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Implementation of convention on prohibition of chemical weapons
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AHHOTAUA Abstract

O0630p OXBaThIBaeT UCTOPHIO XUMHUYECKOT0 pazopykeHus B Poccuu 3a
nepuoa ¢ 1987 r., xorna Coserckuii Coro3 B OJHOCTOPOHHEM MOPSAKE
00BSIBIII O MPEKPALIEHUH TPOU3BO/ICTBA OTPABISAIONIMX BEIIECTB M MPU3Ba
MHUPOBOE COOOIIECTBO MOJHOCTbIO H30aBUTHCSI OT XUMHUYECKOTO OPYKHS
MaccoBoro mopaxenus, 1no 27 centsOps 2017 r., korma Ha OOBEKTe
«Kuznep», B TOpP)KECTBEHHOI OOCTaHOBKE, ObLJI YHHUUTOXKEH IMOCIEIHHI B
Poccuiickoit @enepannn xuMudeckuii 6oenpunac. YcrenHoe 3aBeplieHne
npolecca YHUUTOKEHHUS] XUMUYECKoro opyxus B Poccun sBisier coboit
OpUMep  BBICOYAWINEH  OpraHu3almMM M peHIeHus  MaciTabHOro
MEXIYHapOJHOIr0 TpoekTa. B Xozxe BbImoMHEHUS (enepanbHON IIeseBoi
IIPOrpaMMbl «Y HUUTOKEHHE 3allacOB XMMHUYECKOro opyxHsi B Poccuiickoi
Oenepannny  (IIporpamma) ObUTM  peIIEHBI  CIOKHEHIINE HAy4YHBIC,
TEXHUUYECKHUE, TEXHOJIOTMUECKUE, OpPraHMU3allMOHHBIE, KaJIpOBHIE M HHbBIE
npoOnembl. bbut  pa3zpaboTaHbl BBICOKOA(D(PEKTUBHBIE OTEUECTBEHHBIC
TEXHOJIOTUH, KOTOpbIE MO3BOJHMIN OOECIEeYUTh O€30MacHOE YHUUTOXKEHHE
XUMHUYECKHX  OoempumacoB ¢ COOJIOJEHHEM  caMblX  KECTKHX

The review presents the history of chemical disarmament in Russia
over the period from 1987 to 2017. The Soviet Union unilaterally announced
termination of production of toxic substances and urged international
community to get rid of chemical weapons of mass destruction. In 1993 the
Russian Federation was one of the first signatories of the international
Convention, and subsequently ratified it. Federal target program
“Destruction of chemical weapons stockpiles in the Russian Federation” was
enacted by Russia in 1996. The program called for destruction of chemical
weapons on 7 plants specifically designed for this purpose. The plants were
located in six regions of the country. On 27 September 2017 at the last plant
“Kizner”, in festive atmosphere, the last chemical weapons in the Russian
Federation were destroyed. Successful completion of the process of
chemical weapons destruction is an example of a largescale international
project. In the course of its performance, thanks to a specially created
Federal control, different scientific, technological, organizational, personnel
probelms were solved. Highly efficient domestic technologies were
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9KOJIOTMYECKUX CTaHAApTOB U TpeOoBaHMi. B mponecce yHUYTOXEHUS
XUMHUYECKOTO OpYXHs HE ObUIO 3aUKCUPOBAHO HU OJHOTO CIlIydas
HOpakeHUH paboTaroIlero nepcoHaja W HACEJIEHUs, a TaKXKe HAHECCHMs
Kakoro-iunbo yiepda okpysxaromiei cpee.

B npoMmblIiuieHHONM 30HE U B 30HE 3AIUTHBIX MEPONPUATHIH 00BEKTOB
M0 YHUYTOKCHHUIO XUMHYCCKOI'O OPYKUA ObLIH YCTAHOBJICHbI YHUKAJIbHBIC,
CHeLMalbHO pa3paboTaHHble NPUOOPHI KOHTPOJIS KauecTBa aTMOC(HEPHOro
BO3/yXa, BOJBI, TOYB. [[OCTOSHHO OTCIEKHBAIOCH COCTOSTHHE (IOPHI U
baynbl. MeauuuHcKue ciyx0bl, OCHAIIEHHbIE HOBEHIIIMM 000PYAOBaHUEM,
NPUCTAIIFHO CJIEIMIIN 33 3I0POBhEM pabOTAIOMIETO MEePCOHAIAa U MECTHOTO
HaCEeJICHMUS.

B pamkax peanuzanuu I[lporpammbl  HE TOJBKO O€30mMacHO
YHHUYTOKEHbI BCE 3aIlachl OTPABJISIIOILMX BELIECTB, HO U BHECEH OIPOMHBIN
BKJIAJl B COIMAIIbHO-D)KOHOMHYECKOE PAa3BUTHE PETHOHOB PACIIOIOKEHHUS
O0BEKTOB IO XPAHEHUI0 U YHUYTOXKEHUIO XMMHUYECKOTO OpYXKHS.
YJ'IyLIHII/IJ'IOCB KaueCTBO JKM3HM TIpaxXJaaH, YBCIWYUIACh YHUCICHHOCTDb
HaceJIeHUs, OSBUINCH XOPOILIO OIJIauiBaeMble paboune MecTa.

XUMHYECKOTO OpYXHMsI Ha pPOCCHUHCKOM 3emisie Oonblie Her!
OpraHu3zanus 1O  3alpelieHHI0  XMMHUYECKOro  OpYyKus  BbLaaja
COOTBETCTBYIOIIME CEepTU(UKATBI, KOTOPHIMH MOJATBEpKIaeTcs  (pakT
YHUYTOXKEHUS ~ XMUMUYECKOTO OpYXHMS Ha  POCCHHCKHX  OOBEKTax.
JanpHelimass ux paboTra B MHPHBIX LEISIX IO3BOJUT COXPaHUTh
Oorareiimuii MPOU3BOJCTBEHHBIH MOTEHIMAN, KBATU(PUIIMPOBAHHBIE KaJpPbI
u Oyzer cHocoOCTBOBATh  Pa3BUTHIO  YHUKAJIBHOH  COLMAIIBHOMN
UHPPACTPYKTYPHI PETHOHOB.

developed. In the process of chemical weapons destruction not a single case
of damage of the working personnel, the population, and the environment
took place.

The industrial zone and the zone of protective measures of the
chemical weapons destruction plants was equipped with unigie, specially
designed instruments and devices for monitoring quality of air, water, and
soil. The state of flora and fauna was constantly monitored. Medical service
equipped with the latest equippement thoroughly monitored health of the
working personnel and of the local population.

Within the framework of the program not only all the stocks of
chemical warfare agents were destroyed, but also a huge contribution was
made into social-economic development of the regions with chemical
weapons storage and distruction plants. Life quality improved, the
population increased, new well-paid working places appeared. There are no
chemical weapons in Russia any more! The organization for prohibition of
chemical weapons issued relevant certificates, which confirm the fact of
chemical weapons destruction at our facilities. Their fur- ther work for
peaceful purposes will preserve rich industrial potential, skilled personnel,
and will contribute to development of a unigue social infrastructure of the
regions.
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AHHOTAUSA Abstract

Heckonbko cmoco6oB  kmaccupukamuu OUOCEHCOPOB  SIBISIFOTCS
KJIIOYEBBIMM B JAaHHOM paboTre: Mo crnocoOy JeTEeKTHPOBAHUS LEIEBOIO
aHalMTa; MO THUIYy HCIOJb3yeMbIX OHMOPELENTOPOB; IO MEXaHU3MY
npeoOpa3oBaHus curHaiga. PaccMoTpeHbl OCHOBHBIE KJIACChl OMOCEHCOPHBIX
cucteM. M3moskeHbl OCHOBHBIE MOJAXOABI M 0OCOOEHHOCTH UX pa3paboTku. B
CTaTh€ OTMEUEHO, YTO OMOCEHCEPHBIE CUCTEMBI UCIIONIB3YIOTCS B PA3JIMUHBIX
chepax esSTeNbHOCTH, MOATOMY aKTyadbHOW MpOOIeMON IS Pa3IUYHBIX
oTpacjeil TMUIEBOW MPOMBINIJICHHOCTH, KIWHUYECKOW MEIUIMHBI |
SKOJIOTUU  SIBJSIFOTCSL  MEPOINPHUATHS  SKOJOTUYECKOTO M CaHUTAPHO-
AMUIEMUOIOTHIECKOTO MOHUTOpUHTA. OCHOBHBIE YCHJIHSI Pa3paOOTYHMKOB
OMOCEHCOPHBIX CHCTEM HAIpPaBJICHbl HA WHTErPAIUi0 OMOCEHCOPOB B YXKE
CJIIOKHUBIIYIOCS CHUCTEMY JIETEKTHPOBAHHS BO30YIUTENECH WH(PEKIIMOHHBIX
3a00NeBaHUN, KOTOpas TPAJAMIIMOHHO BKIIIOYAET METOABI TOJUMEpPa3HOU
nernnou peakuuu (ITL[P), MmeToap! moacuéra KOTOHUI MUKPOOPTAaHU3MOB U
MMMYHOJIOTHYECKHEe METOJbl. B crathe pa3oOpaHbl OCHOBHBIE THIIBI

The article considers the basic requirements for biosensors. Their
classification for implementation of measures aimed at preventing,
detecting, and suppressing legislation violation in the field of environmental
protection, ensuring compliance with requirements of economic and other
activities, including standards and regulatory documents, is given. Several
ways of classifying biosensors are keystone in this work: by the method of
detecting the target analyte; by the type of bioreceptors used; on the
mechanism of signal conversion. The main classes of biosensor systems are
also considered. The main approaches and features of their development are
outlined. The article notes that biosensor systems are used in various fields
of activity, therefore, an urgent problem for various branches of the food
industry, clinical medicine, and ecology are measures of ecological and
sanitary-epidemiological monitoring. The main efforts of developers of
biosensor systems are aimed at integrating biosensors into the already
established system of detecting pathogens of infectious diseases, which
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OMOCEHCOPOB U BBISBJICHBI UX MPEUMYIIECTBA U HEAOCTAaTKU. PaccMOTpeHbI
1 IIOKa3aHbI MECPCICKTUBLI UCITIOJIB30BAHUA JAHHBIX CCHCOPOB JJIsd PCUICHUA
3alad  AKOJOTMYEeCKOro U OuoJoruyeckoro KoHTpoisa. B pabote
HOI[‘-IépKI/IBaeTCSI, YTO aHAJIUTUYCCKUEC BO3MOXKHOCTHU 6I/IOCCHCOprIX CHUCTEM
JOCTaTOYHO OOUIMPHBI, M 3TO OTKPHIBAET HOBBIE BO3MOXKHOCTU MJISI HX
MPUMEHEHHS TP TMPOBEJCHUH KOMIUIEKCHBIX HAOIIOEHUI 32 COCTOSHUEM
OKpYy)XaroIlel cpeapl, B TOM YHCIE KOMIIOHEHTOB MPHUPOIHON CpEIbl,
CCTCCTBCHHBIX OJOKOJIOTMYCCKHUX CHUCTEM, 3a IMPOUCXOAAIIMMU B HHUX
mpoleccamu, SIBICHUSMM, a TakKe OILIEHKa M TMPOTHO3 HW3MEHEHUH
OKpY>KaloIlEH Cpeibl.

traditionally includes technique of polymerase chain reaction (PCR),
methods of counting microorganism colonies, and immunological methods.
The main types of biosensors are analyzed in the article and their advantages
and disadvantages are revealed. The prospects of using these sensors for
solving environmental and biological control problems are considered and
shown. The work emphasizes that the analytical capabilities of biosensor
systems are quite extensive, and this undoubtedly opens up new possibilities
for their application in carrying out complex observations of the state of the
environment, including components of the natural environment, natural
ecological systems, processes occurring in them, phenomena, and also
assessment and forecast of environmental changes.
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[Tocrme 3aBeprieHUS YHHUYTOXKEHUS 3allacOB XUMHYECKOTO OPYKHS
HEOOXOUMO TIPOBEACHHE MEpPONPUATUN 1O BBIBOAY OOBEKTOB W3
JKCIUTyaTaluu. Takhe MEpONpHUATHS TIPOBOIATCS TIPU  TOCTOSTHHOM
AQHAIMTUYECKOM  KOHTPOJE  OCTaTOYHBIX  COJEpXKaHUH  TOKCHUYHBIX
XUMHUKATOB B MaTepHajaX CTPOHUTEIHHBIX KOHCTPYKIIUH, Ha MOBEPXHOCTH
TEXHOJIOTUYECKOTO0 O00Opy/IOBaHUs, a Takke B OOBEKTaX OKpYXKarolleu
cpenbl. Jlmsi OCyIIECTBIEHUS aHATUTUYECKOTO KOHTPOJII HEOOXOIUMBI
rocynapcTBeHHble ctanaapTHeie 00pasisl (I'CO) cocTaBa KOHTPOIUPYEMBIX
coenunennii. B Hacrosiee Bpemst arrecroBanHoe 3HadeHue ['CO cocrtaBa
3apuHAa W 30MaHa OMPENENSIIOT B COOTBETCTBHH C METOJUKAMU H3MEPEHUN
MBU 031-05-022-06 © MBU 031-05-023-06. B TekcTax HaHHBIX METOIMK
MIPEJICTAaBICHBI TOJIBKO (OPMYIBI JUISI BBIYUCICHUSI PE3YyIbTATOB, TOT/IA KaK
XUMHU3M TIPOIIECCOB, TMPOTEKAIIMX TPU HM3MEPEHUH MAaCCOBOW 10JIH
OCHOBHOTO BEINIECTBA, HE TMpejicTaBieH. B maHHONH paboTe W3y4eHbI
MIPOIIECCHI U TIPEJICTABJICH XHUMH3M, ITOJIOKCHHBIE B OCHOBY aTTECTOBAHHBIX
TUTPOMETPUUYECKUX METOANK OIMpeAeNIeHUus] MacCOBOM JOJIH OCHOBHOTO
BEIIECTBA B TEXHUUYECKUX MPOJYKTaX 3apHHA U 30MaHa, MPUMEHSIEMBIX MPH
aTTecTallii  CTAaHAAPTHBIX 00paslloB WX cocTaBa. AKTYaJbHOCTh

After completing destruction of chemical weapons stockpiles it is
necessary to carry out arrangements for withdrawal of these objects. Such
events are held under constant analytical control over the residual content of
toxic chemicals in the materials of building structures, on the surface of
process equipment and in the environment. For implementation of ana
Iytical control state standard samples (GSO) composition of the monitored
compounds are required. Currently, the certified value of certified reference
material of sarin and soman composition is determined in accordance with
the measurement procedures of MVI and MVI 031-05-022-06 031-05-023-
06. In these techniques the formula of computing the results is presented,
whereas the chemistry of the processes occurring during measurement of
mass fraction of basic substance is not shown. In this study we investigated
the processes and presented the chemistry underlying the certified titrimetric
methods of determination of mass fraction of basic substance in the
technical products of sarin and soman used in certification of standard
samples and their composition. The relevance of the conducted research is
due to the fact that the solution prepared for titration of pyrophosphate of
sodium is a multicomponent system, a kind of “a black box” and it has
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IIPOBEAEHHBIX MCCIIEJOBAHUN O0YCIIOBJIEHA TE€M, YTO MPUTOTOBIIAEMBIN AJIS
TUTPOBaHMA pacTBOp mnupodocdara HATPUs TNpEACTaBIIET COOOU
MHOI'OKOMIIOHEHTHYIO CUCTEMY — CBOEOOPa3HbII «UEPHBIN ALIUK» U K HEMY
NPEIbSBISAIOTCS 0COOble TpeOOBaHUS MO JAMANa3oHy KOHIeHTpauuid. B
pe3yabTaTe BBINOJIHEHHBIX MCCIEJOBAHUN IIOKAa3aHO, YTO OCHOBHBIM
KOMITOHEHTOM, KOTOPbIM B3aUMOAEUCTBYET C 3apUHOM U 30MaHOM, SIBJISIETCS
HEPOKCHJI BOIOPO/Ia, a He nupodocdar HATpusl, OCTAIbHbIE K€ KOMIOHEHTbI
MOBBIIIAIOT CTAOMJIBHOCTh KOHLEHTpAalUu Mpu XpaHeHuu pacteopa. Ilo
pesyabTaraM  paOOTbl OBUIM  OIpENeNIeHbl ONTHUMAaJbHbIC 3HAYECHUS
[IapaMeTpPOB aBTOMATHMYECKOI'O MOTEHLUHMOMETPUYECKOIO TUTPOBAHUS IpU
paboTe ¢ IUIATUHOBBIM M XJIOpHJCEPEOpsSHBIM 3JeKTponamu. braromaps
3TOMY CTaj0 BO3MOKHBIM CHM)KEHHUE HABECKM 3apvHa M 30MaHa IIpH
OIpEeJIeJIECHUN MacCOBOM JTOJIM OCHOBHOI'O BEIECTBA C COXpaHEHHEM JIMOO
YIIy4IIEHUEM TOYHOCTU M MPEHU3UOHHOCTH I0JIy4a€MbIX PE3YyJbTaTOB.
O0603HaueHb! MyTH JATbHEHIIIEr0 COBEPIICHCTBOBAHMSI YKa3aHHBIX METO/IHK,
B TOM YHCJIE IO UX aBTOMAaTHU3allUN.

special requirements for concentration range. The result of the research
shows that the main component that interacts with sarin and soman is
hydrogen peroxide, not sodium pyrophosphate, and the remaining
components increase the concentration stability in the solution storage.
According the results optimal values of parameters of automatic
potentiometric titration were determined when working with platinum and
chloresteral electrodes. Due to this it became possible to reduce the sample
of sarin and soman in determining the mass fraction of the basic substance,
preserving or improving the accuracy and precision of the results. The ways
of further improvement of these techniques, including their automation, are
shown.
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AHHOTAUSA Abstract

B craree mnpexncraBieH aHaauM3 COBMECTHOIO JEHCTBUS OITACHBIX
Oonosornuecknx (HakTOpoB € JAPYTMMH, B TOM YHCJIE XUMHUYECKOH W
¢busnueckoit mpupoasl. HaGop BpenHBIX BO3ACHCTBUII Ha dYeloBeKa U
OOIIECTBO B II€JIOM CO BPEMEHEM YBEJIMYUBAETCS BCIEACTBUE BHIOPAHHOTO
YEeJI0BEYECTBOM TEXHOIEHHOrO IIyTH pa3ButTus. [lpu 3TOM pasnuyHbie
peruonsl Poccuiickoii @enepanuu MOTyT HMETh creuuUUECKUid Jyis
KOKIOW OTAECNBbHON TEPPUTOPHHM KOMIUIEKC HETaTHUBHBIX (DaKTOPOB Kak
€CTECTBEHHOI'0, TaK U aHTPONOTeHHOro mpoucxoxiaeHus. Ha stom ¢done
MOXKET TPOU30MTH yBelW4YeHHe WH(OEKIMOHHBIX 3a00JEBaHUN M3 YHUCIA
XapakTEepPHBIX I KaKIOW paccmaTpuBaeMoi Tepputopun. Ocobyro
OMACHOCTh TaKOTO pOJia CIIEHApHUH MOTYT TPHOOPECTH, B YaCTHOCTH, B
cllydae aBapuu Ha OMOJIOTHUYECKU OMAaCHBIX O0OBEKTaX M TEPPOPUCTHUECKOTO
MCIOJIb30BaHUs BO30yauTeNel NHMEKIIMOHHBIX 3a00JIeBaHMI C YIETOM yKe
MMEIOIIETOCS  KOMIUIEKCA  BPEIHBIX  BO3ACHCTBHUI  XMMHUYECKOM U
¢dbusnueckoii mpuponbl. B COBpPEMEHHBIX  YCIOBUSAX  3arpsi3HEHUE

The article presents the analysis of cases of joint impact of dangerous
biological, chemical and physical factors. It was possible to reveal that a set
of harmful effects on humans and society as a whole increases over time as a
result of the technogenic way of development chosen by mankind. At the
same time, different regions of the Russian Federation may have a complex
of negative factors specific for each territory, both of natural and
anthropogenic origin. Against this background, there may be an increase in
infectious morbidity from those diseases characteristic of the territory under
consideration. Such scenarios can be especially dangerous, for example, in
case of an accident at biologically hazardous objects, and terrorist use of
infectious agents, taking into account the already existing complex of
harmful effects of chemical and physical nature. In modern conditions,
environmental pollution continues to increase both in terms of total volume
and in terms of the number of harmful factors. At the same time, the
ecological situation acquires new qualities. Infectious morbidity increases in
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OKpY>Karollen cpeJibl MPOI0JDKAET HapacTaTh Kak Mo o01eMy 00bEMY, Tak U
M0 KOJUYeCTBY (PAaKTOpOB 3arpsisHeHUs. OJHOBPEMEHHO HKOJOTHYECKas
o0OcTaHOBKa MPHOOpPETAET HOBBIE Ka4eCTBa, B YaCTHOCTH, 3TO BhIpAXKAETCS B
YTSDKEJIEHUN KIMHUYECKOTO TeUeHHUs] MH(PEKIIMOHHOTO TMpoliecca, 0obIieit
€ro JAJUTENbHOCTH, 00jiee YacTOM pPAa3BUTUHU OCIOXKHEHHH, XpOHH3ALUU
mporecca, yBETUYEHUH KOJIIMYECTBA COIYTCTBYIOIIMX 3a00JI€BaHUN U

CPOKOB PCKOHBAJICCUCHIHUU. HpI/I OTOM IIPOUCXOJAT Ka4YCCTBCHHBLIC
HU3MCHCHHUA YK€ HU3BCCTHBIX I/IH(l)eKIII/IOHHBIX 3a6OHeBaHHfI, a TaK¥Xe
IIOABJIAKOTCA  HOBBIC. HpI/IBe,Z[éHHBIe B CTaTb€ [OAaHHBIC  HarjasAaHO

CBHUJIETEIILCTBYIOT O HEOOXOAMMOCTH MPUHUMATh BO BHUMaHHE COBMECTHOE
JICWCTBUE MATOTCHHBIX JIJISl YEJIOBEKA MUKPOOPTAaHM3MOB M 3arps3HUTENCH
npyroii npupozasl. CoBMECTHOE JEHCTBHE ONACHOIO OMOJIOIMYECKOIro
daktopa ¢ apyrumu (Hampumep, GU3NYECKOW WM XUMUYECKOW MPUPOIbI)
MOJKET 3HAYMTEIBHO MOBBICHTH d(PQEKT OT ero BO3ACHCTBHS. B cBs3HM C
OTJIMYUTEIBHBIMU OCOOEHHOCTSIMH COBPEMEHHBIX YIpo3 OHOJIOTHYECKOro
XapakTrepa 0co0O0ro BHHM- MaHHA K cebe TpedyeT Y4€T CII0KMBILErocs
aHTPOIIOTEHHOT' 0 3arpsI3HEHNS OKpY’Kalollel cpebl Ha Tepputopun Poccun,
MTOCKOJIBKY MOT'YT BOSHUKHYTH HOBBIE SHJIEMUYHbIE PAiOHBI.

such conditions. This is indicated in complication of the clinical course of
the infectious process, its longer duration, more frequent development of
complications, chronization of the process, an increase in the number of
concomitant diseases and convalescence timing. At the same time,
qualitative changes occur in already known infectious diseases, and new
ones also appear. The data presented in the article clearly demonstrate the
need to take into account the joint impact of pathogenic microorganisms and
pollutants of another nature on humans. This is also a typical example of the
combined effect of several harmful factors different in nature, but already in
its modern interpretation. The combined effect of a dangerous biological
factor with others (for example, the ones of physical or chemical nature) can
significantly increase its impact. In connection with the distinctive features
of modern biological threats, special attention is required by the
consideration of the existing anthropogenic pollution of the environment on
the territory of the Russian Federation. For various regions of the Russian
Federation, taking into account local ecological features, new endemic areas
can be formed.
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AHHOTAUSA Abstract

[IporHo3 MOABUKHOCTU ApCEHUT-UOHA SIBISETCS KPUTHUYECKUM IpU
OLIEHKE pHUCKAa M TO04YB, 3arpsA3HEHHBIX MBIIIBIKOM. PaccMoTpeHbl
3aKOHOMEPHOCTH  NOIJIOUIEHMSI apCEHUT-UOHA IOYBaMH Y AMYPTHUH.
[IpoBenena ammpoKcUManus 3KCIEPUMEHTAIBHO TOJXYYEHHBIX H30TEpM
aacopOuuu ¢ wucnojp3oBaHueM wmojene Jhurmiopa u Jlybununa -—
PagymkeBuya. OmnpezneneHbl KOHCTAaHThl M IapaMeTphbl BCEX YKa3aHHBIX
YpaBHEHHUH, a TaK)Ke BEIMYMHBI N300apHO-U30TEPMUYECKOr0 MMOTEHIIMAIA U
CBOOO/JHOM HEPruM aJcOpOLMN APCEHUT-MOHA B MCCIETYEMBIX TOUYBEHHBIX
oOpa3nax. YCTaHOBIEHO, 4YTO COpOIMS AapPCCHUT-UOHOB ITOYBCHHBIM
nornomaronmM  komruiekcom (TITIK) oGnamaer ¢usndeckoil TpUPOION.
Haiineno, uro ypaBHenue [lyOmHuHa — PagymikeBuua jiydie ONUCHIBAET
npouecc azacopbuuu AsO; moyBamMH IO CpPaBHEHHIO C YpaBHEHHUEM
JIbarMropa. BenuunHa SHeprum CBsI3W MO OTHOIIEHHIO K APCEHUTY IS
pa3MYHBIX THUIIOB TIOYB HEBEJIMKA M HAXOAWTCS B nuamasone 2,28-3,67
k/[x/Monb, uTO yKa3blBaeT Ha cnabyr (QUKcalMI0 HOHA TOYBAMHU.
Hesbicokoe cponctBo apcenut-uonoB ¢ 111K o0ycinoBnuBaeT ero BICOKYIO
MUTPAllMOHHYIO  CIIOCOOHOCTh B TOYBEHHOM Ipoduie, KOTOPYIO
HE0OXOJIMMO YYUTHIBATH MPHU OpPraHU3ALMKM SKOJIOTMYECKOT0 MOHUTOPHHTA
0c000 OnacHbIX OOBEKTOB, HCIOJB3YIOIIMX B MPOM3BOJICTBEHHOM IIMKIIE
JAaHHBIE COECTUHEHMUSI.

The increased content of arsenic compounds at some sampling points
in the district of the chemical weapons (lewisite) destruction plant is
apparently due to both production activity of the plant itself and presence of
copper deposits previously used. The forecast of arsenic mobility is critical
in assessing the risk for soils contaminated with arsenic compounds.
Reliable ecological predictions can be made only on the basis of exact
knowledge of the processes occurring with pollutants in the natural
environment. The study of sorption processes of arsenic ions by the soil
cover of the Udmurt Republic is an actual problem that will allow carrying
out measures to prevent spread of pollutants in natural areas. Adsorption of
arsenite-ion by sod-strongly podzolic, sod-carbonate and gray forest soils
was carried out under static conditions. The number of absorbed ions was

found from the difference between the initial and equilibrium
concentrations, which were determined by atomic absorption
spectrophotometry.

The experimentally obtained adsorption isotherms were explained
using Langmuir and Dubinin-Radushkevich models. According to the
Langmuir equation, sod-carbonate soil has the greatest sorption capacity
with respect to arseniteion (1.667 mmol/kg), then in descending order
follows gray forest soil (0.952 mmol/kg), and, finally, sod-strongly podzolic
soil (0.784 mmol/kg). However, the strength of the resulting bonds in sod-
carbonate soil (11.25 dm*mmol) is small in comparison with sod-podzolic
soil (71.25 dm®/mmol). Gray forest soil with a slight advantage in sorption
capacity is considerably inferior to sod-strongly podzolic soil in the
retention force of arsenite-ion (14.25 dm*/mmol).

To study the mechanism of the adsorption process, we examined the



mailto:mashumilova@mail.ru
mailto:mashumilova@mail.ru

equilibrium data using the Dubinin-Radush-kevich isotherm model. The
calculated values of the free energy of adsorption for all soil samples under
study are less than 8 kJ/mol, which indicates the physical nature of
interaction of the adsorbate with the adsorbent. Weak fixation of arsenic
ions by soil causes its high mobility. The values of interaction energy of
adsorbed arsenite-ions with soil, calcu- lated by the Dubinin-Radushkevich
equation, are insignificant. The maximum energy of 3.67 kJ/mol was
recorded for sod-podzolic soils and the minimum energy of 2.28 kJ/mol was
found for sod-carbonate soil, gray forest soil occupies the middle position
(3.04 kJ/mol).

Thus, it is necessary to take into account the high mobility of arsenite-
ions in natural environments in organization of environmental monitoring of
especially dangerous objects using arsenic compounds in the production
cycle.
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AHHOTAIHSA Abstract

CoBpeMEeHHOE pa3BUTHUE TEXHOJOTHMH OUYUCTKUA Ta30B IO3BOJSET
00ecreunTh YpOBEHb OYUCTKU IO OTACIBHBIM BemecTBaM 10 99%, omHako
MIOMHMO BHEJPEHHS HOBBIX TEXHOJIOTHH, HEOOXOIUMO OCYIIECTBICHUE
JNEHUCTBEHHOTO KOHTPOJI 3a TMOJHOLIEHHBIM (DYHKIIMOHUPOBAHUEM YKE
CYLIECTBYIOIIUX YCTAaHOBOK OYMCTKM Ta3oB. CylecTByrollas METOAMKa
MPOBEPOK TMPENNPHUATANA, HA KOTOPBIX OTCYTCTBYIOT aBTOMAaTHYECKHE
ra30CUTHANMU3ATOPBI, TMO3BOJSET OIEHUTHh COCTOsSIHUE M A(H(PEKTHBHOCTH
paboThl CHUCTEM OYHMCTKHM TOJBKO B TEKYIIUH MOMEHT BpeMmeHu. st
UCCIIEIOBaHMS JTMHAMUKHA PabOThl OYMCTHBIX YCTAHOBOK Ha MPOTSHKEHUU
JUTUTEIILHOTO MEePHO0/a HEOOXO0 UM MEPEKPECTHBIN MOATIEMEHTHBIM KOHTPOJIb
MEXJy KOMIIOHEHTAMH HCXOJHOTO ChIpbS M KOHEYHBIMH OTXOJIaMH IIOCIHE
OUMCTKU BO3Ayxa. PemieHne ngaHHOW 3a7adyd BO3MOXHO IOCPEICTBOM
0amaHCOBOTO CpaBHEHHS KOJIMYECTB M COCTaBa KCXOJHOTO CBIpbS U
KOHEUHBIX OTX0/0B. Hambonee sddexTtuBeH mnpemgaraemplii METOH IJIS
KOHTpOJIsI 00b€Ma M cocTaBa (PaKTUUYECKOTO BBIOpoca KOTeNnbHBIX, TOC,
TOIl. B nanno#t pabore KOHTPOIb ) PEKTUBHON pabOTHl CHCTEMBI OUUCTKH
BBIOPOCOB IO COCTaBY OTXOJOB PACCMOTPEH Ha mpumepe padoThl meueit 1o
C)KUTAaHHWIO PEAKIMOHHOW MacChl 30MaHa Ha OOBEKTE MO YHUUYTOXKCHHIO
XUMHUYECKOTO OpYyXKusl. bamaHcoBbIM METOIOM MO MaccoBoi aone docdopa
B COCTaBE MOJICKYJIBI 30MaHa W B cocTaBe (ocdopcoaepKanux OTXOO0B
MpOBEJIcHa OIIEHKa BEIMYMHBI BBIOpoca (ocdopcomepkanmx BeEMIEeCTB

Modern development of gas cleaning technologies allows providing a
level of purification for individual substances up to 99%, but in addition to
introduction of new technologies, it is necessary to implement effective
control over the full operation of existing gas purification plants. The current
method of inspecting enterprises that do not have automatic gas detectors
allows assessing the state and efficiency of cleaning systems only at the
current time, for examination the dynamics of the operation of treatment
plants over a long period, cross control between the components of the
feedstock and the final waste after air purification is necessary. The solution
of this problem is possible by means of a balance comparison of the
quantities and composition of the feedstock and the final waste. The
proposed method is most effective for controlling the volume and
composition of actual emission of boiler houses, thermal power plants, and
thermal power stations. In this paper, control over efficient operation of the
waste treatment system for the waste composition is considered using the
example of the operation of furnaces for burning the reaction mass of soman
at the chemical weapons destruction facility. The balance method for the
mass fraction of phosphorus in the composition of the molecule of soman
and in the composition of phosphorus-containing waste was used to estimate
the amount of phosphorus-containing substances released after carrying out
all stages of destruction of soman. It was concluded that in the process of
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MocJie MPOBEJCHUS BCEX CTaAWil YHUUTOKeHHs 30MaHa. CrenaH BBIBOJA O
TOM, YTO TPH YHUYTOKEHUH 30MaHa IPOU3OILIO JOCTATOYHO MOJHOE
okucienue (pocdopoprannueckux Bemects 10 P;Os B xome cxuranus
PEaKIMOHHBIX MAacC, C AabHEUIINM OCaXJIeHHEeM coeinHeHui ¢ochopa B
M30bITKE M3BECTKOBOI'O MOJIOYKA, U HAa PYKaBHBIX (PUIBTpax, B Ipolecce
KOTOPBIX CTENEeHb OYHCTKU cocTaBmia 99%. Breibpoc dhocdopcoaepxammx
COeIMHEHMH B mepecuére Ha aToMapHbIi pocop B TeueHHe BCEro nepuoja
YHUUYTOXKEHHUA 30MaHa Ha o0ObekTe cocraBui 0,43 T1. CpaBHuBag
MOJIYYEeHHYIO IIU(PY C TaHHBIMHU 110 BBIOpOCY (hochopcoaepkaiux BemecTB
B IIJIB, MOXHO cxaenatb BBIBOJL O COOTBETCTBUM BBIOPOCOB 3aBOjAA
YCTaHOBJICHHOMY pa3pelieHuto Ha BbiOpoc. Ilpu ycranoBnenuu dakra
Heo(pPeKTHBHON pabOTBl YCTAHOBOK OYMCTKH Ta30B JAHHBIH IOAXO.
MO3BOJISIET OIICHUTHh JTUHAMHKY 3arpsi3HEHHUS BO BPEMEHH, YCTaHOBUTH
00BEM (pakTHUECKOTO BBIOpOCA 3arpsi3HSIONIMX BEMIECTB B aTtMocdepy, ¢
BBICOKOM TOUYHOCTBIO MOJENUPOBATh 3arps3HEHHE OKpY’KAIOIIEeH Cpeisl,
YTO, B CBOK OY€pelb, IMO3BOJISET OUEHHUTh PEAIbHBIN 3KOJIOTHYECKUN
yepo.

soman destroying, the organophosphorus compounds were sufficiently
oxidized to P,Os during the combustion of reaction masses, with further
sedimentation of phosphorus compounds in excess of lime milk, and on bag
filters, during which the purification rate was 99%. The release of
phosphorus-containing compounds in terms of atomic phosphorus during the
entire destruction of soman at the site was 0.43 tons. Comparing this figure
of emission of phosphorus-containing substances with the draft of allowable
emissions, it can be concluded that the plant’s emissions correspond to the
established emission permission. When establishing the fact of ineffective
operation of gas purification plants, this approach allows estimating the
dynamics of pollution over time, determining the amount of actual emission
of pollutants into the atmosphere, and modeling pollution of the
environment with high accuracy, which in turn makes it possible to estimate
actual environmental damage.
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AHHOTAUSA Abstract

B crartee paccmaTpuBaroTcsi NpOOJIEMHBbIE ACHEKThI JIMKBHUIAIIUMH
OTXOJIOB OT JIEATENIbHOCTH MPOU3BOJCTB XMMHUYECKOM MPOAYKLHUH,
COJIepKalllieé TOKCUYHBIE BEIECTBA, KOTOPBIE pa3MEIlaINCh Kak Ha
CHEIHabHO CO3JaHHBIX IOJUTOHAX, TaK U Ha HECAHKLIHOHUPOBAHHBIX
(HEOpraHM30BaHHBIX ) TEPPUTOPHUSIX.

CnoxHbI cOCTaB KHMJIKUX IMPOMBIIUIEHHBIX OTXOJOB, HAaKOIJIEHUE
KOTOPBIX B OIPOMHBIX 00BEMAX OCYIIECTBISIIOCH POIOJKUTEIBHOE BpEMs,
OTCYTCTBHE TOYHBIX JIaHHBIX O BEIIECTBAaX, COAEPXKAIIMXCS B KHIKHX

The article deals with the problematic aspects of waste disposal from
chemical enterprises that contain toxic substances which were placed both
on specially created landfills and on unauthorized (unorganized) territories.

The complex composition of liquid industrial waste which has been
accumulating in huge volumes for a long time, lack of accurate data on the
substances contained in liquid industrial waste and on their toxicological
characteristics predetermine a complex of interrelated and long-term
measures aimed at solving the problem of eliminating hazardous and toxic
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IIPOMBILIJICHHBIX OTXOAAX, M TOKCHUKOJIOTMYECKUX XapaKTEPUCTHKAX ITHX
OTXOJIOB IPEAONPEICISIIOT KOMIUIEKC CJOXHBIX, B3aUMOCBS3aHHBIX U
IIPOJOJDKUTEIBHBIX 110 BPEMEHH MEPONPUATUN, HAIIPABJICHHBIX HA PEILICHUE
poOJIeMBl JIMKBUJIAIIMKA OMACHBIX M TOKCHYHBIX HMPOMBIIIJICHHBIX OTXOIOB.
B cratee BmepBble mpeularaeTcsi OCYIIECTBUTb BbIOOp, pPa3pabOTKy U
co3laHue HambOoyiee HANEKHBIX, OE30MacCHBIX U BBICOKOA((HEKTUBHBIX
TEXHOJIOTUH JMKBUJALMH OIACHBIX U TOKCUYHBIX IPOMBIIIIEHHBIX OTXOA0B
Ha OCHOBE OINbITAa KOHKYPCHOW OLIEHKHM TEXHOJOTMH YHMUYTOKEHUS
OTPaBJISIIOIINX BEIIECTB.

[Ipobnema NHMKBUAAIMM OMACHBIX M TOKCHYHBIX MPOMBIIIICHHBIX
OTXOJIOB CXO’Ka IO CBOEH CYLIHOCTH C IPOOJEMON YHHUTOXKEHHUS 3aracoB
XUMHUYECKOTO OpYXKHUs, HO HMEET psJ OTIMYUTEIbHBIX OCOOCHHOCTEH:
00BEMBI JKUIKUX OTXOJOB MO 00BEMY MHOIOKPAaTHO HPEBBIIIAIOT 3amachl
OTPABJIAIOLIMX BEILECTB; OTPABIISAIOIINE BEIECTBA HAXOUIUCH B 000JI0UKAX
Wi EMKOCTSX, a JKUAKUE OTXOJbl, KaK IPAaBUJIO, HE H30JIMPOBAHBI U B
OTKPBITOM COCTOSIHUM HAaxOJSATCS Ha HEOPraHW30BaHHBIX CBAJKaxX WIIU
IIOJINTOHAX; IPU XPaHEHUH XUMUYECKOTO OPYXKHUS NCKIIIOUYAJIOCh MTOMalaHue
OTPaBJISIIOIIMX BEILECTB B OKPYXKAIOUIYI0 Cpely WIM UX BO3JEHCTBHE Ha
O00BEKTHI OKpY’Karolled cpefpl ObLIO MaKCMMaJbHO MHUHUMH3HPOBAHO (3a
HCKJIIOYEHHUEM BO3MOKHBIX AaBapUNHBIX CUTYyallUid); OTKPBITBIA CIOCO0
XpaHEHUsl KHUJIKHX OTXOJOB SBJISETCS HMCTOYHUKOM HENPEPBIBHOIO
HEraTUBHOI'O BO3JEUCTBUS HAa OOBEKTHI OKpYXKaIoLIEH cpenbl; (U3MKO-
XMMHUYECKHE M TOKCHKOJOTMYECKHE CBOMCTBA OTPABISIOLIMX BEIIECTB JI0
Hayajia MOJArOTOBKU K YHUUTOKEHHUIO XUMHUUECKOTO OPYKHUsl OBbLIIM U3BECTHBI
U HCIOJIb30BaHbl TPU TPEABAPUTEIBHON OTpabOTKE MpPEeArosaraeéMblx
TEXHOJIOTUI JI€TOKCUKALIMN OTPABJISIOUINX BELIECTB; (PU3UKO-XUMUUECKHE U
TOKCUKOJIOTMYECKHE CBOMCTBA KHMJIKHUX OTXOAOB, KOTOPHIE MOTI'YT OKa3aTb
BJIUSIHUE HA BHIOOpP WM pa3pabOTKy TeX WJIM HHBIX TEXHOJOTHUH HX
00€3BpEeKUBAHMSI WM JIMKBUAALMU, HE U3BECTHBI M TPEOYIOT OTIEIBHOTO
U3Y4YEHHUS.

JU1si KOHKYpCHOTO O0TOOpa MPHUOPUTETHBIX TEXHOJIOTUH JIMKBUIALUH

industrial waste.

For the first time in the article it is proposed to select, develop and
create the most reliable, safe and highly efficient technologies for
elimination of hazardous and toxic industrial wastes based on the experience
of complex assessment of technologies for toxic substances destruction.

The problem of elimination of hazardous and toxic industrial waste is
similar in its essence to the problem of destruction of stockpiles of chemical
weapons, but has a number of distinctive features: the volume of liquid
waste many times exceeds the stocks of poisonous substances; poisonous
substances are in shells or containers, and liquid wastes, as a rule, are not
isolated and are in an open state on unorganized dumps or landfills; when
storing chemical weapons, the entry of toxic agents into the environment
was excluded or their impact on the objects of the environment was
minimized (except for possible emergency situations); an open method of
storing liquid waste is a source of continuous negative impact on
environmental objects; physicochemical and toxicological properties of
chemical agents were known and used in preliminary testing of the alleged
detoxification technologies prior to the commencement of preparations for
chemical weapons destruction; physicochemical and toxicological properties
of liquid wastes that may influence the choice or development of certain
technologies for their neutralization or elimination are not known and
require separate study.

For competitive selection of priority technologies for elimination of
hazardous and toxic industrial wastes, the main criteria (safety,
environmental cleanliness, technical excellence, resource intensity,
economic acceptability, degree of workflow of technological processes in
real environments) and group requirements are proposed in the article.

The article offers to provide implementation of research and
development work, in which selected technologies will be realized in the
form of specific prototypes of special equipment and technological lines.
The results of the research and design work should be the basis for




OMAaCHBIX M TOKCHUYHBIX IPOMBIIUICHHBIX OTXOJOB B CTAaTh€ IpPEIararoTcs
OCHOBHBIE KpUTepuu (0€30I1aCHOCTh, SKOJIOIMUYECKasl YUCTOTA, TEXHUUECKOE
COBEPILEHCTBO, PECYPCOEMKOCTh, SJKOHOMUYECKAsI IPUEMIIEMOCTb, CTEIEHb
0TpabOTaHHOCTH TEXHOJOTHYECKUX MPOIECCOB HAa pEANbHBIX Cpelax) M
rpynmnoBbie TpeOoBanus. B crarbe mnpeanaraercs mpenycMarpuBaTh
BBIIIOJTHEHUE HAYYHO-HUCCJIEIOBATEIbCKUX U ONBITHO-KOHCTPYKTOPCKUX
paboT, B KOTOPBIX OTOOpaHHBIE TEXHOJIOTMH MOJIy4yaT pealu3aluio B BUIC
KOHKPETHBIX ONBITHBIX OOpa3lOB CHEUUAIBHOIO OOOpYyIOBaHUS W
TEXHOJIOTUYECKUX JIMHUWA. Pe3ynpTaThl BBINOJHEHHBIX HCCIEAOBAaHUN U
KOHCTPYKTOPCKUX pabOT JOJKHBI CTAaTh OCHOBOH /ISl pa3pabOTKU TEXHUKO-
SKOHOMHUYECKOTO OOOCHOBaHUSI CTPOUTENHCTBA U  COOTBETCTBYIOLIECH
MPOCKTHOM JOKYMEHTAallMh OOBEKTOB 1O JIMKBHAAIMH OMNACHBIX W
TOKCHYHBIX NPOMBIIIJIEHHBIX OTXOJOB.

development of a feasibility study for construction and relevant design
documentation of the disposal of hazardous and toxic industrial wastes
plants.
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AHHOTANUA

Abstract

B craree mnpuBoauTcs 0030p OCHOBHBIX CHOCOOOB U METOJIOB
JMKBUAALMYU OTIACHBIX U TOKCHYHBIX MPOMBIIIICHHBIX 0TX0/10B. OmacHbie U
TOKCHUYHBIE TIPOMBILUICHHBIE OTXObl OTHOCSTCS K 0€3BO3BPATHBIM OTXO0]IaM,
TaK KakK MOBTOPHOE MX UCIOJIb30BAHUE HEAONYCTUMO H/UIM HEBO3MOXKHO U
Helenecoo0pasHo. YKa3aHHbIE BHUABl OTXOAOB JIOJDKHBI  TOJUIEKATh
JUKBHJIAIIUU, 2 OCHOBHBIMH HAIPABIICHUSMHU WX JIMKBUIAIIMA MOTYT OBITH
o0e3BpexuBaHue (MCKIIOYCHHUE WM CHI)KEHUE YPOBHS OMACHOCTU OTXOJ0B
70 JOMYCTHMOTO 3HA4YCeHHS), CXKUTaHHe (YMEHbIICHHE 00bheMa OTXO/OB H,
€CII 3TO BO3MOXKHO, M3BJICUYCHHUS U3 HUX IICHHBIX MAaTEpUajoB, 30JIbI WU
MOJTy4eHUs SHEPTUN), YHUUYTOXKEHUE (momHOE MpeKpalieHue
CYUIECTBOBAHMSI OTXOJOB) M 3aXOpOHEHHE (M3OJSMSI OTXOAOB, HE
MOANIEKAIUX JaJbHEHIIeMy HKCIONIb30BAaHUIO, IyTeM pa3MelIeHHUs B
Ha3HAYEHHOM MeCT€ JUIsl  CIIEHUAIBHOTO XpaHEHUS B  TEUYCHHUE
HEOI'PaHMYEHHOI'0 CPOKa C UCKIIIOYEHUEM (IIPEJOTBPALLIEHUEM) UX OITACHOTO
BO3JCUCTBUS Ha OKPYKAIOMIYIO TMPHPOIHYIO CpeIbl M HE3aIIUIICHHBIX
Jofed, Ha JONMyCKaeMOM pacCTOSIHUM OT MecTa 3aXOpOHEHHs).
PaccmarpuBaroTcsi BO3MOXKHOCTH — TIPUMEHEHHSI METOJIOB  COKUTAHUS,
KHUJIKO(DA3HOTO OKUCIIEHUS, TeTEepOreHHOT0 KaTalu3a, MUpPOJN3a, OTHEBOM
nepepaboTKu, MepepadoTKH U 00E3BPEKMBAHHS OTXOJOB C MPUMEHEHUEM
wia3Mbl. OrHeBoe (TEpMHUECKOE MM C NPUMEHEHHEM KaTallu3aToOpOB)
00€3BpEe)KUBAHKE TPOMBIIUICHHBIX OTXOJOB TPUBOIUT K YHUYTOKEHHUIO
OpPraHMYECKUX BEIIECTB, KOTOPHIE MOTIH Obl SBUTHCS IEHHBIM CBHIPHEM
[EJIEBBIX TPOJYKTOB. B CBS3M € OTHUM OJHUM U3 TEPCIEKTUBHBIX
HampaBlieHWH B 00JacTM YTHIM3AlUM OMACHBIX OTXOJOB CYHTAETCS
nepepaboTka W O00E3BPEKMBAHHE OTXOJOB C TPUMEHEHHWEM TUTa3MBl.
[Ina3MeHHBI METOJ MOKET WCHOIB30BaThCSA IS IUIa3MOXUMHUYECKON
JUKBUAAUU 0CO00 OMACHBIX BBICOKOTOKCHYHBIX OTXOAOB WM JUIS
nepepaboTKU  OTXOMOB C II€NbI0 MOJYyYEHHs TOBAapHOM MPOTYKIIMH.
MHoroo6pasue crmocoboB U peaau3yeMbIX METOJOB IS MepepaboTKU WIH
YHUYTOXKEHUSI OTXOJOB CBHJETEIBCTBYET O CJOXHOCTH MPOOJIEMbI

The article provides an overview of the main methods for eliminating
hazardous and toxic industrial wastes. Hazardous and toxic industrial wastes
refer to non-returnable wastes, since their repeated use is unacceptable, and
often impossible and impractical. These types of waste should be subject to
liquidation, and the main directions for their elimination can be
neutralization (elimination or reduction of the level of waste hazard to an
acceptable value), burning (reducing the volume of waste, and, if possible,
extracting valuable materials, ash or energy); destruction (complete
cessation of the existence of waste) and disposal (isolation of waste that is
no longer to be used by placing it in a designated place for special storage
for an unlimited period and with exclusion (prevention) of their hazardous
effects on the environment and unprotected people, at an acceptable distance
from the burial site). The possibilities of application of combustion methods,
liquid-phase oxidation, heterogeneous catalysis, pyrolysis, fire processing,
processing and neutralization of wastes with the use of plasma are
considered. Fire (thermal or with the use of catalysts) neutralization of
industrial waste leads to destruction of organic substances, which could be a
valuable raw material of the target products. In this regard, one of the
promising areas in the field of hazardous waste management is processing
and disposal of waste with the use of plasma. The plasma method can be
used for plasma-chemical elimination of especially dangerous high-toxic
waste or for processing waste in order to obtain marketable products. The
variety of methods for processing or destroying waste indicates complexity
of the problem of waste disposal, and the analysis of methods for processing
or destroying waste has shown that there is no universal method. The
methods considered are oriented towards processing or destruction of certain
types of waste and in aggregate can serve as a technological base for
liquidation of any types of waste, but at the same time it is necessary to
create technically complex specialized enterprises.




JUKBUJAIMN OTXOJIOB, a aHaJIU3 CIOCOOOB M METOIOB IepepabOTKH WU
YHUYTOXKEHHUS OTXOJIOB MTOKa3all, YTO YHUBEPCAIBHOTO METO/Ia HE UMEETCSI.

PaccmoTpenHbie  crmocoObl OpUEHTHPOBAHBI Ha TEPEpadOTKy WIIH
YHUYTOXKEHUE OMpPEACNEHHBIX BUIOB OTXOJOB MU B COBOKYITHOCTH MOTYT
MOCTYXUTh TEXHOJOTUYECKON 0a30i I JMKBUIAIMK JIFOOBIX BHUOB
OTXOZIOB, HO TIPH 3TOM HEOOXOJAMMO CO3/IaHUE TEXHUYECKH CIIOKHBIX
CHEIUATU3UPOBAHHBIX MPEATPHUITHIA.
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AHHOTAIUA Abstract

B coorBerctBum ¢ @DenepaiibHbIM  3aKOHOM  «OO0  YHHUYTOXXEHUU
XUMHUYECKOTO OPYXKHUS» OOBEKThI MO0 YHHMUYTOXKEHUIO 3alacoB XMMHUYECKOTO
opyxus (YXO) sBiustorcss (eneparbHOl COOCTBEHHOCTHIO M TOJICKAT
nepenpoINpOBaHUIO B HHTEpecax OOOPOHBI U OE30MAaCHOCTH CTpaHbl. B
CBSI3M C 3TUM Kak Ha JTare BbIBOJAa O0BbEKTA M3 3KCIUIyaTallld, TaK U MPHU
BBIMOJIHEHUM paboT MO JMKBUIAIMU MOCIEICTBUM €ro JesTeIbHOCTH,
HE00XO0IMMO IMPOBEJIEHUE KOMILIEKCAa PeadMINTAMOHHBIX MEPONIPUSATHI U,
ClleIoBaTeNbHO, Mpo0ieMa peKyJIbTUBAIMM W CaHAlMM TOYBBI B MeECTE
¢dbyakunonupoBanus o0bekTa YXO «MapaaslKOBCKHI) TMOCTE TMPUHATHS
pelieHuss MO ero MnepenpouIMpPOBAHUI0 CO BCEH OYEBHIHOCTBIO
CTAaHOBUTCS AaKTyaJbHOM M MOXKET BKIIIOYaTh O3Tall C HCIOJIb30BaHUEM
OuonpenapaTos. Pe3ynbrarsl MHOT0JIETHETO OMOMOHUTOPHHIA
CBUJETEIBCTBYIOT O TOM, YTO OOBEKT HE OKa3aj HEraTUBHOTO BO3JIEHCTBUSA
Ha TPUPOJHBIE PKOCUCTEMBI. B cTaTthbe paccMaTpUBarOTCSl CYHIECTBYIOLINE
HAay4YyHO-TIPAaKTUYECKHUE  MOAXOAbl  JUIsl  MPOBEIEHUS  KOMILIEKca
peadMINTAIIMOHHBIX MEPOIPUATHI, B YACTHOCTH, HOBOTO (DEpMEHTATUBHOTO
U MHUKPOOHOJIOTUYECKOTO IMOJAXO0JIOB, SIBJIAIOMINXCS 0a30i 3KOJOTHYECKON
OMOTEXHOJOTMH PEKYJITUBAIIMHY U CAHUPOBAHUS TEXHOTC€HHOM HKOCHCTEMBI

In accordance with the federal law On Chemical Weapons Destruction,
chemical weapons destruction plants (CWD) are a federal property and are
subject to redevelopment in the interests of national defense and security. In
this regard, both at the stage of decommissioning and during liquidation of
activities, it is necessary to carry out a complex of rehabilitation measures.
Consequently, the problem of reclamation and sanitation of soil at the site of
operation of the “Maradykovsky CWD plant after the decision of its
reorientation evidently will be relevant and may include a biological stage of
using biopreparations. The results of biomonitoring indicate that the plant
did not have a negative impact on natural ecosystems. The article considers
the existing scientific and practical approaches for carrying out a complex of
rehabilitation measures: new enzymatic and microbiological approaches,
which are the basis of ecological biotechnology of reclamation and
sanitation of the technogenic ecosystem of the plant. The results are
analyzed of the combined use of hexahistidinecontaining organophosphate
hydrolase hydrolyzing organophosphorus compounds (OPC) and the
biocatalyst in the form of immobilized cells of bacteria of the genus
Pseudomonas,  which  performs  metabolic ~ decomposition  of




00BEKTA. [Ipoananu3upoBaHbl pe3yibTaThI KOMOWHUPOBAHHOTO
UCTOJB30BAHUSl TEKCAarMCTUAMH-COZepKallel  opranogochaTruapoassl,
ruaponu3yronieii  ¢pochopoprannueckue  coeguHenus  (POC), wu
OWokaranu3aTopa B BHJIE WMMOOWIM30BAaHHBIX KIIETOK OakTepuil pojna
Pseudomonas,  OCyIIeCTBIAIOIIEI0O  METabOJUYECKOe  pasjioKeHHUEe
MeTrpochoHOBOI KHCIIOTBHI B nporeccax OMOECTPYKIINH
dochopoprannueckux otpasistonux BemectB (OOB) u mpoaykToB ux
THIIPOJIA3a B COCTaBE PEAKIMOHHBIX MaccC, 0Opa3yIOUIMXCS B Pe3yibTaTe
xumudeckoro  yaumurokenuss @DOB. IlpexacraBieHsl  naHHBIE 00
WCIIOIb30BAaHUM  PACTUTEILHO-MUKPOOHON  accolMalnuu  KIYOCHBKOBBIX
Oaktepuit Rhizobium loti, Oakrepuit mTamMma-gectpykTopa HehTH U
nedrenpoaykro Pseudomonas delhiensis VG-11 ¢ 6000BbIM pacTeHHEM
ssiiBeHIoM porateiM (LOtus corniculatus) u codeTanust TaHHOM acCOIMAIHH
¢ OmonerpaJaTuBHBIM MOTEHIIUAIOM IICEBIOMOHA] — ecTpykropoB ®OC —
Pseudomonas fluorescens VG-5 u Pseudomonas putida VG-8 B cocrase
€IMHOTO JIBYXKOMITOHEHTHOT'O Ouonpemnapara. ArnpoOanus
JIBYXKOMIIOHEHTHOTO OHoOIpenapata B MHKPOIOJEBBIX HJKCIEPUMEHTaX
CBHJICTEIILCTBYET O BO3MOXXHOCTH TIPAKTHYECKOTO WCIIONB30BaHUS €ro
MOTEHIIMajga B OMOTEXHOJIIOTUH DPEKYIbTHBAIIMM MOYBHI Ha 00bekTe YXO
«MapabIKOBCKHUI.

methylphosphonic acid in the process of biodegradation of
organophosphorus toxic agents and their hydrolysis products in the
reactionary masses formed as a results of chemical destruction of OPC. The
data are presented on the use of the plant-microbial association of nodule
bacteria Rhizobium loti, the oil and petroleum products destructor strain
Pseudomonas delhiensis VG-11 with leg corn plant (Lotus corniculatus),
and the combination of this association with a biodegradative potential of
Pseudomonas fluorescens VG-5 and Pseudomonas putida VG-8 —
destructors of POC as a part of a single two-component biopreparation.
Approbation of the two-component biopreparation in microfield experiments
indicates the possibility of practical use of its potential in biotechnology of
soil remediation at the “Maradykovsky” CWD plant.
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AHHOTALIAS Abstract

[Tpu npoBeieHUN MEPONIPUATHIL 110 TUKBUIALIUHI TOCIEACTBUN pabOThI
OOBEKTOB 10 YHHYTOXKCHUIO XWUMHUYECKOTO OPYXHsS MpeIJiaraercs
UCIOJIb30BaHUE OMOTEXHOJOTHYECKUX CHOCOOOB NECTPYKLHHU IMPOTYKTOB
NeTOoKcUKauu  oTpasisitonux  Bemects  (OB).  buortexnonoruueckue
CIOCOO0BI MpelycMaTPUBAIOT 00s3aTelbHOE IPUMEHEHHE OMOKATaIN3aTOPOB
Ha OCHOBE MMKPOOPIaHM3MOB-IECTPYKTOPOB (WJIM HMX KOHCOPLHUYMOB) U
OpOAYLMPYEMBIX HUMH  (pepMEHTOB. bBHOTEXHONOTHYEeCKHE  CIOCOObBI
MO3BOJISIIOT  TPOBECTH: 00E3BpeXHMBaHWE KOHTakTHpoBaBiiero c¢ OB
00opyZIOoBaHUS W CTpPOMMAaTepHalioB, OYKHCTKY IN Situ wmmm ex situ
TEPPUTOPUN, HA KOTOPHIX XPAHWIOCH XHUMHUYECKOE OpYKHE, CaHAIUIO
O00OBEKTOB 110 XPAaHEHUIO U YHUUTOKEHUIO XMMHUYECKOTro opyxus. [Ipu sTom
peadmIMTalMoOHHbIE Pa0OTHl BO3MOYKHO BBIMIONHATh Ha 3HAYUTEIHHBIX
IUTOINASX MPU PA3JIMYHBIX KOHIIEHTPALUAX 3arpsa3HUTeNnel 6e3 HaKOIUIeHUs
TOKCHYHBIX BTOPHYHBIX MPOAYKTOB 3a CYET TOJHOM WX MHHEPaTH3aIlHH.
[Tpenyiaraercst 1opokHasi KapTa SKOJIOIMYECKH O€30MacHOro MpOBEICHUS
peadMIMTAIIMOHHBIX  PabOT C  HCIOJIB30BAHUEM OMOTEXHOJIOTHYECKUX
crioco6oB. [Ipu e€ pa3paboTke HCIIONB30BaHbI JAaHHbIE TEOPETUUYECKUX U
AKCIIEPUMEHTAIBHBIX HMCCICIOBAHUN TI0 CO3JAaHHI0 OMOKATaIN3aTOPOB Ha
OCHOBE MHUKPOOPTaHHU3MOB-IIECTPYKTOPOB U  (EPMEHTOB, a Takke
00€33apayKMBAIOIINX ITEHHBIX MMOKPHITHH.

When carrying out measures on eliminating consequences of chemical
weapojns destruction plants operating, using biotechnological methods of
destruction of poisonous substances degradation products is offered.
Biotechnological methods require the use of biocatalysts on the basis of
destructor microorganisms and the enzymes produced by them.
Biotechnological methods allow carrying out neutralization in contact with
toxic substances equipment and materials, cleaning in situ or ex situ areas,
which contained chemical weapons, reorganization of chemical weapons
storage and destruction plants. In this case rehabilitation works can be
performed on large areas with different concentrations of pollutants without
accumulation of toxic secondary products due to their complete
mineralization. A roadmap for environmentally safe rehabilitation works
using biotechnological methods is proposed. In its development, the data of
theoretical and experimental studies on creation of biocatalysts based on
microorganisms-destructors and enzymes, as well as disinfecting foam
coatings, were used.
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AHHOTALUA Abstract

PaccmoTpeno (QyHKIIMOHANIBHOE pa3HOOOpa3ue CTPENTOMUIIETOB B
noyBax (UTOLIEHO30B, PACIOJIOKEHHBIX Ha Pa3HOM PACCTOSTHUM OT 00bEKTa
XPAaHEHHUS M YHUUYTOKECHHSI XUMHUYECKOro opyxus «MapaaslkoBckuii». I1pu
MHUKPOOMOJNIOTMYECKUX  HMCCIEIOBaHMUAX  OOpa3loB  MOYB  Pa3HOM
Jokanu3anuu: A) B 5 KM 30HE OT 00beKTa, b) B 30He, ynanéHHol oT 00bekTa
Oonee yem Ha 17 kM, ObUIO M30JIMPOBAHO B YHMCTYIO KyJIbTypy Oosee 100
mTamMMOB Hu3 poja Streptomyces. CiydailHBIM 00pa3oM COCTaBJIEHHBIE
BBIOOPKHU KYJIbTYp paBHOro 00b&Ma (1o 10—15 n3014TOB U3 TOKAIUTETOB A
u b) cpaBHuMBamuM 1O mapameTrpaM AaHTarOHHCTUYECKOM AaKTMBHOCTH K
rpubam poma Fusarium, pe3uCTEeHTHOCTH K aHTHOMOTHKAM, IMPOIYKIHH
LeJUTI0J1a3. BhIsSBIEHBI KOJIMYECTBEHHbIE U KAUECTBEHHBIE PA3INUMs MEXKIY
BbIOOpKaMHU CTPENTOMHUIIETOB W3 pa3HbIX JokanureToB. [lokazaHo, 4TO
(eHOTUIbI M30JIATOB OJHOIO BHJA M3 IOYB, YAAJIEHHBIX OT OOBEKTa Ha
pa3IMYHOE PacCTOSIHUE, MOTYT 3HAUUTENILHO Pa3IMYaThCsl MEXy COOO 1Mo
(GYHKIIMOHATILHOW aKTUBHOCTH.

BrisBieHHBIE paznuuMsl MEXAY KOMIUIEKCAMH CTPENTOMMIIETOB W3
pa3HbIX JIOKAJUTETOB MOTYT OBITh CIEACTBHEM CIIOHTAaHHOIO OTOOpa
IITaMMOB, Hauboyiee NPUCHOCOOTIEHHBIX K MECTHBIM YCJIOBHUSIM CpEIbl.
W3menenus  (QyHKIMOHAJIbHOW  CTPYKTYphl ~ KOMIUIEKCA  TOYBEHHBIX
CTPENTOMMIIETOB U3 JIOKAIUTETAa A 110 CPAaBHEHUIO C JIOKATUTETOM b mMoryT
ObITH 00YCIIOBIIEHBI BO3/IEHCTBUEM O0BEKTA 0 YHUUYTOKEHUIO XUMUUYECKOTO
OpYKHSl.

When chemical weapons destruction plants work even in normal mode
there is a risk of negative impact on the environment. In biodiagnostics of
undesirable consequences for soil the special role is played by
Streptomycetes. As producers of antibiotics, soil Streptomycetes represent an
important natural reservoir of antibiotic resistance genes. Due to their
hydrolytic activity Streptomyces are able to be used as a trophic source of a
wide variety of natural polymers, including cellulose, chitin, lignin, and
keratin. Thus, they contribute significantly to the Cycling of chemical
elements in the environment. For their biosynthetic potential Streptomyces
are nominated for the role of natural regulators of microbial communities
and are important in maintaining homeostasis of the soil.

The samples of soils are collected at a different distance from the
chemical weapons storage and destruction plant “Maradykovsky”. The
microbiological analysis of soil samples in different locations was carried
out: A) in the area of 5 km from the object, B) in the zone of more than 17
km from the object. Over 100 strains of the genera Streptomyces were
isolated in pure culture. Functional diversity of streptomycetes in soils of
forest and meadow phytocenoses was studied. Randomly drawn samples of
cultures equal in volume (10-15 isolates from locations A and B) were
compared in the following parameters: antagonistic activity to fungi of the
genera Fusarium, re sistance to antibiotics, and production of cellulase.
Quantitative and qualitative differences between the samples of




streptomycetes from different locations were shown. It is shown that the
phenotypes of isolates of one species grown in soils, located at a different
distance from the plant, may vary considerably, as for their functional
activity.

Differences between streptomycete complexes from different locations
were shown. They may be caused by spontaneous selection of strains
adapted to local environmental conditions. The impact of the chemical
weapons destruction plant can influence the functional structure of the
complex of soil streptomycetes from the location A, as compared with the
location B.
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AHHOTAIUS Abstract
[IpencraBaeH aHanM3 JUHAMHKH —~COOOMIECTB  OECIIO3BOHOYHBIX The analysis of the dynamics of communities of invertebrate

obuTarenell TPaBOCTOS JYTOBBIX 3KOCHCTEM, VcciemoBaHus MPOBOIMIN B
utosie B nepuoy ¢ 2010 mo 2015 r. Ha wuccrnenoBaHHBIX ydacTKax
3apeructpupoBano 419 BumoB Oecrio3BoHOYHBIX U3 104 cemeiicTB. OOmas
YHCIEHHOCTh OeCro3BOHOYHBIX OOWTaTeleld TPaBOCTOS BapbHpOBaia OT
620,4+65,6 no 1147+214,3 5k3./100 B3MaxoB. Beaymumu 1Mo 4MCICHHOCTH
OTpsIIaMH  SIBJISIOTCS MOJMYXECTKOKPBUIbIE M JIBYKPBUIbIE, COCTaBIISIOIINE
6omnee 50% OT Bcero KomIuiekca oOHuTareneil TpaBocTos (XOpPTOOMOHTOB).
ITpoBeeHO CpaBHEHHE TAKCOHOMHYECKOTO COCTaBa BBICHIMX COCYAMCTBIX
pacTeHuil ¥ XOPTOOMOHTOB MCCIIEOBAHHBIX YYaCTKOB JIYTOBBIX YKOCHCTEM
no unaekcy YexanoBckoro-CoépenceHa. OTMEUEHO CXOJCTBO OObEIMHEHUS
OTJENbHBIX YYaCTKOB B KJacTephl MO CTPYKTYpE COOOIECTB pacTeHU U
0eCrO3BOHOUHBIX. AHAJINW3 COOOLIECTB HA3eMHBIX OECMO3BOHOYHBIX
METOZOM TJIAaBHBIX KOMITOHEHT TIO3BOJIIET OIPENENINUTh YICSIbHBIA Bec
(GakTOpOB, KOTOpblE OKa3blBalOT BIMSHUE Ha CTPYKTYpYy HacelleHUs
6ecro3BoHOUHBIX. bonee 60% Bceil aucrepcuu ONMpenesitoT TPU MEPBBIX
IJIaBHBIX KOMIOHEHT. llepBas KOMIIOHEHTa CBs3aHa C OCOOEHHOCTSIMHU
PaCTUTENHHOTO COOOIIECTBA (YHCIIO BUIOB PACTECHUH, HHACKC pa3HO0Opasust
[IlenHOHa M BBICOTA TPABOCTOS), OHA OKAa3bIBAET BIIMSHUE HA TPYIIIbI
Hymenoptera, Diptera u Aranei. Bropas kommoHeHTa XapakTepu3yeT
0COOEHHOCTH peXrMa YBIaKHEHHs U OOraTCTBa IOYB U OIpEeIsieT O0uIue
Orthoptera. TpeTbsi KOMIIOHEHTa BKJIIOYAET METEOPOJOTHYECKHE (aKTOPbI
(TemnepaTypa BO3yXa U KOJIMYECTBO OCAIKOB), OHAa 00YCJIOBIMBAET O0MIINE

inhabitants of the grass stand in the meadow ecosystems in the period from
2010 to 2015 is presented. During the research period 419 species of
invertebrates from 104 families were registered in the investigated areas.
The total number of invertebrate inhabitants of the herbage varied from
620.4+65.6 to 1147+214.3 ind./100 sweeps. Leading largest groups are
Hemiptera and Diptera, comprising over 50% of the whole complex of
inhabitants of the herbage (chortobionts). Taxonomic compositions of plants
and chortobionts of the investigated sites of grassland ecosystems were
compared according to the index of Czekanowsk-Serensen. The similarity of
association of some sites in clusters on structure of communities of vascular
plants and invertebrates is noted. The analysis of terrestrial invertebrate
communities by the main component method makes it possible to determine
the factors that influence the structure of the invertebrate population. Over
60% of the total dispersion is determined by the first three axes of the
principial components. The first component is related to the characteristics
of the plant community (the number of plant species, the Shannon diversity
index and the height of the grass stand), it affects the groups Hymenoptera,
Diptera and Aranei. The second component characterizes the peculiarities of
the moistening regime and richness of soils and determines abundance of
Orthoptera. The third component includes meteorological factors (air
temperature and precipitation), it determines abundance of Orthoptera,
Heteroptera and Homoptera.




Orthoptera, Heteroptera u Homoptera.
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AHHOTAIUA Abstract
[IpoBenéH  CpaBHUTEIBHBIA  aHAAM3  adbrO(QJIOPhI  XBOWHBIX A comparative analysis of the algal flora of coniferous phytocoenoses

(UTOIIEHO30B C pa3HbIM YPOBHEM AaHTPONOI€HHOW HAarpy3Ku: COCHOBOTO
jJeca B OXpaHHOM 30He 3amoBeaHuka «Hyprym» (poHOBBIH y4yacTok),
COCHOBBIX U €JIOBBIX JIECOB B pailoHEe 00BEKTa YHHUTOXKEHHUS XMMUYECKOTO
opyxus «MapaabIKOBCKHI», TPUTOPOIHBIX JecoB I'. KupoBa. B n3ydeHHbIX
XBOWHBIX (PUTOIIEHO3aX BBISIBIEHO 97 BUIOB U Pa3HOBUIHOCTEH BOJOpOCIEH

with different levels of anthropogenic impact was carried out: pine forest in
the buffer zone of the “Nurgush” Nature Reserve (background site), pine
and spruce forests near the chemical weapons destruction plant
Maradykovskiy, and suburban forests of the city of Kirov. 97 species and
varieties of algae and Cyanobacteria were identified in the studied




u 1IB, B Tom uncite Cyanobacteria — 23, Chlorophyta — 47, Ochrophyta — 15,
Bacillariophyta — 12. Bo Bcex Wu3y4eHHBIX XBOWHBIX (HUTOLIEHO3aX
npeobnagany 3eléHple BOAOpoCHd, coctaBisis 42,8-65,4% BuAOBOTO
pasHooOpasus. Dto npeacrasurenu pogoB Chlamydomonas, Chlorococcum,
Chlorella, Bracteacoccus, Coccomyxa, Pseudococcomyxa, Klebsormidium.
OxpodutoBple  BOAOPOCTH  (KENTO3CIEHBIE W JyCTUTMATO(UTOBBIC)
OTMEUYEHBl Ha BCEX YYacTKaX, MX COOTHOIIeHue coctasisio 13,0-21,2%.
BesBiensr  Buasl  pogoB  Pleurochloris, Botrydiopsis, Characiopsis,
Eustigmatos, Vischeria. W3 nmanobGakTepuii BCTpEYEHBI IMPEACTABHTEIH
ponos Nostoc, Tolypothrix, Anabaena, Phormidium, Leptolyngbya, Borzia,
Microcoleus, Oscillatoria, Schizothrix.

AHanm3 anbroduiopbl XBOWHBIX JIECOB (OHOBOW TEPPUTOPUU H
TEPPUTOPUH,  HCIHBITHIBAIOIIUX  TEXHOTCHHYIO (pation ~ oObekTa
«Mapa/IbIKOBCKHI1») M aHTPOIOTSHHYI0 HArpy3Ky (IPUTOPOJHBIC Jieca),
MOKa3bIBaeT yMepeHHoe  cxoncTBo. Koaddummentst CohépeHceHa-
YexanoBckoro coctapiisaioT 40,4-57,5%.

DKkonoruyeckas  CTpyKTypa  anbromopbl  XBOMHBIX  JIeCOB
npezcTaBieHa 51adhoPIIbHBIMA  BUAAMHU, cocTaBisitommmu  92,8-97,5%
BUJIOBOTO pa3zHoOoOpa3us. B cpaBHHBaeMbIX (QHTOIEHO3aX MPEoOIagaroT
npeacrasutenu  Ch-, C-, X- wu B-xu3HeHHBIX (opM — BHIOB,
OTIUYAIOIINUXCS  MCKIIOUUTEIHHOW  BBIHOCIMBOCTBIO K  Pa3lUYHBIM
OKCTPEMAJILHBIM ~ YCJIOBHSIM WM 3aHUMAIOINIMX 3HAYUTEIILHOE MECTO B
(dbopMUPOBaHNUU ATBTOCHUHY3UN B CAMBIX PA3JIMYHBIX MOYBAX.

OmnpeneneHne KOJWYECTBEHHOTO 00miInsg MHUKpodoToTpodoB 10
Hayvama JeHCTBUS 00BEKTa M TOCTIE €r0 OKOHYaHUS MOKa3ajo, YTO B MOYBaX
COCHOBBIX M €JIOBBIX JIECOB Ipeo0siajaloT 3eNl€Hble U JAHMaTOMOBbBIE
BOJIOPOCIIH C KOJICOAHUSIMH YUCICHHOCTH KIIETOK B auama3zoHe oT 250 mo
1200 TBIC./T IOYBEI M ¢ KOJIeOaHUsIMHU Oromacchl oT 25 mo 348 kr/ra B 2005
r. B 20162017 rr. uncneHHOCTh BoJOpOCiel B mouBe cocranisiia 59-280
TBIC./T BCJIEJICTBUE WHBIX THIPOTEPMHUYCCKHUX YCIOBHM, CYIIESCTBYIOIIMX B
rogel  HaOmoneHuid. [lapannenpHble oONpeneneHUs 3amacoB TpHOHOM

phytocoenoses, including Cyanobacteria — 23, Chlorophyta — 47,
Ochrophyta — 15, Bacillariophyta — 12. In all the studied coniferous
phytocoenoses green algae prevailed, amounting to 42.8-65.4% species
diversity. These are representatives of the genera Chlamydomonas,
Chlorococcum, Chlorella, Bracteacoccus, Coccomyxa, Pseudococcomyxa,
Klebsormidium. Ochrophyte algae (yellow-green and eustigmatophyte) are
noted on all sites, their ratio was 13.0-21.2%. The species of the genera
Pleurochloris, Botrydiopsis, Characiopsis, Eustigmatos, Vischeria,
Characiopsis were identified. Of the cyanobacteria, representatives of the
genera Nostoc, Tolypothrix, Anabaena, Phormidium, Leptolyngbya, Borzia,
Microcoleus, Oscillatoria, and Schizothrix were encountered.

Analysis of algal flora of coniferous forests of the background territory

and territories experiencing anthropogenic (area of the plant
“Maradykovsky”) and anthropogenic impact (suburban forests) shows
moderate similarity. Sgrensen-Chekanovsky Index is 40.4-57.5%.

The ecological structure of algal flora of coniferous forests is
represented by edaphophilous species, which constitute 92.8-97.5% of
species diversity. In the comparative phytocenoses, representatives of Ch-,
C-, X- and B-life forms predominate — species that are endowed with
exceptional endurance to various extreme conditions and occupy a
significant place in the formation of algosynusia in a different of soils.

Quantitative indices of algae and cyanobacteria of monitoring sites
range from 59.3 to 280.5 thousand cells/g of soil. The abundance of cells is
dominated by green algae.

Assessing quantitative abundance of micro phototrophes before
implementing the plant and after its stopping showed that in the soil of pine
and spruce forests green and diatomic algae predominate. In 2005 the
quantity varied from 25 to 1200 thousand cells/g of soil and biomass varied
from 25 to 348 kg/ha. In 2016-2017 the quantity of algae in soil varied from
59 to 280 thousand calls/g, as a result of other hydrothermal conditions
during the survey period. At the same time the fungi biomass varied from




O6uomacchl MoKaszaiu, 4To e€ BeJIMYMHa KosiebseTcst B mpeaenax ot 247 no

2400 kr/ra, cyniecTBEHHO IPEBOCXO/Is 3a11achl BOAOPOCIIEBOM OMOMACCHI.
Anbroduopa u3ydaeMmblX XBOHHBIX (DPUTOLIEHO30B COOTBETCTBYET

30HaIbHOMY THIy. Ilo BHIOBOMY pa3HOOOPA3sHI0 M UYHCIEHHOCTH KIJIETOK

JOMHMHHUPYIOT  3ei€Hble  Bojopociad.  OTMEdeHbl  IPENCTaBUTENH
KENTO3ENEHBIX, JYCTUTMATO(PUTOBBIX W JUATOMOBBIX BOAOPOCIEH H
MaHOOaKTepuil. AHTPOIOreHHAas Harpy3ka Ha IIOYBY B M3YYEHHBIX

XBOWHBIX (PUTOIEHO3aX HE MPUBOJUT K HAPYIICHUIO XapaKTEPHOH IJIsl TOYB
JIECHOM 30HBI CTPYKTYPBI AJIbIOCUHY3HH.

247 to 24000 kg/ha, thus it considerably exceeds the algae biomass.

The algal flora of the coniferous phytocenoses studied corresponds to
the zonal type. By species diversity and abundance of cells, green algae
dominate. Representatives of yellow-green, eustigmatophyte and diatom
algae and cyanobacteria were noted. Anthropogenic impact on soil in the
studied coniferous phytocenoses does not lead to violation of the structure of
algosinusia characteristic for soils of the forest zone.
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AHHOTAIUSA Abstract

B crarse paccmarpena npobnema coneprxanus pryta (Hg) B mouBax u
OMOJIOrMYecKUX 0O0BEKTax 30HBI 3aIUTHBIX MeponpusaTuii oobekta YXO B
noc. JleonnmoBka Ilensenckoit oOmactu. McciemoBaHus mOKas3aiad, 4TO

The article deals with the problem of mercury (Hg) content in soils
and biological objects of the CWD plant protective measures zone in the
village of Leonidovka in Penza region. Researche proves the average Hg




cpenHee coxepkanue Hg B cepbix JieCHBIX MOYBaxX paiioHa HCCIeIOBaHUM
sHauntenbHo Hiwke 11K u cocraBnser 0,019 mr/kr. Cpennee conepikanue
Hg B apeBecHBIX pacTeHHsSX ObUIO HECKOJbKO BbImie u coctaBuio 0,0334
MI/KT. BeposiTHO, 3TO OOBSCHSAETCS KOHTAKTOM HAA3EMHBIX 4YacTei
pactenuii ¢ arMochepHbIMU BBINIAJICHUSIMH, a He MUrpauueil Hg u3 noussl.
Conepxanne Hg B uccneoBaHHbIX 00pasiax cheI00HBIX TPHOOB 0Ka3aI0Ch
B 3,5 pasa Bbllle, 4YeM B MOYBE. BereratuBHbIN MHIIENUH, HA KOTOPOM
00pa3yroTcst X IUIOAOBBIC TeJa, HAXOIUTCS BHYTPH MUTAIOIIETO cyOcTpaTa
U HE KOHTaKTUPYeT HEIMOCPEICTBEHHO C aTMOC(EPHBIMHU BBIMA/ICHUSMHU.
[Toatomy rpuObl sBasitorcss KoHueHTparopamu Hg. Haubonee Bwicokue
K03 (UIIMEHTHl HAKOIJICHUSI UMENU: 30HTHK BBICOKUH, MOATPY3I0K OETbIi,
BOJIHYIIKAa PO30Bas M IIAMIIMHBOH II0JIEBOM; OJHAKO BCE IIOJy4YEHHbBIE
3HaueHus cojepxkanus Hg naxogunuce B npenenax [1JIK.

content in gray forest soils in the area to be much lower than the maximum
permissible concentration and is 0.019 mg/kg. The average content of Hg in
woody plants was slightly higher (0.0334 mg/kg). This is probably due to
the contact of the plants aerial parts with atmospheric through falls rather
than Hg migration from the soil. The Hg content in the samples of edible
mushrooms studied was 3.5 times higher than in the soil. The vegetative
mycelium on which their fruiting bodies are formed is located inside the
feeding substrate and does not directly come in contact with atmospheric
deposition. Therefore, mushrooms become Hg concentrators. The highest
accumulation rates belonged to Macrolepiot aprocera, Russula delica,
Lactarius torminosus and Agaricus arvensis, but all the Hg content values
obtained were within the maximum permissible concentration.
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