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B craTtbe paccMOTpeHO M3MeHeHHUe CBOVICTB arpouepHO3eMOB MUTPALMIOHHO-MUIEMIAPHBIX
Ha JIECCOBUIHBIX CYIJIMHKAX ¥ arpOTEMHOTYMYCOBBIX Ha Ia/leOreH-HEeOT€HOBBIX KPACHOII-
BeTHBIX IIeCKaX C 9/II0BMEM M3BeCTH:AKA JIUIenkoil o6macTy Ipyu Iepexofe MX U3 IIallHK
B 3a71e>kb. OCHOBHOe BHJMMaHUe yfIe/leHO M3MEHEeHVI0 KapOOHATHOTO COCTOAHMA 104B. Ilo
pesy/braTtaM MCCIef0BaHys 0OHAPY)KeHO, YTO TpaHCPopMalyst 060MX MOATUIIOB ITOYB, 006-
Pa30BaHHbIX Ha Pa3HBIX MOPOJAX, ITOAYNHACTCA eANHOI TeHAeHImn. Kap6oHaTsl B YepHO3e-
Max 3a BpeMsI HaXO>KIeHMs B 3a/IEKN BBIMBIBAIOTCS BHU3 10 IPOQuUIII0; cTabuIbHbIe POPMBI
KapOOHaTHBIX HOBOOOPa30BaHMIT TOCTENeHHO McyesatoT. Coep)KaHye 1 3amachl yIaeposa
Kap6oHaToB B cr1oe 0-200 cM B arpodepHO3eMaX MUTPALVIOHHO-MULIE/LIPHBIX YMEHBIIAIOTCA
Ha 27.5 T/Ta K 25 TOflaM 3a/IeXKHOTO COCTOAHMA. B arpoTeMHOTyMYCOBBIX II0YBaX I3MEHEHNU S
B KapOOHATHOM COCTOSHUY MeHee BBIPa)KeHBI; TeM He MeHee 0OHapy>KeHO, 4TO B ITaXOTHOM
[I0YBe Ha 00/I0MKaX M3BECTHSKA [TOBEPX [MIMHNCTBIX KyTaH GOPMUPYIOTCS KyTaHbI U3 BTO-
PUYHBIX KapOOHATOB B (POpMe UTOIBYATOrO KaAbLIUTA, YTO He OTMEYEHO B IOYBAX 3a/IEXKEIL.
[Tpy HaXOXK/IEHNUM B 3a/IXKY IIPOMCXOAUT YAy4llleHIe pU3NKO-MeXaHIIeCKIX CBOJICTB IOYB:
yAydlleHye CTPYKTYpbl HaXOTHBIX TOPM30HTOB I UX pasynnoTHeHue. ComepkaHue yrineposa
OpPTraHMYECKNMX COENMHEHNI CHVDKAETCS NPV HAXOXK/EHNUM IOYBBI B 3a7IEXKI, UTO AB/IAETCA
HETUIIMYHBIM Pe3yIbTaTOM IIOCTarpOTeHHOl TpaHCPOPMAIM arpouepHO3eMOB. B 3amex-
HBIX IT0YBAX APYIUX 06/IaCTeil CTEIIN 1 IECOCTEI HaMy GBI OTMeYeH MPOL[ecC HaKOIIeHNsI
yrnepona opranuyeckux coefyHennii. Camkenne Copr IPU HAXOXKIEHUM B 3a/1€XNU CBA3aH
C IpYMeHeHNeM I0YBOCOeperaioliX TeXHOMOTUII IPY CeIbCKOX03ANCTBEHHOM JCIIONb30-
BaHUU. PanoyriepoaHblii BO3pacT ryMyca B IO/IaXOTHBIX TOPU30HTAX YBEIMUMBAETCA IPU
HaXO)XJCHNN B 3aJIeXKV, PaiOYITIEPOSHBII BO3pacT KApOOHATOB B IOYBAX M3MEHACTCA B 3a-
BUCVMOCTY OT KONNYIECTBA BK/IIOYEHN IMTOTE€HHOTO Ka/IbIINTA.

Kntouesovie cnosa: 3amexsp, maurts, NIE€NOTCHHDbIC Kap60HaTbI, pagnoyriepogHoe naTupoBaHme,
4YE€PHO3€M, CEPbIC IIOIBDI.
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1. BBemenue

JnuTenpbHOe CeMbCKOXO35AMCTBEHHOE BO3JeiICTBME Ha IOYBEHHBIN IOKPOB IieH-
TpanbHOI Yacty EBpomerickoit Poccun o6ycimaBnyBaeT M3MeHEHMsI COCTaBa 1 CBOVICTB
camux 1o4B. [Ipy pasBUTHM TaKUX IIPOLIECCOB, KaK AeTyMUQUKaLus, yITIOTHEHNE, [TOf-
KUCTIeHme, KapOoHaTu3auus, ollefadynBaHue, MPOUCXOOUT M3MEHeHNUe IeOTeHHOTO
yI7Iepofia KaK B COCTaBe IYMyca, TaK i B cocTaBe KapboHaTHbIX coenuHenuii (Kosnos-
ckmit n Yamwms, 1994). JIoBONIbHO XOpollo M3ydeHa Ipobrema TpaHcpoOpManum op-
TaHMYECKOTO YITIepOJia, TYMYCHOTO COCTOSIHUS IIOYB B JIECOCTEIHOI 30He IIPM Pa3HBIX
PeXUMax 3eMJICIIONIb30BAHMs Ha PasHbIX BpeMEHHBIX oTpeskax (Bruun et al, 2015;
Francaviglia et al., 2014; Pycanos u gp., 2011; Ca6nuna, 2016; CaBun 1 Yenpes, 1994;
IITienT u Bepreitunk, 2014) B oTM41e OT TeMbI M3MEHEHMsI KAPOOHATHOTO COCTOSTHUS
HOYB IIPK CENbCKOXO3SMICTBEHHOM BO3JIeNICTBUM PAa3HOI ANUTEIBHOCTH, pagpabaTbiBae-
Moit B mocnenHue rofa B Hamux paborax (Khokhlova et al., 2013; 2014; 2015, Kuznetsova
et al,, 2010). B paboTax gpyrux aBTOpPOB, M3y4YaBUINX 3ajIeKHbIE ITOYBBI, PaCCMAaTpPUBa-
nch GOPMBI KaApOOHATOB B MOYBAX PA3HOBO3PACTHBIX 3aJIeXKell, IPOBOAUIOCH OIperie-
nenue cogepxanns CaCOj; (Arevalo et al., 2017, Kalinina et al., 2011). Panee namu 6b11a
ony6nukoBaHa paboTa 06 M3MeHeHU) KapOOHATHOTO COCTOSIHMSA B ITOYBAX 3aIIOBEHM-
Ka «bemoropre», yqacTok «JIec Ha Bopckie», re Mbl TOAPOOHO PacCMOTpeNy FaHHYIO
1po06/IeMy [JIsl CePBIX ¥ TeMHO-CepbIX II0YB IieHTpanbHOI necocteny (Bymbimesa u ap.,
2018). OpHako 1o CMX He sICHA Lie/bHAs KapTHHA, XapaKTepU3YIoLlast MPOLeCChl TPAHC-
dbopmanyy KapOOHATOB B PAa3HOBO3PACTHBIX 3a/€XKaX MMOYB JIECOCTEIN, B YaCTHOCTH
BIMsIHME TTOYBOOOPA3yIOIMX MOPOJ Ha 9T mporecchl. K ToMy ke usydeHue usMeHe-
HIIsI KApOOHATHOTO COCTOSIHVS B PAa3HOBO3PACTHBIX 3aJIe)Kax NMPUO/IDKAaeT HaC K OTBETY
Ha BOIIPOC O XapaKTePHOI CKOPOCTHU IpeoOpa3oBaHysI OCHOBHBIX €ro IapaMeTpoOB IpK
CHATUY JJOIIOJIHATEbHOM aHTPOIIOI€HHOI HAIPY3KI, KAKOBOJI ABJIAETCA paclaliKa.

Ilenb gaHHOTO MCCIEROBaHMs — U3ydeHue GopM, COTeP>KaHMs, CTPOEHMS M COCTaBa
KapOOHATOB I PYTUX CBOVICTB Pa3HOBO3PACTHBIX 3a/IKHBIX IT0YB 3aroBefHmKa «[amm-
ubsi Jopa» u mpuseraoumx teppuropuit JInnenkoir o6mactu ¢ yueToM pasHoobpasus
II04YBO0OPA3YIOLUX OPOJ, HA KOTOPBIX POPMUPYIOTCS M3ydaeMble IOUBBL.

2. OO0'bEKTHI I METObI

OO6DeKThbI MCCNIEOBAHNA PACTIONATaloTcA B JIMNerKoi 06/1acT Ha y4acTKax Trocy-
TApCTBEHHOTO MPMPOJHOTO 3amoBefHuka «lammypsa Topa» u mpuerarommx TeppuTo-
pusax (puc. 1). PaitoH uccnefoBaHys paclonoXeH B rpaHuLax IIpuaoHCKOro M3BecT-
HAKOBO-KapCTOBOTO JIECOCTEITHOTO (U3MKO-Teorpadguyeckoro parioHa JIeCOCTEeITHON
nposuHIyy CpepgHepycckoil Bo3BbllleHHOCTH (Mmibkos, 1966). [lna mcciemyemoit
TEPPUTOPUM XapaKTEPHbI OTHOCUTENIBHO OIHOPOJHbBIE KIMMATUYeCKIE YCTIOBUA U ey~
HOE TeoJIorn4eckoe u reoMopdoornyeckoe CTpoOeHne, B KOTOPOM 3HAUUTENbHYIO PO/Ib
UTPAIOT JeBOHCKME M3BECTHAKN. Penbed TeppuTOpMM 3amoOBeIHMKA M OKPECTHOCTEN
TIPe/ICTaB/IeH MOIOTOBOHIICTOl PaBHUHOM, PACUIEHEHHON JOMMHHO-6aT0YHON CEThIO
(Hectepos, 2017). Teppurtopust HAaXOJUTCS HAa CEBEPO-BOCTOYHOM CK/IOHEe BopoHexcKoit
aHTeK/IM3bI Pycckolt mTsl fipeBHeit Boctouno-EBpomnerickoit iargopmel. OcajO4HbIi
4eX0Jl BK/TIOYaeT: NeBOHCKMEe KapOOHATHBIE U TeppUIeHHbIe OTIOXKeHMA (M3BECTHSKM,
TOJIOMUTBI, MEpre/y, MeCYaHNKY, I/IMHBI, aIeBPOIUTHI) C IPOCTIOSIMU IMIICA, KOTOpbIe
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_JIvneuk

BopoHex

Puc. 1. MecTopacrono)eHne y4acTKOB MCCIe0BaHNA (CITYyTHIKOBBI CHUMOK: https://yandex.ru/maps)

BCKPBIBAIOTCA IO Jo/MMHE P. [IoH U ero NpuTOKOB. YeTBepTUYHbIE OTIOKEHNA Ha BOZO-
pasfenax IpefcTaBIeHbl JTeHNKOBBIMM (BalTyHHBIE CYITIMHKM), BOJHO-TIEHIKOBBIMI
(Tecku, cymecy, CyIJIMHKY) OTIOKEHUAMM, IIEPEKPbITBIMY IIOKPOBHBIMY JIECCOBUIHBIMU
CYIIMHKAMM, €CTeCTBEHHOE 3ajIeTaHle KOTOPBIX HaPYIIE€HO 9PO3MOHHO-IEHYNALVIOHHbI -
mu npoueccamu (IIpupopa... 1996; bapamxkosa n Kpacuenkos, 1998). Bnonb 6eperos
pp. Jon n Cyxoit JIybHBI pacronaraloTcs recyaHble, CyIIMHUCTBIE U TIMHUCTbIE TIIeTi-
CTOLICHOBbIE a/IIIOBMA/IbHbIE OT/IOXKEHVS (Ba/IfjaliCKVii HaITOPU3OHT, MOHYAIOBCKIII 1
OCTAIIKOBCKMI TOPM3OHTDI, MUKYIMHCKUI ¥ KaJVHMHCKNI TOPM3OHTHI, MOCKOBCKIIA
TOPM30HT, WIbUHCKMIT ropu3onT) (bapamkosa n Kpacuenkos, 1998).

B reonorndyeckoM CTpOeHMy TeppUTOpuUM 3aJOHCKOro parioHa JIumenxoi obmactu
IIMPOKOE yYacTye NPMHUMAIOT BepXHeeBOHCKIe n3BecTHAKN (MuxHo u Kyunn, 2005).
[ToyBoO6pasyomMMM HOPOAAMM BBICTYIIAIOT IECCOBU/HbIE CYT/IMHKM, €CTECTBEHHOE 3a-
JIeTaHMe KOTOPBIX HapYIIEHO 9PO3MOHHO-[EeHYNALMOHHBIMY IIPOLIeCCaMy, U MeCyaHble,
CyTlecyaHble aJTIOBMAIbHbIE OTIOXKEHMA HaANoNMeHHbIX Teppac p. [lon (bapamkosa
u Kpachenkos, 1998). IpyHTOBbIe BOAbI HaXOAATCS IIy6xke 10 M.

Bpinum nsydeHsl Ba XpOHOPsZIA 3a/IeKHBIX I04B. OHM PACIIONOXKeHbl HA IPUBOIOpas-
IebHBIX IIOIOTUX CKIOHAX C YKJIOHOM 1-2°. IlepBblit psjy ObUI IIpeICTaB/IeH arpO4epHO-
3eMaMyl MUTPAI[IOHHO-MUIE/APHbIMU. [104BOOOpasyOIMMM OPOJAMU IS HOYB W3-
YIEHHOTO psja IOCTYXIIN KapOOHATHbIE JIECCOBUAHBIE CYITIMHKI. IlepBblil MOUBEHHBDII
paspes ObUI 3a/I0)KeH Ha ITallIHe, PacIallka KOTOPOil IPOBOAIACH HEIIPEPbIBHO B TeUeHNEe
nocnefHux 100 71eT; BTOpoit 1 TpeTuit — Ha 3ajieXkaX BO3pacToM OKono 15 u 25 ner co-
OTBeTCTBeHHO. K coka/leHMIo, Ha MOMEHT OIMCaHMA Ha 3aJIeXX1 BO3pacToM 15 jieT Obit

Becmuux CII6I'Y. Hayxu o 3emne. 2021. T. 66. Boin. 3 535



Tabnuya 1. XapaKTepHCTUKA 06'beKTOB JICCTeFOBAHIA

Home Koopauuarst Ty HasBanne mouBbl
a3 e.fa WGS 84, Bricora 3eM/IeTIONb30BaHMSA
pasp HaJl yPOBHEM MOPS KuJITTP* WRB**
52.776222 N, arpo4epHO3eM .
q1 39.060056 E; MaIlHA MUTPaIYIOHHO- Haphc Chernozem
. (Aric)
163 m MULE/IAPHbIA
52773633 N, ArpOtCpHOSEM .
1 39.051617 E: sanexs 15 1et MUTPAIVIOHHO- Haplic Chernozem
’ 168 M ’ MULETISPHBII (Aric)
HOCTArpOreHHbIi
52.774556 N, arpotcprosen .
93 39.059361 E: sateKD 25 16T MUTPALIOHHO- Haplic Chernozem
’ 163 m ? MULETIAPHBI (Aric)
MIOCTaTrPOT€HHbIN
52.585280 N, .
T1 38920342 E: S arporemHorymycosas | Calcaric Phaeozem
’ 142 o ’ moyYBa (Aric)
52.585321 N, arpoOTEMHOTyMyCOBast .
T2 38.919943 E; 3aexb 25 neT MOCTarporeHHas Calgarlc Phacozem
141 m IoYBa (Aric)
52.766332 N, arpoTeMHOTyMYCOBas .
T3 39.053453 E; 3anexxp 40 (45) ner HOCTarporeHHas Cal'carlc Phaeozem
153 M IIoYBa (Aric)

* Knaccnguxarys u guarHoctuka nous Poccyn (Ininos u ap., 2004).
** World reference base for soil resources (IUSS Working Group WRB, 2015).

IPOM3BEJeH II0CEeB IMIIEHNUIbI (IIEPBBIl TON), a 3a/IeXb 25 jIeT OblIa IPOAMNCKOBaHa, I10-
3TOMY MbI HE CMOITIY M3YYUTD 3a/IEXKV B TIOJIHOCTBIO HEHAPYLUIEHHOM COCTOSAHUN. 1o 3TOrO
BMeIlIaTe/IbCTBA 3a/IeKb BO3PAcTOM 15 j1eT HaxoAunach B IEPBOI CTaiNM BOCCTAaHOBJIEHNUS
PaCcTUTENIBHOTO MOKPOBa C 00M/IVEM COPHBIX BUJIOB, @ Ha 3aJIKU BO3PACTOM 25 JIeT yKe
MOSIBUINCDH 30HAJIbHBIE CTEITHbIe BUJbI TPABSHUCTON PAaCTUTENbHOCTY, BK/II0Yasl KOBBLIID,
a TaK)Ke paspeKeHHble KyCTapHUKM, XapaKTepHBbIE [IA JIECOCTEN.

Bropoit XpoHOpAL cOCTOAN U3 arpOTEMHOTYMYCOBBIX IIOYB IIOf IalIHEN, TaK-
JKe pacnaxmBaeMoil 4yTh 6omee 100 ymeT, M HAXOMAIUUXCS B 3a/IEXKU BO3PACTOM OKOJIO
25 u 40 (45) ner. ITouBoo6pasyolelt MOPOKOI i BTOPOTO Psifia SBIAIOTCS MaleOreH-
HEOT€HOBbIE KPACHOIIBETHDIE aJ/UIIOBMAJIbHbIE CYTTIMHUCTDIE OTIOXKEHNA, TIOACTU/IAEMbIE
MecKaMI CO BKIIIOYEHMEM BEPXHEINEeBOHCKMX M3BECTHSIKOB. PacTUTEIbHOCTb MCCIIENo-
BaHHBIX YYaCTKOB OblIa IpelCTaBeHa XapaKTepHBIMU JJI 3ajieKell CoOoOIecTBaMIm:
PasHOTPaBHBIMM M 3/1aKOBO-Pa3HOTPABHBIMU nyramu. IlaxoTHoe Ione 6bUIO 3acesHO
POXbI0. XapaKTepucTUKa 00'beKTOB MCCIEOBAHMS TIPeCcTaBIeHa B Tabi. 1 1 Ha puc. 2.

Bce mouBeHHBIe pa3pespl ObIIV 3a/I0)KEHBI Ha PABHMHHBIX IOIOTMX YIaCTKaX C MU-
HVMa/IbHBIMI PA3IM4IMsAMU BBICOTBI Y4acTKOB (Tabs. 1). YpoBeHDb IPYHTOBBIX BOJ| Be3fe
3HAYUTENTBbHO HIDKe ITTyOVMHBI IOYBEHHOTO MPOQUIIS U He MOXKET 3Ha4MMO BIIVATH Ha I10-
YBEHHBDIIT IPOQUIIb.
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42 43

3anexb (okono 15 ner) 3anexb (okono 25 neT)
0 0+ 0
201 20 1 20
40 1 40 40 A
60 A 60 - 60 -
80 1 80 - 80 1
100 - 100 A 100 |
120 1 120 120
140 1 140 - 140 1
160 1 160 160
180 180 - 180
200 - 200 - 200 -
T T2 T3
NawHs 3anexb (okono 25 ner) 3anexb (okono 40 (45) neT)
0 - 0 0
20 20 20 -
40 A 40 + 40 A
60 60 - 60 -
80 80 - 80 -
100 - 100 A 100 T
120 - 120 - 120 -
140 - 140 - 140 A
150 - 150 - 150 -

Puc. 2. CxemaTudeckoe n306pakeHne IOYBeHHbIX Ipodueil. bembiMu KpammnH-
KaMJl yKa3aHO MeCTOIIO/IOKeHe KapOOHATHOTO IICEBJOMMUIIENINA B TOPU3OHTAX arpo-
YepHO3eMOB MUTPAIVIOHHO-MUIIEIAPHBIX. BeIbIMM 10/10caMy yKasaHa ITy61Ha BCKI-
maHns ot 10%-ro pactsopa HCl. MoOLIHOCTD TOPM30HTOB yKasaHa B CAHTMMeETpAX.
B ropusonrax C 1 Dca arpoTeMHOIyMyCOBBIX ITOUB M300paskeH SITIOBIIT M3BECTHSAKA.
CocTaB/IeHO aBTOpaMM
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Bb110 IpoBefieHO NoApo6HOe MOP]OIOrIUecKoe ONMUCaHNe 3aJI0>KEHHBIX Pa3pe3oB,
ompefeneHo KnaccuduKanMoHHOe HonoKeHne mouB cornacHo (Ilwmos m mp., 2004).
B XpoHOpsAZY 4YepHO3eMOB MUTPAIVIOHHO-MMULESIPHBIX Ha JIECCOBUHBIX CYITIMHKAX
ObITa M3MepeHa IVIOTHOCTDb C/IOKEHMA U BIYKHOCTD IIOYBBI, I/IS1 4ero ObII 0TOOpaHbI
po6BI MeTOIOM pexyiero Konbia (PactBopoBa, 1983) B TpeXKpaTHOII TOBTOPHOCT.
B arpoTeMHOryMycOBBIX IOYBaX IUVIOTHOCTb He M3MEpPAIACh, IOCKOIbKY BK/IIOYEHIE
B HYDKHEJ 4aCTY M3yYeHHBIX pa3pe30B 3HAaUNTE/IbHOTO KONYeCTBA 00/IOMKOB M3BECTHSI-
Ka He 03BO/IN/IO ObI KOPPEKTHO CPAaBHUTD 3aIIaChl YITIEPOa OPraHMYeCKIX COeVIHEHMI
¥ yI7Iepofia Kap6OHaTOB.

B kaxpoM paspese 060MX XPOHOPAROB ObIIM OTOOpaHBI 00pa3Lbl OOIIEN MacChl
U3 KXIbIX 10 CM /IS IepBOTO BepXHEro MeTpa Hpodus, n U3 KaxAabx 20 cM — /I
HIDKHet yactu npodust (Tabn. 2). B atux ob6pasmax ObUIM BBIIOMHEHBI CIENYIOLIVe
aHa/IM3bl: TPAaHYIOMETPUYECKIUIL COCTaB METOOM IIUIIETKM C JAVCIeprarielt CyCreH3nn
mpodocdarom Harpusa (PactBoposa, 1983); comepsxanue obmero yrnepona Ha CHNS-
932-ananmusarope (Leco, CIITA); copepkaHme yIiepoja KapOOHATOB — MaHOMETPUYECKI
(BopobbeBa, 1998). Yriepos opraHn4ecKmx COeIMHEHNIT PACCYUTAH 110 Pa3HOCTU MEX/Y
061M 1 KapOoHATHBIM. B Tex >ke 06pasiuax 611y onpeseneHsl 3HadeHnst pH noreniymo-
MeTPUYeCK B BOJHOI CYCIIeH3MN C COOTHOIIEHNeM IOYBLI 11 BoAbI 1:2.5. B o6pasijax He-
HAPYILIEHHOTO CJIOXKeHNs, OTOOPaHHBIX 13 KapOOHATHBIX TOPU3OHTOB arpoYepHO3EMOB
1 ropu3oHTOB C arpoTeMHOTYMYCOBBIX ITOYB, OBIIO IIPOBENEHO Me30MOP(OIOrnIecKoe
OIVICaHMe TIPY IOMOIIM OMHOKY/IAPHOro cTepeomukpockona MBC-10. O6pasusl s
HOCTIEAYIOIer0 MUKPOMOP(OIOTNYeCKOro ONMCAHNA ObIIN OTOOPAHbI U3 TEX JKe TOpHU-
30HTOB, YTO 0OPasIIbI /11 Me30MOP(OIOrNIecKoro ananuaa. VI3 Hux 6bUIM U3TOTOB/ICHBI
1M dBbl, OIICaHMe IIPOBeeHO € oMol Mukpockona Carl Zeiss AxioScope Al B Ilen-
Tpe KO/UIEKTMBHOTO I0/Ib30BaHMs VIHCTUTYTa PU3NKO-XUMMIECKNX ¥ OMOTOIMIeCKMX
npo6nem (IIKIT MOXuBIIIT) PAH (r. IIymuno, Poccus). Pagnoyrinepontoe gatuposa-
HIle KapOOHATOB U TyMyca IIPOBEJeHO B Ta00paTOpyM M30TOIHBIX UCCIefoBanuit Poc-
CMIICKOTO TOCY/IJapCTBEHHOTO Ieflarorndeckoro yansepcurera uM. A. V. Tepiena mop py-
koBoacTBOM M. A. KynbkoBoit. O6pas1iipl Ha onpeie/ieH1e pafoyIIiepOfHOrO BO3pacTa
Kap6OHATOB OTOMPA/INCh BMECTe C BMelIAollell IIOYBEHHOI Maccoil BBULy HEBO3MOXK-
HOCTH OTHe/IeHVS ME/IKMX KapOOHATHBIX HOBOOOPa30BaHMIL, ITyOMHBI 0TOOpa KOHKpPET-
HBIX 00pa3I[OB /I HaTUPOBaHMA IIPUBEfIeHbI B TAO. 3.

3. Pesynbrarhbl MCCIEIOBAaHNA

3.1. Mopgponozuueckoe cmpoenue npoguneii noue

ITpoduib TaX0THOrO YepHO3eMa COCTOUT M3 JBYX IIAXOTHBIX TeMHOI'YMYCOBBIX IO-
pusonToB PU, pasnnyaromuxcsa 110 CTPyKType, COfep >KaHuI0 TPELH, BKIIOYEHNIO CTep-
HI1, 060 KopHelt. Tak, B BepxHeM ropusonte PUl mpucyTcTByeT 3amaxaHHas Ipo-
LIJIOTORHASA CTEPHH, OH TYCTO IIeperjieTeH KOPHAMM IIIEHNUIbI, MMeeT METKOKOMKOBA-
TYI0 CTPYKTYPY. Torma Kak Hipkenexauuii ropu3oHT PU2 He cofepXUT cTepHHU; KOpHeN
CyILIleCTBEHHO MeHbIe. CTPYKTypa ITIBIONCTO-IpU3MaTIdeckas. BoIpaskeHa TpelHHAsA
CeTb, TPELVHbI PACIIPOCTPAHEHDI TOTIBKO B 9TOM FOPU30HTe, ITyOxe He yxonsaT. ITox ro-
pusonTom PU2 coxpannnca ropusont AUca. CTpyKTypa JaHHOTO TOPM3OHTA 3€PHUCTO-
KOMKOBaTasd, T.€. PA3UTENbHO OTINYAETCA OT CTPYKTYPhI BBIIIENEKAILEr0 TOPU3OHTA.
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Tabnuya 2. TpanymomeTpideckuii coctaB 1 pH BOIHOI BBITDKKI

Tny6ua, oHo, Copnepsxanne ppakunii B MM, %
o™ 1-0.25 0.25-0.05 | 0.05-0.01 | 0.01-0.005 | 0.005-0.001 <0.001
4q1
0-10 7.27 4 7 42 12 22 13
10-20 7.27 3 8 39 14 22 15
20-30 7.18 3 8 33 12 21 22
30-40 7.30 3 4 40 12 20 22
40-50 7.39 2 3 40 13 20 22
50-60 7.48 2 4 36 12 19 27
60-70 7.55 2 2 38 11 20 26
70-80 7.59 1 6 35 11 18 28
80-90 7.93 1 3 38 11 19 28
90-100 8.10 2 9 29 12 33 15
100-120 8.15 8 7 27 10 31 18
120-140 8.27 10 8 25 10 28 20
140-160 8.29 8 7 26 11 13 35
160-180 8.30 10 5 26 11 7 41
180-200 8.25 15 10 21 12 37 5
42
0-10 7.10 5 40 14 21 14
10-20 7.16 6 3 38 15 20 19
20-30 6.97 7 3 40 16 20 14
30-40 7.13 4 3 37 13 19 24
40-50 7.24 4 2 38 14 20 23
50-60 7.34 3 3 37 14 21 23
60-70 7.39 4 2 35 15 20 24
70-80 7.40 3 1 37 12 19 28
80-90 7.80 1 1 38 14 19 28
90-100 8.09 2 3 34 13 21 27
100-120 8.14 3 4 34 12 22 25
120-140 8.17 6 4 30 14 20 26
160-180 8.28 9 8 25 9 21 28
180-200 8.24 11 7 24 9 22 27
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IIpodonucerue maémn. 2

Iry6una, pHaox Copeprxanne paxumit B MM, %
™ 1-0.25 0.25-0.05 | 0.05-0.01 | 0.01-0.005 | 0.005-0.001 <0.001
43
0-10 7.48 4 4 36 12 21 23
10-20 7.26 4 5 34 12 23 23
20-30 7.10 5 14 24 9 19 27
30-40 6.92 46 15 13 6 11 8
40-50 6.93 56 5 12 6 10 10
50-60 7.03 54 5 11 5 10 15
60-70 7.03 56 3 11 4 11 14
70-80 7.05 59 3 12 4 10 13
80-90 7.03 50 5 14 4 11 16
90-100 7.13 53 5 13 5 8 16
100-120 7.24 64 7 9 2 5 13
120-140 7.38 75 6 4 0 5 10
140-160 8.02 55 8 5 1 9 22
T2

0-10 7.29 54 5 12 5 19 4
10-20 7.18 59 5 9 5 13 9
20-30 7.14 57 4 11 8 11 9
30-40 7.13 46 7 14 8 17 8
40-50 7.07 44 8 15 7 18 8
50-60 7.24 54 4 13 7 11 10
60-70 7.24 52 7 11 4 12 14
70-80 7.24 49 10 10 3 10 18
80-90 7.27 42 20 7 3 8 20
90-100 7.28 24 24 4 1 11 35
100-120 7.73 13 23 7 3 12 41
120-140 8.04 83 3 2 1 6 5
0-10 7.63 46 14 10 5 13 12
10-20 7.74 43 16 12 5 12 13
20-30 7.76 41 17 10 6 11 15
30-40 7.58 40 15 12 3 12 18
40-50 7.26 43 12 9 5 10 21
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Oxonuanue mabn. 2

Tny6una, oHu, Copepsxanne ppakunii B MM, %
o™ 1-0.25 0.25-0.05 | 0.05-0.01 | 0.01-0.005 | 0.005-0.001 <0.001
T3
50-60 7.24 43 15 10 9 19
60-70 7.22 48 13 9 8 17
70-80 7.15 55 12 6 8 16
80-90 7.20 62 18 2 3 14
90-100 7.20 64 16 3 4 13
100-120 7.24 76 12 2 3 7
120-140 8.42 78 13 1 3 5

Tabnuya 3. PaguoyrnepomHbIii BO3PacT ryMyca BTOPbIX aXOTHBIX TOPM3OHTOB U KapOOHATOB
KapOOHATHO-aKKYMY/IATHBHBIX TOPM30HTOB arpOYEPHO3EMOB MUTPAIVIOHHO-MULIE/LAPHBIX
" KapOOHATOB ropu3oHToB C arpoTeMHOIYMYCOBBIX II0YB

Drv6uma Marepmuar,
Homep Tumn 0Ty60 a B KOTOPOM JTa6oparopubiii | 4C-Bospacr,
paspesa | 3eM/IeTONb30BaHMUS p ompenensIcs HOMeEp et
obpasua, cMm
BO3pacT

10-24 rymyc SPb_2499 3232+ 60
Y1 MamHA 98-110 KapOOHaThI SPb_2458 8116 + 100

145-160 rymyc SPb_2459 11620 + 130

107-112 KapOOHAThI SPb_2463 11718 £ 150
92 3ayexsn 15 et

128-133 KapOOHAaThI SPb_2494 10924 + 150

27-32 Trymyc SPb_2497 4573 +70
93 3aJ1eXb 25 j1eT 109-120 KapOOHAaThI SPb_2461 16817 + 150

147-152 KapOOHAThI SPb_2462 17314 + 180

10-20 rymyc SPb_2496 1280 + 25
T1 MMaIIHA

140-150 KapOOHATHI SPb_2456 14070 + 160

10-20 TyMycC SPb_2495 1072 + 25
T2 3a7exnp 25 et

120-130 KapOOHATHI SPb_2457 14058 + 160

15-25 rymyc SPb_2493 1670 + 30
3 sanexce 40 (45)ner | Kap6oHaTHI SPb_2460 15265 + 150

(u3 MuH3 mecka)
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3nech ropaszo 60sblie X010B Me30(¢ayHBbl, YeM B IIPEAbIAYIIeM IOPU3OHTe. BbhIpaskeHbl
obpaTHBIE KPOTOBMHBI C KapOOHATHBIM IIceBoMuIenueM. [lamee pacronaraercs ro-
pu3oHT ABca, HEOTHOPOJHO OKpalIeHHBIN, C KOMKOBATOM CTPYKTYpPOil C TE€HJEeHIMeEN
K IPU3MAaTIYHOCTH. 3[IeCh TaK)Ke OTYET/IMBO BBIPA)KEHbI XO/IbI Me30(ayHbl I KPOTOBM-
HBI KaK IIpsIMbIe, TaK U 0OpaTHbIe. Bce KpOTOBMHBI COflepKaT KapOOHATHBIII IICEBIOMUIIe-
nmit. Hioke 3ajeraror kap60oHaTHO-aKKyMy/sATHBHbIe ropu3oHTl BCAmcl u BCAmc2,
pasIMyalolecs MO LBETY U XapaKTepy KapOOHATHOro IceBgoMuenus. HibkHuit ro-
pusonT BCAmc2 copep>xut 60ee IIMHHBIE ¥ BHIPaYKEHHbBIE «HUTV» IICEBOMUIIEIIL.
CTpyKTypa KapOOHATHO-aKKYMY/IITUBHBIX TOPU30HTOB IIPM3MaTHUYeCKasi, CTIefJOB Me30-
(bayHBI 3aMeTHO MeHbIIle, YeM B BhILIeIexarieM ropusonte ABca. O6a ropusonra nme-
I0T IIpsIMble KPOTOBMHBI C 300T€HHBIM IIceBRoMuIienyeM. B ropusonte BCAmc2 o rpa-
HAM CTPYKTYPHBIX OTZHEIbHOCTEI BCTPEYaeTCs MeyKasA Oeornaska ¢ TBepAbIM SA[POM.
Huoxunit ropusonT BCAmc2 mocTeneHHO cMeHsAeTCs MepexofHoll K IOopofie TOIel,
KOTOpas JeMUTcA Ha JBa ropusonTa, BCcal u BCca2, pasnmnuaromniyecs o cofiep>KaHuUIo
KapOOHATHOTO IICEBIOMULIENNS: B HIDKHEM FOPU3OHTe OH BCTpedaeTcs penko. OcobeH-
HOCTb MECTHBIX JIECCOBUIHBIX CYIJIMHKOB COCTOUT B TOM, YTO OHM COfiep>KaT 0OIOMKI
U3BeCTHAKA. MenKo3eM B IaXOTHOM YepHO3eMe HaulHaeT BCKUIATh C BepXHell I'PAaHUIIbI
ropusonTa AUca.

Mopdoornorndeckoe CTpoeHMe 3a/IeXKHBIX YePHO3€MOB, MICXO[JHO IIOXO0Xee Ha CTpoe-
HII€ TIAXOTHOJA ITOYBBI, 3a IIEPUOJ, HAXOXK/IEHNA B 3a/IeXKI YCIIEN0 BUgou3MeHuThcA. K co-
YKaJIeHUIO, 3a/IeXKHbIe YePHO3EeMBI ObLIN ITOfIBEPYKEHbI CEIbCKOXO035IICTBEHHOI 00paboTKe
B TOJl IPOBE/IEHNA UCCIIEIOBAHNIL, M BepXHIe IMaxoTHble ropusoHThl (PUpal) 6pin Ha-
pyutensl. Ho HyokHue naxorusle ropusoHTsl (PUpa2) He 6bUIN €10 3aTPOHYTHL. Arpodep-
HO3€M Ha ITaIlIHe IMeeT XapaKTEPHYIO [I/I NaXOTHBIX II0YB CTPYKTYpYy ropusonTa PU2 —
IJIBIOVICTYIO C TPELVIHHON CEeThIO U IepeyIUIOTHEHMeM. B oTdme oT Hero, 3a/eXxHble
IOYBBI UMEIOT Top130HTEI PUpa2, B KOTOPBIX C/Iefibl ObIION pacIaIlK yyke MeHee 3aMeT-
HBI, OHV 00pe/u KOMKOBAaTO-3€PHUCTYIO CTPYKTYpY. Ec/iu B 1o4Be, pacioiokeHHOI Ha
3aJIeXX1 Bo3pacToM 15 J1eT, Bce ellle HabmogaeTcs NepeyrioTHeHNe (IUTy>KHas TOJOLIBa),
KaK ¥ B IIaXOTHOJ II0YBE, TO B arpoYepHO3eMe Ha 25-/IeTHE 3a/IeXKU B XOJle CaMOBOCCTa-
HOBJIEHN IITy>KHas MOJIO0IIBA ITpAaKTNYecK! ucdessna. [opusonTsl ABca n AB 3amexxHbIX
II0YB He MMEIOT KapOOHATHOTO IICeBOMUIIENNS B KPOTOBMHAX B OT/INYME OT aHA/IOTUY-
HOTO TOPM30HTA MaXOTHOI mouBsl. JInHMA Bckumanms ot 10%-ro pacrsopa HCI B 3amex-
HBIX II0YBaX CMellaeTcsA BHU3 0 Tpoduaro. Eciu Menko3eM IIaX0THOTO arpoYepHO3eMa
pearuposan ¢ HCI ¢ Bepxueit rpannusl ropusonta AUca (24 (28) cm), To B 15-7eTHeit
3ajexxu cnaboe Bckumnanue ot 10%-ro pacrsopa HCI nposiBisieTcsi TObKO B TOPU3OHTE
AU Ha rry6uHe 49 cM. B mouBe 25-71eTHeit 3ae>xu MMHUA BCKUNaHNA OT 10%-Tro pacTBo-
pa HCI cmemjaercs elje Hibke — Ha BepXHIOI rpaHniy ropusonta BCAL (67 (82) cm).
Topnsont BCA1 B uepHO3eMe 25-71eTHeIT 3a/1eXXV He IMeeT KapOOHATHOTO IICeBIOMUIIe-
7 B OT/IMYYE OT I10YB ITAllIHY U 3a71€5KM Bo3pacToM 15 neT. B arpodyepHoseme 15-neTHen
3aJIeK HalifleHa He0Oonbluasa 6eoraaska ¢ TBEpAbIM AAPOM. B oTimume oT MaxoTHO
MOYBBI, 3/]eCb OHA BCTPETU/IACh VTHOX/IBL.

ArpoTeMHOryMycOBBI€ ITOYBbI Ha ITAIIHe 11 25-7IeTHell 3a/1e>Ku 00pa3oBaHbI Ha IBYX-
YJIEHHBIX OT/IOXKEHMSX, CBePXY PacoIaraloTcsl CyIIMHICTbIe OT/IOKEHNs, a Ha ITyOuHe
130-140 cMm 3aneraer coi NajaeOreH-HEOT€HOBOIO KPACHOLIBETHOIO IIeCKa C 3/II0BUEM
usBecTHsAKA. [Tousa Ha 3amexu 40 (45) et copMupoBaHa B HECKOTIBKO APYIMX YCIIO-
BIAX. B ee mpoduiie moBceMecTHO pacmpocTpaHeHa MeKas M3BECTHAKOBasA IiebeHKa,
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KoTOpas nosBjsiercss ¢ mrybunsl 10 cM. Croit mecka ¢ oOuIeM 9/M0BMs M3BECTHAKA
3/1eCh BbIpaXKeH MeHee ABHO. [paHylToMeTpu4ecKuii COCTaB IMOYBbI TOCTENEHHO IEPEX0-
TUT U3 CYyTJIVHKA B ITECOK.

ATpOTeMHOTYMYCOBasA IOYBa Ha IallHe MMeeT IMaXoTHbI ropusoHT PU TemHo-ce-
pOro 1BeTa JIErKOCYI/IMHUCTOTO I'PAaHy/IOMETPUYECKOTO COCTaBa C HEACHO KOMKOBATOM
CTPYKTYPOIA, C/IeTKa MOPOIINCTON. [OpM30OHT OYeHb IUIOTHBIN, MOYTU CAUTU3MPOBAH-
HblL. VIMeeT oTMbIThIE 3€pHA KBapua. Hipkenexammit ropusonT AU TeMHee NpefbIy-
I1eT0, KPYTHOKOMKOBATBIN. VIMeeT BK/II0OYeHMsI KaMHell ¢ JKele3UCThIMU IIeHKamu. [o-
pusoHT AC, IIepexOofHbIil K IIOpOJie, HEOFHOPOAHO OKpallleH, Ha Oypo-oxpuctoM ¢GoHe
HAaXOIATCA pa3Ma3aHHbIE TeMHO-Cepble HesCHO OpOpM/ICHHBbIE IATHA. [laHHBI Topu-
30HT COJIEP>KUT CTapble NMpsAMble KPOTOBVMHDBI, KAMHM C >KENe3UCTON IIJIEHKOM, IMOBEPX
KOTOPOJ HaXOfATCA KapOOHAaTHbIe KyTaHbL. BOKpPYr HEeKOTOpPBIX KaMHeil BCTPEYaroTCs
OpeoJIbl 13 KapOOHATHOTO MYYHUCTOTO MaTepyaa AuaMeTpoM okoyo 3 cM. fopusont C
OXPMUCTOTO LIBETA, CyIeCYaHblil, IMeeT N3BeCTHAKOBBIII je6eHb 11 IpyTyie KaMHM C Kap-
OOHATHOI MYYHMCTOI Maccoil BOKpPYr. Ha ogHOM 13 kamHell ¢parMeHTapHO IPUCYT-
CTBYeT InceBfoMuiienuii. Ecte nmpamble KpoToBuHbl. Hinke pacnonoxken ropusoHT Dca,
HAIIOJIOBVMHY COCTOSAMINII 13 KapOOHATHBIX BaT[yHOB 1 II[eOHSA C KapOOHATHOI MYYHMCTON
Maccoit BOKpYT. OCTa/IbHYI0 YacTh TOPM3OHTA 3aHMMAET OXPUCTAs CYIIECh.

[TouBa 25-meTHelt 3anMeXn C1abo OTIMYAETCS OT ITAXOTHOI TOYBHI IO MOPGdOIOTMYe-
ckuM npusHakaM. OHa Bce ellje MMeeT XOPOIIO BhIPa>KeHHBIN TOPU3OHT ILTY>KHOI IOZO0-
mBHL. A B mouBe 40 (45)-71eTHell 3a/1eXV epeyIJIOTHEHHBII TOPU30HT JICYe3aeT.

3.2. Mezomopgonozuueckuii ananus no4e

Azpoueprozemvl MuzpayuoHHo-MmunenapHvie. Bo Bcex o6pasljax aKKyMy/IATUBHO-
KapOOHATHBIX TOPM3OHTOB B KPYIHBIX IOpaxX U TPeLIVHAX CTEHKU OXKe/Ie3HEHBI, 4TO
MOXKeT SIBJIATBCA CBUJETENIbCTBOM IIEPUOJIOB IPYHTOBOIO YBIaKHEHNA HouB. IloBepx
OYKEJIe3HEHHOT'0 Me/IKO3eMa pacIoaraeTcsi 0ypoBaro-cepblil MaTepuai 13 60jee MeIKIX
JacTuil. BeposTHO, IpOUCXOAMIO Nepepacpefie/ieHne INIMHUCTOIO 1 TYMyCOBOTO Mate-
puanos. [ToBepx 6ypoBaTo-ceporo Marepnana 4acTo OTMe4aeTcsi KapOOHAT KayIbLusl.

Bo Bcex Tpex HOYBaX BTOPMYHBIA KapOOHAT Ka/bLVIsl B BEPXHEM aKKYMY/IATVB-
Ho-KapboHaTHOM ropusonte (BCAmcl, BCA1) mMeHee BbIpakeH, HEKeNU B HIDKHEM —
BCAmc2. OH pacnonaraeTcs 1o CTeHKaM II0p B ¢opMe BOJIOKOH. TO/IbKO B KPOTOBMHAX
HOPBI TIOJTHOCTBIO VTY TIOYTH TIOJTHOCTBIO 3aII0/THEHBI KPUCTA/UIAMV KapOOHaTa KasIbI{ys
B BIJIe TeTParoHaabHbIX mpusM. [opnzonTsl BCAmc2 B OQHUX HOpPaxX COfep>KaT KPUCTal-
JIBl UITOJIBYATOTO KaJIbLIUTA, B APYIUX — KPUCTAJUIBL B BYUJie TeTParoHaabHbIX Ipu3M. B or-
JIM4ye OT IAXOTHO IIOYBBI B 3/IeXKHBIX YePHO3eMaX, B HYDKHIX KapOOHATHBIX TOPU30HTAX
HOSIB/ISETCS BOJIOKHVICTBIN KapOOHAT Ka/IbIs 110 TPAHAM CTPYKTYPHBIX OTHEIbHOCTEN.

Azpomemnozymycosvie nousvl. B mccnegoBaHHbIX 06pasiax ropuzonros C arpo-
CEpPOTYMYCOBBIX II0YB II0 TPaHIM CTPYKTYPHBIX OT[eTIBHOCTEN M B KPYIIHBIX ITOpaX Ha-
XOIATCS IUIEHK! U3 6ypOBaTO-CepOro TOHKOAUCIIEPCHOTO MaTepyuajaa — BEPOSTHO, 9TO
CJIefibl JTecCUBaXka. B HeKOTOpBIX MOpax 0OHapy)KeHbI BTOPUYHbIE KapOOHATHI, B OCHOB-
HOM 3TO UTO/IbYaThiil KanbLuT. KapOoHaTHas Macca nMeeT ry64yaToe ClI0XKeHNUe, BHYTPU
COJIEPXKUT TecyaHble 3epHa. [IoBepXHOCTh 00/IOMKOB M3BECTHSIKA, KOTOPBIE OB OOHA-
PY>KeHBI B arpOTeMHOTYMYCOBBIX II0YBAaX, MMeeT CJIefibl BBIBETPEIOCTU: TBOPOXKUCTOE
CTpOEHUe, Ha/I4ye SKeJIe3VICThIX IVIEHOK, a IIOBepX HUX — IIMHUCTBIX KyTaH. B o6pasue
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TOpM3OHTa C maxoTHOM ITOYBBI IIOBEPX ITMHUCTBIX KYTaH PaClOIaraloTCsA BTOPMYIHBIE
Kap6OHaTbI, B OCHOBHOM UTOJIbYATBIN Ka/ZIbIIUT. B 3anme>xHBIX IMOYBax 0OIOMKM U3BECT-
HAKa HE VIMEKOT BTOPUYIHDIX Kap6OHaTOB Ha ITIOBEPXHOCTH.

3.3. Muxpomopgonozuueckuii ananus noue

Ha MukpoypoBHe KapOOHaTHbIe aKKyMy/iALyM B ropusonte BCA arpouepHozeMoB
KaK MallHM, TaK U 3a/leXXell MpefCTaBIeHbl OKapOOHaYeHHBIMI KOPHEBBIMU KI€TKaMM
(OKK), pacnonararommmucs Kak B IyCTOTax Oojee WM MeHee YIOPSJO4eHHO, TaK U
B Blfie pa3pO3HEHHBIX CIIAPUTOBBIX 3€PeH, Pa3OpOCAaHHBIX B TOHKOGUCIIEPCHOM Mare-
puare (puc. 3, a, 8, 0). TOHKOIMCIIEPCHBII MaTepUasI B TOV VM MHON CTENEHN TPOIUTAH
KapOoHaTaMy, a Tak>ke B HeM OOHApy)XMBaeTCsi MHOXKeCTBO MenKux (He 6omee 50 mm-
KPOH) 3epeH JIMTOT€HHOrO Ka/IbIUTa, MMEIOIVX Y/IMHEHHYIO MO0 OKPYIIyI0 Gopmy.
ITu 3epHa B 3HAYUTENBHON CTEIEH) 3aMaCKVMPOBAHBI TOHKOJUCIIEPCHBIM >Ke/Ie3UCTO-
IJIMHYUCTBIM BeILleCTBOM, II09TOMY Ha IIPEACTaB/IeHHBbIX (OTO He BUAHBL B ropmsonre
BCAmc nous nmaurau u 15-netneit sanexxn OKK 1oBoIbHO CUIBHO [Je3MHTEIPUPOBAHBI
IesATeNbHOCTDIO Me30(ayHBbl, a TOHKOAVICIIEPCHAS Macca MIMeeT CIIefibl IIepeyBIaXKHEeH
B BUJIe XKe/Ie3VCTO-MapraHIeBbIX IATeH (puc. 3, 4, 8). A B IOYBe 3a/IeXV BO3PACTOM
25 JIeT TaKMX IATEH CyllecTBeHHO MeHble, a OKK nMenT 1oBONIbHO yHOpALOY€HHbI
BUJI V1 IIPUYPOYEHBI B OCHOBHOM K ITopaM (puc. 3, 0).

TopusonTs! Cca OYB MalIHM U 15-7€THEN 3a/1eXKM XapaKTepU3YIOTCs BbICOKOI CTe-
HEeHBI0 OKapOOHaUMBaHN TOHKOAVCIIEPCHOIT Macchl (puc. 3, 6, 2), a Tak>ke B Hell HabIIo-
JAI0TCs pasHOOKpAIlleHHbIEe OKCHJJaMI XKele3a MIKPO30HBI (IIPU3HAKIY IIPOLIECCOB OITIee-
HIIST), 0COOEHHO XOPOILO 3aMeTHbIE B IOUBe MaIuHu (puc. 3, 6). B mouse 25-neTHeit 3aie-
»u B ropusonTe Cca eie xopouo BopaxkxeHsl OKK B mopax (puc. 3, e). [Tousa 25-neTHeit
3aJIeXM B TOHKOMCIIEPCHON Macce kak ropusoHTa BCAmc, Tak u B ropusonTe Cca co-
HepKUT Haubosiee 3aMeTHOE KOJIMYECTBO 3epeH JIMTOTEHHOIO Ka/IbLUTa 110 CPaBHEHUIO
C IBYMA IPYTVIMM IOYBAMI.

B 1M3y4YeHHBIX aKKyMY/IATMBHO-KapOOHATHBIX TOPM30HTAX O MUKPOMOP(OIOru-
YeCKUM HaOMI0NeHNsIM KapOOHaTHble aKKyMY/ISILVN, IPeACTaBIeHHbIe HA MUKPOYPOB-
He OKK, B 1ouBe IanHm u 3ajeXxyt BO3pAacToM 15 jieT MMeIOT IIPU3HAKN O>KeTIe3HEHS,
CWJIPHO pa3pO3HEHBI IeATe/IbHOCTBIO 3eM/IepOeB, TOrfa KakK B 25-JIeTHEN 3a/eXXy OHU
YIIOPALOYCHBI, PACIIONOXKEHbI IIPEVIMYIIECTBEHHO B IIOpaxX ¥ He MMEIOT IIITEH OKCUIOB
Kermesa.

B arpoTeMHOryMyCOBBIX TIOYBaX MAIllHU U 3a/IeXXV BO3pacToM 25 JieT B TOPU3OHTe
Cca kapOoHaTHbIe aKKyMY/IALWM IIPEACTABICHbl CKOIUICHNUAMY MEIKOTO MIOJIBYaTOrO
Kanbuuta (puc. 3, i, ctpenkn), a Takxe B Bume OKK (puc. 3, 3) 1 kap6OHATHOI TPOTUT-
KJ TOHKOZMCIIEPCHOIT MacChl. VIronbyuaThlit KaabIUT 0COOEHHO 0OMIeH B IOYBaX MAIlHIY,
torga kak OKK — B 3ayme>xHbIX TouBax. BMmecTe ¢ TeM B 3TUX TOPM3OHTAX OYE€Hb XOPOIIO
3aMeTHO HajI4ue 0)Kelle3HEHHOTO TOHKOAMCIIEPCHOTO MaTepyasa ICXOHO mopoyel. To
>Ke MOXKHO CKa3aTb ¥ 0 MUKpOCTpoeHun ropusonta Cca moussl 45-metHelt 3anexxn. Ho
ec/ B TOYBax 3ajieXkeil BospacToM 25 (puc. 3, 3) u (40) 45 meT 0Ke/le3HEHHBII TOHKO-
AMCIIEPCHBII MaTepya ¥ KapOOHAaTHble aKKyMY/IALMY 3aHVMAIOT pasHble MUKPO3OHBI
B M3y4aeMOM T'OPU3OHTe, T.€. pa3HeCeHbI B IPOCTPAHCTBE, TO B II0YBE MAIIHN UIO/IbYa-
TBIII KQJIBIIUT 3aJIeraeT IIOBEPX O)Ke/Ie3HEHHOTO TOHKOAVCIIEPCHOTO MaTepuaa, 4To 4eT-
KO 3aMKCHPOBAHO IIPU CPAaBHUTEIBHO OOMBIIOM yBemueHun (puc. 3, ).
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Puc. 3. MMKpOCTpO€HNE TOPM30HTOB arpO4epHO3eMOB MUTPAIIVIOHHO-MULIE/LA PHBIX
U aTPOTEMHOTYMYCOBBIX TTOYB.

AKKyMYIATUBHO-KapOOHATHbIE TOPM3OHTHI aTPOYEPHO3EMOB: d — IAIIHA, 6 — 15-/IeTHAA
3aJIeXKb, 0 — 25-JIeTHAS 3a/IeXKb. Topusontsr Cca: 0 — mamHd, 2 — 15-71eTHAA 3a/IeXb, e —
25-metHAA 3amexb. [opusonThl Cca arpoTEeMHOTYMYCOBBIX HOYB: H# — IAIIHA (CTpenKamm
[MOKa3aHbI CKOIUIEHVSI METKOIO MTOIbYaTOro KajlbLMTa), 3 — 25-1eTHAA 3ameXXKb. COCTaBIeHO
aBTopamn. [ToscHeHNA B TeKCTe
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ITo MuxpoMopdonorndeckuM HabOIIOIeHNAM B arpOTEMHOTYMYCOBBIX ITOYBAX ITalll-
HU B ropusoHTe C OOMIBbHBI IPU3HAKU I€PeyBIaXKHEHNUs IIOUBEHHON MacChl: 3aMETHO
npeo6nafaromuit cpeayt GopM KapOOHATHBIX aKKYMYJIALINIT UTO/IBYATbIN Ka/IbIIUT 3ajIe-
raeT IoBepX OXKele3HEHHOTOo MaTepuasa. Torma Kak B IOYBax 3a/ie)Xell Ha IIepBoe MeCTO
cpenu Kap6oHaTHbIX akKyMmy/sinuit Beixopat OKK, ux pacnonoxeHne B 13y4aeMoM ro-
PU30HTE He CBA3aHO C 30HAMU O)Ke/Ie3HEHNA IIOYBEHHOTO MaTepyaja, KOTOPBIX Cyle-
CTBEHHO MEHbIIIE B 3ajIe)KaX [10 CPABHEHUIO C MAIlIHe.

YcuneHnne npusHakoB IepeyBIaKHEHM ITOYBEHHOI Macchl B ropusonTax C u Cca
B [MOYBAX Ha MAIllHe CBA3aHO C 3aCTAMBAHIEM BJIATH B 9TUX TOPU3OHTAX 13-32 0COOEH-
HOCTeVI BOJHOTO peXKMMa I0YB IIPY paclalike. Biara, mocTynamoIas B IOYBY B IIEPUOJLI
BeCeHHe-paHHe/IeTHEN Y OCEHHEN B/Iaro3apsifiky, KOIjja MallHsA He TOKPbITa PacTUTeNb-
HOCTBIO, IIPOCAYMBAETCSI B IJIyOMHHBIE TOPU3OHTHI IO KPYIHBIM IIOPaM ¥ TpeIjMHaM
u TaM 3actanBaeTcs. Ilogo6Hble Hab/IOieHNs OBUIN Clle/TaHbl HAMY Ha IPYTUX 00beKTax
(Bynbresa u fp., 2020).

3.4. IInomnocmo, 671ai#HOCMb, 2PAHYTIOMEMPUUECKULL COCINAB, 3HAYEHUS
pH eo0noti 6vimsncku

Azpoueprozemvl MUPAUUOHHO-MULEAPHbLE. B ITaXOTHOI 1OYBe U 1oYBe 15-71eTHe
3aJ7Ie)KV OTUYET/IMBO BBIPAKEHO YITIOTHEHMe Ha IyouHe 15-20 cM, ITO CBSI3aHO C Ceflb-
CKOXO35I/ICTBEHHOII 06paboTKOII 10oYB. [ITy6yKe IJIOTHOCTD CHaYasa CHIKARTCS, A 3aTeM
YBETUIMBAETCS IIPU Hepexofie B KapOOHATHO-aKKYMY/LITUBHbI TOpU3OHT (puc. 4). B 3a-
JIKHOM 4epHO3eMe BO3PAcTOM 25 JIeT IVIOTHOCTh BO3pAcTaeT MOCTENeHHO C ITTyOMHOI
IO aKKyMY/LITMBHO-KapOOHATHOTO TOPM30HTA M 3aTeM M3MEHSIeTCs He3HAYUTENbHO.
ITpy 3TOM IIOTHOCTD IMOCTArPOT€HHBIX MMAXOTHBIX TOPU3OHTOB 3HAYMMO HIVDKE IVIOTHO-
CTM 3TUX TOPM3OHTOB ITIOYBBI ITAIIHN U 15-7I€THEN 3a/IeXKN.

ITonepass BMIaXKHOCTb BEPXHUX TOPU3OHTOB IIOYB PAcCMaTPMBAEMOIO 3a/IEXKHOTO
psifa 3HAYMMO He pasnmundaeTcs. Ho Haumnas ¢ rmy6unsl 30-40 cM BTaXKHOCTb YepHO3eMa
Ha 3JIK) BO3PACTOM 25 JIeT HaYMHAET MPEBBIIIATDh BIA)KHOCTD I0YB MAIlHN U 15-71€T-
He 3aJIeXIL.

ITo pesynbraTaM aHa/IM3a FPAHY/IOMETPUIECKOT0 cocTaBa (Tabi. 2) [ist UCC/IeOBaH-
HBIX arpOYePHO3eMOB YCTAaHOBIIEHO Ipeobafanye GpaKkumy KPyIHOI MbIIN, YTO CBs3a-
HO C 0COOE€HHOCTHIO TOYBOOOPasyIolieli ITOPObl — TECCOBUIHBIX CYITIMHKOB. XapaKTep
pacmperenieHus WINCTO Gpakiuy B U3YIeHHDBIX I0UYBAaX HEPAaBHOMEPHBIIT, HO B II€7IOM
HAOJTIOIaeTCs OUeHb CMabo BbIpakeHHOe HakoruteHne dactui] < 0.001 MM B CpequHHOIT
vacTy npodueit nous (ropusoHTl BCA), 4TO CBA3aHO C HEOJHOPOSHBIM I'PaHyIOMe-
TPUYECKUM COCTaBOM UCXOJHOJ II0YBOOOPa3yIoleil IIOPOJbL.

I[To sHauenusiM pHyoy McCTemoOBaHHbIE TOYBBI ¢1abo pasnnyarorcs (tabm. 2). Cra-
Oole/104HbIe 3HAYEHNSI TYMYCHPOBAHHO TOIIIN YePHO3eMOB II/TABHO CMEHSIIOT 111e/I04-
Hble B HIDKHelt yactu npodus. [lepexon oT c1abolieT0IHbIX 3HAYEHNUI K LIe/TIOYHBIM Ha
IIallIHe pacIloIoKeH Ha BepxHeil rpaHulie ropusoHTa ABca, B arpoyepHo3eme 15-1eTHeil
3a/IeXXM — Ha BepxHeil rpaHuiie ropusonta BCAmcl, B arpodepHo3eMe 25-71eTHell 3ae-
K — OKOJI0 cepennHbl ropu3oHTa BCA1. Hipke mpoucxopnt peskoe yBenueHne 3Hade-
Huit pHpop, CBSI3aHHOE C TOSIB/IEHVEM KaPOOHATHOTO MICEBIOMULIENNS M MCXOFHOTO 000-
raleHns IECCOBUIHBIX CYI/IMHKOB KapOOHATHOI! 11je6EHKOI — OCKOIKaMy BepXHeIeBOH-
CKUX M3BECTHSKOB. [TyO)ke Bcero KapOOHATHBIN [ICEBIOMMIIENNI MOSBIISIETCS B IOYBE
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IlnoTHOCTH CJI0KEHUs, I/cM> BaaxuocTs, % Copepxanue yactuy <0.01 mm, %

0.00 1.00 2.00 000 1000 2000  30.00 4000 5000 6000  70.00
0 ; 0 , , ,

20 - 20 A 20

40 40 40 -

60 - 60 - 60 -

80 4 80 - 80

100 - 100 - 100 -

Iny6una, cm

120 - 120 A

140 - 140 - 140 -

160 - 160 - 160 -

180 - 180 - 180 -

200 - 200 - 200 -

=A== Y, namss == Y2, 3anexs 15 ner == Y3, 3anexs 25 ner

Puc. 4. IINoTHOCTD CNIOKEHNA, BIaXKHOCTb 1 cofiep>kaHue yactu <0.01 MM B arpoyepHO3eMax M-
IpalMOHHO-MUIIeTApHBIX. COCTAaBI€HO aBTOpaMu

25-netHelt 3anexxu (Ha BepxHeit rpanuie BCAmc2 — 107 (113) cm), Tam HabmogaeTcst
CKa4oK 3HaueHmit pHyop: B MHTEpBane mexxay 100 un 120 cm, tie pHyoy yBeMM4YnBaeTcs Ha
0.7 emuHMNII.

AepomemHozymycosole nou6vl. B rpaHyIOMeTPUYECKOM COCTaBe BCEX [OYB JOMIHU-
pyIOT Yactuubl pazmepoM 1-0.25 mm (Tabmn. 2). Pacnpenenenue ¢paxumit Gpusndeckoi
IJIMHBI U TIOYBEHHOTO M/Ia HEOHOPOJHOE 32 CUeT BapbUPOBAHNUS COIEP)KAHNUS ITUX Ya-
CTUII B ICXO[{HOII MoYBOOOpasyioeli mopope (puc. 5, Tab. 2). 3navenns pHyo, Haxopat-
Cs1 B 30He HeJTPAJIbHBIX U I[e/IOYHBIX 3HaueHMII (Tab1. 2). B 3a/1e)KHbIX TOYBaX 3HAYEHIS
pHaop BBILIIE, YeM B [IaXOTHOI MOYBe. Boicokue 3HaueHs pHyoy CBs3aHDI, B IIEPBYIO OUe-
penb, ¢ HalM4yeM JIMTOTeHHOTO KalbluTa B o4Bax. [{osiBleHne BTOPUIHBIX KapOOoHa-
TOB He UTPaeT 3HAYUTEbHON POJIN.

3.5. Codeprucanue u 3anacol yenepooa opzaHu1ecKux coeouHeHuil
u yznepooa kapboHamos

AzpouepHozembl MuzpayuoHHo-MmuenspHole. Pacripefesienne conep>kaHusA yraeposa
opranndeckux coegyHeHnit (Copr) B M3ydaeMbIX IOYBAX MMeeT aKKYMY/TIATUBHBIN XapaK-
Tep (puc. 4). Y arpodepHo3eMa, PacIo0KeHHOTO Ha IIalllHe, HarboIbllee Cofep KaHue
yIJIEpOfia OpraHMYeCKUX coefiHennii B cinoe 0-10 cM, paBHoe 4.6 %. HauMmeHbmuM co-
nepxanueM Copr B cmoe 0-10 cm obmazjaeT mousa 15-metHeit sanexn (3.8 %). o ry-
6unbl 30 cM 3Ha4YeHUA Copr Pa3IMYAIOTCA CMA00 y MOYBBI MAIIHY U 25-7I€THEI 3a7IexXM,
IpU 9TOM IOYBaA 15-7IeTHelT 3a/IeXX BCe TaKkKe MMeeT 3HadeHus Hike (puc. 6). C ry-
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Conepsxanue yactuu <0,01 mm, % Conepzxanue C,,,, % Conepzxanne C,, 5 %

0.00 20.00 40.00 60.00 0.00 1.00 2.00 3.00 4.00 5.00 0.00 0.20 0.40 0.60
0 -‘ : : : 0 + : . . : : 0 : :
20 - 20 20 1
40 40 40
60 - 60 60
H
<
£ 80 7 80 80
4
=
100 1 100 100
120 120 120
140 - 140 140 -
160 - 160 160

=0~ T1, mammsa =% T2, zamexs 25 ner == T3, 3anexs 40 (45) et

Puc. 5. Copepxanne yactur <0.01 MM, Copr 1 Cyaps B arpOTEMHOIYMYCOBBIX IO4BaX. COCTaBIEHO
aBTOpaMM

6B 50 cm copepykanne Copy Y TOUBBI 25-7IETHEN 3a7IeXXM PE3KO TaJjaeT ¥ CTAHOBUTCA
HIDKe, YeM V [IOYB ITAIHY U 15-7IeTHeT 3a/IeXH, ITO U COXPaHsIeTcs Jo ryouHsr 130 cm,
rae copepxxanne Copr y BCeX 1M0YB cpaBHUBa0TCA. Hambonbimme 3amacel Copr B CTOAX
0-100 1 0-200 cM 06HApPY KEHBI B [TOYBE MAIIHY ¥ YMEHBILIAIOTCS B PSY OT HaXOTHOI IT0-
YBBI K II0YBeE 25-/IeTHEN 3a/1eKiL. 3arachl Copr B cimoe 0—-50 ¢cM BbIIIe BCETO B ITOYBE ITaIll-
HU U Hp]/I6HI/ISI/IT€HbHO OJMHAKOBBIE B MOYBax 3ajexent; B cnosax 50-100 n 100-150 cm
B 3QJISKHOI 1T0YBe (25 JIeT) 3aIachl 3HAYNTEIBHO HIDKE, YeM B OCTA/IbHBIX IBYX ITOYBAX.
A B HwKHeM cnoe 150-200 cM, HaIpoTHUB, HaubobllNe 3HAYeHU y TIOYBbI 25-7I€THEN
3anexn (puc. 6).

Copepxanne yrnepopa Kap6oHaToB (Cyaps) BO BCeX IOYBAX OMHAKOBO HM3KOE
(0.1-0.2 %) mo rmy6mHbI 80-90 cMm. 3aTeM crefyeT pesKuil CKauok comepsKaHms Ciaps 1O
1.6-1.8 % (y mouB mauuu u 15-netHeit 3amexn) u o 1.5 % (y mouBeI 25- e THEI 3a1€XN).
ITpu 9TOM [JaHHBIIT CKAYOK PACIO/IOKEH BBIIIE BCETO IO IMPOQUIIIO Y TTOYBBI 15-71eTHe
3aJIeKH, 3aTeM Y IIOYBBI IALIHU U TIy0XKe BCEro y IMOYBBI 25-7IeTHEN 3a/IeXXN. Y IOYBBI
15-neTHEN 3a/meXu MMeEeTCsA BTOPOV MAKCUMYM COJEP>KaHUA CKap6 Ha rin6MHe 140-
160 cM, paBHbIi 2.3 %. MakcumanbHble 3HaUeHMA Cyaps TPUYPOUYEHDI K KAPOOHATHO-AK-
KyMy/IATUBHBIM ropusonTaM (puc. 6). Hanbonpmue 3anace! Cyaps B BEpXHEN METPOBOI
TOJIIIe OOHAPY)KEHBI B arpoYepHO3eMe TAIIHI, a B c1oe 0-200 cM — B mouBe 15-71eTHeit
3anexxn. Bo Bcex cnosix (0-50, 50-100, 100-150 u 150-200 cM) B ouBe 3ajieXxu Bo3pac-
TOM 25 11eT 3amachl Cyaps HIDKE, Y€M B IBYX APYTMX MOYBAX (puc. 6).
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Azpomemmozymycosvie nouswl. Hanbombiee coepkanne Copr B TAXOTHOM TOPU30H-
Te VIMeeT I0YBa IIAllHM, YyTh MEHbIIIe — B [IOYBe 25-JIeTHel! 3aJIe)KI U B 1Ba pasa HIDKe
B rtouBe 40 (45)-nerHeit 3anexu. [opnsont AU (18 (21)-57 (59) cm) mouBsI 25-71€THE 3a-
JIeXXM MMeeT caMble BbICoKue copepskanus Copr (puc. 5). Ha rmy6une 30-40 cm (ropusoHT
AU) 3ane)xHble TIOYBBI UMEIOT MaKCUManbHOe HakomteHne Cop, TOT/A KaK B MAXOTHOM
TIoYBe CHYDKeHMe cofiepKaHusA Copr IPOMCXOUT TTOCTEIIEHHO C TTyOMHOIA.

CopepskaHie yriaepoga KapOoHaToB 10 Iy61Hbl 70 cM Hanbo/Iblilee B TOYBE 3a/IeXKN
Bo3pacToM 40 (45) 71eT, YTO CBsI3aHO CO BK/IIOYEHVEM OOJIBIIOrO KOMMYECTBa MeIKO M-
TOTeHHOJ KapOOHATHOII Ije6eHKM. 3aTO B HIDKHEI YacTy PO 3TOI IOYBbI IMEETCs
HayMeHblee copiepkanue Cyape. B Tape mouB «IanrHa — 25-71eTHAA 3a/1eXb» B BepXHEM
TOPU3OHTE IIOYBHI [TAIITHN COflepXKaHue CKap6 BBIlIIe, UeM B IIOUBe 25-71eTHe 3a1eXKn, Tak-
Ke 60JIee BBICOKIE 3HAYEHVSI OTMEYAIOTCS U B CPefHel yacTy poQusa HOYBbI IAIIHN.
B HinkHMX TOpU3OHTaxX cofiepkaHme Cyaps MOBBIIIAETCA HA TeX YYACTKAX, I7le PACcIONIO-
JKeHa KapOOHAaTHasi MyYHMCTasi Macca — MeJIKVe OCKOJIKM M3BECTHSIKOB, IO9TOMY pac-
Ipefie/ieHNe 9TOrO IT0Ka3aTels HeOJHOPOSHO BO BCEX TPeX MOYBaX.

3.6. Paouoyznepoonoe damuposanue cymyca u Kap6oHamoe no4eé

Azpoueprozemul MuepayUoOHHO-MuyenspHole. PafuoyrnepogHoe faTupoBaHue ObUIo
MPOBEJEHO BO BTOPBIX IAXOTHBIX TOPM3OHTAX 3aJIEKHBIX M IAXOTHONM IIOYB, a TaK-
)Ke ¢ BYX ITyOuH 13 KapOOHATHO-aKKyMy/IATUBHBIX Tom. *C-Bo3pacT rymyca Bbliie
B yepHO3eMe 25-7meTHeit 3anexu (1abm. 3). [Ipu pacmaiike 4epHO3eMOB YBeIMYMBAET-
cs oA GyIbBOKICIOT; TaKUM 00pa3oM, rymyc «monofeet» (Cabmuna, 2016; PycaHoB
u ap., 2011). B 3anexHbIX MOYBAX, I7ie MOSAB/AIOTCS 30HA/IbHbIE CTEITHbIE BUJIbI TPABSIHU-
CTOJt paCTUTENBHOCTH (BK/IIOYas KOBBUIb), COOTHOLIEHNUE YITIEPOfia TYMUHOBBIX KIMCIIOT
K (yIbBOKNCIOTAM BO3pPACTaeT, CKOPOCTb OMOIOrMYECKOr0 KPyroBOPOTA CHIDKAETCS
(Tepacumos, 1969), rymyc «cTapeer».

14C-Bo3pact kap6OHATOB BO BCeX MPOGUIIAX BBILIE B HYDKHEI YaCTI aKKYMY/IATHB-
HO-KapOOHATHOIT TOJIY [T0 CPAaBHEHUIO C BepxHeil. B mouBe 15-7eTHeIl 3ameXxu 1 Io4Be
naurau C'4-Bospact kap6oHaTOB offHAKOBbI. Haubospiuye gaTbl 06HAPY>KEHBI B TO-
YBe Ha 3a7IeKM BO3PACTOM 25 JIeT, T7ie HaXO[UTCsI Harborblilee KOMYeCTBO 3€PeH JIUTO-
FEHHOTO Ka/IbIIMTa, YTO U MOITIO IOBIUATH Ha yBenndenue Cl4-Bospacra.

AzpomemHozymycosvie nousul. B oTIm4Me 0T 4€pHO3EMOB PAMOYI/IEPOFHBIN BO3PACT
ryMyca BTOPOTO IaXOTHOTO TOPM30HTa arpOTEMHOTYMYCOBbIX II0YB CHVDKAETCA IIPU Iepe-
XOfie OT MAIIHU K 3a7IeXKV BO3pacToM 25 ieT. A 3aTeM BO3pacTaeT U HauMHAET IIPEBbIIIATh
BO3PACT MOJIAXOTHOTO TOPU30HTA arpOTEMHOIYMYCOBOIL [IOYBBI Ha mamHe. *C-ospact
KapOOHATHOI MAacChl IOTYYMICS OYeHb ONMM3KMM /IS BCeX TpeX 00pasloB U3 paspe3oB
U3 9TOTO XPOHOPSIJA, IOCKOIbKY BBICOKA MCXOHAs OKapOOHAYeHHOCTb MAacChl HVDKHUX
TOPU30HTOB 13-3a MOACTUIAHNSA M3BECTHAKAMY; IIPOLIECCH NMEePEKPUCTA/UIN3ALNY U TIO-
sIBJICHJI€ BTOPMYHBIX KapOOHATOB He CMOIVIV CYILIeCTBEHHO YISMEHNUTD KapTUHY (Ta0. 3).

4. O6¢cy>xeHMe pe3yIbTaTOB

AzpouepHosemvbl MuepauuoHHo-munensprvie. 11aXOTHBINI TOPU3OHT, y KOTOPOTO
B ITPOIIecce CebCKOXO03AMCTBEHHOTO UCTIONb30BAHNS TPOU3OIIN AeTPasialiis CTPYKTY-
PBI ¥ TIepeYITIOTHEHNe, YoKe 32 15 JIeT HaX0X/IeHN A B 3a7IeK1 Tpro6pesr KOMKOBATO-3ep-
HICTYIO CTPYKTYPY, @ 3a 25 JIeT IepeynIoTHeHN)e TPAKTUIeCK) UCYesIo.
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Ha mccnenoBaHHbIX HaMyu paHee oO6bekTax B PocroBckoit obmacty (Bynbimesa
u fip., 2020) 61710 06HapysxeHO HaxommeHne Copr IPY HAXOXK/IEHUM TIOYBbI B 3a7IEXKIL.
B naHHOM pAAy TaKasd 3aKOHOMEPHOCTb He BbIABJIEHA. B BepxHeM ropu3oHTe MaXOTHOI!
n04Bbl cofiep>kanme Copr BbILIE, HEXXENMM B 3a/IEKHDBIX NOYBaX. Tak)ke 1 3amachl B CTI0SAX
0-50 1 0-200 cM B maxoTHOJ 1oYBe Bbile. I1o HalmeMy MHEHNIO, 3TO MOXKET 6bITH CBA3a-
HO C JICTIONIb30BaHVeM MHOJ (IT0 CPaBHEHMIO C M3yYeHHBIMMI paHee 00beKTaMI) arpoTex-
HVKM B ITAXOTHBIX ITOYBAX U [IOYBOCOEPETAIOINX TEXHOIOTHUIL: PhIX/IEHE TI0YBBI Cpasy
Hocie YOOpKM ypoxkas, COXpaHeH)e CTEPHH, YTO MPeOXpPaHAeT MPOMIIb OT CYIBHOTO
HepechIXaHUA B NTO3IHE/IeTHee, paHHEOCEHHee I BeCeHHee BpeMs I IpefoTBpaliaeT Be-
TPOBYIO U BOIHYIO 3p0O3MI0. PanyoyrneponHblii Bo3pacT rymyca B IaXOTHOM TOPM3OHTE
BO3pacTaeT C YBelMYeHMEeM BO3pacTa 3ajieXK!, YTO, BEPOATHO, CBA3aHO C M3MEHEeHUeM
0ajlaHca MMpOIeCcCOB MUHEpaIN3alyy U ryMupuKaluu B CTOPOHY MOCTEHNX MOCIIe 3a-
OpaceIBaHIs TALIHN.

PagnoyrneponHoe maTupoBaHMe ObIIO IIPOBEAEHO BO BTOPBIX MAXOTHBIX TOPU3OH-
Tax 3aJISKHBIX 1 TAXOTHOJ ITOYB, a TAKKe C ABYX ITTyOMH KapOOHATHO-aKKYMY/LATUBHBIX
ton. 1*C-BospacT rymyca Bblilie B 4epHO3eMe 25-71eTHelt 3amexu (Taon. 3). Bospacr ry-
Myca pacTeT 3a CUeT CHVDKEHUS CKOPOCTU OMOTIOTMYeCKOT0 KPYroBOpOTa, YBEINYeHMs
IO CTabMIBHOTO TyMyca.

VccnemoBanHble IOYBBI PA3MINYAIOTCA U TI0 PACIIONOKEHNIO IMHUY BCKUIIAHNUA OT
10%-ro pacrBopa HCI B nmpodmite. Brilre Bcero oHa pacronaraeTcs B IIoYBe Ha IalllHe,
3aTeM B IIOYBe 15-7IeTHeIl 3a/1e)H, U TTy6Ke BCEro — B IOYBe 25-7IeTHElT 3a/IeXI, T. €. JI-
HUA BCKUIIAHKA IIOCTENEHHO OIYCKAeTCA C BO3PACTOM paclallKy, TaK KaK B 3a/IeXKHOM
COCTOSIHMM MCYe3aeT KOHTPACTHOCTb Ce30HHOTO BOJHOTO peXKMMa, CBOJICTBEHHas Mall-
He. B mouBe manray u 15-7meTHelt 3amexxu KapOOHATHBIN IIceBTOMuUIenuii 6onee BbIpa-
JKEH B HIDKHEM KapOOHAaTHO-aKKyMy/IATUBHOM ropusoHTe (BCAmc2), yeM B ropusoHTe
BCAmcl. Takxe ropusonT BCAmc2 B 3TuX Mo4YBax MMeeT PefKyIo MeIKyIo Oe/IormasKy.
ITpu 5TOM B IaXOTHOII IOYBe OBIIO OOHAPY>KEHO HamOosblilee KOMUIECTBO Oenornas-
k1. B nouse 25-nerHeit 3anexu B ropusonte BCA1 kapOOHATHBII IICeBOMULIEINIT He-
BOOPY>XEHHBIM B3I/IAOM ObUI He BUJEH 1 OOHAPYXWUJICSA TONBKO IOJ OMHOKYIISPHBIM
MMKPOCKOIIOM. 3aTo HIDKHUIT ropusoHT BCAmc2 mmeeT BTOpMYHbBIe KapOOHAThl He
TOJIBKO B pOpMe IICeBIOMMULIENNS, HO ¥ KapOOHATHbIE HA/IeThI [0 TPAHAM CTPYKTYPHBIX
OT/IeIbHOCTETI, KOTOPBIE IT0J OMHOKY/IAPHBIM MIKPOCKOIIOM BU/THBI KaK «BOJIOKHVCTBIV»
BTOPUYHBIN KapOOHAT. B 3TOI MOYBe cerperanmoHHBIX (HOPM BTOPUYHOTO KapOOHa-
Ta KaJabplyA He 0OHapyKeHO. MOXKHO IIPEAIONOXNUTD, YTO IIPU HAXOXK/IEHNN B 3a/IeXN
Oesoraska IOCTEIIEHHO PacTBOPSIETCs, a Ha ee MeCTe IOSBIIAITCS MOOIbHbIE POPMBI
KapOOHATHBIX HOBOOOPA30BaHNUII 32 CUET M3MEHEHMA BOJHOTO PeXIMa.

ITpu pacmamike MeHAETCS BOLHBIN PEXVUM, MHTEHCUPUIMPYIOTCS BOCXOAAIINE T10-
TOKU BIaru. BmMecre ¢ B1aroit 1 kKapOOHAThl HOATATMBAIOTCA O/VKe K IOBEPXHOCTH T10-
4BBbL [Ipy HaXOXXIEeHUN TTOYBHI B 3a/I©KHOM COCTOSTHMY HAUMHAIOT IIpeBaIMpOBaTh HIC-
XOZAIINe OTOKY BJIaTy, KApOOHATHI BHIMBIBAIOTCA B Ooyee Tybokue cmon. ITo 6bLI0
HaMy 0OHapy>XeHO paHee Ha IpUMepe XPOHOPSLOB 3a/IeXXHBIX U MaXOTHBIX 0YB Ber-
ropopckoit (Bynbrimesa u ap., 2018) u Pocrosckoit obmacteit (Bynpiiiesa u gp., 2020).
Copepxanue n 3anachl Cy,pe B YePHO3EMAX 3aMETHO CHIKAIOTCA 3a 25 JIET HaXOXK/EHUSA
B 3a7IEXK.

ITpu pacnalike iesITeIbHOCTD 3eMJIepOeB CMelllaeTcsl BHM3 1o mpoduio (Byrbiesa
u 1p., 2018), MMEHHO ITO9TOMY MBI BUAMM CJIefIbI IIOYBEHHON (payHbI B aKKYMY/IATUBHO-

Becmuux CITI6T'Y. Hayxu o 3emne. 2021. T. 66. Boin. 3 551



KapOOHATHBIX TOPM3OHTAX 1 He BUAVM VX B IOuBe 25-7eTHeil 3anexxu. KapboHarHble
AKKyMY/IALUY B II0YBE TAIIHA U 15-7IeTHEN 3a/1eXXu, peJCTaBleHHbIE Ha MUKPOYPOBHE
OKK, nMeIoT IATHA OKCUIOB JKejle3a, BePOATHO MOTy4eHHbIe B XOfie M3MeHeHUs OKIC-
JINTENIbHO-BOCCTAHOBUTE/IbHBIX YC/IOBUI IIPU IIEPUOAMYECKOM 3aCTO€E BJIaTU U IIOCTIENY-
I0Il[EM JICCYIIeHUN. B Xofle BOCCTaHOBUTENBHOM CYKIIECCUM BOJIHDIN PEXXVM ITOYBbI CTa-
OMIM3MpyeTCs, 1CYe3al0T 30HbI IePUOANIECKOro nepeysnaxHenn. [loaTomy B mouse
25-71eTHel! 3a/1eXXM KapOOHATHI He IMEIOT IISITeH OKCUIOB JKerle3a.

[’1aBHasA 0COOEHHOCTD AzpomemMHO2ZyMyCcOBbLX TIOYB — 3TO POPMUPOBAHNE HA IIOPO-
JaX CO BK/IIOYEHMEM 3IIOBMA U3BECTHAKA. B IMouBe Mmanram u 25-71eTHEl 3a1eXu XOpOoIIo
BBIp@)KeHa KapOOHATHAsA MYYHMCTas Macca, KOTOpas paclojiaraetcs mmbo BOKPYT U3-
BECTHSKOBBIX BAJIyHOB 1 KaMHell, 1160 psjoM. B nouse, koTopas Haxoamnach 40 (45)
JIeT B 3aJIeKM, YIACTKOB, COIeP>KAINX TaKyl0 KapOOHATHYIO MaccCy, TOpasjo MeHbIIe,
4YeM B OCTa/IbHBIX JBYX IToyBax. Ho, ckopee Bcero, 3To CBA3aHO C TEM, YTO IaHHAsA [T0YBa
copmupoBaHa Ha IOPOJAX, 3ajleTaHMe KOTOPBIX OT/IMYHO OT 3aJ/IeTaHMsA TOYBOOOpasy-
IOLIVIX IIOPOJ, TIOYB NAIIHU U 15-71eTHeNI 3a/mexXn.

B arporeMHOryMycoBOJi IOYBE MAIIHM SBHO BBIpa’KeH TOPU3OHT IITYKHOI IOZO-
IIBBI, OH ITOYTU CIUTU3MPOBAHHBIN. 3a 25 JIeT HaXOX/[eHNUA B 3a7IeXKIU TaKOJ TOPU3OHT
IPaKTUYECK He M3MEHWUJICA U BCe ellle CMJIBHO BhIPaXkeH, HO PV HaXOXK/EHUM B 3a/IEXKN
40 (45) neT OH MpaKTUYECKM MCYe3aeT. 3a CUeT NMepUOANIECKOrO IepeyBIaKHeHN OT-
Te/bHBIX 30H HIDKHMX TOpu30HTOB C IMaXOTHON arpOTEMHOIyMYCOBOJ IIOYBBI METKO3EM
O)KeJIe3HeH, a IMTOTeHHbIN KapOOHAT Ka/IbIIVs paCTBOPSETCS, 3aTeM B 9TUX 30HaX obOpa-
3yeTcsl BTOPUYHBIN UTO/IBYATHIN KaIbIINT. B 3a/1e)KHBIX IT0YBaX KapOOHATHBIE aKKYMY/IA-
LU TIpefICTaB/IeHbl Ooree cTabuibHOI Ppopmoit kapboHatoB — OKK.

Kak u B pafry arpouepH03eMOB, 37iech Hanbonbuiee copepkanne Cop, OTMEYEHO B ITa-
XOTHOJI II0YBe B BepXHeM ropusoHte. IimyOe, Ha rimy6uHe 30-40 cM, B 3a/IeXKHBIX II0YBAX
obHapyskeHO pesKoe yBemdeHne cofepkannsa Copr. C OIHOV CTOPOHBI, yBeNMYeHNe Co-
Jep>KaHusA IIPU IIEPEXOJE OT IAaXOTHBIX IOCTATPOTEHHBIX TOPU3OHTOB K COXPAaHMBIIEICA
vacTy ropusoHTa AU MOXKeT OBIT CBA3aHO C TeM, YTO B IIe/TTHHOM FOPU3OHTE COXPAHM-
JI0Ch IIPYCYIIlee eCTeCTBEHHBIM I0YBaM BBICOKOE cofepskanye Cop, KOTOPOE OBITIO yTpa-
YEHO B BEPXHMX FOPU3OHTAX IIPY pacIiallKe.

B ornmyme oT arpo4epHO3€MOB, B arpOTEMHOTYMYCOBBIX II0YBaX IPU HAXOX]e-
HUM B 3aJIeXK)1 He 0OHAapY)KeHO ABHBIX N3MEHEHMIT B KApOOHATHOM COCTOSHMM 32 CYeT
VICXO[JHOJ BBICOKOJI OKapOOHaYeHHOCTI NOPOAbL. TeM He MeHee B HVDKHEI 4acTy Ipo-
¢buA mpu pacnamike Bce JKe IPOMCXOANUT IOATATYBaHME KapOOHATOB, YTO BUIHO IIO
pesynbraTam onpepienenus copepxanus Cyyps B MoYBe Ha namHe. [Ipn HaxoxpeHun
B 3aJIeXKV BTOPMYHbIE VI MeJJOTeHHbIe KapOOHAThI BHOBb BBIMBIBAIOTCS HIDKE, 3a IIpe-
Jesbl IpOQUIIA.

VccnenoBanye pafnoyriepogHOro Bo3pacTa KapOoHaTOB BMecTe ¢ MOp¢oormye-
CKMM aHA/JM30M HA Pa3HbIX YPOBHAX OpPraHM3aALMM IIOYB IIOKA3a/0 BHICOKOE BIMAHUE
JINTOTEHHOTO KaJIbIIMTa Ha KAPOOHATHOE COCTOSHMUE.

JTtak, B 060MX MCCIIEOBAHHBIX 3aJIOKHBIX PsAfaX MPOCIEXKNMBACTCS OMHAKOBAs
TEeHJIeHI[NA TpaHChOpMalyM MOYB IIPK IepeXxofe OT IAIIHM K 3alexu. B rymycoBoM
TOPU3OHTE YNY4IIAeTCA CTPYKTYPa, IPOUCXOAUT pasymyioTHeHue. [Ipu sToM B arpouep-
HO3eMaX 3TV M3MEHEHNA IPOABJIAITCA ObICTpee: OCTPYKTypUBaHUe IMPOUCXONUT YiKe
K 15 rogaM HaxoXXJeHus B 3a/IeXXU, a PasyIJIOTHEHME IUTY>KHON MOAOWBbI — K 25 T0-
IaM. B arpoTeMHOryMycOBBIX IO4YBax 3a 25 JIeT IIOCTarPOTe€HHONM CTafuM CTPYKTypa
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M3MEHMIACh JIMIIb YaCTUYHO, a IUTY)KHAasI MOJOIIBA McYe3aeT TONbKO K 40 (45) romam.
B 13yueHHBIX HaMM paHee arpOTeMHOCEPBIX IIOCTarPOreHHbIX II0uBax benroponckoit 06-
nactu (Bynbimesa n ap., 2018) mepeyrioTHeHMe B IIaXOTHBIX TOPM3OHTAX He JCYe3aeT
u 3a 40 TleT HaAXOXKIEHNS B IIOCTarpPOTeHHON CTafguM, faXke B CIydae 3apacTaHuUs 3aje-
XU JIPeBECHOI pacTUTENbHOCTDIO. [JTaBHYI0 POJIb B pa3yIUIOTHEHMI [IOYB UTPAIOT KOp-
HY pacTeHMIT U TIOUYBEHHasi MaKpo- U Me3odayHa. Pasnnuns B CKOpOCTH MICI€3HOBEHNS
IUTYy>KHOJI NTOJOIIBEI B PasHBIX [IOYBAX, CKOpee BCETO, CBA3AHbI C PA3HBIMU YC/IOBVAMMU
IJIS1 >)KM3HeesTe/IbHOCTY IIOYBEHHBIX J)KMBOTHBIX. B yepHO3eMax ecocTeny ycTaHaB/IN-
BAIOTCA HawIydinue ycaosus st Hux (Crpuranosa, 2005) 3a cueT 6ajiaHca TeIia, BJIaru
1 OGOJIBIIOrO KOPHEBOTO OTMaja. B arpoTeMHOTyMYCOBBIX ITOYBaX PasyIUIOTHEHNUE IIPO-
UCXOMUT OBICTpEE, €M B TEMHO-CEPbIX OYBAX, KaK MBI TI0/IATAeM, 3a CYeT Hortee IerKoro
TPaHyIOMeTPUIECKOro cocTaBa. Kak B arpouepHo3eMax, Tak U B arpOTEMHOTYMYCOBBIX
II0YBaX He BBIP)XEHBI CIefbl AeryMuuKanmuyu B mporecce pacnamku. COOTBETCTBEH-
HO, U B 3a/IeXKHON cTajym copiepkanue Copr He BozpacTaeT. Copepykanne 1 3amachl Cyaps
B arpovyepHo3eMax CHIDKAIOTCS K 25 TofjaM 3aJIeKHOTO COCTOSIHUSA, B IOYBAX arpoTeM-
HOTYMYCOBBIX TaK)Ke 3aMeTHa TeHJEHIVSI BbIMbIBaHMsI KapOOHATOB BHU3 I10 IPOUIIO
B 32/I&KHOI CTaIyUM U TIOATATMBAHNSI KAPOOHATOB TIPY pacIalike, HO TOMBKO B HYDKHEIT
JacTy PO

[Tpu M3ydeHUN 3ajIeXXHBIX PSJIOB JIECOCTEIIHON 1 cTenHoN 30H (B JInmenkoit (pac-
CMaTpUBaeMBbIX B JaHHOII cTaTbe), B benroponckoit (Bynbimesa u ap., 2018) n Pocros-
ckoit (BynbieBa n fp., 2020) 061acTAX) OBUI CHeMAH CIEAYIOLNI BBIBOJ: M3MEHEHIe
KapOOHATHOTO COCTOSIHMS B LIe7IOM U M3MeHeHue GopM KapOOHATHBIX HOBOOOpa3oBa-
HUII B YaCTHOCTU 3aBUCUT IJIABHBIM 00Pa30M OT M3MEHEHMIT B BOTHOM PeXMMe MMOUB.
C OfHOIT CTOPOHBI, IIPK IIepeXofie OT MAIIHY K 3aJIe)KV B BEPXHUX FOPU30HTAX aKKYMY-
ALY KapOOHATOB OHY PACTBOPSIOTCSA, M KApOOHATHI BBIMBIBAIOTCSA BHU3 110 IPOQU-
JII0 32 CYeT MHTEeHCH(UKALMY HUCXOMALINX TOTOKOB Boppl. CopiepskaHue U 3amachl Kap-
OOHATOB CHIDKAIOTCA B IIOYBAX C IIEPEXOfIOM U3 MAIIHK B 3a/1exXb. C [Pyroil CTOPOHBI,
B HVDKHVIX TOPU3OHTAX, Ky/ja IIPYU pacalike IOCTYIaeT 30BITOK BJIary BECHON, paHHUM
JIETOM ¥ OCEHbI0, KOT/Ja IAIIHs CTOUT 0e3 pacTeHNII U BjIara He pacXofyeTcsl UMY U MO-
JKET 3aCTaMBaThCs B INIYOOKUX TOPM3OHTAX, 00pasyloTcs Takue GopMbl KapOOHATHBIX
HOBOOOpa3oBaHMit, Kak Geormaska ¢ TBepAbIM sgpoM. Ha 3anexxax B arpoyepHo3eMax
MUTPALMOHHO-MULIE/IAPHBIX JIMIIELIKOTO Psfia M B arpodepHO3eMax CerperalMoHHBIX
POCTOBCKOrO psafa 3a 20-25 et 6e1ornaska ¢ TBEpPAbIM SAPOM MCUe3aeT.

5. 3aknroueHue

B mccnenoBaHHBIX arpo4yepHO3eMaX MUTPAllMOHHO-MULEIAPHBIX M arpOTEMHOTIY-
MYCOBBIX II0YBaX B ITPOLIECCE BOCCTAHOBUTE/IBHOI CYKILIECCUM ITOCTIE BBIBENEHNA ITOYBDI
U3 CeIbCKOXO3SICTBEHHOTO 000pOTa BBIABJIEHDBI €VHbIe TeHAEHLIUN TpaHCHOpMannu
THIOYBBI, KOTOPbIE TAKXKe ObIIV XapaKTepHBbI JIA 3a7IeXKHBIX ITOYB JIECOCTEITHO U CTeITHO
30H, U3Y4YeHHBIX HaM! paHee. XapaKTepPHO IOCTENIeHHOe IIPMOOpeTeHNe MY eCTeCTBeH-
HBIX YepT, CBOJICTBEHHBIX ITOYBAM /IO PACIaLIKM, 32 CYET BOCCTAHOBJIEHMA LIETMHHON
PacTUTENbHOCTH M CMEHBI BOJHOTO pexxuMa. IIpy HaXoX[eHUu B 3a/IeXKU COJepKaHue
yT/Iepofia OpTaHMYEeCKUX COeMHEHMIT CHIDKAETCA KaK B arpOYepHO3€eMax, TaK U B arpo-
TEMHOTYMYCOBBIX II0YBaX, YTO CBA3aHO C BBICOKON KY/IbTYPOJi arpOTEXHMUKY Ha MICCIIENIO-
BaHHBIX NaIIHAX. [Ipy 3TOM painoyriepofHbIi BO3pacT ryMyca IO IaXOTHBIX TOPU30H-
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TOB YBEIMYMBACTCS TPV HAXOXKAEHNUN B 3a/IeKN, YTO TOBOPUT O 3aMeJIEHNN CKOPOCTI
6MOJIOTMYeCKOr0 KPYroBOPOTa, yBeIMYEHNN JOIU CTaOMIBHOTO rymMmyca. B uepHosemax
1ICYe3aI0T CerperauyoHHble (OPMbI KAPOOHATHBIX HOBOOOPA30BAHNIL, YTO BO3BpAIAeT
X K 30HaTIbHOMY 007uKy. [Ipoucxoput TpancdopMaryiss BTOPUIHBIX IeOT€HHBIX Kap-
OOHATOB 110 HAIIPAaBJIEHNIO OT O0/Iee CTaOMIBHBIX POpM K MeHee cTabunbHbIM. Kak y ar-
POUYEpPHO3€EMOB, TaK 11 y arpOTeMHOI'YMYCOBBIX [I0YB BBIAIB/ICHO BHIMBIBaHNE KapOOHATOB
BHI3 II0 IPOQIIIIO, CHIDKEHE VX COJePXKaHNUsA U 3aI1aCOB IIPY HAXOXKICHNY UX B 3271
TI0 CPAaBHEHMIO C TAXOTHBIMI aHA/IOTaMIL.

ITo pesynbpraTaM MCCIefOBaHMII IIOYB PasHbIX TUIIOB ¥ IOATUIIOB (arpouepHO3e-
Mbl MUTPAllMOHHO-MUIIE/IIPHBIE, arpOYepHO3eMbl CerperalMoHHbIe, arpoTeMHOCepbie
¥l arPOTEMHOTYMYCOBbIE [IOYBBI) JIECOCTEITHO U CTEITHO 30H MOXXHO OTMETHUTD AVHYI0
TeHJEeHUNI0 TpaHCchOpMALUM KaK KapOOHATHOTO COCTOSHUS IOYB, TaK ¥ OCTa/JIbHBIX
PacCMOTPEHHBIX CBOJICTB PV BOCCTAHOBJIEHIM [I0YB B 3ajIeK11. [I04Ba OCTeIIeHHO BOC-
CTaHaB/IMBaeT CBOJI IPYPOMHDII LIE/TMHHBI OO/IMK Ha BCeX YPOBH:AX opranmsaryu. Ho
B Pa3HbBIX IOYBEHHBIX TUIAX U MOATHUIIAX STV U3MEHEHMs UMEIT PasHyIO CTEIeHb BbI-
PaXEHHOCTH U Pa3HYI0 IINTEIbHOCTb TPAHC(HOPMALIMOHHBIX IIPOL[ECCOB.

ABropsl cratbu 6marogapar B. C. CapbrueBa, kaHayuaTa OM0MIOrN4ecKnX HayK, 3a-
MEeCTUTe/IA AMPEKTOpa II0 Hay4YHOIl paboTe roCyfapCTBEHHOIO IPMPOJHOTO 3aIOBef-
Huka «lamnapsa Topa» 3a comelicTBye U MOMOIIb Py BbIOOPE 0OBEKTOB MCC/IETOBAHN
U TIpY TIpOBefieHNM 1oeBbIX pabot. Pabora O.C.Xoxnosoit u T. H. MsKIuHoOI Benach
B PaMKax BBIIIOJIHEHMA T€MbI TOCYapCTBEHHOTO 3alanna Ne 0191-2019-0046.

JInteparypa

Bapamikosa, 3.K., KpacHenkos, P.B. (coct.) (1998). Teonozuueckass xapma uemeepmuuHoLX OmMuoneHuti
Jluneyxoti o6nacmu. M. 1:500 000. C. M. IITux, pex., MIIP P®. IlenTpanbHblil perMoHaNIbHbLil T€0IO0-
TYUYECKUIT LEHTP.

Bynbiresa, A. M., XoxoBa, O. C., BakyHosuy, H. O., Pycaxos, A. B., MsaxumHa, T.H., Promus, A.T. (2020).
VI3aMeHeHMe KapOOHATHOTO COCTOAHMSA YepHOo3eMoB IIpna3oBbs Ipy Hepexofe UX M3 TAIIHK B 3a-
nexsb. ITousosedenue, (8), 1025-1038. https://doi.org/10.31857/5S0032180X2008002X

Bynbiresa, A. M., Xoxnosa, O.C., Pycakos, A.B., Msaxumna, T. H. (2018). MsMeHeHue kapOOHATHOTO CO-
CTOSTHMA MAXOTHBIX U 3aJI)KHBIX TTOYB Ora JIeCOCTENHOI 30HbI CpefHepycCKol BO3BBINIEHHOCTH
(3amoBepHbIT yyacTOK «Jlec-Ha-Bopckie»). Becmnux Tomckozo 20cy0apcmeenHozo yHusepcumema.
Buonoeus, 41, 6-26. https://doi.org/10.17223/19988591/41/1

Bopobbesa, JI. A. (1998). Xumuueckuti ananus no4s. Mocksa: V131-Bo MOCKOBCKOTO yH-Ta.

Tepacnumos, VI.I1. (1969). AGCOMIOTHBIIT M OTHOCUTEIbHBII BO3pacT o4B. [Tousosedenue, (5), 27-32.

Kosnoscknit, @. U, Yammus, B. A. (1994). Arpoperpaganus yepHosemos. B: Cmenu Pycckoti pasHunbl: co-
cmosHue, PayUoHANU3AUUL azpapHozo ocsoerus. Mocksa: Hayka, 174-191.

Munbkos, . H. (1966). /lanowapmmuas zeozpagust u eonpocwt npakmuxu. Mocksa: MbIC/Ib.

MuxHo, B. B., Kyuns, A. B. (2005). K Borpocy cospanust naHAmadTHO-9KOIOINYeCKOro KapKaca 3aJOHCKO-
ro paiiona JIumenxoit o6nactu. Becmuuk Boponesucckozo 2ocydapcmeennozo ynusepcumema. Cepus:
Teoepagpus. Teosxonoeus, (2), 19-28.

Hecrepos, 0. A. (2017). JlanpiadrtHbie ocobeHHocTu. B: B. C. Capbrues, nop pen., I[Ipupoda donurot pexu
Cyxas JIy6ua. YnuxanvHoie npupoonvie meppumopuu JTuneyxoii obnacmu. Boponexx: Hayunas kuura,
6-23.

IIpupoda /luneuyxoti obnacmu u ee oxpana. (1996). Co6opHuK crareit. Boim. 8. JInmenx.

PactBopoBa, O.T. (1983). Qusuka nous (npakmuueckoe pyxo6odcmso). Jlenunrpap: Vspg-so JIleHUHrp.
YH-Ta.

Pycanos, A. M., Tecns, A.B., Caardaposa, A. M. (2011). BoccTaHOB/IEHME TYMYCHOTO COCTOSTHUSA CTEIHBIX
YepHO3eMOB II0f] MHOTOJIeTHEI! 3aIeXbio. BecmHux Openbypackozo 20cydapcmeeHHoz0 yHusepcume-
ma, 12 (131), 132-134.

554 Becmuux CIT6T'Y. Hayxu o 3emne. 2021. T. 66. Boin. 3



Cabnnua, O.A. (2016). [yMycHOe COCTOsIHME YePHO3EMOB CENbCKOXO03SI/ICTBEHHBIX yropmit F0>xkHoro 3a-
ypanbs. MexdyHapooHoiti HayuHo-ucciedosamenvekuii scypran, 11 (53), dacts 2, 138-140. https://
doi.org/10.18454/IR].2016.53.228

Casun, V1. 10., Yenpes, 10.T. (1994). VismeHeHne BO BpeMeHI COfEP)KaHMs TyMyca B ITAXOTHDIX JIECOCTeEII-
HbIX ouBax. [Tousosedenue, (5), 88-92.

CrpuranoBa, B.P. (2005) ITpocTpaHCTBeHHbIe Bapualyy QYHKIMOHATBHON CTPYKTYPBI COOOIIECTB JKI-
BOTHOTO HaCe/IeHVA CTENHbIX To4yB EBpomeiickoit Poccun. TTosonsckutl axonoeuueckutl sypHan, (3),
268-276.

[Mymos, JI.J1., ToukoHoros, B.[I., Jlebenesa, V1.1, TepacumoBa, M. V. (2004). Knaccugukayus u duazro-
cmuxa noue Poccuu. Cmonenck: Ojikymena.

IMnent, A.A., Bepreitunk, I1. B. (2014). O1jeHKa CKOPOCTM BOCCTAHOBJIEHNS TYMYCHOTO COCTOSHUSA IIOYB
KpacHospckoro kpas B ycnoBusx 3anexut. Becmuux ATAY, 6 (116), 48-52.

Arevalo, J.R., Fernandez-Lugo, S., Reyes-Betancort, J. A., Tejedor, M., Jimenez, C. and Diaz, EJ. (2017). Re-
lationships between soil parameters and vegetation in abandoned terrace fields vs. nonterraced fields
in arid lands (Lanzarote, Spain): An opportunity for restoration. Acta Oecologica, 85, 77-84. https://
doi.org/10.1016/j.actao.2017.09.014

Bruun, T.B., Elberling, B., de Neergaard, A. and Magid, J. (2015). Organic carbon dynamics in different
soil types after conversion of forest to agriculture. Land Degradation & Development, 26 (3), 272-283.
https://doi.org/10.1002/1dr.2205

Francaviglia, R., Benedetti, A., Doro, L., Madrau, S. and Ledda, L. (2014). Influence of land use on soil quali-
ty and stratification ratios under agro-silvo-pastoral Mediterranean management systems. Agriculture,
Ecosystems & Environment, 183, 86-92. https://doi.org/10.1016/j.agee.2013.10.026

IUSS Working Group WRB. (2015). World Reference Base for Soil Resources 2014, update 2015. Inter-
national soil classification system for naming soils and creating legends for soil maps. In: World Soil
Resources Reports, no. 106. Rome: FAO.

Kalinina, O., Krause, S.E., Goryachkin, S.V., Karavaeva, N. A., Lyuri, D.I. and Giani, L. (2011). Selfresto-
ration of post-agrogenic chernozems of Russia: Soil development, carbon stocks, and dynamics of
carbon pools. Geoderma, 162 (1-2), 196-206. https://doi.org/10.1016/j.geoderma.2011.02.005

Khokhlova, O.S., Chendev, Yu. G. and Myakshina, T.N. (2014). Change in pedogenic carbon stocks under
different types and duration of agricultural management practices in the central Russian forest steppe.
In: M. Oelbermann, ed., Sustainable Agroecosystems in Climate Change Mitigation. Wageningen Aca-
demic Publishers, 33-52. https://doi.org/10.3920/978-90-8686-788-2_2

Khokhlova, O.S., Chendev, Yu. G., Myakshina, T.N., Alexandrovskiy, A. L. and Khokhlov, A. A. (2015). Evo-
lution of Chernozems in the southern forest-steppe of the Central Russian Upland under long-term
cultivation examined in the agro-chronosequences. Quaternary International, 365, 175-189. https://
doi.org/10.1016/j.quaint.2014.10.012

Khokhlova, O.S., Myakshina, T.N., Chendev, Y. G. and Shishkov, V. A. (2013). The pool of pedogenic carbon
in the soils of different types and durations of use as croplands in the forest-steppe of the Central Rus-
sian Upland. Eurasian Soil Science, 46, 530-540. https://doi.org/10.1134/S1064229313050062

Kuznetsova, A. M., Khokhlova, O.S., Chendev, Yu. G. and Aleksandrovskii, A.L. (2010). Evolution of the
Carbonate State of Agrogenically Transformed Dark Gray Forest Soils in the Central Forest-Steppe.
Eurasian Soil Science, 43, 1527-1534. https://doi.org/10.1134/S1064229310130119

CraTba noctynumia B pefakumio 1 uronsa 2020 r.
CraTbsa peKOMeHI0BaHa B Ievath 18 mionsa 2021 r.

KoHTakTHasg mHGOpManm:

Bynvuuesa Aurna Muxaiinosna — annie.bulysheva@gmail.com
Xoxnosa Onvea Cepeeesta — olga_004@rambler.ru
Bakynosuu Hukuma Onezoéuq — nbakunovich86@gmail.com
Pycaxos Anexceii Banenmunosus — a.rusakov@spbu.ru
Msaxwuna Tamvsana Huxonaesna — mtn59@mail.ru

Becmuux CITI6T'Y. Hayxu o 3emne. 2021. T. 66. Boin. 3 555


https://doi.org/10.18454/IRJ. 2016.53.228
https://doi.org/10.18454/IRJ. 2016.53.228
https://doi.org/10.1016/j.actao.2017.09.014
https://doi.org/10.1016/j.actao.2017.09.014
https://doi.org/10.1134/S1064229310130119
mailto:annie.bulysheva@gmail.com
file:///C:/CURRENT/%d0%9b%d0%b5%d0%bd%d0%b0/921073_7-3-2021%20%d0%b2%20%d0%b2%d0%b5%d1%80%d1%81%d1%82%d0%ba%d1%83%20%d1%81%d0%b4.%2018.08.2021/%d0%93%d0%9e%d0%a2%d0%9e%d0%92%d0%9e/ 
mailto:nbakunovich86@gmail.com
file:///C:/CURRENT/%d0%9b%d0%b5%d0%bd%d0%b0/921073_7-3-2021%20%d0%b2%20%d0%b2%d0%b5%d1%80%d1%81%d1%82%d0%ba%d1%83%20%d1%81%d0%b4.%2018.08.2021/%d0%93%d0%9e%d0%a2%d0%9e%d0%92%d0%9e/ 
file:///C:/CURRENT/%d0%9b%d0%b5%d0%bd%d0%b0/921073_7-3-2021%20%d0%b2%20%d0%b2%d0%b5%d1%80%d1%81%d1%82%d0%ba%d1%83%20%d1%81%d0%b4.%2018.08.2021/%d0%93%d0%9e%d0%a2%d0%9e%d0%92%d0%9e/ 

The change in carbonate state and other properties in chronosequences of abandoned
soils in different parent rocks in the reserve “Galich’ia Gora” in the Lipetsk oblast

A. M. Bulysheva!, O.S. Khokhlova?, N. O. Bakunovich?,
A. V. Rusakov!, T.N. Myakshina?

1 St. Petersburg State University,
7-9, Universitetskaya nab., St. Petersburg, 199034, Russian Federation
% Institute of Physicochemical and Biological Problems
of Soil Science of the Russian Academy of Sciences,
2, Institutskaya ul., Pushchino, Moscow Region, 142290, Russian Federation

For citation: Bulysheva, A. M., Khokhlova, O.S., Bakunovich, N. O., Rusakov, A. V., Myakshina, T.N.
(2021). The change in carbonate state and other properties in chronosequences of abandoned soils in
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The article considers the change in the properties of Haplic Chernozems (Aric) on loess-
like loams and Calcaric Phaeozems (Aric) on Paleogene, Neogene red-colored sands with
limestone eluvium of the Lipetsk region when they are transferred from cropland to fallow.
Attention is paid primarily to the change in the carbonate status of soils. According to the
results of the study, it was found that the transformation of both types of soils formed on dif-
ferent rocks obeys a single trend. Carbonates in Chernozems during their time in fallow are
washed down the profile; stable forms of carbonate pedofeatures gradually disappear. The
content and stocks of carbonate carbon in the 0-200 cm layer in Haplic Chernozems (Aric)
decrease by 27.5 t/ha by 25 years of fallow state. In Calcaric Phaeozems (Aric), changes in
the carbonate status are less pronounced; nevertheless, it was found that in the arable soil
on the fragments of limestone, secondary carbonate films in the form of acicular calcite are
formed on top of clay films, which was not observed in the abandoned soils. When the soil
is in the fallow, the physical and mechanical properties of the soil improve: the structure
of the arable horizons improves and density decreases. Also, the organic carbon content is
reduced. This is an atypical result of postagrogenic transformation of Haplic Chernozems
(Aric). In the fallow soils of other regions of the steppe and forest-steppe, we observed the
process of accumulation of organic carbon. The decrease in soil organic carbon while in
the fallow is associated with the use of soil-saving technologies for agricultural use. The
radiocarbon age of humus in subsurface horizons increases when soil is in the fallow. The
radiocarbon age of carbonates in soils varies depending on the amount of lithogenic calcite
inclusion.

Keywords: fallow, cropland, pedogenic carbonates, radiocarbon dating, Chernozem, Phaeo-
zem.

References

Arevalo, J.R., Fernandez-Lugo, S., Reyes-Betancort, J. A., Tejedor, M., Jimenez, C. and Diaz, EJ. (2017). Re-
lationships between soil parameters and vegetation in abandoned terrace fields vs. nonterraced fields
in arid lands (Lanzarote, Spain): An opportunity for restoration. Acta Oecologica, 85, 77-84. https://
doi.org/10.1016/j.acta0.2017.09.014

Barashkova, Z.K. and Krasnenkov, R. V. (comp.) (1998). Geological Map of the Quaternary Sediments of the
Lipetsk Region, Scale 1:500000, S. M. Shik, ed., MPR RE Tsentral'nyi regional'nyi geologicheskii tsentr.
(In Russian)

Bruun, T.B., Elberling, B., de Neergaard, A. and Magid, J. (2015). Organic carbon dynamics in different
soil types after conversion of forest to agriculture. Land Degradation ¢ Development, 26 (3), 272-283.
https://doi.org/10.1002/1dr.2205

556 Becmuux CIT6T'Y. Hayxu o 3emne. 2021. T. 66. Boin. 3


https://doi.org/10.21638/spbu07.2021.306

Bulysheva, A. M., Khokhlova, O.S., Bakunovich, N. O., Rusakov, A. V., Myakshina, T.N. and Ryumin, A.G.
(2020). Changes in the carbonate status of Chernozems of Azov region upon their conversion
from cropland to Long-term fallow. Eurasian Soil Science, 53, 1182-1194. https://doi.org/10.1134/
$1064229320080025

Bulysheva, A. M., Khokhlova, O.S., Rusakov, A.V. and Myakshina, T.N. (2018). The Change in Carbonate
State of Arable and Abandoned Soils in the South of the Forest-Steppe Zone of the Central Russian
Upland (Nature Reserve “Les-na-Vorskle”). Tomsk State University Journal of Biology, 41, 6-26. https://
doi.org/10.17223/19988591/41/1 (In Russian)

Francaviglia, R., Benedetti, A., Doro, L., Madrau, S. and Ledda, L. (2014). Influence of land use on soil quali-
ty and stratification ratios under agro-silvo-pastoral Mediterranean management systems. Agriculture,
Ecosystems & Environment, 183, 86-92. https://doi.org/10.1016/j.agee.2013.10.026

Gerasimov, I.P. (1969). Absolute and relative age of soils. Pochvovedeniye, (5), 27-32. (In Russian)

IUSS Working Group WRB. (2015). World Reference Base for Soil Resources 2014, update 2015. Inter-
national soil classification system for naming soils and creating legends for soil maps. In: World Soil
Resources Reports, no. 106. Rome: FAO.

Kalinina, O., Krause, S.E., Goryachkin, S. V., Karavaeva, N. A., Lyuri, D.I. and Giani, L. (2011). Selfresto-
ration of post-agrogenic chernozems of Russia: Soil development, carbon stocks, and dynamics of
carbon pools. Geoderma, 162 (1-2), 196-206. https://doi.org/10.1016/j.geoderma.2011.02.005

Khokhlova, O.S., Chendev, Yu. G. and Myakshina, T.N. (2014). Change in pedogenic carbon stocks under
different types and duration of agricultural management practices in the central Russian forest steppe.
In: M. Oelbermann, ed., Sustainable Agroecosystems in Climate Change Mitigation. Wageningen Aca-
demic Publishers, 33-52. https://doi.org/10.3920/978-90-8686-788-2_2

Khokhlova, O.S., Chendev, Yu. G., Myakshina, T. N., Alexandrovskiy, A. L. and Khokhlov, A. A. (2015). Evo-
lution of Chernozems in the southern forest-steppe of the Central Russian Upland under long-term
cultivation examined in the agro-chronosequences. Quaternary International, 365, 175-189. https://
doi.org/10.1016/j.quaint.2014.10.012

Khokhlova, O.S., Myakshina, T.N., Chendeyv, Y. G. and Shishkov, V. A. (2013). The pool of pedogenic carbon
in the soils of different types and durations of use as croplands in the forest-steppe of the Central Rus-
sian Upland. Eurasian Soil Science, 46, 530-540. https://doi.org/10.1134/S1064229313050062

Kozlovskii, F.I. and Chaplin, V. A. (1994). Agrodegradation of chernozems. In: Steppes of the Russian plain:
state, rationalization of agricultural development. Moscow: Nauka Publ., 174-191. (In Russian)

Kuznetsova, A. M., Khokhlova, O.S., Chendev, Yu. G. and Aleksandrovskii, A.L. (2010). Evolution of the
Carbonate State of Agrogenically Transformed Dark Gray Forest Soils in the Central Forest-Steppe.
Eurasian Soil Science, 43, 1527-1534. https://doi.org/10.1134/51064229310130119

Mikhno, V.B. and Kuchin, A.V. (2005). On the issue of creating a landscape-ecological framework of the
Zadonsky district of the Lipetsk region. Proceedings of Voronezh State University. Series: Geography.
Geoecology, (2), 19-28. (In Russian)

Mil’kov, EN. (1966). Landscape geography and practical issues. Moscow: Mysl’ Publ. (In Russian)

Nesterov, Iu. A. (2017). Landscape features. In V.S.Sarychev, ed., The nature of the valley of the Sukhaya
Lubna River. Unique natural territories of the Lipetsk region. Voronezh: Nauchnaia kniga Publ., 6-23.
(In Russian)

Rastvorova, O.G. (1983). Soil Physics (practical guide). Leningrad: Leningrad University Press. (In Rus-
sian)

Rusanov, A.M., Teslia, A.V. and Saiagfarova, A.M. (2011). Recovery of the humus status of steppe cher-
nozems under a long-term fallow. Vestnik of the Orenburg State University, 12 (131), 132-134. (In
Russian)

Sablina, O.A. (2016). Humus state of soil in farmland of South Zauralye. International research journal,
11 (53), part 2, 138-140. https://doi.org/10.18454/IR].2016.53.228 (In Russian)

Savin, I.Tu. and Chendev, Yu. G. (1994). The change in time of the humus content in arable forest-steppe
soils. Pochvovedenie, (5), 88-92. (In Russian)

Shishov, L.L., Tonkonogov, V.D., Lebedeva, I.1. and Gerasimova, M. 1. (2004). Classification and Diagnostics
of soils of Russia. Smolensk: Oikumena Publ. (In Russian)

Spedt, A.A. and Vergeychik, P. V. (2014). Evaluation of restoration rate of humus status of soils of the idle
lands in the Krasnoyarsk region. Bulletin of Altai State Agricultural University, 6 (116), 48-52. (In
Russian)

Becmuux CITI6T'Y. Hayxu o 3emne. 2021. T. 66. Boin. 3 557


https://doi.org/10.17223/19988591/41/1
https://doi.org/10.17223/19988591/41/1
https://doi.org/10.1016/j.quaint.2014.10.012
https://doi.org/10.1016/j.quaint.2014.10.012
https://doi.org/10.18454/IRJ.2016.53.228

Striganova, B.R. (2005). Spatial variations in the functional structure of animal communities in the steppe
soils of European Russia. Povolzhsky ecological journal, (3), 268-276.

The nature of the Lipetsk region and its protection. (1996). Collected works. Iss. 8. Lipetsk. (In Russian)

Vorobeva, L. A. (1998). Chemical analysis of soils. Moscow: Moscow University Press. (In Russian)

Received: October 3, 2020
Accepted: June 18, 2021

Contact information:

Anna M. Bulysheva — annie.bulysheva@gmail.com
Olga S. Khokhlova — olga_004@rambler.ru

Nikita O. Bakunovich — nbakunovich86@gmail.com
Aleksey V. Rusakov — a.rusakov@spbu.ru

Tatyana N. Myakshina — mtn59@mail.ru

558 Becmuux CIT6T'Y. Hayxu o 3emne. 2021. T. 66. Boin. 3


mailto:annie.bulysheva@gmail.com
mailto:olga_004@rambler.ru
mailto:nbakunovich86@gmail.com
mailto:a.rusakov@spbu.ru

	_Hlk533482674
	_Hlk57502365
	_Hlk531144628
	_Hlk57502340

