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Abstract

Poccuiickas @enepanus B 1997 r. patuduimpoBana MexIyHaApOIHYIO
KOHBEHITMIO O 3alpemeHrud pa3padOTKH, MPOU3BOJCTBA, HAKOIUICHUS W]
PUMEHEHUS XUMHUYECKOTO0 OpPYXHs M O €ro yHHYTOKeHUH. Takum oOpazom,
HAIIUM TOCYJIapCTBOM OBLTO TPUHATO pelieHHe 00 YHWYTOXKEHWUH OJIHOTO W3
BUJOB OpYXKHSI MAacCOBOI'O MOpa)KEHUs xuMudeckoro. OOmmid  3amac

In 1997 the Russian Federation ratified the international Convention on
the prohibition of development, production, stockpiling and use of chemical
weapons and on their destruction. Thus, our government adopted a decision to
destroy this kind of mass destruction weapons. On the date of the Convention’s
entry into force the total chemical weapons stockpiles containing toxic
substances in the Russian Federation was about 40 thousand tons. The Federal

xuMuyeckoro opyxkus Poccuiickoin ®eneparum  Ha  1aTy  BCTYIUICHUS]




KoHBEHIIUM B CHIJIy COCTaBISI MO OTPaBJISIIOIIMM BemiecTBaM okojio 40 Thic.
ToHH. Jlnsa peanmsanuu KonBeHnmm Oblia mpuHsTa QenepaibHas IielieBas
[IporpaMma «YHHUYTOXXEHUE 3allacOB XMMHYECKOTO Opyxkus B Poccuiickoy
Deneparuny, KOTOpoil ObUT IPUCBOEH CTaTyC npe3uaeHTckoi. 21 mapra 2016 r.
MCIIOJTHIJIOCH JIBa/ILATH JIET CO JHS MPUHATHUS JAaHHON MPOrpamMMbl. 3a 3TO Bpems]
OBUIO CIIPOEKTHPOBAHO M TOCTPOCHO CEMb OOBEKTOB M0 YHHUYTOKCHHIO
XUMHYECKOoro opyxus. Ha atux o0bekTax mo coctosHuio Ha cepeauny 2016 r.
yaruTo)keHO 93% o0mmMX 3amacoB XMMHYECKOTO Opykus Poccuiickoii
Denepalyy, a TAaKkKe BCe XUMUUECKHE 00TPUTNIACH] CI0KHONW KOHCTPYKIUU.

target program «Destruction of chemical weapons stockpiles in the Russian
Federation» was adopted for implementation of the Convention, it was given
the presidential status. On the 21st of March 2016 was the twentieth
anniversary since the date of adoption of this program. Within this period of
time seven facilities for chemical weapons destruction were designed and built.
By the end of the 1st half of 2016 93% of the total chemical weapons
stockpiles, as well as all chemical complex structure munitions, in the Russian
Federation was destroyed.
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AHHOTAIIUSA

Abstract

OnHuM U3 cnoco0oB 0e30MacHOM YTHIM3AlMM OOBIYHBIX OOENpHUIAcOB
MOKET SIBJISITBCS IPOMBINIJIEHHAST TEXHOJOTUS YHUYTOXKEHHUS XHMHUYECKUX|
0OenpUIacoB CIOKHOM KOHCTPYKIMHU. PazpaboTaHHbIE Kamepa YHHUUTOXKEHHS U
arperar paccHapsUKEHUsl SIBJISIOTCSI OCHOBHBIMHM  3JIEMEHTaMH B COCTaBe
CO3/IaHHON TE€XHOJOTUUECKOW JTMHUM pa300pPKH U YHUUTOXKEHUS Ha 00bEKTax 1o
YHUYTOXXEHHUIO XHUMHUYECKOTO OpYXKHs B Ioc. JIEOHHI0BKa, 1Moc. MUpHBIN U T.
[{yube. JlnuTenbHBI pecypc pabOThl M MPOU3BOAUTENBHOCTH KaMmephbl
VHUUYTOXKEHUSI 3aBUCUT OT HaAEKHOM U Oe3omacHOM pabOThl OCHOBHBIX

One of the ways of safe conventional munitions utilization is an
industrial technology of complex design chemical munitions. A destruction
chamber and demilitarization unit are worked out, they are the main parts of]
the technological line of destruction and destruction at chemical weapons
destruction facilities in the settlement Leonidovka, the settlement Mirnyy and
in the town Shchuchye. Long service life and efficiency of the destruction
chamber is dependable on safe operating of its main elements, of the localizer,
chipper with its components in particular. The most short-lasting detail of the

RJICMCHTOB, BXOJAIIMUX B eé COCTaB, 4 MMCHHO JIOKAJIM34aTopa, OTOOMHHUKA C €ro

destruction chamber is the localizer that requires control from time to time in




cocTaBistoUMU. OCHOBHOM  OBICTPOM3HAILIMBAIOLICHCS JIETAlNbl0 KaMepbl
VHHUUTOXKEHUS SIBIISICTCS JIOKATH3ATOP, TPEOYIOMIHIA MTEPHOJUIECKOTO OCMOTpa C
[1EJIbI0 YCTAHOBJICHUSI BUIUMBIX J1e()eKTOB Ha €ro BHYTPEHHEH MOBEPXHOCTH, C
aJbHEMIIEN 3aMEHOM JTOro 3JIeMEHTa. BO3MOXHO HCUepIiaHue pecypca
paboTOCIIOCOOHOCTH JIOKAIM3aTOpa M 3a CUET HEBUIMMBIX W3MEHEHUMN CBOMCTB
MeTaia. MccnenoBaHbl MEXaHMYECKHE CBOWCTBA MeTallla M CTPYKTYpa
TOJIIIMHBI CTEHKHU JIOKAIM3aTopa IOCJIE Pa3IMYHOr0 KOJUYECTBA MOJPHIBOB.
BbIABIEHO, UTO CTPYKTypa CTaly NPAKTUYECKU HE M3MEHSETCS B 3aBUCHUMOCTH|
0T yKclna noApeiBoB. MaTtepuan nokanuzaropa (crans 15XM) coxpanun pecypc
paborocmocobHocTr mociie 10000 moapsIBOB, YTO MO3BOJSET CHEIATh BBIBOJ O
COOTBETCTBYIOIIEH BO3MOXKHOCTH  yBEIMYEHHS  pecypca  JIOKaIu3aTopa.
P€3y.HI>TaTI>I IMPOBCACHHBIX I/ICCJIGIIOBaHI/Iﬁ II0 H3YUYCHHUIO TIPOYHOCTHBIX|
XapaKTePUCTUK JIOKAJIM3aTOpa MO3BOJWIMA CYIIECTBEHHBIM 00pa3oM MOBBICUTH
[MPONU3BOANTCIIBHOCTD TEXHOJIOTMYECKON JTUHUN pa360p1<1/1 U YHUYTOXCHUA, TCM
CaMbIM COKPATHUB CPOKH YHUUTOKEHHsI OOCTIPUTIACOB CI0XKHOW KOHCTPYKIIUU.

order to find any defects on its inner surface and if there are any, the inner
surface should be changed. When metal properties slightly change, the
localizer gets out-of-date. Mechanical properties of the metal and the structure
of the wall thickness of localizer after its blasting are studied. It is stated that
steel structure does not change no matter how many times blasting took place.
The operational life of the localizer material (steel 15XM) is going on after
10000 blastings, thus it is possible to suggest that the locallizer's survice life
could be prolonged, The results of the research of strength characteristics ofi
the localizer allowed to increase the efficiency of the technological line of
destruction and destruction and to shorten the time of complex design
munitions destruction.
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AHHOTAIUSA

Abstract

[IpoGnemMbl, CBsI3aHHBIE C TPOLECCAMH YTUJIM3AIMU BOOPYKEHUS U
BOGHHONW TEXHUKH W OCOOCHHO YTHUJM3AIMH OOBIYHBIX OOEMPHUIIACOB,

The issues connected with the processes of weapons destruction, in
particular with conventional munitions destruction, are still topical and safety

MMPUCYTCTBYIOT JO HACTOAMICIO BPCMCHU, SIBJIAIOTCA AKTYAJIbHBIMU U Tpe6y10T

is of great importance in solving them.




CBOEI'O PELICHUs B 4acTH oOecreueHHsi 0e30MacHOCTU M SKOJIOTMYHOCTU 3TUX
[IPOLIECCOB.

ITponiecchl yTunu3anuu OOBIYHBIX OOENpPUIIACOB OTHOCATCS K paboTam
MOBBIIIEHHOW OMAcHOCTH, TPEOYIOT HAJIMYUs BBICOKOKBATH(DUIIMPOBAHHBIX
CIELUaTNCTOB, OPUTHMHAJILHOTO TEXHOJIOTUYECKOTO o0opy0BaHus,
[IPOM3BOJCTBEHHBIX U CKJIAJACKHX [OMEIIEHUH, OTBEYAIOIIUX YCIOBUAM
B3pBIBONIOXKapoOe3omacHocTH. Takum o00pa3oM, Bce paboThl MO YTUIM3ALMU
OOBIUHBIX Ooenpunacon JTOJKHBI BBITIOJHATHCS TOJIBKO HA
CHELMATU3UPOBAHHBIX MPEINPUATUSAX WIM B CHENMAIbHO 000PYIOBaHHbBIX
[IyHKTaX Ha apCceHalax MpHu 00s13aTEIIbHOM y4aCTUU U KOHTPOJIE pa3padOTUMKOB
0oenpunacoB U TEXHOJIOTUH CHAPSIKEHMS.

Cno>XHOCTh ~ pelIeHUsI BOIPOCOB TEXHUYECKOW, OKOJOTUYECKOW U
TPAHCHOPTHOM 0€30MaCHOCTH NpPU TNPOMBIIUIEHHOW YTHIM3alUM OOBIYHBIX
OoerpumacoB  ycyryOmisieTcss OOJBIIMM  Pa3sHOOOpa3ueM H  CIIOKHOCTHIO
KOHCTPYKLMH OOEMpUIIacoB, BBICOKOM MOXapo- M B3PBIBOONACHOCTBIO HX
PJIEMEHTOB,  OTCYTCTBHEM  IPAaKTHMUECKOTO  OMbITa,  IOJATOTOBJIEHHBIX
[IPOM3BOJICTB, BO3SMOXHOCTBIO TIOCTYIUIEHUS U3 apceHaloB U 0a3 MuHuUcCTepcTBa
000poHb!l P® Ha 3aB0/IbI OTpacian 0OENpUIIacoB, ONACHBIX B OOPALICHUH.

OnHuM U3 cnoco0oB 0e30MacHOM YTHIM3alMKM OOBIYHBIX OOENpUIacoB
MOKET SIBJISITbCS IPOMBIIUIEHHAs TEXHOJOTUS YHUUYTOXKEHUS XMMHUYECKUX|
0oenpunacoB CIOXKHONH KOHCTPYKLIMH, pealu30BaHHas Ha OOBEKTax IO
YHUYTOXXEHUIO XMMHUYECKOTO OPYXKHUs B IOC. JIeOHHI0BKa, 1Moc. MUpHBIN U T.
[[{yube B crieriualbHO BO3BEAEHHBIX IPOMBIIIIEHHBIX KOPITyCax.

B pesynbrate pa3paboTKu STOW  TEXHOJOIMM Oblla  CO3/1aHa
TEXHOJIOTUYECKasi JIMHUS pa300pKH M YHUYTOKEHHUsS] OOCMpPHUIIACOB CIIOXKHOM
KOHCTPYKIIMH, OPUEHTUPOBOYHAS PON3BOAUTEILHOCT KOTOPOM 1O yTUIN3ALUN
CPEJCTB MHULMUPOBAHUS 3aIlajioB IPaHAT U B3PbIBATEIEH MOXET COCTaBUTH /10|
12 xr/u wmm 288 kr/cytku. [omoBas TPOM3ZBOAMTENBHOCTH  OHOU
TexHoyiornuecko nuHumM pocturaer 73280 kr (0,375-3,75 wmuH. WTYyK
COCTaBHBIX YacTel B TOf).

The process of conventional munitions destruction are considered as the|
most dangerous and require special training and technological equipment, as
well as fire-proof production and storage premises. Thus conventional
munitions destruction should be fulfilled at specialized facilities and in
specially equipped sites at the arsenals and the developers of munitions and
equipment technologies should look after the whole process.

The issues of technical, ecological, and transport safety during
industrial utilization of conventional munitions is enhanced by a great variety
and complexity of munition design, their highly flammable and explosion
hazadours elements, lack of practice and special industries, and there is also &
possibility that some hazadours munitions can be sent from the Ministry of
Defense stores.

One of the ways of safe conventional munitions utilizing is an industrial
technology of complex design munitions destruction at the chemical weapons
destruction facilities in the settlement Leonidovka, in the settlemeny Mirnyy,
in the town Svchuchye in specially built industrial premises.

As a result a technological line of destruction and destruction of
complex design munition was made, its possible productivity as for grenade
detonator initiators and destructors utilizing can approach 12 kg/hour or 288
kg/day. Annual productivity of one technological line can be 73 280 kg
(0.375-3.75 million components per year).
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Abstract

Cucrema 0€30MaCHOCTH OINACHBIX IPOU3BOJCTBEHHBIX OOBEKTOB B
COBOKYITHOCTH C CUCTEMOH MPOMBIIIJICHHOI'O 3KOJIOTHYCCKOI'0 MOHUTOPHHIA —
ATO pa3HOIUIAaHOBas ¥ MHOTOYPOBHEBasi CHUCTEMa, peEIIaloImas 3aJadd 1o
0OecreueHNI0 OE30MaCHBIX YCIOBHH TpyJa paOOTHUKOB, COXPAHEHUIO 3/10POBbS
ITFO/IeH M CHIDKEHUIO 3aTrpsi3HEHUS OKPY’KaloIeil cpeibl B palloHe pacIiookKeHus]
OINACHBIX NPON3BOJCTBCHHBIX 0OBEKTOB.

YcTaHOBIIEHHBIE CUCTEMOM TMTMEHHUYECKUX PErjaMeHTOB M CAaHHUTapHBIX
CTaHJApTOB MNpEaACIbHBIC COJACPpIKaHUA BpPCIAHBIX BECUICCTB OIIPCACIIAIOT
0COOEHHOCTH  OpraHM3allMd  CUCTEMbl  0E30MaCHOCTH CHCTEMBI
MPOMBIIIJICHHOI'O 9KOJIOTMYCCKOr0 MOHUTOPHUHTA.

Onucana opraHu3alys CHCTEMBbl MPOMBIIUIEHHOTO 3KOJOTHYECKOro
MOHHUTOpHHTI'A, XapaKTCpHasA A 00BLEKTOB II0 YHHUYTOKCHHUIO XHMHUUYCCKOI'O
OPYXKHSL.

[IpencraBneH KOMIUIEKC, BKIIOYAIOIINN CXEMY OpPTraHW3alUU KOHTPOJIS
COJZIepKaHUsl BPEAHBIX BELIECTB B CUCTEME O€30MacHOCTH, CXeMYy OpTraHM3aluy
BalIuThl OT BOSHCﬁCTBHﬂ BPCAHLIX BCUICCTB B CHCTEME 6€3OHaCHOCTI/I, a TaK¥XeE
CXEMY B3aMMOJEUCTBUS CHUCTEMBbI 0€30MaCHOCTU U CHUCTEMbI MPOMBIIIJIEHHOTO
PDKOJOT'MYCCKOr0O MOHUTOPUHI'A OITACHBIX IMTPONU3BOJACTBCHHBIX 00BLEKTOB.

u

The system of safety of hazadours industrial facilities together with the
system of industrial ecological monitoring from a diversified and multilevel
system providing safe working conditions for the personnel, protecting their
life and health, reducing pollution in the vicinity of hazardous facilities.

Maximum possible amount of poisonous substances set by the system
of hygienic rules and sanitary standards determine the organization of safety
system and industrial ecological monitoring system.

Organization of the system of industrial ecological monitoring of
chemical weapons storage and destruction plants is described.

In the safety system a complex including the scheme of control over
poisonous substances content is presented, as well as the scheme of protection
against poisonous substances, and the scheme of safety system interaction with
the system of ecological monitoring of hazardous industrial facilities.
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Keywords

0€301acHOCTb, IPOU3BOJICTBEHHBIE 00BEKTHI, KOMIUIEKCHAs 3alllUTa,
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AHHOTALUSA Abstract

lNocynapcrBennsle crangaptHeie oOpasusl (I'CO) coctaBa mpoayKTOB
NECTPYKLUU OTPABIISIONUX BEIIECTB HEOOXOAWMBI HE TOJBKO JJsl KOHTPOJIS
MPOIIECCOB YHHUTOXECHHUS XHUMHUYECKOTO OPYXKHs, HO W JJIS JKOJIOTUYECKOTO
MOHUTOPHHTA COCTOSHHS OKpYXKamolleil cpenbl B pailoHaX paclooXeHus
00BEKTOB TI0 YHUYTOKEHUIO XUMHYECKOTO OPYIKHSI.

K nponykram nectpykunu hocGopopraHMuecKiux OTPaBIISIONINX BELIECTB
(®OB) oTHOCSTCS, B YaCTHOCTH, MOHOAIKWJIOBBIE 3Pupsl MeTmidhochoHOBOH
KHCJIOTHl M1 HEKOTOPbIE MUPOMETUI(POCHOHATHI.

[IpencraBnsercs akTyanbHbIM u3rotoBineHne ['CO cocraBa NpoayKTOB
nectpykuuu @OB, MUHYS CTaauu MOJIyYEHHs] UX TOKCHYHBIX MPOMEKYTOUHBIX
COCTUHEHUH.

[Ipennoxxen crnocod cUHTE3a NUXJIOpaHTHApHAA MUPOMETHII(HOCHOHOBOM

State standard reference samples (SSRS) of poisonous substances
destruction products are needed not only for control over the processes of
chemical weapons destruction but also for ecological monitoring of the
environment in the vicinity of chemical weapons destruction plants.

Products of organophosphorous poisons destruction (OPP) include
monoalkyl esters of methylphosphonic acid and some
pyromethylphosphonates.

It is topical to prepare SSRS of OPP destruction products, omitting the
states of generating their toxic interstitial compounds.

A way of synthesis of pyromethylphosphonic acid dichloride is
suggested as well as the possibility of its use for the synthesis of
pyromethylphosphone acid compounds and methylphosphonic acid for

KHCJIOTBI M BO3MOXHOCTHL €I0 HCIOJB30BAHUA [JII CHHTC3a IIPOU3BOJHBIX

preparing SSRS of organophosphorous substances destruction products.
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m3rotoieHns ['CO coctaBa NpOAYKTOB AeCTpyKUuH (HochopopraHnvecKux|
OTPABIISIONINX BEIIECTB.
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AHHOTAIUSA

Abstract

B nepuon c anpenst 2008 r. o okTs6pb 2012 r. npoBeieHbl Hccae10BaHus
COJIep’KaHus TSDKEIBIX METAVIOB M MBIIIbAKA B IPoOax MOYB, HAXOIALIUXCS MO
JECHOM pacTUTENBbHOCTBIO, U BOJbI, OTOOpAaHHONH Ha NPaBOOEPEKHOW dYacTu
BOolocOOpHON 1uiomiaau [leH3eHCKOro BOJOXPAHMUIIMINA B 30HE 3allUTHBIX
MEpONpHUATHIA O0BEKTa MO YHUUYTOXKEHHMIO XMMHUYECKOIO OpYXHsS B TIOC.
Jleonunoska Ilen3enckoi 00IacTy.

Ot0op mnpo6 mNpou3BOAMICS HA MPOOHBIX IUIOMIAAKAX CHUCTEMbI
rOCY/IapCTBEHHOTO  AKOJIOTMYECKOTO MOHUTOPUHTAa OOBEKTAa YHHUYTOXKEHUS
XMMHUYECKOTO Opykusi. Ha omumcaHHBIX BbIIIE IUIOMIAJAX MPOOBI OTOMpAIHCh
€XKEeMeCSIYyHO C ampens Mo OKTAOpb. Pe3ynbraTel u3MepeHHil MOoABEpraiuch
CTaTUCTHUYECKOW 00paboTKe M CpaBHUBAJIUCh CO CPEAHMMHU (HOHOBBIMHU
MOKa3aTeJsIMKU JJIsl CepbIX JecHbIX NouB [leH3eHckoi o0iacTu, pacCUUTaHHBIMU
Ha ocHoBe AaHHBIX ®I'BY HIIO «Taiipyn», Pocrugpomera, a Takxke NPUHATHIX
JUISL HUX TPEAENIbHO TOMYCTUMBIX KOHIIEHTPAIIHA.

Ce3oHHbIe  KOJIEOAHMS ~ KOHIEHTpPAMH  M3YYEHHBIX  XMMHUYECKHUX

From April 2008 to October 2012 the research had been carried out of
heavy metals and arsenic content of in the samples of forest soil and of water,
collected in the right side of the water catchment area of the Penza water basin
in the zone of protective measures of the chemical weapons storage and
destruction facility in the settlement Leonidovka, Penza region.

Sampling was made at the experimental areas of the system of state
ecological monitoring of the chemical weapons destruction facility. At the
above-mentioned areas sampling had been made monthly, from April to
October. The results of measuring were statistically processed and compared
with the average background results for gray forest soil in Penza region
calculated on the database of FGBU NPO «Taifun», Rosgidromet, as well as
on the basis of the accepted maximum admissible concentration.

Seasonal fluctuations of concentration of the chemicals under research
in soil of the protective zone of the chemical weapons destruction facility,
vary. The most prominent fluctuations are for copper and zinc which are a part
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9JIEMEHTOB B IOYBAX 30HBI 3ALIUTHBIX MEPONPUATHH OO0BEKTa YHUYTOXKEHUS
XUMUYECKOIO OPYXKUS UMEIOT Pa3JIMUHbIN XapaKTep.

HauOonee spko OHM BBIpaK€Hbl Yy MEOU U IIMHKA, KOTOpPbIE BXOIAT B
coctaB (EepMEHTOB M AaKTHBHO TOIJIOLMIAIOTCA pacTeHHsMH. M3MeHeHus
KOHLEHTpAUUMN 3TUX XUMHUYECKMX DJIEMEHTOB  CBA3aHbl C  pUTMaMH
(YHKIIMOHUPOBAHUS JIECHBIX 3KOCUCTEM, & HE C TEXHOI'€HHBIM BO3CHCTBUEM.

CrabuibHoe coiep)KaHue B [I0YBE HUKENS U MBIILIbSIKA ONPEENIAETCs TEM,
YTO OHU TpeOyIOTCS PACTEHUSM B YJIbTpaMajblX KoHUEHTpauusax. Ilostomy
Ouosornyeckas axkKyMyJslMs HE OKa3blBaeT 3aMETHOTO BIUSHMS Ha MX
KOHILICHTpaluH B [TOYBE.

CBuHery B (U3MONOTMYECKUX I@Ipoleccax Yy pacTeHuil BooOle He
Y4acTBYET, YTO HCKIJIFOYAET CE30HHYIO JIMHAMUKY €T0 COJIEpPKaHUs B ITOYBE.

of the enzyme composition and are actively absorbed by facilities. Changes in
their concentration are connected with the rhythms of forest ecosystems, not
with technogenic impact.

The amount of nickel and arsenic is constant due to facilities require
but very ultra-small amounts of these chemicals. Thus biological accumulation
is not influential as for their concentration in soil.

As for lead, this chemical is not processed by facilities, thus there is no
seasonal dynamics of this element in soil.
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AHHOTAIUSA

Abstract

B cratee wuznoxkensl HOBble (o coctossHMio Ha 01.01.2015 1))
OpTaHHW3AI[MOHHBIC W TEXHUYECKHE OCOOCHHOCTH IKCILTyaTallid Ha O0BEKTaX IT0
XpPaHEHWI0O U YHUYTOXKEHUI0O  XUMHUYECKOro  opyxus  «JIeoHHUIOBKa»,

The article describes new (for 01.01.2015) organizational and technical
features of operation at the chemical weapons storage and destruction facilities
«Leonidovka», «Maradykovskiy», «Pochep», «Shchuchye», and «Kiznery,

«MapaapikoBckuity, «lloueny», «lllyuse» u «KuszHep» (QyHKIMOHUPYIOMIMX

functioning within the system of state ecological control and monitoring in
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CHUCTEMBI TOCYJIapCTBEHHOI'O JKOJOTHYECKOTO0 KOHTPOJII W MOHHUTOPUHTA B
palloHaX YHMUYTOKEHHUS XUMHUYECKOI'O OPY>KUSI M CHUCTEMBI MPOU3BOJCTBEHHOIO
PKOJIOTUYECKOT0 MOHUTOPHHTA, CO3JJaHHBIX Ha ATHX 00bekTax B 1996-2015 rr.

[IpencraBnensl obmue cymmbl 3arpaT PenepanbHoro Oromkera (2000—
2015 rr.) ®©Ha co3maHuWe, COJIEpPKAHHME H  MOJACPHM3AIUIO  CHUCTEMBI
FOCYJApCTBEHHOTO JKOJIOTHYECKOTO KOHTPOJIS M MOHUTOPUHTA M CHUCTEMBI
MIPOU3BOJICTBEHHOTO 3KOJIOTMYECKOr0 MOHHUTOPHUHTa KaXJaoro oOBeKTa 110
XPAHEHUIO U YHHUTOXKEHUIO XUMHUYECKOTO OPYKHSI.

OO6oCHOBaHBI HAMPABJIICHUS HCIIOJIb30BAHKMS MaTepUaTbHO-TEXHUYECKON

areas of chemical weapons destruction and the industrial environmental
monitoring system developed at these sites in 1996-2015.

The total amounts of expenses of the Federal budget (2000-2015) for,
creation, maintenance and modernization of the system of state environmental
control and monitoring and industrial environmental monitoring system of
each facility of chemical weapons storage and destruction is presented.

The directions of resource and technical base (in particular, technical
means of monitoring) of the systems state environmental control and
monitoring and production and environmental monitoring are proved.

0a3pl (B  YaCTHOCTM, TEXHHYECKUX CpPEACTB  MOHUTOPUHIA)  CUCTEM
rOCYyJapCTBEHHOT'O  3KOJOI'MYECKOrO0  KOHTPOJIsI UM MOHUTOPMHra U
IPOU3BOJICTBEHHOI'O SKOJIOTMYECKOT0 MOHUTOPHUHTA.

KiueBble ciioBa Keywords

XUMHYECCKOC PA30OPYIKCHUC, 00BEKT 110 XPAaHCHUIO 1 YHUYTOKCHHUIO
XUMHYCCKOTI'O OPYXKUs, CUCTEMA IT'OCYAAPCTBCHHOI'O SKOJIOTMYCCKOT'O KOHTPOJIA U
MOHUTOpHHTA, CUCTEMA TPOU3BOJACTBCHHOI'O 3KOJIOT'MYCCKOTO MOHUTOPUHTA,
TCXHUYCCKHEC CPCACTBA MOHUTOPUHTI'A, BEIBOA U3 OKCIINTyaTallkn, HAITPABJICHUSA
HCIIOJIBb30BaHUA MaTepHaﬂLHO'TeXHquCKOﬁ 0a3bl

chemical disarmament, the chemical weapons storage and destruction
facility, the system of state environmental control and monitoring, the system
of industrial ecological monitoring, hardware monitoring, destructioning, the
use of material and technical base
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AHHOTAIUSA

Abstract

Bo3smosxkHOE 3arpsi3HEHUE OKpYyKaroIen Cpelbl Y amypTtun
MBILIBSKCOEPKAIIUMHU BEIIECTBAMU 00YCIOBIEHO YHUUYTOXKEHUEM XUMHUYECKOTO
OpYXHs, B 4YacTHOCTH, Jmrom3uTa. CreoBaTesibHO, OCOO0YI0 aKTyalbHOCTb

Possible contamination of the environment of Udmurtia by arsenic
compounds is related to chemical weapons destruction. The aim of this work
is to study adsorption of arsenit-ions by four soil types of the Udmurt

pruoOpeTaeT MCCIEIOBAHUE TpoIecca aacopOlMKu apCeHUT-HOHA HEKOTOPHIMU

Republic, as well as the impact of the main agrochemical characteristics of
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TUIIAMU MOYB Y IMYPTHH C UCIIOJIb30BaHUEM M30TepM JIsHrMiopa u Opeitnainxa.
Ha ocCHOBE MONMY4YEHHBIX 3KCICPUMEHTAIBHBIX JAHHBIX TOCTPOCHBI TpauKu
MOAM(PHUIIMPOBAHHBIX ~H30TEPM  aJICOPOLMM  apCceHUTa HATPUs  YETHIPbMS
UCCIEAYyEeMbIMU TIOYBaMH. BbIUMCIEHHBIE MMapaMeTpbl H30TEPM  aJCOPOIUHU
MOKa3ajad, YTO MAaKCHMAaJbHOM IOIJOTUTENLHOM CIIOCOOHOCTBIO 00JaJaeT,
JIEPHOBO-CUJIBHOIIOI30JIMCTAsT CylleCUyaHasi Mo4Ba, 3 MUHUMAIBHOW — JEPHOBO-
CHJILHOITOI30JIMCTas CIa00CMBITast Io4yBa. I1ormoTuTeNnpHas ClIoCOOHOCTh ITOYBEI
3aBHCHUT OT TAKUX €€ arpOXMMHUYECKUX XAPAKTEPUCTHUK, KaK TPAHYJIOMETPUUECKUI
cocTaB, cojepkaHue rymyca, pH mouBeHHON BBITSDKKU. HeBbICOKHE 3HaUYE€HHS
ko3 unuenToB aacopbumu JIdurMiopa u DpelHAINXa CBUAETEIHCTBYIOT O
HE3HAYUTEJbHOM 3aKPEIUICHUU B ITOYBAX apCEHUT-UOHA M, COOTBETCTBEHHO, O €0
BBICOKOH MUTPAIMOHHON CIIOCOOHOCTH B MOYBAaX ITOJ IECHCTBHEM JJIFOCHTOB, B
YAaCTHOCTH, aTMOC(EpPHBIX OCaAKOB. BBICOKYI0 MOIBHXKHOCTH B MPHPOIHBIX
00BbEeKTaX  apCeHUT-MOHA  HEOOXOAMMO  YUMUTHIBaTh TPU  OpraHU3aIlUuU
PKOJIOTUYECKOTO MOHUTOPHUHTA.

soils on this process. A study of the adsorption behavior of arsenite-ion in
soils was carried out with the use of equations of Langmuir and Freundlich. It
has been shown that most of represented isotherms corresponded to the linear
expressions. It is possible to determine the basic constants of isotherms. For
example, the Freundlich isotherm constant for sod-modal-podzolic sandy loam
soil is 26.92, and for the gray forest podzolized soil Freundlich isotherm
constant is 18.62, for the sod-carbonate lightly leached soil Freundlich
isotherm constant is 17.78, at the sod-modal-podzolic weakly eroded soil
Freundlich isotherm soil constant is 14.79. According to the coefficient of
adsorption maximum absorbency is characteristic of sod-modal-podzolic
sandy loam soil, and minimum absorbency — of sod-modal-podzolic weakly
eroded soil. Small values of the constants of Langmuir and Freundlich
isotherms show a weak holding capacity of soils in relation to arsenite-ion.
These parameters cause high migration ability of arsenic compounds in natural
environments. It is shown that the absorption capacity of soil in relation to
arsenite-ion depends on its agro-chemical characteristics such as particle size
distribution, humus content, pH of soil extract. High mobility of arsenite-ion
in natural objects should be considered in environmental monitoring.
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AHHOTAMSA Abstract

beuto mpoBeneHo wu3yueHHe (HEPMEHTATHMBHONH AaKTHMBHOCTH ITOYBBI, The paper presents the study of enzymatic activity of soil, as well as of
BUIOBOrO M KOJIMYECTBEHHOrO cocTaBa ansroduiopbl, a Ttakke pganajthe species and quantitative composition of the algal flora, and a quantitative
KOJIMYECTBEHHAs OIIEHKAa MHKOIIEHO3aM B TOYBax IOCIE 3aBeplieHus pabot Hajassessment of soil mycocenoses after the termination of the facility of storage
00BeKTe MO XpaHEHHWI0 M  YHHYTOXKEHHIO  xumudeckoro  opyxkwusand destruction of chemical weapons «Maradykovsikiy». It is found out that

«MapabpIKOBCKHI1». YCTAaHOBJIEHO, YTO HA TEPPUTOPUU CAHUTAPHO-3ALUIUTHOM
30HbI (C33) u 30HBI 3amUTHBIX Meponpusatuii (33M) ydacTku C JepHOBO-
MO/I30JIUCTON TOYBOM XapaKTEPU30BATUCH OONBIIEH CTAOMIBHOCTHIO aKTUBHOCTH
Karajasbl U ypeasbl, UeM C MOJA30JUCTON MOYBOM. Asbroduopa (pUTOIEHO30B
00BEKTa COOTBETCTBYET 30HAITBHOMY THITY ITOYB. 3a TIepHO A (QYHKITMOHHPOBAHHS
00BEKTa HE OTMEUEHO HU3MEHEHHUS CTPYKTYPhl ajJblOCHHY3HH HaOII0JaeMBbIX
Y4aCTKOB MOHUTOpUHIa. B JecHbIXx ¢QuroneHo3ax mnpeodnaanaoT 3eiaéHble
Bojopociu (mpeacrasurenu poxoB Chlamydomonas, Coccomyxa, Stichococcus,
Klebsormidium). B nyroBeix ¢uronenoszax coctaB anbrodaopbl pazHooOpas3eH,
npeobnagaroT 3enéHeie  Bogopochu  (39,2%) wu  nmanoOaktepun (30,8%).
KonnuecTBEHHBIH  allbFOJMOTMYECKHMHA  aHajid3 IIOKasaj, 4YTO aOCOJIIOTHOE
TOMHHHPOBAHHME BO BCEX THUIAX MOYBBI MPUHAICKUT OJHOKIETOUHBIM 3eNIEHBIM
BojopocisiM. MIx uumcneHHocTh koneOsnercs ot 270 mo 717 ThIC. KIL/T.
MuHuUMaNbHBIE TIOKAa3aTeNd 3aperHCTPUPOBAHBI B TaKWX (DUTOIEHO3aX, Kak
€J710BO-0epE30BBI  JieC OpYCHUYHBIA, COCHSK MEPTBOMOKPOBHBIA M COCHSK

6py0HI/I‘-IHO-3eJ'IeHOMOH_IHLII71, KOTOPBIC PacCIOJIOKCHBI Ha CHJIBHO- )4

the areas with sod-podzolic soils are characterized by a greater stability of the
catalase and urease activity as compared with podzolic soil. Algoflora of the
phytocenoses in the vicinity of the facility corresponds with the zonal soil
types. For the period of the facility’s functioning no changes were found in
algosynusiae of the monitored sites. In forest phytocenoses gree algae (species
of the geni Chlamydomonas, Coccomyxa, Stichococcus, Klebsormidium)
prevail. In meadow phytocenoses algoflora is diverse, still green algae
(39.2%) and cyanobacteria (30.8%) prevail. Quantitative analysis has shown
that in all soil types unicell green algae dominate. Their quantity varies from
270 to 717 thousand cells per gram. Minimal amount of them is in spruce-
birch vaccinium forest, pine forest with dead soil covering, and vaccinium-
pleurocarpous pine forest with modal- and mezopodzolic soils. Maximal
amount of green algae are in spruce myrtillus forest with mezopodzolic sand
soil, with no considerable changes in quantitative characteristics of
phototrophs as compared with the years before. The analysis of the structure
of fungal populations shows that colored (melanized) micromycetes dominate,
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CPEIHENOA30JIUCThIX IMOYBaX. MaKCUMalbHble MOKa3aTeId BOAOPOCIEBOrO
OoOMIMS OTMEUEHBbl B €JIbHUKE UYEPHUYHOM Ha CPEIHENOJ30JIMCTON IeCHYaHOM
II0YBE, IPU ITOM HE MPOU30LLIO CYHIECTBEHHBIX U3MEHEHUH B KOJUYECTBEHHBIX
XapakTepucTukax (oToTpodoB, MO CPAaBHEHHIO C NPEIABIAYIIMMU TOJAMHU.
AHaJIN3 CTPYKTYphbl IPUOHBIX MONYJISLMNA MOKa3bIBA€T, YTO JOMUHHPOBAHUE B
UCCIIEyEMbIX IIOYBAX MPUHAJICKUT OKpAIIEHHbIM (MEJIaHU3UPOBAHHBIM)
MHUKPOMHUIIETaM, KOTOpbIe MOTYT COCTaBIATh A0 70% 1 BHOCST OOJBIION BKJIa B
npoiecchl rymudukanuu noys/

their amount can be up to 70% and they make a great contribution to the
processes of soil humification.
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0o0pa3lloB coCTaBa TOKCHUYHBIX XMMMYECKMX BELIECTB M IPOAYKTOB HX
NeCTPYKLIUU HEOOXOAWMBI HaJ&KHBIE METOIUKH OIpPEeSICHUs] MacCOBOW JIOJU
OCHOBHOI'O BEILIECTBA B CTAHJAPTHBIX 00pa3liax 3TUX COECAMHEHUH, T03BOJISIOIINE
II0JIy4aTh MPABWIbHBIC U IIPELIU3UOHHBIE PE3YJIbTAThI.

AHanu3 METOOUK ONPEICIICHUsI MacCOBOM JOJM OCHOBHOI'O BELIECTBA B
TOKCHYHBIX XUMUYECKHUX BEUIECTBAX U B MPOAYKTaX MX JACCTPYKLIMHM U U3y4EHUE
IPOTEKAOIUX IPU 3TOM XMMHMUYECKHX IIPOLECCOB IIOKa3alM, YTO BCE
PaCCMOTPEHHBIE METOJMKH OCHOBAaHbl Ha NPHHIMIIAX KHUCIOTHO-OCHOBHOIO H
OKHUCJIUTEIbHO-BOCCTAHOBUTENIBHOIO TUTPOBAHMA. IJTO SIBIAETCS HMCTOUYHUKOM
NOTPEIIHOCTEH, OOYCIOBJIEHHBIX KaK WMHJIMBUIYaJbHBIMU OCOOEHHOCTSMU
oreparopa, Tak U HE COBCEM aJIeKBAaTHBIM IOJOOPOM XMMHMUYECKOI0 MHIMKATOPA,
a B HEKOTOPBIX CIy4asgx — HEOOXOIMMOCTBIO TPUMEHSTh B XOAE OJHOTO
OINpECICHUSI HECKOJIbKO XMMHUYECKMX HMHIMKATOPOB. YKa3aHHBIE HEIOCTATKH
IIO3BOJISIIOT YCTPAHUTh NPUMEHEHUE aBTOMATHUYECKOTO IOTEHIHOMETPUYECKOTO
TUTPATOPA.

Ha oObekTax mo YHHYTOXKEHHMIO XHMHUYECKOTO OpYXKUS TUTPUMETPHS
UCIIOJIB3YETCS NIPU KOHTPOJIE 3HAYEHHMS] MACCOBOM JOJIM OCHOBHOTO BEIECTBA B
00€eBbIX BEIIECTBAX J0 Hayajla YHUUTOKEHUS, a TAK)KE€ MOKET ObITh IPUMEHEHA C
LEIbI0 IPOBEPKU KayeCTBa IIOCTABIIAEMBIX TI'OCYJAapPCTBEHHBIX CTaHIAPTHBIX
00pa310B cocTaBa TOKCUYHBIX XUMHUKATOB U MPOJYKTOB UX JECTPYKIUU B ClIydae
OTKJIOHEHUS] KaKUX-TMOO XapaKTepUCTUK WM MPU MPOJUIEHUU CPOKA T'OAHOCTHU
II0CJIE €TO OKOHYAHMS.

Bc€ sro mpeamnosiaraeT MEpCHEKTUBHOCTb BHEAPEHMS aBTOMATHYECKHUX
NOTEHIIMOMETPUYECKUX TUTPATOPOB B aHATTUTHUECKHE JJaOOPaTOpUn 0OBEKTOB 110
YHUYTOXKEHUIO XUMHUYECKOTO OpYKHsS B3aMEH BU3YaJIbHOI'O HMHIUKATOPHOIO
TUTPOBAHUS.

substances and their destruction products requires reliable methods of
determining mass fraction of the basic substance in standard samples of these
compositions, which would contribute to getting correct and presentable
results.

The analysis of the methods of determining mass fraction of the basic
substance in toxic substances and in their destruction products and the
research of chemistry has shown that all the methods under research are based
on acid-base and oxidation-reduction testing, which leads to errors caused by
either individual features of the operator or not quite adequate choice of the
chemical indicator, sometimes several chemical indicators are required at a
time. The above-mentioned failures could be improved using an automatic
potentiometric titrator.

At chemical weapons destruction facilities titrometry is used for
control over the mass fraction of the basic substance in the munitions before
the process of destruction; it also can be used in quality control over the
supplied state standard samples of toxic chemicals contents and their
destruction products in case of deviations in some characteristics, as well as in
case of prolongation of expiration dating period after its termination.

So that replacing visual indicator testing with automatic potentiometric
titrometers in analytical laboratories of chemical weapons destruction facilities
is a progressive step.
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AHHOTAIUSA

Abstract

PaccmoTpens! pe3yapTaThl TEOPETUIECKUX UCCIEA0BAHUN U IIPOBEICHHBIX
SKCIEPUMEHTOB, Ha OCHOBE KOTOpPBIX ObUIM pa3paboTaHbl TpeOOBaHUSA K
METOJUYECKOMY TOAXOAY HWJAEHTU(UKALMKU 30MaHa MPUMEHUTENBHO K
TEXHOJIOTUYECKOMY  IpOLECCY  YHMUYTOXKEHHs  OOENpHUIacoB  CIOXKHOM
KOHCTPYKIUU C Yy4ETOM JeHCTBYIOIIMX TpeboBaHui KoOHBEHIMM O 3arpelieHun
XUMHUYECKOTro opyxusi. HayuHo 060CHOBaHBI KpUTEPUH PUMEHEHUS TTapaMeTPOB
XpoMaTorpapuueckoro pasieieHus XUMHYECKUX COEAMHEHMH, BBHIOpAaHHBIX B
Ka4yeCcTBE BEIIECTB-MAPKEPOB, MOATBEPXKIAIOMINX (aKT YHHUUTOKEHHsI 30MaHa,
coJiepskanierocsi B boenpumnacax CjI0KHOM KOHCTPYKIIMH C yYETOM JIEHCTBYIOIINUX
Ha POCCHUHCKUMX OOBEKTaxX M0 YHUYTOXKEHHIO XMMHYECKOTO OpYXKHs MpaBUil
IIOCTOSIHHOTO MOHWTOPHMHIa M KOHTPOJII IPOILECCa YHMUYTOXKEHUS TOKCHUYHBIX

The results of theoretical research and the experiments are considered,
on the basis of which the requirements to methodical approach to
identification of GD in relation to technological process of composite design
ammunition destruction, taking into account the requirements of the
Convention on chemical weapons prohibition, are developed. The criteria are
grounded for using the parameters of chromatographic fractionation of
chemical combinations chosen as markers confirming the fact of GD
destruction which is contained in composite design ammunition, taking into
account the rules of continuous monitoring of the process of toxiferous
chemicals destruction on Russian chemical weapons destruction facilities for
international inspection groups of Chemical Weapons Prohibition
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XUMHUYECKUX BELIECTB CO CTOPOHBI MEXIYHAPOJIHBIX HMHCIEKLIMOHHBIX TPYII
Opranuzanuu 1O 3alpelieHUuI0  XUMUYecKoro opyxwus. MccinenoBanbl
3aKOHOMEPHOCTH XpOMaTorpauyeckoro pasieieHus: XUMHUUYECKUX COCAMHEHUIH,
BBIODaHHBIX B  KAaueCTBE BEIIECTB-MApKEpOB, MOATBEPKIAIOMUX  (PaKT
VHUUYTOXKEHHUS 30MaHa B OOempHIacax CioXHOW KOHCTpYKIMHU. Vcronb3oBanue B
KayeCTBE PACTBOPUTENS XJIOPUCTOIO METWIJIEHA I03BOJWIO BBIIECIUTH B BHJIE
WHIVBUAYAIbHBIX THUKOB BCE HEOOXOIUMBIC aHAIU3HPYEMbIE COCAMHEHUS C
BBICOKMMH MHTEHCUBHOCTSIMU CUTHAJIOB, YTO 00ECIEUUIIO BBICOKYIO BEPOSITHOCTh
UX OpaBwibHOro omnpeneneHus. llonydyeHHble  pe3yiabTaThl  MO3BOJISIFOT
JTOCTOBEPHO OIPEAEIUTh 30MaH B IpoOax peaklMOHHON MacChl [0 COBOKYITHOCTHU
XapaKTEPHBIX IPOIYKTOB €ro AECTPYKUUU U MOATBEPAUTH TUIA YHUUYTOKAEMOTO
OTPABISIIOLICTO BEHIECTBA B paMKax COOJIOACHUS OO0S3aTENBHBIX IPOLEAYP

Organization. Regularities of chromatographic fractionation of the chemical
combinations chosen as the markers confirming the fact of destruction of GD
in ammunition of the composite design are investigated. Using methylene
chloride as a solvent allowed to allocate all necessary analyzed connections
with high intensity of signals in the form of individual peaks, which provided
high probability of their exact definition. The results help to determine GD in
reaction mass tests by the set of its destruction products and to confirm the
type of the destroyed toxic agent following the compulsory procedure of the
Convention on chemical weapons prohibition in relation to the technological
process of composite design ammunition destruction.

KonBeHIMM 0 3anpelieHMM XUMHYECKOIO OpYXHS IPUMEHUTEIBHO K
TEXHOJIOTUYECKOMY  TPOLECCY  YHHUYTOXKEHHS  OOCTPHUIIACOB  CIOKHOM
KOHCTPYKIIMH.
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AHHOTAIUSA

Abstract

Jlns Oe3omacHOM paboOThl IepcoHana Ha OOBEKTaX I0 XPAHEHUIO U
YHUUYTOXKEHUIO XMMHUYECKOTO OpYXHUS HEOOXOAMMO KOHTPOJUPOBATH YPOBEHD
3arps3HEHUI MPOU3BOACTBEHHBIX NMOMEIIEHUH U OKpyKaromel cpenbl. OaHuM
13 OCHOBHBIX OOBEKTOB KOHTPOJIS ABJISIETCS] BO3yX paboyeil 30HBI.

B mHacrosimee Bpemst paspabarbiBaeTcss M IpUMEHsieTcs  OouiblLioe
KOJIMYECTBO PA3JIMYHBIX HOBBIX IIPUOOPOB U yCTPOWCTB KOHTPOJIS 3arps3HEHUN
BO3AyXxa pabouell 30HBL Jly11 3asABJIEHHBIX JMAlla30HOB M3MEPEHUH HOBBIX
puOOpPOB U YCTPONCTB BO3HUKAET HEOOXOAUMOCTD UX IIPOBEPKHU.

WNnpuT M JIIOU3UT NPUMEHSIOTCS, B YAaCTHOCTH, B Ta30MHAMUYECKHUX
CTEHJax JUIsl CO3[aHUs 33JaHHOM KOHILIEHTpallMM, 4YTO I103BOJISIET IPOBECTU
IIPOBEPKY METOJMK M3MEPEHUH B 3aJaHHOM JHANa30HE JUIsl dKOJOTHYECKOIO
KOHTPOJISI YPOBHSI 3arps3HEHHs] BO3Jyxa Ha OOBEKTaX IO XPaHEHUI0 H
YHUUYTOKEHUIO XUMUYECKOTO OPYKHUSI.

Pesynbrarel  uccienoBaHUIl  MO3BOJISIIOT — ONPEAENIUTh  [apaMeTphl
ra3oJJUHAMUYECKOr0 CTeHJa /s CO3JaHus TpeOyeMbIX KOHILEHTpanun
OTPaBJISIONINX BELIECTB KOKHO-HAPBIBHOTO JIEHCTBUS (JIIOM3UTA U WUIIPUTA) IS
NPOBEPKHU METOJMK M3MEpPEHHI YpOBHS 3arps3HEHHUs B BO3AyXe pabodell 30HHBI,
KaJTUOpOBKH M TPOBEPKH pPabOTOCIOCOOHOCTH aHAJIUTHUECKUX MPUOOpOB Ha
00BEKTaX M0 XPAHEHUIO U YHUUTOXKEHUIO XUMHUYECKOT0 OPYKHUSl.

Safe work of the personnel of chemical weapons storage and
destruction facilities requires control over the pollution level of the working
premises and the environment. One the main subjects to control is the air in the
working premises.

Nowadays a great number of devices controlling air pollution of the
working premises are being developed and implemented. It is also necessary to
check the measurements made with the help of new devices.

Mustard gas and lewisite are used in gasdynamic stands for keeping the
necessary concentration, it allows to check the methods of measurement within
the required range for the sake of ecological control of air pollution at
chemical weapons storage and destruction facilities.

The research results help to determine the parameters of the
gasdynamic stand for creating the necessary concentrations of blistrering
poisons (mustard gas and lewisite) which is needed for checking the
measurement methods of air pollution in the working area, gauge and
efficiency checking of the analytical devices at the chemical weapons storage
and destruction facilities.
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AHHOTALUA Abstract

I[J'IH CaHalluu TeppHTOpI/II‘;I OBIBIIIETO IMPONU3BOACTBA XHUMUYCCKOTO
OPYKHs, a TAKXKC IMPU JIMKBUAAIUN HOCJIG)]CTBPII;'I JCATCIIBHOCTH 00BEKTOB 110

It is suggested the use biotechnological methods for readjustment of the
territories of the former production of chemical weapons, as well, as at
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XpPaHCHHIO W YHHYTOXKCHHUIO  XHMHYECKOTO  OpPYXHS  Ipeiaraercs
UCIIOJIb30BaHUE  OMOTEXHOJIOTHYECKHX  croco0oB.  buorexHonormueckue
CHOCOOBI peMeIUAIK MTOYBBI U OYHUCTKU BOJBI MPEIYCMATPUBAIOT TIPUMEHEHUE
OakTepuil U MPOAYLUPYEMBIX UMH (PEPMEHTOB, (HUTOpPEMEIUAILNIO, TPHOKOBBIC
TEXHOJIOTUHM, WCIOJNb30BaHWE WiIa W Jp. brnarogaps NpUMEHEHHUIO
MHKPOOPTaHU3MOB-/ICCTPYKTOPOB WJIM MX KOHCOPLIIUYMOB U TPOIYIUPYEMBIX
uMH  (EpPMEHTOB, BO3MOXKHO MPOBEACHUE 00€33apaKMBaHUsI 3HAYUTEIBHBIX
00BEMOB W KOHIICHTpAIIMH 3arpsi3HUATENCH, O0€3 HAKOIUICHUS TOKCHYHBIX
BTOPHYHBIX MPOJYKTOB 3a CUET MOJHOW MX MUHEpaM3aluu. B 3aBucMMocTH OT
Maciitabda M CTENCHH 3arps3HEHHsS BO3MOXHBI JIBA OCHOBHBIX HAITPaBJICHUSI
CaHAllMU 3arps3HEHHBIX TEPPUTOPUM: 1) CHATHE BEPXHEro CJOs TPyHTa IS
nepepabOTKM Ha CIENUAIBHBIX YCTaHOBKAaX — peaktopax (ex situ); 2)
paspyllieHHe BPEIHBIX BEIIECTB HEMOCPEICTBEHHO B OKpyKaromied cpezae (in
situ). TIpoBen€HHBIC KOMIUICKCHBIE XMMHUKO-OMOJIOTHYECKHE HCCICIOBAHUS I10
U3y4YCHUIO BIMSHUS Ha OKPYKAIOIIYI0 Cpedy NpPOIYKTOB JECTPYKLUH
OTPABJISIFOLIMX BEUIECTB M U3YyUCHUIO CITIOCOOOB OMOMECTPYKIIMH ITUX MPOITYKTOB
NO3BOJIMIIM ~ Pa3padoTaTh  «IOPOXKHYIO  KapTy»  OHMOTEXHOJOTHYECKOM
9KOJIOTHYECKH Oe30macHON caHaiue iN - SitU, MpeacTaBiIAONIYI0  COOOM
MIOIIArOBBIN MOPSAOK JICHCTBHIA, KOTOPBIA MOXKET OBITh HCIOJB30BaH TIPU
KPYITHOMACIITA0HOW ~ OMOpeMeualii TOYBbl M OYHUCTKE BOABL [lpu
(GOpPMUPOBAHNU «IOPOKHOW KapThI» OOINBIIOE 3HAYCHUE MMENIH JTaHHBIC paHee
NPOBEJCHHBIX  HCCICMOBaHWUA MO  pa3pabOTKe  CXeM  MOJyYeHHs
HPKOOMONpENnapaToB Ha OCHOBE (EPMEHTOB M IITAMMOB MHKpPOOPTaHU3MOB-
JICCTPYKTOPOB ~ OTPABJIIONIMX BEIIECTB W MPOAYKTOB MX JECTPYKIIHH,
NPUHIUITHAIBHBIX TEXHOJOTHUYECKUX CXEM M CTaJuii OMOpeMeHalud MOYBbl U
OYKMCTKH BOJIBI IN SitU B 3aBUCHMOCTH OT CTENCHU 3arpsA3HEHHS MPOJAYKTaMH
JECTPYKIIMU OTPABIISIONINX BEIIECTB.

eliminating the effects of chemical weapons storage and destruction facilities.
Biotechnological methods for soil remediation and water treatment include the
use of bacteria and enzymes produced by them, phytoremediation, fungal
technologies, using sludge, and others. Due to the use of microorganisms-
destructors or their consortia, and the enzymes produced by them, it is possible
to decontaminate significant volumes and concentration of pollutants, without
accumulation of toxic by-products due to their full mineralization. Depending
on the scale and extent of pollution, there are two main ways of remediation of
contaminated areas: 1) removing the top layer of soil to be processed at
specialized facilities — reactors (ex situ); 2) direct destruction of harmful
substances in the environment (in situ). Comprehensive chemical and
biological studies on the environmental impact of the degradation products of
chemical agents and studying the ways of biodegradation of these products
allowed us to develop a «road map» for biotechnological environmental
readjustment in situ. It is a step-by-step procedure that can be used in large-
scale bioremediation of soil and in water treatment. Figures of the previous
studies on development of schemes for ecobiological products based on
enzymes and strains of microorganisms-destructors of toxic substances and
their degradation products, of technological schemes and stages of
bioremediation of soil and water treatment in situ, depending on the degree of
contamination by products of toxic substances degradation were very
important during the formation are of great importance in forming the «road
map».
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AHHOTAIHA Abstract
OOBEKTOM H3Y4YCHHS SIBJISUIACH PACTUTEIbHO-MUKPOOHAs acCOLUAIMs The object of research is plant-microbial association of nodule
KI1yOeHbKOBBIX OakTepuii Rhizobium loti, Gakrtepuii mramma — aectpykropalbacteria Rhizobium loti, bacterial strain-destructor of ecotoxicants

9KOTOKCHKAHTOB Pseudomonas delhiensis B-11400 ¢ ©6000BbIM pacTeHHEM
msmeeniiom  porathiM  (Lotus  corniculatus). OOGocHOBaHa BO3MOXHOCTH
UCTIOJIB30BaHUsl OMOAETPAJaTUBHOTO TOTEHIMANA JAaHHOW AaccoUManuu B
OMOTEXHOJIOTMH PEKYIbTUBALMHU TTOYBBI HA TEPPUTOPUU OOBEKTa YHUUTOKEHUS
xumuueckoro opyxus (YXO) «MapanpikoBckuit». bakrepun o6oux mrammoB
HEMaTOreHHbI, BBIACICHBI M3 OKpYXKArolled Cpeibl, SKOJIOTMYeCKH Oe30IMacHBI.
KnyoenpkoBbie  Oaktepun R. loti  Berymaror B cUMOMOTHYECKHE
B3aMMOOTHOIIEHUSI ¢ 000OBBIMH PAaCTEHUSIMH C 0Opa3oBaHHEM KIyOEHBKOB, B
KOTOPBIX MPOTEKAET MPOIIECC CUMOMOTHYECKON a30THUKCALIUH.

MogenupoBaHie HAaTypHBIX YCJIOBMH OHOpPEKYJIbTHBAlUM  IOYBBI
NPOBOIWJIM Ha  HCIBITaTEIbHOM  CTEHAE, OOOPYJIOBAaHHOM CHCTEMaMH
HOJ/IeP)KaHUST M KOHTPOJI TEXHOJIOTMYECKHUX MapaMeTpoB BEJICHMs Ipolecca.
['nyouny nectpykumu rimdocara B cocrtaBe repOunmna «PayHmam» B TouyBe
UCCIIEIOBAJI METOJIOM KallWJIIIPHOM Tra30BOM XpOMaTOMacC-CIIEKTPOMETPUH C
Macc-CeNIeKTUBHBIM JIeTeKTHpoBaHueM. [loka3zaHa BBICOKass OMOJECTPYKTHBHAS
aKTUBHOCTh  PAaCTUTENbHO-MHKPOOHOM  acconuanuu,  00yCIOBIMBAIOIIAS
CYIIIECTBEHHOE yMEHBIIIEHUE COJEp)KaHMsI SKOTOKCHKAaHTOB B TouBe. B xome
AHAJTUTHUYECKOTO OmpeseneHus raudocaTa B MOYBE YCTAHOBIJIEHO, YTO NPH €ro
UCXOIHOM COJIEpKaHUM 52 MI/KT K TPUHAANATBIM CYTKaM OJKCIIEPUMEHTa

COJACPKAHNUC DKOTOKCHKAHTA CHU3UIIOCH 10 YpPOBHA 0,13 MI‘/I(F, 4TO HUKCE

Pseudomonas delhiensis B-11400 with the leguminous plant cat’s clover
(Lotus corniculatus). The possibility of using biodegradative potential of this
association in biotechnology of soil remediation of the chemical weapon
decommission plant of «Maradykovskiy» is well grounded. Both strains of
bacteria are not pathogenic, they are isolated from the environment and
ecologically safe. Nodule bacteria Rhizobium loti relate with leguminous
plants to form nitrogen-fixing nodules, which leads to increase in productivity
and protection of the symbionts against harmful fungi, it also accelerates the
process of biodegradation of soil toxicants.

Modelling natural conditions of soil remediation was carried out on
the test bench, equipped with systems of maintaining and control of
technological parameters of the process. The depth of glyphosate degradation
in the composition of herbicide «Raundap» in soil was studied by capillary
GC-mass spectrometry with mass-selective detection. A high biodestructive
activity of plant-microbial association is shown, it causes a significant decrease
in the content of toxicants in soil. It has been found by analytical determination
of glyphosate in soil, with the initial content of 52 mg/kg, thirteenth days later
the content of ecotoxicant decreased to the level of 0.13 mg/kg, which is lower
than the initial content more than 400 times and less than the MPC (0.5
mg/kg). The results of the study indicate the possibility of practical use of
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UCXO0HOTO cojnepkanus Oosiee uem B 400 pa3, u menbme [IJIK (0,5 mr/kr).
Pe3ynbTaThl BBIMIOJHEHHBIX HMCCIEAOBAHUN CBUACTEIHCTBYIOT O BO3MOXXHOCTH
NPaKTUYECKOTO HCIIOJIb30BaHMS JIETPAIaTUBHOTO TIOTEHIIMANA PAaCTUTEIBHO-

degradative potential of the plant-microbial association in soil remediation and
purifying soil from ecotoxicants.

MHUKpPOOHOH  accolalid B XOJE€  OCYIIECTBJICHUS MEpPONPUSATHHA 110
PEKYJIbTUBAINU ITOYBBI U OYHCTKE €€ OT DKOTOKCHKAHTOB.
KiroueBble cjioBa Keywords
pPCKYJIbTUBALIMS,  JKOTOKCHKAaHT,  pacTUTEIbHO-MHKpOOHas  accormarus,remediation, toxicants, plant-microbial association, organophosphorus
dochopopranndeckre CoeAMHEHHUS, HePTh, OMOTECTPYKIIHS compounds, oil biodegradation
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