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HEPCHEKTHBBI UCITIOJIb30BAHUA I'PA@EHOIIOJOBHOI'O MATEPHAJIA,
IHOJYYEHHOT'O KAPBOHU3AIIMEN KPAXMAUJIA, JJIAA CO3JAHUSA
KOMBUHHUPOBAHHBIX MUKPOBHBIX ITPEITAPATOB

B cmamve npeonodcen  Mmemoo noayuenus — 2pageHonooobHO20  Mamepuaia  MemoooM
Camopacnpocmpanaowe2ocs 6biCOKOMeMNEepamypHo20 CUHmMe3d U U3V4eHO B6030elicmeue Noay4eHHO20
Mamepuana Ha WUPoKUl cnexmp MuKpoopanumos. Tlomyuennvie pe3yrbmamol HOKA3bIEAIOM NEPCHEKMUBDL
npUMeHeHUs NOIYUeHHO20 Mamepuaia 8 co30anuu OUONPenapamos.

Knwouesvie cnosa: cpaghen;, epagenonooobnvlii  mamepuan;  HAHOYACMUYbL,  MUKPOOHble
HaHo2UOPUOLL.

Coznanue OuompenapaTtoB, COJEp)KallMX JIEKapCTBEHHble, a, B oO0meM ciyuae,
OMOJIOTUYeCKHEe OOBEKTHI, OJHO W3 BAKHEHIINX HANPABICHUH COBPEMEHHBIX MEIHIUHBI U
OHOIOTHH.

B mHactosimee Bpemsi BechbMa MEPCIEKTHBHBI JUIsl pa3pabOTKM HOBBIX OHONpenapaToB
MPOMYKTHI, TMPEICTABISAIONIME COOOM acconMaTtbl MUKPOOHBIX KJIETOK W HaHouactui [1, 2].
[TonoGHbIe acconuaThl HE MPEACTABISETCS BO3MOXKHBIM PacCMaTpPUBATh KaK TUIUYHBIE MPOIAYKTHI
MMMOOUIIM3allMd MHKPOOHBIX KIJIETOK Ha CTaHJIAPTHOM HEOPraHMYeCKOM HOCUTENe, TaK Kak
pa3Mepbl HAHOMATPHIIBI COTIOCTABUMBI C pa3MepaMu MUKPOOHOM KieTku (Tabm. 1, 2)

B omnnume ot mpouecca uMMoOunu3anuu, (GUKCHUPYIOLIEH MNPUPOAHbIE OOBEKTHI Ha
MIOBEPXHOCTU HOCHUTEJIS, B CIIy4ae MCIOJIb30BaHUS HAHOUACTUL] PEaIN3YyeTCsl M10JIEBOE BO3/IEHCTBUE
MOBEPXHOCTH HAHOYACTHIIBI K OMO000BEKTa B eUHBIN KomIuiekc (puc. 1) [3].

B kauecTBe HaHOMATpHUIIBI B accolMaTax TaKOro poOJia PacCMaTPUBAIOT HAHOYACTHUIIBI
KpEeMHUS, YIIepoAHble HaHOMaTepuaiabl U Jpyrue o0beKkThl. OCOOCHHO BENUMK HWHTEpec K
accoIlMallid MUKPOOPTaHU3MOB M YIJIEPOJHBIX HAHOMATEPUAJIOB B CBA3UM C BO3MOXKHOCTHIO
BKIIIOUEHUS YIIIEPOJAHOrO KOMIIOHEHTa B OMOTC€OXMMHUYECKHM UK. B kKadecTBe HaHOYTIEpOAHON
KOMITOHEHTBI PacCMaTpPUBAIOTCS Pa3IUYHbBIC AJUIOTPOIHBIC (DOPMBI HAHOYIJIEPOJa: HAHOTPYOKH,
¢bynnepeHsl, HaHOATMAa3bl IETOHAIIMOHHOTO CUHTE3a, OKCH TpadeHa, rpadeH.
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Tabnuua 1. PazMepsl KJI€TOK MUKPOOPraHU3MOB

Pa3zmepsl OakTepuii, MKM
bakrepun

JUIAHA IIMpUHA
Micrococcus sp. 0,8 0,8
Lactococcus lactis 0,8-1,2 0,5-0,8
Lactobacillus acidophilus 1,5-6,0 0,6-0,9
Escherichia coli 1,0-3,0 0,5-0,8
Lactobacterium casei 2,0-6,0 0,7-0,9
Bacillus subtilis 1,2-3,0 0,8-1,2
Bacillus mesentericus 3,0-10,0 0,75-1,00
Micobacterium tuberculosis 1,5-3,5 0,3-0,5
Bacillus melitensis 0,5-1,5 0,4-0,6

Tabnuma 2. Pa3Mepbl HAHOYACTHII, ACCOIMUPYEMBIX ¢ MUKPOOHBIMH KJIETKAMH

Hanomarepuan

Pa3mepsl yacTuil, HM

OynnepeH Ceo

0,7

OpnHOCIIONHBIE HAHOTPYOKH

Huametp — 1, qmuna go 1000

MHorocnoifHple HAHOTPYOKH

Paccrosnue mexny cnosimu 0,34, qiunHa 10

1000 u 6onee

I'paden

TonmuHa — oAWH aTOM yriaepoa npu
JUHENHOM pasmepe amcta 10 10 MkM

B oTnnune oT oOBIYHOMU I/IMM06I/IJ'II/I321HI/II/I MI/IKp06HI)IX KJICTOK Ha Pas3JIMYHbIX HOCHUTCIIAX,
npu acconualnuvm KICTOK C HAaHOOOBEKTAMHU B KadeCTBE MaTpulbl MOKHO pacCMATpUBATHL HE

Puc. 1. Aeeniomunayus Pseudomonas

,\‘Ej“;’:"
aeruginosa
6 cycneH3uu Hanokpemnezema (yeeauvenue 20000

pas)
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HAaHOYACTHUIy, a MHKPOOHYIO KIETKy, Ha
MOBEPXHOCTHU KOTOpOi copOupoBaH
HaHoMmarepuan. To ecTh, accommar B
JTAHHOM cirydae chopMUpoBaH  Ha
KJIETOYHOM xUBOM MaTpuiie [3] (puc. 1.)
Co3manue  accommaToB  KJICTOK
MHUKPOOPTraHU3MOB u YIIICPOTHBIX
HAaHOMAaTepHAalIOB IMO3BOJISICT c0311aTh
Oworpenapat B yIO0OHOH IS TPUMEHEHUS
(¢opmMe, JE€rKO BHOCHMBI B pa3lTUYHBIE
cpeapl W 00ECIEYMBAIONMIUN  BBICOKYIO

JIOKQJIbHYIO KOHIICHTPAIUIO
MHUKPOOPTaHU3MOB IIPH BHECEHUH.
Pa3pabotka TEXHOJIOTUH

NPOM3BOJICTBA OHMOIPENapaToB Ha OCHOBE
ITAMMOB MHUKPOOPTaHU3MOB COCTOUT W3
psaa STamoB M TpeOyeT peHIeHUs IIeNIoro
psna 3agau:

— moxo0path HaHOMaTepHal,
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3G (HEKTUBHO CBS3BIBAIOIIUICS C KJIETOYHOM CTEHKOM MHUKPOOPIaHM3MOB JAaHHOTO TUMNA U
o0ecreynBarOIMii TpPU ATOM  BBICOKYIO BBDKHBA€MOCTb KYJbTYpbl, pa3paboTaTh
TEXHOJIOTUIO €r0 IPOU3BOACTBA;

— mnogo0OpaTh U ONTUMHU3UPOBATH MUTATENbHBIE Cpelbl U (PUIUKO-XUMHUYECKHUE YCIOBUSA
KYJIbTUBUPOBAHMUS;

— pa3paboTaThb TEXHOJOTHIO IOJYYEHHUS KOHEUHOW MpemnapaTMBHOM (OPMBI, KadecTBO
KOTOPOM B 3HAUMUTEIBHOW CTENEHU OIpeAeNseT UIMTEIbHOCTh XPAaHEHHS U LEJIEBYIO
OMOJIOTHYECKYIO aKTUBHOCTh OHOMpenapara.

[IpencraBisieT MHTEpPEC CO3/ITaHUE ACCOLMATOB YIJIEPOJIHBIX HAHOMATEPHAJIOB C Pa3INYHBIMU
MOJIE3HBIMU MUKPOOPTaHW3MaMH, MPUHAMAISKANMMU K Pa3lIUYHBIM (PU3HOIOT0-OMOXUMUYECKUM
rpynnaM. K HUM OTHOCSTCS SHTOMONATOT€HHBIE MHKPOOPTaHU3MbI, MHUKPOOBI-aHTArOHUCTHI
¢duTonaroreHHsIx rpuboB U OaxkTepuil — Bo3OyauTeneil Oone3Heil pactenuil, npoayueHtsl BAB,
HE()TEOKUCIISIONINE MUKPOOPTaHU3MBI U T.Jl. YCHEIIHOE CO3/IaHHEe aCCOLMATOB YKA3aHHBIX TPYIII
MHUKPOOPTaHU3MOB C YIJIEPOJHBIMH HaHOMAaTepHajlaMHM IO3BOJUT CO37aTh OHONpenaparthl,
BOCTpEOOBAHHBIE B TEXHOJIOTUAX 3alUThl M CTUMYJALMUA POCTAa pacTeHud, 3PQPeKTUBHOI
PEKyIbTUBALMY TEPPUTOPUH, IPEKIE BCEro B palloHax He(Te- U ra30100bI4H.

OcoOblli MHTEpEC B KauyeCTBE HEOPTaHUYECKOTO KOMIIOHEHTa MHUKPOOHBIX aCCOIHMATOB
NpeJCTaBiseT rpadeH, 4To JAOKHO O0ECIeYUTh BBICOKYIO CTENEHb aCCOLMAIMM C MUKPOOHBIMHU
KJIETKaMH, TaK KaK IUIOHIa/lb MOBEPXHOCTU Tpa)eHOBOrO JIUCTA JOCTATOUYHO BEJIUKA.

OnHako B HacTosllee BpeMs IOCTYHHOCTh rpadeHa KpailHe HHM3Ka, a IEHa SBISIETCS
Ype3BbIYaitHO BhICOKOW. [loaTOMY OnHO# M3 3amad sBisIach pa3paboTka mosrydeHus rpadeHa u3
JIOCTYITHOTO CBIPbs ¢ BO3MOYKHOCTBIO MOCJIEAYIOIIEr0 MacITaOupOBaHusl.

Hamu 6w pazpaboran MeTos nofydeHus rpadeHOnoI00HOro MaTepralia, OCHOBaHHBIN Ha
IIOCJIEIOBATENBHBIX MPOILECCAX NECTPYKLUUN OPraHUMYECKHX COEAUHEHMM, MMEIOUIMX B CTPYKType
IIECTUYWICHHbIE IUKJIbI, MO/ BIMSHHUEM BHEIIHUX BO3JIEHCTBUN M CaMOOpraHM3allMd MpPOAYKTOB
JECTPYKLUUHU ¢ (POPMHUPOBAHUEM HOBBIX YIVIEPOAHBIX CTPYKTYp. XapaKTEpHBIM MPUMEPOM TaKOTO
mpolrecca SIBJIIETCS JETOHAMOHHBIN CHUHTE3, MCHOJB3yeMbId Ui monydeHus 3D yriaepoaHbIX
CTPYKTYp — A€TOHALIMOHHBIX HAaHOAIMa30B [4].

[IpennoxxeHHpld HaMH METOJ| KapOOHM3AalMU MPUPOJHBIX OHOMOIMMEpPOB OCHOBAaH Ha
BO3JEHCTBUE SKCTPEMAIBHO BBICOKMX JIOKAJIbHBIX TEMIIEPATYp, TE€HEPUPYEMBIX B IIpOLECCE
caMOpPAacTpOCTPAHSIONIETOCS BhICOKOoTeMIiepaTypropuoro cunareza (CBC-cunresa) [5]. CBC-cunTes
IPEeJCTaBIsAET OO0 Mpolecc nepeMeieHus: BOJHbI CHIIBHON IK30TEPMHUECKON PEaKIMH 110 CMECH
peareHToB (OKHCIHUTENS M TOPIYEro), B KOTOPOM TEIJIOBBIICICHNUE JIOKAJU30BaHO B CJIOE U
IIEpPelaeTCs OT CJIOS K CJIOK0 ITyTEM TeIUIONepeaayH.

[IpeumymectBamu mnpouecca CBC sBnsercs mnpocTroTa ammaparypHoro odgopmieHus
METO/a, BBICOKHE CKOPOCTH CHHTE3d, BO3MOXKHOCTH IPOBEICHHS CHHTE3a 0€3 IOCTOSHHOIO
M0JIBOJIa YHEPTUH OT BHEITHUX UCTOUYHUKOB IMUTAHUS, BOZMOKHOCTb IIPOBEJACHUS CUHTE3a B JTIO00M
aTMocdepe WIK B BAKYyMe, OTCYTCTBHE IPUHIUIHUAIBHBIX MACIITAOHBIX OTpaHHYCHHHA.

WnentnyHocte  Martepuana, mnonydeHHoro wmetomoM CBC-cunTte3a, u  rpadena,
CHUHTE3MPOBAHHOI'O TPAJAUIIMOHHBIM METOJIOM, MOATBEPKICHA HEOOXOAUMBIM KOMIUTIEKCOM (PH3UKO-
XUMHUYECKHUX UCCIIETOBAHUMN.

DneKTpoHHBIE MUKpOodoTOrpadguu MOTY4EeHHOTO MOPOIIKA MpeacTaBieHsl Ha puc. 2. Kak
MOKHO 3aKJIIOYMTh U3 JAHHBIX PHUC. 2, MOJYyYEHHbIE YaCTULBI MPEICTaBISAIOT cO00 00BEMHO-
IUIOCKOCTHBIE «UelllyiuaTbiey YacTUIbl. Takoi BMJ YacTHI] XapakTepeH g 2D rpadeHoBbIX
ctpyktyp — GNP (Hanpumep, [6]).
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Puc. 2. Muxkpogomoepaghuu xapbonu3upo8aHHo20 Kpaxmaia npu pasHom yeeiudeHuu

Jnss  yTOYHEHWsS TPHUPOIBI  IMOJNYYEHHOTO HAMH  TPOAYKTa OBUITM  MPOBEICHBI
CIIEKTPOCKOMUYecKue uccienaoBanus. CuuTaercs, 4yTo Hambosee JOCTOBEPHYI HH(MOPMAILUIO O
CTPYKTYpE YTIEPOJHBIX CTPYKTYP MOJKHO IIOJIYYUTh W3 JAHHBIX PaMaHOBCKOW CIIEKTPOCKOIIHH.
OOt BUA KPpUBOM Kak MO BUIY, TaK M IO COOTBETCTBYIONIMM MaKCUMyMaM MUKOB yactotam (G
muk — 1500-1630 cvm!; D muk — 1355 cm!), orBeuaer 2D-rpadeHoBBIM cTpyKTypaM. KocBeHHble
BBIBOJIBI O KOJIMYECTBE IPa)eHOBHIX CIOEB B MOJIYYCHHBIX HaMU moporikax GNP MOXHO cenaTth u3
COTIOCTABIIEHMS] BUJA TaK HasbiBaeMmoit 2D (2700 cm™') momocsl ¢ nuTepaTypHBIMU JaHHBIME [7].
ComnocraBieHe 3TUX JTaHHBIX MTO3BOJIAET 3aKIIOYUTh, YTO B HAIIUX IKCIIEPUMEHTaX CPEAHEE YUCIIO
rpadeHoBBIX ciioeB nopomka GNP cocraBiser 2-5.

Jis  BBISICHEHHSI KH3HECIOCOOHOCTH  KIETOK MHKPOOPTaHM3MOB B  MPUCYTCTBUU
HaHOMaTepHalla MCIOJIb30BAIIN CIICAYIOIINE KPUTEPUU:

— eciu kommuecTBo KOE/MIT TecT-ITaMMOB B cpeiax C MCIBITYEeMbIM HaHOMAaTEpHUaIoOM U B
cpenax 0e3 HEro JOCTOBEPHO HE OTJIMYAETCS, TO JIeJaeTcs BBIBOJ 00 OTCYTCTBHH BIUSHUS
J100aBOK Ha )KH3HECTIOCOOHOCTH KYJIBTYPHI inl Vitro;

— B ciydae goctoBepHoro mnpesbimieHHss KOE/Ma TecT-mTaMMoB B cpefaXx ¢ HCIBITYeMbIM
MaTepUalioOM W B cpejax 0e3 Hero He MEHee, YeM Ha OJUH JIOTapU(PMHUUECKUHN MOPSIOK,
JIeJIaeTCsl BHIBOJ] O CTUMYJIMPYIOLIEM JIEHCTBUM JAHHOTO HAaHOMaTepHualla B MOJIETIH in Vitro;

— B ciaydae goctoBepHoro ymensblneHus KOE/mn TecT-miraMMoB B cpefax € HCIBITYEMbIM
HaHOMaTEepPHAJIOM U B cpefax 0e3 Hero He MeHee, YeM Ha OJMH JIOrapu(pMHUECKUI TTOPSIOK,
JenaeTcs BBIBOJ 00 HMHTHOWpYOIIEM JEHCTBHM JAaHHOTO MaTepuana Ha  pocT
MUKPOOPraHU3MOB i1 Vitro.

[Tomyuennbie pe3ynbraThl (Tabi. 3) CBUAECTEIBCTBYIOT O TOM, UYTO KJIIETKH MUKPOOPTaHU3MOB
CIOCOOHBI aICOPOMPOBATH HAHOYTJIEPOJ] C COXpaHEHHEM KHU3HecrmocoOoHocTr. Kak BuaHO M3 TadI.
3, HauOOJBIIYIO KU3HECIIOCOOHOCTh MPOSBUIM CIEAYIOUINE INTaMMBbI: Streptomyces loidensis
(mpoxyuent uacektoakapuuaaeix bBAB), Streptomyces imbricatus (aHTaroHUCT (UTOMATOTEHHBIX
rpuboB), Bacillus subtilis (antaronuct ¢uronaroreHHbIx TpuboB), Bacillus thuringiensis (H5) n
Paenibacillus polymyxa (HedrenecTpykTop), s KOTOpsIX pazimmuaus TuTpoB KOE/Min B cpenax ¢
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nobaBkaMu rpadeHa u 0e3 Hero pasjinyaroTcss MEHee, YeM Ha OJHY JIOrapu(MUYECKYIO eAMHUILY.
Jnst tectupoBaHusi ObUIM B3SThI 00pa3lbl HAHOYIJIEPOJA HEMOCPEICTBEHHO MOCE MPOBEACHUSA

Kap6OHI/I3aI_[I/II/I METOAOM CBC u nocie JIOMOJIHUTEIbHON OUKUCTKH.

Tabnuua 3. Biausinue rpaeHon0g00HOI0 HAHOYTJIEPOAa PA3HOM cCTelneH! OYMCTKH Ha
’KM3HECIIOCOOHOCTH MUKPOOPTraHU3MOB

Tutp xu3HecIOcOOHBIX KileToK (KOE/Mi)

GNP, conepxanuit

Bun LleneBast akTHBHOCTB npumech 2% mac okcnga | OunmeHHslii GNP
MHUKPOOPTraHu3Ma KYJIBTYPBI rpadeHa
qyepes
UCXOIHBIN Hepes UCXOIHBIN 5
5 cyTok
CYTOK
f;lr:'lg;l;;zryifiha nedrencerpyKrop 2:10" 2107 1,2.10" | 1-10'°
| PebreeeTmeE 12100 | 4610° | 310" | 110
Streptomyces AHTAaroOHUCT
imbricatus (UTOMAaTOTeHHBIX 6-10% 1,5-108 2-10'" 110
rpuboB
Streptomyces MPOAYLIEHT
loidensis MHCEKTOAKAPHIIUIHBIX 3-10'° 2,2-10" 5-10" 8-10'°
BAB
Trichoderma AHTaroOHUCT
viride ¢duTOnaToreHHBIX He He 1010 10°
rpHGoB OTIpEeNeIsUT | ONpPEICIISIIH
Bacillus subtilis | aHTaroHUCT
(UTONATOreHHBIX 4100 1,6-10' 1-10" 3-101
rpudoB
Bacillus SHTOMONATOreH
thuringiensis 4100 3-107 2-10" 410!
(HI)
Bacillus SHTOMOMNATOTeH
thuringiensis 5-10'° 9-10' 1,6-10" 3-101
(H5)
lljggzizzzllus He(TEAECTPYKTOP . HE HE 12101 | 610
peAeNsan | ONpeaeIsIn
Xantomonas sp. HeTEACCTPYKTOP He HE U501 | 31010
OIpENEISIN | OIpPENEIIIN ’
;Ziif?féi?as Heprencctpyciop 2-10" 9,6-10" 4,8-10'" | 9-10'
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Crnenyer OTMETUTh, YTO KOMOMHHMpPOBAHME KJIETOK MHKPOOPTaHU3MOB C OYHIIECHHBIM
HAHOYTJIEPOJAOM B OOJbIIEH CTENEHU CIOCOOCTBYET COXPAaHEHUIO >KU3HECTIOCOOHOCTH KIIETOK:
TUTPBI KJIETOK ObUIM BBIIIE KaK Cpa3y IMOCJE acCOIMallMU C HAaHOYIJIEPOIHBIM MaTepHUaIoM, TaK U
CHycTss 5 CyTOK XpaHeHus o0pa3unoB. O4eBUAHO, YTO NPUMECH, MPHUCYTCTBYIOIIHME B 0Opasle
HETMOCPECTBEHHO 0CTIe CUHTE3a, MPOSBISAIOT BRIPAKEHHBIN IUTOTOKCHYECKUH 3 (DEKT.

Bricokasi creneHb BBDKMBAEMOCTH MHUKPOOPTraHM3MOB B AaCCOLMALMM C  YTJIEPOAHBIMU
HaHOMaTepHallaMU JIeNaeT MEePCHEeKTUBHBIMU HCCIENIOBaHHUA IO CO3AaHUI0 KOMOWHUPOBAHHBIX
OuomnpenapaToB, BOCTPEOOBaHHBIX [Tl 3AIIUTHI PACTEHUN U PEILIEHUS IKOJIOTUYECKUX MTPOOIeM Mpu
pa3nuBax He(hTEIPOTYKTOB.

JKCIEePpUMEHTAIbHASA YaCTh

Mamepuanvi. B xauecTBe UCXOIHOTO CBIPbSl UCIIOJIB30BAJIM TEXHUYECKUI Kpaxmall MapKu
«Perfectamyl» dupmbl «AVEBE.

B  pabGore  ucmonb30BaiM  OTCEIEKTUPOBAHHbIE  IITAMMBl  MHKPOOPI'aHHU3MOB,
IpUHAAJEKAIMEe K pa3HbIM TaKCOHOMMYECKUM M  (PU3MOIOro-OMOXMMHUYECKUM TpyIIaM, U3
«["ocynapcTBEHHON KOJIJIEKIMHA MHUKPOOPTaHU3MOB, MMATOT€HHBIX AJI1 PACTEHUN U UX BPEIUTEIEH»
LleHTpa KOJJIEKTHBHOI'O MOJIb30BaHUS HAayYHbIM 00OpynoBaHUEeM «V/IHHOBallMOHHBIE TEXHOJOTHH
3anmThl pactenuit» ®I'BHY BU3P ®AHO», nepcnekTuBHbIE JUIsl pa3pabOTKH MpenapaTHUBHBIX
($hopM ¢ pa3HoOi 11eNIEBO aKTUBHOCTHIO.

ITonyuenue GNP. Cxema yCTaHOBKU JUIsl KapOOHM3aLMU OMOMOJIMMEPOB MO MEXaHU3MY
CBC npencrasnena Ha puc. 3.

Puc. 2. Cxema ycmanosxu xapbonusayuu

PeakTop ycioBHO pa3jesieH Ha JABE 30HBL: 30HY peakiuu (2), U 30Hy paciiupeHus razos (3).
B 30He (3) CKOpOCTH BBIACHSAIOMIMXCS MPU PEAKUUU Ta3000pa3HbIX NPOAYKTOB PEAKIMU PE3KO
CHIDKAeTCs, YTO TMPEAOTBPAIIAET YHOC CHHTE3HPYEMBIX YacTHUI[ MOTOKOM. PeakTop coeauHeH C
noBymkoi (5) ¢ropommacroBoit Tpyoko# (6). Temmeparypa Hauana peakiuu (UKCHPYETCS IO
noka3aHusM TepMomnapsl (4) mpudopom (1).

CuHTe3 mpoBOAMIM B TakoW mocienoBaTesqbHOCTH. [lopomiku kpaxmana W HUTparta
aMMOHHUS, B3ATble B COOTHOIICHHMU 1:1, MexaHwuecku mepemermmBaiu. Jlaiee MOATOTOBICHHYIO
CMECh TOPOIIKOB TUCHEPTUPOBAIM B IIAPOBONM MEJBHHIIE 10 MOJYyYEHHUS OJHOPOIAHON CMECH.
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[TonyueHHyI0 CMeChb 3arpykajidl B CTCKJISHHBIH peakTop, 00beM KOTOPOro MPOAYBAIM TOKOM
CyXoro aprona B TedueHue 5 MuHyT. [ns wanmmanum npouecca CBC, HMKHIO 4acTh CTakaHa
OIyCKalM B €MKOCTb cO cIulaBoM Byna, mnpensapurensHo Harperoro go 200 °C. O
CTapTe/OKOHYAaHUHM pEaKIMH CYAWIH 1O Hayaly/OKOHYaHUI0 WHTEHCHBHOI'O Ta3OBBIICICHHS B
noBymike (5).

Memoovl Kynbmueuposanus MuKpoopzanuzmoe. Matouubie KyJabTypbl MUKPOOPTaHU3MOB
BhIpaluBaiu B mpobupkax Ha kocskax CIIA u cpeasl Yameka mpu temmneparype 28-30 °C B
teuenne 7-10 muelt, a 3arem Xpanwau npu +4 °C. ['myOuHHOE KyJIHTUBHPOBAHHUE IITAMMOB
MHUKPOOPTaHW3MOB TNPOBOAMIN B Koibax Ipnenmeiiepa odvemom 0,75 m ¢ 200 mia cpensl Ha
potopHoii kauaike (230 06/mMuH) pu Temmneparype 28—30 °C B Teuenue 3—5 CyTOK B 3aBUCHMOCTH
OT OHMOJOrMYecKux ocoOeHHocTel KynbTyp. JlJis KynbTUBAaMM MHMKPOOPTaHU3MOB  OBLTH
MCIIOJIb30BaHbI CPebl, ONTUMU3UPOBAHHBIE 110 COCTABY ISl COOTBETCTBYIOUINX KYJIbTYD.

Komobunupoeanue namnoyznepooa u muxpoopzanusmos. B crepunbHyro uvamky Ilerpu
nomemanu 1 r Hanoyriepona. K Hemy mocteneHHO a00aBisiii 1 MiI KynbTypajdbHOU >KUIKOCTH
IITaMMOB IIpU TIOCTOSIHHOM IHepeMemnBaHuu. Ilocie MONHOro MOIVIOMIEHHS HaHOYIJIEPOAOM
KYJIbTYpaJIbHOM KUAKOCTH NepeMelnBanue npekpamand. Yamky [letpu 3akpbiBanu U oCTaBIsIN
[pY KOMHATHOM TEMIIEpAType Ha 5 CYTOK.

Memoo cepuiinbix pazeedenuit. [ uccieqoBaHUs KU3HECTIOCOOHOCTH KIIETOK IITAMMOB
MUKPOOPTaHU3MOB, KOMOWHUPOBAHHBIX C HAHOYTJEPOIOM, HCIIOJIIB30BATM METOJ JCCATHYHBIX
pasBeaeHuii. st storo 1 r oOpasma momemnianu B 100 M cTepuiaIbHOW BOABI M THIATEIHHO
nepememnBaii. Pa3zpBeneHue (MM KOHLEHTpalMs) Ipernapara B INPUTOTOBIEHHOW CYCIEH3UU
coctapmser 0,01 r/cm®. M3 Hero myTeM mocieoBaTedbHBIX Pa3BeleH i TOTOBHIN cycreH3un 1074,
10, 10%, 10°. Ionyuennyro cycnensuto odobemom 0,1 mn BeiceBamu Ha CITA a1 mTaMMOB
OakTepuii WM arapu3oBaHHyl cpeny Yameka mis mramma 1. asperellum. Yamku Iletpu
nomemanu B tepmocrtat mpu 28-30 °C Ha 2-3 cyTok 10 00pa3oBaHUs Pa3IMYMMBIX KOJOHHH.
KonuyecTBo xomonuid, Beipocmux B 5 vamkax [lerpu (obmas cymma — Xsyrr), COOTBETCTBYET YUCTY
JKU3HECTIOCOOHBIX CIIOp, COAEPXKAIMXCS B 1 MJI CYCHEH3MM JaHHOTO MOCJEIHErO pa3BeIeHHs
(0,2 M x5). JlampHeHmumi moAcyYET KoOJIWYeCcTBa >KHU3HECTIOcOOHbIX crop B mpemnapare (Tup)
OCYIIECTBISIETCS IO (hopMyIie:

Tutp xwu3HecmocoOHBIX KieTok (KOE/T) B o0pasmax BBIYUCISIM JUIS KaXIOTO U3
UCTIBITYEMBIX pa3BeleHuil o Gpopmyre:

M =ax10"/V

rae M — KOIu4ecTBO KJIETOK B 1 MII; a — CpeilHee KOJIMYECTBO KOJOHMM IPHU BBICEBE U3 JAHHOTO
pa3BeneHus; V' — o0beM CycrieH3uH B MiII, B3sTOU Juid noceBa; 10 — KoapdUIMEHT pa3BeeHus; 1 —
MOPSIKOBBIM HOMEpP pa3BeleHUs. 3a OKOHYATENbHBIA Pe3yNbTaT UCIBITAHUS MPUHUMAIOT CpeIHEe
apu(pMeTHYECKOE PE3yJIbTaTOB JIBYX MapajlIeIbHbIX ONMpPEIeICHU.

BoeiBOALI

1. PazpaboTtan crioco6 moydeHus 61m3koro aHajora rpadena u3 kpaxmana metogom CBC-
CUHTE3a.

2. [Noka3aHa CIOCOOHOCTH IMOJIYICHHOTO MaTepraia oO0pa3oBhIBATh ACCOIMATHI ¢ IITMPOKUM
KPYroM MUKPOOPTaHU3MOB IIPU COXPAaHEHUH MOCIEIHUMHU BHICOKON CTETICHU KU3HECTIOCOOHOCTH.
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PA3JIEJI 2. UHCTPYMEHTAJIBHBIE, KOHCTPYKIJ{UOHHBIE 1 DYHKIJ[UOHAJIbHBIE MATEPHAJIBI
HA OCHOBE AJIMA3A U KYEUYECKOI'O HUTPUJIA 5OPA

3. IlonmydeHHble pe3ylbTaThl MOTYT CIYXXUTh OCHOBOH co3aaHusi OuompenapaTtoB Ha 0Oase
MUKpPOOHBIX acCOIMaTOB C HAHOYIJIEPOJHBIMU MaTepHallaMd Uil HYXJ CEIbCKOTO XO3siCTBa U
peleHHsI SKOJIOTHYECKUX MPpo0OIieM B pailoHax He(Te 00bIUH.

Y cmammi 3anpononosano memod ompumaHHs epagenonodioHoco mamepiany Memooom
BUCOKOMEMNEPAMYPHO20 CUHME3Y | BUBYEHO BNIUE OMPUMAHO20 MAMePIany HA WUPOKUU CHEKMp
Mikpoopeanimos. Ompumari pe3ynomamu HOKA3YI0Mb NEPCREKMUBU 3ACMOCYBAHHA OMPUMAHO20 MAMepiaLy
6 cmeopenHti bionpenapamis.

Kniouosi cnosa: epaghen; epagernonodionuii mamepian, HaHOYACMUHKU, MIKPDOOHI HAHO2TOPUOU.

L. V. Shugalei, L. I. Novikova, L. V. Boikova, A. Yu. Neverovskaya,
A. A. Voznyakovskii, A. P. Voznyakovskii
PROSPECTS FOR USING GRAPHENE-LIKE MATERIAL OBTAINED BY STARCH
CARBONIZATION TO CREATE COMBINED MICROBIAL PREPARATIONS

In the article the method of graphene-like nanomaterial production is proposed. The produced
material effects upon different microorganisms were tested and low cytotoxicity of the material was shown.
These tests elucidate good perspectives for produced graphene-like material in creation of different
biopreparations.

Key words: graphene; graphene like material; nanoparticles; microbial nanohybrids;
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CPABHUMTEJIBHBIE HCCJUIEAOBAHUS ®U3NKO-XUMHNYECKUX
U TEXHOJIOTMYECKHUX CBOMCTB YIJIEPOJHbIX HAHOTPYBOK
N YIVIEPOAHBIX HUTEBUJIHBIX KPUCTAJIJIOB

Hccnedosanvl usuxo-xumuveckue u mexnoaozuyeckue ceolicmea yenepoouvix Hawompyoox (VHT)
u  yenepooHvix  HumeuoHwvlx  Kpucmannos (YHK).  Onpedenenvi  cieoymwowue  Xapaxkmepucmuxu.
HACLINHAS NIOMHOCMb,  HACLINHOU 00BEM,  OMHOCUMENbHAS NIOMHOCMb,  OMHOCUMENbHBIL 00bEM,
nOpUCmocmy,  yOelbHas HOBEPXHOCMb,  CbINYYecmb, V20l OMKOCd,  a0COPOYUOHHAS CNOCOOHOCMb.
Ilpusedenvl pe3yromamol UcnvIManuil WAUPoearbHo2o uncmpymenma us mamepuanos ¢ YHT u YHK.

Knroueevle cnoea: yznepoouvie HaHOMpYOKU, YyenepoOoHble HUMesUOHble KPUCMALTbL,  (DUIUKO-
XUMUYecKue Ce0UCMed, MeXHOI02UYECKUe CEOUCNBA OUCNEPCHbIX MAMeEpPUaios, HACLINHASL NIOMHOCY,
HACLINHOU 00BEM, CbINYyUeCmb, NOPUCMOCID, YOETbHASL NOBEPXHOCHb, AOCOPOYUOHHASL CHOCOOHOCD.

BBenenune

Pa3zBuTue COBpPEMEHHBIX TEXHOJIOTHUM, CBS3aHHBIX C MNOJYYCHHUEM M HCIOJb30BAHHEM
YIJIEPOJHBIX HAHOMATEPUAJIOB, MPUBOJIUT K KapAUHAJILHBIM U3MEHEHUSIM BO MHOTHX HAMPABJICHUSIX
HAyYKH U TEXHUKH, OCOOCHHO MAaTEepPUAIIOBEACHHsI, HAIPUMEP, K CO3/IaHUI0 KaK KOMITO3UI[MOHHBIX
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