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B crarbe mpeficTaBien 0630p OCHOBHBIX Pe3y/IbTaTOB 9KCIePUMEHTaIbHEIX M TeOPeTUIeCKIX MC-
creflopannit, BeionHeHHBIX 27 HIT MO P eyHONMYHO MM COBMECTHO C IPYTMMMU HayYHBIMU
OpraHM3aIVISIMK Y YIpexXJIeHUAMI B rrepuop] ¢ 1989 mo 2016 roppr, B obnacty paspaboTku 61o-
IpelapaToB ¥ OMOTEXHOMOTMIECKUX MeTOfloB AecTpykium OB, MpofiyKToB MX JeTOKCUKAINM, B
TOM YMCIIe U PeaKLMOHHBIX Macc, II0Iy4aeMbIX IIpY IIPOMBIIIICHHOM YHUYTOXEHUM XUMUIeCKO-
ro opyxus. IlokasaHo, 4To peMeiMaliMs IIOYBBL M 0YMCTKA BOIBI C UCIO/NIb30BaHMEM MUKPOOPIa-
HY3MOB-JIeCTPYKTOPOB MIU MX KOHCOPIIMYMOB U IPOAYIMPYEMBIX UMM (ePMEHTOB MOTYT OBITh
VCHOIb30BaHbL /IS 06esBpesKMBaHys MI0OBIX IPOAYKTOB AeToKcyKarym OB, momydeHHBIX Ipu
Pas/MYHBIX TeXHOMOTMAX XMMUIeCKOM HelITpalu3alun, U CBUIeTeIbCTBYIOT O BO3SMOXKHOCTH OCY-
IMIeCTBICHMS, Ha OCHOBe OMOKaTaTUTUUECKIX M MUKPOOMOTOTIHYE CKHUX IIPOI[eCCOB, SKOMOTMHIeCKH
6e30IacHOTO 00e3BPEXMBAHNS 3HAUNTENBHBIX 00BEMOB 1 KOHI[HTpaIlVit 3arpsisHuUTeNel, a Tak-
e GONBIINX TePPUTOPUIT B MecTaX OBIBIIETO IIPOM3BOJICTBA, XPaHEHNS, YHUITOKEHVST M MCCITe-
moBammst OB. Ha ocHoBe IpoBefileHHOTO aHanM3a B JanbHeHIIeM BO3MOXKHO: 060CHOBATh BEIGOP
¢depMeHTOB M MITaMMOB, OTIMIAIONIMXCS BEICOKOI paspyIaloniell CIoco6HOCTBIO U IOCTATOTHON
ToNepaHTHOCThIo K OB; pazpafoTaTh HalIpaBIeHMs U TeXHOIOTHIeCKIe CXeMBI TOMTYIeHNs 9K0OMO-
IpenapatoB (OMoKaTamMsaTopoB) Ha OCHOBe (pepMEHTOB U GaKTepuil IeCTPYKTOPOB; paspaboTarh
TEeXHOTIOTUIeCKIUe CXeMBI IIPoBeficHNsI 610 peMeualiy 3arpsIsHeHHBIX ITOYB ¥ OYUCTKY BOJ IIpK
MOMOIIM GMOKaTaMM3aTopoB — hepMeHTOB U MMMOOUIN30BaHHBIX KIeTOK OaKTepuil.

Knwuesvie cnosa: 6uopemeduauus nousvl u ouucmra 600vs; 6UOKAMATUIAMOPLL; PepmeHmubi;
MUKPOOP2AHUSMBL-0ecmpPyKmopbt; «JlopomHas Kapmar; Helimpanusyougue cpedcmsd; SKOMOoK-
CUKanmMbl; 0eCMPYKUUS OMPABTITIOULUX 6EUECTNE U HPOOYKMO6 UX 0eMOKCUKAUUL; PEAKUUOHHbIE
MACCHL; YHUMMONEHUE XUMUMECKO20 OPYHCUS.

Bubnuozpagduueckoe onucanue: Punumonos J.B., Anxosckas A.A., 3asvanosa H.B., Ionu-
nad A.H., Konecnuros II.II, Kosmyn B.A., Xoncmos B.JI., Eppemenxo E.H. buomexnonozuue-
cKue Memodvl 0eCMPyKUUY OMPABASIOUUX BEU4eCs 1 NPooyKmos ux Oemoxcukayuu // Becmuux
sotick PXB sawgumupt. 2017. T. 1. Ne 1. C. 4-14.
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buoTexHonornueckne metoabl AeCTPYKUUN oTpaBnARWNX BelecTB N NPOAYKTOB UX Ae TOKCMKalnn

Ilo Mepe 3aBeplileHUA MpoLlecca YHUYTOKEHUA
santacop OB BO3SHMKAIOT 3afjauyl IIO BBIAB/IEHUIO 3a-
TPASHEHHBIX TEPPUTOPUIA MPONYKTAMM MX AETOKCHU-
KaIyy 1 paspaboTke 3¢ eKTUBHBIX 1 Ma/IO3aTPATHBIX
TeXHOTIOTHII 06e33apa’kKMBaHNA Y OUMIIEHNA IIOYB U
BOJI, @ TAK)Ke HeJTpalIU3yIOLINX CPefiCTB, obecTieunBa-
FOILVIX SKOTIOTMYeCKY10 6€30I1aCHOCTb.

Cospanue OuomnpemnaparoB (6MoKaTamusa-
TOpOB) M paspaboTka OuoTexHOMOTMil o06e33a-
paKMBaHUA, OUYMCTKM M BOCCTAaHOBJIEHHMA 3a-
TPA3HEHHBIX IIOYBBI M BOABI B MecTaX OBIBIIETO
IpONU3BOLCTBA, WCCAeOBaHUA, XpaHeHUA U
yHnuTOKeHusA OB cIoco6HBI yCTpaHUTH SKONMO-
TUYeCKYI0 HaIPysKy M 00ecIeYuTh AeCTPYKLIUIO
OTXOlOB IIPOMBIIIIEHHOTO YHUYTOXKEHUA XU-
MUYECKOTO OpPYXKMA M OYMCTUTH 3aTrpA3SHEHHYIO
HOYBY U BORY [1-4].

B oTnuune oT APYIUX METOHOB AeTOKCUKA LI
TOKCUYHBIX BeElLIEeCTB, JMCIONb30BaHNE LITAMMOB
MUKPOOPTaHU3MOB-TeCTPYKTOPOB U (epMeHTOB
BBITOJHO OTINYAeTCA OTCYTCTBMEM BTOPUYHBIX
OTXOfIOB, BBICOKOI CTeNleHbIO ferpajalluy, BO3-
MOXXHOCTBIO IIOMTHOM ACCUMWMIALUN IIPOAYKTOB.
KoHeyHBIMM HpORYKTaMM OMOTeXHOMOTMYeCKON
merpaganun OB M NpoOfyKTOB MX AeTOKCUKALUK
ABIAKTCA YIMeKUCTBIN Ia3, MeTaH, BOfla U HeopTa-
HUYecKue conu [5, 6].

buotexHonornyecke MeTOABI OYUCTKY IIOYB
CTaHOBATCA Bce Horee monynapHeiMuU B EBpore u
CIITA. B T'epmanuu cebinie 50 kommanuii, a 8 CIITA
elile 6onblilee X KOMUYECTBO IPefIaraloT CBOM yC-
JIYTY TIO OYMCTKe IOYBHI IpY IIOMOIIY (hepMEeHTOB
U MUKPOOPTaHU3MOB.

Ilenp paboTsl — 06001eHUEe Pe3yIBTATOB
HCCIeJOBaHNI, MOAYYeHHBIX CIeluanucTaMu
27 HII MO P® kak caMOCTOATEeNbHO, TaK U
COBMECTHO ¢ APYIMMM HAyYHBIMU YUpeX-
NeHUAMU IO paspaboTke OuompenmapaToB U
6MOTEXHOMOTUYECKUX MeTOMOB HeCTPYKIIUM
Ma/nbIX KoHIleHTpanuii OB u IpofAyKTOB KX fle-
Trpajauy U AeTOKCUKAaLMKM, B TOM YUCIe pe-
akuumoHHBIX Macc (PM), obpasyrouuxcsa mpu
IpOMBIIZIEHHOM YHUYTOXeHUN XO.

C menblo ycTpaHeHUA S5KOMOTMYECKON Ha-
Tpysku npu peanusanuy DeflepalbHO IeleBolt
OpOrpaMMBl «YHUYTOXKEHHMe 3aIllacoB XUMUYe-
ckoro opyxus B Poccuiickoit ®epmepannm» [7]
6BI/IO CO3aHO HallpaBlleHNe IO pa3paboTke 6uO-
TeXHONIOTMYeCKUX METOfIOB JeCTPYKIUU OTXOHOB
IPOMBIIIIEHHOTO YHUUYTOXeHUA XO.

OpraHnsaTopoM 1 KypaTOpOM 3TOTO HaIIpaB-
MeHMA OBINA, M OCTaeTcsA MO HACTOAllee BpeMs,
I7IaBHBIMI Hay4HBbI coTpygHuk 27 HII MO PD
TOKTOp OUONOTMYeCKUX HaykK, Ipodeccop, Heli-
CTBUTE/IBHBIN 4leH AKaJleMIU/ BOCHHBIX HayK 3a-
BbAnoBa Hatanba BacunbeBHa.

HenocpencTBeHHO IIOJ, €e PYKOBOLCTBOM, C
1989 mo 2000 rog mpoBOAMINCH VICCTIENOBAHNA 1O
C/IefyIOUUM HallpaB/IeHU AM:

- IOMCK MUKPOOpTaHU3MOB VI IIOJTy YeHIe Te-
HETUYECKUMI MeTOaMM BbICOKOIPONYKTUBHBIX
PeKOMOMHAHTHBIX LITAMMOB JiecTpykTopo OB u
IITAMMOB-IIPOJYI[eHTOB K/IIOUeBHIX (PepPMEeHTOB,
KaTa/ausupyomux rugponus OB;

- nonmydeHMe QepMeHTHHIX IIpelapaToB U
OIleHKa BO3MOXXHOCTY UX UCIIONTb30OBAHUA [IIA Jie-
cTpyK1uy OB 11 IpOofyKTOB UX HeMTpanusalumy;

- U3y4YeHMe KOHIIEHTPAIMOHHBIX IIPeZe/ioB
OB u oTpaboTka ONTUMANbHBIX YCTIOBUII IpOBe-
TleHW I MUKPOOMOIOTNYeCKOT0, pepMeHTaTUBHOTO
1 KOMIIZIEKCHOTO IIpolfeccoB gmecTpykuuu OB u
IpPONYKTOB WX HelTpausariuu;

- COsflaHMe SKCIIePUMEHTA/TIbHBIX YCTaHOBOK
Y ONITUMM3AIUA peXXUMOB buozmerpazmanyy PM OB;

- paspaboTka MeTONOB OMOTEXHONMOTMYe-
CKOJ peMefyalluyl IOYBHl M OYKUCTKU BOJbI, pas-
pYLIeHNA KOpIycoB 00eNmpuUIacoB U KOHBEPCUU
TBEPABIX OTXOIOB B TeXHOMOTUAX YHUUTOXKEHUA
OB (3apuH, 30MaH, Bel[eCTBO TUINA BU-VKC, TIO-
UBWUT ¥ UIIPUT);

- paspaboTKa TeXHONMOTMYECKUX CXeM U
IpefiIOKeHNI IO TeXHOMOTMYeCKOMY 060pyho-
BaHUIO NIPY MCIONb30BAHUM OMONOTUYECKUX Me-
TOZIOB B T€XHOJIOTUAX YHUYTOXKeHU A XO;

- cosflaHUe 6MOCEeHCOPOB A 0OHApYXeHNU A
U KOIMYeCTBEHHOIO OIlpefle/leHN A Ma/IblX KOHIIeH-
Tpanuii OB;

- COsfjaHMe MeTOHOB KOMMYeCTBEHHOTO OIIpe-
menmeHua OB U IpOMYKTOB UX HETpamu3alyim;

- OllpefieNieHUe PONMU M MeCTa OUMOTeXHO/O-
ruyeckux cnocobos gerpaganun OB u mpogykToB
UX JIeTOKCUKAIUU B OOIIell cXeMe YHUYTOXKeHUA
XUMWYECKOTO OpYKUA.

B paspaboTke 6MOTEXHONMOTMYECKUX Me-
TOJOB U OMOKaTanM3aTOpPOB J/A paspyLIeHUA
Ma/lblX KOHIleHTpanuili OB u mpopgyKToB uX
JeTOKCUMKaUUK IpUHUMAAN Yy4yacThe YUeHble
M CHeIManUCThl HAyYHO-UCCIeL0BaTelbCKUX
yupexpgenunn Boiick PXb samure BC Pd:
27 HII MO P®, BolicKOBBIX YacTeli 26150, 47051,
23527, 61469, Boennoi akagemuu PXb 3amuTel,
a TakXe HayuyHO-MCCIefoBaTeNbCKOIO IjeHTpa
Bonrorpagckoro IpouM3BOACTBEHHOIO 00be-
muHeHUA «XMMIpOM», MOCKOBCKOTO Tocymap-
CTBeHHOro yHuBepcutera uM. M.B. JlomoHoO-
coBa, JVIHcTUTyTa Ouoxummm u QUINOIOTUN
MUKpoopraHusmMos  Poccuiickoll  akagemMuu
HayK, JVIHCTUTyTa OMOXMMMYeCKON UIUKHU
nMenu H.M. OMMmaHysna Poccuiickoli akageMuu
HayK, VIHCcTUTyTa 0611elt TeHeTUKHU Poccuitckoi
aKafleMuu Hayk, ['ocyflapcTBeHHOIO Hay4YHOIO
meHTpa Poccurickoit ®epepannun ¢emepanbHoOro
TOCYJAapCTBEHHOIO YHUTAPHOIO IpeAmpusaTUs
«[ocygapcTBeHHBI HAYYHO-MCCTef0BaTeTbCKUIT
MHCTUTYT OpTaHUYECKON XMWY U TEXHOIOT Y,
HayuHo-uccnenoBaTeIbCKOro MHCTUTYTa
«Bogareo», Hay4Ho-KMCCIe0BaTeNbCKOTO MHCTH-
TyTa «Megacratuctuka» @efepanbHOTO Memu-
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W.B. ®unumoHos, A.A. AHKoBcKasn, H.B. 3aBbanosa u ap.

PucyHok 1 — buonpenapamei 0511 nepepabomku peakyuoHHbix macc QOB
(a — npenapam pepmeHma 2ekcazucmuduH-opzaHogocpamaudponasel His -OQI; 6 — 6uokamanuzamop Ha
ocHoge pepmerma His -O®I, uMmo6u1u308aHHO20 HA Oe/TuZHUGUYUPOBAHHYIO NWEHUYHYIO COTIOMY;
8 — 6uokamasnuzamop Ha ocHose Kjiemok Pseudomonas sp. 78I, ummo6uiu308aHHbIX 8 Kpuozesb
NoJIUBUHUI08020 cnupmay)

KO-OMO/IOrn1ecKoro areHTcTBa, HayuyHo-npons-
BOJICTBEHHOT0 00 benHeHNn A «COI03».

IIpoBesieHHbIC MCCTIEHOBAHMA MOKA3aayM U
9KCIIEPUMEHTANBHO TOATBEPAWIN BO3SMOXXHOCTD
HOJTHOI MMKPOOMONIOrn4ecKoi gecTpykuun docdo-
HATOB M YCKOPEHHOTO PA3/IOXKEHMA MIIPUTA, MAJIBIX
KOHIICHTPAIINIt TION3UTA B IOYBE 1 Bofie. B xome BbI-
HOJIHEHUSA YKa3aHHBIX paboT ObLIM IONTYYEHBI CIe-
RYIOIIVie OCHOBHBIE Pe3y/IbTaThI:

- CO3laHA YHUKAIBHAA KOWIEKIMA MMKPO-
OpraHmsMoB, BK/odamomias Oomee 2000 mTaMMoB
6axtepuit 1 400 MMKPOCKOIIMYECKUX IpUOOB, MIHE-
pammsytonmx  ocdopopraHmyeckue OTpaB/IAIONIE
BeriectBa (POB) (3apuH, 30MaH, BEIIECTBO THUIIA BY—
VIKC) ¥ Q[JANITHPOBAHHBIX K Pa3BUTHIO B IIPUCYTCTBUN
UIIPUTA, TIOV3UTA Y IPOTYKTOB UX XMMUYECKOTO Pas-
pyIIeHN;

- paspaboTaHa METORONOTMA OLECHKM OMO-
JerpagalliOHHOI AKTUBHOCTY MIKPOOPTaHN3MOB
IPUMEHUTENBHO KO BceM nsydaeMbiM OB u PM nx
XMMUYECKON TeTOKCUKAIIVM;

- paspaboTaHbl 1 APOOM POBAHBI METONKI
KOTMYeCTBeHHOro onpenenenus OB u nmpopykToB
UX JeTOKCUKAIVN B IIOYBE 1 BOJE;

- IOJyYeHBI IIPenapaTs 6MOKATATN3aTOPOB
Ha OCHOBE NITAMMOB MUK POOPTaHN3MOB-JIECTPYK-
TOPOB U (pepMEHTa TI'eKCaruCTUAUH-Opranodoc-
dbarrunponassr (His 6-0<Dl") nng gectpykuuu OB
(3apmHa, 30MaHa, BEIMECTBA THUIIA BU-MKC) M MX
PM kak B MMMOOM/IN30BAHHOM BUJE, TAK M B Ha-
THBHOM COCTOAHNY, N300pa’keHHbIe Ha PUCYHKe 1.

- HOgpoOHO u3yueH (EepPMEHT IeKCarucTy-
puH-opranogpocdarruponasa His -O®I, croco6-
crBytomuii apdextuBHomMy rupponusy POB;

- METOJAaMU IeHEeTHYECKOM MHXXEHEPUN I0-
JIy4eH YHUKAIBHBI MUKPOOHBIN CYIEPHpPORY-

IIeHT, 00eCIeYnBAOIINIl BEICOKMIT YPOBEHb CHH-
Te3a BHYTpuKieTouHol His -O®TI' B pactBopumOit
U BBICOKOAKTUBHOM popme;

- MOKa3aHa IPUMEHMMOCTL HONYYEHHOTO
OMoKaTanM3aTopa A AeCTPYKIMM OCTATOYHBIX KO-
nmmuects OB B BogHBIX pacTBopax PM.

MccnegoBanmamu, nposefeHHbIMU B 1990-¢
rofsl, OBUIO OIpENIE/ICHO, YTO OUMOTEXHOTOTMYE-
CKM€ METOMIBI IT0 CPABHEHMIO C ZPYTUMU METOIAMMI
YHUYTOXXEHNA BHICOKOTOKCHYHBIX COCIMHEHUI U
HPOJYKTOB MX JIETOKCMKAIIMM BBITOJHO OT/IMYa-
I0TCS OTCYTCTBUEM BTOPUYHBIX OTXOJ[OB, BBICOKOI!
CTENEHBIO JieTpafialiiy, BO3MOXXHOCTBIO IOTHOI
ACCUMM/IALIUA [IPOJYKTOB Pa3NOXKEeHNA, MAJIBIMU
sHepreTnyecKuMn  3arparamu. llomydeHHble
pe3ynbTaThl fanyM OCHOBAHME CYMTATh, 4TO MWC-
HO/Ib30BaHNMe OMOTEXHOMOTMYECKUX METOJO0B U
OMOKaTaIN3aTOPOB ABIAETCA BAXKHBIM 3BEHOM B
HOBBIIICHUY GE30MACHOCTH Y SKOJIOTMYECKON UM-
CTOTHI B 00111eit cxeMe yHUUTOXeHu A XO.

B mepuox 2003-2008 romoB 6MOTeXHONIOrN-
YEeCKMEe MCCAENOBaHNA IPOBOAWINCh B pPaMKax
wiaHoBeix HVIP. B BeimonHeHuy paboT npuHAIN
yuactue crneguaauctsl 27 HIT MO P®, Mockos-
CKOTO TOCYHBApPCTBEHHOTO YHUBEPCUTETA MMEHM
M.B. JlomonocoBa, ViHcTUTYyTa 6MOXMMUM 1 PU3K-
onoruu Muxkpooprauusmos PAH, Mucruryra 6uo-
xuMudeckoi ¢usuku umenn H.M. DMmanysnsa
PAH, ®I'YII «T'ocHMNMOXT» 1 BOMCKOBBIX YacTeit
47051, 23527.

B xopie mpoBeeHNs STUX UCCIETOBAHMIT OB
IpeJITIOXKEeH 1 alpOoOMPOBAH HOBBIIT HEIIPEPBIBHBII
METOJ| aHa3POOHO-a39pOOHOI OMOAECTPYKIUM pe-
AKLMOHHBIX MacC 3apMHa, 30MaHa, BEIeCTBa TUIIA
BU-UKC, UIIPUTA Y UIPUTHO-TIOM3UTHBIX CMeECEIL.
Bpiin cripoek THpOBaHbI U cO3/1aHbl Ha 6aze OI'YII
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BuotexHonornyeckue MeTobl eCTPYKLUUN OTpaBnAWNX BeleCcTB N NPOAYKTOB UX AeTOKCMKaunun

«[ocHUMOXT» ogHa NUNOTHAA U ABe 3KCIEepU-
MEHTAJIbHbIC YCTaHOBKI/I.

PeakTop MMIOTHON YCTAHOBKY, IpefHA3HA-
YeHHOU [/ AECTPYKIMM PeaKIMOHHBIX MACC C
JICIIOZIb30BAHNEM OMOKATa/nM3aropa Ha OCHOBE
depmenta His -O®I, n axcrepuMenTanIbHaA yCTa-
HOBKa [1a pectpykuun ®OB mpepcrasieHbl Ha
pUCYHKax 2 u 3.

brinn CO34aHbl COOTBETCTBYIOMMNE TEXHO-
JIOTUYeCKME peraMeHThl. BrepBbie B MUPOBOI
HpakTHUKe OblI IpUMeHeH OMOTeXHONMOTMIeCKMil
HO/IXOf,, OCHOBAHHBII HAa KOMOMHMPOBAHHOM
NCIMONBb30BAHUNM AKTUBHBIX 6I/IOKaTaHIIISaTOpOB
(bepmenta His -O®PI, uMMOOUNIN30BAHHBIX
KIeTOK 0aKTepHil-eCTPYKTOPOB U AKTUBHOIO
11a), TOCTIEAOBATENIbHO OCYINeCTBAAIINX 6110-
JeTpafialiMi0 KOMIIOHEHTOB NOJ/IMHHBIX pPeak-
IOMOHHBIX MACC BEMIECTBA TUIIA BN-NKC.

Paspaborana nmpuHUMINAIbHAA cXeMa 6uo-
pasmoxennsa  GocPopopraHnYecKux  KOMIO-
HeHTOB PM, KoTOpast BK/I04YaeT B cebs:

I-pasnoxenme B coctabe PM  ocra-
TOYHBIX KOHI[EHTPAIMil BellecTBA THUIIA BH-MKC
n adpupos merunpocponosoit kucaorer (MOK)
OmokaranmsaTopoM Ha  OCHOBe  (epMeHTA
His -O®T;

II - pasnoxenne MOK 6uokarannzaropom
Ha OCHOBe K/1eTOK 6axTepuit Pseudomonas sp. 78T;

III - moouncTKa CTOYHBIX BOTI TIOT IEHICTBUEM
6uokaTanu3aTopa Ha OCHOBE AKTMBHOTO WA C JI0-
6aBnenneM crienupuIeCKUX MITAMMOB GaKTepHil.

B pesynbrare o6paborku PM BemmectBa THIA
BU-UKC, IPOBEAEHHON HA NMNJIOTHON YCTAHOBKE IO
yKa3aHHOJ cxeMe, ObI/TH IOy 4eHbl CTOYHbIE BOJBL,
KOTOpPBIE 110 I/IHI[EKCY TOKCMYHOCTU "N JIpyI‘I/IM Xa-
PAaKTEePUCTHKAM YHOBIETBOPAIM TpeOOBAHUAM,
MMpENDABIAEMbIM K KAHAIN3ANMOHHDBIM CTOKAM.

Pazpaborana Meropuka wuaeHTHPUKAnUM
OB m mpoAyKTOB MX AETOKCHMKAIMK B BOJHBIX
pactBopax. Ilokazano, uto PM ®OB mpakru-
YeCKM NMOTHOCTHI0 MUHEPATU3YITCSA ¢ 00paso-
BaHMEM MeTAaHA M YIVIEKUCIIOTO Iasa, a TaKXe
MUHEPATbHBIX CONENl X/IOPUZOB, (TOPUAOB,
cynbdaros u pocdaros. IIpennoxeHHbIT METOS
He MeeT AHAIOTOB B MUDE.

Kpome aroro, 6b1mn paspaboTaHbl TEXHOTO-
TUYECKHe CXeMBl I IPOBeeHa ONTUMU3AINA TeX-
HOJIOTMYIECKNX IAPAMETPOB, TNPENIOKEHBI KOH-
KpeTHble OMOTEXHONOTMYECKNEe CXeMbl OYUCTKU
CTOYHBIX BOJ], COZEPKALMX OCTATOYHbIE KOJIM-
JyecTBa HpoAyKToB gerokcukanuun ®OB, cozgano
HOBO€ IOKO/TeHMe OMOCEHCOPOB U MpubOOPOB s
[leTeKTUPOBAHMS ¥ KOMMIECTBEHHOTO OIperie-
JIeHUs MaIbIX KOHIeHTpanuii OB.

Ha pucyHke 4 mpuBefeHa TeXHOIOTMYECKAs
CXeMa MUIOTHOM YCTAHOBKM IO OMOmeCTPyKImMu
PM ®OB.

IToxas3aHo, YTO Ipy MOMOIY OMOTEXHONIOI -
YEeCKUX METOAOB MOFyT 6bITI) PpeuIe€HbL CT[e,I[yIOH_U/[e

PucyHok 2 — Peakmop nusomHot ycmaHoeKku
0ns buodecmpykyuu PM eeujecrnea muna eu-ukc ¢
uchos1b308aHuUeM npenapama Hd ocHoge hepmeHma
His -O®r

PucyHok 3 — [Ipogpeccop 3asvanosea H.B.
06vACHAem NpUHYUN pabomel 3KcnepuMeHmMaabHoU
ycmaHoeKu 011 6uodecmpykyuu PM ®OB
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3aflaui: pasnoKeHMe ManblX KOHUeHTpauuit OB;
pasnokeHNe IPOAYKTOB XMMUYeCKON HeWTpamu-
sanuu OB (PM); pasmoxkeHNe TBepHbIX OTXOJOB;
OUMCTKAa CTOYHBIX BOJ OT MajblX KOHIIeHTpaluii
OB u NpOAYKTOB UX [eTOKCHKAIUY; 6ropeMenn-
alluA MOYBHI, 3arpasHeHHoit OB u mpopykTaMu Ux
OeTOKCUKAITUIA.

Ilony4yeHHBIe pe3y/nbTaThl 3allaTeHTOBaHBI
(5 maTeHTOB), a TaK>Ke OITyOMMKOBAaHHBI B psAfie OTe-
YeCTBEHHBIX 11 3apy0e>KHBIX HAYYHO-TEXHIYeCKUX
XypHanos [8-12].

B 2012-2014 ropax B 27 HIT MO P® npoBenieHbI
TeopeTHYecKye WCCIeIOBAaHUA B paMKaX IUIaHOBBIX
HWP, ipu BeIOMHEHUY KOTOPBIX:

- IpoBefleH CHUCTeMHBINI aHaIU3 MeTOJOB,
IO3BONMMBINUII OOOCHOBATH CTafuu OuopeMenm-
alliy TOYBBI M OYVMCTKY BOJIBI, 3aTPA3HEHHBIX IIPO-
aykramu gerokcukanuu POB in situ Ha KOHBep-
CHOHHBIX 00'bEKTaX;

- BBHIOpaHBI HamboO/ee IpUeMIeMble U He00-
XOIIMBI€ B IIpo1lecce O1OpeMeua Iy MeTObI HC-
CTemOBaHU S,

- paspaboTaH anTOPUTM OUMOMTOTMYECKON
OYMCTKH IIOYBBI I OUUCTKY BOJBI il Siftt, KOTOPHIA
IIpeficTaB/leH Ha PUCYHKe 5;

- paspaboTaH MOPAAOK JIeMCTBUIL IPU IPO-
BefleHUM peMefMaly TTOYBHl I OYMCTKY BOAEI in
sity ¢ TOMOIIIBIO 6MOKATaMU3aTOPOB (PUCYHOK 6);

- paspaboraHa NpUHIMIMANbHAaA CXeMa
9KOMOTUYECKN 6e30IacHOl 6MOIOTIYeCcKON peMe-

AUALVK IIOYBBl ¥ OUUCTKYU TPYHTOBBIX BOJ in Sifu,
KOTOpasd NIpUBeJieHa Ha PUCYHKe 7;

- TpefyioKeHa CTpaTerusa peabWauTaIun
IIOYBBI, 3aTPASHEHHON TOKCUYHBIMYU XMMUKATaAMU,
A7 00'beKTOB XpaHeHUA U YHUUTOXEHUS XUMU-
YeCKOI'O OpYy KU,

- paspaboTaH anTOPUTM IPOBETNEHUS OLEHKN
CTOMMOCTY MEPOLIPYUATHI IO OMOpeMeaIiy TTIOYBBI
Y OYVICTKY BOTBI i1 Sift4 Ha KOHBEPCUOHHBIX O0'beKTaxX
M MaTeMAaTUYeCKUII allllapaT pacyeTa 3aTpar IIpy Ipo-
BeTleHY GMOpeMeTValiiy TOYBBI M OUVICTKY BOJIBL

PaspaboTaHHBIe AITOPUTM OTIeHKM 3aTps3-
HEHHOW TeppUTOpPUM, IPUHIUILI HMPOBefeHUA
peMefuanuy MOYBBL M OYUCTKU BOABI, CXeMa
HIpOBefleHU pollecca 6MOMOTNYeCcKOl OYNCTKI
B OMOpeaKkTOpaX, IpUHIIUNNANTbHAS CXeMa 9KO-
NOruYecKky 6e30MacHON peMefMalUy IOYBBHI U
OUYMCTKM BOABI in Sifu, MOPAKOK OEeMCTBUIN IpU
HpOBeeHUN peMeAUaluy IOYBBL M OYMCTKU
BOZIBI C IIOMOINBIO OMOKATanM3aTOpPOB, Ipef-
TOXKeHHas CTpaTerns peabMINTAIUM IIOUBBHI,
3aIPA3SHEHHON TOKCUYHBIMUM XUMUKATaMW, all-
TOPUTM NIPOBefleHUA OL[eHKU CTOMMOCTU Mepo-
HPUATUI IO 6UOpeMenMaliUY ITOYBBI ¥ OUUCTKY
BOIBI in situ SABMAAIOTCA COCTABHBIMM YacTAMMU
«[TopoxxHott KapTel» (Road Map) nporeccoB ca-
HalUy U peabUNIUTALNYU TEPPUTOPUIL 00HEKTOB
IO XpaHeHUI0 U yHUuYTOoXeHU XO U Teppu-
TOpUI OBIBIIETO IPOM3BOACTBA, XPaHEHNA U VIC-
cnegoBaHusa OB.

)

g

PucyHok 4 — TexHosozuyeckas cxema nusiomHol ycmaHosKu 6uodecmpykyuu PM eewjecmsea muna eu-ukc
(1 — emKocmb-0o3amop 2/110K03bl; 2 — KOHOUYUOHHbIU pesepsyap ¢ hepmermonm His -OQT;
3 — aspobHbIl peakmop ¢ UMMOOBUIU308AHHLIMU K/TemKamu; 4 — npomMeKymodHas eMKocms; 5 — aHa3po6-
Hblll peakmop; 6 — aspomeHK; 7 — npueMHas eMKocmbs)
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BuotexHonornueckne meTogbl AeCTPYKUNN OTpaBNAKLLNX BelleCcTB N NPOAYKTOB UX AeTOKCUKaLnn

MeTtoap! KOIMYECTBEHHOIO ONpeae-
JIEHUS 3arpsi3HUTENEH MOYBBI U BOABI
(OTpaBIAIONIMX BEMIECTB U
MPOJAYKTOB MX JAETOKCUKAIIIH )

A

v

Metoasl KOIMYECTBEHHOIO OIpee-
JICHUS CTENIEHN OMONEeCTPYKINH
MPOAYKTOB ACTOKCHUKALIUKU OTPAaBJIA-
IOIIIHUX BEIIECTB B ITIOYBE U BOAC

»

H N
A 4 A4

Metoas! KynbTUBUPOBAHUS U
HapabOTKH OMOMACCHI IITAMMOB

MHUKPOOPTraHUu3MOB

-IECTPYKTOPOB.

MerTozp! onydeHns Onokaranmusa-
TOPOB HA OCHOBE (PEPMEHTOB U

MUKPOOPTaHU3MOB

-AECTPYKTOPOB

Mertoapl BHECEHUS

M afanTanuu

OHMOKaTaIM3aTOPOB HA OCHOBE
(hepMeHTOB U MUKPOOPTaHI3MOB-
JECTPYKTOPOB B OMOPEAKTOPBI U

in situ

i< | s
Metozast Mertons! OLIeHKH
OLICHKH TOKCHUYECKOTO
TOKCHYECKOTO IEeUCTBUS
JeicTBhA MPOAYKTOB
MPOAYKTOB JNECTPYKIUH
JECTPYKLIIH OTPABJISFOIIAX
OTPABJISIOMNX | | BEIIECTB Ha
BEIIECTB Ha OMOKaTaTN3aTOPhI
€CTECTBEHHbBIE Ha OCHOBE
MUKPO- hepMeHTOB U
OpraHu3MBbl MUKPO-
IIOYBBI 1 BOJOBI OpFaHI/I3MOB-

ECTPYKTOPOB

Broouncrka BOIbI.

OlL1eHKa TOKCHYHOCTH
3arpsA3HEHHOI BoAbL. BeIOOD
MPHHLHITA ONONECTPYKLIHH.
Pexomennamuu mo

TEXHOJIOTHIECKUM TapaMeTpam.

KoHntpoas mpouecca o4ncTKH

PUcyHoK 5 — Anzopumm 6uopemeduayuu noyssi U 04UCMKU 8006l in situ
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| 1 IIpunsTHE pelnenns 0 NPoBeIeHAH GHOPeMeTHAIHH NOYB H OYHCTKH BOJ in Situ
- Cbop HCXOIHBIX TaHHBIX
a) perbed) MECTHOCTH, PACTHIESABHOCTS, || a) IIyOHHA 3aIeraHns rPyHTOBEIX BOJ,
[IyOHHA 3a/eraHus TPYHTOBEIX BOT; HHTEHCHBHOCTS TeueHus; 0) pH u
©) THII X COCTAB I10YB; B) Ka4€CTBO H TEMIIepaTypa BOJEL; B) THII H COCTaB
KOIHIECTBO 3KOTOKCHKAHTOB; OKPYKalOIIHX II0YB; I') KAYECTBO H
I) THAPOMETEOPONOTHYECKA 00CTAHOBKA || KOIHYECTBO SKOTOKCHKAHTOB

BypeHne ckBaXHH [ BBEICHHA THTA-
TEIbHOH CPeIbl H OHOKATATH3AaTOPOB, a
TaKKe 7711 0TO0pa Ipobd

L J

ITonbop duokaTami3aTopos ((epMeHTOB, MTAMMOB MEKPOOPTaHH3MOB-1ECTPYKTOPOB
HITH €CTECTBEHHBIX MHKPOOPTaHH3MOB)

|—v Pacwer meobxomiMoro KomiecTBa OHOKATATH3AaTOPOB

2 lID)Il" O0TOBKA GBOIQIITMIIBEITOPOB

b HOJIY‘IEHHC mMTaMMOB MHKPOOPTaHH3MOB H3 MYy3€A MHKPOOPraHH3MOB

!

KympruBapoBanre 1 HapaboTka OHOMACCHI ITTAMMOB MHKPOOPTraHH3MOB-IECTPYKIOPOB

| [TpomsBozcTBO depMeHTOB

[Ipon3BoacTBO OHOKATATH3ATOPOB
(nmobrTH30BAHHE QepPMEHTOB HIH MHKPOOPraHH3MOB-IECTPYKTOPOB Ha HOCHTEI)

L») TpaHcIOpTHPOBKA OHOKATATH3ATOPOB K MECTY IIPOBEICHHA PAbOT

3 BBenenne GHOKaTATH3ATOPOB
BHecenue Ha 0By (pacchIaHHE ¢ 3axauKa B BOXY 9epe3 CKBAKHHEI
YaCTHYHBIM B3PHIXICHHEM)

4 KonTposs npomecca 6HOOUHCTKE IPYHTOBBIX BOJ

Iepuoamdeckoe BBeIcHHE NHTATENBHEX | [lepHoHIecKoe BBEIEHHE THTATEIBHBIX
BEIECTB OPOIICHHEM BEIECTB BIPHICKHBAHHEM

[lepuozuaeckas a3pauus BapsixierneM || [lepromueckan aspauus
©apboTHpoBaHHEM

| Ot00p mpob ¢ pasTHIHOH ITyOHHE!

—| TokcHKOIOrHYECKHIT TeCT IPod

JlabopaTopHbIii XHUMUYECKHH AHATH3 PO HA OCTATOYHOE CONEPKAHHE IPOTYKTOB
metoxcukamun OB

—+| JlabopaTopHbIH MHKPOOHOIOTHIECKHH aHATH3 IPOD

Beizaua 3aK/I09eHHS 0 3aBePIIEHHH NPoNecca OHOpeMeIHANHH I0YB H OYHCTRH
E TPYHTOBBIX BOJ /15l epeJavH TePPHTOPHH B X03AHCTBeHHOE MO.Ib30BAHHE

PucyHok 6 — [lopsadok Oelicmeuti npu 6uopemeduayuu no4s u oyucmke 800 in situ

MPOBJIEMbI COBJTIOAEHUA KOHBEHLIW O 3ANMPEWLEHAU XUMUNYECKOTO U BUOJTOTUYECKOTI'O OPYXKUA
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BbuotexHonornuyeckue metogbl AeCTPYKUUN oTpaBnALWNX BelecTB U NPOAYKTOB UX AeTOKCUKaLnn

Otbop npob Peunpxynsuums
BOZIbI U TIOYBBI BOJIbI

ITuratenbHble
BEILECTBA

HcTtounuk
KHCIOpoaa

buoxkaranuzaTopsl

3azpaznennasn
nousa

3acpsaznennviit
BOOOHOCHDIIL
cnoit

Creagcuna ons
OMKAYKU 60001, A
maxoice Onst omoopa
npob noussl 1 600bi

Creancuna 0s 3akauxu 600bi,

NUMAMENbHBIX 6eUjecms,
KucI0pooOa, gepmenmos u
oOuokamanuzamopos

Booonenponu-
yaemuwiil Ci0i

PucyHok 7 — [MpuHyunuaneHas cxema npoeedeHus 6uosiozuyeckoll 04UCMKU NOY8bI
U 2pyHmMossix 800 in situ

Taxum 06pa3om, IpOBeIeHHOE UCCIEOBAHIIE
10 00OOI[EHNI0 TEOPETUYECKNX ¥ IKCIIEPUMEH-
TQTBHBIX JAHHBIX IO pa3paboTke 61oKaranmsa-
TOPOB U OMOTEXHOMOTMYECKNX METOZIOB IIOKa3aio
U TIOATBEPIUIO BOSMOXHOCTD IIOTHOM 6MOTEXHO-
JIOTUYECKOM MEeCTPYKLIMM MajblX KOHIIEHTPAIMIA
OB ¥ IpPOAYKTOB MX JETOKCHMKAI[MM B COCTAaBE
OTXOZIOB IIPOMBIIIJIEHHOTIO YHUYTOXECHNA XUMU-
4eCKOr0 OpyXus (IPOZYKTOB XMMMYECKON Heli-
Tpamu3anyuy OB - peakimoHHbIX Macc); 6uopeme-
Ananuy IOYBbI M OYMCTKM BOIDI, 3ar pA3SHEHHDIX
9TUMM SKOTOKCHKAHTAMMU.

Paspaborannble anroputMel u «JJopoxHas
KapTa» HO3BOJAIOT B Ja/nbHelleM: 060CHOBATD

Ungopmavyus o kondnuxme unmepecos

BBIOOD (pepMEHTOB M MITAMMOB, OTIMYAIOIINXCS
BBICOKOJ pa3pylIaroueil crmocoOHOCTBI0 U [O-
CTATOYHOI TOJepaHTHOCTBIO K OB; onpenenursb
HAIIPaBJICHNS U TEXHOTOTMYECKME CXEMBI HIOMY-
yeHUA sKoOMonpemnaparos (61OKaTaan3aTopoB)
Ha OCHOBe (epMeHTOB U OaKTepuUil—JeCTPYK-
TOPOB; CO3JaTh TEXHONIOTMYECKUE CXEMBI IIPO-
BeJleHNsI OMopeMenuaIuy 3arpsi3HEHHON TOYBBI
¥ OYMCTKM BOJBI, IPY IIOMOIIY OMOKATann3aTo-
poB-(hepMeHTOB ¥ MMMOOUIN30BAHHBIX KIETOK
OaxTepuit, B MecTax OBIBIIETO INPOM3BOJCTBA,
XpaHeHUs, YHUYTOXKeHNA 1 uccnegopanua OB.

ABTOpr 3aAB/IAIOT, ITO MICCIIEJOBAHNA ITIPOBOAMN/IVICh IPU OTCYTCTBUIN H0OBIX KOMMEPIECKNX NN (I)I/IHaHCO-
BbIX OTHOIIICHUIA, KOTOpbIE MOT/IN 6b1 OBITH MICTOIKOBAHbI KaK HOTCHI.U/Ia)'IbeIf;I KOH(l)TII/[KT MHTEPECOB.

Ceedenus o peueHsuposanu

CraThs IpOIITA OTKPBITOE PEIieH3MPOBAHME IBYM PEIIeH3CHTAMM, CIIELMATICTAMU B JAHHOIT obmactu. Pe-

LOEH3NM HAXOAATCA B PENAKIINN J)KypPHAIA.

BecTHuK Bock PXbB 3awunTbl. 2017. Tom 1. N2 1
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buoTexHonornueckne metoabl AeCTPYKUUN oTpaBnARWNX BelecTB N NPOAYKTOB UX Ae TOKCMKalnn

Biotechnological Methods of Destruction of Chemical

Warfare Agents and Their Detoxication Products

L.V. Filimonov, A.A. Yankovskaya, N.V. Zavyalova, A.N. Golipad, D.P. Kolesnikov,

V.A. Kovtun, V.I. Kholstov, Ye.N. Yefremenko

the Russian Federation, Brigadirskii Lane 13, Moscow 105005, Russian Federation

2Federal Directorate for Safe Storage and Destruction of Chemical Weapons,
Sadovniki Street 4a, Moscow 115487, Russian Federation

Trade of the Russian Federation,
Kitaygorodksy Drive 7, Moscow 109074, Russian Federation

‘Lomonosov Moscow State University, Faculty of Chemisry,
Leninskie Gory 1-3, Moscow 119234, Russian Federation

The work presents an overview of the main results of experimental and theoretical researches
made by the Federal State Budgetary Establishment «27 Scientific Centre» of the Ministry of
Defence of the Russian Federation together with other scientific organizations and institutions in
1989-2014 in the sphere of the development of biocatalysts, and biotechnological methods of
destruction of chemical warfare agents (organophosphorus agents) and the products of their
detoxication, including the reactionary masses, obtained duringthe industrial destruction of chemical
weapons. The article shows that the methods of the remediation of soil and purification of water with
the usage of microorganisms-destructors or their consortiums and their enzymes can be used for
the neutralization of any detoxication products of chemical warfare agents, obtained by the usage of
different technologies of chemical neutralization. This indicates the possibility of environmentally
friendly neutralization and detoxification of considerable volume and concentrations of agents as
well as large territories at the sites of former production, storage and destruction of chemical warfare
agents. These eco-friendly and safe neutralization and detoxification technologies can be based on
microbial biocatalytic processes. The authors assert that on the basis of the analysis mentioned above
it is possible to substantiate the choice of the enzymes and the strains with high destruction ability
and tolerance towards toxic agents, to elaborate the technological schemes of the production of the
eco-biopreparations (biocatalysts) on the basis of the enzymes and microorganizms-destructors
and to develop the technological schemes of the remediation of soil and purification of water using
biocatalyst-enzymes and immobilized bacterial cells.

Keywords: bioremediation of soils and water purification; biocatalysts; enzymes; microorganisms-
destructors; «Road Map»; neutralizing agents; ecotoxic substances; degradation of organophosphorous
agents and their detoxication products; reactionary masses; chemical weapons destruction.
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