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B pabote mpencraBieHs! pe3yiabTaThl UCCIEAOBAaHUN BEPTHKAIFHOW M TOPHU30OHTAIBHON (KaTeHapHON)
MHUTpald XUMHUYECKHX 3JEMEHTOB B MOYBAX CPEJHETOPHBIX KOPEHHBIX TPOMUYECKUX MYCCOHHBIX
necoB. Ha 0aze 3a5105keHHOM KaTeHBI B MpeeiaX JIOKATBHOTO CKIIOHA CTPYKTYPHOU TPSAIBI BBISBICHBI
3aKOHOMEPHOCTU CMEHBI IOUBEHHOTO MMOKPOBA U TEOXUMHUUECKON MUTPALIUM XUMUYECKUX JIEMEHTOB B
Mpeaenax BCeX THIIOB OJJIEMEHTAPHBIX TEeOXMMHYECKHX JAHAMAPTOB — OT aBTOHOMHBEIX [0
AKKYMYJISITUBHBIX. BBISIBIIEHO CYIIECTBOBAaHME B TOYBaX HECKOJIBKUX TIGOXUMHUECKUX OaphepoB
XapakTepHbIX M7 KenTo3EMOB. [loka3aHO, 4TO NPOLECCHl BHIBETPUBAHMS B KOMIUIEKCE C WHBIMHU
SK30TCHHBIMH  T€OMOP(OJIIOTUYECKIMH  TpOIleCCaMH, XapaKTePHBIMH JUIS  PacCMaTpHUBaeMOM
TEPPUTOPHUH, OKA3bIBAIOT 3HAYNTEIHHOE BIIUSIHUE HA TEOXUMUYECKHE MTPOIECCHI B IOYBAX, a CTENEHb UX
BJIUAHUS HAa T€OXUMHUYECKHE IPOLECCHl 3aBUCUT OT IOJIOKEHHS 3JIEMEHTAPHOTO T€OXUMHUYECKOTO
nmanamadTa B KaTeHe.

KioueBble cjioBa: reoxuMHuYecKass MUTpalUs, IMOYBBI, TPOMMYECKHE Jieca, TSDKENbIE METaUIbl,
reoXuMHUYecKas KaTeHa, BreTHaMm, HanmoHANBHBIN TTapk bumyn-Hyiioa.

BBenenune

ITouBeHHBIE T€OXUMHUYECKHE MMpOoNLCCChl ABJIAIOTCA OAHHUM U3 HyTCﬁ MacCcoBOU
MUTpAIllMU BEIIeCTBA M €ro paclpelielieHHs B CHCTEME «pPaCTUTENBHOCTh — II0YBA —
atMocdepa». OcobGeHHOCTH (HOPMHUPOBAHUS TIOYB OMPEIHEIAIOTCS HA00pOM (HaKTOPOB,
COMYTCTBYIOIIMX (WM TPENSATCTBYIOIIMUX) TMpolleccaM T€OXUMHUYECKOH MUTpaluu U
nepepacIpe/ielieHUs] BEIeCTBa B IMIOYBAX, B CBS3M YeM BO3HUKAIOT OOBEKTUBHBIC CIOKHOCTH
IIPU BBIABJIICHUU NTPUYUHHO-CJICACTBCHHBIX CBSI3eU U KOHCTAaTalluy NOMUHHUPYIOLICTO BIIMAHUA
TOTO WM WHOTO (hakTopa. MccnemoBaHne TeOXUMHYECKUX MPOIECCOB SBISICTCS aKTYaIbHOM
3a/1aueid 11 MOHUMaHusl QYHKIMOHUPOBAHUS CUCTEMBI «PACTHTEIBHOCTh—TI0YBa—aTMOC(hepa»

Paboma evinoanena 6 pamxax HUP Tponuueckoeo yenwmpa 3-1.2 «Coxpanenue,
80CCMAHOGNIEHUE U YCMOUYUBOE UCNOIb30BAHUE MPONUYECKUX JIECHbIX IKOCUCEM HA OCHO8E U3VHUEeHUs]
UX CMpYKmMypHO-QYHKYUOHATbHOU opeanusayuuy, paszoen «H3syyenue ocobennocmel cmpykmypol u
DYHKYUOHUPOBAHUSL DAGHUHHBIX U 2OPHLIX dKOcucmem Bwvemmuama (nayuonanvuviid napxu buoyn-
Hyiiba)», a maxoice 6 pamxax HUP OUI] UnbIOM «H3yuenue npocmpancmeenno-8pemenHoll
opeaHu3ayuu B0O0HBIX U CYXONYMHLIX IKOCUCIEM C UYeabl0 PAa3eumusi CUcmemvbl ONEPAMUBHO20
MOHUMOPUHEA HA OCHOBE OAHHBIX OUCMAHYUOHHO20 30HOUposanusi u I UC-mexnonoeutin Ne AAAA-A19-
119061190081-9

3


mailto:ya.o.lebedev@yandex.ru
mailto:karadag_station@mail.ru
mailto:gorbunovatyu@gmail.com
mailto:forestkuz@mail.ru

JIEBEJIEB A1.0., TOPEYHOB P.B., TOPEYHOBA T.1O., KY3HEL[OB A.H., KY3HEL[OBA C.1I1.,
HI'VEH T.B., BABKO H.U., KAIIPAHOB C.B.

u 6uocgepsl B 1esoM. B HacTos1ee Bpems 3a TPOMUUECKUMU JI0XKIEBBIMH JIECAMH IPU3HACTCS
rnobaibHas pojib KIMMATHUECKUX U T€OXMMHUYECKUX cTadmiu3aTopoB Ouocdepsl (Ueptos,
1985), B cBsI3M C YEeM BO3HHMKACT HEOOXOMAMMOCTh KOMILUIEKCHOI'O HCCIIEIOBAHUS
B3aMMOJICHCTBUSL BCEX 3JIEMEHTOB SKOTOMA TPOIMMYECKUX IOXKIEBBIX JIECOB MJIsi UETKOTO
NOHUMAHMUA TPOUCXOMALINX TNPOIECCOB W WX MOCICAYIOIIETO BIMSHUS HAa KIAMAT W
TEOXUMHUYECKHUI KPYyrOBOPOT BEILIECTB.

Bonpocam kinaccupukanun, MOphOJOTHUECKUM TMPHU3HAKAM U YCIOBUSM Pa3BUTHS
30HAJIBHBIX MOYB BJIAXKHBIX TPOMHKOB MTOCBALICHBI MHOTOUKCIIEHHBIE TPy bl (Dpuanann, 1964;
Yepros, 1985; IlumoB wu ap., 1996), B KOTOpBIX 3aTpardBalOTCS OCOOCHHOCTH
MOYBOOOPA30BaHMs, CBA3AHHBIC C BBHICOKOW MHTPAIIMOHHON aKTUBHOCTHIO, MPOJAMKTOBAHHOMN
cnenmu(PUIecKUMH  KIMMAaTHYeCKUMHU  YCIOBHSIMH.  BONpOChl ~ MUTpamuy — BeIIecTBa
paccmarpuBatorcs B pabote B.O. Jlonec ne ['epento u coaBropoB (Jlonec ne I'epento u ap.,
2011), mocesméHHOM uccnenoBanusaM BoieneHus CO2 B aTMOcdepy MOYBaMU Pa3IHMIHBIX
OHMOTOIIOB.

OcoOeHHOCTH  MUTpalliM  BEHIECTBA W MAacC-DHEPrOMOTOKOB B CHCTEME
«PaCTUTENBHOCTH — TI0YBA — aTMOC(epa» paccMaTpuBaroTcs B padote A.B. Tuynosa (2011) B
paMKax MCCIIEOBAaHUS KOCHCTEM MYCCOHHBIX JIECOB, OJJHAKO paboTa MOCBAIICHA B TIEPBYIO
ouepellb PACTUTEIBHBIM COOOIIECTBaM, CTPYKTYpPE M CE30HHOW JTUHAMHMKE KOMILIEKCa
MOYBEHHOH Me30(ayHbl, IWHAMHKE IOCTYIUICHUS W JECTPYKIMU PACTHTEIBHOTO OmNaaa |
MHUKPOOHOI aKTHUBHOCTHU TMOYBBHI.

W3meHenns: (pU3HKO-XUMHYECKUX CBOMCTB TPOIMYECKHX ITIOYB B TIpeiesiaX KarTeH,
pacIoJIOKEHHBIX, B TEPBYIO OdYepellb, B pa3IMYHBIX OHOTOIAX, ONUCaHbBl B paboTe
N.A. Cokonosa (2004). OminyutenbHble OCOOCHHOCTH (U3WYECKHX CBOWCTB IIOYB,
pa3BUBAIOIIMXCS B Mpeaeiax pas3M4HbIX MAaKpOCKYJIBITYp, TNpEACTaBICHbl B paboTe
A.H. Ky3nenosa ( 2015). B nyonukanuu P.B. T'opoyHoBa u coaTopoB (2018) paccMoTpeHsI
0COOEHHOCTH CTPYKTYphI M (DYHKIIMOHMPOBAHUS TOPHBIX TPONHUYECKUX JAHAIIA(PTOB, B TOM
qrciie TpUBeAEH PU3NKO-XUMUYECKHI aHAIH3 TTOYB, PACCMOTPEHBI BEPTUKAIBHBIC MUTPAIIUU
B IIpeJeax MOYBEHHBIX pa3pe3oB. Bompocsl ke, MOCBAIMIEHHBIE MUTpAMM XUMHUYECKUX
DIIEMEHTOB B COTOTYMHEHHBIX JIAHAIMAPTAX TOPHBIX TPOIMTUIECKUX JIECOB 0 CHX TIOP OCTAIOTCS
c11abo pa3paboTaHHBIMU.

B nmpexncraBiasiemoit pabore HaMH TPEANPHHUMAETCS TIOMBITKA  IPOCIIECIUTH
TFeOXMMUYECKYI0 MUTPAIMIO OTJEIBHBIX 3JEMEHTOB (B TOM YHCIE TSKEIBIX METAJIOB) KaK
BEPTHUKAIBbHYIO TIO MPOQUIIIO, TAK U TOPU30HTATIBHYIO — IOCPEICTBOM KAaTEHBI.

B cBs3u ¢ Tem, YTO B YCJIOBHMSAX TOPHOM MECTHOCTH IPOLECCH MOYBOOOpa30BaHUS
NpUOOpPETAIOT YHUKAJIbHBIE YEPThl M OCIOXKHSIOTCA TpolleccaMH MepepacrpeaeseHus
BEIIECTBA, KOTOpbIE, B CBOIO O4Yepe/ab, 3aBUCAT OT MHOXECTBA (DAKTOPOB: CTENEHH
YBIQXKHEHUS, PACTUTEIBbHOCTH, KPYTHU3HBI CKJIOHOB, MEXaHMYECKOIO COCTaBa, OJM30CTH
TPYHTOBBIX BOJl M IPYTHUX, B IIENIAX N3YUEHUS] TEOXUMHUYECKUX MUTPALIUH, Iepepacpe/ieeHus
BEIIECTBA B COMOJYMHEHHBIX JaHmmadTax © (GOpMUpPOBaHUS TPEACTABICHHA 00
O0COOEHHOCTSIX TPOLIECCOB Iepepaclpe/ie]IeHus BEIIeCTBA COMOMYMHEHHBIX JIaHAmAa(Tax,
OBLJI0 HEOOXOIUMO PEIIUTH CIEIYIONINE 3aJaUH:

1) BeIOOp HamOOJEee MOJXOJSIIETO MaplIpyTa KaTeHbl, B PaMKax KOTOPOro OBUIO ObI
MaKCUMaJbHO TPEJCTABICHO pa3HooOpazue JaHIIIaTHBIX OOCTAaHOBOK B Mpelenax
JTaHIMAa(QTHO-IKOJIOTHYECKOTO CTAI[HOHapa;

2) 3aKiajika, OMHUCAHUE W THITOJOTMYECKOE OMpE/IeICHHE MOYB, TCOXUMHUYCCKUN aHAIH3
OTOOpaHHBIX 00Pa3II0B TOPU30HTOB TTOYB;

3) BBIMOJHEHNE J1a0OpPATOPHBIX (PU3MKO-XMMUYECKUX AaHaJIW30B, B TOM YHCJIE Ha
OTIpeieIeHNE THKENBIX METAJIIOB.

4) BoisiBieHHEe ~ OCOOCHHOCTEH  MPOIIECCOB  TMepepaclpeiicjieHds]  BEllecTBa B
COMOMYMHEHHBIX JaHamadTax B rpaHHUIaX CTallMoOHapa.



HEKOTOPBIE OCOBEHHOCTH I'EOXUMHYECKHUX MUTPALJUM B YCJIOBHAX COITIOJYHU-
HEHHBIX JIAHJIIADTOB CPE{HEIOPHBIX TPOITHYECKHUX JIECOB IO)XKHOI'O BRETHAMA

MarepuaJj 4 MeTOAbI HCCACAOBAHUI

B Hanmonansaom napke bunyn-Hyit6a (mposunnums Jlamaonr, FOxxueiii BoetHam) 6611
BBIOpAaH KJIFOYEBOH ydacTok Jieca (puc. 1), Ha KOTOPOM TPOBOAMINCH JalbHEHIIHE
UCCIICIOBAHMS.
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Puc. 1. Harmonanensiii napk bugyn-Hyii6a. Koutyp Tepputopun 0603Ha4YeH JTMHUEH
roiyooro 1gera. Crpasa — IUIOIIAAKa UCCIIEOBaHUS B CpelHEM MacIiTabe (KpacHbId KOHTYP)

OOocHOBaHWE BBIOOpPAa TEPPUTOPUHU [UIS CO3JAHUS JAHAMAPTHO-KOJIOTUIECKOTO
CTallMOHAapa MPHUBEIEHO B Mpeaslaymux padorax aBropos (Kotios u ap., 2018; ['opOyHoB u
ap., 2018). IMouBeHHBIC pa3pe3bl 3aI0KEHHON HAMH KaT€HbI ObUTH IPUYPOUYCHBI K 3JIEMEHTaM
CTPYKTYPHO-JICHY/IAIMOHHOTO peibeda — Ha BEpIIMHE TPSAIbI, CKIOHE CTPYKTYPHOU TPSJIbI,
nogomse ckioHa. OnmuH paspe3 OBUI paclofioKEH Y MOJHOXHUS CKIOHAa Ha OCTPOBE,
00pa3yeMOM MEPHOJANYECKIM BOJOTOKOM, BCJIEICTBHE YE€TO0 OH MOXET OBIThb OTHECEH K
CTPYKTYPHO-()JTIOBHATBHOMY penbedy. PacmonokeHne MOYBEHHBIX Pa3pe30B HANOKEHO Ha
CXeMy TCHETHUYECKHX THIOB JaHamagToB oroOpakeHo Ha cxeme (puc. 2). OmpesencHue
SJIEMEHTOB M TSDKEIBIX METAUIOB B OTOOpaHHBIX 0OO0paslax IMPOU3BOAMIOCH Ha Macc-
CICKTPOMETPE C HHIYKTHBHO CBsi3aHHOW muiasmoii PlasmaQuant MS Elite S-NR:11-
6000ST043 na ©6a3e Hay4yHO-00pa30BATENBHOTO IEHTPAa KOJUIEKTMBHOTO IOJIH30BAHUS
«Cnexrpomerpus u xpomatorpadusp» OUL] MUubIOM.

Pe3y.]1]>TaTI)I Hu oﬁcymnelme

Ha reoXxmMu4Yeckue NpOIECChl B I0YBAaX OKAa3bIBAIOT BIMSHUE DPAa3HOOOpA3HBIE,
MPOTEKAOIIMEe TMapajulebHO, HSK30T€HHBIE TpPOIECCh. BenenctBue  KIMMaTHYECKHX
0COOCHHOCTEHl  TeppuUTOpHUH,  Hamboiee  3HAYMMBIMH  JK30T€HHBIMH, B  T.4.
penbedooOpa3yomuMu poeccaMu SIBISIFOTCS (PU3NYECKOe U XMMUYECKOE BBIBETPHBAHHE,
CKJIOHHBIE TTPOIIECCHI COMH(ITIOKIIMOHHOTO 1 1e(DIFOKIIMOHHOTO CMEIICHHS, @ TAK)KE TOJTMHHBIC
9PO3UOHHBIE TPOLECCHI, AEATEIBHOCTh KOTOPBIX HE IMO3BOJISAET CHOPMUPOBATHCS MOLIHOMY
YEeXJTy PBIXJIBIX OTIOXKEHHH, ocobenHo Ha ckioHax (IIlumos u ap., 1996). Tak, Hanmpumep,
touku T3, T4 xapakTepHu3ylOTCs pacloyio)KEHHEM Ha COJNU(IIOKIIMOHHOM CKJIOHE B TpaHC-
AKKYMYJISITUBHBIX M aKKyMYJSITUBHBIX YCJIOBHSX COOTBETCTBEHHO, B TO Bpems, Kak T2
pacriosiaraeTcsi B TpPaHC-aKKyMYJIITUBHBIX YCJIOBHMSAX Ha AE(IIOKIMOHHOM ckioHe. Touka T1
pacnosiaraercsi B aBTOMOPGHBIX YCIOBUAX Ha BEpILIMHE Ipsijibl, a TS pacmnonoxeHa Ha OCTPOBE
y MOJTHOXKHUSI TPSIJIBL.

Onrcanne WMCCIEeIOBAaHHBIX TMOYBEHHBIX Pa3pe30B IMPEACTaBICHO B TaOimmax 1-5,
BHEIIIHUI BUJ] pa3pe30B MPEICTaBIICH HA PUC. 3.

[TouBeHHbI TpodUIL KEATO3EMA MAaJIOMOIIHOTO OMOJ30JEHHOIO CYNECYaHo-
CYIJIMHUCTOTO  JIECCUBUPOBAHHOTO Ha  KAaOJIMHUTOBOM kope BbiBeTpuBaHus (T1),
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HI'VEH T.B., BABKO H.U., KAIIPAHOB C.B.

pAacIoIOKEHHBIN B aBTOMOP(HBIX YCIOBUSAX, XapAKTEPU3YETCs] 3aKOHOMEPHBIM YMEHBIIIEHUEM
COZEP)KaHUs TOHKOIECYAHBIX YACTHUIL] NTApaJUIEIBbHO C YBEIMUYECHUEM COLEPIKaHMS MBUIEBATBIX
YacTUIl U OOIIMM YIUIOTHEHHEM K MHUHEpPaJIbHOMY TOPU30HTY. B nmaHHOM paspese Taxxke
OTMEYACTCs 3aKOHOMEpHAas TEHACHLMS YIUIOTHEHHS I1I0YBbI K MHMHEPAIBHOMY TIOPHU3OHTY
BCJICJICTBUE JIECCUBAXKA.

Gl Ll | S 1Meters
0 125 25 50 7s 100

Puc. 2. Mecromonoxxenue MOYBEHHBIX paspe3oB. T1-TS — moYBeHHBIE pa3pessl,
reHeruueckue THibl penbeda (I'opOyHoB u ap., 2018): cmpykmypro-oenyodayuonnulii perved:
1 — rpeGeHb CTPYKTYPHOU TPS/IbI; 2 — CKIIOHBI CTPYKPYTPO TPSABI; 3 — MOBEPXHOCTH TPEOHS
MEXII0KOUHHOMN IpsJibl; 4 — CTPYKTYpHBIE TEPPACHL; S — CKabHBIN OTTOPKEHEL; CIMPYKMYPHO-
9pO3UOHHBLIL perbedh. 6 — BOTOCOOPHBIE TOHIDKCHUSI Ha TTOBEPXHOCTH CTPYKTYPHBIX Tpsi; 7 —
TI0KOUHBI; 8 — KOHYCHI BEIHOCA; CIPYKMYPHO-iosuaibHulil penved: 9 — octpos; 10 — pycio peku

Taoauna 1.
7KesaTo3éM MaJIOMOIIHBIN OMOA30JICHHBIN CYyNIeCYAHO-CYTIMHUCTBIN JIeCCHBHPOBAHHBIN
HA KA0JMHHUTOBOM Kope BbiBeTpuBaHus (T1)

I'mybuna
TopuzonT Onucanne TOpU30HTa
(Mo1mHOCTB)
Ao 3 M) Ollajg JIUCTBEB M men}v/aeﬁ, XBOM M IIMIICK, BETOUCK pasHoi CTeTeHH
Pa3IoKEHHOCTH, CB&KHUH, PBIXJIbIH, T'PaHUIIA POBHAs, EPEXOJ] PE3KHUI
meer S5YR1/3, pexmsiii, cBexwuil, O0TOp(OBaHHBIH, OECCTPYKTYPHBIH,
At 0-12 cm MTOPOIIUCTEIN, CIIOKEHHE: ¢1ab0 IUIACTHYHOE, HE JINITKOE, HOBOOOpa30BaHHI
(12 em) HeT, BKIIOYCHUI HET, xuBas (a3a: MeJKHe U cpejHre Kopuu pactenuit D=0,1—
10 cM, rpaHHIIa pOBHAS, IEPEXO0]] PE3KHH IO BETY H MEXaHHYECKOMY COCTaBY
12-18 cm, user S5YRL/1, ymiOTHEHHBIA, CBEXHH, CpEIHSAS CylNeCch, MEIKO- U
3aTéKH J10 CPElIHEKOMKOBATHIM,  CIIOXKEHHE: He JMNKoe, cinabo  IUIacTUYHOE,
Al 40 cm HOBOOOpa30BaHUIl HET, BKIIOUEHHS: OTMBITHIC 3€pHA KBapua, kuBas (asza:
(6 cm 1o 28 CpesHMe U KpyITHble KOpHU pacteHni D=mo 5 cM, rpanuna ciabo BoiHHUCTAS,
cM) Tepexo ] pe3Kuii Mo IBeTy
meer 5YR6/1, cumbHO YIUIOTHEHHBIM, CBEXHH, CPEAHHH CYIIIHHOK,
18-22/25 om OeccTpyKTYpHBIH, CHOXKEHME:  HE  JIMNKOC, — CHIBHO  IIACTHIHOC,
A2 4-7 em) HOBOOOpa3oBaHus: JKENThIE IPUMa3KH, BKJIIOYCHUH HeT, >xuBas (asa:
( eIMHUYHbIe KOpHU pacTeHnil D=1 cM, rpaHuna 3aTé4Has1, epexos Pe3KHil 1o
LBETY




HEKOTOPBIE OCOBEHHOCTH I'EOXUMHYECKHUX MUTPALJUM B YCJIOBHAX COITIOJYHU-
HEHHBIX JIAHJIIADTOB CPE{HEIOPHBIX TPOITHYECKHUX JIECOB IO)XKHOI'O BRETHAMA

Ilpoodonocenue mabauyor 1.

22/25_35/45 LBET 7,5YR7/}0, TUIOTHBIHN, CBEXHH, TSHKEBIN CYTIIMHOK, prHHorJIbIGI:ICTLIﬁ
B oM U CTOJIOYATBHIH, CJOKCHHE! HE JHIKOE, MIACTHIHOE, HOBOOOpa30BaHUH HET,
(10-23 cm) BIJIOUCHHA: 3aTEKH IyMyca 10 40 cM, xuBas (bi13a5 €IMHUYHbIE MEIKHE KOPHU
pacTeHnH, rpaHnIa BOJHHUCTAs, TEPEXO/ SICHBIN T10 I[BETY
35/45-60 cm user 7,5YR5/10, okpacka Hveo,uHopOLLHaﬂ, IUIOTHBIA, CBEXHH, TOKEIBIN
c (Bravas CYPJIMHOK, MEIKOKOMKOBATEIH, CIOKCHHE! JHIIKOE, cnabo TUIaCTUYHOE,
15-25 cw) HOBOOOpA30BaHMA: KpacHbIE INPHMa3Kd, BKIIOYEHHH HET, »kuBas (aza:
€/IMHUYHbIC MEJIKUE KOPHH, 'PaHHLA M TIEPEX0] HEe NPOCICKHUBAIOTCS
Taoauna 2.
KenTo03éM MaJTOMOIIHBIH €J1a000M0A30J€HHBIH CPeAHECYTJIMHUCTII
JIECCHBMPOBAHHBII Ha MIEOHUCTO-KAMEHHOM Je1ioBHH 1auuToB (T2)
['mybuna
I'opuzont OnucaHue ropu3oHTa
(MOIIHOCTB)
Ao 2 cu) JIUCTbsI U BETKHU pa3H(\)’171 CTEIIEHU DPA3JI0KEHHOCTH, PBIXJIbIM, CyXOW, IpaHula
POBHasl, IEPEXO] PE3KUI
user 7,5YR1/2, poixiublii, cyxoi, oTopdoBaHHBIN, OECCTPYKTYPHBIH U
At 0-5cm MOPOILIUCTHIN, CIOKEHHE: €abo JIMITKOEe, He TIACTUYHOE, HOBOOOPa30BaHMI HET,
(5 cm) BKITIOYEHUH HET, XuBas (haza: MHOTOUHMCIIEHHBIE KOpHU pacteHnit D=1 mm—1 cwm,
rpaHMLa cI1a00BOJIHUCTAS, ITEPEX01 ICHBIH M0 IBETY
user 7,5YR2/3, peixmblil, cyxo, cpemHss Cynech, MEIKOKOMKOBATBId U
Al 5-7/12 cM | MOPOLIMCTBIN, CJIOKEHHE: JIMIIKOE, HE IUIACTUYHOE, HOBOOOPA30BaHUM HET,
(2-7 cm) BKITIOUCHUH HET, KuBas (paza: MHOTOYHCICHHBIe KOpHHU pacteHuit D=0,5-1 cwm,
rpaHuIa BOJHHUCTAs, IEPEX0J] PE3KHil 10 IIBETY K MEXaHUYECKOMY COCTaBY
user 7,5YR4/6, ymiaoTHEHHBIN, CBEXHM, CPEIHSS CYIECh, MEIKOKOMKOBATHIM,
AeB 7/12-25 cm | crmoxenwe: cnabo JUIMKOE, CI1ab0 TIACTHYHOE, HOBOOOPa30BaHUI HET, BKITIOUCHHSL:
(13-18 cm) | mMHOTOUMCIeHHAs ApecBa D=5-7 mwm, sxuBas dasza: kopau pacrernit D=2—-3 MM — 2
CM, I'PaHHMIa c71a00 BOIHHUCTAS, IEPEXO] IOCTETIEHHBIN 0 MEXaHUYECKOMY COCTaBY
nser 7,5YR4/8, okpacka HeomHOpOAHAsS C KPACHBIMH TIPUMAa3KaMH, CHIIBHO
25-66 cM | TUIOTHBIN, CBEXHH, CPETHUN CYIJIMHOK, MEJIKO-, CPEJHEKOMKOBATHIH, CIIOKEHHUE:
BC (BUmMMasi | JIMIKOE, IJIACTUYHOE, HOBOOOpa30BaHM HET, BKIIOYEHHS: MHOTOYHCIICHHAs
41 cm) JIpecBa KpacHOTro  ceporo 1sera D=5-7 MMM emuHnuHbIe 10 8 CM, XHBas Qaza:
eIMHUYHbIC KOpHH pacTeHnid D=1-2 MM, rpaHuia U Iepexo/1 He NPOCIISKUBAIOTCS

Taoauna 3.

7KesaTo3éM MaJIOMOIIHBIN CylecYaHbI| JIECCHBUPOBAHHBIN HA IEOHNCTO-KAMEHHOM

aeaoBun 1auuToB (T3)

I'mybuna
I'opuzont OnucaHue ropu3oHTa
(MOIIHOCTB)
Ao 2 em) JIUCThSI PAa3HOM CTEIECHH PA3JIOKCHHOCTH, CYXOH, PBIXJIBIH, MOBEPXHOCTH cmabo
BOJIHKCTAsI, HaKkIOHHAs 4(0°, TpaHuIla pOBHAs, IEPEXO Pe3KHi
user 7,5YR2/4, peixublid, CBeXHH, TDKeENas CylNech, MEIKO- U
0-6/8 eu CPETHEKOMKOBATHIH, CJIOKCHHE: HE JIMIKOE, HE IIACTHYHOE, HOBOOOpa30BaHUN
Ad (6-8 o) HET, BKJIIOYCHUS: MHOTOYMCIICHHBIC BKJIIOYEHHS JPECBbI, JKuBas (hasza:
MHOTOYUCIICHHBIC MEJKHE M CpeiHue KOpHU pactenmid D=3-5 mm, rpanuna
CI1a00BOTHUCTAS, IEPEX0.T YETKUH 10 IBETY
meer 5YR5/10, okpacka HEOMHOPOOHAS W3-3a BKJIIOUCHHM, CHIIBHO
YIUIOTHEHHBIA, CBEXUH, JETKUM CYIJIMHOK, MENKO- U CpEeIHEKOMKOBATHIM,
AcB 6/8-31/45 cM | ClIOKEHHME: JIUIKOE, CUIIBHO INIACTHYHOE, HOBOOOPA30BaHUI HET, BKIIIOYEHUS:
(23-37 cm) MHOTOYHCIICHHBIC KPYITHBIE 00JIOMKH AalluToOB, ApecBa D=3-5 cMm, sxuBas (aza:
HEMHOTOYHCIICHHbIE KpynHble KopHHM D=3-4 MM pmo 2 cM, rpaHuna
CJ1a00BOJIHUCTAS, IEPEX0/] CHBIH MO [[BETY M BKIIOYCHUSIM
meer 2,5YR3/8, okpacka HeOmHOpOAHAs W3-3a BKJIIOUCHHH, YIIOTHCHHBIH,
31/45- CBCXKHWIA, TsDKENash CYIech, MEIKOKOMKOBATHIMH, CIIOJKCHHE: CHIILHO JIMIIKOE,
c1 78/90 om CHIIBHO ILIACTHYHOE, HOBOOOpAa30BaHUs: TOHKHE IUIEHKH MN 1Mo TpeluHam
(45-59 cv) JAIINTOB, BKIIOYCHUS: MHOTOYHMCIICHHBIC JPecBa, IIEOCHb, OOJOMKH IUTUT
nauntoB D= no 45-50 cm, xuBas (asza: enMHUYHBIE MEJIKUE U CPEHHE KOPHU
D=2-5 mm, rpanuna ciraboBOIHICTAS, IEPEXO]T ICHBIN TI0 I[BETY
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TIpoodonxcenue mabauyv 3.

meer 5YR5/8, okpacka HeOmHOpOAHAs W3-3a8 BKIIOYEHHH, YIUIOTHEHHBIH,
CBEXXMH, JIETKUH CYIJIMHOK, MEJIKOKOMKOBATBHIH, CIIOKEHHE: C€i1abo JIMIIKOE,

c2 11;%3%_01“ IUTACTHYHOE, HOBOOOpa30BaHUs: TOHKWE IJIEHKM MN MO TpeImpHaM TaluTOB,
(28-48 o) BKITIOYCHUS: MHOTOYHCIICHHBIE ApecBa D=2-4 MM, 0ONOMKH ITUT M BaJyHOB
nmarutoB D= mo 15-20 cm, xwuBast ¢asza: meiakue kopHu D=2—-3 mm, rpaHuia
HEpPOBHAsI, IEPEX0] PE3KHI 110 MEXaHUIECKOMY COCTaBY
118/126-140 | manuTHI MOHOJMTHOTO CIIOKEHHMS, HE3HAUNTENbHAS TPEITMHOBATOCTD, TPAHUIIA 1
D cM (BUIMMAs | MEPEXO0J HE MPOCICKUBAIOTCS

14-22 cm)

Ta6auua 4.

KenTo3¢éM rieeBaTblil JJEIKOCYTIMHUCTBIH HA JeTIOBHH KA0JIHHUTOBOH KOPBI

BbiBeTprBaHu (T4)

I'nyouna
I'opuzont Onucanne Topu30HTa
(MOIITHOCTB)
Ao 2 om) JIUCThSL U BETKHU pa3H0171v CTEIEHH Pa3JI0KEHHOCTH, PBIXJIBIM, CBEXHM, rpaHULa
POBHasl, IEPEXO PE3KUI
user 7,5YR4/6, puIXJIbIA, BI&XKHBINA, JIETKAN CYIIIHHOK, MEJIKO- W
0-3 em CpEeTHEKOMKOBATHIH, CJIOXKEHHE! JIMIKOE, CHJIBHO IUIACTHYHOE,
Ad 3 HOBOOOpa30BaHMI HET, BKIIIOYEHUH HET, )KuBast (a3za: MHOTOUYHCIICHHbIE MEJIKHE
(3 cv) U CpeIHUE KOPHH pacTeHMH, rpaHuLia cad0 BOJHUCTAs, IIEPEX0/1 3aMETHBIN 1O
L[BETY M )KUBOH (haze
user 7,5YR5/6, puIxibli, BI&XKHBINA, JIETKAH CYIJIMHOK, MEJIKO- U
A 3-5/13 cm CPETHCKOMKOBATHIN, CIIOKCHHE: CHJIBHO JIMIIKOE, CHJIBHO IUIACTHYHOC,
(2-10 cm) HOBOOOpa30BaHUII HET, BKIIIOYECHUI HeT, kuBas (paza: eOUHWYHBIE KOPHHU
pacrennii D=2 mm—1,0 cM, rpanuna 3aTé€uHasi, Hepexo1 3aMeTHBIH 0 IBETY
user 7,5YR6/10, yIiOTHEHHBINH, BIAKHBIA, JIETKAH CYTJIMHOK, MEJIKO- H
5/13 _ 44/47 CPeIHEKOMKOBATBIM, CJIOKEHHE: CHJIBHO JIMIKOE, CHIBHO IUIACTUYHOE,
AB om (31-42 cw) HOBOOOpa3oBaHMi HeT, BKMoYeHUs: obmomku yras D=1,0-1,5 cm HesicHoro
MIPOMCXOXKACHUS, KUBast (aza: emuHUYHbIe KOpHU pactenuit D=1,0-1,5 cm,
IpaHHLIA BOJHUCTAS, IIEPEX0J] 3aMETHBIH 10 LBETY
meer 7,5YR6/10, yrmroTHEHHBIH, BIAKHBIH, JIETKHIH/CPEAHIMA CYTIIMHOK — GoJiee
44/47-T74/84 | ornuHensblid, yeM AB, OpexOBaThIii ¥ MEIKOKOMKOBATBIN, CIIOKEHHUE: JIUIKOE,
B cM CHJIBHO IIIACTUYHOE, HOBOOOpPAa30BaHW HET, BKIIIOUEHHUI HET, >KuBas (asa:
(3040 cm) eIMHUYHble KOpHM pacreHnd D=2-4 wmM, rpaHuna HepoBHas, IeEpexo]
MOCTENEHHBIH 110 MJIOTHOCTH U MEXaHUYECKOMY COCTaBY
user 7,5YR5/10, okpacka HepaBHOMEPHAsh C CH3bIMH ISATHAMH W KPaCHBIMH
IIpUMa3KaMH, YIJIOTHEHHBIH, BIaXXHBIH, CPEHHUN CYTIIMHOK, MEIKOOPEXOBATHIN
B 74/84-150cM | M MEIKOKOMKOBATHIM,  CIOXKEHME:  JMIIKOE, CHJIBHO  IUIACTHYHOE,
g (66—76 cm) HOBOOOpPA30BaHU: CIICABI OTJICCHHS, BKIIFOUCHAHN HET, XKUBast Pa3a: eqUHIIHBIC
Menkue KopHH pactennid D=1-2 mwm, rpaHuma ciabo BOJHHCTAs, MEPEXo.
pe3KHil o 1BETY
meer 5BG7/1-5BG6/1, okpacka HepaBHOMEPHAS C KPACHBIMH M TEMHO-PBIKETO
150-161 cm | uBeTa, IUIOTHBIN, BIAXHBIN, CPESAHUI CYTIHMHOK, MEIKO- U CPJHEOPEXOBATHIN,
G (BuauMas CJIOXKEHHE: CHJIBHO JIMIIKOE, CWIIBHO IUIACTHYHOE, HOBOOOPA30BaHMS: MOILIHOE
11 cm) OTJICCHUE, BKIIFOUCHHU HET, )KuBas (paza: eAMHUYIHBIC KOPHU pacTeHuid D=2 MM,

IpaHUIlA ¥ IePeX0] He IPOCISKUBAIOTCS

Taoauna 5.

AJLTIOBHAJIBHO-(JIIOBHAJIBHASA JIETKOCYTVIMHUCTAS 110YBA HA NECYAHOM M rajle4YHUKOBO-
BAJIYHHOM AJLIIOBHH JALIMTOB, aHAE3UTOB, Ty(oB u necuanuka (TS)

l'opuzont Tmybuna Onucanue ropu3oHTa
(MOIITHOCTB)
Ao 2 em) JIACThS pamoﬁu CTENEHU PAa3JI0KEHHOCTH, MOKPBIM, PBIXJIbIA, TpaHHlla POBHAs,
TIEPEX0 ]l PE3KUi
user  7,5YR4/6, cBexuil, pHIXJIBIA, JIETKAA  CYrJIMHOK, MEJKO |
Ad 0-5cMm CPEIHEKOMKOBATHIM, CIIOXKCHHE: IJUIKOEe, IUIACTHYHOE, HOBOOOPa30BaHUHA HET,
(5 cm) BKIIIOYCHUH HeT, jkuBas (ha3a: MEJIKHE KOPHHM PACcTEHHM, TpaHUIla HEPOBHAs C
3aT€KOM, ITepexo] 3aMETHBIH 10 BETY U JKUBOM (aze




HEKOTOPBIE OCOBEHHOCTH I'EOXUMHYECKHUX MUTPALJUM B YCJIOBHAX COITIOJYHU-
HEHHDIX JIAHJUIADTOB CPEJHEI OPHBIX TPOITHYECKHUX JIECOB IOXKHOI'O BRETHAMA

Ipodonxcenue madbauywi 5.
meer 7,5YR5/8, cBexwif, pHIXIBIA, JIETKMHA  CYIJIMHOK, MEIKO |
Al 5-20/32 cM | cpesHEKOMKOBATHIN, CIOXKEHHE: IUIACTUYHOE, CJIabo-JIUIKOe, HOBOOOpPA30BaHUsI
(15-27 cm) | Her, BKIIIOUCHHIT HET, )KMBas (ha3a: HEMHOTOUYKCIICHHBIE KPYITHbIE KOPHH (MEHBIIIE,
4yeMm B Ad), rpaHuniia HepoBHas1, EPEXoJ1 c1ab0 3aMETHBIN IO IBETY 3aTEKOB
user 7,5YR6/14, cBexuil, yIUIOTHEHHBIA ¢ yBETMYCHHEM IUIOTHOCTH K HIDKHEH
20/32-68 | wacTu rOpHU30HTA, JETKUIl CYrJIMHOK, MEIKO U CPEAHCKOMKOBATHIN, CIOXEHHE:
Bl cM c1a0o JIAIKOE, CHIIBHO TUIACTHYHOE, HOBOOOPA30BaHM HET, BKIIOUCHHS: MEIKAas
(3648 cm) | apecBa D=3-4 mm, xuBas (haza: HEMHOTOUYUCIIEHHbIE KOPHU pacTeHnii D=5-6 mm,
rpaHMIia c1abo BOJHUCTAs, IEPEX0/] C1a00 3aMETHBIH 10 MEXaHMYECKOMY COCTaBY
muger 7,5YR6/12, cBexui, MIIOTHBIM, CPEHUNA CYTIIMHOK (CHIIBHO OTIECYaHEHHBIH),
68-86 cu MEJIKOKOMKOBATBIH, CIIOXKEHHE: CPEeHE JIMIKOE, IUIACTHYHOE, HOBOOOpa30BaHMI
B2 (18 om) HET, BKIIFOUSHHSI: MHOTOYHCIICHHBIC aHJIE3UTOBBIE CPEJIHUH MIECOK U APECBA, JKUBAsI

¢aza: eanHMuHBIe KOpHU D=5-6 MM, rpanuma crnaboBoIHUCTAS, MIEPEX0]] SCHBIH
110 BKJIIOYCHUSIM
uset 7,5YR6/12, cBexuid, INIOTHBIN, CPETHUN CYTIIMHOK (CHIIBHO OTIECYaHCHHBIH),
86-88 cM | MEIKOKOMKOBATBIH, CI0XKEHHE: CPEAHE JHIIKOEe, IIACTUYHOE, HOBOOOPa30BaHMIA

BC (BuauMasi | HET, BKJIIOUCHHUS: MHOTOYMCIICHHBIC aHJIE3UTOBBIE M KPACHOLIBETHHIC IEOCHb U
2 cm) Banynsl D=mo 10 cm u Oonee, xuBoil (ha3pl HET, rpaHUIla M MEPEXOJ] HE
IIPOCIEKUBAIOTCS

a) 6) B) r) A)

Puc. 3. OOmmii BUA ONUCBHIBAEMBIX pa3pe3oB: a) KENTO3EM MaJTOMOIIHBIH
ONOA30JIEHHBI  CYNECYaHO-CYTJIMHUCTBIN  JIECCUBUPOBAHHBI HA KAaOJIMHUTOBOM KOpE
BbiBeTpuBaHus (T1); 0) xenTo3éM MaloOMOIIHBINA cI1a000MO30I€HHBIN CPEeaHECYTTMHUCTHIN
JE€CCUBUPOBAaHHBI Ha MIEOHUCTO-KaMeHHOM jemioBuM jpauutoB (T2); B) xenro3ém
MaJIOMOIIHBIM CyNecuaHblii JTECCUBUPOBAHHBIN Ha MIEOHMCTO-KAMEHHOM JIENIOBUU JAIUTOB
(T3); r) x&enTo3éM TJeeBaTBHIA JIETKO-CYTJIMHUCTBI Ha JIEMIOBUU KAOJIHMHUTOBON KOPBI
BbiBeTpuBaHus (T4); n) ammoBuaibHO-(IIOBHANIbHAS JIETKOCYTJIMHUCTAS 1TOYBA HA MECYaHOM
U TaJICYHUKOBO-BATYHHOM QJUTIOBHH JAIIUTOB, aHAEC3UTOB, Ty(hoB M mecuanuka. KpacHpiMuU
JUHHUSIMH OTMEYEHBI TPaHUIIbl TOYBEHHBIX TOPU30HTOB (T5)
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Boponpounocts  arperatoB, Ipud  3TOM,  yMEHBIIAaeTCsi B  OOpaTHOM
MOCNEI0BATEIbHOCTH, YTO MOXET OBITh OOBSICHEHO yMeHblleHueM rymyca u Ca,
o0ecrieunBaroIUX MPOYHOCTh arperaTos, ¢ rIyoOnHoi. BeimbiBanue rymyca u Ca mpoucxoaut
BO BpeMs OOWMJIBHBIX OCAJIKOB, BCIIEJICTBHE YEro MOXKHO MPEAINOJIO0XKUTh, YTO MPOLECC
JIECCHUBAXKA U CHU)KCHME BOJOIPOYHOCTH IIOYBEHHBIX arperaTroB 3aBUCAT OT HTOI0 HAIIPSIMYIO.
Kak crnenctBue, mouBa JErkoro MEXaHMYECKOrO0 COCTaBa UMEET OOJIBIIYI0 BOAOIPOYHOCTH 110
CPaBHEHMIO C ITIOYBAMH TSHKEIIOr0 MEXAHUUECKOIO COCTaBa. becCTpyKTypHOCTh TOpU30HTOB At
u A2 (kak u oOpa3zoBaHue ropu3oHTa A2) OOBSACHSAETCS aBTOMOP(HBIMHU YCIOBUSMU,
HCKJIFOYAOUIMMU ITOCTYIIJIEHUE BEIIECTBA CO CKIOHOBBIMH IIPOLIECCAMU U €r0 BOBJICYEHHUE B
MOYBOOOPA30BaTENbHBIE MPOIIECCHI.

[TouBeHHBII poQ b KEINTO3EMA MAaJIOMOIIHOTO ¢1a00010/130JIEHHOTO
CPEIHECYIJIMHUCTOTO JIECCUBUPOBAHHOTO HA MIEOHHCTO-KAMEHHOM JeNoBUM AaruToB (T2),
pPACIIONOKEHHBIH B TPAHC-aKKYMYJISITUBHBIX  YCJIOBMSX, TaKXe  XapaKTepHU3yeTCs
3aKOHOMEPHBIM YMEHBUIEHUEM COAEpPKAHHSA TOHKOIECUAHBIX YAaCTUIl [ApPaUIEIbHO C
YBEJIMYEHUEM COJIEPIKAHMS NBLIEBATHIX YACTULl M OOLIMM YIJIOTHEHHEM K MUHEPAJIbHOMY
ropu3oHTy. Bcenencresue mponecca JecCUBaXka IPOUCXOAUT IIOCTEIIEHHOE YIUIOTHEHHE
IIOYBEHHOM MAacChl K MUHEpAJIbHOMY I'OPU30HTY. BOIOIIPOYHOCTh TOPU30HTOB CHUXKAETCS OT
r'yMYyCOBOI'O TOPU30HTa K MUHepanbHoMy. Cozeprkanue rymyca B O0JIbIIel CTENeHH BIUSAET Ha
BOJIOTIPOYHOCTh TIOYBEHHBIX arperaTtoB, 10 CpaBHEHHIO ¢ KoHIeHTpauueil Ca, u BHe
3aBUCUMOCTU OT MEXaHUYECKOI'0 COCTaBa MOYBBI.

[TouBeHHBIH TpodUIb KEITO3EMA MATIOMOIIIHOI'O CYIIECYaHOI'O JIECCUBUPOBAHHOTO Ha
meOH1CTO-KaMeHHOM AentoBun aauuToB (T3), pacrnonoxeHHBI B TpaHC-aKKyMYJISITUBHBIX
YCIIOBUSIX, B HIDKHEW 4acTU CKJIOHA CTPYKTYpPHOM Ips/ibl, Xapakrepusyercs (OpMUPOBAHUEM
WUTIOBUAJIBHOTO TOPHU30HTA, C HE3HAYUTEIbHBIM HAKOIUIEHHWEM TIJIMHUCTBIX YacTHIl I10
CPaBHEHHIO C BBIIIE M HIKEIEKAIIMMH TOPU30HTAMH. TpaHC-aKKYMYJISITUBHBIE YCIIOBHS
OCJIOXKHSIFOTCS CYIIECTBEHHBIM HAKJIOHOM TOBEPXHOCTH CKJIOHA, B Ipeneiax KOTOPOro ObLI
3QJI0)KEH NOYBEHHBIN pa3pe3. CoxpaHsAeTcs 3aKOHOMEpHas TEHICHIUS YIUIOTHEHUS MOYBBI K
MUHEpaJIbHOMY I'OPU30HTY BCIIEACTBHUE JIECCUBaXKa. BOLONPOYHOCTH arperaToB yMEHbIIAETCS
OT TYMYCOBOIO TOpPH30HTA K MHUHEPAIIBHOMY, M XapakTepHas HE TOJIbKO A
JIETKOCYTJIMHUCTOTO MEXaHUYECKOT0 COCTaBa ropu3oHTa AeB, HO U A TsHKeNoCcynecyaHbIx
rymycoBoro Ad u wmuHepanbHoro C1 (koarynsiius TyMYCOBBIX KHCIOT Fe, BbIcOKOe
conepxxanue Fe u Ca). B ocHOBaHHMHM pa3pe3a BCKPBHIBAIOTCS TUIMTHI JALUTOB, HAJl KOTOPBIMU
3aneraer cioil u3 ux o0610MKoB. [IpennonoxuTensbHo, HUKE MO CKIOHY OOJIOMKH JAllUTOB
MOTYT HaxOJUThCS OJIMKE K MOBEPXHOCTU IOYB, OJIHAKO JAHHOE IPEIIOJIOKEHUE ellé He
IIPOBEPSIIOCH.

[TouBeHHBII TPOPUIH KEATO3EMA TJIEEBATOrO JIETKOCYIJIMHHCTOTO Ha JCIIOBUU
KAOJJMHUTOBOW KOpHI BbIBeTpuBaHUS (T4), pacrosoXeHHbI B aKKyMYyJISATHBHO-TPAHC-
AKKyMYJSITUBHBIX  YCJIOBHSIX, TaKKe XapaKTEPU3yeTCsl YBEJIWYEHUEM IUIOTHOCTH OT
TyMYCOBOTO TOPH30HTa K MHMHEpPaJbHOMY. BOJONPOYHOCTh ITOYBEHHBIX AarperaTtoB
YMEHBIIIAETCS] BHU3 0 MPO(UITIO BCIECACTBUE CHIKECHUS adPALMU C YBEIHMUEHHEM IJIOTHOCTH
K MUHEPAILHBIM TOPU30HTaM (OTJIEEHHBIM), M CBSI3aHO C TIEPEXO0JIOM B OTJICCHHBIX TOPU30HTAX
OKHCHBIX (opM kene3a B 3akucHble. I[Iporecc jeccuBaka BBIpa)KEH HESIBHO BCIIEICTBHE
MOCTYIJICHUS BEILIECTBA B BEPXHUE TOPU30HTHI CO CKJIOHOBBIMH MPOLECCAMHU. AJTFOBUAIIBHbIE
OTJIOKEHUSI, XapaKTEePHBIE ISl AJUTIOBHAITLHO-(ITFOBUATFHON JETKOCYTITMHUCTON mo4BhI (T5)
371eCh BCKPBITHI He ObUIH. CyIIECTBEHHOE OTJIMHEHUE OTJIECHHBIX MUHEPATbHBIX TOPU30HTOB
MIO3BOJISICT NPEANOJIOKUTh, YTO I0YBA PA3BUBACTCS HA IJIMHUCTOM KOpE BBIBETPHUBAHUSA,
BBIXO/IbI KOTOPOM OOBIYHO MPUYPOUYEHBI K PEYHBIM JOJIMHAM U MEXKTOPHBIX MOHKEHUSIM.

[TouBeHHBIH TPOGMIH AJUTIOBHAIBHO-(IIIOBHATIBHON JIETKOCYTTTMHUCTOW TOYBBI Ha
MECYaHOM M rajeYHUKOBO-BATyHHOM QJITIOBUU JAIIUTOB, aHAE3UTOB, Ty(oB u necuanuka (T5)
XapaKTEepU3yeTCsl YMEHBIICHHEM COJEpKaHUS TOHKOINECYAHBIX YACTHIl IApaJUIEIbHO C
YBEJIMUYEHUEM COJEpPKAaHUSA MbLJIEBAThIX YACTHIl, YBEJIMYEHUEM KOJMYECTBA BKJIIOUECHUU H
O0LIMM YIUIOTHEHHMEM K MUHEPaJbHOMY TOpHU30HTY. MUHepaabHbI TOPU3OHT MPEJCTaBICH
10



HEKOTOPBIE OCOBEHHOCTH I'EOXUMHYECKHUX MUTPALJUM B YCJIOBHAX COITIOJYHU-
HEHHBIX JIAHJIIADTOB CPE{HEIOPHBIX TPOITHYECKHUX JIECOB IO)XKHOI'O BRETHAMA

KPYIMHOBATYHHO-TAJICYHUKOBBIM aJUTFOBUAIBHBIM MaTEPUAIOM HEOJIHOPOJAHOTO COCTaBa. JTO
00BSACHACTCS €r0 PACIIONIOKECHHEM Ha OCTPOBE, TPAHUYAIIUM C PYCJIOM ITOCTOSTHHOT'O BOJJOTOKA
(pexn). BpIxo1bl raeUHUKOBOTO AJUTFOBUS, IPOJIIOBHUS OTMEYAIOTCSI C 00EUX CTOPOH CEBEPHOI
OKOHEYHOCTH OCTpoBa. [IOUBEHHBIC arperathl, HECMOTPS Ha JETKUH COCTaB, OTIMYAOTCS
XOpOIIeH BOJIOTIPOYHOCTHIO BO BCEX TOPU3OHTAX TIOYBEHHOTO MPOQHIIS.

Onucanue OOIMMX (PU3UKO-XUMHUYCCKUX XAPAKTEPUCTHK IKEJITO3EMOB HCCIICAYEMOTO
peruona ObuT0 AaHo Hamu panee ([opOyHoB u ap., 2018), BbIABICHHBIC 3aKOHOMEPHOCTH
KacaJuch pa3Mepa W COOTHOIICHHUS TOYBEHHBIX (PAKIMNA: YMEHBIICHHE COJCPKAHUS
TOHKOIIECYAHBIX YACTHI] K WJUTFOBUAIBHOMY U MHHEPAIBHOMY TOPU30HTAM, MapauICIbHO C
YBEIMYCHUEM COJICP)KAHUS IBUICBATHIX YAaCTUI] B MUHEPAIbHOM, a TIIMHUCTBIX YacTUI] — B
WUTIOBHAJTLHOM TOPU30HTaX COOTBETCTBEHHO. bBIIO OTMEUEHO CHIDKEHHE mokaszarens pH ot
FyMyCOBOI'O TOPU30HTAa K MHHEPAJbHOMY; YMEHBIICHHE EMKOCTH KAaTHOHHOTO OOMEHa K
QUTIOBHAJILHOMY TOPHU30HTY M POCT 3HAYCHHUS K MHUHEPAIBHOMY TOPH3OHTY W JIpyrue
3aKOHOMEPHOCTH.

[Iporeccrsl MUTpaIK BEIIECTBA, B TOM YHCIIC TSHKEIBIX METAJUIOB, C OJHOH CTOPOHBI,
SBIIIOTCSI CIIEICTBUEM aKTUBHO MPOTEKAIOIINX YK30T€HHBIX IPOIIECCOB M THIIEPreHe3a TOPHBIX
MOpOJI, C JPYrod CTOPOHBI, SBISIFOTCS TNPUIMHOH BO3HHKHOBCHHSI YHHKAIBHBIX YEpPT
pa3IMYHBIX MOYBOOOpPA30BaTEIbHBIX MpoleccoB. Hamu ObUIM BBHIMOTHEHBI OMpEIeICHUs
Tsokenbix MetaiuioB (Mn, Cu, Zn, Sr, Pb), 1mie104HbIX 2JIEMEHTOB, YYaCTBYIOUIMX B arperamum
(prokynsuun) mouBennsix vactuil (Mg, Ca, K), a Takke TuarHoCTUYECKH BayKHBIC 3JICMEHTHI
xento3émoB (Si, Al, Fe, Ti). PesynbraTsl onpeieeHuii mpeacTaBicHsl B Tadaumax 6-10.

Ta6auna 6.
XuMu4eckne CBOMCTBA KeJIT03¢Ma MAJOMOIIHOI0 ONMOA30JIEHHOT 0 CYIeCYaHo-
CYIJIMHUCTOrO JIeCCHBHPOBAHHOI0 HA KAOJMHUTOBON Kope BbiBeTpuBanus (T1)

DIIEMEHTHI

pH K Mg Ca Si Al Fe Ti Mn Cu Zn Sr Pb

H,O | Mr/kr | Mr/kr | Mr/kr | r/kr | r/Kkr I/KT | MI/KT | MI/KT | MI/KT | MI/KT | MI/KD | MI/KD

T'opuzonT

At | 45 | 3426 | 1990 | 33,03 380 | 501 | 151 | 6965|1104 ] 3,09 | 991 | 227 | 620
Al | 51 | 404,0 | 22290 | 114,4 | 0,56 | 49,20 | 36,92 | 491,6 | 105,0 | 11,85 | 109,9 | 5,18 | 34,45
A2 | 49 | 1795 | 170,0 | 23,49 | 0,24 | 1422 | 2,64 | 20,46 | 12,30 | 1,39 | 12,01 | 2,36 | 18,91
B 58 | 6282 | 3540 | 3,20 | 169 |3235|30,85| 1757|1514 | 538 | 12,81 | 3,49 | 50,91
C 6,7 | 8932 | 2620 | 0,86 | 8,16 | 25,87 | 27,77 | 4,90 | 38,32 | 11,41 | 19,91 | 4,43 | 62,61

Taoauna 7.
XuMHUYECKHe CBOMCTBA JKeJITO3éMa MAJIOMOIIHOI0 CPeIHECYTJIMHUCTOrO
€J1200010/130JIEHHOT0 JIECCHBHPOBAHHOTO HA MIEOHMCTO-KAMEHHOM /IeJIIOBHH TALlUTOB
(T2)

DIEeMEHTRI

pH K Mg Ca Si Al Fe Ti Mn Cu Zn Sr Pb
H2O | mr/kr | Mr/kr | Mr/kr | r/kr | r/Kr I/Kr | MI/KT | MI/KD | MI/KT | MI/KT | MI/KT | MI/KD

T'opuzont

At 42 | 3710|3770 21,04 | 093 | 1209 | 6,51 | 7857 | 16,13 | 554 | 1482 | 1,46 | 8,28
Al 56 | 2420 ] 206,0 | 17,01 | 1,44 | 43,64 | 28,19 | 180,1 | 17,74 | 535 | 11,86 | 1,52 | 11,73
AeB | 6,7 | 472,6 | 226,0 | 129,6 | 0,91 | 52,29 | 45,72 | 106,2 | 11,70 | 7,93 | 31,31 | 2,24 | 12,65
BC 6,9 | 1598 | 307,0 | 425 | 1,40 70,57 | 57,92 | 116,3 | 1594 | 7,75 | 14,23 | 2,96 | 11,17

Pacmonoxxenne >xenro3éma MaJIOMOHOIHOT'O OIIOA30JICHHOI'0 CYyNECYaHO-CYTTIMHUCTOT'O
JICCCUBHUPOBAHHOT'O (Tl) B aBTOMOp(I)HBIX YCJIOBHAX IIO3BOJIACT OLCHUTH PACHPCACIICHUC
BCIICCTBA IO TOPHU30HTAM B OTCYTCTBHU BJIMAHHUSA BHCIIHETO CKIIOHOBOT'O ITPUBHOCA.
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Taoauna 8.
XuMHYecKHe CBOMCTBA JKeJITO3¢Ma MAJIOMOIIHOTO CYIIeCYAHOI0 JIECCHBUPOBAHHOIO HA
1e0HNCTO-KaMeHHOM JeioBun 1anutoB (T3)

e InemeHTbl

=

o)

é pH K Mg Ca Si Al Fe Ti Mn Cu Zn Sr Pb
[2 H,O | mr/kr MI/KT MI/KT | T/KT | T/KT r/Kr MI/KT MI/KT | MI/KT | MI/KT | MI/KT | MI/KT

Ad 5,6 | 511,1 708,0 | 26,47 | 0,78 | 69,86 | 47,00 | 4754 | 27,86 | 19,46 | 18,61 | 1,97 | 16,75

AeB | 5,7 |1341,9| 7160,0 | 1,98 | 2,84 | 92,15| 54,42 | 6874 | 1093 | 39,72 | 35,09| 1,35 | 17,13

Cl 6,2 | 206,4 | 2323,0 | 11,69 | 0,51 | 85,88 | 116,0 | 5828 | 1834 | 43,07 | 28,11 | 4,75 | 27,71

C2 6,3 | 151,8 780,0 9,39 | 5,55| 52,62 | 97,15| 528,8 | 4874 | 39,33 | 27,03 | 1,45 | 11,66

D 5,7 | 170,4 | 42070,0 | 0,00 | 1,68 | 126,6 | 108,6 | 1798,4| 1232,9| 40,70 | 174,2| 7,20 | 5,93

Taoauma 9.
XuMHYecKHe CBOMCTBA KeJITO3¢Ma IJ1eeBaTOr0 JIerkoCyrJIMHUCTOr0 Ha J1eJII0BUHU
KA0JMHUTOBOW KOpPbI BhiBeTpuBanus (T4)

e DJIE€MEHTBI

jasi

o

% pH K Mg Ca Si Al Fe Ti Mn Cu zZn Sr Pb

° H2O | Mr/kr | Mr/Kkr | Mr/kr | r/kr | r/Kr I/KT | MI/KT | MI/KT | MI/KT | MI/KT | MI/KT | MI/KD
At 42 | 3710|3770 | 21,04 | 0,93 | 12,09 | 6,51 | 7857 | 16,13 | 554 | 1482 | 1,46 | 8,28
Al 56 | 242,0 | 206,0 | 17,01 | 1,44 | 43,64 | 28,19 | 180,1 | 17,74 | 5,35 | 11,86 | 1,52 | 11,73
AeB | 6,7 | 472,6 | 226,0 | 129,6 | 0,91 | 52,29 | 45,72 | 106,2 | 11,70 | 7,93 | 31,31 | 2,24 | 12,65
BC 6,9 | 159,8 | 307,0 | 4,25 | 1,40 | 70,57 | 57,92 | 116,3 | 15,94 | 7,75 | 14,23 | 2,96 | 11,17

Taoauna 10.
XuMu4yeckue CBOICTBA AJNIIOBUATBbHO-()IIOBHATBHOM J1erKOCYTJINHUCTOMH NMOYBBI HA
NMeCYaHOM M rajieYHUKOBO-BAJTYHHOM AJLUIIOBHH TALIUTOB, AaH1€3UTOB, TY(OB U
necyanuka (T5)

e DJIEMEHTBI

o

5]

2 | pH K Mg Ca Si Al Fe Ti Mn Cu Zn Sr Pb
§ H,O | mr/kr | Mr/kr | Mr/kr | T/Kr /KT I/Kr | MI/KT | T/KC | MI/KT | MI/KT | MI/KT | MI/KT

Ad | 57 | 411,4 | 2099,0 | 105,7 | 0,93 | 49,76 | 38,98 | 471,4 | 245,6 | 11,34 | 79,64 | 525 | 38,10
Al | 6,6 | 326,1 | 2274,0 | 93,72 | 12,19 | 58,63 | 44,61 | 593,1 | 1956 | 10,80 | 98,09 | 5,62 | 45,33
B1 | 7,2 | 318,6 | 2669,0 | 53,16 | 12,69 | 58,78 | 48,61 | 550,7 | 270,1 | 13,21 | 129,1 | 4,89 | 45,86
B2 | 75 | 2172 | 1542,0 | 32,86 | 0,81 | 56,99 | 48,18 | 405,0 | 224,2 | 9,35 | 63,53 | 3,97 | 32,63
BC| 74 | 756,9 | 4819,0 | 109,3 | 197 | 73,82 | 47,48 | 559,5 | 403,0 | 15,08 | 133,1 | 4,60 | 53,52

Crnemyetr OTMETUTD, YTO U3MEHEHHE PEaKIIMU MMOYBEHHOTO PACTBOPA YETKO KOPPEIUPYET
¢ coornomenneM K, Ca, Mg, Sru Al, Fe, Zn — ot cirabokucioii k HeiitpanbHoii. C n3MeHeHneM
MEXaHUYECKOT'0 COCTaBa TOPU30HTOB Al—A2 BO3HUKAET COPOIIMOHHBIN TIMHUCTHIN Oapbep, B
pe3yabTaTe dYero IMPOMCXOAMT CYIIECTBEHHAs AaKKyMyJSIMs BCEX, 3a HCKIIOYeHHEeM Si,
sneMeHTOB. Takoe pacmpeneneuue Si (MUHHMYM B TyMycoBbiX (0,56 MI/KT) M yBeIHYeHHE K
MHUHEpaIbHEIM Topu3zoHTaM (8,16 MI/KT)) oTpakaeT ero BOBJEYEHHE B OHMOJIOIHYECKHIMA
kpyrosopor (Boponkos, Kysuernos, 1984) (B maHHOM cilydae — IOCPEICTBOM XBOMHBIX
pacTEeHHI) M MOCIIEAYIOIIEE MOCTYIIEHHE C PACTUTENBHBLIM ommagoM (ropu3ont At — 3,8 Mr/kr).
W3 smoBHANbHOTO TOpPU30HTA A2 TMPOUCXOJHWT BBIHOC BEIIECTBA C HAKOIUICHHEM B
WIJTIOBHAJILHOM TOpHU30HTE B M mocienyromie 3aKkOHOMEPHOM MHTpalliel B MUHEPaJTbHBIN
ropu3oHT C — ¢ yBenuueHueM (K — 832 mr/kr, Si — 8,16 r/kr, a Takke TshKelbie MeTautbl Mn —
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38,32 mr/kr, Cu — 11,41 mr/kr, Zn — 19,91 mr/kr, Sr — 4,43 mr/kr, Pb — 62,61 mr/kr) wim
ymenbinenueM KonneHtpaiuu (Ca-Mg, a rtaxxke Al-Fe-Ti). CHmwKeHHe KOHIEHTpaLWH
comepskanus T1 MO MPOQHII0 M €ro MUK B TOpPH30HTE Al, BEpOsSITHEE BCETO, SIBIISIIOTCS
CJIEICTBUEM €ro MPOAODKUTEIBHOW MHrpanuu (U3 aBTOMOPGHBIX YCIOBUH B TpaHC-
AKKyMYJISITUBHBIE BHU3 TI0 CKJIOHY), @ TaKke€ IOCTYIUICHHEM B T'yMYCOBBIE TOPHU30HTHI C
pacTUTENIbHBIM OMaaoM. Ha mpoIonKUTeNnbHYyI0 0 BPEMEHH CYMMapHYI0 MUTPALUI0 MOXKET
yKa3bIBaTh YMEHbBLICHHE KOHIEHTPAIMH OTAEIBHBIX 3JIEMEHTOB B IOYBE NPH JABIKCHUU OT
BEPIIMHBI K TOJHOXHUIO TpPsIbl M CIEAYeT OLIEHHWBAaTh IO JKEITO3EMY MAaJIOMOIIHOMY
CpeIHECYTIIMHUCTOMY JieccuBupoBaHHOMY (T2) B pamkax uccieayemMoi kaTeHsl. [ToaydeHHbIe
pe3ynbTaThl JAEMOHCTPUPYIOT 3aKOHOMEPHOE paclpe/efieHHe BellecTBa MPU Y4acTUU
IPaBUTAIIMOHHOM BOJABI M OTCYTCTBUH IMMOBEPXHOCTHOT'O CMBIBA M MIEPEHOCA BEIIECTBA.

[TouBeHHbIH pa3pe3 KeNTO3EMa MATIOMOIITHOTO CPETHECYTIIMHUCTOTO JIECCUBUPOBAHHOTO
(T2) 3anoxeH B BEpXHEW 4YaCTH CKJIOHA, HMXKE KEJITO3EMa MaJOMOIIHOIO OIOJ30JIEHHOTO
CyIlecyaHO-CyrIMHUCTOrO JieccuBUpoBaHHOTO (T1) B TpaHC-aKKyMYJISTHBHBIX YCIOBHUSIX Ha
MOJIOTO-HAKIIOHHOM ~ CKJIOHE  CTPYKTypHOW Tpsiabl. Pe3ympraTel aHanm3a mpouiis
JIEMOHCTPUPYIOT YepThl, CBOMCTBEHHBIC IMOYBAM ABTOMOP(MHBIX M AKKyMYJIATHBHO-TPAHC-
AKKyMYJISITUBHBIX yCJIOBUH. Peakuus cpepl TOYBEHHOTO PacTBOpa MOCTETICHHO CMEHSETCS OT
KHUCIION K HeHTpallbHO-cinabo-menouHoi. Al, Fe u Sr mocreneHHo HaKaruMBaroTCA ¢ NTyOHHOM,
B TO BpeMs KaK OCTaJIbHBIC SJIEMEHTHI IMEIOT JIBA IIMKA KOHIICHTpanuu. [IepBbIii MUK CBsI3aH C
HOCTYIUIEHUEM BEILECTBA € OIAJ0M M KOAryJIsiLIMU T'YMYCOBBIX KOJUIOMI0B — KOHLIeHTparus K
(371 mr/kr), Mg (377mr/kr) u Ca (21,04 mr/kr). Bropoii muK OTHOCHTCS K MEXaHUYECKOMY
Oappepy  CpeIHECYNEeCYaHOIo  3JUIIOBHAIbHO-WILIIOBHAIBHOIO  ropuzoHta AeB u
CpEeHECYTIIMHUCTOr0 MUHEepainbHoro ropu3onta BC — K (472,6 mr/kr) u Ca (129,6 mr/kr), a
Takxke psaga Tsok€nbix MetawwioB — Cu, Zn u Pb (7,93 mr/kr, 31,31 mr/kr u 12,65 mr/kr
COOTBETCTBEHHO), Si, Ti, HAPOTHUB, aKTUBHO BHIMBIBAIOTCSI U3 AIUTIOBUATEHO-MJUTFOBUATEHOTO
ropusonta AeB B ropuzont BC ¢ konnenrpauusmu 1,4 r/kr u 116,3 mMr/kr, COOTBETCTBEHHO.
Konnentpamuu Ti OTpakarOT TEHICHIMIO K TMOCTYIUICHUIO B MOYBy ¢ omamoM (78 mr/kr),
KOHLIEHTPALUIO B TYMycoBOM ropusoHte (180 MI/Kr) W moCieayrolly0 MUTPALUI0 BHU3 MO
npodmmo. [lo cpaBHEHHIO C JKENTO3EMOM MAJIOMOIIHBIM OITOJ30JICHHBIM ~CYyTIeCYaHO-
CYITTMHUCTBIM JieccuBupoBaHHBIM (T1) koHueHTpammss TiI B TOYBE YBETMYWIIACH, 4TO,
BEPOSITHEE BCETO, CBS3aHO C €ro IMOCTYIUICHHEM B pPE3yJbTaTe CKIOHOBOW MUTpAINH W3
aBTOMOP(HBIX YCIOBUHU. VYBeIMUeHHEM OOIIeld KOHIICHTPAIMM MOXHO OOBSCHUTH U
BO3pOCIIEe TMOCTYIUICHHE ¢ omagoM B ropu3oHT At (78 mr/kr mpotuB 69 Mr/kr), 31O
YTBEPKICHHUE CITPABEUTMBO JJIs BCEX AJIEMEHTOB, kpome Ca, Sr u Si, KOHIeHTpaIusi KOTOPBIX
B ropusonte At ymensimmiaachk (21,04 mporus 33,03 mr/kr, 1,46 nporus 2,27 mr/kr u 0,93
pOTUB 2,8 I/KT, COOTBETCTBEHHO).

TpaHc-akKyMyJITUBHBIE  YCJIOBHUA  JKE€NTO3éMa  MaJOMOLIHOTO  CYIECYaHOTO
neccuBupoBaHHOro (T3), OClIO)KHEHHBIE CYIIECTBEHHBIM HAKJIOHOM IOBEPXHOCTH CKJIOHA,
MPUBOJAT HE TOJIBKO K MUTPALIMK BELIECTBA BHU3 110 TOYBEHHOMY MPOQUIII0, HO U K aKTUBHOMN
MOBEPXHOCTHOW MUTPAIIUH, HA YTO YKA3bIBAIOT CYIIECTBEHHBIC «3aTEKM» HAUWHAS OT BEPXHETO
TyMyCOBOTO TOPHU30HTA — IO BCEM OMpEeNAeMbIM I[OKa3aTelasiM IO CpPaBHEHUIO C
PacToIOKEHHBIM BBIIIE Pa3pe30M KENTO3EMa MAJOMOLIHOTO OIOJ30JIEHHOTO CYINECUYaHO-
cyrimuauctoro (T1). HeiftpanbHasi, B 11e10M, peakiys MOYBEHHOTO PacTBOpPa, MEHsETCS Ha
CIIA0OKHCIYI0 B TYMYCOBOM TOPH30HTE (BIMSHHE OPTaHUYECKHX KHCIIOT) U MHUHEPAIbHOM
(MaTepuHCKas Topojaa, ckaja) ropu3oHte D (HeWTpanbHBIC, KUCIBIE HAIUTHI) — 5,6-5,7
cootBeTcTBeHHO. K 11 Ca, a Tarxoke Mg CKOHIICHTpUPOBaHbI B TyMycOBBIX Topu3onTax Ad-AeB
— 1341 mr/kr, 26,47 mr/kr 1 7160 Mr/Kr COOTBETCTBEHHO, BCIICICTBHE KOATYJISIIUHA T'yMYCOBBIX
KOJIJIOW/IOB KaJIbIIMEM, YBEITMUYEHUEM JIOJIM MbUIeBAaThIX YacTul U HakorenuneM K u Mg. B
[EJIOM, TIOBEPXHOCTHIN CTOK M HAKOIUICHUE MBUIEBATHIX YAaCTUIl B BEPXHEM T'OPH30HTE MOTIIN
NPUBECTH K (JOPMHUPOBAHUIO MEXAaHNIECKOTO Oaphepa, Ha YTO KOCBEHHO YKa3bIBAET MTOBEICHUE
K, cnmabo murpupyromero mo npoguio MeXaHHYeCKH TKENBIX MouB. ['pymma TaxENbIX
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metaiioB Mn, Cu, Zn, Pb umeror pazubie MUrpanmonHbie TpeHabl — 11t MNn 3To mocreneHHas
KOHIIEHTPAIUS K MHUHEPAJIbHOMY/KOpeHHOMY ropu3oHTy D (28-1233 Mr/kr); ocraibHbBIC, B
3aBUCUMOCTH OT MeXaHudeckoro coctaBa B ropuszoHtax C1-C2 — mpu mepexone oOT
TSKENOCYTIeCYaHOT0 K JIErKoCcyrmMHUCTOMY — CU MOCTENEHHO HAKAIUIUBAETCS K MUHEPAJIbHBIM
ropu3ontam (19-43 Mr/Kkr), MPOUCXOAUT CHUKEHUE CKOpocTu murpanuu Zn (18-35 mr/kr) k
WUTIOBUAILHOMY TOPHM30HTY C IMUKOM K KOPEHHOH mopoze, GopMupyeTcs MeXaHUYeCKUn
6apwep Pb (27 mr/kr) B Tsokenocynecuanom ropuzonte C1 (mpotus 11 mr/kr B C2), BeieacTpue
ero Hu3Koi moaBwkHOCTH. Ilmk koHmentpaumu Mg, Ti, Mn, Al u Fe B
MUHEPAJIbHOM/KOPEHHOM TOpu30HTE D 0OBSICHAETCS XMMHUYECKHM COCTAaBOM JAIMTOB, IS
KOTOPBIX XapakTepHO BbIcOkoe coaep:kanue K, Mg (42070,0 mr/kr), Mn (1232,9 mr/kr), Ti
(1798,4 Mr/kr) — mocieaHUI TakKe BBICTYNACT BAXKHBIM JUATHOCTHUYCCKHM JIEMEHTOM IIPH
BBIJICTICHUH JKEJITO3EMHBIX [TOYB.

Pa3pe3 xxenTo3éma erkocyriMHUCTOro rieesaroro (T4) pacnonoxeH B akKyMyJISITHBHO-
TPaHC-aKKyMYJIATUBHBIX YCIOBUSAX Y TIOJHOXKHUS CTPYKTYPHOU I'psIIbI B TOJIMHE peku. Peakius
[IOYBEHHOI'0 pAacTBOpa MEHSETCS OT HEWTpaJibHOM K CabOoIIeNIOuHOM, ¢ BO3BpaTOM K
HeiTpanbHOU B ropu3onTe BG (4TO CBA3aHO ¢ OKUCIHUTEIbHO-BOCCTAHOBUTENILHON peakuueit
Fe?*/Fe®*, a Taroke 3HaunTenbHBIM cosepkanneM Al (93,17 r/kr)). CoeluHEHNS THAPOOKCHIOB
Fe®, maxozmsimecs B MOYBE B BMJAE KOJUIOMIHBIX PACTBOPOB, CYIIECTBEHHO OCIOXKHSIOT
UHQUIBTPAIIMIO BOJBI B 000OMX HAIpaBleHHUAX. [Ipr 3TOM OTMEdYaeTcsl mepexo] COeAMHEHHH
xenesa Fe?* B gopmy coenunennii xenesza Fe®* B pesynprate aspamum ropusonta BG, G B
CYXOH TIepHOJ] TO/1a, 0 YEM CBHJICTEIBCTBYIOT IIEPEMEKAIOIINECS CU3bIe U KPACHBIC TPUMa3KH
u nsaTHA. ['opusonT G, B ienoM, nmeet 0oJiee 0THOPOIHBIN CU30-CepbIii IBET. [ pyHTOBBIE BO/IbI
HAXOJATCS JOCTATOYHO OJIM3KO M MOTYT BIIMSITH HAa XO/I [IOYBOOOPA30BaHMsI, OJJHAKO CYIUTh 00
ATOM He MPEACTaBISIETCS BO3MOKHBIM B CHITy HEOOJIBIIONW BEIOOPKH pa3pe30B, 3aJI0KEHHBIX B
AQHAJIOTUYHBIX  yCIOBUSX. Pa3zpe3 XapakTepusyercsi TIOCTENICHHBIM —YIUIOTHEHHEM K
MHUHEpaJIbHBIM TOPU30HTAM, OJJHAKO COPOIIMOHHOI0 TIIMHUCTOTO Oaphepa, COMPOBOXK/IAOIIETO
NPOIIeCCHl OTJIMHEHWs, ¥ B TOM YHCJE OTJIeeHHs, He HaOmromaetcs. M@ mmeer TpeHna Ha
YBEJIMYCHUE KOHIICHTPALIMH K MUHEPaJIbHBIM TOPH30HTaM, C MaKcuMyM B ropusonte G (3226,0
Mr/kr). biinskue Kk 3ToMy 3HaueHuUs1 HA0IIOIaTUCh HAMU TOJIBKO B aJUTFOBUATBHO-(IIIOBUAIBHOMN
aerkocyrnuaucTod mouBe (T5), 4Yro HaTanKWBaeT Ha MBICIb O CXOXKHX Mpoleccax
(bopMupoBaHus JaHHBIX MTOYB. Kak y)ke 0TMedanoch Bbillie, BEICOKKE KoHIeHTpamuu Ti, K, Mg
1 Mn o0ycrioBiieHBl UX collep)kaHHEeM B OYBOOOpa3yroLMX Nopoaax. Beicokoe cymmapHoe
coJieprKaHKeE MIEIOYHBIX U HIET0YHO0-3eMeNbHEIX 2aeMenToB (K u Ca, Mg, Sr, cooTBETCTBEHHO)
00yCIIOBIMBAET HEUTPATBLHYIO PEAKIIUIO CPE/IbI U CHUKAET CKOPOCTh MUTPAIIMHU PAJa TSHKEIBIX
metatoB (Mn, Zn, Sr, Pb), uro Benér k ux akkymymsuun (Mn — 224,41 mr/kr; Zn — 143, 47
mr/kr; Pb — 40,86 mr/kr u 1.1). Konnenrpaius K u Ca ymMeHbIIIaeTcss B 'yMyCOBBIX TOPH30HTaX
¢ riyounoii (456,8-350,0 mr/kr u 136,16-74,43 Mr/Kr, COOTBETCTBEHHO), OJHAKO B CBS3U C
YBEITUYEHUEM IJIOTHOCTH MUHEPAIBHBIX TOPU30HTOB, KOHIIeHTpanus K BHOB Bo3pacTaet (10
538,6 mr/kr). B 1menom, BBICOKHE KOHIICHTPAIlMH HMCCJICAOBAHHBIX 3JEMEHTOB IO3BOJISIOT
CleNaTh BBIBOJ O 3HAYUTEIBHON MHIPALMU BEIIECTBA C TMOCIEAYIOIIMM HAKOIUJICHHEM B
AKKYMYJIATUBHO-TPAHC-aKKYMYJISITUBHBIX U aKKYMYJISITUBHBIX OOCTaHOBKAX, MPUYPOUEHHBIX K
MEXTPSAI0BOMY TIOHM)KEHHUIO B IOJINHE PEKH, K OCTPOBY.

I[pu aHaaM3e auTOBHAIBHO-(DIOBHAIBHOM JIETKOCYTIMHUCTOMN 04BHI (T5) BBIABICHO,
YTO peaKIysi CpeIbl BOJHOTO TIOYBEHHOTO PACTBOPA MEHSETCSI BHU3 TI0 TIOYBEHHOMY MPO(UITIO
OT HEUTpaIbHOU 10 crnaborienounoil. BMecrte ¢ TeM, aHaJTOTUYHBIN TPEH]T UMEIOT LIEIOYHbIE U
menouHozeMenbHbie dmeMenTsl (K u Ca, Mg, Sr, cOOTBETCTBEHHO) — HMX KOHIICHTpAIIUs
MOCTETIEHHO CHI)KAETCS K MUHEPAIbHOMY TOPU30HTY, focturas taM nuka — 870 mr/kr nms
K+(Ca+Sr) u 4,8 r/kr st Mg. Ha done ciabomienouHoi peakiiuu MUHEPaIbHBIX TOPH30HTOB,
cnaboKucast peaKius sIBISIeTCS CIEICTBUEM MOCTYIJICHHS] TYMYCOBBIX KHCJIOT B TYyMYCOBBIE
ropu3ontsl Ad, Al — uto ObuI0 BbIsIBIICHO paHee (['opOyHoB m ap., 2018). PaBHOMepHOE
pacrpezeneHne auarHoctuueckux snemeHtoB Al, Fe, Ti yka3biBaeT Ha MX 3aKOHOMEPHO
cabyro Murpanuio mo npoduio. 3HadeHus Si UMEOT NMK B ropuszoHTax Al-Bl, uro,
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HEKOTOPBIE OCOBEHHOCTH I'EOXUMHYECKHUX MUTPALJUM B YCJIOBHAX COITIOJYHU-
HEHHBIX JIAHJIIADTOB CPE{HEIOPHBIX TPOITHYECKHUX JIECOB IO)XKHOI'O BRETHAMA

BEPOSITHEE BCErO, SBISETCA CIEACTBHEM MPHUBHOCA KpeMHE3EMa C  aJUIOBHUAJIBHO-
GurroBHAIBHBIME TIpoIieccaMu. s Tpymisl TshKenbix MetaioB Mn, Cu, Zn, Pb, Sr Bo3uukaer
copOIroHHbI THApoKkcHIHbIH Oapsep (Kupeea, 2016) Ha ypoBHe ropusonta B2, mpuuém Zn
Hapsny ¢ Al, Fe, Mn, B cuiy cBoeil aM(OTEpHOCTH, BOBJICKACTCS B HEro, MPHBOISI K
ocaxkJeHnto kKaTnoHoB Cu, Pb, Zn (1 HEKOTOPBIX APYrHX TSKETBIX METAIIIOB) U HAKOTUICHUIO
B BHUJIE CJI0)KHO- U MaJIOPACTBOPUMBIX COEAMHEHUH B HUKeJexalieM ropusonte B2, Bricokue
koHueHtpauuu T1, K, Mg u Mn o0yclioBlieHBI MX COACpKAaHHEM B XUMHUYECKOM COCTaBE
OYBOOOPa3yOLUMX HOPO — JALUTaX HOPMAJIbHOTO KUCIOTHOTO Psijia.

3akjao4yeHue

Pe3ynbpraToM mpoBeIEHHBIX NCCIIEIOBAHUI CTAIIN MTOTyYSHHBIE HAOOPHI PSI0B JAHHBIX O
BEIIECTBEHHOM COCTABE ITOYB, Pa3BUBAIOIINXCS B PA3JIMYHBIX JAHAMAPTHBIX 00CTAHOBKAX H
UMEIOLIME B CBSA3HM C OTHM OTJIMYUTEIbHBIE YEPTHI MPOLECCOB I'€OXUMHYECKOH MUTPALUH
BEIIEeCTBA. AHAU3 MOTOPU3OHTHOTO PACIPEEICHUs] BBISIBIII CYIIECTBOBAHHE HECKOJIBKUX
BUJIOB F€OXMMUYECKHX OapbepoB — MEXaHUYECKOI0, COPOLIMOHHOTO TIIMHUCTOT0, COPOLIMOHHO-
THJIPOKCUIHOTO — CBOMCTBEHHOT'O M3y4aeMbIM NOYBaM. BeiecTBre Mpo1eccoB TumepreHesa
[O0YBa 3HAYUTENIFHO 000TaIIaeTCs PAIOM 3JIEMEHTOB, BXOJAIIMX B COCTAB I0YBOOOPA3YIOIIUX
nopoa, B yactHoctd, ganutoB (K, Mg, Mn, Ti), npuuém neHyIalMOHHBIC MPOIECCHI
CHOCOOCTBYIOT MOMNAJaHUIO 00JIOMKOB ITOYBOOOPA3yIOLINX TOPOJI B BEPXHUE TOPU3OHTHI OB,
(bopMHpYIOIIMXCS B TPAaHC-aKKYMYJISTHBHBIX O0OCTaHOBKax. [Ipu ompenenéHHBIX YCIOBUSX,
Zn, Al, Fe, Mn mposBisitoT CBOWCTBEHHYI0 UM aM(OTEpPHOCTH, 3amycKas IpoLecc CopOLuu
DIIEMEHTOB HEKOTOPBIX TSDKEIBIX MeTaUIoB. KOHIEHTpamuu OmpenesieMblX 3JEMEHTOB
CYIIECTBEHHO BO3PACTaIOT OT MOYB, CPOPMHUPOBABLIMXCS B aBTOMOP(HBIX YCIOBHUIX K OYBAM,
c(hOPMHUPOBAHHBIM B aKKYMYJIATHBHO-TPAHC-aKKYMYJIATUBHBIX M aKKYMYJISITUBHBIX YCIOBHUSIX;
I'YMYCOBBIE TOPHU30HTHI aBTOMOP(HBIX MMOYB JalOT BO3MOXKHOCTh HCCIIEZOBATh MPHUXOJIHYIO
4acTh HCCIEAYyEeMBIX DIIEMEHTOB, MOCTYMAIONIMX C PACTHTEIBHBIM OIAJ0M, HCKIIOUYast
BO3MOXHOCTb BIUSIHUS JJ€HYAAIMOHHBIX 3aTEKOB.
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SOME GEOCHEMICAL MIGRATION PECULIARITIES IN TERMS OF THE
INTERACTING LANDSCAPES OF THE MID-MOUNTAIN TROPICAL FORESTS
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The article presents the study results of vertical and horizontal (catenary) migration of chemical elements
in mid-mountain indigenous tropical monsoon forests soils. The regularities of soil cover change and
geochemical migration of chemical elements within all types of elementary geochemical landscapes
(from autonomous to accumulative) are revealed on the basis of the laid catena within the local slope of
the structural ridge. The existence of several geochemical barriers typical for yellow soils is revealed. It
is shown that the weathering processes in conjunction with other exogenous geomorphological
processes, that are typical for the studied area, have a significant impact on geochemical processes in
the soils. Degree of their influence on geochemical processes depends on the position of elementary
geochemical landscape in the catena.

Keywords: geochemical migration, soils, tropical forests, heavy metals, geochemical catena, Vietnam,
Bidup-Nuiba National Park
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TPYIbI KAPAJJATCKOH HAYYHOUH CTAHLIAN um. T.HU. BASEMCKOI'O — [TPUPOJHOI'O
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YJIK 549.551(477.75.549)

IKCIIEPUMEHTAJIBHBIE PABOTHI 11O BO3POXKJIEHHUIO K )KU3HU
COOBULIECTB APXEW M BAKTEPUI MHUOILEHA U3 I'EPAKJINTOB
JIbicenko B.H.

Qunuan Mockosckozo eocyoapcmeennozo ynusepcumema umenu M. B. Jlomonocosa 6
2. Cesacmonourne, 2. Cesacmonons, Poccutickas @edepayus,
e-mail: niagara_sev@mail.ru

B craree mpuBOAATCS pe3ynbTaThl ONBITHBIX PAa0OT IO OKUBJICHHIO COOOIIECTB IIPOKApHUOT U3
MHOICHOBBIX KapOOHATHBIX 00pa30BaHMi MOJ HAa3BAaHHEM T'€PaKINTBl. DKCIEPUMEHTHI JOKa3ajH, YTO
00pa3oBaHME OPraHMYECKOTO M KapOOHATHOI'O BEIIECTBA NMPOUCXOIUT 3a CUET IepepabOoTKH MeTaHa
coobuiecTBoM OakTepuii M apxeil. Ha OmoxuMuueckue mpouecchl B pacTBOpEe NpPH MPOBEACHUU
MPOKAaYKW METAaHOM YKa3bIBalOT M3MeHeHHs Temmeparypsl u pH. OOpasoBanne OakTepHaIbHOTO
KapOOHAaTHOTO MaTepuaja MPOUCXOOUT B KUCIOH cpenme pactBopa ¢ pH ot 5,750 mo 6,674. Ot
pacTBOpEHUsS HOBOOOpa3oBaHW KapOoHATa 3amIuIIaeT OakTepWambHAs IUICHKA. Y JUBISIET
pasHooOpasue GopM GakTepraIbHOro KapOoHaTa, KOTOPBIE UMEIOT BHEIIHEE CXOACTBO C MOpQOIoruei
COBpPEMEHHBIX KapOOHATHBIX IMOCTPOEK MOPEH M OKEaHOB, IePaKIMTOB U OKCPOPICKUX METAHOIHUTOB.
Bricokue ckopocTH pocTa GakTepHalbHOTO KapOOHaTa B OIBITaX, CTABUT M0 COMHEHHE THICIYEITICTHUH
BO3PaCT COBPEMEHHBIX KapOOHATHBIX TIOCTPOCK Ha JHE Mopeld M okeaHoB. LIBeroBas ¢opma u
30HAJILHOCTh OaKTepUabHOIO O0OpacTaHUs MHOLICHa MMEET BHEIIHEE CXOJACTBO C COBPEMEHHOM B
YEpHOM MOpe, UTO MOATBEPKAAeT TMIOTEe3Yy O HE3HAUMTENbHBIX HX 3BOJIOIHMOHHBIX H3MEHEHUSX.
Ilenecoo6pa3HO NPOJOKUTH HA 60JIee BBICOKOM aHATUTUIECKOM YPOBHE 3KCIIEPUMEHTAIbHBIE PA0OTHI
M0 U3yYECHUIO COOOIIECTB MUKPOOPTaHU3MOB M3 I'EPAKIMTOB MHOIICHA.

KnroueBbie c10Ba:MeTaHOTPOGHBIE M METAaHOI'CHHBIE IPOKAPUOTHI; XEMOCHHTE3; OaKTepHalbHbIC
Martbl; KapOOHATHBIE MOCTPOMKH; METaH; KapOOHATHBIE HOBOOOPA30BaHMUST; TEPAKIIUTHI.

BBenenne

B namm nHM Gosbllloe BHUMaHUE YAENSeTcs M3ydeHHIo oOpa3oBaHUS KapOOHATHBIX
MOpOJI ¢ y4acTueM coobiecTB npokapuoT (Bomoraun, 1947; NUcauenko, 1948; Bepuaackuid,
1967; 3aBap3un, 2002; Pozanos, 2003). BoasmmHCTBO HccaeAoBaTENed CUYUTAIOT, YTO X
(dopMHpOBaHHE CBA3aHO C IMPOLECCAMHU JKU3HEAEATENbHOCTH LuaHoOakTepuit (Matsumoto,
1990; Aharon, 2000; 3aBap3un, 2002; Po3zanos, 2003; Kysueros, 2015). B mectumecatsix
rogax XX Beka Ha OOJBIIMX ITyOWHAX JTHA MOpEH M OKeaHOB ObUIM HailleHbl ayTUT€HHBIC
KapOOHaTHBIE TTOCTPONKH, 00pa30BaHHE KOTOPHIX MPOMU3OINIO B XOJAE MepepadOTKH MeTaHa
OakTepuanbHbIMU coobrnecTBamu (XopH, 1972; Fuex, 1977; Suess et al., 1985; Burne, Moore,
1987; UBanos u ap., 1991; Sibuet, Olu, 1998; Taldenkova et al., 2005; Tianfu et al., 2017).
Ousnko-reorpaguueckas CUTyalust uX o0Opa30BaHUS 3HAYUTEIBHO OTIUYACTCS OT YCIOBUMN
(hopMHUpPOBaHMSI TOCTPOCK ITHAHOOAKTEPHI, M3BECTHBIX Kak cTpoMatonuTsl (Matsumoto, 1990;
WBanoB u np., 1991; llntokoB u ap., 1995; Jleun, 2005). B name Bpemsi akTyalabHbIMU
HAyYHBIMU NPOOJIEMaMHU CTalM BBISICHEHHUS SKCIEPUMEHTAIbHBIMH METO/IaMU MEXaHH3MOB
00pa3oBaHus KapOOHATHOI'O BELIECTBA, IPOLIECCOB OMOXUMHUYECKUX PEAKLUM U C YEM CBSI3aHa
SHEpreThKa OaKTepHalbHOTO XemocuHTe3a (3aiieBa u np., 2007; JleonoBa u ap., 2015).
Pe3ynabpTaThl MHOIOYHMCIEHHBIX 3KCIIEPUMEHTANIBHBIX MCCIEIO0BAHUN IPOLIECCOB 00pa30BaHUs
KapOOHAaTOB MUKPOOPTraHW3MaMH HE JAal0T OKOHYATENIbHBIX OJHO3HAYHBIX OTBETOB Ha 3TH
aKTyaJbHbIE BOTPOCHL. ABTOp Ha MPOTSHKEHUH MHOTHX JIET U3y4all KapOOHATHBIE MOCTPOHKH
MIPOKAPUOT 30H Majeo era3aiii U3 HeOreHOBbIX MopoJ KpbiMa, M3BECTHBIX KaK IE€PaKIUTHI
(JIpicenko, 2014). B ux MHUKPHUTOBBIX CTPYKTYpax OTMEUaroTCs (pparMeHTH! (poccumm3anuu
Oaxrepuii (JIykun u ap., 2006; JIsicenko, 2014). PacnonoxeHre repakiiuTOB B T€0JIOTHYECKOM
paspese, AaHHBIE T€OXMMHUYECKOTO OMpoOOBaHMA M COCTaB Majeo(IIOMIOB OJHO3HAYHO
YKa3bIBAIOT, YTO HMX OOpa3OBaHUE CBA3aHO C >KU3HENEATEIbHOCTHIO COOOIIECTB apxeu u
IIPOKAPUOT OKOJIO LIEHTPOB YIJIEBOJOPOAHON MaJIe0Aera3alluy Ha JIHE COOTBETCTBYIOLIUX I10
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BO3pacty Mopei (JIbicenko, 2014). B 06:10M0uHOM MaTepuaie repakiimTOB U BMEIIAOIINX UX
Mopo/iIax OTCYTCTBYIOT CJIebl BO3JCHMCTBHMS IPOLECCOB KaTareHe3a M MeTareHesa
(JIsicenxo, 2014), 9T0 MO3BOIMIO BBIIBUHYTH MPEANOI0KEHUE O COXPAHEHUH CTIOCOOHOCTH K
KHU3HENIEITEIIbHOCTH CO3/IABIINX UX MPOKApHOT. [T0ATOMY aBTOp MOMBITAJICS TPOBECTH OIIBITHI
MO0 BO3POXKICHUIO K KH3HU CIOPOBBIM MaTepuan cooOlecTB OakTepuili U apxel wu3
KapOOHAaTHOrO MaTepuaja repakiinTOB BEpXHEro capMara. BoimosHeHHe 3THX J1a00paTOPHBIX
UCCJICIOBAaHUM TO3BOJIMIN MPUOIM3UTHCS K PEIICHUIO BBINIE MEPEUYHCICHHBIX BOIMPOCOB
o0pa3zoBaHus KapOOHATA MPOKAPUOTAMH.

Lenpro JaHHBIX IKCTIEPUMEHTATBHBIX Pa0OT SBISUIOCH U3YUYCHUE YCIOBU 00pa3oBaHus
KapOOHATHOTO BellecTBa OaKTepUaIbHBIX COOOIECTB «MUOIIEHA) U3 METaHa B MCKYCCTBEHHO
CO3JIaHHOM BOJAHOM Cpee.

Marepuajibl 1 METOIbI HCCICAOBAHUS

Kak Obulo cKa3aHO BBIIE, TEPAKIUTHl SABISIOTCS KapOOHATHBIM MaTepHAIOM
OakTepuanabHbIX MocTpoek muoreHa (JIpicenko, 2014). DToT MaTepwan XapaKTepu3yeTcs
0COOBIM HaxXOXJIEHHEM B T'eOJOTHYECKOM pas3pese, CBOCOOpa3HOil BHEUIHEW MOpQOIOTHEH,
[[BETOBOM OKpACKOH, CTPYKTYPHBIMH W TEKCTYPHBIMU TPU3HAKAMH, MHUHEPAJIOTHYECKUM
COCTaBOM, T€OXMMHEH, Ta30HACHIIIEHHOCTHIO, MPOMUTKONW HEPTENPOAYKTOB M HAIUIHEM
MUkpo U Makpodaynbel (JIeicenko, 2014). Ilo »TumM npu3HakaM OHHM OTIUYAIOTCS OT
BMEIIAIOUINX KapOOHATHO-TEPPHUTeHHBIX MOpoJ MuoleHa. [lo BHemHel Mopdoorun cpeau
HUX BBIJICJISIOTCS PAa3HOBUIHOCTH CIEAYIOUINX T'€PAKINTOB: «IINIAKOBUIHBIX», «I10JIOCYATHIX),
«UTAT LEMEHTAIIUNY, KYTJIOBATHIX» U «MHUKPOMETaHOIUTOBY (JIpicenko, 2014).

Jl7is mpoBeZieHHs OTBITOB OTOMPATUCH «IIUTAKOBHAHBIE)» TE€PAKIUTHI U3 OOHANKECHUU
OeperoBbIX 0OPHIBOB MbIca XepCOHEC (F0T0-3araiHasi OKOHEUHOCTh KpbIMCKOTo osTyoCcTpoBa).
Takue pa3HOBUIHOCTH UMEIOT HauOOJbIIee PacIpOCTPAaHEHUE B TE€OJOTUYECKOM pas3pese.
bpanuch o0pa3upl pasmMepHOCTbIO HE MeHee 5 cM. Marepuan apoOuscs Ha Oosiee MeIKue
ob6nomku. B mpoby orOupancs menkuil medeHb U3 HEeHTPAIbHBIX YacTel repakiuToB (puc. 1).
Uro0Obl HMCKIIOYUTH YYaCTHE B ONBITE COBPEMEHHBIX OAaKTEPHid, 3TOT MEITKOOOIOMOYHBIH
MaTepuai nepes MPOBECHUEM OIBITOB OMyCKaJICd Ha HECKOJIBKO MUHYT B a30THYIO KHCIIOTY.
[Tocne 3TOro mpoMbIBaJICS HECKOJBKO pa3 IUCTUIUIMPOBAHHOM BOJOM, 3aTeM CyIIWICS B
MydenbHoit saexTponeun mpu tremmeparype 200° B Tedenue mectu 4acoB. [locie 3Toro yacth
Marepuana apobwnack g0 meutk (0,5 MM B MeHee), KOTopas SBJISUIACh JTOMOJIHUTEIBHOMN
HOJICBHIITKOM K KPYITHOOOJIOMOUHON (hpaKIIHH.

Mopckast Boga JiIsl IPOBEIEHUS ONBITOB ObljIa 0TOOpaHa B HOSIOpe MecsIe Ha IUIsKe
XepCOHECCKOro TOpoAuINa, IJe CYLIECTBYET MpsiMas CBsS3b C OTKPBITOM IOBEPXHOCTBIO
UYepnoro Mmopsi. [lepen Havamom mpoBeIEHHS ONBITOB BOIA KUMATUIIACH B TeueHUE 30 MUHYT.

B kauecTBe MCTOYHMKA ra3a JAjsl BOCCO3/IaHUs MPOLIECCOB JeTra3alii HCIOIb30BaJICs
MeTaH U3 ra3oBbIx 0amnoHoB «Typuct», ¢ o0bemom raza 220 rpamm.

HHTepec K TeMe 3KCIIEpUMEHTa BO3HHUK B pe3yjibTaTe HM3Y4YEeHUs Marepuaia mnpod
KHCIJIOTHOTO OCTaTKa repakiuToB (JIbicerko, 2014), KOTOphIil OBLI OJYYEH MPU PACTBOPCHUH
€ro pazapoObJIeHHOTo MaTepuaia B kuciore. [1o MeTouke NoAroTOBKU POO HEPaCTBOPUMBII
KHUCJIOTHBIM 0CaJIOK MPOMBIBAJICSI HECKOJIBKO pa3 B TUCTUILIMPOBAHHOM BOJIE, a BHICYIIECHHBIH
MaTtepuai UCIOIb30BaJICA JIJIsl IPOBEICHUS aHAIIU30B (puc. 2).

CnyyaitHo onHa mpombITas mnpoda ¢ AUCTWUIMPOBAHHON BOJOW MpOCTOsia B
XMMHUYECKOM CTaKaHEe MOJIMECSIA. 3a STOT MEPHOJ] B HEW MOUYTH BHICOX BOJHBIN pacTBOp, a Ha
MOBEPXHOCTU JIHA XHUMHUYECKOTO CTaKaHa, TMOKPBITOTO TKEIbIM HEPTEeIPOAyKTaMu,
HAXOJWINCh MHOTOUYMCIICHHBIC TATHUCTBIE M CQEPOIUTOBBIE MHHEpaJbHBbIE 00pa3oBaHUs
Oernoro 1BeTa (puc. 3).
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0.2mm

Puc. 1. Ille6enp npobneHust repakinToB. YEpHO-KOpUUHEBas OKpacka CBsA3aHa C
MPONUTKON MaTeprasioB TSHKEIBIMU HE(PTENPOAYKTAMH U OPraHUYECKUM BELIECTBOM

o

-~

Puc. 2. Matepuai KUCIOTHOIO OCTaTKa PaCTBOPEHHUSI TEPAKIUTOB MOCIIE IPOMBIBKHU €0
JUCTUIUTUPOBAHHON BOAOM

Cdeponutsl uMenn Gopmy «EKHUKOBY», @ B UX LIEHTPE HAXOAUJIOCH 0eoe MSATHBIIIKO
okpyrioit popmel pazmepom oT 0,5 10 1,7 mm. OT HEHTPANTBHOTO sJipa B Pa3HBIE CTOPOHBI
OTXOJIWJIA CTPEJIOBUJIHBIE BOJIOCAHBIE OTPOCTKH pazMepoM 1,0 — 2,5 mm. Ha HekoTopsix
HACUYMUTHIBAIOCH 10 30 BbIpoCcTOB. YacTo cheponauThl cpacTaiuch Apyr ¢ apyrom. MHoraa Ha
YAJTUHEHHBIX KPUCTAIUIAX OAHOro c(epoiauTa OTMEYAIUCh 3apOJbIlK 0ojiee MEIKUX OebIxX
MATEH OKPYrJIol (OpMBI, W3 IEHTpPa KOTOPHIX OTXOAWIM B CTOPOHBI CTPEIIOBUIHBIC
KPUCTAIIITUKU.
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Ehe o ‘l" | S o o A o
Puc. 3. CheponurtoBbie 00pa3oBanus kKapOoHATA HA TOBEPXHOCTU KUCIOTHOT'O OCTaTKa
pacTBOPEHUS TePaKIUTOB

JIOBOJILHO 4acTO B UEHTPAJIbHOW 4YacTH KPYNHBIX CQEpOJUTOB HaOII0JaNach
IpephIBUCTast 30HaIbHOCTD. [Ipu OGosee netanbHOM IPOCMOTPE MOBEPXHOCTH OUTYMOB Ha HEll
OTMeYaich Oojiee MeKue Oenble MapruKu, OT TOBEPXHOCTH KOTOPBIX OTXOAMIIN OT OJJHOTO U
0oJiee UTOIBYATHIX KPUCTALTUKOB (prc. 3). MOXXHO MPEONI0KUTh, YTO 3TO MEPBOHAYATHHBIN
nepuosi obpazoBaHust cdeponuroB. Ilociae BH3yalbHOrO U3ydeHHMs STOr0 MarepHaa,
XMMHYECKHI CTaKaH 3amoJIHWIA BOAOU. IIpomio aABe Heenn U B IEHTPAIBHOM YacTH BOJHOM
MOBEPXHOCTH HAONIONANM CKOIUICHHE MEJKUX Iy3bIPbKOB Ta3a (Pa3MEpHOCTbIO MEHbIIIE
MuuMeTpa). CaMm pacTBOp MMeEN MYTHOBATO CEPYIO OKPAacKy, MOATOMY HEBO3MOXKHO ObUIO
OIpeNienTh, OTKYAa WAET MOAHATHE My3bIpbKOB. IIpu ynaneHHMM UX C MOBEPXHOCTH Yepe3
CYTKH TpPOM30ILLIO CKOIUIEHHE Ha TOM € MECT€ HOBBIX. OTO CBHJIETEIbCTBOBAJIO O
OHMOJIOTMYECKOM IPOUCXOKIEHUH Ia30BbIX MY3bIPHKOB.

[Tocne 3Toro Mbl IPOMBLIN TUCTUILIUPOBAHHON BOJIOM MaTepuai ObIBILIErO KUCIOTHOTO
octaTKka. B HeM HaxoAMIMCh UTOJIbYAThIE, IUTACTUHYATHIC, TYOUYaThie U CEpOIUTOBBIE CPOCTKH
0esioro marepuasna pasMEpHOCTbIO MEHbIIE OAHOro mMuuumerpa (puc. 4). Ilpu npocmotrpe
MaTepHasa noJi OMHOIYIOM XOPOILIO BUIHO, YTO C(PepOITUTOBBIE 00pa30BaHUs UMEIOT OOJIBIIOE
CXOJICTBO € OJJOOHBIMHU COBPEMEHHBIMH KapOOHATHBIMH BBIAECIICHUSIMU OKOJIO Ta30BbIX CUIIOB
B KoHTIIOMepaTax OyxTel Jlactiu (JIsicenko, Luk, 2013).

A30THasi KMCJIOTa, KOTOPYIO Mbl KallHYJIM Ha IPEIMETHOE CTEKJIO JUIsl MPOBEPKHU
COCTaBa HaIIUX MUKPOOHMOJIMTOB, Cpa3y HE BCTYMWIIA B PeakiHio. TONBKO CIyCcTss HECKOIBKO
MHUHYT Ha IIOBEPXHOCTH MUHEPAJIbHBIX 00pa30BaHU OSBUIIOCH MHOTOYHUCIIEHHOE KOJTMYECTBO
My3bIPBKOB YIJIEKUCIIOro rasa. Ilocie 3Toro xkapOoHAT MUKPOOHOIUTOB B TEUEHUE MUHYTHI
IOJTHOCTBIO PACTBOPWIICA B KHUCJIOTE, a HAa CTEKJIE OCTAJIUCh YEPHBIE MHUKPOISATHA. OTO
MO3BOJISIET CAENIaTh BBIBOJI, YTO HAIIM KapOOHATHBIE BHIICICHUS OBUIN MOKPHITHI KOJUIOMIHON
OakTepuaabHOM IUICHKOM, KOTOpas SBJISUIACh 3alUTOM OT MPOIECCOB KHUCIOTHOTO
pactBopenus. Jlanublil QakT 3amycka crerupuuecKux OMOXMMHUYECKUX MPOIIECCOB HA OCHOBE
HEpacTBOPMMOI'O OCTaTKa IEpakIMTOB BbI3BAJ HHTEpec M TpeboBan Oosee TOYHOIO
AKCIIEPUMEHTAJILHOTO TOBTOPEHMUSL.
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Puc. 4. [InactuHvateie, urogpyaThie U chepouaabHbIE CPOCTKH HOBOOOpA30BaHUS
kapOoHara

BropeiM 3TamoM HammMX ONBITHBIX paOOT ObUla TONBITKA BOCCTAHOBHUTH
KHU3HEEATEIIbHOCTh OaKTepUaIbHBIX COOOLIECTB MHOLEHA U3 KaMEHHOIo Marepuania
repakiauToB. s 3TOro sKcrepuMeHTa ObUTO MOATOTOBJICHO ISATh COCYAOB (IUIACTUKOBBIC
OyTbuIKH 00BeMOM 400 Mi1), KOTOpBIE 3alOJHSJIMCh MOPCKOW BOMOH. B HHMX momemiancs
JIpoOIeHBIN MaTepual repakiuToB, K KOTOPOMY IMOJCHINANCS UX HCTEPTHIA MOPOLIOK (puc. 5).
Tak kak A co3AaHus KMBOI'O YIJIEBOAOPOIHOIO BellecTBa TpeOyeTcsl a30T U cepa, B JIBE
eMKocTH 06110 Jo6aByieHo 1o 10 Kanens a30THOW KUCIIOTHI U CYIb(HIa HATPHSL.

Puc. 5. O6ioMouHBIE MaTepuana TepakiIUuTOB, MOATOTOBICHHBIX JIsi MPOBEICHUS
OTIBITHBIX PaboT. (MecTO 0TOOpa — TUISHK XPYCTaIbHBII)
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WmuTanus npupoAHOW Jaera3allid MPOW3BOAMIACH TPYOKOH ra3oBOro OasIOHYHKA,
KOTOpasi OomycKayjach B €MKOCTh Ha TOJHYIO I1yOuHy (puc. 6) Tpu-mare gHel B HEACIIO
OypHBIi TOAMYB Ta3a ocymecTBsuicss oT 10 1o 15 mMuHyT. B TeueHue Bcero skcrnepumeHTa
€MKOCTH C MaTepHaJIOM HaXOAWJIWCh B TeMHOM Imkady. JIumb BO Bpemsi MpPOKAYKH
MPOUCXOJWIO KpPAaTKOBPEMEHHOE BO3JIEHCTBHE paccessHHOro cBeTa Ha Hux. OOmee
MOCTYIJIEHHUE CBETOBOM 3HEPrHM COCTABHIIO HE OoJiee TpexX 4acoB B Henento. B nepBbie qHU
MIPOBEICHUS Ta30BOM MPOKAYKH PACTBOP UMENT MOJIOUHYIO OKPACKY.

Puc. 6. Marepuansl 111 mpoBeieHNs: ONBITOB BTOporo (A) u Tpethero 3tanoB (b u C).
VYcnoBHble 0003HaueHUs: 1— ra3oBble 0aIOHYUKU «TypUCT»; KpaHbl OTKPBITUS M 3aKPbITHS
rasza; 3 — TpyOKHM Mogauu MeTaHa; 4 — IIaCTUKOBbIE OYTHUIKH 00bEMoM 400 MM ¢ MaTepHaioM
repakiauToB; 5 — xumuieckas nocyaa oosémom 400 mm (b) u 250 mm (C) ¢ maTepuaiom
TepaKINTOB; 6 — PaCTBOP MOPCKOW BOJIBI

OCHOBHBIM METOJIOM HCCIIEZIOBAHUS Ha JAHHOM OJTale HKCIIEPUMEHTA SBISAIOCH
HaOIII0/IeHNE 32 U3MEHEHUEM MPO3PAaYHOCTH PAcTBOpa U MOSIBICHHEM HOBOOOPAa30BaHHM Ha
MOBEPXHOCTU T'epakiuToB. bbuin monydensl cinenyrone pe3ynbrarel. Uepes 30 nHelt mocie
Hayaja SKCIEpPUMEHTa Mponajia MyTHOCTh BOAHOTO pacTBOpa MPU MOCTYIJIEHUU Ta30BbIX
My3BIPEKOB, HO TOJIBKO B COCYZaX, I/I€ MPUCYTCTBOBAIH COJIM a30THOW KHCIIOTHI M CYJIb(OUIBI
HaTpus. [Ipu neTarbHOM OCMOTpE BBIICHUIOCH, YTO MIOBEPXHOCTH OOJIOMOYHOTO MaTepuaia B
€MKOCTSIX IOKpbUIach OeJol MUKpOIUIEHKOH, MOXO0kel Ha OaKkTepualbHylo «ciu3by. Emie
yepe3 60 1Hel MOBEPXHOCTh OMNBITHOTO MaTepuajia MOKPbUIACh OTIAEIbHBIMH MATHAMH
OypoBaTO-OpaHKEBOTO HajeTa, a TINIyO)Ke MNOSIBIWINCH Pa3pO3HEHHbIE YEPHO-KOPUUYHEBHIE
MUKPOIIPOCIIOH.

B Tedenue cnenyromux IByX MecslEB «TBEpAas» MOBEPXHOCTh IepakiIMTOBOI cMecu
MOKPBUIACh TEMHO-OpaHXeBo Kopkoi. E€ MomiHocTh coctaBuia okono 0,5 mm. Ilox stum
«KOBPOM» 00pa30BajICs MPOCIION YepHO-KOPUYHEBOTO IBeTa. B camoii HIKHEH 4aCTH eMKOCTH
Ha CTEHKaX M MOBEPXHOCTH OOJOMKOB I€paKIUTOB MOSBWIMCH HalleThl Oesoro 1pera. Yepes
MOJIT0JIa, C Havajla IPOBEJICHUS OMbITa, [IBETOBAs AU depeHnalys MaTepraia 3HaYuTeIbHO
yeununach (puc. 7). IloBepXHOCTh KPYHHBIX OOJIOMKOB T'€paKiIMTOB 0OOpOCIa MOXHATOH
OPaH)XEBOM IJICHKOW MOIIHOCTHIO 10 2 MM. Ha cripeccoBaHHOM MEIKO00JIOMOYHOM MaTeprae
TepakjUTOB MEXIY KPYIMHBIMH OOJOMKAaMH OpaHXEBO-KOPUYHEBOE OOpacTaHWe HMEIO
MOIIHOCTH OT 3,0 10 5,0 MM. BepxHsis U HHKHSSL TPAHULIBI ATOM 30HBI PE3KUE U MTOBTOPSIOT
HEPOBHYIO MEPBUYHYIO MMOBEpXHOCTh. [lo 1BeTy 3T0 oOpacTaHue OENUTCS Ha JIBE MOJ30HbI:
BEPXHIOI0 BOJIOKHHCTYIO TEMHO- OPAaH)KEBYI0 M HIXKHIOIO, KOTOpas Oblla MpeacTaBlieHa
KeNenoJoOHO! CBETII0-OpaHKeBoW Maccoil. Ha rpaHuiie ux pasjena oTMEYaroTcsl TOUCUHbIE
HOBOOOpa3zoBaHus Oenoro kKaipnuta (puc. 7). IIpu cUIbHOM yBEIMYEHMH BUAHO, YTO OHH
UMEIOT yrioBaTtylo u chepuueckyto dopmy (puc. 8). [lomoOHble Oenbie MHUKPOTOYKH
BCTPEUAIOTCA B 3apOCIIsiX OypO-0paHXeBOro 00pacTaHHs Ha TOBEPXHOCTH KPYITHBIX 00JIOMKOB
repaxkiauToB (puc. 7).
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Puc. 7. 3oHanbHas Okpacka 6aKTepUaTBHOTO 00pacTaHUs MOBEPXHOCTH 0OJIOMOYHOTO
MaTepHajga TepPaKIIUTOB. YCJIOBHBIC O0O3HAuUeHUsA: | — BOJOKHHCTAas TEMHO-OpaHKEeBas
MOJI30HA; 2 — KEJIENOI00HAsT CBETIIO-OPAHKEBAs IMOI30HA ¢ BKIIOYCHHISIMH HOBOOOpa30BaHUI
KajbluTa; 3 — 4YEpHO-KOpHYHEBas 30Ha; 4 — 30Ha Oe€JOro IBETa; 5 — BKIIOYCHHS
HOBOOOPa30BaHMSI KaJIbIIUTA

B nepuon, koraa npokayka ra3oM He IPOBOAMIIACH B TEUEHUE JBYX HEEIb, IPOU30IILIO0
CBOCOOpa3HOE 3achbIXaHHWE BEPXHEH TEMHO-OPAHXKEBOW BOJOKHHCTON 30HBI OOpacTaHusl.
Cromiio HacBITUTH PACTBOP METAHOM, KaK Yepe3 HECKOJIbKO MHHYT MPOMCXOAMIIO MOJHSATHE
TEMHO- OPaH)XEBOTO BETBUCTOTO MaTepHayia. IDTO SBISIETCS MOATBEPKACHUEM TOTO, UYTO
OakTepHagbHble COOOIECTBA MUTAIOTCSI B OCHOBHOM METAaHOM, PACTBOPEHHOM B BOJIE.

Huoxe 3aneraromias 30Ha 4epHO-KOPUYHEBOTO LIBETA UMEET JOBOJIBHO PE3KUE IPAHHULIBL,
a e€ momHocTs oT 1,5 mo 2,5 mMm (puc. 7). [IpeanonoxutenbHo, Takas IBETOBasi OKpacka
CBsI3aHa C OPraHUYECKUM BELIECTBOM.

B camoil HmxHeN yacTu OyThUIKH 1O YEPHBIM MaTepUaIOM HaXOAMTCS 30Ha Oenoro
nBeTa (puc. 7). OHa UMeeT pe3KHe 1 3aIMBOOOpa3Hble KOHTAKTHI ¢ BepXHel 30HOU. B 3T0if 30He
CTEHKU OYTBUIKM M KPYMHOOOJOMOYHBIN MaTepuall IepakiMTOB MOKPHITHl OENbIM HAIETOM,
MMEIOILEM CXOJICTBO C BBIIIEONMCAHHBIM HOBOOOPa30BaHHBIM KalIbLIUTOM (pHC. 8). MOIIHOCTh
3TUX U3MEHEHMI cocTaBigeT 45-50 mm.

JIOBOJILHO WHTEpECHbIE JaHHbIE ObUIM TOJYYEHBI IMOCTE MPOMBIBKH O0OJIOMOYHOIO
Marepuana. YEpHO-KOPUYHEBASI IUIECEHB» CPEIHEW 30HBI XOPOIIO CMbIBAJach BOJOW, YTO
IIOJITBEP>K1AET BHICKA3aHHOE PaHee MPEIIOI0KEHHUE, YTO ITO OPraHUYECKUH YIII€BOI0POAHBIN
MaTepuan OaKTepUaIbHOIO XEMOCHHTE3a. 3HAYUTEIbHO W3MEHWICS BHENIHUH BHUJ
MOBEPXHOCTEH OOJIOMKOB T'€pPaKIUTOB IOCTe MPOBEACHHUS ONBITOB. OKa3anach, 4To OOJbIIas
WX 4acTh ObLIAa MOKPBITA CEPO-KOPUYHEBOH IUIEHKOW KapOoHaTa MOIIHOCTHIO 0,5-2,5 MM C
XapakTEepHBIMA MHKpPO JBIpYaThIMU OTBepcTHAMU (puc. 9). BcerpeuaioTcst oTaenbHbIC
MOBEPXHOCTU HAa TepaKIUTaX, MOKPHITbIE COTOBBIMH OOpa30BaHUSIMU C BEPTUKAJIbHBIMU
MUKpoTpyOoukamu (puc. 10).
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Puc. 8. HoBooOpa3oBaHnue KaybluTa B OaKTEepHAIBHBIX MaTax

Puc. 9. IInockoCcTe repakiinTOB IMOCIE NPOBEICHMS OIBITOB, IMOKPBITASl IUIEHKOU
HOBOOOPA30BaHHOI'0 KaJbLIUTA C ABIPYATOM MOBEPXHOCTHIO

[Tomo6ubie (hopMBI BBIIENEHUS aBTOp HAOMIOJAT HAa TMOBEPXHOCTH OAaKTepUaTIHLHOTO
obpactanusa Cyab(OHUIHO-KApOOHATHBIX TPYO JIABOBBIX MAJICONNOTOKOB BEPXHEro TpHaca
l'opnoro Kpemma u repakmurax (JIeicenko, 2014). Otmeuarorcs OTAENbHBIE OOJIOMKH
TEepPakiMTOB CO CleAaMu «KHCJIOTHOTO» pactBopenus (puc. 11). Ha ux moBepxHocTH
IPOUCXOIUT OOecIBEYMBAHUE YEPHO-KOPUYHEBOTO aHTPAKOHUTA A0 OEJIOro caxapOBHIHOTO
kanpiuTa (puc. 11). MoXHO NPEeANnonokKuTh, 4TO OUTYMHOE U «OPraHMYECKOe» BEUIECTBO U3
repakiautoB (JIeicenko, 2014) mnocmyXuio NHIIEH A8 «OXKHUBIIMX» OaKTepHAIbHBIX
CO0O0IIECTB MUOLIEHA.

[Tocne mpekpalleHusl OMbITa BBIACHSIOCH, YTO OTCYTCTBYET CIUIOIIHAS LIEMEHTAIUs
00J10MOYHOTO MaTepuasa B EMKOCTH. BO3MOXKHO, 3TO CBA3aHO ¢ MOCTYIJICHUEM Ta3a He uepe3
UCCIIeIyeMbIif MaTepuall, a CBepXy U3 pacTBOpa.
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Puc. 10. [ToBepXHOCTh TepakiWTOB MOCJIE SKCIEPUMEHTA, MOKPHITas KapOOHATHON
KOPOUYKOU ¢ TpyOUaThIMU 00pa30BaHUSIMHU

Puc. 11. [loBepxHOCTh TI'epakIIUTOB CO CJIEJaMU PACTBOPEHHS U BhIIEIaUYUBaHUS
OUTYMHOTO U OPTaHUYECKOI0 BEIECTBA

Kpome »sTOr0o, B MPOMBITOM OOJOMOYHOM MAaTepHane W3 YKa3aHHBIX EMKOCTEU
BCTpeualoTcs HOBOOOpa3oBaHMs KapOoHaTa pa3iauuHOM (OpMBI pa3MepoM 10 TpEX
MUJUTAMETPOB. 3HAYHUTEIbHAS YacTh U3 HHUX MPEJCTABICHA CBOCOOPA3HBIMU «CTSIKCHUSMI
VUIMHEHHOW HemnpaBWIbHOW ¢opmbl (puc. 12). JlpIpuaras MOBEPXHOCTh HAa HUX B BHUJE
MUKPOKPATEPOB HAIMIOMUHAET OINUCAHUE XAPAKTEPUCTHK «MHKPOMETAHOJIUTOB» OKchopna,
«IIIaKOBUIHBIX» TepaknmutoB (JIlykun wu nap., 2006; Jlsicenko, 2014) u COBpEeMEHHBIX
KkapOoHaTHBIX cTpoeHuit (Jlewn u mp., 1975; UBanos u ap., 1991; Illuarokos, 1995; Mazzini et
al., 2004; Kpsutor u ap., 2008; Novikova et al., 2015; JIsicenko, [{ensmoBuu, 2017). Kpome
9TOT'0 BCTPEUAIOTCS BOMIOYHBIC CKOIICHUS IUIOCKOW W IAapooOpasHOi (GOPMBI YIITHHEHHBIX
KPUCTAIIJIOB aparoHUTa ¢ YEpPHBIMU TOYKaMU Yyriaepoauctoro BemectBa (puc. 13). Pexe

BCTpeUaroTcs c(hepoTUTOBBIC 00pa30BaHMs, OMMMCAHHBIC HAMU B TIEPBOM OIIBITE.
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Puc. 12. Kap6oHnaTHble HOBOOOPa30BaHUs C AbIPYATON MOBEPXHOCTHIO U UTOJIYATHIMU
KpHUCTalIaMU

Puc. 13. BoilnokononoOHble CKOIUICHHUS YAJMHEHHBIX CTPEJIOBHIHBIX KPHUCTAJIJIOB
aparoHuTa

B yrny0neHusx Ha TOBEPXHOCTH HEKOTOPHIX 00JIOMKOB IepaKJIMTOB, YIaCTBOBABIINX B
9KCIEPUMEHTE, OTMEUAIOTCSI BOMIIOKONOA00HBIE NMEPEIIETEHUsT OCTPOYTOJIbHBIX HUTOJIBYATHIX
KpucTauioB kapooHnara (puc. 14).

B3aumoneiictBre kapOOHAaTHBIX HOBOOOPAa30BAHMH JAHHOTO ONBITA C KUCIOTaMHU
MOJTBEPAMIIN PE3yIbTaThl, ONMCAHHBIE HaMH BbIIe. KapOOHATHBIM MaTepual, B3sTHIA U3
pacTBOpa, BCTyNal B PEAKIHUIO C KUCIOTaMH 4epe3 HEKOTOPBIH MPOMEXYTOK BPEMEHH, a
BBICYIICHHBII — MrHOBeHHO. bakrepuanpHas KapOoHaTHas TIUIEHKA, TOKPBIBAOIIAS
HOBOOOpa30BaHUs KapOOHaTa, 10 Bcel BUAMMOCTH, pa3pyliaeTcs B Bo3aAyIHoH cpene. [Tocne
pacTBOpeHus KapOOHATHBIX HOBOOOPAa30BaHWU Ha MPEIMETHOM CTOJE OCTAIOTCS YEPHBIC
TouKU. [IpennonoKuTeabHo, 3TO ClIeIbl OPraHNYECKOT0 BEIECTBA OaKTEPHil.
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Puc. 14. IToBepXHOCTbh I'epakiIMTOB MOKPHITUS KOPOUKOIl kapOoHaTa. B neHTpanbHOMI
YacTH NOHWKEHUS Ha HeH HaxoJITCs IMEepeIuieTeHUs BOWJIOKOMOJOOHBIX HIOJIbYAThIX
KpHUCTAJUIOB

BiaumopeiictBue kapOOHATHBIX HOBOOOpPA30BaHUW JAHHOTO OIBITA C KHUCIOTaMHU
MOATBEPAUIIN PE3yJabTaThl, OMUCAaHHbIE HamMu Bbiie. KapOoHATHBIA MaTepual, B3STHIM W3
pacTBOpa, BCTyHald B PEAKIHMI0 C KUCIOTaMHM YE€pe3 HEKOTOPbIA MPOMEXKYTOK BPEMEHH, a
BBICYIIIGHHBIH — MTHOBEHHO. bakrtepuanpHas kapOOHaTHas TUIEHKA, TOKPBIBAKOIIAS
HOBOOOpa3oBaHus KapOOHATA, MO BCeW BUIMMOCTH, pa3pyllaeTcs B Bo3ayurHou cpene. [locne
pacTBOpeHUsT KapOOHATHBIX HOBOOOpA30BaHWI HA MPEAMETHOM CTOJE OCTAIOTCS YEPHBIC
Toukd. [IpennonoxureabHo, 3TO ClieIbl OPraHNYECKOTO BEIIeCTBa OaKTEPHIA.

Mopdomorusi HEKOTOpPHIX (GopM HOBOOOpa3oBaHMII KapOOHATa Ha IMOBEPXHOCTH
repakiuTOB UMEET HEKOTOPOE CXOJICTBO C OMMCAHUEM, T10 JINTEPATYPHBIM JIaHHBIM, MaTepHasa
[IMaHOOaKTEepUi, KOTOPhIE CO37al0T CBOM MOCTpoikH 3a cu€t 3Heprun Comuna (Kypasinesa,
1964; Po3zanos, 3aBap3us, 1997; Kmyp u np., 1999; Auucumos u ap., 2012). Henb3s oTpunats,
YTO B HAIIMX ONbITaX MaTepuan HCCIEJOBaHUS B KOPOTKHE BPEMEHHbIE HWHTEPBAJIbI
MOJABEPTaJiCsl BO3ACHCTBUIO PACCESTHHOTO COJHEYHOI'O0 CBETa, O Y€M YKAa3bIBaJIOCh BBIIIIE.
[TosToMy OTIIMYME TPETHETO TAMa MPOBEACHHS OMBITHBIX PA0OT OT MPEABIAYIINX OTINYAIOCH
TEM, 4TO MaTepuaj repakiuTOB B XUMUYECKOU MOCYyJe 0OMAaThIBAICS HECKOJIBbKUMU CIIOSIMH
CBETOM3O0JIUPYIOUIETO MaTepuana. B pe3yiapTaTe HCKIIOYANach BCAKash BO3MOXKHOCTD
BO3JICMCTBUSl COJHEYHOTO CBETa BO BpEMsl MPOBEIACHUS OMNbITOB. M3MeHMnIach MeTOauKa
M0/1a4M ra3a B €MKOCTH C pacTBOpoM (puc. 6). MeTaHn mogaBascst yepe3 TpyOOUKy, BEIXOJHOE
OTBEpPCTUE KOTOPOU OBLIO HUKE OOJIOMOYHOTO MaTepuana repakiauToB. [103ToMy my3bIpbKH
MeTaHa MPOXOAMWIN Yepe3 KaMEeHHbIN MaTepual, Kak B COBPEMEHHBIX cumax YEpHoro mopsi.
OTnuune 3aKiaoyanach B MPEPHIBUCTOM MOCTYIUICHHH ra3a B AKCIIEPUMEHTAJIbHBIE COCY/IbI.
[Ipu npoBeieHnH OMbITa €T0 MOAMMUTKA OCYIIECTBISAIACH ATh JHEH B Henemto 1o 15-20 MuHyT
B CyTKH. B pacTBOp, Kak ¥ MpeIbIIyIIEM OIbITe, ObIIIO0 J0OABIEHO HECKOIBKO Karellh a30THOM
KHUCJIOTHI U Cynb(puaa HATPUSI.

Uepes miecTh MeCsI1IEB MOCIE Hayalla OMBITOB Ha MOBEPXHOCTH MaTepHalia OTMEYAIHUCh
MHOTOUYHCJICHHBIE MATHA O€I0ro 1[BeTa resie00pa3Hoil GakTepranbHOM CIM3U MOIIHOCTHIO 1,0—
1,5 MM. Ha BeICTymaOmux Haj MOBEPXHOCTHIO O0JOMKAaX IePaKIIUTOB OTMEUAIHCh HAIETHI
Oenoro yemryifyatoro u cepuyeckoro WM mapoodpasHoro kapbonara (puc. 15). OOmas

KapTHHAa HMMeja OOJBIIOE CXOJCTBO C pPE3yJbTaTaMH IPOBEICHUS MPEIBIAYIIETO OIbITa
(puc. 16).
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Puc. 15. [ToBepXHOCTH TePaKIUTOB C MPUCHITKaMHU 0eJIoro KapOoHAaTa TIACTUHYATON 1
mapoo0pa3Hoi GopMbl

Puc. 16. bakrepuansHoe oOpacTaHHe MOBEPXHOCTU T€PAKIUTOB

UYepes aecsaTh MeCSIIEB, ¢ HaYajia MPOBEICHHUS ONBITHBIX pabOT, BEPXHssl MOBEPXHOCTD
MaTepuaga U KPYImHBIX OOJOMKOB I'€pakIUTOB MOKPHUIACH CIUIONIHON HIEPOXOBATONW KOPKOi
resnieo0pa3Horo Marepuana dakrepuanbsHoro oopacranus (puc. 17). Ilo cBeTOBOI OKpacke oHa
HECKOJIBKO OTJIMYAETCs OT paHee ONMUCAHHbIX B MPEbIAYIINX ONbITaX. BepxHsis yacTh IIEHKN
UMEET PO30BO-OPAHKEBYIO OKpPACKy, a HIXKHSAS po30BO-Oenyro. I'paHmna Mexmy HUMH
M3BUIIKCTAs, HO He pe3kas. O0Iias MOIHOCTh OaKTepHallbHOM TIEHKH oOpacTanus oT 1,5 1o
3,5’ mm. B Hmkeell Oenoifi 30HE OTMEYAIOTCS OTHCNbHBIE TOYEYHBIE OKPYIJIbIC
HOBOOOpa3oBaHus kapooHaTa pazmepom menee 0,05 mm (puc. 17).

XKenesnast npoBosoka nuamerpoM 1,0 MM, KOTOpasi HCHOIB30BATACH IS KPETICHUS
ra300TBOJAIIEH CTEKJIAHHONW TpyOOUKH, 3a 3TOT BPEMEHHON NEepuoJi M3-3a MHTECHCHBHOM
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KOPPO3UH 3aMECTHJIACh THIPOOKUCIAMH JKejie3a M pa3BaiuBaiachk Ha yacTu. OTIenbHbIC e
KYCKHU yIaJH Ha MOBEPXHOCTh JHA EMKOCTH M MOKPBLUIMCH IUIEHKOW MEJIKUX TUIACTUHYATHIX
1apooOpa3HbIX KapOOHATOB Oeroro mBerta (puc. 18).

1.0 Mm

—

Puc. 17. 3oHanbHoe cTpoeHre OakTepuanbHOro oopactanus. BepxHss noa3oHa umeer
pPO30BaTO-OpPaHKEBYIO OKPACKY, @ HIXKHSSI — PO30BO-0€ITyI0

Puc. 18. XKene3nas npoBosoka, MOKpbITas MIEHKON IMIIACTUHYATBHIX U IAPOOOPA3HBIX
KapOOHATOB

B cnoe xkameHHOro Marepuana, KOTOPbId HAXOIWUJICA B €MKOCTH, UMEIHUCH ITYCTOTHI
pa3HOil KoH(UTypalli W pa3MepoB, 4YTO OBUIO CBsi3aHO C (OpMONH M Pa3MEPHOCTHIO
SKCIIEPUMEHTATBHON cMecH. [Ipu MpoXoKAeHUn ra3a 4depe3 cloid 0OJOMOYHOTO MaTepuaia
MOJIOCTH JIOBOJILHO YacTO 3amOJHSUIUCH IY3bIpbKaMH MeTaHa, KOTOPBIE COXPAHSIH CBOE
MECTOTIOJIOKEHUE TPOIOIHKUTEIIEHOE BPEMSI.

[lo okOHYAaHMU HPKCIIEPHMEHTa OKa3alloCh, YTO YaCTh KPYMHBIX MY3bIPHKOB B TaKHUX
MycTOTax ObUIa MOKpHITA TOHKOM MJIEHKOM Hrojgp4yaTroro kapOoHaTa, KOTOpas HMeEeT
dbparMeHTapHO ToJIocyaToe cTpoeHue. TonmuHa HanéTa Ha TaKUX OKPYTJIBIX 00pa30BaHUSX
nocturaer 0,25 MM (puc. 19). TlokpsiTHe TyCTOTENBIX MAPUKOB KOpPOUYKaMHU KapOoHaTta
CBUJIETENILCTBYET O BBICOKMX CKOPOCTSX OOpa3oBaHHsl KajbIIUTa COOOIIECTBAMU
MHUKPOOPTaHNU3MOB, KOTOPBIE, BUIAMMO, HCIIOIH30BAIHN Ta3 My3bIPHKOB KaK CyOCTpar.
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Puc. 19. Tonkas kopka Urojp4aToro kapOoHaTa Ha My3bIpbKax MeTaHa

B npombITOM KaMEHHOM MaTepHualie TPEThEro OIbITa BCTPEUAOTCS BCE Pa3HOBUIHOCTH
KapOOHATHBIX HOBOOOpA30BaHMM, OMUCAHNE KOTOPHIX MOAPOOHO MPHUBEACHO B MPEIBbIAYIIEM
HallleM 3KCIepUMEHTe. DT 00pa30BaHMsI UMEIOT BHJI «CTSHDKEHUID HenpaBWIIBHONW (HOPMBI €
JBIPYATBIMU OTBEPCTUSMHU, MUKPOTPYOUATHIX MEPETICTEHUH, C(HEPOIUTOBBIX U TNIACTHHYATHIC
o0Opa3oBaHuil, a TaKXe BOMJIOKOMOJOOHBIX M OCTPOYTOJIBHBIX CPOCTKOB HIOJIbYATHIX
kpuctaimioB (puc. 20). IloBepXHOCTh OOJOMKOB TEpaKIUTOB IMOKPHITA IMOJIOOHBIMU
IUIEHOYHBIMU 00pa30BaHUsAMHU KapOoHaTa, OMMCAHHBIMU HaMH paHee. OTMeyaroTcs TaKxke
00JIOMKH T€PAKIUTOB CO CIIEAAMH PACTBOPEHUSL.

g L g !
Puc. 20. IloBepXHOCTh TEpaKIUTOB, IOKPBITAs KOPOUYKOH MHUKpPOTpyOUYaTOrO,
YenryiyaToro u ceponiaibHOro KapOoHaTa
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3HAUUTENbHBIM OTIMYMEM KOHEYHOI'O MPOJAYKTa JAHHOIO ONBITA OT MPEABLAYIIMX
OTIBITOB SIBJISIJIACH LIEMEHTAIUS 00JIOMOYHOT0 MaTepHralla FrepakiIuTOB BOKPYT TpYOOUKH, uepe3
KOTOpYIO IUIO TMOCTyIUIeHHe Taza co aHa ¢&émkoctu. CdopmupoBanack cBoeoOpasHas
UCKYCCTBEHHAsI OpEeKUYHsl ¢ KOHTAKTOBBIM THUIIOM IIEMEHTA, MPECTABICHHBIM IJIEHKON 6esoro
kapOonara. Ilpu OONBIIOM YBEIMYEHHHM BHIHO, YTO IUIEHOYHBIA LEMEHT NpPEeCTaBICH
IUIOCKUMHU YTJIOBATHIMHM KpHCTaUIaMH. B mMOpOBOM IpOCTpaHCTBE KOHTJIOMEPATOB JOBOJIBHO
4acTO BCTPEYAIOTCS CPEePOTUTOBBIC 00pa30BAHUS TOHKHX UTOJIBUATHIX KprcTaiuioB. [logobnas
[EMEHTAIlMsI MaTepuaia XapakTepHa JUIs OINMCAHHBIX HAMHU PAaHEE KOHTJIIOMEPATOBUIHBIX
MOCTPOEK BOJIM3HM 30H jerazanuu B 0yxre Jlactm (JIpicenko, [uk, 2013).

B xone skcnepuMeHTa OBLIM BBIOJHEHBI 3aMepbl MIEIOYHOCTH M TEeMIIepaTypbl
pactBopa npubopom pH-merpom Inolab pH Level-2. TlpeamnonoxuTensHo, u3-3a pa3adyuus
00BEMOB PACTBOPOB B XHUMHUYECKHUX COCYJax OIBITOB, MOKa3aHus pH He3HaunuTenbHO
pa3innyainuck Mexry coooit. ViamepeHus B pa3Hble JHU Mepe]] Ha4ajloM MPOKAuKH YCTaHOBHIIH,
YTO B EMKOCTH XMMHUYECKOH 1ocybl ¢ 00bEMoM pactBopa 400 mut pH usmensiercs ot 6,137 no
6,674, a rae 6610 250 Mt pacTBOpa — oT 5,750 110 6,376. He06X01MMO OTMETUTH, UTO MOPCKAst
BOJIa, KOTOpas HCIOJb30Bajach JJsl MPOBEICHHS OIBITHBIX pabOT, MO JaHHBIM 3aMEpOB
xapaktepusyercst nepBuuHbIM pH=8,264. Ilpu mnpokayke NPOUCXOAUT YMEHBILIECHUE
KHUCJIOTHOCTH pacTBopa (puc. 21). VBenunuenue pH ¢ mocrymieHueM MmeTaHa B OOJIbLION
€MKOCTH BO3pacTaeT B pa3HbIe JHU OT 6,668 10 6,856, a B mocyne ¢ maiabsiM 00bEMOM — oT 6,110
10 6,520. KucnorHocts B TeueHue nepsbix 20—60 MUHYT NOCTYIUIEHUS T'a3a YMEHBIIAETCS B
abcomoTHbIX BenuunHax Ha 0,525 — 0,925 ot mpenmectBytoniero oOumero 3HaueHus pH.
AbcomoTHble 3HaueHHss pH 0COOEHHO CHUJIBHO YBEIMUYMBAIOTCS MOCTE MEPBBIX 5 MUHYT
npokauyku MeraHoMm (puc. 21). Ilocme oxoHuYaHUS HpOLEAYPHl MPOKAYKU TMPOUCXOJIUT
MEAJICHHOe YyBelIM4YeHue KuciaoTHocTH (puc. 21). Ilpomecc BoccTaHOBICHHS HMEET
JUIMTENLHOCTh OoJbllie CYTOK. B TeueHune BocbMM JHEHl MbI HE KOPMWIM OakTepuaibHOE

coobmecTBO M 3a 3TOT mepuox pH pacTBopa paBHOMEPHO YMEHBIIMIOCH ¢ 6,125
10 5,753 (puc. 22).

O pH M Temneparypa
6,50 16,5

6,33 16,4

L 615 16,3

Temnepartypa, 0 C

5,98 16,1

5,80 16,0

0 001 003 005 006 008 025 033 05 066 083 1 2 3 4 6 12 18 24 30

Bpewms, yac

Puc. 21. Usmenenue pPH u temmepaTypsl pacTBOpa MpH MPOBEICHUU MPOKAUKU
METaHOM B XMMHUYECKOW mocyne ¢ 00bémMoM 250 mi. [Ipokadyky METaHOM MPOU3BOIUIIACH B
teuenue nepsbix 40 munyT. TeMmneparypa B MOMENICHHUH, IIPOBEACHHUS OMBITOB, 16,2°C

[locne neBATH MecAlleB MPOBEACHUS OIBITHBIX Pa0OT B OJHOW EMKOCTH 3aMEHWIU
pacTBOp Ha NEPBUYHYIO MOPCKYIO BoAy. [lepBrlii 3amep nmokasai, yto pH pacTBopa cocraBisier
8,145. Tlocne mpoBeAeHHs] MPOKAYKU METAHOM MPOJOJIKUTEIBLHOCThI0 35 MUHYT, pH cpenbl
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n3menwmics ¢ 8,145 no 8,578 (puc. 23). JlanpHeliee nocTymieHue ra3a npoaoKUTeIbHOCThIO
20 MUHYT TpOUCXOAWSIO 0€3 M3MEHEHMs IEIOYHOCTH cpeabl. Uepe3 JIBOE CYTOK IOCIe
OKOHYAHMS MPOKAYKM HIEJOYHOCTh yMEeHbIIMiach 1o 7,657. HoBoe mocTymieHue rasza B
teuenne 40 munyr yBenmmuuno pH pactBopa ¢ 7,657 mo 8,027. Uepe3 48 wacoB mocie
MpEeKpalIeHUs] TPOKAUYKU KUCIOTHOCTh cocTaBisiia 6,504.

6,2

6,05

5,9

prT

5,75

5,6
24 48 72 96 120 144 168 192

Bpewms, yac

Puc. 22. I'paduk n3menenus pH pacTBopa npu 0OTCYTCTBUH MPOKAUEK METaHA B TCUCHHE
BOCBMH CYTOK. 3aMephl MPOU3BOIUIUCH exKeHEBHO B 12 yacoB aus (¢ 07.04.19. mo 14.04.19)
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—
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Bpems, vac

<» pH (02.05.19) < pH (04.05.19) < pH (06.05.19) < pH (08.05.19)

Puc. 23. I'paduk xapaktepa wusmenenus pH pacTBopa MOpCKOM BOABI MOCIE
IIPOBENCHUS psAlla IOCIEN0BATENIbHBIX ITpoKadek meraHoM. Ilo 3amepam pH mopckoil Bozabl
nepea CMEHOUM pacTtBopa cocTaBisul 8,264. Ilpokauku ra3omM OBUTH MPOIOKUTEILHOCTHIO!
02.05.19. — 55 munyt; 04.05.19. — 48 munyT; 06.05.19. — 50 munyT; 08.05.19. — 60 MunyT

Tpetbe BKIIOUeHHE ra3a B TeueHue 50 munyT yBenunuuiio pH pactBopa ¢ 6,504 no 7,325.
[Tocne mpekpanieHrs MOCTYIUIEHUSI ra3a KUCIOTHOCTh yepe3 45 yacoB coctaBmia 6,373. Bo
BpeMs MOCEAHEN MPOKAUYKU MPOJOJDKUTENbHOCTRI0 60 MuHYyT pH pacTBOpa yBEeIMUMIIOCH C
6,373 1o 6,965. Ilocne cyTo4HOro MEepeKphITUS UCKYCCTBEHHOM Aerazauuu pH yMeHblumics
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1o 6, 235. Bpemsi mpoBeieHUs MPOKAYeK B 3TUX OMBITaX, CBA3aHO ¢ u3MeHeHueM pH cpenbl.
Ecnu »TOT mokaszaTenp B TeUue€HHWE 5 MUHYT HE MEHAJCS, TO BEHTHIb IOCTYIUICHHUS Ta3a
nepekpoiBasics. Pe3ynbTarhl aHHBIX ONBITOB IMOKa3ajdH, YTO BPEMs HACBHIIMICHUS METaHOM
pacTBopa ¢ KaXKIbIM OIBITOM YBETUUMBAETCS, HO MIPH 3TOM yMeHbInaercst pH cpenst (puc. 23).

3a BpeMsi IPOBEJCHHS ONBITOB MPOU3OILIO0 M3MEHEHHE COCTaBa MOPCKOW BOjbl. B
MEPBUYHON MOPCKOH BOJIE COJIepKaHUE KATHOHOB Ca*? = 14,5 mmons/am° u Mg+2 = 39,25
MMOJIB/IM®. 32 JEBATH MECSIEB IPOBEICHUS OIMBITHBIX PAabOT yBEIHMUMIACH KOHIIEHTPALHS
Ca*? no 150,3 MMOJIB/IM® 1 YMEHBIIWIACH - Mg"2 1o 29,8 MMOJIB/IM°. BBICOKHE coaepKaHus
KaJIbLIMSI TIPEATIONOKUTENIBHO CBSI3aHbI C PACTBOPEHUEM KapOOHATHOTO BEIIECTBA MEPAKIUTOB
B KHCIION cpelle W CO3JaHMeM U3 HEro HOBOOOpa3oBaHWM KanbluTa. HesHauutenbHOe
M3MeHEeHHe KaTHoHOB M(Q'? B pacTBOpe YKa3bIBAIOT, YTO OHM TOXKE NMPHHUMAIOT HEKOTOPOE
yudacTue B 00pa3oBaHHH KapOOHaTa.

Hpyrue usmMeHeHus, TpOUCXOoIsIIIHIe B paCTBOPE, CBSI3aHbI C TeMIiepaTypoit (puc. 21). B
MTOMENICHUH, T]I€ IPOBOIMIIUCH OIBITHI, OHA HAXOAMJIACh B Iipeieniax ot +12° mo + 21°. O6sraHO
yepe3 30—40 MuUHYT mociie Havajga MPOKAYKH U €€ OCTAaHOBKM HAYMHAETCS MEIJICHHBIN pOCT
TeMmIrepaTypbl pacTBopa. B reuenue 2—6 yacoB ona nosbimaetcs Ha 0,3°-0,5°, oTHOCHTENBHO
temriepatypbl mnomemenus. [locine storo Temmeparypa pactBopa W pH moHmkamace 10
MEPBOHAYANIBHBIX BENIUYMH. B0O3MOXHO, 0Oo0liee KOHTPACTHBIE HU3MEHEHHSI KHCIOTHOCTU H
TEMIIEpaTypbl TMPOUCXOIAT Ha TOBEPXHOCTH OaKTEPUATBHOTO OOpacTaHus OOJOMOYHOTO
MaTepuana, IJie MPOKUBAIOT COOOIIeCTBa apxel M OakTepui, TaKk KaKk OHU KOHTPOIUPYIOT
MPOLECCHI ATUX U3MEHEHUIA.

BrimonHeHHBIE HAMU SKCTIEPUMEHTANIbHBIE paOOTHI MOATBEPIUIH BBIIBUHYTOE paHHEE
MPEATNONOKEHHE, YTO TJIABHBIMH YCJIOBHUSIMA OOpa30BaHUS COBPEMEHHBIX KapOOHATHBIX
noctpoek (Jleun u np., 1975; UlutokoB u np., 1995; Medvedev, Makarikhin, 2008; JIsicenko,
[Muk, 2013) u repaxnutoB (JIbicenko, 2014) sBnstoTCA HaMM4yue Jerazallud MeTaHa U
coo01iecTB OakTepHii U apxei 1o ero nepepadoTke.

Pe3yabTaTsl n 00cyxk1eHne

B Hamm gHM B HaydHOH JUTepaType NPUBOASITCS MHOTOYHCICHHBIC OIMCAHUS
OTIBITHBIX PabOT 1O 00pa30BaHWI0 KApOOHATHOTO BEIIECTBA COOOIIECTBOM TMPOKAPHOT
(Schubert, 1997; Taldenkova et al., 2005; 3aiieBa u ap., 2007; CaBBuueB u ap., 2011; JleoHoBa
u ap., 2015). Ocoboe BHHMaHUE YIEHAIOCh H3YYEHUIO OOpPa30BaHUS U  OCAKICHHS
KapOOHATHBIX YacTHIl ITnaHoOakTepusmu (Po3anos, 3aBap3uH, 1997; 3aBap3un, 2002; 3aiinena
u ap., 2007). VX BeICOKHE CKOPOCTH 00pa30BaHMS TOITBEPIUIN SKCIIEPUMEHTATBHBIC PAOOTHI
B Unctutyre Mukpobuonorun PAH (3aBap3un, 2002; Jleonosa u ap., 2015). Hecmotps Ha
MHOTOYHCJICHHBIE OTBITHI, B HAIIIK JHU HET €IMHOTO MHEHUS O POJIM [IMAHOOAKTEpUI U CHUHE-
3enEHBIX BOAOpOCIei B 00pa3oBanuu kapoonata (Schubert, 1997; Matsumoto, 1990; Aharon,
2000; JleonoBa u map., 2015). He scen mporecc mpeoOpa3oBaHUsi MATKUX OaKTEpHAIbHBIX
TIEHOK B TBEpABIE KapOOHATHBIE CTPOEHUs. B To ke Bpemsi OOJIBIIMHCTBO MCCIE0BaTENeH
CUMTAIOT, YTO TOJIbKO IMAaHOOAKTepUalbHBIE COOOIIECTBA CO3JABAIA  MOCTPOMKHU
CTpoMaToauToB U Mukpodurtoauros (Matsumoto, 1990; Pozanos, 3aBap3un, 1997; Aharon,
2000; AnucumoB u gnp., 2012). Haxomku STHUX CTpOSHUN SBISIOTCS T0Ka3aTeIbCTBOM
00pa3oBaHus MOPOJ] B XOPOIIO OCBEHIEHHBIX MEJIKOBOIHBIX YCIOBUSAX 30H MPUIIMBA U OTJIUBA
nin naryH (I'epacumenko u np., 1996; CapBuueB u ap., 2011; AnucumoB u ap., 2012;
Kysnenos, 2015).

B BbllIeonucaHHbIX OMBITaX aBTOP MOMBITANICA JOKa3aTh, UTO MOAOOHBIE KapOOHATHBIE
00pa3oBaHUsl TE€PaKIUTOB CBSI3aHbI C TEKTOHWUYECKHMMH 30HAMHM Ha JIHE MOpPEW U OKEaHOB,
KOTOpBIE COMPOBOXKAAIUCH YTIIEBOAOPOJHON mManeonerazamnueit 3emunu. B Oonee paHHHX
HAIMX padoTax OTMEYajoCh, YTO I'ePAKIIUTHI, TMPEIIOI0KUTEIBHO, CO3JaHbI COOOIIECTBOM
apxei u 0akTepuii, MOATOMY UMEIOT JOBOJIBHO CIOXKHYIO CTPYKTYpY Ha MUKpOypoBHE (JIykuH
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u 1p., 2006; JIsicenko, 2014). VX 10BONBHO TPYIHO U3y4YaTh IO OTJEJIBHBIM Cpe3aM B HITH(ax
13-3a UX pazHooOpasusi OaKTepuaIbHOTO BbIIeIeHUs KapOoHaTa. C TaKUMU ke CI0KHOCTIMHU
CTOJIKHYIIUCh UCCJIEIOBATENH MPU N3YICHUH COBPEMEHHBIX KapOOHATHBIX CTpoeHHi YEpHOTO
mops (XopH, 1972; Medvedev, Makarikhin, 2008). ITpu u3y4eHnr MUKPUTOBBIX 00pa30BaHUi
C MTOMOIIBIO AIEKTPO-MUKPOCKOIA BUTHO, YTO OHU MPEICTABICHBI CILIETCHHEM TJIACTHHYATHIX,
TpyOYaThIX, HUTEBUIHBIX, OKPYTJIIBIX, XJIOMBEBUIHBIX U FaHTene00pa3Hbix hopm (JIykus u np.,
2006; JIpicenko, 2014). Bu10 BRICKa3aHO MPEATIONIOKEHHE, YTO 3TO MPOAYKTHI (POCCHIN3ANN
Ooaktepuit  (JIsicenko, 2014). OOpazoBaHue TOMOOHBIX  Pa3HOOOpasHBIX  GoOpM
HOBOOOPa30BaHUI kKapOOHATA MPOUCXOJUT B HAITUX IKCIIEPUMEHTAIBHBIX paboTax.

Onucanne chepoMTOBBIX OaKTEpUATBHBIX COOOIIECTB HAa TOBEPXHOCTH TSKEITBIX
HE(PTENPOIYKTOB  KHUCIOTHOTO OCTaTka repakiuToB (puc. 3) wumeer Oosblioe
Mop(hooruueckoe CXoACTBO U OJIM3KUE pa3Mephl C U3BECTHBIMHU, 110 JIUTEPATYPHBIM JaHHBIM,
JKeJIeoOpa3HbIMU IIApUKaMH Ha MOBEPXHOCTH Ta30rMApaTOB METaHAa Ha JHE o3epa balikan
(3emckas u n1p., 2011). ¥ HuX, KaK ¥ y HaImmx oOpa30BaHMM, IIEHTpaTbHAs My3bIPHKOBAs YacTh
OKpY’K€Ha CTPEJIOBUIHBIMH BOJIOCSIHBIMH BBIPOCTAMH, HAIIPABICHHBIMHU OT IIEHTpa (3eMcKas 1
ap., 2011). B sxemeoOpa3HbIX Imapwkax co gHA o3epa balikama HMCCIIeIOBATEIN BBISBUIH
boraroe Mopdorormyeckoe pazHooOpasue cooOLIecTB MHUKpOOpraHM3MOB. B ux cocrase
0OHapy)XeHBI METAaHOTCHHBIE M MeTaHOTpOo(dHBIE apxen W Oakrepuu (3eMckas u ap., 2011).
CoBcem apyryio (GopMy HMEIOT MHOTOJYYEBBIC IIAPOOOpPa3HbIE arperaTbl COBPEMEHHBIX
HUTYATBIX IMaHoOakTepuit (3aimeBa u np., 2007; JleonoBa u np., 2015). Bo3smoxxHo, 3TH
OTJIMYUS CBA3aHBI C PAa3IMYHBIMH YCIOBUSIMHU 00pa3oBaHus U MuTaHus. [IpenonaoxuTensHo, B
HAIlIeM TIEPBOM OIIbITE MUIIECH cO00IIeCTBA MPOKAPHOT SBISIUCH TKENbIE HEDTETPOAYKTHI U
OpraHUYECKOe YIJIEBOJAOPOIHOE BEIIECTBO I'EPAKIIUTOB, 3alaC KOTOPOTO CO3/1aIH IPOKAPHUOTHI
muorieHa (Aloisi et al., 2000; JIsicenko, 2014). Ipomecchl OHOXMMHUYECKHMX PEAKIMA 110
00pa30BaHUIO OPraHMYECKOIO BEIIeCTBa M KapOoHaTa MpPOKapUOTaMH IOATBEPKIAIUCH
BBIJICTICHUEM T'a30BBIX My3bIPHKOB. M3-3a MajbIX pa3MepoOB COCTaB ra3a B HUX YCTAHOBHUTH HE
yaJI0Ch.

CdeponuroBrle 00pa3oBaHHs TPUCYTCTBYIOT B MaTepuane HOBOOOpa3OBaHUS
KapOOHaTOB BO Bcex onblTax. llpeamonoxurensHo, uX (QOpMHpOBaHHE CBSI3aHO C
1apooOpa3HbIMU COOOIIECTBAMU MPOKApuoT. VX BHemHssE Mopdoiorus uMeeT OOJbIIoe
CXOJICTBO C OIIMCaHHEM MOBEPXHOCTH COBPEMEHHBIX KapOOHATHBIX NMOCTPOEK Ha AHE UEpHOTO
mops (I'eBopkbsan u np., 1991; utokoB u nap., 1995; Jleun, 2005), a TakKe ¢ TepakIuTaMH U
okcopackumu metanonutamu (Jlykun u np., 2006; JIeicenko, 2014). IIpuBoasTcs onucanus
MoI00HBIX CHEPOTUTOBBIX 00pa30BaHUI MPHU XapakTepucTuke Mukpoduronutos (GKmyp u ap.,
1999; Jlykun u ap., 2006; AnucumoB u ap., 2012; Kysuenos, 2015;). [lepbie onucanus
c(hepoInTOBBIX O00pPa30BaHMI Ha TOBEPXHOCTH COBPEMEHHBIX KapOOHATHBIX MOCTPOEK
npuBogutcss B pabotax B.X. I'eBopkbsn (1991). bonee nertanpHas XapakTepUCTHKA
cheponuToBbIX TEKCTyp mpuBoauTcs B ctathe lllHiokoBa E.®. ¢ coaBropamu (1995). Onu
3aMETUJIM, YTO 3T 00pa30BaHUs B MOCTPOMKAX HA KOHTUHEHTAJIBLHOM CKJIOHE YEpHOTOo MOps
uMeroT pa3mepsl MeHee 1,0 MM, a u3 menbsgosoit 301 — 2,0 — 3,0 MM (XopH, 1972; I1IHI0KO0B
u ap., 2006). [ToznHee nccaeaoBaTeNId OMUCHIBAIOT MOAO0HBIE 00pa30BaHMs B KapOOHATHBIX
MOJIBOAHOTO T'psizeBOro ByikaHa JIBypeuenckoro (IIHtokoB u ap., 2006). 3neck chepoauTs
HaWJeHbI 1M0J] OaKTepHAIBHBIM CJI0€M B UMEIOT pasmepsl oT 1,0 mo 2,0 mm (IlIHIOKOB M 1.,
2006). Omucanne mMogo0OHBIX C(HEPONUTOBBIX 00pa30oBaHMN B KapOOHATHBIX MOCTPOHKax B
JIPYrux dacTtsx MUPOBOro OKeaHa OMMCHIBAIM U Apyrue uccienosarenu (Jlemn u ap., 1975;
lNanbuenxo, 2001; Jleun, 2005; Kpsuios u np., 2008; JIsicenko, LeapmoBuy, 2017). [To3xe B
OakTepuaJbHOM OOpacTaHWM MaToB Ha KapOoHaTHBIX mocTpoiikax B.d. INampuenko (2001)
oOHapyxmi «Menkue BkiaroueHus (0,5-2,0 mm) xapOboHaTHOro >kemuyra». OH BbICKa3all
MPEIONIOKEHNEe, YTO Yyepe3 HEKOTOPBIA MPOMEKYTOK BpeMEHU 00pa3oBaHUs KapOOHATHOTO
KEMUyTa CpacTarTCs MEXIy coOoi um oOpa3yror kapOoHatHyro kopky (I"ampuenko, 2001).
Heo0xoaumMo OTMETHTD, UTO B HAIIUX OaKTepHAIbHBIX 00pacTaHHUSIX OTMEUYAIOTCS TOYCUHBIE
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OKpyTJibie oOpa3oBanmsi Oenmoro kapOonara (puc. 7, 17). Bo3MoOxHO, 3TO 3apOJbIIU
KEMUYKHH.

bakrepuanbHble TUIEHKK 00pacTaHus TEPAKIUTOB BO BTOPOM U TPETHEM ONBITAX UMEIOT
HEKOTOPOE CXOJICTBO C ONHCAHUEM MOJO00HBIX 00pa30BaHUI Ha MOBEPXHOCTH COBPEMEHHBIX
KapOOHATHBIX MOCTPOEK, MOAHATHIX ¢ Oonmpmmx riyouH Yépuoro mops (Jlemn, 2005). Dto
dakTUYeCKH TMOATBEPKIAET THUIOTE3y HEKOTOPBIX HCCienoBaTeNel, 4YTo B TEYCHHE
JUIATEJIBHOTO TIEPUOJIa TEOJOTHYECKOW HCTOPUU 3eMJIM  COOOIIECTBO MPOKApPUOT IO
nepepaboTke MeTaHAa HE M3MEHHIIO CBOM BHEIIHMHA Buj 10 Hamux aHed (Pozanos, 2003;
CasBuueB u nap., 2011). IloBenenue OakTepuadbHOW «IOPOCINW» BO BpEMS IPOKAUKH,
oOpacTaHue My3bIPHKOB T'a3a KPUCTAJUIAMU KaJbLIUTA, a TakKe U3MEHEeHHs B pacTBope pH u
TEMIIepaTypbl CBUIETEILCTBYIOT, YTO METAaH SBJISETCS TJIABHBIM KOMIIOHEHTOM JUIS CO3aHUS
KapOoHaTa W OPraHMYECKOTO BelIecTBa COOOIIECTBAMU NPOKapHOT. HeT 3HauMTeIbHBIX
OTIMYHUI B MOP(OJIOTHH HOBOOOPa30BaHUI KapOOHATa BO BTOPOM H TPETHEM OMBITaX. MOKHO
CUYHTaTh, YTO UX (OPMUPOBAHUE HE CBA3AHO C COMHEUHOI sHeprueil. CheponnuToBbie, MUKPO
TpyO4aTble, COTOBBIE M IUIACTUHYATHIE OOpACTaHHMA MOBEPXHOCTH TEPAKIUTOB B HAIIMX
HKCHEPUMEHTAX MMEIOT BHEIHEEe CXOACTBO C OMHMCAHUEM OOpa30BaHUIl MUKPO(UTOIUTOB
(AHHCHMOB 1 1p., 2012) u pomOonutoB (XKypasnesa, 1964; Tumodees, 1982). B Toxe Bpems
noo0HbIe Mopdonornyeckre GopMbl BbIZEIEHUs KapOoHaTa XapaKTepHbI Il METAaHOJIUTOB
okcdopna, repakiintoB muoneHa (JIsicenko, 2014) u coBpeMeHHBIX 0aKTepUaIbHBIX TOCTPOEK
Oonpmmx TyOuH Moped u okeano (Mazzini et al., 2004; Medvedev, Makarikhin, 2008;
Novikova et al., 2015; Jleicenko, IlenpmoBuu, 2017;), a takxke o3epa baiikan (Kpbutos
u nip., 2008).

3HauynTeNbHOE pa3sHooOpa3zue ¢GopM BBIACICHUS KapOOHATOB B HAIIUX OMNBITaX
CBUJICTEILCTBYET,  YTO  CYIIECTBYeT  MHOrooOpasue  OOBEAMHEHUH  pa3IMYHbIX
MHUKPOOPTaHU3MOB, CBSI3aHHBIX KOOIIEPAIME IO CO3aHUI0 PA3IUYHOTO OPTraHUYECKOTO
BEIIeCTBA JJIs MPOJOJDKEHHUS >KU3HU. B Hamie BpeMsi 00JblIoe KOJIWYECTBO OPraHUYECKHX
COEIMHEHUN CHHTE3UpPOBaHO ONBITHBIM TyTéM (Bepnaackuii, 1967). Bctpeuarorcs
MHOTOYHCIICHHbIE OpPraHMYECKHE COCTUHEHUS B MaTepHaje M3BEpKEHUS COBPEMEHHBIX
ByakaHOB Ha Kamuarke. B 3TUX MpUpPOMHBIX SBICHUAX W OMBITaX TJIABHBIMH MCTOYHHKAMHU
HHEPIUU TOJIYYEHHUS] OPraHUYECKOTO BEIECTBA SBISIOTCS MOJHUU M HUCKPOBBIE pa3psibl B
npubopax. B Hacrosimee BpeMs HET €IWHOTO B3TJsa HAa XHMHYECKHE PEaKInd
npeoOpazoBanuss CHs B xapOoHaTHOE BEMIECTBO B aHAIPOOHBIX YCIOBHUSX. BONBIIMHCTBO
uccienoBaTeNieil CBS3bIBAIOT OKUCICHHE METaHa C JIEATEIbHOCTHIO Cylb(aTpeaylupyoIux
OakTepuii, KOTOpPBIC MCIIOIB3YIOT KUCIOPOJ U3 Cyib(paTroB Mopckoit Boxsl (Hathaway, 1968;
WBanos u ap., 1991; Aharon, 2000; Kodina et al., 2001; Jleun, 2005; 3aiieBa u ap., 2007).
OTO0 HE COorjlacyeTcs ¢ M30TOIMHBIM COCTABOM KHCIIOpOJa B KapOOHATHBIX MmocTpoikax (JleuH,
2005). Ero 3HadeHust OTIIMYAIOTCS OT CyAb()aToB U OJIM3KU K U30TOMTHOMY COCTaBy MOPCKOM
Boabl (Kodinaetal., 2001; Mazzini et al., 2004; Jleun, 2005). IMeeTcst 3HAYUTEIIBHOE CXOACTBO
5180 kapboraToB MocTpoek 1 Gukap6oHaTa MpuRoHHON Bosl (JIenn, 2005). J1. YaneHnraiiHom
u B. PuOyprym npennosoxuiu, 4To Ha MEPBOM 3Talle MPOUCXOIUT OKUCIICHHE METaHa [0
areTaTa U ¢ MOoCJIeIyIoNeM ero OKUCICHUEM cynb(aTpeaynupyomumu 6aktepusmu (JlenH u
ap., 1975; Jleun, 2005). [IpaBaa, MHOTHE MUKPOOHOJIOTH OTPHIIATI BO3MOKHOCTh OKHCIICHUS
MeTaHa B NPOIECCE BOCCTAHOBIEHUS cylb(ara, Tak Kak 3Ta peakIus COMPOBOXKIAETCS
nornomenueM >Hepruu (basapos, 1991). JJoBonsHO HU3KKE KoHIeHTpanuu SO4 B pacTBOpe
HAIIUX ONBITOB MO3BOJISIIOT TAK)KE OTKA3aThCS OT MPEATNOJIOKEHHSI, YTO OKHCICHHE MeTaHa
OCYILECTBIISIETCS  CyAbhaTpeAyHPYIOMUMI  OakTepusiMu. [IpokapuoTbl METaHOT€HOB U
meTaHoTpodoB u3BecTHBI ¢ apxest (Hathaway, 1968; Matsumoto, 1990; Casuues u ap., 2011),
Korga B Tuapocdepe OTCYTCTBOBAIM COeIuHEHHA ¢ KuciopoaoMm (Bepnanckuii, 1967).
[Tostomy mst okucnenuss CHs B aHadpOOHBIX YCIOBUSX, MO MPEANOI0KEHUIO aBTOPA TaHHOM
CTaTbd, TNPOKAPUOTHI HAYUYMINCh OOBIBATH KHUCIOPOA 3a CYET pas3lokeHus BOJbL. B
JanbHEHUIIEM 3Ty METOAMKY MOJy4YeHUsS KHUCIOpOoAa MEPEHSIN y HUX IMaHOOaKTepHuu U
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pactenus (Bepnanckuii, 1967). MoXHO peANONI0KUTE, YTO B HAIIIUX OMBITaX OAKTepUaTHHBIC
cool1iecTBa JUIsl CO3/aHUsl OMOTE€HHOrO YIiIePOJUCTOrO BEIIECTBA MCIOJB3YIOT HE TOJBKO
HHEPTHUI0 OKUCIICHUS METaHa, a TAKXKe YHEPTHI0 00pa30BaHUsl KOHEYHOTO MPOAYKTa KapOoHarTa.
Dneprus ['n66ca oxkucnenus metana 10 CO2 — 394,4 x/Ix/monb u HoO — 228,6 x/Ix/Moinb, a
MoJlydeHue Kpucramimdeckoro kampiura — 1127,2 xJlx/Monb (bazapos, 1991), mostomy B
KJIETKaxX OaKkTepHil MPOUCXOAUT MOJIHBIN UK OKUCICHHS MeTaHa /1o 00pa3oBaHus KapOoHaTa.
B coneBom coctaBe Bog MupoBOro okeaHa coep kaHrne KaTHOHOB KaJIbLIMS B TPH-YETHIPE pasa
Menbiie, yem wmaraus (Tumodeer, 1982). Takoit coctaB BOJBI, MO MHEHHIO MHOTHX
UCcclieioBaTeNeil, He M3MEHSUICS B Te€UeHHE COTHU MIJUTHOHOB JieT (Tumodees, 1982). [Touemy
Ke U CO3/IaHusl COBPEMEHHBIX KapOoHaTHBIX moctpoek (Hathaway, 1968; IllHtokoB u ap.,
1995; Von Rad et al., 1996; Kodina et al., 2001; Novikova et al., 2015; JIsicenko, IleapHOBHY,
2017), repaknurtoB (JIsicerko, 2014) u oKchHOPACKAX METAHOIMTOB apXeu M IMPOKAPUOTHI
UCTIONIB3YIOT B OCHOBHOM KaJIBIIMT, HHOTIA MarHe3UaIbHBIA KAJBIIUT U OYCHD PEIKO TIOJIOMUT
(ITaroxoB u np., 1995). CoctaB MOPCKO# BOIBI 3TO HE 00BsCHIET. BO3MOXKHO, 3TO CBS3aHO C
DHEpreTHYecKoi mnpuunHoi. DHeprus [mbOOca oOpasoBanms monekymnsl CaCOsz (1128
kJ>x/Monb) Heckoabko Bbime (GopmupoBanus MgCO3 (1029 x/[x/mons) (bazapos, 1991).
Marauii MOT HUCTOJIBh30BaThCsl OAKTEPUATBHBIM COOOIIECTBOM B MOMEHTHI 3HAYMTEIHHBIX
BBIOPOCOB MeTaHa, KOrJla B BOJIe CO3AaBalics ACPUIMT KaTHOHOB KajbIUS NI MOTYYCHHUS
KapOoHara.

B kucnoii cpene pacTBOpOB HAIIUX OIMBITOB MPOUCXOJUT 00pa3oBaHue KapOOHATHOTO
BEIIECTBA TPEANOJIIOKUTENIFHO B KIETKaX MPOKApUOT, TIE >KUBBIE OPTaHU3MBI CO3/AIOT
KOHTposupyemble mienounbie yciaoBus (Wei Li, 2011). Bo3moxkHO, pasHooOpasue (hopm
BBIJICTICHUS. HOBOOOpa3oBaHUs KapOoHaTa, HA0II01aeMO€e B SKCTICPUMEHTE, MOYKHO OOBSICHUTH
9JaCTUYHOCTBI0O M IUIACTUYHOCTBIO MEMOpaHbl KJIETKH. MOXHO MPEeAnoIoKUTh, YTO
YCIOXKHEHHE MOPQOIOruH KapOOHATHBIX HOBOOOpA30BaHMK CBSI3aHO CO CpacTaHUEM
aMOp(MHBIX  KaIbLUUTOBBIX  dYacTul. JlaHHBI  TpoIecC  JOMOJHUTENBHO  MOXKET
KOHTPOJIMPOBATHCS KOATYJSAIMEH KOJJIOWIAHBIX CHUCTEM KIETKH M KpUCTALIOrpadudecKuMu
3aKOHaMH 00pa30BaHUS aparOHUTA, a TaKKe MPEeoOpPa30BaHUS €0 B KAIBIHUT C U3MEHEHHUEM
00BéMa.

Bo MHOrMX HayuHBIX paboTax UCCIe0BATENU MPUBOAST TOBOJIBHO BHICOKHE CKOPOCTHU
o0Opa3oBaHus KapOOHATHOTO MaTepuaa coodiiecTBaMu npokapuort (3aBap3uH, 2002; 3aiineBa
u 11p., 2007; CaBBuueB u ap., 2011; Jleonosa u ap., 2015). B Haiiem TpeTbeM ONBITE CILIOMIHAS
HeMeHTaIus 00JJOMOYHOI0 MaTepHalia MpoU301IUIa 3a IEBATh MecsieB. Eciin npocymMmMupoBaTh
BpeMsl TOJa4yM raza MpH MPOBEJACHUM HAIIUX JKCIEPUMEHTOB, TO TOJHAas MpPOAyBKa 0e3
nepepriBoB cocTaBUT 40 4acoB, TO €CTh OKOJO JIBYX CYTOK. DTy CKOPOCTb HEllb3sl Ha3BaTh
MTHOBEHHOU leMeHTanue. Ho, Takue BbICOKHE BO3MOXKHOCTH 00pa3oBaHUSI KapOOHATHOTO
[IEMEHTa TIOATBEP)KIAIOTCS IPOIECCAMH, MPOUCXOASIIMMHE B TPHOPEKHONH MOPCKOH 30HE
oyxtel Jlacnu (JIpicenko, Iluk, 2013). Bo3moxxHo, B OyaylieM ¢ MOMOIIbI0 UCKYCCTBEHHOMN
MPOJYBKM METaHAa B Cpelie METAaHOTPO(MHBIX M METAHOTEHHBIX IPOKAPHUOT MOXHO OyJIeT
CO37aBaTh HCKYCCTBEHHBIC 3alUTHBIE PU(DBI BHOIH IUISKHBIX 30H U3 HCKYCCTBEHHBIX
KOHIJIOMEPAaTOB U II€CYAHUKOB. TEXHOJOTrHs LEMEHTalMl COOO0IIeCTBAMU IPOKApUOT
TaJICYHUKOB U TTTMHUCTO-TIECOYHBIX TOJIIII B MPUOPEIKHBIX MOPCKHX 30HAX U HA PEKaX TTIOMOXKET
yIEWEBUTh U 00€30MaCUTh CTPOUTEIHLCTBO MOCTOB, MUPCOB U IMPOKIAJIKY TPaHCIOPTHBIX
CEeTeH.

WuTepecHble NaHHBIE MOJNYyYeHBI aBTOpPOM MO pe3yiabraTaM u3ydeHuss pH cpenbl
pacTBOpa U €ro TEMIEPATypHOro pexxuma. IloBbleHHas KucinoTHocTh cpesl ¢ pH ot 5,857 no
6,859 mpUBOAUT K PAaCTBOPEHHUIO KapOOHATHOTO MaTepuana TepakIUTOB U TOBBIIMICHUIO
KOHILIeHTpaluu KatnoHoB Ca*? B pacTBope. DTOT MaTepuan HCHOJB3yeTCS I CO3aHUSA
HOBOOOpa3oBaHU OaKTEpUANBbHOTO KaJbLIUTA, 3AMIMIIEHHOTO OT PACTBOPEHHS KOJUIOMIAHOMN
TUIEHKOM KJIeTKH. MOKHO TIPEAIONIOKUTh, YTO TOBOJBHO KHCJAsi Cpela CBsi3aHA C MAJIbIMH
pa3Mepamu MOCYAbl, B KOTOPOH MPOU3BOJIMINCH OMBITHL. Takue MHUKpPO-YCIOBUS BO3MOXKHO
CYIIECTBYIOT BOJIN3H HAPOCTOB OAKTEPUATBHBIX MATOB H B IIEHTPAITBHBIX YaCTIX COBPEMEHHBIX
36




OKCIEPUMEHTAJIBHBIE PAFOTAHI 110 BO3POXIEHUIO K JKH3HU COOBILECTB APXEH U
BAKTEPUH MUOIJEHA U3 T'EPAKJIUTOB

KapOoHATHBIX MOcTpoek UYépHoro mops. [loaTomy wuccienoBaTenu MNPUBOIAT OMUCAHUS
COBMECTHOI'O HaxoxjaeHus kapbonaroB u cyiabhumoB (Medvedev, Makarikhin, 2008;
JIpicenko, LlensmoBuy, 2017), X0Ta X (HOpMHPOBAHUE TPOUCXOIUIIO B Cpeiax ¢ pa3HbM pH.
KucnoTHOCTh HalIMX pacTBOPOB CO3JAIOT M KOHTPOJIUPYIOT OaKTepraIbHbIe COOOIIECTBa, YTO
XOpomio BUAHO Ha rpadukax wu3MeHenuss pH wu  Temmeparypsr (puc. 21, 23).
[IpenmnonoxuTenbHO, KUCTAs Cpe/ia B HAIIMX OMbITaX cBsi3aHa ¢ HajmuuueM annoHoB HCO3 u
opranmyeckux kuciot (Aloisi et al., 2000; JleonoBa u ap., 2015). MenneHHbli, MIaBHBINA
npolecc NoHmwkeHus pH nmocie okoHYaHUs MPOKAYKY CBSA3aH C HE3HAYUTEIbHBIM IMOBBIIICHUEM
temnepatypsl Ha 0,3-0,5°. B pacTtBope B 3T0 BpeMs IPOUCXOAAT OMOXUMHYECKUE PEAKIINHU C
BblleTicHHeM JHepruu. Eciam OakTepusiM He 1aBaTh MOJKOPMKY METaHOM B TEUYCHHE
HECKOJIbKUX CYTOK, TO KHCIOTHOCTh TOCTETICHHO YBEIMYMBACTCS M JOCTUTaeT 5,763.
Bo3Mo)kHO, pacTBOpsii TepakiIuThl, COOOIIECTBA MPOKAPUOT IMUTAIOTCA YIJIEBOJOPOJAHBIM
BEILIECTBOM, CO3/1aHHOM eli¢ B muoteHe (JIsicenko, 2014).

3araakoil sABIsETCS Hayalo Ipoliecca MOCTYIUICHUS MeTaHa B pacTBop. B Teuenue
OJIHOU-TISITU MUHYT TPOJIYBKHU Mpoucxoaut peskoe majaeHue pH wa 0,5-0,9 egunun. C yem
CBsI3aHbI Takue cKayku? Takue pe3skue U3MEeHEHUs OOJIbIle MTOX0KH Ha XUMUYECKYIO PEaKLIUI0
HEUTpaan3aluy pacTBOpa METaHOM, YeM Ha OMOJIOrMUECKUi MPoLiecC, KOTOPBIH Jaiblie UMeeT
crokoiHbIil  xapakrep. IlogoOHBIE H3MEHEHHs B ONBITaX OMNMCHIBAIM  KUTalckue
MCCIIEIOBATENN, HO Y HUX BO3pacTanve mpoucxoauwio ¢ 7,1 go 7,8 B TeyeHUEe ABYX CYTOK
(Taldenkova et al., 2005). Bo3mMoxHO, 3TH pa3iau4us CBS3aHBI C Pa3HBIMHU YCIOBUSIMU HIIH
MaciTabaMu MPOBEJICHHS OTIBITOB.

JIONOJTHUTENBHBIM J10Ka3aTeIbCTBOM OCHOBHOM pOJIM NMPOKapuoT B u3MeHeHuu pH
pacTBOpa SIBJISIFOTCS PE3YJbTaThI ONBITOB C 3aMEHOM €ro Ha CBEXYI0 MOpPCKYto Boay. C kaxaon
NpoKaukoi ymeHblIaeTcss pH pacTBopa M yBeTMUMBAETCS BpEMsl IOTJIOIIEHUS METaHa, YTo
MO3KHO OOBSICHUTH POCTOM UHCJIEHHOCTH KOJIOHUH COO0IIECTB MUKPOOPTaHHU3MOB.

Hamm pe3ynbTaThl SKCHEPUMEHTOB MHOATBEPAMIN, UYTO TE€PAKIMTHL, OKCHOpPICKUE
METAHOJIIMTHl W COBPEMEHHBIE ayTHICHHbIE KapOOHAaTHBIE IMOCTPOHKH, CO3/IaHHBIC
COO0O0IIECTBOM MPOKAPHOT, OTHOCATCS K TPYIIIE ITOPOJI 10]] Ha3BaHuEeM MUKPOOHouThI (Brooks
et al., 1984; Kysueros, 2015). O6pa3oBanne KapOOHATHOIO M OPraHUYECKOrO BEIICCTBA
OPOMCXOTUT 3a CYET mepepaboTKu MeTaHa. MmeeTcs HEKOTOpoe BHEIIHEe CXOJCTBO (opm
BBIJICICHUST KapOOHaTa C TOJOOHBIMH CTPOCHHSAMH ITMAHOOAKTEPHA W CHUHE-3eIEHBIX
Bojopocieit (JKypaeneBa, 1964; Tumodeen, 1982; CasBuueB u np., 2011). IlpaBma, 3a
KOPOTKHUH TPOMEKYTOK BBIIICONMHCAHHOIO 3KCIepUMeHTa  OaKTepualbHble COOOIIECTBa,
c(hopMHpPOBaHHBIE B EMKOCTSIX C 00JIOMKaMH I'epakIMTOB, HE CO3/1aJIi KapOOHATHBIX CTPOCHHINA
C MHKPO TIOJIOCYAaTBIMU M KOJUIOMOP(MHBIMH TEKCTypaMH, KOTOpPbIE XapaKTEpHbI IS
oOpaszoBanuii nmanobakrepuii (XKypasnesa, 1964; AnucumoB u ap., 2012). Kapbonarusie
MOCTPOHKH COOOIIECTB METaHOTPO(MHBIX W METAHOTCHHBIX IMPOKAPUOT (HOPMUPYIOTCS Ha
MOPCKOM JIHE B 30HAaX JIEra3allid YIJIEBOJOPOJIOB, a CO3/IaHHE CTPOSHUH IMaHoOaKTepuit
MIPOUCXOAUT B XOPOIIIO OCBEIIEHHBIX 30HaX (AHUCUMOB | 1., 2012). ImeroTcs 3HaUnTEIbHBIE
pa3nuuus 1Mo 0Opa30BaHMIO OPraHUKU M KapOoHaTa 3a cueT 3Hepruu CoJHIA ¥ BHYTPEHHEH
sHepruu 3emiu. [luanobaktepun Mpou3BoIAT cede MOJOOHBIX B YCIOBHUSIX HEMIPUTOAHBIX JIJIS
KHU3HENIEATEIIbHOCTH JIPYTUX OPraHU3MOB, & METAaHOTPO(HBIE U METAHOT€HHBIE POKAPUOTEHI
CO3/IAI0T BOKPYT 30H JIera3amuu 0a3uchl xu3Hu (JIsicenko, 2014).

BriBoabI

OKCIIEpUMEHT  JIOKa3ajl  BO3MOXKHOCTh  CO3/IaHUSl  Pa3HOOOpa3HbIX  (opm
HOBOOOpa30BaHUI KapOOHAaTa COOOIIECTBOM MPOKAPHOT 3a CYET mepepaboTKH MeTaHa.
Mmeercss BHEIIHEE CXOJCTBO IMOJNYYCHHBIX B XOJAE ONBITOB 00pa3loB KapOoHaTa ¢
MOp}OJIOTHEeH METaHOIHUTOB OKC(hOpIa, TEPAKINTOB U COBPEMEHHBIX ayTUTCHHBIX MOCTPOEK
MOpEi U OKEaHOB, YTO MOJATBEPIKAACT UX POIACTBEHHBIC CBSI3U. BCe OHM OTHOCATCS K TpyIe
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HOPOJI TI0J] Ha3BaHHMEM MUKPOOHOIHUTHL. BbicOkue ckopocTu oOpa3zoBaHusi KapOoHaTa B CepUu
9KCIIEPUMEHTOB CTaBAT IOJI COMHEHME THICAUYEIETHUE BEJIMYMHBI BO3PAacTa COBPEMEHHBIX
KapOOHATHBIX MOCTPOEK HA JIHE MOPEH M OKEaHOB, KOTOPbIE OBUIM TMOJTYYEHBI HEKOTOPHIMH
aBTOPAaMH I10 U30TOIHOMY cocTaBy yriepoaa (XopH, 1972; Jleun u ap., 1975).

B Hamux omnbiTax OakTepranbHbIe MIIEHKH 00pacTaHUs UMEIOT ONPE/ICIICHHOE CXOICTBO
C ONHUCAHUSMH TOJOOHBIX OOpa30BaHMK Ha IOBEPXHOCTH COBPEMEHHBIX KapOOHATHBIX
MOCTPOCK, MOJHSITHIX ¢ OONBIIUX TITYONH UEPHOTO MOpPs. DTO AAET MPaBO MPEIIOIOKUTh, YTO
3a ITTUTEIPHOE TEOJIOTMUECKOe BPEMsI COOOITIECTBO OaKTEpHid U apXel o rnmepepadoTKe MeTaHa
HE TIpeTepIieir 3HAYUTEIbHBIX SBONIOIMOHHBIX W3MEHEHHWH. BHemmHsst Mopdonorus
HEKOTOPHIX (JopM HOBOOOpA30BaHMI KapOOHATa B HAIIIMX OIBITAX UMEET HEKOTOPOE CXOACTBO
C MarepualioM, CO3/IaI0IIUM IMaHOOAKTepUH. DTOT (HaKT MOXKHO OOBSICHUTH TEM, UTO UX
CO3/IaTeN M MPUHAIJIEKAT K OJHOMY IapcTBY npokapuoT (Po3anos, 2003). CienyeT OTMETHTb,
9TO MAHOOAKTEPUHU U COOOIIECTBO METAHOTPOPHBIX OAKTEPHIl M apXeil UCIONIB3YIOT pa3HbBIE
MCTOYHUKHU BEILECTBA W SHEPruu sl oOpa3zoBaHUs opraHUKU U KapOoHata. OOpa3oBaHHbBIE
UMU KapOOHATHBIE CTPOCHHSI CO3/]aHbI B Pa3HBIX MalieoreorpaguecKnx yCIOBUSX.

[Ipu coBpeMEeHHBIX UCCIIEIOBAHUSX JHA MOPEH M OKeaHa METOJaMHu ceiicMOpa3BeIKu
BBIJICTISIFOT MHOTOYHCIICHHBIC 30HBI MOBBIIEHHONW TPEIIMHOBATOCTH C BBIXOJIAaMHU (DIIFOHUIOB
yraeBonopoaoB. O6cneoBaHle YacTU U3 HUX MOKa3ajo, YTO OOBIYHO PSAJIOM C MOKMapKaMu
HAXOMATCS OaKTepHasbHBIC MAThl U AyTHIEeHHbBIC KapOoHaTHBIC mocTpoiiku (Suess et al., 1985;
Mazzini et al., 2004; Jleun, 2005; JIsicenko, LleapmoBuu, 2017). Kak usBecTHO, Omaromaps
NESATETPHOCTH METAaHOTPO(HBIX apxel Mo mepepaboTKe YrIeBOJOPOAOB B KapOOHAT
OpraHMYeCcKOe BEIECTBO, 3HAUUTEIBHO YMEHbBINAETCS MOCTYIUICHHE METaHa B aTMochepy u
ruapocdepy. I[logoOHbIE mTpoIlecChl WX 3alIUTHl MPOUCXOJWIH B MPOIUIOM, O UYEM
CBUJICTENIbCTBYIOT HAXOAKM TMOJOOHBIX KapOOHATHBIX OOpa30BaHH TIepakiIuTOB U
OKC(OPICKUX METAHOJIMTOB B OTJIOXKCHHIX ME3030sI U KAaHO304.

VY aBTopa OBLIM OYEHH OTPAHHUYEHHBIC TEXHHUUYECKHE BO3MOXKHOCTU B OpPraHU3allUd U
MIPOBEJICHUN OIBITOB. BBUIO OBl IeJIecO00pa3HO MPOJOJDKUTh MX Ha 0oJiee BBICOKOM
1ab0opaTOpHO-aHATUTHYECKOM YpPOBHE, HCIOJb3ysl YHUKAIBHBIM HMCXOIHBIM MaTepuan u3
HEOTCHOBBIX METAaHOJIMTOB, KaKHUMH SIBIISTIOTCS TepaKIUTHL JlanpHeWmue paOdoThl AOKHBI
OBITH HAmpaBICHbl Ha HM3y4yeHHE OOpa30BaHMA KapOOHATHOTO BEIECTBA B aHA’pPOOHBIX U
a’pOOHBIX YCIIOBUSAX TPU M3MCHCHHH ITOKa3aTeliel TeMIepaTyphl, AaBICHUS, COJIEHOCTH U
00BEMOB IKCIIEPUMEHTANBHON MocyAbl. Heo0X0auMO BBISICHUTh, C KAKUMH XUMUYECKUMU U
OpraHMYECKUMH 00Pa30BaHHUSIMH CBsI3aHA KHCIIas cpea pactBopa. [I[puMeHeHHe COBpEMEHHBIX
METOJIOB MEUEHBIX HM30TOIOB, MO3BOJHUT YCTAHOBUTH ATalbl 00pa30BaHHs KapOOHATOB U HX
CBSI3b C CO3JJaHMEM OPTaHUYECKOTO BEIIECTBA.

JlanbHelIre onbITHBIE PaOOThI O U3YYEHUIO 00pa30BaHNI0 KapOOHATHOT'O BEIIECTBA
CO00IIeCTBAMH TIPOKAPHOT 32 CUET MepepadOTKM MeTaHa IMO3BOJHUT Pa3paboTaTh METOIUKY
[EMEHTAIINH PHIXJIBIX OCAJKOB B MOPSIX, OKeaHax U pekax. buorennas neMeHramus B Oyaymiem
MO3BOJIUT CO3/aBaTh HCKYCCTBECHHBIC PU(BI BIOJIb IISKHBIX 30H U YIIPOCTUTH CTPOUTEIIHCTBO
HA WJIOBBIX OTIOXKCHHSIX.
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AN EXPERIMENT ON THE REVIVAL OF COMMUNITIES OF ARCHAEA AND
MIOCENE BACTERIA FROM HERACLITES
Lysenko V.I.
Sevastopol Branch of Lomonosov Moscow State University, Sevastopol, Russian Federation,
e-mail: niagara_sev@mail.ru

The article presents the results of experimental work on the revitalization of prokaryotic communities
from Miocene carbonate formations called heraclites. Experiments have shown that the formation of
organic and carbonate substances occurs due to the processing of methane by the community of bacteria
and archaea. Changes in temperature and pH during methane pumping indicate biochemical processes
in solution. The formation of bacterial carbonate material occurs in the acidic medium of the solution
with a pH from 5.750 to 6.674. Bacterial film protects carbonate neoplasms from dissolution. The variety
of forms of bacterial carbonate, which have an external similarity with the morphology of modern
carbonate structures of the seas and oceans, heraclites and Oxford methanolites, is surprising. The high
growth rates of bacterial carbonate in experiments, cast doubt on the millennial age of modern carbonate
structures at the bottom of the seas and oceans. The color form and zonality of the Miocene bacterial
overgrowing is similar in appearance to the modern one in the Black Sea, which confirms the hypothesis
of their minor evolutionary changes. It is advisable to continue at a higher analytical level experimental
work on the study of microbial communities from Miocene heraclites.

Keywords: bacteria; archaea; methanotrophic and methanogenic prokaryotes; chemosynthesis;
bacterial mats; carbonate buildings; experiment; methane; carbonate neoplasms; Miocene; Heraclitus.

Ilocmynuna 6 peoakyuro 17.09.2019 e.
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JANHAMUKA MAKCUMAJIBHBIX TEMIIEPATYP BO3YXA HA TEPPUTOPUHN
KAPAJIATCKOI'O 3AIIOBEJJTHUKA B 2014-2018 I'T.”
Hukudoposa M.IL., Jlanuenko B.A.%, 3yes A.B.?
Y®rA0Y BO «Kpoimckuii pedepanvruoiii ynusepcumem umenu B.U. Beprnadckozoy,

2. Cumepeponons, Poccuiickan @edepayus, e-mail: nikiforovamp@yandex.ru,
?Kapadazckas nayunas cmanyus um. T.H. Bazemckoz2o — npupoonwiil 3anoeeonux PAH — unuan
OI'BYH OUL] UnbIOM, nem. Kypopmnoe, 2. @®eodocus, Poccuiickas Dedepayus,
e-mail: ozon.karadag@gmail.com

IIpuBeneH aHanu3 M3MEHYMBOCTH MPHU3EMHOI TemmepaTypsl Ha Teppuropun Kapamarckoil HaydHoi
craaruu uM. T.U. Bszemckoro — mpupoaoro 3amoBeaanka PAH — pmwmana ®I'bYH UL «MaCcTHTY T
onosorun rokHBIX Moped mMeHn A.O. KoaneBckoro PAH» B 2014-2018 rr., ocoboe BHUMaHuE
Y/IEJICHO BBISBICHHUIO OCOOEHHOCTEN MEXI0IOBON TMHAMHUKHA MAaKCHMAaJBHBIX TEeMIIepaTryp Bo3ayxa. B
KayecTBE MCXOJHOI0 MaTepHaja HCIIOJb30BaHbl JaHHBIE CPOYHBIX M3MEPEHHH, MPOBOAUMBIX B IBYX
toukax Kapanarckoro 3anoBeqHuka, a iMeHHO Ha CtaHIMK (POHOBOTI'O IKOJIOIMYECKOTO MOHUTOPHHIA
(COOM) (r. Cpsras, 180 m Hag y.M.) u B Kapagarckom naHamagdTHO-3KOJIOTHYECKOM CTallHOHape
(KJIDC) (xpeber bem-Tamr, 140 M. Hax y.M.). [Tokazano, 9To pa3HUIA MEXKTY CPOYHBIMU H3MEPCHUSIMHU
MIPU3EMHOI TeMITepaTyphl IBYX CTAHIMI MOXET JOoCTUTaTh Oonbimx BenudrH (10 10°C B OTAETHHBIX
CIydafx), B TO >K€ BpeMs CpPEAHECYTOYHble 3HAYEHHUS OTIMYAIOTCA HE TaK 3HAYUTENbHO, a
cpeaneronoBsie TemiiepaTypsbl 3a 2014-2018 rr. ornnuarorest Ha 0-0,2°C. 310 00BsACHSETCS, B O0NbLIEH
CTETIeHH, OCOOCHHOCTSIMH CYTOYHOTO XOJa TeMIepaTyphl Bo3ayxa Ha Kapajaare: mpu OTCyTCTBHHU
COJIHLIA B CEBEPO-BOCTOYHOM YaCTH TEPPUTOPHH 3alI0BETHHKA, I'ie pacnonoxeHa COOM, remmnepaTypbl
BBIIIIE TI0 CPAaBHEHUIO C toro-3amagHor yacteio (KJIDC), a B nHeBHBIC Yackl — Hao0opoT. [lokazaHa
TEHICHIMS K PETHUCTPALUM 3a MOCIEIHHUE IATh JIET BCe OONBIIMX 3HAYEHHMH MaKCHMAaJIbHOM 3a rof
TeMIepaTyphl, K CYIIECTBEHHOMY YBEJIMYEHHIO YHCIIA KapKUX AHEH (TeMIiepaTypsl BhIIIE TOPOTOBOIO
3HAYEHUs]), @ TAKOKE K TIOBBILICHHBIM 3HAYEHUSM CYMMbI aKTUBHBIX TEMIIEPATYP.

Kuarouessle cioBa: Kapanarckuii 3anoBeiHUK, IpU3eMHas TeMIEpaTypa, U3MEHYUBOCTb, CYTOUHBIN U
CE30HHBII X0J], MEXXI'0JJ0Basi TMHAMHKA, MaKCUMaJIbHas TeMIIepaTypa.

BBenenue

HecMoTpst Ha MHOTOYMCIIEHHBIE MEKYHAPOAHBIE COTJIAIICHUS 110 BOIIPOCAaM KJIMMaTa,
10 BCEMY MHpPY HaOJIIOAOTCS CYIIECTBEHHBIC KIIMMATHUYECKUE U3MEHEHHS, TEMIIBI KOTOPHIX
3a MOCNEAHUE MATh JIET 3HAUUTEIBbHO YBEJIUYWINCH, YTO, B IEPBYIO OYEpEb, MPOSBISETCS B
M3MEHYMBOCTU TpHU3eMHbIX Temmeparyp. Ilo cocrosuuio Ha konen 2018 r. (Hdokmax o6
ocoOeHHOCTAX..., 2019), Bce BoceMHamaTh JeT XX B. BXOJAT B YKCIIO JBAJIATH CaAMBIX
JKapKHUX JIET 3a BCIO UCTOPHUIO0 MeTeoHaOmoaeHuil (B 20-Ky Takke BXOJAT JiBa rojia KOHIIa
XIXB.—1997 1 1998 rr.). B EBpone 2018 r. Hapsiay ¢ 2014 r. npu3HaH caMbIM KapKUM r'0JIOM
C MOMEHTa Hayaja WHCTPYMCHTAIBHBIX HaOMoAeHW 3a morojoil. HeObiBambie
TEMIIEPATypHbIE aHOMAJIMK HAOIIOAAINUCH B MOJIIPHBIX PETHOHAX, OCOOCHHO B APKTHKE — Ha
3-4°C OGosbllie CpeHEroJJ0BOM HOPMBI, YTO MPUBOAUT K JalIbHEHIEH HWHTCHCU(DUKAIIUN
MIPOLIECCOB TasiHUSI JIbJOB U BEYHOM MEp3JIOThI (IUIOLIA[h APKTHUYECKOTO MOPCKOIO JbJa 3a
sumHu# niepuon 2018 r. cranma pexopaHo HU3KOM). TemmnepaTypHbie anHomannu Ha CeBepHOM
noytoce B 3uMHUM nepuop 2018 r. TOCTUIIIM TakoW BEJIMYMHBI, YTO BIIEPBBIC MJII 3TOTO
BpPEMEHH rojia MpU3eMHas TeMIepaTypa TyT MOAHSIIACH BBIIIE HYJIS.

" Hccneooeanue svinonneno npu noooepaicke Ipozpavmer pazeumus @PIAOY BO «Kpuvimckuil
gedepanvnviii ynusepcumem umenu B.U. Bepnaockozo» na 2015-2024 20061 no npoexmy «Cemb
axademuyecxkou moburvHocmu «l UC-Jlanowagm — Texnonocuu u memoouxu Gopmuposanus
2e0nopmanos cospemenHvlx aanoutagpmos pecuonos» 8 2017 200y, a maxoce 8 pamkax memuvl 1oc.
3adanus KHC — 13 PAH ¢unuana ®I'bYH ®UL] HHEIOM (NeAAAA-A19-119012490044-3).
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Ananu3 norogHbix ycnoBuir B Poccuiickoit ®enepauuu B 2018 r. (Hokmax o6
0COOCHHOCTSX. .., 2019) moka3zan HaJIW4Yue CYIICCTBEHHBIX aHOMAJWW IO BCEH TEPPUTOPUU
ctpanbl. OCOOEHHOCTBIO 3TOTO Toja CTalId CBOEOOpasHbIE «TEMIIEpaTypHbIC Kadyeln» B
Pa3IMYHbIX POCCHUICKMX PETMOHAX, KOTOpPbhIE MPOSBISINCH B PE3KHUX CKAuKax MPU3EMHOMN
TeMIeparypbl (OT CYLIECTBEHHOW IIOJIOXKUTEIBHOW aHOMA&JIUUM [0  CYIIECTBEHHOHN
OTPHULIATENIbHOM), MPOUCXOIALINX MEHEE YeM 3a CYTKH. AHAJIOTUYHASI HEOTHOPOJAHOCTh ObLIa
XapakTepHa M Il OCaJKOB, HAPALY C IPOJOJDKUTEIBHBIMM M MOLIHEMIINMHU NEPUOAAMHU
3aCyXH B HEKOTOPBIX 00JIaCTAX B COCEHUX PETHOHAX HAOJIOJAJINCh CUIIbHEHIINE JIMBHHU, TIPU
KOTOPBIX MECSYHbIE HOPMBI OCAJIKOB 1 O0Jiee BhINaaiu 3a O1HU CyTKU. [To100HbIe (heHOMEHBI
ABIIIOTCS OJHUM W3 IPOSBICHUN COBPEMEHHBIX KJIMMATHUYECKUX M3MEHEHHUH, ONAacHOCThb
KOTOPBIX 3aKJII0YAeTCsl B CYHIECTBEHHOM YBEJIMYEHMM YMCJIA ONACHBIX MOTOJHBIX SIBICHUH.
Tak, B 2018 T. KOJWYECTBO TPOMHYECKUX IUKJIOHOB OBLIO BBHIIIE HOPMBI BO BCEX BOJAX
CeBepHoro nosaymapus. 3HaAUYUTENBHO BO3POCIO YUCIO ONACHBIX SIBJICHHUH IIOTOABI M Ha
tepputopuu Poccuu: B 2017 1. ux obmiee uncio coctaBuio 907 ciydaes, a B 2018 1. — yxe
1040 (Joxnam 06 ocoOeHHOCTSX. .., 2019).

[IpeBplieHME  PEKOPAHBIX 3HAYCHWM  AHOMAJIMMl  NPU3EMHOW  TEMIIEpaTypbl
npononkuioch U B 2019 r. B mae-utone Ha Tepputopun EBpornbl Habmroaanacey ype3BblyaiiHast
’Kapa, Ha MHOTUX IYHKTax HaOIroAeHUH ObLIM OOHOBIIEHBI TEMIIEPATypHbIE PEKOPIbl, MPHU
ATOM TOJIOKUTEIbHBIE AHOMAJIUU MTPU3EMHOM Temrepatypbl gocturain 10°C mo cpaBHEHUIO ¢
HOpMOH. PexopaHble TeMnepaTypbl ObUIH 3a(MKCUPOBAHbI B NOJSPHBIX peruoHax CeBepHOro
nonywapus. Hanpumep, Ha AJjsicke BIEPBBIE 32 BCIO UCTOPUIO METEOHAONIOICHUI B Hadase
UIOHS OB OTKPBIT KYIAJIbHBINA CE30H, a JaJIbHEHIIee YCUIIEHHUE JKapbl IPUBEJIO K CUIIbHEHIIINM
JIECHBIM TIOKapaM, M3-3a KOTOPBIX ObUIM 3BaKyMpOBaHbI >KUTEIM MHOTHMX TeppuTopuil. B
ApxTtuke uoHb 2019 . BHOBb OOHOBHII MPEABIAYIIHA PEKOPA M CTal CaMbIM TEIUIBIM 3a
MHCTPYMEHTAJIBHBIA MEPHUO, a JIeJ BOKPYr AJIACKH, KOTOPBIH, KaK MPaBWIIO, JEPKUTCS J10
UIOHS, TNOJHOCThIO pactasin  yxe B Mapre (IIpecc-ciyx6a I'mapomerieHtpa,
http://meteoinfo.ru).

B nogo0HBIX yCHOBUSX TPYIHO NEPEOLEHUTbh AKTYaJbHOCTb METEOHAOIIOACHUM, a
TaKXKe TOAPOOHBI aHANIW3 C BBIABICHHEM 3aKOHOMEPHOCTEW, (aKTOpOB M TPUYHH
U3MEHUMBOCTH  METEONapaMeTpoOB, MO3BOJIAIOIIMKA  BIIOCIEACTBHM IEPEUTH K €€
MOJICIIMPOBAHUIO M NIPOTHO3MPOBaHMIO. B HacTosmei pabore aHATU3UPYETCs H3MEHUYUBOCTh
npuzeMHoii Temnepatypsl B 2014—2018 rr. na repputopuu KHC — 13 PAH ¢ununana ®I'BYH
OULl MHBIOM (Kapaparckuii 3amoBeAHMK). AKTYalbHOCTh aHajlIM3a TEMIEPaTypHOTO
pexumMa (POHOBBIX CTAHLMHN 3aKJIIOYAETCs, MPEXKIE BCETO, B BBIABICHUHM 3aKOHOMEPHOCTEH
M3MEHYMBOCTH MPU3EMHON TEMIIEpaTypbl B MyHKTaX, HaXOJAIIUXCA BIaJeKe OT FOPOJICKHUX
UCTOYHUKOB Termia («OCTPOBOB Termja» ropojos). Kpome 3Toro, GONBUIMHCTBO MOJA0OHBIX
CTaHIMI, B TOM YHUCJIE U paccMaTpuBaeMble B JaHHOW paboTe, paclojOKEHbl B IPAHULIAX
0c000-0XpaHsIEeMbIX IPUPOIHBIX TEPPUTOPUH, T 1€, KaK IPABUIIO, BCTPEUAIOTCS MHOTHE PEIKUE
Buabl (iopel U ¢aynsl (Jlunka, 2017). iMeHHO OHM B NHEpPBYIO OuYepeab pearupyroT Ha
U3MEHEHMS BHEIIHEH Cpeibl, K YHUCIy KOTOPBIX, OE3yCIOBHO, OTHOCATCS COBPEMEHHBIC
knuMatnueckue naMenenus (Tumkos, 2011; Cepruenko, Koncrantunos, 2016).

@iiopa BBICIIMX cOCyAUCTBIX pacteHuil Kapagara nacuumteiBaer 1165 BuIoB, u3
KOTOphIX 108 BUIOB MMEIOT pa3jIMYHbIE CTATYChl OXpaHbl. B 3amoBeHHKE MPOU3PACTAET
0oJbIIOE KOJMYECTBO 3HJIEMUYHBIX pacTeHM KppiMa, a Takke pPEIUKTOBBIX pPAaCTEHUH,
OTHOCSIIUXCS, B OCHOBHOM, K noJyienHukoBoi smoxe (Kapamar 3zamoBenmnbiid..., 2011). He
MEHBIIUM Pa3HOOOpa3HeM OTIMYACTCS M XKHUBOTHBIH MHUp 3allOBEJHUKA, a TaKXe MOpCKas
¢uopa u dayna. bonblioe yUCIO UX BUJIOB UMEIOT PA3IMYHbIE OXpPAaHHBIE CTATyChl. TakuMm
0o0pa3oM, pe3yapTaThl aHalIW3a OCOOCHHOCTEH BapualMii MPU3EMHOM TeMmIepaTyphl Ha
teppuropun Kapaaarckoro 3anoBeiHiKa MOT'yT ObITh UCIIOJIb30BAHbI HE TOJIBKO JUI U3yUYEeHHUs
3aKOHOMEPHOCTEN M3MEHYMBOCTH TeMIlepaTypHOro pexxuma B KpbiMy, HO M B Bompocax
BIIMSHUS U3MEHEHUH TeMIlepaTyphbl BO3/lyXa Ha 3aoBeiHyto (hiaopy U (ayHy.
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MartepuaJjbl 1 METOAbI

B kadecTBe MCXOQHOTO Marepuana HUCCIEIOBAaHUS UCIIONIb30BAIUCH JAHHBIE CPOUHBIX
(exxeuacHbBIX) M3MepeHUI MpH3eMHON TemmepaTypbl B 2014-2018 rr., ocyIiiecTBIsieMble Ha
tepputopuu Kapagarckoro 3amnoBe/iHUKa Ha IBYX CTaHIUAX:

1. Crannus ¢ponoBoro sxonorundeckoro Mmouutopura (COOM, r.Cesras, 44°55' c.i.,
35°14'B.a., 180 M Hag y.M.).

2. Kapanmarckuit nanamadgTtHo-3komorndeckuii cranmuonap (KJIDC, xpebder bem-Tam,
44°55' c.m., 35°12' B.A., 140 m (111 M o nanueiM GPS) Hax y.m.).

Mecropacnonoxxeane COOM Ha ceBEpO-BOCTOUYHOM CKIIOHE Tophl CBsATas OBLIO
coriacoBaHo B 2012 r. ¢ Koopaunanuonnsiv Xumuueckum Llentpom KXII (Hopserus) mo
nporpamme EMEIL 3a Bpemsa cBoero cymectBoBanuss COOM ydacTBOBaja BO MHOTHUX
BCEPOCCUMCKMX U MEXKIYHAPOAHBIX IpoOeKTax. l3MepeHus mpU3EeMHONW TeMIepaTypsl
MPOBOJIATCS ¢ MCIIOJIB30BAHUEM MeTeoposoruueckoi cranmuu WS-600-UMB Lufft (GmbH,
Fellbach, Germany, http://www.lufft.com) ¢ Tounoctrio u3mepenwuii +0,2°C.

KJIDC pacnonaraercs B roro-3amajHoi yactu Kapamarckoro 3amoBejHHKa, HAa IOTO-
BOCTOYHOM cKJIoHe XxpeOta bem-Tam, B 1,85 kM or UYepHoro mops. AOGCOOTHAs BbICOTA
xpebTa B npezenax cranuoHapa — 257 M Hana y.M. [IpeBblieHre BepXoBHil HaJl YCTheM Oaku
KJI9C cocraBnsier 140 M. Merteoponoruueckas IUIOLIaJKa CTallMOHapa, Ha KOTOPOH
PETyIsIpHO MPOBOAMINCH U3MEPEHHUS TeMIlepaTypbl BO3AyXa B 3aIIUTHBIX KAIO3UHHBIX
Oyakax Uis METEOPOJIOTHYECKUX MPUOOPOB ¢ MeTeoposornueckumu tepmomerpamu (TM-1,
TM-2, TM-4) u HenenbHbIM TepMorpahom M-16AH obecreuynBamOIMM HEMPEPHIBHYIO
pPETUCTpaINIO U3MEHEHHUI TeMIepaTyphl BO3/lyXa ¢ morpemuocThio +1°C (exxeuacHble TaHHbIE
KOTOPOTO M OBUIM HCTIOJNB30BaHBI B HACTOAIIEH paboTe, TOUHOCTh TEMIEPATYPHBIX 3HAUYCHUI
JIOCTUTANACh IyTEM IIONPAaBOK C MCIOJIb30BAaHUEM IOKa3aHUH TEPMOMETPOB MOIPELIHOCTh
koTopeix coctaBisier +0,1°C), HaxoAWTCSd B HIDKHEH 4YacTH BOJocOOpa Ha OTHOCUTEIBHO
poBHoii moBepxHocTu (CB, kpyru3Ha 5°) B 15 M oT TanbBera 6anku Ha Beicote 140 M Hax y.m.
(T.e. yke B npeaenax Kapanarckoii nonunsl). Bnusiaue 1oaMHHOTO penbeda Ha TePMUYECKHA
pexum 31ech 3ameTHO BeipaxeHo ([Ipupona Kapanara..., 1989).

Ucxonubie nanubie 3a 2014-2018 rr. OogHOPOAHBI M NPAKTUYECKH HE HUMEIOT
MPOITYCKOB, €IMHCTBEHHBIM CYIIECTBEHHBIM TMpolOen — Hayano 2016 1., CBsA3aHHBIA C
OTKJIIOYEHUEM 3JIEKTPO3HEPrun Ha KppIMCKOM MOJIyOCTPOBE, IOATOMY HAayajao HENPEPbIBHBIX
n3mepennit Ha COOM B 2016 1. natupyercs 16 anperns.

AHanu3 MCXOJHOTO MaTepuaja OCYIIECTBIISICS METOJaMH  MaTeMaTUYeCKOU
CTaTHUCTUKH W CHEKTpajbHOro aHaiu3a. [lo cpouHbIM JaHHBIM pE3yJiIbTATOB H3MEPEHUIl
METEOPOJOTUYECKUX TMapaMeTpPOB 32 KaXIbli Yac BBIYHMCIUIUCH CPEIHECYTOUYHBIE,
CpelHEMECSYHbIE M CpEAHEroJI0Bble 3HaueHWs. B pacuerax yduTHIBAIUCH 3HAUEHUS C
TOYHOCTBhIO m3MepeHus Oonee 99% (Obun uckmrodeHol He Oonee 10 Toyek 3a Bech
paccmaTpuBaeMblii nepuon). s aHanm3a MPU3EMHBIX TEMIIEpaTyp IO CTaHAapTHBIM
dbopMyniaM pacCUMTHIBAIUCH CPETHEKBAAPATUYECKOE OTKIOHCHHME M aMIUIUTyda (pa3HuIa
CPEIHECYTOUHBIX TeMIIepaTyp ABYX IMOCIIEI0BATENbHBIX JHEH). J{JIs BBIIOIHEHUS! pacueToB U
COCTaBJICHUS] WIUTIOCTPALIMOHHOTO MaTepuayia ucrosib3oBaiuch nporpamMel PTC Mathcad
13.0, a taxxxe Golden Grapher 11.0.

Pe3yabTaThl u 00Cy:KI1eHHE

Ananmu3 myOnHMKanui 3a MmoclieiHUEe rojia MOATBEePKIaeT, uTo B KpbiMy HaOr01at0TCS
O6H.[CMI/IpOBBIe TCHACHIUN COBPCMCHHBIX KIMMAaTHUYCCKUX H3MEHEHUHU U, B YaCTHOCTH,
OIACHBIX METEOPOJIOTHYCCKHX SIBICHUI:

® VYBCIIMYUBAIOTCA CPCAHCMECAYHBIC TEMIICPATYPbl W TOAOBBIE CYMMBI OCAaIaKOB
(JanoBa, Hukudoposna, 2016; ITapy6er, 2009);
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e YBEIMYMBACTCS YMCIIO YparaHHbIX BEeTpoB U mecyaHbix O0yps (XKyk, Epruna, 2017;
XKyk, Epruna, 2018);
e HaOIIOAAaeTCs POCT M AKCTPEMaNbHBIC 3HAYCHUS OMOKIMMATHUYECKUX TOKa3aTesen
(lanoBa, Huxudoposa, 2016; Hukudoposa, 2017 (2); anosa, Hukudopona, 2018);
e Bo3pacraeT yncio BoaH teria (Hukudoponsa, 2017 (1); Hukudoposa, 2017 (2)).
3a nocneanue mATh JeT (2014-2018 rr.) Ha Teppurtopun Kapanara, mo JaHHBIM
U3MEPEHUH IBYX pacCMaTpUBAEMBIX CTAHLIMH, TaKkKe HaOII0AaeTCsl TEHACHIUS K YBETHUEHUIO
temneparyp (ro nanubiM (Kapanar 3anoBeansiit. .., 2011) cpeiHEMHOT0JIETHSSL CPEAHET0/10Bast
TemIepaTypa B 0OJJHOM M3 Haubosee Termibix MectT Kapanarckoro pernona — Ha Kapanarckoit
Hay4HO-UCCIIEIOBATENIbCKON reodusnueckoir obceparopun (KHUI'O, 42 M Ham y.m)
cocraBmsa 12,1°C). B T1abn. 1 mnpuBeaeHbl 3HAUYEHUs CPEIHETOJOBBIX IPU3EMHBIX
TeMIeparyp, noiayueHHbIx Ha ctaHiussx COOM u KJIDOC.

Taboauuna 1.
3Ha4veHHs CpeIHEro10BOM NMPU3eMHOM TeMniepaTypbl Ha TeppuTtopuu Kapanara
3a 2014-2018 rr.

COOM KJISC
2014 12,9 12,9
2015 13,3 13,1
2016 12,5 12,5
2017 13,0 12,8
2018 13,5 13,6

W3 tabn. 1 BUIHO, YTO CPEAHETOIOBBIE 3HAYEHUS NPU3EMHON TEMIEPATyphl HA ABYX
CTaHLUAX MPAKTHUECKU HE OTJINYAIOTCA. J{J1s1 HEKOTOPBIX pacCMaTpPUBAEMBIX JIET, HA CTAaHIIUU
CD®DOM 3HaueHus TemriepaTypsl Ooibie 3HaueHWi ctanmuu KJIDC Ha nmecareie Tpamyca.
Haubonbias pasHuiia cpeHEroI0BOM MpU3eMHON TemepaTypsl Habmogaetcst B 2015 u 2017
rr. u cocrapiuger 0,2°C. 3a mocnenHue TSATh JIET CpPEeIHEE 3HAYCHHE CPEIHETO[0BOM
TemnepaTypsbl coctaBiseT ~13°C mis 00enx CTaHLuUM, YTO COBNAJAET CO CPETHEMHOT OJIETHEH
BeIMUMHON TemmepaTypsl Ha IOxHOM Oepery KpbiMa, rae B MOCIEAHHE TOIbI TakKxkKe
Ha0II01aeTCs 3aMETHOE MOBBIIICHHE MTpU3eMHBIX Temnepatyp (Hukudopona, 2017 (2)).

CambIM TETUTBIM TOJIOM 32 TIOCTIeTHUE TISTh JIeT cTtai 2018 1. (kak U 1711 MHOTUX ITYHKTOB
10 BceMy 3eMHOMY 1iapy). Ha puc. 1 npencrasieH rojoBoit Xo cpeiHeCyTOYHON NpU3EMHON
temreparypsl B 2018 r. Ha nByx ctanuusax Kapanara.

W3 puc. 1 BuaHO, 4TO, Kak MpaBWIO, HA IOJIOKUTEIBHBIX NMHKAaX IOJOBOTO XOJa
npu3eMHONW TemrepaTypbl Ha cTaHuuu COOM  ¢dukcupyroTcss OoJblIMe 3HAYEHUS 10
cpaBHeHuto co craniueit KJIDC. AHanornynble 0COOCHHOCTU XapaKTEPHBI U IS OCTATbHBIX
roJIoB B paMKax paccMaTpUBaeMoro S-JeTHero nepuoja. Ha ocHOBaHMU MOJYy4YEHHBIX paHee
pe3yabTaTOB aHalIM3a MeTeopojorndeckux ycnouih Ha Kapamare B 2014-2018 rr.
(Huxudoposna, Jlanmuenko, 2019), 6bu1M U3y4eHbI OCOOEHHOCTU pacupeeieHus HauOoIbIuX
3HaYeHUH pa3zdpoca MEXAYy CPEeIHECYTOUHBIMHM TEMIIEpaTypaMH, MOJIY4YeHHbIMH Ha JABYX
cranuusax Kapagarckoro 3amnoBeHHMKa (YYUTHIBAIUCH 3HAYEHMs, KOTOPBIC IIPEBBIILIAIN
CPEIHEKBaIpaTUYeCKOe OTKJIOHEHHE COOTBETCTBYIOIIMX BpEeMEHHbIX psaoB). Ha puc. 2
MPEJCTABJICHO PACIPEICICHUE 3HAYCHHUI pa3HULIbI MEKY CPEIHECYTOUHOW TEMIIEPATYpOH 1O
nanabiM COOM u KJIDC B 3aBUCHMOCTH OT HOMEpa CYTOK B TOAY (YUUTHIBAIHCH BCE IO/
nepuona 2014-2018 rr.). U3 puc. 2 BUAHO, UYTO pacmpeneeHUE PasHUIBI MEXIY
pacCMaTpuBaEMbIMM psilaMH  CPEAHECYTOYHBIX TEMIIEpaTyp B TOJOBOM XOJI€ HUMEET
MOJIMHOMUAJIbHBIN BUJ (2 CTENIEHN).

Ecnu Hanbounpime 3HaueHUs, KaK MPaBUIIO, HAOIIOIAI0TCS paHHEH BECHOUW M TO3IHEH
OCEHBIO, TO OCHOBHOE YHCIO CJIYy4aeB CYLIECTBEHHOW pa3HMLbI (CPaBHUMOH C
COOTBETCTBYIOILIUM  CPEIHEKBAAPATUYECKUM OTKJIOHEHMEM) MEXAY CpPEIHECYTOUHBIMU
temnepatypamu, peructpupyembiMu Ha COOM u KJIIDC, npuxoaurcsi Ha BECEHHUE U OCEHHUE
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MECSLBI. B nerHunt nepuon, HECMOTpsS Ha HC6OJ'H:I_HI/IG SHaA4YCHHA CPCAHCKBAAPATUYCCKOI'O
otkionenus (Hukudoposa, Jlamuenko, 2019), cirydan ux npesbimenns 3a 20142018 rr. 6putn
PEIKH.
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Puc. 1. Cpennecyrounsle npuseMHble TemnepaTypsl Ha Kapagare B 2018 r. o jaHHBIM
COOM u KJIDC
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Puc. 2. Pacnpenenenue mo HoMmepy CYTOK B TOAYy 3HAYEHUW Ppa3HUIBI MEXKIY
CPEIHECYTOYHBIMH TEMIIEpaTypaMH, noiaydeHHbIMU Ha COOM u KJIDC

Ha puc. 3 npexncrasieH cpeqHEro0BOM CYTOUYHBIN X0 MPU3EMHOM TeMIIepaTyphbl Ha
tepputopuun Kapanarckoro 3anoBeHUKa IO JaHHBIM U3MepeHU nByX cTaHumi (3a 2018 r.,
aHaAJIOTUYHbIE OCOOCHHOCTH XapaKTepHbI s Bcex JeT nepuoaa 2014-2018 rr.). U3 puc. 3
BUJHO, yTo Ha cranmuu KJIDC, pacnonmokeHHOW B roro-zamagaHoi vactu Kapamarckoro
3aloBe/IHUKa, TeMIIepaTypa BO3AyXa IPH OTCYTCTBUHM COJHLA (B CPETHET0JIOBOM CYTOUYHOM
xojie ¢ =17 4. 1o =7 4. yTpa), NpexJe BCero, u3-3a HOUYHON MHBEPCHUU TEMIEPATYPHI, HUXKE 110
CPAaBHEHMIO C CEBEPO-BOCTOYHOMN YaCTHIO 3aII0BEIHUKA, I'71e HaxoauTcs craHuuss COOM.
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Puc. 3. CyrouHblli XOJI NPU3EMHOM TeMmIiepatypbl Ha TeppuTopuun Kapamarckoro
3anoBegHuKa 1o JaHHbIM u3Mepenuit COOM u KJIDC (cpenneronossie 3HaueHus 3a 2018 r.)

B 10 e BpeMms 1HEBHBIC TeMmepaTypsbl, peructpupyemsie Ha KJIIDC, na 1-2°C Bole
10 cpaBHEHMIO ¢ TaHHBIMU CDOM. U3 puc. 3 Takke clienyeT, 4To B paCCMaTPUBAEMbIX YaCTAX
tepputopun Kapajgarckoro 3amoBelHUKA OTIMYAETCS BpEeMsl HACTYIUICHUS MaKCHUMaJbHOMN
JIHEBHOM TeMiiepatypsl: Ha ctaHuu COOM ona peructpupyetcs B paiione 14—15 4. nus, a Ha
cranuu KJIDC — B 13-14 4. nua. [TogoOHBIE 0COOEHHOCTH XapaKTEPHBI IS BCEX MECSIICB
roJla U MaJjio 3aBUCAT OT ce30Ha. CBsI3aHO 3TO, Ha Hall B3I, ¢ 0COOEHHOCTAMHU opM pernbeda
MECTOPACIOJIOKEHHS paccMaTpuBaeMbIx ctaniuil. Tak, yctanosneno (IIpupona Kapanara...,
1989), uro ns Kapagarckoit 70JMHBI, HA TEPPUTOPUH KOTOPOH pactionoxeHa cranius KJIDC,
XapaKTEepHbl MOBBIIICHHbIE 3HAYEHUS MPU3EMHON TEeMIIepaTypbl B JHEBHBIE YacChl, B BUIY
ocnabyieHus: BepTUKaIbHOro oOMeHa. OaHuM U3 (aKkTOPOB BBISBICHHBIX OTIMYUNA CYTOYHOTO
X0J1a MPU3EMHOM TeMIIepaTyphl Ha ABYX CTAHIUAX, 110 BCEH BUIUMOCTH, MOXKET OBITh TO, YTO
Ha CEBEpPO-BOCTOYHBIC CKIOHBI T. CBatas (Mecropacnonoxkenue CDOM) npuxomsTcs
HauMeHbIIKe 1o TeppuTopuun Kapanarckoro 3anoBeiHUKa BEIMYMHBI COJTHEUHOM paauanuu, a
Ha I0KHBIE CKJIOHBI XpeOTa bemr-Tam (mectopacnonoxkenne KJIDC) — nanbonwimme (Kapamar
3amoBeaHbli..., 2011). BrnusHue Takke MOTyT OKa3blBaTh OCOOCHHOCTH LUPKYIALUU H
BETPOBOTO PEXUMa, OJHAKO, K COXKAJIEHHUIO, TMOJO0OHBIE HCCIENOBAaHUS OCYIIECTBISIOTCS
Tosibk0 Ha CODOM. BBICOTHBIN rpaiueHT, BeIMYUHA KOTOPOTO i TeppuTopun Kapanarckoro
3anoBeqHUKa B cpenHeM coctaBimsier ~0,8°C / 100 M, Mmo-BUAMMOMY, HE OKa3bIBaeT
CYILLECTBEHHOTO BIUSHUS Ha Pa3InyMs TEPMUUECKUX PEKUMOB B paCCMaTPHUBAEMBIX pailoHaX.

PaccmatpuBaemsrit S-netanii nepuos (2014—2018 rr.) B BUy HEOONBIIION JJIMHBI psiia
HE TMO3BOJIAET CJeJlaTh JOCTOBEPHBIX BBIBOJIOB O MEXI0J0BOM JMHAMUKE NPU3EMHOMN
Temreparypsl B paiioHe Kapagara. M3 Ttabn. 1 BUIHO, 4TO €€ CpeIHEroOBbIE 3HAUYCHHUS 32
MOCJICTHAE 5 JIET UMEJIM Pa3Hble BEJIMUUHBI ¢ pa3opocoM okoiio 1°C, omHako, Bce OHU OBLIH
0ombIlle CPEAHEMHOTOJIETHETO 3HAUEHUS JJI OJHOTO M3 CAMbIX TEIUIBIX MECT B MpHUAENax
Kapanmarckoit ropuoii rpymner (KHUI'O) — 12.1°C. Ilpuuem B caMblii TeIUIBIA 32
paccmatpuBaeMblii mepuon rox (2018 r.) 3TO TPEBBIIEHHE COCTAaBMIIO CYIIECTBEHHYIO
BEJIMUMHY — OKOJIO TIOJyTOpa rpaaycoB. Takue JaHHbIE COOTBETCTBYIOT MUPOBBIM TEHIACHIIUSIM
MOBBIIICHUS] TEMIEPATYPbl BO3/1yXa B 3MOXY COBPEMEHHBIX KIMMAaTHUYECKUX H3MEHEHHH. B
TabJ1. 2 mpuBeJeHa MaKCUMaJIbHAsl TEMIIEpaTypa, PETUCTPUPOBaBILascs B Kax bl rox 2014 —
2018 rr. nepuoaa Ha ctaHuusax COOM u KJIDC na teppuropun Kapagarckoro 3anoBeiHuKa.
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Taoauna 2.
3HaueHHe U BpeMsl HaﬁJ’lIOI[eHI/Iﬂ MaKCHMAJIbLHOM TEMIIEPATYPLI 3a 1ol M0 JTaHHBIM
usmepenuniit COOM u KJIIC.
COOM KJI2C
33,1°C 34,7 °C
2014 16 aBrycra 15:00 7 aBrycra 12:48
2015 33,6 °C 34,5 °C
4 cents6ps 13:00 4 cents6ps 11:00
33,2°C 35,2°C
2016 8 aBrycra 15:00 3 aBrycra 13:58
36,4 °C 38,5 °C
2017 8 aBrycra 14:00 8 aBrycra 13:00
34,0 °C 34,3 °C
2018 11 wmronst 16:00 10 mromst 15:20

W3 Tabu. 2 BumHO, 9To 3a uckItoueHneM 2018 r. KakIblil TOJl CpOYHBIC U3MEPEHUS Ha
tepputopun Kapanarckoro 3amoBeJHUKa 3a IOCIEIHHE 5 JIeT MOKa3blBajd Bce Oouibliee
MaKCUMaJbHOE 3HAaY€HUE NpPU3EMHOM TemiiepaTypbl. Kak M MOKa3bIBa€T CYTOUHBIH XOJ
TEMIEpaTypbl Ha KaxaAoW U3 cTaHuMi (puc. 3), OOJIBIIMHCTBO CIIy4aeB MaKCUMalIbHOMN
temneparypsl Ha COOM perucrpupoBasocs B paiione 15 4., a Ha KJIDC — okono 13 4. nns.
HabGmromaercst Takxke u xapaktepHas pasHuia B 1-2 °C B BennumHax 3aUKCHUPOBAHHBIX
TemnepaTypHbIx MakcuMyMoB (Ha KJIDC 6omnbmie yuem nHa COOM). U3 Tabi. 2 crienyert Takxe,
YTO, KaK MpaBuio, caMble BEICOKHE TemnepaTypbl Ha Kapaare HaOo1atoTCcsl B IEpBO JieKaie
aBrycra. B aTo xe Bpems roja O0bU1 3aUKCUPOBaH U a0COMIOTHBIA TEMIIEPATYPHBIN peKOPI —
40,0°C B 1998 . (Kapanar 3amoBeaHbIi. .., 2011).

Hecmotps Ha TO, 4TO MakcUMasbHas CpoYHasi Temreparypa Bozayxa B 2017 r. Obiia
Bbiie, yeM B 2018 r., UMEHHO MOCIEOHUA ToJA CTal caMmbiM TemibiM Ha Kapamare 3a
paccMaTpuBaeMblii eproa. OOBsICHEHHE 3TOMY MOXKHO YBHUJETh Ha pHC. 4, HA KOTOPOM
MIPEACTABICHO KOJWYECTBO CYTOK B KaxxqoMm roxy nepuona 2014-2018 rr., cpegHecyrodHas
Temreparypa KoOTopeix Obita Bblmie 23,8°C. BpiOop AaHHOTO MOPOTOBOTO 3HAYCHHUS
OO0BSICHSIETCS TEM, YTO COrJacHO CpeaHeMHorojieTHUM AaHHbIM (Kapamar 3amoBenHBbIH...,
2011) wnaumbonplnas cpegHeMecsuHas Temmeparypa [uisi Tepputopun Kapanmarckoro
3aIlOBEJHMKA HAOII0MaeTCs B HIOJIE, a €€ BeJImunHa cocTaBisgeT 23,8°C.

W3 puc. 4 BUAHO, 4TO KOJIMYECTBO CYTOK B IOy, KOT'/Ia CpEAHECYTOUYHAsI TEMIIEpaTypa
MPEBBIIIAET MOPOrOBOE 3HAUEHHUE, 3a MOCIEIHUE MATh JIET HEYKJIOHHO Bo3pacrtaeT. [Ipuuem
3TOT pocT 3a 20162018 rr. mmMeeT ropaszno 6ojee BEICOKUE TEMITBI IT0 CPABHEHUIO € TIEPHOIOM
2014-2016 rr. B 2018 r. KOTUYECTBO TaKWX CYTOK MO JTaHHBIM M3MEPEHUN 0OOMX CTaHIIUN
npeBbiciiio 60, T.e. JBa MOJHBIX Mecsla. B Hrone 4ucio CyTok ¢ TeMIiepaTypaMu BbIIIE
MOPOTOBOT0 3HAYEHHUS 3a IMOCJIETHUE S5 JeT W3MEHsIeTCS Majio, MpUYeM Ha JIBYX CTaHIUAX
(UKCUPYIOTCS TPOTUBOIIONOXKHBIE TeHAeHIH: Ha CDOM sTa udpa Bo3pactaer — ot 19 cyrox
B 2014 1. 1o 23 cyrok B 2018 1., a Ha KJIDC — ymenbmaercs (ot 21 gus B 2014 1. 1o 19 nuei
B 2018 r.). AHa/IM3 MaHHBIX U3MEPECHUN TOKA3bIBACT, YTO HAMOOJBIIHIA POCT TEMIIEpaTyp 3a
2014-2018 rr. Ha Kapanare xapakTepeH i MIOHS B aBTycTa:

e B utoHe 1o gaHHeIM COOM (KJIDC): ot 2 (2) cyrok B 2014 r. 10 9 (12) cyrok B
2018 r.;

e B aprycte no ganHbiM COOM (KJIDC): ot 19 (17) cyrok B 2014 1. 10 25 (30) cyTok
B 2018r.

HecMoTps Ha cylliecTBEHHBIN POCT YMCIA CYTOK C MOBBIIIEHHBIMUA TEMIIEpaTypaMu 3a
MOCJICTHHUE TISITh JIET, 3HAUCHUS UX CPEIHETOOBBIX TEMIIEPATyp U3MEHSIOTCS Maso (Tabi. 1).
Bo3M0HO, Ha 3TO BIUSET MEXroA0Bas U BHYTPUTOJ0OBas JMHAMHUKA TEMIEpPATyp IPYTrUx
BpEMEH Tofla, MpeXae BCEro, 3uMHero cezoHa. ONHAKO, UX M3yYEHHE BBIXOAUT 3a PAMKHU
JAHHOM PabOoTHI U SBISIETCS LIEJIbIO UCCIIEAOBAHUS CICAYIOIIEH MyOIKaIiu.
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Puc. 4. KonnuecTBo cyToK B rojly, CpeJHECYTOUHAs TeMIIepaTypa KoTopsix Bbiie 23,8°C

[loBbIllIeHNE YHCTA «TEIUIBIX» JHEH BIUSET HA BEIWYMHY CYMMBI aKTHBHBIX
TeMreparyp (CyMMa CpeJHECYTOUHBIX TEMIIEpaTyp BCEX CYTOK B TOAY C TEMIEPATYypOMl BhIIIE
10°C). Dror mokazaTelb HCHOJB3YeTCs I pa3rpaHUueHHUs KIMMAaTHYECKUX U (U3UKO-
reorpaduueckux moscos. [lo cocrosauto Ha 2011 1. (Kapanar 3anosenssiid. .., 2011), nanHas
CyMMa coCTaBJis1a BenunHy 3725°C, yTo MeHblIEe HIKHEro noporosoro 31adenus (4000°C)
JUTs CyOTponuuecKkoro kiaumara. J{Jst Bcex mocyiefHuX MsATH JIeT, CyMMa aKTUBHBIX TeMIepaTyp
Ha Kapanare 6puta Beime 4000 °C, ¢ mHanbonbmmM 3HaueHueM B 2018 r.: Ha ceBepO-BOCTOKE
3anoBeHNKa (CDOM) — 4411°C, Ha roro-3amaje (KJIDC) —4349°C. KonewHo, /U1 OTHECECHUS
HEKOTOPO TEPPUTOPHU K CYOTPOIMYECKOMY KIMMATy 3HAYEHHS OJHOTO ITIOKa3aTess He
nocrarouHo. Tak, Hampumep, cpeAHeMecsyHas TeMIilepaTypa caMoro XOJOJIHOTO Mecsla
nomwkHa OwiTh Bemme 4°C. Ha Kapagmare takum Mecsinem sBisercss (eBpajib, €ro
CpPETHEMHOTOJIETHSS CpelIHeMecsiuHas Temmeparypa cocranisier 1,5°C. HecmoTps Ha TO, 4TO
OTHECTH TEPPUTOPHIO 3aMOBEIHUKA, HA JAaHHBIH MOMEHT, K CYOTPONHYECKOMY KIUMATy
HEJb3$l, CYIIECTBEHHBIM POCT 3HAYCHHSI CyMMbI aKTUBHBIX TEMIIEPATyp BBI3BIBAET CEPHE3HBIC
OIIACEHMS.

BriBoabI

Takum 006pa3oM, Ha METEOPOJIOTMYECKUX CTAHIMAX, PACIIOIOKEHHBIX Ha TEPPUTOPUU
Kapanarckoro 3anoBeaHuka (T.e. B POHOBBIX YCIOBUSX), TaKke (PUKCUPYIOTCS 00ILEMUPOBBIE
TEHJACHIIMM pocTa npu3eMHONW Temneparypbl. CpeaHeMecsuHble U CpEeIHEroJJ0Bble
temnepatypbsl Ha COOM u KJIDC otinuaroTcs mano, OAHAKO, CYTOUYHBIA XOJ MPU3EMHON
TEMIEPATypbl IS KaXXAOW M3 CTAaHUUN MMEET XapaKTepHble OCOOEHHOCTH. Pemarommmu
dakTopamMu B UX (OPMHPOBAHUIO BBICTYINAIOT, MO-BUJUMOMY, OCOOCHHOCTH penbeda
MECTOPACIIOJIOKEHUS CTAHIIUI U 0COOEHHOCTH MOCTYIUIEHUS COTHEUHOU paguanuu. Bnusrs Ha
(dbopMHpOBaHHE TEPMUYECKOIO PEeKMMa Ha PacCMaTPUBAEMbIX yYacTKaX TEPPUTOPHUU TaKXKe
MOTYT BETPOBO peKUM U 0COOEHHOCTH LIUPKYIISIMU, BBICOTHBIHN (hakTOp, O BCEH BUIUMOCTH,
HE JaeT CYyLIECTBEHHOro BKJIajga B HalOmojnaemsble oTiauuus. CpenHerojnoBas TemIieparypa
Bo3nyxa 3a 2014-2018 rr.(13,0°C) Bo3pocna mo cpaBHeHuto ¢ mepuogom 2001-2010 rr.
(12,3°C) Ha 0,7°C, Habar01a€TCS POCT MAKCHMAITBHBIX TEMIIEPATYP, & TAKIKE YUCIA «TETLTBIX)
JTHEH.

HawulGonee sipko 3a mocienHue 5 jeT TeHACHLIUH POCTa TEMIEpPaTyphl NPOSBISIOTCS B
aBrycre, I KOTOPOr0 XapaKTepHbl HE TOJIBKO MAKCHUMAaJIbHBIE 3@ T'OJl CPOUYHBIE 3HAYCHUS
TeMIepaTypbl BO31yXa, HO U HAaUOOJIBIIMI POCT YKCIIA CYTOK, CpEIHECYTOYHAsl TeMIieparypa
KOTOpBIX BbIlIe noporooro 3HaueHust (23,8°C). Tax, B aBrycre 2018 r. Takumu ObLIH
IPAKTUYECKH Bce AHM: MO JaHHBIM CPOM — 25 cyrtok, no paHHeiM KJIDC — 30 cyrok.
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Ber13biBaeT onaceHue u poct TemiepaTtyp B HroHe, Tak 3a 2014-2018 rr. koam4ecTBo CyTOK ¢
temmeparypoit Beime 23,8°C Bo3pociio B 5—6 pa3. VIMECHHO B 3TH MeCSIbl IpejiaraeTcs
MPOBEJICHUE YCUJICHHOTO KOHTPOJS 32 COCTOSHUEM 3amoBeAHOU (Iiopbl U (hayHBI, KOTOpPHIE
MOTYT HCTBITHIBATh HETATHBHBIC TMOCIEICTBUS CTOJIb PE3KUX W3MEHEHUH KJIMMaTa, a TaKxkKe
MIPOBEICHUE MEPOIPUATUHN MO CTIAXKUBAHUIO UX BIUSHUS HA )KUBOTHBIA U PACTUTEIILHBINA MUD
3aroBeIHHKA.

VBenuuenue 3a 2014-2018 rr. uucina JHEW C TOBBIIIEHHBIMH 3HAYEHUSIMU
CPEHECYTOUHBIX TEMIIEpaTyp MPHUBEJIO K TOMY, YTO CyMMa aKTHBHBIX TEMIIEpaTyp 3a BCe
MOCIICTHUE TISATh JIET ObLUIA BBIIIE HIKHETO TIOPOTra CyOTPONUYECKOT0 KiuMaTa (110 COCTOSTHUIO
Ha 2011 r. — oTOT mMokazarenb OBUT HWXKE s Bcex JeT). [IpeacTaBiseTcss aKTyalbHBIM
JaTbHEUIITNI aHAJIU3 MEXKI0I0BOM M3MEHUYMBOCTH MHBIX MapaMeTPOB OTHECEHUS K TOMY WIH
WHOMY THIY KiuMmaTa i Tepputopun Kapajmarckoro 3amoBelHHKa, HampHUMeEp,
TUAPOTEPMUIECKOro KO3 (DUIIMEeHTa, TeMIIEPATYPhl CAMOT'0 XOJIOJHOTO MECSIA U JIp.
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DYNAMICS OF HIGHEST AIR TEMPERATURES
ON THE TERRITORY OF THE KARADAG RESERVE
Nikiforova M.P.%, Lapchenko V.A.2, Zuev A.V.?
V.1. Vernadsky Crimean Federal University, Simferopol, Russian Federation,
e-mail: nikiforovamp@yandex.ru
2T.1. Vyazemsky Karadag Scientific Station — Nature Reserve of the RAS — Branch of A.O. Kovalevsky
Institute of Biology of the Southern Seas of RAS, Kurortnoe, Feodosiya, Russian Federation, e-mail:
ozon.karadag@gmail.com

The analysis of surface temperature variability on the territory of “T.I. Vyazemsky Karadag Scientific
Station — Nature Reserve of the RAS — Branch of A.O. Kovalevsky Institute of Biology of the Southern
Seas of RAS” in 20142018 is analyzed. Special attention is paid to identifying the characteristics of
interannual dynamics of highest temperatures. As the initial data the measurements carried out at two
points of the Karadag reserve were used. The stations are: Background Environmental Monitoring
Station (BEMS, Svyataya mount, 180 m above sea level) and Karadag Landscape-Ecological Station
(KLES, Besh-Tash ridge, 140 m above sea level). It is shown, that the difference between the point
measurements of the surface temperature of the two stations can reach big values (up to 10°C). But the
daily mean values differ not that much, and the annual mean temperatures in 2014-2018 differ on 0—
0.2°C. This is explained, on our opinion, by the peculiarities of the daily variation of air temperature in
Karadag: in the absence of sun in the north-eastern part of the reserve (where BEMS is located)
temperatures are higher compared to the south-western part (KLES), and vice versa in the daytime. Over
the past five years the tendency to register the increasing values of highest temperature in the year, a
significant increase in the number of hot days (temperatures above a threshold value), and also the
increasing of the active temperatures sum are shown.

Keywords: Karadag reserve, surface temperature, variability, daily and seasonal variation,
interannual dynamics, highest temperature.
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TRANSFORMATION AND ECOLOGICAL SUCCESSION OF
NATURAL — ANTHROPOGENIC LANDSCAPES IN KONKAKINH -

KONCHURANG CONSERVATION TERRITORY, VIETNAM
Nguyen Dang Hoit, Ngo Trung Dung!, Dang Hung Cuong?, Kolesnikov S.1.2,
Tishkov A.A 2
Vietnam — Russian Federation Tropical Center, Nguyen Van Huyen Str., Ha Noi, Vietnam
e-mail: danghoill0@gmail.com
2Southern Federal University, Russian Federation, Rostov-on-Don, Russian Federation
3Institute of Geography RAS, Moscow, Russian Federation

Study about characteristics of diversity, change and ecological succession of landscapes is an important
content in determining territorial division, especially in the monsoon tropics such as the Central
Highlands of Vietnam, where the strong division of non-zonal rule. Konkakinh — Konchurang
conservation territory is a special geographic site located in the north eastern part of Gia Lai province,
which is noticeable for a profound division of components, natural and human factors. The humid
tropical climate of this area is simultaneously influenced by the climate of the Central Highlands and
the Central Coast. Both the diversified natural conditions and the strong impact of residents have
contributed to the creation of the typical natural-anthropogenic landscape system in this studied area.
Natural — anthropogenic landscapes are quite differentiated from one system, one subsystem, three
classes, five subclasses, 13 types and 87 kinds. The diversity in the landscape structure is evident in the
elevation law through subclasses. Landscape diversity is reflected through not only the number of
landscapes, but also the frequency of any certain landscape in the studied territory. During the research
period from 2005 to 2017, significant changes in landscape of this studied area, in both quantitative and
qualitative manners, were observed. During approximately 13 years, the landscape of this area has
greatly changed. In 2005, there was a total of 94 kinds of landscape, with the domination of the group
of evergreen broadleaf tropical forest types with shrubs, grasslands, industrial crops and annual crops
dominate. The comparison between these two periods shows that there are 43 landscape kinds
completely disappeared and 33 new landscape kinds formed. The remaining landscapes have
fluctuations in area. In this studied area, the formation of typical landscape succession chains reflects
living activities of local human. The evergreen broadleaf forest landscape under mankind impact has
resulted in a dramatic change. The succession chains change over different short periods of time, leading
to the creation of new landscapes.

Keywords: Conservational territory, diversity, landscape changes, human impacts, Konkakinh —
Konchurang.

Introduction

In the process of formation and movement, the landscapes undergo different stages of
development. They are transformed, creating their succession sequence. Landscape succession
characterizes the interaction of components and elements. As a mirror reflecting the landscape,
vegetation is seen as the first sign and the most important component to decide the change and
succession, especially the forest landscape (Alejandro et al., 1997; Nguyen et al., 2011; Nguyen
etal., 2017).

The study of landscape succession is mentioned later than the vegetation succession. In
the literature of foreign authors, “succession” was first used in the study of vegetation (Pielke,
1999; Nguyen et al., 2013; Nguyen et al., 2018; Nelson et al., 2018; John et al. 1997), then used
in ecological research, the motion of ecosystems (Soumana, 2013; Triskov, 2012). Therefore,
the current reality when scientists talk about succession, is to talk about ecological succession
and landscape transformation, in Russian Federationn language, that is: “Oxonocuueckas
cykyeccus” and “/funamuxa ranowagpma’ (Bulatov, 1996; Gusev, 2012; Triskov, 2012). This
also means that many scientists acknowledge the process of succession in landscape is the
ecological succession, taking place with the sequential development of the central element —
the biological element.
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With the thinking the landscape is an individual or type, the ecological succession of
landscape, according to us, is a very "standard" concept and a reality is existing in nature
whether it is a natural succession or anthropogenic succession. When studying the
characteristics of succession of plants of zonal ecosystems, from the pioneering stage to the
climax state, Triskov, 2012 recorded vegetation covers 2 to 6 stages.

In the territory of Vietnam, most of landscapes has passed two long periods of
succession chains: the primitive ecological succession and the secondary ecological succession
(Nguyen et al., 2018). Due to the demand for resource exploitation and territorial use, the human
impacts have been strongly increasing in scale and intensity, which made the process of
landscape formation and development on specific territories change gradually, even differ from
their inherent natural laws (Nguyen et al., 2019). Human impacts often influence the changes
and the succession of landscape in general and ecological succession in particular (Pham et al.,
1997; Nguyen et al., 2003, Nguyen et al., 2017).

This research examines characteristics of structure and differentiation of the natural —
anthropogenic; clarifying diversity in classes of landscape. Especially, analyzing
characteristics, causes of change and ecological succession of natural — anthropogenic
landscapes in Konkakinh (Kon Ka Kinh) — Konchurang (Kon Chu Rang) conservation territory
in period of more than half a century.

Material and research methods

Studied area. Konkakinh — Konchurang conservation territory is in the area of K'Bang
district, northern part of Mang Yang district and a small part of Dak Doa district, located in the
Central Highland of Vietnam (Fig. 1). It is the starting area of the river system containing four
rivers: Ba, Se San, Srepok and Con. In the manner of administrative geography, this territory is
divided by the East Truong Son route, nearby the National Highway 19 in the south, adjacent
to Highway 24 in the north and the vast forest of Kon Plong, Kontum province, forming a
valuable natural ecosystems under preservation in the central of Truong Son forest.
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The studied area consists of various geological formations and petrographic
compositions with 21 different geological complexes. Basaltic and granite bedrocks distribute
widely, creating characteristic terrains. Accordingly, the regional topography gradually
decreases from North to South and from West to East, creating numerous plateaux. Compared
to the sea level, the plateau topography has average height of 900-1000 m, gradually lowers
from the North (1300 m) to the South (600 m), slightly protrudes in the middle and gently slopes
to the two valley sides of Ba river and Con river. This terrain is typical with the process of
surface erosion. Besides, the cubic-sized mountains on the pristine background is strongly
divided with slope of 30—-35°, forming deep valleys of Dak Pne river and Ba river. Alternatively,
the topography of semi—plateaus, plains and valleys distributed in the south of the studied area
are characterized by exogenous activities of denudation —accumulation, accumulation — erosion
(Duong, 2016; Nguyen et al., 2017).

In the studied area, the typical humid tropical is influenced simultaneously by climate
circulation in the Central Highlands and Central Coast, which contains a various combination
of terrains, including mountains, highlands, valleys and plains. The average temperature is 21—
23°C. Rainy season lasts from May to December with heavy rainfalls of over 2000 mm, while
as dry season is short (3—4 months) and drought situation is not as serious as which has been
happening in the South and West (K’Bang..., 2012; Vietnam Academy..., 2015). The
hydrological system in this area is highly developed, including the mainstream and tributaries
of the rivers Ba, Se San, Srepok and Con. The flow with thick density is relatively evenly
distributed, averaging 0.34 km/km?. Because of well-preserved vegetation, the plant density in
the north is often higher than in the south.

According to the soil classification of FAO/UNESCO, there are six main soil groups
with 14 soil types in this area (Nguyen et al., 1017), highlighted by Rhodic Ferralsols on basalt
in the eastern region and Ferralic Acrisols formed by different rocks under weather change in
the western region of the studied territory. In this area, several types of highland tropical
vegetation are formed. They are evergreen broadleaf forest and mixed forest (broadleaf and
coniferous) concentrated in low and medium mountains of Konkakinh National Park,
Konchurang Nature Reserve and surrounding areas (Thai, 1999; Nguyen et al. 2017). The
vegetation processes a primitive structure with many layers of canopy and thick cover. The
anthropogenic vegetation is mainly plantation forest, exploited for planting agricultural and
industrial crops such as coffee, rubber, pepper, sugarcane, rice and many other crops.

The studied area is inhabited by 6629 households with 30942 inhabitants and average
density of 21 people/lkm?. According to the Report of the master plan on socio-economic
development for K’Bang district (2013), commune A Yun has the highest population density
of 85 people/km?, while commune Kon Pne has the lowest population density of 8 people/km?.
The population is predominantly ethnic (80%), mostly Ba Na. Besides, there are other ethnic
minorities and migrant people such as Tay, Nung, Hmong, Dao... Kinh people live in Mang
Yang district and the center of K'Bang district, distributed along the main road connecting
communes.

Economic activities are mainly agricultural production, including cultivation and
livestock. The southern region has a developed livestock industry. Shifting cultivation is the
common habit and a food source for indigenous people. According to the survey results, up to
50% of households interviewed produce agricultural products on forest land with extensive
culture. Most ethnic households in the buffer zone of the national park and reserved nature are
lack of food for several months in a year. People often collect forest products for eating, borrow
or sell unripe agricultural products for living and hold expectation for government aid.

Data collection. Based on topographic map and preliminary landscape map, we selected
plots and routes to investigate. Survey results by plots and routes in different types of terrain
were recorded to describe natural characteristics, human activities and their spatial
differentiation. The boundaries of landscape units were checked, especially the boundaries of
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different types and kinds of landscapes. Residents and local officials in studied area were
interviewed. Databases were collected about the variation of vegetations cover in the changed,
destroyed landscapes by human activities over the past 50 years.

Editing and establishing maps. To perform the research, we have edited component
maps and developed natural — anthropogenic landscape maps of the study area in 2 periods
(2005 and 2017). The Maplinfo Pro 15, ArcGIS 10.2, ENVI 5.3 and satellite images SPOT 5
were used to build maps. Component maps were edited and built from the original map at the
scale of 1:100 000. Map of natural — anthropogenic landscape in Konkakinh — Konchurang
conservation territory was established at the scale of 1:50 000 based on overlapping and
analyzing the combination of component maps and field survey results. Selected 6-range
taxonomic systems contain: System —> Subsystem - Class = Subclass - Type - Kind
(Table 1).

Table 1.
Taxonomic ranges and classification criteria for the landscape in Konkakinh —
Konchurang conservation territory

Taxonomic Classification criteria
range

1 System of The decisive role of the atmospheric circulation regime in the process of climate
landscape formation in the belt

5 Subsystem of The decisive role of atmospheric circulation regime and the regulation of
landscape ecological regions of flora

3 Class of Relief configuration, which determines the homogeneity of two large processes,
landscape namely erosion and accumulation, in the real cycle

4 Subclass of The peculiarity of large relief forms manifests the property of non-border based on
landscape the combination of relief and typical geomorphological processes

5 | Type of landscape | Bio-climate and anthropogenic activities determine the formation of vegetation

6 | Kind of landscape | The natural — anthropogenic differentiation of vegetation on different soil types

Due to the homogeneity of the system and subsystem in taxonomic range, the legend of
natural — anthropogenic landscape map does not represent these two ranges (Table 2).

For mapping the landscape, first, we edited the component maps in a uniform ratio of
1:50000. For vegetation maps, combined topographic maps and interpreting SPOT satellite
images to produce a preliminary map according to the remote sensing image processing. From
this map, a field survey was conducted in April 2017 to adjust the boundaries of the contours,
to supplement and clarify the structure of vegetation. For the 2005 vegetation map, data lookups
were conducted by interviewing residents who had lived and worked before 2005 and local
officials in Son Lang (Kon Von 1, Kon Von 2, Kon Trang) and Dak Roong commune.

Used the method of overlaying map layers with program Arcgis 10 (License
ESU006984479, ArcGIS Desktop Basic); execute the Intersect command. For example:
overlaying a vegetation map with 2 patches (Industrial crops and Annual crops) and a soil layer
with 1 red-yellow soil patch. The results showed two new patches attributes: 1. Industrial crops
in red-yellow soil, 2. Annual crops in red-yellow soil (Fig. 2a).

The landscape map (result map) of the study area is made by overlaying the component
map layers (Fig. 2b). Accordingly, for every patch includes all attributes of the component map
layers (also landscape properties).

Data analysis and evaluation. A comprehensive landscape assessment was used to
determine the status of landscape components, including the identification of plants within
forested areas, agricultural areas and grass and shrub landscapes. This method was also used to
evaluate ecological succession within the landscape by comparing the comprehensive
assessment with data from field surveys. The comprehensive assessment of collected data was
conducted with reference to remote sensing data; established origins and development
trajectories of forest plant, grass and shrubs communities; and biological and ecological
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characteristics of crops in tropical monsoon conditions of Vietnam. On the basis of survey data
and satellite images in some periods, identify typical landscapes to describe the secondary
ecological succession over the past half century.

Table 2.
Legend of natural — anthropogenic landscape map in the Konkakinh — Konchurang
conservation territory

LANDSCAPES Tropical monsoon highland climate, humid, average
TYPE temperature of 22°C
%) Total annual rainfall fluctuates: 1500—2800 mm, slightly
% 2 lacking in moisture
5 d The rain season lasts 8-9 months, the dry season is 3-4
O % months
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Contain table 2.
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Results

Structural characteristics of natural — anthropogenic landscapes. Research results
show that, the studied area consists of 1 system, 1 subsystem, 3 classes, 5 subclasses, 13 types
and 87 kinds of landscape (Fig. 3 and Table 2).

System and subsystem of landscape: The researched territory belongs to the tropical
monsoon landscape system. The influence of southwest monsoon and Southeastern highland
monsoon resulted in a subsystem of tropical monsoon landscape.
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Fig. 3. Map of the natural — anthropogenic landscape in the Konkakinh — Konchurang
conservation territory

Class and subclass of landscape: Konkakinh — Konchurang conservation territory is
divided into 3 classes: plateaus, mountains (medium and low), and the class of plains and
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valleys. In particular, the class of mountain is classified into 2 subclasses: medium mountain
with elevation over 1000 m and low mountain with elevation from 600 to 1000 m. The class of
plains and valleys includes plain subclass and valley subclass.

Type of landscape: Accordingly, the study territory has 13 types of landscape belonging
to 3 groups: group of broadleaf evergreen tropical forests and natural — anthropogenic shrubs,
grasslands; group of anthropogenic vegetation (annual crops and plants in residential areas);
and group of aquatic landscape.

- Group of broadleaf evergreen tropical forests and natural — anthropogenic shrubs,
grasslands: these types of landscape were influenced by human activities at different levels.
They basically retained the properties and development under natural rule. In some places, they
were disturbed by the strong and frequent human impacts (shown in the types of shrubs and
grasslands).

- Group of anthropogenic vegetation are landscapes that have a component or coating
surface built by humans. They have at least one component created by humans and tend to grow
in the direction of human impact. In the group, there are 4 types of landscape: plantation forest,
industrial crops, agricultural crops and plants in residential areas.

Diversity in class of mountain:

- Group of aquatic landscape: include the lakes which are mainly built by humans on
regular flows such as irrigation lakes, hydroelectric reservoirs or multi-purpose lakes.

Diversity in classes of landscape. Diversity in class of plateaus: The class of the
plateaus only has 1 subclass which is basalt plateaus, differentiated into 3 types with 22 different
kinds. In particular, the type of evergreen broadleaf tropical forests and shrubs, grasslands has
10 kinds.

The type of anthropogenic vegetation on basalt plateaus is observed with 11 kinds. The
most dominant and diverse one is the annual crops with 8 kinds, covering 90% of the total
natural area. The type of aquatic landscape is not differentiated. There is only one kind (number
22), with an area of 9.22 km? and appearance frequency of one time. This is a valuable kind
and very important in the basalt plateaus. It is the water supply and conditioner for the area,
especially for annual crops and plants in residential areas.

- Subclass of medium mountain: differentiated into 2 types, with 14 kinds of landscape.
The type of tropical forests and shrubs, grasslands has 9 kinds. This subclass also possesses the
highest frequency of appearance, with 15 times. Several other kinds have a frequency of only
1 time (number 25, 29, 30... on the map). These kinds are distributed in the western part of the
study area, belonging to 5 communes, including Kon Pne, Ha Dong, Kroong, A Yun and To
Tun. The type of anthropogenic vegetation on medium mountain has lower diversity, including
5 different kinds, scattered throughout the study area.

- Subclass of low mountain: divided into 3 types with 19 kinds, widely distributed across
the region. The kind of evergreen broadleaf tropical forests and shrubs, grasslands is quite
diverse with 8 kinds. The type of anthropogenic vegetation on low mountain has a high
diversity, divided into 11 kinds. These kinds are scattered throughout the studied area. In the
subclass of low mountain, there is a type of aquatic landscape, consisting of only one kind
(number 55).

Diversity in class of plains and valley:

- Subclass of valley erosion and accumulation: divided into 3 types with 19 kinds. This
subclass has a high differentiation and diversity in the study area. The total area of 19 kinds is
443 km?2. The type of evergreen broadleaf tropical forests and shrubs, grasslands in this subclass
own 7 different kinds. The type of evergreen broadleaf forests on Lithic Luvisols (number 65)
has the frequency of 22 times, distributed but not concentrated in the vicinity of the Konkakinh
mountain and the Konchurang Nature Reserve. The type of anthropogenic vegetation on the
terrain of valley erosion and valley accumulation has a high diversity of kinds, including 11
kinds. Some kinds appear more frequently like the kind number 63 with 14 times. The aquatic
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landscape type has 1 kind, but with high appearance frequency (9 times). This type plays an
important role in economic development of research territory, especially agricultural sector.

- Subclass of accumulated — eroded terraces and plains: differentiated into 2 types with
13 kinds. This subclass has the lowest diversity of kinds in the researched territory. The type of
evergreen broadleaf tropical forests and shrubs, grasslands in this subclass only consists of 2
kinds. The type of anthropogenic vegetation on accumulated — eroded terraces and plains is
divided into 11 kinds, belonging to 3 groups: plantation forests, plants in residential areas and
annual crops.

The transformation and succession of natural — anthropogenic landscapes.
Anthropogenic transformation — basic properties of landscape succession in Konkakinh -
Konchurang conservation territory

We have developed the natural — anthropogenic landscape map of 2005 (Fig. 4 and
Table 3) to compare the landscape changes in Konkakinh — Konchurang conservation territory.

The landscape of this area has been strongly changed both in quality and quantity. The
succession process from one type to another is quite common. Landscape maps in two periods
(2005 and 2017) show that there were 94 kinds in 2005, while as only 87 kinds still existed in
2017. Some landscapes have been changed in area, some completely lost and replaced by new
kinds. During these two periods, there were 43 kinds completely disappeared, 33 kinds newly
formed and 51 kinds still retained with typical properties but changed in size.

It is easy to see that the type of shrubs, grasslands and perennial crops had been strongly
changed. In the type of shrubs, grasslands, there were 24 kinds in 2005, out of which only 6
kinds still retained their properties but changed in area in 2017. The remaining 18 kinds had
completely transformed into other kinds. For the type of perennial crops, among 13 kinds
observed in 2005, only 2 kinds (14 and 47) retained the properties in 2017. The remaining 11
kinds were converted to other kinds. In addition, the type of plants in residential areas also
changed quite robustly (from 9 kinds in 2005 to 7 kinds in 2017), among which only 3 kinds
still retained their original attributes, 6 kinds disappeared, and 4 kinds were newly formed.

The remaining types have experienced a fluctuated but not significantly obvious
modification. From 22 kinds in 2005, the type of evergreen broadleaf tropical forests lost 3
kinds and integrated 4 new kinds in 2017 (23 kinds). The type of plantation forest also lost one
kind, formed 4 new kinds in 2017. The total number of kinds in this type is 6. The type of wood
and bamboo mixed forests has been also changed with one kind lost and 6 kinds newly formed.

The variation of landscape in Konkakinh — Konchurang conservation territory is not
only shown in the number of landscapes lost and newly formed, but also by statistics on area of
kinds in 2 periods (Table 4). The results from Table 4 show that all kinds of landscape have
been changed in area size. Landscape number 42 represented the largest change, with 112.53
km? reduced, from 125.33 km? in 2005 to 12.80 km? in 2017. The landscape number 1 also
experienced a dramatic change, with an increase from 73.44 km?in 2005 to 342.01 km? in 2017.
A number of other kinds also had quite large changes in area, including landscapes 3, 24, 41,
49, 50, 62, 63, 65, 69 ranged from 30 km? to 60 km?.

However, there were also several kinds that changed slightly in area, kept the original
status. Typically, landscape number 6 only changed 0.0004 km?, landscape number 21 changed
0.0005 km?. Other kinds of landscape such as number 23, 32, 48, 52 had slight changes in area,
ranged from 0.24 km? to 0.65 km?.

Human impacts have been strongly influencing and transforming landscapes in both
positive and negative directions. In the positive direction, grasslands and shrubs have been
gradually replaced by industrial and annual crops or plantation forests. These changes increase
the surface area, by which it helps to reduce the risk of natural disasters and especially increase
the economic value of the landscape. The fact that several kinds in the type of evergreen
broadleaf tropical forests also enlarged in term of area proves that policies on forest protection
and economic stability for residents have brought positive effects. However, there are still
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impacts such as deforestation for timber or burning for shifting cultivation, which also causes
different negative trends, proved by the decline of natural forest area in the territory.

2| Location map of the study area
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Fig. 4. Map of the natural — anthropogenic landscape in the Konkakinh — Konchurang
conservation territory (2005)
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Table 3.

Legend of natural — anthropogenic landscape map in the Konkakinh —
Konchurang conservation territory (2005)
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Contain table 3.
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Table 4.
Statistics on area of landscape kinds in 2 studied periods (2005 and 2017)
Kinds of Kinds of Kinds of Kinds of
landscape | Area landscape | Area landscape | Area | landscape | Area
in (km?) n (km?) | Changes | “ 5, P (km?) in (km?) | Changes
2017 2005 2017 2005
1 342.01 1 268.57 | 73.44 66 7.17 66 25.76 -18.59
2 14.69 67 22.42 67 3.70 18.71
3 64.97 3 29.80 35.17 68 8.80
4 1.65 4 16.48 | -14.82 69 121.84 69 64.23 57.60
5 191.65 5 182.03 | -9.62 70 5.75 70 7.29 -1.55
6 14.39 6 14.39 | -0.0004 71 6.00
7 7.58 72 7.23
8 0.92 73 13.52 73 9.50 4.02
9 32.15 9 3.68 28.47 74 25.72 74 14.62 11.1
10 62.21 10 60.61 1.6 75 21.88 75 9.89 11.98
11 5.79 76 8.41 76 4.92 3.48
12 1.31 12 23.96 | -22.64 77 6.80
13 13.44 13 11.44 1.99 78 6.61
14 2.76 14 10.96 -8.19 79 2.52 79 9.83 -7.30
15 22.45 80 2.14 80 7.64 -5.50
16 6.28 16 1.74 4,54 81 7.51 81 8.89 -1.38
17 8.56 17 3.23 5.33 82 18
18 3.76 18 2.18 1.58 83 13.08
19 10.57 84 2.51
20 2.48 85 8.93
21 1.52 21 1.52 | -0.0005 86 3.18 86 5.46 -2.28
22 9.22 22 9.59 -0.37 87 1.92
23 28.46 23 27.93 0.53 88 103.64
24 383.11 24 423.62 | -40.51 89 1.54
25 2.61 90 4.64
26 28.58 26 41.60 | -13.02 91 20.16
27 5.93 92 26.97
28 58.19 28 3.89 54.30 93 8.25
29 1.75 29 3.63 -1.88 94 4.75
30 1.64 95 12.96
31 1 31 1.91 -0.91 96 2.02
32 3.06 32 3.52 -0.46 97 1.62
33 3.71 98 9.49
34 3.86 99 1.24
35 1.38 35 2.4 -1.02 100 4.17
36 2.85 101 1.58
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37 4,95 102 5.74
38 19.13 103 18.07
39 33.94 39 32.57 1.37 104 1.45
40 1.48 105 15.48
41 295.20 41 223.09 | 7211 106 1.58
42 12.80 42 125.33 | -112.53 107 3.24
43 14.24 108 44,65
44 29.85 109 8.87
45 9.03 45 0.88 8.15 110 1.63
46 23.46 46 18.84 | 461.52 111 3.35
47 0.84 112 11.06
48 2.03 48 1.79 0.24 113 19.84
49 38.08 49 6.74 31.34 114 1.78
50 32.33 50 13.43 18.9 115 2.43
51 7.17 51 4.74 2.43 116 15

52 4.56 52 5.21 -0.65 117 9.73
53 2.91 118 10.42
54 3.40 119 61.28
55 0.90 120 15.92
56 15.80 56 7.59 8.21 121 25.98
57 22.63 57 18.08 4,55 122 43.86
58 4,79 123 3.38
59 18.33 59 0.94 17.39 124 1.49
60 1.68 125 2.31
61 2.48 126 12.35
62 0.98 62 73.91 | -72.93 127 3.85
63 68.52 63 10.86 57.66 128 1.53
64 6.91 129 17.73
65 82.41 65 1.81 80.6 130 9.45

Characteristics of ecological succession of landscape. In this studied area, the
secondary ecological succession is deforestation from the consequence of shifting cultivation
and nomadic habits (Fig. 3). In the past, original landscape in the study area was the evergreen
broadleaf tropical forest. In 1975, after local people set the forests on fire for cultivation, the
broadleaf vegetation was destroyed, creating conditions to develop and form a landscape of
grasslands and shrubs interbred with dead trees. No more vitality was seen inside the burn-to-
ashes trees. Therefore, the type of grasslands and shrubs was maintained from 1975 to present
day. Landscape number 66 represents this succession (Fig. 5a).

Since 1975, Ba Na ethnic people with shifting cultivation and nomadic habits had
formed a type of upland fields after deforestation. By early 1990s, ethnic residents renovated
the land and cultivated agricultural crops or industrial crops, which formed the roots for upland
fields or perennial crops. Landscape number 47 represents this succession (Fig. 5b).

Local residents, consisting of mainly ethnic minorities with nomadic farming livelihood,
have destroyed forests and formed upland fields since 1995. When the soil was exhausted and
the productivity was poor, people migrated to new lands. After a while, the natural vegetation
was restored and formed the secondary forest landscape called restored forest after shifting
cultivation. Landscape number 41 represents this succession (Fig. 5c¢).

Another ecological succession abundantly occurred in this studied area is the secondary
ecological succession caused by the large-scale forest exploitation (Fig. 6). From 1975 to 1995,
to develop the economy, the exploitation of timber exploded widely, leading to the consequence
of leaving landscapes with tree stumps, shrubs and grasslands. After 1995, due to local policies,
these landscapes were gradually replaced by forests of Hevea brasiliensis (Willd. ex A.Juss.)
Miill.Arg. (rubber tree).
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Evergreen broadleaf tropical forest Large-scale exploitation of forest Hevea brasiliensis Upland fields
in Konchurang
1 2

in Konchurang
1

Photo of Landsat remote sensing 1975 Photo of Landsat remote sensing 1995 Photo of Landsat remote sensing 2005

Evergreen broadleaf Grass, shrubs interbred 1 991 Grasses, shrubs 2000 Grasses, shrubs 20 18
tropical forest with dead trees

LAy

Evergreen broadleaf 1 975 Upland fields after l 99] Upland fields or 20] 8
tropical forest deforestation by local residents perennial industrial crops

Evergreen broadleaf 1975 Upland fields after 1991 Restored forest after shifting cultivation 201 8
tropical forest deforestation by local residents

Fig. 5. Ecological succession of landscape in Konchurang Natural Reserve (above,
landscape images on remote sensing photos for some periods)

By 2013, due to the reduction in rubber latex value, local residents began to replace
rubber trees by Litsea glutinosa (Lour.) C. B. Rob. for higher economic benefits. Landscape
number 14, which was discovered in the Dak Jo Ta commune, is typical for this succession
(Fig. 6a).

Similar to the first stage of the “5a” ecological succession, in 1995, the type of evergreen
broadleaf tropical forests was replaced by tree stumps, shrubs and grasslands. After that, local
people started to use these areas for cultivation, and then formed typical upland fields. The main
crops were upland rice, cassava, corn..., which were maintained until now. The kinds of
landscape number 77, 82 and 85 in Konkakinh National Park are typical examples (Fig. 6b).

After about 20 years, natural forest vegetation in the landscape has been gradually
recovered. The vegetation has a simple structure constituted by low trees blended with young
trees.

However, the climate parameters of the forest landscape are gradually restored, which
is the basis for the evergreen broadleaf tropical forest landscape to be formed after a short time.
The landscape number 41 represents this succession (Fig. 6¢).
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Fig. 6. Ecological succession of landscape in Konkakinh National Park (above,
landscape images on remote sensing photos for some periods).

Discussion

The differentiation on natural conditions and human activities had contributed to the
formation of natural — anthropogenic landscape system in the Konkakinh — Konchurang
conservation territory, which is quite diversified and plentiful. The landscapes in the study
territory have been influenced by human activities at different levels. Although there are still
landscapes that keep the development under natural rule, other landscapes change dramatically,
depending on direct impacts of human, (especially, the types and kinds of landscapes through
the drastic transformation of the plant component — vegetation). Class of mountain landscape
has the highest diversity, with 5 types and 33 kinds (in which, subclass of medium mountain: 2
types, 14 kinds and subclass of low mountain: 3 types, 19 kinds). The diversity of landscapes
in this studied area is lower than the diversity of mountains class in the area Sathay — Ngochoi,
Kontum province, where the latitude is similarities (6 types and 39 kinds) (Nguyen et al., 2018),
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and higher than mountains area in Dak Lak province (1 type and 27 kinds) (Phan, 2018), which
located in the south of studied territory. The diversity in studied area is due to two reasons: the
first, is that the landscape kinds of evergreen broadleaf tropical forest are well preserved in
Konkakinh National Park and Konchurang Natural Reserve, the second is the diversity in
agricultural landscapes, especially the landscape kinds of annual crops.

In the class of plain and valley between the mountains, the diversity is low, especially
the landscape evergreen broadleaf tropical forest (only 6 kinds), but higher than the diversity
of plain and valley class in the area Sathay — Ngochoi (Nguyen et al., 2018). However, the
landscapes of annual crops have high diversity (15 kinds), while in this class in Sathay —
Ngochoi is only 3 kinds. This shows strong human impacts on lowland landscapes, turning
forest landscapes into agricultural landscapes and plantation landscapes.

The landscape has been affected by long-term impacts of human activities on different
scales and levels, especially the forest development policies and cultivation habits. Human
impacts are the main cause of dramatic changes at the type range and especially at the kind
range. This is proved in the period from 2005 to 2017, there were 43 kinds completely
disappeared, 33 kinds newly formed and many kinds still retained with typical properties but
changed in size. These changes are considered more influence than many other areas of
Vietnam, higher than the area Sathay — Ngochoi, where were 17 kinds completely disappeared,
only 12 kinds newly formed in 11 years (2005-2015) (Nguyen et al., 2018).

The drastic change of the types of shrubs, grasslands and perennial crops is due to the
habits of indigenous people (Bana people) often change places of living and cultivation areas,
as well as burning forests for cultivation land. In addition, in the last past 15 years, local policies
have contributed to transform shrub, grasslands, agricultural crops landscapes to industrial crop
landscapes. On the contrary, there are many kinds of landscapes that are expanded in size,
increased the number of contours. In which landscapes group of evergreen broadleaf tropical
forest due to successful regeneration and restoration policies covered on terrain has a thick soil
layer as in landscape class of the basalt plateau.

Secondary ecological succession is particularity of the types and kinds landscape in the
studied area. Under the impact of natural and anthropogenic factors, the landscape succession
experienced in different stages and trends. This result is also consistent with the studies of
Gusev A. P. (2012) when he studied landscapes in the southeast of Belarus and Triskov A.A.
(2012) when he studied succession of vegetation of zonal ecosystems in Russia and the author's
own (Nguyen et al., 2018) when researched at the triple boundary area Sathay — Ngochoi in
Vietnam’s territory. Many kinds of landscape in this area experienced a process of development
with abundant changes caused by living behaviors and livelihood of local residents. Depending
on the location and characteristics of human impacts, the succession of landscape, especially at
the range of kind, has taken place in different directions and stages. In the studied area in the
last past 50 years, landscapes kinds often experience through 3—4 stages of the succession
sequence. This result is consistent with the author’s own studies in many different regions of
Vietnam such as Giolinh District, Quangtri Province, Sathay-Ngochoi area, Kontum Provinces.
(Nguyen et al., 2019). Meanwhile, when study the characteristics of vegetation successions in
zonal ecosystems in temperate region, from the pioneering stage to the climax stage, Triskov
A.A. (2012) recorded from 2 to 6 stages; or the study results of Marilia Cunha Lignon et al.
(2009) on the mangrove forest succession in the Cananéia-iguape coastal system, Brazil has
recorded 4 stages of succession from sediment deposition to the formation of mangroves with
the dominant of Avicennia schaueriana Stapf & Leech. ex Moldenke. Gusev A. P. (2015) noted
that the recovery succession of the landscape after human impact is 6 stages. When studying
the development stage of plants on deglaciated terrain, Li Chang recorded 3 stages of succession
chain (Li Chang et al. 2014). Thus, on a concrete territorial unit, in addition to the natural
elements and properties of plants, the rule of ecological succession is also regulated by groups
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of human factors such as policies, practice of cultivation and the types of territory exploitation
(Nguyen et al., 2019).

The length of each stage of ecological succession of landscape in the studied area is not
the same according to each development direction of the landscape. It depends closely on
changing the farming practices of indigenous people and the local policies. For example, in the
buffer zone of Konchurang Natural Reserve, before 1955 was a primeval forest, after that was
16 year of grassland, shrub and stage of the recovery forest was 27 years (Fig. 4c). This result
is similar to the research results of the author group (Nguyen et al., 2018) in Quangtri Province
and Sathay - Ngochoi area, Kontum Province. When studied, Gusev A.P. (2015) found the
lengths of stages are very different. Accordingly, the length of the 6 stages of ecological
succession is respectively: 1, 2, 5-6, 8-12, 20-30, 60-80 years. Research results of Li Chang
et al. show that, the length of the succession stage is very different. Accordingly, the three stages
of the succession sequence are respectively: 9-13, 13-102 and 110-400 years (Li Chang et al.,
2014).

The ecological succession of the landscape in the studied area can be “repeated” but
there has been a marked change in the structure, plant species composition, quality and fertility
of soil, characteristics of soil hydrology, microclimate... For example, the transition between
the annual crops group and the grassland, shrub landscape group after the 3—7 years cycle is
due to the cultivation practices of the ethnic Bana. In addition, the internal transformation of
the industrial crop landscape (replacing these industrial crops with others) in the 5-10 years
cycle also creates a very short stage of ecological succession. These properties and rules show
that, if landscapes do not well managed and have reasonable technical measures, the ecological
succession of many kinds will take place in the direction of gradual degradation (both in quality
of components that create landscape as well as economic efficiency and environmental quality).

Conclusions

Konkakinh — Konchurang conservation territory has a special geographical position in
Vietnam and a deep differentiation of natural and anthropogenic components. In particular, the
humid tropical climate is affected simultaneously by climate circulation in the Central
Highlands and Central Coast on the terrain intertwined by mountains, plateaus, valleys and
plains.

The differentiation of natural and anthropogenic conditions has formed the landscape of
Konkakinh — Konchurang conservation territory with 1 system, 1 subsystem, 3 classes, 5
subclasses, 13 types and 87 kinds. Types of evergreen broadleaf tropical forests and annual
crops have a large area and a wide distribution, containing primitive or affected forest
ecosystems typical for the Central Highlands of Vietnam.

Under the human impacts, the landscape had experienced considerable transformations.
In the period of 2005 — 2017, 43 kinds of landscape completely disappeared, 33 kinds were
newly formed, and 51 kinds retained their properties but changed in size. Types of shrubs,
grasslands and perennial crops changed strongly in both quantity and quality. Over the past 50
years, the landscape ecological succession in the studied area has been occurring together with
the anthropogenic properties. The ecological succession, with various directions, cycles and
stages, has changed the evergreen broadleaf tropical forests under some intermediate stages into
shrubs, grasslands, industrial crops or restored natural forest.

In the future, anthropogenic actions will main the main factor that make the change and
ecological succession of landscape of Economic efficiency and quality of the environment
depend on the human impact on the landscape of Konkakinh — Konchurang conservation
territory. This is an important basis, should be noted to build policies and plans for territorial
development.
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TPAHC®OPMAILUA U DKOJIOTUYECKAA CYKHECCUSA ITPUPOJHO-
AHTPOIIOTEHHBIX JIAHJIIIA®TOB 3AIIOBEJJTHOM TEPPUTOPUHN
KOHKAKHWHbB-KOHYBIPAHI', BBETHAM
Hryen lanr Xoiil, Hro Yyur 3yﬂr1, JNanr Xynr Keionr!?, Konecankos C.1.2,
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YCoemecmmuwiti Poccuticko-Bvemnamckutl Tponuueckuil Hay4HO-UCcAe006amenbCKuil u
mexHono2uieckuu yeumpa, 2. Xanou, Bvemuam.
2PI'AOY BO «FOoichwlil hedepanvhpiii yrusepcumemy, 2. Pocmos na Jlony, Poccuiickas @edepayus
SUncmumym 2eocpapuu PAH, 2. Mockea, Poccutickas @edepayus
e-mail: danghoil1l0@gmail.com

W3ydeHne xapakTepHCTHUK pa3sHOOOpas3Ws, M3MEHEHHS M JKOJOTHYECKOH CyKIecCHu TaHAmadToB
SBISIETCS. BOYKHBIM TIPU OMPEICIICHUN TEPPUTOPUATTBHON MU depeHInanum, 0COOEHHO B MyCCOHHBIX
Tpormkax, kak lleHTpambHOoe Haropbe BrerHama, rie HaOmojaercs CWibHas AudQepeHIuanys o
a30HAJIBHOCTH. 3amnoBeqHoe Teppuropus KoHkaknHb-KOHUBIpaHr uUMeeT 0co0oe reorpaduueckoe
TMOJIO’KEHHE, PACIIONIOKEHO B CEBEPO-BOCTOYHOW YacTW MPOBUHIMK 3slaii M OTIMYAETCS TIYOOKHM
pasjesicHUeM MPUPOJHBIX U aHTPOIIOICHHBIX KOMIIOHEHTOB M (akTopoB. Ha BiIaHBIN TpOMUYECKHIA
KJIMMAT 3TOW 001acTH ogHOBpeMeHHO BiusaeT LleHTpansHOoe Haropse U LleHTpambHOe modepexne. Kak
pasHooOpa3Hble TPUPOJHBIE YCIIOBHS, TaK M CHIILHOE AHTPOIOreHHOE BIIMSHHE, CIIOCOOCTBOBAIH
CO3aHUIO0 TUNHWYHOW MPHPOIHO-aHTPONIOTEHHON IaHAMAPTHOW CHUCTEMBl B H3y4aeMOM paioHe.
[Mpupoano-aHTpoOIOreHHble JaHAWAPTH A0CTaToyHO auddepeHuupoBansl oT 1 cucremsl, |
MOJICHCTEMBI, 3 KiaccoB, 5 moakiaccoB, 13 TumoB m 87 BumoB. JlammmadTHOEe pa3zHOOOpa3me
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TRANSFORMATION AND ECOLOGICAL SUCCESSION OF NATURAL ANTHROPOGENIC
LANDSCAPES IN KONKAKINH — KONCHURANG CONSERVATION TERRITORY, VIETNAM

HPOSIBIISICTCS B 3aKOHOMEPHOCTH BBICOTHOM mosicHOcTH. Pa3HooOpasue manamadToB oTpaxaercs He
TOJIBKO I10 UX KOJIMYECTBY, HO U 10 YaCTOTE BCTPEYAEMOCTH KaKOTro-1u00 onpeesaeHHoro Janamadra
Ha MccliexyeMoil Tepputopun. B Tedenne nmepuoma uccienoannii ¢ 2005 mo 2017 rox wabmoganu
3HAYMUTEJIbHBIC I3MEHEHHS B JaHAAPTaX UCCIEAYEMOH TEPPUTOPUH, KaK B KOJMYECTBEHHOM, TaK U B
KaueCTBEHHOM OTHOIEeHUH. B Teuenue mpumepHo 13 ner, manmamadThl ©3y9aeMoro paioHa CHIHHO
m3MeHnincs. B 2005 rony HacumthiBanoch 94 Buaa nanmmadTa, BKIIOYAs TPYIIbB BEYHO3EIEHBIX
ITMPOKOJUCTBEHHBIX TPOIMUYECKHUX JIECHBIX JaHAIMA(PTOB, KyCTapHUKOB, CaBaHH, arpojaHAmadTOB.
CpaBHeHHE 3THX JBYX IEPHOIOB MOKAa3bIBAET, YTO Hcuesnu 43 Buna nangmadTa u chopMupoBano 33
HOBBIX BHma. OcranbHble JaHAMIA(GTH MMEOT KojeOaHus B ILIolIaayd. B aTomM m3ydaemMoMm paiioHe
(bopMHUpOBaHKE TUIIMYHOM TaHIIa()THON CyKLeCCHU 00YCIOBIEHO AESITEIbHOCTHIO MECTHBIX KHUTEINEH.
BeuHo3zeneHblii MMPOKOJIMCTBEHHBIN JIECHOW NaHImadT IMOJ BO3JACHCTBHEM 4YEJIOBEKa MNPHUBEN K
KaTacTpopuuecKuM u3MeHeHUAM. CyKIECCHOHHbIE H3MEHEHHS IPOUCXOIAT B KOPOTKUE MPOMEKYTKU
BPEMEHH, YTO MPUBOJUT K CO3/IaHHIO HOBBIX JIAHIIIA(TOB.

Knrouesble ci1oBa: 3anoBeqHas TEPpUTOpUs, pazHooOpas3ue, U3MEHEHKE JIaHAmadTa, aHTPOIIOTEHHOE
BiusiHAE, KoHKaknHb-KOHYBIpaHT.

Ilocmynuna 6 peoaxyuro 15.09.2019 .
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BAKTEPHOJIOT'MYECKHM HHCTUTYT IIPU KABAHCKOM YHUBEPCUTETE:
IMOJATIOTOBKA K OTKPBITHUIO U IIEPBBIN YCTAB
Tpymun M.B.
@I'AOY BO «Kaszanckuii ([Ipusondicckuil) peoepanvhviii yHusepcumemy,
2. Kazanw, Poccutickas @edepayus, e-mail: mtrushin@mail.ru

B Ttewenne XIX Bexka B Poccuiickoii ummepun OymieBanud pasiuuHble »nuAeMud. HaydHble
UcCIeNoBaHUs B 00JacTM  MEOUIMHCKOW  MHUKpPOOMOJIOrMM  TpeOOBalMCh Ul KOHTPOJISL
COOTBETCTBYIOIIMX HH(eKunid. HaunHast ¢ mocnenHeidl 4eTBepTH CTONETHs Ul STHX LeNieil craiu
OTKPBIBAThCS CIEIMATU3NPOBAaHHbIC TIOJPa3/IeICHUS B YHUBEPCUTETaX. JlaHHAs cTaThsl pacCMaTpUBacT
MOJIrOTOBKY K OTKpbITHIO B Kazanu baktepnonoruueckoro uncturyra npu Mmneparopckom Kazanckom
YHUBEPCUTETE.

Kiouessle cioBa: Kazanckuil yauepcureT; bakTeproaoruueckuii HHCTUTYT; CTPOUTENBCTBO; YCTaB;
H.®. Briconxkuii.

BBenenue

C momenTa yupexaenus Kaszanckoro yuebHoro okpyra (1802 r.) m mocienyromero
ocHoBaHusl yHuBepcurera (1804 r.) Oeper cBoe Hawano pa3BuTHe MeIuUUHBI B [loBOIKBE.
Kazanckuii yHuBepcuTeT (MEAMUMHCKUI (haKyiabTeT) SIBISJICS BaXKHBIM KOOPJUHUPYIOIIUM
OpraHOM B PEIIEHUU PA3JIMYHBIX MEIULMHCKUX BOIPOCOB, B TOM YHCIIE CBSI3aHHBIX C
pacmpocTpaHeHueM 3apa3Hbix Oonesneld. Ha mpotsbkenun Bcero X1X B. Kazanckas rybepuus
IpeTepreBana JUILEHUS OT Pa3IUYHbIX AMHUIAEMUNA — MOXKHO YIOMSHYTb BCIIBIIIKH XOJIEPHI
(bnocdenna, 1848), uymsl (CxkBoprios, 1879), rpunmna (I'A PT, @. 92, O. 1, 1. 5354 ) u npyrux
nHGEKINOHHBIX Oose3Hell. Bo3Hukana HE0OXOOUMOCTh HCCIEAO0BATh 3apa3Hble Hadaja ¢
LENbI0 UX MOcieayromero KouTposis. [loseiaenre Mukpockonos B Ka3aHCKOM yHHBEpPCUTETE
(TAPT, ®.92, 0. 1, JI. 6158) crioco6CTBOBAIO Pa3BUTHIO MEAUIIUMHCKOW MHKPOOHOIOTHH.

IlepBbie Ba>kHBIE JOCTHKEHHS B UCCIIEOBAHUN MUKPOOPTraHU3MOB, KaK BO30yaAUTE e
paznuYHbIX 3a00J€BaHUM, TaK U «IOJE3HBIX», Hayaloch BO BTopoil Tpetn XIX cronetwus.
Pazputue mukpoOuonorun B KazaHCKOM YHHMBEpCUTETE KOPpPEIMPOBAJIO C YPOBHEM
coBpeMeHHOl Hayku B EBpome. IlpencraButenu yHUBEpPCUTETCKON NpoQeccypsl 4acTo
Bble3kanu B EBpory Ha pasnnynblie ctaxxupoBku (CopokuH, CKBOPIIOB U JPYTU€E) U BHICTABKH,
a TakKe IS JUYHOTO OOMIICHUS C W3BECTHBIMH MHKpoOuosoramu. B 80-e¢ romsl
H.B. CopokunbIM ObUT HamucaH OJWH W3 MEPBbIX YYEOHMKOB IO MHKpPOOHOJIOTHH B
Poccuiickoil uMnepuu, NosABISUIMCH HOBbIE OPUTMHAIIBHBIE KOHLICIIIIMN — TEOPHsI MUKpOOHo3a
W.I1. CxBopuiosa (Trushin, 2019). lllio pa3BuThe MpeaCTaBICHUI O BO30YIUTEISIX KOKHBIX
Oose3Hel, B yacTHOCTH — cuuiuca (Tpymwun, 2019). Borpocs! mpukiiaaHoit MUKPOOHUOIOTHI
CTaHOBMJIMCH BCE AKTYyaJIbHEE.

Ileppoe  ymomuHaHuMe O  LEJIECOOOPA3HOCTH  OTKPBITHS  CHELHAIbHOU
0aKTEepHOJIOrMYECKON CTAHLIUHU OBLIO CBA3aHO CO CTAHOBJICHUEM MPAKTHUKU IPUBUBAHUS OCIIBI
JeTsM yHuBepcuteTckux ciyxurtenei B cepeaude XIX B. (A PT, @. 2, O. 15, 1.243.).
Boimeynomsinyteiii H.B. Copoxun B cepeaune 80-x IT. OpeanpHHHMAal CIELHaIbHOE
MyTEIIeCTBHE JIJIs OCMOTpa OakTepuosiornueckux cranmnuii B EBporie (I'A PT, @. 977, O. 4, /1.
7496) — B 1889 r. ona mosieuinack B Kazauu (I'A PT, @. 98, O. 2, /1. 2241): o Bceii Poccuiickoii
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UMIEpUU HaONIONAINCh AHAJIOTUYHBIE MEPOIPHUATUS MO OTKPBHITUIO OaKTEPUOIOTHYECKUX
CTaHUMH WM cHeUualIn3upoBaHHbIX othesneHuit — ot Cankr-IletepOypra (Masunr u
Anpapromkesnd, 2013) no Upkyrcka (Yepuuros, 2003). [lapamnensHo B 00pa3oBaTeabHBIN
MPOILIECC BOILIA MPaKTUKA MpernofaBaHus 0aKTepHOIOrHYecKX MeTo0B uccienoanuii (I'A
PT, ®. 977, 0.4, 1. 7724). Bce 3T0 IBUIOCH TPUYUHON TIOSIBIICHUS HEOOXOTUMOCTH CO3/IaHUS
0osee KPYHNHOIO CIELUAJIN3UPOBAHHOIO HAYYHOTO MOJPA3/EiCHUs, 3aHMMAIOIIErocs
BOMPOCAMHU OaKTepUOJOTHH — OaKTepHOIOTHYEeCKOTo WHCTUTyTa. O MOATOTOBKE K €ro
OTKPBITHIO U IIEPBOM Y CTaBE MHCTUTYTA U MOMAET Peub B JAHHOM CTaThE.

IToaroroBka K OTKPLITHIO BaKTepHOJIOFH'lECKOFO HHCTUTYTA: I€PBbIC IIAaru

[IpoaBuxkeHHe Hay4YHBIX MPOEKTOB YACTO OOYCIIABIMBAETCS HACYIIHBIMU 3a/1a4aMu:
HEOOXOUMOCTh OTKPHITUSI OaKTEpUOJIOTHYECKOW cTaHIMK B Ka3zaHW BO3HMKIIA MO MPUYHMHE
NOTPEOHOCTH B OKA3aHUU CIEIMATBLHOM MOMOIIH XKHUTENAM, YKYIIEHHbIM cobakaMu. B oTBeT
Ha oOpamienne KasaHckoro ropojckoro riaBel oT 16 utons 1889 r. B aapec IlpaBnenus
YHHBEPCUTETA C MPOCHOON MPUHATH yUacTHe B paboTe MO YUPEKISHUIO OaKTEPHOIOTHUYEeCKON
CTaHIINY, IeKaH MEIUIIUHCKOTO (haKyabTeTa yKa3al KOMHUCCHIO TPEX YEIIOBEK, KOTOpPbIE ObLIH
n30paHbl OTBETCTBEHHBIMH 32 YYACTHE B €€ OTKPBITHH — 3TO ObUIA COTPYIHUKHU, CHITPABIIKE B
MOCJIC/ICTBUH BXKHYIO POJIb B OTKPHITUH M pabote bakrepuonornueckoro nHctutyTta (puc. 1)
(TAPT, @. 977, O. «Mendax», J1.1838.).

Puc. 1. OOpamenue nexana (¢ 1886 mo 1890 rr) MeauumHCKOro Qaxynsrera
A5l HlepbakoBa k pexropy yHuBepcutera H.A. KpemneBy 06 uzbpanuu H.®. Bricorkoro,
H.M. JTro6umona u C.B. Jleramosa (I'A PT, ®@. 977, On. «Mendaxy», 1. 1838.) ans yuactus B
OTKPBITHH OAKTEPHOJIOTUICCKON CTAaHIIMU

[IpencenatensctBoBan B komuccuu H.®. Boiconkuit (1843 roma poxaeHus,
OKOHYMBIIHH Kypc BpaueOHbIX HayK B Kasanckom yHuBepcuretre B 1863 T.), OTMH U3 caMbIX
ABTOPUTETHBIX MpodeccopoB MeAUIIMHCKOTO (akynbTeTra. K coxanenuto, pabota KOMUCCUU
CTaJIKMBAJIACh C MpobiieMaMnu OECKOHEUHBIX COTIIACOBAHMI HA Pa3HBIX YPOBHSX U JIBUTAJIACH
BIIEpE]] OYEHb MEJUIEHHO, €CIM He cKa3aTb Oosnblie. Jlake HEMMOBEPHBIM SHTY3Ha3M
H.®. Bricoukoro He Bceraa NpuHOCHI CBOM pe3yibTaThl. [loaTomy cnycrs 5 ner, B 1894 r.,
KOMUCCHS ObUTa paciidpeHa — mpeceaareabcTBoBal Bee ToT ke H.®D. Briconkuii, HO ObLIH
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BKJIFOYEHBI JOTIOJIHUTEIIbHBIE YJICHBI - ILM. ApryruHckuii-J{oaropykos,
A.Il. TlonGenwckuii, M.SI. Kanyctun u A.M. Kazem-bek. Ilepen »Toii komuccueit Oblia
MOCTaBJICHA U MPAaKTUYECKas 3ajada — pa3paboTate METOABI O0pbOBI ¢ AU TEpHEH, STUIeMHUS
KOTOpOH Kak pa3 paspasmiach B To Bpems (['A PT, @. 81, O. 2, ]1.479.). PacnopsikeHue
Kazanckoit ['ybepHCKO#T 3eMCKOIi yIpaBhl TJIACHIO O HEOOXOIUMOCTH MPUHATHS CKOPBIX MEp
(TA PT, @. 81, O. 2, JI. 513.) Ycwmusamu komuccuu Bo riaBe ¢ H.®. Briconkum ObLIO
BHE/IPEHO NMPUMEHEHUE aHTUIUPTEPUITHOM CHIBOPOTKH (110 MeToAy DMuiist Anonbda bepunra)
B CIEIUAIU3UPOBAHHOM OTACICHUM B cTeHax KazaHckoi 3emckoil OonpHuUIEL. B 1895 1.
6opnba ¢ qudTepueil 0003HaYaIach KaK IMIaBHAs 33Jjadya HOBOTO IJIAHUPYEMOT'O K OTKPBITHIO
Hay4yHO-1eueOHoro yupexaeHus npu Kazanckom yHuBepcuTeTe — bakTepuonormueckoro
uncrtutyra (I'A PT, @®. 2, O.5, H.1745.). Komuccuss xojaraiicTBOBajia O IPOBEACHUHU
OO6nacTHOrO Che3Aa C y4acTHeM MEIUIMHCKOTOo coolmiecTBa Ommkaimmx 14 ryGepHHil c
EJBI0 pa3paboTKH MPOTHBOAU(DTEPHIHBIX MEPONPUATHIL: 00 3TOM YITOMHHAETCS B TIEPETIHICKE
pextopa yHuBepcurera K.B. Bopommmnosa ¢ Iloneuntenem Kazanckoro yueGHOro oxpyra
B.A. [TonoBem (I'A PT, @. 977, O. 4, J1. 9459.) 26 mas 1896 r. Cbe3n cocTosIcs, HA KOTOPOM
OblT 0m00peH mpoeKT ycTpoicTBa OO6macTHOr0 OaKTEPUOIOTHYECKOTO HMHCTHUTYTa MPHU
Kazanckom yauBepcutete (Tpyasl camoro Cresna Obutn onmyoarkoBanbl rogoM nosxe (I'A PT,
®. 977, On. 4, J1. 9676). AKTyanbHOCTb U IIPAKTUYECKas MOJb3a OT TAKOrO MHCTUTYTa ObLIa
OuYEeBH/IHA JIJISl BCEX.

B 1896 r. nauanoch rocynapcTBeHHoOe (puHaHCHMpoBaHHME mHocTpoiiku. Illnmo oHo c
pa3MuHbIMU TpynHOCTsMU. Ha 3acemanum crpoutenbHON xkomuccuu ot 20 ampenst 1898 r.
OBLJIO 3achyIIaHo MpejioxkeHue moneuntens Kazanckoro yueOHOro OKpyra Ha UMsi peKTopa
yHUBepcuTeTa OT 18 ampemnst 3a HomMepoM 3431 O HIDKECHEOYIOMIEM: «IPEACTABISIS B
MunucTepcTBO HapoaAHOTo mpocsemmenHus 11 oktsa6ps 1896 r. 3a HomepoB 7536 mpoekT u
CMETy Ha YCTPOHCTBO OaKTepuoJorHyeckoro MHCTUTyTa npu Mmmepatopckom Kaszanckom
VHUBEPCUTETE, MHOIO OBLIO BBICKA3aHO, MEXIY MPOYHMM, Ha OCHOBaHUU JOHeceHus Bamiero
[IpeBocxoauTenbecTBa OT TOro ke 11 okTa0pst 3a HOoMepoMm 1670, 4To 3Ta MOCTPOHKAa MOXKET
OBITH OCYILIECTBJICHA HA T€ CPEJCTBA, KOTOPHIMU YHUBEPCHUTET pacroiarai B TO BpeMs Ha 3TOT
IIPEAMET, a B IpeJIcTaBiIeHnH OT 4 sHBaps 1897 r. 3a HoMepom 49 Ha OCHOBAHHMM 3AKIFOYEHHOTO
co crpoutenbHoi Komuccueit ot 31 nexabpst 1896 r. xymiom LlIMeneBsiM KOHTpakTa ObLIO
JIOHECEHO MUHHUCTEPCTBY, 4TOo K 1 OkTa0ps 1898 r. mocTpoiika OaKTepHOIOTHYIECKOTO
uHCTHTYTa Oyner BrnonHe okondeHa» (I'A PT, @. 977, On. «Mendak», . 2280). To xe camoe
ObUTO coOoOIIeHO ObIBIIEMY MuHHCTPY HapoaHoro mpocerieHus rpady W.J[. JlensHoBy
npodeccopom H.®. Beiconkum B mucbMe oT 8 stHBaps 1897 r. BBumy Takux IJaHHBIX
MuHnucTpoM 1ano ObLIO ABMXKCHHE MPEICTABICHUI0 MoeMy OT 4 nekabps 1896 r. 3a Homepom
9261 n 3a HOMepoMm 3613 00 accUrHOBaHMM CpEACTB Ha COJAEP)KAHUE HMHCTUTYTa», Hajiee
OTMEYAJIOCh: «...KaK u3BecTHO, 1 nexadps 1897 r. mocnegoBasio Breicowaiiiee con3BosieHne Ha
ornyck KazaHckoMy yHMBEpCHTETYy Ha 3TOT MpeaAMET Hu3 CyMM [0ocyaapCTBEHHOTrO
ka3HaueiictBa 10 6000 py6sneir B ron cuutas ¢ 1 sHBaps 1898 r. 3atem B MUHUCTEPCTBO
HApOJIHOTO MPOCBEIIeHNs OblIa coodmeHa 3 Komurera MUHICTPOB BhICOYAMIIIAsT PE3OTIOINS
Ha Bcenonnaneiimem otuete Kazanckoro ryoepratopa 3a 1895 1. 0 xenaTeIbHOM OTKPBITUH
Oaktepuosiornyeckoro wuHcTuTyra B Kazanu, u, pPYKOBOACTBYSCH BBIIECU3IIONKECHHBIMH
JTAHHBIMU, OBLTO JOHEeceHO KoMHUTETy MUHUCTPOB, YTO BOMPOC 00 OTKPHITHH CETO MHCTUTYTA
CUMTAETCS HE PEIICHHBIM M 4YTO YHHUBEPCUTET Ha 3TO B KAKHUX-JIHMOO OTIOTHUTEIHHBIX
CpEeICTBaxX HEe HyXJaeTcs». 7 sHBaps u 13 MapTa BCleACTBHE AOKIIAHON 3aUCKU podeccopa
H.®. Bsriconkoro O0b10 BO30YXKIEHO XOJATAaWCTBO O JOMOJHUTEIHHOM AaCCUTHOBAHUU
yauBepcutery 20000  pyOsei  mnms BO3BEIACHUS — BCIIOMOTATENBHBIX  TTOCTPOEK
0aKTEepHOIOrMUecKOro HHCTUTYTa. ['ocioguH ['yOepHaTOp HE HalIea BO3MOXKHBIM MOJIIEPKATh
3TO XOJATaNCTBO U TMPOCUJ YHUBEPCHUTET M3BICKATh UX M3 €ro COOCTBEHHBIX CPENICTB «HA
MOKPBITUE PACXOJI0OB, KOM HBIHE YHUBEPCUTET CUUTAET HYKHBIMU TSI OAKTEPHOIOTUUECKOTO
uncturyta» (I'A PT, ®@. 977, On. «Meadaxy, . 2280, JI. 27.).
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INocTpoiika 31anus KoKHA ObUTa OBITH OKOHYEHA K 1 okTa0pst 1898 r. OTmeuanocs,
YTO AJIs1 IOCTPOMKHU CaMOro 3[aHHs CPEJICTB JOCTATOUHO, a «YTO KacaeTcsl BCIOMOTaTeIbHbIX
IIOCTPOEK U OCHAILEHUS] YHUBEPCUTETA, TO HEOOXOAUMBI IONIOJHUTEIbHbBIE ACCUTHOBAHUS /10
15000 pyOneii». Kak BugHO M3 1€ yHHBEpPCUTETA, TIEPBOE XoAaTalCcTBO oT 29 mas 1896 1. Ha
bakrepuonornyeckuii ”HCTUTYT 3a HoMepoM 1003 ompenensano cToMMOCTh BCEX MOCTPOEK C
BKJIFOYCHUEM HAJBOPHBIX — 56745 pyOneit 71 komeiky, BIOCIEACTBHH OBLIO BO30YXKICHO
xonaraiictBo 11 okTsa6ps 1896 r 3a Homepom 1670 o pa3perieHun moCTPOUTD JHIIb 3-3TaKHOE
31aHue bakTepnoaornueckoro HHCTUTYTa, CTOMMOCTh KOTOPOro OblIa UCUUCIIEHA 110 CMETE B
48057 pybneit 86 komeek, uTo U ObUIO pa3penieHo MuHUCTEPCTBOM ¢ npuBiedeHuem 25000
py6Jiel, oTnylieHHbIX 110 Bbicouaiiniemy nosenenuto u3 ['ocynapcTBeHHOro Ka3HaueicTa u
13 CyMM IOCTYNAMOIIMX MOXEepTBOBaHUU. Jlanee, U3 NpeACTaBICHHON YHUBEPCUTETY KOIHMH
nokymeHnta Jlemapramenra [ocynapcTBeHHOro ka3HaueiicTBa Ha uMs r-Ha Kasanckoro
ryoepnatopa ot 7 asrycta 1897 r. 3a Homepom 5704 BHAHO, YTO Ha BHECEHHOM IO
Bericouaiiiemy nosenenuto B Komurer munucrepcts «Otuete Beenognaneimem» 3a 1895 r.
o coctosinuu Kaszanckoil ryOepHun «Bocnocnenosanu Beicouaiiiue Ero HMmnepatopckoro
BenuuectBa OTMETKH»: 1O BOIPOCY O JKENATEIBHOCTU  CKOPEMILEro  OTKPBITHS
baktepuonornyeckoro uHCTUTYTa «J{A» W HanmpoTHB 3asdBlIeHUs TyOepHaropa, 4TO
«OKOHYaHME HTOT0 Jiena OyAeT 3aBUCeTh OT W3bICKAaHMS CYMMBI, HEJOCTAIOLIEH Ha
OCYIIECTBIIEHUE BCEro MpoekTa ot 15 1o 20 Teicsu pydnei» — «k MUHUCTPY ¢uHaHCOB». [lo
NOBO/Y cero MuHucTepcTBOM (hriHaHCOB ObLI0 cooOIIeHO Ynpasnsoonmemy nenamu Komurera
MUHHUCTPOB, YTO OTHOCHUTEIBHO HEOOXOAMMBIX IJIsi JajlbHEHIIEro YCHEIIHOTo Xoja Jena
6maroyctpoiictBa nHCTUTYTa OT 15—20 ThICAY pyOeit ¢ MuHHCTEPCTBOM (PMHAHCOB HUKAKOU
nepenucku He npoucxoauio. [locne cero npodeccop H.®. Briconkuii 1nyHO X0aaTaiicTBOBaI
nepex Bpemenno Ynpasnsrommm MUHHCTEPCTBOM HapOAHOIO IMpocBeuieHUss 1 MUHUCTpoM
¢uHAaHCOB 00 acCUTHOBAHWU O3HAUYEHHOHN [ONOJHUTENBbHOM CyMMBI U O TOM € ObUIO
BO30YXXJIEHO XOJlaTaiicTBO OT yHUBepcuTera 5 stHBaps 1898 1. 3a HOMepoMm 26, B KOTOPOM
UCIPAIIUBAJICS KPEIUT Ha OKOHYATENbHOE YCTPOMCTBO OAaKTEpHOJOTHYECKOTO MHCTUTYTA B
pasmepe 20000 py6neit 1 BMecTe ¢ TeM UCHPAIINBAJIOCh Pa3pelIeHne YIOTPeOUTh HMEIOIYIO
ocratbecss cymmy 6000 pyOnei, accurHoBaHHeix ¢ 1898 r. Ha coaepkaHue
bakrepronornueckoro HMHCTUTyTa C | sHBapss 10 BpPEMEHM €ro OTKPHITHS Ha €ro
obopyoBaHue.

CrpoutenbHass KOMUCCHSI, «I10 OOCYX/I€HUH BBILICU3JIOKEHHOTO, HE MUTas HaIeXK] Ha
ycIiex B citydae BO30YKIeHHsI HOBOTO X0/1aTaiicTBa 00 aCCUTHOBaHMU YKa3aHHOM BBIILIE CYMMBI
CO CBOEH CTOPOHBI PEOI0KMIA XOJaTaliCTBOBATE O pa3peIIeHUH YIOTPEOUTh Ha MOCTPONKU
caMbIX HEOOXOJUMBIX Ha MEpPBOE BpeMsl CIyk O, KOHIOIIHU U 3BEPUHIIA Ty CyMMYy, KOTOpas
OCTAHETCS M3 aCCUIHOBAaHHBIX paHee». CTpouTenabHass KOMHUCCUS IMPOCHIA METULMHCKUI
(bakyapTeT 00CYINUTHh TOAPOOHO OTHOCHUTEIHHO BO3MOXXHOCTH BO3BEACHHUS HEOOXOIUMBIX
BCIIOMOTATENIbHBIX TMOCTPOEK C TeM, YTOOBl B KOHIIE T'0/la MMETh BO3MOXHOCTb OTKPBITh
UHCTUTYT. 3 OKTs0ps 1898 T. ObUI MOAHAT BONPOC O TPOBEICHUM Ta3a, YCTPOWCTBE
BOJIONIPOBO/Ia U BojocToka. Ha ra3 HeoOxomumo Obuio 1200 pyOnei, Ha CTpoeHHE BaTep-
K1103eToB — 1360 py0OIieit Ha mpoBeIeHHE BOAOIIPOBOIHON MarucTpaiu — 96 pyoneit 50 kormeex.
JokymenTsl 6buH IonHCcansl pekropom K.B. BopomminoBeim.

Bpemennslii Ycras bakTepuoiorn4eckoro HHCTUTYTa

B mapre 1898 . mosiBuiicst mpoekT BpeMeHHoro Ycraa uncruryra (A PT, @. 977, On.
«Mendax», 1. 2145.). B Havane orMedanoch, uTo bakTeprnoIoruyecKkuii MHCTUTYT SIBIISICTCS
y4eOHO-BCTIOMOTAaTEIbHBIM YUPESKICHHEM MEAUIMHCKOTO (DaKynbTeTa, HAXOAHWTCS B €T0
3aBenoBaHuU. [y 3aBe1OBaHUSI HHCTUTYTOM M30UPANIOCh 5 YICHOB, BKIIOYAs AuUpeKTopa. J{is
MOMOIIM JAUPEKTOpY H30Upascs TOBAapHIll, KOTOpPbIi Mor OpaTh Ha ceb0s 00s3aHHOCTH
TUpPEKTOpa Ha BpeMsl ero 0oJe3HU Uil oTcyTcTBUs. Kaxkoe u3 oTaeneHuii MHCTUTYyTa UMEJIOo
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CBOETO 3aBEAYIOILEro, B TOMOIIb KAXKIOMY M3 HUX H30HMpaycs JIabOpaHT C BBICIIUM
o0pa3oBaHUEM, MMEIOUIMNA CHEIHUAIbHYIO IMOJIIOTOBKY, a TaKK€ MHCTUTYTCKUH BETEpHUHAp.
OOmee HampaBlieHHE HAyYHOW W MPAKTUYECKOH AEATEIBHOCTH ONPEACISIETCS PElIeHHEM
(dakynbTeTa, 3aBelOBaHME Je€JaMM HMHCTUTYTa BO3/laraercsi Ha KOH(PEpPEHIHI0 MOJ
npeJceaTeTIbCTBOM JIeKaHa U COCTOSIIIYIO U3 BCeX WICHOB HHCTUTYTa. OOmiee HaOMro1eHue 3a
XO3SUCTBOM MHCTUTYTa BO3JIaraeTcsi Ha XO3SIMCTBEHHBI KOMHUTET, OO0pa3yeMblil MO
IpeICceaaTeIbCTBOM JUPEKTOPA W3 3aBEAYIOLIEr0 HAaydyHbIM OTAEJIOM M OJHOI0 U3
3aBEJYIOLINX MPAKTUYECKUMH JIeJaMU IO BBIOOPY KOH(EpeHLMH HMHCTUTYTa Ha 4 roja.
Wuctutyt mo YcraBy uHaHCHpOBaAiCS 3a cueT CpeAcTB [ 'ocynapcTBEHHOTO Ka3HAueHCTBa,
nocoOui, Ha3HAaYEHHbIX MHCTUTYTY OOIIECTBEHHBIMHM YUPEKIACHHUSMHU YAaCTHBIMH JIMIIAMHU,
JI0OXO/I0B OT M3rOTOBJIICHHBIX B HHCTUTYTE IIpeNapaToB M IUIaThl 3a JIeYEHHE OOJIbHBIX.
WHCcTuTyT HMMeeT CBOIWO TeyaTb C TOCYAApCTBEHHbIM TrepOOM M HAIINUChIO —
«bakrepnonornyecknii ”HCTUTYT npu Mimneparopckom KazaHckoMm yHUBEpcUTETEY.

B VcraBe oTMeuanoch, uUTO <GIBISSACH Y4€OHO-BCIIOMOTATENbHBIM YUpEXKICHHEM
MEJIULIMHCKOTO (haKyabTeTa, B TO )K€ BPEeMsI HHCTHUTYT IPECiIeyeT HaydHbIC SN U IIPOBOIUT
OLIEHKY Hay4HBIX CIIOCOOOB OOpHOBI C 3apa3HbIMHM OOJIE3HSMH, BBIIOJHSAET M3TOTOBICHUE U
YCOBEPIICHCTBOBAHNE JIEYEOHBIX CPENCTB (CHIBOPOTOUHAsS, OakTepuanbHas tepamws). [Ipu
MHCTUTYTE MOTYT OBITh OPraHU30BaHbI KpaTKHE MPAKTUUECKUE KYPChI 171 Bpauel, 4ToObl 1aTh
UM 3HaHUA B 00JacTU OaKTEpUOJIOTUU HA COBPEMEHHOM YpPOBHE». BBUly yKa3aHHBIX Liejei B
MHCTUTYTE 110 Y cTaBy mpeanojaranoch 3 oraenenus: 1. Hayuno-nenarorndeckoe, ciyxaiiee
JUIS Hay4HBIX pa3pabOTOK BOMPOCOB MHUKPOOHMOJIOTHH B OOJACTH METUIMHBI M IS IIeJei
npenojaBanus, 2. OtaeneHue A NPUTOTOBJICHUS OaKTEpUAIBHBIX TOKCHMHOB, BAaKIUH U
CeIBOPOTOK, 3. Cranuus st antupadbudeckux npuBuBok (A PT, ®@. 977, On. «Mendak»,
. 2145, JI. 6.). OxoH4aTenbHBIA MPOEKT YcTaBa ObLT yTBEp)KIAEH MHHUCTPOM HapOIHOTO
npocemienus . 3earepom 10 anpens 1902 r.

3akja4YeHue

10 despanst 1900 r. cocTosmock OTKpbITHE bakTeprnonornyeckoro HHCTUTYTA (puUc. 2),
IIEPBBIM IUPEKTOPOM KOoTOpOoro ctan H.d. Beicouxuii.

Puc. 2. CoBpemeHHbII Bu 37aHus ObIBIIETO bakTepHONIOrnueckoro HHCTUTYTa (HbIHE
— Kazanckuii Hay4HO-HCCIIEOBATEILCKUA WHCTUTYT JMHIEMUOIIOTHA W MHUKPOOHOIOTHH
Pocnorpebnanzopa P®D)
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BAKTEPHUOJIOTUYECKUH UHCTUTYT ITPU KA3AHCKOM YHUBEPCUTETE:
IOJIIOTOBKA K OTKPBITUIO U [IEPBBIH YCTAB

B HHCTHUTYTC OH IapauICIIbHO 3aBCA0BaJl HaCTepOBCKI/IM OTACICHUEM, OCHOBHBLIM

HAIpaBJIEHHEM KOTOPOTOo OBLJIO MPOBEACHHE BaKUMHAIMM B Cly4yasX YyKycoB (coOakamw,
KOIIIKaMH, CBUHBSIMH, BOJIKAMH U JakKe TEJSATaMHu). 3a TEPBBIA rojl paboTsl OBLIO MPOJIEUEHO
185 ykymeHHbIX (My>X4uH — 65, sxeHImuH — 34, neteit — 86) moaeii. Komtern H.®. Briconkoro
no Komuccun — W.I'. CaBueHko HM Jpyrue TakKe YYacTBOBAJIM B pabOTe HHCTUTYTA.
CoOBOKYMHOE KOJMYECTBO pAOOTHUKOB ObLIO HEOOIBIIUM U HE MTPEBBIIIANIO ABYX JAECATKOB, UYTO
HE MEIIAJI0 TPOBOJMUTH KOJOCCATbHBIH 00BEM HAy4YHO-HCCIEIOBATEILCKON U JieueOHOU
paboTHI.
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BACTERIOLOGICAL INSTITUTE AT KAZAN UNIVERSITY: PREPARATION
FOR THE OPENING AND THE FIRST CHARTER

M.V. Trushin
Kazan Federal University, Kazan, Russian Federation,
e-mail: mtrushin@mail.ru

During the XIX™ century in the Russian Empire raged various epidemics. Scientific research in the field
of medical microbiology was required to control the relevant infections. Since the last quarter of a
century, specialized units at universities have been opened for this purpose. This article examines the
preparations for the opening of the Bacteriological Institute at the Imperial Kazan University in Kazan.
Keywords: Kazan University; Bacteriological Institute; construction; charter; N.F. Vysotskiy.
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