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BBenenue
OnHUMH U3 CaMbIX PacCIPOCTPAHEHHBIX BUIOB OTXO0J/I0B IPOU3BOICTBEHHOTO

XapakTepa ABISIOTCA HePTEXMMUYECKUE TUIACTUKHU, KOTOPhIE UMEIOT JOJITUN MYTh
paznoxxkenusi. OHU 00pa3yrOT IeJbIe OCTPOBAa B MOpe W TOphl Ha cymie. [lyrem
pEIIeHNs] TaHHOW MPOOJIEMBI SBISICTCS 3aMEHa HEe(PTEeXMMHUUYECKOro IUIACTUKA Ha
ouononumep. OH, B OTJIMYUU OT CHUHTETUYECKHX IIJIACTUKOB, HUMEET MHOIO
MOJIOKHUTEIIBHBIX KAaueCTB, CPEAM KOTOPBHIX BBHICOKUN YPOBEHBH OHMOJErpajaliid U
MOJIHast OMOCOBMECTUMOCT.

buononumepoM  sBISIETCS BHYTPUKIETOYHOE 3aracaroliee BeleCTBO
OakTepuu, KOTOpPOE CHHTE3UPYETCS B CTPECCOBBIX YCIOBUSX, TaKUX Kak
U30BITOYHOE COJEpP KAHHE YIJIEpOJa U HEJOCTATOYHOE COJEP)KaHHE Pa3IMYHBIX
MUTATEIBHBIX AJIEMEHTOB, TaKUX Kak a30T u ¢ocdop. Takke OH 04eHb OBICTPO
pasyaraeTcsi B MPUPOJHBIX KaK a’pOOHBIX TaK U aHAIPOOHBIX YCIOBHUSAX TAK Kak
MOJABEPKEH BO3JICHUCTBUIO OAKTEPUA.

Camplii pacrpocTpaHEHHBIN OHOMOIUMED 3TO TMOJUTHAPOKCHUATKAHOATHI
(IITCA) cuntesupyembr  Oaktepusimu  Cupriavidus Eutrophus w3 koroporo
MIPOU3BOJIT PA3IUYHBIE MATPUKCHI, TJICHKA W TPAHYJIBI JIJIST PA3HBIX MEIUITTHCKHUX
U CEIbCKOXO035IMCTBEHHBIX HY X/,

B cenbckoM XO03sIHCTBE BO3HUKIM Takve MPOOJIEMBbI, KaK JAerpajanus u
HCTOIIEHUE TTOYBbI, HEKOHTPOJIUPYEMO HCITOIH3yeMOE€ MUHEPAIBHBIX YI00pEHUH.
[locne BHeceHUs pa3MYHBIX YJOOpEHUN OCTaeTCs B MOYBE HEOOJbIAs YacTh,
OCTaJibHasl JIOJISl BEILIECTB OBICTPO CMBIBAETCS B BOJOEMBI TEM CaMbIM HaHOCS
HETMOTPABUMBIN yIIepO IpHUpoIe.

OnHuM U3 yTed perieHus dTol MpoOIeMbl SBIISIETCS UCTIOIb30BAaHUS HOBBIX
CEIbCKOXO3SUCTBEHHBIX MpEenapaToB Ha OCHOBE OHMOIMOJIMMEpPA, KOTOPHIA Oyner
OuopasnaratbCsi M JaBaTh SKCTPANOJMPOBAHHBIN BBIXOJ AKTUBHBIX BEIIECTB, UYTO
MOXET CYIIECTBEHHO CHU3UTh KaK CTOMMOCTb BHOCHMBIX IpENapaToB, TaK M HX

3 PEKTUBHOCTS.



ens pabotel: HMccnemoBaTe Ouonerpajaiio TpaHyl M3 Pa3IMYHBIX
komno3uToB Ha ocHoBe [I(3I'b), momyuuTs repOMLKMOHBIE Tpenaparbl U
ONPENEIUTh NEPCIIEKTUBY UX UCIIOIb30BAHUS B CEIbCKOM XO03UCTBE JIJIs1 O0PHOBI €
COPHSIKaMU.
3amaun:

1. OtrpaboTath METOAUKY U3TOTOBJICHUSI M MOJYyYUTh OOpas3lbl rpaHysl U3
KOMIMO3UTHBIX MaTepranoB Ha ocHoBe [1(31'B) u mpupoHBIX HATOJHUTENIEH.

2. MHccnenoBaTh BAMSHUE NPUPOAHBIX HAMOJHUTEIEH Ha CKOPOCTh
Oouoderpasaluy MOJYYEHHBIX OOpa3loB TpaHyJd U MOJY4YUTh MaTeMaTHYECKYIO
MOJIEJIb UCCIEAYEMOTO MTpoLiecca.

3. HM3rotoBuTh 00pa3iibl JOJTOBPEMEHHBIX (DOPM TepOMIIUIHBIX MPErnapaToB
Ha ocHoBe II(3I'B) ® ;ApeBecHbIX OMWIOK W UCCIEAO0BATH BO3MOXHOCTH
MPUMEHEHUS MOTYYEHHBIX FepOULIUIHBIX MPENapaToB B CEIbCKOM XO3SUCTBE IS

O0pBOBI C COpHAKAMU



1. O630p nuTepaTypbl

1.1 buoxumMus ceJIbCKOro Xo3siiicTBa

CTpeMHUTENbHBIM POCT HACENCHUS 3E€MJIM y BBUICYMBACT MOTpeOsieHHE
IPOAYKTOB NMHUTAHUS, YTO BBIHYXKJAET HCKaTh Oojiee 3(P(PEeKTUBHBIE TEXHOJIOTUU
BEJICHUS CEJIbCKOTO XO3SHUCTBA. DTO MPUBOANT K WHTCHCHBHOMY HCTIOJIH30BaHUIO
Pa3IUYHBIX XHUMHYECKHX BEIIECTB, KOTOpPbIE HCIONB3YIOT sl 3(PPEKTUBHOM
OOprOBI C HACEKOMBIMU — BPEAUTEISIMH, COPHSKAMH W BO30YIUTEISIMU
3a0oseBaHui arpapHbiX BUAOB. [1] CTaTUCTHKA MOKAa3bIBAET, YTO B MUPE TEPSAETCA
okono 37% ypoxkas u3-3a pa3MyHbIX BpeauTeneil B ToM uuciae 13% wu3-3a
HAaceKOMbIX, 12% oT OoJie3Hel U CTOJIbKO k€ OT CopHAKOB [2]. IIpoGmemoi
NPUMEHEHHs OOJIBIIIOTO KOJWYECTBA XUMHUYECKUX YIOOpPEHHH SBISETCS WX
CIIOCOOHOCTh HAKOIUIEHUSI B D3KOCHUCTEME, 53TO NPHUBOJUT K HapyUICHUSIM
TpoHuyeCcKuX 1ernei, yMEeHbIIeHUs OMOTHI, U HapyIlIeHUs1 OajlaHca B arpoIeHO3ax
[3,4]. U3-3a aTor0 3(DPeKTUBHOCTD YAOOpEHUN OYEeHb Mayia, OOJbIas WX YacTh
ocermaer B OWOJOTMYECKUX OOBEKTAX, 3arpsi3Hsisl TPUPOAY W yMEHBIIas
ouopasHooOpaszue. A npu Bce OoJbIIeli MHTEHCU(UKAIIMU CEIbCKOTO XO03siCTBa

pacxo/ibl XMMUYECKHUX yI0OpEHHI U MECTULIMIOB OYIyT TOIBKO pactH [5,6].

CorjmacHO TEpMHUHOJIOTHM, TpuHATOM KoHBeHIMer OOH, nectuumnaamu
CUMTAIOTCS  BEIIECTBA  PA3JIMYHOTO  TMPOUCXOXKJICHHS, NPUMEHSEMBbIC IS
MpeIoTBpaIeHUsT 3a00JIeBaHUM W KOHTAMUHAIMKA TIapa3uTaMu, PEryJIupOBKU
YUCJICHHOCTH BpEIUTEICH, MHTHOMTOPOB POCTA Yy HEXKEIaTeIbHBIX PACTCHUM, a

TaKXe BCE BO3MOXKHBIE PETYJISITOPHI U CTUMYJISITOPOB pocTa. [7]

B 2016 rogy Bo BceM Mupe ObLIO MOTpadyeHO okoyio 60 MuMapaoB
JIOJJIApOB Ha 3aKYINKy 3 MUJUIMOHOB TOHH Pa3JIUYHBIX XMMUYECKUX yJI0OpPESHUN U3
Hux 40 % »sto repounmabl 17% 310 uHCcekTHUABl U 10% Qynrumuast [8,9].

HCCTI/IL[I/II[I:J CTOSAT Ha 8 MECTE MO OMACHOCTH 3arpsA3HCHUA IIPUPOAHBIX 3KOCUCTEM,



YTO SBIISIETCS OYEHb BBICOKMM II0Ka3aTeJIeM M BBI3BIBAET OOCCIOKOSHHOCTH

9KOJIOT'OB.

To4HOE KOIMYECTBO MPUMEHAEMOTO MECTULUAA ITOACYUTATh OYEHb CIOKHO,
IPUMEPHO OT 2 A0 NOYTH 4 MWUIMOHOB TOHH. bojpmias 4acTe NpoaaBacMbIX
necTuUUAoB mnpuxoautrcss Ha JlatmHckyro Awmepuky u  Asuro. B Epore

ucnons3yroT 45% nectununos B CIIIA 25% [10].

[Ipou3BOACTBO MECTUILIMIOB 3AKIIOYAETCS B MX HMCKYCCTBEHHOM CHUHTE3€ U
TanbHEHIIEM BHECEHWW B TMOYBY [JISI PETYJSIIIUM COPHAKOB M Pa3JIMYHBIX
BpeAuTesel MoceBoB. JTOT KJIacC yI0OpEeHUI MaKCUMaIbHO MAaryoHO CKa3bIBAETCSA
Ha OKpYXalollel cpele, YTO MPUBOAMUT K CHIIBHEWMIIMM HApyLIEHUSIM BOJHBIX U
HA3eMHBIX OJKOcHUCTeM. B rTmobampHOM Macmtabe MeXaHW3M BIMSHHUS —Ha
OMOLIEHO3bl TMOKa €Ie M3y4eH HeJoCcTaToyHo Tiyooko. Kpome Toro, B
WHTEHCUBHOM CEJIbCKOM XO3SHCTBE PACIPOCTPAHEHA IPAKTHUKA HWCITOJIb30BaHUS
HECKOJBKMX TECTUIIUIOB Cpa3y, YTO MOXKET MPUBOJUTH K HUX B3aUMHOMY
oCJIa0sIomEMy JIeUCTBHIO. JlaHHOE YTBEp)KIEHHUE MOKHO NPOUJUIIOCTPUPOBATH
MIPUMEPOM BO3JCHCTBUS TPUA3UHOBBIX YIOOpPEHUN, KOTOPHIE MOTYT B HECKOJIHKO
pa3 yCWINTh TOKCHUYHOCTH OpPraHo(pocOpHBIX WHCEKTUIMIOB WM, HA00OpOT,
CWJIBHO CHIXKATh TOKCHYHOCTh (YHrUIMAa TMpoxjopaza. HekoTopeie Takue
COEAMHEHHUs] OYEHb HETaTMBHO BIHUSIOT Ha opraHu3M uenoseka [11]. Onu moryr
BBI3BIBATH Takue 3a00JICBaHUS KaK pak, MUadeT, HEBPOTHUCCKHE PACTPOMCTBA U
HapylIeHUEe PENpPOAYKTUBHON (PYHKIIMU M, KaK CJIEICTBUE, BPOKICHHBIC TTOPOKU
[12]. Jlnsg pereid meCcTULMALI MPEACTABISAIOT OMACHOCTh JaXe B MHUKPOJ03axX,
colepKalmMxcss B MPOAyKTax muTaHusa. [[o3ToMy OYeHBb Ba)KHO HCKATh JPYTUe
nyt™d ¥ 3(QPEeKTUBHBIE CPEACTBA 3AIIUTHl CEIbCKOXO3IUCTBEHHBIX PACTEHUH, a

TaK)K€ CHU3UTh HETAaTUBHOE BIMSIHUE Ha yesioBeka [13].

Taxxe oaHa K3 MpoOJIeM CBsI3aHa ¢ MPOIYKTaMH paciiajia nectuuuaoB. OHu
MOTYT OBITh TOKCHYHEE HM3HAYaIbHOTO TecTUIaa. [IpuMepoM MOXKET CIyKUTh
repOunu rmdocar, a OCHOBHOM TPOIYKT, 00pa3yromuid Mpu €ro JerpaaallvH,

aMUHOMETUI(POCPOHOBAST KHUCIOTA OYEHb 4YaCTO BCTPEYAETCS B MPECHOBOJHBIX
6



BoJOEMax. B kierkax pacTeHudM B OTIWYMHA OT JKUBOTHBIX IPHUCYTCTBYET
MIMKUMATHBIA TyTh apOMATUYECKUX aMHUHOKHCIOT, KOTOPBIA M OJOKHUpYET
riaugocar, HO B HEOOJbIINX KOJIMUYECTBAX BbI3BIBAET AIllONTO3 KIETOK KUBOTHBIX, a
IPUCYTCTBHE aMUHOMETUI(POCHPOHOBON KUCIOTHI CUIILHO YBETUYMBAECT TOKCUYHOE

BO3jelcTBUE [14].

Bce mnectunuapl MOXKHO pa3iefuTh HAa HECKOJIbKO KJIAcCOB, KOTOpHIE
MPUMEHSIIOTCST B Takux cdepax >KU3HM YEJIOBEKa KaK CeIbCKOE XO3SHCTBO,
MEJUIIMHA, TPOMBIIUIEHHOCTh, J00bIUa TMOJIE3HBIX HCKOMAEMBIX M B APYTHX
paznmuuHbix chepax. Ha pganHbli MoOMeHT 3apeructpupoBaHo Ooziee 1300
pa3IUUHbIX TPOAYKTOB U3 900 XUMUYECKUX COEAUHEHHM. BoNblyto 4acTh OKOJIO
31% 3aHUMaroT TepOUIUABI, CIACAYIOIIUE MECTO, 3aHMUMAalOT WHCEKTUIIUIbI
npumepHo 21%, dynrumuasr 17%, m ocrameHble Ououmasl okono 20%. Ha
JAaHHBI MOMEHT mnpumepHo 610 mTpogykTOB, B  OOJBIIMHCTBE CBOEM
XJIOpCOEpIKAIINEe UHCEKTUIIUIBI, 3alpPEeIIeHbl K UCTOJIb30BAHUIO, TIOTOMY YTO MX
MPU3HATU BBICOKO TOKCHYHBIMH WU Mano dS()QPEKTUBHBIMU, a TaKXkKe H3-3a

BO3HUKHOBEHUS PE3UCTEHTHOCTH Y OPraHW3MOB MHUILIEHEM [15].

Ha nannblii MOMEHT WACHTHU(PHUIUPOBAHO Oojee 227 COPHSIKOB, KOTOPHIC
CIOCOOHBI YHMUTOXHUTH OKOJNO 90% ypoxas. [lectuuuapl NpUMEHSIIOT B BHJIE
MOPOIIKOB, a3p030JIeH, AMYJIbCUM, NYCTOB W rpaHyid. Ha ckopocTe aerpagauuu
NECTULUOB BIMSIOT Takue (PaKTOpbl, KAK OPraHUYECKU U MUHEpAIbHBIM COCTaB
IIOYBBI, BJIAXHOCTb, TEMIIEpATypa, KOJWYECTBO Kuciaopoaa. Cama aerpagauus
OPOMCXOAUT Kak C TIOMOIIbIO OKHCJICHHS, aJCOpOIMH, TUAPOIH3a WIH
KATAJIMTUYECKOTO PA3JIOKEHUS, TaK W TMOJ BO3ACHUCTBUSMU MUKPOOPTaHU3MOB,
oOuTaroumx B nouse. [lecTuruabpl UMEIOT CHIIBHOE TOKCHMUYECKOE BO3ACHCTBHE Ha
BCE JKMBBIE OpraHu3Mbl. [IpUMEHSIOT MEeCTULMABI TOJBKO KOTAa MOIMYJSIus

JIOCTUTAET ONPEIeICHHON MIIOTHOCTH [16].

OObIyHO NECTULUAbI MCIIOJB3YIOT B HAMHOI'O OOIBIINX KOJIN4YEeCTBAaX, 4Y€EM
9TO HCO6XOI[I/IMO AJ1T YHUYITOXKCHUA BpCI[HTGJIGfI. Ho camas cunbHas OmacHOCTH

KpOC€TCA B 0O0JIBIIIOM nepuoac paciazaa neCTugruaa, 4YTo mo3BOJIICT EMY OCTaBaTLCA
7



B MOYBE MECSIAMH, a B HEKOTOPBIX CIIy4aeB Jake rojamu. Takke MeCTUIIMIbI
MMEET CBOMCTBO PACHpPOCTPAHSITCS JAJIEKO 3a Mpeelibl IUIoNaAeil, KOTOpble UMHU
oOpabortanu. bosbllle TMOJOBUHBI BEIIECTB TMOMajgaer B arMmocdepy mpH
paCIbUICHUHU, WM TMEPEHOCUTCS C JIUCTBBI B IOYBY JOXKJIEM M BETPOM HWIIU C
pa3IMYHBIMM OCTaTKaMU HEyOpaHHBIX pacTeHuM. Eciaum BHOCHUTH MECTHIMABI B
MOYBY, TO ATO MPUBOAUT K BBICOKOMY OCTATOYHOMY cojepkaHuto. CTaTHUCTHKa
paclbUIeHUsT NECTUIIMIOB M3 CaMoJieTa MOKa3bIBAET, YTO 3€MJIA JOCTUTAET OT 25

1o 40 % BemecTBa octalnbHOE paccenBaetcs [ 16].

[IpumeHenne repOUIUI0B MPOUCXOIUT B BBICOKHX J103aX, HO CO BpEeMEHEM
ux 3(QGEKTUBHOCTh CHIDKACTCS, YTO BBI3BIBAET HEOOXOJMMOCTH B TOBTOPHOMU
00paboTKe TOCEBHBIX ILIONMIAACH. DTO MPOUCXOAUT H3-3a PA3IMYHBIX IMPUYHH,
TaKuX, KaK XHUMHUYecKas, Ouojiormueckas wid (GoTo gerpagamusi, a TakxKe

BO3MOXHO BbIIICTIAYNBAaHUC NN BBIMBIBAHHEC IICCTUIIUAO0OB U3 IIOYBLI.

OcTaTku COeMHEHUN MEeCTUIIUIOB HAXOMAT B PA3IMYHBIX TeorpaduuecKkux
pEruoHax Aaxe T€X, KOTOPhIE CHUJIBHO OTIAJICHBI OT CEJIbCKOXO3SIMCTBEHHBIX 30H.
Taxk ke 0CcTaTK MECTUITUIO0B HAWACHBI B TPOPUUECKUX TENAX U UX KOHIICHTPAIUs
YBEIIMUMBAETCS OT 3BE€HA K 3BeHy. Jliogu He SBISAIOTCA UCKIIOYeHUuEeM. B
UCCIIEIOBAHUSIX OBLIO BBISIBJICEHO, UYTO COJEp)KaHUE MECTUIIMIOB B BBIJICICHUSIX U
TKaHSIX YEJIOBEKA HE 3aBHCUT OT pailioHa npokuBaHus. [10 JOCTynHOM CTaTHCTUKE
3a 80-¢ m 90-e¢ roger 20-ro Beka mpuumHoil 1,0 — 1,5 MiH. ciydaeB cepbe3HOM
WHTOKCHUKALINY JIFOAEH SBISUIMCh OCTaTOYHBIE BEIIECTBA JAErPAIAllMU MECTUIIUIOB.
Jannaple OOH nokassiBator, uto 40 000 mroxeii morubaeT B roj OT OTPaBICHUS

TUMU coeauHeHusiMu [17].

[IpuMeHeHre TIECTUITUIOB MPUBOIUT K MOTepe OMOMACCHl M YMEHBIICHUIO
pazHooOpasusi BumoB. Hampumep, QyHrunuasl HapymaroT OanaHC MUKPOOHOTHI,
KOTOpasi ITPAET OCHOBHYIO POJIb B YTHJIM3AIIUU OPTaHUYCCKUX BEIIECTB B TOYBE.
NHCEeKTUITMABI TOKCHYHBI JJIi OOJBITMHCTBA OCCIO3BOHOYHBIX ITHII U MEJKHX
MJICKOMUTAIONINX, YTO MOKET BBI3BIBATH THOENh W HapyIIeHHE TPOHUUECKUX

Lernein 6I/IOI_I€H030B JAaHHOI'O pPCEruoHa. To €CTb, OCHOBHYIO OIIaCHOCTb JJIA
8



SKOJIOTHM CPE/bl MPEJCTABISIET BBICOKASI TOKCUYHOCTh MECTUIUIAOB. DTO MOMKET
MPUBOJUTh K OMNAJIaHUIO0 3aBSI3€H IUIOJIOB, OTPAHUYCHUIO POCTA PACTEHUU U
IJI0JIOHOIIEHUS, (DOPMUPOBAHUIO TPYIIIOBOM YCTOMYMBOCTH, HEMPEICKAa3yeMbIM
HAKOIJICHUSIM OCTaTKOB B 3eMJI€, YHUUTOXKEHHUIO MOJIe3HOH (hiopsl u paynsl. Ho
camasi cepbe3Has IpolOsiemMa 3aKI0YaeTcsi B TOM, UYTO Yy BpEIUTEIEH U COPHSIKOB
pa3BUBaeTCAd YCTOMYMBOCTh KO MHOTMM BHJaM INecTULMIOB. V3BecTHO Oolibioe
KOJMYECTBO BHJIOB, KOTOphIE O€3 CBEPXKPYIHBIX JI03 HE pearupyroT Ha

npUMeEHseMbIe, npenapatsl [ 18].

1.2 lToAMruApoOKCHATKAHOATHI, HX CBOWCTBO U MPUMEHEHH e

[Tomuruapokcuankanoarsl (III'A) sABIAOTCA NOAMMEPAMH TPUPOIHOTO
MpOUCXOXKIeHUs. JlaHHBbIE TOJMMEPhl CHHTE3UPYIOT OAKTEpPUM Kak 3aracaroliee
BEILIECTBO B HEOJAronmpUATHBIX YCIOBUAX BHelIHel cpenbl. Bnepsoie I1I'A Obuin
oOHapykeHbl B 1888 romy TOMIAaHACKUM MHKPOOMOJIOTOM MapTtuHoM
beitepunkom. Jlo 1973 rona 6uonoaumep BbI3bIBATI UHTEPEC AJIs1 U3YUEHHUS TOJIBKO
KaK BHYTPHUKJIETOYHOE COEIMHEHHE, KOTOPOE HIPAET OINPEICICHHYIO pOJIb B
bu3MoNOruYecKux Mmpoleccax skusHenesreabHoctd. B 1976 romy B bpurtanuun
BIIEPBBIE PA3BEPHYIH KOMMEPYECKOE MPOU3BOACTBO MOIHU-3-TUAPOKCUOYTHpaTa
[19]. MHTEpec k MPOMBIIUIIEHHOMY MPOW3BOACTBY Hauajl BOBHUKATH HE TOJIBKO IIPU
MOSIBJIEHUU BO3MOXXHOCTHU CHUHTE3MPOBATH MOJUMEP U3 BO30OHOBISIEMOIO ChIPbA,
o0Ja/aloero CBOMCTBOM TEPMOIUIACTUYHOCTH, HAIOMHHAIOIIEM IMPOIWJICH, a
Takke OMOCOBMECTUMOCTH M OuopasnaraemMoctd. B panbpHelilieM wuccinegoBaiu
pazNuyHble IITaMMbl OakTepHil, CHOCOOHBIX CHUHTE3UpOBaTh Ouomnoaumep. K
HacTosAleMy BpeMeHu onucano Oonee 150 BumoB III'A ¢ yHuKambHBIMU

cBoiictBamu [20].

1.3. CBOiCTBO MOJUTHAPOKCHAIKAHOATOB

[IT'A sBISITOTCSL XOpOIIEH OCHOBOM NJIsi CO3JIaHUSI M3JEIUN C Pa3IMYHBIMU
(U3UKO-XUMHUUYECKUMH CBOMCTBAMU. ITO OOYCIIOBJICHO CTPOCHUEM MX CTPYKTYPBHI,

TO €CTh PACIMOJIOKEHHEM OOKOBOW TPYMIbl U PACCTOSIHUS APUPHBIX TPYHI IO



OTHOLUEHUIO K OCHOBHOHM LienW B MoJjekyne. OTIMYMTENbHBIE CBOMCTBA 3THX
IIOJIMMEPOB  3aKJIIOYACTC B MX TEPMOIUIACTUYHOCTH, IBE303JIEKTPUYECKOM
apdexkre, ONTHYECKOU aKTUBHOCTH, AHTUOKCUJAHTHBIX CBOMCTBAX,
ruapoduibHocTH. Ho camMbiMu ocHOBHBIMU npeumytiecTBamu 1A siBnsitoTcs ux

OMOCOBMECTUMOCTH U OuopaspyiaemMocTs [21].

Y III'A Temneparypa KWUIEHHUS BBIIIE TEMIIEPATYPHl IUIABJICHUSA. ITO
ONpENENAET TAKUE TEPMOMEXAHHYECKHME CBOWCTBA KAK KPHUCTAJUIMYHOCTb,
CTEKJI000pa3HOCTbh, TEKy4eCTh U BsA3KOCTh. CriocoOHoCTh [1I'A kpucTamin3oBaTbes
B HAaTHBHOM COCTOSIHUM SIBJISIETCS OCHOBHBIM IIApaMETPOM TEPMOMEXAHUYECKHX
cBoiicTB. To ecTh moiMMep KpHUCTAUIU3YETCsl HE BO BCEM 00BEME MoJMMepa, YTo
NPUIAET MOJYKPUCTAJUIMYECKYIO CTPYKTYpy Marepuainy. B 3aBucumocTu OT BHIa
NoJIUMEpa CTENEHb KPUCTAUIMYHOCTH MoxkeT nocturatb 10-80%. JlanHoe
CBOMCTBO HE SBISETCS CTPOTMM, €ro MOXHO MEHATb, W3MEHsA YCIOBHSA

KyJIbTUBUPOBAHUS, IITAMM-TIPOAYLIEHTA, YCIOBUA UTaHuA [22].

OnHo u3 Kiaccu(puKauuy MoJiMMepa 3aBUCUT OT Habopa MOHOMEpOB. Eciu
IPUCYTCTBYET TOJBKO OAMH THUIl IOJIMMEPA, TO 3TO romornonumep. Ecim oHu
COCTABJICHBI U3 Pa3HbIX MOHOMEPOB, TO OHU HA3bIBAIOTCS comojuMepamu. O4yeHb

00JBIION HAOOP XapaKTEPUCTUK 3aBUCUT OT COJIEPKaHUSI MOHOMEPOB B TMOJIMMEPE

[23].

OaHUM U3 caMbIX PacHpOCTPaHEHHBIX TOMOMOJIUMEPOB SIBISETCSA MOTU-3-
ruaApokcuoyTepar. Ero MoKHO oXapakTepu30BaTh KaK M30TAKTUYECKUHN MOIUIQUp
c perymsipaeiM noropeHuem emunui; (C4H602). Ero otnuume mnepen
CUHTETUYECKUMHU TMOJIUIPUPAMHU 3aKITIOYAETCS B CTEPEOPETYISIPHON ONTHYECKOMN
aKTUBHOCTH, KOTOpPBIA oOpa3syeT cCHupaid B pPacTBOPE U KPUCTAJUIM3YETCS B

ceponuTthl B ruapodoOHOE OeciBeTHOE BemecTBo [24].
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0
- < 100-30 000
n=1 R =Bogopog — nonu (3-rmgpoKCUNpPoOnMUoHar),
R = meTtun — nonu (3-rmgpokcudyTupar),
R = aTun — nonu (3-rugpokcueanepar),
R = nponun — nonu (3-rmgpoKkcurekcaHoar),

Pucynok 1. Ctpykrypa noaumepa

Cononumepsr [II'A cunrtarorcss 6ojee MHOTOOOCIIAIOIIUMHU IO MPUUKUHE
BO3MOXKHOCTH OOJIBLIOTO BBIOOpa HYXHBIX (U3UKO-XUMHUYECKUX CBOWCTB B
3aBUCHUMOCTH OT XMMHYECKOI'O COCTaBa. [JIaBHBIM INPEUMYIECTBOM SIBISIOTCA
Oosee HHU3KHE TeMIlEpaTyphl IJIABJICHMS, YTO B CBOIO OYEpeIb HE BIHUSAET Ha
TEMIEpAaTypy Jerpajauuu. B kadecTBe mnpuMepa MOXKHO IIpUBECTH 3-
THIpOKCHOyTHpaTa U 3-THIPOKCHBAJIEpaTa, y KOTOPOro TeMIepaTypa IJIaBICHUS
HIDKE YeM Yy He(PTEeXMMHYECKUX I[OJIMMEPOB. BTOphIM BaXHBIM CBOMCTBOM
SIBIISIETCSI CTENICHh KPUCTAJUIMYHOCTH, KOTOPasi y COMOJIMMEPOB Topasio HIKE, YeM

y TOMOTEHHOT'0 TOJIH-3-THAPOKCcuOyTHpara [25].

1.4 Mpoueccol OUoAerpaaluy NOJTUTHAPOKCUATKAHOATOB

OagHuM U3 caMbIX OCHOBHBIX MPEUMYIIECTB OHOMOIUMEpPA SIBISETCS €ro
CBOICTBO JerpaaupoBarh B moyBe. [lpum Ouoperpamanmy NpOUCXOAMT pacmaj
[II'A Ha Oe3BpenHbIE AJI KUBBIX OPraHU3Max MPOAYKTHI, B HUX BXOJIUT TUOKCH]L
yriaepoja v BoAa MpH YCJIOBHUSIX aHAa’pOOHOW Aerpajalid U METaH ¢ BOJOM Npu
aHa’poOHbeIX. Pacmanm mnpoucxoaut mon gedctBuem [IIA-merpamupyrommx
MUKpPOOpPraHu3MoB, Kotopble umeroT III'A-nenonumepassl. Emie ogun croco0
Jerpajauuu — 3T0 pa3pblB C-LieNH NEPHIEHANKYISPHO JIAMEJUISIPHOMY CJIOKO 0

JaMeJUIIpHOTO 1ieHTpa [26,27]

CrerneHn ACCTPYKIUN CMOTPAT 11O YMCHBIIICHHIO MOJICKy.]IHpHOﬁ MacCcCHI,
CTCIICHU KPUCTAUIMYHOCTHU IIOJIUMEPA, BECY U IIPOYHOCTH IMOJIUMEPHLBIX H3I[€JIPII>'I.

CKOpOCTB ACrpagaiiii MOXKHO YBCIIMYUTHL CCJIM HCIOJb30BATH COIIOJIHMMCED,
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N00aBUTH €lle OJUH BHUJ MOJUMepa WM MIACTU(PUKATOP, OOIYyYUTH MOJIUMED
ynbTpapuoseToM. MUKPOOPTaHU3Mbl U TPUOBI, KOTOPBIE SIBISIOTCS OCHOBHBIMH
opraHMsmMamu cnocoOHsiMu pazpymatb III'A, Obuln BbIIBIEHBI BO BceX 0e€3

UCKJIIOYCHHS dKocucTemax [28].

OU3MKO-XUMMUYECKUE CBOMCTBA IIOJIMMEpPAa M3MEHAIOTCA B MOPCKHX
ycinoBusix uepe3 180 mHel W3MEHEHUE TeMIepaTyphl IUIABJICHUS COIOJUMEPA,
MOJIEKYJISIPDHOTO  Beca, MOJHMIMCIHEPCHOCTH W  CTENEHH KPHUCTAJUIMYHOCTH.
[ToBepxnocts II'’A mpu Ouonerpajganuu TeMIEpaTypbl 3poJaMpoOBaia, a
KpUCTAJUTA3alUsl JIMHEMHO CHIKAJIACh KOPPEJHMPYIO C YBEIMYEHHUEM BPEMEHU

ounozaerpanamuu [29].

[Ipy HEKOTOpBIX HCCIEAOBAHUAX OBUIO BBISBICHO, YTO Y BCEX BHUOB
comojiuMepa CTEeNeHb KPUCTAUIMYHOCTH U Pa3pyLICHUS] MOJEKYISIPHO-MACCOBBIX
XapaKTEPUCTUK YBEJIMYMBAETCS C BO3PACTAHHUEM MOJIUJMCIEPCTHOCTH, YTO
CBUJIETENBCTBYET O pa3pyuieHnn C-uenei B MOJIMMEPE U YBEIUYEHUN KOJINYECTBA

(parMeHTOB, UMEIOIINX pa3Hyto cTerneHb noaumepusarmu [30].

Bnusgaue temnepaTtypbl Ha MpoLecC pa3pylieHUs: KoJieOneTcsl B IUAa3oHe
16 — 30 rpamycoB, mpu 3TOM CKOPOCTh JETrpajalliid pPacTeT B 3aBHCUMOCTH OT
pocta Temneparypsl. Beime 35 rpaaycoB mpoiiecc 3aMeIsiIcs, a ONTHUMAaJIbHAs
TeMreparypa Obuia BeisiBiieHa oT 21 1o 28 rpamaycoB. Takas temmepaTypa Obuia

OTIpeieieHa ONITUMAITLHOM ISt pocTa Oaktepwii [31].

Crenenp kpuctasmmyHoctd npu 3toM y [I3I'b He wu3MeHsuiach mnocie
HaXOXXIEHWNU B II0YBE 35 IHEW. DTO MOXKET CBHUJIETEIBCTBOBATH O TOM, 4YTO
KpucTayuimueckass u amopdHasi ¢aspl paspymanuch oaHoBpemeHnHo, [I3I'B
Bo3pactan 1o 60%, 4To CBHUIETEILCTBYET O 00Jiee MHTEHCHBHOM pa3pyIlIeHUU

amop(dHo# (hasbi.

MukpoOHasi coCTaBisilOIIas TOYBbI MMEET OOJIbIIOE 3HAYEHUE s
TUAPOTUTHYECKUX 5 JerpaJalliOHHBIX IIPOIIECCOB. BonsmuHCcTBO

MHKPOOParHu3mMoB y4acTBylOT B yruinmszanuu III'A  [32]. HHTEeHCUBHOCTH
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nporecca paspymenus [II'A 3aBucut OT Takux (PaKTOpOB KaK KIMMATHYECKUE
ycnoBusi, PH, BIIa;kHOCTh, KOHIIEHTpAIMs MUTATEIbHBIX BEIIECTB, TEMIIEPATYPHI U

AKTUBHOCTH MHUKPOOPIraHU3MOB.

Ha nerpagamuto III'A BiuseT He TONBKO (PUBUKO-XMUMHYECKHE CBONCTBA
MOJIUMEPOB, HO U TEOMETPUS CTPYKTYPHI MOBEPXHOCTH, YTO CIIOCOOCTBYET OoJiee
IJIOTHOMY MPUKPEIJIEHUIO U JaJbHEUIIIEMY Pa3BUTHIO HA HEM MUKPOOPraHU3MOB,

TIOATOMY THJIPOJIN3 pa3BUBACTCS CHApYXu BHYTph m3aenus u3 [1IA [33].

[Tomy4yeHHBIC AaHHBIC TOKA3aJld 3aBUCHUMOCTH TOTO, YTO BCE H3BECTHBIC
tunbl [1I'A pa3pyiiaroTcs ¢ 0OIMHAKOBOW CKOPOCThIO. M 3TOT mepuoj noiaypacnaaa
COCTAaBJISIET OKOJIO 42 JHEH MPHU PacloIOKEHUU 00pa3OB HAa MOBEPXHOCTH MOYBbI
¥ OKOJIO 28 CYTOK Jij1si 00pa3iioB, KOTOPhIE HAXOUINCH TTOCPEACTBEHHO B TIOUBE Ha
rryoune okojo 20 caHTUMeETpoB. Tak ke ObLIO BBIABICHO, YTO YeM TJyOke

HaXOAMJICS oOpasell, TeM OBICTpee MPOXOIUT mporece onoaerpasanuu [34,35).

[Ipn u3ydyeHUM AAHHBIX JMUTEPATypbl CTAJO SCHO, YTO Ha JErpajaluio
BIIUSICT OYEHH OOJIBIIOE KOJUYECTBO MApaMETPOB, TAKUX KAaK Pa3HbIC BUIbI MOYB,
UX  XUMUYECKMHA  COCTaB, KOJMYECTBO MHUKPOOPraHU3MOB,  BJIQXXHOCTb,

TEeMIIepaTypa, a TAKKE COCTAB U BUJI MOJIUMEPA.

BbI10 BBISICHEHO, YTO TIJICHOYHBIE OOpAa3Ibl pa3pylIaauch OOJbIINE HEXKETH
npeccoBaHHble 00BEMHBIE PopMbl. 3adurcupoBaHo Oosiee OBICTpOE pa3pylleHUE
o6pazioB romomnonumepa [I3I'b, uem comosmmepa, dYTO CBSI3aHHO C

0COOEHHOCTSIMU CTPYKTYPBI U CBOMCTBAMH MTOBEPXHOCTH 00pa3iioB [36].
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1.5 I'epOuumanbie npenapatbl 1 (POPMbI KX NPUMEHEHUS

['epObunuapl — 3TO XMMUYECKUE BEIIECTBA, YHUUTOKAIOIIME COPHBIC WIIH
HEHYXHble pacTeHusi. OHM 3aHUMAIOT OYeHb OosbInyto HUIlLy oT 40 1o 50 % Bcex
BBIITYCKAEMbIX MECTUIMAOB. OTO CBSI3aHO C OYEHb BBICOKMM BPEIOM,
OPUYMHIEMBIM COpHsKamu. lIpuMeHeHue JaHHBIX MPEnaparoB 3HAYUTEIBHO
noBbIaeT 3PEHEKTUBHOCTh CEJIbCKOTo Xo3sicTBa [37]. MelicTBue repOuiuaa
MO>XHO pa3JeiuTh Ha 2 THUIIA: CIUIOIIHOE U ceyieKTUBHOE. CIUIOIHOE JeHCTBHE
pacnpocTpaHseTcsl Ha BCe BUJIbI paCTEHU, a n30upareabHoe JeiCTBHE - TOJBKO Ha
onpenenacHHbie BUAbl. ECTECTBEHHBIM MOCIEICTBUEM 3TOTO SIBJISIETCS HACBIILICHUE
NOYBBl XUMHUYECKUMHU COECJAMHEHUSIMHU, B PE3YyJbTaTe 4YEero HAHOCUTCS BpEl
OKpY’Kalollled cpefe, BO3HUKAET PE3UCTEHTHOCTh Y COPHSIKOB, CHJIBHO
HapPYIIAIOTCS] arPOCUCTEMBI, YTHETAIOTCSI YyBCTBUTENBHBIE BUJIBI B CEBOOOOPOTE, U
CTaBUTCS  IUIOJOPOAME TMOYB B  YsA3BUMOE  TMOJIOKEHHE. [ 'epOunusl
METa0O0JM3UPYIOTCS MHOTMMHU BUIAMU OaKTEpHil, HO 3TU METa0OJIUTHI Tropa3ao
Oosee TOKCHMYHBI CaMHUX TMpUMEHsIeMbIX mpenaparoB. OaHuM H3 crnocoOoB
NOBUCUTH 3(PPEKTUBHOCTH CEIBCKOTO XO34MCTBA — 3TO YMEHBIIUTh KOJIMYECTBO
UCIIOJIb3yEeMbIX CEJIbCKOXO3SIICTBEHHBIX y100peHuii, U YBEIIUYUTh

IPOJIOHTUPOBAHHBIH BBIXOJI IIPENapaToB B mousy [38].

B nacrosimue Bpemsi mupokoe ucrnoias3oBanus [1I'A xapakrepusyercs ero
BBICOKOM CTOMMOCTBIO TPOW3BOJCTBA. [l 3TOro MOXKHO HCIOJIB30BaTh
pasuyHbIe MPUPOJIHBIE TpenapaThl. I 00pa3oBbIBaTH CMECH, COCTOSIIUE U3 TPEX

KOMIIOHCHTOB, TaAKHX KaK ITIOJIUMCP, MAaTCPpHAJl HAITIOJIHUTCIIb U Fep6I/II_[I/II[ .

Ha nansbiii MoMeHT npumensitorcs 3D GopMmbl, MIEHKH U MUKPOTPAHYJIBL.
['eometpust (GopMbl MOMKET CYIIECTBEHHO OKa3blBaTh BIMAHHE Ha JAUHAMUKY
paspyueHuss (GopMbl CMeCH MOJMMEpa, 4TO JAaeT BO3MOXKHOCTb PEryJnpoBaTh

HHTCHCHUBHOCTD BbBIXOJa HYKHOI'O BCIICCTBA B ITOYBY.
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2. MaTtepuajibl 1 MeTO/bI

2.1 Ilpouecc 6mocunTe3a daxkrepuii Cupriavidus eutrophus B10646

[Tonydenne OuomnonwMepa B Hamield 1a0OpPaTOPUH TMPOU3BOIUTCS IO
TEXHOJOTHH KyJabTUBUpOBaHUsA Oaktepuii Cupriavidus eutrophus B10646 B

dbepmeHTepe, NCIIONb3Ysl INMAUTHPOBAHHUE a30Ta.

Becp CH0KHBIA TEXHOJIOTUYECKUI IIUKII CUHTE3a MOJUTHIPOKCHAIKAHOATOB
CKJIAJIBIBAETCS U3 CIIEYIOIINX ATAIlOB.

[lepBblil 3Tan — 3TO NPUTOTOBJIIEHUE TEXHOJOIMYECKUX CPEJ U PacTBOPOB,
JaJbHEWIass UX CTEpUIIN3alMs, TAKUX KaK MOYEBHMHA, IIFOK03a, MUKPOAJIEMEHTHI,
oydep.

Bropol 3Ttanm — 3TO MONMy4YeHHE HWHOKYJISTA U3 MY3€MHOW KYJIbTYPhI, U
JanbHeillee MacirabupoBaHue Mpolecca JJis UCIoIb30BaHus B pepMeHTEpe.

Tperuit atan - 310 AByXCcTanuiHas ¢epMmeHTanus B OonbiioM hepmeHTepe-
nHOKyssiTope Ha 30, a 3ateM Ha 150 auTpoB.

YeTBepThiii 3Tan — KOHIIEHTpAIUs OaKTepHaTbHON KyJIbTYphl U JaJIbHEHIIIee
HEHTPU(YTUPOBAHUH TSI IOTyYEeHHSI 00Jiee TYCTONH OMOMACCHI.

[Iate1it 3Tan - 310 MTMOGUIBHAS CYIIIKA, a TAK K€ OYMCTKA MOJMMEpa.

[llecto 3Tam - 3TO aHAINA3, ONPEACICHHE W JaJbHEWIIEE CO3IaHUE

paznmuunbix 3D dopm.

2.1.1 IlIpouecc MNPUrOTOBJIEHHSI THUTATEJIbHBIX PACTBOPOB M HX
CTepUIH3ALNSL.

[Ipu pabore ¢ KyJabTypod OYE€Hb Ba)XKHO MPEIOTBPATUTH KOHTAMUHAIUIO
KyJIbTypbl. Eciin mpou3oiier 3apakeHue KyJIbTypbl, TO OHa MOKET MOTUOHYTh WIH
MPOIIECC HE JACT HYXKHOTO pe3yjbpTara, MO3TOMY BCS HCHOJIb3yemas MocyJa

JIOJDKHA OBITH MPOCTEPHIIM30BaHa B aBTOKJIaBe napom npu jaasieHuu 0,1013 Mma
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u temneparype cBbime 100 rpamycos. Ilociie 3TOro CTEpUIBHOCTH COXpaHSAETCS

OKOJIO 5 4acoB I10CJI€ U3BJICUYCHHUS U3 aBTOKJIaBa.

IIponiecc mpUroTOBIIEHWST MATOYHBIX PACTBOPOB HAYMHAECTCS C PACTBOPEHUS

HEOOXOMMBIX HABECOK B TUCTHILIMPOBAHHOW BOJIE MPH KOMHATHOM TeMIiepaType.

OcHOBY MHUHEpalIbHOM Cpelbl COCTaBISET CMECh YETHIPEX PaCTBOPOB.

Pasmep kaxmoro ctporo Oepercs B COOTBETCTBHE C HEOOXOIUMOM MpOrpaMMont

VCCIICIOBAHMS.
PactBop Komnonent Konnentparus, r/n
A NagHPO,x12H,0 9,0
KH,PO, 1,5
b MgSOx7H,0 0,2
CsHs07FexH,0 5,0
Kunsatute 10 MOJHOrO pacTBOPEHUS.
Hcnapusiiyrocsi BOAy HEOOXOAUMO MO
OKOHYAHHIO PACTBOPEHUS JONOJIHUTE.
I H3BO3 0,228
COCI12x6H20 0,030
CuSO4x5H20 0,008
MnCl12x4H20 0,008
ZnSO4x7H20 0,176
NaMoO4xH20 0,050
NiCl2 0,008

BOI[y A pa3sBCACHUA HCIIOJIb30BaATh TOJBKO JUCTUIINIMPOBAHHYIO M HE

JOMYCKaTh MJIOXOTO PACTBOPEHMUSI.

I[JI?I MMOJIYUCHUA I[HCTI/IJIJIHpOBaHHOﬁ BOJbI, KOTOpAas UCIIOJIL3YCTCA Ha BCCM

OPOTSHKEHUU  (PepMEHTAalMM  MPUMEHSIIOT — aKBaJAUCTUILISTOP

IPOU3BOAUTENLHOCTBIO 25 J1/4.

BJICKTPUYECKUI
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Crepunmnzanys JaHHBIX PAacTBOPOB MPOUCXOIUT IMPU TEMIIEpAType ILIIOC

120°C, naBnenuu 0,11 Mlla B Teuenue 45 MUHYT.

PactBop rmtoko3er (C6H1206) cnenyet pasBoauts 500 1/m1. Crepunm3anuio
MIPOM3BOIAT MPOKAYHMBASI PACTBOP MEPECTATHUYECKUM HACOCOM dYepe3 MpeaduibTp.

Tak>ke mpUMEHSIOT cTepuiM3aluio mapom npu 115 rpagycax.

Kap6omun (CH4N,O) B ¢depMEHTAIIMOHHOM MPOIIECCe MCMOJB3YeTCs Kak
UCTOYHUK a3oTa. PacTBOp MOUEBHMHBI TOTOBSIT C KOHIGHTpammeid 60 1/
Crepunmzanus MPOUCXOTUT TEPEKAYKON pacTBOpa MEPECTATHUYECKUM HACOCOM
4yepe3 CTEPHIM3YIOMUA (IIBTP WM MyTeM aBTOKJIABUPOBAHMS MPU TEMIIEpaType

125 rpanycos.

[Ipu oOpa3zoBaHMM TI€HBI BO BpeMs  (epMEHTAMM  HCHOJb3YIOT
MJIAMETacUTEelb POJb KOTOPOIO BBIMOJIHSET MOJCOIHEYHOEe Macio. [leHoracurens
JIOJDKEH OBITh cTepuJieH. JJisi TOT0O MOICOMTHEYHOE Maciio B 00bEMe S0 MIT 3a/IUTh
B KOJIOY JOCTaTOYHOTO 00BEMA, 3aKPHITh BaTHO-MapJIeBOW MPOOKOW U OOEpHYTH
Oymaroii, 3akpenuB BepeBkoil. CTeprin3oBaTh B aBTokKIaBe mpu 1 atm., 121 °C, 30

MHH.

2.1.2 TlonyyeHne HHOKYJIATA U3 MYy3eiHHON KYJIbTYPhI

MyseliHast KyabTypa U3 0aHKa XpaHUTCS MPHU MOHWKEHHBIX TeMIepaTrypax
Ha CKOIIGHHOW arapu3oBaHHOW cpene B Kojgoe. CMBIBAIOT C TMOBEPXHOCTHU
OaKTepuu YETHIPEX MPOOUPOK B CTEPHIIBHYIO 2 JIUTPOBYIO KOJIOY C OJHOM JIOKKOMH

nojHou cpensl Llneresns.

OnTuueckas TJIOTHOCTh MHOKYJIATA TMOCJE CMbIBa U3 MpoOupok He MeHee 0,1
r/1 (440 uMm). I1pu paboTe ¢ HHOKYJISITOM CIIeyeT cOOJI0IaTh MpaBuia aCEIITHKH.
NHokynaT B K0J10€ TOMENIAIOT B IIeHKep-uHKyOaTtop Innova 44 u uHKyOUpYIOT B

teueHne 2022 4 mpu 30 °C 10 mosy4eHus: ONTHYECKOM IUIOTHOCTM HE MEHEE

0,2+0,02 [29].
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2.1.3 [TosryyeHue HHOKYJISATA B epMeHTEPe-UHOKYJIATOPE

[locne monyuyeHus MHOKYJSTA B IIEHKEpe €ro mepeHocsiT B (epMeHTEp-
nHokyJsTop Bioengineering NLF 22 o6bemom 30 nUTpOB, /i€ KyJIbTUBUPYETCS 10
nosrydeHust 10 1 TOCeBHOM KyJNbTYphl. ITO MUHUMAJIBHBIH 00BEM HEOOXOMMMBIN
JUISL KCTIOIb30BaHus B (hepmeHTepe o0béMoM 150 nutpoB. JlanbHelmmii mporecc B

bepMeHTEPE-UHOKYIATOPE JUIUTCS 5 4 B peKUME XEeMOCTaTa.

2.1.4 IBycraguiinasi ¢gepMeHTAIIMS B IPOU3BOJACTBEHHOM epMeHTEpe.

[Tocne monyueHnust ”HOKyIsATa 00beM KoToporo okosio 10-20 1 oH nmoctymnaet
B NpOU3BOACTBeHHBbIN (QepMeHTEp Bioengineering tunm P-cocyn oo6bemom 150

JUTPOB.

Korma mpomecc crepunuzanuu  ¢epmeHTtepa U TpaHcdepa HHOKYISATA
3aKOHYCHBI, BBICTABJISIOT MAapaMeTPhl, KOTOpPbIE TPEOYIOTCA I Tpoliecca
dbepmenTaruu. ['maBubie n3 HUX Temrepatrypa + 30405 KoHIEHTparus
pactBopénHoro kucioponga dO 25+7 % (kackagHoe ympaBieHHE), OOOPOTHI

memanku 100-700 000poTOB B MUHYTY (KacKaJHOE YIIPABIICHHE).

B mnpormecce KynbTUBHpPOBaHHMS HEOOXOAMMO BPYUHYIO KOHTPOJMPOBATH
KOHLEHTPAIMI0 TJIOKO3bl M MOYEBUHBI, M OCHOBHBIE TEXHOJOTMYECKUE
napameTpbl. [lpu 3TOM HEOOXOOUMO HCIOJIB30BATH CTPOTO IEPECTATUUYECKUE

Hacochl. JlJi mpeAoTBpalleHus 3arpsi3HEHUS] U 3apaKEHUSI KYJIbTYPBI.

[Iponiecc KyJnbTHUBUPOBAHUS MOXKHO pa3leliuThb Ha JABe cranuu. llepsas
CTaAusl XapaKTEepU3yeTCs HaKOIUIEHMEM OMOMAacChl, MPOLECC MPOI0JIKAETCA
npuMepHo 24 yaca u gocturaer koHmeHTpamuu okosio 40—-50 r/m. Taxke uuer
AKTUBHOE TIOIJIOIICHUE MOANUTHIBAIOIINX PAacTBOPOB COJIEH a30Ta M TJIIOKO3BI.
BTopoii 3Tan MOXHO OXapaKTEpU30BaTh OCTAHOBKOW MOAAYM MOJMUTHIBAIOIIETO
pactBopa kapOamuia. B 3TOT MOMEHT KJIETKM HAYMHAIOT HCIBITHIBATH CTPECC H
OnoMacca MmepecTtaeT pacTH, BMECTO JTOTO YBEJIMYMBAECTCS KOHUEHTpAIUs
nojauMepa B KJIETKH 3aracaroliero BemecTBa. [IpomomKUTEIbHOCTh 3TOrO

IIpoIIECCa COCTaBIAET 0KOJIO 30 yacos.
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2.1.5 KoHueHTpUpOBaHUeE 0AKTEPUAIBbHON KYJIbTYPbI

Korga xoHmeHTpauus mnojiumMepa B KIETKH JIOCTUTAeT HEOOXOIUMOro
00béMa, KyJTbTYpPATbHYIO JKHIKOCTh CIIMBAIOT B COOPHUK, OTKY/1a OHA IMOCTYMAeT B
BaKyyM-BBINApHYIO ycTaHOBKY «YBB-50», rae xonuentrpupyercs mo 300 — 350
/71, 3aTeM MepucTaIbTHUYecKuM HacocoM Ismatec Flowmaster FMT300 mogaetcs B
COOpHUK JIJIsl yITAPEHHOM CYCIIEH3UU.

2.1.6 UenrpudyrupoBanve u JUOPWIbHAS CYHIKA CryHIEHHOM
KYJbTYPbI

N3 cOopHuMKa yrapeHHas CyCIeH3Hs IolajaaeT B LeHTpudyry Avanti s
JTaTbHEHIIET0 KOHIICHTPUPOBAHUHU. [locne xoHIEHTpaMK B IEHTpU(YTE
OaKTepHalibHYI0 OMOMacCy, KOTOpasi UMEET BUJI ChIPOI MacThl ¢ BIAXHOCTBIO 50-
60 %, HeOoOXOAMMO Pa3JI0XKUTh HA MOAHOCAX U JOTKAX U JUOPUIBHO BHICYIIUThH B

cyonumanmonHo yctanoBke IlshinBioBase mpoussenennoii B Kopee.

[Ipouecc mMouabHON CYIIKM HAUMHAETCS ¢ 3aMOpo3ku 6uomaccsl 10 40 °C
u nocaenyromuM HarpeBanueMm 110 +20 °C npu paBnenuun B kamepe 40 ITa. Oto
MPOUCXOMNUT I TOTO, YTO OBl TOJNYyYHUTh Cyxyk Ouomaccy. OJta Omomacca

HCIIOJIB3YCTCA JIA MOJYUYCHUA ITOJIMMEPA U JT0JIZKHA UMCTh BJIAJKHOCTBIO HC Ooiee

0,5 %. [5].

2.2 llpupoaHbIe HANOJTHUTEIH

Hamonmuurenu (puiepsl) poOaBisitoTcst Jisl  TOTO, 4YTOOBI  clenaTh
KOMITO3UTHBIE MaTepualiibl Ha ocHOBe [I['A Gosiee aeméBbiMu B TIPOU3BOJICTBE U
HAJICTUTh WX PSIJAOM TOJE3HBIX IapaMeTpOB, KOTOPBIMH MOXKHO TO-pa3HOMY

BapbUpOBaTh. B aKcriepuMenTe OBLITN UCTIONB30BaHbI TPU MPUPOIHBIX MaTepraa;

- Topd mapku "Arpobant-H (3AO Pocropdunsect, Poccus);
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- JlpeBecHbIC ONWIKH, TIOJyYeHHBIC H3MEIbUCHUEM JIPECBECHHBI Oepe3bl Ha
nepeBooOpabareiBaromem cranke MJ[ 250-85 (kommanus «Crankollpembepy,

Poccus);
- 'nmuna (Mecropoxaenue «Ky3nenosckoe», KpacHospckuii kpaii, Poccust)

Pa3Mon HamoJiHUTENEW MPOU3ZBOAWICS YJIAPHO-CABUTOBBIM BO3JICUCTBHEM Ha

ynbTpareHTpoodexxnoi menpHule ZM 200 «Retschy, npoussenénnoii B I'epmanum.
- BbpU10 UCTIOJB30BAHO CUTO C TMAMETPOM OTBEPCTUH 2 MM;
- CkopocTtb Bpatienus poropa 6000 o6/mMuH.

Jlna  ompeneneHuss (pakIUOHHOTO COCTaBa IOPOUIKA HAMOJIHUTENCH
UCIIOJIb30BajIach aHAIMTHYECKas npocenBaromias mamuHa AS 200 control Retsch,

Mpou3BEJIcHHAs B ['epmaHum.

- Bpems (@pakunonupoBaHusi cocTaBasuio okono 10 MuHYT, aMIuTyna

BbIcTaBieHa Ha 1,5 MM, HaBeckalOOrpamm.

2.3 IlosrydyeHue rpanyJi U3 KOMIIO3UTOB.

[Tpon3BOACTBO TpaHysl HAYMHAETCS C HM3MEIBYECHHS IOJHMMEpPA YIAapHO-
CIABUTOBBIM BO3JICUCTBUEM Ha yJibTpaleHTpoOexHoi menpHuile ZM 200 «Retschy
npousBenaeHHON B I'epmanuu. [l mpenoTBpallleHHs IIABICHUS IIOJIMMEpa BO
BpEMs [TIOMOJIA, U3MEJIBYAEMBbI MaTepra U KOPITyC C Pa3MOJIbHBIMH 3JEMEHTaMU
MEJIBHHIBI TPEABapUTEIbHO oxnaxaarorcs npu - 80 °C oxomo 20 muH B
mopo3uwibHON Kamepe Innova U101 ¢upmer NEWBRUNSWICKSCIENTIFIC,
npousseneHHoil B CIHA. Pa3mos npoBOOMTCA C MCHOJIB30BAHMEM CHUTA U
JTAAMETPOM OTBEPCTHH 2 MM, CKOPOCTh BpallleHusi potopa cocrtasisiia 18000

00/MUH.

CoctaB (DpaKIMOHUPYIOIIECTO IMOPOIIKA MOJUMEpPa OIMPEACIIIN, HCIOIb3Ys
aHAJIMTHYECKYl0 MammHy g npocewBanuss  AS 200 Control  Retsch,
npousBeicHHy0 B ['epManun. BpeMs (pakinoHUpOBaHUS COCTaBIsUIO O0Kojo 10

MUH. ¢ ammuutygou 1,5 mm n HaBeckoit 100 rpamm.
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@pakUMOHHBIA COCTaB IIOPOIIKAa IOJMMEpPa ONPENENACTCS C IMOMOULIBIO
aHanutrueckoi mpoceuBaromiein mammuabsl AS 200 control (Retsch, I'epmanus).

Bpewms ¢pakinumonuposanust 10 mun, ammuutyna 1,5 mm, HaBecka 100 T.

Jlanee nemaeTcs HaBecKa MOJUMEpPA pa3MepoM 2 rpaMMa U PacTBOPSIETCS B
nuxyiopmetane oosemom 70 mi. Bce craBuTcs Ha nabopaTOpHBIE TUTUTKU C
marauTHbIME  Memaiakamu (Heidolphinstruments 191126 Shwabach) npu
temneparype 39 rpaaycoB 10 MOJHOTO PACTBOPEHUS HA CPOK IPUMEPHO OKOJIO 60

MHUHYT.

[Tocne momHOTO pacTBOpeHus 6e3 00pa3oBaHMs OcaKka U MEITKUX KYyCOYKOB,
HEO0OXOJIMMO OCaJIUTh MOJUMED, 100aBUB 3TaHOJI 00BEMOM 155 MII, U TOCTAaBUTH B
xonomuiabHUK (Buproca-151) Ha 90 MHMHYT [0 TMOJHOTO OCAXKACHUS |

00pa3oBaHHOIO OEJI0T0 XJIOMBEBUIHOTO OCAIKA.

Jlanee Kk HaBECKaM HM3MEJIBYEHHOIO Moaumepa ¢ pasmepom vactul] 200 MM
N00ABJISIIOTCS. HABECKU PA3JIMUHBIX HAMOJIHUTENEH C TAKUM K€ pa3MEepOM YacCTHII.
JIBa mopouika CMEIIMBalOTCS B HAaCTOJIBHOM IUIaHETapHOM Mukcepe SpeedMixer
DAC 250 SP (HauschildEng., I'epmanusi), Bpemsi cMmemieHust 1 MHH, CKOPOCTb

1000 00/MuH.

CwMmech HAJICHKUT oT(UIBLTPOBATH BaKyyMHBIM HACOCOM
(MilliporeWP6122050) 1 no6aButh 2,8 rpamma Quiuiepa HMEIOIIEr0 pa3Mep

yactulr 200 MkM. Macca nepemMemmnBaercs 10 OAHOPOJHOTO COCTOSTHUS.

B skcnepumenTte co3nmaBanuch TpPaHyJIbl M3 TpeX BUIOB Quiuiepa U U3

YUCTOI'O IMOJIUMEPaA I CPAaBHCHUSA MMOJTYUYCHHBIX PE3YJIbTATOB.

[TocnenHum 1marom ObLIO 3aMPaBUTh TOMOTEHU3UPOBAHHYIO CMEChH B IIIIPHII
C MOCJEAYIOIMNUM POBHBIM BBIJABIMBaeM Ha MoaHOCHL. Cylika mpow3BoguTcs 24

qgaca.
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Bceaen 3a monaeiM BeIcEIXxanueM I1T'A, ero HeoOxomumo B3Becuth oT 0,005 mo
0,006 B 3 NOBTOPHOCTSIX IO TPH I'paHybl A 7 penepHbIX Touek. CooTHOLIEHUE
Hanostautens u [1I'A cootBercTBoBano 3naueHusM 30% ¢umiepa u 70 % I1TA.

24  HccaenoBaHue  Ouoaerpajanvd TrpaHyJ ¢ Pa3jiMYHBIM
HANIOJTHHUTEJIEM

Jlerpamauus rpaHys OIpOBOAMIACH B JIA0OPATOPHBIX MUKPOIKOCHCTEMAX C
HCTIONB30BAHNEM KOHTEHHepoB oObeMoM 500 cm®. B  HHMX HAchImazach
u3MenbueHHas BiaxHas 3emuis 400 rpamm. B koTopyro 3akanbiBajid Ha TIIyOUHY
1,5 cMm 3apaHee CHIMTBIE MEMIOYKH, B KOTOpbIE MMOMEUIAIA TPH TPAHYIIBL.
Jerpagauusi nmpoBoawiack Npu KOMHATHOM Temmeparype 20 — 24 rpanyca. U
BJIQYKHOCTU TO04YBBI 0KOJIO 50 %. Ilpu u3BIIeUeHNN MEIIOYKAa W3 3EMJIM, TPAHYJIbI
HEOOXOJMMO OTTPSIXHYTh, OMOJIOCHYTh BOJOW M BBICYIIUTH B TeueHUH 20 4acoB.

Bec rpanyn usmepsiics Ha ananutrdeckux Becax AGN 200, AXIS.

25 MHzroromiieHne  J0JroBpeMeHHbIX  (GoOpMbI  repOMIUIHBIX

npenapaToB ¢ ONMWIKAMM

Jlis  mosydeHust ONTOBPEMEHHBIX (OpM TEepOUIMAHBIX MPEnapaToB C
ONMMMJIKAMU HCIOJIb30Bajil  CIENUATIbHBIA TpaHynaTop Fimar wuTambsHCKOTO
npousBojcTBa. COOTHOILIEHHE KOMIIO3UTAa B TpaHyjax ¢ ropuuiuei Obuio 50%
I1(3I'b), 30% onunok, 20% TpuOHypon-meTuna. s mMUTUHHUKA OBUIO Apyroe

cootHomenue 50% II(3I'b), 30% onunok, 10% metpuby3una, 10% TtuOykanazo:na.

2.6 DkcnepuMeHTaIbHBIE (POPMBI PenapaTa repoOUIUIHOTIO 1eiicTBUS

B J1a00PATOPHBIX NMOCEBAX COPHBIX PacTeHHIl

Jlis wm3ydeHus BO3ACHCTBHS Ha pACTEHHsS JCMOHHPOBAHHBIX (OPM C
repOMUIINIOM HCIOJIb30BATUCH KOMMEPUECKHE Mpernaparbl ¢ COPHBIM PacTeHHEM
ropuuiia (Sinapis arvensis) TpUOSHYPOH-METHJ, a C IMIETUHHUKOM-JIMCUI XBOCT
(Setaria macrocheata) meTpuOy3uH. BbIOOp maHHBIX MECTUIMIOB ObLI 00YCIOBIECH
peIBapUTEIbHBIMA HCCIEI0BAHUSIMHU, KOTOPBIE MOKa3alu uX 3()(PEeKTUBHOCTh Ha

COpHSKaX U (PUTOMATOTEHHBIX TPUOAX.
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['panynbl ¢ AEMOHUPOBAHHBIMH TepOUIIUAAMHU U 00pabOTKa KOMMEPUECKUM
npernapaToM MPOBOJWIM OJHOBPEMEHHO C MOCEBOM ceMsiH. B oTpuuareibHOM
KOHTpoJie 00paboTKy mpenmapaToM He MpoBoAWIM. B Xome »skcnepuMeHTa
OLICHMBAJIM CPOKM Hayajla M HACTyIUIEHUS MacCOBOM TuOenu pacTeHui, HX
IUIOTHOCTH (KOJIN4ecTBO Ha | M2), (POTOCHHTETHUYECKYIO aKTUBHOCTBH COJIEpKaHHE

IIMIMCHTOB

[Ipy moAroToBKe SKCIEPUMEHTa MCIOJIB30BATNCh KOHTEHHEPH 00bEMOM
500 cM’, B KOHTeifHephl TmoOMemamach 3emas Maccoil 400 rpamMM  u
HOJIIEPKUBAIACh BIAKHOCTh Ha MPOTSKEHUM BCEro dKcrepuMeHTa okojo 50 %.
[locne mOATOTOBKM J1aOOPATOPHBIX MHKPOIKOCHCTEM 3aCEUBAIUCh CEMEHa
TOpYMIeH C KyJbTypHBIM pacTeHMEM IIICHHIA, a IUTHUK — ¢ suMmeHeM. [loces
ceMsiH mpomsBogwiacs B pacuere 150 mr./m’ Ilocme 3aceBa BCceX CEMSH B
MOJIOKUTEIHbHOM ~ KOHTPOJIE WX TOJIMBAaTM  pa3BEeAEHHBIM  pacTBOPOM B
COOTBETCTBUU C HOpPMaMH YCTaHOBJIEHHBIMU MPOU3BOAUTEISIMH. B KOHTEWHEpHI ¢
JETIOHUPOBAHHBIMU  (hOpMaMM  3aKJaAbIBAJINCh TpaHyibl. [{ns cpaBHeHHA

JTWHAMHUKHA ObLT OTPUIIATENIbHBIA KOHTPOJIb O€3 repouIua.

KonTeitHepsl momemanuch B KIUMaTHyecKyro kamepy (DPutorpon-JInA-2
(Poccust) nmpu temneparype 29 rpanycoB. JJIMTENbHOCTh SKCIIEPUMEHTA COCTABUIIA

28 mHEN.

Jlns uccnenoBaHusl SKCIEPUMEHTAIBHOIO Mpenapara U €ro JACHMCTBUSA Ha
pacTeHus, IMPOUCXOAWJIA TMOATOTOBKA 3eMiM B KOHTeWHepax 500 cM®, nmamee
TIPOU3BOIMIICS TTOCEB CEMSTH M 3aKJIaJIKa WM MOJUBKA HEOOXOIUMBIM MPENapaToM,
KonTelinepsl moMemany B KIMMaTHYECKYIO KaMepy. BIIaxxHOCTh MOAIepKUBAIIACH

Ha ypoBHE 50% OT MaccChl, JJIUTEILHOCTh SKCIIEPUMEHTA cOCTaBmiIa 28 qHEH

2.7 PerpeccHOHHBII aHAJIN3

Cratuctuyeckyro 00pabOTKy pe3ysbTaTOB MPOBOAWIM IO CTaHAAPTHBIM
METOJMKaM C UCTIOJIh30BAaHUEM MTPOTPAMMHOTO MaKeTa aHanu3a JaHHbIX Microsoft

Excel nims Windows 8.1
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[IpoBoauTh ONTHMM3AIMIO MpoIecca AETpajallii MOJUMEPHBIX TpaHysl
UCIOJB30BaJI MaTeMaTUYECKUN METOJ TUIAHUPOBAHMS SKCIEPUMEHTAa MO IJIaHy
bponckoro, naHHas MeETOJIMKA IIO3BOJIIET ONPENECIUTh M OLIEHUTh BIIHSHUE
(GakTOpoB IpU MUHUMAIBHOM KOJIMYECTBE MPOJAETAHHBIX 3KCHepuMeHToB [31].
[Tokazarenyn, KOTOpbIE OKAa3blBAIOT CYIIECTBEHHOE BIUSHUE HA M3y4yacMble
00BEKTHI, UMEIOT 00O03HaueHue OykBoM X W HUMEIOT Ha3zBaHue (aktophl. Takoi
(bakToOp MOXKET UMETh HECKOJIbKO 3HAUECHUMN, 3TH 3HAYEHUS HA3bIBAIOTCS YPOBHHU.
Korna mumaHupoBasics SKCHEPUMEHT Opajiuch 3a OCHOBY BOCIPOM3BOJUMbIE

JAHHBIE U 0OBEKT, KOTOPHIM MOKHO YIPABIIATh.

Martpuiia niaaHupoBaHus APOOHOTO IKCIEPUMEHTA MpeICTaBIeHa B TaOIHUIle

1. OcHoBHBIE (haKTOPBI ¥ YPOBHU UX BapHAaIlUU MPEICTABICHBI B TAOIUIIE 2.

Tabmuua 1. MaTpuiia miaHupoBaHUsl JPOOHOTO TpexX(a3zHOTO HKCIEPUMEHTA C

JBYMSI YPOBHSIMH BapHariu GpakTopa.

Hanen
Hamomxaurens

gl b~ W N P O] O O] & W N| R O =
R P P PP R O O O O O O O
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Tabnuna 2. OcHOBHbIE NepeMEHHbIE (AKTOPhl SKCIEPUMEHTa M YPOBHU HX

Bapuanuyu Ijit acrpagannu

YpoBHU

daxTopsl 0 1 2 3
YHucteiin Onunk | I'mun

Hamomuaurens nonumep | Topd 151 a

Henenn 1 2 3 4

[TapameTpsl perpeccuu ObLITN ONMMCAHBI IO MHOYKECTBEHHON JTMHEHHOW METOUKH U

COCTOSIT U3 CIICAYONIUX MIAroB:

YpaBHEHNE MHOKECTBEHHON PETPECCUM BBITIIAIEIIO TaK:
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Y = f§ , X + s
1)

rae X = X(X1, X2, ..., Xm) - BEeKTOp HE3aBUCUMBIX TEPEMEHHBIX;[3 - BEKTOP
napaMeTpoB (TIOJIeKAIUX OMPEICTEHUI0); € - cllydaiiHas onmmMoKa (OTKJIOHEHUE);

Y - 3aBucumas (00ObsICHsIEMAas ) TIEpEeMEHHasI.

Teopernueckoe TMHEHHOE YpaBHEHNE MHOKECTBEHHON PErpEeCCUU MOXKET ObITh

MMpCACTABJICHO B BUAC!:

Y = B0 + BI1X1 + B2X2 + ... + PmXm + g,
2)

O - cBOOOIHBIN YJIeH, ONPEACHSIONINI 3HAaYeHUE Y, B Ciydyae, KOrja Bce

oOBsCHSIOIIME TepeMeHHbIe X] paBHBbI 0.

[Tocre 3TOTO paccYUTHIBAIOTCS KOADGUITUEHTHI AJIsT TPUHSITON MO/JICITH:
. 1 3
JBI’_; i=1 X1 Vi- ( )

WNHnekc MHOXECTBEHHOW KOPPENSIUH HCHOJB3YeTCs JUIsl ONpeAeTeHUs
TECHOTBI COBMeCTHOTro B3ammozeicTBus (akropos (R). Ero rmaBHoe otiimume ot
NapHOTO KO3(PHUIMEHTa KOPPENISIIMUA B TOM, UTO OH MOXXET UMETh 3HaueHus ot 0
1o 1. B cBsa3u ¢ atuM R He ucnonb3yeTcs /Ui onpeeieHns: HalpaBiIeHus CBSI3U.
[Ipu Oonee OnM3KOM (aKTUUYECKHE MOCTPOSHUU 3HAYEHMSI Yl pacrojararorcs
OTHOCUTEJIbHO JIMHUM PpErpeccud, TeM MEHBIIEe OCTaTOYHas AWUCHepCust W,
CIIEI0BAaTENbHO, 00JbIIEe BETMUMHA Ryx1,  xm) OTO MOXKET O3HAUaTh YTO 3HAYEHHS
R moryT ObITh MpUOIMKEHHBI K €IWHULIE, 3TO MO3BOJISIET YPABHEHHUIO PETPECCUU
OoJiee IeTaabHO OMMCHIBATH JJaHHBIE SKCIIEpUMEHTA U BiusHUE pakTtopos. Ho mpu
3HaueHUH (akTopa R Onm3koro Hymo0 ypaBHEHHE HE TOYHO ONHUCHIBAET

INOJYYCHHEBIC JaHHBIC 1 BIIMSAHNC (I)aKTopOB.
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R=J1——sz—' (4)

E (v _}’cp)z ’
KOG)(b(bI/IHI/ICHT MHO>KECTBEHHOM KOppeiaauu JIy4dInie oOo3Hauvaercs qepe3

MaTpPUILy MAPHBIX KO3PPUIIMECHTOB KOPPEISLIIH:

Ap

R= [1——: (5)

"':I'J"'J.J.
rae A - onpenenuTeslb MAaTpULbl MapHBIX KOADPUIMEHTOB KOPpemsuul 11 -
OTpEeNICTUTENIb MATPUILIBI MEK(PAKTOPHON KOPPEISALIUU.

KBagpar npu MHOXECTBEHHOM KOA(DPHUITUEHTE KOPPEISIUH  SBIISCTCS
ko3 PUIMeHTOM JeTepMHUHALIMM, KOTOPBIA IOKAa3bIBa€T JOJII0 Bapualluu
pPE3YJNIbTATUBHOTO  TMpPHU3HAKA, WUIIOCTPUPYIOMIEH  Bapuanuio  (pakTOpHOTO
npusHaka. [IpoBepsiercst onHOpogHOCTH Aucnepcun o kputeputo Koxpena (Gp <

GTabn):

Sz'max .
O = ©)
O1mOKa OnbITOB:
S =~%N,S7; (7)

[IpouzBoauTcs pacuér aucnepcuu K03PPUIUEHTOB PErPeECCUu:
2

55
Sg ==, (8)

N
[IpoBepsieTcst  3HauMMOCTh  KOd(PuimeHToB  perpeccun: PaccunthiBaercs

ko3 dunrent Ctbro/ieHTa

Bi .
t!.p = S—EE X (9)

rie Bi — koaddunment perpeccuu: Omnpenensercs TaOIUYHBIA KOADPUIIUESHT
CrtprofieHTa tst ¥ TPOBEPUTH yciioBHe tip < tst.

[IpoBoauTCs pacy€T aIeKBaTHOCTUA AUCIIEPCUNA:
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Sta =7 ZiaOep — V)% (10)
rae Yep — cpeiHee 3HAU€HHE M3 BCEX IOBTOPEHHMH B KakIOH CTPOKE; Yy —
3HAYEHHE, PACCUUTAHHOE N0 YPABHEHUIO PETPECCUMU.
[IpoBoauTCSs pacueT aieKBaTHOCTH MOAENU: paccunThiBaeTcst Kpurepud Oumepa
F, = Sea SE ) (11)
onpenensieTcss TabauyHbIi kputepuid F Tab 1 ocylecTBUTh X CPaBHEHUE.

2.3 O0BbeKT uccie10BaHusA

OO0BbekTOM unccnenaoBanus ABisitoTcs rpanyisl u3 [1(31'B) ¢ npuponHbiMu

HAIOJIHUTEIISIMA TOP(, TIIMHA, ONTUIIKH, B 00b6EMe 30%.
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3. Pe3yabTaTsl

BriBoabI

OTtpaboTaHa METOAMKA U3TOTOBJICHUS U MOIYYCHBI KOMIIO3UTHBIE (POPMBI B
Buje rpanyn Ha ocHoBe II(3I'B) ¢ mpupoanbiMu HanomHUTENsIMU (TOpQ, TNIMHA,

ommiiku) maccoit 0,005 - 0,006 rpamm B cooTHoLIeHUHU noaumep - ¢pusuiep 70% Ha

30%.

UccnenoBano  BiIMSHUE MOPUPOJHBIX  HAMOJHUTENEH HA  CKOPOCTh
ouonerpaganMyu TOJYYEHHBIX O0Opa3IoB TpaHyJl B JIa0OPAaTOPHBIX IMOYBEHHBIX
MHUKPO3KOCUCTEMAX. [lonyuena  maTeMaruueckas  MOJIellb  Ipolecca
Oowonerpaganuy MOJyYeHHBIX 00pasmoB TpaHyn. YpaBHenue Y = 100,662 -
2,18998*X1 - 1,04212*X2 nmaeT npeacTraBieHUE O KOJUYECTBEHHOM BIIMSHUU

Ka)X70r0 (hakTopa Ha OCTaTOYHYIO Maccy 0Opa3IoB B MpoIlecce AeTpaaliu. .

UccnenoBana repOunumaHas akTHBHOCTh U3TOTOBIICHHBIX (pOpM TpemnapaToB
Ha ocHoBe II(3I'b) wm gpeBecHbix omwiok. HWHrubupyromuii 3ddekr
AKCIIEPUMEHTATILHBIX (POPM, HE yCTyHaja, a B HEKOTOPBIX OIBITAX MPEBOCXOIHII

KOMMCPUYCCKHC mpcraparsl.
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