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AHHOTALM: ViccaepAOBaHO MCITOAB30BaHVE BOAHBIX PECYPCOB bacceiiHa 03. XaHKa.
YcTaHOBA€EHO, YTO KaK Ha POCCUIICKON YacTH, TaK ¥ Ha KUTAICKOM TeppuTopum bacceiHa
03. XaHKa MCIIOAb30BaHMe BOAHBIX PECYPCOB OIPEAEASIeTCs IIPeUMYIeCTBEeHHbIM Pa3BU-
TUEM CEABCKOro X03s1/cTBa. OLieHEHBI TAOLIAAY OPOLIAEMbIX 3€MeAb Y 00bEMBI CIIOAD-
3YeMOI1 AASI STUX LieAell BOADL, BAUSIHYE XO35/ICTBEHHOI AeSITeABHOCTY Ha YPOBEHDb BOADBI
o3epa. Ha ocHOBe CTaTMCTUYECKMX AQHHBIX, CITYTHUKOBBIX CHYMKOB 1 OIyOAMKOBaHHbBIX
Hay4YHbIX CTaTell BIEPBbIe BHIIIOAHEHA OLEHKa AVHAMMKY OPOLIAEMBIX 3eMeAb B bacceliHe
03. XaHKa 3a nepuop, 19602015 rr. AHaaus oduiaAbHOM MHGOPMALMY ¥ BOCCTAHOBAEH-
HBIX 9KCIIEPTHBIM ITyTEM AQHHBIX [10 00'beMaM BOAOIIOTPEOAEHNISI IO3BOAVIA BIIEPBBIE OLie-
HUTb AVHAMUKY UCIIOAB30BAHVsI BOABI HA OPOLLEHVIE U YCTAHOBUTDb BEAMYMHBI O€3B0O3BPAT-
HBIX [TOTEPb PV OPOIIEHNY Ha POCCUIICKOM YacTy HaccelHa 03epa 3a 3TOT >Ke TIEPUOA.

YcTaHOBAEHO, YTO MCTOYHMKOM AASI OPOLIeHM s IOCEBOB pyca Ha TeppuTopun Poccun
SIBASIIOTCSI BOABI 03€pa, MCIIOAb30BaHMe BOA 03. XaHKa Ha TeppuTtopuu Knras Bo3aMO>XXHO
TOABKO B MAaAOBOAHbBIE TOABL. BAMSIHME MCIIOAB30BaHMS BOABI Ha OpOIIE€HMEe Ha POCCHUI-
CKOVl TeppuTOopuyu bacceifHa MPOSIBASIAOCH B HE3HAUMTEABHOM CHVDKEHUM YPOBHSI 03epa.
Co CTOpOHBI KUTACKON TEPPUTOPUY B MHOTOBOAHBIE TOABI COPOC ITABOAKOBBIX BOA . My-
AVIHX3 B 03. Maaas XaHKa, a 3 Hero uyepe3 ['TC B 03. XaHKa MOXeT 0OKa3aTb CyllleCTBEHHOe
BAVSIHME Ha POCT YDPOBHS BOABI B 03epe.

KAIOYEBDBIE CAOBA: BopHbIE peCypChl, X035IICTBEHHAST A€SITEABHOCTD, BOAOIIO-
TpebAeHIEe, MAOLIAAY OPOLIAEMbBIX 3€MEAb, BOAOXO3SICTBEHHBIN KOMIIAEKC, 0e3BO3-
BpaTHbIe IOTEPU BOABIL, 03. XaHKa.

B nocaeaHue ropbl mpobAeMa BOAHOTO pexKyMa 03. XaHKa — CaMOro KpyITHO-
ro IIPeCHOBOAHOTO BopoeMa Ha AaabHeM BOCTOKe — HAXOAUTCA B LIEHTPE BHU-
MaHMsI HAYYHOT'O COO0IIeCTBa U LIVPOKOM 00IIeCTBEHHOCTU. DTO CBSI3aHO, Ipe-
YA€ BCEro, C 3aTONAEHMEM U TIOATOIIAEHMEM HACEAEHHBIX ITYHKTOB B OacceiiHe
03epa, BbI3BAHHBIX IOBBIIIEH)EM ero YpoBHsI ¢ 2006 T.

/13 Bcex aHTPOIOreHHbIX (PaKTOPOB, AEVCTBYIOLINX B OacceliHe 03. XaHKa,
CIIOCOOHBIX OKa3bIBaTb BAMSHME Ha M3MEHEHMEe €ro YpOBHs, Hauboaee 3Ha-
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YMMBIM SIBASETCSI CEAbCKOE XO03SICTBO, a MMEHHO, OpoLIaeMoO€e 3€EMAEAEANE.
B AaHHOI;I CTaTb€ PACCMOTPEHDBI BOIIPOCHI Pa3BUTNUS OPOLIAEMOIO 3€EMAECAEANA
B OaccenHe 03. XaHKa U CBI3aHHOM C HUM BOAOXOSHIZCTBCHHOVVI CTPYKTYPbI, AU~
HaMUKUN BOAOHOTPE6A€HI/IH Ha HY>XABI UPpUrauy 1 BO3MO>XXHOTO BAVISTHU A 6es-
BO3BPaTHbIX IIOTEPb HA KoAeOaHuS YPOBH: BOADBI B 03€pe€.

PETVIOHA ABHBIE OCOBEHHOCTU U XO3ANCTBEHHA A
AEATEABHOCTD B BACCEMHE O3EPA XAHKA

X03siICTBEHHOE OCBOEHME POCCUIICKOIT YacTu bacceitHa 03. XaHKa Ha4aAOCh
¢ cepepnnbl XIX B., koraa nmo AiiryHckomy aAoroopy 1858 r. 6p1aa ycTaHOBA€HA
rpaHuua Mexay Poccueit u Kutaem o p. Amyp [1]. C Hauasa 3aceaeHus1 b6acceit-
Ha 03. XaHKa 1 AO HaCTOSIIIEro BpeMEHY — 3TO PErMOH, UMEIOLINIA, TAABHBIM 00-
pa3oM, CeAbCKOXO3SJICTBEHHOe Ha3HaueHMe. [[AOTHOCTh HaceAeHMsI B pOCCUII-
CKOI1 YacTu baccerHa COCTaBAsIET OKOAO 15,3 yeA. Ha KB. KM. C KOHI{a TPOLIAOTO
BeKa OTMeYaeTCs IOBCEMECTHOE YMEHbIIIeH) e YMCAEHHOCTY HaCeAEHN s BO BCeX
AAMMHUCTPATUBHBIX paiioHaxX; 3a nepuop ¢ 1970 oo 2015 r. Y4MCA€HHOCTDb Hace-
AeHUs cHusuAach ¢ 280 a0 207 ThIC. YeA. [2].

B 6accertne 03. XaHKa pacrioAO)KeHa OAHA U3 KpynHenmux Ha AaabHeM Boc-
ToKe Poccuy ceAbCKOXO3SIICTBEHHBIX 30H: TEPPUTOPUS, 3aHSITasl CEABXO3YTO-
AVISIMUM B IIECTU aAMMHUCTPAaTUBHBIX palloHaX cocTaBAseT 464 ToiC. ra. 3Aech
COCPEAOTOYEHO OKOAO MOAOBMHBI (47 %) mawmHu [IpuMopbsi, MPOU3BOAUTCS AO-
ObIYa yTrAsl, IAQBMKOBOTO ILIIATAa Y PEAKO3€MEABHBIX SAEMEHTOB, Pa3BUTO IIPO-
MI3BOACTBO LieMEHTa M aCOOLIEMEHTHBIX CTPOUTEABHBIX MaTepPUAAOB [3].

B mpeaeaax xurarickoit yactu (bacceitH o3. Maaass XaHKa), IO AQHHBIM
aokaapa UNEP [4], npoxxuBaer okoAo 130 Thic. yeA. [TAOTHOCTD HaceAeHUs
coctaBasieT 55 4yea/km®. AaHHble 3a mepuop 1998-2002 rr. ykasplBalOT Ha
CTaOMABHBIN YPOBEHDb YMCAEHHOCTU HaceAeHus [4, 5]. Haceaenne kutaickon
yacTu baccertHa 3aHITO CEAbCKOXO3SIICTBEHHBIM ITPOU3BOACTBOM U PIOOAOB-
CTBOM, B HE3HAYUTEABHOII CTEIIEHM Pa3BUTBI AOOBIYA YTASI I AepEBOOOpaboTKa.
B ceBepHol1 yacTu 03. Maaast XaHKa A€MICTBYeT PbIOOAOBELIKMIT 3aBOA C MaK-
CUMaAbHBIM YAOBOM pbiObI 1046 T B rop [4]. lllupokomaciitabHoe ocBoeHue
3eMeAbHBIX pecypcoB bacceiiHa 03. MaAast XaHKa HA4aAOCh OTHOCUTEABHO He-
AaBHO — B KOHI1Ie 1980-x ropoB.

Haanune BOAHBIX M 3eMeAbHBIX pecypcoB IIpuxaHKaiCKOll HU3MEHHOCTH,
)KapKasi IIOTroAQ A€TOM, OOMABHBIE AOKAM B IIEpUOA BereTaluM, TSKEAble He-
32COAEHHbIE MOYBBI IOCAY)XMAYU OAQTONPUSITHBIMY YCAOBUSIMU AASL BO3AEADI-
BaHMS pUCa — OAHOV 13 HauboAee BOAOEMKUX KYABTYP. Ero moceBb! moayumau
IIMPOKOE pacpoCTpaHeHte KaK Ha pOCCUIICKOM YacTu bacceriHa, Tak u B Kurae.
OCHOBHBIMM TOKa3aTeASsIMU IIPY OLleHKe Pa3BUTHSA U COCTOSHMS MPpPUTALIUY,
a TaKk)Xe 00bEMOB MCIIOAB3YEMOI AASL OTUX LIEAEN BOABI SBASIIOTCSI BEAUYMHBI
MIAOILIAAEN OPOLIAEMbIX 3EMEAD.
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Hauaao peryasipHOro pa3BuTus pucocesiHus B 06acceiiHe 03. XaHKa OTHOCUT-
ca K cepeprHe 1920-x ropoB. Toraa opolaeMble Y4aCcTKM paclioAaraAlCh Ha 3a-
60A0YeHHBIX 3eMAsIX [IprxaHKaiCKOM HU3MEHHOCTY, KOTOpble TIPEABAPUTEAD-
HO OCYIIAAUCD. VICTOUHMKOM OpOLIEHUS CAY)XKUA CTOK PeK, CTEKAIOLMX B 03€PO.
ITonbITKY AQABHENIIIEro pacUIVpeH s IOCEBOB prca C UCTIOAb30BaHMEM PEYHBIX
BOA He AQAM NOAOXKUTEABHOTO pe3yAbTaTa. BcaeaCTBMe 2TOro Ha poCCHUICKOM
yacTu bacceitHa 03. XaHKa B TeUeHe HECKOABKUX AECSTUAETUN MTAOLIAAU PUCO-
CesiHUS He ITpeTeplieBaAy M3MEeHEeHUI U He NpeBbIIaAu 2—3 ThIC. Ta.

BBuAy mpakTu4ecky MOAHOTO OTCYTCTBUS MHPOPMALUU IOAOBBIX ITOKa3a-
TeAeN M0 OPOIIIaeMbIM TAOIIAASIM B OacceitHe 03. Xanka B 1960—-1994 rr., onu
ONPEAEASIAUCh PACYETHBIM IYTEM, MCXOASl M3 ONMYOAMKOBAHHBIX CTaTUCTU-
4eCKMX AaHHBIX 1o [Ipumopckomy kparo. Ha ocHoBe 06001jeHMs1 1 aHaAM3a
UMEOLINXCSA MaTepuaAoB [6—8] cTaA0 BO3MOXXHBIM COMOCTABUTH 32 OTAEAb-
HbIe TOABI IIAOLIAAY OpPOIIaeMbIX 3eMeAb B OacceiiHe 03. XaHka u [Ipumopcko-
ro Kpasi, OLjeHUTb BKAaA IIpuxaHKalicKoyl HU3MEHHOCTU B pasBUTHMe Opolle-
Hust [IpUMOPCKOro Kpasi U BOCCTAHOBUTDb AQHHbBIE 00 OPOIaeMbIX MAOIAASX
3a MHOTOAETHU EPUOA, HauMHas ¢ 1960 r. AHaMMKa IMAOLaAel OpOIaeMbIX
3eMeAb B OacceyiHe 03. XaHKa 3a 1995-2015 rr. ycTaHOBA€Ha Ha OCHOBaHUMU
opunmaabubix AaHHbIX OBI'Y «YmpaBaenue IlpummeanoBopxos». Caeay-
€T OTMETUTb, YTO AOASI TIOCEBOB puca B OacceitHe 03. XaHKa IO OTHOILIEHUIO
K IIpuMopckoMy Kpalo MOCTEMeHHO Bo3pacTaAa oT 64 % B 1965 1. A0 94 % —
B 2015 1. (TabA. 1).

Ta6aumna 1. PasButue opouenus u BKaaA I IpuxaHKaicKoyl HU3MEHHOCTU B
opolaemoe 3eMAaepeaue IIpumopckoro Kpas, ThIC. ra

Tepputopus 1965 . 1970 1. 1985 . 1995r. | 2000r. 2015T.
ITpumopckuit Kpan 11,9 23,8 62,4 58,9 6,53 20,8
ITpuxaHkarckas 7,69 16,2 52,3 50,0 6,06 19,6
HU3MEHHOCTh
Bxaaa, % 64 68 84 85 93 94

PaccuMTaHHBIe U TPEACTABAEHHBIE B Ta0A. 1 COOTHOLIEHM S UCTIOAB30BAHBI AASI
BOCCTAQHOBAEHNSI TOAOBBIX BEAVYMH OPOLIAEMBIX 3eMeAb B OacceiiHe 03. XaHKa
B NEpMOABI OTCYTCTBUMS AQHHBIX ydeTa OpoOllIaeMbIX 3eMeAb IIpuxaHKaickon
HU3MeHHOCTU B 1960—-1994 rT., YTO ITO3BOAUAO BBIIOAHUTH aHAAU3 UX AMHa-
MMKU 32 BeCb MHOTOAETHUI NEePUOA Pa3BUTH OPOLIAEMOTO 3€MACAEAMS B pe-
ruoHe. PacripepeAeHe ITAOIIAAEN OPOIIaeMbIX 3eMEAD 110 AAMUHMCTPATVBHBIM
paroHam bacceitHa 03. XaHKa 32 pa3AMYHbIE TOABI IIPEACTABAEHO B Ta0A. 2.
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Ta6anna 2. AoAs OpolIaeMbIX 3eMeAD T10 PUCOCEIOLIVIM
AAMMHUCTPATUBHBIM paioHaM bacceitHa 03. XaHKa, %

41

Paiton 1965 1. 1970 . 1980r. 1995 . 2000r. 2015 T.
Cracckun 46 40 17 17 25 15
XaHKaCKUM 54 57 39 36 41 34
XOpOAbCKUI - 3 33 38 29 41
YepHUTOBCKUIA - - 11 9 5 10

Ha npotsikeHUM AAUTEABHOTO BPEMEHM PUCOCesHYE B OCHOBHOM pa3BMBa-
AOCh B XaHKAlCKOM paiioHe. B meprop MakCUMaAbHOTO paclIMpeHUs ITAOLLA-
A€, 3aHSATBIX II0A PUCOBBbIE MOCEBBI, K XaHKAMCKOMY pailoHy IO 3TOMY IOKa-
3aTeAlo CTaA MpUOAMKAThCST XOPOAbCKHUIT paltoH 1 K 2015 1. 3pech oTMevdaeTcs
MaKCUMAaAbHasI AOASI TTOceBOB puca — 41 %. HaumeHnee pasButo pucocesHue B
YepHurosckoM parioHe. B nepuoppr 2002—-2005 rr. 1 2011-2013 rr. mocess puca
B 9TOM paiioHe He IPOM3BOAMANCD.

B cooTBeTcTBMM C pAaHHBIMU TabA. 1 ¢ 1965 r. pasButue opoleHus B ITpu-
MOPCKOM Kpae IIPOVICXOAMAO B OCHOBHOM 32 CYeT POCTa IMOCEBOB PyCa IMEHHO
B bOacceitHe 03. XaHKa. Y3ke K 1965 1. 3aech pasmernasoch cbiiire 60 % Bcex mo-
ceBoB puca IIpumopbsi. B pAaAbHellIIeM pacliyipeHre OpOLIaeMOT0 3eMAEAEANS
OCYIIeCTBASAOCDH TAK)Ke IIPEUMYIeCTBEHHO B [ [prxaHKalICKOM HU3MEHHOCTY U
B [IePMOA MaKCMMaABHOIO Pa3BUTUSI pUCOCesIHUA — B cepeanHe 1980-x ropoB —
3A€eChb OBIAO cocpeaoToueHO Ooaee 80 % opolaeMbix 3eMeAb [ [pyMopcKoro Kpasi.
MHOroAeTHSISI AVHAMMKA ITAOIIaA€el IToceBOB puca B [IpuMopckoM Kpae 1 B 6ac-
celiHe 03. XaHKa ITpeACTaBA€Ha Ha puc. 1.
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Puc. 1. AuHamuKa opolraemMbIx naoigaaeit B [Ipumopckom Kpae u B bacceitHe
03. XaHKa 3a nepuop 1960-2015 rr.
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Kaxk caepyeT u3 pAaHHBIX rpadyKa, 3aMETHBIN POCT ITOCEBOB CTAA MIPOCAEXKM-
BaTbCs AMIIb C HauyaAa 1970-x ToAOB, KOTAQ HaYaAaCh peaAl3alysa HIMPOKOMAcC-
IITaOHBIX ITAAHOB Pa3BUTYSI OPOCUTEABHBIX MeAMOpaluit Ha AaapHeM BocToke.
B oTAM4ye oT HaYaABHOTO 3Tamna pa3BUTUS PUCOCESIHUS B bacceliHe o3epa poCT
MAOIL[AAEV OpOLIaeMbIX 3eMeADb B 3TOT IIEPUOA OCYIIECTBASIACA 32 CYET UICIIOAD-
30BaHMs BOAHBIX pecypcoB 03. XaHKa. O3epo CAY>KMAO U IPUEMHUKOM COPOCHBIX
BOA € pucoBbix 4ekoB. CepearHa 1980-X roAOB XapaKTepu3ayeTcsl HauOOABLIUM
pasBUTMEM pUCOCeSHUA B poccuitckol yactu IlprxaHKalMcKo HU3MEHHOCTU.
B aTOT nepuop, eXXeropoHo MOAMBAAOCh OKOAO 40 ThIC. Ia, YTO COCTABASIAO TIO-
psiaka 80 % mppuraioHHoro GpoHpa. B HEKOTOPBIX MCTOYHUKAX IPUBOAUTCS
HECKOABKO MHasl MHpOpMaLVs: CPEeAHsISI BEAMYMHA OPOLIaeMBIX 3eMeAb B Oac-
cerire 03. XaHka 3a 1970-1980 rr. cocraBasiaa 53 ThiC. ra [9], B TO BpeMs KakK B
1980 r. Bo Bcem [Ipumopbe oporrarock Beero 44,1 Thic. ra [6].

B ropsl mepecTporiku ceAbCKOMY X03s11CcTBY IIpuMopckoro Kpast ObIA HaHe-
CeH OrpoMHbI yiep6. [Taolaay moceBoB puca Ha poccuiickoit yactu ITpuxaH-
KalICKOM HU3MEHHOCTHY CTAaAV CTPEMUTEABHO COKPAIAThCs, AOCTUTHYB B 2004 1.
OKOAO 2 ThIC. Ta. HauaAo BO3poskaeHMsI pucocesiHus B bacceiiHe 03. XaHKa OTHO-
cutcst K 2005-2007 rr. Pemaronuit BKAaA B 3TOT IPOLIECC BHECAU 3apyOeKHbIE
VIHBECTOPBI, rAaBHBIM 06pasom u3 Kopenu [10]. [TpsiMble MHBECTULIMY COCTaBUAM
AECSTKM MAH AOAApPOB. [IpoBepeHNEM PEMOHTHO-BOCCTAHOBUTEABHBIX PpaboOT
Ha 0e3AEeVICTBYIOIMX OPOCUTEABHBIX CUCTEMAX M BbIpAIljMBAHMEM pyCa 3aHMMa-
AVICb TAKOKe U HaeMHble paboTHukY u3 Kurtas. B 2005 r. B [Ipumopbe Tpyanaoch
20,8 ThIC. UHOCTPAHHBIX PAOOTHUKOB, B T. 4. boaee 60 % us KHP [11]. B Xaukaii-
ckoM parione B 2009 r. u3 o61ero ymcaa paboynx, 3aHATHIX B CEABCKOM XO3sI1i-
CTB€, AOASI MIHOCTPaHHBIX paOOTHMKOB coCTaBAsIAa 36 % [12].

B 2011-2012 rr. Ha opolraeMbIX 3eMASIX O6acceriHa 03. XaHKa ObIA0 COOPaHO I10-
psiaka 85 % Bcero BaaoBoro cbopa puca B [Tpumopse [13]. K 2015 r. maowmaam opo-
IIaeMbIX 3eMeAb AOCTUTAU 19,6 ThIC. Ta MAM 0KOAO 40 % OT paHee CyllleCTBOBaBILEro
MeAopaTuBHOro ¢poHaa. CylecTBeHHasi 0COOEHHOCTD ITOAMBHOTO 3eMAEAEAMSI Ha
TeppuTopuu IIprxaHKaicKol HU3MEHHOCTY 3aKAIOYAeTCA B TOM, UTO TAQBHBIM MC-
TOYHMKOM BOAOODECIIeUeH ST SIBASIIOTCSI BOABI 03. XaHKa. B cBoe BpeMs aT0 noTpe-
00BaAO CTPOUTEABCTBA HACOCHBIX CTAHLIVII AASI OCYIIECTBAEHMS 3a00pa 03€PHBIX
BOA U MOAQYM MX HA OpOIlaeMble 3eMAY, UICKYCCTBEHHOM OTKauKU KOAAEKTOPHBIX
BOA 1 cOpOCa MX B 03€p0, COOPY>KEHMSI MarXiCTPaAbHbBIX KAHAAOB, MEXXX035I/ICTBEH-
HOV VI BHYTPUXO3SMICTBEHHOV OPOCUTEABHOI CeTU. AHAAU3 COCTOSAHMA U CTPYK-
TYPBbI BOAOXO3SIVICTBEHHOTO KOMIIA€KCa B OacceiiHe 03. XaHKa OCHOBAaH Ha MHGOP-
Mauuu AenaprameHTa Meanopauuu MuHceabxo3a PO, AMypckoro 6acceitHoBoro
yrpaBAeHust PocBoApecypcoB 1 MaTepraAax onyOAMKOBaHHBIX padoT [14-18].

HaljeAeHHBIN Ha oOecrieyeHre YCAOBUM AASI BBIPALIVIBAHMSI PUCA U 3AIUTHI
HaCeAEHHBIX TYHKTOB Y CEAbCKOXO35IICTBEHHBIX YTOAUI OT HABOAHEHUI BOAO-
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XO3SIJICTBEHHBIVI KOMIIAEKC OacceliHa 03. XaHKa, Ha CO3AaHVE KOTOPOTO YIIAO
HECKOADBKO AECATUAETUI, BKAIOUAET BOAOXPAHMAMIIIA AASL HY)KA OpOIIeHMs, 3a-
I[MTHBIE AAMOBI 0OBaAOBaHM, PUCOBbIE OPOCUTEABHBIE Y OCYLIUTEAbHbIE CU-
CTeMBbI C HACOCHBIMM CTaHLMSIMU U OPOCUTEAbHBIMU KaHaAaMu. B Hacrosiiiee
BpeMsI 3AeCh HAaCUUTBIBaeTCs CBbIlle 30 BOAOXPAaHMAMIL, TIOAHASI EMKOCTb KO-
TOPBIX COCTaBAsieT B cpeaHeM 30 MAH M>. PacroAoskeHbl OHM B OCHOBHOM Ha
HeOOABLIMX peykax U popHukax. CyMMapHasi MpPOTSDKEHHOCTb AaMO 00BaAo-
BaHUA pocturaeT 150 KM, UX BBICOTHI BapbupyloT oT 2,4 Ao 3,7 M. BoAbiuH-
CTBO AaMO0 TIpeAHa3Ha4YeHO AAS 3al[UThI OT MABOAKOBBIX pasAMBOB pekK (84 %),
OCTaAbHbIE 3aLUIIAIOT OT HATOHOB CO CTOPOHBI 03€epa.

Hauunas ¢ 1970-x rop0B, AAST BO3AEABIBAHUS puca B bacceitHe 03epa HaYaAU
CTPOUTD CIleliaAbHble TUAPOMEAMOPATUBHbIE COOPYKEHUS — PUCOBblE OPOCU-
teAbHble crcteMbl (POC). Yxe Kk cepepriHe 1980-x ToAOB Ha POCCUIICKOI YacTU
ITpuxaHkarickoyt Hu3MeHHocTH pacnoaarasock 10 POC [14-16]. CoraacHo ma-
CIIOPTHBIM AQHHBIM OPOCUTEABHBIX CUCTEM B MX IIpeAeAaX IIPeAyCMaTpPUBaAOCh
opocutb 50,7 ThIC. Ta 3eMeAb, B T. 4. 50,5 ThIC. ra ¢ pUCOBBIM CEBOOOOPOTOM U
215 ra oBoOIHBIX KYABTYP [16]. 3a meproa 2013-2015 rT. B cpepHeM paKTUUeCKU
66140 TOANTO 20,6 ThIC. Ta MAK 41 % OT paHee CYIeCTBYIOIIEr0 MEAVOPATBHOTO
¢boHAa, T. e. 0K0AO 60 % pMCOBOJ MALIHY OCTAETCSI HEBO3AEAAHHOIA.

OpHoit u3 BakHennx coctaBAswmx POC SBASIOTCS HACOCHbIE CTAHLIVMN.
ITo pauubiM [19], ¢ 1968 mo 1984 rr. mocTpoero 12 Takux 00bekTOB. CKOABKO
UX AEVICTBYeT B HacTosllee BpeMs — HeusBecTHO. [lo poaHHBIM AemapTaMeHTa
MeAMopauuu [14], macrmopra MMeITCS AUIIb II0 ABYM CTaHLMSIM: ACTpaxaHCKOMI
(1975 r.) u ITaaroHo-AAekcanApoBckon (1977 1.). AAS 9TUX CTaHLUIT BOAOUC-
TOYHMKOM UM OAHOBPEMEHHO BOAOIPMEMHMKOM CAYXUT 03. XaHKa. CraHuuu
obecreynBaOT OCHOBHOIT BOA03a00Op AAst Bceit Tepputopuu [IpuxaHKamicKon
HU3MeHHOCTU. K uMCAy Ae/ICTBYIOIMX HACOCHBIX YCTAHOBOK OTHOCUTCA U caMas
moiHast CuBakoBcKasi cTaHUus [18], uMeromast ABOTHOe Ha3HAYEHYE U PacCYu-
TaHHas Ha opolleHue 35 ThIC. ra U ocyleHue 16 Toic. ra. [Ipon3BoAUTEABHOCTD
ee HacoCOB cocTaBAseT 54 m3/c.

ITopbeM BOADBI AASI OPOLIEHMS OCYIIIeCTBASAETCs MoaTanHo. CHayaAa Bopa U3
03epa IIOAAETCSI B MEXXO03SICTBEHHbIe MarCTPaAbHbIE KAHAABI, AaAee C TIOMO-
IIbI0 HACOCHBIX CTAHLMI BTOPOIO U TPeThero nopbeMa MOCTyIaeT Ha opoliae-
Mble 3eMman. Kpome TOro, psip HACOCHBIX CTaHLIMI BTOPOTO U TPEThero nopsipka
(Hanpumep, MeabryHoBckasi, HoBoceabckast N0 1 u Ne 2 u Ap.) 3abupator He-
3HaYMTeAbHbIe 00bEMBI BOABI U3 pek Vancras, MeabrynoBka, Komuccaposka.
ITo aKcITepTHBIM OL[eHKaM 00'beM BOABI, 3201 paeMblil U3 BCEX PEK Ha OPOIIEHME,
KaK ObIAO OTMEYEHO BBIIlE, COCTABASIET BCEro 5 % OT CyMMapHOIro Bopo3abopa
B bacceltHe 03. XaHka. COpPOCHI C pMICOBBIX YEKOB OCYIIECTBASIIOTCS B 03. XaHKa
CaMOTEKOM IO COPOCHBIM KaHaAaM (KOAAEKTOpaM) BAOAb AaMO 0OBaAOBaHUs
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VAV IIPUHYAUTEABHO C MOMOLIBIO HACOCOB B peKM MeAbryHoBKa, VMaucras, Ko-
MuccapoBKa, PucoBka, CiacoBka. CpepHeropoBoit 00beM COPOCHBIX BOA B 03€pO

coctaBasieT nopsipka 30—40 % ot Boposabopa [15, 19].
Ha ocHoBanuu Bcey mmerouieincss MHGoOpMaLuyu COCTaBAEHA CXeMa pasMe-
I[eHNS] TUAPOTEXHUYECKUX COOPY>KEHUIL, BXOASIIIMX B COCTAB OPOCUTEABHBIX U

OCYIIMTEADBHDBIX CUCTEM, IIPEACTABAEHHAS Ha pUC. 2.
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Puc. 2. Cxema pa3MeleHUsI TUAPOTEXHNYECKUX COOPY>KEHUIA.

B Hacrosiiiee BpeMs B ICCAEAYEMOM 0OacceilHe AEVICTBYIOT TPU OCYIIUTEAb-
Hble cuctemsl (OC): CHerypoBckas 1 XopoabcKasi B XOpOAbCKOM paitoHe u Ho-
BOA€BMYAHCKas — B XaHKaiickoM paitoHe [15]. Aast CHerypoBckoit 1 XOpOAbCKOM
OC BOAONpPMEMHMKOM CAYXUT p. MeabryHoBka, aag HoBopeBumuaHckon —
HoBopeBnuaHckmii HaropHbiil KaHaA. CyMMapHas IpPOeKTHasl MAOILAAb OCY-
LIeHMs1 yCTaHOBAeHa B pa3Mepe 5,85 Tbic. ra. B 2014 r. ypaAoch OCYyLIUTD
4,34 TbIC. Ta, 74 % OT NPOEKTHOTO yPOBHS.

CaeAyeT OTMETUTD, UTO HaYMHAas C NeproAa pehopMUPOBaHMS SKOHOMUYE-
CKMX OTHOIIEeHM B [IpMOPCKOM Kpae CAOXKMANCH BECbMa CBOEOOpa3HbIE YCAO-
BIsI, KOTOpBIE He CIIOCOOCTBYIOT pasBUTHUIO pucocesHus. B HacTosiee BpeMmst
HaCOCHBIE CTAHLIMY U MEXXO3SAICTBEHHbIE MAaIrCTPAAbHbIE KAaHAABI HAXOASITCS

B COOCTBEHHOCT!U IOCYAQpPCTBA. BHYTPUX03s/ICTBEHHbIE KAHAABI I AAMOBI 9KC-
IAYaTUPYIOTCS MYHMLMIIAABHBIMYM OOpa3oBaHMSAMM UM YAaCTHBIMU XO3SICTBa-
mu. Takast pa3oOIIEeHHOCTb BO BAAAEHUY U ICTIOAb30BAaHMY TMAPOTEXHUYECKUX
00beKTOB 00YCAOBMAM MX HU3KOE TeXHUYECKoe cocTosiHue. CoraacHo [18], Tex-
HUYECKUI U3HOC OPOCUTEABHBIX CUCTEM B HACTOsALlee BpeMs COCTaBAsieT 67 %,

a HEKOTOPbIX KaTeropuil KaHaAoB — A0 80 %.
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K BoAOX03411CTBEHHOMY KOMITAEKCY pacCMaTpyBaeMO TeEPPUTOPUY OTHOCAT-
Cs1 TAK)XKe M ABa KaHaAQ, 110 KOTOPBIM OCYIIEeCTBASIOTCS COPOCHI BOABI U3 O3epa —
CyHrauMHCKuUi 1 KaHaA 0e3 Ha3BaHus. VX XapaKTepUCTUKM OMMCAHBI B paboTe
[20]. OT™MeTHM, YTO IIPU CPEAHMX MHOTOAETHMX U HU3KMX YPOBHSIX BOAA 13 03epa
B 00a KaHaAa He nocrymaert. [To AQHHBIM HATYPHBIX 00CAEAOBAaHMIT B Mae-UIOHE
2016 r. cyMMapHBIil M3MEPEHHBII CTOK IT0 HUM COCTaBUA OKOAO 13 m*/c [21].

AocTymnHble CBeAEHMS O pa3BUTMM UM COBPEMEHHOM COCTOSHMM BOAOXO3SIN-
CTBEHHOTO KOMITAEKCA ¥ OPOIIAeMBIX 3eMASIX B IpeAeAax KUTAVCKOI yacTu bac-
celiHa SIBASIIOTCSI OTPbIBOYHBIMU U HEMTOAHBIMU. [103TOMY AAS MIX OLIEHKU, HapsSAy
C VIMEIOLIVIMVICSI HEMHOTOUVICAEHHBIMU ITyOAVIKALIVISIMY, OBIAM VICIOAB30BaHbI AQH-
Hble KOCMIYECKOI'O 30HAVPOBAHMSI, @ TAK)KE PE3YABTAThl HEIOCPEACTBEHHOTO 00-
CA€AOBaHMS pacCMaTpPUBaeMON TepPUTOPUM, BBINIOAHEHHOT'O B XOA€ IIPOBEAEHN ST Ha
tepputopuyn KHP 3acepanus paboueit rpymmbl Poccuiicko-KUTaCKoil KOMUCCUN
IO paLi'OHAaABHOMY VICIIOAb30BaHUIO 1 OXpaHe TPaHCTPaHUYHBIX BOA B MioHe 2016 T.

VIHTeHCMBHOE THMAPOTEXHMYECKOEe CTPOUTEABCTBO, HayaBlIeecs B KOHIIE
MIPOLIAOTO CTOAETHSI, TO3BOAMAO HATIPABUTH 4aCTh CTOKA p. MyAuHXa B 6accerH
03. XaHKa AAs obecrieueHNsi Tpou3BOACTBa prica. OAHOBPEMEHHO ObIAY BBITIOA-
HEeHbI pabOThI II0 BOAOOTBEAEHMIO COPOCHBIX BOA U 3aLIIITE OPOLIAEMbIX 3€MEAD
OT AOXKAEBBIX TaBOAKOB. OmMcaHye CTPYKTYPBI I COBPEMEHHBIX 00'beKTOB BOAO-
XO3SIMICTBEHHOI CUCTEMBI Ha KUTAICKOM TEPPUTOPUN NIPUBEAEHO B paboTe [20].
O AMHaMUKe OpOlLIeHMs B 9TOM palioHe MOXKHO CYAUTb TOABKO IO AQHHBIM pe-
TPOCHEKTUBHBIX KOCMMUYECKMX CHUMKOB Itepuopa 1976-2015 rr. B xope ux aHa-
AV3a BeCb pacCMaTpPUBaeMbINl eproA ObIA pa3OUT Ha BpeMeHHbIe HTEPBAABI,
Ha IPOTSKEHUM KOTOPBIX ITPOVICXOAMAY KaueCTBEHHbIe M3MEHEHM B CHCTEMe
OpOIIEHM I TOCEBOB pluca B IpeAeAax uccaepyeMmon teppuropun: 1976-1984 rr.,
1984-1993 rr., 1994-2005 1 2006-2015 rr. [21].

ITepBbIV BpeMEHHON MHTEPBAA XapaKTepu3yeTcs BO3BeAeHEM AaMObI 00Ba-
AOBaHMSI BOKDPYT Oyayuiero BopoxpaHuamima lluHinaup (pacnpeaeAnTeAbHOE)
M HAYaAOM CTPOUTEABCTBA BopoxpaHuauma. C 1985 r. B BopOXpaHUANIIE Ha-
YaAU TIOAABAThb BOAY U3 p. Myaunxs u yxe 1984—1993 rr. Ha ceBepHbBIX Teppu-
Topusx OacceriHa 03. Maaass XaHKa MOSBASIIOTCSI PETYASIPHO 3aTallAMBaeMble
noceBbl puca. Ileprop 1994—2005 rT. XapaKTepu3yeTCsl UHTeHCUBHBIM Pa3BUTU-
€M OpPOCUTEABHOM MH(DPACTPYKTYPhI, CUCTEM BOAOIIOAAUM U BOAOOTBeAeHUs. B
pe3yAbTaTe IAOLIAAb OPOLIAEMbIX PUCOBBIX TOAEN 3A€Chb YBEAMUMAACh BABOE.
B nepuop 2006-2015 rr. pacuupeHye opoliaeMbIX CEAbXO3YTOAUN K CeBepy OT
BOAOXPaHMAMILA AOCTUTAO MaKCUMYyMa, BCSI IPUTOAHAsI AAS BO3AEABIBAHUS
puca Tepputopusi 6piAa OCBOEHA.

AAs yueTa maolaay oceBoB puca NprMMeHeHa MeTOAMKaA pacyeTa, ONMCaH-
Has B [22]. B pe3yAabTare MOAyYeHbI IOAUTOHBI, BKAIOYAIOIIME BCE XapaKTEPHbIE
SAEMEHTBI IOCEBOB, AETEKTVMPOBAHHBIX Ha M300pa>keHUSIX B COOTBETCTBUU C Me-
TOAMKOI, YTO MO3BOAUAO OLIEHUTH TIAOIIaAU TTOCEBOB puca (Taba. 3).
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Ta6auna 3. PaccunTaHHble BEAUYUHBI TIAOIIAAEN TIOCEBOB PUCA, THIC. TA

Toa ITocesb! puca Top ITocess! puca
1976 10,8 1998 40,8
1977 10,4 1999 49,4
1978 7,7 2000 53,4
1979 11,3 2001 57,9
1980 81 2002 64,8
1981 9,5 2003 60,1
1982 2,1 2004 57,9
1984 2,3 2005 62,3
1985 2,6 2006 68,6
1986 4,0 2007 72,6
1987 4,0 2008 67,0
1988 3,8 2009 73,7
1989 3,5 2010 77,3
1990 3,7 2011 84,7
1991 4,3 2012 89,7
1992 5,4 2013 88,7
1994 11,2 2014 90,5
1995 17,0 2015 90,8
1996 29,5 - -

ITo paHHBIM TabA. 3, IPUPOCT EXXETOAHO 3aTAalIAMBAEMbIX BOAOW PUCOBBIX
noAeyt 3a Becb nepuop Ha tepputopuu KHP coctaBua 80 TthIC. ra: ot 11 a0
91 ThIC. ra. B HacTosiiee BpeMs IIpU YCAOBHUSIX CPeAHE BOAHOCTH 3a01paeMblil 13
P MyAMHX3 CTOK ITOAHOCTBIO PAaCXOAYETCS Ha HYXXABI pucocesHusa. Ha puc. 3
Ha OCHOBaHMU ITOAYYEHHBIX PE3YABTATOB IPEACTABAEH COBMELIEHHBIN rpaduk
M3MEHEHUI CYMMAapHbIX BEAVYMH II0CEBOB pUCa B IPEAEAAX POCCUMCKON U KU-
TalCKoI1 TeppuTopuin bacceitta 03. XaHka.

Kak ObIAO OTMeuYeHO BbIllle, B IMPEAEAAX POCCUICKOM YacTU MOOEepexbs
03. XaHKa peryAsipHble IIOCEBbI pUCa CTAAM KYABTUBUPOBATD elle B 1920-x ropax,
a eXXeroAHbIe cBeAeHUsI 0 pucocesinuy B Kurtae nmerorcst Toapko ¢ 1976 1. B 1976 1.
B 1IeAOM B 6acceriHe 03. XaHKa HaCYUThIBAAOCH 33 ThIC. I'a MOCEBOB PUCA, B T. Y.
Ha KUTAMCKON 4acTu Bopocbopa — 10 Thic. ra. ECAM MaKCMMaAbHbIE TIAOIIAAU
MIOCEBOB PMCa HAa POCCUMCKON TEPPUTOPUU NMPUXOAATCSA Ha cepeauHy 1980-x
TOAOB, TO POCT ITAOIIaAel 2Tol KyAbTyphl B nipeaeaax KHP npocaexnBaercs
TOADBKO C cepepArHbI 1990-x ToAOB.
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Puc. 3. AvHaMuKa oceBoB puca B bacceliHe 03. XaHKa Ha Tepputopuu Poccun
u Kuras: 1 — Poccus, 2 — Kutait, 3 — cymmapHast maoiiapb B 6acceiiHe 03. XaHKa.

Kak caeayeT u3 pucyHka 3, Ha NPOTsDKEHUM PaCCMATPUBAEMOIO IEepUOAA B
bacceriHe 03. XaHKa IPOMCXOAMA ITOCTENIEHHBIN POCT (C KOAEDAHMSIMM) CYMMap-
HBIX NOCEBOB puca oT 33 ThIC. ra B 1976 1. o0 115 ThIC. Ta B 2015 1. Ilpun sTom
BKAaA B Pa3BUTHE OPOLIAEMOT0O 3€MAEAEAMS ICCAEAYEMOTO HacceltHa CO CTOpO-
Hbl Poccuiickont @epepanyu u KHP okasaacs pasanunbiM. Ao 1994 r. maomaau
1moceBoB puca B Poccuu npeBbiliasu aHaAOrMuHbIe roka3aTteau B Kurae. B ot-
AeABbHBIE TOABI BKAaA Poccun pocturaa 95 %. OpHako ¢ 1995 r. mepBeHCTBO B
pucocesiunu nepexoput K KHP u B 2004 1. Ha pAoato Poccuiickont Depepayun
MPUXOAUAOCH Bcero 3 % obIieit MmAoIaAu TOCEBOB puca B aToM bacceriHe. U
TOABKO HaunHasi ¢ 2010 r., B CBA3U C BO3pOXKAEHMEM BbIpalBaHus puca B [Ipu-
Mopbe, BKAaA Poccun yBeanunacs oo 18 %.

BOAHDIE PECYPCbI I UX ICTIOAb3OBAHUE

Kax ormedasoch paHee, ICTOYHMKOM AASI OPOILEHMS IIOCEBOB pUcCa Ha Tep-
putopuu Poccuu SIBASIIOTCS BOABI 03. XaHKa. VI3MeHeHUs1 06peMOB 03epa Mpo-
VICXOAAT B COOTBETCTBUM C KOA€OAaHMSAMU ero ypoBHs. B cpeaHem 3a 1949-
2015 rr. BeAMurHa o0'bemMa 03epa olieHeHa B 18,2 km? ¢ koarebaHusIMU OT 13,7 A0
22,3 xm®. CyMMapHBI1 BOA03a00p 13 03. XaHKa B IIEPUOA MaKCHMAaABHOTO pas-
BUTUSL pUCOCesTHUS He TIpeBbILIaA 4 % oT oObemMa BOABL B 03€epe.

C KuTaNCKOM TeppUTOPUM B 03. MaAasi XaHKa BIIAAQAET IISITh peK, CyMMapHast
MAOILIIAA D KOTOPBIX OLIeHUBaeTcs B 926 kM2, AaHHbIe TUAPOMETPUYECKMX HAOATO-
AEHUII IT0 peKaM OTCYTCTBYIOT. BeAndriHa BOAHBIX peCyPCOB 3TUX PeK OPUEeHTH-
POBOYHO MTOAyY€HA IT0 MOAYAIO CTOKa peKu-aHaAora boapmune Ycaun. B cpepHem
3a 1949-2015 rr., no pAanHbIM [TV, BopHBIE pecypchl bacceiiHa 03. Maaast XaHKa
coctaBuau nopsipka 0,05 xkm?’/rop [21]. EcTecTBeHHO, 4YTO yKasaHHble 0O'beMbI
CTOKA He MOTAU 00eCIIeYUTh Pa3BUTHE Ha 9TOI TEPPUTOPUU 3HAYUTEABHBIX pas3-
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MepOB II0CEBOB pyca. VIMeHHO 1o 3Toit MpuYKHe B O6acceitH 03. Maaast XaHKa 1
OBbIAY HaIlpaBAEHbI BOABI p. MYAMHX3.

AaHHBIE O KOAMYECTBE BOAHBIX PECYpCOB, IepeOpachiBaeMbIX Mo p. My-
AVIHX3, Heu3BeCTHbl. Ha ocHoBaHuu paboTsl [5], ee pecypchbl OLleHMBAWOTCA B
2,2 xm?/rop. ITo unpopmanuu I'TY, ctok p. Myannxa B crBope I'TC Xy6ert, pery-
AVIpYIOLIIeiT IOAQYY BOABI B HU30BbSI PeKy 1 3a00p B KaHaA AOHIAM, COCTaBASIET
npumepHo 1,26 xm?/rop [21]. B coBpemeHHbIX ycAoBUsIX He MeHee 50 % aTOroO
o0bemMa eXXeroAHO HaIlpaBAsieTCsl Ha obecrieyeHre BO3AEABIBaHMS puca B Oac-
ceitHe 03. Maaas XaHka.

AASI OLIEeHKM COBPEMEHHOI'O COCTOSIHMS VICTIOAB30BAHMSI BOABI I MHOTOAET-
Hell AVHAMMKV BOAOTIOTpeOAeHMsI B 6acceriHe 03. XaHKa 0000IeHb!I U IpOoaHa-
AVI3VPOBaHbI AQHHBIE HETIOCPEACTBEHHOIO y4eTa 3a00pOB U COPOCOB BOABI B
bacceltHe o3epa 3a nepuop 1985-2015 rr., npepoctaBaeHHble AMypckuM BBY u
IMpumopckum puamarom OBY «TepputoprabHbliil HGOHA TE€OAOTMYECKON UH-
¢dbopmanuy o AaAbHEBOCTOYHOMY GeAePaABHOMY OKPYTY».

AHaAM3 AQHHBIX CBUAETEABCTBYET O TOM, UTO 3a IOCAeAHMe 15 AeT cpea-
HEroAOBOJ 00'beM 3a0MpaeMoyl Ha BCe XO3SIICTBEHHbIE HY>KABI BOABI (IIOAHOE
BOAOIIOTpebAeHMe) B OacceiiHe 03. XaHKa cocraBaser 156,2 maH M3, 00beMm
copoca — 53,4 MAH M°. B cTpyKkType BoAONIOTpeOA€HST OOABIIIAsT YaCTh BOABI
VICTIOAB3YETCSI Ha HY>KABI CEABCKOTO X0351ICTBa Ha opouieHue — 92,33 % [15], Ha
XO035I/ICTBEHHO-TIUTbEBbIe HY>XABI — 3,67 %, Ha CeAbCKOXO3SJICTBEHHOE BOAO-
cHabxeHue — 0,02 %, Ha TPOM3BOACTBEHHBIE HY>KABI — 0K0AO 4 % [15]. VI3 Bcero
o0pemMa BOA03ab0Opa Ha opoleHre OKOAO 95 % 3abMpaeTcsi HEOCPEACTBEHHO U3
03epa, ocTaAbHble 5 % — U3 pek ero bacceitHa. CpeAHEroAOBOI 00beM 6€3B03-
BpATHBIX MTOTEPb BOABI (0€3BO3BpaTHOE BOAOIIOTpebAeHMEe) B bacceriHe 03. XaH-
Ka coctaBasieT 102,8 MAH M® U IBAsIeTCSI MaKCUMaAbHBIM B [IpMoOpckoM Kpae,
AOCTHUTasl B OTA€ABHBIE TOABI 70 % OT 00111ero Bopo3abopa.

3a nepuop 1960-1985 rr., KOorpa pucocesiHe B AQHHOM PerroHe AOCTUTAAO
MaKCMMaABHOTO pa3BUTH, MHOpPMaLUMs 1O BOAO3abopaM U cbpocaMm B bac-
cellHe 03epa NMPAKTUYECKM OTCYTCTBYeT. AASl OLIEHKU IIOAHOTO 1M 6e3BO3Bpart-
HOTO BOAOIIOTPeOAEHMSI 32 3TOT IeproA ObIAM NPOAHAAM3MPOBaHBI BCE CTa-
THUCTUYECKME AQHHBIE TI0 BoaOnOoTpebAeHuIo B [IpumopckoM kpae. HaumHas ¢
1990 r., aTM CBEAEHMsI CONOCTABAEHBI C MMEIOIMMUCA AQHHBIMU AMYPCKOTo
BEBY 1o ucrnoAb30oBaHMIO BOABI B bacceliHe 03. XaHKa, a TaK)Ke C MaTepuaAaMu
10 AVIHAMMKe Pa3BUTHS OPOLIaeMbIX 3eMeAb KaK 110 I IpyMopcKkoMy Kparo, Tak U
B [IpuxaHKaiicKoil HUBMEHHOCTHU. DKCIIEPTHBIM ITyTEM AQHHBIE IT0 BOAO3a00paM
ObIAY BOCCTAHOBAEHBI, YTO II03BOAMAO OLIEHUTh MHOTOAETHIOI0 AVHAMUKY TIOA-
HOTO BOAOIIOTPeOAEHMST U BAUSIHYE MPPUTALiMM Ha BOAHBIN peXXuM 03. XaHKa
B Pa3AMUHbIE TIEPUOABI XO3SICTBEHHOTO MCIIOAb30BaHMSI 3€MEABHBIX Y BOAHBIX
pecypcoB aToro bacceitHa.
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Haanumue ¢axkTuyecKux M ONPEAEAEHHBIX PAaCUETHBIM ITYTEM AQHHBIX II0
OpollIaeMbIM ITAOIIAASAM 32 MHOTOAETHUI IIePUOA, PACCUUTAHHBIX IO Pa3HOCTU
3abopa u copoca BOAbI 3HaUeHUIT 0€3BO3BPATHOTO BOAOIIOTpebAeHUs (10 odu-
LIMAABHOV yY€THOV MH(pOpMaLuy B OTAEAbBHbIE TOABI), I0O3BOAMAO BOCCTAHO-
BUTb 00'b€MBI TOAHOTO 1 6€3BO3BPAaTHOI'O BOAOTIOTPEOAEHM S 32 BECH IIEPUOA XO-
3SIICTBEHHOI AEITEABHOCTHU B OacceliHe 03epa. AHaAM3 AQHHBIX ITOKa3aA, YTO C
OAHOTO IreKTapa OpoLIaeMbIX 3eMeAb O€3BO3BpaTHBIE IIOTEPY MOTYT COCTaBASITD
oT 7 A0 9 ThIC. M3 B TOA,.

QakTUyecKre U ONpeAeA€HHble DKCIePTHBIM IyTeM BEAWYMHbBI ITOAHOTO
1 6e3BO3BPATHOrO BOAOMOTpeOAeHMs B OacceitHe 03. XaHka 3a 1960-2015 rr.
NpeACTaBAEHbBI Ha pUC. 4.

B nepuop, 1920-1950 rr. o6beMaMy BOABL Ha OpPOILIEHME MOXKHO MpeHeOpeyb,
T. K. PUCOBBIE CUICTEMBI B 9TU FOABI IPEACTABASIAY CO00IT HEOOABIIINE TTOASI, pac-
MIOAO>KEHHbIe Ha IOJMEHHBbIX y4yacTKax peK. Oxoao 90 % moceBoB puca Toraa
OPOIIAAOCH TOABKO M3 peK CAMOTEYHbIM ITyTeM, OCTaAbHblEe — 32 CYeT MeXaHU-
YeCKOro NoAbeMa BOABI [23].
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Puc. 4. BoponoTpebaenue B 6acceriHe 03. XaHka 3a nmepuop 1960-2015 rr.

MaxkcuMaAbHbIE 00BEMBI BOABL, HEOOXOAVIMBIE AASI OPOLLIEHMS, M3BIMAAUCH
u3 o3epa B cepearHe 1980-x ropoB. K 1985 1. BeAnurHa MOAHOTO BOAOIIOTpeOAe-
HUs AoocTurasa 6oaee 600 MAH M>. MUHMMAaAbHbBIE 3HAYEHU ST BOAOTIOTPEOAEHUS
oTrMmeueHbl B nepuop 2002-2007 rr., Korpa Ha IlprxaHkaiiCKoil HU3MEHHOCTU
pucocesiHMe TPaKTU4YeCKu ObIAO TpeKpalieHo. BoccTraHOBAeHME pUCOCEsTHUS
HayaAoch ¢ 2008 r., 4TO cpa3y >Xe CKa3aAOCb Ha YBEAMYEHUM CYMMAapHOIro BO-
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Ao3abopa. K 2012 r. BoponoTpebAaeHrEe YBEeAUYNAOCh A0 292 MAH M?, B 2013—
2015 IT. MOCAEAOBAA HE3HAYMTEABHBIN CIlap 00beMOB BOAOIOTpebAeHMs, 00Y-
CAOBAEHHBIN YMEHbIIIEHVEM ITIOCEBOB PYCA B 3TOT IIEPUOA.

3a Becb ITepUOA XO3SICTBEHHON AESITEAPHOCTHU Oe3BO3BPaTHOE BOAOIIOTpeOAe-
HUe TaK)Ke UBMEHSIAOCH B IMPOKUX mpeaeAax ot 40 Ao 390 mau m>B rop. Haussic-
Ve 3HaYeHMs1 Oe3BO3BPATHBIX IOTEPb MPUXOASATCS Ha TOABI HAaMOOABIIIETO pas-
BUTUS OPOILIAEMOTO 3eMAeAeA s B bacceriHe 03. XaHka (1983— 1988 rr.). [Tpu aTom
BEAMYMHBI MAaKCUMAABHOTO 6€3BO3BPATHOTO BOAOIIOTPEOAEHUST — OKOAO 16 KM
B 3TOT IIEPUOA IO CPaBHEHMIO C 00bEMOM O3epa COCTaBASIAKM Bcero 2-3 %.

CaeayeT OTMETUTD, YTO GaKTUYECKMe 3HAYeHUsT 0Ee3BO3BPATHOIO BOAOIIO-
TpebaeHus 3a 2004—2007 rr., mpuBeAeHHble HA pUC. 4, BbI3BIBAIOT COMHEHMS,
IIOCKOABKY TaKoro pe3koro mapeHusi (Ao 10 MAH M® B rop) mpu opolaeMbIX ITAO-
maAsax 3—6 Teic. ra (puc. 1) He AOASKHO TPOUCXOAUTD. [10-BUAMMOMY, 3TO CBsI3a-
HO C HEAOYUYETOM MCIIOAb3YEMOI Ha HY>KAbI OPOILIEHM S BOABL: B XOA€ NTPUBATU-
3allMy 3eMeAbHbIE AOAU HA PUCOBBIX CUCTEMaX OBIAM CKYIA€HbI GU3NYECKNMU
U OPUAVNYECKUMU AULIAMU, ObIAQ HapYLIeHa YITOPSIAOYEHHOCTb B3aMIMOOTHOIIe-
HUI COOCTBEHHMKOB MEXXO35/ICTBEHHBIX OObEKTOB M BHYTPUXO35/ICTBEHHO
MEAMOPATUBHO CETH, YTO MOTAO IIPUBECTU K MCKA’KEHUIO YUeTHBIX AQHHBIX IO
3abopam 1 cOpocam BOA.

CBeAEHUS 110 UICTIOAB30BAHUIO BOABI HAa KMTAMCKOM YacTu bacceiiHa o3. XaH-
Ka, a MUMeHHO B OacceiiHe 03. Maaast XaHKa, TA€ PacllOAAraloTCsl OpOIIaeMble
3eMAM, OTCYTCTBYIOT. [10 MpMOAM3UTEABHBIM OLIEHKAaM Ha OPOLIEHNE 3AeCh MO-
JKeT PacXOAOBATbCsI eXXeropHo mopsiaka 0,6—0,7 km? cToka p. MyAnHX3.

BAVIAHUE BOAOIIOTPEBAEHVA HA MHOT'OAETHIOIO
AVHAMUKY YPOBHA O3EPA XAHKA

AHaAU3 AQHHBIX MO MCIOAb30BaHUIO BOABI Ha pa3AMYHbIEe XO3AMCTBEHHbIE
HY>KABI B IIpeA€AAX POCCUIICKOM YacTy b6acceltHa 03. XaHKa I0Kas3aA, 4To U3 BCex
AEVCTBYIOLINX B OacceriHe aHTPOIOreHHbIX (AKTOPOB TOABKO OPOILIAEMOE 3eM-
AeAEeAVe MOXKET OKa3bIBaTh BAUSIHYE Ha KOAeOaHE YPOBHSI BOABL B 03epe, KOTO-
poe 3akAlouaeTcs B popMupoBaHUM O€3BO3BPATHBIX MOTEPb BOAHBIX PECYPCOB
B Ipoliecce BbIpal[uBaHUs puca B OacceitHe o3epa. OObeMbl 0€3BO3BPaTHBIX
MOTEPb HAXOASTCA B MPAMON 3aBUCUMOCTU OT BEAMYMHBI MAOILAAEI [TOCEBOB
puca: HanbOAbIIME 0OBeMbl 6€3BO3BPATHOTO BOAOTIOTPEOAEHST HADAIOAAAVCD
B IIEPMOABI MAKCYMAABHOTO Pa3BUTMSI PUCOCESHMS. YMeHblIIeHVe 00beMOB 0e3-
BO3BPAaTHOTO BOAOIIOTPEOAEHMSI IPOUCXOAUAO, KOTAA TAOILAAM ITOCEBOB puca
COKpaIlaAUCh AU ObIAM He3HauuUTeAbHbIMU. Tak, B 1984—1987 rr., Koraa mao-
I[aAV TTOCEBOB puca B OacceliHe 03epa AOCTUTAAM HalOOABILIETrO pasBUTMS, HA
opoleHNe 6e3BO3BpaTHO MCIIOAB30BAAOCH He OoAee 2—2,5 % BOAHBIX peCypCcoB
osepa ipu obbeme Boabl 15,5—16,5 km>. B ocTaAbHbIE TOABI O€3BO3BPAaTHOE BO-
aoroTpebaeHue He mpeBbiniaso 0,4—0,6 %.
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3a nepuop 2000—2015 rT. 13 BOAHBIX peCcypcoB 03. XaHKa 6e3B03BpaTHO pac-
XOAOBaAOCh B cpepHeM He 6oaee 0,5 % mipu o6beme Boabt 19,3 kM. Takum 006-
pasoM, BeAMYMHBI 0€3BO3BPATHBIX MOTEPD, II0 CPABHEHUIO C 0O'beMaMU BOABI B
03epe, oKazaAuch HeOoABIIMMU. CAEAYET OTMETUTD, YTO OOAEe 3aMeTHOE BAMSI-
HMeE OPOIIEeHMsI Ha POCCUIICKON TepPUTOPUM OTPA3MAOCh Ha KayeCcTBe 03epHbIX
BoA. B meprop MakcMMaABHOIO PasBUTUSL PUCOCESHUS KauyeCTBO BOABI B O3e-
pe pe3Ko YXYALIMAOCH B CBSI3U C IIOCTYIIA€HVEM COPOCOB C PUCOBBIX YEKOB [24].
B nocaeaytonye roabl, KOraa HaMeTUACH TOAbEM YPOBHSI BOADL,  ITAOIIAAY TIO-
CEBOB CTaAU UHTEHCUBHO COKPAIIAThCS, HAOAIOAABIIMECS HETATUBHbIE SIBACHUS
MMOCTEITEHHO VICUE3AU.

Oulenka 3HaYeH1s1 6€3BO3BPATHBIX MOTEPD 10 OTHOLIEHUO K 00beMaM BOABI B
03. XaHKa [T03BOAMAQ ONIPEAEAUTDb 3MEHEHMe YPOBH S BOADI B 03epe II0A BAUSTHU-
eM opolileHN 1. BoImoAHeHHble pacyeTbl OCHOBBIBAAMICD Ha yUeTe PAa3HOCTU MEKAY
YCAOBHO-€CTECTBEHHBIMU (BOCCTAHOBAEHHBIMMU) U HAOAIOAEHHBIMYU YPOBHSIMU
BOABIBO3€epe. YCAOBHO-eCTeCTBEHHbIEe MAY BOCCTAHOBAEHHbIEe 3HAaUEeHM S Y POBH I —
3TO 3HaU€HMA YPOBHS IIPU OTCYTCTBUM BAUSIHUA XO3SVICTBEHHOM A€ATEABHOCTH,
T. €. OPOILIAeMOro 3€MAEAEAMS U CONYTCTBYIOLETO eMYy BOAOXO3SICTBEHHOIO
KOMITIA€KCA. 3HAaUeHU s 3TUX XapaKTEPUCTUK ONpeAeAsIAMCh TosTanHo. Ha nep-
BOM 3Talle pacyeTHble BEAUYMHBI YCAOBHO-€CTECTBEHHBIX 3HAYeHUIl YpOBHel
03. XaHKa OL|EHMBAAVCDH HAa OCHOBE yueTa 00beMOB 03€epa B TOAY U €KETOAHBIX
00beMOB 0€3BO3BpaTHBIX NIOTEPh BOAHBIX PeCypCcOB Ha opolueHue. [TockoabKy
X035IICTBEHHOE MCIIOAb30BaHMeE BOA 0O3€pa U CTOKA CTEKAIOIIVIX B HErO peK CIIo-
COOCTBOBAAO CHIDKEHUMIO YPOBHSI BOABI B 03€pe, BOCCTAHOBAEHHbIE 3HAUEHUS
YPOBHEl1 OKa3aAMCh Bblllle HAaOAIOAEHHBIX. VI3MeHeHMe pasHOCTM MeXAY BOC-
CTAaHOBAEHHBIMU 1 HAOAIOAEHHBIMU YPOBHSIMU 3aBMCEAO OT YCAOBUM PasBUTHUS
pucocestHus B bacceitne 03. XaHKa.

B cBs3u Cc yBeAMYeHVEM BOCCTAHOBAEHHBIX 00'b€MOB BOABI B 03€pe, 110 CpaB-
HEHUIO C UX HAOAIOAEHHBIMU BEAMYMHAMU, HEM3DEKHO AOAXKEH ObIA BO3pacTu
" OTTOK 13 Hero. [ToaToMy Ha BTOpOM aTalle pacyeTOB ONPEeAEAEH HOBbIIN, BOC-
CTAaHOBAEHHBII OTTOK 13 03epa, KOTOPbIN U 00eClieYrA COOTBETCTBYIOLIee CHU-
JKeHle YpOBHell 03. XaHKa.

BcaeacTBie HeOOABIIX 0OEMOB 6€3BO3BPATHBIX MIOTEPh HA OPOIIeHYE BOC-
CTAaHOBAEHHbBIE 3HAYEHV s YPOBHEN BOABI B 03€pe MaAO OTAMYAAMCH OT HAOAIO-
AEHHBIX (puc. 5).

B Hawaae 1960-x ToAOB B CMAY HE3HAUMTEABHBIX MAOILAAEN TIOCEBOB puca
CHIDKeHMe YPOBH# 03. XaHKa 10 OTHOIIEHMIO K €0 YCAOBHO-eCTeCTBEHHOMY CO-
CTOSIHMIO He MPEBbIAA0 5—7 cM. B nepnop MakcMMaAbHOTO pa3BUTUS MppUTa-
uuu B 6acceriHe o3epa (cepeprHa 1980-x roAOB) YPOBEHB BOABI 10 BOCCTAaHOB-
AEHHBIM AAHHBIM AOAKEH OBbIA COCTaBASTH Ha 8—11 cM Bblle HAOAIOAEHHOTO. B
CBSI3U C pe3KMM CHIKeHMEeM Pa3MepOB PUCOCEsIHUS K cepeAVHe IIEPBOTO Aecs-
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THUAETVS HBIHEIIHETO BeKa pa3Anvye MeKAY BOCCTAHOBAEHHBIMY U HAOAIOAEH-
HBIMM BEAVYMHAMV YPOBHS He NPEBBILIAAO Obl 2—3 cM. B coBpeMeHHBIX ycAo-
BMSIX, OAQroAapsi BO3POXKAEHUIO PUCOCESIHMST, BOCCTAHOBAEHHBIN YPOBEHD BOABI
B 03epe ObIA ObI B OTAEABHBIE TOABI BbIlIE HAOAIOAEHHOTO Ha 6—9 cM. B cpepHem
3a 2000-2015 rr. BOCCTaHOBAEHHBIN YPOBEHDb OKa3aACs Obl BbIIIE I3MEPEHHOTO
Bcero Ha 3 cM. Ilpu nmaomapsax nocesos puca A0 3—4 ThIC. ra pa3HOCTb MEXAY
BOCCTAaHOBAEHHBIMMU U HAOAIOAEHHBIMM YPOBHSIMU BOABI B 03€pe He IPeBbIIaAa
6b1 1-2 cM 1AM BOOOLIe OTCYTCTBOBAAA.

i ? /

A e n/
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YposeHb Boabl, M BC77

lon
Puc. 5. YposHu Bopb! 03. XaHKa 3a nepuop, 1960-2015 rr.:
1 — HaOAIOAE€HHBIE, 2 — BOCCTAHOBAEHHBbIE.

Takum obpa3oM, Ha MPOTSKEHUU BCel MCTOPUU Pa3BUTUS PUCOCESTHUS Ha
poccuiickoit yacTu bacceitHa 03. XaHKa, BAUSHYE BOAOIIOTPEOAEHM S HA YPOBEHD
03€epa CKa3bIBAAOCH TOABKO B €rO CHVDKEHUHY, IPUYEM B OUY€Hb HE3HAUUTEABHOM
CTETeHM.

Ha xuTaiickoil TeppUTOpUM OpOLIEHME TaKXe SBASETCA AOMMHUPYIOLIMM
(dbakTOpOM, BAUSIOIMM Ha peXkuM 03. Maaas XaHka 1 03. XaHKa. AHaAU3 cylie-
CTBYIOLLEN CXeMBI TepebpocKM cToKa p. MyArHX3 B 6acceliH 03. XaHKa C y4eTOM
peaamsalnuM KuUTamckoro mnpoekra pasputuss POC u paHHbIE 110 MMEIOIIVMCA
OpOIIIaeMbIM MAOIAASIM TIO3BOASIIOT CAEAATb CAEAYIOIIVE BBIBOABL O BAUSHUU
opouieHus B bacceriHe 03. Maaast XaHKa Ha YpOBeHb BOAbI 03. XaHKa. [1pu moHu-
YKEHHOJ BOAHOCTY p. MYAVHX5 MOXXHO ITPEAIIOAOXKUTD, YTO COOCTBEHHBIX BOA-
HBIX PECYPCOB PeKU OYAeT HEAOCTATOUYHO AASI MOKPBITUS IIOTPEOHOCTEN OpolLle-
Hus POC, B pe3ayAbTaTe 4ero MOXKET OCYIIECTBASITbCS 3a00p BOABI 13 03. XaHKa
B 03. Maaas XaHKa C TOMOIbI0O HACOCHBIX CTAHLIUI, MaKCYMaAbHasI [IPOM3BOAY-
TEABHOCTb KOTOPBIX IIOCAE PEKOHCTPYKLM OYAeT AoBeaeHa Ao 100 m3/c.

B MHOrOoBOAHBIE TOABI U3 p. MYAMHX3 B KaHaA AOHTAMX3 IOCTYIIAeT MOBBI-
IIEHHBINT PACXOA BOABI, UYTO COTAACYeTCs C [5], MOCKOABKY LIAIO3-PETYASITOP Ha
p. MyAVMHX3 OrpaHMYMBAET CTOK HMKE KaHAAQ, IIPU 3TOM CTOK B KaHaA He pe-
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ryaupyercs. Bo nsbexaHue 3aTONAeHMs OPOLIAEMbIX MaCCUBOB M CEAUTEOHBIX
TEPPUTOPUI BCE UBAUIIKM BOABI COPACBIBAIOTCS IO KaHAaAy AOHTAMX3 B BOAO-
xpaHuauiie lunmanse. V3 BopoOXpaHMANMINA YaCTh BOABI OTBOAUTCA ABYMS Ka-
Haaamu B p. CyHray, no mytu pacrpeaeasisicb Ha POC. Kakas-an6o nHpopma-
LU O BeAMYMHAX cOpoca Mo 3TUM KaHaAaM OTCYTCTBYET, OAHAKO OHU MOTYT
OKa3bIBaThb OIlpeAeA€HHOe KOMIIEHCHpYIolllee BAMSIHME Ha CTOK B 03. XaHKa, OT-
BOASI BOAY, MUHYS 03epo, HernocpeACTBeHHO B p. CyHrau. OcTaAbHas Bopa U3
p. Myaunxs cbpaceiBaetcs B 03. Maaasi XaHKa, oTkyaa uepe3 copocHsie ['TC — B
03. XaHKa. B cooTBeTcTBMY C XapakTepucTuKamu ABYx copocHbix ['TC, BeAnuu-
Ha cOpoca B 03. XaHka Moxet pocturarb 200 m3/c. DTO MpoeKTHAsE BEAUYMHA,
MMeIoIasi HU3KYI0 BepoATHOCTb. OAHAKO, €CAU NPEATIOAOKUTD, YTO B MHOTO-
BOAHBIII ITepMOA B 03. XaHKa byaeT cOpacbiBaTbcst okoao 100 M?/c, To 3a yeThIpe
BereTalIOHHBIX MeCsLa B 03epO AOTIOAHUTEABHO MOCTYIUT OKOAO 1 KM? BOABI,
YTO MOXXET IIPMBECTU K POCTY YPOBHsI BOABI Ha 25 cMm [21].

BBIBOADI

Ha ocHoBaHMM aHaAM3a PasBUTHS OPOLIAEMOTO 3eMAEAEANs B bacceiHe 03.
XaHKa U AQHHBIX IO MICIIOAB30BAHMIO BOABI Ha 3TU LIEeAU MOXXHO CAEAATb CAe-
AyIOlllYie BbIBOABI. YCTQHOBAEHO, YTO OCHOBHBIM BMAOM XO3SAMCTBEHHON Aes-
TEABHOCTU B OacceliHe 03. XaHKa sIBAsIETCS OpollaeMoe 3eMaeAeAlre. Pa3BuTuio
opoleHMsl B b6acceliHe 03epa CIIOCOOCTBOBAAO CO3AAHME T'MAPOTEXHUYECKOIO
KOMIIAEKCA, 00€eCIeqBaOIero BOAOTIOAQYY 13 03€pa Ha POCCUICKYIO YacCTh I10-
Oepexxbsi U epeOpocKy cToka p. MyauHxa B 6acceitn 03. Maaas XaHka Ha Ku-
TAVICKOV TEPPUTOPUN.

IToAyyeHHbIe KOAMYECTBEHHbIe TOKa3aTeAl pa3MepOB OPOLIEHM s B IpeAeAax
Poccun oLieHMBaAUCh Ha OCHOBE CTaTUCTUYECKUX MaTepUMaAOB, aHAAOTUYHbIE
cBepAeHUA B npepeaax Kutas — Ha OCHOBe KOCMMYECKMX CHUMKOB 32 IIEpPUOA
19762015 rr. B 116AOM 3a MHOTOAETHUIT TIEPUOA B OacceriHe 03. XaHKa HaOAO-
AQeTCsl, C HEKOTOPbIMU KOA€0aHUSIMMY, YBeAUUYEHYE pa3MepoB pucocessHus. [lpu
STOM Ha POCCUIICKOIT YacTu HOacceiiHa cO BTOPOI1 MOAOBMHBI 1980-X TOAOB Mmpo-
M30IIAO YCTOMUYMBOE CHIVJKEHMe ITOCEeBOB PUCa, M AUIIb B IOCAEAHME TOABI Ha-
METUACS] He3HAUMTEABHBIN MOAbEM. B Ipepeaax KUTaMCKOM 4acTy OacceitHa C
1990-x rOAOB IIPOMCXOAUT 3aMeTHOe yBeAnueHre o0beMoB pucocesiHusA. Cym-
MapHOe YBeAY€eH e TI0CEBOB PICA B COBPEMEHHBIX YCAOBMSIX 00eCIie4eHO, TAaB-
HbIM 00pa3om, 3a cueT Kuras, T. K. BKAap Poccun He pocturaet u 20 %.

Mcxoast X CAOXKMBLIMXCST COLMaAbHO-9KOHOMUYECKUX GaKTOPOB U OAaro-
HNPUSATHBIX NPUPOAHBIX YCAOBUIL AASI PUCOCESHMS, BOAOOOecCIeueHe X03sii-
CTBEHHOTO KOMITIAeKca OacceitHa 03. XaHKa Ha Teppurtopun Poccun ocyuecr-
BASIETCS 32 CYUET MCIIOAb30BAaHMSI B OCHOBHOM BoA o3epa (95 %), ocTaabHOE
KOAMYECTBO BOABI 3a0MpaeTcs u3 pek bacceitHa 03. XaHka. boaee 90 % Boao3a-
60opa MAET Ha OpolleHye I0CEBOB prca. BopoobecnieueHe pyCOBBIX MTOAEN Ha
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KUTAVICKOI 4acTy OaccelfHa OCYLIECTBASIETCS BopaMu p. MyAuHX3 B 3aBUCH-
MOCTU OT BOAHOCTU peku. Vcmoab3oBaHMe Bop 03. XaHKa Ha Tepputopuu Ku-
Tasg BO3MOXXHO TOABKO B MaAOBOAHBIE TOABI ITyTe€M OTKAadKM BOA M3 03. XaHKa
B 03. Maaas XaHKa.

AHaau3 odpuuMaAbHON MHPOPMALMM I BOCCTAHOBAEHHBIX SKCIIEPTHBIM ITY-
TEM AQHHBIX II0 00'beMaM BOAOIIOTPeOAEHVISI TO3BOAKA OLIEHUTb AMHAMUKY MC-
IIOAB30BaHMSI BOABI Ha OpPOILEHVE 1 BEAMYVHBI O€3BO3BPAaTHBIX ITOTEPD Ha POC-
CUJICKOJT YyacTu bacceriHa o3epa. 3a MOCAEAHME ABa AECATUAETHS BOA0O3a0OOp B
bacceitne 03. XaHKa B cpepaHeM cocTaBua 156 MaH M?, a cOpochl — 53 MAH M.
ITpu aTOM 00'bEMBI BOABI HA TIPOM3BOACTBEHHBIE 1 KOMMYHAABHbIE HYXXABI ITPU-
OAM3UTEABHO OAMHAKOBbL. be3BO3BpaTHbIe MOTEPM BOABI B OacceliHe 03. XaH-
Ka AOCTUTal0T MaKCUMaAbHBIX B IIpMMOpPCKOM Kpae 3HaAU€HMI U COCTABASIOT
A0 70 % ot ob1iero Bopozabopa. MMHMMaAbHbBIE BEAMYMHBI BOAOTIOTPEOAEHN ST
oTMmeueHbl B mepuop 2004—-2007 rr. (45-50 man m3), koraa pucocesinue B [1pu-
XaHKalCKOJ HUBMEHHOCTH ITPAaKTUYeCKM OBIAO ITpeKpalleHo. B poaAbHellleM, 1o
Mepe YBeAMYeHMsI TIOCEBOB PyCa, BOAOIIOTPeOAEHYE CTAAO BO3PACTaTh, AOCTUI-
HYB B 2012 1. 292 MAH M°.

AAs1 KOAMYECTBEHHOI OLIEHKY BAVMSIHMSI XO351/ICTBEHHOV AeSITEABHOCTY B bac-
celiHe 03epa HAa MHOTOAETHIOI0 AMVHAMMKY €r0 YPOBHS ICCA€AOBaHbI M3MEeHEeHM
0e3BO3BPAaTHOIO BOAOIIOTPEOAEHMS 32 BeChb IIEPUOA Pa3BUTUSL PUCOCESHUS —
¢ 1960-x ropoB. 3a paccMaTpuUBaeMblil TIEPMOA Ha POCCUIICKON YacTu bacceitHa
03. XaHKa BAMSIHME BOAOIIOTPEOAEHM S HA YPOBEHb 03€pa MPOSIBASIAOCH TOABKO B
€r0 CHIVDKeHUM, IIpMYeM B O4eHb He3HaYMTeAbHON cTenieHy. Ha KkuTaiickoit Teppu-
TOPUY CYLIeCTBYIOLIAs CUCTEMA TMAPOTEXHIUYECKMX COOPY>KEHUI obecriednBaeT
nepebpocKy croka p. MyanHxe B 6acceltH 03. Maaast XaHKa 1 BOAOOOMEH MEXAY
ABYMsI 03epaM1. B MaAOBOAHBIE TOABI TIPEAYCMATPUBAETCSI BOAO3A0OP BOABI 13
03. XaHKa B 03. Maaas XaHKa, 4YTO MOKeT IPUBECTY K He3HAYMTEeAbHOMY CHIXKe-
HHUIO €0 YPOBHA. B MHOrOBOAHBIE FOABI MUBAUIIKY TABOAOYHOTO CTOKA p. MyAMH-
X3 cOpacpIBaoTCA B 03. XaHKA C BO3MOKHBIM IOABEMOM YPOBHSI BOABI B HEM.

ITpeacTaBAsieTCS LIeA€COOOPA3HBIM IIPOAOAIKATb ICCAEAOBAHMS AAHHOM ITPO-
OA€MBI C yYETOM ITEPCIEKTUB Pa3BUTMSI OPOLIEHMS B TOM OacceiiHe, TOCKOABKY
VIMEHHO OT Pa3BUTMSI 3TOV OTPACAY HAIIPSIMYIO 3aBUCAT 00'beMbI 3201 paeMoit 13
03€epa BOABI 11, COOTBETCTBEHHO, popMUpOBaHKe 6€3B03BpaTHBIX oTepb. Cylie-
CTBYyIOlIMe U YTBep>)KAeHHble [IpaBuTeabcTBOM PO p0ATOCpOYHBIE TAAHBI pas-
BUTHMS arpONPOMBIIIAEHHOTO KOMITA€KCA CTPaHbl, @ TaK)Ke perMOHaAbHbIe TIPO-
€KThbl Pa3BUTHUS CEAbBCKOIO XO34JCTBa B pacCMaTpPMBaeMOM PervoHe COoAepyKar
TpeboBaHKe obecnieuntb 100 % OCBOEHNE MeAMOpPUPYeMBIX 3eMeAb. [ToaTomy
HeoOXOAMMO pa3paboTaTb BO3MOXKHBIE CLiEHApUM Pa3BUTHUS OPOIIAEMOIO 3€M-
AepaeAsi B GacceiiHe 03. XaHKa A0 2030 1. AAST OITMMAABHOTO YIIPABAEHMST BOA-
HBIMU pecypcaMy B 3TOM pervoHe.
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ABSTRACT: The article deals with investigation of the Lake Khanka water resources’
use. We have stated that the predominant development of agriculture determines the water
resources use on both the Russian part and the Chinese part of the basin. We have assessed
the irrigated land areas and water volumes used for this end, as well as economic activities’
impact of the lake water level. On the basis of statistical data, satellite images and published
scientific articles we have assessed for the first time the irrigated lands’ dynamics in the
Lake Khanka basin over the 1960—2015 period. Analysis of the official information and the
expert-restored data on water withdrawal made it possible firstly to estimate the dynamics
of water use for irrigation and establish the values of water consumption (irrevocable water
losses) during irrigation in the Russian part of the lake basin for the same period.

We have established that the source for irrigating rice crops in Russia is the lake itself.
The use of Lake Khanka’s waters in China is possible only in low water years. The influence
of water use on irrigation in the Russian part of the basin at the lake level for the entire
period of rice cultivation was manifested only in its reduction, and to a very small extent.
In high water years, the Lake Malaya Khanka acts as a reservoir for the flood waters of the
Mulinghe River, which, if discharged into the Lake Khanka, can have an impact on the
growth of the Lake Khanka level.

KEY WORDS: water resources, economic activities, water withdrawal, water consump-
tion, irrigated lands’ area, water/economic complex, the Lake Khanka level.

Recently attention of the academic community and wide public is focused on the problem
of water regime of the Lake Khanka, the Far East greatest fresh water body. This is connected,
first, with flooding of towns and villages in the lake basin caused by its level rising since 2006 .

Farming and more particularly irrigated agriculture is the most prominent of all anthro-
pogenic factors active in the Lake Khanka basin and able to affect its level changing. This
article discusses the issues of irrigated agriculture development in the Lake Khanka basin,
as well as associated water/economic structure, irrigation water use dynamics and possible
impact of water consumption on the lake water level fluctuations.

REGIONAL FEATURES AND ANTROPOGENIC ACTIVITY
IN THE LAKE KHANKA BASIN

Development of the Russian part of the Lake Khanka basin started in mid-XIX centu-
ry when the Aigun Treaty [1] established the frontier between Russia and China along the
Amur River. Since the beginning of its development and up to nowadays the Lake Khanka
basin is predominantly an agricultural region. Density of population in the Russian part of
the basin is about 15.3 per square kilometer. General decrease of the population is observed
in all administrative unites since the end of the previous century: the population decreased
from 280 thousand to 207 thousand over the 1970-2015 period. [2].
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One of the greatest agricultural zones of the Russia Far East is located in the Lake Khanka
basin: agricultural lands occupy 464 thousand hectares in six administrative units. Approxi-
mately the half (47 %) of the Maritime Region arable land concentrates here. Coal, fluorite,
and rare-earth elements mining plus cement and asbestos cement construction materials
production are developed as well [3].

About 130 thousand live within the boundaries of the Chinese part (the Lake Malaya
Khanka basin), according to the UNEP report data [4]. Density of population is 55 per square
kilometer. The data of 1998-2002 period indicate the stable state of the population number
[4, 5]. The population of the Chinese part works in agriculture and fishery; coal mining and
timber industry are developed insignificantly. A fishery company with maximal fish take
of 1046 t per year [4] operates in the Northern part of the Lake Malaya Khanka. Full-scale
development of the Lake Malaya Khanka basin land resources began relatively not long ago,
in late 1980s.

The Khanka Plain water and land resources, hot summer weather, abundant raining dur-
ing the vegetation period, and heavy non-saline soils served as the favorable factors for crop-
ping of rice, one of the most water-consuming cultures. Its crops are widely spread in both
Russian and Chinese parts of the basin. Areas of the irrigated lands, as well as volume of
water used for this end are the main indicators for assessment of the irrigation state and
development.

Beginning of the rice cultivation in the Lake Khanka basin relates to the mid-1920s.
At that time, the irrigated plots were located on the boggy and previously drained lands of
the Khanka Plain. Runoff of the rivers that flow to the lake was the source for irrigation. At-
tempts of further expansion of the rice crops with the help of river waters were not success-
ful. Because of that, the areas of the rice plantation in the Russian part of the Lake Khanka
basin did not change for several decades and did not exceed 2—-3 thousand hectares.

Due to practically complete absence of the information of annual indicators of the ir-
rigated lands in the Lake Khanka basin in the 1960-1994 period, they were determined by
calculation based on the published statistical data on Maritime Region. Summarizing and
analysis of the available materials [6—8] enabled us to compare areas of the irrigated land in
the Lake Khanka basin and Maritime Region in particular years, to assess the Khanka plain’s
contribution to development of the Maritime Region irrigation, and recollect the data on the
irrigated areas over the many-year period started in 1960. We have determined the dynamics
of the irrigated lands area in the Lake Khanka basin for the 1995-2015 period with the help
of official date provided by FGBU «Upravleniye Primmeliovodkhoz». It should be noted that
the portion of the rice crops in the Lake Khanka basin in respect to that of Maritime Region
gradually increased from 64 % in 1965 to 94 % in 2015. (Table 1).

Table 1. Irrigation development of the Khanka Plain contribution
in the Maritime Region irrigated farming, thousand hectares

Territory 1965 1970 1985 1995 2000 2015
Maritime Region 11,9 23,8 62,4 58,9 6,53 20,8
Khanka Plain 7,69 16,2 52,3 50,0 6,06 19,6
Contribution, % 64 68 84 85 93 94

The calculated and presented in Table 1 proportions have been used for restoration of the
annual values of irrigated lands in the Lake Khanka basin during the periods without any
data on the Khanka Plain irrigated lands accounting (1960-1994). This enables to analyze
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these dynamics for the whole many-year period of the irrigated agriculture development in
the region. The irrigated land areas’ distribution by the Lake Khanka basin administrative
rayons for different years is presented in Table 2.

Table 2. A portion of irrigated lands in rice-producing administrative rayons
of the Lake Khanka basin, %

Rayon 1965 1970 1980 1995 2000 2015
Spasskiy 46 40 17 17 25 15
Khankayskiy 54 57 39 36 41 34
Khorolskiy - 3 33 38 29 41
Chernigovskiy - - 11 9 5 10

For a long time rice production mostly was developed in Khankayskiy rayon. When rice
crop areas reached the maximal level Khorolskiy rayon began to approach Khankayskiy ray-
on: in 2015 the maximal portion of rice crops (41%) was registered here. Rice crops are the
lowest in Chernigovskiy rayon. During the 2002-2005 and the 2011-2013 periods there were
no rice crops in this rayon.

In compliance with the data from Table 1 since 1965 the irrigation development in Mari-
time Region occurred mostly at the expense of the rice crops increase especially in the Lake
Khanka basin. As early as in 1965 more than 60 % of all rice crops of Maritime Region were
concentrated there. Further on, the irrigated agriculture expansion took place mainly in the
Khanka Plain and during the period of the maximal rice crops development, in the mid-
1980s, more than 80% of the Maritime Region irrigated land were concentrated here. The
many-year dynamics of the rice crops in Maritime Region and in the Lake Khanka basin is
presented in Fig. 1.

60
——Maritime Region
——Lake Khanka basin
50
40
©
=
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20
10
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Fig. 1. Dynamics of the irrigated areas in Maritime Region and
in the Lake Khanka basin over the 1960-2015 period.

As it is clear from the graph, noticeable growth of the crops started to be obvious only
from the early 1970s when an implementation of the wide-scale melioration development
plans in the Far East started. In contrast with the initial stage of rice production in the lake
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basin, at that time the irrigated lands area increased due to the use of the Lake Khanka water
resources. The lake also served the receiver of waste waters from the rice fields. The mid-
1980s was characterized by the most developed rice production in the Russian part of the
Khanka Plain. At that time, about 40 thousand hectares were irrigated annually, that was
almost 80% of the irrigation fund. Some sources give rather different information: an average
are of the irrigated land in the Lake Khanka basin during the period from 1970 to 1980 was
53 thousand hectares [9], while in 1980 only 44.1 thousand hectares were irrigated in the
whole Maritime Region [6].

During the perestroika years, the Maritime Region agricultural sector suffered an enor-
mous damage. The rice crops areas in the Khanka Plain Russian part decreased headily and
dropped to about 2 thousand hectares in 2004. The restart of rice cultivation in the Lake
Khanka basin relates to 2005-2007. Foreign investors mostly from Korea made the decisive
contribution to the process [10]. Direct investments amounted to tens million dollars. Em-
ployees from China were engaged in repair/restoration on the idle irrigation systems and
rice cultivation, too. In 2005, 20.8 thousand foreign citizens including more than 60% from
People’s Republic of China were employed in Maritime Region [11]. In Khankayskiy rayon in
2009 the portion of foreign employees in farming was 36 % [12].

In 2011-2012 about 85% of the Maritime Region total rice croppage were collected on
the irrigated lands of the Lake Khanka basin [13]. By 2015 the irrigated lands area reached
19.6 thousand hectares or about 40 % of previously existed irrigation fund. A significant
characteristic of the irrigated agriculture on the territory of the Khanka Plain is the fact that
the Lake Khanka waters are the main source of water use. Years ago, it required a number
of pump stations to be constructed to withdraw lake water and to supply it to the lands to
be irrigated, disposal of collected water and discharge it back to the lake, as well as build-
ing of long-distance canals and irrigation canals network. We have analyzed the status and
structure of water/economic complex in the Lake Khanka basin on the basis of information
from RF Ministry of Agriculture Department of Melioration, Rosvodresursy Amur Basin
Administration and references [14—18].

The Lake Khanka water/economic complex is intended to rice cultivation and protection
of inhibited locations and agricultural lands against floods. Its establishment took several
decades. It comprises reservoirs for purposes of irrigation, banking protective dykes, rice
irrigation and water disposal systems with pump stations and irrigation canals. Nowadays
there more than 30 reservoirs there, with average 30-million m? total capacity. Mostly they
are located on small rivers and springs. The banking dykes’ total length is 150 km; their
height varies from 2.4 to 3.7 m. Most dykes are intended for protection against river floods
(84 %), the rest provide protection against pileups from the lake.

Starting from the 1970s rice irrigation systems (RIS), special hydro/melioration facilities,
are being constructed in the lake basin. As early as to mid-1980s ten RISs appeared in the
Russian part of the Khanka Plain [14-16]. According to the irrigation systems’ certificate data,
the plan was to irrigate 50.7 thousand hectares of agricultural lands including 50.5 thousand
hectares with the rice crop rotation and 215 hectares for vegetables [16]. Actually, for the
2013-2015 period on average 20.6 thousand hectares or 41 % of the previously existed melio-
ration fund were irrigated, which means that about 60 % of rice crop remained uncultivated.

Pump stations are one of the most important components of RISs. According to [19],
twelve such installations were built from 1968 to 1984. Nobody knows how many of them
are operating nowadays. According to the Department of Melioration data, [14], only to sta-
tions, namely Astrakhanskaya (1975) and Platon-Aleksandrovskaya (1977) have certificates.
The Lake Khanka serves both water source and water recipient for these stations. The sta-
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tions provide the main water intake for the whole Khanka Plain territory. The most powerful
Sivakovskaya station [18] relates to the number of active stations, it is of dual purpose and it
is designed for irrigation of 35 thousand hectares and drainage of 16 thousand hectares. Its
pumps’ productivity is 54 m3/s.

Water for irrigation is lifted by stages. First water from the lake is supplied to inter-farm
long-distance canals and further to the irrigated lands with the help of the second and third
lifting pump station. Besides, a number of the second and third order stations (for instance,
Melgunovskaya, Novoselskaya No 1 and No 2, etc.) take insignificant volume of water from
the Ilistaya, Melgunovka, and Komissarovka rivers. According to the expert estimation, total
volume of water withdrawn from all rivers for irrigation, as we mentioned before, is only
5% of the total water withdrawn in the Lake Khanka basin. Waste water from the rice fields
discharges to the Lake Khanka by gravity through the disposal canals along the banking
dykes or forcedly by the pumping to the Melgunovka, Ilistaya, Komissarovka, Risovka,and
Spasovka rivers. Average annual waste water volume discharged to the lake is approximately
30-40 % of the total water intake [15, 19].

At present three drainage systems (DS) are active in the basin under investigation: Sne-
gurovskaya and Khorolskaya in Khorolskiy rayon and Novodevichanskaya in Khankayskiy
rayon [15]. The Melgunovka River serves a water recipient for Snegurovskaya and Khorolskaya
DSs, and Novodevichanskiy upland canal functions as a recipient for Novodevichanskaya
DS. Total designed area of drainage was 5.85 thousand hectares. In 2014 they managed to
drain 4.34 thousand hectares or 74 % of the designed level.

We have to note that rather specific conditions unfavorable for the rice cultivation devel-
opment are typical for Maritime Region since the beginning of economic relations reforma-
tion. At present, the pump stations and inter-farm long-distance canals are in public property.
Municipal structures and private exploit farms farm canals and dykes. Such disagreement in
property relations and use of hydraulic facilities caused poor technical state of them. Accord-
ing to [18], technical tear/wear of the irrigation systems nowadays is 67 %, for some categories
of canals the figure is up to 80 %.

The water/economic sector of the considered territory also comprises two canals meant
for water discharge from the lake, namely Sungachinskiy canal and the unnamed one. Their
characteristics are given in [20]. We are to note that at average many-year low levels of the
lake water there is no water supply from the lake to these canals. According to the field obser-
vations data of May-June 2016, the total gauged flow through them was about 13 m?3/s. [21].

Available data on the water/economic complex and irrigated lands development and
current status in the Chinese part of the basin are fragmentary and incomplete. Therefore,
we have used, along with few available publications, the space sensing data and results
of direct survey of the territory performed in the course of the meeting of the Russian-
Chinese Commission on transboundary waters rational use and protection Working Team
in June 2016.

Intensive water works construction from the end of the past century enabled to direct a
part of the Mulinkhe River runoff to the Lake Khanka basin to provide conditions for rice
cultivation. Concurrently, some works on waste water disposal and irrigated water protec-
tion from rain floods were performed. A description of the modern Chinese water/econom-
ic system structure and components can be found in [20]. The irrigation dynamics can be
judged about only by the retrospective satellite images of the 1976 — 2015 period. When ana-
lyzing them we divided all the period under consideration into time intervals characterized
by qualitative changes in the rice irrigation system within the boundaries of the territory of
interest: 1976—-1984, 1984—-1993, 1994-2005, and 2006-2015. [21].
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The first time interval is characterized by the banking dyke construction around the
future Zinshan reservoir (a distributive one) and the beginning of the construction proc-
ess. From 1985 they started to supply the Mulinkhe River water to the reservoir and as early
as in 1984-1993 regularly irrigated rice crops appeared on the Lake Malaya Khanka basin
Northern territories. The 1994—2005 period is characterized by the intensive development
of the irrigation infrastructure, water supply and water disposal systems. As a result, the ir-
rigated rice fields’ area increased twice. In the 2006—2015 period the irrigated fields area to
the North from the reservoir reached its maximum, the whole territory suitable for the rice
cultivation was developed.

We used the method of calculation according to [22] to assess the areas occupied by
rice plantations. As a result, we obtained grounds that include all specific elements of crops
detected in the images in accordance with the above method; this enabled to assess the rice

crops area (Table 3).
Table 3. The calculated areas of the rice crop, thousand hectares

Year Rice crop Year Rice crop
1976 10,8 1998 40,8
1977 10,4 1999 49,4
1978 7,7 2000 53,4
1979 11,3 2001 57,9
1980 8,1 2002 64,8
1981 9,5 2003 60,1
1982 2,1 2004 57,9
1984 2,3 2005 62,3
1985 2,6 2006 68,6
1986 4,0 2007 72,6
1987 4,0 2008 67,0
1988 3,8 2009 73,7
1989 3,5 2010 77,3
1990 3,7 2011 84,7
1991 4,3 2012 89,7
1992 5,4 2013 88,7
1994 11,2 2014 90,5
1995 17,0 2015 90,8
1996 29,5 = =

According to Table 3, growth of annually flooded rice fields on the Chinese territo-
ry over the whole period was 80 thousand hectares: from 11 thousand to 91 thousand. A
present, in the mean water content conditions the withdrawn Mulinkhe River runoff is
completely spent for the rice cultivation purposes. Fig. 3 shows the combined graph of the
total rice crops changes in the Russian and Chinese parts of the Lake Khanka basin based
of the obtained outputs.

As we have mentioned before, they started rice cultivation in the Russian part of the Lake
Khanka shore in 1920s, while annual data on rice cultivation in China are available only from
1976. In 1976 totally there were 33 thousand of rice crops in the Lake Khanka basin, includ-
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ing 10 thousand in the Chinese part of the catchment. Maximal areas of rice crops on the
Russian territory relate to the mid-1980s, while increase of this culture fields’ area in China
started only in the mid-1990s.
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Fig. 2. Dynamics of the rice crops in the Lake Khanka basin on the territories of Russia
and China; 1 — Russia, 2 — China, 3 — total area in the Lake Khanka basin.

As Fig. 2 shows, a continuous increase (with variations) of the total rice crops occurred
in the Lake Khanka basin over the period under consideration: from 33 thousand hectares
in 1976 to 115 thousand hectares in 2015. At this, contributions of Russian Federation and
PRC appeared to be different. Before 1994 the rice crops area in Russia exceeded the analog
figures in China. In some years, the contribution of Russia reached 95 %. However, since
1995 priority in rice cultivation passed to China (PRC) and in 2004 the Russian portion was
only 3% of the total rice crops area in this basin. Only starting in 2010, in connection with
resurrection of the rice cultivation in Maritime Region the contribution of Russia increased
up to 18 %.

WATER RESOURCES AND THEIR USE IN THE LAKE KHANKABASIN

As we noted before, the Lake Khanka waters are the source of water for the rice crops irri-
gation on the territory of Russia. The lake volume changes according to its level fluctuations.
On average, for the period from 1949 to 2015 the volume was estimated as equal to 18.2 km?
with fluctuations from 13.7 to 22.3 km?. The total water withdrawal from the Lake Khanka
during the period of maximal development of rice plantation did not exceed 4 % of the water
volume in the lake.

Five rivers flow to the Lake Khanka from the Chinese territory, their total area is esti-
mated in 926 km?. There are no available hydrometric observation data for these rivers. The
value of these rivers’ water resources was tentatively calculated with the help of the runoff
module of the analog Bolshiye Usachi River. On average, for the period from 1949 to 2015
according to the State Hydrological Institute (SHI) data, the Malaya Khanka basin water
resources were approximately 0.05 km?/year [21]. Naturally, the said volumes of runoft failed
to provide development of considerable rice crops on this territory. This was the reason why
the Mulinkhe River waters were transferred to the Lake Malaya Khanka basin.

Data on quantity of the water resources transferred by the Mulinkhe River are not avail-
able. According to [5], its resources are estimated in 2.2 km?/year. According to SHI, the
Mulinkhe River runoff in the reach of Khubey water work facilities that regulate water supply
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to the river downstream and withdrawal to the Dongdi canal is approximately 1.26 km?/year
[21]. Currently at least 50 % of this volume is supplied annually to provide rice plantation in
the Lake Malaya Khanka basin.

To assess the current status of the water use and water withdrawal many-year dynamics
in the Lake Khanka basin we had to summarize and analyze the data on direct accounting of
water withdrawal and disposal in the lake basin over the 1985-2015 period submitted by Amur
water basin administration and Maritime Section of TFGI for the Far East Federal District.

The above said analysis indicates that over the past 15 years average annual intake of wa-
ter for all economic purposes (total water withdrawal) in the Lake Khanka basin was 156.2
million m?, discharge volume was 53.4 million m? Within the water use structure the most
portion of water is used in agriculture (irrigation): 92.33 % [15], for drinking/domestic pur-
poses: 3.67 %, for municipal agricultural use — 0,02 %, for industrial needs — 4 % [15]. About
95% of the total volume used for irrigation are taken directly from the lake, while the rest
5% are taken from the rivers of its basin. Average annual volume of irrevocable losses (water
consumption) in the Lake Khanka basin is 102.8 million m?® and it is maximal in Maritime
Region reaching up to 70% of the total water withdrawal.

Over the 1960-1985 period, when the rice crops in this area reached the maximal level
any information on water withdrawal and water disposal is practically unavailable. We had to
analyze all statistical data on water use in Maritime Region to perform estimation of total wa-
ter withdrawal and water consumption over the said period. Since 1990, these data have been
compared with the available information from Amur Water Basin Administration on the water
use in the Lake Khanka basin, as well as with the materials on the irrigated lands development
dynamics in both Maritime Region and Khanka Plain. We have restored the data concerning
water intake by expert means and this have allowed us to assess the many-year dynamics of the
total water withdrawal and the irrigation impact upon the Lake Khanka water regime during
the different periods of economic use of this basin land and water resources.

Availability of actual and calculated data on the irrigated areas over the many-year period,
amounts of water consumption determined by the difference between water withdrawal and
water disposal (according to official accounting information for particular years) enabled to
restore the amounts of total water withdrawal and water consumption over the whole period
of economic activities in the lake basin. Analysis of the data has shown that for a one hectare
of the irrigated lands the irrevocable losses can amount to 7-9 thousand m? per year.

Fig. 3 presents actual and by the expert opinion determined values of total water with-
drawal and water consumption in the Lake Khanka basin in 1960-2015.

In the 1920-1950 period water volumes were negligible as during this period rice cultiva-
tion systems were small fields located in the rivers’ floodplains. At that time about 90 % of the
rice crops were irrigated only from the rivers by gravity, while the rest were irrigated through
mechanical lifting of water [23].

Maximal quantities of water necessary for irrigation were withdrawn from the lake on the
mid-1980s. By 1985 the amount of the total water withdrawal reached more than 600 million
m?®. Minimal values of water withdrawal were registered in the 2002—2007 period when rice
cultivation in the Khanka Plain was practically abandoned. The rice cultivation restoration
started in 2008 and this immediately affected the total water withdrawal increase. By 2012
water withdrawal increase up to 292 million m?, while in the 2013-2015 period an insignifi-
cant decrease of water use caused by the rice crops decrease occurred.

For the entire period of the anthropogenic activity the water consumption has also varied
widely from 40 up to 390 million m? per year. The highest values of irrevocable losses are as-
sociated with the years of the most development of irrigated agriculture in the Lake Khanka
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Fig. 3. Water withdrawal in the Lake Khanka basin during the period from 1960 to 2015.

basin (1983-1988). At that, the values of the maximal water consumption in this period
(about 16 km?) were only 2—3 % in comparison with the total lake volume.

We have to note that actual values of water consumption over the 2004—-2007 period giv-
en in Fig. 4 are rather doubtful as in case of 3-6 thousand hectares (Fig.1) such sharp drop (up
to 10 million m? per year) seems not to be happen. Apparently, this is connected with under-
estimation of the water used for irrigation: during the process of privatization the rice system
land shares were bought by private persons and legal entities, property relations between
shareholders (owners of melioration network and inter-farm structures were disturbed and
this caused distortion of account data concerning water withdrawal and water disposal.

There are no data on water use in the Chinese part of the Lake Khanka basin, namely in
the Lake Malaya Khanka basin where the irrigated lands are located. According to the tenta-
tive estimations, about 0.6—0.7 km? of the Mulinkhe River runoff are used for irrigation.

WATER USE IMPACT TO THE LONG-TERM DYNAMICS OF LAKE KHANKA LEVEL

Analysis of the data on water use for different economic needs within the Russian part
of the Lake Khanka basin has shown that only irrigated agriculture out of all anthropogenic
factors can impact the lake water level fluctuations that are formation of water resources ir-
revocable losses (water consumption) in the process of rice cultivation in the lake basin. The
irrevocable losses volume directly depends on the rice crops area: the greatest volumes of
water consumption are connected with the periods of maximal development of rice cultiva-
tion. The water consumption decrease occurred when the rice crops areas decreased or were
insignificant. Thus, in 1984-1987 when the rice crops area in the lake basin were the most
water consumption for irrigation was not more than 2-2.5 % of the lake water resources
while the water volume of the lake was 15.5-16.5 km?. In other years the water comsumption
did not exceed 0.4-0.6 %.

Over the 2000-2015 period water consumption was not more of 0.5 % from the Lake
Khanka water resources with 19.3 km?® water volume. Thus, amount of water consumption
appeared to be small in comparison with the water volume in the lake. We must note that
irrigation on the Russian territory more distinctly affected the lake water quality. During the
period of maximal rice cultivation the lake water quality drastically deteriorated because of
waste input from the rice fields [24]. In the successive years when the water level rising began
to look evident, the observed negative phenomena gradually disappeared.
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Estimation of the irrevocable losses in respect to the Lake Khanka water volume enabled
to determine the water level changes caused by irrigation. The pre-performed calculations
were based on accounting of the difference between the conditionally natural (restored) and
the observed water levels in the lake. Conditionally natural or restored level values are the
level values without effects of any economic activities, i. e. agriculture and accompanying
water/economic complex. We determined these characteristics’ values gradually. At the first
stage, we assessed calculated conditionally natural values of the Lake Khanka levels based on
accounting of the annual lake volumes and annual volumes of water consumption for irriga-
tion. As the economic use of the lake water and the inflowing rivers’ water promoted the lake
water level lowering, the restored level values appeared to be higher than that of the observed
levels. Changes of the difference between the restored and observed levels depended on the
conditions of the rice cultivation development in the Lake Khanka basin.

In connection with the increase of the restored, in comparison with their observed val-
ues, the outflow from it would inevitably increase. Therefore, at the second stage of calcula-
tions we determined the new, restored outflow from the lake with caused the corresponding
decrease of the Lake Khanka level dropping.

Due to the insignificant volume of water consumption for irrigation, the restored values
of the water level in the lake differed little from the observed values (Fig. 4).

In the early 1960s the Lake Khanka level decrease in respect of its conditionally natural
state did not exceed 5-7 cm due to the insignificant rice crops areas. In the period of the
maximal irrigation development in the lake basin (the mid-1980s) the water level by restored
values should be 8-11 cm higher that that observed in reality. In connection with the sharp
decrease of the rice cultivation scale in the middle of this century first decade difference
between the restored and the observed values of the level should not exceed 2—3 cm. In the
current conditions, due to the rice cultivation restoration, the restored water level in some
years should be 6-9 cm higher that that observed. On the average, during the 20002015
period the restored level should be only 3 cm higher that that measured. With the rice crops
areas up to 3—4 thousand hectare the difference between the restored and the observed wa-
ter levels did not exceed 1-2 cm or was not present at all.

Water levels, m BS77

Years

Fig. 4. The Lake Khanka levels in 1960-2015: 1 — observed, 2 — reconstructed.

Thus, over the whole period of rice cultivation in the Russian part of the Lake Khanka
basin the water use impact upon the lake level appeared to be expressed only in its decrease,
at that, in very insignificant degree.
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On the Chinese territory irrigation is a dominant factor, too. It influences the Lake Ma-
laya Khanka and the Lake Khanka regimes. Analysis of the currently existed scheme of the
Mulinkhe River runoff transfer to the Lake Khanka basin with taking into account imple-
mentation of the Chinese development project and the data on the existing irrigated areas
enable to conclude the following on the irrigation impact in the Lake Malaya Khanka basin
on the Lake Khanka water level: in case of the decreased water content of the Mulinkhe
River it is natural to suppose that the river water resources of its own would be insufficient
to cover the irrigation needs. As a result, water intake from the Lake Khanka to the Lake
Malaya Khanka with pump stations could be carried out. These stations maximal capacity
after reconstruction can be brought to 100 m?/s.

In high-water years an increased volume of water is supplied from the Mulinkhe River to
the Dongdikhe Canal and this is in accordance with [5] as the regulating lock in the Muling-
khe River limits the flow downstream of the canal, at that the discharge to the canal is not
regulated. In order to prevent flooding of the irrigated fields and the territories intended for
building all water excess is discharge via the Dongdikhe Canal to the Tsinshan reservoir. A
part of water is transferred from the reservoir through to canals to the Sungach River, being
distributed by the rice crops along its way. There is no any information about quantities of
water discharged by these canals, however, they can have some compensatory effect on the
input to the Lake Khanka supplying water directly to the Sungach River bypassing the lake.
The balance water from the Mulinkhe river is to be discharged to the Lake Malaya Khanka
and further via the release hydro power stations it is to be transferred to the Lake Khanka.
In accordance with the two release hydro power stations, the value of discharge to the Lake
Khanka can reach 200 m?/s. This is a designed value with low probability. However, if we sup-
pose that during a high-water period the Lake Khanka would receive about 100 m?/s, it would
mean that during four vegetation months the lake would additional accept about 1 km? of
water, and this might cause 25 cm increase of the water level [21].

CONCLUSIONS

We can make the following conclusions based on the analysis of the irrigated agriculture
development in the Lake Khanka basin and the data on the water use for the above purposes.
We have stated that irrigated agriculture is the main kind of economic activities in the Lake
Khanka basin. The irrigation development the lake basin facilitated establishment of the hy-
draulic facilities complex providing water supply from the lake to the Russian part of the
lakeshore and transfer of the Mulinkhe River runoff to the Lake Malaya Khanka basin on the
Chinese territory.

We assessed the obtained quantitative indicators of the irrigation amount within the
Russian boundaries based on statistical materials, while the analog data on the Chinese ter-
ritory we assessed based on satellite images made in the 1976-2015 period. In general, the
rice cultivation increased (with some fluctuations) in the Lake Khanka basin over the many-
year period. At that, in the Russian part of the basin stable decrease of rice crops occurred
since the second half of 1980s and only over the past years an insignificant increase seemed
to be observed. Within the boundaries of the Chinese part of the basin a prominent increase
of the rice crops amount took place since 1990s. Mostly china is responsible for the current
total increase of the rice crops, as the contribution of Russia does not reach even 20 %.

Due to the existing social/economic factors and favorable natural conditions for rice
cultivation, the Lake Khanka basin economy water supply source on the territory of Russia
is mostly the lake (95 %), the Lake Khanka basin rivers provide the balance. Over 90 % of
the water intake are used for the rice fields’ irrigation. On the Chinese territory of the basin
the Mulinkhe River waters provide water supply for the rice fields depending on the river
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water content. The Lake Khanka waters’ use on the territory of China is possible only in
low-water years through the water pumping out from the Lake Khanka to the Lake Malaya
Khanka.

Analysis of the official information and the expertly restored data on the water with-
drawal volume enabled to assess the irrigation water use dynamics and the amount of water
consumption in the Russian part of the lake basin. Over the past two decades, water with-
drawal in the Lake Khanka basin was on the average 156 million m?, and water discharge
was 53 million m3. At that, water volumes spent for production and household needs were
approximately equal. Irrevocable losses in the Lake Khanka basin reach the maximal values
for Maritime Region that is up to 70 % of the total water intake volume. The minimal values
of water withdrawal were registered in the 2004—2007 period (45—50 million m?®) when rice
production in the Khanka Plain was practically stopped. Further on, the water withdrawal
began to increase, with the increase of the rice crops, up to 292 million m?in 2012.

To perform the quantitative estimation of the impact of the economic activities in the
lake basin on its level many-year dynamics, we studied the water consumption changes over
the whole period of the rice cultivation development since the 1960s. Over the period under
investigation, the water use impact on the lake level in the Russian part of the Lake Khanka
basin appeared only in the forms of its decrease and only to the insignificant degree. On
the Chinese territory, the present system of hydraulic facilities provides the Mulinkhe River
runoff transfer to the Lake Malaya Khanka basin and water exchange between the two lakes.
During the low-water periods, the water transfer from the Lake Khanka to the Lake Malaya
Khanka is stipulated for and this can cause the insignificant decrease of its level. During
the high-water periods, the Mulinkhe River runoff surplus is to be discharged to the Lake
Khanka with possibly rising of the water level in it.
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