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Summary

Results of ecological and geochemical study of snow cover on the areas of the fall of the separating parts of the
launch vehicles Soyuz-2 are discussed. The territories are the Aldan and Vilyuysky districts of Yakutia. The state of
the environment was investigated at the sites in both situations, i.e. before the launch and after the fall of the sep-
arating parts of the rocket carriers. The background chemical composition of the snow cover in these regions is
hydrocarbonate and ultra-fresh with low concentrations of trace elements. After the launch and fall of the rocket
stages, the total chemical composition of snow remained bicarbonate, but the content of the elements P, Fe, Sr,
Pb and phenols increased on the territory of the Aldan district, while in the Vilyuysky districts increasing ele-
ments were Fe, Sr, Pb, Li, Al, Mn and phenols. Pollution of the snow cover with metals and organic compounds
was revealed directly under the fragments of the rocket stages, however occurrence of this contamination was lim-
ited to the radius of influence no longer 100 m. The larger low-contrast technogenic anomalies were related to Pb
and phenols. The qualitative and quantitative characteristics of technogenic anomalies did rapidly reduce with dis-
tance from fragments of the rocket carriers. When snow melts, the main part of the pollutants flows down over the
frozen ground to the water streams and bodies, and that is why no contrasting technogenic lithochemical anoma-
lies were found in the soils under the fragments. Thus, our results demonstrate that the negative environmental
impact on the environment in the areas of falling fragments of the Soyuz-2 carrier is limited to boundaries of the
local territory and does not present any significant hazard to the environment and the health of population.
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B palioHax napeHVA OTAENAWMXCA YacTel pakeTbl-HocuTena «Cot3-2» Ha Tepputopun AKyTUK
NCCNeNOBaH CHEXHbI MOKPOB Ha MOHUTOPMWHIOBbLIX MiOLajKkax A0 3amnycka U rnocsie nageHus otge-
NALMXCA YacTeN paKeTbl-HOCUTENSA, KOrAa B CHEXXHOM MOKPOoBe GOPMUPYIOTCA aHOManMy MeTasoB 1
OpraHnyecknx coeguHeHniA. HeratrBHoe SKonormyeckoe BO3fAeCTBME Ha NMPUPOAHYI0 Cpeay B panoHax
MafeHnA OCTaTKOB PakeTbl OrpaHNYEHO NOKaNbHbIMY TEPPUTOPUAMN.

BBenenue CKOM 0e30MacHOCTH PaKEeTHO-KOCMUUYECKOM nes-

TEJIbHOCTH MOCBAIIEH Psi UCCIEIOBAHUI ITOCIIE -

OnuvH U3 IPUOPUTETOB COBpeMeHHOro obie- Hux jaet [1—3]. [Ipu 3amyckax pakeT IPOUCXOIUT
cTBa — obecIeYeHe SKOJIOrMUYeCcKOoil 0€30MacHOCTM  HeraTUBHOE BO3IEICTBUE HAa OKPYXAIOIIYIO Cpery
yenoBeka. [IpobiaeMaM obecrieueHMsT SKOJIOTMYe- B OCHOBHOM B MECTax MaieHUs OTAC/ISIOIINXCS Ya-
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Puc. 1. Paiionsl nmageHust pparMeHTOB paKeTbl-HOCUTE-
JIsl Ha TeppUTOpUN AKyTUM:

1 — rpanuna Pecniyonuku Caxa (SAkytust); 2 — paiioHbI najae-
HUs (parMeHTOB pakeT: a — AngaHCKMi (palioH MmaaeHus!
983); 6 — Bumoiickuii (paitoH nageHus 985)

Fig. 1. The areas of the fall of rocket fragments on the
territory of Yakutia:

1 — the border of the Republic (Sakha) of Yakutia; 2 — areas of
falling of rocket fragments: @ — Aldan (district of falling 983);
6 — Vilyuisky (district of falling 985)

creit pakeT. PaiioHbI mameHus OTAEISIONINXCS Ya-
creii pakeTbi-HocuTeasd (OYPH) pacnonoxeHsl B
Ta€>XXHOW MECTHOCTHU, AAJIeKO OT HACEJEHHbIX ITyH-
KTOB. /111 TaKMX paiilOHOB XapaKTEPHbI: 3aCOPEHUE
TeppUTOpUHU PparMeHTaMu OTIEJSIONIMXCS JyacTel
pakeThl; JJoKaJbHasi TeXHOIeHHasl TpaHC(hopMalus
JlaHn1magToB; 3arpsa3HeHue aTMochepbl, BOIHbBIX
00BEKTOB U MTOYBBI KOMIIOHEHTaMU PaKETHOTO TO-
TUTMBA Y MpoayKTaMu ero cropanus [3]. Tpacca nius
BBIBEICHUSI KOCMMYECKUX alllapaToB Ha COJTHEYHO-
CUHXPOHHYIO OpOUTY C yIIoM HakJyioHa 98° mipu 3a-
IycKax ¢ KocMoapoma «BoCcTOUHBI» TTPOXOIUT HaJl
Amypckoit obnactbio u Pecrmyonukoit Caxa (SIky-
tus). Ha Tepputopun Axytnu snm3oandecku Uc-
noab3yioT Tpu parioHa nageHuss OYPH «Coro3-2»:
983 — nj1s1 mpuéMa roJIoBHOro ooTeKaresist B AjiaH-
CKOM paitoHe 1 985 — miis mpuémMa 1eHTpaJlbHOro
0JI0Ka ¥ XBOCTOBOI'O OTCEKa TPEThel CTYIIeHU paKe-
TBI-HOCUTENS Ha TeppuTopun Bumiotickoro u Ko-
Osttickoro paiioHoB. IlageHue oTAeNSIOIIMXCS Ya-
cTeil pakeTbl-HOCcUTeNsd «Co0103-2» ¢ KOCMOApOMa
«BocTouHbli» Ha TeppuTopun SAKYTUM BBI3BIBAET
3aKOHOMEPHYIO TPEBOTY OOIIIECTBEHHOCTH.

B craTthe paccMmaTpuBalOTCs TOCIEACTBUS MMae-
Husg OUYPH Ha xumudeckuit coctaB CHEXXHOTO IMTOKPO-

Ba B AnimaHcKoM M BumoiickoM palioHax 1o 3aITycKa
M TIOCJIC TIaIEHMST OTIEISIIOIINXCS YacTell paKeThI-HO-
curenst «Coro3-2» (puc. 1). Paiton manenns 983 mipen-
CTaBJISIET COOOM BJUTUIIC ¢ pa3MepaMy OOJIBIION OCH
45 xM 1 Majoit 25 KM; paifoH mameHus 985 nmeeT pas-
MepbI cooTBeTcTBeHHO 75 m 50 kM. B 2018 1. Pecrry-
OJIMKaHCKUM MHMOPMAaIIMOHHO-aHAIMTUIECKIM LIeH-
TPOM 3KOJIOTUIECKOT0 MOHMTOpPMHIa MUHUCTEPCTBA
oxpaHsI Tpuponsl Pecriyonukm Caxa (SIkytnst) co-
BMECTHO C HayYHBIMU YUPEKIESHUSIMU PECIyOINKH,
MHcTuTyTOM BOIHBIX 1 3KOJormdeckux mpodiaem CO
PAH (r. bapnayn), mpeacTaBUTEIIMI MYHULINTTATb-
HBIX 00pa3oBaHUii 1 OOIIECTBEHHOTO 3KOJIOTHIECKO-
ro koMmuTeTa «Buitoit» IpoBeaeHO Mpel- U IMoCie-
IMYCKOBOE 3KOJIOTMYECKOe 00CIeIOBaHNE B palioHaX
naneHnss OUYPH paketwsi-HocuTtens «Coro3-2».

MaTepuanbl N METOAbI UCCJICIOBAHUSA

DKonorndeckasi CUTyallMsl B paiiloHaxX MaaeHUs
OYPH wnccnenoBamach Ha OCHOBE CpaBHEHUS TeO-
XUMHWYECKUX TaHHBIX, ITOJIydeHHBIX 0 U ITOCIE Ta-
NEeHWS OTOCNISIOIINXCS YacTel paKeThl-HOCUTEIIS.
DKOJIOTO-TeOXNUMUYECKOe 00CIeI0BaHNE CHEXKHOTO
MOKpOBa B palioHaX ITaJeHUs BHIIIOJIHEHO Ha Tep-
PUTOPUY MOHUTOPUHTOBBIX IJIOIIAACH, OXBAaThIBa-
FOIIMX TTOJTHOCTHIO paifoHBI mageHus 983 (Turomanb
okouno 880 km?) 1 985 (ruromans okoso 2900 km?), a
TaK:Ke HEITOCPEACTBEHHO Ha yJacTKe OOHapyKeHUS
(parMeHTa TpeTheil CTYIICHU paKeThI-HOCUTEIS Ha
TeppuTopuu paiioHa naaeHus 985. Jlo 3amycka pa-
KeTbl-HocuTensa «Coro3-2» 0bI0 0TOOpaHO AEBSTH
npo6 cHera B paiioHe 983 (26.01.18 r.) u BoceMb
npo6 B paitone 985 (29.01.18 r.). Ilocne mageHus
OYPH B Tex xe pailoHax 0TOOpaHO COOTBETCTBEHHO
22 u 11 npo6 cHera (1—6.02.18 1.).

OO0beAMHEHHYIO TTPOOY MOJaydYaau CMEeIIBaHU-
eM IIsITU 00pa3loB KepHa cHera. B myHKTax Ha0-
JIIOIEHWI M3MePEeHbI TOJIINHA U TIJIOTHOCTh CHera,
oIpeAe/I€H BOAHBINM SKBUBAJIEHT CHEXKHOTO ITOKPO-
Ba. ToJIIIMHA CHEXXHOI'O MOKPOBA BBUAY aHTUIIU-
KJIOHAJIBHOTO peXXMMa ITOroAbl CPaBHUTEIBHO He-
penuka — 20—25 cm. IlnaBneHue cHera mpoBeaeHO
B J1abopaTtopuu IIpu KOMHATHOM TeMIlepaType He-
MOCPEACTBEHHO Tepell aHAIM30M. AHAJTUTUICCKHE
HMCCIICAOBAaHNS BBIITOJHEHBI B aKKpeIUTOBAHHBIX
Jnabopatopusix PecryonmkaHckoro nuHGopMauuoH-
HO-aHAJTUTUYECKOTO LIEHTPa 3KOJIOTMYECKOTO MOHM-
topuHra u Mucruryra mepsnotoBeaeHust CO PAH.
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IIpoGEI Tanoii CHETOBOIT BOIBI UCCIIEAOBAINCH HA
comepxXaHKe: MAKPOKOMIIOHEHTOB, OMOTeHHBIX 3JIe-
MeHTOB ((pocdaTbl, aMMOHUIA, HUTPUT- U HUTPAT-
MOHBKI), obuiero xenesa, pH, Eh; oprannueckux 3a-
rpsi3HuTeNel — HeprenpomykTsl (HIT), peronsr (D),
oens(a)mupeH (bII); mukposnemenroB — Sr, Li, F,
Cu, Zn, Mn, Al, Cd, Ni, Pb. Omnpenenenne KOHTpO-
JINPYEMBIX TCOXMMMUYECKIX TTOKA3aTeIei BEITTOTHEHO
COBPEMEHHBIMU METOAAMU (IIOTEHIIMOMETPHYECKUIA,
KamUIIPHBINA 25IeKTpodope3, GoToMeTpUIeCKIIA,
(pJIyopUMETPpUYECKUIA, aTOMHO-a0COPOLIMOHHBINA U
KUAKOCTHOU METOJ XpoMaTorpadun), BHECEHHBIMU
B 'ocymapcTBeHHBIN peecTp METOIUK, JOIYIIEHHBIX
IUISI TOCYIApCTBEHHOTO 1 IIPOM3BOACTBEHHOIO KO-
JIOTMYECKOTO KOHTPOJISI. DKOJIOTMYeCcKast OLIeHKAa CO-
Iep>KaHUSI KOMIIOHEHTOB B CHEXHOM ITOKPOBE IIPO-
BelcHA 110 CAaHMTAapHBIM HOpMaM JJIST IIPUPOIHBIX
Boz: peiboxosaiicTBeHHbIX — 11K py 1 caHuTapHO-
rurneHndeckux — [MAK .

Pe3yabTaTsl u 00CyKIeHue

JI1st CHEXKHOTro MOKpPOBa BCeX TUIIOB CpeaHeTa-
€XHBIX MEeP3JI0THBIX JJaHAadToB AKyTHHM, pacrpo-
CTpaHEHHBIX B paiioHaX UCCAeAOBaHUI, XapaKTepHO
UJIEHTUYHOE COOTHOLLIEHKE IIaBHbIX MOHOB: HCO;™ >
ClI” > NO;~ > SO,*; Mg?* > Ca** > Na* > NH, >
K* [4]. [TaneHue OTHEISIOLIMXCS YaCTeH PaKeThI-HO-
CUTEJIsI Ha TeppuTopun Bumoiickoro n AjamaHcKo-
ro paiioHOB SIKyTUM He TIPUBEIIO K TpaHChOopMallnu
MaKpPOKOMITOHEHTHOI'O COCTaBa CHEXXHOTO MOKPOBA.
MuHepanu3alus TajJbIX CHETOBBIX BOJ OYEHb HU3-
kasg — 4—9 mr/n. Bennunna pH konebaercs B nna-
naszoHe 5,35—7,01 1 COOTBETCTBYET 3HAUEHUSIM He-
3arpsi3HEHHBIX aTMocdepHbIX ocaakoB [5—9]. Ilo
COOTHOIIEHUIO TJIABHBIX MOHOB CHETOBEIE BOIIBI OTHO-
CATCS K TUAPOKApOOHATHO-MAarHUeBO-KaIblIEBhIM.
B 10 Xe BpeMs1 HaOMIOAAI0TCS CYLIECTBEHHbIE M3Me-
HEHUSI B XMMHUUYECKOM COCTaBe CHEXXHOTO MOKpPOBa,
CBsI3aHHBIE C MOBBIIIEHWEM KOHIIEHTPALIUM OpraHu-
YecKMX CoeAMHeHUN (HedTenpoaykToB, (peHOJIOB) 1
KOMITJIEKCAa MUKPODJIEMEHTOB (TaouI. 1).

CocTaB reoOXMMHUYECKUX aHOMaJIuii, oOpa3oBaB-
IIMXCSI B CHESKHOM ITOKPOBE paiilOHOB MOHUTOPWHTA
nocne nageHuss OYPH, u cTereHb X KOHTPACTHO-
CTU OOHAPYXKMBAIOT KaK CXOJACTBO, TaK U pa3anyusl,
YTO OMpeaesieTcsl pa3IuYHbIM COCTaBOM (DparmMeH-
TOB: pailoH nageHus1 983 — rojgoBHOI 0OTeKaTeNb,
a paiioH mameHus 985 — HeHTpaIbHbIN OJIOK M XBO-

cTOBOI oTcek. OOI1Iee a1 paliloHOB MOHUTOPUH-
ra — IOBBIIICHNE COAEPXKAHUS B CHEXXHOM IOKPO-
Be nocie nageHust OYPH takux KOMIIOHEHTOB, KakK
¢enonsl, Fe, Sr u Pb. UHnuBuayanbHbIe YepThl 3a-
IPSI3HEHUST OTMEUAIOTCS B BOBHUKHOBEHUU aHOMA-
mmii pocdaToB B AngaHCKOM paiioHe (paiioH Taje-
Hus 983) ¥ KMPOKOIl raMMbl KOMIOHEeHTOB Li, Al,
Mn u, Bo3moxkHo, Cd B ButoiickoM paiioHe (paitoH
nageHus 985). [IpucyrcTBue ciraboaHOMalbHBIX
koHueHTpauuit Li, Mn u Cd B CHEXKHOM TTOKpOBe
OTMEUAJIOCh U paHee MPU BHITIOJHEHUN 9KOJOTHYE-
CKOTO MOHMTOpHMHTA paiioHa 985 B 2016 1. [1].

Jia ouenku BiusiHu nageHuss OYPH na xumu-
YeCKMUI1 COCTaB CHEXKHOTO MOKpOoBa B BuutioiickoMm paii-
OHE OTOOpPaHbI ITPOOKI CHera HEIMOCPEeICTBEHHO IO
00JIOMKaMU TPEThe CTYIIEHU paKeThl-HOCUTEISI U Ha
yoanenuu 10 u 100 m ot ¢pparmenTa (Ta6m. 2). Hermo-
cpeactBeHHo 1o ¢pparmentaMu OYPH B cHexxHOM
TMOKPOBE HAOIOAAIOTCS aHOMaJIbHbIE KOHIIEHTpalIu1
11 xomnoneHToB: Sr, K, Cu, Zn, Al, Cd, Ni, Pb, BII,
®, HIT, npuuéM najabHeRIIero paccessHust He Ha0JIo-
JaeTcsl y TaKMX MeTaUIoB, Kak Sr, Zn, Ni. Ha ynane-
Hun 10 M ycTaHOBIIEHBI aHOMAJTbHBIE KOHIIEHTpaLUN
BocbMu KoMnoHeHTOB: F, K, Cu, Mn, Al, Pb, @, HII,
a Ha pacctostHuu 100 M — TonbKo yeThipéx: Pb, BIT, @,
HII. MakcumanbHOe paccesiHue XapaKTepHO ST Op-
rannyeckux coenquuennii (O, HIT) u cBuHIA.

KonuenTpaius (peHOJIOB B CHEXKHOM MOKPOBE Y
¢dparmentoB OYPH cocrasnsger 0,0031 Mr/a, urto B
10 pa3 Breie poHoBbIX 3HaueHu (0,0013 mr/m), n
0CTa€TCsl OTHOCUTEIILHO ITOCTOSSHHOM Ha pacCTOSHUN
10 M — 0,0036 1 100 M — 0,0028 mr/i1. Ecm nipenmo-
JIOXKUTh, YTO colepKaHue (DeHOJIOB OyIeT U Nalb-
1IIe PaBHOMEPHO CHUKATHCS IO MEpe yIaJICHUS OT
MecTa IMajaeHus (pparMeHTOB, TO YPOBEHb 3HAUCHUIA
canutapHbIX HOpM (ITAKpy = 3 Mr/n) OyzaeT noctur-
HyT Ha pacctossHuun 300—350 m (puc. 2), a rionanb
sarpssHeHus coctaBut 0,283 km?. KoHueHTpauus
He(TENPOAYKTOB B CHEXKHOM IMOKPOBE PE3KO I0-
HUXaeTcs ¢ ynajeHueM ot ¢pparmeHToB OUYPH: y
oo6somkoB — 0,064, Ha paccrosaun 10 m — 0,047,
100 m — 0,028 mr/n. OgHako 1 Ha pacctosiHuu 100 M
KOHILEHTpaLUsI HeDTEITPOAYKTOB OCTAETCS €I BbI-
COKOH M MOXET OOCTUTraTh (POHOBBIX 3HAUYCHUI —
0,023 Mr/n Ha ynajneHur okoJjio 220 M ot (pparMeHTOB
OYPH, a muioianp 3arpsi3HEHUST MOXXHO OLIEHUTH B
0,152 km?2 (puc. 3). HenocpenctBeHHO y (hparMeHTOB
KOHLIEHTpaLMsT He(TEIPOAYKTOB MPEBLIIIAET PhI0O-
XO3SICTBEHHBIE CAHUTApHBIE HOPMbI, HO Y€ Ha pac-
crossHuM 10 M ctaHoButces Huxke [TIKpy.
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Ta67mu,a 1. Cpeuﬂee cofiep>KaHyi€ KOMIIOHEHTOB B CHE)KHOM IIOKPOB€ HAa TEPPUTOPUN MOHUTOPMHIOBBIX nnomaneﬁ, Mmr/n

AnnaHcKuii paiioH (paitoH nageHus 983) Bunoiickuii paiioH (paitoH nageHus 985)
Kommonenry* | 10 3aTYCKa pakeTbl-Hocutens | - naermns OYPH J10 3arycKa pakeTbl-HocuTens | - - nanerust OYPH
«Co103-2» «Co103-2»
26.01.2018 1. 01.02.2018 r. 29-30.01.2018 r. 01-06.02.2018 r.

pH 5,86 5,78 6,01 6,00
Eh 571 558 572 572
M 6,21 6,34 7,69 7,20
Sr 0,002 0,008 0,008 0,013
Li 0,0012 0,0016 0,0010 0,0010
F 0,018 0,020 0,036 0,016
P 0,004 0,079 0,158 0,072
Ca 0,85 0,79 1,09 0,98
Mg 0,57 0,53 0,71 0,68
Na 0,30 0,32 0,37 0,32
K 0,13 0,08 0,14 0,13
NH, 0,11 0,04 0,09 0,08
HCO, 5,42 5,61 7,23 6,93
SO, 0,36 0,25 0,36 0,32
Cl 0,39 0,29 0,47 0,30
NO, 0,02 0,01 0,02 0,02
NO, 0,62 0,44 0,59 0,61
Fe <0,050 0,055 <0,050 0,054
Cu 0,0012 0,0015 0,0013 0,0016
Zn 0,0045 0,0031 0,0057 0,0037
Mn 0,0066 0,0048 0,004 0,0117
Al 0,011 0,0126 <0,010 0,0166
Cd 0,00007 0,00005 <0,0001 <0,0001
Ni 0,00141 0,0016 0,0014 0,0016
Pb 0,00088 0,0021 0,0022 0,0027
() 0,0009 0,0018 0,0013 0,0025
HIT 0,026 0,036 0,023 0,029
BIl1 He onp. 0,00104 He omp. 0,0004

*B tadn. 1—4: ® — denonsr; HIT — Hedrenponykrel; BI1 — 6eHs(a)nupeH.

deHonbl, Mr/n

N8Kpx rr
460

T T
200 300

PacctosiHne, m

T
100

Puc. 2. M3MeHeHMe KOHIIEHTpaluy (heHOJIOB B CHEXKHOM
TMOKPOBE Ha yAaJeHUU OT (DparMeHTOB OTIC/ISIOLIMXCS Ya-
CTeli pakeThl-HOcuTes (paitoH mageHus 985, Ha puc. 1, 6):
IIpenenbHO-I0MyCTUMAasT KOHLIEHTPALIMS JUIST TIPUPOAHBIX BOJ:
NAK — rurnennyeckas; [ Kpy — pprooxossiictBeHHas
Fig. 2. Changes in the concentration of phenols in the
snow cover at a distance from fragments of the separating
parts of the launch vehicles fall region (district of falling
985, in Fig. 1, 0).

Maximum permissible concentration for natural waters:
NAK — hygienic; TTIKpy — fishery

MaxkcumanbHble 3HaYeHUsI KOHLICHTpAllMy CBUH-
ma (0,059 Mr/m1) B CHEXXHOM ITOKPOBE HAOJIIOMAIOTCS
HertocpencTBeHHO ¥ pparmeHToB OUPH, T1€ OHU B
2—6 pa3 nipeBbimaoT Kak rurueHnyeckue (IMIAKp),
Tak U perooxossiicteeHHble (ITIKpy) HOpMBI st
OPUPOAHBIX BOJ 1 B 27 pa3 Bblllie (DOHOBBIX 3HAUe-
HUit (cM. Taba. 2). B 10 M oT 06;10MKOB coaepkaHue
Pb caHmzxaeTcs moutu Ha mopstnok (mo 0,0052 mr/im),
BBIXOJIMT 3a Mpeaebl CAHUTAPHBIX HOPM U OCTaéTCs
MPaKTAYECKN HAa 3TOM YPOBHE, C1a00 TOHWXKASCH 10
0,0049 mr/n B 100 M oT 00;10MKOB pakeThl. [1o pacué-
TaM, KOHLUeHTpauus: Pb MoXeT CHU3UTBCS 10 YPOBHS
CaHUTapHBIX HOpM NpuMepHOo B 900 M OT parmeHTa
OYPH (puc. 4). Dxosornyecky 3HaYMMbIi YpOBEHb
3arpsI3HEHUSI CHEXKHOTO ITOKPOBa HEPTEeNMpPOAyKTaMu
1 CBUHIIOM, IIPEBBIIIAIOIIUA CAHUTAPHbBIE HOPMBI,
YCTaHOBJIEH HemocpeacTBeHHO Y ¢parmeHTa OYPH
M OrpaHMBAETCS TLIOLIAbLI0 0KOJIO 300 M2,

Psapl KOHTPAacTHOCTU, MPEBBIIIEHUSI MaKCH-
MaJIbHOTO COJIEP>KaHUSI B CHEXKHOM MOKPOBE BOJIM-
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Tabnuya 2. CopepkaHye KOMIIOHEHTOB B CHEKHOM IIOKPOBE Ha YYaCTKe MafeHNs pparMeHTa OTAe/IOIXCS YacTell paKeThl-
Hocurens (paiion magenns 985), Mr/i

KOMIOHCHTEL [Ton ¢pparmMeHTOM OTAEISIOIIUXCS B 10 m k ceBepy B 100 M x ceBepy Don
yacTei PAKETbI-HOCUTECJIA oT paI710Ha ImagcHus oT pafIOHa ImageHusd
Munepanuzanus 8,46 7,31 11,77 7,69
Sr 0,40 0,001 0,001 0,008
F 0,002 0,035 0,016 0,036
K 0,20 0,20 0,10 0,14
Cu 0,0021 0,0015 <0,0010 0,0013
Zn 0,0450 <0,0050 <0,0050 <0,005
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CHEXHOM TIOKPOBE Ha yIaJeHUM OT (DparMeHTOB OT/e-
JISTIOLIMXCS YacTeil paKeTbl-HOCUTENs (pailoH mameHust
985, Ha puc. 1, 6)

Fig. 3. Changes in the concentration of oil in the snow
cover at a distance from fragments of separating parts of
launch vehicles (district of falling 985, in Fig. 1, 6)

3u (pparmenToB OYPH, nmo cpaBHeHMIO ¢ POHO-
BBIMM ITOKA3aTEJISIMA U CAHUTAPHBIMU HOpMaMU
(ITAK) mpusBenens! B Taba. 3. HemocpeacTBeHHO y
(bparmMeHTOB 3arpsi3HeHUEe CHera O4eHb BHICOKOE U
JOCTUTAET TPEX—YETHIPEX MOPSAKOB Hal (DOHOBBI-
MU TToKa3aTensiMu 1ist HedrenpoaykToB U Cd u B
2—6 pa3 BbIllIe CAHUTAPHBIX HOPM 1Jist peHOJIoB, Pb,
Zn u Cu, ogHako yxe Ha ynajneHuu 10 M KOHIIEH-
TpaLMs 3TUX KOMIIOHEHTOB CHUKETCS 10 (DOHOBOIA.
Ha paccrosaum 100 M ot pparmeHTa mpeBbIlIeHUE
CaHUTApHBLIX HOPM B 2,8 pa3a CBOMCTBEHHO TOJILKO
¢enomam. I1pucyrcrBue peHOJOB B CHEXKHOM TT0O-
KPOBE, BEPOSITHO, BBI3BAHO HE TOJIbKO TEXHOTCHHBI -
MM, HO U IPUPOIHBIMU TIporieccaMu. K ecrecTBeH-
HbIM UICTOYHUKAM OTHOCUTCS ITOCTYILICHKUE (peHOoIa

Paccroganue, m

Puc. 4. IameHeHne koHLeHTpauuu Pb B CHEXKHOM MOKpPO-
BE Ha ylaJeHUM OT ()parMeHTOB OTIEISIONIMXCS YacTeid
pakeThl-HOcUTeIs (paiioH maneHus 985, Ha puc. 1, 6)

Fig. 4. Changes in Pb concentration in snow cover at a
distance from fragments of separating parts of launch ve-
hicles (district of falling 985, in Fig. 1, 6)

C YaCTUIIAaMM MbUIK Y C BBIAEICHUSIMU B aTMOChepy
PacTUTENHHOCTHIO BMECTE C APYTUMU OPTaHUYECKIU-
MU coeauHeHusaMu [10]. 3HAUUTENbHO 3arpsi3HsIeT-
cs1 atMocdepa (peHoIaMU U TIPU JIECHBIX TTOXKapax.
DKOJIOTUYECKU 3HAUMMOE 3arpsi3HEHUE CHEX-
HOTo MoKpoBa (aTMocdephl) HAa yJacTKax MageHUs
(parMeHTOB pakeT B OCHOBHOM OTpPaHUYMBAECT-
cs paguycoM BiugHUA okoio 100 M (~0,03 km?).
Bonee ob1mMpHbBIE MATOKOHTPACTHBIE TEXHOTEHHbBIE
aHOMaJIMH, OOyCJIOBJICHHbIC BHIIIaAeHUEM CBUH-
1a, (heHOJIOB U BO3MOXKHO OeH3(a)upeHa, pacrnpo-
CTpaHAIOTCA Ha Iiowany 10 5 kM2, JI1s oueHKu
KOJIMUeCTBa 3arpsi3HUTENIel B CHEXKHOM ITOKPOBE Y
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Ta6ﬂuu,a 3. PHI[I)I KOHTPACTHOCTU T€OXMMMNYIECKUX AHOMA/Nl B CHEXKHOM IIOKpOB€ 110 CPAaBHEHUIO C (l)OHOM " CAHUTApHBIMU

HopMamu (pajioH magenus 985)*

Psovr konmpacmuocmu (C.,,,, /Pon)

HIT, Cd(5000) > K(30) > Mn(20) > Ca(17) > Mg(13) > Sr, CI(10) > Ba, N(8) > Al, Pb, S(0,9)

Paoer konmpacmuocmu (C,,,,./IL/IK)

MAK, BII(174) > ®(3,1) > Pb(2) > Cd(0,96) > Al, Sr, Zn, Ni, HI1(0,0n) > Mn, Cu(0,00)
TIK py Pb(5,9) > Zn(4,5) > ®(3,1) > Cu(2,1) > HII(1,3) > Mn(0,8) > Ni(0,25) > K(0,004)
*Cmax — MaKCHUMaJIbHOE COOCP>KaHNUE, B CKOOKax — KOHTPaCTHOCTb AHOMAJIUA.

¢parmenta OYPH u 3a ux npeaenamu Obla pac-
CYMTaHa IVIOTHOCTh HAKOIUIEHUST XUMUYECKIX KOM-
noHeHToB Q 1o dopmyJie

0 =10"2cP, Mr/m2,

I1Ie ¢ — KOHIIEHTpaLMs KOMIIOHEHTa, Mr/J1; P — Bia-
rosarac, MM.

[1n10THOCTH HAKOIUIEHUSI XUMUYECKUX KOMITO-
HEHTOB B CHEXKHOM ITOKPOBE OlLICHEHA Ha yJacTKe
nagenuss OYPH HenocpencTtBeHHO moa parMeH-
TOM (00JJOMKM LIEHTPaJIbHOIO 0JI0Ka M XBOCTOBO-
ro OTCeKa TPEeTbeil CTyNeHU PaKeThI-HOCUTEISI) U
Ha ynaienuu B 10 u 100 M (cpenHsd MIOTHOCTh —
0,134 r/cm3, Bnarosanac — 40 MM), a TakxXe I10
(oHOBBIM ITpOOGaM, OTOOpPAaHHBIM B IIpeaeiax MoO-
HUTOPUHIOBOI Itomanku (taba. 4). Haubomiee 00-
IIMPHBIA KOMIUIEKC aHOMAaJbHBIX KOMITOHEHTOB
1 MaKcUMaJjibHas UX KOHTPAaCTHOCTb CBOMCTBEH-
HBI CHEXXHOMY IOKPOBY HEIIOCPEICTBEHHO Y (ppar-
meHTa OYPH. Ha paccrosauu 100 M oT 06;10MKOB
10 MaKCHMMaJIbHOM KOHTPACTHOCTU IVIOTHOCTY Ha-
KOIUIEHMSI B CHEXXHOM IOKPOBE XUMUUECKIE KOM-
MOHEHThI 00pa3yIOT CAEAYIOLIYIO Ipynny (B CKOO-
Kax JlaHa KOHTPaCTHOCTbh aHOMAaJIMii OTHOCUTEJIbHO
dona): BII (9,5) > @, Pb (2,2) > HII (1,3) > Zn,
Mn, Al, Cd, Ni (1). ITo pacuétam, 001Ul 0OBEM
KOMIIOHEHTOB, KOHILIEHTpALIMsI KOTOPHIX B CHEXKHOM
MMOKPOBE IIPEBHIIIACT CAHUTAPHBIE HOPMBI U IJIsI
KOTOPBIX OMpeneaéH pagnyc BIusHUSA ((HEHOIbI,
HeTenpOAYKTHI U CBUHEI), B KOHTYPE OPeOJIOB 3a-
TpsSI3HEHUST HermocpeAacTBeHHO v (pparmenTa OYPH
cocTtapiser: peHonbl — 31, HedTenpoayKThl — 2,4,
csuHell — 0,06 r. DKOJIOrMYeCK 3HAYMMbIE KOH-
LIEHTpALIMK 3TUX 3arpsIBHUTEIICH OyIyT paccesiHbl Ha
rwromaau ot 300 M2 10 0,28 kM.

Ha tepputopun paiioHa nageHus 985 obHapy-
KeHo BoceMb 00siomMkoB OUPH, u ecnim gonmyctuTs,
YTO KOHIICHTPAIIMSI KOMIIOHEHTOB B CHEXKHOM IT10-
KPOBE M ILIOIIANb UX BO3ICHCTBUS ITPUMEPHO TaKUeE,
KaK ¥ Ha U3y4eHHOM (hbparMeHTe, TO CyMMapHbI

00BEM BbIMABIIMX 3arPsSI3HUTENCH COCTaBUT: (heHO-
bl — 248, ceuHen — 0,5, HepTenponykTel — 27 T.
[Ipu 3TOM MakcuManbHasl IUIOLIAAb 3arPSI3HEHUS Y
cBMHLA OyzeT 2,24 xm2, npumepHo 0,08% Tepputo-
puu paitona nagenus 985 (2900 km?). Takoe Konmye-
CTBO 3arpsI3HUTENIeH CYIIIECTBEHHO He MOBJIMSIET Ha
5KOJIOTHYECKOE COCTOSTHUE TIOYB Y IIPUPOIHBIX BOJI.
OcHOBHasT Macca pacCTBOPUMBIX (hOPM XUMUIECKUX
3JIEMEHTOB B CHEXHOM ITOKPOBE IIPU €ro TasHUU
He TonajaeT B MOYBbI, a CTEKAET T10 el MEP3JIOMY
MOYBEHHOMY TMOKPOBY [7] B BODOEMBI U BOJOTOKMU.
I1pu TasstHUM cHera HEMOCPEACTBEHHO Mepel pa3py-
LIIEHWEM CHEXXHOTO MOKpoBa BeIMbIBaloTcs 30—70%
HMOHOB [8], M03TOMY B o4Bax 1o ¢parMeHTaMU OT-
JISJISIIOIINXCST YacTell pakeT He 00pa3yeTcst KOHTPACT-
HbIX, MHOTOKOMITOHEHTHBIX M OOIIMPHBIX TEXHO-
TE€HHBIX JUTOXMMUYeCcKUX aHoMmanuit. [1o maHHBIM
aBTOPOB HACTOSIIE cTaTbU, yXKe Ha PacCTOSHUU
10—50 M OT 0OJIOMKOB CTyIeHel pakeT KOHLIeHTpa-
LIMSI 3arpsIBHUTEIIC B TTOUBaX HE MPEeBBIIIAET CaHU-
TapHBIX HOpM. TeM He MeHee, YIaCTKU JIOKAIbHBIX
JINTOXUMHWYECKUX aHOMAJIUI JOJKHBI OBITh JIMKBH-
IPOBaHbI (CAHUPOBAHBI) B JIETHEE BpEMsI OMHOBPE-
MeHHO ¢ ynajgeHueM ¢parmeHtoB OYPH.

B BomoToKax u Bomo€émMax, OCOOEHHO B He-
0O0JbIIUX 03€pax, BO3MOXHO (DOpPMUPOBAHUE Ma-
JIOKOHTPACTHBIX M MaJIONIPOTSIKEHHBIX THIPOTE0-
XUMUYECKMX aHOMAJIMIi, HE YTPOXKAIOIIUX CYIIEeCT-
BEHHO oKpyxatouieil cpene [1]. OCHOBHbIE 00BEMBI
3arpsI3HUTENICH, HAKOMUBIINUXCSI B CHEXXHOM ITO-
KpoBe (MeHee 1 Kr), OynyT cTekath B p. TIoHT, Ipe-
Hupyoomyio paiioH nagenus OUYPH, n oynyt pas-
OaBJICHBI OO MCYE3aollle MAJIbIX BEJIMIUH IIPU CPEI-
HECYTOUHOM pPacXojie peKU B BeCEHHEE MOJIOBOJIbE
1090 m3/c [11]. Takum 06pa3oM, HETATUBHBIE 1O-
CJIEICTBYS Ha MPUPOIHYIO CPEAY OTIAEIISIOLIUXCS
yacTeil pakeTbl-HOCUTeNs «Cor103-2» (palioHBI Ma-
neHnst 983 u 985) Ha TeppUTOPUIX AIITAHCKOIO 1
Butroiickoro paiiloHOB He3HAUMTENIbHEI M HE TIpe-
CTaBJISIIOT OMACHOCTH JIJISI OKpYXKarolleid cpeabl 1
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Ta67mu,a 4. IITOTHOCTH HAKOIIEHNSI KOMIIOHEHTOB B CHE)KHOM IIOKpOB€ Ha YYaCTKE NaJ€HNA OTAETIAIOIINXCA qacren PpaKeTbI-

HocuTens (paiion magenus 985), mr/m>

IMon ¢parMeHTOM OTAEISIOLLIMXCS B 10 M x ceBepy B 100 M x ceBepy
KomrmoHeHThI . . . don
YyacTeil paKeThl-HOCUTEJIST OT paifoHa mageHust OT paifoHa TaneHust
MuHepanu3anus 34010 29 390 47 320 30918

Sr 1610 4 4 32
F 8 141 64 144
K 800 800 400 560
Cu 8 6 4 5
Zn 181 4 4 4
Mn 31 47 11 12
Al 113 62 20 20
Cd 3,9 0,4 0,2 0,2
Ni 10 4,5 5,5 5,5
Pb 237 21 20 9
D 12,5 14 11 5
HIT 257 189 113 90
BI1 3,5 0,4 3,8 0,4

3I0POBbsl HACEJIEHUS. DTOT BBIBOJI COBITAAACT C JaH-
HBIMU JoiarocpoyHoro (2006—2014 rr.) aKojJ0ornye-
CKOr0 MOHUTOPMHTA TaleHMsT OTACSIONIMXCS Ya-
creil pakeTel-HOocuTelns «Coro3» Ha Tepputopun Ce-
BepHoro Ypaia [9].

BriBoasl

Ilo xuMHYeCKOMY COCTaBY CHEXXHBII ITOKPOB
Anpanckoro u Bunmwoiickoro paiioHoB Pecrybiu-
ku Caxa (AxyTtus) 3a mpemenamMu TageHUsT OTAE-
JISIIOIIMXCS YacTell paKeThl-HOCUTEIe — TUIPO-
KapOOHAaTHBIN, C OUeHb HU3KOW MUHepaau3aluei
(4—9 mr/n). [locne mageHus: cTyneHel pakeT mMa-
KPOKOMITOHEHTHBII XUMUUYECKIM COCTaB CHEXXHO-
ro MOKpPOBa B 3TUX paiiOHAX OCTAJICS TIPEXHUM, HO
M3MEHWICSI MUKPOKOMITOHEHTHBI cocTtaB. Ha Tep-
pUTOPUU ANIAHCKOTO paiioHa YCTAaHOBJIEHO MPEBbI-
1IeHue (pOHOBBIX MMOKa3aTeei B CHEXXHOM MTOKPOBE
no Fe, Pb u ¢beHonam, a Ha tepputopuu Bumioii-
ckoro — 1o Li, Fe, Al, Mn u ¢eHosam. DTU OTIU-
YU CBSI3aHBI C Pa3IMYHBIM COCTABOM OTIACSIIOIINX-
csl yacTeil pakeTbl-HOCUTENs B paiioHax 983 u 985.

CHer HemocpeACcTBEHHO Mo (parMeHTOM OT-
NEeJITIoImMXcs yactei (pailoH 985) oboraiiéH KoM-
IUIEKCOM METaJJIOB M OpTaHMYECKUMU COSIMHEHU-
amu. HemocpencrBeHHO y ¢hparMeHTa B CHEXXHOM
MMOKpPOBe HAOJII0NAI0TCsI aHOMaJIbHbIe KOHIIEHTpa-
M 11 KoMnoHeHTOB. MIX KaueCTBEeHHBIE U KOJIU-
YECTBEHHbIE XapaKTEPUCTUKU OBICTPO CHUKAIOTCS C
yIajeHueM OT (pparMeHTOB OTACISIOIIMXCS YACTEH.

HenocpencrBeHHo non (pparmMeHTamu (paiion 985)
B CHEXHOM IMOKPOBE HAOJIOMAIOTCS MPEBHIIIe-
Hus rurneHndeckux [T Ky npupoaHeIX BOL IO
oen3(a)nmupeny (B 174 paza), (peHoNMaM u CBUHLY (B
2—3 pa3a), a peidoxo3siictBeHHbIX [11Kpy — 110 Pb,
Zn, Cu u ¢geHosam (B 2—6 pas).

3arpsi3HeHne aTMocephl Ha ydacTKax IageHUs
cTymneHel pakeT (paiioHbl 983 u 985) B 0CHOBHOM
orpanmumBaeTcs paguycoM 10 100 m. boiee o6mmp-
HbIE MaJIOKOHTPACTHBIC TEXHOTEHHBIC aHOMAJIUM CBSI-
3aHBI C BRIMAACHNEM CBUHIIA, (DeHOJIOB 1, BOBMOXHO,
oeH3(a)mupeHa. OCHOBHAs Macca 3araca pacTBO-
PUMBIX (DOPM XUMUYECKHX DJIEMEHTOB IIPU TassHUN
CHera CTeKaeT IT0 MEP3JIOMY ITOYBEHHOMY ITOKPOBY B
BOOEMbBI M BOJOTOKHU, TIO3TOMY B 1TOYBAX Moj, ¢par-
MEHTaMM OTACISIONIMXCS JYacTell pakeThl o0pa3y-
FOTCSI JIOKAJIbHBIE CIIA00KOHTPACTHEIC TeXHOTEHHBIS
JIMTOXMMUYECKNE aHOMAaJINM, KOTOpbIe ITOJIeXKaT
mukBuganuu. HecMoTpst Ha OTHOCUTEIBHO BBICO-
KO€ CoJiep>KaHMEe OpraHMIECKUX COSIMHEHNI U psina
TOKCUYHBIX 3JIEMEHTOB OKOJIO (DparMEHTOB PaKeTHI,
HE3HAUYUTEIbHOE MX KOJIMYECTBO B KOHTYpE aHOMa-
JINI He TIPEeACTaBIsIeT COO0M CYIIECTBEHHON YTPO3bl
BOJHBIM cucTeMaM. B BogoéMax u BOIOTOKAaxX BO3-
MOXHO (DOpMUPOBaHME MaJIOKOHTPACTHBIX U Majo-
MPOTSIKEHHBIX TEXHOTCHHBIX THAPOTEOXMMUUECKUX
aHoMayuii. B 11eJloM HeraTuBHBIE MOCJEACTBUS Ha
MPUPOIHYIO CPEely OTIS/SIONIMXCS YacTel paKeThl-
Hocuteist «Coro3-2» (paitoHsl 983 1 985) B paitoHax
nageHusl Ha TeppuTopun AjigaHckoro 1 Buttoiickoro
paitonoB Pecrryonmmku Caxa (SIkyTrst) He ormacHBI 1S
OKPY>KaIOIIEH Cpebl U 3M0POBbSI KUTEIICH.
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