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3ammra qucceptaruu coctoutces «09» despans 2024 roga B 13-00 gacoB Ha 3aceqaHuu
nucceprarmonHoro cosera J1 06.23.663 no 3anuTe nuccepTaldii Ha COMCKaHUE YYEHOU CTEIeHU
JOKTOpa (KaHauaaTa) OMOJIOTHIECKUX HayK MpH OIIICKOM TEXHOJIOTHYECKOM YHHUBEPCUTETE HM.
M. M. AnpmieBa, coyupeautenu OIICKUA TOCYIapCTBEHHBIM YHUBEPCUTET W KwIpreizcko-
Y30ekckuii MekayHapoAHbIN yHUBepcuTeT M. b. CoibikoBa 1o aapecy: 723503, r. O, yi. H.

Ucanosa, 81, 3am 3acemanuii. Ccbulka M0CTyNa K BUACOKOH(MEPEHIIUN 3alUThI AUCCEPTAIUU:
https://vc.vak.ka/b/062-ohd-b05-rvb

C nmuccepranueil MOXXHO O3HAKOMHTHCS B OuOIMoTekax OIICKOrO TEXHOJIOTUYECKOTO
yauBepcurera uMm. M. M. AnprmeBa (723503, r. Om, yn. H. Hcanosa, 81), Omickoro
rocynapctBenHoro yuusepcurera (723500, r. Om, yiu. Jlennna, 331), Keipreizcko-Y306eKkcKoro
MexayHapoaHoro yHuBepcurera uM. b. Coiapikoa (723500, . Om, yau. I'. AlitueBa, 27) u Ha
caiite: https://vak.kg/wp-content/uploads/2023/06/DISSERTACIYa-FINISh-4.pdf

ABTtopedepar pazocnan «08» supaps 2024 rona.

VYueHbIl CEKpEeTaph AUCCEPTALMOHHOIO COBETA, 1
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OBILIAA XAPAKTEPUCTHUKA PABOTHI

AKTYaJIbHOCTb TeMbl JAHMCCEPTALMU. B COBpEMEHHOM MHpE B peE3ysbTaTe
JEUCTBUS MHOTUX (PAKTOPOB C(HOPMUPOBANACH FIKOJIOTMYECKAsl CUTYyalHsl, 00yCIOBUBLIAS
PE3KOE TMOBBIIIEHUE YPOBHS TEXHOTEHHOM HArpy3KM Ha OKPYXAKIIYI Ccpeay |
MOPOAMBIIAS CIIOKHBIE MPOOJEMbl OXpaHbl M BOCIPOU3BOACTBA OMOJIOTHYECKUX
pecypcoB. OTH MpoOJaeMbl Ype3BbIYAHO Ba)KHbI JIsl BCETO MHpA, B TOM YHUCIE U JJIs
Koipreizckoit PecniyOnuku, Ha TEppUTOPUU KOTOPOM HMMEIOTCS TEXHOTEHHBIE 30HBI,
XapaKTEPU3YIOIIUECS OTPOMHBIM HAKOIJIEHHEM PAaJNOAKTUBHBIX JIEMEHTOB U TIXKEIBIX
METaJUIOB M NPEACTABISAIOIIME OTPOMHYI0 ONACHOCTh sl XKU3HM srofei. Cpenu
KOMITOHEHTOB OKpY»Kalolllel cpe/ibl oco0oe MecTo 3aHuMaeT rnousa. Kak u3BectHo, mousa
ABJIIETCSI OCOOBIM CBSI3YIOIIMM 3BEHOM MEXAy OMOTHYECKHUMU U aO0MOTUYECKHUMU
KOMIIOHEHTaAMH Ha3€MHBIX DKOCHUCTEM. 3arpsi3HEHHUE NTOYBBI IPENSATCTBYET BBIIIOJIHEHUIO
€€ DKOJIOTMYECKOH pOJIM, COKpallaeT MOYBEHHOE OnopazHooOpaszue, CHUXKAET 3arachl
OpraHMYecKOro BeIeCTBa M HapyulaeT OajaHC MUTATEIbHBIX BemiecTB B Ouocgepe. K
yucily Haubosee pacnpoCTPaHEHHBIX MOJUTIOTAHTOB TIOYBBI OTHOCSITCS  TSIKEINIbIe
MeTayibl, HePTh M HePTEHPOAYKThl, CTOMKMe opraHudeckue 3arpssHutenu (CO3),
IpeICTaBISIONIME COOO0M EPBUYHBIE U TOOOYHBIE MPOAYKThI IPOMBIIIEHHOCTH, a TAKXKe
HEUCIOJIb30BaHHBIE OCTATKH CPEJICTB 3alIUThl pacTeHUN (NMECTULUIOB, T€POUIUIOB,
¢ynruuuaoB). EcTtecTBeHHbIE  paguMOaKTUBHBIE H30TOMNBI, MPUCYTCTBYIOUIUE B
NOYBOOOpA3YIOIIMX TOpoAax, a TakkKe TOCTyNarolMe W3BHE HCKYCCTBEHHBIE
pPaguoaKkTUBHBIE U30TONBI BHI3BIBAIOT PAaJUOAKTUBHOE 3arps3HeHue noyB. Hecmorps Ha
MHOKECTBO HAy4YHBIX paOOT, BBIMOJHEHHBIX B O00JIACTH 3arpsi3HEHUS] OKpYKAroIIeH
Cpenbl, pe3yJbTaThl UX, KaK IPaBUJIO, HE COJAEpkKAT OLEHKY IKOJIOTHYECKOro pucka. B
OOJBIIMHCTBE HCCIENOBAHUN aHAIM3UPYIOTCA OTIENbHbIE ACMEKThl HAKOIUJICHUS B
NOYBaxX BPEIHBIX BELIECTB, a TAKKE PAacCMATPUBAIOTCS MOCIEACTBUSA UX 3arpsi3HEHUS.
[Ipu 5TOM, abconroTHAst MEpa BEPOSITHOCTH PUCKA 3aMEHSETCS HA €T0 OPUEHTUPOBOYHYIO
OLICHKY, KOTOpasi BKJIF0YAET COOTHOLICHUE MEKIY pPEalbHOM TEXHOTCHHOW HAarpy3Kou Ha
OKPY’KaIOUIYIO Cpeay ¥ Kputuueckoil. OJiHaKo, OLIEHKA 3KOJIOTMYECKOTO PUCKA B LIEJIOM,
ATO BBISIBJIEHWE W OLEHKA BEPOSITHOCTM BO3HUKHOBEHHUS B OKpYXalollell cpene
HEraTUBHBIX HM3MEHEHUH WM OTAAJEHHBIX HEOJIAronpusATHBIX TOCIEICTBUN 3TUX
U3MEHEHNN. Ba)kHOE 3HAaYeHUE MMEET ONPEIECICHUE 3TOM BEJIMYMHBI C IPUMEHEHUEM
COBPEMEHHBIX METOJ0B, OCHOBAaHHBIX HA HCIIOJIb30BAHUU COBOKYIIHOCTH PE€3YJIbTaTOB
XUMHUYECKUX, OMOMHAMKALIMOHHBIX W TOKCHKOJOTMYECKMX aHanu3oB. Ui pemeHus
npo0sieM 3KOJIOTUM OTPOMHYIO 3HAUYMMOCTH TPEACTABISAIOT TaKXKE HCCIEAOBAaHHUS IO
YOPaBICHUIO PHUCKAMM 3arpsi3HEHUsA, KOTOpBIE IIPEANOJIAraloT BOCCTAHOBIICHUE
HapyIIEHHbIX TeppuTopuil. OAHONH W KIIOYEBBIX MPOOJIEM peMenualuy HapyIIeHHBIX
TEPPUTOPUN  SABIAIOTCA  CO3JaHME W TEXHOJOTHS  HCIOJIB30BAHUSA  HOBBIX
BBICOKOO(D(EKTHBHBIX MAaTEPHANOB  CICIU(PUISCKOTO HA3HAYCHUS, TMOJYYCHHBIX
IIPEANOYTUTENIEHO HA OCHOBE JOCTYITHOIO M HETOKCUYHOI'O IIPUPOIHOIO ChIpbA. B cBiA3H



C BBIIIEYKA3aHHBIM TOCTABJICHHBIE B HacTosleld paboTe mpobIeMbl AKOJIOTO-
TOKCUKOJIOTUYECKON OIIEHKM pPHUCKAa 3arpsA3HECHUS TOYBBI HAa OCHOBE COBPEMEHHBIX
MOAXO/IOB, a4 TAaKXE€ YNPABICHUE OSTUMHU PUCKAMU IIYTEM HCHOJB30BAHUS HOBBIX
MaTepuanoB crenupruueckoro AeUCTBUS SBIISIIOTCS BECbMa aKTyaJIbHBIMU.

CBs3b TeMbI JUCCEPTALNM C MPUOPUTETHLIMM HAYYHBIMHM HANPABJICHUSAMHU,
KPYNIHBIMM HAYYHBIMH HNporpaMmaMu (MpPOeKTaMH), OCHOBHBIMM HAaY4YHO —
HCCJIeI0BATEIbCKUMH padoTaMu, MPOBOAUMBIMHU 00Pa30BaTeJIbHBIMHU U HAYYHBIMH
yupesxkaeHusiMu. JlucceprannonHas paboTa BbIIIOJHEHA B COOTBETCTBUU ¢ TuianoM HUP
Wucturyra xumun u ¢urorexnonoruii HAH KP, a Ttakke B pamkax mpoekra
Mexaynapoanoro Hayuno- Texauueckoro Lentpa (MHTILIL) Ne KP 2092 u 2093 ¢ 2014-
2022 ropsl.

Heab ucciieqoBaHus. DKOJIOTO-TOKCUKOJIOTHUECKAS] OLIEHKA PUCKOB 3arpsi3HECHUS
mo4yB B  TeXHOreHHbIX 30Hax Keipreisckoit  PecnyOnmuku — (Kamxu-Caiickas
OuoreoxuMuUecKasi IPOBUHIIUSA; TEPPUTOPUS TepModIeKTpruuecKol cTaHIuu T. buiikek)
C HCMOJIb30BAaHWEM COBPEMEHHBIX METOJOB M YIPAaBICHUE STUMU PUCKAMHU MYTEM
IPUMEHEHHS HOBBIX MAaTEPHUAJIOB CIEIU(PUISCKOro Ha3HAUYCHUS.

3agaum ucciIe10BAHUS

1. Omnpenenenue coaepKaHusi M paclpesieicHUus PaguOaKTUBHBIX JJIEMEHTOB U
TSDKEJIBIX METAJVIOB B MMOYBaX TEXHOTEHHBIX 30H;

2. HccnenoBanue paiualMOHHOTO COCTOSTHUS Kamxu-Caiickoit
OMOre0OXUMUYECKON TTPOBUHITUY;

3. U3yyenme OHUOMHAMKALMOHHBIX UM TOKCHKOJOTMYECKHX  IOKa3zaTenen
3arps3HeHuss 1ouB Ha Teppuropusax Kamxm —  Cailckol NpOBUHIIMU H
TepMOo3JIEKTPUUECKOM CTaHIIMHU T. bHUIIKEK;

4. OueHka pHUCKa 3arpsi3HEHUs PACCMATPUBAEMBIX OOBEKTOB C MPUMEHEHHEM
METOJ0B MHOTOKPUTEPUAJIBHOTO aHAIN3a;

5. Pa3paboTka ¥ mpuUMEHEHHE HOBBIX MATE€pPUAJIOB JJI OYHCTKH U PEeMEIHAINH
HapyIICHHBIX OOBEKTOB OKpYXAlOUIEH Cpeabl ¢ IENbI0  YIPaBICHUS pUCKAMU
3arps3HEHUS MOYB.

Hayuynass HoBuM3Ha pa0orbl. BnepBbie mnOpencTaBieHO IMOJTHOE ONUCAHHE
XUMHYECKUX, PATUAIIMOHHBIX, OMOMHINKAITMOHHBIX U TOKCUKOJIOTUUECKHUX MOKa3aTenei
3arpsi3HEHHsI TIOYB B TEXHOTEHHBIX 30HaxX Keipreickoit Pecmyommku (Kamxu-Caiickoi
onoreoxuMmudeckoi npoBuHImH U Tepputopun TOL] r. bumikek).

BnepBeie ompeneneHsl W ONMCAaHBl COCTaB M CTPYKTypa cooOuIecTBa
MHUKpPOCKONTUYECKUX TPUOOB, a TakKKe TaKCOHOMHYECKOE CTPOCHHE CarpoTpoPpHOTO
OaKTepHATBEHOTO KOMITJIEKCA B TIOYBAX YKA3aHHBIX TEXHOTCHHBIX 30H.

BnepBeie mnpoBeAeHa ONEHKAa 3JKOJOTHYECKOTO pPHUCKA 3arpsS3HEHUs I04YB B
TEXHOT€HHBIX 30HaX C MCIOJb30BAHUEM MOJEIN PACIPEICICHUsI KOHUEHTpPAlUun
BozzeiictBust (Exposure Concentration Distribution — ECD), «mo3a—a3ddexT».



BnepBbie npencTaBiieHa OILEHKAa SKOJIOTHYECKOrO PHUCKA 3arps3HEHUs IMOYB B
TEXHOTE€HHBIX 30HaX HAa OCHOBE MOJCIMPOBAHUA  PACIPENCICHUS  BHUAOBOU
qyBCTBUTEIBHOCTH (Species Sensitivity Distribution - SSD) nmouBeHHBIX 1IEHO30B.

BnepBbele paccunTaH MHTETPAIbHBIN MHICKC 3arpsi3HEHUS MOYB B T€XHOTEHHBIX
30HaX MeToAoM Tpuaj, OCHOBAHHOM Ha HCMOJIB30BAHMU MAacCHUBa JOKAa3aTEIbCTB,
MOJTYYEHHBIX XUMUYECKUMH, TOKCUKOJIOTUYECKUMU U OMOMHINKAIIMOHHBIMU aHAJIM3aMU.

JIns ynpaBiieHUs pucKamMu 3arpsi3HEHUs] TIOYB pa3paboTaHbl HOBBIE MaTepHUalbl U
OMHUCAHbI TEXHOJIOTUU UX MPAKTUYECKOTO UCIIOIb30BAHMUS.

IIpakTHYeckasi 3HAYUMOCTD MOJYYEHHBIX Pe3yJbTATOB.

OlieHKa 5KOJIOTMYECKOTO PHUCKA JA€T BO3MOXHOCTH BBISIBUTH U ONPEACIUTH
BO3HUKHOBEHUE B OKPYXKAIOUIEH CpE/I€ HETaTUBHBIX W3MEHEHUN WM OTAAJIEHHBIX
HEeOIaroNpHUATHBIX MOCIEACTBUM ATUX M3MeHeHu. Kak mokazaHo B HacTosiel padore,
BAXKHOE 3HAYEHHE UMEET OLIEHKA SKOJIOTUUYECKOr0 PUCKA C MPUMEHEHUEM COBPEMEHHBIX
METOJIOB, OCHOBAaHHBIX Ha MCIOJIb30BAHUM COBOKYMHOCTH PE3YJIbTATOB XUMHUYECKUX,
OMOMHJAMKAIIMOHHBIX Y TOKCHUKOJOTHMYECKUX aHAIM30B. B KkadecTBe crTpareruu
yOpaBJICHUSI pUCKAMHU  3arpsA3HEHUS]  NIpejjlaraeTcs MNPUHUMATh  OYUCTKY W
BOCCTAaHOBJICHHE (peMeIMalii0) HApPYIICHHBIX TEPPUTOPHHA C  HCIIOJIb30BAHHUEM
crienupUIECKUX MaTepUaioB U TEXHOJIOTHUM.

OrnucanHbie B paboTe METO 1Bl MPUMEHSIOTCS B ONIPECIICHUN CTETICHU 3arPsI3HCHUS
TEXHOTCHHBIX U TPHUPOJ0OXpaHHBIX TeppuTopuil Kbipreizckoit Pecnybnuku. Mmeercs
NOATBEPKAEHUE J[lemapTaMeHTa SKOJOTMYECKOTO0 MOHUTOPUHIa Ipu MHHHUCTEPCTBE
OPUPOJHBIX PECYPCOB, AKOJOrMM U TexHanzopa KP. Merogsl MHOrOKpUTEpPHATBHOTO
aHaJM3a 3arpsi3HEHUS] OKPYKAIOIIEH Cpelbl U OLIEHKU SKOJIOTHYECKOTO PUCKa BBEICHBI B
y4eOHBIM Tporecc MpU YTEHUH JIEKIMH W B IUIAHOBBIE HAyYHBIE MCCIEIOBaHUS
MenunuHckoit akagemun uMenn W.K.AxynGaeBa. lcmomb3oBaHue MarepuaioB
auccepranuu B yueOHOM mporiecce B BY3ax cmocoOGCTBYyeT MOBBIICHUIO YPOBHS
MOATOTOBKH CIIELUATUCTOB.

OcHOBHBIE N0JI0KeHH S JUCCEPTAIMI, BBIHOCUMbIE HA 3aIIIUTY:

1. PesynbraThl XUMHUYECKUX, pPAAUAIMOHHBIX, OWOMHIUKAIIMOHHBIX U
TOKCUKOJIOTHYECKHUX MCCIIEIOBAHNN NTOYB TEXHOIeHHBIX 30H KP.

2. OreHKa 3KOJIOTMYECKOTO PHCKA 3arpsA3HEHUs TOYB B TEXHOTEHHBIX 30HAX C
WCIIOJIb30BAaHUEM MOJIENIM paclpeereHus KoHUeHTpauuu Bo3aehctBus (Exposure
Concentration Distribution — ECD) «mo3a— 3 dexr»

3. OreHKa 3KOJIOTMYECKOTO PUCKA 3arps3HEHHs MOYB B TEXHOTCHHBIX 30HAX Ha
OCHOBE MOJICIMPOBAHUSA paCIpe/eNieHuss BHUAOBOM YyBCTBUTEIbHOCTH (Species
Sensitivity Distribution - SSD) nouBeHHBIX IIEHO30B.

4. OmnpenenieHre WHTETPaJbHOTO HMHJIEKCA 3arpsi3HEHUs] MOYB MeToaoM Tpuan,
OCHOBAaHHOM Ha MCIOJIb30BaHUHU MAacCUBA J10Ka3aTEIbCTB.

5. [IlomyyeHue ¥ TEXHOJOTMH MCIOJb30BAHUS HOBBIX MAaTEpPUAIOB CO
cnenupUIeCKUMHA CBOMCTBAMH JIJISl YIIPABICHUS PUCKAMU 3arPSI3HEHUS TTOYB.
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JInunblii BKJIAA couckaTessi. BkiloueHHBIE B JUCCEPTALMIO PE3YJbTATHI
MOJIyYeHbl JIMYHO aBTOPOM M MPU €ro HEemocpeACTBEHHOM ydacTuu. Cowuckarelnb
CaMOCTOSITEILHO TUTAHUPOBAJ, MOJyYal M aHAJU3UPOBAJl SKCIIEPUMEHTAIIbHBIC JTAHHbBIE,
BBIIIOJIHAJTL TCOPCTHUYCCKUC PACUYCTBI, HHTCPIPETUPOBAT PE3YJIbTAaTbl HCCICAOBAHMA,
IMPUHUMAJ aKTUBHOC Yy4aCTHUC B IIOATIOTOBKC WM HAIITMCAHHUHN HAYYHBIX cTaTen u JOKJIago0B,
onyOJIuKOBa MOHOTpaduio.

CreneHb  J0CTOBEPHOCTH  Ppe3yabTaToB. J[OCTOBEpHOCTh W HAJEKHOCTH
PE3YJIbTATOB OCHOBAHbLI HA IPUMCHCHHUH COBPCMCHHBIX HAYUYHBIX MCTOOOB U HpI/I60pOB
JUISL aHalv3a TI0YB, HCIOJIb30BAHUM KJIACCUYECKUX U COBPEMEHHBIX METOJIOB
IKOJIOTO—TOKCHUKOJIOTHUYECKOM OLCHKU PUCKA 3arpiA3HCHHUA I104YB, SKCIICPHUMCHTAJIBHOM
J0Ka3aTcJIbCTBEC B(I)(I)eKTI/IBHOCTI/I HUCIIOJIb30BAHUA HOBBIX MATCPUAIIOB IJIA OYHUCTKHU U
peMeananuu 3arpsa3HCHHBIX 00BEKTOB C HCJIbIO YIIPABJICHUA 3KOJIOTUYCCKUMU PHUCKAMM.

Anpodanum pe3yJbTaTOB padoThI AMccepTannu. Matepuanbl HCCIEAOBAHUN 10
TEMC OuUcCCCpTAllMU JOKJIaAbIBAJIINCh H O6CY)KI[21J'II/ICB Ha MCKIAYHAPOIAHBIX HAYYHBIX
dopymax u konpepenuusx: SETAC Europe 25th Annual Meeting, May 03 — 07. 2015
Barselona, Spain; Aqua Con Soil, 2015. Copenhagen, Denmark; Russian Research and
Practic Conference «Actual problems of regional politics and biodignostic of living
systems», December 1-2, 2015, Kirov; Russia, International scientific-technical
Conference Natural Disasters and human life safety December 04-06, 2017, Baku,
Azerbaijan; VI Bcepoccuiickuii  CUMIO3UYM C  MEKIYHAPOJHBIM  Y4acTHEM
«Oprannyueckoe BeeCTBO U OMOTeHHbIE AIeMeHThI», MockBa, 28 aBrycra 2017. ESSE

2021; MexayHapo/iHas Hay4YHO — IMpaKTUYeCKas KOHQEpEeHIMs] M0 aKTyalbHBbIM
UCCJIEIOBaHUSAM B OOJACTH OKpPY’KAIOIIEH Cpeabl, YCTOMUYUBOCTH U COLHUAIBHO -
sKoHOMHUYeckoro passutus ZOOM — xoundepenius,l wutons 2021; International

Conference on Environmental Science and Development, Italy. 20—12—-2022.

IHonHoTa OTpameHUus pe3yJbTATOB AUcCCepTalMU B nyOaukanusax. [lo teme
auccepranuu onyosmukoBanbel 1 Monorpadwus, 20 HaydHbIX craredd, u3 HuX 10 B
KypHanax, uHaekcupyembix cuctemor PUHII, 3 cratem B 3apyOekHBIX XKypHaiax,
MHACKCUPYEMBIX B SCOPUS, 2 cTaTthi B kypHanax —Web of Science.

Ctpykrypa u o0bemM auccepraumu. [ucceprarus nznoxena Ha 218 ctpanuiax
TEKCTa, COAEPKUT 45 Tabnuily, 55 puUCyHKa M COCTOMT W3 BBEICHHUS, YETHIPEX IJaB,
BBIBOJIOB, CIIUCKA MCIIOJIb30BAaHHOMN JTUTEPATYPhI

baarogapHocTu. ABTOp BBIpa)XXaeT MCKPEHHIOK MPHU3HATEIHLHOCTH Mpodeccopy
Uropro Jluakory (LleHTp HMHXEHEpHBIX HCClieoBaHHN W pa3pabortok apmuu CIIIA),
npod. Jlaitane Xenmens (Yauepcutrer Munuansi, CIIIA), npodeccopy Bukropy .
Menuna ( LleHTp BOEHHBIX HWHKEHEpHbIX uccienoBannii CIHIA) 3a Hay4dHbIe
KOHCYJIbTAllUM B paMKax KoJulabopaTopcTBa NPHU BBIOJTHEHUU MEXKAYHAPOIHBIX
npoexktoB MHTILI NeKP 2092 u NeKP 2093, 6narogapur npod. B. A. Tepexopy (MI'Y
uM. M.B. JlomoHnocoBa), mpod. K.A. KeiapanueBy (MHCTUTYT NpUKITaIHOW OHOXUMUHU U
MarmHoCTpoeHusl, T. MockBa), mpod. b.M. Xynaitbeprenoy (MHCTUTYT OMOTEXHOIOTUH
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HAH KP) 3a moMomb B NOCTaHOBKE S3KCIEPUMEHTOB M OOCYXICHHHM MOJYYEHHBIX
JKCIIEPUMEHTAJIbHBIX JaHHBIX.

OCHOBHOE COIEPKAHUE PABOTbI

Bo BBenenun 000CHOBaHA aKTyalbHOCTh TEMbI UCCIIEAOBAHMS, U3JI0KEHBI 1IEb U
3a/1a4M, Hay4YHasi HOBU3HA, IPaKTHYeCKasi 3HAYUMOCTh pabOThl U OCHOBHBIE MOJIOKEHUS
JMCCepTaIuy, BBIHOCUMBIE Ha 3alUTY.

I'naa 1. O630p autepatypsl. [IpoBeneH 0030p COBpEMEHHBIX MCCIIEIOBAaHUN B
00JIaCTH CIOKHUBIIEHUCS IKOJOTUYECKON CUTyallMl B MHUPE, XapakTepUcTUKe HauboJiee
3HAYUMBIX KOMIIOHEHTOB OKPYXKaIIeH Cpelabl, 3arps3HeHUE KOTOPBIX HUIrpaeT
OTPEICIISIIONIYIO POJIb B pa3BUTHUU HA3€MHBIX KocucTeM. O003HaueHa BaXKHEHIIast pOJb
MOYBBI, KaK 0COOOT0 CBSI3YIOIIEr0 3BEHA MEXKJIY OMOTHUYECKUMH M aOMOTHUYECKUMU
KOMIIOHEHTAMHU HA3EMHBIX JKOCHCTEM, B pelieHuu mpobiem skojorun. Ocoboe
BHUMAHHE yJICJIEHO JETEPMUHUPOBAHUIO TOHATHUS SKOJOTHUECKUN PUCK U COBPEMEHHBIM
METOJIaM €ro OIIGHKU. PaccMOTpeHBl OCHOBHBIE TOJAXOJABI K pEHICHUI0 MpodieM
peaHUMUPOBHUS (BOCCTAHOBJIECHUS) 3arps3HEHHBIX TOoUB. OTMUCaHBI pe3yabTaThl paboT 1Mo
pa3paboTKe M MPAKTHUYECKOMY MPUMEHEHHUIO TEXHOJOTUM peMeaualiy 3arps3HCHHBIX
00OBEKTOB.

I'maBa 2. METOIOJIOI'USA U METOAbI UCCJIEJOBAHUS.

2.1 MarepuaJibl 1 METOIbI UCCJIETOBAHMSI.

NccnenoBanus NpoOBOAWINCH HA TEPPUTOPUH ABYX TEXHOTEHHBIX 30H KbIpreI3ckoi
Pecniy6nuku: buoreoxumudeckoit ypanoBoi npoBuHIimn Kamku - Caii u Tepputopun
tepmoanekTpuueckoro nerrpa (TOL]) r. bumkek. Bricokas 3HaUUMOCTh HAyYHBIX PabOT
10 U3YYEHUIO MTPOLIECCOB 3arpA3HEHUS TOUYB B TEXHOT'€HHBIX 30HAX ONPENEIIIETCS ele U
TEM, YTO SKOJOTHMYECKHE PHUCKUM HMMEIOT OTIAJICHHbIE IMOCIEICTBHS, KOTOPHIE MOTYT
IOPOSIBIATHCS U MIOCIIE PEKYIbTUBAIIMU 3aTPA3HEHHHBIX TEPPUTOPHU.

N3mepenue 5SKCHO3UIIMOHHON 1036l MPOU3BOAWIOCH C TMOMOILIBID TraMma-
no3uMeTpa-paguomerpa. M3MepeHus: MpoBOAWINCH B COOTBETCTBUU C HMHCTPYKLIHSIMH
MATI'ATD no HazeMHOMY 00CIJIEIOBAaHUIO pauallMOHHON 00cTaHOBKH Ha BbicoTe 0,1 u 1
METp OT MoBepxXHOCTH 3eMiid. COTJIACHO TEXHUYECKOW MHCTPYKIMH K JT03UMETpaM, ObLIO
MIPOBEJEHO HE MEHEE TPEX U3MEPEHUM, ONIPEAEIICHO CPEIHEE 3HAUCHUE.

AKTHBHOCTH paIMOHYKIIHIOB H3MEpEeHBI Ha Tamma-criekrpomeTpe Canberra CIIIA,
cocrosimuii U3 repmanueBoro nerektopa HPGe. Jletexkrtop u3roroBieH u3 0coboOro
gyrctoro repmanus pupmsl «Canberray mogens GX4019. OH ocymecTBISIeT ypaBicHUE
paboToil TaMMa-CIIEKTPOMETPHUECKOTO TpakTa, OO0pabOTKy ammapaTypHBIX TramMMa-
CIICKTPOB C mporpaMMHbIM obOecrieueHneM Genie-2000.

DNEeMEeHTHBIM COCTaB MOYBbI MCCleA0BaH ¢ ucnoiab3oBanueM XRF criektpomerpa
DELTA Classic (USA). B anamuTH4ecKuxX peXMMax HCIOJb30BaHa OHOIHOTEKA
3aBOJICKHUX OLIEHOK, COCTOsIIasi U3 HaOopa MUHUMAJIBHBIX U MAaKCUMAaJIbHbIX 3HAUCHUU
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U KaXJIOTO dJIeMEHTa B AaTduke. [[JIsi TOYHOCTH MOJyYEHHBIX PE3yNbTAaTOB KaXKIbIN
oOpa3er ObUT U3MEpEH 3 pasa, a 3aTeM ObLIIO CO3/IaHO CPETHEE 3HAUCHHUE TPEX U3MEPECHUH.

BunoBoe pa3HooOpa3ue H30JIMPOBAHHBIX T'PUOHBIX COOOIIECTB OLIEHEHO 10
YHCICHHOCTH BHJOB W Ha OCHOBE pacueTa HWHAEKca pa3zHooOpasus IlleHHOHA.
Knactepupiii u (axkTopHbI aHANIM3 MPOBEJEH C MOMOIIBIO MporpaMmbl Statistica 7.0.
KonmnuecTBeHHBIN mMoOACYeT OaKTepuil MPOBOAMIN Ha (IIyOPECIICHTHOM MHUKPOCKOIIE
MS300FS. buonHaukanmoHHbIE TOKA3aTENN ONPEEICHbl U3MEPEHUEM WHTEHCUBHOCTHU
JBIXaHUS TTOYBBI U 0a3aIbHOT0 MUKPOOHOTO JbIXaHUS. TOKCHKOJIOTHYECKUE HCTIBITAHHS
00pa3ioB MOYBBI MPOBOAWIUCH B cucTeMe DUTOCKaH, a Takxke ¢ ucnois3oBanueM Allium-
TecTa.

I'nasa 3. PE3YJIbTATBI COBCTBEHHBIX UCCJIEJJOBAHUM.

3.1. O0mas xapakTepHCTHKa 3arpsi3HeHHbIX Tepputopuil. Paamanmnonnoe

COCTOSIHHE.

['eoxumuueckue ycnoBus KeIprei3cTaHa cirykaT OCHOBOW [IJIi BO3HUKHOBEHHSI
OMOTreOXMMUYECKUX YPAHOBBIX MPOBUHIMHK. OHON W3 TaKUX NPOBUHIIUNA SBISICTCS
Kamxu — Caii, rae B TeUEeHHE OJTOr0 BPEMEHHM JOOBIBAJICS MOA3EMHBIM CIIOCOOOM
YPaHOHOCHBIN OYpbIN yrojb, U3 KOTOPOH B MOCTEAYIOIIEM BBIJCISIN OKCUJ ypaHa. Ha
TEPPUTOPHUAX 10 J0OBIYE U TTepepadOTKe YPAHOBOH Pybl ObUIH CPOPMHUPOBAHBI 30HBI C
MOBBIIIEHHBIM (DOHOBBIM YPOBHEM PATUOHYKIUIOB. 3aXOPOHEHHMs PACIOJIOKEHHI B 2,5
KM K CEBEPO-BOCTOKY OT X ujoro moceinka 1 B 1,5 km ot o3zepa Hccweik-Kynp c
o0pa3oBaHHEM ypaHOBBIX XBocToXpaHUIuI] 00beMoM 400 000 kyOOMETpOB | IIJIOIIAIBIO
10800 M. Ha moBepXHOCTH 3aKPHITHIX OTBAJIOB 30J1bI SKCIO3HUIIMOHHAS 1032 Y-H3JIyYCHHUS
cocrtasiseT B cpeaHeM 30-60 mxP /4. MimeroTcs pailoHbI ¢ aHOMaJIbHO BHICOKMMU J103aMHU
ob6myaenust ot 600 g0 1500 MxP /4.

IlouBa B paiione Kamxu-Casi OTHOCHUTCS K TOPHO — JOJIMHHOMY CBETJIO-
KOPUYHEBOMY THMY. TEeKCTypa B OCHOBHOM CpPEIHECYTJIMHHUCTas C TpeoldsialaHueM
KPYIMHO3EPHUCTOMN (hpaKLUU, PEKE CYTITUHUCTAS.

Kak BuAHO M3 pe3ynbTaTOB raMMa-CIIEKTPOMETPHUYECKUX H3MEpEeHMil 00pa3iioB
(Tab:n.1), B mouyBax yzaenbHas akTuBHOCTH U-238 Bapeupyer B mpexaenax 42,3 - 1449
bx/kr, ynenmpHas aktuBHOCTh Ra-226 — B mpegenax 39,2 - 183,5 bx/kr, ynenpHas
aktuBHOCTH Pb-210 — B nmpenenax 62,7 — 310,9 bx/kr.

Tabnmuma 1. — Pesynbrarel ramMma-CeKTPOMETPUUYECKHX H3MEPEHHH 00pa3ioB
nouBsl (0-20 cm)

U-238 +/- Ra-226 | +/- Pb-210 +/-

Touxka [Bx/Kkr] [br/kr] | [br/kr] |[bx/kr] | [Bbx/kr] |[Bbx/kr]
0 127.6 17 183.5 19 310.9 44
1-1 92.18 18 109.43 22 141.12 28
1-2 144.94 29 100.53 20 142.94 29
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[Tponomxenue tad. 1.
2-1 144.94 29 87.31 17 155.32 31
3-1 118.45 24 133.82 27 237.41 47
3-2 1670.58 334 | 107.10 21 91.02 18
4-1 33.6 4 41.8 4 82.8 11
5-1 55.3 11 42.7 9 78.2 16
5-2 128 17 184 19 311 44
5-3 63.1 7 58.0 15 142.6 19
6-1 42.5 8 58.2 12 69.3 14
6-2 50.1 5 49.1 5 62.7 8
6-3 46.0 7 41.1 7 64.1 11
7 52.4 6 39.2 4 88.1 9
9 41.8 8 49.8 10 77.3 15
(BIOJB 1I0POTH)
10 43 19 36 11 52 17

Cocrapinstonias BHEITHETO PaJUAIIMOHHOTO (JOHA CO3/aeTCs MOYTH MCKIIOUUTEIIBHO 32
CYET ECTECTBEHHBIX PAIMOHYKIUIOB, BXOJAIIMX B PsAbl pacrajna ypaHa U TOpHUS
BrimenpuBeieHHble  JaHHBIE OTPaXEHBI B MPOCTPAHCTBEHHOW  HMHTEPTIOJSAIINU
F€OXMMHYECKUX U pajuoiorndeckux mokaszareneit s U 238 Ra 226 u Pb 210.

3akimrouenne. Kamxu-Calickass TEXHOT€HHAs 30HAa XapaKTEPHU3YETCS BBICOKHM
paguanuoHHbIM (hoHOM. COCTaBIISIIONIAs BHEIIHETO paJHaIlliOHHOTO (hoHA CO3aeTcs 3a
CYET ECTECTBEHHBIX PAJMOHYKIHIOB, BXOMSIIMX B PSAIbl pacmaga ypaHa U TOPHS.
Conepxxanue pamuonykimaoB U-238, Ra-226, Pb-210 B mouBax u rpyHTax Kamknu—
Calickoil TEeXHOT€HHOHM 30HBI MIPEBBIIIAET UX KJIAPKOBOE COAEPKAHUE B 3€MHOU KOpPE BO
MHOTO pas3.

3.2. DJieMeHTHBIH COCTAB MOYBLI HCCIEIOBaH ¢ uHcnoib3oBanneM XRF
cnekromerpa DELTA Classic (USA). [louBsl npoBuniuu Kamxu-Cait anHanu3upoBaHbl
Ha cojiepkaHre xumudeckux anmemenToB Ti, V, Cr, Mm, Fe, Co, Ni, Lu, Zn, W, Hf, Ta,
Ro, Pb, Be, Zn, Nb, Mo, Sn, Sb). Axanu3sl IPOBEIECHBI C YCIOBHEM MPEATUCAHUIN IS
n3MepeHus MakcuMmanbHo 1onycTuMbix (MAC) u opueHTHpOoBOYHO fonycTUMBIX (AAC)
KOHIIEHTpallMi. AHalIW3 paclpelesieHuss XUMHYECKMX dJIEMEHTOB Ha MecTax
npeacTaBieH Ha pucyHke 1. HaumOoimee 3arps3HeHHBIE Y4YacTKH PaCIIOIOKECHBI Ha
y4acTKax MPOMBIIIICHHON 30HbI. KoHIIeHTpanus TokcuaHbIX BemecTB S, Cr, Mn, Co, Ni,
Cu, Zn, Sb, Hg, Pb npeBeimaet 3nauenue I[1/IK ot 10 mo 1000 pa3. B xxwuioii 30He uMeeT
Mecto npesbienue [1JIK mo Cr, Cu, Pb, Co, Sb 10 10 pa3. OcoO0eHHOCTBIO 3arpsA3HEHUS
MOYB B UCCJIEAYEMOM TEXHOTEHHOM 30HE ABISETCS HEOAHOPOAHOCTh IPOCTPAHCTBEHHOTO
pacnpeaeseHrs KOHIEHTPAui XUMUYECKHUX 3JIEMEHTOB.



AHanun3 3arpsi3HEHUs1 TEPPUTOpUH, Npuieraromeit Kk bumkekckon TOL, mokasan,
YTO B OOJBUIMHCTBE ciydaeB cojaepxanue TM B mouBax He npesbimaeT HopMbl — OZIK.
CpaBHEHUE MOIYYEHHBIX JaHHBIX MO COAEPX AHUIO TsxkenblX MeTamioB (TM) B mouBax
Ha Tteppuropun TOI[ ¢ cymectBytomumu HopMmatuBamu OJIK mokasano, 4To
uccieayeMbple o0paslbl B ILIEJIOM HE OTHOCATCS K pa3psay MOYB, MPEACTABISIONINX
OMAaCHOCTh OT 3arpsI3HEHUS TSKEIBIMU METAIIAMHU.

100 -
90 = mSs
80 B mCr
70 5 mMn
60 B mCo
I
s 90 i M Ni
o
40 ] mCu
30 5 7n
20 1 Sb
10 -
Hg
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Pucynox 1. - [Iumarpamma pacnpenesieHusi XUMUYECKHX 3arpsisHUTENIeH 1o

ydacTKaM. Kmac — MaKCHMaJIbHBIH JOMYCTUMBINH YPOBEHB COJICPKAHUS DIICMECHTA.

Ilo pe3ynapTaram HCCIEAOBAHUN BBISIBICHO, YTO IO COJCPKAHUIO TSXKEIbIX
MeTaiuioB nouBbl Kamxu-Calickoll POBUHITUHN SIBJISIFOTCS BBICOKO TOKCUYHBIMU. [104BBI
Ha Ttepputopun TOIl He npeacTaBIsAIOT OMNACHOCTh MO 3arps3HEHUIO TKEIBIMU
MetaiaMu. OCOOEHHOCTBIO 3arps3HEHHs] TIOYB B HCCIICIYEMBIX TEXHOTCHHBIX 30HAX
SIBIIAETCS  HEOAHOPOAHOCTh MPOCTPAHCTBEHHOTO  pacCOpEAeCHUs KOHUECHTpalun
XUMHUYECKHUX DJIEMEHTOB.

3axnwuenne. Ilo comepkaHuio TsoKeIbIX MeTaioB MmouBbl Kamku-Caiickoi
MPOBUHIIMUA SBJISIOTCA BBICOKO TOKCHYHBbIMHU. IlouBel Ha Tepputopun TOIL[ He
MPEACTABIISIOT OIMACHOCTh IO 3arpsA3HEHUI0 TsOKEIbIMH MeTauiamMu. OcoOEHHOCTBIO
3arpsiI3HEHUS TOYB B HCCIIEAYEMbBIX TEXHOTCHHBIX 30HAX SBISETCS HEOIHOPOJTHOCTH
MPOCTPAHCTBEHHOTO  paCIpeeNieHUs]  KOHIECHTpPAlMM  XUMHYECKUX  DJIEMEHTOB.
BapuabenpHOCTh (UKCHpyETCS Ha OOIIEM BBICOKOM YPOBHE BaJIOBBIX COJIEpPKAHUI
MOCJICTHUX.
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3.3. DbuHOMHIMKAIIMOHHBIE MW TOKCHKOJOrHYeCKHe moka3aTteau. J[is
OMOMHANKAIIMOHHBIX W TOKCHUKOJIOTMYECKUX HCIBITAHUM ObUIM HCIOJIb30BaHbI 22
oOpa3sia mouBbl. AHANIKU3 COJIEpKaHUs IPUOOB B 00pasiax MouyBbl MOKa3ajl OTHOCUTEIBHO
HU3KHE MOKa3aTeNH o0IIero KoauyecTBa MUKpoMuieToB (0T 22,0 1o 25,7¢1oic. KOE Ha
1 r nouBsl). Unentudunuponan 21 Bug MukpomuiieTos. Bugosoe paznoobpasue Bo Bcex
npobax ObUIO HU3KUM - OT 4 10 7 BUIOB MUKpoMuleToB. OObIYHBIE BUIBI B MpoOax
npeacTaBieHbl rpynmamu rpuooB Mycelia sterilia (wacrora 100%). MHorue u3 HUX
MPEICTABIISIOT TPYIITY MOTEHIIUAIBHBIX TATOTEHOB PACTEHUI CO CTIOPaMH TEMHOTO IIBETa
Dematiacea (100%). KonoHuu HUTYATBIX TPUOOB CO CIIOpAMH MUTMEHTA TPUHAJICIKAT
k Moniliaceae (80%). Mukpomurier Gliocladium roseum, nsBecTtHblil Kak rumneprapasur,
ob11 0O0HapysxeH B 80% npo0. Jlis aHanm3a coctaBa U CTPYKTYPbl TOUBEHHBIX TPUOHBIX
coobmiecTB ObUIO TpPEACTaBICHO 7 00pa3soB M3 HAPYLWIEHHBIX U KOHTPOJbHBIX
MecToobuTanuii. B mpobax ¢ HapylmIeHHBIX Y9aCTKOB KOJMYECTBO TPUOHBIX COOOIIECTB
OOBIYHO OBLIO BHIIIE, YeM B KOHTPOJIBHOH mouBe. MHIeke paznooOpasus lllenHoHa Ha
KOHTPOJIBHBIX Y4YacTKaX MOHUTOpHMHTra mouB coctaBmi Bcero 1,28-2,07. B oOpasmax
ITOYBHEI IToJIMroHa 2,24 - 2,60.

JIOMUHUPYIOT BUMBI, CPEAH KOTOPBIX MPEOoOJaaroT MPEJACTABUTEIH THUITUYHBIX
nouyBeHHBIX poioB - Penicillium, Aspergillus (puc.2.).

Toic. KOE /' r
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@ Nortierela

50

BYACUHOmMC o = BRI opus
10 W [1pyrie TeMHOOKPAIL CHHIIE

O | homa

30 s )
| Penicillium

( R rusarium

20 ’

-A'~’)l" l', "

QAcremwonum = Saracladium

10
O Konuuecrso enaos

Pucynok 2. - UuciaeHHOCTB, BUJIOBOE OOTaTCTBO M MPEACTaBICHHOCTh OCHOBHBIX
POJIOB M TPYIIT MHKPOCKOITMYECKUX TPUOOB B COCTaBE IMMOYBEHHBIX TPHUOHBIX COOOIIECTB,
BBIJICJICHHBIX M3 UCCIICIOBAHHBIX 00pa3IoB.

Pazmuuust rpuOHBIX COOOIIECTB MCCIIEYEMbIX 00pa3I[0B OUBHI MTOATBEPKIAIOTCS
HU3KUM YPOBHEM CXOZCTBa 1o mHAekcy Cepencena-UekanoBckoro (Tabm.2.), KOTOPBII
coctaBisger MeHee 29% Mexay oOpa3iaMyd  HApYIICHHBIX MECTOOOWUTaHUN W
KOHTPOJILHBIX TTOYB.
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Tabmuua 2. - Wupekc nopobusi uuaekca CepeHceHbl-UekaHOBCKOrO st
co00111eCTB IPUOOB B HCCIIEJOBAaHHBIX 00pa3iax MOYBbI

14 13 12 8 5 3 2
2 0,06 0,17 0,29 0,14 0,12 0,28
3 0,06 0,11 0,14 0,24 0,16
S) 0,13 0,23 0,20

0,17 0,30 0,42
12 0,17 0,46
13 |0,35

« |

B mouBax HapyIeHHbIX MECTOOOUTAaHUHN HAOI0IAETC YBEIMUECHUE Pa3HO00pa3us
NOTEHIIMAbHO TATOTEHHBIX BHJIOB TI'pUOOB, YTO SBISETCS BaXKHBIM IOKa3aTeleM,
OTpa)KarIIUM HAJIMYKME U MHTEHCUBHOCTh aHTPONOT€HHOW Harpy3ku Ha nouBy. Ha Bcex
HapYILIEHHBIX I0YBAX B OTINYHUE OT KOHTPOJIbHBIX YBEJIMUEHO KOJIMYECTBO MOTEHIUAIBHO
NaTOreHHBIX BUJIOB IpuboB u3 rpynmnbsl BSL-2 (Puc. 3).
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Pucynox 3. - UucineHHOCTh M BHJIOBOE OOTaTCTBO MOTEHIIMAIBHO MATOTEHHBIX
rpu0OB B COCTaBE MOYBEHHBIX TPUOHBIX COOOIIECTB H3YUEHHBIX MECTOOOUTAHUIA

[IpoBeneHbl TOKCHKOJIOTHYECKHE HCIBITaHHS 00pa3ioB mouBbl ¢. Kamxu-Cait ¢
UCTIOJB30BaHUEM TopuHIlsl Oenoit (Sinapis Alba) B kauecTBe TecT-00bekTa. Pe3ynbraTh
pacuera Kod(DPUIIMEHTA KOPPENSINU MEXAy HaOMI0IaeMbIMA KOHIEHTPAIUSIMH
XAMHYECKUX JJIEMEHTOB M HMCCJEAYEeMOH peakIMei TOPYMIIBl TOKa3ajih, 4TO JJTNHA
KOpHEH TOPYHMIIBI ONIPEAesaeTCs KOHIISHTpanuei 7 Tsokenbix MetamioB: Ca, Cu, Zn> Cr,
Cd,> As> Pb. MoxHO yTBepXkaaTh, YTO HMHTETPAIBHYIO TOKCHYHOCTH OOpa3IoB
OTIpeJIeIsIeT COBOKYITHBIN 3P hEKT dTUX 7 THKETBIX METAIIIOB.
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TOKCHYHOCTH TOYBEHHBIX KYJBTYp OINpEAeNsiach TaKKe C HCIOJIb30BaHUEM
Allium-recta Ha mnpumepe permuartoro Jjyka coprta Iltyrrrapren. IlpemapaTsl st
[IUTOTCHETUYECKOTO aHalli3a TOTOBWJIM W3 AaNHUKaJIbHOM MEpUCTEMBl KOPEIIKOB U
OKpalINBaJIM alleTOOPCEHMHOM. B Kax/1oM mpenapaTte aHaTU3UpOBAIIN Bce aHATeNIo(a3HbIe
KJICTKA. YUYHUTHIBAJIM XPOMATHIHBIE M XPOMOCOMHBIE MOCTBHI M (PparMEHTBI, a TaKXKe
OTCTaBaHUE XPOMOCOM U TPEXIMOIIOCHBIE MUTO3BI. J[aHHBIE MO YacToTe abeppaHTHBIX
KJIETOK B aNUKaJIbHBIX MEpUCTEMaxX JyKa CBHUJACTEIbCTBYIOT O  BBICOKOM
IMUTOTOKCUYHOCTH ITOYB Ha BCEX MCCIEAYEMBIX ydacTKaX.

3akouenue. V3yuena nuHamMuka OMOTHUECKHX MOKa3aTeIe B pa3Indaronimxcs
M0 paJMOaKTUBHOCTH MpoOax MOYBBI B TeXHOTeHHOU 30He Kamku-Cail. YcTaHOBIICHBI
OTHOCHUTEIIbHO HH3KHE TMOKa3aTelu OO0IIero KojJudecTBa MUKpoMuieToB. CooOriecTBa
rpuOOB MCCIIEIOBAaHHBIX MMOYB HE3HAUYUTENIHHO Pa3IMYArOTCs MO COCTaBy. JJOMUHUPYIOT
BUJIBI, CPEIU KOTOPBIX MPE0OJIaTaroT MPEACTABUTEIIA THITMYHBIX TTOYBEHHBIX POJOB -
Penicillium, Aspergillus. B coobmiecTBax mo4BeHHBIX TPHOOB HAPYIICHHBIX TEPPUTOPHIL
UMEIOT MECTO M3MEHEHHsI COCTaBa M YHCICHHOCTH JIOMHUHHUpPYOMEro Buua. M3ydeHo
BiHstHEE 00pa31oB mouBbl Kamku-Calickoi TpOBUHIIMH HA MOP(POJIOTHIECKHIE TPU3HAKH
BBICIINX pacTeHUW. J[aHHBIE TOKCHKOJOTMYECKUX HCIHBITAHHA C WCIOJIb30BAHHEM
ropuwuiibl Oesoi (Sinapis Alba) u pemmuatoro siyka copta IlITyTrapreH CBUACTEIBCTBYIOT
O BBICOKOH IUTOTOKCHYHOCTH IOYB HA BCEX HCCICAYEMBIX ydacTKaX. MeXaHH3MBI
TOPMOJKEHUS JICJICHUS KIIETOK B AKCIIEPUMEHTAIBHBIX BAPHAHTAX MOTYT OTIMYATHCS H3-
3a CYIIECTBEHHBIX PA3IUYUiA B JJIEMEHTHOM COCTaBe 00pa3IloB MOYB.

I'naBa 4. OneHka 3K0J0rM4ecKOro pucKa 3arpsi3HeHUsl MOYB B TEXHOT€HHBIX
30HAX ¢ UCMOJIL30BAHHEM METO0B MHOTOKPUTEPHAIBHOI0 AHAIN3A.

4.1. OueHka 3KO0J0rMYeCKOro pPUCKa 3arpsi3HEHHs] MOYB € HCIOJb30BaHHEM
MoJeJ pacnpenejeHuss KoHueHrpauuu BosaeiicTBusi (Exposure Concentration
Distribution — ECD).

OreHKa BEpOSTHOCTH BO3HUKHOBEHHS HETATHBHBIX M3MEHEHHH B OKpY)Karolieu
cpene (WM  OTHANCHHBIX HEONArONPHUATHBIX IOCIEICTBHH OTHX HM3MCHCHH)
3aKJII0OYaeTCS B BBIABICHWU KPUTHYECKUX To4eK no3a—3ddekr. Ilog «mozoi» X
noJipazyMeBaercs J1000e (XMMHUECKOoe, TEPMUUECKOoe, ONOJIOTUYECKOEe, PaTUAIIIOHHOE)
BO3/ICIICTBHE HAa 3KOCHUCTEMY, MU3MEPSIEMOE B HEMPEPHIBHOW IIKAJE U KOJIUYECTBEHHO
BBIPOKEHHOE B MPOM3BOJBHBIX eAMHHUIAX. «OTKIMK» @ 3TO KOJMYECTBEHHAs pPeaKIlus
HKOCHCTEMbI Ha BO3/€ICTBHE ompeaeneHHOro ypoBHsA. CTaTHCTUYECKYIO 3aBUCUMOCTh
adekra @ OT ypOBHS BO3ICUCTBUS X OOBIYHO OMUCHIBAIOT, KaK:

¢ (X;b,c,d,e)=c+(d-c)w(x;Db,e),

r7ie mapaMeTpsl C u d, IpeCTaBIAIOT COO0 HIDKHUHN M BEpXHHI MTPEICIIbl OTKIINKA, a W -
OIPENCISAIOT HEKOTOpOH HeluHeWHoW QyHkumed mapametpoB b u e. st
armpoOKCUMAIUU 3aBUCUMOCTEN «moza  —  addexT» o pe3yJibTaram
SKOTOKCHKOJIOTHYECKHX HMCCIEIOBAHUNA MCMOJIB3YIOT MOJENIHM HEJIMHEMHOW PErPECCHUH.
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Cnucok Mojeneil, NpoTeCTUPOBAHHBIX B HAcTOALIEH padoTe, mpHUBEAEH B Tabauue 3.
Tabmuua 3. — Maremaruueckue Gpopmyibl GyHKIMA MOJENE HETUHEHHON perpeccuy,
MCIIOJIB3YEMBIX JJIs1 allpOKCUMALUU 103a-3P(DEKT.

Onucanue MoAeIu Buyx GyHKIMM perpeccun Kon
Log-noructuueckast monens ¢ 4 o(x)=c+ d—c LL4
napamerpamu (b, ¢, d, €) 1+exp{b(log(x) —log(e))}
Log-Jloructuueckas Mmojiens ¢ 3 d
x)= LL.

rapamerpamu (b, d, €) () 1 +exp{b(log(x) —log(e))} 3
morucruueckast Moienb ¢ 4 d—-c .

o(x)=c+- ' ; )
napamerpamu (b, ¢, d, ) 1+ exp{b(x —e)}

¢(x) = c+ (d —c)D{b(og(x) —Tog(e))}

e
UlornopmaneHas Mogenb (probit) ¢ 4o - xymynaTuBHAas (QyHKIMS IUIOTHOCTH )
rmapametrpami (b, ¢, d, e) st CTaHJApTHOTO HOPMaJIbHOTO
pacIpeeIcHAs

Monenp Brain-Cousens (1989) o(x) =+ d—c+ fx BC.S
c 5 mapamerpawmu (b, ¢, d, e, f) 1+ exp{b(log(x) —log(e))}
Monens Cedergreen-RitzStreibig (2005) ¢, d+ fexp(-1/x")

o(x) = CRSc.4
4 mapametpamu (a, b, d, €) 1 + exp{b(log(x) —log(e))}
Moens lomnepiia o(x) = ¢+ (d — c){exp[exp(b(x — e))]} )
\Weibull - 1 mozens o(x) = ¢+ (d — c){exp[exp( b(log(x) —lojW1.4
\Weibull - 2 mozeins o(x) = ¢+ (d — ¢){l —explexp(b(log( x) -|W2.4
OKCIOHEHIMAJILHAI MOAEIb C 3 B B % g
napamerpam (c, d, ¢) o(x) =c+(d —c)(exp(—x/e)) EXP.3
DKCIOHEHIMAIbHAS MOJIEIb C 2 3 ,
napamerpsl (d, €) ¢(x) = d(exp(—x/e)) EXP.2
Monens  Muxasnuca-Menten ¢ 3 SR =6 d-c MM.3
mapamerpami (c, d, ) 14 (e/x)
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OueHouHbIE TapaMeTpbl MOJENEH HMMEIOT OINpPEeAENICHHbIH (U3HMYECKUH CMBICIL.
Paznura (d - ¢) mapameTpoB Mozenu «103a—3PPexT» pakTUIecKu OnpeeseT BeTHInHY
MaKCHUMaJIbHOT'O OTKJIMKA, & 3aTEM JIETKO ONpEeNessieT MECTOHAXOXKIEHUE JII000M 03Bl
EDy, uro nmpusoaut k (100 - y) % none (d - ¢). Hanpumep, B To¥ sxe Moaenu LL.4 mro06ast
303G eKTUBHAS 03a BeIpakaeTcs yepe3 napamerpbl b u e: EDy =e (y/(100-y) 1/b.

JUIsT OLIEHKM peakuMH HKOCUCTEMbl ObUIM  HUCIOJIb30BAHBI  PE3YJbTAaThl
OMOVMHIMKALIMOHHBIX HCCIEJOBaHUI COOOIIECTB MOYBEHHBIX MHUKPOOPTaHU3MOB IS
00pa31oB MOYB, B3SATHIX U3 YETHIPEX MUJIOTHBIX YYaCTKOB HAPYUIEHHBIX MECTOOOUTAHMIMA
U TpeX YYacCTKOB B KOHTPOJIBHBIX 30HaX. BbleneHbl YHUCTbIE KYJIbTYpPHI IS HX
nocnenywome uaeHTUPuKauuu. TakcoHOMHYECKas NPUHAAJIEHKHOCTb BbIIECIECHHBIX
rpuboOB  ompenensjgach Kak Ha  OCHOBAaHUU  KYJbTYpallbHO-MOP(OIOTHYECKHUX
0COOEHHOCTEMN C TEKYIIMMHU AEeTEPMUHAHTAMH JJI1 COOTBETCTBYIOIIMX IPYIIN U BUJIOB, TaK
U Ha OCHOBAaHMUU MOJIEKYJSIPHBIX CBOMCTB CTEPUJIBHBIX H30JIATOB. [l mocTpoeHus
MOJIEJIEN MOKa3aTeNlel «03a—peakuus» UCMNOJIb30BaHbl nokazarenu ynciaeHHoctu KOE
OTIEIbHBIX OpraHM3MOB B 1 T. BO3AYIIHO-CYXOW TMOYBBI JUJISI  CJEAYIOUIUX
TakCOHOMHYecKux rpym: Bcex Oaktepuit ( MiaH. KOE/ r. mouBbl); OTAENBHBIX TPyl
OakTepuii, BHIOPAHHBIX B 3aBUCMMOCTH OT Pa3IMYHBIX ()OPM HCIIOJIB30BAHHOTO a30Ta,
BBIPAILIIEHHBIX Ha Tpex nuTaTenbHbx cpenax - MPA, KAA wu Oynson Yaneka;
aktuHomuneToB (Thic. KOE/T mouBbl); Bcero cooOuiecTBa MUKPOCKOMUECKUX TPUOOB
(teic. KOE / r mouBbl) wu otaenbhHo s pogos Penicillium u Aspergillus. B xoze
CTaTUCTUYECKOH 00paboOTKH OBLIO NPOAHATU3UPOBAHO MHOYKECTBO 3aBUCUMOCTEN
pa3IMYHBIX MOKa3aTeneil OTKIMKa. [Ipu 3ToM B KaKJJOM Cilydae OCyIIECTBISICS nepedop
LEJIOr0 psiia BO3MOJKHBIX MOJENEH — IPETCHACHTOB W3 YUCIA IPEACTABICHHBIX B
tabmune 3. Kak moka3zaau OmeIThl, Mojaenu 3aBucumoctu kosmdectBa KOE
AKTMHOMHMIIETOB B 00pa3liax IMOYBBI OT aKTUBHOCTH PaJIHOHYKIHUIOB Ra-226 mmeror
XapaKTEePHYI0 CUTMOBUAHYIO (POPMY € YETKO BBIPAKCHHOM 30HOM nepernda (puc.4).

— LA o
LL 3

— W1 4
W2 4

I INHES

o0 1 1

50 100 Ra226. br/xi

Pucynok 4. - Kpusle "no3a-peaxius" ajisi OMUCaHUs 3aBUCUMOCTEN KOJHUUYECTBA
KOJIOHHEOoOpasyromux eauHul] aktuHomurietoB (teic. KOE / 1) oT akTHBHOCTH
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panuonykiuaa Ra-226 B npo6ax noussl (bK/KT) ¢ HCMOIB30BAHUEM YETHIPEX Pa3IUUHBIX
MOJIEIIEH.

Log-noructuueckas mozens LI.4 cumMmeTpuyHa OTHOCHUTENBHO LIEHTPaJbHOMN
TOUYKH, U €€ MMapaMeTp € YUCICHHO paBeH 3HaueHuIo «nony3gdexra» ED50. YMenbienue
KOJIMYECTBA mapameTpoB log -noructuueckoit moaenu a0 3 (T.e. HWXKHUN npenen ¢=0)
pa3pyliaeT CUTMOBHJIHYIO KpHBYIO, M OHa (DaKTHUYECKHM CTAHOBHUTCS JIMHEHHOMN
3aBUCHMOCTBIO, TJ€ YUCIEHHOCTh AKTUHOMHUIIETOB YBEJIMUMBAETCS C aKTMBHOCTBHIO Ra-
226 B obpazuax. Monenu W1.4 u W2.4 ¢ yeTblpbMs IapamMeTpaMu, NMPUBEICHHBIMU B
IpUMEpPE, OYEHB MTOXO0KHU M0 pe3ynbTaTaM. OYeBHUIHO, YTO B JAHHOM HCCIIEJOBAHUH 3TOT
KJIAaCC TOYBEHHBIX OPraHU3MOB SBIAETCS YETKUM HHAMKATOPOM AaHTPOIIOT€HHOTO
3arpsizHeHus.  [IpoBoauioch cpaBHEHUE KOJMUYecTBa OaKTepui, MCHOJB3YIOIIUX JIBE
MUHEpaJibHble (OpPMbI a30Ta W BBIPALIMBAEMBIX HAa KpaxXMajlbHO-aMMHUAYHOM arape
(KAA), ot aktuBHOCTH paguonykiauaa U-238 B oOpasiax mouBbl ¢ UCIIOIB30BAHUEM JIBYX
moaenet LL.4 u EXP .3. Ormerum, uro moxens LL.4 mnpencraBieHa He Bcew
CUTMOBHTHOM KPHUBOH B LIEJIOM, a TOJIbKO ee BepxHel BeTBbio (Puc.5.).
—  Ha KAA (EXD3Y
=, pvao

e - Hanew (EXDLS)
B odmen(END.3)

F IO BN

=
2 @ v
=4 o o a®
< “ o
= P — &
= - e —
B v e & =g =
n ° - -
- N o B ~
— n€ ,A,_,\..Kx,\
-~ s
v v Ve ¢

20 100 Qo0 U238, br/xr

Pucynoxk 5. - Kpussie «m03a-3ddexT» s onucaHus 3aBUCUMOCTEN YHCIEHHOCTH
OaKTepHAbHBIX KOJOHHEOOPA3yIOMIMX EIMHHI], BBIPAIIEHHBIX HA TPEX Pa3THYHBIX
MUTATENBHBIX CPellax, OT aKTUBHOCTHU paaronykiauaa U- 238 B 00pa3iax movBsbl.

B nanHOM cnydae OBLIO CAENAHO MPEANOYTEHHE SKCIIOHECHIIUAIbHON MOJEIH C
tpems napamerpamu EXP.3: moroMy 4dto oH mmeeT Oojiee cxaTyio GopMmy (MEHBIIEe
KOJINYECTBO MapaMeTpoB) U OoJiee HU3KYIO CTaHAapTHYIO0 omuOky perpeccun (0,733
npotus 0,744 nys monenu LL.4). [To aHanorudasIM COOOPAKEHUSIM MOYKHO TPEIITOYECTh
sKkcnoHeHManbHyo ¢yHkiuio EXP.3 Monmenun Muxasnuca — Menten MM.3 nns
YUCJIEHHOCTH OakTepuid, BBIPAIICHHBIX Ha mNUTaTtelbHOM cpene Yameka. B
MPOTUBOMOJIOKHOCTh 3TOMY Mojenb LL.4 nng konuyectBa OakTepuid, UCIOIb3YIOMINX
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opraHuyeckue Gopmbl a30Ta U BeIpALIMBAEMbIX Ha MsiconenToHHOM arape (MITA), umeer
XapaKTEpHYI0 CUTMOBHUAHYIO (pOpMY MapaMeTpOB OLIEHKH U MOKET OBITh JOCTOBEPHO
MCIIOJIb30BaHa JJIsl OUEHKH HKOJIOTMYECKOro pucka. Tam e NI cpaBHEHUS MPUBEICHbI
AHAJIOTMYHbBIE PE3YNbTATHl [0 MOJENH, MOCTPOCHHOM IS CyMMapHOW YHCIEHHOCTH
OakTepHii, BbIpallleHHbIX HAa BceX TpeX nurarenbHbix cpenax (MPA+KAA+Yaneka).

AHaan3 MHUKpockonuyeckux rpudoB B oOpasuax noussl (KOE/r mouBsl) c
Pa3JINYHOM aKTUBHOCTBIO paIHOHYKINAOB U-238 HE MpuBeEN K CO3JaHUI0 JOCTATOYHOTO
MOTEHIIMANa JUIsl BBITIOJIHEHUSI MOJEJIEN OLIEHKH 3KoJorudeckoro pucka. Moaens BC.5 ¢
MUHHUMaJIbHON OIMMOKON ammpoKCUMallMK, MOCTpOeHHas s BUAOB poaa Aspergillus,
npussuia popmy U-00pasHoil KpuBO#l, miaBHO crpemsuleiics k 0 ¢ yBeTuYeHHEM
panmoakTUBHOCTHU. [1Jisi 3aBUCHMMOCTH YMCIIEHHOCTH KOJIOHHI rpuboB poma Penicillum
IpOBEpKa aJIeKBaTHOCTU MOJENIA BOOOIIIE HE TpeOyeTcsl, MOCKOJIbKY UX TPEH COBIAIaeT
CO CpPEeIHUM 3HAYCHHEM YHUCIIeHHOCTH (puc.6.).

—  Aspergilius (BC.5)
< —  Penicillium (EX1D.2)
10 Penicilliom (¢peance)
B oGmenm (CRSAC)

L 1eie, KOE | 1 nosy

Yr,l_
0
7/>
b
b

U238, Bx/kr y
20 100 1000

Pucynok 6. - Kpusbie "mo3za-oTBeT" mjisi omMcaHUs 3aBUCUMOCTH KOJIMYECTBA
KOJIOHNE0Opa3yINUX eUHUI] ABYX POJIOB MUKpockonndeckux rpudos (Teic. KOE/T) ot
aktuBHOCTH panuonykiauaa U-238 B nmpobdax moussl (bk/kr).

buorectupoBanne o0pa3suoB mo4B. CpaBHUTENbHBIA  aHAIU3  MOJENEH
anmnpokcumanuu LL.4 B 3aBUCUMOCTH OT JUIMHBI KOPHEH MPOPOCTKOB OT AKTUBHOCTH BCEX
Tpex paguonykanaoB (U-238, Ra-226 u Pb-210) mo oTnensHOCTH U B CyMME TIPEICTABICH
Ha PUCYHKE /.

HabGmromaercst pe3koe CHUKEHHE BETUYMHBI OTKIWKA TMPU aKTUBHOCTH W30TOIA
pagust okono 30bk, 4TO Jaer BO3MOXKHOCTH MPHUHATH 3Ty BEJIWYMHY B KayeCTBE
HOPMAaTHBAa TEXHOIE€HHOT'O BO3IEMCTBUSA. AKTUBHOCTD APYTHX U30TOMOB TAKKE BbI3BIBACT
YMEHBIIIEHUE JIJIMHbI KOPHEBBIX MOOETOB, HO B3aUMOCBSA3b HOCUT 00Jie€ YMEPEHHBIN U
MOHOTOHHBIM XapakTep, MOATOMY MOPOr KX JIOKAIU3AUWUA CBSI3aH CO 3HAYUTEIBHOU
HEOIIPEACIEHHOCTBIO.
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Pucynok 7. - KpuBsie "mo3a-peakuus" Juisi ONKCaHUS 3aBUCUMOCTEHN cpejHei
JUTMHBI KOPHSI TOPYHUIBI O0€Joi (CM) OT aKTUBHOCTHU TPEX PAa3IMYHBIX PAJUOHYKIUIOB B
npob6ax noussl (bk / kr) ¢ ucnonszoBanueM Log-noructuyeckon Moaenu.

HaubGomee  BaXHBIM  pe3yJIbTaTOM  HCIOJL30BaHHUS  MPEACTABICHHBIX
PErPECCHOHHBIX MOJICIICH SABJISETCS OIEHKA KOJIMYCCTBCHHBIX 3HAYCHUH TIEPEMECHHBIX X,
NPHUBOJISANINX K OINPEACICHHONW BelM4MHE d(Pdekra HeONIaronpusTHBIX JIedcTBHA Y
(HanpuMep, 3HaYEHUE KOHIIEHTPAIINH, P KOTOPOH B Xoje buorecta ymepio 5, 16, 50,
86 wmm  95%  Ttecr-opranuzMoB).  Vcmonb3oBaHHWE ~— TOJYYEHHOM  IIKAJIBI
1303()PEKTUBHOCTH TIO3BOJISIET IBHO 000CHOBATH dKoJIornueckuii puck (IP) nubo B Buje
BEPOATHOCTH (WM  JIOJIM) BO3MOXKHOM  OTpULIATENIbHOM  peakiuu  Haubosee
YyBCTBUTEIbHBIX WHAMKATOPOB OMOTHKA, OO B Buje cootHomeHus IP = EC/DC. B
HEKOTOPBIX CIIy4asiX MOTPEITHOCTh PETPECCUU U JIOBEPUTEIbHBIC MHTEPBAIBI, KOTOPHIC
OKa3aJIUCh CJIMIIKOM BBICOKMMH HCKa3aJUCh Ha JIOCTOBEPHOCTH 3HAYCHUH 103
303 dekruBnoctu (Tabdm1.4.).

Tabnuna 4. — Dddextsr n303hHEKTUBHOCTH PATUOHYKIUAOB, MOJTYYEHHBIX B
ouoTtecTe, I pa3HBIX ypoBHEH mposiBiaeHUs dddexra y.

[Ipenens
Ornenka JIOCTOBEPHOCTH
Hcnonb3yemsiii BrusiHuUs, | CtangapTHas
Pannonyknua OTBET Dddext % bk omuoKa Hwxuuii | Bepxuuit
5 32.0 1.30 28.7 36.4
YMCHBIIICHHE 10 32.8 1.19 30.8 35.1
U- KOJIMYeCTBa
238 GaxTepuii 16 33.0 0.78 31.4 34.9
Ha MPA
50 33.7 0.44 32.6 37.3
84 34.0 0.89 32.3 35.86
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[Tponomkenne Tabauib! 4.

9) 33.9 108.6 -155 207

10 44.3 206. -260 387

U- baxrepuii Ha Bcex

238 cpenax 16 87.5 235 -396 706
50 200 900 -1971 2097

84 310 1200 -5290 7489

5 31.3 178 -162 304

YMEHBIIICHHE 10 49.8 245 ~432 626

U- KOJIMYECTBA

238 Aspergillus 16 82.6 660 -900 986
fungi 50 188 1590 4541 5118

84 663 312 -5164 1188

E— 5 79.6 415 65.3 574

Ra- KOIIMYECTBA 10 80.5 18.2 68.9 447
226 actynomycetes 16 94.4 19.8 69.4 210
50 95.7 110 71.2 115

yMEHBILEHHE 5 25.5 9.4 18.3 30.7

296 paccabl 16 30.4 23.2 -0.40 49.5
Genoit 50 31.6 29.9 -19 79.0
FOpTHIEE 84 32.9 45.1 -23.8 100.2

3axinouenne. C HCMOJB30BAHUEM PETPECCMOHHOIO aHaju3a paclpeiesieHus
BO3JICUCTBHUS KOHIICHTPAIIMH 3arpsS3HUTENS, METOJIOB 0TOOpa U KOHKYPEHTOCTIOCOOHOCTH,
a TaKKe C y4eToM OCOOCHHOCTEH HWHTEpIIpeTallid IMOJYYeHHBIX JaHHBIX IPOBECHA
OIIEHKA PKOJIOTUYECKUX PUCKOB pPaJuallMOHHOTO 3arps3HeHus nmoussl B Kamku-Calickoi
Oouoreoxumuuyeckoi mpoBuHIMU. [lokazaHa 3(pGEeKTUBHOCT, MOJEIUPOBAHUS PEaAKIUU
DKOCHCTEMbl Ha BHEIIHEE BO3MYIICHHE B 3aBUCUMOCTH OT YPOBHS Jiorapudpma
paauoOaKTUBHOCTU. Ha 3HAUYMMOCTh CTAaTHCTUYECKHUX OIIEHOK SKOJIOTUYECKOr0 pHCKa
OKa3bIBACT BJIMSIHME MPOCTPAHCTBEHHAS HEOJHOPOAHOCTH TEXHOI'E€HHOTO 3arps3HCHUS
ITOYBBI, C KOTOPBIM CBSI3aH pa30poOC IMIUPUIECKUX TOUCK OTHOCHTEIIBHO MOJEIUPYEMBIX
KPUBBIX.

4.2. OueHKa ?JKOJOTMYECKOI0 PHCKA 3arps3HeHUsi MOYB Ha OCHOBe
MOJEJMPOBaHNs pacnpeejieHisi BHIAOBO 4YYBCTBHTEJIBLHOCTH IeHO30B (Species
Sensitivity Distribution - SSD).

O} pexTUBHBIM METOJOM OICHKH SKOJOTHYECKOTO PUCKA SIBIISCTCS OIMPEICIICHHUE
M3MEHYHUBOCTH BUIOBOTO pa3HOooOpaswsi (M / WK CTPYKTYphl JOMHUHHUPYIOMINX TPYII)
MMOYBEHHBIX IIEHO30B. B pacuerax MOKHO HCITOIB30BaTh MOJICTUPOBAHNUE PACTIPEICICHUS
BUJIOBOW dyBCTBUTENBbHOCTH (Species Sensitivity Distribution - SSD). Cawmsrit ipocToit
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croco0 00pabOTKU MaTPUIbl BCTPEUAEMOCTH BUOB, 3TO MOCTPOEHUE CTATUCTUYECKOTO
pacnpeaenenuss  (SSD), ommchIBaIOIero  yMEHbBIICHHE  BHIOBOIO  OOraTcTBa
MCCJIEeYEMOT0 LIEH03a 32 CUET YBEIMUYEHUS KOHIIEHTPALIM TOKCUYHOTO MHTPEUEHTA UITU
ero cmeceil. KpuBasgs SSD oneHuBaercs Ha OCHOBE BBIOOPKHM H3YUYEHHBIX IaHHBIX U
MPEACTaBIACTCA KaK KyMYJISTUBHAA (QYHKLMS pacupeiesieHus: MIOTHOCTU BEPOSATHOCTH.
Pe3ynpTaToM MOAENMpPOBaHUS SIBISETCS BO3MOXKHOCTb OMNPEAEICHHUS 3KOJOTHYECKOr O
pUCKa Kak BEPOATHOCTH, OOECNEeuYMBaIOIIel uCYe3HOBEHUE B TouBe Ooznee p%
YyBCTBUTENbHBIX BU10B. Hanpumep, eciau npeaenbHas konueHTpauus — EC 5 onacna s
5% BuIOB U HEIPDEKTUBHA ISl IPYTUX, B 3TOM CiIydae rurnore3a 00 OTCYTCTBUU pUCKa
HaxoAuTCs Ha YypoBHe 95%. Jlnsg KadyecTBEHHOW amllpoKCUMalUd HeobXxoauma
oTpeJieIeHHAas pEeNPe3eHTaTUBHOCTh UCXOAHOM MAaTPUIIBI MTOSIBJIEHUS BUI0B. Bo-TIepBHIX,
JUTSL JOCTYITHOM OLIEHKH MpeIeNIbHbIX KOHIEHTPALMM 0011ee KOJTUYECTBO aHAIU3UPYEMbIX
TAaKCOHOB JOJKHO ObITh Oosiee 20. Bo-BTOpbIX, s KaXJIOro M3 BUIOB CJEAYET
OIICHUBATh MaKCUMaIbHYIO Hepabouyto 3ddektuBHyto KoHieHTpaIruo (NOEC).

B nanHoil wacTu Hactosmed paOOThl MCIOJIB30BaH METOJI pacuera MaKCHUMallbHON
Hepaboueir s¢ddexkTuBHol kKoHueHTpanmu NOEC. Cratuctudeckas oOpaboTka s
OLICHKU KPUTHYECKHX YPOBHEH BO3JIEUCTBHS U DKOJIOTMUYECKOI0 pHUCKa MPOBOJMIIACH B
nBa otama: (1) pacuer 3HaueHUH (PAKTOPOB 3arpsi3HEHHs, COOTBETCTBYIOLIUX
MaKCHUMAaJIbHOM YMCIEHHOCTH KaXKJ0ro BHJIa TPUOOB C HCIOJIB30BAHUEM METO/OB
opauHanuyu, (2) TMOCTpOEHHUE  aNNpPOKCUMHUPYIOIMEH KPUBOH  TEOPETHUECKOTO
pacnpeiesieHus: BEpOSITHOCTH MOSBJICHHS BUAOB. OpArHAIMS COOOIIECTB MUKPOMUIIETOB
IPOBOAMIACH METOJaMH ONTUMAJIBHON MPOEKIUU HCCIEAYyEeMbIX MECTOOOUTaHUN Ha
IUIOCKOCTh CO CKPBITBIMH OCAMH S1 U Sp. PacueTsl mpoBOAMIMCH C UCHOJIB30BAHHEM
ckpunTa ans MmoaenupoBanusi SSD, pazpaboTtanHoro B yHuBepcurere ropojaa KoOmieniy
(edild.github.io/blog/2014/12/30/ssd). Ha aumarpamme pacroyiokeHus (auarpamma
opauHaiuu) (puc.8) A0BOJBHO YETKO BHJIHBI PA3IHYAIOIIACCS OMBITHBIC YYaCTKH I10
BUIOBOMY COCTaBYy I'pHOOB: MPOOBI TPYHTOB OT CBAJIOK YPaHOBBIX pyAHUKOB (2-1 u 3-1)
u boomckoro ymenss (14-1) 3aHsyin KpaliHee TIOJIOKEHHE IO TJIABHOM OCH Si
HEMETPUUYECKOW MpOeKIuU. BTopas ocb KOOpAMHALMU S; OMpeAenseT pa3iudus B
CTPYKTYpPE MUKO30B JIPYTMX MECTOOOUTAHUH C MPOMEKYTOUHBIM YPOBHEM 3arpsi3HEHUS.

Ecnu paccuntath K03(QGUIMEHTH KOPPETALUA MEXKIY MOKa3aTeIsIMU TPyHTa U
MPOCKTUBHBIMU KOOpPJIMHATAMU S1 M Sp, TO MOXKHO HCIOJIB30BaTh OOJIBIIE TPATUECHTOB
(Gu3nYecKnX oce, OTpakaIoIIUX XapaKTep U CHITy BO3JIEHCTBUS Kaxa0ro (akropa.

Kak mokazano Ha pucyHke 8§ crpenkamMu (PaKTOPHBIX HArpy3oK, OJIM3KUX I10
HAIPaBJICHHUIO U JJIMHE, KOMIIOHEHTHI TEXHOT€HHOTO 3arps3HCHHS B M3y4aeMOM PEruOHe
B3aUMOCBSA3aHbI KOMIIEKCOM MYJIbTUKOJUIMHEapHOCTH. Hanbonpmas koppensus (R? =
0,83, p = 0,022) ¢ MUKpOMHUIIETAMH KOHKPETHOW CTPYKTYpPbl UMEETCS C COAEpPKAHHEM
KoOaybTa B MOYBE (MI/KT).
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Pucynox 8. - OpauHanus TECTOBBIX YYAacTKOB METOJOM HEMETPUYECKOMN
MHOTOMEPHOU MIKaibl (poOsl 2, 3, 5 - TeppUTOpUsl MONUTOHA, § - KUJIOW MAaCCUB ceia
Kamxu-Cait, 12, 13 - sk o3epa Hccwik-Kynb, Boomckoe ymense 14). Ctpenku -
JOTIOHUTENbHA OCh (U3MYecKoro rpaaueHta: uHjaekc Zn mno CaeTy, aKTUBHOCTb
panguonyknuaoB U-238 u Ra-226 B nouse, coaepxxkanue Co, Cr u Zn. CepsiM 1IBETOM
MOKa3aHbl KOHTYPHI COJAEpKaHUS KOOalnbTa, M3MEPEHHbIE C MOMOIIBIO aJJUTUBHOMN
MO/IEJH.

C opauHanmed MeCcTOOOMTaHMH TECHO CBsI3aHO pacHpeiesieHHe COOOIIeCTB
MHUKPOMHMIIETOB. ECIHM TOCTPOMTH TPEXMEPHYIO CIJIQKHBAIOIIYI0 TMMOBEPXHOCTh IS
Jr000T0 M3 aHAIM3UPYEMBIX IMOKa3aTesei 3arps3HeHUs TMOYBBI, TO I KaXJIOro BHIA
HECJIOKHO PacCUMTATh «IKOJOTMYCCKUI ONTUMYyM» (TOUHee - 3HadeHue (akropa, mpu
KOTOPOM TOSIBJICHHE BHIOB Hanbosee BeposTHO). Hampumep, Ha pucyHKe 9 KOOpIUHATHI
Trichoderma harzianum Rifai (TriHa) 6;m3ku K KOHTYPY CO 3HA4€HHEM HMHIEKCa Zn 110
Caety = 12.

Panta

i 2o

)

...........

Pucynok 9. - Pacnipenenenue BHI0B MUKPOCKOIMYECKUX TPUOOB HEMETPUIECKOM
MHOrOMepHOW mkanou. [lna maaekca Zc no Caery CTpENKOM MOKa3aHO HaIpaBJICHUE
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rpalu€HTa, CEpPbIM - KOHTYp CIVIQXKMBAIOLIEW ITIOBEPXHOCTH, PACCUUTAHHBIN IO
aJIIUTUBHON MOJICIIH.

CraTHUCTHUYECKOE pachpejie/icHue BEpPOSITHOCTH mosiBicHus BuIoB (SED)
U3y4anoch Ui IBYX IOKa3aTeleld aHTPOIOreHHOrO 3arps3HEHHUS MOYBBI (aKTHBHOCTH
paguonykiuaa U-238 (bk/kr) u conmepkanue xpoma (mr/kr) SED. Pacnpenenenue ms
MOCJICIHETO MOoKa3aTes MpuBeIeHo Ha pucynke 10.
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Pucynoxk 10. - KpuBbie T0OrHOpMaIbHOTO pacipeiesieHus: BEPOSITHOCTEH BCTPEYaeMOCTH
BU10B MUKpoMmuLeToB (SED) no mkane nokazaresnei 3arps3HeHHs I0UB (COJIEpKAHHE
xpoMma B Mr/kr). [TyHkTHpHas auHus nokassiBaeT BepxHiow (HCI) u HmkHIOIO TUHIH
1151 95% OCTOBEPHOCTH.

Xapakrep peakiuu CcooOIEeCTBa MHUKPOCKOMMYECKUX TpUOOB pa3IMyueH MpH
BO3JICCTBUHM MHOXeCTBa (pakTopoB. MOKHO BBIJEIUTH TPYIIIBI BUIOB C BBICOKOMU
YCTOWYUBOCTHIO K HEKOTOPHIM (GopMaMm 3arpsisHeHHs. Mcmonb3ys KyMyJISTHUBHYIO
KPUBYIO PaclpeiesieHusi, MOKHO JIETKO OLEHUTh MOPOTOBOE 3HAYEHHUE, BIUAIOLIEE Ha
dakrop ECi6, KOTOPBIN O3HAYaET, YTO MPU TAKOM YPOBHE Bo3nelicTBus 16% BUIOB B
COOOIIIECTBE MCUYE3AI0T WIIU HE JOCTUTAIOT CBOETO ONTUMAJILHOTO YPOBHS BCTPEYAEMOCTH
B OKpYy»Karoriel cpene. Koneuno, Tak k€ BO3MOKHO MOJYYUTH HA0OP 3HAUCHUH U3 JTI000H
nzodpdexruBnoctu ECp, manpumep, ais p = {5, 10, 20, 50 u 80%}.

Kputnueckue 3HaueHus YpOBHEW 3arpsi3HEHUS TMOYBBI Il Pa3IMYHbBIX
AKOJIOTUYECKUX PHUCKOB, PACCUUTAHHBIE MO PACHPENCIICHUIO KPUBBIX PEAKIIMH BUAOBBIX
mukpomuiietoB (SED) w BepxHeit rpanmme goBeputenbHbix obOmacterr  (HCI)
MpeJICTaBJICHbI B TAOIHIIE 5.
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Tabnuma 5.— Kputruueckue 3HaueHHs] ypOBHEH 3arpsi3HEHUS MMOYB MPU Pa3HOM
JKOJIOTUYECKOM PHUCKE.

o kpuBoit SED [To xpusoit HCI
[TapameTpsl
3arps3HEHUS TIOYBBI

5% 10% 16% 5% 10% 16%
KobGansT Co, MI/KT 101.9 116.9 130.3 87.1 101.6 114.3
Xpowm Cr, Mr/kr 0.8 14.8 20.6 5.9 0.7 13.8
[{uHK Zn, MI/Kr 4.12 7.24 11.3 2.11 (4.0 6.55
Nunekc Caera 1.07 1.49 1.94 0.707 1.04 1.42
AxtuBHOCTE U-238, 22.0 28.4 34.8 16.2 21.6 26.8
bx/kr
AKTUBHOCTH Ra-226,
bx/kr 23.3 29.0 34.4 17.6 22.7 27.5

3akaouenne. OIllEHKAa 3KOJIOTMYECKOTO pPHUCKAa C HCIOJB30BAaHUEM METO/a
OTIpENICNICHUs] W3MEHYMBOCTH BHUJOBOTO pa3sHooOpasuss (U / WIM  CTPYKTYpHI
JTOMUHHUPYIOIIUX TPYIMI) MOYBEHHBIX IIEHO30B BBISBUJIA TECHYIO CBSI3b paclpeiesICHUS
IrpUOHBIX COOOIIECTB C OpJWHAIMEH MECTOOOUTaHWH, YTO IO3BOJIIET PACCUUTATH
«OKOJIOTUYECKHIM ONTUMYM» (TOUHEE - 3HA4YeHHE (aKTopa, MPU KOTOPOM IOSBIICHUE
BUJIOB HanboJiee BEPOATHO) JIsl KAXKIOTO BUJAa Ha OCHOBE TPEXMEPHOM CrIIa)KUBaIOIIIEH
MOBEPXHOCTH M i JII0OOTO M3 aHAIM3UPYEMBIX TMOKa3aTeleil 3arpsi3HEHUs MOYBHI.
Hcnonp3oBaHue KyMyJISITUBHOW KPUBOM paclpelesieHrs, AA€T BO3MOYKHOCTH JIETKO
OLICHUTHh TIOPOTOBOE 3HAYEHUE 3arpsA3HEHMs, BiUsONlee Ha (akrTop J000H
uzondpdextuBnoctu ECp, Hanpumep, nist p = {5, 10, 20, 50 u 80%}.

4.3. JkoJiormyeckasi OLEHKAa COCTOSIHMA mno4B Ha Teppuropun TIL c
HCnoab30BaHueM « TpuagHoOro» moaxona.

CymuHocte TpuagHOro mnoaxoaa 3aKIIOYaeTcsd B OLEHKE KadecTBa IIOYB IO
HECKOJIbKUM TPYIIIaM MOKa3aTeIel: XUMUYECKU X, TOKCUKOJIOTHYECKUX, IKOJIOTNYECKUX.
Briie, B rmaBe 2. Obta peicTaBlIeHa XapaKTEPUCTHKA IKOJIOTUYECKOTO COCTOSIHUSA TTOYB
B UHIYCTpPUAJIBLHOM paiiloHe Tropoja bulikeka Ha OCHOBE TaHHBIX XUMUYECKUX aHAJIU30B.
Jlnst putoTecTUpOBaHMS HA BHICHIMX PACTEHHUSX MCIIOJIH30BAIM CEMEHA TOPUYHIIHI OesIoi
Sinapis alba u oBca Avena sp. B kadectBe TecT-QyHKIHIA paccCMaTpUBaJId W3MCHCHHE
MPUPOCTa KOPHEH M POCTKOB MPOPOCTKOB B HCCIEAYEMBIX 0Opaslax OTHOCHUTEIBHO
KOHTPONBHBIX.  McciemoBaHne  M3MEHEHHS  WHTEHCHUBHOCTH  OaKTepuaabHOU
OMOTIOMHUHECIICHIINH TIOKA3aJl0, YTO B COOTBETCTBUU C KPUTEPUSIMH, YCTAHOBICHHBIMH
CTaHJAPTHOM METOJAMKOM ONpeAeseHUs] MHJEKca OaKTepualbHOM TOKCHUYHOCTH, BCE
oOpasibl 00JaIaf0T TOMYyCTUMON CTENEHBI0O TOKCUYHOCTH, MOCKOJIBKY OTKIOHEHHS OT
KOHTPOJBHON mpoOsl He mpeBbimanu 20%. buoMHAWKAIMOHHBIE WCCIEAOBAHUS
BKJTFOYAJT OTIPEJICIICHIE MHTCHCUBHOCTH IMOYBEHHOTO JBIXaHUS IO BEJIMYHWHE CyOCTpaT
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WHYIIUPOBAHHOIO JbIXaHWS M WHTEHCUBHOCTH 0a3ajJbHOIO0 MHUKPOOHOTO JIBIXaHUS.
NHTEeHCUBHOCTh Kak 0a3aibHOTO, TaK U CyOCTpaT-WHIYUHUPOBAHHOTO AbIXaHHs, ObLIa
HanOoJbuIel B mouBax, yaaneHHblx Ha 150 M ot TOLL. Ilo Mmerony Tpuan uHTErpanbHbINA
unjekc cocrosinusg nous (MC) onpenaensieTcss Ha UHTEpBAJIC OT HYJISI IO €IUHULIBI, IPUYEM
€MHUIIE IPUAAETCS 3HAUCHUE MAKCUMAJIbHOW CTEIIEHU HAMIPSYKEHHOCTH YKOJIOTMYECKOTO
COCTOSIHUSI, a HYJII0 — MHUHUMAJbHOMW, COOTBETCTBYIOIIEH, Hampumep, (HOHOBOMY
COCTOSIHMIO. MHTerpanbHbIi UHAEKC COCTOSHUS I0YB, PAaCCUUTAHHBIN 110 MeToay Tpuan,
OTpaXXaeT H3MEHEHUE COJAECPXKAHUS  3arpsA3HAIONIAX  BEHIECTB, HWHTETPAIbHOMN
TOKCUYHOCTH U OMOUHJIUKAIMOHHBIX MapaMeTpoB MOuYB. PaccunTaHHBIN MHTErpaIbHBIMN
nnaaekc coctosaus (MC) nccnenoBaHHBIX MIOMIAI0K HaX0oauTCs B auanazone ot 0,12 mo
0,65 enunui. Pe3ynbTaThl MCCIENOBAHUI MMOKA3aJIM, YTO B OLIEHKY «HAMPSKEHHOCTH)
AKOJIOTUYECKOTO COCTOSIHUSI M3 CIIEKTpa HCCIEIOBAHHBIX IOKa3aTesied HauOOIbIIul
BKJIaJI BHOCAT Onosiornyeckue (OnonHauKanuonHbie) napametpsl (Taom. 6).

Tabmuma 6. - HHAEKChl COCTOSIHUS TIOYBEHHBIX O0Opa3IOB HUCCIEIOBAHHBIX
POOHBIX TUIOMIAOK T. buIlkexk.

Paccrosmme, M | UCsp | UCr | NCs | 1c
[ToBepxHOCTHBII rOpU30HT (5-7 cM)
50 0,51 0,12 1 0,60
150 0,59 0,21 1 0,65
500 0,50 0,27 1 0,65
[ToxnoBepxHocTHBIN ropu3oHT (20-25 cm)
50 0,51 0,03 0 0,12
150 0,57 0,02 1 0,58
500 0,54 0,04 1 0,58

I'paduueckoe n3o0OpaxkeHne ycpeaHEHHBIX MO JABYM TOPU30HTaM pPE3YJIbTATOB
MCCJIeIOBaHMS TIOYB MPOOHBIX IUIOMIAJOK T'. BUIIKEeK Ha OCHOBE TPUAIHOTO MOJX0J]a
MO3BOJIMJIO OTOOPa3UTh SKOJIOTUYECKOE COCTOSHUE MOYB B rpaduueckom Buje (puc.l).

S0mor T3U ucs 150 mot T3 500 mor T3
? WUCas UCas

0,58

A2

“UCT

“UCr UCe “ucr

1 AN

Pucynok 11. - OueHka 3KOJOrMYECKOr0 COCTOSIHMSI TIOYB MO JBYM TOPU30HTAM
MOYB.

U3 Fpa(bHKOB 9KOJIOTHYCCKOI'0 COCTOAHMA 1I1I0YB BUIHO, YTO B OCHKY «HAIIPAKCHHOCTH
9KOJIOTHYCCKOI0 COCTOAHHA H3 CIICKTpa HCCIICOIOBAHHBIX MoKa3zaTeJieli HauOONBIITHI
BKJIad BHOCAT 6I/IOI/IHI[I/IKaI_II/IOHHBIe mapamMCTpbl, B YaCTHOCTH, HWHTCHCHUBHOCTb
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MMOYBEHHOTO JIbIXaHUs. VIMEHHO 3TUM mapameTpaM cleayeT yAeIiaTb 0co00e BHUMAaHHE
[P MOHUTOPHHIE 3arpsi3HEHUS] OOBEKTOB OKPYKAIOIIEH CpeIbl.

ComocraBiisAsi U3BECTHBIE B JIMTEPATYPE TPajallMM 3KOJIOTMYECKOrO0 KadecTBa C
pPAaCCUMTAaHHBIMA HAaMW HHTETPAJIbHBIMUA HMHAEKCAMHU SKOJOTHYECKOTO COCTOSHUS,
YUUTBHIBAIOIIUMH JTAHHBIE HE TOJBKO XUMHUYECKOTO0, HO U OMOJOTMYECKOr0 aHaJIU30B,
MOYHO CJI€JIaTh CJIEAYIOIIEE 3aKII0YEHUE:

3akiaoyeHne. YcCTaHOBJIEHA Tpajanuss oOpas3loB IMOYB, OTOOpPaHHBIX Ha
tepputopun TOLl, mo skoioruyeckomMy coctostHuio. OOpasipl MOYB, MPUIIETAIOUIUX K
ctaHuuu Ha paccrosHuu 150 m 500 M, otHOCcATCS K [V Kareropun kauecTBa ¢ BBICOKOU
CTENEHbI0 HArpy3KM W OXapaKTEpU3YIOTCS Kak “‘CHIbHO 3arps3HeHHble”. [louBsl,
Haxoasuecss Ha ynanenuu S50 M ot TOILl, xapakTepu3yroTcs CpeaHEl CTENEHbIO
Harpy3K{ U OTHOCSITCS K KATETOPUU «3arpsi3HEHHBIEY.

I'maBa 5. Ynpan/ieHne puckamMu 3arpsi3HEHHUsI MOYB C HCIOJb30BaHHEM
HOBBIX MATEPHAJOB M TEXHOJOIH OYMCTKH M peMeIualMyd HapyLIeHHbIX
TEPPUTOPUIA.

OKOJIOTMYECKHM PUCK B ILEJIOM NPEANOJaraeT BEPOSATHOCTh BO3HUKHOBEHHS B
OKpYXalollle cpe/ie HETaTUBHBIX M3MEHEHMH WM OTHaJEHHBIX HEOIaronpusiTHHIX
nociencTBUM  3TuX  u3MeHeHuil.  CyllecTByeT  BO3MOXKHOCTb  YIPABJIEHUS
AKOJIOTUYECKUMH PUCKAMHU C MCIOJIb30BAHUEM MPOIECCOB OYUCTKH M pEMEAUALUN
HapyIIeHHBIX OOBEKTOB, BOCCTAHOBIEHHS MX TMEPBOHAYAJIBHBIX CBOWCTB U
Ouonornyeckux (QyHKIUN, YTO MpeAycMaTpuBaeT HEOOXOJUMOCTh CO3JaHUS |
UCITOJIb30BAHUS HOBBIX BBICOKO?((EKTUBHBIX JNETOKCULIUPYIOITUX u
BOCCTaHAaBJIMBAIOIINX CPEICTB.

Oco0oe BHMMaHHE TPHUBICKAET MPUMEHEHHUE JUIsl ITHX LeJeill Tak Ha3bIBaeMBIX
IPOJYKTOB «3€JIEHON» XHMHHM — MATEpUAJIOB, MOJYYEHHBIX Ha OCHOBE IMPUPOAHBIX
BEILECTB, K KOTOPbIM OTHOCSATCS - TyMHHOBbIe BemiecTBa (['B), 3To Makposurasmisl,
oOpa3zyrolue MPOYHbIE KOMIUIEKCHl ¢ MOHAMHM METAIJIOB, YTO HMMEET MPAKTUYECKOEe
3HAYEHUE [ KOHUEHTPUPOBAHUS U PA3JAEICHUSA CIEAOBBIX KOJIHMYECTB METAIUIOB.
['yMHHOBBIE BEIIECTBA CTUMYIHPYIOT POCT PACTEHUIl M MOTYT HCIOJIb30BAaThCS B
KadecTBe ynoOpeHui. YcroiuuBbii xapaktep I'B ngemaer X HEBOCIPUHUMYHMBBIMU K
OMOpa3NOXKEeHNIO, CIEA0BATEFHO, TYMUHOBBIE MOOABKA HE OYyayT MemaTh IEJIECBOMY
mporeccy OuopasznoxeHusi. PocrocTuMynupylonue W afanToreHHbie cBoiicTBa ['B
MMEIOT Ba)KHOE 3HaYEHUE I MPUMEHEHHUS B TEXHOJIOTHAX puTopemenuanuu. B nannoi
IJIABE IIPEICTABIICHBI PE3YyJbTAaThl HMCCIECNOBAHUM IO IOJYYEHUI0 U HCIOJIb30BAHUIO
HOBBIX MAaTe€pHUajoB ISl yIPAaBICHUS PUCKAMM 3arpsA3HCHHS MOYB IYTEM HMX OYHUCTKH,
JNETOKCUKALMH U BOCCTAHOBJIEHU. B BbIlIeyKa3aHHBIX LENSAX CO3AAaHbl U UCTIBITAHbI 1BA
BHJIa HOBBIX MaTEepUaJIOB, 00JIaAI0NINX CICITU(PUICCKUMHU CBOMCTBAMH, TTO3BOJISIIOIITUMHA
WCIIOJIB30BaTh UX I CHUKEHUS DKOJIOTHYECKOTO PUCKA 3arpsi3HEHUS MOYB.

5.1. HecrexuoMeTpuyecKHe HHTEPHOJIHUIICKTPOJIUTHBIE  KOMILICKCHI,
NpeJAHa3HAYEeHHbIE /IS NPEeAOTBPALICHUS IPO3UU U OYMCTKHU 3arPA3HEHHBIX MOYB.
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OnHolt U3 caMbIX KpUTHUECKUX (POpM Jierpajaliuu OBk sABIsieTcs 3po3usi. Cpeau
Pa3IUYHBIX METOAOB OOpHOBI C ApO3UEH OCOOBIM MHTEpPEC BBI3BIBAET CTAOUIIU3AIUS
IPyHTa MOYBBI HOJUMEPHBIMHU COCTABAMU, KOTOPHIE SIBIISIIOTCS OTHOCUTEIHHO JCIIEBBIMU,
KPYITHOTOHHAXXHBIMUA W TPOCTHIMH B HMCIOJIb30BaHUU. JlaHHBIE (yHIAaAMEHTaIbHBIX U
MPUKJIAIHBIX UCCIIEAOBAHNM MOKA3bIBAIOT, UTO ONTUMAJILHBIN PE3yJbTaT JJIs 3alIUThI OT
9PO3UHU MOKET OBITh JOCTUTHYT, KOTJIa BSXKYIIIEE COCTOUT KaK U3 TUIPOPUIBHBIX, TaK U
u3  ruapopodHsix  (pparmeHToB  (010koB). Takum  TpeOOBaHUSIM  OTBEYAIOT
unTepnoaudnekTponntaeie  kKoMiuiekesl (IPEC). IPEC monywaror B3amMojeicTBHEM
PAa3HOMMEHHO3APSIKEHHBIX  JIMHEWHBIX MOJUANEKTPONUTOB. [Ipu  M30BITKE OAHOTO
MOHHOTO  TOJIUMEpa  KOMIUIEKCOOOpa3oBaHHWE  MPUBOJUT K  OOpa30BaHUIO
HECTEXUOMETPUUIECKOTO UHTEPIOJINDIICKTPOIUTHOTO KOMILJIEKCa (NIPEC).
OTpunatenbHbIN 3apsi/] MpUIaAeT KOJUTOUAHYI0 cTa0muibHOCTh yactuiiaMm NIPEC B BogHBIX
pacTBopax, obecrieyrBasi MpU ATOM UX CBS3bIBAHUE C MOHAMH TSIKEIIBIX METAIJIOB U
MOJIOKUTEITLHBIMU TUCTIEPCHBIMU yacTuliamu. [Ipu Hanecenun BogHOoro pactBopa NIPEC
MOYBBI € pazMepom arperata 0,2 MM B MEHee 00pa3yeTcs 3alllUTHBIN CJI0H MOYBHI (KOpKa)
3a CYET JJIEKTpOCTaTHUYeCKuX u TuapodoOHBIX B3aummojneicTBuii udactui] NIPEC ¢
arperatramu 1mo4Bbl. [IpouHocTh KOpku Oosiee yem B 40 pa3 mpeBBIMIACT MPOYHOCTH
UCXOJHOTO (HEOoOpabOTaHHOr0) TpPYyHTAa, MPU OTOM KOpPOUYKA HE TMPEMSITCTBYET
IIPOHUKHOBEHUIO BOJBI. DTH pe3ynbTarhl jaenaroT coctaBbl NIPEC mepcnexktuBHBIMU
CBSBYIOIIMMHM JIJIsl CTA0MIM3AIMU TPYHTa, KPOME TOr0, OHU JEMOHCTPUPYIOT OOJIBIIYIO
CIIOCOOHOCTh K COpPOLIMM HMOHOB TSDKENbIX MeTaioB. OcoOblii MHTEpEC BBI3BIBAET
Bo3MOkHOCTh Tontydenust NIPEC ¢ ucnonb3oBanuem npupoaHbiX noaumMepoB. B aToi
CBA3U HaMH M3Y4YEHO KOMILJIEKCOOOpa3oBaHue KaTUOHHOTO nojaumepa
nonuauamuiaumetmiammonuiixinopuaa (PAAJAMAC) ¢ aHUOHHBIMU TNPUPOIHBIMHU
MOJIMMEPaMHU - KaJTHUEBBIMH COJIIMHU TYyMUHOBBIX kKucioT (KHUM), BeiaeneHHbIx u3 6yporo
yrisi. U3yuensi: coctaB otpuniarensHo 3apsbkeHHbIX NIPEC u ux ctabuibHOCTH POTUB
arperaiii B BOJHBIX pacTBopax; komruiekcooOpazoBanue NIPEC c¢ nucnepcHbiMu
JaCTUIIAMH ¥ HOHAMH TSDKEJIBIX METAIIOB; a Takxke Mopdonorus kopok NIPEC — nousa.
Ha pucynke 12 mokazana Mop¢ojorus UCXOJHOTO TPyHTa M TpyHTa, 00pabOTaHHOTO
coctaoM NIPEC (nmonumep-nouBenHas kopka). Jlo 00pabotku, Ha pucyHke 12 a BUIHBI
MEJIKME YaCTHUILIBI TOYUBBI C PE3KO OUEPUYEHHBIMU KPassMH, KOTOPBIE CTaIM 3aKPYTrIEHHBIMU
nociie MOKpeITUsE TOHKUM ciioeM NIPEC (Puc. 12 b). [Tocne mampHeitmedi o6paboTkm
YaCTHUIbl YBEJIIMUMBAIOTCS U CKIEUBAIOTCS MOJIUMEpHBbIMU MocTukaMu (Puc. 12 ¢ u Puc.
12 d), a B KOpe OTUYETIMBO MPOTJISIBIBAIOTCS ITyCTOTHI MEKIY OTACIbHBIMHA YaCTHUIIAMHU.
[Ipounocth koOpku ©Oosnee yemM B 40 pa3 MNOpeBbIIAET MNPOYHOCTH HCXOJHOIO
(rHeoO6paboTaHHOTO) TPYHTA, IPU STOM KOPOUYKA HE IPETSITCTBYET MTPOHUKHOBEHHUIO BOJIBI.
Ot pesynbTaThl nenaroT coctaBbl NIPEC mnepcneKTMBHBIMU  CBA3YIOIIUMU  JIJIS
crabmwmmzaruu  TpyHTta. NIPEC  dopmupyrorcs mnpu Hamudud  MUHUMAJIBHOM
KOHIIEHTPAIIMHU COJIU, TPAKTUYECKHU HE BIMUIONIEH Ha BOAHO-COJIEBOM OanaHc mouBsl. [Ipu
MexaHndeckoM moBpexacHun Kopku «HUIIEK—- mouBa» Obuto oOHapyKeHO, 4TO
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ITIOBTOPHBIN MOJIUB IPUBEN K BOCCTAHOBIEHHUIO 3alUTHBIX CBOMCTB NIPEC - mouBeHHOTO
nokpbITUA. OOpa3ibl MOYBbI, 00paOOTaHHBIE PACTBOPAMU MHIUBHUAYAJIbHBIX MOJTUMEPOB
KHum nu PDADMAC noka3anu cnaOble 3aliuTHBIE CBOMCTBAa. BoccranaBnuBaromiee
neicteue NIPEC nHa 3arpsi3eHHbIE MOYBBI OOYCIOBUJIO MX  POCTOCTHUMYJIUPYIOIIHE
CBOMCTBA.

Pucynok 12. - Mopdonorus ucXoaHoro rpyHTta u rpyHra, oopadorannoro NIPEC.

JI1s1 3KCIIEPUMEHTAIBHOTO MOATBEPAKACHUS 3TOMY YETBIPE IUIACTUKOBBIX SIIMKU
OBUTM 3amlOJIHCHBI 3eMilel; mocie 3Toro mpumepHo 100 ceMsH Kpecc-cajaaToB OBLIH
PAaBHOMEPHO pacIpeiesieHbl B KaKIOM SIIUKE U 3aChIIaHbl |-CaHTUMETPOBBIM CIOEM
MTOYBBI. 63 MJI ICHOHM3UPOBAHHOW BOBI OBLII BHECEHBI B TIEPBBIH AITUK, 63 MJI Iperapara
Q = 0,2 NIPEC - Bo BTOpOI#1, 63 Mn 1% pactBopa KHum - B Tpetuit u 63 mn 1% macc.
PDADMAC — B yerBepThiil. Cnenyromue 3 AHs MOYBY B JIBYX AIIMKaX mojuBaiu mo 150
mi. Ha ¢ororpadusx, cmemanHbix uepe3 7 HHEW TOCIE MOCATKU CEMSH IOKAa3aHO
pa3BHUTHE PACTEHUS BO BCEX UETHIpEX sAMMKax: oOpadboTanubsix Bonoi (Puc.13a), NIPEC
(Puc.13 b) u ormenpubiMu monumepamu (Puc. 13 ¢, d). Buano, uro mommumepHo-
MOYBEHHAs] KOpPKa BO BTOPOM SIIHUKE HE MOMEIIaa MPOPACTAHUIO CEMSIH U Pa3BUTUIO
pacTeHuii, OYEBUIHO, U3-3a BO3AYLIHO-BOJHON MPOHUIIAEMOCTH KOPKH MOJUMEP-TI0YBA.

Otpumarensno 3apspkeraple  NIPEC mpencraBnsitoT HauOONBIINN  HHTEpEC,
MIOTOMY YTO OHHU MOTYT CBSI3bIBATh KATHOHBI TSDKENIBIX METAJIOB U OTPAaHUYMBATH
MUTpaLMI0 HocieaHuX B nouse. C HAXOAIIMMKCS B BOJHOM pacTBope katroHamu Cu?
MoTyT B3anmo/iericTBoBath Takke NIPEC u cBob6oaupie KHum.
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Pucynok 13. - Pa3Burue kpecc-canara B AIIMKaxX c‘Br
KHum (c) u PDADMAC (d).

NIPEC oka3biBatoT JIE€TOKCUIIUPYIOIEE BO3JEHCTBUE Ha MpPOpACTaHUE CEMSH
Kpecc-canaTa B IpucyTcTBiuM HoHOB Cu?*, KOTOpble HEOOXOAUMBI I POCTA ¥ PA3BUTHUS
pacTeHuil B CIEAOBBIX KOJUUYECTBAX, HO B M30BITKE OKA3bIBAIOT CHJIbHBIM TOKCUYECKHUI
sddext. bbuin mpoTrecTUpOBaHBl pa3Hble KOMOWHAIIMM CEMSIH Kpecc-caiara, BOJIbI,
BoJHOTrO nosimmepHoro coctaBa u 0,03 M Boanoro pactBopa CuSOs. Ha TpeThu cyTku
MocJie Hayasa dKCIePUMEHTa YCTAaHOBJIEHO CTUMYJIMPOBAHUE IPOpPACTaAHUS CEMSIH BOAOM
(puc.14 a), orcyTcTBUE MOaBICHUS popacTanus ceMsH noa BiausiaHuem NIPEC (puc.14
b). PactBop CuSO4 nmoaHOCTHIO OCTaHOBUI TIpopactanue ceMsH (puc.14 ¢). PDADMAC
HE OKa3bIBaJl HUKAKOTO BIMsHUS Ha mipouecc (puc.14 d). B o ke Bpems, kak KHum, Tak
u orpunatenbHbii NIPEC nonaBisiim TOKCHUECKOE 1€HCTBUE HOHOB Cu?* u obecrnieumsin
HOpMajbHOe TpopacTanue cemsH (puc.l4 e, f) 3a cuer caseBanms wonos Cu? *
aHMOHHBIMU KapOokcwipHbIMU Tpynnmamu KHum u NIPEC. O6pabdotka NIPEC
COXpPAaHSIET MOPUCTYIO CTPYKTYPY MOYBBI, KOTOpasi CIocoOCTBYET MPOPACTAHUIO CEMSIH U
Pa3BUTHUIO PACTCHUI.

onoii (a), ¢ Q = 0,2 NIPEC (b),

Pucynox 14. - TlouBa ¢ ceMeHamMu Kpecc-cajiiata, o0O0paOOTaHHBIMH:
nenoHu3upoBaHHoi Bojoil (a); Q =0,2 NIPEC (6); 0,03 M BoausiM pactBopoM CuSQO4(c);
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komOunaruet 0,03 M Boanoro pactBopa CuSOs u 1% pactBopa PDADMA (d) ;1%
pactBopoM KHum (e) u NIPEC Q = 0,2 (f).

3axinrouenue. [lomydeHbl W TPEAIOKEHBI I NPAKTHUYECKOrO HCIOJb30BAHUS
TYMUHCO/JIEpKAIIHE WHTEPIOJINAIICKTPOJIUTHBIC KOMILJIEKCHI, MPOSIBJISIONINE
3 PeKkTUBHYI0  3alllUTy MOYB MPOTUB BOJHOM U BETPOBOM 3pO3UM, 00JIamarONIUe
JNETOKCULIUPYIOIIMMHA CBOMCTBAMH, a TAaKXKE€ SBISIOIMIMECS CTUMYJIATOPAMHU POCTa
pacteHuii. llpumeHeHHe STHX MaTepUAIOB HAa NPAKTUKE TMPEIACTABIACT OOJBIIYIO
MEPCIIEKTUBY IS YIIPABJICHUS PUCKAMU 3arpsi3HEHUS MOYB.

5.2. HaHoruOpwaHbIH MArHMTOAKTHBHBIA  COpPOEHT /I  OYHUCTKH
3arpsi3HEHHBIX 00bEKTOB MPHUPOAHON CpPeAbl U €ro IKOTOKCHKOJIOTHYeCKAasi OlIEHKA.

CoBpeMeHHBIE TEXHOJIOTHMH, B TIEPBYIO OYEpE/lb HAHOTEXHOJIOTHMHU, IMO3BOJISIOT
CYILIECTBEHHO MOBLICUTH 3(PPEKTUBHOCTH CBA3BIBAHUS TOKCUKAHTOB. DTO JJOCTUTAETCS, B
YaCTHOCTH, IyTEM BKJIIOUEHHUS B JETOKCUIUPYIOIIME MaTEpUalibl HAHOYACTUIl METAJIJIOB
C BBICOKOW TMOBEPXHOCTHON aKTHMBHOCTHIO M XOPOIIMMH MarHUTHBIMU CBOMCTBamMu. B
MOCJICTHEE BpeMsl TOSBUIICSI MHTEPEC K CO3JaHUI0 MAarHUTOAKTUBHBIX HAHOTHMOPUIHBIX
OpraHOMHUHEPATBLHBIX COPOCHTOR C UCIIOJIb30BAHUEM aKTUBUPOBAHHBIX yriei. biarogaps
Pa3BUTOMN YyJIETbHOW MOBEPXHOCTH W YHUKAJIBHOUW CTPYKTYpE aKTUBUPOBAHHBIX YIJICH,
BKJIFOYAIOEH B ce0sl HEMOJSPHYIO YIJIEPOAHYIO M TOJISIPHYH) MHUHEPAIbHYIO YacTH,
pacimpsieTcs JaMana3oH HW3BICKAEMbIX TMOJUIIOTAHTOB W3 OKpYyKaroimieil cpeasl. B
HacToAIIeld paboTe MpeACTaBlIeHbl HAHOTHMOPUIHBIE MArHUTOAKTHBHBIE MOJMMEpPHbIE
COpOEHTBI, CHHTE3UPOBAHHBIE C HCIIOJB30BAHUEM aKTHUBUPOBAHHOTO yrias (AY),
HNOJIYYEHHOTO U3 NPUPOJHOIO Yris, M TUIPOKCHIA >Kejie3a —TeTUT. MarnuTHbIe
HAHOKOMIIO3UTBl HAa OCHOBE HAHOYACTUI[ TE€TUTa M AaKTUBHPOBAHHOTO  YIJis
CHHTE3UPOBAIIH C UCIIOJIb30BAHUEM JIBYX PA3HBIX CITOCOOOB: eX-SitU - myTeM BBEJCHHUS Ha
MOBEPXHOCTh AKTUBUPOBAHHOI'O YIJIS MPEIBAPUTEIBHO CUHTE3UPOBAHHBIX HAHOYACTHIL
retuTa u in- Situ -myremM pOpMHUPOBaHUs HAHOYACTHII B CPEJIC AKTHBUPOBAHHOTO YIS,

HccnenoBanrie MarHUTHBIX XapaKTEPUCTUK O0Opa3lloB reTUTa U HaHOKOMITO3UTOB
CBUJIETENIICTBYET O (PEPPOMArHUTHOM IMOBEJCHUU HMX TMPU KOMHATHOM TeMIiepaType.
HaGmronaercst 3akoHoMepHoe cHibkeHue 3HaueHuss HC mpu NMOHMKEHHH CONEp KaHMs
HaHOYacTull B komno3ute B psaay o- FeO(OH)> HaHOKOMIO3UT, NOJy4eHHbII METOI0M
eX Situ> HaHOKOMITO3HUT, MOJTYYSHHBIA MeTOI0M IN-Situ (Tad. 7).

Tabnuna 7. — MarHuTHble CBOMCTBA T€TUTA U HAHOKOMITO3UTOB HA OCHOBE T€TUTA
Y aKTUBUPOBAHHOTO YTJISA, TTOJyYEHHBIX €X SitU 1 MeXaHOaKTHUBAIUCH.

Oopa3zerr Hamarunuennoctes | OcTaTouHas Kospuu thBHas
Haceienus Ms, A/M | HaMarHU4eHHOCTh, A/M | cuia, A/M

Hanouactunsl returta 30.2 3.94 89,2

I'etut /AY, 4.98 0,89 79.9

MOJTy4CHHBIH eX Situ

I'etut / AY, 4.45 0.69 69.5

MOJTy4EeHHBIH IN-Situ.
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[Ipu uccnenosanuu mpoiecca copoiu Ha AY U HAHOKOMITO3UTaX YPaHWI-UOHOB
YUHUTHIBAJIM BO3MOXHOCTh THAPOJM3a TMOCIAEAHUX B pa30aBIEHHBIX pacTBOpax C
o0pa3oBaHWEM THJIPOKCOKOMIUIEKCOB M  KOHKYPEHUMH KOMIUIEKCOOOPa3yroUIux
nuraaeeix rpynn ¢ OH -uonamu. Ilpum B3aMMOAEHCTBMH BCEX HCCIEIOBAHHBIX
npenaparos ¢ UO,*" Habmomanack 3aBECHMOCTb COPOLMOHHON eMKocTH oT pH cpenp.
CopOunonHas AKTUBHOCTb MAarHuTHOTO HAaHOKOMIIO3UTa YBEIMYUBAJIACH
MPOMOPLMOHAIBHO pocTy pH cpenpl u nocturana MakCMMaiabHbIX 3HAYEHUN yke ripu pH
5.0. OOGnactu HauOosblIed COPOIMOHHOM AaKTUBHOCTM Mpernapara HMCXOJHOIO
akTuBupoBanHoro yris (pH 7.5) u marautHOrOo HaHokommo3uta €X-Situ (pH 7) Obutn
OJIM3KH, TPU ITOM BEJIMYKMHBI MAKCUMAJIbHOW COPOLIMOHHOM €MKOCTH COCTaBJISIOT 145 u
198 mr-r! coorBercTBeHHO. TakuMm 00pa3oM, HAHOKOMIIO3UT HA OCHOBE T€TUTa U
AKTUBUPOBAHHOTO YTJISI IPOSIBIISIET COPOLIMOHHYIO aKTUBHOCTb IO OTHOLIEHUIO K YPaHUJI -
UOHY. YPOBEHb COpPOIIMOHHOW E€MKOCTH M3MEHSAETCS B sy aKTUBUPOBAHHBIA Yroib
<HAHOKOMIIO3HUT, MOJYYCHHBI MEXaHOXUMHUCH < HAHOKOMIIO3HT, TMOJY4YCHHBIA eX-Situ

(Tab:m.8).

Tabmuuna 8. — AjcopOuust ypaHWI-MOHOB aKTHMBHUPOBAHHBIM  yIJIEM U
HaHOKOMITO3UTaMH

O6pa3erny MakcumainbHast KoncranTa copOuuu
COpOILIMOHHAS €MKOCTb Kcop6'10'4, 11/ MOJIb
(Quaxc.), MMOJIB/T

AY/UO? 0,61 +0,05 6,5+1,2

Cetut/AY/UO2?"ex-situ 0,86 + 0,03 9,4+1,4

Cetut/ AY/UO»?* in-situ 0,78+0,01 8,7+1,1

Bonnbie cycnieH3uu 4yeThipex NnpenaparoB: akTUBUpoBaHHOTO yriis (1); retuta (2);
HAaHOKOMITO3UTa, CHHTE3UPOBAHHOTO eX situ (3); 1 HaHOKOMITO3UTa, CHHTE3UPOBAHHOTO
in-situ (4), mpoTecTUPOBAaHHBIE B IBYX TECT-CHCTEMAaX, Pa3IMYaINCh 10 TOKCHYHOCTH H
OMOOCTYITHOCTH JJI PA3HBIX TECT-KYJIbTYpP TUAPOOUOHTOB. TECTKYIbTYpa MPOCTEUIITUX
P. caudatum oxasanachk 0oyiee YyBCTBUTEIBHON K MCCIEAYEMBbIM 00pasiiaM, MOCKOIbKY
MOPOrOBbIE  KOHIIEHTpAIlMM  MpENnapaTtoB, Kak  MaKCHUMajlbHble  OE3BpE/IHbIC
(aeneiictByromue) koHneHTpanu MbBK 10, Tak u neiictBytomue nony3gdexktuBabie DK
50 gns Hux ObulM Ha 1-2 mopsaka MeHblle, 4eM ISl MUKpoBoaopocieil. CHIKeHue
OMOOCTYITHOCTH CHUHTE3UPOBAHHBIX HAHOKOMITO3UTHBIX MPENapaToB MO OTHOIIECHUIO
MPOCTEHIINM MOKHO OTHECTH K KX MUKPOCTPYKTYPHBIM XapakrtepuctukaM. Kpome Toro,
Oonee BBICOKOEC 3HaueHHWe Oe3BpenaHod koumeHTtpamu MBK 10 (0.0012%)
CBUJICTENIBCTBYET O HAJIMYMKA Yy HETOo OWOUMTHOTO JEWCTBUS MO OTHOIIECHUIO K
OJIHOKJIETOYHBIM MIpocTeiiuM. VcxonHbie mpenapaThl IO OTHOIIEHHUIO K 00Jiee CI0KHO
OpPraHW30BaHHBIM OMOJIOTHYECKUM opraHu3MaM S. quadricauda He MpOSBISIOT TaKyro
TOKCUYHOCTh, Kak K mnpocTedmuM. OIHAKO 3HAYEHUS NOPOTOBBIX KOHUECHTPALWN

30



TOKCUYHOCTH HaHOKOMITO3MTA B TECT-CHCTEME C MHKPOBOJOPOCIISIMA OKa3alHucCh Oojee
HU3KkuMU. TokcuaHoCTh K S. quadricauda ucciie1oBaHHBIX IPETIAPATOB CHIKACTCS B PSTY
TeTUT> HAHOKOMIIO3MT> aKTHBHPOBAHHBIA Yrojib. Ba)KHO MOMYEPKHYTH, YTO HaKEe B
NPUCYTCTBUM BBICOKHX J103 HAaHOKOMIIO3MTa HE HAOIIOAAIOCh 3aMETHOTO IOJIABJICHUS
pa3BuTHS  MUKpoBojopocieil. Takum 00pa3oM, TPOBEACHHBIC HUCCICIOBAHUS
OMOIOCTYITHOCTH U YCTAHOBJICHHBIC TOKCUKOMETPHUYCCKUE TIOKA3ATENN JAIOT OCHOBAHUS
noJjaraTh, 4TO JaXe €CIH U3 CPelbl IMOCIIe MPOLEAYPhl MATHUTHOW Cemapainuu cOpOeHT
He OyIeT TOJHOCTBIO YAalieH, TOKCHYHOCTh BOJIHOW (ha3bl He OyaeT MpeicTaBisiTh
OIACHOCTb JIJIsl OTHOCUTEIBHO 00JIee BHICOKOOPTaHM30BaHHBIX KHBBIX CHCTEM, TAKUX KaK
BOJIOpOCIH. Pe3ynbraThl OMOTECTUPOBAHUS U ONPEIEICHNUE OPOTOBBIX KOHICHTPAIIHIA
0€3BpPEIHOTO JCHCTBUS UCCIICyEMbIX HAHOKOMITIO3UTOB YKa3bIBAIOT HA KX OTHOCHTEIIHHO
HEBBICOKYI0 OMOJOCTYIHOCTh JIIsi KIETOK MHUKpoBojgopocieit S. Quadricauda.
OTcyTCcTBHE CHJIBHOTO TOKCHYECKOTO JICHCTBUSL Ha KICTKHM MHUKPOBOAOPOCIEH
00YCJIOBJIMBAET TAKXKE MX Pa3BUTHE IPU BBICOKUX KOHIEHTpausX. [10 OTHOIICHHIO K
OJTHOKJICTOYHBIM mpocTeimum P. caudatum cuHTe3upoBaHHBIC MpenapaThl MPOSIBISIOT
OoJiee BBIpaXKCHHOE OMOIMIHOE JICHCTBHE, MaKCUMaJibHas Oe3BpeHasl KOHIICHTPAIUS B
TECT-CHCTEME C TapaMelMsIMU Ha MOPSJAOK HUXKE, YeM MPH albrOTECTUPOBAHUU S.
quadricauda.

3akaoyenne. Ha oCHOBe aKTHBMPOBAHHOTO YIJII M OKCHUTHIPOKCHA Kele3a
MOJYYeHbl ~ HAHOTHOPWIHBIE  KOMIIO3UTBI,  XapaKTEPU3YIOIIUECS  MarHUTHBIMU
CBOIMCTBaMH, BBICOKOI COPOLIMOHHOM CITIOCOOHOCTBIO MO OTHOIICHUIO K YPaHWI-HOHY H
nposiBysiIone  creruduyekoe  OuouuaHoe  neiicTBue. MarHuTHBIE — CBOWCTBA,
OOYCIIOBIICHHbIE ~ TNPHCYTCTBHEM B  COCTaBE CHHTE3UPOBAHHBIX  MAaTEPUAIOB
OKCUTHAPOKCUIA JKelle3a, NPEAONPENCAIIOT BO3MOXKHOCTh HCIIOJIb30BaHUS WX B
Mpoleccax MarHUTHOM Cemapaniy TOKCHYSCKHX BELIECTB M BRICBOOOXKICHHUSI COPOCHTOB
JIs  TIOBTOPHOTO IpPUMEHEHUs. VIcmonp30BaHHE NpeAaracMbIX HaHOTHOPHIHBIX
MaTepualioB B PEMEIUALMOHHBIX MEPONPHUITUSIX BHECET BAXKHBIA BKJIAll B CHHIKCHHE
IKOJOTUIECKUX PHCKOB.

BbIBO/bI

1.Kamxu-Caiickasi TEXHOT€HHAsl 30Ha XapaKTEPU3yeTCs] BBICOKUM PaJuallMOHHBIM
¢onoMm. Ha moBepxHOCTH na)ke 3aKPBITHIX OTBAJIOB 30JIbI IKCIIO3UIIMOHHAS /1033 Y-
usnydenus cocrabisger B cpeaneMm 30-60 mxP / 4. 2. Conmepxanme U 238 B mouBax
TEXHOT€HHOM 30HBI IO CPABHEHMIO C KJIApPKOM MHOBBILIEHHO OT 2 710 6 pa3. YpoBeHb Ra
226 1o CpaBHEHUIO C KJIAPKOM IOYB IMOBBIIIEH OT 2 10 5 pa3, a Pb 210 — ot 2 no 10 pas.
Cocrapnstoniasi BHEIIHETO PagydalliOHHOTO (OHA CO3AACTCs TOYTH UCKIIOUUTEIHHO 32
CYET €CTECTBEHHBIX PAJTMOHYKIINJIOB, BXOASIIMX B PAIBI pacnaga ypaHa U TOPUSL.

2. Tlo copepxaHuio TsKENbIX MeTaaaoB TouBbl Kamku-Caiickoil mpOBUHIIMU
SABJISIIOTCS.  BBICOKO TOKCHYHBIMU. HaumOonee 3arps3HEHHBIMU SIBISIOTCA YYaCTKU
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IIPOMBIIIJICHHON 30HbI. KOHIIEHTpauy TOKCUYHBIX AneMeHToB npesbimatoT 11K ot 10
no 1000 pa3. IlouBer Ha Tepputopun TOLl SBAAIOTCS HapylIEHHBIMH, HO HE
MPEACTABIAIOT JKOJIOTMYECKYI0 OMAacCHOCTh. (COOEHHOCTBIO 3arps3HEHUs IO0YB B
HCCIIEIyeMbIX TEXHOTEHHBIX 30HAX SBISETCA HEOJHOPOJHOCTH MPOCTPAHCTBEHHOTO
pacmpeseneHuss KOHICHTPAui XUMHUYECKHUX DJIEMEHTOB, NMPU ITOM BapHabEIbHOCTH
dukcupyeTcs Ha 001IeM BEICOKOM YPOBHE BAJIOBBIX COACPKAHUI MOCIECTHUX.

3. CoobmiectBa rpu00B B MouBaxX TeXHOreHHOM 30HbI Kamxu-Cail pa3zinnyaroTcs no
cocTaBy. B HapyeHHBIX MoYBax HaOII0/1aeTCsi 0ojiee BHICOKOE BHJIOBOE OOraTCTBO U
pazHooOpa3ue TpUOHBIX COOOLIECTB, a TaKXe HMMEET MECTO M3MEHEHHME COCTaBa U
YHCIEHHOCTH TOMUHHpYIoIero Buaa. CoaepkaHne MUKPOMHUIIETOB BO3PACTAET B TOYBAX
BOJIM3U WMCTOYHHMKOB 3arpsi3HCHHs. [Ipw 3TOM MHOTHME M3 HUX TPEJICTaBISIOT TPYIITY
MOTCHIIMAJbHBIX MMaTOTC¢HOB pacTeHU. TOKCHKOJOTHYECKHMMH MCTIBITAHUSMH BBISIBIICHA
BBICOKAsi ITMTOTOKCHYHOCTh TIOYB Ha BCEX HCCIEAyeMBbIX ydacTkax. Hecmorps Ha
KQKYIIYIOCS HJISHTUYHOCTh PEaKIIMM, MEXaHW3Mbl TOPMOYXEHHUS JCICHHS KICTOK B
HKCIIEPUMEHTAIBHBIX BapHaHTaX MOTYT OTJIUYAThCS HM3-3a CYIICCTBCHHBIX Pa3lIMuuil B
AJIEMEHTHOM COCTaBe OOpaslloB IMMOYB.  YCTAaHOBJICHHAs 3aBUCUMOCTH JIMHAMHKHU
OMOTHYECKHX  TIOKazaTesneld  (KOMMYecTBa  IMOYBEHHBIX  MHUKPOOPTAaHW3MOB U
MOP(}OJOTHYCCKUX TMPU3HAKOB BBICIIMX PACTCHUN) OT aKTUBHOCTH PAIUOHYKIHJIOB B
npoOax TOYBBI TIOKa3bIBAeT, YTO Hamboyiee WH(POPMATHBHBIMH HWHIUKATOPHBIMH
MOKa3aTeJsIMU SIBJISIFOTCSL TPYIINBI BUIOB aKTUHOMUIIETOB U OaKTEepUH, MCIOJIb3YIOIINX
OpraHUYecKHuil a30T, a TAKKe JJTMHA KOPHEH MPOPOCTKOB TOPUHIIHI OEIOi.

4. OreHKa SKOJOTUYECKUX PUCKOB PaMAIIMIOHHOTO 3arpsi3HeHus mouBbl B Kamku-
Caiickoil TPOBHHIIMM C MCIOJIB30BAHMEM MOJIETH pacHpeiesieHus KOHIEHTpaluH
Bo3aeiictBusa (Exposure Concentration Distribution — ECD) «mo3a — addexr» mokaszana
3 PEKTUBHOCTH METOJIOB, OCHOBAaHHBIX Ha TCOPUHU TIIYOOKO pa3pabOTaHHON KOHIIEHIIUH
PErpecCHOHHOTO aHanu3a. YCTaHOBJIEHA S()QPEKTUBHOCTH MOJEITUPOBAHUS PEAKIINU
HDKOCUCTEMBI Ha BHEIIHEE BO3MYIICHHE B 3aBUCUMOCTH OT YpOBHS Jorapudma
PaANOaKTHBHOCTH.

5. OreHKa 5KOJOTUYECKOTO pUCKA 3arps3HEHUS MOYB B TEXHOT'EHHBIX 30HAX Ha
OCHOBE MOJICTTUPOBAHUS pacTpeIeIICHUs BHIOBOM 9yBCTBUTEIIBHOCTH (Species Sensitivity
Distribution - SSD) mo4yBeHHBIX IIEHO30B ITOKa3ana S(MPEKTUBHOCTH METOOB
MHOTOKPUTEPHAJILHOTO aHaiu3a. PacmpeneneHne cooOIECTB MHKPOMHUIIETOB TECHO
CBS3aHO C OpJMHALMEl MECTOOOMTAHUM, UTO IMO3BOJISIET PACCUUTATH «IKOJOTMYECKUM
ONITUMYM» JJIS KaXJI0T0 BHIa HA OCHOBE TPEXMEPHOU CTIIaKUBAIOIIEH MTOBEPXHOCTH IS
mo00r0 W3 aHANM3UPYEMBIX TIOKa3aTeNed 3arps3HeHHs TMOouBHl. lcmonb3oBaHUE
KyMYJISITHBHOW KPHBOW pacmlpele]ICHUs] TaeT BO3MOXKHOCTH JIETKO OIEHHUTH MOPOTOBOE
3HAUEHWE 3arps3HeHMsI, BIusroniee Ha Gakrop mro60it m3odddexrusaoctu ECp,

6. DKkoyiormueckas OIICHKAa IMOYBBI C KOHTPOJIBHBIX IUIOMIAJOK buikeka, c
WCIIOJIb30BaHUEM MeTona Tpuaj ToKaszala 3aBUCUMOCTh COCTOSIHHS TOYB  OT
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yaanéaHocty ot TOILl. MX M0OKHO XapaKTepU30BaTh, KaK «3arpsA3HEHHBIC» U «CUJIIBHO
3arps3HEHHbIe». Ha HacToAMi MOMEHT 3TH IIOYBBI JKOJIOIMYECKOM OINACHOCTU HeE
[IPEICTABIIAIOT.

7. Jns ynpaBiieHHs TOCIEICTBUSIMH 3KOJOTHYECKOIO PUCKa pa3paboTaHbl METOIbI
MOJIy4YeHHs] W TNPUMEHEHMsSI JBYX BHUJOB HOBBIX MAaTEpUATIOB CHELU(PUIECKOTO
Ha3HAYCHUA:

—  TYMHUHCOZEpXAIIUX  HECTEXUOMETPUYECKUX  HHTEPIIOIUDICKTPOIUTHBIX
KOMIIJIEKCOB, MPOSBISIOMUX 3(P(HEKTUBHYIO TMPOTUBOIPO3UOHHYIO 3aIUTY I[OYB,
JNETOKCULIUPYIOIIME CBOWCTBA, a TAKXE CTUMYJIHUPYIOLIEE BO3JCUCTBUE HAa pa3BUTHE
pacTeHul;

— MArHUTOAKTUBHBIX HAHOTMOPUIHBIX KOMIIO3UTOB, XapaKTePHU3YIOIIUXCS
BBICOKOW COPOLIMOHHOM CITOCOOHOCTHIO MO OTHOIIEHUIO K YPAHUI-MOHY U MPOSIBISIOLIUX
cnenuduyeckoe OuouuaHoe NerictBue. Vcnonb3oBaHue mpeajaraeMblX MaTepHalioB B
peMeANALMOHHBIX MEPOIPUATHUAX IPEACTABIIACT BAXKHYIO IIEPCIICKTUBY.
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PE3IOME
pucceprauuu IIpoxopenko Bukropa Anexcanaposuda Ha temy:. «McciaeroBanue
MPOLECCOB 3arps3HEHUs] O0BEKTOB OKPYXKAWIIEH Cpeabl TEeXHOICHHBIX 30H
Kbipreidckoii  PecnmyOuku» Ha  COMCKaHME Y4Y€HOM CTENEHH JIOKTOpa
onosiornyeckux Hayk no cneuuajabHoctu 03.02.08-3xo0s10ru1.

KiiwuyeBble cjoBa: TEXHOrEHHas 30HA, paJUAIlMOHHBIA (OH, yAeIbHAs
PaIMOaKTUBHOCTh, TSDKEIbIE METaUlbl, IOKa3aTeIu 3arps3HEHUs, OLICHKAa pPHUCKOB
3arpsi3HEHUs, peMeaualus, ynpaBpieHUe PUCKaAMHU.

O0beKTHI HMCCIEeI0BAHMS. TEXHOTCHHBIC 30HBI, PaJUAllMOHHBIC, XUMHUYECKHE,
OMOWHJINKAIIMOHHBIC, TOKCHKOJIOTUYECKHE TIOKa3aTeiM 3arpsi3HEHHUs TI04YB, OICHKA
AKOJIOTUYECKOTO PHCKa 3arps3HEHUs] TIO0YB, BO3MOYXHOCTH YIPABICHHUS PUCKAMHU
3arpsi3HEHUS MOYB.

Heab nceaeqoBanus: DKOIOT0-TOKCUKOJIOTHYECKAs OLEHKAa PUCKOB 3arpsi3HEHUs
noyB B  TexHoreHHbIXx 30Hax  Keipreisckoir  PecnyOnuku  (Kamxu-Caiickas
OMOreOXUMHUYECKOW TPOBUHIIMS, TEPPUTOPUS TEPMOITEKTPUIECKON CTAHIIUU T. bUITKek)
C UCII0JIH30BAHUEM COBPEMEHHBIX METO/I0OB U IPUMEHEHNE HOBBIX «3€JICHBIX» MaTEPHAJIOB
B MpOLEccax peMeAualuy 3arps3HEHHBIX OOBEKTOB OKpPYXAloIIe Cpelbl C IebIo
yIPaBJICHUS STUMH PUCKAMH.

Mertoabl uccje0BaHUsA: AKTUBHOCTU PAJMOHYKIHJOB HM3MEPEHBI HA TamMMa-
cnektpoMerp Canberra (CILIA DneMeHTHBI CcOCTaB TOYBBI HCCIEIOBAaH C
ucrnonp3zoBanneM XRF cnekrpomerpa DELTA Classic (USA). buonHaukanroHHBIE
MoKa3aTeu OIpe/esieHbl U3MEPEHHUEM MHTEHCUBHOCTU JIBIXaHUS MOYBHI U 0a3abHOTO
MUKpOOHOTO AbixaHusi. BumoBoe pazHooOpasue M30JMPOBAHHBIX T'PUOHBIX COOOIIECTB
OILICHEHO M0 YUCIEHHOCTH BUIOB M Ha OCHOBE pacueTa uHaeKca pasHooopasus llenHona.
KrnacrepHsiii 1 (akTOpHBIM aHamU3 MPOBEACH C MOMOIIBIO MporpamMmsel Statistica 7.0.
KonmnuecTBeHHBIN MOACYET OakTepuil MPOBOAWIN Ha (DIIyOPECIIEHTHOM MHUKPOCKOIIE
MS300FS. TokcHUKOJIOrMYeCKHE MCIBITAaHUS O00pa3lloB MOYBHI MPOBOJIUIUCH B CHUCTEME
®UTOCKAH, a Ttaxke c¢ wucnoias3oBanuem Allium-tecta. HoBbie Mmartepuasl,
MpeaHa3HAYeHHbIE AJIsl yIPABJIEHUS PUCKAMU 3arPsI3HEHUS IOYB HCCIIEI0BAHbI METOJAMHU
PTYTHON TIOPOMETPHH, PEHTreHO(]A30BOr0 aHamm3a, 3JIEKTPOHHOU CIIEKTPOMETPHH,
MarHUTOMETPUHU.

IHonyuyennsbie pe3yabTaThl 1 HOBU3HA. [IperncraBiena mojgHas XapaKTepUCTUKA
AKOJIOTUYECKOTO COCTOSIHUS JBYX BBIIIEYKa3aHHBIX TEXHOTE€HHBIX 30H KbIprei3ctaHa B
Kamxu-Caiickoil TpOBUHIIIIMN YCTAHOBJICH BBHICOKUH pagualiioHHbId GoH. OnpeneneHo
COJIEp)KaHUE U paclpeielicHIe paJnoakTUBHBIX dnemeHToB (U—-238, Ra—226, Pb—210), a
TaK)K€ M  TOKEIbIX METAJUIOB B MOYBaX. YCTAHOBJIEHAa  HEOJHOPOJHOCTD
MIPOCTPAHCTBEHHOI'0 PACIpPEEICHUs KOHIIEHTPAIMH XUMUYECKUX AJIEMEHTOB, KOTOpas
¢ukcupyercss Ha oOOImEM BBICOKOM YPOBHE BaJIOBBIX COJCP)KAHWHA TOCIICIHUX.
NccnenoBanbl OMOMHIMKAIIMOHHBIE M TOKCHUKOJOTMYECKHE MOKAa3aTelld 3arpsi3HEHUs
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nous. M3yyeHa 3aBHCHMMOCTb JUHAMUKH OHMOTHYECKUX IOKazaTeiell (KoJudecTBa
MOYBEHHBIX MUKPOOPTaHU3MOB U MOP(POJOTHUECKUX MPU3HAKOB BBICUINX PACTEHHI) OT
aKTUBHOCTH PAaJMOHYKJIMJIOB B mnpoOax mnouBbl. Haunbonee wuHbDOpMATUBHBIMU
WHJIMKATOPHBIMU MOKA3aTEISIMU MPU3HAHBI TPYMIBI BUJIOB aKTUHOMUIIETOB U OaKTEpUid,
HCIIOJIB3YIOIIMX OPraHUYeCKHil a30T, a TakkKe JJIMHAa KOPHEH NIpPOPOCTKOB TOPUMIIBI
0eJiol, MCIOJIb30BAHHOW B KayecTBE TecT- KyJbTypbl. C HCHOIB30BAaHUEM MOJIENEH
«103a-3¢(HeKT», METOI0B 0TOOpa U KOHKYPEHTOCIIOCOOHOCTH, a TaKKe€ OCOOEHHOCTEM
UHTEpNpETallMd  pe3yJbTaTOB  NPOBEJIEHAa  OLIEHKa  HKOJOTMYECKHUX  PUCKOB
paauaMoOHHOro 3arpa3HeHuss nouBbl B Kamxu-Calckoi reOXUMHUYECKOW MPOBHHIIUM.
OneHka 3K0JI0rnYecKoro prcKa ¢ UCIOIb30BaHUEM METO/A ONPeIeSICHUs N3MEHYUBOCTH
BUJIOBOTO pa3zHooOpazus MOYBEHHBIX LIEHO30B BBISIBUJIA KOMILJIEKC
MYJbTUKOJUIMHEAPHOCTH BO B3aMMOCBS3M KOMIIOHEHTOB T€XHOTE€HHOI'O 3arpsi3HEHHsS B
u3zyyaemMoM peruone. O1eHKa S3KOJOTHYECKOT0 PUCKA 3arpSA3HEHUs T0YB Ha TEPPUTOPUU
TOL metonom Tpuan mokasana, 4To UX MOXKHO KJIACCU(UIMPOBATH KaK 3arpsi3HECHHBIE.
[loxazaHa BO3MOKHOCTb YIPABIEHUS SKOJOTUYECKUMH PHUCKAMHU C HCIOJb30BaHHEM
CPEJICTB, BOCCTAaHABIMBAIOIINX 3arpsi3HEHHbIE TEPPUTOPHH.

O0JsiacTh NpPUMEHEHHMs: DKOJIOTHS, NPHUPOJAOOXPAHHBIE AaKIUU, CEIbCKOE
XO3SMCTBO.

SUMMARY

Prokhorenko Viktor Aleksandrovich dissertation of on ** Research of processes of
environmental pollution man-made zones of the Kyrgyz republic ** for the degree
of doctor of biological sciences on specialty 03.02.08-ecology

Key words: technogenic zone, radiation background, specific radioactivity, heavy
metals, pollution indicators, pollution risk assessment, remediation, risk management.

Subject of the study: technogenic zones, radiation, chemical, bioindicative,
toxicological indicators of soil pollution, assessment of the environmental risk of soil
pollution, the possibility of managing the risks of soil pollution.

Purpose of research: Ecological and toxicological assessment of the risks of soil
pollution in the technogenic zones of the Kyrgyz Republic (Kaji-Sai biogeochemical
province, the territory of the Bishkek Thermoelectric Station) using modern methods and
the use of new "green" materials in the processes of remediation of contaminated
environmental objects for the purpose of management these risks.

Research methods: activities of radionuclides were measured with a Canberra
gamma spectrometer (USA). The elemental composition of the soil was studied using a
DELTA Classic (USA) XRF spectrometer. species and based on the calculation of the
Shannon diversity index. Cluster and factor analysis was carried out using the Statistica
7.0 program. Quantitative counting of bacteria was carried out on a MS300FS fluorescent
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microscope. Toxicological tests of soil samples were carried out in the FITOSCAN
system, as well as using the Allium test. New materials, designed to manage the risks of
soil pollution, have been studied using mercury porosimetry, X-ray phase analysis,
electron spectrometry, and magnetometry.

The obtained results and their novelty: A complete description of the ecological
state of the two above-mentioned man-made zones in Kyrgyzstan is presented. A high
radiation background has been established in the Kaji-Sai province. The content and
distribution of radioactive elements (U-238, Ra-226, Pb-210), as well as heavy metals in
soils were determined. Bioindicative and toxicological indicators of soil pollution have
been studied. The dependence of the dynamics of biotic indicators (number of soil
microorganisms and morphological characteristics of higher plants) on the activity of
radionuclides in soil samples was studied. The groups of species of actinomycetes and
bacteria that use organic nitrogen, as well as the length of the roots of white mustard
seedlings used as a test culture, are recognized as the most informative indicator
indicators. Using dose-effect models, selection and competitiveness methods, as well as
the peculiarities of interpreting the results, an assessment of the environmental risks of
soil radiation contamination in the Kaji-Sai geochemical province was carried out. The
assessment of ecological risk using the method of determining the variability of the
species diversity of soil cenoses revealed a complex of multicollinearity in the relationship
between the components of technogenic pollution in the region under study. The
assessment of the environmental risk of soil contamination in the territory of the TFC by
the Triad method showed that they can be classified as disturbed, but they do not pose a
particular danger. The possibility of managing environmental risks using means that
restore disturbed territories is shown.

Scope of application: ecology, environmental actions, agriculture.

IIpoxopenko Buxkrtop AJuekcanapoBudTuH «Kbpipreiz Pecny0ankacbIHbIH
TEeXHOTeHINK YOJKOMJAOPYHYH Kyp4al TYpraH 4epeHy OyJroo mnpoueccTepuH
mw3nwiageo» aereH temaga 03.02.08 — »skojorusg aaucTurd 00HHYA OHOJIOrHA
WINMJAEPHHUH J0KTOPY OKYMYIITYYJIYK JapPaaChlH U3CHUI AJTYYy YUYH Ka3bLJITaH
AUCCEPTANUACHIHBIH

PE3IOMECH

Herusru ce3aep: TEXHOTCHIWK alMak, paguanusuibik (QoH, cherupuKaIbIK
pPaAMoOaKTUBAYYIYK, O00Op MeTajuigap, OyiraHyy  KepCOTKY4Tepy, OyiraHyy
TOOOKEIUTHH 0aai00, peKyJbTHBAIUS, TOOOKEIIUKTEPIN OalIKkapyy.

N3un1660HYH 00bEKTHCH: TEXHOTCHIUK 30HATAP, KBIPTHIIITHIH OyJITaHBIIIBIHBIH
paauaIsUIbIK, XUMHSUTBIK, OWOWHIWKATHUBANK, TOKCHKOJIOTHSUIBIK KOPCOTKYUYTODY,
KBIPTBHIIITHIH ~ OyJNTaHBIIBIHBEIH  AKOJOTHSIBIK  KOPKYHYYYH 0aajgoo, KBIPTHIIITHIH
Oynranyy TOOOKEIIUKTEPHUH OalTkapyy MyMKYHUYIYTY.
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N3unpeenyn  makcarbl:  Koiprei3 — PecnyOnmKachblHBIH —~— TE€XHOTE€HIUK
3oHanapbiHaarsl (Kaxei-Cail OMOreOXUMUSIBIK MPOBUHIMSACKH, bumkek XKbutyyinyk
ANEKTP CTAHUMACHIHBIH aiiMarbl) KBIPTHIIITBIH OyiraHnyy TOOOKENIWTMH 3aMaHOan
METOAJIOP/lY JKaHAa JKaHbl <«OKAIIbUIAAPABDY  KOJAOHYY MEHEH HKOJOTHUSJIBIK-
TOKCUKOJIOTHSIJIBIK 0aanoo. Oyn TOOOKENAMKTepau Oalkapyy MakcaTblHAa OyJraHras
AKOJIOTUSUIBIK OOBEKTTEPAN PEKYIBTUBALMAIOO MTPOLIECCTEPUHACTH MaTepraniap.

N3u1106HYH BIKMAJAPBI: PAIMOHYKIUIAEPIUH akTUBAYYIyTY KanOeppa ramma-
cnexkrpometrpu (AKII) menen emuenren.TonmypakTsin 3nemeHTapabik Kypambl DELTA
Classic (AKII) XRF crnexkTpoMeTpuHUH TYPYHYH KapJaMbl MEHEH WU3WJIJEHIeH >KaHa
[IleHHOH ap TYPAYYAYK HHIEGKCMHMH 3ceOuHe HeruzaenreH. Kiacrepauk sxaHa
dakropayk ananus Statistica 7.0 mporpammackl apKbllyy Kypry3yiay.bakrepusiiapabsia
cauablk canbl MS300FS ¢ayopeclieHTTUK MHUKpPOCKONTO KYypry3ysiay.TonypakTeiH
YATYAOpYHYH TOKCUKOIOTUsUIBIK CbiHOOJ0PY FITOSCAN cucremachiHia, OMIOHAO0M 1€
Allium TecTUH KOJIIOHYY MEHEH KYPry3YJay. ReIpThIITHIH Oyiranyy ToOOOKEIAUKTEPUH
Oamikapyy Y4YYH MIITEIUI YbIKKaH MaTepuajjap ChIMan MOPO3UMETPUSICHI, PEHTICH
(azacel aHaNU3H, JIEKTPOH CIIEKTPOMETPHUSI dKaHA MATHUTOMETPHUSI APKbUTYY U3UIICHT€H.

AJIBIHTAH  KBIABIHTBIKTAP JKaHA W3WII60HYH KAHBIYbLABITBI
KbIpreizcrangars! xoropyza atajiral 3Kd TEXHOT€HAMK 30HAHBIH 3KOJOTHUSIIBIK abaibiHa
TollyK MYyHe3neme OepwireH Kaxbi-Call ailmarbiHzia >KOTOPKY paavanusuibik (HOoH
Ty3yiared. TomypakTarsl pamnoakTuBayy snnementrepaun (U-238, Ra-226, Pb-210),
OLIOHJOW 53JIe 00p MeETaIAapAblH KypaMbl >KaHa Tapablllibl aHbIKTaNraH. JKep
KbIPTBIIIBIHBIH ~ OYJNTaHBIIIBIHBIH ~ OMOMHIUKATUBAMK  KaHa  TOKCHUKOJIOTHSUIIBIK
KOPCOTKYUTOPY U3MIIEHI'€H. BUOTHKAJIBIK KOPCOTKYUTOPAYH JUHAMUKACBHIHBIH (TOIypaK
MHUKPOOPraHU3MAEPUHUH CaHbl JaHa >KOTOPKY OCYMAYKTOPIYH MOP(OIOrHsIIbIK
MYHO3/16M6eJ16pY) KbIPTHIII YITYJIOPYHAET'Y PaaUOHYKIUIAEPAUH aKTUBIYYIYTYHO Ke3
KapaHJbUIbITbl M3WAeHreH. OpraHukaiblk a30TTy MaijJanaHraH aKTHHOMMIIETTEPIUH
KaHa OakTepusIapJblH TYPJIOPYHYH TONTOPY, OMIOHAON 3Jie TECTTUK KYJIbTypa KaTaphbl
KOJIJOHYJITAH aK TOpuYulla KeYeTTOPYHYH TaMbIpJapblHBIH Y3YHAYTY 3H MaajlbIMaTTbIK
KOPCOTKYY KaTapbl TaaHbiaT. Jlo3a s@dexkTtuBayy MOAENIEpUH, TaHI00 >KaHa
aTaaHJAIITBIKKA KOHIOMAYYJIYK BIKMAJIApPBIH, OLIOHAOW 23JI€  HaThIMXKanap.bl
MHTEPIPETALNAIIOOHYH ©3reuelIyKTOpYH KOJIJOHYY MeHeH Kaxbl-Call reoXuMUsIIBIK
NPOBUHUMACBIHAA  KBIPTHIIUTHIH — PAAMALMSAIBIK  OYJITaHBIIIBIHBIH  3KOJOTHSUIBIK
ToOoKenauruHe Oaa Oepyy Kypry3yiany. Tomypak IEHO3MOpYHYH TYPIAOPAYH ap
TYPAYYAYTYHYH ©3repMeJyYJYyTYH aHBIKTOO BIKMACBhIH KOJIIOHYY MEHEH 3KOJIOIHSIIBIK
TOOOKENIUKTH 0aajgoo H3WIACHUII >KaTKaH YeJIKeMJery TEXHOT€HIUK OylraHyyHyH
KOMITIOHEHTTEPUHHUH OPTOCYHAArbl OAailIaHBIIITBIH MYJbTUKOJUIMHEAPABIK KOMIUIEKCUH
anbikTagbl. TOKHBIH aiiMarbiHa KBIPTHIITBIH OYIATaHYYCYHYH  3KOJOTHSUIBIK
KOpkyHyuyH Tpuama wmertoxy OoroHua OGaamoo amapasl Oy3yiaraH  Katapsl
KJIACCU(PHUKAIUSIOOr0 OOJOPYH KOpCOTTy, OMPOK ajap e3rede KOPKYyHYY TYYAypOair.
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By3ynran aiimakrapabl KaJblOblHA KENITHPYYYY KapakaTTaplbl KOJJOHYY MEHEH
AKOJIOTUSUIBIK TOOOKENIUKTEPIN OalKapyy MYMKYHUYJIYTY KOPCOTYITOH.
Konponyy Tapmarbl: 3KOJ0THs, SKOJOTHSJIBIK apakeTTep, aibll yapoa.
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