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CremHble SKOCHCTEMBI TpETepHead TIIyOOKHe MpeoOpa3oBaHMs IO/ BIMSHHEM MHOTOBEKOBOW
MacThOBl CKOTa W IMOBCEMECTHOW pACIAaIlKH 3eMelb U HE 00NaaroT HEOOXOAWMBIMH ()yHKITHSIMH
)KI/I3HCO6GCHCLICHI/ISI. HpI/IOpI/ITCTHI)IMI/I CTAHOBATCA 3ala4u COXPaHCHUA U BOCCTAHOBJICHHUA 9KOCUCTEM
B UX €CTECTBEHHOM cocTosHuH. Kaszamoch 6BI, IMMPEKpAICHUC WJIM OTPAaHUYCHHUEC BbINlaCa W pacCIalllKn
3eMeJb JO0JDKHO OOECIIeYNTh BOCCTAHOBIICHHWE E€CTECTBEHHOTO COCTOSHHSA crereil. OqHako ocTaeTcs
JaJICKO HE sICHBIM, HACKOJIBKO €CTCCTBCHHBIC DKOCHUCTEMBI OTIMYAIOTCA OT M3MCHCHHBIX YCJIIOBCKOM,
KaKOBbl pealbHbIe MEXaHW3Mbl WX (QYyHKIMOHUpOBaHUsA. DopMBI BO3ICHCTBUS KUBOTHBIX,
CIIOXKMBIINECS B €CTECTBEHHOW INPHPOAE BHE CBS3M C YEIOBEKOM (TMacTbba IUKHX KOIBITHBIX
MJICKOITUTAIOIINX, TIEPEKaIbIBaHIE MOYBBI CTEITHBIMH POIOIINMH )KUBOTHBIMH), B ONIPE/ICIICHHON Mepe
AHAJIOTUYHBI TaAKUM aHTPOIIOI'CHHBIM Q)aKTOpaM, KaK BBIITAC CKOTa M pacliallika IMOYBCHHOI'O IMOKPOBA.
[TacTe0a B CTEMHBIX HPUPOAHBIX 30HAX BCeraa OblIa €CTECTBEHHBIM (PAaKTOPOM, BBIMOJHSIOIIUM B
IKOCHCTEMax HeoOXonumble (QYHKIMU. AHAJOTWYHBIC I1aXOT€ IIPOIECCHl OCYIIECTBISIOTCS B
€CTECTBEHHOW MPHUPOJHON cpefe IMyTeM MeXaHWYeCKOW MepepadOTKH MOYB MHOTOYHCICHHBIMH
KPYITHBIMH ¥ MEJIKUMHU MTOYBEHHBIMHU XUBOTHBIMH. Bce 3Ti opMbl ipeoOpa3oBaHus pacTHTEIEHOCTH
U TOYB — HE CIy4allHOe SsIBIEHHE, a 3aKOHOMEpHBIH MpOLEeCC, OXBATHIBAIOMIMI BCIO CTEIHYIO
TEPPUTOPHIO, TTOBCEMECTHO 3aCEJICHHYIO XMBOTHBIMH. [l0 cBoel CyTH 3TO SIBIICHHWE aHAJOTHYHO
aHTPOTIOTeHHBIM (hopMaM BIUSHUA. [IpUpoIOOXpaHHBIE MEphI, HANpaBJICHHBIE Ha BOCCTAHOBJICHHUE
€CTECTBEHHBIX ~ OKOCHCTEM, JIOJDKHBI ~ YYUTHIBATH HEOOXOJUMOCTH  COXpaHEHHsS MOJOOHBIX
JMHAMUYECKUX TPHUPOJHBIX TporeccoB. [IpMm HMX OTCYTCTBHM XapakTepHbIE OCOOEHHOCTH
(YHKIIMOHUPOBAHUSI ~ CTEMHBIX OKOCHUCTEM HEW30EKHO yTPauMBAKOTCSI W COMPOBOXKIAIOTCS
HETaTUBHBIMH TTOCIIECTBUSIMU 1 JIeTpajaliield IPUPOTHON CPEbl.

Kntouegvie cnosa: coxpaHeHHE TNPHPOAHBIX DKOCHCTEM, AaHTPOIOTEHHBIE M €CTECTBEHHBIC (DOPMEI
(YHKIIMOHUPOBAHUS, pacralika 3eMellb, IepeKanblBaHre MOYBbI )KHBOTHBIMH, MACTH0A CKOTA, TACTh0a
JUKUX MIIEKOIIUTAOUINX, IeTpafais IPUPOIHBIX SKOCUCTEM.

DOI: 0.24411/2542-2006-2020-10057

CoxpaHeHHE €CTECTBCHHBIX MPUPOIHBIX DKOCHCTEM — OJHA W3 MPHOPHTETHBIX 3a/1a4
COBpEMEHHOT0 denoBedeckoro obmectBa (poro 1, 2). XKuzHb mrofeil, Kak M BCEX IKUBBIX
OpPraHW3MOB Ha 3eMJie, 3aBUCUT OT OKPYIKAIOMIEH CpeIsl U B CBOKO OYEPE/Ib BBICTYIAET MOIIHBIM
daktopom ee QopmupoBanuss U (GyHKIHMOHUpOBaHUA. CuuTaeTcs, 4To Jr00ass XO03sSUCTBEHHAs
JESATEILHOCTh YEJIOBeKa M pa3InIHbIe (POPMBI MPUPOIOIOIB30BAHMS OTPUIATESIIEHO BIUSIOT Ha
OKPYXAIOIIYI0 Cpely, BBI3BIBAIOT €€ Jerpajalliio, 3aMEHY eCTEeCTBEHHBIX JKOCHUCTEM
ncKkyccTBeHHBIMH. [lociennue He 001ama0T He0OX0MMMBIMUA (QYHKIIUSIMH KU3HEOOECTIEUSHUS, YTO
B 0003puMOM OyaymieM MOXKET TPUBECTH YEIOBEUECTBO K «COIMAIBHO-IKOIOTUYECKOM
karactpode» (3amuxaHoB u Ap., 2006). Bece yamie 3Bydar npusbIBbl K pa3yMHOMY OTPaHHUYEHUIO
MIPUPOIONONB30BaHUS WK JJAXKe €ro YaCTUYHOMY HCKIIIoUeHuto0. [Ipenaraercs mpuHIMITHAIBHO

! Pabora BbimoNHeHa TpH (MHAHCOBOH MOAIEpKKe Poccmiickoro (oHa (YHIAMEHTANBHBIX HCCICIOBAHHI

(mpoekt Ne 18-04-00172): "Tokcuyeckre KOMIIOHEHTHI B PACTUTEILHOCTH IPHPOIHBIX MACTOMIN KaK IOKa3aTesu
KauecTBa KOPMOBBIX PECYPCOB, MX BIMSHHE Ha 0OECIICUCHHOCTH IMHIICH W COCTOSIHHE TIOMYJISIHNA PaCTHTEIbHOSTHBIX
MJIEKOTTUTAIOIINX B HA3EMHBIX 9KOCUCTEMAx'".
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U3MCHUTh CTPATErHi0 IPHPOJIONOIB30BaHUsl IIYTEM HANpPaBICHHOTO COXPAaHCHHS (QYHKIHMN
’KU3HEOOCCIICUCHNUS, BHEIPEHHS B XO3SHCTBEHHYIO ACATECIBHOCTh TEXHOJOIWIl, MMHTHPYIOIIHX
€CTeCTBEHHbIE MpupoaHbIe npoueccsl ([1aBnos u np., 2010).

®oT10 1. «...KOBBUIEM T'YCTHIM CTEIb OeneeTcs, TpaBKon MmENKoBoi 3eneHeeTcs» (Kombios, 1839).
Takoil HaM mpeacTaBIsETCS] HETPOHYTAs UYEIOBEKOM €CTEeCTBEHHAs cTemb (3/ech U nainee ¢GoTo
aBTOPA).

®oTo 2. "...cycIMKoBbIe OyTrOpKH, OAHOOOpPa3HbIE 10 (OPME U COCTaBY, HOABISIOTCS B TPOMAJIHOM
KOJIMYECTBE, 3aHMMasl IUIOMIAAN B HECKOJBKO JECSATKOB M JaKe COTHH KBaJpaTHBIX BEPCT, OHU
NPUAAIOT CTENU COBEPIICHHO CBOEOOPa3HbIil NeCTpO-0yropyarsiii BUJL. ...CYCIHKH MIPAIOT BeChMa
BHJIHYIO T€OJIOTHUECKYIO POJIb. ... ' (MymkeTtoB, 1885). Takas crenb B peaJbHOCTH.
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ABATYPOB, MOJTHAHOBA 7

[TomynsipHBIME  CTAaHOBSITCS TPEOOBAHHSI O HEOOXOJAUMOCTH COXPAHEHUS M BOCCTAHOBIICHHS
OKOCHCTEM B HMX €CTECTBEHHOM COCTOSHHH. OJHAKO OCTaeTcs JaleKo HE SICHBIM, YTO CIICHAYET
MOHUMATh TOJI €CTeCTBEHHBIMH JKOCHUCTEMaMH, KAaKOBbI OHHM Ha CaMOM JIei€ U HACKOJBbKO
OTIUYAIOTCS  OT  AQHTPONOTCHHO  M3MEHEHHBIX, KAKOBbI ~ pEalbHbIE  MEXaHU3MBI  HX
(GYHKIIMOHUPOBAHUS. MBI MONBITAEMCSI MPOSICHUTh CUTYAIMIO HA MPHUMEPE CTEIMHBIX YKOCHCTEM,
MPETePIEBABIINX B TEYCHHE MHOTHX THICSYCIICTUN XO3SMCTBEHHOW aKTHMBHOCTH 4YeEJIOBEKa
IyOOKue mpeoOpa3oBaHus.

TpaBbl UM epeBbs 00Jiee eCTECTBEHHbI B cTenu?

B coBpeMEHHOM NOHMMaHUM CTEMHAs YKOCUCTEMA — 3TO NPUPOJHAST COBOKYIHOCTb >KMBBIX
Y KOCHBIX KOMIIOHEHTOB, C(OPMHpOBAHHAS B YCJIOBUSAX APUIHOTO KIMMAaTa IMPU aOCOIIOTHOM
TOCIO/ICTBE TPaBSHBIX (POPM pacTEHHUH C yyaCTHEM KYCTapHUYKOB, IOJIYKYCTAPHUYKOB M CTETIHBIX
KYCTapHHUKOB. JIoMUHHpOBaHHE TPaB — HEOOXOAMMBIN aTpuOyT CTENHON 3KocucTemsl. M3BecTHO,
410 (hOpMHUPOBAHUE CTENMHBIX (hopMaruii Hayamoch 0ojiee MUJUIMOHA JIET Ha3aJl U UX COBPEMEHHBIN
OOJIMK BO3HHK €Ill¢ B IUICHCTOIICHOBBIE MEXKJICIHUKOBBS B JOUCTOpHUecKHe smoxu (Bemmuko
u 1p., 2011). Tem He MeHee, CYIIECTBOBAHUE «TPABSHBIX) CTEIEil KAK CAMOCTOSITEIIbHBIX KOPEHHBIX
INPUPOAHBIX QopMalMii u3gaBHa M J0 HACTOAILEr0 BPEMEHHM IOoJBepraercsi coMHeHuto. Emie Ha
py6exe XVIII u XIX BeKoB rocrno/iCTBOBAIM MPEACTABICHUS O TOM, YTO CTEMHbIE MPOCTPAHCTBA
MCXO/JHO OBUIM TOKPHITHI JIECAMH M HMX COBPEMEHHBIH CTEMHOH OOJHMK CO CKYAHOH B OBITOBOM
IIOHMMAHUHU TPaBSHOM PACTUTEIBHOCTBIO — BTOPUYHOE SBJICHHME, PE3YJAbTaT pPa3PyLIUTEIbHOU
nesTenbHOCTH 4enoBeka (ABnees, 1964; Pazymosckuii, 1981). B konne XIX Bexka u B XX Beke
pacnpoCTpaHEHHUE MOJIyYHJIa TOUYKA 3pEHUS O IIOCTENIEHHOM BBITECHEHMH CTEIHOM PacTUTEIbHOCTU
JecoM, KOTOpoe B Hacrosiiiee Bpems ciepkupaercs denoBekoM (Kopxkuuckuii, 1888). PeansHoe
NpPOSIBJICHWE TaKWX MpPEACTAaBICHUN OOHAapYyXXMBAaeTCs B CTPEMIIEHHUHM Jrojled K 0OJeceHuto
CYUIECTBYIOIIMX CTEMHBIX MPOCTPAHCTB C LENbI0 3aMEHbI, Ka3ajJoch Obl, CKYJHOW TpaBSHOMI
pactuTenbHOCTH Oojiee 6oraroil B OOBIYHOM MOHHMMAaHHM JAPEBECHOM (JIeCHOM) ¢ HaJexIod Ha
BOCCTAHOBJICHHE MCXOJHOI'O €CTECTBEHHOI'O PACTUTEIBHOTO IOKPOBAa, O YEM CBHJIETEIHbCTBYIOT
COBPEMEHHBIE TUIaHbI CO3/IaHU JIECOHACAXKIEHUI Ha COTHSX THICSY T'€KTapOB B CTEMHBIX 00JACTSX.

[TpuxoauTcs MpU3HATh, YTO Y YEJIOBEUECTBA B OBITOBOM CO3HAHUHU JI0 CHUX TMOP HET MOHUMAaHMUS,
KaKas pacTUTEIbHOCTh HauboJiee eCTeCTBEHHA /s CTenel — CKy/Has Ha MEepPBbIM B3MIIA TpaBsHas
WU Kaxymlascs Oosiee Ooratoit apeBecHast (JiecHasi). I[IpoBenennsiit emie konme XIX cromerus
aHaJIM3 CYLIECTBYIOIIMX BO33PEHUI TOKa3adl HUX HEyOeIUTEeNbHOCTh, M MpolieMa oOcTaeTcs
HepewmeHHoi (boratos, 1899). OueBuaHO, MOUCK HCTUHBI TpeOyeT MOHHMMAaHHUS CPAaBHUTEIbHON
KHU3HECTIOCOOHOCTHU JPEBECHBIX (JIECHBIX) U TPABAHBIX (JIYTOBBIX, CTEIHBIX) TUIIOB PACTUTEIILHOCTH
B ApHIHBIX KIMMATHYECKUX YCIOBHSIX, TI6 OCHOBHBIM JINMHTHDYIOIUM (DAKTOPOM BBHICTYIIAET
BJIaroo0ecneueHHOCTh pacTeHui. JlaBHO M3BECTHO, YTO €CTECTBEHHBIE PACTUTENbHBIE COOOIIECTBA
HE3aBHCHUMO OT UX BHJIOBOTO COCTaBa MAKCUMAJIbHO MCIIONB3YIOT IOCTYITHBIE UM PECYPChI MUTAHUS.
Bonee Toro, «pacreHuss B I1I€HO3aX HCHOJNB3YIOT C Oojlee WIM MEHee OJWHAKOBBIMHU
K03 dULIMEeHTaMH MTOJIE3HOTO JIEHCTBUS U MOTJIOUIAEMYIO0 SHEPTHIO ®AP®. B COOTBETCTBHH C 9TUM
IPU ONTUMAIBHOM 00ECIIEYeHHOCTH M B CXOJHBIX YCIOBHUSX OCBEIIEHHOCTH pa3Hble (PUTOLEHO3BI
dbopmupyroT Oosiee WM MeHee oJuHAKOBBIe ypoxkan» (Huuumoposuu, 1973, c. 36). OueBuaHo, 1
JepeBbsi, W TpPaBbl B YCIOBHAX Je(QUIMTAa JOCTYIHOM NOYBEHHOM BJaru IpH CXOJHOU
BJIar000ECIIEYEHHOCTH OJIMHAKOBO MPOAYKTHUBHBI M (OPMHUPYIOT CXOJHYIO TIO BEIMYHHE
opraHuueckyro Maccy. OJHaKO Ha 3TOM CXOJCTBO 3aKaHUMBAeTCs. Pacnpenenenue opraHnueckon

> B apuaHbIX 30HAX Ae(UIHT BIArHM MPOSBIACTCS B OTPUIATEILHOM BOJHOM OalaHCe, T.e. B MPEBBIIICHHH Pacxoia
BIIary (MCTIapeHus1) HaJl ee MOCTYIICHHEM (CyMMBI aTMOC(HEPHBIX OCAIKOB).
® ®AP — (OTOCHHTETHUYECKH aKTHBHAS CONHCYHAS PaHALIUs.
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MPOAYKIIMM MEXJIY CTPYKTYPHBIMH YAacTsIMU JIEPEBbEB M TpPaB MPUHUHUIIKAIBHO Pa3IUYHO.
VY nepeBbeB 3HaUUTENbHAS YacTh MPOAYKTOB (hoTocuHTe3a (40-50%) HakammBaeTcs B HaA3EMHOM
gacTtu (CTBOJBI, BeTBH), (hopmupyst B Ham3eMHOU chepe crerndUuuecKkuil uisl TE€CHBIX KOCHCTEM
TPOMAaJIHBIN 00BhEM JPEBECHOTO OPraHUYECKOTo Martepuana (tabm. 1).

Tab6auua 1. Jlons mom3eMHON Macchl (KOpHEH) B (uTOMacce pas3IMyYHBIX 30HAIBHBIX THIIOB
pactutenbHOCTH (Abatypos, 2014).

M =
PacTuTeasHoe a6 KOPHE | Ornowmenme macent Paccunrano
€0001eCTBO U €ro (% ot Bceid . o
. KOpHeii K )KMBOW | 10 JUTEPaTyPHBIM
reorpaguieckoe PACTUTEILHOR HaJI3eMHOii Macce
pacnoJjio;xkenne Macchl (pUTOLEH032) HCTOTHHKAM
BbykoBerit nec, Jlanus* 17 0.59 Larcher, 1995
JucThetbIii gec 19 0.23 Jackson et al., 1996
YMEPEHHbBIX 30H
BopeanbHblii 1ec 24 0.32 Jackson et al., 1996
BopeanbHblii 1ec - 0.39 Mokany et al, 2006
Jlyra siecHOM 30HBI
(CKutomupckas, 81 4.13 [aneiT, 1950
YepHurosckast 0011.)
Jlyra yMepeHHBIX 30H - 4.2 Mokany et al., 2006
Jlyra yMepeHHBIX 30H 83 3.7 Jackson et al., 1996
X0J0THBIE TYCTHIHH 82 45 Jackson et al., 1996
Jlyra secocrenn 87 6.70 [ManerT, 1950
(Kypckasiobmacts)
KoBBUIbHO-THITYaKOBAS
crernb (XepcoHCKas 93 13.8 amerr, 1950
00acTp)
THIT4aKoBO-KOBBLUIbHAS
crens (3anaHo- 90 13.3 Kawmenerxast, 1952
Kazaxcranckas 06macTb)
Kcepodurnas cyxas
crensb (3amaaHo- 96 21.7 Kamenerkas, 1952
Kazaxcranckas o0macTb)
OnycThIHEHHAs CTEIb 9% 26.9 [aneir, 1950
(Xepconckas o0mactp)

Ipumeuanus Kk Tadauue 1: * — pacyer NPoU3BEACH HA TOAUYHYIO MPOAYKIIUIO, )KUBAsk Ha3eMHasI
Macca 37€eCh BKIIFOUYAET TOJLKO JIUCThS.

VY TpaBsIHUCTBIX pacT€HUIl OCHOBHasl AOJS MPOAYKTOB (POTOCHHTE3a JIOKAJIU3YETCs, TJIaBHBIM
00pa3oM, B OJ3EMHOM cdepe, uTo o0ecrieunBaeT TpaBaM KOMIIEHCHPYIOIee YBeTHUEHHUE TOI3eMHON
OpraHUYEeCKON MacChl U Mpexkae Bcero KopHeil. Ha ux momto y crenHsix TpaB npuxoaurcs oT 80 1o
95% Bceil ’KUBOM PAaCTUTENFHOM Macchl, TOTJa Kak y JPEeBECHBIX pacTeHuil He Oosee 25%. B urore
CYILIECTBEHHO BO3pACTaeT KOPHEOOECHEUEHHOCTh TPAaBSHHUCTBIX PACTEHUIl: OTHOIIEHHE MacChl
KOpHEH K J>KMBOM HaJ3€MHOM Macce B OCHOBHOM (POTOCHHTE3UPYIOLIMX OPraHoB, T.€. JHCThEB, B
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JYTOBBIX U CTEMHBIX TPaBSHBIX COOOIIECTBAX BO MHOTO pa3 Bbime (0T 4 1o 27), 4eM B JIECHBIX
npeBecHbIX (MeHee 0.6; Tao. 1).

B utore B TpaBsiHBIX COOOIIECTBAX 3HAYUTEILHO BBIIIE CKOPOCTh BIArOMOTPEOICHUS, KOTOpast
IIPONOPLIMOHAJIbHA ~ KOHUEHTpauuu KopHed B mnouBeHHOM cioe (CymnunelH, 1979).
D10 o0ecrnieunBaeT TpaBaM BBIUTPBILI Y APEBECHBIX PACTEHUI B KOHKYPEHLIMH 3a BJIary B yCIOBUSX
ee AeduuUTa, YTO U CIYXKHUT 3aJI0IOM T'OCHOJCTBA TPABSHOW PACTHUTEIBHOCTH U, KaK CIIEACTBHUE,
(bopMHpOBaHUS CTEMHBIX TPABAHBIX (OpMALUN WK CTETHOM TpaBsiHOHM 3KkocucTeMsl. [10HATHO, YTO
B YCIOBUSAX Je(pHUIMTAa BIIATM B CTEHOM KIMMAaTUYECKOH O00JacTH TpaBsHbIE COOOIIECTBA
OKa3bIBAIOTCSl 0oJiee >KU3HECIOCOOHBIMU, 4YeM JApeBecHble (JecHble). CTaHOBUTCA SICHBIM, 4TO
30HaJIbHAsl TpPaBsiHAs CTENb B KJIMMAaTUYECKUX YCJIOBHUAX CTEHNHOW NPUPOJHOW 30HBI SBIISETCA
KOPEHHOM, €CTeCTBEHHOI NpUpoaAHON (popmMarueil, Toraa Kak JiecHble cooOIIecTBa B aBTOMOP(HBIX
CTENHBIX MECTOOOMTAHMUAX — YYKIbIM 31eMEeHT. MHOIOBEKOBOE CTPEMIIEHHE YEJIOBEYECTBa
000raTUTh CTEIH IMYTeM MCKYCCTBEHHOTO JECOPa3BECHUS U TEM CaMbIM NPUAATh UM, Ka3aJloch Obl,
€CTEeCTBEHHBII OOJIUK, «BEpHYB» B HHX JieCa, HE TOJBKO HEONpPaBJaHHOE, HO M HEHUCIOJHHMOE
xenanue. CiieyeT NOHUMaTh, 4YTO 00OrallleHHe CTEMHbIX MPOCTPAHCTB 3a CUET JIECOB 0OMaHYMBO:
IPOAYKIMsT M oOllee HAKOIJIEHUE OPraHWYECKOro BeIlecTBa (HAA3€MHOrO M IOJ3€MHOI0) B
TpPaBsiHOM CTemUM He TOJBKO HE YCTyHaeT JIECHOMY COOOLIECTBY, Y KOTOPOrO OCHOBHas
OpraHMyecKkas MaTepusi NpeJCTaBl€Ha IPEUMYLIECTBEHHO MEPTBOW JIPEBECHMHOM, HO Jaxe
IIPEBOCXOJIUT €r0, €CIU YUUTHIBATH HE TOJIBKO HAJ3€MHYIO, HO U BCIO MOA3EMHYI0 OPraHHUYECKYIO
Maccy, B TOM YHCJI€ IOYBEHHBIN r'yMyc.

Tem He MeHee, eCTECTBEHHBIE JIECHbIE COOOIIECTBA IIMPOKO PACHPOCTPAHEHBl U OOBIYHBI B
npenenax CTENHOM KIMMAaTUYECKOW 30HBI, OJHAKO, HaJ0 MOMHHTbH, 37€Ch OHU 3aHMMAIOT JIUIIb
JIOKAJIbHBIE YYaCTKM B BHJIE JIECHBIX KOJKOB, OalipayHbIX JIECOB B MECTaX C JOMOJIHUTEIbHBIM
YBJIQKHEHUEM (TIOHM)KEHUs penbeda, JTOXKOMHBI CTOKA, pedyHble AOJIMHBI M T.1.), U MO CYTH
MPEJCTaBISAIOT COO0M He30HaIbHbIE — a30HAIbHbBIE U HHTPa30HAIbHbIE IPUPOAHbIE 00pa3oBaHus. B
pesynbTare 0osee BBICOKOW BIIArO000ECIIEYEHHOCTH, YBEIMUYEHHs IUIOTHOCTU JIMCTOBOTO I10JIOTa U
B3aMHOI'O 3aTE€HEHUS JINCTbEB KOHKYPEHLHs 3a BJIAry CMEHSETCS KOHKYPEHIIMEM 3a CBeET,
BBIMTPBIII B KOTOPOHM MOJNYy4aroT JepeBbsi. Hamuune BBICOKOTO CTBOJIA MO3BOJSET UM BBIHECTU
KPOHY (JIUCTbS) BBIIIE ACCUMMIUPYIOIIUX OPTraHOB JAPYIMX >KU3HEHHBIX (OpPM pacTeHUl (Tpas,
KYCTapHUKOB), TMOJY4YUTh HMPEUMYIIECTBO B HCIIOJIb30BAHUM CBETA, YTO M CIYXHUT OCHOBHBIM
yciaoBUeM (OPMHUPOBAHUS COMKHYTOT'O JPEBOCTOSI, T.€. JIECCHOTO COOOIIECTBA B 3TUX JOKAJIbHBIX
MecTtooOuTanuax. CTBONBI JEpPEeBbEB B 3TOM Cilydae B IIOJHOM Mepe BBINOJHSIIOT CBOE
(byHKIMOHATIBHOE Tpe/lHa3HaueHue, obecreunBas aepeBbsM Oosee 3(h(PeKTUBHOE MCHONIb30BaHUE
JTUMUTHPYIOIIETo (pakTopa — cBETa U JOMUHUPOBAHHUE B PACTUTEILHOM ITOKPOBE.

ITacTb0a )KMBOTHBIX KaK €CTECTBEHHbIH cpefoodpa3yoimmii pakTop

Kak crnegyer w3 cKa3aHHOTO, €CTECTBEHHBIH pPACTUTENbHBIH TOKPOB aBTOMOP(HOTro
(T.e. TAKOTO, B KOTOPOM OTCYTCTBYET JONOJHHUTEIBHOE YBJIAXHEHHE 32 CYET TPYHTOBBIX BOJ)
CTEMHOrOo JIaHamadTa, IpeICTaBIeH TPaBSIHBIM THIIOM pacTuTenbHOCTH. Kiaccuueckum oOpasiom
€CTECTBEHHON CTENM CYMTAETCA pa3HOTPAaBHO-JAECPHOBHUHHO3JIAKOBAs CTEIlb, NPEUMMYIIECTBEHHO
koBbUTbHAs ((oto 1; JlaBpenko, 1940). Ilo cymiecTByOMMM BO33PEHUSIM TaKHe HEHAPYIICHHBIC
crenu ObuIM OOBIYHBI M €CTECTBEHHBI Ha 3eMiie B JOAHTPONOTICHHBIA MEPUOJ, a K HACTOAILIEMY
BPEMEHH, KaK CUUTAETCs, MpeTeprenan riyOokrue npeoOpa3oBaHus MOJ BIUSHUEM XO3SIMCTBEHHON
JeSITEeIbHOCTH YeJIOBEKa, OCOOEHHO MHOTOBEKOBOM MacThOBI CKOTA, MOBCEMECTHOH paclaliku
3eMeJb U CTaJld BeChbMa PEIKUMH MM BOOOIE OTCYTCTBYIOT B OOJIBIIMHCTBE CTEIHBIX PETHOHOB.
Kazanoce Obl, mpekpaiieHue BbIllaca, WM €ro OTPaHUYCHHE OJDKHO CO3/4aTh YCIOBUS IS
BOCCTAHOBJICHUSI M COXPAHEHUS TaKOM €CTECTBEHHOM CTEIMHOW JCPHOBHHHO3JIAKOBOUW (KOBBLIBLHOM)
pactutensHocTH. HO Tak 1M 3TO Ha caMOM Jiesie M CIIOCOOHBI JIM ObUIM TaKHe CTENH yCTOWYHBO
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CYIIECTBOBATh B IPOLUIbIC JAJICKHE JMOXH, a TAKKE M B HACTOALICEC BPEMsl NMPHU HCKIIOUYECHUH
XO03AMCTBEHHOU IEATEIILHOCTU?

[TacTb0a )KMBOTHBIX B CTEITHBIX MPUPOIHBIX 30HAX BCET/IA, €IIe J0 MOSBICHHS B HUX YEJIOBEKa,
Obula eCTECTBEHHBIM IPHUPOJHBIM SIBJICHHEM, BBINOJIHSIONIMM B JKOCHUCTEMax BaKHEHIINE
¢byHkuuu. B mpouuiom 3T0 ObUIM JMKHE TPaBOSIAHBIE MJIICKONMTAIOIINME, MECTO KOTOPHIX B
HACTOsIIee BpeMsl 3aHAIM JoMaliHue. be3ycinoBHO, (OpMBI KHU3HENESITEIBHOCTH AWKHX U
JOMAIllHUX HEpaBHO3HAYHBI, HO IO CBOEH (YHKIMOHAIBHOW pOJIM B SKOCHCTEMax M CHUIIe
BO3/CUCTBUS HA CPEy OHU CPAaBHUMBI. J[JIsl CTEMHBIX, MOXYIYCTHIHHBIX U MYCTBIHHBIX JTAaHAIIA(TOB
elle B HEJaBHEM IPOILIOM ObUI XapaKTepeH KOMIUIEKC AMKHUX KONBITHBIX, BKIFOYAIOUIMNA Takue
Busibl kak kyiaH (Equus hemionus Pall.), nomans IMpxeBansckoro (E. Przewalskii Pol.), nukwuii
BepOmox (Camelus bactrianus L.), caiirak (Saiga tatarica L.), mketipan (Gazella subgutturosa),
nukue 6apansl (OVis spp.) u apyrue Bus! (GpoTo 3-6). B mporwiom Bce OHU ObLIH XapaKTEPHBIMHU H
MHOTI'OYHMCIICHHBIMU OOUTATEISIMU CTeNel U yMepeHHBIX nmycThiHb. Eme B 70-x ronax XIX cronerus
3MMHHUE CKOIUICHHS KYyJaHOB B TMONYMYCTHIHAX Ka3axcTaHa HacUMTHIBaJM THICSYH TOJIOB
(Cnynckuit, 1963). B cepeaune XIX Beka MHOTOYHCIEHHBIE KOCSKU TUKOW JOWIaaAM (TapraHa)
ObUTH OOBIYHBI B CYXHUX CTEISIX M MOJTynycThIHAX [IpenkaBkaspst u Bonro-Ypanbckoro Mexaypeuns
(Kupukos, 1983). ITo onenkam MHOTHMX uccienoBaresei, B npepusx CeBepHoil AMEpHKH B Hayase
XIX Beka oburano 50-80 mun. 6uzonos (Bison bison), 40-100 mun. Buimoporos (Antilocarpa
americana), a CyMMapHOE IOrOJIOBbE JHMKHX KOIBITHBIX 3/1€Ch OBbLIO BIOJHE COH3MEPUMO C
KOJIMYECTBOM COBpPEMEHHOTO nomarrHero ckora — 103-118 muH. ronoB Bmecto 191 mun. (YarrT,

1971).

®o1o0 3. CoBMeCTHO Tacymyecs B cTend Jjomaan [IpkeBaabCKOro M JBYropOble BEepOIFOIBI
(accommarus «XKuBas mpupoja crenu», moc. Manbra, PocroBckas o6nacts, anpens 2016 1.).

B caBannax AdQpuku Ha 3amOBEIHBIX TEPPUTOPHSX, TIJE HKOCUCTEMBbI COXPAHHIUCH B
€CTECTBEHHOM COCTOSIHHH, COOOIIECTBA AUKHUX KOIBITHBIX KaK 110 MACTOMIIHON Harpyske, Tak | 110
(YHKIIMOHATIBHON 3HAYUMOCTH B DKOCHUCTEME HE TOJBKO HE YCTYMalT, HO JaXe MPEeBOCXOMSAT
MHOTHX JOMAaIlHHX. MHEHHE O BBICOKOM IUIOTHOCTH JMKUX MJICKOMMTAIOMINX B E€CTECTBEHHBIX
nmaHgmadrax B OPOLUIOM MOJJepkuBaeTcsa naneotepuonoramu (Bepemarun, I'pomos, 1977),
KOTOpBIE CYHTAIOT, YTO B IO3IHEIUICHCTOIICHOBBIX TYHIPOCTEISX YHCIEHHOCTh CTaja KpPYIHBIX
KOTBITHBIX OblTa OJIM3Ka CYIIECTBYIOIIEH Ha 3alOBEIHBIX TEPPUTOPHSIX B caBaHHAX Adpuku B
Hactosimiee Bpems. Ilo cBoMM MacmTabam M poJid B NPUPOJE MACTh0a JKMBOTHBIX OTHOCHUTCS K
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BOXKHEHIINM r100abHBIM  (hakTOpaM, ©Oe3 KOTOPBIX HeNmb3s MOHATh 3aKOHBI (HOPMHPOBAHHS,
(GYHKIMOHUPOBAHMS M JUHAMHKHA OOJBIIMHCTBA HA3eMHBIX 3KOCHUCTEM, pacHpOCTPAaHEHHBIX B
CTEIHBIX U ITyCTBIHHBIX PErHOHAX 3EMIIH.

oy hemel s
1487 ‘

®ot0 4. Cram0o amMepuKaHCKUX OHM30HOB, Macylleecss B 37aKOBOM crenu (accouumanus <« Kubas
MIPUPOJIA CTENM», Toc. Manbrd, PocToBckast o0siacts, uioHb 2018 1.).

®oto 5. Crago BepOIII0I0B, Macylleecs Ha CTETHON 3anexu (ObIBIIAs MallHs; acconunanus «Kupas
MpUpoJIia CTenu», moc. Manwrd, PoctoBckas o6sacts, uronb 2015 1.).

Cuurtaercsa, 4TO macThba — pa3pymIUTENIbHBIN (HaKTOp, BBI3BIBAIOIMIUNA JIETPAIAIAIO0
(omycTeiHMBaHUE) creneil. OMHaKo ceiyac H3BECTHO, YTO HE TOJIBKO YCUIICHUE MAcThObI JKUBOTHBIX
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BEIET K JIETPAJallii PACTUTEIHHOCTH, HO M €€ HCKIIOYEHHE WIM JaKe MPOCTOE OcCiadiieHHe B
PaBHOM CTENEHU I'yOMTEIbHO JUISl CTEIHBIX SKOCUCTEM U CONPOBOXKJIAETCSA HAPYIIEHUEM KOPEHHOH
crenHoil cuctembl (AbatypoB, 2006). OCHOBHBIM [BHXKYIIUM (PAKTOPOM TaKUX HapYIICHUH
BBICTYIA€T HAKOIUICHUE HEPA3JIOKUBIICHCS MEPTBOU PACTUTEIHHON Macchl (BETOIIN, MOACTUIIKH),
BOXXHYIO CPe000pa3yolyl0 poJib KOTOPOH BIIEPBBIE €Ill€ B Hayasle MPOLLIOro BeKa B 3all0BEIHBIX
[Tpuyepnomopckux cremnsix (Ackanusi-Hosa) onucan W.K. [Tavockuii (1917) u geransHo n3yunia B
HentpansHo-YepHnoszemHom 3amoBeanuke (Kypckas o6macte) A.M. Cemenoa-Tsan-Ilanckas
(1977). Ilpu orcyrcTBuM NacTbObl Ha 3aMOBEIHBIX TEPPUTOPUAX Macca MOACTWIKH (CTEITHOTO
Boilsioka) gocturaer 10 T/ra, Torga Kak Ha nacTOMINAX €€ BCerja MEHbIIe, WM OHA MPAaKTUYECKU
orcyTcTBYeT (puc. 1). MOIHBINA U IUIOTHBIA CIOW MOACTHIIKM YIHETAroUle JIeWCTBYeT HAa MHOTHE
BUJIbl PACTEHUH, 3aTPyJHSCT U 3aMeJIseT MpopacTaHue NOOEroB BECHOM, MCKIIOYAET CEMEHHOe
B0300HOBIIEHHE. boJee qpyrux cTpagaroT JepHOBUHHBIE 3JIaKH, OCOOCHHO KOBBLIH.

®oto 6. Jlomanu IIp:keBanbcKOro Ha CTEMHOM 3J1akOBOM mactOumie (accoumarnus <« Kupas
pHUpoJIa CTenm», moc. Manerd, PocToBckast o6macts, okTsiops 2015 1.).

r/m®
I B
0 B
T'oawl
800 - T W 2000
600 T W 2012
W 2013
400 1~ 2014
200 - 02015
O .

3y CaB nB

Puc. 1. Macca cremnoif moxcTmiku (I/M% CyXoil Bec) B CTCNHBIX DA3HOTPABHO-3IAKOBBIX
coobmectBax ceBepHoro Ilpukacrms (IIxanwiOek). Vcioswvie obo3nauenus: 3Y — 3amoBEIHBINA
yaactok; CnB — ydacTok co cnabbiM BeimacoMm ckoTa; VB — mactOuie ¢ MHTEHCUBHOW MacTh0Oi
ckota (AbarypoB u np., 2016).
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OTCyTCTBHME CEMEHHOTO BO300HOBJICHHS COIPOBOXKIACTCS HMX CTAPCHUEM W OJPSXJICHUEM,
pPacTUTENIBbHOCTh HM3PEKUBAETCS, OOHAXAIOTCS XOPOIIO 3aMETHbIE MPOIUICIIMHBI — HE3apocCLIne
TpaBOM y4YacTKH, 3aHAThIE MOACTHIKON (¢oro 7). [Ipy HAKOIUIEHMH NOJCTUIKH HPOHCXOIUT
3aMETHOE CHIDKEHHE MPOIYKTUBHOCTU PACTHTEIHLHOTO TMOKPOBA; MPH MAKCUMAaIbHOW MOIIHOCTH
noacTwiky (91 1/ra) nponyKumI4 Haj3eMHOM guTomacchl (37 1/ra), M0 HAIIMM JTaHHBIM, 3aMETHO
ycTynana MPOAYKTHBHOCTH PSJIOM PACIOJIOXKEHHOW (y TpaHWIBl 3aloBEIHMKA) MacTOUITHON
pactutenbHOCTH (53 11/Ta) ¢ MOHMKEHHOH (23 11/Ta) MOITHOCTHIO TOACTHIKH (poTo 7).

®ot0 7. CocTosiHUE CTEMHON PAaCTHUTENHLHOCTU Ha y4acTKe NpPU UCKIIOYCHHH MAcThOBbI (ClieBa) U
pSAIOM Ha MAacTOMIIHOM y4acTke (crpaBa) Ha J[>xanpioekckom crarmonape PAH B 2000 r.

Ceifuac XOpOIIO HM3BECTHO, YTO OOpa3oBaHUE TOJCTUIIKMA BEAET K COKPAIICHUIO BHUIOBOTO
coCcTaBa PacTeHM M JKMBOTHBIX, K 3aKyCTapUBAaHHWIO U 3a0yphSIHUBAHUIO CTEMEH U K JAPYrUM
HETaTUBHBIM  TOCIICACTBHUSAM, BBIPQKAMOIIMMCS B Pa3pylNICHHH €CTECTBEHHOTO COCTOSHUS
1 GYHKLIMOHUPOBaHUS cTeMHOM 3kocucTeMsl ([Junyx, 2014; Tkauenko, 2014).

K ckazanHOMYy ciieayeT 100aBUTh, YTO B MaTepuaie MOJICTIIKH yISPKUBACTCS U HCKITIOUASTCS
13 OHMOJOTHYECKOTO0 KPYroBOpOTa OOJBIIOE KOIUYECTBO DJIEMEHTOB MHHEPAIBHOTO MUTAHUS
pacTeHuii, B TOM 4YHCIe IOCTYINHBIX Uisi pacTeHuit gopm azora (Abarypos, Kymakoma, 2010).
Martepuan cTemHOW MOACTHIKH (MO JaHHBIM Ais JIyroBoi crenu lleHTpanbHO-UepHO3eMHOTO
3aroBenHUKa) conepxut ot 0.91 mo 1.69% azora u 7.26-10.23% 30mpHBIX BeniecTB (AdaHacheBa,
1966). IIpu mocTosSTHHOM 3amace MEPTBOI0 PACTUTENHFHOTO MaTepHraa (TOJCTHIIKH ), JOCTUTAOIIEr0
B 3amoBeAHBIX crenHbXx ydactkax 9000 xr/ra (beicrpuikas, Oceruntok, 1975; Cemenosa-TsH-
[Tanckast, 1977), B HEM yAepKUBACTCS U UCKITIOYAETCS] U3 OMOJIOTHUECKOT0 KpyroBopora okoio 50-
160 kr/ra azora m 400-950 kr/ra MUHEpaTBHBIX NHUTATEIBHBIX BemecTB. Kazamoch ObI, 3TH
BEJIMYMHBI COCTaBISIOT UMb HE3HAUUTEIBHYIO JIONI0 OT MX COJAEp)KaHUS B KOpHEOOHWTaeMoii
TOJILIE TOYBBl. B MyCTBIHHO-CTENHBIX (JIYTOBO-KAIITAHOBBIX M COJIOHIIOBBIX) MouBax CeBepHOro
[Mpukacnus (Ixanbioekckuit cranmonap PAH) B crmoe mouBbl MomHOCTEIO 0-30 cM comepKuTcs
6400-10800 xr/ra obmiero azota (puc. 2). OgHAKO HYXHO YYHTHIBAThH, YTO OOJBIIAsS YacTh TOTO
a30Ta HaXOJUTCS B MOYBEHHOM T'yMyce, B HEPa3JIOXKHUBIICHCS KOPHEBOM Macce pacTeHHil, T.€. B
HEJOCTYITHOM PAaCTEHUSIM COCTOSIHUM M HE y4acTBYeT B OMOJIOTMUECKOM KpyroBopore. B To xe
BpeMsl COJep)KaHUE TMOABMKHBIX PACTBOPHMBIX JIETKOTHAPOIU3YEMBIX COEAMHEHHWI a30Ta He
npesbimaet 400-500 kr/ra, a KOJIWYECTBO JIETKO HUTPUPHUITUPYIOIHUXCSA, €IIe 00Jiee TOIBIKHBIX U
JIOCTYIHBIX pacTeHusM ¢popM azora B nmouse 220-230 kr/ra (puc. 2). Ecau yautsiBaTh UMEHHO ITH
«Tose3Hbie» (OPMBI a30Ta, TO B CTEITHOM MOACTUIIKE KOHCEPBUPYETCS U UCKIIOYAaeTCs U3 MUTAHUS
pacTeHmii Macca JAeQUIMTHOTO JETKOJOCTYITHOTO a30Ta, paBHAas [0 BEJIMYMHE IIOJOBHUHE

* FopuanpIit IPUPOCT HAA3EMHOHN pacTUTENBHON MACCHL.
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comepkamierocst B mouBe (Abarypos, Kymakoma, 2010). be3ycnoBHO, pacTeHuss B Ipolecce
BEreTallud MaKCUMAaJIbHO W3BJIEKAIOT 3TH COCIUHEHHS W3 TOYBBI, 3aT€M OHHM HAKaIUIMBAIOTCS B
MEPTBOM PacTUTEIBHONW Macce, UCKIII0Yal0TCs U3 OMOJIOrMUeCKOro KpyroBopoTa, BbI3bIBasi a30THBII
nepuuut s nutaHus pacteHuil. [Ipomcxomut 3ameTHoe OOeIHEHHE IMOYB JOCTYIHBIMH IS
pacTeHuii COeIMHEHUSIMH a30Ta U APYTUX MUTATEIbHBIX BEIECTB, CHUKACTCS II0I0POAHE MTOYB.

B »Tux ycnoBusx BakHeiiee 3HaueHHE IS (YHKIMOHMPOBAHUS SKOCHCTEM IMPHOOpETaeT
KHU3HECITENbHOCTh >KUBOTHBIX-PUTO(AroB, OCOOCHHO PACTUTEIbHOSIHBIX MIJIEKOIMUTAOIIUX,
JKuBOoTHBIE HAa CTENHBIX MACTOMINAX IMOTPEOISAIOT OCHOBHYIO YacTh HAJ3€MHON pacTUTEIbHOU
Macchl, epepadbaThIBaIOT € B Mpoliecce MUIEeBapeHUs U MeTab0JIn3Ma U B TIOJTHOM 00beMe BMecTe
C COAEPXKALIMMHUCS B HEW MOJABMKHBIMU (IOCTYITHBIMHU JUISI PACTEHUH ) MUTATEIbHBIMU BEIIECTBAMH
BO3BpaIlalOT B KOpHeoOMTaeMmyio Toimly mouyBbl. OCHOBHas 4YacTh BCEro MOTPEOIIEHHOTO
OpPTaHUYECKOT0 a30Ta yCBaWBAETCs B MpOIECCe MUIIEBAPEHUS U B BHJE MPOIYKTOB MeTabOIU3Ma
(MoOYeBMHa, aMMHaK) BO3BpAIIAIOTCS B MOYBY, TJi€ MOCIEAHUE MEPEeXoasiT B (OPMBbI, JOCTYITHbBIE
pacTeHusIM. DTHM IIyTEM B IIOYBY €KETOIHO B JOCTYITHOU pacTeHUsIM (hopMe BO3BPAIIAETCS OKOJIO
15 xr/ra a3orta (AGatypos Kynakosa, 2010).

OueBuaHO, HAKOIJICHWE W HEraTUBHAs POJIb
CTCMHOM TMOJACTUJIIKM — 3aKOHOMEpHOE SBJICHUE,

9000 1 CBOMCTBEHHOE CTEMHBIM IKOCHUCTEMaM, B KOTOPBIX
8060 JIOCTaTOYHO BBICOKAs MPOAYKTUBHOCTH TPaBSIHOU
8000 1 pPaCTUTEIBHOCTH COYETACTCS C TIOHM)KCHHOW B
= 2000 - pe3ynbTaTte apuIHOCTH KJIMMara aKTUBHOCTBIO
= pPEeIayLIEeHTOB (MIOYBEHHBIX OE€CIIO3BOHOYHBIX, TPHOOB
zﬁ 6000 - U MHKPOOPTaHU3MOB). B 3TuX ycnoBusix (hyHKIUU
8 PEIYyLIEHTOB  HWCHOJHSAIOT  PAaCTUTEIbHOSIHBIC
§ 5000 - MJICKOTMTAIONINE, BOCCTaHABIUBAIONIUE OalaHC
° MEXIy CHHTE30M M JECTPYKIIMEH pacTUTEIbHOU
E 4000 - OpPraHMYeCKOM  MaTrepuu U TeM CaMbIM
o MPENSATCTBYIONINE HAaKOTLJICHUO MEpTBOU
; 3000 pacTUTENBHOM MacCHhl.
= Cnenyetr 0co00 OTMETHUTb, YTO MPU OTCYTCTBUU
&) 2000 A MacThObl  PACTUTENBHOSIHBIX  MIIEKOMUTAIOIINX
MPOUCXOAUT OOpa3oBaHUE HE TOJBKO CTEIHON
1000 A 440 NOJICTHIKK, HO W JPYroi  crenuduyueckoi
220 100 20  wmoxomormueckM  BaKHOM  (OPMBI  MEPTBOM
0 - pacTUTENBHON MacChl, 3 UMEHHO CTEIHOM BETOIIH,
1 2 3 4 5 T.€. 3aKOHUYMBIIICH BETeTAIMIO U OTMEPIIEH, HO eIl
®opMbI 230Ta 1 cyGerpar CTORMCH Ha KOPHIO CYXHMX OCTAaTKOB pacTeHHil
(doto 8).

OOpazoBaHue BETOIIN B CTEMHBIX YKOCHUCTEMAX
Puc. 2. 3anacel pasinusbix Gpopm asora npuodperaeT 0co00e IKOJIOTHYECKOE 3HAYCHHE.
B 1OYBC, B CTEMHOW TOJICTUIKE WU B 3aKOHYMBIIME K CEpeAuHE JieTa BEreTaluio
HaJ3eMHO#  duTOMacce. Venosnvle CTEIHbIC pacteHus, 0COOEHHO 3J1aKH,
obosnauenus: 1 — obmmii asor B cioe 0- U HaKomuBIIMecs B  OonblioM  o0beMe  IpHU
30 cM JIyroBo-KalITaHOBOH MOYBBI, 2 — OTCYTCTBHH MACTHOBI KUBOTHBIX B BHJE TOJIOTA 3
JIETKOTUAPOIIN3YEeMBIH 30T TaM xke, 3 — CyXOW  JIETKO  BOCIUIAMEHSIOLIEHCS  BETOLIH,
JNICTKOHUTPH(QHUIUPYIOMUICS  a30T  TaM ABJISIFOTCS  TIOCTOSSHHBIM ~ MCTOYHHUKOM  CTEIHBIX
Ke, 4 — a30T B CTCNMHON MOACTHIIKE, 5 — [10KapoB, KOTOPBIE IIUPOKO paCHpPOCTPAHEHB! B
a30T B HA[3EMHON PAaCTHUTEIBHOW Macce CTEMSIX MpH OTCYTCTBMU WM HEJOCTATOYHOM

(Kymaxosa, 2008). KOJIMYECTBE MaCTOUIITHBIX JKUBOTHBIX.

OKOCUCTEMBI: DKOJIOT'A U IUHAMUKA, 2020, Tom 4, Ne 2



ABATYPOB, MOJIYAHOBA 15

Bce 310 0c0OCHHO 3aMETHO IpOsABUIIOCH B GBPOHGI}'ICKI/IX 1 a3MaTCKuX CTCIIAX B ITOCICIHHC
JACCATHUIICTUA TIOCJI€ IMOBCEMECTHOI'O COKpPAIICHHS IIOIr0JIOBBSA U MacThObI CKOTa, 4TO B YaCTHOCTHU

MPUBEIO K IIMPOKOMY PACIPOCTPAHCHUIO CTEMHBIX I[OXApOB, KOrJa OrHEM OKa3aJlUCh
HEOJIHOKPATHO MPOUEHBI OOIIMPHBIC MPOCTPAHCTBA PAa3HOTPABHO-ICPHOBUHHO3TAKOBBIX CTEICH
Poccun n Kazaxcrana.

®oto 8. Crenp B yieTHHH (CyXOif) TIEPUO C 3aKOHYMBILECH BETeTAIMIO 3TaKOBOM PACTHTEIBHOCTHIO B
BHUJIE BETOIIM (CJIeBa) M B TEX K€ YCIOBMAX IOCIE CTEMHOro noxapa (cnpasa) B Kanmblkuu B urone
2007 1.

[TacTOuIHOE BO3/EHCTBUE 3aTPAaruBaeT HE TOJBKO PACTUTENBHOCTb, HO U CKa3bIBAETCS Ha
CBOMCTBaX MOYBBI. XOPOIIO H3BECTHO, YTO B ApUIHBIX HKOCHCTEMAax Ha OTOJICHHBIX YYacTKax
MOYBBI MEXAY pPacTEHHUSIMH pa3BUBAETCs IUIEHKA (KOpKa) M3 JMIIAHHUKOB, BOJOpOCIEH U MXa,
KOTOpasi HETaTUBHO BIIUSIET HAa BOAHO-(PU3UUECKUE CBOMCTBA CPE/Ibl, B TOM YHCIIE MEHSET PEXUM
BJIQKHOCTH IT0YB, 3aMETHO CHUXAET MX BoonpoHuiiaeMocts (poto 9; I'ynun, 1990; Belnap, 2008).

®oT1o 9. [ToBepXHOCTD MOYBBI ITPH OTCYTCTBUU MACTHOBI CKOTA (CJIeBa) B 3alIOBETHHUKE, C KOPKOH 13
mumaitaukoB (Caloplaca raesaeneni, Endopyrenium desertorum), mxa (Tortula desertorum) wu
Bogopocieit (Nostoc spp.), u psitom — Ha macTOuIIe JJis JOMAITHETO CKoTa (Ccrpana).
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®dopmupoBanue 1 3PPEKTUBHOCTH IEHCTBUS TAKOW KOPKU 3aBHCUT OT MHTEHCUBHOCTHU MACTHOBI
KUBOTHBIX. B cyxux cremsix ceBepHoro Ilpukacnusa ([xanblOekckuil cTanuoHap) OO
IIOBEPXHOCTU IIOYBBI, IOKpbITas KOpoukod wu3 nuaHoOaktepuid (Nostoc spp.), JuIIaiiHUKOB
(Calopla caraesaeneni, Endopyrenium desertorum) u mxa (Tortula desertorum), 3akoHOMEpHO
yMmeHblnagacb ¢ 97% mnpu ortcyrctBuu macteObl 10 37% Ha mactOume. Ilpu 3ToM
BOJIONIPOHUIIAEMOCTh OYBHI HA MACTOMIIE B OTJIMYHME OT TEPPUTOPUH C MCKIIOUCHHEM HacThOBI
BO3pacTajia B 5 pa3 B pe3ysbTare pa3pylIeHHs MOKPOBa M3 LMaHOOAKTEepHUH, TUIIAHHUKOB U MXa
KOIBITAMU TACYIIUXCS JKUBOTHBIX (Tabm. 2). M B 3ToM ciydyae mactbba pacTHUTEIbHOSIHBIX
MJICKOMUTAIOMINX, B TOM YHCJIE CEIbCKOXO3SIMCTBEHHBIX >KMBOTHBIX, BBICTYMAET BaXHBIM
AJIEMEHTOM (PYHKIIMOHUPOBAHHS CTEITHOM SKOCHCTEMBI.

Taéauna 2. Vi3MeHeHre BOJONPOHUIIAEMOCTH TOYBBI Ha COJIOHYAKOBOM COJIOHIIEC TIOJ] BIUSTHUEM
nacThObl ckoTa, Jl>kansiOek, 1984 r. (Abarypos, 1991).

ITacTonme ¢ ITacTomme ¢
IToxa3aTeinb 3anmoBeqHUK
yMepeHHBIM BbIIIaCcOM MHTEHCHUBHBIM BBIIIACOM
Koaquument 0.055+0.001 0.054+0.004 0.240+0.019

bunbTpanuu, MM/MUH

CyMMapHO€e KOJIMYECTBO

BOJBI, BIIUTABIIEEC 3a 82.4+6.47 75.949.48 109.84+7.50
260 MUHYT, MM

OTU mpUMEpPHI CBUAETENIBCTBYET O BaXXHOH (DYHKIIMOHAIBHOW POJIM MACTOMIIHBIX KUBOTHBIX,
KOHTPOJIMPYIOIIMX TE€YEHUE MHOTUX 3KOJIOTMYECKUX IPOLECCOB B CTEIMHOW DKOCUCTEME, U TEM
CaMbIM BBICTYNAIOIIUX BaXHBIM (hakTopoM e€ ecTecTBeHHOro (yHkiHoHupoBaHus. [lomoOHBIE
MPUMEPHl  CBUJIETENBCTBYET O CHEIU(PUYECKOW poid NacTbObl KUBOTHBIX, B TOM YHUCIE
CEeNIbCKOXO35IICTBEHHBIX, B €CTECTBEHHOM (YHKIMOHMPOBAHUM M COXPAaHEHHWU CTEIHOM
sKOCcHCTEMBbI. Bce 3T0 3acTaBisieT OTHOCUTH CTEMHBIE TEPPUTOPUH, UCIBITHIBAIOIINE MAacTOUIIHOE
BO3JEHCTBUE KAaK JUKHX, TaK U B OINPEACICHHOM MEpPE CEIbCKOXO3SMCTBEHHBIX IXUBOTHBIX,
K €CTECTBEHHBIM YCTOWYHMBO (PYHKIIMOHUPYIOLUIUM CTENHbIM 3KocucremMaM. W, HaoOopoT, mpu
OTCYTCTBMM NACTOMIIHBIX JKUBOTHBIX  (OpPMHUpYIOIIMECS HSKOCHCTEMBI CIEAyeT CUUTaTh
HapyLICHHBIMH, TOTEPSABIIMMHU XapaKTEepHbIE s CTened chenupuueckue OCOOEHHOCTH
(GYHKIIMOHUPOBAHUS U BHEIIHET0 00JIMKa.

MexaHH4ecKoe HapyumIieHUuE CTCIMHbIX MOYB — KaK €CTeCTBEHHBIH nmpouecce

Baxuelmuii pa3pymaromuid CTeHyI0 SKOCUCTEMY aHTPOIOTEHHBIH (aKTop — maxora IMOYB.
OmHako W B €CTECTBEHHOM TPHUPOTHOW CpeAe aHAJOTHYHBIE IaxOTe€ TPOIECChl OOBIYHBI,
HEM30€KHBl W  MAacCOBO  OCYIIECTBISIOTCS IyTeM MEXaHWYEeCKOH mepepadoTKH  IOuB
MHOTOYHCIICHHBIMH KPYIHBIMA M MEJKHMH pOIOIIUMH JKHBOTHBIMHA. B HapymIeHHBIX HX
JeSITeNbHOCThIO y4YacTKax pa3BUBAIOTCS crHenuduyeckue MmoyBooOpa3oBaTeNbHbIE IMPOLECCHl, U
B UTOTe (HOPMUPYIOTCS CTEIHBIE SKOCHCTEMBI C OCOOBIMH CBOMCTBaMHU. Tak, TBHICSYETETHIMU
MIPOIOJDKAIOIIASCS HEMpEepbIBHAS JKU3HEAEATEIbHOCTh MAaCCOBOTO OOHMTaTeNs CTeNe — Majoro
cycnuka (Spermophilus pygmaeus) — mensier BHemHui o0k creneit (poro 10). CozmaBaembie
UMH  Oyropku (CyCIMKOBHMHBI) (OPMHUPYIOT XapakTepHBIH «CYCIUKOTEHHBIH» JaHamagr,
pacnpocTpaHeHHBIN Ha OOIIMPHBIX CTEMHBIX POCTPAHCTBAX.

[Iupoko pacmpocTpaHeHa B CTEISAX AEATENbHOCTD JIPYrOro XapakTEpHOTO0 OOUTATENs CTEITHBIX
mouB — cienymonku (Ellobius talpinus), nurtaromeiicss KOpHSIMH CTEIHBIX PACTCHHUH U TMOCTOSHHO
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JKUBYIIEH B Toue mouBbl. Ee Mexanuueckas nepepadoTka mo4Bsl O1u3ka mo opme u Macmradbam
K aHTPOIIOT€HHOM MaxoTre cTenHbIX 1MouB (poto 11). JlesATenbHOCTh ClIEMyIIOHKH AaBHO oOpaTuia
Ha ce0s1 BHuManue. CrenymonKa («3eMIIEKOI) «I0 TaKOW CTEIIEHN U3PBIBACT 3€MITIO U MOKPHIBAET
€€ NOBEPXHOCTh 3EMIJISIHBIMU KY4YKaMH, YTO OHA M3JaJM KaKETCS CBEKEBCIIAXaHHOW ...; KYUYKHU
CTOAT TaK OJIU3KO APYT K APYTY, YTO YACTO HA JIECATOK IIaroB HE OCTAETCS Ha CTOJILKO CBOOOIHOM
3eMJIM, YTOOBI MOTJIa YMECTHThCs Hora. OUIyTHUTEIHHOTO Bpeaa XO3SHCTBY YeJIOBEKa 3TOT 3BEpPEK
HE MPUHOCUT, HAMPOTUB TOTO, PA3PHIXJIsAi MOYBY, OH «ONYIIAET» €€, KaK TOBOPSAT CAaJOBHHKH, U
Jenaer Oosiee TUIOAOPOIHOM; MO KpalHEH Mepe, MHE yIaBajoCh 3aMedarh, YTO B MECTHOCTSX, B
KOTOPBIX JIOJITO YKUJIA 3€MJICKOMbI, YIY4IIaTUCh CEHOKOCH U B OOJBIIOM H300UINH PUHUMAIUCH
pactu TaBosira U KaparaHay (3apymausiid, 1897). [Tocne ucmonb30BaHus JOCTYIHBIX 3TOMY 3BEPBKY
KOPMOBBIX PECypcoB (KOPMOBBIX IOA3EMHBIX OpraHOB PAacTEHUI), OH IMEpPEeMEelIacTcsl Ha HOBOE
HETPOHYTOE MeCTO. 3a0pOIICHHBIN HCIOJIb30BAHHBIM W TEpPEpBhITHI Y4acTOK MpeBpallaeTcs B
OOBIYHYIO CTEITHYIO 3aJIC)Kb C OHOJIETHUMH pacTeHusMu (¢poro 11).

®oto 10. Tunwuseli naHImA@T CTENH «CYCIUKOTEHHOTO» IPOUCXOXKIEHUS, CO3MAaHHBIA U
MOJI/IEPXKUBAEMBIH KHU3HEAEIATEIbHOCTRIO Mayioro cyciuka (Spermophilus pygmaeus), xotopast
MPOJIOJKACTCS Ha MPOTSHKEHUH THICSUCIICTHIA.

Cucrembl HOp TMOJIEBOK (CTenmHo# mectpymmku Lagurus lagurus, obrecrBennoit moaeBku Microtus
socialis, moneBku Bpannra Lasiopodomys brandtii u ap.), omuHOYHBIE HOpBI Pa3IUYHBIX BHIIOB
CYCIIMIKOB ¥ JIPYT'HX TPBI3YHOB Pa3phIXJISIIOT BEPXHHUE CIIOW TIOYBBI, IPOHU3BIBAIOT BHYTPUIIOYBEHHBIMU
XOJlaMH U HOpaMH ClIa0ONpPOHMIIAEMbIE JUT BOABI TOPH30HTHI, TPEBPAIAOT IOYBEHHBIH TTOKPOB B
pEIIeTo U TEM CaMbIM O0JIErJaroT TIOCTYIUICHHE BOJI aTMOC(EPHBIX OCAIKOB BIITyOb MO4BHI (PoTo 12;
Formosov, 1928; Abarypos, 1984; Abarypos, 3yokoBa, 1972; Jimutpues, 2006).

B npoTtuBHOM citydae mpu OTCYTCTBHH TaKHMX HOP BOJABI aTMOC(EPHBIX OCAJIKOB 3aCTAWBAIOTCS HA
MOBEPXHOCTH, MPOUCXOIUT 3aWIMBAHKUE TTOYBBI U 0OpPa30BaHUE OTOJICHHBIX TAKBIPOBHIHBIX YYaCTKOB
(poto 13). B pesymbraTte NEPUOTMYECKON CMEHBI W TIOCIEIOBATEIBHOrO 000poTa (pOTalum)
UCTIOJIb3YEMBIX 3THMH JKUBOTHBIMH MECTOOOUTaHUH (1iH, 1o Tepmunonoruu A.H. dopmososa (1928),
MEPETIOKHON CHUCTEMBI OCBOCHHSI TEPPUTOPUH) BCS CTEMHAS IMOBEPXHOCTh JOBOJBEHO OBICTPO
(B BeKOBOM MaciTade) ObIBaeT MpoiiieHa TaKoi repepaboTKON MOYBEHHOTO MOKPOBA.
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®oto 11. TIlepepniTas CIENyLIOHKOM CTEMHas IIOYBA: CJE€Ba — CBEXKEMEPEPHIThIM Yy4acToK,
crpaBa — 3a0pOIIEHHBINA YJaCTOK (3aJICKB ).

s = 3 A A s vy

R B

®oto 12. Hopsr obrmnectBennoii moseku (Microtus socialis): a) B Kanmbinkoil cremu (ampeinsb
2018 r.), OyppsiHHCTAs 3aJI€Kb HAa MECTE 3a0pONICHHBIX HOP; 0) CBEXHe JKuible HOpl B CeBepHOM
[Tpukacniuu (xanbiOexctuii craunonap PAH, mons 2014 1.); B) MOCTOSIHHBIE HOPBI HA MAcTOMUINE
B pa3HOTpaBHOM crenu B gonuHe Manbua (moc. Manbra, PoctoBckas o6nacTs, amnpens 2016 r.).
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®oto 13. TloaTomneHHass mocie M0XKIs MOBEpXHOCTh (WMioHb 2012 r.) mpu OTCYTCTBUU HOP
IPHI3YHOB (CJI€BA) M OrOJEHHOE ISITHO C 3aWJIMBILEHCS MOYBOM HAa MECTE 3aTOIUIEHHS y4acTKa
BOJ10i (cripaBa; okTsA0pb 2012 r.).

[TocnencTBust MOJOOHOTO 300r€HHOT0 MPEeoOpa30BaHuUs MMOYB BO MHOTUX CIy4asX HEOOpaTUMBI
M CKa3bIBAIOTCSI TOPA3JI0 OIIYTHMEE IO CPABHEHHUIO C OOBIYHOW aHTPOIIOTCHHON MaxOTOW ITOYB,
3aBepIIAIOIICHCs IOCie €€ MPEKpalleHUs] IOCTENEHHBIM BOCCTAHOBJIEHHEM HX HCXOJHOIO
cocrosiuusi. B cyxoit crenu ceBepHoro [Ipukacnus (J>kaHBIOEKCKHUI CTalMOHAp) €XKETrOHO TOoCTe
npoOyXIeHHs OT 3UMHEH CIISTYKH HaceyeHne majgoro cycnuka (Spermophilus pygmaeus Pall.) mpu
BBIXOJIE HA IMOBEPXHOCTh W3 3MMOBOYHBIX THE3J COOPYXKAeT HECKOJIBKO JECSITKOB TEKTapoOB
OJMHOYHBIX HOpP, KOTOpBIE MPEACTABIAIOT COOON BEPTHKAIBHYIO JApPEHY JuaMeTpoM 5-6 cM,
MPOHU3BIBAIONIYI0 MOYBEHHYIO TOJIIY, B TOM YHCIIE HETPOHUIAEMBIN ISl BOJBI COJIOHIIOBBIN
TOPU30HT, Ha TIIYOMHY OKOJO | M, TeM caMbIM OTKpBIBas AOCTYI TalbIM U JOXAEBBIM BOJaM
B TJIyOOKYIO 3aCOJICHHYIO MTOYBEHHYIO Toimty (poto 14).

ConoHIIOBBIE 3aCOJIEHHBIE MOYBBI B CTEMsAX ceBepHOro [Ipukacnusi BeCHOW IMOCie CHETroTastHUs
10 TAKMM HOPaM YBJIQXKHSIOTCS Ha TIyOuHY 70 1.5 M, Torna kak oObIuHO (6€3 HOp) — He riryoxke 40-
S50 cm (puc. 3). Menstomuiics XapakTep YBIQKHEHHsS NEpephITHIX IOYB BBI3bIBAET IIyOOKHE
M3MEHEHUs] MOP(OJIOTUU TIOYBHI, CTPOCHHSI M CIIOKEHHS MOYBEHHOW TONIIH, €€ XUMHUYECKUX W
¢u3nuecknx cBOMCTB. OCOOEHHO PE3KO MEHSETCsSl COJIEBOM PEXHMM, XapaKTep OCOJIOHIIOBAHHOCTU
3THX I0YB, YTO COMNPOBOXAAETCS MX 3HAUYUTENIbHBIM YIUIOTHEHHEM, OCEJaHHEeM M 00pa3oBaHHEM
noHmwkeHus (puc. 4). OToT nporecc HeoOpaTUM U BeAET K (GOPMUPOBAHHIO 3aMaUH C KAIITaHOBBIMU
MOYBaMH M CTEMHOW Pa3HOTPABHO-3JIAKOBOW PACTUTENBHOCThIO M KycTapHUKamu. Dopmupyercs
3anaJIMHHbIA MUKpOpelibed ¢ KOMIUIEKCHBIM ITOYBEHHO-PACTUTEIBHBIM TOKPOBOM, KOTOPBIN MPUIAET
chopMHUpOBABIICHCS TAKUM 00pa30M CTEIH MATHUCTBINA xapakTep (doto 15, 16). [lpuponnas cpena B
uTOre NpuodpeTaeT ceoeodpaszue. B Hell TECHO MeperuIeTaloTces 3JIeMEHThI pa3HbIX MPUPOAHBIX 30H B
Y3KHX TIpeienax OJHOro W Toro ke manmmadra (MunbkoB, ['Bo3menkuit, 1978). 3necy THU4HbBIE
JYTOBBIE M CTEMHbIE KAaIITAHOBBIE M YEPHO3EMOBHUHBIEC MOYBBI B 3aMaJWHAX TECHO COCEACTBYIOT C
OIYCTHIHEHHBIMU COJIOHIIAMH M COJIOHYAKOBBIMU NOYBAMHM Ha MUKPOIOBBIIIEHUSX, JTyTOBO-CTEIHAs
KcepoMe30(pHiIbHAs Pa3sHOTPaBHO-371aKOBasi M KYCTApPHUKOBAs PAaCTUTEIBHOCTh dYepeayercs ¢
coobmecTBaMu KCepo(PHIIbHOTO pa3HOTPaBhsl, TANIOMUIHHBIX TPAB U MOTYKYCTAPHUYIKOB.

[IpumMeps! ecTeCTBEHHOTO MPeoOpa3oBaHMsl CTEMHBIX ITOYB IO/ BIUSHUEM MEXaHUYECKUX GopM
JIESTEIbHOCTH KMBOTHBIX MOXKHO MPOJOJKAaTh M Jajibllle, OHU Pa3HOOOpa3HbI, TOBCEMECTHBI, U
MEXaHM3M 3TOT XOpOIIO M3Yy4eH, — Hampumep, B crensax Monromuu (Amurtpues, 2006). Bece onn
OJTHO3HAYHO CBHUJCTEIbCTBYIOT, YTO MOA00HBIE (DOpMBI MpeoOpa3oBaHUS MOYB — HE CIIy4aiiHOE
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SBJICHUE, a 3aKOHOMEpHBI €CTECTBEHHBIN IPOLECC, OXBATHIBAIOIIUN BCIO CTEIHYIO 3aCEJIEHHYIO
KUBOTHBIMH TEPPUTOPHUIO.

®oto 14. BeprukanpHas HOpa-BECHSHKa MaJjoro Cyciluka (BECEHHMH BBIXOJ IIOCIE 3UMHEHN
CIISIYKM) Ha COJIOHYAKOBOM COJIOHIIE (BEpPTHUKAJbHAsl CYCIMKOI'€HHas MOYBEHHAs JpeHa IIyOuHON
okoiio 100 cm ([Ixanbioekckuii crarmonap, mait 2008 r.).
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Puc. 3. YBaxxHeHHe TIOYBHI 110 BEPTUKATBHBIM HOpaM Majioro cycimka (Abdarypos, 3yOkoBa, 1972).
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Puc. 4. Dransl GopmupoBanus menkoi 3anaausbl (VIIl) co cBernokamrTaHoBoil mouBoi oA
BIIMSIHUEM BEPTHKAIBHBIX HOP MaJIOro cyciuka (Abarypos, 3yokosa, 1972).

[To cBoeii cyTH 3TO sIBJIEHHE aHAIOTUYHO AHTPOTIOTEHHBIM (hopmam BiusHUSA. B TOM U apyrom
CIyda€ OHHM BBIPOKAIOTCA B  MEXAaHWYECKOM HAPYIICHUU CIIOXKEHUS, CTPYKTYpbl U
(GyHKIIMOHUPOBaHMS TOYB. Pa3nuuusi MposBISIOTCS TOJIBKO B MHTEHCHBHOCTH TaKOTO JEHCTBHS
(HempepbIBHAs MMax0Ta) WX B HEOOPAaTHUMOCTH TMpeoOpa3oBaHM B CIydasX C OTACIbHBIMHU
dbopMaMu JeATENLHOCTH MIIEKONMUTAIOMIMX. BO BCSIKOM cllydae, 3TO €CTECTBEHHBIH MpOIecC U
(hopMupyIOIIUEecs MO €T0 BIUSHUEM dKOCHCTEMBI TTPEACTABIISIIOT COO0M €CTECTBEHHBIE TPUPOIHBIC
o0Opa3oBaHMsl, HE OTIMYAIOIINECS CYIIECTBEHHO OT AHTPOIOTCHHO CO3/1aBa€MbIX HMCKYCCTBEHHBIX
skocucTeM. B TOM M B JApyrom ciydae 3TO BaXHOE€ M 4YacTO HEOOXOIMMOE SBJICHHE,
obecrieynBaroniee ycToWunBoe (PyHKIIMOHUPOBAHHE SKOCUCTEM. be3ycrnoBHO, MpUPOAOOXpaHHBIE
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MEpbl, HANpaBJICHHBIE HA BOCCTAHOBJICHHE €CTECTBEHHBIX JKOCHCTEM, JIOJDKHBI YYHTHIBATH
HEOOXOJUMOCTh  COXpAaHEHHS  TOJOOHBIX  IPOIECCOB, OOECIEeUMBAIONIUX  pa3HOoOOpasue
BO3HUKAIOIIUX IOJAOOHBIX OKOCHCTEM M CO3JAIOIIMX CHEeHU(DUUSCKUH TUI HMX MPUPOTHOTO
(GyHKIIMOHUPOBAHUSI.

®oto 15. 3anaaunublii MuKpopenbed B cremm ceBepHoro I[lpukacmus ¢ JIepHOBUHHO3IAKOBOH
(Stipa spp., Festuca valesiaca) mo 3amagunam u ¢ uepHomnonbiHHOW (Artemisia pauciflora)
pacTHTENBHOCTHIO HAa MHKPOIIOBBINICHUAX (cieBa) M ¢ KycrapHukoM (Spiraea hypericifolia)
o 3anaauHam (cmpasa; ¢poto ['.B. Jlunnemana; J[>kanpiOek U €ro oKpecTHOCTH, CeHTSIOps 1970 1.).

3akjao4eHue

Mmuorue GopMbl MEXaHMYECKOTO BO3CHCTBHS HAa HA3€MHBIE SKOCUCTEMBI, aHATIOTMYHBIE TAKIM
AQHTPOIIOTEHHBIM KaK BBITIAC CKOTA, paclaiika TOYBEHHOTO IOKpOBa M Jp., OOBIYHBI U B
€CTECTBEHHOU MPUPOJIe BHE CBSI3U C YEIIOBEKOM U BCET/1a ObLIN MPUCYIIH CTEITHBIM YKOCHCTEMAaM B
BHJI€ TIACTHOBI CTaJ] JUKUX KOMBITHBIX MJIEKOMUTAIONIUX WM TMEPEKANbIBAIONINX MMOYBBI CTEITHBIX
poroux TrpbI3yHOB. JKMBOTHBIE Kak JMKUE, TaK U CEIbCKOXO3SHCTBEHHBIE B PAaBHOM Mepe
BBITIOJIHSIIOT Clien(UUecKrue 1 BO MHOTOM CXOJIHbIe ()YHKIIMH, HAIpaBJIeHHbIE HA (POPMHUPOBAHUE U
YCTOMUYMBOE CYIIECTBOBAHME CTEIMHBIX HKOCUCTEM. VX NESITeNbHOCTh Kak B TOM, TaK M B JAPYIOM
cllydae B ONPEIENIEHHON Mepe BBICTYNAET HEOOXOAUMBIM YCIOBHEM €CTECTBEHHOIO YCTONYHMBOIO
(GYHKIIMOHUPOBAHMS SKOCUCTEM, TOTJa Kak €€ OTCYTCTBHME NPUBOAUT K HX HAPYUIEHUIO U
Jerpajganuu. JTo Kacaercs, Hanmpumep, YOPEeKTUBHOTO ydacTUs )KUBOTHBIX B YTUIIU3AIIMN W30BITKA
HapacTaroleil pacTUTeNbHOW Macchl, 4YTo obecreunBaeT cOaTaHCHPOBAHHOCTh IPOIIECCOB
HAKOIUIEHHUS M JIECTPYKLHUU OpraHMYEeCKOW MaTepuu, CHHTE3UPYEMOM pacTeHHsIMH B Ipoliecce
(dboTocuHTE3a, HOPMAILHOE TEUEHHE OMOJIOTMYECKOTO KPYroBOpPOTa B DKOCHCTEME U yCTOMUMBOE
(GYHKIIMOHUPOBAHHE €€ PacTUTENbHOro KoMIoHeHTa. Ilo cBoell cyTM OHM aHaJIOrMYHbl MHOTHUM
aHTPOTNIOTEHHBIM (popMaM BO3JAEUCTBUA. Pa3muyHbl TONBKO MAcIITadbl U WHTEHCHBHOCTh UX
NeCTBUS, HAIIPUMEP, HETIPEPBIBHAS [1aX0Ta, YpE3MEPHO BBICOKAs MACTOMIIHAS Harpy3Ka JIOMalIHero
CKOTa, MPHCYIAs aHTPOMOTeHHBIM (hopMaM BO3JEHCTBUSA, MM HEOOPATUMOCTH MPeoOpa3OBaHUIA,
CBOMCTBEHHAass MHOTUM (QopMaM JeATebHOCTH JUKUX JKUBOTHBIX. Mckmrouenue ¢opm sTOM
JESTeNIbHOCTH YPEeBATO HEraTUBHBIMU MOCIEICTBUAMU. Tak, HapUMep, MPEeKpalieHue Wik MpocToe
ocia0yieHne BbIllaca CKOTa Ha CTEMHBIX MAacTOUINAX B MOCIEAHNUE AECATUIIETUS TIOCITYKUII0 OCHOBHOM
MPUYMHON MOBCEMECTHOIO PACHpPOCTPAHEHUsS] CTEMHBIX I0XKAPOB, B PE3YJbTAaTE€ KOTOPHIX OTHEM
OKa3aJIuCh HEOJHOKPATHO MPOMACHBI CTENHbIE TpocTpaHcTBa Poccun n Kazaxcrana.

[Ipuxoautcs mpuU3HATH, YTO BCE HACTOSAININE CTEMHBIE JKOCHCTEMBI C(HOPMUPOBAHBI IO
NeCTBHEM HMEHHO TaKHX, [0 CYTH €CTECTBEHHBIX MEXaHH3MOB M MPEICTaBISAIOT COO0OM
€CTECTBCHHBIC MPUPOAHBIE 00pa30BaHUs, HE OTIWYAIOIIMECS CYIIECTBEHHO OT aHAIOTUYHBIX
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9KOCUCTEM aHTPOIOTCHHOTO TMPOUCXOXKICHUs. MexaHu3Mbl UX (OPMHUPOBAHUS B TOM U APYroM
cllydae OJUHaKOBBI WK Oiu3ku. OueBUHO, T€ CTEMHbIE [[BETYIINE PA3HOTPABHO-3JIaKOBBIE CTEIIH,
KOTOpBIC TMPU3HAIOTCS O0pa3lloM ECTECTBEHHBIX KJIACCUYCCKUX HEHAPYIICHHBIX YeJIOBEUECKOMN
JICATENBHOCTBIO OJKOCHUCTEM U, KaK OXHUIACTCSA, [OJKHBI BO3HUKATH IIOCJIE OTrPAHUYECHUS
XO035HMCTBEHHOW JIESATEIbBHOCTU U JPYTUX MPUPOJTOOXPAHHBIX MEp, MO-BUIUMOMY, B €CTECTBEHHOMN
MIPUPOJIC €CIM U CYIIECTBYIOT, TO BeChbMa PEIKH M HEIOJToBeuHbl. OHU HE CIIOCOOHBI YCTOWYHUBO
CYLIECTBOBATh 0€3 OMMCAHHBIX MEXaHW3MOB (DYHKIMOHUPOBAHUS CTENel Kak B JOAHTPOIIOT€HHOM
MpOUUIOM, TaK WM B HacTtosuiee BpeMs. [Ipu OTCYTCTBMM ONMCAHHBIX MEXAHU3MOB BIIHMSHUS CO
CTOPOHBI YeJIOBEeKa WJIM KUBOTHBIX OHU HEKHU3HECIIOCOOHBI, OBICTPO JErpajiupyloT WU UCUE3aI0T
MO ICHCTBUEM OTHSI.

®oto 16. Kocmudeckuii CHUMOK CTemHOro JaHAmadra ¢ 3amaJuHHBIM MUKpOpeiabedoM B
ceBepHOil yactu [Ipukacnuiickoil HU3MEHHOCTH: TEMHBIE TSTHA — 3alaJdHbl CO CTEMHOU
Pa3HOTPABHO-3JIAKOBOW PACTUTEIBHOCTHIO (49° 05' c.m1., 46° 11" B.x1., aBryct 2003 1.).

Uro kacaeTcst CyXJeHUH O HEOOXOAMMOCTH BOCCTAHOBJICHHUS B CTEISIX JIPEBECHBIX (JIECHBIX)
coOOIIEeCTB, KOTOPbIE, KaK MPU3HAETCS, B CTEMAX Oojiee €CTeCTBEHHBI, YeM TPaBsiHbIE, TO B 3THX
CYXIIEHUSIX HE NPUHUMAIOTCS BO BHUMAaHHE CYIIECTBEHHBIC DPA3JIMYHS B JKU3HECTIOCOOHOCTH
TPaBSIHBIX M JIPEBECHBIX COOOILECTB B YCHOBMSX nAepunura Biard. Jlokanuszauus HpOAYKTOB
dboTocuHTE3a B TTOA3EMHON cdepe y TpaB, IPUBOASIIAS K POCTY KOPHEBOM MacChl, 00ECTIEYBAET
uM Oosiee ObIcTpoe U APPEKTUBHOE UCTIONb30BaHUE Ae(DUIIUTHON BiIark. Y J€peBbeB B OTIMYUE OT
TpaB TPOAYKTHI (OTOCHMHTE3a PACXOIYIOTCS Ha (opmMupoBaHue Macchl (YHKIIHOHAIBHO
Oecriosie3HO B apHUJHBIX YCJIOBHSX CTBOJIOBOHM JpeBecHHBI B Haj3eMHOM cdepe. TpaBbl, Takum
0o0pa3oM, B CTEMHBIX KIMMAaTHUYECKUX YCIOBHSIX OKa3blBalOTCA 0oJjiee KOHKYPEHTOCIIOCOOHBIMH T10
CPAaBHEHMIO C JIEPEBBSAMH, UTO CIY>KUT IPUYMHON (POPMHUPOBAHUS CTEIHBIX TPABSHBIX COOOILECTB
KaK €CTeCTBEHHBIX KOPEHHBIX TPUPOIHBIX (hOpMaLIUi.

Bbe3ycnoBHO, mpupogooxXpaHHbie Mephl B (hOpME CTEMHOTO JECOPa3BeICHHS UM OrpaHUYCHUS
XO3SIIICTBEHHOM J1€ATEIbHOCTH, HaIlpaBJICHHbIE HAa BOCCTAHOBJIEHHWE €CTECTBEHHBIX HPUPOJHBIX
HKOCHUCTEM, JOJDKHBI YUYUTHIBATh HEOOXOIMMOCTb COXPaHEHHs B OINPEAEICHHOM Mepe Tex
MPUPOJHBIX U XO3SHCTBEHHBIX MPOIIECCOB, KOTOPbIE 0O0ECIEYMBAIOT €CTECTBEHHOE YCTOWYHBOE
(YHKIIMOHMPOBAHUE CTEMHBIX JKOocHcTeM. OYEeBHIHO, COBPEMEHHBIE MOIBITKH BOCCTAHOBIICHHS
MpeoOpa30BaHHBIX YEJTOBEKOM ECTECTBEHHBIX SKOCHUCTEM IyTeM HPHUPOJIOOXPAHHBIX IEHCTBUIA,
MpPEKpaIleHUs] WM TPOCTOrO OrPAaHMYEHHS CYIIECTBYIOMIMX (OPM IMPHPOJONOIB30BAHUS BO
MHOTHX CIydasiX MOTYT OKa3aTbCs Oe3yCHelIHbIMH, M TMPUBOAUTH K HApYyUICHHIO YCTOMYMBO
(YHKIMOHUPYIOUIUX CTEITHBIX SKOCHCTEM.
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Steppe ecosystems have suffered through major transformations, caused by long-term cattle grazing and
ubiquitous land plowing, and now they lack life-supporting functions. Preservation and restoration of
ecosystems the way they naturally are have become our main goals. It may seem that cease or restriction
of grazing and plowing should make the natural condition of steppes restore. However, it is still unclear
how much the natural ecosystems differ from the anthropogenically transformed ones, and what their
functionality mechanics truly are. The types of animals’ impact that have formed in the nature without
any connection to human’s activities (such as wild ungulates grazing, soil digging by steppe fossorials)
are similar to such anthropogenic factors as cattle grazing and land plowing, to a certain extent. Grazing
in steppe natural zones has always been a natural factor, playing its required role in ecosystems. In the
natural conditions the activities similar to plowing are the mechanical soil processing carried out by
numerous large and small animals living in the ground. All these types of vegetation and soil
transformation are not a random phenomenon, but a regular one, and it spreads throughout the entire
steppe zone, inhabited by animals. This phenomenon is similar to the anthropogenic impact in itself.
Nature protection measures, aiming to restore natural ecosystems, must take into account the necessity to
preserve these natural dynamic processes. Without these processes, the specific features of steppe
ecosystems functionality inevitably disappear, followed by negative aftermaths and nature degradation.
Keywords: natural ecosystems preservation, anthropogenic and natural forms of functioning, land
plowing, land digging caused by animals, cattle grazing, wild mammals grazing, natural ecosystems
degradation.
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Preservation of natural ecosystems is one of the priority tasks of the modern human society.
Humans’ life, as well as the life of every living creature on the planet Earth, depends on
environment and plays a major role in its formation and functioning (Photo 1, 2). It is considered
that all agricultural activities and various forms of nature usage have a negative effect on the
environment, causing its degradation and replacing natural ecosystems with artificial ones.
The latter do not have the required life-supporting functions and can lead humanity to a “social-
economic catastrophe” in the nearest future (Zalikhanov et al., 2006). The call for wise limitation of
nature usage or even its partial exclusion becomes more and more frequent. There are also some
propositions for a principal change of the nature usage strategy by a directed preservation of life-
supporting functions and introduction of technologies which imitate natural processes into
agriculture (Pavlov et al., 2007). The requests for necessary preservation and restoration of
ecosystems in their original condition become popular. However, it is still unclear what exactly
should be called natural ecosystems, what they really are, how much they differ from the artificial
ones, and what their functionality mechanics truly are. We will try to clarify this problem by the
example of steppe ecosystems which have suffered major transformations for many millennia, caused

! The work was sponsored by the Russian Foundation for Basic Research (project No.18-04-00172) “Toxic
Components in Vegetation of the Natural Pastures as the Quality Indices of Forage Resources, Their Influence on Food
Availability and State of the Herbivorous Mammals in the Terrestrial Ecosystems”.
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by humans’ agricultural activities.

Photo 1. “...the steppe grows white with dense needle grasses, and green it does grow with soft
silken grasses” (Koltsov, 1839). This is how we imagine an intact natural steppe.
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Photo 2. “...the ground squirrels’ hillocks, uniform in their shape and composition, appear in a vast
amount, covering areas of dozens and even hundreds of square versts, and form steppe into a very
specific patchy and lumpy shape. ... ground squirrels play quite a big geological role...”
(Mushketov, 1895). And this is how the steppe actually is.
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Are the Grasses or Trees More Common for Steppe Zone?

The modern conception of a steppe ecosystem is a natural complex of living and inert components,
formed in the arid climate at the absolute dominance of herbaceous plants with shrubs, semi-shrubs and
steppe bushes. The dominance of herbs is a necessary attribute of steppe ecosystem. It is known that
steppe formations appeared more than a million years ago, while their modern look was formed in the
Pleistocene interglacial period, in the prehistoric era (Velichko et al., 2011). However, the existence of
grassy steppes as independent indigenous natural formations has been questioned for many years. At the
turn of the XIX century there was a popular idea that steppe territories were originally covered with
forests, and therefore their modern look with scarce, in a common sense, herbaceous vegetation is a
secondary phenomenon, result of humans’ destructive activities (Avdeev, 1964; Razumovskii, 1981).
In the end of the XIX century and in the next one there was another idea that steppe plants were slowly
supplanted by forests, however, now the process is being constrained by humans (Korzhinskii, 1888).
The actual display of such concepts can be seen in humans’ intention to afforest the existing steppe
territories, aiming to replace the scarce vegetation with rich woody (forest) plants and hoping to restore
the original natural cover. This is evident in the modern plans to afforest hundreds of thousands hectares
in the steppe territories.

We have to admit that humanity still does not have a clear understanding of which vegetation
type is more common for the steppes, the scarce herbs or seemingly more rich forest plants. In the
late XIX century all existing conceptions were analyzed and proved them unconvincing, so the
problem is still unresolved (Bogatov, 1899). Obviously, the search for truth requires an
understanding of the relative vitality of woody (forest) and herbaceous (meadow, steppe) plants in
the arid climate?, the main limiting factor of which is water availability for plants. It has been long
known that the natural vegetation communities use the available food resources regardless of their
species composition. Moreover, “the plants of cenoses use the absorbed energy of photosynthetic
active radiation, with more or less similar coefficients of efficiency. According to this, with the
optimal availability and analogous conditions, different phytocenoses form more or less similar
crops” (Nichiporovich, 1973, p. 36). Apparently, when available soil moisture is scarce, but the
water availability is similar, trees and grasses are equally productive and form organic masses, close
in their values. However, the similarity ends there. Distribution of organic production between the
structural parts of trees and grasses is fundamentally different. Trees accumulate most of the
photosynthesis products (40-50%) in their aboveground parts (trunks and branches), thus forming a
large amount of woody organic material, specific for the forest ecosystems (table 1). Herbaceous
plants accumulate these products mainly in the underground parts, providing themselves with a
compensating increase of their underground organic mass and, primarily, roots. Steppe grasses get
from 80 to 95% of the total vegetation mass, and woody plants get no more than 25%. As a result, the
water availability of the roots significantly increases for the herbaceous plants. Relation between the
root mass and living aboveground mass of the mainly photosynthesizing organs (leaves) of the
meadow and steppe herbaceous communities is many times higher (4 to 27) than one of the forest
communities (lower than 0.6; table 1)

Eventually, water consumption in the herbaceous communities is significantly higher and is
proportional to their roots concentration in a soil layer (Sudnitsyn, 1979). It makes grasses win the
competition for water when it is scarce, and provides them with dominance over woody plants,
therefore, shaping the steppe grass formation. It is clear that during the period of water deficit in the
steppe climatic area, herbaceous communities become more viable than the forest ones. Therefore,
the herbaceous zonal steppe is indigenous for the climatic conditions of steppe natural zone, it is a
natural formation, while the forest communities are extraneous for the automorphic steppe habitats.

% The deficit of water in the arid territories results in a negative water balance: water consumption (evaporation) exceeds
its intake (sum of precipitation).
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The long-term humanity’s intention to enrich steppes with artificial afforestation, thus giving them a
seemingly natural look by “returning” forests, is not only unjustified, but also impossible.

Table 1. Share of underground mass (roots) in the phytomass of various zonal vegetation types
(Abaturov, 2014).

Mass of roots Relation between Calculated
Plant community and its (% of the total the mass of roots .
. . . . according to the
geographical location | vegetation mass of and live i
) iterature sources
phytocenosis) aboveground mass
Beech forest, Denmark* 17 0.59 Larcher, 1995
Deciduous forest of
temperate zones 19 0.23 Jackson et al., 1996
Boreal forest 24 0.32 Jackson et al., 1996
Boreal forest - 0.39 Mokany et al, 2006
Meadows of forest zone
(Zhitomir and 81 4.13 Shalyt, 1950
Chernigov Regions)
Meadows of temperate
20MES — 4.2 Mokany et al., 2006
Meadows of temperate
70NeS 83 3.7 Jackson et al., 1996
Cold deserts 82 4.5 Jackson et al., 1996
Meadows of forest-steppe
zone (Kursk Region) 87 6.70 Shalyt, 1950
Steppe with needle grass
and Volga fescue 93 13.8 Shalyt, 1950
(Kherson Region)
Steppe with Volga
fescue and needle grass
(Western Kazakhstan 90 13.3 Kamenetskaya, 1952
Region)
Xerophytic dry steppe
(Western Kazakhstan 96 21.7 Kamenetskaya, 1952
Region)
Deserted steppe
(Kherson Region) 96 26.9 Shalyt, 1950

Notes to table 1: * — the calculations were applied to the annual production; the live aboveground
mass included only leaves.

We should understand that the enrichment of the steppe territories by afforestation is
misleading: production and the total accumulation of organic matter (underground and
aboveground) in the herbaceous steppe does not yield to the forest community, the most organic
matter of which is presented mainly by the dead wood, but even exceeds it, considering both the
aboveground and underground organic mass, including soil humus.
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Nevertheless, the natural forest communities are widespread and common for the steppe
climatic zone, however we should remember that they are spread only locally, forming separated
forest stands and wooded ravines in the spots with extra moisture (relief lows, hollow outlets, river
valleys etc.) and are basically the non-zonal natural formations. As the result of high water
availability, increased density of leafage and mutual leaves shading, the competition for water
becomes the competition for light, and here the trees have an advantage. Their long trunks allow
them to lift the canopy (leaves) over the assimilating organs of other plants (herbs, bushes), thus
giving them an advantage to use light, which is the main condition for the forming of a close tree
stand, i.e. a forest community in those local habitats. In this case the trunks can fully play their
functional role, providing the trees with more efficient usage of the limiting factor (light) and
dominance in the vegetation cover.

Animal Grazing as a Natural Environment-forming Factor

As follows from what has been said, the natural vegetation cover of the automorphic steppe
landscape (i.e. the one that lacks extra soil moisture) is presented with the herbaceous type of
vegetation. A classic example of the natural steppe is a mixed-grasses-tussock-cereals steppe,
mostly with needle grass (photo 1; JlaBpenko, 1940). According to some of the existing
conceptions, these steppes were common and natural on the Earth during the pre-anthropogenic
period, and now it is believed that they have been deeply transformed by the influence of the
agricultural human activities, especially the long-term cattle grazing and widespread land plowing,
and became very rare or even disappeared from most of the steppe regions. It seems that cease of
grazing or its restriction should create the required conditions for the restoration and preservation of
that natural steppe tussock-cereals (needle grass) vegetation. But is it really so, could these steppes
exist stably ages ago, and can they exist now, if the agricultural activities will be completely
stopped?

The animal grazing in the steppe natural zones has always been, even before humans’
intervention, a natural phenomenon, playing major roles in the ecosystems. In the past these animals
were wild herbivorous mammals, now they are replaced with the farm animals. Certainly, the
activities types of the wild and farm animals are not equal, but their functions in the ecosystems and
their impact on the environment are quite comparable. In the recent past a complex of wild
ungulates was common for the steppe, semi-deserted and deserted landscapes. It included such
species as onager (Equus hemionus Pall.), Przewalski’s horse (E. Przewalskii Pol.), Bactrian camel
(Camelus bactrianus L.), saiga (Saiga tatarica L.), black-tailed gazelle (Gazella subgutturosa),
wild sheep (Ovis spp.) and others (photo 3-6).

All of them were common and numerous inhabitants of the steppes and tepid deserts. In the
1970s the winter herds of onagers in Kazakhstan semi-deserts had thousands of animals (Sludskiy,
1963). In the middle of the XIX century numerous herds of the Eurasian wild horse (tarpan) were a
common sight in the dry steppes and semi-deserts of Greater Caucasus Region and the interfluve of
the Volga and Ural rivers (Kirikov, 1983). According to the records of many researchers, in the
early XIX century in the prairies of the North America there were 50-80 million of bison (Bison
bison), 40-100 million of pronghorns (Antilocarpa americana), and the total number of the wild
ungulates was very close to the modern cattle — 103-118 million instead of 191 million (Watt, 1968).
In the protected nature areas of the African savannahs, where the ecosystems were preserved in their
original condition, the wild ungulates communities are exceeding the farm ones by the pasture load
and their functional significance to ecosystem. The idea that the numbers of wild mammals were very
dense in the natural landscapes, is supported by some paleontologists (Vereshchagin, Gromov, 1977).
They believe that in the late Pleistocene mammoth steppes the numbers of large ungulates in the herds
were very close to the ones that can be seen in the protected African territories nowadays. The scale
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and role of the animal grazing in the nature is one of the most important global factors, providing us
with the understanding of the formation, functioning and dynamics of the most terrestrial ecosystems,
distributed in the steppe and semi-deserted regions of the Earth.

Photo 3. Przewalski's horses and Bactrian camels, grazing together on a steppe (“Zhivaya Priroda
Stepi” association, Manych settlement, Rostov Region, April 2016).

Photo 4. Herd of American bison, grazing in a cereal steppe (“Zhivaya Priroda Stepi” association,
Manych settlement, Rostov Region, June 2018).

It is considered that grazing is a destroying factor, causing steppes degradation (desertification).
However, now it is known that increased animal grazing is not the only one to cause vegetation
degradation, because its total exclusion or just a simple restriction are equally fatal to the steppe
ecosystems, and are leading to the disturbance of indigenous steppe systems (Abaturov, 2006).
The main reason for these disturbances is accumulation of the non-decomposed dead vegetation
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mass (litter), the environmental importance of which was described for the first time in the
XIX century by I.K. Pachosky (1917) in the steppes of Circum-Pontic Region, and studied in the
Central Black Earth Nature Reserve (Kursk Region) by A.M. Semenova-Tyan-Shanskaya (1977).
The absence of grazing in the protected nature territories makes the litter mass (Steppe “felt”) grow
up to 10 t/ha, while on the pastures it is always lower or is not present at all (fig. 1). A sturdy and
thick litter layer oppresses many plant species, obstructing and slowing down their growth in
spring, and excludes their seed regeneration. The tussock cereals are the most vulnerable to this,
especially the needle grasses. The absence of seed regeneration leads to plants’ aging and
weakening, then thinning out, revealing clearly visible bare spots of ground which are covered with
litter instead of herbs (photo 7). When litter starts to accumulate, the productivity of vegetation
cover significantly drops; at the maximal thickness of litter (91 cwt/ha) the production® of the
aboveground phytomass (37 cwt/ha), according to our data, was significantly lower than of the
nearby pasture vegetation growing at the edge of the nature reserve (53 cwt/ha) with decreased (23
cwt/ha) thickness of litter (photo 7).

Nowadays it is well-known that litter formation causes a decrease of plants and animals’
species diversity, makes the steppes overgrow with shrubs and bushes, and has other negative
aftermaths which destroy the natural condition and functionality of the steppe ecosystem
(Didukh, 2014; Tkachenko, 2014).

Photo 5. A herd of camels, grazing on a steppe fallow land (former arable land; “Zhivaya Priroda
Stepi” association, Manych settlement, Rostov Region, July 2015).

In addition, the litter material keeps and excludes from the biological cycle a vast amount of
mineral elements the plants feed on, including the available nitrogen (Abaturov, Kulakova, 2010).
The material of steppe litter (according to the data for the meadow steppe of the Central Black Earth
Nature Reserve) contains from 0.91 to 1.69% of nitrogen and 7.26-10.23% of mineral matter.

® Annual increase of aboveground vegetation mass.
ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2020, Vol. 4, No. 2



ABATUROV, MOLCHANOVA 33

Photo 6. Przewalski's horses on a cereal steppe pasture (“Zhivaya Priroda Stepi” association,
Manych settlement, Rostov Region, October 2015).

g/m?
1 —
1000 A

800 1

600 -

400 -

PA WG IG

Fig. 1. Mass of steppe litter (g/m?, dry weight) in the steppe mixed-grasses-cereal communities of
the Northern Caspian Region (Dzhanybek). Legend: PA — protected area, WG — area with weak
grazing level, IG — pasture with intense grazing (Abaturov et al., 2016).

At the constant stock of dead vegetation material (litter), reaching 9000 kg/ha in the protected
nature areas (Bystritskaya, Osynchyuk, 1975; Semyonova-Tyan-Shanskaya, 1977), it holds and
excludes from the biological cycle about 50-160 kg/ha of nitrogen and 400-500 kg/ha of mineral
matter. It seems the values are only an insignificant part of their composition in the root-inhabited
soil. In the deserted-steppe (meadow-chestnut and solonetzic) soils of the Northern Caspian Region
(Dzhanybek Station of the Russian Academy of Sciences) a layer of 0-30 cm thickness contains
6400-10800 kg/ha of total nitrogen (fig. 2). However, it must be considered that most of this nitrogen
is in the humus, non-decomposed root mass, i.e. in a form inaccessible for plants and it is not part of
the biological cycle. Meanwhile the content of mobile soluble easily hydrolysable nitrous compounds
does not exceed 400-500 kg/ha, and the amount of easily nitrifying and more mobile nitrogen forms,
available for plants, is 220-230 kg/ha (fig. 2).
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Photo 7. Steppe vegetation state in the area where grazing is prohibited (on the left) and in the near
grazing area (on the right; Dzhanybek Station, in 2000).

Considering these exact “useful” forms of nitrogen, the steppe litter conserves and excludes from the
plant ration the mass of scarce and easily accessible nitrogen, which value is equal to the value of half
the nitrogen contained in the soil (Abaturov, Kulakova, 2010). Undoubtedly, during vegetation period
plants draw the maximal amount of these compounds from the soil, accumulating them in the dead
vegetation mass, excluding from the biological cycle and causing nitrogen deficiency for plants to
feed on. The amount of available nitrogen compounds and other nutrients significantly depletes, the

soil fertility drops.

9000 ~
8000 ~

8060

7000 A
6000 -
5000 -
4000 -+
3000 -
2000 A

Nitrigen composition, kg/ha

1000 ~
0 -

440 590 100 20

1 2 3 4 5
Nitrogen forms and substrate

Fig. 2. Stocks of various nitrogen forms in the
ground, in the steppe litter and in the
aboveground phytomass. Legend: 1 — total
nitrogen in a layer of 0-30 cm depth in the
meadow-chestnut soil, 2 — easily hydrolyzable
nitrogen in the same substance, 3 — easily
nitrifiable nitrogen in the same substance, 4 —
nitrogen in the steppe litter, 5 — nitrogen in the
aboveground vegetation mass (Kulakova,
2008).

Under these conditions the activities of
phytophages become the most important ones
for the ecosystems functioning, especially of
the herbivorous mammals. Animals of the
steppe pastures eat the most part of the
aboveground vegetation mass, process it during
digesting and metabolism and then fully return
it to the root-inhabited ground, with its mobile
(available for plants) nutrients. Most of the
utilized organic nitrogen assimilates when
digested, and returns to the ground as the
products of metabolism (urea, ammonia), where
they transform and become available for plants.
About 15 kg/ha of nitrogen returns back this
way (Abaturov, Kulakova, 2010).

Apparently, accumulation and negative role
of steppe litter is a regular phenomenon,
common for the steppe ecosystems, where the
high enough productivity of herbaceous plants
combines with the activity of reducers (ground
invertebrates, fungus and microorganisms),
decreased due to the arid climate. In these
conditions the reducers’ roles are played by the
herbivorous mammals that restore the balance
between synthesis and destruction of vegetation
organic matter, thus preventing the dead
vegetation mass from accumulation.

We should accentuate that without any
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grazing of the herbivorous mammals the steppe litter is not the only one to form in the territory;
another type of specific and ecologically important dead vegetation mass is the steppe dry grass. It
forms after the plants finished their vegetation and died, but the dry stems stayed attached to the
roots (photo 8).

In the steppe ecosystems steppe dry grass has a special ecological meaning. Those steppe plants,
especially the cereals, that finished their vegetation to the midsummer, then accumulated in large
amounts due to the absence of animal grazing and formed a layer of dry flammable litter, are a source
of constant steppe fires, which are very common for steppes where the grazing animals are scarce or
absent. It became especially noticeable in the European and Asian steppes in the past decades, after
cattle herds and grazing were reduced. The latter had caused the steppe fires to widely spread in these
territories, when fire was regularly covering large areas of the mixed-grasses-tussock-cereals steppes
of Russia and Kazakhstan.

The pasture influence affects vegetation as well as soil properties. It is well known that in the
arid ecosystems on the bare spots between the plants a layer (crust) of lichen, algae and moss
develops. It has a negative effect on the water-physical properties of the environment, and changes
the soil moisture regime, significantly decreasing its water permeability (photo 9; Gunin, 1990;
Belnap, 2008). Formation and efficiency of this crust depend on grazing intensity. In the dry steppes
of the Northern Caspian Region (Dzhanybek Station) the share of ground surface, covered with
such crust of cyanobacteria (Nostoc spp.), lichens (Calopla caraesaeneni, Endopyrenium
desertorum) and moss (Tortula desertorum), was noticeably dropping from 97% without grazing to
37% on the pasture. Meanwhile, soil permeability on the pastures unlike the territories without
grazing was growing 5 timed as the result of the ground cover destruction caused by the hooves of
the grazing animals (table 2). In this case, grazing of herbivorous mammals, farm animals included,
becomes an important element of the steppe ecosystem functioning.

Photo 8. Steppe during the dry summer period, with cereal plants that already finished their
vegetation and turned into steppe dry grass (on the left), under the same conditions but after a
steppe fire (on the right; Kalmykia, July 2007).

These examples are an evidence of the important functional role of grazing animals that control
many ecological processes in the steppe ecosystem, therefore becoming the significant factor of the
natural functioning of the steppe ecosystem. They prove that animal grazing (including the farm
ones) has a very specific role in the natural functioning and preservation of the steppe ecosystem.
It makes the steppe territories, affected by the grazing of the wild and, to a certain extent, farm
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animals, be referred to as the natural, stably functioning steppe ecosystems. And vice versa, without
the grazing animals the forming ecosystems should be considered disturbed and having no specific
features of functioning and appearance, typical for the steppes.

Photo 9. Ground surface in the nature reserve without cattle grazing (on the left), with a crust of
lichens (Caloplaca raesaeneni, Endopyrenium desertorum), moss (Tortula desertorum) and algae
(Nostoc spp.), and in the nearest pasture for livestock (on the right).

Table 2. Changes of soil permeability on the saliniferous solonetz, affected by cattle grazing,
Dzhanybek, in 1984 (Abaturov, 1991).

Pasture with Pasture with
Index Nature reserve . . .
moderate grazing intense grazing
Permeability coefficient,
mm/minute 0.055+0.001 0.054+0.004 0.240+0.019
Total amount of water,
absorbed in 260 minutes, mm 82.4+6.47 75.9+9.48 109.8+7.50

Mechanical Disturbance of Steppe Soils is a Natural Process

Land plowing is the most important anthropogenic factor, destructive for the steppe ecosystems.
However, even in the natural environment the processes similar to plowing are quite common,
unavoidable and widely performed by the vast amount of large and small fossorial animals, when
they process the soil mechanically. Specific soil-forming processes start in the areas, disturbed by
these activities, and as the result the complicated steppe ecosystems acquire some specific features.
For example, the ongoing long-term (thousands of years) activities of the ground squirrels
(Spermophilus pygmaeus) that widely inhabit the steppe significantly change its look (photo 10).
They dig up holes, forming little hills on the ground surface, and the hills form a typical “squirrel-
genic” landscape, which is common for the wide steppe territories.

The mole vole (Ellobius talpinus) is another very common animal, the activities of which are
widely spread in the steppes. It feeds on the roots of steppe plants and lives in the ground. The way
it processes soil is similar by its form and scale to the anthropogenic land plowing of the steppe
lands (photo 11). People noticed the mole vole’s activities many Yyears ago. The mole vole
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(“digger”) “digs the ground very intensely and leaves the piles of ground on the surface, and from
afar it looks like it’s been freshly plowed...; the piles stand so close to each other that often for ten
steps around there isn’t enough space to place a foot. This little animal doesn’t threaten the human’s
agriculture very much, on the contrary, while loosening the soil, it makes the ground “flufty”, as the
gardeners call it, and makes it more fertile; at least, | happened to notice that in the areas where the
diggers had been living for a long time, the hayfields improved and the meadowsweet and pea-tree
began to grow” (Zarudniy, 1897). After these animals deplete the available food resources
(underground plant organs), they move to another undisturbed place. Then, the abandoned,
exhausted and dug territory turns into a typical steppe fallow with annual plants (photo 11).

Photo 10. Typical landscape of a steppe formed by ground squirrels, created and maintained by the
long-term activities of Spermophilus pygmaeus.

Photo 11. Steppe ground dug by mole voles: a freshly dug spot on the left, an abandoned spot
(fallow land) on the right.

The systems of voles’ holes (Lagurus lagurus, Microtus socialis, Lasiopodomys brandtii etc.), the
single holes of various species of ground squirrels and other rodents make the upper soil layers loose,
the animals pierce the water-impenetrable horizons with their holes and tunnels, turning soil cover
sieve-like, thus making its depth easily accessible for precipitation (photo 12; Formosov, 1928;
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Abaturov, Zubkova, 1972; Abaturov, 1984; Dmitriyev, 2006). Otherwise, without these holes the
precipitation water stagnates on the ground surface, soil becomes silted, and the bared takir-like spots
start to form (photo 13). As the result of regular changes or rotation of the habitats used by these animals
(or, according to A.N. Formozov’s (1928) terminology, of the shifting system of agriculture), the entire
steppe surface can be quickly (on a scale of a century) and thoroughly dug.

c)

Photo 12. Holes of Microtus socialis: a) in Kalmyk steppe in April 2018, with the wild grasses in
the spot of abandoned holes in the background, and new holes in the foreground, b) new inhabited
holes in the Northern Caspian Region (Dzhanybek Station, June 2014), ¢) permanent holes on a
pasture of a mixed grass steppe in the Manych River valley (Manych settlement, Rostov Region,
April 2016).

The aftermaths of this zoogenic soil transformation are mostly permanent and more influential
than the usual anthropogenic plowing, after which the gradual soil recovery begins, returning lands
to their original condition. Every year in the dry steppe of the Northern Caspian Region (Dzhanybek
Station), when hibernation is over the population of the little ground squirrel (Spermophilus
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pygmaeus Pall.) comes to the ground surface from its wintering holes and builds hectares covered
with separated holes. Each of them is a vertical drain, 5-6 cm in diameter, piercing the ground,
including the water-impenetrable solonetzic layer, down to about 1 m, thus opening the access for
the melt and rain water to the saline soil depth (photo 14).

Photo 13. Slightly flooded ground surface after the rain (June 2012) without rodents’ holes (on the
left), and a bare patch with silted soil in a flooded area (on the right; October 2012).

Photo 14. A vertical spring hole of Spermophilus pygmaeus (its spring exit after hibernation) on the
saliniferous solonetz (a vertical ground drain about 100 cm deep (Dzhanybek Station, May 2008).

In the spring after the snow has melted away solonetzic saline soils of the Northern Caspian
Region steppes can be moisturized along these holes down to 1.5 m depth, while usually (without
the holes) water cannot penetrate deeper than to 40-50 cm (fig. 3). The changing pattern of the
moisturizing of the dug up soils causes severe transformations of their morphology, structure,
composition, chemical and physical properties. The saline regime and solonetzic characteristics of
these soils change very quickly, followed by the soils significantly thickening, sinking and forming
depressions (fig. 4). This process is permanent and causes formation of kettles with chestnut soils and
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steppe mixed-grasses-cereals vegetation and bushes. Then a microrelief forms with kettles and
complex soil-vegetation cover, which makes the formed steppe look patchy (photo 15, 16).
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Fig. 3. Soil moisture along the vertical holes of Spermophilus pygmaeus (Abaturov, Zubkova, 1972).
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vertical holes of Spermophilus pygmaeus (Abaturov, Zubkova, 1972).
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Photo 15. Microrelief with kettles in a steppe of the Northern Caspian Region with tussock cereals
(Stipa spp., Festuca valesiaca) along the kettles, and with black sagebrush (Artemisia pauciflora)
on the micro-sags (leftward), and bushes (Spiraea hypericifolia) along the west kettles (on the right;
photo by G.V. Lindeman; Dzhanybek and its neighborhood, September 1970).

Photo 16. Satellite imagery of a steppe landscape with micro-kettles in the Northern Caspian
Depression: the dark spots are the kettles with steppe mixed grass and cereals (N 49° 05, E 46° 11',
August 2003).

As the result, the environment becomes diverse. Elements of different nature zones combine there
in the same landscape (Milkov, Gvozdetskiy, 1978). There the typical meadow and steppe chestnut
and black-earth-like soils in the kettles can be found side by side with the deserted solonetz and
solonetzic soils on the micro-kames, while the meadow-steppe mesophilic mixed-grasses-cereals and
bushy vegetation alternates with xerophilic mixed grasses communities, halophilic herbs and semi-
shrubs.

We can name even more examples of natural transformation of the steppe soils under the
influence of mechanical activities of animals; they are various, widespread and well-known, like in
Mongolian steppes (Dmitriyev, 2006). They all definitely prove that such forms of soil
transformation are not a random phenomenon, but a regular natural process, which covers the entire
steppe territory inhabited by animals. Essentially, this phenomenon is the same with the
anthropogenic impact. In both cases it can be seen in the mechanical disturbance of soil composition,
structure and functions.

The differences can only be noticed when this phenomenon becomes too intense (i.e. constant
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plowing) or the transformations become irreversible in the case of some mammals’ activities. This is a
natural process, and the ecosystems that form under its influence are the natural formations, with no
significant differences between them and the anthropogenically created artificial ones. In both cases it
is a very important and often highly required phenomenon to provide a stable ecosystem functioning.
Certainly, the measures of protection, aiming to restore the natural ecosystems, should take into
account the necessity to preserve the processes that provide diversity of such ecosystems and create a
specific type of their natural functioning.

Conclusion

Many types of mechanical impact on the terrestrial ecosystems, similar to the anthropogenic
ones, such as cattle grazing, land plowing etc., are common for the natural environment as well,
without any connection to the humans’ activities. They have always been inherent for the steppe
ecosystems, the best examples for this are wild ungulates grazing and ground digging by fossorial
animals. Wild and farm animals equally play their specific and sometimes very similar roles to form
and stabilize the existence of the steppe ecosystems. Their activities in both cases are necessary, to a
certain extent, condition for the natural and stable ecosystems functioning, while their absence
causes disturbance and degradation. For example, it applies to the efficient role of animals in
recycling of an excess of overgrowing vegetation mass, which in its turn provides a balance to the
processes of accumulation and destruction of organic matter, created during photosynthesis,
anormal functioning of biological cycle in an ecosystem, and a sustainable functioning of its
vegetation components. Essentially, they are similar to many anthropogenic types of impact.
The difference is only in their scales and intensity of their effect; for example, it can be constant
plowing, excessive pasture load due to cattle grazing and common for anthropogenic types of
impact, or irreversible changes, caused by many types of wild animals’ activities. The exclusion of
such activities always has negative aftermaths. For example, a cease or decrease of cattle grazing on
the steppe pastures in the last 10 years has become the main reason for the ubiquitous distribution of
steppe fires, which constantly affect the steppe territories of Russia and Kazakhstan.

We have to admit that all the true steppe ecosystems have been formed under the impact of
these exact mechanisms, mostly natural, and now these steppes are natural formations that have no
significant differences from the same ecosystems with anthropogenic origin. The formation
mechanisms are the same or very close in both cases. Obviously, those blooming steppes with mixed
grasses and cereals, which are considered an example of classical natural ecosystems, undisturbed by
human activities, and are expected to form after the agricultural activities were limited or some other
protective measures were taken, do not exist in nature, or are very rare and exist for a very short period
of time. They were unable to exist stably without the mentioned mechanisms of steppe functioning in
the pre-anthropogenic past as well as nowadays. Without the said mechanisms of the human or animals’
impact, they become unviable, tend to quickly degrade and disappear after the fires.

The assertions about the necessity to restore forest communities in the steppes, which, as it is stated,
are more natural for the steppes than the herbaceous ones, do not take into account the significant
differences between the vitality of herbaceous and woody communities during the period of scarce
water resources. The underground localization of photosynthesis products for herbs makes their roots
mass grow and provides them with the faster and more efficient usage of water. Unlike herbs, in the arid
conditions trees spend their photosynthesis products to form a functionally useless trunk mass in the
aboveground area. Therefore, grasses in the steppe climate turn to be more competitive than trees, which
is the reason for the growth of steppe herbaceous communities as the natural indigenous ones.

Certainly, protective measures, such as steppe afforestation or restriction of agricultural
activities, while aiming to restore the natural ecosystems, should take into account the necessity to
preserve, to a certain degree, some of the natural and agricultural processes that provide the natural
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and stable functioning of the steppe ecosystems. Obviously, the modern attempts to restore the
natural ecosystems, transformed by humans, with the help of some protective measures, cease or
simple restriction of existing forms of environmental management will mostly be unsuccessful and
cause disturbance of the stably functioning steppe ecosystems.
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PaccmarpuBaeTcs HOBBIN METOX OLIGHKM OOWMIMS MIIEKONMTAIOIIMX HAa OCHOBE aHajIW3a NAHHBIX 3
(OTOJIOBYIIIEK, YCTAHOBJICHHBIX B Pa3IMYHBIX OMOTOMAaxX 3eHCKOro 3amoBeJHHKA: B IOATOIBIIOBOM
enpHUKe (MapT-HOsOph 2018 1. U (epanb-aryct 2019 1.), B 1y00BOM JieCy C y4acTHEM YEPHOM
oepesnl (heBpanb-okTssOps 2019 T.), B NMPUPYCIOBOM KOMIUIEKCE C 3apOCSIMH HBHSKA (OKTSIOph-
nexadpp 2019 1). B oTirume oT 3BECTHBIX METO/IOB OIIPEIEIeHN IIOTHOCTH HACETIEHHSI C MTOMOIIIBIO
(doToNOBYIIIEK, STOT HE TpeOyeT HCIONb30BaHHUS IIEPECYETHBIX KOA(DUIMEHTOB, OTpa)KaloUIHX
MOJBH)KHOCTh YUUTHIBAEMbIX BHJIOB XMBOTHBIX. [IpoBeneHO cpaBHEHHE IOMYYEHHBIX HAHHBIX C
pe3yjibTaTaMH CTaHJAPTHBIX CIIOCOOOB OMNpEAENCHUs] TUIOTHOCTH HACENCHHS MIICKOIHUTAFOIIUX
(3UMHME MapIIpyTHBIH y4YeT, MHOTOJHEBHBIH OKJaJ, y4eT IO BCTpeYaM Ha TPaHCEKTax).
[IponeMoHCTpUPOBaHBl BO3MOXKHOCTH IPEIaraéMoro MeToAa JUIsl KOJMYECTBEHHBIX XapaKTEPHCTHK
CE30HHON JUHAMHUKH >KHBOTHOTO HACEJICHUS U JIOKAJIBHBIX KOHLEHTpaLuii Oyporo Measens, kabana u
W3I00psT B pa3iMYHBIX OWOTONMaX BOCTOYHOH wacTh xpebdra TykypuHrpa. YkazaHbl OCHOBHBIE
MPEUMYILIECTBA U OTPaHUYCHUSI HOBOTO METO/A.

Kniouesvie cnosa: (HoToNOBYIIKM, Ha3eMHBIE JKMBOTHBIC, HOBBIE METOJBI OLICHKA OOWJIHMSA BHOB,
3eicKuii 3aII0BE JHIK.

DOI: 10.24411/2542-2006-2020-10059

HccnenoBanust S9KOJOTMH HA3€MHBIX KUBOTHBIX C IOMOILBIO (DOTOJIOBYIIEK B MOCIEAHUE TOJIbI
CTAQHOBSITCSI BAYKHOW COCTABIISIOIIEH ITOJIEBBIX 300JI0THIECKHX HaOmoaeHnii. CHadana GOoTOIOBYIIKH
UCTIOJIb30BAJIMCh MPEUMYIIECTBEHHO Il PEruCTpalliyd M ydeTa pelKUX BHJIOB XKMBOTHBIX. Toraa
MOJXOMBI K aHAM3y NaHHBIX OCHOBBIBAIMCh HA BO3MOXKHOCTH TEPCOHATBHON WACHTH(UKAIN
OOBEKTOB HM3YYCHHS C WCIOJIb30BaHUEM METOJOB MOBTOpHON peructpammu (Komm, 1979).
Peanm3arus momoOHOro MOAXO/a B OTHOIICHWH ydera TUrpa oTpaxkeHa B padore K.U. Karanth
(1995). C poctoM HoCTYTHOCTH (POTOJIOBYLIEK HAYAIM pa3padaThiBaThCsl METOIBI MX MCIIOJIb30BAHHS

! PaGora Bemonsena o teme HUP dynmamenransueix nccaenoBanuii IBIT PAH 3a 2018-2020 rr. «MozxenmpoBate
U TIPOTHO3MPOBAHUE MPOLIECCOB BOCCTAHOBJICHUS KAYECTBA BOJ M JKOCHCTEM MPHU PA3IUYHBIX CICHAPUSIX M3MEHEHUH
KIUMaTa W aHTpomoreHHoi gestenpHOCTH» (Noe 0147-2018-0002) Ne rocymapctBeHHO# permcrpamun AAAA-A18-
118022090104-8, pa3aen Tembl 2.6 « DBOIIOIMS HA3EMHBIX IKOCHCTEM B U3MCHSFOIIUXCS MPUPOIHBIX YCIOBUIX).
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JUIL OIICHKH OOWIUS (DOHOBBIX BUIOB HA3€MHBIX TO3BOHOYHBIX, MEPCOHAIbHAS HICHTH()HUKAINS
KOTOPBIX HEBO3MOXKHA WJIM HEpaluMOHaldbHA. MOXKHO BBIICIUTH [JIBA OCHOBHBIX HAIpPaBICHUS:
1) onpeneneHre OTHOCUTENILHBIX TTOKa3aTese 00K, 2) ONpe/Ie/ICHHE TUIOTHOCTH HACEIICHHSI.

B mepBom ciyuae npu 006paboTKe JaHHBIX (DOTONOBYHIEK OOBIYHO HMCIIOJIB3YEeTCs MOKa3aTellb
«KOJIMYeCTBa peructpanmiiy kaxmoro Buaa (OKenryxun, Orypuos, 2018). Hecmotps Ha
MIPEUMYIIECTBA, CBI3aHHBIC C IPOCTOTON 00pabOTKU JaHHBIX, OH UMEET psJl orpanndeHuil. Ilepoii
po0GJIeMOll SBJISETCS pelIeHre BOIIPOca: YTO UMEHHO CUMTATh 3a OJHY perucrpauuto? Jlaxe npu
OJTHO3HAYHOM PEIICHUH 3TOTO BOIIPOCA MOIYyYEHHBIC JaHHBIC MPEICTABISIOT MOKA3aTeIn OOWIIHS,
HECOIOCTaBUMbIE C pe3yJbTaTaMU CTaHIAPTHBIX METOJIOB yd4eTa 3Beped, TaKuX Kak: 3UMHHIM
MapupyTHelii yuer (nanee 3MYVY; Kyzsxun u np., 1990), muorogueBnsiii oknan (Pycanos, 1986),
y4eT KOmbITHBIX 1o faedekarusm (Copokuna, 1977) u ap.

Jlo mocnemHero BpeMEHHM JUIS pacyeTa IUIOTHOCTH HAcelIeHUs >KMBOTHBIX IO IaHHBIM,
MOJIYYEHHBIM ¢ (POTONIOBYIIEK, OOBIYHO MCIOIB30BaNIach Gopmysia, npemioxennas J.M. Rowcliffe
¢ coaropamu (2008):

D=(y/t)-(n/vr(2+0)),
rae D — mioTHOCTh Hacenenus, Y/t — komudecTBO (poTOHKCAIMi 32 €IMHHUILY BpEeMEHH, V —
CKOPOCTb (CpEIHsIsl) epeIBUKEHUS KUBOTHOTO, I' — JAJIbHOCTH JIeTeKIUU (0OHapyxeHust), 0 — yroiu
JETEKINH (B paguaHax).

Otnuune wmexay Gopmynoir Poxmuda D=(y/t)-(n/vr(2+0)) u dopmynoit Ddopmo3oa-
MaunsimeBa-Ilepenumuna D=(y/t)-(n/vr2) B TakoMm citydae CBOIUTCS JHUIID K 0, U €CIIH €ro MPUHSTH
paBHBIM HYIIO, TO pasHHULAa Mexay ¢opmynamu HuBenupyercs (Dopmoszos, 1935, 1990;
[Mepenemmn, 1956; Kyzskun u ap., 1990). Takum oOpa3om, mareMaTthdeckas OCHOBa ydéra
dotonoBymikamu 1o J.M. Rowcliffe ¢ coaBropamu (2008) wmaentuuna 3MY ¢ xapakTepHOil
npoOIeMoOl — Il ONpeNeNieHHs] TUIOTHOCTH HAcelIeHUs HEeoOXOAWMO 3HATh MapaMeTphl
MOJIBIKHOCTH yYYUTBHIBAEMBIX BUJOB: JIJIMHY CYTOYHOTO XOJla HJIM CKOPOCTh TepeaBrkeHus. [ms
KaXX/IOTO BHJIa OHU 3aBUCST OT MHOXKECTBa (haKTOpPOB: TIIyOWHBI CHEKHOTO IMOKPOBA, KOPMHOCTH
yroAuii, TeMIIepaTypbl BO3/1yXa, MoJja, BO3pacTa U Ap. BonbIIMHCTBO ATHX (PAKTOPOB CYHIECTBEHHO
MeHsieTcsl 1o ce3oHaM U rojam. Ilepecuernsie koadduuuentsr k hopmyne dopmoszosa g 3MY
MOJTy4ar0T C TOMOIIBI0 TPOIUICHWH WM YYETOB Ha IUIOMIAJKaX. TeopeTHUecKd [uis ydera
doTonoBymkamM 1Mo MeToauke Poknmda mokasarenu MOJBUKHOCTH BO BCE CE30HBI MOTYT
OTIPENIENIATHCS. TIPU TIOMOIM pajnomedeHus. OIHAKO BBUAY TPYMOEMKOCTH TIONYYEHHS IaHHOTO
napaMerpa 4acTO HCIIOJIb3yeTCs HeKas CpEeIHSsS BEIUYMHA CKOPOCTH TMEPEIBUKEHHS (CYyTOYHOTO
xo0J1a) 0e3 yueTra CE30HHBIX 0COOEHHOCTEN U YCIOBUN KOHKPETHOTO roja.

Msb1 paspabotanu u ampobupoBanmu wmeton (ITomonmbckuit u ap., 2019), mo3BossrOIHiA C
MOMOIIEI0  (POTOJIOBYIIEK ©O€3 JOMOJHHUTEIBHBIX IEePECUETHBIX KOA(P(PUIIMEHTOB IMOTy4aTh
KOJIMYECTBEHHBIC OIICHKH YHCICHHOCTH CPEIHHX W KPYMHBIX HA3eMHBIX 3Beped, CpaBHUMBIE C
pe3yabTaTaMi OOMICTIPHHATHIX METOAOB ydYeTa TUIOTHOCTH HAceNeHUs MieKonmuTarmux: 3MY
(Kyzsixkun u mp., 1990), yuera mMHoromHeBHbIM okiazoMm (Pycanos, 1986), yuera KOMBITHBIX MO
nedexkarusam (Copokuna, 1977), yuera mo BCTpedaM Ha TpaHCEKTaxX U Jp.

Marepuajbl 1 METOIbI

HccenoBanue MpoBOIMIOCH ¢ momoIisio 2 ¢goromoBymek SGI68 K-10M u oxnoit SG562-D,
YCTAHOBJICHHBIX B pa3jMyHbBIX Ouoromax 3elickoro 3amoBefHuka (AMypckas 00JIacTh).
[TonyyeHnHble AaHHBIE TOCTYKHJIA OCHOBOW [IJIsi anmpoOanuy TMpejiaraeMoil METOAUKU. 3EeUCKHUi
3aMoBeTHUK 3aHMMaeT BocTrounyio yacte xpedTa TykypuHIrpa 1 uMeeT iommans 99.4 teic. ra.

®otonoBymka Ne 1l crossa Onu3 3amagHOM TPAHUIBI 3alOBEIHHMKA HAa BOJOpA3Jele pPEK
Kamenymka wu Manas Dpaxunrpa (54° 09' 00.4" c.m., 126°47'14.3" B.1.) B MOATOJBIIOBOM
asHCKOM €JIbHUKE C KypTHHAaMH KEAPOBOTO CTJIAHWKA, y BepxHel rpanuisl jeca (1107 m H.y.M.
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BbC), Ha mepecedeHnn ABYX 3BEpUHBIX Tporl. JIOByIIka ObUla YCTaHOBJICHA MapauICIbHO JIMHUH
TOPU30HTA; B TIOJE 3pCHHE KaMepbl HAXOAWICS Y4YacTOK OOJIECEHHOTO IIOJIOTOro CKJIOHA,
OTPAaHMYEHHOTO KYpPTHHAMHU KEAPOBOTO cTiaHuWka. [lmomanp GoToperucTpanuu KHUBOTHBIX
OIIpe/IeNsIach Ha MECTE OIBITHBIM ITyTeM | cocTaBiaa 34 M. TTeproibl SKCIO3HIH (HOTOTOBYIIKHA
Ne 1: ¢ 15.03.2018 (10 g 30 muu) mo 01.12.2018 (00 u 00 mun); ¢ 22.02.2019 (16 u 07 MuH) 10
17.08.2019 (15 u 30 wmwunH). OOm@As AIUTEIBHOCTH SKCIO3UIMU — OKONo 14.5 Mecsies
(37721160 cexynm). Kamepa mocrossHHO paborana B pexume «hotow. Jis KakIoi perucTparuu
KUBOTHOTO OTMEUAJIKCh: JaTa, BPEMs, JIIUTEIBHOCTh TPEOBIBAHMS KUBOTHBIX B TIOJIE PETUCTPALIUN
(B cekyHmax), BHI, KOJHYECTBO OCOOE€H, BHEIIHME OCOOEHHOCTH (TI0JI, BO3PAacT, OCOOECHHOCTH
OKpAacKH) U OCOOCHHOCTH TMOBEICHUS KaXKI0TO KUBOTHOTO. 3a BpeMs paboThl (hOTOIOBYIIKH OBLIO
3apeructpupoBano 360 BCTpeu MIICKONMUTAIOMUX / BHIOB: 3as1-0emsik — 257 (porto 1), 6enka — 3,
kabapra — 15, u3100ps — 2, Oypsiit MeaBens — 52 (hoto 2), codons — 30, pocomaxa — 1.

®oro 1. 3asn-0ensik B ieTHeM Hapsae. PotonoBymika Ne 1.

®dotonoBymka Ne 2 crosima O7au3 OTO-BOCTOYHOM rpaHUIlbl 3anmoBeanuka (53°51'02.4" c.m.,
127° 22' 31.8" B.11.) y mobepexbst 3eMCKOr0 BOJOXPAHUITUIIA MEXTY 3aluBaMu kitoueidt Termbiid u
Pa3Benounsiii Ha rpebHe HeBbICOKOTO OTpora (423 m H.y.M. BC), mopocmiero myO0OBBIM JIECOM
C ydacThueM YepHOW Oepesbl; Mo TpeOHIO Bena 3BepuHas Tpoma. JIoBymika Oblia ycTaHOBIEHA
MapajuIesIbHO JIMHUHU TOpU30HTa. B 1mose 3peHne kaMepbl HaXOAMIach MOJITHA, OTPAHUYCHHAS JIECOM
W3 MOHTOJBCKOTO ay0a u uepHoit Oepesbl. [lmomans doTopeructpanuu, onpeaeacHHas OMbITHBIM
myTeM, coctaBmia 63 M. [Tepuonpl sxcmo3uruu dotosoBymku Ne 2: ¢ 11.02.2019 (15 1 03 muH)
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1o 05.03.2019 (13 4 05 mun); ¢ 23.04.2019 (9 1 00 munH) mo 16.10.2019 (10 u 50 mun). Ob6mAs
JUTUTEIBHOCTD KCTIO3HUITMU — oKoJio 6.5 mecsnes (17085480 cex). Kamepa nmocrossHHO paboTana B
pexume «poto». 3a Bpems paboTel (poToNOBYmIKM OBIIO 3apeructpupoBaHo 60 BcTpeu
MJICKOTUTAIOMUX 4 BHUIOB: cuOUpcKast kocyns — 9 (poro 3), u3obps — 5 (dhoto 4), kaban — 29
(doro 5), Oypsrit Mensens — 17.

®oto 2. MeiBeb MOAHUMACTCS K 3aPOCIISIM KEIPOBOTO CTIIAHWKA B TIEPUOJ] CO3PEBAHUS OPEXOB.
®oronoBymka Ne 1.

®dotonoBymka Ne 3 Oblla yCTAaHOBJICHA B IMPHPYCIOBOM KOMILICKCE JOJHMHBI p. ['apmakaH
(BepxHee TeYeHHE) y IONKHOW rpaHuisl 3amoBeannka (53°59° 48.1" c.ur., 127° 05" 24.5" B.1.).
Kamepa Obuta HampaBiieHa Ha y4acTOK OOKOBOTO pycia, MpUOpPEKHbIC KYCThl UBHSKA, a TAKXKE Ha
MOCTOSTHHYIO MapKHpPOBOYHYIO TOYKY PBICEH M POCOMax, PAcIOJIOKEHHYI y KOMIIS HaKIOHHO
cTosiiied morudineit aucTBeHHuIbI. [Inomans GoToperucrpanuu, onpeieieHHas ONBITHBIM ITyTEM,
cocrasmia 23 M. Tleproy skcrosuumn doronosymkn Ne 3: ¢ 21.10.2019 (13 4 03 mun 45 cex)
10 05.03.2019 (13 u 05 muH) — okoso 2 mecsieB. Kamepa paborana B pexxume «(hoto + BHAEO
(15 cex)». B 2019 r. Obun 3am0KyMeHTHpOBaHBI 23 BcTpeuw 3Bepedl 4 BuaoB: Kabapra — 1,
u300ps — 15 (doto 6), moce — 1, peick — 1. Panee 3Ta ¢oTonoByIIKa TakXke perucTpupoBalia
pocomax (doto 7) u BoakoB (hoto §).

B kadecTBe UTOrOBOTO KOJIMYECTBEHHOTO MOKa3aTessi paboThl (JOTOJIOBYIIIEK pacCMaTpUBACTCS
Harpy3ka OINpEACJICHHOTO BHJA Ha IUIOMIAAh 30HBI (OTO-BUAEOpETUCTpaIK (dajnee —
perucTpaiyu) 3a CIWHUIY BpeMEeHH (Mecsil, [eKajza, oOllee BpeMsl SKCIO3UIUH W T.IL.),
BBIDOKCHHYIO B KOJMYECTBE OCOOCH Ha €IWHUIlYy IUIomaau; Hampumep, ocodeit wa 1000 ra.
[TpucBorM emy ycioBHOe oOo3HaueHue — «D». [y momydeHuss HCKOMOTO TIOKa3aTessl Harpy3ku

SKOCHUCTEMBI: OKOJIOI'MA U JUHAMUKA, 2020, Tom 4, Ne 2
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(D) HeoOxoauMO BBIPAOOTATh MOPSAOK ONMPEACICHUS TPEX OCHOBHBIX HapaMeTpoB: 1) ruiomaib
30HBI PETUCTpPALMH, 2) MPOJODKHTEILHOCTh NPEOBIBAHUS KUBOTHBIX OIPEICICHHOTO BUJA B 30HE
perucrpanyu, 3) MPOJOIDKUTEIBHOCTh paboThl (3Kcmo3uiuu) QoTonoByiuku. [locienoBarenbHO
pPaccMOTPUM OCOOEHHOCTHU OIPEAEIECHNS YKa3aHHBIX IapaMeTPOB.

: Wi A
11/05/2019 14:42:46

®oto 3. Camerr Kocynu Ha NOJIsTHE B IyOOBOM Jecy. PoronoByiika Ne 2.

1) ITnowaow pecucmpayuu (Sr) Wid IUIOMAIL YYeTa 3aBUCHT OT TEXHHYECKUX IOKa3aTesel
(dboTonoBymku (yroia 0630pa, M1aabHOCTh cpadaThiBaHUs, NalbHOCTh MK MOACBETKM MW BCIIBIIIKH )
U OT OCOOCHHOCTEH ee pa3MmelieHus (HaKIOH Kamephl MO TOPU3OHTANIM, HAIMYUE TPENSITCTBUM,
pensed). CrnenyeT y4IUThIBaTh, YTO JUIsi OOJIBIIMHCTBA MapoOK (OTOPETHUCTPATOPOB peanbHas
JATBHOCTh CpabaThiBaHUsl JaT4YMKa OOBIYHO CYIIECTBEHHO HIDKE 3asBICHHON B TEXHUYECKOM
nacriopre. [loaTomy Bo m30exaHuWe OMMOOK Jake MPH OTCYTCTBUU TPENSATCTBUN, YaCTHIHO
MEepeKphIBAIONMX 0030p, IUIOMIA[b 30HBI PErHCTpPaAIlMM KaKJOW YCTAHOBIICGHHOH KaMepsl
M3MEpSIeTCS] HA MECTHOCTH ONBITHBIM ITyTeM. Ee MOYKHO pa3MeTHTh KOJIBIIIKaMU, 0003HAYAIOITIMH
YTOJI U JalTbHOCTh PETUCTPAIINH KUBOTHBIX.

2) Ilpooondcumenvrhocms npebvleanus sHcusomuvix 6 sone peeucmpayuu (Tr). B pamkax
mpenjaraeMoro  IMOAXOJa  OCHOBHBIM  [IOKaszarejleM  OOWius  SBISETCS  CyMMapHas
MPOJOJDKUTENFHOCTh MPEOBIBAHUST JKUBOTHBIX OIPENENIEHHOTO0 BHAA B 30HE PETHCTPAINU
(B cexyHI1ax) 3a OMpeAeICHHBIN nepuo (aekana, Mecdll, odiee BpeMs skcrno3uiun). Ecinu B mone
JIOBYIIKH (PUKCUPYETCS OJHOBPEMEHHO HECKOJIbKO JXHUBOTHBIX, TO JUIMTEIBHOCTH TNPEObIBAHMUS
(4MCI0 CEeKyH/) YMHOXAeTCsl Ha HX KOJMYECTBO (€CIM TpyNNa BOIUIA W BBIIUIA W3 IO
perucTpaly CHHXPOHHO) WJIM PAaCCUMTHIBACTCS KaK CyMMa BPEMEHH MpeOBIBaHUS BCEX OcoOei

OKOCHUCTEMBI: OKOJIOI'NA 1 JUHAMUKA, 2020, Tom 4, Ne 2
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rpymnmel. Heo6xonuMo ko BpeMeHH NMpeObIBaHUS B 30HE PETHUCTpAalMU JA00aBISATH 3ara3/bIBaHHe
MEXy BXOJOM J>XHBOTHOTO B 30HY PEruUCTpalii U TepBo ¢oTorpadueii (HavaaoMm BHJIEO),
MIPOJIOJKUTENILHOCT 3TOTO TMEPHOJa 3aBHCUT OT TEXHUYECKUX XAPAKTEPUCTUK (DOTOJOBYIIKH U
pa3mepa u kiacca Hakomurtens. OnpeAenuTh €ro J0CTaTOYHO MPOCTO MPAKTHUECKUM ITyTEM, HO
HEOOXOJMMO TIOMHUTh, YTO TPU CMEHE KapThl TaMATH Ha OTIMYAIOIIYIOCS JPyrou
BMECTUTCIIBHOCTBIO HpOHSOﬁHéT U U3MCHCHHUC 3alla3lbIBaHUS. CYMMapHaSI JIUTECIIBHOCTD
npeObIBaHMS 3BEpeil B 30HaX peructpainuu (poToJoByIIeK 0 MecslaM MpuBeaeHa B Tadnumax 1-3.

07/05/2019 17:14:19

®oto 4. Camka n300ps Ha nosisgHe B 1y0oBoM Jiecy. DotonoBymka Ne 2.

3) Ilpooonscumenvocmo  sxcnosuyuu  omonosywiku  (Tt)  ykaspiBaeTcsi B CEKyHax.
B 3aBrcHMOCTH OT 3a7a4M HCCIIEIOBAHUS MOTYT PacCCMaTPUBATHCS Pa3IMIHbIE BPEMEHHbBIC HHTEPBAIIBI
paboThI (CYTKH, JIeKaaa, Mecsll, oO11as MpoAoJLKUTEIBHOCTh IKCIIO3UIIMK Kamepbl). B Hamem ciydae
JUIS pacyeToB TUIOTHOCTH HACEJICHWsI YUUTHIBAEMBIX BHIIOB HCIIOJIB30BAIHCH JUTUTEIBHOCTh PaOOTHI
KaMepbl B TCUCHUE KAKIOTO MECAIIa, a TAKKe 00LIast POIOIDKUTEILHOCTD dKCo3uiuu (tabs. 1-3).

Pacuem nnomnocmu nacenenus. [lomyduB Bce MCXOMHBIC JAHHBIC, MBI PACCUNTAIN TTOKA3aTEIH
OOWIMS pa3MYHBIX BHAOB HA3eMHBIX MIICKOMUTAIONMX JUIsI KaKIOrO0 Mecsla 3a Iepuoj
IKCTo3uImMu  Kamep (tabm. 1,2). B kadecTBe mnpumepa MNpHBEACM TMOPSAIOK OMpeIe/ICHHs
nokasaresneit oouus 3aiia-oenska mo gaHubM JoBymik Ne 1 B mapte 2018 r. (tadm. 1).

Ipooonsxcumensnocms pabomet (3xcnozuyuu) pomonosyuxu (Tt) B 3TOM Mecsie COCTaBHiIa
23909 munyt wimm 1434540 cexyna. Ecnu Obl B TE€YEHHE 3TOTO BpPEMEHHU 3asl] HAaXOIWICS B
mpezeNiax 30Hbl PETHCTpalldi, TO Harpy3ka Ha Hee coctaBwia Obl 1 ocoOb Ha 34 M°. PeasHoe
spems pecucmpayuu (Tr) cocrtaBmino 39 cexyna. C MOMOIIBIO MPOMOPLUH ONPEACIIEM Harpy3Ky
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JUTS 3ai1a WK niomHocme Hacenenus 6 3o0ne pecucmpayuu (Dr) —0.000027 ocobu Ha 34 M.

‘h—l "‘

®oto 5. KaGaHbI-poLuIoro Ik BECHOM Ha NoJsiHE B 1y00oBoM jecy. PoronoByka Ne 2.

doto 6. 13100pb moegaeT Cyxyr TpaBy MO MApKUPOBOYHON TOUKON KPYITHBIX XUIITHHKOB.
®dotonoBymka Ne 3.
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®oto 7. PocoMaxa OTXOAUT OT MapKUpOBOYHOU TOUKU. DoTosoBymnika Ne 3.

®oT1o 8. MaTepslii BOJIK Ha HAJIEIHU B BEpXOBbAX peku ['apmakan. dortomoBymka No 3.
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Tadoauua 1. TIIOTHOCTh HaceleHHWs HAa3eMHBIX MIIEKONMTAIONIMX Ha YYacTKe pErucTparuu
doronosyuku Ne 1 (Sr=34 v?).

Bunnl
3aan Kabapra | U3wops | MeaBeab* | Co00Jb POC(:‘MaX
IMpoxosxu- = = = = = =
Mecsin, | TeJbHOCTD ; ; ; oy ; ;
roj padoThI =t S =t S =t S =t S = S = S
(cekyman)) | 2 | S | 2| 2| 2| 2| 2z 2|2 2 |z2
) ’E ) ’E ) ’E ) ’E ) ’E ) ’5
© S © S © S © S © S gl Y
S S S S S S
S ) S S S S
2018 r.
Maprt 1434540 | 39 | 7.9 0 0 0 0 0 |10 21 |0 | O
Anpens | 2592000 | 49 | 5.6 0 0 0 0 0 02 (0] O
Maii 2678400 | 268 |29.4| 16 [1.74| O 0 5 |056| 6 |065]|0| 0
HroHb 2592000 | 191 [21.7| 13 |148] O 0 0 0 (271 31 |0 ] O
Hronb 2678400 | 93 |10.2| 25 [2.75| O 0 |111(122|28| 11 |0 | O
Asryct | 2592000 | 163 {185| O 0 38 | 4329233111125 |0 | O
CentsiOps| 2678400 | 42 | 46 | 7 |0.77 27 | 2.96 099 0| O
OxTs16ps | 2592000 | 53 | 6.0 | O 0 6 |0.68 091 {0 | O
Hostops | 2678400 | 84 | 92 | 0 0 0 0 033 | 4 |0.44
Beero 3a 22 516 140
982 | 12.8| 61 | 0.8 | 38 |0.49| 441 [7.05*/104| 1.36 | 4 |0.05
2018 r. |(18 403 200)*
2019 r.
®espanb | 547 620 0 0 0 0 0 0 0 0| O
Mapt 2678400 | 62 | 6.8 0 0 0 0 0 0| O
Anpens | 2592000 | 111 | 12.6 0 0 0 31 | 35| 0 0 0| O
Mait 2678400 | 132 (145 11 |124| O 0 0 0 0 0 0| O
HoHb 2592000 | 255|289 11 [1.25| O 0 068|10| 114 | 0| O
Uronb 2678400 | 61 | 6.7 | 30 | 33| O 0 0 0O |11 12 |0 | O
Asryct | 1438200 | 41 | 84 | O 0 0 0 | 95 (194 9| 18 |0 | O
Bceero 3a | 15 205 020 «
2019 r. (11 979 000) 662 |12.8| 52 | 10| O 0 |126 (3130|058 | 0| O
Bcero 3a
37721160 | 1
201 128|113 |0.88| 38 | 0.3 | 567 | 5.,5* |134| 1.04 | 4 |0.03
200208:; 30 382 200)% 644

Ipumeuyanus k Tadauuam 1, 2 u 5. * — I[pu pacuerax cpeaHeil INIOTHOCTH HACEIEHUS 3a IEPUOJT
paboThI (POTOJNIOBYIIKH I MEIBEISl YUUTHIBAIOCH TOJIBKO BPEMsl aKTMBHOCTH BHE 3UMHEH CIISIUKU
C ampess 1o OKTAOPh BKIIFOYUTENBHO.
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Tadoauua 2. TLIOTHOCTh HAceleHHWs HAa3eMHBIX MIICKONUTAMONIMX HA YYacTKEe pErucTpanud
doronosyuku Ne 2 (Sr=63 m?).

Buani

Kocyus N3100pb Kaban Mensenb

g g = g

Mecs, IIpoao/KUTEBHOCTD - 4 - ) - 4 - S

2019 r. PadoThI (CeKYH/IbI) = = == = = <~

(=] = = (=]

3 3 3 3

®deBpaiib 1414 980 49 55 0 0 677 | 759 | O 0

Maprt 479 100 126 41.7 0 0O |1454 |1481.7| O 0

Arnpenb 637 200 0 0 0 0 0 0 0 0
Maii 2 678 400 6 04 34 | 20 26 154 | 203 | 12.0
HroHb 2592 000 0 0 0 0 116 7.1 | 363 | 22.2
Hronn 2 678 400 0 0 0 0 0 0 50 | 2.9
ABTryCT 2592 000 0 0 0 0 0 0 7 | 043
CeHTs0pb 2678 400 0 0 0 0 26 | 154 | 7 | 041

OxkTs0ph 1 335000 11 1.3 31 | 3.7 0 0 0 0

Bcero 3a 17 085 480

2019 1. (15 191 400)* 192 1.8 65 | 0.6 2299 | 21.4 |630*| 6.6

Taoauua 3. TDIOTHOCTH HAcelleHMs HA3eMHBIX MJIEKONMMTAIOIIMX Ha Y4YacTKE pErucTparun
doronosymku Ne 3 (Sr=23 m).

Buasbl
Ka6apra HN3100psH Jloch Co604b | Poich
] ] 2] 2] <
Mecsin IMpoao/xuTen- ; ; ; ; ;
aotgr, | Moeepabor | g 2 g 2 = £ =l 25 S
(cekyHaBI) > gy > g > g > = =
g = 5| B g 8 | 5| 85 | £ =
[} é > é > é > é > é
= (= = = =
(5] (5] [P} [P} [P}
=) =) =} =} =}
OxkT0pH 817 305 0 0 196 | 1043 | O 0 0 0 0] 0
Hos6ps 2678 400 12 | 19 | 716 |116.2| O 0 |[31|50 (0] O
JlexaOpb 1016 846 0 0 865 | 369.8 | 413 (176.6|18 | 7.7 |15| 6.4
Bcero 4512 551 12 | 12 |1777|171.2 | 413 | 399 |49 | 4.7 |15| 14

ITnomunocme nacenenusi (D) 6 nepecueme na cmanoapmmuyio mepy niowaou coctaBiseT 7.9 ocobu
Ha 1000 ra. Takum o6pazom:

D=((Tr/Tt)-10000000)/Sr,

rae Ir — cymMmapHOe BpeMsl HaXO)KIEHHUs >KMBOTHBIX YYMTHIBAEMOIO BHUAA 3BEped B 30HE
peructpanuu (OTOJOBYIIKH B CEKyHAaX, It — BpeMs paboThl (IKCHO3WIMU) (POTONOBYIIKA B

SKOCHUCTEMBI: OKOJIOI'MA U JUHAMUKA, 2020, Tom 4, Ne 2



56 HOBBI METO/] CITIOJIb30BAHNS ®OTOJIOBYIIIEK ...

CeKyHIaxX, SI — TIUIOm@Ab 30HBI perucTpanuud (POTONOBYIIKM B KBagpaTHBIX MeETpax.
CraTuctuueckuil anmapart, CBSI3aHHBIN C MpejiaraeéMoi METOJ0JOTHEH, ONMCAaH B TOTOBSIIEHCSA K
BbIXONy cTatbe B.A. Kactpukuna ¢ coaBTOpaMu MOCBSIIEHHONW MCIOIB30BaHUIO (OTOJOBYIIEK HA
TEPPUTOPUN XUHTAHCKOTO 3amoBeaHUKA. Tam ke mpuBoauTCs U (hopMmyna pacuéra CTaHIAPTHOTO
OTKJIOHCHHMSI, U3 KOTOPOTO MOXXHO MOJYyYHUTh HEOOXOIMMBIE MEPhI pacCesTHUS (IUCIIEPCHIO, ONTHOKY
CpenHel) W TpHUMep HCIOJNB30BaHUS «OyTCpAM» METOAa JJs IOCTPOCHHS JOBEPUTEIHHOTO
HWHTEpBaja reHepaIbHON CpeIHEN.

Pe3yabTaThl M 00Cy:KIeHHE

[IpoBeneM cpaBHEHHE IMOKa3aTeNlei, MOITY4YEHHBIX PAa3HBIMM METOJAMHU OLIEHKM OOMIIUS
MJIEKONUTAIOIUX U OCOOCHHOCTH JKMBOTHOIO HACEJNEHUs pa3IM4yHbIX Y4acTKOB 3€HCKOro
3aIl0BE/IHUKA, BBISIBJICHHBIE C TIOMOIIBIO (DOTOIOBYIIIEK.

3anaonaa yacmv 3anoseonuxa. CpaBHUBAINCH JaHHble, noiydeHHsle B 2018 u 2019 rr.
¢doronoBymkoir Ne 1, ycTaHOBJIEHHOM B CpPEIHETOPHOM MOJTOJIBLIOBOM asHCKOM €JIbHUKE, U
pe3yabTaThl YY4ETOB MHOTOJHEBHBIM OKJIQJOM Ha Iuiomanke «KameHymika» 3a Te e TOJBL
Orta Onmwkaiiinas yyeTHasl IUIOINAJAKa 3aloBeJHUKAa HaxoauTcs B 1-6 kM rokHee joBymku Ne 1.
bosbiiast wacte cranmonapa «KameHyIlka» OTHOCUTCA K HU3KOTOpbSIM. BHOTOIN cpeaHeropHsbie
astHCKHE eJIbHUKU 3aHUMAIOT He Oosiee 1/4 TeppUTOpuu MIIOLIAIKH.

HecmoTpss Ha OTMeueHHBIE pa3MyMs B YCIOBHSIX OOWTaHMs, y Kabapru, H3I00ps, 3aila u
pocoMaxu IOKa3aTeld YHCIEHHOCTH, IIOJy4YeHHble B 30HE (POTOperucrpanuu, BIOJHE
COMOCTAaBUMBI C TAKOBBIMH Ha IUIOIAJKE MHOTOJHEBHOrO okiana «Kamenymika» (tabin. 4). bonee
BBICOKOE 00MIMe OOJIBIIMHCTBA YIIOMSHYTBIX BUJIOB B 30HE (POTOPETUCTPALMM CBA3aHO C TEM, YTO
KaMmepa OblLIa HallpaBJIeHa Ha IMpeceuyeHue 3BepuHbIX Tpon. KpoMe Toro, nmoarosplioBas 30Ha, e
pacrionaraiach (hOTOJIOBYIIKA, XapaKTEPU3yeTCs] MAaKCUMaJIbHOW IUIOTHOCTBIO HaceleHHs Oerska.
OTcyTcTBHME KOCYIM B JIaHHBIX (DOTOJOBYIIKM OOBSCHSAETCS TEM, YTO 3TOT BUJ B 3eHCKOM
3allOBETHUKE TATOTEET K HHU3KOrOpbsM, M30eras MOArOJBIOBBIX €JIBHUKOB U BOOOIIE
CpeIHETOpHBIX OMOTONOB. OTCYTCTBUE JIOCS OOBSICHAETCS OTHOCUTEIBHON PEIKOCTHIO ATOrO BUJA.

[TokazaTeny 4MCIEHHOCTH MeJBens, moidydeHHble B aBrycre 2018 r. B 30He (oToperucrpauuu
(33.1 0co6u/1000 ra), conocTaBUMBI C IUIOTHOCTBIO HAcEI€HHs B TOPHBIX TYHIpPax NpU OOMILHOM
yposkae keapoBoro criaanuka (11.1 ocoou/1000 ra), onpeaenennoit B 2000 1. BO BpeMsi BU3YaJIbHOTO
yuyera Ha ydacTKax ¢ OTKpbIThIM o0030poMm (Ilomonmbckuii, KpacukoBa, 2003). YpoxkailHOCTbH
KeapoBoro criaaHuka B 2018 r. Obu1a BbIIIE CPEHET0, HO HE JocTUrana Makcumyma. [ToBbleHHbIE
MOKa3aTeIN YUCIEHHOCTH B 30HE (DOTOpErHCTpaluy CBA3aHbl C TEM, YTO Kamepa ObUla pacrolokKeHa
Ha MEepPEeceYeHUH TPOII, MPOJIOKEHHBIX U aKTUBHO HCIOJb3YEMbIX MEABEISIMU BO BPEMs CE30HHBIX
KOYEBOK.

Cpennue mokazaTtenu YuciIeHHOCTH coboust o qaHHbIM (oTtonmoBymiku (0.6-1.4 ocobu/1000 ra)
MIPUMEPHO Ha TOPSIOK HIDKE, YeM Ha IO Ke MHOTOJHeBHOTO okiIana (9.3-16.3 ocoou/1000 ra).
BeposiTHO, 3T0 cBsizaHO ¢ TeM, uTo kamepa SG968 K-10M B OonbIMHCTBE ciyyaeB HE YCIEeBaeT
c/ienaTh CHUMOK CO0O0JIsl, IEpEMENIAt0IIEerocsl C BRICOKON CKOpOCThI0. Bpemsi cpabaTreiBaHus 3TOM
MOJIEJIN CPABHUTEIBHO BEIMKO U COCTABISAET MPUMEPHO 1.5 CeKyHbI, 32 KOTOPbIE CO00TIb OOBIYHO
yCHeBaeT MOKUHYTh 30HY QoToperucrpaiuu. MoxxHO cenaTh BbIBOJ, YTO MOKA3aTEeNIH MJIOTHOCTU
HaceJeHus co0oJisl, MOTyuyeHHbIE NMPU MOMOIIM JTAHHOTO THMa (OTOJIOBYIIEK, HECOIOCTaBUMBI C
JAHHBIMHU, MOJIYyYUEHHBIMH CTAHJIAPTHBIMH MeETOJaMU ydeTa (MHOTOAHEBHBIM oOkjaax u 3MYVY).
doTos0BYyIIKAa HU pa3y HE 3aUKCUpOBaJIa TOPHOCTAs U JIACKY, OOMTAIONIMX Ha paccMaTpuBaeMoi
TeppUTOpUU. JlaHHBIE BUBI OBICTPO MEPEABUTAIOTCS, a TAKXKE YaCTO «MUHUPYIOT» CHET, IO3TOMY
HE perucTpupyrorcs kamepoil. He mopnmatorcss ¢oroydery Takke BUABI, MPOBOASAIINE OOJBIIYIO
4acTh BPEMEHH Ha JIEpeBbiX — Oelka U JeTsra. benka Obu1a 3apeructpupoBana (poTokaMepoil JuIib
3 pasa, neTsara — HU pasy.
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Tabamna 4. Pe3ynpTaThl OLEHKM OOWIMS MIIEKONUTAIOIIMX B 3allaJHOM YacTH 3allOBEIHMKA
pa3sHBIMU METOJIaMH.

Buasi (oco6eii/1000 ra)
= | | E| 2| & 2| 3 =| 5| &
MeToabl EE E E é- Lé‘ §>§ é g é % E
%} %)
TEEISIE| 8|2\ 7|0 B|5| &)=
doroperucrpanus
B ITOJITOJIBI[OBOM €JIbHHKE
(-1t Ne 1), makcumaneusre | 29.4 (032 0 (27543 00|31 0 | 0 |0.44/33.1
cpenHeMecsuHble okazarenn:| 28.9 | 1. 0 33| 0 0/0]|18]| 0 0 0 |19.4
2018
2019
dotoperucrpanyus
B ITOJITOJIBI[OBOM EJIHbHHKE
(-1 Ne 1), cpenuue 128 |{0.05| 0 [ 0.8|049| 0 |0 (136| 0 | O |0.05|7.05
mokasarenu 3a nepuon ydera:| 128 ({0111 0 10| O | 0 |0 |058| 0O | O | O 1

MapT-H0s10ps 2018 1.
despanb-aBryct 2019 T.

dotoperucrpanus
B MTOJITOJILIOBOM €THHHUKE
(-1 Ne 1), cpennue moka-
3arenu 3a 2018 u 2019 rr.

12.8 |0.08| 0 [0.88/ 03| 0|0 |104| O | O |0.035.5*%

Y4eT MHOTOAHEBHBIM
OKJIJIOM Ha IUIOLIA/IKE
«Kamenynika»

B Mapte 2018 1.

B Mapte 2019 1.

= = = 2= H.I[.*

Busyanbnblii yuetr MenBenen
B TOPHBIX TYHJIpax B TOJl 111
60raToro ypoxas KeipoBoro | — i et A e Bt et I e Bl '
ctinanuka (aBryct 2000 r.)

VYuer meaBene B TOPHBIX
TyHJIpax 0 3KCKPEMEHTaM
HEYpOXKalHBIN roj - - - - - | =] - - | =1 -
(aBryct 2002 r.)

1.4

Ilpumeyanus k taéauuam 4 u 5: *H.I. — HET JAaHHBIX, ** — Mpu pacderax cCpeaHEH TUIOTHOCTH
HacelleHus 3a mepuon paboThl (OTONMOBYIIKM JJIE MEABEAS YYUTHIBAJIOChH TOJIBKO BpeMs
AKTUBHOCTH BHE 3UMHEH CIITUKH C arpess M0 OKTSIOPh BKIFOYUTENBHO.

B otnuynie oT OOJNBIIMHCTBA IPYrUX YYETOB, XapaKTEpU3YIOLIUX OOuIIne 3Bepeil 3a KOPOTKUI
nepuoy nposeneHus padot (3MY, MHOTOIHEBHBIN OKJIAT) WM 32 BECh CE30H (yUET KOMBITHBIX IO
nedexanusM), TpeiaraeMblii  METOJ  TO3BOJSET OTCIEKMBATh H3MEHEHMsI TOoKaszaTelei
YHUCJIEHHOCTH XMBOTHBIX 3a BEChb Iof. OJTO JaeT BO3MOXKHOCTh aHAIW3a CE30HHBIX HM3MEHEHMH
’KMBOTHOTO HaceseHus (puc. 1, 2).
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Puc. 1. /lunamuka )UBOTHOTO HAcEJICHUs B asHCKOM €JIbHUKE y BEpXHEW rpanuisl jgeca B 2018-

2019 rr., 3anagHas 4acTh 3eHCKOT0 3amoBeIHUKa (110 TaHHBIM (OTOTOBYIIKH Ne 1).

0?2
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B I Nexannr mecsina .
: -------------- (matBl):
L 1-01-10 vucao, o
i II - 11-20 yncao,
s 1T - 21-30(31) uneno.
c -:‘ 1 1
— {
(—] b |
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s : I
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O 1 1
S 4 -
[#) 1 Lo
= i -
! -
I O U e e 1
NIapjr anpeJb Maii HIOHb HI10J1b aBI'YCT |CeHTAOPH| OKTAOPL | HOSIOPH
2019
L pressssssessees oo . s e Jlekaanpl Mecsina (1aTb1).
42 A e o b o o
o U . o e o - | - 01-10 umcao,
gg B o o [ oo - Il - 11-20 umcio,
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I e e e e e e I e T A e e e e ]

MAapT anpeJib Maii HIOHb HI0JIb aBIrycT |CeHTAOpPH| OKTAOPHL | HOAOPH

Puc. 2. TlogexanHas TuHaAMMKa TUIOTHOCTH HAcCeJIEHUS MeZBeled B asHCKOM eJbHHMKE y BepXHeH
TPaHUIIBI JIeca — 3amaHasl YacTh 3eHCKOro 3amoBeHuKa (10 JaHHbIM (oToI0BYIIKH Ne 1).

JlJ1s TOpHBIX TEPPUTOPUIN XapaKTEPHbI CE30HHBIE KOUEBKH 3BEpPEN MEKIY BHICOTHBIMHU IOSICAMH,
CBSI3aHHBIC C KOPMOBBIMH U 3aIIUTHBIMU YCIIOBHSIMH, a TaK)Ke C TIyOHMHON CHEXHOTo MoKpoBa. B
asHCKMX eJIbHUKaxX IOArOJibIIOBOM 30HBI Xpebra TykypuHrpa yxke K Hadainy sHBaps IIyOuHa
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CHEXKHOTO TTOKpoBa 00bIYHO TpeBbImaet 50-60 cm, a k Mapty gacto gocturaet 1 m. Kabapra xoporo
IIPUCIIOCOOJIEHA K YCIIOBHSM MHOIOCHEXbsI, OIHAKO MPH BbICOTE cHera 0ojee 50 cM OHa CTaHOBUTCSA
ype3BbyaiiHo ysi3BUMOM st xuiiHUKOB (Ilogonbsckuii u ap., 2006). Ha Hee HaumHaeT ycreurHo
OXOTHTBCS cO00Ib. B CBsI3M ¢ 3TUM B Hayaje 3uMbl Kabapra CIyCcKaeTcsi U3 MOATOIBLIOBBIX assHCKUX
€IbHUKOB B HM3KOropbsi. B Mae mocie cxoma OouiblIell 4acTH CHEXHOIO IIOKpoBa Kabapra
BO3BpAILACTCS B IMOJTOJBIIOBBIC €IFHUKH. B OSCCHEXXHBIN TMEpHOA 3/1eCh M3pEIKa OTMEYAroTCs U
n300pu. B omiimune oT KONBITHBIX, 3as1 O€NsSK U cO00Ib OTHOCATCS K MOCTOSHHBIM OOMTaTENsIMU
BEPXHEH TIpaHUIbl Jieca. YKa3aHHbIE 3aKOHOMEPHOCTH JMHAMUKM U CTPYKTYpPbl JKHBOTHOIO
HACEJICHHsI aSTHCKUX CJIbHUKOB 3eHCKOro 3al0BEJHUKA PETHCTPUPYIOTCS €XeroqHo (puc. 1).

BaxHoit 0co0eHHOCTBIO 3€iCKOro 3aloBETHUKA SBISIFOTCA CE30HHBIE KOHIIEHTPALUH OypBIX
MeJBe/Iel B 3apOCiIAX KEAPOBOTO cTiaHuka M TopHbIX TyHApax (ITomonbsckuii, Kpacukosa, 2003).
Boctounas uacte xpebra TykypuHrpa nposeraetr Mexay 3eiicko-bypemHCckoill paBHUHOW u
BepxHeselickoii HU3MEHHOCTBIO, I'/1€ MPAKTUYECKU OTCYTCTBYIOT OOMIIBHO IIJIOOHOCSAIINE MAaCCUBbI
KEJIPOBOI'0O CTIaHuKa. B ropl Xopoliero ypoxas K€ApOBBIX OPELIKOB, OTMEUaeMble yepes 3-5 Jer,
B BEPXHUX I0sCaX rop (rOpHbIe TYHAPHI C KYpTUHAM CTJIAHUKA U CIUIOIIHbIE KEPOBOCTIIAHUYHUKN)
o01Iel TIIomaabi0 0KoJIo 3.2 THIC. Ta, COOMPAIOTCS] MEABEI C IJIOLIAIH, B 2-3 pa3a MpeBhIAIOIeH
BCIO TEPPUTOPUIO 3alOBEAHMKA, 3aHuMMaromero okoso 100 Teic. ra. Ilepememiasch kK MecTam
KOPMEKKH M OTKOYEBBIBAsi OOPATHO K Y4aCTKaM IOCTOSIHHOIO OOMTaHUs, MEABEAU MPOXOAST Yepe3
HOJroJIbLOBBIE €1bHUKU. C NOMOIBIO (DOTOJOBYILKH, YCTAHOBICHHOH B Mpejeiax 3Toro Ouororna,
yIaIOCh HE TOJBKO ONPENeNUTh I[OKAa3aTedH YHCICHHOCTH, HO TaKke OOBEKTUBHO
OXapaKkTepU30BaTh MOAEKAJHYI0 AMHAMHUKY IpOLEcca CE30HHOM KOPMOBOM KOHIIEHTPALUU 3TOTO
BUJIa B TOJIbI C PA3JIMYHON YPOXKAWHOCTBIO KEIPOBOTo crianuka (puc. 2). [locie Beixona u3 Gepior
(cepenuHa ampens — HayaJlo Mas) W J0 Hayaja CO3pPEBaHUS KEJPOBBIX OpeXOB (KOHELl MIOIS —
HAyajio aBrycTa) MeABEAM OTMEYAINCh JIUIIb 3MU30UYECKH. XapaKTEpHO, YTO B OTHOCHUTEIHHO
ypokaiiHoMm 2018 1. 3HauuTeNbHAas KOHIICHTpAIUs MeaBeei B moaroiabiioBoi 30ue (32.8/1000 ra)
Hayajach y)K€ B IIOCIEAHEW JeKaJle HIoNsS — €lle J0 IOJIHOTO co3peBaHMs Immiiek. B wurone
HeypoxaiiHoro 2019 r. meaBeau ¢ortonoBymkoit Ne 1 peructpupoBanucek. Kak B 2018 1., Tak u B
2019 r. makcuMallbHBIE TIOKA3aTeNd YHCIEHHOCTH OTMEUEHBI BO BTOPOM nekaae aprycra: 42.8 u
17.7 ocobeit Ha 1000 ra coorBercTBeHHo. B 2018 1. 3HaumTenpHas KOHIEHTpAIMs MeIBEIeH B
BEPXHUX II0ACaX TOp pEerucTpupoBaigach /0 TMOCIEAHEH JieKaJbl aBrycra BKJIIOUUTEIBHO
(35.5 0c06eii/1000 ra), a oTAENBHBIC 3BEpH HPOIOIKATIN PETYIISIPHO OTMEUAThCS 0 Hadajla OKTSIOpsI.
To ecTp mpucyrcTBHe MeABEAEH B BEPXHHX MOSCaX IOP B JIETHE-OCEHHUHM IEPUOJ YPOIKANHOIO
2018 r. pactsaHynoch Oojee yeM Ha JBa Mecslla, W, HANpOTHB, B HeypoxkaiHeld 2019 r. oHO
OrpaHUYMIIOCH JIUILIb IEPBOM U BTOPOH JieKajamMu aBrycra (puc. 2).

FOz0-60cmounas uacme 3anoeeonuxa. CpaBHUBAIKUCH JAaHHBIe, NodydyeHHble B 2019 T.
¢dotonoBymkoir Ne 2, ycTaHOBIIEHHOW B JyOOBOM Jiecy, pe3yibTarbl 3MY u pe3ynabTaTsl ydera
MHOT'OJTHEBHBIM OKJIaJIoM Ha Tuiomaake «Termbiity. @oronoBymika Ne 2 cTosia B F0ro-BOCTOUHOM
YaCTH DTOW YYETHOW TUIOMIAJKU, TPHUMBIKAIOMIEH K IMOOEPEKbI0 3€WCKOT0 BOJOXPAHMIIUIIA.
Cranuonap «Temublif» oTHOcHTCS K HM3KOropbsM. /lyOoBble M 1yOOBO-uepHOOEpE30BHIE Jieca
3aHUMAIOT CKJIOHBI FO’KHBIX U BOCTOUYHBIX 3KCIIO3UIIUNA HAa MBICAX U MOJYOCTPOBAX MEXY 3aJIMBAMHU
3eliCKOTro BOAOXPAHUIUIA. DTH OMOTOMBI COCTABISAIOT OKOJIO 1/3 OT Bceil TeppUTOpUH IIIOMIAIKU
MHOT'O/IHEBHOT'O OKJIaJa.

Y kocynu, wu3i00ps u kabaHa TOKa3aTelM YWCIEHHOCTH, TIIOJIyY€HHbIE B 30HE
(dboTOoperucTpalru, CONOCTaBUMbI C TAKOBBIMU Ha IJIONIAJKE MHOTOJHEBHOTO OoKiana « Terisii» u
pesynbraramu 3MY B n1y0oBBIX Jiecax (Tabi. 5). AHOMaIbHO BBICOKHI MaKCHMAJIbHBIN TIOKa3aTelb
obunus kab6aHoB (481.7/1000 ra) cszan ¢ TeM, uto B peBpasie-mapte 2019 1. B HEnmocpeacTBEHHOM
Omu30cTH OT (DOTONOBYIIKM Jepkanachk rpynmna u3 4 monoabix ocodeit. Ocenpto 2018 roma Obin
OTMEUYCH OYCHb BBICOKHH yposKail jKelyel MOHrosibckoro ayoa. [TomnsiHa B 30He (hoToperucTparum,
3aHUMAIOIasl MPUBEPIINHHYIO YacTh XpeOTa, MOCIyKUIa CBOCOOPa3HbIM HAKOMUTENEM JKETyAeH.
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Mmuorue JKCIIyau, ynaBmr€ C ACPCBBCB, OKPYKAIOIIWX IIOJAHY, CKATbIBAJIWCH BHHU3 I10 CKIIOHY
(OT HECKOJIBKHX JIECSTKOB CAHTUMETPOB JI0 HECKOJIBKUX METPOB). VCronbp30BaHUE 3TOTO LEHHOTO
KOPMOBOTO pecypca B KOHIIE 3MMBI OOYCIOBHJIO AaHOMAJIbHO BBICOKYIO IUIOTHOCTH HACEJICHHUS
KabaHa B 30He (DOTOPErHCTpaLIUY.

Ta6auua 5. Pe3ynbTarhl OlIeHKH 00MIHS MIIEKOIMUTAOLINX B I0r0-BOCTOYHOM YaCTH 3aIlOBEIHUKA
pa3HBIMHM METOJIaMHU.

Bunasbi (oco6eii/1000 ra)

¢l ® g & 2 = s | 2 =
MeToasl g =S E| 2| 2 tg' g | 2| 3| 8| g
8 gl 3 | © g < 2|82 H
e K’ § <z g” = Blo Q g
®doTtopeructpanus B yOoBoM Jiecy (-
Ne 2), MmakcuManbHBIE CpeiHEMECSUHBIE | 0 0O (4171 3.7 14817/ 0| 0| 0| 222

nokazaresu (2019 r.)

doropeructpaius B yooBom Jiecy (-1
Ne 2), cpennue mokasaTesu 3a Mepro. 0 0 0 |18|06|214|0 |00 |6.6*%*
yuera (heBpanb-okTssops 2019 r.)

Vyer MHOT'OAHCBHBIM OKJIaJJOM Ha

momajke «Temnpiii» B pepane 2019 r. 0 |74,08|107)46 122 11.4/9.3)3.1 nn*

3MY B 1y00BO-4epHOOEPE30BBIX JIecax

(steBapb-despais 2019 T.) 0 59| 0 |310|27|464 |0 | 0 |56]| H.1

Becnoii, nocne Bbixoma u3 Oepior (Mail) u B Hauase jiera (MIOHb) OCTaTKU IPOILIOrOJHUX
KeJTy/lel akTUBHO MCKAJI MEBENH, YTO CTAJI0 MPUYMHON 3HAUYUTEIHHOW KOHIICHTPAIMH 3TOTO BU/Ia
(12.2-22.2 0co6eii/1000 ra). C xoHIa HIOHS CKOIUICHHE MEJBE/eH B AyOOBBIX Jiecax MPEeKPaTHIOCH.
Ocenpto 2019 . ypoxkait >kemyaed ObUI MUHUMAIBHBIM, MO3TOMY CYIIECTBEHHOTO YBEIMYCHUS
rokaszaresieil YMCICHHOCTH Me/IBeiel U KabaHOB He oTMedanoch (Tabm. 2).

FOocnasa uyacmes  3anoseonuxa. CoOmoCTaBISUIUCH  JaHHBIE, TModydeHHble B 2019T.
¢doronoBymkoi Ne 3, ycTaHOBIIEHHON B MPUPYCIOBOM KOMILJIEKCE OJIUHBI p. ['apmakan (BepxHee
TEYEeHHUE) B 3aMOBEAHHMKE, M PE3Yy/IbTaThl y4eTa MHOTOJHEBHBIM OKJIQJOM Ha IUiomanke «34 xm»
B 2019 u 2020 rr. Kamepa Obuta HampaBiieHa Ha y4acTOK OOKOBOTO pycia, MpUOpEXHbIE KYCThI
WBHSKA, a TAaK)KE HA MOCTOSHHYIO MapKHPOBOYHYIO TOUYKY PBICEH M POCOMAaXx, pacrioNIOKEHHYIO Y
KOMJII HAKJIOHHO CToAlled morulmied JUCTBEHHUIIbl. Pe3ynbTaThl CpaBHEHHUs IOKazaTesei
YHCIICHHOCTH TIOJTYYCHHBIX Pa3TMYHBIMI METOJAMH ITPUBEICHBI B TAOIHUIIE 6.

3a Bpemst paboThl (OTONOBYIIKH B OKTsAOpe-nekadpe 2019 . prick Obli1a oTMeueHa ik pas. Bee
e TUTOTHOCTh HACEJICHUS B 30HE ()OTOPETUCTPAIMN OKa3aJlaCh 3HAUYUTENIHHO BBIIIE, YEM HA TUIOMIA/IKE
MHOT'OJJTHEBHOTO OKaaa. O4YeBUAHO, YTO MO JaHHBIM KaMmepbl, HANPaBIEHHOW Ha MapKUPOBOYHYIO
TOYKY, HEJIB3SI CYIUTh O IDIOTHOCTH HACEJICHHS MCTIOIB3YIOIIHMX €€ KPYITHBIX XHUIITHUKOB.

AHaiu3 TOBeNEHHUs] JKUBOTHBIX, IPOBEICHHBIH Ha OCHOBaHUM (POTO-BUAEOMATEPHATIOB
noBymiku Ne 3, mokasai, 4To U3I00pHU U JIOCH 4acTO OOHIOXMBAJIM MapKUPOBOYHYIO TOUKY pbICel U
pocoMax. 3aech U3I00pPH OXOTHO MOEAAJIHM CYyXyl0 TpaBy, Ha KOTOPYIO paHee Iomajana Moua
XUIMHUKOB. Oco0asi MPUBIEKATETLHOCTh AITOTO MeCTa Il KPYIHBIX KONBITHBIX OOYCIIOBHIIA
BBICOYANINIYIO JIOKAIBHYIO TNIOTHOCTH Hacenenus u3toopeit (171.2/1000 ra) u noceit (39.9/1000 ra)
B 30HE (OTOpErucTpanyy: Ha OJMH-ABA MOPSJIKa BBIINIE, YEM IO pe3yJlbTaTaM CTaHIAapTHBIX
MeTOJIOB yderta (Tabm. 6).

KabGapra He mnposBisia HWHTEpeca K MapKHPOBOYHOM TOYkKe XHUITHUKOB. Ilokazarenu
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YHUCJICHHOCTU 3TOTIO BHUAA, MOJYUYCHHBIC C IMOMOIIBIO (I)OTOpeFI/ICTpaI_II/II/I, HUACHTUYHBI PE3yJibTaTaM
yu€Ta MHOI'OAHCBHBIM OKJIaIOM.

Ta6auna 6. Pe3ynbraTsl oleHKH 00MIINS MIIEKOMTUTAIONINX B FO)KHON YaCTH 3all0BEIHUKA Pa3HbIMU
METOJIaMHU.

Buawi (ocodeii /1000 ra)

Metoanl

3asn
oensik
beaxka
Ka6apra
Kocyas
N3100ps
Jloch
Co6oanb
Poich

doToperucTpans B JOJIMHHOM KOMILIEKCE
(-1t Ne 3), MmakcuMaIbHBIE CPETHEMECSIUHbBIC 0 0 |19
nokasarenu (2019 r.)
doTopeructpaiysi B JOJTMHHOM KOMILIEKCE
(-1 Ne 3), cpenHue mokasaTeiu 3a MepHo 0 0 (12| 0 1712|399 |47 |14
yuerta (oKTsI0pb-1exkadps 2019 r.)
YdeT MHOTOJIHEBHBIM OKJIJIOM
Ha iomanke «34 km» (mapt 2019 1.)
YdeT MHOTOIHEBHBIM OKJIAJIOM
Ha wiomanke «34 km» (mapt 2020 r.) 0 0 0 0 . 125111.01 0
3MYV B ponuHHbIX 6notonax (mapt 2019 r.) 04 |11.9 56 | 146 | 21 |125]28
3MYV B nonunHHBIX Onotonax (mapt 2020 r.) 0 0 0 0 | 05 0 |62] 0

o

369.8|176.6| 7.7 | 6.4

036 | 79(1.79|3.93| 1.8 | 0.71 |14.3|0.7

(@)

3akjaouyeHue

OCHOBHBIM TTPEUMYIIIECTBOM PAacCMaTPUBACMOTO METOJIa SBJISETCS CPABHUMOCTh TOTy4EHHBIX
PE3YNbTATOB C IaHHBIMH CTaHJAPTHBIX METOJIOB y4ueTa YuciIeHHOCTH (3MY, MHOTOJTHEBHBIN OKJIaI,
y4eT KOIBITHBIX 1o aedekanusaMm). [Ipu stom, B otauune ot merona Poxmuda (2008) u 3MVY, ne
TpeOyIOTCS TIepecyeTHbIe KOOPPUITUEHTHI, OTPAKAIOLIUE MTOJBUKHOCTh )KUBOTHBIX.

[Tokazarenw, Mmoxy4aeMple C TIOMOINBIO HAIETO METO/a, OTPAXKAIT HE TOJBKO IUIOTHOCTH
HacelneHus (4ucio ocobell Ha eOUHUILY IUJIOMaAM), HO W JOJNI0 BPEMEHHU, KOrjJa >XUBOTHOE
HaXoIWIOCh B 30HE (otopeructpanuu. CXOMHBIN TPHHIMII WCIOIB3YETCS B METOAWKE ydYera
KONBITHBIX TI0 fedekanusm (Copokuna, 1977), npu koTtopoM dakTuuecku GUKCUPYETCs Harpyska
Ha IOJIOCY yd4eTa 3a BeCh 3MMHHM Tepuoja. Hamr MeToa MO3BOJSET IMOCTOSHHO OTCIIC)KHBATH
W3MEHEHHUS TMOKa3aTene YHCIEHHOCTH >XUBOTHBIX U TOTOMY MOXET OBITh HCIOJIb30BaH IS
MOJTyYeHUsT WH(POPMAIIMH O BHYTPHUTOJIOBOW JIMHAMHKE JXUBOTHOTO HACEJICHUS M OCOOCHHOCTSIX
CC30HHBIX KOHIICHTpAllMH W MHUrpanui OTAenbHbIX BHIOB (puc.l, 2). Kpome Toro, oH maer
OOBEKTUBHBIC KOJIMYCCTBEHHBIC JaHHBIC, XapaKTEPU3YIOIINE CE30HHBIE H3MEHCHHS KHUBOTHOTO
HACEJICHUS PA3IMYHBIX BHICOTHBIX TIOSCOB TOPHBIX TEPPUTOPHUH.

[TpemaraeMelii MeTOT ONTHMAJICH JJIS OIICHKH THHAMUYECKOW TJIOTHOCTH HACCIICHUS KPYITHBIX
U CpeJHUX MJICKOMHUTAIONIMX: B MECTaX CE30HHBIX KOHIIEHTpallui, B pallOHaX MarmcTpalbHBIX
MUTPAIMOHHBIX TPOI, B TpeJeliax OTPAaHUYCHHBIX IO IUIOMAAN BAKHEHIIMX MECTOOOUTAHHM.
OH upe3BbIYAHO MEPCIIEKTUBEH ISl ONPEAeTeHHs] KOJIMYECTBEHHBIX MOKa3aTeneil oOmmmsi BUIOB,
BITAJIAIONINX B 3UMHIOIO CIISTYKY M IMOTOMY He Tnomnagarmux B 3MY. DTo 0cOOEHHO aKTyaabHO IS
3aKpBITBIX OuoTomoB. Tak, wuHMOpManus O TUIOTHOCTH HAcelNeHUs MeIBeIeii BO BpeMs
KOHIIGHTpallud B JNYOOBBIX JiecaX OblIa MOJyd4eHa HCKIIOUMTEIBHO Oyiarogaps pa3paboTaHHOMY
HaMU MeToay. BusyanbHble HAOMIOJEHUS, WCIONB3YIOIMUECS M ydeTa MelIBeded B TOpPHBIX
tyuapax (I[Togonsckuii, Kpacukosa, 2003), 31eCch HEBO3MOKHBL.
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CpaBHEHUE NIPEICTaBICHHBIX pE3YyJNbTaTOB C JaHHBIMU CTAHJAPTHBIX METOJOB Y4YETOB
(MHOTOHEBHBIN OKJaA, 3MY, Bu3yaldbHBI ydYeT Ha MapHipyTax), MPOBEACHHBIX PSJAOM C
(OTONIOBYIIKAMH B CXOIHBIX MECTOOOWUTAHMSX, MO3BOJMIIO BBIACIUTH CHEKTP BHJIOB, MOKA3aTENN
YHUCJICHHOCTH KOTOPBIX MOXKHO KOPPEKTHO OIPECISTh MPEAI0KESHHBIM HaMH MeTOIoM (Tadi. 3, 4).
3T0 BCe BUJIbI KOMBITHBIX U KPYIHBIX XUIIHUKOB, a TAKXKE 3asi11-OeIsIK.

HckmroueHne COCTaBIISIOT JaHHBbIE (DOTONOBYIIEK, HANPABICHHBIX Ha MAapKUPOBOYHBIE TOUKU
peiceit ¥ pocomax. OHM TPUBJIEKAIOT HE TOJIBKO KPYIMHBIX XUIIIHUKOB, HO TAK)Xe U3I00pEil U Joceil.
[Tpu TakuX yCIOBHSX IUIOTHOCTH HACENECHHsI YIIOMSHYTHIX BUAOB B 30HaX (POTOPETHCTPALIUU MOXKET
ObITH Ha 1-2 mopsiAKa BhIIe GOHOBOM.

Hcnonb30BanHbIe HaMH (POTOJIOBYIIKH OKA3aJIUCh HETPUTOAHBI JUISI ONPEIEICHUS] TUIOTHOCTH
HACEJICHUS CPEIHUX U MEJIKUX BHJIOB KYHBHUX: COOOJIs, TOPHOCTas, JacCKU U JIp. DTU 3BEPHKU
MEPEABUTalOTCSl HACTOJIBKO OBICTPO, YTO B OOJNBIIMHCTBE CIy4aeB Kamepa HE YCIEBaeT HX
3adukcupoBath. Kpome TOro, HEKOTOpble W3 YHNOMSIHYTBIX BHUJOB YacTO «MHUHHUPYIOT» CHET,
He monaznasi B Tojie 3peHus Kamepbl. He mopmarorcss ¢oToydeTy TakKe BHIBI, MTPOBOJISIIHNE
0O0JIBIIIYIO YaCTh BPEMEHH Ha JAepPEBbAX: OelKa, JeTara u JIp.

Baxneiiiee orpaHuueHue MpeUIaraéMoro METOJa CBSI3aHO C TPYAHOCTSIMH KOPPEKTHOM
AKCTPAMOJISIIUKM TOMYYEHHBIX PE3yJIbTAaTOB. JTO Omperensercs HeOONbIION IUIOMAaNbl0 30HBI
doropeructparui. Mbl MO’KEM C YBEPEHHOCTBHIO TOBOPUTH TOJIBKO O HAarpy3Ke YYMTHIBAEMOTO BHJIA
Ha 30HY (DOTOpErucTpaluy 3a Mepruo/1 SKCIO3UIMHA KaMephl. [lomylienre o ToM, YTO aHAIOTUYHbIE
[IOKA3aTeIM YHCIEHHOCTH B 3TO BpeMsl ObUIM XapaKTEpHbI ISl CXOAHBIX OHMOTOIIOB, MOKHO
paccMaTpuBaTh JIMIIG Kak Mpeanoyiokenue. B mpunnume 3ta nmpoGiemMa MOKET ObITh pelieHa mpu
WCIOJIb30BAaHUN 3HAUYMUTEIBHOIO KojJMuecTBa QorosoBymek. OpHako Jaxke B 3ITOM cllydae
npeajgaraeMblii METO HE 3aMEHUT TPAJUIMOHHBIE CIOCOOBI ydeTa YHCIEHHOCTH MPOMBICIOBBIX
BUJI0B 3Bepelt (3MY, MHOTO/THEBHBIHN OKJIaJ U Jp.) HO MOXKET CYIIECTBEHHO UX JIOTOIHUTb.

ABTOpBI BBIPaKAIOT NIPU3HATEIBHOCTh PYKOBOACTBY U KOJUIEKTUBY 3€HCKOIO rOCyIapCTBEHHOIO
IIPUPOTHOTO 3aIIOBEAHNKA 32 HEOLEHUMYIO IIOMOIIb B OpraHu3aluy HaOIroAeHU .
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In this article we studied a new method to evaluate the mammals’ diversity, based on the analyzed data
of 3 camera traps, placed in the various biotopes of Zeya Nature Reserve. They were set in the sub-
alpine spruce forest (from March to November in 2018, from February to August in 2019), in the oak
forest with black birch (from February to October in 2019), and in the willow complex near riverbed
(from October to December in 2019). Unlike the well-known methods to evaluate population density
with camera traps, this one does not require recalculation coefficients which represent mobility of the
accounted species. We compared the collected data with the results of the standard methods of
mammals’ density evaluation, such as winter routing, multi-day census on a particular plot and census
by the encounters on transects. We demonstrate the potential of the said method to evaluate
guantitative characteristics of the seasonal dynamics of population, and local concentrations of brown
bear, wild boar and Manchurian wapiti in the various biotopes of the Eastern part of the Tukuringra
Ridge. We also listed the main advantages and limitations of the said method.

Keywords: camera trap, terrestrial animals, new methods of species richness evaluation, Zeya Nature
Reserve.

DOI: 10.24411/2542-2006-2020-10060

In the recent years the researches of the terrestrial animals’ ecology that were carried out with the
help of camera traps have become an important part of zoological field observations. At the beginning
camera traps were mostly used to register and count the rare species. Back then data analysis was
based on personal identification of research subjects and application of the methods of secondary
registration (Koli, 1979). The said method is described in the research of K.U. Karanth (1995) by the
example of tiger census. With camera traps becoming more and more available, some new methods
were created to be used for diversity evaluation of background species of terrestrial vertebrates,
personal identification of which is neither possible nor rational. We can emphasize 2 main ones:

! This study was carried out according to the fundamental research project of the Water Problems Institute of the
Russian Academy of Sciences for 2018-2020 “Modeling and Forecasting of the Restoring Processes of Water and
Ecosystems Quality Under the Various Scenarios of Climate Changes and Anthropogenic Activities” (No. 0147-2018-
0002), state registration No. AAAA-A18-118022090104-8, section of chapter 2.6 “Evolution of Terrestrial Ecosystems
in the Changing Natural Conditions”.
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1) determination of relative diversity indices, 2) determination of population diversity.

When applying the first method and processing the data from camera traps, the index of
“encounters amount” of each species is usually used (Zheltukhin, Ogurtsov, 2018). Despite its
advantages such as simple data processing, it also has some limitations. The first one is to decide
what exactly should be considered as an encounter? Even if we could answer this question
definitively, the received data presents such indices of richness that cannot be compared to the
results of the standard census methods, such as winter routing (Kuzyakin et al., 1990), multi-day
census (Rusanov, 1986) and ungulates census by their excrements (Sorokina, 1977). Until recently
population density, the data on which was obtained from the camera traps, was calculated according
to the formula suggested by J.M. Rowcliffe et al. (2008):

D=(y/t)*(n/vr(2+0)),
where D is population density, y/t — amount of photo-registrations per time unit, v — (average) speed
of an animal, r — detection range, 6 — detection angle (in radians).

In this case the difference between the formulas of Rowcliffe D=(y/t)s(n/vr(2+6)) and
Formozov-Malyshev-Pereleshin D=(y/t)*(/vr2) is only in 6; so if we assume 6 to be a zero, then
the difference is leveled (Formozov, 1935, 1990; Pereleshin, 1956; Kuzyakin et al., 1990).
Therefore, the mathematical basis of photo-census, carried out according to J.M. Rowcliffe et al.
(2008), is identical to winter routing, and has a specific problem, too. The problem is that we have
to know the parameters of the accounted species’ mobility to evaluate their population density: the
length of their daily route and their speed. For each species these parameters depend on many
different factors: snow cover depth, food availability, air temperature, their sex, age, etc. Many of
those factors significantly vary by seasons and years. The mentioned coefficients in Formozov’s
formula, applied to winter routing, can be obtained by tracking and plot censuses. Theoretically
speaking, when using camera traps according to Rowcliffe’s methodic, the mobility parameters for
all seasons can be determined by radio-labeling. However, due to the difficulties with obtaining the
said parameter, the average animal’s speed (length of its daily route) is usually used, without taking
into account its seasonal features and conditions of a particular year.

We created and tested a special method (Podolsky et al., 2019; Kastrikin et al., 2020) which
requires only camera traps and no extra recalculations to obtain quantitative evaluations of average
and large terrestrial animals’ populations. These evaluations can be compared to the results of the
generally accepted methods of mammals’ population evaluation, such as winter routing (Kuzyakin
et al., 1990), multi-day census (Rusanov, 1986), ungulates census by their excrements
(Sorokina, 1977) and census by encounters on transects.

Materials and Methods

In our research we used two SG968 K-10M camera traps and one SG562-D, set in different
biotopes of Zeya Nature Reserve in Amur Region. The obtained data was used to create a basis for
testing of the said methodic. Zeya Nature Reserve covers 99.4 thousand hectares in the east part of
the Tukuringra Ridge.

The camera trap No. 1 was set near the east reserve border on the watershed of Kamenushka
and Malaya Erakingra rivers (N 54° 09' 00.4", E 126° 47' 14.3), in the sub-alpine dark-bark spruce
forest with patches of creeping pine, close to the upper forest border (1107 m above mean sea
level), on the crossing of two animal trails. The trap was adjusted in parallel with horizon, the
camera was pointing at the afforested gentle slope, fenced with patches of creeping pine. The area
for animals’ photo-registration was determined experimentally on spot and covered 34 m?
The trap’s exposition periods were as follows: from 03/15/2018 (10:30 am) to 12/01/2018 (00:00
am); from 02/22/2019 (16:07 pm) to 08/17/2019 (15:30 pm). The total exposition length was about
14.5 months (37,721,160 seconds). The camera was working in “photo mode”. For every animal’s
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encounter the following parameters were noted: date, time, duration of animal’s staying in the
registration area (in seconds), its species, amount of individuals, external features (sex, age, coat
coloring) and behavior features of each animal. During the period of the camera trap functioning we
registered 360 encounters of mammals of 7 species: mountain hare — 257 encounters (photo 1),
squirrel — 3, Siberian musk deer — 15, Manchurian wapiti — 2, brown bear — 52 (photo 2), sable —
30, wolverine — 1.

Photo 1. A mountain hare with summer fur. Camera trap No. 1.

The camera trap No.2 was set near the southeast reserve border (N 53°51'02.4",
E 127° 22'31.8"), near the bank of Zeya water reservoir, between the Tyoply and Razvedochny
creeks, on the ridge of a low spur (423 m above mean sea level), covered with oak forest and black
birch, with an animal trail along its top. The trap was adjusted in parallel with horizon. The camera
was pointing at the clearing, fenced with Mongolian oak and black birch forest. The area of photo-
registration was determined experimentally and covered 63 m?. The trap’s exposition periods were
as follows: from 02/11/2019 (15:03 pm) to 03/05/2019 (13:05 pm); from 04/23/2019 (9:00 am) to
10/16/2019 (10:50 am). The total exposition length was about 6.5 months (17,085,480 seconds).
The camera was working in “photo mode”. During the period of its functioning we registered
60 encounters of mammals of 4 species: Siberian roe deer — 9 (photo 3), Manchurian wapiti — 5
(photo 4), wild boar — 29 (photo 5), brown bear — 17.

The camera trap No. 3 was set in the riverbed complex of the Garmakan River valley (upper
flow), near the south reserve border (N 53° 59' 48.1", E 127° 05' 24.5"). The camera was pointing at
the part of the side channel, willow bushes on the bank and permanent marking spot of lynxes and
wolverines located near the butt of a dead inclined larch. The area of photo-registration was
determined experimentally and covered 23 m? The trap’s exposition period was as follows: from
10/21/2019 (13:03 pm) to 03/05/2019 (13:05 pm) — about 2 months. The camera was working in
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“photo + video (15 seconds) mode”. In 2019 we registered 23 encounters of 4 species: Siberian
musk deer — 1, Manchurian wapiti — 15 (photo 6), moose — 1, lynx — 1. Previously this camera trap
had also registered wolverines (photo 7) and wolves (photo 8).

Photo 3. A male Siberian roe deer in the clearing of the oak forest. Camera trap No. 2.
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Photo 5. One-year-old boars in the clearing of the oak forest in spring. Camera trap No. 2.
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Photo 6. A wapiti eating dry grass at the marking point of large predators. Camera trap No. 3.
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Photo 7. A wolverine leaving its marking point. Camera trap No. 3.

The final quantitative index of the camera traps is the load of a particular species on the area of
the photo/video-registration per time unit (month, decade, total exposition period, etc.), determined
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by the amount of individuals per area unit, e.g. individuals per 1000 ha. We mark it as “D”.
To obtain the required load index (D) we have to determine the main parameters: 1) area of
registration zone, 2) duration of staying in registration area for each species, 3) duration of camera
trap functioning (exposition). Below we are going to discuss the particularities of determination of
these parameters.

1) Photo-registration area (Sr) or census area depends on the technical parameters of the
camera trap (its angle of view, sensing range and distance of infrared backlight or flash), and on the
way it was set (its horizontal incline, any obstacles in front of it, relief). It must be taken into
account that sensing range of many camera traps usually is much lower than it is stated in their
certificates. So, to avoid any mistakes even without the obstacles, partially blocking the camera’s
view, the photo-registration area of each trap has to be calculated right on the spot, experimentally.
It can be marked by sticks to fix the angle and range of animals’ registration.

Photo 8. An adult wolf on the ice of the upper Garmakan River. Camera trap No. 3.

2) Duration of animals’ staying in the registration area (Tr) is the main richness index in our
method. It is calculated in seconds, for each species and for a particular period (decade, month, total
exposition period). If the camera trap registers more than one species at a time, then their staying
duration (amount of seconds) has to be multiplied by their amount (if the group of animals entered
and left the registration area simultaneously), or it can be calculated as a sum of time that all of the
individuals from the said group spent in the registration area. The delay between the animal entering
the area and the first photo being taken (or video being started) has to be added to the animal’s
staying duration. The delay period depends on the technical parameters of camera trap and the size and
type of its storage and can be determined empirically, but it must be remembered that this period will
change once the memory card is replaced with another one of different capacity. The total duration of
animals’ staying in the registration areas of the camera traps is listed by months in the tables 1-3.

3) Duration of exposition period (Tt) is calculated in seconds. Depending on the aim of the
particular research, different time intervals of the camera trap’s functioning can be used (day,
decade, month, total exposition period). In our case to evaluate the population density we used the
monthly periods of each camera’s working as well as their total exposition periods (tables 1-3).
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Table 1. Density of terrestrial mammals’ population in the spot of the camera trap No. 1 (Sr=34 m?).

Species
Duration of | pjare | SiPerian Manchurian g Sable |Wolverine
the camera musk deer| wapiti
M(;r;tr-h1 trap’s n (:ms c| » (-:Ué c| o (-:u; | » (:(g c| » (-:Ué c| » % «
’ working | B 125l E 125 85| 5|85/ El8g &8s
(seconds) | o 58| 9128/ g/28| 38|=28|/g|28 g|=8
n [T - n | - 7] © 7] © n | - n ©
= = = = £ =
2018
March 1,434540 | 39 | 79| O 0 0 0 0 0O (10|21 O 0
April 2,592,000 | 49 |56 | O 0 0 0 0 0 2 (02| 0 0
May 2,678,400 | 268 |29.4| 16 |1.74| O 0 5 1056 | 6 [065| 0 0
June 2,592,000 | 191 |21.7| 13 |148| O 0 0 0 (2731 0 0
July 2,678,400 | 93 |10.2| 25 |2.75| O 0 (111|122 28|11 | O 0
August 2,592,000 | 163 {185| 0 0 | 38| 43 |292| 33111125 O 0
September | 2,678,400 | 42 |46 | 7 (077 O 0 27 | 296 | 9 (099| O 0
October | 2,592,000 | 53 | 6.0| O 0 0 0 6 | 068 | 8 |091| O 0
November | 2,678,400 | 84 | 9.2 | O 0 0 0 0 0 3 1033| 4 |044
Total for | 22,516,140
2018 |(18,403,200)* 982 (12.8| 61 | 0.8 | 38 | 0.49 | 441 |7.05%|104(1.36| 4 | 0.05
2019
February 547,620 0 0 0 0 0 0 0 0 0o 01| O 0
March 2,678,400 | 62 |68 | O 0 0 0 0 0 O] 0| O 0
April 2,592,000 | 111 (12.6| O 0 0 0 31|35, 0] 0| O 0
May 2,678,400 | 132 |145| 11 |1.24| O 0 0 0 O] 0| O 0
June 2,592,000 | 255|289 11 |[1.25| O 0 6 | 068 |10 (1.14| O 0
July 2,678,400 | 61 | 6.7 | 30 |33| O 0 0 0O (11|12 O 0
August 1,438,200 | 41 |84 | O 0 0 0 95194 | 9 |18 O 0
Total for | 15,205,020
2019 | (11.979,000)* 662 [12.8| 52 | 1.0| O 0 [126| 3.1* | 30 |0.58| O 0
Total for
2018 37,721,160 1644|12.8| 113 /0.88| 38 | 0.3 | 567 | 5.5* |134|1.04| 4 | 0.03
and 2019 (30,382,200)*

Notes to tables 1, 2, 4 and 5: * — when estimating the average population density for the bear
during the period of camera trap functioning, we took into account only the period of bear’s activity
outside the winter hibernation, from April to October.

Evaluating the population density. Once the source data was obtained, we calculated the richness
indices for every species of terrestrial mammals for every month of the cameras functioning
(tables 1, 2). Further below we will show it by the example of mountain hare, registered by the camera
trap No. 1 in March 2018 (table 1).

Duration of the camera trap’s functioning or exposition (Tt) for March was 23,909 minutes or
1,434,540 seconds. If the hare was staying in the registration area for the entire period, then the load
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on the area would be 1 individual per 34 m% The actual registration time (Tr) was 39 seconds.
Using the ratio, we can determine the actual load or the hare’s population density in the registration
area (Dr), which is 0.000027 ind. per 34 m?,

Table 2. Density of terrestrial mammals’ population in the spot of the camera trap No. 2 (Sr=63 m?).

Species
) Roe deer Mancht_;tlflan Wild boar | Brown bear
Duration of the wapit
Month of camera trap’s 2 @ @ @
T © T ®© (%) T © T ®©
2019 working (seconds) é _cgu < é .§ < | B .cé < § § <
S |s8| 8 |s8| g8 |s58|8]|=s8
2 | 53| 8|52 & |52 83|53
= £ £ =

February 1,414,980 49 55 0 0 677 | 75.9 0 0

March 479,100 126 41.7 0 0 1454 | 481.7 0 0

April 637,200 0 0 0 0 0 0 0 0
May 2,678,400 6 0.4 34 2.0 26 154 | 203 | 12.0
June 2,592,000 0 0 0 0 116 7.1 |363| 222
July 2,678,400 0 0 0 0 0 0 50 2.9
August 2,592,000 0 0 0 0 0 0 7 0.43
September 2,678,400 0 0 0 0 26 1.54 7 0.41

October 1,335,000 11 1.3 31 3.7 0 0 0 0

17,085,480 *
Total (15,191,400)* 192 1.8 65 06 |2299| 21.4 |630 6.6

Table 3. Density of terrestrial mammals’ population in the spot of the camera trap No. 3 (Sr=23 m?).

Species
Siberian Mancht_Jr_lan Moose Sable Lynx
Duration of the musk deer wapiti
Month of camera trap’s 2 > @ @ >
2019 N %) T © (%) T © (%) T o|l | o| L[| © <
working (seconds) 'g 3 < 'g 3 = 'g 3 < g 2 < g 3 <
2128 ¢8128| ¢81=28|g|=28|¢g|=8
wn O n T n O wn | T - »n |TT
£ = = = =
October 817 305 0 0 196 | 104.3 0 0 0 0| O
November 2 678 400 12 19 | 716 | 1162 | O 0 (321|500 O
December 1016 846 0 0 865 | 369.8 | 413 |176.6/18| 7.7 |15| 6.4
Total 4512 551 12 1.2 (1777|1712 | 413 | 399 (49| 47 |15| 14

Population density (D), recalculated in terms of the standard square measure, is 7.9 ind. per
1000 ha. Therefore:

D=((Tt/Tt)*10000000)/Sr,

where Tr is the total staying duration of the animals of the particular species in the registration area,
in seconds, Tt — exposition period, in seconds, Sr — area of photo-registration, in square meters.
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These statistical methods are described by V.A. Kastrikin et al. in their future and not yet published
article about using the camera traps in the territory of Khinganskiy Nature Reserve. The article also
describes the formula to calculate the standard deviation, which can be used to obtain the required
dispersion measures (standard error of mean), and an example of bootstrap method applying to
construct a confidence interval of the grand mean.

Results and Discussion

Let’s compare the indices, obtained by different evaluation methods of mammals’ richness, and
the features of the animals’ population for the various parts of Zeya Nature Reserve, captured by the
camera traps.

West part of the nature reserve. We compared the data, received in 2018 and 2019 from the
camera trap No. 1 which was set in the mid-mountain sub-alpine dark-bark spruce forest, and the
census results, obtained by the multi-day censuses which were carried out on the “Kamenushka”
plot during the same years. It is the closest census plot of the reserve, located 1-6 km from the
camera trap No. 1. Most of the “Kamenushka” station is formed by the flatlands, and the mid-
mountain spruce forests cover only 1/4 of the entire plot.

Despite the differences of the habitats conditions, the population indices of Siberian roe deer,
Manchurian wapiti, mountain hare and wolverine, collected in the photo-registration area, can be
compared to the ones collected from the “Kamenushka” plot where the multi-day census was
performed (table 4). The higher richness of the most species can be related to the fact that the
camera was aiming at the crossroad of the animals’ trails. Moreover, the mountain hare’s population
density is at its maximum in the sub-alpine zone where the trap was set. The absence of roe deer can
be explained by the fact that it tends to the low-mountain relief and avoids the sub-alpine spruce
forests and mid-mountain biotopes in general. The absence of moose can be explained by the
relative rarity of the species.

Population indices of brown bear were obtained in August 2018 (33.1 ind./1000 ha) and can be
compared to the ones from the alpine tundra during the high fruiting of the creeping pine
(11.1ind./1000 ha), registered in 2000 during the visual census on the plots with a clear view
(Podolsky, Krasikova, 2003). The fruiting was above the average in 2018 but did not reach its
maximum. The high population indices in the photo-registration area were due to the camera
pointing at the trail crossing, actively used by bears during their seasonal migrations.

The average population indices of sable (0.6-1.4 ind./1000 ha) were much lower than the ones
on the multi-day census plot (9.3-16.3 ind./1000 ha). Perhaps, it is due to the fact that the SG968 K-
10M camera usually cannot capture a fast-moving sable. Its reaction time is relatively high, about
1.5 seconds, which is enough for the sable to leave the photo-registration area. Therefore, we can
conclude that the indices of sable’s population density, obtained with the said camera trap type, are
not comparable to the results of the standard census methods, such as multi-day census and winter
routing. The camera trap was not able to catch stoats and weasels, inhabiting the researched
territory. They move too fast and usually jump deep into snow, as if “mining” it, and therefore not
registered by the trap. The tree-living species, such as squirrels and flying squirrels, are also almost
impossible to capture with camera traps; however the squirrel was registered 3 times, while the
flying squirrel — never.

Unlike the most of the other census methods which can estimate animals’ richness for a short period
of time (winter routing and multi-day census) or for the entire season (ungulates census by their
excrements), the suggested method allows to track the changes of population indices for the entire year.
This in its turn makes it possible to analyze the seasonal changes of animals’ population (fig. 1, 2).

Seasonal migrations of animals between altitudinal belts are very common for the mountainous
territories, caused by their food and protection conditions, as well as the depth of snow cover. In the
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early January the depth of snow in the dark-bark spruce forests of the sub-alpine zone of the
Tukuringra Ridge is usually more than 50-60 cm, growing up to 1 m in March. Siberian roe deer is
well-adapted to the deep snow, however when the cover is higher than 50 cm the roe becomes
severely vulnerable to predators (Podolsky et al., 2006) and is usually hunted by sable. Thus, in the
early winter the roe deer moves from the sub-alpine spruce forests down to the low-mountain relief.

Table 4. Results of evaluation of mammals’ richness in the west part of the nature reserve, carried
out by different methods.

Species (individuals/1000 ha)

C —
= - - = 3 S S —_ GC') ©
Methods Se < PEES5E S8 2| %|8|5 5
S8 5 |>5|8¥Es|le|8| | 2|2 2| S
o Z T 35 2|5 = I 2| V|92 0 S
> EIS = | &
Photo-registration in the sub-
alpine spruce forest (camera
trap No. 1), maximal average| 29.4 (10.32| 0 [2.75/43| 0|0 |31 | 0 | 0 |0.44(33.1
monthly indices for: 289112, 0 |33 0 |0|0|2128] 0|0 0 |194
2018
2019
Photo-registration in the sub-
alpine spruce forest (camera
trap No. 1), average indices | 12.8 |0.05| 0 0.8 |049| 0 |0 (136| 0 | 0 |0.05|7.05
for the census periods of: | 12.8 |{0.11] 0 [10| O |0 |0 |058| 0 | O | O 1

March-November 2018
February-August 2019

Photo-registration in the sub-
alpine spruce forest
(camera trap No. 1), 128 |0.08] 0 (088 03| 0 |0 |104] O | O [0.03]5.5*

maximal average monthly
indices for 2018 and 2019

Multi-day census on the
“Kamenushka” plot in 2.2
March 2018 2.8
March 2019
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Then in May, when most of the snow melts away, the roe deer returns to the spruce forests. During
the snowless periods the Manchurian wapiti can be found there as well, but rarely. Unlike the
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ungulates, the mountain hare and sable are the constant inhabitants of the upper forest border. These
patterns of dynamics and structure of the animals’ population of the sub-alpine forests of Zeya Nature
Reserve are registered per annum (fig. 1).
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Fig. 1. Dynamics of animals’ population in the Ayansky spruce forest at the upper forest edge, west
part of Zeya Nature Reserve (according to the camera trap No. 1).
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An important feature of Zeya reserve is its seasonal concentrations of brown bears, gathering at
the creeping pines thickets and in the alpine tundra (Podolsky, Krasikova, 2003). The eastern part of
the Tukuringra Ridge lies between the Zeya-Bureya Plain and the Upper Zeya Lowland, where the
creeping pine massifs are almost absent. Every 3-5 years when cedar is rich with nuts, in the upper
mountain belts (alpine tundra with patches of creeping pine and solid pines massifs), the total area
of which is about 3.2 thousand ha, the brown bears gather from the area 2-3 times bigger than the
entire territory of the nature reserve (about 100 thousands ha). Moving between the feeding sites
and their permanent habitats, the bears pass through the sub-alpine spruce forests. We set a camera
trap in that biotope and determined bears’ population indices, as well as objectively characterized
the dynamics of their seasonal feeding concentration for every decade during the years of different
fruiting intensity of the creeping pine (fig. 2). After the bears leave their dens (from mid-April to
early May) and before the creeping pines start ripening (in the late July — early August), the bears
could be seen quite rarely. In the relatively fruitful 2018 a significant concentration of bears
(32.8ind./1000 ha) was already gathering in the sub-alpine zone in the last decade of July, even
before the cones fully ripened. In June of lean 2019 the bears were registered by the camera trap
No. 1. In both years the maximal population indices were registered in the second decade of August,
with 42.8 and 17.7 ind. per 1000 ha, respectively. In 2018 a significant concentration of bears in the
upper mountain belts was registered until the last decade of August (35.5 ind./1000 ha), and single
individuals were encountered regularly until early October. It means that the bears’ presence in the
upper belts during the summer-autumn period of fruitful 2018 was lasting more than 2 months, and,
on the contrary, it was limited by the first and second decades of August in lean 2019 (fig. 2).

Southeast part of the nature reserve. We compared the data, received in 2019 from the camera
trap No. 2 which was set in the oak forest, and the census results, obtained by the winter routing and
multi-day censuses which were carried out on the “Tyoply” plot. The trap was located in the
southeast past of that plot, adjoining the bank area of Zeya water reservoir. The “Tyoply” Station is
formed by the low mountains. The oak and oak with black birch forests are spread over the slopes
of south and east expositions on the forelands and peninsulas between the bays of Zeya reservoir.
Those biotopes cover about 1/3 of the entire territory of the plot for multi-day census.

The population indices of Siberian roe deer, Manchurian wapiti and wild boar, collected in the
registration area, can be compared to the ones obtained from the “Tyoply” plot by the multi-day
census and winter routing through the oak forests (table 5).

The abnormally high maximal richness index of the wild boars (481.7 ind./1000 ha) can be
related to the fact that a group of 4 young animals was staying around the trap in from February to
March in 2019. In the autumn of 2018 the amount of acorns from the Mongolian oaks was very
high, so they accumulated on the clearing in the registration area which was covering the part of the
ridge near its top. While falling from the trees around the clearing, many acorns rolled down the
slope for dozens of centimeters and sometimes for several meters. Being a valuable feeding
resource in the end of the winter, those acorns caused an abnormally high population density of the
wild boar in the photo-registration area.

After leaving their dens in spring (May) and in the early summer (June), the bears were actively
looking for the last year’s acorns, therefore intensely concentrating during the said period (12.2-
22.2ind./1000 ha). From the late June they stopped gathering in the oak forests. In the autumn of
2019 the amount of acorns was minimal, therefore no significant increases in the bears’ population
were registered (table 2).

South part of the nature reserve. We compared the data, received in 2019 from the camera trap
No. 3 which was set in the riverbed complex of the Garmakan River (upper flow), and the results,
obtained by the multi-day census which was carried out on the “34™ km” plot in 2019 and 2020.
The camera was pointing at the part of the side channel, willow bushes on the bank and permanent
marking spot of lynxes and wolverines located near the butt of a dead inclined larch. These results,
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obtained by different methods and compared afterwards, can be seen in the table 6.
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During the period of the camera trap’s functioning in October-December 2019 the lynx was

registered only once, although the population density in the photo-registration area was significantly

Fig. 2. Bear population dynamics by decades in the Ayansky spruce forest at the upper forest edge,
ECOSYSTEMS: ECOLOGY AND DYNAMICS, 2020, Vol. 4, No. 2

west part of Zeya Nature Reserve (according to the camera trap No. 1).
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higher than on the plot of multi-day census. Obviously, the data received from the camera, pointing
at that marking spot, was insufficient to make any conclusions about population density of the large
predators that were using the spot.

The analysis of the animals’ behavior, carried out on the basis of the photo/video-materials of
the camera trap No. 3, showed that Manchurian wapiti and moose frequently approached and
smelled the marking spot of lynxes and wolverines, and the wapiti ate dry grass previously stained
with predators’ urine. While being so attractive to the large ungulates, the spot had the highest local
population density of wapiti (171.2 ind./1000 ha) and moose (39.9 ind./1000 ha) in the photo-
registration area; it was 1-2 times higher than the standard census methods showed (table 6).

The Siberian roe deer was not interested in the marking spot. Its population indices, obtained by
the photo-registration, were identical to the ones of the multi-day census.

Table 5. Results of evaluation of mammals’ richness in the southeast part of the nature reserve,
carried out by different methods.

Species (individuals/1000 ha)

C —
c —_— e - ®© — ©
S |88 8|S S |Blo|le| &
Methods €Sl £ = C S |23 =2 SERERRG c
SE 3|8%  gl2g 2 25|23 3
> |2 og |8 2 %
Photo-registration in the oak forest
(camera trap No. 2), maximal average 0 0 0 |41.7| 3.7 48170 |0 |0 |222

monthly indices for 2019
Photo-registration in the oak forest
(camera trap No. 2),
average indices for the census period
from February to October 2019

0 0 0 |18|06|214|0 0| 0| 6.6*

Multi-day census on the “Tyoply” plot no
in February 2019 0 | 74|08 |10.7| 4.6 | 122 |1.4|9.3|3.1 data
Winter routing in the oak and black birch no
forests in January-February 2019 0159 0 13101 2746410056 data
Conclusion

The main advantage of the said method is the possibility to compare the obtained results with
the data of the standard methods of population evaluation, such as winter routing, multi-day census
and census of ungulates by their excrements. Moreover, unlike Rowcliffe’s method (2008) and
winter routing, this one does not require any recalculations to determine animals’ mobility.

The indices obtained with our method show the population density (amount of individual per
area unit) and the amount of time the animal spent in the photo-registration area. The similar
principle is used in the census of ungulates by their excrements (Sorokina, 1977), when the load on
the census zone in determined for the entire winter season. Our method allows researchers to
permanently track the changes of population indices and therefore use it to obtain data about the
yearly dynamics of animals’ population and features of seasonal concentrations and migrations of
some species (fig. 1, 2). Moreover, this method provides an objective quantitative data which
characterizes the population changes in the various altitudinal belts of mountainous territories.
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Table 6. Results of evaluation of mammals’ richness in the south part of the nature reserve, carried
out by different methods.

Species (individuals/1000 ha)

c
[ _— e [ ©
] [<}} c @ [<B) -
Methods ge| IS 8|25 & |2 |¢&
S = S |o® (<) o © o © j
o o235 o c = > wn
>
Photo-registration in the valley complex
(camera trap No. 3), 0 0 |19| 0 |369.8|176.6| 7.7 | 6.4

maximal average monthly indices for 2019
Photo-registration in the valley complex
(camera trap No. 3),
average indices for the census period
from October to December 2019
Multi-day census on the “34th km” plot
in March, 2019
Multi-day census on the “34th km” plot
in March, 2020
Winter routing in the valley biotopes
in March 2019
Winter routing in the valley biotopes
in March 2020

0 0 |12| 0 (1712|399 |47 |14

036 | 79 (1.79(3.93| 1.8 | 0.71 |14.3| 0.7

0 0 0 0 1 1.25 (11.0] O

04 [119| 0 |56 | 146 | 21 |125|28

0 0| 0| 0] 05 0 |62] 0

The suggested method is optimal to estimate the dynamical density of the large and average
mammals’ population in the spots of their seasonal concentrations, near the main migration trails
and around the most important bounded habitats. It is very promising to determine the quantitative
richness indices of those species with winter hibernation that cannot be found during winter routing,
which is especially significant for the close biotopes. For instance, the data on the bears’ population
density was obtained during their concentration in the oak forests only with the help to the said
method. The visual monitoring, performed for bear census in the alpine tundra (Podolsky,
Krasikova, 2003), is not possible in such situations.

Comparing our results with the ones of the standard census methods (multi-day census, winter
routing, visual monitoring), applied around the camera traps locations in the similar habitats, we were
able to find a spectrum of species, the population indices of which can be correctly determined with
our method (tables 3, 4). Those were the ungulates and large predators, as well as the mountain hare.

However, there were exceptions, since some of the traps were aiming at the marking points of
lynxes and wolverines. Aside from large predators, those points also attract Manchurian wapiti and
moose, so their population density in the photo-registration area can be 1-2 times higher that their
background density.

The camera traps we used in our research were not able to determine the population density of
the average and small Mustelids, such as sable, stoat, weasel and others. These animals move too
quickly to be caught on the camera. Besides, some of them usually jump deep into snow, as if
“mining” it, without coming into the camera’s field of view. Some of the tree-living species, such as
squirrels and flying squirrels, are also very hard to register with the camera traps.

The most significant limitation of our method is in the difficulties of the correct extrapolation of
the final results, which is determined by the small area of photo-registration zone. We can be sure
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only about the load of particular species in the registration area, registered during the exposition
period, and can only assume that similar biotopes had the similar population indices at the same
time. However, a significant amount of camera traps can solve this problem, but even so our
method cannot replace the traditional ones, such as winter routing, multi-day census and others,
although it can significantly complement them.

The authors want to thank the heads and collective of the State Zeya Nature Reserve for their help
to organize our monitoring activities.
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M3meHenue 1iom@aan MaHTPOBBIX 3apociei 3a TpunuatuieTHuil nepuoa (¢ 1989 mo 2018 rom)
OLIEHEHO ISl TEpPUTOPUH 10KHONH OKOHEYHOCTH BreTHama — nmomyoctpoBa Kamay. Ananu3 BbIOSTHEH
¢ HCIIoNb30BaHNeM CHUMKOB Landsat ¢ paspemenmem 900 m” Ha mukcenb. OOmas Mccie oBaHHAS
mromass coctaBmia 37574.25 ra. Ha atoit momaau B 1989 r. manrps! 3anumanu 22999 ra, a 8 2018
r. — 18507 ra. CymmapHbie MOTEpH, TaKuM 00pa3oMm, coctaBuiau 4492 ra MaHTPOBBIX 3apoCiieH,
a CpelHsisl CKOpOCTh MX cokpameHus cocrtaBuia 0.6% B rox ot mcxogHou. CpaBHEHHE CyMMapHBIX
IIoael He YYHTHIBAeT IMPOCTPAHCTBEHHOW TpaHCHOPMAIMU pPACTUTEIFHOCTU: HWCUYE3HOBEHUS
CTapbhIX MaHTPOBBIX 3apociieil W HX MOsABICHHE Ha HOBOM MecTe. CpaBHEHHE KOHTYPOB MaHIPOBOM
PacTUTENBHOCTH TOKA3alI0, YTO U3MEHEHUSIMH He ObUIN 3aTpoHYTHI Tosbko 10557 ra (menee 50% ot
wronfaagn MaurpoB B 1989 r.). Ha mmomaaun B 12442 ra mpoW3ONLIO MCYE3HOBEHHE MAHIPOBOM
PaCTUTEILHOCTH, BOCCTAHORBJICHUE €€ MPOoU301LIo Ha iomiaau 7950 ra. OmHoBpeMeHHO HaOJIOAaeTCs
yBeNMueHne (PparMEHTHPOBAHHOCTH MAaHTPOBOHM PACTHTENBHOCTH: JOJsI HEOONbIINX (parMeHTOB
MaHrpoBoii pacturesnbHocTH (1-100 ra) ysenmuumnacs ¢ 4% B 1989 roay no 34% B 2018 .

Knroueswvie cnosa: maHrpel, [uHaMHKa nenbTel Mekonra, Kamay, BeetHam.

DOI: 10.24411/2542-2006-2020-10061

MaHrpsl — 3TO cOO0IIECTBa JAEPEBHEB U KYCTAPHUKOB MPHOPEKHON 30HBI MOPEH U OKEaHOB.
OHHM pacTyT Ha 3aWJICHHOW JMTOpPAIM TPOMUYECKUX MOpEH, a TaKkkKe B IIUPOKHAX ICTyapHsX,
JeNbTax M BJIOJIb PyCell peK, BIAJAIoIMX B MOpe. MaHrpoBbIe Jieca BayKHBI IS 3alIUThI OEPEroB oT
paspyuiaronmx Bo3JAeHCTBUI OKeaHa, BOCIPOM3BOACTBA PHIOHBIX PECYPCOB, MOAJIEPKaHUs OOIIETO
pasHooOpa3us BuaoB. KOpHH MaHTPOBBIX pacTeHUH 3aJepKUBAIOT JOHHBIE OCAIAKU U YKPEIUISIOT
TPYHT, CIEpXKUBas 3po3ui0 OeperoB. MaHrpoBbie jeca OCHalJsIOT pa3pyIIMTENbHOE JIEHCTBHE
yparaHoB u 1yHamu. O01as miomaab, 3aHuMaeMas 3TUMH Jiecamu B mupe, B 2005 1. orieHuBanach
npuMepHo B 15-18 mutH. ra, 3 koTopsix okoio 30-40% npuxomutes Ha MO0 A3ud — 5.8 MITH. Ta
(FAO, 2007).

MaHrpoBsle Jieca OTHOCATCS K YHCITY OBICTPO HCYE3AIOIIUX DKOCHUCTEM; CpPEIHEr00Bas
CKOPOCTb COKpAILEHHs Iulomand MaHrpoB 20 yeT Ha3zajl oneHuBasiach B 2% B roix 1o MUpy U
B 1.5% nnst ctpan Asum (Valiela et al., 2001). 3a mocneauue 20 et XX Beka B A3uM B CpeiHEM
ucuesano mo 62800 ra manrpo B rox (Valiela et al., 2001). Ilocneansss rioGanbHast peBU3US
maHrpoB mupa (Spalding et al., 2010) 3a nepuoa ¢ 1980 mo 2005 rr. maeT Ooslee HU3KUE, HO BCE KE
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CYILIECTBEHHbIEC BEJIMYUHBI MOTEPh C TEHACHIMEH K cHUX)eHuto oT 1% B rox B 1980-x no 0.66% B
Hayane 2000-x. CyMMapHbIe TOTEpU MaHTPOBBIX JiecoB K Hadairy 2000-X OLeHHBaIOTCA B IIpeAeIiax
20-30% ot miorraau va 1980 r. (FAO, 2007; Polidoro et al., 2010; Webber et al., 2016). [1is FOro-
Boctounoii A3zum 3a nepuoa ¢ 2000 1o 2012 rr. cKkOpoCTh HCUE3HOBEHUSI MAHTPOBBIX JIECOB ObLIA
ouenena B 2.12% B rox, mis Beernama — 0.25% (Richards, Friess, 2016). Pasznuuns B oleHKe
JIMHAMUKA MaHTPOBBIX JIECOB CBSI3aHBI KaK C Pa3HOM TOYHOCTHIO OMpEACNICHUs TUIONIaiell MaHTPOB,
Tak U C BBIOOPOM OTPE3KOB BPEMEHH, JJIsi KOTOPBIX NMpuBOAATCA AaHHble. [locrnenHee ocoOeHHO
BXHO I JHHAMUYHO pa3BuBatonuxcs crpan FOB Asum u BreTHama, B 9aCTHOCTH, IJIs TeX, TIC
XapakTep 3eMJICNOJIb30BaHUS KapAMHAJIBLHO MEHSJICS Ha NPOTSHKEHUHM MOCIEIHUX ACCATUIICTHM
(Vanetal., 2015).

Bo BbeTtHame MaHTpbl paciipoCTpaHeHbl OTJAEIbHBIMU YYaCTKaMH Ha MPOTSHKEHUH Beex 3260 km
OeperoBoii JIMHUK, HO Han0oJIee KPYITHbIE MAaCCUBBI JIECOB PACIIONIOKEHBI HA CEBEPE CTPaHbI, B JETIHTE
pexu Kpachoit, u Ha 1ore (poro 1), B menste peku Mekonr (Hong, San, 1993). ®nopucrtuueckoe
OorarcTBO HacTOSIIMX MaHTpoB BreTHama onenuBaercs B 38 Bunos (Veettil et al., 2019).

®ot1o 1. YuacTok MaHTPOBOTO Jieca BO BpeMs oTiuBa, KOxubli BretHam (3eck u manmee (hoto
B.O. Mokuesckoro). Photo 1. Mangrove forest in South Vietnam (here and below photos by
V.0. Mokievsky).

[Tnomanes MaHTPOBBIX JIECOB B jenbTe Mekonra oreHuBanach (mo ganHsiM Ha 2002 T1.)
B 82.4 Thic. ra (Tran Thi Hong Sa, Ha Vian Hanh, 2008). Kak 1 Bo BceM Mupe, [UIOMIA[h MAHIPOBBIX
3apocieid B JenbTe MEKOHra IOCTOSIHHO COKpalaercs. OTO MPOUCXOAUT H3-3a PACUUCTKU
TEPPUTOPUI TTOJT CTPOUTEIHCTBO, CETTLCKOE XO3SIMCTBO M aKBaKyIbTypy. B TO ke Bpems B mocieTHIe
JIECSITUIIETHS B IOKHBIX TNPOBUHIUSAX BherHama Bepercss Oosblias padoTa MO BOCCTAHOBJIEHHUIO
MaHTPOBBIX 3apOCIiel, TUTOIIAh UCKYCCTBEHHBIX TIOCA/IOK YBEITHUUBAECTCS C KAXKIBIM TOJIOM.

[ToMumoO cokpanieHus IIon@aaei MaHrpoOB BO3MOXHBIN BKJIaJ B JAETPAJAIMI0 3THX SKOCUCTEM
MOXKET BHOCUTh UX (parMeHTarus. Pa3o0IIEHHOCTh OTAENBHBIX MAaCCHBOB MAaHTPOBBIX JIECOB
OCIIa0JIsIET MX YCTOMYHMBOCTD KakK K JIOKAJIbHBIM, TaK U TJI00AIBHBIM (haKTOpaM.
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BBICOKaSI JTUHAMUWYHOCTH MaHFpOBBIX JIaHI[I_Ha(I)TOB, YaCTbI€ CMCHBI I[OMHHPIpy}OH_II/IX BHUJIOB
pacTUTENBPHOCTH U aKTHBHOE  AHTPOIOT€HHOE  BO3JCHCTBHE  3aTPYAHSIOT  H3Y4YCHHE
MPOCTPAHCTBEHHON CTPYKTYpPHl TPAAULIHUOHHBIMH METOJAMHU TIOJIEBBIX ONMHCAHWHA MPOOHBIX
iomaaed u TpaHCeKT. J[is OGONBIIOro permoHa OJHOBPEMEHHO OIEHUTh CKOPOCTH W3MEHEHUS
IJIOIIAM MAaHTPOBBIX COOOINECTB, WX IepepaclpeqeicHUe B MPOCTPAHCTBE W  CTEICHb
q)paFMeHTaLII/II/I MOXHO C HCIIOJB30BaAHHUCM MECTOAOB AMCTAHIIMOHHOI'O SOHIII/IpOBaHI/IH 3CMJ'II/I n3
kocmoca (Kuenzer et al., 2011). [IpumeHeHHE CIYTHUKOBBIX METOJOB MO3BOJIIET IPOBOIUTH
CUHXPOHHYIK0 OLICHKY JWHAaMHUKH YAQJICHHBIX M TPYJHOAOCTYIHBIX Y4YaCTKOB MAaHIPOBOU
PaCTUTEIBPHOCTH M TPOBOJUTH SKCTPAIMOJAIUI0O WX XapaKTEPUCTUK ¢ MPOOHBIX IUIONMIAeH Ha
OKPY’KaIoIlUe TEPPUTOPHUH.

3amaya 3TOM pabOTHl — OIEHUTH JWHAMHKY IUIOMIAZCH MAHTPOBBIX 3apOCIIEH 3a MOCIeAHUE
JCCATHUIICTHUA. 3Ta JUHAMUKa ABJISICTCA pGSYJ'IBTaTOM HpOTI/IBOHOHO)KHBIX HpOI_ICCCOB —
TpaHcopMaIiil MaHTPOBBIX JIECOB B JIPYTHE€ THUIBI OMOTONMOB M BOCCTAHOBJICHHSI MaHTPOBBIX
3apocCiieil Kak €CTECTBEHHBIM ITyTEM, TaK U C MIOMOIIbIO YeJIOBEKa.

MarepuaJj u MeTOAbI

[TonyoctpoB Kamay pacrnonoxxeHn Ha r0xHOM okoHedyHOocTH BhetHama. C 1ora OH OMBIBaeTCs
Bogamu lOxHo-Kuraiickoro Mopsi, ¢ 3amaga u ceBepa — CuamckuM 3anuBoM. HwusMeHHbIH
MOJIYOCTPOB TIPOHW3aH CEThIO KAHAIOB, Ha OOJBIIEH YacTH TOOEPEk,bs IMOCTPOSHBI JaMOBI,
MpeIoXpaHsIonlie BHYTPEHHHE palOHBI OT 3aTolUieHHS. TemM He MeHee, HKHOe MoOepekbe
MIOJIyOCTPOBA MOABEPIKEHO CHIILHOM 3p03uu ((HOTO 2), CKOPOCTh OTCTYIAaHUsI Oepera COCTaBIsET 10
227 M B TOA, B TO BpeMs KaK Ha CEBEPHOM MOOEPEKbe MPOUCXOTUT AKKYMYJSIUS JOHHBIX
omnoxxenuit (poro 3) u pacmmpenue npudpexHoit 30ubI (Li et al., 2017).

®

doro 2. beperosas abpasus. FOro-soctounsii 6eper moryoctpoBa Kamay.
Photo 2. Mangrove shore affected by abrasion. SE coast of Cam au Peninsula.
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®oto 3. Monoaple pacteHusi pu3o(opbl HA aKKYMYISTHBHOM Oepery y NepeaHero Kpas
manrpooro Jieca. Photo 3. Young Rhizophora trees growing in front of mangrove forest on the
accumulative beach.

B ncropudeckoe BpeMsi MaHTPOBBIE Jieca 3aHUMaJTH OOJIBITYIO YacTh IMMOTYOCTPOBA, UX IUIOMIAH
B IIpeJiesiaX MPOBHHIMH OLCHNUBANIACH B 140 TeIC. Ta Ha 1945 roa, HO K 1983 r. cokpaTHIach NOYTH
B mBa pasa (Tran Thi Hong Sa, Ha Vin Hanh, 2008). Bonbiioii ypoH MaHIPOBBIM 3apOCIISM
HaHecna oOpaboTka gedomuantamu Bo Bpems Boiubl (Hong, San, 1993). Tlocne BOIiHBI,
¢ 1975 rona, B mpoBuHIMM Kamay Hadajics pocT HacelleHHWs M MHTCHCHU(UKAIMS XO3SHCTBCHHON
JeTeIbHOCTH, OJIHMM M3 OCHOBHBIX HAIpaBJICHHI KOTOPOii crana akBakynbrypa (Van et al., 2015).

Jlyist orieHKHM OayaHca CKOPOCTEH MCUYE3HOBEHUS M BO3OOHOBIICHUS MAHTPOBBIX 3apOCiei OBLITN
MCIOJIb30BaHbl CHUMKHM HaXOJAIIEHCS B OTKpHITOM jaoctyme 6a3bl Landsat 4 TM 3a 31.01.1989
(xom cuumka LTO04 L1GS 126054 19890131 20170204 01 T2) u Landsat8 3a 12.03.2018
(xom cammka LCO8 L1TP_126054 20180312_20180320_01_T1). beute BbIOpaHBI CHHUMKH C
MUHHMQJIBHOW TIIOMApI0 oOOmayHocT B kKampax oT 0 w10 7% COOTBETCTBEHHO.
[TpocTpancTBeHHOE paspelnieHne 0opadaTeiBaeMbIx CHUMKOB — 30 M Ha nukcenb. ['paHuiisl o6aactu
UCCIIeIOBaHMs BbIOpaHbl TakUM 0Opa3oM, 4TOObI OHM MOMAAANd B MpEAesibl OJHOTO MpoJeTa U
obOecrieunBany €IMHCTBO Kaapa JUIsi KaKJIOWM M3 pPa3sHOBPEMEHHBIX CheMOK. VccnemoBaHHas
MJI0MAab BKIIOYaeT Tepputopuio 4 kommyH mpoBunnuu Kamay: Jlat Mow (Pat Moi), Jlar Myii
(Pat Mui), Bun Au (Vien An) u Bun An Jlour (Vien An Bong). O6miast uccieoBaHHas IUIOMIAIb
B Ipejiesiax CHUMKOB cocTaBmiia 37574.25 ra.

BrisiBneHne TeppuTOpUH, 3aHATOM MAHTPOBOWM PACTUTENHHOCTHIO, OBLJIO OCHOBAaHO Ha
CHEKTpaJIbHBIX MPU3HAKAX ISP PUPOBAHUS, JJIs 4ero B 0OpabOTKy OBLIM BOBJICYCHBI JaHHBIC
3€JICHOT0, ONMKHEro MH(PAaKpacCHOrO M KOPOTKOBOJHOBOTO HH(PAKPACHOTO HAla30HOB. OTa
KOMOMHAIMS CHEKTPaJbHBIX JUANa30HOB I103BOJMIJIA IPOBECTU pa3/eleHHEe MaHTPOBOM 30HBI
MOJIyOCTpPOBa Ha 5 Kateropuii: 1) mMaHTpoBas pacTUTENBHOCTH (JIECOMOKphITas mmiomanas >10%
BKJIIOYAsi APEBECHYIO M KYCTapPHUKOBYIO PACTUTENILHOCTD), 2) BOJAHAS MOBEPXHOCTh (PEKH, MPYIbI,
o3epa, 6010Ta U MOpCKasi BoJla B TPUOPEIKHOM 30HE), 3) CeTBCKOXO3IHCTBEHHBIE 3eMITH (PHUCOBBIC
YeKH, MOJIS AJIs BBIPALIMBAHUS OBOIIEH, MHOTOJIETHUX KYJIbTYp U T.1.), 4) aKBaKyJIbTypa, 5) Ipyrue
3eMJ (HACeJICHHBIE IMYHKTHI, JOpOrd, mycrtomu). [Ipu mocTpoeHnn KapT Kateropuu 3-5 ObuH
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00BETUHEHBI B OJIHY — «IPYTHE 3EMIIH.

['eomerpuueckas TpaHchopmanuss M TemMaTudyeckass oOpabOTKa CIIyTHUKOBBIX H300paXKeHUH
npoBojmiack B nporpamme SCANEX Image Processor v5.1.46. lns ¢hopmupoBanus oOydaromien
BBIOOpKM OBUIM CO37JaHbl BEKTOPHBIE MAacKH OOBEKTOB, OrpaHMYMBAIOIIKME O0Opa3bl KIAccoB
MaHIPOBOM PpAcCTUTENbHOCTM M MX aHTPONOIEHHBIX aHAJIOroB, C Haubojee TUIUYHBIMU
CIEKTPAIbHBIMUA XapPaKTEPUCTUKAMH, BBISBICHHBIE M IPOBEPEHHBIE B TIPOIECCE IOJIEBBIX
u3bickaHui. JlanpHelas Temarudeckas oOpaboTka H300pakeHHsl IPOBOAMIACH METOJOM
YIpaBIIeMON KIacCU(PHUKAIMK HA 3aJaHHOE YMCIIO KIaccoB. Pe3ynbTaThl MPOIUTH BEKTOPH3AIHIO U
reHepaIH3aiio ¢ MCKIIOYEHHEM M3 aHaIu3a oOBbeKTOB ¢ ruiomansio Memee 100 m°. Cosnanme
CepHil TeMaTHYEeCKHX KapT U aHAIN3 TUHAMUKH TUIommaaen BeimonHeH B mporpamme ARC-GIS v.10.

[IpenBaputenbHOe 00CIea0BaHNE TEPPUTOPUH ObLTO MpoBeaeHo B Mapte 2018 1. [TonydeHnbie
pe3yabTaThl 00paOOTKU CITyTHHKOBBIX CHHUMKOB OBLTH TPOBEPEHBI HATYPHBIM OOCIEIOBAaHHEM B
deBpane-mapte 2019 1.

Pe3yabTaThl Hccae10BAHUA

K nagamy 1989 r. maHrpoBas pacTHTEIBHOCTb MOKpBIBaJIa OOJBIIYI0 YacTh MOJYyOCTPOBA
Kamay. Cymmaphas miomianp, 3aHatas Manrpamu, Obuia paBHa 22999 ra. ManrpoBele lieca ObuH
MpEeJCTaBICHBI OOJBIIMMUA MacCHBaMH, BHYTPH H IO KpasiM KOTOPBIX PaCIOarajiuch HACEICHHBIC
MYHKTHI B OKPY)KEHUH CEJIbCKOXO03SHCTBEHHBIX YIOMI U MPYA0B akBakyibTypbl (puc. 1). K 2018 r.
B pacmpeleleHHd W MPOCTPAHCTBEHHOW CTPYKTYype MAaHTPOB MPOU3ONLIA 3HAYUTEIbHBIC
n3MeHeHus. [lomans MaHTpOB COKpaTUiiach, OONbBIINE JIECHbIE MACCUBBI B BOCTOYHOM M CEBEPO-
BOCTOYHOM YacCTSIX TOJYOCTPOBA MCYE3NIM, HA WX MECTe O0pa3oBajlaCh MO3aMKa MEJKHX IISITEH
MaHIPOBOI PACTHTEILHOCTH, OKPYKCHHOW MpeoOpa3oBaHHBIMU yroiapsiMu (puc. 2). Bonbroit
JIECHOM MAacCHB COXpAHWJICS TOJBKO Ha 3alagHOW OKOHEYHOCTH IMoiyocTpoBa. CymmapHas
wiomaabs MaurpoB B 2018 1. Obina onenena B 18506 ra. Takum o6pazom, «aucteie» norepu 3a 30
JI€T COCTaBWJIM Bcero okosio 4.5 Teic. ra. OJHAKO COIMOCTABJIEHUE PE3YNbTATOB KiIaccU(UKAIMU
yroAui 3a pa3Hble TOJbI TMO3BOJMIO BBIBUTH OOJ€€ CIOXKHBIA XapakTep MPOCTPAHCTBEHHON
nuHamuku. HajokeHue KOHTYypoB MaHrpoBoil pacturenbHocTd 3a 1989 m 2018 rr. mokasano
(puc. 3) cymiecTBeHHbIE H3MEHEHUS TPAHMUIL 32 TPUALATUICTHUN TIEPUO/I.

CymMapHbIii OalaHC HW3MEHEHHUs IUIOMIATU CKJIAIbIBACTCSl W3 IPOLECCOB HCYE3HOBEHUS
MaHTPOB B MeCTaxX MPEXKHETr0 MPOU3PACTaHUS U TMOSBICHUS MAaHTPOBOM PACTUTENHLHOCTH B HOBBIX
Mectax. [loTepu MaHTPOBBIX JIECOB OKa3ajHCh Tropa3fo OoJbIlle, YeM BBIABISETCS IMPOCTHIM
CpaBHEHMEM IuIomajei. Vcue3HOBEeHHE MaHIpOB MPOM3OILIO Ha Iuomaau Oosjee 12 ThIc. ra
(Tabi. 1), 9TO OTYACTH KOMIIEHCHPOBAIOCH MOSBICHHEM HOBBIX MaHTPOBBIX 3apOCiIei Ha TUIOMIAIN
B 8 ThIC. Ta. Takum 00pa3om, pa3HHUIIA MJIOMIAACH, 3aHSITHIX MAHTPOBOW PACTUTENHHOCTHIO B 1989 1
2018 rr., He OTpaxkaeT peaJbHOr0 M3MEHEHHs MPOCTPAHCTBEHHOW CTPYKTYyphl. HanmoxeHwe kapT
M0Ka3aJi0, YTO OCHOBHBIE MOTEPH MPOUCXOAMIN B LEHTPAIBLHONW YacTH MOIYOCTpOBA M Ha IOre, a
HPUPOCT MPOUCXOJIHI, TIPEUMYIIECTBEHHO, HA CEBEPHOM U CEBEpO-3araJHOM mmodepexbe (puc. 3).
HeusmeHHbIMM B HpOCTpaHCTBE OcTaBajioch Juiib 10.5 THIC. Ta, T.e. MEHEE MOJOBHHBI MCXOIHOM
TUTOIIA/TH.

AHanu3 mo OTAENBHBIM KOHTypaM TOKa3ad, YTO OCHOBHOHM BKJIaJ B MCUE3HOBEHHE MaHTPOB
BHECIIO HMX CBEICHHE IMOJ akBakynbTypy — 80% cymmapHo# motepu ruiomaau (tadm. 2).
Craenyronmii Mo 3HaYMMOCTH MCTOYHHK TOTEPh — 3aMeEIllleHHEe MaHTPOB BOJHON MOBEPXHOCTHIO.
DTO CBs3aHO, MPEXJAEC BCEro, C CHUIBHOM Apo3ueil Oepera Ha I0KHOM IMOOEPEkKbe IMOTYyOCTPOBA.
I'panunia MaHTPOBOM PACTUTENHLHOCTH 3/€Ch OTOJBHHYNAch K ceBepy Ha 1-2 kM. I[lotepu u3-3a
3po3un OeperoB COCTAaBUIM OKOJIO 2 Thic. ra win 19% oT Bcex moTepb MaHrpoB. Pacmmpenue
HACEJICHHBIX IMyHKTOB, JOPOKHOE CTPOUTENILCTBO U CEIbCKOE XO03SHMCTBO AIOT HAUMEHBINI BKIIa
B COKpamleHue miomaad ManrpoB Kamay. 3a 30 ner 3amenieHHe MaHTpOB 3TUM THUIIOM YroAui
IIPOM301LI0 Ha Iioumaau 167 ra.
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ITpupoct 3aHATBHIX MaHIpaMH IUIOMIAAEH ObUI 0OecIIeueH IPEeXe BCEro 3a CUET €CTECTBEHHOTO
BOCCTAQHOBJICHHS WJIM HCKYCCTBEHHBIX I10CaJJOK MAaHIPOB Ha HOBBIX oOTMelsix. Haubosbiiee
YBEIMUYCHHE IUIOLIAJU MAHTPOBBIX 3apoCieil MPOMCXOIUIO Ha CEBEPO-BOCTOYHOM IOOEpPEXEbE,
B 30HC MHTCHCUBHOW AaKKyMYJSIIUM HAHOCOB. 3]I€Ch MaHTPOBBIE 3apociu (OPMHPOBAIUCH Ha
HOBBIX OEpEeroBbIX OTJIOXKEHUAX, MPOJBUIAsACh BCe Janblie B Mope. HMKHAS rpaHuna
pacnpocTpaHEHUs] MAaHI'POB CMECTHJIACh B MOpe Ha 2-4 kM. Hebombiine akKkyMyIsTUBHBIE YYaCTKH,
3apacTarolie WK 3aCa)KCHHbIC MAHTPaMH BBISIBJIICHBI H Ha I0KHOM robepexbe (puc. 3). CymmapHO
HOSIBJICHHE MAaHTPOB Ha MECTE BOAHOHN MOBEPXHOCTH MPOM3OILIO HA IUIOMAA 5 ThIC. ra (Tabum. 3).
Bropoii 10 3HaYMMOCTM MCTOYHMK IPHUPOCTa IUIOUIAJUM MAHIPOB 3TO aKBaKyilbTypa. [losBieHue
MaHTPOB Ha IMPOCTPAHCTBAX, MPEXKJE 3aHATHIX NPYyJaMH JJs BbIpAIIMBAHUS PHIOBI U KPEBETOK,
CBSI3aHO HE C €CTECTBEHHBIM 3apacTaHMEM IIPYZAOB, a C IEPEeXOJ0M Ha KPEBETOYHO-MAHIPOBYIO
aKBaKyJIbTYPY: BBICAKUBAHHUE PACTEHUI pru30(OpHI HA MEIKOBOABSIX U Ha OTMEJISIX, OTTOPOKEHHBIX
nambamu npyaoB. CyMMapHO 3a cyeT MOsBJICHHE MaHIPOB Ha MECTE MPYJOB aKBAKyJIbTYpPbI a0
yBEJIMUEHUE MX Iulomaau Ha 2.9 Teic. Ta, B OCHOBHOM 3a CYET Y4aCTKOB B LIEHTPaJbHOM 4acTH

MOJIyOCTPOBA.
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Puc. 1. Pacnipenenenne MaHTpOBBIX JIecOB Ha mosryoctpoBe Kamay B stHBape 1989 T.
Fig. 1. Distribution of mangrove forests on the Ca Mau Peninsula in January, 1989. Legend: black

pattern — mangroves, dots — water, gray — other lands.

CpaBHEHME JAHHBIX CIYTHUKOBBIX CBEMOK C TPHUILATUIECTHUM HMHTEPBAJIOM IO3BOJIUJIO
BBISIBUTH HE TOJIBKO CYMMAapHOE€ H3MEHEHHE IUIOIIAJM M INPOCTPAHCTBEHHOI'O pAaCIpeAeIcHUs
MaHIPOBOM PACTUTEIBHOCTH, HO W OLEHHUTHh JAWHAMHUKY IPOCTPAHCTBEHHOM MO3aWKH MaHTPOB.
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Oxkazanoch, 4To (pparMeHTanus JISCHBIX MaCCUBOB CYIIECTBEHHO yBenuuuiach (Tadmn. 4). B nagane
1989 r. maHrpoBbIe Jeca ObUIH IMPEICTABICHbI KPYITHBIMU HENpPEepbhIBHBIMU MaccuBamu. bonee 80%
IUIONIAIA 3aHUMAHU 4YeThipe ydacTka, pasmepoMm oT 1000 ra. Cambiii Gonbinol (parMeHT UMeEN
Iomaab OKoJio 14 ThIC. ra; OKOJO 7 THIC. ra 3aHUMAaNU TpU PparmenTta rwiomanso ot 1000 mo
3850 ra, cymmapno — 6.7 Teic. ra. Ha momo ¢gparmentapHoit pacturenbHoctd (0T 1 g0 100 ra)
IIPUXOANUIIOCH 0KO0JIO 4%.
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Puc. 2. Pacnpenenenne MaHTpoOBBIX JiecOB Ha nosyoctpose Kamay B mapte 2018 1.
Fig. 2. Distribution of mangrove forests on the Ca Mau Peninsula in March, 2018. Legend: black
pattern — mangroves, dots — water, gray — other lands.

B 2018 r. HempepbIBHBIE MAacCHUBBI IUIONIAAbI0 Oonee 10 THIC. Ta MOTHOCTBIO HMCYE3TH, TPU
CaMbIX KPYIHBIX CIUIOIIHBIX ()parMeHTa 3aHMMaid Turomanb ot 1.2 mo 4.3 Teic. ra. bomee 60%
MaHrpoBoil pactutenbHocTH B 2018 . mpuxoaminoch Ha JOII0 (ParMEeHTOB, HE NMPEBBIIIAIONINX
1000 ra. [lons HeGonbmux (hparMeHTOB MaHIPOBOMl pacturenbHocTu (MeHee 100 ra) yBenuuuiiach
c 4% B 1989 r. 1o 34% B 2018 r. OCOGEHHO CMJIBHO B CyMMapHOM IOKPBITUU BO3POCIA JOJIS
CaMbIX MAJIEHBKUX U3 BBIABISEMBIX (pparmMeHToB — 0T 1 10 10 ra, ux oOrias miomaas yBeIuumiach
¢ 230 102049 ra, c 1 go 11% 3a 30 ner.

Oo0cy:xnenue

CpaBHEHHME PE3YIbTATOB PA3JEIBLHOIO aHaian3a CHUMKOB 3a 1989 m 2018 rr. mokazano, 4To
CyMMapHasl IIJIOLalb MAaHIPOB Ha MOJyOoCTpoBe cokpaTmiack 3a 30 net ¢ 23 Thic. 10 18.5 ThIC. Ta.
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CKOpOCTh COKpaIeHus TUIOIIA i MaHTPOBBIX JIECOB, TaKMM 00pa3zoM, coctaBuia 0.6% B roj, 4ro
IPUMEPHO COOTBETCTBYET CpeOHMM omeHkaMm 1o wmupy (Spalding et al., 2010). Ognaako
MIPUBEJICHHBIN HAMU aHaJIN3 TIOKA3bIBACT, YTO MPSMOE CpaBHEHUE IJIOUIA/ICHl HUYEero He TOBOPUT 00
M3MEHEHHH CTPYKTYpPhl pacTUTeNbHOCTH. DPOpMaibHO, IJIOMIAJh MAaHIPOBOM PACTUTEIbHOCTH
nonyoctpoBa Kamay cokparmiace Ha 19% 3a 30 ser. OpHako, ¢ Y4YeTOM HW3MEHEHMS
MPOCTPAHCTBEHHOW KOH(UTYpAIlK MaHTPOB, TpaHCPoOpMalueil ObuIa 3aTpoHyTa ropa3io 0oJbias
wiom@aaps — OoJjiee MOJOBUHBI OT HMCXOAHOH. WTOroBwlii OanmaHC sIBISETCA PE3yJIbTAaTOM JABYX
MPOTHBOIOJIOXKHBIX TPOLECCOB: JEerpajallii M BOCCTaHOBJIEHUS. KakIplii M3 HHX HUMeEET
MPUPOJHYI0 M AaHTPOINOIeHHYI cocTaBisionlyto. [lepBas cBsizaHa ¢ mpoleccaMu 3pO3UH U
aKKyMYJISILIMU B IPUOPEKHOM 30HE, BTOpast — ¢ 0COOEHHOCTSIMH XO35HCTBEHHOU JESITEIHHOCTH U €€
M3MEHEHUSIMHU.
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Puc. 3. 3Menenue miomaan MaHrpoBbIX JiecoB noiyoctpoBa Kamay ¢ 1989 mo 2018 rr.

Fig. 3. Changes in mangrove distribution on the Ca Mau Peninsula from 1989 to 2018. Legend:
dark grey — no changes, light grey — disappearance of mangroves, black — new mangroves, dots —
other land.

CoBpeMeHHass AWHaMHKa OeperoB momyoctpoBa Kamay ompenensieTcs mpeoOnagaHueM
MPOILIECCOB 3PO3HMU BJOJb I0KHOTO MOOEPEkKbSI M POCTOM aKKyMYISATUBHBIX HOBOOOpPa3OBaHUIA
cym Ha ceBepo-3amagHoM Oepery (Anthony et al., 2015; Nguyen et al.,, 2015). Ckopocts
oTcTynanus O6epera Ha rore g nepuona 1973-2015 rr. cocraBnser B cpeaHeMm 22.7 M B rof, a
npupocT Ha ceBepe — 26.4 m B rog (Li et al., 2017).

I[I/IHaMI/IKa IjIomaanun MaHIpOBOﬁ PACTUTCIIBHOCTU CJICAYCT 3a O3TUMU HU3MCHCHHUAMHU — OHa
COKpamraeTcs Ha Oeperax, MOJBEP)KEHHBIX JPO3HMH, M PACTET Ha aKKyMYJSTHBHBIX IUIsDKax. Ha

OKOCUCTEMBI: OKOJIOI'MA U IUHAMUKA, 2020, Tom 4, Ne 2



90 M3MEHEHUE [TPOCTPAHCTBEHHOM CTPYKTYPbhl MAHI'POBOI'O JIECA ...

TeppuTOpun KOMMYHBI JlaT Mowu, 3aHMMalomeld OKOHEYHOCTh IOJYOCTPOBa, HaOI0gaeTCs
MIOJIOKUTEbHBIN OajaHC IUIOIIAJM MAaHIPOB M MAaKCHUMAaJbHOE YBEJIMYEHUE HOBBIX 3apocied Ha
MecTe ObIBIIEH BOIHOW moBepxHocTu (puc. 3, tabdmn. 1, 3). [us teppuropuu koMMyHbl Bun AH
JIOHT, pPAcCHOJIOKEHHON Ha Or0-BOCTOKE, BBISIBJICHA HAWOOJbLIas IJIOHIa]b HOTEPb MAaHTPOB,

3aMECTHBIINXCS BOJHON MTOBEPXHOCTHIO (TA0IM. 2).

Taoauna 1. Vi3mMeHeHue 1iomaar MaHrpoOBOM pacTUTENILHOCTH Ha IoiyocTpoBe Kamay.
Table 1. Changes in the area of mangroves on the Ca Mau Peninsula.

Bes N3menenns niaomanm (ra) | Ilinomans | [lnomans | U3menenue
- Ma]-[rp[,] B I[pyr]/[e MAaHI'POB | MAHI'POB ImJjiomaau
rone merHa‘;HM Apyrue THOBI | THOBI 3eMean | B 1989 1. | B 2018 1. | (ra) c 1988
3eMelb B MaHTPbI (ra) (ra) nmo 2018 rr.
Dat Moi 1988.62 2765.1 1778.6 4753.72 | 3767.22 -986.5
Dat Mui 4024.5 3163.42 3214.25 7187.92 | 7238.75 50.83
Vien An 2738.14 3220.93 2401.71 5959.07 | 5139.85 -819.22
4 Vggn'gn 1805.5 3292.67 55552 | 5098.17 | 2361.02 | -2737.15
Bcero 10556.76 12442.12 7950.08 22998.88 | 18506.84 | -4492.04

Tab6aununa 2. Tpancopmariyisi MaHTPOBOM PacTUTENBHOCTH MOIyocTpoBa Kamay: cTpykTypa norepb
MaHTpoBbIX Tutomiaaei. Table 2. Transformation of mangrove vegetation on the Ca Mau Peninsula:
patterns of alteration.

N Kommyna 3ameleHre MAHTPOB IPYTMMH THIIAMHU Yroaui (ra) Beero
Bona AKBaKyJbTypa IIpoune
1 Dat Moi 249.1 2512.07 3.93
2 Dat Mui 705 2368.49 89.93
3 Vien An 458.39 2738.78 23.76
4 | Vien An Dong 916.63 2326.94 49.1
B /o 2329.12/ 9946.28 / 166.72 / 1244212/
cero, rar s 18.72 79.94 1.34 100.00

AHTpPONOreHHasi COCTaBIAIONIAss HW3MEHEHHs IUIOMIAJM MAaHTPOB CKIAAbIBAaeTCd U3 UX
3aMelIeHUs] IPYTMMHU THIIAaMH YTOJIWH M BOCCTAHOBJICHHS MAaHTPOBBIX JIECOB Ha MECTE CTapbIX
BBIPYOOK, TPYJIOB aKBaKyIbTYpbl (poTo4) u Bmomb moOepexuil, kKak aOpa3HMOHHBIX, TaK H
aKKyMyJATUBHbIX. OCHOBHOM TpeHJA 3/eCh HeraTuBHbIA — mouyTd 10 ThIC. ra MaHrpoB OBLIO
3aMelleHo akBaKynbTypoil 3a 30 et (tabu. 2). [TonoxuTenbHbIi BKIa B JUHAMUKY 3aKJII0UaeTCs B
3aMEIIeHUH OTKPBITBIX NPYIOB aKBaKYJIbTYphl MaHTPOBO-KPEBETOYHBIMH X03stiicTBamMu ((hoTo 5),
COYETAIOUIMMHU YYaCTKH OTKPBITOH BOJBI C IMOCAIKaMU MaHTpoB (mpeumyiecTBeHHO — Rhizophora
apiculata) ma menkoBomesix u ormensix (Vo et al., 2013). MaccoBoe pa3BUTHE aKBaKyJIbTyphl B
IOxHOM BherHame npunnioch Ha Hadaso 1990-x romor (Binh et al., 2005), a tpancdopmarus B
MaHTPOBO-KPEBETOUYHYIO KyabTypy — Ha Hadaimo 2000-x (Van et al., 2015).

OKOCUCTEMBI: DKOJIOT'A U IUHAMUKA, 2020, Tom 4, Ne 2



TOH ILIOH, JIOEPBIHUH, MOKMEBCKUI

91

Ta6auna 3. Boccranosnenue ManrpoB Ha mnosnyoctpoBe Kamay. Table 3. Restoration patterns of
Ca Mau mangroves.

N Kommyna BoccTraHoB/IeHHe MAHTPOB HA 3eMJISAX APYTUX THIOB (Ta) Beero
Boaa AKBaKyJbTypa IIpoumne
1 Dat Moi 1131.05 647.55 0
2 Dat Mui 2242.79 970.32 1.14
3 Vien An 1610.31 7914 0
4 | Vien An Dong 89.54 464.55 1.43
Beero. ra / % 5073.69 / 2873.82/ 2.57/ 7950.08 /
’ 63.82 36.15 0.03 100
Tabauua 4. Pacnipenenenrie MaHTpOBBIX JIECOB MO Ki1accaM 1tomanu B 1989 u 2018 rr.
Table 4. Distribution of Ca Mau mangrove forests by size classes in 1989 and in 2018.
1989 ron 2018 rox
Pazmep
yuacTKoB (ra) IImomann % qHCII0 Ilnomaae % YHCJI0
(ra) IJIOMIAAN | YYACTKOB (ra) IJIOLIA/IU | YYACTKOB
>10000 14271.6 62.0 1 0 0 0
1000-10000 6772.9 29.4 3 7213.9 39.0 3
100-1000 993.3 4.3 6 4946.9 26.7 18
10-100 713.5 3.1 20 4300.1 23.2 149
<10 250.7 11 150 2049.3 111 1100
T

®DoT0 4. [Tpynbpl akBaKyJIbTYpbl HA MECTE MAaHTPOBOTO JIECa.
Photo 4. Ponds for aquaculture instead of mangroves.
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®ot0 S. KpeBeToOUHO-MaHIPOBBIE XO35ICTBA.
Photo 5. Shrimp-mangrove culture.

Ilepexon OT «4MCTOM» aKBAKyJIbTYpPbl K CMEIIAHHON, MAHTPOBO-KPEBETOYHOM OIPEEAETCS
YKOHOMHYECKUMHU TPUIMHAMH: CYMMAPHBIH YKOHOMHUYECKUN IPPEKT OT CMEMIAHHOW KYIBTYPHI
OKa3bIBaeTCs BbIIIE, 4eM oT «uuctoit» (VO et al., 2015). Dror sddekT mocTUraeTcs Kak 3a cyer
CTaOWJIM3alUM THIPOXUMHYECKUX ycioBuit B mpynmax (Bosma et al, 2016), Tak u 3a cuer
JIOTIONTHUTENRHOrO noxoma or apeecunsl (Joffre et al., 2015). OnrumanbHo#t cumraercs 60%
wiom@ans NokpbiTus Manrpamu (Truong, Do, 2018). Ilox TepMHUHOM «MaHIPOBO-KPEBETOUHASI
KynbTypa» (“mangrove-shrimps culture”), MOHMMArOT HE TOJBKO KPEBETOK B Y3KOM CMEICIIE
(Dendrobranchiata u Caridea), Ho Bcex KyiapTuBHpYeMbIx Decapoda, Bkirtouast kpabos (Brachyura).
N3 mepsoii rpymmsl B FOxxHOM BheTHame BhIpamuBatoT Metapenaeus ensis, M. lysianassa u
Penaeus indicus, a taxoke M. spinulatus, Macrobrachium equidens, P. styliferus u npyrux (Johnston
et al., 2000). Cpenu kpaboB HarOOJBIIYI0 KOMMEPUECKYIO IIEHHOCTh mpeactaBmser Scylla serrata
(Johnston, Keenan, 1999), o0miee »*e 4HCIO0 BHIOB KpaOOB, MPEACTABIISIONIMX KOMMEPUYECKUI
unrepec B FOxuom Beetname, npessitraet 30 (Chertoprud et al., 2012).

Pa3BuTne KpeBETOYHO-MAHTPOBOW KYJIBTYpPbI, 3aHUMAIOIICH TENepbh BHYTPEHHUE PANOHBI
UCCIIeTIOBaHHONW 001acTu (puc. 2), MpUBENO K 3aMETHOMY YBEIHYEHHIO0 o0mmel QparmeHTanuu
MaHTPOBOU pacTuTenbHOCTH (Tabi. 4). OCHOBHas IUIONIAhL MAaHTPOB B KoMMyHax Bun An u Bun
AH JIoHT 3aHsTa UCKYCCTBEHHBIMU BOJOEMaMH C HEOOIBIIMMU MO TUTOMIAIA TOCAIKaMHU MAaHTPOB.
Takast (QparmeHTanust HEW30€KHO BjedeT 3a CcOoOOM MW COKpallleHHe pa3HooOpa3us
aCCOIIMUPOBAHHBIX C MaHTpamMH BUIOB. BuaoBoe pa3zHooOpaszme pbid BO (parMeHTUPOBAHHBIX
MaHrpax oOka3ajoch B 1.8 pa3 HmKe, 4yeM Ha KOHTPOJBHOM YydYacTKe KPYITHOTO MacCHBa
ecrectBeHHoro npoucxoxacuus (Tran, Fischer, 2017).

Hrorossie moTepu MaHTpoB Ha noixyoctpoe Kamay 3a 30 et cocraBmim okoio 4.5 TeIC. Ta, HO
MIPH OLIEHKE CYMMapHOW CKOPOCTH TpaHCc(OpMAIF MaHTPOBBIX JIECOB, K HUM HYXXHO MPUOABUTH U
IUTOIIAM MAaHTPOB, TMOSBUBIIMXCS 3a 3TOT mepuoa. [loutm 8 Thic. Ta — 3TO MaHrpoBas
pPacTHTENBHOCTh, C(HOPMHUPOBABIIASCS 3aHOBO, Ha HOBBIX aKKYMYJSTUBHBIX IUISDKAX WM HA MECTE
Ipyrux yroaui. Bo3pacTt Takux jgecoB HE MOXKET npeBbimath 30 JIET, B TO BpeMsi Kak COBPEMEHHBIE
MOJIEJIA TIPEAINOJIaraloT Jyis 3pejoro ManrpoBoro jeca Bospact B 80-100 ner (Duke, 2001).
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Paznuuust Mexty 3peibiM U MOJIOJIBIM JIECOM 3aKJIFOYAIOTCS HE TOJIBKO B CTPYKTYpPE IPEBOCTOS, HO
U B cocraBe (GayHsl U CTPyKType coobmectB Oenroca (Morrisey et al., 2003), a Taxke —
B IPOAYKIMOHHBIX mokazaressx (Tan, 2002). Taum oOpa3om, TpaHChOpMalUs PACTHTEIBHOCTH
oxBaTWja IUlomans B 12.5 Teic. Ta — Ooyee NBYX TpeTel IUIOMAAM COXPAHUBIIMXCS MAHTPOB
MOJTyOCTPOBA.

CymiecTByroniye KapTbl U OLEHKH IJIOLIAJAM MaHIPOBBIX 3apOCi€il OTpa)kalOT COCTOSTHUE Ha
texymuii moment (Spadling et al., 2010; Richards, Friess, 2016) u xapakTepu3ylOT CyMMapHYIO
CKOPOCTh HWCYE3HOBEHHMS MaHTPOB, HO HE T[IO3BOJIAIOT BBIIBUTH CTOSIIME 3a HEH
pasHOHANpaBJICHHBIC Mpolecchl. [IporHo3 nanbHEHIIeld IMHAMUKA MaHTPOBBIX JIECOB BO3MOXKCH
TOJIBKO TpU OoJiee TOYHOM y4eTe OTHOCHTEIBbHBIX CKOPOCTEH Aerpajallid W BOCCTAHOBJICHHUS
NPUOPEKHON PACTUTEIIEHOCTH M BBISIBIICHUH MPOIECCOB, CTOSIIUX 32 ITUMHU H3MCHCHUSIMH.

3akjao4eHue

3a tpuauath Jiet ¢ 1988 mo 2018 rr. miomaas MaHTPOBBIX JIECOB Ha tore noiayoctpoa Kamay
ymenbmmiachk Ha 4492 ra — ¢ 22999 no 18506 ra, T.e. mOYTH Ha YETBEPTh. DTU U3MEHEHHUS SBUIHCH
pe3ylnbTaToM JBYX TMPOILIECCOB: 3aMEIICHUS MAaHTPOBBIX JIECOB 3E€MJISIMH JIPYTMX THUIIOB
3emuienionb3oBanus (12442 ra) ¥ MOSBICHUEM MAHIPOBBIX 3apOCiell B HOBBIX MECTAaX WIJIM Ha
3emyisix aApyrux TumnoB (7950 ra). B cokpaliieHu# Miomaayd MaHTPOBBIX JIECOB HAUOOIBIIYIO POIIb
UTPAIOT XO3SHCTBa akBakyNbTypbl. CymMmapHas IUIONAJb AaKBAaKYJIBTYphl Ha MECT€ MaHTPOBBIX
necoB cocTaBmiia 9946 ra. YBenuueHue MIIOMIaId MAaHTPOBBIX JIECOB MTPOUCXOUT 32 CUET BBEACHUS
COBMEIICHHOW KPEBETOYHO-MAHIPOBOI KyJIbTypbl (36% IJI0OIIaan) u 3a cYeT MOSBJICHUS MAaHTPOB
HAa HOBBIX AKKyMYIATHUBHBIX OTJOXKEHUsX 1o mnepudepun mbica Kamay (64% momanu). B
pe3yabTaTe MPOUCXOIUT Tepepactpeie]IeHNe MaHTPOB B TIPOCTPAHCTBE — OOJIBIIAs 9aCTh MPEKHUX
pailloHOB WX TPOM3pacTaHUs 3aHATa 3EMIISIMH JIPYTHUX THUIIOB 3€MIICTIONIb30BAHUS, a HOBBIC
MaHTPOBBIC Jieca 00Pa3yIOTCS Ha CBEXKUX aKKYMYJISTUBHBIX OTJIOKEHUSX BJIOJB MIOOCPEKHIA.
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The changes in mangrove areas were calculated for thirty-year period (1989-2018) on the Ca Mau
peninsula, South Vietnam. Landsat 4 TM and Landsat 8 scenes were used for spatial analysis of
mangroves in 1989 and 2018 correspondingly. Spatial resolution of both sensors was 900 m? on pixel
and the size of the analyzed area was 37574.25 ha. In 1989 mangroves covered 22999 ha and in 2018
only 18507 ha. Total loss of mangroves was 4492 ha with mean rate of decline 0.6% per year, which
closely corresponds with recent estimated values of degradation of mangroves in SE Asia in general.
However, simple comparison of total areas for 2 years does not reflect the spatial transformation: the
disappearance of the old forests in one area and its appearance on the newly accumulated tidal flats.
Comparison of the spatial mosaics for these 2 years evaluates greater figures of changes. Intact area
comprised 10557 ha or less than 50% of mangroves in 1989. In the area of 12442 ha the mangroves
disappeared completely, and then recovered on the area of 7950 ha. Along the decrease of mangrove
vegetation in the studied area the rate of fragmentation increased drastically. The relative proportion of
small patches (1-100 ha) increased about tenfold — from 4 to 34% of total mangrove coverage.
The study showed that decrease of total area covered by mangroves, as a difference of total coverage
between comparing years, does not provide sufficient measures for mangrove transformation rates.
It does not include spatial and structural changes of mangrove forests. The area of intact mangroves
used to be much smaller than total area at given year, and the structural changes affect the age
structure of mangrove forests.

Keywords: mangroves, dynamics, Mekong Delta, Vietnam, Ka Mau.
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JUHAMMUKA 3KOCUCTEM U UX KOMIIOHEHTOB
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3KOJIOTIO-TEOTPA®UYECKHUMN ACIHEKT APAJIBCKOI'O KPU3HUCA.
YACTbD 2. ACCJIEAOBAHUE JUHAMUKHU KJIUMATA
A UBMEHEHM OBCOXIIEIO JHA MOPSI*
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Bo BTOpOii HacTu cTaThu paccMOTpPEHBI MCCIENOBAHMS 0 M3MEHEHUIO KIIMMATHYECKUX MapaMeTpOB
Ha Tepputopun [Ipuapanbs, MPOUCXOANBIINX B YCIOBHAX APaTBCKOTO KPU3UCA, U UX COBPEMEHHOE
cocrosiHre. OxapaKTepU30BaHbl U OOCYXJICHBI MOIXOABl K MX HU3YYCHHUIO M OIICHKE, UCIIOJIb3yeMbIC
pasHbiMUA aBTOpamu. CraenaH BBIBOJ O TOM, 4TO K KOHILY 1990-x romoB 3HaY€HHUsA TeMIIEpaTyphbl
BO3yXa M aMIUTUTYIbl €e KoJeOaHUs Ha METEOPOJIOTHYECKUX CTaHINAX, PACIIONIOKEHHBIX paHee Ha
OCTpOBax U TMOOEpek be MOps, NPUONM3WIUCH K 3HAYCHUSAM Ha IYCTBIHHBIX CTaHIIMSX.
OTO CBHJICTEILCTBYET O TOM, 4YTO IIEPHOJ HU3MEHeHHs KiuMmaTta [Ipuapanbs, 0OYCIIOBICHHBIM
najieHrneM Mopsi, 3aBepiwics. MccmenoBanus, MOCBAIIEHHBIE MBUTBHBIM OypsiM, TIOKa3ald, 9TO JUIT UX
AKTHUBHOCTU XapaKTEPHBI MEPHOIbI YCUJICHUS W CIaja, 4TO CBA3aHO C M3MCHEHHEM CHUJIBI BETpa B
pa3Hble KIMMaTU4YeCKue dMoxu. MccnenoBanus, MOCBAIICHHBIC €CTECTBEHHOMY 3apacTaHUI0 MOPCKOTO
JTHA, CBUETEIHCTBYIOT O TOM, YTO OCBOCHHE HOBOH CYIIH PACTUTEIBHOCTHIO HJET OYE€Hb MEIJICHHO.
Yuyactku, ocBoboauBIIHecs: ot Bobl mocie 2000-X To0B, MoKa He 3apacTaroT. JlaHHbIe JITUTENEHBIX
HaO0JII0/ICHUH 332 (OPMHUPOBAHMEM PACTUTEIBHOCTH Ha KOMILIEKCHBIX TOIO-3KOJIOTHUYECKUX TMPOPUIIIX
Ha HOBOW cymie, Hadatble B 1970-x-1980-x romax W mpomoinKaroIuecs IO HACTOSIIEe BpeMs,
MOCITY>KWJIM OCHOBaHHWEM I TEOPETHYECKOTO OOOOIIEHWs O THUMAaX TMEePBHYHBIX CYKIIECCHH
pacTUTeIbHOCTH, (haKTOpaX WX pPa3BUTHS, HW3MEHCHHI0 BO BPEMEHU BHJIOBOTO OOraTcTBa,
(PUTOLIEHOTHYECKOW CPOPMHUPOBAHHOCTH, CKOPOCTH M HAITPABJICHUSI CMEH COOOIIECTB, 3aBEePIIAFOIINX
cragusax. CaemaH BBIBOJ O TOM, 4YTO OOINbINas YacTh PACTUTENBHBIX COOOIIECTB, MPOIIEIIINX
JUTATENBHBIN TyTh pa3Butus (0osee 50 neT) Ha MpUOPEKHBIX yYacTKaX JTHA MOPS, BCE €Ile HaXOAUTCS
HAa HayalbHBIX CTagusx (OPMHUpPOBaHUS. OKCIEpUMEHTaJIbHbIE paboThl MO (HOPMUPOBAHUIO
JIECOTIOCAJIOK Ha OO0COXIIeM JHE MOpsSs W NyONHWKamuh O TIONYYeHHBIX pe3yibTaTaX akTHBHO
paszBuBamuch B mepuon 1990-2010-x romos, a Temeph NPaKTHYECKH OTCYTCTBYIOT. PaccMoTpeHsBI
pe3yJIbTaThl Ka3aXCKUX M Y30€KCKMX YYEHBIX 10 pa3pabOTKe TUIIOJIOTHH JISCOPACTHTEIBHBIX YCIOBUN
00COXIIIEro MOPCKOr0 JiHa, METOaM M TEXHOJIOTHUSAM (PUTOMEITHOPAIIMH ISl TIOBBIIICHUS BhIXKHBAHUS
CESIHIIEB U CAKCHIICB.

Knrouesvie cnosa. ApanbCkuii KpU3UC, 00COXINEE THO, KJIMMAT, TEMIIepaTrypa, OCaiKd, U3MCHCHUSI,
TPEHIBI, OTICHKA, COJICTBIUICIIEPEHOC, MBUTbHBIE OYPH, MBUIHHBIA IMO3EMOK, €CTECTBEHHOE 3apacTaHue,
TUTIBL  CYKIIECCHH, 3aCOJICHUE TPYHTOB, YCTOWYHMBBIE BHJBI, TEXHOJIOTUU (DUTOMETHOpAIIVH,
0COOCHHOCTH Pa3BUTHSI BUJIOB PACTCHHI B JIECOTIOCA/IKAX.

DOI: 10.24411/2542-2006-2020-10062

B nepBoii yactu manHoi cratbu (HoBukoBa, 2019) Oblna caenaHa MOMBITKA BOCCTaHOBUTH
MOCJIEIOBATEILHOCTh PAa3BUTHUSI APaTbCKOTO KPHU3HCA, OCO3HAHUS TPUYUHBI M DKOJIOTHYECKUX
MOCIEACTBUI HAyYHBIM COOOIIECTBOM, MPU3HAHUS KPU3UCA BIACTSIMH. BBUIH KpaTKo paccMOTPEHBI

! Pabora BemonHeHa B pamKkax pasgena 2.6. VIcclemoBaHHE JMHAMHKH HA3¢MHBIX DKOCHCTEM B YCIOBHSX
BO3pACTAIONIET0 aHTPOITOTEHHOTO BO3ACHCTBHS U KIIMMaTHIecknX n3MeHeHuit temsl HUP MHCTHTYTA BOAHBIX TpoOiIeM
PAH «MozenupoBaHre ¥ MPOTHO3MPOBAHNE TIPOIIECCOB BOCCTAHOBIICHHUS KAaUueCTBA BOJA M SKOCHCTEM IIPH PA3IMIHBIX
CICHAPWMSIX WM3MCHCHHM KiIMMaTra M aHTpomoreHHoi mesteiapHOCTH» (Ne 0147-2018-0002), Ne rocymapcTBEHHOM
perucrpamun AAAA-A18-118022090104-8.
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MOCTAaHOBKA M COJIEPKAHME HAYYHBIX HCCIICAOBAHUI IMHAMUKU TPHUPOTHOU CpENbl, pa3BUTHE
9KOJIOro-reorpauiyeckoro nMporLo3a, MOHUTOPHHTA, MPEACTABICHUE O MpPeeIax aHTPOIOIeHHOIO
BO3/ICUCTBUS, OCMBICIICHUE PE3Y/IbTaTOB KPHU3MCA YUEHBIMU M BIIACTHIO M MOJXOJBI K pa3padoTke
MPAKTUYECKUX MEPOIPHUATUN IO PEHICHUIO0 AKOJOTHMYECKUX NpoOJeM, BO3HHUKIIMX B CBS3H C
MaJicHueM YpOBHS MOps U onlycThiHUBaHUeEM [Ipuapanbs.

Jlannasi, BTOpasi, 4aCTh CTaThH CTAaBUT LEJNbIO JaTh 0030p pellaeMbIX 3a/ad, KOHUEMIUN U
HAyYHBIX MCCIEAOBAHUN MO U3YYEHHUIO HKOJIOro-reorpaduyeckoro acrekra pa3BUTUs ApaibCKOM
npoOaemMbl. DTa 4acTh COCTOMT M3 JBYX TEMaTHUECKUX pasnenoB. IIpexxae Bcero, paccMOTpEHBI
UCCIIeIOBaHM TI0 U3MEHEeHHIO Kiumarta B [IpuapanbckoM pernoHe: mocTapaeHHbIC 3a/1a4H, METO/IbI
WCCIICIOBAHMsS, PE3ynbTaThl. MccienoBaHusl MO HM3MEHEHHIO COOCTBEHHO ApaibCKOro MOps B
CTaTbe HE pacCMaTpUBAINUCh, T.K. K HACTOALIEMY BpEMEHH IO JTOH mpobiieMe uMeeTcs
ucUepIbIBaromas WHPOpPMaNUsA: H3IaHO MHOXECTBO CTareil, psa MoHorpadui, cpead HUX
HanboIee Moyl «Apanbeckoe Mope B Hadane XXI Beka: ¢usuka, ouonaorus, xumus» (2012) u «The
Aral Sea: the Devastation and Partial Rehabilitation of a Great Lake» (2014). B stix MoHorpadusx
M3JI0KEHBI OCHOBHBIE AaCIEKThl ApajbCKOTO KpHU3HUCa, JaH 0030p MPOBEACHHBIX HCCIEIOBaHHIM,
pPaccMOTPEHBI HUCIOJIb30BAHHBIE METOJbI, OCBEIIECHBI HCTOPHS, COBPEMEHHOE COCTOSHHE W
oOcyxaaercst Oynyliee OTAETbHBIX BOJOEMOB, HPKOCHCTEM W TpobOieMbl ymnpasieHus. [lostomy
BTOPBIM TEMAaTHYECKHUM DPAa3JIeIOM B TAHHOW CTAThE SIBIISIETCSI OCBEIIEHHE WCTOPHH U PE3yJIbTaTOB
UCCIIEIOBAaHUM MO TmpoOiieMe pa3BUTUS MPHUPOAHBIX KOMILJIEKCOB Ha OOCOXIIEM JHE MOPSL.
[To naHHOMY BOIIPOCY TaKXe M3JaHa JAOCTATO4HO mosiHas moHorpadus «Aralkum —a Man-Made
Desert: The Desiccated Floor of Aral Sea (Central Asia)» (2012). OxHako B CBSI3M C TE€M YTO 3Ta
MOHOTpadust BBINYIIEHA HA aHTJIUHCKOM SI3BIKE M HE PacCMAaTPUBAET PabOTHI, MPOBOIMBIIHMECS HA
paHHeM, MOCTAaHOBOYHOM JTame HUCCIeNOoBaHUN 1o mpobieme, W paboThl, BBIMICAIINE TMOCIE
myOJIMKauu MOHOTpaduu, B pa3zien Mo 00COXIeMy JHY MOPsSl BKIIFOUEHO paCCMOTpPEHHE HayIHBIX
HCCIIEIOBAaHHUM, KOTOpBIE OCBEIIAIOT €0 COBPEMEHHOE COCTOsSHUE, MpoOIeMy ero 3apacTaHus U
dbopMHupOBaHMS TEPBUYHBIX CyKieccuil. Jlanee ObLTM paccMOTpeHbl pPaOOThI, TOCBSIICHHBIC
pe3yiabTaTaM MPOBEJCHUS SKCIEPUMEHTOB 0 (PUTOMETHOPALIHH.

ApanbCKUil KpU3KUC B CAMOM Havalie ObUT TPU3HAH YKOJIOTHYECKUM, T.€. H3MEHEHUE TPUPOTHON
cpeabl  Ilpuapanmbsi NOPOUCXOAMIO  TOCTENEHHO, IO IEMOYKe MPUYMHHO-CIEICTBEHHBIX
IKOJIOTMYECKUX CBs3ed, MOATOMY amepukaHckuil ydensiid M. ['mann (Glantz, 1990) wasBan ero
«TOJI3yYUM», a T0J] COOCTBEHHO KPHU3MCOM B TEOPETHYECKOM IUIaHEe ObUIO PEIIEHO MOHUMATh
MEePEXOo] U3 OJHOTO YCTOMYMBOIO COCTOSIHUS CHCTEMBI B Apyroe. Pa3BuUTuio ApaibCKOro KpHU3Hca,
TpaHc(hopMalMi KOMIOHEHTOB IPUPOAHOM cpejibl, MOCBSIIEHO MHOXKECTBO ITyOIMKAIMA, HO O TOM,
YTO MOYKHO CUUTATh €r0 3aBEpIICHUEM, CIEAYIONIMM YCTOHYHMBBIM COCTOSTHUEM METa’KOCHCTEMBI
OacceifHa Mopsi, OOCYXJIeHHE B HAy4YHOH JuTeparype U NyOJMKallMU IOKa OTCYTCTBYIOT. B
MoHorpadpuu «Apanbckoe Mope ...» (2012) aBropsl crmenanu BbiBoA, uto B 2011 r. mpowusornia
cTabmiIn3anusl ypoBHS M BOAHOro OanaHca 3amajgHoi yacTd bosbmoro mops. Heckonbko panee
crano uzBectHo (The Aral Sea ..., 2014 ), uto ypoBerbs Manoro mopst B 2005 r. crabumu3upoBacs
Ha oTMeTKe 42 M H.y.M. BC. Takum o6pa3zom, mpogosmkas mepruoau3alnio, HauaTylo B TIEpBOM 4acTu
ATOM CTaThbH, MOXKHO CUMTATh, YTO CTAOMIM3AlUs HEKOTOPBIX IMPOIECCOB MPOM3OILIA K AAMOMY
nepuooy pa3BUTHA MOJI3YYEro Kpu3uca. ITOT MEePHO] MPUXOAUTCS Ha MIECTOH aecsaTok (mporwio 50
JIET) CYIIEeCTBOBAaHUS ApanbCKkod mpoOiembl. [loaToMy 1enpi0 BTOpOW YacTH Halled CTaThbu
ABIISICTCA M3Y4YEHUE HCCIENOBAaHUNM M3MEHEHHUs KJIMMaTa M YCTaHOBJIEHHWE CTaOWJIM3alUU €ro
M3MEHEHH, 00YCIIOBIICHHBIX MTaJICHHEM YPOBHSI ApaibCKOTO MOPSI M OITYyCTBIHUBAaHHEM MPUPOIHBIX
KomIuiekcoB Ilpuapanbs, a Takke OIIEHKa COBPEMEHHOI'O COCTOSIHHS MPHUPOTHBIX KOMIUIEKCOB
00coX1Iero 1Ha Mopsi B HampaBieHUH (GOPMUPOBAHUS TPUPOIHBIX KOMIUIEKCOB MTyCTHIHHOTO TUTIA.

Marepuajbl 1 METOABI

OCHOBHBIMH JaHHBIMU JJIs1 HAaITUCAaHUA 9TOH YacTh MMOCITYKHIIN HY6HI/IKaHI/II/I Hay4YHBIX cTareu B
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KypHainax, coopHukax u MoHorpaduu. Ocoboe BHUMaHUE yaensuioch myonukanusm 1970-1980-x
rooB U AByx nociennux aecsatuiaetuit (2000-2020 rr.). IlyOnukanuy mepBOTro Neprojia IEHHBI
TE€M, YTO JAIOT WH(POPMAIUIO O COCTOSHUU HM3Yy4aeMbIX OOBEKTOB B CaMOM Hayajie Pa3BUTHSA
KpU3HMCa U 4YacTO — O TIOCTAHOBKE 3a/lad WCCIEAOBAHUS M HM30MPAEMBIX METOJaX, MPOTHO3aX.
[TyGnuKkanuu MociIeHUX JIET KaK pa3 4acTo MOJBOJSAT MTOTH MPOBEJACHHBIX MCCICIOBAHUHN, TAalOT
aHaJIM3 W3MEHEHHS apaMeTPOB B XOJ€ Pa3BUTHS ApallbcKOro Kpusuca. [Ipyu ocBemeHnn pa3HbIX
pa3enoB Mbl CTaBHIIM Tepes] COOON MPUMEPHO OJMHAKOBBIC IEJIN: TIOKA3aTh HAYYHBIC KOHIICTIIIUH,
KaKue 3a/J1aud, KEM M KaK CTABWJIMCh W PEIIAIUCh, KAKOBBI HCIIOJIb3YEMbI€ METOJbI U METOJIUKH
WCCIICIOBAaHM, OCHOBHBIC PE3YJIbTAThl, KOTOPHIC MOJYYCHBI C UX TMOMOIIBIO, UX 3HAYUMOCTH JUIS
BCEro IMKJIA WCCIEAOBaHUNW MO Apaybckoll mpobOiieMe. B moJoOHBIX HCCIETOBAaHUSAX OCOOBIA
MHTEpEC TPEACTABISIOT pa3pabOTKH TOAXOJOB K OIICHKE HM3MEHEHUH HE TOJBKO KOHKPETHBIX
MapaMeTpoB, HO W HM3MCHCHHS KOMIIOHCHTOB MPUPOIAHOW cpenbl U (DAKTOPOB HUX Pa3BUTHS,
UCIIOJIb3yeMbIC OICHOYHBIC KPUTCPUHM W IOKa3zaTelu. BakHoW 3amayeil ObUIO HE OCTaBHTH Oe3
BHUMaHUs pPAa0OTHl HCCIEAOBATENICH, VISISIONIMX BHUMAHUE MpoOieMe Ha MPOTSHKCHUU
JUTATEIILHOTO BPEMEHHM €€ Pa3BUTHS — C CaMOro Hayalla U JIO HACTOAIIET0 BPEMEHH, BEIYIIUX
HaOJII0ICHUS B PKMME MOHUTOPHHTA, pa3padaThIBAIOIINX TCOPETHUCCKHUE TIPEICTABICHHUS.

H3MeHeHMe KJIMMATA M €0 UCCIeA0BaHus

ApanbCKoe MOpe, 1O MPEACTABICHUSM YUEHBIX, ObLIIO BKHBIM (akTOpOM B (pOpMHUpOBAHUH
O0COOCHHOCTEH KiIMMaTa apuIHOrO PEerhoHa, IJie OHO Haxoauioch. [loaTOMy cokpaleHue ero
BOJHOM INOBEPXHOCTU M YMEHBUIEHHE 00bEMA IMOCTABMJIM NEPE] YUYEHBIMHM IPEXJIE BCEro TPU
3amaun: 1) BBIABUTH JAIBHOCTh BIMSHUS MOPS Ha KIMMATHYECKHWE YCIOBHS Ha Cylle M HX
M3MEHEHUE MPU 3aMEeIleHNH BOJAHOIO 3epKajia HOBOM cyiiel, 2) pacCMOTpETh KJIMMAaT B KauecTBe
INPUYUHBI PE3KOro MaJeHHUs YPOBHS (HAlIOMHHUM, YTO B Haydaje Pa3BUTHUS MPOOJIEMBI CO CTOPOHBI
Poccuiickoil akageMun CelbCKOXO3SWCTBEHHBIX HAayK Oblga BBIABHHYTA TUIIOT€3a O TOM, 4YTO
OCHOBHOM MNpPHYMHON NaJeHHUs ApPaIbCKOrO MOpS SBIAIOTCS KIMMAaTHYECKHE ITPOLECCHl, a HE
pa3BHTHE OpOIIAEMOr0 3eMIIe/ieNusi), 3) JaTh MPOTHO3 MO W3MCHEHHWIO KIMMaTa BCIIEICTBHUEC
BBICBIXaHHUSI MOPSL.

K Havany pa3zsurtus kpusuca B 1961 r. B ApanbCKOM pernoHe yKe JUIMTEIbHOE BpeMs paboTain
Meteoposorndeckue cranuuu (MC), HakoIIEeHHbIE JaHHBIE KOTOPBIX MOIVIM TIOCITYXUTh OCHOBHBIM
UCTOYHHKOM 00bekTHBHOM MHMopMmanuu (puc. 1): 1) mopckue MC: o. JlazapeBa, 0. bapcakensmec;
2) npubpexHble: MyiHak, Ysuibl, Apanbckoe Mope. UHCIO KOHTHHEHTAJIbHBIX CTaHIMNA ObLIO
6onee obmmpHbM: Uumbaii, [lopneitay, Taxuartam, Tamay3, Xusa, Tamasl, MoHcsIp, Kycamsl,
Kasanmuck, Kei3pu1-Opna u gpyrue. HekoTopsle M3 HUX €O BpPEMEHEM IPEKPAaTHUIIM CBOIO
NesITeNIbHOCTh, HO OOJIbIIAs YAaCTh MPOI0JKAET paboTy 10 HACTOSIIEE BpEMSI.

Paiion Apanbckoro mops u IOxnoe Ilpuapanse 3aHMMAarOT KpaliHee CEBEPHOE IOJIOKEHUE B
30H€ KOHTHHEHTAJBHOTO CYOTPOMUYECKOTro Kiumara, B To Bpemsi kak CeepHoe [Ipuapanbe yxe
OTHOCUTCSI K 30H€ KOHTHHEHTAJIbHOro OOpealbHOro Kiumara. PanuanuoHHbIE OCOOEHHOCTH M
MOJIOKEHHE B TNIyOMHE OOIIMPHOro A3MaTCKOro MaTepHuka Cpelyd BHYTPUMATEPUKOBBIX MYCTHIHB,
YIQJIEHHOCTh OT MOpeil 1 OKeaHOB OOYCIIaBIMBAIOT XOPOIIO BBIPAKEHHYI0 KOHTUHEHTAJIbHOCTh U
3aCyILIMBOCTh KiMMaTa. HecMoTps Ha HaiMuyue Takoro KpymHOro BojoeMa, Kak ApajbCKoe Mope,
BIIMSIHUE OKPYXAIOIIMX €ro MyCThIHb OKa3bIBaeTCs MpeobianaronmM. Takoi BBIBOJ ObLT cleNaH B
MEePBBIX 0000MIAIOMINX MYONHMKAIUIX MO KiauMmaTy Apanbckoro peruvona (OKuromupckas, 1964;
MonocuoBa u np., 1987). BeiBog O.M. Xutomupckoii (1964) o Tom, 4TO cMsAr4aroiiee BIUSHUE
MOpsS Ha METEOPOJOTHYECKHE 3JIEMEHTHl paHee OrPaHWYMBAIOCH JIMIIb Y3KOM NpUOpeKHON
MOJIOCOM M MYHKTBI, PAaCHOJIOXKEHHbIe Ha paccTossHuK 6oiee 100 kM oT Gepera, ero cMsAryaromiero
BIIMSIHMS HE MCTBITBIBAIOT, HUKEM HE OCIIAPUBAJICA.

[Tozxke, T.W. MonocHoBo#t ¢ coaBTopamu (1987) Ha OCHOBaHHMU COIOCTaBJICHUS 3HAYCHHI
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KIMMAaTUYECKUX IapaMeTPOB, OCPEAHEHHBIX 10 JECATUICTUSAM, ObLI CIeaH aHAJOTMYHBINA BBIBOI.
Kaxmoe wu3 nmecarwsneTuid  COOTBETCTBYET dTalmy KOHKPETHBIX u3MeHeHmit: 1950-1959 rr.
XapaKTepU3yIOT NEpUoJl 10 maaeHus ypoBHs Mops; 1960-1969 rr. — nHayano oOCkIXaHUS MOPCKOTO
JTHa, KOTJla MECTaMH Ha BOCTOYHOM IMOOEpexbe Oeper OTOIIeN Ha JBa JIecsATKa Kuiaomerpos; 1970-
1979 rr. — ype3 Boasl oTolien ot 6epera yxe modru Ha 40 KM Ha BOCTOYHOM NoOEpeXbe B paiioHe
apxunenara AKIETKU U B Ipefeax JAecsITKa METPOB B paliloHE MOPCKOI'O Kpasi JeJIbThl AMYAaphbu.
B pabore Ob110 MOKa3aHO, YTO B CBSA3H C BBICBIXaHHEM JIaJIbHOCTh CMATYAIOIIEr0 BIUSHUS MOPS Ha
HEKOTOpBIE KJIMMAaTUYECKUE AIIEMEHTHI (TEMIEPATypy, BIAXKHOCTh BO3/AyXa) CTaja IMOCTEIEHHO
YMEHBILATHCS U OHO CTaJIO CKa3bIBAThCS JIMILB HA Y3KOU MPUOPEKHOH moJjoce.
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o HyKyC

Puc. 1. Mopckue u mnpuOpexkHbIE METEOCTAHIIMM BOKPYr Apanbckoro mMopst B 1960-x romax.
Yenosnvie o6o3nauenus memeocmanyuii: 1 — Apansckoe mope, 2 — basix, 3 — Y3ynkaup, 4 — Vsiibl,
5 — Myiinak, 6 — Turpossiii, 7 — AKTyMCBIK, 8 — 0. JIa3apeBa, 9 — o. bapcakenbmec, 10 — Uumbaii.
Fig. 1. Marine and coastal weather stations around the Aral Sea in the 1960s. Weather stations: 1 —
Aral Sea, 2 — Bayan, 3 — Uzunkair, 4 — Uyaly, 5 — Muynak, 6 — Tigrovy, 7 — Aktumsyk, 8 —
Lazareva Island, 9 — Barsakelmes Island, 10 — Chimbay.

Ha npumepe cpaBHuTEeNnsHBIX TabmuIl o aecarwietusm T.U. MonocHoBa ¢ coaBropamu (1987)
MMPOACMOHCTPHUPOBAJIA, YTO BIIMAHUC YCBIXaHUA MOPS CKa3aJlOoCh HAa YBECJIMYCHUN CYTOYHBIX aMIIJINTY/]
TeMIepaTypbl U YMEHBIICHUH BIKHOCTH BO3/yXa B JIETHEE BpeMsl Ha OEpEroBbIX CTAHIIMAX; Ha
CMECHE 3HaKa B TOJIOBOM XOJE Pa3HOCTH TEMIIEPATyphl MEXIYy MOPCKOW W KOHTHHEHTAITHLHOU
CTaHIIUSAMH (3HAK CMEHHJICS OJIMH pa3 B aBryCTE); HAa MOSBICHWU MBUIBHBIX Oyph Ha MPUOPEKHBIX
CTaHIIMAX WM YBEJIWYCHUH Oypb W TBUTLHOTO IM03€MKa Ha MOJOBHHE KOHTHHECHTAIBHBIX CTAHIMN
[Tpuapanes. B To 5xe Bpemst ObUI0 OTMEUEHO, YTO U3MEHEHUS B BBINAJACHUH 0CAIKOB HE IIPOU3O0IILIO.

Takum obpasom, yxke K KoHIy 80-x romoB B pabore T.. MomocHoBoii ¢ coaBTopamu (1987)
Obula OIpesesieHa TePPUTOPHSI, UCTIBITHIBAIOIIAS HEMOCPEICTBEHHOE BO3CHCTBUE MOpPS MpPHU €ro
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HOpMalibHOM ypoBHEe (okomo 53 mu.y.M. BC), W B pganbpHelieM Ha 3TOW TEPPUTOPHU
pealin3oBangach MPOTrHO3UpyeMasi TEHISHIUS K U3MEHEHUIO KITMMAaTHYEeCKUX YCIOBHM.

K HacrosmemMy BpeMEHHM HMEETCS HECKOJIBKO MyONUKAMi, B KOTOPBIX OXapakTePH30BAHO
U3MEHEHHE KIMMaTHYeCKUX mapamerpoB B [lpuapanbe BCieACTBHE NaAeHUS YPOBHS MOPSL.
Oto obobmarommme padborel B.E. Uy6a (2000, 2007) um «TpeThbe HaIMOHAIBHOE COOOIICHHE
pecniyonuku  Y30ekucraH 1o pamouHoit konBeHmmd OOH 00 wusmenenun kiumaray (2016)
OtH paboThl JaIOT MPEJCTABICHUE O MPOMU3OLICAIINX M3MEHEHHUSAX KIMMATHUECKUX IMapaMeTpoB K
Havary XXI B., BEIWICHSS UX U3 HAOTIOAAIOMIUXCS U3MEHEHUH B CBSI3H C TJI00QTEHBIM TIOTETUICHUEM.

OO6mupHOe uccleoOBaHUE KIMMaTa IO BCel Teppuropuu Y30ekucraHa ObUIO CIEIaHO B
moHorpaduu B.E. Uy6a (2007). B aroit pabote Ilpuapanpio yaeneHo crienuaaibHOe BHUMAaHUE H
MOAPOOHO PAacCMOTPEHBI AHTPOIIOT€HHBIE U «(OHOBBIC» U3MEHEHHS KIMMATUYECKUX MapaMeTpoB.
Meroanuecku 3Ta 3a7ada, Kak U B mpeamecTByomux padorax T.M. MosnocHOBOM ¢ coaBTOpamu
(1987) u O.M. XKuromupckoit (1994), pemanack myreM COMOCTAaBICHUS TAaHHBIX OEpPEroBBIX M
KOHTHHEHTAJIbHBIX METEOCTaHIMW. boiee nerasbHO BOMPOCH W3MEHEHHS KJIMMaTra W €ro
BO3MOXXHOTO BO3JICHCTBUS HA OTpacid HaApOJHOTO XO3AHCTBA pECIYyOIUKH OTPaXKEHBI B
MoHorpaduu «/3MeHeHHe KiuMara M €ro BIMSHHE Ha NPUPOIHO-PECYPCHBIA MOTEHIHAT
PecniyOnuku Y36ekuctan» (Uy0, Cnexkropman, 2000).

B cBoeit monorpadgum B.E. Uy6 (2007) mnpu3HaeT, 4YTO COBpPEMEHHBIC AaHTPOIIOTCHHBIE
W3MEHEHHUS KJIMMara B Y30E€KHCTaHE MMEIOT ME30MAaCIITa0HBIM XapakTep W CBA3aHbl IVIaBHBIM
00pa3oM C MHTCHCHBHBIM OCBOEHHEM 3€Mellb B BEpXHEW uacTu OacceiiHa ApajgbCKOTO MOpS.
B cBs13u ¢ 60bIIMMU U3BSITHSIMH BOJIBI Ha OpOILIEHUE 3TON TeppuTopuu B [Ipuapanse umeeT MecTo
ONyCTHIHWBAaHUE, TJE€ B pe3yJbTaTe 3HAYUTEIHHOTO YMEHBUICHHS TPUTOKA PEYHOW BOJBI
MIPOM30ILIO PE3KOE MaICHUE YPOBHS MOPS U COKpaIeHHNEe MOPCKOH IUIOIIad. ABTOp Ha3bIBAET 3TH
W3MEHEHHS  «aHTPOTOTCHHBIMW». METOIMYEeCKH  BO3JCHCTBHE  HEMOCPEIACTBEHHO  ATOTO
aHTPOIIOTEHHOTO (haKTOpa — YCBIXaHUSI MOpS — YYMUTHIBAJOCh B paboTe MyTeM pPacCMOTPEHUS
pa3nuunii Mex1y (OHOBBIMHU U JIOKATBHBIMH H3MEHEHHSIMH TeMrepaTyp. MccinenoBanue mokasano,
YTO 3T AHTPOINOTEHHbIE M3MEHEHUs KJIMMara JIOKAJIM30BaHbl BOKPYr ApajbCKOro MOpsi B 30HE,
OKOHTypHBaroIleld ero OeperoByro JuHHIO 60-X TOAOB Ha paccrosHuu He Oosiee 100 kM.
OHM TPOU301LTH B TIEPUOJ] IETpaslaliii MOpsl U CBOAATCS K onucaHHomy naiee (Uyo, 2007).

Hsmenenue memnepamypHnoeo pexcuma. ITa BenuunHa He mnpeBocxomutT 1.0-1.5°C. bonee
3aMETHOE M3MEHEHHE PEeKUMa MPOMCXOIUT B MOCIETHHE T'O/bl HAa OCTPOBAxX, IMJIOMIAJb KOTOPBIX
BO3pAacTaeT B CBSI3M C IOHWKEHUEM YPOBHSI Mops. [[ons anmponoceHno2o 6K1aoa 6 usmeHeHue
memnepamypwbi focturaet 25-50%.

3umoii u ocenvio Tpu permoHanbHOM Toxoiomanuu  (1971-1980rr.) ymeHbmieHHE
OTEIUIAIONIET0 BIMSHUS MOpPS NPUBOAMIO K OOJIBIIEMY CHIDKEHHIO TEMIIepaTypbl BO3/1yXa Ha
OBIBIIMX OEperoBBIX CTAHIHUSAX 10 CPAaBHEHHIO CO CTaHIMSIMH CYTyO0O KOHTHHEHTaIbHBIMH.
B nepuon uHTeHCHBHOTO peruoHanbHOoro mnoteruieHus (1981-1990 rr.) mnoBblmieHHe 3UMHUX
TeMIIepaTyp, B TOM YUCIIe 1 MUHUMAIIbHBIX, OBLIO OOJIBIIIE HAa YIATEHHBIX OT MOPS CTAHIIHSX.

Jlemom u 6ecHou yYMEHBUIEHHME OXJIQXXIAIOLIEr0 BIMSAHUSA Mops npu mnoremieHun (1970-
1985 rr.) mpuBomMiO K OONBIIEMY YBEIHMUCHHIO TEMIIEPAaTyphl BO3IyXa BOJIM3M MOps, YeM B
yIQJIEHHBIX pailOoHaX, U K MEHbIIEMY IOXOJIOJAHUIO TNPU MOHMKEHUH TEeMIIepaTypHOro (oHa.
Haunbornee BrICOKME 3HAUCHUS B pa3HUIIE TEMIEPATYP MEKAY MEPBBIM M TIOCICTHUM JIECATHICTHEM
OKa3aJIMCh B ampelie Ha MPUOPEXHbBIX cTaHIusAX MyitHak 1 Apanbckoe mope (Tadu. 1).

Tak Kak BECEHHHWE W OCCHHHE aHTPOIIOTCHHBIC W3MEHEHHS TEeMIepaTypbl MMEIOT Ppa3HYIo
MHTCHCUBHOCTh (a WHOIZIa M 3HAK), TEIJIOBbIE PECypChl BCEr0 BEreTAllMOHHOIO Iepuoja B
MPUOPEKHON 30HE ObUIM AoaTOe BpeMs cTtadmibHBL. B 1981-1990 romax, korma Mope OTOIIO OT
Oepera Ha 25-26 kM (MyifHaK U YsuIbl COOTBETCTBEHHO) M 3 (EKT JIETHErO0 aHTPOIIOT€HHOTO
MOTETJICHUST BBIPOC, cymma 3pgexmusHvlx memnepamyp yBEIUUWIach 3/1€Ch MO CPABHEHHIO C
«HEHapyUIeHHbIM» neprooM Ha 30-50°C.
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Taomuma 1. PasHocTs Temmeparypbl Bo3ayxa Mexay aecsatwieTusmu: 1) 1951-1960 u 1961-1970,
2) 1951-1960 u 1971-1980, 3) 1951-1960 u 1981-1990, 4) 1951-1960 u 1991-2000 roxasr (Uyo6, 2007).
Table 1. Difference in air temperature between the decades: 1) 1951-1960 and 1961-1970, 2) 1951-
1960 and 1971-1980, 3) 1951-1960 and 1981-1990, 4) 1951-1960 and 1991-2000 (Yy6, 2007).

SAuBapnb Anpenab Hrwoas OkTs0pL
Cranuus

1 (234|123 |4(1]|2| 3 [4]|1]|2]|3|4
bapcakenbmec -0.5(1.8|-1.4| — |-0.5-1.5-2.0] — |-0.5|-1.6/-3.0| — |0.5|1.3|15| —
Apanbsckoe mope | -0.5 [1.2]-3.3(-2.0|-0.7{-1.5|-1.7|-3.0|-0.3|-1.6| -2.8 {-1.7|0.2]0.8|0.2|-1.2
Vsbl -05(2.2|-1.9| — |-0.8}-1.7(-2.8] — |-1.1|-1.3| -3.4| — |0.8|1.8|2.0| —
Myitnak -0.1 {2.9|-1.1}-0.2|-0.8|-1.9|-3.0{-4.7|-0.8|-1.4| -2.4 |-2.8|0.7|1.2|1.8|0.1
Turpossrit -03(20( - | - [-0.8-1.7) — | — |-0.8]-1.5| — | — 06|14 — | —
[Topnatay 04 |3.3|-1.4/ — |-0.5]-1.4|-1.9| — |-1.6|-1.1| -2.6 | — |0.4]/0.5]|0.9| —
Yumbaii 0.4 |2.4]-2.0-0.4/0.4 |-1.3|-1.5|-2.9/|-0.8}-1.5| -2.3 |-2.1| 0.2 |-0.3{-0.2|-1.6
XuBa 0.1 |2.4]-1.2|-0.8/0.3|-0.7|-0.6/-0.6/0.4|-0.4| -1.2 |-1.5/0.8(0.0{0.2|-1.2
XKacmpik 0.4 |3.2|-2.5-1.1/0.0{-0.1|-1.2}-2.8|-0.7|-1.0| -2.3 |-1.7|0.2 |-0.3{-0.3|-1.5
Kapaxanmakus 0.4 |3.0|-2.2|-1.4(-0.1{-0.6|-1.6|-3.5|-0.4|-1.8| -2.2 |-1.6| 0.3 |-0.2{-0.5|-2.1
Axbaiitan 0.7 |2.4]-1.4|-0.2|-0.2|-0.9|-0.6|-0.6|-0.2|-1.1| -1.5 |-0.9/ 0.4 |-0.1{ 0.3 |-1.5
Tampas 0.7 |2.3]-1.6/0.1(-0.4{-1.3|-0.8/-0.8/-0.7|-1.4| -1.6 |-1.2|-0.2(-0.8{-0.2|-1.6

HpnMeanne K Taﬁ.]'ll/llle 1: XeaTBIM (1)OHOM BBIJICJICHBI 6eper0BHe CTaHOUU MU  IIYCTBIHHAA.
Notes to table 1: yellow marks the coastal and desert stations.

Ilepexoo cpeonux cymounvix memnepamyp uepez 0°C K nonodCUMENbHLIM  3HAYEHUM
OTHOCUTEIBHO TOCTOSIHEH HEMOCPEJCTBEHHO Ha Mo0epexbe, TOrja Kak Ha JAPYTMX CTaHIUSAX
[puapanbs 1 B MyCTHIHE OH OCYIIECTBISIETCS B O0JIee MO3JHUAE CPOKHU, YEM CPEIHUE MHOTOJIETHHE.

Ilepexoo uepes 0°C k ompuyamenvhuviM 3HAYEHUAM OCEHbIO TPOUCXOJIUT, KaK M BO BCEM
peruoHe, B 0oJiee MO3HNE 1aThl, HO OTJIMYHS CTATUCTHYECKH HE3HAYMMBI.

Ha ¢oHe oOuero CHWKEHUS JemHux CYymouHblX aMnaumyo memnepamyp 6030yxa Ha
MyCTBIHHBIX CTAHIUSAX aMIUTUTY/AbI Ha OEpPETrOBBIX YBEIHMUMBAIOTCS, MPUOIMKAACH K 3HAYCHHSIM
MYCTBIHHBIX AMIUIMTYIbI BO3pociau B Ysuibl U MyiiHake ¢ 5-6 u 7-8°C mo 11.5 m 12.6°C
COOTBETCTBEHHO. 3UMHUE CYMOUHble AMNIUMYObl Mmemnepamypsl OBIBIIEH TPUOPEKHON 30HBI
CYIIECTBEHHO HE MEHSIOTCS M II0Ka OCTAlOTCA HIKE KOHTUHEHTaIbHbIX. CpeaHue 3a Trof
aMILTUTY/IBI TEMIIEPATYphl BO3yXa MO ACCATHIICTHSIM (pHC. 2) Ha OEPEroBbIX CTAHIMSX 32 MEPUOT
1950-1990 rr. BBIpOCIHM U NPUOAM3MINCH K KOHIY 1990-X rofoB K 3HAUYE€HUSM Ha MYCTBIHHBIX
CTaHIUSAX. OTO OYEHb BaXHOE COOBITHE B PA3BUTUH ApaIbCKOTO KpU3HCA, T.K. OHO
CBHJIETEJILCTBYET O TMPAKTHUYECKOM IMPEKPAIIeHUH U3MEHEHUH TEeMIepaTypHOro pexuMa,
00YCIIOBJICHHOTO MAJCHUEM YPOBHS MODSI.

Ommnocumenvnas enraxchocms. B llpuapanbe M3MEHEHHME 3TOTO IOKa3aTess MPOMCXOIUIIO
Han0oJiee OTYETIMBO HA FOKHOM U BOCTOYHOM TTOOEPEKBSIX, TIE pa3HUIA 3HAYCHUH OTHOCHUTEIILHOU
BJIQKHOCTH C MCTBIHEH MpH «HEHAPYLIEHHOM» pekume coctaBisiia 35-40%, a mocne 1990 roga —
20-28%. B.E. Uy6 (2007) orMeuaer, 4TO aHTPOMOTEHHBIH BKJIAJl CONOCTABHUM C €CTECTBEHHBIM
M3MEHEHHEM Ha KOHTHHEHTAJIBHBIX CTAHIUAX, a B OTACIBHBIX MyHKTaX (YsUIbl) Jake MPEBOCXOAUT
ero. VlHpIMH cl0BaMHM, K HAcCTOSIIEMY BPEMEHH pa3HHIA OTHOCHTEIFHON BIQKHOCTH BO3JyXa Ha
NPUOPEKHBIX CTAHIUAX MPAKTUYECKHU COMU3UIIACH C TyCTHIHHBIMHU.
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Puc. 2. Cpennue 3a roj amIbIMTYIbl TEMIEPaTypbl Bo3ayxa mo aecsatwiaetusm (Uyo, 2007).
Venosnvle o6o3nauenus. Ilpudpexnsie MeTeocTaniuu: 1 — Ysuiel, 2 — MyifHaK; KOHTHHEHTAIBHBIC:
3 — YUumbaii, 4 — Xusa, 5 — Kapakanmakus, 6 — Tamael. Fig. 2. Average annual air temperature
amplitudes for decades (Yy0, 2007). Legend. Coastal weather stations: 1 — Uyaly, 2 — Muynak;
continental stations: 3 — Chimbay, 4 — Khiva, 5 — Karakalpakiya, 6 — Tamdy.

Hzmenenue peoscuma ammocgheprvix ocaokos. BnusiHMe COKpallleHHs BOJHOW MOBEPXHOCTH
MODSI IPOSBUIIOCH B U3MEHEHUHM COOTHOIIEHUS OCAJIKOB TEIUIOrO0 M XOJIOJHOTO Moiayroaui. Panee
Ha/Jl MOpeM IpeoOsafiany JIETHUE OCAJIKU, Termephb dvame (HOPMUPYIOTCS 3MMHHE MaKCHUMYMBI.
Cnenyetr oTMeTUTh, uyTo O0see no3anue ucciaeaosanus JK.B. Kysemunoit u C.E. Tpewmkuna (2016)
MIOKa3ajy, YTO 53Ta TEHACHLHMSA XapakTepHa M BCEH TEPPUTOPUU IIyCTHIHHBIX PpalOHOB,
okpyxarmux [Ipuapanse. Kak Buaum, u pexuM arMOCPEpPHBIX OCAIKOB YK€ MEPECcCTpomica U
OJIN30K K peXKUMY BBINAJCHHS OCAJKOB Ha OKPYKAIOLINX MYCTHIHHBIX CTAHLIUSAX.

Iloemopsemocms pasHviX K1acco8 no200. 3aMETHbIE M3MEHEHUS IPOU3OLLIM B IOCIEIHEM
necaruneru. Harnpumep, B MyitHake ucues kiacc norojsl XY1 (oueHp »xapkas 1 OYeHb BIIaXKHas)
1 YBEJIIMYMIIACH TOBTOPSIEMOCTb IOT'0JIbI COJTHEYHOM, OYEHb )KAPKOU U OYEHb CYXOM.

B.E. Uy6 (2007) Take cuMTaeT, 4TO COKpallleHHe BOJHON MOBEPXHOCTU MOPS CKa3ajloch Ha
BeTpoBOoM  pexxume  [lpmapanps:  mpousonuio  ociabieHue  OpU30BOM  LUPKYJIALHUH,
MIPEUMYIIECTBEHHO 32 CUET COKPAICHUS JHEBHBIX CEBEPO-BOCTOUHBIX OPH30B.

B konebanusax uucna AcHuIX OHel, paOUAyUOHHBIX XAPAKMEPUCTIUK U AMMOCPHEPHBIX 0CAOKOE 8
Ilpuapanve u 3a eco mnpederamu SBHOTO BKIaJa, CBSI3aHHOTO C Jierpajanueil mops,
He oOHapyxwuBaeTcs, T.e., mo MHeHuto B.E.Uyb6a (2007), onum oOycioBieHbl Ooiee oOmmM
(bakTOpOM, U3MEHEHUEM LIUPKYISIIIMOHHBIX TPOIleccoB Ha TeppuTopun CpenHeil A3uu.

Takum oOpazom, B paccmarpuBaeMoit pabore B.E.UYy6a (2007) maHel OTBETHI,
MOJITBEPXK/ICHHbIE KOHKPETHBIMU JAHHBIMA MHOTOJIETHUX HAOJIOJIEHHH, Ha OCHOBHBIE BOIPOCHI,
MOCTaBJIEHHBIE B CaMOM Hayayie ApanbCKoro Kpusuca: 1) NaabHOCTh KJIMMAaTHYECKOTO BIIUSHUS
MOpSsI TIPU 3aMEIeHUH BOJHOTO 3epKaJjia HOBOM CyIllel MpoCcTUpaeTcsl Ha paccTosiHUE He Oolee, 4eM
Ha 100 kM ot npexHeil (1o 1960 rona) GeperoBoil TMHUM; 2) TPUUMHON PE3KOTO MaJIEHUSI YPOBHS
MOps HE SIBJIIOTCS] KJIMMATHYECKUE ITPOLECCHI, T.K. TOJJOBBIE CYMMBI OCAJIKOB Ha BCEM MPOTSHKEHUN
BpEeMEHH pa3BUTHs Kpu3uca B [Ipumapanbe He yMEHBLIMINCH, 3) MPOLECC W3MEHEHHs KIMMara
BCJIE/ICTBUE BBICBIXaHMSI MOPsI MPAKTUYECKH NMpeKpaTwics K KoHIy 1990-x ronos, T.K. 3Hau€HHE
KJIMMAaTUYEeCKUX NapaMeTpoB Ha [IpuMOpCKUX CTaHIMSIX NPUOIU3HIOCH K YCIOBUSAM OKPY KAIOLIUX
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nycThiHb. O4eHb HArJSAHO ATOT TE3HC MOATBEPKIAET PUCYHOK 2, TJI€ BHJIHO, YTO HA MPUOPEKHBIX
cTaHIMAX MyiHaK U Ysulbl B TEUEHHE BCETO BPEMEHHU OT Hadajla U BO BpeMs NPOTEKaHUs KpU3HCa
(1950-1990 rr.) cpemHue 3a TOH AMIUTMUTYIbl TEMIIEPATYpbl BO3/AyXa IO JCCATHICTUSM
OpUOIMKATUCh K 3HAYEHUSM KOHTHHEHTAIBHBIX CTAaHIMHA M K KOHIy 1990-X IT. HpakTH4ecKd
CPaBHSUIMCh CO 3HAa4eHMAMHM Ha HHUX. OTBETHl Ha BOIPOCHI, IIOCTABICHHBIC B HadaJle PAa3BUTHUSA
ApasibcKOro KpusHca, MoJIiyudeHbl, I OHM KPOME IIPOYETr0 OTBEYAIOT M Ha IOCTaBJIECHHYIO 33Jady B
OTHOILIEHHUHU ITPOTHO3a HAINIPABJICHUS Pa3BUTHs KIMMATUYECKUX MAPAMETPOB IIPU YCBIXaHUU MODA.
Kak BuauM, ux nu3MeHEHHs BO BpeMs KpHU3HCa IUIM B HANPaBICHUU (POPMUPOBAHUS MApaMETPOB U
PEXKHUMOB, COOTBETCTBYIOIIMX KIMMATHYECKUM YCJIOBHSAM INPUIECTAIOMUX IYCThbIHB. McKkiatodeHue
COCTABIISIIOT OCAJKH, KOTOPhIE W paHblle ObTM HEBEIMKHM M HE 3aBHCEIH OT Pa3MEpPOB BOJHOU
IIOBEPXHOCTH, a SIBJIAIOTCS CJIEICTBHEM Ieorpaduueckoro MoyoKeHUs TEPPUTOPUU B IyCTBIHHON
3oHe. CaMblif 3HAYMMBIH BBIBOJA M3 paccMoTpeHHOH paborsl B.E. Uy6a B otHOmeHun [Ipuapanbs
TOBOPUT O TOM, YTO KIMMATUYECKHUE M3MEHEHMsI, CBA3aHHbBIC C IAJCHUEM YPOBHsS MOpsl Ha 3TOH
TeppuTopud, K KOHLY 1990-X romoB mpeKpaTWINCh, HHBIMU CJIOBaMU — KIMMaTHYeCKas
cocTaBisonias ApallbCKOro KpHU3uca 3aBepliwiack M Jajee KINMaTUYeCKUE W3MEHEHHs B
[Tpuapanse OyayT 0OyCIIOBIIEHBI HCKIIIOYUTEIHHO HUPKYISIIMOHHBIME MpoIieccaMy aTMOCc(epbl Ha
tepputopuun Cpenneit Azuu.

OcCHOBHBIE METOJUYECKHE INpUEMbl, KOTopble ucnoib3oBan B.E. Uy6 (2007), 6nusku Tem,
KOTOpBIE€ PUMEHSIIN IPEABIIYIINE UCCIEI0BATENIN: pAacy€eT I1apaMeTPOB IO AECATUIIETHUSIM, OLEHKa
M3MEHEHHUS MEX]y JBYMsI COCETHUMU JIE€CATUIETUSAMHU HAa OCHOBAaHUM PAa3HUIIbI CPEAHUX 3HAUECHUI
3a KaXJ0€ U3 JECATWICTHH, a TaK)Ke OllCHKAa U3MEHEHHUs 3a Bech nepuoj ¢ 1950-x mo 1990-e rr. Ha
OCHOBAaHUM PA3HMIIbI, OIYy4aeMON IPU CPAaBHEHUH JECATUIIETHUS B HAYaAJIE€ WM J10 MaJleHUsl YPOBHS
Mopst ¢ mocnenHuMm  gecstuietdeM  1980-1990 rr.  BosgelictBue cOOCTBEHHO MOps Ha
KJIMMaTHYECKHE MapaMeTpbl OLICHUBAJIOCHh 10 pPa3HUIE 3HAYEHWH Ha NPUOPEKHBIX CTAaHUUAX U
KOHTHHEHTAIIBHBIX, PACIOJOKEHHBIX B IycTbiHE. OIlEHKa JAJIbHOCTH BO3JEHCTBUS MOpS Ha
KJIMMaTUYECKHE  MapaMeTpbl  MPUJIETAIOIUX  TEPPUTOPUIl  MPOBOAWIACH  TaKXkKe  IyTeM
COIOCTABJICHUS 3HAUEHHH MapaMeTpoB MOPCKHX M MPUOPEXHBIX CTAHIMHA C PAaCHOJIOXKEHHBIMU B
MYCTBIHHBIX palioHax OO0 TeX NOop, IMOKa pa3HUIa 3HAYEHU HE CTAHOBWJIACH ITOCTOSHHOW.
IIpencraBusercs, 4YTO MNPEUMYLIECTBO TAKOTO MOAXOJA 3aKIKYaeTcsi B  BO3MOXHOCTH
paccMOTpeHHUsI X0/1a poIiecca, OTINYUN B OT/I€TIbHBIE OTPE3KH BPEMEHHU.

WHoi mojxoJ K pacCMOTPEHHIO U OLEHKE KIMMAaTHYeCKMX HM3MEHEHHMH ObUl HCIIOb30BaH B
uccnenoBannn JK.B. Ky3pmunoit u C.E. Tpemkuna (2016). DTu aBTOpbl TOCTaBUIIM  IIEITBEO
pa3paboTaTh METOAMYECKMH MOAXOA K OLIEHKE W3MEHEHMs KIMMaTHYecKUX MapameTpoB. BaskHoe
MECTO B UX IOJIXOJE 3aHMMAET OLEHKA CTaTUCTUYECKOM 3HAYMMOCTH M3MEHEHMW. Ecim u3meHeHus
rapamMeTpa BO BpPEMEHM CTAaTHUCTUYECKH HE3HAUMMBbl, CUMTAETCs, YTO H3MEHEHUE OTCYTCTBYET.
Eme onHa ocoGeHHOCTh METOJ]a COCTOUT B TOM, YTO aBTOPBI PACCMOTPENU JJTUTENbHBIA MO0 BpEeMEHH
psin HaOmoneHuid. B nannoii padote 3to 75 1 125 ner, T.e. co BpeMeHU Havyaja paboThl CTaHLUI U 110
Bpemsi mipoBeseHuss wuccnenoBaHus B 2014 1. DTO TO3BONMMIO TONYYUTh BEIMYMHY KOHEYHOTO
PE3YABTUPYIOLIETO U3MEHEHUSI C Hayana HaOMIoJAEHUH MO KOHEUHYIO JaTy U OIpEAeNUTb TPEHIH,
3HaYMMOCTh KOTOPBIX dYepe3 KodDUIMEHT Koppersiiud I' MOXKHO OIEHHBAaTh 0ojiee OOBEKTHUBHO.
B 31001 pabote UCTONB3yIOTCS TaHHBIE CYTOYHBIX HAOJIOJICHUH, YTO U MO3BOJISIET HAXOAUTh 3HAYCHUE
a0COJTIOTHBIX MAaKCUMYMOB 1 MUHMMYMOB 3a CYTKH, @ 3aTEM — 32 BECh II€PHUO]T HAOIIOCHUII.

[Ipu BbIOOpe mOKa3areneld aBTOPHl HCXOAWIM W3 HEOOXOAMMOCTH HUX OSKOJIOTHYECKOH
3HAYUMOCTH, IIoJIarasi, 4To JUIs SKUBBIX OpPraHHW3MOB HauOoyiee BaKHbI CpEIHUE 3HAYCHUS
METEOPOJIOTUYECKUX XAPAKTEPUCTHK, a OJKCTPEMalbHbIE 3HAUEHUS PEIKH U JUMUTHPYIOT
BBDKMBAHME BUJIOB, HAXOAAIIMXCS HA IPAHULIE CBOETO apealla. Y YuThIBas 3T0, ABTOPBI UCCIIEL0BAIIN
cpenHue M aOCONMIOTHBIE  MHUHUMAIbHBIE W MaKCHMajJbHbIE  BEIMYMHBI  OCHOBHBIX
METEOPOJIOTUYECKUX XapPAaKTEPUCTUK B MHOTOJIETHEM aCIIEKTe.

ABTOpBI paCCMOTPENM 3HAYECHUSI CYMMAapHBIX aTMOC(HEPHBIX OCAaJIKOB U TEMIIEpaTyphbl BO3AyXa
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(cpez[HHe, MaKCUMAJIbHbBIE 1 MHWHUMAJIBHBIC BCJII/I‘-II/IHBI) JJIA BCCTO roaa, TCIJIOro M XOJOAHOI'O
CE30HOB M OTJEIILHO JUIS 4-X BpEMEH roja. PaccMaTpuBanuch JaHHBIE 8 METCOCTAHIUH, BXOISIIHX
B MEKIyHapOIHYIO ceTh (puc. 3): Apanbckoe mope, Unmbaii, Tamubl, Toprait, Uprus, Camapkans,
Typkecran, Yapxoy).
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Puc. 3. PacnonoxeHune MeTeOCTaHIMA, BXOIAMIMX B COCTaB MEXKAYHApOIHOW CHCTEMBI
MeTeoHaOmoneHuil, B perroHe [lpuapanes u compenenbHbIX Tepputopuit Cpennelt Asum, auns
KOTOPBIX ObLI MMPOBCACH aHAJIM3 TPEHAOB OCHOBHBIX MECTCOPOJOTMYCCKHUX XAPAKTCPUCTHK 3a
MHorojieTHuil nepuoj Habmonenuit (Kyspmuna, Tpemkun, 2016). Fig. 3. Location of weather
stations that are part of the Worldwide Meteorological Observations System in the Aral Region and
adjacent territories of Central Asia, for which the trend analysis of the main meteorological
characteristics over a long period of monitoring was carried out (Ky3smuna, Tpemikun, 2016).

Kak BUIMM, aHaTM3MPOBAIUCH JAHHBIE MPEUMYIIECTBEHHO MO KOHTUHEHTAJIBHBIM CTaHIUSM.
Jlnist Hac MpeACTaBISIIOT MHTEPEC «IPUOpEKHAs» MEeTeoCTaHIs Apanbckoe Mope (T. Apanbek) U
pacnojioxkeHHass B JenbTe Amyaapbu craHius YumOal, KOTOPYIO MOXHO paccMaTpuBaTh Kak
pacroyio)keHHyl0 B moisioce mupuHoi g0 100 km ot OeperoBoil muHuu Mops 1960-x ronos
MCIBITHIBAIOLIYIO BIUSHUEM MOPSI.

B nannoil paboTe a1 UTOTOBOM OLIEHKHM U3MEHEHHUs IapameTpa MpeIoKeH OmHOCUmMeNbHbLU
koapuyuenm usmenenuti — OKHW (tabim. 2), oTpakaromuii OTHOIIEHHE MOAYJIS U3MEHCHHSI 3TOTO
napameTpa 3a MHOTOJIETHUH NIEpHO/J] K aMIUIMTY/I€ ero KoieOaHus, B MPOLIEHTAaXx.

[lepBbiii 3Tam pa®oOThl CBA3aH C AQHAJIW30M MHOTOJIETHETO psila CPEIHUX 3HAueHUH
TEMIIEPATYPHI U OCAJKOB 3a OJ U IO YaCTAM JUIsl MOJTYYEHHs] BEJIMUMHBI U3MEHEHMSI IApaMETPOB
(Mozys1) 32 BeCh IMEPUO]T UCCIIEIOBAHUS U €r0 3HAYMMOCTH (puc. 4).

Kak BugHO Ha pHCyHKe 4, XapaKTepH3yIOLIeM HW3MEHEHHE OCAaJKOB Ha CTaHuusAX Uumbail u
Apanbckoe mope a0 mameHus ypoBHsS mops (1906 wmm 1937 rr.), TomoBas cymMma OCaJKOB
yBEJIMYMBAJIach Ha 00EUX CTAHIIUAX.

M3MeHeHHs mapaMeTpoB OLEHMBAIOTCA KOA((UIMEHTaMH KOPPEIALUH I' ¥ CTaTUCTHYECKOU
3HaYMMOCTBIO, YTO MOXKHO YBHJIETh B COOTBETCTBYIOIIMX KOJIOHKAX B TabmuIe 2.
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Ta6auna 2. MHOTOJNIETHHE U3MEHEHHS aTMOC(HEPHBIX 0CaIKOB U TemrepaTypbl Bozayxa B [Ipuapanse (Ky3pmuna, Tpemkun, 2016).
Table 2. Long-term changes in precipitation and air temperature in the Aral Region (Ky3pmuna, Tpemikun, 2016).

Ilepuoas: Ocamkch, My Hupexc Temneparypa Boznyxa, °C
= Ilenn Cpenuasn Adc. MHHHM AL HAR Abdc. MAKCHM AL HAR
ECem“”8[5511(12(313‘3,5.4“%%[551an‘AnSEIR:AnsEI‘IEA"
S [H] & A AL S 2[5 & 2|22
@] o) o o
1906-2014 1906-2014 1906-2014 1906-2014
Tox 1-12 |109] + 0.56 0.001 125.8 94.1/38.1] 0.3|-0.1]102| + 0.53 0.001 7.9 | 2.5 |48.4|
§ Tenn mon. 4-9 [109] + 0.39 0.001 61.7 |49.7/11.0{0.1|-0.3]102| + 0.59 0.00120.2| 2.6 (32.2]100| + 0.17 0.10| -15.9 |2.1| 11.2 | 94 | + 0.47 0.00146.9| 3.9 |34.7
§ Xom mom. 10-3 [109| + (.51 0.001 64.1 |44.428.7) 2.5|3.1|102| + 0.36 0.001]-4.6|2.6 [28.7]103| + 0.25 005/ -37.9(3.1| 18.1 | 91 | + 0.33 0.01(32.6/ 4.4 |25.4
% Becma  3-5 [107| + 0.39 0.001 39.6 |33.6(19.7] 0.3|-0.1J106| + 0.45 0.0018.4 3.5 (30.6] 98 | + 0.35 0.001 -36.1|7.8| 25.0 | 94 | + 0.31 0.01(39.9/3.5|22.9
; Jeto 6-8 [108{0¢ 013 = | 265 | - | - |2.1|1.8]104] + 0.47 0.00125.3|1.9 |35.1]101| + 0.23 005| 3.6 |1.6| 164 | 93 | + 0.460.00146.9 3.8|34.2
g Ocens  9-11[107| + 0.23 005| 32.7 16.4(14.1]1.2{ 0.0J105| + 0.45 0.0018.0 (2.6 [22.4] 99| + 0.19 0.10| -31.6|4.0| 154 | 89| + 0.430.001|41.5| 4.7|33.6
g 3uma  12-2[108| + (.56 0.001 28.9 |28.8(30.0{ 3.0| 3.4|105| + 0.15 0.15/10.6 1.5 [8.3|103| + 0.25 005/ -37.9(3.1| 18.0 | 92| + 0.31 0.01|17.8/3.6|17.1
“ | Tenn non 5-10[100 + 0.23 005| 58.6 |25.114.3{0.6|-0.11102| + 0.61 000119.9)2.433.4{ 99| + 0.26 001/ -157|3.1| 17.1 | 94| + 0.470.00146.9/ 3.9 |34.7
Xom mom.  11-4 |109| 4+ (.62 0.001 67.2 |69.0/41.3| 2.6|3.2]102| + (.35 0.001-4.3|2.6 269[103) + 0.25 005 370 [3.1| 181 [ 93| + 0.38000(33.9]5.0[33.0
1937-2014 1937-2014 1937-2014 1937-2014
Ton 1-12| 81| + 0.61 0001 122.7 |64.9/24.9] 0.4 0.4] 78 | + 0.70 0.00111.1] 2.7 |55.5
Tenm mon. 4-9 | 81| + (.35 001| 49.1 (38.2[26.8/0.0{ 0.1| 78 | + (.81 0.00121.5/2.9 |58.9| 78 | + 0.42 0.001] -8.8 [4.0| 285 | 78| + 0.590.00146.0| 3.3 |37.6
§ Xom mom. 10-3 | 81| + 0.54 0.001 73.7 61.435.5] 3.6|3.3] 78 | + 0.43 0.0010.7|2.5(32.1) 78 | + 0.18 015/ -33.7|2.8| 122 | 78 [0¢H 011 = |34.5] - | -
g Becua  3-5 | 81| + 0.43 0001 53.2 |48.036.7]-0.1| 0.0] 78 | + 0.59 0.00112.3|3.5 [40.9) 75| + 0.24 005/ -22.6(3.7| 18.7 | 78 | + 0.24 0.05/46.0| 1.8 |12.6
E Jleto 6-8 |81+ 0.19 010 11.5|7.0|9.8|-0.7/0.0] 78 | + 0.79 0.00125.7/3.0 |65.6] 76 | + 0.38 c.00 2.6 [2.9| 25.1 | 78| + 0.530.00146.0| 3.0 (33.6
E Ocenr  9-11[81| + 0.36 0.001 22.6 |19.922.8]-0.3|-0.3] 78 | + 0.53 0.00110.3|2.5 [43.5] 77| + 0.23 005/ -25.5(3.6| 16.0 | 78| + 0.28 0.1041.0/ 1.9|16.5
" 3uma  12-2| 81| 4+ 0.37 0001 354 [24.828.5/3.7(3.5] 78 | + 0.22 005/-4.1{1.8(17.8] 78 | + 0.17 0.15/-33.7|2.7| 123 | 78 |0+ 002 = 244 - | -
Tenn mon. 5-10| 81| 4+ (.35 0.01] 38.6 |26.2{22.7]-0.4/-0.1] 78 | + (.84 0.00121.0/2.7 [63.9] 76 [0+ 011 = |-13.2]| - - | 78| + 0.530.00146.0 2.9|33.5
Xom mom. 11-4 | 81| + 0.52 0.001 84.1 [73.4[42.7|3.6|3.5] 78 | + 0.47 0.001.1|2.7|35.1) 78 | + 0.18 015 -33.7|2.8| 12.8 | 78 | + 0.33 0.01{46.0 3.6 | 16.0
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MNpumeuanus K Tabmuue 2: 1) r' — KodpGHUIMEHT KOPPENALMN THHEHHOTO TPEHAA C KPHBBIMH
(haKTUYECKUX MHOTOJISTHUX 3HAUCHUHM OCAJIKOB WJIM TEMIIepaTyp BO3ayxa; 2) 0’ — 3HAYUMOCTB
K03 (HUIIMEHTOB KOoppemsinuu;, 3) cp., MHH., MAaKC.” — CpeaHue, aOCONIOTHBIE MHHUMAJIbHBIC H
a0COJIIOTHBIE MaKCHUMAaJIbHEIE TCMIICPATYpPbl BO3JlyXad, a TAKXKXC CPCAHCC KOJIUYCCTBO CYMMApPHBIX
aTMOC(EPHBIX OCAJKOB 3a MHOTOJETHUH Iepuoa mo (GakTHUYECKUM AaHHBIM; 4) A* - MOZIYJIb
NU3MCHCHUA q)aKTI/I‘-IGCKOI‘O 3HA4YCHUA 3a paCCManI/IBaeMHﬁ nepuon, BBICUMTAHHBLIA HAa OCHOBAHUU
TpeHaa; 5) OKW® — nokasareisb JIOJIM M3MEHEHHS (DaKTUYECKUX CPEIHHMX 3HAYCHUH OCAJIKOB,
paccuMTaHHBI KakK OTHOIIEHHWE MOJIYJs H3MEHEHUS K MOJYJII0 CpPEJHEro 3HadeHus, B %;
6) moguduuupoBaHHbiii Miress 16 — unaekc 3acynumBoctu J.A. Ilens (1); 7) Unens 27 — HHIEKC
sacynumBoctd J.A. Ilexst (2); 8) >xupHblii mpudt — 3HaUEHHUS MOKas3aTeield s TPEHAOB C
JOCTOBEPHBIMH (3HaunMbIMK) Koo(duimentamu koppesinun. Notes to table 2: 1) r' — correlation
coefficient of a linear trend with the curves of the actual perennial precipitation values and air
temperatures; 2) o’ — significance of correlation coefficients; 3) cp., mun., maxec.® — average,
absolute minimal and absolute maximal air temperatures, and the average amount of total
precipitation for a many-year-long period, according to the actual data; 4) A* — module of the actual
value changes for the said period, based on the trend; 5) OKM° — index of changes rate for the
actual average precipitation values, calculated as the ratio of the changes module to the average
value module, in %; 6) Mpew 1’ — modified D.A. Ped’s (1) aridity index; 7) Mpem2 — modified
D.A. Ped’s (2) aridity index; 8) bold font marks trends with valid (significant) correlation
coefficients.

Ha MereocTtaniuu Apanbckoe MOpE 3a BECh MEPUO]] BPEMEHU U3MEHEHUSI TOJJOBOM CyMMBbI OCaIKOB
UMEIOT TIOJIOKUTENbHBIM TpeHa (+) W yBenuuWiauch (Moaynb) Ha 94.1 MM, Ko3pduIEHT
koppensuu (I) cocrasisier 0.56, 3HaueHne ctaTuctudecku 3Haunmo (T.K. 0=0.001). Ha cranmumn
UumOaii mpu TOJOKUTEIBHOM TPEHJE MpHUpalIeHHe TOAOBOH CyMMBI OCAaIKOB 3a BECh MEPHUO]
coctaBuiio 64.9 mm, npu cratuctruuecku 3HauuMoM (o0 =0.001) xoapunmente koppemnsiuuu — 0.61.

Hanee B Tabnuie 2, ucnomnb3ys nokazareab OKM, MOXHO yBUAETH, 32 CUET KAKOTO MEepHoia U
C€30Ha MPOMCXOJUT MpUpaAlIeHUE paccMaTpuBaeMoro napamerpa. Ha mMereoctanuuum Apanbckoe
MOp€ OCHOBHOE IpUpalleHre ObUIOo 3a cdeT XxosoaHoro nepuona (11-4 mecsus) — 41.3%, B ToM
gucne 3a 3uMHue mecanbl (12-3 mecsns) — 39%. I'paduk (puc. 4) mokaspiBaeT, YTO OCOOEHHO
BBICOKHE 3HAU€HUS 0CaAKOB oTMedanuch B nepuoa ¢ 2000 mo 2014 rr., xorga oHu Koyiedauch OT
150 nmo 200 mM. B Tabnune 2 mpuBeAeHBI MOKa3aTeNu TOJIBKO AN ABYX cTaHuuid — Yumbaii u
ApanbCK, HO aBTOpBl paccuMTald UX U AJ ocTainbHBIX miectu. 3HayeHne OKMU, ouenuBaroiiee
OTKJIOHEHHME MapaMeTpPOB 3a BECh HCCIEAYEMbId NEPHOJ MO BCEM MapaMmeTrpaM, MPHUBEACHO B
tabmuie 3. 3mech BUAHO, YTO Ha OJMDKAaWIIEed ITYCTHIHHOW CTaHIMKU TaMJbl CTaTUCTHYECKH
3HAYUMOTO U3MEHEHHMSI KIIMMaTHYECKUX MTapaMeTpoB He OBLIO.

Kak BuguMm, B Tabnuie 3 MakCHUMallbHbIE M3MEHEHHS Kak TeMIIepaTyphl, TaK W OCaJIKOB
MPOM30IUIN Ha cTaHIUsAX YnMmbait u Apanbckoe Mope. [Ipu 3ToM BUAHO, YTO MPUPOCT TEMIEPATyp
OompIie, yeM npupoct ocaakoB. 3HaueHus OKU ocaakoB Ha ctaniun YnMOaih 0COOEHHO BEIUKH,
3neck mpeobianaioT u3MeHeHus: 6onee 31%, a MakcUMalbHbIE BEIMYUHBI JOCTUTAIOT 64 u 66%.
N3menenne OKUM vy Ha omHOM cTaHMu He npeBbimaoT 50%, T.e. MeHee 3HaYUMBI, TpeodIagaroT
3Ha4yeHus B uHTepBaie 15-30%.

Ucxons n3 onenkn OKM mo BceM CTaHIMSAM, aBTOPHI JENAlOT BBIBOJ O TOM, YTO OCHOBHOM
TEHJCHIIMECH B MHOTOJIETHEM W3MEHEHUHM 3HAUCHUH 20008bIX CYMM aAMMOCEHEPHbIX 0Ca0KO08
SIBJISIETCS] UX 3HAYMMOE TIOBBIIIIEHUE B TOJIOBOM ITUKJIE B OCHOBHOM 3a CUET XOJIOAHOTO MOJYTOIUs U
3UMHET0 ce30Ha (Ha UuMmOae emie M BECEHHEro), a Ha MYCTHIHHBIX CTAHIMSIX OTYACTH 3a CYET
TEIUIOr0 MOJIYTO/IMs, YTO CBSI3aHO C UX CE30HHbIM NOGblulenueM 3umol u oceHvio. Ha crannumsx
Apanbsckoe Mope u UnmOail yBeIMuYeHHE OCAIKOB B JICTHHUH Mepuo] MUHUMaNbHO. [lo MHEHMIO
K.B. Ky3pmunoit u C.E. Tpemkuna (2016), ocHOBHasi TEHIEHIIUS COBOKYIHBIX KJIMMAaTHYECKUX
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n3MeHeHul B pernoHe [Ipmapanbs U colpenenbHbIX TEPPUTOPUN B HACTOSILIEM U, BEPOSITHO, B
OyayleM — 3To 3HaYUTEIbHO OoJiee TeIIble U BIa)KHbIE 3MMa U BCe XOJIOHOE nostyroaue. B urore
CIEIAHO 3aK/IIOYEHHUE, YTO IOTEIUICHHE B XOJIOAHOE IIONYTOAME M 3UMHHUHU IEPUOJ, KOTOPOE
COIIPOBOKAAETCS YBEITMUEHUEM BBINAZCHUS aTMOC(EPHBIX 0Ca/IKOB, CBUACTEIBCTBYET 00 apuaHOM
XapakTepe MOTEIUICHNs KaK PerMOHaIbHOM TCHACHIMY U3MeHeHHs KinuMara B [Ipuapainse.

MM

350 - y = 0.4958x - 930.38
300 y =1.2935x - 2432.5 y =0.7977x - 1502.1 r=0.35
r=0.55 r=0.54
250 A
200 A
150 -
100 ‘A
50 ¢ ~
0‘ T T T T T T T T T T 1
~ - — % wv ~ a\ ) o) o o~ -
o) - v v o ~ = % X S > —
& &8 & & 8 &8 & &8 § R B§
I'oawbr
MM y =0.2671x - 494.68
120 - T
= 0. - 570. =
100 - y=0.311x - 570.33
5
80
60
40
20
0 T T T T T |
T © © «a o =
X DN XS D -
N NN S S o
—_— = N NN

Puc. 4. Jlunamyka U3MEHEHUSI CYMMapHOTO KOJIMYECTBA BBIMAJAIOIIUX aTMOC(EPHBIX OCAIKOB 3a
MHOTOJIETHUH Tepuo o MereoctanuusaM a) Yumbaii, 6) Apanbckoe mope (Ky3pmuna, Tpemkus,
2016). Vcnosuvie 0o603nauenus. Gaktuueckue TaHHBIC ¢ X JIMHEHHBIMU TpeHIaMH, GopMynaMu U
koaddunmeHTaMu Koppessiuu: 1 — s mosiHoro rojgooro nepuoaa (1-12 mecsupl), 2 — s
xononHoro nmonyroaus (1-3 u 10-12 mecsusr), 3 — ansa Temnoro noxyroaus (4-9 mecsibl), 4 — s
BecHbI (3-5 mecspl), S — ans 3umbl (1-2 u 12 mecspr). Fig. 4. Long-term dynamics of changes in
the total atmospheric precipitation for the Chimbay (a) and Aral Sea (b) stations (Ky3smuna,
Tpemkun, 2016). Legend: the actual data with its linear trends, formulas and correlation
coefficients: 1 — for the total annual period (1-12" months), 2 — for the cold half of the year (1-3",

10-12" months), 3 — for the warm half of the year (4-9" months), 4 — for spring (3-5" months), 5 —
for winter (1-2" and 12" months).

BriBoabI M3 3TOM paboOTHI HE MPOTUBOPEYAT JAaHHBIM, MOJIyY€HHBIM B uccrnenoBanuu B.E. Uyba
(2007) — B TOHM wYacTH, T TOBOPUTCS, YTO TOJOBBIE CYMMBbI OCAJKOB Ha METEOCTAHIMSIX B
[Tpuapanse m0 1990 r. HEe U3MEHSIUCH, T.K. UMEIOTCS B BUIY H3MEHEHHs, OOYCIIOBIICHHBIC
nageHueM ypoBHs Mops. Kpome toro, Habmonenus XK.B. Ky3smunoit u Tpemkuna (2016) Gonee
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auTensHble, ueM y B.E. Uy06a, u BximouaroT Taxoke nepuos ¢ 1990 o 2014 rr., B KOTOPHIA ocaaku
OBLTM MaKCUMAJIBHBIMU U JocTrraau 200 MM ipu cpeHeMHOoToaeTHUX 3HaueHusI X 100-120 Mm.

W3meHenune 3HaueHusi CpellHEed TeMIepaTyphbl BO3/JAyXa Ha pacCMaTPUBAEMbIX METEOCTAHIUAX
OBLTO BBINIE, YeM Ha OMU3NEKANIUX MYCTHIHHBIX. B M3MEHEHUU 3HAUCHUU 20008blX memnepamyp
6030yxa OCHOBHOH TEHACHLIMEU SBISIETCA UX HO8bluleHUe KAK 8 XO0JN0OHOe, maK U 6 menjioe
nonyeoousi. Ono Ha 10-20% BbIIIe B XOJOIHBIN MEPUOJ T'Oa, YEM B TEIUIbIH, T.K. OCHOBHAs J0JIs B
MOBBIIICHHBIX 3HAYECHHSIX B CE30HHOM PaCIPEICICHUN IPUXOUTCS Ha BECHY M OceHb (Tabu. 3).

B wmHorosnerHeil nuHaAMUKE CE30HHBIX 3HAYCHUM aOCOMIOMHLIX MUHUMANLHBLIX MEMNEPpaAmyp
6030yxa MPOSIBUIIACH TEHICHIIMSI X MOBBIIICHUS B XOJIOAHOE MOJIYroaue (3uMoii), a Tak’Ke OCEHBIO U
BecHOM. B cpennem s [lpuapaiibCckoro peruoHa u corpeieabHbIX TEPPUTOPUI 3aMOPO3KH B TEILIOE
noJryroaue cHu3MIUCh Ha 3.5°C, B TO BpeMsl Kak camble CHIIbHBIE MOPO3bI ociiabenu Ha 4.2°C.

Ta6auua 3. OtHocutenbHblil Kodpdunuent uszmenenut (OKU, %) AuHAMHKH CyMMapHBIX
aTMOC(EpHBIX OCAJKOB M CpeIHEH TemIeparypbl BO3JyXa 3a MHOTOJETHHH MEPUOJ MO BOCHMHU
MeteoctanusaM [lpuapanbs u conpenensubix Tepputopuil (Kyssmuna, Tpemikun, 2016).

Table 3. The relative changes coefficient (OKU, %) of the dynamics of the total precipitation and
average air temperature for the long period, obtained from 8 weather stations of the Aral Region
and adjacent territories (Ky3smuna, Tpemikun, 2016).

OKM ocaagkoB OKM cpenneii

TeMIlepaTypsl Bo3ayxa
= = 2 = = 2
< , - & 5| = , — | | =
Ilepuoa BpeMenun 2 E E E g 2| % 5|2 ’E E g g z | & g
B Mecsilax S| E|E|8( 2|2\ 8| 55| 2|5 2| 2| 2|8|%
al =2l =S = slslal BElemllelal & & =
S Rl Nl I Ll I - I -l ol B B Bl -
R R R ol (1 R SR Y R L R ol R RS
Tel ~ | Tel ~ | oo

Tonosoe (1-12) 38/ 25|15(18{14 | — |10 | 19 |48 21 |16 | 44 | —

Ternoe nonyroaue (4-9)|11| 27 | — |— |18 |—| — | — |32 188 | 42 | —

X0JI0HOE TOTYrOue _
(1-3, 10-12) 29| 36 | 26 (21| 28 15120 (29 32|16 |17 | 32 14| 39
lermoe monyroaue (5-10]14{ 23 | — |—|15|—| — | — |33 - (13| — |43 | — | 48
XO0JI0JHOE TIOTYroue _

(1-4, 11-12) 41| 43 | 26 |23] 12 1129 |27/35(36|20 |18| 33 |20 | 34
Becna (3-5) 20(37| — |17/20|—| — | — 31|41 | — |27 |10| 31 |13 | 24
Jlero (6-8) -Jwo] - |-[-[-|-[-/ss88 - |- |- 45| - 1B
Ocenb (9-11) 14/ 23| — |—|24|—|12|15|22| 44 (17|21 |14 | 38 | — | 42
3uma (1-2, 12) 39/29(26(21/28|-120|34|8 18|31 — (10| — | — |16

Mpumeuanus k Taéauue 3: OKU, %: - 0-14, C_1- 15-30, C—1—-31-50, I — >50.
Notes to table 3: colors mark the different values of the relative changes coefficient, in %.

YcraHOBIEHHOE OCa0lieHhe BECEeHHUX 3aMOpPO3KOB B COUYETAaHUHM CO CHMKEHHEM 3UMHHUX
MOPO30B IPU MOBBIIIEHUH CPEIHETOAOBBIX TeMIEparyp Bo3ayxa, o MHeHuro JK.B. Ky3smunol u
C.E. Tpemkwuna (2016), criocoOCTBYeT YITy4IICHUIO YCIOBHIA CEIbCKOXO03SHCTBEHHOTO IIPOU3BOICTBA.

HaumMeHblve M3MEHEHUs NPOM3OLUIM B MHOTOJETHEH IMHAMMKE 3HAYCHUU abCcontomubix
MaKcumManbHulx memnepamyp 6030yxa. OTMEUEHO MOBBIIIEHUE B TEIUIOE MOIYrOJUe — JETOM U B
XOJIOIHOE — OCEHBI0. [I0 yacToTe BCTpEeUaeMOCTH MOBBIIIEHUE MAKCUMAJIBHBIX TEMIIEPATYp BBILIE B
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TeIUIbIe MEePUOJIbI, a M0 aMIUTUTYAe M3MEeHEeHH Oonee 3HaunTenbHbl (Ha 1-1.5°C) oTkiioHeHUs B
XOJIOAHbIE TEPUOJbl. ABTOPBI CTaTbH OTMEUAIOT, YTO IO BEJIUYMHE 3HAYEHUH H3MEHEHMs BCEX
AHATM3UPYEMbIX KIMMAaTHUYECKUX XapaKTEPUCTUK OYECHb CYIIECTBEHHbBI, 0COOCHHO OHHM BEJIMKH JJIS
CpPEIHUX TEMIIEPATYP BO31yXa.

BaxxHOIl 0COOEHHOCTBIO COBOKYIHBIX KJIMMAaTHYECKHMX M3MEHEHUH, YCTaHOBJIEHHOM B pabote
K.B. Kyzpmunoit u C.E. Tpewkuna (2016) Ha ocHoBaHMM HHJEKcOoB Ilens, sBisiercd OdeHb
CWJIbHOE YBEJIMYEHHUE apuau3allid B OCHOBHOW IEPHUOJ BEreTallud — BECEHHE-JIETHE-OCEHHMI,
0CcOOEHHO BECHOW, YTO CYIIECTBEHHO YXYAIIUT M O€3 TOro CIOXHBIC YCJIOBHUS BBhIpAIlUBAHUSI
CEJIbCKOXO035ICTBEHHBIX KYJIBTYP B 3TOM apUIHOM PErHOHE.

Oxonoruueckue BoeiBoAbI JK.B. Kyspmunoit u C.E. Tpemkuna (2016), caemnannsie Ha
OCHOBAHHUU MOJTYYEHHBIX UMU OLIEHOK U3MEHEHHs KIIMMaTUYECKUX [IapaMeTPOB, TOBOPST O TOM, UTO
€CTECTBEHHBIC KOCHUCTEMBbI OyIyT HCHBITBIBATH BCE OOJbIIEEe YCHJICHHE apUAN3ALUU yCIOBUU
Opexnae  TUApOMOP(HBIX  JKOCHCTEM, KOTOpble  OyayT  3amemarbcsi — Kcepo(UTHBIMHU,
AKCTPOKCEPOPUTHBIMU U IKCTPAraaIoPUTHBIMHU.

TakuMm 00pa3om, MOKHO clieJaTh BbIBOJA 0 TOM, uTo pabota JK.B. Ky3smunoii u C.E. Tpemkuna
(2016) BHecnma BaxHBIM BKJIaJ B IOHMMAaHME M OLEHKY pe3ylbTaTOB TpaHCPOpMaluu
KJIMMAaTUYECKUX MapaMeTpoB, UMerIuX MecTo B I[lpuapanbe M Ha NpHUIIEralonMX TEPPUTOPHIX
Cpennell A3uM BCIEACTBHE INI00AJILHOTO MOTEIUIEHUSI U BBICBIXaHUS MOpsl. ABTOpBI yOEIUTEIbHO
MOKa3aJiy, YTO HauOOJIbIINE U3MEHEHUS IPETEPIIeNIN KIMMAaTHYEeCKHEe TapaMeTpbl HA METEOCTaHLIUU
UnmOaii, pacmoyiO)KEHHOW B JebTe AMyIapb, U Ha TMPUMOPCKOH CTaHIMUA ApalbCKOe MOpeE.
TenneHuus cCOBpeMEHHBIX M3MEHEHHMH OLIEHUBAaeTCs Kak apuaHoe mnoreruieHue. B atoil paborte
MpeUIo’KeHa METOIMKA TTPOBEICHUS PACUETOB M OIICHOYHBIE KOA(PPHUIIMEHTHI, KOTOPhIE MOTYT OBITh
UCMOJb30BaHbl B JAJbHEHIINX HCCIEAOBAHUAX IO MOHUTOPHUHIY IPOLECCOB TpaHChopMaluu
npupoaHoil cpeasl B Ilpuapanbe. Cnenyer ckaszarb, 4To 3Ta paboTa yAayHO JOIOJIHSET
uccnenosanne B.E. Uy6a (2007), koTopoe mokazano (0COOEHHO HArisaHO 3TO HAa PUCYHKE 2), 4TO
3HaYEHHUE MapaMeTpOB NPUOPEKHBIX CTAHIMM MPUOIU3UIOCH K 3HAUEHUSIM TaKOBBIX Ha ITyCTHIHHBIX
k koHny 1990-x. HccnenoBanue XK.B. Kyszpmunoit u C.E. Tpemxuna (2016) c BBeneHueMm
OLIEHOYHOT0 KOo3((ulmeHTa noka3ano, KakoBbl B UTOre MPOU30LIEIIINE U3MEHEHUSI M HACKOJIBKO
M3MEHWICS KaX]Iblii TapamMeTp 3a JUIUTENbHBIN (BEKOBOI) MEPUOI.

CrnenyroummM m1aroM B MCCIEAOBAHUSX 110 M3MEHEHHUIO KJIMMaTa, HECOMHEHHO, JOJIKEH ObITh
MOUCK YNPABISAIONIMX KM OOLIMX 3aKOHOMEpHOCTe. B muccrnenoBaHusx 1o 3TOMY BOIpPOCY
MPUMEHSUIN Pa3InYHblE METOAMYECKHE MOJXOJbl, OT KOTOPBIX 3aBUCEN ypOBEHb O0OOIIEHUS U
BOKHOCTh  TONy4eHHbIX pe3ynbTatoB. A.H. 3omotokpbuimin  u  A.A. Tokapenko (1991)
Ha OCHOBaHUH aHaJM3a JaHHBIX 1Mo 13 crannusam 3a nepuon 1950-1989 rr. mpunum Kk MHEHHIO, YTO
OCHOBHBIMHM IPHUYMHAMU MEKTOJIOBBIX BapualUil KJIMMaTa BBICTYNAIOT KBa3HUBYXJIETHSSA
IUKIMYHOCTh METEOPOJOTHYECKHX 3JIEMEHTOB. B paboTe oTMeEueHO, 4TO BO BCE CE30HBI Toja
3aMeTHBl TEHJCHLMHU pOCTa BEIMYMH KIMMAaTHUYeCKHX »3JeMeHToB. HauOombinee yBenndeHue
temneparypsl k 1989 r. (1.2-1.6°C) 3a 40 et oTmMevaeTcsi B BeCeHHe-JIETHUH nieprol. B ocennue u
3MMHHUE CE30HBI MOJIOKUTENBHBIA pocT Temreparypsl coctaBiser 0.1-0.9°C. Ha Gonbiieil yactu
TEPPUTOPUN MECSAYHBbIE CyMMBI 0caakoB 3a nepuoi ¢ 1953 mo 1989 rr. (36 ner) B 1enom 3a roa
BO3pocCiK Ha 3-5 MM, 3uMoii — Ha 1-2 MM, T.e. npumepHo Ha 10%. Bo Bce ce30HBI roga oTMeyaeTcs
POCT OTHOCHUTEIHLHOW BIQXHOCTH BO3/yXa: B TeIUIbIN mepuoa — Ha 2-11%, B xonoausni — Ha 1-5%.
OpHako JMHEHHBIE TPEH/bl M3MEHEHUHM 3a 3TOT NEPUOJ OKA3aJIUCh CTaTUCTHUYECKH 3HAYUMBIMHU
TOJBKO JJI Temriepatyp (taou. 4).

OcCo0OeHHO BaKHBI, KaKk HaM MpPEICTABISAETCS, HUCCIEIOBaHMS, CBS3bIBAIOIIME HW3MEHEHUS
KJIMMAaTUYECKUX YCJIOBUHM ¢ OCOOEHHOCTSAMH LMPKYJSALUM aTMOC(hEpbl U MO3BOJISIONINE BbISBUTH
o0IIye 3aKOHOMEPHOCTH HMX M3MEHEHHUs. V3MEeHUMBOCTH MOBTOPSIEMOCTH THUIIOB CHHONTHYECKHUX
nporeccoB Cpennert A3znun nzydanach B kKoHue 1990-x — nagane 2000-x rr. 1 6pu1a ONyOIMKOBaHA B
paborax T.M. MonocHoBoit u D.JI. Ununsak (1991), O.U. Cy66otunoit u T.M. UYeBbruanoBoii
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(1991), O.N. Cy66otunoii ¢ coaBtopamu (1995), C.1. MuaramoBoii ¢ coaBropamu (2002).
B nmoHumanue 3TUX MpOIECCOB 3HAYMTENbHBINA BKIIa BHeCn padoTel M.X. baiinana (1961, 1972).
s repputopuu [Ipuapaibst oH IpoOBEN aHATU3 MPEOOIAIaHUS TPEX OCHOBHBIX THUIIOB IUPKYIISAIIAN
(C m E — mepunuonanbhble, [// — mmpoTHas). bputo 3aMeueHo, 4TO MEepHoj PEe3KOro CHHKCHUS
YpOBHSI ApaJIbCKOI0 MOpsI COBIIAJ MO BPEMEHH C MEpPEIOMOM B XapakTepe OO0IlIed HUPKYISALUN
arMocepsl (mocie 1960 r. mpousomia cMeHa UUPKYISIHMOHHBIX 3M0X). B ator mepuon
OTMEYaeTCs pe3Koe yBEIMUYEHHE MOBTOPSEMOCTH MEPHUINOHANBHBIX (POPM LUPKYISILIUK, B TO BpeMsl
KaK JI0 3TOoro nmpeobnananu komOuaupoBanusie popmsl (K). B Teuenue 30-neTHero nepuoaa mocie
1960 r. mnpeobOmanmana TEHACHIMS WHTEHCUBHOTO pa3BUTHUS MEPHIMOHAIBHOW ITUPKYJISAIIUH.
DTO MOXKHO TMPOCHEAUTh HA PUCYHKE S, TJe MpeiacTaBieH MHorojetHui xopn 10-metHux
CKOJIB3SIIIMX CPETHUX TPEX TUIIOB LUPKYIISIUU.

Ta6auna 4. OueHka TUHEHHOrO TpPeHAAa CpPEIHEMECSYHOW TeMIEepaTypbl BO3JAyXa M MECSYHOU
cyMMBbI ocaakoB 3a 1953-1989 rr. B IOxuoM [Ipuapanse (3omotokpeutnH, Tokapenko, 1991).
Table 4. Estimation of the linear trend of the average monthly air temperature and monthly
precipitation for 1953-1989 in the southern Aral Region (3omorokpsuinH, Tokapenko, 1991).

OneHka craTUCTHYECKOM
CkopocTh TpeHaa 3HAYMMOCTH TPeHaa
MeTteocTaHuus ¢ Hajge:xkHoCThIO 0.95%
TeMIeparypa, 0Ca/IKH, TeMneparypa, 0CaJKH,
°C/ron MM/T0J °C/ron MM/T0J
Taxuarar 0.06 0.12 0.058 0.508
YumoOaii 0.07 0.17 0.055 0.606
Tamay3 0.04 -0.13 0.055 0.687
XuBa 0.05 -0.10 0.054 0.532
Myiinak 0.09 0.26 0.060 0.485

Ilpumeyanus k tadaune 4. * — TpeHn 3Ha4MM C BeposTHOCThIO (.95, eciu CKOpoOCTh TpeH7a
HPEBBINIACT OIICHKY ero cTathucThuyeckoi 3HaunMocTr. Notes to table 4: * — the trend is significant

with probability of 0.95, if its speed is higher than the value of its statistical significance.

cym

AK

- 1
50 51273

1
1950-1959

!
1960-1969 1970-1979

Puc. 5. MHoronetHue u3mMenenus: 10-1eTHUX
CKOJIB3SIINX CPEJIHUX OTKIOHEHUI OT HOPMBI
TUTOB  [UPKYJISIIMK, BbIIETICHHBIX M.X.
baiinanom (Apansckoe wmope ..., 1990).
Ycnosuvie obosnauenus ona puc. 5 u 6. Tun

a2 ':’ \ac uupkyisiuu: C u E — mepunuonanshas, [ —
4 '\'\ I 4 o mpoTHasi, K — komOouanposannast. [To ocu X

/ — ) H
N Ao~ g oTioxkeHbl rojsl. Fig. 5. Long-term changes

of the moving average deviations from the
normal circulation types for the 10-year-long
period, identified by M.H. Baydal
(Apansckoe mope ..., 1990). Legend for fig. 5
and 6. Circulation type: C and E — meridian,
III — latitudinal, K — combined. The X-axis
shows years.
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Otu uccnenoanus O6bu npogomkensl O.M. CyobotuHol ¢ coaBropamu (1995), koTopsie Ha
ocHoBe kiaccupukanuu M.X. baiipana (1961) nmoarBepaunu BeigeneHue st Cpemneir A3uu ¢
Hayaa XX BeKa JIBYX LUPKYISIUOHHBIX 3M0X: MepBoil — npuxonsameics Ha 1930-1960 roasi,
BTOpOii — ¢ Hayana 60-x rogoB (puc. 6). [Ipu pe3koM CHUKEHHH TOBTOPSIEMOCTH MEPUANOHATBHOTO
TUMNA TUPKYISIIUU E coxpaHseTcs MPEeBbIIEHUE HAJl HOPMOM YuCia AHEH ¢ MepHUIMOHAIbHBIM
tunom C, a MOBTOPAEMOCTb 30HAJILHOTO IepeHoca — Tuna LI/ pe3ko BO3pacTaeT, T.€. MOSBISAETCS
BEpPOSITHOCTh Hayaja HOBOHM TpeThed MUPKYIsauuoHHOH 3moxu (Cyo6oruHa u ap., 1995). Ilepuon ¢
cepenuHbl 80-X TOI0B XapaKTEpPHU3YyeTCs PE3KOM MEpecTpOKol o0IIel UPKYISAIINH aTMOC(HEPHI.

AN’ Puc. 6. MHuoroneraue
]  yusmenenus 10-neTHUX
CKOJIB3SIIIUX CpeIHUX

!

C OTKJIOHEHUH OT HOPMBI
\/\\/Qt\ ypcna gaed  (AN') ¢
___[\ 7 el ; TUNIAMU LUpKysauuu L1,

C u E (Cy60otuna u mp.,
1995). Fig. 6. Long-term
changes of the moving
20 average deviations from
the normal number of days

E  (AN) for the 10-year-long
- T i X period, with circulation

1930 1950 1970 o0 types III, C and E

(Cy660THHa 1 ap., 1995).

B.E.Yy0 (2007) cuuraer, uro B Ilpmapaibe 3(ddeKkr omycThIHUBAaHUS —YCHUIMBAJICS
€CTECTBEHHO-KIMMAaTUYECKUMHU TE€HACHLUAMHU, OOYCIOBICHHBIMU CMEHON LUPKYJISAIMOHHBIX 3M10X.
IIpu HOBOW, cienyroueil, cMeHe NpeolragaroIIero xapakrepa oOmedl IUPKYIALUU, YTO He
HCKJIFOYEHO B Onmkaiiiem OyayiieM, 1o ero MHEHHIO, KapThHA Oy/IeT MPOTUBOMOJIOKHON. B cBOECH
paboTe OH OTMEYaeT pPErHOHaJbHbIE MOXOJOAAHUS U AKTHBM3ALMIO BETPOBOW JESTEIbHOCTH B
1971-1980 rr. u motererne 1981-1990 rr.

Ha ¢one nByx nupkymsiunonHsix snox C.M. Mnaramosa ¢ coasropamu (2002) Takke BbIIENsAET
OTJENbHbIE TEPUOAbl C MpeolaJaHueM TeX WM UHBIX PETMOHAJIbHBIX THUIIOB CHHONTHUYECKUX
npoueccoB B Cpenneit Azun. ['mobansHoe noteruienne 30-X ro0B U moxonoaanue 60-x OTYETIUBO
MIPOCJIEKNBAIOTCSI, HAIIPUMEpP, B MHOT'OJIETHEM XOJI€ CpelHEN ToJ0BOI TeMIepaTypbl BO3JyXa IO
V36ekucrany (puc. 7).

[ToHM>)XEHHBIMH OTHOCUTEIFHO HOPMBI 3HAYEHHUSIMH XapaKTepU30BAINCh TEMIIEpATyphl HIOJIS B
1901-1910, 1931-1940, 1951-1960 rogax, a Haubonee xapko Obu1o B 1930-1948, 1973-1989 rr.
B 90-e rompr XX Beka cpemHss MecsyHas TeMIlepaTypa HIONS W BCErO TEIJIOro TOITYTOAus
IpojoJDKalla ocTaBaThcs BbIIe HOpMBI; B 1997 romy OblT 3aperucTpupoBaH aOCONIOTHBIN
MaKCHMYyM TeMIIepaTyphl BO3/yXa 3a UMEIOIIUNCS epro]] HaOII0JeHHH.

B BhIazieHNM 0CaAKOB MPU OCPEAHEHUH 3HAUEHUH 110 JECSITUIETUSAM YCTAaHOBIJIEHO, UTO CAMBIM
cyxuMm mnepuoaoMm Obut 1941-1950 romer (Cy606otmna wu mp., 1995). Hax 3amamHOi 4acThio
V36ekucrana (Myitnak, Tamabl) HaOm01aMach OTpULIATEIbHAS AHOMAUS TOJOBBIX CYMM OCAaJIKOB,
nocrurasias 83%.

ConocraBieHue [eCATWIETHUX aHOManui ocankoB B CpenHeill A3uM ¢ JECATHIETHUMH
QHOMAJHMSIMH TOBTOPSEMOCTH HIMPOTHBIX M  MEPUIMOHAIBHBIX THUIOB LUPKYIALUU IO
M.X. baiinany (1961) B eBpa3suiickoM CEKTOpE CEBEPHOTrO MOJYIIAPUs CBUACTEILCTBYET O TOM, YTO
(OpMUPOBAHUIO OTHOCHUTEIBHOTO H30BITKA OCAaJKOB OJIArONPUSATCTBYIOT MEPHAMOHAIbHbBIE
notoku — Tunel C u E. Jlepunur ocagkoB OTMEYAETCs NPEUMYIIECTBEHHO NpPU 30HAIBHOM

30

20 A

10 -

30 A
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nepeHoce — turne /1. OTMeyeHo, uto ¢popma HUPKYIAIUN £ TPUBOAUT K OONBIIEH MOBTOPSIEMOCTH
AHTULUKJIOHUYECKUX THUIIOB, a YBEIMYEHHE MOBTOpsAeMocTH (GopMmbl C crocoOCTBYET OOsbLIEMY
YUCILY JHEU C XOJIOJHBIMU BTOPKEHUAMU. [103TOMY HaJ paBHUHHON TEPPUTOPUEH I'OJIOBBIE CYMMBI
ocaJkoB B Havasie 1960-X roJjoB MOCTENEHHO CTAJIM BO3pacTaTh (puUcC. 8), YTO B HEKOTOPOU CTENEHU
MOTJI0O KOMIIEHCUPOBAaTh COKpalleHHue yBiIaxxHeHus [Ipuapainss.

dT, *'C TFopozax remrmparypa mo Yibexmcraxy T,*C

08 1 P ] . Puc. 7. V3MmeHeHue aHOManuu
| CpelHe TroJ0BOW TIJIO0ATBHOMN
06 TEMIIEpaTypbl U TeMIIepaTyphl
BO3/IyXa o CTaHILIUSIM
oa |} V3beknuctana u  10-meTHne
CKOJIB3SIIIIHE cpenHue
02 (Huxynuna, 1998; Huxynuna,
CnektopMman, 1998). Fig. 7.
0 Changes in the anomalies of the
average annual global

02}

temperature and air temperature
at the weather stations of

. o 1M X .
e Amcanxe rroGaniok zemmepssypR Uzbekistan, and 10-year moving

averages (Hukynuna, 1998;
Huxynuna, Criekropman, 1998).

.08 1 1 1 ] ] 1 [
- 1930 1940 1950 1960 1970 1980 1990

B ony6nukoBaHHOM otdere «TpeThe HalMoOHaNbHOE cooduieHue ...» (2016) ykaspiBaercs, 4To
MOBBIIIEHUE TEMIIEPATyphl BO3yXa B Y30ekucTaHe OyAeT MpoAoIKaTbCcs B COOTBETCTBHU C YK€
HaOmoaeMbiMu TpeHaaMu 1 k 2030-m rogam coctaBuT 1.0-1.4°C. IIpu o0mieM noTeruieH|y KiauMaTa
B OyaylieM yBEIWYMBAETCS BEPOSTHOCTb MHTEHCUBHBIX «BOJH JKapbl» U COXPAHSETCS BEPOSTHOCTD
«BOJIH XOJIOAA».

i & PaBHuHa
: Puc. 8. [lecsaTuneTHue CKOb3AIINE
x WO+ CpelHUE TOJOBBIE CYMMBI OCAaIKOB
g Ha PaBHUHHOI TEPPUTOPHH
0 | VY36ekucrana (Uyo, 2000).
Fig. 8. Moving average annual
= precipitation sums for every 10 year
on the plains of Uzbekistan (Yyo0,
i 2000).

K2 ™ 190 9@ By 9 190

BbiBoabl k paszaeny

HccnenoBanusi, MpOBOJMBILINECS B MEPHOJ] aKTUBHOTO PAa3BUTHS ApPalbCKOrO KpU3HCa U J10
HACTOSILEr0 BPEMEHH, IO3BOJIMJIM YCTAaHOBUThb, YTO HauOojee CHIIbHbIE W3MEHEHMs KJIMMaTa
MPOCIICKUBAIOTCS Ha TEPPUTOPHHU, OKpYyXKaromed Mope Ha paccrosHum He Oonee 100 km ot
OeperoBoit nmHMU 1960 roma. M3MeHeHHMs 3aTparuBalOT MPAKTHUYECKH BCE KIMMATHYECKUE
napaMeTpbl, 3HAYEHUS KOTOPBHIX Ha OBIBIIMX MNPUOPEKHBIX U MOPCKUX METEOCTaHIUAX
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K HACTOSIIIIEMY BPEMEHHU MPUOIN3UINCH K MYCThIHHBIM. [log00Has JIoKamu3aus n3MEHEHU BOKPYT
ObIBIICH OeperoBoil JMHUM JaeT OCHOBAaHUE CUUTATh, YTO UX MPUUYMHOMN SBIIAETCS MaJCHUE YPOBHS
U COKpallleHHEe BOAHOW MOBEpXHOCTH Mopsi. Haunbonee cuiabHble W3MEHEHUsI XapaKTEPHBI IS
3HAUYEHUM TeMIiepaTyp, HAUMEeHee CHIIbHbBIC — JIJIS U3MEHEHUST OCa/IKOB.

Eme ogun ¢dakrtop u3MeHeHHs] KIMMATHUYECKUX [apaMeTpoB, JEHCTBHE KOTOPOTO OTMEUYAECTCs
Ha METeOCTaHIMIX Ha Tepputopuu CpenHei A3un — CMEHa JBYX LUPKYISLIHUOHHBIX 310X, KOTOpast
npousonuia kak pa3 B 1960-x romax. HoBas nmupkynsiuoHHasi 5M0Xa MpUHECTa MOXOJ0JaHue U
HEKOTOPOE YBEJIMYEHHUE OCAJKOB, YTO OTYACTH MOIJIO MOBJIHUATH HA CKOPOCTh WM3MEHEHHUS
KJIUMaTHYecKuX mapameTpoB B Ilpmapanwe: B mepuon 1960-1970 rr. oHO MOTJIO HECKOIBKO
3aTOPMO3UTh CKOPOCTh apUAM3allMU, a TociefoBaBiiee 3areM noremieHue 80-x IT. — YCKOPHUTh
(Uy6, 2007).

BaxxHo, 4TO mpoBeJEHHBIE HMCCIEIOBAHUS TOKA3bIBAIOT, 4YTO Ha Tepputopuu I[lpmapanes x
1990-m ronam, K kKoHILy XX BeKa, 3aBEpIIHIICS IPOLIECC OMYCTHIHUBAHUS KIUMaTa, 00yCIIOBICHHBIN
BBICBIXaHHEM ApalbCKOro Mopsa. Bce panbHeimme W3MEHEHUs 3HAYCHUH KIMMaTHYECKUX
napaMeTpoB Ha MereoctaHuusx [Ipuapanbsi 0OycCIOBIEHBI YK€ OOIIMMHU LHUPKYJISALIHOHHBIMU
nporeccamu B Cpenneaznarckom perrnone. CoBpeMeHHas TEHACHIUS U3MEHEHUsI KJIMMaTa Ha 3TOM
TEPPUTOPHUH OlIeHHBaeTcs Kak apuanoe norerienue (Kyssmuna, Tpemkun, 2016).

b1ibHbIe Oypu (I1B) u nbL1bHBI o3emok (ITIT)

[lepeHoc coneBod MBUIM — OJHO W3 HAMOOJEe CYHIECTBEHHBIX HETAaTHBHBIX IOCIEICTBUI
ycbIxaHusi ApaiabCKoro Mopsi. [lpu MeIeHHOM TaJIecHUH YPOBHS MUHEPATU30BAHHBIX IOJI36MHBIX
BOJA Ha OOCHIXalIIeM MOPCKOM JHe (OpMHUPYETCs IEeCUYaHO-COJIOHYAKOBAsl IYCTOIIb.
[Tpu BBICBIXaHUU TTOBEPXHOCTH OHA CTAaHOBHUTCS HWCTOYHMKOM BBIHOCA COJICH W TBUIM B BHJIC
MO03EeMOK U TBUIBHBIX Oyph. MBI paccMaTpuBaeM STOT BOMPOC B paszfielie «KIUMAT», MOTOMY YTO
OCHOBHOW TPUYMHOH KOJHMYECTBA W HANpaBICHUS BBIHOCA SBJISETCS BETEp: €ro cuia |
HampaBlIeHHWE, YTO, B KOHIIE-KOHIIOB, CBS3aHO C HUPKYJISIUOHHBIMU 3M0XaMH, Ha YTO YKa3aHO
B padote B.E. Uyba (2007). ABTOp BBICKa3aJl MHEHHE, YTO OCYIIEHHE KOJIOCCATBHBIX IUIOMAIACH U
JIOCTaTOYHO aKTHUBHAs BeTpoBas aesTenbHOCcTh B 1970-1980 rr. oOycioBuim pe3koe yBeTHUEHHE
qucia meUTbHBIX Oyph B [Ipuapanbe u gaxe 3a ero mpeaenamu, 4yTo MPHUBEJIO K 3aCOJICHUIO TIOYB Ha
OoNbIIOM TpOCTpaHCTBE. B Hacrosiiee BpeMsi B CBsI3U ¢ oOmuM ociadneHuem Berpa B Cpeaneit
Azun Oypu ctaiu HaOII0JaThCs pexke, YTO 00YCIIOBUIIO PE3KOE CHIKEHUE BBIMAICHUS BTN U COJICH.

MOHUTOPUHT ATOTO SIBIEHHS, pa3paboTKa METOAMK ydeTa M opraHuzaius cOopa uHbOpMaluu
HAYAITUCh C MEPBBIX JIET OOCBIXaHUS JHA APATHCKOTO MOPSl M OCTAIOTCS aKTyaTbHBIMHU JI0 HACTOSIIIETO
BpeMeHH. HayuHple uccnenoBaHus ObUIM HampaBleHbl Ha pelleHHe OOJNBIIOr0 Kpyra BOIPOCOB:
BBISIBJICHAE YacTOTHI TIPOSIBJICHUS IBUTBHBIX Oyph M TI03€MKa, PACIIOJIOKCHHE OCHOBHBIX 0YaroB
COJIETIBIIIEBBIHOCA M KOJIMYECTBO MIEPEHOCUMBIX BEILIECTB, OMPEIeIeHIe JaTbHOCTH PACTIPOCTPAHEHUS U
MECT X OCHOBHOT'O BBIITAJICHUS, N3MCHEHHE 3TUX SBJIICHHUIA U TIPOIIECCOB BO BPEMCHH.

Momnsie Oypu B Ilpuapanbe ctanu (GUKCHPOBATHCS HAa KOCMUYECKHX CHHMKAaX C CEpeIUHBI
1970-x TomoB. OuaroM WuX BO3HHKHOBEHHs CTaja oOcoxmias TpHOpEeKHas Iojioca paHee
MEJIKOBOJTHOTO CEBEPO-BOCTOYHOTO U BOCTOUHOTO ToOepekbs Mops. 3a nepuoa ¢ 1975 mo 1982 rr.
31ech ObITI0O OOHApYXeHO 35 Oypbh, MBUIEBBIE BHIHOCH KOTOPBIX nocturanu B miauHy 200-400 kwm.
(I'puropses, 1985; MomnocHoBa u ap., 1987). IloctynaBmme B armocdepy conu BBINAAATH Ha
MOJICTHJIAFOIIYIO TTOBEPXHOCTh C aTMOC(EPHBIMH OCajJkaMH ¥ B cyxoMm Buje. ColsiHas TbLTb
OKa3bIBaeT HEONArOmpHUsTHOE BO3JECHCTBHE HA PACTUTEIBHOCTh MACTOMIN YCTIOpTa, a TaKKe
0a3HCOB, PACIIONIOKEHHBIX B JIenbTe AMynapbu u CoIpaapbu.

W3yueHue 3TOro mpoiecca mo aaHHeiM MereoctaHimii (Uyo, 2007) mokaszasio, 4To pa3BUTHE
MOIIHBIX BBIHOCOB TBUIEBBIX Oyphb B 3TOM pailOHE HA4YaJoCh NPU BO3PACTAHUU MOJIOCHI
obHaxwuBIIerocs nHa 10 20-25 kM. CpegHee ToA0BOE YHCIIO THEH ¢ MBUTbHBIMU OYpSIMU 3/1eCh U Ha
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METEOCTAaHIUAX B IIYCTBIHHOM YacTH cpaBHUMBI (Ta0:. 5).

Ecnu conocTaBiisiTh COBMECTHYIO OBTOPSIEMOCTb IBUIBHBIX Oypb U IBUIBHBIX II03EMOK, TO Ha
obmeM (oHe BBIACTSAIOTCS OTIENbHBIE PaliOHBI, I/I€ TIEPEHOC MBUIM M TMECKa B MPHU3EMHOM CJIO€
6onee muTeHcuBeH. Tak, B 1991-2000 rr. B MyiiHake ObUTBHBIX Oypb M mo3eMoOK (21 neHb)
OKas3blBaeTcsi B 7 pa3 Ooiiblle, 4eM MbUIBHBIX Oyph B uucTOM BHJe (3 IHS), Ha CTaHIUHU
Kapaxanmmakust — 51 u 10 nueit coorBercTBeHHO. Ha O0NbIIMHCTBE APYTUX IYHKTOB HAOIIOACHUS
COOTHOILIEHUs OoJiee OiIn3KHe.

Tabauua 5. Cpegnee romoBoe uucio ¢ nbuibHbIMU OypsiMu (I1B) u mpuibHOM mozemkoi (I11T)
B paznuuHble Aecatuwietus 3a nepuox 1941-2000 rogst (Cyo0otuna, Yansimesa, 20006).

Table 5. Average annual number of dust storms (I1b) and dusty drifts (ITIT) for various decades of
1941-2000 (Cy66otuna, Yansimesa, 2006).

1941- | 1951- | 1961- | 1971- | 1981- | 1961-
Cranuust 1950 1960 | 1970 | 1980 | 1990 | 1990 1991-2000

IB+IIII IIb +III1 | IIb

Apanbckoe Mope - - 52 61 74 62 - -

Myitnak 39 57 22 71 55 49 21 3
Kapakanmakus 5 0 2 43 49 31 51 10
Kacnpik - 1 2 14 18 11 18 18

[Topmaray - 5 3 9 7 6 - -

Yumbaii 10 12 13 19 15 16 7 7

XwuBa 2 12 12 5 14 10 1 1

PaccmoTpenue pucyHka 9 mokasbIBaeT, 4YTo HanOoJjiee yacTas MOBTOPSIEMOCTb MBUIBHBIX Oyphb
XapakTepHa JjIs BECEHHE-JIETHEero ce30Ha (ot 6 mo 11 gHel 3a mecsiy), a 3MMOM TBUIbHBIE OypH
ciyyatotest 1-2 nHs. Panee mpenmonaranoch, 4To 10 Mepe yBeTUYEHHUs 00COoXIIeH Iuomaan Mops
CIIEYEeT OXKHJATh aKTHBU3ALMIO BOZHUKHOBEHUS Oypb B [Ipnapaibe, 0JHAKO STOT e PUCYHOK, KaK
1 TabaMa 5, MOKa3bIBAIOT, YTO YACTOTA MOBTOPSIEMOCTH IO JAECATHIICTHSIM MOCTETIEHHO CHUXXAJlach
or 1971 x 1990 romy. B mocnennee necstunerre 1990-2000 rr. moBTOpsieMocTh OYyphb peE3KO
CHM3HJIACh: B CPE/IHEM B JIECATHIIETHE OHU CIydajuch He yaiie 4 JAHed B Mecsll, U 3HaueHHUe 3TO B
pasHble MecsIBl BBIPOBHSUIOCh. HanOosbimas MOBTOPSIEMOCTh TENEph NMPUXOAWTCS HAa BECEHHHE
Mecsipl ¢ Mapta o mail. Cumtaerca (UyO, 2007), uto »Tu TeHAeHUUHU (peakue OypH, pe3Koe
CHIDKEHHE KOJIMYECTBA CyXMX BbINAJIEHUI) CBsI3aHbl ¢ ocinabieHueM Betpa B Cpennen A3uu.

12

B 1971-1980 Puc. 9. FOHOBOﬁ X0
H 1981-1990 MMOBTOPACMOCTHU IBUIBHBIX 6ypI) B
0O 1990-2000 MyﬁHaKe 10 JACCATUIICTUAM
(Uy6, 2007). Fig. 9. The annual
frequency of dust storms in
Muynak for decades (1y6, 2007).
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AHanm3 NMoBTOPSEMOCTH OCHOBHBIX HAIIPAaBJIEHUI U CKOPOCTH BETPA Y 3€MJIM B IIEPUO/] IBUIbHBIX
Oypb U N03EMKH 110 TPEM OCHOBHBIM HAIPABJICHUSM BO3/LYyIIHOIO 1oToKa (puc. 10) nmokasain, 4To BETpsI
CEBEPHOT0, CEBEPO-BOCTOYHOTO M IOTO-BOCTOYHOIO HANpABJICHUH MpeoOsiaaloT HaJa  BCEMHU
OCTaJIbHBIMH: OHH TIOYTH B JIBa pa3a OOJIbIIIE MOBTOPSIEMOCTH BETPOB JIBYX APYTUX HAMPABICHUH.

NaApansck

37

Puc. 10. IloBTOpsieMOCTh pa3iMYHBIX HANPABICHWH BETpa BO BPEMs MBUIBHBIX Oypb M TO3EMKHU
(Apanbckoe mope ..., 1990). Fig. 10. Repeatability of different wind directions during dust storms
and drifts (Apaisckoe mope ..., 1990).

N3 Ttabmunpel 6 BHAHO, YTO HaAWOOJbIIAs TMOBTOPSEMOCTh MBUIBHBIX Oyph U IO3EMKH
MIPUXOAUTCA Ha CKOPOCTh BeTpa y moBepxHocTu 3emiu — 10-14 m/c, Haumensmas — 15 m/c u
Oosblie, OCOOEGHHO  TPH  BETpax  CEBEpO-3allaHOTO M 3alaJHOr0  HAaIlpaBJICHUH,
ONarompUATCTBYIOIIMX TIEPEHOCY NMBUTM HA TEPPUTOpUI0 Y30ekucrana. CieayeT OTMETHTh, YTO B
70-90-x romax XX crojerus, Korja oTrMedanach HaumOOJblIas 4acToTa MOBTOPSEMOCTH Oypb,
BMECTE C MOSIBIIEHUEM OOIIMPHBIX MAacCHBOB OOCBHIXAIOIIETro JTHA 00pamaioch BHUMAaHWE Tak)Ke Ha
noBbIIIeHUE ckopocTu BeTpa (Uy0, 2007).

Tabauna 6. Cpennsst 3a rox mnoBTopseMocTh (%) Ppa3IUYHBIX TIpajalMii CKOPOCTH BeTpa
y MOBEPXHOCTH 3€MJIM TMPH TbUIbHBIX Oypsx u mo3emkax (Uyo, 2007). Table 6. Average annual
repeatability (%) of various wind speed gradations along the Earth surface during dust storms and
drifts (4y0, 2007).

o I'papanms ckopocTu Berpa, m/c
CHOBHOE
5-9 9-14 | >15
HaNpaBJIeHH e
I[HoBTOpsiemocThb, %

CeBepHoe, ceBEpO-BOCTOYHOE, 20 36 5

BOCTOYHOE, IOr0-BOCTOYHOE

IOxHoe, roro-3anajaHoe 3 5 2
CeBepo-3amaiHoe, 3anajgHoe 9 16 4

DKCIEepUMEHTATBHBIMU Pab0TaMu MO M3MEPEHHUIO BBIMAJICHUA a’po30jiell u3 atMocdepsl Ha
MOACTWIAIOIIYI0 IOBEPXHOCTH B Ilpuapanbe 3aHMManucCh [BE TIPYIIBI HCCIEHOBATECIICH U3
V30ekucrana: onHa u3 CpeqHeaznaTCKOTO HAyYHO-HCCIIEIOBATENIbCKOIO HMHCTUTYTA HpPpPUTALUU
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(PazakoB, Kocnazapos, 1987), Bropas — u3 CpenHea3naTrcKoro Hay4HO-HCCIIEOBATEIbCKOIO
ruapoMeTeopoorundeckoro nHcTutyra (TonkaveBa u np., 1985). Haubomnee neranpHbie M3MEpEHUS
B JIEJIbTE P. AMYyZapbu BBINOJIHEHBI I0J pyKoBoacTBOM P.M. PazakoBa u K.A. Kocnazapoga (1987).
Ha tepputopun Kapakannakuu u npuseraromeil K Heil 00CoXIeil 4acTu JJHa MOpsi OHU YCTaHOBWIIN
YIOBUTENH 1151 0TOOpa Mpo0 BhINAJAIOMUX U3 aTMOC(EpPhl CyXHX a’po3oieid. Yucno Touek ordopa
nocturano 43. Kpyrinoroauuneie HaOIIOICHUS 32 OCAXKICHUEM a3p030Jieii MO3BOJIMIIN MOTyYUTh 32
5 et uzmepenunit (1982-1986 rr.) 6osee 1600 mpod U MOCTPOUTH CPETHIOKO 32 MEPUO KapPTy CYXHX
Beimagennii B FOxxuom Ilpuapanbe. Xumuueckue aHanusbl MpoO MO3BOJIMIIA HOCTPOUTH M KapTy
COJIEpP>KALIMXCS B HUX PACTBOPUMBIX COJIEH.

Jlnst oLleHKM BBIHOCA COJIM M TBUTM BO BpeMsl MBUIBHBIX Oyph M mo3eMok Ha Kaszaxckoit yactu
Apanbckoro peruoHa ObLIM NMPOBEAEHBI pacdyeTHble paboThl. [yt 31Ol 1menu OblIM 3a1eiicTBOBAaHBI
JaHHble 3a 27-neTHudl nepuop HabmogeHuit ¢ 1966 mo 1992 rr. mna 11 mereoponoruyeckux
cranuuii: mopckux (o. JlazapeBa u o. bapca-Kenbpmec), npubpexusix (Apanbckoe Mope u Vsiibl)
1 KoHTUHeHTaIbHbIX (Cakcaynbckas, MoHcbslp, xycanel, K3pu1-Opna, Kazamunck, Yupuk-PaOar,
Kapak). Ha ux ocHoBanuu 0Obl1a onieneHa (I'anaesa u z1p., 1996) macca nepeHocuMoro BETpoMm Iecka
3a roJ] BO BpeMsl MbUIBHBIX Oyph M MO3EMKH 10 TOAaM U TOJIy4eHO 3HAUY€HHE, COOTBETCTBYIOIIEE MX
50% obecnieyeHHOCTH. OTU JaHHBIE M AHAJIU3 MAaTEpPUAIOB JIMCTAHIMOHHOTO 30HAMPOBAHHUS
[I0Ka3aJiv, YTO IpU CHUKEHUH ypoBHs Mops Ha 15 M (10 38 M H.y.M. BC B 1989 r.) Ha Ka3zaxcranckoii
YacTH OCYILIEHHOTO JHa Apanga oO0pa30BaIUCh S HNPUPOIHBIX MCTOYHHUKOB COJICTBUIEBBIHOCA.
Ha pucynke 11 npeacraBieHO COOTHOILIEHHE CPEIHEr0 MHOTOJIETHETO BbIHOCA Macchl mecka 50%
00ecreueHHOCTH M3 3TUX 04YaroB BBIHOCA, PACCUMTAHHOE IO psAlaM HaONIOJCHUH METEOCTaHIUH 3a
1966-1992 rr. u npencrarienHoe B padote O.E. CemeHosa ¢ coaBropamu (2006).
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Puc. 11. CpennHuii MHOrojeTHMM BBIHOC Macchl mnecka 50% oOecrnieueHHOCTH M3 0YaroB
BBIBETPUBAHUSA N0 psjaM HaOmoaeHuid MeteoctaHiuii 3a 1966-1992 rr. Ha Tepputopun
Kazaxcrana, 17/Toq: a) COOTHOIIIEHNE BEIHOCA M3 Pa3HBIX 04aroB, 0) COOTHOIIEHNE BEIHOCA TTECKA TIO
HampaBlieHusM (co3gaHo 1o AaHHbIM CemeHoB u ap., 2000). Vcnosusie oboznauenus ouacos
conenvlnesvinoca. 1 — o. Jlazapesa, 2 — 0. bapca-Kenbmec, 3 — Boctounsiit, 4 — Capplmuranak, S5 —
Koxkapanbckuii. Fig. 11. The average long-term removal of sand mass of 50% security from the
centers of removal, according to observations on the weather stations for 1966-1992 in Kazakhstan,
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t/year: a) ratio of removal from different centers, 6) ratio of sand removal in particluar directions
(created according to data Cemenos u ap., 2006). Legend for the area of salt and dust outflow: 1 —
Lazareva Island, 2 — Barsa-Kelmes Island, 3 — VVostochny, 4 — Saryshiganak, 5 — Kokaralsky.

Kak Bunno Ha pucynke 11 a, OCHOBHBIE OYaru COJICTIBUIEBBIHOCA HA CEBEPE — ATO JHO 3aJIMBa
Capplliuranak M IecuyaHble IUBDKA BOKpYr ObiBImX ocTpoBoB Kokapan u bapca-Kenbmec,
Ha BOCTOKE — OCYIIEHHOE MHO MOps OT ycThsl p. Chipaapbu 10 OBIBIIErO AKIETKHHCKOTO
apxuresara, Ha 3arajie — HOBBI KPYIHBIA OCTPOB, 00pa30BaBILIUiics U3 OCTpOBOB Bo3poxkaeHue u
JlazapeBa. OOmmii BBIHOC MacChl a’po3oiieli co Bceil KazaxcraHckod dacTh ObLT OLICHEH B
1.17 mun. T B rox (CemenoB u ap., 1991). HauGosee MOIIHBIN MMOTOK COJEMBUICBBIHOCA HUJIET W3
Bocrounoro ouara, OCHOBHOE HalpaBJCHHE BBIHOCA HarpasiieHO Ha for (puc. 11 0), a MOIIHBIHA
BHIHOC U3 ouara Ha o.JlazapeBa umeer Ooree JokaluM3OBaHHOe HampasieHue — Ha 3103.
Pesynprarel MopenupoBaHUS JAIOT XOpPOIIEE COTJIACOBAaHWME 110 BEJIMYMHAM  BBINAJACHUI
C DKCIIepuMeHTaIbHbIMU olleHKkaMu P.M. PazakoBa u K.A. Kocnazaposa (1987).

[Tocnennee 3aMeuanre OTHOCUTCS U K KapTe OIEHKH CPEIHUX MHOTOJIETHUX CYXUX BBINAJACHUI
coneBoro aspozonst 3a rox (puc. 12; CemenoB u np., 2006). Orta kapra Obula mojdydeHa Ha
OCHOBaHUHU MOJCITH (OPMHUPOBAHUS BBIHOCA M BBIMAJCHUS ApaiabCKOro aj’posonsi B Kazaxckom
HAyYHO-HCCIIEI0BATEIbCKOM THAPOMETEOPOTIOrHUECKOM HHCTUTYTE M YYUTHIBAET IEPEHOC MBUTH U3
5 OCHOBHBIX MCTOYHMKOB MyT€M CYMMHPOBAHUS 3HAUYECHUN IO MPSIMOYTOJbHUKAM CO CTOPOHAMH
20'x20'. OHa moO3BONMJIA BIIEPBBIC OIIEHUTH B YHWCTOM BHJIE BKJAJ MECYaHO-COJEBBIX OYpb
B IpoIIeCC 00pa30BaHUs CYXHX BBITIAJICHUN B PETHOHE.

]

o Cax AV TR

46

dJUHCK

Puc. 12. Kapra-cxema cpeHMX MHOTOJIETHUX 3HAYEHUW CYXWX BBIMAJACHUN TECUYaHO-COJICBOTO
a3p03011s (T/KM? B TOJ1) OT Je ISHOHHBIX IPOLECCOB HA OCYIICHHOM YaCTH JHA APalbCKOTO MOPSL.
(CemenoB u ap., 2006). Vcroswvie obosnauenus: 1 — miuomanb OCYHIEHHOTO THA MOps, 2 —
COBpEeMEHHasi OeperoBasi JIMHUSA, 3 — U30JMHUK CyXuX BbimaaeHui. Fig. 12. Schematic map of the

OKOCUCTEMBI: OKOJIOI'MA U IUHAMUKA, 2020, Tom 4, Ne 2



118 DKOJIOI'O-TEOI' PAOMYECKHUI ACIIEKT APAJIbCKOT'O KPHU3UCA. YACTH 2 ...

average long-term values of dry precipitation of sand-salt aerosol (t/km? per year) from deflation
processes on the dried part of the Aral Sea bottom (Cemenos u ap., 2006). Legend: 1 — area of the
dry sea bottom, 2 — modern coastline, 3 —isolines of dry precipitation

[Tonyyennass kapta (puc. 12) mo3Bosmsia OLEHUTh U BEJIWYMHY COJIEBBINAJECHUM, HUCXOAS W3
IPEATOJIOKEHUS, YTO B Macce a3po30iis coaepkutcs 3% coineil. IMeHHO Takoro mopsiika BeJINYHUHbI
COZIEpKaHMs COJICH B BBINMAIAIONIEM a’p030ji€ ObLTH MOJTYyYEHBI MO pe3yibTaTaM 3KCIEAUIIMOHHBIX
n3MepeHnii Ka3axckoro MHCTUTYTA JUTSL CyXHX OCaXCHHI Ha OCYIICHHOM JiHe Mopst (2-3%).

V30eKkcKkue ydeHble OPraHM30BAIM HCCIEIOBAHUE CYyXHUX arMoc(epHbIX ocaakoB a HOxxHoM
IIpuapanbe He TOJBKO Ha S3KCIEPUMEHTAIbHBIX paboTax, HO M Ha 0a3e JeicTByroleH ceTu
TUIPOMETEOPOJIOTUUECKUX CTAaHLMM, M II0Ka3ajdd, 4YTO KOJIMYECTBO IIbUIECOJIEBBINIAJICHUN Ha
Tepputopun Kapakanmnakuu cUIbHO BapbUpPYyeT B 3aBUCUMOCTH OT Oporpaduu, CTETEeHU MOKPITHS
PacTUTENILHOCTBIO, OCBOSHHOCTH TEpPpUTOpHH M BeTpoBoro pexkuma (Paduxos, 1982). Ilo ux
UCCIIEIOBAaHUSIM, B JeiIbTe AMYAAapbH COJEpXKaHHE COJIeH B BBINAJAIOLIEM a3p030Ji€ JIOCTUTAET
CYLIECTBEHHO OO0JIbIIMX BeJWYUH (5-6%), yBenu4MBasCh HENOCPEACTBEHHO y COJIOHYAKOB 110 20-
30% u gaxe u3penka o 40% (PazakoB, Kocnazapos, 1987). MakcumanbHOEe KOJIMYECTBO COJEH
BBINTAJaeT BOJM3M MCTOYHHKOB — HA MOPCKOM IMOOEpEX b€ M Ha BBICOXIIEM JHE. AKKYMYIISLHUS
OBUIM U cojiell B nenbTe AMyAapbd NPOMCXOAMT KaK 3a CYET MaTepuana, MPUHOCUMOIO C
oOcoxmero moOepexpsi, TaK H W3 MECTHBIX HCTOYHHKOB BBIHOCA, PACIIOIOKEHHBIX
HEMOCPEJCTBEHHO Ha TEppPUTOpUH caMoil aenbThl. IlosTOoMy coseBble BbimaaeHuss B CeBepHOM U
Boctounom I[lpuapanbe CcyliecTBEHHO MEHbIIE, 4YeM B JeiabTe AMyZapbu, M JOCTUTalOT B
npudpexHoi nosoce (1.5-3 /KM% B ronu).

MHorosieTHue HaOJIOJEHUS IOKa3alM, YTO CyXHE€ BbINAJECHUS HAa OCYLUIEHHOM JHE MOps
nocturanu 300-600 T/xM° B roJi, B TO BpeMsl KaKk B MPUOPEKHON YaCTH AETBThI Macca OCaKIEHHBIX
a’po30Jielt OBICTPO YMEHbIIAJIAch MO MEpPE yAAJICHUs] OT UCTOYHHMKA BBIHOCA M HA paccTosiHuu 10-
15 kM yxe Obu1a paBHa 90 T/kM? B TO. BaXXHBIM BBIBOZOM M3 STHX HMCCIIEIOBAHHH GBUIO TO, 4TO
KaK pacyeThl, TAK U IKCIEPUMEHTAIbHbIE UCCIIEIOBAaHUS HE MOATBEPIMIM PACIPOCTPAHEHHON B 3TU
roJpl B MacCOBOM I€YaTH THIIOTE3bl O TMFAHTCKMX IMOCTYIUIEHUSAX COJIEH M a’po3osiell Apana Ha
Bcio Tepputopuio LlenTpanbaoii A3uu. Oka3anoch, YTO OCHOBHAs Macca BBINAJICHUN adpo30Jiei U
cojiell MPUXOAUTCS Ha OCYIIEHHOE THO ApallbCKOro Mopsi U pailoH kopeHHoro Oepera. Ilo mepe
yAaJIeHusl OT TIpeXHEero Oepera, mMacca BBINAJCHUN YaCTHUI[ OBICTPO YMEHBIIAETCSA. DTOT BBIBOJ
JEeMOHCTPHPYET KapTa paclpelesieHus] coJienbuleBbinageHuii (puc. 12), oH coryacyercs u ¢
pe3ysibTaTaMd  YMCIEHHOTO MOJEJIMPOBAHMS TEPEeHOCa IECUYaHOro a’po30Jid, IOJYYEHHBIMU
N.B. Kaumnossim (1995; Cemenos u nip., 1990) Ha rugpoguHaMu4eckoil Moienu 0ypb.

B monorpapun A.K. KypOGanusizoBa (2017) co ccwuikoil Ha nanHbele B nokiazne B.E. Uy6a
«O0630p HayuyHBIX MpoOJEM U MpoOJeM OKpyKarolled cpeabl B OacceifHe ApajbCKOTO MOps»,
CHICJTAaHHOM Ha HAyYHO-TIPaKTHYECKOM ceMuHape B TamkeHTe B Mae 1994 r., yka3eiBaercs, 4To, 1O
naHHbIM CpelHea3naTCcKoro Hay4HO-HCCIIE0BATEIbCKOTO THAPOMETEOPOIOrHYECKOI0 UHCTUTYTA,
B I'0J1 C aKBaTOPUH MOPS BBIHOCUTCS 53 MJIH. T coJiel, ¢ 00CcOoXIIero qHa — 57 MJIH. T, C COJIOHYAaKOB
Ha KopeHHoM Oepery — 13 muiH. T. [lanbHOCTh mepeHoca cocraBisger Oonee yem 500 kM oOT
HMCTOYHUKA U paACHpOCTpaHseTCs B OCHOBHOM Ha 3amaj U Ioro-3amaia. llo xonnyecTBy
BBINA/IAIONIEr0 MaTepuana BblielIeHbl TpU 30HBL. IlepBas mpoctupaercs 1o 100 kM OT rpaHuIBl
oOcherxanus (ctapoit 6eperoBoit TUHUM MOpPs). [ITOTHOCTH BBIMAJCHUS MECYAHO-COJIEBOTO TOTOKA
BHeill — 1500-2500 kr/ra Broa. Bropas — mo 500 kM oOT rpaHUIBl OOCBHIXaHHUS, IUIOTHOCTB
Beimagerns — 500-1000 kr/ra B ron. Tpetsst — 6onee 500 kM, mmotHOCTh Bhimanerus — 100 kr/ra
BToA. MuHepanuzanus arMoc(epHbIX ocaakoB Bo3pocia B FOxuom Ilpuapamse B 6-7 pas.
VYBeIMYUIIOCh coiepikaHue a’po3oeit (mbuin) B atMocdepe. Bo Bpems MbUIbHBIX Oypb MpeAeabHO
JONyCTUMAasi KOHLIEHTpAIUs MMbIJIM B BO3yX€ MpeBbIacT Hopmy B 10-12 pas.

MOHUTOPHHT 3a pa3BUTHEM JC(IIAIUOHHBIX MPOIECCOB HA JTHE MOPS BBISABUII HECTAOUIBLHOCTD
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UX TIPOSIBICHHS; KpoMe Toro, 27-netHuil psn HaOmonenuit (I'amaeBa u ap., 1996) moxassiBaeT
(puc. 13, 14), yTO0 KaK Ha MOPCKHX, TaK M Ha KOHTHHCHTAJBHBIX CTaHOHAX ¢ 1986 roma
HaO0JII01aeTCs TEHICHIINS K YMEHBIIICHUIO OOIIEH MacChl IepeHocuMoro necka. HecMoTps Ha poct
OCYIIEHHBIX TuIoaaei, B 80-ble ro/ibl BeIMYMHA BBbIHOCA MbUIM 3a roj cHuswiack Ha 50000 T
10 BenmurHbl 1.12 MutH. T/To1 B cpaBHeHHH co 3HadYeHneM 50% obecnieuernHoctH st 1966-1986 rr.
(CemenoB u ap., 1991). Ha pucynke 13 a moka3aH MHOTOJIETHUH XOJ] 3HAYCHHA I METEOCTAHIIUU
Apanbckoe Mope. 31ech MbI BUIAHM JIBa TTUKA, OAMH U3 KOTOPBIX HaOmoaancs B 1970-1971 rogax u
cocrasun 9302 T/km° B roj, Bropoid — B 1983-1985 rogax ¢ 6500 T/kM> B TOJI.
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Puc. 13. MHOroeTHUI X0/] MacChl MecKa, MEPEHOCHMOTo 1) MbUTBHBIMU OypsSIMH M TTO3EMKaMH H
2) ero ckoub3simas cpennss Ha MC a) Apansckoe Mope, 0) Vsuis (Cemenos u ap., 2006).

Fig. 13. The long-term changes of sand mass carried by 1) dust storms and drifts and 2) its moving
average on the weather stations a) Aral Sea, 6) Uyaly (Cemenos u ap., 2006).
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Puc. 14. MHoroneTHuil X0/l Macchl MecKa, MEPeHOCUMOro 1) MbUIbHBIMU OypsIMH U TO3EMKaMHU U
2) ero ckoub3sias cpensist Ha MC a) o. JIazapea, 0) bapca-Kensmec (Cemenos u fp., 2006).

Fig. 14. The long-term changes of sand mass carried by 1) dust storms and drifts and 2) its moving
average on the weather stations a) Lazareva Island, 6) Barsa-Kelmes (Cemenos u ap., 2006).

Ha pucynke 13 6 npencTaBieHbl JaHHbIE CTAHLIMU YsUIbL, TJI€ MAKCUMAJIbHBIM MEPEHOC MecKa
661 B 1984 1. 1 cocraBmr 20269 T/kM? B TOJI, UTO B JIBa pasa BBIIIE MAKCUMaJIbHOIO 3HAYEHUs HA
MC Apansckoe Mope. 3n1ech Takke MPOHU30LUIO YCTOWYMBOE YMEHBIIEHHE IEPEHOCAa IecKa C
1986 r. Bimsinue octpoBHOTO meproaa cymectBoBanuss MC Vsl Ha AeISAIMIO IECKOB MOYKHO
npocneauts 10 1974 r., mociae KOTOpOro XoJ MPOIECCOB B €€ OKPECTHOCTAX CTajl MOAO0OEH psay
storo nokazarens Ha MC Apansckoe Mope.

OctpoB JlazapeBa (puc.14a) — eagunctBeHHass u3 11 craHuuit ApallbCKOTO pETUOHa,
Ha KOTOPOM SIBHO BBIPA)KCHA TEHACHIINS YBEJIMUEHUS IIEPEHOCUMBIX MACC MIECKA, XapaKTEPU3yIoIas
ee IepexoJl U3 MOPCKOTO THMAa K KOHTMHEHTadbHOMY. Ha 3Toif ke cTaHuuu 3adukcupoBaHa H
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camasi GOJIbLIAS TOOBAs BETMYMHA Macchl — 29105 T/kM® B rof. DTa CTAHIHS XapakTepu3yer
HOBBII MOIIHBIA OYar MbUIEBBIHOCA HA OCTpOoBE Bo3poxkaeHus.

Ha mereoctanuuu octpoBa bapca-Kenbmec (puc. 14 6) MOXXHO BBIICIUTH JBA MaKCHMyMa:
nepBblii B KoHIEe 60-x — Havane 70-X romoB, HauOoJblnee 3HaueHue 3apukcupoBaHo B 1970 r. —
20647 T/kM® B roj, BTOPOil, MEHbIIMK MO BEJIMYMHE MakcuMyM — B 1966 r. ¢ 13253 T/kM> B rog. B
Hadaie 90-X TOMOB 34€Ch TAaKKe€ HAMETHIIOCh YBEIMYEHHE IEPEHOCa, CBS3aHHOE C HAdaioM
¢dbopmupoBaHUs NPUOPEXKHBIX IUBDKEH NP OTCTYNAHUM OT OCTPOBAa BOJHOW IOBEPXHOCTH.
OtnenbHast Oypss MOXKET TEpEeHECTH 3HAYMTENbHOE KOJMMYecTBO Tmecka. HaOmromenus
O.E. CemenoBa ¢ coaBropamu (2006) mokasanu, yro Ha octpoBe bapca-Keiapmec BO Bpems
nbeUIbHON Oypu 15-17 mrons 1984 r. Obwio mepeneceno okono 12% ot cpenHeil cyMMbI TOIOBOTO
nepeHoca necka B OB HanpaBinenuu 3a roju.

HecmoTpst Ha TO YTO B COBPEMEHHBIX IYOJIHKAIMAX CONEPKUTCS MH(POPMAIUSA O TEHACHIUH
COKPpAILICHHUS TIOBTOPSIEMOCTH U CHJIBI MbUIbHBIX Oyph (prc. 13, 14), OHM OTHIOJb HE TPEKPATUITHCE.
Tak, B mae 2018 r. MOIIHOE NBUIBHO-COJEBOE O0JAaKO 3aBUCIO HaJ TI. TallKeHTOM Ha CYTKH
(Caranosckas, 2020). BepositHo, oHo mnpogenano nyrb B 800 kM OT ApajabCKOro Mops.
Han o6coxmmm THOM MOpSI MBUTBHYO MTO3EMKY H IbUIb MOXHO BUIETH yamie (poto 1).

BbiBoabI K pa3zaeny

CoJenbuIeBBIHOC ¢ MOPCKOTO JHA Hadal (UKCHPOBAThCs ¢ cepeaunl 1970 r. Ha marepuanax
KOCMUYECKOW ChEMKH B BHJIE€ MOIIHBIX TNBUIEBBIX Oyph. MakcuManbHas UX HOBTOPSIEMOCThb
npunuiack Ha aBa aecsatwieTrs 1971-1980 rr. u 1981-1990 rr., Korma BogHast MOBEPXHOCTh MOPS
CTPEMUTENBHO COKpalllalach M Ha JIHEBHYIO MOBEPXHOCTb BBIXOJWIM M OOCHIXaJIM OOIIUpPHBIE
y4acTKHU cylid. Panee BbIACISINCE 5 OCHOBHBIX OYaroB COJICTIBIIIEBBIHOCA: 1) HA OOBETMHUBIINXCS
octpoBax JlazapeBa-Bo3poxaenus, 2) Ha o. bapca-Kensemec, 3) k BocToky oT BocTOUHO# uyacTu
Bonwmoro mops, 4) Ha mecte 3anuBa Capsiuranak, 5) okoio mpica Kokapan. Haubonee aktuBHbIe
u3 HUuX — 5, 4 u 1. K HacTosieMy BpeMeHU 4acTh 04aroB 00beAMHUIIACK.

®oto 1. Hayano neuibHO# Oypu Hag obcoxmuMm aaoM Mops (poto B.A. [Tonosa, 2017).
Photo 1. Beginning of a dust storm over the dried-up sea bottom (photo by V. A. Popov, 2017).

HccaenoBanus IMOoKa3aj, 4YTO HalpaBJICHHUC COJICTIBIJIEBBIHOCA HACT II0 pPO3€ BETPOB!:
OCHOBHad MaccCa IICPCHOCUTCA B HIKHOM HaAIPAaBJICHUU — OT BOCTOYHOIO [JO 3alaaHOTo.
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HauGomnpIiee yuciio mbUTbHBIX Oyph U MO3EMOK MPUXOIUTCS Ha BECEHHe-NeTHHH nepuoia. Ooiee
KOJINYECTBO COJIEH, BBIHOCUMBIX U3 04aroB, cocTasisieT 1.17 MiIH. T/ToJ], B TOM 4uCIie B 3TOM Macce
cogepxxutcst 10 2-3% coneir. C oaHO# mbUTbHON Oypeit MOXKeT ObITh BhIHECEHO 10 12% macchl
BEIIECTBA OT TOAOBOW CcyMMbl. OCHOBHas Macca BBIHOCUMOTO MaTepuaja BBINAAAET
HEIIOCPE/ICTBEHHO Ha MOPCKOM JIHE, ¥ TOJIbKO HeOoublias 4acTh (He Oosee 15%) BeIHOCHTCS Ha
paccrosnue 10 10-15 kM. ConeBbie BbmaneHus B CesepHoM u  Bocrounom Ilpuapansbe
CYIIECTBEHHO MEHBIIE, YeM B JeNbTe AMyJIapbH, W JOCTHTAIOT B IPHOpexkHOi momoce 1.5-3 1/km?
BTOA. B nenpre AMymappu akKyMyJsiUsl MIPOMCXOAUT Kak 3a CYET Marepuaja, IPUHOCHMOTO C
o0cox1ero nodepexbst 1 U3 MECTHBIX UCTOYHUKOB BBIHOCA, PACIIOJIOKEHHBIX HEIMOCPEACTBEHHO Ha
TEPPUTOPUU CaMO enbThl. OTMEYAOT CIIEAYIONINE N3MEHEHHSI BO BPEMEHH: YHCIIO BUIBHBIX OYypb
Ha Bcex MereocTaHuax ¢ 2000 r. cokpaTUiIoch, MaKCUMalibHasi IOBTOPSIEMOCTb C BECEHHE-JIETHUX
MECSIIEB MEPEMECTHIach Ha BECEHHUE, OCHOBHOE HAIpaBJIEHHME BBHIHOCA B IO)KHOM HaIPaBICHUU
coxpansierca. Haubonee mocnenoBaTenbHble HUCCIIEAOBAaHUS, MOCBALICHHbIE MPOOJieMe MbUIbHBIX
Oypp u conenbsuieBbiHOCa, TpuHAMIEKUT O.E. CeMEHOBY € KOJUIEKTHMBOM HCCIEIOBATENCH.
[Tocnennue nyOMUKaUM, COAEp)KAIlMEe KOHKPETHbIE OPUIMHAJbHBIC JaHHBIE IO Hpodieme,
otHocaTcst K 2006r. IlosToMy B Hacrosmiee BpeMsi HYXHBI oOoOmiaromme padoThl,
paccMaTpUBAIOIIME BOMPOCH! IO YacTOTE MbUIBHBIX OYpb 3a MOCIEIHUE NECSITUIIETUS; U3MEHEHUIO
CKOPOCTH BETpa M €ro HampaBJIEHHs, a TaKKe IO MbLJIe- M COJEBBINAJACHUSIM: JOKAIH3AINH,
JATbHOCTH IEPEeHOCa, HANpaBJICHWHU, BBINAJEHUM C OCaJKaMH, AaJbHOCTM U HAIpPaBICHUU
COJICTIBUIEBBIHOCA, COJICPKAHUIO coJieii B aTMOc(epHBIX ocankax. be3ycinoBHO, 3TH nccieqoBaHUsS
HEPCHEKTUBHO MPOBOJIUTH C MCIIOJb30BAaHMEM MAaTEpUAIIOB AMCTAHIIMOHHOIO 30HAMPOBAHMS,
MIPOBOJISL OJTHOBPEMEHHO Ha3eMHble HaOmoneHus. [IpencTaBiseTcst Ba)KHBIM BBITIOJTHEHHE PadOT MO
M3YYEHHUIO CBSI3UM YKa3aHHBIX SIBJICHHMM €O CMEHOM IMKJIOHAJBHBIX OJMOX, IOCKOJbKY OHHU
COIIPOBOKAAIOTCS M3MEHEHHWEM CKOPOCTEH BeTpa, OJHON W3 BaKHBIX NPUYMH (OPMUPOBAHUS
IBUIBHBIX OYpb U COJIENbUIEBBIHOCOB. HeT coMHeHu#, uTo 3TH paboThl HEOOXOAMMO MPOBOIUTH B
pEeKUME MOHUTOPHHTA, MOCKOJBKY NMPHUPOIHBIE KOMIUIEKCH HAa TEPPUTOPUM MOPCKOTO JIHA eIlle
JaleKku OT cTa0wiIM3aluu, KOTOpas MOXET TMPOU30HTH TMpH 3aKpeIUIeHUH  OTIOXKEHUH
PacTUTENLHOCTHIO.

O0coxiee THO ApajibCKOro MOpst

Tepputopust 006coxiiero gHa Mops SIBISETCS NPUPOIHOM jabopaTopuei Ui UCCIEIOBAHUS
MPOIIECCOB BOSHUKHOBEHMSI JaHIMIA()TOB U MPOTEKaHMs MEPBUYHBIX CyKIeCCUH B ()OPMHPOBAHUU
UX KOMIIOHEHTOB (II0YB, PACTUTEIbHOCTH, >KMBOTHOTO HACEJIEHHUS), SKOCUCTEM (M3MEHEHUs
MEXKOMIOHEHTHBIX OMOTHUYECKUX CBSA3€H, CBsi3el OMOTHI C YCIOBUSMH Cpelibl, peoOpa3oBaHus
Cpelbl )KUBBIMH OpPTaHHW3MaMHM, IMOTOKOB BEIECTBA U YHEPIHH), MUKPOIBOIIOIMOHHBIX MIPOLIECCOB
Ha HOBOOOPa30BAaHHOW Cylle M pPa3BUTHS Ha ITOH OCHOBE TEOPETHUECKUX NPEACTaBICHUH O
MIPOCTPAHCTBEHHO-BPEMEHHBIX 3aKOHOMEPHOCTSIX MX CTaHOBJIEHUS U TpaHchopMaluuud B
M3MEHSIOIINXCSl YCIOBUAX Cy0aIpaIbHOIO pa3BUTHS.

OO6cbixaroniee THO ApajabCKOTO MOps B ApalibCKOI IpoGiieMe MPUBJIEKIO BHUMAaHNE YUEHBIX B
NEPBYIO oYepellb, T.K. ObLIO HArJISIIHO BUIHO, YTO BHOBb OOpa3yrOINAsCs Cyllla MCKIIOYUTEIHHO
IuHaMu4uHa. B cBs3m ¢ 3TMM HaOMOIEHUs 3a OOCHIXAIOIIMMU MPUOPEKHBIMU y4acTKaMU
HOBOOOPA30BaHHOW CYIIM BEJIUCh C LENbIO BBIABICHUS 3aKOHOMEPHOCTEH MOCTTHAPOMOpGhHON
IBONMIONIMU, (opmMupoBaHUS  CcyOa’paidbHBIX JAaHAMIAPTOB W WX  KOMIIOHEHTOB  (TIOYB
pPacTUTENFHOCTH). DTH HUCCIEAOBAaHUS HMMEIN KaK HayyHOe 3HaueHue — s (HOPMHUPOBAHMS
TEOPETUUYECKHUX MPEACTaBICHUN 00 3TamHOCTH, UIMTEIBHOCTH SBOJIIOLMOHHBIX MPOLECCOB, TaK U
HAYYHO-TIPUKJIATHOE — JUIsI BBIOJHEHMS MPAKTUYECKHX PAaOOT MO 3aKPEIUICHUIO MOBEPXHOCTU
OOHaKUBIIMXCSI TEPPUTOPUI U B IIEPBYIO OUepeab — PUTOMETHOPALINH.

Ocobennocmu obcvixarouezo ona. Bonnas moBepxnocts Mopst ¢ 1961 mo 2008 rr. cokpaTuiach
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¢ 66400 km? 10 10 400 KMZ, W3 4Yero CJeyeT, 4To 00coxXias 9acTh qHa umeet miomaas S6000 KM,
4TO cocTaBisieT okoio 84.3% ot ObiBIIeH ruomanu akBaropuu (bonbioe Apanbckoe ..., 2012).
E>xeroqHo oOHaXkaromyecss y4acTKM OOCBIXAIOUIETO JHA MOYKHO CYMTATh JOCTYIHBIM JIJIsI
HaOmonenuss oObekToM, a Ojaromaps JaHHBIM JTUCTaHIMOHHOTO 3oHIupoBanus u [UC-
TEXHOJIOTUSIM BO3HHUKJIA BO3MOXKHOCTh IMPOCICIUTh, KaK 3TO MPOUCXOIWIO BO BPEMECHH: KaKHe
Y4aCTKHA MOPCKOTO JHA B KaKHE TOJIbl BCTYIIWIIM B 3Tall Cy0aspanbHOro pa3utus (puc. 15).

1960-70
1970-75
1975-80
[ ] 1980-85
] 1985-90
1991
1992
1993
1994
B 1995
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B 1997

[ ]1998
B 1999
[ 2000
] 2001
- Water

Puc. 15. Cokparienue BOJHOTO 3epkajia ApajbCKOTO MOpsl M I'0Jl BCTYIUICHHs B CyOa’pasibHbIN
JTam pa3BUTHs pa3HbIX yyacTKoB Tepputopuu ero aHa (Ressl, Ptichnikov, 2001). Fig. 15. Reduction
of the Aral Sea water table, and the year when different sections of its bottom entered the subaerial
development stage (Ressl, Ptichnikov, 2001).

Pucynok 15 ObuT co3tan HeMenKUM uccienoBateneM PaitHepom Peccerom mo manasiv NOAA
1 QpoBoil Moaenu penbeda THa ApaabCKOro Mops (6aTUMepTHUECKO KapTe, pa3paboTaHHON B
Nucturyre Bomubix mpobOiiem PAH). IlBeToM BbImeNneHBI ydacTKH JHA, OOCOXIIHE B pa3HBIC
BPEMEHHBIE HWHTEpPBaJbl. JTOT PHUCYHOK TMPEACTaBISAET OONBIION WHTEpeC IS OyIyImux
WCCIIeIOBATENeH, T.K. €r0 MOYKHO pacCMaTpUBaTh U KaK MOHUTOPUHT OOCBIXaHHUSI MOPCKOTO JHA, U
KaK IpeKpacHyro 6a3y [ AaTUPOBAHMS BO3pacTa Cy0a’paabHOTO pa3BUTHS JIaHAIMIA(TOB B cliydae
Ha3eMHLIX UCCIIEJOBAHUMN.

[Tanenue ypoBHs MOps U IpHUpAIIeHHe HOBOM CYIIIU, KaK MOKa3bIBatoT uccienoBanus (bomibiioe
Apanbckoe ..., 2012; KommiekcHbie nuctannuoHHsbie ..., 2008; The Aral Sea ..., 2014) u nanabIe
KOCMHUYECKOW ChEMKH, MPOUCXOAWIN HepaBHOMepHOo. B Hawame 1970-x romoB Oeper ekeroaHo
OTCTyIaJ Ha JECATKH METPOB, a mocie 1982 r. — Ha cotHu. CpeaHerooBoe MPUPAIICHUE CYIIH
B 1961-1977 rr. cocrasisiio okouo 700 km*/rox u yBenmuumiock a0 1200 kmM’/rox B 1984-1989 rr.
B 1989-1991 rr. oOceixanue aHa OBUIO MaKCUMAIBHBIM — 10 2300 KMZ/FOI[. Bo mHOrom »rto
OOBSICHSIETCS] CHIIBHOM 3acylnUIMBOCTBIO 1989 rofa M OTCYyTCTBHEM MPUTOKA PEYHBIX BOJ K MOPIO.
B oTnenpHBIC TOABI MPUPOCT HOBOHM CYIIM PE3KO CHWXKAJICS; Tak, B mepuoasl 1991-1993 u 1998-
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1999 rr. o6cexano He Gomee 300-600 km’/ros. HanGomblue CKOPOCTH MajeHHs yPOBHS MOpS H
oOHaxeHus ero mHa no 1358 KMZ/FO,I[ npoucxoaw B nepuos 1989-2008 rr. B BOCTOYHOM YacTH
bonbmoro mops. B 2001 r., korzna u3-noja BoAbl BILUIM CPEAMHHBIE OCTPOBA, IPUPAIIEHUE CYILIN
cocraBuno 4600 km® (Bompmoe Apaibckoe ..., 2012). ObHaxeHne IHA B 3amajHoil 4acTh
BOJIBIIOro MOpsi, Ha OGPHIBECTOM CKIIOHE YHHKA, TIPOMCXOMIO OYeHb MEUICHHO — 10 284 KM%/TOxL.
B Masiom Mope mocie BO3BEAEHHUS IUIOTHMHBI OOCBIXaHME JIHA NPAKTUYECKU IPEKPaTHIIOCh U
HAYaJCcs MOJbEM YPOBHSI.

K Hacrosmiemy BpeMeHM ypoBHM Manoro Mops W 3amagHol 4acTtd bosbiioro mops
OTHOCHUTENIbHO CTAaOMIM3MPOBANIUCH U IIpUpAllleHHe HOBOM CyIlIM Ha WX Oeperax, Mmo-BUIMMOMY, HE
npoucxoguT. OcTalbHbIE BOJOEMBI MMEIOT IYJbCUPYIOLIUI XapaKTep, U MOPCKOE JTHO 3/ECh B
3aBHCHMOCTH OT BOJIHOCTH I'0JIa ¥ IPUTOKA BOJIBI TO 3aJIMBAETCS, TO OOCHIXAET.

s BocTOYHOM 4YacTh BonbImIOro Mops XapakTEpHbI CHIIBHBIE U3MEHEHMS IUIOIAAW BOJHOM
noBepxHOoCcTU. OTMeUaroTCs pa3HOTrOINYHbIC U CE30HHBIC N3MeHeHus. [locneHne n3BeCTHBI TOJIBKO
JUIs BOCTOYHOM wyacTu bonbmioro Mops. 371ech € cepeauHbl HIONS MO OKTAOpPh MPOMCXOAUT
oOcChIXxaHUE, B 3MMHHE MECSIbl YPOBEHb MOps cTa0mieH, oOchixaHusi HeT. B BeceHHe-neTHUN
Iepuoj,, B MapTe-uiojie, IUIOIIAAb BOJHON IMOBEPXHOCTHM MAaKCHUMallbHa U paHee OO0COXIIHNe
TEPPUTOPUU MOTYT BHOBb YAaCTUYHO OKa3bIBATHCS MOJ BOJOW. MaKCHMyM IMOJIOKEHHSI YPOBHSA
OOBIYHO TPUXOAUTCS HA ampelib MOCJE TassHUS CHETa M B WIOJE BO BPEMs MaKCHMAaJIbHOTO TasHUS
nennukoB, nuTaromux pexu (Kpasmosa, Myaps, 2004). [Inst 3TuX oOHa)arouuxcs TEPPUTOPHIA
XapaKTepHBbI IIPOLIECCHI, KOTOPbIE UCCIIEIOBAIUCH B IIEPBHIE I'0/Ibl HAOIIOACHUN 3a MaJIEHUEM MODSL.

3aconenue no8epxXHOCMHBIX OMILONCEHUL U 8bIHOC COJlell Ha TIPUIIETAOIINE TEPPUTOPUN — OJUH
3 Haubosee mMPOOJIEMHBIX M OOCYXKIAEMBIX BONPOCOB B TEPBBIE TOABI HCCIEIOBAHUN IO
Apansckori npooneme (I'emmep, 1969; I'puropwes, Jlumaros, 1979; Kocrtrouenko, 1979, 1984;
Koctiouenko, bormanoBa, 1979; MoxaiinieBa, Hekpacoa, 1984). B mepBoe pgecstunerne
oOchIXaHus Mpeobiaaroias 4acTh Cojle KOHIEHTPUPOBAIACh B COJIOHYAKAX JIAT'yH, 0OCBHIX alOIIHX
3aMBOB M (pruibTpanmoHHbIX o03ep. [lo cocrosHuio Ha 1975 T., MO nHaHHBIM B TyOJTUKAIUSIX
B.II. Koctrouenko m H.M. bornanosoii (1979; Bbormanosa, Koctrouenko 1977, 1978), B sTux
COJIOHYakax ObuIO cocpenoToueHo okoso 95% oOmiero 3amaca BOJOPACTBOPHUMBIX COJIEH,
COJIEPKALIUXCS B OTJIOKEHUSIX OCYIIMBLIETOs MOPCKOTO JIHA M OLEHMBAEMBIX MPUOJIM3UTENBHO B
388 miH. T. B mpenenax TtepputopuH IUIOMAARI0 OKOJIO 506 THIC. Ta COJCp)KAaHUE COJCH B
MIOJIyMETPOBOM CJIOE€ COCTAaBJIJIO B CpelHeM OKoJo 733 T/ra, B HE3aCOJEHHBIX OTJIOKEHUSIX —
24 1/ra. Inomans nocnenaux coctarisuia 0.3%. K 3tuM 3amacam coseil exxeroaHo mpuoaBIsiioch
okomo 64 t/rox Ha 1kwM® comeil, HAKAIIMBAIOMAXCA B IPYHTOBBIX BOJAaX BCIEICTBUE
BBIKJIMHUBAHUSI B ATOM 30HE COJIEHBIX T'PYHTOBBIX BOJA. DTOT MOJATOK TPYHTOBBIX BOJ MPHUBEN K
00pa30BaHUIO B HOBEHIIMX MOPCKUX OTJIOXKEHUSAX OOCOXIIEeH yacTh MOps HOBOTO, paHee He
CYIIIECTBOBABIIIETO TOPU30HTA TPYHTOBBIX BOJ Ha TiryomHe 0-3 M ¢ muHepanuzarueir ot 50-70 mo
100 r/n (Biusinue cHUXEHUs ypoBHA ..., 1979; CoBpemenHoe cocTosiHue ..., 1979). 13-3a Toro uto
OeperoBasi JIMHHS OTCTyNaeT ObICTpee, 4YeM TIpPYHTOBBIE BOJIbI JIOCTMTalOT MOpS, OHHU HE
pasrpyKarTcss B MOpE, a pacXOAYyITCs Ha HCIApEeHHE, BBI3bIBAas 3aCOJIEHUE OCYIIMBLIMXCA
Y4acTKOB MOpPCKOro JHa. Takum oOpa3oM, Ha HayaJlbHOM CTaJuu OOChIXaHUS JTHA MOpPSI BETPOBOIl
BBIHOC COJIEH MPOMCXOJUT B OCHOBHOM M3 OOCOXIIMX JIalyH W 3ajMBOB, a B JajibHEHIIeM, MO
MPOrHO3Y-TpeaynpexaeHuto, caeranHoMy B pabote B.II. Koctiouenko u H.M. bornanosoii
(1979), HakonMBIIKECS COJIM HA TIOBEPXHOCTH OOCOXIIErO JHA OYAYT MPEICTAaBIIATh CEPhE3HYIO
yrpo3y s repputopun Ilpuapainbs u 10kHbIX paitoHOB CpeaHeit A3um.

BriHoc coneit ¢ ob6coxieit yactu Mopst B cepeaune 1980-X rojioB, O JaHHBIM Pa3HBIX aBTOPOB,
CHWJIBHO oTiM4YaeTcs u kojeobnercs oT 13-231 muH. T 10 4-150 mun. T (Py6anos, bormanosa, 1987,
I'puropses, JIunatos, 1979).

OnacHOCTh BBIHOCA COJIEHM B 0a3UChl BO MHOTHX IyOJIHMKAIUSAX CBSI3BIBACTCSA C UX HETaTUBHBIM
BO3CUCTBUEM Ha MPHUPOCT (PUTOMACCHI M YpPOXKaW CEIbCKOXO3SHCTBEHHBIX KYIBTYp, 3aCOJICHHE

OKOCUCTEMBI: OKOJIOI'MA U IUHAMUKA, 2020, Tom 4, Ne 2



124 DKOJIOI'O-TEOI' PAOMYECKHUI ACIIEKT APAJIbCKOT'O KPHU3UCA. YACTH 2 ...

BOJIbI B BEPXOBBSX PCK Uepe3 OCEJaHUE COJHU U MbUIM Ha CHEXXHHKAX W JICTHUKAX, HO KOHKPETHBIC
yOeuTeNbHbIC TaHHBIC WCCICIOBAHUI 10 3TOMY BOIMPOCY OTCYTCTBYIOT. Ellle OJMH acmekT 3TOoi
poOJIEMbl — MOBBIIICHHE MUHEPAIM3AUKA aTMOC(EPHBIX OCAJKOB, YBEIMYHMBIICHCS, MO JaHHBIM
Meteoctaniuii, B Cpenneir Asum, a B Ilpuapanbe — B 6-7 pa3, 4To OBUIO MOKa3aHO B paboTe
T.WU. MonocuoBoii ¢ coaropamu (1987; Tabu. 7).

Ta6auna 7. V3meHenue MuHepanu3anud atMochepHbix ocaakoB (mr/a) B Cpeaneir Asun
(MomocuoBa u ap., 1987). Table 7. Mineralization changes in the atmospheric precipitation (mg/l)
in Central Asia (MosoctoBa u ap., 1987).

MeteocTaHuus, Munepajusanus B pasHble roiabl, Mr/a | Ilpupamenue B
NYHKT HA0/1101eHUSA 1968-1969 1979-1980 MOCJIeTHHI TePHOJT
JKana-Apka 38.4 267.0 228.6
Apainbckoe Mmope 24.4 157.0 132.6
Anma-Ata 20.9 102.2 81.3
Kamnuaraii 20.7 68.0 47.3
®eprana 34.0 77.1 43.1
TepexTsr 28.0 87.0 59.0
Kymka 22.0 62.0 40.0
Kaynun 22.0 44.0 22.0
[axpunay 14.0 54.0 4.0

Tpancghopmayus aanowagpmos obcoxueco oOna. WccnenoBaHusi IUHAMHUKH TPUPOJIHBIX
KOMILUIEKCOB Ha OOCBIXaloLleM JHEe ApajJbCKOro MOpS MPOBOAMINCH IyT€M MHOTOJIETHUX
Ha0Jt01eHU I Ha  TpaHCEKTax (TOMO-3K0JIOTrMYECKHUX npoduisix), 3aKJIabIBAEMBIX
NEePIEHAUKYIIIPHO OEperoBoil JIMHUYU U €XKET0JIHO MPOJIEBAEMBbIX BCIIE] 3a OTCTYHAIOIIUM YPE30M
BOIbl. B mepBble TOIBI HAOMIONEHHS COMPOBOKIAIUCH WHCTPYMEHTAJIHHON (HHUBEITUPHOW WIIN
TEOJIOJIUTHOM) CheMKOM BBICOTHBIX OTMETOK IOBEPXHOCTH, IMO3BOJISIONIEH CBS3aTh MEXIy cOOOU
MPOCTPAHCTBEHHOE  TIOJIOKEHHWE TOYEK HaONIOJCHW, JaHHBIC, IIOJIyY€HHBIE  pa3HBIMU
UCCIIEeIOBATESIMH, M BBIJCTUTh YYacTKU pa3HbIX JeT oOckixaHus. [lo Takomy npuHUIMITY OBLTH
opranuzoBanbl Kockakynanckuif, bocalickuii cTBOpbl Ha oOOChIXaroIleM JHE B pailoHe
KBI3BJIKYMCKOT'O TIOOEpeXbs Ha Ka3aXCKOM TeppUTOPHH, Psii CTBOPOB Ha 0OCHIXartolIell aBaH/IeIbTe
AMynappu U B AKIETKMHCKOM apxurienare, opraHuzoBaHHbix H.M. HoBukoBoil ¢ coaBropamu
(1980) u C.K. KabynoBem (1990). Haubonee nnurenbHbie HAOMIOAEHUS BIUIOTH 10 HACTOSIIETO
BpEMEHH NMPOBOJATCS Ha ocTpoBe bapcakenbmec u Ha ctBope basia JILA. lumeesoii (2007, 2011).

[TprMepoM MHCTPYMEHTAIBHO MOJYYEHHOTO TOMO-3KOJOTHYECKOro Mpoduiis, (PUKCUPYIOIIETro
COCTOSIHME Bceil cucTteMbl obOcoxmiero gHa Mopst Ha ceHTs0pb 2001 r., MOXeT CIyKuTh
BBITIOJIHEHHBI Ha OCHOBE JIAHHBIX HHUBEJIMPHOrO XOAa TpapUK OTHOCHTEIbHBIX MPEBBIIICHUN
penbeda OT ypesa BOABI K OTMETKE Ha YMHKE Y CTIOPTa, COOTBETCTBYIOMUM 53 M abc. GeperoBoit
muaIE Mops B 1960-x romax (puc. 16). Dtor HuBenupHbBId X074 (pHc. 16) OBUT BBIIONHEH
28 cents0ps 2001 . B cBsizu ¢ padotamu 1o npoekty HATO Ne 974101 «YcroiiunBoe pa3BuUTHE B
cdepe oxpaHbl OKpYXKaroIlleil cpelbl, 3emiie- U BOJONOIb30BaHUS myTeM cosfganus nentpa [YC
TEXHOJIOTHH 1 KocMocheMkH B Kapakammakcrane» (2001-2003 rr.).

3a HoNb rpaduKa MO OCSIM X U y NPHUHATO MOJOKEHHWE OTMETKH YPOBHS 3allaJHON yacTu
Bonwmoro mopst Ha neHb npoBenenust pabot 28 centsops 2001 r. — 34 m H.y.m. BC. Ha npodwuie
BBIJICJICHBl U TPOHYMEpPOBAHbI YYAaCTKH, 3aHATHIC OIMHAKOBOM PacTUTENBHOCTHIO, M OTMEUYECHBI
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MecTa 3anokeHus: mrypdoB. Omnucanue NOYBEHHBIX pa3pe30B M PACTHUTEIBHBIX COOOIIECTB
IIPUIIAraroTCs K NpopuIIto.

HuBenupoBoYHbIN Npotunb o6coxwero gHa ApanbCcKoro Mopsi B pailoHe Mbica AKTYMCYK
KoopauHatbl Ha4anbHOro ¥ KOHEYHOTO MYHKTOB NpodunA
N 44°57.988' E 058°15.513' - N 44°57.735'E 058°16.250"
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Puc. 16. Tono-3konornyeckuii npousb, MPOIOKEHHBIH Ha 00COXIIEM JHE MOpPs OT ype3a BOJbI
3amagHol 4yactu bonbmoro mops, Ha 20 cenTsOps 2001 r. COOTBETCTBOBABIIETO OTMETKE
34 mn.y.m. BC, 10 BbicoTHOM oTMeTkH 53 M H.y.M. BC, cooTBeTcTBOBaBIIEeH OEperoBoi JTUHUU
mops B 1960-¢ rozasl. Fig. 16. Topo-ecological profile, plotted on the dried-up sea bottom from the
west coastline of the Big Sea on 09/20/2001 and corresponding to the mark of 34 m abs. to a height
of 53 m abs., corresponding to the sea coastline in the 1960s.

B mpaBoii wactm puCyHKa TpPUBEICHBI HAa3BaHUS PACTHTEIBHBIX COOOIIECTB, KOTOpHIC
IpPUYpOUYEHBl K ydacTKaM JHa, oOcoXImMM B pa3Hoe Bpems. Camasi BepxHss Touyka Hpoduiis
COOTBETCTBYET OTMETKE 19 M HaJ COBpEMEHHBIM YpPe30M BOJAbI — aOCOJIIOTHOM OTMETKE 53 M,
C KakoW Hayajoch MaJieHHe YpOBHs. 3Has OTMETKHM YPOBHS MOpS B pa3Hble TOJbl, MOXHO
YCTAaHOBUTh BpeMs OOCBIXaHHS KaxXJ0ro ydacrka Mopckoro paHa. Kak BuauMm Ha rpaduxke,
3a mepuoJi BpeMeHH okoio 40 jJer ¢ Hadana cy0a’palbHOIO Pa3BUTUS YXke CHOPMHPOBAIOCH
pacTUTeNnbHOE COOOIIECTBO C YUaCTHEM JIPEBECHOTo BHIa — Oeroro cakcayia (Haloxylon persicum)
U KyCTapHHKa — ApeBoBuaHON consHku (Salsola dendroides). [Ipeacrasnenue o nanamadrax 3Toro
ydacTka obcoxirero naa gaet ¢pororpadus 2 uz monorpadun A.K. Kypbanussonra (2017).

Kaxk moxazanu mHorouucneHnnesle uccrnenoanus (bensrubaes, 1981; benprubaes u ap., 1983;
Byxpep, 1979; I'psznoBa, 1979; Umankymnos, 1980; Nmankymnos u ap., 1979; Kabymnos, 1990, 1984,
1982, 1979; Kuesckas, 1979; Kypoukuna, 1979; MakynbekoBa, 1979; MoxaiinieBa, 1979;
MosxaiinieBa, HekpacoBa, 1984), tpancdopmariusi HoBooOpa3oBaHHOMN cyiid, (OPMUPOBAHKE TTOYB
U 3apacTaHMe 3aBHCENIN OT IPaHyJIOMETPUUYECKOTO COCTaBa JOHHBIX OTJIOXKEHUH, CKOPOCTH MaJCHUS
YPOBHSI MOpS, COJEHOCTH BOJbI MOpS W TPYHTOBBIX BOJ M CKOPOCTH WX OITYCKaHHS.
OTH HCCIEJOBaHUSl MMENHM IIeNbI0 HE TOJBbKO 3a(UKCHPOBATh IPOCTPAHCTBEHHO-BPEMEHHBIE
0COOEHHOCTH TMPOUCXOASIIMX IPOLECCOB, HO U BBIABUTh 3aKOHOMEPHOCTH, HEOOXOOUMBIE IS
MOCTPOCHHSI TPOTHO3a, HA YeM JOJDKHBI 0a3UpoBaThCS MEPONPUATHS MO CHIDKEHHIO HETaTHBHOTO
BO3/CHCTBUS HA IPUJIETaloIue TEPPUTOPHH.
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®oto 2. PacTuTenbHOCTh OOCOXILErO JIHA, PACHOJI0KEHHAs HAa OTMETKE YPOBHS MOps 53 M H.y.M.
BC y momHOXbs 00ppIBa (YMHKA) IJIaTO YCTIOPT, COOTBETCTBYIOIICH Ha4yamy OOCBIXaHUS MOpS
(boro A.K. Kypbanuszosa, 2017). Photo 2. Vegetation of the dried-up sea bottom, located at the
53 m abs. at the foot of the cliff (chink) of the Ustyurt Plateau, corresponding to the beginning of
the sea drying (photo by A.K. Kurbaniyazov, 2017).

OCHOBHBIM BBIBOJIOM U3 BCEX MCCIIEIOBAaHUN CTAJIO MOJIOXKEHUE O TOM, YTO IPOCTPAHCTBEHHBIN
P IPUPOTHBIX KOMIUIEKCOB, (POPMHUPYIOUIMXCS HAa OTJIOKEHHSIX PAa3HOTO BPEMEHH OOCHIXaHWUS,
HeJb3s1 TPaHC(OPMUPOBATh BO BPEMEHHOM; BCe MPUPOJHBIE KOMIUIEKCHI B IPOLIECCE CTAaHOBJICHUS
obsi3arensHO TpoxonaT Tpu dtama (Mmankymnos, 1985): 1) stanm 3aconeHuss U OMOTHYECKOTO
OCBOEHHS TOBEPXHOCTH, 2) 3Tal 3aCOJICHHUs-paccoyieHus, (pOpPMHUPOBAHUS JIMTOT€HHOH OCHOBBI
naramadTa ¥ IpOJOIDKAIONIETOCS OMOTHYECKOTO OCBOSHHS, 3) dTall PacCOJEHHsS U OCTATOYHOTO
3aCOJIeHMsI, CTaOWJIM3ALMU JIMTOT€HHOW OCHOBBI, (POPMHpPOBAHHE OMOTHYECKHX KOMILIEKCOB B
COOTBETCTBHH C YCIOBUSMH, OJIM3KHUMHU K 30HATEHBIM.

[IpencraBnenue o nanowiagpmmuoli cmpykmype obcuvixaroue2o OHA KaK CUCTEMBI CONMPSKEHHbBIX
KOHYCOB BBIHOCA, C(HOPMHUPOBAaHHBIX COBPEMEHHBIMH U JIDEBHHMH TIOTOKAMH C CYIIH,
chopmynupoBan u pazsuin M.I. Umankynos (1985). CormacHo mpeioKeHHOMY IOAXOMY,
CO3JIaeTCs BO3MOJKHOCTH HCIOJIB30BAaTh W3BECTHBIE 3aKOHOMEPHOCTH JMTOMOpPQOIeI0reHe3a
(muddepeHmaviy TUTOJIOTUN OTJIOKEHHH, clararomux pasHble (GopMbl penbeda 3TUX KOHYCOB)
U TpaHCc(OpMaIUH YCIOBHI CPEIbl M OMOTHI B CBSI3U C PAa3BUTHEM IPOIECCOB BBIHOCA, TPAH3UTA U
aKKYMYIILIMA B Pa3HBIX YacTAX STUX KOHYCHBIX naHamadToB. Omupasce Ha pa3paboTaHHBIE K
3TOMY BPEMEHH IPEJCTaBICHUS O crelru(uKe U 0COOEHHOCTSAX Pa3BUTHS MPUPOJIHBIX MPOILIECCOB
Ha OOCBHIXAloIIeM JHE MOpsS M HCHONb3ys cBoil moaxon, MLII. Wmrankymnos (1985) cocraBui
MEJTKOMAacCIITa0HYI0 KapTy-cXeMy JaHAma(ToB Ha y4acTOK OOCOXIIEro JHa MOpS W pa3padoTai
JereHy K Hed B BUJE MPOTHO3a TpaHC(hOpMAIMK BbIJIEIEHHBIX KapTorpapupyeMbIX €IWHUI] Ha
OTJAJICHHYIO TIEPCIIEKTUBY.

OO6umpHas nHopMaIus 0 COBpeMEHHBIX JaHamadrax obcoxiield 4yacTu ApajbCKOro Mopsi U
WX pa3BuTHU npeacrasieHa B MmoHorpaduu A.K. Kyp6anusizosa (2017). Ero paGota npeacrasnsiet
co0O0# Ba)KHBIH 3Tal B UCCIIEJOBAHUU 00COXILIET0 MOPCKOTO JIHA, T.K. (PUKCUPYET €ro COCTOSIHUE Ha
OTpe/IeTICHHBIN MEPHO] BPEMEHH M BKITIOUAET OOIMIMPHBIN (paKTUUECKH MaTepural.

[IpuHnunel  BeIAENEHUS JaHAMIAPTOB W UX KiIaccU(UKAMs, TO MHEHHIO aBTOpa,
cootBercTBYIOT npuHIMnam B.H. Hukonaesa (1979): knacc — nmogkiacc — rpymnma — TUI — MOJTHIT —
pox — nozapox — Bua. Knaccudukannonnas cucrema, paspaborannas A.K. Kypoauusizoeim (2017),
npencrapicHa B Tabmuie 8. Cyns 1mo HeOOIbIIOMY KOJUYECTBY BBIJICICHHBIX BHOB JIaHIIIadTa,
aBTOP MMEJI B BUJY TOJIBKO MIPUMOPCKYIO YacThb JeNbTHl M 00COXIIEH YacTh aBaHIeIbThl AMyJapbHy,
Ha KOTOpYIo UM Oblia cocraBieHa kapra (Kypoanussos, 2017).

Buo nanowagma — ocHOBHasI KJIacCH(PUKAIIMOHHAS €AMHUIA, TPEICTABIAIONIAs YJIeMEHTapHBIN
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nangmadrt, no ompenenenuto A.K. KypGanmszoa (2017, crtp. 47-48), «...xapakrepuzyercs
eIMHCTBOM TIPHPOJIHBIX IPOIECCOB, OOYCIOBICHHBIX TI'€OJIOTHUYECKHM CTPOCHHUEM, HOBEWIIMMH
TEKTOHUYECKMMHU JBM)KEHUSIMH, OCOOCHHOCTSMHU peibeda, MOYBEHHO-PACTUTEIHFHOTO IOKPOBA.
Kaxaplii U3 nepeduciIeHHbIX BUIOB IPEICTaBJIsAeT COOON €IMHOE LEN0e, XapaKTepU3yHoIIeecs
BpEMEHEM M OOIIHOCTHIO TPOUCXOXKICHHUS U JNAbHEWIIEro pa3BuUTHA. B cBoro ouepenb JaHHBIC
MPUPOAHBIC KOMIIJICKCBI COCTOAT U3 LECJIOI0 pssaa pa3HOPOAHBIX YPOUUII.

Taoauua 8. Knaccudukanus nanamadros odcoxiiero qHa Apaibckoro mopst (Kypbanuszos, 2017).
Table 8. Classification of landscapes of the Aral Sea dried-up bottom (Kyp6auusizos, 2017).

Enununa JAuarsocruyeckue Haspame
Kjaccupukanuu NPU3HAKH
Bce [Ilpuapasibe OTHOCHTCS K pPaBHUHHBIM
1 KJ1acc I'opHble WM paBHUHHBIE .
na”amwadTam HeHTpanbHol yactu TypaHa
2| nomcrace Bozpact u TeHE3HC HusmeHHbIE COBPEMEHHBIE [IEPBUYHO-
OTJIOKEHU M AKKyMYJISTUBHbIE MOPCKHE PABHUHBI
3 rpynna BoaHo-reoxumuueckuii | DIIIOBHANIBHBIE, HOJYTHIpOMOpGHBIE "
PEXUM, TPEHUPOBAHHOCTD | TUAPOMOP(DHBIE JTaH AP THI
4 TUIT buoknumarunueckue [lycThIHHBIN
S) MTOATUIL IIOKa3aTeNN CeBepHbl€ ITyCTHIHU
6 pon ['eomoponorueciue [TepBUUHO-aKKyMYJISTUBHAS MOPCKasi paBHUHA
0COOCHHOCTHU
I'ene3nc u nuronorus
7 IOAPOL .. | [lecuanas n cynec4aHo-CyTrJIMHACTAS
MIOKPOBHBIX OTJIOKEHUN
1. Cnabomosorue ¥ IUIOCKHE  CYIMECUaHO-
CYIJIMHUCTBIE  PAaBHUHBI C  Pa3peKECHHBIMU
raJIoQUTHBIMA ~ KYyCTapHMKaMH Ha THUIHYHBIX
COJIOHYAKaX B COYETAaHUM C OJHOJIETHUMU
COJIIHKaMHM Ha JIYTOBBIX COJIOHYAKAaX;
2. CnaGorpuIoiHsAThIe cJ1abOHaKIOHHbIE
recyaHble PaBHUHBI c pa3peKeHHBIMU
ncaMMo(puTaMu U rano(uTHEIMU
COBOKYNHOCTh rPYNIUPOBKAMU Ha 3aCOJIEHHBIX MECKaX;
OTHOTUITHBIX 3. CnaGoBoNHUCTHIE CyII€CYaHO-CYTIUHUCTHIC
8 BH 10 TEHE3UCY pPaBHUHBI aBaH/EIbTHI AMynapeu c
U CTPYKTYype Me30(pUIbHBIMH, rano(uIbHBIMU u
WHIUBUIYaJIbHbBIX ncaMMo(HIbHBIMU KYCTapHUKOBBIMH
YpOUHIIL pacTUTENBHBIMU COOOIECTBAMU HA TUIUYHBIX U
JYTOBBIX COJIOHYAKAX;
4. [1nockue cynecuyaHO-CyTJIMHUCTBIE U TTeCYaHble
PaBHMHBI C 03€pHO-OOJOTHBIMH KOMILIEKCAMH,
TPOCTHUKOBBIE  3apOCiH, COYETAKIIuecs ¢
TaMapuUCUaTHUKaMHU Ha OOJIOTHBIX II0Y4BaX U
JyTOBBIX COJIOHYAKaX, rasopuTHbIE u
KcepopuTHBIE ~ cooOmiecTBa Ha  TUIHYHBIX
COJIOHYAKax

PaccmoTrpenue pazpabdorannoit A.K. KypOaHus30BbIM cxembl Kiaccudukanuu jJaHAmadToB
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MOKAa3bIBAET, YTO OHA HECKOJIbKO TpoMo3nka (9 ypoBHel) u mpuemiieMa st Oojee OOmIMpHOMN
TEPPUTOPUU M MeJIKoMaclTabHOro KaprorpadupoBanus. EauHunel kinaccupukanumy 1o
MPUBEJCHHBIM KPUTEPUAM TPYAHO HAXOAUTH U BBIICIATH HA MECTHOCTH. Bes knaccupukanmonHas
CTPYKTypa MOJY4YHJIACh HECKOJIBbKO (hopMmanbHOW. Hemapom aBTOp OTrpaHMYMIICS COCTaBJICHUEM
JaH A THOW KapThl HA TEPPUTOPHIO IPUMOPCKOM YacTH AEIbTHI U 00COXIIEH YaCTH aBaHICIbThI
AMynapbd M HE PEIIWICS COCTaBUTh JaHAA(THYIO KapTy Ha BCIO TEPPUTOPHUIO ApPalbCKOU
BITaIUHBI (0OCOXIIIETo THA MOPS).

Ckazannoe Bbime — He ynpek A.K. KypOanus3oBy, a nuibp NOHMMaHHE OOJBIION TPYIHOCTH
peleHus 3afaun JaHamadTHON kiaccuduranuu. OrpoMHas 3aciyra 3TOr0 MCCIEA0BaTels B TOM,
YTO OH IOCJIEJJOBATEIILHO U CUCTEMHO M3JI0KUJI OOLIMPHBINA HAaTYpHBII MaTepuall U CBOM MHEHMS 110
IIOBOJly COBPEMEHHOIO COCTOSHUS JaHAmadToB ApainbCKoM BHaauHbl. M3 aHanmu3a HaHHBIX
A K. Kypb6anusi30B ciennan oueHb CBOEBPEMEHHBIE U M10JIE3HBIE BBIBOJIbI O TOM, YTO Ha 0OCOXILEM JTHE
MOpsI HabJII01aeTCsl €AMHOHANPABICHHAs TeHACHIMSI CTAHOBJICHHUS U Pa3BUTHSI ITyCTHIHOOOPa30BaHUs
B IIMPOKOM MAacITa0e ¥ MHTEHCUBHOM TeMIIe, KOTopas elle He 3a(MKCHpOBaHa 3a TOCIEIHEE CTO
JeT Ha 3eMHOM H1ape. B cBs3u ¢ BBICOKOH JUHAMHYHOCTBIO NPUPOIHBIX KOMILJIEKCOB Ha 00COXILEH
YacTH JTHA MOPS B HACTOAIIEE BPEMsSI OHM HAXOJATCS HAa PA3HBIX CTAAUSAX PA3BUTHS: HA HAYaJIbHBIX
sTanax (GOpPMHUPOBAHUS, AKTUBHO (hopMUpYyIOLIHEcs U ChOpMUPOBABLINECS.

[IpencraBisieTcss BeCbMa MEPCIEKTUBHBIM MOIXOA K KJIACCH(HUKAINU JIAHAMA(PTOB MOPCKOTO
JIHA HAa OCHOBAHUHU TE€OCTPYKTYPHOI'O HOJXO0Ja, MpeanoxeHHoro B pabore B.A. Ilomosa (2017).
Ha teppuropuu ApanbCkoi BraJuHbI aBTOP BBIIEISIET OCHOBHBIE T€OCTPYKTYpHI (puc. 17): Apao-
Kb3puikyMckuii (Bajl ApXaHresJbCKOIro) Bajl, MEPeCceKarolMi BCIO TEPPUTOPUI0 MOPCKOIO JHA C
Iora Ha ceBep Ha 3amajne Apaibckoil BmaauHbl (0T mosiyoctpoBa Kymanael Ha ceBepe 10
MyiHaKCKOro MOJIyOCTpOBa Ha IOr€); U pacloJIOKEHHbIE IO 00€ CTOpPOHBI OT HEro JBe
TEKTOHHYECKHE 30HBI C pa3HbIM BO3PACTOM CKJIaa4yaToro gyHaameHta — 3anajaHas (Y cTioprckas) u
BocTtouHas (Apano-Ksi3buikymckas). FOxxnas gacte bonbmoro mops Apana mpeacrtasisieT coOoi
TEPPUTOPHUIO TIOABOJHOW JeNbThl AMyJapbl, OOHaXKMBILIEHCS B pe3yJibTaTe MaJ€HUS YpPOBHS
Apanbsckoro Mopsi. B kauecTBe moasio)Kku Ui cxeMsl (puc. 17) ucnonb3oBaHa u(poBas MOEIb
penbeda MOpckoro aHa Apara.

Puc.17. Cxema mangmadTHOH  CTPYKTYpHI
y30€KHUCTAaHCKOTO  CerMEeHTa  O0OCOXIIero  JHa
Apanbckoro mops mno cocrosHuro Ha 2014 T
(ITormo, 2017). Vcnoguvie oboznauenus: 1 —
MOBBIIIIEHHBIE  y4acTKu Apanio-KbI3bUTKyMCKOTO
BaJla W €ro CKIOHBI, CIOKCHHBICE KOPEHHBIMHU
MOpPOIaMU, MECTAaMHU TEPEKPHIThIE TEPEBETHHBIMU
MEeCKaMH, 2 — OTMEJbIN, CWIBHO PACUICHEHHBIN
Oeper C pETUKTOBBIM AapXHIMENaroM MecYaHblX
OCTPOBOB, BO3BBILIAIOUINXCA HAaJ 3aCOJCHHOW H

T
%
,&

g%z%?'\, Ty 3arMICOBAHHOM MOBEPXHOCTHIO, 3 -

A I N A

RO MEpBUYHOAKKYMYJIATUBHAs ~ paBHMHA  CKJIOHA
3 BOCTOYHOM BITaJINHBI, CIIO)KEHHAs

MIPEUMYILECTBEHHO 3aCOJIEHHBIMM QJIEBPUTAMH U
MIECKaMH, 4 — NEpPBUYHO-AKKYMYJISITUBHAS paBHUHA
CKJIOHa BOCTOYHOW BIAJMHBI, CIO)KCHHAs 3aCOJICHHBIMU AaJCBPUTAMU W IVIMHAMH, HEPEKpbITas
TUIICOCOJISIHBIMU KOpaMH, 5 — NEpPBUYHO-AKKYMYJIITUBHAs paBHMHA CKJIOHA 3allaJHOW BIAIUHBI C
KOMILIEKCOM IIEPEBESHHBIX MIECKOB I10 MOBBIIICHUAM U IPUMOPCKUX COJIOHYAKOB 10 TIOHWKEHHUSM,
6 — T[EepBUYHO-aKKYMYJIITUBHAas paBHMHA CKJIOHA 3alaJHOM  BMNAJUHBI,  CJIOYKEHHAas
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MNpEeUMYIICCTBCHHO 3aCOJICHHBIMHM IICCKaMHU W AJICBpUTaMU, 7T - NCPBUYHO-aKKYMYJIATUBHAA
paBHHMHA JIHUIIA BOCTOYHOHN BIIQJMHBI, CIIO)KEHHAs C TMOBEPXHOCTH 3aCOJCHHBIMHU TJHMHAMHU H
TIIMHACTBIMA HWJIaMH, HCPCKPLITBIMU THIICOCOJAHBIMHA KOpaMHU W IOACTWIIaCMasA IICCKaMu, 8 —
paBHHUHA aBaHACIIbThI AMyz[apr, CJIOKCHHAsA ICCKaMHu, aJICBpUTaMU W I'IMHAMU, 9 — oCcTaTOYHBIA
BomoeMm Apanbckoro mops. Fig. 17. Scheme of landscape structure of the Uzbek segment of the
Aral Sea dried-up bottom as of 2014 (ITonos, 2017). Legend: 1 — elevated areas of the Aral-
Kyzylkum shaft and its slopes, composed of bedrock and partially overlapped by sands, 2 —
shallow, strongly dissected coast with a relict archipelago of sandy islands rising above the saline
and gypsum surface, 3 — primary accumulative plain of the east depression slope, composed mainly
of saline siltstones and sands, 4 — primary accumulative plain of the east depression slope,
composed of salted silt and clay, overlaid with gypsum-based crust, 5 — primary accumulative plain
of the slope of the west depression with a complex of sifted sands on the rise and coastal salt
marshes on the decline, 6 — primary accumulative plain of the slope of the west depression,
composed mainly of saline sands and silt, 7 — primary accumulative plain of the bottom of the east
depression, composed of saline clays and clay silts on the surface, overlaid by salted clays and clay
silt on the surface, with overlapping gypsum-salt crusts and underlying sands, 8 — plain of the front
Amu Darya delta, composed of sands, siltstones and clays, 9 — residual reservoir of the Aral Sea.

BHyTpu rpaHMIl OCHOBHBIX JaHAMIA(THBIX EIUHUI] (T€OJIOTHYECKHX CTPYKTYp) MOTYT OBITh
BBIJICJICHbI KIaCCU(PUKALMOHHBIC €IMHMIIBI CIETYIOLIEr0 YPOBHS, COCTABIAIOIIME MOpdoornueckue
AJIEMEHTHI 3TUX CTPYKTYyp. JlanbHelilee pa3aerneHue MOXET WATH MO 4 JIUTOJIOIMYECKHM THUIIaM
(mecuaHble, TJMHUCTBIE, KaMEHHUCTbIC, COJIOHYAKOBBIE) M Jajiee, CaMbli HWKHUHA ypOBEHb —
pazzesieHre IEMEHTAPHBIX JTaHAMA(TOB Ha TPYIIITEI B 3aBUCHMOCTH OT CTETIEHH THIPOMOP(HBIOCTH.
Kcratu, nocnenuss cTpykrypa — ObIBIIas MOJBOJHAs 4YacTh JAEIbTHI AMYyJapbH MOXET ObITh
paccMOTpeHa ¢ IO3UIUI CTOKOBBIX CUCTeM, Kak npepiokero y M., Mmankysosa (1985).

Hanmuune  nmogoOHBIX — MOABOAHBIX — CTPYKTYp — IMOATBEPXKAAETCS  MCCIEIOBAHUSAMHU
C.K. Kpuonorosa (2009) B apeBHueit nenbre Coripaapbu (puc. 18), akTUBHO OCBOCHHOH 4e€IOBEKOM
B CpenHue Beka M ymieamen 3areM noj BoAy. 1Io maHHBIM TUCTaHIIMOHHOTO 30HAMPOBAHMS, Ha
CYXOM JIHE ApaJIbCKOro MOpsl BbIABIIEHBI pycia ChIpAapbu U €€ AeNbTa, OTpakarolue riyOoKyro
CPEIHEBEKOBYIO PETPECCHIO, COITOCTABUMYIO C COBpeMEHHOU. ChIpaphsi B HU30BbSIX TEKJIA IOJKHEE,
M3MEHSISI HalpaBJeHHE C CeBepO-3allafHOro Ha 3amajHoe B paiioHe moc. OKTA0pb, U JocTHUrana
noOepexbst Apana B pailone mbica Kapamoxat, T.e. Ha 20 KM I0)KHEE €€ COBPEMEHHOI'O YCThS.
Jlanee peka Tekyia Ha 3amaj Mo cyxomy AHy Mops Ha npoTsbkeHuu 100 kM u oOpa3oBbIBajia JeIbTy
pazMepoM 22x22 KM, OKOHEYHOCTb KOTOpPOHl ymnHpanach B IPOTUBONOJIOXKHBIA CKJIOH JHA,
npuHaiekaBui noimyoctpoBy Kynauzasl. [lo runcomerpuu Kpas AeabThl YCTAHOBJIEHO, YTO BO
BpeMs €€ CYIIeCTBOBaHMA YpOBeHb Apana Obul okoio 29 M, T.e. riiyOMHa perpeccuu Obuia
COIMOCTaBUMa C COBpeMEHHOH. OAHO3HAYHO NEeMHU(PPUPYIOTCS M PACIO3HAIOTCS Ha MECTHOCTH
obBiMe pycina Celpaapbu B mpeaenax ee aenbTol: JKanamapes, Hapbsiabik, VHKapmapbs u
Kapanapes. Cambie kpynHble U3 HuX — [lapbsiibik v XKaHagapbs.

Apxeosnoru oObHapyxuiu noceneHus u Hekpononu Kepnepu-1 u Kepuepu-2, pacnonoxeHHbIe
HeJaleko oT HalaeHHoro pycia Chelpapbi K CeBEpO-BOCTOKY OT ObIBIIEr0 ocTpoBa bapcakenbmec.
[Tocenenus HaxoAATCs Ha aOCOJIOTHBIX OTMETKax okosio 34 M. Ilo apxeomorudyeckuM mpU3HAKaM
(Cmarymnos, 2002) nmamstauku natupoBanbl XV BekoM H.3., T.e. oHU co3aanbl 600-700 et Hazaz.

B.A.TlonoB (2017) panm kpaTKoe IpeaBapUTEIbHOE ONHMCAaHUE JAHAAPTOB ApaabCKOn
BIIaJJMHBl HA OCHOBAHWU MH(OpPMAINH, MOIYYEHHONW MyTEeM aHaiu3a KOCMUYECKUX (POTOCHUMKOB
2012-2014 rr. ¥ TONEBBIX HMCCIEIOBAHUN, W MPHUBEN (POTO YETHIPEX OCHOBHBIX JIMTOJIOTMYECKH
pasnuuHbIX THUIOB JaHamadToB. Ha ¢oTto 3 a xopomo mpocmarpuBaercss JaHmmadT MecYaHOU
IYCTBIHU C OYrpUCTO-TPAIOBBIM pelibeoM, C€1ad0 3aKPEIUIEHHOW HMOBEPXHOCTBIO OTIECIBbHBIMU
KyCTaMU JPEBECHON PacTUTENLHOCTH. | IMHUCTAsA MyCThIHS MpeacTaBieHa Ha (poTo 3 O ydacTKOM ¢
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€CTECTBCHHBIM 3apacTaHHEM KyCTapHHKAMHU. YYaCTOK COJIOHYAKOBOH MyCTHIHU Ha ()OTO 3 B JIUIIICH
IIOCTOSIHHOM PACTUTEIILHOCTH, HO COCEACTBYET C Y4YaCTKOM, YK€ 3aKpEeIUICHHbIM B XOJ€
(UTOMENTMOPATUBHBIX PAbOT. YUaCTOK KAMEHUCTOW MYCTHIHM HA (POTO 3 T TaK¥Ke JHIIEH HE TOJBKO
PaCTUTENBHOCTH, HO U MEIKO3EMUCTOr0 MaTE€pUaja Ha MOBEPXHOCTH ILIUT.

a ® A Syr Darya

Puc. 18. Jlensta Coipapbu: a) OCHOBHBIE pyciia U KOcbl B CpenHue Beka, D) CIiyTHUKOBBIM CHUMOK
Acrep 2004 roma (cimeBa) yacTH JHAa ApalbCKOro Mops Mexay noiayoctpoBoM Kymnanzael u
ocTpoBOM bapcakenbMec u ero MHTepIpeTalus (CrpaBa) ¢ IPOTOKAMH B CPEIHEBEKOBOW JCIIBTE
(Kpusonoros, 2009). Fig. 18. The Syr Darya delta: a) its main courses and spits during the Middle
Age, b) the ASTER satellite image of 2004 (left) showing a part of the Aral Sea bottom between the
Kulandy Peninsula and Barsakelmes Island, and its interpretation (right) showing the delta during
the Middle Age (Kpusonoros, 2009).

B.A.TloroB (2017) cuurtaer, uro Hambosiee OOraTbiM JIaHAMA(THBIM H OHOJIOTHYECKUM
pasHoOOpa3ueM Ha HCCIIeIOBaHHOM TeppuTopun obnamaer Apano-KeI3puikymMckuil Ban. 31ech
HaOmromaeTcsi  pazHooOpasume  ¢opm  penbeda, JAPEBECHO-KYCTAPHUKOBOM ¥ TPaBSHOM
pPacTUTENILHOCTH (YEpHOCAKCAYIOBBIC, TaMapUKCOBBIC JKY3TYHOBBIE, TPOCTHHUKOBBIE U JApYyrHe
coobmiecTBa), chOPMHUPOBATUCH 300IIEHO3bI, CXOAHBIC MO COCTaBY C TPYMIHUPOBKAMHU KUBOTHBIX
KOPEHHBIX OCTPOBOB ApaJIbCKOTO MOPSI M CMEKHBIX ¢ HUM Tepputopuii (poto 4, 5).
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®oto 3. Jluro-sgaduueckue nauamadrer Apansckoit Bragunbl ([Tomos, 2017): a) mecuansie, 0)
TJIMHUCTHIE, B) COJIOHYAKOBHIC, T) kKameHnuctoie. Photo 3. Litho-edaphic landscapes of the Aral basin
(TTomog, 2017): a) sandy, 6) clay, B) saline, r) stony.

®oto 4. CakcaynoBble 3apociiu Ha oOcoxiiem nHe y ynHka Y criopra ([Tomos, 2017).
Photo 4. Saxaul thickets on the dry bottom of the Ustyurt chink (IToros, 2017).
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®oto 5. Purorennsit Oyrop, odpazoannsiii Tamapukcamu (Ilomos, 2017).
Photo 5. Phytogenic hill formed by Tamarix (ITorios, 2017).

Dopmuposanue noug Ha OOCOXIIEM JHE MOPS MPOUCXOAUT IOJ BIHUSHUEM CIEHUPUUECKUX
[I0YBOOOPA3yIOIMIUX IPOLECCOB, ONPEAENAETCS MYCTHIHHBIMU KIMMATHYECKMMM YCIIOBUSIMHU,
CIOCOOCTBYIOIIMMHU €ro OBICTPONM apHIM3allid ¥ BO MHOTOM 3aBHCHUT OT JIMTOJOTMH JOHHBIX
OTJIO)KEHUN M XapakTepa OeperoBod JMHHUU. JIUTONOTHSI MOYBOIPYHTOB, IMYCTHIHHBIA KIUMaT
OIIPEAEIAIOT MIOBCEMECTHOE Pa3BUTHE NPOLECCOB 3acoieHus. Ilocmenyromuil xapakTep apuaHOTroO
BO3JICHCTBUS CIIOCOOCTBYET UX PACCOJIEHHMIO M HAIPABJIEHHOCTH MOYBOOOPA3yIOIIEro mpoecca rno
3oHanbHOMY TUIY (Hekpacosa, 1979; boposckuii u np., 1983; MoxkaiinieBa, Hekpacosa, 1984).

B ¢opmupoBanuu nouBenHoro noxposa Boeiaensuiiu (Kopauenko u ap., 1983, 1985) tpu tuna
HampaBieHUuss TpaHchopMalM B 3aBUCHUMOCTH OT JIMTOJIOTMM JOHHBIX OTJIOXKEHUH U
JNPEHUPOBAHHOCTH  TeppUTOpuM. JlIs TPYHTOB JIETKOW JIMTOJIOTMM  Pa3BUTHE  DKOJIOTO-
TEHETHYECKOro psja MOYB HIET MO LEHNOYKE U COMPOBOXKJIACTCSA NMPOSBICHUEM Je(IIALHOHHBIX
MIPOLIECCOB: MAapIIEBbIE COJOHYAKU —> MPUMOPCKUE COJOHYAKW —> MIPUMOPCKUE IOYBBI —>
IPUMOPCKHE TMOYBBl C HABESHHBIM IE€CYAHBIM YEXJIOM — II€CKM — IYCThIHHBIE Ie€CUaHble
KOMIUIEKChl. Ha TrpyHTax TSKenoro JIMTOJIOTMYECKOTo cOocTaBa TpaHc(opmanus HIEeT B OCHOBHOM
BCJIEJICTBHE TaJIOTCOXMMHMUYECKUX MPOIECCOB M (POPMHUPYETCS CIEAYIOMIMUNA IKOJIOr0-TreHeTUYECKUN
psAA: MaplleBble COJIOHYaKM —> TPUMOPCKHE COJOHYAaKW — TaKbIPOBUJHBIE COJOHYAKU H
TaKbIPOBHUJIHBIE COJIOHLIEBATO-COJIOHUYAKOBbIe TMMOYBbL. Kak BuauM, a1 o00OMX BapHUaHTOB
HayaJbHBIM d3Tanm pa3BuTus cxojeH. llpomecc mnpeoOpa3oBaHHUs MapIIEBbIX COJIOHYAKOB B
MPUMOPCKUE MPOTEeKaeT NMPUOIM3UTENBHO B TeUeHUE 3-4 JIeT M CBsI3aH C M3MEHEHHMEM XapakTepa
pacnpezienieHusi cojied B TOYBEHHOM Mpoduie U X HAKOIJICHHEM B NEPBOW METPOBOM TOJIIIIE.
VYpoBeHb TPYHTOBBIX BOA Mpu 3ToM cHukaercs ¢ 0.5 1o 1.5 m. [leprpoanuecky IpOMBIBHOW pEXUM
MEHSIETCS Ha BBINOTHOW, a TEPBOHAYAJIBHO XJIOPUIHBIM THUI 3aCOJIEHUS — Ha XJIOPHUIHO-
cynb(aTtHeli M cynb(haTHO-XJIOPUIHBIA. B HeapeHHpyeMbIX 3aMKHYTBIX JaryHaX MaplIeBble
COJIOHYaKU TPaHC(HOPMHPYIOTCS B COJIOHYAKH COpOBBIe. Bo Bcex BapuaHTax pa3BUTHE HUJET MPHU
CMEHE TUIAPOMOP(HBIX yCIOBUH Ha mnoayruapoMoppHele U aBToMopdHble. CyllecTByolHe
06o6menus (PKanracoae u ap., 1980; XKomnpideko, 1990) HE paccMaTpuBarOT BCIO TEPPUTOPHIO
00COXIIIETro JHA U OCBEINAIOT CUTYAIMIO, XapaKTEPHYIO JJIsi KOHIa Mponuioro Beka. [lybimkanuu o
pe3yabTaTax MCCIEIOBAaHUNM COBPEMEHHBIX I04YB, C(HOPMUPOBABIIMXCS Ha OOCOXIIEM JHE, U
0000IIeHHE O 3aKOHOMEPHOCTSX MpPOIecCOB HMX (OPMUPOBaHMS C Hadaja OOCBIXaHUS U TIO
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HACTOSIEE BPEMs [10Ka HAMHU HE BCTPEUECHBI.

3apacmanue obcvixarowe2o Ona NMPEACTaBISET cOO0N BaXKHYI0 HayuyHYIO IIpoOiieMy, KOTOPYIO
MOXKHO paccMaTpuBaTh Kak pa3paboTKy Teopud (OpMUPOBaHHS TEPBUYHBIX CYKLECCHHA B
YHHUKaJIbHBIX YCIOBHAX OOCBHIXAIOIIETO JAHA. JTa Hay4yHas MpoOieMa MMeeT BaKHOE MPAKTHUECKOe
3HaYeHHUE, MOCKOJbKY YCTaHOBJEHHE ()aKTOPOB, BIUSIONIMX HAa Pa3BUTHE Ipoliecca 3apacTaHus
OOCBIXAOIIET0 MOPCKOTO JIHA, PACCMOTPEHHUE €ro MPOCTPAHCTBEHHO-BPEMEHHBIX IMPOSBICHUN U
3aKOHOMEPHOCTEH, cO3/1aeT Hay4yHyl0 0a3y IJIsl NMPOTHO3UPOBAHUS €CTECTBEHHOTO 3apacTaHus U
OTKpBbIBACT BO3MOYKHOCTH YIpaBieHUs UMHU. MHBIME cioBaMu, 3akperieHue OOCOXULIEro JHa
PacCTUTEIBLHOCTHIO COKpAIllaeT BHIHOC NIBLIM M COJIEH Ha MpHIIErarollue TEPPUTOPUHU MYCTHIHHBIX
NacTOMIN U HACEICHHBIX IYHKTOB M HA MPAKTUKE HEOOXOIUMO JUIsl HAy4HOTO0 0OOCHOBaHHS BHIOOpa
SKOJIOTMYECKU MPUTOTHBIX TEPPUTOPUN U Pa3pabOTKH METOJIOB MPOBeNEHUs (PUTOMETHOPAINHN U
HCKYCCTBEHHOT'0 (POPMHPOBAHUSI YCTHIHHBIX ACTOUIII.

B mepBeie 1Ba AecATUneTHs MaJeHUE YPOBHS ApaibCKOr0 MOpPS MPOUCXOAMUIIO MEJJICHHO,
MOSTOMY HAa THEBHYIO MOBEPXHOCTh BBIXOIMIM HEOONBIINE y4YacTKH IHA, IIUPUHOW B TIEPBBIC
JECSITKU METPOB, CIOXKEHHBIE MPEUMYILECTBEHHO MECYaHbIMH OTJOKEHUSMU Ha BCEX THIAX
noOepexbsi U BU3yaIbHO 0003puMBbIe. [I0 HUM MOXKHO OBUIO MPOCIIEAMTH 32 €KETOJHONW CMEHOU
rIIyOUHBI 3ajeraHusi BEPXOBOJKH, YCJIOBHUW BIIaroo0eCle4eHHOCTH TPYHTOB, 3acoyieHus. Bumisl,
3aKpENUBILINECS U aJalTUPOBAaHHBIE K YCIOBHSIM 3TOrO roja B JAHHOM OHOTONE, Ha CIIEAYIOIIMM
rOJl WIH Yepe3 HEeCKOJIBbKO JIET OKAa3bIBAIMCh COBCEM B MHBIX ycJOBHsIX. OUeHb PEIKO COCTOSHUE
Cpelbl COXPAHSUIOCh HAa CIEAYIOLIUH Troj, MOBTOPSUIO MpeabLAylive rofbl. B OmaronpusTHbIX
YCIOBUSIX MPOUCXOJMJIa BCHBIIIKA BUIAOBOro OorarctBa u (uTOMacchl, B HEOIArOMPHUITHBIX
pacTeHUs UCTBIThIBAJIM YTHETEHUE, OTMUpPAJIM, CMEHSUIMCh APYTMMH, HEPEJIKO HacTylaja nays3a B
3apacTaHHM, YTO CTaJ0 0003HAYATHCSI TEPMUHOM «ITyCTOILIbY». O0Ias TeHACHIUsS TpaHchopMmau
YCIIOBUH cpeibl BO BPEMEHHM Ha Ka)X/J0M YdacTKe OOCOXIIEro JHa CBOAMTCA K TOMY, UTO B
KOHKPETHOM OMOTOIE MPOUCXOAUT 3ariyOjeHHe TPYHTOBBIX BOJI, HAKOIUIEHHE COJIeH B BEPXHHX
TOPU30HTAX, YMEHBIIEHHE BJIAr000ECIEYEHHOCTH, YMEHBIIEHUE 3JIEMEHTOB NHUTaHuA. B To xe
BpeMs Jlajiee C TeUeHHEM BPEMEHHU HEeN30€KHO MPOMCXOIUT BBIHOC COJIEH M3 BEpXHUX TOPU30HTOB
nouB. B pasHbIX JAUTO-31aUUECKUX YCIOBUSIX 3TO MPOUCXOIUT MO-Pa3HOMY: Ha JIETKMX TPYHTaX
OHU YAAJSIOTCS C DS0JIOBBIM BBIHOCOM, Ha TSDKENBIX TPYHTaxX IMepeMelialoTcss Ha TIIIyOuHY.
HanpapiieHHble W3MEHEHMsI YCIOBUN Cpelbl, TaKHM€ KaK H3MEHEHHE YpPOBHS TPYHTOBBIX BOJ,
COJICHAKOIUIEHUs], BBIHOCA COJIEH, BIarooOeCreyeHHOCTH I'PYHTOB, MPOMCXOJAT B3aMMOCBSI3aHO C
(hopMHpOBaHHEM MTOYB U OOYCIOBIMBAIOT TMHAMUYECKHUE MPOLIECCH] B PACTUTEIHHOCTH.

HccnenoBanusi, MpoBeJICHHbIE HAa MEPBBIX ATamax oOChIXaHus Mopckoro naHa (Byxpep, 1979;
Humeesa, 1994, 1995; lumeeBa, Anbmyp3aeBa, 2004; Kypoukuna, 1979; Kypoukuna u np,, 1983,
1991; Kabynos, 1990; Kabynos, HoBukoBa, 1982; Makynbekosa, 1979), moka3anu, 4To Ha BceX
TUMAaxX MoOepexuil 3apacTaHWe HMENO0 CXOJHBIM XapaKTep: Ha BHOBb OOCBHIXAIOIIEM Yy4YacTKe
MOPCKOTO JIHAa TpU OJM3KOM 3ajieTaHUM YpPOBHS TPYHTOBBIX BOJl B TE€UCHHE HECKOJBKUX JIET
MIPOM3PACTAI OJHOJIETHUE COJITHKH U HECKOJIBKO BUIOB JieO€/bl, UMEIOLIUX KOPMOBOE 3HAUEHUE U
faomux OoJNbIIyI0 Haa3eMHylo ¢uromaccy. Ho depe3 HekoTopoe BpeMs Iociie 3ariyOneHus
TPYHTOBBIX BOJI, COKpAILEHUSI BIAaroo0eCeYeHHOCTH U MPH CHJIBHOM 3aCOJICHUH MOBEPXHOCTHBIX
TOPU30HTOB HAaYMHAJACh JUIMTENbHAs Tay3a B 3apacTaHUM, M CIYCTS JUITMTEIbHOE BpeMs IOciie
paccosieHHs] MOBEPXHOCTH WJIM HaBeBaHMS IUIala MecKa BHOBb MOIUIM TMOSIBUTHCS OJHOJIETHHE
COJISIHKH. B mepBoe necstunerre najieHus ypoBHs MOps M3-3a TOT0, YTO OOHAXKaJIHCh YUaCTKH JHA,
CJIO)KEHHBIE IIPEUMYILECTBEHHO NECUYaHbIMHM OTJIOXKEHUSIMH, 37IeCh HE BCErja oTMeuanach rnaysa B
3apacTaHuM; (HOPMUPOBAIUCH COOOIECTBA TaTO(YUIBHBIX KYCTAPHUKOB (CEIUTPSIHKH CHOUPCKON —
Nitraria sibirica; consHokonocuuka — Halostachys belangeriana, ramapukcos — Tamarix spp.).

Kak mnoxa3eiBator HaOmonenuss A.K. Kyp6anuszosa (2017), Tepputopuss MOPCKOro JHA,
obcoxmrast mocae 1900 r. B paifoHe nenbThl AMyJapbH, JIMIIEHA €CTECTBEHHOW PaCTUTEIBLHOCTH.
JLLA. lumeeBa ¢ coaBtopamu (2017) Takke oTMeyaer, 4TO OCOOEHHO MEIUIEHHO (opMupyercs
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pPacTHTENBHOCTh HA YacTH JHAa Mopsi, oocoxiiero mociie 2000-x rogoB. Ha monrue roabl oOmupHbIe
TEPPUTOPUU OCTAIOTCA 0€3 PacTUTEIbHOCTH, CTAHOBACH MCTOYHUKAMU BBIHOCA TBUIM M COJCH.
OnauM u3 cnoco0OOB pemeHuss MpoOJIeMbl SBISETCS MCKYCCTBEHHOE 3aKpPEIUIEHHE IMyCTOIeH —
buToMenuoparus.

AHanu3 MpoleccoB pa3BUTHS MEPBUYHOU CYKLIECCUU U (OPMUPOBAHUS PACTUTEIBLHOCTH Ha
00COXIIIEM JTHE MOpsSl C BBIICICHHUEM Y3JIOBBIX CTAaIUi W MPEACTABICHUEM OCHOBHBIX BAPHAHTOB
CEPHIHBIX CYKIIECCHOHHBIX PSJIOB MIPEACTABICH B OoJiee mo3aHux padortax (Byxpep, 1990; Byxpep,
bpexne, 2003; Jlumeera, 2011; Aralkum ..., 2012), mocie 3Tama HAaKOIUICHUS TEPBHUYHON
unpopmanuu. Bce aBTOpbl eAMHBI MO NPUHIUIHAIBHBIM BOMNpPOCaM MOAXOAA K aHAIU3Y
dbopMHpOBaHUSA PACTUTETBLHOCTH Ha OOCOXIIEM JHE U UCIOJb3yeMOHW TEPMHUHOJIOTHH.
OHM CUMTAIOT, YTO pa3BUTHE PACTUTEIBHOCTH Ha O0O0COXIIEM [HE SBISETCS MPOLIECCOM
ONyCTHIHWBAaHUS W BeAECT K (OPMHPOBAHUIO PACTUTEIBHBIX COOOLIECTB ITYCTHIHHOTO THIIA.
CooOmiecTBa, MocneA0BaTeIbHO Pa3BUBAIOIINECS HA KOHKPETHOM JAHHOM YYacTKe OT MHOHEPHOH
WIA WHUIHUAIBHON CTaguHM Yepe3 CYKIIECCHOHHbIE K KOHEYHOMY KIMMAaKCHOMY COOOIIECTBY,
cocTaBisioT ceputo. CyKIeCCHOHHBIE ceprH (PUTOLIEHO30B B 3aBUCHMOCTH OT JIMTO-3Ja(hUUIECKUX
YCIIOBUH pa3iNyaroTcs HAaYaJIbHBIMH, KOHEUHBIMM 3BEHbSIMH M IHPEJCTABIEHHOCTHIO Y3JIOBBIX
coobmecTB. Paznuuarot nacamMmmo-, IeJuTo-, rajno-, KCepo-, TUApo- (I0TaMo-) CEPUH B 3aBUCIMOCTHU
oT Beaymero ¢akropa cykneccud. I[Ipum 3ToM eciam B X0Je NMEePBHYHOW CYKIIECCHU KIMMAaKCHBIC
COOOIIeCTBA B PACTUTENBHOCTH YK€ copMHUpoOBainch, a B TMOYBaX €MI€ HET, MO3UIUL
PacCTUTEIBLHOCTH OTHOCUTCS K KBa3UKJIMMAKCY.

[lepBuuHas cykieccusi Impu3HaHa aBTOTCHHOW W HA paHHEW CTaJAuM Pa3BUTHUA HJET Kak
CHUHTE€HEeTHYeCKass (CMEHbl pPACTUTEIbHOCTU ONPENENSIECTCS IMPEUMYLIECTBEHHO BHEIIHUMU
dakTopaMu), a Ha TO3JIHHUX — KaK OHJOJKOreHeThdyeckas (M3MEHEHHE CpeAbl U CMEHbI
PacTUTENBHOCTH HUIYT NMPEUMYLIECTBEHHO IOJ BIMSHHEM pacTUTelbHOCTH). HawanmpHble cragum
obutn neranbHO omnucanbl JIS. Kypoukunoit u B.B. Byxpepom (1987). Ha cragum cunrenesa
BBIIETISIIOTCA: DKOTONMYECKasl TPYNIHMPOBKA; MpOCTas TPYNIHPOBKA; CIOXKHAS TPYNIHUPOBKA;
¢utoneHo3.  MexaHM3MOM  CHHIEHETHYECKOH  CYKLECCHMM  SBISETCS  KOHKYpPEHTHOE
B3alMOOTHOLIEHHE MEXIy PAcTEeHMSIMH TpU PABHOLIEHHBIX YCIIOBUSIX CpEIbl JUIsl BCEX BHJIOB.
Ilepron, CUHI€HETUYECKMX CMEH HEAOJIOr M OINpPEAEISAETCS CTENEHBI0 BBIPAXKEHHOCTH 3K30- WIH
SHAO0PKOreHe3a. TakoBbl Teoperuyeckue mno3uuuu, chopmynupoBanHsle JI.S. Kypoukunoit u
B.B. Byxpepom (1987) u co3naBmue Hay4uHyro 0a3y Juisi 0OOOIIEHUS AaHHBIX JJIUTEIHHOTO psijia
HaTypHbIX HaOmoneHuit Ha psne TpaHcekT (basH, bapca-Kenemec, Kacka-Kyman u gp.),
OpPraHU30BAHHBIX Ka3aXCKUMHU YYEHBIMU OT MOOEpeXbsi BCIEA 3a OTCTYMAIOIIUM Ype30M BOJBI B
pEeKUME MOHUTOPHWHTA C TIEPBBIX JIET MAJCHUS YPOBHS MODSI.

[IpencraBisitoT HECOMHEHHBIM HAay4YHBIN MHTEpPEC U 0COOEHHO LEHHBI B METOJMUYECKOM IIIaHe
pabotel JI.A. IumeeBoit (2007, 2011) mo mepBUYHBIM CYKIIECCHSM Ha OOCHIXAIOMIEM JTHE MODS.
JIOBOJIBHO 4acTO OOIIMpPHBIE MAaCCHUBBI JJAHHBIX, HAKOILJICHHBIE B X0JI€ MHOTOJIETHUX HaOJI0ICHUH,
OCTal0TCA HEBOCTPEOOBAaHHBIMU U TPOMAJAIOT M3-3a OTCYTCTBHUSI METOAMYECKHX IMOAXOJ0B K HX
aHaIM3y M OIeHKe. Tak NMpOW30III0 C MHOTOYUCIECHHBIMH KOMIUIEKCHBIMU HAOMIOJICHUSIMH Ha
TOMO-3KOJIOTHUECKUX MPOUIsX, HauaThIX B 1970-X romax, ¢ MOYBEHHBIMU JaHHBIMH.

B Havane uccnenoBaHMi TUHAMUKHM TPHUPOJIHBIX KOMIUIEKCOB B YCIOBHSX IOJ BIUSHHEM
MaJeHHsl YPOBHS MOpS HA TOMO-3KOJOTHYECKHUX MPOQUIILAX YCIOBHO OBUIO MPHUHSATO CYUTATh, YTO
MIPOCTPAHCTBEHHBIN Pl CMEH SIBISIETCS MPOOOpPAa30OM CMEH BO BPEMEHH, T.€. MPOCTPAHCTBEHHBIN
psin npuHUMarcs 3a BpemenHou. JI.A. [lumeeBa (2007) momonuia k 0000NMICHNIO HAKOTUICHHBIX Ha
TOIMO-3KOJIOTUYECKUX MPO(UIISAX AAHHBIX IO-IPYroMy: OHA CTaja paccMaTpuBaThb B KayecTBE
CYKIIECCHOHHOTO (BPEMEHHOT0) psiJa CepUiiHBIE COOOIIECTBA, KOTOpHIE (OPMUPOBAIHCH U
HaOII0OAaMMCh B pa3Hble IOkl HA OJHOM M TOW K€ KOHKPETHOM muiomaake. B paccmarpuBaemoit
Hamu padore JI.A. JIumeesoit (2007) ucnosib30BaHbl JaHHBIC, HAKOIUIEHHBIE 3a 20 J1eT HaOII0ACHUI
IIPU y4acTUH aBTOpa Ha TpaHceKTe «basH» Ha CeBEpO-BOCTOYHOM MoOEpekbe ApajabCKOro MOps B
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10 kM roro-zamagHee yctbsi Cwipmapeu. HaOmromenus Havamuch ¢ 1981 r. Ha (QUKCHPOBAHHBIX
HKOJIOTMUECKUX YYaCTKaxX, PACIOJIOKEHHBIX HAa Pa3HOM PACCTOSHUHU OT ypes3a BOJABI K KOPEHHOMY
Oepery.. B anaims Boieuensl ganabie o 2001 r., T.e. mocleaHHE HAONIOJCHUS MPEACTABISIOT
pe3yabTaT €CTECTBEHHOTO (OPMHPOBAHUS PACTUTEIHLHOCTH 3a 37 JeT cy0a’pallbHOTO pPa3BUTHUS
3TON TEPPUTOPHH.

BaxHBIM METOIMYECKUM MPUEMOM SIBIISICTCS CO3JaHKE CBOJHBIX TAOIHI] CO CITMCKOM BHJIOB,
BCTPEUEHHBIX 3a BCE BpeMsi HAOJIIOJEHWII Ha CTAllMOHAPHBIX TOuYkax HaOmoneHuil. B Tabmuiy
BHOCSITCSI JJAHHBIE TIO TIPOCKTUBHOMY IMOKPBITHUIO KAXJIOTO BHJIA B KAXJIOM TOJy HAOIIOJACHHUS, OT
MEPBBIX JIET K IMOCJIEIHUM, B MOPSAKE BO3pacTaHusa. AHANU3 MOJOOHBIX TaOJIUIl 1MO3BOJSET: 1)
paccMOTpeTh M3MEHEHHE y4YacTHs KaKJOro BHJA B COOOIIECTBE BO BPEMEHH, 2) YCTaHOBHUTH
JOMUHHUPYIOIIUE BUIbI, BUJOBOW COCTaB M SKOJIOTMUECKYIO CTPYKTYPY COOOIIECTBA B KaXKIbIi IO
HAOJIOZCHNSA W BBIICIUTh MEPHUOABI HMX JUIMTCIBHOIO CYIICCTBOBAHHS, 3) BBISBHUTH CMEHY
cO0O0I1IeCTB BO BpeMeHH, 4) HCMOJIb30BaTh TAONUIlYy JUIs Pa3HbIX BUAOB aHAIW3a U MPUMEHSTh
pa3nuyHbIe TpUeMbl 00paOOTKH ISl TIPEACTABICHUS TPOIIECCOB TPAaHC(POPMALIUU COOOIIECTB Yepes
pa3nuyHbIe TMMOKa3aTeldu Ui OLICHKH TEHJEHIMI M3MEHEeHHs BO BpeMeHu. B paccmarpuBaemoii
nyomukamuu JILA. IumeeBoii (2007) He mpuBeNeHBI aHATOTHYHBIC TAOIHIIBI CO 3HAYCHHUSMHU TI0
rojaM napaMeTpoB SKOJOTHYECKHX YCIOBHI: MEXaHUYECKOTO COCTaBa, 3aCOJIEHUS MMOYBOTPYHTOB,
[IIyOWHBI 3ajJieTaHdss W MEHEpaIM3allMd TPYHTOBBIX BOJ, — OTH IIOKaszarenuw B padoTe
WCIOJIb30BATINCh ISl WMHTEPIpETallid CMEHbl BUIOBOIO COCTaBa B XOJ€ CYKIIECCUM U TpHU
OTIpEeJICIEHUH TUTIA IEPBUYHON CYKIIECCHHU.

BaxxHpiM MeTOAMYECKUM TMOAXOAOM K M3YUYEHHUIO TMPOTEKaHHs CYyKIEcCMH B pabote
JLA. IumeeBoit (2007) sBisieTcsl UCTOIB30BaHUE MOKA3aTENCH U pacuyeTHBIX MHIIEKCOB. Budosgoe
boeamcmeo COOOIIECTB TOKa3bIBA€T M3MEHEHHE YHWClIa BUAOB HA IUIOIIAJKE BO BpPEMEHH U
paccuuThIBaeTCs 1Mo Tadnuile (depe3 mpucyTcTBue-oTcyTcTBue). CihopmuposanHocms coobuecmea
otieHuBaeT uHaekc llleHHOHa, 3HAUEHUE KOTOPOTO BO3PACTAET KaK MPU YBEIWYCHHUH YHCIIA BUIOB,
TaKk W TPH YBEIMYCHUU PABCHCTBA (DUTOICHOTUYCCKOW POJU MEXKTy HUMH. VIHBIMH CIIOBaMH,
unaekc llleHHOHa TeM BBINE, YeM BBIIE OOIIEEe YMCIO BUIOB M YEeM BBINIE JONS TEX M3 HUX,
KOTOpBIC TPEICTABICHBI 3HAYUTEIBHBIM TPOSKTUBHBIM TIOKPBITHEM, T.€. YeM HWKE pa3HUIA B
(UTOLEHOTHYECKOW pONM BUAOB. [ 71yOuHa ejceco0HbIX nepemeH B PACTUTEIbHBIX COOOIIECTBaxX
COCEJIHUX JIET OL[CHUBAETCS Ha OCHOBE CXOJACTBA UX (PIIOPUCTUUYECKUX CIIUCKOB Yepe3 Kodp(HULIUEHT
Crwepencena. Unaexc Coepercena usmensiercst ot 0 qo 1. OH TeM BbIIIe, 4eM OOJBIIE CXOACTBO
BHJIOBOTO COCTaBa MEXTY JIByMsI CPABHUBAECMBIMH CITUCKAMHU.

Hcnone3ys chopMUpoBaHHBIE MPEICTaBICHHUs O MEpPBUYHBIX cykueccusix, JL.A. J[umeesa
(2007) Beimenmia Ha paccMaTpuBaeMoM mnpodmite «basu» 3 THma: ncammocepuro — TEPBUUHYIO
CYKIIECCHIO Ha TIECUAHBIX OTJIOKEHUAX C TCaMMO(DHUTHOKYCTAPHUKOBOH PACTUTEIBHOCTHIO Ha
MO3/THECYKIIECCHOHHBIX ~ CTAIMsIX; 2alocepuro — Ha 3aCOJEHHBIX OTIIOKEHHUSIX TSHKEIOro
MEXaHHYECKOTO CoCTaBa, Pa3BHUBAIOIIYIOCS B HarpaBJICHUU dbopmupoBaHus
rajJo(hUTHOIOYKYCTAPHUYKOBOH PAaCTUTEILHOCTH; HOMAMOCEPUIO — HA 3aCOJICHHBIX OTIOXCHUSAX C
(dbopMUpOBaHHEM COOOIIECTB, CIOKEHHBIX BHUJAAMU KYCTAPHUKOB, XapaKTePHBIX A TYraHON
pacturensHocTH (Potamothyta mo knaccuduxanuu 3.A. Maitnyn (1973)).

Icammocepusi chopmMupoBajiaCh Ha He3aCOJCHHBIX meckax (ocratok cosed 0.02-0.06%).
CnabocononoBaras (1.2-1.4 r/m) rpyaTtoBas Bojga B 1990 r., mo manueiM B. Byxpepa, Obuta Ha
rnyoune 130-220 cM.  BengymuMm mporieccoMm,  OMpeneNsioniM —JAWHAMUKY — pa3pekKeHHBIX
PaCTUTENFHBIX COOOIIECTB paHEee W B HACTOSIIEE BPEMsI, BCE €IIIe OCTACTCS IK30TEHHBIN — DOJIOBBIH,
¢ akkymynsitueit u gedusnueit. [1o Tabnuie 9 BUaHO, 9TO CO BpeMeHeM B COOOIIEeCTBE MOCTETIEHHO
BO3pACTaeT POJib KyCTaPHHUKOB.

Ha 23-it ron cykmeccuu spemocnapton (Eremosparton aphyllum) naumnaer wurpats posb
cyomomuHaHTa ceauHOBOro (Stipagrostis pennata) coobrmectBa, a ¢ 28-ro roma sBISETCS
JOMHUHAHTOM CEJIMHOBO-3PEMOCIapTOHOBOTrO coobrectBa (¢poto 6). Poms xy3ryna (Calligonum
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crispatum) mnurenbHoe Bpemst (Oosiee yem 30 JieT) He3HAUYMUTENbHA, HO Ha 37-U TOJ CYKIIECCHU OH
HAYMHACT UTPaTh POJIb CyOJOMUHAHTA.

Ta6auna 9. BuoBoii cocTaB pacTUTENBHBIX COOOIIECTB Ha JHE Mopsi, oOcoxiieMm B 1964 romy
(dumeena, 2007). Table 9. Species composition of plant communities on the bottom of the sea that
dried up in 1964 ([umeera, 2007).
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Kak BuauM, mnpoW30NUIH JBE CMEHBI CEPUMHBIX PACTUTENBHBIX COOOIIECTB: OJHO C
JOMHUHHUpOBaHUEM cenuHa (Stipagrostis pennata) 8 1992 r. cMEHUIIOCH IPYTUM C JJOMHHHUPOBAHHEM
spemocmnaprona (Eremosparton aphyllum), a B 2001 r. noMuHHpOBaHHME MEPEUUIO K KY3TYHY
(Calligonum crispatum). ITpu 3TOoM 4KCIO BHIOB Ha IUIOMIAIKE, IIUTCIBHOE BpeMsl KoJieOaBiieecs
okosio 10, B mocieHue J1Ba T0/1a YMEHBIINUIOCH, a 00IIee MPOCKTHBHOE MOKPHITHE B COOOIIECTBE
YBEJIMYUIIOCH B CPABHEHUHU C HAYAJIOM HAOJIOICHUN MOYTH BABOE. [10-BUAMMOMY, MOXHO CUUTATh,
yto ¢ 2001 r. npoumsomen mnepexol OT HWHULMAIBHBIX CTaguid CYKLUECCUU K JPEBECHO-
KYCTapHUKOBOMY JTaIly, KOTOPBIH Ha JIPYrMX ydacTKaxX MpoucxoauT Ha 35-40-i roa CyKIeCCHH.
DHIOT€HHBIE TIPOIIECCHI 0 CHX IO €Ile He MPOSBUIN CeOsl.

Hcnonp3oBaHue mokasaTeneil 1 pacueTHBIX WHAEKCOB IMO3BOJIMIIO MPOCIETUTh 32 U3MEHEHUEM
XapaKTepUCTHK MpOTEeKaroleil cykueccun Bo Bpemenu (puc. 19). BumoBoe OoraTtcTtBo umeer
HE3HAYUTEIIHYIO TEHICHIIMIO K CHIDKEHUIO, BBIPABHEHHOCTH pACIIPENICIICHHS, OIICHCHHAs II0
unjekcy llleHHOHa, CBUIIETENBCTBYET O COBEPIICHCTBOBAHUN BHYTPEHHEW CTPYKTYPBI COOOIIECTBA
U TIPOTPECCHBHOM XOJI€ CYKIIECCHOHHOTO pa3BUTHs. l3MeHeHune CXOJCTBa BHAOBOTO COCTaBa
c000I1IeCTB, OIICHMBaeMOE Ha OCHOBaHUHU Kod(dunrenta CrepeHCceHa, TOBOPUT O TEHACHIIUU €ro
pocta B MHOTOJETHEH IWHAMHKE M B TIOCICAHHE ToAbl. VHBIMH cloBamu, mncamMMmoduTHAS
CyKIIECCHs UMEET OOIIYI0 TeHICHIINIO K CTAOUIIN3AIUHU U YCIIO)KHEHUIO BHYTPEHHEH CTPYKTYPHI.

Tanocepuss (tabmn. 10). OCHOBHBIMHM TPU3HAKAMH YCIIOBUH pPa3BUTHS PACTUTEIBHOCTH
rajloCepuu SIBJIAIOTCS CHUJIBHOE 3aCOJICHHE U TSDKENbI MEXaHHMYECKUH COCTaB TPYHTOB. DTOT THUI
CYKIIECCHH Ha 00coXIeM JAHe ApanbCKOro MOps JOJDKEH ObITh Hambosee pacnpocTpaHneHHbIM. Ha
TpaHceKkTe basH 3acoieHue NMOBEPXHOCTHBIX FOPU30HTOB BapbupyeT oT 1.7 no 7.2%. I'pyHTOBBIE
BOJIBI 3ajieTaroT Ha rayouHe 1.2-2.3 M, ux MuHepanu3aius cocrasiseT 32-34 r/n (Byxpep, 1990).

Kak mnokassiBaer Tabmuma 10, 3a Bpems HaOMIOACHHS MPOU3OILIA CMEHA TPEX CEPUHHBIX
cooOmmecTB: Ha S5- TOJI CYKIECCHH OIHOJIETHHKOBOE coiiepocoBoe (Salicornia europaea),
coo01iecTBo, C(HOPMUPOBAHHOE B TIEPUOJ TEPBHUYHOTO 3apacTaHHs, CMEHWIOCh IO Mepe
oOceixanus cyoctpara kinmMakontepoBbiM (Climacoptera lanata). [lanmpHeiimee wuccyiienue u
3acoyieHHe cyOcTpaTa MPUBOJIUT K YTHETEHHIO BCEX BHUJIOB MEPBBIX COOOIIECTB U HEKOTOPOU May3e
B Pa3BUTHUU PACTCHHH C 8-TO 110 12-1 roABI CYKIIECCHU.

®oro 6. [TcammopHIBLHOKYCTapHUKOBOE c000IIecTBO B cenTssope 2006 r. ([Iumeea, 2011). Photo 6.
Psammophylic shrub community in September 2006 ([{imeesa, 2011).
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conmsiHokostocHuka (Halostachys belangeriana) nauunaercsi KycTapHHKOBas CTaadss B Pa3BUTHH
CYKIIECCHH B TEUCHHWE TSTH JIeT, NOKa Ha CMEHY COJITHOKOJIOCHUKY HE WPUXOIUT CaMBbId
CONICYCTOMYMBBII BUI — moiyKycTapHuuek capcasan (Halocnemum strobilaceum). Ha 17-ii ron
CYKIIECCHH OH CTaHOBHTCS CyONOMWHAHTOM, a Ha 21-i — JIOMHHAHTOM, a COJSTHOKOJIOCHHK —
CyOIOMHHAHTOM.
T.k. paccMOTpeHHasi TajocepHs pPa3BHBACTCS 10 TPAAMEHTY BO3pPACTAHHs 3aCOJICHHS TPYHTOB,
YMEHBIIIEHUsI BJIArooOECTeYeHHOCTH U YCHJICHUS (DU3MONIOTUYECKOM HEJOCTYIHOCTH BIArH,
KOJIMYECTBO BHJIOB M TPOEKTHBHOE IMOKPHITHE (DIYKTyHPYIOT — BO3pacTalOT Ha HEKOTOPOE BpeMs
rocjie TMOSBICHHUS] HOBOTO JOMHHAHTa W 3aT€M CHIDKAIOTCS Tepel CMEHOW ero HOBBIM. 3a Bech
Meproj] HAOMIOACHUA Ha yYacTKe ObUTH 3aperuCTPUPOBAHbI 37 BUIIOB.

[Tokazarenn W pacCUMTaHHBIE WHAEKCHI BHUIOBOTO OOrarcTBa W YCIOKHEHHS BHYTPEHHEH
CTPYKTYpHI coo0miecTB (puc. 20) UMEIOT TEHIACHITUIO K CHUKEHHIO B XOJE€ Pa3BUTHS CYKIIECCHH. ITO
B TIEPBYIO OYepelb ONpeensiercs oOumeld TeHJCHIMEeH yXyALIeHUs HKOJOTMYEeCKUX YCIOBHUH JUIs
MPOM3pAcTaHHsl PACTCHUH M TEM, YTO K YCJIOBHSIM CHJIBHEWIIErO 3acOJICHHS aJalTHPOBAHO JIUIIb
HEOONIBIIIOE YHUCIO BHUJOB U COOOIIECTBA TMPEICTABIECHHl MalblM YHCIOM BHJIOB U UX
HE3HAYUTEIFHBIM 00MeM. MOKHO C/IeaTh BBIBOJ] M O TOM, YTO JI0 KOHIIA HAOIOJICHUH B IMHAMUKE
COOOIIIECTB BEAYLIYIO POJIb MIPAET HK30TCHHBbIE (DaKTOpPHI (3aCOJICHHE M HENOCTaTOK JIOCTYITHOM
BJIATH).

HanbHelimee pa3Butue 3Toi cykneccuu, no MHeHuto JILA. JlumeeBoit (2007), 3aBUCHUT OT
W3MEHCHUS TIYyOWMHBI TPYHTOBBIX BOJ. I[Ipr WX TOHMXEHHHM HW)XE 3 M capca3aH HCIBITHIBACT
yrueTeHue, a npu 4-5 m ormupaer. [lpu ycraHoBiaeHHH aBTOMOP(GHOTO peXMMa MOYB U Pa3BUTHU
COJIOHIIOBOTO TMOYBOOOpPa30BaHHSA Ha CMEHY Capca3aHOBBIM COOOIECTBAM MPUIYT OUIOPTYHOBBHIE
cooOmiecTBa, MIUPOKOE pA3BUTHE KOTOPBIX XapaKTEPHO i KOPEHHBIX OEperoB CEeBEpHOTro
moOepexbs ApaabCKOro MOPS.
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Ta6auna 10. BunoBoii coctaB pacTuTenbHBIX cooOmecTB B ramocepun (1977 r. — Havano
cybaspansHoro passurus; Jumeesa, 2007). Table 10. Floristic composition of plant communities
in halosere (subaeral stage begins in 1977; Iumeesa, 2007).

T'oabl HAOIOACHMIT 1981 | 1982 | 1983 | 1984 | 1985 | 1989 | 1994 | 2001
Toab! cykneccun 4 5 6 7 8 12 17 21
Yuci0 BUAOB 17 21 18 23 16 9 14 12
IIpoexTnBHOE MOKpbITHE (%0) | 57.0 | 135 | 150 | 200 | 3.0 | 16.0 | 27.0 | 60.6
Buj / npoeKTHBHOE MOKPBHITHE
Salicornia europaea 30.0 | 0.2 0.1 0.1 0.1
Senecio noeanus 8.0 0.2 0.1 0.1 0.1 0.3
Polygonum aviculare 5.0 0.1 0.1
Tamarix laxa 0.5 0.5 0.2 15 0.5
T. hispida 0.5 2.0 15 3.0 0.5 1.0
Lactuca tatarica 8.0 0.2 1.0 0.3
L. serriola 0.2 0.2 04
Lycium ruthenicum 0.5 0.5 1.0 2.0 0.4 0.1
Limonium otolepis 0.5 0.2 0.1 0.2 0.1
Cynanchum sibiricum 0.3 1.0 0.2 0.4
Climacoptera lanata 2.0 5.0 5.0 7.0 0.1
Phragmites australis 0.2 0.2 0.2 0.4 0.1
Frankenia hirsuta 0.2 0.2 0.2 0.1 0.1 0.1 0.1
Atriplex pratovii 0.2 0.2 0.1 0.1 0.2 2.0
Eremopyrum orientale 0.1 0.2
Gypsophila perfoliata 0.3 0.2
Tamarix ramosissima 0.5 1.0 1.0 0.1
T. elongata 0.3
Atriplex sphaeromorpha 0.2 0.2 0.3
Aeluropus littoralis 0.2 0.1 0.1
Karelinia caspia 0.3 0.2 0.3 0.1 0.1
Bassia hyssopifolia 0.2 0.2
Suaeda crassifolia 0.2 0.2 0.1
Halostachys belangeriana 0.3 0.3 0.3 0.1 | 150 | 15.0 | 10.0
Climacoptera aralensis 2.0 25 0.1 0.1 0.1 1.0
Petrosimonia triandra 15 0.4 0.1 0.1
Salsola australis 0.3 0.1 0.1
Suaeda acuminata 0.1 1.0
Nitraria schoberii 0.4 0.1
Halocnemum strobilaceum 0.1 7.0 | 40.0
Kalidium foliatum 0.1 15
Ofaiston monandrum 0.5 0.5
Petrosimonia brachiata 0.5
Lappula semiglabra 0.2
Strigosella circinata 5.0
S. africana 0.1
Salsola nitraria 1.0
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BupoBoe borarcTeo BbipaBHeHHOCTb pacnpeaeneHnd
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W3yuenne U3MeHEHUs! CTPYKTYpHO-()YHKIIMOHAILHOW OpraHM3allii SKOCUCTEM M MpeoOpazoBaHKe
abMOTHYECKON cpenbl KOCHCTEM UX OMOTOW B Xoje cykueccuu BbimoiaHeHo W.B. [lankpaTtoBoit
(2007, 2002). Ot pabOTHI CTOSAT OCOOHSKOM M YHHUKAJIbHBI 1O cojepxkaHuto. VccrnemoBaHus
npoBoAWIKCh ¢ KoHma 70-x mo cepenunsl 90-x TogoB Ha 0. bapcakensmec (CeepnHoe [Ipuapanse),
Ha TPaHCEKTe, MPOXOJAIIel OT ype3a BOAbI HAa OOCHIXAOLIEM MOPCKOM JIHE, NIECYaHOM IUILDKE U
no6epexbe (puc. 21). Ha mpoTspkeHnu ABaAiaTH JIET B pa3Hble (DEHOKIMMATUYECKHE CE30HBI,
OXBaTHIBAIOIINE MEPHOJ BEreTallui pacTeHUH, U3ydasicsi MUKPOKIUMAT PAaCTUTEIbHBIX COOOIIECTB,
JUHAMHKa MX (UTOMAcChl, BOJHBIH PEKUM Y3JIOBBIX COOOIIECTB MCaMMOGUTHOM CYKIECCHH.
HccnenoBanus NpoOBOAMINCH HA Y4acTKaxX, pacHoJIararollMXcs Ha pa3sHOM PACCTOSIHMM OT ypes3a
BOABl M HUMEIOUIMX pa3HbI BO3pacT cybaspaibHOro pa3Butus (puc. 21). Brepsble mnomaydyeHsl
KOJIMYECTBEHHBIE XapaKTEPUCTUKU DKOJIOTMUYECKUX PEXHMOB DKOCHUCTEM B IPOLIECCE 3apacTaHUs
recyaHoro mnoOepexbsi ceBepHoro Ilpuapanbs, cBUIETENbCTBYIOIIME 00 WX CTaOMIM3AIMU.
[Tonmy4yeHs! opUruHaIbHBIE JaHHBIE [0 TUHAMUKE MPOIYIUPOBAHUS ACCUMIIIIIIUOHHON (PUTOMACCHI
COO0O0IIIeCTBa B XOJI€ PA3BUTHUS PACTUTEIBHOIO MOKPOBA, KOTOPOE OTPa)KaeTCsl Ha BOJHOM pPEKUME
COOOILECTB.

Pe3ynbratrhl uccieoBaHus BOJAHOTO PEKUMa JOMUHAHTOB U MPOAYLUPYEMONH UM (PUTOMACCHI
MIO3BOJIMJIM PACCUMTAaTh CYTOUHBIM M CE30HHBIM 3amac BOJbl, €€ pacxoj Ha TPAHCIUPALMIO U
CKOPOCTh BOJJOOOMEHA pacTUTEIbHBIM COOOIIECTBOM. BbluMcieHUs MPOBOIMINCH MO METOIUKE
W.H. beitneman u B.H. ITayToBoii (1969).

PacTuTenbHOCTh aKTHBHO Y4acTBYET B TpaHc(opManuyu OMOTONOB (MUTPALIMU M aKKyMYIISILIMH
coield, (GOpMHPOBAHUHM TIOYB, MHUKPOKIMMATa M MPOYMX YCIOBHUH CYILECTBOBAHUS JIPYTUX
OpraHM3MOB — TOJIE3HBIX U OMAcHBIX A uenoBeka). Kak mokaszanu uccnenoBanus (Ilankparosa,
2002, 2007), B1usgHNAE pacTEHUN Ha CpeAy IPOSBIAETCS yXKe Ha 5-U TOJ CYKLIECCUU U BBIPAXKaeTCs B
(GOpMHPOBAHUN MUKPOKIMMATA B PACTUTENIBHBIX TPYINIIUPOBKAX, OTINYAIOLIET0Cs 110 CPABHEHUIO C
€ro XapakTepUCTHUKaMM HAa HEOCBOCHHON DPACTUTENILHOCTBIO IYCTOLIM; M B CO3/laHUU AKTHBHOI'O
OMOJIOTMYECKOTO KPYroBOpOTa BELIECTB: HAKOIUICHMHM ACCHUMWIMPYIOUIMMHM OpraHaMH BOABI U
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COJIEH U3 IIOYBEI U AKKYMYJSIUMU X HAa ITOBEPXHOCTHU, OTIOKCHUHN coJiell Ha ITOBCPXHOCTHU ITOYBEI B
pe3ysibTaTe HAKOIJICHHUS COJIell BO BPEeMs TPAHCIUPAILMK B TKAHSIX M HAKOIJICHUH Ha MIOBEPXHOCTH
1OCJIe OTMUPAHUsI OJJHOJICTHUKOB. OKa3aloCch, 4TO pacxo/] BOJbI Ha TPAHCIIMPALIUIO U 3aIlachl ¢ B
(duTOMacce CepHITHBIX COOOIIECTB B XO/€ CYKIIECCUU YMEHBIIACTCS: Y PACTUTENBHBIX COOOIIECTB
Ha 3aKITIOYUTENBHBIX CTAAUAX CyKieccuu (opMupyeTcs OoJiee 3KOHOMHBIH BOJHBIH OOMEH.
Bi1aroo6opoT B CyOKIMMAaKCOBBIX COOOIECTBaX HMXKE MOYTH B TPH pas3a, YeM B COOOIIECTBAX Ha
HAYaJIbHBIX ATAIax CYKIIECCHU.
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Puc. 21. KimroueBble yyacTKi HaOMOJEHUH 32 QYHKIMAMM PACTUTEIBHOCTH HA TPAHCEKTE IEeCYaHOro
nobepexbst 0. bapcakensmec (Ilankparosa, 2007). Fig. 21. Key sites where vegetation functions were
observed on a transect of the sandy coast of the Barsakelmes Island (ITarkparosa, 2007).

Coo0riecTBa MepBBIX ITAMOB 3apacTanus — apuctuaauku (Stipagrostideta sp.) mobepexwuii 70-
80-x u 60-X roJ0B XapaKTepPHU3YIOTCSI HHTCHCHBHBIM PACX0JI0M BOJIbI HA TPAHCIHPAIMIO, KOTOPBIH
NIPEBBIIIACT €€ 3amachl B JMCTOBOM (puToMacce coobuiectB B 1.5-2 paza. CkopocTu BooJoOMeHa
371eCh BBICOKHE W TI0 TOJaM 3HAYMTENHHO KOeOarorcest. [103TOMy THI BOXHOTO pEeXMMa B
apucTHIHUKAX Mo0epekbst 70-X U 60-X ro10B HECTAOMIBHBINA U HEOKOHOMHBIH.

Ha aBaHjiOHE B JIPEBECHO-KYCTAPHUKOBBIX COOOIIECTBAX MPOUCXOIMT ITOCTENICHHAs CMEHA
THIA BOJHOTO PEXKHMMa. 3amac BOAbI B ACCHMIIIMPYIOIICH 4YacTH (DUTOLIEHO30B MOYTH PAaBEH e
pacxoay Ha TpaHcruparuio. CKOpOCTh BOJOOOMEHHBIX MPOIECCOB B CPABHEHHWHU C TPEIBLIYIIAM
coobmiecTBOM 3ameisiercst B 2-2.5 pasza. TakuM 00pa3oM, Ha aBaHIIOHE MPOMCXOIUT U3MECHCHHUE
THIIa BOJHOTO PEXHUMA B CTOPOHY CTaOMITH3AIHH.

Ha BBIpDOBHEHHBIX YIUIOTHEHHBIX T[ECKax B  coolmecTBax  3(eapoBO-IKy3ryHOBO-
YEePHOCAKCAYTIOBOTO KOMIUIEKCA OOMIMI pacXo 1 BOJbI Ha TPAHCIHUPAIIMIO MEHBIIIE, €M e¢ 3arac B
ACCHMUIISIIMOHHBIX OpraHax B 2 pasa. [Ipu aToM 00beM HcmapsieMoit BO/IbI yBennuuBaetcs B 60 pa3
B CpaBHEHMH C COOONIECTBAMH HAYalbHBIX CTAIWH 3apacTaHds, a CKOPOCTh BOJOOOMEHa
yMeHbInaercst B 4 paza. CHIKaeTCsl M aMILTUTYy/1a ee KosebaHuil mo rogam. To ecTh BOAHBIIH pexum
B CYOKJIMMACOBBIX COOOIIECTBAX CTAHOBUTCS SKOHOMHBIM U CTA0HMIIBHBIM.

BoiBoabl Kk paszaeny

Hayunble wuccrnegoBaHus TMOKa3aldHM, YTO Y4YaCTKU OOCOXIIEro JHAa MOps, BCTYNHBIIHE B
cyOaldpanbHBI 3Tanm pa3BuTUs mo3zxke 1990 T., 10 CUX MOp OCTAOTCS COJIOHYAKOBOH MYCTOIIBIO,
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3apacTaHUE OCTAJbHOH TEPPUTOPHUH HJET MPEUMYIIECTBEHHO [0 TaJlOMOPPHOMY THILY,
cOpMUPOBAHHBIE €CTECTBEHHBIE COOOINECTBA HAXOSATCS HA HAYalbHBIX CTAaIUAX CYKLECCHUHU.
Bengymmm dakropom coBpeMEHHOW TMHAMUKHA PACTUTENBHOCTH BBICTYIAIOT BCE €IIe HK30T€HHBIC
MIPOIIECCHI — 30JIOBBIE, TAJIOT€OXUMHUECKHUE, rHIpoMopdHbie. K HacTosAmeMy BpeMeHH pa3paboTaHo
HayyHOEe 00OCHOBaHME, MOHATHHHBIN amnmapaT U TEOpUsS Pa3BUTUS OCHOBHBIX THUIIOB MEPBHYHBIX
CYKLIECCHI Ha y4acTKe JTHa ApalbCKOro MOpsi, 00COXIIIEM B MEPBBIC AECATUICTUS TalCHHUs YPOBHS:
B niepuoa 1970-1990 rr. J{ns kakaoro U3 OCHOBHBIX THUIIOB CYKIIECCHHM BBICTPOCHBI SKOJOTUUYECKH
00OCHOBAHHBIE PS/IbI CEPUIHBIX COOOIIECTB, BHUIOBON COCTaB M CTPYKTYpa 3aBEpPLIAIONIIUX THUIIOB
KiIMMakcoB. Paszpaborana meroauka cOopa [OaHHBIX, MX aHajiu3a W IOKa3aTeNld ISl OLEHKU
Pa3BUTH KOHKPETHBIX CYKIIECCHOHHBIX psAOB. boipmmas 3aciyra B opraHu3aiil U MPOBEICHUU
UCCIIEIOBaHUH, pa3paboTKe TEOPETUUECKUX MO3UIUI MPUHAJICKUT, MPEexKe Bcero, yueHsimM JI.S.
Kypoukunoii, B.B. Byxpepy, JI.A. lumeesoii, W-S. Breckle. B cBsi3u ¢ Tem, 4TO CyKIIECCHOHHBIC
MIPOLIECCHI elle He 3aKOHYEHBI, OCTaeTCs 3a/laya MO0 BEICHUI0 MOHUTOPHHTA 32 HUMHU U aHAIIU3Y C
OLIEHKOM JOCTHTHYTBIX CTaJWi pa3BUTHUS. A JUIS WX BBIIEJICHUS KpaifHe HEOOX0AUMO pa3padboTarh
nokasarenu. Takum oOpa3oM, HET COMHEHHMI, 4TO JHajbHeHIIne reo00TaHMYeCKUe UCCIIEIOBAHUS
JOJDKHBI BECTHUCh B TECHOW CBSI3M C HM3YyYCHHEM CTAHOBJICHUS TOYB B paMKax H3Yy4eHUS
dhopmupoBanus JTaHAMADTOB.

B camom Hauazne uccienoBaHuil o ApaibCkoi npoOsieme ObUIO BBICKa3aHO MHEHME, UYTO Ha
oOcoxmiem aHe Mopsi OyayT GOpMUPOBATHCA PaCTUTENbHBIE COOOIIECTBA MO TUITY yCTHIHHBIX. ToO,
9TO 3TO MPOMCXOJUT HMMEHHO Tak, MmoATrBepxkmaroT uccienoBanus JILA. Kypoukunoit (1979;
Kypoukuna u ap., 1991), JLLA. umeeoit (2007, 2011; Tumeea u ap., 2008), nmokaszasuiue, 4To
¢opa Ha obcoxmieM qHE Apaia sIBISETCS TUTUMYHOH 11s1 TypaHCKUX MyCTBIHB B 3TOM PETHOHE, U B
X0Jle TEepBUYHOM cykueccun 3a mepuon ot 60 nmo 17 ner chopMupoOBaINCh PACTUTEIbHbBIE
cooOmiecTBa MO COCTaBYy W CTPYKType ONU3KHE MEIMHHOW PACTUTEIBHOCTH TPHIIETAIONINX
nycTeiHb. Eie Oonee yOenuTeNnbHBIM MOATBEPKJIECHHEM 3TOIO MHEHMS SIBISIOTCS pe3yJbTaThl,
nonyueHHele JI.A. JlumeeBoit ¢ coaBropamu (2008) npu wusydeHuH (oOpbl Ha TEPPUTOPUU
00COXILIero J1Ha MOps, CBHMJETEIbCTBYIOIIME, YTO IO CBOEH CTPYKType OHa OJM3Ka CTPYKType
Gyopsl  TYpaHCKMX IIyCThIHb, OXapakTepuzoBaHHoi B pabore H.M. HoBukosoit (1977).
B Hacrosimee Bpemst B mycThiHe ApankyM Ha Ttepputopun KazaxcraHa 3aperucTpupoBaHO
(dumeesa u ap., 2008) 342 Buja BbICIIMX pacTeHUM, oTHOCSUXCs K 43 cemeiictBam u 170 ponam.
K Bemgymmm cemeiictBam otHOcsTcsi: Chenopodiaceae (83 Buma), Asteraceae (45), Polygonaceae
(36), Brassicaceae (32), Fabaceae (22), Poaceae (19), Boraginaceae (13), Tamaricaceae (9),
Ranunculaceae (7), Cyperaceae (5), Apiaceae (5). Cpeam >XuU3HEHHBIX (OpM MpeodIaaaoT
onHoneTHUkU (41.5%), TpaBsHucTble MHOrONeTHUKH (31.9%) u kyctapuuku (16.7%). Ananus
re0dJIEMEHTOB BBISBWIJI, YTO HauOoJjee IpeCTaBleHHAs TpyIIa BUAOB CBs3aHA C TEPPUTOpHEH
Hpesrero Cpemmzembs (116 Bunos, 33.9%). TypaHckue U MpaHO-TypaHCKHE BUJIBI COCTABISIIOT 15.8
u 13.7% ¢nopel. CeBeporypanckue Buabl (BKIo4as 19 sHaemukoB Kazaxcrana) HacuuThIBaOT 36
Bu10B (10.5%). ABTOXTOHHBIE apalbCKHe U apaiio-kacmuiickue Bus (9) cocrapistor 2.6%.

[TpoBeneHHBIE HUCCIIEIOBAHUS MMOKA3aJIM, YTO 3BOJIIOLHUS MPHUPOJIHBIX KOMIUIEKCOB OOCOXIIEro
ITHa MOpSI — BaKHEHIIas COCTaBISONIas ApaibCKOTO KpU3WCa, Jalieka OT 3aBepIIeHHs, W,
BEpOSITHO, HApsily C JUHAMUKOM OCTaTOYHBIX BOJOEMOB, OyAeT elle JIUTeNbHOE BpeMs
HAXOJUTHCS B 3aBHCUMOCTH OT KOJIEOAHHS MPUTOKA PEYHBIX U COPOCHBIX BOJ K HHUM, M 3TO OyAeT
MPO/AJIEBaTh CYIIECTBOBaHHE APaIbCKOI0 KPU3UCa HA HEONPEIETICHHO JIOJT0e BpEMs.

duToMeuopanusa 00cOXIIEro THa MOPs
Pabotel o ¢puTomenuoparuu Havanuck B 90-e roasl (T.e. mocne 1980 go 1990 rr.) ¢ mombITok
3aKpeIUIeHUs TOJBIKHBIX TIECKOB Ha 00COXIIEM JHE MOpsS B aBaHjaenbTe Amynapeu. Bosbrmme

OTIBITHO-3KCIIEPUMEHTAJIBHBIC PAa0OTHI 110 00JIECEHUIO 00COXIIIETO JHA MOPSI TPOBEACHBI Y 30€KCKUM
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HAy4YHO-HCCIIEI0BATEIbCKUM HMHCTUTYTOM JIECHOTO Xo3siiictBa. [lepBble pe3ysbTaThl  3TUX
uccnenoanuii, mposenenasie H.E. Kokmaposoii u I'.H. McakoBbim (1985), moka3anu ux BBICOKYIO
3 PEeKTUBHOCTD. 3alIUTHBIE HACAKICHUS HA CYNECYaHBIX IOYBOTPYHTAX M IOJABMXKHBIX II€CKaX
obcoxmmx Perdarkoro 1 MyiHaKCKOTO 3aIMBOB CO3aBAIMCh U3 MECTHOM (PIIOPHI, MPOU3pACTAIOIICH
B 9TOM paiioHe, IyTeM I0CeBa CEMSH M IMOCAIKH YepeHKOB yepHoro cakcayia (Haloxylon aphyllum),
yepke3a Puxtepa (Salsola richterii), xysryna (Calligonum spp.), rpedenmuka (Tamarix spp.).
[locagku mMPOBOAMINCH OJHOBPEMEHHO C 3akperyieHueM penbeda. OnbIThl MOKazai, YTO
JUMUTHPYIOIIMMHE  (pakTOpaMu Ui BHUJIOB, HCIIOJIB30BAHHBIX JUIS (PUTOMEIHUOPAIINH, SIBIISACTCS
3aconeHune BepxHero ropusonra (0.5-1 m), rmyOuHa 3ajeraHusi 1 MUHEpaIU3alus TPYHTOBBIX BOJ U
CTENEeHb PACWICHEHHOCTH MOBEPXHOCTH. Ha MOABIKHBIX HecKax (OT HU3KUX OYTpOB /10 BBICOKHX
06apxaHOB) HEOOXOIUMO MPEABAPUTEIHLHO IPOBOIUTH (PUKCAIIUIO TTIOBEPXHOCTH.

duromMenuopaTuBHbIe pabOTHl Ha Y30€KCKOW YacTh 00COXIIEero jJHa ApaibCKOTO MOpS U
HIOKHEH dYacTW JeibThl MPAKTUYECKH HE TMPEKpallaoTcs. Y30eKCKOe ToCyAapCTBEHHOE
JIECOYCTPOUTEIBHOE UM IMPOEKTHO-U3BICKATENbCKOE MNpeanpusatue «Ypmoninoiuxa» B 1990 romy
pazpaboTano «Cxemy arpojecoOMEeIHOPATUBHBIX MEPONPUITHI Ha OCYHIEHHOM JTHE ApalbCKOIro
MOps», TpU O3TOM U3bICKaHUsIMU Obulo oxBaueHo 600 Teic. ra. B uHTepHere Ha caiite
«lHTepakTHUBHAs KapTa JIYYIIUX HPAKTUK IO HCIOJb30BAHUIO BOJHBIX, 3EMEIbHBIX U
JHEPreTHYECKUX PECypCOB, a TaKxke OKpyxkaromiei cpenbl llentpambnoit Asum» ot 08.09.2017
pa3meniena uadopmaius o [Ipoekre «Co3nanue 3alUTHBIX JIECHBIX HACaXJIEHUN HA OCYIIEHHOM
nHe Apansckoro mMops» (2017), B kotopoit roBopurest, uro Hykycckmii punmman VcnomHATEIEHOTO
komutera Mexaynapoanoro ¢onja cnacenusi Apana, [ 1aBHoe yrpaBiieHHe JIECHOTO X03sicTBa MPH
MunucTepcTBe CeNbCKOro xo3siiicTBa PecmyOnnku Y30€KHUCTaH peain3yeT MPOEKT MO CO3TaHHI0
Jeco3auTHeIX noJioc ¢ 1993 mo 2021 rr., a Takke NpruBEAEHBI LENH U UCTIOIb3YEMbIE TEXHOIOTHH.

C 2000 roma x 3TOM paboTe MOAKIIOUMIMCH MEXAYHAapOIHbIE OpPraHMU3alH, B YAaCTHOCTH
I'epmanckoe 00I1IecTBO MO MexayHapoaHoMmy coTpyaHuuectBy (GTZ), Mexnaynapoansiii ®onn
cnacenust Apana, Becemupnsiii bank, ['mo6ansubiii Oxonoruueckuiit ®ona (GEF), Dxonornyeckuit
¢doup SAnonun, [ToconserBo SAnonun B Kazaxcrane u apyrue. 3a nociegnue 15-20 net, no 1aHHBIM
JaHHbIE YTIpaBJIE€HMsI JIECHOTO XO034icTBa pecnyOnuku Y30ekucTaH, jecoBoabl Kapakaimnakcrana
MIPOBEJIN JIECOMENUOPATHUBHBIE PabOThl HAa OCYHIEHHOM 4acTH Apaibckoro mMopsi Ha 225478 ra.
Jlo HaCTOAIIEr0 BPEMEHU B LENSAX YIAYULIEHHS 3KOJOTMYECKOro cOCTOsHUS B 30HE Ilpumapanbs
OCYILIECTBJIEHBI JIECOMIOCAAKN Ha IUIomaan okojo 740 TeIC. ra, B TOM YMCJIE HAa OCYIIEHHOM [JHE
Apana — 310 teic. ra. Ilo manneiM Hay4yno-mH(OpManmoHHOTo mEeHTpa MeXrocynapcTBeHHON
KOOPJIMHAIIMOHHOW BOJOXO3SCTBEHHON Komuccuu (Apansckoe Mope u Ilpuapanve, 2017),
IUIOLIa/Ib CaMO03apacTaHusl JIECHBIX HacaxJeHui coctasisier nmoutu 200 Teic. ra. Beero miomanb
JIECOIOCA/IKM Ha OCYILIEHHOM JIHE Apaja ¢ y4eTOM IIPOLECCOB CaM03apacTaHMs COCTABIISAET MOYTH
500 TrIc. Ta, a wiomaas odcoxmero AHa MOpst — 4.7 MJTH. Ta, © 'y COOTBETCTBYIOIIUX BEIOMCTB HE
XBaTaeT HU JCHEXHBIX, HU JIIOJICKUX PECYPCOB Ui 60jee MHUPOKOMACIITAOHBIX MEPOTIPUSTHH.

Ha ka3axckoil yactu oOcoXmiero gHa MepcrneKTUBbl (UTOMETUOpAuU ObLTU PACCMOTPEHBI B
pabotax ydenbix (Kypoukuna, 1979; Kypoukuna, Makynoekosa, 1984, Kypoukuna u np., 1991),
a3areM B 1988 r. ObuTH HauYaThl MEPBHIE POU3BOACTBEHHBIC MOcaaKku. C ATOW LETbI0 COTPYIHUKHI
Ka3zaxckoro HayuHO-MCCIIEOBAaTENLCKOTO  HMHCTUTYTa JIECHOIO  XO3siiicTBa  paspaboranu
TexHoyoruto yeconocanok (Kasepun u ap., 2005), u yxe B 1994 1. 6puto co3mano 54 TeiC. Ta
necHbIX HacaxzaeHud. Ilo pesynbpratam wucciaenoBaHuid ObUIM  BbLAEICHBI 4  KaTeropuu
necopactuteabHbIx yeinoBuit (Kasepun, Camumos, 2000; Meirman et al., 2001).

1. Xopowue necopacmumenvhvlie ycnosus — YYaCTKM C TI€CYaHBIMM U CYIECYaHBIMU
OTJ0XKeHusIMU. MakcumanbHOe 3acosieHne nmoyBorpyHToB — oT 0.76 mo 1.05%, cogepxanue Cl —
0.06-0.33%, SO, — 0.27-0.66%. Yposenn rpyHToBbIX Box (YI'B) — 1.5-2 M ¢ MuHepanu3anue 10
45 r/n. Ha Takux rpyHTax yCIIEIIHO PacTyT caKkcays U rPeOCHIIUK.

2. YoosnemsopumenvHbvle Jniecopacmumenvhble YClo8us — TPUMOPCKHE CyIecyaHble U
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CYTTIUHHCTBIC TOYBBI PABHUH C HABESHHBIM IE€CUAHBIM YeXJOM. MakcHMajabHOE 3aCOJICHHE —
ot 1.52 no 3.5%, Cl — 0.43-1.1%, SO, — 0.6-1.3%. YI'B — 1.8-3.2 M, MmuHepanu3anus — 10 65 1/i.

3. Vcnosno neconpueoomvie ycnosus — YYacTKH, CIOKEHHBIE CYIMNIMHKMHA W TJIMHAMU.
Makcumanbaoe 3aconenue — 2.1-7.52%, Cl — 0.67-2.10%, SO, — 0.7-3.0%. YI'B — 1.8-2.3 M,
MuHepanuzanus — 50-65 /1.

4. Cnoocno  neconpueoOHvle — Y4aCTKM C  TOABM)KHBIMM — IIEPEBEBAEMBIMH  IIECKaMU
(mBrmkymmecss Oapxanbl). MakcumanbHoe 3aconenune — 1.52%, Cl — 0.50%, SO, — 0.52%.
[MTapannensHo He0OXOAUMBI MEPOTIPUATHS O (PUKCAITUH [TOIBUKHOTO TPYHTA.

[To3xke ombIThl MO (uTOMENUOpauuu ObUIM MPOJOJDKEHBI MO IMPOEKTaM, IMOAePKAHHBIM
IOHECKO, MunucrepctBoM Hayku U TexHojoruu ['epmanunu (BMBF). B ocennuil nepuon B
1997 r. Ha KOpPKOBBIX W MYXJBIX COJOHYAaKaxX OBLI MPOBEAEH TOCeB 17 BHIOB TalO(UTOB,
NPOU3PACTAIOIINX B  €CTECTBEHHBIX  YCIOBHSX Ha  TEPPUTOPHUAX, NPUMBIKAIOMUX K
HKCIIEPUMEHTAJIbHBIM Y4acTkaMm. Ha coJoHYakax TSKEIOro rpaHylIOMETPUYECKOr0 COCTaBa ¢
coJiepKaHUEM COJIell B BEpPXHHMX ropu3oHTax 10 24.5% u B HIDKENEXKalIMX KOPHEOOHMTaeMBbIX
ropuzoHTtax 1.91-3.11%, k OceHM COXpaHWIHCh U JOCTUTIIM TEHEpaTUBHON craauu 4 BHUAA
omHojietnux coisiHok: Climacoptera aralensis, Halogeton glomeratus, Atriplex pratovii, Suaeda
acuminata. Ha cosjoHYakax JIETKOrO IPaHyJIOMETPHYECKOrO COCTaBa M BBICOKHUM 3aCOJICHHEM
MOBEPXHOCTHBIX (2.63-2.92%) u Humxenexamux KopHeoOutaembix ropu3oHToB (0.56-1.46%)
OCEHH COXpaHMJIOCh 5 BUAOB cojsHOK: Salsola nitraria, S. australis, Petrosimonia brachiata,
Climacoptera aralensis, C. lanata u mpopoctku Haloxylon aphyllum (Iumeesa u ap., 2000).

DKCHEPUMEHTHI 10 JIECOMOCAIKEe C MPUMEHEHUEM «IIECKOBAaHUS» Ha 3aCOJICHHBIX CYTJIMHHUCTHIX
W TIHHHUCTBIX OIOKEeHHsX mnpoBogwmchk B 1998-2000 rr. corpynmHukamu I[Ipuapaiibckoro
MHCTUTYTa arpodkosiornn Ha ydactke basn B 10 kM k 1oro-zamagy ot ycTba ChIpaapbH.
Bbua rcribiTaHa HOBasi TEXHOJIOTHS TIOCAIKH CaXSHIIAMHU, a JIJISl COXPAHEHUS BJIard Ha JTHO SIMBI WA
TpaHIllen HachImanu cioi necka tonuuHon 20 cm (Meirman et al., 2001; Yair, 2001). SIMb1 umenu
nHO mwiomanso 0.5x0.5 M2, riryouny 0.8-1.0 M u mokatele ckioHbl (10°) B CTOpOHY IeHTpa.
JIJ1st HOCaKK MCIOJB30BaIN CaKeHIIbl YEPHOTO cakcayia u rpedeHiuka peixiaoro (Tamarix laxa).
[IpmwxrBaeMocTh 000UX BUAOB cocTaBuiia B cpeaHeM 20%.

[Tpoext «boprba ¢ OMYCTHIHUBAaHMEM M CaHAIMs COJOHYAKOBBIX ITyCTBIHb B pPErHOHE
Apanbckoro  Mopsi»,  noguepxkanueii  ['epmanmeit  (BMBF-GTZ/CCD,  YuuBepcurer
r. bunedensna), oObeqMHUI BOKPYr ceOsi HaydHble W TMPOHM3BOJACTBEHHBIC OpPraHU3aLUH U3
Kazaxcrana: Muctutyr OoTanuku u ¢urtouHTponykuuu (Anmarsl), [Ipuapansckuit MHcTUTYT
arposkosioru u c/x (Kessuiopna), HIIL[ necHoro xo3siicrBa (Kokmeray), IIpeanpustue OI'KIT
«Csip-Taburare» (Kei3puiopaa). OxcnepuMeHTalIbHbIE paOOThI 110 MPOEKTY MPOBOAMINCEH C HOSOPS
2002r. mo wmaptr 2004r. VYyacTku [Ans8 ONBITOB BHIOMpaNM Ha TOYBOTPYHTaX pPa3HOIo
IPaHyJIOMETPUIECKOTO COCTaBa M 3aCOJICHHUS BOIHM3H BOCTOYHOTO MOOEPEkbsi ApabCKOro Mopsi Ha
yuacTtke, obcoxmem B 1970-x rogax, B ypouniie Kozxxernec. [locaaky u moceB ceMsiH cakcayia,
rpe0eHIMKa W capca3aHa IMPOBOJUIIN C HWCIOJIb30BaHWEM Jiecomocanounor Mamuubl CJIY-1M
JMHEWHO-TIPSIMOYTOJIBHBIM MeTOJIoM (252.5 ra) u pyuHsIM criocobom (9.5 ra) Ha rimyouny 20-25 cm
(oxamantukoB u ap., 2003; Oraps u np., 2005 a, 6).

Ha ocHoBanumM pe3ysiabTaToB, MOJYYEHHBIX BO BPEMs 3THUX SKCIIEPUMEHTOB Ha 5 ONBITHBIX
yuactkax, JI.A. JlumeeBa u B.H. Ilepmutuna (2006) oueHunu 3HaY€HHE MOYBEHHO-TPYHTOBBIX
YCIOBUM AN TNPWKUBAEMOCTH pacTeHHi. OHU TOKa3aiaw, YTO TJaBHBIMU (pakTopamu,
OTIPEIENISIONUMHE TIPHKUBAEMOCTh CAXKEHIIEB, SBISIFOTCS CyMMapHBIH 3D (eKT BIMSHUS TOKCHYHBIX
MOHOB M TPaHYJIOMETPHUECKUI COCTaB KOpHEOOHTaeMbIX ropu30HTOB. [1o pucyHky 22 BHIHO, YTO
Hauxyjllas TMpWKUBAEMOCTb HAOMIOJaeTcsl Ha YydacTKaxX, rie HauOojiee BBICOKM 3HAUYECHUSA
cymmapHoro 3¢ dekra TOKCHUHBIX cojiel u 0oJiee TsDKENbIi rpanylIoMeTpuyeckuii coctas. Orcrona
aBTOpBI JI€NAl0OT BBIBOJ O TOM, YTO 3aMEHa TSDKEJIOro 3aCOJIEHHOIO TpYHTa MECKOM SIBISETCS
HaunboJee nepcrneKTUBHON (hOpMOI MEMOopaIy COJIOHYaKOBBIX oYB. Kak mokasanu mpoBeeHHBIE
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HMU DOKCIICPUMCHTBI, BHCCCHUC IICCKA 3HAYUTCIIBHO YJIY4IIacT @HSHKO-XHMH‘ICCKI/IG CBOMCTBaA
34COJICHHBIX ITIOYB M ITOBBIIIACT IIPUKHUBACMOCTh CaAXKCHIIECB CaKcayjia — 110 91.6%.
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Puc. 22. 3aBuUCMMOCTh TPHIKUBAEMOCTH CaXKCHIIEB cakcaylia OT (U3HKO-XMMHYECKHX CBOWCTB
3aCOJICHHBIX TO4YB. Ycinognvie obOo3nauenus: 1 — cymmapHblii 3(()EKT TOKCHMYHBIX HMOHOB, M-
9kB/100 T mouBel, 2 — coaepkanue (pusmueckor TIMHBI, %, 3 — mpwxHUBaeMocTh, % (Iumeena,
[Tepmutuna, 2006). Fig. 22. Dependence of saxaul saplings survival rate on physical-chemical
characteristics of saline soils. Notes: 1 — total effect of toxic ions, mg-eq/I00 g of soil, 2 — content of
clay, %, 3 —survival rate, % (Iumeesa, [Tepmutuna, 2006).

Bbicokasi mpukuBaeMOCTh Ca)KeHIIEB cakcayia (B cpeaHeM 87%) oTMedeHa Ha NMPUMOPCKHUX
necyaHeiXx moyBax (puc. 22, ydactok 4). OHa o00ycloBI€Ha CpEIHEW CTEMEeHBIO 3aCOJICHUS
KOpPHEOOUTAEMOT0 CJI0sl IPU CyMMapHOM 3¢ dekTe TOKCHUHBIX HOHOB — 3.59 mr-3kB/100 T MOYBHI.
ConepxaHue TOKCHYHBIX COJiel Tpu cynbdaTHO-XxyopugHoMm ture 3acoieaus — 0.28-0.31%.
Ha rmy6une 60-70 cM HaOmromaercs cuinbHOe 3aconeHue — 6.144 mr-ake/100 T mouBkl, cofepxKaHue
ToKcH4UHbIX cojielt — 0.49%. BomnbIoe 3HaueHNE UMEET TakKe TPaHyTOMETPHUUECKUI COCTAB TIOYBHI.
IIpy oAMHAKOBBIX 3HAYEHMAX COJEpPKAHUSA TOKCHYHBIX COJIel Ha TMecyaHbIX IOYBAX
MPUKUBAEMOCTh HAMHOT'O BBILIE 110 CPABHEHHUIO C CYNECYaHBIMU.

AHanu3  pe3yiabTaTOB MOJYYEHHBIX IpPU OpraHu3allMd W y4dacTus B  IPOBEACHUU
MHOTOYHCIICHHBIX JKCIIEPUMEHTOB, aan ocHoBaHue JI.A. JlumeeBoit u B.H. Ilepmurtunoit (2006)
crienarb 0000IIeHHE 110 HKOJIOTHH PEKOMEHIYEMbIX UMHU BUJIOB JJIs1 (PUTOMENIHOPAIIMH U YCIOBUSIX
00COXIIEero JAHa MOPs, B KOTOPBIX MX MOCAIKU MOTYT AaTh ONTHUMAaJIbHBIN METHOPAaTUBHBIN 3P PexT.
Yepnsriii cakcayn (Haloxylon aphyllum) — 3acyxo- u cosieycToiurBOE MyCTHIHHOE JCPEBO BBICOTOM
no 7. OTHOcHUTCA K COJICHaKaliMBarolmuM Trajgoduram (3yramodpuram). Beicota pacrenus
MEHsIeTCsl B 3aBUCUMOCTH OT YCJIOBHH mpou3zpacTanus. Ilpu riayOokoM 3ameraHu rpyHTOBBIX BOJ
oOpazyeT ¢hopMy KycTapHUKa BBICOTOH 1.5-3 M, Ha MOYBax ¢ OJIM3KMUMU TPYHTOBBIMU BOJIAMU UMEET
apesoBuIHYI0 (opMy. Ha ocymeHHo#t monoce Apana MOXKET HPOM3pacTaTb B HIMPOKHX IO
HKOJIOTMUECKOHN aMIUIUTY/I€ YCIOBUAX: NPU YPOBHE TPYHTOBBIX BOJ OT 1 10 3 M M HUXKE Ha MOYBAX
pa3HONl JMTOJOTMM: IIECKaX, CYyNECsSX, CYIVIMHKAaX, IJIMHaX W 3aCOJIEHUU IIOBEPXHOCTHBIX
ropu3oHToB OT 0.2 u cBeime 7%. JJomuHupyet npu 3aconennu ropuzonta 0-10 cm ot 0.2 10 4% u
YPOBHE TPYHTOBBIX BOJ 1-2 M Ha CyTJIMHKaXxX U INIMHAX, IpH 1-1.5 M — Ha neckax u cynecsix.

Tamapukc, rpebenmuk (Tamarix elongata, T.ramosissima, T.laxa, T.hispida) -
COJICYCTOMYMBBINA, 3aCyXOyCTOWYMBBIH W CBETONIOOMBBIA KYCTapHHK BbIcOTOH 1.5-2.5 M.
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Ha ocymienHoil mnosoce Apaina Buabl TIpeOCHIIMKAa MOTYT [pOM3pacTaTh B IIUPOKHUX I10
HKOJIOTMYECKON aMILTUTYZAE Mpeaenax, HO YCIOBHS JTOMHUHHPOBAHUS Pa3HbIX BUIOB OTIUYAIOTCS.
Tak, rpedenmuk meruaucroBosockiii (T. hispida) momuuaupyer npu 3aconerun ot 0.2 10 4% u
ypoBHE rpyHTOBBIX BoJ 0.5-1.5 M Ha rMHAX U CyIVIMHKaxX M HE HMXKE 1 M — Ha cylecsx M IecKax.
I'pebenmmuk poixisii (T. laxa) mpeamoynrTaeT MOYBHI JIErKOro cocraBa. OOpasyroT 3apocid U
JOMHUHHUPYIOT TPU YPOBHE TPYHTOBBIX BOA 0 | M, Ha meckax u cynecsx npu 3aconenuu 0.2-4%,
Ha CyrlinHKax — He Oonee 1%. B 3TOM sKcnepuMeHTEe HEOXKHMIAHHO IMPOSBHIOCH BO3JEHUCTBHE
TPYOHO YYUTHIBAEMOTO MPUPOTHOTO (aKTopa: yCIeNIHas MPUKUBACMOCTh TAMapHUKCa Ha yJacTKaxX
B nojioce oOckixaHusi 70-x rooB okazanach npobieMaTHYHOMN K3-3a 3aceleHus: Ouoromna 3ailiamu,
VHUYTOXKAIOIIUMHU TTOCATKH.

Capcazan (Halocnemum strobilaceum) — coseycToiuuBbIi MOIyKyCTapHHUEK BBICOTOM OT 30-
40 no 50-70 cm. Illerer Ha 2-3-ii ron >xu3HM. B Bo3pacte 8-12-Tm jeT ocoOu ceMEHHOTO
MPOUCXOXKACHUS OTMHUparoT. [Ipy MOHMXKEHUHM YpOBHS TPYHTOBBIX BOJ HIDKE 3 M pacTeHUe
repecTaeT IJI0J0OHOCUTh, a HUXe 4-5 M — orMupaer. Capca3aH BBIIEP’KUBAET 3aCOJICHUE MOYBBI
Bbimie 50% u MuHepanu3anuio TrpyHTOBOM Boabl cBbimie 100 r/m. Pa3smHOXaeTcs cesHIaMu U
YKOPEHEHHbIMU 4epeHkaMu. Ha ocyiieHHo#l mnonoce Apana MOXKET Npou3pacTaTh MPU YPOBHE
rpyHTOBBIX BoJ OT 0.5 10 3 M u Huxe, npu 3aconeHuu oT 0.2 1o 7% u BbllIE HA MOYBOTPYHTaX
pa3HOro cocTaBa: IE€cKaX, CyMNecsX, CYIJIMHKaX M TiIuHax. J(OMUHHpYeT Mnpu 3acoleHHUH
MOBEPXHOCTHBIX TOPU30HTOB OT 1 10 7% u ypoBHe rpyHTOBBIX BojJ 0.5-1.5 M Ha cyriauHKax u
mmHax, npu 0.5-1 M — Ha meckax u cynecsx. s Toro 4roObl MOCaaKKU capca3aHa COXPaHSIIUChH
JIOJITO, €T0 CIEeAYET CaXKaTh Ha Yy4acTKaxX C MIIyOMHOM 3ajieraHusi TpyHTOBOM BOJIbI HE HUXE 1.5 M.

B pamkax npoekta «CoxpaHEHHUE JIECOB U YBEJIMYEHUE JIECUCTOCTU TeppuTopuu PecnyOnuku
Kazaxcran», nmogaepxannom ['9® B 2008-2014 rr., 66110 CO3AaHO OKOJIO 56.5 ThIC. ra HaCaAXACHUI
(doto 7). TlpmwxkuBaemocth coctaBisia oT 5 10 40% B 3aBUCHUMOCTH OT MPABUIIBHOCTH BBIOOpA
Y4aCTKOB U Ka4eCTBa MOCAJI0YHOTO U MIOCEBHOTO MaTepHalia, COOII0IeHNs TEXHOIOTHI U TOTOIHBIX
ycioBuii. MOHUTOPUHT, TipoBeieHHBIH Ha 10 y4acTkax ¢ cakcaynom 3-10(15)-netHero Bo3pacra,
nokasain ([umeeBa u ap., 2017), uro 4ncieHHOCTh cakcayna BapbupoBaia oT 75 no 1400 sk3/ra,
coxpanHocTh — 0T 22 10 90(100)%.
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®oto 7. Ilocagku uyepHOro cakcayna Ha oOcoxuiem gHe Mopst B FOxuom I[lpuapanse (Ilomos,
2017). Photo 7. Planting area of black saxaul on the dry sea bottom in the Southern Aral Region
(TTomos, 2017).

B Mexnypsanpax mpoucXoIuiIo camMo3apacTaHue 3a CUET CEMSIH B3pPOCIbIX pacTeHuil. YnCcIeHHOCTh
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Pa3HOBO3PACTHBIX CESHLEB Oblja BBILIE, YEM COXPAHUBLIMXCS B3pOCibIX pacTeHuil, — ot 1400 mo
52000 »k3./ra. Ha otnenpHbIX yuacTkax copmupoBasics puroreHHbiit peabed BoicoToit 20-40 cm,
YTO CBUJETEIBCTBOBAIO O TOM, UTO PACTUTEIILHOCTh IPEJOTBPAIIAET BHIHOC I1ECKA C 3TOT0 y4acTKa
U aKKyMYJIMPYET EPEHOCUMbIE BETPOM YaCTHIIbI C IPYTUX YYaCTKOB.

YcnemHple 3KCIEPUMEHTHl 10 TO0CaJKe JPEBECHO-KYCTaPHUKOBBIX BHJIOB PACTeHHM OBLIN
npoBenensl B HOxkHoM [lpmapanbe MexayHapogHOW TpyNIoil ucciemoBaTenei, TIyOOKHd u
BCECTOPOHHHMM aHaM3 TIOJYYEHHBIX pe3ynbTraroB jgaH B paborax JK.B. Ky3emMunoii wu
C.E. Tpemkuna ¢ coasropamu (Ky3semuna u np., 2004, 2006; Ky3smuna, Tpemkun, 2007, 2009,
2010, 2013). Ilenpro MPOBOAMMBIX MM AIKCIIEPUMEHTAIBHBIX PAOOT OBUIO IMOJYYEHHUE OMBITA IO
(OpPMHPOBAHUIO YCTOHNUMBBIX TalO(PUIBHBIX COOOIIECTB HAa CUIBHO M CPEAHE3ACOJICHHBIX ITOYBAX
OCYIIIEHHOTO JHa Apaiibckoro mops. g satoro B MyiinakckoMm paiione Kapakaimakcrana B 6 kM
kK CB ot mocenka MyiiHak, B ObIBIIeM 3anuBe PrpIOankuii Ha OCTATOYHBIX COJIOHYAKax JHA
Apainbckoro mopsi, oocoxiiero B 1985-1990 rr., 6bu1 BbIOpaH y4acToK, IUJIOMAAbIO 2 Ta, C MOJIOro-
BOJIHUCTBIM penibe()OM, CIIOKEHHBIH CyNeCYaHO-CYTIIMHUCTBIMH MOPCKHMH OTJIOXKEHUSMH U
IPYHTOBBIMH BOJIaMH Ha ri1yOuHe oT 5 10 8 M (hoto 7).

B xonme mpoBeaeHus SKCIEPUMEHTa PEIIINCh 3a1aud: 1) 1o BBHIOOPY NMOIXOMASALINX BHIOB,
pa3paboTKe TEXHOJOTHMH MOCAJAOK M TMOJHBY (IIOCKOJIBKY TPYHTOBBIE BOJBI ObUIM HEIOCTYITHBI
pacTeHusiM) JUIsl TIOBBIIIEHHS YCJIOBUH IPU)KUBAEMOCTH CaKEHIIEB M BBDKHUBAHUS CESHLIEB;
2) 10 U3YYCHUIO BIHUSHHAS HA POCT PACTCHHH TEMIIEPAaTypbl M OCAJKOB; BBISBICHUIO BIIHSIHUS
nocazok (OMOTHYECKOro KOMITOHEHTA) Ha CPey KOCUCTEM (a0MOTHYECKUH KOMITOHEHT): COJIEBOM
npoduiib MOYB U MUKPOKIMMATHYECKUE YCIOBHS (TeMIlepaTypy M BIAXHOCTh BO3JyXa U IIOYB)
O61OTONOB; 3) IO U3YYEHHIO OCOOCHHOCTEW POCTa M Pa3BUTHSI PACTEHUI BO BPEMEHH.

Buvibop 6udos. JIns sSKcriepUMEHTOB ObUIM  BBIOpPAHBI JPEBECHO-KYCTAPHUKOBHIE BH/IBI:
cosieycTonuMBBIA BHJ 4epHbIid cakcayn (Haloxylon aphyllum), menee ycroiiumBblii kK 3acoieHUIO
uepke3 (Salsola richteri) u usBectHbie kak nmcammoduTsl Kycrapuuk xky3ryHn (Calligonum caput-
medusae) u tepecken (Ceratoides papposa). Bce oHr XapakTepHBI ISl 30HATBHBIX PACTUTEIBHBIX
COOOIIECTB M SBISIIOTCS XOPOUIMMHM KOPMOBBIMH pacTeHHMAMHU. YepHbI cakcayl M YepKe3
BBICQ)KUBAJIM OJHOJICTHUMH CaxeHIaMu BbicoTOM 10-30 cMm, Xy3ryH — YepeHKaMu, TEPECKeH —
cemeHamu. [locamounslit Mmatepuan obecneunBancs MyHHaAKCKIM JIECX030M.

Texnonoeuss nocaooxk u yxooa. llepponauanpHo B 2002 T. mocagku TMPOBEIH HaA
CIUITAHMPOBAHHOM Yy4YacTKe, IPOBEIM MOJIUB U OOPOHOBAHHUE Ui YAAJICHHUS COPHAKOB — COJISIHOK.
Ho neGnaronpusiTHple morojHsle ycioBuss BecHbl W jeta 2003 roga mpuBend K TOMY, 4YTO
NPUKUBAEMOCTh Ca)KEHIIEB Obula oueHb HHM3KOW. Kpome Toro, mocie monuBa u GOpOHOBaHUS Ha
MOBEPXHOCTU 00pa3zoBanach TOHKAas KOpKa M3 INECKa U CoJieil, KOoTopas Iepepes3ajia KOpPHEBbIE
neku caxeHueB. [loaToMy SKCIEpMMEHT MOBTOPWIM HA YydacTKe pacnojoxkeHHoM B 300 M
K BOCTOKY OT mpenbiaytiero (43°48.8' c.m., 59°2.55' 8.1.; Ky3pmuna u np., 2004, 2006).

Jis  mpenoTBpalieHusl 3acOpeHHsl TOCaJA0K OJHOJIETHUMU COYHBIMHM TajopuTamMu ObLIO
npoBeeHo He OopoHoBanue, kak B 2002 u 2003 romax, a riybokas Bclalika TEPPUTOPUH U
3aKiangka rpsja. PaccTosHue Mexay rpsaamMu yeTaHOBWIH B 2 M. CasKeHIIbl BBICAXKHBAINUCH BJIOJIb
rpan uepe3 Kaxaple | mim 2 M (Ha pa3HbIX y4yacTKax Ha pa3HbIX paccTOosHUAX). ['panka oT rpsaku
otaensuack yriyonsenueM B 30-45 cM s cOopa BOJBI JTUBHEBBIX OCAJKOB M MPEAOTBPALICHUS
oOpa3oBaHMsl COJITHOM KOpPKM Ha TIOYBE, a TaKKe /s OCYILIECTBIEHHUS JIETHUX IIOJIMBOB.
Jli1g mpoxoJ1a CeNbCKOXO035HCTBEHHOIO TPAHCIIOPTA Yepe3 KaKple 6 Ipsii OCTaBIISUICS IPOMEKYTOK
B 6 M. DKCIIepUMEHTAJIbHBIN Y4acTOK ObLI pa3/iesieH MoJI0coil ¢ 6ojee 3HaUUTEIbHBIM yIITyOJIeHHEM
(70-100 cM) Ha KOHTPOJIBHBIN W OIBITHBIA BapuaHThl. Ha JKCIIEpUMEHTATHLHOM YYacTKE TOJIHB
MIPOBOAMIICS, HA KOHTPOJIBHOM — HET.

Bropoii pa3 3akmaaky SKcClepUMEHTa — IOCAIKy KYCTapHHUKOB TMpoBoauin 19 nexaOps
2003 roma Bpy4YHYIO, MCTOJB3Ysl MPHU ITOM TOJATOTOBJICHHBIN JIECX030M TOCAIOYHBIA MaTepHall:
cakeHipl cakcayina (Haloxylon aphyllum) u uepkesa (Salsola richteri) B Bospacre 1 roma u
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kycrapHuka xy3ryHa (Calligonum caput-medusae) — uepenkamu. Ha 3ToM ke COJOHUAKOBOM
yuactke 17 ampens 2004, mocie OOWIBHBIX JOXACH, MO TMOJATOTOBJIEHHBIM 3apaHee TIpsijaam
BbICeBaJIcs ceMeHamu mnosykycrapHuk Ceratoides papposa. CemeHHoi marepuan Obul coOpaH
aBTopamu ocenbto 2002 u 2003 rr. B paiione nposenenus padot. JK.B. Ky3smuna ¢ coaBTropamu
(2006) obOpaiaeT BHMMaHHE HA TO, YTO BBIIAC, CTPABIMBAHNE MIIH BHITAIITHIBAHKE KMBOTHBIMHU HITH
Kakoe-11M00 BMENIATEIbCTBO UEIOBEKA HA yYacTKE IIOCAJO0K HE OTMEYAIOCh HU pa3y 3a BCE TOJbI
HAONIO/IEHUH, TOATOMY JMHAMHUKA BCEX H3MEPSEMBIX MapaMeTpPOB 3aBUCUT TOJIBKO OT
€CTECTBCHHBIX (DAaKTOPOB — BHEIIHUX WM BHYTPCHHUX W3MEHEHHWH CpelIbl WM BHYTPH- U
MEXBHUIOBBIX KOHKYPEHTHBIX B3aMMOOTHOIICHUN PAaCTEHUH.

[TonmuB MPOBOIMIICS C Pa30BBIMU KPATKOBPEMEHHBIMH (B TIEPBBIE TPH TOJa TOCIE MOCAIKH,
B 2004-2006 rr.) noiep>KUBarOIIMMU MTOJIMBAMHU 3aCOJICHHBIMU BOJIaMU (MUHEpaJIU3aIus He OoJiee
2.5 r/11) HeGonbumM 06bemoM (100-1800 m/ra, Ho He Gomee 3000 m>/ra). [Tocie MOCAKU MONHB,
0OBIUHO, MPOBOJMJICS JIBa pa3za: B KOHIIE ampess — B CEpPeIUHE Masi U B MIOHE — CEpeAHHE HIOJIS.
Jlnst monuBa ObliIa UCTIONB30BaHa NoxapHas noMma MourHocTeio 800 s1/MuH. Vcnons3oBanack Boga
u3 cOPOCHOTO KOJUIEKTOpa, pacmnoioxeHHoro B 300 M OT yyacTka, ¢ MUHepalu3anuei Boasl 1.9-
2.3 mr/n (Ky3pmuna, Tpemxun, 2009).

Uccnenosarenu (Ky3pmuna, Tpemxun, 2006) oTMeyaroT, YTO H3-32 OPTraHU3AIMOHHBIX
TPYJHOCTEN KOJMYECTBO IOJIMBOB ObUIO TPYAHO peryiupoBaTh. B Teuenue 2004 r. noaus nocaaok
KYCTapHUKOB MPOU3BOAMICS JBa pa3a. [lepolit pa3 monus mpousogmics 15 mas 2004 r. u anuics
4 gaca ¢ pacxogamu Bogsl 10 m%/uac. Takum o6pasom, yuacTok B 0.5 ra momyunmn 40 m° BOJIBL.
[ToBTOpHBIIA, OoNiee AMUTENBHBIN U Ka4eCTBEHHbIN MONUB, ObLT ocymecTBiaeH 7 u 9 utons 2004 r.
B TCUCHHE IBYX JHEil: 7 MIOIs Ha ydacToK B 0.5 Ta mocTymmio 694 m° BOBI ¢ MHHEpaIH3aIeil
2.31/n, a9 urona — 936 M ¢ muHepanuzanueit 2.1 r/n. O6muii 00beM MOCTYNUBIIEH BOABI HA STOT
K€ Y4aCTOK COCTaBUJI B 3TOT pa3 1630 m.

B ecTecTBeHHBIX YCIOBHUSX B TOJbI C OOJNBIINM KOJHMYECTBOM 3UMHE-BECEHHE-JIETHUX OCAIKOB
MIPOUCXOJUT CHIIBHOE PACCOJICHHWE aBTOMOP(HBIX COJIOHYAKOB B IEPBOM METPOBOM CIIO€ TOYBHI.
Haubonbiiee pacconeHne HCIBIThIBaIOT BepxHHe 30 cM mouBsl (puc. 23).

K.B. Ky3zpmuna u C.E. Tpemkun (2006) moOsSCHAIOT, 4TO BOJa, MOJaBaeMas Ha Y4YacToK,
MPAKTUYECKH HE 3aJIepXKUBATACh B MEXIYPAIbAX, a MO MIyOOKUM CyPhO3MOHHBIM TpEIIMHAM U
nmpocajgkaM yXoJAujla B HIDKeNeKallhne TOPU30HTHI MOYBOTPYHTOB, ocTamisisi BepxHue 0.3-0.5wm,
MPAKTUYECKH, CyXUMH. Takum 0O0pa3oM, MOJTHMB HA Y4acTKE COIOHUYAKOB OOCOXIIEero AHa Apala He
uMen oxumaemoro d3Qdexkta, HECMOTpPsS Ha BHYyIIAlomUe o00beMbl MojuBa. JlanpHeime
naomonenuss (Kyspmuna, Tpemkun, 2010) mHO3BOMWIM CUMTATh, YTO BIAroo0ecrne4eHHOCTh
CaKEHIIEB M CESHIIEB OOEcleunBaiach BJAroi HWXKENEeXKalluxX Topu3oHTOB. llojmepkuBaromime
BECEHHE-JIETHUE TOJMBHI TTOCAOK HA COJIOHYAKAX YIIYYIIAIOT MMOKa3aTelu BIKHOCTH MOYBBI KaK B
kopHeoOuTaeMoMm ropu3oHte 40-110 cMm, Tak u B Oojiee TIyOOKUX CIIOSX MOYBOIpyHTOB — 200-
300 cM, He oka3bIBas, 0JIHAKO, Bo3AeicTBUs Ha BepxHUe 0-20 cM MOYBHI.

Ipusicueaemocmyo. JlnutenbHble HAOMIOAEHUS 32 MPUKUBAEMOCTHIO, BBDKHMBAHHUEM M POCTOM
pacTeHMi Ha 3KcnepuMeHTalbHbIX ydacTkax mno3pomwin JK.B. Kyssmunoir u C.E. Tpemxuny
(2007, 2009) cpematb psa BaXHBIX TMPAKTHYECKUX BBIBOMOB. Oka3anmoch, 4TO B TOIBI C
ONMaronpusATHBIMU TOTOAHBIMU YCJIOBUSMU TPHIKUBAEMOCTh KYCTapHUKOB nocturaet 32-59%,
BTOJbl C HEOJIAronmpUATHBIMH MOTOAHBIMU YcioBUAMU — Juib 0.5-3.5%. B pasubie rojsl
npoBefeHus: uccineaoBanuid (HaumHas ¢ 2002 r.) mpuKUBaEMOCTh CAXKEHIIEB cakcaylia B TEPBBIN
roJl TIOCJIe TIOCAJIKK OYeHb CHUJILHO KoJsiebanach: oT 46-59% (mocaaku 2003 r.) u 39-43% (2004 r.)
no 2.5-3.5% (2007-2008 rr.) u 0.5% (2006 r.). Takum 0Opa3om, B MEPBOE MOIYTOAUE IOCIE
MOCAJIKU TOJIOBAJIBIX CAXEHIIEB ralo(UiIbHBIX BUAOB Ha COJIOHYAKax HaOIroAancs MaKCUMalbHBIN
MPOLIEHT UX OTMUPAHUsA. 3aTeM B Bo3pacTe 3.5 roja HacTymuia akTHUBHas (a3a pocTta U pa3BUTHS;
a HauuHas ¢ 4-X JIeT BbDKUBAHUE KYCTApPHUKOB CTaOMIM3UPOBAJIach, COXPaHAACh Ha OJTHOM YPOBHE
B T€YCHHE MOCTEAYIONINX 3-X JIET.
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[MonbiTky BIpacTuTh depeHkamu Calligonum caput-medusae Ha cosoH4Yakax 0OCOXIIEro JHa
Apanbckoro mops (B nekadbpe 2002 r., anpene u aekadbpe 2003 r.) mpu pa3HOW arpoTexXHUKE (IOcye
OOpOHOBaHUS M MO TpsijaM) He yaanuch. Kak mpu mojmBe, Tak W 0€3 MOJHMBAa NPUKUBACMOCTh
yeperkoB Calligonum caput-medusae ouenbr Huskas (0.03-6.1%), Y9TO HE COOTBETCTBYET
MOCTABJICHHOW 3ajiaue HaWTH BUJbl PACTCHUMN JIJISI MEIHOPAIIUN COJIOHYAKOB B TIPOM3BOJICTBEHHBIX
MacmTadax.
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u ap., 2004). Fig. 23. Comparative distribution -280 1 v 4
of salts in a soil profile on a site with bushes, 500+ (N

watered during different seasons of 2003: a) in cm
spring (before planting), b) in autumn (0.5-year-
old plants; Ky3emuna u ap., 2004).

Pesynbratsl onbiToB Takxke nokazanu (Kyssmuna u ap., 2004), uto y tepeckena (Ceratoides
papposa) Ha COIOHYAKaX BCXOXKECTh CEMSH M MPUKUBAEMOCTh TPOPOCTKOB OBUTH OYE€Hb HU3KHUMH.
[TosToMy Takxke ObUIM CIENaHbl BBIBOJABI O HENPUTOAHOCTH HCIIOJIB30BAaHHUS ATOr0 BHIA IS
BBIpALMBAaHUS HAa COJIOHYAKAX.

Pocm u pazeumue casicenyes. OCHOBHOW POCT YEPHOTO cakcayjla M YepKe3a Ha COJIOHYaKax
HauyMHaeTcs B Bo3pacTte 3.5 rojga, B TO BpeMs Kak Ha IECYaHBIX IOYBaX K ATOMY BO3pacTy
dbopMuUpYIOTCS yKe MONHOIIEHHBIE coo0IecTBa BEICOTOM 2.5-3 merpa. Ha conmonvakax ke cpemHsis
BbICOTa 6.5-IETHUX pACTeHHWH cakcayna gocturaiga Bcero jumib 170-190 cm. MakcumanbHbII
MIPUPOCT BBICOTHI pacTeHMsI 000MX BUOB JAIOT B TEILTYIO MOJOBUHY I'oJja — € arpesis o HOsIOpb, HO
IIPY 3TOM TOKAa3aTesM XOJa pocTa y depKes3a MOYTH B JIBa pa3a HUXKe, yeM y cakcayna. [lepsoe
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IUIOJJOHOLIEHNE OIBITHBIX IIOCAJOK CaKcaylla M 4YepKe3a Ha COJOHYAKax OTMEYaloCh JIOBOJIBHO
MO3JHO — TOJBKO B Bo3pacTe 6 JieT, a MmepBoe IUJIOJOHOIICHHE TepecKkeHa — B Bo3pacte 4.5 roxaa
B ceHTs0pe 2008 r. (Ky3pmuna, Tpemkun, 2010). [Tocne 6-netHero Bo3pacra cakcayil HadYMHACT
0oJiee aKTHBHO YBEIUYHBATH JUAMETP KPOHBI, B TO BPEMs KaK pOCT B BBICOTY 3aMe IIETCS.

Iloces cemenamu — cpaBHEHHE C TMOCaIKoW caxeHlamu. llocie mepBbIX MMONyTOpa JIET
COXpaHHOCTh B MoceBax (cemeHamu) Ha ciabo3aconeHHbix (0.3%) mousax cocrasisiia 70-80% ot
MEPBOHAYAIIbHO  B3OIIEAIINX, HO U3-32 BHYTPUBHUJOBOW KOHKYPEHIMH Yepe3 KaxKIble
MOCIIEAYIONIUE TIONTOa U3 COCTaBa coo0IIecTB Boimaaano 10 50% OT COXpaHUBIIUXCS PACTCHHIA.
Taxum 00pa3om, COXpaHHOCTh [TOCEBA YEPHOTO CaKcayila Ha HE3aCOJICHHBIX Mo4Bax B MyiiHaKCKOM
paiione yepe3 Tpu roja cocraBwia 8-10% ot mepBoHadanbHO#. [loaTOMy OBLT clenaH BBIBOJ
(Ky3pmuna, Tpemkwn, 2010), 4ro Ha coJoHYakax oOCOXIIEro JHa ApajdbCKOro MOps,
(buTOMENNOPAIHIO MPEIIOYTHTEIBHO MPOBOANUTH CAKEHIIAMHU OHOTO T0J1a.

Cka3zaHHOE MO3BOJISIET CYMTATh, YTO MOCAJKH COJEBBIHOCIMBBIX BHIOB KycTapHHKOB Salsola
richteri u Haloxylon aphyllum na cononvakax o6coxiieli 4acTi ApajbCKOro MOps 11e7ec000pa3Ho
MPOBOANTh HE CEMEHaMH, a CaXCHIIAMHU TOJWYHOrO Bo3pacTa, BbicoToil 17-30 cm (uckirouas
MoCaZKy Melkux, MeHee 10 cM, pacTeHHuit), TOCKOJIBKY MPHKABAEMOCTh U COXPAaHHOCTh CA)KECHIIEB
Ha CHJIbHO3aCOJIEHHBIX MOYBaX B MEpBbIe JIBa roja mocie nocaaku B 10-50 pa3 Bbilie, yem mocie
MOCAJKU CEMEHAMH.

Ponv nonusa. Kax BUAHO W3 TPUBENEHHBIX Tpa@UKOB, MPUMEHEHHBIH MO KUBAIOIINN
10JIUB 00ecreunBaeT MOBBIIIEHUE COXPAHHOCTH IOCAJIOK cakcaysa B 2 pa3a U 4epke3a — B 3 pasa,
[0 CpaBHEHUIO C KOHTpojeM (puc. 24 a, 6). OHAKO OH HE CUIIBHO CKAa3aliCs Ha BBICOTE PACTEHUU
cakcayJia o CpaBHCHHIO ¢ KOHTpoJjieM (puc. 24 a, 0).

Huskopocnbie 5K3eMILIAphI CAXKEHIIEB cakcayjla M YepKe3a pacTyT OJMHAKOBO IJIOXO KakK MpH
MoJINBE, Tak U 0Oe3 MOJMBa, MO3TOMY Ha COJIOHYAKax LieraecooOpa3HO MCMOIb30BaTh CPEIHUN U
BBICOKHI MOCa0uHbIi MaTepuan (BeicoToit Oonee 10 cm). B nenom, mokazatenu pocra cakcayna u
Yyepke3a Ha COJIOHYakax ¢ IMOJMBOM M 0O€3 MojuBa BCE WLIECTh JIET MOHMTOPHUHIA OKa3alluCh
nocratouyHo Onuskumu (puc. 25a, 6). Tak, MakcumanbpHasi, CpelHsAS U MHUHHUMaJbHas BBICOTA
pacTeHu YepHOro cakcayia B Bo3pacte 6.5 net B mae 2009 r. okazanach Ha ydacTKax IMOCAJIOK C
MOJIIEP>KUBAIOLINM TTOJIMBOM B psifax dyepe3 2 M — 289 cm, 189.4 cm u 75 cm, a B koHTpoie — 250,
170.1 m 95 cM coorBercTBeHHO. JlJI1 Yepke3a MakCUMallbHas, CPEIHSAS U MUHUMallbHas BbICOTA
pactenuii B Bo3pacte 6.5 net B mae 2009 r. Ha yyacTKax ¢ MOAJIEPKUBAIOIINM ITOJTHBOM JOCTUTIIA —
188, 89.9 u 15 cm, B kontposie — 120, 50.1 u 13 cm coorBercTBeHHO. Kak BuAMM, BIHSHHE
MOJIIEP>KHUBAIOLIETO MOJIMBA JUIsl pOCTa YyepKe3a 0ojiee CyIECTBEHHO, YeM IS cakcayia, IOCKOJIbKY
YBEJIMUMBAET CPEIHIOI0 BBICOTY PAacCTEHMM Ha y4yacTKax ¢ MOJMBOM B 1.8 pasa mo cpaBHEHHIO C
KOHTposieM. B Toxe BpeMs Mojiiep KUBArOIINIA MOJIUB caKcayia MOYTH HE OKA3bIBACT BIMSHHUE Ha
XO/Jl €r0 pocTa.

Bruanue pasnou niomuocmu nocadku Ha pocm u pazeumue. AHAINA3 paclpe/ieNeHus] BbICOTHI
pacTeHuil 4epHOro cakcayjia Ha y4acTKax C TOJIMBOM M B KOHTPOJIE ISl IBYX pa3HBIX METOJOB
rpagoBoi mocanku (depe3 1 m 2 M) mokazai, 4TO 3TH METOJbl JAI0T MPHUHIMIIHAILHO pa3HbIe
pesyabTaThl (puc. 26). Tak, mis pacTeHuil B Bo3pacte 6.5 JeT, MOCAKEHHBIX B rpsaax depe3 1 M,
pacmpesieieHne BBICOTHI OTAENBHBIX JK3EMIULSIPOB pacTeHuil (puc. 26, kpuBas 1) Bceraa
npeoOyiajaio Haja pacnpefesieHueM JauaMerpa HX KpoHbl (puc. 26, kpusad 2). Ilpu stom
y pacCTeHMii, TMOCAKEHHBIX B TpsAax dYepe3 2 M, paclpeaeneHue auameTpa KpoHbI (puc. 26,
KpuBas 4) Bcerja MpeBbIIaNo pachpeesieHne UX BhICOTHI (pHc. 26, kpuBas 3). Takum oGpaszom,
MOKAa3aTeIN BBICOTHI CAKCAyJIOB, MOCAXEHHBIX 4epe3 | M, ObUTM BBIIIE MOKAa3aTeNel JUaMeTpoB
KpoH B cpenHeM Ha 20 cM, B TO BpeMs KaK y MOCaKEHHBIX 4epe3 2 M KpoHa Obuta OOJbINE, YeM
BbICOTA — B cpeHeM Ha 12 cMm. Kpome Toro, BbICOTa M AMAMETP KPOH PaCcTEHUH, IOCAXKEHHBIX YepPe3
2 M (puc. 26, xpuBbie 3 u 4), ObUIM OOJIBIIIE, YEM ITH K€ MapaMeTPhl Y PACTEHUH, MOCAKEHHBIX
yepe3 1 M (puc. 26, kpuBbie 1 u 2) — Ha 10-33 cm u 35-90 cM COOTBETCTBEHHO, AJisI OCHOBHOM
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Macchl pactenuit (st 89-93%, T. e. 1151 CpeITHUX U BBICOKUX IK3EMIUISIPOB).

% 1

100 /‘_M- & & A

80

60 Y Bl ey )
/ ~—eo——=o

e

20
0 T T T T T T T 1
V b AV e vi a2 i o2
. Q . -
2 &7 ¢ &y BT &Y mY &%
_— RS 2w I - O RO -— 0 = @
z S S S =] P Ec P — Eo
S me ic jan L] =) =] S
ol o ol v ™ ol & &1
Q @)
Bpewms, BoO3pacT mocajgok B rogax
a)
%
100
) Mo _ il
80 ....................
/"\“g
60 /'I ~
N
~
40 /f \e*~~'
X TTe e —-
20
0 T T T T T T T 1
Y, A g 2m v 2 v A
= & 29 &y BT &Y = &%
ST 25 BE 23 Sg ESE % EE
~3S ma 5° KA =3 moe =& mo
ol ol ol | ol v~
@) o
BpeMmsi, Bo3pacT moCca0K B rojgax
0)

Puc. 24. TlpmwxuBaemocts (*) u coxpanHocTh (%) pacteHuit cakcayia (a) U dyepkesa (0) B mocaakax
Ha 00COXIIIEM JHE Apanbcxoro MOps 1) C NOAACPKUBAIOIIMM IIOJIMBOM B IICPBLIC [IBa I'ola U 2) B
koHTposte — 0e3 nmonmuBa (Kyssmuna, Tpemkun, 2010). Fig. 24. Survival (*) and adaptability (%) of
Haloxylon aphyllum (a) and Salsola richteri (6) in automorphic solonchaks of the Aral Sea dried
bottom 1) watered for the first 2 years and 2) not watered (Ky3pmuna, Tpemikus, 2010).

bnarogapss mocTaBlI€HHOMY 3KCHEPUMEHTY C TOCAJKaMHU Pa3IUYHON IJIOTHOCTH YAAJOCh
ycranoBuTh (Ky3pmuna, Tpemkun, 2010), uro Ha conoHYakax oOcoxiero gHa ApaiabCKOro MOps
IUaMeTp KpOHbl M BBICOTAa PACTEHUH cakcayia 3aBUCAT OT TECHOThl MOCAaaKHU, a Hauboiee
OnmaromnpusTHA ISl HUX OoJiee peakas mocaaka. Uem oHa tecHee (depe3 1 M), TeM HUXKE pacTEHUS U
MEHbIIIe JUaMETP KPOH, a BbICOTa IpeobiafaeT Ha/l IUPUHON KPOHBI U (OPMUPYIOTCS BBHITSIHYTHIE
pactenus. [Ipu Gonee mpocTopHO# Mmocanke (depe3 2 M) pacTeHHUS BBIPACTAIOT KPYITHEE U BHIIIIE,
IIMpUHA KPOHBI IMpeobiasaeT Haja BBICOTOM, (QOpPMUPYIOTCS OOJbIIKME SK3EMIULIphl ¢ Oonee
PaCKUIUCTON KPOHOM.
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Puc. 25. I'paduku xoma pocta cakcayna (a) u uepkesa (0) ¢ MoAep>KUBAIOIINM ITOJHMBOM B IIEPBLIC
2 Toxa (croniHble KpuBbIe 4-6) U B KOHTpoJie Oe3 moimBa (TMyHKTHpHBIE KpuBble 1-3; Ky3pMmuHa,
Tpemkun, 2010). Fig. 25. The growth of Haloxylon aphyllum (a) and Salsola richteri (6) with
sustaining watering during the first 2 years (curves 4-6) and without watering (dotted curves 1-3;

Ky3bmuna, Tpemkun, 2010).

CpasHumenvbHble XapaKkmepucmuky pocma 6uoos. JlmurenbpHble HAOIIOISHHS 32 POCTOM BHJIOB
U UX OTHOIICHHEM K BJIare IMoKa3ajH, 4TO Ha COJOHYaKaX OOCOXINEro jJHa ApalbCKOrOo MOps
nocanku uepHoro cakcayna (Haloxylon aphyllum) nyume nepenocst pedunmr Biaru mpu
COKpaIllEHHH BBITIAJEHUS aTMOC(EPHBIX OCaJKOB, YeM mocaaku yepkesa (Salsola richteri). B 2.5-4-
netHem Bospacte Haloxylon aphyllum maer Gonmbmmii mpupoct BbIcOTHI, yeM Salsola richteri.
Ha cosnonuakax depkes UMEET Takke B JBa pa3a 0oJice HU3KYIO MPHKABAEMOCTh B KOHTPOJIE, YeM
cakcayi. Ilocre mpekpaiieHus MOJMBOB COXPaHHOCTh TepeckeHa Ceratoides papposa mamaer Ha
Bcex ydactkax. Ho mpu 3ToM Ha ydacTkax, rjie paHee MMoJUB MPOBOIUIICS, coxpaHHOCTh Ceratoides
papposa ocraeTcs BhINIE B J1Ba pa3a. Ero BeicoTa mpu MmoJiMBe Takke ocraercs Oonbiie B 1.5 pasa.
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DTO0, BEPOSATHO, MOKHO OOBSICHUTH PACCOJISIONIUM BO3JIEUCTBUEM Ha IPYHTHI, KOTOPOE OKa3bIBAIOT
IIPOBEICHHBIE ITOJIUBBI.
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Puc. 26. Pactipenenenust BoIcOT (KpuBbie | 1 3) 11 qraMeTpoB KpoH (KpuBbIe 2 U 4) paCTeHU YepHOTO
cakcayna 6.5-netHero Bo3pacta (B mae 2009 T.) Ha rpsI0BBIX Tocaakax yepe3 1 M (kpuBble 1 u 2) u
yepe3 2 M (kpuBbie 3 u 4; Kyspmuna, Tpemkun, 2010). Fig. 26. Distribution of the height (curves 1
and 3) and crown diameter (curves 2 and 4) of the 6.5-year-old black saxaul in May 2009, planted on
ridges every 1 m (curves 1 and 2) and 2 m (curves 3 and 4; Ky3pmuna, Tpemkun, 2010).

Ilocoomnvie ycnosus. Jlnsi Xopolled TNPUKUBAEMOCTH CaXEHIIEB cakcayja W 4YepKe3a Ha
COJIOHYAaKaX HEOOXOMUMbI OJaronpHsTHbIE IOTOJHbBIE M KJIMMAaTHUYECKUE YCJIOBUSA: B MEPBYIO
ouepe/b MOBBIIIEHHOE KOJIMUECTBO aTMOC(epHbIX ocaakos (140-220 MM) o cpaBHEHHUIO C HOPMOH,
a TaKKe He OYEHb XOJIOJJHBIC 3UMBI (CO Cpe/IHeH TeMIepaTypoii B caMblil X010HbIH Mecsl] -1-2°C),
HE OYEHb JKapKOE JIETO (CO CpeaHel TemIepaTrypoil B caMblii XOJNOAHBI Mecsn +26-27°C) u
OTCYTCTBHE 3aMOPO3KOB B BECEHHMI MTEPHO/L.

H3yuenue enusHus nocadok Ha MUKpOKIuMam TPOBOAMIIOCH Ha SKCIEPUMEHTAIBHOM y4acTKe
BecHOi 2008 roma. beumn opranm3oBaHbl HabOmroAeHus 3a Temmeparypoil (°C) U OTHOCHUTENbHOU
BIIQXKHOCTBIO Bo3yXa (%), a TakyKe TeMIepaTypoi MOYBHI U BIAKHOCTHIO BO3/yXa B TIOpax MOYBHI Ha
paszsbix rimyounax (40, 100, 150 cm) oz 5.5-neTHumu pacteHUsIMU. J[jis 3TOH 1€ UCIOIb30BaTUCh
aBTOMaTHYECKUE MPUOOPBI-PErUCTPATOPBl TEMIEPATypbl M OTHOCUTENbHOW BiaxkHocTH (IBDL —
Termohygrograph DS1923-F5, Termochron DS1922L -F5, Hygrochron DS1923-F5).

Habmionenust mokaszanu, 4YTO Ha Yy4yacTKax C IIOCAJKaMH cakcayida Ha oOCOXIIeM JHE
ApasbCcKoro MOpsi B TEUEHUE BCETO T'01a OTMEYAETCS JOCTOBEPHOE IIOHUKEHUE CPEHEN CYTOUHON
Temmeparypsl Bozayxa Ha 0.9-1°C no cpaBHEHUIO ¢ OTOJIEHHBIMU y4acTKaMu 0€3 pacTUTEIbHOCTH.
IIpu 3TOM TOJNIBKO B XOJIOAHOE MONYrojue (C OKTAOpS MO ampeiab) OTMEYAETCs JOCTOBEPHO
3HAYUMOE YyBEJIMYEHHE OTHOCUTENIbHOM BIIQKHOCTH BO3JyXa Ha ydacTKax IOJ] CaKcaylIoM I10
CPaBHEHHIO C OTOJICHHBIMH y4acTKaMu 0e3 pacTutesbHOCTU. BoisiBnennsle namenenus (Kyspmuna,
Tpemkun, 2009) 00BACHIIOTCS BIUSHUEM KU3HEACATEIPHOCTH PACTEHUH HA OKPYKAIOIIYIO CPEY.

K.B. Ky3zpmuna u C.E. Tpemwkun (2013) BbIIOJHUIM €II€ OAHO BAa)KHOE HCCIIECJOBAHHUE —
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M3YYWIM pONb TIyOuHBI 3ajeranuss YI'B uis mocnenyromiero pasBUTHS CaXEHIEB YEPHOTO
cakcayna. PaccmaTpuBaroTCs Ba yyacTKa MOCaJIOK cakcayia Ha 0OCOXIIeM JHe ApanbCcKoro Mops,
BBIMOJIHEHHBIX MyliHakckuM Jsiecxo3oM PecnyOnuku Kapakanmakctan B gekabpe 2004 r.
Tepputopusi 3TUX y4acTKOB 0CcBOOOMMIHCH U3-11oja Boabl B 2000-2001 rT., 1 B mepuoa MOCaIKH
B nekabpe 2004 r. onn umenu pazinuuHblii ypoBeHb YI'B. Ha yuactke Ne 1 oHM Haxonuiauch Ha
rnyoune 0.5 M, Ha ygactke Ne 2 — 0.7 m. Yuactok Ne 1 pacniosioxen npumepHo B 45 kM (doto 8),
ero  koopmuHatel:  44°09'31.30"-44° 09' 26.40"-44° 09' 27.80"-44° 09' 31.9" c.mr.,,  58° 51' 58.50"-
58° 52' 04.60"-58° 52' 02.40"-58° 51' 57.60" B.1. YuacTtok Ne 2 pacnonoxkeH B 42 kM (orto 9) k ceBepy
OT Mnocenka MyitHaK Ha 00COXILIEM CYTJIMHUCTO-TIECYaHOM JIHE APajIbCKOr0 MOPs, IPEACTaBISIOIIEM
co00# THIPOMOPQHBIE COTOHYAKH C TTOBEPXHOCTHOM IJIOTHOM KOPOYKOM COJICH, KOTOPHIE TOSBUIIHCH
B pe3ylbTare oOOChIXaHHs Mops; ero koopaunatbl: 44°02' 31.49"-44° 02' 36.62"-44° 02' 37.16"-
44° 02' 27.56" c.m., 58° 44' 51.12"-58° 44' 48.61"-58° 44' 56.43"-58° 44' 54.00" B.1.

[Tocanku TPOBOAMINCH MEXAHHM3UPOBAHHBIM W PYYHBIM CHOCOOAMH  CTaHJAPTHBIM
IIUPOKOPSAIHBEIM MeToAoM: 10M Mexay psgamMu. MexaHu3UpoBaHO BIOJIb KaXIOTO psiaa
MPOKJIabpIBaoch yrayonenue (Ha 25-30 cM) Ans yaaneHusl MOBEPXHOCTHON COJIOHYAKOBOW KOPKHU
U TOCIenyromero coopa arMocepHBIX OCAAKOB. 3aTeM BpYYHYIO dUepe3 Kaxkiaple 1.5 M
BBICQ)KUBAJIUCh OJIHOJETHUE CaXEHIbl YEpPHOro cakcayjia. B nanpHedmiemM 5TH MOCAagKU HE
OOBOJHSUIMCh M HUKAKOTO JOTIOJHUTEIHLHOTO YXOJa 3a HUMH HE MPOBOJIWIOCH. BBUIY OOBIION
YAQJIEHHOCTU 3THUX YYaCTKOB OT mocenka MyHHaK U Mpu OTCYTCTBUM JOPOT MOXKHO CUHUTATh, YTO
MOCJIE TOCAAKH CaXEHIIEB Ha HHUX HE OKa3blBAJIOCh HHUKAKOTO TMPSIMOT0 aHTPOIOT€HHOTO
BO3JICUCTBUS U BCE MIPOLIECCH UMEIOT €CTECTBEHHBIN I'eHE3HC.

®oto 8. ['panoBsie mocaaku cakcaymina yepHoro Ha yuactke Ne 1 B 45 kM k ceBepy oT noc. MyiiHak,
doro caemano 31 asrycra 2011 roma (Kyssmuna, Tpemkun, 2013). Photo 8. Ridge plantings of
black saxaul at the plot No. 1, 45 km north to Muynak Village, photo made on August 31, 2011
(Ky3pmuna, Tpemkun, 2013).

Anamu3 gaHHbIX mokaszan, uro B 2008-2010 rr. monoxenue YI'B u 3acoieHue mMOYB Ha JBYX
paccMaTpUBAaEMbIX y4acTKax HECKOJbKO OTIMYaIoch. YuyacTok Nel wumen Oonee Onm3Ko
3aneraomue K mnoBepxHoctu (150 cm) um OGonee mmuepanuzoBanHbie (30.0%) I'B ¢ menee
3acoJICHHBIMH 1o4BaMu (10 1% 1o cp. B3B. 3ac.) M0 CpaBHEHHIO ¢ ydacTKoM Ne 2, y kotoporo YI'B
(160 cm) ObuTH MeHee MuHepanu3oBaHHBIME (18.0%), 1 mouBsl — Gosee 3acosieHHbME (1.5% 110 cp.
B3B. 3ac.). K ocern 2011 r. YI'B u 3aconenue noys Ha yyactke Ne 2 3HAUUTEIbHO MOHU3WINCK: JI0
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210 cm u 10 1.0% cooTBeTcTBEHHO, — B TO BpeMs Kak Ha ydactke Ne 1 VI'B monusmics auib
HEMHOT0, a 3aCOJICHHE 3HAYUTENIHFHO MOBBICHIOCH: 150 cMm 1 1.0% coOTBETCTBEHHO.

®oto 9. I'psanoBble nocaaku cakcayia yepHoro Ha yyactke Ne 2 B 42 kM K ceBepy oT noc. MyiiHak,
¢oro caenano 1 cenrsopst 2011 r. (Ky3emuna, Tpemkun, 2013). Photo 9. Ridge plantings of black
saxaul at the plot No. 2, 42 km north to Muynak Village, photo made on September 1, 2011
(Ky3pmuna, Tpemkun, 2013).

B xoxe nccnenoBanuii ObIIO YCTAHOBJIEHO, YTO y4acToK Ne 1 1Mo XapakTepucTUKaM MOJIO0KEHUS
u 3aconeHus ['B u nmouB Obu1 MeHee OJIaronpusTHBIM IO CPaBHEHUIO ¢ y4acTKoM Ne 2. B TO Bpems
KaKk METOJ M arpoTeXHHWKa MOCaJOoK Ha O0OMX ydacTKaxX ObUIM HACHTUYHBI. Takoe MOJIOKECHHE
CYIIECTBEHHO OTPa3WJIOCh HA PAa3BUTHH BBICAKEHHBIX PACTEHUH W (QOPMUPOBAHWUU Y HHUX
MOJIHOLIEHHOM KpoHBI. [lociie mocaaku nmpmxuBaeMocTh cakcayia Ha yyacTke Ne 1 cocraBuna 32%,
T.e. B IOJTOpa pa3a HMXKE, 4eM Ha yudacTke Ne 2, a cpenHue mNoka3aTeld BBICOTHI PACTEHUH,
JMaMeTpOB KPOH U JHaMeTpoB KopHeBbIX mieek B Mae 2008 r. B Bo3zpacrte 4.5 roga (cnycts 4 roga
rmocyie mocaaku) coctaBisiiu 3aech 138.5, 154.0 u 1 cm coorBercTBeHHO. [Ipym 3TOM OCHOBHas
Macca pacTeHuil Obima BbicoTOM oT 50 mo 152 cm, ¢ nuamerpom kponbel oT 100 mo 175cm u
nuameTpoM kopHeBoil meiiku ot 0.5 1o 3.5 cm. K ocenu 2011 r., T.e. B Bo3pacte 7 J€T, OCHOBHAs
Macca pacteHuid Ha ydactke Ne 1 mmena BbicoTy OoT 65 no 220 cM, nuameTrp KpoHbl — oT 90 1o
270 cm (puc. 27), kopHeBo# mieliku — oT 3 g0 10 cM mpu cpeanux mokazareasx 157.9, 191.4 u
6.9 cM cooTBeTcTBeHHO. TakuMm 00pa3oM, B BO3pacTe 7 JIET HAa y4yacTKe C XYALIMMH YCIOBHUSMHU
cpelbpl TMOCaJAKU cakcaylia oOkasaquch B 1.5 pa3a wmenpye, uyeM Ha YydacTkax c Oosee
ONMaronpusITHBIMU, OHU He M00palid B pOCT€ M JAMAMETPEe KPOHBI MPUMEPHO MO 1 M, a UX CTBOJIBI
ObUTH TOHBIIE Ha TpeTh ((oTto 8, 9).

Ha ruapomopdHBIX coloOHYaKaX C MEHBIIMM 3aCOJIEHHEM IOYB W 0oJiee 3ariayO0JeHHBIMU
TPYHTOBBIMH BOJAaMH I[IOKa3aTeld poOCTa, MPHKUBAEMOCTH, COXPAaHHOCTM U CEMEHHOI'O
BO300HOBJICHHS CaKcay/ia OKa3aJuCh 3HAYNTEIBHO BhIlIe (puc. 27).

HyxHO oTMeTuTh Takke, YTO pa3HHULA B YCIOBHMSIX MECTOOOMTAaHHHM JBYX Y4YacTKOB HeE
OTpa3ujach Ha U3MEHEHUHU BO3pacTa IEPBOIO YCIELIHOIO IJIOJOHOLIEHHS Cakcayjla YEPHOTO Ha
THAPOMOP(HBIX COJOHYAKaX, OJHAKO CYIIECTBEHHO IOBJIMsUIa Ha KOJIMYECTBO, KauecTBO U
COXPAaHHOCTh CAMOCEBA caKkcayia, KOTOpbIi Habmogancs B anpene-mae 2010 r. u ocenpto 2011 1. ot
OCEHHEro IUIOZIOHOIIEHUSI CaXeHLeB 6-leTHero Bo3pacta. llepBoe ycmemHoe CeMEHHOE
BO300HOBJICHHE OT IUIOJOHOCALIMX BBICAKEHHBIX pPACTCHMH cakcayida HaOloJaloch Ha
rUAPOMOP(HBIX CcoJOHYaKax B Bo3pacte 6 yer. Becnoit 2010 roma Ha yuactke Ne2 ObuIO
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3apEruCTPpUPOBAHO OTPOMHOE KOJMYECTBO CEAHLEB 3-MecsyHOro Bo3pacrta. Ha cranmapTHOi
MOJIENBbHOM IuTomake 1 M° MX HAaCYMTBIBAIIOCH B cpennem 245 mryk (ot 208 no 350), B TO Bpems
kak Ha yuyactke Ne 1 mx Opuio B 2-4 paza menbme. K ocenn 2011 roma na yuactke Ne 1 Ha
CTaHJIapTHOH IUIOIIAJIKE COXPAHWIOCH B cpefHeM 110 46 cesHieB (ot 38 1o 61) B Bo3pacte 1.5 roaa.
B 510 %€ BpeMs Ha yyacTke Ne 2 Ha aHAJIOTMYHOM IUJIONIAAKE OCTalIOCh B cpeaHeM 1o 40 cesHieB
(ot 30 o 48; puc. 27).
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Puc. 27. 3aBUCHMOCTh JMaMETPOB KPOHBI OT BBICOTHI pacTeHHii cakcayna deproro (Haloxylon
aphyllum) B pasnom Bo3pacTe Ha rUAPOMOP(HBIX COJIOHUAKAX OOCOXIIEro JHa ApalbCKOTO MOPS:
a) 7 ner Ha ydactke Ne 1, 6) 1.5 roma Ha y4yactke Ne 2. Venoenvle 0603nauenuss: ToO9Ka — 3JIEMEHT
(dakTUyecKol BBIOOPKH, CIUIOIIHAS JIMHMS — JIMHEWHBIM TpPEeH] BHIOOPKH C €ro ypaBHEHHEM U
KO3(QPUIUEHTOM Koppensuuu (r), MyHKTUpHas JUHUS — MpsMas NpsSMO MPONOPIHOHAIBHON
3aBUCHUMOCTH Y=X JJIsl CpaBHEHUs oTKJIoHeHus TpeHaa (Ky3pmuna, Tpemkun, 2013).

Fig. 27. Black saxaul (Haloxylon aphyllum) crown diameter dependence on the plants height of
different ages, growing on the hydromorphic alkaline soils of Aral Sea dry bottom: a) 7-year-old at
the plot No. 1, 6) 1.5-year-old at the plot No. 2. Legend: dots — elements of the actual sample, solid
line — linear trend of the sample, with its equation and correlation coefficient (r), dotted line —
straight line of the directly proportional relation (y=x) to compare the trend deviation (Ky3smuHa,
Tpemkun, 2013).

Tak, Bcxo/bl cakcayia B Bo3pacte 3 mecsieB B Hadasie Mast 2010 r. Ha ydactke Ne 2 umenu B
OCHOBHOM Macce BBICOTY OT 2 10 9 ¢M, MpU 3TOM CpPEeAHss, MAKCUMaJbHAas 1 MUHHUMAaJIbHAs BbICOTA
pacTeHud W3 ITOW HM3MEpeHHOM BBIOOpKH (n=558) coctaBmsnu 6.3, 10 u 1 cM COOTBETCTBEHHO.
K ocenn 2011 r. ocHOBHast Macca caMoceBa cakcayJlia Ha ydactke Ne 2 BbIpociia U IOCTUIIIA BBICOTHI
ot 27 no 109 cm, a cpenHue, MakCUMaldbHbIE © MUHUMAJIbHBIE 3HAYEHUSI BBICOTHI 1.5-rogoBasbix
pactennii (n=102) coctraBunu 62.0, 109 u 20 cM cooTBeTcTBEHHO. BHHO, 4yTO OnaromnpusiTHbIC
YCJIOBHSI MECTOOOUTAHMHA OJIATOTBOPHO BIMSAIOT TOJHKO HA KOJMYECTBO M BCXOXKECTh CaMOCEBa,
IIPH 5TOM €T0 COXPAHHOCTh, MTO-BUIUMOMY, B OOJBIICH CTENEHU 3aBUCUT OT MOTOTHBIX YCIIOBUU.

Takum 00pa3oM, MOKHO CKa3aTh, YTO B PE3YJIbTATE MPOBEACHHBIX IKCIIEPUMEHTAIBHBIX pabOT
(Ky3pmuna, Tpemkun, 2007, 2009, 2010, 2013; Ky3smuna u ap., 2004, 2006) Obuia BbIBeACHA
TEXHOJIOTHS 3aKJIAJKA y4aCTKOB; MCTBITAHBI M MPEIJIOKEHBI BUBI JPEBECHBIX M KYCTAPHUKOBBIX
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COJICYCTOHYMBBIX BHUJIOB, MEPCIEKTUBHBIX Ui (PUTOMEIMOPAIMHA COJOHYAKOB; YCTAaHOBJICHO, YTO
YepHBIM cakcayl M 4YepKe3 MPEeANOYTHTENbHEH BBICAKUBATh OJHOJETHUMH CaKEHLAMH, YTO
cakcayl MOXXHO BBIpAIllMBaTh O€3 IMOJIMBA, a 0ojee YCIENIHOE €ro pa3BUTHE HJET B YCIOBHIX
THIPOMOP(HBIX COJOHYAKOB; BBISICHEHO, YTO BBDKMBAaHHE CAXKCHIICB B IEPBBIC T'OJbI WX KU3HU
MIPOTEKAET yCIIEUIHEe NP OTHOCUTENIBHO 00JIee BIaXXHBIX U TEIUIBIX (0COOCHHO 3UMHUX ) MOTOAHBIX
ycioBusix. Yepke3 M uepHBI cakcayl HAayMHAKOT IUIOJOHOCHUTH B O-JETHEM BO3pacTe, 4TO
CHOCOOCTBYET MOSIBICHUIO CAaMOCEBA.

OKCIIepUMEHTHl € LEeNbI0 Pa3pabOTKH TEXHOJOTMHM CO3[JaHHs ITYyCTHIHHBIX MAacTOMIN Ha
obOcoxmiem JHEe ApanabCkoro Mops mpoBomwiauck B 2003 r. Ha 3eMIIIX COBXO3a «Apan» B
MyitnakckoMm paiioHe Kapakanmakun Ha ydacTKe, paclOJIOKEHHOM Ha 00coXIieM IHE Mops
(43°41.35' c.m1., 59°3.96' B.4.) co ci1ab03acoCHHBIME OTaKbIpeHHbIME MouBamu (Ky3eMuHa u ap.,
2004). Panee B8 CCCP TeopeTnyeckre U MPaKTUIECKUE BOMPOCHI CO3/JaHMS ITYCTHIHHBIX MMAacTOUII B
YCIOBUSIX IMYCTHIHHBIX IJIAKOPOB DPAa3BUBAINCH KPYMHEUIIUMHU YUYEHBIMH CTPAHBI, aKaJleMUKaMH
H.T. HeuaeBoit u 3.11I. llamcyrnunoBeiMm (Heuaea, 1989; Heuwaesa, Illamcyrnunos, 1990;
Mamcytaunos 1975; lamcytnunos 3.111., [Hamcytaunos H.3. 2010). CoriacHo pa3zpaboTaHHBIM
UMHU TEOPETHUYCCKHM IIOJIOKCHHSIM, ITYyCTBIHHBIC ITacTOMINA JOJDKHBI OBITh MHOTOSPYCHBIMU,
BKJIIOYATh PACTEHHUS PA3HBIX KU3HEHHBIX (HOPM U3 IPUPOIHBIX OMOILIEHO30B (JIepPEeBbs, KYCTAPHUKU,
MOJYKYCTAPHHUKH, MOJYKYCTAPHUYKH, MHOTOJICTHHE W OJHOJIETHHE TpPaBbl), YTOOBI ONTHMAIBHO
UCIIOJIb30BaTh PECYPChl IKOJIOTUYECKON HUIIM. BeposTHO, yUHTHIBas 3TO, B DKCHEPUMEHTE OBLIU
WCTIOJIb30BaHBI JIPEBECHBIC, KYCTAPHUKOBBIE U TPABSIHUCTHIC BHIBI.

[ToceB ocymectBnsuicst 3-4 ampenst 2003 roga cemeHamH, COOpPaHHBIMH aBTOPAMHU OCEHbBIO
2002 roma B peruoHe mpoBencHHs pabor. Ilepex moneBbIME paboTamMu OBUIM  BBITTOJHEHBI
KOHTPOJbHBIE  JIA0OpAaTOpHBIE  HM3MEpPEHUsT  BCXOXKECTH  CEeMSH B  YEThIPEXKpaTHOMN
MOCJIE0BATENBHOCTH sl Kaxkaoro Buaa. CpenHsas BcxoxecTb ceMsH i Ceratoides papposa
cocraBuia 48%, mms Haloxylon aphyllum — 40%, mnst Climacoptera lanata — 36%, ans Kochia
iranica — 47%. Ilpopactanue mpoucxomuio B pasHeie cpoku: Kochia iranica u Climacoptera
lanata — B mepuoa ¢ 7-ro mo 15-b1ii qeHb oT Havanda mocaaku, Haloxylon aphyllum — ¢ 7-ro mo 14-
bIif ieHs, Ceratoides papposa — ¢ 8-1o o 16-blii 1CHB.

Jns Kapakannakuu 2003 rof, Mo JaHHBIM aBTOPOB, ObLT HEOOBIUARHO TOKTUBBIM, TIOCTIETHUN
«BECEHHUI» JINBEHb MPOILIET B CEPEIMHE UIOHS, a TIEPBbIE CUJIbHBIE OCEHHHUE J0XK/AU HAYAIUCh YXKe
5 centsi0ps. Ha skcriepiMeHTaIbHOM y4acTKe OBIIM 3aJI0°KEHBI 1BA BApUAHTA OMBITA: C MOJIMBOM U
KOHTpPOJIbHBIN — 0€3. M3-3a OroIHbIX YCIOBUN MOJUB OCYLIECTBISUICS JIUIIb JIBAXKAbl: OJIUH pa3 —
IIPY NOCAJIKE PACTEHUM B HayaJle anpersi, BTopoi pas — 6 asrycra 2003 roga.

[TouBsl Ha yyacTKe OBUTH NPEACTABICHBI TYCTHIHHBIMHU TIECYaHBIMH, c71a00 CPOPMHUPOBAHHBIMU
OTaKbIPEHHBIMU  JIETKOCYTJIMHUCTBIMA ~HAa TECYaHBIX MOPCKUX OTJIOXKEHHsX (puc. 28 a),
ciabo3acoieHHbIX (MpoMbIThIX) ¢ moBepxHocTU (0.35%) M cpeaHe3acoJeHHBIX C TIIYOMHBI 3 M
(0.78%), x10puAHO-CYIb(PATHOTO KATBIUEBO-HATPHEBOTO TUTIA 3aCOJICHUSI.

K ocenn (puc. 28) mouBeHHBIH Tpodrib OKazancs cBOOOAHBIM OT coJiel 0 TryOuHBI 70 cM.
Hwuxe, B ropuzonre 70-130 cM, mpou301II0 HEKOTOPOE YMEHBIIEHHWE COJel, HO Oousiblie, 4eM B
npenpiaymeM ropusonte. Janee no rmyOunsl 200 cMm moyBa oka3zanach He 3acosieHa. Pacconenue
noyBeHHoOro mnpo¢uist, ycranorineHHoe JK.B. Ky3pmuuoit c¢ coaBropamu (2004; puc. 28 a, 0),
JEMOHCTPUPYET SIBJICHHE, PEAKOe JUIsi ATOr0 pEeruoHa, KOTOPOE€ MOXKHO OOBSICHUTH HE
PaCTHTENHHOCTHIO U TOJIMBOM, @ aHOMAJbHO BBICOKHMMH 3HAYCHHSIMH OCAIKOB (TOJ0Basi CyMMa —
200 MM), BBITTABIIMX B OCHOBHOM 3a BETETAIMOHHBIN TIEPHO/I.

[TomyueHHbIE B paccMAaTPUBAEMBIX OIBITAX pPE3YylbTaThl MO POJH IOJKUBA MPH IOCEBaX
NYCTBIHHBIX PAcTeHWH OKa3aiuch HeopauHapHeiMU. ComocraBieHue radbutyca useHs (Kochia
iranica) oceHbl0 B Pa3HBIX ONbBITAX I[I0KA3aJo, YTO €ro BhICOTa B BapHaHTe Oe3 IOJIMBA
(B ecTeCTBEHHBIX YClOBHUAX) Obuta Beime (puc.29). Hambonpimas TycToTa CTOSHHUS pPacTEHUN
Kochia iranica Taxxe oTMedanach Ha KOHTPOJIBHBIX ydacTKax. [10100HbIe pe3ynbTaThl XapaKTePHBI
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U JUIs oyKycrapHuka tepeckena (Ceratoides papposa): ero BbICOTa U TYCTOTa CTOSIHUS PACTCHUIT
TaKkKe ObLTa BBIINIC HA KOHTPOJBHBIX YYacTKax, YeM HpH mojuBe. M TONBKO sl JETHE-OCEHHETO
oJHoJIeTHUKa cosieycToitunBoro Buna (Climacoptera lanata) pesynbraTel KOHTPOJS OBUIM XYyXKe,
4eM pe3ynabTaThl ¢ moauBoM. OKas3aaoch, YTO MPU TOJIHBE OH JAaCT OOJBIIYIO KXH3HEHHOCTH (4-
5 6aIoB) M BHICOTY TP MEHBIIIEM KOJIMYECTBE IK3EMILISIPOB [0 CPABHEHHIO C KOHTPOJIEM.
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Puc. 28. CpaBHuTtenbHOe pacnpe/eneHie conel B ,','
MTOYBEHHOM Npo(uje Ha yUaCTKE B SKCIIEPUMEHTE 2y l’ ol
C BBbIpalIMBaHHEM MACTOUIIHBIX PACTEHUH C 240 L © il
MOJIMBOM B pasHbie ce30HbI 2003 T.: a) BECHOI, 10 -
MOCaAKH  KyJabTyp, ©O) OCEHbIO, pPACTEHMS -260 | e
noryrogoBoro Bo3pacta (Kysemuna u ap., 2004). _— /,"' 7
Fig. 28. Comparative distribution of salts in the S S T
soil profile on the site during the experiment of 3ol o r [ ]
pasture plants growing with irrigation in different cm

seasons of 2003: a) spring, before planting crops,
b) autumn, plants of six-month age (Ky3smuna u
ap., 2004).

B xoje sKcriepiMeHTaIbHBIX pa0doT MpH BhIpalMBaHUK 4epHOro cakcaysa (Haloxylon aphyllum)
u3 ceMsiH O0bu1o ycranosieHo (Ky3pmuna u p., 2016), uTo nepBblii OIUB BO BpeMs MOCeBa ACHCTBYET
YrHETAoIIe Ha €ro MpopacTaHhe Ha COJOHYAKOBBIX IMOYBaX. Ha KOHTpONBHOM ydacTke Oe3 ToimBa
nosiBisieTcst B 2.5-3 pasa Oosblire Bcxoj0B. OHAKO MOTOM B TIEPHUO]] 3HOMHOTO JIeTa JOMOJIHUTETbHbIH
TIOJTUB COJICHOM BOJION CITOCOOCTBYET COXpaHEHUIO B 4-5 pa3 OoJIbIIIeH 0 TTPOPOCTKOB.

Msuoroneraue s3kcnepuMeHTsl B FOxknom Ilpmapanbe, BbimonHeHHsle JXK.B. Kyspmunoit c
coaropamu (2004, 2006), mokasanmu, uTto Ha crnadbo3aconeHHbIX mouBax IOkuoro IIpuapanbs
BhIpalBaHue oaHojeTHuka Kochia iranica m monmykycrapuuka CeratoideS papposa B YCIOBHSX
MOBBIIIEHHBIX aTMOC(EPHBIX OCAIKOB MOXKHO MPOBOIUTH O€3 MOJKBA, HO IS OJHOJIETHUKA-Taio(uTa
Climacoptera lanata nomue nHeoOxomum. [Ipu BbIpalMBaHWM YEPHOTO Cakcaylda W3 CEMsiH Ha
COJIOHYaKax 00COXIIIETO JHA AaTbCKOTO MOPSI TTOJIMB 3aCOJICHHOM BOI0M HEOOXO MM B JICTHHUI TTEPUO/I.
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Puc. 29. CpaBHI/ITeJ'IBHOC pacrnpeaciicHue Cpe,I[HCI\/'I, MaKCHUMaJIbHOM W MHUHHUMAJIILHOM BBICOTHI
pacTeHHil B KOHIIE BereTalMoHHOro mepuona st Tpex BumoB (Kochia iranica, Climacoptera
lanata, Ceratoides papposa) mpu monuse u 6e3 (Ky3ssmuna u ap., 2004). Fig. 29. Comparative
distribution of average, maximal and minimal plant height at the end of the growing season for
three species (Kochia iranica, Climacoptera lanata, Ceratoides papposa) with and without
watering (Ky3pmuHa u nip., 2004).

dutoMenupanus 00coxiiero aHa ApanbCcKoro Mopsi — InpoOjema, KOTopas HpPHBIEKAaeT B
HacTosIee BpeMsi HayqHOe COOOIIEeCTBO BCEro Mupa. YueHsle MHOTUX cTpaH (MU3panns, ['epmanun,
SAnonun, @paHuuu U JIp.) caMu U ¢ y4acTHEM HallMOHalIbHBIX KoMaHa u3 Kasaxcrana, Y30kucrana
u Poccun ocymecTBIIsIIM MPOEKTHI MO pa3paboTKe HOBBIX U MCIOJIB30BAHUIO YXKE CYIIECTBYIOLIMX
TEXHOJIOTUI BBIPALIMBAHUS M MPOBOAMIN MOCAJAKH MACCHUBOB JIPEBECHO-KYCTAapPHUKOBBIX BHJIOB.
B IOxHoMm Ilpuapanse ycnemHo pa®oTaeT HMpOEKT MO MPUBICUEHUIO TYPUCTOB M3-3a pybexa K
MOCaJIke CaKeHIeB Ha AHe Bbicoxiero mMops (¢porto 10). B pexname 3Toro mpoexra oObsICHSIETCS,
YTO BBICA/IKA JIEPEBHEB M KYCTAPHUKOB IO3BOJIUT CO3aTh OOLIMPHBIE JIECHBIE MAaCCUBBI, CIOCOOHBIE
YIYYIINTh KIMMATHYECKHE YCIOBUA pernoHa. s 3Toro Biacth MyHHaKCKOTrO pailoHa BBLACIINAIN
4.3 ra 3emenb ¢ OMAronpusATHBIMHU MEIHMOPATUBHBIMU YCIOBHSIMHU B paiioHe OBIBIIEH MOJBOJIHON
yacTu JaenbThl Amynappu. Ilo MHEHMIO 3KCIIEpTOB, BBICAJKA PACTEHUH B OCHOBHOM JIOJKHA
yIAEpKHUBATh MbUIb CO JIHA, KOTOpasi Pa3HOCUTCS BETPaMU HA COTHU KMJIOMETPOB U MaryOHO BIIUSET
Ha MecTHYIO (¢ayHy u ¢uopy (Catanosckas, 2020).

Heoxunanublif 1 MpakTUYECKU 3HAYMMBIA BKJIaa B MpolieMy (puToMennopanud MOPCKOTro
nua BHecnu ydenble u3 Kutas (Kim et al.,, 2020), koTopble MpOBENIH HCCIEAOBAHHE, YTOOBI Ha
OCHOBE JAaHHBIX JUCTAHLMOHHOTO 30HAMPOBAHMS BBIIBUTH Ha 00COXIIEM AHE ApaibCKOro MOpS
TEPPUTOPUU, TPHUTOJHBIE IO  SKOJOIMYECKHMM  IOKa3aTelnsiM Uil (DUTOMEIHOpALUH.
OHM UCNIOIB30BAIM TAaKUE I10KA3aTEIM, KaK HOPMAaJIM30BaHHBIM pPa3HOCTHBIM BEreTalMOHHBII
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unaekc (NDVI), mokaszarenb rpaHyloMeTpUYECKOro coctaBa BepxHero ciost rpyHToB (TGSI),
nokasarensb 3aconenus noyB (CCU) u nopmupoBanubliii nnaekc 3acynuuBocta (NMDI) , kotopbie
ObUTH TIOMY4YEHBI C TOMOIIBIO CIIYTHUKOBBIX H300pakeHuil. 3arem 3HaueHuss NDVI Obiin
pas3zeneHbl Ha TPH TPYIIBI U MOJIOKEHBI B OCHOBY KJIACCH(UKAIMK APYTUX MOKa3aTeslel myreM
MIPOBEJICHUSI CTaTUCTHUYECKOro aHanuza. Ha ocHOBe Meroaa JepeBa peuieHuil ObLTH 00beIUHEHbI
WHJICKCHI M BBISIBIICHA TUIOINIA b, TOTCHIIUATBHO MIPUTOIHAS ISl IPOU3PACTAHUS PACTHTEIBLHOCTH, U
cocraBieHa kapta. B pezynbrate NDVI Obu1 BbIllIe Ha I0T0-BOCTOKE, YEM Ha 3amafie uccieyeMoin
TeppUTOpUU. Pe3ynbTaThl CTaTUCTUYECKOTO aHajM3a MOKa3and, uyTo uHuekc ¢uromaccel (NDVI)
MMeEeT MOJOKUTENBbHYI0 KOPPEJISIHUIO ¢ MHACKCOM IpaHylomMeTpudeckoro coctaBa rpyHtoB (TGSI),
B TO BpeMsi Kak C mokaszarerem 3acosnenus mouB (SSI) m mumexcom 3acynumBoctu (NMDI)
KOppessius oTpunareiabHas. Mcxoas u3 3Toro, noTeHUUaNbHast II0MAAb sl IPOBEICHUS MTOCAIOK
6bula OmpexeneHa paBHOH 7295.21 kv’ (61.34%), «menomxomsimas» — 2818.64 kv’ (23.7%),
«rpomexytounas» — 1612.15 KM (13.56%), «ouenp mnoaxonsamas» — 166.42 KM (1.4%).
[Tony4yennass uHpOpMaNKs MPEACTaBICHA B KaPTOrpadUuecKOM BHJE, U C €€ IMOMOIIBI0 MOXKHO
ONpEeAEeNUTh Ha MOPCKOM JIHE TIOJIOKEHHE KaXJAOro KOHKPETHOTO Y4YacTKa TeppUTOPUH,
MEPCIICKTUBHOTO JUIsI  (PUTOMENHOPAIMA C OKOJIOTHYECKHX IMO3ului. Kwuralickue aBTOPBI
(Kim et al., 2020) otmeuaroT, YTO CBOEH pabOTOil OHU XOTEIM BHECTH BKJIAJ B IJIAHUPOBAHHUE
BOCCTAHOBJICHMSI U IIPEIOTBPALLEHUS IeTpajJallii 3€MEJIb B 3TOM PETUOHE.

®oro 10. [Tocaaku cakcayina Typuctamu Ha obcoxiem aHe mopst (Caranosckas, 2020).
Photo 10. Black saxaul planted by tourists on the dry sea bottom (Caranosckas, 2020).

[IpencraBnsercs BecbMa NMEPCIEKTUBHOM padoTa, B X0/1€ KOTOPOil MOXKHO OBbLIO OBl IOCETHTH
3TH Y4aCTKU U C MOMOIIBIO 3KCIPECC-METOAOB OLEHUTh UX MEIHUOPATUBHBIE XapaKTEPUCTUKU IO
¢dusnyeckuM mnokazarensaM, npemioxenHsiM B.C. Kasepunsim ¢ coaBropamu (2005), BEIACTUBIINM
Takke 4 KaTeropuM 3eMellb 10 HKOJOTHYECKH OJIM3KUM (PU3MKO-XMMUYECKMM IOKa3aTelsiM
yCIO0BUIl METHOPATUBHOIO OCBOCHHUS: JTUTOJOTUU OTI0XKEHHH, 3aCOJIEHUI0 KOPHEOOUTAEMOTO CII0s,
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coaepkanuto HoHOB Cl u SO, riryOuHe 3ajeranusi © MUHEpaJIN3allui TPYHTOBBIX BOJI.
BoiBoabI Kk paszjaeny

Ananu3 myOnuKaruii o npoodieme GpuToMeTHopaIu 00COXIIel YacTi MOPCKOTO JHA TOKa3all,
YTO K HACTOSAIIEMY BPEMECHH MPOBEAEH OOJBIION 00BEM DKCIIEPUMEHTAIBHBIX HATYPHBIX padoT,
KOTOPBIi TTO3BOJIHIT:

— IOJIyYUTh  XapaKTEPUCTHKHA OOCOXIIEr0 MOPCKOTO JHA M BBIICIUTh 4 KaTeropuu
IKOJIOTMYECKUX YCIOBUH Ui MpOBEICHHS (PUTOMEIHOPAIMM Ha OCHOBAaHMM OIICHKHA THIIA
OTJIOKEHHH M0 TPaHYJIOMETPHUECKOMY COCTaBY, 3aCOJICHUIO B KOPHEOOUTAEMOM TOJIIIE U TIIyOHHE
3ajIeraHus TPYHTOBBIX BOJI;

— BBIABUTH BHJBI, Haubojee IEPCHEKTHBHBIE JUIA MEJIHOpAlid CaMbIX CJIOKHBIX B
MEITHOPATHBHOM OTHOIICHHH COJIOHYAKOB Ha CY[JIMHHCTBIX W TJHMHUCTBIX  OTJIOKCHHAX
TeppuTopuii, obcoxmmx B mepuox ¢ 1970-x mo 1990-e romel: uepHbiii cakcayna (Haloxylon
aphyllum), capcazan (Halochnemum strobilacea), a takxe omnonernue comsaku Climacoptera
aralensis, Halogeton glomeratus, Atriplex pratovii, Suaeda acuminata. J{jst MeHee 3aCOJCHHBIX
MOYB CYTITHHUCTO-CYIIECYaHOTO COCTaBa BO3MOXHO TaK)Ke UCIOJIb30BaTh uepkes (Salsola richteri).

— y3HaTh, YTO YEPHBIM cakcayl M 4YepKe3 MPEAIOYTUTEIbHEH BBICAKUBATH T'OJIOBAIBIMH
caxkeHiamu Beicotout 17-30 cm;

— pa3paboTaTh TEXHOJOTHH Ul OCYHIECTBICHHUS (DUTOMEITHOPATUBHBIX PadOT, KOTOpPBIE OyIyT
YYUTBHIBATH MEIMOPATHBHBIE OCOOCHHOCTH KOHKPETHBIX Y4aCTKOB;

— YCTaHOBHTH, YTO YEPHBIN CaKcay/ U capca3aH MMPEINOYTUTEIbHEN UCIT0Ib30BaTh B MOCAIKAX
Ha y4acTKax ¢ TUAPOMOP(HBIMHU YCIOBUAMH, a capcasan — npu YI'B He riyoOxke 1.5 m;

— y3HaTh, YTO JOMNOJHUTEIBHBIM ITOJUB COJEHBIMH BOJAMH ¢ MHHepamu3amnueil g0 2.5 mocie
MOCaJIKM CAXKEHIICB MMOBHIIIACT BEDKUBaHKE CaykeHIleB uepkesa u costaku (Climacoptera lanata);

— BBIICHHTB, YTO TIONYJISAIUH TPaBOSIHBIX MPEACTABISIOT OMNACHOCTh JUIS BBDKHBAHUS
MIPOPOCTKOB U MOJIOJIBIX Ca)KCHIIEB,;

— YCTaHOBHTH, YTO TIPHKUBAEMOCTH M COXPAHHOCTh CAXKEHIIEB Ha CHJIBHO3ACOJIEHHBIX TI0YBaX B
nepBbIe J1Ba roja mocie nocaaku B 10-50 pa3 Beliiie, ueM mociie Mocakd CEMEHaAMH,

— y3HaTh, YTO Ha CJIa003aCOJICHHBIX MOYBax M cosioHyakax FOxHoro Ilpuapanes HamOoiee
OaronpuATHBIMUA JUIss (DOPMHUPOBAHHS PACTUTEIBHOTO IMOKpoBa M3 MHorosnetHuka Ceratoides
papposa u oxnosetHuka Kochia iranica MoxHO cyYMTaTh €CTECTBCHHBIC YCIIOBHs (0€3 MOJHBa).
Beicora pacrenmit Ceratoides papposa (cpeaHss ¥ MakCHMMalibHas) TOJOBOTO |
MOJIYTOPAroJM4YHOr0 BO3PAaCTOB OCTAaeTCs BbIMIE O€3 IOJMBOB; KpoMe TOro, 0e3 IMoiMBa Ha
COJIOHYAKAX TAKXKE BBIIIE BCXOKECTh CEMSH U MPIKUBAEMOCTh PACTEHHUH.

3aKjao4eHue

Apanbckuil  Kpusuc, HaudaBmmiics B 1960-x romax, B CBOEH DKOJIOTMYECKOM YacTH
npojoikaercsa B Teuenue 60 ner. Tem He MeHee, TpaHchopmanus npupoaHoi cpeasl [Ipuapanbs,
o0yCJIOBJICHHAsl MaJCHHEM YPOBHS MOpPS M COKpalleHHEM OrPOMHOI0O 3epKaja €ero BOJHOU
MOBEPXHOCTH, HE 3aKOHYeHA. brnarogaps ucciaenoBaHusM, MPOBOJUMBIX B pEKHME MOHUTOpPUHTA,
nocTynaer MHpopManus 0 cTabuiIn3aiy OTAEIbHBIX MPOLIECCOB U 3aBEepIIEHUH NepeOpMUPOBAHUS
MIPUPOJIHBIX KOMILJIEKCOB M OOBEKTOB MpHpoaHOH cpeabl. Tak, B Hauane 2000-x romoB crajo
M3BECTHO O CTaOWIM3alMU yYpOoBHA Majoro Mopss U BOCCTaHOBJIIEHHM €ro COJIOHOBAaTOBOJHOMN
skocuctembl (The Aral Sea ..., 2014), a 3areM — 1 0 cTabWIM3alMK BOJHOTO OaaHca 3amaaIHou
yactu bosbioro Mops (Apansckoe Mope ..., 2012).

AHann3 ucciae10BaHNuM, NOCBALICHHBIX M3YYEHUIO M3MEHEHMs KIMMAaTU4eCKUX IapaMeTpoB B
CBA3M C pa3BUTHEM ApallbCKOIO Kpu3uca, IOKa3zaja, 4Yro K KoHLy 1990-x romoB Ha
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MeTeopoJiorndeckux craniusax lpuapanesa npounsonio cOIMKeHne UX 3HaY€HUH U TOJJ0BOIO X0/a
CO 3HAYCHMSIMU OJM3JIeKALIMX MYCTBIHHBIX METEOCTaHLUH, YTO OYEHb YETKO [OKa3aHO B pabore
B.E.Yy6a (2007). Takum o0pa3oM, 3TO HCCIEIOBaHHME IIO3BOJSET HaM CHENaTh BBIBOZA O
3aBepUIEHUH U3MEHEeHMsI kinumMara [Ipuapanbs B CBA3M € MAJ€HUEM YPOBHSI MODPSI U COKpallleHUEM
ero BoxHOM mnoBepxHocTu. CoBpemeHHbIM Kiumar Ilpumapanes M ero u3sMeHeHHs Tenepb
00YCIIOBJICHBI YK€ LUPKYISIMOHHBIMH IPOLIECCAMHU, MPOUCXOIAIUMHU Ha Tepputopun CpenHeit
A3zuu, ¥ B HacToslee BpeMs UX TEHAEHLMs olpenensercs kak apuaHoe norerieHue (Kyspmuna,
Tpemxkun, 2016). [Ipu oOmem moTerUieHHH KiIUMaTa B OyaylIeM YBEIUYHBACTCS BEPOSITHOCTH
MOSIBJICHUSI UHTEHCUBHBIX «BOJIH Kapbl» (IIEPUOJ C OYEHb BBICOKON TeMIepaTypoil BO31yXa, BbIIIE
39°C) u coxpaHsieTcs BEpOSATHOCTh «BOJMH xojoma». Jms CpenHeil A3um XapaKTE€pHBI CMEHBI
LHUPKYJIALUOHHBIX (CHHONTHYECKUX) 30X, B KOTOPbIE OHOBPEMEHHO IPOUCXOAUT COINIACOBAHHOE
W3MEHEHUE TEMIIEpaTypHOro peXHMa, OCAaJIKOB U CKopocTedl Berpa. OJHa M3 TakuX CMEH
npousonuia B 1960-x romax, korga OTMEYaloCch CHMIKEHUE TEMIEPATypbl BO3[yXa, yBEIUYECHHE
TOJIOBBIX CYMM OCAaJKOB M YMEHBIIEHHE CKOPOCTH BETpPA, YTO CIIOCOOCTBOBAJIO 3aMEIJICHHUIO
[aJIeHUs] YPOBHSA MOps U pa3BUTHs 3Kojoruuyeckoro kpusuca B Ilpuapamse (MosocHoBa u 1p.,
1987; Cy66otuna u ap., 1995; Muaramosa u np., 2002; Cy66oTtuna, Yansimesa, 2006; Uyo, 2007).
HccnenoBanusi, MOCBSIIEHHBbIE MNBUIBHBIM OypssM — HauOoyiee ONAaCHOMY SBJICHHUIO, BCE ellle
dopmupyromemMycsi Ha 00COXIIEM THE MOps, IMOKAa3ald, YTO JUIS WX AKTUBHOCTU XapaKTEpPHBI
NIEPUOJBl YCWIIEHHS U CIaJd, YTO CBA3aHO C U3MEHEHUEM CHUJIbl BETPA B pPa3HbIE KIMMAaTHYECKHE
SMOXH JI0 TeX IOp, IOKa IMOBEPXHOCTh OOCOXIIET0 MOPCKOTO JHAa He OyaeT 3aKperieHa
PaCTUTEIBLHOCTHIO MIIU HE OKAXKETCs BHOBB 101 BOAOH.

W3ydeHre usMeHeHHs KiiuMaTa B X0/1e¢ ApaJIbCKOro KpU3uca B OCHOBHOM IPOXOAUT HA OCHOBE
CPaBHEHHUs CPEJHUX 3HAYCHHH MapaMeTpOB IO AECATUIETHAM U COIOCTABJICHMS MX 3HAYCHMS Ha
METEOCTaHIUAX, PACIOaraBIINXCsl paHee Ha OCTPOBaxX M Modepexbe ApajbCKOro Mops, a TaKXKe
HaxXOJAIIMXCS B MycThIHE. /{1151 oleHKM 3Haunmoctu npoucxonamux usmeHennit JK.B. Ky3pmuna u
C.E. Tpemkun (2016) mpeasioxkmin OTHOCUTENbHBIN KOI(DGUIIMEHT U3MEHEHUH, MO3BOJISIONINI B
MPOIIEHTaX OLEHUTh €ro U3MEHEHHE OT BCEro pa3Maxa U3MEHEHUH (aMIUIUTYIbI €ro KouebaHus) 3a
uccienyembld mepuon. IlpeacraBnsieTcsi, YTO HCMONB30BAaHHE IJTOrO Kod(PPHUIMEHTa BechMa
MIEPCIEKTUBHO HapsALy CO CPEIHUMH 3HAUYEHHUSMM IapaMETPOB U 3HAYEHUSAMHU MX MaKCUMAaJIbHBIX U
MUHUMAJIbHBIX OTKJIOHEHUH, IOCKOJIbKY CO3JaeTCs BO3MOXHOCTb CO BPEMEHEM pa3paboTaThb
COOTBETCTBHUE 3HAUEHHH 3TOro K03((HUIIMEHTA U UX HKOJIOIMYECKOT0 COACPIKAHMHS.

Habmronenus 3a ocHOBHbIMH TOKa3atesiMu knuMata B [Ipuapanse u Cpeaneit A3uu MoCTOSHHO
Be/lyTcs Ha OOJIBIIOM YHCIE METEOCTaHIMHA. YacTh M3 HUX BXOJUT B MEXKIYHApOJHYI CHCTEMY
MeTeoHaOIIolIeHu | JlocTynmHa JAns  uccienosateneil. Ha tepputopun  Ilpuapanes Takux
METeOCTaHLUI TONBKO JBe: Apanbck (Apanbckoe Mope) u UumOail, XOTs CYIIECTBYET JIOCTaTOUHO
rycTas METeoCeTh pecnyOiruKaHCcKoro 3HaueHus. PecriyOnvka Y30ekucran B 1993 romy moamucana
Pamounyto Konsenimro OOH 06 n3Menenun kimmara, a B Hosiope 1998 rona — Kuorckuii mpotoko,
KoTophli  Ob1  patudummpoBan Omuit  Maxkaucom B 1999  romy, moatomy llentp
THPOMETEOPOJIOTMYECKO CiIykObl TpH KabuHeTe MUHHMCTpoB PecnyOmuku (Y3ruapomer) mon
PYKOBOJICTBOM ~ HAlIMOHAJIBHOTO KoopauHaTopa KOHBEHIMHM TNEPHOAMYECKH MOJArOTABIMBAET
HallMOHAJIbHBIE COOOIIeHUsI 00 M3MEHEHHM KiuMmara. B pamkax 3THX COOOIIEHMH MMeeTcsl pasJel,
MOCBSIIIEHHBIN ceBepHbIM paiioHam PecryOiuku, Brimovas [Ipuapanbe. Takum o0pa3oM, MOHUTOPUHT
kiauMaTa [lpuapanes BeeTcst Ha BBICOKOM MEXTyHapOJIHOM YPOBHE, B TOM YHCIIE pa3zpadaThiBaeTcs
MIPOTHO3 JajbHEUIINX U3MeHeHu. HayuHble ccienoBanus o KIMMaTy U €ro U3MEHEHUIO BEAYTCS B
Lentpe rumpomereoponorudeckoil ciyx0sl npu Kabmnere MunuctpoB PY3 (Ysruapomer) u
HayuHo-uccnenoBaTenbCKoM rHIpOMETEOPOIOTHYECKOM HHCTUTYTE PecniyOnuku Y30ekucTaH.

O6coxuiee THO ApalbCKOTO MOPSI B HACTOSIIIIEE BpeMs MIPEACTABISET cO00H 0JJHO U3 OCHOBHBIX
3BEHBEB IPOJOJDKArOIIErocs ApanabCKoro Kpusuca. IIpoBeneHHbIE MCCIENOBAHUSA MOKA3AJIH, YTO
HBOJIIOIUS MPUPOIHBIX KOMILJIEKCOB OOCOXIIEro JHAa B HANpaBJIeHUH (OPMUPOBAHUS KOMILJICKCOB
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MTyCTBIHHOTO THIIA HAXOUTCSI B CAMOM Hadvalle CBOETO Pa3BUTHUS U, BEPOATHO, HAPSAY C JMHAMHKOM
OCTAaTOYHBIX BOJOEMOB OyJeT NpoaJieBaTh CyLIECTBOBaHME ApajbCKOTO Kpu3uca Ha
HEOIPEICIIEHHO JITUTEITLHOE BpEMSI.

HccnenoBanus, HOCBALICHHBIE ECTECTBEHHOMY 3apacTaHUIO MOPCKOTO JTHA, CBUJETEIbCTBYIOT O
TOM, YTO PAaCTUTEIBHOCTh OCBAMBAET HOBYIO CYIILy O4€Hb MeIeHHO. [lnomane camo3apacranus Ha
2017 r. cocraBnsna 200 TeIc. ra. YuacTku, ocBoOoaMBIIHECS 0T BoAbI mocie 2000-x ro1oB, Moka He
3apacTaroT. [laHHBIE ATUTENbHBIX HAOMIOJIEHUN 3a (GOPMUPOBAHUEM MPHUPOJIHBIX KOMIUIEKCOB Ha
TOTIO-IKOJIOTHYECKUX TIPOPUIISIX Ha HOBOM cyIiie BOmM3u OeperoBoit auann 1960-X ro1oB, Ha4aThie
B 1970-1980-x romax (Kypoukuna, 1979; Kypoukuna u np., 1983, 1991; Maxkynbekora, 1979;
Byxpep, 1979, 1990; Umankynos, 1980, 1985; Moxaiinesa, 1979; Hekpacosa, 1979; Koctrouenko,
1979; Kopuuenko u ap., 1983, 1985; I'pssuoa,1979) u mpoaoiKaronUecs M0 HACTOSIIES BPEMS
(Byxpep, bpekine, 2003; Humeera, 2007, 2011), mociyuiud OCHOBaHHMEM sl 00OOLICHUIT O
3aKOHOMEPHOCTSIX (hopMUpoBaHHUs penbeda, MoUB, JaHIMIAPTOB, PACTUTEIHHOCTH Ha HOBOM CYIIIE.

Baxnoe Teopernyeckoe 0000IIEHHE O THIAX MEPBUYHBIX CYKLIECCHH PAaCTUTEIHHOCTH,
dakTopax uX pa3BUTHA, W3MEHEHHHU BO BPEMEHH BHJAOBOTO OorarctBa, (UTOIEHOTHYECKON
c(OPMHPOBAHHOCTH, CKOPOCTH M HANIPABJICHUH CMEH COOOIECTB, 3aBEPIIAIONINX CTAIUAXK, Cerana
JLLA. lumeeBa (2011). Ee uccienoBanune gano BO3MOKHOCTB CAEIAaTh BBIBOA O TOM, YTO OOJIbIIAs
9acTh CYIIECTBYIONIMX HA MOPCKOM JIHE PACTHUTEIBHBIX COOOIIECTB, IPOIICIIINX JUIATEIHHBINA MTyTh
pasButusa (6onee 50 yeT) Ha NMPUOPEKHBIX ydacTKax IHA, BCE €Il€ HAXOAUTCS Ha HAaYaJIbHBIX
cragusix hopmupoBanus ([umeesa, 2006, 2011).

duTtoMenupanus — OCHOBHON MyTh YCKOpeHHsI (OPMUPOBAHUSA MPUPOTHBIX KOMILJIEKCOB Ha
o0coxmieM JHe MOpS ¥ MPEIOTBPAIEHUS IMBUTBHBIX OYPh U TBLJIC-COJIEBBIHOCA HA MPHJICTAIONINE U
OTJAJICHHbIE TEPPUTOPUHU. ODKCHEPUMEHTalIbHbIe PabOThl MO (HOPMHUPOBAHUIO JIECOMOCAAOK U
myOJIMKAalMU TTOJTyYeHHBIX pe3yabTaTaX akTHBHO pa3BuBanuch B mepuoi 1990-2010-x romos, a B
MOCNEAHNEe TOJbl TPAKTHUYECKH HE BENUCh. PaccMOTpeHHe pe3ynbTaTOB HUCCIETOBAHHMA
KOJIJICKTHBOB Ka3aXCKUX, Y30eKCKUX M poccuiickux yuensix (Kasepun u ap., 2005; Jlumeesa u np.,
2000, 2006, 2017, 2018; Ky3smuna u np., 2004, 2006; Kyssmuna, Tpemkun, 2007, 2009, 2010,
2013) moka3ano, YTO K HACTOSIIEMY BpPEMEHH IIpOJejiaHa OrpOMHas paboTa M BBITIOJIHEHA
pa3paboTKa THIOJOTHH JIECOPACTUTENBHBIX YCIOBHI O0OCOXIIIEro MOPCKOTO JHA, METOJI0OB U
TEXHOJIOTUH (PUTOMEITMOPAITUH IS TIOBBIIICHUS] BEDKHBAHUSI CSSIHIICB U CAXKCHIIEB M OCOOCHHOCTEH
pa3BUTHUA PACTEHUN-(UTOMETUOPAHTOB MPHU PA3HBIX TEXHOJOTHSIX U YCIOBUSIX BBIPAIUBAHUSI.

MexayHapoJHOe HaydyHOE COOOMIECTBO TOHMMAET BBICOKYIO 3HAYUMOCTH TPOOIIEMBI
¢dbuTomenuoparuu, U yuensle pa3Hbix ctpaH (I'epmanuu, CHIA, Anonun, paHimm) npuHUMAIOT
aKTUBHOE yJacTHe B pa3paboTKe MPOEKTOB 1O MPOBEICHUIO YKCIIEPUMEHTOB U MIPAKTHUYECKUX padboT
no ¢uromenuopanui. B VY30ekucrtaHe Ha TOCYJapCTBEHHOM YpOBHE pa3padoTaH MOCTOSHHO
JeHCTBYIOLUI POEKT MO (HOPMHUPOBAHUIO JIECOTIOCATOK Ha 00COXIIEM JIHE MOPSI.

K 2017 r. obmas miomans geconocanok, no aanaeiM MI[ KBK, nocturna 500 Thic. ra npu
Iomaan oocoxirero ada 4.7 MiH. ra.

OO6coxiiee THO MOpS B HACTOSIIEE BpPEeMs — OCHOBHOH OOBEKT MPHUPOIHOHN Cpelbl B paMKax
ApanbcKoro Kpusuca, KOTOPBIM MPOJOHKAaeT pa3BUBaThCS U HECTH B cebe yrpo3y cole-
MBUICBBIHOCA HA OOIIUPHBIE TEPPUTOPUU MYCTHIHB, MO-TIPEKHEMY TPeOys BEICHUS HE TOJIBKO
HaOII0IEHUH 3a Pa3BUTHUEM MPHUPOIHBIX KOMILJIEKCOB, OCOOEHHO MPOIIECCOB 3aCOICHUS-PACCOTCHUS
Y TIepEeMEIICHUS MTOIBIKHOTO CyOCTpaTa, a Takke akTHBHOTO BMEIIATEIhCTBA C METhI0 YCKOPESHUS
CTaOMIIM3aIUU BCEX MPOIECCOB.
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In the second part of our article we study the researches on the subject of the climatic parameters
changes in the territory of the Aral Sea region, and their current conditions. The researches were
carried out under the Aral crisis. We describe and discuss the approaches to their study and evaluation,
used by different authors. By the end of the 1990s the values of air temperature and amplitude of its
fluctuations at the island and coastal weather stations approached the values at the desert stations. This
indicates that the period of climate change in the Aral Sea region, which was caused by the drop of sea
level, has ended. The studies on dust storms have shown that their activity is characterized by the
periods of increase and decrease due to the wind strength changes in different climatic ages. The
studies on the natural overgrowth of the sea floor indicate that new terrestrial vegetation develops very
slowly and areas that became waterless after the 2000s are not yet covered with plants. Data of the
long-term observations on vegetation formation in the complex topo-ecological profiles on the new
land that were started in the 1970-1980s and are still going, served as the basis for a theoretical
generalization of the types of primary vegetation successions, factors of their development, temporal
changes of species’ richness, phytocenotic formation, speed and direction of communities’ changes,
and their final stages. We concluded that most of the plant communities that had a long path of
development (more than 50 years) on the coastal areas of the sea floor are still in their initial stages of
formation. Experimental work on the formation of forest plantations on the dried-up sea bottom and
publications on the results were actively developing in 1990-2010s, but now there are practically none.
The results of Kazakh and Uzbek scientists on the development of typology of forest growing
conditions of the dried sea bottom, methods and technologies of phytomelioration for improving the
survival of seedlings and the one-year-old young plants are considered.

Keywords: Aral Sea, Aral crisis, dry bottom, climate, air temperature, precipitation, changes, trends,
assessment, salt and dust transfer, dust storms, drifting dust, natural overgrowth, successions types,
soil salinization, sustainable species, phytomelioration technologies, features of plant species
development in forest plantations.
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