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PaccMoTpeHo BiaMsAHNE M3MEHEHHS KiIMMaTa (HOBBIIICHHE TeMIIEpaTy-
pBI BO3/lyXa XOJIOJHOTO TOJIYTOAMs U OCOOCHHO 3UMHHUX MECALEB H
YBEIMUYCHNE aTMOC(EPHOTO YBIAXHEHHS TEIUIOTO IMOJYTOIUs) Ha pe-
XKUMBl U CBOMCTBa MOYB B 3aBHCHMOCTU OT 30HAIbHO-IPOBHHIUA-
JIbHBIX, TeOMOP(OTIOTUIECKUX U JINTOIOTHUECKUX YCIOBHH Ha IpUMe-
P€ COJIOHIIOBOTO KOMILIEKCA MOJynycThIHHOM [Ipukacnuiickoi paBHU-
HBI ¥ Y€PHO3EMOB [IEHTPAIbHO-EBPOIEHCKHUX U I0XKHBIX pernoHoB Poc-
CHH.

Kniouesvie cnosa: usmenenue kiaumara, [Ipukacnuiickas paBHMHA, CO-
JIOHIIOBBIN KOMIUIEKC, Y€PHO3EMBI.

OO01en3BecTHO, YTO MPHUPOJHBIE ABICHHS, B TOM YHCIEe U KIH-
Mar, MOABEPIKEHBI MUKINICCKAM U3MECHEHUAM, CBA3AHHBIM C I[UKJIAMH
COJIHEUHOW akTUBHOCTH. Hambosiee 4acThl MEPUOBI C MOBBIIICHHBIMHU
WK, HA000POT, MOHMKEHHBIMH, TI0 CPABHEHHIO CO CPETHUMH MHOTO-
JIETHUMM, TIOKa3aTesIMU JUTUTEILHOCTRI0 OT 3 1o 11 jet. bonee nnu-
TENBHBIC IIMKIIBI CIYYAOTCS PEJKO U TeM pexe, 4eM OOJbIIe MX Mpo-
OJKUTENBHOCTh. OueHb penkuMu sBistoTcs 30—50-JeTHre IHKITBI
Bpuknepa, BoIsaBIIeHHBIC TTOCTeTHIM B cepenube XX B. OHU BBI3BaHBI
TaKMMU BHEIIHUMU NPUYUHAMH, KaK «KOJICOAHUS COJTHEUHOW aKTHBHO-
CTH, aBTOKOJICOAHUSMHU CUCTEMBI aTMoc(hepa—OKeaH—TOSIPHBIE JIbJTbD»
(dyrunos, 1960; Poxe, 2009). [Tpu3HaHo, 4TO MOOOHBIN IIMKII HAYAJI-
cs1 B 70-X TOJIaX MPOIILIOTO CTOJETHUS M JUTUTCS 710 cux nop. Ero xapak-
TEPHBIMH MPHU3HAKAMH SIBJISIFOTCSI TIOBBIIIICHHBIC TEMIIEPATYpPhl BO3yXa
XOJIOAHOTO TIOJIYTOMUSI M OCOOCHHO 3WMHHX MECSIEB («TobampHOe
MOTETJICHHUEY ), & TAKXKE MOBBINICHHOE aTMOC(EPHOE YBIAKHCHHUE TETI-
JIOTO TOJTyTOIHUS.
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OCO0EHHOCTBIO 3TOTO KJIMMATHYECKOTO LWKJIA SBISIETCS TO 00-
CTOSATENHCTBO, YTO OH COBIIAJI 10 BPEMEHH C JIPYTHM IHKJINYECKHM
SIBJICHUEM — MOJHATHEM YpoBHs rpyHTOBbIX Box (YI'B), o0ycnoBneH-
HBIM TIOBBIIIEHNUEM COJIHEYHON aKTHBHOCTH M YPOBHS MHPOBOIO OKea-
Ha ¥ BHYTpUMaTepuKOBbIX BogoeMoB (LIIauTHHKOB, 1969; Pone, 2009).
B Hamewm cimydae oHO OBLIO BBI3BAHO €IIIE M MMOBHIICHHBIM aTMochep-
HBIM YBJIQXHEHHEM W HEPalMOHAJIbHON XO3SHCTBEHHOW AEATEIIBHO-
CTBIO YeJIOBEKa, B YaCTHOCTH, OPOIICHHUEM TEPPUTOPHI U3 BOJTOEMOB U
KaHaJIOB B 3€MJIIHOM pyciie ¢ OOJbIION nmoTepel Boabl Ha HHOMWIBTpa-
LUIO0 B TPYHTOBBIE BOJBI. Takoe codeTaHue KIMMATUYECKUX U THAPO-
JIOTMYECKUX (DaKTOpOB B OMNPEAETICHHBIX YCIOBUSX BBI3BAJIO IEpe-
YBJIQKHEHUE ITOYBEHHOM TONIM Jake Ha COCETJHUX HEOPOIIaeMBIX
3eMiX. JJJIUTENbHOE CYIIECTBOBAaHHE IOYB B M3MEHMBLIMXCS yCIOBH-
SIX HE MOTJIO HE TMOBJHITHh HAa UX PEKHUMBI, IBOJIIOLUIO U CBOICTBA, UX
«maMsATh». [Ipu 3TOM BBIpa)KEHHOCTh BIAWSHANA U U3MEHEHHH, KOHEYHO,
3aBUCHUT OT KOHKPETHBIX 30HAJIbHO-IIPOBUHLIMAIBHBIX, T€OMOP(HOIOTH-
YECKHUX, JIMTOJIOTMIECKUX YCIOBUIl, U OHA OOJIbLIE B IAXOTHBIX I10YBAX,
CTpaJaroIliX OT aHTPOIIOTEHHBIX BO3JEHCTBUI, YEM HAaTHBHBIX.

PaccMOTpuM HECKONBKO CIydaeB COBMECTHOI'O BIIMSHHS TIepe-
YHUCICHHBIX (AaKTOPOB Ha MOYBBI CTEMHOW M CyXOCTemHoil 30H EBpo-
nieiickoif Teppuroprn Poccuu BHE 30H OPOIIEHUS, UCIIONB3Ys OMyOIIH-
KOBaHHBIE MaTepHalbl HCCIEJOBAaHUN pa3IN4YHBIX aBTOpoB. [Ipensapu-
TEIbHO HAallOMHHUM, YTO B ITOYBEHHOW THIPOJIOTHH HCIIOJIB3YyETCS MO-
HSTHE TUAPOJIOTMYECKUI TOJl, KOTOPBI B YMEPEHHbIX IIUPOTaxX HAYH-
HaeTcd B OKTAOpe, KOrja MPOMCXOAWT Biaro3apsaka mous. [loatomy
xonogHoe noayroaue (XII) — 3To mepuos ¢ OKTAOPS MO0 MapT CIETYIO-
mero KaneraapHoro roja, a temioe (TIT) — nepron ¢ ampens Mo CeH-
TA0pb, B TEUEHUE KOTOPOI'O IOYBEHHAs Bjlara, B OCHOBHOM, Pacxomy-
erca. [l BBIABIIEHUS TEHACHIMH B U3MEHEHHHM METEOPOJIOTHYECKHUX
MOKa3aresiell UCTOIb3yeTCs] METOA CKONB3SIIUX MATHICTHUX CPEIHHUX
(Pone, 2009), xoTopbIil CriaakMBaeT BIMSHHUE CIydalHBIX KpaTKOBpe-
MEHHBIX OTKJIOHEHHH, a TaKKe€ METOJ BBIBICHUS JIMHEHHOrO TpeHIa
MoKa3zaTers.

B kauectBe mpumepa 3acyuLniugozo pecuona paccCMOTPUM IOIYy-
nycTelHHY0 IIpukacnuiickylo paBHHHY Ha rpaHulie Boisrorpaackoit
obnactu Poccun n 3ananHo-Kazaxcranckoit o0nactu Kasaxcrana. Kax
cienyer u3 puc. 1-3, ¢ cepenunbl 70-X TOJOB Ha TEPPUTOPUH HAOJIIO-
JTAeTCsl YCTOMYHBOE MOBKIIICHUE TeMIlepaTypsl Bo3ayxa XII n ocobeHHO
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Puc. 1. IIpuxacnmii. MHOTONIETHSS M3MEHUYMBOCTH TeMIeparypsl Bo3ayxa (Ca-
nmanoB, 2010). YcioBHele 0003HaUeHHS: | — CpeqHSsA TeMIleparypa BO3ayXa 3a
TII; 2 — ee nuueiHbIi TpeH; 3 — cpennsis BennunHa 3a 100 ner; 4 — cpeaHsist
TemnepaTypa Bo3ayxa 3a XII; 5 — ee nuHEWHbIN TpeHa; 6 — cpenHss BeIUUMHa
3a 100 ner.
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Puc. 2. Ilpukacnuii. MHOTOJICTHSSS U3MEHYHUBOCTh aTMOC(HEPHOTO YBIIaXKHE-

Hus (CamanoB, 2010). YcnoBHbIe 0o0o3HaueHus: 1 — cymma ocankos 3a TIT;
2 — ee MHOTOJICTHUI TpeHT; 3 —cymMa ocankoB 3a XII; 5 — ee MHOTONCTHUI
TPEH[I.

3UMHHX MecsleB, atMmocepHsix ocankoB TII (mpu xapakTepHbIX A
peruoHa BBICOKHX, HO HE MOBBIIIEHHBIX TEMIIEpaTypax BO3ayXa) U MH-
TErpajibHOTO TMOKa3aTeNsl YBIaKHEHHOCTH — KO3 HUIMEHTa yBIaKHE-
uus (KY). B aHoManbHO Teruible 3UMbI TTOYBBI MPAKTHYSCKH HE MPO-
Mep3aJId, CBIPOM CHET He MOABEPTalICsl METEIEBOMY IEPEHOCY U Tasil, a
TaJble BOJbI BO BPEMsI OTTEIEIEH U BECHOM BIIMTHIBAINCH HA MECTE, HE
obpa3ys croka (Camanos, 2010).

56



bronnerens [louBennoro uncrutyra um. B.B. Jlokyyaesa. 2014. Bpin. 73.

0,8 - KoathchuumeHT yenaxHeHus
1
0,6
0,4
cp.
= WrGroneTH
0,2+
Fopaw!
1 1

19I60 19I70 19I80 19‘90 2000 2010

Puc. 3. Ilpukacnuii. MHoronetHsas usmeHunBocth KY (Camanos, 2010).
VcioBHble 0003HaYeHHsA: 1 — eXeroaHas BeIMYMHA; 2 — €€ MHOTOJETHHI
TpeHn; 3 — cpenusis BenuuuHa 3a 100 ner.

[Ipu 3TOM yiydiasach BJIaro3apsjKa MOYB COJIOHIIOBOTO KOMILIEKCA
PaBHUHHBIX TEPPUTOPHUH, MTPOUCXOAMIA ME30(UTH3AINS PACTUTEIHHO-
CTH Ha MacTOMIAX U MPHU UCKIOYCHUN TIEPEBhINaca CKOTa — YBEJIUYE-
Hue npoxyktuBHOCTH (CananoB, Cuzemckas, 2010), a cymMmma ocagkoB
TII wacto mpeBbimana HopMy. OHAKO TPU 3TOM COKpaIlaJICs WIN He
MTPOUCXOAMI BOBCE BECEHHUH CTOK TaJBIX BOJ B TIOHM)KEHHUS Me30pe-
npeda (rmocaenHee 3aToIUICHUE MaauH U TUMaHOB ObuIo 17 JieT Hasaf,
TOT/Ia KaK paHee OHO HAaOII0JaI0Ch KaKIble 5—6 JIeT), TAKUM 00pa3oM,
HE TMOMOJIHSJIUCH BJaro3amnachbl COCPEIOTOYCHHBIX 37eCh Hauboliee
TUTOAOPOTHBIX JIyTOBO-KAIITAHOBHIX (YEPHO3EMOBHAHBIX) TOYB, WC-
MOJIL3YEMBIX O]l TAITHK U CEHOKOCHL. B OTCYTCTBMM CHETOHAKOILIC-
HUS ¥ YMEHBIICHNS TIPU 3TOM BECEHHETO MMOCTYIUICHUS BJIardl yXy/IIIa-
JIOCh COCTOSIHUE TOJIC3alIMTHBIX JICCHBIX TI0JOC U JIPEBECHBIX HACaXK-
IeHuH, yceixamu MecTHble Bogoembl (Camanos, 2010). B pesymsraTte
MOIbeMa YPOBHS 3aCOJICHHBIX TPYHTOBBIX BOJ, CHHXPOHHOTO C TOJb-
eMoM ypoBHs Kacmusi, a Taxke, H0-BUAUMOMY, CBA3aHHOTO C TMOCTYII-
JICHHEM BOJBI U3-TI0JI OPOIIAEMBIX MacCUBOB, ¢ 6—7 no 4-5 m (Carma-
HOB, 2007) HaOMIOIa7I0Ch YBEITUICHHUE 3aCOJICHHOCTH MTOYBEHHOM TOJI-
M KaK COJIOHYAKOBBIX COJIOHIIOB, TaK U paHEe HE 3aCOJICHHOU TOJIIN
JIYTOBO-KaIlITAHOBBIX (YEPHO3EMOBHIHBIX) TOYB. Tak, cojaep)kaHue
colieil B ABYXMETPOBOM CIIO€ TOCJETHUX BO3POCIO B 3 pasza, MOHA
SO,* — B 5 pas, nerkonoasmkubx noroB CI™ 1 Na* — B 10 pa3 (Coxo-
moBa, Cusemckas, Camanos, 2000; Cuzemckas, berakos, 2005). Takum
00pa3oM, Takue HeTaTHBHBIC SBJICHUS, KaK MMOTEPS 3€MEIbHBIX U BOJI-
HBIX PeCypCcOB, KOTOPHIE B 3aCYILIUBBIX 30HAX MPUHITO CUUTATH MPH-
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3HAKaMH «OITyCTBIHUBAHUS», IPOU3OILIH B PE3yJIbTaTe HE apUAN3aLUH
KJIUMaTa ¥ MOBBIIICHUS TeMnepaTypsl Bo3ayxa 111, a moTemnenus xo-
JIOJTHOTO TIOJTYTO/IHSL.

B cmennou 30mne BIUSIHHE aHOMANbHBIX MOTOIHBIX YCIOBUH Ha
PEXHUMBI U CBOWCTBA TIOYB TPOMCXOJIUIIO TI0 JIBYM CIIEHAPHSM:

1 — npu rny6okux (riryoke 5—6 M) TPYHTOBBIX BOJaX W OJIHO-
POIHOM JIMTOJIOTHYECKOM CTPOCHHH ITOYBEHHOU TOJIIM, WUCKIIOYAf0-
1ieM Hajnuuue Onmke 2—3 M OT MOBEPXHOCTH BOAOYIIOPHBIX CIIOEB, HAJl
KOTOPBIMA MOTYT (DOPMHUPOBATHCS BEPXOBOJKH; MPH OTCYTCTBHH IIO-
ONMM30CTH BOJOXPAHIIUIL M OpOIIAEMBIX MACCHBOB 3€MElb, W3-TIOA
KOTOPBIX MJIET yTeYKa BOJIBI B TPYHTOBBIE BOJIBI, BEI3BIBAIOMIAS MTOIBEM
YPOBHS MOCIEAHUX JlaXKe MOJI HEOPOLIaeMbIMH TEPPUTOPHUSIMHU, pacIo-
JIO’KEHHBIMH TT0-COCEICTBY.

2 — mpu ONM3KHUX TPYHTOBBIX Bojax (Omke 3 M), HEOAHOPOI-
HOM JIUTOJIOTMYECKOM CTPOEHHH MMOYBEHHOW TOJIIM W HAIWYIHH BOZO-
YIIOPHBIX CIOEB; OJIN30CTH BOAOXPAHWINIL U OPOLIAEMBIX TEPPUTOPHIA,
B KOTOPBIX MMPOUCXOAMT IMOTEPSI BOABI B TPYHTOBBIE BOJBI; PH Hapy-
LIIEHUN TyTeH €CTECTBEHHBIX IIOBEPXHOCTHBIX M BHYTPHUIIOYBEHHBIX
CTOKOB.

[Ipumepom TeppuTOpHii mepBoro THma MoXxeT ObITh Kypckas
007nacTh, e TUNHYHBIE MOIIHbIE YePHO3EMBI B aBTOMOPQHBIX yCIIO-
BHAX BOJIOPA3JENIOB U MOJOTHX CKJIOHOB Pa3BUTHI HA OJAHOPOAHOM TS-
KEJIOM TTOKPOBHOM CYTJIMHKE, JIWIIb Ha TITyOHHE OKOJO 2,5 M TOACTH-
JIJAeMOM OTHOCHTENBHBIM BOJOYIOPOM — CPEIHUM CYTIUHKOM. ['ImyOu-
Ha IPyHTOBBIX BOJ Oonee 8 M. Ilpu cpaBHeHHH mokasarenei, xapakTe-
PU3YIOIIKUX TOTOJHBIE ycinoBus B mepuoabl ¢ 1947 mo 1972 rr. (mo
«rnobanpHoro noreruieHus») U ¢ 1973 mo 2010 rr., ycranosneno (ba-
3pIkHA, boiiko, 2010), 9To BO BTOpOH BBIJENECHHBIA NEPHOA HMEIO
MecTo 3Ha4yuTeNbHOe noTermieHne XI1 U 0coOCHHO 3MMHHX MecsIeB
(puc. 4), yBennuenne atMochepHOTO yBIakHeHUs B TeueHue TII mpu
TeMIepaType BO3yxa HWKE MHOTOJIETHEN cpenHell (puc. 5) U MOBHI-
mrerre ko3 dunmenta ysiaaxuenus (puc. 6). CrieacTBueM U3MEHSHHUS
KJIMMaTU4YeCKUX YCJIOBUH SBUJIOCH YCHJIEHUE JIyTOBOCTH CTEITHOW pac-
TUTENTFHOCTA KOCUMOW CTENM M 3acelieHHe ydacTKa abCOINOTHO 3amo-
BEJHON CTENH APEBECHO-KYCTAPHUKOBOW pacTUTEIbHOCTHIO. B Temmble
3WMBI CBIPOM CHET HE MOJBEPTAJICI METEICBOMY MEPEHOCY, & BO BPEeMS
OTTeleNel CTauBajl, B pe3ybTaTe Yero CpeiHAs MOLUTHOCTh CHEXXHOIO
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Puc. 4. Kypck. MHOTOJIETHSISI U3MEHYUBOCTh TeMIepaTypsl Bo3ayxa (ba3bi-
kuHa, boiiko, 2010). YcnoBHbIe 0003HaueHHS: | — cpenHss TemIeparypa Bo3-
nyxa 3a TII; 2 — ee MHOTONIETHUI TpeHA; 3 — cpenHsas BenuuuHa 3a 100 mer;
4 — cpemHsis Temmeparypa Bosxyxa 3a XII; 5 — ee MHOTOJIETHHH TpeHI; 6 —
cpennsis BenuunHa 3a 100 ner; 7 — cpenHsist TeMeparypa Bo3ayxa 3a 3UMHHUE
Mecslbl; 8 — ee MHOTOJICTHHI TpeH; 9 — cpeansis BeauynHa 3a 100 ner.

MOKPOBa | 3amac BOJbI B HEM TI€pe] CHETOTassHUEM BO BTOPOH MEPHO.
ObUTH MeHbIlle, YeM B TIepBbIN (Tabnuma), HECMOTPS Ha TO, YTO KOJU-
YeCTBO TBEPABIX OCATKOB OCTABAJIOCH MPAKTHYECKH HEU3MEHHBIM.
I'myOuna npomep3aHusi MOYB KOCHUMOM CTENH, TaK)Ke KaK CPOKH HX OT-
TauBaHUS B YCJIOBHSIX MATKAX 3UM yMeHbImauch B 1,5 paza. Ilo-
CKOJIBKY BO BTOPOU MEPHOJ] K HaYaly CHErOTasHUs B IMOYBAaX YacTO HE
0CTaBaJIOCh MEP3JIOTO CIIOSI, TaJble BOJBI XOPOIIO BIHUTHIBAIUCH B OT-
TauBIIYIO TOYBY, COKpAIIaIWCh IMOTEPU BOJABI Ha TMOBEPXHOCTHBIN
CTOK, YMEHBINajgach 3po3us MouB, ocoOeHHo Ha mammHe (Ky3Heros,
Hemunos, demunora, 2004). Takux ner Bo BTopoi nepuoxa 0buto 76%
(B mepBbIii — 57%). BcnenctBue 3Toro Bo3pocma cpemHss TiyOWHA
OCEHHE-3UMHE-BECECHHETO IPOMaYNBaHKs U BJIAro3apsaKd YepHO3EMOB
KOoCcHMOH ctenu (Tabmuia). bojiee 9acThIMU CTaIM HE TOJIBKO TIIyOOKOE
(rayGoxe 150 cM), HO U CKBO3HOE TIPOMAaYUBaHKE TTOYB C TIOCTETICHHBIM
OTTOKOM TPaBUTAIIMOHHOW BIIard 3a MpeEAebl TPEXMETPOBOH MOYBEH-
HOW TOJIIIX W JITUTEINHHBIM (4acTO JI0 KOHI[A T0/1a) CYIIIECTBOBAaHUEM €€
YacTH HaJl TPaHUIei HaHOCOB. TakuM 00pa3oM, MPOU30IILIO YCUIICHUE
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Puc. 5. Kypck. MHOTONETHSAST H3MEHUIMBOCTE aTMocepHoro yBnaxuenus (ba-
3bIkHHA, boiiko, 2010). YcmoBHbie 0003HaueHus: 1— cymma ocankos 3a TTI; 2 —
ee MHOTOJIETHHH TpeHn; 3 — cpenusia BeinanHa 3a 100 1et; 4 — cymma ocakoB
3a XII; 5 — ee MHOTOIETHUH TpeHx; 6 — cpenuss BeanunHa 3a 100 ner.

«IPOMBIBHOHM COCTaBJISIONICH» MEPUOIUYECKH MPOMBIBHOTO BOJHOTO
pexuMa THITMIHBIX depHo3eMoB (baswsikunHa, boiiko, 2010). B Teuenue
BETeTAIMOHHBIX MEPHOIOB, B OOJIbIIICH CTEIeHU, YeM 0OBIYHO, o0ecIie-
YEHHBIX aTMOC(EPHBIMHU OCaaKaMH, IpH mHoBbimeHHOM KY B mouBeH-
HOH Touame, ocodeHHo B cioe 150-300 cM, yacTo UMENI MECTO HEIO-
pacxoj1 BJIard U €e HaKOIUICHUE, O YeM CBHUJICTEIbCTBYET YMEHBIICHHUE
BEJIMYUHBI OCEHHETOo Aeduiura. UNUCIOo JIeT ¢ HeI0pacXoI0M BIIard U
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Puc. 6. Kypck. Muoronetruss u3menunBocts KY TII (Ba3ssikuna, boiiko,
2010). YcmoBHbIe 0003HaYCHMS: 1 — eKeroaHasi BeIMIMHA; 2 — €¢ MHOTOJIECT-
Hull TpeHn; 3 — cpeansas BenuuuHa 3a 100 ner.

ee HakoruieHueM B cioe 150-300 cM yBemu9mIoCsr BO BTOPOI IEPUOS C
8 1o 18% (baspikmHa, Boiiko, 2010). B 3Tk ToaBI TOYBEHHAS TOJINA
YEpPHO3EMOB CYILECTBOBaja B YCJIOBHUSIX HECBOMCTBEHHOM €W MOBBI-
IIEHHOHN BIAXHOCTH. Bce 3TO OOBACHSIET TOSIBIIEHHE NMPU3HAKOB BHI-
IIeJIAYUBAHUS . HEKOTOPOH MOTEYHOCTH TyMyca, U3MCHEHHU I KapOoHaT-
HOTO TIpohnyIs B KapOOHATHRIX HOBOOOpa3oBanmii (OBeuknH, ba3bikn-
Ha, 2011).

Ha mamrHe Bce BBINIEYOMSIHYTHIE SIBJICHUSI BHIPAKEHBI B MEHbB-
el cTeneHw, Mpu Toi sxe HanpasiaeHHocTH (ba3bikuna, boiiko, 2010).
Takue >xe U3MEHEHUS BOJHOTO PEXHMMa IMMOYB OBLIM OTMEYEHHI B aHa-
JIOTUYHBIX YCIOBHAX (TJIyOOKHE TPYHTOBBIE BOJIbI, OTCYTCTBHE BOJIO-
YHOPHBIX CJIOCB B MMOYBEHHOW TOJIIIE) B OOBIKHOBEHHBIX YEPHO3EMax
BOJIOPA3/IeJIOB M IOJIOTHX CKJIOHOB W JPYTrUX PETHOHAX, HANpUMEp, B
CraBpomnonbe (YcroiamBocth 3emenenus, 2009; N3sekos, 2012).

ATPOKIMMATHYECKHE YCIOBHUS TAKUX TEPPUTOPHUI B TEUESHUE T10-
CIeMHUX HecATUIeTHi B 54—63% et (s pasHBIX CEThCKOXO03SH-
CTBEHHBIX KYJIBTYp) OLIEHUBAIMCH KaK OJIaronpHaTHBIC. Y POKaHHOCTh
03MMO¥ TIIICHUIIEI Ha 9epHO3EMaX BOJIOPA3/EIIOB U TOJOTHX CKIOHOB B
Kypckoii obmacta u CtaBporosibe mpu XOpoIield BlaroodecrnedeHHo-
ctu pocturania 40-50 w/ra (Jlasapes, 2007; BepeBkuna, JIbICEHKO,
2012; 3aiimensman, TrompnanoB, ArHrenos, 2012; 3aiaensmad, Huku-
¢dopora, Crenanmosa, 2012; 3aiinensman, Huxupoposa, CadpoHoB,
2012; IIxoBpe6oB, 2012). OTMmevaeTcsi yMEHbIIICHHE BOTHON U OTCYT-
crBue BeTpoBoil spo3uu moys (Kysuenos, emumnos, Jemunosa, 2004;
T'omocos u ap., 2011).

61



bronnerens [louBenHoro uncruryra um. B.B. Jlokyuaesa. 2014. Bein. 73.

90/500C
{3 9¢1 8¢ 0s 91 191 44 (49 91 —€L/TLGI
cL/1L6l
9 6L1 vl 0€ 143! IS1 L9 8L 9T —Lv/9P61
WO Q0T< | WO QS I< s
00€—0ST | 0S1-0 ‘roudarr WOUHEBIOJSH) Tadarr
WO BUH | UIIHTOLOX WA
-BdMh | BEMIBIE | WO ‘BHH ‘QI0HD WO ‘BgodoIL
WO XBOID g TN THIT % ‘TNOMHEBIUR -godu ouHor | -eedowodIl | € [YOE | OIOHMCOHO 91701
-uor HUHHOO() -eWodII 9 Iolr BIrO |BHUQAL J| -LIALOOT] | BHUQAL ] | OBLES BILOOMg | ‘roudell

(010 “OMHOY “BHHNIIEET) MIOBIQO

HONOd AN UIIaL) HOWKOON XITHRUIINL 0WosoHdoh BIInKed OJOHTOT UIRIBERNOL 1olf IMYoudaIl BE SIIHHOHT2dO()

62



bronnerens [louBenHoro uncruryra um. B.B. Jlokyuaesa. 2014. Bein. 73.

Ha Teppuropusx BTOporo Ttuma (OJIM3KHE TPYHTOBBIE BOJIBI,
HaJIMYMe BOJOYHOPHBIX CIOEB B MOYBEHHOW TOJIIIE M OPOIIAeMbIX 3e-
Menb moonmu3oct) B lleHTpanmbHO-uepHO3eMHOM peruoHe (TamGoB-
ckas, BopoHexckas obsactu), PocroBckoii o0nactu, KpacHonapckom,
CTaBpoOIIOIIbCKOM Kpasix W3MEHEHHE KJIMMaTa, YBEJIHMYeHHE OCCHHe-
3MMHE-BECCHHEH BIIaro3apsakyd IOYB M IMOABEM TPYHTOBBIX BOJ BO
MHOTHX CIy4asx TpPUBENIA K CMEHE aBTOMOP(HOTrO BOJHOTO PEXHAMA
YepHO3EMOB BOJIOPA3/ICIOB U TMOJIOTUX CKIOHOB Ha MOJIYTHAPOMOPd-
ve1id. (Bmacenko, 2012; 3aiimensman, TromprmanoB, AHrenos, 2012;
Saiinensman, Huxupoposa, Crenannopa, 2012; 3aiinensman, Huxu-
¢dbopoBa, Cadponon, 2012; 3atinensman, Huxkudopona, Crenanimona,
Cadponos, 2012; Xurpos, Hazapenko, 2012; Xurpos, UeBepaun, Po-
roBHeBa, 2012; Xurpos, Uesepaun, 2012; I{xoBpebor, 2012). B aTux
YCIIOBHSIX UYEPHO3EMBI MPEBPAILAIOTCS B JIyTOBO-UE€PHO3EMHBIE U Uep-
HO3EMHO-JIyTOBBIE MTOYBHI. B 3acymnumBeIe TOBI BIAro00ecedeHHOCTh
U YPOXKANHOCTh CEIhCKOXO3SWCTBEHHBIX KYJIBTYp Ha OTHUX IOYBaX
0o0JbIIe, HO B TOABI U MIEPHUO/BI MOBBIIIEHHOTO aTMOC(HEPHOTO YBIaXK-
HEHUsI BOZHUKAIOT TPOOJIEMBI C UX MEPEYBIaKHEHUEM IpH TpaHchop-
MaI[ii MX BOJHOI'O PEKHMMa B TUAPOMOP(HBIH. B OeccTOUHBIX MOHH-
JKEHHSX penbeda M Ha BOTHYTHIX CKJIOHAX MPH CHETOTAsHUU BO BpEMs
oTTereNel U BECHOM, a TaKKe MPH OOMIIBHBIX JOXKISIX JETOM B PE3YiThb-
TaTte 00pa30BaHUS BEPXOBOJOK HAJl BOAOYIMOPHBIMHU CIOSMH W JIaXe
CMBIKaHHS WX C MOJHSABIIMMUCS TPYHTOBBIMHU BOJIaMH, HauuHas ¢ 60—
70-x rr. mponutoro cronerus (OBeukuH, Ucaes, 1985), popmupyroTes
O4Yard CEe30HHOTO MOBEPXHOCTHOTO M TPYHTOBOTO IEPEYBIAKHEHHS —
Mo4apbl. DTH 0OJOTHBIE 00pa30BaHUs BO3HHUKAIOT, KPOME TOTO, TaM,
TJie TIEPEKPBITHl MYTH €CTECTBEHHOTO CTOKA BOJIBI AOPOTaMH, HACHIIISI-
MU, CTPOCHUSMH, APEBECHBIMU HACAKICHHUSIMH, POTHBO3PO3UOHHBIMA
Banamu. Haxopsmumecs: OOIM30CTH OpOIAaeMble MAacCHBBI 3eMelb U
BOJOXpaHWININA yCyryOnstoT cutyanuto (XurpoB, Hazapenko, 2012;
XurpoB, Yesepaun, PorosueBa, 2012; Xwutpos, UYeepmun, 2012;
LxoBpebos, 2012). UepHozemsl, Oonee «OydepHbIe» K 3acyxam, Ipu
HETUITMYHOM JUUIsl HUX PEKUME TIOBBINICHHOTO YBJIAXKHECHHUS, CMEHSIO-
IIeToCs JIETOM CHIJIBHBIM TIEPECHIXaHHEM, TEPSIOT CBONCTBEHHYIO UM
CTPYKTYpY, TOABEpPrarOTCS TNpolleccaM YIUIOTHEHUS, CIUTH3AIINY,
OTJICCHUS], TIOAKUCIICHUs, BEBIHOCA MHOTHX COEAMHEHHH, B TOM HYHCIe
AJIMEHTOB MUTAHUsl PACTCHUH U r'ymyca, NOJIaBICHUS MUKPOOHOJIOT U-
YeCKOW AEATENbHOCTH, B CIIydae HAJIWYHSA 3aCOJIEHHBIX IOPOJI — OCO-

63



bronnerens [louBenHoro uncruryra um. B.B. Jlokyuaesa. 2014. Bein. 73.

JIOHIIEBAHUIO, 3aCOJICHUIO — WM TepsAT Ioaopoaue (3aipenbma,
TronmsmanoB, Aurenos, 2012; 3aiinensman, Hukudopora, Crenaniona,
2012; 3aiinensman, Hukudoposa, Cadponos, 2012; 3aiinensman, Hu-
kudoposa, Crenannosa, Capponos, 2012; Xutpos, Hazapenko, 2012;
XurpoB, Yeepaun, PoroBueBa, 2012; Xwutpos, UYeepaun, 2012;
L{xoBpeOoB, 2012). Ilpu OoNBHIMX MIOMAASX IEPECYBIAKHEHHUS OHU
CTaHOBATCS MAJOTPUTOTHBIMU JI1 00pabOTKH M TOCEBOB CEIBCKOXO-
3SIMCTBEHHBIX KYJBTYP M JOJDKHBI OBITh HMCKIIFOUCHBI U3 MaXOTHOI'O
¢donna. JJons Takux 3emens pacrer. B Kpacnomapckom kpae, CraBpo-
nosibe ¥ PocToBckoii obnactu ¢ 1985 r. ona yBenuuuiack B 2—3 paza
(Bmacenxko, 2012; Xurpos, Hazapenko, 2012; I{xoBpebos, 2012). Ile-
pEYBIaXXHEHHBIC B Pa3HOHN CTEIICHU MOYBBI COCTABISIOT B TaMOOBCKOM
obmactu ot 24 o 63% nammu (3aiigensman, Hukudoposa, Crenaniio-
Ba, 2012, Codponos, 2012).

Taxum oOpazom, epeyBIaKHEHHE, «MOYAPU3AIISD TPUBOIAT K
HETaTUBHBIM SBOJIOLMOHHBIM K3MEHEHHUSIM YEPHO3EMOB, BO3MOXKHO
HEOOPAaTUMBIM, TIOTEPE HX IUIOJOPOAMS W YPOXKAeB CEIHCKOXO3SH-
CTBEHHBIX KYJIbTYp. B KadecTBe METMOPATHBHBIX MEPOTPHUSTHH IS
TaKuX TeppUTOpHUil HeoOXoanMBbl (3aiiaensMaH, TI0IpITaHOB, AHTEIIOB,
2012; Xutpos, Yesepaun, 2012):

— pa3paboTka W BHEIPEHHUE arpoJIAHIIIAPTHBIX CHCTEM 3€MJIc-
JIENUSL C IPUMEHEHHUEM TPABOCESHUS;

— U3MCHEHHE BHJa 3EMJICTIONH30BAHUS HAa MacCHBax Iepe-
YBII&XKHEHHBIX 3eMeJb (IIEPEeBOJ MAllHA B CEHOKOCHI W MAacTOMINA), BO
BCSIKOM CITydae, 10 OKOHYAHHS IIePHO0/1a MOBBIIICHHOTO YBIAKHEHUS;

— B MECTax KOMITAKTHOTO HAaXOXXJCHUS MOYapOB PEKOMEHIYIOT-
Csl TUAPOMETTHOPATUBHBIC MEPOIPHUATHS: KPOTOBAaHHUE TIOYB, COOPYXKe-
HUE APEHAXHBIX KaHaB W BOJOCITYCKOB ST H30BITOYHBIX TOBEPXHOCT-
HBIX ¥ BHYTPUIIOYBEHHBIX CTOKOBBIX BOJI.

B 3akmrouenne xoTenock Obl OTMETHTB, YTO B TMOCITEIHNE TOIBI
TEHJICHIUS MOTEIUICHUSI XOJIOAHOTO TOJYTOAMSI U, B YaCTHOCTH, 3UM-
HUX MECAIEB COXPAHSIETCS W HAMEYaeTCsl TOBBIIICHHE TeMIIepaTyphl
BO3JyXa TakXe U TeIuoro nosyroaus (puc. 1 u 4), Toraa Kak KoJude-
CTBO aTMOC(EPHBIX 0CAAKOB TETUIOTO MOIyroaus (puc. 2 u 5) u K03 -
(uIeHT yBlaXHEeHus (puc. 3 u 6) UMEIOT TPEH/T HA TIOHWKEHUE.
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SOILS WITHIN THE STEPPE AND DRY STEPPE ZONES
UNDER ANOMALOUS WEATHER CONDITIONS IN THE
LAST TENS YEARS

© 2014 G. S. Bazykina
V.V. Dokuchaev Soil Institute, 119117, Moscow, Pyzhevskii, 7, bld. 2

Under consideration is the influence of climate changes (the air tem-
perature rise in the cold 6 months especially in the winter and the in-
creased atmospheric moistening in the warm 6 months) on regimes and
properties of soils in dependence on zonal-provincial, geomorphologi-
cal and lithological conditions as exemplified by the solonetz complex
in the semi-desert Pre-Caspian plain and chernozems in central Euro-
pean Russia and southern regions of this country.

Keywords: climate, temperature, solonetz complex, chernozem.

It is generally known that the natural phenomena including the
climate are subject to cyclic changes associated with cycles of solar
radiation. Most frequent are periods of increased or decreased indices
for 3 to 11 years as compared to those averaged for several years. The
prolonged cycles are rarely and dependent on their duration. Very sel-
dom are long-term cycles (30-50 years) identified by Brikner in the
mid-XX century. These cycles were caused by “fluctuations of the so-
lar radiation and autofluctuation of the atmosphere-ocean-polar ices
system” [5, 15]. It has been recognized that such a cycle started in the
1970s has being continued up to now. Its specific features are the rise
of air temperature in the cold 6 months especially in the winter (“global
warming”) and the increased atmospheric moistening in the warm 6
months. This climatic cycle occurred simultaneously with the other
cyclic phenomenon — the rise of the groundwater level due to increas-
ing the solar radiation and the rise of the water level in intra-continental
water bodies [15, 26]. In our case the climatic cycle was caused by the
increased atmospheric moistening and the inappropriate human activi-
ties and irrigation in particular. The irrigation water from local reser-
voirs and channels with ground beds proved to be lost for infiltration
into the ground water. Such a combination of climatic and hydrological
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factors under definite conditions served as evidence of excessive soil
moistening even in adjacent non-irrigated lands. Being existed under
changed conditions for a long period of time, the soils revealed changes
in their regimes, evolution, properties and in their “memory”. These
changes are found to be in dependence on definite zonal-provincial,
geomorphological and lithological conditions; they occur predominant-
ly in arable lands that suffer from anthropogenic effects to a greater
extent as compared to natural ones.

Let us consider the combined effect of the above factors on the
non-irrigated soils in the steppe and dry steppe zones of European Rus-
sia summarizing original and literature materials. As preliminary, note
should be taken that in soil hydrology the concept of water year is
adopted; it begins in October when the water input to soils occurs with-
in the zone of the temperate zone. In view of this, the cold half a year is
a period from October to March, the warm half a year - from April to
September when the water discharge is most high in soil. To identify
tends towards the changes in meteorological indices, under use were
the method of sliding values averaged for 5 years [15] and the method
of linear trend.

As an example of a dried region let’s consider the semi-desert
Pre-Caspian plain located between the Volgograd region in Russia and
Western Kazakhstan. As is seen from Figs. 1-3, since the mid-1970s
the region under consideration displayed a constant rise of air tempera-
ture in the cold 6 months especially in the winter, atmospheric precipi-
tation and integral moistening index - the moisture coefficient. In
anomalously warm winters the soils haven’t been frozen, there were no
snowstorms, during the snowmelt the thawing water penetrated into the
soil without the runoff formation [16].

Under such conditions the soils of solonetz complex revealed a
higher water accumulation what promoted the development of meso-
phytic vegetation in rangelands and increase in its productivity in case of
the absent overgrazing; the rainfall exceeded the precipitation during the
warm 6 months [18]. However, there was no spring runoff of thawing
waters into depressions of mesorelief (the last flooding of such depres-
sions and firths was 17 years ago but earlier it was observed every 5-6
years). Thus, the most productive meadow-chestnut (chernozem-like)
soils used as plough-and hay lands haven’t been enriched with water.
Due to the absence of snow accumulation and decrease in water input
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Fig. 1. Pre-Caspian region. Changes in air temperature for several years
(Sapanov, 2010). Conventional signs: 1 — average temperature in the warm 6
months; 2 — its linear trend; 3 — average value for 100 years; 4 — average tem-
perature in the cold 6 months; 5 — its linear trend; 6 — average value for 100
years.
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Fig.2. Pre-Caspian region. Changes in atmospheric moistening for several
years (Sapanov, 2010). Conditional signs: 1 — the sum of precipitation in the
warm half a year; 2 — its many years’ trend; 3 — the sum of precipitation in the
cold half a year 5 — its many years’ trend.

to soils in the spring the state of forest shelters and wood plantations
was deteriorated, local water reservoirs became dried [16]. As a result
of increasing the saline groundwater depth from 6-7 to 4-5m taken
place simultaneously with the rise of water level in the Caspian Sea and
probably the soil enrichment with irrigated water solonchakous solo-
netzes and meadow-chestnut (chernozem-like) soils became salinized
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Fig.3. Pre-Caspian region. Changes in the moisture coefficient for several
years (Sapanov, 2010). Conventional signs: 1 — annual value; 2 — its long-term
trend; 3 — average value for 100 years.

to a considerable extent. So, the salt content within 2 m of meadow-
chestnut soil increased by 3 times, S0,% - by 5, mobile CI- and Na'-
ions — by 10 [20, 19]. Thus, the loss of land and water resources as the
features of desertification in the dried zones took place at the studied
territory. It is not a result of the climate aridity and increasing the air
temperature in the warm half a year. This is a result of warming in the
cold half a year.

Within the steppe zone the regimes and properties of soils were
affected by anomalous weather conditions according two scenarios:

1 — deep groundwater level (5-6 m and more) and homogenous
lithological configuration of soil, the absence of water-holding layers at
a depth of 2-3 m to form the vadose water within the soil profile; no
water bodies and irrigated lands in order to increase the groundwater
level due to enrichment of ground waters with irrigated ones even at
the adjacent non-irrigated territory.

2 — close groundwater level (higher than 3 m) and heterogenous
lithological configuration of soil, the presence of water-holding layers
in the soil profile, water bodies and irrigated lands in which the water
loss occurs penetrating into ground waters, the surface and subsurface
runoff is completely destroyed.

The first scenario should be exemplified by soils of Kursk re-
gion, where typical thick chernozems under automorphic conditions of
watersheds and gentle sloping areas are derived from homogenous
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mantle loam underlying by middle loam as a confining layer at a depth
of 2.5 m. The groundwater level is 8m here. When comparing the indi-
ces characterizing the weather conditions in the period from 1947 to
1972 (before “global warming”) and from 1973 to 2010, it seemed rea-
sonable to conclude [1] that the cold half a year especially the winter
months became significantly warmer during the second period (Fig.4),
the atmospheric moistening increased in the warm half a year, the air
temperature proved to be lower as compared to that averaged for sever-
al years (Fig.5), the moisture coefficient increased as well (Fig.6). As a
consequence of changes in the climatic conditions the steppe vegeta-
tion has been transformed into meadow one in the mown steppe and an
area of the steppe reservation was covered by wood-shrub vegetation.
In the warm winters there were no snowstorms, due to snowmelt the
average thickness of the snow cover and water supply in soils proved to
be decreased in the period of 1973-2010, though the amount of solid
precipitation remained practically unchanged. Under conditions of the
soft winter the depth of frozen soils decreased by 1.5 times in the
mown steppe. As there was no frozen layer in soil before the snowmelt
toC Temperature of the warm period

' ' ' 4 '
0 [= NN~ S B

C C 3 C C ‘ OC 2 ‘
1940 1950 1960 1970 1980 1990 2000 Vears

Fig. 4. Kursk.. Changes in air temperature for several years (Bazykina, Boiko,
2010). Conventional signs: 1 — average temperature in the warm half a year;
2 — its long-term trend; 3 — average value for 100 years; 4 — average tempera-
ture in the cold half a year; 5 — its long-term trend; 6 — average value for 100
years; 7 — average temperature in the winter months; 8 — its long-term trend;
9 — average value for 100 years.
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Fig.5. Kursk. Changes in atmospheric moistening (Bazykina, Boiko, 2010).
Conventional signs: 1 — the sum of precipitation in the warm half a year; 2 — its
long-term trend; 3 — average value for 100 years; 4 — he sum of precipitation in
the cold half a year; 5 — its long-term trend; 6 —average value for 100 years.

the thawing water penetrated into the soil, thus decreasing the water
loss for the surface runoff and water erosion in arable lands [11]. In the
second period such soft winters accounted for 76%, whereas in the first
period (within 1847-1972) — only 57%.

Due to this fact an average depth of soil moisture during the au-
tumn-winter-spring period and the water input to chernozems were in-
creased in the mown steppe. Very often the soils became wet at a depth
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Fig. 6. Kursk. Changes in the coefficient of moistening in the warm half a
year (Bazykina, Boiko, 2010). Conventional signs: 1 — annual value; 2 — its
long-term trend; 3 — average value for 100 years.

of more than 150 cm and sometimes the gravitational water
proved to be out of the soil profile. Thus, “the percolative constituent”
of the periodically percolative water regime seemed to be increased in
typical chernozems [1]. Frequently, in the vegetation period provided
with atmospheric precipitation to a greater extent, in the soil especially
at a depth of 150-300 cm the water hasn’t been discharged what is evi-
denced by decreasing its deficit in the autumn. During 1973-2010 a
number of years characterized by water accumulation at the given soil
depth increased from 8 to 18% [1]. In these years the soil seems to be
enriched with water. In view of this, the leaching occurs: some humus
loss, changes in the carbonate profile and carbonate-containing
neoformations [13].

In croplands the above phenomena are manifested to a lesser ex-
tent. Such changes in the water regime were observed under identical
conditions (deep groundwater level, the absence of a confining layer in
soil) in ordinary chernozems located in watersheds and gentle sloping
areas in the other regions, for instance, in Stavropolie [10].

In the last few decades the agricultural and climatic conditions
were estimated as favorable for different crops: the yield of winter
wheat was 4-5 t/ha on chernozems in watersheds and gentle sloping
areas well provided with water in Kursk and Stavropol regions [12, 2,
6, 7, 8]. The water erosion decreases, the wind erosion is absent at all
[11, 4]

At the territory of the second type (close groundwater level, the
presence of a confining layer in soils and irrigated lands adjacent to
them) in Central-Chernozem zone (Tambov, Voronezh regions), Ros-
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tov, Krasnodar and Stavropol regions the climate change, the increased
input of water to soil in the autumn-winter-spring period and the rise of
the groundwater level led to transforming the automorphic water re-
gime into half-automorphic one in chernozems occupied watersheds
and gentle sloping areas [3, 6, 7, 8, 9, 22, 23, 24, 25]. Under such con-
ditions chernozems are transformed into meadow-chernozem and cher-
nozem-meadow soils. In dry years the water supply and crop yielding
prove to be higher, but in the years of the increased atmospheric mois-
tening the problems are arisen as related to excessive moistening of
soils due to transformation of their water regime into hydromorphic
one. Since the 1960-1970s in closed depressions and on concave slopes
the sites of seasonal surface and ground overmoistening, the so-called
mochars are formed due to snowmelt in the spring and abundant rain-
fall in the summer resulted in the formation of vadose water over a
confining layer [14]. Besides, such waterlogged sites occur in places,
where the natural water runoff is absent due to constructing the roads,
earth banks, buildings, wood plantations and erosion control banks.
The irrigated lands and water bodies adjacent to such soils enable to
aggravate the situation [22, 23, 24, 25]. When the regime of the in-
creased moistening is changed by drying in the summer what is not
typical for chernozems as buffers to droughts, these soils are subject to
such processes as compaction, slitization, gley formation, oxidation
and leaching of many elements including nutrients and humus so vital
for plants. In such soils the microbiological activity becomes weak, in
case of existing saline bedrocks solonization, salinization take place
and the soil fertility gets low [6, 7, 8, 22, 23, 24, 25]. When the great
areas become excessively moistened, they are not suitable for man-
agement practices and crop cultivation, they should be excluded from
the fund of arable lands and the share of such land is constantly in-
creasing. Since 1985 it became increased by 2-3 times in Krasnodar,
Stavropol and Rostov regions [3, 22, 25]. The area of excessively mois-
tened soils as used in agriculture is estimated at 24% to 63% in Tam-
bov region [7, 9].

Thus, the excessive moistening, the formation of mochars cause
adverse changes in chernozems, it is quite possible that such changes
are irreversible. According to Zaidelman, Tuylpanov, Angelov (2012),
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Khitrov, Cheverdin (2012) the following ameliorative measures
are required to improve such territories:

— Elaboration and put into practice of agrolandscape systems of
farming with grass cultivation;

— Changes in the kind of land use at excessively moistened terri-
tories (hay-and rangelands instead of those under crop) up to finishing
the period of the increased moistening;

— In sites with abundant mochars such hydromeliorative
measures are recommended as mole plowing, drainage channels, over-
flow discharge, etc.

In conclusion one should stress that a tend towards the warming
in the cold half a year and in the winter months in particular remains in
the last years, the rise of air temperature is expected in the warm half a
year (Figs. 1 and 4), whereas the precipitation in warm six months
(Figs. 2 and 5) and the coefficient of moisture (Figs. 3 and 6) reveal a
tend to decreasing.
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