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Ha ceromnsmHmii A€Hb CYIIECTBYET MHOXECTBO CIIOCOOOB OIPENECNCHHUS XHMHYECKOTO
3arpsA3HEHUs Mo4YBBl. CaMBIM pPaclpOCTPaHEHHBIM U YHHBEPCAIBHBIM IO TPaBy CUUTACTCS METOX
6uorecTupoBanus. Vcnonb30BaHNe Pa3IMIHBIX METONOB OMOTECTUPOBAHMS ITO3BOJISIET MOTYyYaTh
JOCTaTOYHO TOYHBIC PE3YIIBTATHI.

OOBEKTOM HCCIIEIOBaHUS SBJIAETCS TOYBEHHBIH IOKPOB Ha OOBEKTE HKCIUIyaTal[d pPaKETHOU
TexHuku. [locne NMMKBUAAaIMKM BOMHCKOHM YacTu B EmenbsiHOBckoM paiione, KpacHospckoro kpas
13-3a MOMAaJaHus B MOYBY 3HAUUTEIHHOTO KOJMYECTBAa KOMIIOHEHTOB pakeTHoro ToruinBa (KPT)
CJIOKHMJIaCh HEONAaronpusiTHas SKOJOrnueckass OOCTaHOBKA, YTO HAUUIO CBOE OTpaKEHHE B
COXpaHEHHHU BBICOKOI'O YPOBHS (PUTOTOKCHYHOCTH. B Hacrtosiiee Bpemsi TEPPUTOPHUSI BOMHCKOU
YaCTH sIBJISAETCS OSCXO3HOM, MMEIOTCS pa3pyLICHHbIE CIEcOOpyKeHusl. Ha mouBeHHOM MOKpoBe
MMEIOTCS BUAMMBIC MACJITHUCTHIE TISTHA, IPUCYTCTBYET crienuduueckuii 3anax. [lo mokazanusm
BO¥ickoBoro mpubopa xummdeckor passenku (BIIXP) ¢ mrmukatopabiMu TpyOkamu UT-I'l u
UT-2T ycranosneno Hammane B mouBe KPT 0,001 mr/m, 9To cOOTBETCTBYET YpOBHIO «OIMacHO».
B cBs3u ¢ 3TMM HEOOXOAMMO IPOBECTH MOHUTOPUHI XMMUYECKH 3arpsI3HEHHOH MOYBEI, BHIIBUTH
9KOJIOTMYECKH HEOIaronpusTHbIE 30HbI, OIIEHUTh BO3MOKHOCTb MCIIOJIb30BAHHS MTOYBHI B JIECCHOM
XO3SIMCTBE.

Jns npoBexeHus SKcnepuMeHta Obuio oroOpaHo 10 mpo® M3  pa3iiMuHBIX  YYacTKOB,
PacCIJIOKEHHBIX Ha ONPEACNICHHOM pPAacCTOSHUM Jpyr OT Jpyra M OXBAaTHIBAIOIIMN 30HBHI
MpUOIMKEHHBIE K TEXHUYECKUM COOPYKEHHSIM, a TakkKe JBE KOHTPOJBHBIC IMPOOBI HA yJalCHHH
TPeX U IISITH KWIOMETPOB OT 00BbEKTa HCCIIEeIOBAHHS.

Ienpto mccnenoBaHus SIBISETCS BBISIBICHHE 3arpsi3HEHHs MOYBBL. B cBs3M ¢ 3THM Tpedyercs
OIIPEJICTINTh BIMSHUE XMMHUUECKOTO 3arps3HEHUs] Ha TeCT OOBEKThI: COCHAa OOBIKHOBeHHasi Pinus
sylvestris L. m xpecc-camar Lepidium sativum L., mpoBecTH craTHCTHUECKYIO 00pabOTKy
MOJYYCHHBIX ~ OKCHEPHUMEHTAIBHBIX JaHHBIX Ul MHHAMH3ALUM IUIOIAMM  TOAJIexanien
PEeKyIbTUBAIUH.

Kniouesvie cnosa: Mo4Ba, XUMHUYCCKOC 3arpA3HEHUEC, PAKETHOC TOILJIMBO, 6I/IOT€CTI/Ip0BaHI/I€.

IToctymuna B pegaxmmio: 10.02.2018
BBEJIEHUE

B pesynbrare aBapuWHBIX CUTyallull IIPU CIMBE U3 PAKET U CHELUAIBHBIX €MKOCTEU
KPT npoucxoaut xumudeckoe 3arpsisHeHre no4Bsl [1]. PakeTHoe TOIIMBO O4YeHb MOJABHIKHO
B JlaHAmadTax, XOPOUIO CMEIINBAETCS ¢ BOJOM, UTO TaKXKe MPeAonpeesieT BO3HUKHOBEHUE
OTJIENbHBIX TEXHOTE€HHBIX aHOMaIui. ['MIpa3sMHOBBIE TOpHOYME NpPU IONAJAHUU B IIOYBY
pas3iaraloTcs M OKHCIAIOTCS ¢ 00pa30BaHUEM BOJbI, YIJIEKHUCIOrO ra3a M MOJIEKYJISPHOTO
a30Ta, a TaKkKe psAfa BBICOKOTOKCHYHBIX MPOJYKTOB: JUMETHWIaMUHA, (opMasibieruia,
CHHWIbHOM KUCJIOTHI M IPYTHX ONacHbIX BemiecTB [2]. Takue roproune NpoyHO CBS3BIBAIOTCS
C OPraHOMMHEPAJHHBIM KOMILIEKCOM IOYBBI M MOTYT JJIUTENBHOE BpeMsl (MECSIbl U TOJIbI)
COXPAaHSTHCS, HAKAIIJIMBAsICh B IOBEPXHOCTHOM CJIO€ M MUTPHUPYsI B OoJiee TiryOokue ciiou [3].
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HccenenoBanus 3arpsi3HEHHBIX KOMIIOHEHTAMH PAKETHOI'O TOILIMBA MECT HKCILTyaTalluu
pPaKeTHOM TEXHMKH pa3HOM JaBHOCTH (OT 5 mo 23 jer) moka3ajno, 4TO YMEHBIICHHUE
KOHIICHTpAIlUU THAPA3HHOBBIMH roprouruMu 10 ypoBHs 1-2 ITJIK npoucxomut Gosee uem 3a
20 ner. KoHueHTpanuu OCTaTKOB TOIJIMBA B MecTax 3ampaBku U xpaHeHuss KPT moryt
nocturath 1.2-3.4 mr/kr. MakcuManbHble KOHIICHTPAI[UH OTMEYAIOTCS B BEpXHUX FOPHU3OHTAX
nouBsl, 4To 3KkBUBaNeHTHO 10-30 I[1/IK [4]. ['uapa3uHOBBIE TOPIOYHME UMEIOT BBIPAKEHHYIO
menoynyr peakiuio (pH12). Ilpu ux mnponwBe Ha pacTUTEIBHBIM TOKPOB IMPOMCXOISAT
HIeJI0YHbIe O0XOTW. [lopakeHHass PacTHTEIBHOCTh IMPHOOpPETAEeT BHUJ «BAPEHOI» 3EJICHH,
BBICBIXas, CTAaHOBHUTCA KopuuHeBOW. [IpoHMKass B TKaHM pACTEHUN, OHU CIOCOOHBI
COXpaHATHCS IHMTENbHOE Bpems (Oonee 1 roma) m BapbUpOBaThH B IMpeesiaX KOHIEHTpAUn
0.1-5 mr/kr. HecumMMeTpUUHBIH AUMETHIITHAPA3UH (TENTHII) — OJUH U3 CaMbIX TOKCHYHBIX
KOMITOHEHTOB PaKeTHOI'0 ToruiuBa [5].

[TpoGnema renTuna sSBIASETCS OJAHON M3 OCHOBHBIX IPHU 00ECHEUYEHUU KOJOTUYECKOU
0€30MacCHOCTH TEPPUTOPHUM JIMKBUIMPOBAHHBIX BOMHCKUX dYacTedl [6]. B cBs3um ¢ stum
BO3HHUKAET HEOOXOAMMOCTh MPOBEICHUS OKOJIOTMYECKUX HCCIENOBaHHM B  00IacTu
BO3JICUCTBHUSI OOBEKTOB JKCIUTyaTallUM PAKETHOM TEXHUKH Ha MPUPOAHYIO CPENy, KOTOPHIC
MOriau Obl JaThb OOBEKTHBHYIO HH(POpPMAIMI0 O MacimTabax W HMHTEHCUBHOCTU 3TOTO
BO3JICHCTBUS.

Llenpro uccnenoBanus BJISAETCS BBISIBIEHUE XUMHUECKOTO 3arpsi3HEHUS MOYBBI, OLIEHKA
Biusaust KPT Ha 6Guosoruueckre 0ObEKTHI.

OBBEKT U METOIbI UCCJIIEJJOBAHUA

OOBEKTOM HCCIIEIOBAHUS SBIISUTUCH MIOYBA U PACTUTENBHBIN MOKPOB C OBIBIIIETO MECTa
JUCIOKAMM BOMHCKON yactn PakeTHbix Boiick B EMenbsHOBckOM paitone KpacHosipckoro
Kpas.

Tepputopust 00BEKTa pacoyiokeHa B IECHOM MacCHUBE Ha CHEIMAIILHO 000pYyI0BAaHHOM
miomaake. [locne JIUKBUAAIMM BOWHCKOW YaCTH OCTAIMCh OECXO3HBIMH CTPOUTEIHHBIC
COOpPY)KEHMSI ~ pa3IMYHOTO  Ha3HaueHus. [lpuMbikaromas  miomaab — NpeAcTaBieHa
CJIEMYIOIIMMH TUTIAMH TIOYB: Y€PHO3EM BBIIIEIOUCHHBIN — 17,7%, yepHO3eM OOBIKHOBEHHBII
— 16,1%, cepsie necubie — 12,8%, nayroBo-uepHozemuble — 10,8%, moiimenHsle — 6,3%,
6onotHbie — 2,3%, HeoOcnenoBanuble —34%. C ceBepa K U3y4aeMOil TEppUTOPUU NPUIIETAET
Jiecomnosoca, ¢ 3amnajgHoil nporekaer pexka Kaua. B 10%HOIl 1 BOCTOYHOM 4YacTU M3ydaeMou
TEPPUTOPUU  PACIIONOKEHBI KEJIE3HOJOPOXKHAsE BeTKa M acQalbTUPOBAHHAs JIOpOra.
OcHoBHOU JIpeBecHON (POpMOI CONMPHUKACAIONICHCS HETIOCPEICTBEHHO C OOBEKTOM SIBISETCS
cocHa oObIkHOBeHHas (Pinus silvestris), pacTuTenbHbINH TOKPOB Pa3HOTPABHO-3JIAKOBBIH.

Ot6op mpobd mpoBoAwIiCS B TeueHHe BerertanuoHHoro mepuoaa 2017 roma. IIpoOwr
otoupanuce B cooTBeTcTBUM ¢ [[OCT 17.4.4.02-84 [7], Ha ucciemyeMoM oO0BEKTe OBLIO
BeIOpaHo 10 mpoOHBIX TwIomaAoK pasmepom 20x20 wmetpoB. Ilmomagku Ne 1, 2,
pacmonaranuch BONM3u coopyxkenuii s xpanenust KPT. [lnomanku Ne 3, 4 pacnonaranuck
BOJIM3M PAKETHOW IIaXThI, TJI€ HETOCPEACTBEHHO MPOBOAMIACH pa0OTHI MO 3allpaBKE PaKeT.
[Tnomanku 5-10 pacmonaranuch BOTU3U COOPYXKEHUH sl XpaHEHUsS W HEHUTpamu3aiuu
arperaToB 3ampaBoYyHOTO oOopynoBaHus. KoHTposnbHBIE TUIOMIAAKK 1-2 pacmojaraivuch Ha
yIaaeHuu 3 KM Ha BOCTOK M 5 KM Ha 3amaj oT 00bekTa. ToueuHble MpoObl MOYBBI OTOUPATU
Ha TPOOHBIX TIUIOMIAAKaX MOCIOWHO ¢ TiyomHbl 0-5 mw 5-20 cM MeToIoM KOHBeEpTa.
OObeMHEHHYI0O TIOYBEHHYIO TPOOY COCTABIISIM IMyTeM CMEIIMBAHHUS 5 TOYEUHBIX MpoO,
OTOOpaHHBIX HA OJTHOM MTPOOHOH TUTOIIAIKE.

Cpenu BBICIIMX pacTeHU Hamboyiee YYBCTBUTENBHBI K 3arpsi3HEHUIO OKpYKaroIen
cpenbl XBOIMHBIE pacTeHus. B nccnenoBaHusx Mo OMOMHIUKAIIMU Yallle BCErO UCIOIB3YETCS
cocHa OOBIKHOBEHHAs1, KaKk HauboJjiee paclpoCTpaHEHHOE XBOMHOE JiepeBo [8]. 3arpssusiomnme
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BElIleCTBa HAKAILJIMBAIOTCS B €€ XBOe, Kope U ApeBecuHe. OHU OKa3bIBAIOT BIUSHUE HA POCT,
YKU3HECITOCOOHOCTh U OOIIYI0 MPOJAOKATEIHHOCTD KU3HU JepeBbeB. OCOOCHHO 3aMETHO 3TO
BO3/ICIiCTBHE Ha XBoe. B 3arps3HeHHbIX pailoHAX XBOWHKH 3aKPY4YHMBAIOTCS HA KOHIIAX WIIU
CIUPAJIBHO 1O BCEH JJIMHE, MOKPHIBAIOTCA MSITHAMU, COXHYT paHbIlI€ BPEMEHU M OTIALAIOT
[9].

B ycnoBusX NpOMBINUIEHHOTO 3arpsi3HEHUS] YXYALIEHUE COCTOSIHUS JEPEBbEB COCHBI
OOBIKHOBEHHON COIPOBOX/IAJIOCh BO3PACTAHUEM OTHOCHUTEIILHOTO COJACpIKAaHMs 3alacHbIX U
CTPYKTYPHBIX ()OPM YIJIEBOAOB, YBEIMYCHUEM COOTHOIICHHS OCIKOBBIN - HEOEIKOBBIN a30T,
B 1oJib3y nocieanero. C yXy/IlIeHneM XKHU3HEHHOTO COCTOSIHUS B XBO€ COCHBI HAOIO1aeTCs
CHIDKEHHE YHCIIa MaKpOIPIMYECKHX COeNMHEHMM, caxapodocdaroB, 3eJIeHBIX MUTMEHTOB U
yBeIMYCHUE HeopraHudeckoro Gocdopa, kpaxmama u raoko3sl [10-11]. Ilpum oOmem
CHI)KCHUH TIPOJOJDKUTEIIBHOCTH JKU3HU XBOM, HapylleHUss B HEW, COAepXKaHUE U
COOTHOILIEHUE OTIEIbHBIX AJIIEMEHTOB MHHEPATbHOTO MUTAHMS, U3MEHEHUS B COJEpP>KaHUU
IUTMEHTOB  ONPENENSIFOTCS  BHUJIOBOW NPUHAMIEKHOCThI0. (€ yBEIMYEHUEM CTEIEHU
3arpsi3HEHUS] B XJIOPOIUIACTaX XBOM COCHbI Pinus sylvestris L., mpoucxoauT cHuKeHUE
00MIero KOMMYecTBa XJIOPOMUIUIOB U KapOTHHOUAOB [12]. MI3MeHeHNe OKpacKH JINCTHEB HITN
XBOM TMpeACTaBlsgeT co00il B OONBUIMHCTBE CIydyaeB HECMENU(UUYECKYI0 PpEeaKIHio Ha
pasnuyHbie cTpeccopsl [13].

Ha kaxnol mpoOHOM tutomaake obcnemoBanu mo 10 nepeBbeB. CpemaHuii BO3pacT
JIepeBbEB 5 JIET, BBICOTA 3-5 METpPOB, nuaMmerp cTtBojia 5-8 cm. CHavasia BHUMATEIBHO
OCMOTpETH BCE XBOMHKHU Mo0Oera cOCHbl OOBIKHOBEHHON M OMPENEIHUIN KIACC YChIXaHUS I10
cnenyromuMm kputepusm: Knacc 1 — Her cyxux yuactkoB. Kitace 2 — Konunk XxBOMHKH Ha 2-5
MM YCOX U MOXenTen (IIMIUK Ha KOHIIE XBOWHKHM BCErJa CBETJIBIH M €ro OKpacka He
BKJIOYaeTcss B oueHky). Kmacc 3 — XBownka ycoxma mo 1/3. Kmacc 4 — Bes xBomHKa
noskenTena, 0oyiee MOJOBUHBI JJIUHBI CyXasl.

@UTOTOKCUYHOCTh TPYHTA ONpENesuid OMOTECTUPOBAHHWEM I10 CHU)KEHUIO 3HEPIUU
IpOpacTaHus U BCXOXKeCTH Kpecc-canara (Lepidium sativum L) B cpaBHeHnu ¢ KoHTposieM. B
Kbl 00pasel; mouBbl ObuTH MocessHbl 10 200 ceMsiH. DHEpruio MpopacTaHus U BCXOXKECTh
onpenensnn cornacHo 'OCT 12038-84 [14]. B xauecTBe OCHOBHBIX MAapaMETPOB OLEHKH
(Pinus silvestris) BbIOpaHbI MOp- (OMETPUUYECKHE I[TOKA3aTe€IN TOJUYHOIO JIMHEHHOTO
OPHUPOCTA: JUIMHA TOAMYHOTO MPHPOCTA, KOJIMYECTBO XBOM OCEBOTO MOOera, JUIMHA XBOH,
JauaMeTp oceBoro mooera [15].

Matematuueckyro 00pabOTKy pe3yibTaToB MPOBOIWIM CTaHJAPTHBIMH METOJAMU C
Hcrojib3oBanueM nakera ananuza MS Excel u StatSoft STATISTICA 6.0 [16].

PE3VJIbTATBI UCCJIIEJJOBAHUA

buorecTupoBaHue MOYBEHHBIX OOPA3LOB MMOKA3aJI0 €r0 BHICOKYIO (PUTOTOKCHYHOCTb.
Bo Bcex o0Opa3nax 0TMEUEHO CHH)KEHUE BCXOXKECTH TECT-KYJIbTYPbl OTHOCUTENHLHO KOHTPOJIS.
MakcumanbHasi aHTPOIIOT€HHasi Harpy3ka OTMeueHa Ha NpoOHBIX miomagkax | u 2, rae
MPEOJIOKUTEIHLHO UMENIHUCh aBapHiiHble MposuBbl B Xozae padoT ¢ KPT (tadm. 1).

[Tpu ucnosnb30BaHNM B KauyecTBe MoKa3aTelsl (PUTOTOKCUYHOCTU SHEPTHH MPOPACTAHUS
TECT-KYJIbTYphl putoTOKCHUecKU 3¢ (PeKT OblT MeHee BhIpakeH (Tadu. 2).

HccnenoBanust  MopdomeTpuueckux  mnokaszareneid  (Pinussilvestris) B KoHIe
BereralmoHHoro nepuoaa 2017 roga mokazaiv CYIIECTBEHHBIE OTIMYHUS OT KOHTPOJIBHBIX
wiomaaok (tabn. 3). IloBpexxaeHHe HEKPO30OM M XJIOPO30M XBOHM COCHBI OOBIKHOBEHHOM
HaOMIOJAIMNCh HAa Bcell TeppuTopuu oObekTa (Tabm. 4). Bo3MOXHO, 3TO CBSI3aHO C
YXYALIEHUEM JKU3HEHHOTO COCTOSIHUSL COCHBI  BCJIEJICTBUE BIHMSHHUA XMMHUYECKOTO
sarpsizHeHus. He uckmouaercs ¢pakt murpanuu KPT B mouBe ¢ arMochepHbIMU OCaIKaMHU.

BexoxecTp TeCT-KyJIbTyphl MOJOKUTENBHO KOPpEeTupoBasia ¢ MOPPOMETPUIECKUMU
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MOKa3aTesIMH COCHBl W OTPHUIATEIBHO — C IIOKA3aTeNsIMH TOBPEXKICHUNA HEKPO30OM U
XJIOpo30oM. J[71s1 SHepTUM mpopacTaHus MOT0OHBIE KOPPEISAIIUU OTCYTCTBOBaIM (Tabi. 5).

CBsi3b M@Ky BCXOXECTBIO TECT-KYJIbTYPhl H MOPHOMETPUYSCKHMMHU TOKa3aTeIISIMH
COCHBI, a TaKXe MEXKIy BCXOXXECThIO W TIOKa3aTeIIIMU TMOBPEKIACHHUS COCHBI, HOCHIA
HEeJIMHEHHBIN XapakTtep (puc. 1, 2).

Taoauna 1. — Bcexoxkects TecT-kynbTyphl (Lepidiumsativum L) B o0pa3max MmouyBbl B
MPOLIEHTaX OT OOIIEro Yucia nocessHubix ceMsi [The germination capacity of
the test culture (Lepidiumsativum L) in soil samples as a percentage of the
total number of seeds sown]

No ipoGHOM MTOMAIKH BcexoxkecTs, % Bcexoxects, % k CHmxeHue
KOHTPOJIIO OTHOCHTEJILHO

1 48 50,5 49,5
2 53 55,8 44,2
3 67 70,5 29,5
4 68 71,6 28,4
5 78 82,1 17,9
6 78 82,1 17,9
7 83 87,4 12,6
8 88 92,6 7,4
9 89 93,7 6,3
10 88 92,6 7.4
KoutponbsHas 95 100,0 0,0
mornaaka Nel

KoutponbsHas 95 100,0 0,0
mromaaka No2

Tabauua 2. — DuHeprus npopactanus TecT-KyabTypbl (Lepidiumsativum L) B obpasnax
MOYBBI C pa3HbIX MpoOHBIX miomanok [The germination energy of the test
culture (Lepidiumsativum L) in soil samples from different test plots]

Ne nmpo6Hoit OHeprus npopactanus, % % K KOHTpOJIIO CHmxeHne OTHOCUTEIBHO
TIOIAIKH KOHTpoIA, %o
1 66 98,5 1,5
2 66 98,5 1,5
3 63 94,0 6,0
4 64 95,5 4,5
5 50 74,6 254
6 65 97,0 3,0
7 37 55,2 44,8
8 57 85,1 14,9
9 40 59,7 40,3
10 67 100,0 0,0
KontponbHast 67 100,0 0,0
miomaaka Nel
Kontponbnas 67 100,0 0,0
wiomaaxa Ne2
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Tadoauna 3. — Cpenaue MopdomeTpuueckue Imokazatenu P. silvestris Ha Tepputopun
00beKTa HCCIEOBaHUI B KOHIIE BereraruBHoro mnepuonaa [The average
morphometric parameters of P. silvestris on the territory of the research
object at the end of the vegetative period]

Ne ipoGHoOit JmrHA TOAMYIHOTO KonmuectBo xBou | JlmmHa XBoH, MM Bennanna
UIOMIAJIKA OpPUPOCTa, MM paaranTbHOTO
OPUPOCTa, MM

1 90 75 15 3

2 95 77 15 3

3 100 78 15 3,2

4 105 78 16 32

5 105 82 16 3,4

6 115 84 16 3,4

7 120 86 18 3.6

8 120 86 18 3.6

9 130 88 18 3.8

10 135 90 18 3.8

KonTponbhas 155 95 20 4
mwomaaka Nel
KontposnbpHas 160 97 20 4
rontaaka Ne2
Ta6nauna 4. — [lokazarenn MOBpeXIEHUH HEKPO3OM U XJIOPO3OM  XBOM  COCHBI

OOBIKHOBEHHON Ha TeppuTopuu oObekTa uccienoBanuil (%) [ndicators of
damage by necrosis and chlorosis of pine needles in the territory of the
research object (%)]

Ne poOHoiA KomnmuecTBo XBoM € Mpu3HaKaMu KonmuecTBo XBOM ¢ mpu3HaKaMu
IUIOIIAIKY Hekpo3sa (%) xyiopo3a (%)
1 50 75
2 50 60
3 40 60
4 45 55
5 30 35
6 30 39
7 25 35
8 25 25
9 20 20
10 20 20
KonTponbeHas 5 3
rrormaaka Nel
KonTponbeHas 5 3
rrormaaka Ne2
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Tab6aumna 5. — KoppensiroHHbIe CBA3M BCXOXKECTU U SHEPTHH IMPOPACTAHUS TECT-KYJIbTYPBI
¢ MOp(QOMETPUYECKUMHU TIOKA3aTeIsIMU M TIOKa3aTeNsIMU TOBPEXICHUN
COCHBI. BbInenieHHbIe KUPHBIM MPHGTOM KOIPPUIMEHTHI KOPPEISAIUH
cratuctuyecku 3HauuMbl Ha ypoBHe p<0,001 [Correlation relations of
germination and energy of the test culture with morphometric indices and
indicators of pine damage. The bold correlation coefficients are statistically
significant at the level of p <0.001]

ITokazarenb Bexoxects, % DHeprus npopacrtanus, %

DHeprust npopactanus, % -0,250

JUIMHa TOAMYHOTO PUPOCTa, MM 0,891 0,036
KomnnuectBo xBou 0,922 -0,039

JlmuHa xBou, MM 0,894 -0,115

JlmuHa oceBOro cTedst, MM 0,959 -0,167
KonnuecTBo AepeBbeB NOBPEXKICHHBIX 0,949 0123

HEKPO30M

KonnuecTBo AepeBbeB MOBPEXKIEHHBIX 0,961 0.127

XJIOPO30M

JINCKpUMUHAHTHBIA aHaJIM3 II0Ka3aj, 4TO IpPU HCIOJIb30BAHMH BCXOXKECTH TECT-
KYJIBTYPBbI, MOp(pOMETpHUECKUX IMOKa3aTelei M moka3aTelel moBpexaeHus (cM. tadi. 4) B
KayecTBe Habopa TEpPEMEHHBIX CTAaTHCTHYECKas 3HAYMMOCTb  pasIM4uid  MEXIy
KOHTPOJIbHBIMH IUIOMIAIKAMUA M TPOOHBIMU TuIOIIagKamu coctasisier p<0,001. B to xe
BpeMsl DHEprusi MpOpacTaHUsl TECT-KYJIbTyphl HE SBISIETCS 3HAYUMBIM IIOKa3aTesleM JJis
paszieneHnss KOHTPOJIBHBIX M MPOOHBIX IIiomanok. [locimemoBarenbHOE COKpalleHHe Yuciia
NEpPEMEHHBIX IOKa3bIBa€T, YTO HaumbOoyee 3HAYMMBIMHU IOKa3aTeNsIMU JJs pa3jeieHus
KOHTPOJIbHBIX W TPOOHBIX IUIOMIAJOK SBISIOTCS UIMHA TOXWYHOTO IPHPOCTA, BEIMYHHA
paguanbHOro MPUPOCTa M KOJUYECTBO JIEPEBHEB, MOBPEXKJIEHHbIX Hekpo3oM. Ha pucynke 3
MOKa3aHa MPOEKIIHs MPOOHBIX M KOHTPOJIbHBIX IJIOMIAI0K Ha ATH TP TTOKA3aTeIs.
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Puc. 1. — CBs3p MEXIy BCXOKECTBIO TECT-KyIbTYPHI B TOKa3aTesIMH ToBpekaeHns cocHbI [The relationship
between the germination of the test culture and the indicators of pine damage]
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Puc. 2. — CBs3b MEX/Iy BCXOXKECTBIO TECT-KYIBTYPHI H MOP(HOMETPUIECKUMH TT0Ka3aTeNIsIMU coCHBI [ The

relationship between the germination of the test culture and the morphometric parameters of pine]

Kak BugHO W3 peACTaBICHHON MPOEKIUH, 0 CTENEHN YTHETAIOIIETO BO3AEHCTBUS HA
COCHY MpOOHBIE MJIOMIAJAKU TPYNIUPYIOTCS B CTPOTOM COOTBETCTBUU C MPHHAJICKHOCTHIO K
COOpY)KEHHSIM Ha 00bekTe (cM. puc. 2). [Ipu mpoBeneHNN KIACTEPHOTO aHajau3a MO BCEMY
HaOOpy M3YYEHHBIX ToKa3aTeneil mpoOHsie muomaaku [11 u 12 (MecTto xpaHeHus paKeTHOTO
toruuBa), [13 u [14 (Mecro 3anpasku paket), [15 u 116 (CtaHuus O4uCTKH CTOKOB) 00pa3yroT
Xopomro 000coOIeHHbIE KIacTephl BHE 3aBUCHMOCTH OT MeTOja KiacTepusanuu. [IpoOHbie
momanku [17, TI8 (Cranmms uedTpammzaruu), 119, T110 (CoopyxeHus misi XpaHEHUS
arperaroB 3alpaBoOYHOr0 00OPYIOBaHUS) O0pa3yrOT 00Ul KiIactep (puc. 4).
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Puc. 3. — Pacrionoxenne npoOHbIX (Touku [11-I110) n koHTpOnbHEIX (Touku K1, K2) mmomanok B kooparHATaxX
«IJIMHA TOIMYHOTO MPUPOCTa», KBEJIMYNHA PaJHAIBLHOTO IPHPOCTa» U «KOJIHMYECTBO JIEPEBbEB, TOBPEKACHHBIX
Hekpo3om» [Location of test (points P1-P10) and control (points K1, K2) sites in the coordinates "length of

annual growth," the value of radial growth "and" the number of trees damaged by necrosis "]

3AKIIIOYEHUE

1. Ha oOsbekte 9KCILTyaTaluun paKeTHOﬁ TCXHUKH COXPAHUIIOCH OCTATOYHOC

3arpsi3HeHHe. OJTO 3arpsi3HEHHE MpOSIBISIETCS B (UTOTOKCUYHOCTH TPYHTA, BBISBISIEMOMN
METOI0M OMOTECTUPOBAHUS Ha Kpecc-callaTe, B CHIDKEHUH MOP(POMETPUUECKUX MoKa3aTesen

P. silvestris, a Takke B MOBBIIMIEHHON XJOPOTU3AaLMK U HEKpoTu3auuu xBou P. silvestris B
CPaBHEHHMH C KOHTPOJIbHBIMH IIOIIAKAMHU.

2. Ilpu mpoBeneHUM OUOTECTUPOBAHMS

BCXOXKECTh TECT-KYJIbTYPHl TOJOXHUTEIBHO
KOppenupyeT ¢ MOpHOMETPUIECKIMHE TTOKa3aTeNsIMU COCHBI (KOA(D(UIIMEHTHI KOPPETSAIUU OT

0,891 mo 0,959) m oTpuUIATENbHO KOpPpPEIUPYET C IMOKa3aTeIsIMH HEKpo3a W XJI0po3a
(xoaunmentsr koppensiuu cooTBeTcTBeHHO -0,949 u -0,961). Jlns sHEpruu mpopacTaHus
NMOJOOHBIE KOPPENSUUU OTCYTCTBYIOT. TakuM o00pa3oM, MpU OLEHKE 3KOJIOTUYECKOTO
COCTOSTHUS Ha OOBEKTax OKCIUTyaTalliM PAKETHOW TEXHHKH METOJIOM OHOTECTHpPOBAHUS
CJIeTyeT OPUEHTUPOBATHCS HE Ha HHEPTHIO IPOPACTAHUS, @ Ha BCXOXKECTh TECT-KYJIbTYPHI.

3. Ilo ypoBHIO OCTAaTOYHOTO 3arpsi3HEHHUS YYaCTKM Ha OOBEKTE pacloiaraiorcs B
clenymooleM mopsake (B Mopsake yObIBaHUS 3arps3HEHHSA): MECTO XpaHEHUs PaKEeTHOTOo

TOTUIMBA (MaKCUMAJIbHOE 3arps3HEHHE - MPOOHBIC IMIOMAAKU 1-2), MECTO 3ampaBKH pPaKeT,
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CTAaHLUS OYHUCTKU CTOKOB, CTAHIMsI HEUTpalu3allM, COOPYXKEHHUs ISl XpaHEHUs arperatoB
3arpaBOYHOTO 000PYAOBaHMS (MUHUMAJIBHOE 3arpsi3HeHrne MpoOHbIe Turomaaku 3-10).
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Puc. 4. — Knactepuzanus npoOHBIX IJIOMIAOK M0 KOMIUIEKCY MOKa3aTele, MPEeICTaBICHHBIX B Tabnuie 4
(ucnonezoBano ExinnoBo paccrosinue) [Clustering of test plots by the set of indicators presented in Table 4
(used Euclidean distance)]
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4.

C yu€étrom Bo3MoOxHOM wmurpamuu HJIMI, cregyer npoBecTH XUMHUYECKUN
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Definition of Soil Pollution by Missile Fuel with the Help of Test-objects

M.E. Baranov

Reshetnev Siberian State University of Science and Technologies
31, Krasnoyarsky Rabochy Av., Krasnoyarsk, Russia, 660037
e-mail: me_baranov@mail.ru

Abstract — Nowadays there are many ways to determine the chemical contamination of the soil.
The most common and universal method is considered to be biotesting. The use of different
methods of biotesting makes it possible to obtain fairly accurate results.

The object of the study was the soil cover on the object of missile operation. An unfavorable
environmental situation which was reflected in the preservation of a high level of phytotoxicity
took place in Emelyanovsky district, Krasnoyarsk territory after the liquidation of the military unit
due to the hit in the soil of a large number of components of rocket fuel (KRT). Today the territory
of the military unit is unattended, special structures are destroyed. There are visible oily stains on
the soil, there is a specific smell. According to testimony from military chemical reconnaissance
device (VPHR) the presence in the soil KRT 0.001 mg/l, which corresponds to the level of
"Danger" was established. In this regard, it is necessary to monitor the chemically contaminated
soil, identify environmentally unfavorable zones, assess the possibility of soil use in forestry. For
the experiment we selected 10 samples from different sites located at a certain distance from each
other and covering the area close to technical facilities, as well as two control samples in the
removal of three and five kilometers from the object of study.

The objective of the study is to identify soil pollution, to assess the impact of KRT on biological
objects. In this regard it is necessary to determine the effect of chemical contamination on the test
objects: pine ordinary Pinus sylvestris L. and cress lettuce Lepidium sativum L. conduct statistical
processing of the experimental data to minimize the area to be recultivated.

Keywords: soil, chemical pollution, rocket fuel, biotesting.
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