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B pafore IpoBeieHO UCCiIe0BaHNe aHTUOAKTEPUAJIbHBIX CBOHCTB m1eHOoK Zn0/CuO, akTuBUDYEMBIX [IpU
OCBEIIEHUU CBETOIMOTHON JIAMIION CO CIIEKTPOM U3JTyUeHUsI, OJIU3KUM K €CTECTBEHHOMY COJTHEYHOMY CBETY, Ha
puMepe aHTUONOTUKO-PE3UCTEHTHOM HaKTepraIbHON KyJIbTYPhI S.aureus. AuTnb6axTepraabHbIe CBOMCTBA TLIe-
HOK CBSI3aHBI C (POTOMHIYIMPOBAHHOM 3JIEKTPOTIOpAIEil KJIETOK BCJIEICTBAE BOSHUKHOBEHUsSI PA3HOCTH TIOTEH-
[IMaJIOB MKy TOJIYIIPOBOIHUKOBEIMU HaHOUacTuamu n-runa ZnO u p-runa CuO ¢ JIOKaIbHBIM yBeIUIeHIEM
HAIIPSPKEHHOCTH TI0J1sT /10 BemauHbl ~ 1- 10 B/cM, mocTarounoit m1st IpoTeKaHust HeOBPATIMOIl 9IeKTPOIOpa-
1un. JKCIOHIPOBAHIE IPUBOANT K CHUYKEHHIO GaKTepUaIbHO obceMeHeHHOCTH co 3HaueHns 8 X 10% KOE /yu
710 0. CrieKTpbl KOMOMHAIIMOHHOTO PACCEsTHUsI CBETA JI0 U TOC/IE IKCIIOHUPOBAHMSI OBLIN MTPOAHATU3UPOBAHBI
C TOMOIIBIO PacyeTa MapaMeTPOB CIIEKTPAJbHBIX IIMKOB, COOTBETCTBYIOMIMX MOJIEKYJISPHBIM KOJIEDAHUAM B
HYKJIEMHOBBIX KHCJIOTaX, KJIETOUHON MeMOpane u O6enkax. Bbuto 06HADYKEHO MCUE3HOBEHNE WJIN JIETPATAIINS
[IMKOB, WJLIIOCTpUPYIOmuX KoJjiebanus A, G B HyKJIEMHOBBIX KHUCJIOTaX, HAPYIIEHUE BTOPUYHON CTPYKTYPbI
GEJIKOB U MOsIBJIEHUE PA3yIOPsA09eHHbIX hopM aMua I, a Takyke BOSHUKHOBEHHE Pa3yIOPSI0Y€HHOCTH 1110~
Y€K JIMIUI0B B MeMOpane u pazpyineHune N-aleTuaiMypaMoBOi KUCJIOThI U N-aleTUIINIIOKO3aMUHA, BXOISIIIIX
B COCTaB KJIETOYHON CTEHKH I'DAMIIOJIOXKUTEJILHBIX MUKPOOPTAHU3MOB, UTO CBHUJETEJILCTBYET O PAa3pyIIeHUN
KJIETOYHOHN CTEHKU M HEOOPATUMBIX Pa3pYIIEHHUsAX BHYTPEHHEH CTPYKTYPbI KJIETOK.
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1. B macrosmee Bpems $hOTOKATAIN3 C UCIOIH30BA~
HUEM HAHOMATEPUAJIOB CUUTAETCS OJTHON U3 HAMJTY IIIUX
TeXHOJIOTu# 3PHEKTUBHON OUUCTKHU BOJIbI U3-3a CBOEH
skosioruaHocTH [1,2]. B GosblnmnHCTBE CilyuaeB B Kade-
CTBE MaTepHaJjOB UCIOJIL3YIOTCS TOJIYIIPOBOIHUKH, KO-
TOPBIE SIBJISIIOTCS] HETOKCUYHBIMU, XUMUYECKH CTaOWUIIb-
HBIMA ¥ 00JIaJIal0oT MaJjioil cebecTonMocThio. Tak, OK-
CHUJIBI IIMHKA W MeJIH, UMEIOIUe BBIIeOTNCAHHbIE CBO-
CTBa, YaCTO WCIIOJIb3YIOTCsI B Pa3JIMYHBIX KOMOWHAIIU-
s1x, Kak JaByxkoMminoHeHTHbIX CuO/Zn0O [3-9], Tak u c
I00aBIeHNEeM OKCHUIOB MOJMUOIEHA WM Kejae3a W T.1I.,
Il IPOMBIILIEHHOH ouncTku Bogwl [10,11]. O6myue-
Hue ZnO cBeTOM NMPUBOIUT K BOSHUKHOBEHUIO (POTOMH-
JLyIIUPOBAHHBIX HOCUTEJIEH 3apsi/ia U PEAKTUBHBIX (DOPM
kucsopoja (POK), oquako mupuHa 3a1perneHHonl 30Hbl
ZnO cocrasiser okoao 3.373B [12], B cBsA3u ¢ ueM s
00pa30BaHusl 9JIEKTPOHOB U JIBIPOK HEOOXOIUM YJIbTpar-
duoserosoiii (Y®) cBer, 4ro ycaoxkHAT mporecc (Ha-
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UpuMep, JieJiasi ero omnacHee Jjist 4ejioBeka). OKcu -
K& sIBJISETCs IOJIYIIPOBOIHUKOM 7-THUIIA, TOTJA KAK OK-
cug Megu CuQ — MOJIyIIPOBOJHUK pP-THIIA C IIMPUHON
3anperenHoit 30861 2.6 9B [13]. O6a okcuna no orens-
HOCTU OOJIAAI0T HU3KOM KATaIUTUIeCKON 3PdeKTUB-
HOCTBIO B CBsI3U C OBICTPON pPEKOMOMHAIMEN 3JIEKTPO-
HOB U JIBIPOK, OJHAKO IIPU UX COBMEIIEHUH ITOSIBJISIETCS
BO3MOXKHOCTDb IIepeTeKaHusi (POTOBO30YKIEHHBIX JJIEK-
TPOHOB U3 BBICOKOH 30HBI IPOBOJMMOCTH B HU3KYTO [14].
B psane pabor onucano 3hPeKTUBHOE TPUMEHEHHE T'H-
6puaabix crpykryp CuO/ZnO B npusoxenusx boTo-
karaausa [15-17].

IMomumo npumenenuii ZnO,/CuO B HPOMBIIIIEHHBIX
cpeiax, CyIecTBYeT Ps] MCCJIeIOBAHN, HAITPABICHHBIX
HA BO3MOXKHOCTb MX HCIOJIb30BaHUsI B KAYeCTBE aHTH-
fakTepuadbHBIX areHToB. Tak,B OfHON u3 crareii [1§]
MPUBOAATCS PE3YIbTATHI [0 CO3AHUIO THOPUIHBIX Ha-
HOCTPYKTYP METOJIOM 30JIb-I'ejlb U JEMOHCTPAIMHA WX
aHTUOAKTEepUaJIbHBIX CBOWCTB Ha IpHMepe S.aureus u
E.coli. Onnako B manuoil pabore 0brydeHne CTPyKTYPbl
npousBomiiock Y P cBeroM B Tedenune 15 MunyT, rubess
bakTepuii Hab/IOHAIaCh U B yucToM ZnO, u oObsiCHsI-
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sack BozaukHOBeHneM POK. B npyroii cratbe paccMoT-
peH aHTHOaKTepUAIbHBIN 3D EKT OKCUI0B MeIU U ITUH-
Ka Ha npuMmepe mraMMoB P.aeruginosa, E.coli, S.aureus.
ABTOpPBI TAK2KE [IPUMEHSIIIU 30JIb-T€JIb METOJ, (IJIUTE b
HOCTB Oporecca okosio 2—44). B oxmoit u3 pabor mis
cozpanus crpyKryp ZnO/CuO 6bL1 npuMeHeH MeToma
JIa3epHO abJIAIIK, OMHAKO Iepes abirsanueil TuOpuIHoi
MUIIIEHN ABTOPHI HAHOCUJIU IIMHK HA HAI'PETYIO IIOBEPX-
HOCTb MeJU IIyTeM pacublLieHus: pactsopa ZnCly [19],
KOTODBIH SIBJISIETCSI TOKCUYHBIM, B CBSI3U C YeM IOBBIIIA~
€TCsl OACHOCTD MCIIOJIb30BAHUS METOA JJIs I€IOBEKA.

B nammnoit pabore mpencraBien HOBBII MeTO OBICT-
poro, 3pdeKTUBHOro U 6€30IMacHOr0 CO3/aHus CTPYK-
TYp JAHHOTO THIIA, BKJIOYAIOIINIA B ceds MarHETPOH-
Hoe HambuieHue (okoso 10MUH HA HpoLEAypy) U Ja-
3epHblil 1epeHoc (0KOJI0 15 MuH Ha HpONEypy), HC-
CJIeJIOBAHbI X (DU3UKO-XUMHUIECKHE CBOMCTBa MeTo.a-
MU CKaHUPYIOMENH 3JIeKTPOHHON MUKDPOCKOIINU, SHEPro-
JUCIIEPCUOHHOU DPEHTIEHOBCKOIT CIIEKTPOCKOINMN, PEHT-
FEHOCTPYKTYPHOI'O aHAJIM3a, CIEKTPOCKOINN KOMOWHA-
[IMOHHOI'O0 PACCESIHUS CBETA, & TaKXKe IPOBEIEHO Te-
CTHPOBaHNE AHTHOAKTEPUAIHHOTO 3D PEKTa HA ITPUMe-
peé MeTUIUJLINH-PE3UCTEHTHOrO IITAMMa I'PaMIIOJIOXKH-
TeJIbLHBIX bakTepuil S.aureus. AHTHOAKTEPUATLHBIN -
deKT MoATBEpPXKIEH CTAHIAPTHBIMU MUKDPOOHOIOrHTYe-
CKUMU ITOCEBAMHM, 8 TAKXKe aHaJU30M CIEKTPOB KOMOU-
HAIIMOHHOT'O PACCEsIHUSI.

2. Ha noBepxHOCTH CTEKJISTHHOMN IIJIACTUHBI METOIOM
MarHeTPOHHOI'O HAIBLIEHUsI B aTMOcdepe aproHa ¢ uc-
[TOJIb30BaHUEM MeIHON Murtiern popmupoBasach 200 HM
IJIeHKa oKcuia Menu. Jlajiee ¢ MCIIOIb30BaHMEM HAHO-
CEeKYH/ITHOTO JIA3€PHOI0 MapKepa CO CKAHUPYIOIIel ro-
JIOBKO# TIPEBAPUTEIbHO ITOJIyIE€HHBIE HA CTEKJISTHHOM
IIOJIJIOXKKE METOJOM JIA3€PHOT'O IIePEHOCA HAHOYACTHIIhI
OKCHJIa IIMHKA BTOPUYHO I[TEPEHOCUJIUCH HA IOKPBITYIO
ILUIEHKOW OKCHa MU IJIACTUHY, 00pa3ys MJIOTHO IPH-
KpeIJIEHHble K OKCHUJHOW IIJIEHKE MUKPOCKOIIMYECKUE
KJiacrepbl HaHo4yacTur, ZnO B Bue JBYXMEPHOI'O pac-
Tpa ¢ marom ~ 10 mxm. Takum o6pazom hopmupoBasics
JIBYXMEPHBIIT MaccuB (DOTOIYBCTBUTEIHHBIX K COJTHEY-
HOMY CBETY IIOJIyIIPOBOJHUKOBBIX JHOJI0B, 00pa30BaH-
HbIX u3 n-nipoBojgiero ZnO u p-nposojsinero CuO.
HUcxong u3 paboret [20], npu cosnneunoi suepruun AM1.5
Takoil (POTOZJIEMEHT MOXKET CO3/IaBATh PA3HOCTH DJIEK-
TPUUIECKUX MTOTEHIINAJIOB Ha p—n nepexoje jo 1.44 B.

TlosiyueHHble ILUIEHKH OBLIM — OXapaKTepU30BAHbI
MeTONAMM CKaHUPYIOIIEeH 3JICKTPOHHONH MWKPOCKOIINT
(COM) (Tescan, Bpro, Yexusi) u 9HEProUCIIEPCUOHHON
pentreHosekoii cnekrpockormu (DIC). COM uzobpa-
2KEHUs 3aTeM 00padaThIBAINCH B IpadUIeCcKOM ITaKeTe
Image]J c¢ menpro ompejeneHns CpPeaIHAX PA3MEpPOB
[MOBEPXHOCTHOTO pejbeda. st 3Toro mpousBoIuIach
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KOPPEKTUPOBKAa KOHTPACTa © PE3KOCTH u300paKe-
HUI1,330aBaJICd  I[BETOBOM IIOPOT' U IIPOU3BOAMUJIOCH
BBIsIBJIEHIE KOHTPACTHBIX 00J1acTeil, COOTBETCTBYIOIIUX
pesbedy,ocae Yero pacCIuThIBAJIOCH DaCIpee/IeHne
IUTOMAEl M0 pa3MepaM, KOTOPOe 3aTeM IIE€PECIUTHIBA~
JIOCh B CPEJIHUE PaJIUyCHI.

BakrepuajibHasi KyJibTypa S.aureus ObLjia IOJIyJYeHa
13 KOJIJIEKIINY [MITAMMOB HHCTUTYTa uM. L 'amajen. U3na-
qasibHOe KoJIn4ecTBo cocTanisaio 8 X 10° KOE/mi (ko-
JIOHHeoOpasyoImux equHul B Musunmrpe). Kynsrypa
HAHOCUJIACH HA IMOATOTOBJIEHHBIE TOJJIOKKHU, IOCTIe de-
ro 5 00pa3moB MOABEPraJuCh BO3IEHCTBUIO CBETOMMO-
HOI JIaMITbI B TedeHue 14, u 5 0O6pa3IoB OCTABAJINUCH B
TemHOTe Takxke B Teuenue 1 4. [Tocse sroro ocymecTs-
JISJICS TTIOCEB MUKPOOPTAHU3MOB C IIEJbI0 yCTAHOBJIEHUS
aHTHOAKTepuaJbHOro 3 deKTa 06pa3IoB, CIPOBOIUPO-
BAHHOT'O BO3JIEICTBHEM CBETA.

Cuekrpel PCA ObLiu 1OJIy4eHBI C I[IOMOIIBIO JIH-
dpakromerpa Rigaku MiniFlex 600 (Toxkuo, Snonus),
¢ ucnoub3opanueM Cu Ko smmuunm ¢ gjimHOM BOJIHBL A =
0.154 am. /laHHBIE 3aUCHIBAJIMCH B JUAIIA30HE yIJIOB 20
or 10 mo 60° ¢ marom 0.05. 3HavUeHUS UIMPUHBI M-
KO0B Ha (.5 BBICOTBHI ONPEAEISIINCh METOJOM JIOPEHIIe-
BOil anmpokcuMaruu Kaxkjaoro nuka B OriginPro 2019b
9.6.5.169.

YHucieHHOE MOIEIMPOBAHUE JIEKTPUIECKUX IIOJIEH,
OKDPY2KAIOIMNX OAKTEPHAJIBHYIO ODOJIOUKY OakTepuii
S.aureus, OCYyIIECTBJISIJIOCH Ha OCHOBE IIPUKJIAIHOIO
nakera COMSOL Multiphysics 6.1 ¢ ucnosib3oBanuem
astekrporexundeckoro Moyt AC/DC, nossodsiomero
PACCUNTBIBATD 3JIEKTPUYECKHE II0Ji B IIPUCYTCTBUU
9JIEKTPUYECKUX TOKOB HA OCHOBAHUU PEIIEHUs] ypPaBHE-
unit Jlamaca g BayTpenHeit 3agaqun Jupuxie. Beiou-
paJicst ipocTpaHcTBeHHbI 00beM 100 x 100 X 50 MKM HaT
IIOJIOXKKOI U3 CUIIMKATHOrO cTeKya (TosmuHa 50 MKM),
COZIEPKAIIMI HA €e I[OBEPXHOCTH yYaCTOK (ILIOIMIAJb
200uMm) miaenkn CuO ¢ jgumamerpom d = 40MKM #
numHIpuydeckue Kjacrepbl Zn(Q Ha IJIEHKE C BBICO-
Toit or 1 70 2MKM u ¢ juamerpoM OT 4 70 6 MKM ¢
paccrosiHueM Mexkjry HuMu nopsiaka 10 mrm. OObem
HaJ| IOJJIOXKKON CYUTAJICSI 3AIOJHEHHBIM JIMCTHUJLIH-
POBaHHOI BOJIOl, B KOTOPO#l pa3Mmeniajacb MOJIE/Ib
bakTepun S.aureus B Buje chepsl pazmepamu 1.2 MKM 1
SJIEKTPUYECKUMU I1apaMeTpaMiu, [IPUBEIEHHBIMU B pa-
Gore [14]. DekTpuiuecKue mapaMeTphl BCEX OCTAIBHBIX
KOMIIOHEHTOB MOJIEJI BBIOMPAJINCH U3 CTAHIAPTHBIX
3HaveHui, cogep:xkaruxcs B nakere COMSOL.

Cuekrpbl KP 6bL11 110JIy4eHbI ¢ IOMOIIBIO CIIEKTPO-
merpa Confotec MR520 (SOL Instruments, Munck, Be-
JIAPYCh) LU JJIMHE BOJIHBI Jiazepa 532 HM, MOIIHOCTHU
sazepa 15MBt, BpemeHu HakoIieHus 2C, ¢ UCIOJIb30-
BanueM 40-kparHoro oobekrusa (MPlanFL, Nikon, To-
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k1o, fdnonus) ¢ uucsioBoii aneprypoii 0.75 u pabounm
paccrosgaueM 0.66 mm. DOHOBBIN curHaa JIyopecreH-
[UU YAAJISIIA U3 3aPEruCTPUPOBAHHBIX CIEKTPOB C I10-
MOIIHIO METOJ[a HANMEHBINNX KBAJPATOB C (PAKTOPOM
acummerpuanoctu 0.001, dakropom criakuBanust 7,
rioporoM gyBscTBuTesibHOCTH (.01, unciom nreparnuii 10.
[Tosygyentbie CrieKTPHI OBLIN CIIIAXKEHBI C IIOMOIIBIO Me-
toga Casurkoro—losress ¥ HOpMUPOBAHBI HA UK (DEHUIIT-
asammza 1011 cm— 1.

VcpeiaeHHbIE 00pabOTAHHBIE CIIEKTPHI JJIsT KaXKI0TO
00pasma arnmpoKCUMUPOBAJINCH C TTOMOIIBIO JIopeHreBa
PUOJIMKEHHUsI C UCIIOJIb30BAHUEM ITPOTPAMMHOIO 0bec-
neverns OriginPro (OriginPro 2019b 9.6.5.169). IIpo-
IeIypa allpPOKCHMAINN 3aK/II0YAETC B IPUOIMKEHUN
dopmMbI TIKOB B 00paboTaHubIx crekTpax KP k ¢gpopme
JIOPEHIIEBA KOHTYDPA:

2A w 1

y_y0+7r4(:r—zc)2+w2’ ()

rie H =2-A/(m-w) — BeIcOTA IIMKa; A — IIIOIIA/IH IO,

KkpuBoii; w — mmpuHa nosocel (FWHM); . — mosoxe-

HIe MakKcHMyMa (IeHTpaJbHas 9acToTa B CM 1); Y. U

Yo — MAKCUMAJIbHBIA U (DOHOBBIN CUTHAJ COOTBETCTBEH-
HO (puc. 1).

(x.,3.)

S E

W= 12
_— =)

Puc.1. (Ilsernoit omnaitn) Cxemarndnoe u300pakeHUE
JIDEHIIEBA KOHTYPA, COTJIACHO KOTOPOMY OCYIIECTBJISETCS
annpoxkcumarus cruekrpos KP

O6napyxenne nosoc KP (CKpBITBIX IIMKOB) OCYy-
[ECTBJISJIOCH IyTeM ONpPeIeIeHrs] JIOKAJIbHBIX MAaK-
CUMYMOB BTOPOH IIDOM3BOAHONM CO CIJIAXKUBaHUEM
Casunkoro—Touest. HalizienHble 3HaueHns: (MOJI0KEHUST
MAKCUMyMOB BTODOii NIPOU3BOAHON x.) duKcupoBa-
JINCh, TOCJE Yero BCe MUKU AIlPOKCUMUPOBAJUCH
JIOpeHIeBbIM npubsmkenueMm (1), B pesynbrare 4ero
OBbLIM IIOJIyYeHbl 3HAYEHUsI I[IAPUHBI IOJIOCHI W U
wiomau oy Kpuboit A. Pas3bpoc JaHHBIX 3HAYEHU
(cTaHIAPTHOE OTKJIOHEHNUE) OLEHUBAJICS IPOIPAMMON B
COOTBETCTBUU C OIEHKON YPOBHs IIyMa U BEJIUYUHOMN
OCTATOYHON OMUOKHY.

3. Hnst wienok CuO, ZnO u CuO/ZnO 6bLi1a npose-
nera COM u /1C xapakrepusanus. ITosepxuocrs CuO

IJIEHOK MMEET HAHONIEPOXOBATOCTD C PA3MEPAME 3€DEH
nopsiaka 90 M (puc. 2).

2000 500
£ 400 &
s 1500+ s
en on
« 300 5
5 1000 5
E 200
z z

5001 100
T T T 0
0 500 1000 1500 2000

Radius (nm)

Puc. 2. (LIsernoii onnaitn) Pacnipenerenne 3epen cyOMuk-
popenbeda Ha MOBEPXHOCTH HAIBIJIEHHBIX ILIEHOK. 3ejie-
nas smaus — CuO; kpacuas jguausa — ZnQO; cuHsist TUHUS —
CuO/ZnO. Berasku: coorsercryone COM uzobpaske-
HUS TIJIEHOK

Cornacuno mamabiM D/1C, okcn Mean paBHOMEPHO
pacupesiesieH 0 IIOBEPXHOCTH NOJI0KKH (puc. 1). Bosb-
HI0€e KOJIMYECTBO KUCJIOPOa 00YCIOBIEHO €ro BhICOKUM
COZEpKAHNEM B CHJIMKATHOM CTEKJIE, Ha KOTOPOE IMpO-
U3BOAUIIOCH HamblieHue (Tabir. 1).

Tabauna 1. DileMeHTbI, ColepXKaliuecs B BBIOPAHHONW 06JacTu
st renku CuO

DemeHT Aromunrit %
O 55.47
Si 17.76
Cu 13.37
C 13.40
Bcero 100.00

[Tenka ZnO umeer cyOMUKpPOMACIITAOHBIN peJibed,
¢ pasmepamu 3epe 110 450 am. Tanubie 9J1C ninocTpu-
PYIOT BBICOKYIO IIPOU3BOAUTEIHLHOCTD METOIa, JIA3EPHOTO
nepeHoca JJIsi CO3JaHus IeHoK (puc. 4, Tabum. 2). On-
HOPOJHOCTH ITOKPBITHUSI IIOITBEPKIAETCSI PABHOMEDHBIM
pacmpeesnenneM nuHKa Ha kaprax IC.

Tabsmna 2. DJieMeHTHI,CofepXKaluecss B BBIOPAHHONW 00acTh
st enku ZnO

DemeHT Aromunrit %
O 40.02
Zn 48.28
C 11.47
Si 0.22
Bcero 100.00
IIucema B 2KOQT® Tom 120 BHIm. 1-2 2024
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()

100 pm

CuLal,2 CKal 2

(d)

100 um

Puc. 3. (IIpernoit onnaiin) (a) — COM-uzobpazkenne nosepxaocru mwieHku CuO; (b) — cOOTBETCTBYIONIHI SHEPTOAUCIEPCUOH-

Hb1it criekp; (¢)—(f) — KapThI pacupe/esieHns IEMEHTOB B BBIOPaHHOI 06s1acTh

Kom6unuposannse wieaku CuO/ZnO ¢ cybmuk-
POHHOI! mepoxoBaToCcTh0 (0K0J10 500 HM) TaK¥Ke JeMOH-
CTPUPYIOT OJHODPOJHOE PACHPEJIeJICHIE IMHKA U MeJH
(puc. 5, Tabu. 3).

Tabuuna 3. DyieMeHTbI,CoAepXKaIUecss B BBIOPAHHONW 00JIacTH
s KoMGuanposanHoii mwienku CuO/ZnO

DnemeHT Aromusrit %
O 45.17
Zn 34.80
C 11.83
Si 4.12
Cu 4.08
Bceero 100.00

B pesyaprare mpoBemeHnmsi 6aKTEPHOOTHTIECKOTO
1oceBa ObLIIO BBISIBJICHO, UTO IIPU SKCIIOHUPOBAHUU CBe-
TOM B TedeHue 1 daca Habuogaercs camkenne KOE /v
JI0 HyJId, TOrJa Kak B TeMHoTe 3ddexra uer (Tabi. 4).

Ta6auna 4. JanHble MEUKPOOGHOJIOIHYECKOrO IIOCEBA C IIJIEHOK

CuO, ZnO, CuO/Zn0O

O6ceMeHEeHHOCTD O6ceMeHeHHOCTD
O6paszerg 6e3 9KCIIOHUPOBAHUSI, C 9KCIIOHUPOBAHUEM,
KOE /mn KOE/mn
KonTpons 8 x 108 8 x 108
CuO 0 0
ZnO 6 x 108 6 x 108
Cu0O/Zn0O 6 x 108 0

Coracuo manabiM moceBa, HY memqn obiagaior ad-
THOAKTEPUATBLHBIMU CBORCTBAMU KAK C SKCIIOHUPOBAHM-

IIucema B 2KOTP  Tom 120 BbII. 1-2
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eM, Tak 1 0e3 Hero, OJIHAKO II0CJIE JIA3EPHOIO MEePEHOCA
ZnO na mwrenky CuO antubakrepuabHbIil adderT nc-
ge3aeT. Janubiit pakT MOXKeT ObITH CBA3aH C MOKPBITH-
eM mwieakn CuO gacrunamu ZnO, KOToOpble He 0bJaaa-
0T aHTUOAKTEepHUaIbHBIM 3(PGMEKTOM per se U HHUBEJIH-
pPYIOT GAKTEPUIUIHYIO aKTUBHOCTH OKCHJa Meju. Tem
He MeHee, II0CJIe SKCIIOHUPOBaHUsi 00pasiia Mo CBETOM
CBETOJINO/IHOIT JIaMIIbI B TeueHue 1 9 HabJII01aeTCsl CAJIb-
HBII aHTUOAKTEPUATHHBIN 3D dEKT, ITO CBUAETETCTBY-
eT 00 MHOM MeXaHu3Me ITPOTHBOMUKPOOHOTO JefCTBHSI,
a UMEHHO — 3JIEKTPOIIOPAIIUH.

Hanuble PCA moarsep:kaaioT cojiep:KaHue B ILJICH-
kax ZnO (100), (002), (101), (110), (103) u CuO (100),
(002), (111), (101), (202) (puc.6) [15,s16].

Pasmep kxpucTa/iinTOB MOXKHO OIPENE/IATD U3 MOy~
yeHHBbIX criekTpoB PCA ¢ nomornieio dpopmysibr Ilepe-
pa (1):

Dh,k,l = 0~9)\/(ﬂh,k,l COSs 9), (1)
rje A = 0.154 um (Cu Ka-nmunst) — JyimHa BOJIHBL PEHT-
PEHOBCKOI'O u3Jjrydyenus,  — moJiHas mupusa Ha 0.5 BbI-
cotsl (full linewidth at half maximum, FWHM) B pajua-
Hax, f — yroJs audpakiun Ha COOTBETCTBYIOIIUX ILIOCKO-
crax. B Tabii. b mpezcTaBiensr pa3Mepbl KPUCTAJLINTOB,
paccunTaHHbIe U3 JaHHBIX crieKTpoB PCA.

Takum obpas3oM, cpegHuil pasMep KPUCTAJLIATOB
ZnO cocrapisier mnopsiaka 26 HM, TOrja Kak CpeIHuit
pasmep kpucraamuTos CuO cocrapiser 0Koao 35 HM.

PasnocTh mOTEHIMATIOB MEXKJTy IOJIYITPOBOIHUKOM
n-tuna ZnO u nosynposogaukoMm p-tuna CuO cocras-
snsteT 1.4666 B ipu 1HEBHOM COTHEYMHON OCBEIIEHHOCTH C
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O Kol

100 um " SiKal

Zn Lal,2

100 pm

Puc. 4. (Lpernoii onnaiin) (a) — COM-uzobpazkenne nosepxsocru meHku ZnO; (b) — cOOTBETCTBYIOIMI SHEPrOUCIIEPCH-
OHHBIH CIEKTD; (c)—(€) — KapThI PACIpe/IeJIeHUs] SJIEMEHTOB B BBIOPAHHO OBJIACTH.

Culal2 C Kal 2

®

100 um O Kol

it g 4(E)
Znal,Z

100 um _Si Kol

(h)

10 pm 100 pm 100 um

Puc. 5. (IperHoii onuaitn) (a), (b) — COM-n306parkenue nosepxuocryu mieHkn ZnO/CuO npu pasinuHbX yBesndeHunsx; (c) —
coorBeTCTBYOIMIl 3Heprogucnepcuonnsiii crekrp; (d)—(h) — kKapTel pacupeseseHnst 3J1eMEHTOB B BHIODAHHON 00J1aCT.

AM1.5 (air mass) o crangapry ISO 9845-1:2022. 3ua- CorniacHo pacueram, HAIPSIKEHHOCTH SJIEKTPUYIE-
YeHre Pa3HOCTH NMOTEHIMAIOB B3s1TO u3 paborsr [20]. CKOT'O TI0JIsI Ha BHEIHel rpanuiie 6akTepuaabHOl 000-

IIucema B 2KOT® Tom 120 Bpm.1-2 2024
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Puc. 6. (LIeTnoit onsaiin) JlaHHbIE pEHTTEHOCTPYKTYPHO-
ro anasju3a HaHeceHHO# nteHku ZnO/CuO

Tabauna 5. Pasmeps! kpucrammuros ZnO u CuO, paccanranubie
u3 panubix PCA

26, IInockocTs, Pazmep Pazmep
rpajLychl hkl KPHUCTAJIJIUTOB KPHUCTAJIJIUTOB

ZnO, uM CuO, uMm

32.5 100 28.3 28.3

35.2 002 27.5 27.5

37 101 45.1

40 111 51.1

44 101 48.9

48.3 202 20.8

57.3 110 22.0

63.6 103 10.3

soukn S.aureus cocrasiger 6omee 1-10* B/cm (puc. 7),
YTO, COIVIACHO JIMTEPATYPHBIM JIAHHBIM, COOTBETCTBYET
peKUMy HeoOpaTuMOil ajekTponopanuu [24].

Yepemuennnie cuekTpbl KP u X BTOpble TPOU3BO/I-
HbIe TIPEJICTABJIEHBI HA PUC. 8.

ITapaMeTpbl CHEKTPAIBHBIX MMOJIOC OBLIH HOJIYIeHbI
MeTO/IOM JIOPEHIIeBa PpUOIMKeHus (CM. pasmues 2) ¢ mo-
HCKOM CKPBITBIX MMHUKOB C MOMOIIBIO BTOPBIX MPOU3BOJI-
HBIX crekTpoB (puc.9). aHHble 3HAUYEHUsT OTOOparKe-
HBI B Tabu1. S1, rie KaxKkjast sdeifka BKJIIOYaeT J0 TPeX
CTPOK, COOTBETCTBYIOIIUX MOJOKEHUIO MAKCUMYMa, TITH-
pute nosocsl Ha 0.5 Beicorsl (FWHM) n mwrormau mog,
KPUBBIMHA CO CTaHAAPTHBIMEU omubkamu (Tabu. S1, mo-
HOJIHUTEJIbHBIE MATEPUAJIBI).

B obmem ciydae anTrbakTepuabHbIN 3P DHEKT MO-
2KeT npogBisaThes B Bugie nospexaenus JTHK/PHK (B
TOM YHCJIE UX a30TUCTHIX OCHOBAHUN aJleHrHA A, TyaHu-
Ha G, murosuna C, ypammia U), 6esgkoB (KX BTOPUIHOI
CTPYKTYPbI) U MEMOPAHbL.S.aureus aB/IgeTCsl IPAMIIOJIO-
KUTEIbHOM OaKkTepueil ¢ IMI0THON KJIETOYHON MeMOpa-
HOM, U TIPEJIITI0JIATAEMBbIH IIPOTIECC JIEKTPOIIOPAIIH JI0JI-
2KEH OTPaXKaThCsl B U3MeHeHnsxX crekrpos KP.

ITuku, coorsercrBytomue —POq, C-C konebanusam B
HYKJIEMHOBBIX KHCJIOTaX, PACIIOJIOXKEHBI B o0siactu 1070,

IIucbma B 2KOTP Tom 120 BRm. 1-2 2024

1091, 1106, 1121 cm— ! [25]. Bee nuku casuraiorest B €To-
POHY OOJIBINNAX BOJHOBBIX UHCEJ, & TAKXKe JIEMOHCTPHU-
PYIOT yIIUpEeHHEe W yBeJUUIEHUE IJIOMIAIN 0, KPUBOIi,
9TO MOYKET OBITH CBS3aHO C PA3YIIOPHAI0INBAHIEM MOJIE-
KylapHBIX cBazeit. [lux 1232 cvm~! [26], cooTsercTByto-
Uil aCUMMETPUYHBIM BaJIeHTHBIM KoJiebanusiMm —PQOo,
OJIHAKO, JIEMOHCTPUPYET CY2KEHUE U yMEHBINEHHUE ILJI0-
mau nox kpusoil. Ilosoca 1121 cm™! ucyesaer mocie
skcrnonupoBanusi. Kosebanusi B C, G xapakTepusyor-
cst tmkoM 1181 eM ™!, KOTOPELT IeMOHCTPUPYET CIBHT JI0
1178 em ™!, 3HAMHMTEILHOE YIIMPEHIe U yBeIIIeHne II0-
mam o, kpusoit. [Tuku 1121, 1333 cm™ ! (A [27]) uc-
4e3al0T I0CJIe KCIOHUpoBaHus. A, G WILIIOCTPUPYIOTCsT
koM 1346 cM ™!, KoToperil casuraercs mo 1341 cm !,
JIEMOHCTPUPYET 3HAYUTEIbHOE YMEHBIEHNE IINPUHBI 1
mwiromaan. Jonosmaurensubii nuk A, G na 1364 et
TaKzKe HcIe3aeT Mmocye SKcnonrpopanms. [Tux 1786 car !
orobpazkaer C=0 kosiebanus B JTHK [28], on nemon-
CTPUPYET CIABUI' B CTOPOHY MEHBIIUX JJIMH BOJIH. 1a-
KM 00pa30M, HAOJIIOJaeMble CIIEKTPAJIbHbIE M3MEHEHU ST
MOYKHO CBsI3aTh ¢ HapymenneM cTpykrypol JHK 6ak-
Tepuil B mporiecce 3JIeKTPOTIOPAIINN.

IMuk 1135cM™' orparkaeT MoJeKy/IsapHBIE KoJeba-
HUsl B junujax u (pocdoJIMnIax; ero MupuHa U ILI0-
MaJb JeMOHCTPHUPYIOT yBemmdenne. IIuk 1454 cm~! or-
nocurcsa Kk CHs konebanusix B Junmpgax u O€IKax; OH
caBuraercst 1o 1452 cm— 1, CcyzKaeTcs, IJIOMAAb YMeHb-
maercst. KosebaHns OCHOBHBIX MEMOPAHHBIX JIAIIHAIOB
pacrmooxkens! B obmactr 2800-3000 cm~t. M3 Hux TpH
nuka (2874, 2982, 3015 CM_l) JEeMOHCTPUPYIOT yIIupe-
HIe W yBeJImdenue mioman, asa (2900, 2937 ey 1) —
cy’KeHne W yMeHbIIeHHue mromany. 1lux 2998 car—! mos-
HOCTBIO UCYE3a€eT B CIIEKTPaxX OaKTepuil, IOIBEPrHY THIX
skcrornposanmio. Iluk 1308 cm~! coorsercrByer CHy
KOJIEOAHUSIM B HACBIMIEHHBIX JKAPAaX U JEMOHCTPHUPYET
3HAYUTEIHLHOE CyKEHUE.

Ornommenne narencusrocreit KP mukos Iags7/I2g74,
Ingag /T84, 11093/ 1129, 1095/ 1064 MILTIOCTPHPYET CTe-
[eHb Pa3ylOPsIOUYEHHOCTH Ienovek Junuaos |29, 30].
CorniacHo JIMTEPATYPHBIM JTAHHBIM, YIUTHIBAIOTCH 3HA-
JeHUsl He IJIONAJIell 0l KPUBBIME COOTBETCTBYIOIIUX
[IIKOB, & HEIIOCPEJICTBEHHO MHTEHCUBHOCTH HA CIIEKTPAX
KP, B cBsi3u ¢ uem B Tab1. 7 yKa3aHbl HMEHHO 9TH 3Ha-
YEeHUsI.

IMuku 2848 cm ™' u 2884 cm~! orHOCATCS K CHMMeT-
PUYHBIM U ACHUMMETPUYHBIM BaJIEHTHBIM KOJIEOAHUSIM
C-H B MeTHIEHOBLIX TpymmaX, a mmk 2935cm ! —
CUMMETPUYHBIM BaJIEHTHBIM KOJIEOAHUSIM MeTHjia B
nensix ankuwios [31]. OTHOmIeHWsI UHTEHCHBHOCTE
mmkoB 2935cm~ ! m 2880cMm~! cumTaroTCs XOpOITHEM
[IOKa3aTeJieM CTEleHd Pa3yIOPsI0YeHHOCTH B Ouc-
noe amkmios. O6macts 10001200 cym~! orobpazkaer
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Puc. 7. Hucnennoe MopeMpoBaHue JIEKTPUYIECKOTO TIOJIs B TPEXMEPHOM Mozesn, BKitodaomeil B ceba mienky CuO na
MOJJIOKKE U3 CHJIMKATHOIO CTeKJia, Kiacrepbl ZnO u 6akrepuio S.aureus

Tabumna 6. DiekTpudeckue mapaMeTpbl KOMIIOHEHTOB sl MOZesupoBanust B nporpammuoii cpegre COMSOL Multiphysics 6.1

XapaKTepucTHKa ZnO CuO S.aureus JucruiinpoBannas CumkarHoe
ITurortazma Membpana BOJIA CTEKJIO
DjeKTpuyecKas
IIPOBOIIMOCTb, 103 0.01 0.8 0.01 5.5 x 10~6 10—14
cM/M
OrHocuTenpHAS
JINSJIEKTPUYECKasT 8.3 18.1 70 60 80 3.75
[IPOHMIIAEMOCTD, €/€q

Tab6smmua 7. Orromenne narencusHoctelt KP mukos I2937 /I2874,

I2848 /12884, 11093 /I1129, T1095/I1064 Ky/IbTypBI S.aureus g0 u mo-
CJIe 3KCIIOHUPOBAaHUA CBETOM

Be3 SKCIIOHUPOBaHUA HOCﬂe IKCIIOHUPOBaHUA
I2937/I2874 1.93 1.85
Iosas /12884 0.58 0.55
T1093 /11129 0.84 0.85
T1095/T1064 1.84 2.16

pasieaTHble C-C  KojiebaHusi W CBA3AaHHBIE C HUMH
MEXKMOJIEKYJIApHbIME  trans/gauche wusmenenusvu B
AJTKIIBHBIX Henax B dochommuaax. Ik 1130 cm—?
oTHOCUTCS K BaJleHTHbIM Kojebauusim C-C  trans-
KOH(DOPMAIUN  AJKUJIBHBIX [elel, TOrja Kak ITHK
1090 cm~ ! mumocrpupyer BasenTnble Kosebanua C-C
gauche-koudopmanuu. Takum ob6paszoMm, OTHOILIEHUE
WHTEHCUBHOCTEN JAHHBIX MHUKOB OTOOPAYKAET COOTHO-
[IeHUE IIOPSAJIKA,/ PA3YNOPANOUNBAHASA B AJIKUJIBHBIX

nensx [29, 32].

BakHbIMUI KOMITOHEHTAMY KJIETOYHON CTEHKHU OaKTe-
puil SBJSIOTCS MENTUIOTNIMKAHBI, N-aIleTHIMypaMoBast
kucipora (HAM) wu N-anermirmorkosamun  (HAT).
CornacHO JIMTEPATYPHBIM JTAHHBIM, COOTBETCTBYIO-
mue JaHHBIM MOJIEKy/IsapHbIM KoJsebanusm KP nwukwm
pacnosiozkensl B obsactu 1388 u 1415 em~ ! [33]. Unren-
CHUBHOCTH IIMKOB YMEHBIIAETCsI, & TaKyKe HabJII0/1aeTcs
capur mmka 1415cm~! B cTOpoHy GONBIMIX BOJTHOBBIX
YHUCeJI, ITO CBUJIETEJIbCTBYET O PA3PYIICHUN KJIETOTHOMN
CTEHKH.

Phe (denmnasanun) xapakrepusyercs IIHKAMU
1011, 1036, 1580cm~!'. IImx 101lcm~' cuBuraercs
o 1008cm™!, mmk 1580cm~! — go 158671 Illu-
pUMHA U IUIOMIAJb IIMKOB YMEHBIIAETCS, B CBSI3U C
YeM MOXKHO CJIeJIaTh BBIBOJ O CHIXKEHUHM KOHIICH-
tparun  Phe, BbI3BanHOM ero paspymrenueMm. Iluk
1166 cM™ ! coorBercTByeT KojebaHHSAM B apoMaTHUe-
CKMX aMWHOKHUCJIOTaX. AHAJOTHYHO JAHHBIM DpaHee
OILyOJINKOBAHHON CTATbH, UK CIABUTAETCS B CTOPOHY

IIucema B 2KOT® Tom 120 Bem.1-2 2024
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Raman shift (cm ")
Puc.8. (Llpernoit onmaiin) Ycpenaenssle crektpbl KP
Gaxrepuii S.aureus Ha 1renke ZnO/CuO 6e3 ocenienus
(uepHast mmHMsL, “S.aureus”’) u IOCIIE SKCIOHUPOBAHUS CBE-
ToM B TedeHue 1u (kpacHas jimHus, “S.aureus + light”) B
muanaszone 900-3100 cm !

MEHBINNX BOJIHOBBIX 9HCEJ, W €ro IUIOMA/b YMEHb-
maetrcst [34].

Awmug IIT B criekrpax KP mpejcrasien B Buje nu-
koB 1249, 1293cm~!. Bce mHKH CIBHraioTCs B CTO-
POHY MEHBIINUX BOJHOBBIX YHCEJ, CYXKAIOTCS, UX ILJIO-
aJIb YMEHbIaeTcs. AHAIOrMIHAS JTHHAMUKA HADJIIO1a~
gach B padore [35] Amux II xapakrepusyercs nukaMu
1435, 1552 e~ L. TTosoca 1435 e~ ! ncuesaer mocite sxc-
HOHMpOBaHus, 1552cM ™! caBuraeTca B CTOPOHY GOMDb-
IMINX BOJIHOBBIX dmcest 10 1559 cm™!, yHIupseTcsl, IJIo-
maJab Mo, KpuBoil yBenuunBaercs. [Tuk 1552 et Tak-
K€ WLTIOCTpUpyeT BKIa Tpuntodana. Eme oaun muk,
OTHECEHHBIN K TpuUnTodaHy, PACIOJOKEH B 00IacTH
1308 cm~ L, u ero mmpuHa YMeHbITIaeTCs II0CJIe IKCIIOHU-
poBanus. Konebanns amuma I orobparkeHbl B cieKTpax
KP B Buze nosoc 1621, 1646 cm— ! (S-mctsr), 1663 (a-
crmpasm), 1678 (SB-ymctbi), 1696 cm™ ! (B-surknm). [ux
1646 cM ™! ncUesaeT mocsie SKCIIOHUPOBAHMSI, BCE OCTAIb-
Hble TUKHU JEeMOHCTPHUDPYIOT CYy2K€HHE WU YMEHbBIIICHHE
wiromma . Kpome Toro, B CriekTpax BTOPOH ITPOM3BOJI-
HOIT TTosIBJIsTeTCS CIabblil nK B obiactu 1687 cMm™ 1, xo-
TOPBII 0TOOPAXKAET PA3yIOPSITIOIEHHOE COCTOSTHIAE AMHU-
na I (random coil) [25]. TTuk 1621 cm~! memoncrpupy-
er casur 0 1623cem™! u yBeJIN4YeHNEe IO U ITOYTH
B 2 pas3a; BO3MOXKHO, JAHHBIN MUK TAKXKe XapaKTePH-
3yeT pasyHopsmodeHHoe cocTogume ammaa 1. 1801 et
TaKXKe CYXKaeTCsd W €ero IUIOMAJ b yMeHbInaercs. [Iuk
1361 cm~ !, ormecennniii k C-H kosrebanusm B Geskax,
UCYIE3AET.

4. B mamHO paboTe OBIIO MPOBEIEHO MCCIIEI0OBAHIE
anTubakTeprasbHbix cBoiicTB mwieHok ZnO,/CuO, akru-
BUPYEMBIX IIPA OCBEIIEHWH CBETOJIMOIHON JIaMIION CO

IIucbma B 2KOTP Tom 120 Bpm. 1-2 2024

CIIEKTPOM W3JIyUICHUS, OJU3KUM K €CTECTBEHHOMY COJI-
HEYHOMY CBETY, Ha IpuMepe OAKTEePUAJIBHON KYJIBTYPbI
S.aureus. Xapakrepusalys IJIEHOK ObLIa IIPOM3BEIEHA
meromamu COM, D/C, PCA. CornacHo TOJyIeHHBIM
JTAHHBIM, OBLT 00eCIIeYeH OIHOPOIHBIN IEPEHOC OKCUIA
nuuka Ha mwieHky CuQO, B pesysibrare dero ¢popMupo-
BaJICs CyOMUKDOHHBIH pesbed (cpexuuii macmrab pe-
aveda A~ 500HM) ¢ pasmepamu KpucraumroB ZnO u
CuO nopsiaka 3040 mM.

AnTubakrepuasibHble CBOIICTBA IJIEHOK OBLIH CBSI-
3aHbl C BO3BHHUKHOBEHHMEM IIOD B KJIETOYHOU MeMOpaHe
BesteicTBrE (POTOMHIY IIMPOBAHHOTO JIOKAJIBHOTO YBEJIH-
YeHUsI JIEKTPUIECKON HAIPSIKEHHOCTU 0 3HAYEHUsI
~1-10*B /€M, COOTBETCTBYIOIIENO TAKOBOMY JIJIsI TIPO-
TeKaHus HeoOpaTuMoil ssrekTporoparun. Jauubrit 3¢-
dexT ObLT 00bICHEH BOSHUKHOBEHNEM PA3HOCTH ITOTEH-
[UAJIOB MEXKJIy MOJIynpoBogHuKoM n-tuna ZnO u mo-
synpoBogaukoM p-tuna CuO. CoryiacHo TpOBeEeHHBIM
Mukpobuosiornueckum ocesaM, wienku ZnO/CuO ue
001a7a10T aHTHOAKTEPUAIbHBIME CBOMCTBAMHE 6€3 OCcBe-
meHHocTH. HalpoTus, SKCIIOHIPOBaHUE IIPUBEJIO K CHIU-
KEHUI0 DAKTEPUAIBHON 00CEMEHEHHOCTH Ha JEBITH I10-
paxos — ot 3Hadennd 8 X 108 KOE /i mo 0.

KP cnoekrpbl 10 ¥ I0ocjie 3KCIIOHUPOBAHUS ObLIN
[IPOAHAJIM3UPOBAHBI C IIOMOIIBID pacyera IapaMeTpOB
CIEKTPAJBHBIX MMHUKOB, COOTBETCTBYIOIINX MOJIEKYIISIP-
HBIM KOJIEOAHUSIM B HYKJIEMHOBBIX KUCJIOTAaX, KJIETOIHON
MeMmbpane u 6eKax. BBLIO JIeTeKTUPOBAHO MCUE3HOBE-
HU€ WU Jerpajalidsl TUKOB, WIIIOCTPUPYIONUX KOJIe-
banusg A, G B HyKJIEMHOBBIX KHUCJIOTAX, YTO OOYCJIOB-
sneno paspymenueM JITHK B mporiecce amekTponoparun.
Takke OBLIO BBISIBJIEHO HAPYIIIEHUE BTOPUIHON CTPYK-
TYpBl OEJIKOB, & WMEHHO, CHUXKE€HUE KOHIIEHTPAIUU (-
crimpaJieil U 5-JIMCTOB U HOSIBJIEHUE Pa3yIIOPsI0YeHHBIX
dbopm amuza 1 (random coil). TTockoabKy 2seKTpOIIO-
paIus B 3HAYUTEJHHON CTEIEHN TOBPEXK IAET MEMOPaHy
OGakTeprasbHON KJIETKH, OBLIO IIPOBEIEHO JIeTAJIbHOE UC-
CJIeJIOBAHUE CIIEKTPAJIbHBIX II0JIOC, MJLIFOCTPUPYOIIAX
MOJIEKYJISIPHBIE KOJIEOAHUS COCTABJISIONINX KJIETOTHON
MeMbOpanbl. Tak, POCT BeJIMIMHBI OTHOIIIEHUS HHTEHCHB-
Hocrelt KP nukos I1093/ 11129, 11095/ 11064 WILTIOCTPHUDY-
€T POCT Pa3yHOPAIOIEHHOCTH ETIOYEK JINIAI0B B MEM-
opaue. Kpome toro,unrencusnoctsb mnkos HAM u HAT,
BXOJISAIIUX B COCTaB KJIETOYHOM CTEHKU TPaMIIOJIONKU-
TeJIbHBIX MUKPOOPIaHU3MOB, YMEHBIIIAETCS, & TAKYKe Har-
OJI10/1aeTCs CABUT OTHOTO U3 MMUKOB B CTOPOHY OOJIBINAX
BOJIHOBBIX YHCEJI, YTO CBUJIETEJLCTBYET O Pa3pyIleHUU
KJICTOYHOI CTCHKU.

dunancupoBanue paborel. Jlannas pabota
mojiep:kaia  MUHHCTEPCTBOM —HAYKH U BBICIIETO
obpasoBanusi Poccuiickoii denepanuu (corsaienue

#075-15-2023-603).
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Puc. 9. (IIsernoit onnaiin) I'paduxu Bropoit npoussonuoii cuekrpos KP kynbryper S.aureus g0 (yepnas junus, “S.aureus”)
u mocie (kpacmas jmmus,“S.aureus + light”) skcrmommpoBamms, mpeacraBieHnble B amamaszonax 900-1300 ey~ (a), 1300

1500 cm~t (b), 1540-1810 cm™* (c), 2800-3050 cn™* (d)
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