIIOAUHHI Ta emiTeJia-
JbHOI KapruHoMHu AcunHnka Jognan A 2780 3 6aHKY KJIITUHHUX KYJIb-
Typ IEIIOP HAH Yxpaiuu.

Kaituan nimii MCF-7 (kormenTpamisa ckiagzana 1-10° kaitwa/Mi B
00’emi 100 mra) posmimiyBanu B 96-TyHKOBI IJIACTUKOBI IIJIAHIIIETH.
Kairuam xkyiasTuByBasmcs B mogudikoBanomy cepemosuirii Dulbecco-
ISCOV (Sigma) 3 mogaBaunasam 10% emOpioHaIbHOI TeISI0I CUPOBATKY i
aHTNb0iOTMKA — TeHTaMinuHy B KoHIeHTparii 40 MKr/MJa B cTaHAapT-
uux ymoBax mpu 37°C i mpu 5% -nacuuenni mosBitps CO,. Ilicia 24-
TOAMHHOI agamTallii KIiTUH 4O YMOB KYJbTUBYBAHHS JOJaBaN JOCJTi-
I:KyBaHi mpobu ajia TecTyBaHHA (KOXKHA B 3 mapauenax, mo 100 M) i
iHKyOyBaJi1 B TUX caMUX YMOBaX. BusHaueHHs ITUTOTOKCUYHOCTH IIPO-
Bogunu uepes 24 roauHu. EderkTuBHicTh omiHooBagum 3a MTT-
KOJIODUMETPUYHUM TECTOM. ¥ OCHOBY METOAY MOKJIaJeHa 3MaTHICTDb Mi-
TOXOHApiaabHUX (hepMEeHTIiB JKMBOI KJIiITHMHU mepeTBopioBatu 3-[4,5-
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IuMeTuaTiazon-2-ia]-2,5-audeniarerpasoxiym opominy (MTT) — cinb
$KOBTOI'0 KOJIbOPY, B Kpuctasiuauit MTT-hopmasaH JTijI0BOTO KOJIHOPY.
[ mboro B IyHKU 96-ITyHKOBOTO MJIAHINETY HoxaBaau 20 MKJ po3un-
mHy MTT (5 mr/ma pocdaTHO-cOMbOBOTO 6ydepa) i iHKyOyBaiu IpOTATOM
3-x ropuu. Ilicia nmearpudyrysanua miaaumietry (1500 06/xB, 5 XB) Bu-
Iasaau cymepHaTauT. [Jid posunHeHHS KPUCTANiB (hjopMaszany B KOXKHY
ayHKy gomaBasum 100 Mg gumeruiacyiabhokcunmy (Serva). Benuuummy
OIITUYHOTO MOTJIMHAHHS PO3UMHY BUMipIOBAJM 34 JTOIOMOIOI0 MYJIbLTH-
JyHkoBoro ciuexTpodoromerpa (MultiScan MCC 340) npu moB:xuHi
xBuai 540 am (0OI1540).

3a ommcaHoi0 METOANKOI0 BUBUYEHO ITUTOTOKCUYHY MIif0 CHHTE30BaHUX
HaHOKOMIIO3UTIB Ha KJIITUHU eIIiTejJiaJbHOl KapIUHOMHU ACYHUKA JIIO-
nuan giHii A 2780. ocrigkeHHs ITPOBOANIIOCH HA 3pasKax:

— IUCILJIATUH, cTaHgapTudoBaHuii mpenapar (L11);

— MarseToKepoBaumil HaHOKoMIIo3uT Fe;0,/ITAA;

— MarseToKepoBaHuil HaHoKoMIo3uT Fe;O,/ITAA + I1I1.

B mocaimxeHHAX BUKOPHUCTOBYBAJIY PO3UNHU ITUCILIATUHY 3 KOHITEH-
rpartiero C =2 mMKr/mia B gosax 1C,,, AKi BUKIUKaOTh 3arubenab 50%
KJITUH.

PesyabTaTu 1ocIimKeHb CHHTe30BAHUX 3pa3KiB HaBemeHo B Tabi. 2.14.

3 Tabauili BUAHO, 1110 3acTocyBaHHA posunHy LIII 3 KoHIIeHTpaIlieio
C = 2 mr/ma y Bignosiguiit nosi IC,,, Bukankae sarutdenb 52% KiIiTuu
ainii A2780. Hanokomnosur Fe;O,/IIAA — marHeTrouyT/iMBuil HaHO-
posMipHU Hoci#t 3 GiocyMiCHUM MOJiMEPHUM MOKPUTTAM, IPAKTUIHO
He MPUTHIUy€E KJIiTWH, 0 CBiIUYMUTL Hpo ¥oro GiocymicHicTh 3 maHOIO
KJITUHHOI JIiHi€l0 Yy BUKOPUCTAaHUX Ao3axXx. IIpoTe, MaraeTokepoBaHUH
Hanoxkommo3ut Fe;0,/ITAA + IIII, 1110 cTBOPIOE BiAIOBiAHY KOHIIEHTpA-
miro mucmIaTury (2 MKr/cMm®), BUKJINKae 3arumbens 65% KiIiTwH i Ha
13% mnepeBurye edekT nii BinmbHOI (hopMU IIpermapary.

Or:xe, BUKopucranasa HaHokommosuty Fe;O,/ITAA + IIII ymosxauB-
JII0€ 30iJBIMUTH ITUTOTOKCUYHUN ePeKT IIUCIIATUHY Y KYJIbTYPAIbHO-
My cepemoBuiili. Ile MoKHA MOSICHUTH TPaBMAaTUYHOIO Ii€l0 MArHETOUY-
TINBUX HAHOKOMIIO3UTIB HA KJIITHHHY MeMOpaHy, II0 CIPUAE IIPOHUK-
HEHHIO MUCILIATUHY B OHKOKJIITUHHU.

PesynbTaTy moCIimiKeHb BILTMBY CUHTE30BAHMX HAHOKOMIIO3UTIB Ha
SKUTTESTATHICTh KJIITHUH KapIMHOMU MOJIOYHOI 3aJI03W JIIOAWHU JIiHil

TABJINIIA 2.14. Brius nucnjaTUHY Ha JKUTTE3AATHICTS KaiTuH Jinii A2780.

3pasoK - - -
KinekicTs kaiTuH, mo sarunyau, %
oII 52
Fe;0,/TIAA 2

Fe,0,/IIAA + ITII 65
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MCF-7 maBemeHo HIKUE.

2.6. HaHOKOMIIO3UTH KOMILIEKCHOI /il (Mo/eJii HAHOPOOOTiB)

Anaji3 MATOTOKCUYHOCTH CHUHTE30BAHNX HAHOKOMIIO3UTIB KOMILIEKC-
HOI (ximio- Ta iMyHOTepameBTMYHOI) Aii BUBUAIM Ha KJITHHAX KapIu-
HOMU MoJiouHOI 3ay03u jrroguun Jginii MCF-7 B IHcTUTyTi ekKcmepuMeH-
TAJLHOI maToJorii, ouKoJorii i pagiobdiosorii im. P.€. Kasenrxoro HAH
Yrpainu.

2.6.1. MogeJi HaHOpoOOTiB Ha 0OcHOBI HaHOKOMMIO3uTiB Fe;0,/v-AlIC,
Fe;0,/IIAA ta Fe;0,/TA

3 MeTOo0 BMBUEHHS BILIMBY MATHETOUYTJIMBUX HAHOKOMIIO3UTIB, IO
XapaKTepua3yIThCA 3aTHICTIO PO3ITidHABAHHA CIIeMU(MIUHNX KJITHUH Ta
KOMILJIEKCHOT'0O BUKOHAHHA XiMio- i iMmyHoTepaneBTMuHUX QyHKIiH, Ha
JKUTTE3TATHICTE OHKOKJITHH, OyJIM BUTOTOBJEHI 3pasKu, IO MiCTATDL
iMMoOO0inisoBaHM mMUTOCTATUK (3pasku Tumy 2, 5, 7), MOHOKJIOHAJIbHI
aututina (1, 4, 8) Ta 6iibIlI CKJIAIHI MATHETOUYTJIUBI CTPYKTYPH, MO-
Iu(ikoBaHi IMUCILIATUHOM Ta KOH IOT'OBAHI MOHOKJIOHAJILHUMU aHTHUTI-
Jamu (Momesi HaHOpPo6oTiB, 3pasku 3, 6, 9):

1. Fe;0,/y-AIIC + CD 95;
2. Fe;0,/y-AIIC + II1T;
3. Fe;0,/y-AIIC + CD 95 + I1IT;
4. Fe;0,/ITAA + CD 95;
5. Fe;0,/ITAA + I111;
6. Fe,0,/ITAA + CD 95 + I1II;
7.Fe;0,/TA + I111;
8. Fe;0,/TA + CD 95;
9. Fe;0,/TA +I1I1 + CD 95.
HanoxkoMmosuTu tTuny 1—7 BUTOTOBJISIN, 3aCTOCOBYIOUH ONMCAHI BUIIE
MmetoauKu. I1pu BurororsieHHi mozeneit Hanopoboris Fe;O,/y-AIIC + CD
95 + 111, Fe;0,/ITAA + CD 95 + 111 (3pasku 3, 6) cmouaTKy 0 IOBEpPX-
Hi HaHOKOMMO3uTiB Fe;0,/y-AlIlIC, Fe;0,/IIAA (akTuBoBanoro Ell) xo-
BaJIEHTHO IPUEIHYBaJIU OKMCHEHI MOHOKJOHaJbHiI aHTuTima CD 95, a
MOTiM amcopOyBaJi IUTOCTATUK.

MoskauBHMii i 3BOPOTHIHM MOPATOK CUHTE3Y MOeJiell HaHOPOOOTiB: Ha-
Horkommosutu Fe;O,/ITIAA, Fe;0,/y-AIIC 3 amcopboBaHMM ITUCILIATH-
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HoM (A = 128 mr/r, 98,3 mr/r (o PtI") BiAmoBifHO) KOH IOI'yBaI MOHO-
kJoHaNbHUM aHTUTiIoM CD 95 (C =20 Mxr/™ma, V =1 mu) Ta momepes-
HbO oKmcHeHUM auTuTtiaoMm (C =13 mxr/ma, V=1,7 ma). B pesyasrari
OJlepIKyBaJIX 3pasKu TUIy 3, 6.

3 MeTo0 omnTmMizalii MeTOAMKMN CTBOPEHHS HAHOKOMIIO3UTIB -
e;0,/TA + CD 95 (3pasku 8) mocaimxeHo aacopOIlil0 MOHOKJIOHAJIBHOTO
aututina CD 95 na nmoBepxui Hanokomnosury Fe;O,/TA.

Apncopbiito morOKJIOHANBHUX aHTUTIN CD 95 (C =20 Mr/™ma, V=1
MJI) Ha HaHoKoMmoauTax (HaBakku 0,03 r) mpoBoguan y (disiosmoriuno-
MY CepemOBHUIIi IPOTATOM 2 F'OAMH B JUHAMIUHOMY PEeXKUMi 3a KiMHAT-
HOI TemnepaTtypu. KoHIIeHTpaIlilo aHTUTiI BUMipioBau Ha KoMbGiHOBA-
HOMY pizepi aasa mikpomaaumrery Synergy HT, Model STAFRTD, Serial
Number 202993 (Bio Tek). KinbkicHe BusHaueHHSA BMIiCTY IVIIKOIIpPOTe-
iny B mpobax mpoBeneHe Mo Mmetony Bpendopmna [81].

Opmep:xani mami (Tabua. 2.15) BKasyoTs Ha 3HAYHY alCcOPOIIit0 aHTUTiI
Ha nnoBepxHi HaHOKOMMIO3UTY Fe;0,/I'A. HaBeneni nani cTtocoBHO iHIITIX
HanokomnosuriB (Fe;0,/ITAA i Fe;0,/y-AIIC) cBimuaTh, 110 mpupoaa
IMOBEPXHi HAHOKOMIIO3UTY iCTOTHO BILJIMBAE HA aACOPOILiI0 aHTUTIJI.

ITokasano, 110 BeauuwmHa GisuuHOoi amcopbIrii ririkonpoTeiny Ha I0-
BepxHi I'A icToTHO mepeBuUIllye BeJIUUNHY amcopdIrii He aurie ¢isudHo,
aje i KoBaJeHTHO iMMOOisrisoBaHoro aHTHTiNIa HA ToBepxHi Fe;0,, GyH-
KI[ioHAJi30BaHOTO aMiHorpymamu. Bucoka amcop6iriifina mMicTKicTs mo-
BepxHi Fe;0,/T'A Moxe OyTu mosicHeHa CKJIaJHUM MeXaHidaMOM aacopo-
mii ruikomnpoteinis: Ca*-1eHTPU B3a€MOAIIOTh 3 KAPOOKCUIATHIMU 3a-
JIAIIKAMU I0BepXHi aHTuTiNa, PO%-IIEHTPH — 3 OCHOBHUMU JiJAHKAMHU
MoseRkyau. 3riguo 3 ganumu [80] sHaUHMUI BIJIMB HAa MeXaHi3M alcopo-
ii spiticaioe pH cepemoBuina, 3 sKoro BimbyBaeThea amgcopoOiia. Kope-
aanisa pH cepenoBuinia 3 pl axcopdTuBy 00yMOBJIIIOE TIEPEeBaKHY KOH(DO-
pMaitiito agcopboBaHUX MOJIEKY.I.

IligBumienHa KiJIbKoCcTH O0iOMOJIEKYJ B PO3UMHI OO0 PiBHA, IO IIepe-
BUIIYE 1X KOHIIEHTPAILiI0 B a7[COPOOBAHOMY MOHOIIIADI, CIIPUIE BIIOPAI-
KYBaHHIO i yTBOPEHHIO MIiJIbHIINO] yIIaKOBKY Ha IT0BepxHi. BpaxoByiouu
3HAYHY BeJWUMHY aacopOii anTuTin Ha moBepxHi Fe;O,/T'A B mopis-
HAHHI 31 3HaUeHHAMU aJcopOIlii Ha MOBepPXHI HAHOKOMMIO3UTIB, PYHK-
IioHAJII30BaHUX aMiHOTPYIaMM, MOKHa 3POOUTH TPUNYIIEHHS IIPO

TABJUIIA 2.15. ITapamerpu amcopdb1tii MoHOKJIOHANBHUX aHTUTILT CD 95 Ha
TIOBEPXHi MarHeTOYyTJINBUX HAHOKOMITO3UTiB (C, — IoYaTKOBa KOHI[EHTpAIlis
aHTUTiN; A — amcopOIlis aHTUTI Ha TOBEPXHI HAHOKOMIIOBUTY).

A, MKT/T A, MKT/T
Hanoxommnosur |C,, MKT/MJ]| . . . . - .
dismuna agcopbiisg |KoBasIeHTHA iMMObGiizaria
Fe;0,/TA 20 590 —
Fe;0,/IIAA 20 2,3 163,2

Fe,0,/y-AIIC 20 1,2 137,7
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YTBOPEHHS IMiJILHOL, CIPUATINBO OPi€eHTOBaHOI, yIaKoBKU MoJekya CD
95 ma moBepxHiI HaHOKOMIO3UTY, MoaudpikoBamoro I'A. Ile miaTsep-
mxeHo gocaimkenuamu B IEIIOP HAH Ykpainu iMyHOTepaneBTHUYHOTO
BILINBY 6i0pyHKIIIOHATi30BAaHNX HAHOKOMIIO3HUTIB Ha KJIITHHHI JiHii. Ix
IIUTOTOKCUYHA Jis MepPeBUIIYE Mif0 KOHTPOJIbHUX 03 aHTUTLI B 2,7 pa-
su. Kpim Toro, amTurina, immob6inisoBani Ha moBepxui I'A, xapakTepu-
3YIOTHCA CJIA0KO0I0 JecopOIlicio B MOAeIbHIX 0i0JIOTIUHIX cepeOBUIAX.

Mogeni mranopoborie Fe;O,/T'A + I{II + CD 95 (3pasku tumy 9) Buro-
TOBJISAJIY HACTYITHUM YHMHOM.

Hanokommnosur (Fe;0,/T'A) 3 agcopboBaruMm mucmiatuaoM (A = 60,1
mr/r mo PtI") (3pasku tumy 7) 3aJuBaju PO3YMHOM MOHOKJIOHAJBHOTO
autuTtina CD 95 (C = 20 mxr/ma, V =1 mu). Immobinisatito mpoBoguin
azcopOIifinM MeTo oM y pisiosoriuHOMY PO3UMHI BIPOAOBIK 2 TOAUH B
OUHaAMIYHOMY PeXMMi 3a KIMHATHOI TeMIIepaTypu.

[ BUBUEHHS BILJINBY HAHOKOMIIOSUTY 3 aJICOPOOBAHUM ITUTOCTATHU-
KoM i iMM00islizoBaHMM MOHOKJIOHAJLHUM aHTHUTIJIOM (3pasku 9) Ha Ky-
JBTUBOBaHE CEePeIOBUIIE, PO3PAXOBYBAJIM BMICT IIUCILIATHUHY TaK, II00
0oT0 KOHIeHTpAIlid BiAmoBigama 6iosoriunoMy eKBiBaJIeHTY epeKTHUBHO-
ctu IC,;, To6TO craamana 25% wouienTtparrii IC, 1o 703B0JIsI€ MOBHICTIO
BHUIUTY KJaitTmHu. llomepemHiMu mOCHiAKEeHHAMU BCTAHOBJIEHO, IIIO
IC;, =5 MKr/mMja, ToMy [OJs HAIIIOT0 eKCIePUMEHTY BUKOPHCTOBYBAJIU
KourmenTtpaiiiio IC,; = 2,5 Mmxr/mi. Ilpu nboMmy KoHIleHTpalisg auTutija CD
95 cramoBuia 0,2 MKr/Ma (TepaneBTuuHA A03a cKagae 10—30 Mxr/m).

2.6.2. BioaKTUBHICTF HAHOKOMIIO3UTIB

2.6.2.1. Bzaemogis HaHOKOMIIO3UTIB, 0 MicTaTs ITAA, y-AIIC,
IMCILIATHH Ta aHTUTLIO 3 KaiTunamu jJiuii MCF-7

PesynbTaTy goCaigiKeHb IUTOTOKCHYHOI Aii MarHeTOUYTJIMBUX HAHO-
KOMIIO3UTiB, 1m0 MicTaTh IIAA, y-AIIC amgcopboBaHUII ITMCILIATHUHOM,
iMMO0inizoBari MOHOKJIOHAJBbHI aHTUTIIA, HA KUTTE3NATHICTD KJIITHH
ainii MCF-7 uaBeneno B Tabda. 2.16.

3 ofiepsKaHUX Pe3yJabTaTiB BUAHO, IIT0 BUKOPUCTAHHSI MarHeTouyTJIH-
BUX HAHOKOMIIO3UTIB 3 aJICOPOOBAHUM I[MCIIJIATHHOM 3 KOHIIEHTpAaIlieio
yABiUi HMIKUe TepameBTUYHOTO PiBHS, KOH IOI'OBAHUX MOHOKJIOHAJb-
HuMmu aatutigamu CD 95 3 maiiyke Ha MOPALOK MEHIIIOI0 KOHIIEHTPAITi-
€10, IPU3BOAUTD 0 3arubesi 46—57% TyXJIWHHUX KJIITHH, III0 IePeBU-
IIye Oif0 KOHTPOJbHOro 3paska Ha = 50% . BuaBimenuii cumepriuHumii
eeKT MOJKHA ITOACHUTY HACTYITHUM YMHOM.

ITo-mmepite, peanizoBaHa IiIbOBa JOCTABKA KOMILJIEKCY ITUTOCTATHAK—
MOHOKJIOHAJIbHE aHTHUTLIO J0 NYXJIUHHUX KJiTUH 3aBIAKYN HaABHOCTI Ha
ix moBepxHi BiamoBimHUX perenTopiB. EdeKTUBHOMY IITUTOTOKCUUYHOMY
BILIMBY IUCILJIATUHY COPHUAE TPAaBMATHUYHA Iisl HAHOKOMIIO3UTY Ha KJIi-
TUHHY MeMOpaHy, iCTOTHO MOKpAaIyioud MPOHUKHEeHH JiKapChbKUX 3a-



HAHOKOMIIO3SUTHU 3 YHKIIAMN METUKO-BIOJIOTTYHUX HAHOPOBOTIB 385

TABJINIIA 2.16. BriiuB MarHeTouYyTJINBUX HAHOKOMIIO3UTIB 3 aJCcOPOOBAHUM
UCILIATUHOM, KOH’IOr'OBAaHMX MOHOKJIOHAJIBHUMY aHTUTIJIaMU, HA KUTTEIisA-
abHicTh KiaitTun ainii MCF-T7.

3arubui kaituau, %

0
S >
10
M = ey 8 = R 8
: B 8|2 |E|8] ¢
2 . + " = + © =
KonTposbHi S 2 8 O = j * =
NOPiBHAHHS £ 0 < = 5 S j +
Z o > < = < = g
z ° S Z < S >
® @) o) & % o) =
= < & < © i =
B 2 o) &= <
2 =
Hucnaarun (II11)
C=2,5MKr/ma 25 31 38
AnTurino CD 95
C =0,2 MKr/Ma 10 20 21
ITII + CD 95 38 46 57

cobiB uepe3 meMOpauuuii 6ap’ep. BihyHKIlioHalbHi IPOAYKTH B3aEMO-
mii, rax sBaui [[HK-agnykTu, 6JIOKYIOTH PeIlIiKaIlilo, TPAHCKPUIINIO i,
AK HACJIIOK, KIITUHHY IpoJidepairito.

Ilo-gpyre, cucrema Jriranji/ pemnenTop Biirpae Ba:KJanBy POJb B aIloll-
TO3i 3I0AKiCHUX KJIiTHH. 3B’ A3yI0YNCH 31 CBOIM peIleITOPOM, aHTHUTIIO
3allyCKAae CUCTeMY Iiepefadi CUTHAJIB, AKa IPU3BOIUTE IO allOIITO3Y.

2.6.2.2. IInTOTOKCHYHICT, HAHOKOMIIO3UTIB HA OCHOBiI MAarHeTUTy Ta
rizpokcoamaTury

HocaigskeHa IIUTOTOKCUYHA aKTHUBHiCTH HamoKommnosutry Fe;O,/TA 3
agcopObOBaHUM ITUCIIIATUHOM, KOH IOI'OBAHOT'O MOHOKJIOHAJIbHUM aHTH-
riom CD 95 ma KiIiTHHAX KApIMHOMY MOJIOUHOI 3aJI03U JIIOAWUHU JiHil
MCF-7 [68]. [Iyis mOpiBHAHHSA OOCTiIKeHa IIUTOTOKCUYHA aKTUBHICTD
HAHOKOMIIO3UTIB 3 OKPEeMO aJcOpPOOBAaHUMMU IUCIJIATHHOM i MOHOKJIO-
HAJbHUMM aHTUTIIAMH.

Y SKOCTi KOHTPOJLHUX 3PasKiB BUKOPUCTAHO YMCTEe IIOKUBHE cepe-
moBuilie, nuciaatul iz C = 2,5 MKr/MJ, IO BiATIOBiZae ueTBepTUHHIM
mo3i IC i monokoHAaMbHe aHTHUTiI0O CD 95 i3 C = 0,2 mKr/miu. Taxkoxx mo-
CJai;KeHUN BUXimHUHE MarHeTut i Hanokommosur Fe;0,/T’A ma Giocymi-
CHICTB 3 JaHOI0 KJIITHHHOIO JIiHi€I0.

PesysbTaTi goCHigKeHb MUTOTOKCUYHOTO BILIMBY MArHETOUYTINBO-
ro HaHOKOMIIO3UTY HaBeaeHo B Tabi. 2.17.
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TABJINIIA 2.17. BBy MarHeTouyTJINBUX HAHOKOMIIO3UTIB 3 aicOPOOBAHUM
IUCILIATUHOM, KOH’IOrOBAHNX MOHOKJIOHAJILHUME AHTHUTIIAMU, Ha *KUTTE3HA-
THicTb KiaiTus ginii MCF-7.

KOHTPOITE 3aru6ui kiaituan, %
nopipasmms | iR E0RIROI oo o ra yilee o ma L opgs] FeiO/TA
HUX 3PasKiB 34 34 +IIII1+CD 95
Hucnnarus (I111)
C = 2,5 MKr/Ma 25 48
AnTurioo CD 95
C =0,2 MKr/mMa 10 27
HMucoaatuu + CD 95 38 57

ExcnepuMmeHnTasibHI AaHi cBigyaTh, IO BILJIMB MarHeTOKEPOBAHUX
HAHOKOMIIO3UTIB (HaHOPOOOTIB), IO CKJIALy AKUX BXOAUTH IIPOTUITYX-
JUHHUH Opemapar i MoHOKJIoHaJAbHI aHTuTiIa CD 95, Ha OHKOKJIiTHHHI
MCF-7 BigzHauaeTbca BUCOKOIO e()eKTUBHICTIO i CHHEPTi3MOM, IPUYM-
HU AKUX, Ha HAIITy IYMKY, aHaJIoriuHi onucaunum y 2.6.2.1.

TakuM UYMHOM, HaBeJeHi Pe3yJabTaTH E€KCIEePUMEHTAJbHUX TOCJi-
KeHb CBiUaTh, IO 3aCTOCYBAHHA MOJIi(PYHKIIOHAIbHNX MarHeTOUYT-
JIUBUX HAHOKOMIIOBUTIB IPUHIIUIIOBO A03BOJISE PeaslisyBaTh pos3Ii3Ha-
BaHHA CIeNU@MIUHUX KJIITUH Ta JOCATTU IIUTOTOKCUYHOTO e(eKTy IIpe-
mapaTy Ipu HIUMKUYMX KOHIIEHTPAIliAX JiKapChKUX IIPenapaTiB, CTBOPU-
TH YMOBHU JIJIsI 3MEHINIEHHS TOKCHUKO-aJEePridYHOTO BILJINBY JIIKAPCHKUX
ximioTepameBTUYHMUX 3ac0O0iB HA OPTaHi3M B I[iJIOMY.

3. HAHOMATEPIAJIA TA MATHETOYY TJINBI
HAHORKOMIIO3UTHA OJI1 BIOCEITAPAIIII

JlocaimkeHHA MBOTO PO3ALJYy IPOBeNEH] 3 METOI0 BUPIIIEeHHA OJHOTO 3
aKTyaJbHUX 3aBAAaHb CyYaCHOI MEIUIIMHU — CTBOPEHHA 0ioMarHeTHUX
cOpOeHTiB, 3IaTHUX BUNAJATH BipyCHi YacTUHKU 3 OioyioriuHMX pigwH,
30KpeMa, IJIa3MU Ta CUPOBAaTKU KpoBi jogunu. [ocaigxenHsa BUKOHA-
Hi cminbHO 3 IHCTUTYTOM remaToJiorii Ta Tpaucdysioaorii AMH Yxpai-
uu [3, 14, 84, 85].

3.1. lekoHTaMiHAIliA BipyCiB 3a TOIIOMOT 010 BUCOKOTUCIIEPCHUX OKCHIIB

g samobiranus TpaHcdysiliHiii mepemaui iHGeKIMiMHUX areHTiB, IO
MIPU3BOAATH O BUHUKHEHHSA Ba’KKUX BipYCHUX 3aXBOPIOBaHb, cepen
AKUX 0COOJIMBE Miclle 3aiiMaiOTh MOCTTPaH@Y3iliHI remaTuTy, MOTPioOHI
BUCOKOAKicHI mpenapaTu. OCHOBHUM CTPYKTYPHUM KOMIOHEHTOM Bipy-
CcHOI yacTUHKY (BipioHA) € 0iTKOBUIT KallCKJ, B AKOMY pPO3TaIlloBaHa HY-
KJeiHoBa Kucaora. Kamcuau mobymoBaHi 3 0i1KOBUX CyGOAUMHUIE, 3i0-
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pasuXx 3a BiTHOCHO IPOCTUMU I'eOMETPUYHNMY IpUHITUIaMu [86].

Bararo BipyciB, OKpiM HyKJIeOKaICUy, MAIOTh 30BHIiITHI 000JIOHKH,
110 CKJAagaloThcsa 3 O0iIKiB, Jimigis i ByraesoxiB. IHaAuMBigyadabHICTE iX
BU3HAYAETHCA IIePeyCiM aMiHOKUCJIOTHUM CKJIAIOM, a TAKOK BTOPUH-
HOIO i TPeTHMHHOIO 0iTKOBOIO CTPYKTypoio. CTpyKTypHi OiKM Bipycis
3a3BUUAN MiCTATH HEHTPAJIbHI i AMKapOOHOBL aMiHOKMCJIOTH i B MeHIITiH
KiJTbKOCTI — MBOOCHOBHI aMiHOKMCJIOTH, ¥ BipyCcHUX 0ilKaX KiJIbKicTb
KMCJIOTHUX 3aJUIMIKiB IIePeBUIITY€E YUCIJIO aMiHOTPYII.

Y 3B’asky 3 muM izoenekTpuuni Touku (pl) BipyciB posTaimoBani B
Kucaii soui [87]. Binku Ta amimokucaoru € amdoairamu. dx amdouri-
T1, OiJIKYM 3B’ A3YIOTH i KaTioHu, i a"iouu. Ilpu pH = pl uucio mosuTus-
HUX i HeTaTUBHUX 3apAIiB Y 61Ky € OTHAKOBUM. ¥ i30eJIeKTPUUHIiN TO-
Ui CUJIM eJIEKTPOCTATHYHOIO BiAIIITOBXYBaHHA MiHimasabHi. IIpu Bif-
xuseHHi pH B 0yab-AKy cTopoHy Bix pl 6iaKM HabyBaOTh MO3UTUBHOTO
a00 HeTaTUBHOTO 3apANY, a iIX pO3UMHHICTE 361bITyeThCA. IIpucyTHiCTD
coJieii B po3unHi MosKe ab0 30iabmuTI, a60 3MEHIITUTH PO3UYNUHHICTE 0i-
aKy [88].

Bceranosieno [86], 1m0 Bipycu JOAMHM i TBapUH MAIOTh 3TATHICTH
MPUETHYBATUCS A0 3apAAKeHO0l IOBepPXHi TAKUX PEeUYOBUH, K CHUJIiKare-
Ji, reii ¢pocdaTy Kaabllito, TOXiTHI TEII0JI03H. fIMOBipHo, eJIEKTpoCTa-
TUYHA B3aEMOJiA HA MOYATKOBOMY €Talli Ma€e KJIYOBY POJb B 3abe3me-
yeHHi amcopbIii Bipycuux uyactuuok. [Ipuenmanusa BipyciB 10 KiiTuH,
K 1 10 moBepxHi peuoBuH (COPOEHTIB), 3aI€KUTh BiJl i0HHOI cuIu PO3-
yuny i #ioro pH [86]. Poab BIIMBY i0HHOI CHJIM POSUMHY 3aJIUIIAETHCA
He 3’sicoBamoio [89].

Mexanism amcop6irii 6i1kiB ocTaTouHo He BcTaHOBIeHUH. Haiibimanbimn
apryMeHTOBAHOIO € TOUKA 30PYy, 3TiAHO AKOI icHye aBa (KpaiiHix) TUIIN
0inKiB, 1110 PO3PiI3HAIOTLCS IO MeXaHi3My iX afmcop0OIrii Ha TBepdiii moBe-
PXHiI — «JKOPCTKi» i «M AKi». AcopOItia «KOpPCTKUX» OiIKiB, B MOJIe-
KyJlaX AKUX iCHYIOTh CUJIbHI BHYTDPiITHBOMOJIEKYJAPHI 3B’A3KM (HAa-
IPUKJIa, pUOOHYKJIea3a), BUSHAYAETHCA €JeKTPOCTaTUYHUMY i Tipo-
GoOHUMU B3a€EMOLIIMU, a TaKOK AerigpaTallieio moBepxXHi i 6iaKoBUX
mosekya. Ilpu amcopOiii «M’aAKuX» OGiMKiB (HAIPUKJIAL, alb0yMiHy)
BMHUKAE MOJAaTKOBA PYIIifiHa cujia afcopOItii, moB’a3aHa i3 CTPYKTyp-
HUMU 3MiHaM¥ MOJIEKYJI 0iJIKa, AKa MOJKe IIEPEBUIITUTHY BKJIA]] €JIEKTPO-
CTaTUYHOI'O BimImTOBXyBaHHA. B pesysbTaTi Ha BigMiHy Bim «iKopcrt-
KMUX» OiTKiB BOHM MOKYTH aficopOyBaTucs Ha TinpodiibHili moBepxHi 3
OTHOMMEHHUM 3apanoM. HeoGOpOTHICTH IIHOTO IpoIlecy MOKHA MOsC-
HUTHU TiIbKK 6araTOIIeHTPOBUM MexaHismMoMm aacopbirii 6iakis [90].

Insa 6iocemaparrii (zekoHTamiHAaIlii) HebakaHUX OiTKOBUX JOMIiIIIOK
BUKOPUCTOBYIOTh HEOPTraHiuHi aficopOeHT — OKCHUAU, HePO3UNHHI Iij-
poxcunu i pocharu. OpHiero 3 BinMiTHUX mmepeBar Iux MaTepiajiis, oco-
OJIMBO IPM BEIMKOMACIITAa0HOMY a00 TPOMUCJIOBOMY 3aCTOCYBaHHi, € Ix
ekoHoMiuHicT [80]. Bubueni anTumikpo6Hi BiaacTuBocTi TiO,, SnO, i
BCTAaHOBJIEHO, M0 KiJBKiCTh MiKpOOPraHisMiB micyid 3B A3yBaHHA 3 IU-
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MU copbernTamu 3meHIyeTbesa Ha 40—85% B mOpiBHAHHI 3 TOYATKOBUM,
JOIYBaHHSA MeTajJlaMu 30iJbIye IMBUAKICTL 3B A3yBaHHA i KiIbKiCcThb
MiKpoopraHiaMmiB, 110 BUMKUIIN, SMEHIITYETHCA.

IIBuaxy amcop0OIrito 0iMKiB MOMKHA 3AIMCHUTH IIIJIIXOM BBEJEHHS CO-
poenTy B posumH [78]. Ileit MmeToa M03BOJIsIE IIIBUAKO OOPOOUTH BEJIUKi
00’eMmu MmaTepiaay. AgcopOeHTHr 3 OB’ sI3aHUM HA iX MOBEepXHi OiJIKoM
BigIifIgI0Th MIIAXOM ocamsKeHHs (1eHTpudyryBaHHsa) abo QiabTparrii.
IIpomec BigmienmHs MoKHA MOAM(piKyBaTw, BUKOPHUCTOBYIOUM MAarHe-
TOKEpPOBaHi copOeHTH i MarHeTHi mraTuBu abo MarHeTHi cemmapaTopu.
TomMy MeTOI0 HAIINX MOCIiAKeHb OyB Hmig0ip onTUMaJIbHUX aJCOPOEHTIB
IJIa AeKoHTaMiHaIrlii BipyciB i momanbIioi po3poOKM BipyciHaKTHUBYIO-
YMX MATHETOKEPOBAHUX aJICOPOEHTIB (HAHOKOMIIO3UTIB).

s gocimkeHb y AKOCTI MOIEIHLHOTO 000JIOHKOBOTO Bipycy OyB Bu1O-
pauuii Bipyc Besukyaapaoro cromatuty (BBC) miram Imgiana. ¥V axocti
MoOJieJieli BUKOPHMCTAaHI aAcopOeHTr Ha OCHOBiI OKCHIIB 3aJIiza, KpeMHio,
TUTAHy, AJIOMiHiI0, MarHil0, XpoMy, MaHrany, HuHKY (Tabiu. 3.1). Iude-
KI[iiHY aKTUBHICTH PO3PaxX0ByBaJU 3a MeTOAUKOI0 [91].

Indexniitna akTusHicTs Bipycy (y Ig TILI 50/cm®) B mouaTKoBiit Bipy-
COBMicHi# pimuHi ckaagana 5,7. Uepes 7 mi6 crmocTepekeHHs B KYJIbTy-
pasbHill piguHi micaa KoHTaKTy 8 Mn,O5; KiJbKicTh Bipycy He 3MiHMIA-
cd, IO CBiIUMTHL PO BiACYTHiCTH amcopOIiii Bipycy HaA IIbOMY OKCHII.
IIpu KoHTaKTi BipycoBMicHOI KyabTypaibHOl pinuau 3 ZnO 3HaueHHd Ig
TIIO 50/cm® smMermmioca Ha 1, micaa excmosumii 3 Al,O;, Al,0,/SiO,
(3,07%), SiO, ma 2, micaa excmosuii 3 Al,O,;/Si0, (1,94%), Cr,0;/A-
300, TiO,/Si0, (25,1%) SiO, ma 3, micasa excmosurii 3 Ti0,/SiO,
(11,27%), MgO na 4.

IloBHa inaxkTuBania (amcopo6iisa BBC) cnocrepiramaca micyia KOHTaK-
Ty 3 MarHeTUTOM i giokcuaom TurtaHy. Ciif sasHaumTH, 1[0 YUM MEH-
1o O6yna KoHmeutparia Al,O; i TiO, Ha moBepxHi KpemMHe3eMy, TUM
BuIe OyJia afcopOIlifiHa 3JaTHICTD ITMX HaHOKOMIIO3UTIB IIO BimHOIIIEH-
uio 1o BBC. PesyabraTtu TurpyBarua BBC micasa KoHTaKTy BipycoBMic-
HOI piguHM 3 pisHMMU HaHoMarepiamamu npu T = 293°C HaBemeHO Ha
puc. 3.1.

Paninte nmpu gociriiskeHHi eJIEMEHTHOTO CKJIAAy ITOBEPXHI HAHOKOMIIO-
autiB Al,0,/Si0, i TiO,/Si0, 6yJ0 MoKasaHo, 110 Tpu 301IbITIEHHI KOHIIEe-
Hrpatii Al,O; 1o 3% TpaKTUYHO yBeCh aJIIOMiHiNl 8BHAXOIUTHCA HA TOBEP-
XHi HaHOUACTMHOK KpeMHeseMy [92]. Ile mpmua3BOaUTH 10 YTBOPEHHA Ha
MMOBEPXHi KUCINX aTloMocuIoKcanoBux micTkis A1-O(H)-Si, aki Busna-
YaloTh aACcOPOIlifiHi BIacTUBOCTI TOBepXHi. 30iabIIIeHHS 3araJIbHOTO BMi-
cry Al,O; o 8-30% mnpusBoAUTH OO0 3MEHINeHHS KOHIIeHTpAIlii amromi-
HifO B IPUITOBEPXHEBOMY IIapi Ta 30iJIbIIIeHHA KOHIIEHTPAIlil KpeMHi0.

s spaskiB i3 saranpaum BmicTroMm TiO, mo 20% moBepXxHeBa KOHIIEH-
Tpalid TUTaHy BUIIA, HidK 10r0 00’ €MHa KOHIIeHTPAITid.

Hnsa spaskiB, mo maiors 3aranbHuil BMmict TiO, 20—-80% , moBepxHsA
HaHOKOMITO3UTY 30iJHEHa TUTAHOM B ITIOPiBHAHHI 3 il 00’emom [93].



TABJIAIA 3.1. [eaki xapaKTepUCTUKN BUCOKOIUCIEPCHUX OKCHIiB.

Cepenuiit posmip

2 .
Oxcupg IInToma moBepxHA S, , M°/T qacTHHOK d, HM pH IIpumiTka
Fe;0, 90-180 30-50 6-8 CuHTe30BaHUII aBTOPAMU
TiO, — anaras 30 50 3,6 —
Cr,0; (1%) / A-300 205 10 3,6 —
BIK OA-300 (A-300) 300 5-20 3,6—4,3 I'OCT 14922-77
TuTaHOKpEMHE3EM, _
smicr TiO, — 25,1% 200 5—40 3,6 TY88. YCCP-251-01-08
AJoMOKpeMHe3eM, _ B
smicr ALO, — 3,07% 200-300 5-40 3,6 TY88. YCCP-251-02-84
AJoMOKpeMHe3eM, _ B
smicr ALO, — 1,94% 200-300 5-40 3,6 TY88. YCCP-251-02-84
TuTaHOKpPEMHE3EM, .
smicr TiO, — 11,27% 200 5-40 3,6 TY88. YCCP-251-01-08
Al,O; miporenHmMit 200 20 7 T'OCT 8136-85
MgO 1 50 7 T'OCT 4526-75
Mn,04 1 50 7 T'OCT 4470-79
ZnO 5 65 7 I'OCT 10262-73

688 dLLOIOdOHVH XMHALIOILOIS-OMUITHN MINBIIIMHAD € MILUEOITNOMOHVH
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Puc. 3.1. Iapexniiina akrusraicts BBC(Ig TIII 50/cm® (1o (1) i micasa (2) xoH-
TaKTy BipycoBMicHOI piqunu 3 HanoMarepianamu: a — Fe;0, u TiO,; 6 — SiO,;
8 — Ti0,/Si0, — (25,1%); ¢ — Al,0,/Si0, — (3,07%); 8 — Al,0,/Si0, —
(1,94%); e — TiO,/Si0y — (11,27%); ¢ — ZnO; 3 — Mg0O; ¥ — Al O, (mmipo-
regHuit); 1 — Mn,0,; u — Cr,05/A-300 mpu T = 293 K.

Cainx sasmaunTu, o pH mouaTKoBoi BipycoBMicHOI piguHMT miciis mo-
maBanHAM aucoepcroro MgO sminoersca 1o 10-11. VimoBipHO, ocHOB-
Ha yactTuHa BBC B 1y:KHOMY cepemoBUIIL PYHHYEThCSA, a COPOIlisa B Ta-
Komy niamasoHi pH sasBuuaii He BimOyBaeTbcdA. Benmuwmna amcopOirii
CUPOBATKOBUX OiKiB 3aye:kuTh Big pH, BoHA moB’sA3aHa 3 eJIeKTPOCTa-
TUYHOIO B3aeEMoaicio agcopbenT—0imok. IIpu sHauennax pH, mio mepe-
BUIIYIOTh i30€JIEKTPUYHY TOUKY, Ha OiTKOBili MOJIEKYJi 3’ ABIAIOTHCA
HeraTWBHI 3apsau, 1110 IPU3BOAUTE M0 MOHMMKEHHA afcopOIlii B pesyib-
TaTi BiAIITOBXyBaHHA ofHOIMeHHNX 3apAnis. [Ipu pH = 8 6imok i mose-
PXHA COPOEHTY 3apsaAKeHi Her'aTUBHO, afgcopOIia npunuHaeTbed [90] i
Bipycu 3 pO3UMHY He BUJAJIAIOTHC [84].

TaxuMm unHOM, OJEP:KaHi JaHi cBifuaTh IPO MEPCHEKTUBHICTh BUKO-
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pucrauua Fe;O, i TiO, aja cTBOpeHHS MarHeTOKepOBAHUX HAHOKOMIIO-
3UTiB, IPUAATHUX IJISI JeKOHTaMiHAaIlil 000JIOHKOBUX BipyciB 3 6ioJiori-
YHUX PiAWH.

3.2. MarneTHi HAHOKOMIIO3HUTH IJ4 Oiocemapairii

3 MeTOI0 BUPillIeHHA OAHOTO 3 aKTYaJbHUX 3aBAaHb CYYaCHOI MeTUITUHI
— CTBOPEHHs OioMarHeTHHUX COPOEHTIB, 3aTHUX BUAAJATH BipycHI ua-
CTUHKU 3 CUPOBATKH KPOBi JIIOAUHY, TPOBEIEHO BUIIJIeHHA 3 CUPOBATOK
PEKOHBAJIECIIEHTIB mIicjasa rocTporo BipycHoro renatuty B (BI'B) i rena-
tuty C (BI'C) cnenudiunux riao0yriHiB, SKi BUKOPUCTOBYBAJIU HamaJri
K MOJIeKyau-BekTopu (Iiranam) [85].

g mintgocTu imyHormo0yrinu (Ig) KoBaJleHTHO 3B’ sA3yBaju 3 MarHe-
TUTOM, iHKAIICYyJILOBAHUM MAaTPHUIIEIO, IO HecJa Ha IIOBEPXHI aMiHOIIPO-
miabHi rpynu. Byia BuBueHa nuHaMika copOirii imyHorio6ytiniB ma mar-
HeToKepoBaHoOMy HocieBi. CupoBaTKM, HO3UTUBHI B moJiMepasHiil jaH-
mroroBiit peaknii (IIJIP) i imynodepmenTHOMY anasizi (IPA), Bumpobo-
ByBaJIU 3 METOIO cemaparrii BipyciB iMmyHOMaraeTHUMY copbeHTaMu.

3riguo 3 pesyabraramu I1JIP, mocArayTa moBHa BipycHa JeKOHTaMi-
HaIlifg CUPOBATKHU, B TON camMmuii yac pedyabratu IPA cBiguaTs mpo npu-
cyTHicTh moBepxHeBoro auTureny (HBsAg) B mocrmimkyBanmx 3paskax
CUPOBATKH, III0 MOKe OyTH IIOB’sI3aHO, 30KPEMa, 3 HAABHICTIO BEJIUKOI
KiTbKOCTH NHe()eKTHUX BipyCHUX YACTUHOK.

3.2.1. CupoBaTKu

BukopucTtoByBa/ii CUPOBATKM KPOBi XBOPUX Y CTamii peKOHBAJIECIIEHITi]
micisis roctporo BI'B i I'C, Ha mouaTKy pewmicii micsua xporiunoro BI'C. Vi
CUPOBATKU IPOUILIN CKPUHIHT MOJIEKYJIAPHO-TeHeTHUHUM MeTonoMm I1JIP
(«AmmmuCenc HCV 240/BK0-440», « AmminCenc HBV») i I®A («DIA-
HCV», «<DIA-HBV», «DIA-HBcore», «Anti-HBsAg Vitrotest»). Cuposa-
TKku, HeratuBHi B IIJIP i I®A (HBsAg), 6yau BimiOpani aaa BumieHHA
cruenupiuamnx imyrornooyainis (Ig-BI'C, Ig-BI'B); nmosutusHi B I1JIP ana-
JIi3i BUKOPUCTOBYBAJIU B ITOAAJIBIII ¥ POOOTI IT0 BUJAJIEHHIO BipyCiB.

Hna suginenns Ig BI'C BukopucTOByBaIu IIyJIX CUPOBATOK 3 ITOKAa3-
Hukamu ontuuHoi rycturu (OI') B IPA Big 2 B.o. i Buie, nua Ig BI'B —
Bix 15 10 400 MME /M.

3.2.2, ImyHOrIo0yxinu

Croenudiuni iMyHOrI00yIiHN JIOAUHU BUIIISAIN 3 BUCOKOAKTHUBHUX
CUPOBATOK i BUKOPUCTOBYBAJIU AJIA OfePKaHHA iMyHOMarHeTHOTO COP-
O0enTy. IMyHOTJIOOYJIiHM BUIIJIAJNYN MPEIUIITAIIi€I0 PUBAHOJIOM i CYJIb-
¢daTom amoHir0, AianmizyBaau npoTu (PisioJOriuHOro po3unHYy, KOHIIEHT-



392 II. II. TOPBUK

pyBanu ITET-40000, 3uoBy miamisyBanu. Busumauaau piBeusn Ig B IDA,
cuextp aututia (AT) imyHoenekrpoocmodopesom (IEOD), xKoumeHnTpa-
1ito 6inKy meTomom Jloypi.

3.2.3. MarmeTokepoBaHi BipyCiHAKTUBYIOUi HAHOKOMITO3UTH

[ omep:xaHHAa 6i0MarHeTHOTO COPOEHTY Oy BUKOPUCTAHI KOMIIO3H-
TH, III0 € BUCOKOAWUCIIEPCHUM MATHETHUTOM, MOAMMIKOBAHUM CHUJIiKa-Y-
aMiHOIIPOMiJICMJIOKCAHOM, OJepP:KaHUM 30JIb—TeJb-MeTOAOM. Barose
cuiBBigaomenua SiO,:NH,(CH,);0;/, B HaHeceHUX copbeHTaxX CKJIagajio
2:0,51i 2:1 B xommosuTax 11i 2 BigmoBiguo. ITnToMa moBepxXHA YaCTHHOK
6yna 31 i 36 m?/r. BpasKu JerKo CyCIeHIyBaJId i MIBUAKO ocizanm 3a
JIOTIOMOTOI0 30BHIIITHBOTO MAarHETHOrO IoJjsd. s sanmobiranua mecopo-
mii Ig 3 moBepxHi HOCisA B mpoleci BUKOPUCTAaHHA MarHeTOKEPOBAHOTO
cOpOeHTy IepeBaKHUM € iX XimiuHe 3B’aA3yBaHHA [85]. 3pasku marue-
TUTY HecJM Ha HoBepxHi pymKmioHansri rpymu NH,(CH,)* . ¥V axocti
3B’s3yBaJBbHOTO areHTa JJIA CHUJiKa-y-aMiHOIPOIiJICUJIOKCAHY i TyIo0y-
JiHiB BUKOpHUCTOBYBaJu roryTapaasaerina (25% , Merck — 820603).

dyukIioHanisoBaHi MarHeTHi Hocii mepen poOOTOI0 CTepPUJIi3yBaIU
030HOM 1 UCIEePI'yBaJIN YIbTPAa3BYKOM. 3 I[i€l0 METOI0 BUKODPHCTOBYBA-
JI1 KOMILJIEKC O30HYBaHHS i yJIBTPa3ByKoBUil nucneprarop ¥ 31 H-2.

Pozunnu Ig crepusiisyBany, BUKOPUCTOBYoUU (hiJbTPU 3 AiaMeTpOM
mop 0,22 mxm (Sarstedt) [94]. [Iaa gocaigHUIIBKUX IiJiell 3a3BUYAaii BU-
kopuctoByBasim 100 Mr ¢gyHKIioOHaIi30BaHUX MarHeTHUX HOCIiiB [95].
3Hauu Bary, MUTOMY IIOBEPXHIO, BUSHAUAJIHN KiJIBKICTh iMyHOTJIOOYJTi-
HY, A 6iopyHKITioHamizanii 3 pospaxyHKy, mo Ha 1 MM? moBepxHi He-
00ximgHO 2,5 Hr anTUTiI [96].

Iligrororseni 3pasku cycuenaysaau B 0,1 M dpocharaomy 6ydepi pH
7,4; nomaBaau piBHUM 00’eM 5% pos3uMHY TIyTapaabaeriny, IPUroTos-
Jaenoro 3 25% rayrapanabgeriay B 0,1 M docharHomy 6ydepi. Omep:xa-
HY CyMiIm M’AKO mepeMimryBajim mporaroMm 3 roguH. ['oyrapanbmerin,
10 He IIpopearyBaB, BigmuBaau n’atupa3oso 0,1 M docharaum Gyde-
poM. o aKTMBOBaHUX YaCTUHOK J0JAaBajiyl po3paxoBaHy KijbKicTsb Ig,
moTiMm cymit 3HOBY nepemirnyBasiu 17—20 rogus.

s BUBUYeHHA AUHaAMiKu copOIrii Ig Ha MarHeTHMX HAHOKOMIIO3UTAaX
BimObupasu npobu iMyHOTI00yJiHy B X0omi copOiii. Ilicia sakinueHHA
eTamy copOIrii HaHOKOMIIO3UTH, 3B’ A3aHi 3 aHTUTiIaMu, Bigmusaau 0,1
M docharaum 6ydepom i cycneraysanu B 0,2 M posuunHi ruinuny, nia
«BJIOKYBaHHA» HeIpopearoBaHUX QYHKI[IOHAJILHUX aJbAETITHUX TPYII.
Cycnensito mepemimyBanu 30 XBUJIMH, HOCii, 3B’A3aHi 3 aHTHUTLIaMH,
BigmuBasu 0,1 M docharuum OydepoM, eTaHosioM, aABiui dochaTHUM
oydepom 3 0,2% OmuaumM CHPOBATKOBUM aanLOyMmiHoM, maii ¢gocdar-
HuM O6ydepom 3 0,05% Tween-20. OgeprkaHuii TAaKUM YUHOM iMyHOMA-
THETHU# COPOEHT BUKOPUCTOBYBAJIM AJIA BipyCHOI AeKoHTaMiHAIl cu-
poBaTKmu.
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3.2.4. locaig:xeHHI TeKOHTAMIHAIIII BipyCHUX YaCTHHOK

Mo imyHOMarueTHoro copbeHTy momaBayu Bipycomicuy (I'B abo I'C) cu-
POBaTKy BiloMOi aKTHMBHOCTHU, 3AJUIIATIU IIPU M’ IKOMY II€pEeMiIlTyBaH-
Hi, BimOupaJau mpobu CHUPOBATKHU IJA HACTYIIHOT'O TECTYBaHHS uepes3 3
roguan i 18—20 roguH. AKTUBHiCTE cupoBaToK nepesipsaau ILJIP i IDA.

3.2.5. EkcnepuMeHTaJbHI Pe3yJIbTaTH Ta 0OTOBOPEHHS

3pa3Ky MarHeTHNX HAHOYACTUHOK Ta HAHOKOMIIO3UTIiB BUBYAJIU METO-
JIOM PacTpPoOBOi i TpaHCMiciiiHOI eTeKTPOHHOI MiKpocKorrii (puc. 3.2, 3,3)
3a momomoroio mpuaaznis JSM 6060 LA i TEM 1230 (JEOL, Anoowis).

3a JaHUMHU puc. 3.2 BUIHO, II0 BUCYIIIEHI 3pa3Ky BUCOKOMCIIEPCHOTO
MarHeTHUTY, MOAU(MIKOBAHOTO CUJIiKa-Y-aMiHOIPOIiJICUJIOKCAHOM, CUHTe-
30BaHUM 30JIb—T'€JIb-METO/IOM, CKJIaTal0ThCS 3 YACTUHOK Ta arperaris.

TpaHcMiciiiHUl eJeKTPOHHO-MiKPOCKOMIUHUI aHajIi3 moKasaB, IO
MarHeTHi YaCTMHKU XapaKTepu3yBaJncA HE3HAUYHUM PO3KUOM PO3Mi-
piB i 6yau mpeacTaBeHi OKPYIJIOIO, €JiICOITHOI0, PiAIlle TeOMeTPUUHO
HenpaBUJbHOIO (hopmoro. Bkaszauuil poskuj crnocrepiraBcsa TaKoX IIic-
Js OOpPOOKM IOBEPXHiI YACTMHOK CUJiKa-y-aMiHOIPOMiJICUJIOKCAHOM i
HACTYyOHUM HaHeceHHAM QyHKITionaabHuX NH,(CH,);-rpyn (puc. 3.3).

3rifHO TaHUM TPaHCMiCifiHOI eJIeKTPOHHOI MiKPOCKOIIii, OCHOBHA Ya-
cTrHa (QYHKI[IOHAJNI30BaHUX YacTUHOK MaJjia posmip 50—200 um, npu-
yomy 80% wuwacTuHOK Maau po3mip O6amsbko 200 mm. ¥V BigiOpamux 1o
X0y IPUTOTyBaHHsA iMyHocopOeHTa nmpobax Ig BusHauamu KOHIIEHTPA-
1miro metonoM Jloypi, B KiHmeBux mpobax BU3HAUAJIU aKTHUBHICTL IDA,
IEO®, rpadiuno so6paxyBaau fuHamMiky copbrii Ig (puc. 3.4, a, 6).

Ax Bummo 3 rpadikis (puc. 3.4, a, 6), ePeKTUBHICTL KOBAJEHTHOT'O

Puc. 3.2. PEM-300paxenns maruetuty, Puc. 3.3. TEM-306pakeHHST YaCTUHOK
mMoau(piKOBAHOTO CHJIKa-aMiHOIIPOIiJ- MAarHETUTyY, MOAN(IKOBAaHUX CHJIKa-
CUJIOKCAHOM. aMiHOIIPOMIiJICMJIOKCAHOM.



394 II. II. TOPBUK

3.5
3
2,5
S 2
B
=15
SI o
0,5
0 - v v
0 200 400 600 800 1000
Yar, xB.
a
3,5
3
2,5
(=]
= 2
S
(=]
=1,5
S
0,5
(4] ~ — ————
0 200 400 600 200 1000 1200
Yac, xB.
(1]

Puc. 3.4. [lunamika moBepxHeBoro 3B’ A3yBaHHA [g-BI'B (a) Ta Ig-BI'C (0) 3 yac-
TUHKaMU QYHKI[I0HAJIi30BAHOTO MAarHeTUTYy.

3B’sa3yBaHHda cuenudivHux g Ha MarHeTouyTJIMBUX copOeHTax, PyHK-
IioHaTi30BaHUX CHUJIiIKa-y-aMiHOmpOIiJicuiIoKcanoM, ckjaagaiga 60%
nnsa Ig-sipycy I'B i 97% nna Ig-sipycy I'C. Ha pucysky 3.5 HaBeneHO
pesyabratu IEO® BuxigHmx 3paskiB cmenu@iuHUX iMyHOTJIO0YJiHIB
(puc. 3.5, a) i micaa npoBemeHHs 6iodyHKIIioHATI3aIil copbeuTy (puc.
3.5, 0).

Benuunua copbiifinoi MmicTKocTu (KimbKicTh 3B A3aHOro 0iIKy (MKT)
Ha 1 MT HOCifT) € BaXKJIMBOIO XaPaKTEPUCTUKOI iMyHOMAarueTHUX MiKpo-
chep, 110 BusHauae eeKTuBHiCTDL cenmapairii [94]. IIpu Bubopi meTomy
3B’sI3yBaHHA HEOOXiJHO BPaxXOBYBATH CTPYKTYPY AKTHUBHOI CIIOJIYKWU,
fAKa 3aKpilIIoBaTUMETHCA Ha IIOBEPXHi, a TAaKOK YMOBU, IPU AKUX
mpenapaTr BUKOPUCTOBYBAaTUMETHCA IicJid iMMobirisarrii.

O0pobOKa TMOBEPXHiI aMiHOOPTaHOKPEMHE3EMiB 3a JOIIOMOTOI0 TJIyTa-
poBoro anbaeriny, AKy O0yJio sampomnounoBaHo R.J. Robinson Ta iH., Ha-
OyJia HaibiJIBIIIOTO HMOIIIUPEHHSA IPU CTBOPEHHI aKTUBOBAHUX MATPHUIHh
[97]. Tunu 3B’asky martpui i aututin (AT) a6o antureny (AI') BusHa-
YaroThed iX GYHKIIIOHATFHUMY a00 PEAaKTUBHUMU I'PyHaMU, IKi, ¥ CBOIO
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0

Puc. 3.5. Oninka copbirii cienmupivHnx iMyHOTJIOOYIiHIB JTIOAUHY Ha MATHETH-
Ti, QYHKIIiOHAIi30BAHOMY CHJIiKa-aMiHOOpOIijJcuIoKkcanoM, MeTogom IEQOD.
Y nyHKU BHeceHO: (a) pO3UMH crenudivHnX iMyHOTI00yJIiHIB JIIOAUHY, ITiATO-
TOBJIEHUM s copOITii Ha GyHKITioHATiIZ0BaHOMY MarHeTuTi; (6) Toif caMuii po-
3UYMH IiCJIA 3aBepIeHHs copbiii (ueped 18—20 rogquu). ¥ KaHaBKU BHeCeHA aH-
THCUPOBATKA JI0 IiJTiCHOI CHUPOBATKY JIIOAUHM.

yepry, BU3HA4YaloTh Bubip 3B’ a3yBabHOro areara [98].

ITicna sB’asyBanua Ig 3 MaTpuIleio He BUKJIOUEHI BiIbHI I TJIiKOII-
poreiniB catitu Ha ii moBepxHi. [lyia X 6JI0KyBaHHSA BUKOPHUCTOBYBAJIU
BCA, Hafb6inbIn mOMMpeHui i JOCTYyOHUM AJjida mux Iijgeii. MokauBe
BUKOPHCTAaHHA CUPOBATKOBOTO aJbOyMiHY JIIOMWHU, HaWyacrimie nid
iMyHOMarHeTHUX Mikpocdep, Ipu3HaAUeHUX Jid cenaparlii KJIiTuH Kpo-
Bi [94]. 3uu:KeHHA piBHA HecmerudiyHOl copOIii MOKHA AOCATTHU Ta-
KOJX BHECEHHAM B TOTOBUH iMyHOMAarHeTHH# 0ioCcOpOeHT meKCTpaHy
JeikoHocToKa [99], Kaseimy.

Ax mpaBuyIo, ofepiKaHi y TaKMH cmoci6 iMyHOCOpOEHTH TOTrO K JHSA
BUIIPOOOBYBAJIM Ha BipyCOBUJAJIEHHSA, IIPOTE MOMYyCKAEThCA IX KOHCEP-
Baiiqa i 36epiranna. CupoBarka, 1110 MicTUTh Bipyc rematuty C, He 3Mi-
HUJIa CBOIO aKTUBHICTH JI0 1 ITic/Is KOHTAKTY 3 iMyHOCOpPOeHTOM (pesyJib-
ratu I1JIP), xoua moBepxHeBe 3B’ A3yBaHuA Mmarpuili i Ig-BI'C 6yso mak-
cumaabHuM (97% ). Taki pesyabTaT MOMKHA IIOACHUTH, IIO-IIepIlle, Bil-
CYTHiCTIO KilbKicHOTO MeTOony 00Ky (akicHa IIJIP), mo-gpyre, peainb-
HOIO BificyTHicTIO HeliTpaJsisallii Bipycy renatutry C iMmyHOCOpGEHTOM 3
oTJIANY Ha Te, 1110 6araTo BipioHiB Bipycy rematuty C acoiifioBaHi 3 cu-
poBaTKOBMMU JrimompoTeiHaMu (B-simonporeinaMu HUSBKOI 1 Ay:Ke HU-
3bKOI I'YCTUHH), AKi eKpaHyioTh BipycHi Al', 3axuiiamouu Bipyc remartu-
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Ty CBig AT [100].

CupoBaTka, II10 MiCTHUTE Bipyc rematuty B, micas KOHTaAKTy 3 iMyHO-
copberaTom Oyinma HeratTuBHoio B IIJIP i Oynxa mosutuBHoo B IDA
(HBsAg), ane 3HaUeHHA ONTUYHOI I'yCTUHY OyJIW HUKUYE 34 MTOKABHUKU
IIOYaTKOBOI CUPOBATKU. 3MiCT HEIIOBHUX BipycHUX (PopM («IIOPOIKHITH-
HUX», Te)eKTHUX) B CHPOBATIIi, 3a3BUYAal, 3HAUHO IIEPEBUIIYE KOHITEH-
Tpallilo MOBHUX BipiOHIB, B MeAKUX CHPOBATKAX iX KIJIbKiCTHL mepeBHU-
mrye KinmbkicTh Bipionis B 10000 i 6inbire pasis [101]. Ha KoskeH BUAB-
JeHuy inTakTHU Bipyc rematuty B (wactTunky leiina) noBogsaATLCA COT-
Hi «IIOPOKHiIX» 000JOHOK, II[0 IIOSACHIOETHCS IIMKJIOM PO3BUTKY Bipycy
rematuty B [102]. Heiudekmiiini, mopoxuucti vactuaku HBs-AT 3 me-
BeIuKUM BMicToM preS2-Al', iiMoBipHO, € mpoAyKTaMu IIapajejbHOI
eKcipecii BipycHux remiB, BOymoBaHUX B KJaiTunuHui refom [103]. Mu
TaKOoK croctrepiranu noxibue sisue: B 20% HBsAg m03uTHBHUX CHPO-
BaTok He BuaBaanau [JHK-BI'B meTomom ILJIP [104].

B pesyabraTi mpoBenenoi po6oTH ofeprKaHi 3pasKu iMyHOMAarHeTHUX
cOopOeHTiB HAa OCHOBi CHJIiKa-y-aMiHONIPOIIiJICMJIOKCaHy i Jiirangis-lg,
cuenudiuyHux 10 Bipycy rematuty B i Bipycy rematuty C. ImyHOr106Y-
JiHu e)eKTUBHO 3B’ A3YIOTHCA 3 MOBEPXHEI0 MAaTPUILi. IMyHOMarHeTHUH;
copbeHT, crenudiuaMil 1o Bipycy rematuty B, smaTHuit BugagAaTu iade-
KIifiHMI MOBHOIIHHMY Bipyc 3 cumpoBaTKu Jgoanuu. IIpore, He3dBaskaro-
UM HA BUCOKY BeJIHMUYUHY COpPOITifiHOI MicTKOCTH, IIPU OfepsKatHi iMyHO-
MaTHeTHOI'o copbeHTy, cuenudiunoro no Bipycy renatuty C, He BIaJocs
mocArtTy e()eKTy BipycHOI HeliTpaJisalii B cupoBaTIli JTIOAUHMA.

Takum YMHOM, IPOBEIEHI JOCTiIMKEeHHA MTOKAa3aJl MOMKJINBICTH CTBO-
PeHHs iMyHOMarHeTHOTo 6i0copOeHTy, 3aTHOTO BUAAJIATH BipycHi uac-
TUHKH i3 CKJIa1HO0I 6i00TiuHOI PiAMHY — CUPOBATKU KPOBi JIOIUHA.

4. CHHTE3 MATHETOYYTJIUBUX HAHOKOMIIO3HUTIB JIJIA
HEUTPOH3AXBATHOI TEPAIIIL

Po3pobka HAYKOBUX IIiIXO/iB 10 BUPIIIeHHS ITPO0JeM BIIPOBAIKEeHHS
MarHeTOKepPOBaHUX IMOJi(hyHKI[IOHAJIbHUX HAHOKOMIIO3UTIB Y HEUTPOH-
sdaxBarHy Tepaniio (H3T) e, 6esnepeuHo, JOIiIbHUM Ta aKTYaJIbHUM 3a-
BIAaHHSAM, OCKiJIBKY BOHU MOXKYTh CTATH OCHOBOIO JJIA CTBOPEHHSA HOBUX
TUIIiB JiKapCchbKUX 3ac00iB 3 JOZATKOBUMU (PYHKIIiAMU MarHieTOKepoBa-
HOI CIPAMOBAaHOI TOCTaBKH A0 OPTraHiB- a00 KIiTUH-MillleHel i gemomy-
BaHHdA, rineprepmii, Kombinoauoi T';-, T,-MPT-giarHOCTUKY B pesxumi
peansuoro uacy toio [1, 32, 105-113].

B [110-113] po3pobyieHO MEeTOAUKY CUHTE3y Ta MOCJIiAKeHi BJIACTH-
BOCTi HOBUX THUIIiB HAHOKOMIIO3UTIB HAa OCHOBi OJHOMOMEHHOTO MarHe-
TUTY, 30KpeMa:

1. Fe;0,/y-AIIC/ATIIK/Gd — xoBaseHTHOIO iMMOGiizaiiiero Ha TOBEP-
xHi Fe;0, nietunenrpuaminnenraonTosoi kucaoru ([[TIIK) B kommiek-
cax 3 iomamu Gd**;
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2. Fe;0,/IMCK/Gd — moamdikyBaHHSAM MOBEPXHI MarHeTUTY Me30-
2,3-tuMepKanTocykiunHoBoio Kucaoroio ([IMCK), no kxapbokcuIbHuX i
CYAbPriapuIbHNX (PYHKIIIOHAJIbHUX I'PYI AKO0I KOBAJEHTHO IIPHUETHAHI
iomu Gd*';

3. Fe;0,/IMCK/xkapbopan — moaudiKyBaHHAM IIOBEpPXHi MarLeTuTy
Me30-2,3-TUMePKAIITOCYKIIMHOBOIO KIICJIOTOI0 Ta IIOJAJILIION (PYHKITiO-
Hajisarmieo opmo-TiokapboOpaHOM 3a peakIlielo TioJa-IucyJabdigHOTO
ooMimy;

4. Fe;0,/GdBO; — moandikyBaHHAM IMOBEPXHI MarHeTuTy 60paTomM ra-
nonirito GABO;, 0 YTBOPIOETHCA B pe3yJabTaTi B3aemogii ionis Gd**
rizparoBarum arionom 60py [B,05(0H),]*, 3 mogaIbIIuM TigpoIizoM L0
GdBO;. HaHOKOMIO3UTH IIHOr0 THUILY BMIIIIYIOTH OZHOYACHO OOp i ramo-
JiHi# Ta MOXKYTbh HOeTHYBaTH (HPYHKI[II HEOPTaHIiYHOTO CIIUMHTUJIATOPA i
HeHTPOH3aXBaTHOIO areHTa.

[1a cuHTe3y HAaHOKOMIIO3UTIB BUKOPUCTAHO KOMIIOHEHTH, IO Xapa-
KTepusyIThCS 3a0BiIbHOI0 OiocyMicHicTio. BynoBy i BiacTuBOCTI Ha-
HOKOMIIOBUTIB BUBUYEHO KOMILIEKCOM (isuko-ximiunmx meronis. Pe-
3yabTaTu gocaigikens [110—113] HaBemeHO HUMKUe.

4.1. MarHeToOuyTIMBi HAHOCTPYKTYPH 3 XeJaToBaHuMu ionavu Gd>' ma
MOBEpPXHi

HaasuicTs ioHiB ragoJsriniro i 3asmisa y ckjaaai HaHOKOMITIO3UTIB TPUHITY -
IIOBO YMOJKJIMBJIIOE BUKOPUCTOBYBATH iX M1 KOMOiHOBAHOI AiarHOCTH-
KU B MarLeTopesoHaHcHiit Tomorpadii (MPT) ra H3T. Ioru Gd*" € Tok-
CUYHUMH IIPU KOHIIEHTPAIliAX, HeoOXiJHUX AJIA BUKOHAHHSA JiKyBaJb-
HO-JiarHOCTUYHUX IIporeAyp. TokcuuHicTs BimpHUX ioHiIB Gd*" Moxxe
OyTH pi3KO 3HMIKEHA IJIAXOM iX KOOpAMHAII 3 CHUJIbHO 3B’SA3yBaJib-
HuUMU JgiragmavMu. Tak, aHioHHI KOMIJIEKCH T'aflOJiHII0 3 TUETUJIEHTPU-
amirnenraonTosoo (Gd—ITIIK, Magnevist®) i ragorepoBoro KucJoTa-
mu (Gd—DOTA Dotarem®) (puc. 4.1) BUKOpPHUCTaHi IepIIMMH B KJIiHid-

'o-g

i/\ /\cool-t < \Gd,( >
i t ( @\/ ]
& ¥y

a 0

Puc. 4.1. Bynosa kommnekcis Gd-IITIIK (1) i GAd-DOTA (2).
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Hill TpaKTUIli i € 3paskaMu MOPiBHAHHS IIPU PO3POOIIi Ta OIiHIII HOBUX
KOHTPACTYIOTEL areuTis [109].

IIpuenmanna nmoximmmx [ATIIK mo cympaMoiekyJIApHUX CTPYKTYP
MOsKe OyTH OZHUM 3 e(peKTUBHUX ILIAXiB 3HUIKEHHS iX 00epTaJIbLHOTO
PYXY, IIO iCTOTHO HMOJINMNINTH AKIiCTh AiarHOCTHUKU IMUX KOMILIEKCIB B
MPT. IIBuakicTs pesakcaiii mpoToriB Bogu (¢') B KOHTPACTyBAIBHO-
My areHTi Ha OAWHUITIO 3MiHM MOT0 KOHIIEHTpPAIlil B pO3UMHAX, III0 MiC-
TAThL 3Mimami wMinmeau, B aKi iHKopmopoBami amd@idinbui 0Oic-
ankinamiguai moximgui ITIIK, e Bumioio, Hixk aaa rizpodisbHOr0O KoM-
mirexcy Gd—JITIIK B pesyJbTaTi SHMKEHHA PYXJAUBOCTH ocTaHHBOrO. ITi
IaHi HeoO0XiJHO BpaxOBYBAaTH IIPU CTBOPEHHI HOBUX, OiIbIII e(peKTUBHUX
3aco0biB aa Mmarseropes3oHaHcHOI Tomorpadii [107-109].

4.1.1. Immo6inizania kommuaercie Gd—/ATIIK na moBepxHi
MOoau(}iKOBAHOTO MATHETUTY

3 ypaxyBaHHAM HaBeJeHUX NaHUX, HAMU 3aIIPOIIOHOBaHA METOIUKA iM-
mob6inizarii xommexcy Gd—ITIIK ma moBepxHi MarmeTury, Mogudiko-
BAHOIO CHIeicepoM — Y-aMiHOIPOHiJICMIOKCAHOM. 3AilicHeHO XiMiuHe
KOHCTDPYIOBaHHA HAHOCTPYKTYP HA OCHOBi BucokomgucuepcHoro Fe;O,.
ApxiTeKTypa CHHTE30BaHUX HAHOKOMIIOBUTIB XapaKTepPU3yEThCA HAAB-
HICTI0O MarHeTOUYyTJUBOTO «dAApas-HOCisd, IMOBEPXHIO SAKOro MoAupiKo-
BaHO 0iOCYyMiCHUM IIOKPUTTSAM HeopraHiuHoi a00 opraHiuHoi mpupogu.

Po3pobsieHo METOUKY CUHTE3Y HAHOKOMIIO3UTY 3 IIOIITapOBOI0 HAHO-
apxirexTyporo: Fe;O, - y-AIIC — OTIIK — Gd*". ocrigskeno kowm-
IJIeKCcoyTBOpeHH:A ioHiB Gd®" 3 xesaramMm mOBepXHiI HAHOKOMIIO3UTY.
Bugueno izorepmu afcop6uii Gd®* Ha HAHOKOMIIO3UTI 3 HOBEPXHEIO, MO-
mudikosanoro [[TIIK.

JureTnieHTpraMiHIIEHTAOI[TOBA KUCJOTA YTBOPIOE MIiIHMII cTabib-
HUH KOMILJIEKC 3 TapaMarueTHuM iomom ragoriniio (logK = 22—-23).

dyurnionansHi rpynu —NH, B3aeMoziroTs 3 aHrigpugamMum KUCJIOT,
Tomy MarHeTuT moaudikysanau y-AlIC (3a metogukamu (2.4.2) nas oge-
psKaHHA BiIbHUX aMiHOTPYH Ha moBepxHi, a JITIIK nepeBoguau y aHri-
apup gamoi kucaoru. CuuTes 3aificHIOBAIN B KiJTbKa cTagii.

4.1.1.1.Cunres 6ic-anrimpuny ATIIK

Cunres aurigpuny nposoguiu npu HarpiBauHi [[TIIK (75°C) 3 orrTroBuM
QHTiAPUAOM y TipuUAMHI B K0JIOi i3 3BOPOTHIM XOJOAMIBHUKOM (puC.
4.2, cragig 1). YTBopioBaBca KopuuHeBuii ocan. Kouip ocamy ta I4-
dDyp’e-crieKTpaSbHI AOCTIIKEeHHA (3MIII[eHHA CMYT'Y HOTJIMHAHHA Kap-
6oninpHOI rpynu Bix 1730 cm ' mo 1636 cm ™, BignosigmicTs CIT 3017—
2900 cv ! konmuBanEam C—H-38’a3KiB) MiATBepAKYBAIN YTBOPEHHS aH-
rigpuny A TIIK-A (puc. 4.3, a, Kpusi 1, 2).
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Puc. 4.2. Cxema ximiunoro cunresy Hanokommosutis Fe;0,/y-AIIC/ITIIK/Gd.

4.1.1.2. Cunres Hanoxkomnosutie Fe;0,/y-AIIC/ATIIK /Gd

Anrigpun [ITIIK B3aeMonie 3 mepBUHHUME aMiHaM¥ 3 YTBOPEHHAM aMi-
IiB. 3asHaueHa peakxilisg BUKOPHCTaHA Ha APYTi#l cramii 3ampomoHOBAHOL
HaMu mMeroguku (puc. 4.2, cragia 2). Bsaemogisa amimorpymnu, SKa Mic-
TUTBCA Ha IIOBEPXHI MarHeTuTry, MOAM(MIKOBAHOIO Y-aMiHOIIPOMiJICMIIO-
KcaHoM, 3 aHTigpumom HTIIK sgificHioBasiach B €eTUJIOBOMY CIUPTI IIPU
KiMHATHI# TeMmOepaTypi i IpHCYTHOCTI KOHIIEHTPOBAHOI OIITOBOI KMCJIO-
. B pesyabrati onep:xyBanu Hanokommosutu Fe;O,/y-AIIC/OTIIK-A.
Ha cragii 3, puc. 4.2, mamoxommosut Fe;O,/y-AIIC/OTIIK-A
KU’ ATUJIN 3 TOAWHU Y BOJi AJA MOBHOTO TiApOJIidy BCix aHTigpMaHUX
rpyI Ta ofep:ryBasn HanHokommosutT Fe;O,/y-AIIC/OTIIK.
Hawmoxommnosutu Fe;0,/y-AIIC/ATIIK/Gd omep:KyBaiu IMLIAXOM
Baaemozii Fe;0,/y-AIIC/ATIIK 3 ionamu ragomniHiro B cepegoBuIli BoJ-
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Puc. 4.3. I4-®yp’e-cnexrpu: ATIIK (1) Ta [ITIIK-A (2), (a); 1poAyKTiB moCJIi-
IOBHOTO cuHTe3y HaHOKommnosuty Fe;0,/y-AIIC/OTIIK/Gd (6): Fe;O,/y-
AIIC/OTIIK-A (1), Fe;0,/y-AIIC/OTIIK (2), Fe;0,/y-AIIC/OTIIK/Gd (3),
Fe;0,/y-AIIC (4).

HOT'0 PO3UMHY CcyJbdaTy ragoiiuito (puc. 4.2, cramia 4) Ta yrBOpeHHS
KOBaJIeHTHUX 3B’ A3KiB Gd*" 3 Kap6OKCHUIBLHIMY I'PYIaMy Ta KOOPAMHA-
IifHUX 3B’AB3KiB 3 aTOMaMu a30Ty, 3aKPillJIEHUMHU HA MMOBEPXHi MarHe-
rouyTauBoro Hocia [ITIIK.

[4-dyp’e-cieKTpu TPOAYKTIB MOCTiIJOBHOTO CUHTE3Y HAHOKOMIIO3H-
ty Fe;0,/y-AlIC/ATIIK/Gd naBemeno Ha puc. 4.3, 6 (kpuBi 1-3) Ta
Fe;0,/y-AIIC (4). Dy6aer mpu 1130 i 1060 cM ' cBiguuTh IPO HAABHICTD
Ha IOBePXHi HociA IpocTopoBoi nmoxiMepHoi citku Si0,. 3cys Ha 36 cm ™!
CII mpu 1410 cm !, mo HameXaTh KapbOKCUJIBHUM TPyIaM i aToMam
a30Ty, CBiIUNUTH PO YTBOPEHHSA KOMILJIEKCiB I'afloJIiHiI0 B CTPYKTYPi Ha-
HOKOMIIO3UTY.

4.1.1.3. Ancop6uia karionis Gd*' Ha noBepxHi HAaHOKOMIIO3UTIB
Fe;0,/y-AIIC/ATIIK

TlocigsxeHHs npoleciB agcopbuii ionis Gd*" mpoBoauau Ha cuHTe30Ba-
HUX HaHOKOoMmosuTax Fe;0,/y-AIIC/TIIK.

s kimbKicHOTO BUMiplOBaHHA afcopoOItii ioHiB rafoJriHito Ha TOBEP-
XHi HAHOKOMOTIO3UTa BUKOPUCTAHO CIIEKTPO(POTOMETPUYHUI METO BU-
3HAUYeHHA HOro KOMILIeKCiB y posunHi. Busnauaau Gd*" 3a momomoromo
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Puc. 4.4. Isorepma agcop6uii Gd*' ma mosepxmi mHamoxommosuty Fe;O,/y-
AIIC/OTIIK.

peareuTy apceHas3o0-3 B ypOTpPoIIiHOBOMY 6ydepi.

Ancopb6rio ioris Gd*" mpoBogMIN Y BOZHOMY CEpeOBHII BIIPOJOBIK
2 rogvH B IUHAMIUHOMY peXUMi mpu KiMHaTHi# TemmepaTtypi. Kinb-
KicTb amcopb0BaHoi peuoBUHY HA MIOBEPXHI HAHOKOMIIOSUTIB BU3HAUAJIN
BUMipIOBaHHAM KOHIIeHTpaIii ionis Gd*" KoHTaKTHUX po3uMHIB 10 i mi-
cas agcop6iii. KoHIleHTpaIlilo BUMipoBaau 3a JOIIOMOTOI0 CIIeKTPOodo-
ToMeTpa npu A = 583 HM o KanibpyBaibHOMY rpadiky.

Ancop6irito ioHiB ragosriniro, A, Ha TOBepPXHi HAHOKOMIIO3UTY PO3pa-
XOBYBaJIM 32 METOAMUKOI0 2.5.5.

IsoTepma agmcop6mii Gd*" ma mosepxmi Hamoxommosury Fe;O,/y-
AIIC/OTIIK mae S-moxiouuii Buraazn (puc. 4.4). BeraHoBieHo, BeJu-
yurHAa afcopoOiii ionis ragosinito ckiragama 490,8 mr/r.

disuKo-ximMiuHi mporiecu, 1110 BU3HAUAIOTH KOMILJIEKCOYTBOPEHHS Ha
IIOBEPXHi TBePAOro Tija, MOMKYTb OYTH JOCUTH CKJIATHUMU ((hopMyBaH-
HS K MOHO-, Tak i moJinapiB agcop0OBaHNX PEUOBUH, B3AEMOIiA KOM-
ILJIeKCiB agcopbaT—amcopbeHT Mixk coboio Torro). 11i mporecu 3aaexkarTn
Big OyIoBHM i cKJIagy COPOEHTY, BiZTHOCHUX i a0COMIOTHUX KOHIIEHTPAIIil
pevoBUH, II0 COPOYIOTHCA Y PO3UMHI, HOr0 KMCJIOTHOCTH, CTiHKOCTHU
KOMILIEeKCiB Ha moBepxHi i T.11. Tomy iHTepIperallis pe3yJbTaTiB eKc-
IIepUMEHTIB 3a y4YacTiO peakIliii KOMIIJIeKCOYTBODEHHs Ha IIOBEPXHi
MOJKe OYTHU JOCUTH CKJIAAHOIO i He 3aB)K U IPU3BOAUTH 10 OSHO3SHAYHUX
BUCHOBKIB.

4.1.2. Enexrponna crpykrypa HaHokommnosury Fe;0,/y-AIIC/ATIIK /Gd

Enekrpouny cTpykrypy HaHokommo3urtiB Fe;0,/y-AIIC/IOTIIK/Gd
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Puc. 4.6. Cnextp Si2p nanokommosuty Puc. 4.7. Cuextp 4d5/2 Gd ra 4d3/2 Gd
Fe;0,/y-AIIC/OTIIK/Gd. Ha"noxommoaury Fe;0,/y-
ATIC/OTIIK/Gd.

(puc. 4.5, a, 6) mocaimKyBaay MEeTOIOM PEHTIeHiBChKOI (pOTOEIEKTPOH-
HOI CIIEKTPOCKOIIi]l Ha eJIeKTPOHHOMY CIIEKTPOMETPi 3 eHeproaHajisaTo-
pom PHOIBOS-100 SPECS. [I:kepesioM BUIpOMiHeHHsA OyJjia peHTI'€HiB-
cbKa TPyOKa 3 MarHieBuM aHoOAoM (Ey,,, = 1253,6 eB, P = 300 Br).

Y cnekrpi N1s crpykryp Fe;0,/y-AlIC mpucyTHi ABi KOMIOHEHTHU
(puc. 4.5, a). Makcumywm 3 eHeprieio 3B’ a3Ky 399,2 eB Bkasye Ha HaAB-
HicTh Ha moBepxHi 3paska NH,-rpymn, 400 eB — pagukanis NH;.

ITossBa momaTKOBOI CMyTHU MOTJIMHAHHA B ciIeKTpi N1S HAaHOKOMIIO3H-
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tis Fe;0,/y-AIIC/ITIIK/Gd npu 396,5 eB (puc. 4.5, 6) moB’a3aHa 3 Bi-
TATYBAaHHAM €JIEKTPOHHOI T'YCTMHM 3 aToMa as30Ty BHACJIiJOK IOoro
3B’A3yBaHHA 3 aTOMOM BYyTJIelio KapookcuabHoi rpynu ITIIK, mio Bix-
OBiJla€e JiTepaTypHUM AaHUM.

CrexTp Si2p (puc. 4.6) micTuTh MaKCUMyMH, IO BiAIOBigalOThL CUT-
Hany Big rpyn moxputta momudpikaropa. Kommoueutn 3 E,, =101 eB
BigmoBimaoTh rpymnam, 1o BiamosimaioTh Si—C 3B’saskam, a E,,=102,5
eB — rpymnawm i3 38’ a3kom Si—OH.

Makcumym mmpu 101-103 eB BigmocuThea mo SiO,. ¥ cmekTpi Si2p
cIocTepiraeThca JiHiA 3 maxcumymom npu 98,60 eB, axa 3a manuMu
6asu NIST X-ray Photoelectron Spectroscopy Database mosxe 6yTu Bin-
Hecena 10 cuoayku GdSi abo Gd;Si;. YTBOpeHHS CUIiuIiB ragoaidito B
TaKUX YMOBax MaJIOIMOBipHE, TOMY CJIiJ BiZHeCTH TaKy JIiHiIO 70 i0OHiB
rajloJridiio, amcop6oBaHMX Ha IMMOBEPXHI r'paTHUIi mapy SiO,.

Makcumym npu 143,2 eB (puc. 4.7) Hame:xkurth piBuio 4d5/2 Gd,
148,9 eB — piBHi0 4d3/2 aToma Gd.

B mopanbmromMy gocaimkeHHsa OyAyTh IPoaoBKeHi. OgHAK, BUXOAAUN
3 HaBEeJeHUX €KCIePUMEHTAIbHIUX TaHUX, MOXKHA CIIOIiBATHUCH, IO HAa-
Hokommosutu Fe;0,/y-AlIC/ATIIK/Gd 3M0OXKyTh MOEOHYBATU BJIACTU-
BOCTi HeHTPOH3aXBAaTHOTO ar'eHTa i KOHTPACTYBaJIbHOTO 3aco0y IJIs Ma-
rHeTOpe3oHaHcHol Tomorpadii. BoHM MOMKYTh CTATH OCHOBOIO CTBOPEH-
Hs HOBUX II€PCIEKTUBHUX KOMILIEKCHUX IIPENAapaTiB JJisd BUKOPUCTAH-
HfA B HeTPOH3axBaTHil Teparmil nyxyauH 3 ogHouacHoio MPT-BigyaJriza-
iero.

4.2, Cunre3 Gd-BMicHNX HAHOKOMIIO3UTIB HA OCHOBi MArHeTHUTY,
MOauGpiKOBAHOTO Me30-2,3-TNMEPKANITOCYKIINHOBOIO KHCIOTOO

Ax sasmauamocsr y 2.4.3, BUKOPUCTAHHA Me30-2,3-TUMEpPKAIlTOCYK-
IIMHOBOI KUCJIOTH AJiA (DOPMYBaHHA KAICyJIu MarHeTOUYTJANBOI HAHOYA-
ctuHKY (puc. 4.8) cupusde cTabiJbHOCTI KOJOIAHOI cCCTEMU Y BOLHOMY
cepemoBUIli, OiocyMicHOCTI MaTepiaay Ta YMOMKINBIIOE iMMoOiTizalito
HeOOXiTHMX CIIOJIYK Yepe3 TioJMbHI Ta KapOOKCUJIbHI (DYyHKIlioHAJbHI
rpymnu moBepxHi [55].

Cuures xommosutry Fe;O0,/JIMCK/Gd mpoBoguam ILIAXOM MOIUAQI-
KYBaHHSA MAarHETUTy Me30-2,3-IUMepPKaIlTOCYKIIMHOBOIO KHUCJIOTOI 3
IO AJIBITION0 afcopbIrifiHoo iMmMobinizamiero ionis Gd?*.

MoaupikyBaHHA IOBEPXHI HAHOYACTUHOK MAarHeTUTY Me30-2,3-
IVUMEePKaNTOCYKIIMHOBOIO KMCJIOTOI IPOBOAMUIN aHAJIOTiuHO 2.4.3.

3 MeToI0 BUBUEHHA IIpoIieciB agcopbuii ionis Gd*' ma mosepxHi HaHO-
KOMIIO3UTY Ta HOOYIOBU i3oTepM HaBaxkKKu Hamorkommosuty 1o 0,02 r
sdanuBanu posunHamu Gd.(SO,); pisHoi KoHIeHTpaIii. Axgcop6iriro mpo-
BOAUJIN Y BOAHOMY CEPEIOBUII YPOTPOIiHOBOTO Oy(hepy B ITMHAMIUHOMY
pe:kuMi 3a KiMHaTHOI TeMIlepaTypu BHIpPoAoB:xK 1 roxamuu. Omep:kaHO
Hanoxommosut Fe;0,/JIMCEK/Gd.
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Kinekicts agcopbosanoro Gd*" BusHauamu creKTpodOTOMETPUUHIM
BUMIipPIOBaHHAM KOHIIEHTPAIlil KOHTAKTHUX PO3UMHIB M0 i micjsa azcop-
o1rii 3a gormomoror 0,05% apcenaso 3 srigHo 3 KaniopyBaabHUM rpadi-
KOM.

g migTBepAKeHHsa JOCTOBiPHOCTH Pes3yJIbTAaTiB KiJIbKicTh agcopbo-
BaHoro Gd®' Tako)x BU3HAUAIM HA BUCOKOIIBIAKICHOMY aTOMHO-eMiciii-
HOMY CIIEKTPOMETPi 3 iHAYKTHUBHO 3B’ A3aH0I0 myasmoro Shimadzu ICPE-
9000.

3rigHo 3 po3paxyHKaMmu, amcopbilis ragosimito mpu C,= 20 Mr/mi
ckjaana 474,5 mr/r mo apceraso 3 i 490,8 mMr/r 3a mammMm aTOMHO-
eMiciiiHoOI crieKTpoMeTpii. Ban3bKi 3HaUeHHA BeJIWYWH KiJTBbKOCTHU I'ajo-

Puc. 4.8. Cxema 6ynosu Hanokommnosuty Fe;0,/IMCK. © — Bix’emunit sapsn;
> — IOMCK; I — BinpHa KapOOKcHMIATHA TPyma; 2 — BiTbHA TioNbHA IPYIA;
3 — mucynbhigHMi MiCcTOK.

I, BigH. on.
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Puc. 4.9. P®-cunexTpu piBuis 4d5/2 Gd ta 4d3/2 Gd.
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JIiHiIO B CKJIQJi HAHOKOMIIO3UTY, OJEP KaHi JBOMA HEe3aJIeKHUMU METO-
JaMu, HiATBEePAKYIOTh IX JOCTOBIPHICTE.

CrpykTrypy Hanokommnosurtis Fe;0,/JIMCK/Gd mocraimxyBanu mero-
mamu [Y-Dyp’e-cmeKTPoCcKoOmii Ta peHTreHiBChbKOI (oTOeNIeKTPOHHOI
CIIEKTPOCKOIIii.

3a gaguMu [Y-cmeKTpiB cMyru NOTJIMHAHHSA BiTbHUX KapOOKCHUJIb-
HIX TPYI Ha IOBepXHi HaHoKoMIo3uTy mpu 1550 ta 1450 cm ! amicTu-
auck Ha —10 ta —-80 cm ' Bigmosimmo. Ile cBigumTe mpo ximiume
3B’A3yBaHHA iX 3 aTOMaMu I'afoJIiHi0.

3rizfHo 3 JaHUMH PEeHTI'eHiBCBKOI (DOTOETEKTPOHHOI CIIEKTPOCKOMil
mMakcumyMm npu 142,26 eB moxxHa BifHecTu n0 piBHA 4d;,, Gd, makcu-
myM 1npu 148,5 eB — 50 eneKTpoEHOrO piBHA 4d;,, aToMy Gd (puc. 4.9).

P®-cuexTpu S2p-piBHiB 0yJI0 PO3KJIaAEeHO Ha He3aJeKHI KOMIIOHEH-
TH, iX IMIUPUHA Ha IOJOBUHI BucoTu cKJazaia AE =0,9 eB (puc. 4.9).
PoskyazanHsa IpoBOAMIIOCS METOLOM rayca—HbIOTOHa. ILromia xommo-
HEeHT BU3HAYAJIACh ITicJd BUpaxyBaunua ¢ouy 3a metomom [Ilupui.

PesysibraTé posKJIafaHHA HA KOMIIOHEHTH DEHTTeHO(OTOeJeKTPOH-
HUX CIIEKTPiB S2p-piBHiB 3paska nopisuauaa [[MCK, HaHOuacTHHOK Ma-
rHetuTy 3 obosmoukoo [IMCK ta 3 o6omonkoio [IMCK/Gd npexncraBiieHo
Ha puc. 4.10, a—6 i B Tabxa. 4.1. Bugso (puc. 4.10, a), 1110 B criIeKTpax BU-
xigaoro [IMCK npucyTHi curHaam BiJi TPhOX HEEeKBiBaJeHTHUX CTaHIiB
ionis cipku. [lominyroua KomnoHeHTa B obusacti E , = 163,7 eB Bigmosi-
nmae pparmenty 38’ a3y H-S—C B JIMCK. 3a pesyibTaTaMu pO3KJIATAHHSA
Ha KOMIIOHEHTHU CIIEKTPY MOBepPXHi MoAu(iKOBAHOTO MATHETUTY BUIHO
(puc. 4.10, 6), 1110 KiJTBKIiCTB i CITiBBiIHOIIIEHHA KOMIIOHEHT B IOPiBHAHHI
3 mouaTkoBuM 3paskoM JIMCK (puc. 4.10, a) npakTUYHO He 3MiHIOETHCS.
ITe oxgHo3HauHO BKasye Ha ()OPMYBAHHA HA MOBEPXHI MarHETUTY IIapy
came 3 JIMCK. 3MeHIIIeHHA iHTeHCUBHOCT MaKcuMyMiB SH-rpym 3 ene-
priero 3B’A3KYy S2p;,= 164,40 eB B spasky Fe;0,/IIMCK/Gd cBigunts
PO uacTKoBe 38’ a3yBanua Gd*' 3 aromamu cipku.

3MeHIIeHHA iHTeHCUBHOCTM MakcumyMiB SH-rpyn npu E_, = 164,40
eBra E,,=162,30 eB 3a ganumu P®C cBifunTh Ipo YyTBOPEHHS 3B’ A3KY
mixk iomamu Gd*" Ta aTomamu cipku.

Xapaxrepauii qid Bcix 3paskiB [IMCK cunexktp Ols-piBHsA, mpeacTas-
JeHu# Ha puc. 4.11, cBiuuTL PO HAABHICTH HA MOBEPXHi JOCIiAKyBa-
HUX BUCOKOJUCIIEPCHUX YACTUHOK PidHUX (hopM KHUCHIO: B obsacti 528—
530 eB — KuCHIO B OKCUIHilT MaTpHIli, B 00sacTi 531-532,5 eB — KucHio
B ckyami OH-rpym, 533,383 eB — kwucHio B Moaeryai H,O ¢isuumo
3B’aA3aHO0I BOnu.

OTiKe, BUXONAYM 3 HABEJEHUX MaHWX, AKi CBiguaTh mMpo yTBOPEHHS
3B’ a3KiB Gd*" AK 3 KapOOKCUILHUMU, TAK i 3 CYJIbMIiAPUILHIMYA IPyIa-
MU, MOKHA 3alpPOIIOHYBATH CXEMY ITOBEPXHi HAHOKOMOIIO3UTY (pHC.
4.12).

BceranoBieHo (GyHKI[IOHATBHI TPYIX HA MOBEPXHI MarHeTUTY, MOJU-
dikoBanoro IMCK, 1110 6epyTh yuacThb y KoopauHailii. Ak ceiguars maHi
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I, BigH. ofn.
g

E, eB

Puc. 4.10. P®-cuexktpu S2p-piBHiB ana spaska nopiBeaaaa [IMCK (a),
Fe;0,/OMCEK (6) ra Hanokommosury Fe;0,/[IMCK/Gd (8).

TABJHUIA 4.1. Eneprii ss’sasky (E,, eB) makcumMyMmiB KoMIoHeHT S2p-
CHeKTpiB Ta inTerpansHi inTeHCUBHOCTI KOMIoHeHT I (% ).

E,, xom.S2p, eB | IMCK I, % [Fe;0,/IIMCK, I, % | Fe,0,/IMCK/Gd I, %

162,3 5,0 5,3 3,8
163,0 18,5 16,7 17,8
163,7 57,5 51,8 63,2
164,4 19,1 21,4 9,6
168,3 — 4,9 5,7

P®C ta IY-cnexkTpocKormii, KoMILIeKcoyTBopeHH: ioHiB Gd*' 3 moBepx-
Heto [IMCK Big0yBaeThCA 3a paXyHOK AK KapOOKCUJILHUX, TAK i CYyJIbQ-
TiAPUILHUX I'PYH Ha ITOBEPXHi HAHOKOMIIO3UTY.

CuuresoBani Ta mocaimxeni B 4.1 Ta 4.2 MarLeTouyTJINBi HAHOKOM-
TMOBUTHU MOJKYTh BBifiTH IO HOBOTO KJIacy NMEPCHEKTUBHUX JIIKAPCHKUX
3ac00iB — TepaHOCTUKIB, PEYOBMH KOMILJIEKCHOI TepareBTUYHOI Ta gia-
rHocTuuHoi Aii. ITpukaamom ixX sacTocyBaHHS MOKe OyTH BisyaJsisallis
nyxJanH 3a gonomoroo MPT-giarmocTuky Ta HeTpOH3aXBaTHA TepAaIria
B pPeXKUMIi peaJbHOro uacy. Kpim Toro, HagaBHiCTh cyleprapaMarHeTHO-
ro sigpa (MarHeTHUT) Ta IMapaMarHeTHOro moBepxHesoro mapy (Gd*") mo-
3BOJIAE BUKOPUCTOBYBATU TaKi HaHOKOMIO3UTH AK Oimomanwri T,/T,
KOHTpacTyBaJIbHi areHTH.
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Puc. 4.11. P®-cuexTpu Ols-pipaa Hano- Puc. 4.12. Crpykrypa IMCK/Gd*" ma
kommosury Fe;O,/IMCK/Gd. TMOBEPXHi MarHeTUTy.

4.3. HaHOoKOMIIO3UTH HA OCHOBi (DyHKI[I0HATi30BAHOTO MATHETUTY
Ta KapOopaHiB

AXKTyalbHUM HAIIPAMOM CTBOPEHHS HAHOKOMIO3UTIB A1 HEUTPOH3aX-
BaTHOI Teparii € iMMo0imizalis 6OpBMiCHUX CIIONYK, 30KpeMa, Kapbo-
paHiB, Ha MOBEPXHi MArHETOUYTJIMBUX HAHOKOMIIO3UTIB, Mogu(ikoBa-
HuX O0ioCyMiCHMM IOKPHUTTSAM 3 HeoOXimHuMM (PYHKIIIOHAJIBHUMU T'PY-
namu (Hampukiaan, SH).

XimiuHe KOHCTPYIOBAHHS HAHOKOMIIO3UTIB ITPOBOIMJIOCA Y 1BA €TAIIN:

—— — — \\\
Fe;04-5H + \ S/SO —_— F8304-S-8-Q+ @
rﬂ/ " N N g
H
— 2
Fe;04 - 5-5- \ / =+ SH-Carboran ———= Fe30,- 5-5-Carboran =+ ‘ )
N I \\b\“s
H

Ha meprromy erami 37iicHIOETBCA peaKIlid Tioagicyabdiguoro obmi-
HY cyabGoriipujBMicHOI MOBEePXHI MarHeTUTy 3 AUIipiauaaucyabgi-
IIOM 3 YTBOPEHHAM HipuamicyiabdinHoi moBepxHui. Binxigna rpyma —
mipuAnH-2-TioOH He BCTYHA€E B MOAAJbBII PeaKIlil 3 TOBePXHEI0 HaHOUAaC-
TuHOK. Ha apyromy erarmi mipuanicyab(igHUN 3aJUINOK Ha ITOBEPXHI
OOMiHIOETHCA B3 TiOJBMICHOIO MOJIEKYJOI B PO3UMHI — OPTO-Tio-
Kap6opanom [55, 109, 113].

BynmoBy HanoxommosurtiB Fe;O,/JIMCK /kapbopaH miaTBepa:xeHo ¢i-
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3UKO-XiMiuHUMU MeTomaMu (peHTIeHiBcbKa audpakriis, IY-Dyp’e- i
PeHTT'eHiBCchbKa (hOTOETEKTPOHHA CIIEKTPOMETPiA).

CuuresoBani manmokommnosutu Fe;O,/I[IMCK/xkapbopas MOKYTL OyTH
MePCHeKTUBHUMU AJIA BUKOPUCTAHHA B SKOCTi e(DeKTUBHOTO ar'eHTa B
HeATpoH3axBaTHiN Teparii 3 MPT-miarHocTHKOIO B PEXKUMi peaJbHOTO
Jacy.

4.4. Cunte3 KOMOIiHOBaHUX 00OP,/TaAONiHINBMiCHMX HAHOKOMIIO3UTIB

Bukopucranus 6opy € ehpeKTUBHUM Y HEMTPOH3aXBaTHill Tepalrii, a fio-
ro HaABHICTDb y CKJaJli HEMTPOH3AXBATHOT'O areHTa OJHOYACHO 3 I'aJl0Ji-
HieM € momaTKoBUM aKTuBaTopoM mpoiiecy H3T. Cxema ximMiuHoi peak-
Iii, 1o BigmOyBaeTbcs B Impoleci cuHTedy KombOimoBaHoro B-Gd-
BMiCHOrO IIpenapaTy Ma€ BUTJISAI:

Na,B,0, + 2H,0 = 2Na* + [B,0,(0H), %,
B,0% + 11H,0 = 4[B(H,0)(OH),] + 20H",
Gd,(S0,); + 2H;BO, = 2GdBO; + 3H,S0,.

IIpu posumHeHHi TeTpabopaTy HaTpPilo y BoAi BiAOyBaeThCcs qucollia-
i CcOJIi 3 yTBOpPeHHAM rizpaToBanoro aniona [B,05(0H),]* . Tigparona-
Huii Terpabopar-ioH Mae ckaagHy OynoBy. [lBa aroma 60py 3HaXOAATHCA
B TeTpaeJpUUYHOMY OTOUeHHi (sp3-ribpuausania aromoBux opbiTaseit), a
Ime JBa — B ILIACKOTPUKYTHOMY (sp’-ri6puausanisa). IIpu mopambmriit
B3aEMO/ii 3 BOJOIO ITeH CKJAIHUUN aHiOH IePeTBOPIOETHLCA HA UYOTHUPH
mosiekysu B(OH),.

MaruerouytiauBi Fe—-B—-Gd-smicui namoxkommosutu Fe;O,/GdBO,
OIEP?KaHO OCAIKEeHHAM 00paTy r'afoJIiHi0 Ha TOBEPXHI MarHeTUTY.

P®C-cuextpu Gd4d-piBaa aaa spaskiB Fe;0,/GdBO; HaBemeno Ha
puc. 4.13. Maxcumymu B obJacti 143,2 eB Tta 148,9 eB Hane:xarth, Bij-
noBigHO, Gd4d;,; Ta Gd4d;,, BHYTPilIHIM PiBHAM aTOMIiB I'afloTiHiIO.

Y P®C-cnekrpax Bls-piBHsa (puc. 4.14) iHTeHCUBHICTH CUTHATY O0PY
HEBUCOKA, IO A03BOJAE iAeHTH(MiKyBaTU HMOro HPUCYTHICTb, OJHAK
YHEMOKJIUBJIIOBaJIa BUSHAUEHH H0oro XiMiuHOro cTany.

B pesyabraTi cuHTE3y 60paT rafoiHiI0 YTBOPIOETHCA Y BUTJIALL aMO-
pduoi dhasu. [lna HagaHHA CTYNIEeHA KPUCTANIYHOCTH, JOCTATHLOTO IS
BusHaueHHsa MeTomoM P®A, spasku umcroro GdBO, O6ynu Bigmasmewi
mpu 950°C mpoTtarom 6 roguH. Ilicia BimnmamoBanHa y 3pasky OyJia izge-
HTudikoBaHa ocHoBHA (asza GABO; (JCPDS 13-0483).

3acTocoBaHmUil MeTOJ onep:KaHHA HaHoKoMmmnosuTie Fe;0,/GdBO,
MOKe OyTH IePCIEeKTUBHUM 3 MipKYBaHb OJepP:KaHHA HAHOPO3MipHOTO
HEOPraHiYHOTO CIIUHTUIATOPA HA moBepxHi B—Gd-BMmicHOro Mmarmerouy-
TJIVBOTO HOCid.

Ax BimoMo, 3aBAAKY YHiKaJILHUM BaacTuBocTaAM, Kpim H3T, 6opaTHi
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Puc. 4.13. P®C-cuexktpu Gd4d-piBHa nia kommosurie Fe;0,/GdBO;.

MaTepiaJy Ha CLOTOJHI IITMPOKO 3aCTOCOBYIOTHCA B iHININMX TaJy3sX.
Tax, HanpuKJIag, 60paTHUM MaTepiajaM IpUTAMAHHI: BeJIMKa MIUPUHA
3a00pPOHEHOI 30HH, IPO30PiCTh Y BAKYYMHiN yabTpadioseTosiii obaacTi,
BUHATKOBO BHCOKi OIITMYHI MOPOTH IMOIIKOMKeHHs Toino. Cepen 6opat-
HUX JIIOMiHO(OPiB OJHUM 3 HAHKPAIIINX € aKTUBOBAHUI €BPOIIieM iTpiii-
ragonimiesuit 6opar (Y,Gd)BO,:Eu®’. Bin BUKOPUCTOBY€EThCS AJA Ofie-
p:xXaHHA 300pakKeHHS YepPBOHOTO KOJbOPY B ILIA3MOBHUX MUCILIEdX. B
momirodopax Tumy GdBO;:Th?!, Yb®" 3 Bukopucranuam Ce®" B axocri

KOJOMIAaHTY MOYKJINBE NOCATHEHHS PEKOPAHUX 3HAaUEeHb KBAHTOBOTO BU-
xoxmy [114].

1600+
1550+
1500+
1450+

14004

I, BigH. ox.

1350+

1300 4

1250 T T T T T
185 180 195 200 205

E, eB

Puc. 4.14. POC-cuektpu Bls-piBusa gis spaskis Fe;0,/GdBO;.
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5. ACOPBIIIMHI BJIACTHBOCTI MATHETOYYTJUBHX
HAHOCTPYKTYP

B[115] BuKoHaHO OTJIA Ta aHAJI3 POOIT B rayys3saX CUHTE3Y i JoCTiaKeH-
Hs BJIACTUBOCTEIl MATHETOUYTJINBUX aJCOPOEHTIB BAKKUX MeTaJiB, 0iJ-
KiB Ta TPOTUNYXJUHHUX IIPEIapariB, 110 T03BOJAIOTH OI[IHUTY CyYacHU N
cTaH, mpobJieMMr Ta HepPCIeKTHBU 3a3HAUEHOTO aKTYaJLHOrO HAYKOBO-
TexHiuHOr0 Hampamy. OCHOBHY yBary IpHUIiJIeHO OepP:KaHHIO aicopOeH-
TiB Ha OCHOBi HaHOMAaTepiaJliB Ta HAHOKOMMIO3UTIB, XiMiuHOMY MOAM)i-
KYBaHHIO 1 (pyHKITiOHaJizaIii ix moBepxHi, OMMCy 3aCTOCYBaHb i Xxapak-
TEPUCTUK, MOKJIUBOCTI BUKOPUCTAHHA cydyacHUX (piswMKO-XiMiuHUX ITif-
XOMiB 0 CHHTE3y HOBiTHiX cOpOIiiiHNX MaTepiaJiB.

B namomy poszaiji oryisigy HaBeIeHO OCHOBHI Pe3yJIbTaTH JOCJIiIMKeHb
3 MeTOI0 peasisamii KOHIIenIii XiMiYHOro KOHCTPYIOBAHHA MarHeTouyT-
JUBUX HAHOKOMIIO3UTIB 3 6araToOpiBHEBOIO iepapXiuHOIO apXiTeKTypoIo
Ta PYHKIIAME MeIUKO0-0i0I0TiYHIX HAHOPOOOTIiB B UacTUHi agcopOIriii-
HUX BJIaCTUBOCTEN.

Ax Bimomo, aBuile agcopoOILii cKIagae 0OCHOBY 6araThboxX CIIoco0iB pos-
TiJeHHS PeYOBUH, 3aCHOBAHUX Ha BUOipKOBOMY KOHIIEHTPYBaHHIO KOM-
IIOHEHTiB ra3oBoi abo pigkoi asu Ha TOBEePXHi TBEPAOTLILHOTO aICcop-
O0enty [116]. Bkasauuii meTos € e)eKTUBHIUM y 0araThb0xX BUIIaAKAaX, a
0CO0JIMBO B TUX, KOJH 1HIII TeXHOJIOTIi po3mijeHHsa, HaIpUKJIaL i3 3a-
CTOCYBAaHHAM IepPeroHKu, cucTeM abcopbirii abo MeMOpaHHUX TEeXHOJIO-
rii1, € He e)eKTUBHUMU, 400 eKOHOMIiUHO He Buriguumu. ToMy 3aBIaHHs
BIOCKOHAJIEHHS BiJOMMX Ta BUMBUEHHS HOBUX aJACOPOI[iAHUX IIPOIeciB
HabyBae yce OiJbIII Ba)KJIMBOrO 3HAUEHHS IIPU CTBOPEHHI cydyacHUX iH-
HOBAITiTHUX TEXHOJIOTiH, BUPIIIeHHI IpobjeM 3aXUCTy AOBKIJJIS TOIIO
Ta BiIKpUBa€e HOBi MOMKJIMBOCTI 1X BUKOPUCTAHHS.

Po3BUTOK IIPOMUCIOBUX TE€XHOJIOTil, MeIuIInHMN, 0ioJyorii Ta 6ioTex-
HOJIOTiI CTUMYJIIOE IIOMIYK 1 BOPOBaIKeHHA B IPAKTHUKY HOBUX COPOeH-
TiB i copOmiiHux mporeciB. Bukopucranusa copOeHTIB 3 MarHeTHUMU
BJIACTUBOCTAMM 3HAUHO IIOJIETIIIYE 3aBAAHHSA PO3IiJIeHHA Ta 300py pe-
4yoBUH i MiKkpobiosoriuaux 06’ekTiB [117, 118]. 3acTocyBanHs HaHOTE-
XHOJIOTiH, Moan(iKyBaHHA i GyHKI[ioOHANi3aIlii TOBEPXHi COPOEHTIB 10-
3BOJISIE€ IPUCTOCYBATH IX /10 eKcIryaTallil B pisHux QisnuyHux, XiMmivHnx
i GioyoriuHMX yMOBax, KepyBaTu BuOipKoBicTiO copbiii [3—7, 14-15,
118-120].

B ocramui poxku 3’aBuiacsa 3HAYHA KigbKicThb myOsaikariii i mikaBux
MiAXO0MiB, CIPAMOBAHNX HA CTBOPEHHA HOBUX e(PeKTUBHUX COPOIiHMX
MaTepiasiB MIMPOKOro (PYHKIIIOHAJIHLHOTO ITPUBHAYEHH, M0 XapaKTe-
pusyioThbcsa YHiKaabHUMU BiaactuBocTAMU [115]. OmgHak, aK cBiguaThb
pesyJabTaTH OrJALY HAYKOBOI Ta IIAaTEHTHOI JiTepaTypu, aKTyaJbHUM
3aBIAHHAM 3aJUIIAETHCA CTBOPEHHA e()eKTUBHUX COPOEHTIB iOHIB mIa-
TUHU, 30KpeMa, 3 PiIKUX cepemoBull. SIK Bigzomo, raTuHa € OTHUM i3
HAMOiNbII JOPOTOIIiHHNX MeTaJIiB, ToMY ii 36ip i KOHIIeHTPYBAHHA 3 Te-



HAHOKOMIIO3SUTHU 8 PYHKIIAMN METUKO-BIOJIOTTYHUX HAHOPOBOTIB 411

XHOJIOTIUHUX BiIXOMiB € EKOHOMiYHO BUTiJHIIM.

OpHUM i3 aKTyaJbHUX HAOPSAMIB BUKOPHUCTAHHS CIOJYK ILIATHUHU €
BUTOTOBJIEHHS MeIUUYHUX IIpelrapaTiB IIMTOTOKCHUYHOI Aii, IO 3acTOCO-
BYIOThCS B 0araTbox cxeMax cyudacHoi omkorepamii. Ha choromui Haii-
IIAPIIIOTO 3aCTOCYBAHHSA B OHKOJIOTII Ha0yIu MPOTUNYXJANHHI IIperapa-
TH Ha OCHOBI yuc-IUXJIOPAlaMiHILIATUHN: YUCNJAAMUHK Ta TOT0 aHAJIOTH,
10 cepiiHO BUNYCKAIOThCA B PiBHUX KpaiHaxX y BUTJIALLI PO3YMHIB Ta JIi-
opinizoBanux (opm. [lirouorw peuoBUHOIO yucnaiamury € ciab Iletipo-
ue, [Pt(NH,),CL,], yuc-guxnopaiamianiaruua (II).

BakiuBo 3asHaumTH, 1110 Do0iuHNMHE edeKTaMU Tepalrii mpemapara-
MU YuUcC-TUXJOPAiaMiHIJIATUHY € BUHUKHEHHA TOKCUKO-AJIEPTiuHIX Pe-
aKIrii oprauismy. Tomy, IOMIYK IIJIAXiB aAcopOIiiiHOro BUIYUYEHH io-
HiB IIJTAaTHHYW 3 METOI0 JEeTOKCHKAIlil opraHiaMy Ta yTHJIidaIrii Jixapch-
KuXx 3aco0iB, II[0 BTPATHUIN OPUAATHICTE, € 0COOJIMBO aKTYaJIbHIM.

BigmiTumo, 110 cmmocib agcopoOiiiinoi iMmMobirizalrii JikapesKoro mpe-
mapaTy yucnJamuH Ha TOBEePXHi MATHETOUYTJIUBUX HOCIIB 3 Mogudiko-
BAHOIO IOBEPXHEI0 Ta IMOJi(YHKITIOHAJILHUX HAHOKOMIIO3UTIB 3 METOIO
CTBOPEHHSA HOBUX (POPM OHKOJIOTIUHMUX JiKapChbKUX 3aC00iB IIUTOTOKCHY-
HOI'0 MexaHisMy il omucano B 2.5.5. OnHak, 3aBJaHHA IOCTAHOBKH ITiJie-
COPAMOBAHUX MOCTiIKEHb, IPUCBIYCHNX PO3POOIIi HOBITHiIX MarueTouy-
TIUBUX MeIUKO-0ioJOTiuHMX afcopOeHTiB IJid BUIYUEHHS O6ioIoriuHO
AKTUBHUX KOMILIEKCiB IJIATUHU Ta OeTOKCUKAaIlil opramismy, AK cBin-
yaTh JIiTepaTypHi AaHi, 3a/UIMAEThCA aKTyaJIbHUM K 3 HAYKOBOI, TaK i
IPUKJIATHOI TOUOK 30Dy .

5.1. AxcopOuisi KOMILIEKCIB Y c-TUXJIOPiaMiHIIIATUHI
HAHOCTPYKTYPAMH Ha OCHOBi MATHETHUTY

Hwu:xue HaBeneHO pe3yJibTaTHU AOCJiIKEHb aACOpOIii KOMILIEKCIB yuc-
IVXJOpAiaMiHIIJIATMHU Ha II0BEPXHI HAHOPO3MipHOTO MarHeTUTy Ta HaHO-
KommosuTis ckJany Fe;0,/[IMCK, Fe;0,/TA, Fe;0,/y-AlIC, Fe;0,/ITAA.

3azmaui pobOTM BKJIIOYAIU CUHTE3 HAHOPO3MiPHOTO OJHOIOMEHHOTO
MarHeTUTy, XiMmiune moaupiKyBaHHA HOro IIOBEPXHi, MOCTiIKeHH aj-
COPOI[ifHMX BJIACTUBOCTEN MAarHETUTY i HAHOKOMIIOBUTIB 3 Pi3HOIO Xi-
MiYHOIO IPUPOAOI0 IIOBEPXHI IT0 BiTHOIIIEHHIO 10 KOMIIJIEKCIiB IIJIaTUHHA.

Bubip HaHOPO3MipHOTO MArHETUTY Yy SKOCTi BUXiTHOTO MaTepiaay
3yMOBJIEHO HOT0 YHIKaJIbHUMU (PiBUKO-XiMiUYHMUMH BJIACTHUBOCTIMU,
MPUAHATHOIO 6i0CYMiCHICTIO, HAKOMMMYEHUM JOCBiIoM y ramysi mogudi-
KYBaHHS IOBEPXHi, MOXKJIUBOCTAMHU KEePYBaHHA PYyXOM HAHOUYACTUHOK B
PiAKUX cepemoBUINaxX 3a JOIOMOTIOI0 30BHIIITHHOTO MAarHeTHOTO IIOJIA,
3aCTOCYBAHHA HA CTAAiAX PO3AiIeHHA Ta BUJIYUEHHS aJcopOeHTiB MeTo-
Iy MarHeTHOI cemapailii, OCBOEHHA IPOMUCJIOBOTO BUPOOHUIITBA MarHe-
TOKEPOBaHUX COPOIifiHNX MaTepiais.

Mo ocobmBoCTE OLHOJOMEHHOTO CTaHY MArHEeTHUX YaCTUHOK MOJK-
Ha BifHECTW OJHOPiMHICTHL HAMATHETOBAHOCTU IIPHU JIOOUX 3HAUEHHAX i


http://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D1%8C_%D0%9F%D0%B5%D0%B9%D1%80%D0%BE%D0%BD%D0%B5
http://ru.wikipedia.org/wiki/%D0%A1%D0%BE%D0%BB%D1%8C_%D0%9F%D0%B5%D0%B9%D1%80%D0%BE%D0%BD%D0%B5
http://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%BE%D1%82
http://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%BE%D1%82
http://ru.wikipedia.org/wiki/%D0%A5%D0%BB%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
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HanpaMmkax mojda H, MoKJIMBICTh icHYBaHHSA He JIUIIE ¥ TBEPAOTIIBHUX
depo- i pepiMarHeTHUX CTOIAaX i CONIyKax, aje TAaKOXK i B piguHax (cy-
CIIeH3iAX), AKi OMepP:KYIOTh MUCIEPIYBAHHAM BiAIIOBiZHMX OMHOIOMEH-
HUX YaCTUHOK B PiIKMX cepemoBuinax (0iJbII gJeTalbHO B HACTYIHOMY
posamini). [1a HamMarHeTyBaHHS A0 HACUYEHHS 3Pas3KiB cycIleHsiil ogHo-
ITOMEeHHUX (hepOMarHeTHUX YACTUHOK, PO3MOMiJIEHMX B JiaMarHeTHUX
MATPUIAX, TOTPiOHI IO 3HAYHO MEHIIIOI HaIpyKeHOCTH, HisK y BUIIA-
IRy 6araTogoMenHnX. CTBOPEHHS B TAKUX CUCTEMAaX MarHeTHOI TeKCTy-
pu, Ipu AKil oci JIerKoro HaMmarHeTyBaHHA YaCTUHOK OPieHTOBaHi B O/I-
HOMY HAIIPAMKY (Bich TeKCTypH), IPU3BOAUTD A0 30iIbINIeHHSI HaMarHe-
TOBAHOCTH i KOEPIIUTUBHOI CUJIN.

MeToauKku CUHTE3Y, CTPYKTYpa, BJIACTUBOCTI i JaHi cTocoBHO 6Giocy-
MicHOCTU Ta QYHKI[IOHAJIBHUX I'PYII MOBEPXHI MOCIiIKeHX HAHOCTPY-
KTYP TOIIO JOCUTE JeTaJIbHO HaBEeJIeHO B IIOIIePeIHiX po3aiiax.

5.1.1. TocaimsxeHHsa aacopoIii KOMILIEKCiB IUC-TUXI0PAiaMiHILIA THHI
Ha MMOBEPXHi MarHeTury, Hanokomno3uris Fe;0,/JIMCK, Fe;0,/TA,
Fe;0,/y-AIIC Ta Fe;O,/ITAA

ApcopO1rito Ha TTOBEPXHiI HAHOPO3MiPHOTO MArHETUTY T4 HAHOKOMIIO3U-
TiB ckaany Fe;0,/IIMCK, Fe;0,/T'A, Fe;0,/y-AIIC, Fe;0,/ITAA 3nmiiic-
HIOBAJIV 3 PO3UMHIB yuc-quxJjopiaMinniaaTuHu y Qpisiosoriuniii pigusi.
PospaxyHKMN amcopOIliiiHol MiCTKOCTH HAHOCTPYKTYP Ta KOHIIEHTpAILil
PO3UMHIB IPOBOAMIN 3a BMicToM Pt? -ioHis.

PosuuHM yuc-muxjgopaiaMiHOJIATUHYA TOTYBaJM B AianasoHi KOHIIEH-
rpamiii Pt** Big 10 go 200 mr/x. AzxcopOuiro sxificHOBaNIM y quHAMIU-
Homy pexxumi npu pH = 7,1 sa kimaaTHOI Temnepatypu. [[o 0,1 r copbe-
HTy pmoxaBayau 0,03 J1 pO3UMHY YUC-TUXJIOPAiaMiHILIATUHYT i CTPYIITyBa-
JIV IIPOTATOM 3 TOAWH Ha IIeiiKepi.

ApncopOiritiny mMicTKicTh (A) Ha MOBepxHi BuxXigHOro Ta Mogudikosa-
HOT'O MAarHeTHTY BH3HAUYAJN BHMipIOBAaHHAM KOHIleHTpanii ionis Pt*' B
posumHax g0 i micjas amcopOiIrii i3 3acTocyBaHHAM aTOMHO-a0COPOILiii-
HOTO aHaJidy 3a AomomMorom crnekrpodoromerpa C-115 M y mosmym’ AHi#
cyMmimii ameruaeH—TOBiTps. BumiproBanHA NpoBOAUJIN IIPU OBMKUHI
xBuii 265,7 HM.

MicTkicTh copbeHTy A (MT'/T) PO3PaX0OBYBaJIU 38 METOIUKOI0 2.5.5.

Koedimientu posnozginy E (11/1) ionis Pt** mMix nmosepxHero HaHOKOM-
IIO3UTY Ta PO3YMHOM PO3paxoByBasm 3a (opmysoo E=A/C,, cTymiHb
BUIIydeHHA R BU3Hauau 3a popmyoro R=[(C, - C,)/C,]-100% .

Opmepsxani pesyabratu (puc. 5.1, a—i) cBigumMIM PO 3aIeKHICTL af-
COPOIIHMX BJIACTUBOCTEI ITOBEPXHi CHMHTE30BAHUX 3Pas3KiB OO0 KOM-
IJIEKCIB yuc-guxJopaiaMiHIiIaTuau. B 1isomy, i3 eKcnepuMeHTaAIbHUX
MaHUX BUIHO, IO 3POCTAHHA PiBHOBAYKHOI KOHIIEHTPAIll yuc-IuxJjaop-
IUaMiHILIATUHYU TPU3BOAUTH A0 aJCOPOIifHOr0 HacUUYeHHA MOHOIIIApPY
moBepxHi agcopbenTiB (puc. 5.1, a—2). Taxka popma izorepm Mmoxxe OyTH


http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
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Puc. 5.1. IsoTepmu ancopOIfii KOMILIEKCiB yuc-IUXJIOPAiaMiHIIJIATUHY HAHOPO-
amipaum Fe;O, (a), manHoxkommosuramu Fe;O,/IIMCK (6), Fe;0,/y-AIIC(8),
Fe;0,/IIAA (0) i Fe;0,/TA (e); kimeTnKa BUJIydeHHA KOMILJIEKCiB MOHOJOMEH-
"uMm Fe;0,, Hanokommnosurom Fe,0,/IMCK (s).

omrcaHa JIeHI'MIOPOBUM PiBHAHHSAM, III0 CIIPABEIJINBE A9 aACOPOEHTIB 3
€HepreTUYHO eKBiBaJIeHTHIMY aiCOPOIiNHNMY ITEHTPAMU.

Crix BigMiTHTH TOCUTH 3HAUHY aACOPOIifiHy aKTUBHICTL HAHOPO3Mi-
pHOTO HemommdikoBaHoro MarHetutry. Tak, pasa Fe;O, mpu 298 K
A,..=80,1mr/r(puc. 5.1, a) cTyninb BUIyYeHHS CTAHOBUTH 66,2% .
Mogudikysanua nosepxHi maraeruty [IMCEK, y-AIIC, ITAA ta I'A mo-
pisHOMY 3MiHIOE FOT0 aACcOPOIlifiHi MOKA3HUKH IOA0 KOMIIIEKCIiB yuc-
IUXJOPAiaMiHIIJIATHHU.

Tak, mosia Ha ToBepxHi Fe;O, TionmbHUX GYHKIIIOHAILHUX I'PYH ITiCs
Moau(iKyBaHHA MMOT0 Me30-2,3-IUMepPKANTOCYKIINHOBOIO KICJIOTOIO,
30inmpIrye amcopOmiiiHy wmictkicte wmarmeruty. Haa Fe;O,/JIMCE


http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
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A,..=83,4mr/r(puc. 5.1, 6), a cTymiHb BuIydeHHA gocsarae 85,4% . Tami
GYHKIIOHANLHI IPyNy OiABUNIYIOTH iMMOOiIizaIiio yuc-guxaopaiaMin-
ILTATUHY Ha TOBEPXHi KOMIIO3UTY .

YrBopeuns ua nmoBepxHi Fe;0, aktuBaux —NH,-rpyn B pes3yabTarti Mo-
mudirkyBauasa oro y-AIIC npusBoAUTE 10 3pOoCTaHHA afcopOIifiHOI MicT-
KOCTH MATHETOUYTJIMBUX HAHOKOMIIO3UTIB (puc. 5, 6). Benuumna A,,.,,
olieps;KaHa 3 BinmoBimHOI iBoTepmu azcopOdiii ansa kommosuty Fe;O,/v-
ATIC upu 298 K, cramoBuTh 84 Mr/r 11pu cTyneHi BuiryuyeHuasa y 93,8% .

IIle 6imbIrri sHaveHHs aacopOIlii yuc-IuXJIOpAiaMiHILIATHHY CIIOCTEPI-
rajuch Ha moBepxHi Hamokommuo3uTtiB Fe;O,/ITAA. Benrunuuna A,,.,, oxep-
JKama 3 BiAmoBigHOi isoTepmu amcopOirii aias xommosuty Fe,O,/ ITAA,
cranosua 109,5 mr/r npu cryneni Buayuenuasa y 99,9% (puc. 5.1, 2).

HagepgeHi eKkcriepuMeHTAJIbHI TaHi CBigUaTh IIPO IOKPALIEHHS aJCcop-
OIifHMX MOKA3HUKIB MarHeTUTY IiCJIs YTBOPEHHS Ha 1OT0 IIOBEPXHi B
pesyabTaTi MoaupiKyBaHHA TIOJIBHUX Ta aMiHOTPYII.

MopgudikyBaHHa MarHETUTY TiAPOKCOAIIaTUTOM, Ha Binminy Bix JIMCK,
v-AIIC Ta ITAA, smenirye ancopOIifiHy aKTUBHICTb HAHOKOMIIO3UTIB
Fe;O0,/TA 1o BigHOIIEHHIO M0 KOMILIEKCIB yuc-TUXJIOPAiaMiHIIIATHHI
(puc. 5.1, 0). K cBimuaTh eKCIIepUMEHTAJIbHI JaHi, aacopOIlisa KOMILIEeKCiB
BMEHIITYETHCA: A, ,, = D4 MT/T, CTYyIIiHb BUIyYeHHA 64,8% .

MosxauBo, 1e Bif0OyBaeThCcA BHACJIIJOK 3MEHIIIEeHHSA KiJIbKOCTH Tif-
POKCUJIBHUX I'PYH Ha MOoBepxHi HaHOKOMIo3uTy Fe;0,/I’A, mopiBHAHO 3
IIOBEPXHEI0 BUXiJHOTO MATHETUTY.

Kimeruuni pmocaimskeHHs aAcopOIifiHOTO BUHJIYUYEHHS KOMILIEKCiB
yuc-guxJjgopaiaMiHmmaTuH HaHopo3dMmipHuM Fe;O, Ta HaHOKOMIO3UTA-
mu Fe;0,/IMCK (puc. 5.1, e, x), Fe;0,/y-AIIC, Fe;0,/ITAA, Fe;0,/TA
(puc. 2.35); KiHeTuKa BUJIYyUYeHHA KOMILIEeKCiB MoHOmoMeHHUM Fe;O,,
nanokomnosutrom Fe;O,/IIMCK (8) cBiguars, 1110 BiqmoBimHiI XapakxTe-
PUCTHUKU € AKiCHO aHaJIOTiYHMMM, a OCHOBHA YACTUHA UUC-TUXJIOPIi-
aMiHIIIaTUHYT afcopobyeThes Bike 3a mepiri 10—30 xBuimH.

B Ta6aumi 5.1 maBemeHO aAcOpOIifiHy MiCTKiCTh MATHETOUYTJIMBUX
HAHOCTPYKTYP HA OCHOBi OMHOZOMEHHOI'0 MaruetTuTy A, Mr/r (3a Kario-

TABJUIIA 5.1. AncopbIiia yuc-IuxXJopAiaMiHILIATUHNE HAHOCTPYKTYpPaMHU 3
PisHOI0 XiMiUHOIO IPUPO/I0I0 IOBEPXHI.

Tun Apncop6iiiina Koedimieur Cryninas
HAHOCTPYKTYPH | MicTKicTh A, MT/T posnoziny E, n/r BuayueHHsa R, %

Fe,0, 80,10 2,16 66,20
Fe;0,/OIMCEK 83,40 4,77 85,40
Fe;0,/y-AIIC 84,00 12,92 93,80
Fe;0,/TIAA 109,5 16,2 99,90
Fe;0,/TA 54,00 1,08 64,80
SiO, 75,10 2,50 65,50

Si0,/IMCK 80,20 4,41 74,40



http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
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mamu Pt?") 3 pisHOI0 XiMiuHOIO IPUPOZOIO IOBEpXHi, 0o6UMCIeH] Koedi-
mientu posmoxiay (E, i/r) ta crymiab Buayduens (R, % ) npu MmakcuMma-
JbHi# KoHIeHTpaIii Buxiguoro po3uuny C,= 200 mr/x i maBaxmi 0,1 r.
JJIs TOpiBHAHHA HaBeIeHO XapaKTePUCTUKMN aacopOIlii KoMILIeKCiB
yuc-guXJOpAiaMiHILIATHHU MeAUUYHUM Ipemnaparom «Cuiaikc» Ta cie-
miaJabHO cuHTe30BaHMMu HaHokKoMmmosutamu SiO,/[IMCK (surorosie-
HUMHU Ha OCHOBI IIiPOTeHHOI0 HAHOPO3MipHOT0O KPpeMHe3eMy, IKUI € Cy-
OcramItiero 11 BUpOOHUIITBA ITpemapaTty «Cuiike» Ta ioro moxXigHumx).

Bunano, 1o nmpuposa moBepxXHi HAHOKOMIIOSUTY iCTOTHO BILJIMBA€E Be-
JUYUHY agcopOiIrii Ta KoedimieHT posnoginy E. Tak, y pasi mogudiry-
BauHa marHetuty JIMCEK, AIIC ta ITAA KoedillieHTH PO3MOAiTYy 3HAUHO
MIepPeBUMIYIOTh BimmoBigHi Benuuwmum Aja Buximaoro Fe;O, Ta momupi-
KoBauoro I'A i Bimo6paxaroTh 3cyB piBHOBaru B 06ik iMmmo06iaisalrii peuo-
BUHU Ha moBepxHi. OcTaHHE MOKe CBiIUMTH IPO aKTUBHY yUacTh BBe-
JIeHnX QPYHKIIOHAILHUX TiOJBHUX Ta aMiHOTPYI B IpoIiecax aacopoOiIrii
KOMILIEKCiB yuc-IuXJaopAiaMiHIIJIATAHUA.

Haiikpari agcopOIiifini mapaMeTpu cIocTepiraanch y HAaHOKOMIIO3H-
tiB Fe;0,/IIAA Ta Fe;0,/y-AIIC. MoxuBO, 11e TOB’ A3aHO 3 CXUJIBHICTIO
aMiHOTPYII 4O YTBOPEHHA KOMILJIEKCiB 3 ioHamMu miaatuHu. SIK Bimomo,
HASIBHICTh TiAPOKCUJIBHUX TIPYN Ha IIOBEPXHi HAHOCTPYKTYP MOXKe
CIPUUYUHATH i0HOOOMIiHHIII MeXaHisdM amcopOIlii, B TOH uac AK IOBepPX-
HEBi aMiHOTDPYIIUM CXUJIBHI 0 KOMILIEKCOYTBOpeHHA [121].

HaiiBumi napamerpu ajacopOiii 3sadikcoBaHi Ha KOMIIO3UTax
Fe,0,/ITIAA, 1110 Mo2ke OyTu 06YMOBJIEHO HASBHICTIO PO3BUHEHOI TOBEP-
XHi IMoJriakpujaaMiZHOTO MOKPUTTS, XapaKTepHOI MJA BUKOPUCTAHOIO
croco0y moJiMepuaarii.

BigmiTumo, 10 amcopbIrito came KOMILIEKCIB yucC-TUXJIOpAiaMiH-
IUTAaTUHY Ha MOBEPXHi CMHTE30BaHUX HAHOCTPYKTYP HiATBEPIKEHO eKcC-
MIEPUMEHTAJIbHO CHeKTPAIbHUIMY METOAAMU Ta MOCIiIMKEHHAMU ITUTOTO-
KCHUUYHOCTHU aJcOopOOBAHOI PEUYOBMHY HA KJIITUHHUX JiHidAX.

HageneHi pe3yabTaTi CBiguaTh IPO MIEPCIEKTUBHICThE BUKOPUCTAHHS
HAHOPO3MipHOTO MAarHeTUTy i HAHOKOMIO3UTIB Ha IOro OCHOBI IJsa
CTBOPEHHSA MATHETOUYTJINBUX aJCOPOCHTIB yuc-TuXJIOpaAiaMiHIIIaTUHY,
30KpeMa, MeIUKO0-0i0I0TiYHOro IpUu3HaUeHHS.

Ha 3aBepImienHsa BKaKeMo, II10 JOCTiIKeHHIM aJfcopOIlii BaKKIX Me-
TajJiB Ta 6i0JOTiUYHMX MOJIEKYJ Ha MOBEPXHi MarHeTouyTINBUX HAHOCT-
PYKTYp 3 Pi3HOIO IPUPOI0I0 IOBEPXHi HA OCHOBI MarHeTUTy IIPUCBAUEHO
pobotu [20, 122, 123], BigmosigHo.

6. HAHOPO3MIPHU MATHETHUT TA HAHOKOMIIOSUTH HA
HOT'0 OCHOBI B CKJIAJII MATHETHOI PITVUHHA

Hanoposmipuuii MarHeTur y ckJjani marHetHux pigma (MP) mmpoxro
BUKOPHCTOBYEThCS B MeAuIuHi (rineprepmisa [124, 125], maraeTHa pe-
30HaHCHA Tomorpadia [126], cipsaMoBama JocTaBKa JiKapChbKUX Ipemna-


http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%85%D0%BB%D0%BE%D1%80%D0%BE%D0%B4%D0%B8%D0%B0%D0%BC%D0%BC%D0%B8%D0%BD%D0%BF%D0%BB%D0%B0%D1%82%D0%B8%D0%BD%D0%B0
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pariB [127-128] To11o). [ocrimkeHHA MarHeTHUX PiH Ta iX AUCIIEPC-
HUX KOMIIOHEHTiB ak TUBHO po3BuUBaioThcA [129].

B akocti gucnepcuoi dasu MP 3acTocoByOTh yacTHHKHU (epo- abo
(depiMarHeTuKiB, SKi € CUJIbHOMArHETHUMY PEUYOBMHAMMU i HaAMarHeTO-
BYIOTBCSA B ITOPiBHAHO caabkux nmouax (H = 1-100 E). [lna sanobiranus
KoaryJsaIlii yacTuHOK uepes BILIUB BaH-nep-BaanbcoBuX cui, a TaAKOMXK
MaTrHEeTHUX CHUJI Y pasi CUJILHOIO0 30BHIIIIHLOTO II0JISI, BUKOPUCTOBYIOTH
nmoBepxHeBo-aKTUBHI peuoBunu (IIAP). IIAP ancopOyioThbecs Ha IOBepX-
Hi JUCIIEPCHUX YACTUHOK i YTBOPIOIOTEL 3aXMCHY 000JIOHKY — CTPYKTYP-
Ho-MexaHiuHu# 6ap’ep. Crifikicts MP BusHauaeThCcA pPo3MipoM UacTu-
HOK (d), HaMarHeToBaHICTIO i MIiIbHICTIO AMCIIEPCHOTO HAIIOBHIOBaUA,
TEeMIepaTypolo, B’ A3KicTio, a TaKkoK BaacTuBoctamu ITAP. 3a ominka-
mu PeprMmana, Posennpeiira i [lloiomica [26, 131, 132] MP, 110 micTuTh
YACTUHKM MATHETHUTY, CTa0iIi30BaHi IITapoM MOJIEKYJI 0JIeiHOBOI KHCJIO-
TH, OyAe CTiAKOI0 CHCTEMOIO IIOA0 CeANMEHTAIil B IOJIi CUIM TAXKIHHA;
marueTHoOl Ta Bau-nep-BaasbcoBoi arsomeparrii; ocai:KeHHA B HEOTHO-
PigHOMY ITOJIi B30BHIIITHHROTO MArHEeTHOTO Kepejia — HAIIPUKJAI, TUIIO-
BOTO JaGopaTopHOro moctiftmoro maruery (H = 8:10* A-m™') npu Temme-
patypi 298 K 3a ymoBu d < 10 am. Taki MP He posmiapoByoThes i 36epi-
raloThbCs K KOJIOIMHI CHCTeMU IIPAKTUUYHO HeoOMeKeHui uac.

B nanomy posxisni aasa suroropienHa MP y SKOCTi BUCOKOAUCIIEPCHO-
0 HAIIOBHIOBaYa BUKOPHCTOBYBAJIU OIMMCAHI paHillle HAHOUYACTUHKY Ma-
THETUTY (2x2) Ta HAHOKOMIIO3UTH Ha OT0 OCHOBI.

HaHOKOMITIO3UTH XapaKTepH3yBaJHCh CTPYKTYpPOIO THUOY SAIPO-
obosoHKA i MmicTunu mogudikaTop ma moBepxui Fe;0, Ta mikapchbKi mpe-
napaTtu, muroctatuku mucriatTul (IIII), rokcopy6inuu ([P) abo HeiT-
POH3axXBaTHi areHTH.

Y axocti gucmepciiinoi ¢asu MP Gyau BUKOpPHUCTaHi ZUCTUILOBaHA
BOJA, (pisiosoriuamii posuuH, pocharHuit 6ydep.

Hns crabinisarii moBepxHi HAHOYACTMHOK i HAHOKOMIIO3UTIB BUKO-
pucrosyBaau oneat marpito CgH,,CH = CH(CH,),CO—ONa. 3rigmo 3 me-
ToauKoi0 Ha 10 r TBepmoi MarHeTHOI a3y BUTpavaJsoca 7,5 r oleaTy Ha-
Tpito.

MoseKyau ojieaTy HATPiio 3B’ sI3YIOTHCSA 3 aTOMaMU 3aJliza uepes Iij-
POKCUILHY TPYIY:

OH 4
™
C{CHg),-CHaCH-CH,),CHy
OH / 7
oH

H + 'OOC[CHEJTCHﬂH-(CHEHCHaw‘
0

OH N
OI}; GICH,}-CH=CH-CH,},CH,

ILnomma, AKy 3aliMaioTh MOJIEKYJIU OJieaTy HaTpPiio, CTAaHOBUTL ~ (0,36
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am®[132].

OUNCTKY CUHTEe30BaHNX MArHeTHUX PiWH IPOBOAUIN Aiajli3oM IIpo-
T 3 JI BOAU. BIacTHBOCTI YaCTHMHOK Yy 3pasKaxX BUBYAJIYM METOAAMMU eJie-
KTPOHHOI MIiKpPOCKOMmii, peHTr'eHo()a3oBOro aHaJi3y, PEeHTI'€HiBCBhKOI
hoTOoeIEeKTPOHHOI CIeKTPOCKOITii Ta BiGpartifiioi.

6.1. MarHeTHi piTuHu Ha OCHOBi OMTHOTOMEHHOTO MATHETHUTY

Cuures maraetuty ajaa MP spiticHioBanu 3a metonukoio [42]. MeTtomom
PEHTTeHOCTPYKTYPHOro anaaidy imentTudikoano ¢asy Fe;O, (puc. 2.2).
MeTogamu eJIeKTPOHHOI MiKPOCKOMIil BCTAHOBJIEHO, IO YaCTUHKM Xapa-
KTepuayBaJuch poaMmipamMu 3—23 HM i esrinmcoimmoo ¢GopMmo.

IIpu BurororsenHi MP BuTpuMyBaiu OoNTUMaJbHE CIIiBBiJIHOIIIEHHA
MAacOBUX IoJieli MarHeTHUTy Ho oJjeary HaTpiio — 1:0,75. IToBepxHeBa
KOHIIEHTpAIlis oJleaTy HATpPilo B AocJimyxeHomy ancamoOii (puc. 6.1, a)
CTAHOBUTL ¢’y n.= 0,23 + 0,06, oT:Ke BiTHOIIIEHHS MacOBUX IoJeil Ma-
THETUTY i MOJIEKYJ oJieaTa HATPil0 IIOBEPXHEBOTO IIapy AOpiBHIOE 1:
(0,30 + 0,12). Takum unHOM, OJieat HaTpio B cucremi Fe;0,—01.Na—H,0
POBIOAiNAECTECA HACTYIIHUM UHMHOM: IBi #Ioro YacTWHU 3B’SA3YIOTHCA 3
IIOBEPXHEI0 YaCTHUHOK MATHETHUTY, a TPU YaCTUHU 3aJUIIAI0OTLCI B
00’emi Boau.

Ha pucyury 6.1 maBemeno TEM-300pakeHHa MacUBy YaCTUHOK Mar-
HeTury (a), ricrorpama pos3mojiay 3a posmipamu N dacTUHOK (6), AKi
3HAXOAATHCA B OOBeNeHil MiIAHII 3 cepeqHIM apuPMeTUYHUM 3HAUEH-
HaM po3Mipy B ancamburi dy, = 9,38 HM i cepeIHLOKBaIPATUYHUM BigXu-
JIEHHAM BiJi cepeqHbOrO po3Mipy o, = 3,38 HM, i KpuBa JorapudmiyHo
HOPMAaJILHOTO PO3IOAiIYy 3 IIapaMeTpaMM: MaTeMaTUYHe OUiKyBaHHS
poamipy M(d)=9,38 umioc, = 3,38 um (6).

TeopeTuUHy YacTOTy m; HAABHOCTU B aHCAMOJIi 3 TAKMM PO3MOIiIOM

.
“ H
2 LI = kK
- . = 3
" ¥ z
o g “.‘- P
. -+ v :,,
[t T 104
0 v ' v
. . 3 5 w16 20 25
L - d, HM
a 0

Puc. 6.1. TEM-300pakeHHsa YaCTUHOK MardeTury (a), ricrorpaMa po3moIiny 3a
po3MipaMu 4acTUHOK (3 00BefeHOI JiJAHKY) i KpuBa Jorapu@MiyHO HOPMAJb-
HOTO posmoxiny 3 mapamerpamu: M(d)=9,38 amic, = 3,38 uMm (0).
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YaCTUHKHU PO3MIPy, SKUH HAJEKUTH i-TOMY iHTEPBAJIY i IPUXOSUTHCS
Ha fioro cepeIuHYy, PO3paxoByBaJii 3a (GopMYyJI00

m, =Nhf(dl), (6.1)
ae f(d) = ; e*[lndifM(lnd)]Z/zczl"d ,
L diclndﬁ
h = (Ind,,,, - Ind,,;,)/11 (6.2)

— mmmpuHa inrepsaay, M(Ind); o, — MaTeMaTHuHe OUiKyBaHHA i cepep-
HBOKBaJpaTUUHe BiAXnIeHHsa Jjorapudma posmipy, Bignosiguo; N = 217.

B [133] noxasano, 1m0 ymMoBa abCOJIOTHOI OAZHOJZOMEHHOCTH (OZHOPI-
IHOI HaMarHeTOBAHOCTH HPH BCiX 3HAUEHHAX IlepeMarHeTyBaJbHOTO
noJisi) yactTuaku Margetutry npu 300 K Bukomyerwhes mpu d < 50 mwMm.
OT:xe, YaCTUHKY OCJTimKeHOro ancamo.io posmipamu 3—23 uM € abco-
JIIOTHO OJHOJOMEHHUMU.

Ha ocHoBi amaiisy JiTepaTypHUX JAaHUX IOAO 3HAUEHDL MMUTOMOI Ha-
MAarHeTOBAHOCTU HaCWUYEHHS (C,) MOHOJMCIIEPCiNI MarHeTuUTy 3 pisHUM
JiaMeTpoM YACTHUHOK OYJIO OJIePKAaHO eMITipDUYHY 3aJIeKHiCTh

b

’
g—2,1)

1+e(”

ne mocTiiiHi a, b i ¢ cranoBaaTs 82,0 T'e-r Lem?, 92,2 I'e-r L-cm® i 3 HM Bi-
IIIOBiTHO, AKAa AO3BOJISE 3HANTU G, YaCTUHKY AiameTpom d (HM) B miana-
30Hi 4—42 HM.

XapakTepHuii yac TemaoBux (QIyKTyariit (Ty) MAarHeTHOTO MOMEHTY
OMHOJAOMEHHOI YACTMHKN 3 OJHOOCHOIO AaHi30TPOIIi€el0 3a yMOBU
KV /(kgT) > 1 Busnauaiu 3a opmyJioio Heensa [134]:

c.=a- (6.3)

Ty =T, exp{(KV)/(kT)}, (6.4)

me 1, =const =10°-10"" ¢, K — rycTuHa eHeprii MmarserHoi aHizoTpo-
mii; V — 06’em vactTunku; ky — BoabiimanHoBa crama; T — TeMmmepary-
pa. Bim mBuaKo 3pocrae 3i 30imbieHHAM 00’eMy uacTHHKU. Hampu-
Kaan, Ipu 1,= 10" ¢, K=1,4-10° epr/cm® (3HAUeHHS AJ MarHeTHUTY
[180])i T = 300 K 1, ckixagae 4,410 ¢, 2,0-102 ¢ i 10,0 ¢ a1a chepuu-
HUX YaCTUHOK miamerpiB 9,4 um, 20,0 am i 23,4 uM BigmosigHO.
Temmneparypa 6a0oKkyBaHHs (T',) Bigmosimzae ymoBi t,,, =Ty, A€ tyuy —
yac BUMIpIOBAHHsS MATHETHHX Xxapakrtepuctuk. Axmo f,,,=10c,
1,=10"¢c, To 3 dopmynu (6.4) omepxkyemo KV/(kzT)=~23,0. Toxi
T,~ KV /(23kg). Temmeparypa OJIOKYBaHHS AJIA TOCJIiIKEHOTO aHCaMO-
J10 yacTuHOK (d, = 9,38 am) ckaagana 135—150 K npu 3Hauennui Hamar-
"HetyBanbHOTOo oA 100 E. Hactuuku margetuty 3 d > 23,4 HM OJIOKY-
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orsesa mpu = 300 K i BimmoBigatoTs 3a ricrepesuc (puc. 6.2, a).

PiBHoBasKHa HaMarHeTOBAHICThL TaKUX aHCAMOJIIB JOCATacTbCA 3a
HeeneBum mexamizmMoMm pesakxcallii MargeTHHX MOMEHTIB YaCTHHOK
(dbopmya (6.4)).

1A omep:kaHHSA CIIiBBiIHOINIEHDb, COPaBEeIJIUBUX AJIA aHCaMOJIIO Of-
HAKOBHX CyIIepllapaMarHeTHNUX 4YaCTHHOK, BHKOPHCTOBYIOTh KJIACHU4-
Huii 3axon II.Jlam)xeBeHa, IO OIMHCYE HAMarHeTOBAHICTH aHCaMOJIIO
MOJIEKYJI mapamarusersoro rasy [130]:

m _
— =ctha-a™' = L(a),
m
Je M — KOMIIOHEeHTa CepefHbBOIO MATrHETHOTO MOMEHTY YaCTHHKU
B3JOBK HAIPAMKY II0JISI HAIpyskeHocTn H, m — abcoJroTHA BeJlnunHa
MarHeTHOTO MoMeHTy uacTuHKu; L(o) — Jlam:keBeHOBa (PYHKIIif;
a=mH/(kgT).
s moHOMMcIepcHOI Kooigaoi MP:
m MH) MH) L(a) T:Mde3
_—= = = o ’ oOo=——- N
m oM, M, 6 kT

ne M(H) — mamarueroBaHicte MP B moni H, M ;i M, — HamMarfHeToBa-
HiCTh HACHMUEHHSA TBEPAOT0 MarHeTHKa i MarLeTHOl piAuHY BiAmoBigHO,
¢ — 00’eMHAa H0J1s1 TBEPOi hpaKIii.

Hna nomigucaepcHoi Kosoiguoi MP Ha ocHoBi marmetuty [130]:

M,H &

ey 2@ TA L S @ md)
(H) _ 7 5 , M(H) = nifi, M, = nm,
°M, > nd’
(6.5)
e d;, — BOBHiIIHiN miamerp yacTuHKH; d; — d, — AiaMeTp MarLeTHOTO

saapa; nin, — KiJIbKicTh BCiX YACTMHOK i YACTUHOK i-T'0O AiaMeTpy B OAM-
HuuHOMYy 00’emi MP BisgmosiguHO, M ;= Ppe,0,0sre;0, X 9,24 r-cm 92,0
Ter lem® = 482,1 Tc.

Bymo Buasiewo [130], 1110 1/ia y3roa:KeHH eKCIIePUMEeHTAILHOI KPHUBOL
HaMarHeTyBaHHA 3 TEOPETHMUYHOIO, HeOOXiMHO MOIIyCTUTH, IO YACTUHKU
MaroTh cJabKoMarHeTHU 1ap ToBIuHOW d,/2 =0,83 HM (mocTiiiHa r'pat-
guii margetuty mpu 300 K cranosuts 0,824 um). BuHMKHEHHSA 3ragaHoro
I1apy BBAKAJIN PE3yJILTATOM XiMiuHOI B3a€eMOMii YaCTMHKHY 3 cTabiIisyio-
YOI0 ITOBEPXHEBO-aKTUBHOIO peuoBmHOIO [131]. OmHak, BUMiproBaHHAMU
MeccbayepoBux CIIEKTPiB KoJIoimHIX yacTuHOK Fe;0, fioro 3adikcoBaHo He
oymo [26].

V3romkeHHsA BKa3aHUX KPUBUX HaAMU OYyJIO JOCATHYTO HE IILJISAXOM
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BHeceHHs B (popmyay (6.5) mapamerpy d, c1abKOMArHeTHOTO IIapy, a
Opu JOomyllneHHi, 1mo M, 3aJeXuTh Big giaMeTpy YacCTUHKN:
M ; = Pre,0,05> 1€ BHAUEHHA G, PO3paxoByBau 3a popmyrorwo (6.3). Toxi

11
Zmidigcs(di)L Mﬁdf
M(H) — i=1 kBT 6 (6 5!)
M 11 3 ’ °
: > mdic,(d)
i=1

e m; podpaxoByBaJu 3a popmy.ioo (6.1).

Ilermi ricrepesucy MarEeTHOTO MOMEHTY 3pasKiB BUMipioBaau 3a I0-
IOMOTOI0 BiOpariiimoro marseromerpa Ha yacrtori 228 't mpu KiMHAaT-
Hi#l TemmepaTrypi. Omrc yCTAHOBKHY 1 MeTOAMKA BUMipIOBaHb BUKJIAAEHO
B [135]. na mocaigsKeHb BUKOPUCTOBYBAJIM CYyXi po3MarHeTOBaHi BU-
COKOJMCIIEPCHI 3pasKu.

Ha pucynky 6.2, a HaBeleHO KPHUBY MarHeTHOIO TricTepesucy amcamo-
J10 HaHOYacTHUHOK Fe;0, 3 MoandikoBaHOIO MOBEPXHEIO 0JIEATOM HATPiI0
(om.Na). I1e moaudikyBaHHA 31ifiCHEHO 3 MEeTOIO 3aIOobiranHsa arperaiii
HAHOUYACTUHOK MarHeTUTY i, AK CBiAUMIN eKCIIepUMeHTAaJIbHI Pe3yaIbTa-
TH, IPAaKTUYHO He BILIMBAE HA HAMAarHeTyBAHHA OKPEMUX YACTHUHOK.

VY GaraThbox MpPaKTHYHO BaKJINBUX BUIMAAKAX BUKOHAHHS (PYHKITil
HAHOUYACTUMHOK i HAHOKOMIIOBUTIB HA iX OCHOBIi (CIIpAMOBaHUHII TpaHC-
IOPT JiKapCchKUX MperapaTiB A0 OpTaHiB- i KIiTHH-MillIeHe, po3misHa-
BaHHA i JeKoOHTaMiHAaIlisg BipyciB TOI0) 3AiICHIOETLECA B PiIKUX cepeno-
puiiax. KpiMm Toro, piguHa € HaiOiabII IepeBakHOI0 (hOPMOIO MAarHeTo-
YYTJIUBUX JiKapChbKUX IpelapariB AJa BBeJeHHs B OPTaHi3M II0 KPOBO-
HOCHi# cucTeMmi [ 7].

1,01 1.04 i
b
2
05 ] 0,54
i )
¥ 0 =00
E bz ’.‘r""‘ E‘ 015
.05 " M.,,afr_,e 0,5 ¥ oo /_,!
.n:r"“f ¥ 0315
-1,0 1 o 000 000 -1,0+4 IE 0 1B
H, vE H, l’fE
-4 -2 1] 2 4 -4 -2 g 2 4
H, xE H, xE
a 0

Puc. 6.2. Kpusi maruaerHoro ricrepesucy ancaM6.i0 MogudikoBaHUX HaHOYAC-
tuHOK Fe;0,/0n.Na (a) ra maraersoi piguau Fe;0,/on.Na + H,0 (6). My — Ha-
MarHeTOBaHICTh HACMUYEHHS HAHOUYACTHUHOK y Marpuiii. Ha BcraBKax — mouar-
KOBi IiIAHKY KPUBUX.
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¥ marsernux pignnax (MP) nanouacTuHKM 31ificHI0OI0OTE BpoyHiB mo-
CTyHaJbHUI Ta 00epTalbHUl PYX, i piBHOBasKHA HamMarueroBaHicTb MP
Yy IPUKJIaJTeHOMY MAarHeTHOMY II0JIi MOXKe OyTH JOCATHYTA IIJIAX0M 00e-
PTaHHA caMUX YaCTUHOK BiTHOCHO AucIiepcitinoro cepenosumia. Tarui
MeXaHisdM peJslaxkcairii HaMarHeTOBAHOCTU XapaKTepU3YyeEThbCs OPOyHiB-
CBLKUM YacoM o0epTaybHOI nudysii 15, Akuil BU3HaYaeThcA 00’eMOM ua-
CTUHKHU, B’ IBKiCTIO cepeioBuIlia | Ta remneparyporo. [lyia MP na Boguii
ocHOBi (N =0,07 r-c'-cMm™!) As chepuUHUX YACTHHOK poaMmipamu d = 6
ta 34 HM 1, ckaagae 107° ra 10 ¢ Bigmosigmo. Ilpu ¢,,, = 10 ¢ piBHOBa-
’KHa HaMaruetoBaHicTs MP BecTurae BcramoButucsa i o(H) xapaxkrepu-
3YETHCSA 3HAUHO MEHIIINM ricTepesucoM (puc. 6.2, 6).

Ha pucyury 6.2, 6 HaBegeHO MOJLOBi 3aeXHOCTI HOPMOBaHOI HaMa-
rHeroBanoctu MP craany Fe;O,/om.Na+H,0: excnepuMeHTaJ bHA
(kpuBa 1) Ta TeopeTuuHa, po3paxoBama 3a popmysomn (6.5') (kpuBa 2).
Ix mobpe cyMmimmeHHS CBiZYMTH, 1[0 BUKOPHCTAHI TEOPETHUYHi MinXOxH
3aIOBiJILHO OMMMUCYIOTh MAarHeTHi BJIACTHUBOCTI TaKUX CKJIATHUX CHUCTEM,
SAK MarHeTHi pifinHU, a 3a eKCIIEPUMEHTAJbHO BUMIipPAHUM PO3MOIiIoM
HAHOYACTUHOK B aHCaMOJIi MOKHa po3paxyBaTy KPUBY HaMarHeTyBaH-
HS MarHeTHOI piivHM Ha IX OCHOBI.

6.2. HaHOKOMIIO3UTH y CKJIAJi MATHEeTHUX PiuH

PesynbraTu gociaifskeHb OCTAHHIX POKiB CBifuaTh IPO I€PCIEeKTUBHICTD
BUKOPUCTAaHHS MarHeTOKePOBaHMX HAaHOKOMIIOSUTIB Ha OCHOBi OKCHiB
3aJriza i IPOTUNIYXJIMHHUX IIpellapaTiB pisHOro MexaHisMy nii njisa Bu-
pillleHHsa pALY aKTyaJbHUX 3aJau cydyacHoi oHKojorii [3—6]. ¥V [7, 14]
IIpoaHaJIi30BaHO HAYKOBi Ta MPUKJIAIHI aCIIeKTH, IIOB’sI3aHi 3 CyUYacHU-
MU IIiJX0JaMM 10 CTBOPEHHS HOBITHIX JiKapchbKUX (opM, BUKOPUCTAH-
HAM XiMiuHOTrO nm3aiiHy MOJIi(PYHKIIIOHAIPHNX HAHOKOMIIO3UTIB MeIu-
K0-6i0JI0TiuHOTO TPpU3HAUYEHHA 13 0araTopiBHEBOIO apXiTeKTypOIO Ta 3a-
IIporpaMoBaHUM KOMILJIeKcoM (hyHKIIi# Ha OCHOBI MarHeTUTy Ta IIUTOC-
TaTUKiB IITMPOKOT0 CIEKTPY Ail — IMCIJIATUHY Ta AOKCOPYOINMUHY, AKi
BUKOPUCTOBYIOThCA IIPAKTUYHO 3a BCiMa cxeMaMU OHKOTepamii Ta Biz-
PiBHAIOTHCA MeXaHi3MaMU IIUTOTOKCUYHOCTH.

OcHOBHIi BIacTMBOCTI IMucHIaTUHY HaBegeHO B 2.5.5. [lokcopybimun
BUSABJIAE BUCOKY IIPOTUNYXJIUHHY, IPOTUJIENKO3HY Ta iMyHOCYIIpEeCHB-
HY aKTUBHICTb, Ma€ 3xaTHicTh iHTepKanaoBaTu JJHK xiaiTun, npuraivy-
BaTH KPOBOTBOPeHHsA. MexaHisM il JoKCOPYOiIUHY IOJISTaE y B3aEMO-
nii 3 IHK, yTBOopeHHi BiMBbHMX paguKaiB i mpamii nii Ha memOpaHu
KJIITUH 3 IPUTHIUEHHAM CHHTE3y HYKJeIHOBUX Kucjor. KiitTuHu uyTt-
JuBi no mpenapaty B S- i G2-dasax.

Tomy mJis1 BUTOTOBJIEHHS 3pas3KiB HOCHIAHMX MarHeTHUX PiAWH 3 IU-
TOTOKCUYHUMU BJIACTUBOCTAMMN BUKOPUCTOBYBAJIU IIUTOCTATUKHU ITHCII-
JIATUH Ta JOKCOPYyOiIuH.

Hocaimxeno ancambui uactuuok Fe;O,, crabimizoBamux ojieaToM Ha-



422 II. II. TOPBUK

Tpifo i mogupiroBanux momieruaenriaikoaem (IIET). MogudikyBamHs mo-
BepxHi HanouacTuHOK [IEI" mpoBoamuiu 3 MeTOIO miABUIIIEeHHA CcTabiIbHOC-
T MaTHETHOI PiguHYT Ta 3MEeHITIeHHs arperailii yactuaHok. Kpim Toro, mpu
BUKOPUCTAHHI MArHeTHOI PiArHMN y 0i0JOoTiYHOMY CepemoBUINi HAABHICTD
HOJiMePHNX JIAHITIOTIB e(DeKTHUBHO IIePeIIKoIKae amacopOIrili pisHux 6io-
MOJIEKYJI Ha IOBEPXHi HAHOKOMIIO3UTY, B TOMY YMCJIi, 1X arJioTUHAIIIl aK-
TUBHUMU areHTaMU, 1110 BXOJATH A0 CKJIaAy KpoBi. OUuIeHHa CUHTE30Ba-
HUX MargeTHUX PiAUH 3MiMCHIOBAIOCA Aiaaid0M IIPOTH 3JI BOAMH.

ImmobGimiszarito mucmiaaTuHy mpoBeieHo y cucreMmax: Fe;O,/on.Na Ta
Fe;O,/on.Na/IIET.

OnepsxaHi 3pas3Ky CMHTE30BAHMX MArHeTHUX PiAWH JOCJIiIMKeHO Me-
rogamu [4Y-Pyp’e-crieKTpocKomii Ta peHTreHo(a30BOT0 aHAIi3Y, ITiAT-
BepIKeHo 30eperkenHa pasu Fe;O, i yrBopenusa crabimisyiouoi ¢asu
osearTy Na Ta moJieTHJIeHIJIIKOJIIO Yy CKJIaLi MAarHeTHOI PiguH’.

BuBueHo 3ajeKHIiCTh MarHeTHUX XapaKTEPUCTUK 3pasKiB Big apxi-
TEKTYypH HaHOKoMIIO3UTYy. Hocaimxeno BuauB KoHmeHTparii ITET, 111
Ta Aiajisy Ha MarHeTHi i posMipHi XxapaKTepUCTUKY KOJOIJHUX CUCTEM
Fe,0,/0n.Na i Fe;O,/0n.Na/IIEI'. Byso BuMipAaHO IIOJBOBi 3aJIesKHOCTI
nuToMol HamarHeroBaHocTu ¢ = M /p (M i p — HamMarseToBaHicTh i ryc-
THHA BiIIIOBiZHO) 3pasKiB 3aeHO Bif xiMmiuHol mpupoau momudikarto-
pa moBepxHi MarHeTury. BcTaHOBJEHO, IO 3HAYEHHA KOEPIIUTHBHOI
cuau (H,) 3a1eXUTh Bix po3MipiB i popMu YaCTHHOK, a TAKOXK BiJ cUIn
MAar"eTHOI B3aeMonil Mixk HuMM. Y OLJIBIIOCTI BUIIAAKIB B3a€MOLia MixK
YaCTUHKaMU IPU3BOUJIA 10 3MeHIIIeHHA H .

HasagpHicTs ricrepesucy 3pasKiB MOSCHIOETHCA TUM, IO IIEBHUM 00’ €M
aHcaMO0JII0 YAaCTUHOK MAarHETUTY 3aiMalOTh YaCTUHKY OiJIBIIIOTO PO3Mipy,
Hi)K cymepmapaMarHeTHa Mexa Ajisa yacTuHok Fe;O, 3a KiMmHaTHOI TEMITE-
parypu. MoxHa OpUIIYCTUTH, ITIO0 ITicaa XiMiuHOro Moau(iKyBaHHA PO3-
Mipu cTabinizoBaHMX YACTUHOK MAarHETUTY i 3aKOHOMIipPHICTb 1X PO3IOi-
JIy TIO po3Mipax He sMiHIOETBCsS. Ha pucyury 6.3 HaBeaeHi meTJIi ricrepe-
aucy Hanoxommnosutie Fe;O,/on.Na/IIET (a) i Fe;O,/0n1.Na/IIEI'/III1
(amcoporiifino immobinizoBauuii 1111 (6)).

MacoBy KOHIIEHTPAILil0 YaCTUHOK MarHeTUTy B aHcamOJi, cTabimizo-
BaHUX ojeaToM Hatpiio (Cp, ), BHAXOAUIN AK BITHOIIEHHA NUTOMUX
HaMarHeTOBaHOCTEW HacWYeHHA cTabijgisoBaHUX (02“"6) i BuUXigHUX

Fe;0, . Mac  __ __crab Fez0,

(o, °") wacrunok: Gy, = O, /c"*%  Pospaxymok, 1o I'PYHTYETLCS HA
reOMeTPUYHUX MOJEJIAX, IOKa3ye, 1110 TOBIIIUHA IT1apy 0JieaTy HaTpiio Ha
MMOBEPXHi OiJBIITOCTH AOCTiIyKEeHMX YaCTHMHOK CKJamae =1 HM. MacoBy
KOHIIEHTPAIli 10 YaCTUHOK MarHEeTUTy, cTabisli30BaHMX 0JleaTOM HATPiio B
ancaM6.1i yacTUHOK, mogudikosanux IIET, C;“; °O4 /osi.Na 3HaXOmuIu, K
BiTHOIIIEHHS MUTOMMX HaMarHeTOBAHOCTEH HaCUUYeHHA MoaupikoBaHUX
(oY) icrabirisosanmx (c°™°) wacTuHOK: Croo, / 0m.Na = 6} / 6™ .

Y rabaunax 6.1, 6.2 HaBeneHi 3HAUEHHS H‘Z, O,, BiTHOCHOI 3aJTUIITKOBOL
Hamar"HetoBaHocTu M,/M,, a TaKOX MacOBi KOHIIeHTpAaIlil BUXiJHOTO Ma-
THETUTY i MarHeTuTy, cTabili30BAHOro 0JIeaToM HaTPil0 B CUHTE30BAHUX
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Puc. 6.3. Ilerui ricrepesucy spaskis: a — Fe;0,/0n.Na/IIET; 6 — Fe;0,/01.Na/IIII.

aHcam0Oiiax HaHouacTUHOK cucteM Fe;O,/omn.Na i Fe;0,/0m.Na/IIEI'; sua-

YeHHs CepeIHbOr0 PO3Mipy YaCTUHOK B 3pasKax, po3paxoBaHi 3a IOIIOMO-

roio opmyau Illeppepa (Dpgpy). XapaKTePUCTUKN BUXiITHOTO MATHETUTY

HaBeJeHO IJIs KiMHATHOI TeMIlepaTypu Ta pigxoro asory. HaBemeno rta-
Mac 0, 3 Mac o

koxx sHaueHHA Cp'f, (%) B cucremi Fe;0,/0m.Na, Cit, / on.Na (%) B cu-

cremi Fe,0,/0m.Na/{IET, C* (%) B cucremi Fe,0,/01.Na/IIET.

Haseneni naxi csinuars, S11i1;o 30inpmienns koumnenrparii ITET B xoMm-
MO3UTAaX MPU3BOAUTE A0 3MEHINIEeHHA iX ITMTOMOI HaMarHeTOBaAaHOCTH Ha-
CHUEeHHS i BHMKEHHS KOHIIeHTpaIllii MmarHeTuTy B Kommosurti. IIporec
mianisy cupuse 30iMBINEHHIO KOHIEHTpAIlii MarHeTuTy i, BigmoBimmo,
nuToMoi HamarseroBaHocTH B cuctemi Fe;O,/on.Na i Fe;0,/0a1.Na/IIET
(Tabi. 6.1).

3rigHo ofep:KaHNX eKCIePUMEHTAJIbHIX JaHUX CIOCTepiraeTnes 30i-
JIBIIIEHHS HaMarHEeTOBAHOCTH HacWMYeHH: (C,) i BimHOCHOI 3aJIHIIIKOBOL
HamarHetoBaunoctu (M,/M,) sapaskiB mpu azcop0biii manux KiJTbKocTei
IIII (0,5 Mr B nepepaxyHKY Ha miaatuny). [Ipu 36igbIeHHi KOHIIEHTpA-
mii IIT (1,5 mr), o, KoMOo3uTy 3MeHITyIoThesa (Tadi. 6.1). Ieit edekr
MIPOABIAEThCA B 000X cucremax — Fe;O,/omn.Na i Fe;O,/0m.Na/IIET.
MosxHa IPUIIYCTUTH, IO MaJi (hpepoMarHeTHi YaCTUHKM MAalOTh ABi CIIi-
HOBI migcucTemMu, yTBOPEHiI aToMaMu, IO 3HAXOASATHLCS HA IMOBEPXHi i B
00’emi [204]. B nbomMy BUIIAAKY He BUKJIIOUEeHHI BIJIUB aToMiB Pt Ha
CHiHOBY IifcHUCTeMY, IIOB’s3aHY 3 IOBEPXHEBUMH aTOMAMU MATHETHUTY
TaKUM YMHOM, II[0 HAMarHeTOBaHiCTh YaCTUHKY 3POCTAE.

CunresoBano Ta pgociaimkeHo Gd-BMmicHi HaHOKOMIIO3MTH MAarue-
THUT/OKCHUJ I'al0JiHiI0 3 CTPYKTYPOIO ap0/0bo10HKa. B Tabauii 6.2 Ha-
BeJIeHO MarHeTHi XapaKTepUCTUKU KOJOITHUX CHUCTEeM MAarHeTHUTY, I0-
TIIOBAHOTO i0HAMU T'af0JIiHiio, a TaKoK (PEePUTy r'agoJIiHilo, oJep:KaHOTO
npu Bignaii spaskis mpu 1000°C. MaruerHi xapakTepuUCTUKH i MacoBi
KOHIleHTpallii HaBemeHo naJsa aBox cucrtem: Fe;0,/Gd,O;/01.Na u
Fe;0,/Gd,05/0n.Na/IIET.



TABJINIA 6.1. Bonue kounenrtparnii IIET, ITII Ta gianisy Ha MarseTHi i po3MipHi XapaKTepUCTUKU CHUCTEM

Fe;0,/0n1.Na i Fe;O,/on.Na/ITET.

Ne ‘ HamocTpykTypa ‘ T, K ‘ H,E o, I'ccem®/r ‘ M,/M, | Cyo , % Dpgp, HM
1 Fe.O 90 88,8+0,5 72,0+0,2 0,20 100 7,5
3 293 54,0+0,5 54,2+0,2 0,19 100 11,0
2 Fe;0,/01.Na 293 56,0 50,7 0,16 94 10,5
3 Fe;0,,0m1.Na + miamis — 50,0 51,6 0,17 95 10,5
4 Fe;0,/0n1.Na + 18wmr ITET — 50,0 48,9 0,08 90 10.7
5 Fe;O0,/0n.Na + 18wmr IIET + giauis — 50,0 49,5 0,09 91 10,7
6 Fe;0,/0n1.Na + 36mr ITET — 50,0 45,2 0,11 84 10,7
7 Fe;0,/0mn.Na + 180mr ITE — 50,0 25,5 0,11 47 12,5
8 Fe;0,/0n1.Na + 360mr ITET — 50,0 24,8 0,11 46 13,7
9 Fe;0,/0n1.Na + 0,5mr ITII — 50,0 54,1 0,11 =100 10,5
10 Fe;0,/0n1.Na + 0,5 mr IIII + piamis — 50,0 54,3 0,13 =100 10,6
11 Fe;0,/0m.Na + 1,5mr IIII — 50,0 43,9 0,13 81 10,5
12 Fe;O0,/0n Na/IIET + 0,5mr IIII — 50,0 51,8 0.09 96 10,7
13 Fe;0,/0n.Na/IIET + 0,5mr IIII + miamizs  — 50,0 52,7 0,11 97 10,8

ey

ANIdOd ‘1T 'II



TABJIHNIIA 6.2. Bunus KounenTpanii Gd®'-ionis Ha MarserHi i posmipri xapakTepuctuku cucrem Fe;0,/Gd,0;/01.Na.

e HamocTpyKTypa H,E |o,Tcen®/t|Coo s % | Cooos %5, ana| M,/M | Dpgy, uv (T, =323 K)
1 Fe,0, 50+0,5 4,2+0,2 100 100 0 0,19 11,0
2 Fe,0,/Gd,0, 106,5 33,0 61 4 1,9 0,47 13,8
4 Fe;0,/Gd,0,/0n.Na 106,5 33,7 62 0,41 13,9
5  Fe,0,/2Gd,0,/01. Na 227,9 15,8 29 0,23 16,0
6 Fe,0,/Gd,0,/0n.Na/IIET  106,5 33,7 90 0.37 13,9
7  Fe,0,/2Gd,0,/on.Na/IIET 2275 15,9 89 0,18 16,1
8 GdFeO, 144,00 2,6 — 0,44 10,7

62y dLIOIOdOHVH XMHALIOILOII-OMUITHN MINBIIINTHA® € MILUEOITNOMOHVH



TABJIAIA 6.3. T'yctura (p), muTOMa HaMarHeTOBaHICTh HacUYeHHA (C,), MacoBa JOJA MArHETUTY B CTPYKTYpi
(Mype,0,/ Myonn), HAMATHETOBaHICTh HacuueHHA (M), xkoepuutupHa cuna (H,), IUTOMa 3aJUIIKOBA HaMAarHETOBAHICThH
Ha"Hokommnosuris M,/M..

| HamocTpykTypa | p, T/cM? | c,, Icem?®/r | M0,/ Monn | M,, Tc E | M,/M,
1 Fe;0,/01.Na + H,0 (MP) 1,127 7,3+0,2 0,106 + 0,6 8,2 ~0,0 0,00
2 Fe;0,/01.Na 2,290 25,0£0,8 0,363 + 0,8 57,1 69,0 0,08
%2a Fe,0,/0om.Na + H,0 (MP) 1,130 55+0,2  0,080+0,05 6,2 22,0 0,02
3 Fe;0,/01.Na/III1 3,320 29,8+0,9 0,433 £ 0,06 98,9 56,0 0,11
3a Fe;0,/0n1.Na/IIII + H,O0 (MP) 1,560 15,1+0,5 0,219+0,013 23,6 19,0 0,13
4 Fe;,O0,/TA/OP 1,143 49,4+1,6 0,718+0,043 56,5 81,0 0,13

4a Fe,0,/TA/IIP + H,0 (MP) 1,057 16,4+0,5 0,238+0,014 17,3 50,0 0,09

9V

ANIdOd ‘1T 'II
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TakuM YMHOM, eKCIIePUMEHTAaJIbHO JOCJIiIMKeHi OCHOBHI BJIaCTUBOCTI
KOJIOIZHUX CHCTEM Ha OCHOBi CHMHTE30BaHNX HAHOKOMIIO3UTIB Ta po3pa-
XOBaHiI IX po3MmipHi mapamerpu. BcTaHOBJIeHO, IO TIpoIec Aiajiay
CIIPHUs€E 3POCTAHHIO INTOMOI HaMarueToBaHocTu B cuctemi Fe;O,/0m.Na
iFe;0,/0n.Na/IIET.

ExcnepuMeHTaIbHO BCTaHOBJIEHO, 10 HaaBHicTh mapiB JIMCEK, T'A,
AIIC, ITAA ma moBepXHi MAarHeTUTy IPAKTUYHO He BIJIMBAJIa HA MarHe-
THi BJJaCTHUBOCTI BUXiTHOTO MarHeTUTY (A1pa HAHOKOMIIO3UTY).

Ha marmeromeTpi 3 BiopyBanbuuM 3paskom (283 I'n, ¢,,, = 100 ¢) npu
remnepatypi 290 K 6yau BuMipAHi KpuBi HamMarHeTyBaHHS amcaM0JIiB
HAHOYACTUHOK MArHETUTY, MOAU(pIKOBAHUX 0JieaTOM HaTPiio; HAHOKO-
MIIO3UTH HA OCHOBI MarHeTuUTy, IO MiCTUJIX TifjpoKcoamaTutT, oJj.Na,
nuctaatui (0,5 mr) abo moxkcopyoinus (IP) (0,5 mr); marueTHi piguau.
Brasani pesyinnTaTi, K IPUKJIAL, HaBeJeHO B TabJ. 6.3 Ta Ha puc. 6.4.
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Puc. 6.4. Ilerai ricrepesucy (Ha BcTaBKax — MOYATKOBi AinAHKM) Mogudiko-
BaHUX HaHOKOMIO3UTiB ckaany Fe;O0,/on.Na (a), Fe;0,/T'A/on.Na/III (8) i
Fe;0,/TA/on.Na/IP (0) Ta ix MP (6), (2), (e), BizmoBizHO.
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TakuM UMHOM, TEOPil0 MArHeTHU3My aHCAMOJIIO YACTHHOK (pepoMarHe-
THUKAa 3aCTOCOBAHO JJIA OIIMCY MarHeTHUX BJIACTUBOCTEM CUHTE30BaHUX (he-
pimarameTHmx HaHouacTuHOK Fe;O,, HOBUX TUIIiB HAHOKOMHO3UTIB 3 (hyH-
KI[iAMM HAHOPOOOTIB i MarHeTHUX PiAMH MeAMKO-0i0JOoriuHOro IpH3HAa-
YeHHS HA 1X OCHOBi. 3a MarHEeTHIMI BUMipPIOBAHHAMMU 3 BHCOKOIO JOCTOBI-
PHICTIO MOKHA BUSHAYUTH PO3MipHi MapamMeTpu aHcaMOJIiB YaCTUHOK.

Opmep:xaHi pe3yabTaTy OyAyTh KOPUCHI IPU TPAKTUYHOMY BUKOPIC-
TaHHI HAHOKOMIO3UTIB i MAarHeTHUX PiAuH B OHKOTepAaIrii.

Kpim HaBemernux B TabJ. 6.3 MarHeTHUX pignH, OyJIu CHHTE30BaHi Ta
TocJimKxeni MarHeTHi piguHM Ha ocHOBi Bogu ((iziosoriuuoro posuunuy)
ta B- i Gd-BMicHMX HAHOKOMIIO3UTiB.

6.3. IluToTOKCUYHI BJIACTUBOCTiI MATHETHUX PiNH in vivo

3pasKy CHUHTEe30BaHMX MAarHEeTHUX PiMH Ha OCHOBI HAHOKOMIIO3UTIB 3
iMMO0isizoBaHUM ITHCILIATHHOM Ta JOAATKOBO MOAM(iKOBaHUX IIOJIieTH-
JIeHTJIiKoJIeM, OyJio JOochim:keHo B IHCTUTYTI eKCIlepMMeHTAJIbHOI IaTo-
Jorii, oukoJiorii Ta pagiobiosorii im. P. €. KaBennbkoro HAH VYxpainu.
IIpoBenmeHo BUBHAUEHHA ITUTOTOKCUYHOI il HAa acMTHiN Kaprnuuomi Ep-
Jixa Ta cominHii kapriuaoMi I'epeHa HaCTYyTHUX HAHOKOMITOSUTHUX MP:
Fe;0,/0m.Na/IIET, Cy,,o,= 8 mr/ma; Fe;0,/0n.Na/IIET /III1.

6.3.1. [locmimsxeHHA IMTOTOKCUYHOI Jil MATHETHUX PiTuH
Ha acuTHY Kapiuuaomy EpJiixa

Hocmimxenua Oyso IIpoBeleHO Ha MHUINIaX-caMIlAX — Tidpugax
(C57B1/6xDBA/21). TBapuHamM BHYTPilTHbOUEPEBHO IE€PEIIEIIIOBAIN
acruTHy KaprnuaoMmy Epmixa mo 2-10° kxitun ma TBapuny. Iosa Fe;0,
CKJajajia 2 MI' /KT Macu TBapHWH, 1034 IUCILJIATUHY — 2 MT'/KT MacCH Ti-
Ja.

IIpoTunyxJuHHY aKTUBHiCTH AocaimsxyBanux MP BusHauasiu 3a ce-
PerHbOI0 KiJTBbKICTIO IPOKUTUX TBAPUHAMU JHIB Yy NOPiBHAHHI 3 KOHT-
POJBHUMHU MUIIIAMMU.

IIporenT rambmMmyBaHHA pocTy (Y, % ) acriuTHOI myxyaunHu Epixa ori-
HIOBaJu 3a (hopMyJioro:

v =(a/B)-100%,

e 0. — PiBHUILA KiJIBKOCTU IPOYKUTHUX OHIB y KOHTPOJIbHiH rpymi Ta Ki-
JBKOCTHU TPOKUTUX AHIB Y NiAAOCHiAHIN rpymi; B — KiJbKicTh IpPOKHU-
TUX OHIB Y KOHTPOJIbHIN rpyIi.

3a ganumu Taba. 6.4 cepelHA KiMbKiCTh MPOMKUTUX AHIB Y TBapUH
KOHTPOJILHOI TPyNu i y TBapWH, AKUM BBOJWJIN BHYTPIITHHROUEPEBHO
Mmar"eTHy piguny Fe;0,/on.Na/IIEI', nocToBipHO He Bimpisusamacs. B
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TABJINIIA 6.4. [IpoTunyxJnHHA aKTUBHICTh MAarHeTHUX PiAWH IIOL0 KJIITHH
acruTHOI Kapuumaomu EpJiixa in vivo.

I'pynu TBapuu | TpupasicTs s KUTTA, J0OA
KouTposas (¢pis. posunH) 17,0+1,4
III1 23,0 + 1,0
Fe;0,/0n1.Na/IIET 18,2+1,1
Fe;0,/0n1.Na/IIET'/IIII 24,8 +1,2°

Ipumimxa: “mocroBipricTs < 0,05 y HOpiBHAHHI 3 KOHTPOJIEM.

TOM Ke yac, 3 HaBeJeHUX JaHUX BUIHO, III0 ¥ TBAPUH, KOTPi Olep:KyBa-
JU TUCILIATHUH y cKjyani marHetHoi pigumau (Fe;O,/om.Na/ITEI/IIII),
CIIOCTEPirajoch JOCTOBipHE 30iJbIIIEHHA TPUBAJIOCTH KUTTSI HA 35% Ta
46% , BiAIOBiAHO, V IOPIBHAHHI 3 KOHTPOJIbHOIO I'PYIIOI0 TBAPKH.

TakuM YMHOM eKCIIEPUMEHTAJIbHO TOBeIeHO e()eKTUBHICTh BUKOPYIC-
TaHHA MaraeTHol piguuu (Fe;0,/0n.Na/IIET'/I1II) npu npikyBaHHI myXx-
JIUH aciuTHOI Kapruaomu Epiixa.

6.3.2. locaig:xeHHA IMTOTOKCUYHOI Jil MATHETHUX PiTUH HA COTiTHY
rKapuunomy I'epena

HocmimxeHHsa IpoBeaeHi Ha JabopaTOPHUX IITypax-caMIax Jimii Bicrap
macoio 120+ 5 rp (tabxa. 6.5). TBapuHam, 110 AOCIimKyBaJINCh, IIepe-
IIeTJII0BAIY TiAIKipHO Ha ciuHy 25% CycIleHsio MyXJINHHOI TKaHUHUI
kKapuuaomu I'epena y disiomoriunomy posunni (mo 0,4 M cycmensii Ha
TBapuUHY).

BcraHnoBieHo, III0 KOHTPOJIbHI J03U IMUCILJIATHHY, TaJbMyBaJIHd PicT
nyxjauuu Ha 26,4% 3a macoro. [lokasaHo, 1110 Y TBApUH, KOTPUM BBOJIH-
au maruerHy piguny Fe;0,/on.Na/IIET'/IIII, maca OyXJUHU 3MEHIITY-
Bajachk Ha 40,2% y mopiBHAHHI 3 KOHTPOJILHOIO rpymoo. Halbinbimit

TABJIMIA 6.5. IIporunyxamarHa aktuBHicts MP (Fe;O,/0sm.Na/ITET/ITII)
mrono KJituH KaprnuHoMu ['epena (n = 10), y mopiBuannui 3 IIII B samexHoCTi
sriuBy (MII) in vivo.

I'pynu rBapun | Maca nyxauuu, v
KouTtposs (his. posunn) 31,8+2,4
1011 23,4 +2,5"
IIIT + MII 19,6 £ 2,97
Fe;0,/0n1.Na/IIET/III1 19,2+ 2,17
Fe;0,/0n.Na/IIET'/IIII + MII 13,4 +1,7

Ipumimka: “nocroBipHicTs < 0,05 MOPiBHAHO 3 KOHTPOJILHOIO IPYIIOI0;
“mocTtoBipHicTb < 0,05 mOpiBHAHO 3 4-10 I'PyIIOI0.
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BiJICOTOK raJibMyBaHHSA POCTY IIYXJIMH BCTAHOBJIEHO Y TBapuH, KOTPUM
BBOommMIu MarHeTHY piguny Fe;O,/on.Na/IIEI'/IIII Ta makmamganau moc-
TifilHe Mar#HeTHe moJjie. ¥ WX TBaPMH Maca NyXJIMH 3MEHIITyBaJlach Ha
57,9% y nopiBHAHHI 3 KOHTPOJIbHOIO I'PYIIOIO.

TakuM YUHOM eKCIIepUMeHTaJbHO J0BeleHO eheKTUBHICTh, BUKODUC-
TaHHA MarHeTHoi piguau Fe;O,/on.Na/IIEI'/IIII B ymoBax #mii mocTiii-
HOT'O MarHeTHOTO II0JIS IPY JIIKYBaHHI TyXJnH KapuuHomu ['epeHa.

7. HAIIPSIMU ITOJTAJIBIIIOI POBOTU TA IIPAKTHYHOTO
BITPOBAGKEHHS PESYJIBTATIB JOCJHII;KEHD

B mogaabiiomy HeoOXigHO 34iiICHUTH POOOTU 3 METOIO OIITIMi3aIlii moB-
HOT'O TEXHOJIOTiUHOTO ITUKJIy BUTOTOBJIEHHSA MeIUKO0-0i0/IoTiuHMX HaHO-
KOMIIO3UTIB Ta MarHeTHUX PigWH HA iX OCHOBi, MPOBEeJeHHA AOKJIiHIiU-
HUX Ta KIIHIiYHUX TOCTiIKeHb, 3’ACyBaHHA MUTaHb, IIOB A3aHUX 3 TOK-
CUKOJIOTIYHNMU AacIIeKTaMU, CTaHJapTU3aIliei0, MOMKJINUBOCTAMU BUPO-
OHUIITBA TOIIIO.

3 MeTOI0 IPAKTHUUYHOTO BUKOPHCTAHHS Pe3yJbTATiB AOCHiAKEeHb Ta
BIIPOBa»KeHHA Po3pobok [37, 136—139] cuinbuo 3 IHcTuUTyTOM €eKcie-
pUMeHTaJIbHOI maTojorii, oukoJorii Ta pamgio6iosorii im. P.€. Kaselib-
kKoro HAH Ykpainu mpoBOAAThCA HOKJIHIUHI ZOCTimKeHHA HOBOI Mar-
HeTOUYTJIMBOI JiKapchbKoi (opMU OHKOJIOTIiUHOTO mpemapary. Pospo0-
JIEHO TeXHOJIOTIUHUH perjaMeHT Ha BUPOOHUIITBO peuoBUHN « MarHeTUT
V» [140], aka € manopo3mipauMm oguHogomenuuM Fe;O, Ta Moxke cayry-
BaTHU CyOCTAHITi€IO AJIA JJiKapChKUX IIPemapaTiB Ha OCHOBI JOCJIiIyKeHUX
HAHOCTPYKTYp. PerslaMeHT mianyeTbca nmepegatu Ha KamycbKuil goci-
nHo-eKcnepuMenTanbHuM 3aBog IXII HAH Vkpainu.

SIk 3a3HaAUYEHO B KOHIIEIIIil ITiJThOBOI KOMILJIEKCHOI mporpaMu «PyH-
ITaMeHTaJIbHI IIpo0sieMd HAHOCTPYKTYPHUX CHCTeM, HaHoMaTepiaiis,
HanorexHoJsoriii» HAH VYxkpainu [141], ii BuKOHaHHA, KpiM HAYKOBOTO,
MPaKTUYHOrO Ta METOJOJIOTiYHOI'0, Ma€ HABUANLHUU acCIeKT; BaKJIU-
BUM 3aBIaHHAM € HiITOTOBKA CIIEIiaicTiB, 30KpeMa, BUINOI KBasidi-
karii. Tomy mo pobiT, HaBeleHNX y I[bOMY OTJISIZI, IIMMPOKO 3aaydaach
TBOPYA MOJIOAb: aCIipaHTU i CTYyAeHTU, AKUMU 3aXUINEHO TPU KAHIU-
marcbKkux [142—144] ra pag MaricTepchbKUX AUCEPTAILii.

3a MaTepiajaMu DOCJTiAKEeHb 3 HAHOTEMATHUKHU BUAAHO HAYKOBY MO-
Horpadiro [14], y akiit ysaraibHeHO HOBiTHI pe3yabTaTH, 1[0 CTOCYIOTh-
cdA cydyacHHX IpobieM (isuko-ximii HamomaTepiaaiB, HAHOKOMIIO3UTIB
Ta CyIPaMOJIEKYJIAPHUX CTPYKTYP, aKTYyaJIbHUX MIJIA BUKOPUCTAHHS B
TexHimi, MmegunuHi, 6iosorii, ekosorii Tomo. Kuura pospaxoBaHa Ha
(axiBmiB ramyseit HaHoximii, HaHOGMiI3MKM, MaTepiasio3HABCTBA, XiMmil
Ta (pisuKU mOBepxHi, AKi 3aliMal0ThCA CUHTE30M HOBUX HAHOCTPYKTYP-
HUX (PYHKIIOHATBRHUX MAaTepiasiB Ta iX IpakKTUYHUM 3aCTOCYBaHHIM,
BUKJIaadyiB, aCIipaHTiB i CTyJeHTIiB BUIIINX HABUAJbLHUX 3aKJAaIiB Bij-
MOBiJHUX CIIeIliaJIbHOCTEeH.
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BuiitmoB y ¢BiT HaBuanbHUi mocioHuK [15], akuii, mo cyTi, € BIpoBa-
MKEeHHAM Y OCBiTHIiH ITpollec BiTumM3HAHOI BUIoi mKoau (Kadeapa 6ioi-
HpopMaTuKu GaryabTeTy OioTexHosorii i 6iorexHiku HariomanbHOTO
TexHiuHOTO YHiBepcurery YKpainu «KIII») pesyabrariB HOBiTHiIX Hay-
KOBUX IOCJiIKeHb, BUKOHaHuXx y Hamionanpuii akagemii HayK YKpai-
HU 3a I[LILOBOI0 KOMILJIEKCHOIO IIporpamMoio «PyHmaMeHTaJ bHI IPo0JIe-
MU HAaHOCTPYKTYPHMX CHCTEM, HaHOMAaTepiaiB, HaHOTeXHOJOTi». I'o-
JIOBHOIO METOIO ITOCiOHMKA € HayKOBe BUCBIiTJIEHHS i OIINC OCHOBHUX €K-
CIIepUMEHTAJbHUX CTamili CTBOPeHHSA 0iopyHKI[IOHATII30BAHUX MarHe-
TOUYTJIMBUX HaHOMAaTepialiB i mosiyHKITiOHaIbHNX HAHOKOMIIO3UTIB,
CUPUAHHA (QOPMYBAHHIO ¥ CTYAEHTIB IPAaKTUUYHUX HAaBUUOK Y raJysi Ho-
BiTHiX HaHoTexHoJorii. HaBuanbuuii mocioumk orpumas rpud MiHic-
TepCTBa OCBiTH i HAYKMU, MOJIOAL Ta copTy YKpaiuu. ITocibHuK modymo-
BaHO Ha HAMOLIBINI aKTyaJbHUX IPUKJIAJaX CUHTE3Y, AOCHiIKeHb Ta
3aCTOCYBAaHb HAHOKOMIIO3UTIB Yy raJay3sax MeIUIIMHU, Oiojorii Ta 6ioTe-
xHoJorii. HaBemeni HaykoBi gaHi, mukJ JabopaTopHUX POOIT Ta MeTo-
IUYHI BKa3iBKM MOKYThH OyTH BUKOPUCTAaHI BUKJIaJauaMU i CTyeHTaMu’
BUITUX HABYAJbHUX 3aKJIaIiB IIPY BUKOHAHHI HaBUAJILHUX IPOTPaM 3a
BiAIIOBiAHMMY CIIEI[iaJIbHOCTSIMMU.

8. BUCHOBKH

IIpo6aema cTBOpeHHS HaHOPOOOTIB, 30KpeMa, AJA MeAUKOo-6iooriaHnX
3aCTOCYBaHb, CHOTONHI € aKTYaJbHOIO i PO3PO0JIAETHLCA B MPOBiIHUX Ha-
YKOBUX JabopaTopisgx cBiTy. BigmoBimHuii HayKOBO-IIPUKJATHUIN Ha-
OPAMOK € CKJIAJOBOIO CyYaCHOTO HAYKOBO-TEXHIUHOTO IIPOTPECY, B TOMY
yueJai B MeauIuHi, 6ioJorii, 6ioTexHosorii. KoHIlemnilia Ta MeTomooris
XiMiYHOTO KOHCTPYIOBAaHHS MarHeTOUYTJIUBUX HAHOKOMIIO3UTIB 3 Oara-
TOPiBHEBOIO iepapxiuHoOi0 apXiTeKTyporo Ta (GYHKIIAMM HaHOPOOOTIB
oTpuMaJia HayKOoBe OOI'PYHTYBAHHA Ta eKCIepHMeHTaJbHe HigTBep-
IKEeHHA.

Ha zaBepiiieHHA aBTOP BUCJIOBJIIOE IITUPY MOAAKY BCiM CIIiBpOOiTHU-
KaM i KoJsieram, 1o 6paJjiu y4acTh B JOCJIiI»KeHHAX, 32 TBOPUY CHiBIIpa-
mio. MaTepianm HayKOBUX JKepes Ta AaHi oTJIaay CBiguaTh, 1110 BiTUm3-
HAHI JOCJHiyKEeHHA Yy BKa3aHOMY HAIPAMKY B 0araTboX acleKTax 3Ha-
XOAATHCA Ha MepeloBUX pyderkax cBiToBoi HayKu. e cTamo MOXKIUBUM
3aBAAKM 00’ €THAHHIO 3yCHUJb B MiKAVUCIUILTIHADHUX Tajy3AaX JOCJiJ-
HuKiB [HCTUTYTY Ximii moBepxHi im. O. O. Uyiika HAH Ykpaiuu, Iactu-
TYTy eKCIIePUMEHTAJbHOI IIaToJIorii, OoHKoJorii Ta pamiobiosorii im.
P. €. Kaseuskoro HAH VYxkpaiuu, [acturyry meranodisuku im. I'. B.
Kypaiomoa HAH Ykpainu, [HcTuTyTy remaroJiorii Ta Tpaucdysiosorii
AMH VYkpainu B paMKax I[iJIboBOi KOMILIEKCHOI mporpamMu «DyHaame-
HTaJIbHI MPo0JeMyu HAHOCTPYKTYPHUX CHUCTEM, HaHOMAaTepiayiB, HaHO-
TEeXHOJIOTii» .
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