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CraThsl TOCBSIIICHA TBOPYECKOMY ITyTH TOYBOBeAa-reorpada
Eprenun HBaHoBHbl [laHKOBOH, BCHO JKHM3Hb H3y4yaBIIEH
BOIIPOCHI T'eHe3nca, reorpaduu U 3BONIOIUHN 3aCOJICHHBIX TTOYB.
Ona okoHumia reorpaduueckuii paxynprera MI'Y, ee HaydHBIM
pykoBoauteneM crana M.A. I'ma3oBckasi, TpuBUBIIAs JTIOOOBH K
apuaHbIM  1ouBaM. [IpopaGoTaB 6 JIeT B HMHCTHTYTE
T'unpoBonxo3, E.W. IlankoBa mosydymsia HEOLEHUMBIH ONBIT B
00JIaCTH MEIHOPAaTUBHOIO IIOYBOBEAEHHUS B OJKCIECAULUAX B
Bocrounyio Cubups, B Monnasuto, AzepOaiimkad, MOHTOIHIO.
Ilocne okOHYaHMSA acCHMPAHTYpPbl W 3aLIUThl KaHAMJATCKOH
muccepranuio ¢ 1964 roga mo Hactosmiee Bpemsi EBrenms
VBaHOBHa paboraer B OTHele TIeHEe3Uca U MEIHOpaLuu
3acolieHHbIX 1ouB [TouBeHHOro nHcTUTyTa M. B.B. JloKy4aeBa.
E.N. TlankoBa sdBisiercss BenaylmuM YydeHbIM I[IOYBEHHOro WHCTUTYTa, B TEUEHUE MHOTHMX JIET
pa3pabaThlBalOIMM IMPUOPUTETHBIC HANpaBICHUS IIOYBOBENCHUS, CBS3aHHBIE C M3yYEHUEM
reorpaduu, reHesuca, xkaprorpaduu M KIACCHU()MKAIMK 3aCOJIEHHBIX II0YB APHUIHBIX TEPPUTOPUN
Poccun, a Taxxke crpan LlenTpanbaoit m Cpemneit Aswm, Monromun u Kutas. OmgHUM W3 BaKHBIX
OTKPBITHH NOKTOpCcKOM mmccepraruu E.M. ITankoBoil OBUT BBIBOJ O MPOSBICHHH W HEM30SKHOCTH
[Ipollecca COJIEHAKOIUIEHUS! B TUAPOMOP(HBIX JaHMmadTaX apuIHBIX TEPPUTOPHH, OCOOEHHO IpH
opouieHnd. Pesynpratom coro3a ¢ H.M. basuneBud sSBWIMCH NIMPOKO KCIIOIB3YEMbIE B HAYYHBIX U
MPAKTUYECKUX LENAX METOIUYECKHE PYKOBOJACTBA IO YYETY 3aCOJCHHBIX MOYB M KapThl THUIIOB
xumu3Ma 3acoienust nmouB. E.W. IlankoBa sBisieTcs OOHMM M3 OCHOBOIIOJIOXKHHMKOB HAIPaBJICHUS,
CBSI3aHHOTO C MPUMEHEHHWEM AMCTAHLMOHHBIX METONOB M3Y4YECHUs 3acOleHus Mo4B. bonpmioi BKmag
BHecna E.W. [lankoBa B M3y4yeHHEe aHTPONOI€HHOTO BIHMSHUS Ha Teorpaduro, TEHE3UC M HBOIIOIUIO
3acoineHHbplx mnoyB. E.M. IlaHkoBa sBisieTCST aBTOPOM M OTBETCTBEHHBIM PEJAKTOPOM IIEPBOrO
KpyImHOTO 0000meHuss B obxactu 3aconeHusi mouB Poccun — MoHOrpaduu «3acolleHHBIE MOYBEI
Poccun». Hayunas pestensHocts E.UW. IlaHkoBOW mpur3HaHa BO BCEM MHpPE, OHA SIBJISETCS YJICHOM
MexayHapoaHOro oOLIecTBa MOYBOBEOB, a Takke WieHoM EBpomelickoro o0mecTBa OXpaHbl MOYB.
E.M. IlankoBa sBisieTcsl coO34aTelleM HAy4YHOM IIKOJABI IO M3YYEHUIO M KapTOrpaupOBaHHIO
3aconeHHbIx o4B. Efo omybnukoBano 6onee 300 padot, B ToM uncie 7 MOHOTrpaduii.

Knrouesvie cnosa: nousosen, E.W. TlankoBa, 3acoeHHbIE TOYBHI, yTh B HAYKE.
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22 mas 2022 roja TalaHTJIMBOMY IOYBOBeIy-reorpady, UCCIEI0BATENIO 3aCOJIEHHBIX MTOYB U
3aMeuaTesbHOMY 4enoBeKy EBrennn MBanosne IlankoBoii ucnonusercs 90 ner.

Ona poaunace B I. Bousrorpane B ceMbe HMHXEHEPA-CTPOUTENSI — PYKOBOAUTENS KPYIHBIX
3aBOJIOB, Mama 3aHUMajlachb BOCIUTaHMEM Tpoux Jouepeil. J[I000BL U  yBaxeHHE,



6 BEXU TBOPYECKOTI'O ITYTH E.1. TAHKOBOI B UCCJIEJJOBAHUN 3ACOJIEHHBIX [TOYB

B3aMMOTIOHUMAaHUE U JI0OpOKeNaTeIbHOCTh, YMEHHE paJoBaThCs ycexXam JApPYrux IIOJeH |
COIEPEKUBATh X HEB3T0/1aM, CTPEMJICHHE BCET/Ia M BO BCEM MOMOTATh JIIOJISIM — 3TH OJIaropoiHbIe
4yepThl poauresneil EBrenus MiBaHoBHA yHaciieioBaga B IIOJHOM Mepe.

OO6nanmast OTKPBITBIM, SIPKHM, JOOPOKENATEILHBIM XapaKTepoOM U Oyaydu TBOPUYECKUM, TITYOOKO
MOPSAZIOYHBIM YenoBekoM, EBrenns VBaHoBHa Bceryja Obuta B IIEHTPE KOJUIEKTHBA, a €€ BBICOKUI
npodeccnoHanu3M, J1000Bh K HayKe M HEHCCAKaeMas SHEPTUs 3aCiHyXHIM YBaKEHHE KOJUIET
pa3HOro BO3pacTa.

EBrennss lBanoBHa oxoHumia kadenpy reorpaduu IMOYB W TEOXMMHHU JIAHAMA(PTOB
reorpaduueckoro ¢axyiaprera MI'Y B 1955 rony. PykoBoaurenem KypcoBO#l U AUTUIOMHON padorT,
a T03XKe KaHIMJATCKOM auccepranuu, crana Mapust AnbdpenoBna ['mazoBckas. EBrenus MBanoBHa
cuntaeT M.A. I'1a30BCKyI0 CBOMM IEPBBIM YUMTENIEM, IPUBUBLIMM JIIO00Bb K apUJIHBIM IOYBaM,
KOTOPBIMHM OHA 3aHHUMAaJIach BCIO JKM3Hb, a TAKXKE CTPACTh K MyTEHIECTBUAM — dKkcneauuusam. Emie
yuack B MI'Y, EBrenus lBaHnoBHa Oblna B skcneauuusax B [Ipuxacnuu, B Bocrounoit Cubupu, B
Cpenneit Azuu (poto 1-3).

®oro 1. E.N. [Tankosa ¢ N.C. MuxaitnoBsiM Ha cy0O0THUKE, Ha PoHE cTposiierocs 3aanus MI'Y,
1953 r. Photo 1. E.I. Pankova and I.S. Mikhailov on a community work day in 1953; the Moscow
State University building under construction can be seen behind them.

Cowo TpynoByrwo zearenpHocTh E.M. IlankoBa Hauana B OTAede€ W3bICKAHUN HHCTUTYTa
lumpoBoaxozs MCX CCCP, rme mnpopaborama ¢ 1955 mo 1961 roxg mon pykoBOJCTBOM
3aMeuaTesIbHOro novsosena bopuca Anexcanaposnya KanaueBa, KOTOPOro OHa CUMTAaeT CBOUM
BTOpPBIM YYHTEJIEM B 00JacTu MeIHopaTuBHOro nousoBeneHus. Oxcnenuuuu E.M. ITankoBoil B
paifon ctpoutensctBa bparckoit 'DC, B Monnasuto, AzepOaitxan, MOHIOJIMIO CIOCOOCTBOBAIN
Pa3BUTHIO TBOPUECKOTO HHTEpeca K M3Y4YEHHUIO T'eHe3Mca, reorpadguu M MeEIHOpalud MoYB. A
MoHromus, ee cBoeoOpa3Hble MPUPOIHBIE YCIOBHS U MOYBBI CTaIM J11000BbI0 EBrennn MBaHOBHBI
Ha BClO >Xu3Hb. PabGotra B I'mmpoBoaxoze ybemwna E.M. IlankoBy B TOM, 4TO MOJIyueHHbIE
pa3paboTKU UMEIOT OOJIBILIOE 3HAYEHHE TOT 1A, KOTJJa OHU BOCTpeOOBaHbI MPOU3BOICTBEHHUKaMu. U
B CBOEH Hay4HOM JIeATETbHOCTH OHa Bcerzia Obljla BEpHA 3TOMY IMIPUHIIMITY, TOMOTasi MeIMopaTopam
B MEJIMOPATUBHOM CTPOUTENBCTBE.

OKOCHUCTEMBI: OKOJIOI'MA 1 AMHAMUKA, 2022, Tom 6, Ne 2



SMHOBA

doro 2. B skcnienunmun B Cpeneit Asuu, 1954 .
Photo 2. On the expedition to Central Asia, 1954.

®orto 3. E.1. ITankoBa B nepBoii skcnieaunnu B Boctounyro Cubups, 1956 1.
Photo 3. E.I. Pankova on her first expedition to Eastern Siberia, 1956.

OKOCHUCTEMBI: OKOJIOT'UA 1 AMHAMUKA, 2022, Tom 6, Ne 2
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B 1965 r. E.M. IlankoBa OkOHYMIA acmUpaHTypy reorpaduueckoro Qakymnpreta MI'Y wu
3alUTUIIA KAaHIUAATCKYIO JuccepTanuio no teme «KamraHoBsle ouBbl MOHIOIMH, UX FE€HE3UC U
MenropaTuBHbIe cBoMicTBa» (KamraHossle ..., 1965).

[locne oxonuwanms acnupanTtypsl [eorpaduueckoro ¢akynmerera MI'Y ¢ 1964 roma mo
HacTosiuiee BpeMs EBrenust MIBaHoBHa paboraeT B OT/eNe I'€He3Hca U MEIHOpalMU 3aCOJIEHHBIX
nous Ilousennoro uncturyra uMm. B.B. JlokydaeBa. E.M. [laHkoBa sBiIgeTCS BEAyIUM YYEHBIM
[IouBEHHOr0 MHCTUTYTA, B TEYEHHE MHOTHX JIET pa3padaThIBAIOLIMM IPUOPUTETHBIE HAIIPABJICHUS
MIOYBOBENICHHSI, CBA3aHHBIC C M3y4YeHHEM reorpaduu, reHesnca, Kaprorpadhuu u kiaccuukauu
3aCOJIEHHBIX IIOYB apUAHbIX TeppuTopuil Poccuu, a takxke crpan LlentpanbHoii u Cpenneit Asum,
Monromuu u Kuras.

ITo cnoBam camoit EBrenun MBanoBHbl, Cpennss A3us Obliia I1aBHBIM 00beKTOM ee paboT. Ho
KU3Hb CJIOKHIJIACh TaK, YTO OJHOBpeMEHHO ¢ paboramu B Cpenneil Asum oHa paboTajiia U B

Cosercko-(Poccuiickoif)-MoHronbckoit  KoMIiekcHOM  Ouosorudeckor skcneaunuun  (CMKBO-
CPMKBD; doro 4-6).

®oro 4. E.W. [Iankosa B skcrienuini B Boctounoit Monronuu, 1960 r.
Photo 4. E.I. Pankova on an expedition to Eastern Mongolia, 1960.

Bo Bpems pabot B oazuce DxuitH-I'on MoHronuu ero Oblja BIEpBBIE COCTaBJI€HA JeTalbHas
IIOYBEHHAs Kapra oasuca, a mnozaHee B 2019 r. Hanucana cosmectHo II.J[. I'ynuHbIM 1
JI.JI. TonoBaHOBBIM MOHOTpagusi, B KOTOPOM BIEpPBHIE JaHa JeTallbHas XapaKTepUCTHKA I0YB
oaszuca OxuitH-I'on. B 2019 rony Poccuiicko-MOHronbcKoi 3Kcneaniineil Obu1 OMmyOIuKOBaH aTiiac
«QxocucTeMbl MOHTOIMW», OTHUM U3 aBTOpPOB KoToporo sBisercs E.W. [Tankosa.

MHoOrojeTHue UCCIe0BaHusl TeHe3uca, reorpaduu W MENIUMOpaIMM  3aCOJIEHHBIX MOYB
Mouromuu u CpenHeil A3uu JIeryin B OCHOBY €€ JOKTOPCKOM AMCCEPTALUU «3aCOJIEHHBIE MOYBbI
apUIHBIX TEPPUTOPUN U METOBI UX AUCTAHLIMOHHOTO U3YyYEHUS B LIEJIIX MOHUTOPHUHIA», KOTOPYIO
oHa 3amuTHia B 1989 rony, a takke MoHorpaduu «I'eHe3uc 3acoyieHHBIX MOYB MyCTHIHBY (1992).

OKOCHUCTEMBI: OKOJIOI'MA 1 AMHAMUKA, 2022, Tom 6, Ne 2
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B »tEx pabotax maH TIyOOKHMI aHanW3 TpoleccaM COJICHAKOTUICHUS B aBTOMOP(MHBIX U
TUAPOMOPQHBIX MOYBaX MycThiHb CpemHeidl A3uu w1 MOHroimu. YCTaHOBJICHO, YTO IMPOOIEMHBI
FE€HE3UCca IOYB IOKHBIX PAOHOB BO MHOIOM OIIPEAENSIOTCS UCTOPUEHW pa3BUTHSL PETMOHA U
3aCOJICHHOCTBIO TIOYBOOOPA3YIOIIUX MOPOJI, 3 KOHTHUHEHTAJILHOCTh KJIMMAaTa CHI)KAeT aKTUBHOCTD
BBIBETPHUBAHMSI, TIOYBOOOPA30BAHMS U COJCHAKOIUICHHS. OHIUM M3 BaXKHBIX OTKPBITUH OBLT BBIBO]T
O TPOSBICHUM W HEW30SKHOCTH IPOIecca COJCHAKOIUICHUS B THIApOMOpP(dHBIX NaHAmadTax
ApUHBIX TCPPUTOPHIA, YTO OCOOCHHO SPKO MPOSBISCTCS MPHU YCIOBHH CO3JTAHUS THIPOMOPHHOTO
peKumMa MoyYB IPU OPOLICHUH.

®doro 5. E.W. [Tankosa B skcrieauiuu B [onoaHo# crenu (Y30ekucran), 1967 r.
Photo 5. E.I. Pankova on an expedition to the Mirzacho‘l Steppe (Uzbekistan), 1967.

[Touctune OmaroTBOpHBIM ObLT TBOpYeCKUi coro3 u apyxoOa E.UW. IlaHkoBOW C WM3BECTHBIM
yueHbIM Hartanueit MiBanoBHo# basuneBuu (poto 7), kotopyro EBrenust IBaHoBHA cuuTaeT CBOMM
TPETbUM yuHTeNeM. Pe3yiabTaTtoM 3TOro coro3a SIBUIMCH MHTEPECHBIE MCCIENOBAaHUS U IIUPOKO
UCIIOJIb3yeMble B HAYYHBIX U MPAKTUYECKUX IeNIX paboThl: «MeToaudeckre yKa3zaHus M0 Y4eTy
3acoJieHHbIX MmouBy» (baswmieBnu, ITankoBa, 1968a, 19680) u «Kapra TMMOB XMMH3Ma 3aCOJICHUS
nouB CCCP» (1976).

E.W. IlankoBa sBis€TCA OJHUM U3 OCHOBOIOJOXHHKOB HAIPAaBJICHUS, CBSI3aHHOTO C
MIPUMEHEHHEM TUCTAHIIMOHHBIX METOJIOB U3yUEHUS 3acosieHUs MoYB. Ero BriepBbie ObLIH 3aJ10KEHbI
OCHOBBI JTUCTAHIIMOHHOTO MOHHUTOPHMHTA 3aCOJICHHsSI OpPOIIAEMbIX IOYB aPHUIHBIX PErHOHOB.
BrnepBrie Oblta pazpaboTaHa METOIUKA AUCTAHIIMOHHOW OIIEHKH 3aCOJIEHUSI OpPOIIAeMbIX MOYB IO
COCTOSIHUIO (BbIMalaM) XJIoMm4aTHUKA. PykoBoautenem 3toit Tembl Obuta E.W. [TankoBa (doto 8).
Ota Tema pazpabaThIBanach BIepBbIe 171 opoiaeMbix moyB Cpenneit Azuu. B utore Obi1a coznana
1 onmyOJIMKOBaHA METOJIMKA MO TUCTAHIIMOHHOW OlLIEHKE COCTOsIHUS moJieit xmonyatHuka (ITankosa,
Masukos, 1975, 1976, 1985; I1ankoBa u ap., 1978).

[Tozxe wuccrnenoBaHus MO KapTorpadupoBaHHUIO M OIICHKE 3aCOJICHHUS OPOIIAEMBIX TOYB C
YUETOM CTPYKTYPHI IOYBEHHOTO MOKPOBA HA OCHOBE aHANIM3a adpP0- U KOCMUUYECKUX CHUMKOB OBLIH
nponowkensl E.M. IlankoBoit B coaBtopctBe ¢ J[.A. CoOBbEBBIM, a pe3yabTaThl OBLIH
OTyONMMKOBaHbI B MOHOTpaduu «JIMCTaHIIMOHHBIM MOHUTOPHUHT OpoliaeMbix ouBy (1993), a Takxke
B paboTax: «MeToauuecKue peKOMEHAINH 110 HCTIOIh30BAHUIO a3PO(POTOCHEMKH IJIsl OLICHKH
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®doro 6. E.1. [Tankosa B sxcnieauiuu B myctbine [o6u (Mounromus), 1978 .
Photo 6. E.I. Pankova on an expedition to the Gobi Desert (Mongolia), 1978.

. el orEs i

®oto 7. Eprenus VMBanoBua I[lankoBa (Tpetbs cieBa) ¢ Haranneit MiBanoBHOM basuneBuu (BTopas
cneBa) Ha koH(pepenuuu B Kaupe (Erumet), 1972 r. Photo 7. Evgenia Ivanovna Pankova (third
from the left) and Natalia Ivanovna Bazilevich (second from the left) at the conference in Cairo
(Egypt), 1972.
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3aCOJIEHMSI TIOYB U IPOBEACHHUS COJIEBBIX CHEMOK OPOILIAEMbIX TEPPUTOPHI XJIOMKOCEIOLIEH 30HbI B
KpynHBIX M cpeanux Mmacmtabax» (IlankoBa, MasukoB, 1985), merommueckue peKOMeHIAUU
«CocraBineHue KpyIMHOMACIITa0HBbIX IOYBEHHBIX KapT C IIOKa30M CTPYKTYphl IIOYBEHHOTO
nokposa» (ITankosa u ap., 1989) u ap.

Bonpmoii Bkinan BHecna E.UM. [lankoBa B m3ydeHHE aHTPOINOTEHHOTO BIMSHUS Ha Teorpaduio,
TeHE3HMC M HBOJIIOLUIO 3aCOJICHHBIX IMOYB, YTO HAILIO OTPAXEHHE B MOHOTpadUU B COABTOPCTBE
«[IpupoaHOE W aHTPONOTEHHOE 3acOJICHHE IMOoYB OacceitHa Apanbckoro mops» (IlankoBa m mp.,
1996). B st0ii MOHOTrpaduu BBISBICHB NPUYUHBI W TOCIEACTBUS HAPYIICHUS SKOJIOTUYECKOTO
paBHOBECHS TPUPOAHBIX JaHAMAPTOB, TMPHUBEAIINE K PAa3BUTHIO IPOIECCOB BTOPHUYHOTO
3aconeHus. Pesynprarom 0000II€HHS CBEJEHHH O pacHpOCTPaHEHUH M CBOMCTBAX 3aCOJIEHHBIX
MOoYB I0KHBIX pernoHoB Emponeiickoit Tepputopun CCCP u 3akaBkasbsl sABWIACh KOJUJIEKTUBHAS
MoHorpadus «3aconeHHsle nouBbl EBpomneiickoit wactu CCCP u 3akaBkasbsi» (IlankoBa u n1p.,
1973a, 19736, 19738, 1973r).

®oro 8. E.U. [Tankosa Ha nosie xsomyatHuka B ['omoanoi Crenu (Y36ekucran), 1985 r.
Photo 8. E.I. Pankova on a cotton field in the Mirzacho‘l Steppe (Uzbekistan), 1985.

BropuuHoe 3acosieHHe Kak OJHO W3 BaXHEHIIMX JErpaJallMOHHBIX MOYBEHHBIX IPOLIECCOB
paccmoTpeHo B MoHorpaduu «HayuHble OCHOBBHI MpelOTBpAlleHUs Jerpajaluy No4yB (3eMelb) U
(hopMUpOBaHHE CUCTEM BOCIIPOU3BOICTBay (XUTpoB, IlankoBa u ap., 2013).

E.W. TlankoBa sBis€TCS aBTOPOM U OTBETCTBEHHBIM PEJAKTOPOM IEPBOIO KPYIHOIO
0000menus B obmactu 3aconeHus nmouB Poccunm — monorpaduum «3acolieHHble TOYBBI Poccum»
(2006), coneprkaield OOIIUPHBIC CBEACHHUS O CBOMCTBAX, reorpauu U TeHEe3Uce 3aCOJICHHBIX MTOYB
OCHOBHBIX HJKOHOMHYECKUX paiioHOB Poccun. B pabore Han 3Toil MoHOrpadueil mnposBuics
opranu3aropckui TtanaHT EBrenun HMBaHoBHBI. Eil yaanoch €o34aTh TBOPUYECKUU KOJUIEKTHUB
aBTOPOB — CIIELMAIMCTOB IO T€HE3UCY U Teorpaduu 3acoJICHHBIX IMOYB pa3HbIX pernoHoB Poccum.
Kpowme Toro, oHa siBIsieTCS TakKe aBTOPOM M PEAAKTOPOM pa3HOMACIITAOHBIX KapT 3aCOJICHUS TIOYB
CCCP, Poccun u otaenbHbIx peruoHoB (Ilankoa, JJopxkrotos, 1990; [Tankosa, Mangax6asp, 1990
u ap.). E.W. [TankoBa — aBTOp U ujieH peakouieruu «Atnaca sxkocuctreM Monronuu» (Ecosystems

.., 2019). Kpyr ee Hay4yHbIX HWHTEpECOB YpE3BBIYAMHO IIMPOK M pPa3HOOOpa3eH — OT
KOJIMYECTBEHHOM OLIEHKH pacnpocTpaHeHus apuiaHbix Tepputopuit (Pyxosuu, IlankoBa u np.,
2019) u cBsi3u apuau3anuu kauMarta ¢ 3aconenueM nous (IlankoBa, UepHoycenko, 2020) no ¢popm
MIPOSIBJICHHUS COJIEBBIX aKKyMYJIALUHI B MouBeHHOM npoduiie (SImuoBa, [Tankoa, 2013).
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Hayunas nesrenpHocTs E.M. IlaHKOBOM mIpu3HaHa BO BCEM MHpE, OHA SIBJISIETCS YJICHOM
MexayHapoaHOTo 001IecTBa MOYBOBEIOB, a TaKKe WieHoM EBporeiickoro odmiecTBa oXpaHbl HOYB
(poto 9). Kpome toro, E.N. [lankoBa siBiisieTcst penaktopoM MexIyHapOAHOH SHIMKIOTEIUH T10
MEJIMOPAINH [T0YB U aBTOPOM pa3Jiena, MOCBSIICHHOTO0 MEIHOPaluy 3acojeHHbIX o4B (Pankova et
al., 2008). B Teuenne muorux yer E.M. IlankoBa Oblia ydaCTHUKOM MEXKIYHAPOIHBIX CHE3JIOB,
KoH(pepeHIHii, B KauecTBe IKcrepra padorana Ha Kyoe u B MoHrommu.

®oro 9. E.M. [IlankoBa Ha 3acemanuu YyeHOro coBera B [IOYBEHHOM HMHCTUTYTE
uM. B.B. JlokyqaeBa. Photo 9. E.I. Pankova at the meeting of the Academic Council at
V.V. Dokuchaev Soil Institute.

E.A. IlaukoBa gBigeTcs  co3IaTeleM
HayqYHOU IIIKOJIBI o W3yYEHUIO u
KapTorpadupoBaHUIO 3acOJEeHHBIX MOYB. [los ee
HEMOCPEICTBEHHBIM PYKOBOJICTBOM  YCIICLIHO
3alIMIIEHBI 5 KaHAUAATCKUX IUCCEPTaluid, a B 3
JTOKTOPCKUX paboTax oOHa OblJlJa HAay4YHBIM
KOHCYJIbTaHTOM. B uncie ee yueHukoB — B.M.
MasuxkoB, J.A. ConosseB, U.A. SImuoBa, O.D.
Hermsarok, XK. Mannax6asp, M.B. Konromkosa,
NU.H. Topoxosa, M. Pyxosuu, [.JI
l'onoBanos, I'.1. Yepnoycenko. B 2010 rony eit
OBLJIO TPHCBOCHO 3BaHHME Mpodeccop o
cnenuansHocT  «llouBoBenenue» (doro 10).
Muorue roxer E.M. IlankoBa Obula wWieHOM

reorpadHuecKoM tbakymbreTe MIY penkosuieruu kypHana «llouBoBengenue» wu
M. MLB. JIoMoHOCOBA YJIEHOM JKCIEpTHOro cosera Poccuiickoro

Photo 10. E.I. Pankova at the Faculty of Q®onpa DynnameHTanbHbix Mcenesnosanuid, B

®oto 10. Beicrymnenue E.W. [TankoBoii Ha

Geography of M.V. Lomonosov Moscow HaCTOAIICC BpEMs SBIIAETCS YJIEHOM

State University. PEIAKOJIICTHI XKYpHaJoB «Apuansie
9KOCUCTEMBI» U «DKOCHUCTEMBI: HKOJOTHS W
TTMHAMUKA.

B Teuenne muorux ner E.W. ITankoBa Obuta unenom [luccepranmonnoro cosera npu @bI'HY
ITouBennsiii uHctuTyT UM. B.B. [lokywaeBa m J[luccepranmuonHoro cosera npu ®I'OY BIIO
MoCKOBCKHH TOCYIapCTBEHHBIH yHUBEpcUTET mpHupoaoodycrpoiictea (MI'VII; doro 9, 10). Ero
omybnukoBano 6osee 300 paboTt, B ToMm uncie 7 monorpaduit (Ilpunoxenue).
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3aKOHYUTH 3Ty CTaThIO XOTENOCh Obl cioBaMu camoil EBrenun MIBaHOBHBI, BBICKa3aHHbBIE €10 B
CBOUX BOCIIOMHHAHUSIX:

«Mos xu3Hb B [IouUBEeHHOM MHCTUTYTE MO3BOJIMJIA MHE YBHJIETh PAa3HOOOpPa3HbIC YHUKAJIbHbBIC
paiionsl Cpenneit u Llenrpanshnoit A3uu, u Mupa B 1einom. S nmoOwsiBasia B Unnuu u B Kurae, B
Benrpuu u Ha KyGe, HO B MOoeM cepjilie HaBcerja ocTaiach JJI000Bb K apuAHbIM peruonam CpenHeit
A3uu u MoHrosmu.

A cuuraro, yto MHe mose3no! Mue 90 ner, s poBecHuk OTnena reHe3uca U MeEIHOpaIun
3acojeHHbIX nouB IlouBeHHOro mHctutyra umenu B.B. JlokywaeBa. BCroo ku3Hb g 3aHMMaach
3aCOJICHHBIMH TIOYBAMU: WX KiaccH(HKammel, KaprorpapupoBaHUEM, 3BOJIOIUEH B MPUPOIHBIX
YCIOBUSIX U Tipu opoiieHnd. Ho MHOTHE npoOiembl ocTanuch HepeleHHbIMU. Haferock, 4To HoBbIE
MOKOJIEHUS UCCieI0BaTesel MpoJosKaT Hallld MCCIIEI0OBAaHUS U periaT 3TH BOIPOCHI!»

K aTum crioBaM BpsiJT I MOYKHO YTO-TO TOOABUTH.

Mo3apaBasiem noporyio EBrenno BaHoBHY ¢ 100HJI€eeM M KeJiaeM eii 310POBbsI, J0JITUX
JIeT JKU3HH, 0J1aronoJIy4yusi, C4acThsl ¥ IyIIIEBHOTO paBHOBeCHs!
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IlouBeHHBIN  WH-T  WUM. B.B.
Hoxyuaesa. 191 c.

llanxosa E.U., Jlopoczomos J].
1990. Momnronsckas  Hapopanas
PecnyOnuka. HarmoHnanbHeIi aTnac.
Kapra 3aconenuss mous MoHromumu.
VYnaubatop-M.: AH MHP, T'VTK,
I'CK, AH CCCP. 144 c.

Ilankosa E.U., Manoaxoasp XK.
1990. Kapra 3aconenus nouys oasuca
OxuiiH-ros1.  Ymabatop-M.: AH
MHP, T'VI'K, T'CK, AH CCCP.
144 c.

13.

14.

15.

16.

17.

18.

19.
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Experience in the use of aerial photographs to
characterize the salinization of soils in non-
irrigated territories of the sierozem zone [Opyt
ispol’zovaniya aerofotosnimkov dlya
kharakteristiki zasoleniya pochv neoroshayemykh
territoriy serozemnoy zony|. Eurasian Soil Science.
1978;3:82-85.

Pankova EI, Mazikov VM. Guidelines for the use
of aerial photography to assess soil salinity and
conduct salt surveys of irrigated areas of the cotton-
growing zone on a large and medium scale
[Metodicheskiye rekomendatsii po ispol’zovaniyu
aerofotos yemki dlya otsenki zasoleniya pochv i
provedeniya  solevykh  s’yemok oroshayemykh
territoriy khlopkoseyushchey zony v krupnykh i
srednikh masshtabakh). Tipografiya VASKHNIL,
1985:1-73.

Pankova EI, Shishov LL, Sorokina NP.
Compilation of large-scale soil maps showing the
structure of the soil cover [Sostavieniye

krupnomasshtabnykh pochvennykh kart s pokazom
struktury — pochvennogo pokrova]. Methodical
recommendations [Metodicheskiye rekomendatsii].
Moscow: Minsel’khoz SSSR, 1989:50.

Pankova EI. Genesis of salinization of desert soils
[ Genezis zasoleniya pochv pustyn’]. Moscow: V.V.
Dokuchaev Soil Institute. 1992:136.

Pankova EI, Aidarov IP, Yamnova IA, Novikova
AF, Blagovolin NS. Natural and anthropogenic
salinization of soils in the Aral Sea basin
(geography, genesis, evolution) [Prirodnoye i
antropogennoye  zasoleniye  pochv  basseyna
Aral'skogo morya (geografiya, genezis,
evolyutsiya)]. Moscow: V.V. Dokuchaev Soil
Institute, 1996:87.

Pankova EI, Solovyov DA. Remote monitoring of
salinization of irrigated soils [Distantsionnyy
monitoring  zasoleniya  oroshayemykh pochv].
Moscow: V.V. Dokuchaev Soil Institute, 1993:191.
Pankova E.I., Dorzhgotov D. Mongolian People’s
Republic. National Atlas. Soil salinization map of
Mongolia [Mongol'skaya Narodnaya Respublika.
Natsional'nyy atlas. Karta zasoleniya pochv
Mongolii]. Ulaanbaatar-Moscow: AN MNR,
GUGK, GSK, AN SSSR. 1990:14.

Pankova E.I., Mandakhbayar Zh. Map of soil
salinization in the Ekhiin-gol oasis [Karta
zasoleniya pochv oazisa Ekhiyn-gol]. Ulaanbaatar-
Moscow: AN MNR, GUGK, GSK, AN SSSR.
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20.

21.

22.

23.

24.

25.

BEXU TBOPYECKOTI'O ITYTH E.1. TAHKOBOI B UCCJIEJJOBAHUU 3ACOJIEHHBIX [TOYB

llanxoea E.H., Yepnoyceuxo I'H.
2020. IIpobnema  aKTHBHU3ALUU
3acoJIeHUA B oYBax rora Bocrounon
Cubupu w MOHTOIUM B CBSI3U C
apuau3anuei kimumara // broieTeHp
ITouBeHHOTO MHCTUTYTAa UMEHU B.B.
Hoxyuaea. Beim. 101. C. 92-116.

Pyxoeuu J.H., Ilanxosa E.U.,
Kanununa H.B., Yepnoycenuxo I'H.,
Hsanos AJL 2019.
KonnaecTBeHHBIHN O JIXO/1 K
paliOHUPOBAHUIO apUIHBIX
tepputopuii  Poccunm ¢ yuerom
KIUMAaTHYEeCKUX U MMOYBEHHO-

IPaHyJOMETPUYECKHUX ITapamMeTpoB //
Hoxnaner Axkanemun Hayxk. T. 485.
Ne 5. C. 621-624.

Xumpos H.b., Ilankosa E.U., A.D.
Hosuxosa, I'H. Yepnoycenxo, H.A.
Amnoea. 2013. Teopernueckue u

METOOIUYCCKUEC OCHOBBI
MPeIyNpexKICHUS BTOPUYHOTO
3acosenuss // Hay4yHble OCHOBBI

MPEAOTBPAIICHUS JACTPaJallK TOYB
(3emenb) U GOPMHUPOBAHUE CHUCTEM
BOCITPOM3BO/ICTBA. T. 1. M.:
Poccuiickass akamemMusst ¢/X Hayk.
C. 383-462.

Hmnoea HU.A., Ilanxkosa E.H. 2013.
l'uncoBeie  HOBOOOpa3oBaHUS U
dbopmupyrome WX dSJIEMEHTapHBIC
MMOYBOOOpa30BaTEIbHbIE TIPOIECCHI //

ITousoBenenme. Ne 12. C. 1423-
1436.

Ecosystems of Mongolia Atlas.
2019. Ulaanbator: Admon. 264 p.
Pankova  Yel, Khitrov N.B.,
Novikova A.F., Koroleva ILE.,
Utkaeva V.F., Vorob’eva L. 2008.
Chemical amelioration of soils.
Chapter 14.1. Agricultural Land
Improvement: Amelioration and
Reclamation // Knowledge for

sustainable development. An insight
into the Encyclopedia of life support
systems. Vol. II. Oxford, UK:
UNESCO Publishing — EOLSS
Publishers. 31 p.

20.

21.

22.

23.

24.

25.

1990:144.

Pankova EI, Chernousenko GI. The problem of
salinization activation in the soils of the south of
Eastern Siberia and Mongolia due to climate
aridization [Problema aktivizatsii zasoleniya v
pochvakh yuga Vostochnoy Sibiri i Mongolii v
svyazi s aridizatsiyey klimata]. Bulletin of V.V.
Dokuchaev Soil Institute [Byulleten' Pochvennogo
instituta imeni V.V. Dokuchayeva]. 2020;101:92-
116.

Rukhovich DI, Pankova EI, Kalinina NV,
Chernousenko GI, Ivanov AL. Quantitative
approach to the zoning of arid territories in Russia,
taking into account climatic and soil-granulometric
parameters [Kolichestvennyy =~ podkhod  k
rayonirovaniyu aridnykh territoriy Rossii s uchetom
klimaticheskikh 1 pochvenno-granulometricheskikh
parametrov]. Reports of the Academy of Sciences
[Doklady Akademii Nauk]. 2019;485 (5):621-624.
Khitrov NB, Pankova EI, Novikova AF,
Chernousenko GI, Yamnova IA. Theoretical and
methodological  foundations  for  preventing
secondary  salinization [ Teoreticheskiye i
metodicheskiye OSHOVY preduprezhdeniya
vtorichnogo zasoleniya]. Scientific foundations for
preventing soil (land) degradation and the
formation of reproduction systems [Nauchnyye
osnovy predotvrashcheniya degradatsii  pochv
(zemel’) i formirovaniye sistem vosproizvodstva].
Moscow: Rossiyskaya akademiya
sel’skokhozyaystvennykh nauk, 2013;1:383-462.
Yamnova IA, Pankova EI. Gypsum neoformations
and elementary soil-forming processes that form
them [Gipsovyye novoobrazovaniya 1
formiruyushchiye ikh elementarnyye
pochvoobrazovatel’'nyye protsessy]. Eurasian Soil
Science. 2013;12:1423-1436.
Ecosystems of Mongolia
Admon, 2019:264.

Atlas. Ulaanbator:

Pankova Ye.l., Khitrov N.B., Novikova A.F.,
Koroleva IL.E., Utkaeva V.F., Vorobyeva L.
Chemical amelioration of soils. Ch. 14.1.

Agricultural Land Improvement: Amelioration and
Reclamation. Knowledge  for  sustainable
development. An insight into the Encyclopedia of
life support systems. Oxford, UK: UNESCO
Publishing — EOLSS Publishers, 2008;3:31.
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OcHoBHbBIE MyOJIUKAIIUH
E.N. IIankosoii 32 1960 — 2022 rox
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Main works of E.I. Pankova
for 1960 — 2022

yoaukanun 1960 rog Publications of 1960

1. Ilankosa  E.U. 1960.  OmerT 1.
COCTaBJIEHUSI  KPYMHOMAaCHITaOHBIX
MIOYBEHHBIX M T'HAPOT€0JIOTHYECKUX
KapT JUTS YCIOBHIA Kypa-
ApakcUHCKOM ~ HU3MEHHOCTH  //
Co6opHuk JIOKJIaJI0B Hay4YHO-
TEXHUYECKON KOH(epeHINH
MOJIOJIBIX ~ CIIELIMAJIMCTOB  BOJHOIO
xo3srctBa.  Ne 2 (13). M.
I'mnpoBoxo3s. C. 66-68.

Hyoaukanun 1962 rog

Pankova EI. Experience of compilation of large soil
and hydrogeological maps for the conditions of the
Kura-Araks Lowland [Opyt  sostavieniya
krupnomasshtabnykh pochvennykh i
gidrogeologicheskikh kart dlya usloviy Kura-
Araksinskoy nizmennosti]. Collection of reports
from the scientific and technical conference for
young water management specialists [Sbornik
dokladov ~ nauchno-tekhnicheskoy  konferentsii
molodykh  spetsialistov vodnogo khozyaystva].
Moscow: Giprovodkhoz, 1960;2 (13):66-68.

2. Ilanxosa E.U., ['ycenxog E.I1. 1962. Publications of 1962

[IouBbl peYHBIX [OJIUH CEBEpHOU 2.
Monromuu Ha NpuUMepe JAOTUHBI
pexu boporon // TlouBoBenenue. No

8. C. 64-72.

3. Ilankosa E.U. 1962. BetrpoBas
9po3usi Ha paclaxaHHbIX 3eMisiX 3.
MoHroabckon Haponnoit
Pecriyonuku // Tpynsl Beecoroznoro
Hay4YHO-HCCIIEI0BATEIbCKOTO u
MIPOEKTHO-U3bICKATEIILHOTO
uHCTUTYTa ['MnpoBoaxo3. Beim. 21.

C. 17-18.

Hyo6ankanun 1963 rog

Pankova EI, Gusenkov EP. Soils of the river valleys
of Northern Mongolia on the example of the
Borogol River Valley [Pochvy rechnykh dolin
severnoy Mongolii na primere doliny reki Borogol].
FEurasian Soil Science. 1962;8:64-72.

Pankova EI. Wind erosion on the plowed lands of
the Mongolian People’s Republic [Vetrovaya
eroziya na raspakhannykh zemlyakh Mongol skoy
Narodnoy Respubliki]. Proc. of the All-Union
Scientific Research and Design and Survey Institute
“Giprovodkhoz” [Trudy Vsesoyuznogo nauchno-
issledovatel’skogo i proyektno-izyskatel 'nogo
instituta Giprovodkhoz]. 1962;21:17-18.

4. Illankosa E.U., I'ycenxos E.II. 1963. Publications of 1963

Kamrranosie CYIJIMHUCTBIE u 4.
CyIeCUYaHO-MIeCYaHbIe TMOYBHI  KakK
00BEKT opoIIaeMoro 3emienenus (Ha
npuMepe nouB  Monroauu) //
Becthuk MI'Y. Bem. 5. Cepus
reorpaguueckas. Ne 1. C. 40-42.

IIyonukanun 1964 rox
5. llanxosa E.U., I'ycenkos E.Il. 1964.

Pankova EI, Gusenkov EP. Chestnut loamy and
sandy-loamy soils as an object of irrigated
agriculture (on the example of Mongolian soils)
[Kashtanovyye  suglinistyye 1 supeschano-
peschanyye pochvy kak ob’yekt oroshayemogo
zemledeliya (na primere pochv Mongolii)]. Bulletin
of Moscow State University [Vestnik MGU], Issue
5, Geography Series. 1963;1:40-42.

Bonano-¢dusnueckue cpoiictBa Publications of 1964

KallITAHOBBIX ~ CYNECYaHbIX MOYB 5.
BocTtouHo-MoHTronbcKoi paBHUHBI //
ITouBoBenenue. Ne 9. C. 44-51.

6. Ilankosa E.HU. 1964. O npumeHeHUH
TEPMUHOB «TOPHBIE U PAaBHUHHBIE» K

Pankova EI, Gusenkov EP. Water-physical
properties of chestnut sandy loamy soils of the East
Mongolian Plain [Vodno-fizicheskiye svoystva
kashtanovykh supeschanykh pochv Vostochno-
Mongol’skoy ravniny]. FEurasian Soil Science.
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KaIlITAHOBBIM ITouBaM Mourouauu //
M3gectrus AH  CCCP.  Cepus
I'eorpaduueckas. Ne 5. C. 77-79.
Ianxosa E.M. 1964. KamraHoBble
TTOYBEI BocTouno-MoHTOIBECKOM
PaBHUHBI u 150, KpaTKas
MeNuopaThBHas oOleHka // B kH.:
ITouBEHHO-TEOXUMHYECKHE u
JTaHAMadTHO-TEOXUMUICCKHE
ucciaegoBanusa. M.: MI'Y. C. 158-
181.

yoaukanun 1967 rog

8.

9.

Ilankoea  E.U.
arpoMeIMOpaTUBHON
XapaKTePUCTHKHN KaIlITAHOBBIX TIOYB
JIETKOTO MEXaHWYECKOTO COCTaBa Ha
npuMepe Monroabsckoir HapoaHoit
pecnybnuku // B kH.: T'eorpadus
MOYB U reoxXuMus jaHamagpToB. M.:
MI'Y. C. 216-237.

Ilankosa EN 1967. O
BHYTPUTUIIOBOM pa3/ej€HUN THUIa
KalITaHOBBIX TMOYB  JUIS  Iese
KpPYITHOMAcCIITA0HOTO KapTUPOBAHUS
// Tpymsl Bcecor3Horo Hay4dHO-
HCCIIEIOBATENIbCKOTO U MPOEKTHO-
U3bICKATEIBHOTO UHCTUTYTa
I'unipoBoxo3. Beim. 2. C. 32-35.

1967.

OnbIT

My6aukanun 1968 rox

10

11.

12.

. llankosa E.U., Bazunesuu H.H.

1968. OnbIT KIaccupUKaIMy TOYB
1o 3acoJiienuro // [lousoBenenne. Ne
11. C. 3-16.

Ilanxkosa E.U., bazunesuu H.U.
1968. MHWHcTpykuuss 1o ydery
3aCOJICHHBIX 3€MeEIIb. M.:

I'mmposonxos. 50 c.

Ilanxkosa E.U., bBbazunesuu H.U.
1968. Meroauueckue yka3aHus IO
y4€TYy 3aCOJEHHBIX IMO4YB. M.:
I'mmposonxos. C. 3-91.

IMyonuxanun 1969 rox

13

. Pankova E.I. 1969. Classification

of Soil According to the Their
Chemistry and  Degree  of
Salinization / Agrokemia

1964;9:44-51.

. Pankova EI. Application of the terms ‘mountain’

and ‘plain’ to the chestnut soils of Mongolia [O
primenenii terminov ‘“gornyye i ravninnyye” k
kashtanovym pochvam Mongolii]. News of AN
SSSR  [Izvestiva AN SSSR], Geography Series.
1964;5:77-79.

. Pankova EI. Chestnut soils of the East Mongolian

Plain and their brief reclamation assessment
[Kashtanovyye pochvy  Vostochno-Mongol skoy
ravniny i ikh kratkaya meliorativnaya otsenkal.
Soil-geochemical  and  landscape-geochemical
studies [Pochvenno-geokhimicheskiye i
landshaftno-geokhimicheskiye issledovaniya].
Moscow: Moscow State University, 1964:158-181.

Publications of 1967

8.

Pankova EI. Experience of agro-ameliorative
characteristization of chestnut soils of light
mechanical composition on the example of the
Mongolian People’s Republic [Opyt
agromeliorativnoy  kharakteristiki  kashtanovykh
pochv legkogo mekhanicheskogo sostava na
primere  Mongol’skoy  Narodnoy  respubliki]
Geography of soils and geochemistry of landscapes
[Geografiva pochv i geokhimiya landshaftov].
Moscow: Moscow State University, 1967:216-237.

. Pankova EI. On the intratype division of the

chestnut soils type for the large-scale mapping [O
vautritipovom razdelenii tipa kashtanovykh pochv
dlya tseley krupnomasshtabnogo kartirovaniya].
Proc. of the All-Union Scientific Research and
Design and Survey Institute “Giprovodkhoz”
[Trudy Vsesoyuznogo nauchno-issledovatel skogo i
proyektno-izyskatel ’nogo instituta Giprovodkhoz].
1967;2:32-35.

Publications of 1968

10

11.

12.

. Pankova EI, Bazilevich NI. Experience in
classification of soils by their salinity [Opyt
klassifikatsii pochv po zasoleniyu]. Eurasian Soil
Science. 1968;11:3-16.

Pankova EI, Bazilevich NI. Instructions for
accounting of the saline lands [Instruktsiva po
uchetu zasolennykh zemel’]. Moscow:
Giprovodkhoz, 1968:50.

Pankova EI, Bazilevich NI. Guidelines for the
accounting of the saline soils [Metodicheskiye
ukazaniya po uchetu zasolennykh  pochv].
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estalajtan. Vol. 18. Pp. 219-226.

yoaukanun 1970 rog
14. Ilanxosa E.U., Monooyos B.A.

1970. Pesynbratsl
MIPOU3BOJICTBEHHBIX TPOMBIBOK Ha
3eMIISIX HOBOTO OpOILCHHS

I'onoxuoii crenu // IlouBoBeneHUE.
Ne 8. C. 106-118.

15. Ilanxkosa E.H., Bazunesuuw H.H.
1970. Yuer 3aconeHHBIX ouB // B
c0.: MeTonnyeckue peKkoMeHIaluu
[0 MEJTUOPAIUU COJIOHIIOB M YUETY
3acojieHHbIX nouB. M.: Konoc. Y. 2.
C. 80-111.

Hyo6aukanuu 1971 rox

16. Ilanxkoea E.U., basunesuu H.H.
1971. Knaccudukanus TOdYB TI0
XMUMH3MY U CTENeHH 3acosieHus // B
KH.: IToYBEI COOBOr0O 3acCOJIEHUS U
UX  Mmenuopauus. — Marepuaibl
Mex1yHapoJHOTO CUMIIO3UyMa MO
MEJIHOpalk  TOYB  COJOBOTO
3aconenus, Epesan, 1969. C. 582-
601.

17. Ilankosa E.U., Eeopos B.B.,
baszunesuu HU 1971. 0]
MPUHIMIIAX COCTABJICHUSA KapThbl
TUIOB  3acojieHust EBpomneiickoi
gactu CCCP // B xHn.: IlouBbl
COJIOBOTO  3aCOJEHUSI U HUX
MeJIHOopaIus. Marepuainbl
Mex1yHapoAHOTO CHMIIO3UyMa IO
MEJIHOpallk  TOYB  COJOBOTO
3aconenus, Epesan, 1969. C. 601-
605.

IMyoaukanun 1972 rog

18. Ilanxkosa E.HM. 1972. OneHka
3aCOJICHUS M OIBIT COCTaBJICHUS
KpYITHOMACIITaOHBIX KapT
3acoieHdsl TOYB (HA TpUMEpe
U3YYEHUS IOYB JIxu3zakckou
crenu) // BromieTeHb NMOYBEHHOTO
nHctutyra uM. B.B. Jlokydaesa.
Brim. V. C. 41-50.

19. Ilankoea E.U., Bazunesuu H.HU.
1972. OnpIT KnaccUpUKAUK TOYB

SIMHOBA 19

Moscow: Giprovodkhoz, 1968:3-91.

Publications of 1969

13.

Pankova EI. Classification of Soil According to
the Their Chemistry and Degree of Salinization.
Agrokemia estalajtan. 1969;18:219-226.

Publications of 1970
14. Pankova EI, Molodtsov VA. Results of industrial

15.

leaching on new irrigated lands of the Hungry
Steppe [Rezul’taty proizvodstvennykh promyvok
na zemlyakh novogo orosheniya Golodnoy stepi].
Furasian Soil Science. 1970;8:106-118.

Pankova EI, Bazilevich NI. Accounting for saline
soils [Uchet zasolennykh pochv]. Methodological
recommendations for melioration of solonetzes
and accounting of the saline soils [Metodicheskiye
rekomendatsii po melioratsii solontsov i uchetu
zasolennykh pochv], Ch. 2. Moscow: Kolos,
1970:80-111.

Publications of 1971

16.

17.

Pankova EI, Bazilevich NI. Classification of soils
by their chemistry and salinity [Klassifikatsiya
pochv po khimizmu i stepeni zasoleniya). Soils of
soda salinity and their reclamation [Pochvy
sodovogo zasoleniya i ikh melioratsiya]. Proc. of
the International Symposium on Melioration of
Soda Salinized Soils, Yerevan, 1969 [Materialy
Mezhdunarodnogo simpoziuma po melioratsii
pochv sodovogo zasoleniya]. 1971:582-601.

Pankova EI, Egorov VV, Bazilevich NI
Principles map compilation for salinization types
in the European part of the USSR [O printsipakh
sostavleniya karty tipov zasoleniya Yevropeyskoy
chasti SSSR). Soils of soda salinity and their
reclamation [Pochvy sodovogo zasoleniya i ikh
melioratsiyal.  Proc. of the International
Symposium on Melioration of Soda Salinized
Soils, Yerevan, 1969 [Materialy
Mezhdunarodnogo simpoziuma po melioratsii
pochv sodovogo zasoleniya]. 1971:601-605.

Publications of 1972

18.

Pankova EI. Estimation of salinity and experience
in compiling large-scale maps of soil salinity (on
the example of studying the soils of the Jizzakh
steppe) [Otsenka zasoleniya 1 opyt sostavleniya
krupnomasshtabnykh kart zasoleniya pochv (na
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10 COJEPKaHUIO TOKCUYHBIX COJIEH
u noHoB // bronnerens [louBenHoro
nHctutyra uM. B.B. [lokydaesa.
Brin. V. C. 36-40.

yoaukanun 1973 rog

20.

21.

22.

23.

24.

25.

Illanxosea E.HU., Ilempocan ['11,

Baszunesuy HU. 1973. O
MEXyHApPOJAHOM CHUMIIO3UYME TI0
3aCOJICHHEBIM noYBaM //

[TouBoBenenue. Ne 6. C. 139-140.

llankosa  E.M.  1973.  OmnsiT
COCTaBJIEHUSI KPYIMHOMAaCIITaOHBIX
KapT 3aCOJICHUSI TIOYB OPOIIAEMBIX
teppuropuii // B ku.: CoctaBnenue

IIOYBEHHBIX  KAPT  OpOIIAEMBIX
TEPPUTOPUIL. I'ocynapcTBeHHBIN
WHCTUTYT 1O  KOHTPOJIO  3a

KA4e€CTBOM CEJILCKOXO3SIMCTBEHHBIX
MpoaAyKTOB M mous. bynamemr. C.
27-33.

Ilanxosa E.H., Henamosea B.I1,
Abamyposa T.U. 1973.
ComoHIieBaThIE ITOYBEI
Jxku3zakckoi  ctemd  (BOIIPOCHI

reHesuca ®W  Mmenwoparuu)  //
ITouBoBenenue. Ne 5. C. 15-25.
Illankosa E.U., FEeopos B.B.,
bazunesuu H.M. 1973. Ilpunuursl
COCTaBJICHUS KapThI THIIOB
3aconenuss mouB // B kH.:
3acosieHHble MOYBbl EBpormeiickoi
yactu CCCP u 3akaBka3bs. Tpyasl
[TouBenHoro wuHcTuTyra um. B.B.
HokyuaeBa. M. C. 4-7.

llankosa E.H. 1973. ®usuxo-
reorpauueckue yCIOBHs apeasoB
pacnpoCTpaHeHUs 3aCOJICHHBIX
nouB // B kH.: 3acoyieHHbIE MOYBHI
EBponeiickoit uvactu CCCP u
3akaBka3psi. Tpyasl IlouBeHHOrO
nHcruryra uMm. B.B. /lokydaeBa. M.
C. 8-13.

Ilanxkosa E.U., bBbazunesuu H.U.
1973. XapakTepucTuka
3acoJieHHbIX TouB // B kH.
3aconeHHsle MouBbl EBponeiickoit
gactu CCCP u 3akaBka3bs. Tpynel
ITouBeHHOrO MHCTHUTYTa UM. B.B.

19.
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food security in Russia [Resursnyy potentsial
pochv — osnova prodovol’stvennoy bezopasnosti
Rossii] Materials of the international scientific
conference [Materialy mezhdunarodnoy nauchnoy
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and solonetzic soils on the territory of the Ural
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Soils of Russia: current state, prospects for study
and use, Petrozavodsk, Book 3, Moscow, 13-18

August 2012 [Pochvy Rossii: sovremennoye
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nauchnyy tsentr RAN, 2012:449-451.

Gerasimova M. Desert soils:
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Ecological Systems and Devices [Ekologicheskiye
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Shadrina MB, Mukhortov VI. Soils of the contact
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south of European Russia [Pochvy zony kontakta
svetlo-kashtanovykh 1 burykh aridnykh pochv
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pochvoobrazovaniye v usloviyakh kraynearidnykh
pustyn’ Mongolii]. Abstracts of the report of the
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MOHUTOPHHT) 3aCOJICHHBIX TIOYB
Poccun // IlouBeHHbIe U 3eMeENLHBIE

pecypeel:  COCTOSIHHE,  OLICHKA,
ucrnoib3oBaHue: Te3ucel NOKIan0B
KOH(pepeHIn K 90-netuto

ocuoBanus IlouBeHHOTO HHCTUTYTA
nM. B.B. JlokyuaeBa. C. 16-17.

269.1lankosa E.U., Bopoovesa JIA.,

Bbanox C.A., Xacanxanosa 1I'M.,
Konwwrosa M.B., Amnosa H.A.

2017. 3acoseHHbIE TTOYBBI
EBpasniickoro peruoHa:
JMarHOCTHKa, KpUTEpUU u

pacnipoctpanenune // PykoBoncTBO
10  YOPaBJICHUIO  3aCOJECHHBIMHU
MMOYBaMH. ITnan peanu3anuu
EBpasniickoro IMIOYBEHHOT'O
naptHepcTBa. [IponoBosbcTBEHHAS
i CEJIbCKOXO03MCTBEHHAS
OpraHu3arus OO0OBbeaMHEHHBIX
Hamuii. EBpasuiickuii 1eHTp 110
MIPOI0BOJILCTBEHHOM
6e3omacHoctu. Pum. C. 3-15.

270.Ilanxosa E.M., Konwwrxosa M.B.,

T'opoxosa U.H. 2017. O npobneme
OLIEHKH 3aCOJEHHOCTH II0OYB U
METOINKE KpYITHOMACIITaOHOTO
uppoBOoro  KaprorpapupoBaHuUs
3aCOJICHHBIX TOYB // DKOCHCTEMBI:
skoJiorust U guHamuka. T. 1. Ne 1.
C. 26-54.

271.1lanxosa E.U., Conosves [.A.,

Pyxoeuu /[ U., Casun H.IO. 2017.
MOHUTOPHHT 3acCOJIEHUS T0YB C
UCIOJIb30BAHUEM JIMCTAHIIHOHHOTO
30HAMpOBaHUS  (HA  mpumMepe
OpOIIaeMbIX TEePPUTOPUIA

methodology for large-scale digital mapping of
saline soils /O probleme otsenki zasolennosti
pochv i metodike krupnomasshtabnogo tsifrovogo
kartografirovaniya zasolennykh pochv].
Ecosystems: Ecology and Dynamics. 2017;1
(1):26-54.

271.Pankova EI, Soloviev DA, Rukhovich DI, Savin

I'Yu. Soil salinity monitoring using remote sensing
(on the example of irrigated areas of Central Asia
[Monitoring zasoleniya pochv s ispol’zovaniyem
distantsionnogo  zondirovaniya (na  primere
oroshayemykh  territoriy — Tsentral'noy  Azii].
Rome: Prodovol’stvennaya 1
sel’skokhozyaystvennaya organizatsiya
Ob’yedinennykh Natsiy, Yevraziyskiy tsentr po
prodovol’stvennoy bezopasnosti, 2017:21-24.

272 .Employees of V.V. Dokuchaev Soil Institute and

their contribution to the development of soil
science (to the 90™ anniversary of the foundation
of V.V. Dokuchaev Soil Institute) /[Sotrudniki
pochvennogo instituta imeni V.V. Dokuchayeva i
ikh vklad v razvitiye nauki o pochvakh (k 90-letiyu
sozdaniya  Pochvennogo instituta im. V.V.
Dokuchayeva)] / ed. E.I. Pankova. Moscow,
2017:400.

273.Chernousenko GI, Pankova EI, Kalinina NV,

Ubugunova VI, Rukhovich DI, Ubugunov VL,
Tsyrempilov EG. Saline soils of the Barguzin
depression [Zasolennyye pochvy Barguzinskoy
kotloviny]. Eurasian Soil Science. 2017;6:652-
671.

274.Chernousenko GI, Pancova EI, Kalinina NV,

Rukhovich DI, Ubugunova VI, Ubugunov VI,
Tsyrempilov EG. Salt-affected Soils of the

Barguzin Depression. Eurasian Soil Science.
2017;50 (6):646-663.

275.Golovanov DL, Yamnova IA, Pancova EI,

Gafurova LA. Spatial Temporary Mapping of Soil
Salinity and Gypsum Content. Southern
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LentpanpHoii Azun //
[IponoBonbCTBEHHAS u
CENIbCKOXO35MCTBEHHAS
OpraHu3aIus OOBbeMHCHHBIX
Hanwmii. EBpasulickuil LEHTp IO
MPOJOBOJILCTBEHHO M

oe3omacuoctu. Pum. C. 21-24.

272.CoTpyAHUKH ITIOYBEHHOTO

nHctutyTa nMeHu B.B. JlokydaeBa
U UX BKJaJ B Pa3BUTHE HAYKH O
nouBax (k 90-nmeturo co3naHus
[louBeHHOTO MHCTMTYTa MM. B.B.
HokyuaeBa). 2017 / pea. E.N.
[TankoBa. M. 400 c.

273.Yepnoycenxo I'.U., Ilankosa E.U.,

Kanununa H.B., Yb6yeynoea B.U.,
Pyxosuu JLHU., Yoéyeynos B.JIL,
Lvipemnunos .. 2017.
3acoJIeHHbIE MOYBBI bapry3nHcKoi

xotTinoBuHEI // ITouBoBeneHme. Ne 6.
C. 652-671.

274.Chernousenko G.1., Pancova E.I,

Kalinina N.V., Rukhovich D.L,
Ubugunova V.1., Ubugunov V.I,
Tsyrempilov E.G. 2017. Salt-
affected Soils of the Barguzin
Depression //  Eurasian  Soil
Science. Vol. 50. No. 6. Pp. 646-
663.

275.Golovanov D.L., Yamnova IA.,

Pancova E.I., Gafurova L.A. 2017.
Spatial Temporary Mapping of Soil
Salinity and Gypsum Content.
Southern Uzbekistan as Example //
Global Soil Map. Pp. 59-60.

276.Gorokhova I.N., Pancova E.I. 2017.

The Nature of the Patchiness of
Irrigated Soils in the Dry Steppe
Zone (On Example of the
Svetloyarskaya Irrigation System)
// Arid Ecosystems. Vol. 7. No. 3.
Pp. 161-170.

IMyoaukanun 2018 rog
277.I'opoxosa H.H., Xumpoe H.b.,

llankosa E.U., Ilpoxonvesa K.O.
2018. 3acOoJIEHHOCTh II0YB
Ceetnosipckoro OpOLIAEMOr0
MaccuBa B Bonrorpaackoit obiaactu

Uzbekistan as Example. Global Soil Map.
2017:59-60.

276.Gorokhova IN, Pancova EI. The Nature of the
Patchiness of Irrigated Soils in the Dry Steppe
Zone (On Example of the Svetloyarskaya
Irrigation System). Arid Ecosystems. 2017;7
(3):161-170.

Publications of 2018

277.Gorohova IN, Khitrov NB, Pankova EI,
Prokopyeva KO. Salinity of soils of the
Svetloyarsky irrigated massif in the Volgograd
region in the 2010s [Zasolennost’ pochv
Svetloyarskogo  oroshayemogo  massiva v
Volgogradskoy oblasti v 2010-kh godakh].
Bulletin of V.V. Dokuchaev Soil Institute
[Byulleten” Pochvennogo instituta im. V.V.
Dokuchayeva]. 2018;93:75-93.

278.Gunin PD, Pankova EI, Golovanov DL,
Mandakhbayar J. Ecosystems of natural oases in
the desert zone of Central Asia, Pt. I [Ekosistemy
prirodnykh oazisov pustynnoy zony Tsentral’noy
Azii]. Ehiin-gol — natural oasis of the Trans-Altai
Gobi  [Ekhiyn-gol —  prirodnikovyy  oazis
Zaaltayskoy Gobi] Biological resources and
natural conditions of Mongolia: Proc. of the Joint
Russian-Mongolian complex biological expedition
[Biologicheskiye resursy i prirodnyye usloviya
Mongolii: Trudy  Sovmestnoy  Rossiysko-
Mongol skoy kompleksnoy biologicheskoy
ekspeditsii] / eds. P.D. Gunin, E.I. Pankova.
Moscow: Tovarishchestvo nauchnykh izdaniy
KMK. 2018;65:216.

279.Kalinina NV, Koroleva PV, Simakova MS,
Rukhovich DI, Pankova EI, Chernousenko GI.
Approach to the division of chestnut soils
according to bioclimatic potential based on the
climate-soil-granulometric coefficient [Podkhod k
razdeleniyu kashtanovykh pochv po
bioklimaticheskomu  potentsialu  na  osnove
klimato-pochvenno-granulometricheskogo
koeffitsiyental. New methods and results of
landscape studies in Europe, Central Asia and
Siberia (in 5 volumes) [Novyye metody i rezul’taty
issledovaniy landshaftov v Yevrope, Tsentral noy
Azii i Sibiri]. Vol. 2: Study and monitoring of
processes in soils and water objects [Izucheniye i
monitoring protsessov v pochvakh i vodnykh
ob’yektakh] / ed. V.G. Sychev, L. Muller.
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B 2010-x romax // bromnerens
IlouBeHHOrO MHCTMTYTa MM. B.B.
HokyuaeBa. Boin. 93. C. 75-93.

2781 ynun  I1.J]., Ilanxkosa E.N.,

Tonosanos J[.JI., Manoaxobasap XK.
2018. DxocucTeMbl IPUPOIHBIX
0a3MCOB MIYCTBIHHOM 30HBI
Hentpansuoit Asuu. Yacte L
OXUMH-TOI —  HPHUPOJHUKOBBIN
oas3uc 3aanTaiickoit ['o6u
buonornueckue pecypcsl 51
MpUPOHbIE yciaoBUS MoHroauu:
Tpynet CoBmectHolt Poccuiicko-
MoHroabsckom KOMIUIEKCHOM
OMOJIOTMYECKON dJKcreauuuu. 1.
65. / ot. pen. II.J. I'yaun, E.W.
ITankoBa. M.: ToBapuiecTBo
HayuHbIx n3ganui KMK. 216 c.

279.Kanununa H.B., Koponesa II.B.,

Cumaxosea M.C., Pyxosuu J[.U.,
Ilanxosa E.U., Yepnoycenko I'.H.
2018. Tlogxonm K  pa3aeneHuro
KaIITaHOBBIX MOYB 1o
OMOKIIMMAaTUYECKOMY TMOTEHIHATY
Ha OCHOBE KJIMMAaTO-IIOYBEHHO-
IPaHyJIOMETPUYECKOTO

ko3 durmenta / HoBbie MeTOIbI 1
pe3ynabTaThl UCCIIEeIOBAaHUN
nanamapToB B Espore,
HentpansHoit Azun u Cubupu (B 5
tomax). T. 2. MHWsyuenue wu
MOHHUTOPHHT IIPOIECCOB B NOYBAaX U
BOJIHBIX o0BeKTax / pen.
B.I'.CbriueB, JI. Mrwomnep. M.:
M3narearctBo PI'BHY «BHHUHU
arpoxumum». C. 38-42.

280.1/lanxosa E.U., ['epacumosa M.U.,

281

Koponwok T.B. 2018. 3aconeHHbIe
MTOYBBI B OTEYECTBEHHBIX,
aMEPUKAaHCKOM U MEXKIyHapOJAHOU
MOYBEHHBIX Kiaccupukauuax //
[TouBoBenenue. Ne 11. C. 1309-
1321.

dlanxkosa E.M., Kourwowrxosa M.B.,

Myxopmos B.M.  2018.  Tpenn
pa3BUTHS  apUIHBIX  SKOCUCTEM
(Actpaxanckas ~ oOjacTb)  moJ
BIUSTHHEM pasHoro
aHTPOIIOTEHHOTO  BO3JeicTBUs  //

SIMHOBA 63

Moscow: Publishing house of FGBNU “VNII
agrokhimii”, 2018:38-42.

280.Pankova EI, Gerasimova MI, Korolyuk TV.
Saline soils in domestic, American and
international soil classifications [Zasolennyye
pochvy v otechestvennykh, amerikanskoy i
mezhdunarodnoy pochvennykh klassifikatsiyakh].
Furasian Soil Science. 2018;1:1309-1321.

281.Pankova EI, Konyushkova MV, Mukhortov VI.
Development trend of arid ecosystems (Astrakhan
region) under the influence of various
anthropogenic impacts [Trend razvitiya aridnykh
ekosistem  (Astrakhanskaya  oblast’)  pod
vliyaniyem raznogo antropogennogo
vozdeystviya].  Ecosystems:  Ecology  and
Dynamics. 2018;2 (2):40-64.

282.Pankova EI, Chernousenko GI. Comparison of
chestnut soils of Central Asia with their analogues
in other soil-geographical provinces of the dry
steppe zone of the subboreal belt of Eurasia
[Sopostavleniye kashtanovykh pochv Tsentral’noy
Azii s ikh analogami v drugikh pochvenno-
geograficheskikh  provintsiyakh  sukhostepnoy
zony subboreal’nogo poyasa Yevrazii]. Arid
Ecosystems. 2018;24 (2):13-22.

283.Pankova EI, Chernousenko GI. Comparison of
Chestnut Soils of Central Asia with Their Analogs
in Other Soil-Geographical Provinces of the Dry-
Steppe Zone of the Eurasian Subboreal Belt. Arid
Ecosystems. 2018,8 (2):89-96.

284.Pankova El, Vorobieva LA, Balyuk
SA, Khasankhanova GM, Konyushkova MYV,
Yamnova [A. Salt-affected Soils of the Eurasian
Region: Diagnostics, Criteria and Distribution.
Handbook for Saline Soil Management. Italy:
Food and Agriculture Organization of the United
Nations Rome. 2018:3-15.

Publications of 2019

285.Golovanov DL, Pankova EI, Mandakhbayar J.
Formation of the structure of the soil cover of the
natural oases of the Gobi as a result of the
processing of the lithogenic matrix by landscape-
geochemical processes [Formirovaniye struktury
pochvennogo pokrova prirodnykh oazisov Gobi
kak rezul’tat pererabotki litogennoy matritsy
landshaftno-geokhimicheskimi protsessami]. Proc.
of the international conference dedicated to the
50™ anniversary of the Joint Russian-Mongolian
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DKOCUCTEMBI: SKOJIOTUS u
muHamuka. T. 2. Ne 2. C. 40-64.

282.1lankosa E.U., Yepnoycenxo I H.

2018. ConocraBiieHUE KallITAHOBBIX
nous lleHTpasbHONl A3uM C ux

aHaJIoraMu B JPYyrux IOYBCHHO-
reorpaduueckux IIPOBUHIIUAX
CYXOCTETHOM 30HBI

cybbopeansHoTOo MOsica EBpazuu //
Apuansie dxocuctembl. T. 24 Ne 2
(75). C. 13-22.

283.Pankova E.I., Chernousenko G.I.

284.Pankova

2018. Comparison of Chestnut
Soils of Central Asia with Their
Analogs n Other Soil-
Geographical Provinces of the Dry-
Steppe Zone of the FEurasian
Subboreal Belt // Arid Ecosystems.
Vol. 8. No. 2. Pp. 89-96.

E.I, Vorobieva
L.A., Balyuk S.A., Khasankhanova
G.M., Konyushkova M.V., Yamnova
LA. 2018. Salt-affected Soils of the
Eurasian  Region:  Diagnostics,
Criteria  and  Distribution  //
Handbook  for  Saline  Soil
Management. Italy: Food and
Agriculture Organization of the
United Nations Rome. Pp. 3-15.

Myoaukanun 2019 roxg
285.I'onosanos J.JI., Illanxosa E.U.,

Manoaxbasp XK. 2019.
dopmupoBanue CTPYKTYPHI
MOYBEHHOTO MOKpPOBAa MPUPOJIHBIX
oazucoB [o0um Kkak pe3yinbTaT
nepepadoTKu JUTOTCHHOU
MaTPHIIBI nanamadTHO-
T€OXMMHUYECKHUMH Tpolieccamu  //
Marepuaibt MEXKYHApOAHOU

KoH(pepeHIH, MoCBAIIeHHONH 50-
neturo CPMKBD PAH U AHM.
M.: MHzpareasctBo UIIDD PAH.
C. 27-30.

286.Iopoxosa H.H., Asoeesa T.H.,

Ilankosa E.U., Ilpoxonvesa K.O.
2019. IlouyBeHHO-arpoXuMuyecKas
xapakTepuctuka  CBeTJIOSpPCKOro
OpOLIaeMOTO y4JacTka B

287.Gorohova IN, Pankova EI,

complex biological expedition of the RAS and
ASM [Materialy mezhdunarodnoy konferentsii,
posvyashchennoy 50-letiyu  SRMKBE RAN [

ANM]. Moscow: Izdatel’stvo IPEE RAN,
2019:27-30.
286.Gorohova IN, Avdeeva TN, Pankova EI,

Prokopyeva KO. Soil and agrochemical
characteristics of the Svetloyarsky irrigated area in

the Volgograd region [Pochvenno-
agrokhimicheskaya kharakteristika
Svetloyarskogo  oroshayemogo  uchastka v

Volgogradskoy oblasti]. Arid Ecosystems. 2019;25
(1):48-59.

Kharlanov VA.
Changes in the ameliorative state of irrigated soils
in the Volgograd region in the 21% century
[[zmeneniya meliorativnogo sostoyaniya
oroshayemykh pochv Volgogradskoy oblasti v 21
veke]. Eurasian Soil Science. 2019;3:1-18.

288.Konyushkova MV, Pankova EI, Ibragimova VA,

Golovanov DL. Comparative analysis of databases
on virgin chestnut soils of Mongolia and the
Caspian Sea  (Russia and  Kazakhstan)
[Sravnitel’nyy analiz baz dannykh po tselinnym
kashtanovym pochvam Mongolii i Prikaspiya
(Rossiya i Kazakhstan)]. Proc. of the international
conference dedicated to the 50" anniversary of the
Joint  Russian-Mongolian complex biological
expedition of the RAS and ASM [Materialy
mezhdunarodnoy konferentsii, posvyashchennoy
50-letiyu SRMKBE RAN I ANM]. Moscow:
Izdatel’stvo IPEE RAN, 2019:87-91.

289.Pankova EI, Gorohova IN, Konyushkova MV,

Lyubimova IN, Bazykina GS. Modern trends in
the development of soils of solonetzic complexes
in the south of the steppe and semi-desert zones
under natural conditions and under anthropogenic
impacts [Sovremennyye trendy razvitiya pochv
solontsovykh kompleksov na yuge stepnoy 1 v
polupustynnoy zonakh v prirodnykh usloviyakh 1
pri antropogennykh vozdeystviyakh]. Ecosystems:
Ecology and Dynamics. 2019;3 (2):44-88.

290.Pankova EI, Yamnova IA. Carbonate profile as a

genetic indicator of chestnut soils in Mongolia
[Karbonatnyy profil” kak geneticheskiy pokazatel’
kashtanovykh pochv Mongolii]. Ecosystems:
Ecology and Dynamics. 2019;3 (4):3-21.

291.Pankova EI, Yamnova IA. The role of the staff of

V.V. Dokuchaev Soil Institute in the study of
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Bounrorpaackoit oOmacTu //
Apunneie sxkocucremsl. T. 25. Ne 1.
C. 48-59.

287.Iopoxosa H.H., Ilankosa E.U.,

Xapnanose B.A. 2019. N3menenus
MEJIHMOPATUBHOTO COCTOSTHUS
opomaemMsIx Io4B Bosrorpazackoi
obmactm B XXI Beke //
[TouBoBenenue. Ne 3. C. 1-18.

288.Konwwxosa M.B., [lanxosa E.M.,

Hopacumosa B.A., I'onosanos J{.J1.
2019. CpaBHuTenbHbIN aHanu3 0a3
TAHHBIX o HEIMHHBIM
KalllITaHOBBIM TIOYBaM MOHTOIHH U
[Ipukacnus (Poccus u Kazaxcran)
/I Marepuaibl MeXAyHapOIHOU
KoH(pepeHInH, MnocBsAuieHHoNH 50-
neruto CPMKBD PAH U AHM.
M.: UzpareasctBo UI1DD PAH. C.
87-91.

289.1lanxosa E.H., [opoxosa H.H.,

Konrwwrosa M.B, Jliobumosa U .H.,
basvikuna I C 2019.
CoBpeMeHHBIC TPEH/Bl Pa3BUTHUS
IIOYB COJIOHIIOBBIX KOMIIJIEKCOB Ha
IOr€ CTENHOW U B MOJIYNYCTHIHHOM
30HaX B NPHUPOJHBIX YCIOBHUSAX H
MIPU aHTPOIIOTEHHBIX BO3ACHCTBUAX
// DKOCHCTEMBI: DJKOJOTHI H

nuaamuka. T. 3. Ne 2. C. 44-88.

290.11anxosa E.U., Amnoea U.A. 2019.

KapGonaTHsrii po Qb KaK
reHETHYECKUH [oKa3arTelib
KaIlITAHOBBIX 104YB MoHxromuu //
DKOCHUCTEMBI: 9KOJIOTHS u

muHamuka. T. 3. Ne 4. C. 3-21.

291.Ilanxosa E.U., Amnoea U.A. 2019.

Poss  corpynnukoB IlousBenHoro
nHcruryra uM. B.B. JloxydaeBa B
HU3yYECHUU I0YB MoHnrommu
/Matepuainsl MEKIyHapOAHOU
KoH(pepeHIH, MoCBAIIeHHONH 50-
neturo CPMKBD PAH U AHM.
M.: WznarensctBo U123 PAH.
C. 160-165

292.Pyxoeuu J{.HU., Ilankosa E.M.,

Kanununa H.B., Yepnoycenxo I'.H.
2019. KonnyecTBeHHBI pacuer

SIMHOBA 65

Mongolian soils [Rol’ sotrudnikov Pochvennogo
instituta im. V.V. Dokuchayeva v izuchenii pochv
Mongolii]. Proc. of the international conference
dedicated to the 50™ anniversary of the Joint
Russian-Mongolian complex biological expedition
of the RAS and ASM [Materialy mezhdunarodnoy
konferentsii, posvyashchennoy 50-letiyu SRMKBE
RAN I ANM]. Moscow: Izdatel’stvo IPEE RAN,
2019:160-165

292 .Rukhovich DI, Pankova EI, Kalinina NV,

Chernousenko GI. Quantitative calculation of the
parameters for identifying zones and facies of
chestnut soils in Russia based on soil-
granulometric ~ parameters  [Kolichestvennyy
raschet parametrov vydeleniya zon 1 fatsiy
kashtanovykh pochv Rossii na osnove pochvenno-
granulometricheskikh pokazateley]. Eurasian Soil
Science. 2019;3:304-316.

293.Rukhovich DI, Pankova EI, Kalinina NV,

Chernousenko GI, Ivanov AL. Quantitative
approach to the zoning of arid territories in
Russia, taking into account climatic and soil-
granulometric ~ parameters  [Kolichestvennyy
podkhod k rayonirovaniyu aridnykh territoriy
Rossii s uchetom klimaticheskikh 1 pochvenno-
granulometricheskikh parametrov]. Reports of the
Academy of Sciences [Doklady Akademii Nauk].
2019;485 (5):621-624.

294.Comparative analysis of databases on virgin

chestnut soils of Mongolia and the Caspian region
(Russia and Kazakhstan) [Sravnitel 'nyy analiz baz
dannykh po tselinnym kashtanovym pochvam
Mongolii i Prikaspiya (Rossiya i Kazakhstan)].
Proc. of the international conference dedicated to
the 50™ anniversary of the Joint Russian-
Mongolian complex biological expedition of the
RAS and ASM [Materialy mezhdunarodnoy
konferentsii, posvyashchennoy 50-letiyu SRMKBE
RAN I ANM]. Moscow: Izdatel’stvo IPEE RAN,
2019:87-91.

295.Pankova EI. Ecosystem of Mongolia Atlas

[Ecosystem of Mongolia Atlas] / ed. E.I. Pankova.
Ulaanbaatar: Admon, 2019:264.

296.Gorokhova IN, Avdeeva TN, Pankova EI,

Prokopyeva KO. Soil and Agrochemical
Characteristics of the Svetloyar Irrigated Site in
Volgograd Oblast. Arid Ecosystems. 2019;9
(1):41-50.

napameTpoB BblgeneHust 30H U 297.Gorokhova IN, Pankova EI, Kharlanov VA.
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¢damuii kamrTaHOBBIX MOoYB Poccum
Ha OCHOBE MTOYBEHHO-
TPaHyJOMETPUYECCKIX TOKa3aTeseH
// TlouBoBenenue. Ne 3. C. 304-316
[mocTymHO 1o CCBLIIKE
https://doi.org/10.1134/S0032180X
1901012X].

293.Pyxosuu  JI.U., Ilankosa E.U.,

294.CpaBHUTENBHBIN

Kanununa H.B., Yepnoycenxo I 1.,

Hsanos AJL 2019.
KonnaecTBeHHBIHN O JIXO/1 K
paliOHUPOBAHUIO apUIHBIX
tepputopuii  Poccun ¢ yyetom
KIMMAaTHYE€CKUX W MOYBEHHO-

TPaHyJIOMETPUYECKUX I[apaMeTPOB
/I Noknanpl Axagemun Hayk. T.
485. Ne 5. C. 621-624.

aHaau3 6a3
JaHHBIX 110 ICJIIMHHBIM
KaIlITAHOBBLIM oYBaM MOHTOJINU U
IMpukacnus (Poccus u Kazaxcran).
2019 // Marepuasl
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Pp. 41-50.
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565.
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300.Pankova EI, Chernousenko GI. The problem of
salinization activation in the soils of the south of
Eastern Siberia and Mongolia due to climate
aridization [Problema aktivizatsii zasoleniya v
pochvakh yuga Vostochnoy Sibiri i Mongolii v
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instituta imeni V.V. Dokuchayeva]. 2020;101:92-
116.

301.Gorohova IN, Pankova EI, Chursin IN.
Development of methodological approaches for
assessing the state of irrigated lands in the south
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Development of methodological approaches for
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Pochvennogo instituta imeni V.V. Dokuchayeva].
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Yamnova IA. History of the formation and
features of the soil-lithological-geomorphological
structure of the Jizzakh steppe as the basis of its
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V.V. Dokuchayeva]. 2021;107:33-60.

305.Pankova EI, Yamnova IA. Manifestation of
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Institute [Byulleten’ Pochvennogo instituta im.
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314.Iopoxosa H.H., Yypcun HUH.,
Xumpose H.B., Ilankosa E.U. 2021.
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315.  Pankova E.I., Golovanov D.L.,
Yamnova 1.A. 2022. A Series of
Medium-scale Environmental Maps
of the Dzhizak Steppe of the 1970s
(Prior to the Start of Reclamation
Development) // Arid Ecosystems.
Vol. 12. No. 1. Pp. 43-53.

UDC 631.48
MILESTONES OF E.I. PANKOVA’S RESEARCH OF SALT SOILS

To the 90™ anniversary of the outstanding
soil scientist and geographer
Evgenia Ivanovna Pankova
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This article is dedicated to the career of the soil scientists and geographer, Evgeniya Ivanovna
Pankova, who has been studying genesis, geography and evolution of saline soils her entire life. She
graduated from the Moscow State University, Faculty of Geography, under the supervision of
M.A. Glazovskaya, who inspired her love for arid soils. Six years of work at the Giprovodhoz Institute
that included a lot of expeditions to Eastern Siberia, Moldova, Azerbaijan and Mongolia, gave E.L
Pankova a precious experience in the field of ameliorative soil science. After finishing her
postgraduate study and completing her PhD thesis, from 1964 to the present day Evgenia [vanovna has
been working in the Department of the Genesis and Reclamation of Saline Soils at V.V. Dokuchaev
Soil Institute. E.I. Pankova is the leading scientist of the Soil Institute. For many years she has been
developing main areas of soil science, related to geography, genesis, cartography and classification of
saline soils in arid regions of Russia and the countries of Central and Central Asia, as well as
Mongolia and China. One of the most significant discoveries in her doctoral thesis was the conclusion
E.I. Pankova made about the manifestation and inevitability of salt accumulation process in the
hydromorphic landscapes of arid territories, especially during irrigation. Her work with N.L
Bazilevich resulted in creation of methodological guidelines for saline soils accounting, as well as
maps of chemism types of soil salinity; they are widely used for scientific and practical purposes. E.I.
Pankova is one of the founders of a remote method for studying soil salinity. She made a great
contribution to the study of anthropogenic impact on geography, genesis and evolution of saline soils.
E.L. Pankova is the author and executive editor of the monograph “Saline Soils of Russia”, which is
the first major and generalized work on the soil salinization in Russia. Scientific activities of E.I.
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Pankova are recognized worldwide; she is a member of the International Society of Soil Scientists, the
European Society for Soil Conservation. She is the founder of a scientific school that studies and maps
saline soils. She has published more than 300 works, including 7 monographs.

Keywords: soil scientists, E.I. Pankova, saline soils, science contribution.
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METOABI NOAAEP KAHUA U COXPAHEHUSA S9KOCUCTEM
N UX KOMIIOHEHTOB

VIK 556.383/388:504(571.1)

KOMIIVIEKCHAA METOAUKA OLHEHKHU 3AIIUMIEHHOCTHU
N YA3ZBUMOCTHU I'PYHTOBBIX U HAITIOPHBIX ITO3EMHBIX BO/
OT PA3JIMYHBIX 3ATPA3HAIOIIUX BEIHNIECTB U EE ATTPOBALIUSA
HA YACTH TEPPUTOPHUH KAJYKCKOM OBJACTH B 30HE
PAJMOAKTHUBHOI'O CJIEJA OT ABAPUU HA YADC

© 2022 r. A.I Bexnoycosa, E.J. Pynenxo

HUncmumym 6oonwvix npoonem PAH
Poccus, 119333, 2. Mocksa, yn. ['vokuna, 0. 3. E-mail: anabel@iwp.ru, belanna47@mail.ru

[ocrynuna B pexpakiuio 03.04.2022. IMocne gopadorku 03.05.2022. IpunsaTa k nyoaukauu 01.06.2022.

O0BeKTOM Hay4YHBIX I/ICCHG}IOBaHI/II\/lI ABJIAIOTCA I'PYHTOBBIC W HAIIOPHBIC IMOJA3CMHBIC BOJABI HAa 4aCTH
tepputopuu Kamyxckoir obnacti, Hanboee mocTpajaBmie oT aBapuu Ha YepHOOBITECKOM aTOMHOM
cranmmu (YADC). Llensio ucciaemoBaHuii Obuta pa3paboTKa KOMIUIEKCHOH METOJMKH JUIS OLIEHKU
3aIMUIICHHOCTHU U YA3BUMOCTHU I'PYHTOBBIX WM HAITOPHBIX MOA3EMHBIX BO/ K 3aIrpA3HCHUIO PA3JIMYHBIMU
BEIleCTBaMH, BKJIIOYAsl paAMOHYKIHIBL. Meronuka Oblia BrocieAcTBUM ompoOoBaHa B Kamymxckoit
o0acTu — B 30HE paInOaKTUBHOTO ciiena ot aBapun Ha YADC.

Panee IIPOBCACHHBIC HAMH HUCCICAOBAHHSA 110 OUCHKE 3aIUINECHHOCTH U YA3BUMOCTH IMOA3EMHBIX BO/,
HaYaBIIMECS MPAKTHUUECKU Cpa3y MOCIIE aBapUU U CJIEIOBABILNE OPUTMHAIBHON aBTOPCKOM METOIUKE,
OBbUIN IIOJHOCTBIO CKOHIICHTPUPOBaHbI HAa U3Y4YEHUH TOJIBKO IPYHTOBBIX BOJI, IIEPBOM OT IIOBEPXHOCTHU
3eMJIN BOJJOHOCHOM ropu3oHTe. HacTosimue ucciienoBanyst HanpapiieHbl Ha KOMIIJIEKCHOE COBMECTHOE
H3y4eHHE 3TOH IpoOJIEMbl OTHOCHUTENIBHO T'PYHTOBBIX M HAIlOPHBIX IIOJ3EMHBIX BOJ, 3aJleraroIiux
HUKE TPYHTOBOT'O BOZIOHOCHOT'O F'OPH30HTA.

B 3aBucuMOCTH OT pacHOJIOKEHUs HCTOYHMKA 3arpsA3HEHMs IOJ3EMHBIX BOJ PAcCMOTPEHO IBa
[oAXona Ul pPElIeHUs] IMOCTaBlIeHHOM 3amauyd. llepBblii mpenmonaraer pa3MelleHHe HCTOYHHKA
3arps3HEHMS Ha TTOBEPXHOCTH IMOYB, KaK 3TO HabOmogamoch mocie aBapun Ha YADC. Bropoii BapuanT
IpEeArnonaraeT pasMelleHHe HCTOYHMKA 3arpsi3HEHUS B TPYHTOBBIX BOAAX WM HX IUIOLIAJHOE
3arps3HEHHE; B 3TOM CJIy4ae KOJIWYECTBO OOBEKTOB HM3YUYEHHUS YMEHBILIACTCSH, U OH CTAHOBUTCS
YaCTHBIM CIIy4aeM IE€PBOro MOAX0/a.

Pe3ynbTaThl Hay4dHBIX HCCIENOBAHUM M IPENIOKEHHAsT METOAWKA MOTYT OBITh HCIIOJIB30BaHbI IPHU
OLIGHKE D3KOJIOTHYECKOI'0 COCTOSHHUSI IOA3EMHBIX BOA HA pPa3lIWYHBIX TEPPUTOPUAX CTPaHbl B
Pa3nMYHBIX MaclTabax; MpH MPOSKTUPOBAHMM U CTPOUTEIBCTBE BOJ03a00POB MPECHBIX HMHUTHEBBIX
MOJ3EMHBIX BOJ; NMPH MPOCKTUPOBAHWU W OPraHM3alMd MOHMTOPHHIA 3a MOA3EMHBIMH BOIaMH B
paiioHax, nmoctpagaBmux oT aBapuu Ha YADC. Pe3ynbrarbl HCCIENOBAaHUUM SBISIOTCS HOBBIMU U
3HAYMMBIMU JUTS JadbHEHIINX paboT.

Kniouesvie cnoga: TpyHTOBbIE BOABI, IOA3EMHBIC HAIOPHBIC BOABI, 3arps3HSIONINE BEILECTBA,
3alUIIEHHOCTh M YA3BHMOCTh ITOJ3EMHBIX BOJA OT 3arps3HEHHs], paluOHYKIHIBI, cOpOLus, Bpems
MUTpaLty.

DOI: 10.24412/2542-2006-2022-2-72-98

EDN: CBRISA

ITocne aBapum Ha YepHoOblIbckol ADC yxe mnpomnuio 6onee 30 yiet, HO MpoOiieMbl €
3arps3HEHUEM OKpY)Kalolled cpelabl paJuoOHYKIUAaMU OyAyT CKa3bIBaThCs €IIe J0JIr0€ BpeMs.
N3BeCTHO, UTO aKTUBHOCTH PAJIMOAKTUBHBIX BBINAJICHUN HCU€3aeT MOIHOCTHIO nocie 10 nepuonos
noJiypacnaia paguoHykiuaoB. HauOonee CcuIbHO 3arps3HEHHIO TOJBEPXKEHbI IEpBbIE OT
MIOBEPXHOCTH BOJOHOCHBIE TOPU30HTHl — TPYHTOBBIE BOJBI, B MEHBIIEH CTENEHH — HAlOpPHBIE,
ri1yOOKO 3ajieraromue noa3eMHbIE BOIbI.
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B cBs13u ¢ 3THM BaXHO HU3YYUTh U OUCHUTH CTCIICHL 3allIUIICHHOCTH U YA3BUMOCTHU IMOA3CMHBIX
BOJI K 3arpsA3HEHUIO B 30HE PAJMOAKTHBHOTO cliesia Ha Tepputopun Kamyxckoii o6iacTtu.

Ha ocHOBe BBINOJHEHHBIX HAy4YHBIX HCCIEAOBAaHUH pa3paboTaHa METOAMKA KOMILICKCHON
OLCHKHU 3alMMIICHHOCTH W YA3BUMOCTH TI'PYHTOBBIX W HAIIOPHBIX IOJA3CMHBIX BOJ K 3arpsA3HCHHIO
pa3IMYHBIMU BEUIECTBAMH, KOTOpas 3aTeM Oblja OomnmpoOOBaHA HA YacTH Teppuropuu Kamyxckoin
o0JacT — B 30HE PaJIMOAKTUBHOTO ciieia oT aBapuu Ha YADC.

OneHka 3alIMIIEHHOCTH | YA3BUMOCTHU I'PYHTOBBIX BO/I K 3aIrPA3HCHUIO

Hamm npenpiaymye uccaeaoBaHysl O OLIEHKE 3alUIIEHHOCTH U YSI3BUMOCTHU MOA3EMHBIX BOJJ
OT 3arpsi3HEHUs PaJUOHYKJINJIaMU, HauaBIIMECs PaKTUYECKH cpasy nocie aBapuu Ha YADC, Ob1u
MIOJIHOCThIO CKOHIEHTPUPOBAHbI HAa M3YYEHUU TPYHTOBBIX BOJ, MEPBOM OT MOBEPXHOCTU 3EMIIH
BOJIOHOCHOM TOpHM30HTE. B pesynpraTe Oblia pa3paboTaHa OpUTMHAIbHAs aBTOPCKAs METOJMKa
OLICHKM 3allMIICHHOCTH M YA3BUMOCTH TPYHTOBBIX BOJ K 3arps3HEHUI0 PaJUOHYKIUAAMU
(benmoycosa, 2001, 2003, 2005, 2012, 2019; benoycosa u ap. 2006, 2019).

Hacrosimue wuccnenoBaHusi HampaBieHbl Ha KOMIUIEKCHOE COBMECTHOE H3Y4YE€HHE STOU
npoOieMbl OTHOCHUTENbHO TPYHTOBBIX M HANOPHBIX TMOA3EMHBIX BOJ, 3aJleralollUX HHIKeE
IPYHTOBOT'O BOJIOHOCHOTO TOPHU30HTA.

B pamkax wuccnenosanmii (benmoycoBa, Pymenko, 2021) MeromomM MaTeMaTH4ecKOTO
MOJIEIMPOBAHNSL C HCIIOJIb30BaHMEM MareMarndeckod wmonaenu MT3D  wusydensl mponecchbl
MUTPAIIU PA3IMIHBIX — OT CJ1a00 J0 CHIIBHO COPOUPYEMBIX — 3arps3Hsiomux BemecTts (3B), B T.4.
PaZAMOHYKIIMIOB, B TPYHTOBBIX M HAIOPHBIX MOJ3EMHBIX BOJAX.

B monenu paccMmarpuBaiics BbIIEp>KaHHBIN M0 CBOEMY JIMTOJIOTHYECKOMY CTPOSHHUIO BOJOYIIOP
MEXAY TPYHTOBBIMH M HANOPHBIMU BOJIAMH, YTO HE BCErJla COOTBETCTBYET ACHCTBUTEIHHOCTH.
B npupoaHbIx BoJOynopax MOTYT COJIEPKaThCsl JIMH3BL, TPOCIOU 0oJiee MPOHUIAEMbIX OTJIOKEHHH,
a TaKXKe TEXHOTEHHbIE HApPYHICHHS — CKBAXKUHBI M JIPYrHe TIyOOKO3aleralonifie COOpPY>KEHUS.
Bce 5T0 B 3HAUMTENBHOM CTENEHM MOXKET HapyIIUTh CTPYKTYpYy BOJOYHOpa M MpPHUBECTH K
YCKOPEHUIO MPOLIECCOB 3arpsi3HEHUs OJI3EMHBIX BOJ. PaccMOTpeHHas cuTyalusi CBUAETEIbCTBYET
0 TOM, YTO BOJOYIIOPHI HE SBJISIFOTCS MOJHON TapaHTHEW 3alllUThl HAIOPHBIX BOJ OT 3arps3HEHUs,
a UMEIOT CIIOKHBIM XapakTep MPOHHUIIAEMOCTH, YTO U 00ecleyuBaeT BO3MOKHOCTh (POPMHUPOBAHUS
B HANOPHBIX BOJAX JIMH3 3arps3HEHHBIX BOJ, XOTfA, KaK B JAHHOM Clly4ae, ¢ HE3HAYMTEIbHOM
KOHIIeHTpaiuei 3B.

Bce sTo noarBepxkaaeT HEOOXOIMMOCTD OLIEHKU 3aIIUIIEHHOCTH MOI36MHBIX HAlTOPHBIX BOJ OT
3arpsi3HeHusl pas3nuuHbiMu 3B apyruMu MetoiaMu, BKJIIOYAas M MOJEIbHO-KapTorpaduuecKuid,
METOJAUKY KOTOPOTO MBI pa3paboTaiy Mpy OI[EHKE 3alUIIEHHOCTH TPYHTOBBIX BOJ OT 3arpsi3HEHUS
U KOTOpBIM OyAeT HCMONb30BaH MAJIsi W3YYEHHUs] HAMOPHBIX IOJ3EMHBIX BOJ B KOMIUIEKCE C
TPYHTOBBIMHU.

B cBsa3u ¢ otuM Obima  paspaboTaHa CTPYKTypa KOMIUIEKCHOW METOJMKH — OLEHKHU
3aIUIIEHHOCTH M YSI3BHUMOCTH TPYHTOBBIX M HAMOPHBIX MOJA3€MHBIX BoA OT 3B, ompoGoBaHHOM
3aTeM Ha 4YacTu Teppuropuu Kamyxckoil oOmactv B 30HE PaJHOAaKTUBHOIO cjelga OT aBapuu Ha
YADC.

B 3aBHCHMOCTH OT pacIoJIOKEHNS HCTOUYHUKA 3arPsI3HEHUS MTOA3EMHBIX BOJI PaCCMOTPEHBI J1Ba
MIOAXO0/1a AJISl PELLIEHUS OCTaBICHHOM 3a1a4u.

IlepBrlil BapuaHT NMPEANONAracT pa3MeEIEHUE UCTOYHHUKA 3arpsi3HEHUS] Ha MIOBEPXHOCTH I10YB,
Kak 3To HaOmonanoch nocie aBapuu Ha YADC. B stoM ciyyae sTambl M3Y4eHHUS BKIIHOYAIOT
clenyonue o0beKThl HCCIeI0BaHui: 1) 3aluTHAs 30Ha, 2) TPYHTOBBIE BOJABI, 3) pa3lieibHbIN,
3alIUTHBINA €10 — BOJOYNOP, 4) HAOPHBIE BOJIBL.

Bropoii BapuaHT npeanoiaraeT pa3MelieHUe UCTOYHHKA 3arpsI3HEHUS B TPYHTOBBIX BOJAX WJIN
UX IUIOIIAJHOE 3arpsi3HEHHe. B 3TOM cilydae MOCiIeI0oBaTeNbHOCTh M3YyYEHMs] YMEHBIIAETCS U
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BKJIFOUAET CIIEAYIONUE OOBEKTHI: 1) TpYHTOBBIC BOJIBI, 2) pa3/IebHBIN 3aIIUTHBIN CIIOW — BOJAOYIIOP,
3) HamopHeIE BOJIBL. DTOT BapUaAHT MPEACTABISAET cOOO0M YaCTHBIN Cly4ail IEpBOTO BapHUaHTA.

PaccmMoTpuM 1nepBbIi BapUaHT OLIEHKHM 3alUIIEHHOCTH U YA3BUMOCTHU IIOJI3EMHBIX BOJ,
BKJTIIOYAsi TPYHTOBBIC ¥ HAIOPHBIE BOJIBI, K 3arPSI3HEHUIO TI0 O0OBEKTaM.

3awumnuas 30na, obecneuusaowjas COXpaLHOCMb SPYHMOBLIX 600 OM 3a2pA3HeHUs. 3alUuTHas
30Ha — 3TO 30HA, OTAEJAIONIAs MOJ3EMHbIE BOJBI OT MOBEPXHOCTHOIO 3arpsi3HEHUS M MMEIoLIas
JIBYXypPOBHEBOE CTPOEHHUE: IMOYBHI M IMOPOJIbI 30HBI A’palUU. JawuyeHHoCmb — CIOCOOHOCTb
3alIUTHOM 30HBI IMPEMSATCTBOBATH NPOHUKHOBEHUIO 3arps3HEHMs] B IOJ3EMHBIE BOJbl B TEUEHHE
onpezeneHHoro BpeMeHu. OTHOIIEHHE peallbHOM TEXHOTEHHOM Harpy3Ky N3y4aeMol TEPPUTOPUH K
€CTECTBEHHON 3alMIIEHHOCTH TMOA3EMHBIX BOJI HA3bIBAETCA HUX YA36UMOCMbIO K 3arpsA3HEHHUIO.
Ipupoouwiii 3auummusiii nomenyual — COCOOHOCTh I'€OJIOTUYECKON cpefibl (IT0YB U MOPOJ 30HBI
a’pali) yAep)KUBaTh 3arpsA3HEHHE B 3AIIUTHOM 30HE, 3aBHUCSIIUNA OT JIUTOJIOTUYECKUX,
(UIBTpPAIMOHHBIX U COPOIMOHHBIX CBOMCTB mouB U mopon (benoycosa, 2001, 2003, 2005, 2012,
2019; benoycosa u ap., 2006, 2019; benoycosa, Pynenxo, 2020; Pynenko, benoycosa, 2021a).

BemecTBo cumTaercs 3arpsA3HSAIOLIMM, €CJIM €ro KOHIEHTpAalMM MPEBBHINIAIOT (OHOBBIE
3HaueHus. ClenoBaTeNbHO, MPHU OIEHKE 3allMUIIEHHOCTH Mbl Oy/leM Y4YUThIBaTh OCOOEHHOCTHU
CTPOEHUS 3aUIUTHOM 30HBI, OTAEJSIOUICH T'PYHTOBBIE BOJIBI OT MOBEPXHOCTHOTO 3arpsi3HEHUS, U
MIPOLIECCHI, TPOUCXOSIINE B HEH 1O BIUSHUEM 3arps3HEHMUSL.

OneHka 3alUIIEHHOCTH TPYHTOBBIX BOJ OCYIIECTBIISETCS UIsl MPEIeNbHBIX YCIOBHUH, KOTrJa
MIPENIoaraeTcsi, YTO 3arpsA3HEHHME JaHHBIMU BEIIECTBAMU pACHpOCTpPAHSETCS Ha BCIO
UCCIIETyEMYIO TEPPUTOPHUIO BHE 3aBUCUMOCTH OT MHTEHCUBHOCTH.

B cinyuae momagaHusi paguoHYKIHIOB Ha TMOBEPXHOCTh 3€MJIM B KayeCTBE 3alllUTHOM 30HBI
(6ydepa) 6osee BHICOKOTO TIOPSJIKA BBICTYIAIOT IMOYBBI, CIIOCOOHBIC CBS3aTh OOJIBIIOE KOJTHMYECTBO
PaAMOHYKIMIOB. 30Ha, 3aIMIIAIONIAs TIOJ3€MHbIE BOJbI OT PaJHOAKTUBHOTO 3arps3HEHHS, UMEET
JIBYXypOBHEBOE CTPOCHHUE: IEPBBIN — OYBBI, BTOPOH — MOPO/IbI 30HBI a3PaLIUH.

[Ipu moctpoennu xapmwvr 3awummnou 3ouul (benoycosa, 2001, 2003, 2005, 2012, 2019;
benoycosa u np., 2006, 2019; benoycora, Pynenko, 2020; Pynenko, benoycora, 2021a) nepsbiit
YpOBEHb 3alIMTHOI 30HBI OTpakaeTcsi Ha mouBeHHOU kapte (['ocymapcTBeHHasi MOUBEHHAs KapTa
CCCP, 1953), Ha xoTOpOo#l mMoOKa3aH THI IOYB M WX MeXaHWUYEeCKuH coctaB. CTpOECHHE BTOPOTO
YpOBHS 3allUTHOM 30HBI XapakTepu3yeTcss KapToll TIIyOWH 3ajieraHusl TPYHTOBBIX BOJ
(I'mmporeosioruveckass kapra CCCP, 1972-1976) u kapToil JUTOJIOTMYECKOTO CTPOCHHS 30HBI
aspanuu. /s XxapakTepuCTUKH BTOPOTO YPOBHSI MCIOJIb30BAINCh W3/IaHHBIE KapThl YETBEPTUYHBIX
omioxkeHuit (I'eonmormueckass kapra CCCP, 1976-1980), Ha KOTOpBIX 0OO0OOIIECHBI CBEACHUS O
JUTOJIOTUH, BOAHO-(U3NYECKUX M (PUIBTPALIMOHHBIX CBOMCTBAX MOPOJ 30HBI a’palliu MO BCEM
reHepaTM30BaHHBIM JIUTOJIOTO-TEHETUYECKUM KoMIuiekcaM. [lo xapakrepy ClioKeHHs 3aluTHON
30HBI B €€ paspe3e BBIICISICTCS TPHU THUIA JHUTOJIOTHYECKOTO CTPOCHHS: OJHO-, NBYX- H
TPEXCIIOWHOE.

Crnenyromuii 3Tanm MOCTPOSHHUS KapThl 3alIUTHOW 30HBI — YCTAHOBJICHHE KATETOPHM s
XapaKTePUCTUKU TPUPOJHOTO TOTEHIMAla 3allUTHOW 30HBI M €€ CIOCOOHOCTH 3allUTHUTh
TPYHTOBBIE BOJBI OT 3arps3HEHUs JTIOO0TO THMa (PaAUOHYKIHUIAMH, TSIKEIBIMU METallaMHu,
HUTpaTaMu U Jp.). [Io COOTHOIIEHNIO JIMTOJIOTHYECKOTO CTPOEHHs MEPBOTO M BTOPOTO YpPOBHEH
3alIUTHOM 30HBI W TJIyOWHE 3ajeraHusi TPYHTOBBIX BOJI HAa KA4eCTBEHHOM YpPOBHE ObLIH
YCTQHOBJIEHBI CIEAYIOIIME KaTErOpuu 3alUTHOIO MOTEHIMala 3allUTHOM 30HBI: 4pe3BbIYAHO
cnabblil, cnabbiil, cpeaHuit U BbIcOkMM. [lo XapakTepy clOXEeHMsI 30HBI a’pallid B €€ paspese
BBIJIEJISIETCS TP TUIIA JIMTOJIOTUYECKOTO CTPOEHUS: OJHO-, IBYX- U TpexcioiHoe (Tab. 1).

Kapra 3amuTtHON 30HBI (puc. 1) monmydaeTcs TyTEM HAJIOXKEHUS TOYBEHHOW KapThl,
oToOpakaroIiel CTpoeHHE NMEePBOro YPOBHSI 3aIIMTHON 30HBI, U KapThl — CTPOCHUSI BTOPOTO YPOBHS
3alIUTHOM 30HBI (TITyOUH 3aJleraHusi TPYHTOBBIX BOJI M JIUTOJIOTHYECKOTO CTPOSHUS 30HBI a3palium).
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Ta6auuna 1. Dkcrmukanus K kapte 3ammtHON 30HBI. Table 1. Explication to the map of the

protective zone.

Tun u JauTojI0rHYecKoe CTPoeHHe MOYB (Bec)
AJLTI0BHAJIbHBIE, Iloazoaucreie Lay6una
v —— JlecHblie 3aJleraHus
. | Iecuanble | Cymecuansble | CyrJMHKM |CYIJIMHHCTbIE | TPYHTOBBIX
NEeCKOB, Cymecei, ?) 3) @) 5) BOJI, M (Bec)
cyrjauHkoB (1)
1-2-4 47-4-8
2-2/4-8
3-4/2-8 0-1(1)
4-4-6
5-2-6 35-2/4-11 57-2-8 73-2-9 13 (2)
6-2-6 36-2/4-11 60-2/3-11 74-3-10
7-2-7 32-2/4-12 58-2-9 75-3-11 3.5 (3)
8-2-7 37-2/4-12 59-2-9 76-3-11
9-2-8 33-2-9 62-2/3-13
1028 5-10 (4)
11-2/3-9 48-4-9 63-2/4-12 77-4-11 13 2)
12-2/4-10 49-4-9 64-2/4/1-12 77a-4-10
13-2/4-11 38-2/4-12 31-2/3-12 78-4-11 3.5 (3)
14-2/4-13 45-2/5-13 66-3-10 79-4-12
15-2/5-11 | 39-2/4/2-13** | 67-4/2-12 1-3(2)
16-2/5-12 40-2/4/2-14 80-4-12 3-5(03)
17-4/2-10 | 41-2/4/2/1-14 1-3(2)
18-4/2-11 46-4/3-13 68-4-11 81-1-10 3.5 (3)
19-4/2-11 50-4-10
20-4/3-13 51-4-11 69-4-12 5-10 (4)
21-4-8%* 42-2/1/2-10 1-3(2)
22-4-9 54-1-7 3-5(3)
23-4-10 70-4-12 5-10 (4)
24-4-11 10-25 (6)
25-1-5 43-2/5-12 1-3(2)
26-1-6 56-5-11 3-5(3)
27-1-7 5-10 (4)
28-1-8 34-2-10 71-4-13 10-15 (5)
29-1-6 3-5(3)
30-2-5 44-2/5-12 72-1-7 1-3(2)
31-2-7 3-5(3)
52-4-12 10-15 (5)
53-1-6 1-3 (1)
55-5-10 1-3 (1)
65-2/4/1-17 >15 (6)

Ipumeyanuss k Tadaumpe 1: 21-4-8* — mepBas uudpa o3Ha4aeT HOMEP THIIOBOTO YYacTKa,
BTOpasi — JIMTOJIOTHYECKOE CTPOCHHME 30HBI a’pauuu (OJAHOCIOWHBIC, CYIJIMHKH), TPETbi —
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CyMMapHO€ 3Ha4eHHEe BecoB (0aioB), cocTosmee U3 3 COCTABISAIONIMX: TUIA M JTUTOJOTUIECKOTO
cocTaBa I0YB, TJIyOMHBI 3aJIETaHUs TPYHTOBBIX BOJ M JIUTOJIOTUYECKOTO CTPOEHUS 30HBI a’palliii;
39-2/4/2-13** — Bropoe nudpoBoe 3HAUCHUE MPEACTABISAET TPEXCIOWHOE CTPOCHUE 30HBI adpalluu
(mecku, CYrJIMHKH, IECKH), CYIIECTBYIOT TaKXe JIBYXCIOMHOE M YEeThIPEXCIOWHOE; BECOBbHIE
3HAYEHUS JIUTOJIOTUYECKUX Pa3HOCTEN MOPOJI 30HBI adpalluu: TPETes, ONOKH, Me U3BeCTHSAKU — (1),
niecku — (2), cymecu — (3), cyrnmuaku — (4), ruHbl — (5); MOTSHIMAT 3alUTHON 30HBI: c1a0bIi (4-8),
cpennuit (9-13), Boicokuii (14-17).

YcnosHble o6o3HaveHus

MoreHuwan 3aWWTHON 30HBbI
(8 Becax)
I cnabesi (14-17)

cpearnit (9-13)

I euiconmn (4-8)

Puc. 1. Kaprocxema 3amurHoit 30HbI tora Kanyxckoii o6nactu. Yenosnvle 0603nauenus: nudpol —
HoMepa TunoBbIX ydacTkoB. Fig. 1. Schematic map of the protective zone in the south of the Kaluga
region (numbers on the map are model sites).

Ha xapre BBIIENAIOTCS TUIIOBBIE YYAaCTKH, XapaKTEPU3YIOLIUECS OIPEIEICHHBIM CTPOCHUEM
IIEPBOTr0 M BTOPOTO YpOBHEH 3aIlUTHON 30HBI U TIIYOMHOM 3ajeranusi IpyHTOBBIX Boj. OmnucaHue
9TUX THUIIOBBIX YYacCTKOB IpUBEJIEHBbl B JereHjae K kapre (tabsm. 1). B cBsi3u co ClOXHBIM
JIUTOJIOTUYECKUM CTPOCHHUEM 3aIIMTHON 30HBI (JI0 YETHIPEXCIOWHOT0) JJIsl TOr0, YTOOBl YCTAHOBUTH
MOTEHIMAJ 3aIlUTHON 30HbI, ObLT HCIOJIB30BAH «BECOBOW» METO/I OLIEHKH BCEX €€ COCTaBIISIOIIUX C
IIPUCBOCHUEM MM BECOBBIX 3HAYEHMH OT CaMbIX MaJbIX Ul XapaKTEPUCTUKU CIAObIX 3allUTHBIX
CBOMCTB (HampuMep: IecuaHble NOYBBI, IMECKH 30HBI a’pally, Majble TIyOWHBI 3ajeraHus
I'PYHTOBBIX BOJ) JI0 BEICOKUX 3aLIUTHBIX CBOUCTB (ITOUBBI C BEICOKUM COJAEP)KaHUEM I'yMyca, TIIMHbI
u Oonplve TIyOMHBI 3ajeraHusi TPYHTOBBIX BOJ) C MOCJIEIYIOUIMM CYMMHUPOBAHHEM BCeX
B3BEILIEHHBIX IMOKa3aTeneil (CTpoeHHs MOYB, MOCIOMHBIM CTPOCHHEM 30HBI a’pallid U TIyOHHBI
3ajieraHusl TPYHTOBBIX BOJ) ISl BCEX THIMOBBIX ydyacTKoOB (Tabiu. 1). [loTeHuuman 3amuTHON 30HBI
YCTAHOBJIEH MO CJEIYIOIIMM BECOBBIM MHTEpBaiaM: ciadblii — 4-8, cpenuuii — 9-13, Beicokuii — 14-
17 (benoycosa, Pynenxko, 2020).

Ha kapre 3amuTHOH 30HBI (puc. 1) miomamun co ciaaOblM 3aIIUTHBIM  MOTEHIHAIOM
MPUYPOUYEHBI K JIOJMHAM PEK B 30HE PaJHOAKTHUBHOIO cliefa Ha Tepputopuu Kamyxckoi o6macTu.
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BopocOopHble MpOCTpaHCTBA XAPAKTEPU3YIOTCS CPEAHUM 3AlIUTHBIM MOTCHLIUAIOM, M TOJBKO
JIOKAJIbHBIE YYaCTKU Ha I0r0-3arajse, 3arajie u CeBepo-3amajie OTINYatoTCs CUIIbHBIM ITOTCHIIUAJIOM.

Kapra 3amuTHoi 30HbI siBiIgeTCs 0a30BOM JUIsl HOCTPOEHUS KapT 3aIlMILEHHOCTH U YSA3BUMOCTH
IPYHTOBBIX BOJ K JIFOOBIM 3arpsi3HSAIOLIUM BELIECTBAM.

prHTOBLIe BOJAbI KaK IIPUEMHHUK 3arpsA3HCHUS

OCHOBHBIMH PAJMOHYKIUIAMHU B BBIAJCHUSIX B 30HE PaJMOAKTUBHOIO Clie/la HA TEPPUTOPUU
Kanysxckoit o6mactu ssistores 2'Cs u *Sr.

[Ipu oreHKEe BO3MOXKHOCTH 3arpsi3HEHUS TPYHTOBBIX BOJI PAJAMOHYKIHJIAMH YYUTHIBAIOTCS
COpOIIMOHHBIE CBOMCTBA, OOecreynBarouiue 3a/epKaHne paJuOHYKINWJOB MOYBAMU M THOPOJaMU
30HBI adpalluy; OrPAaHUYCHUE MHTCHCUBHOCTHU IPOJBIDKECHHS (BIUIOTH JO TOJHOTO 3aJepXKaHUA) C
MH(PWIBTPAIIMOHHBIM TIOTOKOM JI0 TPYHTOBBIX BOJ; MUTPAIIMOHHBIE CBOWCTBA MOYB U MOPOJ] 30HBI
a’paliu, 3aBUCAIINE OT (PU3UKO-MEXaHUIECKUX, BOJTHO-PU3NUECKHUX, (PHIIBTPAIIMOHHBIX CBOMCTB U
WX MUHEPAJIOTHYECKOTO COCTaBa W XapaKTEpU3YIOIIME HHTECHCHUBHOCTH MPOJBIKEHHS (pPOHTA
3arps3HEHHBIX WH()WIBTPYIOIIMXCA BOJ BIIIYyOb 30HBI ad’palliid JO TPYHTOBBIX BOJ; IIYTh
¢unpTpanuu (MHGUIBTPAIMH), T.€. MOITHOCTH 30HBI adpalliu UJIW TIyOWHA 3aJIeTaHus TPYHTOBBIX
BOJI; MIEpHO/I TIOJTypaciajia paJuoHyKIUI0B.

3aluIIeHHOCTh TPYHTOBBIX BOJ OT JIFOOOTO 3arpsi3HSIOLIETO BEIIECTBA 3aBUCUT OT BPEMEHU
JTOCTIOKCHHST (PpOHTOM 3arpsi3HEHHBIX WHOUIBTPAIIMOHHBIX BOJI BOJOHOCHOTO TOPH30HTa (15).
Bpewmst mpoxoskieHns1 paCTBOPEHHBIM B BOJIE PAJMOHYKIUIOM TOJIIIU TTOYB W TIOPOJI 30HBI a’palluu
MOIIIHOCTBI0O M ¢ 3amojHeHHEeM HX COPOIMOHHOM EeMKOCTH M TMOCIEIYIOIUM JIOCTHKEHUEM
TPYHTOBBIX BOJI MOKHO OTIPEIICTUTh ¢ ToMoIbi0 ypaBHeHUs (benmoycosa, Pynenko, 2020):

M M8 6Kp

., = + ; (1),
’ L w
rae On, — moaHas BIaro€MKOCTh (B JOJSX €IUHUIIBI); O, Kr/mM° — 06beMHast Macca cKesera TpyHTAa,
Ky, n/kr  —  xodpduimMeHT  pacmupeneneHus; L, M/CyT —  CKOpPOCTb  IMPOCaYyMBaHHS

nHpmIbTpannonHoro noroka (bunaeman, 1963):

v :ézlwqub ),

rae 6 — ecTecTBEHHasl BJIAKHOCTH MOPOJ (B JOJAX €AWHUILI), W — MHOUIBTPAIMOHHOS MHTAaHUE
(M/cyT); k ¢ — kodpunrent punptpanuu (M/cyT).

CaMble TOKCHYHBIE U3 JOJTOKMBYIIMX paguoHykmuaoB — *°Sr u '*’Cs, mostomy omuenka
3aIUIIEHHOCTH JI0JKHA MPOBOIUTHCS OTIEIBHO M0 KaXJA0MY U3 HHX.

Hlkany KaTeropuii eCTECTBEHHOW 3allMIIEHHOCTH TPYHTOBBIX BOJ OT 3arpsA3HEHUS
1enecoobpa3Ho CTpouTh B 3aBUcMMOcTH OT T — mepuoja moiypacmana paadoHykiuaa. B stom
Cllydae BBIACISIOTCS CIEAYIOIINe KaTerOpuu:

He3aujuujeHHbvle TPYHTOBbIE BoAbL: t; < T, t; <30 ner;

cnabo 3amuwennvie: T <t; < 2T, 30 mer <t < 60 ner;

cpeone 3aumungennsvie: 2T <t; < 3T, 60 ner <t < 100 ner;

ycnosHo 3awuwgentvle: t; > 3T, t; > 100 net, 100 net <t <300 ner;

sawuwennsie: t; > 10T, t; >300 ner.

Brienenue kaTeropuii mo BpeMeH! MPOIBUKEHHS 3aTPS3HSIONIETO BEIECTBA YePe3 3alUTHYIO
30Hy MO CYHIECTBY SIBIS€TCS NPHUOIMKEHHON MPOTHO3HOW OIEHKOM mpoliecca 3arpsi3HEeHus
TPYHTOBBIX BOJ, B TJAHHOM CJTy4ae — paJiOHYKIHIaMU.

OneHka 3alIMIIEHHOCTH BOJA OT 3arps3HEHHs] PaJUOHYKIUIAMH CTPOUIACh MO METO/UKE,
M3NI0KEeHHOM B Hamux padorax (benoycosa, 2001, 2003, 2005, 2012, 2019; benoycosa u ap., 2006;
Benoycosa, Pynenko, 2020), otaensno ans paguonykmuaos °Sr u 37Cs. Jlns xaxmoro us 81
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TUTIOBOTO y4acTKa, BBIJCIICHHOTO HA KapTe 3aIluTHOU 30HBI (puc. 1) mo ¢opmyne (1) ¢ ygerom
CTPOCHHUSI KaXKAOTO y4dacTka (Taba. 1) u 0cOOEHHOCTEH CTPOEHHMs 3aIIUTHOM 30HBI U MApaMETPOB
COpOLMH, PACCUUTHIBAIIOCH BPEMSI MUTPAIMH PAIUOHYKIHIOB Yepe3 3allUTHYIO 30HY B TPYHTOBBIC
BOJIBI (Ta0m. 2).

Ta6auua 2. BpeMs NpOHMKHOBEHHUS PaJHOHYKINI0B 'St 1 '*’Cs B rpyHTOBbIE BOJIBL.
Table 2. Penetration time of *°Sr and '*’Cs radionuclides into groundwater.

Bpewms t;
v aJIQTKa t, (HeiiTp) PaaMonyKJIHIbI
3B (ron) t: 2Sr (rom) | > t;°°Sr (rom) | t; 1¥7Cs (rom) | >'t; 1¥'Cs (rom)
1 2 3 4 5 6
1 0.01 3.7 3.71 21.3 21.31
2 0.05 8.5 8.55 40.1 40.15
3 0.05 8.49 8.54 40.06 40.11
4 0.07 10.35 10.42 43.99 44.06
5 04 8.21 8.61 76.5 76.9
6 04 8.21 8.61 76.5 76.9
7 0.07 15.5 15.58 149 149.08
8 0.07 15.5 15.58 149 149.08
9 0.14 28.16 28.3 275.99 276.13
10 0.14 28.16 28.3 275.99 276.13
11 0.07 8.74 8.81 119.81 119.88
12 0.23 28.2 28.43 144 .45 144.68
13 0.48 57.6 58.08 292.5 292.98
14 0.27 347 3497 195.5 195.77
15 0.34 49.1 49.44 176.3 176.64
16 0.72 101.8 102.52 359.8 360.52
17 0.23 101.0 102.52 144 45 144.68
18 0.48 33.1 33.58 292.5 292.98
19 0.48 33.1 33.58 292.5 292.98
20 0.27 109.76 110.03 717.62 717.89
21 0.42 48.1 48.52 212.43 212.85
22 0.87 99.7 100.58 436.05 436.93
23 0.3 35.22 35.52 156.53 156.83
24 3.98 420.67 424.65 1826.81 1830.79
25 0.12 155.1 155.22 379.4 379.52
26 0.25 325.6 788.5 325.85 788.75
27 0.48 623.9 624.38 1504.51 1504.99
28 1.13 1476.23 1477.39 3550.2 3551.33
29 0.25 325.6 325.85 788.5 788.75
30 0.04 8.21 8.25 76.5 76.55
31 0.08 15.5 15.58 149 149.08
32 0.08 15.54 15.62 155.4 155.48
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1 2 3 4 5 6
33 0.15 28.23 28.38 282.34 282.49
34 0.24 46.4 46.64 463.73 463.97
35 0.23 28.24 28.47 150.81 151.04
36 0.23 28.24 28.47 150.81 151.04
37 0.48 57.7 58.18 298.9 299.38
38 0.48 57.7 58.18 298.9 299.38
39 0.17 21.6 21.77 128.15 128.32
40 0.36 44.7 45.06 257.2 257.56
41 0.1 29.76 29.86 138.85 138.95
42 0.07 57.2 57.27 183.8 183.87
43 0.3 49.11 49.41 176.32 176.62
44 0.3 49.2 49.5 182.7 183
45 0.63 101.9 102.53 366.2 366.83
46 0.55 58.8 59.35 390.4 390.95
47 0.2 22.4 22.6 106.98 107.18
48 0.4 48.2 48.6 218.8 219.2
49 0.4 48.2 48.6 218.8 219.2
50 0.88 99.8 100.68 442.4 443.28
51 1.7 190.11 191.81 833.74 835.44
52 2.8 319.1 321.9 1392.8 1395.6
53 0.13 155.2 155.33 385.75 385.88
54 0.26 325.65 325.91 794.9 795.16
55 0.6 90.1 90.7 282.52 283.12
56 1.2 188.2 189.4 210585 210586.2
57 0.08 8.6 8.68 86 86.08
58 0.12 15.85 15.97 158.55 158.67
59 0.12 15.85 15.97 158.55 158.67
60 0.12 9.13 9.25 129.3 129.42
61 0.19 16.98 17.17 250.03 250.22
62 0.31 30.3 30.61 455.22 455.53
63 0.27 28.56 28.89 153.98 154.25
64 0.24 70.87 71.11 232.2 232.54
65 1.62 573.33 574.95 1783.96 1785.58
66 0.26 18.11 18.37 341.5 341.76
67 0.27 28.56 28.89 153.98 154.25
68 0.92 100.12 101.04 445.6 446.52
69 0.58 61.4 61.98 277.9 277.48
70 1.72 190.4 192.12 836.91 838.63
71 2.9 319.44 322.34 1395.95 1398.24
72 0.165 155.5 155.665 388.92 389.09
73 0.11 10.8 10.91 90.9 91.01
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1 2 3 4 5 6

74 0.17 11.9 12.07 177.5 177.67
75 0.28 20.3 20.58 346.4 346.68
76 0.39 28.7 29.09 515.2 515.59
77 0.49 50.7 51.19 226.8 227.19
77a 0.46 48.44 48.9 221.95 22241
78 0.49 50.7 51.19 226.8 227.19
79 0.95 102.3 103.25 450.45 451.35
80 0.95 102.3 103.25 450.45 451.35
81 0.55 626.5 627.05 920.54 921.09

Kapmor 3awuennocmu 2pynmosvix 600 om 3azpaznenus *°Sr (puc. 2a) u '*’Cs (puc. 2B)
CTpOSITCS Ha OCHOBE KapThl 3aIIMTHOM 30HBI. MIX cpaBHEHME MOKa3bIBAET, UTO JJISI TPYHTOBBIX BOJI
Hauboee omaceH °°Sr, T.K. 3arpsA3HEHHE MM MOXKET OXBaTHTh B KOPOTKHil mepuon (<5 mer)

00JIbIITE YYACTKA BOJIOHOCHOTO TOPU30HTA.
B o0
A%
TN, \

J’/.::( o (\Q’\ Sg

‘JM,,
é*m.

Puc. 2. KapTocxeMbl 3aIUIEHHOCTH TPYHTOBBIX B0 0T *°Sr (a) 1 ot '3’Cs (6) ans rora Kanysxckoit
o6nmactu. Fig. 2. Schematic maps of groundwater protection from *°Sr (a) and '*’Cs (b) in the south
of the Kaluga region.

Yenoenss0 o500maNonmea
Crenews 3aupmubieioctn
TpyToRs Bog or Cs-137
- I e
B Cratc samurment
Comemt 30 iniport
Bl oo seneame
g et

AHanu3 KapThl 3alIUIIEHHOCTH IPYHTOBHIX BOJ OT 3arpsisHeHus *°Sr nmokaseiBaet (puc. 2a), uTo
0K0JI0 50% TeppUTOpPUM He 3allMIIeHbI OT 3arpssHenus *°Sr, 20% — cnabo 3ammuiensl, eme 20% (B
OCHOBHOM Ha CE€BEpE) — YCIIOBHO 3alIMILEHBI, ¥ 110 5% 3alllUIIeHbl WIN 3alIUIIEeHbI CPEIHE.

Wuas cuTyauus cknaasiBaeTcs npu 3arpsasHenun P’Cs (puc. 2B): He3alIUMIIEHHBIE TPYHTOBBIE
BOJIbI MIPUYPOUYEHBI TOJBKO K Y3KOW TOJIOCE BJIOJIb Pycel PeK, ci1ado 3alluIlleHHble — K JOJIHHAM
HECKOJIbKUX MaJblX PEeK Ha CeBepo-3amajie, CpelHEe 3alUIIEHHbIE — K BBICOKUM TeppacaM peEK,
YCIIOBHO 3allUIIEHHBIE MPUMBIKAIOT K BOJOCOOpaM, a yCIOBHO 3alllUIICHHBIC U 3alUIICHHBIC
npeobIasaroT.

Takum 00pa3oM, OlleHKa BpPEMEHH MPOIABMKECHUS PAJAUOHYKIUAOB Yepe3 3allUTHYIO 30HY
MO3BOJISIET JAaTh MPUOJIMKEHHYIO IPOTHO3HYIO OIEHKY MpoIlecca 3arpsi3HEHUS] TPYHTOBBIX BOJI ATHM
Ype3BbIYAITHO ONTACHBIM BEIIECTBOM.

OTHoOLIEHHE peaTbHON TEXHOTEHHOM HArpy3Kd H3y4aeMOW TEPPUTOPUM K 3alIUIIEHHOCTH
TPYHTOBBIX BOJI MBI Oy/IeM Ha3bIBATh YA36UMOCHbIO 2PYHIMOBBIX 800 K 3A2PAIHEHUIO.
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KapTa ysa3BMMOCTH TpPYHTOBHIX BoA 10 '*’Cs cTpouTcs Ha OCHOBE KapThl TEXHOTEHHOI
narpysku 1o ’Cs (puc. 3a; Kapra pagumoaktuBHOrO ..., 1995) — pacrpeneneHue 3arps3HeHHs
IOBEPXHOCTH 3eMan °'Cs M KapThl 3allMIIEHHOCTH TPYHTOBBIX Box '°’Cs (puc. 2B). JJaHHBIX 110
JPYTHM PaJIHOHYKIMAAM HET.

Yenonueie oBoanaenmna
NosepxHOCTHOe A yRnngR Geann-137 nocne anapwm Crenenn yrIsnwocTi IpyRTOBMX BOA 0f C8-137 (OCHs Mdpwn xa YAIC)
SGNTR Ly M npessssan (17 % § pay - Outsn, Grese yrommne B Owse crefio yomanse
— B - |
WO AR T SO D RN L | npaesamer 1ty 8 8 pay Ve yomean FIOMO yrotvne
L B rovmncaier iy 8 1050 Bl
Bl e e )
npseme (Y 8 4 paxa I rooseeser iy 21002
_-— o Iagen

Rt CoCTanend 13 matopmatane STEY Negacmetionips Moccm

Puc. 3. KaprocxeMsl TeXHOTEHHOH HArpy3KH IIOTHOCTH TIOBEPXHOCTHOTO BhIMajeHus °'Cs (a) u
ySA3BUMOCTH TPYHTOBBIX BOJ (6) k 3arpssHenuio °’Cs mocne aBapun Ha UADC. Fig. 3. Schematic
maps of technogenic load of the density of '*’Cs surface fallout (a) and groundwater vulnerability to
137Cs contamination (b) after the Chernobyl Accident.

BhljieNieHbl CIEIyIOIIMe KaTeropuH YA3BUMOCTH TPYHTOBBIX BoA mo '*’Cs: katacTpoQuuecku
yS3BUMbIC, OYCHb CUJIBHO YS3BHMBIC, CHIIBHO YS3BHMbIC, yS3BUMBIC, CIa00 YSI3BHMBIC, YCIOBHO
HEys3BHMbIC, HEys3BUMbIC. BblieneHne mociepHell KaTeropiuy YCJIOBHO, T.K. 338 CYET JBIKCHUS
(GUIBTPALIMOHHOTO IOTOKA M3 O00NacTeif, e pacHpOCTPaHEHbI YS3BUMbBIC TPYHTOBBIC BOJIbI,
3arpsi3HEHNE MOXKET JOCTUTHYTH 00JIacTe ¢ mepBOHAYaIbHO HEYSI3BUMBIMH BOJIAMH.

Ha pucynke 3a moka3aHa TEeXHOTeHHAasi Harpy3ka (IUJIOTHOCTh IMOBEPXHOCTHOTO BBINAICHHS
137Cs) nocne aBapun na YADC.

Ha pucynke 3B u Tabmuiax 3 u4 moKa3zaHa CTENEHb YSI3BUMOCTH TPYHTOBBIX BOJ K
sarpssHenuio *’Cs B 30He paJMOAKTHBHOIO ciesia cpasy mocie apapud Ha YADC: odeHb CHIIBHO
yS3BHMbIC TPYHTOBBIC BOJBI COCPEJIOTOYCHBI Ha OTAEIBHBIX y4YacTKaX B CPEIHEM TEUYCHHHU
peku Peccera, CHIBHO ys3BHMBIE — B JIOJMHAaX pEK B LEHTPAIbHOW YacTW cjena, CpeaHe
yS3BHMBIC — IO JIOJIMHAM pPEK, IMPUTOKOB, OBParoB M Ha BOCTOKE y peku Brireberh, ci1abo
ySI3BHMBIE — IO BOJI0OCOOpaM peK, 04eHb cl1abo ysa3BHMBIE — 110 Tiepudepuu ciena, Heysi3BUMble —Ha
BBICOKHX Teppacax peK M YaCTHYHO Ha BOJIOCOOPax peK.

PaccMOTpeHHBIH OIX0/T K TIOCTPOSHHUIO KapT €CTECTBEHHOM 3aIlUIIEHHOCTH TPYHTOBBIX BOJ OT
PaarOaKTHBHOTO 3arpsS3HEHMsI MOKET OBITh MCHOJBb30BaH IPH COCTABICHUH aHAJOTUYHBIX KapT IO
OLIEHKE 3arps3HEHHs JPYrUMU BBICOKOTOKCHYHBIMH M CIa00TOKCHYHBIMHU 3arps3HSIOUIMMH
BEIIIECTBAMHU.
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Ta6auua 3. CTeneHb y13BUMOCTH TPYHTOBBIX BOJ K 3arpsasHenuio °’Cs nocne aBapuu Ha YADC.
Table 3. Degree of groundwater vulnerability to '*’Cs pollution: after the Chernobyl accident (2-
10 — weighted values of vulnerability degree).

TexHoreHnasi HarpysKa
3amMIIEHHOCTD Konuentpanus Cs'7 (Ku/km?) na nosepxnoctu 3emu (Bec)
(Bec) >10 8-10 6-8 4-6 2-4 1-2 <1
(6) &) Q) 3) (2 (@) 0
(4) Hezammménueie o
T3< 30 ner . J ¢ . é
(3) Cnabo 3armuiiéHubIe =
30< Ts< 60 et . 7 6 5 4 2
(2) Cpenne 3amumiéHHbIe o
60 < Ts< 100 et & { 2 e 4 < %
(1) YcnoBHO 3ammiéHHbIE S
100 < T3<300 sret { ¢ 2 . > e s
(0) 3ammménnnie it
T3>300 1eT eyﬂSBI/IMBIe

IIpumeuanus k taéauue 3: 2-10* — BecoBble 3HAUCHUS CTETIEHU YA3BUMOCTH.

Tabauna 4. Crenens ysssumoctu I'B k 3arpssnennio '’’Cs. Table 4. Degree of groundwater
vulnerability to '*’Cs contamination.

CreneHnb yA3BUMOCTH Bec Ber
Hesarpsiznénnbie
Heysaszsumebie T3>300 ner
VY coBHO ysi3BUMBIE <1
Ouensb c1abo ysa3BUMBIC 2-1
Cnabo ys3BUMBIC 4-3
CpenHe ysa3BUMBbIE 6-5
CunpHO ysI3BUMBIE 8-7
O4eHb CUIIBHO yA3BUMBIE 10-9 !

MeToauKa OlleHKH 3aIMINEHHOCTH MO/I3¢MHBIX (HAMOPHBIX) BOJ OT 3arpsi3HeHHsI

Ha nanHOM sTame ucciefoBaHMH paccMaTpUBAIOTCS MOJXOJbl K OLEHKE 3alUIEHHOCTH U
YA3BUMOCTH TOJI3EMHBIX HANOPHBIX 600 K 3arpsS3HEHHI0, YTO TaKkKe BaXXHO MJIS OLIEHKU
JKOJIOTMYECKON CHUTyalluM C THATBEBBIMU TOA3EMHBIMM BOJAaMH, KOTOpbIE, KaK IIPaBHJIO,
COCPEOTOYEHbl B HANOPHBIX BOJOHOCHBIX TOPU30HTAX, 3aJIETAIOIIUX HHWKE TOPU30HTOB
I'PYHTOBBIX BOJI.

O1eHKa 3aIMIIEHHOCTH HAIOPHBIX MO/I3€MHBIX BOJ OT 3arps3HEHUS UMEET CBOM 0COOEHHOCTH
[0 CPaBHEHUIO C AHAJOTMYHOM OLIEHKOW JUId IPYHTOBBIX BOJ. OCHOBHOE OTIMYME COCTOUT B
OTIPE/IEIICHUY 3aIMTHOM 30HBI HAIOPHBIX BOJ, KOTOpask TAKKE COCTOUT U3 JBYX YPOBHEMU:

1) mepBbIii — COOCTBEHHO T'PYHTOBBIE BOJBI (WM JpPYyrue HAOpPHbIE BOAOHOCHBIE TOPU30HTHI,
3aJIETAlOIKE BBIIIE U3y4aeMOr0 HallOPHOI'O TOPU30HTA), KOTOPhIE UMEIOT IBOMHOE BO3/IEHCTBUE Ha
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HAIIOpHBIC BOABI: OHU MOTYT MABJIATBCA HCTOYHHUKOM 3arpsA3HCHHA HAIIOpPHOTO BOAOHOCHOIO
TOPU30HTA, €CIM OHHU Pa3rpyxaroTcs (MEePeTeKaroT) B HIKE3AJIETalolUi HAMOPHBIA BOJOHOCHBIM
TOPU30HT, WJIKM OHHU ABJIAIOTCA 06HaCTBIO 3alllUTbl HAIOPHBIX BOA, CCJIM B HHX Pa3rpyKar0TCAd
(meperexaroT) HUKe3aJleraroue HaroPHbIE BOJIbI;

— BTOpPOMl — BOJIOYMOpHAs TOJIIA (BOJIOYIOpP), OTACISIONIMNA TOPU3OHT HAMOPHBIX BOJ OT
TOPU30HTA TPYHTOBEIX BOX.

3awumnas 30Ha — 3TO 30HA, OTAECISIONIAS HANOPHBIE TOI3EMHBIC BOJBI OT 3arps3HEHMUS,
MOCTYMAIOMIETO W3 BBINIE3AJIETAIONIETO BOJOHOCHOTO TOPU30HTA, W HMMEIOUIas IBYXYPOBEHHOE
CTPOCHUE: BBINIC3AJICTAOIINN BOJOHOCHBI TOPU3OHT M BOJIOYIIOP, PA3ICIISIOMIAN 3TH BOJOHOCHBIE
TOPU30HTHI.

3awuwennocmps  — CcHOCOOHOCTH  3AIIMTHON 30HBI TPEMSATCTBOBATH IPOHWKHOBEHHIO
3arpsi3HEHUS B TIOJ[3€MHBIC HAIMOPHBIC BOJBI W3 BBINIC3AJICTAONICTO BOJOHOCHOTO TOPH30HTa B
TEYEHUE ONPECTICHHOTO BPEMEHH.

Ipupoonwiii  3awumnblii nomenyual — CIOCOOHOCTb T€0JOIMUECKON Cpefbl YyIep’KUBATh
3arpsi3HEHWE B 3alIMTHOM 30HE, 3aBHUCSIIMI OT  JINTOJIOTMYECKHX, (UIBTPALMOHHBIX
TUAPOTUHAMUYECKUX U COPOITMOHHBIX CBOWCTB TTOPOI.

CpenHeMacmTaﬁﬂaﬂ OILICHKA 3AIMIIECHHOCTH HAITOPHBIX IMOJA3€MHBIX BOJX OT 3arpA3HCHUSA

OreHka 3aMUIIeHHOCTH HAIOPHBIX MTO3€MHBIX BOJI, 3aJICTAIONINX HIDKE TOPU30HTA TPYHTOBBIX
BOJI, TPOBOAMJIACH Ha TeppuTopuu Kamykckoil 00JacTH B 30HE PaIMOAKTHBHOTO CJIe/Ia OT aBapHH
Ha YADC B macmtabde 1:200000.

XapakTepucTUKa TUIpOreojJoruueckux ycJIoBUM MOKa3bIBAaeT, YTO O€3HANOpPHbBIE BOJAOHOCHBIE
TOPU30HTHI — TPYHTOBBIE BOJbl U HANOPHbIE BOJAOHOCHBIE TOPU30HTHI NMPECHBIX MOJ3EMHBIX BOJ —
paszfesieHbl BhIIEP>KaHHBIM IO IIOMIAN BEPXHEIOPCKUM BOJIOYIIOPOM.

3awumnas 30na Hanopusix 800 u eé kapmozpaghuposarue. J{is1 TOCTPOCHUS KapThl 3aIIUTHON
30HBI HEOOXOMMO HCCIEAOBATh €€ nepsblli Ypo8eHb C TOUKU 3PEHUS OLICHKH CTENEHHU BIIHUSHUS
IPYHTOBOTO BOJIOHOCHOTO KOMIUIEKCa Ha BO3MOKHOCTH 3arpsi3HEHUSI HAIOPHOTO BOJOHOCHOTO
KOMILIeKca yepe3 Hero. CTerneHb 3TOro BIUSHUS OLIEHUBAETCS BEJIMUYMHON BOJOIIPOBOIUMOCTH (km)
WIK CcHocoOHOCTH NPOQHIBTPOBATh uepe3 ceOs 3arps3HEHHbIE BOJBI M PA3HOCTHIO YpPOBHEH
MIEPBOrO0 U BTOPOTrO BOJOHOCHOTO KOMIUIeKcoB (H; — H>), obecneunBaronieii MHTEHCUBHOCTh U
HaIpPaBJICHHOCTb MEPETEKAHUs MEKY STUMH KOMITJIEKCaMHU.

Bmopoti  yposenv  3aluTHOM  30HBI  XapakTepu3yeTcsl  [apaMeTpaMu  BOJOYIOpa:
koabunmentom Qunptpanuu (ky) ¥ MOIIHOCTBIO (m1p). B cBsi3u ¢ Tem, 4TO HET MOAPOOHBIX
CBEICHMI O JMUTOJIOTMYECKOM CTPOCHUU BOJOyHopa (pa3fenbHOro cios), Kodh(UIUEHT ero
GbunbTpanuu 3a/aBacs MOCTOSHHBIM JUIS BCEH TOJIIHM, & €r0 3HAYCHHs] W3MEHSIIUCH TOJIBKO IS
Pa3IUYHBIX PACUETHBIX CLICHAPHEB.

Takum o6pa3om, 115 OLIEHKH 3aIIUTHOTO MOTEHIMAIa UCTIOIb30BAINCh TP MoKazaTens: km, kg
u my (Tabm. 5).

OneHka mMpoBOAMIIACH CIEAYIOIIUM 00pa3oM: KaKJIOMY MOKa3aTelo MPHUCBAUBAIOCh BECOBOE
3HaUEHUE B TMOPAJIKE YBEIUYEHHS B 3aBHUCUMOCTHU OT CTENEHHU YXYJIICHHS 3allUTHBIX CBONCTB
(yBenuueHue 3HAYeHHs km TMPUBOAUT K YXYIICHHUIO 3aIIMTHBIX CBOWCTB, T.€. 3arPA3HEHHBIE BObI
WHTEHCUBHEE MPO(UIBTPYIOTCS BHYTPH TPYHTOBOTO TOTOKAa M OBICTpee MOCTHTHYT BOJOYIOPA,
MO3TOMY BECOBOE 3HAUCHHUE M0 Mepe YXYAIICHHUS 3alUTHBIX CBOMCTB YBEIIMYMBACTCS; aHATIOTUYHAS
CUTYaIUsl U C pa3HOCThIO YpoBHel (H; — H>); BecoBOe 3HAUYEHUE 719, HAOOOPOT, YBEIUYUBACTCS MIPH
YMEHBIIIEHUH MOITHOCTH BOJIOYNOpa), 3aTeM IMPOU3BOJUTCS CYMMHPOBAHHE BECOBBIX 3HAUCHUI
TpeX TOKa3zaTelel M ycTaHAaBIWBAeTCs NOTeHUWan 33 (3allUTHOW 30HBI): BBICOKUH (BECOBOE
snauenue — 0-5), cpenuuit (5-10), cmaderit (10-15), ouens cnadwrii (15-18), oueHs BbICOKMit (3Ta
KaTeropuss BBOJUTCS JIOTIOJHHUTEIBHO JJs OONacTH, TJie¢ TPYHTOBBIE BOJIBl HE SBISIOTCS
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HCTOYHUKOM 3arpsi3HEHUsl HAIlOPHBIX BOJ, I/l€ UX YPOBEHb 3QJIETA€T HMKE NbE30METPUUYECKOIO
YPOBHS HAalIOPHBIX BOJ).

Ta6auua 5. [Norennuan 3ammurtHOM 30HEL Table 5. Potential of the protective zone.

km (M?/cyT) o Eﬁoi}zg;:c;igggﬁz () H; — H>— pa3Huiia B ypoBHSIX [IEPBOTO
[5] — BecoBoe 10-30 0-10 0.0 Y BTOPOT'O BOJJOHOCHBIX KOMILJIEKCOB (M)
3HAYCHUE [i] [_ 3] [6] [5] — BecoBOE 3HaUEHME
0-10 [1] 3 5 8 1-10 [1]
10-20 [2] 5 7 10 10-20 [2]
20-50 [3] 7 9 12 20-40 [3]
50-100 [4] 9 11 14 40-60 [4]
100-500 [5] 11 13 16 > 60 [5]
500-1000 [6] 13 15 18 0.0 [6]

Ycnosnvle oboznauenus:
— BBICOKHH MTOTEHITMAN 3aIIUTHON 30HHI (BecoBoe 3HaueHwue: 0-5)
— cpennuii (5-10)
— cnaberit (10-15)
— oueHb cyadbiii (15-18)
. — OYEHb BBICOKUN — 00JIaCTh, IJie TPYHTOBBIE BOJIbI HE ABISIOTCS HCTOYHUKOM 3arpsS3HEHUS

HAIIOPHBIX BOO, T'AC UX YPOBEHDb 3aJICTACT HUXKC IIbE3OMCTPUUCCKOTO YPOBHS HAIIOPHBIX BOJ

Pe3ynbTarhl OlieHKM OTEHITMANA 3aIIUTHONW 30HBI TPUBECHBI B TAOIHUIIE 5.

Ha cxemarnueckoil kapre 3amuTHON 30HBI (pHUC. 4) BBIACIAIOTCS THIOBBIC YYacCTKH C
pa3UYHBIM CTPOEHUEM 3alUTHON 30HBI MO TPEM IOKa3aTeNsM MU IO BEJIWYMHE 3AIIUTHOIO
noTeHIyania (tabm. 5), onucaHue KOTOPBIX MPUBEACHO B SKCIUIMKAIIMHU K KapTe (Tabi. 6).

Ha cxematnueckoit kapTe 3alMTHOM 30HBI (pUC. 4) BUIHO, 4TO B J0JIMHAX pek bosBel, PecceTsl
u Ku3apsl pacnpocTpaHEeHbl TEPPUTOPUM C OUYEHb CJHA0bIM  3alUTHBIM [OTEHIHAJIOM,
I'Jie HallOpHbIE U TPYHTOBBIE BOJBI HE pa3/ieieHbl BoJoynopoM. OHM NpeAcTaBiIA0T co00i eanHbIN
BOJIOHOCHBI KOMIUIEKC; HA HE3HAUUTENIbHBIX TEPPUTOPUAX IbE30METPUUYECKUN  YpPOBEHb
HaIllOPHOTO BOJOHOCHOTO KOMILJIEKCAa HECHJIBHO IPEBBINIAET YPOBEHb I'PYHTOBOI'O BOJIOHOCHOTO
KOMIUIEKCA, 4TO OIpeaesisieT OTCYTCTBHE NEPETEKaHUs 3arps3HEHHBIX TPYHTOBBIX BOJ B HAIIOPHBIE.
Ha Oouspmielt 4yacTu TEpPUTOPUM OTMEYACTCS CPEAHMH 3alMTHBIA MOTEHLHMAN 3aLIUTHOM 30HBI
HAIllOPHOTO BOJOHOCHOTO KOMIUIEKCA, M TOJBKO Ha HE3HAYMTENbHBIX Y4acTKax paclpoCTpPaHEH
cJ1a0blil ¥ BBICOKMH 3alllUTHBIN MOTEHIMATIBI.

Iloozemuvie HanopHvle 800bI U UX 3AWUUEHHOCb OM 3a2psA3Henus. B cBs3u ¢ TeM, 4TO Ha
uzyyaemMoil Tepputopun Kamyxckoit o6imacTh B 30HE paJMOAKTHBHOTO cjela OCHOBHBIMHU
3arpsA3HSIOIMMH BEIECTBAMM SIBIISIOTCA PaJMOHYKIIUIbI, OLEHKAa MHTEHCHUBHOCTH MWIPALUM M3
IPYHTOBBIX B HAMOPHBIE BOJbI MPOBOAMIACH MO ABYM paauonykmuaam — *°Sr u '¥’Cs. Onnaxo B
HaleM TpuMepe npusesieH Tonbko °'Cs (Benoycosa, Pynenko, 2021a, 20216).

Pacuer cTenmeHM MHTEHCHMBHOCTM MMIPALlUM CHIIBHO COPOMPYEMBIX 3arpsi3HSIOIIMX BEIIECTB
panuoHyKJInI0B (Taba. 7) mpoBoauics mo ypaBHeHusM (1) u (2) co creayromuMu napaMeTpamH,
XapaKTepHBIMU JJIS1 BOJIOYIIOPHBIX MOPOJ, T.€. IJIMH: O — OOBEMHBIN BeC CKelleTa IPyHTa, paBHBIN
1.8 xr/am®, 9 (n) — mopuctocth, paHas 0.2. Ha pucyHke 5 HpuUBEIEHO BpeMs MHIPAIUH
3arps3HsomuX Beuiects ¢ K, = 26 1/kr u K, = 1000 51/Kr, 4T0 COOTBETCTBYET MHTEPBATY 3HAYCHUN
xkoa(p¢uuuenta pacnpenenenus mus °’Cs. MakcumanbHoe Bpems wmurpanuu 1080078 et
cootBercTBYeT K, = 1000 1/kr, W = 0.01 M/Tro1 ¥ MOIIIHOCTH Bojoymopa, paBHoit 30 M (puc. 50);
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MuUHUManbHOe Bpems 3758 mer coorBerctBYeT K, = 26 si/kr, W = 0.025 m/ron M MOIIHOCTH
BoJIOynopa, paBHoit 10 M (puc. 5B).

YcnoBHbie 0603HaYeHus
lMomexyuan 3auumHou 30Hb!

OueHs cnabiit | Cpeanuit Macwra6 1: 200 000
Cnabuif H Boicokui

| 11 | Homep Tunosoro yuactxa

OBnacTb pacnpocTpaHeHWs EANHOTO - TeppuTOpUA, Ha KOTOPON NLE3OMETPHYECcKan
BOAOHOCHOID FOPU3IOHTa (OTCYTCTBME NOBEPXHOCTL HANOPHOTO BOAOHOCHOTO
BOAOYNOPA MEXAY rPYHTOBLIMM FOPU3IOHTA 3aNeraeT Builue YPOBHA rPYHTOBLIX BOA
W HanoPHLIMK BORaMMH)

- BoaoxpaHunuwe

Puc. 4. Kaprocxema moTeHIaNa 3allUTHOW 30HBI HAMOPHBIX Moa3eMHbIX Boj. Fig. 4. Schematic
map of the pressure groundwater protectability zone.
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Tabampa 6. Dxcrukanus K CXEMaTHYECKOW KapTe IMOTEHIMala 3allMTHOM 30HBI HAIOPHBIX
nom3emMHubIx Boa. Table 6. Explication to the schematic map of the protective zone of pressure

groundwater.

Ne Tunosoro

BecoBble 3HaueHus nokazareJeii (1) — Homep

> cymMMa BeCOBBIX

. 3amuTHLIH
ydacTkKa Ha | oKa3areis B o(ppoBKe THIIOBOI0 Y4aCTKA 3HAYEHHH } S —
Kapre my km H;-H, nokasareJiei
1 2 3 4 5 6
1 6 6 6 18 OYCHb CIa0BIN
2 6 3 6 15 OYCHb CIA0BIN
3 6 5 6 17 OYCHb CIA0BIN
4 6 4 6 16 OYECHb CIA0BIN
5 1 4 2 7 CpeTHUM
6 1 5 2 8 CpeHui
7 1 3 4 8 CpeTHHM
8 1 4 3 8 CpeTHHM
9 1 5 3 9 CpeTHUM
10 1 4 4 9 CpeTHHM
11 1 4 5 10 CJIa0bIH
12 1 4 2 7 CpeTHHM
13 1 2 3 6 CpeaHUi
14 1 3 2 6 CpeIHUI
15 1 3 3 7 CpeIHUi
16 1 1 3 5 BBICOKHIM
17 1 1 4 6 CpeIHUI
18 1 3 4 8 CpeIHUi
19 1 5 5 11 cJ1a0OBIH
20 1 3 5 9 cJ1a0OBIH
21 1 5 4 10 cJ1a0OBIH
22 1 2 3 6 CpeHUI
23 1 2 4 7 CpeIHU
24 1 2 5 8 CpeHUI
25 3 4 2 9 CpeHU
26 3 5 2 10 CJ1a0ObIH
27 3 3 2 8 CpeHU
28 3 4 2 9 CpeaHuUi
29 3 4 6 13 cl1a0ObIH
30 3 2 2 7 CpeaHuUi
31 3 3 3 9 CpeaHu
32 3 4 4 11 CpeHUI
33 3 4 3 10 cl1a0ObIH
34 3 3 5 11 cl1a0ObIH
35 3 1 4 8 CpeHUI
36 3 6 2 11 CI1a0ObIH
37 3 6 6 15 OY€eHb CIa0BIH
38 1 5 (ot -1 (I)IO -10) 6 OYEHb BHICOKHUH|
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IIpoxonxenue Tadaunsl 6.

1 2 3 4 5 6

39 3 S (ot -1 ?10 -10) 8 BIi)I::I(E;IIiII/)II;'I
40 3 3 (ot -1 ?10 -10) 6 BIi)I::I(E;IIiII/)II;'I
4 3 6 (ot -1 ?10 -10) ? BIi)I::I(E;IIiII/)II;'I
42 3 4 (ot -1 ?10 -10) 7 Bri:(e);l;ﬁ

Ta6auua 7. BpeMs NPOHUKHOBEHHUS CHIILHO COPOMpPYEMBIX BelllecTB, BKiodas *’Sr u '3Cs, uepes
pasnenbHbIil cioi (Bomoymop). Table 7. Time of penetration of strongly sorbed substances,
including *° Sr and !*7 Cs, through a separate layer (aquiclude).

W » T 137Cs
onron)| () K, t t t+ K, t; t t+ty
(a1/kr) (rom) | (rom) (ron) (/K1) (rom) (rom) (ron)
1 2 3 4 5 6 7 8 9 10
0.01 1 6 216 3 219 26 936 3 939
' 200 7200 3 7203 1000 36000 3 36003
0.025 | 6 86 1 87 26 374 1 375
200 2880 1 2881 1000 14400 1 14401
0.01 5 6 1080 13 1093 26 4680 13 4693
200 36000 13 36013 1000 180000 13 180013
0.025 5 6 432 7 439 26 1872 7 1879
200 14400 7 14407 1000 72000 7 72007
10 6 2160 26 2186 26 9360 26 9386
0.01 200 72000 26 72026 1000 360000 26 360026
30 6 6480 78 6558 26 28080 78 28158
200 216000 | 78 216078 1000 1080000 78 1080078
10 6 864 14 878 26 3744 14 3758
0.025 200 28800 14 28814 1000 144000 14 144014
30 6 2592 42 2634 26 11232 42 11274
200 86400 42 86442 1000 432000 42 432042

Ecnu paccmaTpuBaTh 3KOJOIMUYECKYIO CHUTYAIMI0 OTHOCHTEIBHO MUIPALUU PATUOHYKIUIOB,
YUUTBIBas TOT (pakT, uTo mo npoimectsuu 10 nepuonos nosypacnaga (oxoso 300 yner) yka3aHHbIe
PalMOHYKIINJBl paclaayTcs MPaKTHUYECKH IMOJIHOCTbIO, TO MOXKHO CKa3aTb, YTO Ha H3ydyaeMOH
TeppuUTOpUK 00a paJMOHYKIN/A 3a MEPHOJ] UX KU3HU HE MPOHMKHYT B HamopHble Bojbl. OIHAKO,
ecJIi MOIIHOCTh BOJOYIOPa Ha TePPUTOPHH OyJeT MeHbIe u focTuraet 1.0 M, To Toasko *’Sr npu
K, =6 1/kr u W = 0.01 m/ron nocTUrHeT HanopHbIX Boj 3a 219 net, a npu K, = 6 1/xr u W = 0.025
m/ron — 3a 87 ner (puc. 5). Ho apyrue 3arpsi3Hsionive BellecTBa, MMeEIOMNe KO3 (HUIMEHTHI,
ONMM3KHE K PACCMOTPEHHBIM 3HAYEHHSIM, MOTYT MPOHUKHYTh B HAallOpHBIE BOJbI B pa3iU4HbIE U
HE0003pUMBIE CPOKH 10 HECKOJbKUX MHJIJIMOHOB JIET, KaKk 3TO MOxkeT ObITh ¢ Ni, K, KOToporo
cocraniseT okoso 5500 s/kr.
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npr W = 0,01 s/roa, Kp = 26 a/xr npit W= 0.01 s/roa, Kp = 1000 a/rox

upst W = 0.025 w/roa, Kp = 26 a/kr

YcnoBHblIe 0003HaYeHUs

ot 1 000 000 1 500 000 aer ObaacTs pacnpocTpanenns eAHHOIO

ot 500 000 10 1 000 000 et BOJIOHOCHOTO TOPH30HTA (OTCYTCTBHE BO10YNOPa
o1 358 868 e 560850 ner MEAILY ITPYHTOBBIMH H HATOPHBLIMHE BOIAMHE)
ot 100 000 ;10 250 000 aer - Bojoxpanwanme
ot 50 000 10 100 000 aer
ot 10 000 10 50 000 aer
w— Pexn

or 5000 0 10 000 aer
or 1000 10 5 000 aer MacwTab 1: 200 000

C yM@HbLUeHHWeM
menee 1000 aer -

Puc. 5. Kaprocxema BpeMeHH TIPOHHMKHOBEHHS CMIILHO COpPOMpPYeMbIX BemlecTs (B T.4. '°’Cs) uepes
pa3zfenbHbI cinoil (Bojoynop) mpu pasnnuHbiX 3HadeHusX W u K, Venosuwvie obosnauenus:
a) W=0.01 m/rong, K, = 26 n/kr; 6) W = 0.01 m/ron, K, = 1000 n/kr; B) W= 0.025 m/rox,
K, =26 n/kr; 1) W = 0.025 m/roa, K, = 1000 n/kr. Fig. 5. Schematic map of the penetration time of
strongly sorbed substances, including 137Cs, through a separate layer (aquiclude): a) at W —
0.01 m/year, Kp = 26 l’kg; b) at W — 0.01 m/year, Kp = 1000 I’kg; c) at W — 0.025 m/year,
Kp =26 l/kg; d) at W — 0.025 m/year, Kp = 1000 l/kg.
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PesyabTaThl HCC/IeJOBAHMI H HEKOTOPbIe peKOMEeH 1Al U

Iloomannas cxema KOMNIEKCHOU MemOOUKU OYeHKU 3aAUjUUeHHOCIU YA36UMOCHU SPYHIMOBbIX
U HANOPHBIX NOO3EMHLIX 800 K 3aepsa3HeHuto. PaccMarpuBas cXeMmy 3TaloB KOMILICKCHON OLIEHKU
3alIUIIEHHOCTH W YS3BHUMOCTH T'PYHTOBBIX M HAIOPHBIX MOJ3EMHBIX BOJ K 3arps3HEHHIO, CIEIyeT
o0paTuTh BHUMAHHE HA €ro0 OCOOEHHOCTH M CTPYKTypy. Kak ObUIO OTMEYEHO BHINIE, CTPYKTYpa
OLICHKM 3aBHCHUT B TMEPBYI0 O4YEpeIb OT HMCTOYHHMKA 3arps3HEHHs, OT €ro pacrlojOXKeHUs u
KOHKPETHOTO (OJIHOTO) 3arpsi3HSIONIETO BEIIECTBA, OTHOCHUTEIBHO KOTOPOTO M OLEHHBAETCS
CTETeHb 3aIUINEHHOCTH MOJ3EMHBIX BOJA. B CBs3M ¢ 3THM paccMaTpuBAarOTCS JBa BapHaHTa
CTPYKTYpHBI: | — HCTOUHMK 3arpsi3HEHUs pacroyiaraeTcs Ha MOBEPXHOCTH 3€MJIH, B TIOUBE (puC. 6a);
I — ucTrouHMKOM SIBIISFOTCS 3arpsi3HEHHBIE TI0/I36MHBIE (TPYHTOBBIE) BOJIBI (pHC. 60).

A b
| BapuanT Il Bapuanr

42

Sa

B oromdoner [0 Or 10040 300 set
:] Or 30 a0 60 net D Bonee 300 net
D 01 60 a0 100 pet : noutans 3 proneHra

CTaneHs TeXHOT@HHON HarpyIxkm

m Cumaian - Cpeponn - Caaban

Ta

Puc. 6. Cxema sTanoB paboThl MO KOMIUIEKCHOM METOJMKE ISl OLEHKH 3alllUIIEHHOCTH U
ySI3BUMOCTH HOJ3€MHBIX BOJ K 3arpsizHenuto: A — I BapuanT, b — Il Bapuant. Fig. 6. Scheme of the
stages of a comprehensive methodology for assessing the protectability and vulnerability of
groundwater to pollution: A — Option I, b — Option II.

PaccmoTpuM sTambl peanuzanun [ BapuanTa OlleHKH 3alIUIEHHOCTH (puc. 6a).

1) HeobxonmuMo pacmosnarate KapToil, OTpakaloomled TIIomagb 3arpsi3HEHUS 3aJaHHBIM
3arpA3HAIONINM BELIECTBOM (clIoii 1a), B HaleM ciydae — ToIbko paauonykmuaom 2’Cs. Ilpu sTom
cleyeT OTMETUTh, YTO MHTEpPEC MPEJCTABIsAET TOJBKO IUIONIA/Jb €ro PACIpPOCTPAHEHHUS B 30HE
pPaZMOaKTUBHOTO cienia Ha Tepputopuu Kamykckoi 061acTu, a He «KOJTUYECTBO — HHTEHCHUBHOCTDY
3arps3HEHUS.

2) IloctpoeHue KapThl 3alIUTHON 30HBI TPYHTOBBIX BOJ (CJOW 2a), OTpaKkaromleld reosioro-
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TUIPOTE0JIOTUYECKOE CTPOEHHE IMOYBEHHOIO IOKPOBA M 30HBI a’panuu. MeToauka MOCTpOEHMS
IIpUBEACHA BBIIE M IPOJEMOHCTpUpoBaHa Ha pucyHke 1. Kapra sBisercsa O0a3oBoi s
JAIBHEUIINX OLIEHOK.

3) IlocTtpoeHue KapThl 3alLUIIEHHOCTH TPYHTOBBIX BOJ| OT 3arpsi3HEHUsS JIAHHBIM BEILLECTBOM
(cioit 3a), MeTO/IMKA MTPUBE/CHA BhIILIE U OTPa’KE€HA HA PUCYHKE 2.

4) Kapra ya3BMMOCTH IPYyHTOBBIX BoA mo >/ Cs (puc. 3B) CTPOMTbCS HA OCHOBE KapThl
TeXHOTeHHOH Harpysku 1o 37 Cs u kapThl 3alIUIIEHHOCTH IPYHTOBBIX BOJ OT 3arpssHenus ' Cs
(puc.2B). JlaHHBIM 1O OpYrUM pagMOHYKJIMJAM HeT. MeToarka NOCTPOEHHUS NMPUBEICHA BBILIE U
MoKa3aHa Ha pucyHke 3B. /{151 5TOro moHagoOUIMCh IBE KapThl: TEXHOTCHHON Harpy3ku (cioit 1a),
I/le T0OKa3aHa UHTEHCUBHOCTh HAarpy3Ku — €€ KOJIMYECTBEHHAasl XapaKTepUCTHKA (CIIeyeT OTMETUTD,
YTO TakMe CBEJEHHs MMEIOTCA TOJIBKO MO pajuoHykiauay '°'Cs M IpUBEJeHbl HA PUCYHKE 3a),
KapTa 3allMILEeHHOCTH (/oM 2a), mpUBEIEHHAs HA PUCYHKE 2B.

Ha »ToM 3aBepiiaercs OIeHKa 3alUIEHHOCTH U YS3BUMOCTH I'PYHTOBBIX BOJ K 3arpsi3HEHHIO
137Cs. Teneps mepexoauM K OLEHKE 3aIMIIEHHOCTH M YA3BUMOCTH HANOPHBIX MOA3EMHBIX BOJ K
3arpsiI3HEHUI0 ATHM HHIpeAueHToM. [lnomans ucciaenoBaHUN HAMOPHBIX MOA3EMHBIX BOJ Oblia
HECKOJIbKO YMEHBIIIEHA, YeM IUIOIIAJb Ciela Uil TPYHTOBOIO IMOTOKA, OTpaHHMYEHHAas peKaMu
bonsa, Peccera u XKuzapa, mockosbKy B JajmbHENIIEM OHa OblIa UCTIOB30BaHA IS PEIICHUS 33129
MaTeMaTHYeCKOr0 MOIEIUPOBAHUS MPOLIECCOB 3arps3HEHNUS HA JTaHHOM OOBEKTE.

5) locTpoenre KapThl 3alIMTHOM 30HBI HANOPHBIX TOJA3€MHBIX BOJ (cioi S5a). Meroauka
MIOCTPOEHHUSI ITPUBE/ICHA BBIIIE U MOKa3aHa Ha pucyHKe 4. Kapra 3amuTHON 30HBI COCTOUT U3 JABYX
YpOBHEH: TEpBbII XapaKTepU3yeT YCIOBHS B3aHUMOJCHCTBUS MEXAY TIPYHTOBBIM M HAlOpPHBIM
BOJOHOCHBIMU TOPHU30HTaMH; BTOPOH XapaKTEPU3YeT CTPOCHHE BOJOYIOPA, PA3AEIAIOLIETO 3TH
TOPU30HTBHI.

6) IlocTpoeHne KapThl 3alMIIEHHOCTH HAMOPHBIX MOJ3EMHBEIX BOJ OT 3arps3HeHus '°’Cs
(cioii 6a). MetoMka TIOCTPOEHUS MPUBEICHA BBINIC M TOKa3aHa Ha pucyHke 5. OHa aHajJoruyHa
METOJMKE OLEHKHU 3aIUIICHHOCTH TPYHTOBBIX BOJ OT 3arpsi3HEHUS, IIPU 3TOM HCIIOJIB3YIOTCS T€ XKe
YPaBHEHMsI, YTO U JUI TPYHTOBOro notoka. OcOOEHHOCTh NOCTPOCHUS TAKOM KapThl CBA3aHA C TEM,
YTO HEKOTOPBIE WIECHBI 3TOr0 YPABHEHMS U1 HAOPHBIX BOJ CIIELYET U3MEHHUTh. TakuM 4JIE€HOM
aBisieTcss W — MHQUIBTPALIMOHHOE MUTAaHUE T'PYHTOBBIX BOJ. Ero ciemyer 3aMeHUTh BETUYMHON
NepeTeKaHys U3 TPYHTOBBIX BOJ B HAIIOPHbIE WM MCIIOJB30BaTh JaHHbIE PEKUMHBIX HAOIIOIEHUH
32 YPOBHSIMU HAIOPHBIX BOJI, YTO ObIBA€T JOCTATOYHO HPOOJIEMATUYHO; B MHOM CIy4ae MOKHO
BOCIIOJIb30BaThCSl BEJIMYMHAMHU B JIOJSAX OT UH(DUIBTPALMIOHHOIO IUTaHMs, YTO U IOKa3aHO
pucyske 5. Kpome 3T0ro, kak npaBuio, OTCYTCTBYIOT JaHHbIE 0 KO3(h(UIMEHTaX paclpereeHus
copouuu (Kjp) onpenesieHHOro 3arps3HsIOIIEro BemecTBa JUlsi KOHKPETHOTO M3y4aeMoro oOBbeKTa,
[I0O3TOMY TaKK€ MCIOJIB30BAJIIMCh pPa3IM4YHbIE 3HA4YEHHUs OTOr0 IapaMerpa IO JaHHBIM
JUTEPaTypHBIX HCTOYHUKOB, KOTOpPBIE MCIIOJB30BAIUCh B HccienoBaHusx panee (benoycosa,
Pynenko, 2021a, 20216).

7) IlocTpoeHue pe3ynbTUpyIOIIeld KapThl 3allUIIEHHOCTH HAOPHBIX NOJ3E€MHBIX BOJ (cloi 7a)
OT HMCTOYHMKA 3arps3HEHMS, PACIOJIOKEHHOTO Ha IIOBEPXHOCTH 3€MJIM, IIyTEM CYMMUPOBaHMS
BPEMEH MMWIpPAllMM 3arpsI3HAIOLIETO BEIECTBA JO TPYHTOBBIX BOJ, & 3aTEM — JO HANOPHBIX.
B faHHOM cilydae HOCTpoeHHe Takoii kapTel ans '*’Cs He MMeeT CMbICTIa B CBA3M C YKe
Ha3BaHHBIMU BPEMEHAMHU TPOHUKHOBEHUS.

8) 3aBepIaroNM 3TaoOM UCCIEI0BAaHUNA MO TaHHOMY BapUaHTY SIBJISETCS OCTPOEHHE KapThl
YSA3BUMOCTH HAMOPHBIX MOA3EMHBIX BOJ K 3arpsi3HEHHIO (Cioil 8a) myTeM HaJlIoKEHUs JBYX KapT:
TEXHOTEHHOU Harpy3ku (cjioil 1a — KoJMuecTBeHHas! COCTABIISIONIAst HATPY3KH) U pe3yabTUPYIOIIeH
KapThl 3alIUIIEHHOCTH HAMOPHBIX BOJ (cioi 7a). Takyro KapTy AJs 9TOrO Cliydas TakKe He UMEeT
CMBICJIa CTPOUTb.

Bropoii Bapuant (puc. 60) mpeacrasiser co0oil yKOPOUEHHYIO CTPYKTYpPY MEpPBOTO BapHaHTa
3a cyeT yriyOleHusl ICTOYHMKA 3arpsA3HEHNUs 10 KPOBJIM TOPU30HTA IPYHTOBBIX BOJA. OH COCTOUT U3
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CJIEYIOLUX 3TAIOB.

1) [locTtpoeHne KapThl TEXHONEHHOW HAarpy3kd — KapThl 3arps3HEHUs TPYHTOBBIX BOJ
onpesiefieHHbIM  3arpssHsiomuM  BemectsoM  (1°7Cs), mpexcrasnsiomieil  co6oif  momans
pacrpocTpaHeHus 3arpsi3HEHUS M €r0 MHTEHCUBHOCTH (CI10it 10).

2) [MocTpoeHne KapThl 3aUTUTHOM 30HBI (CI0K 20) aHAJIOTUYHO STAITy S5 IIEPBOTO BapHaHTA.

3) IlocTpoeHue KapThl 3aIIMILEHHOCTH HAIOPHBIX MOJI3EMHBIX BOJ OT JAHHOTO 3arpsA3HSIOILErO
BelecTna (ciaoi 30) aHaIOTUYHO ATary 6 IepBOro BapuaHTa.

4) IlocTpoeHue KapThl YA3BUMOCTH HANOPHBIX BOJ K 3arps3HEHHMIO JIaHHBIM BEILECTBOM
(cmoii 40) aHaNOTMYHO dTaIry 4 TIEpBOTO BapHaHTA.

Ocobennocmu KOMNIEKCHOU OYeHKU 3AUUUeHHOCMU U YSA36UMOCTU 2PYHIMOBbIX U HANOPHBIX
noo3eMHbIX 600 K 3acps3HeHulo. PaccCMOTpeHHas CcXeMa JTaloB KOMIUIEKCHON OLEHKH
3alUIIEHHOCTH W YA3BUMOCTH TPYHTOBBIX M HANOPHBIX MOJ3EMHBIX BOJ K 3arpsA3HEHHIO 10
IIEpBOMY BapUaHTy HUCCIIEI0BaHUM MTpelHa3HayeHa /Ui J000ro THIIA 3arpsi3HEHMS, a HE TOJIBKO JUIs
naHHOro ciy4das. IloaTomMy miii HamopHOTO BOJOHOCHOTO TOpPU30HTA IIPOBEJEHA OLIEHKa
3alUIIEHHOCTH MOJI3EMHBIX BOJ OT 3arpsA3HEHMsI HEUTpalbHBIMU, €1a00 U CUIIBHO COpOMpPYEMBIMU
3arpsi3HAIONIMMHU  BEIIECTBaMHU, C BapHalUsIMH KO3((GUIUEHTOB paclpeieieHus] U BeIUYUH
MUTaHUs (B COOTBETCTBUU C 3Tanamu 5 U 6 U3 MepBoro BapuaHTa METO/IUKH).

Ecnu onenuTh gaHHBIE O BpeMEHax MPOHUKHOBEHHMS 3arps3HSIOMIMX BemecTB (Tadm. 7, §),
TO BUAHO, 4TO MpH K, < 10 /KT, XapakTepHOTO Ui cllabo cOpOUPYEMBIX 3arpsA3HSIONINX BEIIECTB,
BpeMeHa MPOHUKHOBEHHS MOryT ObiTh MeHee 300 ser, koTopble cooTBeTCTBYIOT 10 mepuomam
MOJTypachaga OCHOBHBIX PalHOHYKINMAOB B cieae °Sr u '*’Cs u SBNSIOTCS IpaHUUHBIMH IS
OLICHKM CTENEHM 3allUIIEHHOCTH OT HUX. B TakoM ciiyyae HEOOXOAWMO IPOBECTU OLEHKY
3alUIIEHHOCTH U YA3BUMOCTH [0 BCEM J3TalaMm IEepBOr0 BapuaHTa, a TakKe BTOPOro BapHaHTa.
Ecmn 3B Oymer He paawoHykiaua, a OcoOEHHO, ecnu 9To HelTpambHoe 3B, TO Tpamanuun
MHTEHCUBHOCTU TE€XHOTEHHOM HAarpy3Kd MOXHO M3MEHUTb OTHOCHUTENIBHO JIPYIMX OTpaHUYUTENEH,
HampuMep, BPEMEHHU 3KCIUTyaTalliu Bojo3abopa. Ho ecnu paccmarpuBarh 3arps3HEHHE CHUIIBHO
copbupyembIM BemecTBOM ¢ K, > 10 J1/Kr, To MOKHO IpeHeOpeyb MOCIETHUMH ABYMS dTanamu
MIEpPBOro BapHaHTa, KaK ATO [MOKA3aHO B HALIEeM MPUMEpPE, a BTOPOM BapUaHT MPOUTH MOJHOCTHIO U,
€CIIM 3arps3HSIONIee BEIIECTBO — HE PATUOHYKIIMJA, TAKKE MOMEHSATh Ipalallid TEXHOTECHHOMN
Harpy3Ku.

OTHOCHUTENBHO  PAJMOHYKIMAOB  CIEAyeT OTMETUTh, YTO BpeMEHa MPOHUKHOBEHHS
PACCUNTBIBAIOTCA C YUETOM BpeMeHH ux xu3Hy, T.e. 300 net a1s *°Sr u '*’Cs, a Bce, uTo Gomblme,
JUIA HHUX YK€ HempaBaonojo0Ho. Takxke HE YYMTHIBA€TCS H3MEHEHHE WX IIOBEPXHOCTHBIX
BBIMIAJICHUN C KaXKIbIM MEPUOAOM IMOJypacnajaa, MoTOMYy YTO pacyeT BENETCS Ha OmpeielieHHOe
BpeMsi, B JAHHOM Cilydae — Ha nepuoj nocie aBapuu Ha YADC. Ho eciu onieHUBaeTCs 3arps3HeHHe
npyrux 3B ¢ BEICOKMMU 3HAYCHUAMU K, TO YYUTHIBAIOTCS BCe BpeMeHa, npespimatomue 300 ser.

Bce Bbie mepedrcieHHbIE OICHKH MPOBOAMINCH MOJIEIbHO-KAPTOrpaQUuecKuM METOA0M;
pacueTsl M KapTUPOBAHHE BBHITIOJHEHbl AHAIUTUYECKMM METOAOM IO MPEAJIOKEHHBIM HaMU
ypaBHenuto u metoauke (bemoycosa, 2001, 2003, 2005, 2012, 2019; benoycosa u ap., 2006, 2019;
benoycosa, Pynenxko, 2020; benoycosa, Pynenxo, 2021). JIns OlleHKH a/IeKBaTHOCTHU TMOJIyYEHHBIX
pacyeTHbIX M KapTOrpaUuecKux pe3yslbTaToB ObUIO JTOMOJHUTENBHO MPOBEIEHO MaTeMaTHYECKOe
MO/IETUPOBAHUE MPOIIECCOB MUTPALMU PA3IUYHBIX 3arpS3HSIOIIMX BEIIECTB OT Clab0 0 CHUIIBHO
COpOMpYeMBIX paJMOAKTHBHBIX M HEPAJMOAKTUBHBIX C HUCHOJb30BaHWEM Moaenu MT3D
(benoycosa, Pynenko, 2021a, 202106). MoaennpoBaHue MpoBOJIMIOCH B paMKaX BTOPOTO BapHaHTa
(puc. 60) MO pa3nUYHBIM CIEHApPHUsIM, a HE 10 peaJbHBIM YCIOBHUSAM, TaHHbIE O KOTOPBIX
oTcyTcTBYIOT. CpaBHMBas XapaKTEPUCTUKU PE3YJbTATOB MOJECIUPOBAHMS IMPOIECCOB MUIPALIUH
3arpsI3HAIOIIMX BELIECTB M0 Pa3IMYHbIM CLEHAPUSIM UX Pa3BUTHS, MOKHO OTMETHUTH CIIEAYIOILEE.

s cunvno copoupyemuix 3B k 300-1eTHEMY CPOKY XapaKTEpHO 3HAYMTEJIbHOE YMEHBLICHUE
UX KOHLEHTpalMid B IEpBOM cjoe (TPyHTOBbIE BOJABI) M, COOTBETCTBEHHO, HakorjeHue 3B B
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BOJIOYIIOPE, TOTAA KaK B TPEThEM cJI0€ (POPMHUPYIOTCS ABE JTHH3HI.
s cunvro copbupyemvix 3B ¢ paduoakmusnvim pacnadom Bce nunave: k 300-nmeTHeMy CpoKy B

TPYHTOBBIX BOJAX M BOJOYIOPE OCTArOTCS clieAbl 3B, a B HaOPHBIX BOAAX OTMEYArOTCs cleabl 3B ¢
xoHuentparueit 0.027 — 3-102° TIJIK.

Taboauna 8. Bpemsi mpoHUKHOBEHUs c1ab0 cOpOMpPYeMOro BEIIECTBA 4epe3 pa3AesIbHBbIA CIIOU
(Bomoymop). Table 8. Penetration time of a weakly sorbed substance through a separate layer
(aquiclude).

t; (ron) — tu (romx) —

W wiron) | M(m) | Ky (2/ker) BTopo(iz’l q.lzeﬂ 3) HepBbEifl ‘{J)Ieﬂ 3) &+ tu (ron)
0.01 1 0.5 18 3 21
0.025 1 0.5 7 1 8
0.01 5 0.5 90 3 93
0.025 5 0.5 36 1 37
0.01 10 0.5 180 26 206
0.025 10 0.5 70 26 96
0.01 30 0.5 540 78 618
0.025 30 0.5 210 78 288
0.01 1 1 36 3 39
0.025 1 14 1 15
0.01 5 1 180 13 193
0.025 5 1 70 7 77
0.01 10 1 360 26 386
0.025 10 1 140 26 166
0.01 30 1 1080 78 1158
0.025 30 1 420 78 498
0.01 1 3 108 3 111
0.025 1 3 42 1 43
0.01 5 3 540 13 553
0.025 5 3 210 7 217
0.01 10 3 1080 26 1106
0.025 10 3 420 26 496
0.01 30 3 3200 78 3278
0.025 30 3 1216 78 1294

Cnabo copdoupyemvie 3B MUTPUPYIOT 3HAUUTENLHO MHTeHCHUBHEE, U K 300 roay B TPYHTOBBIX
BOJAX OCTAaETCs JIMIIb HE3HAYUTENIbHOE KonuuecTBO — B mpeaenax 0-2.0 IIJIK, a B Bogoymope
HAKaIlJIMBAETCSl MPAKTUYECKU MACHTUYHOE KOJIMYECTBO, KAK M B IPYHTOBBIX BOJAX, TOrJa Kak B
HaIOPHBIX BoJIaX (hOPMUPYETCS JIMH3A 3arPsS3HEHHBIX BOJI.

I'maBHBIME (hakTOpamu (GOpMHpPOBaHUS TPOLECCOB Murpanuu 3B sBiAIOTCSA, BO-NEPBBIX,
panmoakTUBHBIM pacnan 3B; BO-BTOpBIX, cOpOLMOHHBIE cBoicTBa 3B (uem Oombiie Kp,, Tem
Me/JIeHHEee OHO NMPOHUKHET B HAIIOPHBIE M0/I3€MHBIE BOJIbI, HO (DaKTOp BpEeMEHH YMEHBIIAET IIaHChI
HaIlOPHBIX BOJ OCTaThCSl HE3arps3HEHHBIMH); a B-TPETBUX, TUAPOAMCIEPCHUS TIOTOKOB IOJI3EMHBIX
BOJ, KOTOpas B CBOK OYEPEIb 3aBUCUT OT T€OJIOTO-TMAPOreOJIOTUYECKUX YCIOBHHM HM3ydaeMou
TEPPUTOPUH.
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Takum oOpa3oM, poib BOJOYNOpa OUYEHb BeNMKAa Npu MuUrpanuu 3B u3 TpyHTOBBIX BOJ
B HaniopHble. OH JOCTaTOYHO HAAEKHO 3alUINACT HAMOPHBIE BOJBI OT TOBEPXHOCTHOTO
3arps3HEHUS M 3arpsi3HEHHBIX TPYHTOBBIX BOJ, HO, C IPYTOH CTOPOHBI, SIBISIETCS MOTEHIMAIBHBIM
MCTOYHHUKOM 3arpsi3HEHUS HATIOPHBIX TO3EMHBIX BO/I.

[ToyueHHbIe JTaHHBIE TIO MOJCIBHO-KapTorpadguaeckomy Meroay (Tabn. 7) HE MPOTUBOpEUAT
naHHeIM MojenupoBanus (benoycosa, Pynenko, 2021a, 20216), X0Ts U pa3HATCA MO XapakTepy:
10 IEPBOMY METOJly 3TO BpeMs NPOHUKHOBeHUs 3B, a mo BTopomy — koHueHrtpamus 3B. Ilo
JaHHBIM O MUTpallid CHJIBHO copOmpyemMbix 3B ¢ pacmamom, B TpeTheM CII0O€ — HAMOPHBIX
MOJI3EMHBIX BOJAX, — KOHIIGHTpanuu 3B mpeBhIIaroT Bce BO3MOXKHBIE BEIWYHHBI U COCTABISIOT
0.027 — 3102° IIIK (Benoycosa, Pynenko, 2021a, 20216), a Bpems murpauun >’Cs Takxke
ype3BbluaiiHO Benuko — Oosee 300 yer, 4yTO CBUAETEIBCTBYET O TOM, YTO 32 BpeMs JKHU3HU
pagnonykiuaa (300 yer) HanopHble BoJbI He OyayT uMm 3arpssHensl (benoycosa, Pynenxo, 2021a,
202106).

KomrmutekcHas omieHKa 3aliiieHHOCTH U YSI3BUMOCTH TPYHTOBBIX M HAIOPHBIX TIOJ3EMHBIX BOJI
MO3BOJISIET JIENIATh MTPEIBAPUTEIBHBIE TPOTHO3HBIE pAaCUeThl M3MEHEHHUS DKOJIOTHYECKON CUTYalluu B
TPYHTOBBIX M HAIOPHBIX BOJIAX HA 33J]aHHBIE MOMEHTHI U MTPOMEKYTKH BPEMEHH B 3aBUCUMOCTH OT
penaemMbIX 3ajad, Hapumep, Uil 3arps3HeHus paauoHykiaugamu 1o 300 ner ¢ marom B 30 ser
(st apyrux 3B 9TH BpeMeHHbIE TIOKa3aTeln MOTYT MeHThCs ). KpoMe Toro, Takast OleHKa MOKET
JaBaTh IPEIBAPUTEIBHBIC MPOTHO3BI 10 M3MEHEHUIO SKOJIOTUYECKON CHTYaIllMH TP W3MEHEHHUU
KIMMara. 3a KIUMaT B JaHHOW METOJWKE OTBEYAeT TOJBKO OJWH KIMMATHUECKHH mapameTrp —
CPEIHEroJIoBO€ KOJMYECTBO aTMOC(EpHBIX OCaaKOB, OKa3blBaIOLee BIUSHUE Ha TakKoOl
TUAPOTEOJIOTUYECKU mapaMerp, kKak W (MHQUIbTpalMOHHOE MUTAaHUE), U Ha CBA3aHHOE C HUM
nepeTeKaHne MoA3EMHBIX BOJ U3 OJTHOTO BOJOHOCHOTO TOPU30HTA B PYTOM.

DTy npobsIeMy MOXKHO PENINTh C UCIOJIb30BaHUEM pa3pab0TaHHOTO HaMU YHU(DHUIIMPOBAHHOTO
METOJIa OIEHKH 3allUIEHHOCTH TOJ3eMHBIX BoJ OT 3arpsi3HeHus (bemoycoBa, Pymenko, 2018),
KOTOPBIH MO3BOJISIET MPOU3BOAUTH OOJIBIIOE KOJMUYECTBO OLICHOK 3AllMIIEHHOCTH MpPU Pa3IMYHBIX
BEJIMYMHAX WH()UIBTPAIIMOHHOTO TMUTaHMS, 3HAYCHUU KOA(DOUIIMEHTOB pachpeneieHus CopOmuu
WIM Cpa3y U3MEHSsS 3TU JBE BEIMYMHBL. TakuM 00pa3oM, MOXKHO paccMaTpuUBaTh MHO>KECTBO
CIICHApUEB H3MEHEHUs KJIMMAaTa U JaBaTh MPEABAPUTEIBHYIO MPOTHO3HYIO OICHKY HW3MEHEHHS
HKOJIOTMYECKOM CUTYaIMH B MOJA3EMHBIX BOJAX MPH 3arps3HEHUU UX Pa3IMUYHBIMU 3arpA3HIIOIIUMU
BemectBamu. [lpu coBpemenHbix ['MIC-TexHOJIOTHAX HE COCTaBUT OOJBILIOTO TPyAa MHOJYYUTh
00JIbIIOE KOJIMYECTBA KapT 3alIUIIIEHHOCTH U YSI3BUMOCTH T'PYHTOBBIX U HAIIOPHBIX MOJI3€MHBIX BOJT
B YCJIOBUSIX U3MEHEHHMSI KJIMMaTa U XUMHUYECKOIO COCTaBa 3arpsi3HUTENICH.

Hexomopvle  pexomenoayuu no  ucCnoivb308aumuio  KOMNJIEKCHOU — MemOOUKU  OYeHKU
3AWUWEHHOCIU U VA36UMOCMU 2PYHMOBLIX U HANOPHBLIX NOO3EMHBIX 600 K 3A2PA3HEHUIO.
Pa3paboTanHas KOMIUIEKCHAsE METOJHMKA OIICHKM 3alllMIICHHOCTH W YSI3BUMOCTH TPYHTOBBIX M
HAMOPHBIX MO3EMHBIX BOJ K 3arPS3HEHUIO 110 CYTH CBOEH SBISETCS METOIUKON MPEeABAPUTEIHHOTO
MPOTHO3a M3MEHEHHUsl 3KOJIOTUYECKOW CHUTyallMd B TOJ3EMHBIX BOJIaX TPYHTOBBIX M HAMOPHBIX.
B cBsi3u ¢ 3TUM MOKHO JIaTh HEKOTOPbIE PEKOMEH/IAIIMHU TI0 €€ UCTIOIb30BAHUIO.

Bo-miepBbIX, OHa MOJKET WCIOJL30BAThCA B TPAKTHUKE TMOBCEAHEBHBIX CTaHJAPTHBIX
THJIPOT€0JIOTHYECKUX HUCCIEIOBAaHUA OOBEKTOB W TEPPUTOPUI, TIJe BO3MOXHO 3arps3HEHUe
MOA3EMHBIX BOJI, BKJIIOUAs paJlOaKTUBHEIN ciex oT aBapuu Ha YUADC.

Bo-BTophiX, €€ 1enecooOpa3HO UCMONb30BaTh Ha  MPEANPOEKTHBIX  CTaAUAX IpHU
MIPOEKTUPOBAHUU OOBEKTOB, KOTOPhIE MOTYT HECTH ONACHOCTh 3arpsi3HEHUs OKpYXKarollel cpeipl,
TaKMX KaK aTOMHbBIE CTAHIIUH, IPEANPUITAS XUMUYECKOU, TSHKEION, He(TSIHOW U APYTrUX oTpaciei
MIPOMBIIIJIEHHOTO U CEJIbCKOTO X035 CTBA.

B-ueTBepThIX, €€ HYKHO UCIOJb30BaTh IPH MPOSKTHUPOBAHUM B0/103a00POB MPECHBIX
MOJI3€MHBIX BOJI.

B-mateix, oHa Takke HEOOXoauWMa Uis TPOEKTUPOBAHUS CTPYKTYphl MOHUTOpPUHTA 3a
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MI0JI3€MHBIMHU BOJIaMH Ha BCEX HA3BAHHBIX 0OBEKTaX.

IIpn 5TOM Hay4yHO-IpAaKTHUYECKas OTJadya OT 3TOW METOAMKH 3HAYUTEIILHO YBEJIIMYMBAETCS OT
IpUMEHEHHsT ee B YHH(pHUUUpOBaHHOM BapuaHTe. OCOOEHHO 3TO BaXXHO TPH COBPEMEHHBIX
M3MEHEHUSX KIMMaTa, IPOrHO3bl KOTOPBIX HE OTIMYAIOTCS BBICOKOM IOCTOBEPHOCTHIO B HACTOSIIIEE
Bpems. Mcrmosib30BaHHE METOAMKHU II03BOJISIET 3apaHee OLEHUTh U MOCTPOUTh 3HAYUTEIIBHOE
KOJIMYECTBO KapT 3allUIIEHHOCTH M YS3BUMOCTH MOA3EMHBIX BOJ K 3arpsi3HEHUIO Ul Pa3IU4HbIX
CLIEHapueB KJMMara (Mpu u3MeHeHusX W) u ycinoBul 3arps3HeHus (Ipu pas3iauuHbiX Kp) u 00oux
[I0Ka3aTejael OJHOBPEMEHHO. A 3aTeéM W3 MHOTIOYMCIEHHBIX KapT (aqp0oMa) MOKHO BbIOpaTh
BapUaHThl, HanboJiee MOAXOIAIINE JUIsl TEKYIIETo rojia M0 yCIOBHUSAM CPEJHEr0J0BbIX OCAJIKOB Ha
M3y4aeMOi TEepPPUTOPUH U KOHKPETHOTO 3arpsi3HSIONIETO BellecTBa. Bce 3T0 MO3BOJIUT YBEIMUYUTH
OTIEPAaTUBHOCTH IPOBEJICHUS HKOJIOTMYECKUX 3aIUTHBIX MEPONpPUATHN B CIydae BO3HUKHOBEHHS
Ype3BbIYAHBIX CUTYallui Ha 0OBEKTE N3yUEHUS MM HAOIIOIEHNUS.

BrIBOIBI

Pa3paboTaHHass KOMITJICKCHAs METOJIMKA OIEHKU 3alTUIICHHOCTH M YSI3BUMOCTH TPYHTOBBIX H
HAIlOPHBIX TIOJ3EMHBIX BOJI, CTPYKTypa KOTOPOH COCTOMT W3 JIBYX BapHAHTOB: TICPBBIA
COOTBETCTBYET YCJOBHSAM, KOTJa WCTOYHHK 3arpsA3HCHHUS HAXOJIUTCS HAa TOBEPXHOCTH 3EMIIH;
BTOPOH — UCTOYHUK  COJEPKUTCS B TPYHTOBBIX BOJIaX, OHHM 3arps3HEHb..  MeTouka
XapaKTEePU3yeTCs PAAOM TPEUMYIIECTB W MOXKET HMMETh JIOCTATOYHO IITHPOKOE MPUMEHEHHE B
MIPAKTHKE KOJIOTO-THIPOTECOIOTHUSCKUX HCCIICTOBAHUHN M OTIIMYACTCS CBOUMH OCOOCHHOCTSIMHU:

1) Panee pa3paGoTaHHass METOAMKA MOXET MPAKTUYECKH MOJHOCTHIO MCIOJb30BAThCS U JUIS
HAMOPHBIX MOJ3EMHBIX BOJ B paMKax MX OObEIMHEHHOW BEPCUU — KOMILJIEKCHOM METOIMKH 3a
HCKIIFOYCHHEM HEKOTOPBIX OCOOCHHOCTEH: OTIMYMA B TOCTPOCHHUM KapT 3allUTHOW 30HBI H
OTpaHUYEHUN MPU MOCTPOCHUU PE3YIbTUPYIOIIEH KapThl U COOTBETCTBYIOIIECH KapThl YSI3BUMOCTHU
10 TIepBOMY BapuaHTy (puc. 3a) Juisl paJMOaKTUBHBIX BellecTB ¢ K, > 6 JI/KT, Tak Kak MMpu OOJIbIINX
3HAYEHUSX HAMOpHBIE BOJABI Ha BCEM TEPPUTOPUHU MOJHOCTHIO 3AlUIIEHbI OT 3arps3HEHUs 3a
nepuos Ku3HK 3Toro paguonykiuaa *’Cs. Kpome 5Toro mccienoBanuch CBOMCTBAa BOZOYNOPA,
Pa3aeNAoIIero 3TH TOPU30HTHL. BBISICHEHO, 4TO B 3aBUCHMMOCTU OT JIMTOJIOTMYECKOTO CTPOCHHS,
XapakTepa 3arpsi3HEHUST OH MOXET ObITh HEMPOHUIIAEMBbIM, CJIa0ONPOHHUIIAEMBIM U JIaXe
JOCTaTOYHO MPOHULAEMBIM Ui 3arps3HUTENIel, a Takke ObITh MOTEHLIHAJIbHBIM HCTOYHHKOM
3arpsi3HEHUs AJIsl HAallOPHBIX BOJI.

2) KommnekcHass METOOMKa MOKET HPUMEHAThCS Ui Ciiydasl 3arps3HeHus Bcemu 3B oT
HEUTpPaIbHBIX, c1a00 U CHILHO cOpOupyemMbIX 3B ¢ painoakTUBHBIM paciazioM U 0e3 Hero.

3) OpdexTuBHOCTH  3TOM  METOAWKU  yBEIWYMBAETCS  NPU  HUCIOJIB30BAHUU €€
YHU(PUIIMPOBAHHOTO BapuaHTa, OCOOEGHHO MPH PEHICHHH 3KOJOTHYECKHX MpOoOJieM B YCIOBHUAX
W3MEHEHHUS KJIMMaTa U MPH 3arpsi3HEHUH TIOJI3EMHBIX BOJ pa3iuuHbIMU 3B.

4) Metonuka SBISETCS MpPeIBAPUTEIBHBIM MPOTHO30M HM3MEHEHHUS SKOJIOTHMYECKOH CHTYyaluu
Ha M3y4aeMbIX 0OBEKTaX, OCOOCHHO Ui HAIllero — B 30HE PaJMOaKTUBHOTO cJie/la OT aBapuu Ha
YADC, korga TeOpeTHYECKH H3BECTHO, UYTO C KaXAbIM IEPHOJIOM TOJypachana paauoHYKINUIa
(**7Cs = 30 net) MIOTHOCTb €ro BHINAJECHUS YMEHBIIAETCS BJBOE, a €r0 KU3Hb OrPAHMUMBAETCS
10 nepuogamu nmosypacnaza (300 ner).

5) Ucnonp3oBanue pa3pabOTaHHON KOMIUJIEKCHOM METOJUKM OIEHKU 3allUIIEHHOCTH U
ySI3BUMOCTH TPYHTOBBIX M HAIMOPHBIX TOJ3€MHBIX BOJI K 3arpsA3HEHUIO IIeeco00pa3Ho Mpu
HKOJIOTHYECKUX THUIPOTEOJIOTHUECKUX HCCIEIOBAHUAX HA 3arpsA3HEHHBIX TEPPUTOPUAX THIIA
4epHOOBUTHCKOTO Cliefla U JIPYTHX TEePPUTOPUSX, MPH MPOSKTUPOBAHUU SKOJOTHUECKH OIMACHBIX
00BEKTOB MPOMBIIUICHHOCTH, CEIhCKOTO XO3AWCTBA U JAp., NMPU MPOEKTUPOBAHWUU BO/I03a00pOB
MPECHBIX TOJ3EMHBIX BOJ U TMpPH MPOSKTUPOBAHMM U OPraHU3allMl CETH HSKOJIOTHYECKOTO
MOHUTOPHHTA.
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Qunancuposanue. PaboTa BBINOJIHEHA B paMKax HaydHOTo mpoekta PODU Ne 20-55-S52003 u
no locynapctBennomy 3amanuto  ABII PAH Ne FMWZ-2022-0002 «MccnenoBanus
TE€0IKOJIOTUYECKUX MPOIIECCOB B THAPOJIOTHUYECKMX CHUCTEMax CYIIH, (OPMUPOBAHUS KayecTBa
MOBEPXHOCTHBIX M TOJ3EMHBIX BOJl, NpoOJeM yIpaBieHUs BOJHBIMU pecypcaMud U
BOJIOINOJIb30BAHUEM B YCIOBUSAX U3MEHECHHM KJIMMATa U aHTPOTIOT€HHBIX BO3JACHCTBUIN.
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The object of our research is groundwater and confined subterranean waters in the territory of the
Kaluga Region, most affected by the accident at the Chernobyl Nuclear Power Plant. Our aim was to
develop a complex methodology to assess the level of protection and vulnerability of groundwater and
confined subterranean water against various pollutants, including radionuclides.

The methodology was tested in the territory of the Kaluga Region, in its zone of the radioactive
contamination zone from the Chernobyl Accident.

Our earlier studies that assessed protection and vulnerability of subterranean waters began almost
immediately after the accident and were carried out according to the original methodology, developed
by the authors of this article. They were fully focused on groundwater only or, more specifically, on
the first aquifer under the ground surface. However, this research studies both groundwater and
confined subterranean water, located below the groundwater aquifer.

Depending on the location of pollution source, two approaches are considered to solve our main aim.
The first option involves a pollution source placed on the ground surface, the way it was observed
right after the Chernobyl Accident. The second option involves a pollution source located directly in
the groundwater or spreading over a large area, in which case the number of study objects decreases,
and it becomes a specific case of the first option.

The results of our research and the methodology we offer for the further use can be applied for
assessment of the ecological state of subterranean waters in different country territories, at different
scales; for design and construction of fresh subterranean water intakes for drinking purposes; for
design and organization of subterranean water monitoring in the areas affected by the Chernobyl
Accident. The results of our research are new and significant for further studies.

Keywords: groundwater, subterranean confined water, pollutant, subterranean water protection from
pollution, subterranean water vulnerability to pollution, radionuclides, sorption, migration period.
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Kaluga Region, most affected by the accident at the Chernobyl Nuclear Power Plant. Our aim was to
develop a complex methodology to assess the level of protection and vulnerability of groundwater and
confined subterranean water against various pollutants, including radionuclides.

The methodology was tested in the territory of the Kaluga Region, in its zone of the radioactive
contamination zone from the Chernobyl Accident.

Our earlier studies that assessed protection and vulnerability of subterranean waters began almost
immediately after the accident and were carried out according to the original methodology, developed
by the authors of this article. They were fully focused on groundwater only or, more specifically, on
the first aquifer under the ground surface. However, this research studies both groundwater and
confined subterranean water, located below the groundwater aquifer.

Depending on the location of pollution source, two approaches are considered to solve our main aim.
The first option involves a pollution source placed on the ground surface, the way it was observed
right after the Chernobyl Accident. The second option involves a pollution source located directly in
the groundwater or spreading over a large area, in which case the number of study objects decreases,
and it becomes a specific case of the first option.

The results of our research and the methodology we offer for the further use can be applied for
assessment of the ecological state of subterranean waters in different country territories, at different
scales; for design and construction of fresh subterranean water intakes for drinking purposes; for
design and organization of subterranean water monitoring in the areas affected by the Chernobyl
Accident. The results of our research are new and significant for further studies.
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The accident at the Chernobyl Nuclear Power Plant happened more than 30 years ago, but the
aftermath of environmental pollution caused by radionuclides will affect us for much longer.
It is known that the fallout activity comes to a halt after 10 half-lives of radionuclides. The most
affected is the first layer of aquifers or groundwater, located under the ground surface, while the
confined waters in the depth are less polluted. Therefore, it is important to study and assess
protection of subterranean waters from pollution and their vulnerability to it in the radioactive trace
in the Kaluga Region.

On the basis of our research, we developed a methodology for a comprehensive assessment of
protection of groundwater and confined subterranean waters to pollution and their vulnerability to
various substances, which then was tested in Kaluga region, where the radioactive trace from the
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Chernobyl Accident is located.

Our previous studies on the subject began almost immediately after the accident and carried out
according to the original methodology, developed by the authors (Belousova, 2001, 2003, 2005,
2012, 2019; Belousova et al., 2006, 2019). However, they were focused on groundwater only, i.e.
the first aquifer under the ground surface. The current study presented in this article covers this
problem fully, both for groundwater and confined subterranean waters that are located below the
aquifer.

Assessment of groundwater protection and its vulnerability to pollution

To study the migration processes of various pollutants (from poorly to highly sorbed), including
radionuclides, through the groundwater and confined subterranean waters we used mathematical
modeling and a MT3D mathematical model (Belousova, Rudenko, 2021). It studied an aquiclude
with a consistent lithological structure, located between groundwater and confined waters.
However, such structure is quite unusual, because natural aquicludes may contain lenses, layers of
more permeable sediments and industrial elements, such as drill wells and other deep structures,
all of which can significantly disrupt the aquiclude and accelerate pollution of subterranean waters.
This indicates that aquicludes cannot fully protect the confined waters from pollution. However,
they have a complex permeability, which makes it possible for lenses of pollution to form in the
confined waters (the concentration of pollutants would be insignificant in that case).

The aforesaid information confirms that it is necessary to assess the protection of subterranean
confined water from pollution by various substances using other methods, including the model-
cartographic one, the methodology of which we developed while assessing the protection of
groundwater from pollution and which will be applied to confined waters together with
groundwater.

We developed a structure of a complex methodology for assessing the protection degree of
ground and confined subterranean waters and their vulnerability to pollutions, and then tested it out
in the area of the radioactive trace from the Chernobyl Accident in the territory of the Kaluga
Region.

Depending on the location of the subterranean waters pollution source, we consider two
approaches to solve the stated problem.

The first approach is used when the source of pollution is located on the ground, the same way
it was after the accident. The study objects are as following: 1) protective zone, 2) groundwater,
3) separate protective layer, i.e. aquiclude, 4) confined waters.

The second approach is used when the pollution source is located in the groundwater or when
the pollution is spread over a large area. In this case, the study is one step shorter and includes the
following objects: 1) groundwater, 2) aquiclude, 3) confined waters. This approach is considered a
special case of the first one.

Further below we will discuss the first approach for assessing the subterranean waters
(including groundwater and confined waters) protection and their vulnerability to pollution.

A protective zone to shield the groundwater from pollution. This is a two-level zone that
consists of soil and rock of the aeration zone and separates subterranean waters from surface
pollution. Protection is its ability to prevent penetration of pollutants into subterranean waters for a
certain period of time. Vulnerability to pollution is the ratio between the real industrial load of the
study area and the natural protection of subterranean waters. Natural protective potential is the
ability of the geological environment, such as soils and rocks of the aeration zone, to keep pollution
in the protective zone; it depends on the lithological, filtration and sorption properties of soils and
rocks (Belousova, 2001, 2003, 2005, 2012, 2019; Belousova et al., 2006, 2019; Belousova,
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Rudenko, 2020; Rudenko, Belousova, 2020).

A substance is considered a pollutant if its concentration exceeds the background values.
Therefore, when assessing protection, we take into account the structural features of the protective
zone that separates groundwater from surface pollution, and the processes caused by pollution in the
said zone.

The assessment of groundwater protection is performed for extreme conditions, when it is
assumed that pollution has spread over the entire study area, regardless of its intensity.

If radionuclides contaminate the ground surface, then the soils that can bind a large amount of
radionuclides act as a protective zone or a buffer. The zone that protects subterranean waters from
radioactive contamination has a two-level structure: the first level is soils; the second level is rocks
of the aeration zone.

When a map of the protective zone is compiled (Belousova, 2001, 2003, 2005, 2012, 2019;
Belousova et al., 2006, 2019; Belousova, Rudenko, 2020; Rudenko, Belousova, 2021a), the first
level is reflected on the soil map (State Soil Map of the USSR, 1953), showing the soils type and
their mechanical composition. The structure of the second level is shown on a map of the
groundwater depth (Hydrogeological map of the USSR, 1972-1976) and a map of the lithological
structure of the aeration zone. To characterize the second level the maps of Quaternary deposits
(Geological map of the USSR ..., 1976-1980) were used, because they summarize the data on
lithology, water-physical and filtration properties of rocks of the aeration zone for all lithological-
genetic complexes. The lithological structure of the protective zone can be of 3 different types: one-
layered, two-layered and three-layered.

The next step in the mapping is to establish the categories, used to characterize the natural
potential of the zone and its ability to shield groundwater from pollution of any type (radionuclides,
heavy metals, nitrates, etc.). At a qualitative level, taking into account the ratio of the lithological
structure of both levels, as well as the groundwater depth, the following categories of the protective
potential were established: extremely low, low, average and high. The lithological structure of the
aeration zone can be of 3 different types: one-layered, two-layered and three-layered (Table 1).

A map of the protective zone (Fig. 1) is created by combining a soil map, displaying the
structure of its first level, and maps that characterize the structure of its second level (such as
groundwater depth and lithological structure of the aeration zone). Then the model sites with a
specific structure of the first and second levels and with the groundwater depth are mapped on it.
These sites are described in the legend to the map in Table 1. Due to the complex lithological
structure of the protective zone (which can consist even of four layers) and in order to determine its
protective potential, we used the “weight” method for assessing all its components. We assigned
each of them a weight value, starting from the smallest (sandy soils, sands of the aeration zone,
shallow groundwater depths) to characterize the weak protective properties, to the highest (soils
with a high humus content, clay, high groundwater depths), then summed up the weights (of soil
structure, layered structure of the aeration zone, groundwater depth) for every model site (Table 1).
The protective potential is given according to the following weight intervals: low — 4-8, medium —
9-13, high — 14-17 (Belousova, Rudenko, 2020).

The map of the protective zone (Fig. 1) shows that the areas with a low protective potential are
located in the river valleys within the radioactive trace in the Kaluga Region. The water catchment
areas have a medium potential, while the local areas in the southwest, west and northwest have a
strong potential.

The map of the protective zone works as the basis for compiling maps of the groundwaters
protection and their vulnerability to any pollutants.

Groundwater as a pollution receiver

The main fallout radionuclides in the radioactive trace in the Kaluga Region are '*’Cs and *°Sr.
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Table 1. Explication to the map of the protective zone.

Soil type and their lithological structure (weight)
Alluvial, layered Podzolic Groundwater
sands, sandy loams Forest loamy depfh, m
and loams (1) Sandy (2) |Sandy loam (3)| Loamy (4) 5) (weight)
1-2-4 47-4-8
2-2/4-8
3-4/2-8 0-1.(1)
4-4-6
5-2-6 35-2/4-11 57-2-8 73-2-9 13 (2)
6-2-6 36-2/4-11 60-2/3-11 74-3-10
7-2-7 32-2/4-12 58-2-9 75-3-11 3.5 (3)
8-2-7 37-2/4-12 59-2-9 76-3-11
9-2-8 33-2-9 62-2/3-13
1028 5-10 (4)
11-2/3-9 48-4-9 63-2/4-12 77-4-11 132
12-2/4-10 49-4-9 64-2/4/1-12 77a-4-10
13-2/4-11 38-2/4-12 31-2/3-12 78-4-11
14-2/4-13 45-2/5-13 66-3-10 79-4-12 5 03)
15-2/5-11 39-2/4/2-13%%* 67-4/2-12 1-3(2)
16-2/5-12 40-2/4/2-14 80-4-12 3-503)
17-4/2-10 41-2/4/2/1-14 1-3(2)
18-4/2-11 46-4/3-13 68-4-11 81-1-10 3.5 (3)
19-4/2-11 50-4-10
20-4/3-13 51-4-11 69-4-12 5-10 (4)
21-4-8%* 42-2/1/2-10 1-3(2)
22-4-9 54-1-7 3-5(3)
23-4-10 70-4-12 5-10 (4)
24-4-11 10-25 (6)
25-1-5 43-2/5-12 1-3(2)
26-1-6 56-5-11 3-503)
27-1-7 5-10 (4)
28-1-8 34-2-10 71-4-13 10-15 (5)
29-1-6 3-5(3)
30-2-5 44-2/5-12 72-1-7 1-3(2)
31-2-7 3-5(3)
52-4-12 10-15 (5)
53-1-6 1-3 (1)
55-5-10 1-3 (1)
65-2/4/1-17 >15 (6)

Notes to Table 1: 21-4-8* — the first number is a key plot, the second one is a lithological structure of
aeration zone (one-layered, loams), the third one is a sum of weights (scores), made of 3 components: type
and lithological soil composition, groundwater depth, lithological structure of aeration zone; 39-2/4/2-13** —
the second number is a 3-layered structure of aeration zone (sands, loams, sands), which can also be 2- and
4-layered; the weights of lithological differences of the aeration zone rocks are: tripoli, salica clay, chalk,
limestones — (1), sands — (2), sandy loams — (3), loams — (4), clays — (5); protection potential: low (4-8),
medium (9-13), high (14-17).
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Legend:

Protective potential
of the protective zone (weight)

I low (14-17)
average (9-13)

I high (4-8)

Fig. 1. Schematic map of the protective zone in the south of the Kaluga region (numbers on the map
are model sites).

When evaluating the possibility of groundwater contamination with radionuclides,
the following factors are taken into account: sorption properties that help to keep the radionuclides
in the soils and rocks of the aeration zone; limitation of their penetration intensity to groundwater
(up to a complete detention) through the infiltration flow; migratory properties of soils and rocks of
the aeration zone that depend on the physical-mechanical, water-physical and filtration
characteristics and their mineralogical composition and that characterize the penetration intensity of
polluted infiltrating waters into the aeration zone and groundwater; filtration (infiltration) path,
i.e. the depth of the aeration zone or the depth of groundwater; half-life of radionuclides.

The groundwater protection from any substance depends on the time that polluted infiltration
water needs to reach the aquifer (#). The time, required for a radionuclide that was dissolved in
water to penetrate soil and rocks of the aeration zone with a certain thickness (M), to fill their
sorption capacity and then reach groundwater, can be determined using the equation below
(Belousova, Rudenko, 2020):

M3 SK
. MGn N 2 (.
’ L /4

where 6n is a total moisture capacity (in fractions); o, kg/dm’ is a volume weight of the soil
skeleton; K, /kg is a coefficient of distribution; v, m/day is a rate of penetration of the infiltration

flow (Bindeman, 1963):
| O ——
L= 53 Wqub (2)’

where € is a natural rocks moisture (in fractions), W is an infiltration recharge (m/day), kg is a
coefficient of filtration (m/day ).
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The most toxic of the long-living radionuclides are *°Sr and '*’Cs; therefore, protection degree
from each of them should be assessed separately.

It is more efficient to make a scale of groundwater natural protection from pollutants depending
on T, i.e. the radionuclide half-life. The following categories can be given:

unprotected groundwater: t; < T, t; < 30 years;

poorly protected: T <t, < 2T, 30 years <t < 60 years;

averagely protected: 2T <t, < 3T, 60 years <t < 100 years;

relatively protected: t; > 3T, t; > 100 years, 100 years <t < 300 years;

protected: t; > 10T, t; >300 years.

Allocating categories by the time the pollutant needs to penetrate through the protective zone is
an approximate predictive estimation, applied to groundwater pollution by radionuclides.

We assessed water protection from radionuclides using the methodology from our earlier works
(Belousova, 2001, 2003, 2005, 2012, 2019; Belousova et al., 2006; Belousova, Rudenko, 2020).
It was performed separately for *°Sr and '*’Cs. For each of the 81 model sites from the map of the
protective zone (Fig. 1) we calculated the time of radionuclides migrating through the protective
zone into the groundwater (Table 2), using the formula (1) and taking into account the structure of
each site (Table 1) and the zone itself, as well as sorption parameters.

Maps of groundwater protection from pollution with *°Sr (Fig. 2a) and "*’Cs (Fig. 2c) are
compiled on the basis of the map of the protection zone. When they were compared, it showed that
%0Sr is the more dangerous for groundwater, because it can cover vast areas of the aquifer in a short
period of about <5 years.

The map of groundwater protection from °°Sr (Fig. 2a) demonstrates that about 50% of the
territory is not protected from pollution, while 20% is poorly protected, another 20% (mainly in the
north) is relatively protected, 5% is protected and 5% more is averagely protected.

However, the situation with '*’Cs is different (Fig. 2c): the unprotected groundwater can be
found only along the narrow strip along river channels, the poorly protected ones are found in the
northwest valleys of several small rivers, the moderately protected are located on the high river
terraces, and the relatively protected adjoin the watersheds. The relatively protected and protected
ones are dominant.

Thus, assessment of the time this radionuclide needs to penetrate the protective zone makes it
possible for us to provide an approximate predictive estimate of the groundwater pollution with this
extremely dangerous substance.

Groundwater vulnerability to pollution is the ratio of the real industrial load of the study area to
the natural protection of groundwater. The *’Cs vulnerability map is based on the map of industrial
load, compiled for the same radionuclide (Fig. 3a; Map of radioactive contamination ..., 1995),
which includes the distribution of '*’Cs pollution over the ground surface, and the map of
groundwater protection against *’Cs (Fig. 2c). We do not have any data for other radionuclides.

The following categories of groundwater vulnerability to '*’Cs were identified: catastrophically
vulnerable, extremely vulnerable, highly vulnerable, vulnerable, slightly vulnerable, relatively
invulnerable, invulnerable. The last category is conditional due to the fact that pollution can reach
areas with initially invulnerable groundwater with the help of the seepage flow that comes from the
areas with vulnerable groundwater.

Figure 3a shows the industrial load (density of *’Cs surface fallout) after the Chernobyl
Accident.

Figure 3 in and Tables 3 and 4 show vulnerability of groundwater to '*’Cs in the radioactive
trace immediately after the accident: the extremely vulnerable groundwater is found in the separate
areas in the middle reaches of the Resseta River; highly vulnerable is in the river valleys in the
center of the radioactive trace; moderately vulnerable is along the valleys of rivers, tributaries,
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ravines and in the east, near the Vytebet River; slightly vulnerable is along the watersheds of the
rivers; almost invulnerable is at the periphery of the radioactive trace; invulnerable is on the high
river terraces and sometimes on the watersheds.

Table 2. Penetration time of *°Sr and '*’Cs radionuclides into groundwater.

Ne of a Time — t
model t; (neutral), Radionuclides

site pollutants (year) t, *Sr (year) 3 t,°Sr (year) | t, *’Cs (year) | Y't, "’Cs (year)
1 2 3 4 5 6
1 0.01 3.7 3.71 21.3 21.31
2 0.05 8.5 8.55 40.1 40.15
3 0.05 8.49 8.54 40.06 40.11
4 0.07 10.35 10.42 43.99 44.06
5 0.4 8.21 8.61 76.5 76.9
6 0.4 8.21 8.61 76.5 76.9
7 0.07 15.5 15.58 149 149.08
8 0.07 15.5 15.58 149 149.08
9 0.14 28.16 28.3 275.99 276.13
10 0.14 28.16 28.3 275.99 276.13
11 0.07 8.74 8.81 119.81 119.88
12 0.23 28.2 28.43 144.45 144.68
13 0.48 57.6 58.08 292.5 292.98
14 0.27 34.7 34.97 195.5 195.77
15 0.34 49.1 49.44 176.3 176.64
16 0.72 101.8 102.52 359.8 360.52
17 0.23 101.00 102.52 144.45 144.68
18 0.48 33.1 33.58 292.5 292.98
19 0.48 33.1 33.58 292.5 292.98
20 0.27 109.76 110.03 717.62 717.89
21 0.42 48.1 48.52 212.43 212.85
22 0.87 99.7 100.58 436.05 436.93
23 0.3 35.22 35.52 156.53 156.83
24 3.98 420.67 424.65 1826.81 1830.79
25 0.12 155.1 155.22 379.4 379.52
26 0.25 325.6 788.5 325.85 788.75
27 0.48 623.9 624.38 1504.51 1504.99
28 1.13 1476.23 1477.39 3550.2 3551.33
29 0.25 325.6 325.85 788.5 788.75
30 0.04 8.21 8.25 76.5 76.55
31 0.08 15.5 15.58 149 149.08
32 0.08 15.54 15.62 155.4 155.48
33 0.15 28.23 28.38 282.34 282.49
34 0.24 46.4 46.64 463.73 463.97
35 0.23 28.24 28.47 150.81 151.04
36 0.23 28.24 28.47 150.81 151.04
37 0.48 57.7 58.18 298.9 299.38
38 0.48 57.7 58.18 298.9 299.38
39 0.17 21.6 21.77 128.15 128.32
40 0.36 44.7 45.06 257.2 257.56
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1 2 3 4 5 6
41 0.1 29.76 29.86 138.85 138.95
42 0.07 57.2 57.27 183.8 183.87
43 0.3 49.11 49.41 176.32 176.62
44 0.3 49.2 49.5 182.7 183
45 0.63 101.9 102.53 366.2 366.83
46 0.55 58.8 59.35 390.4 390.95
47 0.2 22.4 22.6 106.98 107.18
48 0.4 48.2 48.6 218.8 219.2
49 0.4 48.2 48.6 218.8 219.2
50 0.88 99.8 100.68 442.4 443.28
51 1.7 190.11 191.81 833.74 835.44
52 2.8 319.1 321.9 1392.8 1395.6
53 0.13 155.2 155.33 385.75 385.88
54 0.26 325.65 325.91 794.9 795.16
55 0.6 90.1 90.7 282.52 283.12
56 1.2 188.2 189.4 210585 210586.2
57 0.08 8.6 8.68 86 86.08
58 0.12 15.85 15.97 158.55 158.67
59 0.12 15.85 15.97 158.55 158.67
60 0.12 9.13 9.25 129.3 129.42
61 0.19 16.98 17.17 250.03 250.22
62 0.31 30.3 30.61 455.22 455.53
63 0.27 28.56 28.89 153.98 154.25
64 0.24 70.87 71.11 232.2 232.54
65 1.62 573.33 574.95 1783.96 1785.58
66 0.26 18.11 18.37 341.5 341.76
67 0.27 28.56 28.89 153.98 154.25
68 0.92 100.12 101.04 445.6 446.52
69 0.58 61.4 61.98 277.9 277.48
70 1.72 190.4 192.12 836.91 838.63
71 2.9 319.44 322.34 1395.95 1398.24
72 0.165 155.5 155.665 388.92 389.09
73 0.11 10.8 10.91 90.9 91.01
74 0.17 11.9 12.07 177.5 177.67
75 0.28 20.3 20.58 346.4 346.68
76 0.39 28.7 29.09 515.2 515.59
71 0.49 50.7 51.19 226.8 227.19
77a 0.46 48.44 48.9 221.95 222.41
78 0.49 50.7 51.19 226.8 227.19
79 0.95 102.3 103.25 450.45 451.35
80 0.95 102.3 103.25 450.45 451.35
81 0.55 626.5 627.05 920.54 921.09
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Legend:
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Fig. 2. Schematic maps of groundwater protection from °°Sr (a) and '*’Cs (b) in the south of
the Kaluga region.

The described approach to the mapping of the groundwater natural protection from radioactivity
can be used for compiling similar maps to assess pollution by other highly toxic and low toxic
pollutants.

Methodology for assessing protection of subterranean waters (confined waters)
from pollution

This stage of our research is about approaches to assessment of subterranean confined waters
protection from pollution and their vulnerability to it, which is important for estimation of the
ecology of drinking subterranean waters, usually located in the confined aquifers below the
groundwater horizons.

Just like the assessment of groundwater protection from pollution, the assessment of confined
subterranean waters protection has its own features. The main difference is to define the confined
water protection zone, which consists of two levels as well.

1) The first one is groundwater itself or other confined aquifers, located above the studied
aquifer horizon. They have a dual effect on confined waters, i.e. if they flow into the lower confined
aquifer, they can become a source of pollution for it; or if the lower confined aquifer flows into
them, they become a protection zone for the confined waters.

2) The second one is an impervious stratum or an aquiclude that separates confined water from
groundwater.

A protective zone is a two-level zone that consists of an overlying aquiferous horizon and an
aquiclude that separates the said horizons. This zone shields confined subterranean waters from
pollution that comes from the overlying horizon.

Protection is its ability of the protective zone to prevent pollutants penetration from the
overlying horizon into subterranean confined waters for a certain period of time.

Natural protective potential is the ability of the geological environment to keep pollution in the
protective zone. It depends on the lithological, filtration, hydrodynamic and sorption properties of
rocks.

Medium-scale assessment of the confined subterranean waters protection from pollution

We assessed the protection of confined subterranean waters that were located below the
groundwater horizon in the territory of the Kaluga Region, in the radioactive trace left from the
Chernobyl Accident. The scale was 1:200000.

ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2022, Vol. 6, No. 2



108 BELOUSOVA, RUDENKO

Legend Legend

Surface fallout of ""Cs radionuclide after the Chernobyl accident  Groundwater valnerability to ""Cs after the accident
unpolluted areas 6 times higher B cxiremely vulnerable [ almost invelnerable
© higher than background g fimes higher B very vulnerable Wlirelatively invulnerable
concentration 9 10 times higher I moderately vulnerable —invulnerable
2 times higher >0 times higher B slightly vulnerable unpolluted
0 4 times higher * lown

Maps arc based on the data from the Hydrometcorological Centre of Russia

Fig. 3. Schematic maps of industrial load of the density of '*’Cs surface fallout (a) and groundwater
vulnerability to '3’Cs contamination (b) after the Chernobyl Accident.

Table 3. Groundwater vulnerability to '*’Cs pollution after the Chernobyl Accident.

Industrial load
Protection degree Cs'¥7 (Ku/km?) concentration of the ground surface (weight)
(weight) >10 8-10 6-8 4-6 2-4 1-2 <1
(6) (&) “ 3 (2) @ (U]
4) Unprotected 0
( "123 < 50 years 8 7 6 > %
(3) Poorly protected g . k=
30 < T3 < 60 years =
(2) Averagely protected g 7 6 =
60 < T3< 100 years 4=
(1) Relatively protected =
100 < T3 < 300 years 4 ¢ 2 o
0) Protected
,123 )> 300 years Invulnerable

Notes to Table 3: 2-10* — weight values of vulnerability.

The hydrogeological conditions show that the unconfined aquifers (groundwater and confined
aquifers of fresh groundwater) are separated by the Upper Jurassic area-persistent aquiclude.

Protective zone of confined waters and its mapping. To create this map it is necessary to study
its first level and assess how much the ground aquifer complex influences the pollution of the
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confined aquifer complex. This influence is estimated by the value of water transmissibility (km), or
the ability to filter polluted waters and the levels difference of the first and second aquifers (H; —
H>), which ensures the intensity and direction of the flow between the complexes.

Table 4. Degree of groundwater vulnerability to '*’Cs contamination

Vulnerability degree Weight Color
Unpolluted
Invulnerable T3> 300 years
Relatively vulnerable <1
Barely vulnerable 2-1
Slightly vulnerable 4-3
Mildly vulnerable 6-5
Highly vulnerable 8-7
Extremely vulnerable 10-9 -

The second level of the protective zone is characterized by the aquiclude parameters, such as a
coefficient of filtration (k) and depth (m0). Due to the lack of data about the lithological structure
of the aquiclude, its coefficient of filtration was considered constant for the overall depth, changed
only for different scenarios.

Thus, we used three following indices to assess the protective potential: km, kg, mo (Table 5).

Table 5. Potential of the protective zone.

my — aquiclude depth (m) H; — H; — difference between the layers
km (m?*/day) [3] — weight of the first and second aquiferous
[5] — weight 10-30 0-10 0.0 complexes (m)
1] [3] [6] [S] — weight
0-10 [1] 3 5 8 1-10 [1]
10 -20 [2] 5 7 10 10-20[2]
20 -50 [3] 7 9 12 20— 40 [3]
50 — 100 [4] 9 11 14 40— 60 [4]
100 — 500 [5] 11 13 16 > 60 [5]
500 — 1000 [6] 13 15 18 0.0 [6]
Legend:

— high protective potential (weight is 0-5)

— average (5-10)
—low (10-15)
— extremely low (15-18)

— extremely high; area where groundwaters are not the source of pollution for the confined
waters, and their depth is below the piestic depth of confined waters

The assessment was carried out as follows. Each index was assigned a weight in ascending
order, depending on the deterioration of their protective properties. An increase of km causes a
deterioration of the protective properties, meaning that the polluted waters in the groundwater flow
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are filtered faster and reach the aquiclude quicker, therefore, the weight increases as the protective
properties decrease (it also applies to the level difference (H; — H)); however, the weight value my
increases as the aquiclude depth decreases. Then the values of the 3 indices are summed up and the
potential of the protective zone is determined: high (weight is 0-5), average (5-10), low (10-15),
extremely low (15-18), extremely high (the latter is added specifically for the area where
groundwater is not a source of confined water pollution, with their level located below the piestic
level of confined water).

The results of this assessment are shown in Table 5.

The model sites are mapped on the schematic map of the protective zone (Fig. 4), with different
structure of their protective zones, according to 3 indices and their protective potential (Table 5).
Their description is given in the explication to the map in Table 6.

Scale 1:200000
Legend:

Potential of the 11 Model sites
protective zone

Area of the unite aquifer (where there is

| Very low no aquiclude between groundwater and
Low confined water)
A G
I IV{\i/ge[r]age Arca where piestic surface of the

P confined aquifer is located above the
groudwater level

P Water reservoir

Fig. 4. Schematic map of the protective zone for confined waters.
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Table 6. Explication to the schematic map of the protective zone for confined waters.

No. of the Weights of the in.di.c.es (1) — No. (?f the indices on a S sum of the| Protective
model site digitized model site weights potential
my km H;-H;
1 6 6 6 18 very low
2 6 3 6 15 very low
3 6 5 6 17 very low
4 6 4 6 16 very low
5 1 4 2 7 average
6 1 5 2 8 average
7 1 3 4 8 average
8 1 4 3 8 average
9 1 5 3 9 average
10 1 4 4 9 average
11 1 4 5 10 low
12 1 4 2 7 average
13 1 2 3 6 average
14 1 3 2 6 average
15 1 3 3 7 average
16 1 1 3 5 high
17 1 1 4 6 average
18 1 3 4 8 average
19 1 5 5 11 low
20 1 3 5 9 low
21 1 5 4 10 low
22 1 2 3 6 average
23 1 2 4 7 average
24 1 2 5 8 average
25 3 4 2 9 average
26 3 5 2 10 low
27 3 3 2 8 average
28 3 4 2 9 average
29 3 4 6 13 low
30 3 2 2 7 average
31 3 3 3 9 average
32 3 4 4 11 average
33 3 4 3 10 low
34 3 3 5 11 low
35 3 1 4 8 average
36 3 6 2 11 low
37 3 6 6 15 very low
38 1 5 0 (from -1 to -10) 6 very high
39 3 5 0 (from -1 to -10) 8 very high
40 3 3 0 (from -1 to -10) 6 very high
41 3 6 0 (from -1 to -10) 9 very high
42 3 4 0 (from -1 to -10) 7 very high
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The schematic map (Fig. 4) shows that there are areas in the valleys of the Bolva, Resseta and
Zhizdra Rivers with an extremely low protective potential, because their confined and groundwater
are not separated by an aquiclude. They make a unified aquifer complex. In the smaller areas the
piesric level of the confined aquifer complex is slightly higher than the level of the groundwater
aquifer, which determines the absence of any flow of contaminated groundwater into the confined
ones. Most of the territory, however, has an average protective potential of the confined aquifer
complex, while the low and high ones were found only in the small areas.

Subterranean pressure waters and their protection from pollution. Since the radionuclides are
the main pollutants in the study area of the radioactive trace in the Kaluga Region, we assessed the
migration intensity of *°Sr and '*’Cs from groundwater to pressure water. However, in this example
we use only '3’Cs (Belousova, Rudenko, 2021a, 2021b)

The migration intensity of strongly sorbed pollutants (radionuclides) (Table 7) was calculated
according to equation (1) and equation (2). The following parameters were used, common for
aquiclude rocks such as clay: § — volume weight of the soil skeleton, equal to 1.8 kg/dm?, § (n) —
porousness, equal to 0.2. Figure 5 shows the time the pollutants need to migrate at K, = 26 I/kg and
K, =1000 1/kg, which matches the interval of values of the coefficient of distribution for *’Cs.
The maximal migration time of 1,080,078 years was calculated at K, = 1000 I'kg, W = 0.01 m/year
and the aquiclude depth equal to 30 m (Fig. 5b). The minimal migration time of 3,758 years was
calculated at K, =26 I/’kg, W = 0.025 m/year and the aquiclude depth equal to 10 m (Fig. 5c¢).

Table 7. Time of penetration of strongly sorbed substances, including °° Sr and '*’ Cs, through the

aquiclude.

I 137Cg
W M K, t ty L+t K, t; tu t;+t
(m/year)| (m)
(I’kg) | (year) |(year)| (year) | (Vkg) (year) |(year)| (year)
0.01 1 6 216 3 219 26 936 3 939
’ 200 7200 3 7203 1000 36000 3 36003
0.025 i 6 86 1 87 26 374 1 375
' 200 2880 1 2881 1000 14400 1 14401
0.01 5 6 1080 13 1093 26 4680 13 4693
200 36000 13 36013 1000 180000 13 180013
0.02 6 432 7 439 26 1872 7 1879
025 > 200 14400 7 14407 1000 72000 7 72007
10 6 2160 26 2186 26 9360 26 9386
0.01 200 72000 26 72026 1000 360000 26 360026
' 30 6 6480 78 6558 26 28080 78 28158
200 216000 | 78 216078 1000 1080000 78 1080078
6 864 14 878 26 3744 14 3758
0.025 10 200 28800 14 28814 1000 144000 14 144014
30 6 2592 42 2634 26 11232 42 11274
200 86400 42 86442 1000 432000 42 432042

If we consider the ecology of radionuclides migration and the fact that after 10 half-lives (about

300 years) the said radionuclides decay almost entirely, then it is safe to assume that during their
lifetime both radionuclides will never get into the confined waters of the study area. However, if the

ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2022, Vol. 6, No. 2



INTEGRATED METHODOLOGY AND ITS APPLICATION FOR ASSESSING 113

aquifer depth decreases and reaches 1.0 m, then only *°Sr will reach the pressure water: in 219 years
at K, = 6 kg and W = 0.01 m/year, or in 87 years at K, = 6 I’kg and W = 0.025 m/year (Fig. 5).
Besides, other pollutants with coefficients close to the mentioned values can flow into pressure
waters in various periods of time, up to several million years; for example, it can happen with Ni at
K, =5500 Vkg.

Results and some recommendations

A step-by-step guide for a complex methodology for assessing the protection of groundwater
and pressure subterranean water from pollution and their vulnerability to it. 1t is significant to note
the features and structure of the complex assessment. As it was noted above, its structure primarily
depends on the pollution source, its location and one specific pollutant, the groundwater protection
from which is being assessed. Therefore, there can be two options of the structure: 1) the source of
pollution is located on the ground surface, in the soil (Fig. 6a); 2) the contaminated subterranean
(ground) waters are the source of pollution (Fig. 6b).

Further below we will describe the stages of the first option of protection assessment (Fig. 6a).

1) Mapping the total area, contaminated by the given pollutant (layer 1a). In our case it was
137Cs radionuclide, which distribution area in the radioactive trace in the Kaluga Region was the
only one of interest, rather than the ratio “quantity — intensity” of contamination it caused.

2) Mapping the groundwater protective zone (layer 2a) that shows the geological and
hydrogeological structure of the soil cover and the aeration zone. This method is described above
and shown in Figure 1. This map is the basis for any further assessments.

3) Mapping the groundwater protection from contamination by a given pollutant (layer 3a).
This method is described above and shown in Figure 2.

4) The map of groundwater vulnerability to '*’ Cs (Fig. 3c) is compiled on the basis of the
industrial load map and groundwater protection map, both created for *” Cs (Fig. 2c) as there is no
data for other radionuclides. This method is described above and shown in Figure 3c. For this step
two maps were required: the map of industrial load (layer 1a), which shows the intensity of the
load, i.e. its quantitative characteristic (however, the data is available only for '*’Cs, which is shown
in Figure 3a), and the map of protection (layer 2a) shown in Figure 2c.

This concludes our assessment of groundwater protection from '3’Cs contamination and their
vulnerability to it. Further below we will describe the assessment of protection and vulnerability of
pressure subterranean waters. Since we used the study area of pressure subterranean waters for
mathematical modeling of pollution processes at the site, the area was smaller than the radioactive
trace where the groundwater flow had been studied, limited by the Bolva, Resseta and Zhizdra
Rivers.

5) Mapping the protective zone for confined subterranean waters (layer 5a). This method is
described above and shown in Figure 4. This map is made of two levels: the first characterizes the
interaction between the ground and confined aquifer horizons; the second characterizes the structure
of the aquiclude between these horizons.

6) Mapping the confined subterranean waters protection from '3’Cs (layer 6a). This method is
described above and shown in Figure 5. It is similar to the methodology for assessing the
groundwater protection from pollution and uses the same equations. However, when used for
confined waters, one member of its equation, W (infiltration groundwater recharge), should be
replaced with the groundwater flow to confined waters, or the observations data on confined waters
levels should be used, which can be quite problematic. Otherwise, it is possible to use the values,
expressed in shares of infiltration recharge, as shown in Figure 5. Besides, the data on the
coefficients of sorption distribution (K,) of a certain pollutant for the studied object is usually
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absent, and, therefore, we used various values of this index according to the literary sources that we
used in our previous researches (Belousova, Rudenko, 2021a, 2021Db).

a) W=0.01 m/year, K =26 I’kg

) W=0.025 m/ycar, K =26 I'kg

Ressela River

Legend:

from 1,000,000 to 1,500,000 years
from 500,000 to 1,000,000 years
from 250,000 to 500,000 yeras
from 100,000 to 250,000 years
from 50,000 to 100,000 years
from 10,000 to 50,000 years

from 5,000 to 10,000 years

from 1,000 to 5,000 years

< 1,000 years

Resseta River

b) W=0.01 m/year, K = 1000 I’kg

Resseta River

Resseta River

Area of the unite aquifer (where there is no
aquiclude between groundwater and confined water)

Water reservoir

— RivVErs

Dowscaled
1:200000

Fig. 5. Scaled down schematic map of the penetration time of strongly sorbed substances, including
137Cs, through a separate layer (aquiclude) at different values of # and K,,.
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7) Compiling the final map of the subterranean confined waters protection (layer 7a) from a
pollution source, located on the surface. For that the migration time required for a pollutant to reach
groundwater and confined water are summed up. In our case, this map is not required for '*’Cs due
to the already mentioned migration times.

8) The final stage is to build a map of the vulnerability of subterranean confined waters to
pollution (layer 8a) by overlaying the map of industrialload (layer la, the quantitative parts of the
load) and the final map of the confined waters protection (layer 7a). In our case, this map is not
required as well.

The second option (Fig. 6b) is a shortened version of the first one due to the deeper pollution
source that reached down to the groundwater horizon. It includes the following steps.

1) Mapping of the industrial load, i.e. compiling a map of groundwater pollution by a certain
pollutant (*’Cs), which shows the area of pollution distribution and its intensity (layer 1b).

2) Mapping the protective zone (layer 2b), similar to step 5 of the first option.

3) Mapping the subterranean confined waters protection from a given pollutant (layer 3b),
similarly to step 6 of the first option.

4) Mapping the confined waters vulnerability to pollution by a given pollutant (layer 4b),
similar to step 4 of the first option.

a) Option 1 b) Option 2

<

Penetration time of pollutants:
B O to 30 years 0 100 1o 300 years
— | 130 t0 60 years =300 years

e a0 o 100 vears [ area of pollution
-.'ufm'rahj,l,-:. 2 : Industrial Il]?d:
4 EES high B medium [ low

Fig. 6. Scheme of two options of the comprehensive methodology for assessing the groundwater
protection from pollution and their vulnerability to it.

Specificity of the complex assessment of the groundwater and subterranean confined waters
protection from pollution and their vulnerability to it. The first option of the aforementioned
complex assessment is intended to be used for any type of pollution, rather than for our case
exclusively. Therefore, we assessed the protection of subterranean waters of the confined aquifer
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from contamination by neutral, weakly and strongly sorbed pollutants, with different coefficients of
distribution and recharge values (according to steps 5 and 6 of the first option of our methodology).

If the data on the pollutants penetration times are evaluated (Tables 7, 8), it can be seen that the
penetration times can be less than 300 years at K, being lower than 10 I/kg, which is typical for
poorly sorbed pollutants. The period of 300 years determines 10 half-lives of the main radionuclides
in the radioactive trace and is limiting when the protection is assessed. In that case it is necessary to
estimate protection and vulnerability acceding to all stages of the first option, as well as the second
option. If the pollutant is not a radionuclide, and especially if it is a neutral pollutant, then the
intensity scale of the industrial load can be changed relative to other constraints, such as the
operation time of water intake. But if the pollutant is a strongly sorbed substance with K, higher
than 10 kg, then we can skip the last two steps of the first option, as shown above, but follow
every step of the second option, and, if the pollutant is not a radionuclide, the scale of industrial
load can be changed as well.

Table 8. Penetration time of a poorly sorbed substance through the aquiclude.

W (miyear) | M (m) | K, (Ukg) |” (yf)?‘zq;zﬁf;fgerm fu (Zfifl)u;t‘;‘;ff(g‘*)"‘“ £, + 1, (year)
0.01 1 0.5 18 3 21
0.025 1 0.5 7 1 8
0.01 5 0.5 90 3 93
0.025 5 0.5 36 1 37
0.01 10 0.5 180 26 206
0.025 10 0.5 70 26 96
0.01 30 0.5 540 78 618
0.025 30 0.5 210 78 288
0.01 1 1 36 3 39
0.025 1 1 14 1 15
0.01 5 1 180 13 193
0.025 5 1 70 7 77
0.01 10 1 360 26 386
0.025 10 1 140 26 166
0.01 30 1 1080 78 1158
0.025 30 1 420 78 498
0.01 1 3 108 3 111
0.025 1 3 42 1 43
0.01 5 3 540 13 553
0.025 5 3 210 7 217
0.01 10 3 1080 26 1106
0.025 10 3 420 26 496
0.01 30 3 3200 78 3278
0.025 30 3 1216 78 1294

It should be also noted that the calculation of radionuclides penetration time takes into account
their lifespan, which is 300 years both for °°Sr and '*’Cs. Any higher time value is not applicable for
them. The change in their surface fallout that happens with each half-life period is not taken into
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account, because the calculation is carried out for a certain period, or, in our case, for the period
after the Chernobyl Accident. However, if other pollutants with high K, are estimated, then all
lifespans exceeding 300 years are taken into account.

Every assessment we mentioned before were carried out using the model-cartographic method;
calculations and mapping were carried out using the analytical method according to the our
equation and methodology (Belousova, 2001, 2003, 2005, 2012, 2019; Belousova et al., 2006,
2019; Belousova, Rudenko, 2020; Rudenko, Belousova 2021). To estimate the adequacy of our
results, a mathematical modeling of the migration processes was performed using the MT3D for
various pollutants, from weakly sorbed to strongly sorbed radioactive ones, as well as non-
radioactive ones (Belousova, Rudenko, 2021a, 2021b). The modeling was carried according to the
second option (Fig. 6b), for various scenarios, instead of the real ones, because there is no data on
the latter. When comparing the results of modeling the pollutant migration processes according to
various scenarios, we can note the following features.

The strongly sorbed pollutants significantly decrease in the first layer (groundwater) by the
300-year period, as well as their accumulation in the aquiclude; two lenses of polluted water form in
the third layer.

The strongly sorbed pollutants with radioactive decay follow a different scenario. By the 300-
year period there are some traces of pollution left in groundwater and aquiclude, while in confined
waters their concentration is 0.027 — 3-102° MAC.

Poorly sorbed pollutants migrate with higher intensity, and by the 300-year period only an
insignificant amount of about 0-2.0 MAC is left in groundwater, while the same amount
accumulates in the aquiclude; one lens of polluted water forms in confined waters.

The main factors that form the migration processes of pollutants are as follows: their
radioactive decay; their sorption properties (the higher K, is, the slower the pollutant will get into
the confined subterranean waters, but the time factor reduces their chances to remain
uncontaminated); the hydrodispersion of subterranean water flows, which depends on the geological
and hydrogeological conditions of the study area.

Thus, the aquiclude is highly important for the pollutants migration from groundwater to
confined water. It protects the latter from surface pollution and from contaminated groundwater,
while being a potential source of pollution for confined subterranean waters.

The data that we obtained using the model-cartographic method (Table 7) do not contradict the
modeling data (Belousova, Rudenko, 2021a 2021b), although they are still different. According to
the first method, the difference is the time of pollutant penetration; according to the second one, it is
the concentration of pollutants. The data on the migration of strongly sorbed pollutants with decay
shows that their concentrations exceed any possible values and are equal to 0.027 — 3-102° MAC in
the third layer, i.e. confined subterranean waters (Belousova, Rudenko, 2021a 2021b). The
migration time of '¥’Cs is also extremely long, being more than 300 years, which indicates that the
confined waters will not be contaminated by this radionuclide during its lifespan (300 years)
(Belousova, Rudenko, 2021a 2021b).

The complex assessment of the protection and vulnerability of groundwater and pressure
subterranean waters makes it possible to make preliminary calculations and predict the changes in
the ecology of groundwater and pressure subterranean waters at any given moment or time
intervals, depending on the particular task. For example, it can be used for assessment of
radionuclides pollution up to 300 years, with a step of 30 years (for other pollutants these periods
may vary). Besides, it can provide forecasts for ecological changes under climate change. In this
methodology only the average annual amount of precipitation is responsible for the climate,
affecting such a hydrogeological parameter as infiltration feeding or W, as well as the groundwater
flow from one aquifer to another, associated with .
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This problem can be easily solved using our unified method for assessing the groundwater
protection from pollution (Belousova, Rudenko, 2018), which allows to make many assessments of
protection at various values of infiltration recharge, or values of coefficients of sorption
distribution, or while changing both values at once. Therefore, we can consider many scenarios of
climate change and give a preliminary assessment of ecological changes of subterranean waters,
whenever they are contaminated with various pollutants. Modern GIS-technologies make it easy to
compile a large amount of maps of the groundwater and pressure subterranean waters protection
and vulnerability under the climate change and the chemical composition of pollutants.

Recommendations on the application of a complex methodology for assessing the protection of
ground and pressure subterranean waters from pollution and their vulnerability to it. This complex
methodology was developed for preliminary forecasting of changes in the ecological state of
groundwater and pressure subterranean waters, and therefore needs some recommendations for its
further application.

1) This methodology should be used for routine and standard hydrogeological studies of objects
and territories (including the radioactive trace from the Chernobyl Accident), where groundwater
contamination is possible.

2) It should be used at the preliminary stages in the design of facilities that may pose a risk of
environmental pollution, such as nuclear power plants and chemical, basic, oil, agriculture and
other enterprises.

3) It should be used to design the fresh subterranean water intakes.

4) It should be used to design the structure of groundwater monitoring for all of the
aforementioned enterprises and objects.

The scientific and practical efficiency of this methodology increases significantly if it is applied
in its unified form, which is especially important under the modern climate change, the forecasts of
which are not highly reliable these days. The methodology makes it possible to estimate in advance
and then compile a large amount of maps of subterranean waters protection from pollution and their
vulnerability to it for various climate scenarios (taking into account the changing values of W),
for conditions of pollution (for various K,) and for both indices at once. Then from the numerous
maps (or an album) some options can be chosen that match the current year best, according to the
average annual precipitation in the study area and a specific pollutant. This will increase the
efficiency of environmental protection measures in case of emergencies at the study sites.

Conclusions

The developed complex methodology for assessing the protection and vulnerability of
groundwater and confined groundwater offers two approaches. The first one is used when the
source of pollution is located on the ground, while the second one is used when the pollution source
is located in the groundwater or when the pollution is spread over a large area. This methodology
has a number of advantages and can be widely applied for the environmental and hydrogeological
researches. Its distinguishing features are listed below.

1) The previously developed methodology can be used as a complex methodology for confined
groundwater, with the exception of some features, such as the differences in the compilation of the
maps of the protection zone and restrictions in the compilation of the final map, as well as the
corresponding map of vulnerability that is based according on the first approach (Fig. 3a) and is
used for radioactive substances with K, > 6 I/’kg, since the higher values protect the confined water
throughout the entire territory for the entire lifetime of '*’Cs. Besides, we studied the properties of
the aquiclude that separates these soil horizons. We found out that the lithological structure and the
nature of pollution can determine whether it is impermeable, slightly permeable or quite permeable
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for pollutants, as well as if it can become a potential source of pollution for confined waters.

2) This methodology can be applied for any cases of contamination with neutral, weakly sorbed
and strongly sorbed pollutants, with/without radioactive decay.

3) Its effectiveness increases when using its unified version, especially when using it for
environmental problems under the climate change and for groundwater contamination with various
pollutants.

4) It is a preliminary forecast of the changes in the ecology of the studied objects, especially for
the object of this article, studied in the radioactive trace of the Chernobyl Accident, when the theory
suggests that each half-life of a radionuclide (i.e. 30 years for '3’Cs) its fallout density decreases
two times, while its life span is limited to ten half-lives (300 years).

5) It is advised to use the said methodology for environmental hydrogeological studies in the
polluted areas, such as the Chernobyl trace, for designing the environmentally hazardous industrial
and agricultural facilities, for designing the intakes of fresh underground water and for
environmental monitoring.

Funding. This study was carried out as part of the scientific project of the Russian Foundation
for Basic Research No. 20-55-S52003 and the State Order No FMWZ-2022-0002 “Researches of
Geoecological Processes in the Hydrological Land Systems, Formation of the Quality of Surface
and Ground Waters, Problems of Water Resources Management and Water use under the Climate
Change and Anthropogenic Impacts”.
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natsional'nogo  proyekta  “Fkologiya.  Dialog
pokoleniy”]. Materials of the annual session of the
Scientific Council of the Russian Academy of
Sciences on problems of geoecology, engineering
geology and hydrogeology [Materialy godichnoy
sessii  Nauchnogo soveta RAN po problemam
geoekologii, inzhenernoy geologii i gidrogeologii].
Moscow: RUDN, 2020:318-325.
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KOMIIVIEKCHASI METOAUKA OLHEHKHU 3AIMIINEHHOCTHU
N YA3BUMOCTU I'PYHTOBBIX U HAITIOPHBIX ITOJA3EMHBIX BO/{
OT PA3JIMYHBIX 3AT'PA3HAIOINUX BEIIECTB U EE AITPOBALIUSA
HA YACTHU TEPPUTOPUHU KAJTYKCKOM OBJIACTH B 30HE
PAJUOAKTUBHOI'O CJIEJA OT ABAPUU HA YADC
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O6’L€KTOM Hay4YHBbIX I/ICCJ’IG}IOBaHI/Iﬁ SABJIAIOTCA TPYHTOBBIC W HAIIOPHBIC IMOJA3CMHBIC BOJBLI Ha 4YaCTH
teppuropun Kamyxckolr obiactu, HaumOoee mocTpajasiield OT aBapui Ha YepHOOBUIBCKOW aTOMHOM
crauiun (UADC). Llensro mccnemoBanmii Obla pa3paboTKa KOMITJIEKCHOHM METOAMKHU ISl OIEHKH
3aIMUIICHHOCTHU U YA3BUMOCTU I'PYHTOBBIX M HAITOPHBIX IMOA3EMHBIX BOJ K 3arpsA3HCHUIO PA3JIMYHBIMU
BEIleCTBaMH, BKJIIOYasl paAMOHYKIHIBL. Meronuka Oblia BrocieAcTBUM ompoOoBaHa B Kamymxckoit
o0acTu — B 30HE paIMOaKTUBHOTO ciena ot aBapun Ha HADC.

Panee IIPOBEACHHBIC HAMHW HUCCICAOBAHMA 110 OLCHKE 3AIMUIICHHOCTU U YA3BUMOCTHU MMOJA3CMHBIX BOI,
HavaBIINECA NPAKTUYCCKU Cpaly IMOCJIC aBapur U CJICJO0BaBIINEC OpHFHHaHBHOﬁ aBTOpCKOﬁ MECTOOUKE,
OBLIIN TTOJTHOCTEBIO CKOHLCHTPUPOBAHbI HA U3YYCHHUU TOJIBKO I'PYHTOBBIX BOM, IIEPBOM OT IMOBEPXHOCTHU
3eMJIM BOJJOHOCHOM ropu3oHTe. Hacrosmue uccnenoBaHus HalpaBiieHbl HA KOMIUIEKCHOE COBMECTHOE
U3y4eHHE 3TOH HpoOJIeMbl OTHOCHUTENIBHO T'PYHTOBBIX M HAIlOPHBIX IIOJ3EMHBIX BOJ, 3aJleraroIliux
HUKE TPYHTOBOT'O BOZIOHOCHOT'O I'OPH30HTA.

B 3aBucuMOCTH OT pacroJIOKEHUS HCTOYHMKA 3arps3HEHMs MOI3EMHBIX BOJ PAcCMOTPEHO JBa
[oJxola JUlsl pelIeHUs] IocTaBlIeHHOM 3amauyd. llepBblii mpenmonaraeT pa3MelleHHe HCTOYHMKA
3arps3HEHMS Ha TIOBEPXHOCTH MOYB, KaK 3TO HabOmogamoch mocie aBapun Ha YADC. Bropoii BapuanT
IpeArnonaraeT pasMelleHHEe HCTOYHMKA 3arps3HEHUs B TPYHTOBBIX BOAAX WM HUX IUJIOIIAIHOE
3arpsA3HEHHE; B 3TOM CIy4ae KOJIWYECTBO OOBEKTOB HM3YUYEHHUS yMEHBIIACTCS, U OH CTAHOBUTCS
YaCTHBIM CIIy4aeM IE€PBOro MOAX0/a.

Pe3ynbTaThl HaydHBIX HCCIENOBAHUI WM IPENIOKEHHAas METOAWKAa MOIYT OBITh HMCIIOJIb30BAHBI IIPU
OLIEHKE D3KOJIOTHYECKOI0 COCTOSHHUSI IIOA3EMHBIX BOJA HA pa3IM4YHBIX TEPPUTOPHUSIX CTpPaHbI B
pa3nMYHBIX MacuTadax; MpH NMPOSKTHPOBAHUM U CTPOUTEIHCTBE BON03a00POB IPECHBIX MUTHEBBIX
MOJ3EMHBIX BOJ; NPH MPOECKTUPOBAHWU W OPraHM3alMM MOHMTOPHHIA 3a MOI3EMHBIMU BOAAMHU B
paiioHax, nmoctpagaBmux oT aBapuu Ha YADC. Pe3ynbrarbl UCCIEIOBAHUU SIBISIIOTCS HOBBIMHU U
3HAYMMBIMU JUTS JadbHEHIINX paboT.

Kniouesvie cnoga: TpyHTOBbIE BOABI, IMON3EMHBIC HAIOPHBIC BOABI, 3arps3HSIOLINE BEIIECTBA,
3alUIIEHHOCTh M YA3BMMOCTh IOJ3EMHBIX BOJA OT 3arpsi3HEHUS, PAaIUOHYKIUIBI, COpOLMS, BpeMs
MUTpaLyy.
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MEXJIYHAPOJHBINA HAYYHBIV MTPOEKT IO TPAHCTPAHUYHBIM PEKAM
OKOJOINMYECKHM CTOK — OCHOBA COXPAHEHUS
IKOJOTNMYECKOM CUCTEMBI»
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Llenmpanvhoe Ynpaenenue no pblooxo3aiicmeeH ol IKCnepmu3e U HOpMamueam no COXpaHeHuro,
B0CHPOU3B00CHIBY BOOHBIX OUONOSUHECKUX PECYPCO8 U AKKIUMAMU3AYUU
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PaboTa BbIMONHEHa B paMKax MPOEKTa «AHATUTHYECKOE UCCIIEIOBAHHE Ha TeMy «DKOJOTHYECKHN
CTOK — OCHOBAa COXPaHEHHUS OHKOJOTHMYECKOM CHCTeMbD» M0 JuHHM KOHBEHIMHM MO OXxpaHe u
WCIIOJIb30BAHUIO TPAHCTPAHMYHBIX BOJIOTOKOB M MEXKIyHapomHbIX o3ep (1992 1), mpunsaTod mox
aruaoit EBponeiickoit sxoHomMudeckoi komuccnu Opranmsanuun O0benennsix Haruit (EDK OOH).
Ucnonautenem manHoro Ilpoekta sBigercs TOO «Kazaxcranckoe AreHtctBo IlpukiamHoii
Oxonorun» (mamee — KAIID) mnpm B3ammoneiictBum ¢ Cekperapuarom KoHBEHIMH 110
TpaHcrpanndHbIM BozaM. B IIpoekte ywyactBoBamm crpansl LlenTpanbroit Asun. CTaThs MOCBSIIEHA
0030py OCOOCHHOCTEH YITpPaBJICHUS TPAHCTPAHUYHBIMH BOJHBIMH 00bekTamu LleHTpanbHOM A3uu u
¢dokycupyercs Ha pacCMOTPEHMH IPOOJIEMBI yueTa 3KOJIOTHYECKOr'0 CTOKa, BaXKHOI'O [Vl COXPaHEHUs
ux o9kocucreM. OmnucaHbl METOAMYECKUE IIOAXOIBI  ONpEIelIeHUus o0beMa JOIyCTHMOIO
0€3BO3BPATHOTO HM3BATHA W YCTAHOBJIEHHS SKOJOTMYECKOTO CTOKa (TIomycka), chopMyIHpOBaHHBIC
POCCHICKAMHU M Ka3aXCTAHCKMMH YYaCTHUKAMH M OXapaKTEPH30BAaHBI HCCIICIOBAHUS, BBHIITOIHEHHBIE
YJ4aCTHUKaMH IIpOEKTa HA TpPaHCTPAaHWYHBIX pPEKax B HX CTpaHaX. Ha OCHOBE NOIMY4YEHHBIX
pe3ynbTaTOB C(HOPMYJIUPOBAHBI PEKOMEHJAIMM II0 COXPAHEHUIO M BOCCTAHOBJICHHIO BOIHBIX
9KOCHCTEM TPAHCTPAHUYHBIX PEK.

KiroueBsle ciioBa: MEXIIPABUTENBCTBEHHBIE COIIAIIEHUS, TPAHCTPAHUYHBIE PEKH, NEIEHUE BOIHBIX
pecypcoB, 3KOJOIMYECKUH CTOK, AOIMYCTUMOE OE3BO3BPAaTHOE H3BATHE CTOKA. COXPAHEHHE BOIHBIX
9KOCHCTEM.

DOI: 10.24412/2542-2006-2022-2-123-133

EDN: GBSRTJ

ABTOD crateu npexacrasisia Pocculickyro @enepanuio B Ka4eCTBE HALIMOHAIBHOIO JKCIIEPTA B
poekTe «IKOJOTHYECKUH CTOK — OCHOBA COXPAHEHHUs 3KOJOrHyeckoi cuctembl». [Ipoekt Obu1
peanuzoBan B 2019-2020 rr. mpu nojgjaepkke npaButeiabcTBa Kazaxcrtana npu B3auMOJIEHCTBUU C
cekperapuatoM KoHBeHIMHM 10 TpaHCIPaHWYHBIM BOJAM, HaIpPaBIEHHON Ha pa3paboTKy
IIPEVIOKEHUN 0 COCTaBJIeHHI0 «PykoBoACTBa 1O  CHpPaBEUIMBOMY UM YCTOWYMBOMY
pacnpeesIeHUIO BOJHBIX PECYPCOB B TPAHCTPAHUYHOM KOHTEKCTE». B MpoekTe ydacTBOBalu Takue
crpabl  (Permonsl) ILlentpanbHoit Asum, kak Kazaxcran, Ksipreiscran, Takukucras,
Typxkmenuctan u Y30ekucran, a taxke Adranucran, Vpan, Kuraiickas Haponnas PecrmyOnuka,
Mounromusa u Poccuiickas ®enepanus. B pamkax uccinenoanus KasaxcraH, Kak Ipencenareib
KoHBeHIIMM 1O TpaHCTpaHWYHBIM BOJOTOKaM M BoJoeMaM EBpONenckoll SKOHOMHYECKON
komuccun OOH, Obul HamepeH BBIHECTH Ha OOCYXJEHHE JABE METOAUKH IO OOOCHOBAHUIO
HKOJIOTUYECKOTO CTOKAa W JOMYCTHUMBIX OOBEMOB OE3BO3BPAaTHOTO H3BATHS PEYHOTO CTOKA:
poccuiickyto u kazaxctanckyto (bypnubaes, bypnubaesa, 2020).
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CoBpemeHHbBIE IOAX0AbI K TPAHCTPAHUYHOMY BOJHOMY COTPYAHMYECTBY
B Poccuiickoii ®enepauuu

3anaun onTUMHU3aluU U 3()(PEKTUBHOTO pacnpeesieHusi PeYHOro CTOKA BaKHBI OCOOEHHO IPHU
HEJ0CTaTKE BOJHBIX PECYPCOB, MPU KOTOPBIX OOOCTPSIOTCA MPOTUBOPEUUS MEXKIY OTpacisiMu
HSKOHOMHKH U SKOJIOTUYECKUMHU TPEOOBAHUSAMHU PEKU U MPUHUMAIOIIETO €€ CTOK BOJHOTO OOBEKTA.
Mexny rocynapcTBamu J€JI€HUE BOJBI enle cioxkHee. [IpaBoBoi OCHOBOW PErMOHAJIbHBIX BOJAHBIX
OTHOIIEHUN SIBJIAIOTCA JBYCTOPOHHHUE M MHOTOCTOPOHHHME COTJIAIIECHHUS, YYUTHIBAIOIINE HOPMBI
MEXIyHapOJAHOTO BOJHOTO TpaBa M CIEHU(PHKY MEKIOCYIaPCTBEHHBIX OTHOLICHWHA B PETHOHE,
HaI[MOHAJIbHBIE [TPaBOBbIE TPEOOBaHUS, IOTPEOHOCTH U UHTEPECHI FTOCY1apCTB.

Poccuiickas ®@enepanus rpaHuuuT Ha cymie ¢ 14 rocygapctBamu. M3 obuielt mpoTskEHHOCTH
rpaHuIlbl, KoTopas coctaBisieT 60933 km, 7141 km mpoxoauTt mo pekam, 475 KM — 1o 03€pam,
a 38807 kM — mo mopsm. OOIiee KOJUYECTBO TPAHCTPAHUYHBIX BOJHBIX OOBEKTOB IMPEBBIIIAET
ThICSIUY, U3 KOTOPbIX 70 pek ABIAIOTCS KpynHbIMU U cpenHumu (I'ocynapctBennsiit goknana, 2018).

B Hactosiiee Bpemst Poccuiickas ®enepanuss umeer 10 MexIyHapOJHBIX COTJIAIIEHUM C
coMpeAeNbHBIMU FOCY/IapCTBAMH 10 MCIOJIb30BAHUIO U OXpaHE TPAHCTPAHUYHBIX BOJI, B UX YHCIIE
nBycroponnue ¢ OunnsHaueit, dcronuen, Ykpaunoil, benopyccueit, Azepbaiimxanom, Adxasueil,
Kazaxcranom, Momnronueii, KutaeM wu Ttpexcroponnue c¢ Hopserneit n @uHnsgHAMEH.
Jlig opranuzanuu  paboT 1O BBIMOJHEHUIO COTJIAIEHUH CO3JaHbl COBMECTHBIE KOMHCCHH,
HO B COTJIALIEHUSIX HE MPOIMUCaHbl HOPMATHUBBI SKOJOTHYECKOTO CTOKa. B To ke Bpemsi, mpu3HaBas
OOLIHOCTh M €IWHCTBO BOJHBIX PECYpCOB TPAHCTPAHUYHBIX BOJHBIX OOBEKTOB, CTOPOHBI
COTPYOHMYAIOT B JyXE€ DpPAaBHONPAaBHsd W MAPTHEPCTBA B LENAX COXPAHEHUs, 3allUTBl U
BOCCTaHOBJICHUSI THX PECYPCOB. 3a UCKIOYEHHEM MEKIYHAapOIHBIX COIJIAIIEHUN B HACTOSILEE
Bpemsi B Poccuiickoii ®epepanuu  OTCYTCTBYIOT HOPMATHBHO-METOJIMYECKUE JIOKYMEHTHI,
HSKOHOMMYECKHE MEXaHU3MBI 110 PACTIPEAEICHUIO BOJHBIX PECYPCOB B TPAHCIPAHUYHOM KOHTEKCTE.

B 1992 roay Poccuiickas @enepauns noanucana KonseHuuio EBpazuiickoil S5KOHOMHYECKON
komuccun  OOH 1o oxpaHe W UCHOJb30BAHUIO  TPAHCTPAHUYHBIX  BOJOTOKOB U
MEXAYHApOIHBIX 03€P.

CocTosiHe HOPMATHBHO-NIPABOBOI 0a3bl J1JIs1 ONpeaeIeHUsI
U peajiM3aiuu 3K0JI0rHYecKoro croka (momycka) B Poccuiickoii ®@exepauun

HopmaTtuBbl pomycTumMoro BO3ACMCTBUS Ha BogHbIe 00BekThl (H/IB) sBisttoTcss ocHOBO#
HOPMHUPOBAHUS aHTPOIIOTEHHOTO BO3JEHCTBUS Ha BOJHBIE 00BeKThl. 3anaya H/IB — nonaepxanue
MOBEPXHOCTHBIX M MOJ3EMHBIX BOJ B COCTOSHUHM, COOTBETCTBYIOIIEM TPEOOBAHHUSIM POCCHUKUCKOTO
3aKOHO/IaTEIbCTBA.

HopmatuBbl J0MycTUMOrO BO3AEUCTBUSA, B T.4. HOPMATUBBHI JOMYCTUMOIO O€3BO3BPATHOTO
U3BATHSA BOJHBIX PECypCOB, pacCUMTaHbl JJIsl TPaHCTPAHUUYHBIX OacceiiHOB pek 3amaanas J[BuHa,
Heman wu [Ilperosna, [uenp, Tepek, VYpan, Cenenra, Hpteiu, Amyp. AHamu3 nokasai,
yTO JefcTByromue 10 KoHua 2029 u 2030 rr. HopMaTUBBI AOMYCTUMOTO BO3JECUCTBUS HA BOJHBIC
paccuMTaHbl UCKIIOUUTENBHO I POCCUNMCKON YacTh OacCeHOB TpaHCTpaHMUYHBIX peK. B HUX He
mpuBeAeHa oOmas BeTUYMHA JOMYCTUMOTO U3BATHUS CTOKA W3 BCEro peyHoro OacceiiHa,
YTO 3aTPYAHSAET OLEHKY AaJeKBATHOCTU BBINOJIHEHHBIX pacueTroB. Ilpu 3ToMm, corjacHo
«MeToUYEeCKUM yKa3aHHsIM 10 HopmupoBauuio» (Jybununa wu gp., 2008), BenuuuHy
0€3BO3BPATHOTO M3BSTHUSI BOJHBIX PECYPCOB CIENYEeT PACCUUTHIBATH BIIOTH 10 3aMBIKAIOIIETO
CTBOpA, HE3aBUCHUMO OT €ro reorpauueckoro pacroioKEeHUs, B T.4. B CIIydae pPaCIOIOKEHHUS
3aMBIKAOIIEr0 CTBOPA HAa TEPPUTOPUU JPYroTro TocyaapcTBa. DTy paboTy cleayeT MpOJOJLKUThH B
pamMKax MeKTyHapOJHBIX COTJAIICHUN U pa3paboTKu COBMECTHRIX CXeM UCTOIB30BaHUS U OXPaHBI
BOJHBIX  pecypcoB  BoAHbix 00bekTOoB  (CKMOBO), KkoTOopbhle  SBISIOTCA  OCHOBOM
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BOJIOXO35IICTBEHHOTI'O IJIaHA.

JleneHnue BOAHBIX PECYPCOB B TPAHCIPAHUYHOM KOHTEKCTE JIOJKHO OCYLIECTBIIATHCS HA OCHOBE
coBMecTHO pazpabotannoit CKMOBO, yTBep»aeHHOW OTBETCTBEHHBIMH OpraHaMH T'paHHYaIHX
cTpaH, paspabateiBatonmx Cxemy. Ilpexxne Bcero, ciemyer pa3paboTaTh W yTBEPAWTH Ha
MIPABUTEIBCTBEHHOM YpPOBHE METOJMUYECKUE YKa3aHHWs M0 pPa3pabOTKE CXeM KOMILIEKCHOTO
WCI0JIb30BAHUS U OXPaHbl TPAHCTPAHUYHBIX BOJHBIX OOBEKTOB.

Cxembl TMO3BOJISIIOT KOOPAWHUPOBATH IUIAHBI MCIOJb30BAaHUS U OXpaHbl BOJHBIX PECYPCOB,
MOTPEOHOCTH BOJIONOJB30BATENICH C YYETOM CAHUTAPHO-IKOJIOTHYECKUX CTOKOB M Je(UINTA
BOJHBIX PECYPCOB MEXJy YYaCTHUKAMM BOJIOXO3SMCTBEHHOTO KOMILIEKCA, y4eTa pexuma padoThl
BOJOXpAaHWIMIL M JAPYrUX AacleKkToB BOJOMNOJb30BaHMs. [lokazarenn oTpaciieBoro H
TEPPUTOPUATBHOTO BOJOMNOJB30BaHusA, ycraHoBieHHble B CKHMOBO, B npanbHeimeM ciyxar
OCHOBOM /1711 MOATOTOBKH JIOTOBOPOB BOJIOTIOJB30BAHMS U PEIIEHUN O MPEJOCTAaBIEHUU BOJHBIX
00BEKTOB B NOJB30BAaHUE, a TaKXKe MPHU pa3pabOTKe MpaBWJI HUCIIOJIB30BAHMS BOJHBIX PECYPCOB
BOJIOXPaHUJIHILL.

B pamkxax CxeMbl KOMIUIEKCHOTO HCIHOJB30BaHUS U OXpaHbl BOJHBIX OOBEKTOB
pPacCUMTBIBAETCS BOJIOXO3SUCTBEHHBIM OamaHc. OH  SABISIETCS WTOTOM  BOJOXO3SHCTBEHHBIX
pacueToB, ONPENENSIONINX COOTHOIIEHHWE pacHoJlaraéMbIX BOJHBIX PECYpPCOB MU PACUETHOIO
BOJIONIOTPEOJIEHNUS TPH COBPEMEHHOM U MPOTHO3HUPYEMOM YPOBHE PAa3BUTUS HKOHOMHKHU.
Pacuer Gamanca  BBIMOJNHSETCS C  y4eTOM  COOJIOAGHMSI  DKOJIOTMYECKOTO  CTOKa  Ha
HE3apery/lupoBaHHbIX y4YyacTKax peKu. BennunmHa 5SKOJOTMYECKOro CTOKAa YCTaHABIMBAETCS
HOpPMaTHUBaMHU JIOTTYCTUMOTO O€3BO3BPATHOTO U3BATHS (3a00pa) peyHOro CTOKa.

[Ipu pacuere BOIOXO3AWCTBEHHOro ©OajaHca M JI€JIEHMM BOJHBIX pPECYpCOB CIEAyeT
paccMaTrpuBaTh M YUUTHIBaTh JIBE TPYIIBI MOTpEeOUTENEH: B IEPBYIO O4Yepeb, 3APaBOOXPAHEHUE U
OXpaHa MPUPOJTHBIX PECYpPCOB, BO BTOPYIO — BOJOMOTPEOIEHHE M BOJOMOJIB30BAHUE OTPACIIMU
skOoHOMUKH (PykoBojacTBO ..., 1974) CoxpaHeHrne U BOCCTAaHOBJICHUE BOJAHBIX IKOCUCTEM JOJIKHO
ObITh KIIIOYEBOM COCTaBISIOUICH NpU YIpaBICHUU BOJHBIMU pecypcaMu, a OuoJiornyeckas
MPOAYKTUBHOCTh — HMHJAMKATOPOM COCTOSIHMSI BOJHBIX 3KocucTeM. [loaToMy mpuopureToM mnpu
BOJIOTIOJIb30BaHUM JIOJKHA TI0JIb30BaThCsl mepBas rpymnma. Kak st mepBoM, Tak W Uil BTOPOU
TPYIIIBI JIeJIEHUE TPOU3BOJUTCS C YUETOM JOMYCTUMOIO 00beMa Oe3BO3BPATHOTO M3BATHS CTOKA U
9KOJIOTHYECKUX CTOKOB (TIOIMTYCKOB).

B neiictBytonmem ®enepanpbHoM 3akoHe «O0 oxpaHe oOKpykawmeid cpeab» Ne 7-D3
ot 10.01.2002, craTest 26, TOBOPUTCA O «HOPMATHUBaX JOMYCTUMOTO H3BATUS KOMIIOHEHTOB
MIPUPOJHON Cpelbl — HOPMATHBBI, YCTAHOBJIEHHBIE B COOTBETCTBUU C OrPaHUYCHUSIMH O0ObeMa
U3BATUA B IENAX COXPAHEHUS MPUPOJHBIX W MPHUPOJIHO-AHTPOIOTCHHBIX O0BEKTOB, 00ECIeUeHHUS
YCTOHYMBOTO (DYHKIITMOHHPOBAHHS €CTECTBEHHBIX SKOJIOTMUYECKUX CHUCTEM M IMPEAOTBPALICHUS HUX
nerpagamum». Ilpy 3TOM NOTYEPKHYTO, YTO NOPSAOK HUX YCTAHOBIICHUSI OIPENEISIOTCS
3aKOHOJATEIbCTBOM O  HEApax, 3€MEJIbHbIM, BOJHBIM, JIECHBIM  3aKOHOJATEIbCTBOM,
3aKOHOJATENLCTBOM O JKMBOTHOM MHUPE W HMHBIM 3aKOHOJATEIbCTBOM B 00JacTH OXpPaHbI
okpyxatoueid cpenapl. OgHako B aeiictByromeMm Bonnom koaekce PO ot 03.06.2006 Ne 74-03
OTCYTCTBYIOT TpeOOBaHHS IO YCTAaHOBIEHHUIO JKOJIOTUYECKOTO CTOKAa M 00beMa JOMyCTUMOTO
U3BATHSA BOJABI M3 BOJHBIX 00BekToB. CledyeT ykas3aTh, YTO B Mpenblayiieil Bepcun BogHoro
kogekca (1995) ObliM mpHBelneHBI TPeOOBAaHUS K SKOJOTMUECKHMM Momyckam, B cratee 110:
«TpeboBaHUs K OKOJOTHUECKHM TIOMYCKaM U HOPMHUPOBAHUIO TMPENENbHO JOMYCTUMOTO
0€3B0O3BPATHOTO U3BATHUS IOBEPXHOCTHBIX BO/I.

Jlns  moanep)KaHUST COCTOSIHHSL BOJHBIX OOBEKTOB, COOTBETCTBYIOIIETO JKOJIOTUYECKUM
TpeOOBaHUAM, OCYLIECTBISIOTCS COPOCHI BOJBI M3 BOJOXPAHMIIMIL (SKOJOTHYECKUE IOIYCKH) H
ycTaHaBIUBaeTCs 00heM 0€3BO3BPATHOTO U3BATHS MOBEPXHOCTHBIX BOJ.

DKOJOTUYECKHE TOMYCKH M OOBeMBbl OE3BO3BPATHOTO H3BATHS IMOBEPXHOCTHBIX BOJ JUIS
KaKJOTO BOJHOTO OOBEKTa OMpENeNsioTcs (eaepatbHbIM OPraHOM HCIIOJHUTENBHON BIIACTH
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yIIpaBJICHUS] MCIIOJIb30BAaHHEM W OXpaHOW BOJHOTO (POHIA COBMECTHO C (eliepalbHBIM OPraHOM
WCTIOJITHUTEIBHOW BJAacTH B 00JACTH OXpaHbl OKPYXKAIOIIEH NPUPOIAHON Cpeabl B MOpPSAKE,
ycra"aBinuBaeMoM [IpaBurensctBoM Poccuiickoit denepanuu.

VYaoBineTBopeHne NOTPEOHOCTEM BOJOIOJIB30BAaTENEM B  BOJHBIX pecypcax 3a CyeT
9KOJIOTHYECKOIO MOITyCKa HE JOIYCKAETCSI.

['maBHBIM  JOKYMEHTOM 110  YOpPaBJICHUIO  BOAOXpaHWIMIAMH  sBisitoTca  [IpaBuna
HCIIOJIb30BAHMS BOJOXPaHWINIL, KOTOPbIE BKIIOUYarOT: [IpaBuiia MCIoIb30BaHusl BOAHBIX PECYPCOB
BogoxpaHwum M [IpaBuia TEXHHYECKOW OSKCILTyaTallMd W OJaroycTpoicTBa BOJOXPAHFUIHIIL.
Onu pa3pabaTbIBalOTCS B COOTBETCTBHM ¢ METOIMYECKUMHU YKa3aHUSMH IO pa3paboOTKe MpaBMII
WCIOJIb30BAHUSl BOJOXPAHWINIL, KOTOpPbIE ObUIM YTBEp)KIEHBI IpukazoM MuHmnpupoasl Poccun
Ne 17 or 26.01.2011. Hcnons3oBaHue BOJOXPAHWIUI MPETyCMATPUBACT PEATU3AIUIO
9KOJIOTMYECKUX TpeOOBaHUI K peKMMaM pacxoJ0B U YPOBHEH BOJAbI B HKHEM U BEpXHEM Obedax
TUIpoy3ja paccMaTpuBaeMoro BojoxpaHwinia. OqHako B mojoxeHusx [IpaBuin ncrosib30BaHUs
BOJHBIX PECYPCOB BOJOXPAHWIMIL OTCYTCTBYET IIOJIO)KEHHE O HEOOXOAMMOCTH YCTaHOBJICHUS
JKOJIOTHYECKHUX MOIYCKOB.

B 1menax cosepieHCTBOBaHMS TOCYJAapCTBEHHOTO YMNpaBieHUS B 00JAacTH HMCIOJIb30BaHUS U
OXpaHbl BOJHBIX OOBEKTOB HEOOXOMUMO BHECeHHE HM3MeHeHuU B Bomaublii konekc PO B wactu
BKJIFOUEHUS TOJIO)KEHUH 0 HEOOXOJMMOCTH OlpeneneHusi o0bema J0MYCTUMOro 0e3BO3BPaTHOTO
U3BATHS PEYHOro CTOKAa (BOJHBIX PECYPCOB) M HSKOJOIMYECKUX CTOKOB (TOMYCKOB), a TakKke
MEXaHH3Ma UX YCTaHOBJICHUS.

O MeTo10/10rMH ONpe/iesIeHUsI IKOJIOTMYEeCKOro CTOKA (MOIMyCKa)

CymectBytomue B Poccuiickoit ®epepanum W JIpyrux CTpaHax pPEKOMEHIAMU 10
PE3EPBUPOBAHUIO B PEKAaX SKOJIOTMYECKOIO CTOKA OCHOBBIBAIOTCS HA pa3HbIX MPUHIUNAX U HE
MOTYT TapaHTHPOBATH SKOJIOTMYECKOE OJaromnoydyue pPEedYHbIX CHCTEM. AHAIM3 POCCUICKUX U
3apyOeKHBIX MaTEpUAIOB IOKA3blBA€T, YTO HA JaHHBIH MOMEHT HE CYIIECTBYET €AMHBIX
METOIMYECKUX MOIXO0/I0B K OLIEHKE JONMyCTUMBIX OOBEMOB U3BATHS CTOKA U3 BOJIHBIX OOBEKTOB U
YCTAHOBJIEHUS KOJIOTMUYECKMX CTOKOB, a TAKXKE OTCYTCTBYET €JMHOOOpa3ue B TepMUHAxX. B cBs3u ¢
3TUM Tpedyercss pa3paboTka HaydyHO OOOCHOBAHHOW CTpaTerud B OO0JAcTH HCIOJIB30BAaHUS U
OXpaHbl BOJHBIX pecypcoB. [liusi 3TOro HEOOXOAMMO YCTaHOBUTb IPENENIbl 3KOJIOTMYECKH
JOITYCTUMOIO O€3BO3BPATHOIO H3BATHS IOBEPXHOCTHOIO CTOKAa Juld OacceHOB pa3HBbIX pEK,
YUUTBIBasl TaKKe TPeOOBAaHUSA K BOJHOMY CTOKY 3aMbIKAIOIIMX BOJHBIX OOBEKTOB KaK KOHEYHBIX
3BEHbEB I'MJIpoTrpauuecKoil ceTu dacceiiHa.

ITo mpobGneme H3BATHS BOAHBIX PECYPCOB YCTAHOBJIEHUS 3KOJOIMUECKOIO CTOKA HANHCaHO
3HAYUTENbHOE KOJMUYECTBO IyOnukanuil. O630p 3THX paboT Hambosee OOCTOATENBHO CcHenallu
b.B. ®amesckuit (1989, 1996) u B.I'. Jlyoununa (2001). Onu >xe mpenjoxuwin B Hauboliee
3aKOHYEHHOM BH/JIE METOIMUECKHUE MOAX0/Ibl K ONPEICNIEHUIO T0IIYCTUMOI0 U3bSITHUS PEYHOI'O CTOKA
10 YCIOBUAM (DYHKIIMOHUPOBAHUS BOJHBIX SIKOCUCTEM.

ITpemnoxxennas b.B. ®@amesckum (1989, 1996) mpouenypa pacuera 3KOJOTHYECKOTO CTOKA
OCHOBaHa Ha MWCIOJb30BAaHMM TaK HAa3bIBAEMbIX T'OMEOCTATMUECKMX KPHUBBIX (JAMHAMHUKHU
YHUCICHHOCTH OPraHU3MOB IIJIAHKTOHA M OEHTOCa, BOCIPOM3BOJCTBA PHIOHBIX 3aMacoB, JUHAMUKU
YHUCICHHOCTH OKOJIOBOJHBIX MJIEKOTMTAIOIIMX M NTHIL, KPUBBIX YpPOXKANHOCTHU MONMEHHBIX JyrOB
U T.J.), TOJY4YEHHBIX JJs OCHOBHBIX peKk cTpaHbl. Ha oOcCHOBe aHamm3a 3TUX KPHUBBIX
00€CIeYeHHOCTH PEYHOr0 CTOKa cHellaH BBIBOJ, YTO MO Mepe MNPHUOMIKEHHS K CpeAHEMY IIO0
BOJHOCTH TOJy KOJHMYECTBO BOJHBIX M OKOJIOBOJHBIX OpPraHM3MOB HapacTaeT W JOCTUTaeT
MakcuMyMma. B CBSI3M ¢ 3TMM BepXHHH Mpesen IKOJOTHUYECKOro CToka (obecneueHHOCTh — 25%)
MOXET OBITh OmucaH TUApPOrpad)oM eCTEeCTBEHHOIO CTOKa peku ¢ obecrneyeHHOCThIO 50%.
HwxHuit npeaen 3KoJoruyeckoro mnomycka (odecnedeHHOCT — 95%) omuceiBaetcs ruaporpadom
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€CTECTBEHHOI'0 CTOKa ¢ 99% 00ecneueHHOCThIO, T.€. C BEKOBBIMU 3allacaMM BOJHBIX PECYpPCOB B
pedHOi cuctemMe. JTU KPUBbIE OrPAHUYMBAIOT JUAMA30H PAaCUYETHBIX 3HAUYEHUH 3KOJIOIMYECKOIo
cToKa peku. Jlexaree B OCHOBE METO/1a TIOJI0KEHUE O TOM, YTO IO Mepe MPUOIIMKEHHS K CPETHEMY
10 BOJHOCTH IOy BOCIPOU3BOJCTBO BCEX OPraHU3MOB YBEJIMYMBAETCS U JOCTUTAET MaKCUMyMa,
C Halled  TOYKM  3pEHHUs, HEJOCTaToOYHO  00OoCHOBaHHO. Pe3ymbrarhl  Hccien0BaHUMN
(Hdybununa, 1973; bpoudman u np.,1979; IlasnoB u np.,1989; Kozmutuna u ap.,1998; Karynun
uap., 2013) mnokazamu, YTO I PEK BAXHOIO pPHIOOXO3SMCTBEHHOIO 3HAYEHHUS] ONTHUMYM
BOCIIPOM3BOJICTBA PBIO IpUXOAUTCs Ha roabl ¢ 25-40% oOecriedeHHOCTHIO CTOKa. B mpakThke
IIPUMEHEHUSI IaHHOTO METoJAa 0e3BO3BpaTHOE U3bIATHE PEUHOI0 CTOKa 3adacTyio cocrasisger 30%
u 6onee. Crosib 3HAUUTEIbHAS BEJIMYMHA BPSA JIU MOXET O0ECHeYUTh YCTOMYMBOCTH CHUCTEMBI,
MIOTOMY YTO JJisi OOJIBIIMHCTBA PEK MOJKET ObITh KPUTHUECKON, a HE SKOJOTMUECKU JIOMYCTUMOHM.
Meton b.B. dameBckoro MoxkeT OBITh PEKOMEHJOBAH B KAaueCTBE OKCIEPTHOW OIEHKH IS
YY4aCTKOB pPEK C HU3KOW OHOJIOTMYECKOW MPOJYKTUBHOCTHIO M MaJblX PEK IPHU OTCYTCTBUU
MaTepuagoB (akTUUECKUX HAOMIOACHWH W HAAEKHBIX 3aBUCUMOCTEH, a TaKKe HKOJIOTHYECKU
3HAYUMBIX TUAPOJIOTUYECKUX U OHOJOTMYECKHX JIaHHBIX, HEOOXOAUMBIX Uil HUCHOJIb30BaHUS
JIPYTUX METOJIOB.

BeimonHenHas B pamkax npoekra ¢ Kazaxcranom «9KOJIOTHYECKNH CTOK — OCHOBA COXPaHEHUs
9KOJIOTMYECKON CHUCTEeMBbD» paboTa CBHAETENbCTBYET, YTO B KazaxcraHe pacmoJiaraloT METOJ0M
OTIpeJIeNIEeHUs] SKOJIOTMYECKOTO CTOKa HI)KE THAPOY3JIOB U BOJ03a00pOB, KOTOPBIA IMOJHOCTHIO
Oasupyercsa Ha meroauke b.B. ®ameBckoro. C Hameld TOYKH 3PEHHS, MO HM3JI0KEHHBIM BBIIIIE
MpUYMHaM, JaHHasi MeToauka Tpedyer nopabotku. CornacHo pacueraMm u3 Kazaxcrana, B kauecTBe
puMepa 3KOJIOTHYECKOro CTOKa Ha p. Ypaul (B HIDKHEM TE€YCHHH OHA HOCUT Ha3BaHHe JKalbIK) 1o
MPeII0KEHHOM METOJMKE B paMKax JaHHOTO IMPOEKTa JOMYyCTHMas BelIMYMHA Oe3BO3BPATHOIO
U3bATHA CTOKa B yCTheBOM uacTu cocraBuia Oonee 30% OT CpeaHEMHOTOJIETHEH BEIUYUHBI
€CTECTBEHHOI'0 CTOKa, YTO HEIOMYCTHUMO C MO3UIIMU COXpPaHEHMsI BOJIHBIX sKocucTteM. [locnemquss
Bepcus «Metonukuy»  omyOnumkoBaHa B okypHaine «BomHoe  xozsiictBo»  (bypnuGaes,
bypmmbaesa, 2020).

CornacHo MarepuanaMm Ipoekrta, B Kutalickoli HapoIHOHW pecnyOiauKe Hadald HCIIOJIb30BaTh
MOHATHE «IKOJOTHYecKuid cTok» ¢ 2015 roma B «llmane AEMCTBHI MO MPEIOTBPALICHUIO U
KOHTPOJIIO 3arps3HeHus Bojbl». Kwurall 1uaHupoBasll co3JaTh CHUCTEMY  MOHUTOpPHUHIA
9KOJIOTMYECKOTr0 cToka K KOHIy 2020 roja u BCECTOPOHHE peain30BaTh MEpPHI MO YIPABICHHUIO
9KOJIOTUYECKUM CTOKOM K 2025 roay. OgHako 3TOT IJIaH NPUMEHSIETCS TOJIBKO K BHYTPEHHHUM
BOJIOTOKaM, a HE K TPAaHCTPAaHUYHBIM pEKaM, MOCKOJIbKY CUMTAETCS, YTO SKOJOrMYeCKHe MOTOKU
TPAHCTPAHUYHBIX PEK JOJDKHBI ONpEeAeNsThCS MPUOPEeKHBIMU rocymapcTBamu. OCHOBHas Ielb
9KOJIOTHYECKUX CTOKOB OCHOBHBIX PEK M 03€p Ha Mpumepe OacceliHa peku Xyail — COXpaHUTh MX
9KOJIOTHYECKUN 0a30BBIA CTOK. DKOJIOTWYECKUH O0a30BbIA CTOK O3HA4YaeT MHUHHUMYM HHUXKHETO
MIpeIeIbHOTO pacxo/a (KOJIMYeCTBO BOJIbI, YPOBEHb BOJbI U ITyOHMHA BOJIbI), KOTOPBIM HEOOX0AUMO
MOJJIEP>KUBATh JUIsl CYIIECTBOBAaHUS SKOCUCTEMbl peKku U o3epa. [lpennaraercss moanep:KuBaTh
okoJo 5-10% cpenHerooBoro cToka, 4to obecrneunBaeT TpeOyeMylo MIMPUHY PEKH, ee TIIyOuHy U
CKOpPOCTh TE€UEHHMsI, YTOOBI yJOBIETBOPUTH OOIIME TPEOOBAaHUS «UIsl PHIOHON JIOBJIM, TypU3Ma U
naHamadgdTa.

Jlpyrue cTpaHbl HE MpPEACTaBUIM METOAWYECKHE TMOAXOJbl K YCTaHOBJICHHMIO oObema
0€3BO3BpAaTHOTO M3BATUS  IOBEPXHOCTHOTO M  HKOJOTHYECKOTO CTOKAa. XapaKTepUCTUKU
OCTaBJIIEMOT0 B peKax cToka B 1enoMm no crpaHaMm CHI' He perimaMeHTHpyrOTCs, HO B psle
pecnyOiauK MPUHATH BEIOMCTBEHHbIE OI'PaHUUYEHHS, HE UMEIOIINE YKOJOTHYECKOro 000CHOBAHMSL.
Taxke ucnonb3yroTcs 0a30BbIE YCIOBHS U MPOLEAYPHl MEXPECIYOIMKAHCKOTO pacripeaeieHus
BOJHBIX PECYPCOB, KOTOpHBIE AeiicTBoBanu 1o pacnaga CCCP B 1991 r.

B Poccniickoit @enepauuu B coorserctBuM ¢ Ilocranosnenunem IlpaBurenscrsa Poccuiickon
@enepann Ne 881 ot 30.10.2006 «O mopsiake YTBEp)KIAEHHS HOPMAaTHUBOB JOINYCTUMOIO
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BO3JICHCTBUSI Ha BoAHBIE 00BeKTH» (CoOpaHue 3akoHOHarenscTBa Poccuiickoit dDeneparuu
2007 r., Ne 4, c. 510) u B uensx ycosepuieHctBoBanus Ilpunoxenus I' «MeTtoauueckux ykazaHun
o pa3paboTKe HOPMATHBOB JOIYCTUMOTO BO3JICWCTBUS HAa BOIHBIE OOBEKTHD» (YTBEpPXKIACHBI
[Ipukazom MunucrepcTBa npupoHbeix pecypcoB Poccun Ne 328 ot 12.12.2007, 3aperucTpupoBaHbl
MunncreperBoM tocturmu Poccuu Ne 10974 ot 23.01.2008) pa3paboran npoekt «MeToandecKux
yYKa3aHWi 10 HOPMHUPOBAHHUIO JIOITYCTUMOTO O€3BO3BPATHOTO W3BATHS PEYHOTO CTOKA U
YCTQHOBJIEHUIO JKOJIOTUYECKOTO cToKa (momycka)y» (Jdyomrmna u ap., 2008). Ilpu coxpanenuun
OCHOBHBIX INPUHIMIOB ObUI NMPUHAT Psi MPEAJOKEHUN IO COBEPIIEHCTBOBAHUIO METOAMYECKUX
oAX0/10B. B yacTHOCTH, JOmycTHMOE OE€3BO3BPAaTHOE M3BATHUE PEUHOTO CTOKA B I'OJIbl PA3IMYHOMN
BOJHOCTH TPUHUMAETCS C YYETOM KOPPEKTHPYIOIIEro Ko3(d@uIMeHTa MNPONOpLHOHAIBHOCTH.
VYnopa3aHeH pacyer cToka 0a30BOro roja, T.e. MUHUMAaJbHBIA CTOK, HAUWHAs C KOTOPOTO MO>KHO
BECTU U3BSITHE CTOKA B yCTAHOBJIEHHOM 00beMe. BHeceHa penakiius B HEKOTOpble (POPMYIHPOBKH.
B nanpHeleM pabota onyOnMkoBaHa B okypHane «BomgHoe xo3siictBo  Poccum»
(dyoununa u ap., 2009).

[Tpunsaroit B Poccuu enuHON METOIOJIOTHYECKON OCHOBOM JIJIsi YCTAaHOBJIEHUS O€3BO3BPATHOTO
U3BATHS PEYHOTO CTOKA M YCTAHOBJIEHMSI HKOJIOTMYECKOTO CTOKAa M 3KOJOTHYECKOro MOIycKa
SBIISIETCSA HAayyHO OOOCHOBAaHHBIM MPHUHIMI YCTOWYUBOTO (YHKIMOHHUPOBAHUS BOJHBIX H
OKOJIOBOJIHBIX 3KOCHUCTEM U COXpaHEHHE yCIOBUM €CTECTBEHHOI'O Pa3MHOXKEHHSI OPTaHHU3MOB, IpH
KOTOPOM COXpaHSE€TCS MX CTPYKTYpHO-(QYHKIIMOHAJIbHAs OpraHu3alusi M CIOCOOHOCTh K
camoperyisnuuu u camooccraHosiieHuto (younuna, 2001; Ilacryxosa u ap., 1991).

[Ipu onpenenenun o0bemMa JOMYCTUMOIO OE3BO3BPATHOIO M3BATHS BOJHBIX PECYPCOB CIEIYET
IIPOBOJIUTH pacueT CHayaja B LEJIOM Ui OacceiiHa IO 3aMBIKAIOLIEMY CTBOPY IVIABHOM peKH, a
3aTéM — 10 OTAEIbHBIM YYacTKaM B COOTBETCTBUM C TUApOrpaUYecKuM  W/Win
BOJOXO3HCTBEHHbIM pAalOHMPOBAHUWEM. OTO KacaeTcs BCEX BOJHBIX OOBEKTOB, BKIIOUAs
TpaHCTpPaHUYHBIE.

1. BenuunHa 0€3BO3BpPAaTHOTO U3BATHS  DKOJOTMYECKOTO CTOKa (TOMycKa) JIOJDKHA
OMPENEeNAThCS 1O THAPOJIOTHYECKUM YCIOBUAM, KPUTHUECKUM JUIsl BOCIIPOM3BOJICTBA OPraHU3MOB U
¢byHkumonuposanus skocucreM. [Ipu pacxomax u oObemax BOJbI, KOTOpble OJIM3KM U HUXKE
KPUTHYECKHX, HPOUCXOMUT PE3KOE YXYALUIEHHE €CTECTBEHHOTO pPAa3MHOXKEHHUS LIEHHBIX,
IIPOMBICIIOBBIX M MPOYUX PBIO U JPYTrUX I'MIPOOMOHTOB, OKOJOBOJHBIX JKUBOTHBIX M PacTEHHUH,
Hapywmaercs Ipouecc pycioGpopMUpoBaHHA. B eCTECTBEHHBIX  YCIOBHAX  KPUTHYECKUE
T'HJIPOJIOTMYECKHUE YCIOBUS CO3/Ial0TCSl B OCHOBHOM B MaJIOBOJIHBIE I'OJIbI U IIEPHO/IBI.

2. O0beM M pacxol BOJAbL, COOTBETCTBYIOUINE KPUTUIECKOMY COCTOSIHUIO BOJHBIX IKOCHUCTEM,
JOJDKHBl ~ ONPENENAThCS Ha OCHOBE aHaiM3a CBs3ed eCTECTBEHHbIX (BOCCTAHOBJICHHBIX)
THJIPOJIOTMYECKUX XapaKTEPUCTHUK PEKH C MPOJYKTUBHOCTBIO BOJHBIX 3KOCHUCTEM MM C
XapaKTepU3YIOIUMHU €€ KOCBEHHBIMH MOKazaTesaMu. [l ManblX peK M HNPUTOKOB IJIaBHOM PEKH,
[0 KOTOPBIM OTCYTCTBYET HH(pOpManus IJisi IOCTPOEHUS CBA3EH BIMSHUS T'HIPOJIOTMYECKOTO
peKuMa Ha COCTOSIHUE BOJHBIX M OKOJIOBOJHBIX 3KOCHCTEM, 3a BEJIWYMHY KPUTHUECKOTO CTOKA
IIPUHUMAETCS 00bEM BOCCTAHOBJIEHHOTO CTOKa B rofbl 97%-Hoi obecnieueHHOCTH. Takoit o0beM
CTOKa COXpaHseT MUHUMAJIBHO JIOIYCTUMBIE YCIOBUS (DYHKIIMOHUPOBAHUS PEYHOM IKOCHCTEMBI.

3. BoaHble U OKOJIOBOAHBIE CHCTEMBl MOTYT (DYHKIMOHUpPOBATb NPU SMU30AUYECKUX
CHIDKEHHMSIX oObeMa CTOKa HM)Ke KPUTHUYECKOIO, OJHAKO CHCTEeMAaTHYeCKOE CHIDKEHHE 00beMOB
CTOKa M HapylIEHHWE ECTECTBEHHOIO THMIPOJOrMYECKOr0 PEKHMMA PEK MOXKET MPHUBECTH K
nerpajanuu skocucteM. lloatomy pacueTHas BenMYMHA JOIMYCTMMOTO HM3BSATHS CTOKA JIOJKHA
o0ecrneunTh COXpaHeHHE KoJIeOaHUIl CTOKa, MaKCHUMajbHO TNPHUOJIMKEHHBIX K €CTECTBEHHBIM
YCIIOBHSAM, T.€. HE BBIXO/AIINX 32 MIPE/IeIbl €CTECTBEHHBIX MHOTOJIETHUX KOJICOaHUH.

4. JlomycTMMO€ M3BSATHE IMOBEPXHOCTHBIX BOJHBIX PECYpCOB HE NOJDKHO mpeBblmiath 20%
ero oorema.

B «Meroandeckux yka3aHHAX MO HOPMHUPOBAHUIO» MPHUBOIATCS OOIIMN alrOPUTM pacuera H
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MpPUMEpPHl  OIpeaesieHHs] 0OBEMOB JIONMYCTUMOTO OE€3BO3BPATHOTO HU3BATHS PEYHOrO CTOKA U
9KOJIOTMYECKOT0 CTOKA U AKOJIOTMYECKOTO MOIyCKa.

B cBs13u ¢ mepecMoTpoM «MeTOINYECKUX yKa3aHui Mo pa3paboTke HOPMATUBOB JOIMYCTUMOTO
BO3JICHICTBUS Ha BOJHbIE OOBEKTHI» 10 NMOpy4yeHUto PeaepanbHOro areHTCTBa BOJAHBIX PECYPCOB B
sauBape 2021 r. ®I'BY «llenTtpanbHoe VYmpaBieHHe MO pbIOOXO3SNUCTBEHHOW 3KCIEPTH3E U
HOpPMaTMBaM II0 COXPAHEHHIO, BOCIPOU3BOJCTBY BOJHBIX OHMOJIOTUYECKMX PpECypcoB U
aKKJIMMaTU3alun» HAPABUIIO IPEUIOKEHHS 10 aKTyaau3aluuu npoekra « MeToauueckux ykazaHui
[0 HOPMHUPOBAHHUIO JOIMYCTUMOIO O€3BO3BPATHOIO H3BATHSA PEYHOTO CTOKA U YCTAHOBJICHHIO
9KOJIOTMYECKOro cTokKa (nomycka)» (Jyoununa u ap., 2021, Jlyoununa u ap., 2022).

Metouueckre MoaxoAbl MO YCTaHOBJIEHHUIO sKojormyeckoro croka B Kaszaxcrane, Kurae u
Poccun Obun 105105k€HBI HAa PervoHanbHOM COBEIIaHUU IO PACIPENIEICHUIO BOJHBIX PECYPCOB U
OIIEHKE DKOJIOTUYECKOTO CTOKa B TpaHCTpaHWYHOM KOHTEekcTe B Kazaxcrane, 22-23 ceHTAOps
2020 r., oHAKO OIIEHKA WM TPEIJIOKEHHUS MO BBIPAOOTKE OOMIMX TMO3UIMKA K WX pa3paboTke Ha
coBemlanun He mnpo3Bydanu. HMcnomnurens — IIpoekta TOO «KazaxcraHckoe ATEHTCTBO
[IpuknanHoil DKoJOTHM» HE O3HAKOMMJIA €r0 YYaCTHUKOB C BBIBOAAMHM M UTOTOM paboThI,
HampaBJIEHHBIM MUHHCTEPCTBY 3KOJIOTUM, TEOJIOTMM U MPHUPOJHBIX pecypcoB PecnyOnuku
Kazaxcran nns nepenaun B Cexkperapuar KoHBeHIIMM IO TpaHCTpaHWYHBIM BoJaM EBpornerickon
skoHOMHueckoi komuccnn OOH.

OcHOBHBIEC peKOMEHAAIUH HALMOHAJIBLHOI0 JKcnepTa oT PD
110 COXPAHEHHMIO M BOCCTAHOBJICHHIO BOJHBIX JKOCHUCTEM TPAHCIPAHMYHBIX pPeK

1. B «MexayHapOoJHbIX COTJIAIIEHUSAX C CONMPEAEIbHBIMU FOCYIaPCTBAMHU 110 MCIOJIb30BAHUIO
U OXpaHe TPAHCTPAHUYHBIX BOJ» HEOOXOJAMMO MPOMHCATH YCTAaHOBJIEHHE OOBEMOB JOMYCTHUMOTO
0€3BO3BpaT M3BATHA PEYHOTO CTOKA M OIKOJOTUYECKOTO CTOKa (MOMycKa) MO MHOTOJETHUM
€CTECTBEHHBIM (BOCCTAHOBJIEHHBIM) PsiiaM BOJHOIO CTOKA, C €M0 BHYTPUT'OJIOBBIM pacipeesieHueM
JUIS JIET CO CTOKOM Pa3InYHON 00ECIeUeHHOCTH.

2. JleneHne BOJHBIX pECYpCOB W YCTAaHOBJIEHHE JKOJOTMYECKOTO CTOKa (IOMycKa) B
TPAHCTPAHUYHOM KOHTEKCTE JOJDKHO OCYIIECTBJISTHCS Ha OCHOBE COBMECTHO pPa3paOOTaHHBIX
CKHNOBO, yTBepX IEHHBIX OTBETCTBEHHBIMM OpraHaMy TpaHUYalllUX CTPaH, KOTOpbIE HX
paspabateiBatoT. [IpenBaputenbHo cieayer pa3paboTaTh M YTBEPAUTH Ha MPABUTEIHCTBEHHOM
ypoBHE «MeToInYecKre yKa3aHusl 1Mo pa3paboTKe CXeM KOMILIEKCHOTO HCIOIb30BaHUS U OXPaHbl
TPaHCTPAHUYHBIX BOJHBIX OOBEKTOBY». [IpUHATHE OMEpPAaTUBHBIX PEHICHUH IO JEJICHHUIO BOJIBI
OCYILIECTBIISIETCSI C YUETOM BOJIOXO3AWCTBEHHOM 00CTAaHOBKH, CKIJIAJbIBatOIICica B OacceliHe pekH,
MIPOTHO3HBIX JAHHBIX IPOXO0KIECHUS MOJIOBOAbS WM MABOJKA, a TAKKE T'HIPOMETEOPOIOTHUECKOTO
pexXuMa TPaHCTPAHUYHBIX PEK.

3. IlpencraBnennsie Kazaxcranckoi Pecnybnukoii u Poccuiickoit denepanveid METOIUKN 1O
000CHOBAHHIO PKOJIOTHYECKOTO CTOKA U JOMYCTUMBIX 00HbEMOB 0OE€3BO3BPATHOTO HU3BATHS PEUHOTO
CTOKa CIIeyeT BBIHECTH Ha 00CYK/IEHUE Ha COBMECTHOE 3aCeJaHKe rOCYAapCTBEHHOTO YPOBHSI.

4. B OONBIIMHCTBE PEYHBIX OACCEMHOB HIKOJOTUYECKUH CTOK (TIOMYCK) HE peaau3yercs Ha
MPaKTUKE, YTO MPUBOAUT K YXYALICHHUIO COCTOSIHUS BOJHBIX 3KOocHcTeM. OCHOBHbBIE NPUYUHBI
3aKJIIOYAIOTCS B OTCYTCTBUU 3aKOHOJATENbHBIX TpeOOBaHHM, TPYAHOCTH OIEHKH yiepoa,
MPUYMHEHHOTO BOJHBIM OHOpecypcaMm, ¥ HEJOCTAaTOYHBIM MHTEpPEC CTOPOH B pealHu3aliu
9KOJIOTUYECKOTO CTOKA U MOIYCKOB.

5. HeobxomuMo 3aKOHOJATENBHO 3aKpENUTh YCTAaHOBIIEHHE IOMYyCTUMOTO OE3BO3BPATHOTO
U3BATUS MMOBEPXHOCTHOTO CTOKA M AKOJIOTUYECKHX CTOKOB (MOMYCKOB), a TaKKe KOHTPOJIb HaJ MX
peanu3anuei.

3ak/oueHue

Ouenp BaxkHO, yToObl Cekperapuar KOHBEHIIMM MO TpaHCTpaHMYHBIM BojaMm EBpomeiickoit
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skoHOMHUYeckoi komuccun OOH mommepxan HeoOXOAMMOCTbh BHEIPEHUS CUCTEMBI JUIs
HOPMHUPOBAHUS JIOIIYCTUMOTO O€3BO3BPAaTHOTO H3BATHS PEYHOTO CTOKA M YCTAHOBJICHUS
apaMeTpPOB 3KOJIOTUYECKOTO CTOKA (IIOIYCKa) B YCIOBHSX Pa3IMYHON BOJHOCTH, YTOOBI COXPAHATh
1 BOCCTAHABJIMBATh BOJIHBIE U MOMMEHHBIE 3KOCUCTEMBI TPAHCIPAHUYHBIX PEK.

Jlia peanuzanuu 3TOM 3amaud HeoOxoauma oOmiasi MO3UIMS U COIVIaCOBaHHBIE IMOJXOJbI B
pa3paboTKe eTUHBIX METOAMK ISl YCTAaHOBJICHUSI 0OBEMOB JIOITYCTUMOTO O€3BO3BPATHOTO M3BSTHS
PEYHOTO CTOKA M 3KOJIOTMYECKOTO CTOKA (IIOTyCcKa).

OaHMM M3 HMHCTPYMEHTOB KOOPAMHALMH B IJIAHUPOBAHUM KOMILJIEKCHOTO HCIIOJIb30BAHUS
BOJHBIX pecypcoB (0OBEKTOB) AOJDKHBI OBITH coBMecTHO pazpaboranusie CKMIOBO B menom s
0acceliHOB TPaHCTPAaHUYHBIX PEK.

B nmanpHelimieM  cinegyeT  pasBHBaTh  NOTEHIMAN  B3aWMOJECHCTBHS  CTpaH  IIO
COBEPIICHCTBOBAHUIO JIOTOBOPHO-NIPABOBOM 0a3bl M  COIVIACOBAHHBIX HAYYHO-METOJUYECKHX
MPUHIIUIIOB B OOJIACTH pacHpelieIeHNsT BOJHBIX PECYpCOB M OLIEHKH 3KOJIOIMYECKOr0 CTOKa B
TpaHCTPaHUYHOM KOHTEKCTE.
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V.G. Dubinina, the author of this article, was a national expert from the Russian Federation in
the project “Environmental Flow as the Basis for Ecosystem Conservation”. The project was
implemented in 2019-2020 and supported by the government of Kazakhstan, in cooperation with
the Secretariat of the UN Transboundary Water Convention, which develops propositions to prepare
the “Guidelines for the Fair and Sustainable Distribution of Water Resources in a Transboundary
Context”. The counties of Central Asian, such as Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan
and Uzbekistan participated in the project, as well as Afghanistan, Iran, the People’s Republic of
China, Mongolia and the Russian Federation. Kazakhstan, having the chairmanship in the
Convention on Transboundary Watercourses and Water Bodies of the United Nations Economic
Commission for Europe, intended to submit for further discussion two methods to substantiate the
environmental flow and acceptable volumes of irretrievable withdrawal of river flow, a Russian and
a Kazakhstani one (Burlibaev, Burlibaeva, 2020).

Modern Approaches to Transboundary Water Cooperation in the Russian Federation

Optimization and efficient distribution of river flow is especially important during a shortage of
water resources, when the contradictions increase between economic and environmental
requirements of the river and the water body that receives its flow. Water sharing between different
countries is even more difficult. The legal basis for regional water relations is bilateral and multilateral
agreements that consider the norms of international water law and the specifics of interstate relations in
the given region, as well as national legal requirements, countries’ needs and interests.
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The land border of the Russian Federation adjoins 14 other states. Its total length is 60,933 km,
of which 7,141 km are rivers, 475 km are lakes, and 38,807 km are seas. The total number of
transboundary water bodies in the region is more than a thousand, including 70 large and medium-
sized rivers (State Report, 2018).

Currently, Russia has 10 on-going international agreements on the use and protection of
transboundary waters with neighboring countries: bilateral relations with Finland, Estonia, Ukraine,
Belarus, Azerbaijan, Abkhazia, Kazakhstan, Mongolia and China; trilateral with Norway and
Finland. To organize the work and implement these agreements, the countries created joint
commissions; however, the standards for environmental flow are not specified in the said
agreements. At the same time, all parties recognize the commonality and unity of the transboundary
water bodies’ resources, therefore, cooperating on the principles of equality and partnership in order
to conserve, protect and restore these resources. Aside from the international agreements, Russia
has no other regulatory and methodological documents and economic mechanisms for the
distribution of water resources in a transboundary context.

In 1992, the Russian Federation signed the UN Eurasian Economic Commission Convention on
the Protection and Use of Transboundary Watercourses and International Lakes.

State of the Regulatory Basis to Determine and Implement
the Environmental Flow (Discharge) in the Russian Federation

The standards for acceptable impact on water bodies are the basis for the regulation of
anthropogenic impact on water bodies. Their aim is to maintain the state of surface water and
groundwater that meets the requirements of Russian legal system.

The standards for acceptable impact, including the standards for acceptable irretrievable
withdrawal of water resources, were calculated for transboundary basins of such rivers, as the
Western Dvina, Neman, Pregolya, Dnipro, Terek, Ural, Selenga, Irtysh and Amur. The analysis
showed the standards that are valid until the end of 2029 and 2030, were calculated exclusively for
the Russian part of transboundary river basins and do not provide the total acceptable withdrawal of
river flow from the entire river basin in total, which makes it difficult to determine if the
calculations are adequate. At the same time, according to the “Guidelines for the Regulation ...”
(Dubinina et al., 2008), the amount of irretrievable withdrawal of water resources should be
calculated up to the outlet, regardless of its location, even if it is set in the territory of another
country. This work should be continued within the international agreements and the development of
joint “Schemes for the Use and Protection of Water Resources of Water Bodies”, which make the
basis for the water management plan.

The sharing of transboundary water resources should be based on the Scheme, developed and
approved by the responsible authorities of the neighboring countries that work on it. First of all, the
guidelines for the development of schemes for the complex use and protection of transboundary
water bodies should be written and approved by the governments.

The Schemes allow coordination of plans for the use and protection of water resources, the
needs of water users, while taking into account sanitary and environmental flows and water
shortage between the participants of the water management complex, as well as the operating mode
of water reservoirs and other aspects of water management. The indices of sectoral and territorial
water management that are established in the Schemes become the basis for preparation of water
use agreements and decisions that allow provision of water bodies for the further use. They are also
needed for development of rules for the water resources use in reservoirs.

The water management balance is calculated as part of the Scheme. It is the result of water
management calculations that determine the ratio of available resources and estimated water
consumption at the current and predicted levels of economics. This calculation is carried out while
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the environmental flow in the unregulated parts of the river is kept undisturbed. The value of the flow
is established by the standards for the acceptable irretrievable withdrawal (discharge) of river flow.

The calculation of the water management balance and water resources sharing has to take into
account two groups of consumers: first, the health care and protection of natural resources; then,
water consumption and use by economics (Guidelines for Water Management Balance, 1974).
Preservation and restoration of water ecosystems should be a key part of water resources
management, while biological productivity should be an indicator of the water ecosystems
condition. Therefore, the first group is prioritized for water use. When the groups are being divided,
the acceptable volume of irretrievable withdrawal of river flow and environmental flows (discharge)
is taken into account as well.

The Article 26 of the current federal law “On Environmental Protection” No. 7-FZ, issued on
10/01/2002, refers to “the standards for acceptable withdrawal of the environmental components”,
which are “the standards that were established in accordance with restricted volume of withdrawal,
in order to preserve natural and natural-anthropogenic objects, ensure the sustainable functioning of
natural ecosystems and prevent their degradation”. At the same time the text emphasizes that the
procedure for their establishment is determined by the subsoil legislation, as well as land, water and
forest legislation, legislation on wildlife and other legislations of environmental protection.
However, the current Water Code of the Russian Federation No. 74-FZ, issued on 03/06/2006, has
no requirements for establishing an environmental flow and the volume of acceptable water
withdrawal, while the Article 110 of its previous version, issued in 1995, contains the
“Requirements for Environmental Discharge and Rationing of the Maximum Acceptable
Irretrievable Withdrawal of Surface Water”:

“To maintain water bodies in a state that meets ecological requirements, water is discharged
from reservoirs (environmental release), and the volume of irretrievable withdrawal of surface
water is established.”

“Environmental releases and volumes of irretrievable withdrawal of surface water for every
water body are determined by the federal executive authority responsible for the management, use
and protection of the water fund, together with the federal authority responsible for environmental
protection, according to the order of the government of the Russian Federation.”

“It 1s not allowed to satisfy the need for water resources of water users at the expense of
ecological release.”

The main document for the reservoirs management is the “Rules for the Use of Reservoirs”,
which include the “Rules for the Use of Reservoirs Water Resources” and “Rules for the Technical
Maintenance and Improvement of Reservoirs”. They were developed according to the “Guidelines
for the Rules Development for the Use of Reservoirs”, approved by order No. 17 of the Ministry of
Nature of Russia, on 01/26/2011. The use of reservoirs also includes implementation of ecological
requirements for the flow rate condition and water levels in the downstream and upstream pools of
the hydroelectric complex that belongs to the reservoir under consideration. However, the “Rules
for the Use of Reservoirs Water Resources” do not state the need for establishment of
environmental releases.

In order to improve state management of the use and protection of water bodies, it is necessary
to change the Water Code of the Russian Federation, namely, that part which refers to the inclusion
of provisions on the necessary determination of the volume of acceptable irretrievable withdrawal
of river flow (withdrawal of water resources) and environmental flow (discharge), as well as the
methods that help to establish them.

Methodology for Determining the Environmental Flow (Discharge)
The current recommendations on reserving the environmental rivers flow in the Russian
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Federation and other countries are based on different principles and cannot guarantee the ecological
welfare of river systems. An analysis of various materials from those countries showed there are no
unified terms and no unified approach to assessing the acceptable volumes of flow withdrawal from
water bodies and the establishment of environmental flows. Therefore, it is necessary to develop a
scientifically based strategy for the use and protection of water resources, for which the limits of the
environmentally acceptable irretrievable withdrawal of surface runoff should be established for the
rivers basins, while taking into account the requirements for water flow of the closing water bodies
which act as the final parts of the hydrographic basin network.

There are numerous publications on the problem of withdrawing water resources to establish
environmental flow, the most thorough review of which was done by B.V. Fashchevsky (1989,
1996) and V.G. Dubinina (2001). Those authors also proposed the most complete methodological
approaches for determining the acceptable withdrawal of river flow, based on the functioning of
water ecosystems.

The method of runoff calculation, created by B.V. Fashchevsky (1989, 1996), is based on the
so-called homeostatic curves (of dynamics of plankton and benthos organisms abundance,
reproduction of fish, abundance of near-water mammals and birds, yield curves of floodplain
meadows, etc.). The curves were obtained for the main Russian rivers. The analysis of the curves of
river flow availability made it possible to conclude that the number of aquatic and semi-aquatic
organisms increases and reaches its maximum, when approaching the year of the average water
content. Thus, the upper limit of the environmental flow (water availability is 25%) can be
described by the hydrograph of the natural river flow with a water availability of 50%. The lower
limit of the environmental discharge (water availability is 95%) is described by the hydrograph of
the natural river flow with a water availability of 99%, i.e. the century-old stocks of water resources
in the river system. The curves limit the range of calculated values for the environmental river flow.

Nevertheless, we believe that the assumption about the increasing amount of organisms that
B.V. Fashchevsky’s method is based on is not sufficiently substantiated. The results of other studies
(Dubinina 1973; Bronfman et al., 1979; Pavlov et al., 1989; Kozlitina et al., 1998; Katunin et al.,
2013) showed that for rivers of significant fishery importance the optimum reproduction of fish
occurs during the years with their water availability of 25-40%. On practice, when this method is
applied, the irretrievable withdrawal of river flow is often 30% or higher. Such a significant value
can hardly ensure the system stability, because it can be critical for most rivers, rather than
environmentally acceptable. B.V. Fashchevsky’s method can be recommended only for an expert
assessment for those parts of rivers that has a low biological productivity, as well as for small
rivers, when the actual observation data, reliable dependencies and ecologically significant
hydrological and biological data, needed for other methods, are not available.

The work that was carried out together with Kazakhstan as part of the “Environmental Flow as
the Basis for Ecosystem Conservation” project indicates that in Kazakhstan there is a valid method
to help determine the environmental flow below hydroelectric facilities and water intakes. It is
entirely based on B.V. Fashchevsky’s methodology. However, for the reasons stated above, we
believe that it needs some improvements. According to calculations obtained from Kazakhstan,
when the proposed methodology was used for the Ural River (called Zhaiyk in its lower reaches),
the acceptable value of the irretrievable withdrawal of the river flow in its mouth was more than
30% of the average long-term value of the natural flow, which is unacceptable for conservation of
water ecosystems. The latest version of this methodology was published in the “Water
Management” journal (Burlibaev, Burlibaeva, 2020).

According to the project materials, the People’s Republic of China uses the term
“environmental flow” since 2015 in the “Water Pollution Prevention and Control Action Plan”.
By the end of 2020 China plans to establish an environmental flow monitoring system and
implement the management measures by 2025. However, this plan only applies to the inland water
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bodies and does not include the transboundary rivers, the flows of which are considered to be
determined by the coastal countries. The main objective of the environmental flows of the main
rivers and lakes, as shown on the example of the Huai River basin, is to maintain their base flow.
The ecological base flow is the minimum of the lower limit flow (amount of water, water level and
depth) that must be maintained for the successful existence of river and lake ecosystems. It is
proposed to maintain about 5-10% of the average annual flow, which ensures the required width of
the river, its depth and flow rate, satisfying the general requirements “for fishing, tourism
and landscape”.

Other countries did not provide any methods for determining the amount of irretrievable
withdrawal of surface and environmental flows. The characteristics of the runoff, left in the rivers,
are not regulated in the countries of the Commonwealth of Independent States, but some republics
made departmental restrictions, which, however, have no ecological justification. The basic
conditions and procedures for the distribution of water resources within the republics are also used,
but they were in effect only before 1991, when the USSR collapsed.

In Russia, in accordance with the Decree No. 881 of the Government of the Russian Federation
“On the Procedure for Approving the Standards for Acceptable Impact on Water Bodies”, issued on
30/10/2006 (Collected Legislation of the Russian Federation No. 4, 2007, p. 510), and in order to
improve the “Guidelines for the Development of Standards for Acceptable Impact on Water
Bodies” (approved by the Order No. 328 of the Ministry of Natural Resources of Russia, on
12/12/2007; registered by the Ministry of Justice of Russia, No. 10974, on 23/01/2008),
the “Methodological Guidelines for the Regulation of the Acceptable Irretrievable Withdrawal of
River Flow and the Establishment of Environmental Flow (Discharge)” was developed (Dubinina et
al., 2008) and published in the “Water Management of Russia” journal (Dubinina et al., 2009).

The accepted and unified methodological basis for determining the irretrievable withdrawal of
river flow and establishing environmental flow and discharge in Russia is a scientifically founded
principle of sustainable functioning of water and near-water ecosystems and preservation of the
conditions for the natural organisms’ reproduction, meaning that the changes in the structure and
functioning lie within the tolerance of the natural stage of hydrogenesis, and the ability of natural
complexes for self-regulation (i.e. self-purification, self-renewal) is not disturbed (Dubinina, 2001;
Pastukhova et al., 1991).

1. To determine the volume of acceptable irretrievable withdrawal of water resources, the
calculation should be applied first for the entire basin along the outlet of the main river, and only
then for the individual parts of the river, in accordance with hydrographic and/or water management
zones. This applies to all water bodies, including transboundary rivers.

2. The volume of irretrievable withdrawal of environmental flow (discharge) should be
determined according to the hydrological conditions that are critical for the organisms’ reproduction
and the ecosystems’ functioning. When the flow rates and water volumes are close to the critical
level or below it, the natural reproduction of valuable, commercial and other species of fish and
hydrobionts, near-water animals and plants deteriorates severely, and the process of channel
formation is disrupted. Critical hydrological conditions in nature are registered mainly during the
dry years and periods.

3. Water volume and flow that indicate a critical state of water ecosystems should be
determined after an analysis of the relationship between the natural (restored) hydrological
characteristics of a river and the water ecosystems productivity or the indirect indicators that
characterize the said river. For small rivers and tributaries of the main one with no data that is
necessary to understand the influence the hydrological regime has on the state of water and near-
water ecosystems, the critical flow is considered the volume of the restored flow for the years with
water availability of 97%, which preserves the minimum acceptable conditions for the river
ecosystem functioning.
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4. Water and near-water ecosystems may function when the flow volume occasionally drops
under its critical value. However, frequent drops and disruption of the natural hydrological regime
of the rivers may cause degradation of ecosystems. Therefore, the calculated value of the acceptable
flow withdrawal should guarantee to preserve flow fluctuations close to the ones under the natural
conditions, i.e. those that do not outstep the limits of natural long-term fluctuations.

5. Acceptable withdrawal of the surface water resources should never exceed 20% its volume.

The “Guidelines for the Regulation ...” (Dubinina et al., 2008) provide a general calculation
algorithm and examples that show how to determine the volumes of acceptable irretrievable
withdrawal of river flow, environmental flow and ecological release.

In January 2021, when the “Guidelines for the Development of Standards for Acceptable
Impact on Water Bodies” were under revision, the Federal Water Resources Agency of Russia
ordered the Central Directorate for Fisheries Expertise and Standards for the Conservation,
Reproduction of Aquatic Biological Resources and Acclimatization proposed to update the
“Guidelines for the Regulation of the Acceptable Irretrievable Withdrawal of River Flow and
Establishment of Ecological Flow (Discharge)” (Dubinina et al., 2021).

The methodological approaches to establish environmental flow in Kazakhstan, China and
Russia were reported at the “Regional Meeting on the Distribution of Water Resources and the
Assessment of Environmental Flow in a Transboundary Context” in Kazakhstan, September 2020.
However, no assessments and proposals for the development of general positions for the further
development were made during that meeting.

Main recommendations of the National Expert of the Russian Federation
on the Conservation and Restoration of Water Ecosystems of Transboundary Rivers

1. The international agreements on the use and protection of transboundary waters should
include the establishment of the volumes of acceptable irretrievable withdrawal of river flow and
environmental flow (discharge) in accordance with the long-term natural (restored) rows of water
flow, with its yearly distribution for the years with the flow of different availability.

2. The sharing of water resources sharing and the establishment of an environmental flow
(discharge) in a transboundary context should be based on the Schemes, developed and approved by
the responsible authorities of the neighboring countries that work on it. However, it is necessary to
establish the methodological guidelines for the development of the Schemes for the complex use
and protection of the transboundary water bodies beforehand and approve them on the
governmental level. The quick decisions on the water sharing always take into account the current
water management state in the river basin, the forecasts for the upcoming floods or high water, the
hydrological and meteorological regime of transboundary rivers.

3. The methods offered by the Republic of Kazakhstan and the Russian Federation to justify
the environmental flow and acceptable volumes of irretrievable withdrawal of river flow should be
discussed at a joint meeting on the federal level.

4. The environmental flow (discharge) in most river basins is not implemented, therefore,
causing deterioration of the water ecosystems. The main reasons for it are the lack of legal
requirements, difficulty in assessing the damage to biological water resources, as well as
insufficient concernment of interested parties.

5. HeoOXoIuMoO 3aKOHOJATEIbHO 3aKPENUTh YCTAHOBJIEHHE JIOIYCTUMOTO O€3BO3BPATHOTO
U3BATHS TOBEPXHOCTHOTO CTOKA U 3KOJOTUYECKHUX CTOKOB (IIOMYCKOB), a TAaKXKe KOHTPOJb 33 MX
peanu3anuei.

6. It is necessary to legally establish an acceptable irretrievable withdrawal of surface and
environmental flows (discharges) and to control their implementation.
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Conclusions

It is extremely important that the Secretariat of the Water Convention of the United Nations
Economic Commission for Europe supports the introduction of a system to ration the acceptable
irretrievable withdrawal of river flow and to establish certain parameters of environmental flow
(discharge) under different water regime in order to preserve and restore water and floodplain
ecosystems of transboundary rivers.

Therefore, it is necessary to develop a general opinion and coordinated approaches for the
uniform methods of establishing the volumes of acceptable irretrievable withdrawal of river flow
and environmental flow (discharge).

The joint development of schemes for the integrated use and protection of water bodies for
transboundary river basins should be one of the methods for coordinated planning of the integrated
use of water resources (objects).

In the future, the potential communication between countries should be improved to refine the
legal framework, as well as the coordinated scientific and methodological principles of water
resources distribution and assessment of transboundary environmental flow.
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MEXXJIYHAPOJIHBIA HAYYHBINA ITPOEKT IIO TPAHCTPAHUYHBIM PEKAM
«KOJOTIMYECKHM CTOK — OCHOBA COXPAHEHMSI
IKOJIOI'MYECKOU CUCTEMBbI»

© 2022 r. B.I'. Ayouauna

Llenmpanvnoe Ynpasnenue no ppib6oxo3saiicmeeHHol SKCnepmu3se U HOpMamuedam no COXpaHeHuio,
B0CNPOU3BOOCHIBY BOOHBIX DUOTIOSUHECKUX PECYPCO8 U AKKIUMAMU3AYUU
Poccusa, 125009, 2. Mocksa, bonvwou Kucnoeckuii nep., 0. 10, cmp. 1. E-mail: vgdu@mail.ru

[ocrymuna B pempaxmuro 01.04.2022. Tlocne nopaborku 10.04.2022. IIpunsTa k myommkammu 01.05.2022.

Pabora BbIONHEHA B paMKaX MPOEKTa «AHAIMTUYECKOE WCCIENOBaHHE HA TeMy «DKOJOTHYECKUN
CTOK — OCHOBa COXPaHEHHUS OHKOJOTMYECKOW CHUCTeMb» MO JNuHWM KOHBEHINHM MO OXpaHe H
WCIIONB30BAHUIO TPAaHCTPAHUYHBIX BOJOTOKOB W MEXKIyHapoAHbIX o3ep (1992 1), mpunsATol mon
arunoir EBpomnetickoii sxoHOMudeckort komuccnn Opranm3anmu OOwveneHHsix Hanwmit (EQK OOH).
Ucnonuurenem panHoro Ilpoekra sBisercs TOO «Kaszaxcranckoe ArentctBo Ilpuxnaanoit
Okonorun» (manee — KAIID) mnpu B3ammopeiictBuu ¢ Cekperapumatom KoHBeHIIMM 10
TpaHCrpaHU4HBIM BojaM. B Ilpoekre yuactBoBanu crpassl LlenTpansHolt A3nn. CTaThsl MOCBSIIEHA
0030py OCOOEHHOCTEW YIpaBJICHUS! TPAHCTPAHUYHBIMHU BOJHBIMH 0O0bekTamu LleHTpanbHOU A3uu u
(hoxycupyeTcst Ha pacCMOTPEHHUH TTPOOIEMBI yueTa SKOJIOTHYECKOr0 CTOKA, BAXKHOTO JJISi COXPaHEHUS
nx o9kocucreM. OmnHCaHBI METOAMYECKHWE TIOAXOIBI  ONpeAeieHHs o0beMa JIOMYCTHMOrO
0E3BO3BPATHOTO HM3BATHS U YCTAHOBIICHHS SKOJIOTHYECKOTrO CTOKa (Tomycka), chopMyTupOBaHHBIC
POCCUICKMMHU M Ka3aXCTAHCKUMU YYACTHUKAMU U OXapaKTEPU30BAHBI UCCIICIOBAHMUS, BHIIOIHEHHbBIC
YY4aCTHHKaMU TIPOEKTAa Ha TPAHCTPAHUYHBIX peKax B HMX cTpaHax. Ha ocHOBe NONy4EeHHBIX
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pe3yabTaToB  C(HOPMYIUPOBAHBI PEKOMEHIAIIMM 10 COXPAHCHHIO M BOCCTAHOBJICHUIO BOIHBIX
SKOCUCTEM TPAHCTPAHUYHBIX PEK.

Kniouegvle cnosa: MeXNpaBUTEILCTBEHHBIC COIJIAIICHUS, TPAHCTPAHUYHBIC PEKHU, JEIEHUE BOJHBIX
pEeCypcoB, SKOJOTMYECKUN CTOK, AOMYCTUMOE OE3BO3BPATHOE M3BSATHE CTOKA. COXPAHEHHE BOIHBIX
9KOCHCTEM.
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UepHoropusi OTHOCUTCSI K 30HE CPEIU3EMHOMOPCKOI'0 KJIMMaTta, HO OJiarojaps HaJIMYUIO0 BBICOKHUX
TOPHBIX MAaCCHBOB Ha JOCTATOYHO OI'PAaHUYCHHOM TEPPHUTOPHU HAOII0IaeTcs OONbIIoe pasHooOpasue
MHUKPOKITUMATUYECKUX YCIOBHM JKOTOIA: B TPHOPEKHOM YacTH — 30HA SPKO BBIPAKEHHOTO
CPCAN3EMHOMOPCKOIr0o KjiiMara, B paBHHHHOﬁ qaCTHu CTpaHbl KJIIMMAT KOHTHHeHTaHBHBIﬁ; B TOPHBIX
paiioHax — 30Ha CYpOBOr0 FOPHOr0 KJIMMaTa ¢ XOJOIHBIMH JJIUTEIbHBIMYM 3UMaMH. B pa3HooOpaszuu
(bITOpBI ATOTO PErMoHa BaXKHOE MECTO 3aHUMAET cocHa uepHas (Pinus nigra Arnold), mpon3pacraromas
KakK TOPHBIX YacCTiaX, TaK W B JOJHHHBIX H, II0 HEKOTOPBIM BECPCUAM, JdaBlIasi Ha3BaHUC CTpPaHE.
Ham nipezcraBisiercss HHTEPECHBIM aHAIN3 U3MEHUMBOCTH MOP(GOMETPUYESCKHUX T0Ka3aTelel JaHHOTO
BHUJIa pACTEHUHN B 3aBUCMOCTH OT YCJIIOBUH €ro Mpou3pacTaHusl.

JlaHHOe wWcciienoBanue Oazupyercsi Ha pe3yibraTax IOJICBOM MPakTHKH 1O Ouoreorpaduu JIeToM
2021 roma, mpomencHHON B YepHoropuu. Llempio paboTHIl SBISIIOCH OIpEAcICHUE W3MCEHEHHH
MOp(HOMETPHUECKUX TapaMeTpoB COCHBI YEPHOH B 3aBUCHMOCTH OT BBICOTHI MPOHM3PACTaHHS HaL
YpOBHEM MOpS MO CIEAYIONMM ITOKa3aTeNlsiM: BBICOTA JiepeBa, TUaMeTp KpPOHBI, TUaMeTp CTBOA,
JUIMHA XBOW. bBBIIM TIpOBeNEHBI 3aMephl B3pPOCIBIX NpeAcTaBuTenedl Pinus nigra Ha 8 yYEeTHBIX
IJIOMIAIKAaX, PACIONIOKEHHBIX Ha pPAa3HBIX BBICOTaX HAJX YPOBHEM MOpS — OT MHHHMAaJIbHOU
12.5 M H.y.M. Ha OeperoBoil JuHUH MOps M0 MakcumanbHOW — 1270.1 M H.y.M. B Topax. B xaxmoit
Touke ObUIO BEIOpaHO 1O 10 B3pOCHBIX AEpEBHEB, BH3yadbHO OTPAKAIOIIUX HaMOONee THITHYHBIC
MophoMeTprIecKrne TOoKa3aTemd s Ka)JI0ro BBIOPAHHOTO BBICOTHOTO IUIATO C OJHOPOJHBIMH
YCIOBUSIMH TpoHU3pacTaHus (TUIOCKasi HTOBEPXHOCTh, OPUEHTAIINS CKIIOHA, IIEHTPaIbHAs 9aCTh MacCHBa
JIepEBHEB, TUIOTHOCTH JIPEBOCTOS ).

PesynpraTel m3MepeHWil W CTATHCTUYECKOTO aHAIW3a YCTAHOBWIJIM JIOCTOBEPHYIO OTPHUIIATEIHHYIO
KOPPEIAINI0 MEXTY BBICOTON HaJl YPOBHEM MODPSI 1 MOP(POMETPUIECKUMH TTOKA3aTeIsIMUA pocTta Pinus
nigra.

Kniouesvie cnosa: YepHoropus, Pinus nigra, cocHa 4€pHasi, pacTUTEIbHOCTh YepHOropuu, mecra
OOMTaHWI COCHBI YEPHOM, BRICOTHAS MOSICHOCTh, MOp(hOMeTprIecKast U3MEHYHBOCTh COCHBI YEPHOM.
DOI: 10.24412/2542-2006-2022-2-145-163

EDN: PLBCLG

dnopa YepHOropuu — 0JJHa M3 CaMbIX Pa3HOOOPA3HBIX M0 CPaBHEHUIO ¢ (HIIOPOIl OOJIBIITHMHCTBA
YMEpPEHHBIX U CYOTPONMUYECKUX PErHOHOB MUpa. B ropax BHyTpeHHElH yacTu cTpaHbl Mpeo0IaatoT
XBOMHBIE WM CMellaHHbIe Jeca. B Hux mpowuspacraer Pinus nigra’ — cocHa depHas, KOTOPOH u
MOCBSIICHO JaHHOE HuccaenoBanue. OOBIYHO OHA BCTPEYAETCs B JiecaX ¢ TAKUMHU BUIAMH, KaK ellb
oObikHOBeHHas (Picea abies), nuxra Oenas (Abies alba), cocna anenmckas (Pinus halepensis),
OocHuiickas cocHa (Pinus leucodermis) m cocHa I'enpapeiixa (Pinus holdreichii; Discover

! JlatwHcKue BHIBI pACTEHMI PUBOAATCA 11O caiiTy Plantarium (2022).
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Montenegro ..., 2020). Pinus nigra OTIMYAETCSl BBICOTOH, KOTOpass B HEKOTOPHIX paiioHaX
JI0CTUraeT MakcuMyMma B 50 M, ¢ AMHUYHBIM ITPOU3PACTAHUEM, C BOCXOISIIUMH BETBSIMHU, KOTOPBIE
00pa3ylT MUPOKYI0 KOHUYECKYIO KPOHY, C TOJICTOM pacTpecKaBIICHCS TEMHO-CEpPOd KOpOH y
B3POCJIBIX JICPEBHEB, a Takke ¢ XBoe umHO# 8-16 cm (The Gymnosperm Database, 2020).

Llenp MaHHOTO HWCCIEIOBAaHUSA — M3YYHUTh BIMSHUE BBICOTHI MECTHOCTH (M H.y.M.) Ha 9YeTBIpE
daxTopa pocra Pinus nigra: BRICOTY JepeBa, AHMaMETP KPOHBI, OKPY)KHOCTb CTBOJIA, UINHY XBOH.
H.JI.LKo3akoBa u W.C. AnrtonoBa (Kazakova, Antonova, 2015) m3yumnum B 2015 r. BiumsHue
9KOJIOTMYECKUX YCIOBUW, B T.4. BBICOTBI MeECTa IPOM3PACTaHUs, HA Pa3BUTUE apayKapuu
YWINHCKON. Pe3ynpTaThl JaHHOTO W JPYrUX MOJOOHBIX HCCIEIOBAaHUM CBHUJIETEIBCTBYIOT O
3aBUCHUMOCTH POCTa JIEPEBLEB OT BHICOTHI PACIIOJIONKEHUSI MECTHOCTH HaJ ypoBHEM Mops. Kpome
TOT0, CXOJICTBO HAILIUX METOJI0JIOTUM MOATBEPIKIAET IOCTOBEPHOCTh MOJYYEHHBIX BBIBOJIOB.

B uccnenosanuu . Jlazapesuu ¢ coaBropamu (Lazarevic et al., 2017), mocBsIieHHOM KpacHOU
naTHUcTocT (Bo3Oymutens — Dothistroma), koTopas mopaxaer BbICOKOTOPHBIE COCHOBBIE Jieca
YepHoropuu, Ize COCHa 4yepHas BcTpedaercs Ha BbicoTax oT 820 nmo 1450 M H.y.M. COBMECTHO
Querculus, Carinatum, Betulus n Picea. CocHa dYepHass — OBICTpOpAacTyIllee XBOWHOE JEPEBO,
0ObIYHOE JJI TPEUMYIIECTBEHHO TOpHBIX paiioHOoB EBpombl m Mamoit Asuu. B Uepnoropuwu,
pacmojyio’KeHHOM Ha AJlpaTuyecKkoM rnodepexnbe baakaHCKOTO MoyoCTpOBa, 3TOT BUJ XapaKTepeH
KaK JUIsl TOPHBIX PaifOHOB, TaK M JUTS TIPUMBIKAIONINX HETIOCPEICTBEHHO K MOPIO, XOTS M300MIbHEE
BCETO OH B XBOMHBIX JiecaX Ha TOpHBIX ckioHax slopes (Pinus Nigra in Europe ..., 2016).

Matepuajbl 1 METO/bI

Anvmepnamugnas eunomeza HI: cymecTByeT o0mias Koppenslus MEXIy BbICOTOM Haj
YpPOBHEM MODSI M YBEJIMYEHHUEM BBICOTHI JepeBa, OKPYKHOCTH CTBOJIA, JHAMETpa KPOHbI U JJTUHBI
xBoU BUAA Pinus nigra. Hynesas cunomesza H(: BbIcOTa HaJ YpOBHEM MOpPsI HE BJIMSET Ha POCT
Pinus nigra.

bazosas ungopmayus. Poct Pinus nigra B Y4aCTHOCTH W OKPY)KAIOIIEH DPACTUTEIHHOCTU B
LIEJIOM MOXET CHWJIbHO pasziiM4aTbCs Ha pa3HbIX BbICOTAaX. B cBsA3M ¢ OoJbIIMM pa3zHOOOpazneM
MMOYBEHHO-KJIMMATUYECKUX YCJIOBUU B Tropax, TOpHas pacTUTEIbHOCTb CPaBHUTEIBHO Ooraye u
pazHooOpa3Hee, 4yeM paBHUHHAs. Pinus nigra MOKET pacTH Ha Pa3lIMYHbIX CyOCTpaTax U KOPEHHbBIX
MOPOJIaX, TAKUX KaK U3BECTHSK, TOJOMHT U 3MeeBUK-iepuoTUT (Vidakovic, 1991). OntumansHbIi
BBICOTHBIN JTMAIIa30H sl COCHBI yepHoi — oT 800 mo 1500 m H.y.M. sea level (Fetic A., 2015.)

DKCIO3UILINS U BBICOTA CKJIOHA ONPEAETSIOT YPOBEHb paaualliy, pacnpeaesieHue CHera 3uMoH,
ckopocth Berpa (Yergina E.I. et al, 2012). Ha ckioHax pa3HOM SKCIO3HWIIUU HAOIIOIAIOTCS
0OBbIYHbIC U3MEHEHUSI TEMIIEPATYPhI BO3AyXa U MOYBBI, a TAKXKE CTEIIEHU IPOrpeBa NoyBbl. BrnusHue
3THX TIOKa3aTesled YeTKO OTpPaXaeTcs Ha COCTaBE€ pPACTUTENBHOCTH, YTO, B CBOIO OYEpE/b,
CKa3bIBAaETCS HAa XapaKTepe PaCTUTEILHOCTH, COCTaBe (IIOpPHI, TUHAMHKE pa3BUTHSI H 0OIIei
Mopdostorun pacrenuii (Volkov, Volkova, 2009).

Temneparypa — 3T0 ompenenstomuii GakTop Ui BUIOBOIO cocTaBa U (IOPHUCTUYECKOTO
pazHooOpa3usi Ha CKIOHAaX pa3Hoi BeICOTHL. KoneOaHusi TeMIepaTypHOro rpaJueHTa MO BBICOTaM
Ha CKJIOHAX Pa3HOM 3KCIO3UILIUU U B PA3HBIX YCIOBUSAX JOCTATOYHO BEJIUKH.

Pacrenusi, cocenctByromue ¢ Pinus nigra, BIUAIOT HAa €€ KOPHEBYID CHCTEMY U,
clieIoBaTeNbHO, Ha JIpyrue (akTophl €€ pocTa, TaKue Kak BhICOTAa JepeBa, IIUPUHA, HAMPaBICHUE
pocTta cTBOJIa U BeTBeH, opMa KPOHBI. YUHUTHIBAs, YTO Pa3HbIC BHICOTHI TOPHBIX CKIOHOB 3aHSTHI
Pa3HBIMH SKOCHUCTEMAaMH, Y COCHBI YEPHOU BapbUPYIOT MOp(hoMeTpUIeCcKue napaMmeTpshl.

Ilepemennvie. Hezasucumas nepemenHas — BbICOTa HaJl YpPOBHEM MOps, B METpax (M H.Y.M.).

3asucumvie nepemennvie: 1) BbICOTa JIepeBa, B METPax, 2) OKPYKHOCTb CTBOJIa, B METpax,
3) auameTp KpoHbI, B METpax, 4) AJMHA XBOH, B CAHTUMETPAX.

Bce u3mepeHus mpoBefeHbl Ha JIEPEBBAX 00HO20 CKIOHA — IOTO-3aMaJHOTO, OOpAIEHHOTO K
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Mopro. B cpenHem mazeHue TemMmepaTyphsl ¢ yBeITUYCHHEM a0COTIOTHON BBICOTHI 10 100 M H.y.M. B
OoCHOBHOM paBHOMepHOoe U cocTaBisieT 0.5°C na kaxasie 100 M, HO Ha CEBEpPHBIX CKJIOHaX
TEeMIepaTypa B IEJIOM CHIDKAeTCS MeEIUICHHEe, YeM Ha IOKHBIX. TakuMm 00pa3oMm, YCIOBHUS
OJIMHAKOBHI Ha MPOTSHKEHUU BCETO MCCIIENOBAHMUS, MMOCKOJIBKY /ISl cOOpa JaHHBIX MCIOJIB30BANIACH
TOJIBKO OJIHAa CTOPOHA CKJIOHA.

DKonoeuueckylo cykyeccuio KaXIOro MeCTa, TA€ HM3MEpsulach COCHA YepHas, Mbl CUUTAEeM
niepBuuHOM. [10CKOJIbKY OHa BJIMSET KaK Ha BUAOBOE Pa3HOOOpas3me, Tak M, BEPOSITHO, HA BO3PACT
JICPEBHEB OIPEICIICHHOW MECTHOCTH, OYCHD BAKHO U3MEPATH TOJIBKO T€ JIEPEBHs, KOTOPHIE PACTYT B
OJINHAKOBBIX SKOJIOIMYECKHUX CYKIIECCUSAX, YTOObI TapaHTUPOBATh, YTO OKPYKAIOLIUE MOPOIbI
COCHBI 1ICpHOI\/JI OJHOPOJHBI, 4 COOTHOIICHUEC B3POCIIbIX ACPCBHCB HAA MOJIOJABIMHA B PAa3bl OoJIbBIIIE.

Bce TOYKH, B KOTOPBIX MPOBOANINCHE USMEPCHUS, PACIIOJIOKCHBI Ha pOBHOfI MMOBECPXHOCTHU, HO
Ha pa3HBIX BBICOTAX BBEPX MO CKJIOHY. Pa3HMIIa B YKIIOHE |, CII€JOBATEIBHO, COCTABE TIOYBHI MOXKET
BIIUSATH HA HAIpPaBJICHHE POCTa U KOPHEBYIO CUCTEMY, UTO MOXKET 3aTparuBaTh U Apyrue (Gpakropsl,
BKJTIOYAst BEICOTY JIEpPEBa, pacipeesieHie KPOHbI U BETBEH.

W3mepsimuchy moavko 83pocivie Oepesbsi, 9TOOBI CBECTH K MUHHUMYMY HETOYHOCTH, KOTOpBIC
BO3HHUKAIOT, KOTJIa MOJIOIOH BO3pAcCT AEPEBHEB OMMOOYHO MPUHUMAIOT 33 TPEH]T POCTA.

IIpubopwl 05 usmeperus Ha IPOTSHKEHUU BCETO MCCIIEOBAHUS HE MEHSUTHCH. Mcmomp3oBanach
OJTHa PyJIeTKa, a MOJyYeHHBIE PE3YAbTaThl OKPYIIIINCH IO IECSTHIX J0Jei MeTpa (pH H3MEPEHUN
XBOM — JIO JIECATHIX JIOJIeH caHTUMeTpa). Takke NI U3MEPEHHsST BBICOTHI JIEpeBa MCIIOIH30BATIOCH
MoOmipHOE mipuiioxkenne «Object Heighty, mpu sToM BO m30exaHue OTKIOHEHUH, KOTOPhIE MOTYT
MOSIBUTBCS M3-32 PAa3HMIBI B POCTE 3aMEPIIHMKOB, 32 pPacueThl BCErla OTBEYaJl OJMH YEIIOBEK.
\Y08¢ MNPpUACPKUBAJIIMCh TAKOT'O K€ IMPUHIOUIIA U IIPU U3MCPCHUH BBICOTHI MECTHOCTHU Had YPOBHEM
MOpsi, JIUIS 4€r0 MCIOJIb30BaJIOCh MOOMIIBHOE TIPUIIOKEeHHE «Altimeter», a ycTpoicTBO, Ha KOTOpOe
OHO OBUIO YCTaHOBJIEHO, Pa3MEIIAIOCh HA POBHOM MMOBEPXHOCTH Y OCHOBAHMSI JIepeBa.

Ilpubopvr. Mpbl HCTONB30BAIA  3-METPOBYIO PYJIETKY, KOTOpas TO3BOJSUIA TPOBOAUTH
M3MEpEHUsi C TOYHOCTHIO J0 TPEeX 3HAKOB IOCNIE 3alsiTOM, a TakXKe CIeAyIoIIHe MOOUIIbHBIE
npunoxenus: 1) «Altimeter» (Beicotomep), 2) «Object Height» (BricoTa 00BekTa), KOTOpOE
M3MEpSET BBICOTY Ye€pe3 yroJl BO3BBILIEHHS, B TPUTOHOMETPUYECKOM cOOoTHOIIeHuH, 3) «Rulery»
(mueiika), pyHkus «level» (ypoBeHB) B KOTOPOM H3MEPSIETCs Yol CKIOHA.

Memoodonozus. VIamepenue mnapaMeTrpoB pocta Pinus nigra TpPOBOAWIOCH IO CJEAYIOIIEH
cxeme.

1. Jlns mpoBeneHUs: U3MEpPEHU He0OXOIMMBI /1BA YEIOBEKa.

2. Hcnonp3ys MoOuibHOE mpuioxeHue «JIMHelka» U BCTPOEHHYIO (DYHKIHIO «YPOBEHBY,
HAXOJMJIM COCHY YEPHYIO, PACTYIIYIO HAa POBHOW MOBEPXHOCTH.

3. C nomo1pi0 MOOMIIBHOTO MpHIIOKeHUsT «BbicoToMep», OMECTUB MOOUIIBHOE YCTPOICTBO
Ha 3eMJII0 Y OCHOBAHHUS JIepeBa, U3MEPSUIIN BHICOTY HAJl yDOBHEM MODSI.

4. C nomompio mpunioxkeHus: «Bpicotra 00BEKTa» H3MEpSIN BBICOTY JepeBa, Ui Yero
HEO0OXOIMMO BBECTH B NPWJIOKEHUE POCT 3aMepIIUKa, a MPU H3MEPEHUHU Jep:KaTh MOOWIbHOE
YCTPOMCTBO Ha YpOBHE Ija3 s MaKCHMallbHO TOYHBIX pe3ynbTaroB. [locie sToro Heob6xoammo
3aMMCHIBBUIN JaHHBIE B TAOJUILY, C OJIHUM JECITUYHBIM 3HAKOM TOCIE 3aMATOM.

5. C moMoIIpi0 pyJeTKH U3MEPSIN OKPYKHOCTh CTBOJIA Ha YPOBHE IJIa3. 3aTeM 3aluChIBAIH
pe3ynbTaT B TaOIUILy, C OJHUM JIECATUYHBIM 3HAKOM.

6. C moMomp0 pyaeTKd HaXOJIWIH Paguyc KpOHBI, U3MEPHUB PACCTOSHHE OT CTBOJIA JIO Kpas
KpPOHBI, 3aT€M YMHOKHUTb Ha 2, YTOOBI MOJYYUTh TUAMETpP KPOHBL. 3amucaTh pe3ylibTaT B TaOIUILY, C
OJIHUM JECATUYHBIM 3HAKOM.

7. C moMompl0 pyJaeTKHd U3MEPSUIH AJUHY 5 COCHOBBIX XBOMHOK, HAMJIEHHBIX TOJI COCHOM.
3anuchIBa M pe3yabTaT B TAOIHILY, C OJJHUM JIECATUYHBIM 3HAKOM.

8. TloBtopsnu nporecc st 10 nepeBbeB, pacTYIIMX HA OJTHOM BBICOTE.

9. IloBTOpsun Bech mpolLecc B 8 TOUKaX.
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st ananusza écex 0anmvix UCTIONIb30Baachk nporpamma Microsoft Excel.

Cpeonue 3HayeHuss paCCUUTAHBI I KaXKJOTO MECTOIOJIOKEHHS, T.€. Ul Kaxabix 10 nepeBbeB
Ha OJHOHM M ToM ke BbicoTe. CpeHue 3HAUYEHUS BBICOTHI MECTHOCTH HaJl YPOBHEM MODSI, BHICOTHI
JepeBa, OKPYKHOCTH CTBOJIA, AMAaMETpa KPOHBI M JUIMHBI XBOM JUIS KaXKJOW TOYKH PACCUMTAHBI C
nomMo1bko nmporpammsl Microsoft Excel.

Koppenayus paccuntaHa MexJy BBICOTOM HaJl YPOBHEM MOpPS U KaXIbIM U3 4 (pakTopos:
BBICOTOM JI€pEBa, OKPYKHOCTBIO CTBOJA, AUAMETPOM KpOHBI, IJIMHOM XBOW. [liug 31oro
MCI0JIb30BaJIach opmyra koppensinuu B Microsoft Excel.

Jlunus mpenoa u R’ paccuuransl jis kaxnoro dgakropa pocra Pinus nigra B Microsoft Excel
HETMOCPEICTBEHHO U3 TOYCUHBIX JTHATPAMM.

CmanoapmHoe omKlOHeHUue paccuyuTaHo 1o (Gopmyse OOIIero CTaHAAPTHOTO OTKIOHEHHUS B
Microsoft Excel, mocne yero oHo HaHOCUTCA Ha rpadUKU CPEIHUX 3HAYEHUH ISl KaXI0TO (akTopa
pocta Pinus nigra. VIcxoaHble TaHHBIE TPEICTAaBIEHbI B Tabmuie 1.

Tao6auua 1. Vicxomusle qaHable 13 001Iei 0a3bl TaHHBIX.

g Bbicora|BbicoTa OKpy#KHOCTE JAuamertp | Pagnyc Cpenusns
Z | Ne[ Hy.m. | nepeBa cTBOA (M) KPOHBI | KPOHBI JiiuHa xBou (cm) MJIMHA
= (m) (m) (m) (m) XBOH (CM)
1 12.5 12.5 2.1 11.6 5.8 9.8 {14.5]11.2|10.2| 9.1 11.0
y 2 12.6 13.7 1.7 7.0 3.5 |13.3] 8.6 |13.7] 9.7 | 10.1 11.1
& 3 12.8 18.6 2.2 5.6 2.8 9.4 1123 74| 7.8 |14.2 10.2
E 4 13.0 13.8 1.8 11.4 5.7 |13.110.5] 9.5 |10.0|11.0| 10.8
é( 5 16.0 14.3 2.1 8.2 4.1 14.4111.0112.3|12.1| 9.7 11.9
S| 6 15.7 16.6 1.4 8.4 42 112.0|15.5|13.0(13.4114.4| 13.7
=17 12.9 18.9 1.8 7.8 3.9 92195197 |12.6|12.1 10.6
:; 8 13.1 19.6 1.9 12.4 6.2 7.6 | 89 [13.7{10.9|10.1 10.2
9 13.8 17.0 2.0 7.4 3.7 8.6 |79 [12.8|14.6|13.5 11.5
10| 154 12.8 1.5 8.8 4.4 9.1 [15.6|14.2] 7.8 |11.0] 11.5
11| 474.4 9.5 2.3 6.4 32 |19.0(16.6]16.9|15.9|14.1 16.5
12| 474.5 9.1 1.9 6.0 3.0 |13.9(18.6]/19.0/20.0|16.8 17.7
5113 | 476.2 13.1 1.5 6.2 3.1 |23.1(20.4]18.2{19.2|19.8| 20.1
é 14| 472.5 10.0 1.8 6.6 3.3 159(16.5/17.5/16.8|19.9| 17.3
‘?, 15| 475.3 15.2 1.4 4.8 24 [18.5]19.2]121.9|17.2(16.3 18.6
§ 16 | 475.8 14.0 1.7 6.2 3.1 16.7/19.4117.6{17.4|18.0| 17.8
& | 171 466.9 12.6 1.8 5.8 29 [16.8/20.9|19.5/18.1|19.2 18.9
= | 18| 474.2 13.9 2.0 5.6 2.8 [17.8]18.4|18.9(19.2(16.7| 18.2
19| 475.1 14.2 1.5 4.6 2.3 16.1/14.9118.0|16.0|17.4| 16.5
20 | 476.0 13.4 2.2 6.8 34 119.4(20.5|21.0{17.8]18.2 19.4
o 21| 382.2 9.7 2.2 8.2 4.1 15.5{16.0{19.1|17.2|16.9| 16.9
§ 22| 376.2 13.1 2.3 6.8 34 |152(18.6|/14.9|155]/19.0| 16.6
§ 23| 3759 7.2 1.5 8.0 40 |16.2]16.7{15.0|16.7|17.3 16.4
24| 371.5 7.0 1.6 5.0 25 |17.5]118.0(16.4|19.1|18.7| 17.9
=125 371.6 8.6 1.6 7.4 3.7 |14.8(17.1|15.1|189|17.6| 16.7
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IIponosxenue Tadauub 1.

g Bricora|BbicoTa OKpyHKHOCTE Jdunamerp | Paguyc Cpennss
g Ne | n.y.m. | nepeBa cTBOA (M) KPOHBbI | KPOHBI JiimHa xBou (cM) JJIMHA

(M) (M) (M) (M) XBOH (CM)
26| 380.7 | 7.7 1.7 5.8 29 [159]16.3(16.7|19.0|14.9| 16.6
27| 382.0 | 9.1 1.9 6.8 34 |15.0(15.8|18.6/19.3/19.0f 17.5
: 28| 3779 | 9.5 2.1 7.0 3.5 |188(17.5/15.2117.4|17.0] 17.2
29| 377.2 | 12.0 2.0 4.4 22 116.7116.0{19.0/14.8|15.2| 16.3
30| 370.8 7.6 1.8 7.0 35 |159(15.2|18.5{18.0{17.4| 17.0
31| 955.0 | 11.9 1.6 5.2 26 |14.0]14.113.5/15.2|14.5| 143
a 321 954.7 | 12.7 1.7 54 2.7 |12.5]112.7(145/14.0|13.9| 13.5
§ 331 958.0 | 183 1.2 3.8 1.9 [142(13.0/14.7|14.9|13.5| 14.1
| 34| 957.5 11.2 1.1 2.2 1.1 13.2113.0]12.6{12.9|14.2| 13.2
cf 35| 960.1 14.3 1.0 2.0 1.0 [12.6(11.9|13.0{12.5]12.7| 12.5
2136] 953.3 16.9 1.2 2.6 1.3 113.9(12.9|13.5|12.7}12.6| 13.1
% 37| 956.1 18.0 1.3 2.6 1.3 ]112.1({15.0|13.4|13.0|14.3 13.6
l_:_ 38| 9554 | 20.1 1.1 2.4 1.2 |13.41149|14.7|12.5/15.0] 14.1
:~ 39| 9554 17.6 1.2 1.8 0.9 |13.6/14.0(/13.2|12.9|13.0] 13.3
40 | 967.0 19.1 1.1 2.0 1.0 12.2(13.7|13.4|12.1]12.5 12.8
- 41 | 1120.8 | 16.8 0.7 2.4 1.2 |11.2(12.0|11.9|13.3]14.0| 125
%2 421 1126.0 | 14.7 1.1 2.0 1.0 |14.0(12.8|11.4|11.2]11.9| 123
é 43111183 | 18.0 0.8 3.6 1.8 |12.5(13.6/12.3|12.5|13.4| 12.9
g1441119.0| 17.2 0.9 1.8 0.9 |11.5]11.5(11.6|13.0|11.1 11.7
lg 4511232 17.6 0.9 2.4 1.2 |11.0(11.0|13.7{12.4}12.6| 12.1
g 46 | 11233 | 159 1.0 3.2 1.6 [13.7(11.9|13.3|{13.5{13.0 13.1
% 47 1123.7| 16.4 0.9 2.4 1.2 |13.5(12.9|11.3|12.1|13.6| 12.7
N[ 48 | 1129.1 | 15.7 0.6 1.6 0.8 [13.1]12.4/10.9|13.7{10.5 12.1
m 49 | 1126.5| 18.5 1.2 2.0 1.0 |[13.4(11.2|13.4|12.2]11.0| 122
= 501 1120.5| 17.8 0.8 2.2 1.1 11.3[13.1]12.6(12.8|11.9| 123
51| 14.6 17.2 1.8 7.0 3.5 |11.1[13.0|11.5|12.514.2 125
= 521 11.9 16.4 1.4 5.6 2.8 [10.8]11.3[12.0|13.5|11.5 11.8
g|53| 15.6 17.7 2.0 7.6 3.8 [14.0(10.5|11.2|14.2]13.4| 12.7
% 54| 10.2 14.5 1.4 6.6 33 |11.2|11.7|10.8{13.6]13.9| 12.2
>% 55| 11.4 18.2 2.4 8.2 4.1 10.6(129]13.4(11.3|11.3 11.9
5 56| 11.8 17.0 1.8 5.4 277 (12.4114.7|14.2110.5]|12.6| 12.9
E 57| 16.3 16.7 1.9 5.8 29 |11.8]13.9(13.1|10.9|12.0] 12.3
o | 58| 16.7 16.2 1.5 6.8 34 110.2(143|11.0{12.2]14.5 12.4
=[59] 124 13.4 1.6 6.0 3.0 |11.113.9|11.7|14.2|11.5 12.5
60| 129 18.0 2.1 9.0 45 |13.5|11.1]10.8|12.5|13.0] 12.2
>~ | 61| 1554.1 34 1.0 4.6 2.3 8975193 87|98 8.8
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IIponosxenue Tadauub 1.

g Bricora|BbicoTa OKpyHKHOCTE Jdunamerp | Paguyc Cpennss
g Ne | n.y.m. | nepeBa cTBOA (M) KPOHBbI | KPOHBI JiimHa xBou (cM) JJIMHA

(M) (M) (M) (M) XBOH (CM)
62| 1557.6| 4.0 0.9 5.8 29 |7.0]84|11.6/10.9| 9.3 9.4
6315556 3.8 0.8 4.4 22 169 ]72|56|20.3|9.0 9.8
¢:> 64| 1553.2| 3.7 0.8 54 27 | 5816799 ]10.8| 8.7 8.4
é 65| 1553.7| 4.1 1.1 5.0 25 |64 (102576974 7.3
= 66 | 1556.0 | 3.5 0.7 6.0 30 192 (62|75(83]104| &3
2167 |1555.7| 3.7 0.8 5.0 25 |68 ]58(105]98] 7.0 8.0
0| 68| 1554.8| 3.2 1.0 5.6 28 19410566 | 55|89 8.2
=169|15552| 3.9 0.9 4.6 23 | 7719310987 6.8 8.7
70 | 15529 3.8 0.8 4.8 24 |10.1] 73 | 87|69 | 8.6 8.3
7111270.2 | 14.9 1.5 4.2 2.1 122(11.612.0|11.8|14.8| 12.5
o!|72(1270.1 | 16.2 1.8 5.2 26 [14.0]13.1|11.6|14.5|14.5 13.5
a 73 | 1271.6 | 184 1.7 4.8 24 [13.0]11.2/10.6|11.9{12.5 11.8
§ 74 | 1272.1 | 19.6 1.5 2.8 1.4 |13.6(11.0|12.1{13.0{12.6| 125
g 75 1272.4 | 17.7 1.2 3.4 1.7 |14.5(13.7/11.7{12.3]12.0| 12.8
Z176|1271.9| 179 1.9 4.4 22 |14.0(12.1|13.8|12.0|11.4| 12.7
é‘ 77|1273.0 | 15.8 1.6 4.0 20 |13.8]12.2|13.1|10.9|14.4| 12.9
°° 78 | 1272.5| 18.2 2.0 3.0 1.5 |11.7(13.0|14.2|11.5]12.3 12.5
=179]12703] 19.1 1.8 3.8 1.9 |11.9(11.6|13.7{12.8|13.3 12.7
801 1270.1| 17.0 1.7 5.0 25 |12.01143|11.3|12.2|12.6| 12.5

OTHOCUTENBHO OOJBIION pa3Mep BBIOOPKM M TI'PYNIHUPOBKA MPOJEIAHHBIX M3MEpPEHHH Mo &
OTIENbHBIM TOYKAM HA CKJIOHE TOpbl NO3BOJIMJIM HaM MAaKCHMAajbHO, HACKOJIBKO BO3MOYKHO B
YCIOBHSIX BHYTPEHHEH OLIEHKH, MOBBICUTH JOCTOBEPHOCTh COOpaHHBIX AaHHBIX. V3mepenue 10
JIEpEBLEB B KAKJOM TOUKE MO3BOJIMJIO HAWTU CpeIHUE 3HAYEHMs, KOTOpble OOJIEryaroT aHaluu3 Juis
ero BHM3yanu3aluuu U rpagpudeckoro mnpenacrasieHus. 80 oOpa3lnoB, coOpaHHBIX B paiioHe
UCCIIEIOBAHUS, MIPEJICTABIAIOT COO0N 3HAUUTENbHBIA 00bEM, KOTOPBIM MpeanoaraeT HaJeKHOCTh
PE3yJIBTAaTOB, MOJIYYEHHBIX IIOCIIE aHAJIN3A JaHHBIX.

Ha npoTspkeHun Bcero uccieoBaHMs Mbl IPUIAEPKUBATIUCH U HOJJIEPKUBAIM eIMHOOOpa3ue
OOIIMPHOTO KOJIMYECTBA KOHTPOJUPYEMBIX INEpPEMEHHBIX. Bce COCHbI, M3MepeHHble I JTaHHOH
paloThl, ObLIIM HalAEHBI B Jiecax MPEUMYILECTBEHHO U3 Pinus nigra, a BCe TOUKU Il U3MEPEHUs
BBICOTBI ObUIM Ha OTHOCHUTENBHO IJIOCKOM MOBEPXHOCTH, XOTSA M PACHOJIAraliCh B Pa3HbIX MecTax
BBEpX M0 CKJIOHY Topbl. Iloanepxka ennHO0Opa3ust KOHTPOIUPYEMBIX NEPEMEHHBIX, 0€3yCIOBHO,
SBJISICTCS CHUJIBHOM CTOPOHOM JaHHOIO HCCIEAOBaHUsA, IIOCKOJIbKY OHAa MHUHUMU3MPOBAIA,
HACKOJIBKO BO3MOYXHO, BEPOSITHOCTh HETOYHOCTEH, KOTOPbIE MOTJIM BOSHUKHYTH U3-3a HEYUYTEHHBIX
HaMH YCIIOBHIA.

Cucrtemarnyeckasi omnOKa MOTEHLUAIBHO — OCHOBHAsI ClIa00CTh JJAHHOTO MCCIIEIOBAHUS: U3-3a
OTPAaHUYEHHOTO JOCTyIla K BBICOKOYPOBHEBOW TEXHOJOTHMH BBICOTY JAEpeBa, KOTOpPas SBISAETCA
pemaromuM  (aKTOpOM poCTa, MOXKHO OBLIO M3MEpPUTh TOJBKO C TIOMOILIBIO MOOUIBHOTO
npujaoxeHus. B cBowo ouepenb, NPWIOKEHHE, XOTS M JOCTaTOYHO TOYHOE (KOHTPOJBHOE
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TECTUPOBAaHUE TMepe]; cOOpPOM MaHHBIX IOKA3al0, YTO OHO C TOYHOCTHIO OIPEIENSET BBICOTY
obOwekra BeicoToi 1.6 M B 8 u3 10 pa3) s 6onee HU3KUX 0OBEKTOB, MHOT/IA TIOKA3bIBAJIO OOJIBIIYIO
OLIMOKY BBIUMCIICHUH, KOTJa JEJ0 TOXOIWIO J0 CaMbIX BBICOKHMX JCpPEeBbeB. [IpuunMHa TaKMX
HECOOTBETCTBUI — OrpaHHYCHHBIC BO3MOXKHOCTH KaMmepbl TenedoHa, a TakkKe CIIOCOOHOCTD
MPUJIOKCHHS OTIPENICIIUTE BBICOTY, HAa KOTOPOE MOAHATO MOOUIBHOE YCTPOUCTBA.

JIpyruM  HEIOCTATKOM  SIBJIACTCSI OTPAHMYCHHOCTH PECYPCOB, IMOCKOJBKY B  HAIlleM
pacropspkeHHH He ObLI0 TpUOOPOB I ONMpEIe/ieHHs] Takux (aKTOpPOB, KaK COCTAaB IOYBHI,
BJIQKHOCTh, CKOPOCTh BETpa M T.A. YUHUTBIBas 3TH OrpaHHUYCHHs, Ha COOpaHHBIC 3/1€Ch JaHHBIC
MOTYT TOBJIUATH JHOObIC W3 OTUX HEYYTCHHBIX (akTOpoB. Takum 00pa3oM, HEMOJHOTA aHAIM3A,
BbI3BaHHAs ATUMH TEXHUYCCKUMH OTPAHUYCHUSAMH, MOTJIA I[OBJIMATH HAa KOHEYHBIA BBIBOJI
(tabm. 2). [Ipoune dakTophl, KOTOPHIE CIEAYET pacCCMaTPUBATh KaK KOHTPOJIUPYEMbIC TIEPEMEHHBIE,
BKJTIOYAIOT B €051 PaCCTOSIHUE OT HCTOYHKMKA BOJIBI, THIT TIOYBBI M BETPA.

Pe3yJ’[LTaTbI Hu 06cy>lc}1elme

Pucynok 1 npencrasisier co0oil TOUeUHYI0 TUarpaMMy JUisi BCEX U3MEPEHHBIX BBICOT JIEPEBBEB.
Jannble crpynmnupoBaHbl B 8 obOnacteil, mo 10 gepeBbeB B KaXKIOW, YTO COOTBETCTBYET &
OTOOpaHHBIM HAMHU BBICOTHBIM TOYKaM, JIB€ U3 KOTOPBIX HAXOJIWINCh Ha OJHOW BBICOTE, TIOITOMY
MEeXAy ABYMs KjacTepamMH OTCYTCTBYIOT pasznuuus. Paccuntanuble K03()QULIMEHTHI 1eTepMUHALINN
(R?) u xoppensanuu (r = -0.28) UMEIOT HEBBHICOKHE 3HAYEHHS, OJHAKO OHM OOIAJAIOT JOCTATOYHO
BBICOKOW MaTeMaTH4ecKoil aocToBepHOCThIO (s r — oo = 0.05), yTo moATBep)KIaeT Haludue
TpeHaa (KOTOpBIA OMpeaeNseTcs Mo 3HaYuMoMy K03((PUIIMEHTY KOPPENsLUU I C ero 3HaYeHHUSIMU
o moxaynto He MeHnee (0.2-0.3) miam JOCTOBEPHOM OTPHUIIATEIHLHOW 3aBUCUMOCTH MEXTY BBICOTOM
MECTHOCTH HaJl ypPOBHEM MOPS U BBICOTOU J€pEBa.
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ABCOTHTHAR BRICOTH H. VM., M

Puc. 1. DpdexT, KOTOPbIil BHICOTa MECTHOCTH (M H.y.M.) OKa3bIBaeT Ha BBICOTY JIEPEBHEB.
Fig. 1. Effect of altitude (meters above sea level) on tree height.

Ha pucyHke 2 mokas3aHbl COOTHOIIEHHUS JBYX 3aBUCHUMOCTEH (110 3HA4YEHUSM W3 TaOnuLbl 2):
a) pacrpe/ielieHle Y4eTHBIX IUIOIIAJOK IO BBICOTE MECTHOCTHM Haj YpoBHeM Mops (puc. 2,
IYHKTUPHAas JIMHUSA), U 0) pacripeie/ieHUe BbICOTHI IEPEeBbEB Ha COOTBETCTBYIOIIMX IUIOIIAJKaX I10
BBICOTE MECTHOCTH (puC. 2, crutomHas JuHus). [lonoxxuTenbHas 3aBUCUMOCTb BUAHA OT ['opak bl
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1o MBanoBo KopeiTo, ¢ BEIOpocamMu Ha 000MX KOHIIAX CIIEKTPAa U3MEPEHHBIX BHICOTHBIX 3HAUCHHH.
Camoe HU3KOE CTaHIAPTHOE OTKJIOHEHHE — B JloBUeHe, a 3HAYUT, TaM BBICOTA JIEPEBHEB ObLIA B
OCHOBHOM OJMHaKoBOH. Camoe BBICOKOE OTKJIOHEHHE — Ha nepekpecTke Hberymu, rie BuaeH
00BN pa3dpoc AEPEBBEB MO BHICOTE.

BbIcOTa H.Y.M., M Bricora nepeBa, M
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Puc. 2. CooTHoIIeHHE paclpeieSIeHU: a) YIETHBIX TUIOMIAI0K 0 BRICOTE MECTHOCTH HaJl ypOBHEM
Mopsi (IMyHKTHP) H O) BBICOTHI JI€pEBBhEB (IO CpeaHEMY 3HAYCHUIO) Ha COOTBETCTBYIOIIUX
IJIOMIAIKaX OT BBICOTHI MecTHoCcTH (crutommHas auHus). Fig. 2. Correlation between a) the
distribution of model points according to their altitude (dotted line) and b) the distribution of the
trees height on them (solid line).

Taoauna 2. CpegHue 3Ha4EHUS aHATM3UPYEMBbIX TapaMeTPOB ISl KaXKA0W MOJIETIbHOM TOUKH.

Cpennss BoicoTa | Cpennsis Cpennsin Cpennmnii Cpenusisi
Toukn HaJl YyPOBHEM BBICOTA | OKPYKHOCTHb | AmameTp AJTUHA

Mops (M) nepesa (M) | crBoJia (M) | KpoHbI (M) [ xBom (cMm)
IInaBu Xopu3oHTH 13.4 16.5 1.8 6.8 12.3
[Mapxk I'panckn 13.8 15.8 1.9 8.9 11.3
I'opaxna 376.6 9.2 1.9 6.6 16.9
ropa Bpmarg 474.1 12.5 1.8 5.9 18.1
ITepexpectok Heerymmu 957.3 16.0 1.3 3.0 13.4
Jlopora B Hauuora bHeIi 1123.0 16.9 0.9 2.4 12.4

napk Jlopuen

NBanoso KopsiTo 1271.4 17.5 1.7 4.1 12.6
ropa JloBuen 1554.9 3.7 0.9 5.1 8.5

Pucynox 3 mpezacrasisier co0oif ToueUHYIO AMarpaMMmy Uil BCEX M3MEPEHHBIX OKPYKHOCTEH
cTBOJIOB. /laHHbIe crpynmnupoBaHbl B 7 obnacteit, mo 10 nepeBbeB B Kax/10H, 4TO COOTBETCTBYET 8§
OTOOpPaHHBIM HaMH BBICOTHBIM TOYKaM, JIB€ M3 KOTOPBIX HAXOJWIUCh HAa OJHOM BBICOTE, MO3TOMY
MEXAYy IBYyMs KiacTepaMu OTCYTCTBYIOT pasnuunsd. Ha pucynke 3 BbIsIBIE€HAa MaKCUMAaJIbHO
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JIOCTOBEpHAs OIYTHMasi® OTPULATEIbHAS KOPPENSAHOHHAs 3aBUCUMOCTh (r = -0.68, o = 0.001)
MEXIY OKPYKHOCTBIO CTBOJIA ¥ BBICOTON HaJl ypOBHEM MOPSI.
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Puc. 3. DpdexT, KOTOpbIit BBICOTA MECTHOCTH (M H.y.M.) OKa3bIBAa€T Ha OKPYKHOCTh CTBOJIA.
Fig. 3. Effect of altitude (meters above sea level) on trunk circumference.

Ha pucynke 4 mokazaHo pacrpejieieHHe YYETHBIX IUIOIA0K B 3aBHCHUMOCTH OT BBICOTHI
MECTHOCTH HaJ ypoBHEM Mops (pucC. 4, MyHKTHUP) MO CPABHEHUIO C 3aBUCHUMOCTBIO OKPYKHOCTHU
CTBOJIOB Ha COOTBETCTBYIOIIMX IUIOIIAAKaX OT BBICOTHI MECTHOCTH (puC. 4, CIUIONIHAS JIMHUSA).
B MBanoBo KopsiTo HaOmOmaeTcss pe3kwii MoabeM, HO 0O€3 HEro COOTHOIICHHE SIBIISETCS
otpunartenbHbiM. CTaHZapTHOE OTKJIOHEHHWE OOBIYHO BBINIE [UIsI TEepBbIX 4 TOYEK, 4YTO
mpernoaraeT 00BN pa3dpoc 3HAUCHUN U pa3MepOB JIEPEBHEB HA HU3KUX BBICOTAX.

Ha pucynke 5 moka3aHbpl JuamMeTpbl UI3MEPEHHBIX KPOH. [[aHHbBIE crpynmupoBaHbl B 7 00acTel,
no 10 gepeBbeB B KaX0il, YTO COOTBETCTBYET 8 OTOOpaHHBIM HAaMU BBICOTHBIM TOYKaM, JBE W3
KOTOPBIX HaxOJWJINCh Ha OJHOM BBICOTE, MOITOMY MEXAY JABYMsS KIACTEpaMH OTCYTCTBYIOT
pasnuuus. BhIsSBIEHHBIE JOCTATOUHO BHICOKME Kod(hduImenTsl aerepmunamuu (R? = 0.4429) u
koppemsiiuu (r = -0.67) uMerT camyro BBICOKYIO 3HauuMocTh (oo = 0.001). Takum obpazom, ¢
JO0CTOBEPHOCTHIO 99.9% ycTanoBneHa omrytumas (no mkaine Yemnoka-CHenekopa) oTpuiiaTeabHas
KOPPETSIUOHHAs 3aBUCUMOCTh MEXKIY TUAMETPOM KpPOHBI U BBICOTOH MECTHOCTHU HaJl YPOBHEM
MODSL.

Ha pucynke 6 mokazaHo pacrpezeieHUe MOJEIbHBIX IUIOIIA/IeH B 3aBUCUMOCTH OT CPEIHErO
IaMeTpa KpOHbI (CIUIOIIHAs JIMHHUS) B CPAaBHEHUU C paclpeielieHHEM COOTBETCTBYIOIIMX
MOJENBHBIX IUJIOMAACeH B 3aBUCUMOCTH OT BBICOTHI MecTHOCTH (myHKTHp). Camoe Ooibliioe
CTaHJIapTHOE OTKJIOHeHHe — B I[lapke, rae amameTpbl KpPOH BechbMa pPa3HOOOpAa3HBI; camoe
MajieHbkoe — B JIoBU€HE, KaKk M CTaHJApTHOE OTKJIOHEHHE JUIsl BBICOTHI JEPEBBLEB, UTO BHOBb
MOATBEpKIaeT HaOMI0IeHNEe, B COOTBETCTBUH ¢ KOTOPBHIM CcOcHBI B JIoBueHe Gosiee 0THOPOAHBI 1O

pasmepy.

? BenmuumHA OOCTOBEPHBIX KOO(Q(QHMIMEHTOB KOPPEIAIMM OLEHHMBalIach mo mmkaite Yemmoka-Cremekopa: 0.1-0.3 —
HesHauntenbHast, 0.4-0.5 — ymepennas; 0.6-0.7 — omyrumast; 0.8-0.9 — Beicokast; 0.91-0.99 — cupHas.
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Puc. 4. CooTHolIeHHe pacrpeiesieHui: a) yUeTHBIX IJIOM[AJ0K IO BBICOTE MECTHOCTHU (ITYHKTHUP) U
0) OKPY>KHOCTH CTBOJIOB JIEPEBHEB (IO CPETHEMY 3HAUEHHIO) HA COOTBETCTBYIONIUX TIJIOMIAIKAX OT
BBICOTHI MecTHOcTH (crutomHas juHus). Fig. 4. Correlation between a) the distribution of model
points according to their altitude (dotted line) and b) the distribution of the average trunk

circumference on them depending on the altitude (solid line).

1
=8 = 2
= 3
= #,, &
E » 2| ,
Z . i e |
E 6 = e & s
L : . " :
= . i : .
= . = ’ * H

i : 3

. i
2 . " rE=0.4420
2 s :
" r=067, n=T0, @=0001
0
0.0 200.0 400.0 600.0 BODO L0000 12000 14000 16000 1800.0

ABCOTIOTHAS BRICOTA 1B.Y.5., M

2.0
1.8
1.6
14
1.2
1.0
0.8
0.6
04
0.2
0.0

Puc. 5. Dpdext, KoTOphIil BBICOTA MECTHOCTH (M H.y.M.) OKa3bIBAaeT HA TUAMETP KPOHHI.

Fig. 5. Effect of altitude (meters above sea level) on crown diameter.
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Beicora H.y.M., M JAuameTp KpoHbI, M
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Puc. 6. CooTHoIIeHHE pacTpeIeNIeHUni: a) YUEeTHBIX IJIOIIAJ0K MO BBICOTE MECTHOCTHU (IIYHKTUD) U
0) nmameTrpa KpOHBI JiepeBheB (IO CpeIHEMY 3HAYCHHWIO) Ha COOTBETCTBYIOIIMX IUIOMIAIKAX OT
BBICOTHI MecTHOCTH (crutomtHas ymaus). Fig. 6. Correlation between a) the distribution of model
points according to their altitude (dotted line) and b) the distribution of the average crown diameter
on them depending on the altitude (solid line).

Ha pucynke 7 moka3zaHbl JJIMHBI M3MEPEHHOW XBOW COCHBL. JlaHHBIE CrpynmupoBaHbl B 7
obnacreit, mo 10 nepeBbeB B KaXkA0H, UTO COOTBETCTBYET 8 OTOOpaHHBIM HAMH BBHICOTHBIM TOUYKAM,
JIB€ U3 KOTOPHIX HAXOJMJIMCh HA OJHOM BBICOTE, IO3TOMY MEX]Y ABYMs KiacTepaMu OTCYTCTBYIOT
pasnuuusa. HecMoTps Ha HeBBICOKHe 3HaueHMs koddouunumentos aerepmuHanuu (R? = 0.0821) u
koppemsiiuu (r = -0.27), o6beM BbIOOPKH (n = 70) maeT BBICOKYIO 3HAYUMOCTh KO3(PPHUIIMEHTY
koppemsuu (oo = 0.05). [ToaTroMy B COOTBETCTBHHU C OIpPE/ICICHUEM HAIUYUS TPEHI0B, Mbl HMEEM
YCTaHOBJICHHYIO a0COJIIOTHO JIOCTOBEPHYIO, XOTSI U HE OYEHb BBICOKYIO (HE3HAUUTEIHHYIO IO
mkane Yennoka-CHenexkopa) OTPULATENIBHYIO 3aBUCMMOCTh MEXKIY MOKa3aTeNsIMU JUTMHBI XBOU U
BBICOTOM MECTHOCTH HaJl YypPOBHEM MODSL.

Ha pucynke 8 mokazaHo COOTHOIIEHUE paclpeAeTeHUI 3aBUCUMOCTH CpEeIHEH UIMHBI XBOHU Ha
Ka)KJ0M MOJIENBbHOM TI0Maau (CIUIONIHAS JIMHUS) [0 CPABHEHHIO C paclpeelieHueM IJIOMAA0K OT
BBICOTBI MECTHOCTH HaJ ypoBHeM Mops (myHkTHp). B ['opaxne um Ha rope Bpman nnuHbl XBOH
YBENIMUMBAETCA, OJHAKO 00LIas TEHJEHIUs OCTaeTcs OTpHIaTeNbHOH. 3Hauenne R? pocraTouHo
HU3KOE JUIA BCEX TOYEK, IUCIEPCUs U Pa3HOOOpasue HeboIbIIne.

BriBoabI

Takum 00pa3zoM, Bce pacCUMTaHHBIE KOA(PPHUIMEHTHl KOPPENALUN MEKIY aHATU3UPYEeMbIMHU
napamMeTpaMM OKa3aJhCh C BBICOKOM MaremaTtudyeckod 3HaunMmocThio (0T 95 1o 99.9%).
KoadduuneHT koppensuu mo3BoIsSeT BbISICHUTh, HACKOJIBKO CYLIECTBEHHA CBS3b MEXKIY BBICOTON
Ha/l YpOBHEM MODsI M pa3IUuHbIMU (hakTopamu pocta Pinus nigra, 4T00bl €€ MOXXHO ObUIO CUHTATh
JIOCTOBEPHOM.
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Puc. 7. DpdexT, KOTOpbIil BBICOTA MECTHOCTH (M H.y.M.) OKa3bIBaeT Ha UIMHY XBOH.
Fig. 7. Effect of altitude on needle length.
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Puc. 8. CooTHolIeHHe pacnpeieieHnii: a) yIeTHBIX IUIONIAI0K MO BBICOTE MECTHOCTHU (IIYHKTHP) U
0) UIMHBI XBOU (IO CPEIHEMY YHMCILY) Ha COOTBETCTBYIOIIMX IUIOINAAKaX OT BBICOTHI MECTHOCTH
(cmomnas nuuus). Fig. 8. Correlation between a) the distribution of model points according to
their altitude (dotted line) and b) the distribution of the average pine needle length on them
depending on the altitude (solid line).
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Hamm pacdeTsl MOKa3bIBAIOT, YTO y BceX (DaKTOPOB pOCTa HAOIIOAAETCs OTpHUIATeIbHas
JOCTOBEpHAst KOPPEISLS ¢ BBICOTOH MECTHOCTH HajJ ypoBHEM Mops. Benmumna kosdduumenta
Koppensiuu kosiebancs ot -0.27, 94To SABISETCS HE3HAYUTEILHON OTPUIATEIILHON KOPPEISIHEH, 10
-0.68, sBmsromeiics omyrumor (mo mkane Yemmoka-CHemekopa). ITO  O3HAYAET, UTO
CTaTUCTUYECKH Bce (AKTOpbl pPOCTAa HMEIOT OTYETIMBYIO JOKA3aHHYIO OTPULIATEIbHYIO
3aBUCHUMOCTD C BBICOTOM MECTHOCTH HaJl YDOBHEM MODSL.

[lo pe3ynpTaTaMm HalIero HMCCIEAOBAHUS MOXHO CHENIaTh BBIBOJ, YTO BBICOTA HAaJ YPOBHEM
MOPsI CYILIECTBEHHO BJIMSIET Ha BBICOTY JIEPEBA, OKPYKHOCTh CTBOJIA, TUAMETP KPOHBI U JUINHY XBOU
Pinus nigra. IlosTomy BeIlLIeyIOMsHYyTas HyneBas runore3a HO oTkiIoOHSETCS, a K pacCMOTPEHUIO
npuHumaercs runote3a H1. OnHako, X0Ts ynajoch 10Ka3aTh CyIIECTBOBAHUE KOPPEISILIMU MEXIY
BBICOTOM W (aktopamu pocta Pinus nigra (tabn. 3), runore3a HI HeBepHa, T.K. BIHSHUE
a0COJIIOTHOM BBICOTBI OCTA€TCS HEPAaBHOMEPHBIM ISl BCEX YUTEHHBIX (PaKTOPOB.

B Tabnune 3 ¢ AaHHBIMM CTaTMCTUYECKOTO aHalu3a IOKa3aHa OTpULIATeIbHas KOPPEesus
(r =-0.28) Mexy BHICOTOM JIEpEBbEB U BHICOTOM HAJ] YDOBHEM MODsI, NalbHEUIINI aHau3 rpaduka
Ha pUCYHKE | MPOJEMOHCTPUPOBAT CHIIbHYIO MOJIOKUTEIBbHYIO KOppenannuo oT Touku 3 (doto 1)
no touku 7 (doto 2), mpuuem BbiOpocamu ctaymu Toukd 1 u 2 (poro 3, 4) u Touka 8 (poto 5).
Taxkum 00pa3om, MOKHO C/I€NIaTh BBIBOJ, YTO CHenUpUIECKUe KIuMaTuieckue (pakTopbl Hanboiee
CIWJIBHO BJMSIOT Ha BBICOTY COCHBI YEpHOM Ha MHUHUMAaJbHBIX M MAaKCHUMAJIbHBIX BBICOTaX.
MeI1 npenronaraeM, 4To 3HAYUTENBHYIO BBICOTY COCHBI 4epHOM B Toukax IlmaBum Xopu3oHTH H
[Tapx I'pagcku obGecmeunnu OoJiee Oorarbie TOUYBBI M OMM3OCTH K Bojae. B To ke Bpemsi MbI
MIpeNIoaraeM, 4YTo B caMoi BbICOKOM Touke 8 (hoTo 5) poCcT coceH NOMKEeH ObITh MUHUMAaJIbHBIM
B CBSI3U C 0oJiee HU3KUMH 3UMHUMHU TEMIIEpaTypaMu, CUJIbHBIM BETPOM U CHETOM.

Tabauna 3. CTaTUCTUYCSCKUN aHAIM3 — KOPPETAIUS MEXKTY BBICOTOM U M3MEPEHHBIMH (paKTOpaMu
pocra.

Koppeaupyemsblie nokaszaresiu r
Koppensauus Mex1y ypoBHEM MOPS U BBICOTOM JIepeBa -0.28
Koppensauus Mmexay ypoBHEM MOPS U OKPY>KHOCTBIO CTBOJIa -0.68
Koppensuus Mexay ypoBHEM MOPS U TUAMETPOM KPOHBI -0.67
Koppensius Mexay ypoBHEM MOPS U ITTMHON XBOU -0.27

Bomnpeku runoreze H1, Tabnuima 3 moka3siBaeT OTPUIATEIHHYIO KOPPEISITUI0O MEXY BHICOTON
HaJl YPOBHEM MOPS U OKPY)KHOCTBIO CTBoJIa Pinus mnigra, ¢ OTKIIOHEHHEM OT TpeHJa B TOuyke 7
(doro 2). IIpennonokuTenbHO, 3T0 OOBICHIETCS TEM, UTO 00JIbIlas OKPY>KHOCTh CTBOJIA COBIIAIACT
¢ HauOousbleill BeicoTON coceH B MBanoBo KopwiTo: Kak BHAHO Ha (OTO 2, IEpeBbs PacTyT Ha
Oosee miuockoM u Oosiee OOIMIMPHOM MPOCTPAHCTBE, YEM B JPYTrUX TOpHBIX Toukax. [louBeHHbII
COCTaB MEPBBIX CPABHUTEIBHO OTIMYAETCS OT BTOphIX: B MiBaHoBo KophwiTo mouBa Ooraye u poixJee,
a B Jpyrux ropanix toykax (¢oto 1, 3-8) rpyHT COCTOUT B OCHOBHOM U3 0oJiee CyXOW IMOYBBI
Y KaMHEM.

Koppensiiuss Mexy BBICOTOW HajJ YPOBHEM MOpPS M JUaMETpOM KpoHbI cocrtaBisieT -0.67
(Tabn. 3), ogHAaKO, KaKk M B Clydyae C BBICOTOH JepeBbEeB, 0OpaOOTaHHBIE JaHHBIE HA PUCYHKE 3
yKa3bIBalOT HAa HECOOTBETCTBUE OOIIEMY TpPEHAY B CaMOW HU3KOW M CaMOW BBICOKOW TOYKaX.
A 3HAYUT, MOXHO TPEANOJIOKUTh, YTO UMEHHO OIM30CTh MOpPS M OTCYTCTBHE CKJIOHA (camas
poBHas moBepxHOocTh) B [ImaBu Xopuzontu u Ilapke ['pajncku mo3BoimIM pa3BUTHCS Ooee
IIUPOKOI KpoHe; Torna kak B MBanoBo KopsiTo m JloBYeHe KpoHa pa3pacTaercss OT MaJeHus
TEeMIIepaTyphI.
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Hakonen, ganHble Ha pUCyHKE 4 IMOKa3bIBAIOT B LIEJIOM OTPHUIIATEIBHYIO, XOTS M HE TaKylO
PE3KYI0 KOPPEISIUI0O MEXKIY BBICOTOHW HaJ ypoBHEM Mops W JUtHHON XxBou. [logbem penbeda
Mexay ['opaxoii 1 ropoit Bpmall coBnasaeT ¢ yMEHBIIEHUEM BBICOTHI JCPEBHEB M MOXKET OBITh
MOTCHIIMATFHO CBS3aH CO CHENU(UKON CKJIOHA CaMOM TOpbl, a TaKKE C YaCThIMU BETPAMH CO
CTOPOHBI MOPAI.

®oto 2. NBanoso Kopsito, Touka 7. Photo 2. Ivanovo Korito, point 7.
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®oto 3. [TnaBu Xopusonrtu, Touka 1. Photo 3. Plavi Horizonti,
point 1.

®oro 5. T'opa JloBueH, TOUKa 8.
Photo 4. Gradski Park, point 2. Photo 5. Lovcen Mountain, point 8.

doro 4. ITapk I'paacku, Touka 2.

HCCMOTpH Ha 06IJ_II/IpHOCTB JAaHHOTO HUCCICHNOBAaHUSA, CYHICCTBYCT psAd M[IPOUCAYPHBIX
MO,Z[I/I(pI/IKaI_II/II‘/’I, KOTOPBIC MOTYT TOTCHIUAJIBHO IMOBBICUTH €0 KAYCCTBO U JOCTOBCPHOCTE. Bwmecto
MOOHIIEHOTO MNPUIIOXKCHUA JJISI TOBBIIICHUS TOYHOCTHU CO6paHHLIX JaHHBIX MOXHO ObLIO OBI
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UCIOJB30BaTh APYroll METOJ M3MEpeHHUs BbICOTHI. boiee mpodeccrnoHalbHBI MHCTPYMEHT HE
TOJIBKO 00J1a/1aeT MEHbBIIEH BEPOATHOCTHIO MTPOCUETA MIIM TEXHUYECKOH HEUCIPABHOCTH, HO TAaKXKe
MOXKET O0OeCHeYnTh H3MEpEHHs, KOTOphle OyIyT ropa3fo TOYHEE IOIYYEHHBIX C IOMOIIBIO
MoOmsHOTO nprtokenust «Object Height/BricoTa o0bekTay.

®oro 7. Ilepekpectok Hberymm, Touka S. ®oto 8. Jlopora B HammonanbHbiii napk JloBYeH,
Photo 7. Crossroad Njegusi, point 5. Touka 6. Photo 8. Road to the Lovcen National Park,
point 6.

Hcnonp3oBaHue OOJIBIIET0 KOJIHMYECTBA KOHTPOJIMPYEMBIX IEPEMCHHBIX IMOBBICUT KAa4YCCTBO U
HaJEKHOCTh aHaJIW3a JaHHBIX. Takue (I)aKTOpLI, KaK COCTaB IMOYBBI, OKpYKaromass paCcTUTCIbHOCTb
U YJAICHHOCTL OT HMCTOYHHKA BOAbI, MOTYT BJIUATL HaA POCT Pinus nigra, a II0TOMY, YTOOBI
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MOJIyYUTh MAaKCUMAJIbHO TOYHBIE PE3YIbTATHI, UX TOXKE HEOOXOAUMO YUUTHIBATD.

[Ipumenenne paboyero cmocoba [UIs OIpeNeNIeHUs] BO3pacTa COCEH TAaKKe IOBBICUT
HAJEKHOCTh HCCleNoBaHMs. B kaduecTBe OJHOW M3 KOHTPOJIMPYEMBIX HEPEMEHHBIX MBI
WCTIOJIb30BAJIM MIPUHIIUII, B COOTBETCTBHU C KOTOPHIM BCE M3MEPEHHBIE /ISl 3TOW pabOThl JepeBbs
JOJDKHBI OBUTH OBITH «3penbiMuy». OIHAKO C OTpaHMYEHHBIMH pEecypcamMH TPYIHO OIPENSIUTh
BO3pacT JEpeBa, OCHOBBIBASICh TOJILKO HA BHU3YaJIbHOM acIleKTe. YCTpaHEHHE 3TOW NpoOiIeMbl
yCTpaHWiIo Obl M CTENEHb HEOMPENEeNICHHOCTH, CBS3aHHOW C aHAJIM30M [aHHBIX B pe3yJbTare
OTCYTCTBHSI HHPOPMAIIMH O KaXJI0M OTIEIBHOM JIEPEBE.

B mmpokom macmitabe Ha BOMPOC, MOCTABICHHBIM B HAIIEM HCCJIEAOBAHUH, MOXKHO OBLJIO ObI
nath 0oJiee CIIOKHBIA M TOYHBIA OTBET, BKIIOYMB B HETO JIOMOJIHUTEIHHBIE BBICOTHBIE TOYKH.
Ha ocHOBe TakuX JaHHBIX MOKHO OBLIO ObI HE TOJIBKO NMPOBECTH 0OJIE€ TOYHYIO U MPABHIBHYIO
JIUHUIO TPEH/A, HO TAK)KE MOXET ObLIO Obl BBISBUTH HIOAHCHI 3aKOHOMEPHOCTEH, BBISBJICHHBIX B
WCCTIEIOBAaHUY, WK Y3HATh BIUSHUE 00Jiee YHUKAIBHBIX Teorpadudeckux GakTopoB Ha pocT Pinus
nigra. B 1enom Takas KOppEKTHpOBKa INpuBeia Obl K 0OoJjiee MOJHOMY aHaJIU3y YE€pPHOTOPCKOIO
nanamwadTa ¥ Mporu3pacTaHUsl COCHbI YEPHOU B MpeJenax BCe cTpaHbl WM, 10 KpailHel mepe, ee
0oJbIIEH YacTu.

Jpyrum cephe3HBIM H3MEHEHHEM MOT OBl CTaTh BBIOOP TOJBKO OJHOTO (haKTOpa pOCTa,
HampuMmep, JUIMHBI COCHOBOW XBOM, MpPU 3HAYUTENbHO OOJbIIEM KOJUYECTBE OOpa3IoB.
Takue n3MeHeHus clenaroT MOCTaBICHHBIN BONPOC U MOCIENYyIOIIee uccieqoBaHue 0osee y3KUMU
U YETKMMM [0 HAaIlPaBJICHHOCTH, a TaK)K€ IOBBICAT TOYHOCTh PE3YJIbTaTOB aHaln3a 3a CYET
00JIbIIIEro KoJM4ecTBa 00pa3ioB.
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Montenegro belongs to the Mediterranean climate zone, but due to the presence of high mountain
ranges on a fairly limited territory, there is a multitude of microclimatic varieties: in the coastal part
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there is a zone of pronounced Mediterranean climate; in the flatland part of the country the climate is a
changed Mediterranean; in mountainous areas — a zone of severe mountain climate with cold long
winters. In the diversity of the flora of this region, an important place is occupied by the Black Pine
(Pinus nigra), which grows both in the mountainous parts and in the valleys and, according to some
versions, gave the country its name. It is of interest to analyze the variability of the morphometric
parameters of this plant species depending on the growing conditions.

This study is based on the establishment of a field practice in biogeography in the summer of 2021,
held in Montenegro. The aim of the work was to determine the dependence of modification changes in
Black Pine on the height of growth above sea level according to the following indicators: tree height,
crown diameter, trunk diameter, and needle length. Measurements of adult representatives of
Pinus nigra were taken at 8 recorded sites located at different heights above sea level, starting from
the minimum coastal line of the sea (12.5 m) to the maximum growth height of Pinus nigra in
Montenegro (1270.1 m) in the mountains. At each point, 10 mature trees were selected, visually
reflecting the most common morphometric indicators for each selected high-altitude plateau with
uniform growing conditions (flat surface, slope orientation, central part of the tree mass, forest stand
density).

The results of measurements and statistical analysis established a significant negative correlation
between height above sea level and morphometric growth rates of Pinus nigra.

Keywords: Montenegro, Pinus nigra, Black pine, vegetation of Montenegro, flora of Montenegro,
habitats of Black pine, habitats of Pinus nigra, altitudinal zonality, modification variability of Pinus
nigra.
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Montenegro belongs to the Mediterranean climate zone, but due to the presence of high mountain
ranges on a fairly limited territory, there is a multitude of microclimatic varieties: in the coastal part
there is a zone of pronounced Mediterranean climate; in the flatland part of the country the climate is a
changed Mediterranean; in mountainous areas — a zone of severe mountain climate with cold long
winters. In the diversity of the flora of this region, an important place is occupied by the Black Pine
(Pinus nigra), which grows both in the mountainous parts and in the valleys and, according to some
versions, gave the country its name. It is of interest to analyze the variability of the morphometric
parameters of this plant species depending on the growing conditions.

This study is based on the establishment of a field practice in biogeography in the summer of 2021,
held in Montenegro. The aim of the work was to determine the dependence of modification changes in
Black Pine on the height of growth above sea level according to the following indicators: tree height,
crown diameter, trunk diameter, and needle length. Measurements of adult representatives of
Pinus nigra were taken at 8 recorded sites located at different heights above sea level, starting from
the minimum coastal line of the sea (12.5 m) to the maximum growth height of Pinus nigra in
Montenegro (1270.1 m) in the mountains. At each point, 10 mature trees were selected, visually
reflecting the most common morphometric indicators for each selected high-altitude plateau with
uniform growing conditions (flat surface, slope orientation, central part of the tree mass, forest stand
density).

The results of measurements and statistical analysis established a significant negative correlation
between height above sea level and morphometric growth rates of Pinus nigra.

Keywords: Montenegro, Pinus nigra, Black pine, vegetation of Montenegro, flora of Montenegro,
habitats of Black pine, habitats of Pinus nigra, altitudinal zonality, modification variability of Pinus
nigra.

DOI: 10.24412/2542-2006-2022-2-164-181
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Montenegro’s flora is one of the most diverse, compared to most temperate-to-subtropical
regions in the world; the mountains of the inland of the country are largely dominated by coniferous
or mixed forest. Among them grows the Pinus nigra’, the European black pine, which is the focus
of this investigation; commonly it is found in forests most often including species such as the
Norwegian spruce, Picea abies, the silver fir, Abies alba, the Aleppo pine, Pinus halepensis, the
Bosnian pine, Pinus leucodermis, and the Heldreich pine, Pinus heldreichii (Discover
Montenegro ..., 2020). Pinus nigra is characterized by its height, reaching to a maximum of 50m in
some areas and usually growing as a single trunk, with ascending branches that form a broad

! The Latin names of species are given according to Plantarium (2022).
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conical crown, with thick and fissured dark-grey bark on matured trees, and the needles with length
8-16cm long (The Gymnosperm Database, 2020).

The focus of this investigation is the effect of altitude above sea level on four factors of the
growth of the Pinus nigra: the tree height, the crown diameter, the trunk circumference, and the
needle length. N.L. Kazakova and I.S. Antonova (2015) investigated the impact of ecological
conditions, including altitude of the habitat on the growth of the Araucaria Araucana. The results of
this and other alike investigations suggest the existence of a dependence of tree growth on the
altitude above sea level; the similarity in methodology furthermore asserts the validity of my
conclusions.

The study of Ya. Lazarevic et al. (2017) on Dothistroma Needle Blight on High Altitude Pine
Forests in Montenegro mentions the European black pine in Montenegro, at heights 820 to 1450
meters above sea level, among Querculus, Carinatum, Betulus and Picea communities.
The European black pine is a common fast-growing conifer found across Europe and Asia Minor in
primarily mountainous regions. In Montenegro, located on the Adriatic coast of the Balkans, it is
common to areas both in the mountains and adjacent to the sea, though mostly found in abundance
in coniferous forests on mountain slopes (Pinus Nigra in Europe ..., 2016).

Materials and Methods

Hypothesis. H1: There is an overall correlation between the elevation above sea level and
growth of tree height, trunk circumference, crown diameter, and needle length of the Pinus nigra.
HO: The elevation above sea level has no effect on the growth of the Pinus nigra.

Background Knowledge. The growth of the Pinus nigra as well as of surrounding vegetation in
general may highly vary at different altitudes. The vegetation is comparably richer and more diverse
in the mountains than the vegetation in the plains due to the greater variety of soil and climatic
conditions in the mountains. Pinus nigra can grow on different substrates and bedrock, such as
limestone, dolomite, and serpentine-peridotite (Vidakovic, 1991). The optimal altitudinal range for
the European black pine is between 800 to 1500m above sea level (Fetic, 2015.)

The exposition and elevation of the slope determines the radiation level, the distribution of
snow during the winter, and wind speed (Yergina et al., 2012). On the slopes of different
expositions, regular changes in air and soil temperature, and the degree of soil warming are
observed. The influence of these indices is reflected in the composition of vegetation, which, in its
turn, affects the nature of vegetation, the flora composition, the development dynamics and general
plant morphology (Volkov, Volkova, 2009).

Temperature is the determining factor in the set of plant species and diversity on slopes at
different elevations. Fluctuations in the temperature gradient over heights on slopes of different
exposure and under different conditions are quite large.

The kind of vegetation surrounding the Pinus nigra thus influences its root system and
subsequently other growth factors such as the tree height, width, direction of trunk and branch
growth and shape of the crown. Considering that different elevations on mountain slopes are
claimed by different ecosystems, the morphometric parameters of the black pine may vary.

Variables. Independent variable: elevation above sea level (metres).

Dependent variables: 1) tree height (metres), 2) trunk circumference (metres), 3) tree crown
diameter (metres), 4) pine needle length (centimetres).

All measurements are taken from trees growing on the identical side of the mountain slope: the
south-west slope, which is facing the sea. On average, the temperature drop, with an increase in
absolute altitude up to 100m, is mostly uniform and equal to 0.5°C for every 100m, but on northern
slopes the temperature drop is generally slower than on the southern slopes. Thus, the conditions are
kept uniform throughout the investigation, as only one side of the mountain slope is being used
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continuously for the collection of the data.

The ecological succession in each area in which the measurements of the black pines are taken
is primary. Since ecological succession affects both species diversity as well as, potentially, age of
the trees growing in a certain area, it is crucial to only take measurements of trees growing in alike
ecological successions. This ensures that the surrounding species for the black pine are uniform and
that there is a larger ratio of mature trees to young trees.

All points from which tree measurements are taken are located on flat ground, though on
different points of elevation up the mountain slope. Difference in slope and consecutively soil
composition may influence the direction of growth and the system of the trees’ roots, which may
affect other factors including tree height and distribution of the crown and branches.

All measurements were taken of mature trees, minimising the possibility for inaccuracy as a
result of misjudging the young age of the trees for a trend in growth.

The measuring tools are kept the same throughout the investigation. The same measuring tape
is consistently used, with measurements rounded off to the nearest tenth of a meter (in the case of
pine needle measurements: to the nearest tenth of a centimeter). The mobile application for
measuring tree height, “Object Height”, is consistently used as well as used by the same individual,
to avoid deviations which might be caused by a difference in height of the measurer. Analogically,
the same process accounts for measuring the elevation above sea level. The mobile device with the
app “Altimeter” was placed on flat ground at the base of the tree.

Apparatus. We used a 3-meter measuring tape roller, measuring to three decimal places for
meters: 1) “Altimeter” mobile app, 2) “Object Height” mobile app; measures height through angle
of elevation, trigonometric ratios, 3) “Ruler” mobile app; the “level” function measures the incline
of the slope.

Methodology. Measuring growth parameters of a Pinus nigra tree are as follows.

1. Two people are needed for taking the measurements.

2. Find a black pine that grows on level ground. For that, use the “Ruler” mobile app and the
“level” function.

3. Measure the altitude above sea level using the “Altimeter” mobile app by placing the device
on the ground at the base of the tree.

4. Measure the height of the tree using the “Object Height” app. Enter your height into the app
and hold the device at eye level when measuring for the most accurate results. Record in the data
table with one decimal place.

5. Use the measuring tape roller to measure the circumference of the tree trunk at eye level.
Record in the data table with one decimal place.

6. Using the measuring tape roller, find the radius of the tree crown by measuring the distance
from the tree trunk to the edge of the tree crown. Multiply by 2 to get the tree crown diameter.
Record in the data table with one decimal place.

7. Using the measuring tape roller, measure the length of 5 pine needles from under the pine
tree. Record in the data table with one decimal place.

8. Repeat the process for a total of 10 trees at one altitude point.

9. Repeat for a total of 8 locations.

Data analysis process. Microsoft Excel was used for all data analysis.

Average values are calculated for every location, meaning for every 10 trees at the same altitude
point. Averages of altitude, tree height, trunk circumference, crown diameter and needle length for
each point are calculated using Microsoft Excel.

Correlation is calculated for altitude above sea level and each of the four factors: tree height,
trunk circumference, crown diameter and needle length. This is done using the correlation formula
in Microsoft Excel.

Trend line and R’ are calculated using Microsoft Excel directly from the scatter plots for each
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growth factor of the Pinus nigra.

Standard deviation is calculated using the formula for general standard deviation in Microsoft
Excel; it is then mapped onto the graphs of average values for each growth factor of the Pinus
nigra. For the raw data see Table 1.

Table 1. Raw data from the general data base.

< Above | Tree Trunk Crown | Crown Average
‘S |No.|[sea level| height |circumference| diameter | radius Needle length (cm) needle
= (m) | (m) (m) (m) | (m) length (cm)
1 12.5 | 12.5 2.1 11.6 5.8 9.8 114.5|11.2]10.2| 9.1 11.0
2| 12.6 | 13.7 1.7 7.0 3.5 [13.3]| 8.6 |13.7] 9.7 |10.1 11.1
f‘%‘ 3 12.8 | 18.6 2.2 5.6 2.8 94112374 | 78 |14.2 10.2
S 4] 13.0 | 13.8 1.8 11.4 5.7 [13.1|10.5| 9.5 {10.0]11.0 10.8
,Mg 5 16.0 | 14.3 2.1 8.2 41 |14.4|11.0|12.3]12.1| 9.7 11.9
(%s 6 | 15.7 | 16.6 1.4 8.4 42 112.0115.5|13.0(13.4(14.4 13.7
=71 129 | 189 1.8 7.8 3.9 9.2 195197 |12.6|12.1 10.6
Al 8 13.1 19.6 1.9 12.4 6.2 7.6 | 8.9 |13.7|10.9|10.1 10.2
9| 13.8 | 17.0 2.0 7.4 3.7 8.6 |79 [12.8/14.6|13.5 11.5
10| 154 | 12.8 1.5 8.8 4.4 9.1 |15.6]14.2| 7.8 |11.0 11.5
11| 4744 | 9.5 2.3 6.4 32 |19.0/16.6]16.9|15.9]|14.1 16.5
12| 4745 | 9.1 1.9 6.0 3.0 |[13.9|18.6]19.0{20.0|16.8 17.7
13| 476.2 | 13.1 1.5 6.2 3.1 [23.1120.4]18.2{19.2]|19.8 20.1
2114 | 4725 | 10.0 1.8 6.6 33 |159|16.5]17.5]16.8|19.9 17.3
E 15] 4753 | 15.2 1.4 4.8 24 |18.5(19.2|21.9|17.2|16.3 18.6
& |16 475.8 | 14.0 1.7 6.2 3.1 |16.7/19.4]17.6|17.4|18.0 17.8
a | 17| 466.9 | 12.6 1.8 5.8 29 |116.8(209(19.5|18.1[19.2 18.9
18| 474.2 | 13.9 2.0 5.6 2.8 |17.8(18.4|18.9/19.2|16.7 18.2
19| 475.1 | 14.2 1.5 4.6 23 |16.1{149|18.0/16.0(17.4 16.5
20| 476.0 | 13.4 2.2 6.8 34 |19.4120.5]21.0{17.8|18.2 19.4
21| 382.2 | 9.7 2.2 8.2 41 |[15.5]16.0|19.1|17.2]16.9 16.9
22| 376.2 | 13.1 2.3 6.8 34 |152|18.6]/14.9]15.5|19.0 16.6
231 3759 | 7.2 1.5 8.0 40 [16.2]16.7|15.0(16.7]17.3 16.4
'c': 241 371.5 | 7.0 1.6 5.0 2.5 |17.5(18.0|16.4|19.1|18.7 17.9
% 25| 371.6 | 8.6 1.6 7.4 3.7 |14.8|17.1]15.1|18.9|17.6 16.7
(.D. 26| 380.7 | 7.7 1.7 5.8 29 |159(16.3|16.7/19.0|14.9 16.6
:- 271 382.0 | 9.1 1.9 6.8 34 |15.0/15.8]18.6]/19.3|19.0 17.5
281 3779 | 9.5 2.1 7.0 35 |18.8(17.5]15.2|17.4|17.0 17.2
29| 377.2 | 12.0 2.0 4.4 22 |16.7(16.0/19.0|14.8|15.2 16.3
30| 370.8 | 7.6 1.8 7.0 35 |159|15.2]18.5]18.0|17.4 17.0
311 955.0 | 11.9 1.6 5.2 2.6 |14.0(14.1|13.5|15.2|14.5 14.3
: 321 954.7 | 12.7 1.7 5.4 2.7 |12.5(12.7|14.5/14.0{13.9 13.5
33| 958.0 | 18.3 1.2 3.8 1.9 [14.2113.014.7|14.9|13.5 14.1
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Continuation of Table 1.

< Above | Tree Trunk Crown | Crown Average
‘S |No.|[sea level| height |circumference| diameter | radius Needle length (cm) needle
= (m) | (m) (m) (m) | (m) length (cm)
@ 341 9575 | 11.2 1.1 2.2 1.1 |13.2/13.0]12.6{12.9|14.2 13.2
'%D 35| 960.1 | 14.3 1.0 2.0 1.0 |12.6/11.9]13.0|12.5|12.7 12.5
Z: 36| 9533 | 16.9 1.2 2.6 1.3 |13.9/12.9]13.5]|12.7|12.6 13.1
é 37| 956.1 | 18.0 1.3 2.6 1.3 [12.1/15.0/13.4|13.0|14.3 13.6
ﬁ 38| 9554 | 20.1 1.1 2.4 1.2 |13.4/149]14.7|12.5|15.0 14.1
< (39| 9554 | 17.6 1.2 1.8 0.9 [13.6/14.0/13.2]12.9]13.0 13.3
A 40| 967.0 | 19.1 1.1 2.0 1.0 |12.2|13.7|13.4]|12.1|12.5 12.8
4111120.8 | 16.8 0.7 2.4 1.2 |11.2112.0/11.9]13.3|14.0 12.5
o 42 11126.0 | 14.7 1.1 2.0 1.0 [14.0(12.8({11.4|11.2|11.9 12.3
§ 431 1118.3| 18.0 0.8 3.6 1.8 [12.5(13.6(12.3|12.5]|13.4 12.9
5 4411119.0| 17.2 0.9 1.8 09 |11.5]11.5]11.6(13.0|11.1 11.7
2145|1123.2| 17.6 0.9 2.4 1.2 |11.0(11.0(13.7|12.4]|12.6 12.1
% 46| 1123.3| 159 1.0 3.2 1.6 |13.7/11.9]13.3|13.5|13.0 13.1
Qf 4711123.7| 164 0.9 2.4 1.2 [13.5(12.9(11.3|12.1|13.6 12.7
: 48 1 1129.1 | 15.7 0.6 1.6 0.8 |13.1{12.4|10.9|13.7|10.5 12.1
491 1126.5| 18.5 1.2 2.0 1.0 |13.4/11.2]13.4|12.2|11.0 12.2
50| 1120.5| 17.8 0.8 2.2 1.1 |11.313.1]12.6|12.8|11.9 12.3
51| 146 | 17.2 1.8 7.0 35 |11.1[13.0]11.5]12.5|14.2 12.5
521 119 | 164 1.4 5.6 2.8 |10.8(11.3|12.0|13.5|11.5 11.8
g 53| 15.6 | 17.7 2.0 7.6 3.8 |14.0/10.5]11.2|14.2|13.4 12.7
2154 102 | 145 1.4 6.6 33 |11.2|11.7]10.8|13.6|13.9 12.2
é 55| 11.4 | 182 2.4 8.2 41 [10.6]129|13.4|11.3]11.3 11.9
E, 56| 11.8 | 17.0 1.8 5.4 277 |12.4(14.7|14.2|10.5]12.6 12.9
157|163 16.7 1.9 5.8 29 |11.8{13.9]13.1/10.9]12.0 12.3
: 58| 16.7 | 16.2 1.5 6.8 34 |10.2(14.3]11.0|12.2|14.5 12.4
59| 124 | 134 1.6 6.0 3.0 |I11.1{13.9|11.7|142|11.5 12.5
60| 12.9 | 18.0 2.1 9.0 45 |[13.5]11.1|10.8|12.5]13.0 12.2
61 |1554.1| 3.4 1.0 4.6 2.3 89175193 (87|98 8.8
62 | 1557.6| 4.0 0.9 5.8 2.9 7.0 | 84 |11.6/10.9| 9.3 9.4
= |63 ]1555.6| 3.8 0.8 4.4 2.2 69|72 1]56(20.3|9.0 9.8
§64 1553.2 | 3.7 0.8 5.4 2.7 58167199 |10.8| 8.7 8.4
S165[1553.7| 4.1 1.1 5.0 2.5 6.4 1102|5769 |74 7.3
l\ 66 | 1556.0 | 3.5 0.7 6.0 3.0 92162 |75|83|10.4 8.3
~16711555.7] 3.7 0.8 5.0 2.5 6.8 |58 (10.5/98 7.0 8.0
68 | 1554.8 | 3.2 1.0 5.6 2.8 9.4 110.5] 6.6 | 5.5 | 8.9 8.2
69 | 1555.2| 3.9 0.9 4.6 2.3 7.7 1931109 8.7 | 6.8 8.7
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Continuation of Table 1.

< Above | Tree Trunk Crown | Crown Average
‘S |No.|[sea level| height |circumference| diameter | radius Needle length (cm) needle
= (m) | (m) (m) (m) | (m) length (cm)
: 70 | 1552.9| 3.8 0.8 4.8 24 110.1( 7.3 |87 |69 | 8.6 8.3
7111270.2 | 14.9 1.5 4.2 2.1 |12.2(11.6]12.0|11.8(14.8 12.5
72| 1270.1 | 16.2 1.8 5.2 26 [14.0(13.1|11.6]|14.5|14.5 13.5
.g 73 11271.6 | 18.4 1.7 4.8 24 113.0(11.2|10.6|11.9]12.5 11.8
Q 74 | 1272.1 | 19.6 1.5 2.8 1.4 [13.6/11.0/12.1{13.0]12.6 12.5
g 75| 1272.4 | 17.7 1.2 3.4 1.7 [14.5/13.711.7{12.3]12.0 12.8
§ 76 | 1271.9 | 17.9 1.9 4.4 22 |14.0(12.1]13.8/12.0(11.4 12.7
1 7711273.0| 15.8 1.6 4.0 2.0 [13.8(12.2|13.1{109|14.4 12.9
:? 78 11272.5| 18.2 2.0 3.0 1.5 |11.7/13.0{14.2|11.5|12.3 12.5
79 11270.3 | 19.1 1.8 3.8 1.9 |11.9|11.6|13.7|12.8|13.3 12.7
80 |1270.1| 17.0 1.7 5.0 25 |12.0(143|11.3|12.2(12.6 12.5

The relatively large sample size as well as clustering measurements into 8 distinct points on the
mountain slope allowed to maximise, to the extent available in the conditions of the Internal
Assessment, the validity of the collected data. Measuring 10 trees at each point of elevation allowed
me then to find averages, which make analysis easier in terms of its visualisation and its graphic
representation. A total of 80 samples is a substantial number which implies the reliability of the
results derived from the data analysis.

The controlled variables were extensive in number and were adhered to and kept uniform
throughout the whole investigation. All black pine trees used as samples for measurement were
found growing in predominantly Pinus nigra composed forests, and all elevation points of
measurement were, though located at different positions up the mountain slope, all on relatively flat
ground. The effort to sustain the controlled variables is most certainly a strength of this
investigation, as it minimised, to the extent possible, the chance of inaccuracy which may occur
because of unaccounted for conditions.

Systematic error is potentially the largest weakness of this investigation: tree height, a crucial
growth factor, was, due to my limited access to higher-level technology, possible to measure only
through the use of a mobile application. The application, though fairly accurate (a control test
conducted prior to data collection proved the application to accurately determine the height of a
1.6m object 8 out of 10 times) for shorter objects, showed on occasion a large calculation error
when it came to the tallest trees. The reason for this inconsistency is the limited ability of the phone
camera to capture the needed object, and of the application’s ability to determine the degree to
which the device was lifted.

Limited resources also present a weakness, as I had no devices for determining other factors
such as the soil composition, the humidity, the wind speed, etc. Given those limitations, the
collected data may possibly be affected by the unaccounted-for factors, such as the ones mentioned
above. The resulting incompleteness of analysis due to these technical boundaries may have thus
affected the conclusion drawn from it (Table 2). Other factors that should have been considered as
controlled variables include distance from water source, soil type, and wind patterns.
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Results and Discussion

The graph of Figure 1 is the scatter plot of all measured tree heights; the data is clustered into 8
areas of 10 trees per area, corresponding to the 8 chosen altitude points (out of which two were at
similar altitudes, hence the lack of distinction between the two clusters). The calculated coefficients
of determination (R?) and correlation (r = -0.28) have low values, but their mathematical certainty is
high enough (r — a = 0.05), which proves there is a trend (the latter is determined by the significant
coefficient of correlation r with its values on the module equal or higher than 0.2-0.3) or a valid
negative relationship between the altitude above sea level and the height of a tree.

25
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Altitude, above sea level, m

Fig. 1. Effect of altitude (meters above sea level) on tree height.

Figure 2 shows the relationship between two dependencies, according to the values from
Table 2: a) distribution of the model points by their altitude (Figure 2, dotted line), and
b) distribution of trees height on them (Figure 2, solid line). The figure shows a positive relationship
from Gorazda to Ivanovo Korito, with outliers at both ends of the spectrum of measured altitude
values. The standard deviation is lowest for Lovcen, meaning that the trees were mostly uniform in
height; the standard deviation is highest for Crossroad Njegusi, showing a greater dispersion in
terms of tree heights.

Figure 3 is a scatter plot of all measured tree trunk circumferences; the data is clustered into 7
areas of 10 trees per area, corresponding to the 8 chosen altitude points (out of which two were at
similar altitudes, hence the lack of distinction between the two clusters). This figure shows a
maximally valid noticeable’ negative correlation relationship (r = -0.68, o. = 0.001) between the
trunk circumference and altitude above sea level.

Figure 4 shows a distribution of the model points by their altitude (Fig. 4, dotted line) in
comparison with the trucks circumference dependence on the altitude on the corresponding plots

2 The valid coefficients of correlation were valued according to Chaddock-Snedecor scale: 0.1-0.3 — weak, 0.4-0.5 —
moderate, 0.6-0.7 —noticeable, 0.8-0.9 — close, 0.91-0.99 — strong.
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(Fig. 4, solid line). There is a spike at Ivanovo Korito, however excluding it the relationship is
negative. The standard deviation is generally larger for the first 4 altitude points, suggesting a
greater dispersion of values and tree sizes at lower altitudes than at higher altitudes.

Altitude above sea level, m

Tree Heigth, m
1800.0 20.0
1600.0 - 18.0
1400.0 - 16.0
1200.0 140
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400.0 h g L 4.0
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Plavi Gradski Gorazda Vrmac Crossroad Road Ivanovo Lovcen
Horizonti  Park Njegusi Lovcen  Korito
National Model points
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=@®= Av.sealevel (m) e=@== Ay, tree height (m)

Fig. 2. Correlation between a) the distribution of model points according to their altitude (dotted
line) and b) the distribution of the trees height on them (solid line).

Table 2. Average of measured parameters for each model point.

Average Average Average
. altitude '8 Average trunk Average crown &
Points tree height . . needle
above sea (m) circumference (m) diameter (m) length (cm)
level (m) g
Plavi Horizonti 13.4 16.5 1.8 6.8 12.3
Gradski Park 13.8 15.8 1.9 8.9 11.3
Gorazda 376.6 9.2 1.9 6.6 16.9
Vrmac 474.1 12.5 1.8 5.9 18.1
Crossroad 957.3 16.0 1.3 3.0 13.4
Njegusi
Road Lovcen
National Park 1123.0 16.9 0.9 2.4 12.4
Ivanovo Korito 1271.4 17.5 1.7 4.1 12.6
Lovcen 1554.9 3.7 0.9 5.1 8.5
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Fig. 3. Effect of altitude (meters above sea level) on trunk circumference.
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Fig. 4. Correlation between a) the distribution of model points according to their altitude (dotted
line) and b) the distribution of the average trunk circumference on them depending on the altitude

(solid line).
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Figure 5 shows all measured crown diameters. The data is clustered into 7 areas of 10 trees per
area, corresponding to the 8 chosen altitude points (out of which two were at similar altitudes, hence
the lack of distinction between the two clusters). The moderately high coefficients of determination
(R? = 0.4429) and correlation (r = -0.67) have the highest significance there (o = 0.001). Therefore,
a noticeable (according to Chaddock-Snedecor scale) negative correlation dependence between the
crown diameter and altitude above sea level was revealed there with a 99.9% validity.
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Fig. 5. Effect of altitude (meters above sea level) on crown diameter.

Figure 6 shows the distribution of points by the average crown diameter on them (solid line) in
comparison with the distribution of the said points depending on the altitude (dotted line).
This graph suggests, similarly to the graph of the dependence of tree height on elevation, a negative
relationship from Gradski Park to Road to Lovcen National Park; the lowest and highest elevations
are outliers to the general trend. The standard deviation is largest at Gradski Park, showing the
greater diversity in crown diameter, and it is the smallest at Lovcen, analogously to standard
deviation for tree height; this further supports the observation that the black pines at Lovcen are the
most uniform in size.

Figure 7 shows all measured pine needle lengths. The data is clustered into 7 areas of 10 trees
per area, corresponding to the 8 chosen altitude points (out of which two were at similar altitudes,
hence the lack of distinction between the two clusters). Despite the low values of the coefficients of
determination (R> = 0.0821) and correlation (r = -0.27), the sample size (n = 70) makes the
correlation coefficient (o = 0.05) highly significant. Therefore, according to the determination of the
trends presence, we have an established and absolutely valid negative relationship (although not a
very high one, i.e. insignificant, according to Chaddock-Snedecor scale) between the needle length
and the altitude above sea level.
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Fig. 6. Correlation between a) the distribution of model points according to their altitude (dotted
line) and b) the distribution of the average crown diameter on them depending on the altitude (solid
line).
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Fig. 7. Effect of altitude on needle length.
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Figure 8 shows the relationship between distribution of the points by their altitude (dotted line)
and dependence of average pine needle length on the altitude (solid line) on the corresponding
points. There is an increase in needle length at Gorazda and Vrmac, however the general trend is
still negative. The R? value is notably low for all altitude points, showing little dispersion or variety.
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Fig. 8. Correlation between a) the distribution of model points according to their altitude (dotted
line) and b) the distribution of the average pine needle length on them depending on the altitude
(solid line).

Conclusions

Therefore, every calculated coefficient of correlation between the analysed parameters is of
high mathematical significance from 95 to 99.9%. The coefficient of correlation allows us to infer
whether the relationship between altitude and various growth factors of the Pinus nigra are
substantial enough to be considered valid.

Calculations show that all growth factors had a negative valid correlation with the altitude
above sea level. The coefficient of correlation ranged from ~ 0.27, which is an insignificant
negative correlation, to ~ -0.68, which is noticeable, according to Chaddock-Snedecor scale.
This means that, statistically, all growth factors have a distinct and proven negative correlation with
the elevation above sea level.

From the results of the experiment, it can be concluded that elevation above sea level has a
significant impact on the tree height, trunk circumference, crown diameter, and needle length of the
Pinus nigra. Therefore, our null hypothesis is rejected, and the hypothesis HI is taken for
consideration. Though a correlation has been proven to exist between altitude and growth factors of
the Pinus nigra (Table 3), hypothesis H1 is not correct, as the effect of the absolute altitude is not
uniform for all measured factors.

Though the Statistical Analysis Table 3 shows a negative correlation of ~ -0.28 of tree height
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and altitude, further analysis of the processed data graph on the Figure 1 shows a strong positive
correlation from point 3 (Photo 1) to point 7 (Photo 2), with the outliers being points 1 and 2
(Photo 3, 4) and point 8 (Photo 5), respectively. It can therefore be concluded that specific climatic
factors influence most strongly the height of the Pinus nigra at the lowest and highest elevations.
I hypothesize that it is the richer soil and the proximity to water caused the black pines at points
Plavi Horizonti and Gradski Park to grow significantly in height. At the same time, I would expect
the reason for the height of the black pines to drop to its minimum at the highest point 8 (Photo 5)
to be the lower temperatures, the strong winds, and the snow in the winter.

Table 3. Correlations between altitude and measured growth factors.

Correlation parameters r
Correlation of sea level and tree height -0.28
Correlation of sea level and trunk circumference -0.68
Correlation of sea level and crown diameter -0.67
Correlation of sea level and needle length -0.27

Photo 1. Gorazda, point 3.

The Statistical Analysis Table 3 reveals a negative correlation, against hypothesis H1, between
altitude and trunk circumference of the Pinus nigra, with an outlier from the trend at point 7
(Photo 2). A presumed explanation for such is that the large trunk circumference coincides with the
largest height of the black pines at Ivanovo Korito: as seen in the Photo 2, the trees grow on flatter
larger space than trees at other mountainous points. The soil composition of the former is
comparably different to the latter as well: there is richer and looser soil at Ivanovo Korito, while at
other mountainous points (Photo 1, 5-8) the ground is made up largely of drier soil and rocks.
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The correlation of altitude and crown diameter is ~ -0.67 (Table 3), however, similarly to the
pattern of tree height, the processed data on the Figure 3 shows a discrepancy to the general trend at
the lowest and highest two points. It can be speculated then that for Plavi Horizonti and Gradski
Park it is the proximity to the sea and the lack of slope (flattest ground) that allowed for a broader
crown; and for Ivanovo Korito and Lovcen it is the drop in temperature which causes a spreading
of the crown.

Lastly, the processed data on the Figure 4 shows a generally negative correlation, though less
steep, between altitude and needle length. A local rise seen between Gorazda and Vrmac coincides
with a drop in tree height and can be potentially attributed to the specificity of the features of the
slope of Vrmac mountain and the frequent winds from sea.

Photo 2. Ivanovo Korito, point 7.

Photo 3. Plavi Horizonti, point 1.
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Despite the extensiveness of this study, there are a number of procedural modifications which
could potentially increase the quality and viability of it. In order to increase the accuracy of the
collected data, a different method of measuring height could have been used instead of the mobile
application used for the purpose of this investigation. A more professional tool would not only have
a lesser chance of miscalculation or technical malfunction but may also provide more precise
measurements than the general tool that is the “Object Height” mobile application.

Photo 4. Gradski Park, point 2. Photo 5. Lovcen Mountain, point 8.

Including more controlled variables would increase the quality and reliability of the data
analysis. Factors such as soil composition, surrounding vegetation, and distance from water source
are all factors which may influence the growth of the Pinus nigra. Therefore, to achieve the most
accurate results possible, they would need to be taken into account.

Finding a way to tell the age of the pines would also increase the reliability of the investigation.
One of the controlled variables was that all measured trees should be “mature trees”, however with
the limited resources it is difficult to tell, based only on the visual aspect, the age of the tree.
Eliminating this issue would eliminate the degree of uncertainty that came with the analysis of the
data as a result of lack of information about the individual tree.

On a broader scale, the research question might have been answered more sophisticatedly and
accurately by including additional altitudinal points, not only could a more precise and truer trend
line be drawn from the data; it may also reveal nuances to the patterns visible in this investigation,
or to reveal the impact of more unique geographical features on the growth of the Pinus nigra.
Overall, this adjustment would provide a fuller analysis of the Montenegrin landscape in general
and the growth of the black pine within the whole country, or at least of the larger part of it.

Another major overhaul would be to choose only one growth factor, for instance the pine needle
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length, but have considerably more samples. These changes would make the research question and
the following investigation narrower and clearer in focus, as well as increase the accuracy of the
analysis results due to the larger number of samples.

Photo 7. Crossroad Njegusi, point 5. Photo 8. Road to the Lovcen National Park, point 6.

ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2022, Vol. 6, No. 2



180

10.

HOW DOES ELEVATION ABOVE SEA LEVEL AFFECT THE GROWTH ...

REFERENCES

. Discover Montenegro: Flora. Discover

Montenegro. 2020  [Available
www.discover-montenegro.com/flora
(Date of Access 19/12/2021)].

at

. Enescu C.M., de Rigo D., Caudullo G.,

Durrant T.H. 2016. Pinus Nigra in
Europe: Distribution, Habitat, Usage and
Threats // ResearchGate. P. 126-127.

. EUFORGEN European Forest Genetic

Resources Programme. Pinus nigra. 2003
[Available at
www.euforgen.org/species/pinus-nigra/
(Date of Access 19/12/2021)].

. Fetic A. 2015. Forests of Montenegro:

Directorate for Forestry, Hunting and
Wood  Industry. Government of
Montenegro: Ministry of Agriculture and
Cultural Development. 25 p.

Kazakova N.L., Antonova LS. 2015.
Crown Shape of Araucaria Araucana
K. Koch in Different Age States and
Ecological Conditions of Natural Habitats
// TvGU Herald. Series “Biology and
Ecology”. Ser. 3. P. 135-153.

Lazarevic J., Davydenko K., Millberg H.
2017. Dothistroma Needle Blight on High
Altitude Pine Forests in Montenegro //

Lithuanian ~ Research Centre for
Agriculture and Forestry. P. 294-302.
Plantarium. 2022 [Available at

https://www.plantarium.ru/page/view/item

/44795 .html (Date of Access
25/05/2022)].

The Gymnosperm Database. Pinus nigra.
2020 [Available at

www.conifers.org/pi/Pinus_nigra.php
(Date of Access 19/12/2021)].

Vidakovic M. 1991. Conifers: Morphology
and Variation. Zagreb: Graficki zavod
Hrvatske. 756 p.

Volkov LV, Volkova 1.1 2009.
The Analysis of Distribution of High-
Mountainous Landscapes of Temperate
and Subtropical Zones of Eurasia in the

System of Mountain Zonality / Tomsk 11.

State Pedagogical University Bulletin. No.
11 (89). P. 161-167.

1.

10.

. Plantarium.

REFERENCES
Discover Montenegro: Flora. Discover
Montenegro. 2020. Available at

www.discover-montenegro.com/flora (Date
of Access 19/12/2021).

Enescu CM, de Rigo D, Caudullo G,
Durrant TH. Pinus Nigra in Europe:
Distribution, Habitat, Usage and Threats.
ResearchGate. 2016:126-127.

EUFORGEN European Forest Genetic
Resources Programme. Pinus nigra. 2003.
Available at
www.euforgen.org/species/pinus-nigra/
(Date of Access 19/12/2021).

Fetic A. Forests of Montenegro: Directorate
for Forestry, Hunting and Wood Industry.
Government of Montenegro: Ministry of
Agriculture and Cultural Development.
2015:25.

Kazakova NL, Antonova IS. Crown Shape
of Araucaria Araucana K. Koch in Different
Age States and Ecological Conditions of
Natural Habitats. 7TvGU Herald. Series
“Biology and Ecology”. 2015;3:135-153.
Lazarevic J, Davydenko K, Millberg H.
Dothistroma Needle Blight on High
Altitude Pine Forests in Montenegro.
Lithuanian Research Centre for Agriculture
and Forestry. 2017:294-302.

2022. Available at
https://www.plantarium.ru/page/view/item/
44795.html (Date of Access 25/05/2022).

. The Gymnosperm Database. Pinus nigra.

2020. Available at
www.conifers.org/pi/Pinus_nigra.php (Date
of Access 19/12/2021).

. Vidakovic M. Conifers: Morphology and

Variation.  Zagreb:  Graficki  zavod
Hrvatske, 1991:756.

Volkov 1V, Volkova II. The Analysis of
Distribution of High-Mountainous
Landscapes of Temperate and Subtropical
Zones of Eurasia in the System of Mountain
Zonality.  Tomsk  State  Pedagogical
University Bulletin. 2009;11 (89):161-167.
Yergina E, Lysetskyi FN, Akulow VYV,
Repetska Al, Novikova YuA.

Dendroclimatic Investigation of Conditions

ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2022, Vol. 6, No. 2



KOROL S., KOROL T., GOLUBEVA 181

11. Yergina E.I, Lysetskyi F.N., Akulow V.V, of Growth of Crimean Pine or Pinus
Repetska A.l, Novikova Yu.A. 2012. Pallasiana D. Don in the Foothern Crimea.
Dendroclimatic Investigation of Scientific  Notes of V.1  Vernadsky
Conditions of Growth of Crimean Pine or Tavrichesky National University.

Pinus Pallasiana D. Don in the Foothern 2012;25 (2):60-68.
Crimea // Scientific Notes of V.L

Vernadsky Tavrichesky National
University. Vol. 25. No. 2. P. 60-68.

VK 574.24

BJIUAHUE UBMEHEHUSA BBICOTBI HA/L YPOBHEM MOP#
HA MOP®OMETPUYECKYIO U3MEHUYNBOCTH COCHBI YEPHOH B
YEPHOI'OPUHA
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UepHOropusi OTHOCHUTCSI K 30HE CPEIU3EMHOMOPCKOrO KIIMMaTa, HO Oyiarofaps HaJIMYUIO BBICOKHX
TOPHBIX MAaCCHBOB Ha JIOCTATOYHO OTPaHWYEHHOW TEPPUTOPHH HAOII0JaeTcsi OONbIIoe pasHooOpasme
MUKPOKITMMATHYECKUX YCIOBHHA OJKOTOMA: B TPHOPEXKHOH YAaCTH — 30HA SIPKO BBIPAKEHHOTO
CPEI3eMHOMOPCKOTO KIIMMaTa; B PaBHUHHOW YacTH CTPaHBl KIMMAaT KOHTWHEHTAIBHBINA; B TOPHBIX
paiioHax — 30Ha CypOBOTO T'OPHOTO KIMMaTa C XOJOAHBIMH JIJIMTEIbHBIMH 3UMaMH. B pasHooOpasznn
(bITOpEI ATOTO PErMoHa BaXXKHOE MECTO 3aHUMAeT cocHa uepHas (Pinus nigra Arnold), mpou3spacrarorias
KaK TOPHBIX YaCTSAX, TAK M B JONHHHBIX M, [0 HEKOTOPHIM BEPCHSM, NIABINAas HAa3BaHHE CTpaHE.
Hawm npeacraBnsiercs MHTEPECHBIM aHAINA3 U3MEHUYNBOCTH MOP(POMETPUUIECKIX TOKa3aTeneld JaHHOTO
BH/Ia PACTEHUI B 3aBUCHMOCTH OT YCIOBHUH €ro Mpou3pacTaHusl.

Jannoe wccnenoBanme Oa3upyercs Ha pe3yiabTaTax IIOJNEBOM MPAKTUKA MO Ouoreorpaduu jeToMm
2021 roma, mpomencHHON B YepHoropuu. Llempio paboTHI SBISIIOCH OIpEAciIeHHUE W3MCHCEHHM
MOp(hOMETPHIECKUX TTapaMeTpOB COCHBI YEPHOH B 3aBUCHMOCTH OT BBICOTHI MPOHM3PACTAHHS HAL
YpOBHEM MOpS MO CIEAYIONMM ITOKa3aTellsiM: BBICOTA JiepeBa, MUaMeTp KpPOHBI, TUaMeTp CTBOIA,
JUIMHA XBOWU. BbUIM IpOBeAEHBI 3aMepbl B3pPOCIBIX NpeAcTaBUTENed Pinus nigra Ha 8§ y4YETHBIX
IJIOMIAIKAaX, PACIONIOKEHHBIX Ha PAa3HBIX BBICOTAX HAX YPOBHEM MOpS — OT MHHHMAalbHOU
12.5 M H.y.M. Ha OeperoBoil JuHUHA MOps M0 MakcumansHOW — 1270.1 M H.y.M. B Topax. B xaxxmoit
Touke ObUTO BHIOpaHO 1O 10 B3pOCTBIX IEPEBHEB, BU3YAIbHO OTPAXKAIOMIMX HanOOJee THUITHIHBIC
MophoMeTprdecKne TOoKa3aTeNd s Ka)XJIO0ro BBIOPAHHOTO BBICOTHOIO IUIATO C OJHOPOMHBIMH
YCIIOBUSIMH TpoHU3pacTaHus (IUIOCKasi HTOBEPXHOCTh, OPUEHTAIINS CKIIOHA, IIEHTPabHAasi 94aCTh MacCHBa
JIepEBHEB, TUIOTHOCTH JIPEBOCTOS ).

PesynpraTel mM3MepeHHIl W CTATHCTUYECKOTO aHAIW3a YCTAHOBWIIM JIOCTOBEPHYIO OTPHUIIATEIHHYIO
KOPPEIAINI0 MEXITY BHICOTON HaJl YpOBHEM MOpPS H MOP(QOMETPUIECKUMU TTOKa3aTelsIMU pocTa Pinus
nigra.

Kurouegvie cnosa: Yepnoropus, Pinus nigra, cocHa 4€pHas, pacTUTENHHOCTh UepHOropuu, Mecrta
OOMTaHMsI COCHBI YEPHOIA, BRICOTHAS MOSICHOCTh, MOP(OMETpHUIECKas U3MEHYUBOCTh COCHBI YEPHOM .
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