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[IpencraBneHo uccienoBaHne, HAMPABIEHHOE Ha BBISBIEHHUE BO3MOXXHOCTH paclio3HaBaHUS TOJeH ¢
Pa3HBIMH CEITbCKOXO3SHCTBEHHBIMU KYJIbTYPaMH, MapaMH, 3aJeKbI0 MO MYJIbTHCIEKTPAIbHBIM
KOCMHUYECKUM CHHMKaM Bbicokoro paspemenus (10 m) co cnytHuka Sentinel-2 Ha mpumepe Bomnro-
JIoHCKOW OpOCHTEIIBHON CHCTEMBI, PACIIONOXKEHHOW B CYXOCTEMHOW 30HE Bonrorpasnckoit oGmactw.
Jnst 3TOro mocieoBaTeNbHO aHAIM3UPOBAIUCH CHHUMKH 3a (eBpanb-aBryct mecsipl 2020 r. u
MIPUBJICKAINCH MaTepUabl MOJIEBEIX 00CIE0BaHMM, MPOXOIUBIINX B aBrycTe-ceHTsope 2020 r. Ha
JTAHHOUN TeppuTopuH. Pacno3sHaBaHHE CTPYKTYpbI CEIbCKOXO3SMCTBEHHBIX YrOJAWW IO KOCMUYECKUM
M300pakeHUsIM TIPOBOIIIIOCH BH3yaJbHBIM M aBTOMATH3MPOBAHHBIM METOJaMH, KOTOPHIE TTO3BOJIHIN
BBIICIIUTH O3MMBIC 3E€PHOBBIE M SIPOBBIE KYJIBTYPBI, Hapbl U 3aekb. M3 BO3IENBIBAEMBIX KYJIBTYpP
OBLTH TaKke WICHTH(OUIUPOBAHBI CyJaHCKAasl TPaBa, KYKypy3a, cosl. TOYHOCTh BBIAICIECHUS! CTPYKTYPHI
CEeNbCKOXO3HCTBEHHBIX YTOAUil aBTOMAaTH3MPOBAHHBIM METOAOM coctaBmia 75%. Mcmonms3oBaHue
COYETAaHUS Pa3/IMYHBIX KAHAJIOB MYJIBTUCIIEKTPAJIbHOM CHEMKH MO3BOJIMIIO PAa3AEIUTh OpOLIAEMbIE U
HEOPOIIAEMBIE ITOJISI HA OPOCUTENBHOM CUCTEME U PA3HOBO3PACTHYIO 3aJIEXKb.

[lo pesyapTaramMm Bcex TPOBEAECHHBIX paboT ObDIa  cOCTaBlieHa  KapTa  CTPYKTYPHI
CENbCKOX 03 CTBEHHBIX YTOAUNA Ha HEHTPAIBbHYIO YacTh Boyro-/[oHCKOM OpOCUTENBHOI CUCTEMBI, HA
KOTOpOM IOKa3aHbl BO3JEIBbIBAEMBIE CEIbCKOXO3SMCTBEHHBIE KYJIBTYpPbl, HaXOIAUIMECS IOA
opolieHreM 1 Ha Oorape, mapbl, pa3HOBO3pACTHAS 3aJIEXKb M OIPEIeIeHa MIIO0MA b KaXI0To IMOJIs.
Briuucnennsie 3HaueHusa uHaexca NDVI orpasuim cocTosHUE ITOCEBOB Ha Pa3HBIX dTallax BereTallu,
a TIONyYEeHHBIA MaTepuan Jall BOSMOKHOCTh IIPOM3BECTH TOAOOp KITIOYEBBIX YYaCTKOB ISt
MTOYBEHHOTO OOCIEIOBaHUSI OpPOMIAEMBIX TII0YB, ITOCKOJBKY COCTOSIHHE CEIbCKOXO03SHCTBEHHBIX
KyJIbTYp OTpa)kaeT CTPYKTYPY M JETpalalliio TOYBEHHOTO IOKPOBa M CIIOCOOCTBYET MPABHIEHOMY
BBIOOpPY TAKHMX y4acTKOB.

[IpoBeneHHbBIE MCCIIENOBaHNS TTOKA3aId BO3MOXKHOCTh HCIOIB30BAHUS JUCTAHIIMOHHOW MH(POPMAIUN
BBICOKOT'O pa3pelieHus sl OIEHKHA CTPYKTYPBI U COCTOSIHUS CENbCKOXO03AHCTBEHHBIX YTOJIHi, BRIOOpa
KITFOYEBBIX yYaCTKOB JIISi TOYBEHHBIX OOCJIENOBaHWM, JaHHBIE IO KOTOPBIM HEOOXOAMMBI MpH
pa3paboTke 1 MOJ00pE ONMTUMATBHBIX METHOPATUBHBIX MEPOIPHATHIA.

Kriouegvle cnosa: CTpyKTypa CENbCKOXO3SIMCTBEHHBIX YrOJOUM, BO3JENBIBAEMBIEC KYJIbTYpPbI, IMaphbl,
3alleXb, OPOIIaeMbIe MIOYBHI, 00pa00TKa KOCMUYECKIX N300pakeHu .
DOI:10.24412/2542-2006-2021-3-5-33

! Pa6oTa BEHINONHEHA MO TEMaM TOCYHApPCTBEHHBIX 3amaHuii Ne 0591-2019-0023 «U3yuwTh BIMSHHE MPHPOTHBIX
YCIIOBHHA W OCOOCHHOCTEH 3eMJICTIONB30BAaHMS HA TIOYBCHHBIH IMOKPOB B TOM YHCIE C YYacTHEM 3aCOICHHBIX
COJIOHIIOBEIX W CIUTH3UPOBAHHBIX IOYB M Pa3paboTaTh TEXHOJOTHIO OIEHKHA WHTCHCHBHOCTH SKCIUTyaTalldd IOYB
CENBbCKOX03UCTBEHHBIX yroaui» U Ne AAAA-A19-119012390065-9 «Pa3paboTka METOIOB aHAM3a U KOMILUIEKCHOT'O
WCTIONB30BaHUs JaHHBIX AWCTAHIIMOHHOTO 30HIUPOBAHMA 3E€MJIM HA OCHOBE COBPEMEHHBIX TI'eOMH()OPMAIOHHBIX
TEXHOJIOTHH JUII MOHUTOPHHTA TIPUPOTHBIX JTaHIMIA()TOB 3eMelb CeNbCKOX03IHCTBEHHOTO HA3HAYCHUS ¢ IPUMEHCHUEM
TPYIITAPOBOK MAaJIBIX KOCMUYECKHX aIapaToBy.



6 PACIIO3HABAHUE CEJIbCKOXO3SMCTBEHHbBIX YIOJIUMN ...

B cyxocrennoit 30He EBpomneiickoii yactu Poccum B XX Beke ObUIM IOCTPOEHBI KPYIIHBIE
OpPOCUTENIbHBIE CHUCTEMBI, KOTOpBIC TMO3BOJWIM JaK€ B 3acyIUIMBBIE TOJbl 00eCHeuyuBaTh
MIPOJIOBOJILCTBEHHYIO 0e30macHOCTh cTpaHbl. Hanbosiee akTHBHOE CTPOUTEIHCTBO OPOCUTEIBHBIX
cucteM mpoBoauiock B 50-60-x rogax XX Beka. K cepenune 1980-x ro/10B OCBOEHHBIE IUIOMIAAN
OpOIIaeMbIX 3eMeJb JOCTHIIM CBOero mnuka. OmHako OOJbIIME HOPMBI TIOJIMBOB, OTCYTCTBHE
JpeHaka W THAPOM3OJIIMHA Ha OPOCUTENBHBIX KaHajlaX Ha OOJBIIMHCTBE OPOCHUTEIBHBIX CHUCTEM
npusenu B 1990-x rogax K noJbeMy ypOBHSI TPYHTOBBIX BOJ, BOSHUKHOBEHHIO 04aroB BTOPUYHOTO
3aCOJIEHMS], OCOJIOHIIEBAHUIO [10YB, MOATOIJICHUIO, UPPUTALIMOHHON 3PO3UH U IPYTMM HETraTHBHBIM
sBineHusiM. [locnenoBaBmmid gajnee B CTpaHE IKOHOMHYECKHM KPHU3UC IPHUBEN K COKPALICHUIO
IUIOUIa/Iel OpPOLIaeMbIX 3€MEJIb U U3MEHEHUSIM B YIIPaBJICHUU TUIPOMEINOPATUBHBIMHU CHCTEMAMHU.
Bonpiune nmiomany opomraeMpIX 3eMeb ObUTH 3a0pOILIEHbI M CTaIN MHOTOJIETHEN 3alIeXkKbl0, Apyras
yacTb 3€eMellb ObUla IepeBelieHa B OOrapHoe HCIOJIb30BaHHE, HAa HEKOTOPbIX YydYacTKax
BO30OHOBMJIM OPOILEHHE TOJIBKO IOCIE JIUTENBHOTO MepHoja 3ajeXu WIM Mocjiae OorapHoro
WCIIOJIb30BAHUS, IPYrHe€ Y4acTKU MOMEHSJIN TUIl opoulieHus. Takue KapJuHalbHble U3MEHEHUs B
HCII0JIb30BAHMHU OPOILIAEMBIX 3€MeJb HE MOTJIM HE CKa3aThCsA HAa COCTOSHUU MOYB.

B HacTosiiee BpeMsi ycuius rocyqapcTBa HalpaBlieHbl HA PEKOHCTPYKIMIO OPOCHTEIbHBIX
CUCTEM C IEJIbI0 BOCCTAHOBJICHUS U YIYYIIEHUS YIPaBICHUS TUAPOMEINOPATUBHBIM KOMITJIEKCOM
Y MPOBEACHUS MEIHOPAIMU OPOILIAEMBIX 3eMelb. [ TOCTHKEHUSI 3TOW LeNu KpalHe BaKHBIM
CTAaHOBUTCS NMOHMMAaHHE TEHAECHIMH NMpeoOpa3oBaHMs U HBOJIIOLUU TOYB M MOYBEHHOTO MOKpPOBa
OpPOCHUTENBHBIX CHCTEM 3a MPOAOLKUTEIbHBINA MEPUOJ] X AKCIUTyaTallil, C YI€TOM HX JIMTOJIOTO-
reoMop@OJOrH4eckux OCOOEHHOCTEW, MIUTENbHOCTH TIepUojia OpOILIEHUS U TEpephlBOB B
OpPOIIEHUU. 3HAHMUS, IOJIYYEHHBIE NPU HW3YYEHHH COBPEMEHHOI'O COCTOSHUS OpPOIIAEMBIX IOYB,
MO3BOJISIT  IEJICHAIIPABIICHHO BBIOMpAaTh M MNPOBOAMTH HEOOXOAMMBIE arpoMeIHOpaTUBHbBIE
MEpONPUATHS JJI1 BOCCTAHOBIIEHUS UX TUIOJOPOHS.

[TouBeHHBIN MOKPOB CYXOCTEIHOW 30HBI Bosrorpaackoit 06yiactTd HEOTHOPOIEH, MOATOMY Ha
KOCMHMYECKUX CHUMKaX MOBEPXHOCTh CEIbCKOXO3SIMCTBEHHBIX IOJIEW MPEICTABICEHA COYETAHUSIMHU
IIATEH Pa3jM4yHOro pasMepa M ToHA. [I[ITHa reHeTM4ecKu CBsA3aHbl CO CTPYKTYpPOH MOYBEHHOIO
IIOKpPOBAa M MO-Pa3HOMY OKa3bIBalOT BJIMUSHUE Ha CEJIbCKOXO3SMCTBEHHBIE KYIbTYPhl, HWHOIAA
BBI3bIBASl MX Pa3peKEHHOCTh WJIM BbINaAbl. [ TOro 4ToObl MOHAThH, KaK MOYBBI U CBA3aHHAS C
HUMH TPOCTPAHCTBEHHAs HEOJHOPOJHOCTh IOJIEW BIUAET HAa Ty WM HUHYK BO3JEJIBIBAEMYIO
KYIbTypy, @ TaKXe B KAKOH Mepe COCTOSHHUE CEIbCKOXO3SWCTBEHHOM KYJIbTYpbl OTpPAXKaET
MOYBEHHBIN TOKPOB, HEOOXOJMMO 3HAHHE CTPYKTYpPbl CEIbCKOXO3SMCTBEHHBIX YroAuil. ITO
MO3BOJIUT TPULEIHHO BBIOUPATH KIIOYEBBIE YYACTKU Juis OOCJIeIOBaHUS OpOILIAEMBIX IMOYB U
IIPUHUMATh aJIeKBaTHbIE MEJIMOPATUBHbIE Mepbl. KoCMUYEeCKrne CHUMKHU BBICOKOTO Pa3pelleHus], KakK
OTKpPBITHIE W TEPHUOJUYHbIE UCTOYHMKU WHGOpPMAIUH, MO3BOJSIOT MPOBECTH OINEpaTHBHBbIE U
3HAUUTEIIbHBIE [0 OXBATY IIOLIAJAN UCCIIEIOBAHUS CEIbCKOXO3SIMCTBEHHBIX YTOAUI HAa OPOLIAEMBbIX
MOYBax.

Lenp HacTOSIMX HCCAEAOBAaHUNW — BBISIBUTh BO3MOYKHOCTH PACIIO3HABAHUSA CTPYKTYpBI
CEeNIbCKOXO3SMUCTBEHHBIX Yroaui (mosied C pa3HbIMH CEIbCKOXO3SMCTBEHHBIMU KYIbTYpaMH,
napamu, 3ajJeXbl0) Ha KOCMHYECKMX CHHMKaX BBICOKOTO paspemieHust (10 M) BU3yalbHBIM U
aBTOMATH3UPOBAHHBIM METOJIaMU JUIs MOJcYeTa IJIouaieil yroaui u 1ejaeHanpaBieHHOTo BeIOopa
KJIIOUEBBIX YYaCTKOB NTOYBEHHOT'O 00CIIEI0BaHMs], YUUTBIBAsI COCTOSTHUE KYJIbTYpP U MOJIEH.

Jo 2020 1. wunccnenoBaHUS CEIBCKOXO3SUCTBEHHBIX YHOAWMM M OpOIIAEMBIX IIOYB B
Bonrorpagckoit oGmact mpoBoaniock HamMu Ha Tepputopunm Cemnosipckoit OC, rne
BO3JIENIBIBAJIMCh KOPMOBBIE TPABbI, 03UMBIE 3€PHOBBIE M OBOILHBIE KyIbTYpbl. O pacrno3HaBaHUU
JAHHBIX KYJIbTYp 1O KOCMUYecKoil nHpopMmaiuu Oblu npencrasieHsl B padorax M.H. 'opoxoBoii
u E.N. [Tankosoit (2017), W.H. T'opoxoBoit ¢ coaBropamu (2020). YKa3bIBal1oCh, 4TO MOXHO
UCMOJb30BaTh CHUMKH Landsat-8 (MakcumanbHOE paspenieHre 15 M) 3a Mail WiIM UIOHB MECSIIbl, Ha
KOTOPBIX XOpomo Ju(epeHIpyIOTCs KOPMOBBIE TpaBbl M BBI3PEBIINE O3UMbIE 3epHOBbIe. Ha
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noJisix Bousro-Jlonckoit OC BoznensiBaeTcst 0ojiee MIMPOKUI CHEKTP KYJAbTYpP, KOTOPBIH TpeOyeT
CBOETO MOAX0/a B aHAJIHM3€ JUCTAHIIMOHHON MH(OopMaIuu. J{Js 3TOro ncnojab30Bajach BpeMeHHas
cepusi KOCMUYECKIX CHUMKOB.

Cyxocrennas 30oHa Poccum sBisieTcsi OOBEKTOM aKTUBHOTO — CEIBCKOXO3SICTBEHHOTO
WCMOJIb30BaHUS 3eMenb. [louBBI CyXOCTENMHOW 30HBI CTajdd NOPEAMETOM HCCICAOBAHMMN A
BBIJAFOIINUXCSI COBETCKUX M POCCHMCKUX YYCHBIX, B YAaCTHOCTH, COTPYAHHKOB [louBeHHOTO
uHcTuTyTa M. B.B. JlokydaeBa, KOTOpbIE MO3BOJIMIN 3a(UKCUPOBATH MIPHPOTHOE COCTOSIHUE TTOYB
Y TIOYBEHHOTO TOKPOBA B IEITUHHBIX YCIOBHUAX, 0 Havaja WX aKTUBHOTO CEIIbCKOXO3SIHCTBEHHOTO
ocBoenusi u opomenus (MBanosa, 1928; Kosna, 1937; Pone, 1947; Antunos-Kaparaes, 1953;
Bonemakos, 1961 u ngp.).

N3ydeHne opoIrraeMbpIX IMOYB BEAETCS JUTUTEIBHOE BPEMsI M 10 MHOTHM HAIPaBIICHUSM, YTO
OTPa3sWJIiOCh BO MHOXECTBE TPYAOB. DTO pabOTHl, HalpaBICHHbIE HAa W3ydCHHE: KoJeOaHWs H
oAbeMa NpPU OPOIIEHUWU YPOBHS TpyHTOBBIX BOJ (Munuammua, 1978; 3aiinensman, 1993);
HppUTaMOHHOM 3po3un opoiaembix nouB (Kysnenos u ap., 1990; Kosznosckuit, 1991), nporiecco
BropuyHoro 3acoyienus (Kosma, 1946, 3umosen, 1981; Shahid et al., 2012; Zaman et al., 2018;
Ren et al., 2019; Bahmaei et al., 2020); nerpagauuu CTpyKTypbl IOYB HA MaKpO- U MHUKPOYPOBHSX
(Xutpos u ap., 1994; Ilpuxoarko, 1996), mponeccor ocononneanus (3umonert, 1981; 3unyeHko u
ap., 2020); mporeccoB okapOoonaunBanus (bapanosckas, AzosneB, 1981; Jlro6umosa, [ertsapera,
2000; Jlrobumora, HoBuxoma, 2016; Cuzemckas, 2013; I'opoxosa, IlankoBa, 2017); BausHus
OpOCHUTENBHBIX BOJ Ha cBoiictBa nouB (besguuna, 1997; Jlenosa, 2018; 3unuenko u ap., 2020),
JIBDKEHUSI TIOYBEHHOM BJIarW B OpoIaeMbIX mouBax (Jiménez-Aguirre et al., 2018).

[ToMuMO TpaAUIIMOHHOTO HA3€MHOTO ONPOOOBAHUS UCIIOIb3YETCS MHOKECTBO JPYTUX METOOB
OLICHKH COCTOSIHHMSI OpOIIAEMBIX IOYB, U, MPEXIE BCEro, Ha 0a3e HCIOIb30BaHUSI KOCMHUYECKOMN
nHpopmanuu, HaunHas ¢ 1950-x romoB mporwioro Beka (Cumakoma, 1959; Myers et al.,, 1966;
[TankoBa, MaszukoB, 1975; BeimmBkun, 1976; AntonoBa, KpaBmoBa, 1976; Richardson, 1976;
Sinanuwong et al., 1980; Augponnnkos, 1979; Xapuronos, 1982; Manchanda et al., 1983; Myers,
1983; MamenoB, 1985; ITankoBa, ConosweB, 1993; Hick, Russell, 1990; Singh, 1994; Dwivedi,
1996) u aktuBHO mpomospkas B Hamie Bpems (Pyxosuu, 2009; Konromkosa, 2014; Igbal, 2011;
Abbas et al., 2013; CaBun u np., 2014; ITankoBa u np., 2014, TI'opoxoBa, Ilankosa, 2017).
[TomaBnsromnias 4yacTh cTaTei MOCBAIICHA U3YYEHUIO 3aCOJICHHBIX U COJIOHIIOBBIX MTOYB.

B HoBeiimeit autepatype B OOJIBIIOM KOJIMYECTBE CTATEH M3JIaraeTcsl OMbBIT OPOILICHUS U €ro
MOCJIEJICTBUSL B pa3IMYHbIX pailoHax 3eMHOro Imapa Ha 0a3e MPUBJICUEHUS CIIyTHHUKOBOM
nHopmanuu. MccaenoBanue 3acoJICHHOCTH TTOYB MpoBoauTcs Ha bimxkaem Boctoke (Allbed et al.,
2014), B CeBepuoii Adpuke (Hihi et al, 2019), Typuuu (Gorji et al, 2017), Kurae (Jiang,
Shu, 2018; Wang et al., 2019; Chi et al., 2019; Ren et al., 2019), Poccuu (Komissarov et al., 2019;
I'opoxosa u nip., 2018-2020). Haubonee mmpoko UCHOIB3YIOTCS MaTepuanisl co cimyTHHKOB Landsat
ETM+, Landsat-8 OLI, Sentinel-2 (Jiang et al., 2018; Masoud et al., 2019; Hasanlou, Eftekhari,
2019; 'opoxosa u ap., 2020).

I'pynnoit  yuensix (Hassania et al, 2020) ObTM TOCTPOEHBI NPOTHO3HBIE KapThl
pacipoCTpaHeHUs 3aCOJICHHBIX M COJIOHIIOBBIX IMOYB B MHPOBOM MaciiTade, MpUMEHsIsi MAaTPHUHYIO
U PErpecCHOHHYI0 MOJEIH MPOCTPAHCTBEHHO-BPEMEHHONW W3MEHUYMBOCTH 3aCOJIEHHOCTH H
cosyoHueBaroctd noyB (1980-2018 rr.). AHanornynas pabota Oblja MPOBEAEHA JUISI TEPPUTOPUU
Benrpuu (Szatmari et al., 2020).

Bo Bpems Bu3yanbHOTo nemu(pupoBaHus CHHUMKOB 3aCOJCHHBIE MOYBBI PACIIO3HAIOTCS TIO
OenbIM MATHAM, MPEJCTABIAIONIAM COO0M COJIEBYIO KOPKY Ha MOBEPXHOCTH MOYBBL. OIHAKO Takas
nH(popMalUg HE OTpakaeT 3acOJICHHE TOYB BO BCEM KOPHEOOHTAeMOM CIJIOE, YTO OTPaHHYMBAET
BO3MOXHOCTH aemudpupoBanus. [loaTomy mpu aHanu3e MYJIbTUCIEKTPAIBHBIX 00pa30B 4acTo
3aCOJICHHE TMOYB YBS3BIBACTCA C COCTOSIHHEM BO3JIEBIBAEMOI CENbCKOXO3UCTBEHHOW KYIbTYPHI
(I'opoxoBa u gap., 2019). [Jlna pasngeneHus pa3indHbIX CEJIBCKOXO3SAHCTBEHHBIX KYIBTYD,
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8 PACIIO3HABAHUE CEJIbCKOXO3SMCTBEHHbBIX YIOJIUMN ...

OpOILIaEMbIX U HEOPOLIAEMbIX IOJIEH, PACIIO3HABAHUS COJOHYAKOB, 3aCOJIEHHBIX M HE3ACOJIEHHBIX
MOYB UCTIOJB3YIOTCSA COUETAHUS Pa3HbIX KaHAJIOB KOCMUYECKON ChEMKH, paCUe€THbIC, IMITUPUUECCKU
BeIBe/IcHHBIC MHIEKCHI (Allbed et al., 2014; Hihi et al., 2019).

Haunbosiee mnoOmynasipHBIM ¥ OMNpENeNIeMbIM TI0 KOCMHYECKUM HW300paKEHHUSIM HHICKCOM
apisiercst NDVI (Normalized Difference Vegetation Index) — HOpManM30BaHHBIA Pa3HOCTHBIN
WH/IEKC PACTUTENBHOCTH, KOTOpHIA BrepBble Obul omucadn B 1973 r. (Rouse et al, 1973). Oro
MPOCTOM TMOKa3aTellb, MPUMEHSAEMBbIN JIsI KaYECTBEHHOW M KOJIMYECTBEHHON OLIEHKH 3€JICHOU
MacChl PACTHTEIBHOTO TOKpoBa. BereranmmoHHeii wHACKC NDVI Bhuucisior mo dopmyre:
NDVI=(NIR-RED)/(NIR+RED), rae NIR — sipkocTh wiu KO3(hGHUIHEHT OTpaXEeHUS B OMVKHEH
uHppaxpacHoit obnactu crnekrpa (0.7-1.0 mxm); RED — B kpacHoli o6nactu criekrpa (0.6-0.7 Mkm).
OH mpenmnoiaraeT COOTHOLIEHNE MAaKCUMaJIbHOTO MOTJIOIIEHUSI COJTHEYHOU pagualiii pacTeHUsIMH,
JeKAIEro B KpacHOW 00JacTH, M MaKCUMAJIbHOTO OTPaK€HUS KIETOUHBIX CTPYKTYp JIUCTa B
nH(ppakpacHoi o0nacTu.

CymiecTByIOT W JApyrue BETeTAIllMOHHBIC HWHJEKCHI, HamOojiee u3BecTHble u3 HUX SAVI
(Huete, 1988), ASVI (Crippen, 1990), ARVI (Kaufman et al., 1992), nist KOTOPBIX UCTIOTB3YIOTCS
JPYTUe KaHaJbl CbeMKH WJIH KOPPEKTHPYIONHe KO OUITHEHTHI.

He Bce wuccrmenoBaTenu MOJHOCTBIO JIOBEPSIOT BEreTallMOHHBIM HMHJAEKcaM. Psiji aBTOpOB
(KoponmeBa u gap., 2017) cumTaioT, YTO ONPEICICHHE OTKPHITOW TIOBEPXHOCTH TIOYBBI C
HCIIOJIb30BAHUEM BETETAMOHHBIX MHJEKCOB NDVI HEKOppEeKTHO, Tak KaKk TOYHOCTb ONPEICICHUS
HE MPeBOCXOJUT 65%, W JOCTOBEPHO BBIICIUTH OO0JACTh OTKPBHITOM TMOBEPXHOCTH TOYBHI B
CHEKTPAJIbHOM TPOCTPAHCTBE BO3MOXHO IO pa3padOTaHHON HMM aBTOPCKOM TEXHOJOTUU
CHEKTPaIbHON OKPECTHOCTH JIMHUM TOYB, TOYHOCTh MeToAa KoToporo coctaiseT 90%. CoriacHo
ATOM TEOPHH, IJIOCKAsI YacTh «IIIAMIOYKH ¢ KUCTOUKOW» (tasseled cup), mpencraBisemas Kak JTHHUS
nouBsl (Kauth, Thomas, 1976), He siBIgeTCS CHHOHUMOM 00JIACTH OTKPBHITON MMOBEPXHOCTH TTOYBHI U
3aHMMAET 3HaYUTEJIbHO MEHBILIYIO MJIOMIAb, YeM 00JIaCTh JTMHUU MOYB.

Tem He MeHee, BereTalMOHHBIE HHJIEKCHl IIMPOKO NPUMEHSAIOTCS B HH(OPMALMOHHBIX
CepBHUCax Ul PEIICHHs 3a7a4 MOHHMTOpHHTa pactutenbHoctH. Hampumep, BEI'A-PRO (2020) —
CIyTHUKOBBIN CEpBUC, KOTOPBIN MO3BOJIAET aHAIM3UPOBATH C UCIIOJIB30BAHUEM BPEMEHHBIX PSJIOB
BETETAIIIOHHBIX MHJIEKCOB COCTOSIHME PACTHTEIHLHOTO MOKPOBA (MIOCEBOB CEIBCKOXO3sIHCTBEHHBIX
KYJIBTYp U JIECOB), €T0 CE30HHYI0 U MHOTOJICTHIOIO JUHAMUKY JUId JIF0OOM OTIEIbHON TOYKU WITU
moboro pernona Poccuu. Cucrema coznana MlHcTuTyTOM KOocMHuYecKux uccienoBanuiit PAH.

B nenom, u3 o030pa nuTepatypsl ciaeayeT, 4TO CTPOro OMpeesieHHON KOMOMHAIIMU KaHaJOoB,
YHHUBEPCAIbHBIX HMHJEKCOB JJIsi ONPEIENICHUsI COCTOSHUS PACTUTEIBHOCTH, BO3JIEIBIBAEMBIX
KYJIBTYp, 3aCOJICHHOCTH IOYB JUIsl Pa3HbIX TEPPUTOPHI HE CyIIecTBYeT. B KakJoM KOHKPETHOM
cllydae 3TO JOJKHBI ObITh HHIMBUYaTbHO pelIaeMble 3aauu.

Marepuajibl 1 MeTObI HCCIIETOBAHMI

Bonro-/lonckas opocutensHas cuctema (OC) HaXOIUTCS B CyXOCTEIHOM 30HE Ha TEPPUTOPUU
Bonrorpazackoii obnactu u pacnosoxeHa Ha ore [IpuBOmKCKON BO3BBIIIEHHOCTH, TIPOTSHYBIIUCH
Bnoab Bonro-JloHckoro kanana, 3amaanee r. Bosrorpaga. Hamu wuccnenoBanach LEHTpaibHas
gactb Bonro-/lonckoit OC, koTopast 0XBaThIBaeT KaK BO3JEIbIBAEMBIE TMOJIS, TaK U 3aJIeXKb, 00MIas
TIoHIaAb uccienoBanus coctaBuia 8§988.9 ra (puc. 1).

IOr IlpuBOomKCKOW BO3BBHIIMIEHHOCTH, THe pacnoyiokeHa Tepputopus OC, B TuMoIeHE ObLI
MOJHOCTBIO MIEPEKPHIT EPreHUHCKUMHU OTIIOKEHHUSIMH, a 3aTEM MOCTETIEHHO MOABEPrCs JEHYIAllUHU.
B Hacrosimiee Bpemsi BOJOCOOpPHBIE TEPPUTOPUM CIOKEHBI €PreHWHCKUMHU IEeCKaMH, K Ty —
KpacHO-OyphIMU CKHU(CKUMHU TJIMHAMH H JIECCOBHIHBIMHU CYyrIMHKaMH. [louBooOpasyrommumu
MOPOJAMH SIBJISTFOTCSI JKENTO-0yphle OTIeCUaHEHHBIE CYTIIMHKU Pa3HOW MOIIHOCTHU. [ pyHTOBBIE BOJIBI
3aleraloT TIIyOOKO, Kak NpaBHIIO, OHH ci1a00 MHUHEpaIn30BaHbl M HMMEIOT THIPOKapOOHATHO-
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HaTpueBbld cocTaB. [IOYBEHHBI MOKPOB IIPEACTABICH KOMIUIEKCOM KAIITAaHOBBIX IIOYB M
COJIOHIIOB, B COCTaBE KOTOPOTO MPEOOIATalOT CYIIMHUCTHIC KAIITAHOBBIC COJIOHIIEBATHIC MOYBHI
(Hertspesa, XKynmunosa, 1970; 3ungerko u ap., 2020). ConoHiieBaThie MOYBBI U COJIOHIIBI B Pa3HOM
CTEIEHU 3aCOJIEHBI, YTO CKAa3bIBAECTCS HA COCTOSIHUU CEJIbCKOXO3SMCTBEHHOW KYJIbTYPbI MPU KX
OCBOCHHH.

Google Earth

Puc. 1. Pacnonoxxenue Bousro-Zlonckoit OC Ha kocmuueckoM cHUMKe moprtana Google.Earth Ha
11.05.2020.

B nmanHOi paboTe HMCHONB30BAINCh PA3HOBPEMEHHBIE MYIbTHCIEKTPATbHBIE KOCMUYECKHE
caumku Sentinel-2 (Copernicus Open Access Hub, 2020) 3a 27.02.2020, 29.04.2020, 28.06.2020,
26.07.2020 u 20.08.2020 B yetbipex kaHanax (R, G, B, NIR) ¢ makcumanpHbIM pazpenienueM 10 m
M KOCMHYECKUH CHUMOK co cmyTHuka Landsat-8 3a 04.04.2020 (Earth Explorer, 2020) B BocbMH
KaHaJaX W MaKCUMalbHbIM paspemienueM 15 wm. Kpome Toro, mpuBiekanach HazeMHas
uHpopMalys, NOJTy4YeHHas NpU TMPOBEAECHUHM IOJIEBBIX paboT B wurone-aBrycre 2020 r. Ha
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tepputopuu Boiro-Jlonckoit OC.

IIpn ananmmM3e KOCMHYECKMX CHUMKOB IPOBOAWIOCH BH3YyaJbHOE M AaBTOMAaTU3UPOBAHHOE
nemudpupoBaHne CTPYKTYPhI CEIBCKOXO3SICTBEHHBIX YTOJOU TIO CIEKTPAJILHON SPKOCTH Ha
IIOJISIX C pa3HbIMU KyJbTypaMmu B 4 kaHasax: 1 — romy6oii (0.4-0.5 mxm), 2 — 3enenslii (0.5-0.6Mxkm),
3 — kpacubiii (0.6-0.7Mkm) u 4 — OmmxHMA uHpakpacHbrid (0.7-0.95 MKM), paccUUTHIBAIHCH
BeretanioHHele  uHAEKChl (NDVI), uncnonp3oBamuch pa3iauyHble COYETAHUS KaHAJIOB U
KJaccupukanus n300paKeHHsi CHUIMKOB IO 3HAYEHUSIM CIIEKTpaIbHOH sipkocTi 1 NDVIL

PesyanaTm Hu 06cy>1<)1elme

B Bousrorpasckoit 061acti moceBHas IIIoNIa b COCTaBseT 0oJiee 3 MIIH. Ta, U3 KOTOPHIX 0oJiee
MOJIOBUHBI 3aHUMAIOT 3€PHOBBIC U 3epHO0000BBIE KyIbTYphl (Tepputopuaneubiil oprad ..., 2020).
N3 03uMBIX 3€pHOBBIX KYJIBTYp pacnpoCTpaHEHa IIIIEHUIAd, M3 SPOBBIX 3E€PHOBBIX KYIBTYP
BO3JICNIBIBAIOT STYMEHB, MIIEHUILY, OBEC, KYKYPY3Y Ha 3€pHO W CHUJIOC; U3 3€pHOO0OOBBIX — TOPOX,
HYT, COpPro, coi0 (B OTPaHWYEHHBIX KOJHMYECTBAX); W3 TEXHUYECKUX KYJIbTYp — TOPYHILY,
MOJICOJTHEYHUK, cadiiop, JIeH, U3 KOPMOBBIX TPaB — JIIOIIEPHY, CYIAHKCKYIO TPABY.

O3uMBbIe 3epHOBBIE KYJABTYPHl B CyXOCTEITHOUM 30HE Ha TeppuTOpuu Bomrorpanackoi obiacTu
00BIYHO BBICEBAIOT B 1-2 jgekazne ceHTsOps, yOOpka yposkas MPOBOJIUTCS BO 2-OW JACKAIE WIOJS.
SApoBbie KyIbTYpPHI BBICEBAIOT B Pa3HBIC JACKAIbl ampesis, YOOpKa OCYIIECTBISETCS B HIOJIC-aBryCTe.
Kykypy3a Ha cuioc u cynaHckasi TpaBa BbICEBAlOTCS B Mae, youpatotcsi B aBrycre. Cos BbIceBaeTcs
B KOHILIE anpeis U B Havaje Mas, yoopka mpoBomutcs B aBrycre (AI'PUOH, 2020). Ucxons u3
JAHHOTO pachpefiefieHuss BO BPEMEHH, CJeAyeT, 4YTO HeOoOXOJUMO HCIOJNb30BaTh CEPHUI0
Pa3HOBPEMEHHBIX CHUMKOB, 4TOObI Han0oJiee JOCTOBEPHO BBIACIUTEH CTPYKTYPY YTOAUM.

Ha Bonro-/louckoit OC B 2020 r. BbIpallliBaIMCh CIEAYIOMIUE KYIbTYPHI:

1) o3umbIe 3epHOBBIE (03 OpOIICHUS);

2) sIpOBBIC 3€pPHOBHIE (06€3 OPOIIICHHS)

3) KyKypy3a Ha CHUJIOC (C OpPOIIEHUEM);

4) cynmaHckas TpaBa (C OpoIIeHUEM U Oe3 OPOIICHUS);

5) cos (c opoiieHHeEM).

Kpowme Toro, uMenuce moJs moJ napamu, a TakKe 3aJIeKHbIE MOJIS.

[Ipu pacno3HaBaHUU CTPYKTYPBI CEIbCKOXO3SMCTBEHHBIX yroaui Bosro-/lonckoit OC mo
KOCMUYECKUM CHHUMKaM HE00X0AUMO ObLIO YYUTHIBATH CIEAYyIOIIEe:

1) mons moA TmMmapoM Ha CHUMKax HMEIOT TIISITHUCTBIM  PUCYHOK, CBSI3aHHBIA C
SPOJUPOBAHHOCTHIO TOBEPXHOCTH U CTPYKTYPOM TIOYBEHHOTO TIOKPOBA, YTO MPUBOAUT K
3HAYUTENIbHBIM KOJICOAHUSIM CIIEKTPAILHOM SIPKOCTH B paMKax OJIHOTO TOJIS;

2) He BCE CEIbCKOXO3SHUCTBEHHBIC MOJIS HCHOJB3YIOTCS MOJ OPOIICHHE, HEKOTOpPhIE M3 HUX
SBJIAIOTCST OOTapHBIMM YYacTKaMM, YTO TPUBOAMT K PA3JIUYUSAIM BO BIQKHOCTH TIOYB U
CHEKTPAIBHOM SIPKOCTH U300pakeHus OJeH;

3) yacTb mojei, KOTopble HEe OPOIIAIOTCS B HACTOSIIEE BPEMsl, COXPAaHUIIH CIIEbl 3aChITaHHBIX
BPEMEHHBIX OPOCUTENEH, KOTOPhIE TaKKe OKAa3bIBAIOT BIUSHUE HA OOIIYIO0 CIEKTPAIBHYIO SPKOCTh
TOJIS;

4) mons MOTYT pa3iIMyaThCs MO SIPKOCTU U3-32 TMPOBEACHHBIX HAa HUX arpOTEXHUYECKUX
MeponpusTHii (bopoHOBaHME U JIp.)

5) 2020 rox B Bousrorpaackoit o6macTé BbIAAICS 3aCYIUTUBBIM M KOCMHYECKHE CHUMKH
0TOOpaxaroT 0COOEHHOCTH JAHHOTO TO/Ia.

Ha pucynke 2 (A-J1) npeacraBneHsl (hparMeHTHI CHUMKOB 3a (heBpasib, anpemb, HIOHb, HIOJb U
aBryct 2020 r. Ha HuX mo Mepe Bereranmuu KyJIbTyp BHU3YalbHO BBIICTICHBI BO3JIEIBIBAEMBIE
CEJIbCKOXO3SUCTBEHHBIE KYIBTYphl M 00Ias CTPYKTypa mojei. [y 3Toro Takke MPHUBJICKAINCH
MaTepuanbl TOJEBBIX HccienoBaHui. [lo CHUMKaM TakoOro pas3pemieHuss MOXKHO OIpeAeTUuTh
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03UMBIE 36pHOBBIE U SIPOBBIE KYJIBTYpBI, IIapbl U 3a1€Xb. JlanbHelilee pazieieHne SpoBbIX KyJIbTyp
BO3MOYKHO YK€ C MEHBIIEH J0JIEM BEPOSTHOCTU. TakkKe OTMETHM, YTO MAJEHbKHUE IO IUIOLIAIH
3aCE€IHHbIE YYaCTKHM IIOJE€M W YIJIOBbIE Y4acTKM BOKpYyr KpyroBbix mnozeit (0.2-1ra)
UACHTUPHUIHPYIOTCS MO0 TUIOXO, MO0 HE OTPENIENISIOTCS COBCEM.

PaccmoTpuM, Kak BU3yalnbHO OemIM(PUPYETCS CTPYKTypa CEIbCKOXO3SIHCTBEHHBIX YroJud Ha
Pa3HOBPEMEHHBIX CHUMKAX Ha IpUMepe LeHTpaibHol yactu Bounro-/lonckoit OC.

Oszumebie KynbTypsl (1, 1a) OTHO3HAYHO BBIICISIOTCS Ha CHUMKaxX 3a (eBpaib, MapT U anpelib
Mecsibl (puc. 2 A, b, B).

¥
o 10060
T ——
Nnerped
Macurad 13500

_10%0
ueTpm
Macirad 1:35000

Puc.2 A, Bb. Hzo0paxkeHnne Ha KOCMHUYECKOM CHUMKE CEIIbCKOXO3SHCTBEHHBIX YrOAUM
neHTpanbHoi yactu Bousro-/lonckoit OC (Bonrorpazackas o06macte) co cmyTHuKa Sentinel-2: A —
27.02.2020, b — 28.03.2020. Vcnosusie obosnauenus: 1, la — 03uMble 3€pHOBBIE; 2 — SAPOBBIE
3epHOBBIC; 3a — CyJaHCKas TpaBa Ha OorapHoM moiie; 30 — cylaHCKas TpaBa MO OpolleHueM; 4 —
KYKypy3a Ha CUJIOC; 5 — cos; 6 — maphl; 7 — MHOTOJIETHSIS 3aJI€XKb.
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g
Macanal 135

Puc.2 B, I, . M3o0paxkeHne Ha KOCMHUYECKOM CHHMKE CEIbCKOXO3SWCTBEHHBIX YrOAMMA
neHTpansHoi yactu Bonro-/lonckoit OC (Bonrorpaackas o6mnacts) co cimytHuka Sentinel-2: B —
29.04.2020, I' — 27.05.2020, I — 20.08.2020. Vcrosuvie o6o3nauenus: 1, 1a — o3uMble 3epHOBBIE; 2
— SIpOBBIE 3€pHOBHIE; 3a — CyJaHcKas TpaBa Ha OorapHoMm mone; 30 — cyaaHckas TpaBa IOJ
opotieHueM; 4 — KyKypy3a Ha CUJIoc; 5 — cost; 6 — mapbl; 7 — MHOTOJIETHSIS 3QJI€XKb.
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Ha cuumkax 3a anpeins (puc. 2 b) xopoiio onpenensieTcs MHOTOIETHS 3a1exkb (7).

Ha caumkax 3a utons (puc. 2 B) ugentudunupyrorcs Bei3peBatomue o3umele (1) u siposbie (2)
3epHOBbBIE KYJIBTYpHI, CyJlaHckas TpaBa (3a), mapsl (6), 3a1exb (7); II0XO BBIIACISIOTCS KYKypy3a
(4) u cos (5).

Ha wuronsckux cHuMkax (puc. 2 I') xopomo BugHbl yOpaHHbIe o3uMble (1) m sipoBbie (2)
3€pHOBBIEC KYJIBTYPHI, OpOIIaeMble BEreTUPYIOIINE KyKypy3a (4) u cynanckas tpasa (30), mapsl (6),
HO €/IBa OTJIMYAIOTCA 110 TOHY OT [MapoB HeopolraeMmas cyaaHckas Tpasa (3a), cos (5), 3anexs (7).

Ha cammkax 3a aBryct (puc. 2 JI) MOXXHO BbLAENIHTH yOpaHHbie o3umble (1) m sipoBbie (2)
3epHOBBIC KYJIBTYPHI, COIO (5), OpoIIaeMbIe BEreTUpYIONUe KyKypy3y (4) u cymaaHckyro TpaBy (30),
HO Tapsl (6) 1 3amexs (7) o TOHY IJI0X0 Pa3IUYAOTCS MEXKY COOOM.

Kaxaplil oTIenbHbIA KOCMUYECKHIT CHUMOK, C/ICJTAaHHBIN B pa3HbI€ MECALbI BET€TAIlMU HE JAET
MOJHOW WH(OpPMAIMU O CTPYKTYpPE CEITbCKOXO3SIMCTBEHHBIX YrOJWM, HO HX COBOKYITHOCTH
MIO3BOJISIET MIPE/ICTABUTH BCIO 0OCTAHOBKY Ha Y4aCTKE OPOCUTENIbHOM CUCTEMBI.

Jlanee Ha 0a3e pe3ynbTaTOB BU3YaJIbHOTO PAClO3HABAHUSI CEJIbCKOXO3AWCTBEHHBIX KYJIBTYP
ObUTM CcO3JaHbl O0ydarolue BBIOOPKM K aJTOPUTMY IOCJIEIOBATEILHOTO aBTOMAaTH3MPOBAHHOTO
nemnpupoBaHrs pPa3HOBPEMEHHBIX CHUMKOB. /[l 3TOTO HCHOJB30BAINUCH  CIIETYIOLIUE
MOKa3aTesu: CIeKTpajabHas pKoCTh B 4 kaHanax cnyTHuka Sentinel-2 u NDVI (Hopmann3oBaHHBIM
Pa3HOCTHBIM BereTalMoOHHbIN HHIEKc). [IpeaBapuTenbHO Bce KinaccuuUUpyeMble MO ObLIN
oruppoBansl. O0y4aronue BHIOOPKH pa3MedyaiNCh Ha CHUMKaX 3a BBIIIE PACCMOTPEHHBIC JAThI:
27.02.2020, 29.04.2020, 28.06.2020, 26.07.2020. [lanee co3maBanach OTHaeIbHAs BBIOOPKA ISt
KaXJIOTO MecsIa M CTpOWIach oOydaromias MoJieib Ha ocHOBe kiaccupukatopa Random Forest
(cmydaifHBI JIec) Ha s3bIke mporpammupoBanus Python. Ha pucynke 3 mnpuBenena cxema
anropuTMa KiaccuuKaiuu.

3HauyeHuA CNeKTpanbHbIX O6uiuit Habop AaHHbIX
APKOCTEN B KaHanax

M 3HAUYEHUA CMEeKTPabHbIX
MHAEKCOoB

EHlaWEEd

Ha6op 2

HaGop 3

Habop 1
Me | e Me | e Me | fle
cay | ka cay | Ka cay | ka
Aa

¥

¥

Mogenb Mogenb Mopgenb
Random Forest Random Forest Random Forest

. 4

Puc. 3. Cxema anroputma KiacCU(pUKaMU KOCMHYECKUX H300pakeHUM CeTbCKOXO3sIHCTBEHHBIX
noJieit co crytHuKa Sentinel-2.
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Knaccudpukatop Random Forest mpeacraBnsier coboif aHcaMOib W3 KIACCU(UKATOPOB THUIIA
HepesbeB npunstus pemenuit (Decision Tree) i Habop W3 MHOKECTBA ACPEBLEB pemieHuit. s
KaX/I0M BBIOOPKH CTPOUTCS CBOE JCPEBO pelleHUil. B oTiauune oT 0AMHOYHOIO Kiaccudukaropa
aHcaMOJIb MEHEe CKIIOHEH K IepeoOYyYeHHMIO 3a CYET TOr0, YTO HCIOJIB3YETCSl YCPETHEHHBIN
MIPOTHO3 110 BCEM JICPEBBSIM PEIICHHI W3 aHCAaMOJIS M J]aeT XOPOIIUE Pe3yIbTaThl KiIacCH(UKAIHH
nzoopaxenuii (Forests of Randomized Trees, 2020).

Paccmotpum pe3yIbTaTh ABTOMATHU3UPOBAHHOTO pacro3HaBaHUs CTPYKTYPBI
CEIILCKOXO3SUCTBEHHBIX YIOIHI HA KOCMUYECKUX H300paKCHUSX 3a BCE NMPUBEICHHBIC PaHEe JAaThl

(puc. 4).

Puc. 4 A, b. Pesynprar mnocienoBaTelbHON aBTOMAaTU3MPOBAHHONH 00pabOTKM KOCMHYECKHUX
n3o00pakeHuit co crnytHuka Sentinel-2 Ha ocHoBe Kinaccudukaropa Random Forest u Bwiienenue
CEeNTbCKOXO3SUCTBEHHBIX Yroauil meHTpaiabHoi uactu Boinro-/lonckoit OC (Boarorpanckas
obmactp) 3a mepuoa: A —27.02.2020; b — 28.03.2020.
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Puc. 4 B, I', [I. PesynbTar mocienoBaTeabHON aBTOMAaTU3MPOBAHHOM 0OpaOOTKM KOCMMYECKHX
n3o00pakeHuit co crnyTHuka Sentinel-2 Ha ocHoBe Kinaccudukatopa Random Forest u Bwiaenenue
CEeNIbCKOXO3SMCTBEHHBIX Yroauil meHTpanbHoi dactu Bouaro-/lonckoit OC (Boarorpanckas
obmnactp) 3a nepuoa: B — 29.04.2020; I' — 27.05.2020; I — 20.08.2020. Vcnosnwvie obo3nauenus: 1,
la — o3uMBbIe 3epHOBBIC; 2, 2a — SPOBBIE 3€PHOBBIE; 3a — Cy/laHCKas TpaBa Ha OorapHoM mose; 30 —
CyJaHCKasl TpaBa o] OpolIeHrneM; 4 — KyKypysa Ha cujioc; 6, 6a, 60, 6B — mapbl; 7 — MHOTOJICTHSAA
3aJI€XKb; 8 — OTKPBITasi HOBEPXHOCTH MOJIEH.
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Ha deBpanbckoMm cHuMKe (puc. 4 A) XOpOIIO BBIACHSIOTCS TOJISI C O3WMBIMU 3E€PHOBBIMHU
noceBamu (1), HO HE OMpPEAEIAIOTCS MOJs 03UMBIX 3€pHOBBIX (1a) ¢ mManienbkoil oAb (0.2-
0.5 ra). OcraBiasicst 4acTb MoJIeH nmpeacTaBiasieT cOO0H OTKPHITYIO TOBEPXHOCTH (8).

Ha anpenbckux caumkam (puc. 4 b) k 03uMbIM 3epHOBBIM KyJIbTypaM (1) 100aBistOTCS MO C
3asiexkbio (7). OcTaBuiasics OTKpPBITash MOBEPXHOCTh IMOJIEM W3-3a Pa3sHOCTH BO BIIAXKHOCTH TOYB
JIEJIUTCSI HA HECKOJIBKO KJ1accoB (8, 8a).

Ha canmkax 3a utons (puc. 4 B) naentuunupyroTcs Bei3peBatomue o3umbie (1, 1a) u sspoBsie
3epHOBBIC KYJIBTYpHI (2), cynaHckas TpaBa 0e3 opomeHus (3a), kykypysa (4), cos (5), 3anexs (7) u
Mapbl, COCTOSIINE U3 HECKOJIBKUX KIaccoB (6, 6a, 60, 6B).

Ha wuronbckoM cHuMmke (puc. 4 I') ko BceM BBIJIEJIEHHBIM paHee KyjiabTypam J00aBiisercs
cylaHcKkas TpaBa o opouieHueM (30), a mapel mpeacTaBieHbl 2 kiaccamu (6, 6a).

Ha cuumMmke 3a aBryct mecsn (puc. 4 J1) MOKHO BbIIenUTh yOpaHHble o3umble (1, 1a) u sipoBbie
3€pHOBBIE KYIBTYpHI (2), coto (5), BereTupyronme Kykypysy (4) u cyganckyto TpaBy (30), 3anexb
(7) u mapsI B 1BYX Kiaccax (6, 6a).

[locnenoBarenpHas aBTOMAaTU3MpPOBAaHHAS KiaccU(UKalMs KOCMHYECKHX HM300pakKeHH
MoKa3ajia, 4TO BBbIEJICHHE CTPYKTYPhl CEIbCKOXO3SIMCTBEHHBIX 3€MENb BO3MOKHO, OJHAKO C
y4eTOM TOrOo, YTO HE BCErja BBIIEISAIOTCS MOJS Malod IUIOMIaIu, a MHOJs MOoJ MapaMH H3-3a
Pa3HOCTH BO BIJIAXKHOCTH TI0YB MOTYT OBITh MpEACTaBIE€Hbl HECKOJbKHMMM KjlaccaMd U Ha
3aKJIIOUMTENBHOM JTale COCTaBJI€HUM KapThl CTPYKTYPhl CEIbCKOXO3SHUCTBEHHBIX YroJauit
MOTPEOYIOT CBOETO 0OBhETMHECHHUS.

[To pe3ympTaTam aBTOMATH3UPOBAHHOM KiacCH(PHUKAIMA KOCMHYECKHX H300paKeHU Oblia
cocTaBiieHa 00001IeHHas MaTpulla omKOOK, MpuBeAeHHas Ha pucyHke 5. [lo nmuaronanu mMaTpuiibl
OLIMOOK MAYT 3HAYEHMsI, YKa3bIBAIOIIME HAa JIOJIIO0 MPABUIBHO KJIACCU(UIIMPOBAHHBIX MHUKCENEH.
Bce uro BHe muaroHanu — ommOku 1-ro u 2-ro pona. Jlons mpaBUIIBHO KiacCH(PHUITMPOBAHHBIX
MHAKCEJIeN JUIS BCEX aHAIM3UPYEMBIX CEIIbCKOXO3SMCTBEHHBIX IOJIEN B cpeHeM cocTaBuia 75%.

1 2 3a 30 4 3 6 7 10 op
1 0.76497| 0.20595| 0.03059| 0.00485| 0.024989 0| 0.04363| 0.011981| 0.051839| 0.100128|
2 0.07622| 0.72569| 0.01264| 0.00154| 0.006181 0| 0.01227| 0.006879| 0.001006| 0.018218|
3a 0.00054| 0.00019| 0.76726 0| 0.010243 0| 1.4E-05| 0.000567| 4.37E-05| 0.001278|
36 1.4E-05 0| 0.00063| 0.66731| 0.024283 0| 0.00331| 0.001417| 2.159E-05| 0.002005

4 0.00348| 0.00287| 0.03245| 0.1096| 0.79011 0.25| 0.01807| 0.010356| 0.001378| 0.016272

3 0 0] 0.00025 0| 0.006181| 0.73684| 4.2E-05| 5.67E-05 0| 0.000494
] 0.03154| 0.02266| 0.10013| 0.1581| 0.063929 0| 0.81623| 0.028629| 0.025217| 0.008253
7 0.00387| 0.00418| 0.02099| 0.0251| 0.030022 0| 0.01614| 0.78119| 0.00573| 0.166173
10 0.01258| 0.00117( 0.0019| 0.00097| 0.012539 0| 0.03491| 0.012604| 0.763051| 0.101203
ap 0.10637| 0.03729( 0.03312| 0.02813| 0.031523| 0.01316| 0.05539( 0.146321| 0.151652| 0.525976|

Puc. 5. O6mas maTpuiia ommooK.
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Takum 00pa3oM, WHCHONB3ys pPa3HOBPEMEHHBIC KOCMHUYECKHE CHUMKH IS BBIICICHUS
CTPYKTYPBI CEIIbCKOXO3SHUCTBEHHBIX Yroauid, MOXXHO Kiaccu(pUIMpoBaTh M300paKEHHE Kak
BU3YaJIbHO, TaK M1 aBTOMaTU3UPOBAHO, C TOUHOCTHIO 110 75%.

JIJiss TOYBEHHBIX OOCIICIOBAHMIA U MIPU BEIOOPE KITFOYEBBIX YYACTKOB IS TAKUX OOCIIeTIOBAHUI
Ba)XHO oOpaIaTh BHUMAaHUE Ha MHOTOJIETHIOIO 3aJI€Kb Ha OBIBIINX OPOIIAEMBIX 3E€MIISIX, KOTOPO
CTaHOBSATCS, KaK MPaBUJIO, camMble MpoOiemMHbie 1o Ocoboro BHUMaHUs TpeOyeT KpaTKOCpOUYHast
3aJ1eXb (J10 5 JIeT), BOSBHUKHOBEHUE KOTOPOH BO3MOKHO CBSI3aHO C Jerpajalueil oys.

OOpaTuM BHUMaHHE M Ha HaJW4yhe OOJIBLIOrO KOJIMYECTBAa HEOpOILIAeMbIX mojei Ha Bousro-
Honckoit OC, 4To MOXET yKa3bIBaTh HE TOJIbKO Ha SKOHOMUIO XO35IICTBaMH CPEJCTB AJIS [IOJINBOB,
HO M Ha TMECTPhI M CIOXXHBIA TMOYBEHHBIM IMOKPOB ATHUX MACCHBOB, 3HAYUTEIIBHOE HAIHYUE
3aCOJICHHBIX W COJIOHIIOBBIX TIOYB, YTO BBIHYXKJACT XO3SHCTBA OCTAaBISATh Takhe TOJs 0e3
OpOILIEHUSI.

UToObl pa3fenuTh OpOIIaeMble U HEOpOIIAaeMble MOJIS, a TaKXKe BBIJCIUTh U pa3feiIuTh
MHOTOJIETHIOIO 3aJIeXkb [0 BO3pAcTy 10 5 jeT u Oosiee 5 JeT, ONBITHBIM IyTeM MoAOUpaeM u
WCIIOJIb3YeM COUYETaHWE pa3HbIX KaHAJIOB HAa MYJIBTHCIEKTPAIbHBIX KOCMHUYECKMX CHUMKAaX
(puc. 6, 7).

[Ipu BBIIEICHUN MHOTOJIETHEHW 3aJIe’KH HA M300pKEHHH KOCMHUYECKOTO CHHMKA CO CITyTHHKA
Landsat-8 (04.04.2020) mo coueTtaHuto KaHaioB 7, 5, 4 (KOPOTKOBOJHOBBI HH(paKpacHbI,
OmKHUM MH(GpaKpaCHBIHN, KpaCcHBII) 00Jee MOJI0as 3aJIeKb (110 5 JIeT) BBIACTAETCS HACBHIIICHHBIM
pPO30BBIM IIBETOM, a Oosiee 3pernas — OmeaHO-po30BbIM (puc. 6 A). JloCTOBEpHOCTH BBIJCICHHS
Pa3HOBO3PACTHOM 3ajJ€XU MOATBEPXKAAETCS IMPU CPABHEHHHM C H300paKEHHEM CO CHUMKOM 5-
JIeTHEW JTaBHOCTH, IPUBEICHHBIM 3/1eCh ke (puc. 6 b).

OpouraemMble MAacCHUBBI XOPOLIO OTOOpakaroTcsl HAa M300paK€HUM KOCMHUYECKOIO CHHMKAa CO
cnyrarka Sentinel-2 (27.07.2020) B coverannu kaHaioB 2, 3, 4 (3e1CHBIA, KpAaCHBIN, OJIKHUMA
WH(]paKpacHBIN) IPKUM (PUOJIETOBBIM IIBETOM (puc. 7).

Jlanee mo pe3yibTaTaM BCEX MPOBEACHHBIX CO CHUMKAMHM paboT Oblla COCTaBJIeHA KapTa
CTPYKTYpPbl CEIbCKOXO3SIMCTBEHHOM Yroaud 1eHTpaibHoi dactu Bonro-onckoit OC ¢
0TOOpaX€HUEM IOJIeH 3aHATHIX Pa3HBIMU KYJIbTYpaMH, C yKa3aHHEM HAXOJAUTCS JIM KYJIbTypa MO
OpOILIEHUEM WM HET, a TAKXKe IMapaMu U pa3HOBO3PACTHOM 3aJIeXkbI0 U IO sIMU 1osiei (puc. 8).

OO6mras Tiomaas paccMaTpPUBAEMBIX CEIbCKOXO3SHCTBeHHBIX mosie (130 mT.) cocraBuia
8988.9 ra, M3 HUX HAXOAWJIUCHh MOJ: O3UMBIMU 3epHOBbIMH 2026.2 ra (22.5%), SpOBBHIMU
kynetypamu — 493.0 ra (5.5%), cymanckoii TpaBoii mojn opomenueM 44.2 ra (0.5%) u 0Ge3
opomrenus — 300.5 ra (3.3%), kykypy3o#t Ha cunoc noja opoureHueM — 255.0 ra (2.8%), coeit mox
opomrenueM — 3.4 ra (0.05%), mapamu — 3304.3 ra (36.8%), 3anexbio Bo3pactom Ao 5 et — 1205.8
ra (13.4%) u 6onee 5 ner — 1356.5 ra (15.1%). To ectb Bo3aenbiBasioCh nopsiaka 35% muiomanu
CEeNbX03Yrouid, moJa mapamu ocTaBieHO 36.8% u 28.6% SBUINCH 3aJI€KbIO, YTO COCTaBISET
CYIIECTBEHHYIO [0Ji0. UTO KacaeTcsi OpOLIEHHUS, TO M3 PaccMaTpUBAEMbIX 3€MeENb OPOIIAIOCh
TObKO 3.5%, 4TO OYeHb Mano. ITO MOXKET OBITh CBSI3aHO KaK C SKOHOMUYECKHMH IpodieMaMu
X0351CTBa, TaK WU C JETrPaJUPOBAHHBIM U KOMIUIEKCHBIM IOYBEHHBIM IOKPOBOM, KOTOPBIN
HYXJIa€TCA B IOPOTOCTOSIIEH METUOPALIMH MOJIEH.

CocrosiHHE BO3JIETBIBAEMBIX CEIbCKOXO3SMCTBEHHBIX KYJIbTYpP HAMH OLIEHUBAJIOCh IO
BeretaliuoHHoMy uHaekcy NDVI (ta6m. 1).

Ecnm pactutenbHbIil TOKPOB CKYIHBIM, TO CHEKTP CHUMKA 3aBHUCUT, B OCHOBHOM, OT IOYBBI U
MOYBEHHBI (JOH CHIIBHO BJIMSET Ha HMHAEKC. VIMEHHO C CYIIECTBEHHBIM ISl Pa3HBIX KYJIbTYp
BapbrpoBanueM NDVI Mbl ctonkaymuck Ha Bousro-Zouckoit OC, uTo cBsi3aHO ¢ pa3HOOOpa3neM
BO3/IENILIBAEMBIX KYJIBTYp, IECTPOTON MOYBEHHOTO MOKPOBA U 3aCyIUIMBOCTHIO 2020 T.

[Toma mox mapoM HMMEIOT JTOCTaTOYHO poBHBIE 3HadeHWs NDVI Ha npoTsikeHuu BCero
paccmarpuBaemoro nepuoaa v coctaBisioT 0.13-0.17, 94TO COOTBETCTBYET 3HAUYEHHSIM OTKPBITOU
MMOBEPXHOCTHU IOYB.
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b

Puc. 6. BoineneHue MHOTOJIETHEH 3aeXU Ha MYJIBTUCIEKTPAIBHBIX KOCMHUYECKHMX CHUMKAX.
A) NU300paxenne 3anexu Ha KOCMHUYECKOM CHHUMKe co chyTHuka Landsat-8 (04.04.2020) B
COYeTaHWU KaHajioB 7, 5, 4 (KOPOTKOBOJIHOBBIN HH(ppaKpacHbIM, OMMKHMN HH(paKpacHbIH,
KpacHbIi). YVcnosnvie 0b603navenus: 1 — 3anexpb BO3pACcTOM JI0 5 JieT, 2 — 3a51eXb Bo3pacToM Oojee 5
ner. b) N3o0Opaxenue moneil Ha kocMuueckoM cHHMKe ¢ moptana Google Earth (05.08.2015),
cTaBmIKe MHorosieTHed 3anexbpio K 2020 r. Vcenoeusie obosnauenus: 1 — mone ¢ yOpaHHOM
KYJIbTYPOH, 2 — MaiHs, 3 — 1oJie noJ napom, 4 — MHOTOJIETHSS 3aJI€XKb.
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Puc. 7. Beigenenne opoiraeMbplXx MaCCUBOB Ha M300paKEHWHU KOCMHYECKOTO CHUMKA CO CITyTHHKA
Sentinel-2 (27.07.2020) B coderanuu KaHaioB 2, 3, 4 (3eN€HBIH, KpacHBIM, OIMHKHUI
nH(ppakpacHbiit). Ycrnosnvie 0bo3nauenus: 1 — opoaeMble MAaCCUBBHI.

OszumMmble 3epHOBBIC Hamboubiero 3HadueHus uHiaekca NDVI mocrurator B ampene (0.72-0.73),
BbI3peBatoT K uioHO (0.2-0.21), B uioie UX HauMHAIOT yOupaTh. 3HAUCHHS MHJIEKCA KYKYpY3bl, COU U
CYJaHCKOW TpaBbl O] OpOIleHHeM AocTuraroT Makcumyma B aBrycre (0.60-0.88), k Hauamy yOOpKH.
3anexxp 1o 3HadeHusM NDVI 3aHumaer npoMEXyrodHOE IIOJIOKEHUE MEXAy MapamMud |
BererupyrommMu Kynbtypamu (0.20-0.40), 3a cuet nmpouspacTaroieil Ha Hell COPHOM PacTUTENLHOCTH
1 HauOOJIBIINX 3HAYEHUH UHAEKC Yy KOTopbIX ocTuraer B uioHe (0.38-0.48), Ho He npesbimaeT 0.5.

Ocoboe pa3BUTHE OTMEYAETCS y SPOBBIX 3€PHOBBIX KYJIbTYp, UYb€ M300pa’keHHE Ha CHUMKax
paccMaTpuBaioCh OTAEIBHO, T.K. Ipe/ularaeMble Bbllle B TaOnuie | BpeMeHHble MHTEpPBAJbl HE
MOTYT OXBaTUTh UX KOPOTKHMH BereTanMoHHbIM nepuoj. HauOosee akTHUBHBIN Nepuosl BereTaluu
OTMEYaeTCcsl B KOHLIE Mas, a B Hadaje HUIOJs OHU YyXKe JOCTUIJIM 3pEJOCTH M ObUIM yOpaHbI.
Maxkcumanbhble 3HadeHuss NDVI (0.52-0.54) xapakTepu3yroT He Ou€Hb XOpOIIEe BEreTalluOHHOE
COCTOSIHHE KYJIBTYp, CBI3aHHOE€ C 3aCYIIJIMBOCTBIO T'0J1a U, BOBMOKHO TIOTOMY, OHH ObUIH OBICTPO
yOpansl ¢ noieit (tadm. 2).

Ecnu nuanazon 3nauenuit NDVI B npeaenax mosst ¢ kKakoi-mu6o oHOM KyJlIbTypoil B aKTUBHOM
¢aze Bereranuu pasnuyarorcs Ha 0.1 u Gosee (B HamleMm cilyyae — CyAaHCKas TpaBa Ha Oorape u
cos), 3TO CBHUJETEIbCTBYET O HEPAaBHOMEPHOCTU €€ pa3BUTHUS, YTO MOXKET OBbITh CBSA3aHO C
MECTPOTON MOYBEHHOTO MOKPOBAa M, CJIENOBATENIbHO, TPeOyeT 0coOOro BHUMaHHMs NMpH Hojdope
KIIFOYEBBIX yYaCTKOB.

Jlns  obmiero mpeacraBileHus pacnpeaeneHus 3HaueHunii NDVI mo Bcelt Tepputopun
neHtpanbHoii uactu Bonro-Jlonckoir OC Obima mpoBeleHa KiIacCHpUKaUs H300pakeHUs
KOCMUYECKOTO CHUMKa CO CIyTHHKa Sentinel-2 3a uronb mecsr (puc. 9).
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|Homep Kos Obvexr Mnowans_ra Homep Obvexr Mnowags._ra

‘ 29 7 3anexb BO3PACTOM A0 5 neT 229,7 49 7 3anexe eozpacrom Gonee 5 ner 198

l 30 7 3anexb 8o3pactom 40 S set 233,4 SO 7 3anexs sospacrom Gonee S ner 14,5
31 6 Mapul 52,3 51 1 OsumMbie 3epHOBLE 111
32 3 Cyaawckas Tpasa Ha Gorape 167,3 52 1 O3uMbie 3epHoBbE 19,1
33 6 MNapbt 193,5 53 7 3anexb eospacrom Gonee S ner 123,3
34 3 Cyanawckan Tpasa Ha Gorape 59,2 54 1 O3MMbi& 3EPHOBbIE 140,5
35 6 Mapul 59,8 55 7 3anexs eozpacrom Bonee 5 net 247,8

| 36 2 SipoBbie 38pHOBLIE 161,6 56 1 O3umbie 3epHOBRE 3374

| 37 1 O3umbie 3epHoBbe 128,2 57 6 MMapol 230,8
38 7 3anexb BO3pACTOM A0 5 neT 878 58 7 3anexb eospacrom Gonee 5 ner 86,7
33 6 Mapu 17335 59 7 3anexw sospacrom 6onee 5 ner 89,5
40 7 3anexb s03pacTom A0 5 ner 41,4 60 6 Napul 12,5
:; ; 33:@"5 BO3PACTOM gee : ner :'; 61 1 O3uMble 38pHOBbE 40,8

exb BospacTom Bonee 5 net 12,

‘ 43 7 3anexs sospactom bonee 5 ner 17,1 z; j g:::ue 3epHOBbE ;::z
e 7 3anexb sospacrom Gonee 5 ner 171 64 6 Mapul 16,5

: 45 7 3anexb eospacrom bonee S ner 16,4 65 6 Mape: 117,2
46 7 3anexs sospacrom bonese 5 ner 251 66 1 O3uMbie 3epHOBbE 105,4
47 7 3anexv eospacrom bonee S ner 27,8 67 4 Kyxypysa Ha GUNOC NoA OpoLeHieM 65,6
48 7 3anexb so3pacTom bonee 5 net 17,5 68 4 KyKypysa Ha CHioC NOR OpowseHMen 442

Puc. 8. CrpykTypa cenbCKOXO3AWCTBEHHBIX YTrOJIuil LeHTpaibHOW uactu Bonro-Jonckoit OC
(Bonrorpanckas 061acts) B 2020 r. ¥ mioniaap Kaxaoro nois. Yenosusie obosnauenus: 1 — o3uMble
3epHOBBIE, 2 — SIPOBBIE 3E€pPHOBBIE, 3a — CyJaHCKas TpaBa Ha Oorape, 30 — cymaHCKas TpaBa MO
OpolLIEHHEM, 4 — KyKypy3a Ha CHJIOC O]l OPOLIEHUEM, 5 — COs MOJ OpOLIEHHEM, 6 — mapbl, 7a —
3aJIe’b BO3pacToM J0 5 JieT, 70 — 3alexb Bo3pacToM Oosiee 5 yiet, 63...74 — MopsAKOBBI HOMEp

T10JI4.
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Ta6muua 1. 3nauenus NDVI cenbckoxossiiicTBeHHBIX yroguit Bonro-Jlonckoit OC (deBpaib-
asryct 2020 r.)

Ne ¢/X KyJabTypa ¢eBpans | anpean HIOHb HI0JIb aBrycr
1 03UMBbI€ 3€pHOBbIE 0.62-0.70 | 0.72-0.73 | 0.20-0.21 yOpaHbl yOpaHsI
3a | cynmaHckas TpaBa Ha 6orape 0.64-0.76 0.28-0.30 | 0.26-0.28
36 cylaticrat Tpapa 0.60-0.66 | 0.60-0.80 | 0.60-0.85

I0JT OPOIICHUEM
4 KYKypy3a Ha CHJIOC 0.69-0.71 0.83-0.86 | 0.80-0.85
5 cost 0.37-0.47 | 0.47-0.50 | 0.79-0.88
6 mapbl 0.15-0.17 | 0.14-0.19 | 0.16-0.18 | 0.14-0.15 | 0.13-0.15
7 3aJIekKb 0.34-0.40 | 0.38-0.48 | 0.24-0.31 | 0.20-0.21

Taoamua 2. 3nauenus NDVI spoBbix 3epHOBBIX KynbTyp Boinro-Jlonckoit OC (maii-aBryct 2020 r.)

Ne ¢/X KyJabTypa Maii UIOHb HAYAJI0 UIOJISl | KOHEIl HKJIsI | aBrycT

2 | spossie 3epHOBBIE | 0.52-0.54 | 0.23-0.25 0.14-0.15 yOpaHbI yOpaHbI

Ha pucynke 9 moxaszano, uro mpu 3HadeHun NDVI<0.2 naxomsaTcs moyis ¢ yOpaHHBIMHU
KyJabTypaMH U mapsel, B uHTepBai 0.2-0.4 monajgaroT moJis ¢ 3aJI€KbI0 U MOJS C CYITaHCKOW TpaBOu
Ha Oorape m mpu 3HaueHUsx 0.4-1 — mons ¢ opomaeMbIMU KyJIbTypamMu (KYKypy30M, COEH,
CYJaHCKO TpaBOi) B pa3HOM CTENEHU BEreTally, a TAKXKe CaJI0BbIE YYAaCTKHU B MOCENKaX U CUIBHO
BETETUPYIOIas PaCTUTEIHLHOCTH B OanKax.

Takum oOpazom, anaim3 3HaueHH NDVI mo3BossieT pa3neauTh BETETUPYIOIINE KYJIbTYpPHI,
napbl, 3aJI€Kb, OMPEACIUTh COCTOSIHIE KYIbTYPBI B IIPOLIECCE BEreTallUU U 10 HEPABHOMEPHOCTH €€
Pa3BUTHUS OIPEICIIUTH YYACTKH MOJIEH ¢ HAanOOJbIIEH MeCTPOTOM MOUYBEHHOTO MTOKPOBA.

Janee, mo pe3yiabTaTaMm BCeX TNPOBEACHHBIX pPAa0OT sl JalbHEWIero o0cieqoBaHus
OpollIaeMbIX OYB OBLIN BBIOpAHbI cienyroiue kitoueBbie yuacTku (puc. 10). IlepBbiil yuacTok —
9TO TOJIE ¢ CYJAaHCKOW TpaBoil Ha Oorape, 3HaueHus NDVI Ha xoTtopom cocraBmim menee 0.4 B
aKTUBHYIO (Da3y Bereranuu, 4YTO CBHJIETEIICTBYET O HAJIWYUHM JCTPAJAllMOHHBIX MOYBEHHBIX
MPOLIECCOB, CHIKAIOIIMX BEreTAllMOHHYIO AaKTUBHOCTh KYIBTYphl (BEpOsSTHEE BCEro, 3TO
COJIOHIIEBATOCTH MOYB). BTopoil yuacTok BbIOpaH M3-3a MATHUCTOTO PUCYHKA HA MOJIE MO MapoM,
YTO BBISIBIISIET DPO3UOHHYIO JIErpajaliio MmoyB. TpeTuil yd4acToK BBHIOpAH Ha TOJIE C 3aChIITaHHBIMU
BPEMEHHBIMU OPOCUTENISIMH, UTO MPEINoJiaraeT CUJIbHOE aHTPOIIOTeHHOE BO3/ICHCTBUE Ha MOYBBI U
MECTPOTY MOYBEHHBIX 00pazoBaHuil. UeTBEpTHI yuacTOK OXBaThIBACT 3aJIeKb BO3pacToM Ooiee 5
JIET, YTO YKa3bIBA€T HA CIJIOKHBIM MOYBEHHBIM MOKPOB 3TOTO MACCHBA U BBIHYXKJAET XO3SIMCTBO
OCTaBHUTH TAaKOE MOJI€ JUIUTETIbHOE BpeMs 0e3 BO3JeNbIBaHUsA U opomieHus. [IaTeiit yyacTok — 3TO
opoliaeMoe ToJie ¢ 6JaronolyyHo BEreTHPYIOLEH KyIbTypoil (KyKypy3a Ha CHUJIOC), T1e 3HAYEeHUS
NDVI cocragnsitor 60mee 0.8.

3aki0ueHue

HccnenoBanus ObUIM HaNpaBJeHbl Ha BBISBICHHE BO3MOXXHOCTH DPACHO3HABAHUS CTPYKTYPHI
CEeNIbCKOXO3SMCTBEHHBIX Yroaui (mosied C pa3HbIMH CEIbCKOXO3SIMCTBEHHBIMH ~KYJIbTypaMH,
IapaMHy, 3aJIEXKbI0) MO0 MYJIBTUCIEKTPAIBHBIM KOCMHUYECKMM CHUMKaM BBICOKOTO pasperieHus (10
M) co cnyTHHKa Sentinel-2 Ha nmpumepe Bosro-/lonckoit OC, pacnonokeHHON B CyXOCTEIHO 30He
Ha TeppuTopuu Boisrorpaackoit o61acTu ¢ HENbI0 MOCIEIYIONIEr0 BHIOOPA KITIOUEBBIX YYaCTKOB
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MIOYBEHHOTO O00CJIEZI0OBaHMS, YUYMUTBIBAIOIIETO COCTOSHUE KylnbTyp M moned. Jiust 3toro
aHATM3UPOBAINCE CHUMKHU 3a (eBpanb-aBryct 2020 r. m IpUBICKATUCh MaTEpHAbl TOJIEBBIX
oOciiefloBaHNi, TPOXOAMBIIMX B aBrycre-ceHTsiOpe 2020 r. Ha JaHHOH TEPPUTOPHH.
Pacnio3HaBanue CTPYKTYpBl CEIIbCKOXO3SWCTBEHHBIX YrOMUH 1O KOCMHYECKHUM H300paKEHUSM
IIPOBOJIMIIOCH BU3yaJbHbIM U aBTOMAaTU3UPOBAHHBIM METOIaMHU.

Inavenns NDVI

= oo
3 0204
B 0406
[ oso0s
B os:

Puc. 9. Knaccudukarus no 3navenusm NDVI uzo0pakeHns: KOCMUYECKOTO CHUMKA CO CITyTHUKA
Sentinel-2 (27.07.2020) na Tepputoputo ieHTpaibHoi yactu Bonro-/lonckoit OC.

1000

Mo
Macured 1:35000

Puc. 10. PacnosioskeHue BBIOpaHHBIX KJIOYEBBIX y4dacTKOB (1-5) misi WcclieloBaHUS TOYB Ha
KOCMUYECKOM CHUMKE co ciyTHHKa Sentinel-2 (27.08.2020).
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B mporecce paboTbl OBIIO YCTAaHOBIEHO, YTO IMPH IOCIEAOBATEILHOM BU3yaJIbHOM aHAJIN3e
Pa3HOBPEMEHHBIX ~ MYJIbTUCICKTPATbHBIX KOCMHUYECKUX H300pKEHUH  O3UMBIE  KYIbTYPHI
OJTHO3HAYHO BBIACTISIOTCS Ha CHUMKax 3a (eBpaib, MapT W ampeib MECSIbl; HAa H300pakeHUH
CHUMKA, IIOJIyYUEHHOTO B ampesie, XOPOULIO ONpPENeNsIeTcs MHOTOJIETHSS 3aJiekb; Ha CHHUMKax 3a
UIOHb BBIJCISIOTCS BBI3PEBAIOIINE O3MMBIE U SIPOBBIE 3€PHOBBIE KYJIbTYpHI, CyJaHCKas TpaBa Ha
Oorape, mapbl, 3aJIeXKb, HO IJIOXO PACIO3HAIOTCS KYKypy3a M COs O]l OPOLICHHEM; Ha HIOIbCKUX
CHHUMKAaXxX XOpPOIIO BUIHBI YOpaHHbBIE O3UMbIEC U SIPOBBIC 3€PHOBBIC KYJIbTYpPBI, KYKypy3a, Mapbl, HO
[0 TOHY OT IMAapoB €/IBa OTIMYAIOTCSA CyHAaHCKas TpaBa Ha Oorape, cos, 3aJie)Kb, HA CHUMKax 3a
aBI'yCT MOHO BBIICIUTH YOpaHHBIE O3MMBIE U SIPOBBIE 3€PHOBBIC KYIBTYPHI, COI0, KYKYpy3y, HO
mapsl M 3aleXb M0 TOHY IUIOXO pa3iuyaoTcs Mexay co0oil. COBOKYMHOCTh KOCMHUYECKHUX
Pa3HOBPEMEHHBIX CHUMKOB I103BOJIMJIa PACIO3HATh BCE BO3/EJIBIBAEMBIE IOJISI HA OPOCUTENILHOMN
CUCTEME.

st aBTOMATHU3UPOBAHHOM KJIACCH(PUKAIIMK KOCMUYECKUX M300paKEHUU W  BbIICIICHUS
CTPYKTYpBl CEIbCKOXO3SMCTBEHHBIX YroAuil mnpumensuics kinaccupukarop Random Forest,
OCHOBaHHBIM Ha aHcambie u3 kinaccupukaropoB tuma JlepeBbeB npunstus pemenuil (Decision
Tree). B knaccudukatope wucnosib3oBaguch oOydarolue BBIOOPKH, COCTaBJICHHblE Ha Oa3ze
BHU3YaJILHOTO JACMIU(PPUPOBAHUS CHUMKOB, U CIEAYIOIIHME TPHU3HAKH: CHEKTpajibHasi SPKOCTh B 4
KaHajmax cnyTtHuka Sentinel-2, a Ttaxke 3HaueHuss NDVI (Hopmain3oBaHHBIM pa3HOCTHBIN
BereTallMOHHBIN WHAEKC). OOpabaThIBANCh M300pa)keHUs 3a Tepuo]i (HeBpaab-aBTyCT MECSIIHI.
ITo pe3ynbratam kinaccuukanuu HauOoyiee TOJHOE BbIAETICHHE CTPYKTYpPbl CEIbX03Yyroauit
HaOI0JaIOCh HAa CHMMKaxX 3a WIOHb U UIOJb MeECSIbl. Takke BBISBHIOCH, YTO MajeHbKUE I10
momaay moss (0.2-0.5 ra) He HASHTUPHUITUPYIOTCS CAMOCTOSTEIFHO U CIIUBAIOTCS C OKPYKAIOIIUM
¢boHOM, a Moy TOA TapaMH, HA00OpOT, B 3aBUCHUMOCTH OT Mecslla CheMKH (M Pa3HOCTH BO
BJIQYKHOCTH TIOYB) MOTYT pa3lIelMThCs Ha JBa-TPH KJacca, 4To MOTpeboBano Ux oObEAWHEHHUS Ha
3aKJTIOYUTEIIHFHOM 3Tare 00pabOTKH CHUMKOB.

[To pe3ynmpTaTam aBTOMATHU3UPOBAHHOUN KIacCU(PHUKAIIMA KOCMHUYECKHX H300pakeHui ObLia
cocTtaBiieHa o000OmIeHHass MaTpula OmMUOOK, KOTOpas TMoOKas3ajia, 4YTO JOJs MPaBHIBHO
KJIaCCU(UIIMPOBAHHBIX MUKCEICH A BCEX aHAIU3UPYEMBIX CEIbCKOXO3SICTBEHHBIX YTOIH B
cpenHem cocraBuia 75%, a, cieqoBaTenbHO, Takas 00paboTka CHUMKOB BIIOJIHE IPUMEHUMA.

Hcnonb3oBanue coyeTaHus pa3lIWYHBIX KaHaJIOB HA CHUMKax [O3BOJMIO pPa3AeiuTh
opolllaeMble U HEOPOIIAEMbI€ MOJISE HA OPOCUTENIBHON CHCTEME U Pa3HOBO3PACTHYIO 3aJI€Kb.

[lo oxoHyaHuM BceX MPOBEACHHBIX paboT Obula coCTaBlieHA KapTa CTPYKTYpPHI
CEJIbCKOXO3SUCTBEHHON yroauil neHTpansHoii yactu Bonro-Jlonckoit OC ¢ oToOpaskeHHneM Moei,
3aHSATHIX Pa3HBIMU KYJIbTYpPaMH, C yKa3aHUEM, HAaXOJUTCS KyJIbTypa MOJ OPOLICHHEM WIH HET,
a TaKKe ¢ MapaMy U Pa3sHOBO3PACTHOM 3aJI€KbI0 U BCEMU TLIOMIAASIMHU MOJICH.

BoisiBneHo, 4To W3 Bced IUIOMIAMU pPacCMaTPUBAEMbIX CEIbCKOXO3AWCTBEHHBIX MOJEH
(8988.9 ra) BoznenbiBaercs 35%, mon mapamu octaBieHo 36.8%, a 28.6% cranu 3anexpro, 4TO
SBJIIETCS CYILIECTBEHHOU ojeil. 13 Bo3nmenbiBaeMbIX MoJiel opolraercs Toabko 3.5%, 4To OueHb
Mano. IlpuumHO#l crmaboro OCBOEHHsI Yroguii MOTyT OBITh KaK ASKOHOMHYECKHE MPOOIEeMbI
XO035ICTBa, TaK U AETPaJIUPOBAHHBIN 1 KOMITJICKCHBIN MTOYBEHHBIH MMOKPOB.

Paccunrannbie 3Hauenus uuaekca NDVI, koTopble O0Tpa3uin COCTOSIHUE KYIbTYp Ha Pa3HBIX
JTamax BereTalru, a aHallu3 BCEro MOJIYYeHHOTO MaTepuana Jial BO3MOKHOCTh MPOU3BECTH MOA00D
KIFOYEBBIX  y4YacTKOB TUTST MMOYBEHHOTO obcrnenoBaHus, MOCKOJIBKY ~ COCTOSIHUE
CENIbCKOXO3SUCTBEHHBIX KYNbTYP, B Py MHOTUX JPYTHX (PaKTOPOB, OTPAKAET CTPYKTYpy H
JeTpajialliio MMOYBEHHOTO TOKPOBA M CHOCOOCTBYET MPAaBUILHOMY BBIOOPY TaKHUX YYacTKOB IS
M3y4YeHHUS U pa3paboTKW B JalbHEUIIEM HEOOXOJAMMBIX MEIHOPATUBHBIX MEPONPHUITUN TIO
YIIYYILIEHHIO TJI0I0POIUSl OPOIIA€MBbIX TOUB.

OKOCHUCTEMBI: OKOJIOI'NA 1 AMHAMUKA, 2021, Tom 5, Ne 3



24

10.

PACIIO3HABAHUE CEJIbCKOXO3SMCTBEHHbBIX YI'OJUMN ...

CIIMCOK JIMTEPATYPbI
AT'PUDH. ArpapHas UHTEpPHET-
sHimkoneauss. 2020  [DaexTpoHHbIN
pecypc http://www.agrien.ru (mata
oOpamenns 11.05.2021).

Anoponnuxos B.J1. 1979.
ADpPOKOCMHUYECKHE METOJAbl  M3YyYCHHS
nous. M.: Kouoc. 280 c.

Anmunos-Kapamaes 1. H. 1953.
Memuopauust  cononunoB B CCCP.

M.: U3n-Bo AH CCCP. 563 c.

Anmonosa C.FO., Kpasyosa B.M. 1976.
OmpIT  UCHOJIB30BAaHUS ~ KOCMHUYECKUX
MHOTO30HAJIBHBIX CHUMKOB JJI1 U3YUCHHS
3acosienust Teppuropun // WccnemoBanus
MIPUPOTHOMN cpenbl KOCMHYECKUMU
cpeactBamu. M.: BUHUTU. C. 131-139.
bapanoecrkas A.B., Azoeyes B.HM. 198l1.
Brnussaue  opomeHmss Ha  MUTPALHIO
kapOboHatoB B mouyBax lloBomkbs //
ITouBoBenenue. Ne 10. C. 17-26.
Besonuna C.A. 1997. KayecTtBO BOIBI IA
OpOILIEHUS: TPUHLHUIIBI U METObI OLIEHKH.
M.: POMA. 185 c.

bonvwaxkos A.@. 1961. Boanblil pexum
MOIIHBIX 4YepHO3eMOB CpeaHepycCcKou
Bo3BheiIIeHHOCTH. M.: U3n-s0 AH CCCP.
200 c.

BEI'A-PRO. CnyTHUKOBBIM  CEpBUC
aHanuza Beretanuu. 2020 [DaeKTpOHHBIN
pecypc http://pro-vega.ru (mara
obpamenus 11.05.2021).

Bouuuexun /[ J[. 1975. T'eorpaduueckas
UHTEpIIpeTalisi KOCMHUYECKUX CHHUMKOB B

neirax TEMATHYCCKOI'O KapTUPOBaHUsA
3aCOJIEHHBIX 3eMelb  // Hccnenosanus
l'[pHpOI[HOfI Cpeabl KOCMHNYCCKHMU

cpeacteamu. M.: BUHUTU. T. 4. C. 34-37.
T'opoxosa UH., Aeoeesa T.H.,
Ilankosa E.U., Ilpoxonvesa K.O. 2019.
[TouBeHHO-arpoxuMuyecKas
XapaKTepUCTHKA CBeTiosipcKoro
opollaeMoro ywacrtka B Bomrorpaackoi
obmnactu // Apunable skocuctemsl. T. 25.
Ne 1. C. 48-59. [Gorokhova I.N., Avdeeva
T.N., Pankova E.I., Prokopeva K.O. 2019.
Soil and Agrochemical Characteristics of
the Svetloyar Irrigated Site in Volgograd

REFERENCES

AGRIENE, Agrarian Internet Encyclopedia

[AGRIEN, Agrarnaya internet-
entsiklopediyal. 2020,  available at
http://www.agrien.ru, (accessed
11/05/2021).

Andronnikov VL. Aerospace methods for
soils study [Aerokosmicheskiye metody
izucheniya  pochv]. Moscow: Kolos,
1979:280.

Antipov-Karataev IN. Amelioration of
solonetzes in the USSR [Melioratsiya
solontsov v SSSR]. Moscow: AN SSSR,
1953:563.

Antonova SYu., Kravtsova VI. Experience
in the use of multi-spectral space images to
study the salinization of the territory [Opyt
ispol’zovaniya kosmicheskikh
mnogozonal 'nykh snimkov dlya izucheniya
zasoleniya territorii| Study of the natural
environment with the usage of satellite
images [Issledovaniya prirodnoy sredy
kosmicheskimi  sredstvami]. Moscow:
VINITI, 1976:131-139.

Baranovskaya AV., Azovtsev VI. Influence
of irrigation on the migration of carbonates
in the soils of the Volga region [Vliyaniye
orosheniya na migratsiyu karbonatov v
pochvakh  Povolzh’ya]l  Pochvovedenie.
1981;10:17-26.

Bezdnina SYa. Irrigation water quality:
principles and methods for evaluation
[Kachestvo vody dlya orosheniya: Printsipy
i metody otsenki]. Moscow: ROMA,
1997:185.

Bolshakov AF. Water regime of powerful
chernozems of the Central Russian Upland
[Vodnyy rezhim moshchnykh chernozemov
Srednerusskoy vozvyshennosti]. Moscow:
AN SSSR, 1961:200.

VEGA-RRO, Vegetation analysis satellite
service [VEGA-RRO, Sputnikovyy servis
analiza vegetatsii]. 2020, available at
http://pro-vega.ru, (accessed 11/05/2021).
Vyshivkin DD. Geographic interpretation of
satellite images for the purpose of thematic
mapping of saline lands [Geograficheskaya
interpretatsiva kosmicheskikh snimkov v

OKOCHUCTEMBI: OKOJIOI'NA 1 AMHAMUKA, 2021, Tom 5, Ne 3



11.

12.

13.

14.

15.

I'OPOXOBA, UYPCHH, XUTPOB, [IAHKOBA

Oblast // Arid Ecosystems. Vol. 9. No. 1.
P. 41-50.]

Topoxosa H.H., Ilankosa E.H. 2017.
[Ipupoa NATHUCTOCTH OPOIIAEMBIX ITOYB
CyXOCTEMHOW  30HBI  (HA  TpuUMepe
CBeTJIOSPCKOM OPOCUTEILHOW CUCTEMBI) //
Apunneie skocuctemsl. T. 23. Ne 3 (72).
C. 44-54. [Gorokhova I.N., Pankova E.L
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. P. 161-170.]

T'opoxosa UH, Ilanxoea EN.,
Yypcun U.H. 2020. Metoauueckue
MOJXOABl K pPa3paboTKe MOHUTOPHHTA
opomaemMeIX 3eMenb rora Epomnelickoit
gacth Poccum Ha OCHOBE MaTepHalioB

KOCMUYECKOW  CcbeMkH //  ApuaHbie
skocuctembl. T. 26. Ne 1 (82). C. 84-93.

[Gorokhova LN, Pankova E.IL,
Chursin ILN.  2020. Development of
Methodological Approaches for the

Assessment of the Status of Irrigated
Lands in the South of the European Part of
Russia Based on Space-Surveying
Materials // Arid Ecosystems. Vol. 10.

No. 1. P. 70-78.]
Topoxosa UH, Xumpos HBFE.,
Kpasuenxo E.I1. 2020. N3menenue

34COJICHHOCTH OpoInacMbBIX IIOYB y4dacCTKa

UepeneHoe 3a YETBEPTH BEeKa
(Boarorpanckas 00J1acTh) /!
ITousoBenenme. Ne 4. C. 463-472.
[Gorokhova LN, Khitrov N.B.,

Kravchenko E.I. 2020. Changes in Soil
Salinity at the Chervlenoe Irrigation
Massive (Volgograd Oblast) in a Quarter
of Century // Eurasian Soil Science.
Vol. 53. No. 4. P. 494-502.]

T'opoxosa UH, Xumpoe HF.,
Ilankosa E.U., Ilpoxonvesa K.O. 2018a.
3acosneHHocTh  TOYB  CBETJIOSPCKOTO
opolraeMoro maccuBa B Bomrorpanckoii
obmactu B 2010-x romax // bromnereHs

ITousennoro  umHcTuTyra uM. B.B.
HoxyuaeBa. Bein. 93. C. 75-93.
T'opoxosa HUH, Xumpos HE.,

IIpoxonvesa K.O., Xapnanos B.A. 20186.

10.

11.

12.

13.

14.

15.

16.

17.

25

tselyakh  tematicheskogo  kartirovaniya
zasolennykh zemel’]| Research of the Natural

Environment by Space Means
[Issledovaniya prirodnoy sredy
kosmicheskimi  sredstvami]. Moscow:

VINITI, 1975;4:34-37.

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.

Gorokhova IN, Pankova 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.

Gorokhova IN, Pankova EI, Chursin IN.
Development of Methodological
Approaches for the Assessment of the Status
of Irrigated Lands in the South of the
European Part of Russia Based on Space-
Surveying Materials Arid Ecosystems.
2020;(10)1:70-78.

Gorokhova IN, Khitrov NB,
Kravchenko EP. Changes in soil salinity at
the  Chervlenoe irrigation  massive

(Volgograd Oblast) in a quarter of century
Soil Science. 2020;4:463-472.

Gorokhova IN, Khitrov NB, Pankova EI,
Prokopyeva KO. Soil salinity of the
Svetloyarsk  irrigated massif in the
Volgograd region in the 2010s [Zasolennost’
pochv Svetloyarskogo trebuyemogo
kachestva v Volgogradskoy oblasti v 2010-
kh godakh] Bulletin of the V.V. Dokuchaev
Soil Institute. 2018a;(93):75-93.

Gorokhova IN, Khitrov NB,
Prokopyeva KO, Harlanov VA. Soil Cover
of the Svetloyarsk irrigation system after
50 years of reclamation practices Eurasian
Soil Science. 2018b;(51)8:1-11.

Degtyareva ET, Zhulidova AN. Soils of the
Volgograd region [Pochvy Volgogradskoy
oblasti]. ~ Volgograd:  Nizhne-Volzhsky
Publishing House, 1970:319.

Dedova EB. Zonal scale for assessing the
quality of irrigation waters in the Republic
of Kalmykia // Synergy [Zonal’naya shkala
otsenki kachestva polivnykh vod respubliki

OKOCHUCTEMBI: OKOJIOI'NA 1 AMHAMUKA, 2021, Tom 5, Ne 3



26

IlouBennbii  mokpoB  CBeTyIOsIpCKOM
OpPOCHUTENIFHOM CHUCTEMBl Yepe3 IOJIBEeKa
MEIHOPATUBHBIX BO3JICHCTBUI //
[TouBoBenenue. Ne 8. C. 1-18. [ Gorokhova
LN., Khitrov N.B., Prokopyeva K.O.,
Kharlanov V.A. 2018. Soil Cover of the
Svetloyarsk Irrigation System after 50
Years of Reclamation Practices // Eurasian
Soil Science. Vol. 51. No. 8. P. 1-11.]
16. leemapesa E.T., Kymuoosa A.H. 1970.
[TouBsl Bonrorpaackoit obnacTu.
Bousrorpan: Huxknae-Bomkckoe KHMKHOE
u3n-Bo. 319 c.
Jleoosa D.b. 2018. 3onHanpHas MmKana
OIICHKM  KauecTBa  IOJUBHBIX  BOJ
pecniyonuka Kanmeikus // Cuneprus. Ne 1.
C. 88-95 [DnexTpoHHbII pecypc
https://vepi.ru/wp-
content/uploads/2018/10/Sinergiya-2018-
1.pdf (nata obOpamenus 17.05.2020).
3auoenoman @.P. 1993. Dxonormveckas
3alMTa  MEJTUOPUPYEMBIX  MOYB U
arponanamadTos // TlouBoBenenue. Ne 1.
C. 5-12.
3umosey B.A. 1981. DOxomorus wu
MeJIHopalysl TMOYB CYXOCTEMHOW 30HBI
M.: [TouBeHHBII UHCTUTYT
uM. B.B. JlokyuaeBa. 248 c.
3unyenkxo E.B., Topoxosa UH.,
Kpyenaxkosa H.I., Xumpos H.b. 2020.
CoBpeMEHHOE COCTOSIHHE  OpOIIAEMBIX
nouB tora [IpuBoKCKON BO3BBIILIEHHOCTH
// broanerenb IIoyBEeHHOro HMHCTUTYTA
umenn B.B. JlokyudaeBa. Brim. 104.
M.: PACXH. C. 68-109.
Heanosa E.M. 1928. Ouepk NMoYB HOXKHOU
JacTu [Toxypansckoro 1aTo u
npuieraromux paoHoB Ilpuxacnuiickoit
Husmennoctu. JI.: M3n-eo AH CCCP.
320 c.
Kogoa B.A. 1946-1947. TlpoucxoxaeHue
U PEeXHUM 3acojeHHBIX mous. M.-JL.: U3n-
Bo AHCCCP.T.1,575¢.;T.2,375c.
Kogoa B.A. 1937. ConoHYaku U COJIOHIIBI
M.-JI.: Uzn-Bo AH CCCP. 246 c.
Koznosckuii @.M. 1991. CoBpemeHHbIE
€CTECTBEHHBIE u aHTPOTIOTCHHBIE
nporeccsl 3Bosronuu nous. M.: Hayka.
198 c.

17.

18.

19.

20.

21.

22.

23.

24.

18.

19.

20.

21.

22.

23.

24.

25.

26.

PACIIO3HABAHUE CEJIbCKOXO3SMCTBEHHbBIX YI'OJUMN ...

Kalmykiya]. 2018;1:88-95,
https://vepi.ru/wp-
content/uploads/2018/10/Sinergiya-2018-
1.pdf (accessed 17/05/2020).

Zaidelman FR. Environmental protection of
reclaimed soils and agricultural landscapes
[Ekologicheskaya zashchita
melioriruyemykh pochv i agrolandshaftov]
Pochvovedenie. 1993;1:5-12.

Zimovets BA. Ecology and soil reclamation
in the dry steppe zone [FEkologiya i
melioratsiya pochv sukhostepnoy zony].
Moscow: V.V. Dokuchaev Soil Institute,
1981:248.

Zinchenko EV, Gorokhova IN, Kruglyakova
NG, Khitrov NB. The current state of
irrigated soils in the south of the Volga

available at

Upland [Sovremennoye sostoyaniye
oroshayemykh pochv yuga Privolzhskoy
vozvyshennosti] Bulletin of the V.V.

Dokuchaev Soil Institute. 2020;(104):68-109.
Ivanova EI. Review of the soils of the
southern part of the Pre-Ural Plateau and
adjacent areas of the Caspian Lowland
[Ocherk pochv yuzhnoy chasti
Podural’skogo plato i prilegayushchikh
otritsatel’'nykh Prikaspiyskoy nizmennosti].
Leningrad: AN SSSR. 1928:320.

Kovda VA. Origin and regime of saline soils
[Proiskhozhdeniye i rezhim zasolennykh
pochv]. Moscow-Leningrad: AN SSSR,
1946-1947;(1):575; (2):375.

Kovda VA. Salines and solonetzes
[Solonchaki i solontsy]. Moscow-Leningrad:
AN SSSR, 1937:246.

Kozlovsky FI. Modern natural and
anthropogenic processes of soil evolution
[Sovremennyye yestestvennyye i
antropogennyye protsessy evolyutsii pochv].
Moscow: Science, 1991:198.

Konyushkova MV. Digital mapping of the
soils of the solonetz complexes of the

Northern  Caspian region [Tsifrovoye
kartografirovaniye  pochv  solontsovykh
kompleksov Severnogo Prikaspiya].
Moscow: KMK Scientific  Publishing
Association, 2014:316.

Koroleva PV, Rukhovich DI,
Rukhovich AD, Rukhovich DD,

OKOCHUCTEMBI: OKOJIOI'NA 1 AMHAMUKA, 2021, Tom 5, Ne 3



25.

26.

27.

28.

29.

30.

31.

32.

I'OPOXOBA, UYPCHH, XUTPOB, [IAHKOBA

Kounwowrosa M.B. 2014. Tludposoe
KapTorpaupoBaHUE IIOYB COJIOHIIOBBIX
koMmiiekcoB  CeepHoro  Ilpukacnus.
M.: ToBapuileCTBO HAy4HbIX H3AAHUHI
KMK. 316 c.

Koponesa I1.B., Pyxosuu J.H., Pyxoeuu
AJ., Pyxoeuu JIJI, Kynamuya A.JL,
Tpyonukos A.B., Kanununa HB.,
Cumaxosa M.C. 2017. MecronoiioxeHnue
OTKPBITOW MMOBEPXHOCTH TIOYBBI W JIMHUU
MOYBHl B CIEKTPAJIBHOM MPOCTPAHCTBE
RED-NIR  // TlouBoBenenme. No 12.
C. 1435-1446.

Kyzneyoe  M.C.,  [pucopves  B.A,
Xan K1O. 1990. VppurammonHasi 3po3ust
MOYB M €€ MPEeAYNPEKICHNE TIPH TTOJIMBAX
noxneBanueM. M.: Hayka. 120 c.
Jooumosa U.H., Jeemapesa E.T. 2000.
N3menenne kapOoHATHOTO MPOQUIIS MOYB

COJIOHIIOBBIX KOMILJIEKCOB pH
arporeHHOM BO3IEUCTBUH //
IlouBoBenenne. Ne7. C. 855-860.

[Lyubimova LN., Degtyareva E.T. 2000.
Changes in the Carbonate Distribution in
the Soils of Solonetzic Complexes at
Agrogenic Impact // Eurasian Soil
Science. Vol. 33. No. 7. P. 746-751.]
Jlooumosa U .H., Hosuxosa A.D. 2016.
BnusiHue  pa3iaMyYHBIX  AHTPOIOTEHHBIX
BO3JICUCTBUH  HAa  HM3MEHEHUWE  TOYB
COJIOHIIOBBIX KOMILIEKCOB CYXOCTEIHOMN
30HE5I // [louBoBenenue. Ne 5. C. 633-643.
[Lyubimova IN., Novikova A.F. 2016.
Changes in the Properties of Solonetzic
Soil Complexes in the Dry Steppe Zone
under Anthropogenic Impacts. Eurasian
Soil Science. Vol. 49. No. 5. P. 581-590.]
Mameoos D.A. 1985. N3yuenne
3aCOJICHHBIX 3€Mellb M COJIOHYAaKOB C
MOMOIIBI0O  KOCMHUYECKUX METOA0B //
UccnepoBanue 3emnm u3 xocmoca. Ne 1.
C. 60-61.

Munawuna H. I 1978. Menunopauus
3acoyieHHBIX TTouB. M.: Komoc. 263 c.

Ilankosa E. M., T'opoxoea H.H.,
Kownrowxosa M.B. 2014. PaszButne
METOJIOB OILIGHKH W JUCTAHIIMOHHOIO

MOHHUTOpPHUHTA 3aCOJICHHUA OpPOMIACMBIX U
HCJIMHHBIX IMOYB Ha TCPPUTOPHUU APpUIHBIX

27.

28.

29.

30.

31.

32.

33.

27

Kulyanitsa AL, Trubnikov AV,
Kalinina NV, Simakova MS. Location of the
open soil surface and soil line in the RED-

NIR spectral space [Mestopolozheniye
otkrytoy poverkhnosti pochvy i linii v
spektralnom  prostranstve RED-NIR]

Pochvovedenie. 2017;12:1435-1446.
Kuznetsov MS, Grigoriev VYa, Khan KYu.
Irrigational soil erosion and its prevention
during sprinkler irrigation [[rrigatsionnaya
eroziya pochv i yeye preduprezhdeniye pri
polivakh dozhdevaniyem]. Moscow:
Science, 1990:120.

Lyubimova IN, Degtyareva ET. Changes in
the Carbonate Distribution in the Soils of
Solonetzic Complexes at Agrogenic Impact
Eurasian Soil Science. 2000;(33)7:746-751.
Lyubimova IN, Novikova AF. Changes in
the Properties of Solonetzic Soil Complexes
in the Dry Steppe Zone under
Anthropogenic  Impacts  Eurasian  Soil
Science. 2016;(49)5, 581-590.

Mamedov EA. Study of saline soils and
solonetzes using satellite images
[Izucheniye zasolennykh  zemel’ 1
solonchakov s pomoshch'yu kosmicheskikh
metodov]| Earth Research from Space

[Issledovaniye  Zemli iz  kosmosa].
1985;1:60-61.

Minashina NG. Amelioration of saline soils
[Melioratsiya zasolennykh pochv].

Moscow: Kolos, 1978:263.

Pankova EI, Gorokhova IN, Konyushkova
MV. Development of methods for
assessment and remote monitoring of
salinization of irrigated and virgin soils on
the territory of arid and semi-arid regions
[Razvitiye metodov otsenki 1
distantsionnogo  monitoringa  zasoleniya
oroshayemykh 1 tselinnykh pochv na
territorii aridnykh i semiaridnykh regionov]
Ecological Systems and Devices
[Ekologicheskiye  sistemy i  pribory].
2014;10:3-9

Pankova EI, Mazikov VM. Methodological
issues of using aerial photographs to
characterize soil salinity. Soil reclamation
processes in areas of new irrigation
[Metodicheskiye voprosy ispol’zovaniya

OKOCHUCTEMBI: OKOJIOI'NA 1 AMHAMUKA, 2021, Tom 5, Ne 3



28

33.

34.

35.

36.

37.

38.

39.

40.

41.

PACIIO3HABAHUE CEJIbCKOXO3SMCTBEHHbBIX YI'OJUMN ...

u CEeMHAPHIHBIX PETHOHOB //
DKOJIOTUYECKHE CHCTEMBl M TPUOOPBHIL.
Ne 10. C. 3-9

llankosa E.HU., Maszuxos B.M. 1975.
MeTtoanyeckre BOMPOCH HCIIOIB30BAHUS
a’pO(OTOCHUMKOB [UISI XapaKTEPUCTUKU
3aCOJICHUSA [I0YB. IlouyBeHHO-
MEJIMOpPAaTHBHBIE TIPOLECCHl B palOHAX
HOBOTO opomeHus // Hayunele Tpynsl
ITouBeHHOTO MHCTUTYTA
uM. B.B. JlokyuaeBa. M. C. 97-111.

Ilanxosea E. M., Conosves /[ A. 1993.
JIMCTaHIIMOHHBIA MOHUTOPUHT 3aCOJIEHUS
opomaeMmbix mnouyB. M.: ITlouBeHHbIN
uHcTUTyT UM. B.B. JlokyuaeBa. 191 c.

IIpuxoovko B.E. 1996.  Opouaemblie
CTENHbIE TMOYBBI: (YHKIIMOHUPOBAHUE,
DKOJIOTHA, NPOYKTUBHOCTb.
M.: Unrennexr. 179 c.

Pooe A.A. 1947. IlouBooOpa3oBaTeNbHBIHI

poIIecc u SBOJIFOIIHASA II0YB.
M.: I'eorpadrus. 142 c.
Poszanoe b.T". 1975. T'eneTnueckas

Mopdosoruss moyB. M.: Hzm-so MI'Y.
293 c.

Pyxoeuu /[ U. 20009. MHoroneTHss
JUHAMUKA 3aCOJICHUS OPOIIAEMBIX ITOYB
LEHTpaJIbHON 4YacTu ['onomHON crenu u

MeTo/abl ee BbiABieHUs. Jlucc. ... K.0.H.
M. 25c.

Casun U.IO., Omapos A., Kocanes A.B.,
Hbpaesa M.A., Ilyicexos C. 2014.
BrisiBneHne  MHOTONETHUX  W3MEHEHUH
TJIOLIAN 3aCOJICHHBIX MOYB
Hlaynpaepckoro opomaeMoro MaccrBa 1o
KOCMHYECKUM  CcHuUMKaMm  Landsat  //
bronnerenr  MOYBEHHOTO  HMHCTUTYTA
uM. B.B. Jlokyuaesa. Beim. 74.
M.: PACXH. C. 49-63.

Cusemckas M.JI. 2013. CoBpeMeHHas
MIPUPOTHO-AaHTPOIIOT €HHAS
TpaHcopMmaiusi  TMOYB  MOJIYIYCTHIHU
CesepHoro ITpuxacnust.
M.: ToBapuileCTBO Hay4YHBIX H3JAHUU
KMK. C. 276.

Cumarxosa  M.C. 1959. Metonuka
KaptupoBaHus 1oyB IIpukacnuiickoit
HU3MEHHOCTH 1o Marepuaiam
a’poOTOCHEMKHU // [TouBeHHoO-

34.

35.

36.

37.

38.

39.

40.

aerofotosnimkov dlya kharakteristik
zasoleniya pochv. Pochvenno-
meliorativnyye protsessy v rayonakh novogo
orosheniyal Proceedings of the V.V.
Dokuchaev Soil Institute [Nauchnyye trudy
Pochvennogo instituta im. V..
Dokuchayeva]. Moscow, 1975:97-111.

Pankova EI, Soloviev DA. Remote

monitoring of salinity in irrigated soils
[Distantsionnyy  monitoring  zasoleniya
oroshayemykh pochv]. Moscow:
V.V. Dokuchaev Soil Institute, 1993:191.

Prikhodko VE. TIrrigated steppe soils:
functioning, ecology, productivity
[Oroshayemyye stepnyye pochvy:
funktsionirovaniye, ekologiya,
produktivnost’]. Moscow: Intellect,

1996:179.

Rode AA. Soil formation and evolution
[Pochvoobrazovatel 'nyy protsess i
evolyutsiva pochv]. Moscow: Geografgiz,
1947:142.

Rozanov BG. Genetic morphology of soils
[Geneticheskaya  morfologiva  pochv].
Moscow: Publishing House of Moscow
State University, 1975:293.

Rukhovich DI. Long-term dynamics of
irrigated soils salinization in the central part
of Mirzacho’l and methods of its
identification [Mnogoletnyaya  dinamika
zasoleniya  oroshayemykh pochv chasti
Golodnoy stepi i metody yeye tekushchey].
PhD dissertation, Moscow, 2009:25.

Savin IYu, Otarov A, Zhogalev AV,
Ibrayeva MA, Duisekov S. Identification of
long-term changes in the area of saline soils
of the Shaulder irrigated massif based on

Landsat satellite images [Vyyavleniye
mnogoletnikh izmeneniy ploshchadi
zasolennykh pochv Shaul’derskogo

oroshennogo massiva po kosmicheskim
snimkam Landsat] Bulletin of the V.V.
Dokuchaev Soil Institute. 2014;(74):49-63.

Sizemskaya ML. Modern natural and
anthropogenic transformation of soils in the
semi-desert of the Northern Caspian region

[Sovremennaya  prirodno-antropogennaya
transformatsiya pochv polupustyni
Severnogo Prikaspiya]l. Moscow: KMK

OKOCHUCTEMBI: OKOJIOI'NA 1 AMHAMUKA, 2021, Tom 5, Ne 3



42.

43.

44,

45.

46

47.

48.

49.

I'OPOXOBA, UYPCHH, XUTPOB, [IAHKOBA

reorpaduueckue UCCIICIOBAHUS u
UCIOJb30BaHUE  a9PO(OTOCHUMKOB
KaprorpapupoBanun noyB. M.: H3a-Bo
AH CCCP. C. 283-357.
Tepputopuansueiii opran denepanbHOU
CITy’KOBI TOCYTapCTBEHHON CTATHCTUKU TIO
Bounrorpazackoit oOmacTH. 2020
[OneKTpOHHBI pecypc
https://volgastat.gks.ru (mara oOparmieHus
11.05.2021).

Xapumonos B.A. 1982. Metonuka wu
pe3yIbTaThI oTpeIeIICHUS CTCTICHH
3aCOJICHHOCTH  OpOIAaeMbIX  3€Melb

depranckoil 00acT MO KOCMHUYECKHM
cHUMKaM // PamuoHanbHBIE METOOBI U
cpencTaa B MEJTHOPAITHH.
M.: BHUUT'UM. C. 107-115.
Xumpoe HE, Yeyyesa
Huxumuna H.C., [puwuna P.B. 1994.
Bansane HOHHO-COJIEBOT'O coCTaBa
MMOYBEHHOTO pacTBOpa Ha pa3pyIlICHUE
MHKpOarperaroB KapOOHATHOTO YepHO3eMa
// TlousoBenenue. Ne 1. C. 51-60.

Abbas A., Khan S., Hussain N., Hanjra
M.A., Akbar S. 2013. Characterizing soil
salinity in irrigated agriculture using a
remote sensing approach // Physics and
Chemistry of the Earth. Part A/B/C/.
Vol. 55-57.P. 1-8.

0OA.,

. Allbed A., Kumar L., Aldakheel Y.Y. 2014.

Assessing soil salinity using soil salinity
and vegetation indices derived from
IKONOS high-spatial resolution
imageries: Applications in a date palm
dominated region // Geoderma. Vol. 230-
231.P. 1-8.

Bahmaei A., Albaji M., Naseri A.A.,
Varjavand P. 2020 . Effect of irrigation
type and interval on soil salinity in clay
soils in Ahvaz, Iran // Arabian Journal of
Geosciences. No. 13. P. 1151.

Chi Y., Sun J., Liu W., Wang J., Zhao M.
2019. Mapping coastal wetland soil
salinity in different seasons using an
improved comprehensive land surface
factor system // Ecological Indicators.
Vol. 107. P. 105517.
Copernicus Open Access
[DneKTpOHHBII

Hub. 2020

B 4l1.

42.

43.

44,

45.

46.

pecypc 47. Bahmaei

29

Scientific Publishing Association, 2013:276.
Simakova MS. Methods for mapping the
soils of the Caspian lowland on the basis of
aerial photography [Metodika kartirovaniya
pochv  Prikaspiyskoy  nizmennosti  po
materialam aerofotos yemki| Soil-
geographical research and the use of aerial
photographs in soil mapping [Pochvenno-

geograficheskiye issledovaniya i
ispol'zovaniye aerofotosnimkov v
kartografirovanii pochv]. Moscow:

AN SSSR, 1959:283-357.

Local Agency of the Federal Service ma
State Statistics for the Volgograd Region
[ Territorial 'nyy organ Federal noy sluzhby
gosudarstvennoy statistiki po Volgogradskoy

oblasti]. 2020, available at
https://volgastat.gks.ru, (accessed
11/05/2021).

Kharitonov VA. Methods and results of

determining the degree of salinity of irrigated
lands in the Fergana region from satellite
images [Metodika i rezul’taty opredeleniya
stepeni zasolennosti oroshayemykh zemel’
Ferganskoy  oblasti  po  kosmicheskim
snimkam) Rational methods and means in
land reclamation [Ratsional’nyye metody i
sredstva v melioratsii]. Moscow: VNIIGIM,
1982:107-115.

Khitrov NB, Chechueva OA, Nikitina NS,
Grishina RV. Influence of the ion-salt
composition of the soil solution on the
destruction of microaggregates of carbonate

chernozem  [Vliyaniye  ionno-solevogo
sostava  pochvennogo  karbonata  na
razrusheniye mikroagregatovatnogo

chernozema] Pochvovedenie. 1994;1:51-60.
Abbas A, Khan S, Hussain N, Hanjra MA,
Akbar S. Characterizing soil salinity in
irrigated agriculture using a remote sensing
approach. Physics and Chemistry of the
Earth. Part A/B/C/. 2013;(55-57):1-8.
Allbed A, Kumar L, Aldakheel YY.
Assessing soil salinity using soil salinity and
vegetation indices derived from IKONOS
high-spatial resolution imageries:
Applications in a date palm dominated
region Geoderma. 2014;(230-231):1-8.

A, Albaji M, Naseri AA,

OKOCHUCTEMBI: OKOJIOI'NA 1 AMHAMUKA, 2021, Tom 5, Ne 3



30

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

PACIIO3HABAHUE CEJIbCKOXO3SMCTBEHHbBIX YI'OJUMN ...

https://scihub.copernicus.eu/dhus/#/home
(mata obpamenus 10.04.2021).

Crippen R.E. 1990. Calculating the
Vegetation Index Faster / Remote Sensing
of Environment. Vol. 34. P. 71-73.
Dwivedi R.S. 1996. Monitoring of salt-
affected soils of the Indo-Gangetic alluvial
plains using principal component analysis
// International Journal of Remote
Sensing. Vol. 17. No. 10. P. 1907-1914.
Earth Explorer. 2020 [DnexTpoHHbIN
pecypc https://earthexplorer.usgs.gov/
(mara o6pamenus 19.07.2021).

Forests of Randomized Trees. 2020
[OnexTponnbiii  pecypc  https://scikit-
learn.org/stable/modules/ensemble. html#f
orest (mara obpamenus 15.04.2021).

Gorji T., Sertel E., Tanik A. 2017.
Monitoring soil salinity via remote sensing
technology under data scarce conditions: a
case study from Turkey // Ecological
Indicators. Vol. 74. P. 384-391.

Hasanlou M., Eftekhari K. 2019. Retrieval
of soil salinity from  Sentinel-2
multispectral imagery // European Journal
of Remote Sensing. Vol. 52:1. P. 138-154.
Hassania A., Azapagica A., Shokrib N.
2020. Predicting long-term dynamics of
soil salinity and sodicity on a global scale

// PNAS. Vol. 117. No. 52. P. 33017-
33027.
Hick P.T., Russell W.G.R. 1990. Some

spectral considerations for remote sensing
of soil salinity // Australian Journal of Soil
Research. Vol. 28. No. 3. P. 417-431.

Hihi S., Rabah Z.B., Bouaziz M., Chtourou
M.Y., Bouaziz S. 2019. Prediction of Soil
Salinity Using Remote Sensing Tools and
Linear Regression Model // Advances in
Remote Sensing. Vol. 8. P. 77-88.

Huete A.R. 1988. Soil-Adjusted Vegetation
Index (SAVI) // Remote Sensing of
Environment. Vol. 25. P. 295-309.

Igbal F. 2011. Detection of salt affected
soil in rice-wheat area using satellite
image // African Journal of Agricultural
Research. Vol. 6 (21). P. 4973-4982.
Jiang H., Shu H. 2018. Optical remote-
sensing data based research on detecting

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Varjavand P. Effect of irrigation type and
interval on soil salinity in clay soils in
Ahvaz, Iran  Arabian  Journal  of
Geosciences. 2020;13:1151.

Chi Y, Sun J, Liu W, Wang J, Zhao M.
Mapping coastal wetland soil salinity in
different seasons using an improved
comprehensive land surface factor system
Ecological Indicators. 2019;(107):105517.
Copernicus Open Access Hub. 2020,
available at
https://scihub.copernicus.eu/dhus/#/home,
accessed 10/04/2021).

Crippen RE. Calculating the Vegetation
Index  Faster  Remote  Sensing  of
Environment. 1990;(34):71-73.

Dwivedi RS. Monitoring of salt-affected
soils of the Indo-Gangetic alluvial plains
using  principal component  analysis
International Journal of Remote Sensing.
1996;(17)10:1907-1914.

Earth  Explorer. 2020, available at
https://earthexplorer.usgs.gov/, accessed
19/07/2021).

Forests of Randomized Trees. 2020,
available at https://scikit-

learn.org/stable/modules/ensemble. html#for
est, accessed 15/04/2021).

Gorji T, Sertel E, Tanik A. Monitoring soil
salinity via remote sensing technology under
data scarce conditions: a case study from
Turkey Ecological Indicators.
2017;(74):384-391.

Hasanlou M, Eftekhari K. Retrieval of soil
salinity from Sentinel-2 multispectral
imagery European Journal of Remote
Sensing. 2019;(52)1:138-154.

Hassania A, Azapagica A, Shokrib N.
Predicting long-term dynamics of soil
salinity and sodicity on a global scale PNAS.
20205(117)52:33017-33027.

Hick PT, Russell WGR. Some spectral
considerations for remote sensing of soil
salinity Australian Journal of Soil Research.
1990;(28)3:417-431.

Hihi S, Rabah ZB, Bouaziz M,
Chtourou MY, Bouaziz S. Prediction of Soil
Salinity Using Remote Sensing Tools and
Linear Regression Model Advances in

OKOCHUCTEMBI: OKOJIOI'NA 1 AMHAMUKA, 2021, Tom 5, Ne 3



62.

63.

64.

65.

66.

67.

68.

I'OPOXOBA, UYPCHH, XUTPOB, [IAHKOBA

soil salinity at different depth in an arid-
area oasis. Xinjiang, China // Earth
Science Informatics. P. 1-14.
Jiménez-Aguirre M. T., Isidoro D., Uson A.
2018. Soil wvariability in La Violada
Irrigation District (Spain):
II Characterizing hydrologic and salinity
features // Geoderma. Vol. 311. P. 67-77
[OneKTpOHHBI pecypc
www.elsevier.com/locate/geoderma (nara
oOpatenus 16.02.2021).

Kaufman  Y.J., Tanre D. 1992.
Atmospherically resistant vegetationin
index (ARVI) for EOS-MODIS //

Transactions on Geoscience and Remote
Sensing. Vol. 30. P. 261-270.

Kauth R.J., Thomas G.S. 1976. The
tasseled cap — a graphic description of the
spectral-temporal development of
agricultural crops as seen by LANDSAT //
Proceedings of the Symposium on
machine processing of remotely sensed
data. Purdue University, West Lafayette,
Ind., June 29-July 1, 1976 (A77-15051 04-
43). P. 4B-41 to 4B-51.

Komissarov A., Safin Kh., Ishbulatov M.,
Khafizov A., Komissarov M. 2019.
Irrigation as means to reduce the risks of
agricultural productionin the South Ural //
Bulgarian Journal of Agricultural Science.
Vol. 25 (Suppl. 2). P. 149-157.
Manchanda M.L., Lyes H.S. 1983. Use of
imagery and Aerial photographs for
delineation and categorization of salt-
affected soils of part of North-West India
// Journal of the Indian Society of Soil
Science. Vol. 31. No. 2. P. 263-271.
Masoud A.A., Koike K., Atwia M.G., El-
Horiny M.M., Gemail K.S. 2019. Mapping
soil salinity using spectral mixture
analysis of Landsat 8 OLI images to
identify factors influencing salinization in
an arid region // International Journal of
Applied  Earth Observation and
Geoinformation. Vol. 83. P. 101944.
Myers V.J. 1983. Remote sensing
application in agriculture (salinity) //
Manual of Remote Sensing. 2™ ed. USA.
P.2111-2228.

59.

60.

61.

62.

63.

64.

65.

66.

67.

31

Remote Sensing. 2019;(8):77-88.

Huete AR. Soil-Adjusted Vegetation Index
(SAVI) Remote Sensing of Environment.
1988;(25):295-3009.

Igbal F. Detection of salt affected soil in
rice-wheat area using satellite image African
Journal  of  Agricultural  Research.
2011;(6)21:4973-4982.

Jiang H, Shu H. Optical remote-sensing data
based research on detecting soil salinity at
different depth in an arid-area oasis.
Xinjiang, China Earth Science Informatics.
2018:1-14.

Jiménez-Aguirre MT, Isidoro D, Uson A.
Soil variability in La Violada Irrigation
District ~ (Spain): I Characterizing
hydrologic and salinity features Geoderma.
2018;(311):67-77, available at
www.elsevier.com/locate/geoderma,
accessed 16/02/2021).

Kaufman YJ, Tanre D. Atmospherically
resistant vegetationin index (ARVI) for
EOS-MODIS Transactions on Geoscience
and Remote Sensing. 1992;(30):261-270.
Kauth RJ, Thomas GS. The tasseled cap — a
graphic description of the spectral-temporal
development of agricultural crops as seen by
LANDSAT. Proc. of the Symposium on
machine processing of remotely sensed data,
June 29-July 1, 1976, Purdue University,
West Lafayette, Ind. 1976:4B-41-4B-51.
Komissarov A, Safin Kh, Ishbulatov M,
Khafizov A, Komissarov M. Irrigation as
means to reduce the risks of agricultural
productionin the South Ural Bulgarian
Journal of  Agricultural Science.
2019;(25)2:149-157.

Manchanda ML, Lyes HS. Use of imagery
and Aerial photographs for delineation and
categorization of salt-affected soils of part
of North-West India Journal of the Indian
Society of Soil Science. 1983;(31)2:263-271.
Masoud AA, Koike K, Atwia MG, El-
Horiny MM, Gemail KS. Mapping soil
salinity using spectral mixture analysis of
Landsat 8 OLI images to identify factors
influencing salinization in an arid region
International Journal of Applied Earth
Observation and Geoinformation.

OKOCHUCTEMBI: OKOJIOI'NA 1 AMHAMUKA, 2021, Tom 5, Ne 3



32

69

70.

71.

72.

73.

74.

75.

76.

77.

PACIIO3HABAHUE CEJIbCKOXO3SMCTBEHHbBIX YI'OJUMN ...

. Myers V.J., Carter D.L., Rippert W.G.
1966. Remote sensing for estimate soil
salinity // Journal of the Irrigation and
Drainage Division. No. 4. P. 59-68.

Ren D., Wei B., Xu X., Engel B., Li G,
Huang Q., Xiong Y., Huang G. 2019.
Analyzing spatiotemporal characteristics
of soil salinity in arid irrigated agro-

ecosystems using integrated approaches //
Geoderma. No. 356. P. 113935
[DneKkTpoHHBII pecypc

www.elsevier.com/locate/geoderma (mata
oOpatenus 16.02.2021).

Richardson J.A. 1976. Detection of soils
with sky lab multispectral, scanner date
program // Engineering and Remote
Sensing. Vol. 5. No. 42. P. 679-684.
Rouse J.W., Haas R.H., Schell JA.,
Deering  D.W. 1973. Monitoring
vegetation systems in the Great Plains
with ERTS // Third ERTS Symposium,
NASA SP-351 I. P. 309-317.

Shahid S.A., Abdelfattah M.A., Taha F.K.
2012. Developments in Soil Salinity
Assessment and Reclamation. Springer.
801 p.

Sinanuwong  S., Wichaidisdha  P.,
Trakuldist P. 1980. The use of Landsat
imagery for soil salinity study in the N-E
of Thailand // Thai Journal of Agricultural
Science. Vol. 13. No. 3. P. 227-237.

Singh A.N. 1997. Monitoring change in the
extent of salt-affected soils in northern
India // International Journal of Remote
Sensing. Vol. 15. No. 16. P. 3173-3187.
Szatmari G., Bakacsi Z., Laborczi A.,
Petrik O., Pataki R., Toth T., Pasztor L.
2020. Elaborating Hungarian Segment of
the Global Map of Salt-Affected Soils
(GSSmap): National Contribution to an
International Initiative // Remote Sensing.
No. 12. P. 4073.

Wang J., Ding J., Yu D., Ma X., Zhang Z.,
Ge X, Teng D., Li X, Liang J., Lizaga I,
Chen X., Yuan L., Guo Y. 2019. Capability
of Sentinel-2 MSI data for monitoring and
mapping of soil salinity in dry and wet
seasons in the Ebinur Lake region,
Xinjiang, China // Geoderma. Vol. 353. P.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

2019;(83):101944.

Myers VJ. Remote sensing application in
agriculture (salinity) Manual of Remote
Sensing. 2" ed. USA, 1983:2111-2228.
Myers VI, Carter DL, Rippert WG. Remote
sensing for estimate soil salinity Journal of
the Irrigation and Drainage Division.
1966;4:59-68.

Ren D, Wei B, Xu X, Engel B, Li G, Huang
Q, Xiong Y, Huang G. Analyzing
spatiotemporal characteristics of soil salinity
in arid irrigated agro-ecosystems using
integrated approaches Geoderma.
2019;356:113935, available at
www.elsevier.com/locate/geoderma,
accessed 16/02/2021).

Richardson JA. Detection of soils with sky
lab multispectral, scanner date program

Engineering  and  Remote  Sensing.
1976;(5)42:679-684.
Rouse JW, Haas RH, Schell JA,

Deering DW. Monitoring vegetation systems
in the Great Plains with ERTS. Third ERTS
Symposium, NASA SP-351 1, 1973:309-317.
Shahid SA, Abdelfattah MA, Taha FK.
Developments in Soil Salinity Assessment
and Reclamation. Springer, 2012:801.
Sinanuwong S, Wichaidisdha P,
Trakuldist P. The use of Landsat imagery
for soil salinity study in the N-E of Thailand
Thai Journal of Agricultural Science.
1980;(13)3:227-237.

Singh AN. Monitoring change in the extent
of salt-affected soils in northern India
International Journal of Remote Sensing.
1997:(15)16:3173-3187.

Szatmari G, Bakacsi Z, Laborczi A,
Petrik O, Pataki R, Toth T, Pasztor L.
Elaborating Hungarian Segment of the
Global Map of Salt-Affected Soils
(GSSmap): National Contribution to an
International Initiative Remote Sensing.
2020;12:4073.

Wang J, Ding J, YuD, Ma X, Zhang Z,
Ge X, Teng D, Li X, Liang J, Lizaga I, Chen
X, Yuan L, Guo Y. Capability of Sentinel-2
MSI data for monitoring and mapping of
soil salinity in dry and wet seasons in the
Ebinur Lake region, Xinjiang, China

OKOCHUCTEMBI: OKOJIOI'NA 1 AMHAMUKA, 2021, Tom 5, Ne 3



I'OPOXOBA, UYPCHH, XUTPOB, [IAHKOBA 33

172-187. Geoderma. 2019;(353):172-187.

. Zaman M., Shahid S.A., Heng L. 2018. 78. Zaman M, Shahid SA, Heng L. Guideline
Guideline for  Salinity  Assessment, for Salinity Assessment, Mitigation and
Mitigation and Adaptation Using Nuclear Adaptation Using Nuclear and Related
and Related Techniques. International Techniques. International Atomic Energy
Atomic Energy Agency, Springer Nature Agency, Springer Nature, Switzerland AG,
Switzerland AG. 164 p. 2018:164.

OKOCHUCTEMBI: OKOJIOI'NA 1 AMHAMUKA, 2021, Tom 5, Ne 3



ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2021, Vol. 5, No. 3, P. 34-59

STRUCTURAL ORGANIZATION OF ECOSYSTEMS AND PATTERNS
OF THEIR DISTRIBUTION

UDC 631.4

AGRICULTURAL LANDS IDENTIFICATION ON THE SATELLITE IMAGERY'
© 2021. I.N. Gorokhova*, LLN. Chursin**, N.B. Khitrov*, Ye.l. Pankova*

*V.V. Dokuchaev Soil Science Institute
Russia, 119017, Moscow, Pyzhevsky Per. 7, Building 2. E-mail: g-irinal4@yandex.ru

**Geoinformation Center of the Russian Academy of Sciences
Russia, 119019, Moscow, b/o 168, Novy Arbat 11. E-mail: chursin.ivan93@gmail.com

Received Jili 30, 2021. After revision August 30, 2021. Accepted September 01, 2021.

Our work aims to determine the possibilities of identification of the fields with various crops, leys and
fallows, using the multispectral high resolution (10 m) satellite imageries taken by Sentinel-2 Satellite.
For this we studied the irrigation system of Volga-Don in the dry steppe zone of Volgograd Region.
We analyzed the images, taken from February to August 2020, and used the field materials, obtained
from the surveys that took place from August to September 2020 in the said area. The variations of the
agricultural lands structure were carried out visually and automatically, which allowed us to identify
winter cereals, spring crops, leys and fallows. Among them we identified such crops as Sudan grass,
corn and soybeans. The accuracy of automated method of structure identification was 75%. We used a
combination of different channels for multispectral images to divide the irrigated/non-irrigated fields
of the irrigation system and the fallows of different years.

This resulted in a creation of a map of agricultural lands structure for the central part of the Volga-Don
irrigation system. It shows the cultivated crops on the irrigated and dry lands, leys, uneven-aged
fallows and the exact area of each field.

The calculated NDVI values represented the state of crops during different stages of their growing
season. The obtained data made it possible to select key sites and study the irrigated soils, because the
agricultural crops condition reflected the structure and degradation of the land cover and helps to
select the required sites properly.

Our studies have shown us the possibility to use the high resolution remote data for assessment of the
structure and state of agricultural lands, and selection of the key sites for soil surveys, the information
about which is necessary to develop and select the suitable ameliorative measures.

Keywords: structure of agricultural lands, crops, leys, fallows, irrigated lands, satellite imagery
processing.

DOI: 10.24412/2542-2006-2021-3-34-59

In the XX century the large irrigation systems were constructed in the dry steppe zone of
European Russia, which made it possible to secure the food supplies for the country even during the
dry years. The most active construction took place in the 1950s-1960s; by the middle of the 1980s,
the developed areas of the irrigated lands reached their maximum.

However in the 1990s, the large irrigation rates, lack of drainage and water proofing in the most
irrigation channels caused a rise of groundwater level, a development of secondary salinization
hotbeds, soils alkalization, flooding, irrigational erosion and other negative consequences. The
following economic crisis reduced the area of irrigated lands and changed the management of

! The study was carried out according to the Governmental Tasks No. 0591-2019-0023 “To Study the Influence of
Natural Conditions and Land Use Features on Soil Cover, Including Participation of Saline Solonetzes and Slitized
Soils, and to Develop an Assessment Technology for the Intense Soil Exploitation in the Agricultural Lands”. and
No. AAAA-A19-119012390065-9 “Development of Methods for Analysis and Complex Use of Earth Remote Sensing
Data, Based on the Modern Geoinformation Technologies, for Monitoring of the Natural Landscapes in the Agricultural
Lands, Using Groups of Small Spacecraft”.
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hydraulic systems. Large areas were abandoned and eventually turned into perennial fallows, some
areas were used for dryland farming, and some were irrigated again only after a long period of
abandonment or dryland farming, while the other changed their irrigation method. Such drastic
transformations of the irrigated lands had affected the state of their soils.

These days the government aims to reconstruct the irrigation systems to restore and improve the
management of the ameliorative complex, as well as the amelioration of irrigated lands. To achieve
this, it is very important to understand the tendency of soils and soil cover of irrigation systems to
transform and evolve over a long period of functioning, and take into account their lithological and
geomorphological features, duration of irrigation period and intervals in it. The knowledge, gained
from the study of the present state of irrigated soils, will allow us to purposefully select and carry
out the necessary agricultural and ameliorative measures to restore the fertility of the soils.

The soil cover of the dry steppe, solonetz zone of the Volgograd Region is heterogeneous,
therefore, the surface of agricultural fields is represented on the satellite images by combination of
spots, variously sized and colored. These spots are genetically related to the soil structure and affect
the crops differently, leading to their sparseness or loss in some cases. To understand the effect of
soils and associated spatial heterogeneity of fields on a particular crop, as well as to determine how
much the crop condition reflects the condition of soil cover, it is necessary to know the structure of
agricultural lands. This allows us to select the key sites for a survey of irrigated soils and take
adequate ameliorative measures. The high resolution satellite imagery, being an open and periodic
source of information, makes it possible to carry out fast studies in the large areas of irrigated soils.

The aim of this research is to identify the possibilities of recognition of the agricultural lands
(fields with different crops, leys and fallow) structure on the high resolution satellite images (10 m),
using the visual and automated methods, while taking into account the state of crops and fields, in
order to calculate the areas and select the key sites for a further soil survey.

Until 2020 we were studying the agricultural land and irrigated soils in the Volgograd Region,
in the area of the Svetloyarsk irrigation system with cultivated fodder grasses, winter cereals and
vegetables. I.N. Gorokhova and E.I. Pankova (2017), I. N. Gorokhova et al. (2020) wrote about
usage of satellite data to recognize those crops. It was stated that Landsat-8 images (maximum
resolution — 15 m) could be used for May or June, because fodder grasses and ripened winter
cereals were well-defined on them. However, the Volga-Don system has a wider range of crops,
which requires a different approach to the analysis of remote sensing data. For this a series of
satellite images taken in different months was used.

The dry steppe zone of Russia undergoes an active agricultural land use. These soils were
studied by great Soviet and Russian scientists and by the staff of the V.V. Dokuchaev Soil Science
Institute in particular. They recorded the natural state of soils and soil cover in their original
condition, before the territory was active developed and irrigated (Ivanova, 1928; Kovda, 1937;
Rode, 1947; Antipov-Karatayev, 1953; Bolshakov, 1961).

The irrigated soils have been studied for a long time, in many fields, which results in a creation
of many works. These studies are aimed to explore the fluctuations and rise of the groundwater
level during irrigation (Minashina, 1978; Zaidelman, 1993), irrigation erosion of irrigated soils
(Kuznetsov et al., 1990; Kozlovsky, 1991), secondary salinization processes (Kovda, 1946;
Zimovets, 1981; Shahid et al., 2012; Zaman et al., 2018; Ren et al., 2019; Bahmaei et al., 2020),
degradation of soil structure at the macro and micro levels (Khitrov et al., 1994; Prikhodko, 1996),
alkalization processes (Zimovets, 1981; Zinchenko et al, 2020); carbonization processes
(Baranovskaya, Azovtsev, 1981; Lyubimova, Degtyareva, 2000; Lyubimova, Novikova, 2016;
Sizemskaya, 2013; Gorokhova, Pankova, 2017), irrigation water effect on soil properties
(Bezdnina, 1997; Dedova, 2018; Zinchenko et al., 2020), and movement of soil moisture in
irrigated soils (Jiménez-Aguirre et al., 2018).

Aside from a traditional ground sampling, many other methods for assessing the state of irrigated
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soils are used. Since the 1950s of the XX century, they have been primarily based on the satellite data
(Simakova, 1959; Myers et al., 1966; Pankova, Mazikov, 1975; Vyshivkin, 1976; Antonova,
Kravtsova, 1976; Richardson, 1976; Sinanuwong et al., 1980; Andronnikov, 1979; Kharitonov, 1982;
Manchanda et al., 1983; Myers, 1983; Mamedov, 1985; Pankova, Soloviev, 1993; Hick, Russell,
1990; Singh, 1994; Dwivedi, 1996), and still use it nowadays (Rukhovich, 2009; Konyushkova, 2014;
Igbal, 2011; Abbas et al., 2013; Savin et al., 2014; Pankova et al., 2014, Gorokhova, Pankova, 2017).
The majority of articles are written about the saline and solonetz soils.

A large number of the newest literary sources describe the irrigation and its consequences
worldwide, while being based on satellite data. The studies of soil salinity were carried out in the
Middle East (Allbed et al., 2014), North Africa (Hihi et al., 2019), Turkey (Gorji et al., 2017),
China (Jiang, Shu, 2018; Wang et al., 2019; Chi et al, 2019; Ren et al.,, 2019) and Russia
(Komissarov et al., 2019; Gorokhova et al., 2018-2020). The data of Landsat ETM +, Landsat-8
OLI and Sentinel-2 is the most widely used (Jiang et al., 2018; Masoud et al., 2019; Hasanlou,
Eftekhari, 2019; Gorokhova et al., 2020).

A group of scientists (Hassania et al., 2020) compiled maps to forecast the distribution of saline and
alkaline soils worldwide, using matrix and regression models of the spatiotemporal variability of soil
salinity and alkalinity (1980-2018). Similar study was carried out for Hungary (Szatmari et al., 2020).

During the visual decryption of the images, the saline soils can be recognized by white spots,
created by a salt crust on their surface. However, this information does not distinguish soil salinity
throughout the entire root-inhabited layer, thus limiting the interpretation possibilities. Therefore,
during the analysis of multispectral images, salinity is often associated with the state of the crops
(Gorokhova et al., 2019). To distinguish different crops, irrigated and non-irrigated fields, to
solonetzic, saline and non-saline soils the combinations of various channels of satellite imagery are
used, as well as calculated and experiential indices (Allbed et al., 2014; Hihi et al., 2019).

The most used and identified index in the satellite imagery is Normalized Difference
Vegetation Index (NDVI), which was first described in 1973 (Rouse et al., 1973). It is a simple
index for a qualitative and quantitative assessment of the green mass of vegetation cover. NDVI can
be calculated as NDVI=(NIR-RED)/(NIR+RED), where NIR is a brightness or reflectance in the
nearest infrared area of the spectrum (0.7-1.0 um), and RED is in the red area of the spectrum (0.6-
0.7 um). It presumes the ratio of the maximum plants absorption of solar radiation from the red
area, and the maximum reflection of the leaf cellular structures in the infrared one.

There are some other vegetation indices, the most well-known of which are SAVI
(Huete, 1988), ASVI (Crippen, 1990) and ARVI (Kaufman et al, 1992). They use different
channels or corrective coefficients.

However, some researchers do not trust such indexes. A number of authors (Koroleva et al.,
2017) believe it is incorrect to use NDVI in determining of the area of the open soil surface, since
its accuracy is only 65%. In their opinion, the reliable identification of the area in the spectral space
is possible, if the original technology for the spectral vicinity of the soil line, which was developed
by them, is used, because its accuracy is 90%. According to this method, the flat part of the tasseled
cup, which is considered a soil line (Kauth and Thomas, 1976), is not a synonym with an area of
open soil surface, and occupies a significantly smaller area than the area of a soil line.

Nevertheless, vegetation indices are widely used in data services to vegetation monitoring. One
of them is VEGA-PRO (2020), which is a satellite service that uses time series of vegetation indices
and allows to analyze condition of the vegetation cover (crops and forests), along with its seasonal
and long-term dynamics for any point or region of Russia. This system was created by the Russian
Space Research Institute of the Russian Academy of Sciences.

Generally speaking, the review of literary sources indicates that there is no strictly defined
combination of channels or indices for determining the state of vegetation, crops and soil salinity for
different territories. For each specific case an individually selected approach should be developed.
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Materials and Methods
Volga-Don irrigation system is located in the dry steppe zone of the Volgograd Region, in the south

of'the Volga Upland, stretching along the Volga-Don channel, west of Volgograd. We studied its central
area, occupied with cultivated fields and fallows. The total area of the study is 8988.9 ha (Fig. 1).

-

VOLGOGRAD .~ -

Volga-Don irrigation system 4

Novy Rogachik

Volga-Don irrigation system \
Vodny
Gorny

Varvarovskoye
Google Earth reservolr

Fig. 1. Volga-Don irrigation system on a satellite image from Google.Earth, 5/11/2020.

The south area, where the irrigation system is located in the Volga Upland, was entirely
covered by the Yergeni deposits during the Pliocene Epoch, and then it underwent a gradual
denudation. Currently its watersheds are formed with the Yergeni sands, and red-brown Scythian
clays and loess loams to the south. The soil-forming rocks are yellow-brown, and their sandy loams
are of various depth. The groundwaters are deep and usually slightly mineralized, with
a hydrocarbonate-sodium composition. The soil cover is represented by chestnut solonetzic
complexes, with dominating loamy chestnut alkaline soils and a small addition of solonetz

ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2021, Vol. 5, No. 3



38 AGRICULTURAL LANDS IDENTIFICATION ON THE SATELLITE IMAGERY

(Degtyareva, Zhulidova, 1970; Zinchenko et al., 2020). The variously salinity of alkaline soils and
solonetzes affects the state of developing crops.

In this study we used multi-temporal multi-spectral satellite images from Sentinel-2
(Copernicus Open Access Hub, 2020), taken on 2/27/2020, 4/29/2020, 6/28/2020, 7/26/2020 and
8/20/2020, in 4 channels (R, G, B, NIR), with a maximal resolution 10 m; and an image from
Landsat-8, taken on 4/04/2020 (Earth Explorer, 2020), in 8 channels, with a maximal resolution
15 m. Additionally, we used the data obtained during the field works in July-August 2020 in the
territory of the Volga-Don irrigation system.

During the analysis of the images, a visual and automated decryption of the agricultural lands
structure was carried out, using the spectral brightness of the fields with different crops,
in 4 channels: 1 — blue (0.4-0.5 um), 2 — green (0.5-0.6 pum), 3 — red (0.6- 0.7 um), 4 — near infrared
(0.7-0.95 um). The vegetation indices (NDVI) were calculated, and various combinations of
channels and image classification by the values of spectral brightness and NDVI were used.

Results and Discussion

The area that gets sown in the Volgograd Region covers more than 3 million ha, more than half
of which is occupied with cereals and grain legumes (Local Agency ..., 2020). Wheat is the most
widespread among winter cereals; barley, wheat, oats, corn for grain and ensilage are widespread
among spring cereals; peas, chickpeas, sorghum and soybeans — among grain legumes (in limited
amounts); mustard, sunflower, safflower, linseed — among industrial crops, and Lucerne with Sudan
grass are among forage grasses.

In this region the winter crops of the dry steppe are usually sown in the I-II decade of
September and harvested in the II decade of July. The spring crops are sown in different decades of
April and harvested in July-August. Ensilage corn and Sudan grass are sown in May and harvested
in August. Soybeans are sown from late April to early May and harvested in August
(AGRIENE, 2020). According to this distribution, it becomes clear that a series of multi-temporal
images should be used in order to identify the land structure in the most reliable way.

In 2020 the following crops were cultivated in the territory of the Volga-Don irrigation system:

1) winter cereals (non-irrigated);

2) spring cereals (non-irrigated)

3) ensilage corn (irrigated);

4) Sudan grass (irrigated and non-irrigated);

5) soybeans (irrigated).

Besides, there were leys and fallow fields.

To recognize the structure of agricultural lands using the satellite images, we had to take into
account the following characteristics:

1) the leys on the images are patchy due to the surface erosion and the structure of the soil
cover, both of which cause significant fluctuations of spectral brightness within one field;

2) not every field is irrigated, some of them are dry lands, therefore there is a differences in
their soil moisture and spectral brightness;

3) some of the fields that are not currently irrigated still have the traces of buried temporary
ditches, which affect the overall spectral brightness of the field;

4) the fields may vary in brightness due to agricultural industrial measures that were carried out
on them, such as harrowing;

5) 2020 was arid, so the satellite images show its features on them.

Figure 1 shows fragments of images, taken in February, April, June, July and August 2020.
The cultivated crops and the general structure of the fields are highlighted. For this we also used the
materials obtained during the field studies. The images of such resolution allow us to identify winter

ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2021, Vol. 5, No. 3



GOROKHOVA, CHURSIN, KHITROV, PANKOVA 39

cereals and spring crops, leys and fallow. The further separation of spring crops is possible, but with
a less probability. Moreover, the small fields and corner areas around the circular fields (0.2-1 ha)
can be identified either poorly or not at all.

Further below the visual deciphering of the agricultural lands structure on the multi-temporal
images is shown, by the example of the central part of the Volga-Don irrigation system.

Winter crops (1, 1a) are well-distinguished in February, March and April (Fig. 2 A, B, C).

On the April image (Fig. 2 B) it is a perennial fallow (7).

On the June image (Fig. 2 C) these are ripening winter crops (1) and spring cereals (2), Sudan
grass (3a), leys (6), fallow (7), but corn (4) and soybeans (5) are not that well distinguished.

On the July image (Fig. 2 D) there are harvested winter crops (1) and spring cereals (2),
irrigated growing corn (4) and Sudan grass (3b), leys (6), but the color of non-irrigated Sudan grass
(3a), soybeans (5) and fallow (7) barely differ from the leys.

Fig. 2 A, B. Satellite image of the agricultural lands in the central part of the Volga-Don irrigation
system (Volgograd Region), taken by Sentinel-2 on A) 2/27/2020, B) 3/28/2020. Legend: 1, la —
winter cereals, 2 — spring cereals, 3a — Sudan grass on the dry lands, 3b — irrigated Sudan grass, 4 —
ensilage corn, 5 — soybeans, 6 — leys, 7 — perennial fallow.
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Fig. 2 C, D, E. Satellite image of the agricultural lands in the central part of the Volga-Don irrigation
system (Volgograd Region), taken by Sentinel-2 on C) 4/29/2020, D) 5/27/2020, E) 8/20/2020.
Legend: 1, 1a — winter cereals, 2 — spring cereals, 3a — Sudan grass on the dry lands, 3b — irrigated
Sudan grass, 4 — ensilage corn, 5 — soybeans, 6 — leys, 7 — perennial fallow.
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On the August image (Fig. 2 E) these are harvested winter crops (1) and spring cereals (2),
soybeans (5), irrigated growing corn (4) and Sudan grass (3b), but leys (6) and fallow (7) are almost
the same.

Each image does not provide much information about the agricultural lands structure, but, when
combined, they give us a full understanding of the situation in this irrigation system.

After this, on the basis of the results of visual recognition, we created the training samples for
an algorithm of automated sequential deciphering of the images taken at different times. We used
such features as spectral brightness in 4 channels of Sentinel-2 and NDVI. All fields were digitized
before we started. The training samples were marked on the images, taken on 2/27/2020, 4/29/2020,
6/28/2020 and 7/26/2020. Then we created an individual sample for each month and built a teaching
model on the basis of Random Forest, using Python language. The scheme of the algorithm can be
seen in Figure 3.

Values of the spectral Gerenal data set
brightness for each channel B1 NDVI | Mo |De
and spectral indices nth |ca
de
= vy wn
5 g e
S () EiES
. = |
3 ==

Set 1 Set 2 l l Set 3
B1 NDVI De B1 NDVI Mo | De B1 NDVI Mo | De
ca nth |ca nth |ca
= == |
[ |

¥ 4 4

Random Forest Random Forest Random Forest

Fig. 3. Algorithm scheme of classification of the satellite imagery with agricultural lands, taken by
Sentinel-2.

Random Forest is an ensemble of Decision Tree classifiers or a set of many decision trees. Each
sample gets its own decision tree. Unlike an individual classifier, the ensemble tends to overfit less
due to the usage of an average forecast for all its trees, resulting in satisfying image classification
(Forests of Randomized Trees, 2020).

The results of the automated identification of agricultural lands structure on the satellite images
for all dates mentioned above are shown below (Fig. 4).

On the February image (Fig. 4 A) the winter cereals on the big fields are well-distinguished (1),
but the small (0.2-0.5 ha) fields (1a) are not. The rest of the fields are an open surface (8).

On the April image (Fig. 4 B) there are also fallows (7) aside from winter cereals (1). The rest
of the open surface can be divided into different types by the level of their soil moisture (8, 8a).

On the June image (Fig. 4 C) the ripening winter crops can be identified (1, 1a) and spring
cereals (2), non-irrigated Sudan grass (3a), corn (4), soybeans (5), fallow (7) and leys, divided into
several types (6, 6a, 6b, 6¢).
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Fig. 4 A, B, C. Results of the automated series classification of the satellite images from Sentinel-2
that was based on Random Forest, and identification of the agricultural lands in the central part of
the Volga-Don irrigation system (Volgograd Region) for A) 2/27/2020, B) 3/28/2020,
C) 4/29/2020. Legend: 1, 1a — winter cereals, 2, 2a — spring cereals, 3a — Sudan grass on a dry land
field, 3b — irrigated Sudan grass, 4 — ensilage corn, 6, 6a, 6b, 6¢ — leys, 7 — perennial fallow, 8 —
open field surface.
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Fig. 4 D, E. Results of the automated series classification of the satellite images from Sentinel-2
that was based on Random Forest, and identification of the agricultural lands in the central part of
the Volga-Don irrigation system (Volgograd Region) for D) 5/27/2020, E) 8/20/2020. Legend.: 1,
la — winter cereals, 2, 2a — spring cereals, 3a — Sudan grass on a dry land field, 3b — irrigated Sudan
grass, 4 — ensilage corn, 6, 6a, 6b, 6¢ — leys, 7 — perennial fallow, 8 — open field surface.

On the July image (Fig. 4 D) aside from the mentioned crops there is also irrigated Sudan
grass (3b), while the leys are divided into two types (6, 6a).

On the August image (Fig. 4 E) there are harvested winter crops (1, 1a) and spring cereals (2),
soybeans (5), growing corn (4) and Sudan grass (3b), fallow (7) and leys of two types (6, 6a).

An automated series classification of satellite imagery showed that identification of the
agricultural lands structure is possible. However, due to small fields being undistinguished
sometimes and ley fields dividing into several classes by the level of their soil moisture, the final
stage map compilation requires us to combine those fields separately.

According to the results of this classification, we created a generalized error matrix that can be
found in Figure 5. Along its diagonal are the values that indicate the share of correctly classified
pixels. Anything that is outside the diagonal is marked as the I and II type errors. The average share
of correctly classified pixels for all fields was 75%.
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Therefore, with the use of multi-temporal satellite imagery for highlighting of the lands structure,
it is possible to classify the image both visually and automatically, with an accuracy of 75%.

When conducting the soil surveys and choosing the key sites for them, it is important to focus
on the perennial fallow on previously irrigated lands, which usually the most problematic fields turn
into. A special attention is required when studying a young fallow under 5 years old, which could
probably form due to the soil degradation.

1 2 3 3b i 5 6 7 10 other
1 | 076497| 0.20595) 0.03059| 0.00485] 0.024989 0| 0.04353| 0.011981| 0.051899| 0.100128
2 | 0.07622| 0.72569| 0.01264| 0.00134] 0.006181 0| 0.01227| 0.006873| 0.001006| 0.018213
3a_ | 0.00054| 0.00015| 0.76726 0f 0.010243 0| 14£-05| 0.000567| 4.37E-05| 0.001275
ib 1,48-05 o 0.(2()36‘3'0.66731 0.024253 0| 0.06331] 0.002417| 2.19t-0%| 0.002005

4 0.00348| 0.00287| 0.03249( 0.1096} 079011 0

~
L

0.01807| 0.010356| 0.001378( 0.016272

5 0 0| 0,00025 0| 0.006181| 0.73684| 4.2E-05| 5.67-05 0| 0.000454
6 | 0.03194| 0.02266| 0,10013| 0.1581| 0.063925 0| 0:81623 0.028629| 0.025217| 0.068253
7 | 0.00387) 0.00418 0.02099) 0.0291| 0.030022 0| 0.01614| 0.78129| 0.00573| 0.166173
A0} 0.01258) 0.00117] 0.0019] 0.00097) 0.012533) 0] 0.03491] 0.012604170. 763058 0.101203

other | 0.10637| 0.03728] 0.03312| 0.02513] 0.031523| 0.01316| 0.05535] 0.146321| 0.151652| G.52557%|

Fig. 5. Generalized error matrix.

There is also a large number of non-irrigated fields in the territory of the Volga-Don irrigation
system, which may be a sign of cost savings for irrigation, as well as the patchy and complex soil
cover, a significant amount of saline and solonetzic soils that force the farms to leave these fields
without any irrigation.

To separate irrigated and non-irrigated fields, to identify and divide the fallows under and over
5 years old, we select empirically and use a combination of different channels for the multispectral
satellite images (Fig. 6, 7).

When identifying a perennial fallow on the image taken by Landsat-8 on 4/04/2020, using a
combination of channels 7, 5 and 4 (short-wave infrared, near infrared, red), a younger deposit
(under 5 years old) is highlighted with saturated pink, while an older one is highlighted with pale
pink (Fig. 6 A). The reliability of this identification can be proved by comparing the new image
with the older one, taken 5 years ago and shown below (Fig. 6 B).

The irrigated areas are marked with violet on a satellite image from Sentinel-2, taken on
7/27/2020, in a combination of the channels 2, 3 and 4 (green, red, near infrared; Fig. 7).

Based on the final results, we created a map of the agricultural lands structure for the central
part of the Volga-Don irrigation system. It shows the fields with different crops, whether they are
irrigated or not, as well as it shows the leys, uneven-aged fallow and the areas of all fields (Fig. 8).

We determined that 35% of the total area of the studied agricultural fields (8988.9 ha) was
cultivated, 36.8% was left under the leys, and 28.6% turned into a fallow, which is a significant
share. But only 3.5% of the cultivated fields were irrigated, which is unacceptably low. The reason
for poor lands development can be economic problems, as well as degraded and complex soil cover.
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Fig. 6. A) perennial fallow on the satellite image taken on 4/04/2020 by Landsat-8, in a
combination of channels 7, 5 and 4 (short-wave infrared, near infrared, red); B) fields on the
satellite image from Google.Earth, taken on 8/05/2015, than turned into a perennial fallow by 2020.
Legend. A) 1 — fallow under 5 years old, 2 — fallow over 5 years old; B) 1 — harvested field, 2 —
arable land, 3 — ley field, 4 — perennial fallow.
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Fig. 7. Violet (1) marks the irrigated areas on the image taken on 7/27/2020 by Sentinel-2, in a
combination of the channels 2, 3 and 4 (green, red, near infrared).

The total area of 130 fields was 8988.9 ha. The winter cereals occupied 2026.2 ha (22.5%), spring
crops — 493.0 ha (5.5%), irrigated Sudan grass — 44.2 ha (0.5 %), non-irrigated — 300.5 ha (3.3%),
irrigated ensilage corn — 255.0 ha (2.8%), irrigated soybeans — 3.4 ha (0.05%), leys — 3304.3 ha
(36.8%), fallow under 5 years old — 1205.8 ha (13.4%), over 5 years old — 1356.5 ha (15.1%).

This means that 35% of the total fields were cultivated, 36.8% were left under the leys, and
28.6% became a fallow, which is a significant amount. But only 3.5% of the cultivated fields were
irrigated, which is unacceptably low. The reason for this could be economic problem of the farms
and degraded, complex soil cover that requires an expensive amelioration.

We assessed the cultivated crops condition, using NDVI (Table 1).

When the vegetation cover is sparse, the spectrum depends mostly on soil, and soils background
affects NDVI severely. Due to the crops diversity, patchiness of the soil cover and dry weather of
2020, the NDVI values range significantly between different types of crops in the territory of the
Volga-Don irrigation system.

The NDVI values are quite even (0.13-0.17) for the ley fields during the entire period of our
study, which matches the values of the open soil surface.

Winter cereals reach their highest index NDVI in April (0.72-0.73), ripe by June (0.2-0.21) and
are harvested in July. The index for corn, soybeans and irrigated Sudan grass is at its maximum in
August (0.60-0.88), when the harvest begins. The NDVI values for fallow are in-between leys and
growing crops (0.20-0.40) due to the weeds, the index of which reaches its highest in June (0.38-
0.48), but never exceeds 0.5.

The spring cereals were noted to have a special way of development. We analyzed them on the
images separately, because the time intervals, suggested in Table 1, could not cover their short
growing season. The cereals were growing most actively in the end of May, and reached maturity at
the beginning of July and were harvested. The maximum NDVI (0.52-0.54) indicated they were not
growing sufficiently enough, which could be due to the dry year, and, perhaps, it was the exact
reason for an early harvest (Table 2).
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If the range of NDVI values on a field with only one type of crop on the active stage of growing
differs by 0.1 and more (Sudan grass on dry land, soybeans), it is a sign of its uneven development,
which can be due to the patchy soil cover and, therefore, requires a special treatment when the key

sites are selected.
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No. Code Subject Area, ha No. Code Subject Area, ha
29 7 Fallow under 5 years 229,7 49 7 Falow over 5 years 1958
30 7 Fallow under 5 years 2334 S0 7 Fallow over 5 years 14,5
31 6 Leys 523 51 1 Winter cereals 1111
32 3 Sudan grass on dry land 167,3 52 1 Winter cereals 19,1
33 6 Leys 193,5 53 7 Fallow over 5 years 1233
34 3 Sudan grass on dry land 59,2 54 1 Winler cereals 10,5
35 6 Leys 558 SS 7 Fallow over 5 years 2978
36 2 Spnng cereals 1616 73 1 Winter coreals 3374
37 1 Winter cereals 128,2 57 6 Loys 2308
38 7 Fallow under 5 years 878 58 7 Falow over 5 yoars 86,7
39 6 Leys 172,5 59 7 Fallow over S ysars 89,5
40 7 Fallow under 5 years 414 60 6 Leys 12,5
41 7 Fallow over 5 years 7,7 61 1 Winter coroals 40,8
42 7 Fallow over 5 yoars 12,7 62 6 Leys 74,2
43 7 Fallow over 5 years 17,1 63 1 Winler cereals 60,0
39 7 Fallow over 5 years 17,1 64 6 Leys 16,5
45 7 Fallow over 5 years 16,4 65 & Leys 117,2
46 7 Fallow over 5 years 25,1 o6 1 Winter corcals 1054
47 7 Faliow over 5 years 278 67 4 lmigoled ensilage com 65,6
48 7 Fallow over 5 years 17,5 68 4 |mgated ensifage com 44,2

Fig. 8. Structure of the agricultural lands in the central part

of the Volga-Don irrigation system

(Volgograd Region) in 2020 and the area of each field. Nofes: 1 — winter cereals, 2 — spring cereals,

3a — Sudan grass on dry lands, 3b — irrigated Sudan grass, 4 —

irrigated ensilage corn, 5 — irrigated

soybeans, 6 — leys, 7a — fallow under 5 years old, 76 — fallow over 5 years old, 63-74 — field number.
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To make a general representation of the way the NDVI values distributed over the territory of
the central part of the Volga-Don system, we classified the satellite image from Sentinel-2, taken in
July (Fig. 9). It can be seen on the Figure 9 that there are fields with harvested crops and leys at
NDVI<0.2, fields with fallow and Sudan grass on dry land at 0.2-0.4, and fields with variously
growing irrigated crops (corn, soybeans, Sudan grass) at 0.4-1, as well as garden plots in the
villages and heavily vegetating plants in the gullies.

Therefore, the analysis of the NDVI values makes it possible to separate the growing crops,
leys and fallow, to determine the state of the crop and use its uneven development to determine the
areas with the highest patchiness of the soil cover.

Table 1. NDVI values for the agricultural lands of the Volga-Don irrigation system in February-August

2020.

No. crop type February April June July August
1 winter cereals 0.62-0.70 | 0.72-0.73 | 0.20-0.21 harvested | harvested
3a | Sudan grass on the dry land 0.64-0.76 0.28-0.30 | 0.26-0.28
3b irrigated Sudan grass 0.60-0.66 0.60-0.80 | 0.60-0.85
4 ensilage corn 0.69-0.71 0.83-0.86 | 0.80-0.85
5 soybeans 0.37-0.47 | 0.47-0.50 | 0.79-0.88
6 leys 0.15-0.17 | 0.14-0.19 | 0.16-0.18 | 0.14-0.15 | 0.13-0.15
7 fallow 0.34-0.40 | 0.38-0.48 | 0.24-0.31 | 0.20-0.21

Table 2. NDVI values for the spring cereals in the territory of the Volga-Don irrigation system in May-

August 2020.
No. crop type May June early July late July August
2 spring cereals 0.52-0.54 | 0.23-0.25 0.14-0.15 harvested | harvested
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Fig. 9. Classification by the NDVI values of the satellite image from Sentinel-2, taken on 7/27/2020
in the central part of the Volga-Don irrigation system.
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Then, based on the obtained results, we selected several key sites for further study of irrigated
soils (Fig. 10). The first site was a field with Sudan grass on dry soils, with NDVI less than 0.4
during the active phase of the growing season, which was a sign of soil degradation that were
reducing the vegetation activity of the crop (most likely, it was alkaline soil). The second one was
selected due to its patchy ley field, which indicated the erosional soil degradation. The third one
was on a field with buried temporary ditches, which implied a strong anthropogenic impact on soils
and a diversity of soil formations. The fourth one was with a fallow over 5 years old, which
indicated a complex soil cover and made it necessary to leave the field without cultivation and
irrigation for a long period of time. The fifth one was an irrigated field with a successfully growing
crop (silage corn), where the NDVI was more than 0.8.

1000 m

Scale 1:35000

Fig. 10. Selected key sites (1-5) for a soil survey, marked on a satellite image from Sentinel-2,
8/27/2020.
Conclusions

This study aimed to identify the possibility to recognize the structure of agricultural lands
(fields with various crops, leys and fallows), using the multispectral high resolution satellite
imagery (10 m) from Sentinel-2. It took place in the area of Volga-Don irrigation system that was
located in the dry steppe solonetz zone of Volgograd Region. The idea was to select some key areas
for soil survey afterwards, while taking into account the state of crops and fields. For this we
analyzed the images, taken in the said area in February-August 2020, and used materials from field
surveys that were carried out in August-September 2020. The structure recognition was made
visually and automatically.

In the process we discovered that after a sequential visual analysis of multi-temporal
multispectral satellite images was carried out, the winter crops stood out the most in February,
March and April. On the April image it was the perennial fallow that was well defined; in June it
was the ripening winter and spring crops, Sudan grass on dry land, leys and fallow, but irrigated
corn and soybeans were barely recognizable; in July the harvested winter and spring crops, corn and
leys were clearly visible, but the color of Sudan grass on dry land, soybeans and fallow hardly
differed from the leys; in August the harvested winter and spring crops, soybeans and corn were
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well-defined, but leys and fallow did not differ too much. The satellite images that had been taken
at different times, made it possible for us to mark all cultivated fields on the irrigation system.

We used a Random Forest method, based on an ensemble of Decision Tree classifiers, to
automatically classify satellite imagery and highlight the structure of agricultural lands. In this
method we used training samples that were based on visual interpretation of images, as well as took
into account such features as spectral brightness in 4 channels of Sentinel-2, and NDVI values.
The images that were processed had been taken in February-August 2020. According to the results,
the structure was the clearest for June and July. We found out that small fields (with an area of 0.2-
0.5 ha) could not be identified separately, because the merged with the surrounding background;
while the ley fields could divide into 2 or 3 classes, depending on the month when the image was
taken (and the difference in soil moisture), and therefore we had to combine them at the final stage
of the processing.

The results helped us to comply a generalized error matrix, which showed that the average
share of correctly classified pixels was 75% for the analyzed agricultural lands, therefore, this
method of image processing can be considered acceptable.

The combination of different channels allowed us to separate the irrigated and non-irrigated
fields on the irrigation system from the fallows of different ages.

After the work was finished, we created a map of the agricultural lands structure for the central
part of the Volga-Don irrigation system. It shows the fields with different crops, whether they are
irrigated or not, as well as it shows the leys, uneven-aged fallow and the areas of all fields.

We determined that 35% of the total area of the studied agricultural fields (8988.9 ha) was
cultivated, 36.8% was left under the leys, and 28.6% turned into a fallow, which is a significant
share. But only 3.5% of the cultivated fields were irrigated, which is unacceptably low. The reason
for poor lands development can be economic problem, as well as degraded and complex soil cover.

We calculated the NDVI values to reflect the crops state at the different stages of their growth.
The analyzed material made it possible to select key sites for the further soil survey, since the state
of crops, among many other factors, reflects the structure and degradation of soil cover, and helps to
select correctly the said sites to study and develop the required ameliorative measures for irrigated
soils fertility improvement in the future.
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B nanHO#, TpeThell, WacTu cTaThu MPEACTaBIEH 0030p HCCIICIOBAHMI, TMOCBSIICHHBIX H3YYCHHIO
MPOIIECCOB TpaHCPOPMAIK MPUPOJAHBIX KOMIUIEKCOB Ha TeppuTopuu [lpuapanbs, o0ycloBIeHHON
najieHueM YpOBHSI ApallbCKOTO MOpPSI M COKpaIleHHeM IUIOMAAN ero BOJAHOW MOBEpXHOCTU. MIMEeHHO
9Ta TeppHUTOpHs ObLIa OXBadyeHa Pa3BUTHEM ApallbCKOro KpH3Hca. AHTPOIOTEHHO OOYCIIOBIICHHAS
TpaHchopManusi MPUPOIHBIX KOMIUIEKCOB, OIleHHBaeMasi Kak OIyCThIHWBaHHE, MPHUBENA K yTepe HX
pECYpCHOTO TOTEHIMANa M PAa3BHTHI0 MEIUKO-OMOJOTMYECKOW ¥  COIHMAIbHO-DKOHOMHYECKON
cocTaBistomux Apaibsckoit mpo6iiemsl. CojiepkaHue CTaThU BKIIIOYAEeT PACCMOTPEHHE U O0CYXIeHUE
WCCIIEIOBAaHUN TMHAMHUKH TPUPOJIHBIX KOMIUIEKCOB, BBITOJHEHHBIX Pa3HBIMU aBTOPAMU, C MO3MIIUH
HOBHM3HBI M OPUTHHAIBHOCTH HCIIONB30BAHHBIX ITOJXOJIOB M METOJIOB, HAYYHOH M INPAKTUIESCKOU
3HaYMMOCTHY IOJIYyYEHHBIX Pe3yjbTaTOB M MX BKJIAJa B IIOHMMAaHHUE Pa3BUTHS ApanbCKOro KpU3uca.
B cratbe B nepByro ouepenb pacCMOTPEHbI KOMILJIEKCHbIE JIaHAIIA(THBIE UCCIENOBAHUA U 3aTeM —
UCCIIEOBAHNS OTJEIBHBIX KOMIIOHEHTOB JIaHIMA(TOB (TIOYBBI, PACTHTEIBHOCTb, OPHHUTO(AyHA U
XKUBOTHOE HaceneHue). CHayanza pacCMOTPEHB! MCCIEAOBaHMS, IOCBALICHHBIC W3YYEHUIO TUHAMHUKU
Bceil Teppuropuu Ilpuapanbs, a 3aTeM — IATH OTACIBHBIX JaHIIaTHBIX paiioHoB (YcTiOpTa,
Ceepaoro, Bocrounoro, FOro-socroudoro u FOxuoro Ilpmapanes). Haubonpiiee uucino pabor u
Hay9IHBIX ITyOJMKaruii mocBsimeHo FOxuomy Ilpuapanpio, B 0COOCHHOCTH, €r0 HE OCBOCHHOH IO
OpOIIEHHE YacTH JenbThl AMynapbu. Bce aBTOppl OJHO3HAYHO OLIEHMBAIOT AMHAMUKY MPHPOIHBIX
KoMIuiekcoB Ilpuapanbs Kak OMyCThIHUBaHHE, OOYCIOBJICHHOE COKPAILlEHHEM BJIAro00ecredeHHOCTH
TEPPUTOPHHM B YCIOBHSIX apuUIOHOrO Kiaumata. Jlanowagmusie uccredosanus Bcero llpmapanbs
(B.A. IlortoB  (1990), A.B. IItnunukoB (1991), A.A. PadukoB u H.®D. Terroxun (1981),
I'.B. I'enppieBa ¢ coaBropamu (Geldyeva et al., 1989, 2000) u np.) ObITH HampaBJIEHBl HA H3yUCHHE
IIPOCTPAHCTBEHHON CTPYKTYPBI, BBISBIECHHE NPOLECCOB M ()OPM OIIyCTHIHMBAHMS B Pa3HBIX THIAX
nanamadToB M JaHAWAPTHRIX paiioHax. IlokazaHo, yTo coBpemeHHble naHamadTel Ilpuapanss
UMEIOT DPa3Hblil TeHe3uc, Bo3pacT, cocTosHHe. [lo3ToMy HamMeHbIIME H3MEHEHHUS B YCIOBHSX
ApanbCcKOro Kpusnca XapaxkTepHbl Uit Oojee OPEBHHUX, MYCTHIHHBIX JaHAMA(TOB, a HauOONbLIINE —
st Mononeix. A.B. IltuaankoB (1991) BeIsIBIIL, 9TO H3MEHEHHUS HA YPOBHE 0MOEbHbIX KOMHOHEHMO8
(rmaBHBIM 00pa30M — PaCTUTENIFHOCTH) MPOU3OILILIN Ha Y CTIOPTE, Ha BO3BBILICHHBIX 1171aT0 CEBEPHOI 0
[Ipuapanes, Kespuikymax. CMeHsl gayuti — B mmpokoit (o 120 kM) moroce IpeBHealoBUaIbHO-
JeNTOBBIX PaBHUH M B Oonee y3koi (mo 20 kM, BIoJs Oepera Mopsi) TOJ0Ce MeCUYaHbIX MyCTHIHb B
Bocrounom Ilprapanse, a Takke Ha 9YMHKaX YcTiopTa U miato Bocrounoro Ilpuapansd. CMmeHsl Ha
YPOBHE ypouuuy — B IOWMax peK U Ha OoiplIel yacTu 0OCOXILEro JHa MOpsl, a TAKXKE B IPUMOPCKOM
TI0JIOCE JIPEBHEAJUTFOBUAIBHO-IETFTOBON TaKBIPHOW paBHUHBI Akdanapbu B 20-60 kM OT Oepera mMopst
60-x romoB. CmeHbl Ha YpoBHE MOPQOJIOrMYECKUX EOUHML JAHAIA(PTOB CIONCHBIX Ypouuy,
MecmHocmel XapaKTEepHBI JUIS TEPPUTOPUHM HEOPOLIAEMBIX YacTed NENbT 3a HCKIIOYEHUEM IOHM,

'Yacre 1 craten H.M. Hosukogoii omyGmukoana B Ne 1 3a 2019 r. (c. 5-66) mannOro »*ypHana; 4acts 2 — B Ne 2 3a
2020 . (c. 96-170). PabGora BBIOMHEHA B paMKax paszena 2.6 «OBONIONMS Ha3eMHBIX 3KOCHCTEM B M3MEHSIOLIUXCS
npupoaHbsix ycnoBusix» TeMsl HUP MBIT PAH «MonenupoBaHue M MPOTHO3MPOBAHUE MPOLECCOB BOCCTAHOBIICHUS
Ka4yecTBa BOJ M JKOCHCTEM IIPH Pa3JIMYHBIX CICHApUSIX W3MEHEHWH KIMMaTa W AHTPOIIOTEHHOW eSTelbHOCTHY
(Ne 0147-2018-0002), Ne rocpeructpannn AAAA-A18-118022090104-8.
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HOBUKOBA 61

MPUMBIKAIONINX K OCHOBHBIM pyciaM pek. HaumBbicmii paHr U3MeHeHMi (cmena aanouwiagmos) B
[Ipuapanse mpow3omien Ha HEOPOIIAEMBIX dYacTsAX nenbT Amynapen W ChepAapbd, a TakkKe B
obcoxmieli mojoce AHa Mopsl. B 3Tux mccnenoBaHusIX UCIOIB30BaINCh HOBBIE B TO BpeMsl MaTepHaIbl
JWCTaHIIMOHHOTO  30HIUPOBAaHUWsS, pa3pabaThIBAIMCh  METOAbl  KapTorpadupoBaHHs C  HX
ucrnonb3oBanueM.  [lomydeHHble — pe3ynbTaThl  HANDIM  OTpPaXXEHHE Ha  Pa3sHOOOpa3HbIX
KapTorpaduueckux marepuaiax. MX aHanu3 MOKa3blBaeT, YTO B OTIMYHE OT ITYCTHIHHBIX
naHama@THEIX pallOHOB COBpPEMEHHAs AWHAMHKA MPUPOIHBIX KOMILIEKCOB JENBT BBINCISACTCS TEM,
YTO OHHM HaXOJATCS MO BO3JCHCTBIEM HECKOIBKUX (DAKTOPOB M XapaKTEepU3yIOTCS MPOCTPAHCTBEHHO -
BPEMEHHOM HEOAHOPOTHOCTBIO. HayuHas 3HAYMMOCTH MONYYEHHBIX pE3yJbTaTOB 3aKIIOYAETCS B
pa3paboTKe TEOPETHUYECKOrO TMPEICTAaBICHUST 00 OKOJIOro-TeHETHYECKUX psdax JIeNbTOBBIX
naHaAmadToOB KaK ABOJIOMMOHHONW CHCTEME, CKJIaJbIBAIONICHCS B XOJE €CTECTBEHHOI'O DPa3BHUTHUS
TEPPUTOPUH B HampaBieHHUH (OpMHUpPOBAaHUS 30HAIBLHBIX BapHaHTOB. [lokazaHo, YTO AWHAMHKA
naHamadToB B YCIOBUAX APajbCKOr0 KPU3HCa OTIIMYAETCS OT €CTECTBEHHOH YCKOpEHHEM IPOIIECCOB
U nponyckoM ctaaui. JlanamadTel coBpeMeHHBIX AenbT AMynapbd U CeIpJapbH, HMesl TeHEeTHYECKH
OOYCIIOBIICHHYIO M YCHIIMBAEMYIO TMaJiIcHHEM YPOBHS MOpS W OOCBHIXaHHEM BOJHOI'O 3epKalia
€CTECTBCHHYIO TEHJACHIMIO K OINYCTHIHMBAHWIO, HAXOMATCS Ha pa3HBIX CTaJisIX TMporecca B
3aBHCUMOCTH OT YCJIOBHH BOJHOTO PEXKHMa, TMOJJIEP)KUBAEMOr0 YEIIOBEKOM TIPU  CO3JIaHUH
HCKYCCTBEHHOMU THiporpaduyeckoii cetn (CHCTeMBbI BOJOEMOB U KaHalioB). COBpeMEHHBIH nougenHbill
nokpos M nuHamuka nouB [lpuapaibst Oornee MeTaibHO HCCIEIOBAINCH B JIENbTe AMYyJIapbu B XOJe
HaTypHBIX HabmroaeHuil B pexxume monutopuara b. XomeibekoBeiM ¢ 1980 mo H.B. 1 oTpakeHBI B
psne ero myonukanuii (1987, 1995). Um ObL1 u3ydeH M 0XapaKTepHU30BaH COBPEMEHHBIN TOYBEHHBIH
MOKPOB, c(hOPMHPOBAHO TMIPEJICTABICHIE O BAPUAHTAX IIEPEXO00B OJHUX MOYB B APYTHE U MPEITI0KEH
nporao3 ux passutus nocie 1990 r. Ocoboe BHUMaHHE B €r0 MCCIENOBAHMIX ObUIO OOpaleHo Ha
nporecchl 3aconeHus-pacconenns. B umccnenoBanusx [.C. Kycra (1999) momyumna manpHei1nee
pa3BuTHE TEOpUsl JUTOMOP(QOIENOoreHe3a INPUMEHUTENBHO K COBPEMEHHBIM YCIOBHSM JIENIBT
Awmynaper 1 Celpaapbu. JlokasaTeabHON HILTIOCTPAILlMEH 3TOM TEOPUHU SBJSIOTCS pa3pabOTaHHBIC
aBTOPOM CXEMBI THHAMHKH IOYB, PACTHTEIBLHOCTH M OCHOBHBIX MOYBOOPA30BATEIBHBIX IMPOLECCOB
IUIsl TEHETHYECKN Pa3HbIX JAHAMA(TOB MPU Pa3HONH CKOPOCTH M3MEHEHHUS BJIAarooOeCIe4eHHOCTH H
3aconenus. I'.C. Kycr mokasai, 4To TakbIpOBHUIHBIE M TAaKbIPHbIEC IIOYBHI JAPEBHEICIbTOBBIX PaBHUH
[Ipuapanps (Axdamappu, JKaHamapbh) HE SBJSIOTCS 3aBEpIIAONICH CTaaWell pa3BUTHSA HCXOIHO
rUIPOMOPGHBIX AJUTIOBUANIBHO-IENIBTOBBIX IIOYB, T.K. OHM — 3TO 3Tall B MpoLecce IUTEIbHOI
IBOIIOLIMK B Cepo-Oypble TOYBBI. PacTHUTENBHOCTh — OAWH W3 BaXKHEHIMX pecypcoB lIpmapainss,
CO3JAIOIMI IKOHOMHYECKOE Oaronony4ne HacelneHus U ONaronpusTHbIE YCIOBUS Cpeibl OOUTaHUSL.
[losTOMy npu M3Y4EHUH OUHAMUKU PACMUMENbHOCHY TIOMHUMO TPAaIUIMOHHBIX OOTaHHMYECKHX
TToKazaTeJicii, TakuxX Kak BumoBoe ((proprctraeckoe) U PUTOIEHOTHIECKOE 00raTCTBO, KU3HEHHOCTD,
BO300OHOBJIEHME M T.H., HEIPEMEHHO HCCIECAOBAINCh XO3SMCTBEHHO 3HA4YMMBIE I[10Ka3aTenu
(mam3eMHass W Tmoa3eMHas (uUTOMAacca), COOTHOIIEHHWE BHIOBOIO COCTaBa PACTEHWH pPa3HBIX
XO3SHCTBEHHBIX TPYNIL M3yuenuem pacmumenvHocmu oOenvmuvl peku Amyoapbu (M3MEHEHHEM ee
BHJIOBOTO OOraTcTBa W pa3HOOOpaswsi) anuTenbHOoe Bpems 3aHuManuch A.b. baxumeB (1985) ¢
komeramu (baxwe u gp., 1977, 1994; baxueB, byroB, 1976; baxueB, Tpemkun, 1995);
HCCIIEIOBAHME JIYTOBOM PACTUTENBHOCTH U €€ X03IiCTBeHHOU 3HaunMocTH BbinonaHui1 H.K. MamyTos
(1990). B pamkax mpoekta FOHECKO (Novikova et al., 1998, 2000) Osuma mpoBeneHa
WHBEHTapu3anus (GUTOpa3HooOpa3ust (TAaKCOHOMHYECKOTO W (PUTOIEHOTHYECKOro OOoraTcTpa),
COBPEMEHHBIMH METOAaMH pa3paloTaHa KilaccH(UKalMs, OXapaKTepU30BaHa HKOJIOTHsS COOOIIECTB,
OLIEHEHO MX JIMHAMHUYECKOE cOCTOsiHMe. HaydHas 3HauMMOCTb 3THUX HCCIEAOBaHMN CBs3aHA C
pa3BUTHEM TEOPETHYECKMX IPEACTAaBICHUH O (QuTOpazHOOOpa3uu Kak MHOTOYPOBHEBOU
(TaKCOHOMUYECKHII + CHHTAKCOHOMWUYECKHN + XOPOJIOTHYECKHUI) AMHAMHYECKOH (IBOIIOIMOHHOMN )
CHCTEMe, CBA3aHHOW C JaHMma@THBIM pa3HooOpasueM. OTO MPOMUIIOCTPUPOBAHO MOJEINBIO
JUHAMHYECKHX CBSI3eH pacTUTeNbHbIX coodmiecTB. [IpakThdeckuil BbIXOJ W3 Te00OTaHUYECKUX
HCCIIEIOBAaHUHM 3aKITIOYaeTcsl B TOM, YTO Oblja JlaHa OLEHKA COCTOSHUSI PAaCTHUTEIBHOIO TOKPOBa B
COBpPEMEHHOU JnenbTe AMynapbu Ha cepeauHy 1990-x rogoB M OBUIO TOKA3aHO, KaKWe TPYIIIBI
coo0011IeCTB HA YpoBHE (hopMaunii TOrubIu, HAXOAATCS Ha CTAJUH OTMHPAHHUS WX UMEIOT TEHACHIIHIO
K pacmmpeHuto. Kpome TOro, pesynpTaTbl HCCIENOBaHUS [AalOT HaydHOoe OOOCHOBaHHWE s
MPOBENIEHNUS NPAKTHUECKUX THAPOMEINOPATUBHBIX padoT, 00ecneunBaloX MHOrooOpasyie yciuoBui
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CpeIbl 10 XapaKTepy YBIXKHEHUS W 3aCOJICHUS JUIS COXPAaHEHHS BCErO0 MHOTOOOpasusi OMOTOIOB U
OouoThl. B 3THX paboTax mepBbIC BBIABUHYT TE3UC O TOM, YTO IMPH pacyeTaxX BOJHOrO OanaHca
TEPPUTOPUH JCTbTHl AMyAapbd OHOKOMIUICKCHI CJICIYeT Y4YUTHIBATH KaK CaMOCTOSTEIbHBIE,
OTJCNILHBIC BOJONOTPEOUTENN. PacTUTENBHOCTh NENBT — Tyramh — 3TO OCOOBIA PEIUKTOBBIM THII
MOMMEHHOW PaCTUTEILHOCTH, BKIIFOUAIOUINI JPEBECHbIC, KYCTAPHUKOBBIC U TPaBSHBIC COOOIIECTBA.
Uccnenosanus C.E. Tpemkuna u XK.B. Kyspmunoit (Tpemkun, 1990; 2011; Treshkin et al., 1998;
Treshkin, 2000; Ky3pmuna, 1993, 19976; Ky3pmuna, Tpemkun, 1997; Kuzmina, Treshkin, 2006)
MoKa3ajiH, YTO TyrailHas pacTHTENbHOCTb, paclpoCTpaHeHHas 3a mpenenamu llpuapanss B moitmax
pek Cpenueit u LlenTpansHoil A3uu, B HacTOsIIEe BpeMsl TTOBCEMECTHO IMOIBEP)KEHA JErpajlallvu.
OcHOBHAsI IPUYMHA — aHTPOIIOT€HHASI — PETYJIMPOBAHUE TJIOTUHAMH M TIEPEUCIIONB30BAHUE PEUHOTO
croka. ['ubens aMynappMHCKHX TyraeB B JIENbTE, MPEICTABISIONIMX HAUOONbIIee pa3HOOOpasue u
3aHUMAIONIUX OOLIMPHBIC IUIONIAJNM B BUJE IICIbHBIX MAacCHBOB B OacceiiHe AMyJapbu, MPUBEICT K
yTepe BUIOBOTO M (UTOIEHOTHYECKOro OOraTtcTBa 3TOTO Mund PacTUTEIBHOCTH. DKOCHUCTEMHBIN
nonxof K aHanmusy auHamukd TyraeB nozsomunu C.E. Tpemxkuny u JK.B. Ky3smunoit (Tpemikus,
2011; Kyspmuna, Tpemxun, 2012) o0ocHOBaTh BO3MOXHOCTH M METOABl HX COXPAaHEHMS.
CymiecTBOBaHHE TYTalHBIX PACTHTENBHBIX COOOIIECTB — 3AJI0T COXpaHEHUs] OOraTcTBa MX KHUBOTHOTO
HacelleHUs! ¥ BUJOBOro OoraTcTBa. JTO MoJoKeHHe moATrBepaniu padorer T. AGapeumona (1981) u
M. AmeroBa (1981) mo wmHBeHTapuzanuu, dkonorun u padora P.PeiimoBa (1985) mo mmHamuke
OpHUTO(AYHB MIICKOIMUTAIOMNX. B WTOre MpoBeMeHHBIX HAYYHBIX HccienoBanmii B [Ipuapanbe u B
OTJCIBHBIX JaHAAaPTHBIX paiioHax ¢ KoHIa 1960-x TOIOB U 1O HACTOAIIEE BPEMsI IIOJyuEHbI HOBBIC
3HaHUS 00 DKOJOTMYECKOM KpPU3UCE W OCOOCHHOCTSIX €ro pa3BUTHs KaK IIEMOYKE SKOJIOTHYECKH
O0YCIIOBIIGHHBIX, TIOCIIEC[IOBATEIFHO PA3BUBAIONIUXCS MPOIECCOB, BEIYIIUX K (OPMUPOBAHUIO
MIPUPOIHBIX KOMIUIEKCOB ITyCTHIHHOTO TuMa. [IpoBeneHHbIe MccnenoBaHus Mmokasaid, 9To K 1990-m
rojiaM, BCIIe]] 32 OKOHYATENbHON Tpanchopmanmed kiaumara [Ipuapaibs, 3aBepIIMIIMCh H3MEHEHUS
JaHAmapTOB B MYCTHIHHBIX JaHmmadTHeix pabonax (Ycriopt, CeBepHoe u IOro-socrounoe
[Ipuapanse). B Ceepo-Bocrounom u FOxuoM Ilpmapanbe, Ha TEPPUTOPUHU IENBT PeK AMymapbs U
Colprapbsi, 3aBepIIeHHE TIpolecca OMYCTHIHWBAHHUSA IPHUOCTAHOBICHO THIIPOMEINOPATUBHBIMH
peoOpa3oBaHUsIMHU U COXPaHEHUEM MOWMEHHO-aJUTFOBHABHBIX POIIECCOB HA JIOKABHBIX YY4acTKaXx.
3/1ech OUHAMHYECKOE COCTOSHUE MPHUPOTHBIX KOMIUIEKCOB 3aBHCHT OT JKOJOTHYECKHX YCIOBHA,
OllpeNensieMbIX HOBBIMA BOAHBIMH  OOBekTamMu. (OIHAKO CYIMIECTBYIOIINE CHCTEMBI HE
MpeIyCMaTPUBAIOT TIABHOTO HKOJOTHYECKOTO YCIOBHS COXPAaHEHUS MOWMEHHBIX KOMIUIEKCOB —
HEOOXOAMMOCTH WX pa3BUTHS. VHBIMH CJIOBaMH, PAaBHOBECHOE COCTOSHUE JKOCHCTEMBI JIEIbTHI
COXpAaHsSIeTCsl MPU YCIOBUM, YTO KaXIbld KOHKPETHBIA YYaCTOK HAaXOIUTCS HA CBOEU, OTIMYHOM OT
MPOYMX CTaAWH pa3BUTH. [Ipu oTCyTCTBHM MMHAMHUKHY MPUPOIHBIE KOMITIEKCH MPOUTYT HEOOMBIION
IyTh SBONIIONMK W 3aBepmiaT ero (hopMHUpOBaHHEM TalO(DHUIBHBIX OMOTHYECKHX M aOMOTHYECKHX
KOMIUTIEKCOB. JTa TpobiemMa TMOAAep aHUs ITUHAMAYECKOrO PaBHOBECHS OKOCHCTEM [EbT —
COBpEMEHHas BaKHasl 3ajjaya B YIPaBJICHWU pa3BUTHEM ApallbCKoro Kpms3uca. Ha ee pemeHume
HEO0O0XOAMMO HANIPABHUTh YCUJIMS YUEHBIX — re0dKoIoroB. HoBu3Ha JaHHOM CTAaThU CBS3aHA C TEM, YTO
BIIEpPBBIE B KpaTKod (hopMe pacCMOTpEHBI HAayYHBIE WCCIIENOBAHUS, BBITONHEHHBIE 10 JIHHAMHKE
MPUPOIHBIX KOMIUIEKCOB W KOMIIOHEHTOB JKOCHCTEM B CBSI3M C pa3BUTHEM ApaibCKOro
AKOJIOTUYECKOT'0 KPU3HCa, OIIEHEHA WX HayYHas HOBH3HA M TEOPETHYECKask 3HAYMMOCTh B TIOHUMaHHH
pasBuUTHS ApaabCKOW MPOOIEMEI.

Kurouesvie crnosa: llpnapanbse, ApallbCKuil KpU3NC, JTAHAIAQTHBIE PafiOHBI, TPUPOIHBIE KOMILIEKCHI,
nmaHAmAaQThl, TOYBBI, PACTHTEIBHOCTh, OPHHUTO(AyHAa, >XUBOTHBIM MUp, IPOLECCH, IUHAMHKA,
ABOITIOLINSA, ONMYCTHIHUBAHNE, BOAHBIN PEXKHUM, 3KOJIOr0-TUHAMHYECKHIE, YKOJIOTrO-TeHETHYECKUE PSIbI,
Ooropa3HooOpa3ue, X03aiCTBEHHOE 3HAUCHNE, THAPOMEITNOPATHBHBIE MPOEKTHI.

DOI: 10.24412/2542-2006-2021-3-60-155

B HepBOﬁ YacTH JaHHOW CTaThH ObL1a cAcIaHa MOIIbITKa BOCCTAHOBHUTH IMOCICA0OBATCIBHOCTD B
Pa3BUTHUHN KpU3UCA, OCO3HAHUU ITPUYHUHBI U SKOJIOTHUYCCKUX MOCJIEICTBUI Hay4YHbIM COO6H_ICCTBOM,
IIpU3HAHHUU KpU3HCa BJIACTAMU. breun KpaTKO pacCMOTPCHBI MMOCTAHOBKA U COACPIKAHUC HAYIHBIX
HCCIIeNOBaHUN JUHAMUKU HpHpOI[HOfI CpCabl, pPa3BHUTHUC BKOHOFO-FCOFpa(I)I/I‘-ICCKOFO IMpOruo3a,
MOHHUTOpHUHTA, MPCACTABJICHUC O IMpcAcjiax aHTPOIIOTCHHOI'O BOBHCﬁCTBHH, OCMBICJICHHC
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pe3yabTaTOB U MOAXOJBI K pa3pabOTKe MPAKTHUYECKUX MEPOTPHUATHI MO PELICHUIO 3KOJIOTMYECKHX
npo0JieM, BO3HUKIIKX B CBS3H C MTAJICHUEM YPOBHS MODsI U onycThiHUBaHUEM [Ipuapanbsi.

Bo BTOpo#i yactu crathy ObLI 1aH 0030p MOCTAHOBKM M PEIICHUS MCCIENI0BATEIbCKUX 3a7ad,
(bopMynHpOBaHHS HAYYHBIX KOHIENIWKA M BBIOJHEHHBIX HAYYHBIX MCCIEAOBAHUHU IO W3YyYCHHIO
HKOJIOTO-TeOrpaMuecKoro acrekra pa3BUTHS Apalbckoil mpoOieMbl. JTa 4acTh BKIIOYACT IBA
TeMaTudeckux paszena. [Ipexxae Bcero, paccMOTpEeHbl MCCIEIOBAHMS 110 M3MEHEHMIO KJIMMara B
[IpuapanbckoMm pernoHe (IOCTaHOBKA 3ajJjad, METO/Ibl UCCIIEOBaHUs, pe3ynbTarThl). ClenaH BbIBOJ
0 ToM, 4TO K KOHIy 1990-x romoB m3MeHenue kinumara B [lpuapanbe, CBA3aHHOE C MaJeHUEM
YPOBHS MOpsl, NPEKpaTHWIOCh, T.€. MPOM30LLIA CTAOMIM3alMs OJHOTO M3 MHOIMX AaclleKTOB
Apansckoii mpoOsembl. Eile oIuH BakHBIM BBIBOJ, CHEIaHHBIA B pe3yJabTaTe HCCIIEIOBAaHUMN
OCTaTOYHBIX BOJOEMOB MOPsI UHCTUTYTOM okeaHojorun PAH P®, mokaszan, uto B 10-20-e romabl
9TOTO CTOJIETUSl TPOM30IIA OTHOCUTENbHAs cTaOuwinu3anuss MX ypoBHeW. Takum oOpaszom,
CTAOMJIM3UPOBAIICS €IIIe OJUH acleKT ApanbCKkod mpoOiembl. BTopoil Temaruueckwii pazmen —
oOcoxuiee JHO MOpS U CBsI3aHHbIE C HUM IpoOsieMbl. PaccMoTpeHHBbIE pe3ylbTaThl Hay4HbIX
UCCIIEIOBAaHUI MOKa3ajlM, YTO 3aKPEIUICHHE JIHA PAaCTUTEIbHOCTHIO M (POPMUPOBAHUE MPUPOTHBIX
KOMIIJIEKCOB IyCTHIHHOTO THIIA HJAET KpailHe MeEJIEHHO, HO HakKoIUIeH OOJBIION OMBIT IO
YCIEIHOMY MPOBEACHUI0 (UTOMENHOpalMii Ha TeppuTopuu IHa, obcoxmero a0 2000-x romos.
CnenaH BBIBOJ O TOM, YTO MpoOJieMa CTAaHOBJIEHUS! MPHUPOTHBIX KOMIUIEKCOB MyCTHIHHOTO THIIA Ha
JTHE €I11€ Ha/I0JITO OCTAHETCS OJJTHUM U3 IIEHTPAJIbHBIX aCIIEKTOB COXpaHEHHs ApajbCKOW MpoOIeMbl.

B.M. Kotnsikoe B 1991 1. pmanm JakoHWYHOE  oOmpeAesieHne ApalbCKOM  MpOOJIeMBI:
«...TIOJITHOCTBIO OCO3HAHO, YTO TpobiemMa ApalbCcKoro MOps MU ero OacceiiHa — 9TO Tpoliema
3I0pPOBbSI U JKU3HU B YCJIOBUSIX MPOJOJIKAOLIErOCs aHTPOIIOTEHHOTO ONMYCTHIHUBAHUS OTPOMHOM
tepputopun» (Kotsikos, 1991, ctp. 6). B aTom Beicka3siBanuu Biagumupa MuxaiimoBuya st Hac
0oJbIIOE 3HAUEHHWE MMEET TO, YTO, BO-MEPBBIX, cuTyanus B [lpmapanbe ompenensercs UM Kak
OMYCTBHIHMBAHUE, 4, BO-BTOPBIX, OMyCThIHMBaHHE B [Ipuapanbe — cyThb 3KOJOTHYECKOTO KpHU3HCa,
T.K. OT COCTOSIHUS MPUPOTHON CpPebl 3aBUCAT 30POBBE U KU3Hb HaceleHus: peruoHa. Orcroa Mbl
MOXXEM CJeNlaTh BbIBOJ OO0 HCKIIOUMTENbHON Ba)KHOCTH HAYYHBIX HCCIIEOBaHUM TUHAMHKHU
MPUPOJHBIX KOMIUIeKcOB B [lpmapanbe, 3HaHHME KOTOPHIX [a€T OCHOBAHME JJIsl YIPABICHUS
pa3BUTHEM TPOIECCOB: Pa3pabOTKOW METOJOB IO CMSTYEHHUIO, JIOKAIM3AIMM HEraTHBHBIX
MIPOLIECCOB HJIM IO YCKOPEHHUIO U 0XBATy OOJBIINX IUIONIA/IeH TO3UTUBHBIMHU.

Copep:xaHue HAcTOAIICH, TPEThel YacTH CTAaThU BKIIOYAET PACCMOTPEHHME HAYYHBIX
UCCIIEIOBAaHUM, TMOCBSIICHHBIX TpaHchopMalMu MPUPOAHBIX KoMIuiekcoB B [lpuapanbe u
oO0cyXJIeHHE TOJy4YEeHHBIX Pe3ybTaTOB. DTa YacTh HCKIIOUUTENbHO Ba)KHA JUIS MOHUMAHUS CYTH
Apansckoii mpoOnemsl. [Ipuapanbe — MMEHHO Ta TEepPpUTOpPHUS, HA KOTOPOH HEMOCPEACTBEHHO
CKa3aluCh TOCHEACTBUS TMAaACHUS YPOBHS M COKpAIIEHHUS BOJHOM MOBEPXHOCTH MOPA,
MIPEeKpaIEHHs ero KINMaTH4eckoro Bo3aercTBud. [Ipuapanne, CoOOCTBEHHO, U €CTh TEPPUTOPHS], HA
KOTOPOil MpOsIBUIICS ApalIbCKUA KPU3HC. DKOJIOTHYECKAs POJIb MOPS HA MPUIIETAIOIINX TEPPUTOPIX
MPOSIBIIATIACH 4Yepe3 IEeMOYKy CBsi3ed, OOECHeuMBAIOIIMX CMATYCHHE KIMMaTta, MOJAepKaHHe
KauyecTBa U YPOBHS MOBEPXHOCTHBIX M MOA3EMHBIX BoJ (0azuc 3po3uu), 0OBOJHEHHE AEIBTOBBIX
paBHUH U TOJJepXkaHue Ouopa3sHooOpazus U OOrarcTBO OMOJIOTHYECKUX pecypcoB. Peskoe
U3MEHEeHHe OOBOJHEHHOCTH TeppuTopuu Ilpuapanbs cTamo NPUYMHOM IIETIOYKM 3KOJIOTHYECKUX
MPOIIECCOB TpaHC(HOPMALIUU TPUPOJHON Cpelibl, N3BMEHEHHsI KOMIIOHEHTOB YKOCHCTEM, MOTEPU UX
OMONPOTYKTUBHOCTH U XO3HCTBEHHOM LIEHHOCTH U B UTOT€ — 000CTPEHMSI UMEIOIIUXCS U Pa3BUTHUSA
HOBBIX COIIMAJILHO-IKOHOMHMUECKHX MpobsieM B Pecniybnnke Y30ekucran (Kapakanmnakus, Xope3m)
u Kapuopaunckoit obnactu Pecnyonukn Kazaxcran. BriiagpiBas B MOHMMaHUE 3KOJIOTHYECKOTO
KpHu3Hca Mepexo] M3 OJHOIO PaBHOBECHOTO COCTOSIHHMSI IMPHUPOJIHBIX KOMILIEKCOB B JIPYro€, MBI
ONpENEINUIN LEedb JAHHOW CTaTbM — OLIEHUTh, HACKOJIBKO CYIIECTBYIOUIUE IPUPOJHBIE U
AHTPOIIOT€HHO TPaHC(HOPMHUPOBAHHBIE MPUPOJHbIE KOMIUIEKCH MPUOIU3MINCH K OTHOCHUTEIBHO
PaBHOBECHOMY CTaOMJIBHOMY COCTOSIHHUIO, OTIPE/IENIIEMOMY 30HAIBHBIMU ITYCTBIHHBIMH YCIOBUSMU
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cpenpl. JIms 5TOTO Ha OCHOBAHWH JAHHBIX COOCTBEHHBIX MCCIICIOBAHUN M HAYYHBIX MyOIHMKAIUi
MBI PacCMOTPETN OCOOCHHOCTU JMHAMHKH MPUPOTHBIX KOMIUIEKCOB B OTIEIBHBIX, OTHOCHTEIHHO
OJIHOPOJHBIX B JaHMAAPTHOM OTHOIICHMM dYacTsax llpuapanbs, TA€ STO MO3BOJISUIO HAJIH4YUC
JAHHBIX. BBUIM paccMOTpeHbl NpPOBEACHHBIE HCCIEA0BAHMS, IOJIYYEHHBIE pe3yibTaThl, CHAEIaHa
MOTIBITKA MPOAHATM3UPOBATH UX U YCTAHOBUTH TOCIIEAOBATEIBHOCTh PA3BUTHS MPOIIECCOB, BBHISIBUTH
MPOLIECCHl M ATanbl TpaHCHOpPMAIlUM TMPHUPOJHBIX KOMIUIEKCOB, B TOM UYHCIE€ M OTJIEJIbHBIX
KOMITOHEHTOB dKocucTeM. [10CKOIBKY Bech mpoliece TpanchopMayy npupoaHon cpeapt [Tpuapanss
HarnpaBJcH HAa (OPMHUPOBAHUE 30HATBHBIX ITyCTHIHHBIX MPUPOIHBIX KOMIUIEKCOB, OH OIICHUBACTCS
Kak omycThiHuBaHuE. [losToMy moJlydeHHBIE OCOOEHHOCTH IMHAMHUKHU MPUPOTHBIX KOMIUIEKCOB
CllelyeT paccMaTpuBaTh Kak 3aKOHOMEPHOCTH UX OMycThIHMBaHMsA. OOcoxiee THO MOpsl B JTAaHHOM
YaCTH CTaThU HE PaCCMaTPUBAJIOCh, T.K. 3TO ObLIO ciesiaHo Bo BTopoi yactu (HoBukosa, 2020).

Ilpuapanve — TeppUTOPHS], HETIOCPECTBEHHO IMpHIIEraroas K 0eperoBoil JIMHUN ApPaIbCKOTO
Mopst 1960-x rooB. iIMeHHO 3Ta TeppUTOPHUS paCCMAaTPUBACTCSA B KAYECTBE 0OBEKTA, UCIIBITABIIIETO
MPsSIMO€ ¥ KOCBEHHOE BO3JCHCTBHUE MAJICHHUS YPOBHS MOPS U TOSIBICHUS OOIIMPHON HOBOW CYyIITH —
MOPCKOTO JHAa, 3aMECTHBIIETO BOJHYIO TOBEpXHOCTh. BHemHioro rpanuiyy [lpuapanbs, kak
MpaBUJIO, HE MPOBOJAT, T.K. OHA, MO BCE BEPOSITHOCTH, HE OUYEHb OIpPENEICHHAs U OTJIMYAeTCs B
pasubix nangmadrax. Kak Obuio mokazano Bo BTopod uvactu (Houxosa, 2020), rpanuna
BO3JICUCTBUSI MOpS HAa KIMMAaTHYECKHE TMapaMeTphl MPUJIETAIONINX TEPPUTOpUN OblIa OIleHEHA
uccnenoBatensiMu B mpeneinax 100 kM Bmonbs OeperoBoit jauHUM 1960-X TOMOB Ha ydacTKax
MPUJICTAIONINX MYCTHIHHBIX JIAHAMA(TOB, HO HE OMpEAeNsaach Ha JIETbTOBBIX PaBHUHAX PEK
Amynapsu u Celpaapeu. [Jns ymnoOcTBa u3yueHHs] IMpoleccoB, Mporekaronmx B Ilpuapanbe
BCJIEJICTBUE YChIXaHHUsI ApanbCKOrO MOpS, TEPPUTOPUIO PA3JCIMIA HAa CEKTOPhl — JaHAIA(THbIE
paiioHBbl, CXOHbIE T€OJIOTUYECKIUM CTPOCHUEM, UCTOPUEN Pa3BUTHS U COBPEMEHHBIM JIaHAIA(THBIM
ycrpoiictBoM. [Ipunsaro Beiaensate 5 paitonoB (puc. 1). IlepBeiii — mmato YCTIOPT — BBIIACISACTCS
HanOoJiee YeTKO Oyaronapsi CBOMM MPUPOTHBIM TPaHUIIAM — OOPBIBUCTBIM CKJIOHAM (YMHKaM), a €ro
rpanunia ¢ paiioHom CesepHoro Ilpuapanbs omnpeznensercs MeHee 4eTKo. ['paHuIbl MeExIy
OCTaJlbHBIMHU JIaH A THHIMU paifoHamMu 0oJiee YCIOBHBI, T.K. MEHee BhIPaKEHbI HA MECTHOCTH.

[Ipoueccel, npotekatomue B [Ipuapanbe BeiencTBUe MajJeHUS YPOBHS MOPS. U COKpAILlEHUS
BOJHOW TIOBEPXHOCTH, OJIHO3HAYHO NPHU3HABAJIUCh HCCIEAOBATENSIMH KaKk apuiu3anus,
CIIEIOBATENIbHO, HMCXOJIHbIE MPUPOJHbIE KOMIUIEKCHl M3-3a2 COKpAILIEHHsS BJIaroo0ecreuyeHHOCTH
MMEIOT OOLIYI0 TeHACHLHUIO TpaHchopMaluy U NpUOOpEeTeHHUs] CBOMCTB MPUPOIHBIX KOMILIEKCOB
MYCTBIHHOTO THUMA. A 3HAYUT, HAWMEHBIINE HW3MEHEHUS CJEIyeT OXUIaThb B IYCTBIHHBIX
nanamadTax, a HaumOoibpmKe — B JaHamadrax wuHTpazoHanpHoro tuma. B Ilpuapanbe
HMHTPA30HATBHBIM TEPPUTOPUSIM OTHOCSTCS MOJTOIUICHHBbIE MPUOPEKHBIE YYACTKU B KAXKIOM H3
pailoHOB M MOYTH MOJHOCTHIO TEPPUTOPHUU NIBYX pailoHoB: Boctounoe Ilpuapanbe, BKItouaromiee
nenbTy pexu Coipaapbs, u FOxnoe [lpuapanse, BKIro4aroniee AeIbTy pekud AMynapbs. IMeHHO 3Tu
naHamadTel B HAUOOJBIIEH CTENEHH HCHBITHIBAIOT TPaHC(HOPMAILIUIO BCIEICTBUE COKpAIICHUs
MIPUTOKA PEUHBIX BOJ U Ma/ICHUS YPOBHS MOPSI.

Jlanowagmuwiti pation naamo Ycmwpm (puc. 1,1) — ObiBIIee AHO MOpS, BCTYIUBIIEE B
cy0adpanbHBI dTam pa3BUTHUS B KOHIE TMO3AHEro MuolleHa. [lmato mpencraBmsier coboi
BO3BBIIIICHHYIO PaBHUHY, CIOXXEHHYI0 MPEUMYIIECTBEHHO HEOT€HOBBIMU  HM3BECTHSIKaMHU,
MajgeoreHOBBIMU TNIMHaMU U Turncamu. Ero Beicota — ot 100 mo 290 m n.y.m. BC. Penbed
PaBHUHHBIN, MMOJIOTO-HAKIOHHBIM, OCIOXHEHHBI OCTaHIIaMU (CTOJIOBBIMHU IIJIaTO) W BIaJUHAMMU.
3neck BcTpedaroTcs OecCTOUHBIE KOTIOBUHBI, MECUYaHbIE YYacCTKH, IUIOCKHUE YBanibl. [IyCTHIHHBIN
naHaAmadT OCHOBHOW YAaCTH OTHOCUTCS K THIY TJIMHUCTON MOJBIHHOW M TOJBIHHO-COJISTHKOBOM
MYCTBIHU, FOTO-BOCTOYHAS YacTh — TIMHUCTO-IIeOHUCTas mycThiHA. KnumaT Kapakanmnakckoii yactu
PE3KO KOHTHMHEHTAJIbHBIN, XapaKTEPHU3YETCs KAPKUM, CYXUM JIETOM U JOBOJBHO CypOBOW 3MMOHM,
CONPOBOXKIAIONIEHCS CHJIBHBIMA BETPAaMH, HEYCTOWYMBBIM CHEXHBIM TMOKPOBOM, BBICOKOU
HCIapsieMOCThIO M PE3KOW CMEHOW TeMIlepaTyp MO Ce30HaM Irojia U B TeueHHue CyToK. IIycThIHHOCTh
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¢dusuko-reorpadguueckoil 0OCTAaHOBKHM Ha IUIATO YCTIOPT OOYCIIOBIIEHA, MPEXJE BCEro, MajbIM
KOJIMYECTBOM BBINAJACHHUS 0CaAKOB. OCOOCHHO JKECTKHE YCIOBUS aTMOC(HEPHOTO YBIaKHECHUS
CKJIJIBIBAIOTCS B I0KHOM MOJApaiioHe, T/Ie T0/I0Bass HOpMa OCaJKOB HE BBIXOAUT 3a mnpezaensl 100-
140 mm. I'imyOuHa rpyHTOBBIX BOJ B 3aBHCHMOCTH OT penbeda HaxoquTcs B mpeaenax ot 3-15 o
60-90 m, munepaymzamus — 2.6-30.0 r/m.
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Puc. 1. Jlanmmadtheie paiionsl I[lpuapanss (Novikova, 1999). Vcnoswwie o6osnauenus. 1 —
OeperoBas JwmHuUs Mops B 1950-x romax, 2 — oOcoxmiee gHO Mops K 1990-m romam, 3 —
rocy/lapCTBeHHbIE TPaHUIlbl, 4 — METEOCTaHIUH, 5 — TPAHUIlBl palOHOB; 6 — HOMepa JIaH I a(THHIX
paiionoB: I — Ycriopt, II — CeBepuoe IIpuapanse, III — Bocrounoe IIpuapainbe, B T.4. COBpeMeHHast
u npeBHsa aenbthl Ceipaapbu, [V — FOro-soctounoe Ilpuapanse, V — FOxnoe Ilpuapainbe, B T.4.
coBpeMeHHas u japeBHHE neiabThl AMmynapbu. Fig. 1. Landscape regions of the Aral Sea Region
(Novikova, 1999). Legend: 1 — coastal line of the sea in the 1950s, 2 — dry sea bottom in the 1990s,
3 — state boundaries, 4 — meteorological stations, 5 — regional boundaries, 6 — numbers of the
regions: I — Ustyurt; II — North Aral Sea; III — East Aral Sea, including modern and ancient delta of
the Syr Darya River; IV — South-East Aral Sea; V — South Aral Sea, including modern and ancient
delta of the Amu Darya River.

[TouBsl Ha 1TuIaTO Oyphle MONYMYCTHIHHBIE U ITYCTHIHHBIE CEPO3EMbI, CHIIBHO 3arMIICOBAHHBIE.
Hau6onwmme BeicoTsl (370 M H.y.M. BC) xapakTtepHsl 1ys roro-3amagHoi yactu. K Apanbckomy
MOPIO IJIaTO OOPBIBAETCS YCTYAMU — YAUHKAMH, BO3BBILIAIONIUMHUCS HaJl ype30oM Bojibl 60-X roJioB
Ha 60-150 m. K ceBepy ot ypoumima Kaparamak, pacnoJyio)K€HHOTO Ha CEBEpE, BBICOTA YMHKOB
IIOCTENEHHO yBenuuuBaercs, nocturas 190 M H.y.m. BC. K 1ory npoucxoaur CHWKEHUE BBICOT 10
90-100 m H.y.m. BC. beper wmano wuspesan, 3amuBoB U OyxT HeT. CpemHss ¢uToMacca
pPacTUTENILHOCTH Ha TEPPUTOPUU COCTaBIseT 2-2.7 1/ra U Morja Obl MCIOJIb30BaThCSl B KayecTBE
OTTOHHBIX TACTOMI, HO ITOMY MPEMATCTBYIOT KpailHe CypOBbI€ KIMMAaTHYECKUE YCIOBHS 3UM.
[TnanupoBanocs (PaduxoB, Terroxun, 1981), uro mnpu yciaoBHUM OOBOJHEHUS U OCBOEHHS
5.9 MiH. Ta 3eMelnb roc3eMOHIa, a TaK)Ke OpraHu3allM CHEeHUAIN3UPOBAHHBIX CKOTOBOIYECKUX
X034HUCTB MOXHO OyneT coaepkath 1.1-1.2 MiH. rostoB oBerl 1 okoJio 180 Thic. BepOIIOA0B.
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Jlanowagmmuwiii pation Ceseproe [Ipuapanve (puc. 1, 1) oTiinyaercst OT npeapAyero paiiona
pasHooOpa3ueM JaHamadTOB, BKIIOYAIONUX OCTAHIIOBbIC BO3BBIIICHHOCTH, PABHUHBI M ME€CUYaHbIC
MaccuBbl. Hanbouplyto miomaas 3aHUMAIOT Tecuanblie MaccuBbl Manbsie u bonbimme bapceyku.
Jlist 3TOTO palioHa XapaKTepeH 0COOBIN THIT MOOEPEKbsl, COUCTAIOIINI KPYITHbIE MOPCKHE 3aIMBBI U
Y4acTKM CyIIM, INIYOOKO Bbljaromuecss Mexay Humu B Mope. JI.C. bepr Ha3zBan 3TOoT THI
no0Oepexpsi «IOMAacTHbIM». HecMoTpss Ha Takyl0 OCOOCHHOCTh, CEBEPHBI Oeper BBICOKHHA H
oOpeIBUCTHIN. [yOuHb BONM3H OeperoB 3HaunTenbHbIe — 70 10 M (30HH, ['man, 2008).

Jlanowagmmuoiti - pation Bocmounoe Ilpuapanve (puc. 1, 111) Brimouaer [Ipmapanbckue
Kapakymbl u pacnosiokeHHyr0 lokHee nenbTy peku Coippapbu. [lpuapansckue Kapakymbr —
JPEBHSIS HU3MEHHOCTb ¢ abcomoTHbIMH BbicoTaMu 90-110 M H.y.M. BC, a B pyciooOpa3HbIxX
noHmwxkenusax a0 70-80 m H.y.m. BC. Ee penved Qopmupyercs Ha amaroBHAIbHO-IEIbTOBBIX,
MPEUMYIIECTBEHHO IECYaHBIX OTJIOXKEHUSX IMOCTIUIMOIIEHOBOTO BO3pacTa MOIIHOCThIO 14-20 M.
OTnoxxeHusl CUIIbHO TepeBesHbl. B HacTosiiee Bpems 3/1ech pa3BUT peiibed MecuyaHO MyCThIHM:
HauboJee pacwIEHEHHBbIE YYaCTKHU MECKOB MMEIOT OYIpUCTBIM M SIYEUCTHIM, B MEHbIIEH Mepe —
rpsoBo-6apxanHbiii penbed (mecku Tepentukym, Ecentkym, bysubikym, Kecexkym u np.).
I'myOuna ux pacuneHenus: kosebnercs ot 1.5-3 mo 5-10 M. Ha ¢onHe HHM3MEHHON NYCTBHIHU
BBIJICTISIIOTCS  M30JMPOBAaHHBIE YYACTKU CTPYKTYPHO-ACHYJAUMOHHBIX IUIaTO (SIXIIMKIBIY ¢
BoicoTaMu A0 150 M H.y.M. BC u gnp.). OTMedaercss MOCTENEHHbIN IMEpPeXo]l HU3MEHHOCTH B
paNbCKyl0 BIIAJUHY, CONPOBOXKIAEMBI IOHWKEHHEM BBICOT HAa CEBEPO-BOCTOKE 10 68-
72 m H.y.M. BC. beper B paiione CbIpJapbMHCKON JI€IbThl HU3MEHHBIH, MOJIOTH, TECYaHbI, TOKPBIT
HEBBICOKUMU (opmamu 30510Boro penbeda (3oun, ['nant, 2008; buopaznoobpasue ..., 2012).

Jlanowagmmuwiii pation FOeo-Bocmounoe Ilpuapanve (puc. 1,1V) Bxmouaer [lpuapanbckue
Kei3puikymbr u npotoku JKanagapbMHCKOM AenbTOBOM paBHUHBI Chipaapbu. OH NpUYpOUYEH K
BocTouHOoapanbckoii TEKTOHMYECKOW Jenpeccur M AKKbIpCKO-KyMKamMHCKONW TEKTOHUYECKOM
cemoBuHe. Tepputopus popmMupoBaniach B MO3AHEM IUIEHCTOIIEHE-TOJIOIIeHe BogaMu ChIpaapbu U
B HAcTosIlee BpeMsl MPEICTAaBISET COOON TIJIMHUCTYIO TAaKbIPHYIO DPAaBHUHY, OCJIOKHEHHYIO
MeCYaHbIMU MaccHuBaMU MOIIHOCTHIO 10 20 M. C MOBEPXHOCTH TECKU TEPEBESHBI U 00pa3yroT
IPANIOBBIA penbed, ¢ HampaBieHUEM ONM3KUM MepuauoHanbHOMY. CKIIOHBI TECYaHBIX TIPS
MPEUMYILIECTBEHHO 3aKPEIUICHbl PAaCTUTEbHOCTHIO, BEPUIMHBI 3aHSTHI MEPEBEBAEMbIMHU IECKAMH.
Bbeper 31ecy oTHOCHTCSI K 0COOOMY TUITY apajbCKUX OyXTOBBIX OE€peroB: OHU HHU3KHE M IEeCYaHbIE,
OKaliMJICHHbIE MEJIKOBOJHBIM MOPEM, C MHOYKECTBOM 3aJIUBOB U OCTPOBOB. OCOOEHHO MoOKa3aTeneH
B 9TOM OTHOIIEHMH AKNETKUHCKUH apxunenar. OH nossuics B XX Beke, PU MNOIbEME YPOBHS
Mops 10 otMeTku 53 M H.y.M. BC, xorga oHo BTopriock B necku Kei3buikymsl Ha 40-50 kM u
NOATONMMIO MX. B pesymbTaTe Ha MIOmMAAM I0YTH 2 ThIC. KM° 0Opa3s0BaIMCh OOIIMpPHBIE
TpOCTHUKOBEIE 3apociu (3oHH, ['nann, 2008; Kabymnos, 1990).

[Ipuneraromue mycThiHHBbIE paiioHbl KBI3BUIKYMOB HCIOJB3YIOTCSA MOJ mactouma. CpenHsis
ypO’KalOHOCTh pacTUTedbHOCTH — 2-2.5 1/ra. KopmoBble 3amackl MacTOMII COCTABISIIOT 8-
10 MIH. T, HA HUX MOXHO cojepxkarb 1-1.2 MIH. TOJIOB OBEll IpU HOpME &8 ra Ha OBILETOJIOBY
(Paduxos, Terroxun, 1981).

Jlanowagmuoui pation FOxcnoe Ilpuapanve (puc. 1, V) camblil o6mupHbiif. Ero npubpexnas
4acTh BJOJb OeperoBoit TMHUU 60-X TOJJ0B NMPOTATUBAETCS OT I0XKHON OKOHEYHOCTH IJIaTo Y CTIOPT
10 AKNETKMHCKOTo apxumenara. OH BKJIFOYaeT, COOCTBEHHO, coBpeMeHHYto IIpuapanbckyro u 1Be
JpeBHUE JeNbTbl peku Amynappu — CapbIKaMBIIICKY0 U AKYaJapbUHCKYI0. JTO Haubojee
rycTOHaceneHHbI naHmmadTHeIA paiion [lpuapanbs, 3aHATHIII MPEUMYIIECTBEHHO HACEICHHEM
pecniyonuku Kapakanmakcran (cocraBnsgBmnM 702264 genosek Ha 1970 r., 1900000 Ha 2020 1.).
3necy pacnonaraercs Kapakanmakckuit ¢umman Axanemun Hayk PecnyOnuku Y30exucraH,
YHUBEPCUTET M OOJIBIIIOE YHCIO YYEOHBIX M HAyYHBIX MHCTUTYTOB. DTUM MOXKHO OOBSCHUTH
MOSIBJIEHHE U OOLIMPHOE KOJIMYECTBO HauOoJiee paHHMUX MYOJMKAIMi 00 M3MEHEHUSX MPHUPOTHON
CpEebl B CBSI3U C MaJICHUEM YPOBHS MODA.
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Cpenn BakKHEHIIMX PECYpCOB, MMEIOLIMX X03slcTBeHHOE 3HaueHue B IOxHom [lpuapainbe,
CIIEyeT OTMETUTD, IIPEXKIE BCEr0, UMEIOLUE IPOMBICIOBOE 3HaUeHHE — pblOHbIE. OHU BKIIIOYAIN
TaKkue IICHHbIE BUJbI, KaK LIWI, CyJaK, ca3aH, ycad, Jell, COM, BoOJla M JOOBIBAINUCH B pycCIe
Amynapby, IPOTOK U MHOTOYMCIEHHBIX BOA0eMOB. boibiioe 3Hauenue B 1960-x rogax umeno
OHZIaTpoBOACTBO. CHM)KEHHE YPOBHSI MOpSI HAHECIO OrPOMHBIA YpPOH DPBHIOHOMY XO3SIUCTBY M
MYLIHBIM MpoMbIciaM. Yike K 1978 r. no cpaBHeHuto ¢ 1960 r. ynoBbl cokpaTHiuCh Oosee, 4YeM B
3 pasa, a mpombicen oHaaTpsl — B 10-12 pas.

Crnenyromuil BaXHEUIIUNA pecypc — MOYBBI COBPEMEHHBIX U JIpEeBHUX AeibT. B koHue 1970-x
roJIOB BCE €ll[€ CUUTAIU, YTO ¢ BBOAOM B JeiicTBue TysamyroHckoro u Taxuaramckoro ruipoysioB
MpencTOUT 0cBOUTh 620 THIC. ra HOBBIX 3€MeNb MOJ pUC U XjiomyaTHUK. [ImaHupoBanock, 4yTo B
nenbTe AMynapbu Oyzaer co3manHa kpymnHedmas B CoBerckom Coro3e 6aza 1Mo IPOU3BOJICTBY
TOBAapHOTIO pHca, a XJOMKOBOJCTBO JAOJDKHO OBLJIO OBl CTaTh OCHOBHOW OTpPAacibl0 CEJIbCKOIO
xo3siicTBa Kapakannakcrana (Pagukos, Tertoxun, 1981).

Baxnblli IpUpOAHBINA pecypc Ha TEPPUTOPUU JENbTHl AMYJapbu U OKPYKAOLIUX IYCTHIHb —
pacTUTENBHOCTh, KOTOpash CIYXHUT KOpMOBOM ©0a30i Juid pa3BUTUS >KMBOTHOBOJCTBA.
PacTuTenbHOCT TOJIMHBI U I€AbTHl U MOHBIHE MCIOJIb3YETCS B KaUeCTBE CEHOKOCOB M MacTOMII, a
TPOCTHUKOBBIE 3apOCIIH — B KQUeCTBE CTPOUTENIBHOTO MaTrepuaa. LleHHoe pacTeHue, ecTeCTBEHHO
Ipou3pacTaroliee B JebTe Ha miomaay 17 Teic. ra — conoaka rojas uinu jdakpuua (Glycyrrhiza
glabra*). OHa uMena >KCIIOPTHOE 3HAUEHHME M 3aroTaBiuBanack B 1963-1965 rr. B oOneme 2-
3 teic. T B ron (baxues u ap., 1977).

[IpupoaHble KOMIUIEKCHI JeNbThl AMyAapbu ObIIIM OOraThl OXOTHUYBE-ITPOMBICIIOBBIMU BHIaMU
3Beped W MTHI], CIYKUBLUIUMHU HapsALy C pbIOOM BaKHBIM MOJICHIOPHEM B YacCTHOM XO3SIHMCTBE.
CoxkpallieHre MX 3aMacoB CYIIECTBEHHO CHHU3HIIO YpPOBEHb 00ECHEUYEeHHOCTH MUTAaHHEM MECTHOTO
HaCeJICHUSI.

Matepuajbl 1 METO/bI

Marepuanom I HallMCaHWsI 3TOW YaCTH, KaK M TPEIbLAYIINX, MOCTY)KUIU TaHHBIC HAIINX
COOCTBEHHBIX MCCIICIOBAaHUN, a TaKKE HaydHble MOHOTpaduu, CTaThM B JKypHaJlax, COOpHHUKaX,
JTUCCEPTAIMK M aBTOpedepaThl KBATM(PUKAIMOHHBIX HaYYHBIX paboT. Ocob0e BHUMaHHUE YIEIsUIOCh
nyonukanusam 1970-x rogos u nocneaaux necatuiietui (2000-2020 rr.). PaboTel nepBoro nepuoa
LIEHHBI TeM, YTO JAfOT MH(POPMAIIUIO O COCTOSTHUN M3y4aeMbIX OOBEKTOB B CAMOM Hayajie pa3BUTHUS
KpU3UCa W YacTO — THUIOTE3bl, KOHIEIIIMH, MMOCTAHOBKY 3a/ad HCCIEIOBaHUSA, H30MpacMble H
CHeIuaabHO pa3pabOoTaHHBIE METObI, MPOTHO3bI. IIpu paccMOTpeHHMH MaTepHalOB pPa3HBIX
pasnenoB Mbl IpecieloBaid MPUMEPHO OJMHAKOBBIE ILIETH: MOKa3aTh TEOpPETHYECKyro 0asy, Ha
KOTOPYIO OMHUPATUCh HAyYHbIE KOHIICMIIMH, KaKWe 3aJayd, KeM M KaK CTaBUJIHUCh U PEIIANUCH,
KaKOBBI HCIIOJIb3yEMbI€ METOJbl U METOJUKH HCCIEIOBAHUN, OCHOBHBIE DPE3YNIbTaThl, KOTOPHIE
ObUTH MOJYYEHBI C MX MOMOUIBIO, UX 3HAYUMOCTH ISl BCETrO IIMKJIA MCCIEAOBAaHUN MO ApanbCcKoi
npobneme. Baxkno Obu10 0Opatuth oco0oe BHHUMaHHE Ha pabOThI MCCIeNOBaTeNeH, YIACNSIOMIUX
BHUMaHUE MpoOJieMe Ha TMPOTSHKEHUU JUIMTEILHOTO BPEMEHHM €€ Pa3BHTHUS W J0 HACTOSIIETO
BpEMEHU BEAYIIUX HAOMIOACHUS B PEKUME MOHUTOPHUHTA.

Copnepxxanve M IUIOLIAJb HUCCIEAYEMON TEppUTOPUM pa3iaudHbl. HekoTopele uccienoBaHus
0XBaThIBaIOT Bce [Ipuapanbe, CTaBAT 1EIbI0 BBISBUTh 0COOCHHOCTH TUHAMHKH OTJENBbHBIX PAaliOHOB
(ITtnynukoB, 1994), npyrue — OUHAMUKY HOPUPOJHBIX KOMIUIEKCOB B OT/EIbHBbIE HMHTEPBAJIbI
marenbHoro mepuona (Rafikov, 1999). B psnme pabot craBmiach 3agada MOJy4eHUS JaHHBIX,
MO3BOJISBIINX OLIEHUTH JaNbHOCTh BiaMsiHUA Mops (Kabynos, 1990).

BonpmmHCTBO HMCcneaoBaTeneil U3yvyaaud B OTIECNbHBIX JaHAMA(THBIX paloHaX COCTOSHHE B
OTIpe/IcIEHHBI BpEMEHHOW WHTEpBal WM IWHAMUKY HPUPOAHBIX KomIuiekcoB (baxweB u np.,

2 Jlatunckue Ha3BaHus pacTenuil npusoastes o padore C.K. Yepenanosa (1995).
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1977, 1994; Konneibekos, 1995; XKanracbaes u ap., 1980, 1981; Mamyros, 1991; Ilonos, 1990;
Peumos, 1985; Tpemkun, 1990, 2011; Geldyeva et al., 1998, 2000; Novikova et al., 1998, 2000).
Becpma meHnHyro uH(pOpManui HeCyT Kaprorpaduyeckue MaTepualibl,  OTpaKarolue
MPOCTPAHCTBEHHYIO  CTPYKTYPY  COCTOSIHHSI ~ KOMIIOHEHTOB  JaHMMA(TOB C  yKa3aHUEM
KOJIMYECTBEHHBIX 3HAYCHUN Ha ompejaeNeHHbI BpemeHHou mnepuona (Padukos, Terroxun, 1981);
a Tak)Ke JAaHHBIE O Pe3yJbTaTax IOJIyCTAI[MOHAPHBIX WJIM CTAI[HOHAPHBIX HAONIONEHUI Ha TOMO-
HKOJIOTUIECKUX KOMIUIEKCHBIX npoduisix (XKomibibexos, 1987).

W3yueHne CymiecTBYIOIIMX  HAy4YHBIX NyONMKAaNM{ — IOKa3ajo, YTO  HCCIEIOBAaHUS,
MOCBSIIEHHBIE TpaHCPOPMALMK TPHPOTHBIX KOMIUIEKCOB B pa3HbIX paioHax [Ipuapamnbs,
MPOBOJWINCh C pa3HOM CTENeHbIO JeTalbHOCTH. [l nanmmadTHOro paiiona Bocrounoro
[Mpuapanest uMmeeTcs pa3po3HEHHas WHPOPMAIUS O COCTOSHUM W JTUHAMHUKE TPHPOJHBIX
KOMIUIEKCOB B OTJAETbHBIE BPEMEHHBIE WHTEpBalbl. J[MHAMHMKAa KOMIUIEKCOB TpPEX OCTaJbHBIX
nanamwagpTHeIX paiioHoB (YcTiopta, CeBepHoro u KOro-BoctouHoro) mpakTUYeCKyd HE OCBELICHA B
nyOIMKaIUsaX B CBSI3U ¢ ApalbCKUM KpPU3MCOM M, CKOpee BCero, He u3ydanach BoBce. Hambonee
KOPPEKTHO U TOJIHO K HACTOSIIEMY BPEMEHH TPEACTaBICHBI UCCIIeTIOBAHMS IUHAMHUKH TPUPOIHBIX
koMiiekcoB B IOxHoM Ilpuapanbe. OHU OCBEIIAIOT COCTOSTHUE W JUHAMUKY JaHAMIA(TOB,
HKOCHUCTEM (BOJHBIX M HAa3eMHBIX) M HX OT/ACIBHBIX KOMIIOHEHTOB B Pa3HBIE OTPE3KH BPEMEHH.
OnHako paboT, MPOBOIUBIINXCS B PEKUME MOHUTOPUHTA, MAJIO.

Hama 3amaua cocrosia Takke B aHalM3€ Pa3BUTHS IPOLIECCOB BO BPEMEHH, BBISIBICHUU
MOCIIEIOBATEIIbHOCTH ~JMHAMHUKH ~KOJMYECTBEHHBIX HM3MEHEHWH W KAaYeCTBEHHBIX CKAuYKOB,
BBIJICTICHUH DKOJIOTHYECKHX TTEPHOIO0B WM CTAIHIA Pa3BUTH.

Pe3yabTarsl Hcc/ieI0OBaHUI U 00CYKIeHNE
H3yuenue ounamuxu nanowagpmos na meppumopuu éceco Ilpuapanvs

JlannmadgTHBIE — UCCIEOBaHMS,  OXBaTbIBaloOlMe  OJHOBpeMeHHO Bce  I[Ipuapanbe,
HeMHorouuciieHHsl. Hanbonee uzBectHsl padotel A.B. IltnunukoBa (1991, 1994) u A. Padukosa
(Rafikov, 1999). Ot paboThl ObUTM HOBBI CBOEH METOJMKOW, T.K. B HMX BIIEPBBIC I JAaHHOTO
peruoHa MCMOJIb30BANINCH MaTepHallbll KOCMUYECKOTO 30HIMPOBAHMS, HA OCHOBAHHUU KOTOPBIX
paspabaTheIBaJIUCh KapTorpapuueckue MaTepHalibl, COBEPIICHCTBOBAIMCH METOJbI JIaHAMA(THO-
WHIUKAI[MOHHOTO KapTorpagupoBaHUsl U U3ydeHUs JuHaMukd JaHamapToB. OCHOBHBIM
MCTOYHUKOM MH(POPMAIUHU CIYKUJIM MHOTOYHUCIIEHHBIEC MyOIMKAIlMN HCCIIeI0BaTeNe, N3y4aBIInX
OT/IelIbHbIE KOMIOHEHTHI JNaHAMA(TOB U WX JUHAMHUKY Ha JIOKAJIbHBIX YYacTKaX, CIY>KHUBIIUX
«KITIOUaMm» MpH AemnpupoBaHuu U anamadtaom kaprorpadupoBanuu. Ha otaenbHble ydacTku
TEPPUTOPUU aBTOPHI pacIoyiaralid JaHHBIMA COOCTBEHHBIX TIOJIEBBIX HccienoBanuil. llens
nuccepTaiiioHHoro uccienoBanus A.B. [ItuunukoBa (1991) 3aknrouanach B yCTaHOBJICHHH
3aKOHOMepHOcTel auHamuku JanamadToB Ilpuapanbs W BBISIBICHHMM HAa OSTOW OCHOBE
pErHMOHANBHBIX OCOOCHHOCTEH pa3BUTHS MPOLIECCOB OMYCTHIHUBAHUS. B ompenenenun, KOTOpeo oH
Jan TeppUTOpHUH, OTHOcsmIelcs k [Ipuapanbio, Ha MepBbIN MIaH BBHIBOASTCS (DYHKIIMOHAIBHBIE
B3aMOCBSI3U: ITO TEPPUTOPHS, «... KOTOpas CBsA3aHa C ApPaIbCKUM MOpeM JaHAma(THEIMU
CBS3SIMH B BHJIE TIEPEHOCA BEIIECTBA, SHEPTUH, M HUCIBITHIBAIONIAS 3HAYUTENbHbIE M3MEHEHUS B
CTpYKType W (YHKIHMOHUPOBAHMM JIaHTIMA()TOB TMpH KOJEOAaHHHM YPOBHS ATOTO BOJOEMA.
[Ipuapanbe BKIIOYAET YacTh MYCThIHb |ypaHCKON HM3MEHHOCTH C BbicoTamu A0 120 M H.y.M. BC,
oOmmpHbIie nenbThl pek AMynapbs U CeIpJapbs, TPUMOPCKUE YACTH CTPYKTYPHO-IEHYIAIIMOHHBIX
wiato 1 paBHUH YcTiopta U Cesepnoro Ilpumapanes» (Iltmunukos, 1991, crp. 6). Uzyuenue
JMHAMHKY JIaHAma(ToB B paccMarpuBaeMoil paboTe ObUIO OCHOBAHO HA BBIACTICHUH M aHAIN3e
COOTBETCTBYIOMIUX JaHAMA()THO-TEHETUIECKUX PSJIOB, BEICTPAUBAEMBIX 10 TPAIHEHTaM Pa3BUTHS
mpoueccoB. Ha Tteppuropun Ilpuapanbs OH BbIAETWI S5 OCHOBHBIX THIOB JaHImadTHO-
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TEHETUYECKUX PAJIOB: 1) MOPCKUX paBHHH, 2) aJUTIOBUAJIbHO-JIEIBTOBBIX PAaBHUH, 3) MECUAHBIX
paBHUH, 4) BO3BBILIEHHBIX IJIMHUCTBIX YCThIHb, 5) TUIICOBO-IIEOHUCTBIX MYCTHIHb.

KaprorpadupoBanue nuHaMUKU JaHAA(TOB MPOBOAMIOCH HAa OCHOBAHUHM COIOCTABIICHUS
KapTOCXeM, IMOJIYYSHHBIX MOCIe Nemn(prUpoBaHus pa3HOBPEMEHHBIX KOCMHYECKHX CHUMKOB. BbL10
MPUHSTO, YTO CTEIIEHb U3MEHEHHI TEM BbILIE, YEM BbIlIE paHT u3MeHeHHbIX [ITK.

B pesynbrate mnposeaeHHoro A.B. IltmunukoBbiM (1991) uccnemoBaHMsi 3aKOHOMEpHOCTEH
nuHaMuky anauadgToB [Ipuapanbs Obl1 cenaH BbIBOA O TOM, YTO MHOTOYMCIIEHHBIE IEPECTPOUKU
naHmuapTOB, HAUYMHAS C IUIMOLIGHA, IOJ BIMSHUEM W3MEHEHHH KIMMaTa, MHIPAlMd PEK W
AHTPOIIOT€HHOM JIEATELHOCTH PUBEIN K (POPMHUPOBAHUIO CJIOKHOW MOJIUI€HETUYECKON CTPYKTYpbI
naHAmadToB, BKIIOYAIOMIMX KAaK PEIMKTOBBIE 00pa3oBaHMs, TaK U MOJOJble Hec(hOpMUPOBAHHBIE.
OTo HaILIO OTpakeHHe Ha pazpaboTaHHOW uM kapte «CoBpemeHHble nanamadTel [Ipuapanss» B
Mmacitade 1:1000000, Ha KOTOpOIi B pe3yabTaTe TUIIOJIOTHUECKON KiiacCU(PUKAIIMN, OCHOBAHHON Ha
noaxonax B.A. HukomnaeBa, BbiiesieHs! 4 poaa u 85 BUIOB JaHiadToB.

A.B. [ITnyHukoB caenan BbIBOJ 00 0COOEHHOCTSIX PETMOHAIBHON JAMHAMUKH JIaHIIA(TOB 3a
nepuo uccienoBanuit 1975-1990 rr. On mokasan, yto Ha Tepputopuu Ilpuapanbs HauBbICIINN
paHT U3MEHEHHH (cMmeHa nanouwagmoas) IPOU30IIeT Ha HEOPOIIAeMbIX YacTAX AT AMyIapbu U
CeIpnapbu, a Takxke Ha oOcoxielt mosioce 1Ha Mopsi. CMeHbI Ha ypoBHE MOP(OJIOTUYECKUX €AMHHII
TaHAADTOB CLOHCHBIX YPOUUUY, MECMHOCHel XapaKTEPHBI JJIsl TEPPUTOPUU HEOPOLIAEMBIX YacTel
JeNbT 32 MCKIIOUYEHUEM IIOMM, MPUMBIKAIOIIMX K OCHOBHBIM pyciaMm pek. CMeHbl ypouuuy
OTMEYEHBI B MOWMax peK W Ha OoJbIIeH YacTh OOCOXIIEro JHA, a TaKXKe B MPUMOPCKOH TMosoce
JPEBHEAUTIOBHAIIBHO-/1€TIbTOBOM TaKbIpHOM paBHUHBI Ak4anapbu B 20-60 kM ot O6epera mopst 60-x
rojoB. CMeHbI hayutl TPOU3ONLIN B MHUPOKOH (10 120 kM) mosioce NeBHEATIOBUATLHO-JEIBTOBBIX
paBHHH U B 60s1ee y3koi (0 20 KM, BI0JIb Oepera Mopsi) T0JIOCE MeCYaHbIX MYCThIHh B BocTOuHOM
[Ipuapanbe, a Takke Ha 4yuMHKax Ycriopra u miaro Bocrowynoro Ilpuapanes. Ha VYcrtiopre,
BO3BBIIEHHBIX M1aT0 CeepHoro [Ipuapanes, KbI3puikymax U3MEHSIIOTCS omoenbHble KOMNOHEeHmbl
[ITK, rmaBHBIM 00pa30M — PaCTUTEIILHOCTb.

B gunamuke manmmadroB B.A. [ITMuHHMKOB paznuyaer, COOCTBEHHO, camopaszgumue
(?BOJIIOLIMOHHBIE U3MEHEHUS) U OUHAMUKY, TIPOUCXOMSIIYIO B pe3ylbTaTe BO3ACHCTBUS BHEUIHUX,
Yaie BCEro aHTPOIMOTEeHHO OOYCIIOBIEHHBIX BO3/eWCTBU. BHenIHe BO3AeHCTBIS, HAKIIAbIBASICh
Ha COOCTBEHHYIO AWMHAMUKY, MoryT ycunuBath (M) mmm ocnabmare (K) xom ecTecTBEHHBIX
IBOJIIOIMOHHBIX TpolieccoB (Tabi. 1). Mcmonws3zoBannas A.B. IITHYHHKOBBIM TEPMHUHOJIOTHS HE
sBisgercs oOmenpunaroil. Ecnu uaer pasnenbHOe paccMOTpeHHE NPUPOAHBIX U AHTPONOTEHHO
00yCIIOBJICHHBIX MTPOLIECCOB, TO MOCIEIHUE MPUHATO HAa3bIBaTh TEPMUHOM «TpaHchHopMaLHs».

Taoauma 1. CoyeraHue HAJOKCHUS OCHOBHBIX THUIIOB  NPHPOTHO-aHTPOIIOTEHHOTO U
aHTponoreHHoro onycteiHuBanus B [Ipuapanse (IItuunukos, 1991). Table 1. Combination of the
overlap of the main types of natural-anthropogenic and anthropogenic desertification in the Aral
Sea region (IItuynukos, 1991).

Tun aHTPONOreHHOr0 BO3AeCTBHUA,
Tuner npupoxmo- NPUBOJSIIIMI K PAa3BUTHIO ONYCTHIHUBAHUS
AHTPONOreHHOI 0 T
€XHOTeHHO-
ONyCTHIHUBAHUS Hppurannonnoe | Iacrommmuoe
TPAHCIOPTHOE
OnycTeIHMBaHHE HEOPOIIIAEMBIX
4 o P K 14 HET
qacTel JenbT
OnycTeIHUBaHUE TEPPUTOPUIN
HET n n
BOKpYT Apana
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3n1eck cieqyeT MNOSCHUTh TEOPETHYECKYH IOJOCHOBY pa3BuBaemoro A.B. I[ITnyHMKOBBIM
MPEJCTAaBICHUSA O «HAJIOKEHHBIX» MpolieccaXx. B apuaHbix paifonax mo0oil HeonaHamadT uMeer
€CTECTBEHHYIO TEHICHIMIO K (OPMHUPOBAHHIO B XOJI€ 3BOJIIOLMOHHOTO pa3BUTHs JaHamadTa
30HAJIBHOIO IYCTBIHHOTO THMA. fIBIIEHUE HAJIOKEHUS PAa3HOHAIPABIIEHHBIX IPOLIECCOB ObLIO
ucnoab30BaHo A.B. [ITHYHHUKOBBIM MpHU BBIJCICHUH T'PAHULIBI THIPOJIUHAMHYECKOTO BO3JACHCTBUS
ApanbCKOro Mops Ha IpUJIETaolUe TEPPUTOPUU. B oTiinume OT mpeablayliuX uccliefoBareneit
(Kypoukuna u 1p., 1979) oH BblaEINI HE YETHIPE, & TPU Mosica:

— mosic OmwkHero BosxeiictBus (I[ITK obGcoxmero Mops, NPOMCXOAUT HW3MEHEHHE
JUHAMHYECKON CTPYKTYpPBI JaHAIAPTOB U NEPECTPOIiKa BEAYIIUX 3K30T€HHbIX ITPOLIECCOB);

—mnosc OmmxHero BoznedcTBus (IITK mycteins B mpuOpexknoil monoce 10 50-60 kwm,
3HAYUTENIbHbIE M3MEHEHUS JaHAMWA(THOM CTPYKTYpbl M AaKTHBHU3allUs HSK30T€HHBIX IPOLIECCOB
00yclIOBJI€Ha HAJIO)KEHHEM MPSAMBIX aHTPOINOTE€HHBIX BO3JECHCTBUM, TAaKUX KakK IepeBbllac M
TEXHOTEHHO-TPAHCTIOPTHBIN);

— TOSIC TATbHETO BO3JEHCTBUS (TI0JI0ca MyCThIHb HpuHOU 10 130-150 kM, HEe3HAUNTEIBHBIC
AHTPONIOTEHHbIE BO3JEMCTBUS, W3MEHEHHUS JaHIIIA(PTHON CTPYKTYPBI, 3K30T€HHBIE IPOLIECCHI
CTaOWMIIbHBI).

OnHako aBTOp HE MOSICHSIET, B YEM 3aKJIIOYAETCA U KaK MPOSIBIISETCS THIPOT€HHOE BO3/IEHCTBIE U
M3MEHEHHE MOps Ha MPUJIETAIOIUe MYCThIHHBIE JIAaHAIIA(ThI, HO 3TO MOYKHO MOHATH U3 TaOIMILIB 1.

B nenprax mosica TpaHchopmanuu HE BBIACNSINCH, MOTOMY YTO MpPSMbIE AHTPOIOTCHHBIE
BO3JICHICTBUSL B BHUJAE CO3JIaHHBIX HCKYCCTBEHHBIX BOJHBIX OOBEKTOB HMEIOT JIOKAJbHOE
paccpeoTOYeHHOE PacpoCTpaHEHHE.

Cnenyer ydecTb, 4TO BO BpeMs uccienoBaHuid K 1990 r. ypoBeHb MOpPSI CHU3WJICS MOYTH HA
I5m — ¢ 53 mo 39.1 m n.y.m. BC na Manom mope u 10 38.3 M H.y.M. BC nHa Bbonemom mope
(Aladin et al., 2001). Munepanuzamust Boabl Bo3pocia ¢ 7.2 mo 30 r/a (3onn, I'manm, 2008).
K sTromy BpeMenm, kak mokazanu ucciaeaoBanus B. UyoOa (2007), kmuMaThueckue mapameTpbl Ha
METEOCTAaHLIUAX Ha MOOEpekbe YK€ CTad COOTBETCTBOBATH MapaMeTpaM Ha METEOCTaHIIHIX
OKpyKaromux nycTelHb B pamuyce 100 kM. HMubiMu crnoBamu, kinumat Ilpuapanss cran
COOTBETCTBOBaTh 30HaIbHOMY KinMary (HoBukosa, 2020). [lagenue ypoBHS MOpsI U 3aMEIlCHUE
BOJIHOM MOBEPXHOCTH cymiel nmpoaonkuinoch a0 2011-2013 rr. (Apanbckoe mope ..., 2012), koraa
co3zacst 0allaHC MEXy MOCTYIJIEHUEM BOJI PEYHOI0 CTOKA M MPOYUX K OCTATOYHBIM BOJIOEMaM U
ucnapenueM u3 Hux. OOchIxaromiee JHO, He 3aKPEIUIEHHOE PaCTUTENIbHOCTbIO, MPEACTABISI0 co00it
MHTpa30HaJIbHbIe HeoJaHAmadThl COJOHYAKOBO-TIECYaHbIX PAaBHUH, MEUIEHHO pa3BHUBAIOIIMECS B
HampaBJIeHUU (POPMHUPOBAHUS 30HAIBHBIX IMYCTHIHHBIX JaHAMA(PTOB B MPOLIECCE OMYCTHIHWBAHMUSL.
OHu ocTaBaiMch UCTOUHUKOM TBUIBHBIX Oyph U COJIE-TBUIEBBIHOCA HA MPUJIETAOIIUE TEPPUTOPUU
[Ipuapanbs ¥ 10 CHX HOP COCTaBJISIOT OCHOBHOE OCTAaTOYHOE HEraTMBHOE SIBICHHE ApPaIbCKOTO
kpusuca (CemeHnos u nip., 2006; byrexos u np., 2012).

HccnenoBanue A.B. IItnunukoBa (1991) BaKHO M MOJIE3HO TEM, YTO OTBEYaeT Ha HamOoJiee
oOcykaemMble B TO BpeMsi BOIPOChl 00 ApanbCKoi mpoOiieMe B OTHOIICHUU Pa3BUTHSI MPOLIECCOB
omycthiHMBaHuA JaHamadTos [Ipuapanbs B 11eI0M U METOAOB UX U3YYEHUS U KapTorpadupoBaHHUsL.
[Ipennoxxenue pazaensTh B AMHAMUKE MPUPOIHBIX KOMILIEKCOB COOCTBEHHBIC, HBOJIOLMOHHBIE
MPOLIECCHl U aHTPOIOTEHHbIE, «HAJIOKEHHBIE», BECbMA MOJIE3HO U MEPCIEKTUBHO. OTHAKO B Cilydae
ApanbCKOro KH3WcCa CleIyeT MOHUMaTh, YTO «AHTPOIOTEHHBIN» (HaKTOp, OOYCIOBIUBAIOIIH it
pa3BUTHE MpoLecca OMYCTHIHUBAHM, OKa3bIBAaeT BO3JEHCTBUE Oojiee CHMIIBHOE, YeM €CTECTBEHHOE
pa3BHUTHE MPUPOIHBIX KOMIUIEKCOB, IIOATOMY aHTPOTIOTEHHO OOYCIOBICHHOE OMYCTHIHUBAHHUE UIET
0osee OBICTPHIMU TEMIIAMH, Y€M IBOJIOLNUOHHBIN mporecc. ClnenyeT OTMETUTD €I1e OJIUH BasKHBII
MOMEHT: (PU3UKO-XUMHUECKHE MPOLECCHl (3aCOJEHUE-PACCOTICHNE) MPOTEKAIOT Oosiee OBICTPHIMU
TeMIaMu, 4YeM Ouonornueckue (Tpanchopmaius mo4s, CMEHbI PaCTUTEIHHOCTH). CMEHBI BUAOBOTO
coCTaBa PACTUTEIBHOCTH MPOTEKarOT Oojiee OBICTPO, ueM mouBeHHbIe. [loaTOMy B OTHENbHBIE
BPEMEHHBIE INIEPHUOABI IIHPOKOE PACHPOCTPAaHEHHWE IIOJy4alOT TMPUPOJHBIE KOMIUIEKCHI C
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HECOOTBETCTBYIOUIMMH JIPYT IPYTY MOYBAMH U PACTUTEIBHBIMU COOOIIECTBAMHU.

Pabora A.A. PaduxoBa (Rafikov, 1999), nocpsimieHHass ONMMCaHUIO JMHAMHUKH JAHAMA(TOB
[Tpuapanbs, 6bputa omyOinkoBaHa noxe padot A.B. [Ituunukosa (1991, 1994) u nocne BeIxoaa B
CBET MPEIBIAYIINX COJEpKATeIbHBIX MOHOTpaduii W cTareid MO ONMYCTHIHMBAaHHIO HHU30BHEB
Awmynapeu (Padukos, Tertoxun, 1981; Akpamos, Padukos, 1990). Martepuanom s ee HanmMcaHUs
MOCITYKHITM COOCTBEHHBIE TOJIeBble HaOmoaeHus: aBropa B KOxxuom Ilpmapanse B 1977-1979 .,
pe3yiabTaThl HAay4YHbIX NyOJMKalMil O JAMHAMHMKE KOMIIOHEHTOB JaHAA(TOB U MaTepuabl
KOCMHYECKOM CheMKHU. JTa paboTa HHTEpECHa TeM, UTO MPEACTABIIAECT 0000IIEHNE — €TUHBINA B3TJISAT
Ha pa3BUTHE Ipoliecca onycTbiHMBaHUs B IIpuapanbe M mposBiIEHHE 3K30I€HHBIX MPOLIECCOB Ha
pa3HBIX ydacTKax B OT/EIbHbIE BPEMEHHBIE CPE3bl 3a JIUTEIbHBIN Nepuo]l BpeMeHu. Becbma 11eHHo,
YTO 3TOT MPOLIECC MPOWUIIOCTPUPOBAH YETHIPbMS KapTocxeMamu (puc. 2-5) Ha mepuoJbl Hadasia
omycteiHuBanus (1961-1973 rr.), Memiennoro najgenus ypoBHs Mops (1974-1977 rr., 1978-1982 rr.)
1 YCKOPEHHOI'0 Ia/IeHUs ¥ 00CBhIXaHUs OOIIMPHBIX Y4acTKOB Mopckoro aHa (1983-1995 rr.).

[lepBas 3 npuBeAEHHBIX YeThIpeX cxeM u3 pabotsl A. Paduxona (Rafikov, 1999) nokassiBaer
IpoLecchl, mpoTekapune Ha Teppuropun [Ipuapanss B 1961-1973 rr., xorja ypoBeHb MOpsl yrai
npuMepHo Ha 3 M. M3 pucyHka 2 BHAHO, YTO JUISI BCEX ITYCTBIHHBIX PAallOHOB, OKPY/KAFOIIMX
Apanibckoe Mope, xapaktepHo (TmyHKT 10 JlereHpI) TEXHOTE€HHOE HApYIICHHE TOBEPXHOCTH H
HepalMoHaIbHAsl AKCIUTyaTallus pecypcoB (pyOKka KycTapHHKOB Ha TOIUTMBO). be3dycnoBHO, Takoe
aHTPOINOTE€HHOE BO3/ICICTBUE BENIET K Pa3BUTHUIO JE(PIISALMOHHBIX POIIECCOB.

s TeppuTOpUM NEIbTOBBIX paBHUH AMyaapbu U ChIpJapbd U MEIKOBOJHOTO MOOEpEKbs
MeXAYy HUMH YKa3aHo (IIYHKT 5) MOsIBJICHHE MeCYaHbIX PAaBHUH Ha BBICOXIIIEM JIHE; OOMeJIeHUE 03ep
1 00ChIXaHue O0JIOT B MEKPYCIOBBIX IMOHWKEHHUSAX, CHIDKCHUE YPOBHS TPYHTOBBIX BOJ (ITYHKT 2).
OcTanpHas 4acTh TEPPUTOPUH TIOKA HE 3aTPOHYTa TPaHC(HOPMAIIMOHHBIMU MTPOLIECCaAMHU.

Ha BTopoit cxeme (puc. 3), mpeacTaBisiomeld AalbHEHIee pa3BUTHE TpaHCHOPMAITMOHHBIX
niporieccoB (1974-1977 rr., ypoBeHb MOPSI CHU3WIICS IPUMEPHO HA 5 M) B CBSI3H C MAJICHUEM YPOBHS
MOpsi, MOKa3aHO, YTO Ha TEPPUTOPUHM CAMOTO MOPS OCTPOBA OKAWMIIEHBI OOCOXIIEH TOJIOCOU
MoOepexXbsl, TJAC HWACT HAKOIUIGHHE cojiell (IMyHKT 12), 3TOT e MpOoIecC pa3BHBAETCS B Y3KOU
0JIOCe BCEro modepexnsi Ha oOHakuBLIeMcs: AHE. B nmenbrax pek uner (myHKT 4) pe3koe maJieHue
YPOBHSI TPYHTOBBIX BOJ U OOCBIXaHHE MOYB; 3apacTaHUE TPOCTHUKOM OOCOXIINX 03€p, MECTAMU Ha
00COXIIMX JHUIIAX 03€p MPOUCXOIUT AKKYMYISIHS cojel (MyHKT 7), pacIiMpeHue IUIIoNIajei,
3aHATHIX JIYTOBO-TaKbIPHBIMH MOYBaMU U Kcepoduramu (MyHKT 8), GoJiee HIMPOKO Pa3BUTOE B JEIbTE
Ceipmappu. B nenbre AMynmapbu 0osiee pacnpOCTpPaHEHbI IMPOLECCHl 3aCOJCHUs, PACIIUPSIOTCS
IJIOMIA M, 3aHAThIE raoguTaMu (IMyHKT 9), Ha OpoIlIaeMOM YacTu JIeNbThI, B €€ BEpXHEH 4acTu U Ha
OpOIIIAEMBbIX 3eMJISIX TAKKE HJIET HAKOTUICHHE COJICH B MaXOTHBIX TOPU30HTaX (ITyHKT 11).

I[To nanabiMm A. baxueBa u K.H. byroBa (1976), MHOrouuciaeHHble 3apOCiid TPOCTHHUKA
oObIKHOBEHHOTO (Phragmites australis), 3anuMaBiie B nenbre Amynapbu B 60-x rogax OKOJIO
600 ThIC. Ta, COKpAaTWIUCh K 1975 1. n3-3a 00chIXaHus BOJOEMOB eibThl 10 100 ThIC. Ta, BKIIIOYAS
TyraifHple MacCUBBI. TeppuTopus OKpYKalOIIKUX MYCThIHb [IOKAa HE BOBJIEYEHA B TpaHCHOpPMAIIUIO,
0oOyCNOBJICHHYIO TMaJieHueM YpoBHA Mops (myHKT 10): 31ech MNpOTEKaroT JerpajalioHHbIE
Ipo1ecchl, 00yCIOBICHHbIE MPSIMBIM AHTPONIOT'€HHBIM (TEXHOT€HHBIM) BO3/I€HICTBHEM.

Ha tpetseii cxeme (puc. 4), oTpakaroreil pazsutue npoueccos B [Ipuapanse B nepuoz 1978-1982
IT., YPOBEHb MOPs yIajl IPUMEPHO Ha 8 M, IMOKa3aHO, YTO Ha TEPPUTOPUM YACTU MYCTHIHHBIX PallOHOB
(Yceriopt, CeBepHoe Ilpuapanbe) ycunuBaercsi pyOka JIpeBECHO-KYCTAPHHUKOBOM pacTHUTENBLHOCTH,
pa3BuBaeTcs AeQIALMs, AKTUBU3UPYIOIIAS SPO3HI0 TOBEPXHOCTH U CKIOHOB (ITyHKT 17 jereHapl).

Bronps Bcero MOpckoro mnooepexnsi MpOLECcChl 3aCOJIEHUS MEPEMEIAIOTCS B CTOPOHY TOJIBKO
4T0 00COXIIeH YacTh MOPCKOTo jaHa (MyHKT 12), a TeppuTOpHUH, paHee 3aHAThIe 3TH HPOLIECCOM,
CMEHAIOTCSL 00ChIXaHWeM U Aedsiiuel MOBEpXHOCTH TUIIMYHBIX COJIOHYAKOB, HAUWHACTCS MEPEX0]]
aKTHBHBIX COJIOHYAaKOB B OcCTaTouHble (MyHKT 16), B aenpre ChIpiapbd U BAOJb BOCTOYHOTO
no0epexbs Ha 00COXIIIEM JTHE MOPsI pa3BUBaeTcs Aeuisanus (BETpoBas 3po3usi) MeckoB (MyHKT 19).
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Puc. 2. OcHOBHBIE CTaquy pa3BUTHs OnycThiHUBaHus B [Ipuapanse B 1961-1973 rr. (Rafikov, 1999). Jlecenda x puc. 2-
5. Ipoyeccei: 1 — oOMeneHne o3ep, BHICBIXaHHWE OONOT; 2 — CHWKCHHE YPOBHS TPYHTOBBIX BOX; 3 — MeEIJICHHOE
BBICBIXaHHUE ITOYB M3-3a 3arTyOJIEHNs TPYHTOBBIX BOJA M IMOHM)KEHHS YPOBHS ApanbCKoro Mops; 4 — pe3kne U3MEHEHUs
YPOBHS TPYHTOBBIX BOJ M OOCBIX@HHS I10YB; 5 — IOSBJICHUE NECUYaHBIX PABHUH Ha BBICOXIIEM MOPCKOM AHE; 6 — 6e3
W3MEHEHMH; 7 — 3apacTaHHe TPOCTHHKOM, MECTaMHM aKKyMYJSIMs Cojled; 8 — HaKOIJIeHWEe COJIeH, pacHmpeHue
IUTOIIaAel, 3aHATHIX JYrOBO-TAKBIPHBIMH ITOYBAMH M Kcepopuramu; 9 — HHTCHCHBHOE HAKOIUIEHHE cOJiell W
pacmmpeHue Itomaaei, 3auaTeix ranoduramu; 10 — nHTEHCHUKALNS TEXHOT€HHOH 3po3uu, nedisiuust cyocTpata 1
BBIpYOKa KYCTapHHUKOB; 11 — akkyMymsinusi coseii Ha OpOIIaeMbIX 3eMIIsIX; 12 — akKyMyISIust coneil Ha 00ChIXaroIemM
JTHe Mopsi W o3ep; 13 — merpamamysi TPOCTHHKOBBIX IMACTOMIN, aKKyMYJISIIUS COJNEH Ha JHWINAX OOCBIXAIOMIMX 03ep,
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JeGIaluns BalIOB BIOJNb KaHANOB; 14 — HHTEHCH(UKALS 30JOBBIX MPOLIECCOB, UCCYIICHUE MOBEPXHOCTH 3eMiH; 15 —
Je(IIsAIus MeCYaHbIX TOYB, MOSBICHUE Y0O0BBIX GopM penbeda; 16 — oOchixaHue U NedIIsiisi THITHYHBIX COJIOHYAKOB,
Mepexo/l aKTUBHBIX COJIOHYAKOB B OCTaTOYHBIC, 17 — pyOKa JApeBeCHO-KYCTAPHUKOBOI PacTUTENHHOCTH, NSNS
riyOoKasi 3po3usi CKIIOHOB; 18 — BBICHIXaHHE JPEBECHO-KYCTAPHUKOBBIX TYTaeB, PACHIMPEHHE 338 WX CUET IUIOMIACH,
3aHSTBIX KcepouTaMu u ranoputamu; 19 — nedmsims (BeTpoBast 3po3usi) MECKOB HA MOPCKOM TiHE; 20 — COBMECTHBII
3¢dexT 0O0BOTHEHHS B OTHOCHUTEIILHO MHOTOBOJHBIC TOJABI M OTHOCHTENBHO ManioBOAHbIC; 21 — crabuim3aims B
PETYISIPHO M CHOpaJUyecKu CHaOkaeMbIX BOJOHM pykaBax, Jerpajianus TyracB B pykaBax 0e3 BOJOCHAOKEHHS M HX
nepuepUiHBIX 00JIACTIX, HHTCHCH(HKALHMS 30J0BOTO MpoIecca, 00pa30BaHUE TAKbIPOB; 22 — MOSBICHUE THITHYHBIX
30JI0BBIX (hopM penbeda; 23 — medusaius coned. [lpupodnvie komniexcwl 6 Ilpuapanve: 1 — mmockoe miato Y CTIOPT,
CIIO)KEHHOE C MOBEPXHOCTH M3BECTHSKOM, NMECYAaHUKOM M TJHMHOMH, 3aHITOE COYETAHHEM PAaCTUTENbHBIX COOOIIECTB, B
KOTOPBIX IIpeodianaroT Anabasis salsa, Artemisia terrae-albae, Salsola gemmascens, ¢ yaactueM Haloxylon aphyllum,
Ha cepo-Oyphix mouBax; Il — BO3BBINICHHBIC PABHHHBI, OOpa30BaHHBIC TJIMHON W MECYAHHUKOM, C COOOIIECTBAMH
Artemisia semiarida, Anabasis aphylla, Artemisia terrae-albae, Anabasis salsa, Salsola arbuscula, Salsola orientalis,
Atriplex cana, Ha OypbIxX, cepo-OypbIX MOYBaX W TUMHYHBIX Takbipax; III — 3070BbIe TecuaHble PaBHUHBI C
MOHKEHUSAMH, 3aHATHIMUA COJIOHYAKAMH W OKPYXKAIOIIMMH HX COOOIIECTBAMH 3JIaKOB M MECUYAHOW MOJNBIHU IO
CKJIOHAMH OYTPHUCTHIX MECKOB; IV — MPUMOAHATHIC TUIOCKAE PABHHHBI, CIOKCHHBIC H3BECTHSIKOBBIMH M MECYAHBIMH
otnoxenusmu ¢ Haloxylon persicum, Calligonum spp., Haloxylon aphyllum w >demepamu B naenpeccusx; V —
KOMILIEKC XOJIMUCTO-TPSIIOBBIX MECKOB (00pa30BaHHBIX U3 PEUYHBIX OTIIOXKEHHUM) ¢ coodmectBamu Haloxylon persicum,
Artemisia terrae-albae, sdemepamu, B coueranuu ¢ Salsola richterii, Callygonum aphyllum, Ammodendron spp., Ha
IMYCTBIHHBIX NECYAHBIX IMOYBAX W BOAOPOCIIEBBIX TaKbIpax; VI - JCIbTOBLIC aJlTIOBUAJIBHBIC paBHUHLI, O6paBOBaHHBIe
COUCTAaHUEM II€CUAHbIX, TIJIMHUCTBIX W CYTTIMHUCTBIX 0TJ'[0)K€HPII>1, npeoGpa30BaHHbIe OpPOUICHUEM XJIOIKOBBIX U
PUCOBBIX MOJIEH CO CTapbIMU U HEAABHO OPOLIa€MBbIMHU JTYT'OBBIMHU ITOYBAMU; VII - JCIbTOBLIC AJITFIOBUAJIBHBIC PABHUHBI
C AaerpaaupoBaHHbBIMU Tyl"aﬁHbIMPI APEBECHO-KYCTAapHUKOBBIMU U TPABIHUCTBIMU PACTUTCIBHBIMHA COO6H_ICCTBaMI/I Ha
II0-Pa3HOMY 3aCOJIEHHBIX JIYTOBO-TaKbIPHBIX IIOYBAX M TUIIMYHO COJIOHYAKOBBIX M TaKbIpHBIX mouBax; VIII —
KOMIIJICKChI CJICTKa HAKJIOHHBIX TJIHMHUCTBIX MOPCKHUX PAaBHHUH C XOJMHCTBIMHU GaanHHI)IMI/I (JIIOHHI)IMI/I) neCKaMu,
3aKperieHHble coobiectBamu ¢ Haloxylon aphyllum, Salsola richterii, Tamarix spp. u spemepamu, B HEKOTOPBIX
MECTaX COXPaHWIIUCh OCTATKH COJIOHYaKoB; IX — cierka HaKJIOHHOE CYTIIMHHCTO-ITIMHHCTO-WINCTOE 00CoXIIee THO
MOps ¢ OQHOJICTHUMH COJIHKAMH, MecTaMu ¢ Tamarix spp. u Halostachys belangeriana Ha 0CTaTOYHBIX ¥ THIIMYHBIX
cononyakax. Fig. 2. Basic stages of desertification development in the Aral Sea Region in 1961-1973 (Rafikov, 1999).
Legend to Figures 2-5. Processes: 1 — lakes grow shallowing, bogs drying up; Groundwater level decreases; 2 — soils
drying up slowly due to the buried groundwater and the decrease of the Aral Sea level; 3 — groundwater level changes
sharply, soils drying up; 4 — sand plains start to form on the dried sea bottom; 5 — no changes; 6 — reed overgrowing,
salts start to accumulate at some areas; 7 — salt accumulation, expansion of areas with meadow-takir soils and
xerophytes; 8 — intense salt accumulation, expansion of areas with halophytes; 9 — industrial erosion intensifies,
deflation of the substrate and bushes cutting take place; 10 — salt accumulation in the irrigated lands; 11 — salt
accumulation on the drying sea and lakes bottoms; 12 — degradation of reed pastures, salt accumulation on the drying
lakes bottoms, banks deflation along the channels; 13 — aeolian processes intensify, land surface dries up; 14 — sand
soils deflation, aeolian forms of relief start to appear; 15 — typical salines drying up and deflateing, active salines turn
into residual ones; 15 — woods and shrubs cutting, deflation and deep erosion of the slopes; 16 — tugai forests drying up,
causing the growth of areas with xerophytes and halophytes; 18 — effect of the watering, carried out in the years of
relatively high and low water; 20 — branches that are sporadically and regularly supplied with water start to stabilize,
tugai forests degrade in the branches with no water suppliment and on their periphery, aeolian process intensifies, takirs
start to form; 21 — typical aeolian forms of relief start to appear; 22 — salt deflation. Nature complexes of the Aral Sea
Region: 1 — flat plateau Ustyurt, formed with limestone, sandstone and clay on the surface, with different plant
communities with dominating Anabasis salsa, Artemisia terrae-albae and Salsola gemmascens, with Haloxylon
aphyllum, on the grey-brown soils; II — elevated plains, formed with clay and sandstone, with communities of Artemisia
semiarida, Anabasis aphylla, Artemisia terrae-albae, Anabasis salsa, Salsola arbuscula, Salsola orientalis and Atriplex
cana on the brown and grey-brown soils and tupical takirs; III — aeolian sandy plains with depressions, occupied with
salines and surrounding communities of cereals and Artemisia arenaria, on the slopes of hilly sands; IV — slightly
elevated flat plains, formed with limestone and sandy deposits, with Haloxylon persicum, Calligonum spp., Haloxylon
aphyllum and ephemerae in depressions; V — complex of hilly-ridgy sands (formed from river deposits) with
communities of Haloxylon persicum, Artemisia terrae-albae and ephemerae, with Salsola richterii, Callygonum
aphyllum and Ammodendron spp., on the desert sandy soils and algal takirs; VI — alluvial plains in deltas, formed with
sandy, clayey and loamy deposits, reformed with irrigated cotton and rice fields, with old and newly irrigated meadow
soils; VII —alluvial plains in deltas, with degraded tugai tree-shrub and herbaceous plant communities on differently
salinized meadow-takir soils and typical saline and takir soils; VIII — complexes of slightly sloping clayey sea plains
with hilly dune sands, secured with communities of Haloxylon aphyllum, Salsola richterii, Tamarix spp. and
ephemerae, the remains of salines can be found in some places; IX — slightly sloping loamy-clayey-silty dried seabed
with annual Salsola, sometimes with Tamarix spp. and Halostachys belangeriana on the residual and typical salines.
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Puc. 3. OcHoBHbIE cTaauu pa3BuTHs onmycTeiHuBaHus B [Ipuapanse B 1974-1977 . (Rafikov, 1999).

Fig. 3. Main stages of desertification development in the Aral Sea Region in 1974-1977
(Rafikov, 1999).
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Puc. 4. OcHoBHBIE cTaguu pa3BUTHs onmycThiHuBaHuA B [Ipuapanse B 1978-1982 rr. (Rafikov, 1999).
Fig. 4. Main stages of desertification development in the Aral Sea Region in 1978-1982

(Rafikov, 1999).
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Puc. 5. OcHoBHBIE cTauu pa3BUTHs onmycThiHuBaHUA B [Ipuapanse B 1983-1995 rr. (Rafikov, 1999).
Fig. 5. Main stages of desertification development in the Aral Sea Region in 1983-1995
(Rafikov, 1999).
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B npenprax pek Amynapeu u Celpaapbu 00Jbliasg 4acTh TEPPUTOPUM OXBAaueHa Jerpajalueit
TPOCTHUKOBBIX MACTOMIN, aKKyMYJISIIIMEH COJIel Ha JHUIAX 0OCHIXAroIUX 03ep, Aedisiueil BaloB
BJIOJb KaHaoB (myHKT 13). B BocTrouHOW wYacTH naenbThl AMynapbu pa3BHUBaeTCs Aeusanus
MIECYaHBIX T0YB, MOSIBICHHE 0JIOBBIX (opM penbeda (MyHKT 15); B HMEHTPaIbHOW YacTH JIENBTHI
Celpaapbii IPOUCXOTUT OOCBHIXaHWE W ACISANNS THIIUYHBIX COJIOHYAKOB, MEPEXOJ] aKTHBHBIX
COJIOHYAKOB B OCTATOYHbIE (ITyHKT 16).

Ha mnocnenneit cxeme (puc.5) Halio OTpaKEHUE Pa3BUTHE IPOLECCOB TpaHCHOpMaLUU
pUPOAHBbIX KoMILiekcoB Ilpuapanes B nepuoa 1983-1995 rr., koraa B 1989 r. Apan paznenuics Ha
JIBa BOJIOEMA M ypoBeHb bosbmoro mops ynan Ha 17 m. Pa3BuTue mpoueccoB OIYCThIHUBAHUSA
naHamwadToOB HECKOJNbKO 3amemssercs. Hambosnee akTMBHO MEHSIOIIAACS 4YacThb TEPPUTOPUU —
oOchIxaroriee JHO, JEHTOW okaimirstoniee nmooepexbe 60-X rooB. 31eCh YETKO MPOCIEKUBACTCA
nporecc (GOpMHUPOBAHUS COJIOHYAKOB BJOJL ype3a BOJbl (MyHKT 12), 3aTeM €ro CMEHSIOT
00CHIXaroIINe U IeTPaAUPYIONIe COJIOHYakH (MMyHKT 16) ¥ BIOJIb O€peroBoi JUHUU UIET MoJioca
(dbopMUpYIOLIUXCS TECYaHbIX MYCThIHb C THUIMYHBIMHM J0JIOBBIMH (opMamu penbeda (IMyHKT 22).
Ha Gonpiielt yacTu TeppUTOPUM JIE€IbTOBBIX PAaBHUH, HE OCBOCHHBIX I0J OPOILIEHUE, MPOUCXOAUT
Jerpajanus TYralHOW pacTUTEIbHOCTM Ha YydacTKax Oe3 OOBOJAHEHHS M CTa0MIM3alus
MIPOM3pACTaHMs JPEBECHBIX TYTaeB B PEryJsPHO U CIOPAJAMYECKH CHA0)KaeMbIX BOJOM pyKaBax.
Ha otminypoBaBmuxcss U 0OCOXIIMX MNPOTOKaX Ha BOCTOKE JEIbThl HAYT IPOLECCHI,
NpUOIIDKAIOIIME MPUPOAHBIE KOMIUIEKCHl K 30HAJbHBIM — aKTHUBU3allMs S50JI0BOTO Mpoliecca,
oOpa3oBaHue TakbIpoB (MyHKT 20, puc. 5).

Kak Buaum, npuBeleHHbIE CXeMbl B OY€Hb OOIIEM BHUJE MOKA3bIBAIOT, KaKWe MPOLEeCcChl Ha
KaKo TeppUTOPUH MMEIM MECTO B pasHble Mmepuoisl BpeMeHUu. OJIHAKO 3TH CXEMbl MOTYT OBITh
JIOTIOJTHEHBI JaHHBIMH Ha3eMHBIX wHccienoBanuid. Tak, mo manHeiM H.K. MamyrtoBa (1991),
noinydeHHbIM B 1980-1990 rr. Ha TeppuTopumM AENbTHl AMynapbu, OOIIas IUIOMIAJb JTyTrOBBIX
COOOIIIECTB cOCTaBIIsIa 0KOJIO 235 ThIC. Ta, n3 KOTOphiX 113780 ra ucmoap30BavCh MO MacTOUIIA
u 111220 ra moJ CEHOKOCEL

Kak Bugum Ha pucyHkax 2-5 W JereHjae K HHUM, aBTOp, MOMHUMO IPOIECCOB, BBIACIIHII
KAaTEeropui0 €IWHULl «IPHUPOJHBIE KOMIUIEKCHI», COOTBETCTBYIOIME pAHTY  YpPOYHIIL,
KJIacCCU(UKAMOHHOW €IWHHULE, KOTOpas CTOWT HIbKe, 4eM JaHmmadtHeiii paiion. Ilostomy
HAaUMEHBIIINE BbBIJICJICHHBIE HAa CXEME MPUPOJHBIE KOMIUJIEKChl MOTYT BCTpEYaThCsl B Pa3HBIX
nanmmadTHeIX paiioHax. Tak, xkoHTyp Il (BO3BBINICHHBIE pPAaBHUHBI, 00pa30BaHHBIC TJIMHOW W
MeCYaHUKOM, ¢ cooOmiecTBamu Artemisia semiarida, Anabasis aphylla, Artemisia terrae-albae,
Anabasis salsa, Salsola arbuscula, Salsola orientalis, Atriplex cana, Ha OypbIX, CEpO-OypPBIX TOYBAX
W TUMHWYHBIX TaKbIpax) 3aHUMaeT Ooipline IUomand B JaHamadTHoM paiione CeBepHoe
[Ipuapanbe u HebGonbiiue IUOmMAnM — B jgaHamadraHoM parioHe lOxnoe Ilpuapanmse. Takoke
koHTypsl VI u VII npucyTcTBYIOT B 00€UX JIeNbTax.

PaccmoTpennas pabora maer oOliee MpeACTaBIeHHE O MPOCTPAHCTBEHHOM PACHOJIOKEHUU
MPOLIECCOB, TMPOTEKAIOIIMX B pPasHbIX JaHAmadTHeIX paiioHax [lpuapanbs, u sABICHUIA
TpaHcGopMauil KOMIIOHEHTOB JKOCHCTEM (TIOYB U PACTUTEIHHOCTH) B XOJE OINYCTHIHMBAHUS:
HamOoJee aKTUBHBIX Ha 00COXIIIeH 4acTH MOPCKOTO JHA U B JIENbTAaX PEK, rJe OHU 0OYCIOBJICHHI B
OCHOBHOM TaJICHUEM YpPOBHS MOpS, MPEKpallleHuEeM MaBOJKOBBIX pa3MBOB W 3ariyOjeHUEeM
YPOBHSI TPYHTOBBIX BOJ. B MyCTHIHHBIX NaHAMA(THBIX pailoHAX, MPUMBIKAIOUINX K OeperoBoi
JUHUM, TpoIecchl TpaHChOpMallMd Cpeasl HMEIT TakkKe JerpalallMOHHBIM XapakTep, HO
0OyCJIOBJIEHBI TEXHOI'€HHOM JesATeIbHOCThIO uesoBeka. I[lojoOHOe MHEHue BBICKa3al M
A.B. IItnunukoB (1991, 1994), cuuraronmii, 4YTO CHM)KEHHE MPOAYKTMBHOCTH ITyCTBIHHBIX
nacTouI 00yCIOBICHO HE MAJICHUEM YPOBHS MOpSI, @ aHTPOIIOTEHHBIMH (PaKTOpaMH.

EcrecTBeHHas paCTUTENBHOCTh B apUAHBIX PAiOHAX UMEET BAXKHOE XO3MCTBEHHOE 3HAUEHUE U
oOnagaer OorpoMHbIMH pecypcamu. OHa MoenaeTcs CKOTOM HEMOCPEACTBEHHO Ha IMacTOMINax U
3aroTaBIMBAaeTCS BIOPOK TPU CEHOKOIIEHWHW. B uCCleoBaHMSIX BaXHO OBUIO TMONYYUTH
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3aKOHOMEPHOCTH H3MEHEHHs PACTUTENILHOTO IMOKPOBAa B XOJ€ OIYCTHIHMBAHHUS JAHIMAPTOB H
KOJIMYECTBEHHBIE 3HAUEHUS IOKa3aTelell, XapaKTepU3yIIuX H3MEHEHHE HX OunopazHooOpasus,
BHJIOBOTO COCTaBa, XO35ICTBEHHON [IEHHOCTU U 3aHMMAaeMOH IUIOIIA IH.

PactuTtenbHOCTh MyCTHIHHBIX pailoHOB IIpuapanbs mpurojHa K MCHOJIb30BAHUIO B KauecTBE
nactOuI OobIIyIO YyacTh ToAa. Mx obmas ruomans coctasiser 6onee 20 MiaH. ra. Hanboiburyto
wiomanps (11812.5 Teic. ra) 3aHMMarOT MacTOMIA BECEHHEE-JIETHE-OCEHHEr0 MCIOIb30BaHMUs.
JleTHe-OCEeHHHE TMPOCTUPAIOTCA HaA TOYTH Takylo ke miomanab (11784.35 Teic. ra): aTO
MIPEUMYIIECTBEHHO ITYCTHIHHBIC, JIYTOBBIE W JIyTOBBIE JOJHMHHBIC. KpyrioroaumyHele mnactOHimia
pacnoJjiaratroTcsi Ha nec4yasnbix MaccuBax M 3aHuMaroT 8808.75 Teic. ra. Ilo gaHHBIM, IPUBEAEHHBIM
B pabote JI.A. Kypoukunoit ¢ coaBropamu (1991), cormacuno onenke Kazrumposzema nHa 1985 1.,
BaJIOBasl ypOXKailHOCTh MacTOMII COCTaBIIsIa, COOTBETCTBEHHO, B 1/Ta: CaKCayloBO-3()eMEPOBBIX —
3.2-5.7, »dpemepouaHO-NONBIHHEIX — 2.2-5.0, OutopryHoBeix — 1.1-7.0, pasHOTpaBHO-
KycTapHUKOBBIX — 1.6-8.7, sHTakoBbix — 4.0-10.0, >xuTHsSKOBBIX — 4.0-7.0, COJSHKOBBIX C
TamapukcamMu mnactouny — 2.2-18.0, TPOCTHHUKOBBIX W Pa3HOTPABHO-TPOCTHUKOBHIX — 18.0-45.0.
[Ipu xopmoemkocTr mactOuny npumepHo 180 xopMoBBIX enuHHUIY/Ta Ha mactoumax [lpuapanbs
MOXHO COJIepKaTh Kak MUHUMYM 3.0-5.0 MJIH. TOJIOB CKOTa.

N3-3a TOro uto ypokallHOCTh NAcTOMII CHJIBHO KoJIeOJIeTCS MO ToJaM B OCHOBHOM OT
HECTaOUIIbHOCTU KJIMMAaTHYECKUX YCIOBUHM, OLIEHUTH BIUSHUE ApPabCKOrO MOpPS 3aTPYIHUTENBHO.
Jlerpananus nacTOUI] MOKET ObITh OOYyCIIOBIIEHAa M HEIOBBINACOM, U MEPEBBIIACOM, M JPYTHMMH
MpSIMBIMA  @HTPOTIOT€HHBIMU BO3JIEHCTBUSAMU. TOJBKO Jerpajanuio TPOCTHUKOBBIX MacTOMII
MO>KHO OTHECTH Ha cueT najieHust ypoBHs Mops. [lo nanusim MucTuTyTa Kazrunposem (Kypoukuna
u np., 1991), B Ilpuapanbe miomaap TPOCTHUKOBBIX 3apocieid Obuta paBHa 1750.4 TwiC. Ta, a
ypoxainocts — 10-50 m/ra. Takum oOpazom, 31echk GopmupoBaioch a0 4 muH. T cera. K 1990 r.
3Ta TeppuTopus 00COXJia, a PaCTUTEIHLHOCTh ObLIa MpeACTaBleHa Pa3peKEHHBIMU COJSHKOBBIMU
COOOIIECTBAMH C TIPOU3BOIUTEIBHOCTHIO HE Oostee 1-2 m/ra.

B nenprax pex AMymapbu u ChIpIapby IJIOIIAIb CEHOKOCOB COKpaTUiIach B 4 pasza, CakcayJOBbIX
3apociieid — Ha 100 TeIC. Ta, TPOCTHUKOBBIX 3apocier — ¢ 800 Teic. mo 30-50 TthIic. Ta. Ilormb
YHUKAJIbHBIM YepHOcaKcayinoBblil jec B pycie JKanamapbu. CHIKEHHE MPOAYKTUBHOCTH MACTOMII
MIPUBENO K CHIYKCHUIO MPOU3BOJICTBA KMBOTHOBOAUECKOH mpoaykiuu (Kypoukuna u np., 1991).

HaGnrogenneM 3a pacTUTENBHOCTHIO ITYCTHIHHBIX paliOHOB Y30ekckoil wactu Ilpuapanbs
(Ycerriopra ' C3 KbI3BIIKYMOB) Ha KITFOYEBBIX YYaCTKaxX B TCUYCHHE HECKOJBKHX JIECATUIICTUIN
3anumasics C.K. KaGynos (1990). On npumien kK BBIBOAY O TOM, YTO B pe3yJbTaTe apUaAH3allud
[Ipuapanbsi, NpoOSBISIONICHCS B YCHJIEHHU H0JIOBOTO IOCTYIUIGHHUS COJIe ¢ 00coXxiero maHa,
MOBBIIIEHUU CYXOCTH BO3JyXa W YBEIUYECHUU JIETHUX TEMIEpPaTyp, MPOUCXOIUT H3MEHEHHE
¢utorieHo30B. OHO BBIPAKAETCS B CHIDKEHUU JKU3HEHHOCTH JOMHHAHTOB KJIMMAKCOBBIX U
CYOKJIMMaKCOBBIX COOOIIECTB, YTO MOXKET MPUBECTH K CMEHAM Ha MEHEe yCTONYMBBIE COOOIIECTBRA.
Ha VYctiopre ormeueno (KabOymos, 1990) BHenpenue B (uroreHO3bl 0o0jiee CONEBBIHOCIUBBIX
BUJIOB, a B KbI3buIKymMax B mecyaHslx JaHamadTax ¢ 6emocakcayibHUKaMU MyCTBIHHOOCOKOBBIMU
(Haloxylon persicum—Carex physodes) — cHuXeHUE BO300HOBIIEHHUS OMHUHAHTOB M BHEIpPEHUE
BUJIOB, XapaKTEpHbIX s clIab03aKkperuieHHbIX NeckoB. OJHAKO JaHHbIE, MPEJICTAaBICHHbIE B
moHorpapuu C.K. Kabynosa (1990), He mNO3BOJAIOT MNpOCIAEIUTH pa3BUTHE TpaHChOpMALUU
PacTUTENILHOCTH BO BPEMEHM M HE J0KAa3bIBAIOT, YTO OHA OOYCIOBJIEHA MaJieHUEM YpPOBHS MOps,
aHE JIOKAJbHBIM WM3MEHEHMEM TIPAaHYJIOMETPHUUYECKOIO COCTaBa OTJIOXKEHWH, 3acoJICHu,
3arurcoBaHus U OOYCIOBHEHHOTO 3THUM HM3MEHEHHUS MOYBEHHBIX PAa3HOCTEH BHJIOBOIO COCTaBa
PacTUTENILHOCTH.

HccnenoBanus, NOCBSAIIEHHBIE N3YUYEHUIO OIYCTHIHUBAHUS [IOYBEHHOIO NIOKPOBA U KUBOTHOI'O
HaceneHus Ilpuapanbs Kak €IMHOTO IIEJIOTO PErMOHAa, OTCYTCTBYIOT, HO OHH JIOBOJIBHO IIOJIHO
MIPEJCTAaBICHbI B MCCIEOBAHUAX OTAENbHBIX, 00Jiee M3YYEeHHBIX JaHAAPTHBIX pailoHOB U OyIyT
paccMOTpEHBI Jajee.
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HOsicnoe Ilpuapanve

Oto Hamboyiee OOMIMPHBIA MO IUIOLIAAW, PA3HOOOpA3HBIA M JUHAMUYHBIN JaHImIadTHBINA
pailoH. 31ech MNpoOKMBAaeT OKoJo 1.5 MIH. HaceleHus, I[O03TOMY pa3BUTHE IPOLIECCOB
TpaHc(hOpMaIK MPUPOJHBIX KOMIUIEKCOB W MX KOMIIOHEHTOB B CBSI3U ¢ ApalIbCKOI mpoOiemMoi
U3YYEHO 3]1eCh 00JIe€ JETATBHO.

OnHo W3 TmepBBIX JAHMMA(THBIX WMCCIEIOBAHHMA, IOCBSIIEHHBIX ITUHAMHKE IMPUPOIHBIX
ycnoBuid ceBepHoit yactu FOxHoro Ilpmapanbst m o0coxmieit yacTu gHA MOpPs, ObUIO BBITIOJHEHO
[Mpuapanbckoit skcrequmnueit Otnena reorpadum AH Y3CCCP B 1977-1979 tr. Ee pesynbraTsl
onyonukoBaHbl B MoHorpapuu A.A. PapukoBa u I'.®. Terroxuna (1981). Dto uccnenoBanue
MPOBOJMIIOCH B TOT IEPHOJ, KOTJAa YPOBEHb MOPS CHH3HICS TOJNBKO Ha 7 M W TNPHOPEKHBIE
tepputopun oo6coxau Ha 100-200 m ot OeperoBoit nmuaun 1960-x rogos. Tem He mMeHee, aBTOPHI
MOHSJIM CYTh MPOUCXOJSIIETO M YeTKO 0OOCHOBAIM CBOIO mo3ummio. [lo mx muHeHuto, B FOxxHOM
[Ipuapanbe Hayamach KOpEHHas MEpPeCcTpOMKa reo- U IKOCUCTEM, a TpaHC(HOpMAalMIO MPHUPOIHBIX
KOMIUIEKCOB CJIEJIyeT OLIEHUBATh KaK OMYCTHIHMBAHHE, apHIU3aIHio. «[ napoMop(HbIE KOMITIEKCHI
MPHOOPETAIOT TOJYTUApoMOp(dHbIE U aBTOMOP(HBIE YepThl, BCIOAY MOSBIAIOTCS 3aCOJIEHHOCTb
MOYBO-TPYHTOB, MHHEPAJTH30BAHHOCTh TPYHTOBBIX BOJI, IIUPOKOE PACIPOCTPAHEHHE 3ayXO- H
COJICYCTOWYMBBIX PACTUTEILHBIX COOOIIECTB, JTOMHUHUPOBAHHE BETPOIPO3UOHHBIX IPOIIECCOB U
MIPOIIECCOB COJICHAKOTUICHHS, OJIOBBIE IecYaHbie (JOpMBI penbeda U T.J. ... MOXKET MPOUCXOIUTH

nporpeccuBHoe paccoseHue...» (Paduxos, Terroxun, 181, c. 4). JlaHHO€ MHEHHE MOKHO
pacrpocTpaHuTh U Ha TEPPUTOPHIO Beero [Ipuapaibsi.

Momnorpadus A.A. Pabukosa u I'.®. Terroxuna (1981) npencrasiser coboii (hyHIaMeHTaTbHOE
Hay4yHOE MCCIICJIOBAHKE 10 TIPOOJIeMe aHTPOTIOTEHHO 00YCIOBJICHHOM apyIu3aIiii (OIyCTHIHUBAHW)
MPUPOJHBIX KOMIUIEKCOB JIaHAMA(PTOB JAEIbTOBBIX paBHUH. B Heil conmepkutcs moapoOHast
MIPOCTPAHCTBEHHO-BpEMEHHasi MH(pOpMalMsg O KOMIIOHEHTAaX MPUPOJHON Cpelbl CEeBEpHOM YacTh
HOxnoro Ilpuapanest W HX H3MEHEHUM B pE3yJbTaTe€ pPAa3BUTUS ECTECTBEHHBIX IPUPOIHBIX
MIPOLIECCOB; PACCMOTPEHbI COBPEMEHHbBIE MPUPOJHBIE KOMIUIEKCHl M TEHICHIIMM HMX Pa3BUTHA B
YCIIOBUSIX U3MEHEHHS THPOJIOTHUYECKOTO pexXuMa JIeNbThl AMyIapbH; JaH MPOTrHO3 TpaHCPOpMauu
Ha HEKOTOPYIO TEPCIEKTHBY; PACCMOTPEHBI IPHUPOJHBIE KOMIUIEKCHI Ha oOcoxmied k 1979 r.
TeppuTOpuM [Ha (aBaHAEIbTH) U TEHACHUMH WX pa3BUTUA. [lomydeHHble pe3yabTaThl AaIH
OCHOBaHME aBTOpaM sl pa3paboOTKu  (U3HMKO-reorpauyeckux OCHOB  MPOCKTHPOBAHUS
MEJTMOPATUBHBIX MEPOIPHUATHI MO MPEIOTBPAILCHHUIO HEOIArONPUATHBIX MIPOIIECCOB U SABJICHUM.

lenHocTh MaHHOM MOHOTpadUH 3aKJIIOYAETCS B TOM, UTO OHA JJAeT XapaKTEPUCTUKY COCTOSHUS
MPUPOJHON cpelbl U KOMIIOHEHTOB MPUPOJHBIX KOMIUIEKCOB B HAYalbHBIN MEPHOJ Pa3BUTHUS
KpHU3HCa C JeTalbHBIMHU KOJIHMYECTBEHHBIMU 3HAYCHUSMHU TOKa3aTeliel, OCHOBAaHHBIMU Ha aHallM3ax
po0, OTOOpaHHBIX B X0Ji€ MOJEBbIX padoT. Ocobo mpucTaabHOEe BHUMAHHUE YIEIseTcs mpoleccam
TpaHcGopMaui MPUPOAHBIX KOMIUIEKCOB M HX MPOCTPAHCTBEHHOMY pacmpeaeneHuio. B Tekcr
MOMUMO TaONUIl M CXEM pa3BUTHS BKJIIOYEHO OO0JBIIOE KOJIMYECTBO KapTorpaduyecKux
MaTepHuagoB, OTPAKAIOIIUX MPOCTPAHCTBEHHYIO CTPYKTYpYy paclpeeNieHuss OMHCAaHHBIX
KOMIIOHEHTOB U WX KOMILJIEKCOB (JaHIAa(THBIX €IUHUII), YTO OTKPHIBAET BO3ZMOKHOCTh M3YYEHUS
UX JajbHEUIIeH HBOJIIOIUHY HA OCHOBAaHMHM MaTepHaliOB TUCTAHIIMOHHOIO 30HaUpoBaHMs. Crenyer
OTMETHTb U 0COOYI0 HAYUYHYIO 3HAUUMOCTD JUIE 000CHOBaHUS MPOTHO3UpOBaHus. B 310il paboTe He
Ha3BaHO, HO IOJATBEPXJAEHO OCHOBHOE MOJIOKEHHE TEOPUH JUTOMOpP(doIeroreHe3a B OTHOIICHUU
OTIMYMUS MyTeH HBOJIOLUHM TNPHUPOTHBIX KOMIUIEKCOB Ha MPHUPYCIOBBIX BajlaX U MEXKPYCIOBBIX
MOHWKEHUSAX PEUHBIX JIEIIbT.

ABTOpBl TPUAEPKUBAIOTCS MHEHHUS, YTO NpPUYMHA pa3BUTUS ApajbCKOro KpH3UCca —
COKpAIlleHHE pPEYHOro CTOKa, TMOCTYMAIOIero B JEIbTYy AMyJIapbd, M HU3MEHEHHE €ro
pacripesielieHUsl Ha TEppPUTOPUU JIeNbThl. Bce mporecchl, NpUBOAAIIME K TpaHchopMaiuu
MPUPOIHBIX KOMIIEKCOB, — 3TO (DOPMBI IPOSIBICHUS OMYCTHIHUBAHMUSL.
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B paccmarpuBaemoit MmoHorpaduu oOpamiaeTcss BHUMaHUE Ha TO, YTO ApallbCKOe MOpPE UMEET
OonpIIoe 3HAYCHWE i1 (OPMHUPOBAHUS TPUPOTHOW CpeAbl M Pa3HOOOPa3HBIX PECYPCOB,
UCIOJb3yeMbIiX uenoBekoM B Ilpuapanwe. [Ipousomieniinee cHUXEHUE YPOBHSI MOPS 10 OTMETKU
46 M H.y.M. BC (Ha 7 M) y)Ke HETaTUBHO CKa3bIBAETCS Ha JKU3HEAEATEIbHOCTH HACEJIEHUs, a MI0JIHOE
oOChIXaHUE CTaHET OOJBIIMM OCJICTBHEM HE TOJBKO JIJISi CEBEPHBIX pailoHOB Kapakammakuu, HO U
qutst Beero [Ipnapanss.

Tpancpopmayus peunoco cmoka. Pexum BOJHOTO W B3BEIICEHHOTO CTOKAa peKHM AMYHapbH
ompenenser JaHTIA(THYIO CTPYKTYPY, €€ 3BOJIONHI0, OOTaTCTBO M pa3HOOOpa3ue BOJIHBIX H
HA3eMHBIX JKOCUCTeM. OCHOBHBIC JKOJOTHYECKHe (AKTOPBl U PEKUMBI, HEMOCPEIACTBCHHO
onpenenstonre GopMHUPOBAHUE YCIOBUN Cpesibl OMOTOIOB, — KOJICOAHUS UTUTEIIBHOCTA M BBICOTHI
€XKETOJTHOTO 3aJIMBAHMSI, AJUTFOBUAIIBHBIE TMPOIECCHI, THAPOXUMHUYECKUN DPEXKUM U (HU3UUYECKUE
CBOMCTBA peYyHOM BOAbl. ['mapomorms Amynappd XOpOLIO HM3Y4€Ha, €€ W3MEHEHHE
OXapaKTepu30BaHO B paboTax MHOTUX uccienoBareneit (Jlomatun u np., 1958; Poros, 1957; Poros
u ap., 1968; Emmmb6aes, 1975). [lo 3aperynupoBanus ctoka (1931-1962 rr.) Ha ruaponocty Yatisl
(6mu3 r. Hykyc) cpeiHeMHOTONETHee 3HaUeHHe ero oobema cocrasnsio 47.6 km®. B a1oT nepuon
pPEXKUM PEKHM B OCHOBHOM 3aBHCEJ OT MPOIIECCOB, MPOTEKAIOMUX B 00JaCTH (GOPMHUPOBAHUS CTOKA
3a CUeT TasHUS CHETa W JICAHUKOB, © MAKCUMYM PAacXOJOB BOJBI B JIENbTE MPUXOJIUIICS HA UIOJb-
aBryct. B oxTa0pe HacTymal MEXKEHHBIM TEpUOJ] C TPEIABECCHHUM  MHHHUMYMOM.
CpennemMHOTOJIETHEE 3HAYCHHE MUHEpaau3anuu BoAbl cocTtaBisuio 0.47 r/n. B nenbToBBIX
OTJIOKEHUSAX €XKETrOJHO OCTAaBajIOCh JO 2 MJH.T. COJie, HO OCHOBHBIM TPHEMHHKOM COJIEH,
npuHocuMblXx Amyzaapeeit u  Celpaapbeilt, ocraBaioch Apanbckoe Mope (Kosnma, 1947).
CokpallieHue pevyHOTO CTOKa MPOMCXOIUIIO JOCTATOYHO ObICTpo: B mepuoa 1958-1969 rr. yxe k
1977 r. na rugponocty Temup6aii on cHmsmncs ¢ 38.9 10 7.2 kv°.

CtpeMuTenbHOE CHIDKEHHE YPOBHS Mops, HavaBmieecs B 1960-e rompl, crmocoOCTBOBAO
3ariayOJIeHUI0 pPYCIIOBOM ceTH B JenbTaX. JTO, B CBOIO ouepellb, OOYCIOBWIJIO JIPEHHPOBAHHUE
OOLIMPHBIX TJIaBHEW M O3€pHBIX CUCTEM Ha Tepputopuu AenbT. OOChIXaHHE AENbTHl HAYaJIOCh
ropasjio paHbllie, 4eM pe3koe najaeHue ypoBHs mops (puc. 6). K 1953 roay B cybaspanbHbBIi dTan
pPa3BUTHUS BCTYNUIU OOLIMPHBIE YYaCTKU JENbThl BAOJb OCHOBHOTO pyciia AMyAapbu M TpeX ee
pykaBoB — Kunmyaknapeu, Akaapeu 1 YiaskyHIapeu. B cienyromee necarmierue K 1963 r. ob6coxnu
MEHBIINE MO IJIOMAAN Yy4acTKH, oOpamiifonine Haubosee BO3BBIIIEHHBIE YYaCTKH MPUPYCIOBBIX
paBauH. C 1964 r. Hauanoch BBICBIXaHHE 03ep, M K 1972 r. oHn o6coxnu Ha mromaau 260 KM
(Huxkutun, bornaps, 1975). Jlanee obcoxyin Hanbosee 3ariyOJeHHbIC YYaCTKU JEIbThl — 3aHATHIC
OOLIMPHBIMH 03€PHO-IIJIABHEBBIMU CUCTEMaMH.

Cmaouu onycmulHU8aHUs He0C80eHHOU Yyacmu oeivmuvl Amyoapvu. ConocTtaBieHNue 00ChIXaHUS
JenbThl AMyAapbd MO TOJaM HAa PHUCYHKE 6 C JaHHBIMH aBTOPCKUX MAapHIPYTHBIX MOJIEBBIX
HaOMIO/ICHNH, TMPOBOAMBIIMXCS TPAKTUYECKU EKErofHO BIOJbL aBToMarucTpanu Hykyc-Kynrpan-
Myiinak B nepuog 1979-2001 rr., mo3Boynio BIAECIUTH Pl CTaAWN, KOTOPBIE MPOILET Y4aCTOK 3TOM
BO3BBILICHHON MPUPYCIIOBON paBHUHBIL, oOcoxieit k 1953 r. (puc. 7).

PucyHok 7 neMoHCTpUpYeT Mociae10BaTeIbHYI0 CMEHY BO BpeMEHHU JaHAmadTHIX YCIOBHM Ha
OJIHOM DJIEMEHTE JENIbTOBOTO penbeda — MPUPYCIOBON BO3BbINIEHHOW paBHuUHE. C apyroi
CTOPOHBI, PUCYHOK JIEMOHCTPUPYET JaHAIAPTHBIA IKOJIOTO-TeHETUYECKUI P, XapaKTEepHbBIN s
3TOTO 3JIEMEHTa penbeda B mpoliecce omycThiHUBaHusA. HartypHbie HaOm0aeHMS, TPOBEICHHBIE B
2017 r., MOKa3bIBAIOT, YTO MPOILECC OMYCTHIHWBAHMS JAHHOW TEPPUTOPUU €IlI€ HE 3aBEpLICH.
Paccenenune TepeckeHa U 4EpHOTO CaKcayla Ha OCTAJIbHYIO YaCTh 3TOM paBHUHBI TPOJIOJIKAETCA, HO
ellle He BBIIIO 3a TPaHHIlbl JAaHAMA(THOTO KOHTYpa, a B JalbHEUIIEM JOJKHO MPOUCXOAUTH
yCIOKHEHHE BUJIOBOTO COCTaBa COOOIIECTBA 3a CYET BHEPEHUS MTyCTHIHHBIX BUJIOB.

B xoJe onmycThIHUBAHUSI TEPPUTOPHUH JENbTHI BAKHYIO SKOJOTHYECKYIO POJIb UTPAIOT TIIyOuHA
3aJIeTaHus YPOBHS T'PYHTOBBIX BOJ M CKOPOCTh UX MAaJCHUs. 3ajeraHue YpOBHsI TPYHTOBBIX BOJ HA
riryouHe 10 3 M 00yCIOBIMBAET BHIMIOTHOW PEXHUM TIOYB U 3aCOJICHHE TTOBEPXHOCTHBIX TOPU30HTOB
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MOYBOTPYHTOB. brIcTpoe 3ariybieHre ypoBHs TPYHTOBBIX BOJ HIDKE 3 M MPEIOTBpAIIAeT Pa3BUTHE
COJIOHYAKOBOI'0 Impo1uecca. O1H JABa IIOKa3areciid HaXOOATCsA B TECHOM 3aBUCHMOCTH OT MCTOUYHHKA
NUTAHUA.
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Puc. 6. 3menenue 06BoAHEHHOCTH JenbThl AMyaapeu B nepuof ¢ 1953 no 1990 rr. (Novikova,
1999). Venosnwvie o6o3nauenus. Hanbonee 3HauMMble TPOTOKU U JIECHBIE MacCHUBBI BJOJb HUX: 1 —
Yopnob6ait, 2 — ApxanTail, Mnxenepyssak; 3 — 3akupkoins, 4 — Llere, 5 — Bopomuios, 6 — YibkyH,
7 — Kazaxnapss, 8 — Acnanraii, 9 — Ke3supkap, 10 — Caitst, 11 — Iopasitay, 12 — Epkun, 13 —
HaiimanTio6e, 14 — HypymryOek, 15 — Xaren, 16 — Hlopram6aii, 17 — Camambaii. CocrosiHue
MaccuBoB: N — HopmanbHOe, Dg — nerpanupyer, M — norubaer. Fig. 6. Changes in the water
content of the Amu Darya Delta in 1953-1990 (Novikova, 1999). Legend. The most significant
channels and woodlands along them: 1 — Wardobai, 2 — Arhantai, Guzyak; 3 — Zakirkol, 4 — Shege,
5 — Voroshilov, 6 — Ulkun, 7 — Kazakhdarya, 8 — Aspantai, 9 — Kyzyljar, 10 — Sayat, 11 — Porlytau,
12 — Erkin, 13 — Naimantyube, 14 — Nurumtubek, 15 — Hatep, 16 — Shortambai, 17 — Samambai.
The state of the massifs: N — normal, Dg — degraded, M — dying.
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I'oawl dorto Craaus onycThIHUBAHUA

1953-1963 - OO0OcbIXaHue TUIaBHEN

Jlyrosas
K cesepy um rwry or r.Kynrpan.
Pacripoctpanenue cooOriecTB c
noMuHupoBanueM Aeluropus littoralis n
Tamarix spp.

1963-1973

CononuakoBasi
3acosieHne HWKHHUX y4YacTKOB CKJIOHOB
MPUPYCIOBBIX BaJOB M JHUI 00COXIINX
03€pPHBIX JACTPECCUM.

1973-1985

Hauano aerpaganum COJOHYAKOB H
pa3BUTHE OTAKLIPUBAHUS (TPYHTOBEIC
BOJbI Ha TayOmHe Oosiee 3 M)
uHaukKatop — Salsola  dendroides
(coystHKa JPEBOBHIHAS ).

1985

HauaJjio BcesleHHsl MyCTHIHHBIX BU/I0B
pacTeHMii Ha YydYacTKaxX HPUPYCIOBBIX
paBHuH Kk tory ot T. KyHrpan.
Wunukatop - Krascheninnikovia
ceratoides (TepecKeH), HHU3KOPOCIBIN
KYCTapHUK C CEpeOPUCTHIMU JIUCTHSIMHU.

1993

Hauano pacnpocTpaHeHMsi 4YepHOIo
cakcayaa — Haloxylon aphyllum na
HapyLICHHbIX y4yacTKaX HO O0OYMHaM
BJIOJIb JIOPOI K IOry OT T. MyliHak,
2017 r. — pacmpocTpaHEHHE cakcayia
BJI0JIb JOPOTH BILIOTH 10 T. KyHrpana u
Ha MPUJIETAIOIINE TYCTOIIHbIE PABHUHBI
C OTaKbIPEHHBIMH COJIOHYAKaMH.

1993-2017

®opMupoBaHHe pacTUTEIbHBIX
€0001IeCTB IMYCTHIHHOTO THIIA.

2017 u panee —

Puc. 7. Craguu onyCTBIHMBAHMS NMPUPOAHBIX KOMIUIEKCOB B AenbTe AMyzaapeu B nepuona 1961-
1993 rr. (dporo H.M. HoBukooii, 2017). Fig. 7. Stages of desertification of natural complexes in
the Amu Darya Delta in 1961-1993 (photo by N.M. Novikova, 2017).
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ITo nmamabiM A.A. PajpukoBa u I'.®. Tertoxuna (1981), BOmm3m o3ep, O0JOT U PEK OHH
CHIDKAIOTCSI Ha MIyOMHY 10 3 M Ha pacctosiHuu 10 1.5 kM oT Oepera. BiusiHne mppuraiiioHHbIX
CHCTEM paclpoCTpaHseTCsl Ha paccTosHue He Oonee | kM. MuHepanusamusi TPYHTOBBIX BOJ B
JeTbTE MECTpasi ¥ 3aBUCUT OT MHOTUX (DaKTOPOB.

Kak Buaum, mpuumHON OMYCTHIHWBAHUSI TEPPUTOPUM B HEOCBOEHHOW YacTU JAEJbTHI SIBJISETCS
YMEHBIIEHHE BJIArooOECIEYeHHOCTH, OOYCIIOBICHHOE LIENbI0 MOCIENI0BATEIbHBIX H3MEHEHHUH
800HO20 (hakmopa: COKpAIEHUs IMPHUTOKA PEYHOW BOJIBI K JIENbTe, NMPEKpAIEHHs IaBOJIKOBBIX
Pa3iIMBOB, BBICHIXaHUS MEJIKOBOHBIX IJIaBHEW M OOCBHIXaHUS BHYTPUJEJIBTOBBIX BOJOEMOB, Ma/ICHUS
YPOBHS TPYHTOBBIX BOJI, [1aJIEHUsI YPOBHS MOpPsl — 0a3uca 3p0o31H MOBEPXHOCTHBIX U MOJI3EMHBIX BO/I.
DTO IEMOHCTPUPYETCS BO BCeX padoTax MccliieoBaTelNel, MOCBAIECHHBIX THPOJIOTUH JIENIBTHI.

Uzmenenue euopoepaghuuecxoti cemu. CokpaiieHue OOBOJHEHUS AENbThl AMynappu U
MIPEKpAIEHNE IMaBOJKOBBIX Pa3IMBOB CIIOCOOCTBOBAIO MepedOPMUPOBAHUIO THAPOrpaduueckoit
cetd B 1970-X rojiax — cocpeloTOYEHHIO CTOKa B OCHOBHOM pycie U ero cupsmienuto. [loaromy k
ceBepy ot r. Hykyc pedHoi CTOK cocpeoTOUuniICs B MPOTOKE AMyAapbH, a K ceBepy oT T. KyHrpaz
nporoka Kumuak, no koropoit 10 1958 r. coxpaHsaaoch ABUKEHUE NapoX0A0B U3 ApanbcKoro Mops
(baxues u np., 1977), oTMepa 1 CTOK K MOPIO IEPEKITIOYMIICS B IPOTOKY AKJaphs U Jajiee IIell Ha
chopmupoBaHHO# B 70-X roax MOJIOI0H AeIbTe BBIABUKEHUS 1O poTokaM MHxkeHepy3sk, AKKaii
n Yopnob6ait. ManoBogee 1971-1979 rr. cmocoOCTBOBanO TMepeChIXaHUIO OOJBINEH dYacTH
BHYTPHJIENIBTOBBIX 03€p. YpoBeHb Mops K 1978 r. yman no 47.12 m H.y.M. BC, T.e. npumepHO Ha
6 M. IIpoucxonmio Bpe3blBaHHE OCHOBHOTO pycia W Ha ruaponocty TemupOait (01au3 ycTbs),
YPOBEHb CHU3MWJICS Ha 2.5 M.

OcBOOOX/IEHHE YYaCTKOB IUJIOJIOPOJHOM CYIIM a0 HMMIyJbC K €€ ocBoeHuro. OOmas
opomaemas miomanb ¢ 1953 mo 1976 rr. B8 KK ACCP yBenuuunack ¢ 164.1 no 261.4 TeIc. ra.
Bmecte ¢ Tem ¢ 1968 mo 1976 rr. Ha 2201 man. M® yBenuumncs ¥ B003a00p BHYTPH AEIbTHI
(Paduxos, TertoxuH, 1981). CooTBETCTBEHHO, €CTeCTBEHHAs THAporpadudecKas ceTh M3MEHIIIACH
(puc. 8): mosBUIIACH CUCTEMA KaHAJIOB, OJAIOIINUX BOIY Ha MOJISI U KOJUIEKTOPOB, OTBOISIINX BOIbI
JpeHa)xHoro cToka. KaHanbl 3akaHUMBarOTCS BOJIM3M OpOIIAEMBIX MAaCCHUBOB, KOJUIEKTOPHI — Ha
Oepery Mops. B To ke BpeMs CyIOXOJICTBO IO pyciiaM JAeiIbThl AMyJapby MPeKpaTHIOCh B Havaje
1974 r., 1 c TeX TOP OCHOBHBIMHU BUJIaMU TPAHCIIOPTA CTAJTH aBTOMOOMIIBHBIN M JKEJIE3HOI0POKHBIH
(Axpamos, Paduxos, 1989).

HenoctosiHCTBO MNpUTOKAa pPEYHBIX BOJ K JelIbT€ U OOCHIXaHHWE ECTECTBEHHBIX BOJOEMOB
MOCTaBWJIM 3a/1ayy YIPaBIIEHUS BOJHBIMH PEeCypcaMu MPECHOW BOJbI, MPUTEKAIOUIEH B JIENbTY, U
CTaJId MPUYMHOU MOCTOSIHHOW PEKOHCTPYKIUHU TUAporpaduyeckoil ceTw uid ee yAepxaHUs Ha
TeppuTOpur AenbThl. [lepBble TUIOTHHBI ObUIM 3€MJISHBIMU U HEIOJTOBeUHbIMH. [lo maHHBIM
A.A. PapukoBa u I'.®. Tetroxuna (1981), B 1968 r. B paiione noc. baiiryxxa pycio Amyaapbu
ObLII0 TIepeKphITO M 3a 20 mHel Obuto 00BogHEHO Oojyee 50 Thic. ra mactoum. B 1971-1972 rr. B
paiione BO3BBIIIEHHOCTH KBI3BUDKAAp CO3MaHHAs 3eMIIHAs IepeMbluka MO3BOJIMIA OOBOJHUTH
6onee 100 Ttpic. ra mactOumi. OAHAKO 3TH MEPONPUSATUS HE pelIaaud mpodneMy OOBOTHEHHS
JeNbThI, a TOJBKO CO3JaBaIM JOMOJHUTENbHBIC: JIUTENbHOE 3aTOIUICHUE U pa3pylIeHUue A0POr ¢
ac(aabTOBBIM MMOKPHITHEM HAPYIIAIH ABTOTPAHCIIOPTHYIO CBS3b.

Jnst Kapakanmakuy ype3BblYaiiHO Ba)XKHBIM COOBITHEM SBWJIACh pa3pabOTKa M OCYILECTBICHHUE
IIPOEKTa CO3/IaHMs €MHOM THAPOTEXHUUECKON CHCTEMBI B JIEJIbTE HA OCHOBE PEYHBIX aMyJapbHHCKUX
BO/I, BKJIFOYAIOIEH 0OBOTHUTENBHBIE U PEHAXKHBIC KaHAJbI, IOJIbJIEPHI B OBIBIINX 03€pax U MOPCKUX
3anuBax (puc. 9A) u co3iaHue JOJITOBEYHBIX MHKEHEPHBIX THIPOTEXHUUYECKUX COOPYKEHHM.

B 2000-2003 rr. (puc. 9A) OblIM YTOYHEHBI 00bEMBI BObI, HEOOXOAUMOM ISl 3KOJIOTHYECKOTO
MOJIIEP KaHUs SKOJOTMUYECKH YCTOMUMBOTO MPOhMIIs AeTbTH PeKU AMYAapbH U MOJMUTKH 03€PHBIX
CHCTEM: JUIl MHOTOBOJHBIX JIET TpeOyeTcs 8 KM® BOJBI, Ul CpeaHero roga — 4.6 kwm®, mus
MAaJIOBOJIHBIX JIET, YTOOBI COXPAaHUTh KOJOTMUECKYIO CTAaOMIBHOCTH B JIENIbTE, — KaK MUHUMYM
3.5 km® (Apanbckoe Mope ..., 2015). OgHako Ha KOCMHYECKOM CHUMKe (puc. 95) BHIHO, 4TO BCe
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yKa3aHHbBIE BOJ0EMBI ()YHKIIMOHHUPYIOT, HO B OTJIIMYHE OT 3aIlJIAHUPOBAHHON CXEMBI B MOPE YXOIUT
Cpa3y HECKOJIBKO BOJOTOKOB M3 MyitHakckoro, Jlymamakckoro u JKUnTelp6acckoro BOJIOEMOB,
4TO, BUJIMMO, HE OYEHb palnoHailbHO. [InaHupoBanace, UCXOJ8 M3 pacuera, YTo I0jJada BOJbI B
NenbTy AMyaapbu Oy[eT cOCTaBIATh OKOJIO 8 KM>/rog, B AenbTy Chipaapbu — 6 KM>/ro.

B 3Trom npoekre Obliia yuTeHa U CUJIbHAsE MEKCE30HHAsI M Pa3HOIOIMYHAsI U3MEHYUBOCThH CTOKA
peku (puc. 10). JleficTBUTENbHO, HAIIOJHEHUE BOJION MCKYCCTBEHHBIX BJIOEMOB U OOIIME 3amachl
BOJIBI B 03€Pax JICIbTHl CHIIBHO OTIUYAIOTCS 0 rojiaM (Tabm. 2).

SR =3
FlmlelSe
| /(f -
z A, ./7] ‘;A’
{ 7"7-—' ’
— o=
I(((Y".'f.j
e —
E“” 16
7 l gamysee ! :“
N ) et
Q € B <
o TOmwuxyYr .
9 J'-. Per I =52 \\,\ ‘\
S 17-7-'/3(5;}'&‘.‘, '5'.,‘.;'6?/” .JJ ';-; LM YD A
< - NS A \
>' i\l\\:"‘) ’ ¢ ’(/_ /s »
s s TN . : ), \
§ R e %
S | \ W \:
S ' {;' A p
S i ///; - » +) \
Q - VA R -
(o 2 g N ¥
\'\_ '\‘,'7‘. . & A A
~ “ ® . 24 i
: | A h e
= ’ NG = At -
\  ~ -~
S & \ \‘ 5
X \ ‘coswagnnoxckes ALCCE >
s :
v) / 7:’" :)/ MBS g~ L’-‘ L/_/ »{T' \\ Qv\

Puc. 8. Cxema runporpacduyeckoit cetu nenbtel Amynaposu B 1978 r. (Paduxos, Tetroxun, 1981).
YVcnosnvle 0b603nauenus: 1 — KOMIEKTOPHI, 2 — KaHaJbl, 3 — CyXHue pycia IpoToKoB, 4 — o3epa, 5 —
BO3BBIIICHHOCTH, 6 — I'paHUIlbl aIMUHUCTPATUBHBIX pailoHOB, 7 — OeperoBasi TUHUS ApPalbCKOTO
Mmops B 1978 r. Fig. 8. Scheme of the hydrographic network of the Amu Darya Delta in 1978
(Padukos, Tetroxun, 1981). Legend: 1 — collectors, 2 — channels, 3 — dry riverbeds of the channels,
4 —lakes, 5 — hills, 6 — borders of administrative districts, 7 — coastline of the Aral Sea.

HaGnronenuss 3a 3amoJiHEHHMEM HCKYCCTBEHHBIX BoJoeMoB (Tabi. 2; JlyxoBHbI, 2019)
MOKa3bIBAIOT, YTO OHO HECTAaOMJIBHO M O0OYCIOBICHO HECTAOMJIBHOCTBIO MPUTOKA PEYHOM BOJBI K
JeNIbTEe W3-3a Pa3sHOW BOJHOCTU JeT. Kpome Toro, KOMIUIEKC COOpPYKEHUH JIENbThl BBINOIHEH
TOJBKO YaCTU4YHO, HE CO3/aHbl OTACIbHBIE HAMEUEHHBIE PETYJIUPYIOLUIUE MOIIHOCTH
Mex1ype4eHCKOro BOJOXPaHMIIMINA U3-3a 3alI0JHEHHS €r0 HAaHOCAaMU, U caMoe BakHoe — Hukne-

AMy,Z[apLI/IHCKOC OacceliHoBOE YIIPABJIICHUC HC OCYIICCTBIIACT PCryJIMpOBAHUC IMOJAYHU BOJLI B
ACIIBTC B COOTBETCTBUU C IIPOCKTOM.
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Puc. 9. lckyccTBeHHbBIE BOJOEMBI B
nenbTe AMyaapbu: A — Ha cxeme
TUIPOTEXHUYECKOTO 00yCcTpoHcTBa
(dyxoBunbrii, 2019), b Ha
KOCMHMUYECKOM CHHMKe Moauc,
22 mronst 2003 r. Fig. 9. Artificial
reservoirs in the Amu Darya Delta:
A — on the scheme of hydraulic
engineering arrangement
(dyxoBHsbiif, 2019), b — on the
Modis satellite image, June 22,
2003.
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Puc. 10. O0seM BoAbI,
II0JJaBa€MOM B JEIIBTY
AMynappu B TeueHUE
roja B TOJbl pa3HOM
BoJHOCTH (JlyXOBHBIA,
2019). Fig. 10. The
annual  volume of
water supplied to the
Amu Darya Delta
during the years with
different water content
(dyxoBHbsrii, 2019).

Tab6uamua 2. [Tnomaan 06BOIHAEMBIX BHYTPHAEIbTOBBIX O3€PHBIX TOHWKEHUHN U OBIBIIMX MOPCKUX
3amBOB B nenbTe Amynapeu 2010-2019 rr., ra (Jyxosusriid, 2019). Table 2. Areas of the flooded
lake depressions and former sea bays in the Amu Darya Delta in 2010-2019, ha ([lyxoB#asiit, 2019).

Boxoem 2010 | 2011 2012 2013 2014 | 2015 | 2016 | 2017 | 2018 201?
aBryCT|aBTYCT | CEHTSAOPH | aBrycT | aBrycr (aBrycr|aBrycT|aBrycr|anpenb| maii

Cynoune 60072 {62931 | 32810.1 | 56981 |(53292.3 |57481 [50379 |52197 {47594 |57749
Mexnypeuenck |22720(37319| 22068 | 33195 | 32934 |15393129521|26987|29012 {33530
Pri6aune 7635 | 7867 5895 8426 8161 | 7871 | 8250 | 8058 | 7523 | 9221

MyliHakckoe 1487914764 | 8999 13254 | 12409 {12802 |14857|15021|14845| 15828
Joxkunteipbac® 4032741161 | 43847 | 41792 | 40947 |38713|41225|41639 (4122741974
Joxkunteipbac™™* | 96183 198881 | 66551 | 109837 | 20922 |57477|98383 9783897249 98151
Hymanax 16825123795 | 6212 17924 | 13247 {15780 1590015171 |15780| 16014

MakmaiakoJb 6777 | 7389 5217 7017 7454 | 5978 | 7395 | 7652 | 1244 | 7332
Maman-

2661226565 11361 | 27404 | 9932 |27607|26605|26706|23891|26684

Kapamxap

Myiinag™*** 10063 | 9605 | 3407 9886 | 9585 | 9914 |96052| 9605 | 8806 | 9605
Kazaxnapps 6583 | 10840| 2085 2867 1978 | 4112 | 4746 | 4483 | 4730 | 4752
3aKupKOJIb 1817 | 2807 783 1468 1577 | 1271 | 2463 | 2415 | 2605 | 2710

HUTOI'oO 310498(343922| 209235 | 330051 | 212438 |254398(309327/307770(294506|309193

IIpumeuanus k Tabauue 2: * — orpaHHuYeHHbIN 1amO00if; ** — BMecTe ¢ J1eBoii U paBoii MPOTOKOI;
**% _ BomoeM rokHee mocenka MyiiHaK; KpacHbIM LIBETOM BbIIEIECHbI MaKCHaJbHbIE 3HAUCHMUSL.
Notes to Table 2: * — fenced with a dam; ** — with the left and right branches; *** — a reservoir
south of the Muynak Village; red marks the maximum values.

[Tonaua BoABI B AENBTY OCYILECTBIIAETCS HE TOJIBKO U3 peKU, HO U no Kosutekropam KC-1, KC-
3, KC-4, Axuamapes (mpaBobepexnsiil), KKC u VYcTiopt, a Takke M3 IMOCIEIHEr0 B 03€pO
Mamankynb. CucteMa mpaBoOepeKHOTo KOJUIeKTopa OepeT Hayano oT bepyHuiickoro u, criemys
I'maBpiM FOxHBIM KapakannakcKuM KOJUIEKTOpaM, MONAAAaeT B KOJJIEKTOpP AKYaaaphs, U 4epes
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kosuiekrop JKaHazmapbsi BOJa IOCTyHaeT B BOCTOYHYIO 4acTh boibmioro ApanbCkoro Mops.
OrpomHast U TycTas Ce€Thb KOJUIEKTOPOB, IOCTPOEHHBIX Ha TeppuUTOpHM 0KHOHM Kapakanmnakuw,
pemaer 3ajady OTBOJA BO3BPATHBIX KOJUIEKTOPHBIX BOJ 3@ HPEIENbl OpOLIAEMBIX 3EMEIb.
[Ipu 3TOM MHOTHE paHee CYIIECTBYIOIINE IPECHOBOIHbIE 03epa, Taken kak Cynoube, Kaparepens,
JOKUTBIpOAc U psi APYruX, CTadl BOJONPHEMHUKAMH COPOCHBIX KOJUIEKTOPHBIX BOJ], @ 3THUX 03ep
B 0EcrpoTOYHOM pEXKHME MpHUBEJa K TMOBBIIICHUIO MUHEPAIM3AaLUU BOJABI M TIOTEpE WX
PBHIOOTIPOAYKTHBHOCTH (Apanbckoe Mope ..., 2015).

OTmeTHM enie JBa BaXKHBIX MOJIOKUTEIbHBIX MOMEHTA CO3/1aHUS THIPOTEXHUYECKON CHCTEMBbI
B JIeNibTe AMyaapbu Ui ruaporpaduu u sxosorud: 1) Best BoJa, MpUTEKAoIast K CEBEPHOMY Kparo
JIeNbTHI, COOMpAeTCs BMECTE M HaMpaBlseTcs K BoibloMy MOpIO B pa3Mepe OKOJIO 5 KM® B TOJI IIpH
cpelHeM HPUTOKE K JejbTe OK0JIO 8 kM® B roj; 2) Gnarofaps MIOTMHAM BHYTPH JEJIbThI Ga3HC
9pO3MM HE CHWXXAeTcs Bcled 3a MajJeHueM ypoBHSA bonblioro mopsi, 4To MperoTBpalacT
JANbHEWIIee BPE3bIBAHUE PYCEIl U UCCYIIEHUE TEPPUTOPUI.

Junamuxa nanowaghmos. Jlannmadter FOxuoro [puapanbs cozmansl 6arogapsi reoJ0rHYeCcKon
NEeSITEIbHOCTH PEYHOTO CTOKA, U UX (DOPMUPOBAHUE U CTPYKTYpA 3aBUCAT OT MPOLIECCOB IOEMHOCTH U
aJTioBUaNbHOCTH. B nenbTax ocHOBHbIE (DOpMBI MOMMEHHOTO peibeda (MpUpycIOBbIE Bajbl, MX
CKJIOHBI M MEXPYCIIOBbI€ MOHIKEHHS) YETKO CBS3aHBI C OINPENECIEHHON CTPYKTYpPOM OTJIOKEHHH,
IpaHyJIOMETPUYECKUM COCTaBOM, IOYBAaMM, PACTUTEIBHOCTbIO U BOJHO-COJIEBBIM PEKHMOM,
M3MEHSIOUIMMHUCS B TPOLIECCE SBOJIIOLMU MOMM U AenbT. B paboTax, MOCBAIIEHHBIX JaHAmIapTaM
nenbThl Amynapen (Paduxos, Tettoxun, 1981; Axkpamos, Padukos, 1990; [Tonos, 1990; ITtuunukos,
CabOypoB, 1990), ormeuaercs, 4YTO Ui TEPPUTOPUU JAENbThl AMyJapbU XapakTepHa crabas
pacwIeHEHHOCTh, HE3HAYMTENLHBIA YKIOH MOBepXHOCTH B cropoHy Mmops (0.0001-0.0002), gto
3aTpyIHSIET BbIIENICHUE TPaHUI] IPUPOIHBIX KOMIUIEKCOB Ha MecTHOCTHU. [Ipu ux kaprorpadupoBanuu
JUIA  BbIAETICHUS MOP(]OJIIOTHYECKUX €IuHUI] JIaHAmAadTOB KaK pa3 HCHOJIb3YIOTCS JIUTOJIOTO-
reoMOp(OJIOTHYECKIE XapaKTEPUCTUKH KaK HanOojee CTaOWiIbHBIE W C1ab0 MEHSIOIIHECS B XOJe
SBOJIIOLIUY NP OMYCThIHUBAaHUH. OCTabHBbIE KOMIIOHEHTHI JaH imadra 6osiee AMHAMUYHBL, HO MOTYT
MCIOJIb30BATHCS TSl XapaKTEPUCTUKHU OTAETbHBIX CTaIUi MpoIiecca OMyCThIHUBAHUS.

B pabore A.A. PajpuxkoBa wu I.D.Terroxuna (1981) Belmensercs Bemymas poJib
IPaHyJIOMETPUYECKOTO COCTaBa OTJIOXKEHUH B (OPMUPOBAHMHM YCIOBHHA CpeIbl M PEKHUMOB.
[lo MHEHHMIO aBTOpPB, UMEHHO OH BO MHOIOM OINpEIENSeT CTENeHb IPEHUPOBAHHOCTH TPYHTOB,
MOYBEHHBI TOKPOB U €ro (PU3MKO-XUMHUYECKHUE CBOWCTBA, PACTUTENLHOCTH M 3BOJIOIMIO BCETO
MIPUPOJTHOTO KOMIUIEKCAa KOHKPETHOro TIeoMopdoJoTHYecKoro »sieMeHta. B nanHol pabote
BBIJICTISIFOTCSI M MCCIIEIYIOTCS JIBa OCHOBHBIX FeOMOP(OJIOTHUECKUX AIIEMEHTa: OECCTOYHbIE O3epHbIE
BIIAJIMHBI U BOJIOPA3/eibHbIC PAaBHUHBI, pa3BUTHIC MPEUMYIIECTBEHHO Ha 3arajie AeibThl. BraauHbl
CIIO)KEHBl  TNIMHUCTO-CYTJIMHUCTBIMH, a BOJAOPA3JeNbl — MEeCYaHO-CYIECUaHO-CYTIIMHUCTBIMU
OTJIOXKEHUAMHU. B BOCTOUHOM 4YacTH JeNbThl MPeodsiafaloT OECCTOYHBIE CYTIIMHUCTO-TIUHHUCTHIC
TIOHIKEHUS, 3aHSATHIE COJIOHYAKaMH U TECYaHble OTJOXEHHS BO3BBIIICHHBIX PAaBHUH C 30JIOBBIM
penbedom. PaccMaTpuBasi SBONIOLIMOHHBIN PSJl Pa3BUTHS MOWMEHHBIX JIaHAIAPTOB OT HAYaIbHBIX
CTaJuil K 30HAJbHBIM MYCTHIHHBIM, aBTOPBI BBIACISAIOT 3 CTAAMU BOJHOTO PEeXUMA: aBTOMOP(DHYIO,
noiayrugpoMophHytro u aBromopduyro. Cremyer oOpaTuTh BHMMaHHE, YTO B 3TOM M BO BceX
MOCIIEAYIOIUX padoTax 3acojieHHE HE BbIIENAETCS B KauecTBE 003aTENIbHOM CTaJlM Pa3BUTHSL
Hcnone3yst JUTONOr0o-reoMop(oJOrMyecknii NpPUHIMI  BBIACNEHUS JaHJUAQTHBIX EIUHULl U
CTaJUHHOCTh  SBOJIIOL[MOHHOTO  pa3BUTHSA, aBTOpPHl pa3paboTanmu  KapTOCXeMy IPHPOIHO-
TePPUTOPHATIHLHBIX KOMIUIEKCOB B CpeHeM MacmrTade (mpeanonoxkutensHo, M 1:500000) Ha
ceBepHyto yacThb FOxxHoro [Ipuapanss, BKitoyas u obcoxiee JHO Mopst k 1978 1. (puc. 11).

Ora KapTa — Ba)KHBIM Hay4dHbIM JOKYMEHT JAJIs aHaJIM3a SBOJIIOLUU MPUPOJHBIX KOMIUIEKCOB
Amynapsu B XOJ€ HUX OIycThIHMBaHMs. He MeHee BakHbBI M TEOPETUYECKHE IPEACTaBICHUS
aBTOPOB, NPOSIBUBINMECS TpU pa3paboTKe enuHMIl Kiaccudukauumu s jereHnsl k Kapre
nanamadros FOxuoro [Ipuapanss.
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Puc. 11. IpupoaHo-TepputopuaibHbie KoMIUIEKChl ceBepHOi yacti HOxuoro [Ipuapanss (Padukos, Tertoxun, 1981). Fig. 11. Natural-territorial complexes of the northern
part of the South Aral Sea Region (Padukos, Tertoxun, 1981). Veaosuvie 0b6o3nauenus. ABToMopdHbIE MPUPOIHO-TEPPUTOPUATbHBIE KOMIUIEKCh. HU3MEHHHbIE paBHUHBI:
an1106UAILHBLE TUIOCKHE, CYTIIMHUCTO-CYTIECYaHbIe ¢ TAMAPUKCAMH U KapabapakoM Ha OCTaTOYHBIX THIMYHBIX COJIOHYaKax — 1; cabopacuiieHeHHbIE CylIeCYaHO-CyTIIMHUCTBIE
U TecyaHble C KapabapakoM, TaMapHKCaMH M KaparaHoil Ha OCTaTOYHBIX MOKpBIX CONIOHYaKax — 2; ciabomNoNorue, pacujeHEHHbIE CYTIIMHHCTO-CYIeCYaHO-IIeCYaHbIe C
JPEBECHO-KYCTapHUKOBBIMH OITYCTHIHEHHBIMHM TYrasMH Ha JIyTOBO-IIYCTBIHHBIX M II€CYaHO-ITyCTBIHHBIX IOYBAX — 3; 20/106ble HA ANII0BUANBHBIX OMIAOHCEHUAX, TPSAIOBO-
SYEUCThle W OYrpHUCThle, CylecYaHO-TIeCUaHble C YepKe30M M JKY3TYHOM HA ITYCTBIHHBIX IECUaHBIX I0YBAaX — 4; 03epHble BOTHYTHIE CYIIIMHHCTBIE 5 C TaMapHKCaMH H
pa3HOTpaBbeM Ha ITyCTHIHHBIX IECYaHBIX I0YBAX; WLIHOGUAIbHbIE NAOCKUe TIVMHUCTHIC TPeOCHIIMKOBBIE Kapa0apayHUKK HA OCTAaTOYHBIX THIIMYHBIX COJOHYaKax — 6, 8, Ha
TaKbIPHBIX MOYBax — 18; cymecyaHO-CYrJIMHUCTBIE W TJIIMHHCTHIE Pa3HOTPaBHBIE TAMAPUCYATHUKH HA IECYAHBIX IYCTHIHHBIX IOYBAaX — 7; IOJOTHE YEPHOCAKCAYIIOBBHIC
rpeOCHIIMKNA Ha OCTAaTOYHBIX TUIIMYHBIX COJIOHYAKax — 9, Ha myxJbIx coinoHdakax — 10. Bo3BBIICHHBIE 0J0BbIC PABHUHBI HA ALTHGUANbHBIX OMI0MHCEHUAX OYrpUCTBIC
CYIJIMHHCTO-TIECYaHbIe W TPSIOBO-SYEHCTBIE CYIECYaHO-TIECYaHBIE YEpPKE30BBIE JKY3TYHHHKH C WIAKOM HA ITyCTBIHHBIX IecuaHelX mouBax — 11, 125 na nauoyeno-
YemeepmuyHOM OCHOBAHUU SYCUCTO-TPSANOBBIC, KOTIIOBUHHO-TPSAOBBIE M TPSIOBO-OYTPUCTBIC IKIY3TYHOBBIC OCNOCKACAYIBHUKH B COYETAHUH C COJSTHKOBBIMH
YepHOCAaKCayJbHUKAMHU Ha IyCTBIHHBIX ITeCYaHbIX nmouBax — 13, 15; neHygalnroHHBIE TIMHUCTO-TIECYAaHUKOBBIC BO3BBILICHHOCTH CHIPYKHIYPHble KEHPEyKOBBIE Ha cepo-OyphIx
mouBax — 16; 205106bte Ha cmpPyKmMypHO-0eHYOaUUOHHOM OCHO8anuu OYrPUCTHIE U TPSAIOBO-OYTPUCTHIE — pa3peskeHHbIE OMIOPTYHOBBIC YSPHOCAKCAYIBHIKH C COJSTHKAMH Ha
TaKBIPOBUIHBIX M cepo-Oypbix mouBax — 14, 17. [MonyruapoMopdHble TPUPOTHO-TEPPUTOPUATIbHBIE KOMIUICKChl. HU3HHHBIC paBHUHBI MOpCKUe C1A(ON0102Ue TIHHUCTO-
CYMIMHHCTO-TIECYaHbIe C Pa3pEeKECHHBIMH COJTHKOBBIMH TaMapHCYaTHHKAMH Ha MOKPBIX COJOHYAaKaX B COYCTAHHH C YCPHBIMH M THIIMYHBIMU — 19; 03epubie eozHymbie
WJIOBATO-CYTIIMHUCTO-TIIMHUCTBIE C TPOCTHUKAMU HA JIYTOBBIX OCTATOYHO OOJIOTHBIX MOUYBax — 20; anit06uanbhble nioCcKue CyriAHACTO-TIMHHUCTBIC COISIHKOBO-TAMapHKCOBBIE
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Ha JIYTOBO-TaKbIPpHBIX MTOYBAX — 21, Ha JIYTOBO-TaKbIPHBIX OCTAaTOYHO-0O0JOTHBIX ITOYBAX C TPOCTHUKAMHU U COJITHKAMHU —
27, C COJIIHKaMH1, TPOCTHUKaMWU W TaMapUKCaMUu — 28, alllo6UAlIbHble NJIOCKUEe pacdleHeHHble CYITIMHHUCTO-
CymieCHaHbI€ C TaMAapHUKCaMU Ha JIYTOBO-TAKbIPHBIX MOYBAX C MATHAMU THUINHWYHBIX COJIOHYAKOB — 23, C COJIIHKOBBIMHU

TaMapuKCaMH H Kapa6apaKOM Ha OCTAaTOYHO-OOJIOTHBIX IIOYBAX — 29, CYIIECHAHO-TICCYAHBIE TPOCTHHUKOBBIC U
AKPEKOBBIC TAMAPUKCHI Ha JIYI'OBO-TAKBIPHBIX ITOYBAX — 25, Ppa3HOTpaBHbIC TaAMApHUKCHI Ha JIYTOBO-TAKbIPHBIX IMOYBAX B
KOMIUJIEKCE C JIYTOBO-TaKbIpHBIMH OCTaTOYHO-OONOTHBIMH — 30, crabononozue pacuienennvle CYIrJIMHUCTO-

CyIecuaHo-TIeCYaHble COSTHKOBBIC TAMAPHUCYATHUKH HA JIyTOBO-TAKBIPHBIX MOYBAaX — 22, HA JIyTOBO-TAKBIPHBIX MOYBAX
C TATHAMH TUIHYHBIX COJOHYAKOB — 24, ¢ KyCTapHHKOBO-IPEBECHBIMH TYrasMH Ha JIYTOBO-TAKBIPHBIX TYyTraiHBIX
MOYBaxX B KOMIUIEKCE C IyTOBO-MYCTHIHHBIMU — 31, KapabapauyHHKOBbIC TAMAPUCYATHUKH Ha TYTOBO-TAKBIPHBIX MTOYBAX
B COYCTAHHUH C THIMYHBIMH CcolOHYaKamMu — 32. Hu3MeHHble paBHUHBI IUIOCKHE CYTIHHHCTO-CYIECUAHBIE C
pa3HOTPaBHBIMHU TaMAPUCYATHUKAMHU Ha JYTOBO-TAKBIHBIX MOYBAX M KapabapauHHKU HAa TUIMHUYHBIX COJOHYAKaX — 26.
T'unpoMopdHble MPUPOAHO-TEPPUTOPHATBHBIC KOMIUICKChl. HU3HHHBIC PAaBHHUHBI MOPCKUE RIOCKUE TIHHUCTBIE C
Pa3peKECHHBIMYU TAMAPUKCOBBIME KapabapayHHKaMy Ha TUIIMYHBIX CONOHYAKax — 33; mMopckue cnadononozue wioBaTo-
MecYaHble ¢ Pa3peKEHHBIMU CONMTHKOBBIMU TAMAPUCUYATHUKAMHU C TPOCTHHKOM Ha MyXJIBIX COMOHYaKax — 37, mecyaHo-
WIIOBATHIE C COJIEPOCOM U Capca3aHOM Ha KOPKOBBIX M JIYTOBBIX CONOHYaKax — 38, ¢ pa3peKeHHBIMH COJIEPOCHHKAMH Ha
MapIIeBbIX JIYTOBBIX COMOHYAKaX — 39; UIIOBATO-MECYaHO-CYTIIMHICTHIC C COMEPOCHUKAMH U COMISTHKAMH HA THIMYHBIX
conoHuakax — 40; mopckue crapononozue pacunenenHyle TIMHUCTO-CYTIIMHUACTBIE CyNleCYaHbIe C COJIEPOCHUKAMH U
COJISTHKAMH Ha THUIMHYHBIX COMOHYaKax — 41, pa3pe:KeHHBIMH COJSIHKOBBIMH M CapCca3aHOBBIMH TaMapUCUYATHUKAMH Ha
JIYTOBBIX U KOPKOBBIX — 42. Husunanbie PaBHUHBI 03€pHble N10CKUe NII0BATO-CYTTIMHUCTO-TTIMHUCTBIC C pa3peKEHHBIMU
TaMapHKCOBBIMU KapabapayHUKaMH Ha THITMYHBIX cOJoHYaKax — 34, ¢ pa3peXeHHbIMU KapabapauHHKaMH Ha YepHBIX
colloH4akax — 44, ¢ CONSIHKOBBIMHM KapabapayHWKaMH Ha JYTOBBIX COJOHYaKax — 45, ¢ pa3peKeHHBbIM COJSHKOBBIM
TPOCTHHUKOM Ha JYTOBBIX CONOHYaKax — 49, ¢ kapabapaKOBBIMH TaMapHCYaTHHKAMH Ha KOPKOBBIX COJOHYaKax — 51;
QLTI08UAILHBLE NJIOCKUE CYTTIMHUCTO-TJIMHHICTBIC C Pa3peKEHHBIMH KapabapauHHKaMU Ha KOPKOBBIX COOHYaKax — 43,
C Kapa6apaKOBbIMI/I TaMapuCiYaTHUKaMH Ha KOPKOBBLIX COJIOHYAKax — 52, COJIAHKOBBIMH TPOCTHUKaAMH Ha MOKPBIX H
JIYTOBBIX COJIOHYAaKax — 53, C OpoLIa€MbIMHU 3€EMJISIMU HaA JIYT'OBBIX ITOYBAX — 54, C KaMbIIIIOM Ha OPOIIAC€MbIX 3EMIIAX —
58; annrosuansnvie niockue CyrmmHUCTO-CYIIECUaHBIE C COISIHKOBBIMM Kapa0apadHHKaMH Ha JIYTOBBIX COJOHYAKax —
46, ¢ TpocTHMKaMH Ha OOJIOTHO-IYTOBBIX IMo4YBax — 48, ¢ oOpomaeMbIMU 3eMIIIMH Ha JIyrOBBIX IOYBaX — 55;
an08UAILHBLE NAOCKUE CYTIIMHACTO-TIIMHUCTBIC C Pa3peKeHHBIMU TaMapUKCOBBIMU KapabapauyHUKaMy HA THIMYHBIX
colloHYakax — 35, ¢ CONSHKOBBIMU KapaOapauHMKaMM Ha JYTOBBIX COJOHYakax — 47, ¢ OpOIIaeMBIMHM 3eMJISIMH Ha
JYTOBBIX IIOYBaX — 56, ¢ KaMbIIIOM Ha OPOLIAEMBIX 3eMJIIX — S59; aniroeuanvhvie niocKue CyrnecyaHo-TIIeCYaHbIE C
pa3peKeHHBIMH TaMapUKCOBBIMHM KapabapayHMKaMH Ha THIIMYHBIX COJIOHYaKax — 36, ¢ opomaeMbIMHM 3eMJISIMH Ha
JIYTOBBIX NOYBaX — 57; anntoeuanvhvie noaozue ¢ pa3pekeHHBIM TPOCTHUKOM C COJSTHKAMH Ha JYTOBBIX COJIOHYAKax —
50. Fig. 11. Natural-territorial complexes of the northern part of the Southern Aral Sea region (Padukos, Tertoxun,
1981). Legend. Automorphic natural-territorial complexes. Lowland plains: flat alluvial, loamy-sabulous, with Tamarix
and Halostachys, on the residual typical salines — 1; poorly dissected sabulous-loamy and sandy with Halostachys,
Tamarix and Caragana, on the residual wet salines — 2; slightly sloping, dissected, loamy-sabulous-sandy soils, with
woody-shrub desertified tugai, on the meadow-desert and sandy-desert soils — 3; aeolian on alluvial deposits, ridge-
cellular and hilly, sabulous-sandy, with Salsola and Calligonum, on the desert sandy soils — 4; lake concave loamy 5
with Tamarix and mixed forbs, on the desert sandy soils; flat alluvial clayey ridgy with Halostachys, on the residual
typical salines — 6, 8; on the takir soils — 18; sabulous-loamy and clayey, Tamarix communities with mixed forbs, on the
sandy desert soils — 7; gently sloping black saxaul ridges on the residual typical salines — 9; on the plump salines — 10.
Elevated aeolian plains on the alluvial deposits, hilly loamy-sandy and ridgy-cellular subulous-sandy Calligonum
communities with Salsola and Carex, on the sandy desert soils — 11, 12; on the Pliocene-Quaternary base, cellular-
ridgy, hollow-ridgy and ridgy-hilly Haloxylon persicum communities with Calligonum, with Haloxylon ammodendron
with Salsola, on the sandy desert soils — 13, 15; denudation clayey-sandstone uplands, structural Salsola communities,
on the gray-brown soils — 16; aeolian on the structural-denudation base, hilly and ridgy-hilly, sparse Haloxylon
ammodendron communities with Anabasis and Salsola, on the takir-like and gray-brown soils — 14, 17.
Semihydromorphic natural-territorial complexes. Lowland, slightly sloping sea plains, clay-loamy-sandy, with sparse
Tamarix communities with Salsola, on the wet salines, with black and typical salines — 19; lake concave, silty-loamy-
clayey, with reeds, on the meadow residual bog soils — 20; alluvial flat loamy-clayey Salsola-Tamarix communities, on
the meadow-takir soils — 21, on the meadow-takir residual-boggy soils, with reeds and Salsola — 27, with Salsola, reeds
and Tamarix — 28; alluvial flat dissected loamy-sabulous soils with Tamarix, on the meadow-takir soils, with patches of
typical salines — 23, Tamarix communities with Salsola and Halostachys, on the residual boggy soils — 29; sabulous-
sandy Tamarix communities with reeds and Aeluropus, on the meadow-takir soils — 25, Tamarix with mixed forbs, on
the meadow-takir soils, with meadow-takir residual-boggy soils — 30; slightly sloping, dissected, loamy-sabulous-sandy
Tamarix communities with Salsola, on the meadow-takir soils — 22, on the meadow-takir soils, with patches of typical
salines — 24, with shrub-woody tugai on the meadow-takir tugay and meadow-desert soils — 31, Tamarix communities
with Halostachys on the meadow-takir soils with typical salines — 32. Lowland flat loamy-sadulous plains of Tamarix
communities with mixed forbs, on meadow-takir soils, and Halostachys on typical salines — 26. Hydromorphic natural-
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territorial complexes. Lowland flat sea clayey plains, with sparse Halostachys communities with Tamarix, on the
typical salines — 33, slightly sloping sea silty-sandy with sparse Tamarix communities with Salsola and reeds, on the
plump salines — 37, sandy-silty with Salicornia and Halocnemum, on the crusty and meadow salines — 38, with sparce
Salicornia communities on the tidal meadow saline marshes — 39; silty-sandy-loamy with Salicornia and Salsola, on the
typical salines — 40; slightly sloping dissected sea clayey-loamy-sabulous with Salicornia and Salsola, on the typical
salines — 41, with sparse Tamarix communities with Salsola and Halocnemum, on the meadow and crusty salines — 42.
Lowland flat lake plains, silty-loamy-clayey, with sparse Halostachys communities with Tamarix, on the typical
salines — 34, with sparse Halostachys on the black salines — 44, Halostachys communities with Salsola on the meadow
salines — 45, sparse Salsola reeds on the meadow salines — 49, Tamarix with Halostachys on the crusty salines — 51;
flat alluvial 1oamy-clayey, with sparse Halostachys communities, on the crusty salines — 43, Tamarix communities with
Halostachys, on the crusty salines — 52, Salsola reeds on the wet and meadow salines — 53, irrigated lands on the meadow
soils — 54, Scirpus on the irrigated lands — 58; alluvial flat loamy-sabulous with Halostachys communities with Salsola, on
the meadow salines — 46, reeds on the boggy-meadow soils — 48, irrigated lands on the meadow soils — 55; alluvial flat
loamy-clayey with sparse Halostachys communities with Tamarix, on the typical salines — 35, Halostachys communities
with Salsola on the meadow salines — 47, irrigated lands on the meadow soils — 56, Scirpus on irrigated lands — 59; flat
alluvial sabulous-sandy with sparse Halostachys communities with Tamarix, on the typical salines — 36, irrigated lands on
the meadow soils — 57; gently sloping alluvial with sparse reeds and Salsola, on the meadow salines — 50.

B ee ocHOBY TmMONOXKEH MNPUHIMII CTPYKTypHO-reHeTndekod kiaccuurammu IITK,
paspaborannbiii B.A. HukonaeBbim. «OcHOBHOM eauHuUIE KapTorpadupoBaHUs NPUHAT JaHmadT,
MIPEACTABISIONIUN COOOM TEOCHCTEMY, COCTOSAIIYI0 M3 JUHaMUYecKkuX W TeHetmdeckux [ITK —
ypouun u gauuit.» (Paduxos, Terroxun, 1981, ctp. 102). ABTops! OTHOCAT TeppuToputo [Iprapanbs
K CyOTpONHUYECKO-yMEPEHHOMY KIMMAaTHYECKOMY IOSICY, C 4YeM Henb3sl cornacuthes. llpuapanbe
LEJTMKOM HAaXOJUTCS B 30HE IMYCThIHb YMEpPEHHOro mosca. TakuM oOpaszom, Tepputopus FOxHOro
[Ipuapainbst OTHOCUTCS K B MOJICCTEME JIaHAIIA(PTOB YMEPEHHOTO KOHTUHEHTAILHOTO TOsCa.

Kareropus knacca nanamadros BblaenseTcs Mo MOPGHOTEKTOHUYECKUM MOKa3aTeNsIM, TIOATOMY
IOxnoe Ilpuapanbe oTHECEHO K Kiaccy paBHMHHBIX JaHamadrtos. [lo rumcomerpuu, BO3pacTy,
TeHEe3UCY JUTOTEHHOW OCHOBBI BBIETICHBI MOAKIIACCHI: HU3MHHBIX (JKHMBas 4acTh AEIbTHI, 00coXIIee
JTHO), HU3MEHHBIX (C(OpPMHUpPOBAHHAS YacTh JEIbTHI), BO3BBIIMICHHBIX paBHUH (KbI3bUIKYMBI) U
HU3KHUX BO3BBIIIEHHOCTEH.

B npepenax moakigaccoB HU3MHHBIX M HU3MEHHBIX JIaHIA(TOB MO TUIY BOJHOIO peXHMa U
YCIIOBUSIM YBIIQXKHEHHs BBIJCNEHBl TPHU TPYIIbI JaHAMA(TOB: SIIOBUAIBHBIE (aBTOMOpP(QHEIE),
nosyrugpomopdusie u ruapomMopdHbie. ABTOPHI pacCMaTPUBAIOT UHTPa3OHAIbHBIC JIAHIIIA(TH B
COCTaBe MYCTBIHHBIX TUIIOB. VIHBIMU CJIOBaMH, BECh CEPUMHBIN Pl OTHOCUTCS K KOHEUHOMY THILY,
MIPEJICTaBJISAIONIEMY 30HANbHBIM Bapuant. Tumbl naHamadTroB mo reoMopdosioTud JeisITcs Ha
pPOJBI: MOpPCKHE, O3€epHble, aJTIOBUAJIbHBIC, aJUIFOBHAILHO-IIPOIIOBHANIbHEIE, 30J10BbIe. [loapo bl
naHAmadToOB BBLACTSIOTCA 10 TPaHYIOMETPUYECKOMY COCTaBY OTJIOKEHUH U  BKIIOYAIOT
CyIeCYaHO-IIeCYaHbIe, CYTIIMHUCTO-CYIIECUaHble U IPYTHE.

Husmas kareropus manmmadra — BHI — MPEACTaBISET COBOKYIMHOCTb WHIUBUIYAIbHBIX
naHAmadTOB, OJHOTUITHBIX TI0 TEHE3UCY U CTPYKTYpE, C XapaKTePHBIMU U1 HUX PACTUTEIHHOCTHIO
(rpynmel accouuanuid, gopmanmu) u noyBamu (pozsl, pazHoBuaHOCTH). B IOxxnom Ilpuapanne
aBTOPHI BBIACTWIN 68 BUIOB.

PaccmoTpenue pa3paboTaHHON aBTOpaMu KiacCU(UKAIMM TPUPOIHBIX KOMIUIEKCOB ISt
JIETeHJbl KapThl TOKa3bIBa€T, 4YTO 3asBICHHBIC MPHUHIUIBI HUCHOIB30BaHBI HE MOJHOCTHIO.
Tax, nmutonoro-reoMophoIOTUYECKUI MPUHIIMIT BBIAEIECHUS JTaHAMA(THRIX eMHUI], 3asBJICHHbIN B
KAaueCTBE BAKHEHIIETO, HE MCIIOJb30BaH B IIOJHOM MEpE: OCHOBHBIE DJIEMEHTBHI IOWM M JIENBT
(TpupycloBbIE Balibl, CKIIOHBI M MEXPYCIOBBIE MOHIDKEHHS) HE TOJYYMJIM CBOETO BBIPAKEHHS B
KauecTBE JIaHAMA(THRIX €AMHMI], W3-3a YEro He yJajJoch CKBO3HOE PAacCMOTPEHHE MX SBOJIOLUH B
Busie cepuifHoro psaga 1K, cOOTBETCTBYIOIIUX OTAEIBHBIM CTAIMSIM 3BOJIOIMOHHOTO psiia ITHUX
AIIEMEHTAPHBIX €IUHUIl OT TUIPOMOPMOP(PHOTO K MomyruapoMphHoMy u aBToMophHOMY. Takoe
paccMOTpEeHHE COOTBETCTBYET €IIe OJHOMY BaKHOMY 3asBIIEHHOMY aBTOpaMU MPHUHIUIY —
WHTpa30HAaTbHBIC JIAHIMA(TH HE BBIJCISIOTCS B KAYECTBE CAMOCTOSITENBHBIX, & PACCMATPUBAIOTCS

OKOCHUCTEMBI: OKOJIOI'A 1 AMHAMUKA, 2021, Tom 5, Ne 3



HOBUKOBA 91

B COCTaBE€ IIYCTHIHHBIX THUIIOB, B KOTOpBIE OHHU 3BOJIIOLMOHUPYIOT B IIPOLIECCE OIYCTHIHUBAHUS.
Hcnonp3ys 3TOT MPUHIMIL, CIeI0Bajo ObIO Obl MOCTPOUTH KIACCU(HUKAIMIO U JETEHAY K KapTe
TaKUM 00pa3oM, YTOOBI MOXKHO OBUIO TPOCIEAUTH IBOJIIOLUIO MEXPYCIOBBIX TMOHIKEHHHA OT
rugpoMoppHON cTaauu (03ep) depe3 MOMYyruapoMopdHYIO (CONOHYAKH) K 30HAIBHOW —
aBTOMOP(GHOW (TaKbIpbl); WM SBOJIONHMOHHBIN PsJl MPUPOTHBIX KOMILJIEKCOB BOJOPA3/IEIbHBIX
paBHUH (TPHPYCIOBBIX BAJOB C APEBECHO-KYCTAPHUKOBBIMU TYTSIMH) Yepe3 MOIYTHIPOMOP(HHYIO
cTaguio (KyCTapHHKOBBIX TYraeB) K 30HAIBHBIM IYCTBIHHBIM JaHAA(TaM S0JI0BBIX OYIpHUCTBIX
IIECKOB C MMacaMMO(UTHON JAPEBECHO-KYCTapHUKOBOM pacTUTENbHOCThIO. PaccmaTpuBaeMble nanee
B MoHoTpadguu mponecchl omycteiHuBaHus (PaduxoB, Tertoxuu, 1981) Takxke okazanuch
OTOPBaHHBIMU OT KOHKPETHBIX JIMUTOJIOrO-reoMopdosiornueckux eauHul. O HUX TOBOPUTCS B
OTPBIBE OT KOHKPETHBIX IPUPOIHBIX KOMILIEKCOB.

JlocTaToOuHO MHTEPECHO B 3TOM paboTe SBJISETCS MOMBITKA BBIBUTH TEHACHLUU Pa3BUTUA
MIPUPOIHBIX KOMIUIEKCOB pacCMaTpUBAaEMOM CEeBEpPHOM (HEOPOIIaeMOi) YaCcTU TEPPUTOPUH JIEIbThI
Amynapbu. ABTOpaMm yJaajnoch MPeACTaBUTh 3TO Ha OTJEIBbHON KapTOCXeMe, KOTOPYIO MOKHO OBLIO
OBl 0XapaKTepU30BaTh KaK KapTy npoiieccoB (puc. 12). Metonndyecky TeHIEHIIMN YCTAHABINBAIUCH
Ha OCHOBAaHUHM COIOCTaBJIEHUS «PETUKTOBBIX» U «IIPOTPECCUBHBIX» CBOMCTB WU 3JIEMEHTOB.
Ha nanHoM »srame pa3BuTus AENbThl HUIET (POPMHUPOBAHUE TMOIYaBTOMOP(HBIX JaHIMA(TOB,
KOTOpO€, 10 MHEHHIO aBTOPOB, OyIeT MPOJOJIKATHCS JTOCTATOYHO JOJT0, MOCKOJIbKY I'PYHTOBBIE
BOJIbI, 3aJIeralollie Ha IIyOMHEe 6 M Bce €lle Y4acTBYIOT B IOYBOOOPA30BATEIBHOM IPOIECCE.
B kauecTBe mpuMepa XapakTepUCTHK aBTOMOPPHOM M moixyaBTOMOpP(GHON cTaguii, KOTOpbIe
MPUCYIIM BCEM TE€OKOMILIEKCAM >KHMBOM NEIbTHI, IPUBOJATCS CIENyIOIIMe: TIyOOKOe 3ajieraHue
ITPYHTOBBIX BOJ, OTaKbIPUBAaHME IIOBEPXHOCTH II0YB, CJIIOMCTOCTh BEPXHMX TOPHU30HTOB
MIOYBOTPYHTOB, TUIICHI U KapOOHAThl B N€HETHUECKUX FOPU30HTAX IOUB, 3aCOJIEHHOCTh BEPXHETO
TOPU30HTa — XapaKTepHbl AJs pa3BUBaroLIelics aBTOMOP(HON CTaguM U COXPAHHOCTb HSATEH
OIJIeeHUs,, KOPHEH M KOPHEBUIL KYMaKOB TPOCTHUKA, TEMHAs OKpacka IOYBEHHOIO MpOQHIIs,
MOBBIIIEHHAs! TYMYCHOCTb 1104B, MOIIHBIN CJIOM TOpda — PEMKTOBBIE CBOWCTBA, COXPAHSIOIINECS
oT noJtyruzipoMopHoii craauu. Kak BUguM, Bce pa3sHOOOpa3ue yKa3aHHBIX B JIET€H/IE IPOSBICHUN
U3MEHEHMsI TNPUPOJHBIX KOMIUIEKCOB, MOXXHO OOBEIUHUTH B OJHY €IUHYIO TEHICHLHUIO —
apuaM3alnio, TIIyOMHa U CKOPOCTb Pa3BUTHsS KOTOPOM HAaXOAMUTCS B TECHOW CBSI3U CO CKPOCTBIO
0OCBIXaHHUS BOJOEMOB, CHWKEHHS YPOBHS IPYHTOBBIX BOJl M COILYTCTBYIOIIMM COJICHAKOIUIEHUEM,
YTO CO3JIaeT BCE ONMMCAHHOE MHOrooOpas3ue. Jra JIereHaa, 0JIHaKo, BEICTPOEHA HE B COOTBETCTBUU C
JOTUKOM  IpPOLECCOB WIM  IIOCIEAOBAaTENbHOCTBIO  IUHAMUKHA  BBIJCJICHHBIX  JIUTOJIOTO-
reoMop(OJIOrMUECKUX €AUHUI] U HE JAeT MPEJCTAaBICHHUs 00 MX HBOJIIOLMOHHOM PA3BUTHH yepes
IIOCTPOEHUE IKOJIOTO-IUHAMUUYECKUX PAIOB.

Jlanmmadtasie uccnenoBanus Otnena reorpaduu AH Y3CCP B FOxuom [lpuapanse Obuin
nponoipkensl B.A. TlonoBeiM. B mepuoa ¢ 1977 mo 1985 rr. oH nmpuHMMan ydacTue B IOJIEBBIX
paborax, 00OOIIMI MOJydeHHbIE MaTepHaibl, HA OCHOBAaHMUU IOJYYEHHBIX DPE3yJbTaTOB 3allUTHII
KaHJUJATCKYIO TUCCEPTALUIO U MpescTaBul X B Buae MoHorpaduu (ITonos, 1990). B utore storo
UCCIIEJOBAHUS BIEPBBIC U1 A€IbTHl AMYAapbi IPOBOAWIOCH U3YUYEHUE AUHAMUKU Ha TPEX YPOBHAX
CTPYKTYPHOI Opranuzaiuu: (auuii, ypouuil, MECTHOCTEH. ABTOPY yAaJOCh CAENATh OPUTHHAIbHBIE
BBIBOIbI O CKOPOCTH IEPECTPONKH pa3HbIX KOMIOHEHTOB. Hanbosee quHaMUYHBIM, 110 €70 MHEHMIO,
SIBJISIETCS )KUBOTHOE HAceJIeHUe, CIIOCOOHOE He3aMeIIUTENIbHO TOKUAAaTh OMOTONBI TPU PE3KOI cMeHe
ycnoBuit cpeapl. Ha ¢popMupoBaHre HOBBIX YCTOMUMBBIX TEPPUTOPUABHBIX KOMIUIEKCOB YXOJAUT OT
HECKOJIbKUX MecsIeB /10 1-3 ner. PacTurenbHOCT M MOYBBI Oo0Jiee KOHCEpBAaTUBHBI. 11py M3MeHeHnn
THJPOJIOTMYECKOTO pexknuMma (IJIyOMHbl M MHHEpalu3allid TPYHTOBBIX BOJ)) KOpPEHHas CMEHa
pPacTUTENBHBIX COOOIIECTB HAa YYacTKaxX TEPPUTOPUH AMYyJapbu MPOUCXOJUT B TeueHHe 3-5 1eT;
CMEHa BHJOB IIOYB MPOMCXOAUT MeieHHee — 3a 4-8 ner. Knambornee KoHCepBaTHBHBIM
KOMITIOHEHTaM JaHuadTa oTHeCeH penbed. OCoOeHHO MEAJIEHHO M3MEHSIOTCS Me30MOpQBI: J0XKa
pycell, IpUpycIOBbIE BaJbl, IONMEHHbBIE PABHUHBI 1 BHYTPUIIOMMEHHBIE JEPECCUN.
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Puc. 12. Tunbl TeHAEHIMU pa3BUTHS NPUPOJHBIX KOMIUIEKCOB ceBepHOil uactu IOxHoro Ilpmapanes (Padukos,
Tertoxun, 1981). Venognvie obosnauenus: 1 — nporpeccupyoniee MOCTENEHHOE CHIDKEHNE YPOBHS TPYHTOBBIX BOJ,
nepexoy No4B u3 ruapomMopdHol Gas3sl B moayruapoMopdHyo, 3amelieHne ruipouToB ranopuTaMu u Kcepopuramu,
ocylieHue OOoNOT U 03ep, Pa3BHUTHE MPOLECCOB COJICHAKOIUICHHS; 2 — CHU)KEHHE YPOBHS TPYHTOBBIX BOJ, TIEPEX O/ ITOYB
U3 TUIPOMOpPQHOH (a3sl B MOITYTHAPOMOp(DHYIO, 3aMelleHHe TMIrpO(MUTOB U TUAPOPHUTOB KCepo- U rajoduTamy,
BBICBIXaHHUEC 3360.]'[0'-IeHHI)IX KOMIIJIEKCOB, KOHLICHTpAaIA COJIeli B aKTUBHOM CJIO€ IMOYB, OTAKbIpMBAHUEC TMOBEPXHOCTH;
3 — MHTEHCUBHOE CHM)KEHHE YPOBHS TPYHTOBBIX BOJI, IEPEX0]] MOYB U3 rHAPOMOpQHOIi (a3bl B MOTYruapoMopdHyo 1
aBTOMOpP(HYIO, CMEHa THAPOGHUTOB KCEPOPUTAMH, YChIXaHHE 3a0O0NO0YEHHBIX YYacTKOB, OCYIICHHE BEPXHHX CIIOCB
I0YB, «(UTHIBHOE» COJICHAKOIUICHNE Ha Iepudepuy 03ep, YCHICHNE BETPO3PO3UOHHBIX NIPOLECCOB; 4 — HHTEHCHBHOE
YCTOMYMBOE CHIDKEHHE YPOBHS I'DYHTOBBIX BOJ, HEpeXol I0YB W3 THAPOMOPGHOI (a3sl B MOIYyrHAPOMOPHHYIO U
aBTOMOp(HYIO, cMeHa Me30(pUTOB M rHIrpOMUTOB KcepopuTaMu, pexe — rajopuraMu, 3aColieHUE MMO0YB, aKTHBH3ALUS
BOJHON »po3ud, Aeduiauus; 5 — MHTEHCHBHOE YCTOWYMBOE CHIDKEHHE YPOBHS I'PYHTOBBIX BOJ, I€peXoj] IIOYB U3
rugpomopdHoii ¢da3el B aBTOMOphHYIO, 3aMelieHre Me30(UTOB KcepopuTaMH, MPOLECChl PACCOJIICHHUS U YCHICHUE
BBIIYBaHHS IIOYB; 6 — cTaOMIM3anMsA YpPOBHS TPYHTOBBIX BOJ, Pa3BUTHE I'MAPO(GHUTOB HAa T'MAPOMOPQHBIX MOYBAX,
3a0oNaunBaHie, MECTAMH COJICHAKOIJIeHHne (OOIOTHOE COJIOHYAaK00Opa3oBaHue); 7 — MOCTEINEHHOE CHIDKCHUE YPOBHS
TPYHTOBBIX BOJ, IEPeXoi MOYB M3 momyruapomMopdHoii ¢assl B aBTOMOpdHYIO, IIHPOKOE pacHpoCTpaHEHHE KCepo- U
rajJo(uToB, KOHIIEHTPALMS COJIH B aKTHBHOM CJIO€ I0YB (Ha nepudepun o3ep U 00J0T), Mporpeccupyoliee pa3BUTHe
BETPOIPO3HOHHBIX INIPOIECCOB M aKKYMYJSUMH; 8 — IIOCTEIIEHHOE CHIDKCHHE YPOBHS I'DYHTOBBIX BOJ, YCTOHYHMBOE
pa3BHUTHE NPUPOIHBIX KOMIUIEKCOB B aBTOMOP(HBIX YCIOBHSX, IOMHHHPOBAaHHE KCEPO-, rajo- U IICaMMOQHTOB,
JIOKaJIbHOE PACCOJICHUEe, MPOrpeccupyomiee pa3BUTHe Ne(IISLIHOHHBIX MPOLECCOB U aKKyMYISIUU; 9 — ycToduuBoe
pa3BHUTHE MPUPOIHBIX KOMIUICKCOB B aBTOMOP(HBIX YCIOBHUSX, LIMPOKOE PAcIpOCTpaHEHHE NCaMMO(UTOB, pa3BUTHE
BETPOIPO3HOHHBIX IIporeccoB; 10 — ycToHYMBOE pa3BUTHE NPHUPOAHBIX KOMIUIEKCOB B aBTOMOP(HBIX YCIOBHSIX,
HIMPOKOE PACIPOCTPaHEHUE KCepo-, rajo- U MCaMMO(HTOB, 3aCOJIeHHe MOYB (HAa MepU(EepUH OpOIIAeMBIX 3eMeib)
JIOKaJIbHOE PAacCONIeHHe, YCWJICHHE BETPOIPO3HOHHBIX IPOLIECCOB M aKKyMmylsiiuu; 11 — ycroliumBoe pa3BUTHE
NPUPOIHBIX KOMIUIEKCOB B aBTOMOP(HBIX YCIOBHAX: a) HAerpajganus NcaMMO(UTOB Ha DOJOBBIX IECKaXx,
NpOrpeccupyroliee pa3BUTHe Je(IIAIHOHHBIX MPOLECCOB U aKKyMYISIHHI, ()OPMHPOBAaHHE KITACCHYECKUX IOJBHKHBIX
a’poAinHaMu4eckux GpopM 30510BOro penbeda; 0) BhICBIXaHHE BCeX MHOMIBTPAIIMOHHBIX 03ep U (pOpMHUpOBaHKE HA HUX
COJIEBBIX 3aJIe)KeH, BbIIyBaHUE coler (B AKmeTKnHCKoM apxwurienare 1la ciaemyer unrats kak 116). Fig. 12. Types of
development trends of natural complexes in the northern part of the South Aral Sea Region (Padukos, Tetroxun, 1981).
Legend: 1 — progressing gradual decrease of the groundwater level, soils transition from the hydromorphic phase to the
semi-hydromorphic, the hydrophytes replacement with halophytes and xerophytes, drainage of bogs and lakes,
development of salt accumulation processes; 2 — decrease of groundwater level, soils transition from the hydromorphic
phase to the semi-hydromorphic, hygrophytes and hydrophytes replacement with xero and halophytes, drying of the bog
complexes, salts concentration in the active soil layer, takir processes on the surface; 3 — intense decrease of the
groundwater level, soils transition from the hydromorphic phase to the semi-hydromorphic and automorphic,
hydrophytes replacement with xerophytes, drying of bogged areas, drainage of the upper soil layers, “wick” salt
accumulation on the lakes periphery, intensification of wind erosion; 4 — intense and gradual decrease of the
groundwater level, soils transition from the hydromorphic phase to the semi-hydromorphic and automorphic,
mesophytes and hygrophytes replacement with xerophytes and sometimes with halophytes, soil salinization, water
erosion activation, deflation; 5 — intense gradual decrease of the groundwater level, soils transition from the
hydromorphic phase to the automorphic, mesophytes replacement with xerophytes, desalinization processes and
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increased soil blowing; 6 — groundwater level stabilization, development of hydrophytes on the hydromorphic soils,
waterlogging, local salt accumulation (bog saline formation); 7 — gradual decrease of the groundwater level, soils
transition from the semi-hydromorphic phase to the automorphic, wide distribution of xero and halophytes, salts
concentration in the active soils layer (on the lakes and bogs periphery), progressive development of wind erosion and
accumulation processes; 8 — gradual decrease of the groundwater level, sustainable development of natural complexes
under automorphic conditions, dominance of xero-, halo- and psammophytes, local desalinization, progressive
development of deflationary and accumulation processes; 9 — sustainable development of natural complexes in
automorphic conditions, wide distribution of psammophytes, development of wind erosion; 10 — sustainable
development of natural complexes in automorphic conditions, wide distribution of xero-, halo- and psammophytes, soil
salinization (on the irrigated lands periphery) and local desalinization, increased wind erosion and accumulation
processes; 11 — sustainable development of natural complexes in automorphic conditions: a) degradation of
psammophytes on aeolian sands, progressive development of deflationary and accumulation processes, formation of
classical mobile aerodynamic forms of aeolian relief, 6) drying of all infiltration lakes and formation of salt deposits,
salts blowing out (in the Akpetkin archipelago 11a should be replaced with 116).

Pa3pyiienne npupycioBbIX BajJOB MPOUCXOJIUT MPH BOJAHOM spo3uu 3a 10-15 ner, B pesynbrare
sos0Boit aedasiuu — 80-100 net. B.A. ITonos (1990) cuutaer, 4To 3a 3TOT MPOMEKYTOK BpEMEHU
MOJI BJIMSHUEM DOK30TCHHBIX TPUPOJHBIX TPOIECCOB TPOWCXOTUT KOPEHHAs IepecTpoiika
JeTBTOBBIX JIAHAMA(PTOB.

Kak Buaum, B.A. [lonoB B cBOoeM mpeacTaBiICHUU 00 ABOJIIOIMH JaHAMA(TOB, KAK U MHOTHE
aBTOPBI, CUMTAET, YTO WYCTHIHHAs CTaaus 3aBepmiaeTtcs TpaHchopmanmend penbeda W
(dhopMHpOBaHHEM OYTPUCTBIX U OYTPUCTO-TPSIIOBBIX ITECKOB C MMOHMKEHUSIMH, 3aHATBIMHA TaKbIPAMHU.
OpmHako ciemyeT 3aMeTHTh, YTO jajee eme OoJiee UIMTENIbHOE BpeMs HIET TpaHChOpMaIus
JUTOTEHHONW OCHOBBI — U3MEHEHHUE IPAHYIOMETPUUECKOTO COCTaBa U nepeopMUPOBAHUE TAKbIPOB
B 30HAJNbHBIE cepo-Oypbie MOYBbL. M TONBKO MOCIE 3TOTO0 KMCXOJHO ATIOBHATBHBIA JaHamadr
MOXXHO CYMTaTh TPaHCPOPMHUPOBAHHBIM, MYCTHIHHBIM. OTOT Mpolecc OoJjiee AETallbHO ObLIT
paccmoTtpeH B padote I'.C. Kycta (1999).

Eme onHa BaskHs TO3uUIKs, BRICKa3aHHAs B paccMaTrpuBaemMoit padote (puc. 13), 3akimrogaeTcs B
TOM, 4TO TAJIOMOPQHAs CTAINS CUYUTACTCS HEOOS3aTCIIbHOM.

T'uapomopdHEIe MesomopdHEIE TanomopdHEIe
_ —_
re0CHCTEMEI Te0CHCTEMEI Te0CHCTEMEI
KcepomopdHsie
T€0CHCTEMEI

Puc. 13. 3akoHOMEpHOCTh Pa3BUTHS JaHIIAPTOB NenNbTOBBIX paBHUH HOkHoro [lpuapanes Ge3
yueta antponoreHHoro ¢akropa (Ilomos, 1990). Fig. 13. Pattern of the landscape development in
the delta plains of the South Aral Sea Region without the anthropogenic factor (Iloros, 1990).

Kax Buaum, padorta B.A. IToroBa (1990) okasanack Ba)XHOH B TEOPETUYSCKOM OTHOIICHUU —
OHa Ha KOHKPETHBIX MpHUMEpax B JelbTe AMYyAapbd TMOJBeJa K TMOHUMAHHUIO ABYX Ba)KHBIX
MOMEHTOB B pAa3BUTUU TMPOIIECCOB JWHAMUKH JAETBTOBBIX MPUPOTHBIX KOMILUIEKCOB. bbumn
BBIZITICHBl JIBA OCHOBHBIX HANpaBICHHUS Pa3BUTUS MOP(OIOTUYECKUX DIIEMEHTOB: OJWH — Ha
JErKUX © BTOPOM — Ha TsDKENBIX TpyHTax. B JWHaMUKe KaxJOro U3 HalpaBiICHHUN
paccMmarpuBalTCa 3 CTaaud, B 3aBUCUMOCTH OT BOJHOTO pPEXHMa C Y4€TOM COIYTCTBYIOIIETO
rasioMop(HOTO Tpolecca, Wiu Jaxke raimomopdHoit cramuu. B.A. IlomoB B paccMarpuBaemoit
pabote (ITomos, 1990) monomen k ypoBHIO OOOOIIEHHS, MO3BOJSIONIEMY BBIACISATH SKOJIOTO-
TEHETUUYECKUE PSJIBI — PSIIbI Pa3BUTHS KOHKPETHBIX MOP(OJIOTHYECKHX DIEMEHTOB JaHAmadToB
MOJA  BIUSHUEM  Pa3HbIX  JOMOJHUTENBHBIX  (DaKTOPOB («HATOXKEHHSD) MTOMHUMO
BIIaro00eCreYeHHOCTH.
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B pabore B.A. IlomoBa (1990) Tarke craBmiach 3ajmada pa3paboOTaTh OIEHKY CTETEHHU
TpaHC(OPMHUPOBAHHOCTU TEPPUTOPUH AETBTHI AMyAapbu. Jjist 3Toro UM OBLTH MOCTPOSHBI MOJECTH
BEPOATHOCTEH TMeEpexoA0B JaHAmapToB B JeiabTe W OalaHCOBas NPOCTPAHCTBEHHAS MOJEIb
OUHAMHMKM JlaHgmagroB. Mojenu JaroT BO3MOKHOCTh KOJMYECTBEHHO (Uepe3 BEJIIMYUHBI
TUTOIIAJICH) TPOTHO3UPOBATH BEPOSATHOCTh B3AaMMHOTO WIJIM HAIIPABJICHHOTO TEepexo/ia JIaHAIa(ToB,
pa3IMyarouXcs M0 YBIaKHEHUIO.

Teopernueckne  mpencraBieHHss O  AMHAMHYECKUX  mpomeccax  A.A. Paduxosa,
A.B. IItnunukoBa u B.A. [loroBa mogyuyuiau pa3BUTHE B HCCICAOBAHUSAX APYTHX YUCHBIX.
DKOJIOTO-IUHAMUYECKUE psAAbl  JaHAmWAPTOB B IPOIECCE ONMYCTHIHMBAHUS U3Yy4YalIUCh W
paspabaTsiBaKCh rpymnmnoi uccienoBareneit u3 Kapakanmakun (OK. XKanrac6aes, b. Xonbioexon)
n u3 Poccunm (H.M. HoBuxoma, T.C. KosnoBa, M.b. IllenkapeBa). Pe3symbraTel ux paOoTh
onyOJIMKOBaHbI B HeCKOJbKHX cTaThiax JK. XKanracbaesa c coaBropamu (1980, 1981). B Tabnuue 3 B
C)KaToOM BHJE NpPEJCTaBICHAa OCHOBHas HJAed pa3pabOTKU 3TUX PAJIOB: BbLAEICHBI TPU CTaIUU
9BOJIIOIIMOHHOTO pa3BUTHs (ruapoMopdHas, HoayruapomMopdpHas U aBToMop(Has) ABYX THIIOB
naummagpToB (MPUPYCIOBBIX BAaJIOB U MEXPYCIOBBIX MOHWKEHUH). B BepxHel yacTu TaOIuUIBI B
TOPU30OHTAIBHBIX psIax TMPUBEJIEHBl KOJWYECTBEHHbIE 3HAYEHUS DSKOJOTHYECKHX (HaKTOPOB,
XapaKTEPHU3YIONIUX TMPOSBICHUE BOJHOTO (DakTOopa Ha KAXKIOW CTaauM (XapakTep OOBOJHEHUS —
WMCTOYHUK BJaru, IOJ3€MHbIE BOJbl — IIOHUMAETCs TJIYOMHa 3ajJeraHus TPYHTOBBIX BOJ),
O4YBOOOPa30BaTENbHBII MpoLecC W TOKa3aTenu (QYHKIMOHUPOBAHUS OSKOCUCTEMBI (3arachbl
¢dbuToMacchl, MPOAYKIHUs). OTHU TOKa3aTeld pPacloJOKEHbl B BEpXHEHW YacTH NEpBON KOJOHKHU
(tabm. 3). KoHKpeTHBIE KOJMYECTBEHHBIC 3HAUYCHHS KaXJIOTO W3 TOKa3aTelied TMPUBEICHBI B
COOTBETCTBYIOUIECH CTPOKE ISl KaXIOW M3 CTaaud psga. 3aTeM, HIDKE I KaKJIOro W3 THIIOB
naHaAmadToB B JIEBOM KOJOHKE JaH IMEpeueHb XapaKTepPHBIX MPOILIECCOB OMYCTHIHWBAHUS U AJIS
Ka)XJIOTO Tpollecca B COOTBETCTBYIOUICH €My CTpOKe Al KaXKIOW CTaauM 3BOJIOLUHU MpPHUBEIEH
nepeyeHb JTOMUHHUPYIOIIUX BHJIOB pAacTE€HUI, KOTOpPhIE MOTYT HCIOJIb30BaThCS B KauyecTBE
WHIUKATOPOB 3TOM CTaguM OIMYyCTHIHMBAaHUS M Bexayllero mnpouecca. llpuBenem mnpumep, Kax
ClIelyeT YUTaTh JaHHbIE ATON Tabnuuel. Tpu ctaguu JaHAmadTHOTO 3KOJI0r0-IUMHAMHYECKOTo psijia
OMYCTHIHMBAHUA Ha MPUPYCIOBOM Baly B JeibTe AMyHapbH MPeACTaBICHbl THIPOMOP(HBIM,
nosyrugpoMopdpubM U aBTOMOp(dHBIM Bapuantamu. Ha ruapomopdHO cTaauu yBIaKHEHUE
OCYILIECTBIISICTCSI B peE3yJbTaTe I[1aBOJKOBOTO 3aJIMBAHMS, IUTAHHUS TPYHTOBBIMH BOJaMH U
atMocepHO Bnaroi. ['pyHTOBBIE BOIBI 3ajeratoT Ha riayomHe 0-3.5 M, TpecHble WIH
c11a00COJIOHOBATHIE. [TouBooOpa3zoBaTeNbHbIC MIPOLIECCHI: 0OJIOTHBIIA, JYTOBOM.
[Ipouecc omycThIHUBaHUS HE BbIpaXeH, OOYCIOBIEH COKpAIIeHHEM BJIaroo0ecreuyeHHOCTH.
NuaukaTopsl 3TOW CTaJuu — JAOMUHAHTBI B PAacCTUTENBHOM MOKpoBe Populus ariana w T.A. U3
tabnuuel. Ha monyruapomopdHoii ctaauu B nanamadTe MPUCYTCTBYET Bllara IPYHTOBBIX BOJ U
atMocdepHasi. ['pyHTOBBIE BOABI 3aneralor Ha riayouHe 1.5-3 (5)M, conoHOBaThie, COJICHBIE.
[TouBo0oOpa3zoBaTEeNbHBIN MpOLIECC — COJOHYAKOBBINM, TakbipooOpazoBanue. Ha srToil cramuu
MIPOSIBIIIIOTCS HECKOJIBKO BapUaHTOB OIYCTHIHUBAHUS: 1) 3acojieHue MOYB, MHAUKATOPBI — Tamarix
hispida n ap. u3 Tabnuibl; 2) paccojieHue, OTaKbIPUBaHKE MMOYB, HHAUKATOPHI — Salsola dendroides
U Jp. U3 TaOIUIbl; 3) 0JI0BbIE MPOLECCHl, HHAUKATOPBI — (opMbl penbeda, B paCTUTETBHOCTH —
Krasheninnikovia ceratoides n ap. OTu mpoueccbl MOTYT WATH OJHOBPEMEHHO M CMEHSTh JIPYT
Apyra.

Ha aBromopdHOi#l cTamuu sToro naHamadTa BIarooOECeYeHHOCTh MPOUCXOAUT TOJIBKO 3a
CueT aTMOC(EpHBIX OCAJKOB; IPYHTOBBIE BOJIbI 3AIETAIOT HUXKE TNTyOMHBI IPOHUKHOBEHMS KOpHEH
6onee 5 M (10-20 m u Gonee), conennle. [louBooOpazoBaTeNbHBIN MpoIlecC — 30HANBHBINA. Beaymue
nporecchl: 1) 3akperyieHre MecKoB, Ha 3aCOJICHHbBIX Meckax — uHaukatop Haloxylon aphyllum, na
He3acoNieHHbIX — Haloxylon persicum; 2) ornuHeHue — (JOpMUPOBAHHUE 30HAJBHBIX OYpbHIX MOYB B
OTPHILIATENIbHBIX 3JIEMEHTaxX penbeda, HHIUKATOP — 3PeMepoBO-TOITYKYCTapHUUKOBbIE COOOIIECTBA,
Artemisia terrae-albae.
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Tabmma 3. DKoJI0ro-IMHAMHYECKUE PS/IBI JTaHMIA(TOB HA OCHOBHBIX MOP(OIOTHISCKHX dIEMEHTax nesibToBoro penbeda (Novikova, Kuzmina, 2008).
Table 3. Ecological-dynamical sets of landscapes on the main morphological elements of the delta relief (Novikova, Kuzmina, 2008).

KoMIIOHeHTEI,
MpPOIIe CChI
OITy CTBIHHBAHHA

C T a A H b

THApoMOpthHASL

MOTyTHAPOMOpGdHAas

aBTOMOphHAR

xXapaxTep oOBOOHEHEHA

DaBOOKOBBIE BONBI, TPYHTOBBIE BOOEL, aTMocdepEOe VBIL

IDVHTOEBBIE BOOBL, a’moccp. BJIara

aTMoctepEag BIara

ODOOZEMHBIC BOObBL

0 - 3,5 M.; mpecHBe-c1a00 CONOHOBATHIE

1.5-3 (5) M., CQIOHOBATEIE, COIIEHEIE®

=5 (10-20) M., coneHEmle

NOYE000PA30E. IPOI.

E)OJID'H{HIl IVTOBOH C Ce30HHEBEIM 3aCONIEHHEM

COIOHYAKOBBIH, TAKBIDHBIH

SOHANEBHEIHA I VCTHIHHEIH

3amacel HHTOM. T/Ta

7546 -41.27

49.1-8.25

27.05-5129

OpOOVKIHA T/Ta/Ton

10.7 - 36.87

25.1-3.05

2.18 -1.89

JIHHAMHEYecKHH pAI H pacTHTeIbHbIE HHIHKATOPH Ha IPHPYCITOBEIX Badax

1) cokpalleHHe BIATo-
obecneueHHOCTH
MecTO0DHTaHHil

Populus ariana, P. diversifolia, Elaeagnus turcomanicd,
Halimodendron halodendron, Glhyevrrchiza glabra,
Calanagrostis dubia Tamarix sp.sp.

Populus ariana, Elaeagmis turcomanica,
Tamarix sp., Alhagi pseudalhagi,
Aeluropus linoralis

2) 3acoNeHHE TOYE

Tamarix hispida, Karelinia caspia,
Climacoptera aralensis, C. lanata

3) pacconesne,
OTAKBIPHEAHHE

Anabasis aphvlla, Haloxylon aplyllum

4) onecUaHHEBAHHE |

a) S0I0BHIf IPHEBHOC,

G) p3pylIeEHe BEpXHHX
Op OHHPVIOLIHX
CVITIHHHCTHIX OPOCIOER

a) pHTores Hble OYIPHI IceBOONeCKa
(MeNKo3eMa ¢ KPHCTAIAME coJel) BOKPYT
KYCTapHHKOE 0)Krascheninnilovia
ceratoides (mocne rubens Tyras );

a) Haloxylon aphylium, Salsola richteri,
Calligonum sp. (mocyie colno9aKkoBoi
cTagun); 0) coobmectea Haloxylon
persicum

5) ormHHEeHHe (30II0BRIH
OPHEBHOC MelKO3eMa B
MexOyrpoBHe
MOHMWKEHH)

3theMepOBO-IONVKYCTAapHE HUKOBEIE
coobImecTEa (Artemisia sp.sp.)

JIHHAMH9eCKHH psll H pacTHTeIbHBIE HHIHKATOPEI B MeAPYCIOBBIX MOHHKeHHAX

1)coxpammernne 0bBOI-
HEHHS,

Tyvpha engustifolia, Phragmites australis, Limonium
gmelini, Tamarix sp.

OpH pe3KOM COKpaIlleHHHH 00BODHEHHT -
TAHATOIEHO3HI

2) 3aconeHHE M OYE;

Tamarix hispida, Halostachys belangeriana

3) pacconerue,

Haloxylon aphyllum, Salsola dendroides -

OTAKBIPHEAHHE; TOIBIH TAKHIP
4) omecHaHHEAHHE - (HTOresHEe OVIPH DCEBAOMECKa Anabasis salsa+ shemepsl, cooblmecTsa
(HaEHTaHHE TIECKOE) (MenKoseMa ¢ KpHCTAJUIAMH colefl) Haloxylon persicinm

OKOCHUCTEMBI: OKOJIOI'NA 1 AMHAMUKA, 2021, Tom 5, Ne 3



96 HOBUKOBA

B Tabnaume 3 mokazaHel JBa 9KOJIOTO-AMHAMHYECKMX psaga JapamadroB. Ilepserii psin
XapaKTepeH JUIsl IPUPYCIIOBBIX BAJIOB C OTJIOKEHUSMHU JIETKOI'O T'PaHYJIOMETPUYECKOIO COCTaBa Ha
MOBEPXHOCTH, MO3TOMY Ha 3aBEpPUIAIONIEM dTare ero pasBUTHS (HOPMUPYIOTCS OyrpHCThIE HIIU
OyrpHCTO-TPSIIOBBIE MeCYaHbIe PABHUHBL. BTOPOW 3KOJIOr0-IMHAMUYECKUAN PAJ, XapaKTePHBINA IS
narmmadTa MEXPYCIOBBIX TOHWKEHUH, € TJIMHUCTBIMH OTJOXXCHHUSMH Ha IOBEPXHOCTH,
3aBepIaeTcss (OPMHPOBAHUEM TAaKBIPHBIX PAaBHUH, C TOCIEAyrouled Tpancdopmanueil mo4ys B
30HAJIbHBIE CEPO-OypHIE.

N3 paccmotpenus nanamadTHbIX uccaenoBaHuil B FOxHom Ilpuapanbe ciemyer, yto B
YCIOBUSAX ApallbCcKOro KpuU3Mca B IPOLECC OINYCTHIHUBAHUS BOBJIEYEHBI BCE KOMIIOHEHTHI
nanamwagpToB. B mycThIHHBIX pailoHax OIYCTHIHMBAHHE Yallle BCEro 3aTparuBaeT KIUMaT U
PacTUTEIBHOCTb, PEXe — MOUBLI. B TO ke Bpems B JefbTaX peK ONYCTHIHUBAaHUEM OXBau€HbI BCE
KOMITOHEHTBI: MUKPOKJIMMAT, IOBEPXHOCTHBIE U MOA3EMHbBIE BOJIbI, BOJHBIN PEXUM, TOYBBI, OMOTAa,
penbed. [loaToMy BakHO, 4TOOBI B YCIOBUSAX ApaibCKOTO 3KOJOTHYECKOTO Kpu3uca B HOxxHOM
[Ipnapanbe, B TOM uucie B JeIbT€ PEKM AMYAApbU, HCCIEA0BAIach JUHAMUKA KOMIIOHEHTOB
nauamadTa.

Jlunamuka nous. Ilousl B genprax Amynapbu u Celpaapbu GOpMUPYIOTCS Ha aJTIOBUATIBHBIX
OTJIO)KEHUSAX TIECTPOr0 TIPaHYJOMETPUYECKOTO COCTaBa, YETKO 3aBHUCAIIETO, KaK MOKa3alu
uccnenosanuss B.M. boposckoro, ot ¢opm nenpToBoro penseda. Ha mnpupycioBbix Bamax
MeCYaHbIe OTJOXKEHHUS 3aJerarT Ha TJIMHUCTBIX M CYTJIMHHUCTBIX, B MEXKPYCIOBBIX MOHMWKEHUSIX,
HAao0OpOT, MIUCTbIE M TJIMHHUCTBIE OTJIOKEHHS 3aJleraloT Ha MecyaHbiX. BoJHBIA pexuM,
CKJIa/IbIBAIOIIMIICS HA Ka)KJIOM dJIeMEHTe pelbeda, onpeaesnseT mouBooOpa3zoBaTeNbHbIM MpoLece U
TUIBI (POPMUPYIOIIUXCA MOYB M MX 3acosieHHe. B mouBeHHOM mokpoBe npeoOnagaroT OOJIOTHBIE,
JyroBo-OOJIOTHBIE, JIYTOBbl€ TIIOYBBI W COJIOHYAKM, a B TIIPOLIECCE OINYCTBIHUBAHUSA —
UX OITyCTBIHCHHBIC BAPUAHTHI.

bonomnwvie moussl Ha Tepputopun KOxHoro [lpuapanes BcTpedarorcs peako. OHU 00pa3yroTcst
0] BIMSIHUEM MOCTOSIHHOTO YBJIAXXHEHHS 3aCTOMHOIO XapakTepa U PacIpoCTpaHEHbI HEOOJIbIINMU
Pa3pO3HCHHBIMHU Y4aCTKAMH.

bonommno-ny2o6vie  TOUBBI  PACIPOCTPAHEHbl IIMPE W HNPUYPOYEHBI K MEXKPYCIOBBIM
IIOHMKEHUSAM, Oeperam o3ep U MOPCKUX 3aJUBOB. J[/1sl HUX XapakTepHO 4eperoBaHHE NMPU3HAKOB
JIyrOBOTO ¥ OOJIOTHOTO MPOLECCOB, T.€. AEPHOOOPa30BaHHE 3/1€Ch COUYETACTCS C I1ee00pa30BaHUEM.
OTH NpoLECcCHl MPOUCXOJAT B YCIOBUAX 3HAYMTEIBHOIO KOJIOAHUS YpOBHA I'pyHTOBBIX BOJ (0.5-
1.5 M) um ux cnaboro orToka. bau30cTh TPYHTOBBIX BOJA B apUAHOM KJIMMaTe CIIOCOOCTBYET HX
XJIOPUAHOMY U CY/Ib(aTHOMY 3aCOJIEHHUIO.

JIy206ble TIOUBBI IPUYPOUEHBI K OeperaMm MpOTOKOB M BO3BBIIIEHHBIM y4acTKaM MEXPYCIOBBIX
NOHMWXeHUH. J{1s HUX XapaKTEepHO MOCTOSHHOE ydyacTue OJM3KO 3ajerarolliuX IpyHTOBBIX BoJ (1-
2 M) ¥ BpEMEHHOE 3aTOIJICHUE BO BPEMsI IaBOJIKOB.

TakvipHble TIOYBBI XapaKTepHbl JUIs IYCTHIHHOW CTaJuu pPa3BUTHS M Haubojee LIUPOKO
IIPE/ICTaBJICHBI HA IPEBHEACIBTOBBIX paBHUHAX. Bee IOUBBI MAIOTyMYCHBI.

B u3ydyeHuMH NMHAaMUKM IIOYB B YCJIOBHUSAX ApajabCKOrO 3KOJOTMYECKOTO KpPU3HCA B JIENbTE
Amynapeu Hanbosee mupoko u3BectHbl padoTsl b. XKomsibekosa (1995) u I'.C. Kycta (1999).

UccnenoBanuss b. JKomnbibekoBa mnpoBoguimuck ¢ 1979r1. B Tpex BBIJICIEHHBIX UM
nanqmadTHeIx pailoHax lOxnoro Ilpumapanbs (Ha oOcoxmeM JHE Mops, HEOpoIIaeMod u
opoutaeMoit yactu ensTel AMynapeu) 1 CeBepo-3anagusix Keizpuikymax. PaboTsl mpoBOAMINCE B
pexuMe MOHUTOpHMHra (3-X KpaTHble HaOMIOAEHUs B roJ) Ha |4 HOpOTSDKEHHBIX CTBOpaXx,
BKJIIOYAIOIIUX PsAJ KIFOYEBBIX YYAaCTKOB, PACIOJIOXKEHHBIX B Pa3HBIX JAHIMIA(THBIX YCIOBMSIX.
Kpome ToTO0, BENMCh MHOTOJIETHHE HAOMIOACHUS HA MOJYCTAI[MOHAPHBIX YYacTKax B OpOIIaeMON
qacTH 1enbThl U KbI3bUIKyMax ¥ BO BpeMst MapuIpyTHbIX padoT (XKosisibekos, 1995).

B pesynbrate amutensHbIX uccnenoBanuil b. JKomibibekoBa HakomuwiIcs OOMIMPHBIM MaTepran
HaTYpHBIX HaOmogeHni. x o0paboTka M aHaAIU3 MO3BOJIMIIM aBTOPY CAeNaTh BBIBOJ O TOM, YTO B
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pe3yibTare OOCHIXaHUS NPUMOPCKOM 4YacTH JAeNbTbl AMYyAapbU YBEIHMYWIOCH pazHOOOpasue
ONYCTHIHUBAIOIINXCS BAapUAHTOB JIEJIbTOBBIX IOYB, B AJUIFOBUAJIBHO-IYTOBBIX, TYTalHBIX MOYBAX
MIPOTPECCUBHOTO HAKOIUICHUS COJIH HE MPOUCXOAUT. THI 3aCONeHHUS — XJIOPUAHO-CYIb(PATHBIA U
TUIPOKapOOHATHBIA. B ayumoBHaIbHO-IYTOBBIX OMYCTHIHUBAIOIIMXCSA MOYBAX XapakTep COJEBOTO
peXHUMa 3aBUCUT OT MX IIOJIOKEHUS B CHCTEME CTOKAa: B BEpPXHEH YacTH JEIbTbl IPOUCXOAUT
paccojieHHe, a B HIDKHEW 4acTH JeNbThl NPOJOJDKAeTcs 3acojeHue. JIyroBo-00JI0THbIE MOYBBI
MO/IBEPratoTCsl MEPUOJUUECKOMY 3aTOILIEHUIO OJarojaps UCKyCCTBEHHO CO3[aBa€MbIM IOIycKam
BOJbl. OHM cpeiHe- ¥ CHIIbHO3AcOJIeHbl. THIl 3aCoNeHUs — XJIOPUIHO-CYIb(PATHBIA U XJTOPUIHBIN.

B opomaemoii yactu aenpThl AMyJapbU IIMPOKO Pa3BUTHI MPOLIECCHI 3aCOJIEHUSI KaK B 30HE
OpOILEHUs, TaK U B 30HE MX BJIMSIHHS, B TOM YMCI€ — BTOPHUYHOTO. DTH IMPOILECCHl BO MHOTOM
00ycIoBMII OABEM YPOBHSI TPYHTOBBIX BOJI M3-3a YBEJIIMUYEHHS] OPOCUTEIBHBIX M IPOMBIBHBIX HOPM
P OCBOEHUH HOBBIX 3€MEJIb.

[ToBcemecTHOE MOBBIILIEHUE YPOBHS 3aJI€TaHNs MUHEPAJIN30BAHHBIX TPYHTOBBIX BOJI IPUBENO K
rudenu PpyKTOBBIX, TEKOPATUBHBIX JIEPEBHEB M KyCTapHUKOB. Ha pHUCOBBIX MOJISIX B MOHMKEHUSIX
o0Opa3oBanuch MaJONPOAYKTUBHBIE, TPYIHO MEIHOPUPYEMBIE PHUCOBO-00JIOTHBIE OpOIIaeMbIe
COJIOHYAaKOBbIE€ TMOYBBL. BojopacTBopuMble COIM B OCHOBHOM HAKaIUIMBAIOTCSI B BEPXHEM
[TOYBEHHOM TOPH30HTE.

[TouBennbi mokpoB  CeBepo-3anaaHbix  KBI3BUIKYMOB — MPEACTABIEH NPUMOPCKUMU,
JIaTyHHBIMU, TAKBIPOBUIHBIMH COJIOHYaKaMH, TaKbIpaMH, a TakKK€ MNPUMOPCKUMH TECYaHBIMU
COJIOHYaKOBBIMM  mouBaMH.  [IpumMopckue  COJOHYaKM  Ha  OTJIOXKEHHSIX  JIETKOTO
IPaHyJOMETPUYECKOTO COCTaBa, B TpOIECCE AAJbHEHIIEro CHUKEHUS TPYHTOBBIX BOJ
nojBepraioTcsi 0ojee MHTEHCUBHOMY pa3BeBaHuio. [Ipu BbIchIxaHuu Oojiee TSKEIBIX OCAIKOB
oOpa3yercs IJIOTHas cojieBas KOpOYKa, MOYBEHHBIM IMOKPOB HE MojaBepraercs IeIsIIMOHHBIM
npoueccam. Ha TakbIpOBHUIHBIX COJIOHYAKAX COJIM COCPENOTOYEHBI B BEPXHEM T'OPU30HTE, JAJee MO
MpoQUI0 OHM PACHpPOCTPaHEHbI MOYTH PAaBHOMEpPHO. THI 3acOJieHUS B BEPXHEM TOpPU30HTE —
XJIOPUTHO-CYNb(aTHBIN, HIDKE CMEHSETCS Cylb(aTHO-XJIOpUIHBIM. BepXxHre ropu3oHThl TaKbIPOB
HE 3aCOJIeHbl WJIM CJ1a00 3aCOJIEHBbl, MAKCUMYM HAaKOIUJICHHsI BOJOPACTBOPUMBIX COJIEH OTMEYEeH B
ropuzonte 30-50 cm. OO6oOIEeHHEeM NpeacTaBlIEHWH aBTOpa O JWHAMHKE TIOYB B PE3yJbTare
AHTPONOTE€HHO OOYCIIOBJICHHOIO OMYCTHIHMBAHUS SBIISETCS pa3pabOTaHHAs UM CXEeMa SBOJIOIUU
[IOYBEHHOTO IOKPOBA MPUMOPCKON 4YacTU NeNAbThl AMyJapbH, BKIOUMBIIAS U MPOTHOZHPYEMbBIN
3Tamn JanbHeiero pa3Butus (puc. 14). ABTOp cyuTaer, 4To Ajs HOpMAJIbHOTO (YHKIIHOHUPOBAHUS
JIebTHI B Hee clleyeT HoJaBaTh He MeHee 20 KM PedHoii BOJIBL.

Uccnenoanus I'.C. Kycra (1999) B HOxnom Ilpuapanbe ObLTM HampaBlIeHBl Ha pa3BUTHE
TEOPETUYECKUX TMPEACTABICHUN, METOJOB OLEHKH M KapTorpadupoBaHUs OIMYyCTHIHHUBAHUS.
[Ipu 5TOM OH paccMaTpUBaET ONYCTHIHUBAHUE KaK KOMIUJIEKCHOE SIBJICHHE AeTrpafallii MPUPOIHBIX
KOMILJIEKCOB, T€HETUYECKU OOYCIOBIEHHOE BOIOIHMENH MCXOaHOro JaHamadTa U MpoTeKaiee B
COOTBETCTBUU C E€CTECTBEHHO HW3MEHSIIOUIMMUCS 3KOJOTMYECKUMH YCJIOBUSMH U CO3/1aBAEMBIMU
JOTIOJIHUTEIBHBIMU ~ AHTPONIOTEHHBIMU  BO3ACHCTBUAMM.  BakHeilllniue — pe3yiabTaThl — €ro
UCCIIEIOBAaHUI CBSI3aHBI C Pa3BUTHUEM TEOPETHUYECKUX MPEJCTABICHUNH 00 IKOJIOTr0-TeHETUYECKUX
psax pacTUTENBHOCTH, MOYB U JTAHAIIA(PTOB.

B atoif pabote I'.C. Kycra (1999) uckimtouuTenbHbIN HHTEpEC MPEACTABISET aHAIU3 Pa3BUTHS
MpeacTaBieHUd 00 SBOJIONMH TOYBEHHOTO TOKPOBAa AapUIHBIX JETbT B  HamlpaBlIeHUU
dbopMHUpOBaHMSI BapUAHTOB 30HANBHBIX BapHAHTOB [0 BPEMEHH JUISAIIETOCS  CTOJIETHS,
BHITIOJIHEHHBI B Halled cTpaHe BeaymuMu ydeHbIMu-mouBoBenamu (B.A. Kosma (1947),
B.B. Eropos (1959), B.M. boposckuii, H.B. Kumbepr). 3tu uccnegoBarenu onvcaiy TUMBI TOYB,
YCIIOBUSL CpPelbl U TMPOIECCHI, XapaKTepHbIe ISl UX (OPMUPOBAHUA U CMEH, MOCIIEIOBATEILHOCTD
CMEH BO BPEMEHM U BBIPA3WIM MHEHHE O TOM, YTO TajoMop(Has CTagus CledayeT cpa3y 3a
runpomopdHoit. I'.C. Kycr (1999) mnokasan, uTo B YCIOBUSIX «OBICTPBIX» HM3MEHEHHMH YCIOBUN
cpenbl, XxapakTepHbIX uist [Ipuapanbs, n3MeHEHUs TOYB BO BPEMEHH OTIMYAETCS OT IPUPOTHOM.
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Puc. 14. DBoisronMs NOYBEHHOIO IOKpPOBa NMPUMOPCKOM YacTW AEIbThl AMyJIapbU B CBSI3U C
aHTpornoreHHsIM Bo3zaeicTBueM (XKostbioexkos, 1987). Fig. 14. Evolution of the soil cover in the
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littoral part of the Amu Darya Delta due to anthropogenic impact (Komnei6exos, 1987).

K Taxomy e BeiBogy mpunuin B.I'. Tlomos, B.E. Cektumenko u A.A. Typcynos (1982),

HU3ydaBIIMC MTPOHECChl OIYCThIHMBAHUA B  ACIIBTC AMYI[apBI/I B HCpUoOI
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OnHu moxa3anu, 4To Kaxaas MCXOJHAasl 1MOoYBa TPAHCHOPMHUPYETCS ¢ COXpaHEHHEM MPHUCYLIUX €i
4epT B Hayajie MOJIyruaApoMop(dHON cTaguu, a 3aTeM mpeoOpasyercss B MEpexXOJHbIC BAPHAHTHI B
HaIpaBJIEHUU OTaKbIpuBaHus. ITOT mpouecc mmrcs 20-30 ner (tabn. 4). U3 srtoro u npyrux
npumepoB ['.C. Kycr nemaer BakHBIH BBIBOA O TOM, YTO HPU «OBICTPOMY» OMYCTHIHUBAHHH YacTO
npeobaaialoT a0MOTHYECKHE TIPOIIECCHI.

Tabimna 4. Cxema 5BONIOIMM M CUCTEMAaTHKU IOYB COBPEMEHHOM OOCBHIXAIOUIEH J1eNbThI
Awmynapsu (ITonos u ap., 1982; Kycer, 1999). Table 4. Scheme of evolution and systematics of soils
of the modern drying delta of the Amu Darya River (ITomoB u ap., 1982; Kyct, 1999).

I IosyaBToMOp(dHast cTanus ¢ HAJIOKEHHEM
ocrruapomopdHas
T'uapomopduan ap Po TaKBIPHOTO MpoIlecca
CTALMSL. 10YBLI CTAUA C MPeodIaaHneM
M1, OCTATOUHBIX IPH3HAKOR HaYaJIbHbIE MPU3HAKH HHTEHCHUBHOE
ONyCTHIHUBAHMS 3aTaKbIpHBaHUE
TaKbIPHO-00JIOTHBIC 0O0JIOTHO-TAKBIPHBIC
OO0JIOTHEIE OCTAaTOYHO-0O0JIOTHEIE
TaKI)IpHO-HyFOBI)Ie HyTOBO-TaKI)IpHI)Ie
JIyTOBBIE OCTaTOYHO-IyT OBbIE TaKbIPHO-JIyT OBbIE JIyTOBO-TaKbIPHbIE
o TAKBIPHO-JIYT'OBbLIC JIVTOBO-TAKBIPHBIC JIVT'OBO-TaKBIPHBIC
JIyTOBBI€ TYraliHbIE P a " T P yr p
OCTaTO‘-IHO-TyTaI/IHBIe TaKI)IpHO-HyFOBI)Ie HyTOBO-TaKI)IpHI)Ie
COJIOHYAKHU OONOTHBIE . . .
OCTATOYHBIN COJIOHYAK OCTATOYHBIN COJIOHYAK OCTATOYHBIN COJIOHYAK
U JIyTOBbIE

I'.C. Kycr (1999) obparmiaeT BHUMaHWe Ha OTCYTCTBHE €IWHCTBA B HOMEHKJIATYpE MOYB IMPHU
omycThiHMBaHUU. MccnenoBaTend  HCMONB3YIOT HEKOHKPETHBIE TEPMUHBL:  OCMAmouHble,
obcwixarowue, odbcoxwiue M Ap. B CcBA3M ¢ 3TUM Ui JIeNbThl AMyJIapbd OH COIJIacoBall
CYIIECTBOBABIIME HOMEHKJIATYphl, HCIOJb3yeMble Pa3HBIMU HCCIEIOBATEIIMH, W pazpadoTan
EAVHBIA CUCTEMAaTHYECKUU CMHCOK TouB (puc. 15, Tabm. 5). OH oTMe4aeT 0COOCHHOCTH
UCIIOJIb30BAHHOTO TOJXOJa K COCTABJICHHUIO €IUHOM HOMEHKJIATYphl: MPHUHIMI €IUHCTBA
auToMOpQoIieoreHe3a; OMycKaHue TEPMUHA aLIF08UAIbHbIE B CUITY €IMHCTBA UX MPOUCXOXKICHUS;
WCII0JIb30BAHME TEPMUHA «OCTATOYHBIE» IMPH YKa3aHUM POJa IpPU HOBOM THIE (hopMHUpYIOLIEiiCcs
MOYBBI; TEPMUHBL: oOcbixaowue, obcoxuiue, ONYCMbIHUBAIOUWUECS 3aMEHEHBl TEPMUHOM
omakwvipusaoujuecss Ha ypoBHE poJia U omakvlpeHHvle Ha YpOBHE TIOJTHIIA [TOYBBI; B CIIy4ae JIYrOBO-
TyraifHbIX TMOYB Ha MECKaX BBEJCH HOBBI TEPMUH KOpKyHOwuecs, 4TOoObl TMOKa3aTh pa3Iuyuve B
HBOJIIOLIUY TTOYB HA JIETKUX U TSDKENbIX TPYHTaX; IPUHIUI (OPMUPOBAHUS HA3BAHUM, YUUTHIBAIOIINI
HBOJIIOLIMIO TIOYB MPH OOCHIXaHUM U OMYCTHIHMBAHUU. DTO BAKHBIA BKJIAJ B Pa3BUTHE JAbHEHIINX
UCCIIEZIOBaHUI, OCOOEHHO B pEXUME MOHHMTOPHHIraA, TMO3BOJSIOMIMNA BBIACPKATH EIUHCTBO
TEPMUHOJIOTUH U OOJBIIYIO JOCTYITHOCTh MIOHUMAaHUS Pe3yJIbTaTOB Pa3HbIX aBTOPOB.

B kauectBe BaknHoro moctmwxkenus B pabore I'.C. Kycra (1999) mbl oTMeuaeM BblaeneHUE U
paccCMOTpEHHE MPOIIECCOB OIYCTHIHMBAHUS JJIsI OCHOBHBIX KOMIIOHEHTOB JaHmmadra (MouB u
pPACTUTENLHOCTH) W TOCTPOGHHE CXEM TMOCTTHIPOMOP(HOI DSBOMIONMM JIENbTOBBIX TOYB H
PacTUTENFHOCTH Ha OCHOBHBIX JJieMeHTax penbeda. s paccMOTpeHHs OMyCTHIHMBAaHHS TOYB B
€IMHON CHUCTEME aBTOP COCTaBMJI CIHCOK YaCTHBIX MOYBEHHBIX MPOIIECCOB (3aCOJICHUS-PACCOJICHHS;
OTJICCHUS-OKUCIICHHS; TyMU(PUKAIUU-IeryMupukanuy; TopdooOpa3oBaHuss W  MHHEpaIU3aIllH
OpPraHMYeCcKOTO BEIIECTBA; KOPKOOOPAa30BaHMS IIPU OTAKBIPUBAHWUY U 3aCOJICHUM; NEQIISIHS U SPO3Hs).

Jlanee ObLTM COCTaBIEHBI CXEMBI, OTPAKAIOIINE U3MEHEHHE TTOUYBEHHBIX MPOIIECCOB HA PA3HBIX
JJIEMEHTaxX JeNbTOBOTO penbeda MO TpaaueHTy 3ariyOieHHsi TPYHTOBBIX BOJ C yKa3aHUEM
JUINTENHHOCTH dTama. BepTukaibHas mmiKana (TOJIIMHA TOJOCHI, COOTBETCTBYIOLIEH TOMY WU
MHOMY MpOIIecCy MOYBOBOOOPA30BAHMS) XapaKTepHU3yeT B OTHOCHUTEILHOM BBIPAXEHUH CTEICHb
MIPOSIBIIEHUS TIPOIlEcca U €€ MPUYPOUEHHOCTh K TeM WJIM WHBIM KOHKPETHBIM 3HAYCHHSIM TTYyOMHBI
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3ajeraHusl YpOBHSI TPYHTOBBIX BoJA. B mTore pabora mpOMJUTIOCTPHPOBAHA CXEMaMH Pa3BUTHS
MOYBEHHBIX IPOLECCOB: HA NPUpYClo6blX 6aaax NMpU OBICTPOM OIyCKaHUHM I'PYHTOBBIX BoJ 1) Ha
IpyHTax JIErKOH Jntosioruu (puc. 15); 2) Ha CIOUCTBIX TPYHTAX; HA CKIOHAX NPUPYCLOBLIX 8ANOE:
1) mpu cmraboMuHEpaTM30BaHHBIX TPYHTOBBIX BOJIAX, IPU OBICTPOM UX OIycKaHuH (puc. 16); 2) npu
cIabOMUHEPAIN30BAaHHBIX TPYHTOBBIX BOJAaX, NMPH MEIEHHOM WX OIYCKaHWH; 3) TpPHU CHIIBHO
MUHEPAIN30BaHHBIX I'PYHTOBBIX BOJAX; 6 MEJICPYCNO08bIX NOHUdICEHUAX 1) B YCIOBHSX ILIOXOU
OTTOYHOCTH CHJIbHO MHHEPaJIM30BAHHBIX TI'PYHTOBBIX BOA (puc. 17); 2) B ycloBUAX IUIOXOH
OTTOYHOCTH C€1a00 MHUHEpPAIN30BAHHBIX TPYHTOBBIX BOJ; 3) B YCIIOBHUSIX XOPOIIEH OTTOYHOCTH
c1ab0 MUHEPATN30BaHHBIX TPYHTOBBIX BO/I.
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YpoBeHE TPYHTOBBIX BOJ

Puc. 15. Vi3MeHeHne MOYBEHHBIX MPOLIECCOB HA MPUPYCIOBBIX BajlaX Ha TPYHTAX JIETKOW JTUTOJOTHA
npu ObIcTpoM onyckaHuu rpyHTOBBIX BoA (Kyct, 1999). Fig. 15. Changes in the soil processes on the
riverbed leeves, on the soils of light lithology, with rapid decrease of groundwater level (Kyct, 1999).

I'.C. Kycr pa3zpaboTtan cxeMbl W ONHUCAll TMPOIECCHl, OTOOpaKarollhe Pa3BUTHE OCHOBHBIX
MPOLIECCOB TOYBOOOpPA30BaHUS Ha JPEBHENECIBTOBBIX TAKBIPOBUAHBIX paBHUHax [Ipuapanbs B
€CTECTBEHHOM PEXHMME M TPU MOATOIUICHUH W 3aTOIUICHUH U TPH TepeBbinace M pyokax. Takum
obpazom, wuccinenoBanusmu [.C. Kycra (1999) Obumm oxBaueHBI TPOIECCHl AHTPOTOTEHHO
00yCIIOBJICHHOTO OIYCTHIHUBAHUSA U OXapaKTepHU30BaHa TpaHCOpMAIMs TOYB COBPEMEHHBIX U
npeBHux nenbT FOxuoro [lpuapainbs.
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Tadmuua 5. Cucrematuueckuili CHHCOK MOYB, (OPMHUPYIOIIUXCS B ECTECTBEHHBIX JaHAMAPTAX ICIbT
[puapanss (Kycrt, 1999). Table 5. Systematic list of soils formed in the natural landscapes of the Aral Sea

Delta (Kycrt, 1999).

Tunbi IMoaTHNBI Poapbl Buapbl
- OOBIKHOBCHHBIE
- TUTICOHOCHBIE
cepo-Oypsie HE BBIIENSIOTCS (KpoMme O CTENeHN
- COJIOHYaKOBBIE
nycTelHHbIE T04BHI (CB) (baunaabHOro MOATUIIA) 3aCOJICHUS
- TaKbIPHO-COJIOHIIEBATHIC
- IIPOMBITHIE
OypbI€ TIOTYITYCTHIHHEIE HE BBIIENSIOTCS (KpoMe _ _
niouBslI (BIT) (damaabHOro MOJTHIIA)
- TUITUYHBIC - OOBIKHOBEHHBIE
[ecYaHble MYCTHIHHBIE | - C1a00pa3BUThIE - OCTATOYHO-TYT'OBBIC MO CTETNeHN
nouss! (I1I1) - IerpaiupOBaHHBIE 3aCOJICHUS
- OCTaTOYHO-COJIOHYAKOBBIC
- OOBIKHOBEHHBIC
O CTETNeHN
TakbIpsI (T) HE BBIJIEISIOTCS - OCTaTOYHO-COJIOHYAKOBbIE
3aCOJIeHUs
- C HABESIHHBIM ITECUYaHBIM YEXJIOM
- OOBIKHOBEHHBIC
- OCTaTOYHO-TYTOBbIC
TaKBIPOBUIHBIE TIOYBHI IO CTENeH!
HE BBIJCTISAIOTCS - OCTaTOYHO-00JIOTHBIE
(TB) 3aCOJICHUS
- OCTaTOYHO-COJIOHYAKOBBIE
- C HAaBETHHBIM NIECYaHBIM YEXJIOM
JIYTOBO-TYraliHple |- THIIMYHBIE - OOBIKHOBEHHBIE
IO CTENeH!
(UUTIOBHAIBHO-ITYTOBO- | - CITab0pa3BUTEHIE - 3aCOJICHHBIE N
Tyrainele; JITyr) |- cnoucreie - KOPKYIOLIHECS
- TUITNIHBIE - OOBIKHOBEHHEIE
JIyroseie
- OONIOTHO-TYTOBEIE - 3aCOJICHHEIE IO CTEMeH!
(ayuTroBHATBHO-
- cnabopa3BUTHIE CIOUCTHIC - OTaKBIPUBAIOIIHECS 3aCOJIEHUS
myrosere; JI)
- OTaKBIPEHbIE
- TOp(SHO-00IOTHBIE - OOBIKHOBEHHBIC
IO CTEMeHn
- IJIOBATO-00JIOTHBIE - 3aCOJICHHEIE
0O0JIOTHBIE 3aCOJIEHHS,
- TyToBO-00JIOTHEIE - OTaKBIPUBAIOIIHECS
(ayTroBHAIBHO- IO CTEIICHU
] orophoBaHHBIC
oonorHslie; b) oropdoBaH-
- cnabopa3BUTHIE CIIONCTHIE
HOCTH
- OTaKBIPEHHBIE
COJIOHYAKH - THIMYHBIE - OOBIKHOBEHHEIE
KOPKOBEIE
aromopQueie (C) |- oTakbIpeHHBIE - OCTATOYHO-TYTOBbIC
- OCTaTOYHO-0OJIOTHEIE
COJIOHYAKH - IyXJIbIe
- C HABETHHBIM NIECYaHBIM YEXJIOM
aBTomopdusie (C) - BBII[BETHBIE
- OTaKBIPUBAIOIIHECS
- TUTTUYHEIE - OOBIKHOBEHHEBIE
- OONOTHBIE - OCTaTOYHO-TTyTOBBIE - KOPKOBBIE
- IyrOBBIE - OCTATOYHO-0OJIOTHBIE - IyXJIbIE
COJIOHYAKU
- COpPOBBIE - C HABEeTHHBIM IECYaHBIM YEXJIOM | - BBII[BETHBIE
ruapomopdusbie (C)
- OTaKbIPEHHBIE - OTaKbIpUBAIOIINECS - MOKpBIE
- MapIleBbIe - YepHbIE
- IPUMOPCKHE
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Puc. 16. V3MeHeHHe TOYBEHHBIX NPOIECCOB HA CKJIOHAX MPHUPYCIOBBIX BAJIOB MPU OBICTPOM

OTYCKaHWH CJIa00 MUHEpan30BaHHBIX TpyHTOBBIX BoJ (Kyct, 1999). Fig. 16. Changes in the soil
processes on the slopes of riverbed leeves with a rapid decrease of the poorly mineralized

groundwater level (KycT, 1999).
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Puc. 17. I3MeHeHrne MOYBEHHBIX MPOILIECCOB B MEXPYCIOBBIX MOHIKEHUSX B YCIOBUSAX IUIOXOH
OTTOYHOCTH CHJIBHO MHUHEpaTU30BaHHBIX IpyHTOBBIX BOJ (Kyct, 1999). Fig. 17. Changes in the soil
processes in the inter-channel depressions with a poor outflow of the highly mineralized

groundwater (Kycr, 1999).
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3Hanue auHaMuku nous nossosiwio I.C. Kycty (1999) no ananorum ¢ moyBaMu BBICTPOUTH
HKOJIOTO-T€HETUYECKUE PsIIbI PACTUTEIHLHOCTH HAa OCHOBHBIX 3JI€MEHTaX NeNbTOBOTO penibeda ¢
yKa3aHMEeM BEAYIIUMX MpoleccoB B Japamadrax. B cooTBEeTCTBUM C  COBPEMEHHBIMH
TEOPETUYECKUMU IPECTABICHUSIMU B T€000TaHUKE, THAPOr€HHAs JIMHAMUKA PACTUTEIbHOCTH UM
paccMaTpuBaeTCsl Kak TUAPOTEHHAs CYKIECCHs, KOTOpas MOXKET OBITh IPEICTaBleHA pPAIOM
CEepPUMHBIX COOOIIECTB (HE3aBEPIICHHBIX, C HEMOCTOSHHBIM COCTaBOM) pPa3HON SKOJIOTHH
(rugpoduToB — Me30(hUTOB — ME30KCEPOPUTOB — ME30TATO(PHUTOB MIIA ME30KCEPOTATO(PUTOB —
kceporanodutoB — kcepoduToB. PaccmarpruBas KOHKPETHYIO CUTYAIHIO B JICTBTAX U BOJIIOLHUIO
MOYB, MOXKHO TPEATNOJIOKHUTh, YTO MMOMHUMO THIPOTEHHOTO psiia CIenyeT 0XHUAaTh GopMUpOBaHHE
napajuleNIibHbIX PpSAJOB Trajgo- M [CaMMOCEpUl pacTUTENbHBIX cooduecTB. lccnenoBanus
nokasbiBatoT (baxues u ap., 1977), 4yro MHUIMATBEHOM CTaMel TUIPOCEPH SBISIFOTCS COO0IIEeCTBA
KPYITHOTPABHBIX KOPHEBUIIHBIX MHOTOJIETHUKOB, 3aT€M OHHM CMEHSAIOTCS pPacTUTEIbHBIMU
co00I1IeCTBaMU JIYTOB M Me30Kcepo(UIbHBIX KYyCTapHUKOBO-/IpPEBECHBIX TyraeB. Ha cnemyromieit
CTaJul JOMHHAHTaMU CTaHOBSTCS Me30KCcepo(UIbHBIE WM ME30TaJopHIbHbIE KyCTapHUKH,
KOTOpbIE CMEHSAIOTCS 3aTeM 3KBU(MHAIBHON CTajued coOoOIIecTB rajokcepo(uiIbHbIX I€PEBLEB U
MOJIYKyCTapHUUYKOB. ABTOMOp(Has CTagusi pa3BUTHUs JEJIbTOBBIX PpABHUH 3HAMEHYETCS
MOSIBJIEHMEM COOOIIECTB KcepopUTOB (1MCaMMO(MUTOB, NEIUTOPHUTOB, KCEPOTAJTOPUTOB WU
BOJIOPOCTIEBBIX COOOIIECTB Ha TaKbIPaXx).

B nuHamuke pacTUTENbHOCTH Tak K€, KaK M JIaHIMa(TOB, W MOYB, Ha Kaxaoh Qopme
nenbToBOoro penbeda (manmmadra) GOpMHPYETCS CBOM IKOJIOTO-IMHAMHYECKUN (T€HETUYECKUI)
cepuiHblil psan pactutenbHbix coobmiectB. I.C. Kycr (1999) B3snm Ha cebs Tpyn U MOCTPOUI
OCHOBHBIE BAapUAHTBl JKOJIOTO-AMHAMUYECKUX PSIOB PACTUTENBHBIX COOOIIECTB HAa OCHOBHBIX
JJIEMEHTaxX JAeJIbTOBOro penbeda — MNPHUPYCIOBBIX Bajlax, CKIOHAX MEXPYCIOBBIX BallOB U
MEXPYCIOBBIX MOHMKEHUAX (puc. 18-20).

Jlunamuka pacmumenvbHocmu. JlnHaMUKe pacTUTEIbHOCTH B JieNbTe AMYAapbu B CBS3U C
ApaJIbCKUM KPU3UCOM TIOCBSIIICHO caMO€ OOJIBIIIOe YUCIO MyOIMKanuid, M.0. CPaBHIMOE TOJIBKO C
YUCIOM MMyONHMKAUil MO0 MOBOAY AWHAMUKH HPHUPOJHBIX KOMIUIEKCOB M UX KOMIIOHEHTOB Ha
obcoxmiem nHe Mops. Ilybnukanuu o AMHAMUKE PacTUTEIBLHOCTU B AeNbTe AMYJapbU MOSBUIIHCH
OJIHMMHU U3 TEPBBIX, © UMEHHO B HHUX Ha3blBaJIaCh peajbHas MpUYMHA — MaJCHHUE YPOBHS MOps
(baxues, byroB, 1976; baxueB u np., 1977). Kapra-cxema pacTUTEIBbHOCTH NEIbTHI AMymapbu
(HoBukoBa u gmp., 1981), neremma K KOTOpoil Obljla IMOCTPOEHA HAa OCHOBAHHMHM AKOJIOTO-
JMHAMHYECKUX (T€HETUYECKUX) pSAIOB, Oblia pa3paboTaHa OJHON U3 MEPBBIX CPEAU TEMATHUECKUX
KapTorpapuueckux MarepuaioB 1mo Apaibckoil mpobiieme. DToMy, 0€3yciI0BHO, CIIOCOOCTBOBAJIA
BBICOKAs W3Y4YEHHOCTh (opbl (ObUIO OMyOJIMKOBAaHO HECKOJBKO ompenenutenet u ¢uop mis
tepputopun Kapakanmakuu (bonmapenko, 1964; baxmes, 1985; Illepbaes, 1988); skomorus u
OMHAMHKa pactutenbHocTH (Maitnyn, 1973; Ammuposa, 1971, 1976).

OOHOBNIEHUIO 3HAHUI O pACTUTEIBHBIX COOOIIECTBAX JENbThl AMYyAapbu, HX COCTaBeE,
SKOJIOTMM U JUHAMHKE B YCIOBHUSX ApaibCKOTO KpH3UCa CIOCOOCTBOBAN MPHUPOIAOOXPAHHBIN
npoekt IOHECKO (509/RAS/40-41) c¢ oryeramu 3a stambl 1992-1996 rr. m 1997-2000 rr.
«OKOJIOTHUECKUE HUCCIENOBAaHUS U MOHMTOPHMHI B AenbTax Amynapbu u Celpaapsu. OcHoBa Ais
BoccraHoBneHus» («Ecological research and monitoring of the Aral sea deltas. A basis for
restoration. Ecological research and monitoring of the Aral Sea deltas. A basis for restoration),
noJiiep>kaHHbli (MHAHCOBO MMHUCTEPCTBOM HayKU U TEXHOJIOTUU [ epMaHuH.

I'pynna ydeHslx U3 nabopatopuu J[MHAMUKM Ha3€MHBIX SKOCHCTEM IOl BIMSHUEM BOJHOTO
¢aktopa HMuHctutyra BoaHbix mnpobiem PAH P® BoimonHuima uccieoBaHMs Ha  TeMy
«COBpEMEHHbIE U3MEHEHMsI PACTUTEIBHOIO M TOYBEHHOTO MOKPOBA B JEIbTaX PeK AMynapbs U
Ceipaapesi» (Novikova et al., 1998) u «CoxpaneHue pazHooOpa3usi TyraiHbIX OMOKOMIIIEKCOB B
ycnoBuax apunuzaum» (Novikova et al., 2000).
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Puc. 18. Cxema cMeHBI pacTHTENBFHOCTH JENbT Ha MPHUPYCIOBBIX Bajiax, BapHaHT ¢ ApeBecHbIM TyraeMm (Kyct, 1999).
Yenosnvie o6o3navenus k puc. 18-20: Axp — Aeluropus litoralis (axpex); Ap — Aristida karelinii (cenun); bp — Anabasis
salsa (6utopryn); BCk — Haloxylon persicum (Genblii cakcayn); bs— Salsola arbuscula (6osinbra); Bit — Calamagrostis
epigeios (BeliHnK HazeMHbIN); Bk — Alhagi pseudalhagi (BepOiroxbst komtouka); ['urp — rurpoduter, I'plIMm — nmuonepHble
nicammoutel (Aristida karelinii, Ammodendron konollyi); lep3 — Lycium ruthenicum, L. turcomanicum (nepesa); 1B —
Salix songoorica, S. wilhelmsiana (wBbl); In — Carex physodes (ocoka mnecuanasi, wnak); Ut — Anabasis aphylla
(urnerex); Kal — Kalidium caspicum (noramnuk); Kap — Halostachys caspica (xapabapak); Kr — Salsola dendroides
(conmsiHKa npeBoBUAHAS, KaparaHa); Kepm — Limonium otolepis (xepmex); Kit — Leymus arenaria (KOJOCHSK TECHAHBIN);
Ky — Salsola orientalis (keiipeyk); Kypu — Atraphaxis spinosa (kypuaBka); Kyct — kycrapauku-nicammodutst (Calligonum
sp., Salsola richterii); CIl — Elaeagnus orientalis (nox); AJl — Elaeagnus turcomanica (nox); Hutp — Nitraria shoeberi
(cenutpsinka); On — Carex physodes (necuanasi ocoka); [103 — Artemisia terrae-albae (nonwiHp OenozemenpHas); [Im —
ncammoduter, P3 — Typha sp. (poros); Pt — paznorpasse; Pb — Poa bulbosa (Msatiuk nykoBuunblit); C3 — Halocnemum
strobilaceae (capcazan); Cit — Glycyrriza glabra — (cononka rmaakasi) — AIl; Cn — Glycyrriza uralensis — (comomka
ypanbckasi) — CI; Conep — Salicornia europaea (conepoc); Co — ogHoneTnre rajaoputsl (consHkm), Tam — Tamarix sp.
(tamapuxc, Bunpl); Td — Tortula desertorum (nyctoinnbiii Mox); Tep — Krasheninnikovia ceratoides (tepecken); Tom —
Populus ariana (tonons apwiickuit), Tp — Phragmites australis (TpocthHuk); ®Kp — KOpHEBHIIHBIE (PpeaTOPUTHI
(Glycyrriza glabra, Phragmites australis); YCk — Haloxylon aphyllum (depHbIit cakcaym); ------ HA JIETKUX OTJIOXKEHHAX;
Al — romsko B nenpre AMy-Zapen; CII — Tonmsko B gensre Coip-Japen; [ | — Bctpedaercs B aenpre Coip-Lapey; { } — He
Bcrpevaercs B nenbre Chip-Jlapeu. Fig. 18. Scheme of vegetation changes in the deltas on the riverbed leeves, a variant
with a tugai forest (Kyct, 1999). Legend to Fig. 18-20: Axp — Aeluropus litoralis; Ap — Aristida karelinii; bp — Anabasis
salsa; BCx — Haloxylon persicum; bs — Salsola arbuscula; Bit — Calamagrostis epigeios; Bk — Alhagi pseudalhag; T'urp —
hygrophytes; I'pIIm — pioneer psammophytes (Aristida karelinii, Ammodendron konollyi); dep3 — Lycium ruthenicum,
L. turcomanicum; B — Salix songoorica, S. wilhelmsiana; in — Carex physodes; 'ttt — Anabasis aphylla; Kal — Kalidium
caspicum;, Kap — Halostachys caspica; Kr — Salsola dendroides; Kepm — Limonium otolepis; Kn — Leymus arenaria; Ky —
Salsola orientalis; Kypu — Atraphaxis spinosa; Kyct — psammophyte shrubs (Calligonum sp., Salsola richterii); CI —
Elaeagnus orientalis; AJl — Elaeagnus turcomanica; Hutp — Nitraria shoeberi; On — Carex physodes; 1163 — Artemisia
terrae-albae; IIm — psammophytes; P3 — Typha sp.; Pt — mixed forbs; Pb — Poa bulbosa; C3 — Halocnemum strobilaceae;
Cxn — Glycyrriza glabra — A[l; Cn — Glycyrriza uralensis — CJ1; Conep — Salicornia europaea; Co — annual halophytes
(Salsola sp.); Tam — Tamarix sp.; Td — Tortula desertorum; Tep — Krasheninnikovia ceratoides; Tont — Populus ariana; Tp
— Phragmites australis; ®xp — rhizome phreatophytes (Glycyrriza glabra, Phragmites australis); YCk — Haloxylon
aphyllum; ------ — on the light depoits; Al — only in the Amu Darya Delta; CJ] — only in the Syr Darya Delta; [ ] — can be
found in the Syr Darya Delta; { } — cannot be found in the Syr Darya Delta.
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Puc. 19. Cxema cMeHBI paCTUTEIBLHOCTH JISTBT Ha CKJIOHAX MpupyciaoBbix BasioB (Kycr, 1999).
Fig. 19. Scheme of vegetation changes in the deltas on the slopes of riverbed leeves (Kyct, 1999).
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Puc. 20. Cxema cMeHbI paCTUTENIHOCTH JIeNbT B MeXPYcIoBbIX noHmwkeHusax (Kyer, 1999).
Fig. 20. Scheme of vegetation changes in the deltas of the inter-channel depressions (Kyct, 1999).
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B pamkax pabot mo nmepBomy npoeKTy Obliia MpOBeeHAa HHBEHTAPU3ALUS PA3HOOOpa3Hsl IOYB U
¢duTopazHooOpa3uss W paszpaboTaHa dJCKTpOHHAs OKojoro-reorpaduueckas 0a3a JaHHBIX
(Tpodumona, 2003). B Hee ObLIM BKIIIOYCHBI JAHHBIC MOJIEBBIX MCCIICIOBAHUN, MPOBOIUBIINXCS B
nenbre AMynapbu U Ha 0OCOXIIIEM JIHE MOps COTpyIHUKaMu Jadoparopuu ¢ 1979 r. u KOHKpEeTHbIE
TaHHBIE W3 HAy4HbIX myonukamuidi ¢ 1947 1. OHa cocrout m3 18 CBSA3aHHBIX MEXIy C000M
PENSIIUOHHBIX TAOJIHUI] ¢ KOHKPETHBIMH KOJIMYECTBEHHBIMU JIaHHBIMU U CIPABOYHBIM MAaTEPHUATIOM.
[TockonbKy B TepHOJ, KOT/Aa NPOBOJIWINCH HCCIEIOBAHUSA, OTCYTCTBOBaja BO3MOXKHOCTH
MOJIy4eHUsI TOYHOU Teorpaduyeckol MpPUBSA3KH, OBUIO MPOBENEHO JaHAMAPTHO-IKOJIOTHIECKOE
pailoHMpOBaHUE TEPPUTOPHM JACIBTHI W JUIS KaXKIOW TOYKM B 0a3e MaHHBIX reorpaduyeckas
nHbOpManKs BKIIOYaeT HOMEp paiioHa M dIIEMEHTa JIEIbTOBOTO Me3openbeda, Ha KOTOpOM OHa
pacrionaraercsi. BakHOW 0COOGHHOCTBIO CTPYKTYphl 0a3bl [aHHBIX SIBISETCS pa3leleHue
nHGOpMAINY Ha JIBE KaTETOPUU — JTAHHBIX O PACTUTENILHBIX COOOIIECTBAaxX M JaHHBIX O BHIaX. Bee
CBSI3W WAYT Yepe3 WHAWBHIyAIbHBIE HOMEpA KIIFOYEBBIX YYACTKOB (F€000TAaHMYECKHX TUIOMIA/IOK).
Jlornueckue cCBsi3M  Mexay Tabnumamu  peanu3oBaHbl B CYBJ]  Acsess, TO3BOJISIONIYIO
Moaudukanuio basel mannbeix, uto obecrieunBaet ee (b)) pazButue. BBOoJ MCXOMHBIX JaHHBIX B
paspabotannyto BbJ[ ocymectBisiercst ¢ moMorisio GpopM BBOAa/BbIBOAa MHGoOpMaiuu. B To ke
BpeMsi Acsess aBTOMAaTHYECKH OTCIIC)KHBAET IEIOCTHOCTh CBSI3€H MpH MOOAaBICHUN M W3MEHEHHUU
3HAYCHHM KITIOYEBBIX MMoJiei. B 6a3y maHHBIX BBeeHO 838 ommcanuii yyacTKOB 3a mepuoa ¢ 1947 r.
mo 2000 r. ba3za nmaHHBIX IepeAaHa B SKCILTyaTal[UIO JUIi MOHUTOPHHIA OKPYXKAroLEH Cpenasl
IOxnoro Ilpuapanes B ['ocymapcTBeHHBIM komuteT mnpuponsl Pecnyonuku Kapakanmakcran
(Novikova et al., 1998). O6paboTka uHopMaIuH, CoAepKAIICHCST B DKOJIOTHIECKON 0a3e TaHHBIX,
MO3BOJIMJIA YCTAHOBUTH OCOOEHHOCTH (PUTOpa3sHOOOpa3usi JAeNbThl AMynappb Ha YpOBHE
CUHTaKCOHOB (COOOIIECTB), BBIMOJIHUThL KJIacCU(PHUKAIIUIO pacTHTENbHBIX coobmiectB (Ky3pmuHa,
1997). DxonoruvecKkuii aHaIM3 PACTUTEIBHBIX COOOIIECTB HAa OCHOBE MJAHHBIX IJIsl JCIBTHI
Amynapby TO3BOJIMJ BBIIBUTH [JUAaNa30H 3HAYCHUN 3acCOJICHUS TMOYB M TJIyOMH 3ajeraHus
TPYHTOBBIX BOJA JJsi OOJIBIIMHCTBA pacTUTENbHBIX (opmarnuii u pazpaboTaTh 3KOJIOTO-
JUHAMHYECKYI0 Mojenb (puc. 21), IEeMOHCTPUPYIOLIYIO 3KOJIOTHUECKHE CBA3M U CMEHBI
PacTUTENHHOCTH BIOJIb TPAJAUEHTOB OCHOBHBIX (hakTOopoB cpeabl. [loneBbie ucciaenoBanus 1992-
1996 rr. mo3BOJIUIM OICHUTH JWHAMUYECKOE COCTOSHHUE KaXKIOrO0 M3 TUIIOB PACTUTEIBHBIX
coo01iecTB B panre GopMaii U acCoIHaIHH.

Ha »st0ii monenu (puc. 21) mon wucueswyguiumu TOHUMAIOTCS COOOIIECTBA, KOTOpbIE HE
BCTpeuaroTcs 0ojiee B CBOEM XapaKTEPHOM OMOTONE B ONTHUMAIBHOM >KU3HEHHOM COCTOSIHUM (AJ1s1
JIECOB — CpEIHEBO3pPACTHBIE JIPEBOCTOM) Aa’ke HAa MUHUMAJbHBIX IUIOMIAJIAX BBISBICHUS (A5
JIeCHBIX coobOmecTB — 20 Mm%, s TpaBsiHbIX — 10 Mz). CooO1ecTBaMu, HAXOOAUWUMUCS HA 2PAHU
ucuesHosenusi 00O3HAUEHBI Te, IUIOIIAAL KOTOpPHIX 3aHUMaeT MeHee 10% oOT MHOTEHIUATbHO
BO3MOXXHOW B COBPEMEHHBIX YCIOBUAX. JKuzHecnocoOHwvimu TIOKazaHbl (opmanuu He
MpEeTepeBIINe CYyIIECTBEHHOIO COKpAIIEHUS IJIONIaN pacpoCcTpaHeHus ¢ cepeautbl 70-X rooB
MOCJIe 3aperyjIupoOBaHUs PEYHOTO CTOKAa B HHU30BbAX AMYAapbd M JO HACTOSIIETO BPEMEHH.
Pacnpocmpansarowumucsa o603HaueHbl (GOpMalK, YBEIWYUBIINE 3aHUMAEMYIO IUIOMIAAb 3a
aHAJIOTUYHBINA IEPUO/I.

Takum 06pazom, B AenbTe AMyAapbd CEroAHS NMPAKTUUECKH HCUYE3HYBLUIMMH CIielyeT CUUTaTh
TUNWYHBIE TyraiHble JApeBecHble Qopmauuun Saliceta songaricae, Elaeagneta turcomanicae,
E. angustifoliae. Ha rpaHM HCYe3HOBEHMs HAXOATCS OCHOBHbIE TyraiiHble npeBecHble (Populeta
arianae, P. pruinosae), xyctapaukoBble (Tamariceta ramosissimae, Halimodendreta halodendrii) n
TpaBsiuple Gopmauuu (Calamagrostideta dubiae, C. epigeios, Eriantheta ravennae, Phragmiteta
australiae). Cpemy TyrailHeIX (popMaluii JUIIb aHTPONIOTeHHO Npou3BoaHble (Tamariceta hispidae,
Karelinieta caspicae, Alhageta pseudalhagi), BO3HUKHOBEHHE KOTOPBIX MEITUKOM OIPEACTISIETCS
JeATEIbHOCTBIO YEJIOBEKa, SBIISIOTCS KU3HECTIOCOOHBIMU. Bech KOMIUIEKC e€CTECTBEHHOW TyraitHoM
PACTUTENBHOCTH (TpaBsiHbIE, KYCTAPHUKOBBIE U JIPEBECHBIE) HAXOAUTCS 110]1 YTPO30i HCUE3HOBEHHUSL.
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Puc. 21. Mojenbs TMHAMHUKH PacTUTENBHBIX COOOIIECTB B JieTbTe AMyIapbH U olleHKa ux coctostHus (Kyspmuna, Tpemkun, 2009).
Fig. 21. Dynamics model of the plant communities in the Amu Darya Delta and their state assessment (Ky3pmuna, Tpemkun, 2009).
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Eme oqna mojenb pacTUTENbHOCTH 1ei1bThl AMynapeu 1980-x rogos — Kapra pacturenbHocTu
nenbTel AMynapbu, paspadoranHas H.M. HoBukosoit u O.A. Anpaskooit B 1990 1. (Novikova,
Aldjakova, 2008; puc. 22). Kapta u nerenga kK Heil cocTaBjeHbl Ha JaHAMA(PTHOW OCHOBE C
WCTIOJIb30BAHMEM  Pa3pabOTaHHBIX JKOJIOTO-TEHETHYeCKuX psanoB. Kapra cocraBmsiace ¢
MCIIOJIb30BAHUEM MaTE€PHAJIOB JUCTAHIIMOHHOTO 30HIMPOBAHMS (IIPEUMYIIECTBEHHO KOCMUYECKHE
caumku Landsat 7).

JUis. WILTIOCTpaIii KOHTYPOB KapThl NpUBOAUM (GoTorpaduu pacTUTENBHBIX COOOIIECTB B
nanamadTe ¥ TOMHUHAHTOB PACTUTEIBHBIX coo0tmecTB ((poTo 1-9).

®oto 1. PacturenbHOE COOOIIECTBO TOIMOJS PA3HOJUMCTHOTO C BEpONIOKBEH KOJIOUKOW |
tepeckeHOM  (Populus  diversifolia—Krashnennikovia  ceratoides—Alhagi  pseudalhagi) nHa
KOPKYIOIIMXCST  JIyTOBO-TYralHBIX I0YBaX Ha NPHUPYCIOBOM Bally B JeiIbTe AMYyJIapbu
(boto H.M. HoBukoBoir, 1985). Photo 1. Plant community of Populus diversifolia—
Krashnennikovia ceratoides—Alhagi pseudalhagi on the crusty meadow-tugai soils on the levee in
the Amu Darya Delta (photo by N.M. Novikova, 1985).

H3yuenue  OuHamuku  nNpupooOHvlX — KOMHIEKCO8 €  NOMOWbIO  MONO-9KOJI02UYECKO20
npogunuposanus. HaTypHble HaOMIOAECHUS HENOCPEACTBEHHO B JIaHAWIA(PTAaX Jal0T BaXHYIO
KOJIMYECTBEHHYI0 HMH(popMaluio 000 Bcex KOMIOHEHTax JaHamadra. Vcnosb3oBaHue MeTona
TOTIO-3KOJOTMYECKOT0  MHCTPYMEHTAJIbHOTO  MPO(UIMPOBAHUS TO3BOJISIET CBSI3aTh  TOYKHU
HaOJI0/IeHUI ¢ BBICOTHBIMH OTMETKaMH penbeda, OTHOCUTEIbHON BBICOTON HAJ ype3oM BOJbl B
BOJHOM OOBEKTE, YPOBHEM TI'PYHTOBBIX BOJ, TIyOMHOW 3ajeraHus TOPU30HTOB MAaKCHMalIbHOTO
3aCOJIEHUS], PACTUTENBHBIM COOOIIECTBAMH U OTAEIbHBIMU BUJIAMH.

B nmepuon Hamux ucciaenoBaHuil B nenbre peku Amynapeu (1979-2000 rr.) HabmoaeHus: Ha
TOTO-3KOJIOTUYECKUX MPO(WISX MPOBOJWINCH B HEOCBOCHHOW IOJ| OpPOIIEHHE YacTH JeNbThl
(Kanracbaes u ap., 1980, 1981; KopmynoBa, HoBukoBa, 1990 u nap.) B mpuUMOpCKOH HacTu
(MyiiHakckuil poduib), B LeHTpanbHOW yactu (mpoduiuu Ilopnsitay, AcranTail) 1 B BOCTOYHOM
yactd AenbThl (mpodunu Tamapikckuii, Epkunmapes). [Ipodunm mnpoknaapBaroTcs «BKpeCT
penbeday, mepecekas pasHbIE AJIEMEHTHI JEIbTOBOTO peibeda M XapaKTEepU3YIOT COCTOSIHHE
IIPUPOJIHBIX KOMIUIEKCOB HA MOMEHT ChEMKH.
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Puc. 22. Kapra pacrurensHoctu FOxuoro Ipuapanss, 1990 (Novikova, Aldjakova, 2008). Jlecenoa. 1 — Coveranust u
KOMILJICKCBI aBTOMOD(hHBIX KIIMMAKCOBBIX (bI/ITOI_IeHO3OB Ha 30HAJIBHBIX CeDO—6VDBIX CYIJIMHUCTBIX II0YBaX: 1 -
KOMIIJICKC 6I/IIOprHOBLIX, CEPO3EMEIIBHOITOJIBIHHBIX, KEYPEKOBBIX COO6H.[eCTB C ydJacTuem 605[.]'[])1‘-13, Kyp4YaBKH,
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YEpHOI'0 cakcaylla Ha CepoOypBIX 3arWICOBAHHBIX IMOYBAaX, 2 — KOMIUIEKC IPOIEHO30B NMETPOGHUTOB M OUIOPIYHOBO-
TIONBIHHBIX (PUTOIIEHO30B Ha CEpoOypHIX IMOYBAaX, 3 — COUYETaHHA TPYIIHPOBOK KYSH-CyeKa, CaKCayJbHUKOB W
YEPKE3HUKOB C OOSUIBIYHUKAMH, KEYypeYHMKaMH W TIIOJBIHHUKaMH Ha CepoOypBIX ClIa0Opa3BHUTHIX MOYBaX II0
TIOHIDKEHUSIM, 4 — KOMIUIEKCHl OHMIOPTYHOBBIX, OE€II03eMENIbHONONBIHHBIX U KEYpPEeKOBBIX COOOIIECTB Ha OYpBIX
TUIWYHBIX U 3aruncoBaHHbIX mousax. Il — CoyeraHus M KOMIUIEKCH (PUTOIEHO30B IcaMMOGHIbHEIX OMOPOQHTOB 1
cepuil CHUHAMHAMHUYECKHX CYKIECCHH: 5 — KOMIUIEKCHl COOOILECTB CelIMHA, 4YepKeca, XXy3ryHa Ha IIeCUaHBIX
MPUMHUTUBHBIX IOYBaX W CEpUH TPYNIUPOBOK TraqopUTOB — TaMapHKca, Kapabapaka, OIHOJETHHX COJSIHOK
CHHIMHAMHYECKUX CYKIIECCHI 110 MOHWKEHHsIM, 6 — codeTaHusl COOOIIEeCTB TaMapHKca U Kapabapaka Ha CylecYaHbIX
c1abopa3BUTHIX MMOYBaX Ha Oyrpax ¢ TPYNIHMPOBKaMH TOTAIIHWKA M Kapabapaka Ha coiioH4akax noHwmwxeHuid. I —
PactutencHble coobuiecTBa CHHAMHAMUYECKUX TajO-THAPOTEHHBIX CYKIIECCHH B COJIOHYAKOBBIX Jenpeccusx: 7 —
coueranusi (UIYKTYHPYIOIIMX COOOLIECTB TaMapHKCOB M Kapabapaka Ha CyNeCYaHbIX CYTJIMHHCTBIX COJOHYAaKOBBIX
MOYBaxX TIOBBIICHUH W CEpUH MNPOIEHO30B OJHOJNETHUX COJSHOK Ha WJIMCTBIX COJOHYaKax moHwkeHuit. IV —
CoyeraHuss M KOMIUIEKCHI CepHH (HTOLEHO30B B MPOIIECCE OMYCTHIHMBAHUS TYralHOW pAacTUTENLHOCTH U
OTaKbIPUBaHMs TOYB: 8 — cOUeTaHWs COJITHKOBBIX UYEPHOCAKCAYJIbHHUKOB Ha CEPOOYpPBIX TAKBIPOBUIHBIX II0YBAX,
U3pelIKa TPYIIUPOBOK KY3ryHa M OJHOJETHUX COISTHOK Ha MecYaHbIX cIabopa3BHUTHIX ITOYBax OyrpoB, 9 — codyeranus
IPYNIIUPOBOK TYPaHTH, TAMapHKCOB C y4aCTHEM YEpHOro cakcayia M KapraHa Ha OCTaTOYHO JIyTOBBIX OTaKbIPEHHBIX
nouBax, 10 — codeTaHus TpyNIHPOBOK TaMapHKCOB, YEPHOrO cakcayna, Kapabapaka Ha JIyrOBO-TYrailHbIX
OTaKbIPEHHBIX TIOYBaX W MECTAMH C 3apOCIIsIMH TPOCTHHKAa Ha THUIPOMOPQHBIX JIYroBo-OOJOTHBIX mouBax, 11 —
KOMIUIEKC YePHOCAKCayI0BO-TAMAPHKCOBBIX COOOIIECTB Ha JIYTOBBIX OTAKBIPEHHBIX MOYBAX, ()PArMEHTOB TYPAHTOBOTO
Tyras Ha JYrOBBIX TYraWHBIX TOYBaX W IMPOLCHO30B OJHOJIETHUX COJITHOK Ha COJIOHYAKOBATHIX M COJIOHYAKOBATO-
TaKbIPOBUHBIX MOYBax. 12 — KOMIUIEKC TPYIITUPOBOK TaMapHKCOB C YJacTHEM KapraHa, kapabapaka M WTIETeKa,
KapabapayHUKOB HA COJIOHYAKOBBIX IMOYBAaX U (hparMeHTOB JIOXOBOI'O TYyras Ha 3aCOJEHHBIX JYTOBO-TYraliHbIX MMOYBaX,
13 — coueraHus rpynmUpoOBOK KapraHa Ha OCTATOYHBIX OTAKBIPUBAIOIIUXCS COJNIOHYAKaX, ()parMEHTOB TaMapUKCOBO-
YUHTHWJIOBOI'O TYyTast Ha J'lyTOBO-TyFaﬁHBIX MmoyBax M TCPECKCHHUKOB Ha TaKbIpax, 14 — coueranus MOHOIICHO30B
YUHTUWIA U KCHABIPSA Ha ONCCUYAHCHBIX 3aCOJICHHBIX HyFOBO-TyTaﬁHLIX nmoyBax M CAMHUYHBIX OAHOJICTHHUX COJITHOK Ha
COJIOHYAKOBBIX ITyCTOIIaX, 15 — co4eTaHWs TPOCTHUKOBO-COJSIHKOBBIX M TaMapHKCOBBIX COOOIIECTB € y4acCTKaMH
COJITHOK Ha OO0JOTHO-COJIOHYAKOBHIX M TOP(SIHO-OONOTHBIX OTaKbIPEHHBIX MOYBaX, 16 — TPOCTHUKOBBIC 3apOCIH Ha
00JIOTHO-COJIOHYAKOBEIX MouBaxX. V — CodeTaHHs M KOMIUIEKCH (HUTOLEHO30B (hpeaTohUTOB HK30AMHAMUYECKUX
THAPOTCHHBIX CYKIECCHH BIOJIb PEYHBIX NPOTOK: 17 — coderaHus (QIyKTyHpYyIOIIMX COOOIIECTB pPa3pex EHHBIX
TaMapUKCOB, Q)KPEKOBBIX JYIOB HA JIYTOBBIX M JIYrOBO-TYralHBIX IOYBAaX M TPOCTHUKOBBIX 3apociell Ha JIyroBo-
00IOTHBIX ci1ab0cOpMHUPOBAaHHBIX MOYBax, 18 — coueraHne QIYKTYHPYIOIIMX TaMapUKCOBO-TYPAHI'OBBIX TYTraeB Ha
JIyrOBO-TYTalHbBIX ONECYAHEHBIX ITOYBAX HPHPYCIOBBIX BAJOB M €IMHUYHBIX IcaMMO(UTOB Ha Hec(HOPMHUPOBAHHBIX
MOYBaX IECYAHBIX OTIOKECHUH MOMMBI, 19 — KOMIUIEKC a)XXpEKOBBHIX Jy)KaeK M IPOLEHO30B cOJepoca Ha JIYTOBBIX
conoHyakax, 20 — ¢parMeHThl TYpaHTOBO-JIOXOBO-YHHTMIIEBBIX TYraeB Ha JYrOBO-TYTaWHBIX MOYBaX B COYETAHHH C
MPOLIEHO3aMH JIypPHUIIHKUKA, 0COTa W JPYroro COPHOTPaBbsl Ha Cll0ab0cOPMHUPOBAHHBIX OOJOTHBIX mouBax, 21 —
KOMIUIEKC TaMapHKCOBO-KaPAaraHOBBIX, TPOCTHUKOBBIX M KapabapaKOBBIX COOOIIECTB Ha JYTOBBIX THIMYHBIX H
OTAaKBIPUBAIOIIMXCS COJIOHYaKax ¥ INPOLEHO30B TaMapUKca M capca3aHa Ha MOKPBIX COJOHYaKaX, 22 — KOMIUIEKC
TPYIIIUPOBOK U COOOIIECTB TPOCTHHKA, TAMAPHKCOB C Y4YacTHEM SHTaKa Ha JYTOBBIX M JIYTOBO-OOJNOTHBIX
c1abopa3BUTHIX MOYBAX U OJHOJIETHUX CONTHOK C Pa3HOTPaBbEM Ha OOJOTHO-COMOHYAKOBBIX CIAa0OPa3BUTHIX MOYBAX,
23 — coueTaHHMs TPOCTHHKOBHIX MOHOIIEHO30B Ha TOP(SIHO-OONOTHBIX IMOYBAaX M KapabapadHHKOB C y4acTHEM
TaMapUKCOB Ha JIyTOBO-COJIOHYAKOBBIX IOYBAX, 24 — COYETaHHs BEHHHKOBO-YMHTHJIEBBIX M TAMAPUKCOBBIX TYraeB C
y4acTHeM TYpaHTH H JioXa Ha JYrOBO-TYyrallHBIX MECTaMH OTaKbIPEHHBIX MOYBAX C TPOCTHUKOBBIMH MOHOLIGHO3aMH Ha
0O0JOTHBIX CcNabOPa3BUTHIX, NMEPHOANYECKU 3aJIMBAEMbIX IOYBAX, 25 — KOMIUIEKC COJISHKOBBIX TaMapHCYaTHHKOB U
TPYIIUPOBOK Polygonum spp. Ha TEPUOIUYECKH 3aJIMBaeMBIX JTYroBbIX comoH4yakax. VI — CodyeraHus M KOMIUICKCHI
cepuil (QUTOIEHO30B 1caMMO(UTOB W raqoUTOB CHHANHAMHYECKHX CYKIECCHH TpaHC()OpMAallMK COJIOHYAKOB IIPH
OlleCYaHHMBaHUM: 26 — PYNIHMPOBKH 3PEMOCIIApTOHA, TaMapuKca, JKy3I'yHa, CENUTPSHKU, Nepe3sl (Eremosparton
aphyllum, Tamarix spp., Calligonum spp., Nitraria shoeberi, Lycium ruthenicum) Ha TeCYaHO-IIyCTBIHHBIX IOYBaX
OyrpoB B coueTaHUU ¢ d(PeAPOBEIME cMemmaHocakcaynpbaukamu (Haloxylon aphyllum+H. persicum-Ephedra dystachya)
Ha TIeCYaHBIX OCTAaTOYHBIX COJIOHYAKOBaX MOYBAX, 27 — KOMIUIEKC MOHOLICHO30B CEJIMTPSIHKH, TAMApHUKCOB, CaKcayJIoB
(Nitraria purum, Tamarix spp., Haloxylon spp.) ecuaHO-ITyCTBIHHBIX CIIA00Pa3BUTHIX MOYBAX M MPOIIEHO30B CONEpoca,
mBenku, capcaszana (Salicornia perennis, Suaeda spp., Halocnemum strobilaceum) Ha coloHYaKaxX MeEKOYTPOBBIX
TIOHIKEHHH C JIOKaJbHBIMH MOHOIICHO3aMH TPOCTHHKA Y BBIXOZOB POJHHMKOB, 28 — coueTaHMs NMPOIIEHO30B YepKe3a,
yepHOro cakcayna (Salsola richterii, Haloxylon aphyllum) M OTHOJIETHHUX CONSHOK Ha CIa0OPa3BUTHIX MECYAHBIX
MoYBax, 29 — covyeTaHHs rPYNIIUPOBOK M COOOLIECTB YEPHOT'O cakcayia U TaMapUKCOB Ha MAJOMOIIHBIX HEPa3BHTHIX
MECYaHBIX IMOYBAX C COOOIIECTBAMH JKy3TyHa, TAMApPHUKCOB, CMEIIAHHOCAKCAYIbHUKOB C yJacTHEM pa3HOTPaBbs Ha
MOIIHBIX TPUMHTHBHBIX NeCYaHbIX IMmouBaxX, 30 — rpynmmpoBku Xy3ryHa Calligonum aphyllum B coueranmn c
MIPOLIEHO3aMH OJHOJIETHUX COJITHOK Ha HEPa3BUTHIX HABESHHBIX MOYBAX MECKOB, 31 — coueTaHws TPYNIHMPOBOK KYSH-
cyeka, uepkesa (Ammodendron conollyi, Salsola richterii) CONsTHOK Ha TPUMUTHBHBIX ITECUYAHBIX ITOYBAX U JOKAJIBHBIX
MOHOILICHO30B TpOCTHHKA (Pragmites australis) y BbIXOJa POAHUKOB HA COJOHYAaKax, 32 — COUETAHHS IPOICHO30B
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conepoca, mBenku, Jedbensl (Salicornia perennis, Suaeda spp., Atriplex spp.) Ha TPHUMOPCKUX COJOHYAKAX U
OJIHOJIETHUX COJITHOK C y4acTHEM MCaMMO(UTOB Ha HABESHHBIX MecKax U ciaabopa3Buthix nouBax. VII — Coueranus u
KOMILICKCBI CepUid (QIYKTYHPYIONMX (UTOIEHO30B CHHAMHAMUYCCKUX HAPOrEHHBIX CYKIIECCHH Ha MOPCKOM Oepery:
33 — mpoueHo3sl conepoca, mBenok (Salicornia perennis, Suaeda spp.) Ha IPUMOPCKHX COJIOHYAKAX, NMEPHOIMICCKH
3aJIMBacMble MOPCKOH BOmO#, 34 — codYeTaHUS a)XPEKOBBIX, TaMapHWKCOBBIX (Aeluropus littoralis, Tamarix spp.)
COOONIECTB € yYacTHEM TPOCTHHKA HA JIyTOBO-COJOHYAKOBBIX MOYBAX, KapabapakoBO-TOTAIIHUKOBBIX (Halostachys
caspica—Kalidium foliatum) ¢ yaacTueM CETUTPSIHKH U KmuMmakontepsl (Nitraria shoeberi, Climacoptera aralensis) Ha
TUIAYHO COJIOHYAKOBBIX W MOHOIICHO30B TaMapHKCOB HAa OIMECYAHEHHBIX JYTOBO-COJOHYAKOBBIX MOYBaxX, 35—
COYETAaHUS Kpemel TPOCTHUKA, MPOIICHO30B OJHOJCTHUX COJSHOK, MOHOIICHO30B poro3a u Kamseima 1ypha latifoila,
Scirpus lacustris Ha OGONOTHBIX CIa0OpPa3BUTBHIX TOYBaX, 36 — COUCTAHUS MOHOIICHO30B TPOCTHHKA HA [UTHUTEIBHO
3aJIMBAEMbIX Y4acTKaX, TPYMIHPOBOK TAMAPHKCOB C yIACTHEM TPOCTHHKA HA YYACTKaX C PACTEKAHHEM TTOBEPXHOCTHBIX
BOJI ¥ TPYIIIIUPOBOK capcasaHa, kapabdapaka (Halostachys caspica, Halocnemum strobilaceum) ¢ yaacTueM TaMapHKCOB
Ha COJOHYAKaX MEPHOJUYECKH 3alMBaeMbIX, 37 — COYETaHWs Kpered TPOCTHHKA Ha 3aTOIUIEMBIX yJ4acTKax H
IPYIITUPOBOK TAMAPHUKCOB C yYacTHEM TPOCTHHKA Ha THUMUYHBIX conmonuakax. VIII — KyiabTypHas pacTHTEIbHOCTS:
38 — prcoBbIe MONS ¢ KOMIUIEKCOM THAPOMOP(HBIX COPHIKOB M TPOCTHHKA, 39 — XJIOTMKOBBIC, JIOIEPHOBBIC MO H
3aJI)KU ¢ KOMIUIEKCOM Pa3HOTpaBbsi, 40 — mocaaku TypaHru, joxa Elaeagnus spp.n MpOYUX B HACEICHHBIX MYHKTAaX,
YyepHOro cakcayna, uepkesa (Haloxylon aphyllum, Salsola richterii) — Ha ocymenHoit aenpre. IX — Yyactku 6e3
pactutenbHOCTH: 41 — COJOHYAKU (MOPCKHUE, MyXJibie), 42 — COJOHYAKOBAThIC MyCTOIIH, 43 — MacCHUBBI OapXaHHBIX
neckoB. Fig. 22. Vegetation map of the South Aral Sea Region in 1990 (Novikova, Aldjakova, 2008). Legend. 1 —
Combinations and complexes of the automorphic climax phytocoenoes on zonal gray-brown loamy soils: 1 —
Complexes of communities with dominance of Anabasis salsa, Artemisia terrae-albae, Salsola orientalis and
participation of Salsola arbuscula, Atraphaxis spinosa, Haloxylon aphyllum on gray-brown gypsum soils, 2 —
Complexes of procenoses of petrofites and communities of Artemisia spp.+Anabasis salsa on gray-brown soils, 3 —
Combinations of groups of Ammodendron conollyi, Haloxylon persicum, Salsola richterii with Salsola arbuscula, S.
orientalis, Artemisia spp. on gray-brown primitive soils in depressions, 4 — Complexes of Anabasis salsa, Artemisia
terrae-albae, Salsola orientalis on brown typical and gypsum soils. II — Combinations and complexes of psammophyte-
ombrophyte phytocoenoses and series of communities of syndynamic successions: 5 — Complexes of communities with
dominance of Stipagrostis spp., Salsola richterii, Calligonum spp., on sandy-desert primitive soils and groups of
halophytes — Tamarix spp., Halostachys caspica, annual salsolas as series of syndynamic successions in depressions,
6 — Combinations of communities with dominance of Tamarix spp. and Halostachys caspica on sandy primitive soils at
hillocks with groups of Kalidium foliatum and Halostachys caspica on solonchak soils in depressions. III —
Communities of syndinamic halo-hydrogenic successions within solonchak’s depressions: 7 — Combinations of
fluctuative communities of Tamarix spp. and Halostachys caspica onsandy-loamy solonchak soils of hillocks and series
of procoenoses of annual salsolas at silty solonchaks in depressions. IV — Combinations and complexes of series of
phytocoenoses in processes of desertification of tugai vegetation and takirisation of soils: 8 — Combinations of
Haloxylon aphyllum—Salsola spp. on gray-brown takir-like soils with groups of Calligonum spp. and annual salsolas on
sandy primitive soils of hillocks, 9 — Combinations of groups Populus spp., Tamarix spp. with participation of
Haloxylon aphyllum, Salsola dendroides on the rest meadow takirised soils, 10 — Combinations of groups of Tamarix
spp. Haloxylon aphyllum, Halostachys caspica at the meadow-tugai takirized soils with psrticipation of Phragmites
australis on hydromorphic meadow-bog soils, 11 — Complex of community of Tamarix spp.—Haloxylon aphyllum on
meadow takirized soils, community of Populus spp.—Elaeagnus angustifolia on meadow tugai soils and procoenoses of
annual salsolas on solonchakous and solonchkous-takir-like soils, 12 — Complex of groups of Tamarix spp. with
participation of Salsola dendroides, Halostachys caspica, Anabasis aphylla on solonchaks with fragments of
communities of poplar tugai on solty meadow-tugai soils, 13 — Combination of groups of Salsola dendroides on the rest
takirized solonchaks, communities of Halimodendron halodendron—Tamarix spp. on meadow-tugai soils and
Krasheninnikovia ceratoides on takir soils, 14 — Combination of monocoenoses of Halimodendron halodendron and
Trachomitum orientalis on sandy salty meadow-tugai soils and solonchak empty with single annual soliankas, 15 —
Combination of communities of Salsola spp.—Phragmites australis and Tamarix spp. with annual soliankas on
solonchak-bog and peat-bog takirized soils, 16 — Reeds on solonchakous-bog soils. V — Combinations and complexes of
phytocoenoses of phreatophytes of exo-hydrodynamic successions at the river banks: 17 — Combination of communities
of fluctuative rare Tamarix spp., Aeluropus littoralis meadows on meadow and meadow™ tugai soils with communities
of Phragmites communities purum on bog-meadow primitive soils, 18 — Combination of communities of fluctuative
Popupus spp.—Tamarix spp. of tugai type on meadow-tugai sandy soils of levees and single psammophyte species on
primitive sandy soils of current flood-plain deposits, 19 — Complexes of communities of Aeluropus littoralis and
procoenoses of Salicornia perennis on meadow solonchaks, 20 — Combination of communities of Populus
spp.tElaeagnus angustifolia—Halimodendron halodendron tugai types with communities of annulas weed grass
(Xanthium strumarium, Amarantus retoflexus) on primitive bog soils, 21 — Complex of communities Salsola
dendroides—Tamarix spp., Phragmites australis, Halostachys caspica on typical meadow and takiryzed solonchaks with
procoenoses of on wet solonchaks, 22 — Complex of groups and communities of Phragmites australis, Tamarix spp.
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with participation of Alhagi pseudalhagi on meadow, meadow-bog primitive soils with annual salsolas-mixteherbosa on
slonchak-bog primitive soils, 23 — Combination of communities of Phragmites australis purum on peat-bog soils with
communities of Halostachys caspica—Tamarix spp. on meadow-solonchak soils, 24 — Combination of tugai type
communities of Halomodendron halodendron—Calamagrostis epigeios with participation of Populus diversifolia,
Elaeagnus angustifolia on meadow-tugai takiryzed soils with communities of Phragmites australis purum on rare
flooded primitive bog soils, 25 — Complex of communities of Tamarix spp.—annual Salsolas with groups of Polygonum
spp. on rare flooded meadow-solonchak soils. VI — Combinations and complexes of seres of phytocoenoses of
psammophytes and halophytes of syndynamic successions under processes of transformation of solonchaks by sandy
cover: 26 — Combination of groups of Eremosparton aphyllum, Tamarix spp., Calligonum spp., Nitraria shoeberi,
Lycium ruthenicum on sandy desert soils of top of hillocks with Haloxylon aphyllum+H. persicum—Ephedra dystachya
on sandy residual solonchaks in depressions, 27 — Complex of communities Nitraria purum, Tamarix spp., Haloxylon
spp. on sandy desert primitive soils with procoenoses of Salicornia perennis, Suaeda spp., Halocnemum strobilaceum
on solonchak soils in depressions within sandy hillocks with local patches of Phragmites australis near springs, 28 —
Combination of procoenoses of Salsola richterii, Haloxylon aphyllum, annual salsolas on primitive sandy”™ desert soils,
29 — Combination of communities of Haloxylon aphyllum, Tamarix spp. on thin primitive sandy-desert soils with
communities of Calligonum spp., Haloxylon persicum—H. aphyllum—Mixteherbosum on thick primitive sandy-desert
soils, 30 — Combination of procoenoses of Calligonum aphyllum with annual salsolas on primitive acolian thin sands on
solonchaks, 31 — Combination of communities of Ammodendron conollyi, Salsola richterii on primitive sandy desert
soils with local area of communities of Pragmites australis near springs, 32 — Combination of procoenoses of
Salicornia perennis, Suaeda spp., Atriplex spp. on seashore slonchaks with annual salsolas with participation of
psammophytes on aeolian sand deposits on solonchaks. VII — Combinations and complexes of series of fluctuated
phytocoenoses of sindynamic hydrogenic successions on sea shore: 33 — Procoenoses of Salicornia perennis, Suaeda
spp. on seashore solonchaks of sea beaches, 34 — Combination of communities of Aeluropus littoralis, Tamarix spp.,
with participation of Phragmites australis on meadow-solonchak soils, Halostachys caspica—Kalidium foliatum with
participation of Nitraria shoeberi, Climacoptera aralensis on typical solonchak soils and Tamarix spp. on sandy
meadow-solonchak soils, 35 — Combination of communities of Phragmites australis, annual salsolas, Typha latifoila,
Scirpus lacustris on bog primitive soils, 36 — Combination of communities of Phragmites purum on long flooded area
by river water, groups of Tamarix spp. With participation of Phragmites australis on the area, short flooded by river
water and with groups of Halostachys caspica, Halocnemum strobilaceum, with participation with Tamarix spp. on
sometimes flooded wet solonchaks, 37 — Combination of high reeds flooded by river water with Tamarix spp. with
participation of Phragmites australis on typical wet solonchaks. VIII — Cultivated vegetation: 38 — Rice fields with
participation of weed species and Phragmites australis, 39 — Cotton and alfalfa fields, fallow lands with grass, 40 —
Planted forests of poplar, Elaeagnus spp. in the villages, Haloxylon aphyllum, Salsola richterii in the dry delta near sea
shore. IX — Area without vegetation: 41 — Solonchaks on seashores and dry sea bottom, 42 — Solonchak empty area,
43 — High barchan sandy area.

HccnenoBanus Ha MyitHakckom nipoduiie mpoBoawiuch 1o rnporpamme FOHECKO 509/RAS/40-
Apasibckoe Mope. OHM ObUTM OpraHW30BaHBl M TPOBEACHHI Ha MyHHAKCKOW MEXIyHApOIHOM
cTaHIK BecHOU 1 oceHbio 1993 rona (HoBukosa, Ky3pmuna, 2000; Novikova et al., 1998). Cranmus
pacrosioxeHa Ha ceBepe AMyIapbUHCKOM AEIbTHI B Ipeaenax MyifHakckoro paiiona PecryOnuku
Kapaxkanmnakcran, B 7 KM K 1ory ot r. MyifHak, Ha ileBoM Oepery kanana «l maBmscoy» (puc. 23).

I'upporpaduueckass cetb B paiione Kk 1980-M romam Oblla TPAKTHYECKH IMOJTHOCTHIO
npeoOpa3oBaHa YENOBEKOM, pEXHM BOJOEMOB U KaHAJIOB HCKYCCTBEHHO pErylHpOBaJICA.
CoBpemenHble MarucTpaibible KaHasibl Kumnuak, Tanaeik, ['1aBmMsico u apyrue co3iaHbl Ha MecTe
OBIBIIUX MPOTOK p. AMyJapbu U TPAHCIOPTUPYIOT PEUYHYIO BOAYy B AeibTy. O3epa bombmioil u
Manbii  3akupkosib, Maknan, YarelpiblK, HANOJHSKOTCSA IPECHOW BOJOW NEPUOJWYECKH, B
3aBUCHUMOCTH OT BOJHOCTH TOJia M MOTpeOHOCTEN uppuraiui. B ObIBIINX MOPCKUX 3aTUBax ObLIN
CO3/aHbl HCKYCCTBEHHBIE BOJ0eMbI MyifHakckuit u Pribarkuil. [IpecHas Bosa B 03epax U KaHalax B
MaJjoBOJHBIE TOJBl M MEXKEHHBIM MEepUuoJ MOXKET colepxaTh Oosiee 1.5 I/1 BOJAHOPACTBOPHUMBIX
coneil. Ozepo Yarblpnblk 3ambikaeT Kapamxapckyro cucTeEMy 03€p, MOMOJIHIEMBIX HE TOJBKO
pEe4HOI BOJIOH, HO M BoJamMu U3 PayliaHCKOTro KOJUIEKTOpaA.

[TouBbl paifoHa OOJOTHBIE U JIYrOBbIE, (OPMHUPYIOTCS B THUAPOMOPGHBIX YCIOBUSX HA
AILTIOBUATIBHBIX PEYHBIX OTIIOKEHUAX. B mporiecce »BoONMH TpU OOCBIXaHUH OHH TOIBEPTraroTCs
OTAKBIPUBAHUIO W/WIIM 3aCOJICHUIO, TIOSTOMY BCTPEYAIOTCS MHOTOYHUCIICHHBIE BapHaHTHl B
3aBUCHUMOCTH OT CTETICHU UX TPAHC(HOPMUPOBAHHOCTH B MIPOIECCE OMYCTHIHUBAHMSL.
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doto 2. PactutenbHOE COOOIMIECTBO MOJIOJOTO TOTOJS PA3HOJIMCTHOTO C KapeIMHHEeH KaCTHICKOM
(Populus diversifolia—Karelinia caspia) Ha JIyrOBO-TyraiiHbIX TIOYBax Ha MPUPYCIOBOM BTy MPOTOKH
Epxunpapes O6mu3 yctes B nmenbre Amymapsu (hoto H.M. Houxosoii, 1985). Photo 2. Plant
community of Populus diversifolia—Karelinia caspia on the meadow-tugai soils on the levee of the
Erkindarya Branch in the Amu Darya Delta (photo by N.M. Novikova, 1985).

®oto 3. PactutenbHoe coobiecTBo (popmupyromerocs tyras u3 tomnons (Populus ariana) Ha
JYTOBO-TYTaifHBIX MOYBaX Ha MPHPYCIOBOM Baly Y MarucTpajbHOTO KaHaja OJN3 BO3BHIIICHHOCTH
Tanasik B aenbre Amynapsu (poto H.M. Hosukosoii, 1985). Photo 3. Forming tugai forest of
Populus ariana on the meadow-tugai soils on the levee near the main channel, the Taldyk Hill in
the Amu Darya Delta (photo by N.M. Novikova, 1985).
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doto 4. PacTurensHOE COOOIIECTBO KYCTAPHUKOBOTO YHMHTUJIEBO-TaMapuKcoBoro (Tamarix hispida—
Halimodendron halodendron) Tyras Ha CONOHYaKOBOW TMOYBE HAa CKJIIOHE MPUPYCIOBOTO Baja B
nenbte Amynapeu (horo H.M. Houkosoii, 1985). Photo 4. Plant community of Tamarix hispida—
Halimodendron halodendron on the saline soil of the levee slope in the Amu Darya Delta (photo by
N.M. Novikova, 1985).

®oto 5. Dopmupyromeecss cOOOMIECTBO YEPHOTO CaKcayila ¢ Yy4aCTHEM TaMapuKca IIEPCTHCTOrO
(Haloxylon aphyllum—Tamarix hispida) Ha o0coxuieii MPMOPCKOW paBHUHE B JIENbTe AMYyAapbu
(dporo H.M. HoBuxosoi#i, 1985). Photo 5. Forming community of Haloxylon aphyllum—Tamarix
hispida on the dried-up plain in the Amu Darya Delta (photo by N.M. Novikova, 1985).
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doto 6. Halimodendron halodendron — 4uHrUIL CcepeOpPUCTBII B JAenbTe AMyaapbu
(boto H.M. HoBuxosoit, 1985). Photo 6. Halimodendron halodendron in the Amu Darya Delta
(photo by N.M. Novikova, 1985).

®oro 7. Halostachys belangeriana — conssHOKOIOCHUK B AenbTe AMynapbu (¢poto H.M. HoBukosoi,
1985). Photo 7. Halostachys belangeriana in the Amu Darya Delta (photo by N.M. Novikova, 1985).

PacturensHOCTH MpeACTaBJICHA CepHﬁHBIMH COO6HICCTBaMI/I CYKIECCUOHHBIX pAaOB
OIYCTbIHMBAHUA JOPCBCCHBIX, KYCTAPHHUKOBBIX W TpPABSIHBIX TYT'acB. B paﬁOHe Ha6J'IIOI[aIOTC5I
MPAKTUYICCKH BCE OCHOBHBIC TUIIBI CMCH PACTUTCIIbHOCTH, IIPOUCXOIAIIHNC 1O BIIMAHUEM I'HAPO-, T'aJlo-
1 IICaMMOT'CHHBIX 3KOT'CHCTHYCCKHX CYKI_IGCCI/II\/'I, OTpaXXaromux CYTb T'OJIOTCHECTUYCCKOI'0 Iponecca
HU3MCHCHUA PACTUTCIIbHOCTU JCJIbThI AMYILapLI/I o1 BJIMSIHUEM COKpAIlICHUA 06BOI[HCHHOCTI/I.
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B paitone MyiiHaKCKO# CTaHIIMM pacIojararoTcs 7 BUAOB JaHAMAPTOB: MOJIOTOHAKIOHHBIX
pPaBHUH COBpPEMEHHOM oOcChIXaromiei nenbThl (1); OMyCTHIHEHHBIX PAaBHUH OOCOXIIUX O3€PHBIX
KOTJIOBHH (2), IPUMOPCKOI paBHHUHBI (3), IENbT BBIABIKEHHS, copmupoBaBmuxcs B 60x (4) u B
70x rogax (5); 06COXIIMX MOPCKHX 3JIMBOB U JIHA ApaibcKoTro Mopsi (6), a TakKe HpPHUTAITHOHHBIX
maHImadToOB OpOIIAeMbIX MACCHBOB M aKBAaJbHBIX JIAHMIMIA(QTOB BHOBH OOpa30BAaHHBIX U
BOCCTAHOBJICHHBIX 03€p U TTPOTOKOB (7).

doro 8. Tamarix laxa — Tamapukc peIxibiid B nenbTe Amynapsu (dboto H.M. HoBukosoii, 1985).
Photo 8. Tamarix laxa in the Amu Darya Delta (photo by N.M. Novikova, 1985).

®ot0 9. Salsola dendroides — consinka ApeBOBUIHAS HA OTAKBIPEHHOM COJIOHYAKE B MEXPYCIOBOM
NOHWXeHUU B JienbTe AMynapbu (poro H.M. HoBukoBsoii, 1985). Photo 9. Salsola dendroides on a
takir saline in the inter-river depression of the Amu Darya Delta (photo by N.M. Novikova, 1985).

OKOCHUCTEMBI: OKOJIOI'MA 1 IMHAMMUKA, 2021, Tom 5, Ne 3



HOBUKOBA 117

Uccnenyemast Tepputopust cTabwibHO oOchixana ¢ 60-x ToJ0oB BIUIOTH 10 cepenuHbl 80-X.
D710 OBUIO BBI3BAHO COKpAIEHHUEM MPHUTOKA PEYHOW BOJBI C COOTBETCTBYIOIIUM IMPEKPALICHUEM
MABOJKOBBIX PA3IMBOB, a TAKXKE MAJCHUEM YPOBHS ApPalbCKOTO MOPS, MOBJICKIIETO 3a COO0M
BpE3aHUE pycesl U YCKOPEHHE IMEPEChIXaHUs 03€p M MPOTOKOB. 3a 3TUM IOCJIECI0BAIO CHIKEHUE
YPOBHSI TPYHTOBBIX BOJ| U TOBBIIIEHUE UX MHUHEPATU3AIUU. DTOT MPOIECC IBOIOIUU TTPUPOTHBIX
naHAmadTOB MO MYTH OIYCTHIHUBAHUS M CTAHOBJICHUS OMOKOMIUICKCOB ITYCTHIHHOTO THIIA JIO CHX
MIOP TIPOJIOIKACTCS HA TEPPUTOPHHU JCITbT BBIIBIDKCHUS M 00COXIIETO JHA MOPSL.

Co3nanne MCKYCCTBEHHBIX BOJO0EMOB B MyiiHakckoM U Pribankom 3anuBax B KoHie 80-x
roJ/I0B, HaroJHeHUe 03. Yareipisik, Makmnan, Maibsiii 3akUpKOJib, a TAKXKE OCBOCHHUE T0J] OPOIIICHHE
0e3 apeHaka OOJIBIIUX TUIOMIAZCH OMYCTHIHEHHBIX O3€PHO-JEIbTOBBIX PaBHUH IMPHUBEIU K TOMY,
YTO Ha OOIIMPHON TEPPUTOPHUU PalioHA OTMEYAETCS TTOAbEM IPYHTOBBIX BO/JI, YBEIUUYCHHUE TUIOIATN
TUAPOMOP(HBIX 3aCOJEHHBIX MOYB U PACTUTEIHHBIX COOOIIECTB OOJOTHO-TYrOBO-COJOHYAKOBOTO
THUIIA.

Bospacranne o06BomHEHHOCTH nenbThl AMynapbu ¢ Hadana 90-X rosoB, B OCOOEHHOCTH
Tepputopur MyHHAKCKOTO paiilOHA, HECKOJIBKO CMSATYAeT KPU3UCHOCTh 3KOJOTUYECKOW CUTYaIHH,
HO HE CHUMAET €e€.

YpoBeHb BOJBI B KaHAJIE MEHSETCA 1O TOJaM M HCKYCCTBEHHO peryiupyercsa. KommdecTBo
MOCTYIAIONIEH B KaHal BOJBI HEJAOCTATOYHO JJIsA TEpPEIMBaHUS 4depe3 oOBajloBaHHBIE Oepera ero
pycna. Ilpuieraromue ydacTKH TEPUOAMYECKH (pa3 B 2-5 JI€T) HMCKYCCTBEHHO 3aJIMBAIOTCHI.
[Tocnennee o6BoaHEHME OBLTO B 1998 roy.

Bwmecte ¢ tem, dopmupyromascs mpukaHaibHAsS JIMH3a W TMOCTOSHHBIM THAPOCTATHYECKHI
MOANOpP U3 KaHana oOyCJIOBJIMBAE€T OTHOCHTEIBHO HEriayOOKoe 3ajeraHve TpYHTOBBIX BOJ Ha
MpUKaHAIBHON TeppuTOpHH. B mepron HaOmoIeHuN ypoBEHb IPYHTOBBIX BOJI HAa PAcCTOSIHUU IO
100 M He omyckaiics Hmwke 2 M (puc. 23; yd. 5, 6). biauskoe cTossHHE TPYHTOBBIX BOJ B YCIOBHSX
KapKOTo JIeTa, TEeIJIOW BECHBI U OCEHHU, CIIOCOOCTBYET aKKyMYJISILIUU JIETKOPACTBOPUMBIX COJIEH B
BEPXHUX FOPU30HTAX MOYB.

[ToaToMy, B OTIIMYHE OT TEPPUTOPHIL, MPUYPOUEHHBIX K MOJHOCTHIO OOCOXIIUM NMPOTOKaM, B
JAHHOM CJly4ae OIYCTbIHUBAaHHE JaHAIA(TOB BBIPAKEHO B MEHBIICH CTENeHU, MPOTEKaeT
3aMEeIUICHHO M XapaKTepu3yeTcs (POpMUpOBaHUEM COJOHYAKOB HEMOCPEICTBEHHO Ha OBIBIIMX
MIPUPYCIOBBIX BaJlaX M CKIOHAX MEXKPYCIOBBIX MOHIKEHUH, YTO peAKo HabIofaeTcs Ha APYrux
AQHAJIOTMYHBIX TEPPUTOPUSIX ACTHTHI B YCIOBUSAX OBICTPOrO MaJCHUS YPOBHS IPYHTOBBIX BO/I.

30Ha TUIPOCTATHUYECKOTO MOJIOpa TPYHTOBBIX BOJ OT KaHaja (Tak Has3plBaemas «30Ha
pacTeKkaHus») co 3J0CTHBIMU cojloHdakamu nocturaet 300-400 M mo o6e ctopoHsl oT kKaHana. [Ipu
3TOM 4YeM Jalibllie OT KaHalla, TeM 0oJiee 3aCOJICHHBIMH SBJISIOTCS HE TOJBKO MOBEPXHOCTHBIE, HO U
Oonee riryboKkue CIOW MOYBOTPYHTOB. Tak, Ha ydacTkax 5 U 6 coaepxkanue coyieid B ropuzonte 0-
15 cM npeBbllaeT ux cogepxkanue B ropusoHte 15-50 cm B 10-12 pa3, a Ha yyactkax 7 u 8 — B 3-6
pa3. BaxxHO OTMETUTh, YTO C YBEJIMYEHHUEM CTEIEHU 3aCOJICHHS B MCCIIEYEMbIX I[IOYBAX PE3KO
BO3pacTaeT J0Js TOKCHYHBIX MOHOB xyopa (puc. 24A, b). B naubonee ynaneHHBIX OT KaHasa
MOYBax JI0JIA XJIopa 0cOOEHHO BhICOKA. [Ipu 3TOM ¢ TiyOMHOM JOJS XJIOPHA aHUOHOB B IOYBaX
BO3pAaCTaerT.

CeMuneTHHe Ha6JHOI[eHI/IH 3a PpPAaCTUTCIILHOCTBIO W IIOYBaMHU Ha MOIACIBHBIX YYaCTKaX
J'IaH,Z[I_Ha(l)THOFO HpO(l)I/IJ'IH InoKasaJjiu, 4TO BO300HOBJICHHHUE FI/I,Z[pOMOp(l)HOFO pexxnuMa Ha OTACIIbHBIX
JIOKAJIBHBIX TCPPUTOPUAX B OHYCTBIHHBaIOIHeﬁCH ACIBTC AMy,[[apLI/I CHOC06CTBYI'OT pacCoJICHUIO
COJIOHYAKOB II0J TyraﬁHoﬁ PaCTUTCIIBHOCTBIO U I/IHTeHCI/ICI)I/IKaI_II/II/I 3aCOJICHHUA B COJIOHYAKax IO
TUIIMYHOM COJIOHYAKOBOM PaCTUTCIBHOCTBIO. COCCI[CTBO 9KOJIOTUYCCKHU PE3KO KOHTPACTHUPYROIIUX
ITOYBCHHBIX paSHOCTCﬁ COJIOHYAKOB OTAaKBIPCHHLIX OCTATOYHO JIYT'OBBIX U COJIOHYAKOB 6OJ'IOTHBIX, a
TAKXKXC OTCYTCTBHUC 30HLI ((HCpPI(I)CpHﬁHOTO» 3aCOJICHUA, OKaMMJLSIONIEH MOCTOSHHBIE BOJOEMBI
YKa3bIBACT HA MOJIOAOCTD ITpoLecca U MporpeCCUpyromyro FI/I,Z[pOMOp(I)I/BaI_II/IIO B J'IaHI(I_I_Ia(I)TaX.

Ha paccMaTpuBaACMBbIX HAMHU YYaCTKax MaKCHUMalbHBIN 3amac (I)I/ITOMaCCBI XapaKTCepCH JIid
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npeBecHoro Tyras (puc. 25, yu. 8), oH cocTapisger 9578 r/m>. duTomacca APYrux cOOOLIIECTB UMEET
TOT K€ MOPSJIOK, YTO M B TyraifHOM COOOIIECTBE, HO HWXKE B 2-6 pa3. 3HAYNTEILHON BEIHMYNHON
¢uromaccsl (4729 r/m?) Tak e oTaMuaercs coobuectso Salsola dendroides (puc. 25, yu. 4).
Munumanbhas ¢utomacca (1380 r/mM?) usMepeHa B KyCTapHUKOBOM COOOIIECTBE HA COJOHYAKE

(puc. 25, yu. 5).
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Puc. 23. Myiinakckuii mpoduiib B IPUMOPCKOM YacTh NEIbThHI AMyZapbH OT 03€pPHOM JETPECCHU K
npupycioBomy Bany (HoBukoBa, Ky3smuna, 2000). Vcnoeuwvie ob6o3unauenus: mo ocum x —
OTHOCHTEIIbHAS BBICOTA HAJ YPE30M BOJBI B 03€pe, IO OCH ) — PACCTOSHUE OT OTKPBITON BOTHOU
MOBEPXHOCTH B HANPaBJICHUU KaHana, | — penbed OTHOCUTENBHBIN, 2 — HOMEpa TOYCK W Ha3BaHHS
coobmects mo mpodwmo: 1 - Typha angustifolia, 2 — Phragmites australis, 3 — Phragmites
australis—Tamarix ramosissima~+T.hispida—Mixteherbosa, 4 — Salsola dendroides, 5 — Halostachys
belangeriana+Tamarix hispida+T. ramosissima—Ephemerosa, 6 — Halostachys belangeriana+
+Tamarix hispida+T. ramosissima—Mixteherbosa, T— Tamarix hispida+T. ramosissima—Aeluropus
littoralis, 8 — Populus ariana—Tamarix spp.—Mixteherbosa. Fig. 23. Muinak profile in the littoral part
of the delta of the Amu Darya River, stretching from the lake depression to the levee (HoBuxoga,
Kyspmuna, 2000). Legend: the x-axis shows the relative height above the lake water edge; the y-
axis shows the distance from the open water surface to the channel, 1 — relief, 2 — numbers of the
key sites and communities of the profile: 1— Typha angustifolia, 2 — Phragmites australis, 3 —
Phragmites australis—Tamarix ramosissima+T. hispida—Mixteherbosa, 4 — Salsola dendroides, 5 —
Halostachys  belangeriana+Tamarix  hispida+T. ramosissima—Ephemerosa, 6 — Halostachys
belangeriana+Tamarix hispida+T. ramosissima—Mixteherbosa, =~ 7 —  Tamarix  hispida+
+T. ramosissima—Aeluropus littoralis, 8 — Populus ariana—Tamarix spp.—Mixteherbosa.

XKusas ¢utomacca GopMupyercs Kak 3a CUeT HAJ3€MHOM, TaKk M MOJ3eMHON COCTaBIISIOLIUX.
WzsectHo (Poamn, 1961; I'mapeimes, 1992), uyto B cOOOLIECTBAX KYCTapHUKOBBIX TYraes
noj3eMHasi (puroMacca Bblllle HaA3eMHOM. Hamum qanHele moaTBepAnin 3To. B To e Bpems Hamu
JIAHHBIE TI0 COOTHOIIEHHWIO HAaJ3€MHOHM M MOJA3eMHON (HUTOMAcChl Uil TPaBSHBIX M JPEBECHBIX
TyraeB OTJIMYAIOTCS OT MOJIyYEHHBIX paHee /Ui AenbThl Amyaapbu (Ponun, 1961). Torna kak s
JIOXOBBIX U TYPaHTOBBIX TYTa€B 3TO COOTHOILIEHHE HE MPEBBIIAT0 B NMpexkHue roasl 1.04-1.2 pas, B
1993 rony B TypanroBom coobuiectBe MyitHakckoro nanamadTHoro npodmis (yd. 8) HaxzeMHas
¢utomacca Oblta Bele TOoA3eMHONM B 1.6 pasa. HamOosee KOHTpacTHbIE OTIMYUS STOTO
COOTHOILIEHUS C pe3ynbTaTamu mnpouuislx jer (Pomun, 1961) momydeHsl HaMHM B TpaBSHBIX
coobmiectBax. Tak, paHee (0 3aperyaMpoBaHMs CTOKa pPEKHM) Haja3eMHas (QuTomacca
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TPOCTHHUKOBBIX COOOIIECTB B JeNbTe AMyaapbu Oblila HIKE MOJ3EMHON HE MeHee yeM 2.5 pasa, B
HACTOsIIIee BpeMsi OHA OKa3aJlach BBIIIE MOI3eMHOM (TSI TPOCTHUKOBBIX M POTO30BBIX COOOIIECTB B
CHITYy UX «MOJIOZIOCTH») B 7 U 9 pa3 coOOTBETCTBEHHO. Takum 00pazom, TaHHBIE aHATN3a CTPYKTYPHI
¢duTOMaccel B Pa3HBIX TYraHBIX COOOIIECTBAaX €IIe pa3 MOATBEPAMIN TOJTYYCHHBIH WHBIMU
METOJaMH BBIBOJI O TOM, YTO HAWOOJBIIME CTPYKTYPHBIE M3MEHEHHS B pPE3yJabTaTe OOCHIXaHHS
JETBTHI POU30ILIN B THITMYHBIX IPEBECHBIX U TPABSHBIX TyralHBIX COOOIIECTBAX.
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Puc. 24. NonnsIil cocTaB coJjiell B MOYBax JaHAMA()THO-3KOJIOTHIECKOTo TTpoduisi B MyitHaKCKOM
patione ocernto 1993 r.: A) ropuzoHT 0-15cMm, b) ropuzonTt 15-50 cMm. Fig. 24. Tonic composition of
salts in the soils on the key sites of the Muinak landscape-ecological profile in the autumn of 1993:
A) 0-15 cm layer, B) 15-50 cm layer.
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Puc. 25. CtpykTypa puTOMacchl pacTUTEIBHBIX COOOIIECTB HA KIFOUEBBIX ydacTKax MyHHaKCKOTO
npodunsa. Vcenoswvie ob6o3nauenus: a) TpaBbl, 0) JepeBbs, B) KyCTapHHUKH, T') MOpTMAacca,
1) noazeMHas puromacca kopueit. Fig. 25. Structure of phytomass of the plant communities on the

key sites of the Muinak profile. Legend. a) herbs, 0) trees, B) shrubs, T) mortmass, a) underground
roots phytomass.
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N3mepennbie 3amackl 3eleHOW (DOTOCHHTE3Mpyromiell 4actu (uromMaccel B OMpEICIICHHOM
CTETIEHH MOTYT OXapaKTepHU30BaTh MPOJYKTUBHOCTh PACTHUTEIBHBIX co00mEecTB. MBI oTaaeM cebe
OTYET B TOM, YTO OTKJIOHEHHE OT peallbHBIX 3HAYCHUIH HEM30EKHO B KyCTAPHUKOBBIX M JAPEBECHBIX
TyraifHbIX COOOIIEeCTBaX, HO TEM HE MEHee, BOCHOJb3yeMCs dTOW XapaKTePUCTUKOM Uil OLEHKU
TOJMYHOTO MpUpOCcTa (uToMaccel B coobOmecTBax. Hambosbmme 3HA4YeHHS 3allacoB 3€JICHOU
(buTOMacCcHl OTMEYEHBI B TPaBSIHBIX Tyrasx u B cooOmecTtBe Salsola dendroides, 4T0 cocTaBisieT
cooTBeTCTBEHHO 2948, 1777 u 1800 r/m>. 3enenas guromacca B APYTHX COOOIIECTBAX HA HOPSIOK
HIDKE, YeM B TPaBSHBIX, @ B COOOIIECTBE TAIOPIIBHBIX KYCTAPHUKOB Ha COJIOHYAKEe HUKE Ha J[Ba
HOpA/IKa U cocTaBseT 37 r/m>.

Hamm nccnenoBanus MOATBEPAMIA M3BECTHOE TOJIOKEHHUE O TOM, YTO B YCIOBHSX JIYYIIETO
0o0BoHEHHMSI 3amachl (putomacchl Beilie. Hanbosee BICOKONPOTYKTUBHBIMHU SIBJISIFOTCSI COOOIIECTBA
TPaBsIHBIX TYraeB OOJOTHBIX MecTooOuTaHmii. MM ycTymarmoT ApeBeCHBIE Tyram, HO 3arachl
¢duTomMaccel mocnenHux Bbime. [loaTBepkieHo, YTO Haa3eMHas (uToMacca KyCTapHUKOB HUXKE
MOA3EMHOM, a Yy JIpEBECHBIX cooOuiecTB — Bhiie (puc. 25). Bnepsole g AenbTel AMyaapbu
MOKa3zaHo (puc. 26), 4YTO MEXAY BHJIOBBIM OOTaTCTBOM PAaCTUTENIbHBIX COOOIIECTB U 3aCOJIEHHEM
[0OYB B IOJYMETPOBOM CJIO€ HMMEETCsS JIOCTaTOYHO BbICOKas oOpaTHasi cBs3b (KO3 ULIMEHT
KOppemsuu OIM30K K 3HAYUMOMY).

AHTpOTIOTEHHBI XapakTep mpeoOpa3oBaHus NaHmmadTa M W3MEHEHHWE HANpPaBICHHUS €ro
ABOJIIOIUH TaKXKe TOJUYEPKUBAECT KOHTPACTHOE COCEJICTBO PACTUTEIBHBIX COOOIIECTB, THITUYHBIX
IUTsSL pa3HBIX HANpaBJICHUH E€CTECTBEHHBIX TUHAMHYECKHX MpPeoOpa3oBaHUN pACTUTEIHHOCTH: B
HampaBJICHUHW «OOBOJHEHMs U paccojeHus» —> Phragmiteta australiae; B HampaBieHUu
«TaKbIpU3aIMs u paccojienne» — Salsoleta dendroidis; «o6BogHEHUE 1 3aconeHue» — Tamariceta
hispidae (puc. 23).
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Puc. 26. KonnuectBo BusoB (1) M cpeaHEB3BEIICHHOE cojaepxkaHue cosieid B ropu3onte 0-60 cm
(2, %) na kmoueBbIX ydacTkax MyiiHakckoro npoduis (mo ganabeM 1999 r.), r — kosddunuent
koppessiuuu. Fig. 26. Number of species (1) and weighted average of salts in a 0-60 cm layer (2, %)
on the key sites on the Muinak profile (according to the data for 1999), r — correlation coefficient.

Tono-sxonoeuueckuti npogunv Iloprwimay pacroyiaraeTcst B LEHTPE HE OCBOEHHOW TMOJ
OpOLIEHHE YaCTH JAeNbThl AMyJapbH, Ha MpaBoM Oepery pycia Amynapbu (AKIapbu) K ceBepy OT
MeCTa OTXOXJEHHUS OT HEero pucoBoro kaxaia. [Ipoduinb mposokeH NeprneHAUKYISIPHO PYCIy C
3amaja Ha BOCTOK M MMEET B HacTosllee BpeMs MpOTsHKeHHOCTh okosio 500 m (puc. 27). On Obu1
3aj0%keH oceHblo 1979 1. u B 3TO BpeMms ObUIM NMPOBEJCHHI MNepBble HaOmoaeHUus. [loBTOpHBIE
HabmroneHus npooauauchk B 1985, 1993, 1999 u 2017 rr. Ha npoduie BeineneHs! ase Gopmbl
JeTTbTOBOTO penbeda — mpupycioBoii Bai U ero ckioH. [IpupycrnoBoii Ban — koHTyp 1 Ha npoduie,
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Ha 1.2 M ocranbHyI0 4YacThb Bajla W 3aHAT TYpaHTOBBHIM TyraeM. Jlamee Ha mpoduie BBIIAETICHBI
YYacTKH Ha OCHOBaHMM pa3iuuus B pacturenpHocTd. B 1979 r. (KopumynoBa, HoBukosa, 1990)
npouiIb HAYMHAJICS y ype3a BOJABI B pycie AMyJapbu U MPOXOIWI Yepe3 MPUPYCIOBIO MOIMY,
CIIOKEHHYIO IECYaHBIMU OTJIOKEHHUSIMH U 3aHATYIO TPEXJIETHUM TaMapUKCOBO-TYPAHI'OBbIM TyracM
¢ hopMHPYIOMIEHCS ALTIOBHAILHO-TYTaHON 1MOYBOH. [IpOTsSHKEeHHOCTH 3TOT0 KOHTYpa Obu1a 300 M.
Han npupycinoBoil MONMOM YCTYNIOM HA4YMHAJICA IIPUPYCIOBOM BaJl €O 3peibIM TyraeM Ha
AJUTIOBUAJIBHO-TIYTOBOM ~ KOpKYIoIIelics 1ouBe. BupoBoil cocTaB U HEYJOBJIETBOPHUTENbHAS
KU3HEHHOCTh PACTEHUH CBHJIETEIHCTBOBAIH O HEONArONMPHATHBIX YCIOBUSAX WX MPOU3PACTAHMUS.
Tepputopus npoduiisd 3a HCKIIOYEHUEM NPUPYCI0BOI oMbl B 1979 . y)ke aBHO HE 3aIMBaiach.

3a Bpemsi Habmonmenuin (38 jer) Ha mpoduiie TPOU3OILIU AHPOMOTEHHO OOYCIOBIECHHBIE
n3MeneHus: ¢ 1979 no 1990 r. Bo BpeMs maBoJika MPOU3OIJIO Pa3pyllieHuEe TPEXIETHErO Tyras Ha
HU3KOHM moiime, mpodmib cokpatmics Ha 300 M, pycio Bpe3ajioch Ha 3 M M TPHUPYCIOBON Bal
oKazaJyics HaJ ype3oM Bojsl Ha BbicoTe 6 M. K 2017 r. pycno Be3anoch eme Ha 6 M u k 2017 1.
OeperoBo¥ yCTyI HaJl ype3oM BOJbI oKazayics Ha BbicoTe 12 M u emie 200 M B Havane mpoduis,
3aHSTBIE TYpaHTOBBIM TyraeMm, ObLIM CMBITHI pekoil. B 2017 r. oT TypaHroBoro Tyras ocrajucs
y4acToOK, mupuHOil He Oosee 20 M. TlepBrie Tpu TOUYKM HAOIIONCHUM WCYE3NTH H3-3a OOpYIICHUS
Oepera.

N3menenuss B cosneBoM mpodriie TOYB BBIHECEHBI Ha pUCYHOK mpoduns (puc. 27).
OH noKa3bIBaeT, 4TO TOPU30HT MAKCHMAaJbHOTO 3aCOJICHHES B IMEpBbIE T'OJbl HAOMIOJCHHUM ObLI
MpUOIIHKEH K TOBEPXHOCTH Ha BCEX TOYKAX U B MOCIEAYIOUINE TOJbI OH MOCTENEHHO 3arity0ssiics,
U BeJIMYMHA cojeil Bo3pacTtana. M3-3a MONHOTO MpeKpalieHusi CToKa pekH B ApallbCKoe MOpe B
MasioBoAHBINA Tiepuo (1982-1983, 1985-1986 u 1989 rompl) OTCYTCTBOBAIM MaBOJAKOBBIC PA3JIUBHI.
B stoT nepuona B nouBax no Bcemy nanamadTHOMY npoduiaio [lopisiTay akTHBHO HaKaIllJIMBaIUCh
coiM, B TOM uucie, u runc. B 1999 rony Ha oTAENbHBIX ydacTKaX OTMEYAJIOCh HE3HAUUTEIIHbHOE
CHW)KEHHE OOIel KOHIIEHTpanuu coyiei (B cpaBHeHHH ¢ 1993 romom) u rumca (B CpaBHEHUHU C
1979-1993 ronamMu) B TOPU30HTAaX MAaKCUMAJIBHOT'O HAKOTUICHHS BOJIOPACTBOPUMBIX COJICH.

Tonbko Mexay 1993 u 1999 rogamu npou3onuio nepeMenieHne ropu3oHTa MaKCUMaJbHOTO
coJiecoZepyKaHusl K TOBEPXHOCTH B TOUKE 3 C TAMAapHCYAaTHUKOM, Ha OCTAIBHBIX TOUYKaX 3ariryOieHue
MPOU30IILI0 HA TIyOMHY Okosio 1.5 M. MHOrue 3Kk3eMIUIApbl TaMapHKca MOTUOIN U 3TOT Y4acTOK
HMMeEeT JI0 CUX TOop MycTomHbId Bua. Panee, B 1985 r., HanOobIiee 3aCOICHHE MMEN Y9acTOK 2 C
COJITHOKOJIOCHMKOM. B 2017 T. MBI MMeIM BO3MOXKHOCTH OOCIJIEIOBATh COJICBOM MPO(HIb IMOYB
TOJIbKO Ha TinyonHy a0 50 cm. Okazanoch, YTO TOPU30OHT MAaKCHMAJIBHOTO COJEp)KaHus colieit
HaxOJIUTCS Ha ydacTKaX Ha pa3HOM riIyOWHE: OH NMpHOIMKEH K MOBEPXHOCTH (Ha MIyOMHY 25 cM) B
MIEPBBIX JIBYX TOUKAX (TypaHTOBOM TYyrae M KyCTapHUKOBOM rajio(uIbHOM), IOl TaMapHCUaTHUKAMU
HAXOJMUTCS HA MaKCHUMaJbHOM TiyOuHe (45 cM) U moJ Haubolsiee yJaleHHBIMU OT PEKU TOYKaMH y
KaHaia, Ha IPOMEXKYTOUHOM riayoune — 35 cm. [loutu Bo Beex Toukax conep:kanue coieit Hike 1%,
B TO BpeMs Kak B Toukax 2 u 5 (moj kapabapakom), paBHO 1% WM HECKOJIBKO OOJIBIIIE.

H3meHenue pacTUTETHHOCTH B TE€YEHUE BPEMEHHU MPOUCXOIAT O4eHb MeIeHHO. Toibko B 1985 .
Ha TYCTOIIHOM Y4YacTKe MEXIY TyraeM Ha MPHUPYCIOBOM Baly M MPOJOKEHHBIM KAHAJIOM TOSIBHIICS
coseycToiuMBbIN BUI Kapabapak (Halostachys belangeriana). I1o3zxe, B 1993 1. nosBUIMCH IPOPOCTKU
JPEBOBUIHON comstHKU (Salsola dendroides), uner MenneHHOe yChIXaHHE TaMapuKkcoB. B Tabmuie 6
MIPUBEIEH CIMCOK BHIOBOTO COCTaBa PACTHTENBHBIX COOOIIECTB. BpIMaBiiye BHUIBI OTHOCSATCS
MIPEUMYIIIECTBEHHO K Me30(huTaM — pacTeHHsiM, KOTOphle ObLTH Ha 3TOW TEPPUTOPHUH, KOT/A OHA
MepeKMBalIa JIYTOBYIO CTaui0. BHeIpuinchy conentoOuBbIe U CONEyCTONUMBBIE BUABI — Kapabapak H
JpeBOBHIHAS colisiHKA. B 2017 r. Ha 3TOM e ydacTKe OblJI0 OTMEUYEHO MOSBJICHUE ITyCTBIHHOTO BHIA —
TepecKeHa, a BOJIM3H, HO BHE JIMHUU MPOQUIIS — YEPHOTO CaKcaya.

Kak moxaszanu mpuBeACHHbIE TpPHUMEpPhl HAOMIOACHUN HA TOIMO-IKOJIOTUYECKUX MPOGUISIX
(puc. 23-27), oHM JalOT AETAIbHYIO MHOTOIIAHOBYIO MH(OPMALHMI0O 00 OTHOCUTEIBHO MEIJICHHO
pa3BHUBAIOIIMXCS IPOLECCAX.
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Puc. 27. Tono-skonorudeckuit mpoduib [lopisiTay, ocHOBHBIE qaHHBIEe HA 1999 1., ¢ MOOaBICHHEM
3HAYCHUs TIIyOMHBI MAaKCUMAJILHOTO 3aCOJICHHs 1MOYBHI B ciioe 0-50 cM Ha KIIFOYEBBIX y4acTKax B
2017 r. Vcnosuvie oboznauenus. 1 — penbed (Ham ype3oMm BOAbl), 2-5 — TiyOMHA 3ajeraHus
TOpU30HTA MaKCUMaJIbLHOTO HAKOILJICHHUS COJIeH B pa3Hbie Toabl (2 — 1979, 3 —1985, 4 — 1993, 5 —
1999), 6 — makcumansHOe coaepkanue coserd (%) B 1999, 7 — Homep ydacTka Ha npoduiie u
COOTBETCTBYIOIIIEE €My pacTuTenabHoe coobmectBo B 1999r.. I — Populus ariana—Tamarix
ramosissima—Mixteherbosa, 2 — Halostachys belangeriana—Tamarix ramosissima—Ephemerosa, 3 —
T. ramosissima—Ephemerosa, 4 — T. ramosissima—Salsola dendroides, 5 — Calamagrostis epigeios—
Mixteherbosa; 8 — riiyOMHAa MaKCUMAJILHOTO 3aCOJICHUS TIOYBBI B ITPUKOIIKE B 50 CM M CyMMa COJICH
B % B 2017 r. Fig. 27. Topo-ecological profile in Porlytau, the main data for 1999, with the added value
of the maximum salinity depth in the soils in a 0-50 cm layer at the key sites in 2017. Legend. 1 — relief
(above the water edge), 2-5 — depth of the horizon of the maximum salt accumulation for different years
(2-1979, 3 —1985, 4 — 1993, 5 — 1999), 6 — maximum salt content (%) in 1999, 7 — a key site number
on the profile and its plant community in 1999: 1 — Populus ariana—Tamarix ramosissima—
Mixteherbosa, 2 — Halostachys belangeriana—Tamarix ramosissima—Ephemerosa, 3 — T. ramosissima—
Ephemerosa, 4 — T. ramosissima—Salsola dendroides, 5 — Calamagrostis epigeios—Mixteherbosa; 8 —
maximum salinity depth in the soils in a 50 cm layer, and the amount of salts (%) in 2017.

Habmronenuss mpoBOASTCS B pPEKUME MOHUTOPUHTA W TIO3BOJSIOT (DUKCHPOBATh TOHKHE
W3MEHEHUS MPAKTHYECKUX BCEX KOMIIOHEHTOB MPUPOJHBIX KOMIUIEKCOB. OmBIT paboThl B HE
OCBOEHHOW YacTH JeNbThl AMYIapbu MOKA3bIBAET, UTO AJTUTEIbHbIC HAOMIOACHUS Ha MIPOTSXKEHHBIX
NpoQUILX TMO3BOJSIOT MPOCIAEAUTh U PE3YyAbTaThl  HEMpPEKpaIlaromencs XOo3sSHCTBEHHOU
nestensHOCTH. Kak ObUIO TMOKa3aHO paHee, Ha MyitHakckoM mpodwune (puc. 23-26) oOcoxiue
O3€pHbIE TIOHIDKEHHS, TPEBpPATUBIIMECS B COJOHYAKOBbIE IYCTOILIM, OOBOJHSIUCH U

OKOCHUCTEMBI: OKOJIOI'A 1 AMHAMUKA, 2021, Tom 5, Ne 3



HOBUKOBA 123

BOCCTAHABJIMBAJIKCH TPABSIHBIC TYrau B YCIOBUSAX OOLICH TEHIEHIMM OIyCTHIHMBAaHUS JenbThl. Ha
npopune Ilopneitay (puc. 27) mox BIMSHUEM MPOJOKEHHOTO KaHala TEPPUTOpUs Hadaia
3aCOJIATHCS, TOSBUINCH TrallopUTHBIE KycTapHUKH, U B 2017 r. ObIIO 3adUKCHpPOBAHO BHEIpEHUE
IIYCTHIHHBIX BUJIOB.

Tabauna 6. BuoBoii cocraB pacTuTeIbHBIX coobmecTB Ha npodwie [lopneitay B 2017 u 1979 1.
Table 6. Species composition in plant communities on the Porlytau profile in 2017 and 1997.

I'eono3unus 2017 r. 1979 r.
42,87335° c.m1., 59,22888° B.A. | 1(3)* | 2(4) | 3(6) | 4(6) | 5(7)
Yucno BUI0OB 7 4 8 2
[IpoexTuBHOE NOKpBITHE, %0 80 40 80 30
JepeBbs
Populus diversifolia 8 1(3)
Elaeagnus angustifolia** 1(3)
Kycrapuukn
Halimodendron halodendron 4 1(3)
Tamarix hispida 5 (5)
Tamarix ramosissima 15 1 6 15 1(3), 6(4)
Krasheninnikovia ceratoides *** 1
Halostachys belangeriana 8 8
[MoaykycTapHuKu
Salsola dendroides Cop2 |Cop3
MHoroseTrHue TpaBsiHUCTBIE
Aeluropus littoralis 1(3)
Alhagi pseudalhagi 1(3)
Limonium otolepis Sp 6(4)
Zygophyllum obtuzum Sp 6(4)
Zygophyllum oxianum 6(4)
OnHoJeTHUKH
Climacoptera aralensis Sol Sol Sol
Climacoptera lanata 6(4)
Descurainia sophia Sol
Peganum harmala Sol
Salsola paulsenii Sol
Senecio subdentatus 1(3), 6(4)
JInanbl
Clematis orientalis 1(3)
Cynanchum sisbiricum 1(3)

IIpumeuanue k Tadauue 6: 1(3)* — nepen ckoOkoii ykazan Homep ydactka B 1979 r., B ckoOke —
HOMEp B MOCJEAYIOIIHe ToJbl M Ha pUCyHKe 27; ** — KpacHbIM IIPU(TOM yKa3aHbl BHJIBI,
BBIMABIIME U3 COCTaBa cooOuiecTBa; *** — 3eneHpIM MPUGTOM yKazaHbl BHU[bI, BCEIUBIINECS B
coobmectBa. Notes to Table 6: 1 (3)* — outside the brackets is the number of the site in 1979,
inside is the number in next years and in the figure 27; ** — red font marks the species that left the
community; *** — green font marks the species that entered the communities.
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Junamuka osrcusomnozo nacenenus. Tpanchopmaius XapaKTEpHBIX OHOTOTIOB C TYraiHOU
PaCTUTENBHOCTHIO (MAaCCUBOB JPEBECHBIX, KYCTAPHUKOBBIX TYraeB, TPOCTHUKOBBIX IJIABHEH, BEJET
K COKpaIeHWI0 BHJOBOro OorarctBa m uucieHHOCTH (ayHbl. [lo manneim B.C. 3aneraeBa u
H.M. HoBuxoBo#t (1991) rpanauo3Hble TPOCTHUKOBBIE 3apOCIM 3aHUMAd B JelbTe AMYyAapbu
6oee 300 Thic. ra. OHU CIIY)XKWJIM MECTOOOMTaHHMEM OOraToro TPOCTHHKOBOTO KOMIUIEKCA IITHII,
BKJIFOYABIIEro 21 BUJ BOAOIIABAIOIINX, B TOM unciie 11 rue3nsmmxcst BUI0B, XMBUHCKOTO (a3aHa,
9 BUJOB TOJCHACTHIX (B TOM YHCIIC KOJIIHII), HECKOJIBKO BUIOB XWITHBIX MTHUI[ U O0Jiee AeciaTKa
BHJIOB BOPOOBMHBIX. BRICOKMX TTOKa3aTesei YMCIEHHOCTH TOCTHUTJIA MOMYJIALHsS KabaHa, OObIYHBIM
ObuT KambIOBBIH KOT. Jlo koHma 30-X TOJOB B IUIABHAX OOWTAl CPEAHEA3HMATCKHA THUTP.
K cepenune 80-x ro0B momaas Mo TPOCTHUKOBBIMU 3apOCIISIMU COKPATHIIACh MPUMEPHO B 5 pa3.
A ypoxaiiHocTh 3enmeHoM Macchl (mocturaBmias B 60-x romax 300-400 w/ra) x 80-M romam
cHuzunach 10 40-120 w/ra. CyliecTBEHHO COKpPaTWINCh M MOMYNSIMH KUBOTHBIX, OOUTABIIUX B
TPOCTHUKAX, HAIIPUMEDP, YUCICHHOCTh KaDaHOB YMEHBIIUIIAChH TIOUTH B 6 pas.

B mpumopckoit wactu genbtel Ha o3epax lllerekons, Mamankoins, Kapakons, Camakkyib
oburtana OompImas momyasnus oHgaTpel. B 70-x romax 3mech exeronHo no0bBasiock 10 S0 ThIC.
3BeppkoB. Ho yxke k mHawamy 80-Xx TroJoB BCsS CHCTeMa OTHX o03ep 00coxia, TyraitHas
pPacTUTEIBLHOCTh YaCTHUYHO TOTHOIAa, OXOTa W MPOMBICEN 3/1eCh MpPeKpaTuiuch. JIump Ha o3epax
Tory3-Tepe u Cynousem oHaaTpa AoObIBanach 10 1987 r. B mpoMbICIOBBIX MacIITadax.

[To nndopmanuu, npusBeaeHHoit B coopuuke «Apan u IIpuapanse» (2015), k 1990-m rogam u3
282 BUIIOB OTHI, BCTpeuaBmuxcs B aenbre B 1950-x rogax, 30 ucuesnu, a 88 Tenepp CUUTAOTCA
penxumu, U 22 BuUjIa BHeceHbl B KpacHyro kHUTY Y30eKHCTaHa Kak «ucde3aromuey. JlempToBbie
BOJIOEMBl UMEIOT YPE3BBIYANHO BAXKHOE 3HAYEHHUE I MPOJIETHBIX NTHUIl. ToJibko 57 W3 BHUIOB,
BCTPEUAIONTUXCS B JICTBTE, KUBYT 3/IECh IMMOCTOSTHHO. PaHee B JeNbTe B TEUCHHE OCEHHETO TIepelieTa
HacuutheiBau Oosiee 400 000 ocoGeli BojgoraBaromux. B Hacrosiee BpeMs B OKPECTHOCTSIX 03.
Cynoube BcTpeuaeTcst 6osiee 35 BUIOB, BKIItOUast 11 THE3QAIMXCS 3/1€Ch.

Jlst coxpaneHus pa3HooOpaTusi OMOTHI B HIDKHEM TEYCHUH AMYJApbH B TIOCJIEIHUE TOIBI OBLIT
CO3/IaH KJIACTEPHBIN 3alOBEAHHUK C ABYMS YJacTKaMH: MEPBBIH — B B TYrallHOM JIECHOM MAacCHBE
bapaii-Tyraii B mnoiime AMynapbu Uil COXpPaHEHHUS MIICKONUTAIOIIUMX, BTOPOHM — B JIENbTE
Amynapbu Ha o3epe Cynoube — JUIsl COXpaHEHHS! OPHUTO(ayHBI.

Hxmuoghayna u pwiousiii npomvicen. B 1985 r. mpoMBICTIOBBIN JIOB B MOpE NMPEKpaTUiCS U
OCTaJICS B pycCiIax MPOTOK M BOJOEMOB JEIbThI. VICKYCCTBEHHO CO3JaHHBIE O3€pa B JCIBTEC
AMynapbu SIBIISIOTCS TJIaBHBIM MCTOYHUKOM PBIOHOH JoBiMHM KapakanmakcraHa ¥ Bce €IIe UMEIOT
CYIIECTBEHHBIM TOTEHIIMAJ, HO M3-32 PE3KOr0 COKpaIlleHHs o00bMa W HEPAaBHOMEPHOCTH
MOCTyIUIeHUs BOJbl U3 Amynpapeu (puc. 10), yacto 3Tu BoJOeMbl oOcTalTcs 0e3 BOJIBI,
CJIEIOBATEIIHO, TEPSIOT CBOM PHIOOIIPOMBICIOBOE 3HaUeHHE. [lo nMeromeiics nHbopmarmu (Apai
u Ilpuapanse, 2015; Ouenka ..., 2000) B manoBOJIHBIE TOJAbl 00BEM CTOKA, MOCTYMAIOIIETO B
JeNbTY, COKpalaercs B 6-7 pas, a Iiolaay BoAHOM nmoBepxHocTu o3ep 1o 20 Teic. ra. CokpalieHue
o0beMa BOJ COMPOBOXKJACTCS PE3KUM IMOBBIINICHHMEM WX MHUHEpaJu3aliuu, 4YTO KpaiHe
OTPHIIATEIILHO BJIUSET HA BOJHO-COJICBOM PEXKUM BOJOEMA.

OOBo/HEHUE JeNbThl MOJAACPKAIO YIOB PBHIOBI B JENBTOBBIX BOJOEMaxX, HO HE CMOTJO
CTaOMIM3UPOBATh €r0 B HAMEUYEHHBIX MpoekTamu mpenenax 20-35 Teic. neHTHepoB. Haumnas c
2004 ronma Bce o3epa, pacnoyiokeHHble Ha TeppuTopuu Pecnybnuku KapakannmakcraH, OblLTu
nepelaHbl B apeHIy Ha BpeMeHHOe mojb3oBaHue 80 ¢epMepcKkuM X03sgHcTBaM (apeHIaTOpPOM),
TJIONIA/Ib BOJOEMOB KOTOPBIX COCTaBISIET 72 THIC. TEKTapOB. AHATU3 U3MEHEHUs YIOBOB (puc. 28)
MoKa3bIBaeT, yTo Habmiomasmiascs B 2003 roay HpOIyKTHBHOCTH BOJOEMOB B 4 KI' Ha TEKTap
2008 r., BeIpocya a0 15 kr, TeM He MeHee, ocTallach JajeKo Hike mpoekTHoi B 100 kr/ra. B To xe
BpeMsl JIydlllie MOoKa3aTeau B MUpE Jar0T MPOJYKTUBHOCTh Ha | ra Bojgoema emie Bbime — g0 1.0-
1.5 1/ron (Apan u [Ipuapanse, 2015; Ouenka ..., 2000).

Coxpanenue OMOpazHOOOpa3Hsi M TOBBINICHHE E€CTECTBEHHOW MPOIYKTHBHOCTH OHOPECYpPCOB —
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0JIHA U3 BOKHEUIIINX MMPUPOI0O0XPAHUTEIIBHBIX U COLIMAIBHBIX 33/1a4 B PEIICHUN ApPalbCKOTO KpU3HCa.
B nenpre AMynmappu 3TO MOXET OBITh JOCTUTHYTO CO3JQHMEM M PETyIMPOBAHUEM HAITOJHEHUS
HCKYCCTBEHHBIX BOJIOEMOB U (DOPMHUPOBAHMS BOJAHBIX M HA3EMHBIX 3KOCHCTEM Ha OCHOBE.

Okocucremsl 1enbT pek Amyaapeu u Celpaapbu — myzau, — CI0XKEHbl 0COOBIM, PEIUKTOBBIM
TUTIOM TIOMMEHHOM PACTUTEIBHOCTH, BKJIIOYAIONIUNA JPEBECHO-KYCTAPHUKOBBIE M TPaBSHbBIC
coobmiectBa. UccnenoBanust C.E. Tpemkuna u XK.B. Kysemunoit (Tpemkun, 1990; 2011; Treshkin
et al.,, 1998; Treshkin, 2000; Ky3pmuna, 1993, 19976; Ky3pmuna, Tpemkun, 1997; Kuz’mina,
Treshkin, 2006) moka3amu, 4To TyrailHasi pPacTUTEILHOCTH, PACIPOCTPAHEHHAs 3a MpeaeiiaMu
[Ipuapanbs B moitmax pexk Cpenneil u LleHTpanbHoil A3uM, B HAcToOsIIEe BpPEMsI MOBCEMECTHO
noasepxkeHa gerpajanuu. OCHOBHas TpUYMHA — AHTPONOT€HHas — IIHpPOKOMacuITaOHOe
perylIupoBaHUE pPEYHOro CToKa. ['nbenb aMyJapbUHCKHUX TYraeB, KOTOpbIE MPEACTaBISIOT
HauOoJbIlIee pa3HOOOpa3ue PaCTUTEIBHOCTH U )KUBOTHOTO MHUpPA, MPUBEJIET K yTepe UX BUIOBOTO U
IIEHOTUYECKOTO OoraTrcTBa ©  XO3sWMcTBeHHOM 3HaumMocTH. A. baxues, C.E. Tpemikun,
K.B. Ky3pmuna (baxues u ap., 1994; baxues, Tpemkun, 1995; Tpemkun, 1990, 2011; Ky3pmuna,
Tpemkun, 1997, 2012; Treshkin, 2000; Kuz’mina, Treshkin, 2006) u apyrue mokaszanu, 4To 3Ta
yrpo3a BIOJIHE peajbHa, T.K. MPOMCXOJUT COKpAIleHHE 3amacoB (PUTOMAcChl U IUIOLIAAN TYyraeB
(Tabmn. 7, puc. 28, 29).

250

200

150

VaoB. THIC. 1

100

50

188 .. .\ e s

S
N
S
»

O A R A
1 S S )

N\

)
N N N

’\t\ '\\, l\l\

,\}\

8N o \\\\\\
v

T'on

Puc. 28. Boios priObl B PecniyOmnuke Kapakanmakcran (Apan u [lpuapanse, 2015).
Fig. 28. Fish catch per time in the Republic of Karakalpakstan (Apaxn u I[Ipuapanse, 2015).

Kak Bugum u3 tabuuiel 7, 0COOEHHOCTb CTPYKTYPBI (DMTOMACCHI BCEX TYraeB 3aKJIIOUaeTcs B
TOM, YTO IIPUMEPHO IOJIOBUHA €€ BO BCEX TUIIAX TyrailHOM paCTUTEIbHOCTH IPUXOAUTCSA HA KOPHH,
a TIpY OIYCTBIHUBAHNUHU, MAaKCUMAJIbHbIE TIOTEPH IPUXOAATCS HA TPABSIHBIE TYTaH.

Coxpamienue miomaan tyraes (puc. 29), Hauanoch paHee Hayajga Apaiabckoro kpusuca (60-e
rojpl). OTH u3MeHeHus 10 1950-x rogoB MOXKHO CBsI3aTh C OCBOCHHEM TEPPUTOPUH IEIBTHI MOJ
cenbckoe xo3sicTBo. [lamenue B 1930-50-x rogax He mpeBbimaer 10% ot obmieit miomaau, a
HauynHasg ¢ 1960-x ronos — 1o 40% u BeILIE.

DKocUCTeMHBI TOaX0J, Hcnoyib3oBaHHbIl B padoTax C.E. Tpemkuna u JK.B. Kyzpmunoi
(Tpemxkun, 1990, 2000, 2011; Kuz’mina, Treshkin, 2006; Ky3smuna, Tpemkun, 1997, 2009, 2012)
OUYeHb Ba)KE€H TE€M, YTO OOOCHOBBIBAET METOJIbl U MOJXO/bl K COXPAHEHUIO TYralHbIX MPUPOIHBIX
KOMIUIEKCOB, UTO SIBJISIETCS 3aJIOTOM COXPAHEHHUsS BUJIOBOTO U IIEHOTUYECKOTo OorarcTBa TyraiHOMH
pPacTUTENILHOCTH U (payHbI, UMEIOIIMX Ba)XHOE XO3SICTBEHHOE 3HAYCHHE JUI >KU3HM MECTHOTO
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HAaceJIEHHUs. DTUMHU MCCIEA0BATEISIMU BIIEPBBIE BbISABIEHBI IPEICIBHO JONYCTUMBIE 3HAYCHUS
HKOJIOTUYECKUX YCIOBHH (TIyOWHBI 3ajeraHuss W 3aCOJCHHUS TPYHTOBBIX BOJ M IIOYB) IS
BOCCTAHOBJICHHSI Pa3JIMYHBIX COOOIIECTB TYTaifHOTO TUIIA.

Tabauna 7. [IpoAyKTUBHOCTH TyrailHbIX COOOIIECTB B HU30BbsIX AMyAapbu U B jaenbTe B 1960 u
1995 rr. (Treshkin et al., 1998). Table 7. Productivity of tugai communities in the lower reaches of
the Amu Darya River and its delta in 1960 and 1995 (Treshkin et al., 1998).

Emnanna Apesec- Kycrapun- Tpassa- | [Apesec- | Kycrapuu- | Tpass-
Tun Tyrag | H3Mepe- HbIE KOBbIE HbIE HbIE KOBbIE HbIE
Hust 1960 ron 1995 ron
Oobmas T/Tra
Guromaccal  100% 91.5 43.6 35.0 69.7 44.2 15.0
3eneHas T/ra 12.4 6.7 10.0 10.7 53 3.2
¢dbuTomMacca % 14.0 15.0 29.0 15.0 12.0 21.0
JpeseciHa T/Ta 29.6 9.1 Her 19.8 8.8 et
P % 32.0 21.0 28.0 20.0
Koo T/Ta 49.4 27.7 25.0 39.2 30.1 12.0
P % 54.0 64.0 71.0 57.0 68.0 79.0
ThIC. I'A ac. My BC
T75.0
600 1745
550 1 1740
500 + 1735
450 + 1730
400 1 1725
350 + 1720
300 1715
1710
250 1
1705
200 +
1700
191 1695
100 169.0
50 1 | I 1685
e e S S o N 1]
e o) ] e

'oawt

TToanmHoMIAILHLI TPEIA YPOBHA BOIALI

s [L101ATH TYTAEB, THIC, TA | OBl
P-AMYAAPBIL, AG¢. M HY.M, BC

YpoBeHb BOABI P. AMYAAPLA, e TIOAMHOMUA LB TPEH
aoc. s HyY M. BC TUIOIAN TYTACR, ThIC. I'a

Puc. 29. Coxpaienue miomaau TyraiHoi pacTuTrenbHocTH B aenbTe AMyaapsu (Tpemkun, 2011).
Fig. 29. Reduction of tugai vegetation in the delta of the Amu Darya River (Tpemkun, 2011).

HMu Taxoke BIICPBLIC 06pameH0 BHUMAaHHUEC W JOKa3aHO, 4YTO COBpCMCHHHﬁ KIIMMAaT, HapAay C
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PEryIMPOBAaHUEM CTOKA, SIBJISIETCS OJHOM M3 BaKHBIX IPUYMH Jerpajgauuu tyracB CpenHell Asuu.
OtmedaeMoe B TOCIEAHHME IECIATHIETHS apuoHoe NnomenieHue — TOBBIIIEHHE TeMIeparyp M
COKpAILIEHUE KOJUYECTBA OCAJKOB B TEIJIOE IOJIYrOJAME, a TAKXKE YAJIMHEHHE TEIUIOro Nepuoja,
CIIOCOOCTBYIOT COKpAIIICHUIO BJIArOOOECIICYCHHOCTH TOMMEHHBIX OHOTOIOB, YK€ JIMIIEHHBIX
BJIAr03apsKu M3-3a OTCYTCTBHS MaBOJKOBBIX Pa3IMBOB B PE3yJbTaTe CO3/aHUs BOJOXPAHWIMIL U
M3BSATHS BOIBI B BETETAIIMOHHBIHN MEPHUOJT ISl TIPOBEICHUS C/X MOJIMBOB M IPOMBIBKY ITOYB OT COJICH
3a npeaenamu noiM (Kyssmuna, Tpemkun, 1997, 2009, 2012, 2016). 3aecb Mbl UMEEM €O C
HaJIOKEHUEM OJIHOHANPABJICHHBIX IIPOLECCOB, MPUBOAAIIUX K YCHJICHHUIO PE3YJIbTUPYIOIIETO
sadpdexra (Tadn. 1; [Ituyamukos, 1991), B JaHHOM Cilydae MPUBOJSIIETO K YCKOPEHHUIO MCCYIICHUS
IIOMM M JIeTpaJlallii TyraiHbIX 3KocucTeM. [loaydeHHas 3aKOHOMEPHOCTh XapaKTepHA HE TOJIBKO
g OacceliHa peku AMynapbM, HO Takke W Juisl JenbThl Chlpiapbl U BCEH TEPPUTOPHUU
Bocrounoro IIpuapanss.

Bocmounoe Ilpuapanve

3HAYUTENbHYI0O YacTh JTOW TEPPUTOPUHU 3aHuUMaeT naenbta peku Ceipnapeu. HM3menenue
AKOJIOTUYECKOU 00CTAaHOBKH B JienbTe ChIpAapby HA4aJIOCh HECKOJIBKO PaHbIIE, YeM Ha AMyaaphe.
Hanusie (Apan u Ilpuapanse, 2015) mokaseiBatot, 4to yxe B 60-¢ rogpl KodhOUIHMEHT U3BATHS
cToka B Oaccerine CeIpaapbu MPUOIMKAICS K €IUHUIIE, @ B 70-€ TOJbI MPEBBICKI ATOT MOKa3aTeIb
3a CYET MHOTOKPATHOTO HCIIOJB30BAHMS BO3BPATHBIX BOJ. JlanmbHellee yBETWYCHUE H3BATHUS
PEYHOTO CTOKA COMPOBOXKIATIOCH YMEHBIIIEHUEM MPUTOKA K BEPIIUHE JIENbTHL. BO BTOPOI MOJIOBHHE
70-x tomoB B gensTy CheIpmappud mocTtynmanio 3a Ton  Jumb 4% BOJHBIX PECYpPCOB,
chopmupoBaBimxcs Ha Bogocoope. [1aonku Ha Cripapbe mpekpaTiuch yxxe B 1971 r.

Munepanu3zanust peuynoit Boasl y T. Kazammucka mocrurama 1.5-3.0 r/n1 yxe B Havame 70-x
rojgoB. B mocneaHue roapl, B CBSI3U C BO3POCHIMM COPOCOM KOJUIEKTOPHO-JIPEHAKHBIX BOJ C
opotraeMbix MaccuBoB K3pu1-OpanHckoi 006J1acTH, OTMEYAETCsl YBEIMUEHUE 3arpsi3HEHUS] PEUHbIX-
Bon (Hmxe K3put-Opawl) conmsiMu M TOKCHYHBIMH simoxuMukaTamu. [lo cpaBHeHuro ¢ 1982 .
conepxxanue /T Bo3zpocio ¢ 1 1o 5 ycnosubix ITJIK, nocturas 49 I1/IK.

OAHOBpEMEHHO MPOUCXOIUIO CTPEMHUTEIbHOE IMaJeHHe YPOBHS ApajgbCKOTO MOPS, YTO
CrocoOCTBOBAJIO PA3BUTHIO OIYCTHIHMBAaHWSA Ha JenbToBOoW paBHuHe. K 1978 1. 114 ThIC. Ta
QJLTIOBUATILHO-TTYTOBBIX MOYB OMYCTHIHWJIOCH U MEPEILIO B COJOHYAaKH, 532 ThiC. ra OOJIOTHBIX U
JyrOBO-00JIOTHBIX MOYB 00COXJI0, 31 ThIC. ra OMYCTHIHUIIACH U 55 ThHIC. Ta TpaHcPOpMHUpOBaIach B
cosoHyaku. IIpu stom 732 ThIC. Ta, MO CYHIECTBY, BBIIUIM U3 CEJIIBCKOXO3SICTBEHHOIO
1oJyib30BaHus. [IpoAyKTUBHOCTH 371aKOBO-PAa3HOTPABHBIX M PAa3HOTPABHBIX JYroB CHU3MWIACh B 3
paza. boratbie B mponuiomM pecypchl rupoduiIbHON PaCTUTENBFHOCTH, CIYKUBILINE CEHOKOCAMH U
KOPMOBBIMU YTOJIbSIMH, Ha OOJbIIEH YacTH IUIOMAAN JeNbThl morubiau. OOmui Kopmo3amac
cokpatmics ¢ 1200 mo 500 teic. T. BaBoe cokparuiack IJoOlIaab TYralHOW PacTUTENBHOCTH, a
COXpPaHHUBILKECS Tyrau CHJIBHO JErpajupoBalld M OMYCTHIHWINCH. B JenpTy W moiMy Hayanach
OKCMAHCHUS IMYCTHIHHBIX BHJIOB PAaCTEHUIl W >KUBOTHBIX, 37eCh (DOPMHUPYIOTCS OOETHEHHBIE I10
COCTaBY 3KOCHCTEMBI MYCTHIHHOTO Tuma. KoloHWaIbHbIE CKOIJICHHS MTHIL MTEPEIUCIOLUPOBATUCH
3a mpenensl HU30BbeB ChipAapbu. [IpoMBICIOBBIM MOTEHIMAN OOJIOTHBIX YTOOWI OKazajics
yrpaueHHbIM. B 50-x ronax 3aeck 3arotaBiauBaiiocs oT 70 10 230 ThIC. mKypok oHAaTphl. B 1968 1.
06110 T0OBITO 9 THIC. KYPOK, a B 1978 r. — 72 mTYKH (HbIHE MPOMBICENI OHJIATPhI HE BEJETCS).

[IpencraBnenne o manamapTHON cTpykType Boctounoro Ilpuapanbs u pa3BUTHU MPOLIECCOB
OMYCTHIHMBAaHUA B paiioHe aenbThl ChIpAappu JaeT cxema Ha pucyHke 30 wu3 paboThl
I'.B. T'enbabieBoii ¢ coaBTopamu (Geldyeva et al., 1998).

[IpumepHo B 310 k€ Bpems HaMu B jenbTe ChIpaapbu MPOBOAMIIOCH H3YyYEHHUE MPUPOTHBIX
KOMILJIEKCOB Ha OCHOBE TOIO-IKOJIOTUYecKoro npodunrpoanus. Kak u B 1enste AMyaapsi, OHO JaeT
6oJiee leTalbHOE MPE/ICTABICHNUE O COCTOSHUM TYTaiHBIX TOMMEHHBIX KOMIUIEKCOB (puc. 31-33).

B nenpte Chipaapbu YCIOBHS AJSl MPOU3PACTAHUS COOOIIECTB TYTralHOTO THUIA COXPAHSIOTCS
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TOJIBKO Ha HEIIMPOKOM IPOCTPAHCTBE BJIOJb OCHOBHOTO pycia. Mx pasHooOpasue oTpaxaroT TpU
JTaHIMAa(THO-IKOJIOTHYECKUX MPOQUIIS, 3aJ0KESHHBIX HAa Pa3HOM YIAJICHUU OT BEPLIMHBI JEIBTHI
6713 HaceneHHbIX MyHKTOB Kapamonan, Amanarkens, bupnuk.

3acojieHne mo4B
XuMudeckoe 3arpsi3sHeHUE IT0YB

Hcromenne prIOHBIX pecypcoB
Jerpanamus ApeBeCHBIX COOOIIECTB
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I | O6coxmiee THO ApaTbCKOTO MOPS [TepBuynHas Mopckasi paBHHHA
I Byryns Mopckas paBHHHa
1. | Akkoib
2. | Kampimsibac A
N JIIOBHAITbHO-aKKyMYyJISITHBHAS
I Coip-apes 3. | Koiiromxkent MY
paBHUHA
4. | bo3kons
5. | Kazanunck
v Capbikym JenyalliOHHO-CTPYKTYpHAasl paBHUHA
. EHYIAIIMOHHO-CTPYKTYpHAS
v Vpas6aii Heny, PYKTypHas,
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Puc. 30. JlanamadtHO-3K0MOTHUECKOe 30HUpoBaHKe AenbThl Chipnapsi B Bocrounom Ilpuapanse
(Geldyeva et al., 1998). Fig. 30. Landscape-ecological zoning of the delta of the Syr Darya River,

East Aral Region (Geldyeva et al., 1998).
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Kapawonanckuu npoguns (puc. 31) pacnonaraercs Ha npaBoM Oepery Ceipaapeu (B 100 M
HIKE TUIOTUHBI y Tocenka). OH MPOXOJUT OT BEPIIMHBI MPHUPYCIOBOTO Baja K Oepery OBIBIIETO
Mopckoro 3anuBa Kapamonan. [lageHue ypoBHS MOpsI HPUBENO K CHIBHOMY BpE3aHHUIO PYCIa,
[I03TOMY BEpXHSSl TOUKA MPUPYCIOBOro Baia (KiroueBoi ydactok 1 Ha puc. 31) pacnonaraercss Ha
BBICOTE Oojiee 6 M HaJ MEXKEHHBIM YPOBHEM BOJbl B pEKE. DTO CTAJIO0 MPUYMHON OIyCKaHHS
TPYHTOBBIX BOJI U OMYCTHIHUBAHHS MBOBO-JIOXOBOTrO Tyras (Salix songarica+Elaeagnus oxycarpa-
Tamarix ramosissima-Mixteherbosa). B HacTosiee BpemMsi Tyrail CUJIBHO H3pEXKEH, psll AEPEBHEB
UMeeT CyxXue BepIIMHB. B cocrtaBe cooOmiecTBa, HACUMTHIBAIOMIETO 12 BHIOB pAacTCHHUH,
MPUCYTCTBYIOT 3(eMepbl M OIHOJETHHE COJISIHKU. Tyrail CymecTByeT 3a CYeT €XKEroJHOTO
HCKYCCTBEHHOTO TIOBEPXHOCTHOTO OOBOJTHEHHMS, KOTOPOE MPOM3BOIUTCS W3 MPECHOTO BOJOEMA,
c(OPMHPOBAHHOTO Ha MecTe OBIBIIETO MOPCKOTO 3aiuBa. [l0YBBI MOJX TyraeMm OTIHYAOTCS
3HAYUTEIBHON MOIIHOCTHIO T'yMYCOBOTO TOPH30HTa (25 CM), BBICOKMM COJIEp)KaHUEM T'ymyca B
ropuzonte A (1.6-9.3 %) u cmabomenounoi peakuueit cpeabl (pH — 7.9-8.5). bonbmias gacth
BOJIOPACTBOPUMBIX COJIEH COCPENOTOUEHA B HIDKHEW YacTH MOYBEHHOTO Mpoduis. MakcuManbHOE
konnuecTBo cotielt (3.23%) pacnonaraercsa Ha riayoune 40-56 cm. B Bepxuem ropusonre (0-11 cm)
COJIEpP’KUTCS MUHUMaJbHOE KosimdecTBO cosiei (0.9%). [1o kauecTBEeHHOMY cocTaBy IpeoOnagaeT
Cl-SO4/Na-Mg-Ca tun 3aconenus. TakuM o06pa3om, ObIBIINE 3/1€Ch paHee aJUTIOBUAIbHbBIE JTYTOBbIE
TyraifHple TIOYBBI Ha II€CYAHBIX OTJIOXEHHSX OITYCTHIHWBIIUCH MPEBPATHINCH B OCTAaTOYHBIC
rITy00K03acoJIeHHBIE, YaCTUYHO MPOMBITHIE C TIOBEPXHOCTH COJIOHYAKH.

Al KO = C

Puc. 31. Tomno-3kosornueckuit nmpoduis Ha npaBoMm Oepery Ceip-Zlapsu B paiione Kapamonas.
Venosuvie obosnauenus. 1 — penbed, 2 — MakCUMaJbHOE COJEpP)KAaHHE COJICH B IMOYBEHHOM
npoc¢une. PacturenbHbele coobuiectBa U 00bekThl Ha mpoduie: 1 — Salix songarica—Elaeagnus
oxycarpa—Mixteherbosa; 2 — Tamarix ramosissima—Mixteherbosa; 3 — Elaeagnus oxycarpa—
Zygophyllum fabago; 4 — Halocnemum strobilaceum-Halostachys belangeriana;, 5 — Tamarix
ramosissima-Phragmites australis. Fig. 31. Topo-ecological profile on the right bank of the Syr-
Darya in the Karasholan region. Legend. 1 — relief, 2 — the maximum salt content in the soil profile.
Plant communities and objects on the profile: 1 — Salix songarica-Elaeagnus oxycarpa—
Mixteherbosa; 2 — Tamarix ramosissima—Mixteherbosa; 3 — Elaeagnus oxycarpa-Zygophyllum
fabago; 4 — Halocnemum strobilaceum—Halostachys belangeriana;, 5 — Tamarix ramosissima—
Phragmites australis.
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CKIIOH TpUPYCIIOBOTO Baja, OOpamieHHbId K 3amuBy (puc. 31, Touku 2 wu 3) 3aHAT
cooOmIecTBaMU TaMapuKCOB U Pa3HOTPaBhs C BKpaIuieHueM KypTuH joxa (Elaeagnus oxycarpa), ¢
o0mMM  TpPOEKTHUBHBIM  TOKpbeITHEM  TpaB  15-60%.  IlouBBl  JIyrOBO-COJOHYAKOBBIC
OITYCTBIHUBAIOLINECS, TPEUMYIIECTBEHHO CYIJIMHUCTBIE HMEIOT HE3HAYMTEIFHOE COJIEpyKaHHe
rymyca B ropuszonte A (1.0-1.5%). Tun 3aconenus cynbdarsbii. B Touke 2 makcumanbHOE
KoJinuecTBO coueit (4.41%) pacnonaraercst B Bepxaem ropusonte (0-18 cm). Ha rmy6une 18-40 cm
OTMEUAaeTCsl MUHUMYM cojepxkanust coieit (2.8%). Kak um Ha mpenplnyiieM ydacTke BHHU3 IIO
IIOYBEHHOMY ITPO(UITIO KOJIMUYECTBO COJIEH BHOBb BO3pAcTaeT.

B Ttouke 3 (puc. 31), pacmonararomieicsi cpeau JI€peBbEB J0Xa, TOPU30HT MaKCHUMAaJIbHOTO
HakoruieHust cosielt (50-70 cm) HaxoauTCsl TITyOXKe, YeM B TOUKE 2, HO KOJIMYECTBO COJIEH 3/IECh BBIIIIE —
5.3%. MunumanbHoe konndectBo coselt (1.2%) npruypoyeHo K BepXHEMY TOYBEHHOMY TOPU30HTY — §-
30cwm. bonplias yacTh coJie 3/1eCh TaKkKe COCPEIOTOUYCHA B HIDKHEHN YacTH MOYBEHHOTO MPOduUIIs.

HwkHss yacTh CKJIOHA MPUPYCIIOBOTO BaJla TUIABHO MEPEXOIUT B TIOOEPEKbE 3aIrBa. 3/1€Ch U3-
3a TONTOIUICHHS BOJAMH HOBOTO BOJ0eMa C(HOPMHpPOBAJACh II0JIOCA MOKpPOTO COJIOHYAKa
WCKIIFOUUTENIbHO CUJIBHOM CTETNIEHU 3aCOJICHHS. 3apOCiii MaJIOBHIOBOTO cooOmiectBa Halocnemum
strobilaceum VHAATUPYIOT MOPCKHE OTJIIOKECHUS M YIaCTKM MaKCHMAaJbHOTO HAKOIIJICHHUS COJICH B
nouBax (puc. 31, touka 4). 31ech KpoMe YKa3aHHOTO BHJAa BCTPEYAIOTCS OJHOJETHSISI COYHAs
constaka (Climacoptera crassa) n ranodut kycrapHuk Halostachys belangeriana. 3aconenmue
BBICOKO€ TIO BCEH TIyOMHE MOYBEHHOTO Mpodwmis, HO MakcumyM coiierd (21.7%) HaxomuTcs y
MMOBEPXHOCTH, TJIe 00pa3yeTcs coyieBas Kopouka TOMMUHON 1 cM. C riayOMHO#M 3acojieHHe TMOYBHI
ymenbInaercs 10 4.63% (70-100 cm). ITo cocraBy kaTnoHOB THI 3acosieHust — Mg-Na, o cocraBy
aanoHOB — SO4-Cl B kopouke u Cl-SO4 B ocTanbHOM yacTu mpoQuLs.

Ha gne ObIBIIEro MOpPCKOTO 3ajquBa, Ha MPUOPEKHOM y4dacTKe, MepUOAMYECKU 3aJIMBAEMOM U
oOceIxarorieM, GOPMHUPYETCs] TPOCTHUKOBO-TAMAPUKCOBOE COOOIIECTBO HAa OOJIOTHO-COJIOHYAKOBBIX
MOYBaX JIETKOTO TPaHYJIOMETPHUYECKOro cocTaBa (CymecyaHO-NecHYaHblX). MaKcuMaabHOe
KoJnuecTBO cojeil (6.3%) pacnonaraercs Ha riayoune 0-12 cM. MunumansHoe 3aconenue (1.3%)
HaxoauTcs Ha riayoune 12-36 cm. B BepxHeit yactu npoduis tun 3aconenus - SOs/Na-Mg-Ca u B
HmxHell — ClI-SO4/Na-Ca.

Ananu3 nojgy4eHHbIX JaHHBIX Ha Kapamonanckom mpoduiie mokasai, YTO BCE MOUYBBI CUIBHO
3acoJieHbl (4-6 Kiacchl 3acoieHus). 31ech MPOIecChl COBPEMEHHOTO OITyCTHIHUBAHUS U PACCOJICHUS
MIOYB HA IMOBEPXHOCTH, COYETAIOTCSI C OCTATOYHBIM 3aCOJICHHEM M MHOTJAa C HAKOIUIEHHUEM CoJiel B
CPEeIHUX YacTsAX MOYBEHHBIX npodwiei (Ha riryouHe 50-70cM), U3-3a MOATOIUICHUS] TPYHTOBBIMH
Bojgamu Kapamonanckoro BojgoeMa. boiBiine TyraiiHble U ajuTIOBHAIbHBIE MOYBBI JIAHIIIA(QTHOTO
npoQuiis OMyCTHIHUBAIOTCS W TMEPEXOIAT B MOTyaBTOMOPQHBIA pexuM pa3BuTus. Hambombiiee
KOJIMYECTBO COJIEH OTMEUEHO Ha MOBEPXHOCTHU TOJIOTO COJIOHYAaKa Ha KIII0UeBOM ydacTke 4. 31ech
COJIM HaKaIlJUBAIOTCS MPSIMO Ha MOBEPXHOCTH. B mouBax Ha moOepexne 3auBa COXPAHSIIOTCS COIU
OCTaTOYHOTO MOPCKOTO TeHe3uca. B apuaHbIX yCIOBUAX MOYBOOOpPA30BATEIbHBIA MPOIECC U
MepeMeIeHue coiel mo mpoduiIo MpPoTeKaT A0cTaToyHO ObicTpo. [louBbI HEe AocTHras craguu
MOJIHOTO Pa3BUTHUS, HAYMHAIOT OIYCTBIHUBATBCS U 3aCONATHCS, 4YTO SBISIETCA MPUYUHOM
OTUeTIMBOM AU QepeHITnaui pacCTUTEIFHOTO MOKPOBA 10 TOYBEHHBIM YCIOBHUSIM.

Bcero na npoduie BcrpeueHo 34 Buaa pacTeHH U 7 cOOOIIECTB, OTHOCAIIMXCS K 4 Pa3sHbIM
dbopmanuaM. Uucno BUIOB Ha CTaHAAPTHBIX IJIOMIAAKaX U3MEHsIIOCh OoT 13 1o 2 (9 B cpenHem), 4To
MpUOIIHKAeTCs K HAMBBICIINM 3HAYEHUSM anb(hapasHooOpasus B aenbTe Amynapbpu. OOpaiaer Ha
ce0s1 BHUMaHHE 3aKOHOMEPHOE COKpAIllEHUE YKCciia BUJIOB HA CUJIBHO 3aCOJICHHBIX yJacTKax.

Amanamxensckuil npogunes. B cpenHeit yactu AeibThl PyCiIO PeKH MEPErOpoKeHO MIIOTHHAMHU.
VYpoBeHb BOJIbI MOXKET MOJHUMATHCSI BEICOKO U 3aJIMBaTh MEKPYCIOBBIE MMOHWKEHHS, CIIOCOOCTBYS
(hopMHUPOBaHHIO OOIIMPHBIX 3apOCIeil TPOCTHUKA B MEJIKOBOJIHBIX BOJOEMAX, a TAK)Ke MOAMUTHIBAS
TyraiiHple cooOIecTBa MpUPYCIOBbIX BanoB. [logoOHas cuTyarus oTMeueHa B paiioHe celeHus
AmaHaTKeNnb, T/I€ Ha JIeBOM Oepery peKkd 3ajoeH IaHAmadTHO-3KOJIOTHIYECKH Mpoduiib
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(puc. 32). [Ipodusns NpOXOAUT OT BEPIIMHBI MPUPYCIOBOTO Baja K MEXPYCIOBOMY MOHMKEHHUIO.
DKoJnoruveckasi CHTyarusl OMu3Ka TOW, 4TO cloXwiack Ha KapamonaHckoMm ydacTke, HO Oosee
OKCTpEMalibHa B CBS3M C CUJIBHBIM COJICHAKOIUICHHEM B IMOYBaxX M3-3a Oojee OIM3KOTO K
MOBEPXHOCTHU 3aJieraHusl TPYHTOBBIX BOJA. BepiinHa mpupycioBoro Baja pacmoiaraercs Ha 1.5 m
BBIIIE YPOBHS BOJBI B pEKe W He 3aimBaeTca. Bonp Oepera mpoTarmBaeTcs y3Kas IoJoca
TpOoCTHUKOB. [lanee oHu cMenstoTcst coobuiectBamu Salix songarica—Halimodendron halodendron—
Mixteherbosa v Halimodendron halodendron—Mixteherbosa (puc. 32; yu. 2, 3).
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Puc. 32. Tono-skonorudeckuii mpodmib Ha JeBom Oepery Coip-Jlappu B paiioHe AMaHATKENb.
Ycnosuvie obosnauenus. 1 — penved, 2 — MakCUMaJIbHOE COJIEP)KAHHE COJICH B TOYBCHHOM
npodwuie. PacturensHbie coobiiecTBa 1 00beKThl Ha nipoduite: 1 — Phragmites australis, 2 — Salix
songarica—Phragmites australis, 3 — Halimodendron halodendron, 4 — Salsola paulsenii, 5 —
Lycium ruthenicum—Suaeda microphylla, 6 — cononuak, 7 — Climacoptera lanata, 8 — Phragmites
australis. Fig. 32. Topo-ecological profile on the left bank of the Syr-Darya River in the Amanatkel
Region. Legend. 1 — relief, 2 — maximum salt content in the soil profile. Plant communities and
objects on the profile: 1 — Phragmites australis, 2 — Salix songarica—Phragmites australis, 3 —
Halimodendron halodendron, 4 — Salsola paulsenii, 5 — Lycium ruthenicum—Suaeda microphylla,
6 — saline, 7 — Climacoptera lanata, 8 — Phragmites australis.

JlanqmagTHBI DpodMIb B CpelHEH 4YacTM MMEeT CHJIBHO 3aCOJICHHBIE IOYBBI M TOKPBIT
OJTHOJIETHECOJISTHKOBOM ¥ Tajlo(MIbHOM KYCTapHUKOBOM pPAaCTUTEIBHOCTbIO. 3aKaHUYMBAETCS
npo(uib B MEXPYCIOBOM NMOHMKEHUH C TPOCTHUKOBOW PaCTUTEIBHOCTBIO Ha CHIIBHO 3aCOJIEHHOM
6010THOM moyBe. [10YBBI KITFOYEBBIX YUaCTKOB Ha MPUPYCIOBOM Baiy (puc. 32; y4. 1, 2) 3acosieHsl
MeHee Bcero. Ilox TyraliHOHM pacTHTENBHOCTBIO MAKCHMaJbHO 3aCOJIEHBI IIOYBBI Ha CKJIOHE
IIPUPYCIIOBIO Bajla, 0COOCHHO B CpeHEH YacTH MOYBEHHOTo mpoduis. JIIo60nbITHO, 4TO, HECMOTPS
Ha MHTEHCUBHOE BHYTPUIIOYBEHHOE HAKOIJICHWE COJIeH, MOuYBbl Ha BCEX TOYKaX MNpOQuis

(MckmoYeHne — Touka &, BOJM3M BOJBI; pHUC. 32) TMOKPHITHI Ha TOBEPXHOCTH TOHKON
CLIEMEHTHPOBAaHHONW KOPOUYKOM, COJAEp)KAlIel COJM B MEHBIIEM KOJMYECTBE, YEM B OCHOBHOM
IIOYBEHHOM TOJIIE. OTO CBUAETENBCTBYET C OJHOW CTOPOHBI, — O HayaJlbHOW CTaauH

ONMYCThIHUBAHHA II0OYB, a4 C IlpyTOfI — IMOATBCPKAACT JOCTATOYHO FJ'Iy6OKOC 3ajeranue I'B. Takum
o6pa30M, 3aJIMBAHUC MCKPYCIIOBBIX MOHMXECHUN U MTOABEM BOILI B PEKE IIpU CO3aHUU TINIOTUH MIPU
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OTCYTCTBMM 3aJIMBAHUS IPUPYCIOBBIX BAJIOB, YBEIWYMBAIOT BHYTPUIIOYBEHHOE 3aCOJICHUE, €Il
6osiee ycyryOsist 5KCTpEeMalIbHOCTh CYIIECTBOBAHUS TyrailHbIX cooOmecTB. BugoBoe 6oraTcTBo Ha
npo¢uiie, B CBSI3HM C HEOOJBIIOHN €ro MPOTSKEHHOCTHIO U C BHICOKHM 3aCOJICHUEM T0YB, HUXKE, YeM
Ha Kapamonanckom mpoduie (23 Buma pactenmii). Ha cranmapTHBIX IJIOMIAIKaX KOJUYECTBO
BUJIOB pacTeHuil kosebnercs ot 12 no 2 (7.8 — B cpelHEM), UTO BBILIE CPEIHErO 3HAYCHUS IJIs
TyrailHplx cooOmiecTB. IlockoJibKy cOCTaB pacTUTENbHOCTH B KpaHUX TOYKax MHpoQuis
ormmyaercs Ha 100%, OoTaHMYeCKOE€ W CHHTAKCOHOMHUYECKOE pa3HOooOpa3ue 37eCh BEHIIIC.
Brigenennbie 6 cooOMIECTB OTHOCATCS K 6 pa3InIHBIM (OpMAITUSIM.

bupruxckuii npogpune pacmnonaraercsi B HeOOJIBIIIOM JIECHOM MaccHBE OOIIel miomasio 1 ra
Ha MPUPYCIIOBOM Bally, Ha IpaBoM Oepery CoIpapbH y HepenpaBbl uepe3 peKy y nocenka bupnuk
(puc. 33). Ilpoduns HauMHaeTcs OT ype3a BOJBI B PEKE U IEpeceKaeT MPHUPYCIOBYIO TMONMY,
c(OpPMUPOBAHHYIO CBEXHMH aJJIIOBUAIbHBIMU HaHocaMu (Touka 2; puc. 33), a Takke psij
TEPPacOBUIHBIX YCTYNOB Ha MpUpPYCIoBOM Baily. CaMoe HM3KOE IMOJIOKEHHE 3aHUMAeT MOJIOAOMN
noxoBelil (Elaeagnus oxycarpa) Tyrai B TpUTEppacHOM MOHIKeHUU (Touka 3, puc. 33).
Ha Teppacax pacnosiaratorcsi ¢pparMeHThl JOXOBO — TaMapHKCOBOrO TyraeB. OCOOEHHOCTh 3TOrO
MpoQuiIs 3aKJIF0YaeTcsl B TOM, YTO B pe3yibTaTe MOCTENEHHOIO BPe3aHus pyciia OMyCThIHUBAHHUIO
MOJIBEPIIIMCh BHAUaje y4acTKHU Tyras Ha BepxHeu Teppace (puc. 33, touku 7-10). B Hacrosiiee
BpeMsi, TIpY TOABEME BOJBI B PEKe 3JIMBACTCS JIMIb CaMbId HIDKHUH y9aCTOK C MOJIOJBIM TYraem
(puc. 33, touku 1-3). JlaHHble aHaIM30B MOKA3bIBAIOT, YTO CBEXHE aUIIOBHAJIbHBIE HAHOCHI,
NpuHEeceHHbIe pekoi (puc. 33, Touka 2) cmabo 3aconeHsl. Makcumym coueit (0.5%) pacrionaraercs
B BepxHeM ropusoHTte 0-25 cMm. Ilockospky Bo3pact HaHoca 1-2 roja, TO oYBa U PaCTUTEIBHOE
co00I111eCcTBO 3/€ech elle He copmMupoBaHbl. [IpopocTku pacTeHHl MpeacTaBieHbl SK3eMILIIpaMu
OJIHOJIETHEH COJNISTHKH Salsola paulsenii u coneycTONYMBOTO KycTapHUKa — Lycium ruthenicum.

I[Ton momoapiMm Tyraem (puc. 33, Touyka 3) TOYBAa NPUMHTHBHAS AJUTIOBHATIBHO-JTYTOBO-
tyraitHas. Cioii MakcuMaiabHOTO cosieHakoruieHus (3.4%) pacnonaraercs Ha riayoune 70-100 cm.

BepxHusisi yacTh moyBeHHOro MHpoduiIsi NPAaKTHYECKH HE 3acojieHa, YTO MOKHO OOBSCHUTH
MEePUOJUYECKUM IMOBEPXHOCTHBIM TPOMBIBAHMEM I[IOYB [aBOJAKOBBIMU BOJAAMH a TakK XKe
COMKHYTOCTBbIO KPOH JepeBbeB. Te€Hb, CO3/1aBa€MbIM COMKHYTHIM IOJIOIOM Jieca MPEeA0TBpaliacT
MOBBIIIEHHOE HCHApEeHHE C MOBEPXHOCTH MOYBBI UM HAKOIUIEHHWE COJIEHl B BEPXHEM IMOYBEHHOM
ropuzonte. Camoe BbICOKOE cojepkanue coneid (Gomee 10%) oTMeueHO B TOPU3OHTE
MaKCUMaJbHOTO COJICHAKOIUICHHsT Ha TriyomHe 25-50 cM mon cooOmectBoM Achnatherum
splendens-Pseudosophora alopecuroides Ha BepxHel moimeHHOW Teppace (puc. 33, Touka 7).
MunumanbHoe cojiepkanue coieit (Menee 1%), Haxomutcs Ha rayOune 75-100 cm. Bepxuwii
TOPU30HT TaKXKe JOCTATOYHO CHIIbHO 3acolieH (3%). Ha moBepXHOCTH MOUYBHI OTMEUEHBI BBILIBETHI
COJIEN.

DKOJIOTUYECKHE YCIOBHS Ha JaHHOM Mpoduiae OT TOYKHM K TOYKE HU3MEHSIOTCS B MEHbIIEM
JMamna3oHe 3HaueHul, 4yeM Ha mnpeApaymux mnpoduusx. Ha BceM mnpoTsokeHuu mpoduis
pa3BHBaeTCs OJAMH W TOT K€ THUIl AJUTIOBWIBLHO-TYrOBO-TYralfHOM MOuBBI. Pa3iuuue cocTouT B
CTETEeHU €€ 3aCOJICHHOCTH U C(HOPMHUPOBAHHOCTHU: OT HE 3aCOJICHHBIX M HE CPOPMHUPOBAHHBIX TIOUYB
Ha HOBBIX OTJIOKEHHSIX PEUHOTO aJUTIOBUS JIO OMYCTHIHMBAIOUIUXCS CHUIIBHO 3aCOJICHHBIX MOYB Ha
BEpXHEM YycTyme Teppachl. [103ToMy BUAOBOIN COCTaB pPAaCTHUTENBHOCTH Ha KIIIOYEBBIX yYacTKax
0osee ONHOPOJEH M OJHOOOpaszeH: Bcero 17 BumoB pacTeHWil. B reo0oTaHMYECKUX OMUCAHUIX
YHCIIO BUIOB KoseOnercs oT 5 10 8 uim (B cpenHeM — 6.6, — caMoe HU3KO€ 3HaueHue JUIs mpoduiei
Ha Ceipaapwe). [lanpHelmas cyap0a TyraiflHbIX COOOIIECTB Ha 3TOM Mpoduie MpeacTaBiseTcs
0osee OIaromMpUATHOM, YeM Ha OCTATbHBIX.

[ToneBbie ucclieOBaHUS APYTMX aBTOPOB, IMOCBSIICHHbIE H3YyYEHHIO W3MEHEHHUIO TMOYB U
pacTuTensHOCTH B JenbTe ChIpAaphu B CBSA3H C YChIXaHHEM ApPalbCKOT'O MOPS, C UCIIOJIb30BAaHUEM
METO/Ia TPAHCEKT Ha OCHOBE WHCTPYMEHTAJIBHOTO TOIO-IKOJOTUYECKOTO MpOGUIMPOBAHUS, HAM
MOKa HE U3BECTHBL
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Puc. 33. Tomno-skonoruueckuid mpoduns Ha neBom Oepery Cowip-Zlappu B paiione bupinuk.
Ycnosuvie obosnauenus. 1 — penved, 2 — MakCUMaIbHOE COJIEpPKAHHE COJIEH B TOYBECHHOM
npodwuie. PactutenpHbie coolbmecTBa U 00beKTH Ha mpodwune: 1 — pycino peku, 2 — MOJOAOH
AUTIOBUH ¢ mmpopocTkamu, 3 — Elaeagnus oxycarpa—Gramineosa, 4 — Elaeagnus oxycarpa—Tamarix
ramosissima, S — Lycium ruthenicun—Pseudosophora alopecuroides, 6 — Halimodendron
halodendron—Mixteherbosa, T — Achnatherum splendens, 8 — Zygophyllum fabago, 9 — Elaeagnus
oxycarpa, 10 — Opomaemsie mosisi. Fig. 33. Topo-ecological profile on the left bank of the Syr-
Darya River in the Birlik Region. Legend. 1 — relief, 2 — maximum salt content in the soil profile.
Plant communities and objects on the profile: 1 — riverbed, 2 — young alluvium with seedlings, 3 —
Elaeagnus oxycarpa—Gramineosa, 4 — Elaeagnus oxycarpa—Tamarix ramosissima, S5 — Lycium
ruthenicun—Pseudosophora alopecuroides, 6 — Halimodendron halodendron—Mixteherbosa, T —
Achnatherum splendens, 8 — Zygophyllum fabago, 9 — Elaeagnus oxycarpa, 10 — Irrigated fields.

C 70-x rOJ10B, Ha KOTOpBIE INPUXOIAUTCS HAYAJIO MCIOJb30BaHUS MATEPUAJIOB KOCMHYECKHX
CbEMOK JUISI M3y4YeHHs] pa3BUTHS IPOILIECCOB OIMYCTHIHUBAHUSA U Ilelied JiaHamadTHOTO
KkapTorpadupoBanusi B [lpuapanpe, NpouUIO OKOJO TOJyBEeKa. 3a 3TO BpeMs METOJbI
WCIIOJIb30BAHMS MaTepuaioB JUCTAaHIMOHHOTO 30HIMPOBAHUS CYILIECTBEHHO
YCOBEPILIEHCTBOBAINCH, PACIIMPUINCh W YIPOCTUIUCh BO3MOKHOCTM HX HCIOJb30BaHMS. B
HACTOsIIIee BpEeMs UCIOJIb30BAaHUE U aHAIU3 MAaTEpUAIOB KOCMO(POTOCHEMKH JOCTYIIHBI HE TOJIBKO
YUYEHBIM, HO W SBIJIAIOTCS HEIPEMEHHBIM YCIOBUEM M COCTaBIIAIOT TPAJWLMOHHBIN pa3ien B
KBAIM(UKAIIMOHHBIX y4eOHBIX paboTax Ha 3BaHUE OakajmaBpa M MarucTpa IO HampaBlICHUIO
l'eorpaduueckue w©Hayku u ['eoskonorus. Marepuansl AUCTAaHIMOHHOTO  30HIUPOBAHUS
MPEIOCTABIISIOT OOJIBIIUE BO3MOKHOCTH JIJISl UCIOJB30BAHUS B LEISIX MOHUTOpUHTa. MeToauka
3TUX PaboOT He TpeOyeT OueHb IIyOOKMX 3HAaHWU B MPEAMETHOW 00JacTH TUHAMUKU MPUPOJIHBIX
KOMIUIEKCOB M KOMIIOHEHTOB JIaHAIIA()TOB, U OCHOBBIBAETCS HAa AJITOPUTMAX U METOAMYECKHX
npueMax, MCMOJb3YIOIIUX TEXHUYECKHE BO3MOKHOCTH OOpabOTKM AMCTAHLIMOHHBIX MaTepHaJIOB.
IIpekpacHoit feMoHcTpanyeit 00JIBIIMX TOCTHKEHNUH B UCTIOIb30BAHUN KOCMUYECKUX CHUMKOB JJIS
aHaim3a npoueccoB B IIpuapanbe MoOKET CIIy)KUThb BbINOJHEHHas B Tekymem, 2021 r.,
marucrepckas gucceprauus B.K. Kyumnoit (2021) u3 HammonansHoro MccienoBareiabckoro
Tomckoro ['ocymapctBenHoro YauBepcuteta (HU TIT'Y). Ota paboTa mocBsieHa KOCMUYECKOMY
MOHHUTOPHHIY 3KocucTeM Apano-CrIpAapbUHCKOTO PETHOHA, OTHOCcAIIErocs: K CeBepo-BOCTOYHOMY
nanamadtHoMy paiiony [lpuapanes. B 370l paboTe aBTOp, MCHONB3ys Hay4yHblE MyOIMKalWH,
paccMaTpuBaeT MPUPOJHBIE YCIOBHS U 3aKOHOMEPHOCTH MPOSIBIEHMSI IIPOLIECCOB OIYCTHIHUBAHUS,
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OoTMeuas, 4YTO OHO HMMEET AaHTPONOTeHHYI0 mnpupoxy. MM wu3ydeHsl M KIAacCU(DUIMPOBAHBI
COBPEMEHHBIE SKOCUCTEMBI PETMOHA, C IIOMOIIBIO JAHHBIX TUCTaHIMOHHOTO 30HupoBanus (1/13), a
JUTSL BBISIBJICHUS TMHAMUKHI 3KOCHCTEM MPOBEJICHO KapTorpagupoBaHue ABYX KOCMUYECKUX CHUMKOB,
BBITIOJIHEHHBIX /7151 OHOM U TOM )K€ TEPPUTOPUHU TIOBTOPHO, C UHTEPBATIOM B ACCATHIICTHUN EPUOJT —
B 2010 u B 2020 rr. ComocraBiieHHe KapTorpaguiecKux MaTepHalioB IMOKa3ajio, YTO TEPPUTOPHS,
HECMOTPsI Ha OOJIBIIOE KOJMYECTBO PEATIM30BAaHHBIX IPOEKTOB 10 BOCCTAHOBJICHUIO KOCHCcTeM 3a 10
JIET, MaJIO U3MEHEHEHA U MO-TIPEKHEMY TIOJBEPKEHA IIPOLIECCAM OIIYCThIHUBAHMUSL.

B cBoeit padore B.K. Kyunna (2021) ucnosib3oBana MaTrepuaibl U METOJIbl, pa3pabOTaHHbIE
KazaxcraHnckuM areHTcTBOM TreOMH(OPMAIMOHHBIX CHCTEM M AMCTAHIIMOHHOTO 30HIMPOBAHUS
«KATHUC», r. Anmarel. Meroauka, Hcroib3yeMas B CHCTEME MOHMUTOpPUHIa, Oa3zupyercs Ha
BBIYMCIICHUH CIEKTPAJIbHBIX MHIEKCOB, MO3BOJISIONINX PACIIO3HABATh PACTUTENIbHBIE COOOIECTBA U
MOJIy4yaTh OOBEKTUBHYIO OLIEHKY MX COCTOSIHMSI B BEreTallMOHHAW mepuoja. ANropuT™M padoThl
COrJIaCHO 3TOM METOJUKM BKIIOYAeT HECKOJbKO J3TaloB: 3aKa3 KOCMHYECKUX CHHUMKOB, HX
MIpe/IBAPUTENIbHYI0 00pabOTKY; pacueT CIEeKTpalbHbIX MHJIEKCOB; aHAJINU3 MOJIEBBIX 00CIEA0BAHUN;
BU3yallbHOE€ U aBTOMAaTU3MPOBAaHHOE ACIM(PUPOBAHUE; BbIAEICHHE HEOOXOJMMBIX IUAa30HOB
3HaYEHUN MHAEKCOB; COCTABJIIEHHE Ha OCHOBE 3HAUEHUN HHAEKCOB KapT OIyCTHIHUBAHUS;
BepuUKalKs KapT 10 HA3eMHBIM JaHHBIM; aHAJIU3 MOJYYE€HHBIX pe3yibTaToB. OUeHb Ba)KHO, YTO
METO/IMKa 32 OCHOBY NPUHUMAET PEAbHO CYLIECTBYIOIIYI0 OObEKTUBHYIO PEAIbHOCTh U JIaHHBIE
HA3eMHBIX MCCJIEI0BAaHUN, KOTOpBIE BBICTYNAIOT B KAaueCTBE KPUTEPUS BEPHOCTH MOJYYEHHBIX
KapTorpapuueckux MaTepHaoB.

MoHuTOpHHT aBTOPOM OCYILIECTBIISIICS nyTeM BHU3YyaJbHOTO COTIOCTaBJICHHUS
oTaemu(pprUpoBaHHBIX CHUMKOB 3a n1Ba cpoka — 2010 u 2020 rr. (puc. 34). AHaATU3HPYS CXEMBI,
B.K. Kyunna (2021) cnmenana BBIBOJ, YTO TO3WTHUBHBIX W3MEHEHUW HE MHOTO, HO BCE K€ OHH
JOCTaTOYHO 3aMETHBI:

1) 3acCONEHHOCTh TEPPUTOPUN U3MEHMIIACH KpaliHE MaJIo, TaK e, KaK U BOJHOE 3epKajio;

2) JOCTaTOYHO CHJIBHO COKPATHJINCH MJIOLIAAN MOABHMIKHBIX IECKOB Oarojaps X Mepexony B
3aKpeIUICHHbIE U M0JTy3aKpEIUICHHbIE; IOCTIEIHIE 3aHUMAIOT Tellepb MUHUMAaJbHbIE IUIOIIAIN;

3)B 3anmagHOW YacTM ApalbCKOro MOps MOSBWIACh PACTUTENBHOCTb, 4YTO TaKkKe
CBHU/IETEJILCTBYET O MOJIOKHUTEIbHON JUHAMUKE 3aKpETJICHUs [I0JIBUYXKHOIO CyOCcTpara;

4) TOMUHMPYIOUIYIO 4YacTh TEPPUTOPUM 3aHMMAET IlecyaHas MOBEPXHOCTh C KpailHe penkoi
KCepOo(UTHON pacTUTENILHOCTBIO; BI0JIb A€NbThI pekd ChIpAapbs Hadyalu pacpOCTPaHAThCA Tyrau
U TPaBSHUCTAasl PACTUTEIbHOCTD.

C aBTOpOM MO>KHO COTJIACUTBCS, YTO Ha OOJIbIIEH YacTH TEPPUTOPHUH, IPUIIETAOLIEH K JIeNbTe,
IIPOU30LUIM NO3UTUBHBIE U3MEHEHUs Onarojaps 3apacTaHUIO MOJBIKHOTO cyOCcTpapTa, U CleayeT
OTMETHUTbH €Ie OJUH BaXXHbII IOJOXKHUTEIbHBII MOMEHT — BJOJb IJIABHOTO pyClla COXpaHSETCs
y3Kasi I0J0ca JPEBECHO-KYCTAapHUKOBBIX TYraeB, KOTOpble IOKa3aHbl B JaHHOH paboTe Ha
pucynkax 31-33 u oxapakTepu30BaHbl B COIPOBOKIAIOUIMX UX TEKCTaX.

B pabory Bkmtouena Kapra pactutenbHOCTH coBpeMeHHOM nenbThl Chipapbu M 00COXIIEro
nHa Apanbsckoro mMopst M 1:200000 (puc. 35), u oyeHb MHPOpPMATUBHAS U TpaMOTHAs JIeTeHIa K
Heil. Kapra cocraBieHa 1o pesynbTaTaM JeTalbHO-MAapIIPYTHBIX MOJIEBBIX HccienoBanuit (2019-
2020 rr.). OgHako B paboTe JaHHBIE MOJEBBIX HCCIEIOBAaHMM OTCYTCTBYIOT. ABTOpP IHILET, 4TO
JaHHBIe OBUTH IpeAocTaByIeHb! IeHTpoM 30HaupoBanus U [ UC-Teppa.

ABTOp cHpaBeJIUBO MPEACTaBIsIeT KapTy KakK KapTorpaduyeckyro MOJIeNlb pacTUTEIbHOCTU
KOHKpeTHOM Teppuropun. OHa co3aaBangachk Ha OCHOBE KOCMUYecKUX cHUMKOB Landsat ETM+, kak
METOJIOM  BHU3YaJbHOIO JACHIM(PPUPOBAHMS CHUMKOB, TaK M MX aBTOMaTU3MPOBAHHOU
KJaccu(uKanel ¢ UCMOJb30BAHUEM CIEUMAIM3UPOBAHHOTO TPOTPAMMHOI0  OOecredeHus
ENVI 4.2, ERDAS Imagine 8.3, Arc Map 9.2. ABTOp IeMOHCTpPHUpYET €€, YTOObl MMOKa3aTh, YTO
«...TEpPUTOPHUS UMEET CBOU PACTUTEIbHbIE COOOIIECTBA, IPUCIOCOOIEHHBIE K CYILIECTBOBAHUIO B
coBpeMeHHBIX ycnoBusax» (Kyuuna, 2021, ctp. 68).
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Puc. 35. Kapra pacturenbHocTH nenbThl Chipaapeu U npuiieratonux paioHoB M 1:200000 coctaBnena Ha ocHoBe nemmdpupoBanus KC Landsat 7
ETM (Kyuuna, 2021). Fig. 35. The vegetation map of the Syr Darya Delta and its adjacent areas. Scale 1:200,000, compiled on the basis of the
decryption of the Landsat 7 (Kyauna, 2021).
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Venosuvie o6osnavenus. A, PACTUTEJIBHOCTD JEJBTOBOM PABHHUHBEL. 1. Tpapsinbie 6osota (3apocin
TPOCTHHUKA W THAPOGUTOB HA MEJIKOBOAbE) — CBETIIO-3¢JicHble TOHA. 1. MENKOBOIHBIE BOJOEMBI C BOJHBIMH
Makpodutamu (Potamogeton filiformis, Potamogeton crispus, Myriophyllum spicatum, Zostera minor, Hydrocharis
morsus-ranae). 2. 3apocau JTUHHOKOPHEBUIHBIX 37aKkoB (Phragmites australis, Calamagrostis epigeios) u
TPaBSHUCTHIX MHOrONeTHUKOB (Typha angustifolia, Scirpus litoralis, Scirpus lacustris, Scirpus Tabernaemontani),
MECTaMH C y4acTHeM BOIHEIX (Potamogeton filiformis, Potamogeton crispus, Myriophyllum spicatum, Zostera minor,
Hydrocharis morsus-ranae) u BO3IYIIHO-BOIHBIX (Sparganium stoloniferum, Alisma plantago-aquatica, Butomus
umbellatus) makpodutoB. 3. Emunmansie TpocTHUK (Phragmites australis) u rpedeninuk (Tamarix ramosissima) 1o
MECYaHbIM OTMEINISIM W AJUTIOBHAJBHBIM HaHocaM Oe3 pactutenbHOcTH. Il Tyram B coueTaHHH ¢ HACTOSIIIIMMH H
OIYCTHIHEHHBIMH JIyTaMH — TeMHO-3¢JIcHbIe ToHA. 4. JloxoBo-uBoBbIe (Salix songoorica, S. wilhelmsiana, Elacagnus
oxycarpa) pa3peKeHHbIC COOOIIECTBA C YIacTHEM KycTapHUKOB (Tamarix ramosissima, T. laxa, T. hispida, T. elongata,
Halimodendron halodendron) w mnmuHHOKOpHEBUIHO-371aKoBbIM (Calamagrostis epigeios, Phragmites australis) ¢
pasHotpaBbeM (Sphaerophyza salsula, Glycyrrhiza glabra, Lythrum salicaria, Xanthium strumarium, Calystegia
sepium) TpaBIHUCTBIM sipycoM. 5. Kycrapuukorwie (Halimodendron halodendron, Tamarix ramosissima, T. laxa,
T. hispida, T. elongata, Lycium ruthenicum) cooOImiecTBa ¢ OfHONETHECONIHKOBBIM (Climacoptera brachiata, Suaeda
linifolia, S. prostrata, Bassia sedoides, Atriplex nitens, Chenopodium acuminatum), 3nakoBeiM (Leymus multicaulis,
Phragmites australis, Aeluropus littoralis) TtpaBsaucteiM sipycom. III. Jlyra W KyCcTapHHKOBBIE 3apoCJH
(ranouTHBIE W ONMyCTHIHEHHBbIE) — CUpeHEBble TOHA. 6. OpHoneTHecoNssHKOBHIE (Salicornia europaea, Suaeda
acuminata, S. prostrata, S. linifolia, Chenopodium rubrum) c y4actuem ranoputHsix 3nakoB (Crypsis aculeata,
Aeluropus litoralis, Puccinellia dolicholepis, P. tenuissima). 7. T'anouTHOKYCTapHUKOBO-OIHOIETHECOISTHKOBBIC
(Climacoptera brachiata, C.obtusifolia, C. lanata, Atriplex tatarica, Tamarix ramosissima, T. laxa, T. hispida,
Halostachys caspica, Halocnemum strobilaceum) c y4dactuem ranoduTHOro paszHotpaBbsi (Frankenia hirsuta,
Limonium otolepis, Saussurea amara, Inula britannica). 8. OHOIETHECONIHKOBO-TATOPUTHOKYCTapHUKOBBIE (Tamarix
ramosissima, T. laxa, T.hispida, Halostachys caspica, Halocnemum strobilaceum, Suaeda acuminata, S. prostrata,
S. linifolia, Climacoptera brachiata, C.obtusifolia, Atriplex tatarica) coobuiectBa. 9. Pa3pexeHHble ranopuTHbIC
coo0IecTsa ¢ JOMHHUPOBaHHEM MHOrojieTHUX TpaB (Phragmites australis, Aeluropus litoralis, Bolboschoenus
compactus, B. maritimus, Puccinellia dolicholepis, P. tenuissima, Crypsis aculeata) u yqacTiieM OJHOJIETHUX COJISTHOK
(Salicornia  europaea,  Suaeda  prostrata). 10. Kommiuekc  nonblHHBIX — (Artemisia  terrae-albae),
nicaMMo(uTHOKYCcTapHUKOBBIX (Haloxylon persicum, Calligonum aphyllum, Ammodendron eversmanii) coobuiecTB, u
COpOBBIX COJIOHYAKOB 0€3 pacTUTENILHOCTH B oOOpamieHuH rano(uTHBIX KycTapHukoB (Halostachys caspica,
Halocnemum strobilaceum). 11. Kommnekcsl ranodutHokycTapHukoBbix (Tamarix ramosissima, T. laxa, T. hispida,
Halostachys caspica), onHoneTHeconssHKOBbIX (Suaeda acuminata, S. prostrata, S. linifolia, Climacoptera brachiata,
C.obtusifolia, Bassia sedoides, Atriplex tatarica, A. nitens, Chenopodium album), TpocTHUKOBBIX (Phragmites australis)
€OO00IIECTB. Iv. PactutesabHOCTH OyrpucTo-rpsiioBbIX MeCKOB - APKO-)KEINThIe TOHA.
12. llcammodutHokycrapuukoBsie (Haloxylon persicum, Calligonum aphyllum, Ammodendron eversmanii, Astragalus
brachipus) co Stipagrostis pennata u 3dpemepamu (Eremopyrum buonaparte, E. orientale, E. triticeum, Poa bulbosa,
Koelpinia linearis) n rpedenmukoBsie (Tamarix ramosissima) ¢ pasHorpaBbeM (Alhagi kirghisorum, Ceratocarpus
utriculossus, Goraninovia ulicina, Acroptilon repens). 13. DdemepoBo-nionbiHHbIe (Artemisia terrae-albae,
Eremopyrum buonaparte, E. orientale, E. triticeum, Poa bulbosa, Koelpinia linearis) ¢ y4actiem mncaMMO(HTHBIX.
14. Pa36utsie (OapxaHHBIE) MECKU C Pa3peKESHHBIMH COOOIECTBAMH COPHBIX BUIOB (Peganum garmala, Euphorbia
segguriana). 15. Coueranne AHTPOIIOT €HHO-TPAHC(HOPMHUPOBAHHBIX 0e3 PACTUTENTEHOCTH u
nicaMMo(UTHOKYCTapHUKOBBIX (Haloxylon persicum, Ammodendron eversmanii, Astragalus brachipus, Eremosparton
aphyllum), rpebenmmkoBeix (Tamarix elongata, T. ramosissima, T. hispida, T. gracilis) ¢ pazHotpaBseM (Karelinia
caspica, Senecio noeanus, Chondrilla pauciflora, Tournefortia sogdiana) coobimectB. V. 30Ha/IbHasA PACTUTEIbHOCTH
OCTAHLOBBIX BO3BBIIIEHHOCTEH — KopiuaHEeBBIe TOHA. 16. IlomyKycTapHIYKOBBIE IONBIHAEIE (Artemisia terrae-albae) ¢
yuactueM 3¢emepoB (Eremopyrum buonaparte, E. orientale, E. triticeum, Koelpinia linearis), sdpemeponnoB (Poa
bulbosa) n nHOTHA KycTapHUKOB (Haloxylon aphyllum, Salsola arbusculiformis). Legend. A. PLANTS OF DELTA
PLAIN. L. Grass bogs (reeds and hydrophytes in shallow water) — light green. 1. Shallow reservoirs with water
macrophytes (Potamogeton filiformis, Potamogeton crispus, Myriophyllum spicatum, Zostera minor, Hydrocharis
morsus-ranae). 2. Long-rooted cereals (Phragmites australis, Calamagrostis epigeios) and herbaceous perennials
(Typha angustifolia, Scirpus litoralis, Scirpus lacustris, Scirpus Tabernaemontani), sometimes with water
(Potamogeton filiformis, Potamogeton crispus, Myriophyllum spicatum, Zostera minor, Hydrocharis morsus-ranae) and
air-water macrophytes (Sparganium stoloniferum, Alisma plantago-aquatica, Butomus umbellatus). 3. Single units of
Phragmites australis and Tamarix ramosissima on sandy shoals and alluvial sediments without vegetation. II. Tugai
communities with true and desert meadows — dark green. 4. Salix songoorica, S. wilhelmsiana, Elaeagnus oxycarpa
sparce communities with Tamarix ramosissima, T. laxa, T. hispida, T. elongata, Halimodendron halodendron and
Calamagrostis epigeios, Phragmites australis, with Sphaerophyza salsula, Glycyrrhiza glabra, Lythrum salicaria,
Xanthium strumarium, Calystegia sepium in the grass. 5. Halimodendron halodendron, Tamarix ramosissima, T. laxa,
T. hispida, T. elongata, Lycium ruthenicum communities with Climacoptera brachiata, Suaeda linifolia, S. prostrata,
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Bassia sedoides, Atriplex nitens, Chenopodium acuminatum, with Leymus multicaulis, Phragmites australis, Aeluropus
littoralis in the grass layer. ITI. Meadows and bushes (halophytic and desertified) — violet. 6. Salicornia europaea,
Suaeda acuminata, S. prostrata, S. linifolia, Chenopodium rubrum communities with Crypsis aculeata, Aeluropus
litoralis, Puccinellia dolicholepis, P. tenuissima. 7. Climacoptera brachiata, C.obtusifolia, C. lanata, Atriplex tatarica,
Tamarix ramosissima, T. laxa, T. hispida, Halostachys caspica, Halocnemum strobilaceum communities with
Frankenia hirsuta, Limonium otolepis, Saussurea amara, Inula britannica. 8. Tamarix ramosissima, T. laxa, T.hispida,
Halostachys caspica, Halocnemum strobilaceum, Suaeda acuminata, S. prostrata, S. linifolia, Climacoptera brachiata,
C.obtusifolia, Atriplex tatarica communities. 9. Phragmites australis, Aeluropus litoralis, Bolboschoenus compactus,
B. maritimus, Puccinellia dolicholepis, P. tenuissima, Crypsis aculeate sparce communities with Salicornia europaea,
Suaeda prostrata. 10. Complex of Artemisia terrae-albae and Haloxylon persicum, Calligonum aphyllum,
Ammodendron eversmanii communities and salines without vegetation, fenced with bushes of Halostachys caspica and
Halocnemum strobilaceum. 11. Complexes of Tamarix ramosissima, T. laxa, T. hispida, Halostachys caspica, and
Suaeda acuminata, S. prostrata, S. linifolia, Climacoptera brachiata, C.obtusifolia, Bassia sedoides, Atriplex tatarica,
A. nitens, Chenopodium album, and Phragmites australis communities. IV. Vegetation of hilly-ridgy sands — bright
yellow. 12. Haloxylon persicum, Calligonum aphyllum, Ammodendron eversmanii, Astragalus brachipus communities
with Stipagrostis pennata and Eremopyrum buonaparte, E. orientale, E. triticeum, Poa bulbosa, Koelpinia linearis, and
Tamarix ramosissima with Alhagi kirghisorum, Ceratocarpus utriculossus, Goraninovia ulicina, Acroptilon repens.
13. Artemisia terrae-albae, Eremopyrum buonaparte, E. orientale, E. triticeum, Poa bulbosa, Koelpinia linearis
communities with psammophytes. 14. Dune sands with sparce communitites of Peganum garmala, Euphorbia
segguriana. 15. Combination of anthropogenically transformed communities without vegetation and communities of
Haloxylon persicum, Ammodendron eversmanii, Astragalus brachipus, Eremosparton aphyllum, Tamarix elongata,
T. ramosissima, T. hispida, T. gracilis with Karelinia caspica, Senecio noeanus, Chondrilla pauciflora, Tournefortia
sogdiana. V. Zonal vegetation of remnant uplands — brown. 16. Artemisia terrae-albae with Eremopyrum
buonaparte, E. orientale, E. triticeum, Koelpinia linearis, with Poa bulbosa and sometimes with Haloxylon aphyllum,
Salsola arbusculiformis.

Kputnueckoe paccmorpenne wmarucrepckoid pabdotel B.K Kyuwnoit, 2021 He BbI3BIBaeT
COMHEHUH B KOPPEKTHOCTH MPEACTaBICHHBIX KapTorpaduyeckux marepuanoB ¢ ydactuem [MC-
Teppa, ofHaKO TEKCT U BBIBOJBI U3 PabOTHI, AEMCTBUTEIHHO, COOTBETCTBYIOT YPOBHIO YUEHUUECKOM
pabotel. Kapra pacrurensHoctd u Jlerenma k HeH, coctaBieHHble Ha mepuon 2017-2019 rr.
pazpaboTaHbl OY€Hb T'PaMOTHO, NPEJACTABISIOT HECOMHEHHBIN Hay4yHbBI UHTEpec, H
UCKJTIOYUTENBHO TOJIE3HBI Ui MPOJIOJDKEHUS BEICHUSI MOHUTOPUHIA MPUPOIAHBIX KOMILIEKCOB Ha
3TON TEPPUTOPUH B palioHe JeabThl Chlpaaphu.

IIpupooooxpanumenvuas memamuxa B nenvre Celpapbu, Kak U Ha AMynaapbe, IpOJ0HKaeT
pa3BUBaThCS. YUeHble BHHMATEIBHO CIEAAT 32 HW3MEHEHHEM SKOJIOTMUYECKOH CHUTyalluu B
[Ipuapanbe 1 NBITAIOTCS UCIOIb30BaTh BO3HUKAIOLIUE OJaronpusTHbIC YCIOBUS JUISl IOIEPKaHuUS,
COXpPaHEHHUS WUJIM BOCCO3JaHMsI OMOKOMILJIEKCOB TyraiftHoro tuna. MexayHapoausiii @onj cnaceHus
Apana HepeaKo MOIeP>KUBAET MIPOEKTHI C MOA0OHON TEMATHKOM.

Tak, B 2011 rony, B pamkax npoexkta OBCE/M®CA «Bueapenue cucreM MHTErpupoBaHHOTO
yIpaBieHUs BOJHBIMU pECcypcaMu B Ka3aXCTaHCKOM uacTH OacceilHa ApajbCKOro MOpS:
MPaKTUYECKHE IlIard Ha HAIlMOHAIBHOM YpOBHE», pa3pabarbiBajcs pasaen «MOHMTOPHUHI BOJHO-
0070THBIX yroaui». CoOrlacHoO MporpaMMme HCCIEeIOBaHUN ObUIO MPOBEACHO IO MEPBUYHOE
oOcnenoBanue OuUOpazHOOOpa3usi BOJHO-OONOTHBIX yroAwii aBaHnenbThl CheIpIapb W Ha
OCHOBAHUU TOJYYCHHBIX JaHHBIX OblTa JaHa OIEHKA 3HAYMMOCTH SKOCHUCTEM U PEKOMEHJAINH T10
ux coxpaHeHuto. Teppuropusi oOcienoBaHusl OXBaThiBaja aBaHAeNnbTy peku Ceipmapbu, Mamoe
Apanbckoe Mope U MPUIIETAIoNINe K HUM TeppuTopuH (puc. 36).

[IpoBeneHHble TMOJIEBBIE MCCIEAOBAHUS BBISBUIM BBICOKOE pa3HOOOpa3sue DKOCHUCTEM,
BKJIIOYAIOIIUX pEJKHE, SHJIEMHUYHbIE, YsI3BHUMble M Hcue3aromue Buabl U3 KpacHoit Kuuru
Kazaxcrana. B cnucke, cocyoucmwix pacmenuii, BkmodaomeMm 112 euooé n3z 82 pomoB u 35
CEeMEICTB, TPUCYTCTBYIOT BHIBI, HYXJAOIUMCA B oxpane: penkue (3), wucuesaromue (2),
penuktoBbie (1) u suaemuunsie (5). B cocraBe 30omnankmona aBannenbTsl p. CheIpAapeu u
MpUJIeTaromiel akBaTopuu Manoro ApallbcKoro Mopsi ObIJIO BBISBIEHO 85 TaKCOHOB (KOJIOBPATOK
52, BETBUCTOYCHIX 7, BeCIOHOTUX 15, hakynbTaTUBHBIX MIAHKTEPOB 9). 31eCh TakKe BBHISBICHHI 4
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penkux u 2 SHAEMHYHBIX BUIA. Hacexomvie u paxoobpasnvie mipencrabiensl 172 Bumamu u3 13
orpsinoB. Cpenu HHMX NpUCYTCTBYIOT 20 peakux, 4 3HIAEMHYHBIX U 3 KPaCHOKPHWXKHBIX M 27
¢onoBeix Buma. Cpeau pwl6 TPHUCYTCTBYIOT 3 pEOKUX BUAA: ycad apanbCkuii — Barbus
brachycephalus (2 xareropus); memas apanbckas — Chalcalburnus chalcoides aralensis;
Oenornaska apansckas — Abramis sapa aralensis. ITpombicioBas uxtuodayna Mamoro Apaibckoro
Mopsi ipezcTaBieHa 18 Bumamu poio.

Puc. 36. Manoe Apanbckoe Mope u aBaHuenbTa Ceipmapeu. Ycenosuvle obosnauenus: 1 —
Kokapanbckas miotuna, 2 — aBangensta Coiprapbu, 3 — pycio Ceipaapbu. Fig. 36. The Small Aral
Sea and the avandelta of the Syr Darya River. Legend: 1 — Kokaral dam, 2 — avandelta, 3 — the Syr
Darya riverbed.

Marnoe ApajibCKoe MOpPE UIpaeT BAKHEHIIYIO pOJIb B KQUeCTBE MECTa OTJIbIXa U OCTAHOBOK Ha
MUTPALIMOHHOM ITyTU nmuy, cBsizbiBatomeM Cubupb ¢ Mectamu X 3uMoBOK B FOxHoii u [lepenneit
Azun u Adpuxe. B HacTosiiiee BpeMst OHO YK€ BKIIIOYEHO B MEXIYHApOIHbIN CIIMCOK KIIFOYEBBIX
opHuTOJIoTHYeckuX Tepputopuil Kazaxcrana (IBA). Ha sToil Tepputopun B nepuoja MUTPALUH
ocraHaBiuBaeTcs 20-50 ThIC. BOIOIIIABAIOIIMX U OKOJIOBOJHBIX ITHUL, IIO9TOMY OHa COOTBETCTBYET
MEXJIyHapoAHbIM KputepusM (Al, A4i b A4ii), B COOTBETCTBUHU ¢ KOTOPbIMU Mauiblit Apajl MOXXHO
CUMTaTh IJI0OAJIbHO 3HAUYUMBIM I NOTUL. M3 uucina riaobajibHO YrpoXkaeMblX BUIOB nmuy,
3anecennbix B Kpacusiii cnucok MCOII (IUCN), 3nmecy Berpeuatorcss 13 Bugos. 10 Bumos
OTHECEHbI K KIIIOYEBBIM HMHIMKATOPHBIM: PO30BbIN NenukaH — Pelecanus onocrotalus; KynpsiBbIf
nenukad — Pelecanus crispus; Oonbioit 6aknan — Phalacrocorax carbo; 6onpinast Oenas naris —
Egretta alba; oObikHOBeHHBIN (uiaMuHro — Phoenicopterus roseus; cepblii Tych — Anser anser;
nebenp-mmnyH — Cygnus olor; KpacHOHOCHIH HbIpok — Netta rufina; nvicyxa — Fulica atra; $hazan —
Phasianus colchicus. Ha oGcnenoBaHHON TeppuTopuu BeTpeyaercss 14 BUAOB MIIEKOIMTAIOIIMX,
Cpeay HUX OTCYTCTBYIOT BUbI, 3aHeCE€HHbIEe B KpacHyr0o KHHTY, HO 3aTO NPUCYTCTBYIOT HauboJee
TUNUYHBIE MPEICTaBUTENM MYCTBIHHBIX W TyraHbelIx cooOmectB. K uyHciny KIIHO4eBBIX
MH/IMKATOPHBIX OTHECEHO 5 BUAOB MIIEKONUTAIOUIMX: KabaH — Sus scrofa; Bonk — Canis lupus;
mucuna —Vulpes vulpes; kopcak — Vulpes corsac, 3asu-niecdanuik — Lepus tolai.

ITo xpurepusim Pamcapckoit koHBeHIIMH OMOpa3zHOOOpa3ne 00CIe0BaHHBIX BOJHO-O00JIOTHBIX
YroJuil MHTErpajbHO MOXET OBbITh OIIEHEHO Kak TIiolanbHO 3HaunMoe. OJHaKo, B HACTOsIIee
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Bpemsi BBY saBasIOTCS aKTMBHBIM MECTOM XO3HCTBEHHOM JESITENBHOCTH YeJOBEKA (PbIOOJIOBCTBO,
0XO0Ta, BBIIIAC CKOTA, 3arOTOBKA C€Ha U Jp.). Takoil MHTEHCUBHBIN aHTPOIIOTEHHBIN MPECC MOXKET
IIPUBECTM K HEOOpaTUMBIM IpoleccaM JAerpajallii IPHUPOJHBIX SKOcucTeM. BosHukia
HEOO0XOAMMOCTh YIPABJICHUS aKBATHHBIMHU U MPUOPEIKHBIMH SKOCUCTEMAMHU COTJIACHO TMPUHIIMIIAM
BEJICHUsS YCTOMYMBOM  XO3AWCTBEHHOW JEATEIBHOCTM M  IIOATOTOBKH  COOTBETCTBYIOIIMX
MaTepuaaoB, 0OOCHOBBIBAIOUINX UX BKIIOUeHUE B PaMmcapckuil crimcok riodanbHo 3HauuMbIXx BBY
C MpUJaHUEM UM cTaTyca MeXayHapoIHOTO 3HAUEHUS.

Y4acTHUKM MPOEKTa MPHULIUIM K BBIBOAY O CO3JaHUM 0C000 OXpaHSAEeMON HpUpOaHON
TEPPUTOPUN — KJIACTEPHOTO ydacTka «ABanzenbra Celpaapbu» B cocTaBe «l oCymapcTBEHHOro
MIpUPOIHOTo 3anoBenHuka «bapcakenpMecckui». [lnomans npengaraeMoro KjiacTEPHOIO y4acTKa
«ABannenbta Celpaapeu» coctaBisier 5770 ra, cama aBangensta CeIprapbu (110 MaTepuaiam
KOCMOCHHMMKOB) B HacTosiee BpeMs 3aHumaet riouaap B 4074 ra. Knacrepnsiit yuactoxk OOIIT
COBIIQ/Ia€T C 30HOM, I'/ie ppI0O0JIOBCTBO 3amperaercs B TeueHue rojga. C opranusanuei 3anoBeiHoM
30HBI MOBBICATCS BO3MOYKHOCTH €CTECTBEHHOI'O BOCIPOM3BOJICTBA MPOMBICIOBBIX BHJIOB PbIO. OTO
BAKHOE MEpPOIpPUATHE, MOCKOJBbKY B HACTOSIEE BpeMs YIOBBI COKpAIlalOTCsl B CPAaBHEHUU C
yJIOBaMU B TE€pBbI€ TOJbI IOCIE CTPOUTENbCTBA AaMObl, KOIJa Ka3ajaocCh, YTO 3amachl PhIOBI
HEUCTOLIUMBI. JTO CBA3aHO C COCTOSIHUEM HEPECTIJIMI M HapylieHueM HopM JoBiu. CoznaHue
ONaronpusATHBIX YCIOBUMN U1 THE3/JOBAHMSI, TUHBKH M KOPMEXKKH BOJOIIIABAIOIINX NTHI] 0COOCHHO
BAYKHO JUUISI COXPAHEHUS PEIKUX U TJI00ATBHO YTPOXKAEMBIX BUOB.

Takum oOpa3om, aBTOPbI CIPABEUIMBO CUUTAIOT, YTO B PE3YIbTATE BOCCTAHOBIICHUS aKBATOPUH
Manoro Apaina, ylydmieHUS COIMATIbHO-3KOHOMHUYECKHX U JKOJOTHYECKHX YCIOBUN MOSBUIIMCH
O0OBEKTUBHBIE NMPEANOCBUIKH VI PEryIMPOBaHUS IPUPOJOOXPAHHOM EATETBHOCTH M YCTOHYHUBOTO
pazButusa B CeBepo-Boctounom Ilpuapanse. besycioBHo, GyHKIIMOHUPOBAHKE 3allOBEIHUKA BCE
eIlle MOXET OCJIOKHATHCSI HECTAOMJIBHOCTBIO TMAPOJIOIMUYECKUX YCIOBHM 3TOH Teppuropuu. Tak,
rogoBoit ctok Ceipaapsu B 1960-x ronax cocrapisui 22.5-45.4 km>/ron. Haunnast ¢ 1974 1. ¢cTOK 110
p. Ceipaapbs cokparuics 1o 1.3 km’/ron, a B oTnensHsle rogasl (1984 u 1986 IT.) mpakTHYECKH
OTCYTCTBOBAJI. B TOC/IeIHAE TO/IbI IPUTOK PEYHOM BOIBI K YCTHIO KOJIEOIETCS OKOJIO 5 KM>/ros1 npu
3aIJIaHMPOBAHHBIX 8 KM,

BriBoabl

IIpoBeneHHble HayuHble uccienoBanus B Ilpuapanbe oka3anuch BecbMa pe3yJbTATUBHBIMH B
Hay4YHOM M IIPAKTUYECKOM ILIAHE.

IIpexne Bcero, OHM pacUIMPHIIN IpeAcTaBiIeHne 00 ApaJbCKOM KPU3HCE U BBISIBUIIN OCHOBHBIE
IIOJIO’KEHMSI €r0 Pa3BUTHS.

- DKoJlorn4yeckoe cojepkaHue ApallbCKOTO KpH3UCa COCTaBJISIET IpoLecc Mepexoja Bceei
6uoreocucrems! Ilpuapanbss U3 0JHOIO OTHOCHUTENIBHO YCTOHYMBOIO COCTOSIHUSI B JpYyroe. ODTOT
Ipolecc HCCIeIOoBaTEeNsIMU OJHO3HAYHO pPACCMATPUBAETC KaK OIYCTBIHUBAHUE, MOCKOJIbKY
U3MEHEHHE WJeT IOJI BIUSHHMEM COKPALICHMs BJIAro0OECIEYEeHHOCTH B apUIHBIX YCIOBUSX B
HanpaBJIeHUU (OPMHUPOBAHUS ITYCTHIHHBIX IPUPOAHBIX KOMIJIEKCOB 30HAJILHOI'O THIIA.

- OcOOeHHOCTh Pa3BUTUS ApPaJbCKOTO KPHU3UCA KaK KOJOTMYECKOTO SIBICHHS BBIpAKaeTcs B
TOM, YTO MU3MEHEHMs B IPUPOJHBIX KOMIUIEKCAX OCYILECTBISAIOTCA YEPE3 DKOJOTHUECKUE CBS3H, B
KayecTBE OTBETHOM peakiuu Ha BO3JeicTBUA (pakTopoB cpeabl. M3MeHeHUs MAYT MO LENoYKe:
TpaHchopMaIysl OJHUX MPUPOJHBIX KOMIIJIEKCOB CO3/1aeT YCJIOBUS s (POPMHUPOBAHUS JPYTrHX,
TpaHchopMaIus OJHUX KOMIOHEHTOB (K MPUMEPY — PaCTUTEIBHOCTH), TOATOTABINBAET U3MEHEHHE
apyrux (nmous). ITo sToit npuunHe ApanbCKUi KpU3NC MOTYYMII HA3BAHUE «IIOJI3YUeroy.

- OnycTeIHMBaHNE NPUPOJHBIX KOMIUIEKCOB B YCIOBHSIX ApajbCKOIO KpHU3HCa — aHTPOIIOI€HHO
00yCJIOBICHHBIM THAPOAMHAMHUYECKHI MpoIlecc, HO OH MOBTOPSET HAINpaBIE€HUE W 3TAMHOCTh UX
€CTECTBEHHOH 53BOJOLMH. CKOPOCTb €ro pas3BUTHsI 3aBHUCUT OT CKOPOCTH HW3MEHEHUS U
HamnpaBJeHUs  JEWCTBUS  AHTPOINOTEHHBIX  (hakTopoB.  McKkyccTBeHHOe — OOBOJHEHUE
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OIYCTHIHMBAIOIIMXCS JEJIbT HAa OCHOBE 3aIOJHEHMS BBICOXUIMX O3€p, CO3JaHHUE IIOJBIEPOB,
KaHaJIOB, CHOCOOCTBYeT CTaOWJIM3allMK S3TOTO MpoLecca M JaXe BO3BPALCHUIO K HAYaIbHBIM
CTagusIM Pa3BUTHS THIPOMOPGHBIX HPUPOJHBIX KOMIUIEKCOB. B TO ke Bpems, HaJoXeHUe
AQHTPOTIOTEHHBIX  IPOILIECCOB, HWMEIOMUX TOT JK€ OKOJOTHYECKHUH dPQPEKT COoKpameHus
BJIaroo0ecreYeHHOCTH (TPEeKpalieHre MaBOAKOBBIX Pa3IMBOB, IMaJJCHUE YPOBHS MOPS, COKpAILICHHE
IUIOLIaM  BOJHOM  IOBEPXHOCTH MOps), HA €CTECTBEHHYIO TEHJACHLHIO COKpallleHus
BJIAr000ECIeYeHHOCTH, XapaKTEPHYIO U UX 3BOJIOLNH, YCKOPSIET MPOTEKAHNUE OYCTHIHMBAHUS B
pasbl. IlpennonoxurensHo, otmeueHHoe JK.B. Kyspmunoit u C.E. Tpemkunbim (Ky3pmuna,
Tpemkun, 2009, 2016; Tpemxkun, 2011) B mocneanue ASCATIICTHS apUAHOE MOTEIUICHUE KIIMMaTa
B Cpenneil A3um OyneT Takke CIoCcOOCTBOBATh YCHJICHUIO yXK€ MMEIOIErocsl OIMyCTHIHUBAHUS B
[Ipunapaise.

Benymmum (akropoM IMHAMUKU MPUPOJHBIX KOMIUIEKcOB [Ipuapanbs BbICTyNaeT BOJHBIA —
yepe3 M3MEHEHHE BJIaroo0ecrnedeHHOCTH TeppuTopuu. Ha rpagueHTe ero M3MEHEHHsS B CTOPOHY
YMEHBIIIEHHUS, BBIICTSIOT TPU CTaIUU: TUAPOMOPPHYI0, ToIyruapoMopdHyo u aBToMopdhHyo. B
KKJIOM JaHAmagTe CyIIECTBYIOT COOTBETCTBYIOIME MHBAPUAHTHBIE COCTOSIHUSA, COCTaBIISIOIINE
TUAPOIMHAMUYECKHUM UITH 5KOJIOTO-T€HETHUYECKUN P

Paznenenne Tteppuropum Ilpuapanss Ha nanmmadTHBIE PaOHBI 0Ka3ajloCh YIOOHBIM IS
MIPOBEJIEHUS] CPaBHUTENIbHO-TeorpapMueckux HccienoBaHui U 0000meHuii. Cpeny BBIJIEIEHHBIX
ATy JTaHamaTHeIX pailoHoB YcTiopT, CeBepHoe u FOro-soctounoe [Ipuapanbe mpeactaBisitoT
nycteiHHble JaHamadTel. HOxxHoe u CeBepo-BoctouHoe [lpuapanbe — nanamagTHbIE paioHBI,
BKJIFOUAKOIIUE JIETbTHI pek AMynapbu u Coipaapbu.

[IpoBeneHHble  HMCCIENOBaHWA  JUHAMHUKM  NPUPOAHBIX  KoMIUlekcoB B [Ipmapanbe
MHOTOYHMCIeHHbI. bosbias nx yacte npuxoaurcs Ha nepuof 1980-1990 rr. I1o oxBary Teppuropun
UX MOXXHO pa3lieluTh Ha OOIUEe, pecuoHanbHble, BKIIOYAIOIIME BCIO WIM OOJBIIYI0 YacTh
tepputopuu I[Ipuapanes Ha cylie, mpuierarny kK 6eperoBoit muHun 60-X TOJOB M YaCTHBIC WITH
JIOKQ/IbHble, PACCMATPHUBAIOLINE JUHAMHUKY TOJBKO OJHOTO W3 JAHIIAPTHBIX PAalOHOB WIJIH €ro
Y4aCTKOB.

[lo conepkaHUIO HUCCIENOBaHHUS  Pa3IMYalOTCS HA  KOMIUIEKCHBIE  (JaHAIIadTHLIE,
HKOCUCTEMHbIE) M MOKOMIIOHEHTHbIE (TIOYBBI, PACTUTEIBHOCTh, )KHUBOTHBIM MHp U 1p.). MHOrue
HCCIEA0BaHUsl HANPABJIEHbl HA M3YYEHHUE U OLEHKY COCTOSHMS IPUPOJHBIX KOMIUIEKCOB, UMEIOT
VHBEHTapU3alMOHHBIM, pa30oBbId XapakrTep. lccnenoBaHus, NOBTOPAIOIIMECS BO BpPEMEHH,
MMEIOIIUE XapaKTep MOHUTOPUHTA, IPEICTABICHbI HEOOJIBIINM YUCIOM U Pa3HOU JITUTEIbHOCTHIO
Y IOBTOPHOCTHIO HAOIIOICHUI.

[lo wroraM TPOBOAMBIIUXCS HCCIEIOBAHUN OBLIM MOJYYEHBI JOCTAaTOYHO TIIOJHBIE
XapaKTePUCTUKH BCEX KOMIIOHEHTOB MPUPOIHBIX KomiuiekcoB Ilpuapanbs. Ha ux ocHoBe Obliu
pa3zpaboTaHbl W cO3AaHbl 0a3bl JaHHBIX U TeOMH(GOPMAIMOHHBIE CHCTeMbI. Pa3pabaThiBanuch
CUCTEMBI JKOJIOTO-OHMOJIOTHYECKOTO MOHHMTOPHUHIA, B KOTOPBIX HCIIOJIB30BAIUCH 3JIEKTPOHHBIC
Bepcuu 0a3 nanHbiX. Hambosee riay0OKO M BCECTOPOHHE H3YUYEHHBIMH OKA3aJUCh MPUPOIHBIE
KOMILJIEKCHI (PKOCHCTEMBI) nenbThl Amynapbu. B Hacrosimee Bpems 1eHTpom cOopa U TO
0000menuss goctynHo uH(opManuun 1o  Apanbckoil mpobneme  sBisercs  Hayuwo-
MHOOPMAMOHHBIM  IIeHTp MeXrocyaapcTBEHHON  KOOPIMHAIMOHHON  BOJIOXO3SIHICTBEHHOM
komuccuu LlenTpanbHoi A3uu, coTpynHHUaromuil ¢ MexayHapoansiM GoHAOM cniaceHus: Apana
10 HOBBIM IPOEKTaM.

IIpoBenenHble HccaenoBaHus NoKasand, 4ro K 1990-m ronmam, Bcien 3a OKOHYATEIBHOMN
nepecTorkoy kiaumara [Ipuapanes B KIMMaT, IPUCYHIIUI OKPY/KAIOLIUM ITYCTBIHAM, 3aBEPIIMIINCH
M3MEHEeHHs JaHamadToB B MYCTHIHHBIX JaHamadTHeIXx paiionax (Ycriopt, CeBepnoe u IOro-
BocToyHoe [Ipuapanbe). 371ech OHO HOCHIIO XapakTep KJIMMATOTEHHOTO — H3-32 CHIKEHHS
aMIUIMTYZIbl TEMIIEPATYP M BJIArocoJep’KaHusl MUKPOKIMMAaTHYECKUX YCIOBHH, MOIAEPKUBAEMBIX
paHee MOJHOBOAHBIM ApajioM U HETaTUBHBIX M3MEHEHUH kiaumara B CpeaHeil A3uM B HallpaBJIEHUH
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apUIHOTO MOTEIUICHUS, a TAKKE UMITYIbBEPU3ALMU COJIEH C 0OCHIXAIOLIEro AHa Mops. M3meHeHus
3aTPOHYIM JIMIIb OTJCNIbHBbIE KOMIIOHEHTHI JaHmmadTa, — MPEUMYIIECTBEHHO PACTUTEIBHOCTD.
Opnako 310 MHeHue, BbickazaHHoe C.K. KaOGynoBeim (1995), He mnopuepkuBaercs psaoM
uccinenosareneil (Pajukos, Terioxtun, 1981; Axpamos, Paduxos, 1990, Iltmunukos, 1991),
KOTOpbIE CKJIOHHBI CYMTaTh, YTO JAErpaJalliOHHBIE IpOLEcChl (BETpoBas 3po3us, OOeAHEHUE
BUJIOBOTO COCTaBa PAaCTUTENIbHBIX COOOILECTB, CHM)KEHHUE YpPO’KalHOCTH) B IYCTBIHHBIX paillOHax
[Tpuapanbs ciegyeT CBS3BIBATH C MEPEBHINACOM U TpaHCHOPTHBIM cOoeM. [lo-Bummmomy ciemyer
CUMUTATh, YTO HA 3TOT BOIPOC OKOHYATEIbHBIA OTBET I1OKA HE MOJIYYEH.

B Cesepo-Bocrounom u IOxuHom Ilpuapanbe, Ha TeppUTOpUHM [JEIbT pPEeK AMynapbs U
ChIpapbsi OIyCTBIHMBaHHE COIPOBOKJIANIOCH COBMECTHBIM BO3JEHCTBUEM psja (aKkTOpoB U
MIPOSIBIITIOCH B Pa3BUTUH MPOLECCOB OOCHIXaHMsI, HCCYILIEHUS U 3acOJieHus. 3/1ech TpaHchopmanus
MpOSIBIJIaCh HAa YpOBHE JIaHAMA(TOB M MPEUMYIIECTBEHHO B BOCTOYHOM 4acTu AMyHapeu U B
ceBepHoi — Ha Celpmappe. Ho Ha Amynapbe oOmnycTblHUBaHUE OBLJIO IMPUOCTAHOBJIEHO
TUIPOMENTMOPATUBHBIMU ~ MpeoOpa3oBaHUSIMM U COXPAHEHHEM  MOWMEHHO-aJUTFOBUAIBHBIX
MIPOLIECCOB HA JIOKAJIbHBIX ydacTKax. 3/1eCh JUHAMHYECKOE COCTOSIHHUE MPHUPOJHBIX KOMILIEKCOB
3aBUCHT OT 3KOJIOTHYECKHUX YCIOBHM, OTpe/IeNiieMbIX HOBBIMU BOJHBIMH OOBEKTAMH.

UccnenoBanus (Iltmunukos, 1991; Padukos, Terroxun, 1981) nmokazanu, 4To HECMOTps Ha
00Bo/IHEHME, HanOoJiee TIIyOOKO TpaHCHOPMHUPOBAHHBIMH OKa3aJIUCh TEPPUTOPHUHA HEOPOIIAEMBIX
yacTel peuHbiXx JenbT Amymappn u  Celppapsu. IIpupogHble KOMIUIEKCBI MEXPYCIOBBIX
MOHM)KEHUHN MPOILIN CTaAuU OOChIXaHMS, JYTOBYIO, COJIOHYAKOBYIO, PAacCOJIEHUS M B HAcTOsIIEe
BpeMsl HaxoJiATCsl Ha CTaAuM OmycThiHMBaHMs. OHa XapakTepusyercs TpaHCchopMaluil IHOYB B
TakblpHblE M Cepo-Oypble M TOCTENEHHBIM OTMHMPAaHMEM pACTUTENIBHBIX COOOIIECTB C
npeobaasaHeM rajlo(pUIbHBIX BUJIOB U BCEJICHUEM ITyCTBIHHBIX BUIOB (d4epke3a Puxrepa, uepHOro
cakcaya, MOJILIHU 0e103eMeNTbHOM).

[IpupogHble  KOMIUIEKCHI ~ HPUPYCIOBBIX  BAJlOB, IPEJICTaBIECHHBbIE JIPEBECHBIMU U
KYCTapHMKOBBIMM TYrasiMH, IOCIE€ CTaJud OOChIXaHHsS OHMOTONOB U OJIYyTOBEHHs, BCTYNWIH B
CTaJHI0 ONyCTBIHUBAHUS, MUHOBAB COJIOHYAKOBYIO cTaaut0. [lokazaTesssMu 3TOro npouecca MOXHO
CUMTATh BbINAJICHUE TYralHbIX BUJIOB (MB, JIOXA, YUHTWI) CHayajla BAAIM OT IPOTOK U BCEJICHUE
IIYCTBIHHBIX KYCTAPHUKOB (TE€PECKEHA).

Hay4Has 3HauMMOCTb BBINOJIHEHHBIX MCCIIEIOBAHUN CBS3aHA C PAa3BUTHEM TEOPETUUYECKHUX
IPEICTaBICHUH 00 3KOJIOrO-F€HETHYECKUX M SKOJOro-IAMHAMHUYECKUX psAJaX, OCHOBAHHBIX Ha
Teopuu uToMopdonenorenesa. IlpakTuueckoe UCTIONb30BaHUE TAKUX PSIIOB MEPCIEKTUBHO U YK€
MpUMEHsIIOCh TIpu pa3padoTke Ha ocHoBe ['MIC Kapt cocrosinusa u Kapt nunamuku nanmmadTos,
omycTtbiHuBaHuA, pactutenbHocTH (IItmunukos, 1991; Kyct, 1999, HosukoBa, 2000; Geldyeva
et al., 1998, 2000 u np.).

IIpu npoBeneHNM HCCIEIOBAHUN HCIOIb30BATMCH CaMble COBPEMEHHBIE METOAbI U HOJIYYaH
pazButue cymectByomue. A.B. IltuunumkoB (1991) pacmmupun BO3MOXKHOCTH — METOJA
JaH A THO-UHANKALMOHHOTO KapTorpagupoBaHuss C HPUMEHEHHEM KOCMHUYECKUX CHHMKOB,
IPEUIOKUB HCIIOJIb30BAaHUE D0JIOTO-T€HETUYECKUX PAJOB JIaHAWA(GTOB JUIsl U3YyYEHUs] TUHAMUKH,
I'.C. Kycr (1999) pazpaboTtan 35KOJIOTO-AMHAMHYECKHE CXEMbl 3BOJIONMM U TpaHChopMaluu
PaAcTUTENILHOCTU U MOYB JJIi OCHOBHBIX MOP(OIOTHYECKUX 3JIEMEHTOB JAEIbTOBOrO JaHamadra ¢
y4eToM Maciutada (CHIIbI) U CKOPOCTH M3MEHEHMs 3KOJOIMUYECKHX (PaKTOPOB M TAKXKE MPUMEHMUII
9TH pe3ynbTaThl I KapTorpagupoBaHus ONyCThIHMBaHUSA B [lpuapaibe M Ha JApyrux
tepputopusx. C.E. Tpemkun u XX.B. Ky3pmuna (Tpemkun, 2011; Ky3pmuna, Tpemkun, 2009,
2012; Kuzmina, Treshkin, 2006, 2012) o6ocHOBaiu BO3MOXHOCTh BOCCTAHOBJICHHSI TYyracB
raqoQUIbHONM HKOJOTMM Ha CWJIBHO 3aCOJICHHBIX M OIYCTBIHEHHBIX OHWTOMNAaX, MpeIoKUIN
METOJMKY Takux paboT. Pa3zpaboTano mpenctaBieHne o GpuTopasHOOOpa3HH Kak MHOTOYPOBHEBOMH
(TaKCOHOMHYECKOH, CHHTAaKCOHOMMYECKONH M XOPOJOTMYECKOW) AMHAMHUYECKOW (PBOJIOIMOHHOI)
cucreme, Oaszupymomieiics Ha tanamapTHoM pazHoodbpasuu (Novikova, Kouz’mina, 2008).
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MOHO CUMTaTh, YTO UCCIIEIOBAHUS U IIOJIyYCHHBIC PE3YJIbTAThl, BCKPBIBIINE 3aKOHOMEPHOCTH
JUHAMUKHU IIPUPOIHBIX KOMIUIEKCOB ACJIBTOBBIX PABHHUH JlajlM HAYYHOE OCHOBAaHHE Ul MOJIX0Ja K
PELICHUI0 HAYYHO-IIPAKTUYECKOM 3a/a4yl 110 YNPABJICHHUIO T'MAPOJIOTMYECKUM PEXKUMOM JENIbT U
CO3JaHHUI0 UCKYCCTBCHHOW TUAPOTPadUUIECKON CETH, BKIIOYAIOIICH OCHOBHOE PYCIO, OTXOJSIINE
KaHaJIbl, NCKYCCTBEHHBIC BOJOEMBI, M OOIIMPHYIO KOJUIEKTOPHO-APEHAXHYIO CETh. JTa CHUCTEMa
CIIYKUT JJI NPAKTHYECKOTO MCIOJIb30BaHUS HACEJIICHUEM, B IIPUPOJOOXPAHHBIX LEIAX B JIEIbTE U
HEHUCIIOJIb30BAHHYIO U OCTABIINECA BOJIHBIE PECYPCHI HAIIPABIAIOTC K BocTouHoM yacTu bosbiioro
MOps, IEPUOJUYECKH HAIIOJIHSA €TO0.

[Ipy 5TOM BaXHO NOMHWTB, YTO PABHOBECHOE COCTOSHUE SKOCHCTEMBI JIEIbTHI COXPAHSIETCS
[P YCJIIOBUH, YTO KaXKJbI KOHKPETHBIM Y4aCTOK HAXOJWUTCS Ha CBOEH, OTIIMYHOM OT MPOYMX,
cTanuu pa3BuTHs. [Ipy OTCYTCTBUM TUHAMHUKU MPUPOJHBIE KOMILIEKCHI IPOUIYT HEOOIBIION MyTh
SBOJIIOLIMM M 3aBepmiaT ero (QopmMupoBaHUEM TaNIO(DUIBHBIX OWOTHYECKUX U a0MOTHYECKUX
KOMILJIEKCOB. JTa mpolbiieMa MOAJEpKaHUS JUHAMHYECKOIO PABHOBECHSI 3KOCHCTEM [EJIbT —
COBpPEMEHHAs BAKHAs 3a7a4a B YIIPABICHUH Pa3BUTHEM APaJIIbCKOTO KpU3HCa.

[IpoaHanu3upoBaHHbIE HCCIIEIOBAHUS M IOCIEAHEE JMYHOE IOCEIIeHNEe AEIbThl AMynapbu
ITO3BOJIAIOT C/IENATh BBIBOJI, YTO HE OPOIIAEMYIO YACTh JEJIbTHI ITIOKA HEJIb3sl CYUTATh 3aBEPIIUBIIEH
TpaHCPOpPMAIUIO B MPUPOIHBIA KOMILJIEKC MyCTHIHHOTO THUIMA. DTOT MPOLECC MAET Ha JIOKAIbHBIX
ydyacTkax B HeopomaeMoil uactu pnenbThl. Ha Oonblued ke YacTM 3TOH  TeppUTOpUHU
ONYCTHIHUBAHHWE TOPMO3UTCS CO3JaHHOW CHCTEMOM HCKYCCTBEHHBIX BOJoeMOB. [loaTomy Onok
TpaHcpopMaluK NPUPOIHBIX KOMITJIEKCOB B paMKax ApanbCKOro KpU3uca elle He 3aBepIIeH.
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ECOLOGICAL AND GEOGRAPHICAL ASPECTS OF THE ARAL SEA CRISIS.
PART 3. RESEARCHES OF THE DYNAMICS OF THE NATURAL COMPLEXES
OF THE ARAL SEA REGION
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This chapter of our article is devoted to the study of transformation processes of the natural complexes
in the Aral Sea Region, due to the decreasing level of the sea and reduction of its water surface area.
This territory was influenced by the development of the Aral Crisis. The anthropogenic transformation
of natural complexes, considered to be a desertification, caused losses in their resource potential, and
influenced the development of the medico-biological and socio-economic components of the problem.
The article includes a review and discussion of the studies that were carried out on the dynamics of
natural complexes by different authors, the novelty and originality of their approaches and methods,
the scientific and practical significance of the results, and the contribution they did for futher
understanding of the development of the Aral Crisis. First, we consider the complex landscape studies,
then we discuss the studies of individual landscapes components, such as soils, vegetation, avifauna
and animal population. We discuiss the studies of the dynamics of the said territory and its individual
5 landscape regions (Ustyurt, Northern, Eastern, South-Eastern and Southern Aral Sea). The main
works and scientific publications were written about the Southern Aral Sea Region, especially its part
of the delta of the Amu Darya River that has not been developed for irrigation use. All authors agree
that the dynamics of the local natural complexes is a desertification process, caused by a reduction in
the moisture supply of the territory in the arid climate. Landscape studies of the region (V.A. Popov
(1990), A.V. Ptichnikov (1991), A.A. Rafikov and N.F. Tetyukhin (1981), G.V. Geldyeva et al. (1989,
2000)) were aimed at its spatial structure, identification of the processes and forms of desertification in
different types of landscapes and landscape areas. It is shown that the modern landscapes of the Aral
Sea Region are of different genesis, age and conditions. Therefore, the smallest changes in the
conditions of the Aral Crisis are common for the older, desert landscapes, while the most severe are
common for the youngest ones. A.V. Ptichnikov (1991) revealed that changes of individual
components (such as vegetation, mainly) occurred in Ustyurt on the elevated plateaus of the Northern
Aral Sea Region, and in the Kyzylkum. The changes of facies are common for a wide (up to 120 km)
strip of ancient aluvial-delta plains and in a narrower (up to 20 km along the seashore) strip of sandy
deserts in the Eastern Aral Sea Region, as well as on the chinks of the Ustyurt and the plateau of the
Eastern Aral Sea. Changes in the fracts happen in the rivers floodplains and on the dried-up
seabottom, as well as in the coastal strip of the ancient aluvial-delta takir plain of Akchadarya, 20-
60 km from the coast of the 1960s. Changes in the morphological landscape units of complex tracts
and areas are common for the non-irrigated parts of deltas, with the exception of floodplains adjacent
to the main riverbeds. The highest rank of changes (change of landscapes) in the Aral Sea region
occurred in the non-irrigated parts of the Amu Darya and Syr Darya deltas, as well as in the dried-up
strip of the sea floor. In these studies, new remote sensing materials were used at that time, mapping
methods were developed using them. The obtained results are reflected in various cartographic
materials, their analysis shows that, unlike desert landscape areas, the modern dynamics of natural
complexes of deltas is distinguished by the fact that they are under the influence of several factors and
they are characterized by spatio-temporal heterogeneity. The scientific significance of the obtained
results lies in the development of a theoretical understanding of the ecological and genetic series of
delta landscapes as an evolutionary system that develops during the natural development of the
territory in the direction of the formation of zonal variants. It is shown that the dynamics of landscapes
in the conditions of the Aral crisis differs from the natural one by accelerating processes and skipping
stages. The landscapes of the modern deltas of the Amu Darya and Syr Darya, having a natural
tendency to desertification genetically determined and enhanced by the fall of sea level and the drying
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of the water mirror of the sea, are at different stages of this process, depending on the conditions of the
water regime maintained by man when creating an artificial hydrographic network (a system of
reservoirs and channels). The current soil cover and soil dynamics of the Aral Sea Region were
studied in more details in the Amu Darya Delta during field observations by B. Zhollybekov from
1980 to the present day. They are reflected in a number of his publications (Zhollybekov, 1987,
1995). He studied and characterized the modern soil cover, formed an idea of the variants of
transitions from one soil to another, and proposed a forecast of their development after 1990. Special
attention in his research was paid to the processes of salinization-brining. In the studies of G.S. Kust
(1999), the theory of litomorphopedogenesis was further developed in relation to the modern
conditions of the Amu Darya and Syr Darya deltas. A proof illustration of this theory is the schemes of
soil dynamics, vegetation and the main soil-forming processes developed by him for genetically
different landscapes at different rates of change in moisture availability and salinity. It is shown that
the takir-like and takir-like soils of the ancient delta plains of the Aral Sea (Akchadarya, Zhanadarya)
are not the final stage of the development of initially hydromorphic alluvial-delta soils, since they are
also a stage in the process of long-term evolution into gray-brown soils. Vegetation is one of the most
important resources of the Aral Sea region, creating the economic well-being of the population and
favorable living conditions. Therefore, when studying the dynamics of vegetation, in addition to
traditional botanical indicators, species (floral) and phytocenotic richness, vitality, renewal, etc.,
economically significant indicators (aboveground and underground phytomass), the ratio of the
species composition of plants of different economic groups were necessarily studied. A.B. Bakhiev
(1985) and his colleagues (Bakhiev et al., 1977, 1994; Bakhiev, Butov, 1976, Bakhiev, Treshkin,
1995) studied the vegetation of the Amu Darya River delta (changes in its species richness and
diversity) for a long time. N.K. Mamutov (1990) carried out a study of meadow vegetation and its
economic significance in the Amu Darya Delta. As part of the UNESCO project (Novikova et al.,
1998), an inventory of phyto-diversity (taxonomic and phytocenotic richness) was carried out, a
modern classification was developed, the ecology of communities was characterized, and their
dynamic state was evaluated. The scientific significance of these studies is associated with the
development of theoretical ideas about phyto-diversity as a multi-level (taxonomic + syntaxonomic +
chorological) dynamic (evolutionary) system associated with landscape diversity. This is illustrated by
the model of dynamic relationships of plant communities. The practical way out of geobotanical
studies is that the assessment of the state of vegetation cover in the modern Amu Darya delta for the
mid-1990s is given, it is shown which groups of communities at the formation level have died, are at
the stage of dying off, or have a tendency to expand. In addition, the results of the study provide a
scientific justification for carrying out practical hydro-reclamation works that provide a variety of
environmental conditions by the nature of humidification and salinization to preserve the entire variety
of biotopes and biota. In these works it was proved for the first time that calculating the water balance
of the territory of the Amu Darya Delta, biocomplexes should be taken into account as an independent
separate water consumer. The vegetation of the Amu Darya and Syr Darya is tugai deltas, which is a
special relict type of floodplain vegetation, with tree, shrub and grass communities. Studies by S.E.
Treshkin and Zh.V. Kuzmina (Treshkin, 1990; 2011; Treshkin et al., 1998; Treshkin, 2000; Kuzmina,
1993, 1997b; Kuzmina, Treshkin, 1997a; Kuzmina, Treshkin, 2006) have shown that tugai vegetation,
which is widespread outside the Aral Sea region in the floodplains of rivers in Central and Central
Asia, is currently subject to degradation everywhere. The main reason is of anthropogenic kind; it is
the regulation of dams and the reuse of river flow. The death of the Amu Darya tugai in the delta,
which represent the greatest diversity and occupy vast areas in the basin, will lead to the loss of the
species and phytocenotic richness of this type of vegetation. The ecosystem approach to the analysis of
the dynamics of tugai was allowed by S.E. Treshkin and Zh.V. Kuzmina (Treshkin, 2011; Kuzmina,
Treshkin, 2012) to substantiate the possibility and methods for their preservation. The existence of
tugai communities is a guarantee of the preservation of the diversity of their animal population and
species richness. This was confirmed by the works of T. Abdreimov (1981) and M. Ametov (1981) on
inventory, as well as the work of R. Reimov (1985) on dynamics of the avifauna of mammals. After
the researches that have been conducted since the late 1960s in the Aral Sea region and its individual
landscape regions, the new knowledge about the ecological crisis and the features of its development
was obtained, which can be represented as a chain of ecologically conditioned, consistently
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developing processes leading to the formation of natural complexes of the desert type. The studies
have shown that by the 1990s, following the final transformation of the climate in the Aral Sea region,
the landscape changes in the desert regions (Ustyurt, Northern and Southeastern Aral Sea region) were
completed. In the North-Eastern and Southern Aral Sea Regions, in the territory of the deltas of the
Amu Darya and Syr Darya Rivers, the desertification process has been suspended by hydro-
reclamation transformations and the preservation of floodplain-alluvial processes in the local areas.
The dynamic state of their natural complexes depends on the environmental conditions, determined by
new water reservoirs. However, the existing systems do not provide the need for the development of
floodplain complexes, which is the main ecological condition for their development. So, the stability
of the delta ecosystem is preserved, provided that each site is at its own, different stage of
development. In the absence of dynamics, the natural complexes will overgo a short evolution and
complete it with the formation of halophilic biotic and abiotic complexes. This problem of maintaining
the dynamic balance of delta ecosystems is an important task for management of the development of
the Aral Crisis, therefore it is necessary to direct the geoecologists’ efforts to help with its solution.
This article is relevant, because in a brief form and for the first time it reviews the studies on the
dynamics of natural complexes and components of ecosystems under conditions of the developing
Aral Ecological Crisis; their scientific novelty and theoretical significance for crisis understanding are
assessed as well.

Keywords: Aral Sea Region, landscape areas, natural complexes, landscapes, soils, vegetation,
avifauna, wildlife, processes, dynamics, evolution, desertification, water regime, ecological-dynamic,
ecological-genetic series, biodiversity, economic significance, hydro-reclamation projects.
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JAUHAMMUKA 3KOCUCTEM U UX KOMIIOHEHTOB
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MOJAEJIUPOBAHMUE INPOLECCOB IIEPETEKAHUSA 3AT'PA3HEHHBIX 'PYHTOBBIX
BOJ B HAITIOPHBIE B JIECHBIX 3KOCUCTEMAX HA IPUMEPE
KAJYKCKOHU OBJACTH B 30HE PAJMOAKTUBHOI'O CJIEJIA'
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Lenp cratbu — uU3yYeHHE METOAOM MAaTEMAaTUYECKOT0 MOAETHPOBAHUS IPOIECCOB MHIPALUU
PA3TMYHBIX 3arpsS3HSIONIMX BEIIECTB, BKIIOYAs PAJAMOHYKIIMIBI, OT Clabo 10 CUIBHO COpOMPYEMBIX,
MPOUCXOMSANIMX B TPYHTOBBIX M HAMOPHBIX MOJ3eMHBIX Bojax. OOBEKTOM HCCIEOBAHUI SIBISETCS
yacte TeppuTopun Kamyxckoi obnactu, Hambonee rmocTpagaBmias OT aBapuu Ha YepHOOBLIHCKOM
aTOMHOM CTaHIINH.

C wucmonp30BaHWEM MareMaTHdeckod mporpamMmbl MT3D Oputo MpOBEAEHO MOIEIHPOBAHHE
MIPOIIECCOB 3arpsi3HEHMsI TOA3EMHBIX BOJ M, TTIaBHBIM 00pa3oM, HamopHBIX Boj B Kaykckoii obmactu
B 30HE paJMOAKTUBHOIO cjena Mo 3 CIEHApHsM pa3BUTHSA MPOILECCOB, C YYETOM pPa3IHMYHBIX
3arpsA3HAIOLIMX BEIIECTB U MaccolepeHoca.

B mnpornecce moxpenupoBaHusi Oblla NPOBENEHA CEPUS UYHMCIEHHBIX 3KCIEPUMEHTOB IO BO3MOXKHBIM
CLICHapusM 3arpsi3HEHUs] MOI3EMHBIX BOA: 1 cleHapuil — 3arpsA3HEHHE CUJIBHO COpOUpPYEMBIMU
BEIIECTBAMHU; 2 CLEHAapuil — 3arps3HEHHE CHJIBHO COpPOMpPYEMBIMH BEIIECTBAMHM, BKIIIOYAs
pamuoaKTUBHEIC, 3 cIeHapuii — 3arpsa3HeHus ciaabo copOMpyeMbIMH BemiecTBaMu. [Ipu 3TOM
paccMaTpUBaJICs BApUaHT, HEOIATONPHUATHBIN JUIS 3KOJIOIMUYECKOTO COCTOSIHUS HAIIOPHBIX IIOA3EMHBIX
BOJl B CBSI3U C HEAOCTATOYHOH HEMPOHHUIIAEMOCTHIO BOIOYIOpA IO OTHOLICHUIO K IPOHUKHOBEHHIO
3arpsA3HEHHBIX BOJ M3 TIPYHTOBOTO BOAOHOCHOTO TOPHU30HTAa. OJTO MOXKET OBITH 00YCIIOBIEHO
INPUPOAHBIM JIMTOJOIMYECKUM CTPOEHHEM (IIPUCYTCTBHEM IIPOCJIOEB, JIMH3 IIECKOB, CyIeceil,
HEIOCTATOYHOH MOIIHOCTBIO), a TaKKe TEXHOT€HHBIMU (hakropamu (IUIOXO HM30IMPOBAHHBIE
CKBa)KMHBI, KOJOIBI M OPYTrue MH)KEHEPHBIC COOPY>KEHMs, BCKPBHIBAIOLIME HAIOPHBIH BOJOHOCHBII
ropu3oHT). Bcé€ BrIenepedncieHHOe OTHOCUTCA K «OBICTPBIM IIyTSIM MUTPALMN», KOTOPBIE IPUBOIAT
K TPOHMKHOBEHMIO MHOIMX 3arpsi3HSIOIIMX BEIIECTB B HAllOPHbIC BOJAOHOCHBIE TOPH30HTHI,
cofieprKallye MPECHbIE TUTHEBBIC BOABI.

Jns u3ydeHus: MUTpalMy 3arpsi3HSIONIMX BELIECTB Ha paHee CO3JaHHOW HAMM YMCIICHHOM MOIENH
MT3D me1 BeIOpanm Ba paspesa. OHM HAIIPaBIIEHBI IO IMHUSAM TOKa MTOJ3EMHBIX BOJI OT BOIOpa3/iena
K o0JacTu pasrpy3ku — pekaM. AHajau3 3KOJIOTHYECKOW CUTyallMd IIPOBOAMICS MJsl 4YeThIpex
pacuerHsix cpokoB: 30, 60, 100 u 300 ner (yBsi3ka ¢ TepuoaaMu TOIypachajga pagHoOHYKIHIOB H
CPOKOB JIEMCTBHS BOI03200POB), IS YEThIpeX KO3 UIMEHTOB pacnpenenenus copounn (K,) 3B: 6,
26, 200 u 1000 n/kr s pagroOHYKJIHIOB C paclaaoM M APYTUX TOKCHYHBIX CHIBHO COPOMPYEMBIX
BemectB 0e3 pacmama; u 0.5, 1.0, 3,0 n/kr ans cnabo copOupyembix BemecTB. OleHHBaNach
9KOJIOTMYECKas CUTYallMl B IEPBOM CJIO€ — IPYHTOBBIX BOJAX, BO BTOPOM — BOJOPA3JEIbHOM CIIO€, B
MIOPOBBIX PAaCTBOPaXx, U B TPETHEM CIIO€ — HAIIOPHBIX [TOJ3EMHBIX BOJAX.

ITomumoO BYX pa3pe30B AJIsl aHAIM3a SKOJIOTHYECKON CUTyaluH ObUIN BBIOpaHBI HECKOIBKO TOUEK.

! PaGora Bemonnmena npu (QuHaHcoBoii mommepkke POOU B pamkax HaydaHoro mpoekra Ne 20-55-S52003

«9konornueckast OezonmacHocTh ADC NpW HITATHOM W YPE3BBIYAMHON CHUTYaIMsAX C OLEHKOW HEONpENeNeHHOCTH IMpPH
3aXOPOHEHHH SIIEPHBIX OTXOJIOB M HA/ICKHOCTH WHXKEHEPHBIX 0aphepHBIX CHCTEM» M I0 1 0CyapCTBEHHOMY 3aaHui0?
Homep Ilporpammer AAAA-A18-118022090104-8 «MonennpoBaHue W NMPOTHO3MPOBAHUE IPOIIECCOB BOCCTAHOBIECHHS
Ka4ecTBa BOJ] M 9KOCHCTEM MPH PA3INIHBIX CHEHAPHAX M3MEHEHNH KiIMMaTa U aHTPOIIOT€HHON JIEITeITbHOCTI.
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B pesynprare MopenupoBaHus MPOBEAECHO CPaBHEHHE BCEX CLIEHAPHEB Pa3BUTHS MPOLIECCOB 3arps3HEHUS
u anamm3 (akTopoB, WX ompenestoumx. Kpome 3toro paccmarpuBanics mpouecc AudQy3un
3arps3HAIONIMX BEILECTB C TOUKU 3PEHUS €r0 BO3MOYKHOCTEH 1 BIIMSHUS HA MUTPALUIO BEILECTB.

Takum o00pazoM, TIaBHBIMH (akTOpaMu (OPMUPOBAHMS IPOIECCOB MHUTPALUK  3arpsI3HSFOIIIX
BEILIECTB SIBJSIFOTCS B MEPBYIO OYEpeb WX PaJMOAKTUBHBIA paciiaj, BO BTOPYIO — UX COpOLMOHHBIC
CBOWCTBA, a B TPETHIO — TUAPOIUCIIEPCHS] TIOTOKOB MOI3EMHBIX BOJI, KOTOPasi B CBOIO OYEpE/Ib 3aBUCUT
OT TEOJOTrO-THAPOreOoIOTHYECKUX YCIIOBHH H3ydaeMoil Teppuropuu. Tarxke HeOONbIIOE 3HAYCHUE
uMeer mporecc mupdy3uu.

PaccMoTrpenHast cuTyalysi CBUJETENbCTBYET O TOM, UTO BOJOYIIOPHI HE SBJISAIOTCS TONHOM rapaHTuen
3aIUIIIEHHOCTH HAIIOPHBIX MOJ3EMHBIX BOJ OT 3arpsA3HEHHUS.

Kniouegvie cnosa: TpPyHTOBBIE BOJBI, TOA3EMHBIE HAIMOPHBIE BOJBI, MOJETHUPOBAHUE IMPOIECCOB
MUTpAllii, 3arps3HSIONICE BEIIECTBO, PAAMOHYKIUIBI, CcOpOLuMs, MoJeKymsapHas auddysus,
PaaMOaKTUBHBIN pacna.

DOI: 10.24412/2542-2006-2021-3-156-191

OOBEKTOM HCCIEOBAaHUMN SIBISIIOTCA HANOpPHBIE TOJ3EMHBIE BOJABI HA YacTH TEPPUTOPUHU
Kamyxckoit obnactu.

[ens paboThl — U3y4eHUE METOJOM MATEMATHYECKOTO MOJEITHPOBAHUS MPOIECCOB MHUTPAITUU
pasMUHBIX 3arps3HsAmuXx BemecTB (3B), BrIoyas paauoOHYKIUIBI, OT CJIa00 N0 CHUIIBHO
COpOUPYEMBIX, MPOUCXOISAINX B TPYHTOBBIX M HAITOPHBIX MOA3EMHBIX BOJIAX.

[IpoBeneHo MoaenupoOBaHKE MPOIECCOB 3arpsA3HEHUS TMOJ3EMHBIX BOJ W, TJIABHBIM 00pazoM,
HaIlOPHBIX BOJ C UCIIOJIB30BAHUEM MaTeMaTrudecko moenu MT3D.

B mporiecce MoaenrpoBaHus pacCMOTPEHBI BO3MOXKHBIE CIICHAPUM 3arps3HEHUs: | crieHapuil —
3arps3HEHUE TIOJ3EMHBIX BOJ| CHJIBHO copOMpyeMmbiMu 3B; 2 cleHapuii — 3arps3HEHHE CHIIBHO
copbupyembiMu 3B, BKITIOYast paIiOaKTUBHBIC; 3 CIICHAPH — 3arpsi3HeHHE ci1abo copoupyembivu 3B.

Jlia M3ydeHus MUTpaLUK 3arpsA3HAIONIMX BEUIECTB B 3apaHee CO3/IaHHOM YMCICHHOW MOJenu
MT3D Obuti BEIOpaHBI Ba pa3pe3a U HECKOJIbKO OTAEIbHBIX ToueK. OIeHuBaIach KOJIOTHIECKas
CUTYaIisl B TPYHTOBBIX BOJIaX, BOJIOPA3/IEIbHOM CJIO€ M HAIIOPHBIX MOJI3EMHBIX BOJAX.

B pesynbrare MojaenupoBaHus MPOBEICHO CpPaBHEHHME BCEX CIEHAPUEB Pa3BUTHUS IMPOLIECCOB
3arpsi3HeHuss W aHanu3 (aKTOPOB, WX OMNpEAeSIONNX. BBISIBIEHO, YTO TIaBHBIMU (DaKTOpaMHU
SBIIAIOTCSL B TEPBYIO OdYepelb paJAMOaKTUBHBIN pacnaa 3B, Bo BTOpylo — HX COpOIMOHHBIE
CBOMCTBa, a B TPETbIO — T'HJPOJUCIEPCUsl NMOTOKOB MOJA3EMHBIX BOJI, KOTOpasi B CBOIO OYe€pelb
3aBUCHT OT T'€0JIOTO-THIPOre0JIOrMYeCKUX YCIOBUM u3ydaemoii Tepputopuu. [Ipu atom Hebombioe
3HaYCHHE UMEET mpoliecc AU dy3un.

Pe3ynbTaTthl Hay4yHBIX HCCIEAOBAHMN IO JAHHON TEeMaTHKE MOTYT OBITh HCIOJIB30BaHbI MpU
OIICHKE DJKOJIOTUYECKOTO COCTOSIHUSA IOJ3EMHBIX BOJlI HA PA3JIMYHBIX TEPPUTOPUSIX CTPaHbI B
Pa3IMYHBIX MaciiTadax; Ipyu MPOEKTUPOBAHUU U CTPOUTEIHCTBE BOJ03a00POB MPECHBIX MUTHEBBIX
MOA3EMHBIX BOJ; PU MPOSKTUPOBAHUU M OPraHU3allMd MOHUTOPUHTA IMOJ3EMHBIX BOJ B pailoHax,
MOCTPaJaBIIUX OT aBapuu Ha YepHOOBLIILCKOM aTOMHOMN AJIEKTPOCTAHIIUH.

MartepuaJjibl 1 METObI

Bb10op 00beKkTa MOIEITMPOBAHUS

TI'eozcpaghuueckoe nonosicenue. O6GbEKTOM MOJEIUPOBAHUS THAPOT€OJIOTHYECKUX YCIOBHUH MpH
aHTPOIIOT€HHOM Harpy3ke Obl1a BblOpaHa 4YacTh Tepputopun Kamyxkckoil oGnactu, Hamnbosee
nocTpajaBiias OT aBapuu Ha UepHOOBUIbCKOM aTOMHOW CTaHIMM. ['paHUIIBI 3TOH TeppUTOpUH, C
y4eToM yA00CTBa 3aJjaHHs T'PAaHUYHBIX YCIOBHM IMPU MOJICIMPOBAHUM, YCTAHOBJIEHBI 10 PEYHOU
cetu: 1o pekam bonBa — OBcopok — Orapp Ha 3amajie U 1ro-3amnaje TeppuTopun; o pexe Peccera
Ha IoTe M I0ro-BocToke; mo pexkam JKuszzapa u Jlparoskanb Ha ceBepo-BOCTOKe; Mo peke IleperecHa
Ha ceBepe. YacTh 3amaJiHOM M I0)KHOM TpaHMIBl OOBEKTa COBMAJAET C aJIMHUHHMCTPATUBHOU
rpanunei Kamnyxckoit obnactu (puc. 1).
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T'uopoceonocuueckue  ycnosus. OHU
OTIIMYAIOTCS  OOJNBIIUM  pa3sHOOOpa3reM

BOJIOHOCHBIX TOPU30HTOB, Kak
6C3HaHOpHBIX, TaK U HAIIOPHBIX, a B LICJIOM
THJPOTE0JIOTUYECKOEe CTpPOCHHUE
TEPPUTOPHU MIPEJICTABIISCT coOoi
«CJIOCHHBIH THPOT». besnanopusie
TOPU30HTHI BKJIIOYAIOT B CceOS  BOJIBI
YCTBCPTUIHBIX (aJ'IJ'HOBI/IaHBHBIX,
TIAIUaJIbHBIX, (1)J'IIOBI/IOFJI$IIII/IEU'IBHBIX,

0O0JIOTHBIX, TPOJIFOBUATIBHBIX TOPU30HTOB),
MEJIOBBIX M IOPCKMX OTIOXKEHW. Bcee
TOPHU30HTHI CBSI3aHBI MEXIy CO00i W He
HMEIOT  BBIJEP)KAHHBIX  BOJOYIIOPOB
BHYTpHU 00111e# TOMIH (KOMIUIEKCa).
Hanophble BOJOHOCHBIE TOPH30HTHI
IIPECHBIX MOJ3EMHBIX BOJ BKIIIOYAIOT B
ce0s MHOMKECTBO CBSI3aHHBIX MEXIY

< DO SV KARWXCRAR ORSACTS co00l TOPU3OHTOB KaMEHHOYTOJHHOTO
BO3pacTa.

Puc. 1. ®wusnueckas kapra Kamyxckoir ob6mactu Mexay OByMS OSTHMH TOJNIIAMH

(KpacHbIM KOHTYpOM 0003HaYeH 00BCKT  (BOOHOCHBIMH KOMIIICKCAMH) 3aJICTacT

MOJICTIUPOBAHMS ). BBIJICPKAHHBIN o IJIOIIa I

BEPXHEIOPCKUI BOJIOYIIOP.

Huxe KaMeHHOYrOJIbHBIX TOPHU30HTOB 3aJI€TAalOT BOJOHOCHBIE TOPH3OHTHI JEBOHCKOTO,
MIPOTEPO30MCKOT0 M apXeWCKOro BO3pacTa, CoAepKalliue COJIeHbIE MOJ3EMHBIE BOJbI U PACCOJIBI.

CpaBHUBas COBPEMEHHYIO CUTYallMIO C TOCIEYepHOOBUILCKOM, MOXKHO CKa3aTh, YTO uepe3
34 rona nmocie aBapuu (OJWH NEPUOJ TMoJIypacnaga paJuoOHYKIUOB) €llle OCTAeTCsl 3HAYUTEIbHOE
3arpsi3HEHUE TOBEPXHOCTH MOYB PATUOHYKIUIAMU. MOHUTOPUHT mMoja3eMHbIX Box (okmarx ...,
2013, CopaBka ..., 2013) He BBISIBHJI y4aCTKOB BOJOHOCHBIX TOPHU30HTOB, I'Jle¢ KOHIEHTpPALUU
PaAMOHYKIMOB MPEBHIIATN Obl JOMyCTUMBIE YpOBHU. K cokalneHHIO, 37eChb OTCYTCTBYIOT
CBEICHMS O KOHIIEHTpAIMSIX PaJIUOHYKINAOB B MOJ3EMHBIX BoAax, He mnpesbimaromux 1K, Ho
MPEBBIIAIONINX (POHOBBIE 3HAYEHHS, YTO BAXXHO MPH 3arpsS3HEHUHM YPE3BBIYAHO OMACHBIMHU
BEILIECTBAMH, BJIMSHUE MAJBIX 03 KOTOPBIX HAa 3/I0POBbE HACEIEHUS HE HM3Yy4€HO. MOHUTOPHUHT
MPEUMYILIECTBEHHO MPOBOAWICA Ha JAEHCTBYIOIIMX BOJ03a00pax, 0O0OpyIOBaHHBIX aisi Ooliee
rIyOOKUX TOPU30HTOB TMOJ3EMHBIX BOJl, @ TPYHTOBBIE BOJbI MPAKTUYECKH HE HAOIIOAATUCH.
W3ydyeHne moA3eMHBIX BOJ Ha TEPPUTOPUHU cocelnHell bpsHckoil obmacTu Mmokaszanu Haludue
3arpsi3HEHUs, a 3TO MO3BOJISIET MPEANOJIOXKUTh, YTO U HAa U3ydaeMoil Teppuropun B Kamyxckoit
o0JacTu B MOJ3EMHBIX U OCOOEHHO TPYHTOBBIX BOJAX 3arpsi3HEHUE MPUCYTCTBYET. B mocnemHux
naHHbIX MoHHTOpuHTra (annbie ..., 2018; Pammamumonnas oOctaHoBka ..., 2019) cBenenus o
MOJ3€MHBIX BOJIaX OTCYTCTBYIOT.

Moz[e.lmponaﬂne NnmpomecCcoB reOMMrpanvu 3arpsasHaOnmux BemecTn

Onucanue ycnosuii 3azpsi3HeHUsi 6000HOCHbIX 20pu3onmos. Ha naHHOM 3Tame ucciel0BaHuUi
paccMOTpUM BO3MO’KHOCTh 3arpsi3HEHHs HANOPHBIX MOJ3eMHBIX BojA. Ha mpeapiaymiem stame
(benoycosa, Pynenko, 2020) 6bu10 OKa3aHO, YTO CYLIECTBYET ONMACHOCTh 3arpsi3HEHHs TPYHTOBBIX
BOJ PpAIMOHYKIMJIAMH 3a CUeT UX MHIPalMd C TOBEPXHOCTH 3E€MJIH, 3arpsi3HEHHOH
YepHOOBUIbCKMMU ~ pafMOHyKIuAaMu. Ha mgaHHOM 9Tame paccMaTpuBaeTcss BO3MOXKHOCTh
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3arpsi3HEHUs] HATOPHBIX BOJI OT 3arpsI3HEHHBIX TPYHTOBBIX BO/I.

Kpome »sToro, ananmu3 CymiecTBYIOLIEro 3arpsi3HEHUS IOJA3€MHBIX BOJ Ha TEPPUTOPUHU
Kanyxckoit obnactu, nmpoBeeHHBIN Ha npeasiayiieM stane (benoycosa, Pynenko, 2020), mokasan
HaJU4Yhe XUMHUUYECKOTO 3arps3HEHUs] B PAa3JIMYHBIX BOJOHOCHBIX TOPU30HTAaX. 3arps3HEHUIO
MOJBEPKEHBI TOPU3OHTHI OT YETBEPTUYHOTO JO JEBOHCKOTO BO3pacTa: MPAKTHYECKH BO BCEX
MPUCYTCTBYET CTAOMIBHBIN CTPOHIIUH, OapHii, GTOP, HUTPATHI, XJIOPUIBI, CYIb(ATHI.

Anaim3 3B mo creneHn copOMpYeMOCTH M X KIIACCU(UKAIUS MPOBEICHBI Ha MPEIbLIYIEM
JTame HUCCIAEAOBAaHUM M0 JIUTEPATYpHBIM JaHHBIM. OTHECEHHWE TOTO WM HMHOTO BEIIeCTBA K
OTIPENICTICHHOM CTENEeHU COPOMPYEMOCTH MPOBEACHO MO HAMMEHBIIUM 3HAYCHHUSIM KO3(PPUIIMeHTa
pacnpenenenusi — K, 13 BCEro M3BECTHOTO AMANa30HA €r0 U3MEHEHUH. DTO CBSI3aHO C TEM, UTO IS
JAHHOTO MaciuTabda WCCIEIOBAHUM HE TMPEJCTABISIETCS BO3MOXHBIM YYECTh psif (aKTOpOB,
YBEITUYHUBAIOIIUX CKOPOCTh MUTPALIMHU PAIUOHYKIHAOB (MUKpOpenbed, TPEIIHHBI, KPYITHBIE TOPHI
U JIp.), TIOSTOMY HCIIOJB30BAJIOCH MEHBIIEE 3HAYCHHUE 3a/IePKUBAIONIETO KOd(hduIimeHTa, 4To0sl
MOJYYUTh MaKCUMAJIbHO BO3MOXKHBIC 3HAUCHUS MOKA3aTeJIe OMacHOCTU 3arps3HEHUs MMO3EMHBIX
BoJI. Tako#t METO1 MPAKTUKYETCSI B T€0IKOJIOTHISCKUX UCCIICTOBAHUSIX.

W3 matepuanos, npuBeaeHHbix paHee (benoycoma, Pynenko, 2020), 3nauenuss K, MHOTHX
XMUMHYECKHUX 3JIEMEHTOB 3HAUMUTEIbHO MpeBbIMAlT Thicsun J/Kr (ans Ni K,=152-5365 n/kr),
YTO 3aBUCUT OT JIMTOJIOTMYECKOTO COCTaBa BOJOBMEINAIONIMX TIOPOJ U COCTOSHHUS CaMOTo
arieMeHTa. B cBSI3M ¢ 3TUM HCHONB30BaHUE KiIacCU(UKALMU [0 CEMU CTEMEHSIM COpOMpyeMOCTH
3arpsI3HSIONINX BEIIECTB JUISI PEIICHHS ITOCTABJICHHOW 3alayu SIBISIETCS 3aTPYAHUTEIHHBIM.
[TosTOMY /TSI OLIEHKHM 3aIIUIIEHHOCTH M YS3BUMOCTH HAIMOPHBIX MOJI3EMHBIX BOJ OT 3arpsi3HECHUS,
MOCTYMAIOIIETO U3 IPYHTOBBIX BOJ, UCIOJIB3YETCS YIPOIIEHHOE MPEICTaBICHUE O COOPUPYEMOCTH
U BBIICISIOTCS TOJIBKO JIBE KATETOPUU IO CTENEeHH copOupyeMocTu: cimabo copoupyembie
xuMuueckue aneMeHTsl ¢ K,=0-5 1/kr u cunbHO copbupyembie ¢ K, ot 6 no 1000 n/kr (nmanee
nvamna3oHbl u3MeHeHus: K, OynyT paccMoTpeHbl Oojiee aeTanbHO). MccnemoBaHus HpPOLECCOB
MUTPALUN PATUOHYKIUIOB B BOJIOHACHIIIEHHON TOJIIE MPAKTUYECKH HE MPOBOAMINCH, U3Y4aIlCh
TOJIKO MOYBHI ¥ MTOPOIbI 30HBI adPALIUU.

Takum o00pazoMm, Ui MOJEIUPOBAHMSI MPOLECCOB 3arps3HEHUs TPYHTOBBIX W HAMOPHBIX
0J3eMHBIX BOJ ObLIH BhIOpansl pamuonykmuasl (1*7Cs u *°Sr u npyrue cunsno copbupyembie 3B,
UMEIOIME YKa3aHHBIA Juana3oH Kod(h(UIMEHTOB pachpelesieHus) U HeWTpaibHble, ci1alo
copbupyembie 3B (HuUTpaThl, CynbdaTbl, XJIOPHUIbl U HEPTEHPOAYKThI), C KOTOPHIMHU IpOBEICHA
cepus YMCIIEHHBIX SKCIIEPUMEHTOB B TPEXCIIOMHOM cpejie.

Bce 3B mo creneHu copOumu MX MOpoJaMH pasieisitoTcs Ha Tpymmbl. s ucciaenoBaHuil B
pamMKax MoOJIeTMpOBaHUs Oblja MpPUHATA YIpOIleHHas kiaccudukanus: cnabo copoupyemsie 3B ¢
K, ot 0 1o 5 n/kr, a Bce ocTalibHble OBUTM BHECEHBI B pa3psij CHIbHO copOupyembix. B Haarpynmy
cinabo copbupyembix Obiu otHeceHwl 3B ¢ K,=0.5, 1.0 u 3.0 n/kr, a B cuiibHO copOupyembie — ¢
K,=6, 26, 200 u 1000 n/Kr, KOTOpPBIE XapaKTEPU3YIOT COPOIIMOHHBIE CIOCOOHOCTH PAAUOHYKIIUIIOB
(°°Sr u *’Cs). Dtumu xe K, MOTyT XapakTepu3oBaThcs u apyrue 3B.

MopnenupoBanue cootBerctByeT 200000 wmacmtaby wuccinenoBanuii. Pacuer wmurpanuu
3arps3HAONINX BEIIECTB BHIMOIHSIETCS IS MIEPBOTO TOPU30HTA TPYHTOBBIX BOJ (BOAOPA3AETHLHOTO
ClI0s1), KOTOPBI MOT OBITh MPEJCTABIIECH MEpecIanBacM HEMPOHUIAEMBIX M MPOHHUIIAEMBIX TOPO]I,
COJIEpKalllUM TaK Ha3blBaeMble «OBICTpbIE MYTH MUTPAIUK» MPUPOJHOTO M TEXHOTEHHOTO
XapakTepa (TpeLlMHbI, JUH3bI, IJIOXO H30JIMPOBAaHHBIE CKBaXMHBI M [p.), a TakKKe BTOPOTO
HaIropHOT0 BOJIOHOCHOTO TOPU30HTA.

Bp100p BBIYMCIUTENBHON NPOrPaMMBbI H PaCYeTHOH MOJEJIN

Jlis MOJienupoBaHus Mpoliecca MaccollepeHoca B MOJ3EMHBIX BOAaxX Oblia BbIOpaHa MOJENb
MT3D (Zheng, Papadopulos, 1990), koTopas paboTaeT Ha OCHOBE TpPAaHCHOPTHOM MoJenn
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MODFLOW (Anderson, Woessner, 1992). Monens u3zyuaemoro oobwekra Obuta co3mana B 2012-
2013 rr., a pe3yapTaThl BBIIIOJIHEHHOIO IO HEW MOJEIMPOBAHUS SIBIISIFOTCS MPEABAPUTEIbHBIMU U
M3JI0KEHBI B HeCKObKUX padorax (benoycosa, 2015, 2019, Anronos, 2013).

dyHaamMeHTaIbHAsA MoJeb Macconiepenoca MT3D

Ocnosnvie ypasnenusi (Zheng, Papadopulos, 1990). HactHoe muddepeHinanbHOe YpaBHCHHE
ONMCHIBAET TPEXMEPHBII MEPEHOC 3arpsA3HSIONIMX BEUIECTB B MOJ3EMHBIX BOJAX, KOTOPOE MOKHO
3ammcath cienyromuM odpasom (Zheng, 1990):

= (0 2) - = i) + 26, + T Re (),
rae C — KOHUEHTpalus 3arpsi3HSIOLIMX BELECTB, PACTBOPEHHBIX B MOJ3EMHBIX Bojax (r/m); t —
BpeMs (CyT); X; — PACCTOSHUE BJIOJIb COOTBETCTBYIOIIEH JIEKaPTOBOM KOOPAMHATHOM ocH (M); D;j —
TUPOJIMHAMUYECKHI KOd(QQUIMEHT aucrepcuu (M?/cyT); v; — NpOCauyMBaHHe WM IMHEHHas
CKOPOCTb BOJIbI B MOpax (M/CyT); gy — OOBEMHBIN MOTOK BOJBI HA €MHHUILY 0OBbEMa BOJIOHOCHOTO
TOPU30HTA, NMPEICTABIAIOINNA UCTOYHUK (TIOJIOKUTENBHBIN) M CTOK (OTPHUATENLHBIA; 11/CyT); Cg —
KOHLIEHTpAllMsl 3arpsi3HEHUS] MEePEeMEHHOr0 HCTOYHMKAa WM cToka (r/m); 6@ — TOpHCTOCTb,
Oe3pasMepHasi; Y.n—q Ry — XUMHUYeCcKuii TepMUH peakuuu (I/71-cyT).

Ecnu npennonoxuTh, YTO TOJILKO paBHOBECHas JHMHEWHAs WIM HEJTUHEHHas copOuus u
CKOPOCTh HEOOpaTUMOM peakIUu IEepBOro MOpsAIKa Y4YacTBYIOT B XHUMHYECKHX PpEaKIHsIX, TO
TEPMHUH XUMUYECKON peakiiuu B ypaBHEHUH (1) MOXKeT ObITh BBIPAKEH:

N — PpIC _ Pb ~
Li=1 Ry = 6 ot A(C + 9 C) (2),

e pp, — MIOTHOCTH MOPosl (Kr/M>); C — KOHIIEHTPAIs 3arpA3HAIONINX BEIIECTB, COPOUPOBAHHBIX
MOPUCTOH cpefioit (KIx/Krr)*; A — KOHCTAaHTA PeaKIK MepBOro mopsaka (cyr™).

oC_0 (p 0C\_ 0 99 » _ ( Pb —)
Rm_aﬂﬁmw) am@£)+6% A(c+2c 3),
rae R HA3bIBACTCA KOB(b(bI/II_II/ICHTOM 3a/:[ep>1<1<1/1 nu OHpe,Z[eJ'IﬂeTCH, KakK:

_ 14 PpoC

R=1+222" (4).

VYpaBuenue (3) ABISICTCS OCHOBHBIM YPaBHEHHEM MOJICIM MacCOIEPEHOCa, KOTOPOE CBS3aHO C
MOJIEJIBIO TTIOTOKA, B TOM urcie ¢ MODFLOW.

Mogens MT3D ocHoOBaHa Ha pacuere HECKOJIbKHUX MPOILECCOB, TaKUX KakK aJBEKIuf,
JTUCTIEpCHs, JIMHEHHAs ¥ HeJIWHEHHas copOIysa, U Ha HEKOTOPHIX XMMHUYECKUX PEAKIHAX MEPBOTO
YPOBHSI.

. ]
Aosexyus. Bropoe ciaraemoe B mpaBoil yactu ypaBHeHUs (3) — 310 J(viC ), U3BECTHOE KakK
i

azBeKIus (BbIHYXK/IEeHHAas KOHBeKlHWs). OHa omuchIBaeT nepeHoc 3B, cMemmBarommxcs ¢ Tol xe
CKOPOCTBIO, YTO U TPYHTOBBIE BO/IBL.

Jucnepcus. CnenyromuM BaKHBIM MpoIleccoM Ipu nepeHoce 3B B moA3eMHbBIX BOJax sSBISETCS
nucnepcust (TUIPOAKMCIIEPCHs), 3aBUCALIAS OT CKOPOCTH (MIBTPAIMHM TMOTOKA MOJ3EMHBIX BOJ,
MOJIEKYIsIpHOH MU Py3un U MEXaHUYECKOHN TUCTIEPCUU CKOPOCTE.

dg
Ipuemnuxu u ucmounuky. TpeThsi YaCTh B YIpaBIsAONIEeM ypaBHEeHUU (3) ?Cg — 3TO TEPMHUH

HpI/IeMHI/IK/I/ICTO‘{HI/IK, KOTOpHﬁ MMPEACTABJIEICT MACCY PACTBOPCHHOI'O0 B BOJAC HJIM PACTBOPCHHOC
BCIICCTBO, MacCCa KOTOPOI'O0 pacTBOPSACTCA B BOIC. HpI/IeMHHKI/I/I/ICTO‘{HI/IKI/I 3arpsA3HEHU MOT'YT
OBLITE KJ'IaCCI/I(l)I/II_[I/IPOBaHBI KaK II0 IuIoIIaau paclipeaciCHusA, TaK W IO KOHKPECTHOMY MCCTY

2 KI/KT; — OTHOIIEHHE MACChl 3arPA3HAIOIIETO BENIECTBA B KHMAKOW (base K ero mMacce B TBepoil. B mocnemyromem
eIMHNIA N3MEPEHNS COKPAIIAETCS U MBI IToTydaeM Oe3pa3MepHbIi K03 hunneHt.
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PacroJIOKEHUSI.

Xumuueckue peakllMy, BKIIOYEHHBbIE B TpaHCHOpPTHYIO Mozens MT3D, paBHOBECHBI U
YIPABJISAIOTCS JIMHEWHOW W HENWHEWHOW copOIuel W HeoOpaTUMOW peakIeil ypoBHS TEPBOTO
MOpsIJIKa — Yallle BCEro paJlOaKTHBHOIO pacmaza Wiu ouojerpananuu. bosee cioxHble peakuuu
MOryT OBITH J00aBJIEHBI K MOJENH, KOTJa 3TO HEO0OXOAMMO, HE HW3MEHSS CYIIECTBYIOUIYIO
IIPOrpaMMy.

Jlunetinas unu nenunetinas copoyus. OHa OTHOCHTCS K TpoIieccy mMaccooOMeHa Mexay 3B,
pPacTBOPEHHBIMHU B TIOJ3€MHBIX BoJax (¢a3el pacTBopa), 1 3B, copOupyeMbIMI Ha IOPUCTOH Cpere
(B TBepmoit (daze). IIpuHATO cunTaTh, YTO CYLUIECTBYIOT YCIOBHSI PaBHOBECHUSI MEXIY PacTBOPOM-
(a3l 1 TBepAO(Pa3HBIMU KOHIIEHTPALUSAMH U YTO COPOLIMOHHAS PEAKIIUS MPOSBIIAETCS TOCTaTOUHO
OBICTPO IO CpPAaBHEHUIO CO CKOPOCTBbIO JBM)KEHHS TPYHTOBBIX BOJ, TaK 4YTO €€ MOXHO
paccMaTtpuBaTh Kak MTrHOBEHHYI. DyHKIMOHaNbHAs 3aBUCUMOCTb MEXKIY PpPacTBOPEHHOH U
copOupyeMol KOHLEHTpalUsMU Ha3blBaeTCid H30TepMoil copOuuu. M3oTepmbl copOumu, Kak
MIPaBUJIO, BKJIIOYEHBI B TPAHCHIOPTHYIO MOJIEIb C UCIIOJIB30BaHUEM (aKTOpa 3aMeJICHUSI.

Tpu Tna nzotepmsl copOum paccmarpuBatorcsa B mogenu MT3D: nunelinas, ®peitnnuxa u
Jlenrmropa.

JluneitHas w30TepMa MpeAronaraeT, uTo KOHIEHTpauus copbupoBaubix 3B (C) mpsamo
MPOIOPLHOHAIbHA KOHIIEHTpalK pactBopeHHBIX 3B (C):

C=K,C (5),
rze K, HasbiBaeTcs ko> (HIMEHTOM pacipeieNe s, CM>/T.

KoaddumuenT 3amennenus onpenensiercs, Kax:

— P 9C _ P
R=1+22=1+2K, (6).

Paouoaxmusnuviti pacnao unu o6uodecpadayus. HeoOpatumasi peakiuss TEpPBOTO TOPsIKA
BKJIIOUAET B yHpasiisitolee ypaBHeHue (3) yacth A (C + %C_' ), MPEJICTABIISIIONIYI0 COO0H MOTepIo

Macchl Kak pacTtBopenHoit ¢assl (C), Tak u das3el copbupoanHoro (C) 3arpssHeHHs C TOH ke
CKOPOCTBIO, KOTOpast sIBIIsAETCs MOCTOSTHHOM (A4). KoHcTaHTa CKOpOCTH, KaK PaBUIO, BBIPAXKAETCS B
TEPMHHAX TIEPUO/Ia TOJTypaciaga paauoHyKIHIOB:

A= n2)/ty, (.
rje t1), — NEPUOJ NONYPACHana PajMOaKTHBHOIO Wl OuopasnmaraeMoro marepuaia Hid Bpems,

Heo0X0AUMOE JJIsi TOTO, YTOObl YMEHBIIWTh KOHLEHTPALMIO PAJUOHYKIUAOB [0 IOJOBUHBI
IIEPBOHAYAJILHOMN BEJIINYUHBI.
I'pannunbie yciaoBus

3ajaTcs TpU TUNA TPAHUYHBIX YCJIOBUM: 1 — KOHILIEHTpauus HW3MEHSETCS BO BPEMEHU —
SIUEWKU C aKTUBHOM KOHUEHTpaluel; 2 — KOHIEHTpAallUsl paBHA 3a/laHHON BEJIUYMHE — SUYEHKU C
IIOCTOSTHHOM KOHILIEHTpauuen; 3 — B Mpefenax s4elKd HeT KOHLEHTpAlUUU — sueliKa HEaKTUBHOMN
KOHILIEHTpaluHU. {5 pereHuss mocTaBICHHOM 3aaul 33JJaBaJIUCh T'PAHUYHBIE YCIOBUS MEPBOrO U
TPETHETO TUIIOB.

Hauanvnvie ycnosus u cuopozeoxumuyeckue napamempsl pacyemuou mooenu. Perenue 3anaun
TEOMUTPAlIMM Ha JaHHOM »JTafe HCCIe0BaHUN ObLIO HAMpaBICHO HA M3YyYEHHE BO3MOMKHBIX
MPOLIECCOB 3arpsi3HEHUSI TPYHTOBBIX U HAIMOPHBIX BOJ C HUCIOJb30BAHHME PA3JIMYHBIX CLICHAPUEB
Pa3BUTUSA ITPOLIECCOB 3arPSI3HEHUS.

HcxonHoe pacnpeneneHue KOHLEHTpauuud 3B B TpyHTOBBIX BOJIaX YCJIOBHO HPHUHSTO IO
AQHAJIOTMH C TMOBEPXHOCTHBIM PACHpEIeICHUEeM PaJlOaKTUBHOTO 3arps3HEHHs] B YePHOOBLTLCKOM
ciene Ha Teppuropun Kamyxckoit obnactu. X KOHIIEHTpamusi MOKeT 3a1aBatbes B 1/, br/m, [TJIK
1 (DOHOBBIX KOHIIEHTpanusax. B nanHoit pabote ucnonp3yrores 3Hauenus [1IK (puc. 2).
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VYcaopuble 0003HAYeHHA
xoruentpanas *7Cs (Ku/xm?)

IIpespimaer ILIK (>1,0)

B 2 pasa
B 4 paza
B 6 pa3
u B 8 pa3
B 10 pa3

. B> 10 pa3

COCTaBI€HA No
AAHHBIM IHIpOMETHEeHTpa

Puc. 2. KaprocxemMa MOBEpPXHOCTHOTO 3arpssHeHHs paauonykanmoMm '*’Cs Ha rore Kamyxkckoit
ob6nactu (Kapra ..., 1991).

Jlia u3ydeHus: MUTpalMU 3arps3HSIONIMX BEUIECTB B paHee CO3/IaHHOM YHCIEHHOW MOJeNu
MT3D na Tepputopuu ObUIM BBIOpaHBI JiBa paspesa: mo jauHuu [-I B HampaBieHHH C CeBepo-
BOCTOKa Ha toro-3amaj u no junuu -1l B HampaBnenuu c roro-3zamaja Ha IOro-BOCTOK, BJOJb
JUHUHN TOKa MOA3EMHBIX BOJ OT BoJOpa3jaena K ob0nactu pasrpy3ku — peke (puc. 3). Oba paspesa
NpOXOAiT 4epe3 Touky Ne 1, ABJISIONIYIOCS CaMOM BBICOKOM BOJOPAa3AEIbHOM TOYKOW IMOTOKa
TPYHTOBBIX BOJ, OT KOTOPOH MOTOK PacTEKAETCs MO0 BCEM HAIMPABIICHUSM.

BriOpanHBbIif yyacTOK Ui MOJETHPOBAHUS — 3TO BO3BBIINIEHHOCTH, KYNOJ, KOTOPBIA MO BCei
OKPY)KHOCTH OCHOBaHUSI OKaiimieH (rpaHuyuT) pekamu bonBoi, Pecceroit m Kuzmpoii, 4to
00yCIOBUJIO CIIOKHYIO KOH(MUTYPALIKIO TOTOKA TPYHTOBBIX BO/I.

AHanu3 3K0JIOrMYECKON CUTYallud MPOBOJMIICS Ul YEThIpeX pacueTHbIX cpokoB: 30, 60, 100 u
300 ner (yBsi3ka ¢ MepuoJaMH Moypacnaja paJidOHYKIUAOB U CPOKOM JIEHCTBHUS BOJ03a00POB),
Ui 4eTbipex Kodd¢uuumeHntoB pacrupeneneHus copobuuu (K,) 3B: 6, 26, 200 u 1000 n/kr mis
PaIMOHYKIUIOB C pPaclagoM U APYrUX TOKCUYHBIX, CHIBHO COpOMpPYEMBIX BellecTB 0e3 pacrnaja;
n0.5, 1.0 u 3.0 n/kr ana cnabo copOHpyeMbIX BellecTB. Takke OLIEHUBAJIACh SKOJIOTHYECKast
CUTYyallMsl B TIEPBOM CJIO€ — I'PYHTOBBIX BOJax, BO BTOPOM — BOJOPA3AEIBHOM CJIO€, B MOPOBBIX
pacTBOpax U B TPETbEM — HAIIOPHBIX MO3EMHBIX BOJAX.

Pe3yabTaTsl M 00Cy:KIeHHE

Pe3yJIbTaTI>I MOJIC/ITUPOBAHMSA IPOUECCOB MUTI'PAlMH 3ArPASHAIOIINX BEIIECTB
N3 'PYHTOBLIX BOJI B HAIMOPHBIEC MOA3€MHbBIEC BOAbI

Cyenapuii 1 — 3aepazHeHue CuibHO COPOUPYEMBIMU 3APASHAIOWUMU Bewecmeamu 0e3
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pacnaoa. Pazpe3 I-1. Uepes 30 nem miocne 3arpsizHeHus (puc. 4) KOHIEHTPALUS PaCIpeessieTCs
cienyromuM oopazom: 3B ¢ K,=200 u 1000 n/kr HE3HAUYUTENHHO YMEHBIIACTCS B TIEPBOM CIIOC —
B IPYHTOBBIX BoJAax, ¢ K,=6 JI/Kr Hanboyiee MHTCHCUBHO yMeHbIaercs B Touke Ne 1, ¢ K,=26 i/kr
TakKe HAO0JaeTCs YMEHbBIIICHUEe, HO MEeHee 3HaunTenpHoe (Tabm. 1).

Puc. 3. Cxema pasmemtenus paspe3oB I-1 u II-II ¢ Toukamu HaGmroneHuit Ha MOAETU U3y4aeMOrO
00BEKTA.

Bo BTOpOM ciioe — BoJiOpa3fenbHOM — Habmrogaercss (pOpPMHPOBAHUE 3arpsA3HEHHOTO CJIOA
MOPOBBIX PACTBOPOB, Hambosiee MHTEHCUBHO — y Touku Ne 1 ¢ K,=1000 n/kr, T/1e KOHLIEHTpALUs
nocturaet 1.7 IIJIK, Ha octanpHON Teppuropuun — He Gonee 0.5 II/IK, a B Touke Ne 16, koTopas
Obula BbpIOpaHa 3a IpelellaMd 3arps3HEHHOro  Clefa, KOHLEHTpanus HaOmogaeTcss B
HE3HAUUTEJIbHBIX KOJMuecTBax (Tabi. 2). DTo sBIEHME CBUAETEILCTBYET O pacTeKaHUU
3arpsI3HEHHOrO ClleJla Ha HE3arpsi3HEHHbIE TEPPUTOPUU. B TpeTbeM cilo€ — HANOPHBIX BOJAAX —
MOSIBJISIFOTCSL  OTJENIbHBIE JIMH3BI 3arpsi3HEHHBIX BOJ B Touke Ne 11, ¢ He3HaYUTENIBHBIMH
KOoHIeHTpauusamu, He npesbimaromumu 0.1 ITJIK npu ¢ K,=3 1/Kr, 4TO CBUAETEIBCTBYET O TOM, YTO
3arpsiI3HEHUE HOCUT TOYEUHBIN XapaKTep.

Kaprorpaduueckoe npejncraBieHle pe3ylbTaTOB MOJCIUPOBAHMS MpHBeNEHO (puc. 5) B BHUIE
JBYMEPHBIX U TPEXMEPHBIX KapT U SBISIETCS AEMOHCTPALMOHHBIM, IOCKOJIBKY HET BO3MOXHOCTH
OTpa3uTh peabHbII MacIITad N3MEHEHUH KOHIIEHTPAIUi, 0COOEHHO B TPEXMEPHOM BapUaHTe.

Yepes 60 nem mocne 3arpsi3HEHUs TEHICHIMU (HOPMHUPOBAHMS 3arpsS3HEHUS PYHTOBBIX BOJ
COXPAaHUIIUCh, ITPY ATOM MHTEHCUBHOCTD 3arpsA3HEHMs CHU3MIAch: ecin B Touke Ne 1 mocue 30 ner
npu K,=6 n/kr oHo cocrasisio 4 ITJIK, To mocne 60 ner — 1.8 IIJIK. B ocranpHBIX TOYKax ¢
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pasnuuHbIMU K), Taxoke HAOII0AaeTCsl yMEHbIICHHE 3arpsizHeHust (Taom. 2).

B pazmenbHOM cnoe — Bojoymope — HaONIOJaeTcss HapacTaHWE KOHIEHTpAalUid CHIBHO
copbupyembix 3B, mpu 3Tom nipu K,=6 11/kr nuk 3arpsizaenus 3.72 [TJAK npumerncs Ha Touky Ne 11,
a npu apyrux K, — Ha Touky Ne 1, rae nocturaer 3.12 ITJIK.

B HamopHbIX Bogax HaOII0AAETCS MOBBIILIEHUE KOHLIEHTPAIMK TOJIbKO B Touke Ne 11.

— Kp 6 cnoii 1

— Kp 6 cJioii 2

Kp 6 cJoii 3
====Kp 26 cJoii 1

====Kp 26 caoii 2

====Kp 26 cioii 3

= - = Kp 200 caoii 1

= + = Kp 200 caoii 2

= - = Kp 200 caoii 3

| ‘ ‘ ‘ ! ‘ L e Kp 1000 cJioii 1

13 12 11 1 14 15 16 ceceeeee Kp 1000 curoii 2
Homep Touku HaOmoaenuss L. Kp 1000 c.roii 3

BemecTBa, ea. IIJIK

KOH].[eHTpa].ll/lﬂ 3arpssHsaouero

Puc. 4. I'padux mMurpanum CHIbHO copOuMpyeMbIX BemiecTB 1o paspesy I-I gepes 30 mer mocrie
3arpsi3HeHus (06e3 pacmana).

Uepes 100 nem mpoliecc B TPYHTOBBIX BOJIaX HAMNPABJIEH B CTOPOHY YMEHBIIEHUS
koHuentpauud o 1.0 IIJJK B Touke Ne 1 mpu K,=6 n/kr, BO BCeX APYrUX TOUKAX OHA TaKXKe
YMEHBIIAETCH.

B paznenbHOM clioe WAET HapallMBaHWE KOHIIEHTpAlMi, IMpuueM OoJiblliee YBEIMYECHUE
cootBercTBYeT 3B ¢ K,=200 u 1000 n/kr u gocturaer 6oisee 4 I1JIK B Touke Ne 1. IIpu stom B
touke Ne 11 npu K,=6 n/kr oHa coctasisier nopsaka 3.17 IIJIK (tabmx. 2)

B HanopHbIX BOJIaX OTMEUYaETCs 3arpsi3HEHUE HE3HAYUTEIBHOE TOJIBKO B TOUKe B Touke Ne 11.

Yepes 300 nem (puc. 6) B TpYHTOBBIX BOJIaX OTMEYAETCs pe3Koe MajeHue KoHIeHTpauuu 3B
npu K,=6 in/kr B Touke Ne 1, rme ona He mpesbimaer 0.1 TIJIK, mpu ocramphbpix K, Takxke
MPOUCXOAUT 3HAYUTEIBHOE YMEHBLIEHNE KOHLIEHTPALUH.

B pazgensHOM cnoe, HA000POT, HIET pe3koe yBenuueHue Koumentpamuu 3B mo 6.5 TTAK
mpu K,=200 u 1000 n/kr B Touke Ne 1, mpu Bcex ApPYrMX 3HAUYECHUAX TaKXKE MPOUCXOJAUT
yBeJIMYeHHE KOHIIEHTpaluii (puc. 6).

B HamopHbIX BOJax TakKe MPOUCXOAMWT YyBEIMUEHUE pacTtekaHus 3B u Qopmupyrorcs
3HaYMTEeNbHbIE JHH3bI ciabo 3arps3HeHHbIX Boj (<0.1 ITJIK) B paifonax Touek Ne 1, 11, 14.
CrnenyeT OTMETUTB, YTO KaXKIast TOUKa — 3TO KBaJIpaT co CTOPOHOM 2 KM (puc. 7).

Takum 00pa3oM, MOXKHO CAeNaTh BBIBOJ O TOM, YTO POJIb BOJAOYIMOpa mpu mMurpanuu 3B u3
TPYHTOBBIX BOJ| B HallOPHbIE OYEHb BEJIMKA U OH SIBJIAETCA JOCTAaTOYHO HAJCKHBIM 3aIIUTHUKOM
HaIMoOpHBIX BOJI OT MOBEPXHOCTHOTO 3arpsi3HEHMS U 3arpsI3HEHHBIX TPYHTOBBIX BOJ, HO, C APYrou
CTOPOHBI, OH TaKXe SBISAETCA TMOTEHLUUAJIbHBIM HWCTOYHMKOM 3arpsi3HEHHs] JJI1 HalOpPHBIX
MOJ3€MHBIX BO/I.

Cka3bIBaeTcsl 3HAUUTENIbHOE BIMSHUE TUAPOIMCIIEPCUN HA MUTrpannio 3B U3 rpyHTOBBIX BOJ B
HaropHbIE.
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Taoauna 1. M3smenenue xonuentpanmu (I1JIK) cunpHO copOupyembIX 3arpsi3HSIONIMX BEIIECTB B
IPYHTOBBIX BOJaX, BOJIOPA3/I€IbHOM CJI0€ U HAIIOPHBIX BOJA B IIPOLIECCE UX MUTPALIUH.

No Tou- 30 et | 60 et | 100 et | 300 aer
KH Ha4. Caoii
womu [ [ 2 [ 3 o2 3 o2 3 ] v | 2 [ 3

K,=6 n/kr 6e3 pacnana

1/8 [4.06|1.24 0 1.85|1.72 | 2.4%107% | 1.02 |1.81] 0  [2.04*1024.4¥107| 6.3*%10-2
11/6 |4.85]0.35(5.51%10 [ 3.78 | 3.72 | 6.28*107% | 3.01 [3.17| 0.18 0.59 0.41 0.43
K,=26 n/kr 6e3 pacniana
1/8 [5.63|1.44 0 3.71 [ 2.17 [ 3.04*%102 | 2.61 |2.77] 0 0.1 0.12 0.17
11/6 |5.38|0.37| 5.7%10° [4.720.70 | 2.8%10 | 4.18 [3.98/7.5%102| 1.18 1.28 0.95
K,=200 n1/kr 6e3 pacnana
1/8 |7.4711.66 0 6.89 [2.93 [3.77%102 | 6.42 |3.91] 0 3.92 4.58 0.43
11/6 |5.87]0.39(5.87%10 [ 5.73 | 0.77 | 3.03*107 | 5.59 [1.16/5.06¥10 4.73 2.7 0.62
K=1000 51/kT 6e3 pacniaga
1/8 [7.89] 1.7 0 7.75 1 3.12 [ 3.93%102 | 7.63 |4.31] 0 6.86 6.64 0.55
11/6 |5.97]0.39| 5.9¥10° [5.94 | 0.79 | 3.07%¥107%| 5.91 [1.19/5.15%10 5.71 2.99 0.67
K,=6 n/xr ¢ pacnamom
1/8 [2.10(0.93 0 0.52]0.88 [ 1.64%102|0.14 10.63] 0  [1.02*107[1.02%107 1.95%107
11/6 |2.510.26|4.51%10° [ 1.01 | 1.21 | 2.79%¥107%| 0.33 [0.47| 0.06 |1.2¥107°[2.23*107| 6.34*107
K,=26 n/kr ¢ pacnagom
1/8 [2.91]1.07 0 1.01 {1.23]1.98%102|0.31 0.76] 0  [5.86*107[7.74*¥10% 2.0*107
11/6 |2.77|0.27 | 4.64%10° | 1.26 [ 0.39 | 1.9%10 | 0.46 [0.562.62*107°2.59%1076.26*107| 9.72%107
K,=200 n/kr ¢ pacmagom
1/8 [3.86]1.21 0 1.841.56| 0.02 |0.71(1.44 0 |1.21*102 0.32 |7.09*%102
11/6 | 1.85]0.28|4.77%10° | 1.52 [ 0.42 | 2.0%10 | 0.61 [0.46| 0.03 [6.66%¥107 0.325 0.13
K,=1000 51/kr ¢ pacnagom
1/8 [4.07|1.24 0 2.06|1.63|2.45%102|0.84 |[1.53] 0  [1.09*102 0.36 |7.71*102
11/6 [3.08]0.29 | 4.79%107 | 1.58 | 0.43 | 2.01*107 | 0.65 0.47]2.69*107%7.68*107 0.33 0.13
Cma6o copoupyembie K,=0.5 /KT Ge3 pacmana
1/8 |3.22(1.11 0 1.24 12.59 [2.01%10%|0.57 |[1.05| 0 [2.57*1076.09%107 2.95%10
11/6 |4.53| 0.4 [5.39%10°[3.25(3.83| 0.13 |2.393.16/ 0.19 | 0267 | 0.29 0.37
Cna6o copbupyembie K,=1.0 /KT Ge3 pacnana
1/8 |3.311.13 0 1.29 | 2.56 [ 2.06%107%| 0.61 |[1.61] 0  [2.82*1077.73*¥107 2.24*107
11/6 |4.57|0.34| 5.4%10° [3.31(3.82| 0.14 |2.45[3.15| 0.2 0.29 0.29 0.4
Cna6o copbupyemsie K,=3 /KT 6e3 pacnazia
1/8 |3.64|1.18 0 1.52 12.31 [2.25%10%(0.76 |[1.69] 0  [7.76%1071.94*107 4.27%107
11/6 | 4.7 |0.35(5.45%10° | 3.52 | 3.77 0.1 2.7 |3.18] 0.19 0.41 0.45 0.43
Monekynspaas quddysust

11/6 | | | | | [2.85[3.08 032 | 054 | 059 | 05
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Taoauna 2. M3menenne xonuentpauuu (I1JIK) cmabo copOupyembIx 3arps3HSIONIMX BEIIECTB B
IPYHTOBBIX BOJaX, BOJIOPA3/I€IbHOM CJI0€ U HAIIOPHBIX BOJA B IIPOLIECCE UX MUTPALIUH.

30 Jger 60 et 100 Jger 300 ser
Ne
K, N
TOY- Caoiu
- (1/kr
1 2 3 1 2 3 1 2 3 1 2 3
0.5 |3.22|1.11 0 1.24 | 2.59 |2.01*'°2]0.57| 1.05 | 0 [2.6%1076.1*107 | 2.9*10
1.0 | 3.31|1.13 0 1.29 | 2.56 [2.06¥102 0.61 | 1.61 | 0 [2.8%1077.7*107 | 2.2*107
3.0 |3.64|1.118 0 1.52 | 2.31 |2.3*102]0.76 | 1.69 | 0 [7.7%107 1.9¥102| 4.3*107
1
E
6.0 [4.06|1.24 0 1.85 | 1.72 |2.4*10%]1.02| 1.81 | O i-,_ 4.4/102 | 6.3*102
~
0.5 {10.02| 0.30 0 7.87 | 0.54 0 582 077 | 0| 2.68 1.89 0
4 1.0 |10.06| 0.30 0 7.96 | 0.55 0 620 0.78 | 0 | 1.84 1.89 0
3.0 [10.27| 0.31 0 8.27 | 0.56 0 6.60| 080 | 0| 2.18 1.92 0
6.0 [10.50| 0.31 0 8.65 | 0.57 0 7.09| 084 | 0 | 2.87 1.60 0
0.5 [4.53]0.34[5.39¥107% 3.25 | 3.83 | 0.135 |2.39| 3.16 [0.19 0.27 0.29 0.37
" 1.0 [ 4.57]0.34|5.4*10°%| 3.30 | 3.82 | 0.136 [2.45]| 3.15 |0.2| 0.29 0.29 0.40
3.0 [4.70 | 0.35|5.5%10°| 3.52 | 3.77 0.1 2.70| 3.18 [0.19 0.41 0.45 0.43
6.0 [4.86]0.32|6.3*107%| 3.78 | 3.72 [6.3*107%| 3.0 3.0 0.1§ 0.59 0.41 0.43
0.5 |2.67|0.28 0 1.97 | 1.45 0 1.14] 145 | 0| 0.14 0.47 |9.59*%107
" 1.0 | 2.70 | 0.28 0 2.01 | 1.44 0 1.19| 147 | 0| 0.27 0.51 |9.64*107
3.0 |12.82|0.29 0 2.08 | 1.21 0 1.34] 149 | 0| 0.25 0.82 | 6.3*102
6.0 |2.96|0.31 0 2.24 | 0.45 0 1.54] 1.53 | 0| 0.38 0.81 | 5.2%¥102
31« | = 2
n n o
A 0 [4*10"°(4*10'° 0 [1*10% = | 0 |4*10° [2.5*10" 0
NI =
606e3| ¢ | = " ° s = o o
pac-| = | 2 = = = = = 2
ma| 5[50 O | 5l 2 O | E| E|° 5| & | ¢
en 7o) N on — Ne hgl —
16
'poo| L | L) 3 Lg%
¢ pac- — o =
ma- | % I S ® t & é\ &
JIOM < @ — 6 ) @ < —
10001 s | 9 3 S| s 3 3
cpact = =1 Sl 2] 0o | 2] &lo] 2| =2 0
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— O * — — o~
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Puc. 5. Kaprorpadudueckoe npencTaBIeHHE MHUTPAIMU CHIBHO COPOMPYEMOTro BeEUIeCTBA C
Kp=6 n/xr (6e3 pacnaga) Ha 30 ron mocie 3arps3HEHHS B JBYMEpHOM (a) U TpexmepHoM (0)
NPE/ICTaBICHNN.
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Puc. 6. I'padux murpanuu cuiibHO copOupyeMbIx BemiecTB 1o paspesy I-I yepesz 300 ner mocie
3arpsi3HeHus (06e3 pacmana).

OcHoBHOe 3HaueHne umeer Tun 3B m ero copOuuoHHble cBoMcTBa. Yem Oombmie K, TeM
MeJUIEHHEee 3arpsi3HeHHEe MPOHUWKHET B HAIMOpHBIE IIOJ3€MHbIE BOJAbI, HO (DaKTOp BpPEMEHU
YMEHbIIIAeT IMIAHCHI HATIOPHBIX BOJ OCTAThCs HE3arpsi3HEHHBIMU.

Pazpe3 II-II B otnuyue OT TIEPBOTO MMEET CIIOKHYIO KOH(PUTYPAIMIO 3arpsi3HEHUST B CIIEC.
Ecmu B Touke Ne 1 Owuta 3adukcupoBaHa MakcMMaibHash HadajdbHas KOHIEeHTparus 3B, B Hee
HUYEro He MPUTEKAIO U3 APYTrUX TOUYEK, a TOJHKO PacTeKaoCh MO IPYTUM OJIM3JIeKalIUM TOUKaM,
TO BO BTOPOM pa3zpese kKoHueHTpauus 3B B Touke Ne 1 maneko He MakcMMasibHas, a MOBEPXHOCTh
HAYaJIbHOTO 3arpsi3HEHUs UMEET CHUJIbHO M30THYTYIO (JOpMY, UTO 3HAYUTENILHO BIHUSET Ha MPOIECC
murpanuu 3B Ha pone rugpoarciepc MOTOKOB BO BCEX PACCMATPUBAEMBIX CIIOSIX.

Uepes 30 nem (puc. 8) KOHTYp 3arpsi3HCHHBIX IPYHTOBBIX BOJI MOBTOPSET KOHTYP Ha4aJIbHOM
KOHLeHTpauuu 3B ¢ HEKOTOpHIM IJIaBHBIM CHIKEHHEM KOHIICHTpAaIMH, HauOoJbllee 3HAYCHHE
KoTopoil cootBercTBYeT K,=6 u 26 n/kr u nocruraer Mmunumyma 4.2 ITJK. Ilpu ocranbubix K
MUHEpaJIM3alliy BhIIIIE.

B paznenbHoM cnoe Habmromaercss GopMUpOBaHUE TOBCEMECTHO 3arpsS3HEHHBIX MOPOBBIX BOJ C
kynosioM B Touke Ne 1 mpu Bcex K, (mo 1.8 ITJK), kxpome K,=26 n/kr, rue Oojiee 3HaYUTEIbHBIC
koHuentpauuu (5.5 I/IK) nabnrogarorcs B paiione Touku Ne 3.

B HamopHBIX BoAax B IpeJenax pa3pe3a 3arpsisHeHHe He OTMEUYEHO.

UYepes 60 1em nabnromaercs nanbHeiIIee yMeHbllIeHHE KOHIIEHTpauuu 3B B IpyHTOBBIX BOJax
npu Beex Ky, ¢ MunuMainbHbM 1.9 TTJIK B Touke Ne 1 npu K,=6 n/kr.

B pazgensHOoM cioe mpoaosnKaeTcss (GOpMUPOBAHHE BOJOHACHIIEHHOTO 3arpsi3HEHHOIO CIIOf,
MPUYEM 3/1€Chb UMEETCSl TOJBbKO OJUH KyloJa B pailoHe Touku Ne 1, rae MakCUMyMOM SBIISIETCS
3.1 TIJAK npu K,=1000 n/xr, a Munumymom — 1.0 ITAK npu K,=6 n/kr.

B HamopHBIX BOJaxX MOSIBIISETCS JIMH3A cIa00 MUHEPATM30BaHHBIX BOJ B paifoHax Touek Ne 1-2.

Uepes 100 nrem nipoluiecc yMEHbIIEHUSI KOHIIEHTpaluu 3B B TPYHTOBBIX BOAAX MPOJOJIKAETCS C
COXpaHEHHEM MpeAblaymux TeHAeHuud. B Touke Ne 1 mpu K,=6 J/KT KOHIIEHTpAIMsl COCTABISET
nopsiaka 1.0 ITAK.

B pazgenbHOM ciioe Takke MMEET MECTO HapacTaHUE KYIOJia 3arps3HEHHBIX MOPOBBIX BOJ JI0
konuenTpauuii 4.3 ITJIK. Kynon oxBareiBaer Touku Ne 1, 2, 3, 8, 9, 10.

B HanopHbIX Bojax 3arps3HeHUE B Mpejeiax pa3pe3a He OTMEUEHO.
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Puc. 7. Kaprorpaduueckoe npeacTaBIeHHE MHUIPAIMUA CHIBHO COPOMPYEMOTO BeEIIeCTBA C
Kp=6 n/xr (6e3 pacmama) Ha 300 roa mocne 3arpsA3HEHUs B JBYMEPHOM TMpeAcCTaBleHUU (a) u
TpexmepHoM (0).
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Puc. 8. I'paduk murpanuu cuinbHO copOupyembix BemecTB 1o paspesy II-1I yepesz 30 ner mocie
3arpsi3HeHus (06€3 pacmana).

Yepes 300 nem (puc. 9) B IpyHTOBBIX BoJiax Ipoliecc HapacTaeT B Touke Ne 1 mpu K,=6 i/kr,
MuHepanu3amus Boa — nopsaka 0.1 TIIK.
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Puc. 9. I'paduk Murpauuu cuiibHO copbupyembix BemecT 1o paspesy II-II gepes 300 ner mocne
3arps3HeHus (0e3 pacnana).

B pa3menbHOM €I0€ MHTEHCHMBHOCTb HApacTaHWs 3arpsA3HEHUs PpE3KO YBEIWYMBACTCS U
nocturaet 8.5 ITJIK B rouke Ne 10 mpu K,=1000 1/kr, nosiBisieTcst BTOpoit Kymous B Toukax Ne 3, 4,
5, xoruentpauus — 2.9 I1JIK npu K,=1000 n/kr.

B HanmopHBIX BOJIaX MOSBISIOTCS JIMH3BI c1a00 MUHEPAJIM30BAHHBIX BOJ B paiioHax Touek Ne 1,
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2,6,8,9,10.

Cyenapuii 2 — 3aepsa3znenue CUTbHO COPOUPYeMbIMU 3A2PAZHAIOWUMU eUeCBAMU C PACNAOOM.
Pazpe3 I-I. Yepe3 30 nem (puc. 10) mocne aBapuu B I'PYHTOBBIX BOJAX MPOUCXOJUT CHIIHHOE
CHIDKCHHE KOHIICHTPALMM pPaJAUOHYKINAOB, B Touke Nol mpu K,=6 /KT KOHIEHTpaIUs
ymenbimaercs g0 2.0 IMAK mporuB wawampnou 8.0 ITJK, mpu K,=1000 1/kr oHa cocTaBiseT
nopsiika 4.0 ITAK.
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Puc. 10. I'paduk Murpamuu CribHO cOpOMpyeMbIX BemiecTB o paspesy I-1 yepes 30 ner mocne
3arpsi3HEHUs (C pacraaom).

B paznenbHOM crnoe dopmupyercs BOJOHACHIIEHHBIN cioi, B Touke Ne 1 — 9.8 TIJIK, a npu
K,=1000 n/xr — 1.5 TTJIK.

B nanopnbix Bojax B Touke Ne 11 Bo3HuKaeT nuH3a 3arpsa3HeHHbix Boa Ao 0.1 TTK.

UYepes 60 nem mpoliecc B TPYHTOBBIX BOAAX MPOTEKAET C YMEHBIICHHEM KOHIICHTPAIUH [0
0.5 IIAK B Touxe Ne 1 npu Kp=6 n/kr u no 2.0 IIJK npu K,=1000 n/kr.

B BomopasnmensHOM ciioe dopmupyercs Oomnee cinoxHas koHdurypamus ¢ 0.9 IIJK npu
K,=6 n/xr B Touke Ne 1, ¢ 1.2 ITIJIK mpu K,=6 n/kr B Touke Ne 11. MakcumanbHasi KOHIICHTpAIHS
cocrasister 1.5 ITJAK npu K,=1000 i/kr B Touke Ne 1.

B HamopHbIX BOJaxX MOSIBJIAETCS JIMH3a c1a00 MUHEPAIU30BaHHBIX BOJ B Toukax Ne 1 u 11.

Yepes /00 nem B rpyHTOBBIX Bojiax npu K,=6 J/KI' KOHLIEHTpALMsI PaJHOHYKIIUOB U3MEHSETCS
¢ 0.1 mo 0.9 ITAK.

B BozmopasznenbHOM ciioe B KyIoJjie KOHIIEHTPAIHs PaJHOHYKINIOB MIPEBBIIIACT KOHIICHTPAIHIO
B rpyHTOBBIX BoAax u pocturaet 1.5 [IJIK mpu K,=1000 ni/kr.

B HanopHbIX BoJ1ax JIMH3a COXpaHsEeTCsl TOJNbKO B Touke No 11.

Yepes 300 nem (puc. 11) npoHCcXOqUT pe3KOE€ YMEHBIIEHHE KOHLEHTPAMH paJuOHyKINI0B B
IPYHTOBBIX BOJAX, MaKCUMyM HaOmoaercs B Touke Ne 1, rae cocrasnser ot 0.001 ITAK npu K,=6
u 1000 n/kr.

KonuenTpauust paJuoOHyKIUI0B B BOJOPA3AEIbHOM CIIO€ XOTS U NMPEBBIIIAET KOHLIEHTPALUU B
IPYHTOBBIX BoJax, oHako He npesbimaet 0.04 [TAK npu K,=1000 j1/Kr, MUHUMAaJIbHOE 3HaYEeHUE —
0.1*107 npu K,=6 n/kr B Touke Ne 1.

B Hanopnbix Bogax B nuH3e B Toukax Ne 1, 11, 13 makcumanbHas konueHtpauus — 0.01 ITAK
npu K,=200 n/kr.
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Puc. 11. I'paduk murpanuu cunpHO copOupyembix BemiecTB 1o paspesy I-1 wepes 300 net mocie
3arpsi3HEHUs (C pacraaom).

Pazpes II-1I. Yepes 30 nem (puc. 12) mporecc B TPYHTOBBIX BOJAX MPOTEKAET CUMMETPUYHO
HavyaJbHOM KOHIEHTpAuu paAuoHyKInaA0B, ymenbiienue 10 2.1 K npoucxomut npu K,=6 i/kr
B Touke Ne 1 mpu nawanmpHoM 3arpsizHeHuu 8.0 IIJIK u nmo 5.0 IIJAK mpu K,=1000 i/kr mpu
HavyansHoM 10.0 ITK.
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Puc. 12. I'padux murpanuun cuibHO copOupyeMbix BemiecTs 1o paspesy II-1I gepes 30 ner nocne
3arps3HeHus (¢ pacnauom).

B BojopaznensHoM cnoe 3arpsisHeHue nopoBbix Boj cocrtaiser 0.9 ITJK mpu K,=6 n/kr B
touke Ne 1 u 1.5 IIJAK npu K,=1000 n/kr. Kynon pactsayncs ot Touku Ne 3 go Ne 10.
B HamopHBIX BOAaxX B IIPEJENax pa3pe3a 3arpsi3HEHNS] HE OTMEYAETCsl.
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UYepes 60 nem nabmomaercs cuibHOe CHIbKeHUEe KoHIeHTparuu a0 0.5 ITJIK B rpyHTOBBIX
Boaax B Touke Ne 1, makcumanbsHoe coctaBisieT 2.5 I1JIK B Touke Ne 4 mpu K,=6 n/xr u go 3.2 IIJAK
npu K,=1000 n/kr. ChopmupoBanmch aa Kymona y Touek Ne 1 u 2.

B BonopazmensHOM ciioe oauH KymoJsi TsHeTcs oT Toukd Ne 3 ymo Ne 10, B Touke Ne 1
kounentpanus cocrapisiet 1.5 [TK mpu K,=1000 ji/kr u 0.8 TIJIK npu K,=6 n/kr.

Kaprorpaduueckoe npeacraBienne 1aHo Ha pucyHkax 13 u 14.

B HanopsbIx Bojiax hopMupyercs ciabo MHHEpaTM30BaHHAs IMH3a B Toukax Ne 1, 2.

Uepe3 /00 nem B IpyHTOBBIX BOJIAX OTMEYAIOTCA JBa Kymosa B Toukax Ne 7, 6, 5, 1, 3,
MakcumanpHas muHepaymsanus — 1.5 TIJIK npu K,=1000 n/kr; B Toukax Ne 3, 2, 1, 8, 9, 10
muauManbHas cocrasisieT 0.1 ITIJAK npu K,=6 n/kr, makcumansHas — 1.2 TIJK npu K,=1000 s1/kr.

B paznenbHOM ciioe B MEpBOM M3 KYIOJIOB MUHEpaIU3allus TPYHTOBBIX BOJ HE3HAUYUTEIHHO
npeBblaeT MuHepanu3anno nopossix Bof (0.6 IIJIK npu K,=6 1/kr), BO BTOpOM MUHEpaIU3alUs
MOPOBBIX MPEBHIIIAET MUHEPATU3ALNI0 TPYHTOBbIX (MakcuMaibHas — 1.5-1.8 IIJAK mpu
K,=1000 n/xr u 1.0 TIIK mpu K,=6 1/kr).

B HamopHbIX BOAAX JIMH3BI HE CPOPMUPOBAIHCH.

Uepes 300 nem (puc. 15) oTMeuaeTcsi pe3Koe CHIDKEHHE MUHEPAIH3aIliH BO BCEX CIOSX MEHEE
1 IIIK. B rpyHTOBBIX BOJaX MUHEpaIn3allus U3MEeHseTcs 0T MUHUManbHOH 0.2*107 B Touke Ne 9
no makcumanpHo# 1.5 ITJK B Touke Ne 8 mpu K,=1000 Ji/kr.

B Bojopa3zznenbHOM cjioe MHHEpanu3alus MOPOBBIX BOJ B€3/i€ MPEBBINIACT MHHEpATU3ALHIO
rpynToBbIX. CHopMHUpOBaNach JOCTATOUHO CIOKHAsS CTPYKTYpa MOTOKA OT MMHUMANBHEIX 0.6%107
npu K,=6 1/kr B Touke Ne 1 o 0.9 IIJAK mpu K,=6 n/kr B Touke Ne 10, XOTs Ha BCEM MPOTSHKEHUH
MuHepanuzauus npu K,=1000 j1/kr BbIlIe, 4eM Mpu IpYrux 3HadeHUsX K.

B nanopHpix Bojmax B nmH3ax Ha Toukax Ne 2, 1, 8, 9, 10 nmpu K,=6 n/kr makcumalbHas
MuHepanu3zanus coctapaser 0.5%1072, kak u B nuH3e Ha Toukax Ne 1, 2-8 mpu K,=1000 1/kr.

OtMeuaeTcsi pe3koe CHUKEHHE KOHLIEHTpaluuu PaJuOHYKIHWJIOB IpU Bcex 3HaueHus Kj. [lpum
pPaaMOaKTUBHOM paclajeé HMHTEHCHUBHOCTh HApacTaeT BJBOE, IPHU O3TOM CIEAYeT OTMETUTh
HEMAJIOBAXHOE BJIMSHUE THAPOJUCIIEPCUU IOTOKA. B 1enoM, poib paauoakTUBHOIO pacraja
CKa3bIBAeTCs ropa3fo MHTEHCHUBHEE HAa MUTpAalUM PAJUOHYKIUIOB IO CPAaBHEHUIO C MUIpALUEH
HEPaJNOAKTUBHBIX TOKCUYHBIX 3B, 4TO 4eTKO MpOCHEKUBACTCA NPU MOJAEIUPOBAHUM IIpoIecca
MHUTpALUH 10 IEPBOMY CLIEHAPUIO.

Cyenapuii 3 — 3aepsazuenue cnabo copoupyemvimu 3aepasHaowumu sewjecmseamu ¢ K,=0.5, 1.0
u 3.0 a/xe. Pazpes I-1. Yepes 30 nem (puc. 16) HaOir0gaeTCs TOCTATOYHO HHTCHCUBHOE CHIDKCHHE
MHUHepanu3anuu rpyHToBbIX Boja ¢ 8.0 IIJIK (HavanpHas KOHIIGHTpAIMs Cpa3y IOCIE aBapHH)
BTouke Ne 1 mo 3.5 IIJAK mpu Bcex K,=0.5, 1.0 u 3.0 n/kr, ¢ HEOONbIIMMU PaA3TUYUIMU B
3HAYEHUSAX B HECKOJIBKO necsaThix nonei [1/IK (Ha rpaduke TMHUM TPAKTHUECKU MapalIeNbHBI).

B BonopazzienbHOM ciioe MuHepanu3alus NopoBbix BoA B Touke Ne 1 st Bcex 3HaueHuid K
Taroke koneonercs okoso 1.0 ITJIK, ¢ pacTekannem 10 MUHUMAIBHBIX 3HaUeHUH B Toukax Ne 13 u 16.

Haunnaercs hopmupoBaHue TUH3bI 3arpsi3HEHHBIX HAOPHBIX BOJI B Touke Ne 11.

Uepes 60 nem NpOUCXOOUT CHUXKEHUE MHUHEPATU3AlMUM IPYHTOBBIX BOJ, MPAKTUYECKU
UJECHTUYHOE JUI BCeX 3HaueHUH K), MuHepanuzauus ymensiaercsa 10 1.2 I1JIK B Touke Ne 1.

dopmupyeTcst Kymos yBeJIMUeHUs MUHepanu3auuud nopoBbiX Box 10 3.8 IIJIK B Touke Ne 11
pu Bcex K.

B toukax Ne 1 u 11 ¢opmupyercs nuH3a 3arpsi3HEHHBIX HAMOPHBIX BOJI C HE3HAUUTEIHHOU
KOHIIeHTpauuen 3B.

UYepes 100 nem nocrne 3arpsi3HeHUs] HAOMIOaeTCsA CHIDKEHUE KYIOJa 3arpsi3HEHHBIX TPYHTOBBIX
BoJ 10 <3.0 ITIK B Touxe Ne 12 npu Bcex 3HaueHUs1X Kp.

B Bojopa3fenbHOM c€l0€ TEHJEHIUS C YMeHblleHMeM MuHepanuzauuu g0 3.2 IIJK
coxpansiercs B Touke No 11.
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Puc. 13. Kaprorpapuueckoe mpeacTaBlieHHEe MUTPALUN CHIBHO COpPOMPYEMOTO BEIIECTBAa C
Kp=6 n/xr (¢ pacmamom) Ha 30 roa moclie 3arps3HEHHs] B JIByMEpHOM (a) U TpexmepHoMm (0)
NPE/ICTaBICHNN.
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Puc. 14. Kaprorpadpuueckoe mpeAcCTaBICHWE MUTPALUM CHIBHO COpPOMpPYEMOTO BELIECTBA C

Kp=6 n/xr (c pacmamom) Ha 300 ron mocie 3arps3HEHUS B JIBYMEpPHOM (a) U TpexmepHoM (0)
NPE/ICTaBICHNN.

OKOCHUCTEMBI: DKOJIOTUA 1 AMHAMUKA, 2021, Tom 5, Ne 3



176 ~ MOAEJIMPOBAHUE IMTPOLECCOB ITEPETEKAHM A 3AT'PA3HEHHBIX 'PYHTOBBIX BO/]

Kp=6, caoii 1

Kp=6, caoii 2
Kp=6, caoii 3

0.9

=}

5 0.8

=

E é 0.7

2= 0.6

Q .

38 05
]

u m 4

2 5 0.3

=

5 202

5 0.1

0 -

S 4 3 2 1 8§ 9 10

Homep Touku Hab/M01eHUA

= = = Kp=26, cJoii 1

= = = Kp=26, cioii 2

o= e = Kp=26, cio0ii 3
= « Kp=200, caoii 1
= o Kp=200, cioii 2
==« Kp=200, caoii 3
eeeece Kp=1000, c0ii 1
eeeece Kp=1000, c10ii 2
----- Kp=1000, csioii 3

Puc. 15. I'paduk murpamuu cuiabHO copOupyembix BemiecTB o paspesy II-1I yepes 300 ner nocie
3arpsi3HEHUs (C pacraaom).

S 4 Kp=0.5, coii 1
c .'.
5 4.5 St
= K AR s Kp=0.5, c.10i¥i 2
e 4 > -',°',
= g o -,
=5 3.5 £ Tyt Kp=0.5, cuioii 3

I L M
S- : 3 Q:. S -‘..'-
E 5( )5 ..:.:!' "-,.;;:':.. ...... Kp=1, caoii 1
[~ . u.. —._..
; E o "".,_ = == Kp=1, cJoii 2
- @ 2 oo a0,
< O n.- ‘.
E- § 1.5 t ".. Kp=1, caoii 3
) 1 ~\ kY
= © .,
%  seeee Kp=3, caoii 1
g s / T
/ \ “ .
0 I T T T T T 2 I- == Kp=3’ cJ10ii 2

13

12

11 1 14 15 16

Homep Touku Hab/M01eHUA

o= Kp=3, cJ10ii 3

Puc. 16. I'padux murpanum cnabo copOupyembIx BemiecTB mo paspesy I-I uepesz 30 ser mocne

3arpsA3HCHUAL.

B nanopHBIX Bojgax 3arpsA3HCHHAas JINMH3a paCTCKacTCA.

Yepes 300 nem (puc. 17) HabmromaeTcsi MpakTHUYECKH BbIpaBHUBaHHE KOHILEHTpauuii 3B B

TPYHTOBBIX (MakcuManbHas MuHepanuzanus — <2 [1JIK) u mopoBbIx Bogax.

B HanopHbIx Bojiax (hopMupyercs JInH3a ciiabo 3arps3HEeHHbIX BoJ B Toukax Ne 1, 11 u 14.

Paspes II-I1. Yepes 30 nrem (puc. 18) HaOmromaeTcss TCHISHIUS YMEHBIICHUS] MUHEpAIU3aluu
TPYHTOBBIX BOJ; JMHUU Ha Tpaduke CIEAYIOT MapauieTbHO HCXOJHOMY 3arpsi3HEHHUI0, Majo
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OTJIMYAIOTCS Ul Pa3HbIX 3Ha4eHUH Kjp, U TOIbKO B To4ke Ne 5 oTMedaercs pa3pblB KOHLICHTPALUN
mexay 3.2 u 4.8 [IIK npu K,=0.5, 1.0 u 3.0 /kr.

B BomopazmenpHOM crnioe Habmomaercs QopMupoBaHue ci1aboro Kymoja MUHEpaTu3aluu
MOPOBBIX BOJI, MPAKTHYECKU HIICHTUYHOE /ISl BceX 3HaUeHHN K).
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Puc. 17. I'padux murpanuu ciabo copbupyembix BemecTB 1o pazpedy -1 gepes 300 mer mocine
3arpsi3HEHUsI.

B HamopHBIX BOAAxX B IMpeJenax JaHHOTO pa3pesa 3arps3HeHre He Ha0Iro1aeTcsl.

Uepes 60 iem npoaomKaeTcsl aHAJOTUYHOE CHIXKEHUE KOHILEHTpaluy 3B B IPYHTOBBIX BOJAX.
Kaprorpaduieckoe npeacraBiaeHne JaHHOTO Mpoliecca JaHO Ha pucyHkax 19 u 20.

B BomopasnenbHOM clioeé  MPOUCXOAWUT HapacTaHHEe MHUHEpalM3allid MOpPOBBIX BOJX U
dbopmupoBanue kymoja B Toukax Ne 1, 2, 3, 8, 9, 10, umymee mpakTHYECKH IMapajliebHO, C
HEOOJBIIUM OTJIMYMEM KOHLIEHTPALUN BHE 3aBUCUMOCTH OT 3HauUeHUi Kj.

“ﬁ 12 ........ Kp:O.S’ caoi 1
E ====Kp=0.5, cnoii 2
(5] 10 \‘"'4
= % R — Kp=0.5, cxoii 3
g g z 8 “‘:-' 'o" ._.‘-;;" ........ Kp=1’ CJIO]71 1
e o -, o
S8= 6 ettt = === Kp=1, cx0ii 2
1) E . 0-‘ S ‘.r' ..}f
E e 3 o “, o ——Kp=1, caoii 3
S E 4 B = i
= 5 & e Kp=3, caoii 1
= e
E- 2 ouu--..-‘ S S | - ----Kp=3, cnOﬁZ
g "'m Do a o™
0 T T —-I_-.-rl- = T T T T T 1 Kp=3’ c‘rl()i;l3

7 6 5 4 3 2 1 8 9 10
Homep Touku HaOa01eHUSA

Puc. 18. I'padux murpamuu cinabo copobupyembix BemecTB o paszpesy II - II uepe3 30 ner nocie
3arpsA3HEHUs.

B HamopHbIX Bojax JIHMH3a 3arpsI3HECHHBIX BOJ IPUYPOUYCHA K TOYKaM Nelwm?2.
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Puc. 19. Kaprorpaduueckoe mpeacTaBIeHHEe MHUTpalUM cilabo copOupyeMoro BemiecTBa ¢
Kp=0.5 n/kr Ha 30 rox mocine 3arps3HEHUs B IBYMEPHOM TMPEACTABICHUU (a) U TpeXxMepHOM (0).
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Puc. 20. Kaprorpadguueckoe mpeacTaBIeHHEe MUTpAMU C€1a00 COpOMpPYyeMOro BelecTBa C
K,=0.5 n/xr na 300 ron mocJe 3arpsi3HeHUs B ABYMEPHOM MPEJICTaBICHHUH (a) U TpexMepHOM (0).
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Uepes 100 nem MuHepanu3alnus TPYHTOBBIX BOJ  YMEHBIIAETCA, MaKCHMaJbHas
cocpenoTaunBasich B Touke Ne 4 u mMaso 3aBucs oT K.

B BonopasnenbHOM cioe Qopmupyercs Oojee CclaoXHas KOHQPUryparus MHHEpaTH3aIiuu
MOPOBBIX BOJ, TMOSIBJISIFOTCS YETHIPE KYMOJBHBIX CTPYKTYphl MHHEpaTHU3aludd OT TOYkd Ne 5 nmo
Ne 10, munepanuzanus nocruraet 3.0 IIJIK B Touke Ne 8.

B HanopHbIX BoJIaX Ha TAHHOM pa3pese JIMH3a PacTeKIach.

UYepes 300 nem (puc.21) nHabmromaercs MNPAKTUYECKH BBIPABHUBAHUE MUHEPATU3AIUN
TPYHTOBBIX BOJI M €€ CHIDKEHUE 0 MaKCHUMAabHBIX 3HaueHuH nopsiaka 1.2 TIJIK npu K,=1 u 3 n/kr
B Touke Ne 4 u mo 2.9 IIJIK B mopoBbix Bomax B Touke Ne 4. M Tam, u Tam oTmeuaercs
(dbopmupoBaHue IBYX KynoioB B Toukax Ne 2, 3,4, 5uNe 1, 8, 9, 10.

B HanopHbIx Bojax otMedaercs GopMUpOBaHHE BYX JIMH3 3arpsi3HEHHBIX BOJ B Toukax Ne 1, 2
u9, 10.
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Puc. 21. I'paduk murpanuu cnabo copoupyemsix BemecT no paspesy -1 gepes 300 et mocne
3arpsi3HEHUsL.

Crnenyer OTMETHUTh, YTO B CLIEHApUU C CHIIBHO copOupyembiMu 3B ObuM Takke paccMOTPEHbI
BenlecTBa ¢ K,=6 JI/Kr, KOTOpbIE OTHECEHBI K CHJIBHO cOpOUpyeMbIM. Eciau cpaBHUTH pe3yibTaThbl
UCCIIEIOBAaHUI 10 ATOMY CLEHApUI0 U ClieHapHio co ciabo copbupyembiMu 3B ¢ K,=0.5, 1.0 u
3.0 7/kr, TO MOXHO YBHUJIETb, YTO TEHJACHIMU pa3BUTHS BCEX IPOLIECCOB C J100aBICHUEM
ocobennocteit 3B ¢ K,=6 N/KI CHMMETPUYHBI, TOJIbKO TMpu K,=0 IJI/KI TPOLECC MHIpalUU
He3HauuTesbHO 3ameyistercs. Ho Ml otHecn 3B ¢ K,=6 JI/KTI K CUJIBHO COPOUPYEMBIM, UCXOS U3
TOT0, YTO 3TUMH 3HAYECHUSMU XapaKTepU3yeTcs MpoLecc cOpOLUN HEKOTOPBIX PaMOHYKINIOB.

Kpome paspesoB murpanus 3B paccmaTpuBanack B AByX ONOPHBIX HAOIIOAATENIbHBIX TOYKAX:
Touke Ne 1 — Bojiopaz/iesibHasi TOYKa NOTOKA T'PYHTOBBIX BOJ, OT KOTOPOM MOTOK YCTpEMIIIETCS KO
BCEM TpaHMYHBIM pekaM — oOjacTsaM pa3rpy3ku; U Touke Ne 11, rae Ha NPOTSHKEHUH Bcex
MEPUO/I0B MOJICIMPOBAHUS 110 BCEM CLEHAapUsM Murpauuu 3B mpoucxoaur ¢popmupoBaHue JTUH3BI
3arps3HEHHBIX HAIOPHBIX BOJ (Tab. 1).

PaccmoTpenue nporeccoB Murpauuu 3B B 3THX TOUKax MPOBOJMIIOCH IO TEM K€ CIIEHAPUsIM,
4TO U JUI Pa3pe3oB.

Cyenapuii 1 — 3aepsaznenue CUTbHO COpOUPYeMbIMU 3A2PASHAIOWUMU geujecmeamu be3 pacnada
6 mouxax HaoOnooenuu. Touka Ne 1 (tabn. 1). Ha 30 200 3arps3HeHue I'PYHTOBBIX BOJ PE3KO
camwkaerced ¢ 8.0 ITIK no 4.0 ITJIK npu K,=6 n/kr (puc. 22), npu K,=26 1/Kr CHI)KEHHE TaKXkKe UIeT
uHTeHcuBHO, a npu K,=200 u 1000 n/kr — mnaBHo. Ha 60 200 OHO uMeeT 3HAYUTENIBHYIO
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WHTEHCUBHOCTb, HECKOJIbKO yMeHbIIasch U Ha [00 200. K 300 200y 3arpsi3HEHHE IIJIaBHO
ymensbmiaercss a0 0.1 [IAK npu K,=6 u 26 w/kr, a npu K,=200 u 1000 i/kr u3meHsiercs OT
HavyanbHbIX 8 110 6.9 TIIK (puc. 23).
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Puc. 22. I'paduk u3MeHEHHUS KOHIEHTPAIMH CHJIBHO COPOMPYEMBIX 3arpsi3HSIONIMX BEIIECTB C
Kp=6 n/kr B Touke Ne 1.
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Puc. 23. I'paduk M3MEHEHHS KOHICHTPAIMH CHIIBHO COPOMPYEMBIX 3arpsi3HSIOIIMX BELIECTB C
K,=1000 n/xr B Touke Ne 1.

B BomopasnenbHOM cioe uaer obOparHbeiii mporecc: Ha 30 200 (GopMmMupyercs 3arpsisHEHUE
nopoBeIX BoA B mpeaenax oT 1.0 go 1.7 IIJK mo mepe yBemuuenusi Kp; Ha 60 200 BILIOTH IO
100 2c00a wnabmonaetrcst peskoe yBenudyenne MmunHepanuzammu ¢ 1.8 mo 4.5 IIJIK mo wmepe
yBenuueHus Kp; Ha 300 200 npu K,=6 u 26 n/kr munepanuzauus carkaetcs 1o 0-0.2 ITJIK, a mpu
K,=200 u 1000 n/kr ona ruiaBHO yBenuuuaercs ¢ 4.6 no 6.6 I[TIK.

B nanopsbeix Bomax Ha 60 u 300 200ur mocne 3arps3HeHus HaOmomaeTcs (GopMUpOBaHHUE
HEMOCTOSIHHOM JIMH3bI c71a00 MUHEPAIU30BaHHBIX BOJI.

Touka Ne 11 (tabn. 1) . B rpyHTOBBIX Bojax Ha 300 200 HabmogaeTcs MIaBHOE CHUKCHHE
muHepanuzauud ot 6.0 mo 0.6 m 1.3 IIJIK npu K,=6 (puc. 24) u 26 n/kr, a npu K,=200 u
1000 n/kr — ot 4.7 go 5.6 I1IK.

B BosmopaznensHoM ciioe B mpomexyTtke oT 30 1o 100 nem HaOmionaercs pe3KHi CKadyok
MuHepanu3auuu nopobix Boa oT 0.5 no 3.0-4.0 IIJIK nmpu K,=6 u 26 n/Kkr, ¢ mocieayromum 10
300 nem cuwxenneMm munepanuzamu ot 0.5 no 1.5 IIJK; a mpu K,=200 u 1000 n/kr (puc. 25) ot
30 no 300 nem wHabmogaeTcsl MJIABHOE YBEIMUEHHWE MUHEpAIN3allud MOPOBBIX BOJA OT 2.6 10
3.0 ITIK.
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Puc. 24. I'paduk u3MeHEHUS KOHIEHTPAIMH CHJIBHO COPOMPYEMBIX 3arpsi3HSIONIMX BEIIECTB C
K,=6 n/xr B Touke Ne 11.
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Puc. 25. I'paduk M3MEHEHHS KOHIICHTPAIMH CHJIBHO COPOMPYEMBIX 3arpsi3HSIOIIMX BELIECTB C
K,=1000 n/xr B Touke No 11.

B Hamopsbix Bojax ¢Gopmupyercs MOCTOSHHAs JIMH3a 3arpsA3HEHHBIX TOPOBBIX BOJ,
MuHepanu3anus kotopoit yBenuuuBaetrcs ot 0 mo 0.4 ITJK mpu K,=6 n/kr u mo 0.7 K npu
K,=1000 n/kr.

Cyenapuii 2 — 3a2ps3Henue CUTbHO COPOUPYEMbIMU 3A2PASHAIOWUMU 8eUeCN8AMU C PACNA0OM
6 moukax Habarooenuti. Touxa Ne 1 (tabn. 1). Ha 30 200 nocne 3arpsi3sHeHUs] HaOIIOIaeTCsl pe3Koe
CHWKeHHe MuHepanu3anuu rpyHToBbIX Bon ¢ 8.0 IIJIK (HauansHas xonueHtparwms) mo 2.0 ITK
npu K,=6 w/kr (puc. 26), no 2.8 IIJIK npu K,=26 n/kr, no 4.0 IIJIK mpu K,=1000 n/kr. 3atem
pe3koe CHIKeHHe npojonkaercs 10 60 nem u x 100-remnemy nepuony nocruraet 0.2 ITJIK mpu
K,=6 n/xr n 1.0 IIJIK npu K,=1000 n/kr (puc. 27). K 300 200y Munepanu3anus JOCTUraeT Mopsaka
0.1 ITIK mpu Becex K.

B BoJl0pa3aenbHOM c10€ MUHEepanu3alus MOPoBBIX BOJ HapacTaeT B nepuon om 30 do 60 nem
u pocturaet 0.8 IIJAK mpu K,=6 w/xr u 1.7 IIJIK npu K,=1000 n/kr, 3atem 10 300 nem miiaBHO
camkaercs 70 0.1 u 0.4 ITAK mpu K,=6 u 1000 si/kr.

B HamopHbIX Bomax ¢opMmupyeTcsi BpeMeHHas JHMH3a co ciaaboil mMuHepanuzanueid Ha 60 u
300 200v1 IOCTIE 3ATPSI3HEHMUSL.

Touka Ne 11 (tabn. 1). B nmepuon ot Hayana no [00-remnezco Cpoka TPOUCXOAUT PE3KOE
yMEHbIlIeHne MUHepanu3anuu rpyHToBsix Bog Ao 0.3 TIJIK npu K,=6 n/kr (puc. 28) u mo 0.8 11K
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npu K,=1000 n/kr, 3arem no 300 nem muHepanmu3anus 1uiaBHo ymensbimaercs 10 0.1 TTK mpu
K,=6 n/xr u o 0.4 [IAK npu K,=1000 n/kr (puc. 29).

Konuentpauus

=
5=
= =
EQ
<
:E
22
3 g
M
==}

S = g
© o= n N
1

\ e | CI10M

\ ) CJION

*t 3 caoii
\

30 60 100 300
MoneaupyeMoe BpeMsi OCJI€e 3arpsi3HEHHSI, JeT

Puc. 26. I'paduk u3MeHEHHS KOHIIEHTPAIMU CUJIBLHO COPOUPYEMBIX 3arpsi3HSIONIMX BEIIECTB (C
pacnanom) ¢ K,=6 /kr B Touke Ne 1.
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Puc. 27. I'paduk m3MeHeHHs] KOHIEHTPAIMH CHWJIBHO COPOMPYEMBIX 3arps3HSIOIIUX BEHIECTB (C
pacnanom) ¢ K,=1000 5i/kr B Touke Ne 1.
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Puc. 28. I'paduk n3MeHEHUS] KOHLEHTpAIMM CHUJIBHO COPOMPYEMBIX 3arps3HSIOIIMX BELIECTB (C
pacriagom) ¢ K,=6 n/kr B Touke Nel 1.
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Puc. 29. I'paduk n3MeHEHHS KOHILIEHTPAIMU CUJIBHO COPOUPYEMBIX 3arpsi3HSIONIMX BEIIECTB (C
pacniagom) ¢ K,=1000 si/kr B Touke Ne 11.

B BonopasnensHOM c10€ MMEeT MECTO PE3KUi CKauOK MUHEpaIM3aIluu MOPOBHIX BoJ om 30 0o
60 nem — ot 0.3 TIJJK no 1.3 IIJIK npu K,=6 n/kr ¢ nocnenywomuM cHmwkeHnue a0 [00-remunezo
cpoka o 0.5 IIJIK mpu K,=6 n/kr. [Ipu ocranbubix K, MUHEpanu3aius KojieOJieTcsi B UHTepBaJie
0.0-0.5 TTJIK.

B HanopHbIx Bonax popMupyeTcs MOCTOSIHHAS IMH3A CJTa00 MHUHEPATN30BAHHBIX BO/I.

Cyenapuii 3 — 3aepsaznenue cnabo copoupyemvimu sazpasusarowumu sewecmseamu ¢ K,=0.5, 1.0,
3.0 n/ke 6 mouxax nHabarwoenuu. Touxa Ne I (tabn. 2). Ot Havana 3arpsizHeHus 10 [00-remmezo
pyOexa HaOMOMaeTcsl pe3Koe CHIDKEHHE MUHepanu3anuu rpyHToBbiXx Boa oT 8.0 TIJIK (HauanpHas
muHepanuzanus) 1o 0.6-0.7 [TAK npu K,=0.5 (puc. 30) u 3.0 i/kr, B ganpHeimem Kk 300-remnemy
py6exy npoucxoaut miaaBHoe cHmwkeHnue o 0.1 TIJIK npu Bcex K. Ilpu K,=1.0 n/kr 3a 60 nem
npoucxoauT yemuuenue ¢ 1.0 mo 2.5 TIJIK, x /00-remunemy pyOexy 3arpsi3HEHHE CIIaaeT Jio
1.0 ITJIK, a manee HaGmMI0aeTCs €ro TUIABHOE CHIDKCHHE.
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Puc. 30. I'paduk u3MeHEHUs KOHIEHTpalUMu ciaabo cOpOMpYEeMbIX 3arpsi3HAIOLIMX BEIIECTB C
K,=0.5 n/kr B Touke Ne 1.

B BoJi0pa3aenbHOM cil0€e JUHAMHUKA CHIKEHUS MUHEpaTU3alii NOpoBbIX Boa npu K,=0.5 n/kr
aHaJIOTMYHA JJMHaMHUKe I'pyHTOBBIX BoJ ¢ TakuM xe IIJIK, a npu K,=1.0 u 3.0 1/kr npoucxoaut
ObicTpee, 4eM B TPYHTOBBIX BoJax, M HapactaeT a0 1.0 IIJIK x [00-remnemy pybexy mnpu
K,=3.0 n/xr B cpaBHeHMHU ¢ rpyHTOBBIMU Bojiamu 1 10 0.5 ITJAK npu K,=1.0.

B nHamopneix Bomax Ha 60 u 300 200 mocne 3arpsi3HEHUS TPOUCXOAUT (OPMHUPOBAHUE
HEMOCTOSIHHOM JIMH3bI ¢71a00 MUHEPAIU30BaHHBIX BOJI.
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Touka Ne 11 (tabn. 2). B rpyrToBBIX Bosmax k /00 200y mpu K,=0.5 (puc. 31) u 1.0 w/kr
HaOmoaeTcsl TUIaBHOE CHIKeHWe wmuHepanmusaimuu ot 6.0 IIJIK (mawanpHas) mo 2.3 m/kr,
¢ mocnenyrommm usMenenueM 1o 0.5 TIJIK x 300 cody, mpu K,=3.0 n/kr x 100 2ooy IIJAK
JOCTUTAET 3HaUCHUU 2.7 ¢ HaTbHEUIINM YMEHBIICHUEM B JIMAIIa30HE OUYEHb MaJIbIX KOHIICHTPAIIUMA

(<0.1 TLIK).
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Puc. 31. I'paduk u3MeHEHUs KOHIEHTPAIMH CIab0 COPOMPYEMBIX 3arpsI3HSIONIMX BEIIECTB C
K,=0.5 n/xr B Touke Ne 11.

CpaBHuTe/IbHAS XapPAKTEPUCTHKA Pe3yJIbTAaTOB MOIeJIMPOBAHUSA MPOLECCOB MUTPALIUM
3arpsA3HAIOIIMX BEUIECTB 0 Pa3s/IMYHbIM CLHEHAPUAM MX Pa3BUTHA

Brusnue cuopooucnepcuu — mpancnopmuou cemu NOMOKA NOO3EMHbIX 800 HA MUSPAYUIO
3azpasHAOwWUx éeujecms. Pe3ynbTaTbl MOAETUPOBAHUS MTOKA3aJM, YTO B IEPBOM CJIO€ — TPYHTOBBIX
BoJsiax (puc. 32a) — HaOMIOAAETCS CIIOXKHAsA CTPYKTypa MOTOKA. DTO CBSI3aHO B MEPBYIO OUYEPEIb C
reoJIoro-TuAPOre0JIOTHYECKUM CTPOCHUEM U3y4aeMoW u Mojaenupyemoit Ttepputopur. Cama
TEppUTOpUs TpeICTaBisieT coOoil oBanbHOE MOAHATHE, Haxojsdmleecs B 30He Kamyxckoro
TEKTOHUYECKOTO TOJHATHUS U OTPAaHUYEHHOE CO BCEX CTOPOH BHEIIHMMHU PEeKaMH, TJI€ Ha MOJAEIHU U
ObUTH 3aJ]aHbl TPAaHUYHbBIE YCIOBHS IEPBOTO POJa; KPOME HUX BHYTPH TEPPUTOPUU HAXOAATCS UX
MHOTOYHCIICHHbIE MPUTOKU (BHYTPEHHHE TpaHU4YHBbIE YCIOBUA; puC.2). Bce 310 00ycnoBuio
CIIOHOCTh CTPYKTYpbl MOTOKAa TPYHTOBBIX BOJ, CHJIbHO JPEHHPOBAHHOTO THAPOJIOTUYECKOIO
cetbto. Pazpesbr I-1 m II-Il mpuypodensl k BomopaszmenbHbIM IwIomansM (puc. 3). Haubonee
CJIOKHBIM TIOTOK PACIOJIOKEH 10 TOpPU3OHTaIbHOM rpanuie Ha oTMmerkax 30000-60000 m,
o Beptukainu — ot 20000-40000 M (puc. 32a).

AHanu3 pe3yabTaToB MOJICIMPOBAHMS BBISIBUI, YTO BO BTOPOM CJIO€ — BOJOPA3ICIbHOM CJ0€
(puc. 326) — reoMeTpus MOTOKA MOPOBBIX BOJI OoJiee CIIOKOWHAs, HE 3aBUCUT WM cl1ab0 3aBUCHUT OT
JPEHUPOBAHHOCTH MPUTOKAMHU U TOJILKO B OJHOM KBajpare: mo ropuzoHtainu 30000-60000 m u
Beptukamu 20000-40000 M HaOmromaeTcss HapylIeHHE TMOTOKA, MPAKTHUYECKH CUMMETPUYHOE
TPYHTOBOMY. 3]1€Ch, IO-BUIMMOMY, OOJIBIIIOE 3HAUEHUE UMEET YMEHbIIIEHUE MOILITHOCTH BOAOYIIOPA,
YTO YCHJIMBAET MEPETEKAHNUE YEPE3 HETO.

[lo maHHBIM pe3yabTATOB MOJECIUPOBAHUS Mbl ONPEJEININ, YTO B TPETHEM CJIO€ — HAOPHBIX
Bojax (puc. 32B) — HaOmIONAIOTCS JOCTATOYHO CUJIBHBIE OTIHWYMS B CTPYKTYpE IOTOKAa: OH
CTIOKOMHBIN W HaIlpaBJIeH K 00JIacTsM pasrpy3KH, K BHEIIHUM TpaHUIAM — peKaM, a BHYTPEHHSS
peyHasi ceTb HE OKa3bIBA€T HA HErO HUKAKOTO BIMSHHUS U HE APEHHUPYET ero. M ToJIbKO B OJHOM
kBagpare (mo ropusoHTanu 30000-45000 m, mo Beptukamu 20000-40000 M) cdopmupoBanach
o0acTh €ro HapylleHHs, KOTOpas yHacjeJoBaja €e OT MEepBOro M BTOporo cioeB. OCHOBHas
MpPUYMHA JTOTO KpPOETCS B YMEHBIIEHHWH MOIIMHOCTH BOAOYIMOpa W (POPMUPOBAHUU OOIACTH
MPOHUKHOBEHUS TPYHTOBBIX BOJ 4epe3 BOAOYNOp B HamopHble BoAbl. OOYCIOBIEHO 3TO
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TCKTOHUYCCKUM NOAHATHUEM H q)OpMI/IpOBaHI/IeM Ha HsyqaeMoﬁ TCPPUTOPHUU JOBOJIBHO BBICOKOI'O
BOJOpasaciia noA3CMHbBIX BO.
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Bausnue npoyeccoe copoyuu na muecpayuio saepasuaowux eeujecms. CunvHo copoupyemvle
3arpssHsAomue BemectBa B paspese I-I k 300-nmetHeMy Cpoky mpeTepneny 3HAYUTEIbHOE
yYMEHbILIEHWE KOHIEHTpAalUid B TCPYHTOBBIX Bojgax. 3B ¢ K,=6 u 26 1/Kr HakamivBalucCh B
Bojoymope, a ¢ K,=200 ii/kr 1 ocoberHo ¢ 1000 i/kr B 3HAUMTENHHOM CTETEHH OCTAaBaJINCh B
TPYHTOBBIX BOJIaX, HO U B BOAOYIOPE OTMEYAJIOCh UX 3HAUYUTEIBHOE COJEP/KAHUE, UYTO TOMHUMO
IIPOYETO KOHTPOJUPYETCA THAPOJUCIEPCUEN — NPUTOKOM M OTTOKOM 3B u3 sueliku B S4EHKy
(Touky). B TpeTbeM cioe — HamopHBIX BoJIax — (GOPMUPYETCS JIMH3A 3arPA3HEHHBIX BOI.

B pazpese II-1I nHaGmoaercss aHanoruyHasi CUTyalus, TOJIbKO HayalbHble KOHLEHTpauu 3B B
IepBOM cjoe OoJblie, 4yeM B IepBoM paspe3e, a B Touke Ne 10 onm mpessimaror 10 I[TAK, u,
COOTBETCTBEHHO, HakoIuleHHe 3B B BoJoymope Toxke uIeT Oojiee MHTEHCHBHO. B Tperbem cioe
(bopMUpYIOTCS ABE JTHH3BI.

AOCONIOTHO MHas CUTyalus HaOMIoJaeTcs MNpH MHIPALUN CUlbHO copoupyemvix 3B ¢
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pacnaoom, B TaHHOM CIIydae pacCMaTpHBAaeTCs paauoakTUBHBIN pacnaa. Ha 300-netHuii cpox B
TPYHTOBBIX BOJIaX U BOJOYIOpe ocratorcs ciensl 3B ¢ K,=6, 26, 200 u 1000 11/Kr ¢ KOHIICHTpaIiei
0.026-5*10"* TIJIK, a Takke OTMEYaroTCs Cile/bl B IMH3aX HANIOPHBIX BOJ ¢ KOHIEHTpanuei 0.027-
3*102° TIJIK. 3aech Takxke 3aMETHO BIUSHUE I'MAPOIMCIEPCHH, Koraa 3a 30 JeT KOHIEHTpalus B
siyelikax yMEHbIIIaeTcs He BJIBOE, a O0jiee-MEeHee 3a CUeT IPUTOKA WM OTTOKA U3 JPYTUX slUEeK.

Cnabo copdoupyemvle 3B MATPHPYIOT 3HAYUTEIHLHO MHTCHCHMBHEE, U K 300 roxy B CPYHTOBBIX
BOJaX OCTaeTCsi MX He3HauuTenapHoe KonuuecTBOo B mpenenax 0-2.0 [IJAK npu Bcex K, a B
BOJIOYIIOPE MX HAKAIUIMBAETCS CTOJIBKO K€, HO MHOTAA 0O0JIbLIE, YEM OCTAJIOCh B TPYHTOBBIX BOJIAX.
B HamopHBIX BOJax MOMHUMO Mpoyero (OpMHUpYETCs JIMH3a 3arps3HeHus. B tabmuie 2 mokasaHo,
YTO MHTEHCUBHOCTh COPOLIMOHHBIX MPOIIECCOB BHYTPU ATOTO MHTEpBaJia OYEHb MAJI0 pa3jinyaercs
pHu MaibIx 3HaueHusax K,=0-5 n/kr.

I'maBHBIME (hakTOpaMu GOPMHUPOBAHUS MPOLECCOB MUTpaAlK 3B SBISIOTCS B EPBYIO OUYepeh
UX pacrnaj, ecid TaKOBOW IPUCYTCTBYET, BO BTOPYIO — UX COPOLIMOHHBIE CBOMCTBA, B TPETHIO —
TUAPOJIUCIIEPCHST TIOTOKOB MOA3EMHBIX BOJ, KOTOpas B CBOIO O4Y€pelb 3aBUCUT OT TI€0JI0ro-
TUJPOr€0JOTUYECKUX YCIIOBUN N3Yy4aeMOUN TEPPUTOPHUH.

31ech B MOJENU paccMaTpPUBAJICS BBIAEPKAHHBIA MO CBOEMY JIMTOJOTUYECKOMY CTPOECHHIO
BOJIOYIIOP, YTO HE BCErJa COOTBETCTBYET ACMCTBUTENBbHOCTH. B Bogoymopax B mpuposie MOTYT
COJIep)KaThCsA JIMH3BI, MpOCIOU OoJiee MPOHUIAEMBIX OTJIOKEHHUH, a TakkKe TEeXHOTCHHbIE
HapylIeHUs, TaKue KaK CKBaXXUMHBI M JIpyrue riy0oko3aierarouige coopyxkeHus. Bce 3to B
3HAYUTEJIIbHON CTEMEHH MOXKET HapyIIUTh CTPYKTYPY BOJOYIOpAa M YCKOPHUTH IPOLIECCHI
3arpsi3HEeHUs MOJ3eMHBIX BOJI. PaccMoTpeHHast cuTyanusi CBUJIETENIbCTBYET O TOM, YTO BOJIOYIOPHI
HE SBIAIOTCS IOJHOM TapaHTHEll 3alllMIIEHHOCTH HANOPHBIX BOJ OT 3arpsA3HEHMs, a UMEIT
CIIO)KHBIM XapakTep NPOHHULAEMOCTH, 4YTO M OOECIeuMBaeT BO3MOXKHOCTh (OPMHUPOBAHUS B
HalOpHBIX BOJAX JIMH3 3arps3HEHHbIX BOJ, XOTSI B JaHHOM Cllyda€ C HE3HAYMTEIbHOU
KOHIeHTpaluei 3B.

[TomuMo ABYX pa3pe3oB Ul aHalIM3a SKOJIOTMYECKON CUTyallMM Mbl BBIOpATU HECKOJIBKO
touek. [lo nBym u3 Hux — Ne [ u 11 (Tabmn. 1) — ObLT MPOBEEH aHAIW3, aHAJIOTUYHBIN aHAU3Y
caMMX pa3pe3oB. B 3THX Toukax mpolecc Murpanuu pasiuyHbix 3B mpoucxoauT ¢ TeMu ke
TEH/IEHIUSMH, KOTOPbIe ObLIIM PACCMOTPEHBI B Ipe/eiax BBIIICONMCAHHBIX pa3pe3oB. Touxka Ne 16
(Tabn. 2) Obuia BeIOpaHa 3a TPAHUIICH TUIOMIAJAM 3arpsA3HEHHS, YTOOBI PACCMOTPETh BO3MOXHOCTH
pacTekaHusl PpOHTA 3arpsA3HEHHBIX I'PYHTOBBIX U HAIOPHBIX BOJ 32 IPEEibl 00IACTH 3arpsi3HEHHUS.

B pesynbrare ycranosneno (tadim. 1), uro npu K,=3 u 6 1/kr uMeer Mecto ciadbiii mputok 3B
B IIEPBBI U BTOPOM ciou, a B TpeThbeM ciioe 3arpsizHeHue He HabOmromaercs. Ilpu K,=1000 n/kr
c pacnagoM U 0e3 Hero MPUTOK B ATU CJIOU PE3KO CHIKACTCS, a B TPEThEM CIIO€ OTCYTCTBYET.
Cam npuTok yBenuuusaercs k 300 rofy u cocrasiser 4*107 ITIJK B nepsom cioe npu K,=3 n/kr,
59107 TIIK npu K,=6 n/xr, 4.9*103 I[IJK npu K,=1000 n/kr 6e3 pacmama, 1*1072'TIJK
npu K,=1000 11/kr ¢ pacragom.

Kpome 3T0oro Mbl paccMaTpuBalid BO3MOXHOCTU npoyecca oughghysuu 3B 1 ero BIMsSHUE HA
murpaiuio 3B.

[Tomydennsle pe3ynbTaThl (Tabn. 1) momMoriM HamMu BbIIBUTH, uTOo 3a 300 ser mporecc
MIPOSIBUIICS B TPETheM ciioe B 22 Toukax u3 1122 B Mozenu, u Tonbko onHa u3 HuX (Ne 11) momana
Ha aHAJIM3UPYEMBIN pa3pes.

B nmH3aX MHHepaqu3anus B TpeTheM cnoe cocraBaser or 0.1 mo 5.5%10° IIOK npu
MakcumanbHoM 3HadeHun 0.44 ITJK. Ilpuyem cnenyer wumers B Buay, 4To auddysus
paccMaTpuBaeTCs HE B YMCTOM BHUJE, a IPU HAJMYUU THAPOJMCIIEPCUU MOTOKA, U, KaK BUIHO B
touke Ne 11 (tabm. 1), mpouecc GopMupoBaHMs 3arpsS3HEHHBIX BOJI HAUMHAETCS paHee, YyeM 3a
100 ner, u mpomokaercs 1o 300-metHero pyoOexka. OH o4eHb ONM30K K MHIpalUU ciabo
copoupyembix 3B ¢ K,=3 u 6 n/kr, a 3HauuT, Ha PoHE rHIpoAUCHEPCUH TUPPY3Us MOTydaeTcs
BBIHY)KJICHHOH. DTO TOBOPUT O TOM, 4TO mpouecc Auddy3un B 30HE aKTUBHOIO BOJIOOOMEHa

OKOCHUCTEMBI: OKOJIOI'NA 1 AMHAMUKA, 2021, Tom 5, Ne 3



188 MOJAEJIMPOBAHME IMPOLECCOB IIEPETEKAHU A 3AI'PA3SHEHHBIX I'PYHTOBBIX BO

MOTYMHSACTCS CHIIBHOMY BJIMSIHUIO TUAPOJUCIIEPCHU MTOTOKOB U HE OKa3bIBaeT OOJIBIIOTO 3HAYECHUS
Ha (OPMHUpPOBAHHME 3arps3HEHUs TMOJ3EMHBIX BOJ, KOTOpoe (opMuUpyeTcss 3a CcYeT JApYrux
TUAPOr€OXUMUYECKHUX IIPOLIECCOB.

Kak wm3BectHo, mpeoOiamanue mporecca auddy3nn mposBisgeTcs B 30HE 3aTPYIHEHHOTO
BOJ0OOMEHA, TJie MPOIECChl THIPOIUCIIEPCUU CBOISATCS MPAKTHUECKH K HYIIO, M TOTJA Ha IEpBOE
MECTO BBIXOJUT JU(Qy3usi, TIe IIaBHOM ABWXKYIIEH CUION SBISETCS HE I'PaJUEHT CKOpOCTen
[IOTOKa, a TPaJIueHT KOHIeHTpauu 3B.

BriBoabI

MopenbHbpIM 00BEKTOM HCCIIEIOBaHUM OblIa BhIOpaHa 4acTh TeppuTopuu Kamyxckon oOmactu
HauOoJiee MocTpaaaBIias OT aBapuu Ha YepHOOBUTbCKO aTOMHOM CTaHIIUH.

B pe3ynbraTe npoBeaeHUs Uccae10BaHUI ObUT OTYYEH psiJ] pe3y/IbTaToB.

ITo 3 cuenapusiM pa3BUTHSI IPOLIECCOB C YUETOM paszu4HbIX 3B U mpoieccoB MacconepeHoca ¢
WCIIOJIb30BaHUEM MaTreMatuueckord mporpammsel MT3D mpoBenaeHo MonenuMpoBaHHE MPOIIECCOB
3arpsi3HEHUsl MOJA3EMHBIX BOJ M TJIaBHBIM 00Opa3oM HAamOpHBIX BOJA Ha Tepputopuu Kamyxckoit
o0JacTy B 30HE PaIUOAKTUBHOIO CJe/a.

B nponecce monenupoBaHus pacCMOTPEHBI BO3MOYKHBIE CLIEHAPUM 3arpsA3HEHUS IMOA3EMHBIX
BoJ: | cueHapuil — 3arpsi3HEHHE MOJ3EMHBIX BOJ CHIBHO copOupyembiMu 3B; 2 cueHapuii —
3arpsi3HEHUE CHIIBHO copOupyeMbiMu 3B, BKITIOYasi paJnoaKTUBHBIC, 3 CIICHAPH — 3arps3HEHUE
cnabo copoupyembimu 3B.

Jns u3ydeHus MWIrpaluu 3arpA3HSOMINAX BEHIECTB HAa uuciaeHHoW moxaenn MT3D, panee
CO3JaHHOM, OBLIM BHIOpaHBI /IBa pa3pe3a, HAMpPABJICHHBIX MO JIMHUSAM TOKa MOJ3EMHBIX BOJ OT
BOJIOpas3fiesia K 00JacTH pa3rpy3Ku — pekaM. AHaju3 3KOJOTHYEeCKOW CUTyallud MPOBOAMIICS IS
yeTeIpeX pacueTHbx cpokoB: 30, 60, 100 m 300 mer (yBs3ka ¢ TepHOJaMH IIOJIypacraja
PaAMOHYKIMIOB), Al YeThipex Kod3(duumentoB pacnpenenenus copouun (Kp) 3B: 6, 26, 200 u
1000 n/kr mms paadoOHYKIWIOB C PaclajgoM W JAPYTUX TOKCHYHBIX CHIBHO copOupyembix 3B 06e3
pacnana; u 0.5, 1.0, 3,0 n/kr mist cnabo copoupyembix 3B; oneHMBaNIach SKOJOTHYECKAS CUTYAIH
B IIEPBOM CJIO€ — TPYHTOBBIX BOJAaX, BO BTOPOM CJIO€ — BOJOPA3[eIbHOM CJIO€, B TMOPOBBIX
pacTBOpax U B TPEThEM CJIO€ — HAIIOPHBIX MO3€MHBIX BOJIAX.

B pesynbrare MojaenupoBaHus MPOBEICHO CPaBHEHHME BCEX CIIEHAPHUEB Pa3BUTHS MPOILIECCOB
3arpsi3HEHUs U BBIMOJIHEH aHalu3 (PAKTOPOB UX ONMPEIEIIAIONINX.

YcTaHOBIIEHO, YTO e6nuAHUe 2udpooucnepcuu Haubojiee 3HAUYUTEIBHO CKa3blBaeTcs B
TPYHTOBBIX BOJiax (MEpBBIM cioi), rae HaOI0JaeTcs CIOKHasg CTPYKTypa MOTOKa, CBSI3aHHAsl C
JOCTaTOYHO CHJIBHOM €€ JAPEHUPOBAHHOCTHIO. DTO CBSA3aHO B MEPBYIO OYEpelb C TIe0JI0ro-
TUAPOTEOJIOTUYECKUM CTPOCHUEM H3Yy4aeMOM, MOJAETUPYEeMOM TeppUTOpUM M OOYCIOBIIEHA TEM,
YTO OHAa HAaxXoJUTCs B mpenenax KamykKCKOro TEKTOHHMYECKOro NoaHATHS. Bo BTOpowm,
BOJIOPa3/IEIbHOM CJIO€ T€OMETPHUs MMOTOKA MOPOBBIX BOJ 00Jiee CIIOKOWHAs, HE 3aBUCUT WU cl1abo
3aBUCHT OT JPEHHPOBAHHOCTU NMPUTOKaMH. B TpeTbeMm ciioe — HamopHBIX BOJAX HAOIIOJAIOTCS
JOCTaTOYHO CHJIbHBIE OTIIMYMSI B CTPYKTYpE UX MOTOKA: MOTOK CIIOKOMHBIN HaIlpaBiieH K 00yacTsim
pasrpy3Kd — BHEIIHMM TPAaHMIIAM — PEKaM, MOTOK MPAKTUYECKH HE IPEHUPYETCs, U TOJbKO Ha
HE3HAYUTENbHON Tepputopuu chopMUpoBaliach O0NacTh HApPYIIEHUS TMOTOKa, KOTOpas
YHAaCJEA0Bajla €€ OT IEPBOrO U BTOPOT'O CJIOEB.

BrisiBnieHo, uto enusanue copoyuu 0COOEHHO CHIIBHO CKa3bIBACTCS HA CUIbHO copoupyemuvix 3B.
K 300-netHeMy cpoky HaOIrOIaeTCsl 3HAYUTENIHHOE YMEHBIICHUE WX KOHIICHTPAIM B TPYHTOBBIX
BOJIaX, HO B BOJIOYIIOPE OTMEYAETCS MX 3HAYUTENIBHOE COJIEp)KaHHE, a B HAIMOPHBIX BOJaX
(dbopMupyeTCs JIMH3BI 3arPsI3HEHHBIX BOJI.

Jnst muepayuu cunvHo copoupyemvix 3B ¢ pacnadom paccMatpuBaics paJMOaKTHUBHBIM pacmal,
CWJIBHO OTIMYAIOIIMNCA OT Bbllle mpuBeneHHoro ciaydas. Crnycrsa 300 jer B IpyHTOBBIX BOJAX U
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BOJIOYTIOPE OCTAIOTCS TOJBKO cienibl 3B, 1 Taxke 0TMEUaroTCs CIe/ibl U B JIMH3aX B HAITOPHBIX BOJIAX.

YcTaHOBIEHO, YTO c1abo copbupyemvie 3B MUTPUPYIOT 3HAUUTEIBHO MHTEHCHBHEE U CITYCTS
300 ser B TIpyHTOBBIX BOJAX OCTAaeTCs HE3HAUUTENIbHOE KoiuuecTBO 3B, a B Boaoymope
HaKaIUIMBaeTCs Takoe ke KonmdecTBO 3B mHOrma Gobie, 4eM OCTaloch B TPYHTOBBIX BOJAX, a
Takxke (popMUpyeTCs JIMH3a 3arPSA3HEHHBIX BOJ B HAIIOPHBIX BOJIAX.

Kpome atoro ObuT paccMOTpeH npoyecc ouggysuu 3B ¢ TOYKU 3pEHUS €ro BO3MOXKHOCTEH U
BiusiHus Ha murpanuio 3B. Tlokaszano, uro mporece nuddy3nn B 30HE aKTUBHOTO BOJOOOMEHA
MOYMHSACTCS CHJIBHOMY BIUSTHUIO THIPOAMCIEPCHH TOTOKOB M HE BHOCUT 3HAYUTEILHOW NOJH B
dbopmMupoBaHHe 3arpsA3HEHHs IMOJ3EMHBIX BOJ, KOTOpoe (GOpMHpYeTCs 3a CUeT JPYTrux
THJIPOT€OXUMHUYECKUX TTPOIECCOB.

Takum 06pa3zoM, riaaBHBIMU (QakTopaMu GOPMHUPOBAHUS MpolieccoB MUrpanuu 3B saBnsioTcs B
MEePBYI0 OdYepeb paJMOaKTUBHBIN pacnaa 3B, Bo BTopyro — copOiuoHHBIE cBolicTBa 3B, B
TPEThIO — THIPOJMCIIEPCUsT TIOTOKOB TOJ3E€MHBIX BOJ, KOTOpass B CBOIO OdYepenb 3aBUCHT OT
T'€0JIOTO-THAPOTEOIOTUIECKUX YCIIOBUH M3yd9aeMOi TEPPUTOPUH, TIOMHUMO 3TOTO HE3HAYUTEIBHYIO
JI0JTI0 B Tiporiecce murparuu 3B umeer muddysusi.
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The purpose of this article is to study the migration processes of various pollutants, including
radionuclides, from poorly sorbed to highly sorbed ones, in the groundwater and confined water, using
the method of mathematical modeling. The object of the study is the part of the Kaluga Region that
was affected by the accident at the Chernobyl Nuclear Power Plant the most.

The modeling of contamination processes in the groundwater and confined water in the radioactive
contamination zone was carried out according to 3 scenarios of the development of such processes.
We took into account various pollutants and mass transfer processes, using the mathematical MT3D
program, and made a series of numerical experiments. Scenario 1) groundwater contamination with
highly sorbed pollutants; scenario 2) contamination with highly sorbed pollutants and radioactive
pollutants; scenario 3) contamination with poorly sorbed pollutants.

Besides, an unfavorable option for the ecological condition of confined waters was considered, due to
the impervious horizon being insufficiently impermeable to the polluted waters, flowing from the
aquifer. This situation was probably caused by the natural lithological structure (interlayers, sand
lenses, sandy loams, insufficient depth) and industrial factors (poorly insulated holes, wells and other
structures that open the aquifer). All the factors listed above are the “fast migration routes” that make
it possible for a lot of pollutants to penetrate the confined aquifers, where the fresh water is contained.
To study the pollutants migration in the previously created MT3D model, we selected two profiles.
They were located along the lines of groundwater flow, stretching from the watershed to the area of
discharge, i.e. the rivers. The ecological situation was analyzed for 4 calculation periods of 30, 60, 100
and 300 years (to link it to the half-lives of radionuclides), for 4 coefficients of sorption distribution
(Ca) of pollutants: 6, 26, 200 and 1000 I/kg for radionuclides with decay and other toxic, strongly
sorbed pollutants without it; 0.5, 1.0 and 3.0 l/kg for poorly sorbed pollutants. We assessed the
ecological situation in the first layer (groundwater), the second one (watershed layer and pore
solutions) and the third one (confined water).

In addition, several spots were selected for the analysis of the ecological situation.

The modeling resulted in a comparison of all development scenarios of the pollution processes and
analysis of the factors that determined them. In addition, we studied the capabilities of the process of
pollutant diffusion and its impact on pollutant migration. Therefore, the main factors to form the
processes of pollutant migration are their radioactive decay, their sorption characteristics, and the
hydrodispersion of groundwater flows, which depends on the geological and hydrogeological conditions
of the studied territory. Aside from this, diffusion plays an insignificant role in their migration as well.
Keywords: groundwater, confined water, migration processes modeling, pollutants, radionuclides,
sorption, molecular diffusion, radioactive decay.
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The object of our research is the confined waters in the territory of the Kaluga Region, Russia.
The purpose is to apply the method of mathematical modeling and study the migration processes of
various poorly and highly sorbed pollutants, including radionuclides that flow into the waters.

We modeled the pollution processes for the groundwater, especially for the confined ones,
using the MT3D mathematical model, while taking into account 3 possible scenarios of
contamination: 1) with highly sorbed pollutants, 2) with highly sorbed pollutants, including the
radioactive ones, 3) with poorly sorbed pollutants.

To study the pollutants migration in the model, we selected two profiles along with some
individual sites. We assessed the ecological condition of groundwater, watershed layer and
confined waters.

The modeling allowed us to compare all scenarios and analyze the factors they were determined
by. We revealed that the main factors of formation of pollutant migration were their radioactive
decay, their sorption characteristics and the hydrodispersion of groundwater flows, which depended
on the geological and hydrogeological conditions of the studied territory. The diffusion also played
a role in their migration, albeit insignificant.

The results of this research can be used for variously scaled assessment of the ecological
condition of groundwater in different territories of the country, for design and construction of fresh
groundwater intakes, as well as for development and organization of groundwater monitoring in the
areas that have been affected by the Chernobyl Accident.

Materials and Methods
Choosing the Object for Modeling

Geographical Position. The object of the modeling of the hydrogeological conditions, affected
by anthropogenic load, is the part of the Kaluga Region that suffered from the accident at the
Chernobyl Nuclear Power Plant the most. We marked the territory boundaries along the river network:
the Bolva — Ovsorok — Ogar Rivers
in the west and southwest, the
Resseta River in the south and
southeast, the Zhizdra  and
Dragozhan Rivers in the northeast,
and the Peretesna River in the
north. Some of the western and
southern boundaries matched the
administrative boundary of the
region itself (Fig. 1).

Hydrogeological Conditions are
characterized by a wide variety of
free-flow and  pressure-bearing
aquifers. Generally, the
hydrogeological structure of the
territory looks like a “layered cake”.
The free-flow aquifers include waters
of Quaternary (alluvial, glacial,
fluvioglacial, boggy and proluvial
horizons), Cretaceous and Jurassic
sediments. All aquifers are connected
and do not have sustained impervious
horizon within the complex.

5 DR ' . . wiet's 37
RO ) 100 KM gaLUGA REGION

Fig. 1. Physical map of the Kaluga Region, the modeling
object is marked with red line.
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Confined aquifers of fresh groundwater consist of many interconnected Carboniferous aquifers.
The Upper Jurassic impervious horizon divides these two strata (aquifer complexes), lying between
them. Below the Carboniferous aquifers there are the Devonian, Proterozoic and Archean ones with
salty groundwater and salt brines.

If we compare the current situation with the post-Chernobyl one, it can be said that 34 years
(one half-life of radionuclides) after the accident the soil surface is still significantly polluted with
radionuclides.

The groundwater monitoring (Report ..., 2013; Information about ..., 2013) did not reveal any
aquifers with radionuclide concentrations higher than the admissible values. Unfortunately, there is
no data on their concentrations that do not exceed the threshold limit value, but exceed the
background values, which is important to know whenever a contamination with extremely
hazardous pollutants occurs, the low doses of which have an unknown effect on public health. The
monitoring was carried out mainly at the existing water intakes, meant for deeper groundwater levels,
although the groundwater was not present there. Our observations in the territory of the neighboring
Bryansk Region showed that the local groundwater was polluted, which allowed us to assume that the
subterranean waters of the Kaluga Region, especially, the groundwater, were polluted as well.

The latest monitoring sources (Data ..., 2018; Radiation situation ..., 2019) do not list any
information on groundwater.

Modeling the Processes of Geomigration of Pollutants

Describing the Conditions of Aquifers Pollution. At this stage of our research we should
consider a possibility of contamination in confined water. The previous stage (Belousova, Rudenko,
2020) showed that there was a danger of radionuclides contamination due to their migration from
the soil surface, which was polluted during the Chernobyl Accident, so at this stage we consider the
possibility of confined water to get contamination from the polluted groundwater.

In addition, at the previous stage (Belousova, Rudenko, 2020) we analyzed the existing
groundwater pollution in the Kaluga Region that revealed a presence of chemical pollution in
various aquifers. All horizons from the Quaternary to the Devonian Age were subject to pollution;
almost each of them contained stable strontium, barium, fluorine, nitrates, chlorides and sulfates.

At the previous stage of our research, with the help of literature sources, the pollutants were
analyzed according to their classification and sorption degree. The pollutants were divided by the
lowest values of the distribution coefficient (Cy), selected from the total range of the changes of the
coefficient. It was done this way, because at that scale it was impossible to take into account some
factors that were increasing the rate of radionuclides migration, such as microrelief, cracks and
large pores. Therefore, a lower value of the hindrance factor was used to obtain the maximal values
for pollution hazard, which is a common practice for geoecological researches.

In the aforementioned sources (Belousova, Rudenko, 2020) the C; values for many chemical
elements significantly exceed thousands of I’kg (Cis=152-5365 l/kg for Ni), which depends on the
lithological composition of the water-bearing rocks and condition of the elements. Thus, it is
difficult to classify them by the 7 degrees of pollutants sorption to solve our problem. Instead,
to assess the way the confined water was protected and vulnerable to the pollutants that came from
groundwater, we used a simplified concept of sorption and distinguished only 2 categories by their
degree of sorption: poorly sorbed chemical elements with C;=0-5 I/kg, and highly sorbed with Cy
from 6 to 1000 I/kg (the ranges of Cs changes will be discussed below). There are almost no studies
of the processes of radionuclides migration through the water-saturated stratum, and only the soils
and rocks of aeration zone have been studied.

Therefore, to model the contamination processes of ground and confined waters, the following
radionuclides were selected: '*’Cs and *°Sr, along with some other highly sorbed pollutants with the
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specified range of Cy, and neutral, poorly sorbed ones, such as nitrates, sulfates, chlorides and
petrochemicals, which were subjected to numerical experiments in a three-layer environment.

All pollutants can be divided into groups by degree of rocks sorption. For our model
a simplified classification was applied: poorly sorbed pollutants with Cy from 0 to 5 I/kg; the rest
were marked as the highly sorbed ones. The subgroup of poorly sorbed included those with C4=0.5,
1.0 and 3.0 Vkg; the highly sorbed included those with Cz=6, 26, 200 and 1000 I’kg, which
characterized the sorption capacity of radionuclides *°Sr and '*’Cs; other pollutants can also be
characterized by the same values of Ci.

Our model matched a 200,000 research scale. The calculation of the pollutants migration was
carried out for the first horizon of groundwater (watershed layer), which could be represented by the
layers of impermeable and permeable rocks that contained the so-called “fast migration routes” of a
natural and man-made origin (cracks, lenses, poorly insulated holes), and for the second horizon of
confined aquifer as well.

Choosing a Computational Procedure and Model

To model the process of mass transfer in groundwater, we chose the MT3D model (Zheng,
Papadopulos, 1990), which operated on the basis of the MODFLOW transport model (Anderson,
Woessner, 1992). The model of the studied object was created in 2012-2013, and all the results for
it are preliminary and can be found in the previous works (Belousova, 2015, 2019; Antonov, 2013).

Fundamental Mass Transfer Model MT3D

Basic Equations (Zheng, Papadopulos, 1990). A specific differential equation describes the
three-dimensional mass transfer of pollutants in groundwater (Zheng, 1990):

ac 0 ac 0

Eza_xi(D”_)_a_xi(viC)-l_%Cg+21’¥=1Rk (1),
where C is a concentration of pollutants that were dissolved in the groundwater (g/1), t — time (day),
x; — distance along the corresponding Cartesian coordinate axis (m), D;; — hydrodynamic dispersion
coefficient (m?/day), v; — infiltration or linear velocity of water in the pores (m/day), g —
volumetric water flow per unit of volume of an aquifer that represents a source (positive) and flow
(negative) (1/day), C, — concentration of pollutants of the variable source or flow (g/l), 6 —
porosity, and > ¥_; R, — chemical term of the reaction (g/I-day).

If we assume that only the equilibrium linear or nonlinear sorption and the rate of an
irreversible reaction of first order are involved in chemical reactions, the term of chemical reaction
in the equation (1) can be expressed as:

SR =25 -2 (C +5:0) @.
where p,, is a rock density (kg/m®), C — concentration of pollutants that were sorbed by the porous
medium (Kgsolution/kgsolia)?, and A — constant of a reaction of first order (day™).

After some changes, we can get the following:

o€_0 (p OC\_0 949 » _ Pb ~
R at  ax; (DU axj> dx; :0) + 0 Cg 4 (C + 0 C) 3,
where R is a hindrance factor that can be determined as:
_ 1 4 PpOC
R=1+ R (4).

2 kgsolution’Kgsolia — 1atio between the mass of pollutant in its solution phase and its mass in the solid phase. The unit is
canceled afterwards, and we get a dimensionless coefficient.
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The equation (3) is the main one of the mass transfer model and is connected with the flow
model, including MODFLOW.

The MT3D model is based on the calculation of several processes, such as advection,
dispersion, linear and nonlinear sorption and some chemical reactions of first order.

Advection. The second term in the right half of the equation (3) is % (v;C). 1t is called an advection

or forced convection, describing the transfer of pollutants that mix at the same velocity as the groundwater.

Dispersion. It is the next important process in the transfer, also known as hydrodispersion.
It depends on the rate of the groundwater flow filtration, molecular diffusion and mechanical
dispersion of velocities.

Source-Receiver. The third part of the equation (3) is %‘L’Cg. It i1s a source/receiver term that

represents the mass, dissolved in water, or a solute itself, the mass of which is being dissolved.
Receivers/sources of pollution can be classified by the area of their distribution or their specific location.

Chemical Reactions. The reactions in the MT3D model are in equilibrium and driven by the
linear and nonlinear sorption, as well as by the irreversible reaction of first order, which is usually a
reaction of radioactive decay or biodegradation. The more complex reactions can be added to the
model, if necessary, without any modification made to the existing program.

Linear and Nonlinear Sorption. It is bound to the mass transfer between pollutants that were
dissolved in groundwater (solution) and those that were sorbed on a porous medium (solid). It is
generally accepted that there are equilibrium conditions between the solution and solid, and that the
sorption is rather fast, compared to the groundwater movement, so it can be considered
instantaneous. The functional relation between the dissolved and sorbed concentrations is a sorption
isotherm, which is typically included in the transport model, using a hindrance factor.

There are 3 types of sorption isotherm that were considered in the MT3D model: linear,
Freundlich and Langmuir.

The linear one assumes that the concentration of sorbed pollutants (C) is directly proportional to
the concentration of dissolved pollutants (C):

C=C4C (%),
where C, is a distribution coefficient (cm?/g).

The hindrance factor is determined as:

— P 9C _ Pb
R=1+22=1+50C, (6).

Radioactive Decay and Biodegradation. The irreversible reaction of first order includes
A (C + % C ) in the equation (3). This part is a mass loss of the dissolved (C) and sorbed (C) phases

of pollution that occur at the velocity constant (4), which is usually can be expressed in terms of the
half-life of the radionuclides:
where t1 /, is the half-life of a radioactive/biodegradable material, or the time required to reduce the

concentration of radionuclides down to half of their original value.
Boundary Conditions

There are 3 types of boundary conditions: 1) the concentration changes over time, cells with
active concentration; 2) the concentration is the same with a given value, cells with constant
concentration; 3) no concentration, cell of inactive concentration. For our study the conditions of
the first and third types were set.

Initial Conditions and Hydrogeochemical Parameters of the Computational Model. At this
stage the solution to the geomigration problem was aimed at the study of the possible pollution
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processes in the ground and confined waters, using various scenarios of their development.

The initial distribution of the pollutants concentration in groundwater is conventionally adopted
the way it is done for the surface distribution of radioactive contamination in the Chernobyl zone in
the Kaluga Region. The concentration can be expressed by g/1, Bg/l, threshold limit value (TLV) or
background concentrations. In this study we use the threshold limit values (Fig. 2).

Legend:
(s (Ku/km?) concentration
is higher than TVL (>1.0)

2 times
. 4 times
6 times
8 times
10 times
- >10 times

Compiled on the basis
of the data
from Hydrometeorological
Centre of Russia

Fig. 2. Schematic map of the surface pollution with '*’Cs in the south of the Kaluga Region
(Map ..., 1991).

To study the pollutants migration in the previously composed MT3D model, we selected
2 profiles along the I-I line, from northeast to southwest of the study area, and the II-II line, from
southwest to southeast, along the lines of groundwater flow, from the watershed to the discharge
zone, i.e. the river (Fig. 3). Both profiles are passing through the highest watershed site No. 1 of the
groundwater flow, from where the flow spreads in all directions.

The selected site is located on an elevation, shaped as a dome and fenced with rivers (Bolva,
Resseta, Zhizdra) around its base, which are the reason for the complex configuration of the
groundwater flow.

We analyzed the ecological situation for 4 calculated periods: 30, 60, 100 and 300 years (to link
them to the half-lives of radionuclides), for 4 coefficients of sorption distribution (Cy) of pollutants:
6, 26, 200 and 1000 kg for radionuclides with decay and other toxic strongly sorbed pollutants
without decay; and 0.5, 1.0 and 3.0 l’kg for poorly sorbed ones. We assessed the ecological
situation in the first (groundwater), second (watershed layer and pore solutions) and third layers
(confined waters).
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Fig. 3. Scheme of the locations with the profiles I-I and II-II, with the monitoring sites on the model
of the study object.

Results and Discussion

Results of the Modeling of the Pollutants Migration
from the Groundwater to the Confined Water

Scenario 1: contamination with highly sorbed pollutants without decay. Profile I-1. 30 years
after contamination (Fig. 4), the concentration is distributed as following: the amount of pollutants
with C4=200 and 1000 I/kg decreases insignificantly in the first layer — groundwater; with C;=6 I/kg it
decreases fast on the site No. 1; with C4=26 l/kg its decrease is less significant (Table 1).

In the second layer — watershed — we registered a forming contaminated layer of pore solutions,
which is at its highest at the site No. 1 with concentration reaching 1.7 TLV at Cs~=1000 I/kg, while
staying at 0.5 TVL in the rest of the territory. At the site No. 16, located outside the radioactive
contamination zone, the very insignificant concentration is registered as well (Table 2), which
indicates a spread of the contaminated zone to the neighboring territories.

In the third layer — confined waters — the separate lenses of contaminated waters are found at
the site No. 11, with insignificant concentrations up to 0.1 TVL at Cs=3 I/kg. This is a sign of spot
pollution.

The cartographic representation of our results is shown in the Fig. 5 as two- and three-
dimensional maps. It is for demonstrative use only, since there was no way to reflect the real scale
of concentration changes, especially on a three-dimensional map.

60 years after contamination, the formation tendencies of groundwater pollution remain in the
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territory, but the intensity of pollution decreases. 30 years after, it is 4 TVL at C,=6 I/kg at the site
No. 1, but 60 years after it changes to 1.8 TVL; the decrease is also observed throughout the rest of
the sites with different Cy values (Table 2).

§ ) ——— Cd=6, layer 1
=~ 8 o — Cd=6, layer 2

g 7 7 - \ = Cd=6, layer 3
g 0 S ———- Cd=26, layer 1
= o= So j

g 5 .,’-5" \ SN ====Cd=26, layer 2
£ 4 & A - - - Cd=26, layer 3
= V: , layer

e / \\\0,\

© 3 Sy — - = Cd=200, layer 1
g \\

g 217 30 — - = Cd=200, layer 2
= e

é 1 . \ — - = Cd=200, layer 3
= 0 T . R Cd=1000, layer 1

13 12 11 1 14 15 16 Cd=1000, layer 2

No. of the monitoring site 7777 Cd=1000, layer 3

Fig. 4. Graph of the highly sorbed pollutants migration along the Profile I-I 30 years after
contamination (without decay).

In a separation layer — impervious horizon — the concentrations of highly sorbed pollutant
increase. Its peak is 3.72 TVL at C4=6 I/kg at the site No. 11; and at the site No. 1 it is 3.12 TVL at
other Cy values.

In the confined waters an increase is registered only at the site No. 11.

100 years after, the concentrations in the groundwater decrease down to 1.0 TVL at the site
No. 1 at C#=6 l/kg to MPC, and continues to decrease at the rest of the sites.

In the watershed layer the pollutant concentration increases. It is higher than 4 TVL at C;=200
and 1000 l/kg at the site No. 1, and reaches 3.17 TVL (Table 2) at C;=6 I/kg at the site No. 11.

In the confined waters the contamination is insignificant only at the site No. 11.

300 years after (Fig. 6), in the groundwater their concentration drops at C,=6 I/kg at the site
No. 1, but does not exceed 0.1 TVL; it drops significantly at other Cy values as well.

On the contrary, in the watershed layer the concentration increases abruptly up to 6.5 TVL
at C4~=200 and 1000 V/kg at the site No. 1, as well as it does with the rest of Cy values (Fig. 6).

In the confined waters the contamination also spreads around, forming large lenses of poorly
polluted waters (<0.1 TVL) at the sites No. 1, 11 and 14. We should also note that each site is a
2 x 2 km? square (Fig. 7).

Therefore, we can conclude that the impervious horizon plays a major role in pollutant
migration from the groundwater to the confined ones. It reliably protects the latter from the surface
and groundwater contamination, although at the same time it is also a potential source of
contamination for the confined waters. Hydrodispersion has a significant effect on the migration as
well.

The most important features are the type of pollutant and its sorption properties. The higher the
Ca values are, the slower the pollutant will penetrate into the confined water, but the time factor
reduces their chances to remain clean.

Profile II-II. Unlike the first one, this profile has a complex pollution configuration in the
radioactive contamination zone. We registered a maximal initial concentration at the site No. 1,
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where nothing was flowing into it from other sites, but was spreading from it over the nearby sites

instead. But the concentration at the site No. 1 was not at its maximum and the surface of the initial
contamination had a curved shape, which severely affected the migration on the background of

hydrodispersion of the flows in all layers.

Table 1. Changes of TVL values for the highly sorbed pollutants in the groundwater, watershed and
confined waters during pollutants migration.

No. 30 years | 60 years | 100 years | 300 years
of the| Layer
site
beg./| 1 2 3 1 3 1 |2 3 1 2 3
end
C=6 l/kg without decay
1/84.06| 1.24 0 1.85|1.72 | 2.4%¥102 [ 1.02 |1.81] 0  [.04*102 4.4*107| 6.3*%10-2
11/6|4.85| 0.35 |5.51*%10 | 3.78 | 3.72 | 6.28*10 | 3.01 [3.17| 0.18 0.59 0.41 0.43
C#=26 1/kg without decay
1/8(5.63| 1.44 0 3.71|2.17 | 3.04*102 [ 2.61 [2.77] 0 0.1 0.12 0.17
11/6/5.38| 0.37 | 5.7¥10° [4.72]0.70 | 2.8*107 | 4.18 [3.98/7.5%10| 1.18 1.28 0.95
C#~200 I/kg without decay
1/8(7.47| 1.66 0 6.89|2.93 |3.77%107 | 6.42 [3.91] 0 3.92 4.58 0.43
11/6|5.87 | 0.39 |5.87*10°|5.73 |0.77 | 3.03*107 | 5.59 [1.16[5.06*107% 4.73 2.7 0.62
C#~1000 I/kg without decay
1/8(7.89| 1.7 0 7.7513.12 1 3.93*%102 | 7.63 |4.31] 0 6.86 6.64 0.55
11/61597| 0.39 | 5.9%107 {5.94 [0.79 | 3.07%¥10 | 5.91 [1.195.15%10%| 5.71 2.99 0.67
C=6 l/kg with decay
1/8{2.10| 0.93 0 0.520.88 | 1.64*102 | 0.14 [0.63] 0  [1.02*1071.02%107 1.95%107
11/6/2.51] 0.26 |4.51%10° | 1.01 | 1.21 | 2.79*%102 | 0.33 [0.47| 0.06 |1.2*107[2.23*107 6.34*107
C=26 I/kg with decay
1/8291| 1.07 0 1.01 | 1.23 [ 1.98*10%{0.31 [0.76] 0  [5.86*¥107[7.74*102 2.0*107
11/6|2.77 | 027 |4.64%10° | 1.26|0.39 | 1.9¥102 | 0.46 |0.56[2.62*10°2.59%1076.26%10 9.72*1072
C#~=200 I/kg with decay
1/813.86| 1.21 0 1.84 156 0.02 [0.71(1.44 0 [1.21*¥107% 0.32 |7.09%102
11/6|1.85| 0.28 |4.77%10° | 1.52 | 0.42 | 2.0¥10? | 0.61 [0.46| 0.03 [6.66*107 0.325 0.13
C#~1000 I/kg with decay
1/8{4.07| 1.24 0 2.06 | 1.63 [ 2.45%10%|0.84 [1.53] 0  [1.09%¥10%| 0.36 |7.71*107
11/6]3.08 | 0.29 |4.79%107° | 1.58 | 0.43 [ 2.01*¥10 | 0.65 |0.4712.69%102(7.68*107 0.33 0.13
Poorly sorbed C;=0.5 I/kg without decay
1/8 322 1.11 0 1.24 [2.59 [2.01*¥102 [ 0.57 [1.05| 0  [R.57*%107°6.09%107 2.95%¥10
11/6/4.53] 0.4 |539*%10°[3.25(3.83| 0.13 [2.39(3.16] 0.19 | 0.267 | 0.29 0.37
Poorly sorbed C;=1.0 I/’kg without decay
1/83.31| 1.13 0 1.29 [2.56 | 2.06%¥102 [ 0.61 |1.61] 0  [P.82*%1077.73*107| 2.24*10
11/6|4.57] 034 | 5.4%10° [3.31(3.82| 0.14 [245[3.15 0.2 0.29 0.29 0.4
Poorly sorbed C;=3 I/kg without decay
1/8|3.64| 1.18 0 1.52 12.31 [2.25%¥102 [ 0.76 [1.69] 0  [7.76*%1071.94%107 4.27*10°
11/6| 4.7 | 0.35 |5.45%10° | 3.52(3.77 0.1 2.7 [3.18] 0.19 0.41 0.45 0.43
Molecular diffusion
11/6 | | | | | 12.85[3.08 032 | 054 | 059 [ 0.5

30 years after contamination (Fig. 8), the radiation circuit of the polluted groundwater repeats
the circuit of the initial pollutant concentration, with a smooth and insignificant decrease of it.
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It reaches 4.2 TVL at C4=6 and 26 I/kg, while mineralization is higher at the rest of Cy values.
In the watershed layer the fully contaminated pore waters form a dome at the site No. 1 at every
value of Cy (up to 1.8 TVL), but at C;=26 I/kg the concentrations reach 5.5 TVL at the site No. 3.

Table 2. Changes of TVL of the poorly sorbed pollutants in the groundwater, watershed and
confined waters during their migration.

No. 30 years | 60 years | 100 years | 300 years
of | Cy Layer
the |(/k
selel T2 ] s 1| 2 3 1| 2 |3] 1 2 3
0.5 |3.22|1.11 0 1.24 | 2.59 [2.01*%9210.57| 1.05 | 0 [2.6*1076.1*107| 2.9*10~
1.0 |3.31]1.13 0 1.29 | 2.56 2.06*10% 0.61| 1.61 | 0 [2.8*1077.7*107| 2.2*10~
3.0 |3.64 |1.118 0 1.52 | 2.31 |2.3*102]0.76 | 1.69 | 0 [7.7*107 1.9%107| 4.3*10~
1 o
=
6.0 14.06|1.24 0 1.85 | 1.72 |2.4*107|1.02| 1.81 | 0 :'_ 4.4/107| 6.3*107
2
0.5 |10.02] 0.30 0 7.87 | 0.54 0 5.821 0.77 | 0 | 2.68 1.89 0
4 1.0 |10.06| 0.30 0 7.96 | 0.55 0 6.20| 0.78 | 0 | 1.84 1.89 0
3.0 10.27] 0.31 0 8.27 | 0.56 0 6.60| 0.80 | 0 | 2.18 1.92 0
6.0 110.50| 0.31 0 8.65 | 0.57 0 7.091 0.84 | 0 | 2.87 1.60 0
0.5 |4.53]0.34(5.39*10” 3.25 | 3.83 | 0.135 [2.39| 3.16 [0.19 0.27 0.29 0.37
1 1.0 |4.570.34|5.4%10°| 3.30 | 3.82 | 0.136 |2.45| 3.15 [0.2] 0.29 0.29 0.40
3.0 |4.70]0.35|5.5¥10%| 3.52 | 3.77 0.1 2.70 | 3.18 [0.19 0.41 0.45 0.43
6.0 |4.86]0.32(6.3*10%| 3.78 | 3.72 [6.3*10°| 3.0 | 3.0 [0.18 0.59 0.41 0.43
0.5 12.67]0.28 0 1.97 | 1.45 0 1.14] 1.45 | 0| 0.14 0.47 ]9.59*%10°
14 1.0 {2.70] 0.28 0 2.01 | 1.44 0 1.19] 1.47 | 0 | 0.27 0.51 ]9.64*10°
3.0 {2.82]0.29 0 2.08 | 1.21 0 1.34] 149 | 0 | 0.25 0.82 | 6.3*10°
6.0 12.96]0.31 0 2.24 | 045 0 1.54] 1.53 | 0 | 0.38 0.81 | 5.2*%10°
: | o 5
3 =2 = 0 4*101°|4*10°1¢ 0 1*10% & | 0 | 4*10° |2.5*10™ 0
h| & =
6wo| S| & ER = R s | &
decay| & | & 0 & x 0 &~ & 0 N & 0
) v S\ ) — Ne) n —
16
8 | = S S S os g 5
100015 s S| & s 5 5 5
A N £ | = o0 = ¥ |0o| ¥ y 0
decay el ! N ~ ~ o0 o) o0
<t @ — 0 w“ o <t —
1000 L | L 9 3 S| o9 8 g
w | & % 0 2 2 0 S 2 10| =2 2 0
decay : ; ?: a&) *N -)L ?6—4 -)le\

In the confined waters no pollution is found within the profile.

60 years after, the pollutants concentration keeps decreasing in the groundwater at any value of
Cu, and drops down to 1.9 TVL at C4=6 l/kg at the site No. 1.
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Fig. 5. Cartographic 2D (a) and 3D (b) representation of the highly sorbed pollutants migration at
Cs=6 kg (without decay) 30 years after contamination.
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Fig. 6. Graph of the highly sorbed pollutants migration along the Profile I-1 300 years after
contamination (without decay).

In the watershed layer a polluted waterlogged layer continues to form, with just one dome near the
site No. 1, where the maximum is 3.1 TVL at C/~1000 l/kg, and the minimum is 1.0 TVL at C+~=6 I/kg.

In the confined waters near the sites No. 1 and 2 a lens of poorly mineralized waters forms.

100 years after, the pollutants concentration keeps decreasing in the groundwater at the same
rate and tendencies. It drops to 1.0 TVL at C;=6 I/kg at the site No. 1.

In the watershed layer a dome of polluted pore waters also forms, with concentrations up to
4.3 TVL, covering the sites No. 1, 2, 3, 8, 9 and 10.

In the confined waters no pollution is found within the profile.

300 years after (Fig. 9), the process in the groundwater increases at the site No. 1 at C/~=6 l/kg,
and its mineralization is about 0.1 TVL.

In the watershed layer the pollution decreases abruptly, reaching 8.5 TVL at C/~1000 I’kg
at the site No. 10. A second dome begins to form at the sites No. 3, 4 and 5, while the concentration
1s 2.9 TVL at C+~=1000 V/kg.

In the confined waters the lenses of poorly mineralized waters form near the sites No. 1, 2, 6, 8,
9 and 10.

Scenario 2: contamination with highly sorbed pollutants with decay. Profile I-1. 30 years after
(Fig. 10) the accident, the radionuclides concentration in the groundwater at the site No. 1 drops
from 8.0 to 2.0 TVL at C;=6 /kg, while it is about 4.0 TVL at C,~=1000 I/kg.

In the watershed layer a waterlogged layer forms. The concentration at the site No. 1 is
9.8 TVL, but 1.5 TVL at C4~=1000 I/kg.

In the confined waters at the site No. 11 a lens of polluted waters forms up to 0.1 TVL.

60 years after, the concentrations decreases in the groundwater at the site No. 1 at C4=6 /’kg down
to 0.5 TVL, and 2.0 TVL at C,=1000 V’kg.

In the watershed layer a more complicated configuration begins to form at the site No. 1,
reaching 0.9 TVL at Cs=6 I/’kg, and 1.2 TVL at the site No. 11. The maximal concentration is
1.5 TVL at the site No. 1 at C4~=1000 Vkg.

In the confined waters a lens of poorly mineralized waters forms at the sites No. 1 and 11.

100 years after, the concentration of radionuclides in the groundwater changes from 0.1 to
0.9 TVL at Cs=6 I/kg.
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Fig. 7. Cartographic 2D (a) and 3D (b) representation of the highly sorbed pollutants migration with
Cs=6 kg (without decay) 300 years after contamination.
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Fig. 8. Graph of the highly sorbed pollutants migration along the Profile II-II 30 years after
contamination (without decay).
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Fig. 9. Graph of the highly sorbed pollutants migration along the Profile II-II 300 years after
contamination (without decay).

In the watershed layer the concentration in the dome exceeds the one in the groundwater,
reaching 1.5 TVL at C,=1000 /kg.

In the confined waters a lens remains only at the site No. 11.

300 years after (Fig. 11), the concentration drops abruptly in the groundwater, reaching its
maximum 0.001 TVL at C4s=6 and 1000 I/kg at the site No. 1

In the watershed layer it is larger than the one in the groundwater, but does not go over 0.04
TVL at C/~1000 I/kg, with its minimum value 0.1*107 at the site No. 1 at C,=6 I/kg.

In the confined waters in the lens at the sites No. 1, 11 and 13 its maximums is 0.01 TVL at
Cs=200 l/kg.
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Fig. 10. Graph of the highly sorbed pollutants migration along the Profile I-I 30 years after
contamination (with decay).
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Fig. 11. Graph of the highly sorbed pollutants migration along the Profile I-I 300 years after
contamination (with decay).

Profile II-11. 30 years after (Fig. 12), the process in the groundwater is symmetrical to the
initial concentration of the radionuclides. It decreases from 8.0 to 2.1 TVL at C;=6 I/kg at the site
No. 1, and from 10.0 to 5.0 TVL at C,=1000 l/kg.

In the watershed layer the pollution of the pore waters at the site No. 1 is 0.9 TVL at Cs=6 l/kg,
and 1.5 TVL at C,=1000 I/kg. The dome of pollution stretches from the site No. 3 t0 10.

In the confined waters no pollution is found within the profile.

60 years after contamination, the concentrations decreases severely in the groundwater to
0.5 TVL at the site No. 1, with its maximum of 2.5 TVL at the site No. 4 at C/=6 I’kg and up to
3.2 TVL at C4~=1000 V/kg. Two domes form near the sites No. 1 and 2.

In the watershed layer one dome stretches from the site No. 3 to 10, with 1.5 TVL at the site
No. 1 at C4=1000 V/kg and 0.8 TVL at Cs=6 l/kg.
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Fig. 12. Graph of the highly sorbed pollutants migration along the Profile II-II 30 years after
contamination (with decay).

The cartographic schemes are shown on the Figures 13 and 14.

In the confined waters at the sites No. 1 and 2 a poorly mineralized lens forms.

100 years after, in the groundwater two domes form at the sites No. 7, 6, 5, 1 and 3.
The maximal mineralization is 1.5 TVL at C4~=1000 I’kg; the minimal is 0.1 TVL at the sites No. 3,
2,1,8,9and 10 at C;=6 I/kg, the maximal is 1.2 TVL at C,=1000 I/’kg.

In the watershed layer the mineralization of the groundwater in the first dome is insignificantly
higher than in the pore waters (0.6 TVL at C4=6 1/kg), and vice versa in the second dome (maximal
concentration is 1.5-1.8 TVL at C4=1000 l/kg, and 1.0 TVL at C,=6 I/kg).

In the confined waters the lenses do not form.

300 years after (Fig. 15), the mineralization drops abruptly in every layer with concentration
lower than 1.0 TVL. In the groundwater it grows from its minimum 0.2%*107 at the site No. 9 to its
maximum 1.5 TVL at the site No. 8 at C,=1000 I’kg.

In the watershed layer the mineralization of the pore waters is higher than the one of the
groundwater at every site. A relatively complex structure of the form has formed, with the minimal
0.6*10 at C,~6 /kg at the site No. 1 up to 0.9 TVL at the site No. 10 at C,=6 l/kg, although the
mineralization is higher along the entire profile C;~=1000 I/kg, than it is at different Cy values.

In the confined waters at the sites No. 2, 1 and 8-10 the maximal mineralization in the lenses is
0.5*102 at C/=6 I/kg, as well as it is in the lens at the sites No. 1 and 2-8 at C,=1000 I/kg.

An abrupt drop of radionuclides concentration is registered at each value of Cy. During the
decay its intensity doubles, and hydrodispersion of the flow starts to play a major role as well.
Generally, radioactive decay affects the migration of radionuclides much stronger than the
migration of non-radioactive toxic pollutants, which can be seen clearly when the migration process
is modeled according to the Scenario 1.

Scenario 3: contamination with poorly sorbed pollutants at C;=0.5, 1.0 and 3.0 I/kg. Profile I-1.
30 years after (Fig. 16), an intense decrease of the groundwater mineralization is registered, from
8.0 TVL (initial concentration right after the accident) at the site No. 1 to 3.5 TVL at C,=0.5, 1.0
and 3.0 kg at once, with very low differences in TVL values at each Cs (the lines go almost
parallel to each other on the graph of the Fig. 16).

In the watershed layer the pore waters mineralization at the site No. 1 is about 1.0 TVL for each
Cavalue, reaching its minimum at the sites No. 13 and 16.
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Fig. 13. Cartographic 2D (a) and 3D (b) representation of the highly sorbed pollutants migration at
Cs=6 Vkg (with decay) 30 years after contamination.
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Fig. 14. Cartographic 2D (a) and 3D (b) representation of the highly sorbed pollutants migration at
Cs=6 kg (with decay) 300 years after contamination.
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Fig. 15. Graph of the highly sorbed pollutants migration along the Profile II-II 300 years after
contamination (with decay).
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Fig. 16. Graph of the poorly sorbed pollutants migration along the Profile I-I 30 years after
contamination.

A lens of polluted confined waters begins to form at the site No. 11.

60 years after, the groundwater mineralization decreases almost identically for each value of
Ca, dropping down to 1.2 TVL at the site No. 1.

A dome of mineralization, growing up to 3.8 TVL, forms in the pore waters at the site No. 11 at
every value of Ca.

At the sites No. 1 and 11 a lens of polluted confined waters forms with an insignificant
concentration of pollutants.

100 years after contamination, the dome of polluted groundwater decreases down to 3.0 TVL
at the site No. 12 at any value of C.

In the watershed layer the tendency remains, and the mineralization decreases down to 3.2 TVL
at the site No. 11.

In the confined waters the lens of pollution spreads around.

300 years after (Fig. 17), the concentrations become almost even in the ground (maximal
mineralization is <2 TVL) and pore waters.

In the confined waters a lens of poorly polluted waters forms at the sites No. 1, 11 and 14.

ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2021, Vol. 5, No. 3



BELOUSOVA, RUDENKO 211

(]

........ Cd=0.5, ]ayer 1

1.8
1.6
1.4
1.2

====Cd=0.5, layer 2

—— Cd=0.5, layer 3

........ Cd=1, layer 1

====Cd=1, layer 2

0.8
0.6
0.4
0.2

— Cd=1, layer 3

........ Cd=3, layer 1

====Cd=3, layer 2

Pollutant concentration, TVL
[y

<

1 ——— (Cd=3, layer 3
13 12 11 1 14 15 16

No. of the monitoring site

Fig. 17. Graph of the poorly sorbed pollutants migration along the Profile I-1 300 years after
contamination.

Profile II-11. 30 years after (Fig. 18), a tendency of decreasing mineralization is observed in the
groundwater. The lines on the graph are parallel with the initial pollution and have almost no
differences within the various values of Cg; the site No. 5 is the only one with a difference between
3.2 and 4.8 TVL at C4=0.5, 1.0 and 3.0.
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Fig. 18. Graph of the poorly sorbed pollutants migration along the Profile II-II 30 years after
contamination.

In the watershed layer a poorly formed mineralization dome is found in the pore waters, almost
identical to every value of C,.

In the confined waters no pollution is found within the profile.

60 years after, the concentration continues to decrease in the groundwater.

The cartographic schemes are shown on the Figures 19 and 20.

In the watershed layer the mineralization of the pore waters increases and a dome forms at the
sites No. 1, 2, 3, 8, 9 and 10, almost simultaneously, with a slight concentration differences at any
value of Ca.

In the confined waters the lens of polluted waters can be found at the sites No. 1 and 2.
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Fig. 19. Cartographic 2D (a) and 3D (b) representation of the poorly sorbed pollutants migration at
C+=0.5 kg 30 years after contamination.
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Fig. 20. Cartographic 2D (a) and 3D (b) representation of the poorly sorbed pollutants migration at
C+=0.5 kg 300 years after contamination.
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100 years after, mineralization of the groundwater decreases, with its maximum at the site
No. 4. It is almost independent on Cu.

In the watershed layer a more complex configuration of mineralized pore waters and 4 dome-
like structures form, stretching from the site No. 5 to 10, reaching 3.0 TVL at the site No. 8.

In the confined waters the lens has cracked.

300 years after (Fig. 21), the mineralization evens in the groundwater, dropping down to
1.2 TVL at the site No. 4 at C/~1 and 3 lI/’kg, and to 2.9 TVL in the pore waters. A couple of domes
form in the ground and pore waters at the sites No. 2-5 and No. 1, 8-10.

In the confined waters two lenses of polluted waters form at the sites No. 1, 2 and 9, 10.
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Fig. 21. Graph of the poorly sorbed pollutants migration along the Profile II-II 300 years after
contamination.

We should also note that in the scenarios with highly sorbed pollutants we considered the
pollutants with C4=6 1/kg as well, which were also classified as highly sorbed. If we compare the
results for that scenario and the one with poorly sorbed pollutants with Cs= 0.5, 1.0 and 3.0 I/kg,
we can see that they develop symmetrically, but at Cs/~=6 l/kg the process slows down
insignificantly. However, we classified pollutants with C;=6 I/kg as strongly sorbed, considering
that these values characterize the sorption process of some radionuclides.

Aside from the profiles, we studied the pollutants migration at two monitoring sites. No. 1 was
a watershed site of the groundwater flow, from which the flow headed to the borderline rivers,
i.e. discharge areas. On the site No. 11 a lens of polluted confined waters formed in every period of
modeling, for each scenario of pollutants migration (Table 1).

Assessment of the processes of pollutants migration at these sites was carried out according to
the same scenarios as it was done to the profiles.

Scenario 1: contamination with highly sorbed pollutants without decay, at the monitoring sites.
Site No. 1 (Table 1). 30 years after contamination, the pollution of the groundwater drops abruptly
from 8.0 to 4.0 TVL at Cs=6 ’kg (Fig. 22); it is intense at Cs=26 I/kg as well, but decreases
gradually at C,=200 and 1000 Ikg. 60 years after it keeps decreasing intensely, dropping slightly
even 100 years after as well. 300 years after it gradually decreases down to 0.1 TVL at C4=6 and
26 l/kg, and changes from the initial 8 to 6.9 TVL at C4=200 and 1000 kg (Fig. 23).

In the watershed layer an opposite process is observed. 30 years after contamination, a pollution
of pore waters forms between 1.0 and 1.7 TVL as the values of Cy increase. 60 to 100 years after,
the mineralization increases abruptly from 1.8 to 4.5 TVL as the values of Cy increase. 300 years
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after, it decreases down to 0-0.2 TVL at C4=6 and 26 ’kg, and increases gradually from 4.6 to
6.6 TVL at C/=200 and 1000 Vkg.
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Fig. 22. Graph of the concentration changes of the highly sorbed pollutants with Cs=6 I/kg at the
site No. 1.
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Fig. 23. Graph of the concentration changes of the highly sorbed pollutants with C/=1000 l/’kg at
the site No. 1.

In the confined waters a temporary lens of poorly mineralized waters forms 60 and 300 years
after contamination.

Site No. 11 (Table 1). In the groundwater 300 years after the mineralization decreases gradually
from 6.0 to 0.6 and 1.3 TVL at C;=6 (Fig. 24) and 26 /’kg, and increases from 4.7 to 5.6 TVL at
C4s=200 and 1000 Vkg.

In the watershed layer it increases abruptly in the pore waters between 30 and 100 years from
0.5 to 3.0-4.0 TVL at Cs=6 and 26 /kg, decreasing afterwards up to the 300-year period from 0.5 to
1.5 TVL. However, from 30 years to 300 years it increases gradually in the pore waters from 2.6 to
3.0 TVL at C4=200 and 1000 I/’kg (Fig. 25).

In the confined waters a persistent lens of polluted pore waters forms, and its mineralization
increases from 0 to 0.4 TVL at Cs=6 I/kg, and to 0.7 TVL at C,=1000 I/kg.

Scenario 2: contamination with highly sorbed pollutants with decay, at the monitoring sites.
Site No. I (Table 1). 30 years after contamination, the mineralization of groundwater drops abruptly
from 8.0 (initial value) to 2.0 TVL at Cs=6 I/kg (Fig. 26); to 2.8 TVL at C4=26 /kg; and to 4.0 TVL
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at C;=1000 Ikg. It continues to drop up to the 60-year period and /00 years after contamination it
reaches 0.2 TVL at Cs/~=6 lkg, and 1.0 TVL at C/~1000 Vkg (Fig. 27). 300 years after the

mineralization is about 0.1 TVL at every value of C.
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Fig. 24. Graph of the concentration changes of the highly sorbed pollutants with Cs=6 I/kg at the

site No. 11.
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Fig. 25. Graph of the concentration changes of the highly sorbed pollutants with C;=1000 l/’kg at

the site No. 11.
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Fig. 26. Graph of the concentration changes of the highly sorbed pollutants (with decay) with

Cs=6 Vkg at the site No. 1.
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In the watershed layer the mineralization of pore waters increases during the period from 30 to
60 years, reaching 0.8 TVL at C4=6 I/’kg, and 1.7 TVL at C4=1000 I’kg. Then up to 300 years it
decreases gradually to 0.1 and 0.4 TVL at Cs=6 and 1000 Ikg.

In the confined waters a temporary lens of poor mineralization forms 60 and 300 years after
contamination.
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Fig 27. Graph of the concentration changes of the highly sorbed pollutants (with decay) with
Cs~=1000 I/kg at the site No. 1.
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Fig. 28. Graph of the concentration changes of the highly sorbed pollutants (with decay) with
Ca=6 l/kg at the site No. 11.

Site No. 11 (Table 1). From the very beginning and up to /00 years the mineralization of the
groundwater drops abruptly down to 0.3 TVL at C;=6 I/kg (Fig. 28), and 0.8 TVL at C,=1000 I/kg.
Then, up to 300 years, it continues to decrease gradually to 0.1 TVL at C;=6 kg, and 0.4 TVL
at C+~1000 I’kg (Fig. 29).

In the watershed layer the mineralization of the pore waters increases abruptly from 0.3 TVL
30 years after to 1.3 TVL 60 years after at Cs=6 I/kg, then drops to 0.5 TVL 100 years after. It stays
between 0.0-0.5 TVL at any other value of Cy.

In the confined waters a persistent lens of poorly mineralized waters forms.

Scenario 3: contamination with poorly sorbed pollutants with C;=0.5, 1.0 and 3.0 l/kg at the
monitoring sites. Site No. I (Table 2). From the beginning of the contamination and /00 years after
the mineralization of the groundwater drops abruptly from 8.0 (initial mineralization) to 0.6-
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0.7 TVL at C4=0.5 (Fig. 30) and 3.0 /kg. 300 years after it gradually decreases to 0.1 TVL at any
value of Cq. 60 years after it increases from 1.0 to 2.5 TVL at C4=1.0 Vkg; 100 years after the
contamination it decreases to 1.0 TVL and continues to do so.
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Fig. 29. Graph of the concentration changes of the highly sorbed pollutants (with decay) with
Cs~1000 I/kg at the site No. 11.
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Fig. 30. Graph of the concentration changes of the poorly sorbed pollutants with C4=0.5 I/kg at the
site No. 1.

In the watershed layer the dynamics of mineralization decrease in the pore waters is the same
with the groundwater at C,=0.5 kg, but goes faster at C,=1.0 and 3.0 ’kg, reaching 1.0 TVL at
Cas=3.0 I/kg 100 years after, and 0.5 TVL at Cs=1.0.

In the confined waters 60 and 300 years after contamination an inconstant lens of poorly
mineralized waters forms.

Site No. 11 (Table 2). In the groundwater at C;=0.5 (Fig. 31) and 1.0 I/kg mineralization
decreases gradually from 6.0 TVL (initial concentration) to 2.3 after /00 years, dropping afterwards
to 0.5 TVL by the 300" year. It reaches 2.7 TVL at C/=3.0 I/kg by the 100" year, decreasing with
time to very low concentrations (<0.1 TVL).

Comparative Characteristics of the Results,
According to Various Scenarios of Pollutant Migration Development

Influence of Hydrodispersion (a transport network of groundwater flow) on the Pollutants
Migration. The modeling results showed a complex flow structure in the first layer — groundwater
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(Fig. 32a). It was caused primarily by the geological and hydrogeological structure of the studied
and modeled territory. The territory itself is an oval elevation, located on the Kalga tectonic uplift
and surrounded with external rivers, along which the boundary conditions of the first order were set
on the model. Aside from the rivers, there are numerous inflows inside the territory (internal
boundary conditions) (Fig. 2). All of this became a reason of the structure complexity of the
groundwater flow, heavily drained by the hydrological network. Profiles I-I and II-II are confined to
the watershed areas (Fig. 3). The most complex flow is located (Fig. 32a) along the horizontal
boundary at 30,000-60,000 m, and the vertical one at 20,000-40,000 m.
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Fig. 31. Graph of the concentration changes of the poorly sorbed pollutants with C4=0.5 I/kg at the
site No. 11.

After analyzing the model results, we have found out that in the second layer — the watershed
layer (Fig. 32b) — the geometry of the pore water flow is calmer, independent or almost independent
on drainage of the inflows. Besides, it is located only in one square; 30,000-60,000 m horizontally
and 20,000-40,000 m vertically a flow disruption, almost symmetrical to the ground flow, is
registered. Apparently, a decrease in the impervious horizon thickness is also very important,
enhancing the overflow that goes through it.

According to the results, we have determined that in the third layer — confined waters
(Fig. 32¢c) — the flow structure has quite strong differences: the flow is calm, directed towards the
discharge areas, to the outer boundaries, i.e. the rivers, while the internal river network has no effect
on it and does not drain it. Only in one square (30,000-45,000 m horizontally, 20,000-40,000 m
vertically) an area of flow disturbance has been found, inherited from the first and second layers.
The main reason for this lies in a decrease in the impervious horizon thickness and formation of an
area for groundwater penetration into confined waters through the impervious horizon, which
happens due to the tectonic uplift in the study area and formation of a rather high watershed of
groundwater.

The Influence of Sorption on the Pollutants Migration. 300 years after the accident,
the concentration of the highly sorbed pollutants in the Profile I-I decreased significantly. Pollutants
with C4=6 and 26 /’kg accumulated in the impervious horizon, while pollutants with C,=200 I/kg and
especially 1000 I/kg remained mainly in the groundwater, although they were found in significant
amounts in the impervious horizon as well, which, among other things, is controlled by
hydrodispersion, a pollutant in/outflow from cell to cell (site). In the third layer — confined waters — a
lens of polluted waters is forming.

In the Profile II-1II a similar situation is observed, but the initial concentration in the first layer is
higher than in the first profile, exceeding 10 TVL at the site No. 10, so the pollutants accumulation
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in the impervious horizon is more intense as well. In the third layer two lenses are forming.

A different situation is taking place during the migration of Aighly sorbed pollutants with decay
(in this case — a radioactive decay). After 300 years some traces of pollutants remain in the
groundwater and impervious horizon, with C;=6, 26, 200 and 1000 I’kg, with a concentration of
0.026-5¥10* TVL, and some of them can be found in the lenses of confined waters, with a
concentration of 0.027-3*10?° TVL. An influence of hydrodispersion is also significant there, as the
concentration in the cells does not decrease twice over 30 years, but does it instead due to the
in/outflow from other cells.
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Poorly sorbed pollutants migrate much faster, and after 300 years their insignificant amount
remains in the groundwater — 0-2.0 TVL for each Cy value, and the same amount accumulates in the
impervious horizon, although sometimes it can be higher than in the groundwater. A lens of
pollution is forming in the confined waters. Table 2 shows that the sorption intensity within the said
interval almost does not differ at C4=0-5 l/kg.

The main factors in the formation of pollutant migration are, first of all, decay, if there is any;
secondly, their sorption properties; and thirdly, the hydrodispersion of the groundwater flows,
which depends on the geological and hydrogeological conditions of the study area.

In our model we studied an impervious horizon with a consistent lithological structure, which
does not always correspond to reality. The natural impervious horizons can contain lenses, layers of
more permeable sediments and industrial disturbances, such as holes and other deep-lying
structures. All of this can significantly disrupt the structure of the impervious horizon and accelerate
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the processes of groundwater pollution. The considered situation indicates that impervious horizons
cannot ensure a pollution protection of confined waters, because they have a complex permeability,
which makes it possible for contaminated lenses to form in the confined waters, although in this
case it happens with an insignificant concentration of pollutants.

For the analysis of the ecological situation, in addition to 2 profiles, we also selected several sites.

The sites No. 1 and 11 (Table 1) were analyzed similarly to the profiles. There the migration of
various pollutants occurs according to the same trends, as it did in the aforementioned profiles.

The site No. 16 (Table 2) was placed outside the contaminated area, so we could consider the
possibility of polluted ground and confined waters spreading outside the contaminated zone.

As aresult we have established (Table 1) that there is a weak pollutants inflow into the first and
second layers at C4=3 and 6 I/kg, and no pollution in the third one. The inflow is sharply reduced at
Cs~1000 l/kg with and without decay and is completely absent in the third layer. It increases after
300 years, reaching 4*10 MPC in the first layer at C;=3 kg, 5.9%107 TVL at C;=6 I/kg, 4.9%102*
TVL at C;/=1000 I/kg without decay, and 1*10! TVL at C,~=1000 V/kg with it.

Besides, we considered the possibilities of the pollutant diffusion process and its influence on
the pollutant migration.

The obtained results (Table 1) allowed us to reveal that over 300 years the process manifested
itself in the third layer only at 22 model sites out of 1122, and only one of them (No. 11) was set
within the boundaries of the analyzed profile.

Mineralization in the lenses of the third layer is from 0.1 to 5.5%10° TVL, while the maximal
value is 0.44 TVL. It should be noted that we consider diffusion not in its pure form, but in the
addition to the hydrodispersion of the flow; so, as it can be seen at the site No. 11 (Table 1), the
process of formation of contaminated waters begins before a 100-year period, continuing up to the
300-year milestone. It is very close to the migration of poorly sorbed pollutants with C;=3 and
6 ’kg, which means that diffusion, which is observed on the background of hydrodispersion, is
forced. This suggests that diffusion in the area of an active water exchange depends on the strong
influence of the hydrodispersion of the flows, insignificantly affecting the formation of groundwater
pollution, which is formed due to other hydrogeochemical processes.

It is known that the prevailing diffusion process manifests itself in the area of hindered water
exchange, where hydrodispersion is reduced to almost zero, so the diffusion takes its place instead,
and its main driving force is not the gradient of the flow velocity, but the gradient of pollutants
concentration.

Conclusions

For our research we chose the part of the Kaluga Region that was affected by the accident at the
Chernobyl nuclear power plant the most. The results of this research are as follows.

Taking into account the three scenarios of the development of those processes, as well as various
pollutants and mass transfer processes, we used the MT3D software and modeled the processes of
groundwater and confined water contamination in the Kaluga region, in the radioactive
contamination zone.

We also considered the possible scenarios of groundwater contamination: 1) with highly sorbed
pollutants, 2) with highly sorbed pollutants, including the radioactive ones, 3) with poorly sorbed
pollutants.

To study the pollutants migration in the previously created numerical model of MT3D, we
selected two profiles along the lines of groundwater flow that were stretching from the watershed to
the area of unloading, i.e. rivers. The ecological situation was analyzed for 4 calculation periods of
30, 60, 100 and 300 years (to link it to the half-lives of radionuclides), for 4 coefficients of sorption
distribution (Cy) of pollutants: 6, 26, 200 and 1000 I’kg for radionuclides with decay and other
toxic, highly sorbed pollutants without it; 0.5, 1.0 and 3.0 I/kg for poorly sorbed pollutants. We
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assessed the ecological situation in the first layer (groundwater), the second one (watershed layer
and pore solutions) and the third one (confined water).

Modeling resulted in all scenarios of the pollution processes development being compared with
each other, and the factors that determined them being analyzed.

We found out that hydrodispersion affected the groundwater (first layer) the most, where a flow
structure was complex due to its rather strong level of drainage. This was primarily caused by the
geological and hydrogeological structure of the studied modeled territory, located on the Kaluga
tectonic uplift. In the second layer (watershed) the geometry of the pore groundwater flow was
calmer, independent or barely dependent on the inflow drainage. In the third layer (confined water)
we registered some significant differences in the flow structure. The flow was calm and directed
towards the outer boundaries, the areas of discharge, i.e. rivers; it was barely drained, while an area
of the flow disturbance was inherited from the first and second layers and formed only in a small
part of the territory.

We determined that sorption has a particularly significant effect on the highly sorbed pollutants.
By the 300-year period their concentrations in groundwater decreased heavily, but they remained in
the impervious horizon layer in large amounts, while in the confined water the lenses of polluted
waters had formed.

We considered a radioactive decay for migration of highly sorbed pollutants with decay, which
differed greatly from the above situation. After 300 years, only the traces of pollutants can be found
in the groundwater, impervious horizon and lenses of the confined water.

It has been determined that poorly sorbed pollutants migrate more intensively, and an
insignificant amount of pollutants remains in the groundwater after 300 years, while the same
amount accumulates in the impervious horizon, although sometimes it can be higher than in the
groundwater; besides, a lens of polluted waters has formed in the confined water.

In addition, we studied the capabilities of the process of pollutant diffusion and its impact on
pollutant migration. It was revealed that diffusion in the area of active water exchange was under a
strong influence of hydrodispersion of the streams and did not contribute significantly to the
groundwater pollution, which was forming due to other hydrogeochemical processes.

Therefore, the main factors to form the processes of pollutant migration are, firstly, their
radioactive decay; secondly, their sorption characteristics; and thirdly, the hydrodispersion of
groundwater flows, which depends on the geological and hydrogeological conditions of the studied
territory. Aside from this, diffusion plays an insignificant role in their migration as well.
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