BUOTECTUPOBAHME vs XUMHWYECKHI AHAJIN3 COCTOSIHUSA ITOYB
Ha npumepe 7 paitonoB Cankr-IletepOypra

buonorng

Hsanos /[mumputi Eecenvesuu
6 knacc I'BOY 171 ecumnazua Cauxkm-Ilemepbypea

Hayunwui pyxosooumens Ocaouas Mapus Anamonvesna

Canxkm-Ilemepbype
2026



BBenenue

AKTyaJlbHOCTHh TeMbl. [louBa sBIseTCA €CTECTBEHHBIM (UIBTPOM ISt
aTMOC(EpHBIX 3arps3HEHUM, MOTJIOMAasi W YJEpKHBasi BpPEIHbIC BeEllecTBa. JTU
3arpsi3HEHMS] TMPOHHMKAIOT B TPYHTOBBIE BOJbI, a MOTOM wucmnapsitorcs. Iloatomy
MCCJIeIOBAHUS KaueCTBa MOYBBI OTYACTH KacaroTcs U Bo3Ayxa. Bce 3To oueHb BaxKHO
IS 3I0pOBbS JIOICH B OOJBIINX TOPOIax.

OnHako 0 cUX MOpP MPU OIEHKE TOKCUYHOCTU MOYBBI MCIOJIB3YIOTCSI B OCHOBHOM
TPaJAUIIMOHHBIE TOPOTHE TPYAO0EMKHE (HU3UKO-XUMHIEeCKUuEe MeToIbl. OHH, K TOMY K€,
HE MOTYT JaTh KOMIUIEKCHYIO OLEHKY MPUTOAHOCTH TMOYBHI I NMPOXUBaHUA. Bo
MHOTOM 3TO OOBSCHSTCS, HA HAIl B3TJISA, TEM, YTO MaJI0 W3y4YeHA COTIOCTaBHUMOCTH
HEJIOPOTOT0 OBICTPOTO YKOJIOTHYHOTO METO[a — OMOTECTUPOBAHUS — U TPATUITHOHHOTO
XUMHUYECKOTO.

B cBs3u ¢ 3TUM BO3HHUKIA AKTYyaJIbHOCTb ITIPOBCACHUSA HCCJIGI[OBaHI/Iﬁ B JaHHOM
HalIpaBJICHHUH.

Oo0bekT HCCJIeA0BaAHUA: MCTOABI OICHKHN COCTOAHHA ITOYBHI.

HpeleeT HCCJICAOBAHMUA: IIPAKTHYCCKOC CPAaBHCHHUC OLCHKH 3arpsA3HCHHOCTU
ITIOYBCHHBIX Hp06 TpaaAuOOHHBIM MCTOAOM U 6I/IOTCCTI/IpOBaHI/ICM.

Iean paboThI: BBIIBUTH COMOCTABUMOCTh PE3YJIbTAaTOB OHOTECTUPOBAHUS M
TPAJUIIMOHHBIX METO/IOB OIICHKM MOYBOTPYHTA HAa MPUMEPE HECKOJIbKUX pPaniOHOB
Canxkr-IlerepOypra.

I'mnore3a: OuoTecTUpoBaHUE SBISIETCS HAJEKHBIM  METOJOM  OIpPEACIICHUS
TOKCUYHOCTH MOYBBI U IIO3TOMY €€ PE3YJIbTaThl MOI'YT B OCHOBHOM COBIACTh C KAPTOU
3arpsi3HeHHOCTU 1MouBbl B CaHkT-IleTepOypre.

Kpartkuii 0030p 1ureparypsl

buorectupoBanne M OMOWMHAMKALIAS CXOXKH B TOM, YTO OHU OTPAXKAIOT PEAKIIUIO
pactenuid Ha cpeny. Hanmpumep, ecnu B JieCy MpOJI0XKUTh BEICOKOBOJIBTHYIO JIDII, TO
y OJIM3KO CTOSIIMX JEPEBhEB HAYHET PEETh XBOS M JINCTBA, TaK KAaK PaCTCHUS
pearupyIoT Ha 3JIEKTpPOMarHuTHoOe u3inyyeHue. M Hao0opoT, ecinu caJOBHUK BOBPEMSI
BHECET HYXXHbIC yAOOpEHHUs] B IOYBY, €ro XIAET XOPOIIMA ypoxkail. ITo Oyner
MOKa3aTeaeM, WIM WHIWKALMEH, TOrO0, YTO PACTEHHS XOPOILIO OTPEarupoBaIM Ha
BHECEHUE MUHEPAIbHBIX BEIIECTB B IOYBY.

OTnuure OMOMHIWKAIIMK B TOM, YTO HAOIIOATETh MOJDKEH HCCIIEI0BATh PACTEHUS
WU JPYTUE KUBbIC OPTAaHU3MbBI B YCIOBUSIX UX OOUTaHUA. A JJIs1 OMOTECTUPOBAHUS
HY>XHa JJabopaTopus, rae OyayT IPOBEICHBI IKCIIEPUMEHTHI.



B pasHbIX HCTOYHMKAX IpPU OIMpPEICICHHH OWOMHIMKAIMHM IEIAcTCs aKIEHT Ha
pasnuyHbie CTOPOHBI. Tak, MenexoBa Mo 4epKuBaeT aHTPOIIOI€HHbIE  €CTECTBEHHBIC
HArpy3KM Kak INIaBHBINA (aKTOp PEaKiiy )KUBBIX opranusMoB. [1]. TypoBiieB cunraer,
YTO OHOJOTHMYECKHE OOBEKTHI JODKHBI OBITh XOPOIIO 3aMETHBI M JOCTYIHBI JIJIs
OvouHAMKaIH. [2]

buortectupoBanne — 3TO oOmpeaeNeHre TOKCUYHOCTH MPOOBI MOYBBI I JaHHOM
KyJbTYPbl OPraHU3MOB B JIA0OPATOPHOM IKCIIEPUMEHTE.

DU3NKO-XUMHYECKHUM aHaJIM3 ITOYBBI 0TpakacTCid B CAHUTAPHO-TUTMCHUYCCKUX M
TOKCHKOJIOTHYCCKUX HOpMATHUBAX.

JIJ1st Ka4eCTBEHHOM OIICHKU TPUPOTHON CPeabl HEOOXOIUMO UX coueTaHue. 1o ecTs,
XUMUYECKUNA U OUOJOTMYECKU MOHHUTOPUHT HE HCKIIOYAIOT, a JOIMOJHSIOT ApPYT
apyra.

HecMmotpst Ha 60mbIIol MHTEpEC K OMOMHAMKAIMU U OMOTECTHUPOBAHHIO, BOIPOC O
COTOCTaBUMOCTH JTHX METOJOB W XHMHUYECKHX aHaJM30B IOYB HEIOCTATOYHO
pazpabotan. B palGotax mo »TOH TeMe aBTOPbl OOBIYHO OTPAHUYMBAIOTCS
7a00paTOPHBIMU OKCIIEPUMEHTAMUA HAJl PACTCHHSMH C TOMOIIBI0 Pa3IUIHBIX
XUMUYECKUX coequHeHud. B To ke Bpems, xumMuyeckuili aHamu3 no4yB B CaHKT-
[TerepOypre 3a nocneanue 30 €T MO3BOIMI YUEHBIM CO3/1aTh KapThl 3aTPA3HEHHOCTH
[3,4,5]. Tlone3no ObUIO OBI CO37aTh KAapTy 3arpsA3HCHHOCTH Topoja C TOMOIIBIO
pacTteHuii — bnonnaukanueit. I morom cpaBHUTH 3TH KapThl. [ToaTomy Bompoc TpeOyer
JTATbHEUIIIETO U3YYEHUS.

MeToabl McCJIeI0BaAHUSA

B pabote ncronb30BaHbl CIENYIOMINE METOIbl— YIKCIIEPUMEHT, AaHAJIN3, CPABHEHHUE.
OCHOBHASA YACTD

[IpoekT cocrouT m3 aByx wyacteil: (1) buorectupoBaHue MouBbl B 7-MU pailoHax
Canxkr-IletepOypra u (2) ConocTtaBieHUe pe3yJbTaTOB OHWOTECTUPOBAHUS C
XUMHUYECKUM aHaJIn30M T04YB B 7-mu paiionax CankTt-IleTepOypra.

(1) BuorecTupoBaHue NouBbI B 7-mu paiionax Cankr-Ilerepoypra
3aknajka OKCHEpUMEHTa MPOBOJAWIACH COTJIACHO METOAMKE  OIpPEACIICHHUS
TOKCMYHOCTH 1MOYBbI T.I". MupunHk (MeTo MOYBEHHBIX IJIACTUHOK). B cooTBEeTCTBUU

C MeTo/IuKoM B iekadbpe 2025 r. MbI TPOBENIH OIIBIT:

1. B vamku nomectunu no 80 r moyBbl 0€3 KOPHEM M paCTUTEIBHBIX OCTATKOB,
YBIIQKHWJINA U PACTEPIIN 10 COCTOSHUSA I'yCTOM MACThI, POBHO Pa3Ma3alld 1EPEBSIHHBIM



mnaresneM (AEpeBSHHBIM - TMOCKOJIbKY Jajibllle CPaBHUBAIM C XUMAHAJIM30M IO
TSOKEIBIM METaJLIaM).

2. CemeHa npeIBapyUTEIHHO 3aMOYMIIM B TeUeHHE CYTOK. B yamiku nocesyi o 70 miT.
ceMsiH Kpecc-canata. [IpenBapuTenbHO MPOBEPUIIM CEMEHa Ha BcxoxkecTh. CeMeHa
Menkue, 0e3 3amaca MUTaTeIbHBIX BEHIECTB, OHU JIy4llle pearupyroT Ha U3MEHEHUs
oKpy>Katoiei cpeqibl. CeMeHa pociii B TeUeHue 7 THEeW Npu OCTOSIHHOM TeMIiepaType
U BJIQKHOCTH, TIOYBY YBJIQXKHSUIM PABHBIM KOJIMYECTBOM BOIbI (TpuMepHO 10 mut).

3. Ilpu ydere pe3ylbTaTOB U3MEPUIM YUCIO MPOPOCIIUX CEMSH, JJIMHY POCTKOB U
KOpPHEH.

OnbIT  3aKiajubIBAlICd  TpoekpaTHO. Pe3ynbTaThl  OBUIM  BBIYMCIEHBI KAk
cpenHeapudmeTruyecKkoe 3HaUCHHUE.

I[JISI OKCIICPUMCHTA OBLIH B3STHI CEMEHA KpeccC-CajiaTa.

Kpecc-canat — OAHOJETHEE OBOIIHOE PACTEHHUE, YYBCTBHUTEIIBHOE K 3arps3HEHUIO
Cpelpl TSDKEIbIMU METajllaMH M BBIXJIONHBIM BbIOpocaM aBTOTpaHcnopra. Ilon
BJIMSTHUEM 3arpsi3HUTENIC U3MEHSIOTCS KOPHU U MOOETH 3TOr0 PAcTEHUs, U IIaBHOE,
HapylIaeTcs BCX0xecTh ceMsiH. Kpecc-canaTt ObICTpO BbIpacTaeT, HO3TOMY OH y100€H
114 onbITOB. JlocTaTouHO 7 AHEH JUIs skcnepuMenTa. OToop 3eMiu ObUT IPOU3BEACH
B 18 Toukax CaukTt-IleTepOypra, B 7-Mu paiionax: LleHTpanbHblii, AAMupanTencKuii,
Mockosckui, [letporpaackuii, Bacumeoctposckuit, [Ipumopcknii, @pyH3eHCKHN.

[Ipu mraHupoBaHUK MECT 0TOOPA MBI OPHEHTHUPOBAIMCH Ha pallOHbI 0TOOpA MOYBHI B
paMKax CTaHJApTHOTO MOHHMTOpWHTa MouB. [4] Mbi chokycuposanuce Ha mecmax
npoxcusaHusa u pabomel nodeti, ymobbl oOueHUMb MAM 3K002UYeCKy 06CMAaHOBKY.

[TouBa cobupanacse ¢ rryOruHbI 0K0JI0 20 CM MJIaCTMACCOBBIM COBKOM, B CyXYIO ITOTOJTY,
MOBEPXHOCTh Obla poBHas, OAHOpoAHas. OOpa3lbl MOMECTUIM B IUIACTUKOBBIC
eMKOCTH U Haanucanu. [louBy coOpaiu ¢ 3amacoM ¢ LEJbI0 JalbHEUIEro n3y4eHusl.

JIns  omnpeneneHrs TOKCUYHOCTH TIOYBBI MBI HMCIOJIB30BAJIM TPYNIIMPOBAHUE B
3aBUCHUMOCTH OT TOTO, KaK BCXOIAT CEMEHA M KAaKOW IUIMHBI POCTKM M KOPHU Yy
TECTOBBIX PACTEHUI, KOTOPBIE BBIPALMBAIOT HA OTOOpaHHbIX MouBax. Hano paznenurtsb
ATH MOKA3aTEIM Ha [T0KA3aTeNM KOHTPOJIS U BBIPA3UTh B IPOLICHTAX.

CylecTBYIOT TPH YPOBHHM TOKCUYHOCTH: ciabasi, CpeaHsIs U CUIIbHAS.

Ha ocHOBaHMH TOJYYEHHBIX TAHHBIX MBI CO3JAU KapTy 3arps3HCHHOCTH TMOYBBI C
nomoinkio ceppuca ['yri. (Puc.l).

PaccmarpuBasi cambie 3arpsi3HeHHbIE MecTa W3 18 obcnmemoBaHHbBIX yiui CaHKT-
[TerepOypra, cieayer OTMETUTHh MX OOIIYIO YEpTy: JaHHBIE MECTa — 3TO OBIBIIHE
MIPOM30HBI.



Tak, sKkcTpeManbHOE 3arps3HeHHE OBUIO OOHApYXEHO Ha Y. MOHCECHKO B
IenrpanbsaoM paiione Cankrt-IleTrepOypra. Panbiie 31ech Haxoamnach Tumnorpagus. A
3HAYMT, B IIOYBE MOYKHO BCTPETHTH adPO30JIH OKCHIOB CBHHIIA, 0JIOBA, CYPHMBI, ITaphI
XpPOMOBOTO aHTHIPHUA, TAPhI TOIYyO0JIa, OCH3MHA U Jp.

Ha BTOpOM MecTe MO TOKCMYHOCTH B HalleM CHOUCKE oOkaszanach yi. Ilomosa,
ITerporpanckuii  paiton. Ilpexne 3aech paboTanm 3aBoji IO  MPOU3BOACTBY
ANEKTPUYECKUX CBUHUOBBIX AKKyMYJSTOPOB. JleSTEIbHOCTh 3aBOJIa HE MOIJIA HE
OCTaBUTbh «CBHUHIIOBBINY» IKOJOTHYECKHUIN CJIE] B ATOM YacCTH ropoda. 3arps3HEHHOCTD
yia. Kpacunoro Kypcanta B [leTporpaackomM paitoHe MOKHO OOBSICHUTh HaXOXKJICHUEM
31eCh B TMPONLIOM OOJBINONW YyJIOYHO-TPUKOTaXXKHOU (adpuku «KpacHoe 3HaAMSY.
3HAYUT, B IOYBE MOTYT HAXOJUTHCSI KUCJIOTHBIE U METAJUIOKOMIUIEKCHBIE KPACUTENH,
dbopmanbaerua, CepoBOIOPO U YIIEPOI, COSTUHECHHUS TAAKEIbIX METAILIOB.

¢
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Puc. 1 Kapra 3arpssaennoctu noussl B Cankt-IlerepOypre,

OMoTEeCTUPOBAHKE Kpecc-caaToM B 18 okanusx,

2025-26



YpoBeHb 3arpsi3HeHUS Oo0o3HaueHune

Ha KapTe
Caaopnii. Bcexoxects 60 —90%. IIpopoctku

MOYTH HOPMAJIbHOM JJIMHBI, KPEIKUE, POBHBIE.

Cpennnii. Bexoxects 20 — 60%. [IpopocTku no

CPaBHEHUIO C KOHTPOJIEM KOpOY€ U TOHBLIE.

HexkoTopsie mpopoCTKH UMEIOT yPOJICTBA.
CuabHbIil. Bcxoxects ceMsH oOuyeHb ciabas
(menee 20%). [TpopocTku menkue.

(2) ConocTaBiieHue pe3yJbTaTOB OHOTECTHPOBAHNUS ¢ XHMHYECKHMM aHAJIH30M
no4s B 7-mu paiionax Cankr-IlerepOypra

YuuthiBas, 4TO Kpecc-cajaT 00jajaeT 0co00N UYyBCTBUTEIBHOCTHIO K TSKEIBIM
MeTajulaM, a TaKKe UX BBICOKOW TOKCHYHOCTBIO JIJIS JIFOJIeH, MbI BEIOpAi B KAUECTBE
(GOHOBOM KapTy 3arpsA3HEHHOCTU TSHKENIBIMU MeTaiiaMu Tepputopun  CaHKT-
[TerepOypra. [5] 3arem MBI coBMecTHIM ee ¢ KapToil OmomHgukanuu (Puc. 1).
Pesynmbrar MoxHO yBHmeTh Ha Puc. 2. Kak BHAHO Ha COBMEIICHHBIX KapTaX, B
oonpmHCTBE ciydaeB (80%) olleHKHM COBIAIM, €CIIM CpeIHEe U ClIaboe 3arpsa3HCHUE
00BEIMHUTH B OJHY TPYMIy U MPOTUBONOCTABUTH CUJIBHOMY 3arpsi3HEHHUIO.

WNHbIMu cioBamMu, CWIIBHOE 3arps3HEHUE TI0 UTOraM OMOTECTHPOBAHUS, HAPUMEp, Ha
yi1. MouCeeHKO OTpakeHO M Ha KapTe OPHUIIMaATHbHOT0O MOHUTOPUHTA. TOYHO Tak xKe,
OTHOCHUTENILHOE «3eJIeHOe» OJaronojgyyude, Mo OWOTECTHUPOBaHHIO, Ha Y. AK.
KpbuioBa, coBnagaeT ¢ aHaJOTHYECKOM OLIEHKOW TEPPUTOPHUH HAa KAPTE€ MOHUTOPHUHTA.

Takum o6pa3om, MOKa3aHa COMOCTABUMOCTH PE3yJbTAaTOB JBYX METOJOB OIICHKU
COCTOSIHUS TOYBBI B MAcIITa0ax ropojia: XMMHUYECKOTO aHaJIn3a U OMOTECTUPOBAHUSI.



buorectupoBanue

Caaboe 3arpsi3HeHHe.
BcexoxecTn 60 —90%.
[IpopocTkn MOYTH HOPMAIBHOMU
JUTUHBI, KPENKKUE, POBHBIE.

Cpennee 3arpsi3HeHHe.
Bcexoxects 20 60%.
[IpopocTkM 1O CpaBHEHUIO C
KOHTPOJIEM KOpOY€ U TOHBIIIE.
Hexkoropble mOpoOpOCTKH HUMEIOT

YpPOICTBA.

CusbHoe 3arpsi3HeHHe.
BexoxecTh ceMsiH oueHb ciabast
(menee  20%).  IIpopocTtku

MEJIKUE U YPOIJIUBbIE.
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MOHUTOPUHI  I(BETOM HAa KapTe

Y cI10BHO

omacHas 30Ha  64-128 ZC
(ycnmoBHBIE

CANHUIIBI

OmnacHas 30Ha

UpesBbrualiHO
ornacHas 30Ha

Puc. 2 Conocrapienne TpaaUuIIMOHHOTO XUMHUYECKOTO METO/1a OIEHKH
3arpsiI3HEHHOCTH MOYBBI TSKEJIBIMU METAJIIaMU M OMOTECTUPOBAHHUE.

Cankrt-IlerepOypr, 2025-26



Pe3yabTaThl UcCIe10BAHMUSA

B PE3YIbTATC UCCIACAOBAHNA MBI IIPHUIIJIN K CIICAYIOIINM BBIBOJAAM:

1. 3arpsi3HEHHOCTb MTOYBBI UMEET HEPABHOMEPHBIN XapaKTep B PA3IMUHBIX TOUKAX
ropoja. Camble 3arps3HEHHbIC TOYBBI OB 0OHAPYKEHBI B MECTaX, T'JI€ PAHbIIIC
HAXOJWIINCh TPEAITPUATHSL.

2. CylecTByeT IpoyHasi CBA3b MEXIY BCXOXKECThIO U JJIMHON POCTKOB.

3. BcxoxkecThb Oostee YYBCTBHUTCIIbHA K TOKCHYHOCTH IIOYBLI, YCM BBICOTA POCTKOB
KpeccC-cajiara.

B cranmaptHomM MoHuTopuHre KadectBa mouBbl Cankrt-lIletepOypra kapTuHa
«TPEBOKHBIX» PAHOHOB OTIMYASTCS OT HAITUX Pe3yIbTaToB [3]. DT0 00BsACHICTCS TEM,
YTO MBI UCCIIEJIOBAJIM B OCHOBHOM >KHJIbIE 30HBI, & B MOHUTOPUHIE aKIIEHT CJACJIaH Ha
MIPOMBIIUICHHBIX 30HaX. KpoMe TOoro, B MOHUTOPHUHIE MCCIIECIOBAINA MOYBBI U3 4-X
TOYEK M0 KaXJA0MY paiioHy, a B JAHHOM MPOEKTE U3YUYEHBI B CPEHEM I10 JIBE TOUKHU B
paiioHe.

B pabote nmokazaHa cormocTaBUMOCTb Pe3yJbTaTOB JIBYX METOJIOB OIEHKU COCTOSIHUS
MOYBBI B MaclITabax ropojia: XMMUYECKOTO aHalu3a u OnonHaukauu. Kak BugHo Ha
COBMENICHHBIX KapTax (puc 2), B 6oabMHCTBE cirydaeB (80%) olleHKH COBIIAH.

DTO 03HAYaeT, YTO OMOTECTUPOBAHUE MOKET OBITh OPIraHUYHO BCTPOECHO B CHCTEMY
TPaJAULIMOHHOIO MOHHUTOPHMHIa KadecTBa IIOYB. Ero MOKHO HCIOJIB30BaTh Kak
HKOHOMUYHBIN OBICTPBIN SKCIPECC-TECT ISl HAXOXKIACHUS «KPACHBIX)» 30H.

3akJIroueHue

[loctaBnennas B paboTe 1€db - BBIABUTH COMOCTaBUMOCTH  PE3YJILTAaTOB
OMOTEeCTUPOBAHUS W TPATUIMOHHBIX MCCIEIOBAaHUN TIOYBOTPYHTA Ha TIPUMEPE
HEeCKOJIbKUX paitioHoB Cankr-IletepOypra - BeimonHeHa. Ilokazana mnpakTuka
OouotecTupoBaHus Ha npumepe 18 jJokanuii ropoaa.

CdopmynupoBaHHas B Hauaje pabOThl TUNIOTE3a MOATBEPIKAEHA OMBITHBIM MTyTEM.

[IpakTtnueckoe npumeHenue. Pe3ynbraTel padOThI MO3BOJISIOT MCIIOJIB30BaTh Kpecc-
canar Kak JOCTYNHbIN 3QQEKTUBHBIN 3KCIPECC-TECT HA TOKCUYHOCTH MOYBBI. IDTO
aKTyaJIbHO TpU TUIAHUPOBAHUU CTPOUTEITHCTBA JKWJIBIX JIOMOB, TIPH OOHOBJICHHUH
TOPOJCKUX CaZ0B U CKBEPOB, MPU Pa30MBKE CaJ0B U OTOPOJOB 33 TOPOAOM.

[Ipu oOHapyxeHUH OWOMHIMKALMEH «KPACHBIX 30H» CJIEAYeT HCIOIb30BaTh
XUMHUYECKUM aHaIu3 AJisl yTOUHEHUS! HICTOUHUKA TPOOIIEMBI.



B nanbHeiiem aBTop IUIaHUPYET MPOAOHKUTH U3yUeHUE OUOTECTUPOBAHMS: KaK €ro
MO>KHO MPAKTUYECKHU UCIOJIb30BaTh MPH INIAHUPOBAHUU SKHIIBIX HOBOCTPOEK B CaHKT-
[TerepOypre u JIeHuHTpaIcKOi 00JIaCTH.
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Ipuioxenue

Puc. 1 ®oT0 HEKOTOPHIX JOKALUI
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