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Kpatko paccMoTpeHbl crtocoObI TTOJTyYeHUsI U HEKOTOpPbIe BUIIbI MarHUTHBIX HaHovyactul (MHY), niep-
CTIEKTUBHBIX U5l OMOMEIULIMHCKUX MccienoBaHuii. [TokazaHa cBA3b CTPOSHMS M CBOMCTB YacTHUIL C 00JIa-
CTSIMU UX TIPUMEHEHUST B MEIULIMHCKON TuarHoctuke n ouoaHanuse. Ocoboe BHUMaHue ynejieHo MHY,
coepKalluM 6JIaropoaHbIe METAIIbI B KaueCTBEe OMOMapKepOB WM IEeMCTBYIONIETO BellecTBa. PaccMoT-
peHbl OMOMEIUIIMHCKUE 3a1a4yu, peandyeMble ¢ noMoliinbio MHY, u aHanmuTuyeckue myTu UX pelieHusl.
O00011IeHbl JaHHBIE O MPUMEHEHUHU IPSIMBIX U KOMOMHHPOBAHHBLIX aTOMHO-CIIeKTpaibHbIX (DTAAC,
ADC/MC-UCIT) MeTonoB BOMOMETUIIMHCKUX UCCIIEIOBAaHUSIX. PacCMOTpEeHbI 3KCTIEpUMEHTATbHbBIE TTOIXO/IbI
K M3y4eHwuIo noseneHus u npespaiteHuit MHY in vitro v in vivo. IloguepkHyTa KiitoueBasi pojib MpoOOonoAro-
TOBKU B 9KCITIEPUMEHTAIBHOM MofepoBaHuy roBeneHrss HY B Guonornmyeckux cpenax. OTMedeHbI 0COOEH-
HOCTH MOIOTOTOBKM IIPpU OMNpeAeJIeHUN PAaCTBOPEHHBIX M HaHOPa3MepHBIX ¢opM B 01Moo0BbekTax. OlLieHeHbI
MEePCIeKTUBbBI KOMILIEKCHBIX UccienoBanuii moseaeHuss MHY B cJIOXHBIX OMOIOTMYECKNX CUCTEMAX.

KiroueBble cjioBa: HaHOpa3MepHble MarHUTHBIE MaTepraibl, OMOMEIUIIMHCKUE UCCIIeIOBaHMSI, 3JIEKTPO-
TepMuuecKasi aToMHO-abcopOioHHas criekrpomerpus (DTAAC), Macc-cneKTpOMETpUsI C MHIYKTUBHO
cBsa3anHHoi mra3moit (MC-UCII) B pexxuMax BEICOKOTO pa3pellleHus], I1eTeKTUPOBAHMSI OOMHOYHBIX Ya-

ctunl (SP-ICP-MS) unu aHanuza otaenabHbIX KiieTok (SC-1ICP-MS).
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HanopasmepHble Marepuanbl BecbMa MepCHEK-
TUBHBI IJIS1 UCTIOJIb30BAaHUS B MEIULIMHE U SIBJISTIOTCS
00BEKTOM aKTUBHBIX OMOMENUIIMHCKUX MCCeq0Ba-
Huii [1, 2]. Ocoboe BHUMaHME MPUBJIEKAIOT MHOTO-
(YHKIIMOHAJIbHBIE YACTUIIBI ¢ MOAU(DUIIMPOBAHHO
IMOBEPXHOCTHIO, COUETAIOIIIME B ce0e sl AMarHoCTuye-
CKHUX Y TepareBTUYECKUX 3apaHee 3aJJaHHbIX CBOICTB.
Tak, HaHouactulibl (HY) pasnnyHoOit ipupoabl Haxo-
JISIT IIUPOKOE MPUMEHEHUE B COBPEMEHHOI MEIUIIVH -
CKOI1 MpaKTUKe B KaUeCTBE HOCUTEJIS JIEKAPCTBEHHBIX
CpeACTB, obecrneyrBasi TaK Ha3bIBaeMYIO HarpaBieH-
HYIO TOCTaBKYy JiekapcTB (controlled drug delivery).

Heo6xonuMoCTh HaIlpaBJIEHHOI HOCTaBKU OO0Yy-
CJIOBJICHA HEIOCTATKaMM MHOTMX JIeKapCTBEHHBIX
MpernapaToB, CBSI3aHHBIX C UX HEraTUBHBIM BO3ACH-
CTBMEM Ha TKaHU. Jlokanm3aius NOoCTYIUICHUS IIpe-
napara yMEHBIIIaeT 00BbEM €r0o pacrpeneieHusI, TOK-
CHUYHOCTb, B psifie cliydyaeB oOecrieuuBaeT KOHTPOJIU-
pyeMoe BBICBOOOXIEHNE W CHIKAeT BJIMSHUE Ha
OopraHusM B 1iejioM. HarmpaBiieHHast JocTaBKa MOXKET
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OCYILECTBJISIThCS 10 PA3IMYHBIM MEXaHU3MaM U ObITh
aKTUBHOI WJIU MMACCUBHOI; OTACIBHBIM CIIOCOOOM SIB-
JISIeTCsT MarHUTOYIIpaBjsieMasl TOCTaBKa, OCHOBaHHAsI
Ha TIepeMelleHU MOIU(UIIMPOBAHHBIX MarHUTHBIX
HOCUTeJIEN 1o AeiCTBUEM MarHUTHOTO 1o [3].

Oco0BIiT MHTEPEC MPEACTABISIOT JICKAPCTBEHHBIC
Mpernaparhbl, 3aKpeIJICHHbIE HA XUMUYeCKU MOIUDU-
LIMPOBAHHbBIX HAHOJAWUCIIEPCHBIX HOCUTENSIX U CHO-
COOHBIE UBMEHSTh CTPYKTYPY MO/ BO3AEUCTBUEM U3~
MEHEHMII TapaMeTpoB oOKpyxXkarlieil cpeasl (pH,
TeMIlepaTypbl, OKMCIUTEIbHO-BOCCTAHOBUTEIbHBIX
yciaoBuii [4, 5]), xapaKTepHBIX IJIsI ONpeneIeHHOTO
natoJjiormyeckoro rnpoiecca. [Ipu atom HY yyacTtBy-
€T He TOJIBKO B IOCTaBKe, HO U B BLICBOOOXXIEHUU Jie-
KapCTBEHHOIO CPENCTBA.

K HacTostinemy BpeMeHU pa3paboTaHbl HAHOPAa3-
MEepHbIE HOCUTEIA Pa3IMYHOMN MIPUPOIbI: OMOTEHHEIE,
MOJIMMEPHbBIE, OpraHUYecKrle U HeopraHuyeckue. B
paMKax JaHHOro 0630pa OCHOBHBIE CBOMCTBA U BO3-
MOXHOCTH HaHOPa3MEpPHBIX MaTepUAJIOB ISl OMOMe-
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JTUIMHBI U AUarHOCTUKHW OYIyT pacCMOTPEHBI Ha TIpH-
Mepe YacTHUll, 00JIaIaolIUX MAarHUTHBIMU CBOMCTBaMU
(MHY) u BceacTBde 3TOrO YIIpaBJisieMbIX BO3IEl-
CTBUEM MarHuUTHOro mnosisi. OObIMHO OHU TIPENCTABIS-
IOT CO00I1 HAHOYACTULIBI (MU UX arperaThl) MarHETUTA
¢ MOIU(MULIMPOBAHHON TMOBEPXHOCThIO, Ha KOTOPOI
3aKperyIeHbl MOJIEKYJIbl OMOJIOTMYECKU aKTUBHBIX Be-
1LIECTB, WJIW BE3UKYJIbl C UHKAICYJIUPOBAHHBIMU MOJIU-
GULIMPOBAHHBIMY YaCTULIAMU MarHeTuTa [6].

HecMmoTtpst Ha TO, 4TO IIperapaThl HA HAHOHOCHUTE-
JISIX 00J1a7al0T OTPOMHBIM ITOTEHIINAJIOM, X BBEOES-
HY€ B OpraHU3M IToJpa3zyMeBaeT COOIOAECHUE 1IEJIOTO
psima TpeOOBaHUIA: HOCUTEIN HOJKHEI OBITh HETOK-
CUYHBIMUA 1 OMOCOBMECTMMBIMM, MMETh OIIpeleIeH-
HYIO CTPYKTYPY M pa3Mepbl, YTOObI IIPOHUKATh CKBO3b
KJICTOUYHEIE MeMOpaHbl, 00JIanaTh OIpeaeIcHHOM a1~
HaMUKOM cOpOLIMM,/OecopOLIMK 1 JOCTABIISTD JIEKap-
CTBEHHBbIE IIpenapaThl 0€3 MoTepu UX papMaKkoIori-
YECKUX CBOMCTB.

IMocnencTBus, cBI3aHHBIE C MOMAgaHUEM B Opra-
HU3M KOMIOHEHTOB (hapMaKOJIOTUYECKOI CUCTEMBI,
B 4aCTHOCTU HOCMTCHCﬁ, JOJI2KHBI 6bITb TLIATSJIBbHO
MU3ydeHbl. B COOTBETCTBUM C 3TUM UCCIIeNOBaHUE MO-
BeneHnss HY B 6monornmueckux cpegax HaIpasBJIeHO
IJIaBHBIM 00pa30oM Ha JeTajbHYIO XapaKTepUCTUKY
npeobpa3oBaHUil HAHOPAa3MEPHBIX YACTHLI, ITPOUC-
XOIISIIIMX B €CTECTBEHHBIX yCIoBUsIX (in vivo) [7]. He-
CMOTPSI Ha aKTyaJIbHOCTb 3TOM 3a/1a4l, 3a4acTYIO OTIpe-
JesTIoneil caMy BO3MOXHOCTh mpuMeHenus HY B
OMOMEIVLIMHCKUX VCCIICIOBAHUSIX, €€ pelIeHe HaX0-
JOUTCA B CTaANNU paSpa6OTKI/I, YTO ABJISACTCA CJIICACTBUEM
MHOTo00pasus (PU3NKO-XUMUYECKUX CBOMCTB HAHO-
MaTepUaioB, a TAKXKE Pa3IUUYHOIO COCTOSIHUS, IIPO-
HCXOXIEHMS M COCTaBa OIpee)isieMbIX BEILIECTB, SIB-
JISIOIINXCI KOMIIOHEHTAMM OMOJIOTUYECKUX 00pas3-
OB, TTOIJIEXKAIINX N3ydeHrIo [8].

CJIOXHOCTh OMOJIOTMYECKNUX CHUCTEM IMOPOXIAET
HEOOXOAUMOCTb TIPUMEHEHUs IS UCCIed0BaHUS
CBOICTB 1 moBencHUs B HUXx HY Haubosiee coBep-
IIEHHBIX MHCTPYMEHTAJILHBIX aHATUTUIECKIX METO-
JIOB, K YMCJTY KOTOPBIX OTHOCSITCS U Pa3IUYHbIC BUIbI
aTOMHOI1 CIIEKTPOMETPUN — aTOMHO-a0COPOIIMOHHAS
CIIEKTPOCKONUS C DJIEKTPOTEPMUIECKOI aTOMU3ALUEIN
(OTAAC), aTOMHO-3MUCCUOHHAST CIIEKTPOMETPUS C
WHAYKTUBHO CBsi3aHHOH T1a3moit (ADC-UCII), pas-
JIMYHBIE BapMaHThI MACC-CIIEKTPOMETPUM C MHIYK-
TUBHO cBsi3aHHOM ia3moii (MC-UCII), BKitoyast pe-
2KMMBbI BLICOKOTO pa3pelIeHNsI, MOHUTOPUHIA OOUHOY-
HBIX 9acTull (single particle inductively coupled plasma
mass spectrometry, SP-ICP-MS) unu aHanu3a oT-
IeJIbHBIX KiteToK (single cell inductively coupled plas-
ma mass spectrometry, SC-ICP-MS)) [9]. OnHako u
JIJISI HUX TeM He MeHee OCcTaeTcsl MOTPeOHOCTh B YITPO-
IIEHNM COCTaBa aHAJIM3MPYEeMOIO MaTepuaja Iiepern
WHCTPYMEHTAJIBHBIM OIpPEAeICHUEM, YTO JOCTUTAETCS
MyTeM MSITKOH eCTPYKLUM OpPraHMYeCKOil MaTpUIIbl
VI IPUMEHEHNUEM BBICOKO3((EKTUBHBIX CIIOCOOOB
pazneneHus. [IpenBapuTtebHasl IIOATOTOBKA OCTAET-
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CSl aKTyaJIbHOM M MPU OIpeNeeHUM PaCTBOPEHHbBIX 1
HaHOpa3MepPHBIX (hOPM B OMOOOBEKTAX C LIETbIO OLIEH-
KA CTeMeHU W3MEHEHHUs] 4YacTUll TIpU U3MEHEHUU
CBOMCTB Cpelbl.

B HacTostiiem 0630pe mpoaHaATM3UPOBaHbBI TaHHBIC
O TIPUMEHEHUH TIPSIMBIX 1 KOMOMHUPOBAaHHBIX METO-
JIOB JUISl U3yYEHMSI COCTaBa CUHTETMYECKMX HaHOpa3-
MEPHBIX YaCTHII, BXOMSIIINX B COCTaB JIEKAPCTBEHHBIX
IpenaparoB, U MX NPEBPaLICHUN B MOIEJIBHBIX U pe-
aJIbHBIX OMOJIOTMYECKUX cpeaax. PaccMoTpeHbl crioco-
OBI TTONTOTOBKY TAKWUX CUCTEM K aHAJIN3Y, B YaCTHOCTH,
0COOEHHOCTH TTOATOTOBKHU TP OIpENeICHUH PacTBO-
PEHHBIX 1 HAaHOpa3MepHbBIX (POpM B OooobekTax. Orie-
HEHBI TTePCIIEKTUBBI KOMIUTEKCHBIX UCCIISIOBAHMIA TIO-
BeneHust HY B cl10XXHBIX OMOJIOTMYECKUX CUCTEMAX.

BUIbl MATHUTHDBIX
HAHOUYACTULL, MEPCINEKTUBHbBIX
U1 BUIOMEOULIMHCKUX
VN CCJIEJOBAHUUN

Hanouactulipl okcuaa xeesa siBISIIOTCSI Haubo-
Jiee pacnpoOCTPaHEHHbIMU MPUPOIHBIMUA MAaTHUTHBI-
MU HaHoMaTepuaiaamu in vivo [10]. OHU e SIBISTIOTCS
OCHOBOIT MCKyccTBeHHO moinydaeMblix MHY, Heko-
TOPbI€ U3 KOTOPBIX YK€ pa3pelieHbl K KTIMHUYECKOMY
npuMmeHeHuo [ 11]. CoueTaHue HIMPOKUX BO3MOXKHO-
cTeil HampaBJIeHHOTO MOAUMUILIMPOBAHUS PA3BUTOM
MOBEPXHOCTU Y MATHUTHBIX CBOMCTB AenatoT MHY ag-
(hbeKTMBHBIM MaTepuaaoM AJisl pellieHus 3a/1a4, BKIIIO-
YaloIlIMX MarHUTOYMNPaBJIsIEeMYIO HOCTaBKY JIEKapCTB,
yacTo B coueTaHuu ¢ MPT-Busyanu3zaiimeit vim rurep-
Tepmueii. CyliecTByIOT MHOTOUMC/IEHHbBIE BAPUAHThI
nonyyeHuss HY mMarHutHoro Hocutessi (MarHeTuTa
Fe;O, u ap.): coocaxneHve, CUHTE3 B MULIEJUIaX, TUII-
pOTEepMaTbHbII CUHTE3, TEPMUYECKOE PA3JIOKEHNE ME-
TAJJIOPTAaHUYECKUX COEAUHEHUI, MUKPOBOJTHOBBIM
cuHTe3. JlaHHbIE METO/IbI 1OCTATOYHO TaBHO U MOJIHO
W3Y4YeHbl MMIPUMEHUTENLHO K cuHTe3y HY; momapoo-
Hee yKa3aHHble CIOCOObI, TOCTOMHCTBA U HElOCTaT-
KM KaXXJI0To 13 HUX pacCMOTPEHHI B 0030pax [12, 13].
D yHKIIMOHAIU3AIUIO TTOBEPXHOCTU HOCUTEST MOX-
HO OCYIIECTBUTH ITyTeM KOBaJICHTHOTO “IpUINMBaHUs”
W CWJIaHU3a1I1H, a TAKXKE ITyTeM HEKOBAJIEHTHOM a/l-
CcopOILIMM TTOBEPXHOCTHO-aKTUBHBIX BellecTB (ITAB)
Ha noBepxHoCcTH okcuna [14]. Llenn momudukanmum
MOBEPXHOCTU — MOMAJIEp>XKaHUE KOJUIOMIHOU cTa-
OMJIBHOCTH MOHOB U O0ecIiedYeHUe X OMOCOBMECTH -
MOCTHU, YCTOMUMBOCTH K CpeJie KPOBU YeJIOBEKA, HATPYy-
30YHON CHOCOOHOCTH, MOBBIIIEHHOTO MOIIOIIEHMS
KJIETKaMM, & TAKXKE CIIOCOOHOCTU K KOHTPOJIMPYEMOMY
BBICBOOOXIEHUIO JIeKapCTBEHHOTO cpeAacTBa. Ha mo-
BepxHoctTi MHY moryT ripucyTcTBOBaTh KakK MOIM-
dunmpyoime 000J0YKU U3 PA3TUYHBIX MaTEpUAIOB
(307010, cunukareib, [TAB, opraHuuyeckue coenuHe-
HUs), TaK U pa3HOoOOpa3Hble (DYHKIIMOHATbHBIE TPYII-
bl (JIUTaHAbl, MEeTTUIbI, PAAUOAKTUBHBIE METKHU,
aHTUTENA), CIOCOOHBIE 00eCTIeUnTh crielinduIeckoe
B3aMMOJICUCTBUE (CBSI3BIBAHME) C 1IEJIEBHIMU OOBEK-
Ne 10
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Puc. 1. [MonyyeHre MarHUTHBIX HAHOYACTUII IJIST TOCTABKU JTOKCOPYOUIIMHA U BBICBOOOXIEHUE TIperiapara Mpy pa3pylieHuu
3alUTHOTO MOBEPXHOCTHOTO cJios 1oz neiictsueM dpepmenTa [28]. LTAB — 6pomun uernirpumeruiaMmmonus, TOOC — rer-
pastokcucuial, AITTDOC — 3-amuHonponmiTpustokcucuwial, J1OX — DoKCOpyOUIIMH.

tamu [ 15]. Hocurenb yno6HO CUHTE3UPOBATh B YCJIO-
BUSIX MUKPOBOJIHOBOTO HarpeBa; TakKuM Ke 00pa3zoM
B HaIIMX paboTax IMPOBOMMIOCHE MOIU(PUIIMPOBAHNE
nosepxHocTH [16, 17]. I[lytn cuHTE3a U METOABI UC-
cJIeIOBaHUSI MAarHUTHBIX MaTePUAaIOB CO CTPYKTYpPOI
AIpo—000JI0YKa, IIPO—MHOTOCIOITHAs 000JI0UKa,
MarHUTHBIX BE3UKYJl OIMCAaHbl, B YacCTHOCTH, B
pa6ore [14]. HekoTtopble mHTEpecHbIe mpuMepbl MHY
IIJ1s1 OMOMETUIIMHCKUX MPUIOKECHUM, MOTyYeHHBIX U
WCCJICIOBAaHHBIX B TMOCJHE€IHUE TOIbl, NPUBEACHBI
HIXKE.

HanbGonee mmpocThl CTPYKTYpHl 20p0o—000404Ka.
OOBIYHO 000I0YKA MPENCTaBIsIET COOOM CIIOi opra-
HUYECKMX MOJICKYJI WJIM ITOJIMMEPOB Ha IIOBEPXHOCTU
MHMU [18] u cayXuT 3allMTHBIM 6apbepoM I Mar-
HUTHOro Hocuressd. OHa MOXET comepXKaTb KOMIIO-
HEHThI, HeoOxoauMble 11 Busyanuzauun HY u, kpo-
Me 3TOr0, MOXET OBITh MCIIOJIb30BaHa [IJIsI 3aTPy3KU U
BBICBOOOXIEHUST JIEKAPCTBEHHBIX CPENCTB, HaIpHU-
Mep, IIMPOKO MCTOIb3yeMbIX TMJIaTMHOCOAEePXKAIINX
nperapatoB [19]. JlekapcTBeHHOE CPEACTBO MOXKET
cBs3biBaThest ¢ HY KoBanieHTHO 1100 HEKOBaJIEHTHO.
B o06oux cirydasix BbICBOOOXAEHUWE JIEKAPCTBEHHOTO
cpencTBa OOBIMHO JOCTUTAETCS 3a cueT u3MeHeHust pH
[20, 21]. Takme CTPYKTYpHI XapaKTECpU3YIOTCS HU3-
KO €MKOCTbIO 3arpy3ku JIeKapCTBEHHOIO CpeICTBa
(drug loading capacity, DLC), 4To cBsI3aHO C ITOTepsI-
mu yepe3 nmokpeitie HY. Bosee mpenmouyrnTenbHO
KOBaJICHTHOE CBsI3bIBaHUE JekapcTB ¢ HY, obecre-
YMBaIlee yIpaBIsieMOe pa3pylleHre TOBEPXHOCT-
HOTO cy1os [22, 23] 1 KOHTPOIUpPyeMoe BRICBOOOXKIE-
HUe mpenapara.

Heoprannueckue nokpeituss MHY, Hanpumep Me-
30IMOPUCTHIN TUOKCU KPEMHUSI, 00eCIIeYMBaIOT Ooiee
BBICOKUI YpPOBEHbB 3arpy3KHM JIEKAPCTBEHHBIM CPEI-
CTBOM I10 CpPaBHEHUIO C opraHndyeckumu — ao 30—
48% [24—26]. YTo6BI n36€KaTh CAaMOTIPOM3BOJIBHOTO
BBICBOOOXIeHUS TIperapata, MHY 3ammmaror no-
MOJIHUTEILHBIM BHEIITHUM OPraHMYeCKUM WJIW TMO-
JIMMEPHBIM cJioeM. B 3aBucuMocTn ot Tpurrepa (KoTo-
PBIM MOTYT OBITH pH, OKMCIIMTEITEHO-BOCCTAHOBUTEITh-
HbIe MPOLIECCHI, TeMIlepaTypa) ISl BHICBOOOXACHUS
mperiapara MOTYT OBITh MCIOJB30BaHEL Pa3IMYHbIC
nytu. Hammpumep, 111 obecriedeHsT 9yBCTBUTEITBHO-
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ro K pH BrICBOOOXIEHUSI JOKCOPYOUILIMHA, XUMUO-
TepaneBTUYECKOIO CPEICTBa, CpadaTHIBAIOIIETO IIPU
cuuxenuu pH ¢ 7.4 no 5.6, B pabote [24] ucronb3o-
BaH IOJMMEPHBIN TMAPOTEIb MOJUAKPUIOBOI KUC-
JIOTBI, TIPUBUTBIA HA ME3OTIOPUCTHIN CIION CUJIMKAre-
5. B pabote [27] mi1s MTHKATICYISIINN JOKCOPYOMITTHA
B HY u BhICBOOOXIEHMSI €0 IpU IUIaBJISHUN AT~
Hoii ¢a3bl Beime 40°C UCIOIB30BaH TEPMOYYBCTBU-
TEeNbHBIN JUIINIHBIN CIION.

Cpenu 0MOJIOTNYECKUX TPUTTEPOB OCOOBII MHTE-
pec IpeacTaBiIsieT BLICBOOOXIEHME JIEKAPCTBEHHOTO
CpeICTBa, KOTOpoe obecrneunBaeTcs AeicTBUEM ep-
MEHTa Ha Ouonaerpagaluio 3aluTHOIO CJI0s Ha Io-
BEPXHOCTH HaHOKoMMo3uTa. B padote [28] mpenioxe-
Ha KOHCTPYKIUSI OMOpa3ziaraéMbIX MaTepuajoB Ha
ocHoBe MHUY pasmepom 30 HM, ITOKPBITHIX ME30TIOPH-
CTBIM cJIoeM cuyikareJist. [1opbl 3TOro ciiost pa3mMepoM
3 HM OBUIM 3aMOJTHEHBI JOKCOpyouLmHoM (35 mac. %).
JI1s1 MHKanCyasIIUU OeHCTBYIONIETO BellleCcTBa OBLIO

HAHECEHO IMOKPBLITUE U3 aJbOyMHMHA', CBA3aHHOTIO
n3ooytupamuaoM (puc. 1). C moMoIbio TpexMe pHOM
KJIETOUYHO MOJIeJIM U KOH(DOKaJIbHOM BU3yaTu3alun
MOKAa3aHo, 4YTO 3Ta OeIKOBasi HAHOCTPYKTypa pa3pyliia-
€TCsl Mo JeHCTBUEM TIpOTeas, BEICBOOOXIAsl JOKCOPY-
ouiuH. [TpennoxeHHas CTpyKTypa 0COOEHHO MHTEpEC-
Ha JJIs1 pa3pabOTKU 3allUTHBIX CJIOEB, UCTTONB3YIOIINX
¢depMeHTaTMBHOE pa3pyllleHWe B KadyecTBE Tpurrepa
JIUIS1 BBICBOOOXKIEHUS JIEKapCTB, U MEPCIEKTUBHA LIS
BBICBOOOXIEHMST TIPOTUBOOITYXOJIEBBIX MPENapaToB U
MPT-nmnarHoctnku.

JI1s TIONTydeHUsI HAHOPA3MEPHBIX AUNUOHbIX Ge3U-
Kya (aunocom, Kepacom u MAacHUmMocom) WUCIIONb3YIOT
CBOICTBO MOJIEKYJT (pOCHONMMITUIOB 32 CUET CBOUX TTO-
BEPXHOCTHO-AKTUBHBIX CBOMCTB CaMOITPOU3BOJILHO
00pa3oBEIBaTh B BOTHOM cpene OMCIION, KOTOPHIE, B
CBOIO ouYepelb, CKJIOHHBI K TalbHelIeMy o6pa3oBa-
HUIO TIOJIBIX ITY3bIPLKOBBIX CTPYKTYP (JIUIIOCOM). DTO
obecrieunBaeT 3(pPEeKTUBHOE B3aMMOJCHCTBUE Ha-
HOHOCHTEJIS C KJIETOUHOM MeMOpaHoii. JIekapcTBeH-

! AJBOYMWH VCTIONIB3YETCS ISl PElIeHUs IBYX 3a1a4: obecriede-
HUS (1) OMOCOBMECTUMOCTHU M CHUKEHUSI TOKCMYHOCTU HAaHO-
nperapaTtoB; (2) BBICBOOOXIEHUST HArPy>KEHHOTO JIEKApCTBEH-
HOTO cpencTBa nof AeicteueM hepMEeHTOB, pa3pyllalolInX 3a-
IUTHBII OEJIKOBBIN CIION.
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Puc. 2. CtpoeHe MATHUTOCOM, HarpyXKeHHBIX TOKcopyouumHoM [30].

HO€ CPEICTBO MOXET pacriojlaraTbesl Kak B SApe JIU-
TTOCOMBI, €CJTM OHO BOIOPACTBOPUMOE, TaK U B €€ 000-
JIOUKe, ec/d JIEKapCcTBO upopacTBopumoe. ['opazno
0oJ1ee BBICOKYIO CTaOMIIBHOCTD, YeM Y OOBIYHBIX JTATIO-
coM [29], meMOHCTPUPYIOT KepacoMbl. MarHuTOCOMBI
[30—32] (puc. 2) — JIMIOCOMBI C IOIIOJIHUTEIHHO
BCTPOSCHHBIMU B cTpyKTYypy MHY — mpumenstiorcs
HE TOJIbKO B KQ4€CTBE MarHMTHO-YIIPaBJISIEMOro A0~
cTaBlllMKa JekapcTB [31], HO U MO3BOJISIIOT KOHTPO-
JIMPOBATh CBOE pACIIPEAEICHUE in ViVo IPUA TTOMOIIU
CPEICTB MarHUTHO-PE30HAHCHOU BM3yanus3auuu. B
pab6ore [32] mmoka3aHO, YTO BBICOKAsI YCTOMYMBOCTh
Harpy>k€HHbIX TOKCOPYOMIIMHOM MarHUTHBIX Kepa-
COM COXpaHsIeTCs B T€UEHUE JJIUTEIbHOTO BDEMEHU.

CBoeobpasHoit o6omoukoii 1t MHY moryT ciy-
KUTh U Apyrue oObeMHbIe CTPYKTYPBI, CoaepKalliie
MOJIOCTH, pa3Mep KOTOPBIX JOCTATOYEH IJISI pa3Me-
mennss MHY. Harmpumep, pa3padorana [33] MHOrOo-
¢dyHKIIMOHAaNIbHAsI HaHOMIaTGopMa I MYJIbTUMO-
JaJTbHOM BU3yalIM3allii W paguoTepariii Ha OCHOBE
HAHOYACTHI] 30JI0Ta, CTA0MIN3UPOBAHHBIX MO (aMU-
JIOAMUHOM) — IEHAPUMEPOM 5-TO TIOpsIIKa BETBACHUS
(G5), B xoropeie mobGaBneHbl HY okcuma keiesa.
Oo6paszylommecs cTaOMIM3UPOBAHHBIC ICHIPUMEPOM
MHHU Fe;0,/Au nmenu nuametp oxkosno 100 HM, ne-
MOHCTPUPOBAIN XOPOIIYIO KOJJIOUIHYIO CTaOWIIb-
HOCTb, LIMTOCOBMECTUMOCTb 1 CITOCOOHOCTH ITOIIIO-
math B omxkHeilt UK-o6mactu.

IMpennoxeHbl U IpyrrMe MHTEPECHBIC CTPYKTYPHI.
Tak, IMUPOKUMHU ITOTEHUMAJILHBIMUA BO3MOXKHOCTSI-
MU 00JIaJal0T MHOTOMYHKIIMOHATBHBIE MaTEpUAIbI,
ONMCaHHBIC, B YaCTHOCTHU, B padoTe [34]: raHTene006-

KYPHAJI AHATUTUUYECKON XUMUU

pasnble (dumbbell) MHY Au—Fe;0O, ¢ BbICOKUM 3Ha-
YyeHeM MarHUTHOIO MOMEHTa, 00eCIIeUnBalOIIe B1-
3yajM3aliio, XapaKTepu3alnio 1 oIlpeaesieHIe Ha Kie-
TOYHOM M CYOKJIETOUHOM YPOBHSIX, a TaKXe ITOJIbIe
MHMY 151 nocTaBKM HUCIUIATMHA U JOKCOPYOUITHA.

Crenyet oTMeTUTD, YTO Mpenaparthl, coaepxaliue
O6naroponHbie MeTayutbl (Au, Ag, Pt, Pd) B Bune uH-
KOPHOPHUPOBAHHBIX MOJIEKYJISIPHBIX (DOPM, HAHOCJIO-
eB Ha noBepxHoctu MHY unu HY B ux ctpykrype,
HaxoJsT IIUPOKOe NMPUMEHEHNE B OMOMEIUIIMHCKUX
ucciaegoBanusx [19, 34]: AuHY ontuyecku akTUBHBI
M UCHOJB3YIOTCS B ONTHYECKOW BM3yalu3allMd Ha
OCHOBE CBeTopaccesiHusl, (GOTOMIOMUHUCHEHIIUN U
TUTaHTCKOTO KOMOWHAIIMOHHOTO paccesiHus (surface
enhanced Raman scattering), a Takzke TTOBEpXHOCTHOTO
IUIa3MOHHOTIO pe3oHaHca B ob1actu 500—800 am. [Tna-
TUHA U NTAJUIaIMIA UCTIOJIb3YIOTCSI B OCHOBHOM B BUJIE
MOJIEKYJISIPHBIX (hOpM.

BcecTopoHHsIst xapakTepur3alusi 1oJiydaeMbIX Ha-
HOCTPYKTYp — BaXKHeiilllee yC/IOBHE MOCIEaYyIOIIEeTO
3P eKTUuBHOro NpakTUYEeCKOro MpUMeHEHUsI HAaHO-
MaTepUaioB, MTOCKOJIbKY UX YHUKAJIbHbIE XapaKTepu-
CTUKU HETOCPEACTBEHHO 3aBUCSIT OT CTPYKTYPHBIX 13-
MEHEHUI Ha HAHOYPOBHE, OT KOHKPETHBIX Pa3MEPOB
HY, creneHn ux MoJuauCTIEpCHOCTA U MOP(OJIOTUU
(reometpun HY, pasmepos sapa u obojiouek). B pa-
6ortax [8, 10, 35] neTajibHO pacCMOTPEHBI MPEUMYIIe-
CTBa U HEIOCTATKU METONOB, IPUMEHSIEMBbIX JJIsI Xa-
pakTepu3alluy pa3MepoB, TTOJUIUCTIEPCHOCTHU U Te0-
METPHYECKHMX XapaKTepPUCTHUK simpa u odbomouek HY.
Ne 10
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BUOMEINLINHCKUE 3AJAYU, PEITAEMDbIE
C UCITOJBb30OBAHMUEM MAT'HUTHBIX
HAHOYACTUL, 1 NX AHAJIMTUYECKOE
OBECIIEYEHUE

Haub6oinee BaxkHbiM cBoiicTBoM MHY nj1s1 6riome-
IUIIMHCKOTO IIPUMEHEHMUsI SIBIISIETCSI OMOCOBMECTH-
MOCTh M CITOCOOHOCTD K OMOJIOTUYECKOMY pa3iioxKe-
HUIO, UYTO MO3BOJISICT TPAHCHOPTUPOBATh UX MO MYTU
MeTabonuama xejesa [36]. OmHako UcciiefJOBaHMIA, 10~
CBAIIICHHBIX 3TOM BaxXKHEUIIIEH IpobiaeMe, HemocTa-
TOYHO, Y B3aMMOJIEICTBUS B CBIBOPOTKE KPOBU UEJI0-
BeKa 13-3a UX CJIOKHOCTU M3y4aloTcs penko [37].

KJiroueBbIM BOMTPOCOM MPU OLIEHKE KIMHUYECKO
MPUMEHVMMOCTU MpenapaToB SBISIETCS OlLIEHKa MX
rnoBeaeHUs1 B opraHusMe. B ciyyae MHY kak kpat-
KOCPOYHbBIE MOCENCTBUSI TPUMEHEHUSs (BpeMsl LIup-
KyJISILMM KPOBU, OUopachpeneieHre Ha CyoopraHHOM
1 KJIETOYHOM YPOBHSIX), TaK U JOJITOCPOYHBIE (TOKCHY-
HOCTb, CKOPOCTb Jerpagallii YacTULl U BbIBEACHUS
M3 OpraHu3Ma) He BITOJHE sAicHBL. Ha 3Ti hakTOoph! B
9KCIEPUMEHTAX in Vivo OyIeT BJIUSITh, B YaCTHOCTH,
Bpems mupkysiunu MHY B KpoBU, KOTOPOE MOXKET
BapbUPOBaTh OT HECKOJIbKUX MUHYT J0 JHE BCie-
cTBUE (DOPMUPOBAHUSI HA MX MOBEPXHOCTU 6e1K080LL
KOpOHbL, KOTOpasi HEM30eKHO 0Opa3yeTcs 3a CUeT MpaK-
TAYECKU MTHOBEHHOI copOLuu O€IKOB U3 IUIa3Mbl
kpoBu npu koHTakTe ¢ HY [38]. CocTtaB u cTpyKTypa
O0enkoBoit 06osiouk HY Bo MHOTOM 3aBUCHUT OT (DU~
3MKO-xuMunueckux mnapamerpoB HY: moBepxHocTH
YacTULIbI, €€ pazMepa, GOopMbI, a TAKKe yCIOBUI B3a-
UMoaeicTBUs (MCTOYHMKA OeJika, TeMIiepatypsl, pH,
UINTEJIBHOCTH 3KCIIOHMpOBaHU) (puc. 3).

Kiaccuueckoe ommcaHue OEIKOBOM KOPOHEBI
noapa3yMeBaeT HAIMJIUE “TBepmoil” n “MsATKOI” KO-
poH [40]. ITpenmnonararoT, YTO GEIKM XKECTKOM KOPOHBI
B3aMMOIEHCTBYIOT HEITOCPEICTBEHHO C IOBEPXHOCTHIO
HUY, a 6exu MITKOI KOPOHEBI CBSI3BIBAIOTCS C OeTKa-
MU KE€CTKOI KOPOHBI Uepe3 ciiadble 0eJ10K-0eTKOBbIE
B3anMMOIeUCTBUA [41]; TepBOHAYAIbHBINA COCTAaB KO-
poHBI dopmupyerca yxe depe3d 30 ¢ MHKyOauum
HY [42]. ITociencTBus TaKMX HAaHOOMOB3aUMOIEii-
CTBMI pa3HOOOpPa3HbI U IOKA IUIOXO IIPEACKA3yeMBbI.
OHU MOryT BKIIOYATh YBEIWYEHUE PaCTBOPHMMOCTU
HY; uMMyHHBII1 OTBET OpraHu3Ma, HallpaBJICHHBIN Ha
ycrpanenne HY 13 KpoBOTOKA; MAaCKUPOBKY XIMMU-
YeCKUX MJIM OMOJOTMYECKUX (PYHKIIMMI, CIIEIIIaIbHO
npunaBaeMbix HY [38]. Hanpumep, ycTaHOBJIEHO,
YTO COpOLMs OEJIKOB ChIBOPOTKM KPOBU Ha MarHUT-
HBIX HOCUTEJISIX (T.€. 00pa3oBaHUE KOPOHBI) MPETISIT-
ctByeT arjiomepauuu MHY [43]. B netanbHBIX uc-
clIedOBaHUSIX, MOCBIIIEHHbIX aerpamanvuu MHY in
Vitro B AMATUPYEMBIX JIN30COMAIbHBIX YCIOBUSIX [44,
45] ¥ KJIEeTOYHBIX KyJIbTypax [46, 47], yCTaHOBJIEHBI
TaKMe acneKThl OuoTpaHchOpMalliy MarHUTHBIX Ya-
CTUII, KaK BHICBOOOXKIEHIE NOHOB METAJIOB, y4acTHe
KOMILJIeKCa MeTaboJIMUecKoro 0enka kene3a B IOIIo-
IIEHUH XeJie3a, IIOCTeIIEHHbII Iepexon YacTUIl B (hop-
My (eppUTHHA U BO3MOXHOCTh CMHTE3a YacTull de
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Puc. 3. M3oTepMbl ancopOLIMK YEI0BEYECKOrO ChIBOPO-
TOYHOTO aJIbOyMMHA Ha KPEMHE3eMe, MOIUMUIIMPOBAH-
HOM: / — TIOJIU3TUJICHUMUHOM; 2 — HEMOIU(UILIMPOBAH-
HOM; 3 — 3-aMUHOIPONUJITPUITOKCUCWIAHOM; 4 — Me-
TUITPUATOKCUCIIIaHOM [39].

Nnovo 13 NpoayKToB pacnana [48]. BmecTe ¢ TeM KoM-
TUIGKCHBIE MCCIeNoBaHUsI OuoTpaHcopMalu 4a-
CTUII Xejie3a B OpraHu3Max IpoBoasTcs peako [7]. B
CBSI3U C 3TUM BBISIBJICHHE 3aKOHOMEPHOCTE (hopMm-
POBaHUS 1 TTOCJIeIYIONIETO HAHOOMOB3auMOIeICTBUS
0eJIKOBOI1 KOpPOHBI (C KOHKPETHBIM COCTaBOM U
CTPYKTypoii) mist Kaxkgoro turia HY aBnsiercs akty-
QJIbHON 3aayeid.

OCHOBHBIMU HAaIIPaBJICHUSIMMU MCIIOJIbL30BaAHMSI
aTOMHO- M MacC-CIIEKTpaJIbHBIX METOJIOB B OMOMe-
IUILIMHCKUX UCCIEeNOBAHUIX SABIISIOTCS aHaIN3 OMO-
JIOTMYECKUX XUIKOCTe M TKaHeu, comepxaiuux HY;
olrpeesieH e paCTBOPEHHBIX U HAHOPa3MeEPHBIX (hOpM
JIEKapCTBEHHBIX IIPEIapaToB B OMO0OBEKTaX (C pasme-
JIeHueM U 0e3); onpenencHue pasmepa HY, BoisiBieHue
xapaktepa pacapeneneHuss HY o pasmepam 1 ero us-
MEHEHUS TIPU KOHTAaKTe C OMOIOTMISCKMMU CPETaMM.

OOmiee comep:KaHuWe D2JIEMEHTOB, BXONSIIMX B
coctaB HY HaHOMaTepuasioB, yallle BCero OorpenesssioT
meronamu MC-UCII, pexe — ADC-UCIT wm
OTAAC [49]; nns pewrenus atoii 3amaun HY mommkHbI
OBITh PAaCTBOPEHHI B ITPOLIECCE MUHEPATU3ALY MATPU -
LIl WJIY TOCJIE €€ IIEJIOYHOIo M (PepMEHTAaTUBHOIO
pacIiIernIeHUsI.

BcnenctBue CioXXHOCTU GUOJIOTUYECKUX CUCTEM,
comepxamux HY, moBenmenue dactull (Hampumep,
CKOpOCTb U CTETEeHb Aerpagaiumn) B TaKMX CUCTEMaXx
Ha HaYaJIbHBIX 3TallaX 4acTo UCCAEAYIOT B MOIEIb-
HBIX BKCIIEPUMEHTAX C MCITOJIb30BAHUEM PACTBOPOB,
WUMUTUPYIOIIUX OMOJOTUYECKUE XUIKOCTU (OenKo-
BbIE PACTBODPHI, IIJ1a3Ma WU CBIBOPOTKA KPOBM), U HA
0oJiee MPOCThIX OMOJIOTUYECKUX CUCTeMaxX (MHKYOu-
poBanue HY B mpuUCyTCTBUM KJIETOUHBIX KYJIBTYD,
pacTUTENbHBIX U Ouoornueckux matpui). [lpu
3TOM B JIIOOOM CiTyyae HeoOxXoarMa ImpoOOIIoIroToBKa,
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HaIIpaBJICHHAs Ha OTAEICHIE MaTPULIBI, a TAKXKE pa3ie-
JIEHME paCTBOPEHHBIX 1 HAHOpa3MepHbIX popM. OTre-
JIEHVI€ HAHOYACTUIl MOXET OBITh BBIITOJTHEHO ITyTEM
MarHUTHOI ceIlapauuu, yabTpaduIbTpalluii, C UC-
MOJIb30BaHMEM METOI0B KalWUISIPHOTO 3JIEKTPpOdo-
pe3a uiau xpoMmatorpaduu. Hanpumep, miist usyde-
ang n3MeHenit MHY nipu makybannm ¢ OenkaMu B
UMUTUPYEMBIX (DU3UOJIOTMUECKUX YCIOBUSIX ObLIU
KCCIIeA0BaHbl BOBMOXHOCTY KaIWJIISIPHOTO 3JIEKTPO-
¢opesza (KD) B coueTaHMM ¢ TAHAEMHOM MacC-CIIeK-
tpometpueii (KB-MC/MC-UCII) [50].

Crpoc Ha ObIcTpy1o U 2DOEKTUBHYIO METOI0JI0-
TUI0 pas3iejieHUs] U OYMCTKU MPOAYKTOB, COAepkKa-
mux HY pa3znuuHoil cTerieHy noJuaucIIepHOCTH, B
W3BECTHOI CTEIEHU MOXKET OBITh YIOBJIETBOPEH 3a
cueT BO2XKX B ee 3KCKIIO3MOHHOM BapuaHTe. OnHa-
KO 3TOT BUJ, pa3leicHUsI OOBIYHO 00JIamacT HU3KOM
3¢ HEKTUBHOCTBIO pa3aeIeHUS 110 IIPUINHE MEIJICH-
Hoil nuddy3uu HY B xxmakoii paze; BO3MOXHBI MO-
Tepu IIPOOBI U3-3a COPOLIMOHHBIX B3aMMOIEICTBUIA
HUY ¢ venmonBmzxkHOI (pa3oit. B kauecTBe arbTepHATH -
BbI Ha TipumMepe pssaa HY (3oso0ta, cepedpa v nasnia-
JIVisl, TOBEPXHOCTHO-MOIN(PUIIMPOBAHHBIX OpraHUYe-
CKMMM COCAMHEHMSIMM) MOKa3aHa BO3MOXKHOCTh ITpH-
MeHeHus1 Wi pasneneHuss HY obpaieHHo-(a30Boit
BOXKX (O®-BDXKX) [51, 52]. BroT BapuanT BOXKX
OTJINYAETCS OBICTPHIM YCTAHOBJICHUEM TUHAMUYE-
CKOTO paBHOBECHSI Ha KOJIOHKE U, COOTBETCTBECH-
HO, BBICOKOU 3((eKTUBHOCTBIO pasueneHus. I1o
HaIllMM IpeaBapUTEIbHBIM TaHHBIM, ITIOJIyYeHHBIM
npu OP-BOXKX-pazneneHnu ruapodpuiababix HY
MarHeTuTa, MOIU(PUIMPOBAHHBIX HUTPAT-MOHOM
(Fe;0,-Cit), ator BaprantT O®-B3O2XKX BrionHe pabo-
TocrnocobeH. B couetaHum co crniekTpodoTomMeTpuye-
CKMM JETEeKTUPOBaHUEM B BUOAUMOM Auana3oHe (400—
450 uM), xapakTepHOM Wi yKazaHHBIX HY, Obuin
MOJIy4eHbI XpOMaTOTpaMMbl, UMEIOIIIE HECKOIbKO
BOCHPOM3BOINMEBIX ITMKOB, COOTBETCTBYIOIINX (Ppak-
USIM, OMHOBPEMEHHO COIepXKallluM PacTBOPEHHOE
xkene3o 1 MHY (nmonteepxneHo ADC-UCII-ananu-
30M (hpakiuii Ha coaepKaHue OOIIETo XKeae3a).

ITo cpaBHeHUIO ¢ KJIacCMYECKMMHU BapUaHTaMU
MC-UCII 1 onTuYecKoil SMUCCUOHHOM CHEKTPO-
meTtpueit ¢ UCII, nMeromux psig MHCTPYMEHTAJIBHBIX
orpanunyeHuii, SP-ICPMS no3Bosser mojyduThb ro-
pasno 60bIe nHGOPMAalIK, B YaCTHOCTU, JaHHBIE O
KOHIIEHTpAllMK1 YaCTHUIl B eAUHUIIe 00beMa aHaJIN31-
pyeMoro pacTBopa 1 o pacrpeaeeHUH YacTull 110 pas3-
MepaM. Ha ocHoBaHIM 3THX JaHHBIX MOXKHO CYIUTh 00
n3MeHeHusIx, npoucxonsgmmx ¢ HY npm koHTakTe C
OMOJIOTMYECKOM Cpeaoii: TTPONCXOAUT JIU PaCTBOPEHNE
HY, ux arpermpoBaHue, HaKOIUICHWE M KAaKOBa CKO-
pocTh 3TNX M3MeHeHuit. OpHako maxe 11 SP-ICPMS
MarHuTHbIe (T.e. xkene3oconepxkaiire) HY Haubdosee
clioxHbl. HecMOTpsa Ha TO, 4TO METOH IIO3BOJISICT
onpenenuth unciao HY m ux pasmeps [53], npenen
OOHapyXeHMsI Xejie3a B BUIE YaCTULL CYIIECTBEHHO
YXyAIIaeTCs M3-3a MPUCYTCTBUSI B OpraHU3ME SHJIO0-
TeHHOTO 3keje3a [54], maBHBIM 00pa3oM B BHIE KOM-
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Tiekca ¢ eppuTMHOM U reMocuaepuHoM. Benencreue
3HauuMocTu Metona SP-ICPMS mist coBpeMeHHBIX
OMOMEIUIIMHCKUX UCCIEOBAHUI Mbl PACCMOTPUM €T0
HIKe 00J1ee TToaApOOHO.

K mocimeqHUM DOCTUXXKEHUSIM MacC-CIIEKTPOMET-
puu otHocuTcsl Takke SC-ICPMS [55] — BapuaHT,
KOTOPBIi1 ITO3BOJISIET aHATU3UPOBATh OTACIbHEIC KJIET-
K1 [56]. OTMeTHMM, YTO COCTaB KJIETKM HaMHOIO
clioxHee, yem coctaB HY, coneprkaHue HeopraHude-
CKUX KOMIIOHCHTOB 3HAYMTEIBHO HIKE, OHU SIBJISI-
I0TCs1 60JIee KPYIMTHBIMU U XPYIKUMH OOBEKTAMHU, UeEM
HY. Ony6ankoBaHHBIE K HACTOSIIIIEMY BpeMEeHU pa-
6otel o SC-ICP-MS MOXHO pa3ne/mTh Ha IBE OC-
HOBHBIE KaTteropuu [57]. OmHa n3 HUX BKITIOYaeT MO/~
XOIIbl, pa3paboTaHHbBIC U UCHOJIb3yeMbIe IS MOHUTO-
puHra OOBEKTOB, WMIIOPTUPYEMBIX B  KIIETKU
(HampuMep, HAaHOYACTHII, KBAHTOBBIX TOYEK, METAJLI-
coaepxaiux npernapatoB) [38, 59]. Ko Bropoii, yacto
0oJsiee CIOXKHOM KaTeropyuu, OTHOCSITCS PabOTHI, MO-
CBSIILIEHHBIE OIpeAeSICHNIO SHIOTCHHBIX 3JIEMEHTOB B
kieTkax [60—62]. B cIOXHBIX 3KCIIEPUMEHTAX aBTO-
paM paboThl [63] yIaaoch BHIIOJIHUTE ONpeacieHNe B
eIMHUYHBIX KIIETKAX KaK SHIOTeHHBIX 3JIeMeHTOB (P,
S, Fe, Cuu Zn), Tak ¥ TUIaTUHBI, BBEICHHOM B BUIE 111 -
criatuHa. IlojydeHHBIE pe3y/IbTaThl BBHISIBUJIM pa3-
JINYUS B aOCOIOTHOM KOJIMYECTBE SHIOTEHHBIX 3J1¢-
MEHTOB B KJIETKaxX MEXIY pa3IMIHbIMU TUITAMU KJle-
TOK, 4TO yKasbkiBaeT Ha moreHuuail SC-ICP-MS B
KayeCcTBe MHCTPYMEHTa “MeTa/umoUHTEePIPUH-
TUHra”.

KiroueBBIM acrieKToM B pa3BUTUM 3TOTO MOAX0IA
SIBJISIETCSI  COBEPIIIEHCTBOBAHUE CIIOCOOOB BBEACHUS
kirerouHbIx cycrieH3uii B MUCIT mmyTteM pa3paboTKH cIie-
LIMAJIM3MPOBAHHBIX CUCTEM BBOJAA PacTBOPOB (pac-
MBUIATEJIC U pacIbUIMTENILHBIX KaMep), obecIieun-
BAIOIINX LIEJIOCTHOCTb 1 MAKCUMAJIbHYIO 3(HEKTUB-
HOCTh TPAHCIIOPTUPOBKHU aHAJIM3UPYEMBIX KIIETOK B
UCTOYHMUK.

MACC-CITEKTPOMETPUA B PEXXKUME
AETEKTHUPOBAHMWA OANMHOYHbIX YACTHUL]
B BUOMEJINLIMHCKUX NCCIEJOBAHUAX

OnuH 13 HanboJee MePCIeKTUBHBIX COBPEMEHHBIX
MeTomoB omvicanus u onpeneiacHus HY, SP-ICP-MS,
ObLT TIPEIJIOXKEH KaK albTepHATUBA MUKPOCKOIIU -
YeCKUM MCCJIeIOBAaHMSIM W BHayvaje paccMaTpu-
BaJICsl KaK WIeaJbHbI METOM JJIsI aTOMHOM CITEKTPO-
MeTpuu [64]. OcCHOBBI 1 METONOJIOT M aHAJIN3A B PEXKU-
Me SP-ICP-MS usznoxeHsl B padoTax [65—68].

B xauecTBe aHAIUTOB OOBIYHO BHICTYNAIOT METaJl-
muueckue HY Ha ocHoBe Au, Ag, Pt, HY, nmeroiiue
B cBOeM cocrase okeunel — Fe, O, CeO,, CuO, SiO,,
TiO,, ZnO u “kBaHTOBBIE TOUKK” (quantum dots) —
CdSe, ZnS ut.1. [69].

Ananus B pexxume SP-ICP-MS BoeImsiouT cieny-
oM odpa3zoM. HaHodacTulisl B BUae pa30aBiIcH-
HOTO KOJUIOMJHOIO pacTBOpa, IMPOXoas Yepe3 CUCTe-
Ne 10

TOM 78 2023



ATOMHO-CHEKTPAJIBHBIE METO/Ibl B UCCJIELOBAHUU CBOVICTB 903
A b B

e N\ ——
a I Iy
5
o
e
/m
=
Q
I
[}
[
T
=

~ 300 MKC
\ /\ A ) BpeM;[

Puc. 4. Koppensiuust MexXay fq U COOBITUSIMU, CBSI3aHHBIMU € TeHepanueil curHanos HaHouactul (HY). A: MneanpHoe coBna-
nenue — onHa HY perucrpupyercs B TedeHne BIOpaHHOTO #y. [ToydeHHass THTEHCMBHOCTL CUTHAJIA MOXKET OBITh MCIIOJIB30-
BaHa JJ1s BblYMCIeHUs xapakTepucTuk 3Toii HY. b: HenmonHast peructpanus — curnan HY peructpupyercst B IByX BDeMEHHBIX
orpe3kax. B: Perucrpaimst coobITHsI ¢ ABYMsI WuIM HeCcKoJIbkMU HY, 4To MOKEeT MpUBOAUTS K 3aBbIlIeHUIO pasmepa HY.
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Puc. 5. (a): BpemenHoit ckan B pexume MC-VCII ogHOYHBIX YacTUIl KOJUIOUTHOTO pacTBopa, comepxkaiero HY Ag
(100 HM) 1 1 Hr/MI pacTBOpeHHOTO cepebpa. (6): [McTorpaMMma, MOCTPOEHHAsI C Y4€TOM JAaHHBIX BDEMEHHOTO CKaHa (a). Yy, —
cpefHee 3HaueHUe (POHOBOIO CUrHaa, Y, — UHTEHCUBHOCTD, BbILLIE KOTOPOX CUTHAJIbI IIPUIIMCHIBAIOTCA HaHoyacTulam [70].

My BBOJa IIPOOBI MaccC-CIIEKTpOMeTpa, MOMnaaaioT B
MJ1a3My, TIe HOHU3UPYIOTCS, TeHepUpysT MOHHOE 00-
nako. I[IpaBuinbHO BEIOpaHHOE BpeMsI MHTETPUPOBa-
HUS oguMHO4YHOro curHaia (dwell time, #;) (OT He-
CKOJIBKMX COT€H MUKPOCEKYH/I 10 HECKOJBKIX MUJI-
JIMCEKYHI) Mo3BoJsIeT neTekTupoBaTh HY kak ogHO
cobniTue (puc. 4). KonuuectBo CoOBITUI, TTOACUM-
TaHHBIX 32 BpeMsI cOopa JaHHBIX, HAIIPSIMYIO CBSI3aHO
¢ konmnyectBoM HY, mocTynariux B mia3smy. lamee
KOJIMYECTBO COOBITUIA MOXKET OBITH IMEPECYUTAHO B
komyectBo HY B pactBope. MHTEHCMBHOCTD KaXKIOTO
COOBITHSI TIPOIIOPLIMOHAIbHA KOJIMYECTBY HMOHOB B
Kaxnoit otnensHOM HY 1, ciienpoBaTenbHO, Macce aiie-
meHTa B HY. Maccy kaxnoit H4 moxHo npeobpa3zo-
BaTh B €€ pa3Mep, €CJIM U3BECTHHI COCTaB, (popMa U
miaotHocTh HY.

B SP-ICP-MS curnansl, reHepupyembie HY, 3a-
MUCHIBAIOTCS KaK BPEeMEHHBIE pa3BepTKHM (puc. 5),
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KOTOPBIE COCTOSIT U3 “BCILIECKOB” (KOJIMYECTBO COObI-
TUi1, cBa3aHHbIX ¢ HY), perucrpupyeMbix Bblllle He-
npepbiBHOI 0a3oBoii JmHMU (doHa). IlomydeHHBIE
BpeMEHHBIE CKaHbl MOXKHO 00paboTaTh, IIOCTPOUB 3a-
BUCUMOCTb KOJIMYECTBA COOBITUIA OT MHTEHCUBHO-
CTEM COOBITUI (MJIN KOTUIECTBO COOBITHI 32 (PUKCH-
poBaHHOE BpeMs cOopa naHHbIX). IlomyyeHHBIE Ta-
KUM 00pasoM TMCTOTrpaMMbl MO3BOJISIIOT BbIIEJIUTH
00J1acThb, CBSI3aHHYIO ¢ MH(MOpPMalUeil O paCTBOPEH-
HoOIT (popMe dlIeMeHTa-aHaJInTa, U 00J1acCTh, CBSI3aH-
Hy1o ¢ uHgpopmariueit o HY (puc. 5).

B 3aBuCUMOCTH OT BBIOPAHHOTO #4, COOBITUS, CBSI-
3aHHbIe ¢ HY, MOryT OBITh IpencTaB/JICHbI B BUAE -
KOB, MOCTPOEHHBIX C UCITOJIb30BAHUEM OTHOTO (74 B
MIWIIUCEKYHIHOM pauara3oHe 3—10 mMc) uiam He-
CKOJIbKUX 3HAaUCHUM (73 B MUKPOCEKYHIHOM Jauara-
3oHe 10—200 MKc) aHaIMTUYECKUX curHaiaoB. [lo-
CKONBKY IJUTEIILHOCTh coObiTsd HY Haxommtcs B
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Puc. 6. I[Ipodmiu coObITHIT YacTHUII, 3aperMCTPUPOBAH-
HBIX B Pa3HOE 4 U1 HaHo4YacTull 3010Ta 50 HM [72].

nunamna3oHe 300—1000 mkc [71], curHaabl, MOJyYeH-
HBIC TIpW pa3HbIX 3HAYCHMUAX td’ 6y£[yT OTJINYaTbhCH

JIpyT OT apyra (puc. 6).

Kak orMeuaoch BhIIIE, BpeMEHHBIE CKAHbI MOTYT
OBITb 00pabOTaHbI MYyTEM MOCTPOSHUS TMCTOTpaMM
3aBUCHMMOCTH KOJIMYECTBA COOBITUI OT MHTEHCHUBHO-
creii coobITuii (puc. 5). s otneaeHns pOHOBBIX CO-
ObITUiT U coObITUI ¢ HY MCIonab3yloT KpUTepuu OT-
0Oopa, BEIOOP KOTOPKIX BJIUSIET Ha TIpeIesl ONpeacIeHUs
pasmepa HY (ITpO pa3mepa HY). OObIYHO UCTIONB3Y-
JOT KpUTEPUIA 30, OCHOBAHHBINA Ha CTAHIAPTHOM OT-
KJIoHeHun 6GaszoBoii auHum [68]. IlokaszaHo [72], uTo
TIOSIBJICHUS JIOXKHBIX PE3y/IbTATOB IMO3BOJISICT N30€KAaTh
HCIIONBb30BaHUE KpUTepHA 50. Bee npenioXeHHbIE aj-
TOPUTMbI MOTYT OBITh peaIn30BaHbI MOJIL30BATEIISIMU,
SKCITOPTUPYIOIINMH HeoOpaboTaHHEIC TaHHBIE B COO-
CTBEHHBIE TIPOrpaMMBbl 1 3JIEKTPOHHBIE TAOJIUIIHI.

B Metone SP-ICP-MS sripensior I1pO pasmepa
HY (LODy;,.), MUHUMaNIbHYI0 KOHLeHTpauuio HY
(cyy HY mi LODyy) 1 MUHMMaJIBHYIO Maccy peru-
crpupyemoit HY (m,,,,, HY).

KYBPAKOBA u 1p.

ITpO pasmepa HY B SP-ICP-MS onpenensercs
3JIEMEHTHBIM COCTaBOM, TNIOTHOCTHIO U (popmoit HY
M 3aBUCUT OT YYBCTBUTEJIHLHOCTH CIIEKTpPOMETpa, a
TakK:Ke BBIOpAHHBIX YCIOBUIA M3MEPEHUIT, 0COOEHHO
OT 74 v OoT 3HaueHuit pona. I1pO pazmepa HY, nomny-
YEHHBIE JIJIS1 YUCTBIX BOTHBIX KOJJIOMAHBIX PACTBOPOB,
HEIOCTVZKMMBI VTSI peaIbHBIX 00pa31oB. BaxkHyro ponb
npu HaxoxaeHuu ITpO pasmepa HY urparor nzobdapu-
YecKre U MOJIMAaTOMHBIE BIUSHUS, KOTOPbIE OOBIYHO
MIPUCYTCTBYIOT B CJIOXKHBIX MAaTPUIIAX; BCE BO3MOXHBIC
CHEeKTpaabHble Y HECIIEKTPaJbHbIE BIMSHUS TOJKHBI
OBITh BBISIBJICHbI, MUHMMU3UPOBaHbI U YYTeHBI. B Ka-
yectBe opueHTupa 1o I1pO pasmepa HY, nomygaembim
MeTonoM kBaapyrioinbHoit MC-MCII, MOKHO MCTIONb-
30BaTh TeopeTHUeckue pacueTbl misd 40 pasauyHbIX
cuHTe3npoBaHHbIX HY Ha (hoHe nemoHn30BaHHOI BO-
nw1 [73]. BTtabn. 1 npuBenera nngopmanus o [IpO pas-
Mepa 1151 Hanbosiee Xopolllo u3ydyeHHbix HY.

MuHuMalibHasi KOHLEHTpauus c,,,,, HY onpene-
JIsIeTCsT MUHUMaIbHBIM KonndectBoM HY, xoTopoe
JIOCTUTAET CUCTEMEBI JeTeKTUpoBaHMs. JlaHHoe 3Ha-
yeHue, kak 1 yuciao HY B 1 M1, paccuuTeiBaeTcs 1o
dopmye (1):

— Dyy
b
N g Diy
rae Dyy — o0lliee KOJIMYeCTBO COOBITUM, CBSI3aHHBIX
¢ HY; D — oO1iee KOIM4ecTBO COOBITHIA 3a BEIOpaH-
HBII MPOMEXYTOK BpEMEHU U3MepeHus; N — apdex-

TUBHOCTb PACIbUICHUS; ¢ — CKOPOCTh TOJAaYM pac-
TBOpA, MJI/C; f; — BpeMsl HAKOTUIEHUsI CUTHaJIa, C.

Cc

(1)

Conepxanne HY B 1 mia 3aBUCHUT OT 3pheKTB-
HOCTU TPaHCIIOPTMPOBKM a3po30Js 1] (KOJIUYEeCTBO
pacTBOpeHHOU (opmbl aHanuTa win HY, kKotopoe
JIIOCTUTAET IIa3Mbl; (popmyna (2)) U O0aU 9acTUIl B
pacTtBope ¢ pazMepoM Brite I1pO pasmepa HY. Jlo-
MyCKaloT, YTO MaKCUMaIbHOE 4rcjio coobiTuii c HY B
XOJIOCTBIX pacTBOpax He AOJKHO mpeBbiiiaTh 10 HY
3a MUHYTY aHaJIn3a, a MUHUMaJIbHOE KOJIMYECTBO CO-
obiTuii HY B aHaim3MpyeMbIX pacTBOpax HTOJKHO

Ta6muua 1. Tlpenensl onpenesieHUs pa3Mepa HEKOTOPbIX HAHOYACTUL, B 3aBUCUMOCTU OT #4™* [72, 74]

I1pO pasmepa HY, um
DneMeHT WN3oron Cocras HY
t3=5Mc 3= 100 mkc

Ag 107 Ag 17.4 12.3
Au 197 Au 12.7 9.0
Pt 195 Pt 5.3 3.7
Si 29 SiO, 148.0 105.0
Ti 47 TiO, 41.4 29.3
Fe 56 Fe 36%*

* TlomyyeHbl Ha KBaapynosabHoM Macc-criekrpomeTrpe ¢ MCIT. DhdheKTUBHOCTh TpaHCITOPTUPOBKU — 5%; o6I1iiee BpeMst aHam3a — 60 c;

¢oH — ynpTpauyncTas Boaa.

** PesysbTaTsl IOJy4€HbI Ha KBaapynoibHoM Macc-criektpomerpe ¢ MCII, ocHallleHHOM peaKLIMOHHOI SIeiKoi C BONOPOIOM; £y = 3 Mc;

ob1iee BpeMst aHau3a — 60 c.

KYPHAJI AHATUTUUYECKON XUMUU
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Puc. 7. Cxan B61u3M uzotona S°Fe™ (“cpemHee pa3pelieHue”).

ObITh He MeHee 100 B MunyTy [75]. Ob6bluHO C,,,,, HY
umeer nopanok 10° HY/mn [76, 77].

dsSf,mp

rne d — nmametp HY, HM; .S — HaKJIOH rpagynpoBOY-
HOTro rpaduka Jjisi pacTBOPEeHHOI (MOHHOIT) (DOPMBI
aHalIuTa, UMI/MKT/MJ; f, — MaccoBoe pacnpenesie-
Hue s5eMeHTa-aHaiuTa B HY; p — mioTHOCTb 3neMeH-
Ta-aHanuTa; Iyy — cpenHee 3HayeHue curHata HY,
umit; Iy, — GOHOBBIA CUTHAT; £y — BPEMsI HAKOILIEHUS
CUTHaJIa, C; ¢ — CKOPOCTb MoJaYu pacTBopa, mij/c.

(2)

Benuuuna m,,,, HY 3aBucut ot pazmepa yacTuil u
YyBCTBUTENBHOCTU criekTpoMeTrpa [78]. Maccy HY
orpenessieT TIOTHOCTh BEllecTBa U NOJIs aHAIUTa
B HY. m,,,, HY, xak u macca HY, paccuuteiBaercs
no dopmyne (3):

m= pj;(nd3/6), 3)

rae p — IUIOTHOCTb BELIECTBA, U3 KOTOPOrO COCTOUT
HY; f, — maccoBoe pacnpeaeseHe 3JeMeHTa-aHa-
quta B HY; d — nuametp HY, um. Ilpu pacuete mac-
chl Jenaercsl gonyiieHue, uto HY umeer chepuue-
CKy10 hopMy.

Jns pesxkmva MC-MCIT omMHOYHBIX YaCTHIL XapaK-
TEPHBI TE K€ CHEKTpaJibHble M MaTpUUHbBIC BIVSIHUS,
47O U 1 O0bIYHOro a”Haiauia meronomM MC-UCII.
XOopo1I0 U3BECTHBI ITOJIMATOMHbBIE BIUAHUS “PAr'cO*
Ha usoron °Fe* u “Ar'®*OH" Ha usoron Y'Fe*. Mu-
HUMU3MPOBATh BIMAHUS aproHa Ha usoron °Fe’
npu pabote ¢ MHY MoXHO 3a cueT UCIIOJIb30BaHUSI
peaKkIMOHHOM sueiiku ¢ BomopoaoM [75, 79], ¢ am-
MHUakoM [75], a TakKe KOJUIM3UOHHOM sTueiiku, Ha-
MOJTHEHHOM TejiueM, WJIM 3a CYET BBICOKOIO pas3pe-
IIEHUSI MaccC-CIIeKTPOMETpa, HallpUMep MarHUTHO-
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cexkropHoro [80]. Ha puc. 5 mpencraBjieH CHEKTp
uzotona >°Fe u “Ar'°O*, nony4yeHHslit Hamu Ha MC-
HCII-ciiektpomerpe Element XR (Finnigan Mat,
I'epmanwus) B cpenHeM paspenieHuun. BugHo, 9yTo -
k1 “YAr'®O* u °Fe* xopomo paspemarorcd (puc. 7).

Jasg mmoaydeHns KOJIWYeCTBEHHON MHGOpPMAaIINN
0 pa3Mmepe 1 KoHlLeHTpauuu HY ucronb3yloT craH-
napTtHble oo6pasiubl HY pa3HbIX pa3dMepoB, UMEIOLI-
MU TOT K€ 3JIEMEHTHBII COCTaB, Ty XK€ TEOMETPUIO U
IUIOTHOCTB, 4To M ueneBasgs HY. OpHako HexBaTKa
MOHOINCIEPCHEIX, XOPOIIO 0XapaKTepU30BaHHBIX U
cTabmIpbHBIX cTaHmapToB HY orpanmamBaeT mpuMeHn-
MOCTb 3TOro momaxoaa. MoXHO HCITOJIb30BaTh “home
made” HY npu ycioBuM Mx TIHATEIBHOIO OIMCAHUS
JIPYTMMH METOJIaMM aHaJIn3a, B YaCTHOCTH C TIPUBJIE-
YEeHUEM Pa3IMYHbIX BAPUAHTOB 3JICKTPOHHON MUKPO-
cKomnuM (MpocBeuYrBalollasi, CKaHUPYoIIasi), a Takxke
MeTo/la TMHAMMYECKOIro paccesiHusI cBeta. Pabouune
KOJIJIOWJIHBIE PacTBOPHI HOJKHBI OBITH CTAOMJIBHBI
IpH UINTEJILHOM XpaHEeHUH.

Kpome oOBIYHBIX TPeOOBAHMI K aHAJIM3UPYEMOI
npo0e Mo COCTaBy U MUHEPAJIM3AllMU CO CTOPOHBI
Mmetoga MC-UCII, BaxXHBIM yCIOBHEM MOATOTOBKU
npo0, conepxkaiux HY, siBisieTcs uckitoueHue us-
meHeHus u/win norepu HY. Heobxomumo yduTthi-
BaTh yCTOMYMBOCTH cycrieH3uii HY B miporiecce xpa-
HEeHUs1, oOpallleHUs, MPOOOIOATOTOBKHU, MOCKOIbKY
U3MEHEHUE COCTaBa IMCIIEPCUOHHOM cpelibl, pa30oaB-
JIeHUe, B3aMMOJIeiCTBUE C MaTepHUaIOM KOHTeHepa,
YCJI0BUSI Y BPEMSI XpaHEHUSI MOTYT UBMEHUTh COCTO-
STHUE€ TIOBEPXHOCTHOTO cios uiu pasmep HY 1 BbI-
3BaTh arperanuio. [IpuHIUNMATIBHO BaXXHO YYUTHI-
BaTh BO3MOXHOCTbh U3MeHeHusl coctosiHus HY npu
¢unpTpoBaHMU (B pe3yIbTaTe B3aMMOICIHCTBUS C Ma-
TepraJIoM MeMOpaHbI), a TAaKXKe BEPOSITHOCTb B3aMMO-
npeBpalleHuii pactBopeHHbIX (opm 1 HY npu skc-
Tpakuuu (U3BJACYCHNN), PA3TI0XKECHUN WM XpPaHEHUU.
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IMpssmoit aHanM3 XUOKWX 00pas31ioB 06e3 IMpodo-
MOATOTOBKM BO3MOXKEH TOJBKO IJIs1 HauboJiee Mpo-
CTBIX CICTEM; B 3TOM CJIy4yae Yallle BCEro HeoOXomm-
Mo pazobasienne [81]. [Ipu aToM g KoImdecTBEH-
Horo MC-UCII-ananu3a B pexXuMe OTMHOYHBIX
YacTHUL HEOOXOIMMO CKOPPEKTUPOBATh KO3 UM~
eHT pa30aBjieHMs TaKuM OO0pa3oM, YTOOBI YMEHb-
IIIUTHh BEPOSITHOCTh OOHApYKEeHUS OoJiee YeM OTHOM
HY B npenenax BbIOpaHHOTO #4 (UICKJIIOYUTH COOBITHE
¢ HeckoibkuMu HY), T.€. onipenenTh BEpXHIOIO Ipa-
HuLy coxepxkaHuit HY B pactBope. B To ke Bpems
KomyectTBO HY moKHO OBITh JOCTATOUYHBIM TSI YIO-
BJICTBOPUTEILHBIX PACUETOB (YTOOBI YMEHBIIUTD CIIy-
YaliHyl0 MOrpPeILIHOCTb, ONPEIEISIEMYI0 CTaTUCTUKOM
ITyaccoHna), T.e. onpeaenuTh HUKHIOIO TPAaHUILY CO-
nepxanuii HY B pactBope [71]. MHOroKpaTHbIE pa3-
OaBieHUs MPOObI IOMOTalOT CHU3UTDH BJIMSHUE MaT-
puLbl, HarpuMep Tipu onpeneneHur HY okcuaa xene-
3a B IIPUCYTCTBMU PacTBOPEHHOTrO keiesa [82], mim
CHU3UTD BJIUSIHUS PACTBOPUMOTO XKeJle3a, BXOMSIIETO B
coctaB reMomioouHa [83]. JaHHbIe 00 omnpeaeaeHUuun
HUY 3o050Ta 1 cepebpa pa3anvyHbBIX pa3MEPOB B pac-
TBOpax, MOJYISHHBIX pa30aBIeHNEM OMOJIOTUIECKIX
KUIKOCTEN BOOOM, IpUBEAEHBI B paboTax [84—86].

AHau3 6oJiee CIOXHBIX OOBEKTOB MOXET ObITh
MpOBeNieH Tocie (hepMEeHTaTUBHOIO WM IEJI0YHOTO
TUAPOIN3a, a TAKXKE C IIPUBJICYCHUEM JIa3epHOIi a0IsI-
uyn (JIA). @epMeHTaTUBHBIN THAPOIN3 [86—88] mo3-
BOJISIET Pa3pylIUTh CTPYKTYPYy MaTpULIbl, IPU 3TOM
¢epMEeHT TOJDKEH COOTBETCTBOBATh TUITY 0Opa3na. Ha-
MpuMep, MPOTeMHa3bl BEIOMPAIOT UISI TUAPOJIM3a MbI-
IIEYHOM TKaHU, JIUMA3bl 1JIs1 XKUPOBOI TKaHU U T.A. st
npoBeaeHs (hepMEeHTaTUBHOTIO TMAPOJIN3a HEOOXOIM -
MO CO3[aThb YCJOBUSI, CIIOCOOCTBYIOIINE MaKCHUMalb-
HOIT aKTUBHOCTU (hepMeHTa (OoNTUMalIbHBIA pH, Tipu-
cyrcrBue Mg mim Ca u aneHo3uHTpudocdarta). [upo-
KO MCITO/Ib3yeMbIM (DEPMEHTOM SIBJISIETCSI TIPOTENHA3a
K, nposiBisiroiniass akTUBHOCTh B nuana3oHe pH 7.5—
12.0 mpm 37°C [89]. [Tporennasa K sBistercsa Ca-3aBu-
CHUMBIM (pepPMEHTOM, TTIO3TOMY JJIsI TUAPOJI3a OMOJIO-
TMYEeCKUX MaTpUIl UCHOJb3YIOT PEAKIIMOHHYIO CMECh,
cozmepxainyto 1—5 M pactsop Ca?*, 4acTo B CO4eTaHUU
¢ 1%-upmm pactBopoMm Tputona X-100 u/mwm 0.5%-
HBIM pacTBOPOM noaeuwmicyiibdara HaTpus [90, 91].

st TIoArOTOBKU OMOJIOTMYECKUX TKaHen s
MC-UCII-anann3a B peXUMe OIMHOYHBIX YaCTUIL
KCIIOJIB3YIOT TaKXKe IIEJIOYHOM TMAPOIU3 B MPUCYT-
CcTBUM runpokcuaa terpamermiaMmmonus (TMAOH)
npu pH > 14. Cxema 111eJI04HOro ruIpoan3a BKII0Ya-
et no6asnenue TMAOH no koHuentpauuu 10—20%
(Mmacca/o6beM) 1 00beMa 20—50 MkiT Ha 1 MT G100~
TMYECKOM TKAaHM, B pe3yJbTaTe Yero KOHEYHBII 00b-
em cocTtaiset 0.25—10 miu. McknoyeHrneM SIBISIIOT-
csl cy4yau, HalpuMep, ¢ KJIE€TOYHBIMU KYJIbTypamu,
rae obpaslibl COCTOAT U3 HEOOJBIIOTO KOJUYECTBA
ouomaccel, moatomy TMAOH HaxomuTcss B 00Jb-
IIIOM M30BITKE IO CpaBHEHUIO ¢ Helt [92, 93]. Ilepen
aHAJIM30M MOJYYEHHbBIE TUAPOINU3aThl Pa30aBisIOT
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CBEPXYMCTOM BOIOM TaAKMM 0OpPa3oM, YTOOBI KOHEU-
Hast KoHueHTpauss TMAOH cocrasnsiia 1%.

CpasHuBag 1iejodHoit (Ha ocHoBe TMAOH) u
¢epMEeHTAaTUBHBIN TUAPOIN3 (C MCIOJb30BaHUEM
npotenHas3bl K), aBTOpbI OTMEYarOT, YTO €CJIY UCCIIe-
JIOBaHHBIE 00pa3LIbI CoAepKAT OOJIBIIOE KOJIUYESCTBO
yununoB, To TMAOH Oonee npennoyTuTesieH, Tak
Kak npotenHasa K He pacierisier XKupoBble TKaHU
[94, 95]. BMecTe ¢ TeEM MOXHO IIPEIIIOJIOXUTD, YTO
XKECTKHE YCIIOBUS IIEJIOYHOTO TUAPOJIN3a IIPUBEIYT K
nsMeHeHu1o cocrostHusg HY u nx o6omouek. Mimero-
1I1ecs JaHHbIE O BIMSIHUM YCJIOBUI Ha pa3Mephl Ya-
CTUI NPOTUBOPEYMBBI, OCOOCHHO IS Hauboiee
MeJKUX 13 getektupyeMbix HY, uro oOyciioBneHo,
CKOpee BCero, 3HaYUTEeJIbHOM MOIPEIIHOCThIO OIpe-
JelleHust ux pasmepa Bomusu [1pO [84, 93, 96—98].

INepcrieKTUBHBIM MOOXOAOM IUISI MOIYYEHUS J0-
NOJHUTENbHON mHpopmanuu o cMmecsax HY mpen-
cTaBJisieTcsl oHylaitH couetaHue SP-ICP-MS ¢ meto-
Jamu pazaeneHus. OCHOBHOM ITpo6JIeMOi 3TOrO COo-
yeTtaHus gBisgercsd To, 9yto SP-ICP-MS anckperHo
JIeTeKTUpyeT MHAuBUAyaabHbie HY, Torma kak MeTo-
IBI pasfeieHus 00eCceYnBaloT JIOKAIbHOE KOHIIEH-
TPUPOBaHUE aHAIMTOB ONpPeIeICHHOTO B1aa (B BUIE
M1Ka), KOTOpble MOTOM COBMECTHO JJIIOUPYIOTCS C
KoJIOHKM/Kanuisipa. Kpome Toro, B MeTomax pasme-
JICHUSI WCIIOJIB3YIOT cpelbl (B OCHOBHOM OpraHudYe-
CKH€ COCOIMHEHMSsI), KOTOphIe IIPU BBEACHUM B ILJIa3-
MY MOTYT MPUBOAUTH K MATPUYHBIM CHEKTPATbHBIM
BIUsSTHUSM. [1o 3TOI mpUUMHE COBMECTHOE UCITIOJb-
30BaHMe MeTonoB pasaeneHust u SP-ICP-MS tpebyet
TIHATEeJIbHOM ONTHUMM3AalIMU YCJIOBHIA, KOTOPBIE JOJIK-
HbI 06eCTIeYUTb BO3MOXHOCTb JETCKTUPOBAHUS OT-
JIeJIbHBIX YacTHL, OTCYTCTBUe IpeBpamicHuii HY B
MPOLIECCE BBIAEIEHMS, a TAKXKE UCKITIOYUTD BIIUSTHUE
opraHm4eckoro oydepa Ha IeTeKTUPOBAHNE.

Kak cinengyet m3 meranbHOro oo63opa [77], uncio
KOMOMHMPOBaHHEIX MeTogoB SP-ICP-MS-omnpene-
nenust HY HeBenuko. OnmcaHbl OHJIAH COYEeTaHUS
SP-ICP-MS ¢ MeTomaMu rIpoaMHAMNIECKOM XpO-
MaTtorpadun, KanuuIsIpHOTO a3JekTpodopesa, dpak-
LIMOHMPOBaHUs B IOTOKE. BOJIBIIMHCTBO METOIOB IS
crabunm3anuu yactul ucnoindyeT ITAB (momenmi-
cylbdaT HaTpus). PabOTHI BHIITOJIHEHBI B OCHOBHOM
Ha MOJEIBHBIX CMECSX 30JI0ThIX 1 cepeOpssHbpix HY.
OTtnenpHBIe pabOTHI TTOCBSAIICHBI Pt-comepxkammm
IpernaparaM M pa3aejeHUIO YaCTUL] U UX PAaCTBOPEH-
HBIX popm [99, 100]. B pabore [99] noBenenne HY Ha
OCHOBE OKCHIIOB 3KeJjie3a KOHTPOJIUPOBAIU C TIOMO-
mbio0 BO2XKX-MC-UCII ¢ nerekTopomMm, padboTraro-
IIAM B peXUMe KOJUTU3MOHHOM STYENKM 111 yCTpaHe-
Hud YAr'®O* u “Ar'® OH* npu usmepenun *°Fe* on-
HOBpEMEHHO ¢ 'Pt*,

B SP-ICP-MS nns ananm3a o6pa3ios, coaepKa-
mux HY, kpome nmpsiMoro BBOJA KOJUIOMIHOTO pac-
TBOpa B MacC-CIIEKTPOMETP, MOXKXHO MCIIOJIb30BaTh
Jna3zepHyo abmsanuio. CodyeTaHnue MacC-CIIEKTPOMET-
pa u cucteMbl JIA gBisieTcS ONITUMAaTbHBIM JJIST 010~
Ne 10
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Puc. 8. Dramnbl moayyeHus U 06paboOTKM aHAIUTUYeCcKOoro curHaia Mmeroaom JIA-MC-UCII B pexxuMe AeTEKTUPOBAHUSI OIY-

HouHbIX yactull [101].

BU3yaJIM3allMU, MOCKOJIbKY obOecrieyrnBaeT BO3MOX-
HOCTbh MHOTO3JIEMEHTHOI'O aHaJIu3a, XapaKTepusyeT-
Ccd HU3KUMHM TIpeliellaMU OIIpelie]ICHUs] 3JIEMEHTOB
(Ha YpOBHE MKT/T) U BHICOKUM IIPOCTPAHCTBEHHBIM
paspelieHueM (10 YpoBHsSI MKM) [101].

I[Ipu JIA-SP-ICP-MS-ananu3e OMOIOrAYECKOM
MaTpullbl, ColepXallleil pacTBOpeHHyl GhopMy U
HY snemeHTa-aHanuTa, GopMUpPyeTCsI KOMOUHUPO-
BaHHBIN CUTHAJI, COCTOSIIIIUI M3 HETIPEPBIBHOTO CUT-
Hajla pacTBOpeHHO#l ¢dopMbl U uMItyabcoB HY
(puc. 8) [102]. lanee o6paboTKa CUTHAJIOB UIET KakK
B 00bruHOM pexume SP-ICP-MS. IIpu atom moryt
BO3HUKHYTh TPYIHOCTH, OOYCIOBJIEHHbIE BBICOKUM
coJiep>XaHUEM PaCTBOPEHHOU (DOPMBI 2JIEeMeHTa, KO-
Topoe MemaeT onpeaeineHuro HY. Kpome Toro, io-
kanuzauusg HY Ha omHOM yyacTke OMomarepuaia Mo-
KeT MPUBECTU K OTHOBPEMEHHOMY OOHapYy>KEHUIO He-
ckompkux HY. B ommuune oT aHaim3a pacTBOPOB
merogoM SP-ICP-MS, rme coOhITUSI MOXHO paspe-
IIMTh, HAIIpUMEp, 3a cueT pa3dapieHusi, B JIA-SP-
ICP-MS MeHblIIe BO3MOXHOCTE IIpY BEIOOPE U Ba-
PbUPOBAHUY YCJIOBUI PKCIIEPUMEHTA.

OrcyTcTBUE CepTU(MULMPOBAHHBIX 3TAJIOHHBIX Ma-
TEPUAJIOB IS IIPUJIOKE HUIA OMOBU3yaIi3a LI SIBJISIET -
cs1 0omp110M TIpoo6aemoit Kak m1st JIA-SP-ICP-MS, tak
u 1ist SP-ICP-MS B niesiom. B HacTosiiiee BpeMst 00J1b-
I1I0€ BHUMAaHME yACIISIETCs IIONCKY U pa3pabOTKe CTaH-
JTapTHBIX 00Pa3110B, BTOM YICJIe HA OCHOBE OMOJIOTHYe-

KYPHAJI AHAJIUTUYECKOU XUMUHUU  Tom 78
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CKuX marpuil. Tak, ISl TpamyupOBKHU MPELIOKEHBI
CTaHIapThl HA MOJIMMEPHOIT ocHOBe (>kesatuHe) [103].

INepcrieKTUBHBIM MOAXOAOM K aHAJIM3Y CJIOXKHBIX
GUOJIOTMYECKUX MATPUILL IPEACTABISIETCS COYETaHUE
n3otonHoro pasoasineHus u SP-ICP-MS [104]. Tak,
pemIoxKeHa MeTOIMKa orpeneeHus pasmepos HY Ag
(ot 30 10 80 HM) ¢ no6asneHneM nzorona 'Ag*. B nan-
HOM cjlydae M30TOITHOE pa3daBjieHHe TTO3BOJISIET KOM-
MEHCUPOBATh MTOAaBJIeHIE CUTHAIA JIeMEHTa-aHAJINTA
B IIPUCYTCTBUM BBICOKMX KOoHIeHTpauui NaCl.

%k ok ok

Bonbmoit nHTepec K (hyHKUIMOHAIM3UPOBAHHBIM
HaHOMAaTepHajaM C 3aJaHHBIMM CBOICTBaMM TSI pa3-
pabOTKM TeparneBTUIECKNX CPEACTB U APYyTUX OMOHA-
HOTEXHOJIOTUYECKUX TTPUIOXKEHU O00YCIOBJIEH IIU-
POKMMM BO3MOXKHOCTSIMU, KOTOPbIE IIPEAOCTABIISIIOT
TaKWe MaTeprabl U1 pelIeHUS 3aaa49 TUarHOCTUKU
U 11eJIEBOI T0CTaBKH JIEKAPCTBEHHBIX MpernapaTtoB. OT-
JIMIUTEIBLHON YePTOii IIOAXOIOB, PeaIN3yeMbIX IIPU pe-
IIIEHUH 337184 C MCITOJIb30BaHMEM HAaHOPa3MEPHBIX Ma-
TepuajioB (B TOM 4uciie 00JafaronX MarHUTHBIMU
CBOIICTBaMU), SIBJISIETCSI BOBJICUCHHME B MCCIIEOOBA-
HMS OOJIBIIOTO YKCJIa MHCTPYMEHTAIbHBIX METOIOB.
DT0 00YCIOBIEHO TEM, YTO IIJISI pallMOHAJILHOTO MPO-
eKTUPOBaHUSI MUKPO- M HAHOYACTUIL C KOHTPOJIMPY-
€MOM CKOPOCTBIO pa3JIOKEHUSI U HU3KOM TOKCUYHO-
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CTBIO in vivo HeoOX0oaMa MX ITOJTHAS XapaKTeprU3as 1
BBISIBJIEHUE (DYyHIaMEHTaJIbHBIX 3aKOHOMEPHOCTE,
0OyCIOBIMBAIOIINX CKOPOCTh OWOTpaHchOpMaIun
MarHUTHOIO MaTepuaja M €T0 BBIBEIECHUS M3 Opra-
HU3Ma B 3aBUCUMOCTHU OT A03bl YACTHUII, UX TUIAPOI-
HaMHUUYeCKOTro pa3mepa, BHYTPEHHEN CTPYKTYpbl U
OPUPOIBI BHEITHETO ITOKPHITHS. 3HAYMMOE MECTO B
KCCJIENOBAHUSX YaCTULl, BXOASIIMX B COCTaB HaHO-
MaTepuajioB, 3aHUMAIOT MHOTO3JIEMEHTHbIE CITIEKTPO-
METPUYECKHE METOIBI, OCOOEHHO MAacC-CIIEKTPOMET-
puisi ¢ THOYKTUBHO CBSI3aHHOI 11a3Moii. PazmmaHeie ee
BapuaHThl MO3BOJISIIOT BCECTOPOHHE OXapaKTepu30-
BaTh MOBEIEHME HaHONpeIaparoB B OMOCHCTeMaX,
MpeaocTaBsisi MHGpOPMALIMIO HE TOJBKO O YHMCIE U
pa3Mepax 4acTHUII, HO 1 00 UX paCTBOPEHHBIX (hopMax
B OMOJIOTMYECKUX XUAKOCTIX 1 TKaHsIx. CoyeTaHue
ke MC-meTeKTupoBaHHUSI ¢ METOHAMM pa3leIeHUS
XapakTepusyeT paclipelelieHue 3JEMEHTOB U UX
¢dopM maxe B OTOEIBHBIX KJIeTKax. BMecTe ¢ TeM HO-
BbI€ TTOIXOMAbI K aHAINU3Y CJIOXKHBIX OMOJOTMYECKUX
Cpell MoKa HaxosITCs B CTaAuU pa3paboTKu, TpeOyIoT
MHHOBAIIMOHHBIX MHCTPYMEHTAIbHBIX U METOIMYE-
CKUX PEILIEHUA U CO3MaHUs HaIeXHOU MeTomuye-
CKOM 6a3bl 1J1s1 MPOBEACHUSI KOMILJICKCHBIX aHAJTUTH-
YeCKMX M OMOMEINIIMHCKNX NCCIIETOBAaHUIA.
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