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B pa60Te IPEeIJIOZKEH MEeTO/] d)OTOI/IHILyL(HpOBaHHOﬁ TruriepTepMuu laTOreHHbIX 'paMOTPpUIIATEIbHBIX GakTe-

puii P. aeruginosa c ucnons3oBanuem mukporopomka Gd2Os3:Yb. Ilpesgaraembiii MeTo1 ruieprepMun OCHOBAH

Ha BO3SMOXKHOCTHU BO36y)K,JeHI/IH JIA3EPHBbIM HU3JIyY€HHUEM AHTHUCTOKCOBOM JIIOMUHECIICHIIMN Ha MOHaX I/ITTep6I/IH

B MHUKPOIIOPOIIKE OKCHAA TaJOJIMHUA, ITO ITO3BOJIAET C O,HHOﬁ CTOPOHBI OCYHIECTBJIATH HAr'PEB IIOPOUIKa 10

HEeOOXOMMMO TeMIIEpaTyphl, a C APYToil CTOPOHBI MPOBOAUTH TOYHBIN KOHTPOIb TEMIIEPATYPHI MTOPOIITKA Me-

TOJIAMU y/IAJIEHHOM JIIOMUHECIIEHTHON TepMoMeTpuu. B pabore moKazaHo, 4TO NPH AJTHUTEILHOM OOJIYIeHUN

mukponopoinka GdeOs:Yb HaHOCEKYHIHBIM JIa3epHBIM H3JIydeHueM Ha jjirnHe BoJHbI 1035 HM HabIomaeTcs

n3MeHeHre pOPMbI CIEKTPOB AHTHUCTOKCOBOH JIIOMUHECIICHITHH, ACCOIMUPOBAHHOE C HATPEBOM MHUKPOIIOPOIII-

kKa B guanasone ot 27 mo 63 °C. IIpuMeHeHne MpeIoKeHHOro MeToa (POTOMHIYTMPOBAHHONW TUIIEPTEPMUN

K cMmecu pactBopoB mukponopomika Gd2Os:Yb u 6akrepuit P. aeruginosa mpoaeMoHCTPUPOBAJIO yMEHBIIIEHHE

nonyssinun 6akrepuit na 90 %.
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1. BBegenue. Metonp! runeprepMun 6H00OHEKTOB
Ha Gase Hanouactur (HY) akruBHO ncciemyrorces yxe
B TeUYeHME HECKOJbKUX JIECATKOB JieT. Ha ceromusimunii
JIeHb runeprepmust ¢ ucrosb3oBanneM HY paccmarpu-
BaeTCd KaK OJIMH U3 IEePCIIEKTUBHBIX MO/IX0I0B JIeUCHUsT
OHKOJIOTHYecKuX 3aboseBanuii [1-7]. Meroy rumeprep-
MHUU OCHOBAH HA MOBBIIIEHUN TEMIIEPATYPbI OHO0OBHEK-
TOB, Haxozsdmuxcd B KoHTakTe ¢ HY. YMmepennoe noBbi-
IeHne TeMreparypbl 6moodbexkToB 10 41-46 °C, crpo-
BOIIMPOBaHHOE OecKOHTAKTHBIM Harpesom HY, moxker
U3MEHUTH (DYHKIIMOHATIHLHOCTD MEXKKJIETOIHBIX OEJIKOB,
9TO CIHOCOOHO MPUBECTH K JIETPAJANNN KJIETOK U, B KO-
HEYHOM HTOre, K ux amontosy [2-4]. B obmactu Te-
paliyl PaAKOBBIX OILYyXOJIel JIAHHBIN DEXKUM THIepTEP-
Mun TpedyeT JJIMTESbHOIO BPEMEHH BO3/IEHCTBHS, II0-
CKOJIbKY [IJIsl JOCTH2KEHUs HyKHOTO 3ddekTa Tpedyer-
Csl HECKOJIBKO YaCOB M YaCTO HEOOXOJMMO €ro codera-
HUE C JIONOJHUATEIbHBIMU MeTojiaMu Jedenus [5, 6]. Te-
pamms METOIOM THIEPTEPMUN IIPU TEMIIEPATYPE BBIIIE
46 °C MOXKeT IIPUBECTH HEIIOCPEICTBEHHO K rubesu Kire-
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TOK B TeYeHHe BCEro HEeCKOJIbKUX MuHyT. Kpome Toro,
BBICOKOTEMIIEPATY PHBII PEXKIM TUIIEPTEPMUN TPUBOIUT
K HEKPO3Y IOPaXKEHHBIX TKAHEeN, WX KOaryJIsilUU W
kapboHu3auu [7].

Takwe coBpeMeHHbIE BBI3OBBI, KAK DAa3BUTHE DE3W-
CTUBHOCTH K AHTUOMOTHUKAM, IOSBJIEHUE CylepuHMEK-
Ui U yrpo3a HOBBIX IAHJIEMHUIl IIPUBEJIO K Pa3paboTKe
HOBBIX MAaTEPHUAJIOB JIJIs aHTHUOAKTEPUAJIBHON ITUIIepTeP-
mun [8-10]. Tak, B pabore [11] 6bL10 MOKA3AHO, YTO IPU-
menenne HY okcuza »kejie3a IPUBOIAUT K IIOBBIMIEHUIO
npoHuaeMoctu 6uorieHok P. aeruginosa (PA) k anTn-
6uorukam. B crarbe [12] aBTOpbI IPUBOAAT PE3yJILTATHL
10 YHUYTOXKEHUIO DaKTepuil S. aureus myTeM Iuieprep-
MUU C UCIIOJIb30BaHneM 30J10Tbix HY.

3a mocsenHre roAbl B MOMABJILAIONIEN YACTH HAYU-
HBIX pabOT, HOCBAMIEHHBIX METOJAM TUIEPTEPMUN, UC-
MTOJIb30BAJINCH MeTasindeckue u Maruutubie HY. s
OGeCKOHTAKTHOTO pasorpesa Takux HY wucmosb3ytorcs
BHEITHNAE UCTOYHUKHU PAJUOIACTOTHOIO MATHUTHOI'O I10-
ast (100 kT'u—1 MT'n) [1,13-15]. IIpu sToMm ucnosb3ye-
Mbl€ MArHUTHBIE I0JI OBICTPO 3aTYXAIOT IPU PACIPO-
CTPaHEHUN BIUIyOb OMOJIOTMIECKAX TKAHEH, 9TO HE 103~
BOJISIET [IPOBOAUTD TepaIMIo Ha rirybune Gosee 5cm [1].
B cBasu ¢ atum B psisie paboT 0OCYXKIAETCSI BO3MOXK-
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HOCTBb HCIIOJIb30BAHUS JIA3€PHOTO W3JIydeHus s Oec-
KOHTaKTHOrO pasorpesa HY [16-18]. B pabore [18] mo-
Ka3aHO, YTO IPU IIONAJAHUU B KJIETOYHYIO Cpely Ha-
O/romaeTcs pe3koe CHUKeHne 3hMOEKTUBHOCTH HAIDEBA
HAHOYACTUI] C UCIOJIH30BAHUEM MATHUTHOTO 1I0Jist. B TO
Ke BpeMs 3¢ dexkTuBHOCTh Harpesa HY ¢ ucrosb3oBa-
HUAEM ONTHIECKOTO WM3JIyU€HUs MPAKTUIECKH He U3Me-
HSLJIACH IO CPABHEHUIO C UX KOJIIOUIHBIMU PACTBOPAMH.
Kpome toro, nmokaszaHno, 4To (pOTOMHLYIIMPOBAHHAS '~
neprepMusi Tpedbyer Gostee HM3KMX KoHieHntparuii HY
IUIs IpOBeieHus Tepanuu [19], uem B ciiydae UCHoIb30-
BaHUsI MAIHUTHOI'O I1OJIsI.

s peasmsaruun MeTOJ0B (DOTOUHIYTHPOBAHHOMN
TUTIEpTEPMUH HEOOXO MO, 9TOObI ucmoab3yemble HY
[IOTJIOIAIN U3JIy9eHrne B ODJACTH IPO3PAIHOCTU OWO-
sgorndeckux TKaHeit (750-1050 HM). B Takom ciaydae
BO30OYKIAIOIIee M3JIyUYeHUE MOXKET PACIPOCTPAHATHCS
BrJIyOb TKaHeil, He BbI3bIBasi IOBPEXKJIIEHUS 3JI0POBBIX
KJIETOK. TaK, HAIIPUMEDP, HATPEB NP BO3AECUCTBUU Jia-
3epHOTr0 U3JIyUueHnus Ha JjuHe BOJHBI 808 HM ObLI TIPO-
nemonrcrpuposat Juist HY FezO4 B o60mouke SiOo [20],
HY Si [16], a Takke marauTocomubix HY [18]. B pabore
[17] ucrosnb3yiorest rubpuiHbie HAHOCTPYKTYPbI, COCTO-
SIUE W3 30JI0ThIX HAHOCTEPXKHEN, MOKPBITHIX 000J10Y-
koit SiO2 ¢ BHEIPEHHBIMU JTIOMUHECIIEHTHBIMU METKAMHU.
Paszorpes mocruraercs Takake ¢ MCIOIb30BAHUEM U3JIY-
JeHust Ha jjinHe BoJIHBI 808 HM. IIpu aToM B paboTe cTa-
BUTCSI BOIIPOC O BasKHOCTU OECKOHTAKTHOT'O M3MepPEHUs!
temueparypbl HY mirs korTposs xona repanuu. B yka-
3aHHOU paboTe KOHTPOJIb TEMIIEPATYPhI OCYIIECTBIIsLI-
Csl 110 JIOMUHECIIEHTHOMY OTKJIMKY BHEJIPEHHBIX METOK.
ITpu sToMm myist BO3OYKI€HUS JIIOMUHECIIEHITUN UCIIOJIb-
30BaJIOCh U3JIydeHne Ha JyinHe BOHBI 488 HMm. Takoe
M3JIyYeHNe He CIIOCOOHO MPOHUKATDL BIVIYOb OMOJIOTHYe-
CKUX TKaHeil u, OoJsiee TOTO, Oy/I€T MPUBOIUTH K MTOBPE-
2KJIEHUIO 30POBBIX KJIETOK, 9TO CYIIECTBEHHO OTPAaHU-
YHUBAET IPUMEHUMOCTb TAKUX MaTepUaJsioB. Takum o0-
pasomM, paspaborka HOBbIX HY, mo3BOJSIONUX MpOU3-
BOJUTH MUCTAHIIMOHHBI HATDEB U M3MEPEHHE TeMIlepa-
TYPBl C HUCIOJIb30BAHUEM OITHYECKOTO WM3JIyUEHUs Ha
JUIMHAX BOJIH, COOTBETCTBYIOIIUX 0OOJIACTU IPO3PavIHO-
cTH OMOJIOTMIECKUAX TKAHEH, SBJISIETCS BA2KHBIM BOIIPO-
COM JIJIs1 JIAJIbHEMIIEro pa3BUTHs METOI0B (DOTOUHLY I[H-
POBAHHOI TUIIEPTEPMHUH.

B nmacrosimeit pabore BriepBble HCCIIELYETCsT BO3SMOXK-
HOCTb HCIIOJIb30BaHUsI HAHOCTPYKTYPUPOBAHHBIX MUK-
poroporikoB Gd2O3:Yb myist peanuzarnuu  (hoTOUHTY-
[IUPOBAHHON I'MIIEPTEPMUU. XUMUYECKasi CTAOUIBHOCTD
U onrudeckas aHuzorponus [21], 6HOCOBMECTUMOCTD 1
napaMarHuTHBIE cBoiicTBa [22, 23] mesmator HY okcnna
TaIOJIMHUS [TEPCHEKTUBHBIM MaTEPUAIOM [JIsi IIPUMe-
HeHHUsi B obJjiacTu OMOMeTUIIMHBI. B CcBOIO ouepep HO-
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HEI nTTepous Yb3+ 061ama10T OMOCAMNI HOTTIOMEHAS I
JIIOMHUHECHEHIINN B creKTpaJjbHoil obsactu 900-1100 Hm
[24, 25], cooTBeTCTBYIOMIET 06JACTH TIPO3PAYHOCTH OHO-
Jiormdeckux Tkaueil. Takmm oOpa3oM, MaTepuasbl Ha O6a-
se Gdy O3, Termposanmsie nonamu Yb3 T, mpeacrapaior
c0o0oit 0coOBIil MHTEPEC [IJIsi PA3pabOTKU HOBOI'O KJIAcCca
HY ana ontudeckoil rumeprepMun.

B pabore mpescrasien aHain3 CTPYKTYPHBIX U OI-
Trdeckux cBoiicTB MukpornopomkoB GdsOs:Yb, a Tak-
2Ke UCCJIe/IOBaHa JIUHAMIKA U3MEHEHUsI CIIEKTPOB aHTH-
CTOKCOBOI JIIOMUHECIIEHITUN ¥ TEMIIEPATYPbl MUKPOIIO-
POIIKA TIPHU BO3JEHCTBAN BO30YKIAIOMIETO M3JLy 9€HUST
Ha jymHe BoJiHBI 1035 HM B Teuenme 200 c. IlokaszaHo,
uro B TedeHne 200 ¢ MPOUCXOIUT HAIPEB MUKPOIIOPOIII-
Ka 70 Temreparypbl 63 °C, COmpoBOXKIAEMbIil N3MEHEe-
HreM (OPMBI CIEKTPOB AHTHCTOKCOBOW JIIOMUHECICH-
nmun. B HacTrosimeir pabore BIepBbIE IPOBEIEHBI UCCTIE-
JIOBaHUS aHTHOAKTEPHUAJIBHBIX CBOMCTB MUKPOIIOPOIIKA
Gd203:Yb g peanuzanuy MeTOIOB (DOTOMHYILIAPO-
BAHHO I'MIIEPTEPMUN HA IIPUMEPE KYJIBTYPhI IPAMOTPH-
[ATEeJIbHBIX [MATOreHHBIX DakTepuii PA, B3STBIX U3 KOJI-
seknun HAIIOM um. H. @. lamasten. I'pamorpunaress-
Hble GakTepun PA sIBJISIOTCS YaCTBIMU BO30YIUTEISIMA
riasHbiXx nHeKnuii u 3aboseBanuii HocoraoTku [26], B
CBHA3U C 9€M, UX WHAKTUBAIUS SBJISETCHA BayKHOI 3a1a-
Yeil uccjeJIOBAaHNI B COBPEMEHHOU MeIUIINHE.

2. Marepuasibl u meroabl. HanocTpyKTypupo-
BauHble Mukporopomku GdsO3:Yb 6buIn cuHTE3UpOBa-
HBI TIOJIMEPHO-COJIEBBIM METOJIOM C HCIOJIb30BAHUEM B
Ka4IeCcTBe NMPEeKyPCOPOB HUTPATa TaJoJnHust 6-BOIHOTO,
HUTPaTa UTTEpOUst H-BOIHOIO, IOJUBUHUJIITUPPOJIAIOHA
(IIBII) u qucTR/TNPOBAHHON JIeMOHU30BaHHOI BOBL. B
xo/te paboThl OBLIO TPOBEIEHO TPU HE3ABUCUMBIX CHH-
Te3a MuKporopomkos GdoOgz, JIerHpOBaHHBIX HOHAMU
urrepbuss Yb3T, u MHKPOIODPOIIKOB 6€3 JIernpyIOIHx
J0BABOK JIJIl CDABHUTEIbHBIX UCCJIEI0BAHMI ([IPOIey-
pa ¥ ycJIOBUsl CHHTE3a IOJpoOHO ommcanbl B Jlomos-
HUTEJIbHBIX MaTepuasax). s BuU3yajmsanum uccie-
JIyeMbIX HAHOCTPYKTYPHUPOBAHHBIX MUKPOIIOPOIIIKOB UC-
MIOJIB30BAJICA CKAHUPYIOMUNA 3JICKTPOHHBIA MHUKDPOCKOII
(Thermo Fisher Scientific, CIITA). Ouenka cpenHero
pa3sMepa HAHOKPHUCTAJUINTOB B COCTABE MHUKPOIIOPOII-
K& U MOCTOSHHOM DENIETKH HCCJIEIyEMBIX MATEPUAJIOB
[IPOM3BO/INJIACH HA OCHOBE PEHTIEHOBCKUX IU(PPaAKTO-
rpaMM, 3apEeruCTPUPOBAHHBIX IIPU ITOMOIIU PEHTIE€HOB-
ckoro audpakromerpa DRON-8 (Burevestnik, Cankr-
IMerepbypr, Poccus).

W3mMmepeHne CHEKTPOB JIFOMUHECIHEHITMH BbBIIIOJIHSI-
JIOCh C HCIIOJIb30BAHUEM IOPTATHBHOIO CIEKTPOMETDA
Vision2GO (R-aero, Cankr-IlerepGypr, Poccust), ocna-
IIEHHOTO OIITOBOJIOKOHHBIM BBIBOJIOM U MHUKPOOOHEK-
TUBOM. B030yKIeHne CTOKCOBOM JIIOMUHECIIEHIIUHA OCY-
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IIECTBJISIIOCH C UCIOJIb30BAHUEM IIOJIYIIPOBOIHUKOBOTO
Ja3zepa ¢ JJIMHOU BOJIHBI 915 HM M BBIXOJHON MOIITHO-
crpio 10 20 BT. AHTHCTOKCOBasl JIIOMUHECIIEHIMS BO3-
OyKaa1ach Ha JyimHe BOJHBI 1035 HM ¢ BBIXOIHONM MOTII-
mocTbio 710 10 Br. Perucrpamnus remmeparypsr B Haua1e
U B KOHIIE JIA3ePHOI'O BO3JENCTBUSI OCYIIECTBJISLIACH C
UCIIOJIb30BAHUEM TEIIOBU3NOHHOI Kamepbl P2Pro (iRay
technology, Kurait).

T'uneprepMusi MUKPOOPTraHU3MOB OCYIIECTBIISIACD
HA IpPUMEpE KYJbTYPhl IPAMOTPHUIATEIbHBIX OaKTepuit
PA, B3sarbix u3 kosuteknuu HAIIDM um. H. @. Tamasien.
W3nagasibHOE KOJUYIECTBO KOJIOHHEOOPABYIOMNX €M~
unr, B 1 v (KOE/mir) cocrasisiio 2 x 10%. s ru-
[IEPTEPMUN UCIIOJIB30BAJIOCH U3JIyYeHre HAHOCEKYHIHO-
ro Jsiazepaoro mapkepa HTFMark (Bynar, Mocksa, Poc-
cus) ¢ JyuHoii BostHbl 1064 HM, JJIMTEIHBHOCTHIO UMITYJ b
ca 120 uc, sueprueit B ummyibce 0.4 MJI2x, gacToToit mo-
Bropenus: umiryibcoB 20 kI'n. Ha miacTuHky KpemHwmst
HAHOCUJIACH Kallls GaKTepUasbHOW KyJbTypbl (3 MKJI),
mocyie gero obpaazery 6€3 JIOMOJHUTEIBHOTO BBICYIITHBA-
HUsI PacHosiaraJcst Ha paccrostaun 1/2 doxkycHoro pac-
crosins F-theta (F' = 120 MM) 00bEeKTHBA CKAHATOD-
HO# ToJIoBKH Mapkepa. C 1eapio MOJHOM 06paboTKu
KaIuii O0aKTePUAJIBHON KYJIBTYPhI JIA3€PHBIN JIyd IHepe-
Mermasicsd B obsiactu 5 X 5mMM co ckopoctbio 200 MM/ ¢,
zanosinenueM 0.1 JiuHUA/MM, U B JaHHOM DEXKUME OCY-
IECTBJISLIOCH 00Ty YeHIe 00pa3iia 6e3 JIOKAJIHLHOI'O BCKU-
[AaHUs BOJBI B KaIwie (IIPU OTCYTCTBIU MUKDPOIIOPOIIKA).
Takum oOpazom, ObLIN MOJYyYeHBI CJEAyonme 0bpa3-
npl: Gakrepun 6e3 06paboTKU (KOHTPOJIB); MOCE IKC-
[TOHMPOBAHUSI JIA3€PHBIM U3JIyYeHUEM; [TOCJIe CMeInBar-
HHUS C PACTBOPOM MUKPOIIOPOIIKa B cooTHOmeHun 1:1
(1J1s1 oupeziesieHusl TOKCUYHOCTH YaCTUIL, Per Se); MOCJIe
CMEITNBAHKS ¢ MUKPOIIOPOIIKOM U 9KCIIOHUPOBAHMS JIa-
3epHBIM u3JIydeHueM (pexkum rureprepmun). Kaxapiit
obpaser; MOMeMmAJICs B OTIEIbHYIO MPOOUPKY CO CTe-
PUJIBHBIM (PU3UOJIOITIECKAM PACTBOPOM U WHTEHCUBHO
BCTPSXUBAJICS HA BOPTEKCE B T€YEHUE 15 MUH JIJIsT CMBIBA
OaKTepHaIbHBIX KJIETOK, [IOCJIE U€ro OIPEIeJIsijIoCh KO-
JIMYECTBO YKU3HECIIOCOOHBIX MUKPOOPIaHU3MOB B CMbBIBE
METOJIOM CEPUITHBIX Pa3BeIEeHUI.

3. Pesysbrarel u obcyxaenusi. Popmupyroiime-
Cs B XOJIe CHHTE3a MOPOIIKHU COCTOAT M3 IUIOCKUX MUK~
POPa3MEPHBIX KJIACTEPOB, OOPA30BAHHBIX U3 OTJIEJb-
HBIX HaHOKpucTasuToB (nosydenusie COM wusobpa-
JKeHUsl TpecTaB/IHbl B JIOMOIHUTE/IBHBIX MaTepuaJiax,
puc. S1). JudpaxromerpudecKuil aHaan3 moKa3ajl, 4To
cpeJHuil pasMep HAHOKPHUCTAJLJIOB B CUHTE3MPOBAHHBIX
nopotkax cocrasiseT 34.6-38 um. [locTosuuast perer-
KA MaTepuaJja HCCIAeAyEeMbIX MUKPOIIOPOIIKOB COCTAB-
sgsta 10.78-10.79 A. Amopduoit dassl B uccieayemMbix
o6pasiax BbISABIEHO He ObUIO (MOJIyUeHHBIE qudPaKTO-

rPaMMBbl U UX aHAJU3 MOAPOOHO mpescTasieH B Jlomo-
HUTEJIbHBIX MaTepuaJax, puc. S2). Xumudeckuii cocras
OTIPEJIEISIIICS METOJIOM PEHTTeHOMIIYOPECIIECHTHON CITeK-
rpockonuu (ARL PERFORM’X, Thermo Scientific,
crpana). [lokazano, 4To cojepzKaHue UOHOB UTTEpOUs
B HCCJIeIyeMbIX MUKPOIOPOIIKax cocTapigeT 2 macc. %,
C OTKJIOHEHWEM B IIPEJIEIaX IOIPEITHOCTH.

ITpumep cnekTpoB cTOKCOBON (1pu BO30YXKIEHUN
Ha JUInHE BOJIHBI 915 HM) M AHTHCTOKCOBOW JIFOMHHEC-
neHnuy (0pu Bo30YKJAeHUN Ha JinHe BOJHBI 1035 HM)
uccireayeMbrx 06pasnos GdsOs:Yb, mpesjcrasiieHbr Ha
puc. 1. Kpacuast JIMHUS COOTBETCTBYIOT CIEKTPY CTOK-
COBOI1 JTIOMUHECIICHITNH, CUHSISI — AHTUCTOKCOBOIA.
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Puc.1. (Llpernoit onaiin) HopmupoBaHHBIE CIEKTDBI
CTOKCOBOi (KpacHasi KpuBasi) W AHTHCTOKCOBOH (cu-
Hsisl KpUBasl) JIFoMuHecneHuun Mukponopoimka Gd2Os:Yb.
Bosbyx nerne cTOKCOBOI TIOMUHECIIEHITUHN TPOU3BOIIIOCH
C TIOMOIIBIO JIA3€PHOTO W3JIYYeHHs HA JJINHE BOJIHBL
915 M, BO30yXKI€HNE AHTUCTOKCOBOM JIIOMUHECIIEHIINH — C
IIOMOIIIBIO JIA3EPHOT'0 U3JIYUYEeHUs Ha JiyiuHe BOHBI 1035 HM

W3 pucynka 1 BHJIHO, 9TO CIIEKTPBHI CTOKCOBOIl JIO-
MUHECIIEHITIN XaPAKTEPU3YIOTCH XOPOIIO PAa3PENIeHHbI-
Mu trosiocamu Ha 953, 977, 1005 u 1028 HM U CcIIeKTpaib-
HbIM 1tedoM Ha 990 Hm. CHeKTphl aHTUCTOKCOBOI JIIo-
MHHECIIEHITUN XapaKTepu3yloTcs nukamu Ha 928, 953,
971, 989 M u cnekTpasbHbIM wiedoMm Ha 1003 aMm. Ta-
KM 00pa30M, MOXKHO 3aKJIIOUUTH, UTO IOJIOYKEHUE TIHU-
KOB CTOKCOBOIt 1 aHTUCTOKCOBOU JIOMHHECIEHIIUU XO-
POIIIO coTJIacyeTcs MeXKIy co0Oil, OMHAKO B 3aBUCHMO-
CTH OT YCJIOBUN BO30YKJIEHUS MU3MEHSIETCSI COOTHOIIIE-
HU€ WHTEHCHUBHOCTH IOJIOC JIIOMUHECIIEHIIUU, UTO Tpe-
Oyer momoJsiHUTEIHLHOTO anajan3a. CreKkTpajbHbIE CBOI-
CTBa MOHOB UTTEPOUS ONPEJIE/IAIOTC JIBYMS SJEKTPOH-
HBIMU yPOBHSIMU C 3HEprueil Iepexojia, COOTBETCTBY-
romeii Giekueil nundpakpacuoii (BUK) obsactu crek-
rpa. Ocnosuoit (*F7/2) 1 Bo3Gyxuennstit (*Fs/5) ypos-
HU SHEPIUU WOHA UTTEPOMsS B KPUCTAJIIMIECKON Mat-
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puite OOBIYHO PACIIEIIEHBI HA 9€THhIPE U TPHU HOyPOB-
Hsl, COOTBETCTBEHHO, 3a cueT adekra [Mrapka [27, 28].
Baaromapsi 1aHHON SHEPreTUYECKON CTPYKType, MOHBI
urTepbust 06/1a1a10T HAOOPOM TOJIOC MTOTJIOIIEHUS U UC-
IyCKAaHWs W3JIy9eHhsl B CHeKTpajbHOM obsactu 900-—
1100 um [24, 25, 29].

IIpu BO3OYy»KI€HUN aHTUCTOKCOBOM JIFOMUHECIIEHIIUT
U3JIydeHHble (DOTOHBI MMEIOT OOJIBIIYIO0 SHEPIHUIO, UeM
morsromenubie. [Ipu aToM HemocTaTok sHeprum Oeper-
cst 13 (DOHOHHOIA [TOJICUCTEMbI KPUCTAJIJINIECKON MaTpu-
1bl. B 0YeHb YUCTHIX JIEFHPOBAHHBIX MOHAME UTTEPOUSsT
KPUCTAJINYECKUX MATPUIAX (COIEPKAHUE HE PEeJIKO3e-
MeJIbHBIX IpuMeceii MeHee 1 ppm), Bo3OYKIeHNe aHTH-
CTOKCOBOI1 JITFOMUHECIIEHIIUY MOKET IIPUBOJIUTH K OITH-
JeckoMy oxJiaxKienuto marpunpl [30]. B neruposannbix
MaTPUIAX, COAEPAKAIINX JTOTIOJHATETbHBIE TPUMECH, OII-
THYECKOE OXJIAYKICHNE PeaJin30BaTh He MOJIyIaeTCsI, HO
VAAaeTCs TOJyIUTh TE€PMOCTAOMIM3UPOBAHHBIN DPEXKUM
BOBIECTBUA ONTHIECKAM U3JIyIeHUEM HAKATKH.

BosmoxkuOCTh BO30YKI€HNST AaHTUCTOKCOBOI JIIOMI-
HECIEHITNH B MCCJIEyeMbIX MUKPOIIOPOIIKAX OTKPhIBAET
BO3MOXKHOCTD JIJIsi OECKOHTAKTHOI'O KOHTPOJISI TeMIlepa-
TYPBI, 9TO HABJSETCS OIHUM U3 ycJioBmii 3 dekTuBHOM
peasm3aru (HOTOUH/YIIMPOBAHHON Tuieprepmun. Pa-
Hee OBLIO IOKA3aHO, YTO CIIEKTPhl aHTHUCTOKCOBOM JIFO-
MUHECIIEHITUN MOHOB UTTEPOUS IyBCTBUTEJIbHBI K TEM-
neparype marpurpl [29,31]. Ha pucyHke 2 npuseneHb!
HOPMHUPOBAHHBIE CIIEKTPhI AHTUCTOKCOBOII JIIOMUHECIIEH-
ruu Mukporopotnka GdsOs:Yb npu HenpepbIBHOM BO3-
oyxnennn Ha npotsykennn 200 c. U3 mnpemcraBiieHHBIX
JIAHHBIX BUJHO, YTO IIPYU YBEJIUYEHUH BPEMEHU SKCIIO3U-
1 HaOJIIOJIAETCH POCT BKJIAJA KOPOTKOBOJIHOBOHN da-
CTH CHEKTPa AHTUCTOKCOBO JTIOMUHECTIeHInN. BhiIo 11o-
Ka3aHO, YTO TeMIepaTypa MUKPOIIOPOINKa COCTABJISIIA
27.1°C mnepen obiyuenunem u 63.2 °C cpasy mnociie 00-
sgygdenns B tedenne 225c. Takum obpazom, n3MeHeHUe
dOPMBI CIIEKTPOB JIIOMUHECIIEHIINY CBSI3aHO C yBeJIUJe-
HUEM TeMIIepaTypPbl MUKPOIIOPOIIIKA, IIPUBOJISIIEM K IIe-
PepacCIIpeIeJICHII0 HOCUTEEN 3apsiia M0 MITapKOBCKH
pacCIienIeHHbIM 110y poBHsaM [29, 31].

s anam3a TeMIepaTyphl IO CIIeKTPaM aHTHCTOK-
COBOIi JIFOMUHECIIEHIINY YJI00HO HCIIOJIb30BATH 3aBUCH-
MOCTb OTHOIIIEHUsI MHTE€HCUBHOCTEH KOPOTKOBOJHOBO-
ro W caMoro MHTEHCHBHOIO IHKOB B cmekrtpe [31]. Ha
pUCYHKe 3 IIpeJiCTaBJ/IeHa 3aBUCUMOCTb OTHOIIEHUSI WH-
TEHCUBHOCTH II0JIOC JIFOMUHECIIEHIINYA Ha JJINHAX BOJIH
928 u 989 HM, KOTOpas OJM3KA K IKCIOHEHIINAIHHOM.
Breixos cooTHOIIEHUsI Ha ILJIATO MOBOPHUT O TEPMOCTa-
OMIN3AIIN UCCIIElyeMbIX OOPA3IOB BCJEJCTBUE ypPaB-
HOBeImuBaHusA 3DGDEKTUBHOCTH HATPEBA W TEILIOOTBO-
ma B cucreMe. VI3 3aBuCHMMOCTEl, IPEICTABIECHHBIX HA
puc.3 MOXKHO CJieJIaTh BBIBOJ, YTO Hambojiee WHTEH-
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Puc. 2. (Ligernoit onsaitn) CrekTpbl aHTHCTOKCOBOM JIHO-
muHectennn Mukporopoinka Gd2Os:Yb npu yBesnaenun
BPEMEHH IKCIO3UIUN BO30Y K JAIOIIETO JIA3€PHOTO U3JTy de-
Hus Ha junHe BosiHbl 1035 M 1o 200 ¢
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Puc. 3. (IIBeTHoit ontaiin) 3aBUCUMOCTH COOTHOIICHUST NH-
TEHCUBHOCTU JIFOMUHECIIEHIINY Ha JJIMHAX BOJH 928 mu
989 um Mukpomnopomka Gd2O3:Yb or BpemMeHu 3KCroO3u-
MY TIPU BO30YKJIEHUU aHTHCTOKCOBOM JIFOMUHECIIEHIINY C
IIOMOIIBIO JIA3€PHOT0 MCTOYHUKA Ha JjinHe BOJHBI 1035 HM
u momuoctu 10 B

CUBHBI HArPEB MUKPOIIOPOIIKA, IIPOUCXOJAUT B T€UCHUE
rrepsbix 100 c.

obpazoMm, o0/ydeHme  MHKDPOIIOPOIIKA
Gd203:Yb B BUK obJsiacTtu criekTpa IpUBOIUT K €0
HarpeBy n0 temmeparypbl 63 °C. I3BecTHO, 4YTO B

Takum

OOJIBIMMHCTBE CiIy4daeB OesIKu JAeHaTypupyior npu 50—
60°C [32], k ToMy Ke JOIOJHUTESHHBIMA IIPHINHAMHU
rubejin KJIETOK MOTYT CTaThb pa3pylleHne MeMOpaH-
HbIx Jmnuo u o noepexienne JTHK/PHK [33]. B
HACTOsIEel paboTe MUJIOTHBIE MCCJIEOBAHUSA AHTUOAK-
TepuaabHbiX cBOiicTB GdoO3:Yb ObLIM mpoBeIeHbI Ha
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CFU /ml

Puc. 4. (Ipernoii omnaiia) (a) — Pesysbrarer BeiceBoB Gakrepuit PA (control — xonmuecrso KOE/ma B HeobpaboranHO
GaxTepuasnbHOii Kynbrype; PA + laser — kosmmaectso KOE /Mt B 6akTepnasibHO# KyJIbType 10CJIe 9KCIOHUPOBAHUSI JIa3€PHBIM
nanydennem BUK muanazona; PA + Gd203:Yb — xommdecrso KOE /M1 B 6GakTeprasibHOM KyJIbType MOCTIe €€ CMEIINBAHUS

¢ mukponoporikom; PA + laser + Gd2O3:Yb — xosmmdecrso KOE/Mn B 6akTeprasbHON KyIbType IIOCIE €€ CMEIIUBAHUS C

MUKPOIIOPOIIKOM U MOCJIEYIOIIETr0 SKCIIOHUPOBaHUs JiadepHbIM n3inydenuneM BUK numamasona). (b) — @oro wamek Ilerpu ¢

MHKPOOHOJIOrHYECKIME HoceBaMu 6e3 o6paborku (control) u (c) — nocse o6y 4eHnst HAHOCEKYHHBIM JIA3ePOM C J00aBJICHHEM
mukpouactur, Gd203:Yb (PA + laser + Gd203:Yb). Kaxnas Gesas Touka 0603HAYAET KOJOHHUIO GaKTEPUt

npuMepe KyJIbTypbl TPAMOTPHUIATE]BHBIX OakTepuit
PA. st aroro wmccsemoBauch OAKTEPUOJOTHIECKUE
IIOCEBBI KOHTPOJIbHOTO 0bpasna PA, obpasma PA mocie
obnyuenus B BUK obsacru cmekrpa, obpasma PA
npu cMmemuBanuu ¢ mukpodactunamu GdoOs3:Yb, a
Takke obpasna PA, cmemanHOrO € MHKPOYACTHIA-
M Gd2Os5:Yb, mocse sazepHoit 06paborku (pezkum
runeprepMun).  Pe3yiabrarhl  6aKTEPUOJIOIUIECKOrO
moceBa mpejscTaBieHbl Ha puc.4. Bumao, uro wmncio
KOJIOHHEOOPA3YIONNX €/INHUI] B MUJUILJINTPE B HEOb-
paboTanHoM obpasme cocrapager 2 x 106 KOE /o,
Tak ke, Kak u B o0pasnax I0cje CMEIIUBaHUS C
MHUKPOIIOPOIIKOM, YTO CBUJETEIHCTBYET 00 OTCYTCTBUU
rokcuanoctn  GdsOs3:Yb  per se. DrcnoHupoBanue
obpasra PA 6e3 MUKpOIOpPOIIKA TakyKe He MPUBEIO K
ymenbIennto kosmaectsa KOE /mut. Tem He MeHee nipn
IKCIIOHUPOBAHUN OAKTEPUil, CMEIIAHHBIX C PACTBOPOM
mukponopoiika, suadenne KOE/mia cumxkaercs 1o
3 x 105. Cumxenune KOE/M1 Takske Habirofaercsa Ha
dororpadusix gamek Ilerpu, riae m3HavaIbHOE KOJIU-
4ecTBO KoJsionuii B HeobpaborannoM obpasie (puc. 4b)
BHU3yaJbHO OOJIbIE YHCJIA KOJOHUI, BBIPOCIIUX IIPU
roceBe 00pasIia MocjIe CMEITUBAHUS ¢ MHKPOIIOPOIITKOM
U nocseayomero sxkcnonuposanus (puc. 4¢). Takum

obpa3oM, B pe3ysbTare J0DABJIEHUS MUKDPOJYACTHI[ U
WX MOCJIEIYIOIEro JIa3ePHO-UHIYTUPOBAHHOTO HAI'DEBa
[IPOUCXOJUT CHIKEHHE OaKTepUaJbHON 0bOceMeHeH-
poctm Ha 90%, 4Yro gABIAETCA MHOrOOGEIIAIOIIIM
pPe3yAbTATOM, OTKPBIBAIOIIMM HEPCIEKTUBY HCIOJIb30-
BaHUs MeTO/a (DOTOMHLYIIMPOBAHHON T'UIEPTEPMUN C
ucnoab3oBanreM Mukpodactun GdsOz:Yb.

4. 3axkuoudenwue. llosydennble B pamMKax IIpe/i-
CTaBJIEHHBIX MUJIOTHBIX UCCJIEJIOBAHUI PE3yJIbTAThI T'O-
BODPSAT O BBICOKOM ITOTEHIIAAJIE HMCIOJb30BAHUS MUKPO-
[IOPOIIKOB OKCHJIA TaJIOJINHUS, JIETHPOBAHHBIX MOHAMU
urTepbust, s TpoBeeHust (DOTOUHTYIUPOBAHHON TH-
neprepmun O6noobbekToB. [loTennman mcrosb30BaHUS
00yCJIOBJIEH yHUKAJIBHBIMUA CBOWCTBAMHU MHUKPOIIOPOIII-
ka Gdp03:Yb3t | koTopslit 06/1a186T XUMUUECKOI CTOd-
KOCTBIO B OHMOJIOPMYECKUX CpeJiaX, OTCYTCTBHEM TOK-
CUYHOCTH ¥ TIIOJIOCAMHU MOIJIOIIEHUSI ¥ JIIOMUHECIIEH-
IUU B CIIEKTPAJIBHON 00JI1aCTH, COOTBETCTBYIOIIEH 00JI1a-
CTH TIPO3PAYHOCTU OmoJsiormyecknx Tkameil. Kpome To-
ro, HAJIMYNE ONTHIECKON aHU30TPOINU U ITapaMarHUT-
HBIX CBONCTB JIETHPOBAHHOI'O OKCH/IA TaJIOJIMHUS CO3/Ia-
€T JIOTMOJTHUTEJIbHBIE CTEIeHN CBOOOJBI JIJIsi UCIOJIB30-
BaHUS 9TOT0 MATEPUAJA C IIEJbI0 PEAU3AINN THUIIEep-
TepMun 6m000bEeKTOB. Takum 06pazoM, HCCIeI0BaHNE
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dusnaecknx cpoiicTs Mukponopomka GdaO3:Yb3 T gp-
JIdeTcd aKTyaJIbHONM HaydHOU 3ajiadeil, pelieHue KOTo-
POil 1O3BOJISIET OIIPEJIEJIUTh YCJIOBUS peam3alluu pa3-
JIMYHBIX PEXKUMOB T'HIIEPTEPMUN HA BCEX CTAIUSX IIPO-
BEJICHUsI TEPAIINU.

C »sroit menpi0 B paboTe IPOBEIEHO BCECTOPOH-
Hee UCCJIe/IOBaHNEe HAHOCTPYKTYPUPOBAHHBIX MUKPOIIO-
POIIIKOB, a TaKKe MPOAHAJIUIUPOBAHBI UX MOPMOJIOTH-
JecKue, CTPYKTYPHBIE U OINTHYEeCKHe CBOicTBa. Brep-
Bble II0Ka3aHa BO3MOXKHOCTH BO30OYKIEHHSI CTOKCOBOI
U aHTHCTOKCOBOW JIFOMUHECIIEHIIMKM Ha MOHAX UTTEpPOUst
B MHUKpOIopornkax okcuga ragoiumans B BUK obura-
CTH CIIEKTPA, COOTBETCTBYIOIIErO 00JIACTU IIPO3PAYHO-
cru O6uorkanu. Cjemyer OTMETHTb, YTO HMMEHHO BO3-
Oy2K/ieHne AHTUCTOKCOBOHN JIIOMUHECIEHIINN TIO3BOJIS-
€T TMOJIyYUTh HEeOOXOIMMYIO MaKCHMAJbHYIO TeMIepa-
TYPY MHKPOIIOPOIIKa, COOTBETCTBYIOILYIO TEMIIEPATY-
pe menarypamum OenkoB. B Hacrosrmeit pabore mo-
Ka3aHo, 4To npu JymresbHoM (Gosee 100¢) o6iry-
vennun Mukponopomka GdsOs:Yb Habiomaercs us-
MeHeHne (POPMBI CIIEKTPOB aHTUCTOKCOBOMN JIFOMUHEC-
[EHIIUN, ACCOIMUPOBAHHBIE C HATPEBOM MHUKDPOIIOPOIII-
ka B juanaszone or 27°C go 63°C. 3aBucuMocTb
CIIEKTPOB aHTUCTOKCOBOW JIFOMUHECIEHIIUU OT TEeMIIEe-
pPaTyphl MUKPOIIOPOIIIKA MTO3BOJISIET OCYIIECTBIISTh TOY-
HBIIl KOHTPOJIb TEMITEPATY PhI MUKPOIIOPOIIKA METOIAMU
V/IaJIEHHON JIFOMUHECIIEHTHON TEPMOMETDPUHU, UTO BarK-
HO JjIs PEryJIMPOBaHUS PEXKMMOB rureprepmuun. Bme-
CT€ C TeM PEeXHUM CTOKCOBOI'O BO30YXKIECHUS JIFOMU-
Hecrennyuu Mukponopomka Gd203:Yb nossossier mo-
JIyauTh 0OJiee BBICOKHE TEMIIEPATYPBI 3TOTO MaTepua-
Jla JJIS PeAIM3AINy PA3IUIHBIX TEMIEPATYPHBIX pe-
KUMOB TUneprepMun. Peajin3aliis pasjimdHbIX TeMIIe-
PATYypPHBIX PEXKUMOB THIIEDTEPMHUH OYIEeT 3aBHCETh OT
JJIMHBI BOJIHBI U JJIATEJIbHOCTH SKCIIO3UINY U3JTy ICHIS
HAKaIKH.

B macrosimieit pabore BliepBbIe JIEMOHCTPUPYETCS
BO3MOXKHOCTb PEaJIN3ali MeToia (POTOMHLY IMPOBaH-
HO#l THUIIEPTEPMUM C HCIOJIH30BAHUEM MUKPOIIOPOIIKA
Gd203:Yb Ha mpuMepe KyJIbTyphl TPAMOTPHUIATETHHBIX
b6akrepuii PA. IlokazaHo, 4TO 9KCIOHUDOBAHME CMECHU
MUKPOIOPOIIKA 1 DAKTEpUil HAHOCEKYHHBIM JIa3ePOM
Ha gguHe BosHBI 1064 HM BBI3BIBAET yMEHBIIEHHE IIO-
nynsuuu 6akrepuii Ha 90 %. Ilosydennble pesyJibTa-
TBI ITOTBEPK AT 3P HEKTUBHOCTD U IIEPCIIEKTUBHOCTD
MIPEJJIOZKEHHOTO0 MeTO/[a (POTOMHIYITMPOBAHHON TUIIep-
TEPMUH C UCIOJIB30BAHUEM MUKPOIIOPOIIKOB OKCHJIA T'a-
JIOJIUHUSI, JIETUPOBAHHBIX MOHAMY UTTEPOUSI.

Asrops!l BbIpazkaior 6saromapuocth HKII “Hano-
rexaojiorun”’ Yuusepcurera UTMO 3a wucciemoBanus
MeTOIAMU CKaHUPYIOMEeNd 3JIeKTPOHHON MUKPOCKOIINYT 1
PEHTIreHOMJIyOPECIIEHTHOM CIIEKTPOCKOITUAN.
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dunancupoBaHue paborbl. VccienoBanune BbI-
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ckoro HaydHoro douga # 24-79-00225 u # 24-25-00403.
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